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B KHure noApofiHO H3Jio*eHbi ochobh h npHHunnbi Ka- 
TajiHTH'iecKHx npoueccoB, 4)aKT0PbI KaTaJiH3a n coBpeMeH- 
Hoe cocTOHHHe Teopnii KaTajiHTknecKHx npoueccoB, onncaHb! 
HOBefiTUHe AOCTHJKeHHH b ofijiacTH oprammecKoro KaTa^H3a 
H ITpHMeHeHHe HX B npOMbUUJieHHOCTH.

KHHra npeAHa3HaMaeTCH b uauecTBe yne6Horo nocodnn 
AJIH CTyAeHTOB yHHBepCHTeTOB H XHMHKO-TeXHOJIOrĤ eCKHX By- 
30B, a TaK»e b uanecTBe pyKOBOACTBa ajih acnnpaHTOB, Ha- 
y^HblX H HH*eHepHO-TeXHHMeCKHX pafioTHHKOB npOMbmi- 
JieHHOCTH OpraHĤ eCKOH XHMHH H CMeJKHbIX c Hefi oSjiaCTeft.
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n P E ^ H C J I O B H E  K O  B T O P O M Y  H 3 £ A H H f OHayna o KaTaAH3e no cpaBHeHHK) co cbohmh «CTapuiHMH cecrpa-
MH»— (j)H3HKOH H XHMHefi— HBAHCTCH MOAOAOH, HO ee AOCTH>KeHHH Ha-CTOJibKO BejiHKH, hto npoMbimAeHHOCTb opraHHqecKoro CHHTe3a nepe- cTpaHBaeT MHorne npoueccbi Ha KaTaAHTHqecKne, nan kohctpykthbho ■6ojiee npocTbie h SKOHOMHqecKH BbiroAHbie. Tanne npodjieMbi, KaK CHHTe3 nojiHMepoB, noJiyneHne h nepepaSoTKa JKHAKoro MOTopHoro TonjiHBa, MeTOflbi HcnoAb30BaHHH npnpoAHbix ra30B, CHHTe3bi Ha 6a3e 
okhcaob yrjiepoAa, ojî hhob h aueTHjieHa, aAKHAHpoBaHHe, H30MiepH- 
3auHH h MHorne Apyrne, motah 6biTb pa3pemeHbi TOAbKO npn noMomn KaT3AH3a. B npHCyTCTBHH pa3AHqHbIX KaT3AH3aT0p0B 6bIAH OTKpbITbl n H3yneHbi MHoroqncAeHHbie peaKUHH, HeAocTynHbie A-aa mctoaob KAac- cnqecKOH opraHHqecKOH xhmhh h Ka3aBmnecH b CBoe BpeMH Aante He- BepoHTHbiMH. Be3 npeyBeAHqeHHH mojkho cKa3aTb, qTO SyAymee opraHHqecKOH XHMHH H OpraHHqecKOH npOMbllHAeHHOCTH BO MHOrOM 33BH- •CHT OT P33BHTHH K3T3AH3a.

nepeA Harnefi CTpaHOH nocTaBAeHbi orpoMHbie 3aAaqn no ycKopeH- 
HOMy P33BHTHIO XHMHqeCKOH npOMbHHACHHOCTH H 0C06eHH0 npOH3BOA- 
CTBa CHHTeTHqecKHX MaTepnaAOB (boaokoh, nAacTHqecKHx Macc, Kay- 
qyKOB). Pa3pemeHHe sthx 3aAaq bo mhotom 33bhcht ot pa3BHTHH, 
npHMeHeHHH H BHeApeHHH KaT3AHTHqeCKHX MeTOAOB.

B  ocHOBy AaHHoro pyKOBOACTBa noAO)KeH K ypc a c k a h h , nm aeM bix  
aBTopoM b  TeqeHHe 6oAee 20 a c t  Ha XHMHqecKOM cJjaKyAbTeie JleH H H -  
rpaACKoro opAeHa JleHHHa rocyAapCTBeHHoro yHH BepcH Teia hmchh
A. A . ^KAaHOBa.

3a BpeMH, npouieAiuee nocAe BbinycKa nepBoro h3A3hhh SToro py- 
KOBOACTBa, yqedHHKOB hah nocodHH no KaT3AH3y He noHBHAocb. Abtop 
nosTOMy cqHTaeT, hto BbinycK BToporo h3A3hhh—nepepafioTaHHoro 
h 3HaqHTeAbH0 pacuiHpeHHoro—6yAeT CBoeBpeMeHHbiM h noAe3HbiM.

Bo BTopoM H3A3HHH Bee rAaBbi nepecMOTpeHbi, MHorne H3 hhx noA- 
seprAHCb KOpeHHOH nepepa6oTKe, Tan nan 3a HCTeKuiHft cpon HauiH 
TeopeTHAeCKHe n03H3HHH H AOCTHJKeHHH B 06a3CTH KaT3AH3a 3HaHH- 
TeAbHO paCIHHpHAHCb. Ta . II— «TeopHH H MeX3HH3M KaT3AH3a»— 
HanncaHa 3aHOBo; BKAioqeHbi rAaBbi: «KaTaAHTHqecKoe aAKHAHpoBaHHe 
h apHAHpoB3HHe», «KaTaAHTHqecKan H30MepH3auHH yrAeBOAopoAOB», 
«KaTaAHTHqecKoe nepepacnpeAeAeHHe BOAopoAa». 3HaqnTeAbHO pacuiH- 
peHa UHTHpyeMan AHTepatypa, h aah yAofictBa no a b30B3H h h noMemeHa
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nocae KaJK/iOH rviaBbi. Bbcach ynasaTejib aBTopoB. He HMea bo3mo>k- 
HOCTH H3JIO>KHTb 3AeCb AP>THe H3MeHeHHB, BHeceHHbie BO BTOpoe H3- 
AaHHe, aBTop OT^aeT cboh TpyA Ha cyA HHTaTejien h 3apaHee Bbipa- 
HcaeT SjiaroAapHOCTb TeM H3 hhx, KOTopbie b nopaAKe o6"beKTHBHOH 
kphthkh CAe/iaioT cboh 3aMeqaHHH o HeAocTaTKax.

B 3aKjnoqeHHe cnniaio cbohm npHHTHbiM aojitom Bbipa3HTb rJiy6o- 
Kyio npH3HaTejibHOCTb coTpyAHHKaM Ka(J)eApbi opraHHnecKOH xhmhh 
JleHHHrpaACKoro rocyAapcTBeHHoro yHHBepcHTeTa, a oco6eHHO pyKO- 
BOAHTejiK) AaSopaTopHH aou. B. A. KoMapoBy h CTapuieMy HaynHOMy 
coTpyAHHKy B. A. BonoTOBy 3a npocMOTp h 3aMenaHHH no OTAejibHbiM 
rnaBaM stoh khhth. n p o4). B. JXoAZoe



Cjiobo KaT3JiH3, BepoaTHO, 6hjio BnepBbie BBê eHO xhmhkom XVI b . 
A. JlHSaBHycoM b ero yqe6HHKe «Ajixhmhh». Oho npoH30injio ot rpe-
qecKoro cJioBa xaxaXtm; h o<5o3HaqaJio pa3Jio>KeHHe hjih pa3pymeHHe. 
B Hanajie XIX b. stot TepMHH 6bui y3aKOHeH H. BepuejinycoM ajih 
peaKUHH, npoTeKaioiii,HX b npncyTCTBHH nocTopOHHHX coeAHHeHHH, ko- 
Topbie caMH nan 6ŷ TO b peaKUHH He yqacTByioT. Flo coBpeMeHHbiM npe^- 
CTaBjieHHHM KaTaJiHTHqecKHMH Ha3biBaioT TaKHe peaKUHH, npoTeKa- 
hhk) KOTopbix cnoco6cTByioT cneuH(J)HqecKHe BeiuecTBa— KaTajiH3aTopbi, 
oKa3biBaioiUHe cymecTBeHHoe bjihhhhc Ha HanpaBjieHHe h cKopocTb 
xHMHqecKHX peaKUHH.

K KaTaJiHTHqecKHM othochtch h MHoroqHCJieHHbie peaKUHH, npo- 
xoAfliune npu bo3A6hctbhh K3TaJiH3aTopoB SHoreHHoro npoHcxojKue- 
HHH—pa3^HqHbIX 6HOKaTaJIH3aTOpOB—3H3HM0B, HJIH (JiepMeHTOB. Ta
KHe SnoKaTaJiHTHqecKHe peaKUHH jie>KaT b ocHOBe MHOroo6pa3Hbix >kh3- 
HeHHbix npoueccoB, npoHCXOAaiUHx b hchbothux h pacTHTejibHbix opra- 
HH3Max h hbjihioiuhxch npeAMeTOM H3yqeHHH SnojiorHqecKOH h 4>h3ho- 
jiornqecKOH xhmhh.

HeKOTopbie H3 SnoKaTajiHTHqecKHX npoueccoB 6hjih H3BecTHbi ywe 
b rJiySoKOH upeBHOCTH h Hcn0Jib30BaJiHCb ajih npaKTHqecKHx uejiefl. 
B BĤ e npHMepoB mo>kho npHBecTH npuroTOBjieHHe TecTa npH xjie6o- 
neqeHHH, 6poa<eHHe BHHorpaAHoro h Apyrnx cokob ajih nojiyqeHHH bhh 
h Apyrnx aJiKoroJibHbix HanHTKOB, nojiyqeHHe yucyca npH ckhc3hhh 
BHH, 6pO>KeHHe MOJIOHHblX npOAyKTOB npH CbipOBapeHHH, 6pO>KeHHe 
SKCTpaKTOB H3 pacTeHHH h MOJijiiocKOB, coAepataiuHX KpacmuHe Beiue- 
CTBa, h t. A- npH stom nocTeneHHO 6biJiH pa3pa6crraHbi npoH3BOACTBeH- 
Hbie npHeMbi h peuemypa, AocTHrmne nopa3HTejibHoro no TOMy BpeMe- 
hh coBepuieHCTBa. Ohh nepeAaBajiHCb H3 noKOJieHHH b noKOjieHHe h He 
yTpaTHJiH b pHAe cjiyqaeB CBoero 3HaqeHHH h b Harne BpeMH. OAHauo 
AOCTHHCeHHH 3TH SblJIH OCHOB3HbI TOJIbKO Ha 3MnupHqecKHX HaSjnoAe- 
hhhx. CyiUHOCTb HcnoJib3yeMbix 6HOK3TajiHTHqecKHX peaKUHH b Te- 
qeHHe mhothx bckob ocTaBajiacb HeH3BecTHoft h 6biJia BuacHeHa Jinuib 
cpaBHHTejibHO HeAaBHO.

B XVII h XVIII bb., Korua C03AaBaJiHCb nepBbie H ayq H b ie ochobu 
xhmhh, 6hjih oTKpbiTbi HeKOTopbie KaTaJiHTHqecKHe peaKUHH, npoie- 
Karomne npH yqacTHH He TOJibKO SnojiorHqecKHX, ho h ApyrHX KaTaJiH-

BBEAEHHE
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3aTopoB. Eme b 1666 r. A. Jleifjedp h H. JleMepn pa3padoTaAH KaMep- 
hwh cnocod CHHT63a cepHOH KHCJiOTbi, da3Hpyncb Ha doAee CTapwx cno- 
co6ax. CaMOH ApeBHeii KaTaAHTHqecKoft peaKitneft b odAacTH opraHHqe- 
CKOH XHMHH HBAHCTCH, BepOHTHO, nOAyqeHHe AH3THAOBOTO 3(J)Hpa H3 
cnnpTa noA AeficTBHeM cepHOH khcaoth. CqHTaiOT, hto 3Ta peaKUHH 
dbiAa BnepBbie onncaHa b V II I  b. TJjKadnpoM h6h XaflHM (b EBpone 
ero HeBepHO HMCHyiOT TedepoM). 3aTepnBmHCb b Benax, OHa dbiAa 3a- 
TeM BHOBb OTKpbiTa b 1540 r. BaAepneM KopAycoM h nojiyqnjia tcxhh- 
qecKoe cxJjopMJieHHe k 1730 r. b padoTax C. OpodeHHyca. MexaHH3M 
KaMepHoro CHHTe3a cepHOH khcaoth H3yqaJiH BnepBbie b 1793 r. 
M. KjieMaH h X. /Ie3opM, MexaHH3M odpa30B3HHH ahsthaoboto 3<J)Hpa—
A. TeHHejib b JiadopaTopan M. Oapa^en b 1828 r. Oda sth npouecca 
HBAHIOTCH nepBbIMH rOMOreHHO-KaTaAHTHqeCKHMH peaKUHHMH.

C KOHua XV II b . noHBJunoTCH padoTbi b odAacTH opraHHqecKoro 
KaTajiH3a. C^e^yeT yKa3aTb Ha padoTbi K . Illeejie, OTKpbiBinero b 
1782 r. 3TepH(J)HKauHK) xapdoHOBbix khcaot cnnpTaMH b npncyTCTBHH 
HedOAblUHX KOAHqeCTB MHHepaJIbHbIX KHCAOT.

B 1778 r. >K- ripHCTJiH otkpha nepByio reTeporeHHO-KaTaAHTHqe- 
CKyio peaKUHio Â rHApaTauHH. ripn nponycKaHHH napoB 3THAOBoro 
cnHpTa nepe3 HarpeTbifl rAHHHHbm qydyK KypnTeAbHOfi TpydKH oh 
ycTaHOBHji odpa30BaHHe «ropioqero B03Ayxa» h boam, t. e. oh BnepBbie 
HadAioAaA peaKUHio pa3AO>KeHHH cnnpTa Ha STHjieH h BOAy:

ch3ch2oh c2h 4 +  h2o

3 tot  3aMenaTejibHbiH cJiaKT HecKOAbKO no3>Ke, b 1795 r ., dbiJi npo-
BepeH MeTbipbMH rOAAaHACKHMH XHMHK3MH (/JefiMaHH, BaH-TpOOCTBHK, 
B ohat h JlaypeHdypr). O hh noATBepAHAH, mto napbi 3THAOBoro cnnpTa 
npn npoxoxi^eHHH qepe3 HarpeTyio rJiHHHHyio Tpydny uencTBHTejibHO 
pa3JiaraiOTCH Ha BOAy h «MacAopoAHbift ra3» (s t h a c h ), h hto pa3Ao>KeHHe 
nponcxoAHT noA bahhhhcm  rJiHHHHbix CTeHOK TpydKH. Tan KaK rJiHHa', 
KaK yJKe dblAO H3BeCTHO, HBAHeTCH BeiueCTBOM, COCTOHIUHM H3 HeCKOJIb- 
KHX KOMnOHeHTOB, HCCAeAOBHTeAH 3aAaJIHCb uejlbio BbIHCHHTb, KOTO- 
pbift >Ke H3 h h x  Bbi3biBaeT pacnaA cnnpTa. B pe3yAbTaTe nocTaBjieHHbix 
onbiTOB dbiJio ycTaHOBJieHO, hto napbi cnnpTa pa3JiaraioTCH b Tpydne, 
HanoAHeHHon A120 3 hah  Si02, TorAa nan CaO hah  CaC03 stjxjjeKTa 
He AaioT. OKOHqaTeAbHbix BbiBOAOB roAAaHACKne xhm hkh  CAeAaTb He 
MOTAH, HO 3TH SKCnepHMCHTbl nOKa3bIBaiOT, HaCKOAbKO npaBHAbHO 
ynce n TorAa xh m h kh  cmotah noAoiiTH k noHHMaHHio npouecca, JipoTe- 
naiomero noA achctbucm  KaT3AH3aTopa.

K 3toh paHHen snoxe b hctophh KaT3AH3a othochtch 3aMeqaTeAbHbie 
padoTbi A. FlapMaHTbe, kotopuh b 1781 r. pa3padoTaA KaTaAHTnqecKHH 
MeTOA ocaxapnBaHHH nuieHHqHoro h KapTOtfieAbHoro KpaxMaAa npH 
KHnnqeHHH c pa3 daBAeHHOH H2S04. rio3AHee sth padora dbiAH npoAOA- 
>KeHbi h 3 aBepmeHbi T C. KHpxro^oM b IleTepdypre (1811— 1814 rr.); 
BnocAeACTBHH ero HCCAeAOBaHHH AerAH b ocHOBy coBpeMeHHoro Kpax- 
MaAO-naToqHoro npon3boactb3 .
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PadoTbi T C. Knpxrofjia Bbi3BaAH HCKJiioMHTejibHbiH HHTepec b EBpo- 
ne b nepnoA KOHTHHeHTaAbHOH bAOKaAbi (bohh3 HanoAeoHa c AHnnefl), 
TaK KaK TpOCTHHKOBblH Caxap H3 330KeaHCKHX KOAOHHH CTaA HeAO- CTyneH.

npHMepHO k 3T0My >Ke nepnoAy othochtch pa6oTbi T E. TloBima 
b EIeTep6ypre (1786 r.), KOTopbifi BnepBbie noKa3an, hto nopnerbie Beme- 
ctb3, HanpHMep yroJib, cnocobHbi Ae30AopHpoBaTb hah obecHBenHBaTb 
pacTBopbi, aACopbHpyn npHMecn H3 hhx. 3th paboTbi bbiAH BbinoAHeHbi 
Hapn/jy c Ha6jiK>AeHHHMH K. LLleejie (1773 r.) h O OoHTaHa (1774 r.) 
no norJiomeHHK) napoB h ra30B yrjieM h hbahiotca no cymecTBy obo- 
CHOBaHneM xpoMaTorpacfiHMecKOH a^copSuHH, pa3paboTaHHOH mhoto
no3^Hee M. C. LlBeTOM.

B 1796 r. M. BaH-MapyM noApobHO HCCAeAOBaA ^eficTBue pa3AHHHbix 
Meiaji.TOB Ha ^erHApnpoBaHHe STHAOBoro cnnpTa. EMy yflaAocb ycTa- 
HOBHTb, hto np« nponycKaHHH napoB nocjie^Hero nepe3 pacKajieHHyio 
>Kejie3Hyio Tpybny c BCTaBJieHHOH b Hee fahhhhoh TpybKOH, HanojineH- 
hoh pa3JiH4HbiMH MeTajiJiaMH (Ag, Cu, Ce, Fe, Ni, Pb, Sn, Mn), Bbp 
flejineTCH «ropK)HHH ra3», He hbahioiii,hhch hhcthm boaopoaom. Oh bbiA 
H33B3H «o6yrjiepox<eHHbiM Bo^opoAOM» (hydrogene carbonise), Tax 
Kan h Me/jb h flpyrne MeiajiJibi npeBpamaAHCb b nepHyio pbixnyio 
Maccy. BnocjieACTBHH bbiAo ycTaHOBjieHO, hto «obyrAepo>KeHHbiH bo- 
AopoA» npê cTaBJiHeT coboft CMecb BOAopoAa c aneTaAbAerHAOM, obpa- 
3yioinyiocH no peaKiwn •

CH3CH2OH —  CH3CHO +  H,,

TaKHM o6pa30M *6biJia OTKpbiTa nepBan peaKunn reTeporeHHoro 
KaTaJiHTHnecKoro AerHApupoBaHHH, noAyHHBinan b AaAbHefimeM bonb- 
rnoe npaKTHnecKoe npHMeHeHHe.

HeobbHCHHMOCTb KaTaAHTHHeCKHX peaKUHH BbI3BaJia bOAblHOH HH
Tepec, h b nepBoft noAOBHHe X IX  b. nonra Bee yneHbie toto BpeMeHH 
yAeAHJiH KaTaJiH3y boAbmoe BHHMaHHe. B pe3yjibTaTe MHoroqncjieHHbix 
paboT bbiAo nojiyneHO orpoMHoe koahhcctbo hobhx AaHHbix, TpeboBaB- 
UIHX o6T.HCHeHHH H obobmeHHH. K 3T0My nepHOAy OTHOCHTCH 3a.Mena- 
TejibHbie paboTbi T  TJsbh no decnjiaMeHHOMy ropeHino, hto npHBe.io 
ero k H3o6peTeHHK> xoporno H3BecTHOH 6e3onacHofl jiaMnbi ajih pyAO- 
KonoB, paboTbi JI. TeHapa no pa3Ao>KeHHio aMMHana HaA pa3AHHHbiMH 
MeTaAAaMH, nccjieAOBaHHH M. OapaAen, obbeAHHeHHbie hm b TpyAe 
«0 cnocoSHOCTH MeTaAAOB h Apyrnx TBepAbix TeA coeAHHHTb ra3bi Me>KAy 
coboio», h co3AaHHan hm >Ke OAHa H3 nepBbix aACOpbnnoHHbix Teopun 
KaT3AH3a. CioAa m e  othochtch paboTbi H, BepueAnyca, K). JlHbnxa, 
H. ,I(ebepeHHepa, A. BepTOAAe, E. MHTnepAHxa, A. j\e a a Phb h mho- 
thx Apyrnx, o paboTax KOTopbix H3AaraeTCH HHAce.

Hx TpyAaMH 6hah BnepBbie pa3paboTaHbi MHorHe peaKUHH KaTa.iH- 
THHeCKOrO rHApnpOBaHHH, BOCCTaHOBAeHHH, rHApOAH3a, OKHCACHHH 
h t . A- TaK, HanpHMep, b 1844 r. M. OapaAefi ocymecTBHA nepByio peaK- 
UHIO THApHpOBaHHH 3THA6H3 B 3T3H H8A nAaTHHOH, a B 1863 I\ T ,I(e6yC 
nOAyHHA B 3THX 7Ke yCAOBHHX H3 CHHHAbHOH KHCAOTbl MeTHAaMHH.



K. KianbMaH ocymecTBHA okhcachhc aMMHana b a30THyio KHCAOTy nan 
njiaTHHOH, H. ZleSepeflHep OTKpuji cnoco6HOCTb ryfiqaTOH miaTHHbi 
ocymecTBjiHTb MHorHe KaTaAHTHqecKHe peaxuHH h pa3pa6oTa.i «boao-
pÔ HOe OTHHBO» H T. A-

FIoMeMy-To npHHBTo CMHTaTb, mto nocAe Hey^aq, CBH3aHHbix c nep- 
bhmh nonbiTKaMH npoMbim.ieHHoro BHeApeHHH KaTaAHTHqecKHX npo- 
HecCOB (KOHTaKTHblH CII0C06 CHHTe33 CepHOH KHCAOTbl, CHHTe3 aMMHaKa 
h AP-), HHTepec k KaTajiH3y bo BTopoft noJioBHHe XIX b. 0CAa6eA h bo3- 
Poahjich juinib k HaqaAy XX b. b cbh3h c OTKpbiTHeM n. Ca6aTbe 3a- 
MeqaieAbHbix KaTaAHTHqecKHX cbohctb hhkcah h ApyrHx MeTaAAOB_ 
3to coBepnieHHO HeBepHO, TaK nan hmchho bo BTopofi noJioBHHe XIX b .
K3T3AH3 OdoraTHACH MHOTHMH TeopeTHMeCKHMH H SKCnepHMCHTaJIbHblMH 
padoTaMH, noJiô ceHHbiMH b ocHOBy coBpeMeHHoro yqeHHH o KaTa- 
. iH3e.

B 1867 r. T H hkoh pa3pa6oiaA noAyqHBiiniH BceMnpHyio H3Becr- 
nocTb xJiopHbiii npouecc— rioAyqeHne xAopa oKHCAeHHeM HC1 bo3A>- 
xom HaA MeAHbiMH coeAHHeHHHMH. B 1867 r. A. Toĉ MaH noAyqHA Bnep- 
Bbie cfiopMaJibAerHA okhcachhcm MeTHJioBoro cnapia B03AyxoM HaA njia- 
thhoh. B 1871 r.M . V KyqepoB oTKpbiA 3aMeqaTeAbHyio peaKUHK) rHApa- 
TauHH aueTHjieHa pa36aBjieHHOH cepHOH khcaotoh b npncyTCTBHH pTyT- 
Hbix coAeft, KOTopan acxkht b ocHOBe mhothx KaTaAHTHqecKHX npeBpa- 
m,eHHH aueTHjieHa, ero roMOAoroB h npoH3BOAHbix. B 1875 r. Ka . B hh- 
KAep pa3pemi)A, HaKOHeu, npodAexiy KaTaAHTHqecKoro okhcachhh
SO., b S03 B03AyxoM b upHcyTCTBHH nAaTHHOBoro KaT3AH3aTopa, pa3pa- 
ooTaB npoMbiLUAeHHbifi crioco6 KOHTaKTHoro CHHTe3a cepnoft khcaotu. 
3tot Bonpoc HMeeT MHomneTHioio HmepecHyio hctophio, naqHHan c pa- 
6ot H. ZleSepeftHepa h naTeHTa n. OnAAHnca b 1831 r., peKOMeHAO- 
BaBuiero TaK>Ke nAaTHHOBbin KaiaAH3aiop, ho noTepneBmero HeyAaqy 
H3-3a HeyMeHHH npoBOAHTb oqncTKy cepHHCToro ra3a ot KOHTaKTHbix 
haob. B 1877 r. M. M. 3aftueB onydAHKOBaA cboh HccAeAOBaHHH r.o
B0CCT3H0BAeHHK) pa3AHqHbIX OpraHHqeCKHX COeAHHeHHH BOAOpOAOM B re- 
TeporeHHOH cf>a3e HaA nAaraHoft hah naAAaAneM, npeABoexHTHB no cy- 
mecTBy MeTOAHKy rHApnpoBaHHH, pa3padoTaHHyio ropa3AO no3AHee. B tgm 
>Ke 1877 r. H. A. MeHiiiyTKHH HaqaA cboh KAaccnqecKHe HCCAeAOBamm 
no npHAOHceHHio xHMHqecKOH KHHeTHKH k opraHHqecKHM cceAHHeHHHM b 
o6AacTH H3yqeHHH cKopocTen 3TepH4)HKaHHH pa3AHqHbix KapdoHOBbix khc- 
aot cnnpTaMH. B 1878 r. A. M. ByTAepoB otkpua peaKUHK) ynAOTHe-
HHH OAecflHHOB nOA AOHCTBHeM CepHOH KHCAOTbl, HTO HBHAOCb npeAABe- 
pneM K CHHTe3y BbICOKOMOAeKyAHpHbIX COeAHHeHHH H npopeCCOB 3AKHAH- 
poBaHHH, HMeK)iu.Hx cefiqac orpoMHoe 3HaqeHne. T T fycTaBcoH npoBeA 
pHA HCCAeAOBaHHii no KaTaAHTHqecKOMy achctbhio raAoreHHAOB aAio- 
mhhhh Ha opraHHqecKHe coeAHHeHHH, HecmnbKO onepeAHB pa6oTW 
HI. OpHAeAH h ZI.>k. Kpacjrrca.

Ha rpaHH XX b. n. CadaTte otkpua 3aMeqaTeAbHbie cbohctb3 hh- 
I<eAH, qTO HBHAOCb CTHMyAOM A-BH MHOrOqHCAeHHbIX HCCAeAOBaHHH HO 
rHAPHpOBaHHK), BOCCTaHOBAeHHIO H OKHCAeHHIO pa3Hoo6pa3Hbix OpraHH- 
qeCKHX COeAHHeHHH H CnOCOSCTBOBaAO BHeApeHHJO KaT3AH3a B TeXHHKy.
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Pa6oTbi n. CaSaTbe h ero cotpyahhxob aBajiacb CTHMyJiOM A-aa pa3- 
paSOTKH pa3JIHMHbIX MeTOAOB rHApnpOBaHHH (C. A. OoKHH, P. BHJIJIb- 
uiTerrep, K. Ilaajib, A. Ckhtb, A. Bpome h ap ). B 1901 r. B. H. HnaTbeB 
CKOHCTpyHpofiaJi npocTyio h yAodHyio annaparypy ajih npoBeACHaa 
KaTâ iHTHqecKHx peaxuaa noA bmcokhmh AaBjieHaaMa («6oM6a HnaTb- 
eBa»), xoTopaa jierjia b ocHOBy Bcex coBpeMeHHbix ycTaHOBOK, pa6oTaio- 
IUHX npH nOBbimeHHbIX AaBJieHHHX (CHHTe3 aMMH3Ka, CHHTe3 MeTHJIO- 
Boro cnapTa, raApapoBaHae h t. a -)-

BjiaroAapa orpoMHOMy xojiaqecTBy c})axTOB, HaxonjieHHbix b XIX b ., 
OTKpbiTHio hobhx npoueccoB h pa3pa6oTxe KaTaJiH3aTopoB, a Tax>xe 
TeopeTHqecKHM o6o6m,eHHHM, npoBeAeHHbiM b XX b ., xaT3JiH3 npao6peji 
MHoroqncJieHHoe npaMeHeHae b opraHaqecxoa TexHOJioraa.

ycnexH KaTajiH3a Hepa3pbiBHo CBH3aHbi c pa3BHTaeM Teopaa xaTa
JiaTaqecxax npoueccoB, xoth h ceftqac em,e npaxTaqecxae ero aocthhcc- 
hhh 3HaqnTeAbHo onepe>xaK)T Hama TeopeTaaecaae no3aaHaa a npeA- 
CTaBjieHaa. llepBbie npeAdaBJieHaa o cymHOCTa KaTaAaTaqecKax hb- 
jieaaa othochtch k Haqajiy XIX b. y>xe b 1833 r. E. MaTqepAax nbi- 
Tajica o6"bacHaTb cxeMy peaxuaa nojiyqeHaa scfiapa a3 cnapTa b npa- 
cyTCTBaa cepaoa xacjioTbi TeM, qTO noA BJiaaHaeM nocjieAHea «cnapT 
pa3jiaraeTca b 3(})ap Tax >xe, xax caxap npa 6po>xeHaa noA AeacraaeM 
(JjepMeHTOB ajia xax nepexacb BOAopoAa noA AeacTBaeM MeTaJiJiOB». 
Bee aHaJioraqHbie xaTaJWTaqecxae HBjieHan oh o6i>eAaHHJi noA Ha3Ba- 
HaeM KOHmaKtnHbLx peaKU,uu, npa KOTopbix BeiuecTBa xaMaqecxa a3Me- 
hhiotch Jiauib b npacyTCTBaa KonmaKmoe (mmaAU3amopoe), ocTaiomaxca 
(no E. MaTqepjiaxy) Hea3MeHeHHbiMa. EIpaMepHO b 3to >xe BpeMa 6biJia 
oSocHOBaHa Teopaa npoMe>xyToqHbix coeAaHeHaa, t. e. yqeHae o tom, 
qio KaTaJia3aTop npaHaMaeT axTaBHoe yqacTae b xaTaJia3apyeMOM aM 
npouecce, o6pa3ya c peareHTaMa HecToaxae npoMe>xyToqHbie coeAa
HeHaa, xoTopbie nojiyqaxjTca a pacnaAaioTca, oOjierqaa npoTexaHae 
xaTaJiaTaqecxax peaxuaa. 3to ocodeHHO acHO 6biJio c(J)opMyjiapoBaHo 
Jl. riji3a(|)eapoM b 1848 r a oxoHqaTejibHO pa3BaTo n. CaOaTbe a 
ApyraMa b XX b.

EIoqTa OAHOBpeMeHHo B03Haxjia npeACTaBJieHaa o xaTaJia3e, xax o 
npouecce, CBB3aHHOM c aBjieHaaMa aAcopOuaa. 3to jierJio b ocHOBy 
nepBbix aAcop6uaoHHbix Teopaa xaTaJia3a A. BejuiaHa (1824 r.) a 
M. OapaAea (1833 r.). HapaAy c 3TaMa TeopaaMa, b ochobhom BepHO, 
xotb a OAHOCTopoHHe OTpaacaBuiaMa cymHOCTb xaTaJiaTaqecxax peax
uaa, 6biJia npeAJio>xeHbi a aAeaJiaeraqecxae Teopaa.

H. Bepuejiayc, xax a3BecTHO, npaAep>KaBaACH BaTaJiaeraqecxoa 
Teopaa b opraHaqecxoa xaMaa, cqaTaa, hto BeiuecTBa, BxoAaiuae b co- 
ct3b JxaBOTHbix a pacTHTejibHbix opraHa3MOB, o6pa3yx)Tca b hbx iioa 
BJiaaHaeM Hexoea «>xa3HeHHoa cajibi», HeAocrynHoa, noH. Bepuejiaycy, 
qejiOBeqecxoMy no3H3HHK). B cooTBeTCTBaa c stbm a cneua(J)aqHOCTb 
xaTaJiaTaqecxax aBAeHaa M. BepueAayc npanacbmaA npoaBjieHaio 
Heno3HaBaeMoa a He CBH3aHHoa c MaTepaea cajie (AaHaMaAe), xoTopyx) 
oh Ha3BaJi «xaTajiHTaqecxoa cajioft», ajia «TaaHCTBeHHoa chjioh» (vis occulta), a xaTa.iH30M—npeBpameHaa BemecTB, npoacxoAamae
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iioa BJiHHHHeM 3toh cham. B CBoeM yqe6HHKe no xhmhh, BbinymeHHOM 
b 1843 r., H. Bepue/inyc AaeT CAeAyioiuee onpeAejieHHe KaTaAH3a: 
«...H3BecTHbie BemecTBa, npnxoAH b conpHKOCHOBeHne c ApyrHMH, ona- 
3biBaioT Ha 3th nocAeAHne Tanoe AeflcTBHe, uto B03HHKaeT XHMHnecKan 
peaKUHH—pa3pymaK)TCH oahh coeAHHeHHH h B03HHKaiOT Apyrwe, npn- 
iieM, OAHano, caMO BeiuecTBO, npncyTCTBHe KOToporo Bbi3biBaeT sth 
BBjieHHH, He npHHHMaeT hh MaAenuiero yqacTHH b stom npouecce. IIpH- 
iiHHy, Bbi3biBaiomyio yKa3aHHbie HBjieHHH, Mbi Ha3biBaeM KaTaAHTHqe-
CKOH CHAOH».

B 3toh cj)opMy.nnpoBKe ocHOBHoe BHHMaHHe yAejineTCH «KaTajiHTH- 
qecKoft cnjie», caM >Ke KaTaAH33Top TOJibKO «npHcyTCTByeT», hto b KopHe 
neBepHO, Tan kbk TBepAO yeraHOBAeno, hto K3TajiH3aTop 3kthbho yqacT- 
nyeT b peaKUHH.

B AaAbHeftuieM c pa3BHTHeM HayKH h HaKonjieHHeM SKcnepHMeHTaAb- 
Hbix (|)aKTOB MeTa4>H3HuecKHe npeACTaBjieHHH H. BepuejiHyca 06 opra- 
HHHecKHX BemecTBax h o kaTaJiHTHuecKHX HBjienHHx noTepnejiH nopa- 
>KeHHe. TeM He MeHee hx ottoaockh BCTpeqaiOTCH b Hayue h 6ojiee no3A- 
nero BpeMeHH. Tan, HanpHMep, JI. IlacTep b Hauajie cbohx nccjieAOBa-
HHH CHHT3JI, MTO 6pOJKeHHe CJieAyeT OTAHUaTb OT oSbIHHbIX KaT3AHTH-
qecunx peaKUHH b MepTBOH npnpoAe, uto oho cbh33ho c >KH3HeAeuTejib- 
HOCTbio MHKpoopraHH3MOB h b ocHOBe ero aokht HKodbi CBoeo6pa3Haa
4)OpMa 7KH3HCHHOH CHAbI—AUCHMMeTpHHeCKaH CHJia.

IlpeACTaBJieHHH H. BepuejiHyca h JI. nacrepa o cymHOCTH KaTaAH-
THHeCKHX HBAeHHH nOABepTAHCb KpHTHKe K). JlH^HXa, KOTOpblH noAO- 
uieA k oueHKe KaTajiH3a OAHOCTpoHHe h MexaHHcraqecKH, TaK Kan ycMa- 
TpHBaJI ACHCTBHe KaTaAH33TOpOB AHUIb B OnpeAejieHHbIX CBOHCTB3X H 
coctohhhhx MaTepnaAbHbix qacTHU, coBepmeHHO HCKJiioqaH SHepreTHqecKHe 
B03AGHCTBHH. Ilo IO. JlH0HXy npHHHHOH 4)epMeHT3THBHbIX H B006ui,e Ka- 
TaJiHTHqecKHX peaKUHH «...HBjiueTCH cnocoSHOCTb Tejia, HaxoAfliuerocu 
B COCTOHHHH pa3AO>KeHHH HAH HHOM 3KTHBHOM COCTOHHHH, Bbl3bIBaTb
ry >Ke AeureAbHOCTb b conpHKacaioiuHXCH c hhm Tejiax h AeAaTb hx cno- 
co6hhmh npeTepneBaTb Te >Ke H3MeHeHHH, Korapbie oho caMO ncnbiTbi- 
BaeT».

B npoTHBOBec JI. IlacTepy K). JIh6hx He npH3HaBaji pa3JiHUHH Me>KAy 
KaTaAHTHuecKHMH npoueccaMH h 6pou<euHeM h bhaca b nocjieAHeM Jinuib 
qacTHbift cAyuaft KaTaAH3a. 3tot cnop, atihbuihhch HecKOAbKO acchth- 
AeTHH, 3aKOHMHACH nodeAofi MaTepHaAHCTHqecKHX npeACTaBAeHHH. 
B 1871 r. M. M. MaHacceHHa BnepBbieycTaHOBHAa, a b 1897 r. E EyxHep 
OKOHqaTeAbHO SKcnepHMeHTaAbHO AOKa3aA, qTO 6po>KeHHe mojkct npo- 
TeuaTb h 6e3 yqacTHH >KHBbix MHKpoopraHH3MOB hah npoAyunpyeMbix 
hmh (JjepMeHTOB. Cok, BbiAaBAeHHbiH H3 MexaHHqecKH pa3pymeHHbix 
AP0>K>KeBbIX • KAeTOK, o6a3A3A T3K0H JKe 6pOAHAbHOH CnOCOSHOCTbK), 
KaK H JKHBbie APOUOKH. IlpeACTaBAeHHe BHT3AHCT0B O TOM, qTO AHIUb 
HtHBan npoTonAa3Ma HBAueTCH AeHCTByiOLUHM HaqaAOM, 6wao 3Kcne- 
pHMeHTaAbHo onpoBeprHyTo nyTeM Ao6aBAeHHH k apohokcboh BbiTH>KKe 
aueTOHa, HBAHiomerocH aKTHBHbiM haom npoTonAa3Mbi. 2

2 B. H. AonroB
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B 3Ty nepejioMHyio anoxy nepexoAa ot cjiaKTOB, >KAyiUHX CBoero 
06'bflCHeHHH, k TeopeTHqecKHM BbiBo^aM b coBepmeHHO hoboh, h Ma.no 
noHHTHOH odJiacTH xhm hii— KaTaJiH3e— SojibiuHe ycjiyrH 0Ka3aJia (J?H3ii- 
qecKan xhmhh , ycTaHaBJiHBaioiuaH 3aK0H0MepH0CTH Ha ocHOBe naTa- 
jiHTHqecKHX peaKUHH. B 1870 r JI. BnjibrejibMH OTKpbiji KHHeTHqepKHH 
33KOH AeHCTBHH MaCC npH KaTaJIHTHMeCKOM HCCJieAOBaHHH HHBepCHII 
TpocTHHKOBoro caxapa noAAeficTBHeM pa36aBjieHHbix khcjiot. 3 t0 no- 
3bojihjio no3AHee b 1867 r. K. ryjib^Sepry h n . Baare aJiopMyjinpoBaTb 
o6lH,HH 33KOH AeHCTBHfl MaCC B BH^e ^HHaMUHeCKOTO paBHOBeCHH. K 3TO- 
My BpeMeHH othochtch KJiaccHnecKHe HccjieAOBaHHH H. BaHTTocjxfia 
no 33KOH3M KHHCTHKH (npHHUHnbl pa3JIHHHH MOHO-, AH- H nO- 
jiHMOjiekyjinpHbix peaKUHH), pa6orbi M. BoAeHiiiTeHHa no ra30BbiM 
peaKUHHM H HX KHHeTHKe H HCCJie^OBaHHH B. OcTBaJIb/ja no KaTaJlH3V

llepBbie npaBiuibHbie npeACTaBjieHHH o cyiuHocTH KaT3JiH3aTopa 
nOHBHJIHCb B KOHUe X IX  B. MbICJIb O TOM, HTO KaTaJlH3aTOpbI npHHHMa- 
hdt aKTHBHoe ynacTHe b KaTaJiHraneckOM npouecce, 0Ka3ajiacb BepHon. 
B 1852 r. A. H. X oahcb nbiTajicn 06'bHCHHTb KaTaJiHTHqeckne HBJie- 
hhh o6pa30BaHneM napHbix npoMOKyTOMHbix coeAHHeHHH— b pe3yjib- 
TaTe peaKUHH Me>KAy KaTajiH3aTopoM h peareHTaMH, npH6jiH3HBUincb 
K n03AHee BbICKa3aHHbIM B033peHHHM Jl. rijT3H(|)eHpa.

Oco6oe 3HaneHHe b hctophh TeopeTHnecKoro KaTajiH3a HMeioT b3iyih - 
Abi J J . H. MeHAejieeBa. B oahoh H3 cbohx pafioT1 2 oh BbicKa3aji. nueio o 
tom, mto npn conpHKocHOBeHHH APyx BemecTB HacTynaeT H3MeHeHHe hx 
BHyTpeHHero abhjkchhh (nepTypSauHn), hto Mo>KeT npHBecra k norjio- 
meHHKD (copduHH) oahoto peareHTa ApyrHM, t . e. k KaTaJiH3y. IlocjieA- 
HHli TeCHO CBH33H C 06bIHHbIMH peakUHHMH, HO OTJIHHaeTCH OT HHX TeM, 
hto npH oSbiHHbix peaKunnx H3MeHeHHio noABepraiOTcn Bee pearapyiomne 
BeuxecTBa, npH KaTajiH3e >Ke oahh H3 hhx— KaTajiH3aTop— npaKTunecKii
ocTaeTCH HeH3MeHeHHbiM. B3r^HAbi JX. H. MeHAejieeBa HaxoAHTcn
B TeCHOH CBH3H C TeopHeft CTpoeHHH OpraHHHeCKHX COeAHHeHHH II c 
yneHHeM o b33HMhom bjihhhhh aTOMOB b MOJieuyjiax no A. M. ByTJie- 
poBy h B. B. MapKOBHHKOBy 3 th nepTypSauHH hjih Ae^opMaunn mo- 
jieKyji noA AeftcTBHeM KaTajiH33TopoB npHBOAHT k o6pa30BaHHio hobmx 
coeAHHeHHH. He MeHee Ba>KHyio pojib b P33bhthh TeopeTHnecKoro Ka- 
TaJiH3a cbirpaJiH pa6ora JX . n. KoHOBajiOBa. O h BnepBbie b 1884 r 06- 
paTHJI BHHM3HHe Ha (j3H3HKO-XHMHMeCKHe 33KOHOMepHOCTH B K3Ta.TH3e. 
Ha pojib noBepxHOCTH KOHTaKTa h ee cocTonHHe, Ha pojib aAcopduHH 
h Ha BaniHOCTb noASopa KaTajiH3aTopoB.

MeHAejieeBCKoe HanpaBJieHHe b TeopHH KaTajiH3a Ha MHorne roAW 
onpeAejiHJio nyra AaJibHeHinero pa3BHTHH. P.03AHee H. JX. 3ejiiiHCKHH 
roBopHJi: «...KaK mhoto b mhcjihx JX. H. MeHAejieeBa toto, mto Hbme ro- 
BOpHT o MexaHH3Max KaTajiH3a H. JlsHrMKjp, r  Tefljiop h ApyrHe» .2 
B3TJIHAB1 JX- XX. MeHAeAeeBa HauiJiH OTpa»ieHHe b TeopHH AetJiopMauHOH-

1 Jl. H. M e H a e j i e e B ,  3anHCKa o b.ihhhhh npHKOCHOBeHHH Ha xoa XHMHMecKiix
npeBpameHHH, >KPOXO, 18, 8 (1886).

2 H. JX- 3e. nHHC KHH,  H36paHHbie TpyAti, t- 2, H3x  AM CCCP, 1940, crp. 22.
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hoto Karanm a, npH3H3HHoro HbiHe 3apyde>XHbiMH h cobctcxhmh yqe- 
HblMH.

PaSoTbi JIsHrMKjpa o xeMocopduHH b MOHOCJioe, yqeHHe Tefi- 
jiopa 06 aKTHBHbix ueHTpax, B3iviHAbi UiBada h Apyrnx 3apy- 
6e>KHbix yqenbix hbjihiotch npH3Ha»HeM oduieii, ho He AeTajiH3Hpo- 
B3HHOH TeopHH MeHAeJieeBa. OHa nojiyqH.ua AaJibHeftmee pa3BHTne 
H npH3H3HHe B flet̂ OpMaUHOHHOH TeopHH KaTaJIH3a PorHHCKOrO, 
b MyjibTHnJieTHOH TeopHH BaJiaH^HHa h ApyrHx yqeHbix.

Ochobh yqeHHH o xaTajiH3e cTaJiH ycneuiHO pa3BHBaTbcn jiHuib b 
nocjieAHne AecHTHJieTHH. B ocHOBy hx nojio>xeHbi padoTbi H. JlaHrMio- 
pa, T Teftjiopa, JX>x. Max-BeHa, E. PeHAHJia, H. H. CeMeHOBa, C. 3. 
PorHHCKoro, 0 . O. BoJibKeHuiTeflHa h Apyrnx.

B pe3yjibTaTe MHoroqncjieHHbix padoT b odJiacTH xaTajiHTHqecxnx 
peaKUHH h npoueccoB, ododmeHHH paHee HaxonjieHHbix Hadji k)achhh 
h TeopeTHqecKHX padoT co3AaJiocb HOBoe HanpaBjieHHe b xhmhh, xoTopoe 
0(J)0 pMHJ10Cb B BH^e CaMOCTOHTeJIbHOH AHCUHnJIHHbl— XaTaJIHTHqeCXOH 
xhmhh, hjih yqeHHH o xaTaJiH3e. TpaHHUbi stoh hoboh HayxH eiu,e He- 
Aoctatomho onpe^ejieHbi, Tax xax xaTaJiHTHqecxoe bjihhhhc MoryT oxa- 
3bIB3Tb CTeHXH COCyAOB, B XOTOpbIX npOBOAHTCH peaXUHH, BCer^a HMeK)- 
mnecH npHMecH b peareHTax h nojiyqaxHUHecH npoMOxyToqHbie npo- 
ayxTbi. Bee sth (JjaxTopbi ycjio>XHHK)T noHHMaHne npoueccoB. KaTajiH- 
THMecxHe peaxu,HH b reieporeHHOH c})a3e hbjihkjtch Handojiee cjio>XHbiMH 
BCJie^cTBHe toto, mto b ocHOBe hx jioxht (j)H3Hqecxoe npeAcraBjieHHe o 
TBep/joM Tejie, em,e He AocTaToqHO H3yqeHHoe.

Bonpoc o êHCTBHH xaTajiH3aTopa caM no cede eiue He AOcraToqHO 
HceH, bo3mo>xho, H3-3a cyiuecTByxMUHx 33 pyde>xoM npeACTaBjieHHfi, hto 
TeopeTHMecxH xaTaJiH3 MO>xeT npoiexaTb h de3 xaTajiH3aTopoB, nocxojib- 
xy oh npoxoAHT JiHinb no TepMOAHHaMHqecxn BeponTHbiM HanpaBjieHHHM. 
B A3hhom cjiyqae hmck)tch ottoaocxh xoHuenuHft B. OcTBaJibAa, chh- 
TaBuiero, hto Bee xaTaJiHTHqecxHe peaxunn MoryT b xaxofl-TO CTeneHH 
npoiexaTb h de3 xaTaJiH3aTopoB. Oh, HanpHMep, nojiaraji, mto npoAyx- 
th pacnaAa yn<e cyiuecTByx>T b caMOM noABepraioiueMCH pacnaAy Beme- 
cTBe. noaTOMySyATO dbi caxap, xoTopbift npH dpo>xeHHH npeBpaiuaeTCH b 
cnnpT, AOJi>xeH BcerAa coAep>xaTb, «Ha ochob3hhh SHepreTHqecxux co- 
o6pan<eHHH», xaxne-TO xoJiHqecTBa cnHpTa.

CjieAyeT yxa3aTb, qio HecMOTpn Ha HenpaBHJibHbie B3rJiHAbi Hexo- 
Topbix 3apy6e>XHbix yqeHbix coBpeMeHHbift xaTaJiH3 Bbiuieji Ha doAbinyx) 
TexHHqecxyio apeHy, rpaHHUbi xoTopofi TpyAHO onncaTb. KJiaccnqe- 
exan opraHHqecxan xhmhh ycTynaeT mccto opraHHqecxoMy xaTajiH3y. 
CoBpeMeHHan npoMbimjieHHOCTb nepecTpaHBaeTCH Ha xaTaJiHTHqecxHe 
npoueccbi xax doAee sxcnpeccHbie h npocrae no TexHHqecxoMy ocy- 
lU,eCTBAeHHK).

X oth xaTaJiHTHqecxHe peaxuHH noAqHHHKDTCH tcm >xe 3axOHaM 
xhmhh h TepMOAHHaMHXH, qTo h odbiqHbie peaxuHH, HO npHcyTCTBne 
xaTa.TH3aTopoB npHAaeT hm ocodyro cneuH(})HqHOCTb. reTeporeHHO- 
xaTajiHTHqecxne peaxuHH npoTexaxrr npu TeMnepaTypax doAee hh3- 
xiix, hto SHepreTHqecxH n axoHOMnqecxn 3HaqHTejibHO BbiroAHee.

2*
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KaTaJW3aTopbi ycxopaioT peaKAHH b cothh h mh îjihohu pa3, hto HMeeT 
6ojifaiuoe npaKTimecKoe 3HaaeHHe ^jih coBpeMeHHoft xHMHaecKOH npo- 
MblUIJieHHOCTH. KaTaJIH3aTOpbI flaiOT B03M0>KH0CTb npOBO^HTb npoueccbl, 
npoTeKaiomHe HGKaTajiHTHaecKH bo MHoro eraAHH hjih Boo6me Heocy- 
meCTBHMbie, Ha ITOBepXHOCTH KOHTaKTa KaK 6bl B OAHy CT3AHK). Ha- 
KOHeu, KaTajiH3aTopbi odJiaAaioT, KaK h (jjepMeHTbi, AparoueHHbiM cboh- 
CTBOM H36HpaTejIbHOCTH, T. e. B 33BHCHMOCTH OT XapaKTepa, COCTaBa 
h MeTOAa nojiyqeHHH ohh cnocofiHbi npoBOAHTb peaKUHio jinuib b oahom 
HanpaBjieHHH, noAaBJiaa nodoaHbie.

HoBaa TexHOJiorna n HOBaa TexHHKa Tpe6yroT hobmx mctoaob, 6o- 
jiee AencTBeHHbix h sncnpeccHbix. B ashhom cjiyaae b nojiHOH Mepe Bbi- 
CTynaiOT npoueccbl K-aTajiHTHaecKOH xhmhh, npoBOAamnfe (JjaKTHaecKH 
b oAHy CTaAHio MHorocTyneHaaTbie npoueccbl. Be3 KaTajiH3a 6biJiH 6bi 
HeB03M0>KHbI T3KHe npoueccbl, KaK CHHTe3 yrJieBOAOpOAOB H3 BOAHHOrO 
ra3a, CHHTe3bi nojiHSTHjieHa, MHOrne peaKUHH ojic^ hhob h aueTHjieHa,
cHHTe3bi KayqyKa h t . a -

HoBoe noKOjieHHe xhmhkob o6a3aHO dbiTb 3h3komo c KaTajiH30M, 
ero nojib3ofi h Heo6o3pHMbiMH nepcneKTHBaMH, b kotophx 3aJio>KeH 
nporpecc AaJibHeftuiHx AOCTH>KeHHH opraHHaecKOH xhmhh.



I” ci a b a I

nPHHUMnbl  H OAKTOPbl  KATAJ1MTHMECKHX
PEAKUHH

OEIUM E CBEJXEHHft

CKOpOCTb XHMHMeCKHX peaKUHH MO>KeT H3MCHHTbCH OT yqaCTHH pa3^HW- 
Hbix BemeeTB. TaKHe peaKUHH Ha3biBaioT KamaAumwecKUMU, BeipecTBa, 
H3MeHHiomHe cKopocTb,—KamaAU3amopaMU, pearnpyiomyio CHdeMy—m -  
m aAusamoM, a caMo HBjieHHe— KamaAU30M.

npn peaKUHH K3TaJIH3aTOp BXOAHT B COnpHKOCHOBeHHe, HJ1H KOHT3KT, 
c peareHTaMH, noaTOMy, no TepMHHOJiorHH E. MHTHepjiHxa, K3TajiH3aTop 
H33biBaioT KonmaKmoM, a KaTajiHTHqecKHe peaKUHH—KonmaKmHbiMU. 
KaTajiH3aTopaMH MoryT 6biTb caMbie pa3HOo6pa3Hbie BeipecTBa scex 
Tpex arperambix coctohhhh— ra3bi, jkh^kocth, TBepAbie: okhcjih, 
cojih, KHCJiOTbi, oeHOBaHHH h Apyrue MHHepa;ibHbie h îh opraHHqecKHe 
coe^HHeHHH. KaTajiHTHnecKoe AeficTBHe MoryT OKa3biBaTb h BceB03M0>K- 
Hbie cJiyuaHHbie npHMecu, nbiJib, noBepxHOCTb ctchok cocyAOB, npoMe- 
>KyTOMHbie npoAyKTbi peaKUHH h t . a - KaTajiHTHqecKHe peaKUHH oqeHb 
pacnpocTpaHeHbi h qacTO hx TpyAHO OT̂ HqHTb ot HeKaTajiUTHqe-
CKHX.

Ecjih AodaBKa KaTaJiH3aTopa AeficTByeT Ha npouecc ycKopaioiue, 
to HBjieHue Ha3biBaioT noAooKumeAbHbLM KamaAU30M, npH 3aMeAJieHHH 
(TOpMO>KeHHH) peaKUHH— OmpUl{ameAbHblM KamaAU30M. BoJIbUIHHCTBO 
KaTajiHTHqecKHX peaKUHH npoTeuaeT c ycKopeHHeM, h ^Huib b nocjieA- 
HHe roAbi noBbiCH^ocb 3HaqeHHe peaKUHH TopMoaceHHH. K peaKUHHM 
TOpMO>KeHHH OTHOCHTCH, HanpHMep, CTa6HJIH3aUHH paCTBOpa (J)OpM- 
aJibAern^a AodaBKaMH MeTaHOJia, cTa6iiciH3auHH xJiopo^opMa Ao6aBKaMH 
1 % STaHOJia, 3aMeAJieHHe nojiHMepn3auHH HefiojibuiHMH AodaBKaMH 
rHApoxHHOHa, 3aMeAJieHHe cropaHHH motophoto Ton.iHBa aHTHAeTOHa- 
TOpaMH H T. A-

HHorAa peaKUHH npHofipeiaiOT 3HaqHTe.ibHoe ycKopeHHe 6e3 BHece- 
hhh Kaia^H3aTopa, BC/ieACTBue KaiaJiHTHqecKoro abhctbhh o6pa3yio- 
luhxch npoMe>KyToqHbix coeAHHeHHH. TaKHe peaKUHH Ha3biBaioT aymo•
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KamamimmecKUMU, a caMO HBjieHHe aymoKamaAU30M (HanpHMep, caMO- 
OKHCJieHHe, HJIH ayTOKCH^aiiHa).

Ecjih KaTaJiH3HpyeMaH CHCTeMa h caM KaTajiH33Top h3xoahtch b 
ô HHaKOBOM arperaTHOM coctohhhh (>khakom, napo- hjih ra30o6pa3HOM), 
K3T3JIH3 H33bIBaK)T ZOMOZeHHblM.1 llpHMepaMH nOCJieAHerO MOryT CJiy- 
>KHTb: xJiopHpOBaHHe MeTaHa b npncyTCTBHH napoB xjiopHcroro cyjiwjiy- 
pHJia, 06pa30BaHHe CJIOJKHbIX SĈ WpOB H3 CFIHpTOB H KapSOHOBbIX KHCJIOT 
nofl AGHCTBHeM HedOJIbUIHX KOJIHqeCTB CepHOH HJIH COJIHHOH KHCJIOT, 
peaKUHH KHCJioTHOro rH^pojiH3a h t . a - Ecjih >Ke KaTaJiH3HpyeMan ch- 
deMa h K3TaJiH3aTop HaxoAHTCH b pa3Hbix arperarabix coctohhhhx, 
K3TaJiH3 Ha3biBaiOT zemepozeHHbiM. EIpHMepaMH reTeporeHHbix KaTajiH- 
THnecKHx peaKUHH hbjihiotch: CHHTe3 MeTaHOJia hjih bhciuhx cnnpTOB 
H3 CMeceft okhch yrjiepoua c boaopoaom HaA TBepAbiMH KaT3JiH3aTopaMH, 
pa3JIHMHbie THUPO- HJIH AerHAPHpOBaHHH, npoueccbl AerHUpOUHKJIH- 
33UHH, KaTaJIHTHHeCKHH KpeKHHT, OKHCJieHHe 6eH30Jia B MaJieHHOBblH 
aHTHupHu hjih HaiJiTajiHHa bo ({iTajieBbiH aHTHupHA h t . A- TeTeporeH- 
Hbie KaTajiHTHqecKHe peaKUHH 6ojiee pacnpocTpaHeHbi h HMeiOT 6ojibiuee 
npaKTHqecKoe 3HaneHHe, qeM roMoreHHbie.

nou AeftCTBHeM pa3JIHHHbIX (JiepMeHTOB HJIH 3H3HMOB C HCKJUOMHTeJIb- 
hoh H3dHpaTejibHOCTbio b >KHBOTHbix h pacTHTejibHbix opraHH3Max npo- 
xoaht MHOroHHCjieHHbie peaKUHH. OepMeHTbi hbjihiotch opraHHuecKH- 
MH KaTaJIH33TOpaMH 6ejIKOBOH npHpOAbl H o6jiaAaiOT CB0HCTB3MH, nepe- 
XOAHblMH MeJKAy TOMOreHHblMH H reTeporeHHbIMH KaT3JIH3aTOpaMH.
npndJiHJKaHCb, oAHaKO, k cbohctb3m reTeporeHHbix. EIo stoh npHmi- 
He b HacTOHiuee BpeMH (JiepMeHTaTHBHbie peaKUHH Ha3biBaioT MUKpo- 
zemepozenHbLM u.

P a 3JiHMHbie xHMHqecKHe npoueccbl BcerAa npoTeuaiOT b jihmhthpo- 
BaHHOM o6BeMe—b Tpyduax, KOJiSax, aBTOKJiaBax. EIoaTOMy peaKUHH, 
npOTeuaioiuaH roMoreHHO, mojkct 6biTb no cyiuecTBy reTeporeHHofl 
BCJieACTBne KaTajiHTHnecKoro bjihhhhh noBepxHOCTH CTeHOK. MTo6 bi He 
BnacTb b ouinSKy, onpeAejinioT—bjihhiot jih ctchkh Ha CKopocTb peaK
UHH. /Jjih 3toh uejiH b pearupyiomyio CHCTeMy bboaht MaTepnaji ctchok 
b H3MejibneHHOM coctohhhh. Ecjih cuopocTb peaKUHH npn stom He H3- 
MeHneTCH, mojkho cHHTaTb, uto OHa npoTeuaeT roMoreHHO. Tauoe Hcnbi-
T3HHe MOJKHO npOBOAHTb H APyrHM CnOCOdOM: CpaBHHBaiOT CKOpOCTH 
toh Hie peaKUHH b haghthuhhx ycjiOBHHx jih6o b cocyAax H3 pasHoVo 
MaTepnajia, jih6o noupbiBan ctchkh AaHHoro cocyAa cjiocm Apyroro 
BemecTBa (napacjiHHHpoBaHHe, MeT3JiJiH3auHH).

Eme HeAaBHO cymecTBOBajio HeBepHoe mhchhc, mto KaTajiH3aTopbi 
MOryT ocyiuecTBJiHTb peaKUHH, KOTopbie cbmh no ce6e He npoTeuaioT. 
3tot HAeaJiHCTHnecKHH h jiohchmh b3tjiha Tenepb coBepmeHHO onpo- 
BepmyT. KaTaJiH3npoBaHHbie h HeK3TaJiH3HpoBaHHbie npoueccbl noAmi-
HHIOTCH OAHHM H TCM >Ke 33KOH3M H npOTCKaiOT JIHUIb no TepMOAHHaMH-

1 B cjiyqae HecMeuiHBaiom'ixca whakoctch KaTa.m3 no cyiuecTBy othochtch k 
reteporeHHOMy.
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•lecKH B03M0>KHblM HanpaBAeHHHM, He33BHCHMO OT npHCyTCTBHH HAH OT- 
CyTCTBHH KaTaJIH3aTOpa, OTAHHaflCb AHLUb CKOpOCTbK) AOCTHJKeHHH paB- 
MOBeCHH. YCKOpeilHe KaT3AH3HpOBaHHOH peaKUHH MO>KeT 6bITb OHeHb 
3HaMHTejibHbiM. KAaccHHecKHM npHMepoM hbahctch o6pa30BaHHe stha- 
aueTaTa H3 sthaoboto cnnpTa h yucycHOH khcaotbi. Flpn B3aHMOAeftcT- 
BHH SKBHMOJieKyJlBpHblX KOAHHeCTB nOCJiê HHX paBHOBeCHaa KOHU,eH- 
TpauHH b 66,7% 3THJiaueTaTa AOCTHraeTCH AHiub uepe3 mhoto act, TorAa 
nan HeSojibiiiaH AoSaBKa cepHOH khcaotbi AaeT to >Ke KOAHuecTBo s^wpa 
uepe3 12— 16 nac., a npn HarpeBaHHH—nepe3 1— 1,5 naca.

M H O r H e  T e x H H n e c K H  Ba>KHbie p e a K U H H  n p o T e u a i o T  co  CTOJib MaJiofl 
CKOpOCTbK), HTO 6 e 3 K a T a A H 3 3 TOpOB OHH He HMeiOT n p a K T H n e c K O r o  3 Ha-  
HeHHH. B n p H C y T C T B H H  K a T a JIH 3 aT O pO B  OHH n p O X O A B T  S b IC T p o , 3 THM 
H 0 6 -bHCHUeTCH LUHpOKOe p a 3 BHTHe H n p a K T H H e C K O e  3 H a u e H H e  HOBefiujeH  
K aT aJIH T HH eCK O H XHM HH H T e X H O A O r H H . 3 HaueHH e K3 T3 A H 3 a B O p r a H H -  
HeCKOH XHM HH H TeXH O AO T HH HCKAHDHHTeAbHO BCJ1HKO, n O ST O M y CHHT3 KDT,
hto SyAyipee opraHHHecKofi xhmhh 3aBHCHT ot P33bhthh h BHeApeHHH 
KaTaAHTHuecKHX npoueccoB. PoJib KaTaAH33TopoB ocoSeHHO Bejinua 
noTOMy, mo ohh no3BOjihk)t npoBOAHTb MHorocTaAUHHbie npoueccbi 
KaK 6bi b OAHy CTaAHio h b Hy>KHOM HanpaBJieHHH npn 6oAee hh3khx 
TeMnepaTypax, hto AaeT skohomhio SHeprun h BpeMemi n noAaBAaeT 
BTOpHHHbie npoueccbi, CHHAOIOLUHe BbIXOAbI OCHOBHbIX npOAyKTOB.

H T 0 6 bi npHM eHeHHe K a r a A H 3aT o p o B  npHHOCH.no H a H S o A b iu y io  n o A b -
3 V H 3 K0H0MHK), Heo6xOAHMO OBABA^Tb HCKyCCTBOM nOAyHCHHH HX,
y n p a B A e H H H  hx cneuHcfm necKHM  a^hctbhcm, 3 HaHHeM npHpoA bi h n o -
BeACHHH H X, HTO AOKHT B OCHOBe HOBOH H ayK H — yHCHUH 0 K a m a A U 3e.

A. nPHHUMnbl KATAJIH3A 1

1. Cpoactbo KaTaAH3aTopoB k peareHTaM

H. BepueAHyc, a 3aTeM noHTH Ben cnycTH B. OcTBaAbA h hx cto-
pOHHHKH CHHT3AH, HTO K3TaAH3aTOp He npHHHMaeT ynaCTHH B K3T3AH-
3iipyeM0H peaKUHH. H. BepueAHyc npnnHCbiBaA k3T3ah3 npoHBAeHHio 
HenOHHTHOH H HenOCTH>KHMOH vis occulta (TaHHCTBeHHOH CHAbl), a 
B. OcTBaAbA CHHT3A, HTO KaTaAH33TOp HBAHCTCH «CMa3K0H», yHHHTO- 
>Kaioui,eH «xHMHnecKoe TpeHHe» (conpoTHBAeHHe) pearnpyioiueft chctc- 
Mbl, 6yAyHH COBepmeHHO naCCHBHbIM H HHepTHbIM. 3th HAeaAHCTHHeCKHe 
ripeACTaBAeHHH cefinac onpoBeprHyTbi. KaTaAH3aTopbi, KOTOpbie b pe- 
3\AbTaTe peaKUHH He H3MeHHfOTCH XHMHHCCKH, HaCTO H3MeHH!OTCH (j)H- 
3HnecKH b pe3yAbTaTe Ha6yxaHHH, AHcneprupoBaHHu h Apyrux H3Me- 
hchhh. XloBOAbHO nacTo KaTaAH3aTopbi TepuioT b Bece, o6pa3yiOT H a -  
Aera Ha Tpy6nax hah peaKTopax, hto hbahctch npaMbiM A0Ka3aTeAb- 
CTBOM aKTHBHOTO yH3CTHH HX B KaT3AHTHHeCKHX peaKUHHX. BHHMa- 
reAbHbiH 3H3AH3 KaTaAHTHHecKHx peaKUHH 3acT3BHA yueHbix, euj,e B 
cepeAHHe XIX b., ripii3HaTb, hto KaTaAH3aT0pbi hbahiotch a^hctbch- 
HbiMii KOMnoHeHTaMH npoBOAHMbix HMii peaKUHH, oSAernaa npoTeKaHne
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npouecca. Em u  CHCTeMa A h B b OTcyTCTBne KaTajiH3aTopa pearnpyeT 
no cxeMe

A +  B AB

to tot n<e nponecc b npncyTCTBHH KaTa/iH3aTopa K mo>kho npeAcraBHTb 
T3KHM o6pa30M:

a) A +  K AK
6) AK +  B —*■  AB -f- K

KaTajiH3aTop o6pa3yeT npOMeacyTOMHoe coeAHHeHHe, aKTHBHoe, 
jiaSn^faHoe h 6oraToe cbo6oahoh SHepmefl, KOTopoe, pearnpyn AaJibme, 
o6pa3yeT KOHenHbiH nponyKT h pereHepnpoBaHHbiH KaTajiH33Top. B 06- 
LU.HX cxeMax KaTajiH33Top Kan 6bi He yqacTByeT, mto HBJiHJiocb odnjib- 
hoh nHm,en ^jih HAeanncTOB. M. Oapa^eft n ero yneHHK A. reHHejib 
BnepBbie noHHJin b anoxy H. Bepuejmyca, hto KaT3JiH3aTOD hbahctch 
aKTHBHbiM yqacTHHKOM npouecca, a He MHCTHnecKoft «KaTajmTuye-_
CKOH C H JlQja.>>.
~ TTpOMejKyTOHHbie COeAHHeHHH AOJDKHbl 6bITb aKTHBHbIMH H Ma.HO- 
yCTOHHHBblMH, TaK KaK, B npOTHBHOM CJiynae, peaKHHH MOJKeT OCTaHO- 
BHTbcn Ha CTâ HH (a), h K3TaJiH3aT0p hbhtch npocTO peareHTOM.

06pa30BaHne npoMejKyTOHHbix coe^HHeHHH A0Ka3aH0 mhothmh c|)aK- 
TaMH.

OneHb xapaKTepHO npoTexaeT cneAyioiHaH roMoreHHan peaKHHH: 

H3PO3 +  KAO, +  H20 - V  h2so4 +  k 2so4 +  h 3po4

CxopocTb 3T0H peaKHHH 6e3 KaTajiH3aTopa oneHb Majia, ho Ao6aB- 
xa HJ ycKopaeT ee bo MHoro pa3. Flpn stom BbiAejineTCH hoa, hto bha- 
ho no no6ypeHHio pacTBopa, KOTopbifi 3aTeM 6biCTpo o6ecHBenHBaeTCH.

nocj)a3HO KaTaJiH3HpyeMan peaKHHH npoTenaeT cneAyioiHHM o6pa- 
30m :

K2S208 +  2HJ H2S04 +  K2S04 +  J2 

J2 +  H20 —*- HJ -f- HJO 

H3PO3 +  HJO -► H3P04 +  HJ

IlpOMejKyTOHHblM COeAHHCHHeM npn 3T0M HBJIHeTCH HJO. 
AHanorHHHyio ponb HrpaiOT okhcjih a30Ta npn KaMepHOM cnoco6e 

nojiyneHHH cepHOH khcjioth, sTHjicepHan KHCJiOTa—npn nojiyqeHHH 
acfmpa H3 cnnpTa, JCI3— npn peaKHHnx xJiopHpoBaHHH b npncyTCTBHH 
cneAOB HOAa h t . a .

Ilpome Bcero npeAnojio>KHTb, hto cKopocTb roMoreHHOH KaTanuTH- 
qeCKOH peaKHHH 3aBHCHT OT CKOpOCTH 06pa30BaHHH H pa3JI0HCeHHH 
npOMeHCyTOHHblX COeAHHeHHH. Ĵ OnyCTHM, MTO MOHOMOJieKyjIHpHan 
peaKHHH npoTenaeT no cxeMe

AB — ■i »  A +  B — Q
rne Ki— KOHCTaHTa ckopocth, a Q—TenJioBon 3(f)(|)eKT peaKHHH.
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B npHcyTCTBHH K a ia^ H 3 aT op a  C ra >Ke peaKUHH n p o ie K a e T  CAeAyio- 
luhm o6pa30M:

A B + C  — ?-+■  A C + B  
AC —- I * .  A +  C

CKOpOCTH p^aKUHH COOTBeTCTBeHHO 6yA>’T:

V i = K J i A B )  
v2 =  K2[AB]-[C] 
v3 =  K3[AC]

npn coctohhhh paBHOBecHH (u2= a 3) AC  o6pa3yeTcn n pa32iaraei
CH C OAHHaKOBOH CKOpOCTbK).

Ecah o6mee koahhcctbo KaTaAH3aTopa Cv t . e. cyMMy CBo6oAHbi\ 
H CBH33HHbIX MOACKyA erO, o603HaMHTb KaK [Cj] =  fCH-f/4C], TO 113 
noc îeAHHX Asyx ypaBHeHHH noAynHM

K2[AB][[C,)~[AC]) =  K3[AC\
OTKyAa:

[A C ]=  K3 +  ' [Cl]

noACTaBHB 3HaueHHe [AC] b ypaBHemie CKopocm peaKUHH :’3, 
riOAyHHM OKOHHaTejIbHO:

K2K3[AB]
V3~  K3 +  K2[AB]-[LB

ĵ JlHTeAbHOCTb «>KH3HII» fipOMOKyTOHHOrO COeAHHeHHfl AC 33BHCHT 
ot CKopocTH ero npeBpameHHH. PaccMOTpnM Asa npeAejibHbix cAynaa. 
Ecah npn peaKUHH A-+B noA achctbhcm KaTajiH3aTopa C o6pa3yeTca 
ripoMewyToaHoe BemecTBO Z, to nocjieAHee MomeT 6biTb hah npoMe>KY- 
TOHHbIM COeAHHeHHeM AC, HAH HSyCTOHHHBbIM KOMnACKCOM AC, IIOAY- 
hhblhhmch npn 3c}x})eKTHBH0M coyAapeHHH MOAenyA. PeaKUHH hact no. 
cxeivie

J<1 K3
A +  C Z — !► B +  C

Ka

r. e. CKopocrb ii HanpaBAeHHe ripouecca onpeAeAHioTca 3HaqeHHHMit 
K0HCT3HT CKOpOCTCH peaKUHH Kv K 2 H /C3. B paBHOBeCHOM COCTOHHHH 
KOHueHTpauHH Z nocTOHHHa, h o6pa30BaHHe h npeBpameHHe npoMe- 
>KyT04Horo BemecTBa npoTeuaioT c paBHofi cxopocTbio. HcTHHHbie 3Haqe- 
hhh K0HCT3HT HeH3BecTHbi, ho ohh AemaT b npeAeAax:

1) /Ca>/C3—CKOpOCTb pa3AO>KeHHH Z Ha KOMnOHeHTbl A a C 3Ha411- 
TOAbHO GoAbiue, neivi npeBpameHHe b KOHeqHbift npoAyKT, h cKopocTb
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KaTajiHTHqecKofl peaKUHH oueHb Majia (b AaHHOM cAyqae BemecTBO Z 
Ha3biBaiOT npoMejKyTOHHbiM BeiuecTBOM AppeHHyca);

2) /C3»/C 2— CKopocTb npeBpameHHH Z b KOHeqHbift npoAyKT oneHb 
Be.iHKa (Z— npoMe>KyTOMHoe BemecTBO BaHT-rocjxjja), KaTajiHTHiiecKaa 
peaKUHH npoTeuaeT SbicTpo.

ripaKTHHeCKH fiOJlblHHHCTBO H3BeCTHbIX KaT3JIHTHHeCKHX peaKUHH
33HHMaeT cpe^uee noJio>KeHHe Me>KAy sthmh AayMH npê ejibHbiMH 
cJiyuaHMH.

npn reTeporeHHbix KaTajiHTHuecKHx peaKUHnx npoMe>KyTOUHbie 
coe^HHeHHa o6pa3yioTca Ha noBepxHOCTH KaTajiH3aTopa. B stom cJiy- 
uae Bonpoc 3HauHTejibHO ycJioJKHHe-rcH CTpyKTypofl noBepxHOCTH, xa- 
paKTepoM copfiuHH h t . A- M ojkho, oAHaKO, cHHTaTb, uto npn reTepo- 
reHHOM KaTajiH3e npn B33HMOAeHCTBHH peareHTOB c noBepxHOCTHbiMH 
aTOMaMH KaTaJiH3aTopa o6pa3yiOTCH BeiuecTBa, Majio oTJiHuaioiuHecH 
OT odbIHHbIX XHMHUeCKHX COeAHHCHHH. FIpH K0HT3KTH0M OKHCJieHHH S02 
B03AyxoM HaA Fe2Os npoTexaioT peaKUHH:

S02 +  3Fe203 V 2Fe304 +  S03 
2Fe304 +  2S02 +  02 ->- 2Fe203 +  2FeS04 

2FeSQ4 +  V202 Fe2Q3 +  2SQ3

3S02+  1V202 3S03

06pa30BaHHe FeS04 b stoh peaKUHH uau npoMe>KyTOHHoro CoeAH
HeHHH MOJKHO 06Hapy>KHTb HenOCpeACTBeHHO.

KJiaccHuecKHM npHMepoM reTeporeHHoft peaKUHH, npoTeKaroiuefi 
c odpa30BaHHeM npoMeucyTOUHoro coeAHHeHHH, hbahctch noAyueHHe 
aueroHa H3 yKcycHOH khcjiotm HaA CaC03 npn 500° Flpn 400° H3 
CH 3COOH nojiyaaeTca Jirniib aueTaT KaJibUHH:

2CH3COOH +  CaC03 — (CH3COO)2Ca +  C02 +  H20

Ho npn 500° hact pa3Jio>KeHHe aueTaTa:
(CH3COO)2Ca CH3COCH3 +  CaC03

06maa peaKUHH npn 500°:

2CH3COOH CFI3COCH3 + C02 +  HoO

ilpyrae npHMepbi 6yAyT npHBeAeHbi Aajiee. H3 H3Jio>KeHHoro bhaho, 
mto npoMejKyTOUHbie coeAHHeHHH MoryT 6biTb HHorAa AOCTaTOUHo npoq- 
HblMH, HTOdbl CymeCTBOBaTb CaMOCTOHTejIbHO, HO B 60JIbUIHHCTBe c.ay- 
qaeB H30JiHpoBaTb hx He yAaeTCH, xoth peajibHOCTb KpaTKOBpeMeHHoro 
C VIU eCTBOB a H H H 3THX CoeAHHeHHH MaCTO HeocnopHMa.

2. M36HpaTeJIbHOCTb (ceJieKTHBHOCTb) K a T a JIH 3 a T O p O B
He Bee KaTaJiH3aTopbi npn AoSaBKe hx b pearnpyiomyio CHcreMy 

BbI3bIB3IOT H3MeHeHHe CKOpOCTH npouecca; HeofixOAHMO, MT06bI KaTaAIl-
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iarop o6jiaAaji xhmhhcckhm cpoactbom k peareHTaM. TaKHM o6pa30M, 
ycKopeHHe Bbi3biBaeTca /nnub cneu,HcJ)HMecKH npnroAHbiMH AJia AaHHoro 
npouecca KOHTaKTaMH, npnqeM Kaa<AbiH H3 hhx npoBOAHT peaKUHK) 
roJibKO b oahom onpe/iejieHHOM nanpaB.neHHH. B nojiHon Mepe sto ot- 
hochtcb jiHiiib k Tax Ha3biBaeMbiM udea.AbH.AM KamaAU3amopaM, h6o 
peaAbHbie KamaAU3amopbi qacro cnocoSHbi npoBOAHTb h noSowHbie peaK- 
U.HH.

Cbohctbo H36Hpaie^bHOCTH HaHGojiee pe3KO npoaBJiaerca y (f>ep- 
MemoB; Ka>KAbiH (JjepMeHT npoBOAHT /iHUjb OAHy onpeAejieHHyio peaK- 
U,HtO, BBJIHHCb CTporO CneUHcJ)HMHbIM ITO OTHOUjeHHIO K Bem,ecTBy, HJIH, 
o6pa3HO roBopa,— no 3. Onmepy— «...c})epMeHT TaK >Ke othochtch k cy6- 
CTpaTy, KaK KJiioq k 3aMKy». Hsbcctho, Hanpnwep, mto x-aMHJia3a Aeft- 
CTByeT Ha ueHTpaJibHbie uenn KpaxMajia, rHApojiH3ya AeKCTpHHbi, b to 
Bpeivia KaK p-aMHJia3a rnApojiH3yeT Jinuib 6oKOBbie nenn KpaxMaJibHbix 
MojieKyA, oTpbiBaa ot hhx MOjieKyjibi Ma7ibT03bi. FIpoTeoAHTHqecKHe 
([jepMeHTbi— nencHH, TpuncHH h spencnH— BeAyT cneuHtJwqecKHe npo- 
ueccbi rnApojiH3a 6e./iKOB. HHBepTHH rHApo;iH3yeT Jinuib a-, a aMyjib-
CHH—JlHLUb p-MK)K03HAHbie CBH3H H T. A-

PeajibHbie KaTaJiH3aTopbi bo mhothx cnyqaax T3K>Ke npoaBjiaioT H3- 
6npaTe/ibHOCTb,— sto HMeeT rpoMaAHoe TexHHqecKoe 3HaqeHHe.

XopoiuHM npnMepoM H36npaTejibHOCTH b roMorenHbix peaKUHax 
aBJiaeica oKncjieHne THOcyjibc^aTa nepeKHCbK) BOAopoAa b npucyTCTBHii 
HOHOB HOAa HJ1H MOJIHdAeHOBOH KHCJIOTbl.

B npucyTCTBHH HOAa THocy/ib^aT OKHCJiaeTca b TeTparHOHar

11,0, -I- 2S20 ;+  2H- ->- 2H20 +  S4o"

npnqeM ycKopeHHe peaKunn hoh3mh HOAa Moa<eT 6biTb noacHeHO c.ne- 
Ayiomeft cxeMofi:

II,02 + J ' n,0 +  JO'
jo ' +  j '  +  2 i r  -*■  j, +  n,o

J, |-2S.20'3 2J' +  S4Ofi

Ec.ih 3Ty >Ke peaKUino bccth b npncyTCTBHH HMoO,. to OHa npoTe- 
KaeT b hhom HanpaBjieHiin c o6pa30BaHneM cy.’i b<f>aTa:

1! 1,0 2 +  S20 ’ 2S04 -f- 2H* +  3H,0

CneuH(}DHqecKoe AeficTBue mojihSachoboh khc/ioth odBacHaerca TeM, 
hto OHa OKHCJiaeTca nepeKHCbio BOAopoAa b HaAMO/iuSAeHOByio khcaoty

H,0, ! MoO.i -*■ HjO + M oOj 

KOTopaa h OKHc.qaeT Tnocyjib(f)aT b cyjib(})aT:

5 MoO' 4-S,0" 5 MoO. p 2S04
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pa3JiHMHbiM HanpaBjieHHHM (noTeHUHajibHbift nyqox peaKunfi), KaTaAH - 
3aTop ycKopneT npouecc b oahom H3 HanpaBjieHHH. Tan, HanpHMep, H3- 
BeCTHO, HTO H3 3T3HOA3 KaTaAHTHqeCKH MOryT 6bITb nOAy^eHbl MHOrHe 
npoAyKTbi.

CxeMa KaTajiHTHHecKHX npeBpameHHH STaHOAa:

-^ C H 3CHO +  H2 (1>
—*■  C2H4 +  HaO (2)
-*- (QH6)20 +  H20 (3)

C2H5OH------->- CH3COOC2H5 +  2H2 (4)
CH2=CH-CH=CH2+ H 2+2H20 (5)
CH3COCH3 +  3H2 +  CO (b)

-► C4H9OH +H 20 (7)

KaJKAoe H3 yKa3aHHbix Ha cxeMe HanpaBjieHHH ycKopneTCH cneu.ii- 
cJmqecKHM KaTajiH3aTopoM. /JerHApnpoBaHHe 3TaH0Aa b aueTajibAefHA 
(1) npoTeuaeT oqeHb xoporno HaA MeAbio npn 200—250°; aKTHBHpoBaH- 
Hbie MeAHbie KaTajiH3aTopbi npeBpaiuaiOT STaHOJi b STHJiaueTaT (4) hah 
aueTOH (6). Sthach mojkho noAyqHTb H3 STaHOAa HaA A120 3 hah Th02 
npH 350—360° hah c cepHOH khcaotoh npn 170—200° (2); ahsthaobhh 
3(|)Hp (3) c 3thmh KaTaAH3aTopaMH—cooTBeTCTBeHho npH 250 H 140 
ripeBpameHHe 3TaH0Aa b ahbhhha (5) HMeeT MecTO HaA Z n 0 C r20 3 npn 
400—450° HaKOHeu, npeBpaiueHHe 3TaHOAa b «AHcnHpT»—OyTaHOA (7) 
npOHCXOAHT npH A6HCTBHH MeTaAAHqeCKOTO HaTpHH HAH m,eAOHHbIX 
KaT3AH3aTOpOB.

ZlpyrHM npKHM npHMepoM cneuHcpHqecKOH H36HpaTeAbHOCTH xaTa-
AH33TOpOB HBAflIOTCH CHHTC3bl H3 BOAHHOTO ra3a.

CxeMa CHHTe30B H3 boahhoto ra3a :
—  ch2o (1)

CH3OH (2)
—*■ CHHTOJ1 (3)

— BbicuiHe cnHpibi (4)
CO +  H2 ------- ► CH3COOH (5)

—► CH2=CO (6)
—  CH4 (7)
—► CHHTHH (8)
—► TBepAbie napatpHHbi (9)
—► H3onapa(})iiHbi (10)

M3 B03MOJKHblX HanpaBAeHHH B33HMOA6HCTBHH OKHCH yTAepOAa C 
boaopoaom eme He Bee npaKTHqecKH ocymecTBAeHbi, ho ohh noTeH- 
UHaAbHO B03MO>KHbi. FIoa AaBAeHHeM 300—400 am HaA Cu- hah ZnCr- 
KaTaAH33TopaMH noAyqaeTen MeTaHOA (2). Ecah k KaT3AH3aT0paM ao-
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SaBHTb mejioHb, to npHMepHO b Tex we ycAOBnax noAyqaioTca chhtoa 
(3) hjih Bbiciu-He cnnpTbi (4). HaA Ni-KaTaAH3aTopaMH npn 250° h Hop- 
Ma.abHOM AaBjieHHH o6pa3yeTCH MeTaH (7); HaA aKTHBHpoBaHHbiMH Fe-. 
Co- HJIH NijKaTaAH3aTOpaMH npH HOpMaJIbHOM HAH nOBblUieHHOM (10— 
20 am) AHBjieHHH o6pa3yeTca chhthh—CMecb napaiJiHHOB h oaccJhihob 
(ot CH4jao TBepAbix napâ JHHOB) (8); HaA Ru npH 150 am—bhcokomo- 
.aeKyAHpHbie TBepAbie napa$HHbi c MOAeKyAapHbiM BecoM Ooaee 8000, 
KOTopbie HeH3BecTHbi b npHpoAe (9). HaKOHeu, ecAH npoBOAHTb chhtc3 
HaA AlTh- hah ZnTh-KaTaAH3aTopaMH npn 300 am n 450° o6pa3yK)Tea 
r.'iaBHbiM o6pa30M H3o6yTaH h H3oneHT3H (10).

FIO A b3y H C b  H36HpaTeAbHOCTbIO K a T a A H 33TOpOB, O T S u p a a  HHAHBH- 
A ya A b H b ie  hah cM em aH H bie KO H TaKTbi, mo>kho no JKeAaH H io bccth n p o - 
u e c c  b Hy>KHOM H a n p a B A e H H H . K co jK a A e H H io , Ha coBpeMeHHOM y p o B H e  
3H3HHH em,e H eA b3H n p e A C K a3aTb  n p n ro A H O C T b  hah H enp nro A H O CTb  
K3T a A H 3aTO p a RJIH A 3 HHOH p e a K U H H . K a T a A H 3aTOpbI HaXO AHT S M n n p H - 
wecKH, H cn b iT b iB a n  p a 3AHHHbie kom6hh3Uhh K O M noH em oB h no A6 a p a a  
A y q iH H e  yCAO BHH H3 rOTOBAeHHH H padO Tbl K3T a A H 3aTOpOB. E C Te C T B e H - 
ho, mto co B p e M e H H aa H a y u H a a  A H T e p a T y p a  H3o6 i iA y e T  p a 3AHqribiMH 
peuenTaM H  K a T a A H 33T o p o B .

npodAeMa H3X0JKA6HHH H nOA6opa KaTaAH33TOpOB A-flfl OTAeAbHbIX
npoueccoB aBAaeTca h ceftqac HanOoAee TpyAHOH h HaHMeHee pa3pado- 
TaHHOH. C. 3. POTHHCKHH [ 1 ] CHHTaeT, UTO «...nOA<5op KaTaAH33TOpOB He- 
OTACAHM OT npeACTaBAeHHH O TAyfiOKOM MeX3HH3Me npoueccoB, KOTOpblH 
HaM HeAOCTaTOHHO H3BeCTeH, HO HeCOMHeHHO He OAHH H TOT JKe B OTAeAb
HbIX cAyqaax». T K. BopecnoB [2] npnnncbiBaeT KaTaAHTHqecKyio an- 
THBHOCTb BOOdm,e BCefl nOBepXHOCTH KpHCTaAAHHeCKHX TBepAbix BemeCTB 
(6e3 BbiAeAeHHa noBbimeHHO aKTHBHbix yqacTKOB nOBepXHOCTH hah an- 
TH BH blX U,eHTpOB, MTO Bp HA AH npaBHAbHO). KpiITepneM 3KTHBH0CTH 
KaTaAH3aTopoB, no T K. BopecKOBy, aBAaeTca hx yAeAbnaa K3T3AH- 
THHeCKaa aKTHBHOCTb, T. e. aKTHBHOCTb eAHHHUbl nOBepXHOCTH,—
b CAynae K3TaAH3aTopoB npHMepHO oAHHaKOBoro cocTaBa. Flo A. A. Ba- 
AaHAHHy f3] Heo6xoAHMO yqHTbmaTb reoMeTpHqecKoe h SHepreTHqecKoe 
cooTBeTCTBHe Mea<Ay pemeTKOH KaT3AH3aTopa h CTpoeHHeM pearnpyio- 
mnx MOAenyA. 3th npHMepbi noKa3biBaioT, uto yqeHbie eipe AaAenn ot
noHHMaHiia cymecTBa K3TaAH3a.

TeoperaaecKaa CTopoHa Bonpoca H36HpaTeAbHOCTH KaT3AH3aTopoB 
Tan>Ke eme He acHa. PaHbiue HCCAeAOBaTeAii h3xoahah b stom CBOHCTBe 
apryMeHTauHio b noAb3y Teopnn npoMea<yToqHbix coeAHHeHHH. n. Ca- 
6aTbe cqHTaA, uto xHMHqecKaa npnpoAa KaT3AH3aTopa OKa3biBaeT 
3HaqHTeAbHoe BAHaHHe, KOTopoe TpyAHO odbacHHTb HHaqe, qeM ncxoAa 
H3 npeAnoAoaieHHa o npoMejKyToqHbix coeAHHeHHax. Xlpyrne aBTopbi 
noAaraAH, uto H36npaTeAbHOCTb aBAaeTca CBoeo6pa3HbiM noAaBAeHneM 
B03MO>KHbIX HanpaBAeHHH peaKUHH, KpOMe OAHOrO, qTO OCHOBaHO Ha 
H36HpaTeAbHOH aACopOuHii peareHTOB noBepxHOCTbio K3TaAH3aTopoB. 
3Ta HAea BecbMa BepoaTHa. FIpH HaAHUHH nyqua noTeHUHaAbHbix peaK
UHH b nepByio oqepeAb npoTeuaeT Ta, KOTopaa TpedyeT HaHMeHbiueii 
3HeprHH aKTHBauHH, t. e. KOTopaa CBa3aHa c HandoAee actkoh xeMo-
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copSunefl. H36HpaTe;ibHoe ^eficTBHe KaTaJiH3aTopoB, BeponTHO, 3aBii- 
CHT H OT COOTBeTCTBHH MOKAy paCCTOHHHHMH aTOMOB B MOJieKyjlG II 
aKTHBHbiMii ueHTpaMH Ha noBepxHOCTH KaTajiH3aTopa, t . e. ot reoMe- 
TpHHeCKHX COOTHOmeHHH (CTp. 137).

JXj ih onpeAejieHHH ckopocth h HanpaBjieHHH peaKUHH ocHOBHbiM 
4)aKTOpOM B K H H eTH Ke HBJIHCTCH SHBprHH aKTHBaUHH.

H 3 (J)H3HHeCKOH XHMHH H3BCCTHO, UTO K XHMHneCKOH peaKUHH npH-
boaht ahjicko He Bee ctojikhob6hhh MOjieKyji, Tan Kan HHane Bee npo- 
ueccbl npOHCXOAHJIH 6bl C OAHHaKOBOH CKOpOCTbK) H B3pbIB0n0A06H0 . 
B e^HHHuy BpeMeHH npH 6HMOJieKyjinpHOH peaKUHH A c B b 1 m a o 6"bCMa 
b ceuyH^y CTaJiKHBaeTCH

t a g  z — hhcjio CTajiKHBaioiuHxcH MOjieKyji, aA h oB—AHaMeTpbi MOjieKyji, 
m A h m B—Maccbi MOjieKyji, k—KOHCTaHTa BoJibUMaHa.

H3 HHCJia CTOJiKHyBUiHXCH MOjieKyji b peaKUHio BCTynaeT (b pe3yjib- 
TaTe 9(p<fieKmu8Hbix ctnoAKHoeenuu) JiHuib othochtcjibHO HG6oJibinoe 
hhcjio MOjieKyji; ocTaJibHbie >Ke He pearnpyioT (nescfxpeKmueHbte cm o .i-  
KHoeeHun).

C noBbimeHHeM TeMnepaTypbi cKopocTb xhmhhcckhx peaKUHH bo3- 
pacTaeT, hto 3aBHCHT ot nnc.na scjxjiekthbhbix ctojikhobchhh. CorJiacHO 
C. AppeHHycy, pearnpoBaTb MoryT jiHuib MOjieKyjibi, odjia^aioiune no- 
BbimeHHbiM ypoBHeM SHeprHH (a u m u eu poea nw iie  M O A euyA u). J\ j ih i<a>K- 
Aoft TeMnepaTypbi cyiuecTByeT paBHOBecne

r^e a—o6m.ee hhcjio o6biHHbix MOjieKyji, .a*—hhcjio aKTHBHpoBaHHbix 
MOjieKyji.

ripHMeHHH ypaBHeHHH H30X0pbI BaHT-rO(}xJ)a K paBHOBeCHIO MeJKAV 
a h a*, C. AppeHHyc Bbipa3Hji 3aBHCHMOCTb ckopocth peaKUHH ot TeM
nepaTypbi cjie/iyiomHM o6pa30M

TAG E — pa3 H O C T b  T en JIO C O A ep JK aH H H  MeJKAy odblMHblMH H aK T H B H p O B 3 H - HbiMH M O jie K y jia M H , A — K O H CT aH T a, H a 3 b iB a e M a n  uucaom coydapemm, 
hjih J iy n u ie , cpaumopoM nacmormi.

IlpHBeAGHHoe ypaBHeHne mokct 6biTb npeACTaBJieHO b cjieAyioiueM 
BHAG

3. CHHJKeHHe SHeprHH aKTHBaUHH

a a*

In /e =  In A —

E
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KOTOpoe b Hacroflmee BpeMfl npHMeHHiOT r a h  pacueTOB 3aBHCHM0CTii
E

CKopociH peaKUHH ot TeMiiepaTypw. SKCnoHeHTa c RT BbipamaeT 
BepoflTHOCTb aKTHBHpoBaHHoro cocTOHHHfl ii xapaKTepH3yeT WaCTb 
MojieKyji, odJiaAaiomHX Ere/iHAHHOH snepruH E,  t . e. aKTHBHpoBaHHbix. 
no cymecTBy A  paBHO nucjiy coyuapeHHH Me>KAy a ii a* Ec- 
•rih npHHHTb, mo b e^HHimy BpeMeHH cxajiKHBaeTCH z MoaeKy.i, to 
K0HCT3HTa CKOpoCTH, npOnopUHOHaJIbHa A HHC.'ly aKTHBHbIX MOJieKYJI

r;i,e E —SHeprun aKTHBauHH.
.TorapHcJiMHpyfl ii AncJxfiepeHUHpyH pe3y/ibTaT no T nojiymiM.

d\n K E I 
dT =  RT- +  2T

BejiHHHHa 2!7, oweHb Majia, noaTOMy eio mo>kho npeHeSpenb. B pe-
3yjibTaTe iiojiynaeTCfl H3BecTnoe ypaBHenne Appemiyca

d In K  E
dT = ~RT2

H3 KOTOpOTO MO>KHO OnpeAeJIHTb BejIHflHHy E.
nocjieAHHfl npe^CTaBJifleT SHepnuo (Ha 1 e-Mo.i), HeoSxo^HMyio

AJIA aKTHBHpOB3HHfl MO.'ieKyjI AO COCTOflHHfl, npH KOTOpOM OHH CT3HO- 
BflTCfl Cn0C06HbIMH K peaKUiiu.

CKOpOCTb JU060H peaKUHH 33BHCHT OT MUCJia 3<}xj)eKTHBHbIX CTOJIKHO- 
BeHHH aKTHBHpoBaHHbix MO/ieKyjI C o 6bIMHbIMH. BepoflTHOCTb T3KHX
coy^apeHuft, b cboio onepe^b, 3aBiicHT ot A'lUTejibHOCTii aKTHBauHH 
( - — cpe^Hflfl npo;joji>KHTe.JibHOCTb cymecTBOBaHHH aKTHBHpoBaHHbix mo- 
.TeKy/i) h KOHueHTpauiiii.

BblJIO BblUHCJieHO, HTO BejIHHHHa ~ COCTaB^fleT 10-7— 10-9  ce'K., 
a HHTepBaji BpeMeHH Me>KAy coy^apeHHflMii 10~ 6— 10“ 9ceK. 3 to o6ec- 
nenHBaeT npoTCKaHiie peaKunn.B AaJibHefimeM gbiJio noKa3aHO. hto MexaHH3M aKTHBauun, ocHOBaH- 
Hbiii jiimib Ha yBejiHuemiH ckopocth ABH>KeHHA MojieKyu, He MomeT 
oS’bflCHHTb nOJIHOCTblO CKOpoCTH XHMHUeCKHX peaKUHH. B aKTHBaUHH 
nrpaeT pojib io k  KHHeTHuecKafl, TaK ii BHyTpHMOAeKyjiHpHaA SHepruA, 
t . e. SHeprHH aKTHBauHH cooTBeTCTByeT H36biTOK 06men SHepruu, 6na- 
rouapfl ueMy MOAeuyAbi nepexoAAT b B036y>KueHHoe coctoahhc. npu 
atom noBbimaeTCA He mibKO cKopocTb abhwchha Mo^eKyji, ho h 3Hep- 
tha K0Ae6aiiHA cocTaBJiAiomHX MOJieKyjiy aTOMOB h aTOMHbix rpynn, 
a T3K>Ke H3MeHfleTCA SJieKTpOHHOe COCTOAHIie MOUeKyJIbl, TaK KaK 3.ieK- 
TpoHbi nepexo^AT Ha 6ojiee BbicoKiie SHepreTHnecKiie ypoBHH.

HeAOCTaTOUHOCTb TeopHH CTOAKHOBeHHH npOABAAeTCA B TOM, '1TO 
pacnerubie uaHHbie xopouio coBnauaioT c onbiTOM jimiib a-ta SbiCTpbix
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peaKUHH b HedojibiuoH TeMnepaTypHOH o6jiacTH. B cjiyuae Mê JieHHO 
npoTeKaromHX peaKUHH nojiynaiOTCH 6ojibuiHe pacxo>KAeHHH, no- 
3T0My b ypaBHeHHe, onpeAeJiaioiuee KOHCTaHTy cnopocTH K ,  bboahtch 
AonojiHHTejibHan BejiHHHHa p — npocTpaHCTBeHHbift c})aKTop, hjih (})aKTOp 
BepOBTHOCTH:

K =  pze
E

RT
OaKTop p HMeeT 3 HaHeHHH 1 0 —J— 10 —8 h noKa3bmaei OTKJiOHeHHe 

ijeHCTBHTejIbHOH peaKUHH OT H^eaJIbHOH, BbIHHCJieHHOH no TeOpHH CTOJI- 
KHOBeHHH. B nacTOfliuee BpeMu sto HecooTBeTCTBHe pa3pemeHO npn
nOMOIUH CTaTHCTHHeCKOH TeopHH a6cOJUOTHbIX CKOpOCTeH peaKUHH
(cTp. 128). riocjieAHHH yqHTbiBaeT pacnpe^ejieHue SHeprHH b MOJieKy- 
Jiax peareHTOB. TorAa b o6iueM ypaBHeHHH AppeHHyca BejiHUHHy pz 
hjih A mo>kho npeACTaBHTb b BH,ue c|)yHKUHH pacnpe^ejieHHu:

TaKHM o6pa30M:

F+ kT —

II

*■
1 e

A kT
Fa ^b h

E
RT

Bo3MO*eH, OAHaKO, h Apyroft THn aKTHBauHii. B stom cjiynae uhcjio 
aKTHBHbix MOJieKyji B03pacTaeT He 3a cueT CABHra paBHOBecHn opr*a* 
a nyTeM Tauoro H3MeneHHH HanpaBjieHHH peaKUHH, npu kotopom OHa 
MOJKeT npoTeuaTb Ha 6ojiee hh3kom SHepreTHnecKOM ypOBHe. KaTaAH- 
THuecKue, h b uacTHOCTH cfiepMeHTaTHBHbie, npoueccbi npoTexaiOT c no- 
BbiuieHHOH cKopocTbKD hmchho noTOMy, UTO ohh Tpe6yiOT MeHbmefi 
SHeprHH aKTHBauuH. 3 to AocraraeTCH TeM, hto peaKUHH npoxoAHT ne- 
pe3 HOBbie npoMejKyTOHHbie sianbi, Ka>KAbift H3 KOTopbix b OTAejibHOcni 
TpedyeT npeoAOJieHHH Mekbiuero SHepreTHnecKoro 6apbepa; hjijiioctph- 
pOBaTb 3T0 MO>KHO CpeAHHMH 3HaueHHHMH E  (b KCIa /b-MOA) AJIH P33JIHM- 
Hbix npoueccoB:

HeKaTa.iHTuqecKHe peai<unn . 45 000 — 30 000
KaTajumi'iecKHe peaKium .30 000— 16 000
OepMenTaTHBHbie peanmiH 12 000— 8 000

Ha pHc. 1 npHBeAeHa cxeMa npoTeKaHHH HeKaTaAHTHnecKOfi peaK
UHH H TOH >Ke peaKUHH B npHCyTCTBHH KaTaJIH3aTOpa.

JJjih peaKUHH
A +  B -*■  AB

Tpe6yeTCH npeoAojieHHe sHepreTimecKoro 6apbepa E v b npHCyTCTBHH 
>Ke KaTaJiH3aTopa (K) o6pa3yioTCH npoMe>KyTOHHbie coeAHHeHHH, mto 
3HaiiHTejibH0 CHH>KaeT BbicoTy 3T0T0 6apbepa

A +  K - ^ A K  (£a <  £ j)
AK +  B - ^ A B + K  (E3 < E 2)
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a cyMMapHo:
^2 “I" &3 <  E l

B anyqae (J)epMeHTaTHBHbix peaKuaa 3HaqeHaa SHepraa aKTHBauan 
CHHJKaioTCJi eme dojibuie, Tax nan npoueccbi npoTenaioT MHorocTyneH- 
qaTO, c yqacTHeM HecKcuibKax KaTa/iB3aTopoB, KaacAbia H3 KOTopbix 
npoBO^HT jiHuib oAHy CTâ HK) npouecca. 3to no3BOJineT cjiotkhhm 
(JiepMeHTaTHBHbiM peaKUHBM npoTenaTb c Sojimhob CKopocTbio npa

a + q

PrlC. 1. ripO(})Ĥ b HeKaTaJIH3HpOB3HHOH H KaTajTH3HpOB3H- 
Hoft peaKUHft.

ofibiqHOH hjih cjieraa noBbimeHHoa TeMnepaType, Tax KaK o6maa 3Hep-
THH aKTHBaUHH ApoSHTCH Ha pHA HH3KHX fiapbepOB. BjiarOflapH 3TOMy 
c t3koh me jierKocTbio MoryT npoTeKaTb h oSpaTHbie peaKUHH.

npnqHHa CHameHaa SHepraa aKTHBauan npa KaTajiHTaqecKax npo- 
ueccax eme He cobccm acHa, ho BMeioTca BnojiHe BepoaTHbie npeAnoJio- 
meHaa. CTapbie npeACTaBjieHaa 06 ycaopeHaa peaKuaa (SjiaroAapa 
aflcopSuaa noBepxHOCTbio) noABepiviacb nepecMOTpy c tobkh 3peHaa 
KHHeTHKH. B mjio êacTBHTejibHO ycraHOBJieHO, hto aAcop6apoBaHHbie 
napbi a ra3bi aKTBBapyioTca jierqe, qeM He aAcop6apoBaHHbie, h hto mo- 
jienyjibi a^cop6eHTa npa aAcop6uaa noBepxHOCTbio Aê opiaapyioTCH 
a cbh3h MemAy aTOMaMa MoryT Aame pa3opBaTbca.

3 to AOKa3aHO MHoraMH 4>aKTaMH. jjaccouBBpyioiuaa ca^a noBepx- 
HOCTH MeTaJIJIOB MOJKeT 6bITb CTOJIb SOJIbUIOH, HTO, HanpHMep, MOJieKy- 
jia BOAopô a npa MaJioa 3aTpaTe 3Hepraa AaccouaapyeT Ha aTOMbi; 
TaK >ae aTOMH3apyK)Tca KOMnoHeHTbi rpeMyqero ra3a, npoTeaaeT koh- 
Bepcaa n-BOAopoAa b o-boaopoa a t . a - ripa aAcopSuaa bjib o6pa30Ba- 
Haa npoMejKyToqHbix coeAaHeHaii noA AeacTBaeM 3JieKTpocraTaqecKoro 
no;ia noBepxHOCTa npoacxoAaT nepepacnpeAejieHae SHepraa a CBH3ea 
npa 3aTpaTe MeHbiuea BHeumea SHepraa.

3^eKTpocTaTaqecKae cajibi noBepxHOCTa Aetj)OpMBpyioT MOJieKyjihi, 
nonaAaiomae b ccjjepy ax AeacTBaa, t . e. npejKAe Bcero nojiapa3yioT 
ax, nepeiaemaa ajieKTpoHbi, yaacTByiomae b o6pa30BaHaa HenojiapHbix 
CBH3ea. KaK a3BecTHO, KOBajieHTHaa CBH3b coctobt H3 napu sjieKTpo-

3 r>. H. AoJiroB
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hob h o6jia;;aeT HaH6ojiee bhcokhm noTeHUHajibHbiM 6apbepoM, hto 
npOHBJIHeTCH B BbICOKOH SHeprHH aKTHBaHHH 6oJlbUIHHCTBa OpraHHMe- 
CKHX peaKHHH. OflHaKO BCHKOe CMemeHHe SJieKTpOHOB B CTOpOHy Ô HOrO 
hjih ^pyroro aTOMa nojinpH3yeT aTOM h TeM caMbiM CHHJKaeT BejiHHHHy 
SHeprHH aKTHBauHH. B npe^ejie t3koh ue^opMauHH KOBajieHTHOH cbh- 
3H o6pa3yeTCH hcthhho nojiupHau, hjih hohh3h, CBH3b, npu KOTopou 
SHeprHH aKTHBauHH CT3H0BHTCH paBHOH HyjiK), h peaKUHH npoTekaioT 
MOMeHTaJIbHO.

FIoBepxHOCTHbie CHjibi KaTajiH3aTOpa Bbi3biBaioT nojiHpH3auHK>, t. e. 
npĤ aiOT KOBajieHTHbiM hjih cJia6o nojinpHbiM cbh3hm Sojiee nojiupHbiH 
xapaKTep, b pe3yjibTaTe Hero BejmuHHa SHeprnH aKTHBauHH KaTajiH3H- 
poBaHHbix peaKUHH CHHHtaeTCH. Taune hbjichhh nponcxo^HT npn Peie- 
poreHHOM KaTaJiH3e, h Ha stom ace ocHOBaH roMoreHHbift KaTajito3 b

npH CyTCTBH H  KHCJIOT.

KaK BHUHOH3 TadJI. 1, CHH-
>KeHHe SHeprHH aKTHBauHH E 
npn reTeporeHHbix peaKUHHX 
o6bIHHO 3HaHHTejIbHO 60JIbUie, 
neM npn roMoreHHbix.

MeHbuiHe 3HaueHHH BejiH- 
HHH SHeprHH aKTHBauHH UJIH 
reTeporeHHbix peaKUHH mojkho 
BbIBeCTH C nOMOIUbK) TeOpHH 

a6cojuoTHbix cKopocTefl peaKUHH (cTp. 128). CxopocTb reTeporeHHOH 
peaKUHH BToporo nopunua BbipaucaeTcu ypaBHeHHeM

F
kT 1 _  reT

vreT =  C A C B C n—j— -p -p— e UT
n  1 A  r  B

r^e C a  h C b—KOHueHTpauHH pearapyioiunx BeiuecTB, Cn— KOHueHTpa-
uhh cBo6o,UHbix MecT Ha noBepxHOCTH, ---- yHHBepcajibHau (JjyHKUHH,
F a  h F  b—(JjyHKUHH pacnpeflejieHHH.

CKopocTb roMoreHHOH peaKUHH

kT  F +  -  Er0M
vtou= C a C b  p  p  e RT

n  r  A r  B

r,ue Ft  —(JiyHKUHH pacnpe^ejieHHH aKTHBHpoBaHHoro KOMnjieKca AB. 
Tor^a oTHomeHHe cKopocTeft reTeporeHHOH h roMoreHHOH peaKUHH

v r  A£ureT----- - --— £ K l
r̂oM p +

t . e. cyMMapHau 3Hepthh aKTHBauHH roMoreHHoii peaKUHH (xwibiue, 
ueM reTeporeHHOH. BbiqucjieHO, HanpHMep, hto npn 500° K BejiHMHHa 
ETi7 flOJUKHa 6biTb Ha 27,6 kkqa MeHbiue, ueM £ r0M.

TABJIHUA 1
P33J10-
xceHne

E, Ka/ije-MOA
KaTajiH-
3aTOproMoreHHo reTeporeHHO

HJ... 44 000 25 000 Au
NsO... 58 500 29 000 Au
nh3... <~80 000 39 000 Pt, W
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4. ycKOpeiwe aocthjkchhh paBHOBecHn

KaTaJiH3aTopbi ycKopmoT AocTHHteHHe paBHOBecHH, ho He cMeiuaiOT 
ero. 3to nojio>KeHHe nojmocTbio npnjio>KHMO jwnib KHAeajibHbiM KaTajiH- 
3aTOpaM H BbIBeCTH ero MO>KHO H3 npHHUHna He33BHCHMOCTH H3MeHeHHH 
oboSoahoh 3HeprHH-ot nyTH npouecca. Ecjih npHHHTb, mto K3TajiH3aTop 
pjiHaeT Ha paBHOBecne, to mo>kho npHATH k cjiynaio perpetuum mobile. 
riOJIOJKHM, UTO OAHH pa3 KaT3JIH3aTOp OTCyTCTByeT, Apyroft pa3—npH- 
(jyxcTByeT. TorAa npH MHoroKpaTHOM npoBeAeHHH xhmhmcckoh peaKUHH 
B Ty hjih HHyio CTopoHy mojkho 6biJio 6bi nojiyHHTb paboTy 6e3 coot- 
iercTByiomero H3MeHeHHH TeMnepaTypbi, mto HaxoAHJiocb 6bi b npoTHBo- 
peunn c nojio>KeHHHMH TepMOAHHaMHKH. HHaue roBopa, ecJiH peaKUHio

A 5*: B

npoBOAHTb b npncyfcTBHH KaTaJiH3aTopa, KOTopbifi, AonycTHM, CMe- 
maeT paBHOBecwe BnpaBO, to bboah h buboab KaTaJiH3aTop, Mbi no- 
jiyuajin 6bi padoTy H3 HHuero, mto HeMbicjiHMO. ripn paccMaTpHBaeMon 
peaKUHH H3MeHeHHe cbo6oahoh SHepran AF b npncyTCTBHH hjih b ot- 
cyTCTBne KaTaJiH3aTopa aojijkho dbiTb OAHHaKOBbiM, ecjin npeAnojio- 
>KHTb, hto padoTa no bbcachhio hjih BbiBeAeHHio nocjieAHero oneHb Majia 
H, KpOMe Toro, B33HMHO KOMneHCHpyeTCH. TaK KaK K0HCT3HTa paBHO- 
BecHH Kp onpeAejiaeTCH uepe3 H3MeHeHHe cboSoahoh SHeprHH

A F =  —  RT  In Kp
TO COCTOHHHe paBHOBCCHH B npHCyTCTBHH HJIH B OTCyTCTBHe KaTaJIH3a- 
TOpa OCTaeTCH HeH3MeHHbIM.

npaBHAbHOCTb SToro npHHUHna noATBep>KAaeTCH SKcnepnMeHTaJibHO. Tan, HanpHMep, A^TajibHO H3yueHO paBHOBecne

H2 +  J2 2HJ

b npncyTCTBHH Pt-KaTaAH3aTopa h 6e3 Hero. FIojiyqeHHbie npn stom 
AaHHbie oueHb noKa3aTejibHbi: npn 350° CTeneHb AHCCounauHii de3 KaTa- 
jiH3aTopa cocTaBJiueT 0,186, TorAa uau HaA P t— 0,19. 3TOMy npHHUHny 
xopoiuo noAUHHHioTCH KaTajiHTHqecKHe peaKUHH b reTeporeHHoft 4>a3e, 
ho ajih roMoreHHbix peaKUHH HHorAa HadJiioAaiOTCH 3HauHTejibHbie ot- 
kjiohchhh, ocodeHHO b npncyTCTBHH pacTBopHTejieft. HanpHMep, npn 
H3yueHHH paBHOBecnn chctcmm

CHjCOOH +  CoIIfiOH ^  CH3COOC2H5 +  H20
1,'S 1 3 a3 2/3

b npncyTCTBHH pa3JiHMHbix KOAHuecTB HC1 dbijio HafiACHO, uto 3Haqe- 
HHfl KOHCTaHTbl paBHOBeCHH Kp

[CH3C00C2H6][H 20J vr v3 
Kp-  [CHjCOOHJ■ [C2HsOH] “ Vj-V, ~

c yBejiHueHHeM KOHueHTpaunn HC1 B03pacTai0T ao 9. 3to HenoHHTHoe 
CMemeHHe KOHCTaHTbl Kp npnnHCbiBaioT odpa30BaHHio KOMaaeKca

3*
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HCi-2H20, Cjiaroflapn KOTopoMy uacTb boah CBH3biBaeTCH h CTeneHb 
raApojiH3a c HapacTaHHeM coAep>KaHHH HC1 b CHCTeMe CHHAtaeTCH. Ta- 
Koe «Ao>KHoe» CMeiueHne paBHOBecnn He npoTHBopeqHT TeopHH, TaK 
Kan [H20] npe^cTaBJiaeT He bcio BOAy. a Airnib pa3HOCTb

[H,0] =  [H20]o6ui— [H20 ]CBa3

rAe [H20 ]CR!i3=[HCl-2H20]; noaTOMy BeAHHHHa K p pacreT.
Macro SbiBaeT, hto KaTaJiH3aTopbi b npouecce paSora uacTHHHO Te- 

paiOTCH, H3MeHHiOT cbok) (J)yHKUHio, AaiOT nofioHHbie coeAHHeHHH, ne- 
pexoAHT b Apyryio (Jjopiny h t . a -, hto Taione npoHBAneTCH b «ao>khom» 
CMemeHHH paBHOBecHH npouecca.

5. YcKopeHMe npaMofi h oSpaTHofl peaKUHH

H3 npeAbiAymero cjieAyeT, hto KaTaAH33Top oAHHanoBo ycKopneT 
nan npaMyio, Tan h oSpaTHyio peaKUHH. Ecah KaT3AH3aTop He mojkct 
CMemaTb paBHOBecne, ho AeftcTByeT AHiub ycuopnioiue, to oh aoajkch 
OKa3blBaTb OAHHaKOBOe BAHHHHe Ha CKOpOCTH npaMOH H 06paTH0H peaK
UHH b paBHOBecHOH CHCTeMe. 3to noAOJKeHHe b noAHOH Mepe fiphaojkhmo 
AHuib k HAeajibHbiM KaTaAH3aTopaM, oAHaKO h peaAbHbie KaTaAH33Topbi 
xopomo noAUHHHioTCH 3T0My npHHUnny. Tan, KaTaAH3aTopbi ajih tha- 
pnpoBaHHH npoBOAHT h AerHApupoBaHHe; rHAparapyioiUHe KOHTaKTbi 
HBAHIOTCH Â THApaTHpyiOIUHMH H T. A- (CM. ITOCAeAyiOIUHe TAaBbl).

npHMepoM MOHteT cJiy>KHTb CHHTe3 MeTaHOAa, KOTopbift npoTeuaeT 
no npocTOH paBHOBecHOH peaKUHH:

CO +  2H2 5*: CH3OH +  26 kkoa

3Ta peaKUHH ocyiuecTBAneTCH noA AaBjieHHeM h ycKopneTcn pa3- 
AHHHblMH K3TaAH3aTOpaMH (CTp. 709). OKa3bIBaeTCH, HTO Te H<e KaTa- 
AH33TOpbI COXpaHHKJT nOpHAOK 3KTHBH0CTH H npH p33AO>KeHHH MeTa
HOAa (npH HOpMaAbHOM AaBAeHHH), qeM IHHpOKO n0Ab30BaAHCb pa3AHU- 
Hbie HCCAeAOBaTeAH npH nOAbICK3HHH aKTHBHbIX K3TaAH3aTOpOB AAH 
CHHTe3a noA AaBAeHHeM.

BeH30A Aerao ruApupyeTCH b UMKAoreucaH HaA Pt-. Pd- hah Ni- 
KaTaAH33TOpaMH

C6H6 +  3H2 5 *: C,H12

npHueM npn 200—240° HAeT noura KOAHqecTBeHHoe npeBpaiueHHe 6eH- 
30Aa b UHKAoreKcaH, a npn 260—300° UHKAoreucaH oSpaTHO AerHApn- 
pyeTCH b 6eH30A.

npu npOMeucyToqHbix TeMnepaTypax noAyqaiOTCH paBHOBecHbie CMe- 
ch 6eH30Aa, unKAoreucaHa h BOAopoAa. Ha puc. 2 rpâ muecKH noKa- 
3aHa 33BHCHMOCTb MOKAy npHMOH H OfipaTHOH peaKUHHMH:

THApupoBaHHe AerHApupoBaHHe
3K30TepMHMeCK3H 3H,HOTepMHHeCKaH

peaKUHH peaKUHH
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KaK BHflHO H3 pac. 2, AJiH ocymecTB^eHHH npainoa peaauaa CHCTeiue, 
odAaAaauuea 3anacoM L\ nojiHoa BHyTpeHHea SHepraa, HeodxoAHMO co- 
OdlUaTb SHeprHK) aKTHBaUHH E v UTOdbl noc^e BblflejieHHH HeKOTOporO 
KOJinaecTBa Tenjia (+Q ) 3Ta cacreMa nepeuiJia b HOBoe cocroaHae c 
MeHbiuaM 3anacoM nojiHoa BHyTpeHHea SHepraa U2. Ajih ocymecTBjie- 
hhh oSpaTHoa SHAOTepMaaecKoa 
peaauaa cacTeMe HaAO coodmaTb 
SHepraio aKTaBauaa

E2 = E\ +  Q

OTKŷ a
Q — E2 — El

t. e. TenjioBoa 3(|xj)euT peaauaa 
paBeH pa3HOCTa SHepraa npaMoa 
a odpaTHoa peaauaa.

B cbh3u c BonpocoM od ycao- 
peaaa xaMaaecaax peaauaa aaTa- 
jia3aTopaMa jioraaecaa B03Haa 
Bonpoc, MoaceT jih uaTajiH3aTop 
aHauaapoBaTb Taaae peaauaa, 
aoTopbie Boodiue He cnocodHbi 
npoTeaaTb.

Xtoaa3aHO, mo aaTaaa3aTop He MO>aeT ocymecTBJimb TepMOAHHaMH- 
aecaa HeBepoaTHbie peaauaa, oh MO>aeT aauib b mujuihohm pa3 ycao- 
paTb MefljieHHO npoTeuaa>mae npoueccbi. Taa, HanpaMep, noTpedoBa- 
aocb dbi 1,06-1011 aeT, modbi 0,15% rpeiayaero ra3a npa 9° npeBpa- 
THJiocb b BOfly, ho rydaaTaa naaTHHa, BHeceHHaa b CMecb, Hacm/ibao 
ycaopaeT peaauaa), mo OHa npoxoAUT MOMeHTaabHO, co B3pbiBOM.

6. nponopuaoHajibHOCTb Mea<uy caopocTbio peaauHa 
a aojiawecTBOM aaTajiH3aTopa

Kaa yace yaa3biBaaocb, aaTaaa3aiop, BHeceHHbia b pearapyanuyio 
cacTeMy, noBbimaeT caopocTb peaauaa dJiaroAapa odpa30BaHaa) npo- 
MeacyTOUHbix coe^HHeHaa hjih aoMnaeacoB. YcTaHOBjieHO, uto b oah- 
HaaoBbix ycaoBHHX caopocTb peaauaa nponopuaoHaabHa aoaauecTBy 
aaTaaa3aTopa (ajiu He oaeHb doabuiax aoaauecTB ero). MHorouacaeH- 
Hbie accae^oBaHHH noaa3aaa, hto stot npaHuan BepeH ajih roiaoreH- 
Hbix peaauaa.

Pa3Jio>aeHHe nepeaaca BOAopoAa b npacyTCTBaa aoAa noaa3biBaeT, 
mo peaauaa npoTeaaeT b Ase eraAHH

H,02 +  J2 2H* +  2J' +  0.2 

H2Oj +  2H - +  2J' -► 2HaO -f J*

npaaeM caopocTb peaauaa nponopuaoHa.ibHa aoAaaecTBy moau.

Pnc. 2. npo(J)HJib npaMofi n o6paTHofl pe- 
aKunfl:

— > nPHMaa peaKUHH; <— o6paTHan peaKpua.



38 r.i. i. npnHu,nnbi n <paktopu  k a t a j ih t h h e c k h x  p e a k u ,h h

ZlpyrHM npuMepoM aBjiaeTca pa3Jio>xeHHe AHa3oyxcycHoro ac^upa 
Boflofi b npncyTCTBHH hohob BOAopoAa KaK KaTa.aH3aTopa no peaxuHH:

CKOpocTb 3toh peaxuHH npaMo nponopuHOHaJibHa KOHU.eHTpan.HH 
BOAOpô HblX HOHOB, T. e. C H Jie  KHCJIOTbl.

3Ty >xe 33K0H0MepH0CTb mo>kho npocjieAHTb h npH reTeporeHHbix 
peaKUHHX. CKOpocTb rHApnpOBaHHH OJieilHOBOH KHCJIOTbl (h Apyrux 
HeHacbimeHHbix khcjiot) b yxcycHOKHCJiOM pacTBope nponopunoHaJibHa 
Ko.THMecTBy KaTajiH3aTopa (Pt).

FoBopa o KOJiHuecTBe KaTajiH3aTopa, HHTepecHO paccMOTpeTb bo- 
npoc o HH>KHeM npe/jejie KOHU.eHTpau.HH ero, t. e. tom nopore KOjmuecTB 
KaTajiH3aTopa, c KOToporo HauHHaeT npoaBJiaTbca KaTaAHTHuecKHH 
3(jxJ>eKT. ĵ encTBue KaT3JiH3aTopoB 3aMeuaeTca HHorAa npH hhmto>kho 
Majibix KOJinnecTBax hx. Tax, peaxuna npeBpameHua rpeMynero ra3a 
b BO/iy Bbi3biBaeTca y>xe 17 m e  Pt; cxopocTb okhcjichuh boahoto pac- 
TBopa Na2S03 b Na2S04 33MeTHO B03pacTaeT ot AoOaBJieHHa MaJibix 
KOjinuecTB 1 10~14 h. pacTBopa CuS04; onncaH Taxate cjiyuaft ycxope- 
hhh -paenaAa nepexHCH BOAopoAa AobaBjieHHeM 1 m a  boah, coAepuomeft 
9,1 IQ- 11 a Os (kojiji.). Oahhm H3 caMbix nopa3HTejibHbix npHMepoB 
AeftCTBHH MaJibix KOJIHHeCTB KaTaJIH3aT0pa HBJIHeTCH AGHCTBHe 6hoth- 
Ha C10H16O3N2S H3 Snoca (pocTOBoro BeiuecTBa, paereHHH), KOTopbiH 
CTHMŷ iHpyeT pocT pacTeHHH npn pacTBopeHHH 1 m e  b 400 000 a  boah, 
t . e. npn KOHU.eHTpau.HH 1/400 MJipA. s I m a .

IlpHMepoM AeflcTBHa MHHHMajibHbix KOJiHuecTB KaTajiH3aTopa HB- 
jihiotch nponeccbi, npoTexaioiuHe b KjieTKax 3ejieHOH BOAopocJiH 
Chlamydomonas, pacTymeft b ctohhhx jiy>Kax, KOTOpaa o6pa3yeT cnep- 
Ba HenoABHHtHbie h Oecnojibie kjictkh. /Fun npHBeAeHHa b noABH>KHoe 
COCTOaHHe Â H Ka>KAOH KJieTKH Ha AO JIHLUb 1,2 MOJieKyAbI KpOHHHa 
C44H64024, BbipaSaTbiBaeMoro KJieTxaMH, a a^h npeBpameHHa Oecnojioft 
KJieTKH b My>KCKyio 20—30 MOjieKyji aHApoTepMOHa.

MHoroaucjieHHbie HccjieAOBaHHa b stoh oOjiacTH noxa3aJiH ycKopaio- 
mee hjih TopM03am.ee BjinaHue h Apyrnx BeiuecTB, AeficTByioiUHX b MH
HHMajibHbix KOJinuecTBax. 3 to HMeeT orpoMHoe 3HaueHHe npn pa3JiHu- 
hhx peaxunax, b KOTopbix MajiefiniHe nocTopoHHne npHMecn MoryT 
BJIHHTb KaTaJIHTHUeCKH. FIpaKTHUeCKH «XHMHMeCKH UHCTbIX» BeiueCTB
He cyiuecTByeT, Tax KaK aH3JiH3aMH, npoBeAeHHbiMH b nocjieAHee Bpe- 
mh, ycTaHOBjieHO, hto Jiiodoe BeiuecrBo Bce’rAa coAep>KHT cjieAbi pa3- 
JiHHHbix 3arpa3HeHHH. CaMbie unCTbie MeTajuibi h peaKTHBbi npeACTaB- 
jihiot co6oh no cyiuecTBy CMecu c pa3HOo6pa3HHMH ApyrHMH MeTaJuia- 
mh h coeAHHeHHHMH. HanpHMep, xHMHuecKH uhcthh HHxejib no cneK- 
TpocxonHuecKHM AaHHbiM coAep>KHT cjieAbi B, C, Na, Mg, Al, Si, Ca, 
V, Mn, Fe, Co, Cu, Zn, Sn h Pb.

CaM aa uHCTaa AHCTHJiJiHpoBaHHaa boa3 coAep>KHT b 1 m a  20 0 0 0 —  
30 000 uacTHueK nbiJin. Tax Ha3biBaeMbie «uHCTbie A-aa aHajiH3a» peax-

N.
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THBbi co,nep>KaT 0,009—0, 1%  pa3JiH9 Hbix npHMecefl. 3th AaHHbie noxa- 3biBaioT, mto npaKTHqecKH BcerAa npnxoAHTca HMeTb Ae.no c 3arpa3HeH- 
HblMH BemeCTBaMH, a B CJiyqae KaTaJIH3a—C aKTHBHpOB3 HHbIMH HAH 
Ae3aKTHBHpOBaHHbIMH KaTaJIH3aTOpaMH.7. BjiHHHHe AHcnepCHOCTH KaTajiH3aTOpa

ripn peaxuHax b roMoreHHOH cf)a3e, xorAa xaTaAH3aTop pacTBopeH, 
cKopocTb peaKUHH nponopuHOHaJibHa KOHU.eHTpau.HH xaTaJiH3aTopa. 
n p n  reTeporeHHOM xaTaAH3e Bonpoc 3HauHTejibHO ycJiojKHaeTca, Tax 
xaK b cJiyqae TBepAbix xaTaJiH3aTopoB peuiaioiuee 3HaueHne HMeeT He 
TOJIbKO KOJIHUeCTBO, HO H CTeneHb HX AHCnepCHOCTH, o6 yCJIOB^HBaiO- maa BejiHHHHy noBepxHOCTH xaTajiH3aTopoB. H 3MeHeHHe cTeneHH pa3- 
Apo6jieHHOCTH CHJibHO CKa3biBaeTCH Ha aKTHBHOCTH xaTajiH3aTopa, a 
HHorAa h Ha HanpaBjieHHH peaxuHH. T ax, HanpHMep, ajih njiaTHHbi ax- 
THBHOCTb dbicrpo B03pacTaeT no cjieAyioiueMy puAy, xapaxTepH3 yx)iue- 
My BejiHMHHy noBepxnocTH njiaTHHOBoro xaTaAH3aTopa:

Kopo^eK<npoBo^oKa<nopouioK<qepHb<KOJi/ioHA

Tax >xe BeAyT ceda h Apyrne TBepAbie xaTajiH3aTopu, axTHBHOCTb 
xoTopbix pacTeT co CTeneHbx) AncnepcHOCTH. ,H,e3aKTHBauHa xaTaAH3a- 
TopoB npn padoTe qacro nponcxoAHT H3-3a «onJiaBjieHHa», pexpHCTaji- 
JIH33UHH HJIH APyTHX aHaJIOTHHHblX npOUeCCOB, CBa33HHbIX C yMCHbUie- 
HHeM Uiep0X0B3T0CTH noBepxHOCTH.

KaTaJiH3aTopbi HeodxoAHMO roTOBHTb Tax, uto6h  noBepxHOCTb hx 
nojiyua^acb Haudojiee AucnepcHOH, Tax xax sto odaeraaeT aAcopduHK) 
h yBejiHUHBaeT cxopocra xaTajiHTHuecxHX peaxuHH. PacqeTbi noBepx- 
HOCTH CHJIbHO nOpHCTbIX BemeCTB nOKa3bIBaK)T, UTO OHa MOHeeT dbITb
oueHb dojibuiofl: 1 z axTHBHpoBaHHoro ynna HMeeT noBepxHOCTb ot 3 
AO 300 m 2, cHAHxarejia—ao 250 m 2 h t . a - MaxcHMajibHoft axTHBHOCTbX) 
odJiaAax)T CHJibHO AucneprHpoBaHHue MeTaJiAbi. Bhjio HaflAeHO, uto 
pa3Mepbi qacTHU (b m m k ) b thkhx cjiyqaax cocraBjiaioT b cpeAHeM:

Pt .4,6 - 11,27 Ir 1,16
Pd . 4 ,98- 11,00 Ru .1,92 — 3,64
Rh .2,20 Os 1,70 — 2,70

Bcaxoe H3MeHeHHe noBepxHOCTH, CBH3aHHoe c yMeHbuieHHeM ee, 
BJieueT CHH>xeHHe aKTHBHOCTH. Tax, HanpHMep, oxHCb UHHxa, nojiyqeH- 
Haa npn pa3JiH9Hbix TeMnepaTypax, TeM xyate npoBOAHT chhtc3 MeTa- 
HOJia H3 BOAHHoro ra3a, qeM Bbirne TeMnepaTypa od>KHra hcxoahoto 
Zn(N03)2. PeHTreHOCxonHqecxoe HccjieAOBaHne noxa3a.no, qTO c noBbi- 
uieHHeM TeMnepaTypu od>KHra 3axoHOMepHO pacTeT h BeanquHa xpn- 
CTaAJIOB OKHCH UHHK3 [4]:

TeMnepaTypa o6>KHra, °C . 110 238 500 700 900 1110 1300
BejumHHa KpHCTaJiTioB, 10-4 cm 0,8 0,8 0,9 1,4 2,0 2,0 4,53 thm h odtacHaeTca naAeHHe 3kthbhocth.
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Zlo nocneflHero BpeMeHH cqHTaJiocb, hto aKTHBHOCTb KaTajiH3aTopa 
pacTeT nponopuHOHajibHO B03pacT3HHK) ero AHcnepcHOCTH. OAHano 
HOBefiuiHe HccjieflOBaHHH noKa3ajiH, t o  oTHOiueHne «aKTHBHOCTb— ahc- 
nepcH0CTb» HMeeT npeAeji h hto npn flaJibHeniueM B03pacT3HHH AHcnepc- 
hocth aKTHBHOCTb KaTajiH3aTopa HaqHHaeT na^aTb (cTp. 149).

TaKHM o6pa30M, 3HaHne BejiHHHHbi noBepxHOCTH KaTajiH3aTopa HMeeT 
oqeHb dojibinoe 3HaqeHHe.

YflejibHaH noBepxHOCTb jnodoro nopncToro semecTBa (KaTajiH3aTOpa 
hjih aAcopdeHTa) onpe^ejiaeT KOJiHqecTBo coê HHeHHH, aAcopdHpyeMoro 
e^HHHueH Maccbi stoto BemecTBa, h nrpaeT rjiaBHyio pojib b reTeporeHHOM 
KaTa^H3e, onpe^ejiasi BejinqHHy aAcopdUHH h t . a . Y craHOBjieHHe bcjih- 
HHHbi yAejibHoft noBepxHOCTH no3BOJiHeT Tajoxe cy^HTb o KOJinqecTBe h 
npOTHJKeHHOCTH 3KTHBHHX HCHTpOB, O BejlHMHHe 3KTHBH0H IlOBepXHOCTH, 
o6 o6pa30BaHHH moho- hjih nojiHCJioH b pe3yjibTaTe aAcopduHH, o xa- 
paKTepe noBepxHocTHbix peaKUHH,—t . e. cnocodcTByeT noHHMaHHio 
cyTH reTeporeHHbix KaTajiHTHqecKHx peaKUHH.

riepBOHaqajibHo y^ejibHbie noBepxHOCTH onpe^ejinjiHCb MeTOAaMH, 
OCHOB3HHbIMH Ha H3MepeHHH aACOpdlJHH paCTBOpeHHbIX BemeCTB HJIH 
ra30B, hto He AaBajio tohhmx pe3yjibTaTOB. 3a nocjieAHee BpeMH pa3- 
pa6oTaHbi HOBbie MeTOAbi copduHH napoodpa3Hbix hjih ra3oodpa3HHX Be
mecTB, n03B0JIHK>mHe eyflHTb O peaJIbHOCTH aflCOp6HpOBaHHbIX MOHO- 
cjioeB.

MeroA M. M. /lyfiHHHHa [5] ocHOBaH Ha H3MepeHHH CMemeHHH Tax 
Ha3UBaeMbix CTpyKTypHbix KpHBbix flJiH napoB pa3JiHHHUx BemecTB. 
A^cop6iXHH napoB npHBOAHT k odpa30BaHHio nojiHMOJieKyjinpHbix aA- 
copdnpoBaHHbix cjioeB, hto npeAinecTByeT KanHJijinpHOH KOHA^Hca- 
uhh. IlpH nocjieAHefi odmHH odteM jkhakocth V npeACTaBJineT cyMMy 
odteMOB jkhakoh aAcopdnpoBaHHOH njieHKH V a h CKOHA^HCHpoBaHHoro 
napa VK:

v =  va +  vK

CTpyKTypHue KpHBbie cop6eHTOB, nocTpoeHHbie no onbiTHbiM AaHHhiM 
copduHH napoB pa3JiHHHbix BemecTB, rpacfiHqecKH He coBnaAaioT, a CMe- 
meHbi Ha pa3HOCTb odteMOB aACOpdnpoBaHHbix cjioeB:

A V =  V"a — v'a =  S  (n "d " —  n 'd ')

B 3tom ypaBHeHHH S—yAejibHan noBepxHOCTb copdeHTa, n— hhcjio 
aACopdnpoBaHHbix cjioeB, d—TOJimHHa mohocjioh; HHAeKCbi ' h '  ot- 
hochtch cooTBeTCTBeHHO k nepBOMy h BTopoMy aAcopdnpoBaHHOMy 
napy (ra3y).

Ecjih qepe3 r odo3HaqHTb paAHycbi nop, a qepe3 Ar —yMeHbineHHe 
hx Ha TOJimHHy aAcopdnpoBaHHoro cjioh, to nojiyqHM ypaBHeHHe

n"d " — n 'd ' =  Ar
h TorAa:

A V =  S Ar
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HJIH

4r

Flo Mero^y H3MepeHHH CMemeHHH nojiyqaioTCH xopomae pe3yjibTaTbi 
onpeAejieHHH yAejibHofi noBepxHOCTH h tojiihhh a^copdnpoBaHHbix 
cjioeB.

Xlpyroft mctoa ocHOBaH Ha TeopHH mhotocjiohhoh aACopSuHH napoB 
b H30TepMHMecKHX ycjioBHHX [6]. npeAnojiaraioT, mto MOjieKyjibi, craji- 
KHBaiomHecH c yqacTKaMH noBepxHOCTH, noKpbiTbiMH MOHoejioeM hjih 
HecKOJibKHMH cjiohmh, He HcnbiTbiBaioT ynpyrnx coyAapeHHH, a kohach- 
CHpyioTCH. HcnapeHHe Mojiexyji nponcxoAHT co Bcex yqacTKOB oaho- 
BpeMeHHO. npH ^HHaMHqecKOM paBHOBecHH noBepxHOCTb TBep^oro 
BemecTBa HMeeT yqacTKH, cBo6oAHbie ot aAcopdHpoBaHHbix MOjiexyji 
HJIH nOKpbITbie CJIOHMH pa3HOH TOjlUiHHbl.

B pe3yJibTaTe pacqeTOB bhboahtch ypaBHeHHe H30TepMbi aAcopSuHH 
(rpa(})HqecKH — S-o6pa3Han KpHBan):

V u C pa =  ■
(Po— P) 1 +  (C -1 )

Po

/JjIH BbiqHCJieHHH V u nOJIb3yiOTCH JIHHeHHbIM ypaBHCHHeMC

V a (P o -P ) -  V HC  +
1 , (C -1 )P

V  mCPo
B 3thx ypaBHeHHHx Va—o6beM ra3a, aAcopfinpoBaHHoro npn p r 

p—AasjieHHe npn onbiTe, p0—AaBjieHHe HacbimeHHoro aACop6HpoBaH- 
Horo ra3a (napa), C — KOHCTaHTa, Vu—o6i>eM ra3a, aAcop6HpoBaHHoro
MOHOCJIOeM.

noBepxHOCTb H3MepqioT b KBa,npaTHbix MeTpax Ha 1 a aflcopfieHTa; 
ecJiH H3MepeHHH Be,nyTCH c npHMeHeHHeM a30Ta, to noBepxHOCTb onpe-
AejiaioT no (|)opMyjie V »  _

m 2/ z  (16,2 A2—njiomaflb, 3aHHMaeMan16,2 A*
MOJieKyjiofi a30Ta). npaKTHqecKH K3TajiH3aTop cnepBa Aera3HpyioT Ha- 
rpeBaHHeM b bhcokom BaxyyMe (ao 10-6 m m ) ,  nocjie qero npn pa3JiHq- 
hhx TeMnepaTypax h AaBjieHHHx bboaht a30T hjih rejinfl. MeTOA AaeT

xopouiHe pe3yjibTaTbi npn -^-=0,05-^0,35, ho HHorAa nojiyqaioTCH h

33HH>KeHHbie 3H3qeHHH.
Bojiee npocT mctoa, ocHOBaHHbin Ha BbiAejieHHH xapaicrepHOH tchkh 

H30TepMbi. npH HH3KOTeMnepaTypHOH aACOpSuHH a30Ta, aproHa, khc- 
jiopoAa hjih okhch yrjiepoAa Ha KaTajiH3aTopax ajih CHHTe3a aMMHana 
nojiyqeHbi xapaicrepHbie S-o6pa3Hbie npHBbie (pnc. 3) co cpeAHHM jih- 
HeflHbiM yqacTKOM b HHTepBajie 60— 75 m m  p t . ct. 3 th jihhch- 
Hbie yqacTKH cooTBeTCTByioT oahoh h toh >xe BejinqHHe aA- 
copduHH, OTBeqaiomeii o6pa30BaHHio BToporo aACopCnpoBaHHoro cjioh
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MOjieKyji. Ecjih npHHHTb, mto a npeAeraBjuieT co6oft BejiHHHHy aAcopSuun 
AJin tohkh A  (sKCTpanoJiHUHH npaMOH H3 toukh B  ao nepeceueHHH c 
ocbio opAHHaT), Bbipa>KeHHyK> KaK hhcjio MOjieKyji Ha 1 e aAcop6eHTa,

a oj— ruiomaAb oahoh MOjieKyJibi b A2, to 
yAejibHan noBepxHOCTb aACopdeHTa:1£

P hc. 3. S-o6pa3Haa H30TepMa 
aACop6u,HH.

S =  a co

3 tot npocTOH cnoco6 AaeT BejiHUHHbi 
yAejibHbix noBepxHOCTefl, 6jiH3KHe k nojiy- 
qeHHbiM ApyrHMH MeTOAaMH.

3HaHeHHe yAejibHbix noBepxHOCTeft mojk- 
ho onpeAejiHTb Taione no TenJiOTaM CMa- 
HHBaHHH, no aAcopSuHH KpacHTejieft H3 
pacTBopoB, no BbmncjieHHio HHTerpaJibHoft 
padoTbi cop6u,HH napa h t . a -

B. <J>AKTOPbI KATAJIH3A

£Uh HopMajibHoro npoTeKaHHH KaTajiHTuuecKHx npoueccoB Tpe6yeT- 
CH 3HaTb BJIHHHHe pa3JIHHHbIX (J)aKTOpOB, 6e3 yueTa KOTOpbIX HejIb3H 
npaBHJibHO npoBecra npouecc h HaAJie>KaiuHM o6pa30M Hcnojib30BaTb 
KaTajiH3aTOp. Hnnce paccMaTpnBaiOTCH rjiaBHeftuiHe (})aKTOpbi.

1. BjiHAHHe TeMnepaTypbi

Bonpoc o bjihhhhh TeMnepaTypbi HBJiueTCu KapAHHajibHbiM b xh- 
MnnecKOH KHHeTHKe. y CTaHOBJieHO SMnnpHnecKH, uto npn noBbimeHHH 
TeMnepaTypbi Ha KaatAbie 10° CKopocTb MHornx XHMHuecKHX peaKUHft 
B03pacTaeT npHMepHO b 2—3 pa3a. 3aBHCHMOCTb MOKAy CKopocTbio 
peaKUHH h TeMnepaTypoft BbinHCJineTCH, KaK H3BecTHO, H3 ypaBHeHHH 
AppeHHyca b epo 9KcnoHeHUHajibHoft (jiopMe:

E

K ~ A e  RT

3aBHCHMOCTb KOHCTaHTbi paBHOBecHH /(p ot TeMnepaTypbi onpeAe- 
jiueTCH npHHUHnoM Jle-IilaTejibe: ecjiH b cHcreMe, HaxoAHiueftca b paB
HOBecHH, H3MeHHTb ycjioBHH paBHOBecHH, to b Heft npoH3oftAeT npo
uecc, npenuTCTByioiuHft H3MeHeHHio yoioBHfi. H3 3Toro npHHunna 
cjieAyeT, hto noBbiuieHHe TeMnepaTypbi aoji>kho cnocoScTBOBaTb o6pa- 
30BaHHio BeutecTB, nojiyuaioiuHxcH c nonnoiueHHeM Tenjia (yBe^nne- 
HHe 3HaqeHHH Kp npu SHAOTepMHnecKHx peaKunux), h npenuTCTBOBaTb 
o6pa30BaHHio BeiuecTB, nojiynaioiuHXCH c BbiAejieHHeM Tenjia (cHHute- 
Hue 3HaueHHH Kp npu 3K30TepMHuecKHx peaKUHHx).
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BjiHHHHe TeMnepaTypu Ha K p MOJKer 6biTb BbiBe^eHO cjieayiomHM 
o6pa30M. H3 TepMOflHHaMHKH H3BeCTHO, MTO H3MeHCHHe CBOSOflHOH 
3HepTHH AF  CHCTeMbI BBJIBeTCH MepOH BeJIHHHHbl KOHCT3HTbl paBHOBecnn:

— AF =  RT In Kp

H3BecTHO TaiOKe, hto H3MeHeHHe cboSô hoh SHeprHH npn nocroBH- 
HOfl TeMnepaType BbipaaoeTCB

A F = A t f  —  7 A S

r^e M i— H3MeHeHHe Tenjioco^epjKaHHB cncTeMbi, AS— H3MeHeHHe sh- 
rponHH.

Pa3AejiHB 3to Bbipa>KeHHe Ha T  h npoAHcjxJjepeHnnpoBaB no T npw 
p — const, nojiyHHM:

H3 TepMOAHHaMHKH H3BeCTHO, BTO
( d * H \ d b S
I dT lp~  dT

noaTOMy nocjie coKpameHHB nepBoro h BToporo qjieHOB b npaBofi qacTH 
BbipaJKeHHH HMeeM

a nocjie ^H^epeHUHpoBaHHH no T npn p=const BhipaweHHB — AF =  
=RT lnK p nojiyqnM:

cne^OBaiejibHO’
(d\nKp\ A H 
\ dT j — RT2
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Flocjie HHTerpnpoBaHHH sto BbipauceHHe HMeeT bha:

In /Cp =  rj' "j~ C

A//
H3MeHeHHe BejIHqHHbl K p  3aBHCHT OT 3HaqeHHH — ri pH OTpnua-

TejibHbix 3HaqeHHHX A// (3K30TepMHqecKHe peaKUHH) c noBbimeHHeM T  
BeJIHMHHbl Kp CHH>KaiOTCH, npH nOJTOJKHTejIbHbIX 3HaqeHHHX (SHflOTep- 
MHqecKHe peaKUHH), HaodopoT, c noBbimeHHeM T  pacTyT h BejiHHHHbi K p.

nOSTOMy npH T3KHX 9K30TepMHHeCKHX npOUeCCaX, KaK CHHTe3 aM- 
MHaxa, CHHTe3 MeTaHOJia, rHApHpoBaHHe h t. a ., noBbimeHHe TeMnepaTyp 
COnpHHieHO CO CHHJKeHHeM BbIXOAOB, TaK KaK paBHOBeCHH 3THX CHCTeM 
CMemaioTcu b CTopoHy odparabix 3HAOTepMHqecKHx peaKUHH. Flo toh 
JKe npHHHHe Ha 3HA0TepMHqecKHe npoueccbi AerHApHpoBaHHH, AerHApa- 
TauHH h t. A- noBbimeHHe TeMnepaTypbi 0Ka3biBaeT djiaronpHHTHoe 
BJIHHHHe.

npH KaTajiHTHqecKHx npoueccax, xpoMe H3Ji0JKeHHbix nojioJKeHHH, 
odmnx ^jih Bcex XHMHqecKHX peaKUHH, TeMnepaTypa HBjineTCH ochob- 
HblM (JiaKTOpOM, OT KOTOpOH) 33BHCHT He TOJIbKO CKOpOCTb H HanpaBJie- 
HHe peaKUHH, HO H aKTHBHOCTb H AJIHTeJIbHOCTb CJiyJKdbl KaT3JlH3aTO- 
poB. KajKflHH K3TajiH3aTop b 33BHCHMOCTH ot cocTaBa h ycjioBHH nojiy- 
qeHHH npoHBJineT b AaHHOH peaKUHH MaKCHMaJibHyio aKTHBHOCTb npH 
CTporo onpe^ejieHHOH TeMnepaType. IlocjieAHHH odbiqHOTeM HHjxe h TeM 
pe3qe npoHBjineT cedn, qeM aKTHBHee K3TajiH3aTop. noBbimeHHe TeM
nepaTypbi Bbirne padoqero onTHMyMa qacTo rydHTejibHO ajih KaTajiH3a- 
TopoB h conpaHceHO c fle3aKTHBauHen nocjieAHHx. BcnKHe KOjiedaHHH 
TeMnepaTypbi h neperpeBbi HeAonycTHMbi. 3to othochtch npeame Bcero 
K 3K30TepMHqeCKHM npOUeCCaM, npH KOTOpbIX HeodxOflHMO npHHHM3Tb 
Mepbi ajih dbicTporo yAajieHHH H3 30Hbi KOHTaKTa H3dbiToqHoro Tenjia 
peaKUHH.

2. BJIHHHHe AaBJieHHH

jlaBjieHHe, KaK h TeMnepaTypa, MOXteT OKa3biBaTb 3 HaqHTejibHoe 
BJIHHHHe Ha npoTexaHHe peaKUHH. Odiune yKa3aHHH o HanpaBjieHHH 
H3MeHeHHH paBHOBeCHH CHCTeMbI C H3MeHCHHeM AaBJieHHH AaiOTCH 
npHHunnoM Jle-lllaTejibe: yBejinqeHHe AaBJieHHH cnocodcTByeT npoTe- 
K3 HHIO npOUeCCOB, CBH3 3HHbIX C yMeHbUieHHeM OdteMa, H HaodopOT. 
llo 3TOMy ajih npoueccoB CHHTe3a aMMHana, MeTaHOJia h Bbicuinx cnHp- 
tob, a T3 K>Ke ajih rHApHpoBaHHH BbicoKHe AaBJieHHH hbjihiotch djiaro- 
npHHTHbiMH (JiaKTopaMH. HaodopoT, ajih npoueccoB, CBH3aHHbix c yBe- 
jiHueiuieM odteMa (AerHApHpoBaHHe, pacnaAbi aMMHaxa hjih MeTaHOJia 
Ha KOMnoHeHTbi), AaBJieHHH OKa3biBaiOT OTpHuaTejibHoe AeflcTBHe. ripH 
KOHKypnpyioiUHX peaKUHHX, CBH3aHHbix c yMeHbiueHHeM odteMa, AaB- 
jieHHH Handojiee dJiaronpHHTHbi ajih peaKUHH, HAyiuen c MaKCHMajibHbiM 
yMeHbiueHHeM odteMa.
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TepMOflHHaMHqecKaa 3aBHCHM0CTb Mexyty K p h aaBjieHHeM Bbipa- 
H<aeTCH ypaBHeHHeM

d In Kp _  W _
d p  ~~ R T

r a e  AV^— H3MeHeHHe odbeiua CHCTeMbi n p n  peaK U H H , KOTopoe paBHO p a3 -  
h o c t h  M eacay cyM M ofl M O jieK yjia p H b ix  o fiteM O B  n poayK T O B  h cyM M oii m o - 
jie K y jiH p H b ix  oSbeM O B  p eareH T O B .

B o jie e  tomho 3Ty 3aBHCHMOCTb MoxiHO BbiBecTH, npHMeHHH T eo p m o  
a6 co jn o T H b ix cK o p o cT e fl peaKUHH  (cT p . 128). O cH O B H oe yp aB H eH H e stoh 
TeopHH

KOTopoe moh<ho nepenHcaTb b BHae

K v =  c*

ra e  A F +  n p e a cra B jiH e T  pa3HOCTb M ex<ay c b o S o a h o h  SH ep rH eH  M OJieKyji

B aKTHBHpOBaHHOM COCTOHHHH F+ H CBOdOflHOH SHepTHefi HCXOAHUX
M O JieK ya F a, t . e .

AF+ = F +  — F a
npoaorapH(J)MHpoBaB sto Bbipa>KeHHe, noayqHM

1
In K v — In const - RT =  In const —  - g j

^H(JxJ)epeHUHpOBaHHH no p  npH T ■■= const j

/din K v \ 1 |(d F a \
[ dp J r

_  R T \\ dp dp j T

d FTax KaK H3 BecTHO, m o  —^ - = V  (M o aeK yjiH p H U H  o 6b eM ), t o

rae  A lA  — H3MeHeHHe^MOJiupHoro odbeMa M oaenya b aKTHBHpoBaHHOM
COCTOHHHH.

TaKHM o6pa30M, eCJIH Va> V + T. e. HCXOaHblH MOaapHblH ofibeM 
6o^bUie o6beMa B aKTHBHpoBaHHOM COCTOHHHH, TO 3HaueHHH KOHCT3HTbI

K v 6yaYT pacTH c yMeHbuieHHeM K+ (odbeMa pearnpyromefi CHCTeMbi);
npu Vn< V +  3HaueHHH K v yMeHbmaiOTCH.
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MHorne KaTajiHrauecKHe peaKUHH n p n  HopMajibiloM AaBjieHHH hath 
He MoryT. K hhm othochtch: chhtc3 aMMHaua, CHHTe3 MeTaHOJia h bhc- 
iuhx cnnpTOB (cTp. 709, 715), 0KC0CHHTe3bi (cTp. 726) h t . a - Bo 
mhothx Apyrnx cjiyuaux AaBjieHHe mojkct HecKOJibKO ycKopaTb h 
peaKUHH, npoTeuaioiuHe 6e3 cHHHceHHH o6beMa, BeponTHO BCJieACTBHe 
yBeAHueHHH uncjia stJx̂ eKTHBHbix CTOJiKHOBeHHH pearnpyioiuHX MO- 
jienyji, noBbimaioiuHx KOHueHTpaunio peareHTOB b eAHHHue 06'beMa.

3. 06l>eMHaB CKOpOCTb H BpeMfl KOHTaKTa

npH roMoreHHbix peaKunux KaTa jih33Top paBHOMepHO pacnpeAejieH 
b pearupyiomeH CHCTeMe, ueM odecneqHBaeTcn npoTeuaHHe npouecca. 
B reTeporeHHbix cncTeMax ajih HaAJiejKaiuero KOHTaKTa MeucAy Heno- 
ABhjkhhm TBepAbiM KaTajiH3aTopoM h napo- hjih ra30o6pa3HbiMH peareH- 
t3mh Heo6xoAHMO, HTodbi nocjieAHHe npoxoAHJiH qepe3 30Hy KaTajiH- 
3aTopa.

rlo sT O M y  n p n  npoB eA eH H H  re T e p o re H H b ix peaK U H H  H eodxoA H M O  3HaTb  
BejiHHHHbi, onpeAejuuoiuHe 3aBHCHMOCTb MejKAy KOJiHuecTBaMH peareH
TOB h  K a T a jiH 3 a T o p a , T a u  n a n  ot S T o ro  33bhcht B ejm u H H a AocTHHceHHH  
p aB H O B ecH H , H a n p a B JieH H e peaK U H H  h n o jiy u a e M b ie  B bixoA bi. n p n  p a -  
6 oT e b npoTOMHOH, hjih UH pK yjiH U H O H H O H , CHCTeMe yqHTbiBaeTCH oQ'teM- 
Han CKopoctnb (o . c.). O H a  n p eA C T aB Jiu eT  co6oh oTH om eH H e n p H B eA eH H o ro  
k H opM ajibH biM  ycjiO B H H M  o 6 b e M a  r a 3 a  (hjih n a p a )  V T, n p o x o A s u u e r o  
3 a 1 u a c , k o d t e M y  K aT ajiH 3 aT O pa V K. I l p n  H opM ajibH OM  AaB jieH H H

Vr
° .c. -  y K

npnqeM V r h V k aojukhu 6biTb BbipauceHu b oAHHaKOBbix 06'beMHbix 
e A H H H u a x .

n PH pacueTax o6beMHOH cuopocTH noA AaBjieHHeM ra3 npiiBOAHTca 
K HOpMaJIbHbIM yCJIOBHHM (0° 760 MM pT. CT.).

n p H  n poB eA eH H H  peaK U H H  b n a p o B o ft (J)a3e n p n  p =  1 am p a c u e T  
odB eM H oft c u o p o c T H  mojkho BecTH n o  (JiopM yjie

22400 Vd
° 'c' “  m v k

rue V —o6beM peareHTOB b 1 u a c , d—nJiOTHOCTb, M —MOjieKyjinpHbiH 
B ee, V K— o6T>eM K a T ajiH 3 a T 0 p a .

Ecjih HaA 100 c m 3 KaTajiH3aT0pa b 1 u a c  npoxoAHT 50 c m 3 C 2H 5O H  
b BHAe napa, to

22400-50-0,8
oc '~  46 100 =  195

BejiHUHHa o6beMHOH ckopocth ycjioBHa, TaK KaK nopo'uiKoo6pa3- 
Hblfl HJIH 3epHeHHH KaTaJIH33TOp 33HHMaeT JIHUIb UaCTb npHnHCbIBaeMO-
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ro eMy odi>eMa. IloaTOMy nojib3yioTCH Tan Ha3biBaeMbiM HacbitwbiM o6i>e- 
m o m , t . e. odteMOM KaTaJiH3aTopa, onpeAeJiaeMbiM H3MepHTejibHbiM 
cocyAOM. PacaeT noKa3biBaer, hto CBodoAHoe npocTpaHCTBO b HacbinHOM 
oSteMe, He 3aHHToe Maccoft KaTajiH3aTopa, He 33bhcht ot ero pa3Apo6- 
jieHHOCTH, cocTaBJiaH 33,5% ot Bcero odteMa KaTajiH3aTopa. Tan Kan. 
c yBejwqeHHeM AncnepcHocrH cHjibHO pacreT noBepxHOCTb KaTaJiH3a- 
Topa, to Ha npaKTHKe npHMeHHiOT 3epHa, rnapHKH hjih TadjieTKH He- 
6ojibuiHX pa3MepoB (2— 10 m m ) , a Taione nbiJieo6pa3Hbie koht3kth. 
X oth HCTHHHaa o6'beMHaa CKopocTb npHMepHO b nojiTopa pa3a 6oJibiue 
ycJiOBHOH, Ha npaKTHKe no paAy npnnHH nojib3yioTCH nocjieAHefi. llpH- 
Mepbl BJIHHHHH od'beMHOH CKOpOCTH Ha HanpaBJieHHe peaKUHH H BbIXOAb) 
6yAyT AaHbi Aajiee.

flpoTeKaHHe reTeporeHHbix peaKUHH 33bhcht ot aAcop6uHH peareH- 
tob noBepXHOCTbio KaTajiH3aTopa, ajih qero hcoOxoahmo conpnKOCHOBe- 
HHe ra30B hjih napoB c koht3ktom b TeqeHHe HeKOToporo BpeMeHH. 
î jiHTejibHOCTb conpHKOCHOBeHHH HrpaeT dojibiuyio pojib b reTeporeH- 
hom KaTaJiH3e, noqeMy ee HaAO yqHTbiBaTb ajih peryjinpoBaHHa h boc- 
npoH3BeAeHHH peaKUHH.

BpeM eneM  KOHtnaKma (b. k .) ycJioBHO Ha3biBaeTca BpeMH b cenyHAax, 
b TeqeHHe KOToporo o6"beM napa hjih ra3a HaxoAHTca b KOHTaKTe c paB- 
hhm oSteMOM KaTajiH3aTopa; BpeMH koht3kt3 ecTb BejinqHHa, oSpaTHaa 
oSteMHOH ckopocth, h BbipancaeTca (JiopMyjiofl:

3600
b.k. =  ——— cei<.

Tan,
HaA 50 c m

cjieAOBaTejibHO,

HanpHMep, ecjin 100 
3 KaTajiH3aTopa,

3600 , „
B-K =  195 =  17

m a  cnnpTa b  TeqeHHe 1 qaca npoxoAHr 
TO, KaK BbiqHCJieHO, o.c. =  195,

ceK.
E cJIH CKOpOCTb npOXOJKAeHHH cnnpTa nOBbICHTb BABOe, TO npn

nnn 3600 0 eo.c. =390, b.k . =  - g g Q — =8,5 ceK. h t . a.
OaKTOpbl oOieMHOH CKOpOCTH H BpeMeHH KOHTaKTa HBJIHIOTCa OCHOB- 

hhmh npn reTeporeHHbix peaKHHax, onpeAejiaioiuHMH HanpaBjieHiie it 
CKOpOCTb, a TaKHie BbIXOAbI npOAyKTOB. floCJieAHHe 33BHCHT, T3KHM 06~ 
pa30M, OT CKOpOCTH H BpeMeHH, nOSTOMy HX npHHHTO H33bIB3Tb Ob'beMHO- 
epeMCHHbiMU 6bixoda.Mii (o.b.b.). Ohh H3MepaioTca b KyOnqecKHx caH- 
THMeTpax hjih jiHTpax Ha 1 cm3, a TaKJKe b jiHTpax KOHTaKTHoro oOteMa 
hah KaT3JiH3aTopa b 1 qac., hto aBAaeTca npaKTHqecKoft Mepoft 3kthb~ 
hocth nocjieAHero.

4. BjIHHHHe paCTBOpHTeAeu Ha CKopocTb 
KaTaAHTHMeCKHX peaKUHH

Ckopocth XHMHqeCKHX peaKUHH B paCTBOpaX MOryT CHJIbHO H3Me~ 
HHTbCH B 33BHCHMOCT1I OT npHpOAbl paCTBOpHTejIH. IlepBbie CHCTeM3TH- 
qecKHe HccjieAOBaHHa b stom HanpaBjieHHH npHHaAJie>KaT H. A. MeH~
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myTKHHy [7], KOTOpbifi HccjieAOBaji CKopocTb peaKUHH Me»Ay tphsthji ' 
3MHH0M H HOAHCTbIM 3THJI0M B pa3JIHqHbIX paCTBOpHTejlHX. 0 H 
ycTaHOBHji, mo HaHMeHbuiHe ckopocth o6pa30BaHHH qeTBepTHqHbix 
aMMOHHeBbix cojieft HadjiioAajiHCb b rexcaHe h 6eH30Jie, KOTOpbie oOjia- 
AaiOT MajIbIMH AHSJieKTpnqeCKHMH nOCTOHHHbIMH, HaHdOJIbUIHe CKOpO- 
cth—b aueTOHe h 6eH3HJi0B0M cnHpTe.

B HacTonmee BpeMH cqHTaeTCH ycTaHOBjieHHbiM, uto nojinpHbie pac- 
TBOpHTejIH, KaK npaBHJIO, yBejIHqHBaKDT CKOpOCTb peaKUHH, XOTH H3- 
BecTHbi h HCKJiioqeHHH. Boo6me noA bjihhhhcm pacTBOpHTejieft ycKO- 
Phiotch Te peaKUHH, npn KOTopbix b cpê e, ckjiohhoh k nojinpH3auHH, 
yBejiHHHBaeTCH CKopocTb nepexô a pearnpyioiuHX MOJieKyji H3 roMeo- 
nOJIHpHOH B reTeponOJIHpHyiO (HOHH3HpOB3HHyiO) (J)opMy. POJIb pacTBO- 
pHTejiH 3aKJiK>qaeTca b npeBpaiueHHH pearnpyioiuHx MOJieKyji b 6ojiee 
peaKUHOHHocnocoSHoe cocroHHHe. OAHaKo odmeft TeopHH ycKopniomero 
hjih 3aMeAJiHK>m,ero achctbhh pacTBOpHTejieft em,e HeT, Tax KaK H.ajia- 
raiOTCH TaKHe (JiaKTOpbl, KaK BejIHqHHbl AHnOJIbHbIX MOMeHTOB, KOre3HH, 
aCCOUHaUHH MOJieKyji, B03M0>KH0CTb 06pa30BaHHH KOMITJieKCOB, nOKa- 
3aTejIH npejIOMJieHHH, BH3KOCTH, CKOpOCTH AH(}xJ)y3HH H T. A-

JI. B. FlHcapHieBCKHH c coTpyAHHKaMH [8] H3yuajiH KaTajiHTHuecKoe 
pa3Jio*eHHe H2Oz HaA Pt h Mn02 b npHcyTCTBHH tbkhx pacTBOpHTejieft 
KaK BOAa, 3<})Hp, B0AH0-3(J)HpHbie CMeCH H aueTOH. CKopocTb peaKUHH 
b BOAe c Ao6aBKaMH scjwpa 6biJia Bbirne, qeM b BOAe hjih 3<|)Hpe 
B 0TA6J1 bHOCTH. BblJIO yCT3H0BJieH0, HTO HandOJiee BHJKHblM (J)aKTOpOM 
A3HH0H KaTaJIHTHUeCKOH peaKUHH HBJIHCTCH «AeHCTBHe 3(JxJ)eKTHBH0r0 
npocTpaHCTBa pacTBopHTejin», Tax KaK oho HaKJiaAMBaeTCH Ha b33hmo- 
AeficTBHe MOJieKyji pacTBopHTejin c hoh3mh Pt h BeACT k o6pa30BaHHio 
cojibBaT-HOHOB, ycKopnioiuHx peaKUHio. XapaKTepHbiM npHMepoM 
ycKopuioiuero aghctbhh pacTBOpHTejieft hbjihctch KaTajiHTHuecKoe pa3- 
JIOJKeHHe 6eH3HJIKCaHTOreHOBOH KHCJIOTbi: CKOpOCTb peaKUHH B MeTH- 
jiobom cnHpTe b 1,5 MHJiJiHOHa pa3 6bicrpee, qeM b cepoyrJiepoAe.

BjiHHHHe pacTBOpHTejieft AOBOJibHo nojiHo H3yqeHO Ha peaKUHnx 
rHApnpoBaHHH. TaK, HanpHMep, CKOpOCTb THApHpOBaHHH KpOTOHOBOfi 
KHCJIOTbi (peaKUHH HyjieBoro nopnAKa) [9] b pa3Hbix pacTBopHTejinx 
(1 Z KHCJIOTbi, 9 MA paCTBOpHTejIH, 0,1 Z Pt npH 20° H B36aJITbIBaHHH) 
npHBeAeHa b Ta6ji. 2, rAe K —CKopocTb peaKUHH, BbipaaceHHaH b mhjijih- 
jiHTpax norjioiueHHoro BOAopoAa b 1 mhh.

TABJIHUA 2

PaCTBOPHTejtb TS
HaMA ^Hcnp

PaCTBOpHMOCTb
h2

[®2o]

BH3KOCTb
pacTBopuTejm

2̂0

YKcycHaa KHCJioTa 18,7 19,0 0,0563 1,25
3THJiaueTaT 17,7 19,6 0,0758 0,45
XjIOpO(J)OpM 15,2 19,3 0,0596 0,56
9THJIOBUH CIlHpT 14,1 15,0 0,0756 1,72
U,HKJioreKcaH 11,6 12,9 — 0,96
3THJIOBU0 9$«p 11,2 26,8 0,118 0,23
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KoHueHTpauHH pacTBopeHHoro b pacTBopHTejie BOAopoAa bb^hctch 
4)yHKUHefl napuHa^bHoro AaBjieHHH e ro  b ra30B0H (J)a3e, K03(JxJ)HU,HeHTa 
pacTBopHMocTH h CKopocTH nepeHOca ra3a k KaTaJiH3aTopy qepe3 pac- 
TBopHTejib. B nepBbix Tpex pacTBopHTejiax ckopocth (HcnpaBjieHHbie) 
OAHHaKOBbI, MeHbUiaH CKOpOCTb peaKUHH B 3THJI0B0M CnHpie, IlO-BHAHMO- 
My, od^HCHBeTCH ero 3HaHHTejIbHOH BH3KOCTbIO. riOHH>KeHHe BH3KOCTII 
cnocoficTByeT 60Jiee dbiCTpoMy nepeHOcy ra3a k KaTajiH3aTopy, nosTO- 
My pacTBopHTejiH c MajibiMH yt hjih HarpeBaHHe ycKopsnoT peaKUHio. 
OTCKua noHHTHO, noqeMy ckopocth rHApnpoBaHHH cHHXKaioTCH c yBe- 
./iHMeHHeM MOJieKyjiqpHoro Beca cnnpTOB, npHMeHaeMbix KaK pacTBopn- 
Tejin; HanpHMep, CH,OH, C2H5OH, C3H7OH h h-QH.OH hmciot 
cooTBeTCTBeHHO BejiHqHHbi Yj: 0,0061; 0,0121; 0,0223 h 0,0280.

B. KATAJIH3ATOPM

KaTajiH3aTopaMH ajih roMOreHHbix npoueccoB hbjihiotch ra3bi (HC1, 
N H 3, BF3, OKHCJibi a30Ta) hjih >khakhc BemecTBa (MHHepajibHbie khc- 
jiOTbi, S02C12, opraHHqecKHe ochob3hhh ii t . a -)- Hx 6epyT b totobom 
BHAe h bboabt b pearnpyioiuyio cHCTeMy b onpeAejieHHbix KOJinqe-
CTB3X.

XUih npoBeAeHHH peaKUHH b reieporeHiioH cj)a3e Heo6xoAHMbi TBep- 
Abie KaTaJIH3aTOpbI, KOTOpbie AOJI>KHbI 6bITb BbICOKOaKTHBHbl, HTO 3a- 
BHCHT OT HX nOBepXHOCTH, T. e. OT MCTOA3 nojiyqeHHH H npeABapn- 
TejibHoft o6pa6oTKH. rjiaBHefluiHMH Tpe6oBaHHHMH, npeATjarjineMbiMH 
K TBepAbIM KaTaJIH33TOpaM, HBJ15HOTCH: HaAJie>KaiUaH aKTHBHOCTb, CTa- 
6HJibHOCTb, H36HpaTejibH0CTb, bo3mo>kho fiojibuiaa A*nHTejibHOCTb pa6o- 
Tbi, Majiaa qyBCTBHTejibHOCTb k neperpeBaM h hasm, jierKocTb pere- 
HepauHH h t . A- ripnroAHocTb KaTa^H3aTopa qacTo npeApemaeTCH Bbi- 
6opoM MaTepnaJia a îb ero H3roTOBjieHHsi h ycjiOBHsiMH o6pa6oTKH, 
mto He coBceM yAaqHo Ha3biBaiOT «npeAHCTopneH KaTajiH3aTopa». 
,/XjIHTeJIbHOCTb paSOTbl KaTaJlH3aTOpa 3aBHCHT OT C06jHOAeHHH OnTH- 
MaJibHoro pe>KHMa ero pa6oTbi, cjiararoiuerocn H3 paAa Ba>KHbix 4>aK- 
TOpOB, HeC06JlK>AGHHe KOTOpbIX MO>KeT SblCTpO BbIBeCTH KaTaJIH3aTOp 
H3 CTpOH.

CoBpeMeHHbie KaTaJiH3aTopbi, npeACTaBjiaioiuHe Macro cJio>KHbie 
MHoroKOMnoHeHTHbie cMecH hjih coeAHHeHHH, coAep>KamHe aKTHBHpyio- 
lUHe H CTa6HJIH3HpyiOHJ,He AOfiaBKH, HaXOAHT 3MnHpHMeCKH. 3thm oObhC- 
HHeTCH orpoMHoe mhcjio naTeHTOB, npeAJiaraioui,Hx pa3Hoo6pa3- 
Hbie KOHTaKTbi. TaK>Ke SMnHpHMecKH nacTO npHXOAHTCH HaxoAHTb yc- 
JIOBHH o6pa60TKH H pe>KHM pafiOTbl K3TaJIH3aT0p0B. Em,e HeAaBHO OAHH 
H3 BHAHbIX K3TaJIHTHKOB T. TpOniU TOBOpHJI, MTO <! .npH npHrOTOBJieHHH 
KaTaJlH33TOpOB Ha AO npo60BaTb He TOJIbKO B03M0>KH0e. HO H HeB03MO>K- 
noe». AleTajiMioe H3yueaHe noBepxHOCTHoii SHeprHH, kiihcthkh Kaia- 
JlH'i" . -CKHX peaKUHH H CTpyKTypbl nOBepXHOCTeft n03BOJIHJIO HaMeTHTb 
neKoropbie nyTH a*bb reHe3iica aKTHBHbix KaTajiH33TopoB. B cbh3h c 
3THM B03HHKaeT Heo6xOAHMOCTb B AH({xJ)epeHUHpOBaHHOM noAxoAe

4 n. i i . Aojitob
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k no,a6opy KaTajin3aTopoB, KOTopbie TecHefimHM o6pa30M cBH3aHbi c KJiac-
CH(J)HKau,HeH KaTajiHTH^ecKHx npoueccoB.

KaTajiH3aTopbi dbmaioT HacmnbKo pa3HOo6pa3Hbi, mto hcbo3mo>kho 
onwcaTb Bee BapHaHTbi hx cocTaBa, mctoaob noAyqeHHH h ycAOBHH 
paCoTbi. 0/iHaKO noAaBAjnomee qnc.no KaTajiH3aTopoB H3roTOBJiaeTCH 
oahhm H3 cjie^yiomHx MeTOAOB: 1) cyxHM nyreM (oOjkht), 2) BJia>KHbiM 
nyTeM (oca>KAeHHe) 3) cnAaBAeHHeM, 4) nojiyqeHHeM KOAAOHAHbix Me- 
TajuioB. C^eAyeT OTMeTHTb, hto qacTo npHMeHHiOT HHAHBHAyaAbHbie 
BeipecTBa 6e3 bchkoh npeABapHTejibHon odpaSoTKH, HanpHMep 3kthbh- 
poBaHHbift yrojib, HeKOTopbie tahhh, KaoAHH, Kycnn rnaMOTa hah 6hck- 
bht3, cHjiHKarejib, OKHCb u,HHKa hah Apyrne roTOBbie okhcah, coah,
KHCAOTbl H T. A-

1. ripHroTOBAeHHe KaTaAH3aTopoB cyxHM nyieM

K MeTOAaM noAyqeHHH K3TaAH3aTopoB cyxHM nyTeM othochtch noAy- 
neHHe okhcaob mctbaaob oOjkhtom HHTpaTOB hah coach opraHHqecKHX 
Kap6oHOBbix khcaot npH 300—400° Tan, HanpHMep, HHTpaT HHKeAH hah 
Ko6aAbTa npeBpaupaiOT b MeAKOAHcnepcHbie NiO hah CoO, KOTopbie 
3aTeM BOCCTaH3BAHBaiOT BOAOpOAOM AO MeT3AAa. AHaAOTHAHO H3 HHTpa
TOB mojkho noAyqaTb CuO, Fe20 3, MnO, ZnO h Apyrne okhch. Bmccto
HHTpaTOB MOJKHO 6paTb HCKOTOpbie Kap60HaTbI H COAH OpraHHqeCKHX 
Kap6oHOBbIX KHCAOT. 06>KHTOM CMeCH HHTpaTOB B paCCHHTaHHblX COOTHO- 
uieHHHX mojkho noAyqaTb h cMemaHHbie KaTaAH3aTopbi.

OqeHb aKTHBHbie KaTaAH3aTopbi noAyqaiOTCH H3 pacrepTbix cMecen 
HHTpaTOB C SnxpOMaTOM 3MM0HHH (xpOMHTHbie KaTaAH33TOpbl). CMeCb 
npH npHKOCHOBCHHH K HeH paCKaAeHHOH npOBOAOKOH HAH naAOqKOH 
caMopacKaAaeTCH u npeBpaipaeTCH b MeAKOAHcneprHpoBaHHbift xpoMHT, 
OqeHb aKTHBHblH AAH BOCCTaHOBAeHHH KHCAOT B CnHpTbl, AGTHApHpO- 
B3HHH H ApyrHX peaKUHH (CTp. 342). BeebMa aKTHBHbl AAA pa3AHqHbIX 
peaKHHH rHApHpoBaHHn MeTaAAbi, noAyqeHHbie TepMHqecKHM pa3Ao- 
aceHHeM Fe(CO)5, Ni(CO)4, a T3K>Ke HHKeAb, o6pa3yiom,HHCH npn pa3- 
aojkchhh ero (jjopMHaTa (npn 200—250°):

(HCOO)2Ni Ni -t C02 +  CO +  H20

OqeHb aKTHBHaa aah AernApaTaunn y -A l20 3 noAyqaeTca H3 o6biq- 
hoh a-A l20 3 hah A120 3 H 20  npoKaAHBaHHeM npn 700° b TeqeHHe 
3 qac. J in n  peaKUHH rHApnpoBaHHH noA AaBAeHHeM BbicoKoaKTHBHa 
NiO, noAyqeHHan TepMHqecKHM pa3AO>KeHHeM coach hhkbah. Pa3AO- 
H<eHHeM b MacAe HenoTopbix coeAHHeHHH hhkcjih hah Ko6aAbTa npH 
200— 250° mo>kho noAyqaTb cycr.eHAnpoBaHHbie KOHTaKTbi aah thaph- 
poBaHHH MaceA.

2 . npHroTOBAeHHe KaTaAH3aTopoB BjiaMHUM nyTeM

K MeTOAaM npHrOTOBAeHHH KaT3AH3aTOpOB BA3>KHbIM nyTeM OTHOCHTCH 
pa3AHqHbie cnoco6bi noAyqeHHu KaT3AH3aTopoB oca>KA6HHeM H3 pac 
tbopob; 3TH MeTOAbi 6oAee pacnpocTpaHeHbi, qeM cyxue.
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JXjih nojiyqeHHH oca>XAeHHbix xaTaAH3aTopoB qaw,e Bcero hcxoaht m3 
BOflHbIX paCTBOpOB HHTpaTOB HAH (peJXe) COACH OpraHHMeCKHX Kap60H0BblX 
xhcaot. Cyjib({)aTbi hjih raJioreHĤ bi o6bmHo He pexoMeHAyeTcn 6paTb, Tax 
xax S04- hjih Cl-HOHbi, aAcopdHpoBaHHbie rejieM, CHH>xax)T axTHB- 
HOCTb TOTOBblX KaT3JIH33TOpOB. OcaJKfleHHe MO>KHO npOBOAHTb BOAHbIMH
pacTBopaMH aMMHaxa, meAoqefi hjih Kap6oHaTOB [(NH4)2C03, Na2C03, 
K2C03] Ha xojio ŷ hjih npn HarpeBaHHH, b KOHueHTpnpoBaHHbix hah 
pa3daBjieHHbix pacTBopax. HeodxoAHMO npOBOAHTb npo6bi Ha nojiHOTy 
ocaKAeHHH, ho cjieAyeT HsfieraTb H36biTxa ocaAHTejia, qTo6bi He bbccth 
b ocaAKH JiHiHHero KOjiHqecTBa nocTopoHHHx hohob. KoimeiiTpauHio, 
TeMnepaTypy h 6bicrpoTy oca>XAeHHH mo>kho BapbHpOBaTb b ca.Mbix ihh- 
pOKHX npê ejiax, yeraHaBAHBaeMbix smithpnqecKH; HanpHMep, axTHB- 
HaH Zn(OH)2 nojiyqaeTCH ocaJKAeHHew H3 oqeHb pa36aBjieHHbix pac- 
TBopoB, TorAa xax axraBHbie Cu-KaTajiH3aTopbi totobjit BJiHBaHHeM 
KOHUeHTpHpOBaHHOH IU,ejIOqH B KOHU.eHTpHpOBaHHbie paCTBOpbl IIHTpaTa 
hjih aueTaTa MeAH npn 60—80° ,Hjih nojiyqeHHH cMeuiaHHbix xaTaJin- 
3aTopoB jiyqrne Bcero BecTH coBMecTHoe oca>xAeHHe, t. e. H3 pacTBO- 
pa CMeCH HHTpaTOB B paCCHHTaHHblX KOJinqecTBax.

PacqeTbi pexoMeHAyeTCH npoH3BOAHTb Ha cooTHomeHHe MeTajiJiOB. 
rioJiyqaeMbie ocaAXH (name Bcero thapookhch hjih xap6oHaTbi) cjieAytT 
npoMbiBaTb ao Hcqe3HOBeHHH b npoMbiBHbix BOAax hohob OH' (c cfieHOji- 
(jiTajieHHOM) hjih NO;} (c AHcfieHHJiaMiiHOM). HaxKe nocjie caMofl TmaTejib- 
hoh npoMbiBKH KaTaJiH3aTopbi coAep>xaT HexoTopoe xoJiHqecTBO aACopSn- 
poBaHHofl mejioqH (ao 1%), xoTopoe o6biqHO He BjiHaeT OTpnuaTejibHO 
Ha axTHBHocTb xaTajiH3aTopa, a bo mhothx cjiyqaax AencTByeT Aa>xe 
axTHBHpyiom,e. npn HeAocTaToqHbix npoMbiBxax xaTaJiH3aTopbi nojiy- 
qaiOTCH CO CHHHCCHHOH aXTHBHOCTbK) H 6bICTpee yTOMAHK)TCfl. npHCyT- 
CTBHe H36bITOqHOH IH,ejIOqH BJIHHeT XOHAeHCHpyK)III,HM o6pa30M, BCJieA- 
CTBne qero Ha noBepxHOCTH odpa3yx)TCH runeHXH H3 HejieTyqnx npoAyx- 
tob xoHAeHcauHH, 3aTpyAH5HOiii,He aAcop6uHK). nosTOMy, 3a Hcxjixjqe- 
HHeM cneiiHaJibHbix cjiyqaeB, Heo6xoAHMa TmaTejibHaa npoMbiBxa oca>x- 
AeHHbix rejiefl.

Ecjih no xaxHM-JiH6o npHHHHaM Tpe6yeTCH nojiHoe yAaAeHHe no- 
CTOpOHHHX HOHOB H3 MaCCbl XaTaJIH3aTOpa, npHMCHHIOT MeTOAbl ajiex- 
TpOAH3AH3a HJIH 3JieXTpO(})HJIbTpaHHH.

IlpoMbiTbie ocaAXH BbicyuiHBaioT b TepMocTaTe npn pa3AHqHbix tcm- 
nepaTypax, nocAe qero hx mo>xho 3arpyjxaTb b peaxuHOHHyio 
TpySxy.

PaHee xaTaAH3aTopbi b BHAe nopomxa noMemaAH caocm b ropH30H- 
TaAbHO pacnoAO>xeHHbie xaTaAHTHqecxHe TpySxn. Taxofi cnoco6 He 
MO>xeT cqHTaTbCH yAaqHbiM, Tax xax napbi peareHTOB npoxoAHAH HaA 
noBepxHOCTbio xaTaAH3aTopa h qacTHqHO He xoHTaxTHpoBaAHCb. B Ha- 
cTOHuxee BpeMH xaTaAH3aTopbi npHMeHHioT b BHAe 3epeH, TadAeTox, 
UiapHXOB HAH B HHOH (flOpMe, nOMemaH HX B BepTHXaAbHO pacnOAO>XeH- 
Hbie TpyCxH Tax, qTo6u He 6hao npocBeTOB. KaTaAH3aTopbi npeABapn- 
TeAbHO OTceHBaioT ot nbiAH bo H36e>xaHHe nbiAeBbix ynAOTHeHHH.
4
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OSbmHbie TpytmTbie nenH c sjieKTpooSorpeBOM H3 HiixpOMOBbix hjih 
njiaTHHOBbix npoBOJiOK hjih jieHT He AaioT paBHOMepHoro pacnpeflejie- 
hhh TeMnepaTypbi no BceMy cjioio KaTaJiH3aiopa, no3TOMy npoBeAeHHe 
B HHX o6pa60TKH KaT3JIH3aTOpOB H peaKUHH OHeHb 3aTpyAHHTeJIbHO. 
3thx êcJieKTOB jiHmeHbi «6jiOMHbie nenH», H3roTOBJi5noiii,HecH H3 tojicto- 
ro Me^Horo hjih aJiioMHHHeBoro OJioxa, no3BOJiHK>mHe peryJinpoBaTb 
TeMnepaTypy c TOHHOCTbio ao 1° no Been ^jiHHe cjioh KaTaJiH3aTopa.

KaTaJIHTHHeCKan aKTHBHOCTb Hepa3pbIBHO CBH3aHa C BejIHHHHOH no- 
BepxHOCTH, nosTOMy nacTO npoH3Bo^HT oca>K^eHHe KaTajni3aTopa Ha 
KaKoe-jinSo HHepTHoe nopHCToe BemecTBO (k30jihh, cnjiHKarejib, Ohckbht, 
yrojib, neM3a, ac6ecr, cyjiwJiaT Oapnsi, KapOoHaT KaJibHHH h t . A-)> 
KOTopoe Ha3biBaioT HOCumeAeM, hjih mpeeepo.u.

3. BoccTaHOBjieHHe KaiajiH3aTOpOB

/Xjih npnroTOBjieHHH aKTHBHoro KaTajiH3aTopa okhcjih h thapookhc- 
jih, nojiyneHHbie oOjkhtom hjih ocaJK^eHHeM, a Taxace okhcjih H3 HeKo- 
Topbix Kap6oHaTOB qacTO hco6xoahmo BoccTaHaBjiHBaTb ao MeTaJuiimecKoro 
COCTOHHHH. MHOTHe TpyAHOBOCCTaHOBHMbie HJIH COBCeM He BOCCTaHOBH-
Mbie oKHCJibi, HanpHMep A 120 3, Cr20 3, Th0 2, noA ^eflcTBHeM BOAopoAa 
HJIH HHbIX BOCCTaHOBHTejiefl B ra30B0H HJIH napOBOH 4>a3e He B0CCTaH3B- 
JiHBaiOTCH, ho TeM He MeHee b OTAejibHbix cjiynanx odpaSoTKa hx boao- 
Poaom npn bhcokoh TeMnepaiype cHJibHO cnoco6cTByeT aKTHBaunii. 3 to 
b nepByio onepeAb othochtch k Cr20 3, KOTopan ct3hobhtch aKTHBHOH 
Â ih AerHApHpoBaHHH hjih AerHApouHKJiH3au,Hii JiHoib nocjie 2—4 qac. 
o6pa6oTKH boaopoaom npn 500° Boaopoa b A3hhom cjiynae, Beponmo, 
pa3pbixji«eT noBepxHOCTb hjih H<e nacTHHHO nepeBOAHT Cr20 3 b hh3- 
uiHe, 6ojiee aKTHBHbie okhcjih.

JlerKO BoccTaHOBHMbie okhcjih, HanpHMep CuO, N iO , CoO h AP-, 
nacTO npHMeHneMbie npH KaTaJiH3e, noA aohctbhcm BOAopoAa jierKo boc- 
CTaHaBJIHBaiOTCH AO MeTaJIJia C CHJibHO P33BHTOH nOBepXHOCTbK). AKTHB
HOCTb KaTajiH3aTopa, t . e. coctohhhc ero noBepxHOCTH, 33Bhcht ot yc- 
JIOBHH BOCCTaHOBJieHHH, KOTOpbie AOJI>KHbI SbITb nOCTOHHHblMH H npH 
nOBTOpHbIX nOJiyqeHHHX K0HT3KT3— HeH3MeHHbIMH. OSblHHO B0CCT3H0B- 
jieHne npoBOAHT b toh x<e Tpy6xe hjih peaKTope, rAe 3aTeM 6yAeT npo- 
TenaTb KaTajiKTHnecKan peaKUHH.

Tax nan HHAHBHAyajibHbie KaTajiH3aTopbi Tpe6yiOT coBepmeHHO 
pa3J!HHHbIX pe>KHMOB BOCCTaHOBJieHHH, TO HeB03M0>KH0 AaTb eAHHOH 
nponncH npoBCAeHHH stoto npouecca. MeAHbie KaTajni3aTopbi BOCCTa- 
HaBjiHBaioT npn 180—200° HHKejieBbie npH 250— 300° Ko6anb-
TOBbie npH 400° h t . a . OAHaxo b OTAejibHbix cjiynanx, HanpHMep A^a 
CHHTe3a 6eH3HHa H3 boahhoto ra3a, Ni-KOHTaKTbi BoceraHaBjiHBaiOT 
npH 450—500° BoceraHOBjieHHe npoBOAHT qam,e Bcero hhcthm boao- 
pOAOM, HO HHOrAa npHMeHHIOT AJIH 3TOH HeJIH BOAHHOH ra3, a 3 0 T O -B O - 
AopoAHyio CMecb, HHcryio OKHCb yrjiepoAa, napn MeTaHOJia hjih 3TaHo- 
jia, CMecb BOAopoAa c aMMHaxoM h Ap.
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HecMOTpa Ha doAbinoe pa3HOodpa3He mctoahk BoccTaHOBAeHiiH, 
Bee >Ke hcoCixoahmo codAioAaTb HeKOTopbie o6m,ue noAo>KeHHH. Harpe- 
BaHHe KaTajiH3aTopa ao TeMnepaiypbi BoccTaHOBjieHHH h oxAa>KAeHHe
rio OKOHM3HHH BOCCTaHOBAeHHH HeodxOAHMO npOBOAHTb nAaBHO, 6e3 
pe3KHX nepenaAOB TeMnepaTyp. OcodeHHO cymecTBeHHO codAiOAaTb TeM- 
nepaTypHbift pe>KHM npH caMOM BoccTaHOBjieHHH h BHHMaTejibHO CAeAHTb, 
mto6h He SbiJio pe3KHx H3MeHeHHH ero.

BoccTaHOBjieHHbie KaiajiH3aTopbi MoryT aAcopdHpoBaTb 3H3MHTeAb- 
Hbie KOAHnecTBa BOAopoAa b nepnoA oerbiBaHHH; noaTOMy ohh Macro 
mipo^opHbi h npn BbmeceHHH Ha B03Ayx pa3orpeBaiOTCH hah Aaa<e 
paCKaAHIOTCH, MTO MOHieT 6bITb npHMHHOH nO>Kapa. npHMIIHOH nHpo- 
cfiopHOCTH HBAHeTCA noBepxHOCTHoe cropaHHe aAcopSHpoBaHHoro boao- 
poAa 3a cneT KHCAOpoAa B03Ayxa, mto conp«>KeHO c CHAbHbiM noBbime- 
HHeM TeMnepaTypbi. FlHpo<|)opHbie KaTajiH3aTopbi HeAb3H BbiHOCHTb Ha 
B03AyX, TaK KaK OHH OKHCAHIOTCH H CT3HOBHTCH HeaKTHBHbIMII. Bo H3- 
dexaHHe aroro Boodme Bee BoccTaHOBAeHHbie KaTaAH3aTopbi b Hepado- 
mhh nepHOA coxpaHHKDT b peaKUHOHHbix Tpydxax b aiMoccfiepe BOAopoAa, 
yrAeKHCAoro ra3a hah a30Ta.

JJjifj noAyneHHH aKTHBHoro (ho He nHpoiJiopHoro) KaTaAH3aTopa 
nocAe BoccTaHOBAeHHH ero oxAa>KAaiOT ao odbiMHOH TeMnepaTypbi b
Tone yrAeKHCAoro ra3a; stot criocod, oAHano, HeAb3H penoMeHAOBaTb 
Kan o6ih,hh.

CAeAyeT otmcthtb, mto TaKHe BoccTaHOBAeHHbie MeTaAAbi, KaK Fe, 
Ni, Co, Cu, oqeHb qyBCTBHTeAbHbi k KHCAopoAy B03Ayxa. HeodxoAHMO 
CAeAHTb, mto6h annapaTypa dbiAa repMeTHMHa, h npH xpaHeHHH KaTa- 
AH3aTopa b TpydKe dbiAo dbi HecKOAbKO rioBbiuieHHoe AaBAeHHe BOAopo- 
Aa hah HHoro HHepTHoro ra3a. Ecah KaT3AH3aTop (HanpHMep, Ni Pe- 
Hen) npHroTOBAen b H3dbiTKe, to xpaHHTb ero HeodxoAHMO noA boaoh, 
CnHpTOM HAH HHOH HeHTpaAbHOH >KHAKOCTbIO B repMeTH3HpOB3HHOM
cocyAe (cTp. 340).

BoccTaHOBAeHiie HMeeT ueAbio noAyqeHHe mhctoh MeTaAAHMecKoii 
noBepxHOCTH. OnTHMaAbHO pa3BHTaa noBepxHocTb MonteT noAyqHTbcn 
AHHIb npH OTHOCHTeAbHO HH3KHX TeMnepaTypaX BOCCTaHOBAeHHH, KOrAa 
OTcyTCTByioT MecTHbie neperpeBbi, CBH3aHHbie c peKpHCTaAAH3auHeii 
HAH CnAaBAeHHeM noBepxHOCTH. npaKTHMeCKH CTpeMATCH nOAyMHTb no- 
BepxHOCTb, pa3BHTyK) h CTadHAbHyio bo BpeMeHH. He hbao 3a6biBaTb, 
mto MeM doAee pa3BHTa noBepxHocTb, tcm MeHee OHa ycroHMHBa. IloAy- 
qaiomHecH HHOTAa «cBepxaKTHBHbie KaTaAH3aTopbi» MaAo ueHHbi, TaK 
KaK dbICTpO TepniOT CBOIO nOBblUieHHyiO aKTHBHOCTb, CTadHAH3HpyHCb 
Ha doAee hh3kom, ho hoctohhhom ypoBHe aKTHBHOCTH, OTBenaiomeM 
doAee cTadHAbHOH CTpyKType noBepxHOCTH.

O npuroTOBAeHiiii Apyrnx KaTaAH33TopoB cm. ta . V I h V II .

4. CAyjKda K3TaAH3aTOpOB
Ka>KAbIH KaT3AH3aTOp, npOBOAHlAHH TV HAH HHyiO peaKUHK), HMeeT 

H3MeHHK)myiOCH BO BpeMeHH KpHByiO CBOefl aKTHBHOCTH HAH, KaK TO- 
BopaT, «>kh3hh». Pa3AHMaioT Tpn nepHOAa: 1) «co3peeaHue», 2) nepuod
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n o cm o H H H O u  a n m u e n o c m u  h 3) n p o E p e c c u p y io iy e e  «y m o M A C H u e » .  J X f if f  
pa3AHHHbIX KaTajIH3aTOpOB 9TH nepno^bl MOryT CHAbHO pa3AHqaTbCH h 
no xapaKTepy n no ĴiHTejibHOCTH— ot HecxoAbxnx MHHyT ao HecKOJib- 
KHX JieT.

J\jin mhothx KaTajiH3aTopoB peaxuna HannHaeicn He cpa3y, a noc- 
jie HeKOToporo HHAyxHHOHHoro nepnoAa (co3peBaHHa), bo BpeMH xo- 
Toporo aKTHBHOCTb HapacTaeT, ^ocraran MaKCHMyMa; nocjie stoto Ha- 
cTynaeT CHH>xeHHe 3kthbhocth ao HeKOToporo nocTOHHHoro ypoBHH, 
Ha kotopom KaTaJiH3aTop, npn co6AK>AeHHH onTHMaAbHbix ycAOBHH 
paSoTbi, npoBOAHT peaxunio c nocTOHHHon cxopocTbio. 3 tot HanSojiee 
noAe3Hbin nepnoA pa6oTbi KaTajiH3aTopa b 33bhchmocth ot xapaKTepa 
nocjieAHero, pe>KHMa h qncTOTbi peareHTOB MOJxeT 6biTb AocTaToqHo 
AJiHTejibHbiM (ao HecKojibKHx HeAeAb, MecnneB hah Aa>xe act ). Tax, 
HanpHMep, rHApnpyiomHe N i-coAepjxamHe KaTaAH3aTOpbi axTHBHbi 
b TeneHHe mhothx HeAeAb, totab xax aAioMocnAHKaTHbie xaTaAH3aTopbi 
Aah xpexHHra qepe3 10 mhh . HeodxoAHMO pereHepHpoBaTb.

HeorpaHHqeHHoe KOAHqecTBo BpeMeHH cnocodHbi 6hah 6bi padoTaTb 
AHuib HAeaAbHbie KaTaAH3aTopbi, npeBpamaa orpoMHbie KOAHqecTBa 
peareHTOB. Ha npaxraxe stoto He Ha6AioAaeTCH, Tax xax Aajxe caMbie 
CTOHKHe xaTaAH3aTopbi c TeqeHHeM BpeMeHH nocTeneHHO A03axTHBH- 
pyioTca.

ripHqHHbi 3Toro HBAeHHH pa3HOo6pa3Hbi. TIpe>xAe Bcero c TeqeHHeM 
BpeMeHH H3MeHHeTCH cJ)H3HqecxaH npnpoAa xaTaAH3aTopa. y^xe AaBHO 
OTMeqeHO, hto, HanpHMep, nopomxoo6pa3HaH Mn02, npHMeHaeMaa 
xax KaT3AH3aTOp AAH yCXOpeHHH pa3AO>XeHHH 6epTOAeTOBOH COAH, 
nocAe peaxuHH npeBpamaeTca b TOHxyx) nbiAb. BAecTHiu,He nAaTHHOBbie 
aAexTpoAbi npn peaxuHH rpeMyqero ra3a aoboabho dbicrpo ct3hobhtch
CepbIMH H M3TOBbIMH B pe3yAbTaTe qaCTOH CMeHbl BOCCTaHOBHTCAbHO- 
OXHCAHTeAbHblX peaXHHH, pa3pbIXAHK>mHX HX nOBepXHOCTb. IlpH XOH- 
TaxTHOM MeTOAe noAyqeHHH cepHofi xhcaoth npHMeHaeMbie xax xaTa- 
AH33Top nAaTHHOBbie ceTXH nocTeneHHO qepHeioT, noxpbiBaxxrcH B3Ay- 
THHMH H HapOCTaMH. nOBepXHOCTb HX H3MeH«eTCH H3CTOAbXO, HTO 
HqeftxH ceTXH b xoHue xohuob 3axynopHBax)TCH h ceTXH h3AO MeHHTb.

Bee 3th HBAeHHH yxa3biBax)T, hto npn xaTaAHTHqecxHx peaxunax 
npoHcxoAHT AHcneprHpoBaHHe noBepxHOCTH; npHHHHa nocAeAHero aoa- 
ro He HaxoAHAa oSbHCHeHHH. Tenepb, oAHaxo, Aoxa3aHO, hto MOAexyAbi 
b BepxHeM aACopSHpoBaHHOM cAoe He (fwxcHpoBaHbi HenoABHHtHO, a 
MoryT nepeMemaTbcn no noBepxHOCTH b AByx HanpaBAeHHnx. BAaroAa- 
pH xeMocopSuHH MOAexyAbi aAcopSapoBaHHoro BemecTBa npn Taxnx 
MHnpauHHX MoryT yBAexaTb c codon aTOMbi aAcopSeHTa Ti nepeMemaTb 
ero b Apyrne tohxh noBepxHOCTH. Bhao AOxa3aHO, hto 3th MHrpauHii 
HanpaBAeHbi x axTHBHbiM ueHTpaM, t . e. x MecTaM c 6oAbineft HeHacbi- 
meHHOCTbK). B axTHBHbix ueHTpax nponcxoAHT noBepxHOCTHan peax- 
Hhh, b pe3yAbTaTe xoTopoft MOAexyAbi pearapyromero BemecTBa Aecop- 
dnpyioTCH, a aTOMbi xaTaAH3aTopa oxa3biBax)TCH nepeHeceHHbiMH b 
APyroe MecTO noBepxHOCTH. BcAeACTBHe Taxnx nepeHOcoB h pa3pux- 
achhh Macca xaTaAH3aTopa nocreneHHO TepaeTCH.



4. CJ1V)KBA KATAJIH3ATOPOB oo

3aMeqeHO, HanpHMep, hto npn cHHTe3e MeTaHOJia H3 BOABHoro ra3a 
HaA ZnO-Cr20 3-KaTajiH3aTopaMH qacrb okhch UHHKa BoceraHaBAH- 
BaeTCB b uhhk, noKpwBaiomHH cepbiM HajieTOM peaKTopbi. ripn nojiy- 
qeHHH 6eH3HHa H3 boabhoto ra3a HaA Ni-KaTaAH3aTopaMH Aa>be npn 
HopMaAbHOM AaBAeHHH HHKeAb nocreneHHO Hcqe3aeT H3 Maccbi KaTaAH- 
3aTopa, o6pa3ya Ha^eT Ha Tpydxax. Te Ate bbachhb HadAioAaioTca 
h Ha Apyrnx MeTaAAnqecKHx KOHTaKTax. YAeTyqHBaHHe KaTaAH3aTopa, 
t . e. yMeHbmeHne ero no.ne3HOH Maccbi h H3MeHeHHe noBepxHOCTH, 
BBABeTCB npHHHHOH npOrpeCCHpyiomerO CHHAteHHB aKTHBHOCTH.

npHHHHOH nOCTeneHHO yCHAHBaiomeHCH AG3aKTHBaU,HH BBABeTCB 
Taxxte CHHAteHHe AHcnepcHOCTH KaTaAH33Topa noA bahhhhcm odmnx
HAH MeCTHbIX neperpeBOB. XOTB B OnTHMaAbHbIX yCAOBHBX K3TaAH33- 
Top padoTaeT npn CTporo onpeACAeHHOM TeMnepaTypHOM peatHMe, tcm 
He MeHee noBepxHOCTb ero nocTeneHHO H3MeHaeTcs: MeHbmne KpHcraA- 
Abi npeBpauiaioTCH b doaee npynHbie KpncTaAAHqecKHe odpa30BaHHB, 
hto BAeqeT 3a codon yMeHbmeHHe noBepxHOCTH h cHHAteHHe cBodoAHOH 
9HeprHH. 3TOMy bbachhio dAaronpHHTCTByioT neperpeBbi, t . e. 
nAoxofl otboa TenAa c noBepxHOCTH KaT3AH3aTopa.

MHorHMH aBTopaMH OTMeqeHa HeodpaTHMOCTb padoTbi KaTaAH33TO- 
poB: ecAH KaT3AH3aTopbi c noBbimeHHeM TeMnepaTypbi asiot Hapacraio- 
mne ao HeKOToporo npeAeAa BbixoAbi, to odpaTHoe cHHAteHHe TeMne
paTypbi He AaeT paHee AocrarHyTOH BeAHqHHbi, TaK nan noBepxHOCTb 
yxte H3MeHHAacb (TeMnepaTypHaa HeodpaTHMOCTb MHornx K3TaAH3a- 
topob). noaTOMy npn padoTe HaAo CAeAHTb, qTodbi K3TaAH3aTop He ne- 
perpeBaACB, h H3MeHHTb de3 HaAodHOCTH TeMnepaTypHbiH peatHM He pe- 
KOMeHAyeTCH. CAeAyeT OTMeTHTb, BTO 3T0 OTHOCHTCH K T3KHM qyBCTBH- 
TeAbHblM KaT3AH3aT0paM, KaK HHKCAeBbie, KOdaAbTOBbie, MeAHbie. 
TpyAHOBOccTaHOBHMbie okhcah, HanpHMep Al20 3, Th02, 3aiomochah- 
KaTbi, k neperpeBaM MaAO qyBCTBHTeAbHbi.

B HacTomu,ee BpeMB c noMombio SAeKTpoHHoro MHKpocKona mo>kho 
BH3yaAbH0 HadAioAaTb H3MeHeHHB KaTaAH33Topa b TeqeHne ero AtH3HH— 
ot reHe3Hca ao Ae3aKTHBauHH. A. B. lllexTep [10] npn yBeAHqeHHH 
b 50 000 pa3 npocAeAHAa Bee ctbahh padoTbi CuCr-KaT3AH3aTopoB. 
CBeAtenoAyqeHHbift ocaAOK xpoMHTa MeAH npeACTaBABeT codon qacTHq- 
KH C decejDOpMeHHbIMH OqepT3HHBMH, KOTOpbie 3aTeM CAHnaiOTCB B 3ep- 
Ha h ceTqaTbie KpucTaAAbi hah arperaTbi 3epeH. B pe3yAbTaTe nporpe- 
Ba npH 600° odpa3yioTCB 3epHa c cHAbHO pa3BHToft noBepxHOCTbio h 
MeAKHMH nopaMH. IlocAe MHoroqacoBOH padoTbi Tanaa CTpyKTypa Hcqe- 
3aeT, h Bee cnenaeTca b cnAouiHyio Maccy (cHHTepHHr) ao33kthbhpo- 
BaHHoro KOHTaKTa, CTaHOBameroca KpynHOKpncTaAAHqecKHM. BbiacHe- 
ho, hto npH cneitaHHH OTAeAbHbie SAeMeHTapHbie kphct3Aahkh MHrpH- 
pyiOT, CKOAb3BT Apyr no Apyry h cahb3iotcb b doAee KpynHbie arpera
Tbi ( A a m epa A bH ciR  n o d e u M H o e m b  n o e e p n o c m H b ix  a m o M o e ). 3 to noATBepjK- 
AaeT npaBHAbHOCTb npeACTaBAeHHH o CHHAteHHH BeAHqHHbi noBepx- 
hocth, Kan npuqHHe noTepn 3kthbhocth.

A. B. lllexTep h H. H. TpeTbBKOB [11] c noMombio SAeKTpoHHoro 
MHKpocKona HccAeAOBaAH H3MeHeHHe MeTaAAnqecKHx noBepxHOCTen.
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Hmh dbiJiH BnepBbie yeraHOBjieHbi oqeHb HHTepecHbie naHHbie, ynaafl 
Baiomne Ha HecoMHeHHoe yqaerae K3TajiH3aTopoB b xhmhhcckhx peax- 
uhhx h Ha peajibHOCTb aKTHBHbix neHTpoB. IIpocToe HarpeBaHne He bh- 
3biBaeT nepecTpoHKH noBepxHOCTH, KOTOpan H3MeHneTCH JiHiub b pe- 
3yjibTaTe B03neHCTBHH peareHTOB KaTajiHTHqecKoft peaKUHH, Bbi3biBaio- 
u;hx cHJibHyio JiaTepajibHyio nonBHjKHOCTb noBepxHOCTHbix aTOMOB 
KaTajiH3aTopa.

Tanne MeTajiJibi, kzk njiarmia, najiJianHH, Menb, >Kejie30, cnjiaBbi 
najuia^HH c ponneM, c caMoro HaqaJia npeTepneBaiOT xapaKTepHbie, cjiojk- 
Hbie H3MeHeHHH cTpyKTypbi noBepxHOCTH, He npexpamaiomHecH npa 
AJiHTejibHOH padoTe. rinacTHHKH nJiaTHHbi nocjie padora nepexoHHT b 
HarpoMoxi^eHHH. KpHCTajiJioB pa3HOH BejiHHHHbi h (J)opMbi. Plocjie AJIH- 
TejibHOH padoTbi (peaKHHH Bonopona c khcjiopohom) b KaTajiH3aTope 
noHBjunoTCH OTrpaHHneHHbie npyr ot npyra «30Hbi, cooTBeTCTByiomHe 
rpaHHM OT^ejibHbix KpHCTajiJioB, bhxohhihhx Ha noBepxHOCTb». TaKHe 
rpaHH HMeioT pa3Hyio KaTajiHTHqecKyio aKTHBHOCTb, hto oneHb Ba*HO 
Hjih noHHMaHHH pacnpenejieHHH aKTHBHbix HeHTpoB Ha noBepxHOCTH 
KaTajiH3aTopa.

JJfi3aKTHB3HHH KaTaJIH3aTOpa MOJKeT TaKJKe npOHCXOAHTb B pe3yjlb- 
TaTe nocTeneHHoro odBOJiaKHBaHHH noBepxHOCTH ero BbicoKOMOJieKy- 
JIHpHblMH npÔ yKTaMH BTOpHHHbIX peaKHHH, He HeCOp6HpyK)IHHMHCH 
npH TeMnepaTypax onbiTa (cmojih, BbicoKonojiHMepHbie coeflHHeHHH). 
B ê3aKTHBaHHH K3TajiH3aTopoB HrpaioT dojibmyio pojib Taione h npo- 
Heccbi KyMyjinpyioiHero OTpaBjieHHH—nporpeccHBHoe nopanceHHe aK
THBHbix ueHTpoB cjienaMH hhob. Bee sto, Bbipaatancb (JwrypajibHO, Ha- 
pyrnaeT HopMaJibHbifi «odMeH Bem,ecTB»—ancopdHHio peareHTOB h h^  
copduHio nponyKTOB. YTOMjieHHe KaTaJiH3aTopoB b cnjiy Tex hjih hhux 
npHHHH hbjihctch npoueccoM nporpeccHpyioiHHM, hto cKa3biBaeTCn 
peajibHO Ha yMeHbiueHHH Bbixona nponyKTOB. Macro b MHorocraflHHHbix 
KaTajiHTHHecKHX npoueccax yTOMjieHHe KaTajiH3aTopa h noHHXceHHe 
aKTHBHOCTH ero BjieKyT 3a codon h H3MeHeHHe (JiyHKHHH KaTaJiH3aTopa, 
KOTOpblH CT3HOBHTCH HecnOCOdHbIM npOBOHHTb peaKHHH HO KOHHH, a 
ocTaHaBJiHBaeT hx Ha npoMejKyTOHHbix cranHnx (cm. dJiaronpHHTCTByio- 
mee OTpaBjieHHe, cTp. 69). 5

5 . P e re H e p a H H H  K aT ajiH 3 3T opO B

KaTajiH3aT0pbi, noTepuBiuHe 3HaHHTejibHyio qaerb CBoefl 3kthbhocth 
bo mhothx cjiyqaax mojkho noflBeprHyTb pereHepaHHH, t . e. odpadoTKe] 
B pe3yjIbTaTe KOTOpOH HM B03BpamaeTCH HCX0HH3H aKTHBHOCTb.

MeTOHbi pereHepaHHH oneHb pa3HOodpa3Hbi h cneHĤ HHHbi hjih ot- 
HeJIbHblX KaTaJIH33TOpOB. nOTepHBHIHe CBOK) aKTHBHOCTb KaTaJIH3a- 
TOpbi H3 Pt-rydKH HJIH Pt02 dbicrpo pereHepnpyioTCH npH nponyBaHHH 
qepe3 hhx B03nyxa hjih KHCJiopona hjih npocTo npp BbmeceHHH Ha bo3- 
nyx. XpOMOBbie KOHTaKTbi ahh HerHHpoHHKjiH3aHHH pereHepnpyioT 
aKTHBaHnefl bohopohom npn 500° AjiioMOCHjiHKaTHbie KaTajiH3aTopbi 
HJIH KaTaJiHTHHecKoro KpeKHHra, TepnioiHHe nepe3 10 mhh. cbohd 3kthb-
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fiocTb H3-3a otjiojkchhh b hhx KOKca, nojiHOCTbio pereHepHpyioTCH ro- 
Phhhm B03AyxoM. AKTHBHbie Mê Hbie KaTaAH3aTopbi pereHepnpyioT no- 
btophwm nponycKaHHeM BOAopoAa npn 180—200° HnKejieBbie h ko- 
6aJibTOBbie KaTajiH3aTopbi jiymue Bcero pereHepnpoBaTb oKHCJiHTejibHO- 
BoccTaHOBHTejibHbiM mctoaom: nepe3 yTOMJieHHbie KaTaAH3aTopbi npo- 
nycKaiOT npn 150° hhcthh B03Ayx, noAHOCTMo OKHCA5now,Hft hx noBepx- 
HOCTb, nocjie qero npoBOAHT noBTopHoe BoccTaHOBjieHne boaopoaom; 
HHorAa oqeHb noJie3Ho, aaa 6ojiee rJiyfioKoro pa3pbixAeHHH noBepxHO- 
cth, 3TH onepauHH noBTopHTb. B cjiyqae TepMHqecKH cTaOHAbHbix koh- 
TaKTOB, HanpHMep ZnO Cr20 3-KaTajiH3aTopbi aah cHHTe3a MeTaHOJia, 
Th02, Al20 ;j h ajiiOMOCHJiHKaTbi npn KaiajiHTHqecKOM KpeKHHre, 
IipOBOABT npOKaJIHB3HHe B TOKe B03Ayxa HAH KHCvlOpOAa, HTOSbl BbIHteqb 
H3 HHX nOCTOpOHHHe BemecTBa.

CymecTByior h MHorne Apyrne Me-roAbi pereHepauHH pa3AHHHbix koh- 
TaKTOB—  SKCTpaKHHH paCTBOpHTejIHMH, npOTpaBACHHe nOBepXHOCTH Ka-
TajiH3aTopa khcaot3mh hah mejioqaMH, nepeoca>KAeHHe h t . a -

6. CnjiaBHbie KaTajiH3aTopbi

B 1925 r. H. PeHeft [12] npeAAo>KHA HOBbifi mctoa npnroTOBjieHHH 
KaTajiH3aTopoB, 3aKjnoqaiomHHCH b cmiaB/ieHHH KaTajiHTHqecKH 3kthb- 
Horo MeiaJiJia c ApyrHM MeTaAAOM, pacTBopHMbiM b mejioqn. HecKOAbKO 
no3Anee Tanoft ate mctoa 6ma otkpmt A. BaroM, JX- BoAOKHTHHbiM h 
T. ErynoBbiM b CCCP [13]. .Hah npHroTOBjieaHa Ni PeHea cnjiaBJiaiOT 
Ni c A1 b pa3JinqHbix cooTHomeHiinx, ho He npeBbimaiomHX 50% hhkc- 
ah . Tan Kan cnJiaBbi c 00% h 6ojiee hhkcah ywe He BbmxejiaqHBaioTCH
meAOMfMH.

Han6oAee aKTHBHbie KaiaAH3aTopbi o6pa3yioT cnJiaBbi Ni—Al2 
c 52,1% Ni (njiaBHTCH npn 1400°) h Ni—A ls c 42% .Ni (nAaBHTCH npn 
1130°). FIojiyqPHHbie cnJiaBbi pacrapaiOT b MeAKHft nopomoK h yAajiaioT 
H3 Hero A1 odpadoTKofl meAoqbio (cTp. 340). Tanne KaTaAH3aTopbi 
coAep>KaT MHoro aACopSnpoBaHHoro BOAopoAa h oqeHb nHpoc[)opHbi. 
XpaHHTb hx HaAJie>KHT Ayqme Bcero noA boaoh hah cnnpTOM. Flpn peax- 
uhhx THApHpoBaHHH Ni PeHea qaero 60jiee aKTHBeH, qeM Pt hah Pd. 
AHaAorHHHO BeAeT ce6a h KaTaAH33Top Bara, npeACTaBAHiomHft cnAaB 
H3 28% Ni h 72% Al. Ero apo6ht Ha nycKH BeAHqHHoft c roponiHHy 
h npoTpaBAHioT meAoqbio c noBepxnocTH, C03AaBaq Ha Heft CAoft aKTHB- 
HOTO H H K e A H .

TaKHe KaTaAH33TOpbI B CCCP npHMeHHIOT AAH pa3AHHHbIX peaKHHft 
rHApHpoBaHHH. Ohh Aerno pereHepnpyioTCH npn noBTopHoft o6pa6oTKe 
meAoqbio, co3Aaioineft HOBbift CAoft aKTHBHoro hhrcah. KaTaAH3aTopbi 
THna Ni PeHen mojkho aKTHBHpoBaTb Ao6aBKaMH nAaTHHbi h ocodeHHO 
meAOHH, HTO 33MeTHO nOBblLHaeT HX aKTHBHOCTb. HccAeAOBaHHe 
JX. B. COKOAbCKOrO [14] nOKa3aAO, HTO B HHKeAeBbIX aKTHBHpOBaHHbIX 
nAaTHnoft K3TaAH3aTopax aKTHBHbiM HaqaAOM HBAaeTCH He Ni, a caMa 
Pt, BxoAflman b cocTaB HeAocTpoeHHoft Ni-peiueTKH.
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AHajiornqHO nyTeM cnJiaBjieHHH mo>kho noAynaTb h APYrHe aKTH® 
Hbie KaTajiH3aTopbi. Tan, H3 okhch KodaAbTa aAioMOTepMHuecKH no- 
viyqaiOT cnjiaB Co—A l, H3 KOTOporo A1 y^aJiaioT ^eflcTBHeM NaOH 115J. 
A kTHBHHH MeAHblH KaT3JIH3aTOp MOJKHO nOAyUHTb o6pa60TKOH enJiaBa
Ztbioapa (50% Al, 45% Cu h 5% Zn) oxjia^fleHHbiM 30% pacraopoM 
NaOH. B. H. XIoatob h M. M. Kotoh noAyuHAH oneHb aKTHBHbifi MeA- 
hwh KaTajiH33Top H3 cnAaBa Cu—Al (1 : 1) nocjie BbimeAanHBaHHH aAio-
MHHHH (OCTaTOK Al B KOAHUeCTBe 5% 3KTHBHpyeT KaT3AH3aT0p). JXflSl 
CHHTe3a yrjieBo^opoAOB H3 boahhoto ra3a 6mah pa3padoTaHbi cnJiaBHbie 
Ni—Si-. Co—Si- h Ni—Co—Si-KaTajiH3aTopbi, H3 kotophx KpeMHHft 
TaKHce y^aJiaiOT odpadoTKOH meAonbio (cTp. 683) [16].

7 . KojiJioHAHbie KaTajiH3aTopM

Koaaohah HMeioT MaacHMaJibHO pa3BHTyio noBepxHOCTb, noaTOMy 
MeTaJIJlbl B KOAAOHAaAbHOM COCTOHHHH AOAJKHbl odAaABTb OUCHb BM- 
COKOH aKTHBHOCTbK).

Hx mojkho nojiyuaTb mctoaom HcnapsHHH MeTaAAa b boabtoboh Ayre 
noA boaoh. /(jih 3Toro sjieKTpoAbi H3 cooTBeTCTByiomero MeTajiJia p a 3 -  
BOAHT nOA BOAOH Ha 2—3 MM H MOKAy HHMH o6pa3yiOT BOJIbTOBy Ayry 
nponycKaHHeM TOKa b 5—10 a h 110 e: MeTaAA HcnapaeTca b bhac o6- 
Jiana h MOMeHTajibHO KOHAeHCHpyeTca b BOAe. JXnn cTadHAH3aiiHH koa-
AOHAHOrO paCTBOpa nOAe3HO npHdaBHTb K BOAe HHHTOJKHbie KOAHHeCTBa 
KOH. TaKHM nyTeM MOJKHO rOTOBHTb KOAAOHAHbie paCTBOpbl 30A0Ta, 
cepedpa, nAaTHHbi, naAAaAua h Apyrnx MeTaAAOB, HanpHMep tcmho- 
KpaCHblH KOAAOHA 30A0Ta, COAep>KaiH,HH 14 ME Au B 100 MA BOAbl.

K O A A O H AH bie paCTBO pbl M eTaAAOB C AyHIUHM H p e3 yA b T aT aM H  nOAy- 
uaioTCH c  n oM o m b io  K O A edaTeAbH bix p a 3 p a A O B  bmcokoh uacTO Tbi. Koa- 
AOHAHbie n A a T H H y , ocmhh, n aA A aA H H  h A P y r n e  d A a r o p o A H u e  M eTaAAbi 
VIII r p y n n b i npnroTO BAH iO T n a m e  B c e r o  H3 xaophhx hah KOM nAeKCH bix  
c o A e fi c  n oM o m b io  thkhx B o ccT aH O B H T eA en , n a n  (J)opMaAbAerHA hah 
THApa3HH B npHCyTCTBHH 3aiUHTHbIX KOAAOHAOB (C T p . 341) [ 17}.

8. B3BeuieHHbie h pacnbiAeHHbie KaTaAH3aTOpbi

OdbiHHO reT ep o reH H O -K aT aA H T H u ecK H e peaK U H H  o c y m e c T B A a io T  oaho- 
hah M H oronpaTH biM  n p o n y cK a H H e M  (u n p a y A H U H e H ) p e a r n p y io m H X  ra3 0 B  
hah n a p o o d p a 3 H b ix  Bem ecT B  u epe3  caoh HenoABHJKHO p a c n o A o s ie H H o r o  
b T p y d a e  hah p e a K T o p e  K a T aA H 3 3 T o p a . O A H a a o  b H e a o T o p b ix  C A y u a a x  
npHMeHJHOT M eA K opacnb iA eH H bie mmaAU3amopbi, cycnendupoeaHnue e 
MCicAe hah b caM H X jkhakhx p e a r e H T a x . r H AporeHH3au,HH HCHAKHX MaceA 
b TBepAuie acHpbi (rH A p H po B aH H e H tHpoB) o cy m e cT B A a e T C H  n p o n y c K a 
HHeM B O A opoA a u epe3 H a rp e T o e  M acAO  c o  B3BeuieHHbiM b HeM H H K eA e- 
bhm K aT 3A H 3aT opoM . AH aAO TH UHO  n e p B a a  (})a3a A e e rp y K T H B H o ro  thaph- 
pOBaHHH T H * e A b IX  He(J)THHbIX OCTaTKOB (aC<j)aAbTOB, CMOA H T. A .)  n p O -  
boahtch noA AaBAeHHeM  b n pncyTCTB H H  «nAaeafoû eeoy> K 3 T aA H 3 aT o p a  
( c T p . 421). Chhtc3 yrAeBOAopoAOB H3 CO h H2 nbiTaAHCb ocyipecTBAaTb,
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fFponycxan ra30Byxj CMecb qepe3 B3BemeHHMH b napacfiHHOBOM Macjie 
K3Ta^iH3aTop. T axo fi MeTOA padoTbi no3BOjuieT npeflOTBpamaTb MecTHbie 
noBepxHOCTHbie neperpeBbi, Bpe^Hbie ajih 3kthbhocth xaTaJiH3aTopa 
B CJiyqaHX CHJIbHO 3K30TepMHqeCKHX peaKUHH.

B nocjie^HHe ro/ibi pa3pa6oTaH MeTO# mceedooMUMennozo cocmon- 
huh»,  b  k o t o p o m  oqeHb Me/ixo pacnbijieHHbiH KaT3JiH3aTop Be^eT ce6n

TeMnepamypo
P hc . 4. 3aBHCHMOCTb Me>KAy TeMnepa- P h c . 5. 3aBHCHMOCTb MejKAy cKopoerbio 
Typofl h arperaTHbiM cocTOHHHeM Be- abhjkchhh napa hjih ra3a h pacnbuieHHbiM 

mecTBa. TBepAbiM BemecTBOM.

nô ofiHO KHnameft jxh^xocth (peaKU,uu e munnu^M cAoe»). B ocHOBy 
nojio>KeHa napajuiejib Mexcuy bjihhhh6m Bocxoflamero Toxa ra3a Ha cjjoh 
TBep̂ bix qacTHU h bjihhhhcm TeMnepaTypbr Ha 4 >H3Hqecxoe cocTOHHHe 
BeuxecTBa no/j âBjieHHeM co6cTBeHHbix napoB. 3tb napajuiejib BĤ Ha 
H3 cjieflyromHX conocraBjieHHH. Ha pnc. 4 npê cTaBjieHa 3aBHCHMOCTb 
MejK̂ y TeMnepaTypofl h arperaTHbiM coctohhhcm BemecTBa. C noBbi- 
uieHHeM TeMnepaTypu TBep^aa (f)a3a nepexo^HT b xtĤ Kyio, 3aTeM b nap 
c nporpeccHpyromHM nâ eHHeM njiOTHOCTH BemecTBa.

AHajiorHHHO bjihhct cxopocTb B̂HJxeHHH ra3a Ha cjioh Mejixopac- 
nbijieHHoro TBep/i;oro BemecTBa (pnc. 5). Elpn Majibix cxopocrax flBHme- 
hhh ra3a hjih napoB qepe3 cjioh qacTHHbi ocTaiOTcn HenoABH>XHbiMH, 
HO Bbime HeKOTOpOH KpHTHqeCKOH CKOpOCTH, COOTBeTCTByiOmeH TeMne- 
paType njiaBJieHHH TBep^oro BemecTBa, qacTHHbi HannHaiOT OT/jeJiHTbcn 
h nô ep>KHBaioTCH tokom ra3a hjih napa bo B3BemeH hom coctohhhh 
(nJiOTHan (J»a3a). flpn âJibHenineM pocTe cxopocTH ra3a hjih napa Ha- 
6jnoAaeTCH nepexo# wiothoh $a3bi b HenjiOTHyio, xor/ja Bee BemecTBO 
6yA6T HaXÔ HTbCH BO B3BemeHHOM COCTQHHHH (KHnSHITHH CJIOH, nCeBflO- 
o>KH>KeHHoe cocTOHHHe), aHajiorHHHO nepexo^y >xhaxocth b nap. Ta- 
khm o6pa30M, b cjiyqae Mejiknx TBep̂ bix nopouiKOB fleficTBHe cxo- 
pocTH ra30Boro noToxa coBepmeHHo aHajiorHHHO achctbhk) TeMnepaTy- 
pbi Ha TBep/jbie Tejia.

3aBHCHMOCTb Me>x,ny njiOTHOCTbio BemecTBa h cxopocTbK) ra30Boro 
noTOxa onpê ejineTCH nJiOTHOCTbX) h pa3MepaMH qacTHU xaTajiH3aTopa 
h nJiOTHOCTbX) ra3a. 06biMHO pa3Mep qacTHU aojuxeH coeraBjiHTb 20— 
80 m k, cxopocTb ra3a 0,3—0,6 M/cen.
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IloABHJKHOCTb nceB,noc»KH>KeHHoro cjioh no3BOJiBeT HenpepbiBHO noA- 
BOAHTb ero b peaKTOp h otboahtb H3 Hero. CxopocTb noAauH ra3a Me- 
HneT nJiOTHOCTb noTOKa, nosTOMy rHApocTaTHuecKHH Hanop cjioh hc- 
nojib3yeTCH BMecTO Hacoca, uto ynpoiuaeT KOHcrpyKUHio. 3 tot AHHaMH- 
HecKHH MeTOA ocHOBaH no cymecTBy Ha npHHUiine cooOmaiomHXCfl co-

cyAOB (pHC. 6). B jieBOM KOjieHe iijio t - 
Han (f>a3a AaeT SoJibiuee rnApoeraTH- 
uecKoe AaBjieHHe, ueM HeruiOTHan (})a- 
3a npaBoro KOJieHa, b kotopom cko- 
pocTb ra3a AencTByeTKaK HHHceKTop. 
JleBoe KO.ieHO AeficTByeT Kan HanopHbui 
ctohk, C03AaBaa HenpepbiBHbift noTOK 
nacTHU cjieBa HanpaBo. CnopocTb no- 
Aauu peryjinpyioT 3acjioHKOH.

MeTOA nceBAOOJKH>KeHHoro cjioh 
oueHb yAo6eH npocTOTOH annapaTyp- 
Horo 0(j)OpMJieHHH, B03M0>KH0CTbK) npO- 
BeAeHHH reTeporeHHbix peaKUHH nceB- 
AoroMoreHHo h bosmokhoctbio peryjiH- 
poBaHHH pe>KHMa npouecca KOJiHuecTBOM 

KaTajiH3aTopa. TaKHe KaTaJiH3aTopbi, Ha3biBaeMbie (p A t o u d n u M U ,  6biJiu 
BnepBbie npHMeHeHbi jxjih KaTaJiHTHuecKoro KpeKHHra b BHAe B3Be- 
meHHbix b Hecf)TflHbix napax TOHKopacnbiJieHHbix ajHOMOCHJiHKaTOB, ho 
BCKOpe 6hjih pa3pa6oTaHbi aHaJioruuHbie KaTa;iH3aTOpbi h ajib Apyrnx 
peaKUHH. ZIjih KOHBepcHH MeTaHa b boabhoh ra3 (C O +2H 2) npHMeHJuor 
TGHKopacnbiJieHHyK) CMecb CuO c Fe20 3 hjih CuO c AoOaBKaMH 
HHKejiu Ha A12Os. JXj ih  okhcjichhh srajieHa b oKHCb STHjieHa peKOMeH- 
AOB3H (JwUOHAHblH KaT3JlH3aTOp H3 Cepe6pa Ha A l2Og C npOMOTepaMH 
H3 Ba02 hjih CuO. JIjih cHHTe3a yrjieBOAopoAOB H3 CO h H 2 onucaHbi 
cj)juoHAHbie x<ejie3Hbie KaTaJiH3aiopbi pa3Horo cocTaBa, AaiomHe npu 
SojibuiHx 00-beMHbix CKopocTux BbicoKue BbixoAbi yrjieBOAopoAOB.

FleTajibHee o npeHMymecTBax stoto npocToro MeTOAa, npaxTHue- 
ckhx npHMeHeHHux ero h o pereHepauHH KaTajiH3aTopa cm. CTp.201, 
314, 698, a Tau>Ke [18].

9. AKTHBHOCTb K3TajIH3aT0p0B

06i>eMHO-BpeMeHHOH (jjaKTop, npeA.no>KeHHbiH O. TaSepoM u 
T TpHHByAOM [19], xapaKTepH3yeT bmxoa, cooTBeTCTByioLUHH bcjihmh-
He aKTHBHOCTH KaTa.nH3aTopa, h AaeT o6bcm npoAyKTa, nojiyuaeMoro 
3a 1 uac c eAHHHUbi oSteMa KaiaJiH3aTopa. X oth Taxon cnoco6 Bbipa>Ke- 
HHH aKTHBHOCTH KaT3JIH3aTOpOB UJHpOKO npHMCHHM, HO pa3JIHUHbie aB- 
Topbi npeA^iarajiH ajib uacTHbix cjiyuaeB u Apyrne cnocofibi H3MepeHHu. 
Tax, B. OcTBajibA [20] nbiTajicu a-bb roMoreHHbix peaKUHH onpeAejiHTb 
acjxJieKTHBHOCTb KaTajiH3aTopa, nojiarau, uto KOHCTaHTa cxopocTH peaK
UHH K npBMO nponopuHOHa^bHa KOHueHTpaunn xaTaJiH3aTOpa c, t . e. 
4T0 acJxjDeKTHBHOCTb UBJIHCTCH OTHOUieHHeM 3THX AByX Be ÎH^HH. EcJUI,

cs

Co <3

PHC. 6. ripHHUHn nOABHHC- 
HOCTH nCeBHOO>KH)KeHHOrO 

CJIOH.
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nanpHMep, npn rHApoAH3e MeTHJiaueTaTa /(=0,0055, a KOHU.eHTpau.HH 
KaTa^H3aTopa HC1 — 12 z ! a , to scfxJieKTHBHOCTb

K_
c

0,0055
12 0,00045

B hji T3K>Ke npe^o>KeH MeTOA onpe^ejieHHH BejiHHHHbi aKTHBHOCTH, 
npe^CTaBJiHiomeH koahucctbo noAynaiOLuerocH npoAyKTa Ha eAHHHUy 
Beca KaTaJiH3aTopa b e^HHHuy BpeMeHH. Ecah 3a cyTKH oKHcneHHeM 
aMMuaua noAyneHO 700 k z  a30THofl KHCAOTbi HaA 40 z  P t-ceTKH , to bcjih- 
MHH3 3KTHBHOCTH nJiaTHHbl

700 1000
^Pt- 40-24-60 _  l"

Mo>KHO T3K>Ke nOJIb30BaTbCH KOHCT3HTOH CKOpOCTH peaKUHH, OTHe- 
ceHHOH k eAUHHue noBepxHOCTH. Ecjih njiaTHHOBan (|)0Jibra b 20c3t2 pa3- 
jiaraeT 900 m a  H202 no MOHOMOjieKyjinpHOH peaKUHH c 0,0094, 
to:

A -
0,0094
—20" : 0,00047

H3 ApyrHx npeAJio)KeHHbix cnocoSoB onpeAejieHHH 3kthbhocth KaTa- 
JiH33TopoB npeACTaBjiueT HeKOTOpbiH HHTepec cpaBHeHue CKopocTeu Ka- 
T3JIH3HpOBaHHOH V K H HeK3TaAH3HpOBaHHOH V peaKUHH I

3tOT CnOCo6 BblHHCAeHHH, OAHaKO, HeCMOTpH Ha CBOK) npOCTOTy, He 
Hauieji AOCTaTOHHOro npnMeHeHHH, TaK KaK asacko He BcerAa mo>kho 
ycTaHOBHTb KaTajiH3iipoBaHHbie h HeKaTajiH3npoBaHHbie peaKUHH.

JXjih cjiyuaeB reTeporeHHbix peaKUHH Bonpoc onpeAejieHHH aKTHB- 
hocth OTAeJibHbix KaTajni3aTopoB ycAOJKHneTCH TeM, uto aKTHBHOCTb 
caMoro KaTajiH3aTopa MO>KeT H3MeHHTbCH b npouecce npoBOAHMofi peaK
UHH (BJiHHHue TeMnepaTypbi, npHMecefl h t . a -)-

B nocjieAHee BpeMH T K. BopecKOB [21] npeAJio>KHJi onpeAejiHTb 
aKTHBHoeTb TBepAoro KaTa.iH3aTopa BejiimHHOH ero  paOoTaiomeH no-
BepXHOCTH 5 H yAe^bHOH aKTHBHOCTblO Kyi, T. e. aKTHBHOCTblO, OTHe-
cchhoh k eAHHHue noBepxHOCTH:

4 =  Kyas

KaTaAH3aTOpbI MOryT CHAbHO H3MeHHTb CKOpOCTH peaKUHH OT A06a- 
BOK HeSojIbUIHX KOAHUeCTB pa3AH9HbIX BeiueCTB, KOTOpbie yCKOpHIOT, 
TOpM03HT HAH Aa>Ke nO.THOCTbK) napaJIH3yiOT aKTHBHOCTb. /J,o6aBKH, 
ACHCTByioiUHe na KaTaAH3aTopbi ycKopnioiue, Ha3biBaioTCH aKtnueamo- 
paM ll, II.MII npOMOtncpClMU. HofiaBKH, TOpM03HUI,He HAH AC3aKTHBHpyK31Ulie 
KaT3AH3aTopbi, Ha3biBaioTCH ciHtnuKamciAuaamopaMU, KOHmaKtnHbiMii
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ndciMU, hjih UHeuOumopciMU. B HHoerpaHHbix pyKOBÔ CTBax no KaTa- 
jiH3y nacTO aKTHBaTopbi h aHTHKaTajiH3aTopbi Ha3biBaioTCH BTopnnHbiMH 
KaTajiHTHnecKHMH areHTaMH. C t3khm yTBep^eHneM corJiacHTbcn Hejib- 
3B, Tan Kan no3,n,HeHii]He Hccjie/joBaHHH bo MHornx cjiynanx ,H0Ka3ajiH 
Bâ tHOCTb aodaBOK h pemaiomee 3HaneHHe nx ajih npoBe,neHHH MHornx 
KaTajiHTHnecKHx nponeccoB. HyTeM H3yneHHH bjihhhhh pa3JiHHHbix jjo- 
6aBOK dbuiH nojiyneHbi TeopemnecKH Ba>KHbie pe3yjibTaTbi, no3BOJWB- 
mne 3HanHTejibHO dJiHJKe noHHTb cymHOCTb KaTaJiH3a n oTKpbiTb HOBbie 
33KOHOMepHOCTH, B HaCTHOCTH KOppejIHUHK) Me>KAy Â HCTBHeM npOMOTe- 
pOB H aHTHKaTaJIH3aTOpOB.

10. AKTHBaTopbi (npoMOTepw)

B paHHefl JiHTepaType no KaTaJM3y HMeeTCH MHoro yKa3aHH'n Ha no- 
BbimeHne 3Kthbhocth K3TaJiH3aTopoB ot pa3JiHHHbix /joOaBOK. Tan, 
OTMeneHO dbijio noBbimeHne 3kthbhocth npH^nn cjiejjaMH ocmhh, noBbi- 
meHHe odecuBenHBaiomeH chjim yivin ot ôSaBOK cojien; HMeeTCH Taione 
\Ka3aHne, mto /jocTaTOHHO 3arpn3HHTb 30Jioto o,hhoh nbijiHHKOH njia- 
THHbl, HTOdbl OHO paCKaJIHJIOCb B TOKe BÔ OpÔ a; yCTaHOBJieHO nOBbime- 
HHe aKTHBHOCTH CuS04 fnpn nojiyneHHH xjiopa H3 HC1) npHMecHMH 
Na2S04 hjih K2S04. OKa3ajiocb, hto OKHCJieHHe HacfrrajiHHa KOHneHTpH- 
P0B3HH0H CepHOH KHCJIOTOH CHJIbHO yCKOpneTCH OT npnOaBJieHHH Hg, 
Se. hjih H 3BO3. OneHb H3Hiu,HbiM onbiTOM HBJineTCH ycKOpeHHe OKHCJie- 
HHH 3HHJIHH3 depTOJieTOBOH COJIbK) npH AOdaBJieHHH Mê H. /Io6aBJieHHe 
0,5% Ce02 k HHKejieBOMy KaTajiH3aTopy noBbimaeT CKopocTb peaKUHH 
b 10 pa3, xoth b KaTajiH3aTOpe Ha 1130 aTOMOB Ni npnxoflHTCH jihuib 
1 MOJieKyjia Ce02. Pa3Jio>KeHHe H20 2 b npncyTCTBHH cojieft 33khch jnejie- 
3a pe3KO ycKopneTcn ot jjodaBKH 1 mhjijihmojih Me/won cojih Ha 1 .1 
peareHTa. B dHOXHMHnecKHX npoueccax pojib aKTHBaTopoB HrpaioT ko- 
^epMeHTbi.

HoBeflinaH KaTajiHranecKan TexHHKa niHpOKO ncnojib3yeT noBbime- 
HHe aKTHBHOCTH KaTaJIH33TOpOB 0̂6aBK3MH pa3JIHHHbIX BemeCTB. Ilo- 
cjie^HHe caMH no cede MoryT h He dbiTb KaTaJiH3aTopaMH, ho OKa3biBaiOT 
dJiaronpHHTHoe ^eftcTBHe Ha KaTajiH3aT0pbi. Li,epHH h TOpHH He hbjihiot- 
ch rHApnpyiomHMH KaT3JiH3aTopaMH, ho AodaBKa b KOJinnecTBe 0,5% 
Toro hjih APyroro k HHKejno ycKopneT b 10 pa3 TH^pHpoBaHHe C02 
b CH4; ^odaBKa k HHKejno 14,5% A120 3 ycKopneT b 15 pa3 rHflpnpo- 
BaHne CO b CH4. Tan >Ke ^encTByioT h Majibie ^odaBKH Cr, Mo, W. V 
h flpyrHX MeTajiJiOB h hx okhcjiob.

Flo MHeHHio HeKOTopbix aBTopoB, aKTHBHpyioiHHe ^odaBKH caMH no 
cede MoryT dbiTb jindo HHepTHbiMH ,hjih flaHHoro nponecca, Jindo KaTajiu- 
3HpoB3Tb ero, no ôdHO ocHOBHOMy KaTajiH3aTopy. 3to ycjio>KHHeT no- 
HHTHe od aKTHBHpoBaHHbix KaTaJiH3aTopax. HeKOTopbie aBTopu pa3JiH- 
qaioT aKmueupoeaHHbte h KoaKmueupoeanHbie KamaAU3amopbi. riepBbie 
co^epHtaT flodaBKH BemecTB, Kaacnoe H3 KOTOpbix b oT^ejibHocTH mojkct 
K 3TaJIH 3H p O B aTb  HJIH He KaTaJIH3HpOB3Tb npOUeCC. BTOpbie COCTOHT H3
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CMecH AByx hjih do jiee  KOMnoHeHTOB, npHHeM Ka*AbiH b otac^ bhocth 
HB^neTcn KaT3JiH3aTopoM, a CMecb hx 0Ka3biBaeT Ha iTpouecc cyMMap- 
ho 6ojibu iee KaTajiHTHnecKoe AGHCTBHe. KoaKTHBHpoBaHHbie KaTajiH3a- 
Topbi name Ha3biBaiOT CMeuiaHHbiMU. T a n oe  AejieHHe crpaAaeT HeKOTopofi 
HeonpeAe^eHHOCTbio, TaK nan TpyAHO npoB eem  pa3HHuy Me>KAy aKTH- 
BHpOB3HHblMH H KOaKTHBHpOB3HHbIMH KaTaJIH33T0paMH. KpOMe TOTO,
nocjieAHne, b cboio onepeAb, mo>kho aKTHBHpoBaTb pa3JiHHHbiMH Ao6aB- 
KaMH.

riOBbiaieHHe aKTHBHOCTH KaTa^H3aTOpa 3aBHCHT He TOJIbKO OT xapax- 
Tepa, ho h ot KOjiHqecTBa aKTHBaTopa. J\oSaBKH nocjieAHero AOJi>KHbr 
GbiTb A03HpoBanbi, Tax KaK, bhahmo, cymecTByeT Kpum m ecKan koh- 
q e n m p a i^ u H , npn KOTopoft oh npoaBJineT ce6a jiynuie Bcero. TaK, Hanpn- 
Mep, pa3Jio>KeHHe nepeKHCH BOAopoAa HaA Fe20 3-KaTaJiH3aTopoM no- 
BbimaeTCH MaKCHMaJibHO npn kphthhcckoh KOHueHTpaunn Ao6aBKH 
A120 3, paBHOH 2% . CKopocTb rHApupoBaHHH cfieHOJia b UHKJioreKcaHOJi 
HaA Ni-KaiaJiH3aTopoM yBejiHHHBafOT HapacraioinHMH AoSaBKaMH 
N a2C 0 3, KpHTHMecKaa KOHueHTpauHH KOToporo paBHa 20%. ZlaAbHefi- 
uine AoSaBKH Na2C03 AencTByioT y>Ke AenpeccHBHO. 3tot npHMep hb- 
jiaeTCH AOKa3aiejibCTBOM aAAHTHBHoro scf^^KTa aKTHBaTopa. TlpyrHM 
HpKHM npHMepOM CJiyJKHT aKTHBHpOB3HHe nJiaTHHbl A06aBK3MH FeCl 3 
npn rHApnpoBaHHH apoMaTHnecKHx ajibAerHAOB b cnnpTbi n yivieBOAo- 
poAbi. PeaKUHH 3HaHHTejibHO ycKopaeTCH AoOaBjieHneM 0,00001 z-moa 
FeCl3, ho CHH>KaeTCH npn doJibmHX ero KOJinnecTBax.

T M. >Ka6poBa [22] CMHTaeT, hto rJiaBrtyio pojib b H3MeHeHHH aK~ 
thbhocth npoMOTHpoBaHHoro KaTaJiH3aTopa aoji>kho nrpaTb onpeAe- 
jieHHoe cooTHomeHHe Me>KAy K3TajiH3aTopoM h npoMOTepoM, mto 6jih3ko 
cBH3ano c c p a K tn o p o M  n p o M o m itp o e a H u n ,  Bbipa>KaiomHMCH OTHomeHHeM,

L'Ma'<c, rAe dm;ikc— MaKCHMa^ibHan CKopocTb paSoTbi aKTHBHpoBanHoro

KaTa^H3aTopa, v a— aKTHBHOCTb HeaKTHBHpoBaHnoro KaTa^H3aTopa. 3 tot 
4)aKTop H3MeHaeTCH b npeAe.nax 2—2000 h 6ojiee.

T. TpucfxjDHTC [23] npn HccjieAOBaHHH bjihhhhh pa3Hbix npoMOTepoB 
(MeTaJiJibi— Fe, Cu, Pt h okhcjih— Na, Cr, Ge, Al, Ba, Bi, Th) Ha Mo02, 
KaK K3TajiH3aTop pa3Jio>KeHHH HHK.aoreKcaHa, ycTaHOBHji, hto coot- 
HomeHHe KaTajiH3aTopa h npoMOTepa He 33bhcht ot hx npapoAbi h ajih 
oahoto h toto >Ke KaTajiH3aTopa nocTOHHHO b npeAejiax tomhocth onbiTa.

JlB^eHHB OnTHMaJlbHOH KOHUeHTpaUHH H 3AAHTHBH0CTH A6HCTBHH
aKTHBaTopoB npoHBJiHKjTCH, oAHaKO, Aa.aeKO He BcerAa. XapaKTepHbiM- 
npHMepoM HBJiBeTCH npoBeAeHHoe C. OAnfiep h A. PeHO [24] nccjieAo- 
B3 HHe aKTHBaUHH MeAH Ao6aBKaMH pa3J!HMHbIX KOJIHHeCTB OKHCJIOB Me- 
TaJiJioB (phc. 7). pa3Jio>KeHHH MeTanojia k mcah npH6aBJiH.riH 0,05—  
0,15 e-am oM  Zn, Be, Al h Ap. (paccMHTaHO H3 okhc-hob). AKTHBaTopbi 
BejiH ce6a oneHb CTpauHo: Zn h Be 3AAhthbho noBbiujajin aKTHBHOCTb, 
Ce h Mn (ao 0,03 z-m o a) pe3KO noBbima-nn aKTHBHOCTb MeAH, HodjjibuiHe 
Ao6aBKH A3 B3J1H OTpHUaTejl bHblH StfxfjeKT. Oco6eHHO HenOHHTHO Bejia-
ce6a A120 3, npoHBHBuiaH Asa MaKCHMyMa h MHHHMyMa. Bee sth HBjie— 
hhh noKa ocTaiOTCH ne 06'bHCHeHHbiMH.
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Bonpoc A6HCTBHH npOMOTepOB OqeHb CJIO>KeH H £0 CHX nop He BblHC- 
HeH OKOHnaTejibHO, TaK Kan mnpoKHx h cncTeMaTHqecKHX HccjieAOBaHHH 
b 3tom HanpaBjieHHH He npoBo/jHJiocb. TeM He MeHee OTAejibHbie nccjie- 
AOBaHHH npHBOAHT K OqeHb JHo6onbITHbIM 3aKJHOneHHHM.

H. K. AH^piomeHKO, B. B. 
TnnKHHa h n. JX- ZlaHKOB [25]
CHHTaioT, hto npoMOTepbi pearn- 
pyroT Ha noBepxHOCTH, a He npo- 
HHKaioT BHyTpb. TaK.npn oca>K- 
AeHHH b BanyyMe Ha cjnoAy cepe6-
pa (njieHKH tojilhhhoh 20— 100 A) 
6bi.no HanAeHO, hto aKTHBaTop pe- 
arnpyeT jinuib noBepxHOCTHO. 
3T0T (})aKT, B03M0>KH0, H 061.HC- 
HaeT, noneMy Majibie KO/innecTBa 
aKTHBaTOpOB CTHMyjIHpyiOT aK- 
THBHOCTb OTHOCHTeJIbHO dOJIblHHX 
KOJIHneCTB KOHTaKTOB.

Hcxo^h H3 npHHUHna « kphc- 
TajiJioxHMHnecKoro cooTBeTCTBHa» 
(cTp. 143) n. JX. ZlaHKOB 3a- 
kjhohhji, 4to aKTHBaTop o6pa3yeT 
HOByio TBep^yio (})a3y Ha no- 

Vuc/ro ppaMM-amomofi Meman/ia BepxHOCTH TBep^oro BemecTBa; 
na.1 zpaMM-amoM mou #aHHbie Hcc-neAOBaHHH npHBe ê-

hh b Ta6ji. 3.
PHC. 7. BjiHHHHe aKTHBaTOpOB Ha pasjioace- o^HaKo Ae^aTb onpe^ejieHHbie
HHC MeTaHOJia Ha# MeAHbIM KaTa.lH3aTOpOM■ r ^

TABJIHUA 3

KaTajiH3aTop AKTHBaTop
riOCTOHHHaH
pemeTKH

KaTaJiH3aTopa,
0
A

FIOCTOAHHaH
pemeTKH

aKTHBaTopa,
0A

âaroHaJib
K>6nqeeKott

rpaHH
Pa3HOCTb,

%

Fe Al2Fe04 2,87 8,2 8,01 2
Fe A1.KA 2,87 8,3 8,01 2
Ni Th02 3,52 4,9 5,0 2,2

BbIBOAbI H3 3THX pe3yjlbTaTOB eil̂ e HejIb3H H3-3a Hê OCTaTOHHOCTH
MaTepnajia.

B jiHTepaType HMeeTCH mhoto pa3JinqHbix TpaKTOBOK npnqnH ycn- 
jieHHH aKTHBHOCTH KaTaJiH3aTopoB no# AeHCTBHeM npoMOTepoB. He- 
KOTopbie HCCjieAOBaTejin cboaht flencTBHe aKTHBaTOpOB k «o6jierqeHHio» 
pa3Jio>KeHHH npoMe>KyToqHbix coê HHeHHH, nojiyqaiomHXCH npn KaTa- 
jiHTHqecKHX peaKUHHx. /Ipyrne cqHTaioT, q-ro aKTHBaTopu He TOJibKo 
cejieKTHBHO ycKopaiOT npouecc, ho AeficTByioT h 3amHTHo, no^aBJiaa 
pocT KpncTâ JiOB h cKOpocTb nodoqHbix peaKunfl, Be^ymnx k yMeHb-
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nieHHK) noBepxHOCTH KaTaJiH3aTopa h CBH33HHOMy c sthm CHHJKeHHio aK- 
THBHOCTH (peKpHCTaJI.7IH3aU.Hfl, CHHTepHHr).

Bo MHornx cjiyqaax ^eflcTBHe AodaBOK A120 3 cboahtca, Ha ocho- 
B3HHH peHTreHOCKOIlHHeCKHX l  HHbIX, K 06pa30BaHHK> COe^HHeHHH THna 
mnHHejien M e0A l20 3, iyje Me—Fe, Ni, Co, Zn, Mn h t . a. riojiyuae- 
Mbie uinHHejTH hmckjt cocTaB: Fe0A l20 3, Ni0-Al20 3, CoOAl20 3, 
Zn0-Al20 3. Tanne cMemaHHbie KpHCTaJiJibi ropa3,no MejyieHHee pacTyi 
npH noBbimeHHH TeMnepaTypbi, t . e. AeHCTBHe A120 3 Kan aKTHBaTopa 
mo>kho o6"bflCHHTb CTa6HJiH3auHeH noBepxHOCTH h npeAoxpaHeHHeM ee 
ot omiaBjieHHH (cHHTepHHra). 3 to y6e^HTejibHO ^ok333ho onbiTaMH 
pa3JiojKeHHB MeTaHOJia Ha^ CuO-ZnO-KaTajiH3aTopaMH. BHe;;peHHe 
nacTHU ZnO Me>K,ny aTOMaMH BoccTaHOBjieHHOH Me^H npe,noxpaHfleT ee 
OT GbICTpOH KpHCTaJIJIH3aUHH, yMeHbllieHHfl 3KTHBH0H IIOBepXHOCTH H 
CHHxceHHH aisTHBHOCTH. XapaKTepHbiM npHMepoM TaKoro 3am,HTHoro 
AeflcTBHH HBJiaeTCH BJiHHHHe ^o6aBOK 0,5— 10,5% Si02 Ha cnexaHHe 
y-Al20 3, hto npHBe/jeHO b 
Ta6ji. 4 [26].

H3 TafijI. 4 BĤ HO, MTO flO- 
6aBKH 10,5% Si02 pe3KO chh- 
JKaiOT BejIHHHHy KpHCTaJIJIOB 
y-Al20 3 h npenHTCTByioT cne- 
K3HHK) HX npH BbICOKHX TCM- 
nepaTypax. 3 to o6"bflCHfleTCfl 
TeM, hto npHMecb, cymecTByio-
maa b OT^ejibHOH 4>a3e, pac-
noJiaraeTCH Ha rpaHflx Kpnc- 
TaJijioB, SKpaHHpyeT hx h tcm 
npenaTCTByeT hx pocTy. Te 
>Ke coo6paa<eHHa npHJio>KHMbi k KaTaJiH3aTopaM, nojiyueHHbiM co- 
oca>K,neHHeM £Byx hjih HecKOJibKHx rH^pooKHcen.

AHaJIOTHHHO AJIfl aMMHaHHbIX KaTaJIH33TOpOB HaHAeHO, MTO Fe30 4
aKTHBHpyeTca npH6aBJieHHeM 2A120 3+ K 20, npnueM npoHcxoAHT peaK- 
ixhh no cjieflyiomeMy ypaBHeHHio:

Fe304  —► Fe20 3 +  FeO

FeO +  2A120 3  +  KaO Fe0-Al20 3  +  A120 3 .K20

n P H BOCCTaHOBjieHHH nojiyuaeTCfl MejiKO^HcneprnpoBaHHoe jKejie- 
30 , KOTopoe, OAH3KO, npn peaKUHH He cneKaeTca.

B HeKOTopbix cjiynaax aKTHBaTopbi o6jiernaiOT aecopSuHio, TeM ca- 
mwm ycKopaa KaTajiHTHuecKHH npouecc. B hjio  HaiUeHO, mto npn boc- 
CTaHOBjieHHH KOpHHHdro ajibAern^a Ha Pt- hjih Pt02-KaTajiH3aTopax 
dnaronpHATHO ^efiCTByioT HeKOTopbie cojih, npe^oTBpamaa cjihuikom 
npoMHyio a^copOuHio ajib^erH^a.

HeKOTopue HCCjie,noBaTejiH ycraHOBHJiH Taione, hto aKTHBaTopu 
cneu,Hc|)HqecKH H3MeHAioT OTHOCHTejibHyio a,ncop6uHio peareHTOB: Me^b, 
aKTHBHpoBaHHaa naJuia;uieM, aAcopSnpyeT 3Ha*iHTejibHO 6oJibuiHe ko- 5

TAEJ1HUA 4

Si02,0//o

TeMnepaTypa. °C

500 6C0 700 800 900

P a 3  m e p bi KpHCTaJI JIOB,
O
A

0 36 39 44 54 56
0,51 36 37 45 54 6 6

2,72 28 30 34 39 51
10,5 2 0 2 1 24 26 34

5 B. H. floJiroB
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jiHuecTBa okhch yiviepoAa, neM BOAopoAa. Hnnejib, aKTHBHpoBaHHbift 
OKHCbio TopHH, npH npOBe êHHH peaKUHH C02-f4H 2̂ C H 4+ 2 H 20  
CT3H0BHTCH 3KTHBHee Ha 20%.

He nacaacb B3i\naAOB Apyrnx nccjie OBaTejieft Ha MexaHH3M AeficT- 
?HH npOMOTepOB, HMeiOmHX HaCTHblH HJIH BTOpOCTeneHHblH HHTepeC, 
Hy>KHO yKa3aTb, hto MexaHH3M aKTHBHpyiomero AencTBHa npoMOTepoB 
oneHb cJioHceH, bo MHoroM HeaceH, ho oh, 6eccnopHO, CBa3aH c yBejin- 
HeHHeM H CTa6HJIH3aHHeH 3KTHBH0H HeOflHOpOAHOH nOBepXHOCTH, c po- 
ctom HHCJia aKTHBHbix yaacTKOB h hx reoMeTpnaecKOH ynopaAoaeHHO- 
cth, hto odjieraaeT npoTexaHHe noBepxHOCTHbix npoueccoB. nocjie^yio- 
mne HCCjieAOBaHHHB 3HaaHTe./ibHOH CTeneHH noATBepjKAaiOT sth BbiBÔ bi.

H. H. Ko6o3eB c coTpyAHHKaMH [27] ycTaHOBHjiH, hto npoMOTHpo- 
B3HHP eCTb pe3yJIbTaT (})yHKHHH aKTHBHOH nOBepXHOCTH. HeKOTOpbie 
Hccjie^OBaHHH npHMO noKa3biBaioT, mto npoMOTep yBejiHgHBaeT hhcjio 
aKTHBHbix IieHTpOB. TaK, HanpHMep, CHHTe3 3MMH3Ka HaA HHCTbIM JK e - 
jie30M noKa3aji, hto OTHomeHHe ancjia aKTHBHbix aTOMOB Fe k oSmexiy 
hx HHCJiy cocTaBjiaeT 1/2000, npH Ao6aBKax nee A120 3 hjih A1?0 3 K20  
oho noBbiuiaeTca ao 1/200, t . e. b 10 pa3. JX. B. CoKOJibCKHH [14] npn
H3yHeHHH aKTHBHpOBaHHH HHKejia nJI3THHOBOH rpynnOH MeTaJIJIOB Ha- 
rnejl, MTO HaHSoJIbHIHH 3(Jx})eKT BbI3bIBaeT pOAHH, TaK KaK nOCTOHHHaa' o n
ero peuieTKH (3,8 A) Handojiee 6jiH3Ka k TaKOBoft me HHKejia (3,6 A). 
06pa3yK>m,HecH aKTHBHbie ueHTpbi npeACTaBJiaiOT ynacTKH cocraBa 
Ni3Rh, t . e. ohh odpa3yioTca 3a caeT sjieMeHTOB peuieTKH h Ni h Rh.

CMeuiaHHbie KaTaJiH3aTopbi name Bcero npeACTaBJiaiOT coaeTaHHe Ka- 
TajiH3aTopoB pa3Hbix cJjyHKUHH; HanpHMep, KaT?jiH3£TOp 3ejiHHCKoro 
N i-A l,03 HBJiaeTca coneTaHHeM rHApHpyiomero hhkcjih c A r̂HApaTH- 
pyiomeH A120 3, hto o6jierHaeT MHorae npoueccbi. TaK, npeBpameHHe 
UHKJioreKcaHOJia b HHKJioreKcaH hact no cxeMe:1

CoBpeMeHHbie KaTaJiH3aTOpbi nacTO npeACTaBJiaiOT co6oh CJioJKHbie 
CHCTeMbI H3 HeCKOJIbKHX KaT3JIH3HpyiOIIIHX KOMnOHeHTOB. £ljia CHHTe33 
ynieBOAopoflOB H3 boahhoto ra3a HHKejib aKTHBHpyeTca Ao6aBKaMH 
A120 3, MnO (cTadHjiH3aTop) h K20  (~ 0 ,2  0,5%) flJia 6ojiee rjiySoKoft 
KOH êHcaitHH. KaTajiH3aTopbi fljia KpeKHHra npe^cTaBJiaiOT co6oh S i0 2 
c ^odaBKaMH A1?0 3, Zr02 h Apyrnx aKTHBaTOpoB. ^.jia HJunocTpauHH
BbimeH3Jio>KeHHoro npHBOAHTca pnc. 8.

/Xjia dHHapHbix cMecen (KOMnOHeHTOB X  h Y) B03MO>KHbi cjieAyio- 
mne cjiynan (no A. Marramy): 1) He6ojibinaa AoSaBKa X  k Y SbiCTpo 
CHH*aeT aKTHBHOCTb Y ao Hyjia (oTpaBjieHHe); 2) ocjiaSjieHHe aKTHB- 
hocth Y npH HapacTaiomHx KOJinaecTBax X  (aAAHTHBHoe ocjia6jieHHe);

1 Ha STofi cxewe, xax h b flajibHefimeM, HHAeKC «H» BHyTpn KO.ibna o6o3HanaeT 
nojiHoe HacbimeHHe boaopoaom.

OH - h2o / \ H / \
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3) B3aHMHoe ocjia6;ieHHe Ao6aBKaMH X  k Y hjih Y  k X ;  4) â xfteKT hoch- 
Tejia, t . e. noBbimeHHe 3kthbhocth npn HaHeceHHH Y ua X ,  npnqeivi 
B MHCTOM BH^e nOCJie^HHH HeaKTHBSH', 5) 3(}xf)eKT npOCTOH 3/WHTHBHOCTH 
npH ^o6aBKax X  h y ; 6) 3tJ)- 
(J)eKT aKTHBauHH, t . e. pe3Koe 
noBbimeHHe 3kthbhocth npH 
AodaBKax HeSojibmHX kojih- 
qecTB X  k Y  (hjih HaofiopoT);
7) 3(jxJ)eKT KOaKTHBaUHH, T. e. 
pe3Koe noBbimeHHe 3kthbho- 
CTH npH CMeLLieHHH 060HX KOM- 
noHeHTOB (B3aHMHoe ycHjie- 
Hne).

3ra npocTefimaH cxeMa 
noBe/jeHHH K3TajiH3aTopoB noA 
BJIHHHHeM pa3JIHMHbIX KOJip- 
qecTB BToporo KOMnoHeHTa 
BBJiHeTCH b HacTOnmee BpeMH 
ycTapeBmeft, ho Bce-TaKH no-
J163HOH AAH nepBOro 03H3- plic. g KaTa.nHTHiieeKHe 3(})(})eKTiJ 6HHaptibix 
KOMJieHHH. cMeceft X c Y.

11. KOHTaKTHbie HAbl (aHTHKaTaJIH3aTOpbl)

CneuHcj)HMecKoe cbohctbo mhothx coeAHHeHHH, npHcyTCTByiomHX 
b KaTajiHTHHecKofl CHdeMe Aa>Ke b Majibix KOJiHqecTBax, 3aMeAAHTb 
hjih coBceM npeKpamaTbaKTHBHOCTb KaTajin3aTopa OTKpbiTO eme b Ha- 
qajie XIX b. BbiJio ycraHOBjieHO, mto npHcyTCTBHe HexoTopbix ra30B 
OKa3biBaeT CHJibHoe BJiHBHHe Ha yMeHbmeHHe KaTaJiHTHqecKofi 3kthb- 
hocth njiaTHHbi. Tanne ra3bi, xax H2S, CO, S 0 2, CBeTHJibHbifl, npe- 
naTCTByioT B3pbiBy rpeMyqero ra3a b npucyTCTBHH njiaTHHbi.

npH AeTaJIbHOM HCCJ16AOB3HHH A63aKTHB3HHH njiaTHHbi 6bIJIO H3HA  ̂
HO, HTO HeKOTOpbie ra3bl (CO, C2H4) y HHqTOJKaiOT aKTHBHOCTb K3TaJlH- 
3aTopa, ho OHa B03BpamaeTCH npn BHeceHHii nocjieAHero b qHCTyic 
HcxoAHyio CMecb—o6pamiiMoe ompaeAenue-, Tanne >Ke ra3bi, Kan H2$ 
h PH3 KaK roBopHT, «y6HBaiOT» KaTajiH3aTop coBepuieHHO— Heo6pamii' 
Moe ompaeAenue. M. OapaAeeM Ha ochob3hhh sthx onbiTOB 6biJio CAe~ 
jiaHO npaBHAbHoe 3aKjnoqeHHe, hto Bee sth BemecTBa o6pa3yioT Ha 
noBepxHOCTH KaTaAH3aTopa njieHKH, npensiTCTByiomHe aAcopSumi pe- 
areHTOB, h hto cymecTBeHHbiM ycjiOBHeM KaTa;iH3a HBJiaeTCH HajiHqne 
coBepiueHHO hhctoh noBepxHOCTH.

H3yqeHHio aghctbhh aHTHKaTaJiH33TopoB nocBHmeHa oduinpHaa jih- 
TepaTypa, iio3bojih BUian BbiacHiiTb rpaHHUbi h cneuH^HHHOCTb a ûct- 
BHH aHTHKaT3AH3aTOpOB, THnbI OTpaBJieHHH H 6jIH3KO nOAOHTH K nOHH- 
M3HHK5 MexaHH3Ma OTpaBJieHHH. YCTaHOBJieHO, HTO AeflCTBHeM 3HTHK3- 
TaAH3aTo, ob MoryT 6biTb noAaBJieHbi Jiio6bie KaTajiHTHqecKiie peaiuuni. 
Tan, HanpHMep, npn pa3Jio>KeHHH H20 2 njiaTHHa Ae3aKTHBjapyeTca

5*
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AoGaBKaMH HHMTOJKHbix KOJiHqecTB H 2S, HCN, CO, J,, cojiefl Hg h
Pb. rH^pHpyiOmHX KaTaJIH3aTOpOB aKTHBHbIMH H^aMH HBJIHIOTCH
CS2, H 2S, C l2, Br2, a TaK>Ke coeAHHeHHH P, As, Hg, Pb; cjie^bi THO(|jeHa 
b 6eH30jie hjih 6poMa b (|)eHOjie yHHqTCttKaiOT aKTHBHOCTb hhkcjih.

Heo6xO ,̂HMO OTMeTHTb, HTO, nÔ ,o6HO KaTaJIH33TOpaM, H KOHT3KT- 
Hbie aflbi ogjia^aioT H36HpaTejibHOCTbio. Tan, HanpHMep, B03Ayx, aKTH- 
BHf>yiOIU,HH Pt- H P t0 2-KaTaJIH3aTOpbI, HBJIHeTCH aKTHBHbIM HAOM A^H 
npoqux Hed^aropoAHbix rHApnpyiomHX MeTajumqecKHX KaTaAH33TO- 
pop. JXjW CHHTe33 aMMH3Ka Bee KHCJIOpOACOAepJKamHe COeAHHeHHB (H 20, 
CO. C 02, napbi cnnpTOB h t . a .) hbji'biotch oSpaTHMbiMH hasmh, a jie- 
TyqHe coeAHHeHHa KpeMHHa OTpaBJiaiOT aMMnaqHbie KOHTaKTbi Heobpa- 
THMO.

|As20 3 A63aKTHBHpyeT njiaTHHy npn rHApnpoBaHHH, ho 3HaqHTejib- 
ho 'MeHbrne BAHH6T Ha pa3Jio>KeHHe nepeKHCH BOAopoAa. CjieAbi BHCMyTa 
AeaaKTHBHpyioT Hcejie3Hbie rHApapyromne KOHTaKTbi, ho tot >Ke BHCMyT 
HBJiaeTCH xoponiHM aKTHBaTOpoM Hcejie3a A-aa okhcjichhh aMMHaica b 
a30THyio KHCJiOTy. TaKHx npHMepoB mojkho npHBecTH oqeHb mhoto, 
h Bee ohh yKa3biBaiOT Ha ocoSyio npnpoAy h HCKjnoqHTejibHyio H36npa- 
TejibHocTb KaTajiHTHqecKHX npoueccoB.

KojiHqecTBa haob, AOCTaToqHbie A-aa OTpaBJieHHH KaTajiH3aTopoB, 
qacTo SbiBaiOT hhhtokho Majibi. YcTaHOBjieHO, hto aKTHBHbie KaTajiH- 
3aTopbi CT3H0BHTCH cjiadee b npHcyTCTBHH Bcero jiHuib 0,005 me HCN 
h nojiHOCTbio A63aKTHBHpyioTCH ot 0,02 m2 HCN. ,Z],pyrHe o6pa3Ubi Ni- 
KaTaJIH33TOpOB MOryT HMeTb MeHbmyiO qyBCTBHTeJIbHOCTb, HO 20 MS 
HCN CHHJKaeT ao Hyjia aKTHBHOCTb jnoOoro Ni-KaTajiH3aTOpa. HHTe- 
pecHbie pe3yjibTaTbi ObiJiH nojiyqeHbi A-aa cjiyqaa OTpaBJieHHH Pt-KaTa- 
^H3aTopa npn pa3Jioa<eHHH nepeKHCH BOAopoAa. HaflAeHHbie KOJiHqecT- 
Ba haob, AOCTaToqHbie A-aa CHHJKeHHH 3kthbhocth■ ruiaTHHbi, npHBeAeHbi 
b  r a 6 j i .  F .

TABJ1HUA 5

Hflbi
MoJieKyJiHpHaH KOHijeHTpai;HH, 

BbI3bIBaK>maH OTpaBJieHHe 
KaTajiH3aTopa

a«bi
MojieKyjiBpHaH koh- 

UeHTpaUHB̂ BhI3hJB3 JO- 
maa OTpaBJieHHe 
KaTajiH3aTopa

H2S 1 : 300 000 As20 3 1 : 50
HCN 1 : 2 0  0 0 0  0 0 0 COS OueHb HflOBHTa
HgCl, 1 : 2  0 0 0  0 0 0 HC1 1 : 3000
Hg(CN) 2 1 : 2 0 0  0 0 0 NH4Ci 1 : 2 0 0

k j -j2 • 1 : 5 000 000 CflĤ N H o 1 : 5000
NH2OH-HCl 1 : 25 000 HC103 OTpaBJiaeT caa6 o

HanOoJiee aKTHBHbIMH ha3mh A-aa 6ojibiiiHHCTBa KaTajiHTHqecKHX 
peaKUHH hbjihiotch: HCN, HgCl2, K J J 2, Hg(CN)2, COS, H 2S.

JXeHCTBHe aHTHKaTajiH33TopoB mo>kho pa36HTb Ha cJieAyiomHe rpyn- 
nbi: 1) odpamuMoe ompaeAenue, 2) neo6pamuMoe ompaeAemie, 3) KpMy- 
Axmuenoe ompaeAenue, 4) 6Aaeonpunmcmeytoupee ompaeAenue.
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IlpHMepbi o6paTHMoro h Heo6paTHMoro OTpaBjieHHH yace npHBOAH- 
JiHCb. Cjie^yeT AodaBHTb, mto coBpeMeHHaa KaTajnmmecKaH xhmhh 
pa3pa6oTajia OTpaBocTOHKHe KaTajiH3aTOpbi, HHepTHbie no otholuchhio 
k cepHHCTbiM coeflHHeHHHM, KOTOpbie eiue coBceM Hê aBHO dbiJin Shhom 
mhothx KaTaJiHTnnecKHx npoueccoB. Flpn rHApnpoBaHHH HaA MoS2, 
NiS, WS2, CoS, AernApHpoBaHHH HaA ZnS Ha neM3e h npn CHHTe3e we- 
TaHOJia H3 boahhoto ra3a HaA ZnCr-KaTaJiH3aTopaMH cepHHCTbie coeflH- 
HeHHH, HMeiOinneCH B CHCTeMe, He CHHHCaiOT aKTHBHOCTH 3THX K3TaJIH- 
3aTOpOB.

KyMyAHmuenoe (Hamnaueatotyeecn) ompaeAenue BbipawaeTCH b MeA- 
jieHHofl nporpeccnpyromeft Ae3aKTHBauHH KaTaji H33TopoB nofl, a^hct- 
BHeM Majibix KOJinnecTB haob, coAepjKaiuHxcn b peareHTax. Bo H3de- 
>K3HHe 3TOTO HCXOflHbie BemeCTBa AOJDKHbl 6bITb TUiaTejIbHO OHHmeHbJ 
OT npHMeCefi aHTHK3Ta.7IH3aTOpOB. B 3aBOACKHX yCJIOBHHX C 3T0H UeJlbK) 
nepeA peaKTopoM c koht3Ktom noMeiuaiOT cneunaJibHbie AonojiHHTejib- 
Hbie KaTajiH3aTopbi ((popKOHmaKmbi) Ann yjiaBJiHBaHHH H3 ra30o6pa3Hbix 
h napoo6pa3Hbix peareHTOB cjie^oB aHTHKaTajiH3aTopoB (name Bcero 
CepHHCTbIX COeAHHeHHH). KOHTaKTHbIMH M3CC3MH B 3THX AOnOJIHHTejIb- 
Hbix KaTaJiH3aTopax hbjihiotch pa3JiHMHbie )Kejie3Hbie pyAbi c AoSaBKa- 
mh mejioqeft hjih aKTHBaTopoB. .HonycTHMoe KOJiHqecTBO cepHHCTbix co- 
ê HHeHHH b oHHmeHHbix TexHHqecKHX ra3ax, nocrynaioiuHX Ha CHHTe3, 
cocTaBJineT 0,1—0,2 z S Ha 100 m 3 ra3a.

HHor^a noATpaBJiHBaHne KaTajiH33TopoB Ae3aKTHBHpyioiuHMH ao-
6aBK3MH He TOJIbKO CHHHtaeT HX aKTHBHOCTb, HO H B006lU,e BblK̂ IOMaeT 
HeKOTopbie (JjyHKHHH KaTaJiH33TopoB; b pe3yjibTaTe MHorocraAHh Hyio 
peaKUHK) MO)KHO OCT3HOBHTb Ha KaKOH-JIH6o H3 npOMeJKyTOHHHX CTa- 
AHH. Tanoe OTpaBjieHHe KaT3JiH3aTopoB H33B3HO 6Aazonpux.mcmeyK)iyuM.

npH rĤ pHpOBaHHH XJIOpHCTOrO 6eH30HJia HaA nJiaTHHOH B paCTBO- 
pe XHMHnecKH hhctoto 6eH30Jia, npoTexaioiueM qepe3 npoMOKyToqHbie 
CTâ HH BoccTaHOBJieHHH, o6pa3yeTCH JiHuib mnyoji:

C6H5COCI -2 L *. c6 h6cho _ h—  c6 h 6ch2oh  c6 h 5ch 3

3aMeHa qncToro 6eH30Jia TexHHqecKHM hjih AofiaBjieHHe k 6eH30Jiy 
XHH0JIHH3, o6pa6oTaHHoro cepofl, 6poMTHo<})eHa, t . e. noATpaBJiHBa- 
HHe KaTaJIH3aTOpa, n03B0JlHJIH OCTaHOBHTb peaKUHIO Ha CTaAHH 
aJib^erH^a (c bhxoaom 75—80% ot TeopeTHqecKoro).

/IpyrHM npHMepoM Tanoro fijiaronpHHTCTByioiuero OTpaBjieHHH hb- 
jineTCH cHHTe3 3TaH0Jia H3 boahhoto ra3a. HaA oSbiqHbiMH coAep>KamHMH 
mejioqb KaTajiH33TopaMH noA AaBJieHiieM nojiynaiOTcn JiHuib BbicmHe 
cnHpTbi (cTp. 716), t . e. kohaghc3uhh hact oqeHb rJiyOono. OAHaKonpn- 
MeHeHHe CuMn-KaTaJiH3aTopa, ocjia6jieHHoro AoOaBjieHHeM 0,1 z-zm 
CoS h noBbiuieHHeM oSteMHOH ckopocth c 4000 ao 200 000, yBejinqu- 
BaeT BbixoA STaHOJia ot 2—3 ao 21%..

Hmciotch AaHHbie, hto 6eH30ji npn noMoiun Ni-KaTajiH3aTopa, qa- 
CTHHHO A63aKTHBHpOB3HHOrO nflTHOKHCbK) <j)OC<j)Opa, BepOHTHO, THApH-
pyeTcn cTyneHqaTo (cTp. 363).
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MexaHH3M flencTBHH aHTHKaTajiH3aTopoB, eme Hê aBHO coBepmeHHO 
HenoHBTHbiH, Tenepb CTaHOBHTCH 6ojiee hchmm. PaHbine cqmaJiH, mo 
npHMHHOH OTpaBJieHHH HBJIHeTCH 06pa30BaHHe nJieHOK Ha IIOBepXHOCTH 
KaTa^H3aTopa. 3to npe/jnojioxceHHe bo mhothx cayqanx onpaBAbmaeT- 
ch; HanpHMep, AOKa3aHO, mo MacjiHHbift cjioh Ha njiaTHHe AeJiaeT ee 
HeaKTHBHOH. OAHaKO pacneTbi. noKa3biBaiOT, mo bo mhothx cjiyqanx 
KOJIHHeCTBa HAOB, napaJIH3yiOIII,HX aKTHBHOCTb KaT3JIH3aTOpOB, HaCTOJIb- 
ko Majibi (Tafiji. 5), mo ohh He MoryT o6pa30BaTb Aaace MOHOMOJieKyjinp- 
hofo cjioh. 3to no^TBepxiAaeT npaBHJibHOCTb yqeHHH 06 aKTHBHbix 
ueHTpax, Ha KOTOpbix HeoSparaMO copSnpyioTCH hah.

TenJioTa aAcopSuHH npn npoueccax OTpaBJieHHH oqeHb Bbicoxa, mo 
#OKa3biBaeT xHMHqecKyio CBH3b MOJieKyji ana c aTOMaMH KaTajiH33T0- 
pa. AHTHKaTaJiH3aTopbi cnocodHbi He TOJibKO SjioKHpoBaTb CBodoAHbie 
aKTHBHbie HeHTpbl, HO H BbITeCHHTb C HHX aACOp0HpOBaHHbie MOJieKyjIbl 
pearema. OrpaBJieHHe hhkcjih cepofi 3aKjnoqaeTCH b o6pa30BaHHH Ha 
ero  aKTHBHbix ueHTpax MOJieKyji NiS, oqeHb npouHbix h KaTaJiHTHqecKH 
HeaKTHBHbIX, nOSTOMy H KaT3JIH3aTOp TepneT CBOIO aKTHBHOCTb. CpoA* 
ctbo Ni k S HacTOjibKO BejiHKO, uto, HanpHMep-, Ni PeHen cnoco6eH 
«BbipHBaTb» aTOMbl cepbl H3 JIK)6bIX CepHHCTbIX COeaHHeHHH (CTp. 383).

OamopOM, xapamepHbiM A-aa OTpaBJieHHH, HBJineTCH aScojnoTHoe 
KOJiHuecTBO aHTHKaTajiH33Topa. YcTaHOBJieHO, HanpHMep, mo A-aa 
nojiHoro npeKpameHHH AerHApnpoBaHHH MeTaHOJia HaA mcahhmh KaTa- 
jiH33TopaMH AocTaTOHHbi KOJiHqecTBa CS2, CHC13, Br2, HgJ2, npHBe- 
AeHHbie b Ta6ji. 6.

TABJIHUA 6

Haw

3HaqeHHe 
KOHCTaHTbl 

CKOpoCTH peaKUHH 
A jih KaTajiH3aTOpOB 
(c SHCTblM CH3OH)

KOJinqecTBo
K aTa jiH 3aTopa ,

e-amoM

KojiHMecTBO S, Cl, Br 
hjih Hg a j ih  n o jiH o ro

OTpaBJieHHH
KaTaJiH 3aTopa,

e-am oM

KojiHMecTBO Hfla a j ih  
n o jiH o ro  OTpaBJieHHH 

1 8-amoM  
K a T a jiH 3 a T 0 p a , 

e-amoM

css 0,0267 0,12568 0,000864 0,0069
CSs 0,0267 0,25136 0,00182 0,0072
chci3 0,0253 0,12568 0,00082 0,0069
Br* 0,0598 0,12568 0,00200 0,0160
HgJ2 0,0598 0,12568 0,0000274 0,00022

H3 Ta6ji. 6 bhaho, hto yBejinqeHHe KOJinqecTBa KaTajiH3aTopa BABoe 
xpe6yeT h A-aa OTpaBJieHHH yABoeHHoro KOJinqecTBa HAa, a A-aa KaTaJiH- 
3aTOpOB C OAHHaKOBOH 3KTHBHOCTbIO Heo6xOAHMO npHMepHO OAHO H TO 
ace KOJinqecTBo aHTHK3TajiH3aTOpa.

H3yqeHHe npoueccoB OTpaBJieHHH K3TajiH3aTopoB no3BOJiHJio CAe- 
jiaTb HenoTopbie BautHbie 3aKJiioqeHHH. FIpH HeAOCTaToqHOM A«aa nojiHOH 
Ae3aKTHBauHH KaTajiH3aTopa KOJinqecTBe HAa noBbiuieHHe KOHueHTpa- 
UHH nocjieAHero CHHJKaeT aKTHBHOCTb KaTaJiH3aTopa jihhchho, hto ao- 
Ka3biBaeT nocTeneHHoe fijioKHpoBaHHe noBepxHOCTH. OAHaKO A*an 0 6- 
mero BbiBOAa KOJinqecTBo npoBeAeHHbix onbiTOB eme HeAocTaToqHo. 
OrMeqeHO TaiOKe, hto oaho h to ute KOJinqecTBo aHTHK3TajiH3aTopa Ae3- 
aKTHBHpyeT K3TaJIH3aTOp pa3JIHqHO, B 33BHCHMOCTH OT AHCnepCHOCTH
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nocjie^Hero. 3<jxj)eKT a6hctbhh has oSbiHHO CHH^aeTCH c yBejiHueHHeM 
noBepxHocTH, t . e. c HapacraHHeM HHCJia ee aKTHBHbix ueHTpoB.

riOHHJKeHHe CKOpOCTH KaTaJIHTHHeCKOH peaKUHH npn OTpaBJieHHH 
KOHT3KTa BblUHCJIHCTCH no ypaBHeHHK)

dc_ _  K _____ «  (Co — c )

dt 1 - f a (c0 — c ) +  P Ci

r^e c0— Hcxo^Hafl KOHueHTpauna peareHTa, c—KOJiHuecTBO peareHTa, 
npeBpameHHoe 3a BpeMH t,  c l— KOHueHTpauHH HAa, a h (3— K03(jx[)HUHeH- 
Tbi, nponopu,HOHajibHbie BpeMBHH npeSbiBaHHH MOjieKyjibi peareHTa 
B aflCOpSnpOBaHHOM COCTOHHHH, K — KOHCTaHT3 CKOpOCTH peaKUHH.

C. 3. POFHHCKHH [28] AOKa3bIBaeT, UTO OTpaBJieHHe K0HT3KT0B 
o6ycJioBjieHO dAOKupoeKou h Ha^araeM H3 npouecca qacTH noBepxHocTH 
H XapaKTepH3yeTCH TeM, HTO npH OTpaBJieHHH He AOJI>KHbI H3MeHHTbCH 
HH SHeprHfl 3KTHB3UHH, HH KHHeTHK3 npOUeCCa. 3aBHCHMOCTb aKTHB- 
hocth ot KOJiHuecTBa aAcopdHpoBaHHoro H^a Ha3BaHa eecoeou U3omep- 
m o u , KOTOpan Bcer^a JiHHeuHa. A kthbhoctb OTpaBjieHHoro KaTaJiH3a- 
Topa npeACTaBjiaeT co6oh npoH3Be^eHHe hcxoahoh 3kthbhocth Ha cbo- 
6o^HyK) ot HAa aojiio noBepxHocTH'. ,Hjih npocTeftmero cJiyuaa oaho- 
POAHOH nOBepXHOCTH 3Ta 33BHCHMOCTb BbipaMCaeTCH ypaBHeHHeM

A =y40(l — « r )

TAe A — aKTHBHOCTb, A 0— HCXOAHaH 3KTHBH0CTb, r — KOJIHqeCTBO HAa, 
aAcopdHpOBaHHoro cjioeM KaTajiH3aTOpa.

npH H3yHeHHH OTpaBJieHHH KaT3JIH3aTOpOB E. MsKCTeAOM 6bIJIO 
OTKpbITO HHTepeCHOe HBJieHHe, Ha3BaHHde HKOpHblM 9(p(peKmOM, KOTO- 
poe yCTaHaBJIHBaJIO 3aBHCHM0CTb Me>KAy TOKCHHHOCTbK) H MOJieKyjiap- 
HblM CTpoeHHeM aHTHKaT3JlH3aT0pa. npH OTpaBJieHHH Pt-KaTaJlH3aTO- 
pa pa3JiHUHbiMH. cyjib(])HAaMH h MepKanTaHaMH 6biJio 3aMeqeH0, hto 
HX TOKCHUHOCTb B03paCTaeT C yCJIOJKHCHHeM HeHAOBHTOH MaCTH MOJie- 
Kyjibi. B Ta6ji. 7 npHBeAeHbi OTHOCHTejibHbie tokchmhocth Ha eAHHHuy 
cepbi b coeAHHeHHux THna R 2S h RSH [29].

TABJIHUA 7

Jlflbl
M o jieK yJ iap u b iii

Bee

AJiHHa nenH , 
o
A

OTHOCHTejIbHaH
TOKCUHHOCTb

h2s . 34 _
1 , 0

(CH3)2S 62 2,58 7,1
(C2Hb)2S 90 3,50 1 0 , 1

(QH0)2S 146 6,08 15,1
(C„H17)2S 258 1 1 , 1 2 25,8
(C]6 Hs3)2S 482 2 1 , 2 0 34,1
c 2 h6sh 62 3,50 3,9
C,H,SH 90 6,08 6 , 0

CsII,7SH 146 1 1 , 1 2 1 0 , 1

QeHsaSH 258 2 1 , 2 0 13,1
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BcjieflCTBHe hhhtojkho Majiofl ckopocth HcnapeHHH ha ocTaeTcn npn- 
coeAHHeHHbiM no MeHbineft Mepe k oahomy aKTHBHOMy neHTpy c no- 
Moiubio aTOMa cepu. TorAa h ocrajibHan, odbmHO He haobht3h, nacTb 
3HTHKaTaJIH3aTOpa CT3H0BHTCH TOKCHMHOH, T3K KaK OHa 3aKpbIBaeT 
Apyrne aKTHBHbie ueHTpbi TeM cnjibHee, neM Oojibine h cjio>KHee ee uenb.

ilHcyjib^HAbi, HMeiomHe Ana coeAHHeHHbix APyr c ApyroM aTOMa ce- 
pbi, cTOJib ace HAOBHTbi Kan h cyjib^HAbi; TaK, HanpnMep, ahsthjiah- 
CyjIb(})HA (C2H5)2S2 OAHHaKOB no TOKCHHHOCTH C AH3THJICyjIb(|)HA0M
(C2H5)2S.

M3 (J)aKTOpOB, OT KOTOpbIX 33BHCHT OTpaBJieHHe KaTaJIH3aTOpOB, He- 
o6xoahmo OTMeTHTb: TeMnepaTypy, AaBjieHHe n mctoa H3roTOBjieHHH 
K0HT3KT0B. rToBbiuieHHe TeMnepaTypbi, KaK npaBHJio, cHH>KaeT achct- 
Bne 3hthKaTajiH33TopoB. TaK, HanpnMep, V20 5 oneHb qyBCTBHTejieH k OT
paBjieHHio MblUIbHKOM, HO npH 500° OH K As20 3 CT3H0BHTCH HeqyBCTBH- 
TejibHbiM; KHCJiopoACOAepJKamne ra3bi npH 400° napaJM3yiOT aMMnan- 
Hbie KaTaJiH3aTOpbi ropa3Ao cHJibHee, neM npn 515° (IT. B. YcaneB n 
B. A. KoMapoB, 1934 r.). npH TeMnepaTypax Bbiuie 700— 1000° cjrynan 
OTpaBjieHHH yjKe nonTH Hen3BecTHbi. 3to odtHCHHeTCH TeM, hto npn 
t3khx TeMnepaTypax cbh3H mcjkay aHTHKaTajiH3aT0paMH h noBepx- 
HOCTHblMH 3T0M3MH K3TaJIH3aTOpOB HenpOHHbl, H OTpaBJieHHe, eCJIH OHO 
HMeeT MecTO, npno6peTaeT xapaKTep oOpaTHMoro.

BocnpHHMHHBOCTb C3MHX KaT3JIH3aTOpOB K OTpaBJieHHIO 33BHCHT 
bo mhotom ot cnoco6a npnroTOBjieHHH hx. XapaKTepHbiM npHMepoM 
HBjineTCH nyBCTBHTejibHOCTb Ni-KaTaJiH3aTopa, npHroTOBjieHHoro pa3- 
JIHHHblMH MeTOAaMH; TaK, Ni-KaTajIH3aTOp H3 OCHOBHOTO KapOOHaTa, 
BoccTaHOBjieHHoro npn 450°, HanOojiee qy bctbhtcjieH k OTpaBjieHHio 
CHHHJIbHOH KHCJIOTOH. BoCCTaHOBJieHHe npH 310° AaeT KaT3JIH3aTOp, 
MeHee jierKo OTpaBjiniomHHCH. HanOojiee ctock Ni Ha HocnTejie, boc- 
CTaHOBjieHHbift npn 450°

Pa3JIHHHyK) nyBCTBHTejIbHOCTb K3TaJIH3aTOpOB K HAaM MOJKHO Od'bHC- 
HHTb HeoAHHaKOBon crpyKTypoft hx noBepxHOCTH: yAejibHan noBepx- 
HOCTb Ni-KaTajiH3aT0pa, noJiyqeHHoro npn 450° BCjieACTBHe cneKaHHH 
MeHbine, qeM y BoccTaHOBjieHHoro npn 310° nosTOMy Ha OTpaBJieHHe 
nepBoro Tpe6yeTCH MeHinnee KOjmqecTBO HAa. HaHeceHHe KaTajiH3aTopa 
Ha HOCHTejib npennTCTByeT cneKaHHio; npn stom coxpaHneTCH Ancnep- 
rnpoBaHHaH noBepxHOCTb, h TaKoft KaTajiH33Top HBJineTCH 6ojiee
CTOHKHM.

A. M. PySHHuiTeiiH c coTpyAHHKaMH [30] Ha ochob3hhh 6oJibinoro 
MHCJia HCCJieAOBaHHH yCTaHOBHJIH, HTO CTOHKOCTb K OTpaBJieHHIO paCTCT 
c yMeHbineHHeM pa3MepoB KpHCTajuioB, t . e. c yBejinqeHHeM AHcnepc- 
HOCTH, TaK KaK OAHO H TO JKe KOJIHqeCTBO HAa OKa3bIBaeT npH 3TOM MeHb- 
IIIHH SlJxJjeKT.

E. MskcteA c coTpyAHHKaMH [31] npoBejiH HHTepecHoe nccjieAOBa- 
HHe no yCTaHOBJieHHIO 3aBHCHMOCTH MejKAy BeJIHHHHOH nOBepXHOCTH Ka- 
TajiH3aTopa h qyBCTBHTejibHOCTbio k OTpaBjieHHio. Hmh ajih njiaTHHo- 
BblX K0HT3KT0B 6bIJia AOKa3aHa ofipaTHan 3aBHCHMOCTb Me>KAy qyBCT- 
BHTejIbHOCTbK) K OTpaBJieHHIO H BejIHHHHOH yAeJIbHOH nOBepXHOCTH Ka-
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Ta/iH3aTopa. JXjih stoh nejiH b craHAapTHbix ycnoBHax H3yqaJiocb tha- 
pnpoBaHHe HHKJioreKceHa b uhk jiorexcah HaA pa3JiHqHbiMH KOJiHnecT- 
BaMH rwiaTHHOBoro KaTajiH3aTopa, noATpaBjieHHOro pa3JiHHHbiMH kojih- 
MecTBaMH AHMeTHjicyjib(J)HAa. CxopocTb rHApnpoBaHHH onpeAejiHJiacb 
BejiHMHHofl norjiomeHHH H2 b
MA/mUH, Ha 0CH0B3HHH He,TO 
CTpOHJIHCb KpHBbie, npHBeACH- 
Hbie Ha pHC. 9. PacneTbi npo- 
BOAHjiHCb no (fiopMyjie

Ac =  i40(l — ac)

TAe A 0— HCX0AH3H aKTHBHOCTb
CBejKero KaTaJiH3aTopa, A c— e
aKTHBHOCTb B npHCyTCTBHH
KOHueHTpauHH c HAa, a—Kostf)- ^
(})HUHeHT OTpaBjieHHH, npeA- ^
CTaBjiHK)mHH nacTb noBepx-
HOCTH, nOpaJKeHHOH HAOM.

3HaneHHH a ajih cepnn Ka- 
TaJIH3aTOpOB, OTpaBJieHHbIX 
OAHHM H TeM Hce HAOM B OAH- 
HaKOBblX yCJlOBHHX, MoryT 
6bITb HCn0̂ b30BaHbI AJIH H3- 
MepeHHH OTHOCHTejIbHOH nyB- 
CTBHTejIbHOCTH KaTaJlH3aTOpa 
k OTpaBjieHHio. rioJiyneHHbie 
SKcnepHMeHTaJibHbie KpHBbie 
(pHc. 9) npeACTaBJinioT napaJi- 
jiejibHbie, noHTH npHMbie jihhhh, Jinuib npn dojiee CHJibHbix OTpaB- 
JieHHHX HaHHHaiOmHe 33MeTHO HCKpHBJIHTbCH. BblHHCJieHHbie 3HaneHHH 
a npHBeAeHbi b Ta6ji. 8.

TABJ1HUA 8

1 , x 2
CoBepmHue (CH,Ĵ S • 10 6 aojieu

Phc. 9. BjiHHHHe flHMeTH.icyjib(})Hfla Ha pa3JinH-
Hbie KOJIHHeCTBa nJiaTHHbl H ypOBHH 3KTHBH0CTH 

(no E. MaKCTeay):
7—0,025 a (CH3)2S; 2—0.0375 a (CH3)2S; 3—0,05 a
(CH3)2S; 4—0.C625 e (CH3)2S; 5—HeonjniB.nennaH n jia - 
THiia; 6—nJiaTHHa, oOpaCoTaH H aa npa 400° (onaaB .aen- 

• H aa).

KOJIHMecTBO
nJiaTHHbl,

YfleJibHaa 
noBepxHocTb 5, Ml '

AKTHBHOCTb 
A o , MA H2 

B MHH.

HjBCTBHTejlbHOCTb 

a■ 10'® MOJieii
aS-10 * 

M ojie fl

0,025 1 , 0 18,7 0,901 0,90
0,0375 1.5 27,4 0,599 0,90
0,05 2 , 0 37,1 0,435 0,87
0,0625 2,5 45,7 0,355 0,89

H3 AaHHbix Ta6ji. 8 bhaho, hto npoH3BeAeHHe qyBCTBHTejibHOCTH Ka- 
TaJiH3aTopa k OTpaBjieHHio Ha noBepxHocTb ecTb BejiHHHHa nocTOHHHan. 
AHajiorHHHbie pe3yjibTaTbi 6wjih HafiAeHbi a^h AByx o6pa3UOB njiaTHHbi, 
noAyneHHOH npn ofibiHHOH TeMnepaType h npoKajieHHOH npn 400° (KpH- 
Ban 6 Ha pnc. 9). nojiyqeHHbie pe3yjibTaTbi cBeAeHbi b Ta6ji. 9.
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TABJIHUA 9

IlJiaTHHa
V̂ejibHaa 

noBepxHOCTb S, *2
AKTHBIlOCTb Aq, 
MA  H i  B MHH.

M y BCTBHTejIb- 
HOCTb

a■ 10 6 MOJiefl
aS-10 6 
Mojiefl

HeonjiaBJieHHafi 0,59 33,41 0,459 0,271
"OruiaBJieHHaa 0,40 22,22 0,680 0,272

npH npocTOM pacMeTe H3 sthx bcjihmhh nojiyqaeTCH : — =0,67;
is °2

^ = 0 ,6 8 ;  ^?~=0,67 TaKHM o6pa30M, —  = | 2- = - „ —, hjih qyBCTBH- 
Oi A ] Q 2 '-’ l  A  2
TejibHocTb KaTaJiH3aTopa k OTpaBjieHHio o6paTHO nponopunoHajibHa 
«r o  noBepxHOCTH.

3 th BbiBOAbi, no^yqeHHbie ajih ruiaTHHbi, BepoHTHO, mo>kho pacnpo- 
CTpaHHTb h Ha Apyrne KaTajiH3aTopbi, qTO HBjineTCH qpe3BbiqaHHO 
HeHHblM A-TCH nOHHM3HHH npOU,eCCOB OTpaBJieHHH H 33BHCHMOCTH MeHCAy 
•OTpaBjieHHeM h KOJinqecTBOM KaTa;iH3aTopa.

12. .̂eTOKCHKauHB

BecbMa MHorne KaTajiH3aTopbi oqeHb qyBCTBHTejibHbi k npHMecHM 
KOHTaKTHbIX HAOB, KOTOpbie MOTyT SblTb B TeXHHqeCKHX BemeCTBaX 
(nnaBHbiM o6pa30M, npHMecH coeAHHeHHH, coAepacamax cepy), noaTO- 
My nocjie^HHe HaAO no/jBepraTb npeABapHTejibHOH oqHCTKe ot aHTHKaTa- 
jiH3aTopoB — AeTOKCHKapHH [32]. Kan yace yKa3biBajiocb (cTp. 69), 
TexHHqecKne ra3bi oqHinaiOT ot cepHHCTbix npHMecefi MeTOAaMH cyxoft 
hjih Bjia>KHOH cepooqncTKH, aoboah coAepataHHe odmen cepbi b ra3e 
Ao 0,1— 0,2 s/100 m 3.

B cayqae h<hakhx BemecTB nojib3yiOTCH: 1) nepeBeAeHHeM TOKCHqe- 
CKHX BemeCTB (cepHHCTbix) B HeTOKCHqeCKHe HJIH 2) aACOpSuHOHHbIMH 
MeToAaMH. npHMeHaeMbie apoMaraqecKHe coeAHHeHHH, HanpHMep 6eH30Ji, 
Tojiyoji, KCHJiojibi, (JieHOji, Ha(])TajiHH, Bcer^a coAepaoT HeSojibiiiHe npH- 
MecH THoeJieHa h ero roMOJioroB—THOifieHOJia, THOHa(])TeHa, h Ap- FIpH 
rHApnpoBaHHH thkhx apoMaTHqecKHX coeAHHeHHH HaA njiaTHHOBbiMH 
KaTajiH33TopaMH c nocjieAyioui.HM OKHCJieHHeM hah cnepBa rHApnpyioT- 
•ch, a 3aTeM npn okhcjichkh nepexoAHT b <oKpaHHpoB3HHbie CTpyKTypbi», 
b KOTopbix aTOMbi cepbi nepeBeAeHbi b cyjib(])OHbi.

TaKOH aKTHBHblH HHTh6hTOP, KaK UHCTeHH (I), CT3HOBHTCH COBep- 
meHHO 6e3BpeAHbiM nocjie okhcjichkh ero b UHCTeHHOByio KHCJiOTy (II):

CH2CH(NH2)COOH —?_► CH2CH(NH2)COOH 

SH io 3H
I II

OKHCJieHHe jiyqrne Bcero npoxoAHT b npncyTCTBHH Hedojibuinx ko- 
AHqecTB HaAKHCJiOT—HaAMOJiH(5AeHOBOH, HaABaHaAHeBOH, HaAsojibiJipa-
MOBOH.
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AHa^ornqHO npoBOAHT a6tokchk3uhio h A p y n ix  cepHHCTbix haob:

HanpHMep, 1 ma 6eH30Jia c 0,084% THo4>eHa (I) b 10 ma yKcycHOH 
KHCJiOTbi KpaTKOBpeMeHHO THApupyioT Haa 0,1 e njiaTHHOBoft qepHH, noc- 
jie nero bboaht HeMHoro h3AMo.jih6a6hoboh kmc/iotm aah okhcachhh hao- 
bhtoto TeiparHApoTHOc}:eHa ( I I )  b 6e3BpeAHbifi THocj)aHcy.nh4x)H ( II I ) .  06pa- 
3yK)Lu.aHCH B pe3yjibTaTe peaKUHH MOAiiSAeHOBaH KHCJiOTa jierKO nepeBO- 
Ahtch CHOBa b HaAMOAH6AOHOByio AoOaBjienHeM nepeKHCH BOAopoAa.

Bojiee yAoOHbi aAcopOunoHHbie cno.o6bi «o>khbahcmoh koaohkh», 
6/iH3KHe k xpoMaTorpacfmqecKHM. 3arpa3HeHHbie haom BemecTBa npo- 
nycKaioT qepe3 KOAOHKy c KaiajiH3aTopoM (unaTHHOBbiM), KOTopbifi cop- 
OnpyeT aHTHKaTa/iH33Top, nponycxan oqniueHHoe ot cepbi BemecrBo. 
3aTpaBjieHHbie h noTepaBLune aKTHBHOCTb KaTaJiH3aTopbi okhbjihiot 
nponycnaHHeM BOAopoAa, a 3aTeM pa3daBjieHHOH HaAMOJiH6AeHOBOH 
KHCJiOTbi c H36biTKOM nepeKHCH BOAopoAa. TaKHe nepnoAHHecKHe pere- 
HepauHH mo>kho noBTopaTb HeonpeAejieHHO aoato.

SfjxfieKTHBHbi TaK>Ke dojiee npocTbie cnoco6bi bctphxhb3hhh He- 
OHHmeHHbix BeuiecTB c MeTaJiJiHqecKHMH KaTaJiH33TopaMH (Pt-qepHb, 
Ni PeHea h Ap.). OcoOeHHO acJxfieKTHBHa o6pa6oTKa c Ni PeHen.

PereHepaunio OTpaBJieHHbix KaTajiH33TopoB b HenoTopbix CAyqanx 
yAo6HO npoBOAHTb npoMbiBaHHeM peareHTaMH, o6e3Bpe>KHBaiomHMH 
HA- TaK, HanpHMep, OKHBAeHHe 3aTpaBAeHHOH CepHHCTbIMH COeAHHe- 
HHHMH nJiaTHHbl MO>KHO npOBeCTH npOMbIB3HHeM H B36aATbIBaHHeM B 
yKcycHOH KHCHOTe, nocjie qero h3A*36>kht npoBecTH a6tokchk3uhk) 
pa36aBJieHHbIM BOAHbIM paCTBOpOM MO.THSAaTa H3TpHH H 30% H202 
(o6pa30BaHHe H3AMOJIH6A6HOBOH KHCAOTbl A AH OKHCJieHHH CepHHCTbIX 
coeAHHeHHH b 6e3BpeAHbie cyAbc})OHbi). Flocjie oKOHnaTejibHOH npoMbiBKH 
yKcycHOH khcaotoh h cyniKH npH 100° njiaTHHa npHHHMaeT HcxoAHyio
aKTHBHOCTb.

AHaJiornHHbiM nyTeM mo>kho ojkhbhtb HHKejib Ha KH3ejibrype, 
OTpaBJieHHblH HeOHHUieHHblM 4)eHOJ10M, COAep>KamHM THO(|)eH(WI. 06pa- 
60TaHHbIH BblUienpHBeACHHblM CnOCOOOM K3TaJIH3aTOp 3aTeM BOCCTaHaB-
AHBaioT boaopoaom npH 300—320°

O pereHepau,HH OTpaBJieHHbix K3TaJiH3aTopoB cm. cTp. 56.

06"bHCHeHHe OTpaBJieHHH KaTaAH3aTOpOB SjIOKHpOBKOft aKTHBHbIX 
ueHTpoB hah aKTHBHbix yqacTKOB noBepxHOCTH MoneKyjiaMH HAa Ka- 
JKeTCH BnOAHe BepOHTHbIM. Il3 3TOTO CAeAyeT, HTO HCXOAHblH K3T3AH- 
3aTop BcerAa 6yAeT aKTHBHbiM, ho n o  M epe yBeAHqeHHH 6ao-
KHpOBKH CKOpOCTb peaKUHH AOA>KH3 AHHeHHO 3aTyxaTb, He OTpaHtaHCb

H o

13. AKTHBHpyiomee achctbhc haob. 
TeopHH MOAHljlHUHpOBaHHH
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Ha cocTaBe npoAyKTOB, Tan Kan dJiOKHpoBKa He H3MeHneT (Jjyhkhhh xa- 
Ta^H3aTopa. OAHaxo b jiHTepaType HMeeTCH MHoro yxa33HHH Ha to, 
HTO npH OTpaBJieHHH 3TH 33KOHOMepHOCTH He COXpaHHK)TCH. IlpH OHCHb 
Majiux KOHHeHTpaitHJix, HaxoflHmHxcH HH>xe HanaJia OTpaBjieHHH, mho- 
rne KOHTaKTHbie hah CTHMyjinpyioT CKopocTb nponecca.

yCTaHOBjieHO, HanpHMep, hto oneHb Majjbie xojiHqecTBa CHC13 
hjih CS2 ycKopaiOT AerHApnpoBaHHe MeTaHOJia HaA Me^bio. K ojijioh-

AaJibHan nJiaTHHa npH pa3Ji0JxeHHH 
nepeKHCH BOAopoAa axTHBHpyeTCH 
cjieAaMH CO, KOTopaa b dojiburax 
K0HueHTpau.HHx AeficTByeT TOKCHqe- 
ckh. HHKejieBbie KaTaJiH3aTopbi
CHHTe33 JKHAKHX yrJieBOAOpOAOB H3 
C O + H 2 33MeTHO noBbimaiOT bhxoa 
npH aghctbhh Majibix KOJiHqecTB 
CS2 hjih H 2S: npn coAepJxaHHH b 
ra3e 12,5 mz CS2 Ha 1 z N i bhxoa 
yrJieBOAopoAOB noBbimaeTCH c 155 
AO 179 mm /m 3 ra3a, ho BBeAeHHe 70 mz 
CS2 CHHxcaeT bhxoa ao 147 mm !m 3. 
AHajiorHHHO, ho cjia6ee AencTByeT 
h AoSaBKa 2 mz H 2S. CBHHen, koto- 
pblH B KOJIHHeCTBe 0,09% (Bee.) OT- 
paBJineT CuAl-KaTajiH3aTOp a -'ih 
THApHpOBaHHH, npH KOHHeHTpaHHHX 

HHxce 0,01% (Bee.) AeficTByeT aKTHBHpyiome.
3 th HBJieHHH HaXOAHTCH B TeCHOH CBH3H C 6HOXaTaJIHTHqeCKHMH 

peaKHHHMH. Xopomo H3BeCTHO, HTO MHOTHe TOKCHqHbie BemeCTBa, 
HanpHMep ajiKaJioHAbi, cepAeqHbie h 3MeHHbie hah , b oneHb Majibix 
A03ax npHMeHHiOTCH c ycnexoM xax jiexapCTBa.

CneunajibHbie HccjieAOBaHHH no axTHBHpyioineMy achctbhio 3hth-
KaTaJIH33TOpOB dblJIH npOBeAeHbl COBeTCKHMH HCCJieAOBaTeJIHMH, H OHH 
npHBejin k coBepmeHHO HOBOMy noAxoAy b oneHxe hbjichhh OTpaBjie- 
HHH. FIpHMeHeHHeM MeTOAa BBeAeHHH A03HpOB3HHbIX KOJIHHeCTB pa3- 
JIHHHblX HAOB B KaTaJIH3aTOpbI 6bIJIO AOKa33HO HX CHJIbHO npOMOTHpyiO-
mee AeflcTBHe. Ha pnc. 10 rpacJiHqecKH ripeACTaBjieHO no C. 3. P othh- 
CKOMy [33] aKTHBHpyioin.ee AeftcTBHe (JjoaJiaT-HOHOB Ha Pd npH pa3- 
JIOHCeHHH H 20 2 H THApHpOBaHHH C2H 4: MaK'CHMyMbI aKTHBaUHH Ha- 
xoahtch npn 0,001% (])oc(|x)pa ajih pacnaAa H 20 2 h npn 0,2 °o (JjoaJio- 
pa Â iH THApHpOBaHHH C2H4, nocjie qero HacTynaeT pe3Kan Ae3axTHBa- 
Hhh. AHaJiorHMHO npn H3yneHHH aghctbhh AodaBOK P H 3 Ha aKTHBHOCTb 
MeAHOxpoMHTHoro KaTajiH3aTopa k pa3Jio>xeHHK) H20 2 yCTaHOBjieHO 
[33], hto BBeAeHHe P H 3 b xojiHqecTBe 1,2% noBbiinaeT aKTHBHOCTb xa- 
TaJiH3aTOpa b 20 pa3, 1,7%— b 300 pa3, nocjie qero nponcxoAHT pe3Kan
Ae3aKTHBanHH.

T M. Xa^poBa h E. A, O okhh3 [34] npoBejiH HccjieAOBaHHe no paa- 
.io*eHHK) H 20 2, CH3OH h OKHCjieHHio H3ooKTana HaA pa3JiaqHHMH

t,001 0,002 0,003
KoHneHmpauun PS Pd, "A 

Phc. 10. BjiHHHHe <J)oc4)aT-HOHa, 3axBa- 
qeHHoro bo BpeMH BbiflejieHHa MeTajiJiH- 
qecKoro Pd, Ha KaTajiHTHHecxyio aK

THBHOCTb nocjie flH ero :
/—peaKUM pacnaAa H2O2 c m3kciimvmom npn 
0,001% P; 2— peaKi;H$i rHAPupoBaHHH C2H4 c 

MaKCHMjMOM npn 0,2% P.
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OKHCHbIMH KaT3JIH3aTOpaMH, OdpadOTaHHbIMH HedOJIbUIHMH KOJIHqeCT- 
B3MH flH(f)eHHJipTyTH, TeTpaMCTHJI-. TeTpaSTHJI- HJIH TCTpa(])eHHJICBHHUa, 
TeTpa<|)eHHJiojiOBa hjih neHTaiJieHHjicypbMbi. Bo Bcex c jiyqaax du jio  
noKa3aHO, hto Hedojibume KOJinqecTBa MeTajuioB, nojiyqeHHbix pa3- 
jio*eHHeM nepeqncjieHHbix ajieMeHTOopraHHqecKHx coeAHHeHHH, 3kth- 
BHpyioT KaTajiH3aTopbi. Tan, HanpHMep, pacnaA H20 2 MaKCHMajieH 
npn flodaBKax k xpoMHTy Me^H 0,6— 0,8% Sn, pa3Jio>KeHHe MeTaHOJia 
CTHMyjinpyeTCH 0,4—0,5% Pb, a 1— 2% Pb Bbi3biBaioT pe3Koe OTpaB- 
jieHne h t . a * JX- B . CoKOJibCKHft [14] ycTaHOBHji, hto npn rHApHpoBa- 
HHH KOpHMHOH KHCJIOTbl HaA N i, 3KTHBHpOBaHHbIM Pd, BBCACHHe 
0,5 • 10—3 a 6eH3HJiMepKanTaHa ^eflcTByeT pe3K0 aKTHBnpyiome.

3 th padoTbi npHBejiH k odHapyjKeHHio hcoahopoahocth nponecca 
OTpaBjieHHH h ycTaHOBjieHHK) npeAejia, npn kotopom 3(|xJ)eKT achctbhh 
HAa MeHHeT CKopocTb peaKUHH: ao 3Toro npe^ejia MaJibie KOJiHqecTBa 
aHTHK3TaJIH3aTOpOB HBJIHIOTC5I aKTHB3TOpaMH, BblUie npe^ejia—THnHM- 
HbiMH HAaMH. 3 th (|)aKTbi npHBejin k C03A3HHK) meopuu Modu(pui\upo- 
eanuR KamaAU3amopoe.

Flo C. 3 . PorHHCKOMy, HBJieHHH oTpaBjieHHH h npoMOTHpoBaHiia 
npoTHBonoJioJKHbi no CBoeMy achctbhio, h MexaHH3Mbi hx npHHUHnnaJib- 
ho pa3JinqHbi. B ocHOBe OTpaBjieHHH, KaK y>Ke dbiJio yKa3aHO Bbiine 
(cTp. 71), jie>KHT d/ioKHpoBKa q-acTH noBepxHOCTH KaTajiH3aTopa, ho 
ocTaToqHan qacTb padoTaeT c tcmh ace noKa3aTejiHMH. 3(]x})eKT npoMO- 
THpOBaHHH CBH33H C H3MCHeHHeM CTpyKTypbl nOBepXHOCTH, nOHBJieHHCM 
hobhx (JjopM— HOBbix rpaHHU pa3Aejia Me>KAy KpHcrajiJiaMH KaTajiH3a- 
Topa h npOMOTepa, odpa30BaHHeM cnjiaBOB hjih TBepAbix pacTBopoB, 
dojiee AHcnepcHbix («HcnopqeHHbix») MecT, aKTHBHbix ueHTpoB h t . a - 
n p n  TaKofl TpaKTOBKe MejKAy OTpaBjieHHeM h npoMOTHpoBaHHeM HHqero 
odm,ero hct, noaTOMy HOBbie (JiaKTbi 3acraBHjiH nepecMOTpeTb stot bo- 
npoc. CMemaHHbie OKHCHbie KaTaJiH3aTopbi no 3kthbhocth npn hh3khx 
TeMnepaTypax pa3MemaiOTCH b cjieAyK)ui,HH B03pacraioLHHH p h a :

OAHano npn TeMnepaType okojio 320° 3kthbhocth nepBoro h nocjieA- 
Hero qjieHOB 3Toro p»Aa dJiH3KH no 3HaqeHHio, a Bbiuie 320°—mchhiotch 
MecTaMH.

iJajiee dbiJio ycraHOBjieHO, hto KaTajiH3aTopbi, aKTHBHpoBaHHbie Ma- 
jiwmh KOJinqecTBaMH haob, cnocodHbi odpa30BbiB3Tb nepeBepHyTbie phah  
B 33BHCHMOCTH OT TeMnepaTypbl. 3aKOHOMepHOCTH H3MeHeHHH aKTHB- 
hocth MeAHOxpoMHTHoro KaTa;iH3aTopa c pa3HbiMH AodaBKaMH H 3P 0 4 
npnBeAeHbi Ha phc . 11. n o  och opAHHaT OTJio>KeHbi lg  /C (K — kohct3h - 
Ta ckopocth), no och adcuHec— BejinqHHa, odpaTHaa TeMnepaType; 
T3KHM odpa30M, npHBeAeHHbie npHMbie COOTBeTCTByiOT 33BHCHMOCTH:

Cu0Cr30 3 <  FeO.Cr,03 <  Ni0Cr 20 3 <  Mg0-Cr20 3
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XUh Tpex KaTa^H33TOpOB UITpHXOBbie jihhhh act H bb npe^CTaBJIHIOT 
cpaBHeHHe aKTHBHOCTen KOHTaKTOB npn AByx TeMnepaTypax. FIpH 60*■ 
jiee hh3khx TeMnepaTypax (cnpaBa ot dd) H a n d c m e e  aKTHBeH hhcthh 
KaTajiH33Top ( 1 ) ,  KaTajiH3aTopu >Ke c Ao6aBKaMH nj\a MeHee aKTHBHbi 
(2 h 3), npnneM HaHMeHee aKTHBeH KaTajiH3aTop c onTHMajibHbiM kojih-

P hc. 11. BjiHHHne nepecene- 

hhji npHMbix Ig K — f ( -  ) w a

pa3Hbix KOHTaKTOB Ha hx pac- 
nojiow eH H e no  akthbhocth (no 

C. 3. PornH CKO M y):
/—micTbifl KaTajiH3aTop; 2, 3—KaTa- 
jiH3aTopbi c flo6aBKaMH ana; K—koh- 
CTaHTa CKopocTH, ^nep — TeMnepa- 
TypHaa ofijiacTb nepeceaemia npa- 

Mbix 1,  2 ,  3 .

qecTBOM nj\a (3). Bbirne HeKOTopoft TeMnepaTypbi (cjieBa ot bb) o6pa3yeT- 
ca nepeBepHyTbifi pa#: HaHSojiee aKTHBeH K3TajiH3aTop c onTHMajibHbiM 
KOJIHHeCTBOM a/;a (<?) H HaHMeHee—HHCTblH KaTaJlH33TOp (1).

P hc. 12. H3MeHeHHe a kthbhocth (IgA } c
pOCTOM KOJIHHeCTBa MÔHfpHKaTOpa (T ) npH 
TeMnepaType, jrejKamefi HHx<e(/} h Bbirne 
(2) o6jiacTH nepeceneHHn npn T ^ T ^ .

Hccjie^oBaHHe k h h 6t h k h  s th x

AppeHHyca

Cjie^yeT OTMeTHTb, hto npn Ta- 
KOH «HHBepCHH» KaT3JIH3aTOpOB HeT 
HenpepbiBHoro h n^iaBHoro H3Me- 
HeHHH 3KTHBHOCTH, HTO H306pa>KeHO 
Ha pnc. 12, r/te npiiBeAeHbi H3Me- 
HeHHH JIOrapH(|)Ma aKTHBHOCTH I g A  
KaTajiH3aTopa c poctom KOJinnecTBa 
MO^H(j)HKaTopa r  npH pa3Hbix 
TeM nepaTypax, npHneM 7 2> 7 1. KpH- 
Baa c MHHHMyMOM (npn hhbkhx 
TeM nepaTypax) npeBpam aeTca b 
KpHByio c MaKCHMyMOM (npn Gojiee 
BbicoKHX TeM nepaTypax). TaKHM 
o6pa30M, aHTHKaTajiH3aTopbi MoryT 
6bITb H aKTHB3TOpaMH H HHTH6h- 
TOpaMH.
peaKUHH c noMQmbio ypaBHeHHa
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noKa3biBaeT, mto c B03pacT3HHeM KOJinqecTBa has hsmchhiotch h 9Hep- 
thb aKTHBauHH E h npeflSKcnoHeHTa /(„ ((JjaKTOp qacTOTbi), KOTopbie, 
noc/ie HeKOToporo KOJiHqecrBa Ao6aBKH HAa, HaqHHaioT chm63tho chh- 
JKaTbCH. 3aBHCHMOCTb 3KTHBH0CTH KaTaJIH3aTOpa OT KOJIHqeCTBa npOMO' 
Tepa mo>kho npeACTaBHTb cjieAyiomHM o6pa30M:

A r = A e ~ * r

r^ e  A ,— aKTHBHOCTb npOMOTHpOB3HHOrO KaTaJlH3aTOpa, A — 3KTHB- 
HOCTb hhctoto KaTajiH3aTopa, T— KOJiHqecTBO Ao6aBKH (BeanquHa no- 
CToaHHaa).

Flocjie ,nocTH>KeHHH MaKCHMyMa aKTHBHOCTb HanHHaeT CHH>KaTbca 
no SKcnoHeHunajibHOMy 3aKOHy:

Ar =  AMaKCe '

OTCioAa bhaho, hto npHMecn npn oahhx onpe^ejieHHbix KOHueHTpa- 
UHhx npoMOTnpyioT, npn flpyrnx—OTpaBJiaioT KaTajiH3aTopbi. Bejin- 
mhhw K 0 h E  b ypaBHeHHH AppeHHyca hsmchhiotch chm63tho, t . e. 
oflHH h tot >Ke K3TajiH3aTop npn hh3khx TeMnepaTypax OTpaBJineTCH, 
a npn BbicoKnx—aKTHBnpyeTcn (pnc. 13).

Taxan HeodbiMHan 3aK0H0MepH0CTb cBH33Ha c H3MeHeHneM TeMne- 
paTypHoro KoacfxJjHUHeHTa, KOTOpbin CHaqajia aoxouht ao MaxcHMyMa, 
a 3aTeM cmrib ate 33KOHOMepHO na^aeT, mto 33bhcht ot BejiHqHHbi E  
(aeBan h npaBan BeTBH kphboh). H3 pnc. 13 Tanwe bhaho, mto H3Me- 
HeHHH K 0 CTporo cHM6aTHbi c H3MeHeHneM E , nosTOMy yMeHbineHne
3HaneHHH — (sKcnoHGHTa ypaBHeHHH AppeHHyca) c poctom E
KOMneHCHpyeTcn yBejiHqeHneta K Q. 3thm h o6ycjioBjieH HeHopMajibHbift 
xoa KpHBbix K 0= f ( V )  npn noBbimeHHH TeMnepaTypbi.

C. 3. Pothhckhh cqHTaeT, mto 33KOH pocTa c yBejIHqeHHCM E  
KpacHOH HHTbio npoxoAHT qepe3 KHHeTHKy peaKUHH roMoreHHoro h 
reTeporeHHoro KaTajiH3a. T M. >KadpoBa h E. A. Ookhh3 [34] 
npn Hccjie^oBaHHH pa3aoH<eHHH nepeKHCH BOAOpoAa Ha MgO c pa3- 
hhm coAepwaHHeM okhch oaoBa h okhch cypbMbi, BBeAeHHbix b KaTaan- 
3aTop nyTeM nHporeHHoro pacnaAa cooTBeTCTByiomHx MarHHH- hjih 
OAOBOOpraHHqeCKHX COeAHHCHHH, HaiUJIH, qTO 3aBHCHMOCTb CKOpOCTe» 
peaKUHH ot KoaHqecTBa npHMecefi HeoAHHaKOBa npH pa3Hbix 
TeMnepaTypax (pnc. 14). KpHBbie 33bhchmocth /(n ot Ao6aBKH hmcjih 
npKO Bbipa>KeHHb!H MaxcHMyM npH 84° npn 70° ohh 6onee njiocKH, a 
npn AaAbHeniueM chhjkchhh TeMnepaTypbi peaKUHH (45 h 30°) BbinpnM-
A5HOTCH, T. e. 33BHCHMOCTb 3KTHBHOCTH KaTaaH3aTOpa OT COAep>KaHHH
AofiaBKH npaKTHqecKH ncqe3aeT. H  b a s h h o m  cayqae  HaHfioaee 3Kt h b - 
Hbie KaTajiH3aTopbi HMeioT MaKCHMaAbHbie 3HaqeHHH E  h K 0. 3 to  Ba>K- 
HOe H HOBOe HBAeHHe B K3TaAH3e MOJKHO 6bIJIO 6hi HJIAJOCTpHpOBaTb H 
ApyrHMH npHMepaMH.
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yKa3aHHbie HccjieAOBaHHH yhhhtojkhah nponacTb, cymecTBOBaBiuyio
Mesĉ y aKTHBHpoBaHHeM h OTpaBJieHHeM K0HT3KT0B, h noTpedoBaAH 
H3MeHeHHH yCTaHOBHBHieHCH TepMHHOJIOrHH. C. 3. PdrHHCKHH [33] 
npê JiaraeT HasbiBaTb jnoSbie bo3A6hctbhh Ha koht3kt, cnocodcTByio- 
mae ero padoTe b acejiaTejibHOM HanpaBjieHHH, He33BHCHMO ot Mexa- 
HH3M3,—cm uM yAupyroiquM U, a B03̂ eHCTBHH, npenflTCTByiomHe pa6o- 
Te,—yenemafOLquMU. TepMHH om paeAenue cjie^yeT npHMeHHTb Jinuib

E

P hc. 13. H3MeHeHHe 3HeprnH aKTHBa- 
uhh E h npeASKcnoHeHUHajibHoro mho- 
KHTejiH Ko flJiH rjiy6oKoro okhcjichhh 
H300KT3Ha Ha Mg0r-KaTajiH3aTope npH 
yBeJiHHeHHH BecoBoro KOJiHnecTBa H3 PO4  

(no C . 3. PorHHCKOMy).

P hc. 14. B jihhhhc TeMnepaTypbi peanaHH 
Ha xapaKTep 33bhchmocth MgO-KaTajiH3a- 

Topa ot coAep>KaHHH Sba0 3:
/—TeMnepaTypa 84°; 2— reMr.epaTypa 70°; 3— Tenine- 

paTypa 45°; 4—TeMnepaTypa 30°.

b cjiyaanx yrHeTeHHH nyTeM 6jiokhpobkh qacra noBepxHOCTH, t. e. 
BbiKjnoaeHHH aacTH aKTHBHbix yaacTKOB, npnqeM BejiHHHHa E  ocTaeTca 
nocTOHHHOH hjih pacTeT Mê jieHHO h nJiaBHO. B 3THX cjiyqaax npH no- 
CTOHHHOM 3HaqeHHH E  BejIHHHHa /Co CHHHCaeTCH. TepMHH n p oM om u p o- 
eanue penoMeHAyeTCH orpaHHMHTb cjiyqaHMH, norAa AodaBKH yBejiHHH- 
BatoT HHCJIO aKTHBHbix yqaCTKOB, HTO npHBOAHT K pOCTy K o  H CHHJKe- 
hhio 3HaqeHHH E .

XI.JIH cviyqaeB coBMecTHoro H3MeHeHHH b oahom HanpaBjieHHH (chm63t- 
HOM) BejIHHHH E  H K 0, He33BHCHMO OT TOTO, CHHJKaeT HJIH noBbiuiaeT 
AodaBKa aKTHBHOCTb KaTaJiH3aTopa, npeAAaraeTCH hobmh TepMHH—m o -
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d u cfiu K a yu x . 3 tot TepMHH o6"beAHHHeT nBJiem iH  OTpaBJieHHH h npoMO- 
THpoBaHHH oflHoro h Toro >Ke KaTajiH3aTopa, t . e. KOMruieKCHoe H3Me- 
HeHHe aKTHBHOCTH ero ot pa3JinqHbix npHMeceH (ModiMpUKamopoe).
T M. )Ka6poBa [35] cqHTaeT, mto «...KAioq k noHHMaHHio AeftcTBHH npn- 
Meceft Ha aKTHBHOCTb KaTaAH33T0p0B H K ynpaBJieHHIO 3THM AeHCTBHeM 
B yCJIOBHHX npOH3BOACTBeHHbIX npOIl,eCCOB AOKHT B flBOHCTBeHHOM xa-
paKTepe bahhhhh npHMecn Ha aKTHBHOCTb KaTaAH3aTopa, b 33bhch- 
mocth ot coflepxoHHH npHMecH h ot TeMnepaTypu KaTajiHTHqecKoro 
npouecca».

Bee H3Jio>KeHHoe cboaht Ha HeT npHBe^eHHyio Bbirne cxeMy A. M ht- 
Tauia (CTp. 67), B KOTOpOH KpHBbie npOMOTHpOBaHHH HAH OTpaBJieHHH 
npe^CTaBjieHbi b HeH3MeHeHHOM BHAe. ,Zl,HaAeKTHqecKH ropa3Ao 6oJiee 
npaBHJibHbi npe^CTaBJieHHH o MOAHipHUHpyiomeM achctbhh ,zjo6aBOK.

C. 3 ..P othhckhh [36] pa3AeAHeT BJiHHHHe Ao6aBOK Ha 4 KJiacca:
«1) ^odaBKH, H3MeH5nom,He xapaKTep h cxopocTb xHMHqecKHx 3Ta: 

noB KaTaJiHTHqecKoro npouecca,—M oducpum m opbi, 2) cm p yK m yp o o 6 -  
p a 3 y m y u e  d odaetai, peryjinpyiomHe nocpe^cTBOM H3MeHeHHH BTopnq- 
HOH CTpyKTypbl H TenJIOnpOBOflHOCTH KaTaJIH3aTOpa CKOpOCTb 4>H3H- 
qecKH MHKpocKonnqecKHX CTa/uin TpaHcnopTa BemecTBa h TenJia npH 
KOHTaKTHbix peaKUHnx, 3) yn poH ueatoiyue dodaeK u, yBejinqHBaiomHe 
conpoTHBjieHHe KaTaAH3aTopa MexaHHqecxoMy h XHMHqecKOMy pa3py- 
LLieHHK) (aKTHB3T0pbl), H 4) 6AOKUpytOiyUe ndbl, npHBOAHIUHe K nOKpbITHK) 
qacTH noBepxHOCTH h 3aTpyflHHK>m,He AOCTyn k Hen peareHTOB».

B stoh KJiaccH(|)HKan,HH ao63bok HaHMeHee H3yqeHHofi hbahctch 
rpynna MOAH(])HKaTopoB.

YKa3aHHaH CHCTeMa KAaccniJiHKaiiHH C. 3. Pothhckoto b HacTonmeft 
khhre no^qHHeHa o6in,enpHHHTOH H3mh KJiaccncJjHKauHH npoueccoB.

14; CpaBHeHHe cbohctb 3kthb3topob h aHTHKaiajiH3aTopoB

npHBeAeHHbie Bbirne HBAeHIIH MOAHiJiHUHpOBaHHH KaTaJIH33TOpOB 
pa3pyuiaioT ofibiqHbie npe^cTaBjieHHH o tom, qTO oahh AodaBKH AeficT- 
ByiOT aKTHBHpyiome, Apyrne— napaAH3yiome. MoAH(])HKaTopbi MoryT 
peryAHpOBaTb aKTHBHOCTb H H36npaTejIbHOCTb KaTaJIH33TOpOB.

OAHaKO, He33BHCHMO OT 3T0T0, IIOAe3HO COIIOCTaBHTb XHMHqecKyio 
h <j)H3HqecKyio npnpoAy pa3JiHqHbix npoMOTepoB h aKTHBHbix haob, 
qTo6bi CAe^aTb HeKOTopbie o6m,He bmboam [37].

AKTHBaTOpaMH HBAHIOTCH B OCHOBHOM OKHCAbI pa3AHqHbIX MCTaJI- 
jiob hjih cojih (HHTpaTbi, Kap6oHaTbi, cJiopMHaTbi, aueTaTbi), KO- 
Topbie npn TepMHqecKHX pacnaAax npeBpamaiOTCH b okhcjih . Bojib- 
UIHHCTBO HCCAeAOBaHHbIX aKTHB3T0p0B KpHCT3AAH3yeTCJI B KyfiHqeCKOH 
hah rexcaroHaAbHOH cncTeMax. HcKAioqeHHe coct3bahiot aKTHBaTopbi 
(CuS04, SrS0 4 H AP-), KOTOpbie KpHCT3AAH3yiOTCH b poMdnqecKOH 
CHCTeMe. MHOTHe H3 aKTHBaTOpOB H30M0p(})HbI C KaTaAH33T0paMH, qTO 
o6AerqaeT o6pa30BaHiie tbcpahx pacTBOpoB h noBbimaeT npoqHOCTb 
CTpyKTypHOH CeTKH. AKTHBaTopbi, KaK npaBHAO, OfiAaAaiOT BbICOKHMH 
TeMnepaTypaMH nAaBAeHHH h KHneHHH h AeftcTByiOT CTa6HAH3Hpyiome

fi B. H. AojiroB
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Ha CTpyKTypy ochobhotc) KaTaJiH3aTopa, Bbi3biBaH, oAHaKO CTpyKTyp- 
Hbie H3MeHeHHH, nO-BĤ HMOMy, B CTOpOHy o6pa30BaHHH aKTHBHbIX 
ueHTpoB h dojibineft reoMeTpHnecKOH ynopHAoneHHOCTH noBepXHOCTH.

KOHTaKTHbie HAbI BeebMa pa3H006pa3HbI. K HHM MOJKHO npHHHCJIHTb:
1) sjieMeHTbi B, O, As, Hg, S, Se, Te, P, Cl, Br, J, Pb, Sb, Bi; 2) tha- 
pHflbi H2S, H2Se, H2Te, HF, HC1, HBr, HJ, PH3, AsH3; 3) okhcjih 
S02, Se02, Te02, As20 3, P205, Sb20 3, CO; 4) pa3JiHHHbie coeAHHeHHH, 
HanpHMep nnaHHAH, cojih pTyra h MbimbHKa, THocJieH h ero npoH3BOA- 
Hbie, Bee npOH3BOAHbie cepbi, cejieHa, TejiJiypa h AP-

XapaKTepHO, hto hah name Bcero KpHCTajuiH3yioTCH b poMdHnecKoft 
hjih TpnroHajibHOH CHCTeMax. FIoTepn ajieMeHTOB chmmctphh aHTHKaTa- 
JIH33TOpaMH, BHAHMO, OKa3bIBaeT BJIHHHHe Ha aKTHBHOCTb KaT3JIH3aTO- 
poB b OTHOiueHHH HapymeHHH reoMeTpnqecKoro cootb6tctbhh.

AKTHBaTOpbl H aHTHKaTajIH33TOpbI pa3JIHH3K)TCH TaKHte nO BejIHHH- 
HaiM aTOMHbix odbeMOB, TeMnepaTypaM njiaBjieHHH h KHneHHH. AKTHBa- 
Topbi xapaKTepH3yiOTCH bhcokhmh TeMnepaTypaMH njiaBjieHHH h KH
neHHH; cneitĤ HHecKHe see koht3KTHbie hah name Bcero jieTynn, ho od- 
jiaAaioT bhcokhmh TeMnepaTypaMH aAcopdnHH, hto HBjineTCH KpHTe- 
pneM odpa30BaHHH npô Hbix xhmhhcckhx coeAHHeHHH c noBepxHOCT-
HblMH 3T0M3MH KaTaJIH3aTOpa H dJIOKHpOBKH aKTHBHbIX HeHTpOB, CO-
npnJKeHHOH c npeKpameHHeM KOHTaKTHbix peaKimfi.

BbicoKHe TeMnepaTypbi njiaBjieHHH h Majian JieTynecrb aKTHBaTopoB 
ofitHCHHioT hx CTadHJiH3Hpyiomee AeftcTBHe, npHAaHHe noBepxHO- 
cthm )̂opMH, dojiee cOnpOTHBJiniomeHCH bo3achctbhhm TeMnepaTypbi, 
6e3 H3MeHeHHH aKTHBHOdTH. ĵ eHCTBHe 3HTHKaTaJIH3aTOpOB, npOMHO 
6jIOKHpyK>mHX aKTHBHbie neHTpbl, COnpHJKeHO C pe3KHMH H3MeHeHHHMH 
nOBepXHOCTHOH 3KTHBH0CTH K3T3 JIH33TOpOB.

15. HocHTejiH (Tperepbi)

Bo mhothx cjiynanx KaTaJiH3aTOpbi HaHOCHT Ha KaKHe-jindo nopHcrae 
h MajioaKTHBHbie BemecTBa. Tanne BemecTBa Ha3biBaioTCH H ocu m eA H M u , 

hjih m p e e e p a .M ii, a nojiynaeMbie KaTajiH3aTopbi— n a n ocH b iM U , hjih m p e -  
e e p H U M U . Oca*AeHHe Ha Tperepbi h odpadoraa npoBOAHTCH o6hhhhmh 
MeTOAaMH. npH 3tom AOCTHraeTCH pHA npeHMymecTB: 1) skohomhh wa- 
Tepnajia ajih H3roTOBJieHHH KaTajiH3aTopa, hto ocodo cymecTBeHHO b 
cjiynae Aopornx MeTajuioB (njiaTHHa h ee cnyTHHKH), 2) dojibinee ahc- 
neprnpoBaHHe KaTajiH3aTOpa, 3) OTcyTCTBHe ycaAKH npH bocct3hob- 
jieHHH, 4) dojibnian MexaHHqecKan npoHHOCTb h doJibinan conpoTHBJine- 
MOCTb noBepxHOCTH bo3A6hctbhk) TeMnepaTypbi (npeAoxpaHeHHe ot 
cnexaeMocTH h KpHCTajuiH3anHH).

OcaJKAeHHe K3TaJIH3aTOpOB Ha HOCHTejIH CTaJIO H3BeCTHbIM C nepBOH 
qeTBepTH XIX b., KorAa H. ^edepeftHep BnepBbie npHMeHHji njiaTH- 
HOByio cnnpajib h roHnapHyio rjiHHy ajih oc3}kachhh Ha hhx njiaTHHO- 
boh nepHH npH H3yneHHH npeBpameHHft pa3jiHHHbix ra30B (a e d u o M e m - 
pun). FIo3AHee dbiJio AOK333HO, hto HOCHTejiHMH MoryT dbiTb MHorne no- 
pncTbie BemecTBa; yrojib, acdecT, neM3a, TajibK, KH3ejibryp, rjiHH03eM,
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K 3 0 JIHH, AHaTOM HT, r jIH H b l, HiaMOT, 6 HCKBH T, UeMeHTbl, CH JlH Kare.Tb 
h AP- B H a c T o a m e e  BpeMH p a 3 JiHHHbie hochtcjih hmciot oq eH b  iuh- 
p o K o e npH M eH eH H e.

ripn Bbi6ope HOCHTejieft hco6xoahmo yqHTbiBaTb hx npHpoAy h cboh- 
cTBa, a TaKJKe H36npaTejibHoe AeficTBHe. KpoMe crpyKTypHOH xapaKTe- 
pHCTHKH (aMOp̂ JHOCTb, KpHCTaJIJIHMHOCTb, KOMnaKTHOCTb nOBepXHOCTH), 
Aojijkhm yqHTbiBaTbCH h cjieAyiouiHe oco6chhoc1th HOCHTejiefi: 1) xhmh- 
MecKHH cocTaB h CTeneHb AHcnepcHOcrn; 2) (J)H3HqecKHe cBOHCTBa no- 
BepxHOCTH (nopwcTocTb, aAcopSuHOHHbie KaqecTBa, sjieKTpHMecKHe 
CBOHCTBa, MexaHHqecKan npOHHOCTb); 3) KOJiHqecTBo h KOHueHTpauHH 
KaTa^H3aTopa, KOTopbie MoryT dbiTb nojiyqeHbi Ha HOCHTejie (TOJim,HHa 
HaHeceHHH, norJiOTHTejibHan eMKocTb); 4) aKTHBHan noBepxHOCTb ho- 
CHTejIH H BeJIHMHHa OTHOLLieHHH

aTOMbi KaTa.iH3aTopa 
aTOMbl HOCHTe.TH

ElU,e Hê aBHO CHHTaJIOCb, HTO HOCHTejiH KaTaJIHTHMCCKH HHepTHbl H 
jiHLiib AHcneprnpyioT KaTajiH3aTop, noBbimaa ero aKTHBHOCTb h yBejin- 
mhb3h ĴiHTejibHOCTb ero pafioTbi. Pa6oTaMH pnAa HccjieAOBaTejiefi, 
ocodeHHO M. E. A^a^ypoBa [38], yeraHOBjieHO, hto hochtcjih oKa3biBaioT 
Ae^opMHpyiomee bjihhhhc Ha aTOMbi h MOJieKyjibi KaTajiH3aTOpa, nojin- 
pH3yiOT HX, npOH3BOAHT H3MeHCHHH BO BHeuiHHX riOJIHX H TeM yCHJIH- 
B3K)T CyMMapHbie KaTaJIHTHMeCKHe CBOHCTBa. npH KaTajIHTHMeCKHX npo- 
ueccax o6bi4Hbie MOJieKyjibi nepexoAHT b aKTHBHoe coctohhhc h A^opMH- 
pyioTCH 6jiaroAapn HajioxKeHHio -nojiefl Mojienyji h HeHacbimeHHoii no- 
BepxHOCTH. SjieKTpHqecKoe nojie MOJiexyji Ha noBepxHOCTH H3MeHneTCH 
ot toto, coeAHHeHbi jih aTOMbi hjih MOJieKyjibi b pemeTKe KaTajiH3aTopa 
c T3KHMH >Ke coccahhmh MOjieKyjiaMH hjih c MOjieKyjiaMH Apyroro Be- 
mecTBa (hochtcjih). B nocjieAHeM cjiyqae Ha aTOMbi h MOJieKyjibi naTa- 
.iH3aTOpa ^eficTByeT ABa THna chji: KyjiOHOBbi chjih npHTH>KeHHH hjih 
OTTaJIKHBaHHH H CHJlbl B33HMHOH nOJIHpH3aUHH. IlOA ABHCTBHCM CHJI 
no jih HOCHTejiH nojie KaTajiH3aTopa AeifopMHpyeTCH h nojiHpH3yeTCH, 
T. e. aKTHBHOCTb H3MCHH6TCH.

M. E. A,na;iypoB Ha ochob3hhh onbiTHbix AaHHbix bmboaht cjieAyio- 
mne 33KOHOMepHOCTH: 1) nojinpH3yeMocTb yMeHbiuaeTCH c yBejmqe-
HneM 3apnAa h yMeHbmeHHeM paAHyca HOHa; 2) y 3hhohob AecJiopMH- 
pyeMOCTb 66JibHiaH, qeM y KaTHOHOB, 3) qeM MeHbrne khthoh h dojibiue 
ero pa^Hyc, tcm cHJibHee BJiHHHHe nojin.

Ha OCHOB3HHH T3KHX TeopeTHHeCKHX npê nOCbUIOK MOJKHO npeA- 
cKa3aTb npnroflHOCTb Toro hjih hhoto hochtcjih. HanpHMep, ^jih pa3- 
jio>KeHHH aTHJioBoro cnnpTa Ha aJib^erHA h STHJieH H3 AByx HOCHTejieft— 
yfJiH h cHJiHKarejiH—yrojib 6ojiee npHroAeH. H3 KaTajiH33TopoB JKe, 
HaHeceHHbix Ha Hero,—Cu, A1 h Zn—JiyquiHM hbjihctch Zn, ofijiaAaio- 
IHHH HailCOJIbUieH Aê OpMaHHOHHOH CnCCC6HQCTbK>.

noA^opoM HOCHTejiH mo>kho H3MeHHTb Aaate HanpaBJieHHe KaTajiH- 
TH'iecKofi peaKUHH. HaA MeAbio STHjioBbiH cunpT AerHApnpyeTCH b yncyc-

6*
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hmh ajib^erHA, ho Ta ace Me^b Ha yr.ne npoBo^HT pa3Jio>KeHHe cnnpTa 
Ha BOfly H STHJieH. ECJIH B3HTb PHA

(+ ) Al, Zn, Sn, Cd, Pb, Sb, Bi, Hg, Fe, Cu, Au, C, U, Pt, Pd (—)

to KaayjbiH qjieH ero npa KOMfiHHauHH c npeumecTByioiuHM ct3hobhtch 
3apHHCeHHbIM OTpHUaTeJIbHO. Ha 3T0M 0CH0B3HHH M. E. AuauypoB c^e- 
jiaji BbiBOA, hto Ha noBepxHOCTH yrjia npa HaHeceHHH Ha Hero Mean 
c03,naeTCH 3.neKTpooTpHuaTejibHoe nojie, a sto HHAyuHpyeT H3MeHeHHe
CBOHCTB H C3M0H Mê H. FIOCJiê HHH B HHCTOM BH£e HMeeT nOJIOJKHTê b-
H yio BajieHTHOCTb, h o  Ha y r j i e  o 6 p a 3 y e T c a  HecTOHKHH K a p G n u , b  k o t o - 
pOM aTOMbl MeflH CTaHOBHTCH SJieKTpOOTpHUaTejIbH blM H, qeM  oSB aCH H eTCH  
pa3JiH H H oe n po T eK aH H e p eaK U H H .

BbiBo^ti M. E. AflaflypoBa cnopHbi, ho ohh bhocht HeKOTopyio ac- 
HOCTb B Bonpoc O BJIHaHHH HOCHTejieft Ha KaTaJIH3aTOpbI.

Bonpoc ace stot oaeHb cjioaceH h MHorne c{)aKTbi eme He ofiBacHeHbi. 
HanpHMep, A. H. d>pyMKHHbiM [39] HaftfleHO, q-ro HHoraa noBepxHOCT- 
Hbie aflcopduHOHHbie cbohctb3 yrjia MoryT 6uTb pe3KO H3MeHeHbi hh- 
qTOHCHO MajibiMH KOJiHqecTBaMH HaHeceHHoro Ha Hero MeTaJiJia; Tan, 
jiHuib ô hh aTOM njiaTHHbi Ha 10 000 noBepxHOCTHbix aTOMOB yrjia 
b aTMOCtJiepe Bo^opoua noJiHOCTbio H3MeHaeT 3apa,n yrojibHOH neuieTKH.
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TEOPHH H MEXAHH3M KATAJIH3A

K ’nepBofl iieTBepTH X IX  b. HanonHAOCb 3HanHTejibHoe hhcao npn- 
MepOB KaTaJIHTHqeCKHX HBAeHHH, KOTOpbie odbHCHHAHCb pa3JIHqHbIMH 
npHMHHaMH: cpoactbom, KaTajiHTHqecKoft chaoh, adcopdAHefi, ajieKTpn- 
qecKHMH cHJiaMH, nepeAaqeft Tenjia. OAHaKO iviydoKHx Hccjie^oBaHHH 
B 3T0H oSjiaCTH He npOBOAHAOCb, H 3T0T paHHHH nepnoA XapaKTepeH 
TeM, HTO KaTaJlHTHqeCKHe HBAeHHH HeAOOUeHHBaJIHCb H BHHMaHHe K HHM 
6mao HeAocTaTOHHbiM. JI. TeHap b cbohx padoTax no KaTajiHTHqecKOMy 
pa3JioHceHHio nepeKHCH BOAopoAa HaA pa3HbiMH MeTaAAaMH nncaA: 
«...npHHHHa 3thx cTpaHHbix pe3yjibTaTOB eme cxpbiTa ot Hac. Mbi toab- 
KO BHAHM, HTO OHa AOKHT He B CpOACTBe. B03M0HCH0, HTO OHa—(J)H3Hqe-
cKaa h hto OHa, mohcct 6birb, cBH33Ha c 3AeKTpHqecTBOM» (1820 r.).

FIoHaAodHjiHCb padoTbi M. OapaAen, T JI^bh, E. MnTqepAHxa, 
H. ZledepeftHepa, T C. KHpxrocJja, K). Jlndnxa, H. BeppeAHyca h mho- 
thx Apyrnx yqeHbix toto BpeMeHH, qTodbi ycTaHOBHTb cnepH(J)HqHOCTb 
KaTaJIHTHqeCKHX peaKAHH H HCOdxOAHMOCTb HOBblK TpaKTOBOK AJ1H 
odT>HCHeHHH KaTaJiHTHqecKHX npoueecoB. OAHaKO nepBbie Teophh cTpa- 
AaJiH MeT3(J)H3HqecKHM HAeajiH3MOM (H. BepueAHyc) hjih MexaHHpH3- 
mom (K). Jlndnx). Ha npoTHHceHHH noqTH 70 AeT b 3anaAHOH EBpone 
AAHACH cnop M3JKAy npeACTaBHTeAHNtH BHT3AH3M3 B K3T3AH3e (JI. Ila- 
CTep) H MexaHHUHCTaMH (IO. JIh6hx), KOTOpblH 33KOHqHACH nOHBAe- 
HHeM 3HepreTHqecKoft Teopnn B. OcTBaAbAa, OTpHuaBuieft MaTepnio.

IlepBbie MaTepnaAHCTHqecKHe o6ochob3hhh K3T3AH33, AaiiHbie 
JJ. H. MeHAe^eeBbiM (cTp. 122), AerAH b ocHOBy pa3BHTHH yqeHHH o
KaT3AH3e.

/J.AH odbHCHeHHH npHHHH K3TaAH33 dblAO npeAAOHCeHO 3H3qHTeAbHOe 
qHCAO TeopHH, KOTOpbie HeCKOAbKO yCAOBHO MOJKHO pa3dHTb Ha CAe- 
Ayiomne: 1) xummecKue tneopuu (TeopHH npoMeacyToqHbix coeAHHeHHfl),
2) <pu3mecKue tneopuu,—H3 hhx HandoAee Ba>KHbi aAcopdpHOHHbie 
TeopHH, 3) SMKtnpoHHbie meopuu, 4) u,enHbie meopuu.
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1. Teopna npoMemyTOHHbix coeAHHeHHH

B ocHOBe TeopHH npoMejKyTOMHbix coeAHHeHHH JieiKHT no.no}KeHHe, 
mto KaT3JiH3aTop aKTHBHO yqacTByeT b npoBOAHMOH hm peaKHHH, odpa- 
3ya c peareHTaMH necmouKue npoM.ejnym.oHH.bie coedunehuh, bo3hhkho- 
BeHHe h npeBpaui,eHHH KOTopbix odAerqaioT npoTenaHHe npouecca. Eme 
b 1794 r. M. OejirsHM [1] BbicKa3a.na cymAeHHe, hto okhcachhc hah 
BoccTaHOBjieHHe KaKoro-JiH6o Bem,ecTBa mojkct hath jiHiub b npncyT- 
CTBHH BOAbl. BoCCTaHaBAHBaiOmeeCH HAH OKHCAHIOmeeCH BemeCTBO co- 
eAHHHeTCH C BOAOPOAOM HAH KHCAOpOAOM BOAbl, dAarOAapa qeMy BTOpOH 
OCBO60AHBUIHHCH KOMnOHeHT—KHCAOpOA HAH BOAOpOA—npOBOAHT OKHC- 
AeHHe hah BoccraHOBAeHHe. 3Ta HHTepecHaa padoTa Kacaerca Ba>KHoro 
Bonpoca KaTaAHTHHecKoro bahhhhh boah npH mhohix peaKimax.

PoAb KaTaAH33Topa, Kan .BemecTBa, yqacTByiomero b peaKUHH, 
dbiAa oSocHOBaHa M. KAeMaHOM h X. ,ZI,e3opMOM b 1806 r. [2] b cbh3h 
c H3yMeHHeM hmh KaMepHoro cnoco6a noAyqeHHa cepHOH khcaoth. 
OhH oObHCHHAH 3T0T CHHTC3 06pa30BaHHCM npOMemyTOAHOrO coeAHHe
HHH cepHHCToro ra3a c okhca3Mh a30Ta h CHHTaAH, mto «...a30THaa khcao- 
Ta ecTb TOAbKO opyAne rjih noAHoro okhcachhh cepbi.... OKHCb a30Ta 
oTHHMaeT khcaopoa y  aTMOC(J)epHoro B03Ayxa, qTo6bi nepeAajb ero cep- 
HHCTOH KHCAOTe,.... OCB06o>KAaK)mHHCH Ta3 BHOBb H3MeHHeTCH B KpaC- 
HyK) KHCAOTy, h Te ace HBAeHHH noBTopaK)TCH ao Tex nop, noxa He 6y- 
AeT H3pacxoAOBaH Becb aTMoa êpHbiH khcaopoa hah He dyAeT okhcachh 
bch cepuHCTaa khcaot3».

OAHaKo noTpedoBaAOCb em.e mhoto BpeMeHH a-hh o<J)opMAeHHa h 
npH3H3HHH TeopHH npoMe>KyTOMHbix coeAHHeHHH. EIoa BAHHHHeM HAea- 
AHCTHqecKHX npeACTaBAeHHH H. BepueAHyca Ha K3T3AH3 aoato CMOTpe- 
ah , KaK Ha HeqTO coBepmeHHO HenoHHTHoe h He Morym.ee 6biTb noHHTbiM. 
MHorne He MorAH CBH33Tb npeACTaBAeHHe o KaT3AH3e c npeACTaBAeHHeM
o npoMejKyTOHHbix coeAHHeHHax. /lame KorAa yAaBaAocb ycTaHOBHTb, 
mto KaKaa-AH6o peaKUHH b npncyTCTBHH KaT3AH3aTopa npoTeKaeT b He- 
CKOAbKO CT3AHH H npOAyKTbl K3JKAOH H3 CT3AHH MOJKHO yCTaHOBHTb, 
to 3Ty peaKUHio HCKAioqaAH H3 HHCAa KaTaAHTHqecKHx. Tanyio cyAb6y 
HcnbiTaAa, HanpHMep, peaKUHa o6pa30BaHHa ahsthaobofo 3(J)Hpa H3 
ciinpTa npH yqacTHH cepHOH khcaoth, npoTeKaromaa qepe3 npoMemy- 
ToqHoe o6pa30BaHHe STHAcepHOH khcaoth.

HaKanAHBaiomHeca (JjaKTbi, OAHaKo, Bee HacToaTeAbHee AOKa3biBa- 
ah yqacTHe KaT3AH3aTopa b peanunax h BepoaTHOCTb o6pa30BaHHa 
MemAy hhm h peareHTaMH hcctohkhx npoMemyToqHbix coeAHHeHHH. 
B 1816 r. A. AMnep [3] CA^AaA ycnemHyio nonbiTKy o6i>acHHTb pacnaA 
3MMH3Ka HaA MeT3AA3MH npOMOKyTOqHHM 06pa30BaHHeM HHTpHAOB, 
pa3AaraiomHxca AaAee Ha a30T h MeTaAA:

NH3  -f Me —► MeN +  3H 

MeN —► Me +  N 

NHS -{- Me —► MeN 4- 3H h t . a .
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HecKOJibKO no3^Hee cymecTBOBaHHe t3khx hhtphaob MeTaJiJioB 
6bi/io ^OKa3aHO, uto npHBejio k 3aKjnoqeHHio: b sthx peaKUHax BaacHyio 
pojib HrpaeT «xHMHqecKoe cpoACTBo MeTa/iJia k a30Ty».

ripHMepHO b 3tot ace nepuoA dbiJia ycTaHOB/ieHa «nepeH0caiuafl» 
po/ib MeTajiJia npn moahoh b to BpeMH peaKUHH npeBpaiueHHa rpeMy- 
qero ra3a b Bouy. BbiJio HauueHO, uto TOHKopacnbi/ieHHbie Cu, Ni, 
Fe, Co, Pb h Ag, AencTBya Ha rpeMyqHH ra3 , Bbi3biBaioT odpa30BaHHe 
Bo^bi JiHiiib npn Tex 3HaqeHHax TeMnepaTypbi, KOTopbie cooTBeTCTByiOT 
BoccTaHOBjieHHio hx okhcjiob BO/jopoflOM. Otoio^s B. TeHpH [4] cuejiaji 
npaBHJibHoe 3aKJiioqeHHe, hto KaTajiHTHqecKaa peaKUHH npeBpameHHa 
rpeMyaero ra3a b Bouy no# AeficTBHeM MeTaJiJioB npeACTaBJiaeT Henpe- 
pbiBHbift npouecc dbierpo CMeHaromnxca BoccraHOBJieHHH h okhcjichhh:

Me +  0 —► MeO *
MeO +  H2 ► Me +  H20 

Me +  O —► MeO h t . a.

3th h Apyrne padoTbi cnocodcTBOBajm ycTaHOBjieHHio CBH3HjMe>KAy 
KaT3JiH3aTopaMH h peareHTaMH. B Aa/ibHeftiueM odpa30BaHHe HecTofl- 
khx npoMeiKyTOHHbix coê HHeHHH, ycKOpaiomax peaKUHio, npnnHCbi- 
BajiH peaKUHOHHOH cnocodHOCTH KaTajiH3aTopa h cpô CTBy peareHTOB. 
Ecjih KaKoe-jmdo BeiuecTBo yHHUTOJKaeT AodaBoqHoe cpoactbo KaTa/iH- 
3aTOpa, to KaTajiH3a He npoucxoAHT.

Bo3Mo>KHocTb odpa30BaHHa npoMe^yTOHHbix coeAHHeHHH npn Ka- 
TajiHTHaecKHx peaKUHax npH3HaBa/i h H. MeH^ejieeB [5]. IIpH od- 
cya^^eHHH cyiUHOcra KaTajiHTHqecKoro AeftcTBHa NO npn KaMepHOM 
CHHTe3e cepHoft khcjioth oh nnuieT: «...cjiyqaH^encTBHa KaKoro-TO kojih- 
qecTBa NO ajih B03dy?KAeHHa b dojibumx Maccax onpe^ejieHHofl xh- 
MHaecKofi peaKUHH

2S02 +  02 +  2HaO 2H2S04

oaeHb noyaHTejieH noTOMy, hto qacTHOCTH, k HeMy othochluhcch, H3V- 
qeHbi h noKa3biBaioT, qTO b TaK Ha3biBaetobix KOHTaKTHbix hjih KaTajiH- 
THqecKHX aBJieHHax mojkho yjiaB/iHBaTb npoMe>KyToqHyio (J)opMy B33hmo- 
AeficTBHa. 3uecb b cymHOCTH A (S02) pearnpyeT c B (0 2, H 20 ) b npn- 
cyTCTBHH C (NO), noTOMy qTO B AaeT BC, BemecTBo, KOTOpoe c A AaeT 
AB h ocBodojK̂ aeT onaTb C. Cjiê oBaTe/ibHO, C ecTb nocpeAHHK, ne- 
peuaiomee BemecTBo, de3 KOTOporo AeJio He hact caMO no cede».

Teopna npoMejKyToqHbix coeAHHemiH ■ nojiyqn/ia umpoKoe npH3Ha- 
HHe b Haqajie X X  b. A kthbhhm ctopohhhkom h nponaraHAHCTOM ee 
6biJi n . CadaTbe, cqHTaBuiHH, hto $H3HqecKHe TeopHH KaTa/iH3a Bood- 
iue HecocToaTejibHbi, TaK KaK «. ..ohh He MoryT odBacKHTb hh cneuH(J>Hq- 
hocth KaTajiH33T0p0B, hh 3aMeqaTejibHoro pa3Hoo6pa3Ha hx a6hctbhh». 
Oh npH^aBaji coBepmeHHO ocodoe 3HaqeHHe npoMe>KyToqHOMy o6pa30- 
BaHHK) HecTOHKHX coeAHHeHHH, KOTopbie h onpeAe/iaioT HanpaBjieHHe h 
CKopocTb peaKUHH. B nojib3y stoto oh npHBOAHT dojibinoe uhcjio Ka- 
TajiHTHqecKHX peaKUHH, npn KOTopbix mojkho BbiuejiHTb npoMeu<yToq-
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Hbie coepHHeHHH: odpa30BaHHe JC13 npw xjiopHpoBaHHH b npHcyTCT- 
bhh Hopa, o6pa30BaHHe amacepHOH KHCJiOTbi npn nojiyqeHHH acpapa 
H3 cnnpTa b npncyTCTBHH cepHOH khcjiotm, o6pa30BaHHe aperaTa Kajib- 
Uhh npn nojiyqeHHH aperoHa H3 yncycHOH khcjiotm Hap CaC03 (pean- 
Phh CKBH66a). r HppHpoBaHHe npoTenaeT 6jiaropapn o6pa30BaHHio 
HecTOHKHx THppHpoB MeTaJiJiOB (cTp. 424). IlpH peaKPHnx pernppaTa- 
phh Hap A12Os n. CaSaTbe ponycnaji o6pa30BaHHe hcctohkhx ajnoMH-
H3TOB:

2ROH +  A1203 -*■  2kW
x OR

X) ,0
2ROH +  2Al<f -*- 2R,0 +  2Al<f

x OR " X)H

2A1< °̂ —  AlsOa +  HsO
X)H

IlopoSHbie m e npoMOKyTOHHbie coepHHeHHH o6pa3yiOT Th02 h ppy- 
rHe perHppaTHpyioLpHe okhcjih, npHqeM n. CadaTbe cqHTaji, mtoTaKHe 
npoMepcyTOHHbie coepHHeHHH poKa3aHbi SKcnepHMeHTaJibHO. TeopHH 
npOMOKyTOPHblX COepHHeHHH HMeJia MHOrO CTOpOHHHKOB.

OpHaKO y>Ke b tot nepnop mhothc yqeHbie OTMeqajiH, mto Bcerpa 
HMeeT MecTO apcopSpHH peareHTOB noBepxHOCTbio KaTajiH3aTopa h hto 
cocTOHHHe caMoro KaTajiH3aTopa HrpaeT Ba>KHyio, ecJiH He pepiaioipyio 
pojib b KaTajiHTHqecKHx npopeccax, t . e. yqHTbiBajiH h (})H3HqecKHe 
HBJieHHH KaTajiH3a.

TeopHH npoMejKyTOMHbix coepHHeHHH cbirpajia dojibpiyio pojib b 
HCTOpHH P33BHTHH KaTaJIH3a PJIH 06"bHCHeHHH nyTefl npOTeKaHHH MHO- 
thx peaKPHH, ho OHa cTpapaeT y30CTbio h orpaHHqeHHOCTbio. OHa 6ec- 
CHJIbHa 06'bHCHHTb TaKHe Ba>KHbie HBJieHHH KaTaJIH3a, KaK BJIHHHHe 
nOBepXHOCTHOH CTpyKTypbl, PHCnepCHOCTH, 3KTHB3PHH H OTpaBJieHHH, 
Boo6ipe coBeppieHHO HrHopnpyeT 4>H3HqecKyio cyptHOCTb, 6e3 qero, 
KOHeqHO, npHHHHbi KaTajiH3a h npo6jieMbi reHe3Hca KaTajiH33TopoB He 
MoryT 6mtb BbiHCHeHbi. Bee nepeqncjieHHoe, a TaKJKe pa3BHTHe 4>H3Hqe- 
ckhx TeopHH jiorHqecKH cnocodcTBOBajio ocjia6jieHHio HHTepeca k Teo- 

.pHH npoMen<yToqHbix coepHHeHHH. K aK  6ypeT noKa3aHO HHJKe, nocjiep- 
hhh, npaBHJibHan no cyipecTBy, nocjie BHeceHHH b nee Heo6xopHMbix 
HOBbIX (J)H3HqeCKHX npepCT3BJieHHH O KaTaJIH3e, CJIHJiaCb C (f)H3HqeCKHMH 
TeOpHHMH.

2. PaHHHe apcopSpnoHHMe TeopHH KaTajiH3a

OH3HqecKHe TeopHH KaTaJiH3a bbopht Hac HecpaBHeHHO rjiy6>Ke b 
ypHBHTejibHyio otfpacTb KaTajiHTHqecKHx—ocoSeHHO reTeporeHHMx— 
peaKPHii H n03B0JIHI0T BCKpbIBaTb TaKHe 33K0H0MepH0CTH, KOTOpbie 
yCKOJIb3aJIH OT CTOpOHHHKOB TeopHH npOMeJKyTOqHbIX coepHHeHHH.
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H3 3Ha^HTejibHoro qncjia npeAJiOHieHHbix 4>H3HwecKHx TeopHH Hando- 
jiee pa3padoTaHbi adcop6u,uoHHbLe meopuu , o KOTopbix b  o c h o b h o m  h  dy- 
AeT hath peqb.

B 1777 r. K- IUeejie BnepBbie HadjnoAaji «CTpaHHoe» HBJieHHe no- 
rjiomeHHH ra30B hjih napoB ApeBecHbiM yrjieM, ho HayqHbie HCCJieAOBa- 
hhh b 3toh odJiacra 6hjih npoBeAeHbi T E. JloBHiteM b 1785 r. Hm dbiJio 
ycTaHOBJieHO, hto pacTBopu BHHHOKaMeHHOH cojih, HeoHumeHHbie ch- 
ponbi, pacTBOpbi KpacHTejieft h HeKOTopbix pacTHTejibHbix Maceji h co- 
kob npH odpadoTKe hx jkhbothmm hjih ApeBecHbiM yrjieM TepnioT oxpa- 
CKy, CT3H0BHTCH deCUBCTHblMH H TepHIOT HenpHHTHbie 3anaXH.

T E. JlOBHH, npeAJIOJKHJI OTKpbITbIM HM CnOCOdOM OHHmaTb THHJiyK)
h dojiOTHyio BOAy: «...l-^- ymta yrojibHoro nopouiKa h 24 KanjiH nyno-
pocHoro MacJia cyTb AocTaTOHHbi, qTodbi u,ejibiH hitoiJ) thhjioh boah 6e3 
npHMeTHOH KHCJioTbi coBepiueHHO hhctoh h k nHTbio yAodHOH npeA- 
CT3BHTb» [6J. 3t0 npaKTHHeCKH dblJIO HCn0JIb30BaH0 apMHHMH B noxo- 
Aax. Yrojib CTaji bxoahtb b ynoTpedjieHHe ajih ohhctkh cejiHTpbi (npH 
nojiyqeHHH qepHoro nopoxa) h Harneji Taioxe npHMeHeHHe «Ha oqnme- 
HHe xjiedHoro bhh3 ot AypHoro ero 3anaxa». Otkphthh T E. JloBHua 
dbiJiH OTMeqeHbi b Pocchh h 3a pydexcoM Kan Rpyrmefimee HayqHO-Tex- 
HHqecKoe AOCTHjKeHHe. Ero HccjieAOBaHHH Ha MHoro JieT onepeAHjm 
padoTbi no aACopduHH, npoBeAeHHbie JI. Onrbe b llapHHce 
(1810 r.).

HaKonjieHHbie (JiaKTbi h codcTBeHHbie HccjieAOBaHHH no3BOJiHjm HTajib- 
HHCKOMy yqeHOMy A. BejiJiaHH b 1824 r. co3AaTb nepByio HayqHyio aA- 
copduHOHHyio TeopHK). Oh cqHTaji, hto Bee TBepAbie BemecrBa, nopHCTbien 
He nopHCTbie, cnocodHbi «crymaTb» Ha CBoefi noBepxHOCTH napbi h ra3bi, 
hto BcerAa CBH3aHO c BbmejieHHeM TenJia. TenJia BbiAejineTCH TeM dojib- 
rne, qeM dojiee nopncTa, t . e. qeM dojiee pa3BHTa, noBepxHOCTb. 3to 
HBJieHHe oh Ha3BaJi adcop6u,ueu (assorbimento).

B pe3yjibTaTe aACopduHH (HaKonJieHHH ra30- hjih napoodpa3Hbix 
BemecTB Ha noBepxHOCTH norjioTHTejin) qacTHHbi CHjibHO cdjmjKaiOTCH, 
hto odJierqaeT peaKimio. A. BejiJiaHH npanncbiBaji aAcopduHio MOJie- 
KyjIHpHblM npHTHHCeHHHM B CBH3H C SJieKTpHqeCKHMH CHJI3MH. B TOM 
>Ke roAy ApyroH HTajibHHCKHH yqeHbift 3. Oy3HHbepH npn onbiTax c 
pacKaJieHHOH njiaTHHoft npnineji k 3aKjnoqeHHio, hto «KaTajiHT»qecKaH 
CHJia» npoHBJineTCH TeM CHJibHee h OTqeTJiHBee, qeM TOHbuie pacnpeAe- 
jieHa Macca MeTajuia. 3Ta cnjia dojiee 3aMeTHa Ha yrjiax h pedpax Kpn- 
cTajuioB, qeM Ha rjiaAKOH noBepxHOCTH.

BbiJia TaKH<e BbicKa3aHa Mbicjib, hto Bee xpHCTajuibi HMeioT ajieKTpn- 
qecKHe 3apnAbi, npoHBJiniomHecH npn HarpeBe hjih chchthh. BjiaroAa- 
pH Majioft BejiHHHHe Mojiexyji TaKHe 3apnAbi omyTHMbi jinuib y caMoft 
noBepxHOCTH, hto h HBJineTCH npnqHHOH npHTHJKeHHH h crymenHH na- 
poB h ra30B. Handojiee doraTbi sjieKTpnqecTBOM aKTHBHbie MeTajiJibi 
rydqaTOH CTpyKTypbi, cocTonmne, no TorAauiHHM B3rjiHAaM, H3 «Me- 
TaJiAHqecKHx octphcb». 3th hack h npeACTaBjienHH HHTepecHbi TeM, 
qTO OHH HHTyHTHBHO npeABOCXHUI,aK)T H3IHH COBpeMCHHbie npeACTaBjie-
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HHH O HepaBHOUeHHOCTH IlOBepXHOCTH, IlOBepXHOCTHOH CBOdOAHOH 3Hep- 
THH H 06 aKTHBHbIX HeHTpaX.

B 1833 r. noBBHJiacb aAcopduHOHHaa Teopnn OapaAen, co3AaHHaa 
iim Ha 0CH0B3HHH ero Ha6jno,neHHH Ha  ̂ cbohctb3mh n^aTHHbi h cono- 
CTaBJieHHH padoT ApyrHx HccAeAOBaTeAeft. M. Oapa^efl ycTaHOBHji, mo 
ri^aTHHa b Aiodoft (JjopMe cnocodHa coeAHHHTb boaopoa c khcaopoaom, 
npH yCJlOBHH COBepweHHOH HHCTOTbl nOBepXHOCTH. Oh CHHT3J1, MTO B 
ocHOBe KaTajiHTHHecKHx peaKUHH JiejKaT He sAeKTpnqecKHe cnjibi h He 
TaHHCTBeHHan vis occulta Bepuejinyca, a npnpoAHbie CBoficTBa ra30Boft 
ynpyrOCTH, CBH33HHbie C npOHBJieHHeM CHA npHTH>KeHHH, KOTOpbIMH 
odJiaAaioT TBepAbie BemecTBa. Ecah noBepxHOCTb qacra, t . e. HeT 3arpn3- 
lieHHH, yHHHTO>KaK)IU.HX CHAbI npHTHHteHHH, TO Ta3bl Ha Heft CrymaiOTCH. 
ripu 3tom uacTb MOJieKyji peareHTOB HacroAbKo cdAHxoeTcn Apyr c 
ApyrOM, HTO B03dy>KAaeTCH XHMHqeCKOe CpOACTBO, yHHqTOJKaiOTCH 
«3jiacTHuecKHe chah» OTTajiKHBaHHH h odjieruaeTca peaKUHH. riojiy- 
ueHHbie npoAyKTbi peaKUHH 3aieM HcnapnioTCfl, ocBodoJKAan noBepx- 
HOCTb, 11 npouecc noBTopqeTCH c APyrHMH MOAenyAaMH.

B 1841 r. E. MHTuepjiHx [7] npH toakob3hhh HBjieHHft aACopduHH
yK a 3aA, HTO nOCAeAHHH 3aBHCHT He TOAbKO OT BeAHHHHbl nOBepXHOCTH, 
ho h ot npupoAbi Beu;ecTBa h hto KOHTaKTHbie peaKUHH Aiuub oahoA 
aAcopduHeft mojkho odtHCHUTb TOJibKO b eAHHHHHbix CAyqaax. Oh chh- 
Ta;i, hto p a 3Jio>KeHHio hjih coeAHHeHHio M oryT MernaTb noAOH<eHHe qa- 
cthh, OTHOCHTejibHO A p y r  A p y ra  h hx pacnojio>KeHHe. C jieAyeT npHHHTb, 
hto «...3th nocJieAHHe npu noMoiun cham, dJiaroAapa KOTopoft aTOMbi Tex 
BemeCTB, C KOTOpbIMH OHH IipHXOAHT B COnpHKOCHOBeHHe, npHTHTH- 
BaKDTCH,— M oryT dbiTb TaK H3MeHeHbi, mto HacTynaeT pa3Jio>KeHHe hah 
coeAHHeHHe». 3 Aecb BnepBbie BbicKa3aHa MbicAb o Ae^opMauHH PearH_ 
pyiOIHHX MOAeKyjT, HTO AOKHT B OCHOBe KOHTaKTHblX peaKHHft.

HecMOTpn Ha npaBHAbHOCTb, Teopnn BejuiaHH h OapaAen CTpaAajiH 
MeTa4)H3H9HOCTblO: MOJieKyjIbl CHHTaAHCb HenOABH>KHbIM CKOnJieHHeM 
aTOMOB, a MaTepHH—JIHUieHHOft ABHJKeHHH.

EIpaBH/ibHoe noHHMaHHe KaTaAHTHqecKHx npoueccoB, ocHOBaHHoe 
Ha pea^bHOCTH MaTepHH h abh>k6hhh, Ha AHHaMHKe MOAexyA, dbuio
npeAJiojKeHO b 1852 r. A. H. XoAHeBbiM [8]. OdbncHHH KaTaAHTHqe- 
cKHe npoueccbi, oh nmneT: «...MecTHoe H3MeHeHHe KaKoro-AHdo KaTajiH- 
THqecKoro npouecca, ycKopeHHe hah 3aMeAJieHne ero, 3HaqHTejibHoe 
B03BbimeHHe hah noHH>KeHHe TeMnepaTypbi b oahoS qacTH TeAa, noA- 
BepjKeHHoft 3T0My npoueccy, MoryT He TOAbKO HMeTb bahhhhc na H3- 
MeHeHHe cocTaBa BemecTBa, HaxoAfliu,erocH b conpHKocHOBeHHH c Heno- 
TopbiMH ToqKaMH TeAa, ho h AaBaTb coBepuieHHO Apyroe HanpaBAeHHe 
BceMy npoueccy».

npnqHHoft h hctohhhkom KaTaAHTHqecKHx npoueccoB HBAHeTCH, no
A. H. XoAHeBy, koht3kt BemecTB c KaTaAH33TopaMH. Bcnnyio MOAeKy- 
Ay CAeAyeT paccMaTpHBaTb nan coBOKynHOCTb cocraBAHiomHX ee aTO- 
MOB. KOHTaKT OAHOro H3 aTOMOB MOAeKyAbI C KaT3AH3aTOpOM AOAJKeH 
cKa3aTbcjj Ha ckopocth h HanpaBAeHHH npeBpameHHH Bceft qacTHHbi 
11 Maccbi pearHpyiomero BemecTBa. XlBHJKeHHe, npeTepneBaeMoe k3khm-
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ahOo aTOMOM MOJieKyjibi, b pe3yAbTaTe xHMHnecxoro AeficTBHH, nepe- 
AaeTca CBH3aHHOMy c hhm ApyroMy aTOMy h t . a - Pe3K>MHpyH, no TeopHH 
XoAHeBa, MexaHH3M AeficTBHH K3TajiH3aTopoB Ha MOJieKyjibi peareHTOB 
Hepa3pbIBHO CBH33H C B33HMHbIM BAHHHHeM aTOMOB B MOJieKyAaX, H CaM 
KaTajiH33Top hbahctch aKTHBHbiM ynacTHHxoM KaTajiHTHHecKOH peax- 
uhh. 3Ta nepBan TeopHH xaT3AH3a, npomeAinan aah coBpeMeHHHKOB 
noHTH He3aMeneHHOH, no cymecTBy aoxht b ocHOBe yqeHHH o xaT3AH3e.
ZlajibHefiniHe padoTbi JX. H. MeHAeAeeBa, JX- n. KoHOBaAOBa, H. JX■ 3e- 
AHHCKoro, A. A. BaAaHAHHa h Apyrnx noATBepjxAax)T h pa3BHB3K)T 
BbiBOAbi A. H. XoAHeBa.

HaynHbie HccAeAOBaHHH b odAacra HBAeHHH copduHH HanaAHCb c 
KOHua XIX b. B 1876 r. Th66c ycraHOBHA MaTeMaranecKyio 3a- 
BHCHMOCTb MejKAy nOBepXHOCTHOH KOHUeHTpaUHen H nOBepXHOCTHbIM 
HaTHKeHHeM, b 90-x roAax dbiAH HanaTbi padoTbi no HCCAeAOBaHHio 
cbohctb noBepxHOCTHbix nAeHOK. TAydoKoe H3yneHne copdnHOHHbix 
HBAeHHH, KA3CCH(J)HKan,HH HX H C03A3HHe HayHHbIX TCOpHH OTHOCHTCH
k HarneMy Bexy. B 3Ty odAacrb MHorne HccAeAOBaieAH bhccah neHHen- 
uihh bka3a . B 1903 r. M. C. IjBeT [9] OTKpbiA H3dHpaTeAbHyx) h (jDpax-
UHOHHyK) aACOpdUHK) TBepAbIMH aACOpdeHTaMH H3 paCTBOpOB, nOAOJKHB
HanaAo xpoMaTorpa4)HqecxoMy aHaAH3y. C 1910 r. noHBAneTCH pnA padoT A. A. THTOBa no H3yqeHHK) paBHOBecHH npn aAcopduHH ra30B 
aXTHBHpOB3HHbIMH yTAHMH [10].

3a nepnoA c 1916 no 1922 rr  onydAHxoBan pha dAecTHmnx HccAe- 
AOB3HHH H. Jl3HrMK)pa [11] no nOBeAeHHK) H CB0HCTB3M MOHOMOAeXy- 
AnpHbix nAeHOX, no aAcopduHH h xeMOcopduHH TBepAbiMH noBepxHO- 
cthmh. K 3T0My >xe nepHOAy othochtch HHTepecHbie HccAeAOBaHHH no 
aAcopdnHH, npoBeAeHHbie H. AAaMOM [12] h JX>k . Max-BeHOM [13]. 
n . A. PedHHAep h A. A. Tpane3HHX0B [14] H3ynHAH cTpyxTypHO-Mexa- 
HHXeCXHe CBOHCTB3 MOHOMOAexyAHpHbIX nAeHOX pa3AHHHbIX OpraHH- 
qecxHX coeAHHeHHH Ha BOAe h pacTBopax; H. 3cahhcxhh [15], 
M. M. XlydHHHH [16] h Apyrne npoBeAH MHoronHCAeHHbie HccAeAOBaHHH 
no axTHBHpOBaHHK) yrAefl, no aAcopdnHH TBepAbiMH BemecTBaMH, noTeo- 
pHH aAcopduHH. IlepeqHCAeHHbie TAaBHenniHe padoTbi no3BOAHAH dAH3- 
xo noAOHTH x noHHMaHHK) noBepxHOCTHbix hbachhh h reTeporeHHoro 
xaTaAH3a.

PadoTbi JX. H. MeHAeAeeBa. noxa3aAH, hto Me>KAy norAomeHHeM 
(copduHefl) h X3T3AH30M MHoro odmero, Tax xax b pe3yAbTaTe norAO- 
meHHH MOAexyA TBepAbiMH BemecTBaMH MeJKaTOMHbie paCCTOHHHH B nepB bIX 
H3MeHHK)TCH (Ae(})OpMaUHH), HTO MOJXeT npHBeCTH X pa3pbIBy CBH3efl 
Me>xAy aTOMaMH, x nepecrpofixe MOAexyA h odpa30BaHHK) hobhx co
eAHHeHHH. noaTOMy npe>xAe Bcero HeodxoAHMO dAHJxe 03HaxoMHTbcn 
C HBAeHHHMH H 33XOHOMepHOCTHMH COpdHHH.

CopduHOHHbie TeopHH xaTaAH3a noAyqHAH HaAAOxamee pa3BHTHe 
AHuib c 20-x toaob Harnero ctoa6thh, Tax xax ao SToro HayqHbift aHa- 
AH3 dblA CHAbHO 33TpyAHeH MaAOH H3yneHHOCTbK) pa3AHHHbIX BHAOB 
COpdHHH.
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3. AflCOpSUHH

riofl TepMHHOM C0p6u,UH nOHHM3K)T nOBblllieHHe KOHU.eHTpaU.HH Be 
UteCTB y nOBepXHOCTH (He33BHCHM0 OT BeJlHHHHbl H CBOHCTB CHA, BbI3bI- 
B3I0U1.HX 9to HBjieHHe). BHHMaTejibHoe H3yqeHHe noKa3aAO, mto cop6- 
Uhh TBepAbiMH noBepxHOCTHMH npeACTaBAneT rpynny pa3HopoAHbix 
HBJieHHH, Me>KAy KOTopbiMH Hejib3H, oAHaKO, npoBecTH pe3KHx rpaHiiu..

Pa3JiHHaiOT cjie/jyiomHe bhah copduHH: 1) a6cop6u,un—npoHHKHO- 
BeHHe ra3a b Maccy copdeHTa (adcopdeura), uto b pe3yjibTaTe uaeT TBep- 
AHH pacTBop; a(5cop6uHH xapaKTepH3yeTCH MaJiOH CKopocTbio h a*th- 
TejibHbiM BpeMeHeM 3aBeptueHHH; 2) adcop6u,un—noBepxHOCTHan
cop6uHH hah ynjiOTHeHHe ra3a (napa) Ha noBepxHOCTH copdeHTa (au- 
copdeHTa) 3a cueT chji npHTHHceHHH (cham BaH-Aep-BaaAbca). CxopocTb 
aAcopSuHH 33BHCHT ot xapaKTepa noBepxHOCTH: Ha rAaAKHx noBepxHo- 
cthx OHa npoTenaeT c oueHb doAbiuofi CKopocTbio, Ha nopucTbix—3a- 
Meû iueTCH (uucJxJ)y3HH b TOHKHe nopbi), ho Becb npouecc b tom h ApyroM 
cnyuaHX npoTenaeT b HecKOJibKO ceKyHA hah MHHyT; 3) KanuAARpnan 
KOHdencaiiUH—copduHH napa hjih ra3a c KOHAeHcauHefi b nopax aACop- 
6eHTa, KOTopau npoTexaeT oueHb dbicrrpo; 4) xeMOCop6u,ux—aACopd- 
uhh napoB hjih ra30B Ha noBepxHOCTax chjihmh ocTaTOHHbix BajieHT- 
HOCTefl C 06pa30BaHHeM XHMHUeCKOrO COeAHHeHHH B BHAe MOHOMOACKy- 
AupHoro cjioh; cioAa uce othochtch, no cymecTBy, h npoueccbi 3kthbh-
P0B3HH0H aACOpdUHH (CTp. 116).

Aacop6uhh npoHcxoAHT Ha Aiodofi noBepxHOCTH b pe3yAbTaTe npoHB- 
AeHHH cha cnenAeHHa> KOTopbie no CBoefl BeAHHHHe 3HaqHTeAbH0 MeHb- 
me, ueM cHAbi xHMHnecKHe. BcHKaa noBepxHOCTb, t . e. rpaHHua pa3- 
AeAa AByx c})a3, He HacbimeHa. B3aHMH0 cKOMneHCHpoBaHbi AHuib noAn 
MOAexyA, HaxoAHiUHxcH BHyTpn TBepAoro BeuiecTBa, MOAeuyAbme Ha no- 
BepxHOCTH 3aTpaMHBaiOT Ha cuenAeHHe He bcio SHeprHio, h qacTb ee oc- 
TaeTCH cbo6oahoh. BeAHHHHa nocAeAHeft nponopuHOHaAbHa BeAHMHHe 
noBepxHOCTH. B CAynae jkhakoctch noBepxHOCTb crpeMHTCH coupaTHTb- 
ch ao MHHHMyMa, noaTOMy MeHHCK npeACTaBAueT Kan dbi ynpyryio nAeH- 
Ky, HanpHJKeHHOCTb KOTopoft onpeAeAueTCH K03<Jxf)HUHeHT0M noBepx- 
HOCTHOrO HaTHJKeHHH y. BeAHMHHa CBO60AHOH SHeprHH U noBepxHOCTH 
5 cocTaBAneT:

W — fS
XlAH H<HAKOCTefi BeAHHHHa W  33BHCHT TOAbKO OT nOBepXHOCTH Me- 

HHCK3, HO AAH TBepAbIX BdUeCTB paCUeTbl 3HaUHTeAbH0 yCAOJKHHIOTCH, TaK 
KaK b 9tom CAyuae hco6xoahmo yqHTbmaTb cTeneHb AncnepcHocrH. FIoa- 
Hyio noBepxHOCTHyio SHeprHio A  mojkho onpeAeAHTb no ypaBHeHHio 
rnddca, AaroiueMy 3aBHCHM0CTb MeutAy H3MeHeHHeM BeAHHHHbi A ,  koh- 
ueHTpauneft ra3a c h y, hto b odmeft (JiopMe BbipaacaeTCH b BHAe:

d y
A =  HcT)-^

Flo dOAee TOMHOMy onpeAeAeHHio A npeACTaBAueT codofi pa3HHuy 
b KOHueHTpauHux adcop6mu8a (aAcopCnpoBaHHoro BemecTBa) Ha no-
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BepxHOCTH aACopdeHTa h b oxpyxcaiomeH cpe ê, c—KOHueHTpaunio aa - 
copdTHBa b â copfieHTe.

B dojiee onpê ejieHHOH (})opMe ajih ra30B h pa3daBjieHHbix pacTBopoB

3th ypaBHeHHA noKa3biBaiOT, hto npn nocTOHHHOH TeMnepaType Be- 
jiHHHHa noBepxHocTHofl SHeprHH na^aeT, ecjin KOHueHTpauHH aAcopdTH- 
Ba b noBepxHOCTHOM cjioe aACopdeHTa paereT (noHHXieHHe cbo6oahoh 
SHeprHH b pe3yjibTaTe noAOMumeAbHou adcopdî uu). Ecjih x<e Beme- 
ctbo noBbimaeT BexnqHHy cbo6oahoh SHepran, to yBejwqHBaeTCx ero 
KOHueHTpauHH b pacTBope (ompuî ameAbHan adcopdt̂ un). BejiHHHHa 
a^copduHH onpe^ejiaeTCH yMeHbmeHHeM b pacTBope nncjia MOJieft n 
pacTBOpeHHoro BemecTBa, Kan pe3yjibTaT ynjiOTHeHHH ero b eAHHHue 
noBepxHocTH pa3Aejia s npn nocTOHHHOM od'beMe v:

B cxynae (})H3HqecKOH aACopduHH nocjieAHxx noBbimaeTcx c yBejw- 
qeHHeM KOHueHTpauHH hjih AaBjieHHH h cHHJKaeTca c noBbimeHHeM TeM- 
nepaTypbi.

Mex<Ay aAcopSuHeft h AecopduHeft ycTaHaBJMBaeTCH AHHaMHnecKoe 
paBHOBecne

aHaJiorHHHoe paBHOBecnio MexcAy KOHAGHcaiiHeft h HcnapeHHeM.
npn bcxkom aAcop6uHOHHOM npouecce qaerb 3HeprHH BbiAejixeTca 

b BHAe Tenxa. OnpeAejieHHe TenJiOTbi aACopduHH pa3JiHHHbix ra30B hjih 
napoB MeTajiJiaMH, okhcji3mh, yrxeM h ApyrHMH TBepAbiMH BemecTBaMH 
OKa3aJio HeoueHHMbie ycjiyrn ajih noHHMaHHH noBepxHOCTHbix npoueccoB, 
CTpyKTypbi noBepxHocTH h hbjibhhh reTeporeHHoro KaTajiH3a.

AACOpfiUHH MOXieT dbITb OdpaTHMOH HJ1H HeoSpaTHMOH. B nepBOM 
cxyqae npn HarpeBaHHH hxh 3BaKyHpoBaHHH BemecTBO MoxceT Aecopdn- 
pOBaTbCH; BO BTOpOM—AeCOp6u,HH CHJlbHO T0PM03HTCX H3-3a B3aHMOAeHCT,- 
bhh aAcopdTHBa c aAcopdeHTOM. 06a THna Aecopdunn pa3JiHqaioTCH no 
TepMHnecKOMy npH odpaTHMoft aACopduHH BbmejineTCH 4000—
10 000 kcla/z-m o a , b cjiynaxx jxe HeodpaTHMoft aACopduHH TenxoTa npo- 
uecca MOXceT dbiTb oneHb 3HaqnTejibHofl h Aaxce npeBbimaTb BejiHHHHy 
SHeprHH aKTHBau,HH. B Tadji. 10 npHBeAeHbi AH^epeHnnajibHbie Ten- 
jiOTbi aACopduHH Qd h BHeprHH aKTHBauHH E  A*ax pa3JiHMHbix aAcopdeH- 
tob, BbipaxteHHhie b Majibix KajiopHnx Ha aAcopdHpoBaHHbiH MOJib ra3a.

AJix aACopduHH ra3a hjih napa TBepAOH noBepxHOCTbio

aflcopGuna ±̂1 AecopfiuHH
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TARIHUA 10

Ta3 Aflcop6eHT <?d-
KUAp-MOA

E ,
KdA/a-MOA

h2 YrOAb 30 000
h2 ai203 — 27 500
h 2 Cu 33 000 14 100
h 2 MnO — 1 2  0 0 0 — 2 0  0 0 0

h 2 Mn0Cr203 2 0  0 0 0 6000-10 0 0 0

CO Pd 15 0 0 0 9000

Ha6jnoAeHHbie TenAOBbie sc^eKTbi cahuikom 3HanHTeAbHbi h He mo- 
ryT 6biTb o6bHCHeHbi AHinb aACopduHen, KaK pe3yAbTaTOM achctbiih 
CHA KOre3HH. ripOHCXO^HT dOAee HHTeHCHBHOe B33HMO,aeHCTBHe aACOp- 
dnpoBaHHbix MOJieKyji c noBepxHOCTbio aAcopdeHTa, no-BHAHMOMy, c 
ynacrneM BajieHTHbix cha, t . e. xHMHnecKHx.

H3 TaSji. 10 CAeAyeT, hto TenAOTa aAcopdnHH MomeT AOCTHraTb Be- 
AHHHH TenAOT XHMHMeCKHX peaKHHH.

BeAHMHHa OdpaTHMOH aACOp6u,HH 33BHCHT OT pa3AHMHbIX (|)aKTOpOB, 
npHMeM 3Ta 3aBHCHMOCTb MO>KeT dbITb yCT3H0BAeHa CAeAyromHMH cno- 
co6aMH: 1) onpeAeAeHHeM aAcopdHpoBaHHbix koahhcctb npH pa3Hbix  
TeMnepaTypax h fioctohhhom a^bachhh (u3o6apu); 2) cpaBHeHHeM asb- 
AeHHH npn pa3Hbix TeMnepaTypax h npn noeroHHHOM KOAHnecTBe aA- 
copSnpOBaHHoro BemecTBa (U30cmepu) h 3) onpeAeAeHHeM KOAHnecTB, 
aACopSnpoBaHHbix npn pa3Hbix AaBAeHHnx h hoctohhhoh TeMnepaType 
(u3omepubi). IlocAeAHHH cnoco6 npHMeHHeTcn name Bcero.

JXjih xapaKTepncTHKH aACopduHOHHbix HBAeHHH nacTo npnMeHfnoT 
SMnHpnnecKoe ypaenenue u3omepMbL adcop6puu (ppeundmixa

i ,x — x
---- =  C ip n HAH lg —  =  lg a  -f- —— Ig pm r °  m b ' n ar^e x —KOAHnecTBO aAcop6THBa, norAomeHHoe m z-m oa aAcopdeHTa npn napunaAbHOM AaBAeHHH p; a—aAcopdunoHHoe hhcao, t . e. KOAHnecTBO aAcopdTHBa, aAcopdnpyeMoro H3 pacTBopa ero c KOHueHTpauneH, paB- hoh eAHHHue, hah, ecAH aAcopdTHB ra30odpa3eH, npn ynpyrocTH, Tome

paBHofi eAHHHue. SncnoHeHTa HMeeT 3HaneHHe ot 0,2 ao 1; OHa 3a-

KOHOMepHO H3MeHneTcn c TeMnepaTypofi h 33bhcht ot npHpoAbi aAcop
deHTa .

Ha puc. 15 npHBeAeHbi THnnnHbie H30TepMbi aAcopdnHH okhch yrAe- 
poAa yrAeM, BbinHCAeHHbie no ypaBHeHHio H30TepMbi aAcopdnHH OpeftHA- 
AHX3.

3Ta 3MnHpHnecKan (j)opMyAa HenpHroAHa aah noAyneHHH npaBHAb- 
hhx H30TepM npu doAbinux AaBAeHHHX. I"Io pacneTy npH stom aoajkhh 
aACopdHpoBaTbCH oneHb doAbuiHe KOAHnecTBa aAcopdTHBa, nero b ach- 
CTBHTeAbHOCTH He HadAioAaeTCH, Tan KaK dbiCTpo HacTynaeT HacbimeHHe, 
nocAe KOTOporo AaBAeHHe npaKTHnecKH ywe He bahhct Ha aACopduHio.
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Hcqepnbreaiomee pa3bHCHeHHe aToro Bonpoca 6biJio flaHO H. JIsHrMio- 
poM, hcxoahbiuhm H3 cjieflyxaflHx nojioateHHH: 1) aflcopduuH npoTe- 
KaeT jiHiub flo o6pa30BaHHH MOHOMOJieKyjiHpHoro cjio h ; 2) npouecc

KoHneHmpanu.fi CO hu ye fie, mu/mumojw/ z
Phc. 15. H30TepMbi aacop6uHH okhch yrjiepofla 

yrjreM.

AHHaMHqeH, h np« flaHHbix ycJiOBHHX ycTaHaBJiHBaeTCH paBHOBecHe 
Meatfly aflcopduHeft h flecopSuHen; 3) aflcopSunn Bbi3biBaeTCH xHMuqe- 
CXHMH CHJiaMHjBaJieHTHOCTH. Bee 3TH nOJIOHteHHH nOflTBepXCfleHbl 3XC- 
nepHMeHTajibHO.

4. OpneHTauHsi MOJiexyji Ha noBepxHocmx

B ocHOBe nepBoro nojioateHHH JlsHrMiopa [11] jieataT MHoroqHCJieHHbie 
pa6oTbi no o6pa30BaHHio mudiaix tiAenoK Ha noBepxHOCTH boau. PaHee 
6biflo ycTaHOBjieHO, qTO ojiHBxoBoe Macjio pacTexaeTCH no noBepxHOCTH 
BOflbi flo Tex nop, noxa He o6pa3yeTCH MOHOMOAetty AHpHbiu caou ero, 
npnqeM noBepxHOCTHoe HaTaateHHe BOflbi naflaeT flo 21 dn/cM2. 3 th 
onbiTbi 6biJiH 3aTeM npoflOflateHbi pa3JinqHbiMH nccjieflOBaTejiHMH. H3y- 
qeHHe o6pa30BaHHH, npnpoflbi h CTpyxTypu TaxHx njieHOx Ha noBepx- 
hocth atHflxocTH cnoco6cTBOBa.no noHHMaHHK) reTeporeHHoro xaTajiH3a.

H3BeCTHO, qTO XanJIH He paCTBOpHMOH B BOfle HtHflXOCTH MOHteT HJ1H 
ocTaTbCH b mapoo6pa3Hoft (})opMe hjih ate 6ucrpo pacTeqbca no noBepx- 
hocth. Tax, HanpHMep, yrjieBOflopoflbi co6npaK)TCH b xanjiH, Bbicume 
atHpHbie xapdoHOBbie xhcaoth 6bicrpo paarexaioTCH. IlpHqHHa Taxoro 
noBefleHHH xpoeTca b caMofi cTpyxType xtHflxocTeft. YiYteBOflopoflbi b 
BOfle He paCTBOpHMbl, HH3UIHe XapfiOHOBbie XHCflOTbl paCTBOpHMbl. G Ha- 
pacTaHHeM flflHHbi yrjiepoflHofi uenu xhcjiotm ct3hobhtch MeHee pacTBo- 
pHMbiMH b BOfle, a Bbicume xhcjiotw coBepmeHHO He pacTBophk)tch .
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TaKHe MtvieKyjibi coctoht H3 HepacTBopHMon yrAeBOAopoAHoft qacni 
('2LldpO<po6HOU) H paCTBOpHMOH KapdOKCHAbHOH 93CTH (eudpOlpUAbHOu). 
BcjieACTBHe t3koh cTpyKTypbi MOJieKyjibi Ha noBepxHocTH boah  opneH- 
THpyiOTCH TaK, HTO THApO^odHaH HaCTb «BbITaAKHBaeTCH» H3 BOAbI, 3 
riiApo^BJibHaH «pacTBopaeTC5i», OTqero MoaenyAbi npuHHMaioT 6ojiee hah MeHee BepTHKaAbHoe noAO>KeHHe.
B CAynae khcaot boas erpeMHTCH 
«pacTBopnTb» noAapHbie rpynnbi, no- 
3T0My npoHcxoAHT pacTenaHHe; b CAy- 
qae >Ke qncTbix yraeBOAopoAOB mo- 
AenyAbr, «BbiTaAKHBaeMbie» boaoh,
CTpeMHTCH 33HHTb MHHHM3AbHbIH odteM 
ii codnpaioTCfl b aJiepHqecKHe KanAH. 
ripHCyTCTBHe B OpraHHHeCKHX MOAe- 
KyAax pa3AH9Hbix THApocfiHAbHbix no- 
AapHbix rpynn '(— COOH, — CH2OH,
— N H 2 h AP-) cnoco6cTByeT hx aA- 
COpSUHH Ha MeHHCKe OpHeHTHpOBaHHO.
B pe3yAbTaie Taxoft aAcopduHH Be- 
AHHHHa nOBepXHOCTHOrO HaTHACeHHH 
3HaHHTeAbHO CHHJKaeTCH.

OpneHTauHn MOAenyA Ha no- 
BepXHOCTH boah dbiAa AOKa3aHa npo- 
CTblM H OCTpoyMHbIM MeTOAOM «nO- 
BepXHOCTHblX BeCOB». C HX nOMOmbK) 
dbiAH onpeAeAeHbi noBepxHOCTHbie ch- 
Abi h nAomaAH, 3aHHMaeMbie mo- 
HOMOAeKyAapHblMH FIAeHKaMH pa3AHMHbIX JKHpHbIX KapdOHOBbIX KHCAOT 
c a^ hhhoh uenbio. Hpii okhthh thkhx opneHTHpoBaHHbix nAeHOK ohh 
AOCTHraiOT TOMKH B (pHC. 16), TAG He33BHCHMO OT A-HHHbl U,enH OHH 3a-

o
HHM3IOT OflHy H Ty 7Ke IVIOma/Jb 21 A 2, MTO COOTBeTCTByeT p33MepHOCTH 
COOH-rpynnbi h Aoi<a3biBaeT BepTHKaAbHoe. noAoaceHHe MOAenyAbi
B T3 KHX «KOHAGHCHpOB3HHbIX nACHKaX». IlpH ASAbHCHUieM CHOTHH y
tohkh B (He BcerAa oth6tahboh) HadAioAaeTCH nepeAOM kphboh, nocae 
qero BeAHHHHa nAomaAH yMeHbmaeTcn ahhchho ao A0CTH>KeHHH tohkh 
C, AaAbuie KOTopoft (0Tpe30K ot C ao D) HaqHHaeTcn yTOAmeHHe naeH- 
kh h nepexoA ee b MHorocAOHHyio.

MeM A-flHHHee yrAepoAHan uenb, t . e. qeM doAbme rHApocj)o6HaH 
qacTb MOAenyAbi khcaotm, TeM doAbine TOAiHHHa mohocaoh; nAomaAb 
>Ke, 3aHHMaeMaa oTAeAbHbiMH MOAenyAaMH, ot a-thhu uenn He 33bhcht. 
XlaAee dbiAo ycTaHOBAeHO, hto a^h jkhphhx Kap6oHOBbix khcaot, co- 
AepjKamnx ot 16 ao 30 aTOMOB yrAepoAa, nAomaAH, 3aHHMaeMbie MOAe- 
KyAaMH b noBepxHOCTHOH nAeHKe, noMTH oAHHaKOBbi (TadA. 11). Kan 
B1IAHO H3 TadA. 11, pa3MepbI 3TOH nAOmaAH 33BHCHT HCKAIOHHTeAbHO OT 
xapaKTepa h micAa THApocJjHAbHbix rpynn. MoAeKyAbi c C=C-cBH3bio 
33HHMaiOT necKOAbKO doAbuine nAomaAH. HaAHHHe b MOAeKyAax AByx

Phc. 16. H3MeHeHiie noBepxHOCTHoro 
HaTH>KeHHH B 3aBMCHMOCTll OT IUIO-
ma^H, 3aHBTofl Ha boac iuieHKofi Kap- 
60H0B0H KHCJIOTbl (no H. JlaHTMlOpy).

7 B. H Ao-nroB
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TABJIHUA lj

KoHueBasi rpynna
n.iomaflb.oA2 KomjeBaa rpynna

n.iomaAb,
0A2

-COOH 25,1 —ch2cn 27,5

—CH= CHCOOH 28,7 23,8

—NHCOCOOH 26,3 < 3 - n h -2 23,7

- conh2 21,5 NHCOCH3 25,8—28,2
- cooc2h 5 22,3
—ch2oh 21,7 < ^ _ J - och3 23,8

hah HecKOJibKHx niApocjDHA bHbix rpynn yBejiHMHBaeT 3th nAomaAH bo 

CTOJibKO Hte pa3; Tan, TpnrAHuepHAbi 3aHHMaioT njioma^b 63 A'2 (no Teo-
O

peTHqecKOMy pacqeTy: 21*3=63 A2). MaKCHMajibHan BejiHqiiHa 3aHH-
o

MaeMoft nJionxaAH 286 A2 ycTaHOBJieHa aaji MOjieKyji KacTOpoBoro Macjia, 
coAep>Kam,Hx uiecTb rHApocjDHAbHbix rpynn n Tpn C=C-cbh3H.

ilaJibHenmne HccmeAOBa- 
hhh [13] npuBejin k emedo- 
jiee nHTepecHbiM 33KOHOMep- 
HOCTHM H BblBÔ aM. np« 
HapacTaiomeM c>KaTHH mo-
HOCAOH H3 BblCUIHX Kapdo- 
HOBblX KHCAOT Ha Bo^e, noA- 
KHCJieHHOH COJIHHOH KHCAO- 
toh, y^ajiocb nojiynnTb ab& 
tomkh r.epernda kphboh BMe- 
cto oAHoro neperada, no AaH- 
hwm H. JIaHrMiopa. Ha pnc. 
17 BHAHO, HTO npn AOCTHHte- 
HHH TOHKH a (JtyHKUHOHaAb- 
Hbie rpynnbi («roAOBKii»> 
MO/ieKyji cdjiHHtaioTCH oneHb- 
TeCHO, — 3T0 Ha3bIB3K)T 
«nJiOTHon naKOBKon rojio- 
bok». B TaKOM CAynae Ka>K- 
A an MOjieKyjia 3aHHMaer

nnomaAb 25,1 A 2 n p »  
AaJibHenuieM chothh MOJieKyjibi opneHTupyioTCH em,e nJiOTHee, n b tom* 
ne b npoHcxoAHT «nAOTHan nanoBKa uenen», npH KOTopofl i<a>KAaH

O
MOAenyJia 33HHMaeT odteM 20,5 A3. IlpH AanbHeHineM cwaTHH \>Ke

20 22 20 26 .
flnomadb, 3aniwaeMaa uonenynoa,Aziw i mini

be ab
Phc. 17. KpHBaa 3aBHCHM0CTH Me>KAy chjioh Ha- 
THJKeHHB H n̂ Omâ blO fl/IH njieHKH KapPoHOBOH 

KHcaoTbi (no H. A,aaMy).
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TBepAofl n jieuKH H adjnoAaeTca  Hanoji3aHHe MOjieKyji, h njieHKa c t3 h o - 
BHTCH MHOrOCJlOHHOH.

riJieHKH Ha BOAe HJIH HHOH >KHAKOCTH, B 33BHCHMOCTH OT CJKaTHH, 
MoryT BecTH ce6a, KaK AByxiepHbie o6pa30BaHHa b  pa3JiHqHbix arperaT- 
HblX COCTOHHHHX. YqaCTKH ad, ab H be Ha pHC. 17 COOTBCTCTByiOT ABy- 
MepHOMy ra3y. AByMepHoii >khakocth h AByiwepHOMy TBepAOMy BemecTBy 
(AByMepHOMy KpncTajiJiy). riepexoA ot >k h a k o h  iu ic h k h  k  TBepAOH oqeHb 
HarjiHAHO AOKa3biBaeTCH TeM, mto nbiJiHHKH jiHKonoAna, dbtcTpo nepe- Ab hraiomHecH no noBepxHOCTH njieHKH Ha yqacTKe ab, MOMeHTajibHO 
CT3HOBHTCH HenoABH>KHbiMH b Tonne b h Ha yqacTKe be. B oSjiacTH ad 
npn noBbimeHHbix TeMnepaTypax hjih oqeHb Majibix c>KaTHax njieHKH 
HacTOJibKo paciiinpenbi, mo hx mo>kho paccMaTpHBaTb nan ra3oo6pa3- 
Hbie. O h h  He HMeioT onpeAe jieH H of i  npeAejibHon njiomaAH h n epexoA flT  
b «ra30Bbie» njieHKH.

Boo6m ,e pacm npeH H b ie  njieHKH, b h a h m o , c o c to h t  H3 MOjieKyji, 
CTpeMaui,Hxca 3aHHTb n an d o j ib in y io  nJiomaAb h cbo6o a h o  nepeABHraio- 
i u h x c h . B o3m o>k h o , h to  b paciuHpeHHbix n jieHKax MojieKyjib i j iew a T  
Ha noBepxHOCTH h opneHTnpyioTCH j ina jb  npn c h o t h h . YeraHOBjieHO, 
hto  aJiHcjDaTHnecKHe coeAHHeHHa c  A*anHHon uenbio  cnoco6Hbi o6pa3o- 
BbiBaTb c j i e A y io m n e  THnbi HepacTBopnMbix njieHOK:

1) KOHdeHcupoeaHHbie nAeHKU, MojieKyjibi ynaKOBaHbi njiOTHO h 
OpHeHTHpOB3HbI K IIOBepXHOCTH;2) M u d K O - p a c m n n y m b i e  n A e H K U ,  aBJiaiomHeca eme cnjioniHbiMH, ho 3aHHMaiomne 3HaqHTejibHO dojibuiyio njiomaAb, qeM KOHAeHcnpoBaHHbie njieHKH; ohh cnocoSHbi o6pa30BbiBaTb Ha noBepxHOCTH oTAejibHyio cf>a3y, HaxoAamyKDca B paBHOBecHH c napoBOH cj)a30H;3) n a p o o 6 p a 3 H O - p a c m H H y m u e  u a c h k i i , cxoAHbie c >KHAKo-pacTHHy- 
TbiMH, ho  em e  SoJibiiine no  3aHHMaeMOH njiomaAH h o tf jiaAaiomHe MeHb- uieH Kore3HeH;

4 )  z a 3 0 -  hjih  n a p o o 6 p a 3 H b i e  h a c h k i i , b  KOTopbix MOjieKyjibi He c b h - 
3aHbI A p y r  C ApyrO M , ABH>I<yTCfl He3aBHCHMO H npoaBJlHlOTCa B BHAe 
yA a p oB  o  noABioKHbie 6apbepb i (KaK  nap  hjih ra3 ) .

TaKHM  o6pa30M , njieHKH Ha BOAe hjih A p y r n x  j k h a k o c t h x  npeAcraB- 
j ih io t  d e y M e p H b i e  o 6 p a 3 o e a n u H  h b 33b h c h m o c t h  o t . c h o t h h  ( h TeMnepa- 
Typb i)  BeAyT ce6a, KaK BemecTBa b pa3Hbix arperaTH b ix  c o c t o h h h h x .

M ojieKyjibi b ra30Bbix njieHKax oSjiaAaiOT cpeAHefl KHHeTHqecKOH 
3HeprneH l /2 k T  Ha Ka>KAyio cieneHb cBoSoAbi, a Tax KaK nocjieAHHe 
ABe HaxoAHTca b AByMepHoii njiocKocTH, to, ejieAOBaTejibHO, odmee 
AaBjieH ne njieHKH F  ( O h / c m 2) cocTaB jiaeT

Fa =[kT
o n

t a b  a — n jiom aA b , 3aHHMaeMaa MOJieKyjiofl, b A 2, k = j p ,  hjih nocTOHHHaaBoJibUMaHa (1,37• 10—16 9pe-cpad), T— adcojnoTHaa TeMnepaTypa, N— qncjio ABoraApo (6,02* 1023).
Yp aB H eH H e  AByM epH oii  ra30Boft njieHKH aHajiornqHO o6m eM y ypaB - 

Hemno a -nh HAeajibHbix ra30B
PV =  RT
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npH Bbipa>KeHHH njwmaAH, 3aHHMaeMoft oahoh MOJiexyjioH, b A 
3HaweHHe 6=1,372. FIpH oSbiqHoii TeMnepaType kT  paBHO npHMepHO 
400, t . e. ra30Ban njieHKa ,noJi>KHa OKa3bmaTb ^aBjieHHe Ha MOJiexyjiy

ob 1 d n  npH nJiomaflH 400 A 2. B t3khx  njieHKax MOJieKyjibi, bh^ hmo, 
jiexcaT Bcer,n;a nJiauiMa.

npH CHcaTHH ra30B0H ruieHKH HaSjiio^aeTCH nepexoA k >kh ,hkoh 
njieHKe (.HByMepHaa KOH^eHcauHa). KoHfleHcnpoBaHHbie ruieHKH Han- 
6ojiee pacnpocTpaHeHbi. B h h x , KaK yxce yKa3aHO, HMeeTca nJiOTHaa 
ynaxoBKa neneri h opnenTaHHa k noBepxhocth noa ynnaMH okojio  26,5° 
(H3-3a 3Hr3aroB neneft). 3aHHMaeMbie MOJiexyjiaMH njiomaflH 3aBHcaT ot pa3MepoB KOHireBbix rpynn. Oco6oe MecTO 33HHMaiOT «pacTHHyTbie 
njieHKH», nojiyqaeMbie npn cHHxreHHOM AaBjieHHH. Tanne njieHKH He- 
CKOJIbKO paCIHHpeHbl H COCTOHT H3 MOJieKyjI, aflCOpSnpOBaHHblX CBOefl

o
nojiapHofi rpynnofi, CTpeMamHxca 3aHHTb njiomaflb okojio  48 A 2 B Ta- khx MOJiexyjiax, He HMeiomHX nJiOTHOH ynaxoBKH, uenn Haxo^aTca b coctohhhh xaoTHqecKoro 6biCTporo ^BHxceHHH. B cjiyqaax HajiHqna 
HecKOjibKHX (JiyHKUHOHajibHbix rpynn hjih ^b o h h h x  CBH3eft MOJiexyjibr 
(fiHKcnpyioTCH sthmh rpynnaMH, 3aHHMaa cooTBeTCTBeHHO dojibuine 
njiomaAH. HanpHMep, sjieocTeapHHOBaa KHCJioia

CH3(CH2)3CH=CH-CH=CH—CH=CH(CH2'fCOOH
O

33HHMaeT njioma^b 6ojiee 100 A2, h MOJieKyjibi jieataT njiocKHM 3Hr- 
3aroM. FleHTaspHTpHTTeTpanajibMHTaT, b kotopom  rHApo<j)HJibHbie rpyn- 
nbi ĉ BHHyTbi BHyTpb MOJieKyjibi, HMeeT «nayKoo6pa3HbiH» b h jj, h mo- 
jiexyjibi b njieHKe o6pameHbi BceMH qeTbipbMa rHApotJioSHbiMH irenaMH BBepx

C15H31COOCH2X /CHjCOOCuHax

c16h31cooch2/  \ ch2cooc15h31

o
3aHHMaa njiomajjb 80— 100 A 2. CjioxcHbie opraHHqecKHe MOJieKyjibi c 
(JiyHKUHOHajibHbiMH rpynnaMH, KaK okch- h nojmoKCH6eH30Jibi hjih okch- h nojiHOKCHaHTpaueHbi, KeTOHbi PyxcHqKH c 30 aTOMaMH yrjie- 
po.ua b Kojibue, cTepHHbi, nojioBbie ropMOHbi, Tax>Ke (jjHKcnpyiOTCH Ha 
nOBepXHOCTHX, T. e. CO CTOpOHbl CBOHX 4>yHKHHOHaJIbHbIX CO-, O H - 
h CO O H -rpynn , opHeHTHpyacb BepTHKajibHO. Ohh Majio no^BepraiOTCH

o
cjKaTHio h 3aHHMaiOT njiomaflH Bcero jiHiub 30—45 A 2. rijieHKH HaH- 
6ojibmeft njiouraAH nojiyqeHbi H3 npOTeH^a (rjiHa^HHa): 2,8 m2 Ha 1 mb

ohjih 15 800 A 2 Ha 1 MOJieKyjiy.
BbiJio ycTaHOBjieHO, hto ^ByMepHbie a^copSHpoBaHHbie njieHKH mo- 

ryT ofijia^aTb 3HaqHTejibHOH xHMHqecKoft aKTHBHOCTbio, KOTopaa 3a- 
BHCHT OT OTHOCHTeJIbHOH flOCTynHOCTH OT̂ ejIbUblX MOJieKyjI, TaK KaK ckopocth peaKHHH CHHHtaioTca npn HapacTaiomeM c h o t h h . npHBe^eH- 
Haa Bbirne njieHKa ajieocTeapHHOBoft khcjiotm  caMOOKHCJiaeTca HacTOJib-
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ko Jierxo, mto npH onbrrax HeofixoAHMbi Ao6aBXH hhth6htopob (thapo- 
xHHOHa). OAHaxo Haxo>KAOHHe Mojiexyji b MOHOCJioe Ha noBepxHOCTH 
>XHAXOCTH He H3MeH5ieT 3HepTHH aXTHBailHH peaXUHH. H3-3a nOflBHJK- 
HOCTH aACOpSeHTa He MOJXeT B03HHKHyTb CHJIbHbIX AecJjOpMaUHH MOJie- 
xyji, xax 3to HMeeT MecTO Ha TBepAbix noBepxHOCTHx.

3HaHHTejibHoe bjihhhhc Ha xHMHqecxne peakunn b njieHxax oxa3bi- 
BaeT npHcyTCTBHe HeSojibiuoro qncjia hohob MeTajuiOB. Tax, HanpHMep, 
npoTeHHOBbie njieHXH b npHcyTCTBHH hohob MeTajuiOB rHApojiH3yx)TCH. 
3th peaxuHH H3yqeHbi eiu,e oqeHb hjioxo, ho ohh hmckjt fieccnopHO 
BajxHoe 6HoxHMHqecxoe 3HaqeHHe (OAUEodunaMUHecKiiu BcptpeKtn) [12].

H3AaBHa H3BeCTHbIM H UIHpOXO npHMCHHMblM CBOHCTBOM nJieHOX 
HBJixeTCH ycnoxoeHHe bojih npn BbiJiHBaHHH Macjia Ha noBepxHOCTb 
CypHoro MOpa. riosTOMy cnacaTejibHbie cyna CHa6>xax)T pbidbiiM >XHpoM 
hjih MHHepajibHbiMH MacjiaMH c AoSaBxon CTeapHHa [18].

CopfiuHH Ha TBepAbix noBepxHOCTxx npoTexaeT ropa3Ao cjio>xHee, 
Tax xax 3flecb hmckdt MecTO pa3JiHHHbie bhah copfiuHH. Bonpoc cra- 
HOBHTCH BeebMa 3anyTaHHbIM BCJiê CTBHe Heô HOpOAHOCTH nOBepXHO- 
cth, CTpyxTypbi ee, HepaBHOMepHoro pacnpeAejieHHa cbo6oahoh SHep- 
thh, bjihhhhh qncjia, xapaxTepa h pacnpeAejieHHH axTHBHbix yqacr- 
xob Ha A«])c>pMau.HH aACopSnpoBaHHbix MOJiexyji n t . a - 3th Bonpocw 
dyAyT ocBemeHbi AaJiee.

Aacop6uhh HBJineTCH pe3yjibTaTOM chji npHTHJxeHHH, AeflcTByxjmHX 
Ha MOJiexyjibi co CTopoHbi noBepxHOCTH EemecTBa, npnqeM npn tcchom c6jih- 
x<eHHH MOJiexyji chjih npHTHXieHHH nepexoAHT 3 chjiei orrajixHBaHHH. 
Ecjih 3apaAH npoTHBonojio>xHbix 3HaxoB b MOJiexyjiax He coBMemeHbi 
b oahom ueHTpe, to Boxpyr Mojiexyjibi co3AaeTCH 3JiexTpHqecxoe nojie, 
dbicTpo ydbiBaiomee c yBejinqeHHeM paccTOHHHH. EIoa aghctbhcm stoto 
nOJIH MO>XeT np0H30HTH B3aHMH3H nOJIHpH3aUHH MOJiexyji. B pe3y^b- 
TaTe TaxHx AecfiopMauHH h b33Hmoa6hctbhh sjiexTpHqecxHx nojieft mo- 
jiexyji co3Aax)TCH chjih npHTjnxeHHH.

^BjieHHH aAcop6uHH oco6o xapaxTepHbi ajih TBepAbix BemecTB, Tax 
xax OHH COnpOTHBJIHK)TCH paCTHJXeHHHM H C>XaTHHM npH B03ACHCTBHH 
Apyrnx MOJiexyji. B TBepAbix BemecTBax qacTHUbi 3axpenjieHbi b onpe- 
AeAeHHbix nojio>xeHHHx. 3to 3HaqHTejibHO ycjio>XHHeT H3yqeHHe aAcop6- 
UHH Ha TBepAbix nOBepXHOCTHX B CHJiy HeOAHOpOAHOCTH HX CTpyxTypbi. 
Ecjih MeHHcx jxhaxocth npeAcraBJiaeT coBoxynHOCTb BbiCTynoB h Bna- 
AHH rjiy6HHOH b  cpeAHeM 1—2 MOJiexyjiapHbix AnaMeTpa, to noBepx- 
HocTb TEepAbix EemecTB npeACTaBjineT oqeHb cjiokhhh «ropHbift» jiaHAina([)T 
h OHa He sxBHnoTeHUHajibHa (noApo6Hee cm. crp. 107). Flpn npH6jiH>xe- 
hhii MOJiexyjibi ra3a x TBepAOH noBepxHOCTH npoHBJiaiOTCH chjih npH- 
THH<eHHH, pacrymne c yMeHbiueHHeM paccroHHHH ao H3BecTHoro npeAe- 
Jia. IlpOCTpaHCTBO, B XOTOpOM 3TH CHJIbI npOHBJIHKDTCH, Ha3bIBaeTCH 
noAeM  c u a . B cjiyqae aACop6uHii MOJiexyjiapHbie chjih noBepxHOCTH 
Ha3biBax)T adcop6n,uoHHbiM U c u a q m u , a nojie achctbhh hx— nojieM aA-
COp6UHOHHbIX CHJI.

FIoTeHUHajibHaH 3Heprnh U jik)6oh tohxh riojia HBJiaeTCH (jiyHXUHefi 
paccTOHHHH o tnoBepxHOCTH, hto cxeMaTHqecxH npeACTaBJieHO Ha pnc. 18.
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Ha paccTOHHHHx, SojibuiHX OB, CHJibi aAcop6u,Hii npaKTHHecKH He 
npOHBJIHlOTCH. npH yMeHbUieHHH paCCTOHHHH MOKAy MOJieKyJIOH H noBepx- 
HOCTbK) noTeHUHajibHan SHeprHa MOJieKyu y6biBaeT, AocTHraa MHHHMyMa 
npn paccTOHHHH OA.  C yMeHbmeHHeM OA pe3Ko B03pacTaiOT orraAKH- 
BaiomHe cham . 3HaqeHHH noTeHUHaAbHoft SHeprHH npeAeraBAHiOT pa-

6oTy, KOTopyro HaAO 3aTpaTHTb 
BHeuiHHM cHAaM A-aa nepeMe- 
meHHH MOAeuyAbi H3 6ecKOHeq- 
HOCTH (t . e. C paccTOHHHH, TAe 
He AeflcTByioT aACop6uuoHHbie 
CHAbl) B AaHHyK) TOUKy nOAH.

H3yneHHe hbachkh aACop6- 
UHH TBepAbIMH nOBepXHOCTHMH 
qpe3BbIUaHHO yCAO>KHHeTCH OT 
Toro, mto Aiodau peaAbHaa 
TBepAan noBepxHOCTb yuce HMe- 
eT aAcopdHpoBaHHbie nAeHKH 
ra30B, BOAbI HAH >KHp3. riOAy- 
MeHHe «AeBCTBeHHbIX», HAH 
K)BeHaAbHbix, noBepxHocTeft 
HacTO conpaateHO c 6oAbiiiHMH 
TpyAHOCTHMH. OAHaKO MHorne 
AaHHbie TOBOpHT O TOM, HTO npn
aACop6uHH TBepAbIMH BeiuecT-
B3MH MOAeKyAbI (|)HKCHpyiOTCH 
T3K>Ke OpHeHTHpOBaHHO.

3 to npejKAe Bcero Ha6Aio- 
AaeTCH npu 3(Jx})eKTe cm33k h . 
H3BeCTHO, HTO npH CKOAb>Ke- 
hhh oahoh noBepxnocTH no 
Apyroft HMeeT MecTO TeM 6oAb- 

mee TpeHHe, qeM name noBepxHOCTH. HaHeceHHe Aa>Ke MOHOMOAeKyAap- 
HOTO CAOH pa3AHHHbIX OpraHHHeCKHX COeAHHeHHH, OCo6eHHO C A-aHHHbl- 
mh yrAepoAHbiMH uenaMH, 3HaaHTeAbHO CHHHcaeT TpeHHe. ycTaHOBAeHO, 
uto K03(J)(|)HUHeHT TpeHHH CHH>KaeTCH ah Heft ho c pocTOM uenH. MoAeuy- 
Abl CM33KH, aACOp6HpOBaHHbie BepTHKHAbHO HAH nOA KaKHM-TO yTAOM, 
no cyiuecTBy 3aMeHaioT TpeHHe Aayx noBepxHocTeft Ha TpeHHe abvx 
th6khx aAcopduHOHHbix nAeHOK.

XlodaBAeHHe k cMa30AHbiM MacAaM 1 — 2% BeiuecTB c noAapHbiMH 
rpynnaMH (nanpnMep, CTeapHHOBoft khcaoth, cepHHCTbix coeAHHeHHft, 
XA0pHp0B3HHbIX BOCKOB) CHAbHO nOBbILLiaeT «MaCAAHHCTOCTb» CMa30H- 
Hbix MaceA, t . e. hx cnoco6HOCTb k opueHTiipoBaHHoft aACop6uHH Ha 
TpymHXCH noBepxHOCTHX. HccAeAOBaHHH no aAcop6uHH CTeapHHOBoft 
KHCAOTbl H ee COAeft CTeKAHHHOft nOBepXHOCTbK) nOKa3aAH, UTO MOAe- 
KyAbi pacnoAaraioTCH nepneHAHKyAapHO k nocAeAHeft. AAHcJiaTHqecKHe 
coeAHHeHHa c CHg-rpynnaMH pacnpocTpaHaiOTca no noBepxHOCTH Me- 
T3AAOB oaeHb 6bicTpo, o6bHCHaeTca HBAeHHe CM33KH h 3arpa3He-

Phc. 18. FIoTeHUHajibHaH KpnBaa ajih mok-
MÔ eKyjIHpHOrO B03AeHCTBHfl.
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hhh >KHpHbiMH HajidaMH. Coe^HHeHHH c nonnpHbiMH rpynnaMH, Hanpn- 
Mep cnnpTbi, aACopdnpyioTCH CHAbHee, BbuecHHH MOJieKyjibi yrjieBOAO- 
POAOB, n03T0My CnapTbl, AH3THA0BbIH 3(j)Hp H aHaAOrnqHbie COeAHHeHHH 
jierKo o6e3H<HpHBaiOT MeTaAAnqecKHe noBepxHOCTH.

5. XeMocop6uH«

Aacop6uhh TBep^biMH BemecTBaMH, no H. JlsHrwiopy [17], nponcxoAHT 
3a cqeT BaJieHTHbix cha, kotophmh Bcer^a odAaAaeT Aiodafl noBepxHocrb b cnjiy ee HeHacbimeHHOCTH. O^HaKo 3a cqei xnMHqecKHx cha c noBepx- 
HOCTbK) CBH33H AHLUb nepBblH CAOH MOJieKyjl (MOHOCAOU), CAeAyKAUHe >Ke 
caoh, o6pa3yiomHecH HaA noBepxHOCTbio b bhac MHHHanopHOH aTMo- 
ccfiepbi, y^epn<HBaK)Tcn m/ibno cha3mh npHTHweHHH. Aacop6uhh moho- 
CJIOeM eCTb, T3KHM 0dpa30M, BBJieHHe XHMHMeCKOe, li nOTOMV OHa Ha- 
3BaHa xeM OCop6u,ueu. FIosTOMy xeMocopdana npHHUHnHaAbHO otah- 
qaeTCH ot odbiqHon, hah BaHAepBaaAbcoBofi, aACopdnnH.

npn n3yqeHHH baiihhhh ocTaToqHbix ra30B b BaayyMe Ha smhcchio 
3JieKTp0H0B H3KaJieHHOH BOAb(])paMOBOH npOBOJIOKOH 6bIAO KOHCT3TH- 
poBaHO yMeHbineHHe BejinqHHbi smhcchh. HBAeHne sto dbiJio o6"bflCHeHO 
odpa30BaHHeM Ha npoBOAOKe aAcopdnpoBaiiHbix ra30Bbix njieHOK, 
KOTopbie oqeHb ycTOftqHBbi h He ncqe3aiOT Aawe npn 1500— 1900° (npn 
10~6 am), npn 3000° h cnjibHOM pa3peweHHH ao 50% MOAenyA khcao- 
po^a peampyeT c BOjibifipaMOM, o6pa3yn W 0 3, KOTopan B03roHneTCH 
na deHKax cocyAa. TlAeHKa KHCAopoAa Ha BOAb^paMe HacmnbKO npoq- 
Ha, hto KHCJiopoA He pearHpyeT c boaopoaom.

Tanoro poAa KHCAopoAHbie imeHKH npeACTaBAHioT HacTomnne xhmh- 
qecKHe coeAHHeHHH KHCJiopoAa c aTOMaMH BOAb(J)paMa. CBH3b MewAy 
KHCJIOpOAOM H BOAb(|)paMOM TaK CHAbHa, HTO npH 1500° AJIHTeAbHOCTb 
upedbiBaHHH KHCAopoAa Ha BOAb(j)paMe aoxoaht ao 3 a c t . A tomw khc- 
AopoAa cnocodHbi Aawe BbipbiBaTb OTAeAbHbie noBepxHOCTHbie aTOMbi 
BOAb^paMa c odpa30BaHHeM W 0 3.

XlaAbHefliHHe padora noKa3aAH, hto khcaopoa aHaAornqHO BeAeT 
cedn H no OTHomeHino k yrAepoAy, a CO, H2, (CN)2, H2S, PH 3 h AsH 3 
o6pa3yioT Tanne we ycTofiqHBbie nAeHKH Ha noBepxHOCTH nAaTHHbi, 
qeM H odBACHHlOTCH HBACHIIH OTpgBAeHHfl KaT3AH3aT0p0B. BOAfc>4>paMO- 
Ban npoBOAOKa aACopdnpyeT oKHCb yrAepoAa c odpa30BaHHeM W(CO)6. 
Tan Kan npn aAcopdnnn okhch yrAepoAa BOAbcfjpaMOM MOAenyAbi pac- 
noAaraiOTCH opneHTHpoBaHHO, odpa3yiomHHCH mohocaoh, BepoHTHO, 
HMeet ctpoeHMe:

CO CO CO co
II II II l!

I aKHM odpa30M, npn aAcopduHH MOAenyA TBepAbiMH noBepxHOCTHMH mohocaoh o6pa3yercn b pe3VAbTaTe HacTOHiueii xiiMHqecKOH peaKunn
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MejKfly 3TOM3MH 3̂ COp6eHT3 H MOJiexyjiaMH aACOpdTHBa. Ha 0CH0B3HHH 
BbimeH3J10*eHH0r0 XeMOCOpSuneH H33bIB3K)T HeodpaTHMyK) aACOpdHHIO, 
xoTopaa HMeeT MecTO jirniib b MOHOCJioe; o6p330B3HHe >xe nocJie^yiomHx 
CJIOeB npOHCXOAHT 33 CHCT CHJI npHTHXCeHHH.

6. ypaBHeHHe H30TepMbi aAcopduHH JlaHrMiopa

Kax y>xe yxa3biBanocb, no H. JlsHrMiopy, aAcopdHHH ecTb nponecc, 
CBH33HHbIH C yCT3HOBJieHHeM ABHaMHHeCXOTO paBHOBCCHH: 3flCOp6- 
UHH f̂AecopfiuHH. KaacAHH aAcopdHpoBaHHbift aTOM hjih MOJiexyjia od- 
jia^aeT cpeAHeft npoAOJHXHTejibHOCTbX) cymecTBOBaHHH Ha noBepx- 
hocth, 3aBHCHmefi ot TeMnepaTypbi. 3Ta BejiHMHHa mojxct BapbHpoBaTb 
b oneHb mnpoKHx npe^ejiax: ot nonra decxoHenHO AJiHTejibHoro BpeMe- 
hh npH hh3khx TeMnepaTypax ao mhjijihohhbix AOJiefi cexyHAbi npn 
1000—2000° ripH aAcopdHHH dojibmoe 3HaneHHe HMeeT Tax>xe Tax 
Ha3biBaeMbift Koacpipuî ueHtn aKKOModat^uu

N

npe,fl,CTaBjiHK)mHH OTHomeHHe aACopdHpyxMHHxen MOJiexyji N x odme- 
My HHCJiy MOJiexyji N0, yAapHXMHHxcH o noBepxHOCTb b eAHHHny Bpe- 
MeHH. OneBHAHO, npe^ejioM a hbjihctch eAHHHna, t . e. 100%-Han aA' 
copduHH. HeM AncnepcHee noBepxHOCTb, TeM dojibine 3HaneHHe a: a^b 
norjiomeHHH BOAopoAa rnaAKan njiaTHHa HMeeT a=0,35, Pt-nepHb— 
0,71.

Ha 0CH0B3HHH cbohx padoT H. JlsHTMKjp Aan o6mee ypaBHeHHe H3o- 
TepMbi aAcop6uHH. Ecjih npHHHTb noBepxHOCTb aAcopdenra 3a eAHHHuy 
h o6o3HanHTb nepe3 a nacTb ee, noxpbiTyx) aAcopdnpoBaHHbiMH Mojie- 
xyjiaMH, to CBodoAHan nacTb noBepxHOCTH Bbipa3HTCH nepe3 1—a. 
KorAa npn AaBjieHHH p ycTaHaBHHBaeTCH paBHOBecne, to hhcjio aACop- 
dHpyx)iHHxcH MOJiexyji dyAeT paBHO nncjiy AecopdHpyx)m,HxcH. Hncno 
aACopdHpyx)m,HxcH MOJiexyji mojxho BbiHHCJiHTb no (fjopMyne

n % t r ------j------
n 0 ~ ( 1— c) P y  2k r m t

TAe Tj---- X03(JxJ)HHHeHT aXXOMOAaUHH.
” 0

ripn paBHOBecHH hhcjio aACopdHpyx)iHHXCH b 1 cex. MOJiexyji 3a- 
BHCHT OT AaBJieHHH

d o
—  = k l p ( l - z )

hhcjio jxe AecopdHpyK>m.HxcH Monexyn nponopuHOHajibHO 33hhtoh qa- 
CTH nOBepXHOCTH:

d<3
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riOSTOMy npn paBHOBeCHH

OTKyAa
^iP(i — =) =  — fa

_  *1 p
k2-\- k-̂ p

Ecah npHHHTb ^ -  =  b (K03(Jx|)HUHeHT aACop6u,HH), to nocjie noA- 
«2

CTawoBKH b b ypaBHeHHe noAynuM:

_ bp
9 ”  1 +  bp

3 to OKOHMaTejibHoe ypaBHeHHe H30Tep\ibi aAcop6u,HH AaeT BeAHHH* 
ny noBepxHOCTH, noKpbuoH MOjieKyjiaMH. 3aBHCHMOCTb aAcopfiuHH ot 
AaBAeHHH ra3a mojkho npeAcraBHTb 
HOH OT H30TepMbI aACOpdumi OpeHH- 
AAHXa. XUlH KHHeTHMeCKHX BblMHC- 
achhh Ban<Hbi aba npeAejibHbix cAy- 
nan. Ecah bp<  ̂1, to lim ^—bp, 
npw bp~̂ > 1 lim o = l ,  hto h odunc- 
HaeT xapaKTep noAyneHHon kphboh.
ripH MaAbIX AaBAeHHHX aAcopfiuHH 
nponopuHOHaAbHa ^aBAeHHio, ho 
no wepe noBbiuieHHH ero na- 
CTynaeT npeAeA, Bbime KOToporo 
AaBAeHHe He 0Ka3biBaeT bahhhhh 
(odpa30BaHHe mohocaoh).

H3 ypaBHeHHH H30TepMbi aA- 
COpdUHH JlaHTMIOpa MO>KHO CA6A3Tb 
KHHeTHnecKH Ba>KHbie BbiBOAbi. Ecah pearnpyeT oaho BemecTBO, aAcop- 
CnpyiomeecH Ha noBepxHOCTH KaTaAH33Topa, a npoAVKTbi peaKUHH Ae- 
cop6HpyioTCH, He Meman aAcopduHH hobhx MOAenyA peareHTa, to b 
33B.HCHMOCTH OT HHTeHCHBHOCTH aACOpSUHH B03M0>KHbI TpH CAyH3H.

1 c a y m a h . AAcopGuHH CAa6an, MOAeuyAaMH noKpbiTa AHixib 
He6oAbmaH naerb noBepxHOCTH. EIo ypaBHeHHio H30TepMbi KOAHnecTBa 
aACop6eHTa nponopunoHaAbHbi asbachhio (o=6p; klb=k)

=  k lb p = k pt . e. peaKUHH MOHOMOAeKyAnpHa.
2 c a y y a ii. A acop6uhh CHAbHan, MOAeKyuaMH nonpuTa bch no- 

BepXHOCTb. PeaKUHH He 33BHCHT OT AaBAeHHH (o =  1)

dx b l— dT =  *i° =  *i

B BHAe KpHBOH (pHC. 19), OTAH'I-

Phc. 19. H30TepMa aAcopSmui Jlaur- 
Miopa.

t . e. peaxmiH nporeuaeT no HyAeBOMy nopnAKy.
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3 c ji y i  a if. AACopdnnH cpeAHan; peaKuna 3aHHMaeT npoMe^yToq- 
HbiH nopaAOK Me>KAy nepBbiM h HyjieBbiM, t . e. HMeeT ApodHbift nopaAOK 
ii onpe,nejiHeTCH ypaBHemieM OpenHAJiHxa:

. —

- W  =  kS  =  k' p "

npHBe,neHHbie cjiynan oneHb nacTbi b reTeporeHHOM KaTajm3e, ii iix 
npHMeHjnoT aah pacneTOB Kancymnxcfl nopn^KOB peaKUHH. H. JlaHr- 
Miop noKa3aji, mo ero ypaBHeHHe H30TepMbi aACopdnnH xoporno Bbipa- 
>KaeT 33BHCHMOCTb MeJKAy BeJIHHHHOH aACOpdHHH ra3a H KOHUeHTpaUHefl 
npH hoctohhhoh TeMnepaType. H3 9Toro x<e ypaBHeHHH mojkho nyTeM 
pacneTa onpe^ejiHTb CTeneHb noKpbiTHH noBepxHOCTH npn MaKCHMajib- hoh aACopduHH. TaK, HanpHMep, aah  aAcopdnnn a30Ta Ha cjnoAe npH 
90° npe^eji aAcopdnnn HafiAeH paBHbiM 1,4-1014 z-moa/cm2. TpaMM- 
MOJieKyjia jkhakoto  a30Ta coAep>KHT 6,06-1023 MOjieKyji h 33HHMaeT 
odneM 35 cm3. HacTHoe ot AeJieHHa odneMa 1 z-moa >KHAKoro a30Ta Ha 
hhcjio ABoraApo

35 : 6,06-1023 =  5,8-10-*> c.n3

AaeT MHHHMa/ibHoe 3HaneHHe odteivia oahoh MOJieKyjibi a30Ta b aACop- 
CnpoBaHHOM cjioe. Ecjih npHHHTb, mo MOJieKyjibi a30Ta npeACTaBJiniOT 
KydHKH c pedpoM /, to odneM /3=5,8 • 10—23 cm3, a njiomaAt oahoh mo- 
jieKyjibi Ha noBepxHOCTH aAcopdeHTa cocraBJiaeT 0,15-10—14 cm2. Ecjih 
Ha 1 cm2 cjiioah aAcopdHpoBaHO 1,4 -1014 MOjieKyji a30Ta, to 3aHHTaa 
hmh njiomaAt dyAeT

1 ,4-1014-i f5 .10-15 -=0,21 CM2

t . e. npH MaKCHMajibHOH aACOpdHHH noBepxHOCTb 3aKpbiTa JiHuib Ha 
21%. AAcopdHHH ApyrHx ra30B Ha cjnoAe .noKa3a.1a, hto HHKorAa He 
jioKpbiBaeTCH bch noBepxHOCTb (Tadji. 12).

TABJIHUA 12

f a 3
A O J IH  n O K p b IT O ft n o B ep xH O C T H

K p u T im e c K a s )
T e M n e p a T y p a ,

°K
S H e p r H H  

a ; ; c o p 6u H H , 
KXIAj S-MOAn p H  90° npii 155°

02 0,11 0 ,0 3 155 985
Ar 0 ,1 7 0 ,0 6 153 695
CO 0 ,3 8 0 ,1 3 137 —

N 2 0 ,2 4 0 ,0 8 127 1490
ch4 0 ,7 7 0 ,1 7 191 1610
c o 2 — 0 ,4 4 304 —

ripH TeMnepaTypax HHHte KpHTnnecKHX CTeneHb noKpbiTHH 3Hami- 
TeAbHO noBbiuiaeTcn, AOCTHraa 50—90%, npnneM nojiynaiOTcn mhoto- 
CAOHHbie nOKpbITHH.



7. n P H H U H n  H E O U H O P O H H O C T H  flO B E P X H O C T H 107H30TepMa aACopdpHH JIsHrMiopa othochtch k HAeaAbHOMy CAynaio roMoreHHoft h OAHopoAHoft TBep/jofi noBepxHocTH npn Majiux 3ano.i- HeHHHX 6e3 AHccouHauHH MOjieKyji. H30TepMbi Taxoro THna BCTpenaiOT- ch ^OBOJibHO qacTO, ho b peajibHbix cjiyqaax Bcer^a 3aMenaiOTCH otkao- HeHHH. TeM He MeHee sto ypaBHeHHe Macro npHMeHHiOT aah  koahmcct- BeHHoro H3MepeHHH aAcopduHH ra30B Ha TBepAbix noBepxHOCTHx.
7. npHHUHn HeOAHOpOAHOCTH noBepxHocTH

H. JlaHrMiop b cBoefl TeopHH ynHTbiBan toabko 3HepreTHMecKH He- 
OAHOpOAHyK) nOBepXHOCTb, CMHT3H, MTO nOBepXHOCTHbie MaCTHUbI C He- 
Hacbiiu,eHHbiMH BajieHTHOCTHMH co3AaiOT 3AeMeHTapHbie ynacTKH c doAee 
BbICOKHMH nOTeHU,HaJiaMH. OAHaKO T3KHe MOACKVAbl He 33HHMaiOT oco- 
doro nojio>KeHHH c tomkh 3peHHH reoMeipiiH h CTpyKTypbi noBepx- hocth . TeopHH JlsHnwopa cboahtch k TpeM nocTyjiaTaM: «1) noBepx- 
HOCTb COCTOHT H3 OrpaHHMeHHOro HHCJia HAeHTHMHblX yMaCTKOB, 2) HeT 
B3aHMOAeHCTBHH MOKAy aACOp6HpOBaHHbIMH MOJieKyjiaMH H 3) o6pa30- 
BaHHe xeMocopdHpoBaHHoro mohocaoh . Tanwe ycjiOBHbie orpaHHMe- hhh 3HaMHTejibHO jiHMHTHpyioT noHHMaHHe cyTH reTeporeHHoro KaTa- 
JIH3a». Xoporno H3BeCTHO, MTO MCM dOAee HeOAHOpOAHa nOBepXHOCTb, 
TeM HHTeHCHBHee H C TeM dOAblUHM TepMHHeCKHM 3(JxJ)eKTOM npOTexaiOT 
aACopSuHH h xeMocopduHH, Hepa3pbiBHo CBH33HHbie c reTeporeHHbiM Ka
ra AH30M.

BcHKan TBepAan nOBepXHOCTb neoAHopoAHa. IlorpaHHWHbie caoii 
Aa>Ke 6jiecTHmHX nojinpoBaHHbix TBepAbix BemecTB hmciot uiepoxoBa- 
Tyio CTpyKTypy, hppobhocth KOTopofi AaAexo b u xo a bt  3a npeAeAbi 
MOJieKyAnpHbix H3MepeHHH. Tax, HanpHMep, 3epKaAbHan nOBepXHOCTb 
KpHCTa/iJioB H3BecTKOBoro uinaTa odjiaAaeT 3yduaMH h BucrynaMii 
B 10~4— 10-5 CM, a nOBepXHOCTb dAeCTHUtHX KpHCTaAAOB MeAH hah ce- 
peopa— b 10-6— 10-7 cm; TOHKonojiHpoBaHHbie 3epxajia HMeiOT mepo- 
X0B3T0CTH B 1,8— 3 MMK. BepOHTHO, eAHHCTBCHHOH IViaAKOH nOBepx- 
HOCTbK) HBAHIOTCH rpaHH aJ!Ma3a.H3-3a HepoBHOCTeft. h TpeipnH, HMeiomaxcH Ha rpaHHX, pedpax 11 v m a x KpHCTaAAOB, noBepxHOCTHan CBodoAHan 3HeprHH pacnpeAe- JineTCH HepaBHOMepno. ITpHcoeAHHeHHe MOjieKyji H3 pacTBopa npn pocTe KpucTaJiJiOB npoHcxoAHT npe>KAe Bcero no yiYiaM h pedpaM, Ha KOTopbix noBepxHOCTHan sHeprHH MaxcHMajibHa. ripn pocTe rpaHefi KpHCTaAAOB Hcne3aiOT Te H3 h h x , KOTopbie hmciot doAbmyio cKopocTb pocra, t . e. odAaAaiOT noBbiiueHHOH sHeprHefi. B cAynae pereHepauHH AetJiopMHpo- BaHHbix xpHCTaAAOB no toh >xe npHMHHe, npen<Ae Bcero pocT HanHHaeT- ch c ocTpbix BepuiHH ii pedep noBpejKAeHHbix MecT. IlpH dbiCTpoft Kpn- CTaAAH3aUHH H3 paCTBOpOB M3CT0 0dpa3yi0TCH UTAH HAH A^HApHTbl, MTO odbHCHHeTCH dbICTpbIM pOCTOM MeCT C HaHdOAbUieH SHeprHeft.HepaBHOMepHocTb pacnpeAeAeHHH 3HeprHH no noBepxHocTH mo>kho noKa3aTb HarAHAHO, ecAH noMecTHTb KpucraAn weAHoro xynopoca b cnnpTOBbiH pacTBop cepoBOAopoAa; npn stom  noqepHeHHe BCAeACTBiie odpa3 0B3 HHH cyAwfinAa MeAH HanHHaeTCH c \t a o b  h pedep. JXame pa3-
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jnmHbie rpaHH xpHcrajuiOB cnocoOHbi aAcopdapoBaTb H36npaTejibHO. 
B KpHCTajiJiax HHTpaTa CBHHua rpaHH (110) aAcop6Hpyx>T Me- 
THJieHOBblH CHHHH, APyrHe JKe rpaHH— FIHKpHHOByiO KHCJIOTy. ECJIH Bbl- 
pamHBaTb 3th KpHCTajiJibi b cMecH o6ohx xpacHTejiefi, TO OAHH rpaHH 
pacTyT rojiyObiMH, a ApyrHe jxejiTbiMH. 3to oObHCHaeTCH pa3JiHHHOH 
CKOpOCTbK) pOCTa rpaHeft H pa3JIHMHOH BejIHHHHOH HX CB060AHHX 3Hep- 
thh. Taxan cTporo H36HpaTejibHan aACopOuHH jioxht b ocHOBe xpowa- 
TOrpatJjHH H AeHCTBHH HOHOOSMeHHbIX CMOJI.

npH pacqeTe 3JiexTpocTaTHqecxoH SHeprHH npHcoeAHHeHHH HOBbix 
3JieMeHT0B k npaBHJibHOH hohhoh peuieTKe ObiJiH nojiyqeHbi cjieAyio-

mne OTHOCHTejibHbie BejiHqHHbi: a î^ nAOCKOCTH— 0,132 ajm pe6pa —

0,081 a -̂ h yrjia — 0,494 (d— o6pa3yiomaH pemeTKH), t . e. Be-

jinqHHa cbo6oahoh SHeprHH Ha yrjiax non™ b 4 pa3a Oojibine, qeM Ha 
njiocKOCTHX [19]. OTCioAa noHHTHO, noqeMy CBoOoAHan SHeprHH B03- 
pacTaeT c AHcneprnpoBaHHeM TBepAoro BemecTBa h Bcaxoe ynopaAoqe- 
HHe noBepxHOCTH CHHJKaeT ee aKTHBHOCTb.B npHMOM OTHOUieHHH K BeJIHHHHe CBOdOAHOH SHepTHH H3X0AHTCH 
h aACop6u,HOHHaH cnocodHOCTb, B ocHOBe reTeporeHHbix xa-
TajiHTHqecKHx peaxunfi. J I j ih  nojiyqeHHH axTHBHbix xaTajiH3aTopoB c 
BbICOKOH aACOp6UHOHHOH CnOCOSHOCTbK) HeoOxOAHMO C03A3HHe pa3- 
BHTOH IIOBepXHOCTH. •

HeoAHOpoAHOCTb noBepxHOCTH mojkho Aoxa3aTb pa3jmqHbiMH cno- 
COdaMH. To OdCTOHTejIbCTBO, HTO AJIH OTpaBAeHHH KaTaJlH3aTOpOB'AO- 
cTaTOHHbi MaAbie KOJiHqecTBa haob, yKa3biBaeT Ha oco6yio aKTHBHOCTb 
He Been noBepxHOCTH, a xaxnx-TO ocoObix yqacTKOB Ha Heft. HarpeTbie 
noBepxHOCTH HcnycxaiOT ajiexTpoHbi He paBHOMepHO, a ot onpeAejieH- 
HblX JIOK3JIH30BaHHbIX yqaCTKOB. BblJIO AOK33aHO, HTO Ha noBepx- 
HOCTHX, BCJieACTBHe HX HCOAHOpOAHOCTH, SHepTHH CnOCoOHa K Cj)JiyKTya- 
UHHM.

npH HccjieAOBaHHH b yjibTpatJwojieTOBOM cBeie pacnaAa nepexncn 
BOAopoAa HaA nJiaTHHoft HaOjnoAaiOTCH 3,/iexTpoHHbie noTOKH ot 6oJiee 
aKTHBHbix k MeHee aKTHBHbiM qacTHM noBepxHOCTH. Xopomeft hjijik>- 
CTpaHHen HeoAHOpoAHOCTH noBepxHOCTH HBJiaeTCH Tax>xe AecopOuHH 
KHC^opoAa c aKTHBHpoBaHHoro yrjiH. Oxa3biBaeTCH, hto Hedojibinyio 
qacTb KHCJiopoAa mojkho AecopdHpoBaTb npocTbiM OTxaqHBaHHeM; b 
BbicoKOM BaxyyMe 3HaqHfejibHaH qacTb xncjiopoAa yAajineTCH b BHAe 
C02, TorAa xax b BaxyyMe npn HarpeBaHHH AecopOnpyeTCH CMecb CO+ 
+C02. 3th HBjieHHH noxa3biBax)T, hto noBepxHOCTb yrjin HepaBHOueH- 
Ha h Ha Hen cymecTByeT no MeHbineft Mepe Tpn THna pa3JinqHbix yqacr- 
xob, yAep>KHBaK)mHx xHCJiopoA c HeoAHHaxoBoft npoqHOCTbK). Haxo- 
Heu, cJioxcHOCTb noBepxHOCTH xaTajiH3aTopoB oqeBHAHa h H3 (])axTa 
cymecTBOBaHHH onpeAejieHHoft cop6u,HOHHoft cmxocth, t . e. cnocodHO- 
CTH OAHOH H TOH >Xe nOBepXHOCTH aACOp6HpOB3Tb pa3JiHqHbie XOJIHqe- 
cTBa ra30B. Tax, HanpHMep, 1 c m 3 yr j ih  moh<ct aAcopOnpoBaTb 0,227 .\u  
rejiHH, 1,67 m a  aproHa, 2,35 m a  a30Ta, 2,5 m a  xnc^opoAa, 3,5 m a  oxhch



8. A K TH B ilb lE  U EH T P b l H  MX flP H P O A A 109yrjiepofla, 9,4 ma MeTaHa, 30,4 ma yrjiexHCJioro ra3a, 73 ma aMMHaxa, 
41 ma STaHa.H3BecTHO, mo TBepAbie BemecTBa npeflcraBJiaiOT co6oh cjiojKHbie o6pa30BaHHH H3 3epeH pa3JinqHOH BejinqHHbi. KpHcrajuiHqecKHe Be- meCTBa COCTOHT H3 C0qeT3HHH KpHCT3JlJI0B pa3JIHqHbIX pa3MepOB. Xla>Ke OTAejibHbie MOHOKpHCTajuibi cmibHO otkjiohhiotch ot HAeajibHoro no- pHAKa CTporofl nepHOAHqHOCTH. B KpncTajuiHqecKHX pemeTKax OTMe- qaeTCH MHoro thitob HapyiueHHH nopaAKa pacnojio>xeHHH aTOMOB H3-3a nocTopoHHHX BKjiioqeHHH, AetJiopMauHH, npodejioB (nycTOT), otkjiohc- 
HHH OT CTeXHOMeTpHH. Bee 3T0 BJIHHeT Ha CB0HCTB3 nOBepXHOCTH, BCeTAa o6jiaAaiomeH reoMeTpnqecKOH h Tonorpa(j)HqecKOH cjio>KHOCTbio h HeOAHOpOAHOCTbK) CHJIOBOTO nOJIH. 3 th HBJieHHH C OqeBHAHOCTbK) nOATBepHCAaiOTCH SJieKTpOHHO-MHKpOCKOnHqeCKHMH CHHMK3MH. Flo
A. B. IIJexTep h C. 3. PorHHCKOMy [20], npn 10 000-KpaTHOM yBejiHqe- 
hhh AbiMOBoro HajieTa (MgO, ZnO hjih Ag) nocjieAHHft coctoht H3 npn-

o
cTajiJiHKOB pa3Hbix pa3MepoB — ot 25 ao 30 A. PaccMOTpeHHe noBepx- 
HOCTeft cypbMbi, 6apHH hjih Apyrnx MeTaJiJiOB npn t3khx >Ke yBejmqe- 
hhhx noKa3biBaeT cjioncHyio HeoAHopoAHOCTb—HaJinque Jia6HpHHTOB 
H3 yrjiy6jieHHH h BbiCTynoB, TpemHH, HeynopHAoqeHHbix yqacTKOB pa3- 
hoh CTeneHH AncnepcHOCTH.

J\ j ih HBJieHHft xeMocop6u.HH h xaTajiH3a HHTepec npeACTaBjiHei He 
bch noBepxHOCTb, a Jinrnb ee «nojie3Han qacTb», Ha KOTopofi h npoTexaeT 
aKTHBHpoBaHHan aACopOunn, npnqeM HHTeHCHBHOCTb nocjieAHefi Tono- 
rpa(j)HqecKH h 3HepreTHqecKH- HepaBHOueHHa. CTeneHb HeHacbimeHHOCTH 
aTOMa b nosepxHOCTHOM cjioe 33bhcht ot ero nojio>xeHHH b xpHcrajuiH- 
qecKOH peuieTKe. Ecjih aTOM HaxoAHTCH b ee nJiocxoH qacTH, oh HeHa- 
cbimeH TOJibKO b HanpaBJieHHH, nepneHAHKyjiapHOM k noBepxHOCTH. 
Ecjih >Ke aTOM h3xoahtch Ha pe6pe, b yrjiy KpncTajuia hjih Ha yqacrxe c MaJibiM paAHycoM KpHBH3Hbi, oh 3HaqHTejibHO MeHee cbh33h c noBepx- 
HOCTbio ii, HaoOopoT, dyAeT oOjiaAaTb 6ojibuieft HeHacbimeHHOCTbio, a 
OTCioAa dojibiueH cnocoOHOCTbio k aAcop6uHH. T Tefijiop (1926 r.) AaeT cJieAyiomyio ycjioBHyio cxeMy CTpoeHHH noBepxHOCTH bocct3hob- 
jieHHoro HHKejiH:

8. AKTHBHbie ueHTpu h hx npnpoAa

Ni

Ni Ni Ni

- N i - N i Ni—Ni Ni Ni—Ni

— Ni—Ni—Ni—Ni—Ni—Ni—Ni—Ni—Ni—Ni—Ni—

O h CMHTaeT, hto, Tax xax ra30o6pa3Hufi aTOM hhkcjih qeTbipexBa- 
jieHTeH [HanpHMep, b N i(C O )4], crpyKTypy noBepxHOCTH Ni-xaTajiH-
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3aTOpa MOJKHO paCCM3TpHBaTb KaK COCTaBJieHHyiO H3 aTOMOB, B pa3- JIHHHOH CTeneHH HaebimeHHbIX COCe^HHMH, HaMHHaa OT T3KHX, KOTOpbie TOJibKO Ha oflHy CTeneHb MeHee HacbimeHbi, neM aTOMbi, pacnojiomeHHbie HH)Ke, H AO T3KHX, KOTOpbie e^Ba yAep>KHBaiOTCH nOBepXHOCTbK).
BecbMa BepoHTHO, hto aTOMbi hhkcjih, cBH3aHHbie c noBepxHOCTbio 

OAHOH BajieHTHOCTbK), 6yAyT aACOpSHpOBaTb TpH MOJieKyjIbl OKHCH 
yrjiepoAa, cBH3aHHbie AeyMH BaJieHTHOCTHMH—ABe MOjieKyjibi h t. a- 
Atomh c MaKCHMajibHoft HeHacbimeHHOCTbK) h 6yAyT b nepByio onepeAb 
aAcopdHpoBaTb peareHTbi. TaKHe tohkh hjih MecTa noBepxHOCTii H?.3bi- 
BaiOT nUKCLMU, HJIH aKmueHblMU U'CHtripCLMU. OhH 3aHHM3K)T JIHUIb He- 
3HaHHTejibHyio qacTb Been noBepxHOCTH KaTajiH3aT0pa. HanpHMep, npn- 
coeAHHeHHio BOAOpoAa k STHJieHy Ha Ni-KaTajiH3aTope cnocodcTByer 
npHMepHO JiHuib 0,1% ero noBepxHOCTH; xeMOcopditHH KBapueM (npH 
B33HMOA6HCTBHH OKHCH yTJiepOAa C KHCJIOpOAOM) npOTeKaeT JIHUIb Ha 
3% ero noBepxHOCTH; Ha >Kejie3Hbix KaTaJiH3aTopax a-uh CHHTe3a aMMHa- 
Ka aKTHBHbie UeHTpbl COCT3BJI5HOT okojio 0,1% Been noBepxHOCTH. Ha 
Majiyio BejiHHHHy njiomaAH, 33HHMaeMOH aKTHBHbiMH ueHTpaMH, yxa- 
3bIB3K)T H Majlbie A03bl aHTHKaTaJIH3aTOpOB, HeoSpaTHMO 3aKpbIBaromHX 
nojie3Hyio naerb noBepxHOCTH (cm. Ta6ji. 12).

IlpHBeAeHHbie b npeAbiAymeM naparpa(|)e npHMepu Aecop6u,HH khc* 
.iopoAa c noBepxHOCTH yrjin yKa3biBaiOT Ha cymecTBOBaHHe aKTHBHbix 
ueHTpoB pa3JiHHHbix THnoB. TaKHM pa3JiHHHeM o6t>hchhiotch h cjiynan 
6jiaronpHHTCTByioH;ero OTpaBJieHHH KaT3JiH3aTopoB. ^

Tax, npn napajuiejibHOM rHApnpoBaHHH AHnponHJiKeTOHa, HHTpo- 
6eH30Jia h nHnepoHajia HaA nJiaTHHOH Ao6aBKH HapacraiomHX kojihhcctb 
cepoyrjiepoAa, BeponTHO, napajiH3yiOT pa3JiHHHbie aKTHBHbie ueHTpbi. 
OKa3ajiocb, hto b nepByio onepeAb H3-3a OTpaBJieHHH K3TajiH3aTopa 
KeTOH npeKpamaeT BOccTaHaBjiHBaTbcn b cnnpT, ho HHTpo6eH30Ji n 
nHnepoHaji em,e • rh aphpyiOTCH. Hipn AaJibHeiimHX Ao6aBKax cepoynne- 
poAa nepecTaeT BOccTaHaBjiHBaTbcn h nHnepoHaji. Ilo aPY^hm Ha6jno- 
AeHHHM THoiJieH npeKpamaeT rHApnpoBaHHe 6eH30Jia HaA HHKejieM, ho 
t3koh OTpaBJieHHbiH KaTajiH33Top eme xopomo rHApnpyeT ajimJiaTHHe- 
CKHe KpaTHbie cbh3h. JXodaBKa STHjicyjibijmAa BbiKJnonaeT h 3Ty (JiyHK- 
UHio KaTajiH3aTopa, ho He MemaeT BoccraHOBJieHHio HHTpocoeAHHeHHH 
b aMHHbi. HaKOHeu,, AaJibHefimee BBeAeHHe Majibix KOJinnecTB cepoyme- 
poAa coBepmeHHO AC3aKTHBHpyeT KaT3JiH3aTOp.neppoHanajibHoe npeACTaBjieHHe 06 aKTHBHbix neHTpax hochjio JiHuib KanecTBeHHbiH'xapaKTep, ho AaJibHeftinHe paSoTbi no3BOJiHJiH BbiHBHTb H HeKOTOpbie KOJIHHeCTBeHHbie 33K0H0MepH0CTH. BblJia, HanpHMep,ycTaHOBJieHa cjieAyiomaH 3aBHCHMOCTb MemAy bcjihhhhoh aAcop6uHH aMMHaxa Ha mejie3HOM KaTajiH3aTOpe h BbiAejineMoft npH stom TenjiOToft
aACop6uHH Qa :

NH3> cm3 2 4 6 8 10 12 14
Qa, kkcia 18 16 14 12,5 11,3 10,5 9,9H3 3THX AaHHbIX MOJKHO 3aKJHOHHTb, HTO aACOpdUHH C HaHdOJIbLUHM TepMHnecKHM acjxfieKTOM npoTexaeT JiHmb Ha Hedojibinofi nacTH noBepx-
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hocth (aKTHBHbie ueHTpbi). 3aKOHOMepnoe CHH>KeHHe Be.inqHHbi Q,\ 
c noBbimeHHeM ereneHii 3anoAHeHHa noBepxHOCTH aAcopOupoBaHHbiMii 
MOJieKyjiaMH MO>KHO 06"bHCHHTb JlHUJb HaJIHMHeM yqaCTKOB nOBepXHOCTH 
co CHHjKaiomeHCH cboSoahoh 3HeprHeft. OmeueHO TaK>Ke, mo ;yiH xe- 
mocop6uhh Heo6xoAHMa HeKOTopaa BejinawHa SHeprHii aKTHBauHH, ko- 
Topaa odbiMHO B03pacTaeT co CTeneHbio noapbiTHa riOBepxhocth. 3 th h 
paA aHajiorHHHbix HccJie/jOBaHHH npHBOflaT k 3aKjnoaeHHK) o CTpyKTyp- 
HOH H SHepreTHHeCKOH HCÔ HOpOAHOCTH TBepAbIX nOBepXHOCTefi.

B HacToamee BpeMa aeT ochob3hhh coMHeBaTbca b pea.ibHOCTH cy- mecTBOBaHHa aKTHBHbix ueHTpoB, ho rrpeACTaBjieHHH o hhx eiue He ao- cTaTOMHo acHbi, xoth h npe,iyic»KeHbi pa3JiaqHbie Mo^ejiH. Pa3AHHHbie aBTopbi npe/yiaraioT pa3Hoo6pa3Hbie TpaKTOBKH. n o  nepBOHaaaAbHbiM ripeACTaBJieHHHM aKTHBHbie ueHTpbi pa36pocaHbi no noBepxHOCTH 6e3 bchkoh ynopaAoqeHHOCTH, xaoTHaecKii: no T Tenaopy,—3to CHAbHO SHepreTHnecKH HeHacbimeHHbie nHKH; Apyrne nccAeAOBaTeAii cuHTaiOT aKTHBHbie ueHTpbi MecTaMii HapyiueHHoro KpncTaAAHqecKoro cTpoeHHa— odJIOMKaMH KpHCTaJIJIOB H3 10— 100 aTOMOB. BcaeACTBHe CHAbHO P33BHTOH noBepxHOCTH B- HHX AOKaAH3yeTCH oaeHb BbICOKaa CBO- OoAHaa 3Hepma. CaHTaioT Tax>Ke, mo aKTHBHbie ueHTpbi npeA- CTaBJIHIOT «3KTHBHbie AHHHH», T. e. pe6pa KpHCTaAAOB, rpaHHUbl 3epeH n MecT napyuieHHH, Ha KOTopbix b nepByio oaepeAb npoTeaaeT aACop6- UHa h a h , Kan roBopaT, «aAAHHeauna» MOAeayA. n o  Teopuu aHcaMSAeii Ko6o3eBa aKTHBHbie ueHTpbi npeACTaBAaiOTca KaK c6AH>KeHHe HecKOAb- KHX (1—4) aTOMOB.
npH3HaHHaa mhothmh MyAbTHnAeTHaa Teopua BaAanAHHa (crp. 139)* 

bboaht b npeACTaBAeuna 06 aKTHBHbix ueHTpax (Jjamop reoMeTpaae- cKoro n 3HepreTimecKoro cooTBeTCTBiia Me>KAy noBepxHOCTbio h peareH- 
TaMH. AKTHBHbie UCHTpbl HBAHIOTCH KpHCTaAAHMeCKHMH 3apOAbIUJaMII, 
CKOnAeHHHMH aTOMOB, opneHTHpoBaHHbix Ha TBepAOH nOBepXHOCTH II 
o6AaAaiOLUHX H36bITKOM CBoOoAHOi’l 3HeprHH. OhH BOCnpOH3BOAaT y3AbI 
KpucTaAAHaecKOH peuieTKH MeTaAAa, mo oOAeraaeT npoTeuaHHe reTe- 
poreHHbix peaKUHH. A. A. BaAaiiAHH nnuieT: «...KaTaAHTuaecKH aKTHB
Hbie ueHTpbi—3to aTOMHaa rpynna c onpeAeAeHHOii KOH(J)HrypauneH h c 
onpeAeAeHHbiMH sHepreTHaecKHMH CBoiicTBaMH. 3tot aKTHBHbin ueHTp 
cnoco6eH AeiJiopMHpoBaTbca noA BAHaHneM coccahhx aTOMOB, npupoAbi 
hx, nncAa h pacnoAOKemia, t . e. cBoero oapy>KeHHa. JlecJiopMHpoBaH- 
Hbiii ueHTp HMeeT H3MeHeHHyio cBa3b c pemeTKoii KaT3AH3aTopa, Me- 
HaeTca ero sHeprna cySAHMamm n cnoco6HocTb npHTarHBaTb h Aecfcop- 
MHpoBaTb nocTopoHHue MOAeKyAbi» [21J.

npaBHAbHOCTb BBeAemia reoMeTpimecKoro cfiaKTopa b npeAcraBAe- 
mia 06 aKTHBHbix ueHTpax h noBepxHOCTHbix peaxunax noATBep>KAaeT- 
ca b nepByio oaepeAb CAeuyioiuHM TeopeTnaecKHM npHMepoM. Bbi.ia 
uccAeAOBaHa noTeHUHaAbHaa SHeprua pa3AHHHbix KOHcfuirypamiH H3 
aeTbipex aTOMOB Ha aacTiioM npiiMepe npu6Aii>KeHHa MOAenyAbi boao- 
poAa k AeyM aTOMaM \TAepoAa, HaxoAamHMca Ha pa3HOM Apyr ot Apy- 
ra paccToaHHii.

113 pacaeTOB 6wao HaiiAeHO, mo AJin npoTeKanua peaKUHH pacctoa-



Ea . II. TE O P H H  11 MEXAHI13M KATAJ1H3A1 12HHH MeJK^y aTOMaMH Ha nOBepXHOCTH (aKTHBHbie UeHTpbl) AOJOKHbl dbITb 
cTporo onpe^ejieHHbiMH. IlpH cjih ihkom  6jih3kom  nojio>KeHHH aKTHBHbix UeHTpOB SHeprHH aKTHBaUHH CHCTeMbI flOJl>KHa dbITb BbICOKOH H3-3a CHJI OTTaJIKHBaHHH MOK^y BCeMH MeTblpbMH aTOMaMH (2H H 2C). IlpH CJIHIHKOM dOJIbIHOM paCCTOHHHH MOK^y yrjiepO^aMH BeJIHHHHa SHepTHH aKTHBaUHH TaK>Ke dyueT bhcokoh  H3-3a BKJiioqeHHH b chctcmy SHepran, HeodxOflHMOH UJIH UHCC0HH3HHH MOJieKyjIbl BOAOpO^a Ha aTOMbl. JlHHIb npH OnTHMaJIbHOM paCCTOHHHH MeJKAy aKTHBHbIMH HeHTpaMH (flJIH ^3H-

~f~4

noro npHMepa okojio 1,5 A) SHeprHH aKTHBaUHH npoxo^HT nepe3 mh-
HHMyM, odjierqan KaiaJiH- 
THnecKyio peaKUHK), cbh- 
3aHHyio c a^copSuHen.

AKTHBHbie UeHTpbl MO- 
ry T  6biTb pacnojio>KeHbi Ha 
nOBepXHOCTH Ha pa3JIHHHbIX 
paccTOHHHHx, ho , b nepByio 

j  oqepe/jb, xeM ocopdnpoBaTb 
6 y/jyT TOJIbKO Te H3 h h x , 
k  oTOpbie TpeSyioT MHHHMyMa 
3H e p THH aKTHBaUHH, t . e. 
HaXOUHTCH Ha OnTHMaJIbHOM 
paCCTOHHHH. r ip n  noBbime- 

HHH CTeneHH nOKpbITHH nO
BepXHOCTH C MeHbUieH HH- 
TeHCHBHOCTblO dyUyT BKJHO- 
naTbCH b peaKHHio h Te aK

THBHbie ueHTpbi, KOTopbie He OTBeqaiOT npHHUHny onTHMajibHoro pac- 
CTOHHHH. yBejIHHeHHK) CKOpOCTH XeMOCOpdHHH dy/jeT CnOCOdCTBOBaTb 
noBbimeHHe TeMnepaTypbi. TaKHM odpa30M, odinne npeucraBjieHHH o 
ueHacbimeHHOCTH noBepxHOCTefi h od  aKTHBHbix ueHTpax npHBejiH k 
HeodxouHMOcTH H3yqeHHH Tonorpa<|>HH hjih reoM eTpim  SHepreTHuecKH 
HepaBHOUeHHOH nOBepXHOCTH.

Phc. 20. CxeMa pacnojio>KeHHH aKTHBHbix ueHTpoB 
(1 ,  2, 3, 4, 5) Ha HeflocTpoeHHOH rpaHH i<y6Hie- 

ckoto KpHcrajui# (no n. A- ilaHKOBy).

n .  X U hkob [22] npn H3yneHHH CTpoeHHH noBepxHOCTHoro cjioh KaTaJIH33TOpOB MeTO/JOM £H([)paKHHH SJieKTpOHOB yKa3aJI, MTO TeopHH aKTHBHbix ueHTpoB Tefijiopa HeBepHa. Flo n. R .  jjaHKOBy, sto  mo>kho iIOKa3aTb paccMOTpeHneM cxeMbi KpHcrajuiHqecKOH pemeTKH (p h c . 20), KydHKH KOTopofl npe/ieraBJiHioT 3JieMeHTapHbie qacraubi. BHyTpn i<pn- CTaJiJia nacTHUbi CKOMneHCHpoBaHbi mecTbio coce^HMH no qncJiy rpaHefi Kyda. MacTHHbi Ha nOBepXHOCTH CBH3aHbi c nuTH ctopoh h odJiauaiOT .JIHUIb O^HOH CBOdOUHOH CBH3bIO. AHaJIOrHMHO MaCTHHa 1 , CBH3aHH3H OUHOH CBH3bIO C nOBepXHOCTblO, XOTH H HMeeT nHTb CBOdOAHbIX CBH3eft, ho MOHceT pearnpoBaTb c .upyroii nacTHMKOH jinuib o/jhoh njiocKOCTbio. MacTHUbi 2 h 3 MoryT cBH3bmaTb upyrne nacTHUbi cootbctctbchho ABy-
MH H TpeMH nJIOCKOCTHMH.

3 to coBepuieHHO npoTHBonojio>KHo npeflcraBjieHHHM r  Tefijiopa, no ko- 
TopbiM Handojiee 3Kthbhoh AOJUKHa dbiTb qaenma 1. fl. R .  HaHKOB cun-
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TaeT, h t o  MecTa 1, 2  h 3 onpeAeAnxyr Tpa THna o c h o b h u x  axTHBHOCTefi 
HAH 3KTHBHblX UeHTpOB Ha nOBepXHOCTHX XpHCTaAAOB, npHHCM MeCTO 
3 — HaHdoAee aKTHBHoe— HadAK>AaeTCH ocodo qacro, Tax xax o h o  odpa- 
3yeTCH npH 3anoAHeHHH xpHCTaAAHqecxofi pemeTXH x 3>x a o h  h o b q h  
qacTHuefl, h noaTOMy Ha3B3Ho «m c c t o m  noBTopaxAiteroca mara». MecTa 
4  h 5 , x o t h  h doAee axTHBHbie no BeAHMHHe SHeprnH, qeM 3 , b  npouec- 
cax noqTH He ynacTByiOT, Tax xax HacbimaxjTca b nepByro oqepeAb 
(MecTa HapymeHHH).

CpaBHHBaa Teopnx) TeftAopa c BbiBOAaMH n. JX . ZUHXOBa, mo>xho 
BHAeTb, mto He nnxH TefiAopa, a BnaAHHbi Ha noBepxHocTH hbahx)tch 
xax 6y;vro HandoAee axTHBHbiMH MecTa mh npn aACopdnHH h xaTaaH3e. 
Pa3JiHHHH b axTHBHOCTH MecT /, 2  h 3  o co 6 o  pe3XH B CAyqaHX CAadbIX 
noxpbiTHH, xapaxTepHbix a-ah reTeporeHHoro xaTajiH3a. O noBepxHOCT- 
Hbix MexaHH3Max no n. JX . AaHxoBy cm. CTp. 144.

H3AO>xeHHbie npeACTaBAeHHH od axTHBHbix ueHTpax da3HpyK>Tca 
Ha cneAyiomHX noAO>xeHHHx: cnHTaeTca, mo hhcao axTHBHbix ueHTpoB 
nOCTOHHHO, OHH (J)HXCHpOBaHbI *Ha nOBepXHOCTH, H aAcopduHH He H3Me- 
HneT hh hx npHpoAbi, hh HHCJia. B nocAeAHee BpeMH b cbh3h c pa3BH- 
THeM saexTpoHHbix h uenHbix npeACTaBJieHHH Taxon craTHqecxHH b3Taha 
Ha npnpoAy h cyAbSy axTHBHbix ueHTpoB MeHaeTCH. H. Toh h T Tefljiop 
[23] AonycxaxjT B03HHXH0BeHne h Hcqe3HOBeHHe axTHBHbix ueHTpoB. 
riocjieAHHe o6pa3yx>TCH npn xoHTaxTe aTOMOB xaTaAH3aTopa c «ueH- 
Tpoo6pa3yx)ii;HMH» peareHTaMH. neHTpoodpaayromHM peareHTOM MO>xeT 
dbITb OAHH H3 yHaCTHHXOB peaXUHH, aXTHBHpyKJIAHHCH npH XeMOCOpS- 
Uhh. npH xaTajiHTHnecxHX peaxuHBX TaxHMH peareHTaMH name Bcero 
hbahkjtch: HaaC, Oaac, C laflc. AxTHBHbie uempbi npn B3aHMOAencTBHH 
co BTopbiM, He aAcopSnpoBaHHbiM xoMnoHeHTOM peaxuHH odpa3yx>T xo- 
HeqHbifl npoAyKT.

F lo  3AexTpoHHbiM xoHixenuHHM O .  O .  BoAbxeHuiTeHHa [24] aA copd- 
UHH HBAHeTCH npHMblM pe3yAbTaTOM MHXpOAetJjeXTOB XpHCTaAAHqecXOH  
pem eTXH, A aiom n x CBodoAHbie BaaeHTHOCTH, xoTopbie paBHOBepoaTHO 
m o jk h o  BCTpeTHTb b AiodoM MecTe noBepxHocTH h odbeMa (CTp. 160). 
M h c a o  TaxHX Ae^ioxaAH3HpoBaHHbix ueHTpoB pacTeT c T e M n ep aiy p o fi. 
AxTH BH poBaH H an aAcopduHH M OAexyji peareHTOB Ha cBodoAHbix BajieHT- 
h o c t h x  npeBpam aeT  nepBbie b  noBepxHOCTHo-aAcopdHpoBaHHbie paAH- 
xaA bi, MHrpHpyx)m He no noBepxH ocTH . 3 t h  npeACTaBAeHna b b o a h t  b  
c(j)epy uenHbix MexaHH3MOB xaTa/iHTHqecxnx p e a x u n fl,—  oqeHb BepoaT- 
Hbix, h o  CTpaAaiomHX OTcyTCTBHeM h c h u x  xoHuenuHH o npnpoAe axTHB
Hbix ueHTpoB.

HecMOTpn Ha to, hto cymecTBOBaHHe axTHBHbix ueHTpoB npH3H3H0 
BceMH yqeHbiMH xax odbexTHBHaa peaAbHOCTb, T K. BopecxoB [25] 
OTpHHaeT 3T0 H A3>Ke CTOpOHHHXOB npH3HaHHH aXTHBHbIX ueHTpoB npo- 
HHqecxH Ha3biBaeT «oxothhx3MH 3a axTHBHbiMH ueHTpaMH». Ha ocho- 
b3 hhh codcTBeHHbix onbiTOB T K- BopecxoB cqHTaeT, hto «...xaTaAHTHne- 
cxan axTHBHOCTb npncyma HopMaAbHOH noBepxHocTH xpncTaAAHMecxHx 
reji h He CBH3aHa c ocodbiM coctohhhcm hah ocodbiMH CTpyxTypHbiMH 3Ae- 
MeHTaMH hx noBepxHOCTH». CorAacHO T K. BopecxoBy, xaTaAHTHqe- 8

8 B. H. A ojiiob
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ckhh aKTHBHOCTb TBep^bix BeiuecTB nponopuHOHajibHa BejiriqHHe aKTHBHOH noBepxHOCTH S h ee mo>kho Bbipa3HTb Kan npoH3Be^eHHe S Ha yaejib- Hyio KaTaJIHTHHeCKyiO aKTHBHOCTb, T. e. aKTHBHOCTb, OTHeceHHyiO K e^HHHue noBepxHOCTH
K =  KyuS

rue K— odman KaTajmraqecKaH aKTHBHOCTb, KyA—yuejibHan KaTajinra- 
qecKan aKTHBHOCTb.

CorjiacHO nojio>KeHHHM T K. BopecKOBa, yaejibHan KaTajiHTHqecKan 
aKTHBHOCTb KaT3JIH3aTOpOB nOCTOHHHOTO COCTaBa HBJIHCTCH npHMepHO 
o^HHaKOBofl. KaTeropHqecKoe oTpHuaHHe peajibHOCTH aKTHBHbix peH- 
TpoB KaxceTCH napaAOKcajibHOH H^eefl.

9. Teopna nepecbimeHHH PorHHCKoro h Teopnn reHe3Hca aKTHBHoro TBepfloro BelijecTBa (reHe3Hca KaTajiH3aiopoB)Pa3BHTHe npeflcTaBjieHHH o npnpoAe aKTHBHbix HeHTpoB noBepx- HOCTH npHBejIO K TepMO^HHaMHMeCKOH TpaKTOBKe HX, COTJiaCHO KOTO- 
poft BCHKoe aKTHBHoe TBepaoe BemecTBO xapaKTepH3yeTCH otk îohchhcm OT TepMOAHHaMHHeCKH paBHOBeCHOTO COCTOHHHH, COOTBeTCTByiOIH^rO MH-HHMyMy cbo6o^ hoh SHeprHH. AKTHBHoe TBep^oe BemecTBO odjia^aer H36biTOHHOH CBodoflHOH aHeprHeft, KOTopan npnBOAHT k H3MeHeHHK> ero cbohctb: ajieKTpoxHMHqecKoro noTeHUHa/ra, aACopdiiHOHHOH h KaTajiH- THqeCKOH 3KTHBH0CTH, TenJIOeMKOCTH, SJieKTponpOBOAHOCTH H T. H3yqeHne sthx  cbohctb R a e r  B03M0JKH0CTb pa3BHTb Teopnio reHe3Hca TBep^oro BemecTBa, t . e. reHe3Hca KaTajiH33TopoB.

C. 3. P othhckhm dbijia npe^JioHceHa KOHuemiHH 33bhchmocth MejK^y aKTHBHOCTbio KaTajiH33TopoB h SHepreTHqecKHM coctohhhcm hx  noBepx- hocth , H3BecTH3H no# Ha3B3HHeM m e o p u u  n e p e c b i t u e n u n .  B chkhc ch- CTeMbi c noBbimeHHOH cbo6oahoh SHeprHeft C. 3. P othhckhh Ha3Baji nepecbimeHHbiMH, cqHTan Mepoft nepecbimeHHH h36htok  cboSoahoh SHeprHH Ha 1 z-moa. Bee aKTHBHbie KaTajiH3aTopbi othochtch k nepecu- meHHblM CHCTeM3M, TaK KaK OTKJIOHeHbl OT HOpMaJIbHOrO yCTOftqHBOrO COCTOHHHH.ripHqHHbi nepecbimeHHH MoryT dbiTb oqeHb pa3HOodpa3Hbi, h . cono- CTaB/iHH h x , C. 3. P othhckhh npHHHMaeT 4 THna nepecbimeHHH: 1) § a - 30Bbie nepecbimeHHH—cymecTBOBaHHe ocodbix (JiopM, pe3KO OTJinqHbix ot ycToflqHBOH (JiopMbi Ha noBbimeHHbix SHepreTHqecKHX ypoBHHx; 
2) nepecbimeHHH, odycjiOBjieHHbie cTpyKTypHbiMH otkjiohchhhm h , — H3- MeHeHHH nJIOTHOCTH, HenpaBHJIbHblH pOCT KpHCTaJIJIOB, AetJieKTHOe (He- AocTaToqHoe hjih H3dbiToqHoe) hhcjio aTOMOB b pemeTKe; 3) nepecbimeHHH, CBH33HHbie C BKJIIOqeHHHMH B TBepAyiO (j)a3y nOCTOpOHHHX MOJie- Kyjl HJIH aTOMOB HJIH TBepAbIX HaCTHU, HTO HBJIHeTCH npHHHHOH C03Aa- hhh hoboh c})a3bi hjih yqacTKOB noBbimeHHoro XHMHqecKoro noTeHUHajia; 
4) nepecbimeHHH AncnepcHOCTH— pa3ApodjieHHOCTH TBepAoro BeinecTBa, cBH33HHbie c tcm doJibuiHM nepecbimeHHeM, qeM AHcnepcHee Macca.
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ZIjih nojiyneHHH tbkhx nepecbimeHHH hco6xoahmo npoBOAHTb coot- 
BercTByioiuHe o6pa6oTKH xaTajiH3aTopoB Rax mo>kho AaJibiiie ot paBHO- 
BecHbix ycjioBHfl. H 36biTOMHyio CBo6oAHyio SHeprmo xaTajiH3aTopoB 
A O  mojkho onpe^ejiHTb H3 ypaBHeHHH

=  $ aKT — 3>mhh

r^e O aKT— cBo6oAHan 3HeprHH aKTHBHoro TBepAoro BeiuecTBa, O mi1h —ero 
MHHHMajibHaa CBo6oAHaa SHeprHH, OTBenaiomaH TepMOAHHaMHnecxH 
yCTOHHHBOMy COCTOHHHK) B yCJlOBHHX, npH KOTOpbIX A O  CT3HOBHTCH paB- 
HOH HyjlIO.

AKTHBHOCTb KaT3JlH3aTOpOB H Â HTCJIbHOCTb HX 3KTHBH0r0 COCTOH- 
HHH 33BHCHT OT CTeneHH nepecbimeHHH H OT «CTa6HJIH3atlHH nepBHHHbIX 
aKTHBHbix nepecbimeHHbix (J)opM» (C. 3. P othhckhh), mto h3xoahtch 
B 33BHCHMOCTH OT MeT0A3 npHTOTOBJieHHH KaTaJIH33TOpOB. OTCKJAa H 
B03HHK.na TeopHH TeHe3HCa KaTaJIH3aTOpa, BbICK333HHaH C. 3. POTHH1- 
ckhm . TBepAbie BeiuecTBa c cnjibHO P33bhtoh noBepxHOCTbio oSjiaAaxyr 
npxo Bbipa>KeHHOH cnoco6HO_Tbio k 3axBaTy pa3JiHHHbix npHMeceft Ha 
rjiy6nHy, 3HaMHTejibH0 npeBbimaromyx) mnuiHHy BHeuiHero oAHoaTOM- 
hoto cjioh; npnqeM Taxne npHMecn, BHeApeHHbie b KpHCTajuiHqecxyK) 
pemeTKy, hbjihkttch npHBHHOH Ae(})eKTOB hjih o6pa30BaHHH TBepAbix 
pacTBOpoB, t . e. nepecbimeHHbix chctcm. B npouecce npHroTOBJieHHH 
KaTa^H3aTopa* bo3mo>kho HaxonjieHHe nepecbimeHHH. ripaxTHMecxH 
mo>kho ycTaHOBHTb, xax Haao H3MeHHTb napaMeTpbi: TeMnepaTypy, 
KOHueHTpauHK), MeioA ocax<AeHHH, ocaAHTejib, ycjiOBHH BoccTaHOBJie- 
hhh h t . a ., liTo6bi nojiy^HTb HaHSouee aKTHBHbift, t. e. HaHSoJiee 3Hep- 
reTHnecKH nepecbimeHHbiH koht3kt.

C. 3. PorHHCKOMy c coTpyAHHKaMH Ha 6a3e TeopHH nepecbimeHHH 
yAa.n cb pa3pa6oTaTb pnA aKTHBHbix xaTajiH3aTopoB: (JxipMHaT HHxejin 
A/ih rHApnpoBaHHH >KHpoB, xapSoHaT hhkcjih abb rHApnpoBaHHH Apy-  
riix coeAHHeHHH, >xejie3HbiH koht3kt a*bh CHHTe3a aMMHaxa, OKHCb mo- 
îndAeHa a îb AecTpyKTHBHoro thapupoBaHHH.

TeopHB nepecbimeHHB Pothhckoto Bee >xe CTpaAaeT HexoTopofi 
a6cTpaKTHOCTbio. CaM aBTop TeopHH nnuieT: «...b npoTHBonojio>KHOCTb 
MOAê ibHOH xHMHBecKOH TeopHH aKTHBHoii noBepxHOCTH TeopHH nepecbi
meHHH He KOHKpeTH3HpyeT npnpoAy h crpyxTypy 3kthbhoh noBepx- 
hocth, a... BbiAejiBeT.... TepMOAHHaMHqecxH HeyeroHMHBbie coctob- 
hhh» [26]. riosTOMy TeopHH nepecbimeHHB 6bi;ia noABeprHyTa cnpaBeA- 
jihboh xpHTHKe. II. J\. ,H,aHKOB h A . B. OpocT [27] Aa>xe yKa3biBaioT 
Ha HenpHroAHOCTb cxeMbi reHe3Hca xaTajiH3aTopoB no C. 3. Pothh- 
CKOMy, o6bhhbb ero b„ 3MnnpH3Me h 6e3MOAejibHOCTH.

XOTH C. 3. PoniHCKHH CBOAHT MH0r006pa3He CBOHCTB KaT3JIH3aTOpOB 
AHiub k 3HepreTHBecK0H oueHxe, coBepmeHHo npeHedperan hx MaTepnajib- 
hoh npHpoAOH, TeM He MeHee TeopHH nepecbimeHHH npH3HaHa HexoTo- 
pblMH COBpeMeHHbIMH HCCJieAOBaTejIHMH.

A . A . Ba^aHAHH [28] pa3BHBaeT ee Hecxojibxo Aauee. O h CMHTaeT, 
mto cbo6oah3b SHeprHH aAcop6uHH A £ aac oiaraeTCH H3 AByx qacTen:

8*
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©AHa 33BHCHT TOJibKO ot npnpoAbi BemecTBa AEHOpM, Apyraa >Ke— ot 
CTeneHH kenpe êjibHOCTH aKTHBHbix neHTpoB KaTajiH3aTopa A£HenpeJl

Â aac =  .̂EHOpM *1* ^̂ Henpea

KOHKpeTH3HpyH Ha MaTepnaJIbHOH OCHOBe TepMOAHHaMHHeCKHe BbIBOAbI 
C. 3 .  PorHHCKoro. PfeObiTOK oTpHnaTejibHoft m o jih p h o h  c b o Oo a h o h  3Hep- 
t h h  aAcop6uHOHHoro KOMiuieKca AaHHoro aKTHBHoro ueHTpa, t . e. pa3- 
HOCTb

^̂ Henpea ~  ^̂ aac AHHopM =  A

A. A . BajiaHflHH o6o3HaqaeT qepe3 A ' h Ha3biBaeT 3Ty BejinqHHy ad- 
copdi^uoHHbiM nepenanpHxeHueM (h36mtok TepMOAHHaMHqecKoro no- 
TeHunajia). riocjieAHHH 33bhcht TOJibKO ot HenpeaejibHOCTH aKTHBHbix 
HeHTpoB. HeTpy^HO BH^eTb, hto aAcopOnnoHHoe nepeHanpjDKeHHe oqeHb 
6jih3ko k H36biTOHHOH cboOoahoh SHeprHH b TeopHH nepeHanpmKeHHH 
PorHHCKoro.

10. AKTHBHpoeaHHaH aflCOpGuHH

Kax yxe  yKa3biBajiocb (cTp. 93), no coBpeMeHHbiM npeACTaBJieHHHM 
cjieAyeT pa3jmqaTb: 1) odbiqHyio aACOpOnnio 3a cqeT chji npHTHJKeHHa 
h 2) xeMOcop6u,Hio 3a cqeT xHMHqecKHX BajieHTHbix chji. HecMOTpn Ha 
to, mto Mexyjy o6ohmh THnaMH a^copduHH Hejib3H npoBecTH peaKOH 
rpaHH, BO MHOTHX OTHOUieHHHX OHH 3HaHHTejIbHO pa3JIHqaiOTC5I. Jlpn 
oOmmhoh aflcopOuHH ra3 hjih nap KOHAeHCHpyeTCH no Been noBepx- 
HOCTH MHOTOCJIOHHO, Bbl êjIHIOmaHCH npH 3T0M TenJIOTa â COpSUHH He- 
BejiHKa h cocTaBJineT 2000— 8000 kcia/z-moa, h npouecc oOpaTHM. B cjiy- 
qaax xeMOCopOunn o6pa3yeTCH MOHOMOJieKyjiapHbiH cjioh, 33HHMaio- 
ihhh oObiHHO He bck) noBepxHOCTb, a jioKajiH3yiomHHCH Ha Handojiee 
aKTHBHbix ynacTKax. OcTajibHan qacTb noBepxHOCTH npn stom TaKxce 
copdapyeT, ho qame Bcero Jinuib (J)H3nqecKH. TenjiOTa xeMOCopdnHH 
MOJKeT ^oxoAHTb j\o 200 000 kcia/z-moa, npnqeM ^ecopOuHH npoTexaeT 
c dojibuiHM TpyzjoM, h qacTO BemecTBO AecopOnpyeTCH XHMHqecKH H3Me- 
HeHHbiM̂  npH xeMOCopOnHH nojiyqaiOTCJi HacTonmne AnyMepHbie xhmh- 
qecKHe^ coe^HHeHHH, noaTOMy hx qacTO Ha3biBaioT deyMepHbiMU. 
iXjIH o6pa30BaHHH T3KHX COê HHeHHH HeoOxOflHMa HeKOTOpan SHeprHH 
aKTHBaUHH.

HecooTBeTCTBHe MejKAy (J)H3HqecKOH h xHMHqecKoft a^copOnHefi 
xapaKTepH3yeT noHHTHe o nepBnqHOH h BTopnqHOH aACopOnHH; n e p e m -  

n a n  a d c o p d y u H  HMeeT MecTO Ha aKTHBHbix a^copOeHTax h 33bhcht ot 
BajieHTHbix ch ji, e m o p u H H d H  npoHcxoflHT Ha 6ojiee cjiaObix aAcopfieH- 
Tax h 33BHCHT ot dojiee cjia6bix BajieHTHbix c h ji.

H30TepMbi o6ohx THnoB aAcopdHHH 3aMeTH0 pa3JinqaiOTCH no (JiopMe.
ripn nepBnqHOH aACopOiiHH (pnc. 2 1 ,a) H30TepM3 dbicrpo noAHHMaeTCH, 
KpyTO noBopaqHBaeT h 3aTeM hact noqTH napaJUiejibHO och aOcuncc. 
3to noKa3biBaeT, hto qacTb noBepxHOCTH aAcopOnpyeT HanOojiee aKTHB- 
ho h jiHinb nocjie HacbimeHHH stoh qacTH aAcopOuHH 33MeAJieHHO npo-



to. A K T H B H P O B A H H A ft A n c O P B U H f l 117TenaeT no ocrajibHOH noBepxHOCTH. B CAyq'ae btophhhoh aAcop6uHn H30TepM3 HaMHHaeTCH B BHfle npBMOH, HTO yKa3bIBaeT Ha aACOp6UHK3 
Bcefi noBepxHOCTbio, h 3aTeM paBHOMepHO HapacTaeT (pnc. 21,6).

Ecah aACopduHK) BOAopoAa h okhch yrviepoAa yrjieM npoBOAHTb 
npn —183° hah npn 0° to sth ra3bi AecopdnpyiOTCfl Aerno; ecAH >ne npo- BOAHTb aAcop6uHio npn 6oAee BbicoKHX TeMnepaTypax, Ha- 10 6a lOAaeTCH HeoObiHHoe ycxope- §
HHe aAcopduHH h pe3Koe 3a- ^
MeAAeHHe cxopocTH Aecop6- ^UHH. AHaAOrHHHOe HBAeHHe w o6Hapy>KeHO npn aAcopduHH 
BOAopoAa Ha Mn20 3-Cr2Os h ^
MnO: aAcop6uHH npoTenaAa |
MeAAeHHO, h Aa>Ke qepe3 40 nac. Js 
He 6bIAO AOCTHTHyTO paBHOBe- cne, ho cgopocTb npouecca 
3AMOTHO pOCAa-e nOBbimeHHeM 
TeMnepaTypbi; pe3yAbTaTbi npeACTaBAeHbi rpacJwqecKH Ha 
pnbj- 22.

ttOjK BHAHO H3 pHC. 22j npH 132° CKOpOCTb H BeAHHHHa 3ACOp6UHH

fiaS/ieHue p
a

flaB/tenue p
6

P hc. 21. H30TepMbi HeoSpaTHMofi h oGpani 
Moft aacopSuHH:

a—HeofipatHMasi afleop6nnsi; 6—ô paTHMaa aAcopCuHaj,

doAbrne, qeM npn 100 
f  TeflAopoM. O h npeAA

)to I^Kyrawoe hbachhc 6hao o6"bHCHeHO 
CHA A-flH AH({x})epeHHHaHHH MOKAy nepBHHHOH 

H BTOpHMHOH aACOpdUHeft npHHHTb 06paTHM0CTb npOUeCCa H KOAHHeCT- 
bo BbiAeAeHHoro TenAa. BTopHMHan, hah odpaTHMan, aAcopduHH HMeeT 
o6bIHHO MHAyiO TenAOTy aACOpdUHH, T. e HBAfleTCH (J)H3HqeCKOH, HAH 
BaHAepBaaAbcoBoft, aAcopduneH. nepBHHHaa, hah Heo6paTHMan, aA- 
cop6u,HH noKa3biBaeT bwcokhc TenAOTbi aAcopduHH h doAbiune 3Haue- 
hhh SHeprHH aKTHBauHH. HeodpaTHMaa aAcopduHH, hah xeMOcop6uHH, 
ycKopaeTcn c noBbimeHHeM TeMnepaTypbi TaK Ate, nan h o6bmHbie xh- 
MHnecKHe peaKUHH. riosTOMy OHa 6biAa Ha3BaHa aKniueupoeanHou ad- 
c o p d ^ u e u ^ p B e jiim im y  SHeprnH aKTHBauHH E  ajih nocAeAHefi Aerno 
mo>kho B̂ HHCAHTb no cKopocTHM aAcopduHH npn pa3Hbix TeMnepaTypax, 
t . e. no TeMnepaTypHOMy K03(Jx|)HUHeHTy. Ecah npHHHTb, hto npn TeM
nepaTypax 7\ H T 2 CKOpOCTH aACOp6u,HH 6yAyT COOTBeTCTBCHHO v l H u2, 
to E  HaxoAHT no odbiHHOH cfiopMyAe:

In —  =
1_ tj_\ 

Tx - T j

CnopOCTb aAcopduHH npu6AH>KeHHO MO>KHO BblMHCAHTb h 3  npHpa- 
meHHH BeAHMHHbi aAcopduHH A a no TeMnepaType M:

Aav = At

BeAHHHHa E  npH aKTHBHpOBaHHOH aAcopduHH MO>KeT KOAe6aTbCfl 
b 3 iiaMHTeAbHbix npeAeAax b 33Bhchmocth ot xapaKTepa h cnoco6a ero
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noAyqeHHH, TeMnepaTypbi h t . a - Boo6me BejiHMHHa E  B0 3pacTaeT no 
Mepe yBejiHneHHn noKpbiTHH noBepxHOCTH, t . e. 33bhcht ot BeAHHHHbi 
aAcopduHH: ajw HandoAee aKTHBHbix uempoB BeAHHHHa E —HaHMCHb- 
man, ho r jih  MajioaKTHBHbix MecT OHa B03pacTaeT b HecxoAbxo pa3, 
HTO odtHCHHCT MaAyiO CKOpOCTb aACOpdUHH Ha HHX.

Phc. 22. H30TepMa aACop6iiHH bo- Phc. 23. H3o6apa aACop6iiHH CO naji/ia- 
AopoAa MnO. ahcm.

Pa3AHHHe Mex<Ay o6ohmh ranaMH aAcopduHH ct3hobhtc5i hchhm 
npn aHaAH3e H3o6ap. Ha pnc. 23 b xaqecTBe npHMepa npHBeAeHa H30- 
6apa aAcopSuHH okhch yrAepoAa naAAaAHeM npH AaBAeHHH 150 m m  

b HHTepBaAe ot —200 ao +200° npn hh3khx TeMnepaTypax npoTeKaer 
HCKAIOMHTeAbHO (J)H3HqeCKaH aACOpdUHH, HHTGHCHBHOCTb KOTOpOH CHH- 
jKaeTCH c noBbimeHHeM TeMnepaTypbi ao HexoToporo npeAeAa, c koto- 
poro HannHaeTCH pocT aKTHBHpoBaHHOH aACop6uHH. Tanne ate H3o6a- 
pw noAyqeHH h aah Apyrnx CAyqaeB.

Kax yjxe OTMeqaAOCb, axTHBHpoBaHHan aAcopdnHH npoTexaeT b 
nepByio oqepeAb Ha HandoAee aKTHBHbix yqacTKax noBepxHOCTH, t . e. 
TpeOyiouiHX HaHMeHbmefi SHeprnH axTHBanHH, h noTOMy cTeneHb no
KpbiTHH HeBeAHKa. OHa KOAedAeTCH b npeAeAax 0,77—8% ot odmeft no- 
BepXHOCTH.

CooTHomeHHe MejKAy o6ohmh ranaMH aAcopduHH mojkho Aerxo npeA- 
cTaBHTb KHHeTHqecKH. Ohh cymecTByioT b KaKOM-TO cpeAHeM HHTepBaAe 
TeMnepaTyp, hto npeACTaBAeHO rpa$HqecKH Ha pnc. 24. KpHBan / H30- 
dpaxcaeT H3odapy BaHAepBaaAbcoBofi aAcopdnHH, 2—aKTHBHpoBaHHOH 
aACopduHH. IlocAeAHHH pacnoAoxceHa BcerAa Bbirne. Tax xax OHa odAa- 
AaeT doAbiuHM TepMHqecxHM sijxJieKTOM. ripn hh3khx TeMnepaTypax 
npOHCXOAHT AHUIb OdblHHaH, HAH 4)H3HqeCKaH, aACOpdUHH, BeAHHHHa 
xoTopoH yMeHbmaeTCH c TeMnepaTypoft. HaqHHan c HexoToporo TeMne- 
paTypHoro nopora, HapacTaeT axTHBHpoBaHHan aAcopduHH, dAaroAapn
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ueMy cyMMapHo naAeHHe k p h b o h  / 3aMeAAHeTcn; 3aieM KpHBaa noAHH- 
MaeTCH BBepX, KOrAa CKOpOCTb B03paCTaHHH aKTHBHpOB3HHOH aACOp6> 
u h h  nepeKpbiBaeT CKopocTb naAeHHH HeaKTHBHpoBaHHofl. 3Ta o6jiacib 
OTMeqeHa u jt p h x o b o h  a h h h c h . riocjie HeKOToporo MaxcHMyMa a o c t h - 
raeTCH paBHosecHe, h AaAbHefimHH oTpe30K CD  npeACTaBAneT CHHHteHHe 
paBHOBecHOH aACopSuHH c TeMnepaTypofi. BepxHaa nacTb k p h b o h  EC  
npaKTHHecKH He cymecTByeT H3-3a HeH3MepHMO MaAoft BejiH4HHbt ax-

P hC. ^OOTHOIueHHe H300ap OOpaTH-
Moft (/) h Heo6paTHMoft (2) aACop6uHH. Phc. 25. H3o6aPa aAcopOiiHH BOAopoAa

THBHpOB3HHOH aACOp6UHH npH HH3KOH TCMnepaType. H306apbl aKTHBH- 
pOBaHHOH aACopfiuHH HMeK)T BcerAa upe3BbinaHH0 xapaKTepHyio ~-o6- 
pa3Hyio $opMy. Ha pnc. 25 npHBeAeHbi H3o6apbi aACopSuHH BOAopoAa 
Ha BOJibcJjpaMe npH AasjieHHH 1,0, 0,5 h 0,1 m m  pT. ct. b TeMnepaTyp- 
hom HHTepBaJie ot 0 ao 300° (no OpaHKeHOyprepy h XoAAepy).

TenAOTbl o6bIHHOH HeaKTHBHpOB3HHOH aACOp6UHH HeBejIHKH H, KaK 
y>Ke yKa3biBaJiocb, He npeBbimaiOT 2000—8000 m a /z-moa. OnpeAeAe- 
HHe HHTerpaAbHbix TenAOT aAcopfiuHH HeKOTopbix ra30B TBepAbiMH 
noBepxHOCTHMH noKa3aAO, mto TenAOTa aAcopfiuHH QA Mo>xeT 3HauH- 
TeAbHO npeBbimaTb TenAOTy aKTHBauHH E (Ta6A. 10, CTp. 95).

3 t o  h c h o  yxa3biBaeT Ha XHMHMecxyio npnpoAy aAcopdiiHH. H3Me- 
HeHHH BeAHHHH SHepTHH aKTHBaUHH A-̂ H pa3HbIX nOBepXHOCTefl 33BH- 
CHT He TOAbKO OT 3AeMeHT3pHbIX A6(|)OpMaUHH aACOp6HpOBaHHbIX MOAe- 
KyA, HO H OT AOnOAHHTeAbHOH SHepTHH, AOCTaBAHCMOH 3TOM3MH nOBepX- 
HOCTH. C. 3. POTHHCKHH (1935 T.) CHHTaeT, UTO BAHHHHe CBOSOAHOH 3Hep- 
niH noBepxHOCTH oueHb b c a h k o , cneuH<j)HHHO h cnoco6cTByeT c h h jk c h h k ) 
aKTHBauHOHHbix 6apbepoB. FIpH xeMOCopSuHOHHbix npoueccax xhmh- 
necKHe peaxunH noBepxHOCTHbix aTOMOB peuieTKH TpeOyiOT nosTOMy 
MeHbuiHX 3HeprHH aKTHBauHH, ueM b roMoreHHoft ra30Boft CHCTeMe, 
3 t o  b h a h o  H3 Ta6A. 13.

na Bô b(})paMe
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xeMocoptfuHH ra30B, npHBe/jeHHbix b Ta6ji. 13, Hy>KHbi BejinqH- 
hh £  = 7000420000 k c l a !  z - m o a , Tor^a nan npn o6biqHOH aKTHBauHH 
3thx ra30B HeodxoflHMu £ —100 000 k c l a I z - m o a  h 6ojibme.

Me>Kfly xeMocopSuneH h
aKTHBHpOB3HHOH aflCOpfilUieH
cymecTByeT pa3JiHqne, He yqn- 
TbiBaeMoe mhofhmh aBTopaMH, 
HTO H HBHJIOCb npHHHHOH Bbl-
^ejieHHH nocjie^HeH b oco6hh
pa3^eji.

06a THna a^cop6uHH cbh- 
3aHbi c  peaKHHeft Menĉ y 
norjioTHTejieM h peareHTaMH. 
OflHaKO npn aKTHBHp0B3HH0H 
â COpdHHH B3aHMOfleftCTBHe 
orpaHHqeHO noBepxHOCTHbiM 

CJioeM aTOMOB h npoflyKTbi peakuhh yflajimoTca HarpeBaHHeM hjih OTcacbi- 
BaHHeM. npw xeMOCopdHHH o6pa30BaHHe xHMHqecKoro coeflHHeHHH mo- 
xceT He orpaHKHHTbCH jiHuib noBepxHOCTHbiM CJioeM, ho pacnpocTpa- 
HHTbca Ha 6ojiee rjiydoKHe cjioh h Torfla npoflyKTbi nojiHOCTbio yflajiHTb 
HeJIb3H. TaKHM o6pa30M, XeMOCOpdHHH MOHteT 6bITb npHHHHOH Heo6- 
paTHMOrO OTpaBJieHHH K3Ta JIH33T0P0B.

3aBHCHMOCTb Meatfly HHTeHCHBHOCTbK) aflCOp6lIHH H aKTHBHOCTbK) 
KaTajiH3aTopa noflpo6Ho H3Jio?KeHa b pa6oTax A. A. BajiaHflHHa [28], 
/Ijih  cjiyqan flerHflpnpoBaHHH Ha MeTajuiax A. A. BajiaHflHH flonycKaeT 
cymecTBOBaHHe flByx KpaftHHx THnoB aKTHBHbix ueHTpoB: 1) nutat 
(oKTas^pHHecKHe cpe3H BepuiHH yrjiOB Ky6oB) h 2) a u h u u  Ha rpaHHixe 
pa3flejia TBepflbix <j)a3. FIhkh 6ojiee KaTajiHTHqecKH aKTHBHu, qeM jih- 
hhh, xoth nocjieflHHe h o6jiaflaiOT HaHdojibmefi aflcop6iiHOHHOH cno- 
co6HOCTbio. yBejiHneHHe «HenpeAejibHOCTH» aKTHBHbix ueHTpoB noBbi- 
rnaeT BejiHHHHy aflcop6uHH, ho CHHataeT KaTajiHTHqecKyio aKTHBHOCTb, 
TaK KaK aflcopduHH craHOBHTCH Heo6paTHMoft. MnHHMajibHOH Henpe- 
êjibHOCTbio odjiaflaiOT, no A. A. EajiaHflHHy, nHKH, MaKCHMajibHOH— 

jihhhh. Aflcop6uHH peareHTOB b «hmk3x» Meatfly aTOMaMH KaTajiH3aTopa 
npHBOAHT k 6ojiee npOHHbiM noKpbiTHHM, He6jiaronpHHTHbiM ajih KaTa- 
jiH3a.

H3 yKa3aHHoro bhaho, hto He TOJibKo hhcjio, ho h npnpofla aKTHB
Hbix neHTpoB HrpaiOT pemaiomyio pojib b KaTajiH3e. BepOHTHO, Ha nn- 
Kax npoueccbi npoTenaiOT qepe3 aKTHBHpoBaHHyio aflcop6uHio, Ha jih- 
hhhx HMeeT MecTO h MeHee 6jiaronpHHTHaH xeMocop6uHH.

B 3aKJiioqeHHe mojkho OTMeTHTb, qTO Meatfly odbiqHOft $H3HqecKoft 
a«cop6uHeH, xeMOCopdHHeft h aKTHBHpoBaHHoft aflcopdimeii cymecTByioT 
6ojiee hjih MeHee pe3KHe pa3JinqHH (Ta6ji. 14).

AKTHBHpOBaHHaH aflCOpdHHH HBJIHeTCH KJIIOqOM K nOHHM3HHIO Me- 
xaHH3Ma reTeporeHHoro KaTajiH3a. OHa noKa3biBaeT, hto Meatfly xhmh- 
qecKHMH TeopHHMH npoMencyToqHbix coeflHHeHHH h (J)H3HqecKHMH 
ajlCOp6HHOHHbIMH TeopHHMH HeT npHHHHnHaJIbHOH pa3HHHbI. Ha

TABJ1HUA 13

Ta3 riOBepXHOCTb
SHeprHH aKTHBauHH 

a/icopSuHH. 
KdAjS-MOA

h2 MnO 18 500—20 500
h2 ZnO 12 000—18 000
CO Mn02 7 000o2 MnO 16 000o2 Ag 12 000
n 2 Fe 16 000C 9 000
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-HOBepxHocTH TBepAoro KaTajiH3aTopa MeacAy aTOMaMH KaTaAH3aTOpa 
h MOjieKyjiaMH peareHTOB o6pa3yiOTCH b aAcopOnpoBaHHOM BĤ e 
.AByMepHbie coeAHHeHHH.

C. 3. Pothhckhh [29] CMHTaeT, mo aKTHBHpoBaHHan aAcop6uHH Tec-
HO CBH33Ha C 3KTHBHbIMH CTpyKTypaMH TBepAOTO BemeCTBa H HTO Hay^eHHe 
ee HBJineTCH BMecTe c TeM Handojiee acJxjDeKTHBHbiM h npocTbiM mctoaom 
n03H3HHfl HeOAHOpOflHbIX nOBepXHOCTeft. HcCJieAOBaHHe aKTHBHpOBaH- 
HOH aACOp6UHH OCO0O B3HCHO flJIH BbIHCHeHHH pa3JIHMHbIX CTaAHH KaTa- 
jiHTHqecKHX npoiieccoB, ajih ouchkh noBepxHOCTeft, flJiH reHe3Hca KaTa- 
-jiH33TopoB. MexaHH3M aKTHBHpoBaHHoft aACopduHH 3HaqHTCAbHO npo- 
me h AocrynHee, qeM MexaHH3M caMoro KaTajiH3a, h ajih H3yqeHHH ero 
.npnro^Hbi BecoBbie, o6T>eMHbie h MaHOMeTpHqecKHe MeTOAbi. Flo 
C. 3. PorHHCKOMy, aKTHBHpoBaHHan aAcopOijHH 6ahjkc Bcero noAxo- 
Aht k reTeporeHHOMy KaTajiH3y h hbahctch jiyquiHM mctqaom H3yqeHHH 
JtaTajiH3aTopoB h noBepxHOCTHbix hbachhh.

11. Ac^OpMapHOHHblH KaTaJIH3

TenJIOTbl aKTHBaUHH B XeMOCOp6HpOBaHHOM CJIOe CHAbHO CHHJKaiOTCH 
no cpaBHeHHio c TenjiOTaMH aKTHBauHH xHMHqecKHx peaKUHH b o6T>eMe. 
3 to CHHxceHHe aKTHBamHOHHoro 6apbepa 33bhcht ot HeHacbimeHHOCTH 
noBepxHOCTHoro caoh pemeTKH n ee ^e^opMHpyiomero bahhhhh Ha 
aACopOnpyeMbie MOjieKyjibi. FIocjie^HHe, nonaAan b cijoepy AeficTBHH 
noBepxHOCTH, noA bahhhhcm ee chaoboto no ah noAnpH3yiOTCH, H3Me- 
HHIOT CBOH KOH^HrypaUHH H MOKaTOMHbie paCCTOHHHH, qTO H HBAHCTCH 
npHqHHOH CHHJKeHHH BCAHqHHbl SHepTHH aKTHBaiI.HH.

HAen Ae^opMauHH MOAeKyA noA BAHHHneM aKTHBHbix noBepxHO- 
creft 6biAa BbicKa3aHa E. MnTqepAHxoM, 3aTeM pa3BHTa A. H. XoAHe- 
BbiM h oKOHqaTeAbHo c4>opMyAHpoBaHa JX- H. MeHAeAeeBUM h AerAa 
B OCHOBy Bcex COBpeMeHHbIX TeopHH KaT3AH3a.

/I,. H. MeHAeAeeB BnepBbie o6paTHA BHHMaHHe Ha to, hto aKTHBHue 
TBepAbie BemecTBa—norAOTHTeAH h KaTaAH3aTopbi—hmciot Me>KAy co- 
6oh mhoto odmero, Tan nan KaT3AH3 b o6ohx CAyqanx HaqHHaeTCH c aA- 
copdHHH. JX. W. MeHAeAeeB a^a o6m,ne npeACTaBAeHHH o norA'omeHHH 
h K3TaAH3e. H3 ero hack BnocAeACTBHH 6mao npnHHTO AHmb npeACTaB- 
AeHHe o Ae^opMauHH MeH<aTOMHbix CBH3eft b MOAenyAax npH KaT3AH3e; 
npeACTaBAeHHH nee o cymHOCTH XHMHqecKHx npeBpameHHH, o xapaKTe- 
pe KaT3AH3aTOpOB 6bIAH OCT3BAeHbI 6e3 AOAHCHOTO BHHM3HHH, TaK KaK 
b Ty snoxy h b nocAeAyiomne toam sth npeACTaBAeHHH He yKAaAbmaAHCb 
em.e b "paMKH rocnoACTByiomHX TeopHH.

FIOHHM aHHe OCHOB K a T 3 A H 3 a H CaMOrO K a T 3 A H 3 a , K a K  OC06o rO  BHAa 
CAO>KHoro X H M H q e cK o ro  hbachhh, 6wao B n e p B b ie  n o K a 3 aHO JX. H. M e H - 
AeAeeBbiM  h JX- n. IvOHOBaAOBbiM, a  3 aTeM  p a 3 BHTo A p y rH M H  yqeH b iM H .

npHqHHOH XHMHqecKHx npeBpameHHH, no A- H. MeHAeAeeBy, hb- 
AneTCH «BHyTpeHHee ABH>KeHHe», cocTOHm.ee «H3 coBOKynhocth abh- 
xeHHH qacTHU h aTOMOB, h oda ohh 33Bhcht Apyr ot Apyra» [30]. ripn 
HarpeBaHHH hah noA AencTBHeM asbachkh H3MeHneTCH He TOAbKo abh-
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meHHe MOJieKy/i, ho h cocraBAaiOLUHX hx aTOMOB, oTqero «MomeT npo- 
Hcxô HTb pacnaAeHHe h H3MeHaeTca pearnpoBaHHe». /J. H. MeHflejieeB 
OTMenaeT: «...npeACTaBAaa yeAHHeHHyio Maccy Tejia, Mbi bo Bcex ero co- 
CTOHHHHX AOAJKHbl npH3HaTb Ha IlOBepXHOCTH MaCCbl HHOH BHA BHyT- 
peHHero ABHmeHHa hah HHoe pacnpeAevieHne qacTefi, qacTHU h aTOMOB, 
qeM BHyTpn Maccbi». Ecah Ha noBepxHocTb nonâ aioT MOAenyAbi ApyrHx 
BeuiecTB, to Ha Mecre BCTpeqH hx caTOMaMH noBepxHOCTH «...npoHcxoAHT 
AencTBHTejibHbie nepTyp6auuH, yKAOHeHHa b ABumeHHH h npHTOM hho-
ro pô a, qeM Ha cbo6oahoh noBepxHOCTH..... CTeneHb h Aame cpon nep-
Typ6aUHH HAH H3MeHeHHH ABHmeHHH 6yAeT 3aBHCeTb OT HHAHBHAyaAb- 
hocth t&ji KacaroiUHxcH, t. e. Sŷ eT HOCHTb xapaKTep hhcto xHMHqe- 
CKHH».

npH koht3KTe A«yx BemecTB A h B HadynaeT H3MeHeHHe hx BHyT- 
peHHero ABumeHHa, hto MomeT npHBecTH k TpoanoMy pe3yAbTaTy:
1) norAomeHHHD (aAcoptfunn) BemecTBOM A BemecTBa B hah, naoSopoT,
2) odbiHHOH xHMHqecKoft peaKUHH b pe3yAbTaTe npeBpau;eHHH o6ohx 
BeuiecTB, 3) KaT3AH3y h ah  xHMHqecKOMy npeBpameHHK) OAHoro H3 
Beui,ecTB.

B cAyqae KaT3AH3a, noZE H. MeHAeAeeBy, «...aTOMbi OAHoro H3 tca, 
HanpHMep A, npnxoAHT b Tanoe cocroaHue abhacchha, qTo MemAy hhmh 
b ToqKe KacaHHH HaqnnaeTca HOBOo6pa30BaHHe hah peaKUHa. Ecah 
TeAo A oahopoaho, to oho MomeT pa3AaraTbca hah noABepraTbca H30- 
MepHbiM npeBpameHHHM. Ecah tcao A ecTb cMecb AByx hah HecKOAbKHx 
BemecTB, Me>KAy hhmh b Toqnax KacaHHa k TeAy B  MomeT nponcxoAHTb 
peaKUHH hah pacnaAeHHH, hah coeAHHeHHa, hah 3aMeiu,eHHa, hah tot 
h Apyrofi bha peaKUHH, t. e. HacrynaeT Tan Ha3biBaeMoe XHMHqecKoe 
paBHcB2CHe». BeuiecxBo B npn stom He noABepraeTca BHAHMOMy XHMHqe- 
CKOMy npeBpameHHK).

no JX. H. MeHAeAeeBy, Me>KAy oSbiqHbiMH h KaTaAHTuqecKHMH pean-
UHHMH MHOrO oSujerO H OHH pa3AHqaJOTCH AHUib TeM, HTO npH oSbiqHbIX
peaKUHux npeBpaiuaioTCH o6a BemecTBa— u A h B, npu KaTaAHTHqecKHX 
me—hah A hah B. /XeTaAH3Hpya KaTaAHTHqecKHe hbachhu, JX- H. MeH- 
AeAeeB yKa3biBaeT, uto KaTaAH3 HMeeT MecTo AHUib b tom CAyqae, ecAH 
HeH3MeHHK>meeca BemeCTBOB (KaTaAH33TOp) «...HaXOAHTCH B CTOAb npoq- 
hom noABumHOM paBHOBecHH, qTo cpaBHHTeAbHO MaAaa nepTypSauHa ABH- 
meHHH ero aTOMOB b qacTHue, npoHcxoAamaa Ha haockocth KacaHHa, 
He HapymaeT aTOMHoro paBHOBecna ero qacTHU, TorAa KaK b H3MeHaio- 
meMca TeAe A noABHmHoe paBHOBecne 3tomob b qacTHue yme caMo co6oft, 
AO npHKOCHOBeHHH K B, 6bIA0 6AH3KO K HapyUieHHK) HAH HeyCTOftqHBO- 
cth. TaKHM odpa30M, aTOMbi peareHTOB, conpHKacaacb c aTOMaMH KaTa- 
AH33Topa, MoryT H3MeHHTb CBoe ABHmeHHe HacTOAbKO, hto nepeflAyT 
b noAomeHHe HOBoro paBHOBecna h o6pa3yiOT HOBoe coeAHHeHHe».

B HAeax JX. H. MeHAeAeeBa 3aAomeH, KaK oh caM yKa3biBaeT, «Becb 
CMbICA KOHT3KTHMX HBAeHHH». C npeACAbHOft HCHOCTblO 3Aecb BbipameHbi 
Bee ocHOBHbie noAomeHHa nocAeAyiomHX Teopnii KaT3AH3a—ot koh- 
uenUHH H. JlsurMiopa o HeHacbimeHHOCTH noBepxHOCTeft ao coBpeMeH- 
Hbix Ae^opMauHOHHbix Teopnii, ycneuiHO pa3pa6aTbiBaeMbix HbiHe



124 /V*. II. T E O P H H  H  M E X A H H 3 M  KATAJIH3AcoBeTCKHMH h 3apy6e>KHbiMH yqeHbiMH. ZB H. MeHflejieeB He ocraBHji 
b CTopoHe h yqeHHH ByTJiepoBa o flHHaMHKe opraHHqecKHx mo- jienyji h o B33Hmobjihhhhh cocTaBJiniomHX hx aTOMOB, noKa3aB, hto Ka- TaJIHTHqeCKHe HBJieHHH nOflqHHHIOTCH OdlflHM 3aKOH3M XHMHH H HBJIH- IOTCH OfiuiHpHblM pa3flejIOM XHMHHeCKHX 3H3HHH.

He MeHbniyK) pojib b pa3BHTHH TeopeTHqecKoro KaTaJiH3a Cbirpaji coBpeMeHHHK JX. U . MeHflejieeBa JX. fL  KoHOBajioB, o kotopom 
JX. H. MeHflejieeB CKa3aji: «H3 pyccrax xhmhkob KOHTaKTHbie fleficTBHH ocodeHHo noflpo6HO pa3pa6aTbiBaji JX. n .  K ohob3jiob» (1884 r.). O h noKa3aJi, hto «...MHOJKecTBo Teji, npn onpeflejieHHOM coctohhhh hx  no- BcpxHOCTH, aeficTByiOT K0HT3KTH0, hto, HanpHMep, nopouiKOBaTbiH SiOa (h3 rHApaTa) co^eflcTByeT pa3Jio>KeHHK) HenoTopbix c jio k h m x  3<})HpoB coBepmeHHO Tan nee, nan njiaTHHa».

JX- n .  KoHOBajioB BnepBbie odpaTHJi BHHMaHHe Ha (J)H3HKO-XHMHqe- CKHe 33K0H0MepH0CTH KaTaJIH3a. O h CHHTaJI, HTO KaT3JIH3— B036yJKfle- HHe xHMHqecKHX npeBpameHHH conpHKOCHOBeHHeM CBemecTBaMH, He npn- HHMaiomHMH yqacTHH b caMOM xHMHqecKOM npouecce. KaTajiH3aTop hb- jihctch  ycKopHTejieM TepMOflHHaMnqecKHX bo3mohchhx npoueccoB. X oth «K3TaJIH3aTOp HBJIHeTCH no OKOHqaHHH B HeH3MeHeHHOM BHfle, TeM HeMeHee npHHHMaeT yqacrne b HHKJie xHMHqecKHX npeBpameHHH........
Pojib KaTaJiH3aTopa npeflCTaBJineT hhcto XHMHqecKHH xapaKTep».npe^CTaBJieHHH ZB IB  KoHOBajiOBa o KaTajiH3e 6h jih  rjiy6oKO npa- BHjibHbi h nporpeccHBHbi. O h cfijiHJKaJi KaTaJiHTHqecKHe h flHccouHauHOH- Hbie HBJieHHH, yKa3biBaH Ha pojib noBepxHocTH aflcopdimn, Ha H3MeHe- HHe cKopocTH flBH>KeHHH qacTHU peareHTOB nofl bjihhhhcm TBepflbix BemecTB. 
O h BnepBbie BBeji b K3T3JIH3 flHHaMHqecKHH npHHimn, flOKa3aji SKcne- pHMeHTajibHO KaTajiHTHqecKoe BJiHHHHe CTeHOK peaKHHOHHoro cocyfla, yKa3aji Ha BantHOCTb nofl6opa KaTajiH33TopoB, Ha 33BHCHMOCTb Meatfly TeMnepaTypoft HarpeBa KaTajiH3aTopa h ero aKTHBHOCTbio, Ha bjihhhhc cjieflOB BJian<HOCTH h t . fl., t . e. Ha Tanne CTopoHbi KOHTaKTHbix npo- ueccoB, Ha KOTopbie BHHMaHHe HccjieflOBaTejiefl ycTpeMHJiocb jimnb qe- pe3 HeCKOJIbKO fleCHTHJieTHH.PadoTbi JX. n .  KoHOBajiOBa He3acjiy>KeHHO 3a6biTbi, ho ero flOKTop- CKaH flHCCepTaHHH «P0JIb KOHTaKTHbix fleHCTBHH B HBJieHHHX flHCCOHHa- hhh» [31] h ero padoTbi BMecTe co B3rjiHflaMH JX. H. MeHflejieeBa jiejxaT 
b ocHOBe yqeHHH o KaTajiH3e.Hflen JX. H. MeHflejieeBa h JX. n. KoHOBajiOBa b flajibHefimeM pa3BHji h yrjiyfinji H. JX- 3 cjihhckhh  c yqeHHKaMH. Pacnojiaran orpoMHbiM co6 - CTBeHHbiM BKcnepHMeHTajibHbiM MaTepHaJioM, onbiTOM h npaBHjibHbiM noflxoflOM k HBjieHHHM KaTajiH3a, oh flaji pHflueHHbix o6o6m,eHHH h bmbo- flOB. C bOH B033peHHH Ha KaT3JIH3 H. JX- 3ejIHHCKHH H3JIOJKHJI B pHfle pa6oT [32], nojio>KHB b ocHOBy 6yTjiepoBCKyio Teopnio CTpoeHHH opra- HHqecKHX coeflHHeHHH h npHHHHnbi KaTajiH3a JX. H . MeHflejieeBa. H . JX. 3ejiHHCKHH yKa3biBaji Ha flOMHHHpoBaBiHHH b to BpeMH b Hayne HeBepHbift noflxofl k 06'bHCHeHHio KaTajiHTHqecKHX npoueccoB h OTMe- th ji, hto onpeflejieHHe KaTajiH3a no H. Bepuejinycy h B. OcTBajibfly HenpaBHJibHbi h He MoryT pa3pemnTb Bonpoca o MexaHH3Me KaTaJiHTH-
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qecKHX npoueccoB. Ctoh Ha no3HUHHX AHHaMHKH peajibHO cymecTByio- 
IU.HX MOAeKyA H 33KOHOB XHMHqeCKOH MeX3HHKH, H. 3eAHHCKHH KpH- 
THKOBaji TeopHio npoMmyTOMHbix coê HHeHHH: «...h He Mory craTb Ha 
TOMKy 3peHHH 06pa30BaHHH npOMejKyTOMHbIX, BpeMeHHbIX )̂OpM H He 
npĤ aio hm cymecTBeHHoro 3HaqeHHH b MexaHH3Me KOHTaKTHbix npe- 
BpameHHH He TOAbKO B T3KHX npOCTbIX CAyqaflX, KaK K0HT3KTH0e odpa- 
30B3HHe boah, ho h b caokhhx KaTajiHTHqecKHx npoueccax yrJiepOAH- 
CTbix coê HHeHHH. KaTaAH3aTop oSycAOBAHBaeT peaKUHio He TOAbKO 
cbohm npHcyTCTBHeM, ho oh npeACTaBAneT êflcTByiomee SHepreTHqecKoe 
HaqaJio b npouecce, noBepxHOCTHaa sHepraa ero iviy6oKO H3MeHaeT 
XHMHqecKyK) npnpo^y npnxoAHmHx b conpHKocHOBeHHe c hhm Teji».

TaKHM o6pa30M, oh yKa3biBaeT Ha pojib KaTaAH3aTopa Kan 3kthb- 
Horo yqacTHHKa npouecca, BonpeKH B3rAHAaM B. OcTBaAbAa h Apyrnx 
Ĥ eaJiHCTHqecKH HacTpoeHHbix yqeHbix, yTBepjKAaBiiiHX, qTO K3T3ah- 
3aTop HBJiHeTCH «CMa3Kofl», «3pHTejieM» h He npHHHMaeT yqacTHH b peax- 
UHH. H. A- 3ejIHHCKHH p33BHB3eT KOHUenUHIO O KaTaAH3e KaK pe3yjlb- 
TaTe fletJjopMauHH MOAeKyA peareHTOB noA bahhhhcm noBepxHOCTH Ka- 
T3AH3aTopa. B nojiHOM corJiacHH c HAenMH J\. H. MeHAejieeBa oh nH- 
uieT: «...OTCioAa bhaho, hto b 6oAee cjiojkhwx cAyqaax KaTaAHTHqecKHX 
peaKUHH, HMeioiunx MecTO cpeAH yrAepoAHCTbix coeAHHeHHH, H3MeHe- 
HHe Cj)OpMbI MOAeKyA HenOCpeACTBeHHO CBH33HO C H3MeHeHHeM 
noA bahhhhcm KaTaAH33Topa b xapaKTepe abhjkchhh qacTHu h aTO- 
MOB, HX COCTaBAHIOU;HX». Oh C0n0CT3BAfleT ABHAteHHe M3TepHH K3T3AH- 
saTopa c ABHHteHHeM aTOMOB b MOAexyAax peareHTOB h He cboaht KaTa- 
AH3 TOAbKO K npeABapHTCAbHOH aACOpSUHH, HO CqHTaeT, qTO K3TaAH3 
Hepa3pbiBHO CBH33H c aACopSuHefi, 6AaroAapn qeMy MOAeKyAbi HaxoAHT- 
CH B HHOM XHMHqeCKOM COCTOHHHH.

XI,e(J)OpMaUHH MOAeKyA HBAHIOTCH pe3yAbTaTOM H3MCHeHHH A-aHH 
CBH3eft (yMeHbmeHHe hah yBeAHqeHHe hx) noA bahhhhcm KaTaAH33TO- 
pa. B HeKOTopbix CAyqanx TaKHe AecJ)opMauHH npHBOAflT k pa3pbiBy 
CBH3CH HAH K H30MepH33UHHM. H . ,H,. 3eAHHCKHH npH3HaeT peaAbHOCTb 
CymeCTBOBaHHH aKTHBHbIX UeHTpOB Ha IlOBepXHOCTH KaTaAH33TOpa, 
CBH3biBan o6pa30BaHHe hx co CTeneHbio pa3Apo6AeHHocTH nocAeAHero. 
O h roBopHT: «...H e  npoMe>KyToqHbie (jjopMbi BOAopoAHCTbix coeAHHeHHH 
MeTaAAOB HrpaiOT 3Aecb Ba>KHyio poAb, a CTeneHb AncnepcHOCTH npnro- 
TOBAeHHoro K3TaAH3aTopa c e ro  noBbimeHHbiM noBepxHOCTHbiM HaTH- 
>KeHHeM».

no MHeHHK) H. J\. 3eAHHCKOrO, aKTHBHbie UeHTpbl HBAHIOTCH CAOJK- 
HblMH 06pa30BaHHHMH, COCTOHIHHMH H3 HeCKOAbKHX aTOMOB, KOTOpbie H
ocymecTBAHioT A«{)opMauHH cBH3eft b pearnpyiomefi MOAenyAe. Oh chh- 
TaeT, qTO «...pa3ABHHteHHe— A^opwauHa— MoweT 6biTb ocymecTBAeHO 
KpncTaAAHqecKOH pemeTKOH KaT3AH3aTopa h b tom cAyqae, ecAH Ka>K- 
AblH COCeAHHH aTOM IlOBepXHOCTH 3TOH peilieTKH npHTHTHBaeT no OAHOMy 
aTOMy yrAepoAa b MOAeKyAe, xoth 6bi h qepe3 nocpeACTBo npncoeAHHeH- 
Horo k nocAeAHeMy aTOMa BOAopoAa; hhumh caob3mh, aAcopduHH onpe- 
AeAeHHbiMH MecTaMH MOAeKyA ecTb HenpeMeHHan npeABapHTeAbHan 
cTaAHH reTeporeHHoro KaT3AH3a».
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XtefjjopMauHH MOJieKyji b pe3yjibTaTe aAcop6u.HH npH3HaHa h jiokht 
b ocHOBe Bcex coBpeMeHHbix TeopHH KaTajiH3a. C. 3. P ofhhckhh Aance 
BBeji TepMHH decpopMatsuoHHUU KamaAU3, cqHTan, hto npnqHHbi fletjiop- 
MauHH MoryT 6biTb pa3JiHqHbi. Oco6an pojib otboahtch bjihhhhio 3JieK- 
TpocTaTHqecKHX chji noBepxHOCTH (nojiHpH3auHH), MeTajuiaM c He3a- 
KOHMeHHblMH SJieKTpOHHblMH 060JI0MKaMH, MHrpaUHH SJieKTpOHOB H T. A» 
BepOBTHO, K nOHHM3HHK) npHBHH H CyTH KaTaJIH3a 6JIH3KO nOflXOAHT 
H3JiaraeMan HHJxe MyjibTHnjieTHan TeopHH BajiaHAHHa c ee MOAeAbHbiMH 
npeACTaBJieHHHMH.

Ae^OpMaUHH MOfyT 6bITb HaCTOJIbKO CHJIbHbIMH, HTO MOJieKyjIbl CTa- 
HOBHTCH CnOCOdHbIMH pa3pbIBaTb CBH3H H nepeXOAHTb B aTOMapHOe 
COCTOHHHe. BblJIO AOKa33HO 3KCnepHMeHTaJIbH0, HTO BOAOpOA, a30T H 
Apyrne AsyxaTOMHbie ra3bi noA AeficTBHeM cHJioBoro nojin Ha noBepx- 
hocth MeTajiJia nepexoAHT b aTOMapHOe cocTOHHHe; OKOHqaTejibHbita noA- 
TBepjKAeHHeM 3T0r0 HBHJiaCb KOHBepCHH n-BOAOpOAa B O-BOAOpOA 
(cTp. 133). Pa3pbiB cbh3H HBAneTCH npeAeAbHbiM cjiynaeM Ae4)opMauHH( 
ho qacro nocjieAHHH ctoJib AaJiexo He hact h orpaHHqHBaeTcn pa3pbix- 
jieHHeM cBH3eft. 3 to A^JiaeT MOJiexyjibi ropa3Ao dojiee peaKHHOHHOcno- 
COdHbIMH, CKJIOHHbIMH K nepeCTpOHKe CBH3efi H K 06pa30BaHHK) HOBbIX 
COeAHHeHHH npH 3aTpaTe 3HaqHTCAbHO MeHbUieH SHeprHH aKTHBaUHH.

M hothc yneHbie nbiTajiHCb BbiHCHHTb MexaHH3M Ae(}>opMaHHH. BbiJio 
BbicKa3aHo npeAnojiojKeHHe, hto norpaHHHHbie cjioh Boo6me ofijiaAaioT oco- 
6bIMH CBOHCTB3MH; nOSTOMy Ka>KAOe TeAO B (J)H3HqeCKOM CMbICJie HeofixOAH- 
mo pa3AeJiHTb Ha norpaHHHHbifl cjioh h HApo,* BKJiioqaH b xaqecTBe TpeTbefi, 
cocTaBjiHiomeH cpeAy, KOTopan OKpyjxaeT AaHHoe tcao. FIorpaHHHHbiH 
cjioh noABepraeTCH OAHOBpeMeHHO bo3A6hctbhio chji HApa h cpeAbi h
nOTOMy odJiaAaeT HOBbIMH CBOHCTB3MH, K KOTOpbIM OTHOCHTCH HBJieHHH 
noBepxHOCTHoro HaTHJKeHHH, aAcopfiuHH, ajieKTpocTaTHqecKoro 3apnAa 
h t . A- Bee 3to HeoSxoAHMo yqHTbiBaTb npn reTeporeHHOM K3TajiH3e.

3HaqHTejibHbiH HHTepec npeACTaBJineT Tax Ha3biBaeMan meopu.n 
ducAOKau,uu (B,3eKeH), KOTopan nbiTaeTCH 06'bHCHHTb h KJiaccH(})HUH- 
pOBaTb HBJieHHH KaTaJIH3a. B OCHOBy 3T0H TeopHH npHHHTO nOJIOHteHHe, 
MTO npH (J)H3HMeCKOM KOHT3KTe MeJKAy KaTaJIH33TOpOM H KOMIIOHeHTaMH 
peaxuHH nepBbiH cbchm sjiexTpocTaTHqecKHM nojieM H3MeHneT Tpaex- 
TopHH sjieKTpOHOB (AHCAOKauHn) pearnpyiomHx Mojiexyji, djraroAapn 
qeMy sth MOJiexyjibi nojiyqaioT cnocoSHOCTb jierqe h 6bicrpee BCTynaTb bo 
B33HMOAeHCTBHe. FIpH AHCJIOKaUHH B pe3yAbTaTe H3MeHeHHH SHeprHH 
h CMemeHHH chjiobhx nojiefl^ o6pa3yiOTCH MeTacTafiHjibHbie chctcmm, 
npeACTaBJiHiouiHe npoAyxTbi b33hmoachctbhh KaTajiH3aTopa c 3Kthbh- 
pOB3HHbIMH MOJiexyjiaMH. CBH3H B T3KHX CHCTeMaX AOJIHCHbl 6bITb pbix- 
AblMH, H KaTaJIH33TOp AOJIJKCH MaKCHM3JIbHO Ae^OpMHpOBaTb 3KTHBH- 
pOBaHHbie MOJiexyjibi. /jHCJioKauHH HMeeT sjieKTpHqecKyio (nojinpHyio)
npnpoAy.

BoAbuiHHCTBo coBpeMeHHbix HccjieAOBaTejiefi npHAep>KHBaeTCH Teo
pHH Ae<j)opMaHHOHHbix npoueccoB npH KaTajiH3e. HanpHMep, npn H3y- 
qeHHH AerHApnpoBaHHH cnnpTOB HaA MeAHbiMH K3TajiH3aTopaMH 6biJio 
ycTaHOBAeHO, hto cKopocTb npeBpameHHH hx b ajibAerHA npH oAHoft
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h Tofi >xe TeMnepaType oAHHaxoBa h He 33bhcht ot aahhh uenn, coeAH- 
HeHHOH c (JjyHKUHOHajibHOH rpynnofi. E. IlaAbMepoM h X. KohctsSaom 
6uao caejiaHO 3axAK)HeHHe, hto MOAexyAbi cnnpTa opHeHTHpyioTCH npn 
aAcopdHHH Ha mcah TaK, hto OH-rpynnbi npHMbixaxyr k aTOMaM 
noBepxHOCTH Cu (aHaAOTHHHO opneHTaunH jkhphhx khcaot Ha 
Bô e).

JX j w  .nerHflpHpoBaHHH, HAymero no cxeMe

RCHaOH —► RCHO +  Ha

HeofiXOflHMO ^OnyCTHTb, HTO paCCTOHHHH MOKAy aKTHBHblMH HeHTpaMH 
Ha noBepxHOCTH TaxoBbi, hto npH aACopdHHH nponcxoflHT A«l>opMaHHH 
O H -rpynnbi: CBH3b O — H pa3pbixAaeTCH, h boaopoa otxoaht ot Mojie- 
Kyjibi, KOTopan, Tephh BTopofi aTOM BOAopoAa, AecopdHpyeTcn yace a  
BĤ e aAbAerHAa.

HaHdojiee BepoHTHO, hto npn aAcopdHHH pearnpyiomne MOAexyAbt 
(JjHKcnpyiOTCH no MeHbmen Mepe AByMH TonxaMH. B Taxoft CHCTeMe «Ha 
AByx HKopax», 6jiaroAapa CTHrHBaiomeMy bahhhhk) nojieft axTHBHbix 
ueHTpoB, aTOMbi npHdAHJxaxjTca k nocjieAHHM; sto Bbi3biBaeT A«})opMa- 
u,Hio hah pacTHHieHHe cBH3eft, b pe3yAbTaTe Hero nponcxoAHT hx pa3pbiB 
hah nepepacnpeAejieHHe. HexoTopbie aBTopbi chht3ah, hto BeAHHHHa 
AetjjopMauHH aACopSHpoBaHHbix MOAexyA 33bhcht ot paccTOHHHH Me«<Ay 
aKTHBHblMH ueHTpaMH: qeM doAbiiie (ao H3BecTHoro npeAeAa) paccTOHHHH, 
TeM doJibHie HaTHJKeHHH, pbixjiee cbh3H h tcm cxopee MOAexyAbi Moryr 
AHCCOHHHpOBaTb.

ripHHHHOH Aê opM3HHH MOAexyA peareHTOB hbahctch, KaK y>xe 
yKa3biBaJiocb, SAexTpHHecxoe nojie noBepxHOCTH, cocTOHmeii H3 no- 
BepxHocTHbix SAexTpoHOB. Em,e b 80-x roAax npouuioro ctoacthh dbuio 
ycTaHOBjieHO, hto yroAbHbie hhth npn HarpeBaHHH bmac/ihiot c noBepx-
HOCTH SJieKTpOHbl, MeT3AAHHeCKHe >Ke AeHTbl HAH HHTH npH HH3KHX TCM-
nepaTypax bhabjihiot OTpHuaTejibHbie, a npn bhcokhx TeMnepaTypax— 
nojiojKHTejibHbie hohh.

C noBbimeHHeM TeMnepaTypbi SHeprHH TenAOBoro abhjkchhh 3Aex- 
TpOHOB BHyTpH MeT3AAOB paCTCT H npH HeKOTOpOH, CneHH(})HHHOH AAH 
Ka>KAoro MeTaAJia, TeMnepaType Mo>xeT CTaTb CTOJib doAbinoft, hto* 
HafijiioAaeTCH smhcchh sjieKTpoHOB c noBepxHOCTH. Taxan smhcchh npo- 
hcxoaht He TOJibKO b CAynae MeTaji/iOB hah cnAaBOB, ho h npn xhmh- 
necxHX peaxuHHX. Ycthhobjicho, hto npH abhctbhh XAopHCToro boao- 
poAa, (})ocreHa, boahhoto napa, KHCAopoAa, BOAopoAa h Apyrnx BemecTB 
Ha mejiOHHbie MeTaAAbi, hx cnJiaBbi h aMaAbraMbi BbiAeAaeTca 3HanH- 
TejibHoe hhcao SAexTpoHOB: b CAynae B33HMOA6HCTBHH KNa-cnAaBa c 
(JracreHOM Ha xa>KAbie 1600 moach cnAaBa BUAeAaeTCH oahh 3Aex-
TpOH.

SAexTpoHHaH smhcchh duAa AOxa3aHa h npn Apyrnx xhmhhcckhx 
peaxuHHX. Ha ochob3hhh 3Toro npeAAo>xeHa MOAeAb noBepxHOCTH Me- 
TaAAOB. OHa COCTOHT H3 ABOHHOrO SAeXTpHHeCKOrO CAOH C BHeUIHHM 
OTpHHaTeAbHbIM H BHyTpeHHHM nOAO>KHTeAbHbIM 3apHAaMH. Mepe3 3T0T 
caoh a^b BuxoAa Ha noBepxHOCTb aoawhu AH$cJ)yHAHpoBaTb BHyTpeH-
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HHe sjieKTpoHbi. HHaqe roBopa, no stoh MOflejin bchk3h noBepxHOCTb 
MeTajiJia npeACTaBjiaeT odKJiaAKy kohachcaTopa, 3apaxceHHyK) OTpn- 
naTejibHO. HeKOTOpbie see HccjieflOBaTejiH chht3K)t , mto aKTHBHbie neHT- 
pbl eCTb He HTO HHOe, KaK CBOdOAHUe SJieKTpOHbl, HaJIHHHe KOTOpbIX npH 
aflcopSHHH npHBOAHT k nojiHpH3auHH MOJieKyji h b pe3yjibTaTe— k ac- 
(})OpMaHHH CBH3efl. JleHCTBHTe^bHO 6bIJIO nOKa3aHO, HTO aTOMbl pTyTH, 
aKTHBHpOB3HHbie yjIbTpa(|)HOJieTOBbIMH JiyqaMH, CBOHMH nOBepXHOCT- 
HblMH 3JieKTpOH3MH 3TOMH3HpyiOT MOJieKyjIbl BOAOpOAa.

12. TeOpHfl aKTHBHpOBaHHbIX KOMnjieKCOB

KJiaccnqecKHe B033peHHH Ha XHMHqecKHe peaKHHH, Kan Ha peaK
HHH, B OCHOBe KOTOpbIX JieJKaT aKTHBHpOBaHHbie MOJieKyjIbl H 3(jxJ)eKTHB- 
Hbie CTOJIKHOBeHHH, A-NB COBpeMeHHOH KHHCTHKH HBJIHHDTCH HeflOCTaTOH- 
hhmh, TaK KaK ohh He 3aTparHBaioT noBê eHHH MOjieKyji b MOMeHT co- 
ŷ apeHHH h npnqHH npeBpameHHH oahoh pearnpyromen chctcmh b 
Apyryio. B pe3yjibTaTe pa3BHTHH craTHCTHqecKoft TepMOAHHaMHKH 
6wjio co3AaHo HOBoe npeflcraBjieHHe o nepexoAHOM coctohhhh [33], 
TaK Ha3biBaeMan meopun aKmueupoeaHHbix komhaekcob, hjih meopun 
adcoAtomnbix CKopocmeu peatepuu. Ochobh3h HAea stoh TeopHH 3aKJiio- 
qaeTca b tom, qTO npn peaKHHax HcxoAHbie MoaeKyjibi, aKTHBHpyacb, 
o6pa3yioT aKmueupoeaHHbiu komuaekc, b kotopom ohh HaxoAaTca b 
ocoSom nepexô HOM coctohhhh. 3to no3BOJiaeT CHCTeMe jierqe nepefira 
qepe3 noTeHHHajibHbift 3HepreTHqecKHH dapbep, b pe3yjibTaTe qero npo- 
hcxoaht KOHeqHbifl pacnaA. HanpHMep, peaKHHio A +B ^  cjie^yeT H30- 
6pa3HTb T3KHM 06pa30M

A +  B2 ]* A B + B

r^e —aKTHBHpoBaHHbm KOMnjieKC.
ripn bchkoh xHMHqecKofl peaKHHH dapbep noTeHHHajibHOH 3HeprHH 

npeô ojieBaeTCH c noMombio aKTHBHpoBaHHoro KOMnjieKca, o6pa3yio- 
meroca Ha BepuiHHe dapbepa MexcAy hcxoahhm h KOHeqHbiM cocroa-HHHMH.

AKTHBHpOBaHHblH KOMnjieKC OdJiâ aeT BCeMH CB0HCTB3MH odbiqHHX 
MOJieKyjr, 3a HCKjiioqeHHeM Toro, hto b hhx OAHa H3 creneHeH CBodoAbi 
BHdpanHH 3aMeHeHa 0AH03HaqHbiM nepexoAHbiM ABHxceHHeM no Tax Ha- 
3biBaeMOH KoopAHHaTe peaKHHH. E cjih CHCTeMa AB-\-C MoxceT AaTb 
aKTHBHpOBaHHbie KOMnJieKCbl

B

A' . . .C  m A ...... B ....... C

to paccqHTaHO, qTO 3HeprHH aKTHBauHH MHHHMajibHa (ajix cjiyqaa 
Tpex aTOMOB), KorAa MOJiexyjia C  npoABHraeTca BAOJib jihhhh, coeAH-
HHKJmeH aTOMbi B .... C, t. e. crpyKTypa aKTHBHpoBaHHoro KOMnjiexca
jiHHefiHa.'  JlHHeHHbie CTpyKTypu HaHdojiee BepoHTHbi npn HajiHHHH
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o-cBH3eH, ecjiH >Ke hmootch 7i-cbh3h, to crpyKTypH o6pa3yiOT Tpeyrojib- 
HyK) KOH(J)HrypauHio. Flpn peaKUHH Me>KAy qeTbipbMH aTOMaMH

B
//

A B  + CD

D
%

B  . . . C  . . . D  =  A C  * B D

HaHJiyquieH KOH^HrypauHeft KOMnjieKca, Tpedyiomen MHHHMajibHofl Be- 
jiH9HHbi SHeprnH aKTHBau,HH, dyAeT njiaHapHaa, t . e. jiejKaman b oa-
HOH nJIOCKOCTH.

AKTHBnpoBaHHbie KOMnjieKCbi HMeioT oqeHb KopoTKoe BpeMH cymecT- 
BOB3HHH, nOpHAKa 10~13 CeK. KOHUeHTpaUHH HX odblUHO HeBejIHKH, H 
KOMIlAeKC HaXOAHTCH B paBHOBeCHH C OdblHHblMH MOJieKyjiaMH. C ko- 
pocTb peaKUHH onpeAeAueTCH dbicrpoTofi npoxo>KAeHHH aKTHBHpoBaH- 
Horo KOMnjieKca qepe3 BepuiHHy SHepreTHqecKoro dapbepa. 3Hepre- 
THqecKHH npo(J)HAb peaKUHH npeACTaBAeH Ha pHc. 26. BAaroAapn Ha- 
KOnJieHHIO SHeprHH H cdAHHCCHHIO MOAeKyA aKTHBHpOB3HHbIH KOMnAeKC 
nepexoAHT SHepreTHqecKHH dapbep, AaBau KOHeqHbie npoAyKTbi. Pacqe- 
Tbl nOKa3bIBaK)T, UTO 3TOT KOMnAeKC CTOeK npH 3TOMHMX CMeiueHHHX BO 
Bcex HanpaBjieHHHX, KpoMe oa- 
HOTO—AHHeHHOrO, B KOTOpOM 
oh nocAe nepexoAa qepe3 3Hep- 
reTHqecKHH dapbep pacnaAaeT- 
ch Ha KOHeqHbie npoAyKTbi.
TeopeTHqecKH Ha BepuiHHe 
dapbepa HeodxoAHMO npHHHTb 
cyiuecTBOBaHHe nAOCKoro yqa- 
CTK3 8 npH ABHACeHHH 3KTHBH- 
poBaHHoro KOMnAeKca no Koop- 
AHHaTe pa3AOJKeHHH co cKopo- 
CTbK)

v = V -
kT

2izm*
BpeM P

rAe m *—3(JxJ)eKTHBHaH Macca aK-
P hc. 26. SHepreTHqecKHft npo<t>HJib pea K U H H .

THBHp0B3HH0r0 KOMnAeKca.
Ecah Asa peareHTa A  h B  npoMexcyToqHO asiot 3kthbh poBaHHbift 

KoMnAeKc A B , to cKopocTb peaKUHH paBHa KOHueHTpaunn nocAeAHero 
Ha BepuiHHe dapbepa. Ecah hhcao aKTHBHpoBaHHbix KOMnAeucoB b eAH- 
HHUe odieMa, hmcioiuhx AHHefiHyio pa3MepHOCTb 8, odo3HaqHTb qepe3 
c ' a qepe3 ~v— cpeAHioio CKopocTb nepeceqeHHH dapbepa, to OTHOuie-

HHe ~  dyACT qacTOTOH, c KOTopofi A B  nepexoAHT qepe3 dapbep, t . e.

V =  c ' 9

9 B. H. A o jit o b
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KoHU.eHTpaU.HH aKTHBHpOB3HHbIX KOMnJieKCOB c'* Ha BepiUHHe 6apfae 
pa (b TOHKe 8) BbiHHCJineTCH H3 ypaBHeHHH

(2-nm*kT) 2
c '*  =  c *  ----------—  8

TAe C*—KOHUeHTpaUHH aKTHBHbIX MOJieKyjI Ha A ÎUHe 8, k—KOHCT3H- 
Ta BojibUMaHa, h — nocTOHHHan FIjiaHKa (6,628-10-27 apa-ceic).

(2 nm*kT)2
OaKTop - ----v— -— o npeACTaBjineT BepoHTHOCTb cymecTBOBaHHH

aKTHBupoBaHHoro KOMnjieKca Ha BepuiHHe 6apbepa. OKOHuaTejibHo 
CKopocTb peaKUHH onpeAejineTCH npoH3BeAeHHeM

j_ 2
( kT Y  \ (2 tim*kT)2 kT

V =  [ 2 n ^ j  T c* ---- h---- 8==C*1 T
l

/ kT \2iyie h ------ — CKopocTb npoxoAa 6apbepa b HanpaBjieHHH pa3JK»KeHHH.
\2urn* j

3to BbipauceHHe nonasbiBaeT, hto aifxjieKTHBHaH CKopocTb npoxoAa ax-
kTTHBupoBaHHoro KOMnjieKca uepe3 6apbep, paBHan — HBJineTCH yHH-

BepcaJIbHOH HaCTOTOH, 33BHCHMOH OT TeMnepaTypbl H He 33BHCHMOH OT 
npupoAbi peareHTa, hto hbjihctch oueHb Ba>KHbiM bhboaom.

I (ah SHMOAeKyjinpHOH peaKUHH
A +  B z £ i  A . . . .B  ^  AB

KOHCTaHTa ckopocth peaKUHH, Ha 0CH0B3HHH BbiuienpHBeAeHHoro, BU-
P33HTCH

c* kT _  kT
K y -  CA CB  h = K h

K v npHMeHneTCH ajib otjihmhh ot k— KOHCTaHTbi BojibUMaHa, K — koh- 
CT3HT3 paBHOBeCHH (eCJIH CHHT3Tb aKTHBHpOBaHHblH KOMnJieKC 3a HOp- 
MaJibHyio MOjieKyjiy).

BejiHHHHa K  b stom ypaBHeHHH 3aMeHneTCH aKBHBajieHTHbiMH no 
3HaueHHio (J)yHKUHHMH pacnpeAejieHHH, hto no3BOJiHeT cymecTBeHHO 
yrAydHTb TeOpHK) CTOJIKHOBeHHH C nOMOIUblO CTaTHCTHMeCKOH TepMO- 
AHH3MHKH. OyHKUHH pacnpeAejieHHH npeACTaBJineT BepoHTHOCTb Me- 
CTOHaxoucAeHHH ashhoh MOjieKyjibi b yAejibHOM oCteMe h paBHa cyMMe 
Bcex (J)OpM SHeprHH— noerynaTejibHOH, BpamaTejibHOH, KOJieCaTejibHoft, 
HAepHofi h sjieKTpoHHoft, KOTopoft odnaAaeT MOJiexyjia. OyHKUHH 
pacnpeAejieHHH bhhhcjihiot oShuho H3 cneKTpajibHbix AaHHbix. Ecjih 
KOHCTaHTy paBHOBecHH CHCTeMbi Bbipa3HTb uepe3 (JjyHKUHH pacnpeAe
jieHHH F  to o6ui.ee Bbipa>KeHHe ajih KOHCTaHTbi ckopocth peaKUHH 6yAeT
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rue F+ Fa , Fb—(JjyHKUHH pacnpê ejieHHH Ha eAHHHuy o6T>eMa aKTHBH- 
poBaHHoro KOMnjieKca h cooTBeTCTBeHHO MOJieKyji A h B. BejiHMHHa E 0 
npeACTaB̂ aeT pa3HHuy Me>KAy sHeprHeft Ha 1 MOJib aKTHBnpoBaHHoro 
KOMnjieKca h cyMMOH SHepraft peareHTOB (npn aScojuoTHOM Hyjie).

Tan KaK BxoAHiHae b 3T0 Bbipa>KeHHe BejiHHHHbi F+ Fa »  FB nojiy- 
HaiOT H3 CneKTpaJIbHbIX H3MepeHHH, TO B npHHUHne MO>KHO paCCHHTaTb 
aScojuoTHbie cKopocTH peaKUHft. BejiHHHHa

kT F*
h ’ F  a  F  b  ~ A

ofi-bê HHHeT TeopHio aSco/noTHbix cKopocieft peaKUHH c Teopneii co- 
yAapeHHH.1

Bonpocbi TeopHH a6cojnoTHbix cKopocrefi peaKUHH TecHO nepenJieTe- 
Hbi c BonpocaMH, pa3pa6aTbiBaeMbiMH cob6tckhmh yneHbiMH. YpaBHe- 
HHH A7IH aScOJHOTHblX CKOpO- 
CTefi reTeporeHHbix npoueccoB 
(aAcopSuHH h KaTajiH3a) 6bi;iH 
BnepBbie BbiBeAeHbi M. H. TeM- 
khhwm [35], a . HecKOJibKo pa- 
Hee M . H. TeMKHHbiM h B . H. 
ribi>KOBbiM [36] h O . H . Jleft- 
nyHCKHM [37]. MyjibTHnJieTHan 
TeopHH, noHBHBiiiaHCH paHbme,
HeM TeopHH aScOJHOTHbIX CKO- 
pocTefi peaKUHH, HMeeT c Hen 
mhoto oSmero, Tau nan o6e 
ohh TpaKTyiOT o npoMeuiyTOH- 
HOM KOMnJieKCe, O paCCTOHHHHX 
MOKAy 3TOM3MH H T. A-', o6e
TeopHH ^onojiHHioT Apyr Apyra.

HH>ue AaioTCH HexoTopbie npHMepu peaKUHH, odbHCHneMbie c tohkh 
3peHHH TeopHH aKTHBHpOB3HHbIX KOMnJieKCOB.

B pearnpyiomefi CHCTeMe A-\-BCz±AB-\-C aTOMbi B w C coeAHHeHbi
npOCTOH CBH3bK>, T. e. napOH SJieKTpOHOB C npOTHBOnOJIOJKHbIMH cnn- 
h3mh, a A HMeeT HenoAê eHHbifl ajieKTpoH. npn npncoeAHHeHHH A 
k BC B3aHMOAeflcTBHe ajieKTpoHOB AaeT cHHwenne o6mchhoh aHeprHH, 
b pe3yjibTaTe cBH3b BC oc/iaSeBaeT h HapacTaeT TeHAeHUHH k pa3pbiBy 
MOJieKy/ibi. npn AocTH)KeHHH onpeAejieHHoro SHepreTHuecKoro ypoBHH 
aTOM C HaMHHaeT yaajiHTbCH H3 MOJieKyjibi, a A —BHeApnTbcn. B HeKO- 
Topbift MOMeHT chjih CBH3eft aTOMOB A  h C  c B  6yAyT ypaBHOBeuieHbi, H 
CHCTeMa BCTynaeT b nepexoAHoe coctohhhc. H3MeHeHHe noTeHUHaAbHOH 
SHeprHH cHCTeMbi npH stoh peaKUHH npeACTaBJieHO rpac])HMecKH Ha 
puc. 27. B TOMKe nepeceqeHHH 6apbepa o6pa3yeTCH aKTHBHpoBaHHbift

Phc. 27. AKTHBHpOBaHHblH
A BC.

KOMiuieKc

1 CTaTHCTHMecKan MacTb Teopim a6cojiKmibix CKopocreft peaKUHH 3flecb He pac- 
CMaTpHBaeTCB. >Ke.naiomiiM o3HanoMHTbCH c nefl peKo.\ienAyeM •cooTBeTCTByiontyio 
jniTepaTypy [34],

9*
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KOMruieKc, r^e aTOMbi CBH3aHbi Tan, mo Majiefimee H3MeHeHHe SHepran 
npHBe^eT hjih k hcxoahhm, hjih k KOHeMHbiM MOJieKyjiaM.

B cjiyqae chctcm H3 neTbipex aTOMOB o6pa3yiomHHCH aKTHBHpoBaH- 
Hbifl KOMn̂ ieKc MoxceT HMeTb pa3JiHMHoe CTpoeHHe, ho TeopeTHnecKHe 
pacneTbi noKa3ajiH, hto BejWHHHa E 6yner MHHHMajibHa, nor^a Bee aTO- 
Mbl B aKTHBHpOB3HriOM KOMnJieKCe .TeJKaT B OflHOH nJIOCKOCTH. Tax, 
HanpHMep, /yin peaxunH

H2 +  J2 ^  2HJ

aKTHBnpoBaHHbiH KOMnjieKC HJiaHapeH, CHMMeTpirien h HMeeT CTpyx- 
Typy:

H 0,97 A. H

'.'S'

2,9 5 A

■ 7

.J

OneHb HHTepecHbiM cjiyqaeM HBJiaetCH oSMeHHan peaKUHH npocTefl- 
iuero THna

H +  CH4 5 *: CH4 +  H

B KOTOpOH OflHH aTOM H BbITeCHHeT flpyTOH aTOM H. B pe3yjIbTaTe 
peaKHHH npoHcxô HT umepctiH Memana

H\
H -f- H—C— H ,a i . (I

Y V

H
I

■C~
h/  \ h

II- -  •C -- H.
/ H

Hff - C - H  +  Hp 
\H

rx—paccTOHHHe Menĉ y aTOMOM yrjiepo^a h npH6jmjKaiomHMCH H«, 
a r2—paccTOHHHe oT.aTOMa C £ 0  Hp, KOTOpbifi BbiTecHneTCH.

B aKTHBHpoBaHHOM KOMnjiexce r l = r 2 H a h Hp jiencaT Ha oahoh 
npHMOH, ocTajibHbie TpH aTOMa H pacnojiojKeHbi b oahoh hjiockoctho
c aTOMOM C. no pacneTy npH /•1=/2=1,30A h 0=90°—BejiHHHHa £ 
HaHMeHbmaH.

3T0T MeX3HH3M «BbIBOpaHHBaHHH» MOJieKyjlbl npê CTaB/IHeT HHTe-
pec ^jih 06'bHCHeHHH Bajib̂ eHOBcxoro ogpameHHH.

npaBHJibHOCTb Taxoro MexaHH3Ma noATBepjK^aeTCH h paueMH3a- 
UHeft OnTHHeCKH aKTHBHbIX aJIKHJWOAHflOB noa êfiCTBHeM aTOMOB J 
B napOBOH 4>33e:

I / R R\
: J a ■ ■ • ■ C...... Js J -C -R ' +  R'—c—J

R '/  \ r " \ r " R "/
R '-C -J . +  Jp
R"/
paueMaT KOMIUieKC d-tjjopMa

(50%)
/-(*>opMa
(50%)
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B xoMn-nexce aTOMbi Ja h J? pacnojioxceHbi cHMMeTpHMHO Ha oahoh 
npaMoft, a R, R' h R"—b oahoh iuiocxocth c aTOMOM C. Bjiaro^apa 
paBHoii CTeneHH BepoaTHOCTH y^a^eHHH Ja hjih J3 h nojiyqaeTCH pa- 
ueMaT. B cnyqae * e  BajibAeHOBcxoro odpameHHH njiaHapHbifi npoMe- 
*yTOHHbiH xoMiuiexc He HMeeT Asyx oAHHaxoBbix 3aMecTHTejieft, no- 
3T0My oh, b 33BHCHMOCTH ot xapaKTepa peareHTa, AaeT r y  hjih HHyio 
3H3 HTHOMOpcj)HyiO (j)OpMy. Bo MHOrHX CJiyqaHX npH Bâ b̂ eHOBCKHX 
ofipameHHHX nojiyqaxyrcH h paueMaTbi.

npHHHMaeTCH, HTO CymeCTByiOT ABa THna aKTHBHpOBaHHbIX KOMIUieK- 
cob. B nepBOM cjiyqae cbh3h b aKTHBHpoBaHHOM coctohhhh xoBajieHT- 
Hbi. ripHMepoM cjiyxcHT peaKHHH H2+J 2, npH xoTopofi b xoMnjiexce 
Bee CBH3H OAHHaXOBbI H 3JieKTpOHbI aCCOUHHpOBaHbl CO BCeMH aT0M3MH 
0AHH3K0B0. AHaJIOrHHHO npH KOHBepCHH /i-BOAOpOAa B O-BOAOPOA 
o6pa3yeTCH xoMriJiexc H3 Tpex aTOMOB BOAOpoAa c KOBajieHTHbiMH cbh- 
3hmh:

H +  n-H2 ^  H +  o-H2

BTopoft THn aKTHBHpoBaHHoro xoMnjiexca npeACTaBJiaeT noAroTOB- 
xy k pacnaAy Ha hohm. B stom cjiyqae npeodJiaAaiOT HOHHbie hjih no- 
JIHpHbie CBH3H, T. e. 3JieXTpOHbI 60Jiee TeCHO CBH33HbI C KaKHMH-JIH6o 
OAHHMH H3 COeAHHeHHbIX aTOMOB. ripeAeJIOM HBJIHeTCH AHCCOUHaUHH Ha 
HOHbi, Tax >xe xax h b pacTBopax. PeajibHO cymecTByioT Bee CTeneHH 
nepexoAa ot xoBajieHTHoft cbh3h k hhcto sjiexTpoBajieHTHOH, hto b pa3- 
jinqHOH Mepe ofijierqaeT peaxuHH. B cjiyqae opraHHqecKHx coeAHHeHHH 
AonycxaiOT h hohhhh MexaHH3M peaxuHH b pe3yjibTaTe A«|x>pMHpyio- 
mero AeftcTBHH xaTajiH3aTopa h nojiHpH3auHH MOJiexyji.

Bo3Mohcho, hto npH noBepxHOCTHbix peaxuHax o6pa3yx)TCH 3xthbh- 
poBaHHbie xoMiuiexcbi OjiaroAapa B3aHMOAeHCTBHio aTOMOB noBepxHOCTH 
c MOJiexyjiaMH peareHTOB. HanpHMep, peaxuHH Mex<Ay boaopoaom h 
noBepxHOCTbio yrjiH MoxceT 6biTb npeACTaBjieHa cxeMofi:

H -H  H H

C—C C- . -C ^ (L - C

PacqeTbi BejiHHHH E noxa3ajiH, hto HaHdojiee SjiaronpHHTHbiM
o

G—C-paccTOHHHeM HBJiaeTCH 3,6 A, npH xotopom AOJDXHa hath MaxcH- 
MaJibHaa aAcopfiuHH BOAopoAa c MHHHMajibHoft SHeprHefi axTHBauHH. 
Ecjih npHHHTb, hto npn aAcopdUHH nponcxoAHT pa3pbiB H—H- h 
C—C-cBH3eft, TpedyioiHHii cooTBeTCTBeHHO 103 h 70 kkcia, to o6pa30Ba- 
HHe C—H-CBH3eft TpefiyeT:

2-96 — (103 +  70) =  19 k k q a

SxcnepHMeHTajibHO HafiAeHO, hto H-cbh3h pa3pbiBaiOTCH, a C —C 
OCTaKJTCH HeH3MeHHbIMH, nOSTOMy SHeprHH CBH3H C—H  AOJUXHa 6bITb 
ropa3AO 6ojibiue, qeM 19 kkcia. A n n  peaxuHH MejKAy H2 H C Hafl- 
AeHO

H2 +  2C —►  2(C — H) +  1 k k q a
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nosTOMy SHeprHH C—H-cbh3h cocTaBjineT: 0,5-103 =  51,5 kkcia, r ê 
103 kkcia—TenjiOTa AHecouHauHH MOJieKyjibi H2.

npH npn6jiH>KeHHH BO/jopoAa k noBepxHOCTH paccTOHHHe H—H 
OCTaeTCH HeH3MeHHbIM AO nOJIHOrO c6jIH>KeHHH C 3T0M3MH C, H JIHLUb 
nocjie 3Toro aTOMbi H HaqHHaioT ABHraTbcn ot noBepxHOCTH h Apyr 
ot Apyra, o6pa3yH C—H-cbh3H.

AHajiorHqHO npOTexaeT AHccounauHH BOAopoAa Ha HHKejie, Kpn-oCTajiJiHqecKHe napaMeTpbi KOToporo (b A) Ha pa3JinqHbix rpaHHX cjie- 
Ayiom,He:

2,49

AacopOuhh BOAopoAa npoHcxoAHT npeAnoqTHTejibHO aTOMaMH, yAa-
O

.TeHHbiMH Ha 3,52 A, SHeprHH aKTHBaunn Ha KOTopbix Ha 18 k k c i a  MeHbme,
qeM Ha rpaHnx 2,49 A. Flo TaKOMy >KeMexaHH3My AuccouHHpyioT h Apy- 
rwe ra3bi Ha HaxoAfliUHXCH phaom ToqKax:

r2 +  n2 ^  [r2.n 2]* ^  r-n -n -r
ra3 noBepx- aKTHBHpoBah- â cop6npoBan- 

HOCTb Hblil KOMIlJieKC Hbie aTOMbi

06pa3yiomHecfl b pe3yjibTaTe aAcopGunn aTOMbi 3aTeM MoryT BCTy- 
naTb bo B3aHMOAeHCTBHe, ocymecTBjiHH reTeporeHHyio peaKUHio. C toh- 
KH 3peHHH TeopHH a6C0JU0THbIX CKOpOCTefi peaKUHH npouecc HAeT B nHTb 
ct3Ahh: nepeHoc peareHTOB k noBepxHOCTH, aAcopSunn, noBepxHocT- 
Haa peaKUHH, AecopduHH peareHTOB, nepeHoc peareHTOB ot noBepx- 
HOCTH B 06"beM.

AKTHBHbie UeHTpbl Ha nOBepXHOCTH MOXKHO paCCM3TpHBaTb KaK pe- 
areHTbi, npnqeM Ha OAHy MOJieuyjiy npnxoAHTCH oahh aKTHBHbin ueHTp. 
npH T3KOH aACOp6uHH 06pa3VeTCH HenOABH>KHbIH CJIOH. MojieKyjlbl (J)HK- 
CHpoBaHbi, noKa ohh He AecopOnpyioTCH. OAHano AonycKaeTCH, hto b 
6o/ibmHHCTBe cjiyqaeB MOJieKyjibi aACopdnpyioTCH AByMH hjih 6oJibUiHM 
hhcjiom aKTHBHbix ueHTpoB. 3Ta TeopHH, npeAnojiaraiomaH o6pa30Ba- 
Hne aKTHBHpoBaHHbix komiuickcob h Aaioiuan moabjih peaKUHH, npo- 
TeKaioiuHX Ha HecKOJibKHx aKTHBHbix ueHTpax, npHHUHnnajibHO oqeHb 
6jiH3Ka k MyjibTHnjieTHOH TeopHH, coAepuiaHiie KOTopofl SyAeT paccMO- 
TpeHO HH>Ke.

AKTHBHpoBaHHbie KOMnjieKCbi aHajiorHqHbi npoMe>KyToqHbiM coeAH- 
HeHHHM hjih aAcop6hpoBaHHbiM KOMnjieKcaM b TeopHHx ApyrHx HCCJie- 
AOBaTejien. Kan yme OTMeqeHO Bbirne, cbh3H b aKTHBHpoBaHHbix kom- 
njiexcax Ha noBepxHOCTH MoryT 6biTb nojinpHbiMH hjih KOBajieHTHbiMH 
hjih npeACTaBjiHTb Bee nepexoAbi MejKAy sthmh npeAeJibHbiMH cjiyqanMH. 
Okhcjih MeTajuioB, npHMeHHeMbie b KaqecTBe KaTajiH3aTopa, hmciot 
KpHCTajiJiuqecKHe HOHHbie peiueTKH; nosTOMy mojkho 3afcjiioqHTb, hto 
aKTHBHpOB3HHbie KOMnjieKCbi, B KOTOpbie 3TII OKHCJIbl BOBJieKaiOTCH,



12. TEOPHfl AKTHBHPOBAHHbIX KOM/JJIEKCOB 135flOJlJKHbl dbITb TaKJKe nOJIflpHbIMH. 3 t0 paCCyJKfleHHe MOJKHO npHJIOJKHTb k AerH^paTauHH, rHApoJiH3y h AerHApHpoBaHHio cjio k h m x  3tJ)HpoB HaA 
AUh-KaTa^H3aTopoM.AHajiorHMHO STHJiaueTaT HaA A l20 3-KaTajiH3aTopoM o6pa3yeT sth- 
JieH, AsyoKHCb yrjiepoAa, yKcycHyio KHCJioTy h aueroH c HedoJibuiHMH KOJinqecTBaMH 3thjioboto cnnpTa h AP-:

2CHaCOOC2H5 2C2H4 +  2CH3COOH; 2CH3COOH -► CH3COCH3 +  C02 +  HaO 

CH3COOC2H6 +  H20 CH3COOH +  C2H6OH

B pe3yjibTaTe pa3pbiBa C—O—C -cbh3ch o6pa3yiOTCH no.no>KHTe.nb- Hbie h OTpHuaTejibHbie hohm :
ch3c= o

•■"h
o - c2h5

CH3C ^ ° +CX^Hr 
/°

CH3C f  +  C2H+ 
X )-

3th hohh aAcopdHpyioTCH hoh3mh noBepxHOCTH, npHqeM okhchmh 
hoh KaTajiH3aTopa aACopfinpyeT nojio>KHTejibHbiH hoh 3(J)Hpa, hoh xce 
MeTaJiJia—OTpHuaTejibHbiH hoh; b pe3yjibTaTe npoTeKaiOT KOHKypnpyio- 
mne peaKUHH c aneTaT-HOHOM:

CH3CO++CH3COO- CH3C0CH3 +  C02

c2h + +  CH3COO- ch3cooh +  c2h4

Tan JKe mo>kho npeACTaBHTb peaKUHH AerHApHpoBaHHH h AerHApa- 
TaUHH cnnpTa KaK pe3yJIbTaT pa3JIHHHOH HOHH33UHH ero MOJieKyjIbl 
noA achctbhom KaTajiH3aTopa. HaA ZnO-KaTajiH33TopoM nponcxoAHT 
cjieAyiomaH peaKUHH AerHApaTaunn:

CH3CH+......OH"

6 - ......... Zn+

CH3CH+ CH2=CH2 +  H+ 

H+ +  OH" -► HaO

HaA N'iO-KaTajiH3aTopoM HMeeT MecTO AerHApnpoBaHHe:

CH3CH20- • -H+ CH3CH20- CH3CHO +  H-

Ni+........O’  h - +  H + -*-H 2

HanpaBJieHHe peaKUHH 33Bhcht ot xapaKTepa hohh33hhh MOJieicy- 
Abi cnnpTa noA bjihhhhcm nojiH KaTajiH3aTOpa, npnneM KaTHOHbi MeTaJiJia
BcerAa aACopdHpyioT aHHOHbi.

XlpyrHM npHMepoM hb^hctch pa3Jio>KeHHe MypaBbHHOH khcjiotm HaA 
ZnO-KaTajiH3aTopoM, npoTenaiomee no AayM KOHKypnpyiomHM HanpaB- 
AeHHHM

HCOOII-
HaO +  CO 
Ha +  co2
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hto Tax>xe o6T>HCHfleTCH pa3JiHqH0H HOHH3aune0 MOJieKyji:

HCOOH—
HCO+ +  OH- 
HCOO- +  H+

HCO+ -*• CO +  H+ 1HCOO- ->- C02 +  H" 
H+ +  OH- -► H201H- +  H+ H2

KoH^eHcaiiHH MeTaHOxa c oxHCbK) yrjiepo^a no# aaBJieHHeM npoTe- 
KaeT pa3JiHqHO, b 33bhchmocth ot (jjyHKUHH KaTajiH3aTopa: Hafl mejiou- 
HbiMH KOHTaKTaMH noJiynaeTcn rjiaBHbiM o6pa30M MeTHji(J)opMHaT, Ha,n 
KHCJibiMH—yxcycHaa KHCJioTa:

CH3OH +  CO
CH3OCHO

CH3COOH

^BOBKoe HanpaBJieHne peaxunn h b stom cjiyuae 06'bHCHHeTCH pa3- 
J1HHH0H H0HH33UH6H MeTaHOJia B npHCyTCTBHH meJIOHHOrO HJIH KHCJIO-
ro areHTa 138]:

CH3OH

OH- ,
----- ► CHsO-+H+

CH++OH-

co
-----► CH30CHO

CO
— ►  CH3COOH

CxeMa HCHa h H3 6ojiee npocTbix peaKUHH:

CH3OH +  Na CH3O- +  H+ +  Na — CH3ONa +  H 

CHgOH +  HBr —► CH+ +  OH" +  H++  B r CH3Br +  H20

C 3T0H TOHKH 3peHHH XaTaJIHTHHeCKHe peaKUHH Ha nOBepXHOCTHX 
cjie^yeT noHHMaTb Tax, hto noBepxHocTb no,no6Ha nojiapHOMy pacTBo- 
pHTejno, Ha KOTOpoM MOJieKyjibi peareHTOB o6pa3yx>T hoabh>khoh ^By- 
MepHblS HOHHblH paCTBOp. A,HCOp6HpOBaHHbie HOHbl ^BHraiOTCH KaK 
6bi no maxMaTHofi flocxe: oTpnuaTejibHbie— nan no.no>KHTejibHbiMH HOHa- 
MH iiOBepXHOCTH, nOJIOJKHTeJIbHbie— Hafl OTpnuaTejIbHblMH H0H3MH no- 
BepxHOCTH. 3apHKeHHbie qacTH MOJiexyji b HexoTopbix c./iyqaHX MoryT 
oT^eJiHTbCH, cbo6oaho BpamaTbcu o/xhh b nojie /xpyrHX, hto Be^eT k 
06pa30BaHHK) HOBbIX KOHeUHblX MOJieKyjI. BcJieflCTBHe hohh33Uhh mo- 
jieKyjibi noBepxHOCTH, cocTOHiuefi H3 okhcjiob MeTajiJioB, aflcopGHpyxrr 
HOHbi peareHTOB, npnueM Bcer^a hoh MeTajiJia. npHTarHBaeT 3hhoh. 
AflCOpdnpoBaHHbie hohm nepe^BHraioTCH no noBepxHOCTH, djiaroflapx 
qeMy ycTaHaBJiHBaeTcn paBHOBecne Mexyxy hohh3Hpob3hhoh h Heno- 
HH3HpOB3HHOH (])OpMaMH.

B aKTHBHp0B3HH0M KOMUTieXCe CBH3H peareHTOB C nOBepXHOCTbK) 
cjia6bi, Tax xax b hhx cbmhx cbh3h jih6o HaqHHaxvr pa3pbiBaTbcn, 
jih6o, Hao6opoT, o6pa30BbiBaTbCH. TaxHM o6pa30M, npouecc aacopduHH 
npHBOflHT X 06pa30BaHHK) HOHOB H X fleCOptfUHH, T. e. pexOM6HHaUHH 
hohob; 3T0 b KOHeuHOM HTore cboaht reTeporeHHyx) peaxunx) x p p y -
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MepHOfi HOHHOH pea HUH H 06MeHH0r0 pa3JIO*eHHH HJIH flpyrnx THnOB 
no o6meft cxeMe:

peareHTbi aKTHBHpoBaHHhifi KOMruieKC npoAyKTbi

TeopHH aKTHBHpoBaHHbix xoMnjiexcoB, hjih nepexoflHoro COCTOHHHH, 
6bijia noflBeprHyTa xpHTHxe, Tax xax oHa b npHMeHeHHH k xaTajiH3y 
Hê OCTaTOMHO yMHTbIBaeT CB0HCTB3 nOBepXHOCTHbIX COê HHeHHH, XHMH3M 
HBjieHHH h MexaHH3M xaTaJiHTHqecxHX npoueccoB.

13. TeoMeTpHHecKHH (JiaxTOp b KaTajiH3e

OcHOBHbie nojioxceHHH reTeporeHHoro KaTa;iH3a—HeHacumeHHOCTb 
H HepaBHOUeHHOCTb nOBepXHOCTeft—OKa3aJIHCb HeflOCTaTOqHbIMH flJIH 
noHHMaHHH cyTH KaTajiHTHHecKHX npoueccoB, npoTeKaiomHX Ha noBepx- 
HOCTHX, H flJIH H36HpaTejIbHOCTH KaT3JIH3aTOpOB. HccjieaoBaHHe noBepx- 
HOCTefl H HX CTpoeHHH npHBCJIO K MbICJIH O CymeCTBOBaHHH COOTBeTCTBHH 
Meatfly CTpoeHHeM pearHpyxMUHX MOJiexyji h CTpoeHHeM noBepxHocTH, 
hto nojiyqnjio Ha3B3HHe zeoMempmecnozo (pa/anopa, hjih zeoMempune- 
ckozo coomeemcmeun. Flpn oflHOToqeqHofi aflcopduHH chjiu, flec[)opMH- 
pyiomne MOJieKyjibi, cjiafibi, h reoMeTpHqecxHH (jjaxTop pojiH He HrpaeT. 
A. A. BajiaHflHHbiM [39] 6mjih pa3BHTbi npeflcraBjieHHH 06 aflcopSuHH 
MOJieKyjI flByMH HJIH HeCKOJIbKHMH aKTHBHbIMH UeHTpaMH Ha nOBepXHOCTH 
KaTajiH3aTopa, hto oKa3ajiocb BecbMa njioflOTBopHbiM ajih o6"bHCHeHHH 
MexaHH3Ma HexoTOpbix KaTajiHTHqecKHX peaxuHH h MOflejibHbix npefl- 
cTaBjieHHH. 3th nojio>KeHHJi jieataT b ocHOBe H3JiaraeMofl flajiee Myjib- 
THnjieTHOH TeopHH.

3HaneHHe reoMeTpHqecKoro (|)aKTopa b xaTajiH3e noflTBepatfleHO 
SKcnepHMeHTajibHO. HanpHMep, npn aflcopduHH sTHjieHa Ha HHxejie 
b pe3yjibTaTe pa3pbiBa abohhoh cbh3H paccTOHHHK) Meatfly 3tom3mh

O
yniepofla 1,54 A (6e3 H3MeHeHHH HopMajibHoro BajieHTHoro yrjia) ot-o
BeqaeT paccroHHHe Meatfly aTOMaMii hhkcjih 2,27 A. .UeficTBHTejibHO, 
b pemeTKe hhkcjih (phc. 28) Handojibiuee hhcjio aTOMOB HMeeT paccron-
HHe 2,48 A. X[oKa3aHO, hto ajih flerHflpHpoBaHHH h rHflpHpoBaHHH npn-

o
roflHbi MeTajuibi c MeataTOMHbiMH paccTOHHHHMH 2,4—2,8 A. J\nn xaTa- 
jiHTHqecKOH H30MepH3auHH 6yTeHa-l b 6yTeH-2 HeoSxoflHMbiM ycjioBHeM 
xaTajiH3a HBJineTCH HajiHqne paccroHHHH Meatfly 3TOM3MH xaTajiH3aTO-
pa 3,5 A; nosTOMy TaxHe KaTaJiH3aTopbi, xax oxHCb hhkcjih, cepHan 
KHCJiOTa, KpeMHe3eM, yflOBJieTBopnioTSTOMy TpedoBaHHio, TaK xax hmciot

O
MejxaTOMHbie paccTOHHHH 3,45—3,52 A. Ha ochob3hhh HeoflHHaxoBOH opH- 
eHTauHH nepBHqHbix cnnpTOB Ha pa3Hbix xaTajiH3aTOpax 6ujio ycTaHOB- 
JieHO, HTO flJIH HX êrH^pHpOBaHHH npHTOflHbl KaTaJIH3aTOpbI C MCHbHIH- 
mh Me>KaTOMHbiMH paccTOHHHHMH, qeM ajih cjiyqan AerH^paTauHH, Taxo
xax npH flerHflpHpoBaHHH aflcop6npyK)TCH aTOMbi C h O (C—O 1,43 A),

o
a npH flerHflpaTauHH—aTOMbi C h C (C—C 1,54 A).
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npH KaTajiHTHqecKOM KpeKHHre Ha# ajnoMocHjiHKaTHbiMH KaTajiH- 
3aTOpaMH paccTOHHHe Mex<Ay aTOMaMH KHCJiopoAa b peuieTKe mohtmo-o
pHJiJiOHHTa (cTp. 310) paBHO 2,55 A, hto nojmocTbio cooTBeTCTByeT pac- 
ctohhhio MextAy ĈTHbiMH h HeneTHbiMH aTOMaMH yiviepoAa b yrjieBo-

Aopo^Hbix uenax (2,54 A). H3dHpaTejibHoe rHApnpoBaHHe Henpe^ejibHux

c c

< 111 ) < 100 ) (1 1 0 )
P hc. 28. CxeMa a,ncop6uHH STHJieHa Ha HHKeJie 
(BBepxy); npocTbie iuiockocth KpHCTajuioB hhkbjih 

(BHH3y).

khcjiot HaA HHKejieM b npe^ejibHbie KHCJiOTbi, a HaA uhhkxpomhtom— 
b HenpeAê ibHbie cnnpTbi (cTp. 142, 402) o6n3aHO reoMeTpnqecKOMy 
cooTBeTCTBHio MexcAy C =C -cbh3hmh h —COOH-rpynnoft h KaTaJM3a- 
TopaMH. TaKHx npHMepoB mo>kho 6bmo 6bi npHBecTH mhojkcctbo.

reoMeTpHqecKHH (JiaKTop b KaTaxH3e AonycnaeT ynopHAoneHHOCTb 
B CTpyKType nOBepXHOCTH H B paCCTOXHHHX MeHCAy aKTHBHbIMH ueH- 
TpaMH, HTO BHOCHT 3HaHHTejIbHyK) HCHOCTb B nOHHM3HHG npHHHH H3dHpa-
TejibHOCTH KaTajiH3atopoB h npoTHBonocTaBJineTCH xaoTHHHOMy pac- 
npeAejieHHio aKTHBHbix neHTpoB no T Tefljiopy. CjieAyeT ynecTb, OAHa- 
KO, HTO Bee 3TO OTHOCHTCH K H0pM3JIbHbIM H HeAe(J)OpMHpOBa HHbIM pe- 
ineTKaM, KOTopue He BcerAa hmciotch b peajibHbix KaTajiH3aTopax. llpH 
HeynopHAoneHHOCTH 3kthbhoh noBepxHOCTH npHHHHn reoMeTpnqecKoro 
noAodna He BcerAa BbmepxcHBaeTCH, hto, MoxceT dbiTb, if oStHCHaeT 
AO HeKOTopofl cTeneHH He3HaqHTejibHyio nojie3Hyio noBepxHOCTb KaTa-
jiH3aTopoB (He 6ojiee 5—10%).

3HaneHHe reoMeTpnqecKoro (JiaKTopa B KaTajiH3e noATBepx<AaeTCH 
MHoronHCJieHHbiMH padoTaMH, nan, HanpHMep, npHHminoM KpHCTaxJio- 
XHMHqeCKOTO COOTBeTCTBHH JJaHKOBa (CTp. 143), HCCJieAOBaHHHMH 
aKTHBHOCTH cnxaBOB, padoTaMH no (})a30B0My cocTaBy K3TajiH3aTopoB 
H nOJIHMOp4)H3My MeTaJIJIOB H T. A.
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14. MyjibTHnjieTHan TeopHH EajiaHAHHa

A. A. BajiaHAHH BnepBbie b CBoeft MyjibTHnjieTHOH TeopHH AaJi toh- 
uyio KapTHHy xhmhmcckhx peaKUHH Ha noBepxHocTHX, ocHOBaHHyio 
Ha reoMeTpHHecKHx npeACTaBjieHHux [39]. Cor/iacHO MyjibTHnjieTHOH 
reopHH, aKTHBHbie ueHTpbi Ha noBepxHocTH KaTajiH3aTopa He pacceuHbi 
xaoTHnecKH, a reoMeTpuqecKH ynopuAoqeHbi, OToSpanoa KpucTaJiJiH- 
qecKyio peiueTKy KaTajiH3aT0pa. TeopHH yqHTbiBaeT CTpyKTypHoe h 
SHepreTHqecKoe cooTBeTCTBne Me>KAy peareHTaMH h peuieTKOH koht3k- 
Ta, no3BOJiaiomee HafiTH ajihhh h sHepruu cBH3en MoaeKyji c KaTaJiH- 
aaiopoM.

OCHOBHbIM npHHUHnOM MyjibTHnjieTHOH TeopHH HBJiaeTCH B03M0>K- 
HOCTb Ha/io>KeHHH MOJieKyji Ha noBepxHOCTb peuieTKH KaTajiH3aTopa. 
AKTHBHbie ueHTpbi AOJiHtHbi 6biTb pacnojio>KeHbi Ha onpeAeaeHHbix pac- 
ctohhhhx. Ecjih ohh pacnojio>KeHbi cjihlukom AaJiexo Apyr ot Apyra, 
to MOjieKyjibi peareHTOB MoryT aAcopdHpoBaTbca oahhm aKTHBHbiM 
neHTpoM, HcnbiTbiBaa npn stom HHqTo>KHbie Â t{)opMau.HH, HeAOCTaToq- 
H bie A.na npoTeKaHHH KaTajiHTHqecKofl peaKUHH. TaKHe oAHOToqeqHO 
aAcopdHpoBaHHbie MOJieKyjibi hjih AecopfiapyioTCH HeH3MeHeHHbiMH, hjih 
nepeMemaioTCH c oahoto aKTHBHoro ueHTpa Ha Apyroft. Tlpn pacnojio- 
>KeHHH AByx aKTHBHbix ueHTpoB (d ytu iem ) Ha cooTBeTCTByiomeM paccToa- 
hhh Apyr ot Apyra hx CHJioBbie nojia npHTHTHBaioT MOJieKyjiy peareHTa, 
KOTopaa BCJieACTBne stoto Ae^opMHpyeTca H ^ePe3 o6pa30BaHHe npo- 
Me>KyToqHoro aKTHBHoro KOMnJieKca nepepacnpeAejiaeT cbh3h, b pe3yjib- 
TaTe qero o6pa3yioTCH HOBbie MOJieKyjibi KOHeqHbix npoAyuTOB.

AACOp6UHH MOJieKyjI MO>KeT npOHCXOAHTb H Ha HeCKOJIbKHX aKTHB
Hbix ueHTpax (m p u tiA e m , K eadpynAem , ceK cm em —M yA bm u n n em u ) oa- 
HOBpeMeHHO, npHqeM earn chjih npHTH>KeHHH npeBbicuT chjih cuenjie- 
hhh (cbh3h) b MojieKyjie, nocjieAHHe pa3opByTca. AAcop6HpoBaHHbie 
MOJieKyjibi C CHJIbHO Ae(})OpMHpOBaHHbIMH CBH3HMH o6pa3yiOT C aKTHB- 
HblMH UeHTpaMH KaTaJIH3aTOpa BpeMeHHO CyiUeCTByiOIUHH aKTHBHblH 
KOMnjieKC. J\ jin  npoBeAeHHH KaTajiHTHqecKOH peaKUHH Heo6xoAHMO, 
qToSbi aKTHBHbifl KOMnAeKC AHCCouHHpoBaJi no ApyroMy HanpaBjieHHio 
h o6pa30BaBuinecH MOJieKyjibi AecopSnpoBajiHCb, A-nu qero HeoSxo- 
AHMa 3aTpaTa HeKOToporo KOJinqecTBa sHeprun (aHeprHH AecopduHii).

Bbijio ycTaHOBJieHO, qTO ajih peaKUHH AerHApupoBaHHa h rHApnpo- 
BaHiiu npuroAHbi jiHiub Te MeTaAJibi, KOTopbie hmciot rpaHeueHTpHpo-
BaHHyio Ky6nqecKyio hjih reKcaroHajibHyio pemeTKy c nocToaHHoft Be-

0  °

.nnqiiHOH, HaxoAHmeHCH b HHTepBajie 2,8 A (Pd)—2,47 A (Ni). FIoaTOMy 
H3 37 MeTaAAOB AJIH THApHpOBaHHH H ACrHApHpOBaHHH npHTOAHbl AHUIb 
Ni, Co, Fe, Cu, Ru, Rh, Pd, Pt, Ir h Os. Ha noBepxHocTH sthx Me- 
Ta.T.iOB aKTHBHbie ueHTpbi pacnojioweHbi b bhac cctkh H3 KBaApaTOB 
HJIH paBHOCTOpOHHHX TpeyrOJIbHHKOB, Ha KOTOpbIX H npOHCXOAHT aA- 
COpSUHH.

HAea o reoMeTpunecKOH ynophaohchhocth aKTHBHbix ueHTpoB no- 
3BOJineT npe>KAe BCeTO, BepOHTHO, o6T>HCHHTb npHHHHbl AG3aKTHBaUHlI H 
aKTHBauHii KaT3JiH3aTopoB. B cjiyqae nopaweHiia HeKOTopbix aKTHBHbix
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IteHTpOB HflOM paCCTOHHHH MOKfly HenOpa*eHHMMH aKTHBHbIMH U,eH- 
TpaMH yBejiHMHBaiOTCH, HapymaeTCH cooTBeTCTBHe Mexcny pa3MepaMH 
CBH3eft b peareHTax h paccroHHHHMH aKTHBHbix ueHTpoB, b pe3yjibTaie 
uero cxopocTb peaKUHH cHJibHO 3aMe;yiHeTCH hjih ct3hobhtch paBHofi 
HyJIIO. ,ZJo6aBKH aKTHB3T0p0B, Hao6opOT, CnOCo6CTByK)T C03A3HHI0 £0- 
nojiHHTejibHbix aKTHBHbix ixeHTpoB hjih dojibuiefi reoMeTpHqecKOH yno- 
pHfloqeHHOCTH cymecTByioiHHX, hto odjieruaeT peaKUHio.

OcHOBaHHeM MyjibTHiuieTHOH TeopHH hbjihiotch de(popMau,ua. h nepe- 
pacnpedeAenue cen3eu b pearnpyiomHX MOJiexyjiax non neftcTBHeM aK
THBHbix HeHTpOB (KpHCTaJIJIH3aHHOHHbie 3apOflbIUIH HJIH TOHKH pOCTa 
Ha noBepxHOCTH KaTajiH3aTopa). PeaKUHH Mexny HByMH MOJieKyji3MH 
A B  h C D  c o6pa30BaHHeM KOHeuHbix MOJieKyji A D  u B C  non BJiHHHHeM 
AynjieTa H3 aTOMOB K  nocranHHHO npoTenaeT cjienyioiuHM odpa30M:

K  K K

A

B

K  K

A ---- D

B ---- C

K

A  D

I -I
B C

i n in rv

ancopdnpoBaHHbie Ha nynJieTe MOJieKyjibi A B  h C D  (I) nepe3 MyjibTH- 
nJieTHbiH KOMnjieKc (II) ocjiadjinioT cbh3H A — B  h C — D , b pe3yjibTaTe 
qero nponcxonHT o6pa30BaHHe hobhx cBH3en A — D  h B — C  (III). 
MyjibTHnjieTHaa TeopHH, oneHb cxonHan c TeopHefi IIojihhh 140], b ot- 
jiHHHe ot nocjieAHeft, nojiaraeT HajiHune cnjibHbix neifcopMauHH, ho He 
nojiHoro pa3pbma cBH3efi Mexcny MOJieKyjiaMH peareHTOB (hto MonceT 
6biTb jiHuib b npenejibHbix cjiyqanx).B MyjibTHnjieTHbix cxeMax aKTHB- 
Hbie ueHTpbi K  npHHHTo H3o6paxcaTb tohk3Mh (IV).

npH nOMOUl.H MyjIbTHnJieTHOH TeopHH MOJKHO CXeMaTHHeCKH npen- 
CT3BHTb MeX3HH3M HeKOTOpbIX nOBepXHOCTHbIX peaKUHH Ha aKTHBHbix 
ueHTpax. TaK KaK aKTHBHbie ueHTpbi odJianaiOT nocraTonHoft 9Hep- 
raeS, HTodbi npHTHHyTb k cede naa aTOMa ancopdHpoBaHHoft MOJieKyjibi, 
CBH3H Mexyjy npyrHMH aTOMaMH MoryT ocjiadHyTb h pa30pBaTbcn, b 
pe3yjibTaTe odpa3yiOTCH HOBbie MOJieKyjibi. HanpHMep, nernnpaTauHH 
aTaHOJia

C2H,OH c2h4 +  h2o
H3odpaxtaeTCH b BHne:

ch2—ch2 ch2=̂ =ch2

H OH H— OH

CHj=CH2

h 2o

B 3thx cxeMax noMemaioT pnnoM Te aTOMbi h rpynnbi, KOTopue 
b pe3yjibTaTe peaKUHH 0Ka3biBai0TCH coenHHeHHbiMH: oKo.no coenH-
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hhioiuhxch  aTOMOB h rpynn cTaBHT toukh (•), MecTa ace pa3puBa MOJie- 
Kyu nepeqepKHBaioTca nyHKTHpoM.

Pa3pbiB CBH3eft npoHcxo^HT JiHinb Me>KAy 3TOM3MH hah  rpynnaMH, 
Henocpê CTBeHHO npHMbiKaioiuHMH k aKTHBHbiM ueHTpaM. B pe3yjibTaTe 
nepepacnpe^eneHHH cbh3h nan 6bi noBopanHBaioTCH, o6pa3ya HOBbie 
coeAHHeHHH. 3 th  cxeMbi oueHb HarAHAHO H3o6pa>KaK)T noBepxHOCTHbie 
peaKUHH. npHBe^eM HecKOAbKo npHMepoB:

a) CjHjOH -►  CH3CHO +  H2 

CH3CHv O CHgCHO

H H Ha

6) RCHOHR' -►  RCOR' +  H2

R' R'
l I

R— C—r- 0  R— C= 0
H H Ha

b) 2CaH,OH -►  CaH,OCaH5 +  HaO

CH3CH2- OH

CH„CH.,Oi-H

ch3ch2X
0 + H aO

c h 3c h /

Ilpê cTaBJieHHbie peaKUHH npoTeKaioT no aynjieTHOMy MexaHH3My 
(ABa aKTHBHbix- ueHTpa), ho ecTb h 6oAee CAOHCHbie cjiynan, HanpHMep 
KaTajiHTHnecKHH pacnaA aTHAOBoro aijuipa

(C2H8)aO —  2CaH4 +  H20
c h 2— CHa

CH2-r-() H
I* I *

CH2-i-H

CH2=CH a

CHa+ 0 - H
II I
CHa H

hah pa3AO>KeHHe STHAanetaTa:
2CH3COOC2H8 -►  CH3COCH3 +  c 2h8o h  +  c 2h4 +  coa

; c h 3 c h 2= c h 2
CH3-CH.,

CH,— c — -̂6
■ II 

o

•CHo— H

O -C H jCHj

I +  +
CHS— C 0 = C  H

II II I
O O 0 - C H aCH3

3th peaKUHH npoTeKaioT no KBaApynAeTHOMy MexaHH3My (ueTupe 
aKTHBHbix ueHTpa). Ha CTp. 259 paccMOTpeH eiue 6oAee CAoatHbifi CAy-
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nau—CeKCTeTHblH (meCTb aKTHBHbIX U,eHTpOB) MeX3HH3M ^erHApHpOBa- 
hhh hjih nojiHoro pacna^a inecTHMjieHHbix Kojieu.

JlerKOCTb o6pa30BaHHH aKTHBHoro KOMnJieKca (MyjibTHiuieTHoro 
KOMnjieKca) 33bhcht ot reoMeTpHnecKoro cooTBeTCTBHH Mexyjy cbh3hmh 
H aKTHBHbIMH IieHTpaMH. IlpH nOMOIUH 3THX npê CTaBJieHHH MOJKHO 
o6"bHCHHTb h H36HpaTejibHOCTb KaTajiH3aTopoB. XapaKTepHbiM npHMe- 
pOM HBJiaeTCH TH^pHpOBaHHe OJieHHOBOH KHCJIOTbl Hafl HHK6Jl€BbIM Ka- 
TajiH3aTopoM b CTeapuHOByio KHCJiOTy, a Ha# CuCr04—b ojieHjioBbifl 
CITHpT. npH TH/jpHpOBaHHH Ha A HHKejieM MOJieKyjia KHCJIOTbl aflCOpfiH- 
pyeTCH ^ynjieTHO no C =C -cbh3h, ocTajibHbie * e  nacTH MOJieKyjibi Ha- 
xoahtch HaA noBepxHOCTbio:

ch3 COOH ch3 COOH

(CH2)7
|

(CH2)7
|

(CH2), (CH2)7
\ / \ /CH==CH ->- CH2--ch2

•
H-

•
-H

ripn BoccTaHOBjieHHH nan CuCr04 a,ncop6u,HH npOTexaeT no COOH- 
rpynne, h  bch  ocTajibHan nenb Haxô HTCH nan noBepxHOCTbio. Boccra- 
HOBJieHHe OJieHHOBOH KHCJIOTbl B OJieHJIOBblH CnHpT nO peaKUHH

CH3(CH2)7CH=CH(CH2)7COO'H _2L*. CH3(CH2)7CH=CH(CH2)7CH2OH+ h2o 
mojkho  npeACTaBHTb no KBajjpynjieTHOMy MexaHH3My t h k h m  o6pa30M:

H H
. = . /R I I /R 
0=C< -*» o +  c<
•- ; * \OH I | N dH 

H H

H-H

H-rH

iy je R—pâ HKaji k h c j i o t m , HanpaBjieHHbin BBepx o t  noBepxHOCTH.
Ha nepBbifl B3rjin,n MyjibTHnjieTHan Teopna HapymaeT npHHunn 

paBHOBecHH, TaK KaK npHMbie h  oSparabie peaKUHH npoTenaioT Ha 

pa3Hbix AynJieTax:

A D A —D A —D A D
1 I —► ; • - ► I I

B • C B—C B—C B C

B. A. PoflTep 141] h M. KaraH [42] Ha s t o m  o c h o b 3 h h h  n a m e  onpoBepraJiH MyjibTHnjieTHyio Teopnio. OjuiaKO A. A. BaJiaHflHH no3A- Hee o6bHCHHJi, h t o  cxeMbi npHMoft h oSpaTHOH peaKUHH Haflo paccMaT- pHBaTb coBOKynHO Ha neTbipex aKTHBHbix neHTpax cjie^yiomHM odpa 
30m :

A D A —D A 'D  A D 
| 1 * I • |
B • C B—C B * C  B - C

i IV

A —D

B-rC
ii in v
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FIpOMejKyTOqHblH aKTHBHbtH KOMIUieKC (IV)—OflHH H TOT >Ke flJlH 
npHMOH h odpaTHoft peaKUHH, t . e. HapymeHHH paBHOBecnn b 
MyjibTHimeTHOH TeopHH He HadjiioAaeTCH A. A. BajiaHAHH 143] chh- 
TaeT, wto b Ka>KAOM aKTHBHOM ueHTpe HMeiOTCH KpecT-HaKpecT pacnojio- 
*eHHbie aTOMbi, Ha KOTopbix h pacnojiaraeTCH pearnpyiomaH MOJieKyjia.

TeopeTHHecKHe pacueTbi npHBejiH A. A. BajiaHAHHa [44] k Aonyme- 
HHio npoTeKaHHH peaKUHH AerHupHpoBaHHH Ha AByx THnax aKTHBHbix 
ueHTpoB Ha noBepxHOCTH; «nHKH» h «jihhhh». IIhkh pacnojio>KeHbi Ha 
OKTaâ pHwecKHx cpe3ax BepuiHH yrjiOB TeTpasApoB, jihhhh—Ha rpa- 
HHue pa3flejia TBepAbix (j)a3. HaH6ojiee KaTajiHrauecKH aKTHBHbi iihkh, 
od-nauaiomHe HaHMeHbmeH aAcopfiuHOHHoft cnocodHOCTbio, jihhhh— 
HaHMeHee KaTajiHTHuecKH aKTHBHbi h oSjiaAaiOT HaHfiojibuiefi aAcop6- 
UHefl (xeMocopduHefl).

YuHTbiBaa ywacTHe b peaKUHH AerHApHpoBaHHH o6ohx thiiob aKTHB
Hbix ueHTpoB, A. A. BajiaĤ HH ajih AerHApHpoBaHHH cnnpTOB no Ay- 
nJieTHOMy MexaHH3My AaeT cxeMy [43]:

RCH—O RCH—O
I | +  V2W2 I | +  VW +  HW

H H H V
RCH—O RCH—O

| | +  VW —► | I +  HW
H V V V

RCH—O
| +  2HW -► RCHO +  H2 +  V2Wa

V V
B 3toh cxeiue V-—Ba jichthocth noBepxHOCTH 1-ro poAa (nHKOB), 

W—BajieHTHOCTH noBepxHOCTH 2-ro poAa (jihhhh). PeaKUHH npoxoAHT 
qepe3 noJiyrHApnpoBaHHoe cocTOHHHe RCH2OV-

SHepreTHuecKan nacTb MyjibTHnjieTHofi TeopHH paccMaTpHBaeT SHep- 
THH CBH3eft ( b KKCLa U-MOA) pa3JIHMHbIX OpraHHMeCKHX COeAHHeHHH H 3Hep- 
THH CBH3eft aTOMOB C MeT3JIJiaMH. XIaHHbie paCCMHTblBaiOTCH no 4>OpMyjie

~  E A B .  Ni Q a b  ~ ~  Q a , Ni ~  Q b . Ni

FIpHMeHeHHe 3HaqeHHH 3HeprHH CBH3efi k peaKUHHM rHAporeHOJiH3a 
HaA HHKeAeM no3BOJineT npeACKa3aTb nocjieAOBaTejibHOCTb pa3pbiBa 
pa3AHMHbix CBH3eft h noJiyuaeMbie npoAyKTbi. Eojimhoh SKcnepHMeH- 
TaAbHbiH MaTepuaA nojiHOCTbio noATBepH<AaeT npaBHjibHOCTb t3khx npo- 
TH030B Ha 3HepreTHuecKOH 6a3e [44].

yueT CTpyKTypHoro h 3HepreTHqecKoro cooTBeTCTBHn, jie>KaiuHx b 
OCHOBe MyJIbTHnJieTHOH TeopHH, n03B0JIHeT 0J1H3KO nOAOHTH K B3>KHOH 
3aAaue co3HaTejibHoro noAfiopa K3TajiH3aTopoB h nporH03a hx aKTHB- 
HOCTH, HTO HBAHeTCH dpe OAHOH nOJIOJKHTeAbHOH CTOpOHOH 3TOH TeopHH.

15. KpHCTajiJioxHMHMecKan npupoua aKTHBHbix ueHTpos

n. J\. XlaHKOB [22] Ha ochob3hhh H3yueHHH noBepxHOCTefi h cTpyK 
Typw aACopfiHpoBaHHbix cjioeB tojiiuhhoh b oAHy MOJieKyjiy hjih aTOM 
IipHXOAHT K BbIBOAy O npHHUHne KpHCTaJUIOXHMHUeCKOrO COOTBeTCTBHH.
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O h 3aKJiiOHaeTCH b tom, hto npw o6pa30BaHHH hoboh TBepAofi c|)a3bi Ha 
noBepxHOCTH TBep^oro BemecTBa (KaTajiH3aTopa) <ojieMeHTapHue nacTHUbi 
hoboh 4>a3bi KpHCTajî orpacJiHHecKH 33KOHOMepHO pacnojiaraiOTca no 
OTHomeHHio k noBepxHOCTHoft pemeTKe». XeMocopduHOHHbiH npo- 
HeCC MO>KHO paCCM3TpHBaTb KaK HBJieHHe nOBepXHOCTHOH oaho- 
cjiohhoh KpHCTajuiH3au,HH. Flo MHeHHK) II. J3,. AaHKOBa, Tanaa KpHCTaJI- 
jioxHMHqecKaa TouKa 3peHHH npHJiojKHMa k aKTHBHbiM ueHTpaM KaTa- 
jiH33TopoB. Kan yxce oTMenajiocb Bbiuie, b otjihmhc ot hhkob Tefijiopa, 
n. JX. XUihkob cnmaeT HanSojiee aKTHBHbiMH sjieMeuraMH noBepxHOCTH 
HeHacbimeHHbie sjieMeHTbi ee—Bna/jHHbi— h 3anojmeHHe hx npn xeMO- 
copdnHH onpe^ejiHeTCH cooTBeTCTBneM KOH<|)HrypauHH pearHpyioiHHx 
MOJieKyji c KOH(J)HrypaHHeH ajieMe.HTOB noBepxHOCTH h aKTHBHbix MecT 
(KpucmcuiAoxuMimecKoe coomeemcmeue).

Phc. 29. AflCop6uHH 6eH3o;ia Ha 
KpncTajiJie n/iaTHHbi.

Phc. 30. Pacnojio*eHHe â copSHpoBaHHUx 
6eH30̂ bHbix KOJieu Ha noBepxHOCTH ruiatHHbi.

Tan, HanpnMep, Ha Hê ocTpoeHHOM KpncTajiJie njiaTHHbi (rpaHeueH- 
TpnpoBaHHbiH Kyd) 6eH30JibHoe KOJibuo -aAcopdapyeTCH, KaK noKa3aHO 
Ha pnc. 29. Akthbhoc Mecro (aKTHBHbin neHTp) Tanoro KpncTajiJia npeAcra- 
BJiHeTco6on BxoAnmHHTpexrpaHHbiftyroJi, orpaHHneHHbiH neHTpaMH aTO- 
mob njiaTHHbi (3aniTpHXOBaHHbie KpyjKKH). BanaHTHbie MecTa OTMeneHbi 
CBeTJibiMH KpyxcKaMH (MecTa, He 3anojmeHHbie npH o6pa30BaHHH noBepx- 
hocth KaTajiH33TopoB). Ha TaKHX BaKaHTHbix MecTax KaK Ha HanSojiee 
aKTHBHbix h xeMocopdnpyioTCH TpH napbi aTOMOB yniepoAa, cocTaB- 
jihkhuhx 6eH30JibHoe Kojibuo. Ha pnc. 30 H3o6pa>KeHO pacnojionceHHe 
6eH30JibHbix KOJieu Ha noBepxHOCTH njiaTHHbi. 3Ta cxeMa noKa3biBaeT 
KpHCTajiJioxHMHnecKoe cooTBeTCTBHe, TaK KaK njiocKaa peineTKa H3 
6eH30JibHbix KOJieu no KOH(})HrypauHH h pa3MepaM cxoAHa c njiocKHMH 
peuieTKaMH KpHcrajiJiHHecKoro 6eH30jia h npeACTaBJiaeT AsyMepHbw 
OAHOCJIOHHblH KpHCTaJIJI.

AHaJiorHHHO mojkho H3o6pa3HTb cxeMaTHnecKH h rHApHpoBaHHe aboh- 
HblX CBH3efl STHJieHa.MoAejib n . JX- ZlaHKOBa OTJinnaeTCH ot MOAejieii MyjibTHnjieTHoft 
TeopHH TeM, hto oHa ynHTbiBaeT B03AeftcTBHe Ha Ka>KAyio napy aTOMOB 
yrjiepoAa rpynnbi nacTHu, BMecTo bjihhhhh oahhohhmx aTOMOB.
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16. OCHOBbl TeOpHH KaTajIHTHHeCKH aKTHBHbix 
aHcaMdjieA Kodo3eBa

KaTaJiHTHqecKHe peaKUHH pa3,nejiHioTCH Ha Tpn ocHOBHbie rpynnbi: 
peaKUHH roMoreHHoro, reTeporeHHoro h MHKporeTeporeHHoro KaTajiH- 
3a. H . H . Ko6o3eB cqHTaeT, hto coBpeMeHHbie KaTajiHTHqecKHe Teopnn 
Boodme deccHjibHbi odTjê HHHTb sth Tpa rpynnbi odw,HM MexaHH3MOM, 
TaK KaK OHH HeBepHO TpaKTyiOT npnpo^y aKTHBHbIX UeHTpOB H HX CTpoe- 
HHe. DiaBHbiM npenHTCTBHeM k ododmeHHio KaTajiHTHqecKHX npoueccoB 
HBJineTCH npHHHMaeMan bccmh KOHuenuna KpHCTaJiJiHqecKOH npnpoflbi 
aKTHBHbix ueHTpoB npw reTeporeHHOM KaTaJiH3e, mto h npecexaeT nyTH 
nepexo^a k roMoreHHbiM h (JiepMeHTaTHBHbiM peaKiinaM.

YcTaHOBjieHO, hto b cjiyqae reTeporeHHoro KaTajiH3a TBep b̂ie koh- 
TaKTbi yqacTByioT b peaKUHH He Been CBoen noBepxHocTbio, a JiHiub 
oqeHb HedojibinoH ^ojien k3khx-to ocodo aKTHBHbix noBepxHOCTHbix od- 
pa30B3HHH (aKTHBHbie UeHTpbl, HJIH 3KTHBHbie MeCTa), KOTOpbie fleilCT- 
ByioT Ha orpoMHOM «(|)OHe» HeaKTHBHoft KpncTajiJiHqecKOH Maccbi KaTa- 
JiH3aTopa. H. H. Kodo3eB OTMeqaeT, hto ;yiH HeKOTopbix KaTajiH33TopoB 
aKTHBHaa noBepxHOCTb cocraBjiaeT JiHiub 0,05% ot Been noBepxHOCTH. 
TaKHe aKTHBHbie ueHTpbi He hbjihiotch, KaK sto npHHaTO cqHTaTb, Kpn- 
CTajiJinqecKHMH odpa30BaHHaMH, a coctoht H3 oqeHb Hedojibinoro qHCJia 
OT^ejibHbix aTOMOB (1—4), odpa3yioiii,Hx aKmuenbiu ancaM6Ab.

TaKHM 0dpa30M, MeCTOM KaT3JIHTHqeCK0H 3KTHBHOCTH aBJiaeTca He 
KpHCTajiJinqecKaa, a aMopiJjHaa (jia3a, nepBaa ace aBJiaeTca jwnib ho- 
CHTejieM. KpncTaJiJiHqecKaa (|)a3a npeacraBJiaeT aqeHcryio, hjih M03anq- 
Hyio, CTpyKTypy—arperaT H3 3aMKHyTbix aqeeK («odJiacTH MHrpauHH»), 
OKpyaceHHbix SHepreTHqecKHMH h reoMeTpnqecKHMH dapbepaMH, He- 
npeÔ OJIHMblMH ^Jia nOBepXHOCTHbIX aTOMOB, H OCTaiOmHXCa H30JIHp0BaH- 
HblMH. ECJIH Ha TaKyiO M03aHqHyi0 noBepxHOCTb HaHOCHTb 3T0MbI, TO 
ohh pacnpe^ejiaTca no 33KOH3M TeopnH BepoaTHOcm, KaK ^podHH- 
kh, BbicbinaHHbie Ha maxMaTHyio flocKy rionaflaa b odJiacTH MHrpauHH, 
HMeiomne bh/1 SHepreTHqecKHX aM hjih bopohok, aTOMbi eodHpaiOTca 
Ha UHe nocjie^HHX, t. e. b MecTe c HandojibuiHM â copdUHOHHbiM noTeH- 
unajioM, odpa3ya aHcaMdjiH (pnc. 31).

flpe^CTaBjieHHe od aqeHCTofl, hjih M03anqH0H, noBepxHOCTH da3H- 
pyeTca Ha coBpeMeHHbix npeucraBJieHHax o crpoeHHH KpHCTajuioB. 
Eme b 1914 r. dbuio noKa3aHO h nouTBepacueHO uajibHeHUiHMH padoTa-MH, qTO KpHCTaJIJIbl npe^CTaBJiaiOT M033HKy H3 dJIOKOB C JIHHeHHbIMH pa3MepaMH b 10-4—10~6 cm . Cjie^CTBHeM odbeMHOH mo33hkh hbjihctch npe^cTaBjieHHe h o noBepxHocTHOH M033HKe, npHMepHo c tcmh ace pa3 - MepaMH. PejibeiJ) noBepxHOCTH KaTaJiH3aTopa hjih KpHcrajiJia nonasaH Ha pnc. 32, r^e npHBe/ieHbi SHepreTiiqecKHe (a) n reoMeTpHqecKHe. 
(6) dapbepbi h 3HepreTHqecKHe aMbi (e). TaKHM odpa30M, npeunojioaceHHe H . H . Kodo3eBa o HajinqHH 3aMKHyTbix odjiacTefl MHrpauHH aTOMOB aBJiaeTca peaJibHbiM tfiaKTOM. Jliodaa SHepreTiiqecKaa hjih reoMeTpHqe- CKaa Heo^HopoflHOCTb noBepxHOCTH npHBOflHT k orpaHHqeHHio JiaTepajib- Hbix CMemeHHft aTOMOB h npenaTCTByeT cKyqHBaHHio hx b KpynHbie arpe- 10
10 B. H. flojiroB
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rara. 06pa3yiomHecfl aTOMHbie aHcaM6jin cTporo onpe^ejieHHoro co- 
CTaBa HBJI5HOTCH aKTHBHbIMH U,eHTpaMH Ha KpHCTaJIJIHHeCKOM HeaKTHB- 
HOM HOCHTeJie.

HccJieAOBaHHe bjihhhhh pa3Be,a,eHHH cjioh aKTHBHoro BemecTBa Ha 
HHepTHOM HocHTejie noKa3ajio, hto co creneHbio pa3Be,neHHH yAejibHan 
aKTHBHOCTb KaTajiH3aTopa pacTet h npn 6ojibuiHX, ho CTporo onpeAejieH-

. A  • i • ' .  • / \%
. ' v  n  

• • ;  • <  . , v
’. . A , / .  ' '

a

• \ 
i

S  K r ' s. \ s ; .\ \ « i %
! ;  

- - v : : :  \ra / ^\ / rv _ <
•  X \ - J  •  *,

••• '  . S eU ' • I
A a  1v  -

Puc. 31. Ahc3m6jih Ko6o3eBa:
a—pacnojioweHHe aKTHBHbix aTOMOB na M03anMHoft noBepxhocth hoch- 
tcjib b smefiKax; .6—accou.nau.HB aKTHBHbix aTOMOB b aHcaM6.'in_n 3kthb- 

HBie aHcaM6jin (□).

Hbix p33BeA6HHHX npOXOAHT Mepe3 M3KCHMyM 3KTHBH0CTH, MTO, no 
H . H. Ko6o3eBy, npeACTaBJineT o6mee h thhhmhoc HBJieHHe, noATBepat- 
Aaiomee npaBHJibHOCTb TeopHH aHcaMdJiefi [45]. SKcnepHMeHTajibHo 
6bi.no HaftAeHO, hto npn oneHb MaJibix KOHueHTpauHHx.HaHeceHHH aTOMOB

P hc. 32. PeJibecj) noBepxHocTH KaTajiH3aropa: 
a — 9H epreTH 4ecK ne 6apbepw ; 6 — reoM eTp im ecK H e 6apbepb i; e — SH eprcT ii-

necKHe HMbi.

pa3AHqHbix MeTajiJioB— npedKpucmaAAunecKoe cocmonnue (cm. HH>Ke)— 
o6pa3yiOTCH MaxcHMaJibHO aKTHBHbie KaTajiH3aT0pbi; mo>kho paccnHTaTb 
pacnpeAeneHne qacTHU no o6.nacTHM MHrpauHH h hhcjio aTOMOB b 
n-aTOMHbix aHcaMgjiax hhcto MaTeMaTHqecKHM nyTeM.

J\jib pa3peuieHHH 33A3mh pacnpe,ne;ieHHH nacTHU no TeopHH BepoHT- 
hocth H . H. Ko6o3eB npHMeHHji H3BecrHyio (J)opMy.ny CMO/iyxoBCKoro
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AJiH Haxo*ACHHH b HeKOTopofi o6jiacTH n-MacTHii, ii3 cpe^Hero 
MHCJia v:

3 to ypaBHeHHe cnpaBe;yiHBO Jiio6oro cmab yro^HO Majioro mhc- 
jia Macron, (no n = 0) npH ycjioBHH OMeHb 6ojibinoro MHCJia HMeeK (mhcjio 
odJiacTen MHrpauHH b 1 z -m o a  hochtcjih 0,2-1021— 15.6-1021).

3anojiHeHHe smeen flaHHbiM mhcjiom 
aTOMOB KaTajiH3aTopa npH cpe^HeM 
3anojiHeHHH noBepxHOCTH sthmh aTO- 
M3MH, paBHOM 0L, BblMHCJIHCTCH H3 
ypaBHeHHH

Zn — 2 o W  „ -p «
n!

Phc. 33. TeopeTHMecKHe KpiiBbie 3a- 
bhchmocth o6mefi h yaeJibHofi 3KT:iB- 
hocth ot CTeneHH 3ano.nHeHHH no- 
BepXHOCTH aKTHBHblM BeiUeCTBOM 

npii n > 2 (n— mhcjio mbcthu).

iy;e Zn—mhcjio HMeex, 3anojiHeHHoe 
MacTHuaMH KaTajiH3aTopa H3 o6m,ero 
MHCJia Z0 HMeex, a—3anojiHeHHe no- 
BepXHOCTH, p—epê HHH pa3Mep HMeHKH.

3aBHCHMOCTb Mexcfly oGinefi A H 
y^ejibHofi a aKTHBHOCTbio1 ot CTe
neHH 3anojiHeHHH noBepxHOCTH aK- 
THBHblM BemeCTBOM npê CTaBJlHeTCH
rpatjDHMeCKH B BHfle npHMbIX HJIH KpHBbIX P33J1HMHOH 4>OpMbl, H3 KOTO- 
pbix HaHdojiee HHTepecHyio h Baxroyio pojib HrpaiOT KpHBbie, OTBenaK)- 
UI,He 3KTHBH0CTHM aHC3M6jIH Onpe êjICHHOrO COCTaBa (n-aTOMOB) 
(pHC. 33). B 3tom cjiynae o6m,afl h y^ejibHaa 3kthbhocth npoxo^HT ne- 
pe3 MaKCHMyMbi npH 3anojiHeHHHx a „3KC h aMaKC, HaxoflHMbie pemeHHeM 
ĵyHKUHH A n a  Ha SKCTpeMyM (oGbe/piHeHHe MaxcHMyMa h MHHHMyMa 

(jjyHKUHH) no ypaBHeHHHM:

a . . . . .  . — n
P '

n — 1
ct „„ - :

3th cooTHOineHHH, Kan yKa3biBaeT H. H. Ko6o3eB, no3BOJiHK)T jier- 
ko onpe^ejinTb mhcjio aTOMOB n b 3kthbhom aHcaMdjie h BejiHMHHy o6- 
jiacTH MHrpauHH:

aMaKC a MJKC aMaKC aMaK0

1 06man aKTHBHocTb A =  ra paBHa npoH3Be,neHHio 3kthbhocth oAHoro aHcaM6.i»
Ha MHCJIO 3anOJIHCHHbIX HMeeK. AKTHBHOCTb OAHOrO aHCaMfijIB npeACTaB-THCT

a
co6oft aKTHBHocTb KaTaJiH3aTopa, oTHeceHHyio k CTeneHH 3ano.inenHB.

10*
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XapaKTep KpHBbix yAejibHofl KaTajiHTHqecKOH 3kthbhocth aAcopd- 
UHOHHoro cjioh flaeT yKa3aHHe Ha hhcjio aTOMOB b aHcaMdJie: ecjin Kpn- 
Ban HMeeT MaKCHMyM, to HadjnoAaeTCH HajiHqne noJinaTOMHoro aHcaMd- 
jih, a MOHOTOHHoe crraAeHHe kphboh yKa3biBaeT Ha HaJiHqne OAHoaTOM- 
Horo aHcaMdjiH. JXjih npHMepa Ha pnc. 34 npHBe^eHbi KpHBbie odmeft h 
yAejibHofl aKTHBHOCTH JKejie3Horo KaTajiH3aTopa Ha A120 3, nojiyqeHHO-

ro HaHeceHHeM Fe(CO)5 Ha 
ajiioMorejib. Odman h yuejib- 
Han aKTHBHOCTH AaiOT Aea 
MaKCHMyMa, COOTBeTCTByiO-
ih,hx 3anojiHeHHHM 0,003 h 
0,002, hto oTBeqaeT aHcaM- 
6jho h3 Tpex aTOMOB >Kejie- 
3a, t . e. *ejie3HOMy Tpn- 
njieTy. HaHeceHHe Ha Apy- 
rne hochtcjih He OTpax<aeTCH 
Ha aKTHBHOCTH MeTaJIJIHMe- 
ckhx aHcaMdjieH, Tan KaK, no 
H . W.  Ko6o3eBy, KpHcrajuiH- 
qecKan 4>a3a coBepmeHHO 
KaTaJiHTHqecKH HHepraa.

PiccjieAOBaHHe Apyrnx 
K3TaAH3aTopoB noKa3aJio, 
HTO npH THApHpOBaHHH Ta- 
KHe MeTajuibi, KaK Pt h Pd, 
odpa3yiOT aKTHBHbie Pt2- h 
P d2-aHcaMdjiH, HHKejib—

HeonpeAejieHHbiH in 1 -̂aHcaMOJib, npn OKHCJiHTejibHO-BoccraHOBHTejib- 
hhx npoueccax— ochobhoh aHcaMdJib Ptj h nodoHHbie Pt4, Pt5, Pt6 
h Pt7 h t . A- Boodme Handojiee qacra aHcaMdJiH AByxaTOMHbie, mto KaK 
dyATO cdJiH»caeT TaKHe aKTHBHbie ueHTpbi b npeACTaBjieHHHX H . W.  Kodo- 
seBa c KpHCTajijinqecKHMH AynJieTaMH BajiaHAHHa.

OAHaKO MyjibTHnjieTHaH TeopHH cqHTaeT aKTHBHbie ueHTpbi odpa30- 
B3HHHMH KpHCTajijiHqecKOH npHpoAbi h npHAep>KHBaeTCH npHHHHnOB 
CTpyKTypHoro h SHepreTHqecKoro cootb6tctbhh Me>KAy CTpoeHHeM mo- 
jieKyji peareHTOB h pemeTKOH KaTaJiH3aT0pa. TeopHH aHcaMdjieft Ko- 
do3eBa nojiHOCTbio OTpHuaeT aKTHBHOCTb KpHCTajijiHqecKOH cjia3bi h 
KpHCTajiJiHqecKoe cTpoeHHe aKTHBHbix ueHTpoB, a TaKJKe KpnTHKyeT 
>KecTKoe AOMHHnpoBaHHe npHHUHna «CTpyKTypHoro cootbctctbhh b 
reTeporeHHOM KaTajiH3e», Tan KaK CTpoeHHe aHcaMdjieft onpeAejineTCH 
He cTpyKTypHbiMH, a cKopee sHepreTHqecKHMii (jjaKTopaMH. H.  H . Ko- 
do3eB cqHTaeT TaKXce, hto aKTHBHbie ueHTpbi (aHcaMdJiH) He hbjihiotch 
3JieMeHT3MH KpHCT3JIJIHqeCKOH pemeTKH KaTaJIH3aTOpa, HX MOJKHO 
OTAeJIHTb OT KpHCTaJIJIHqeCKOH (J)a3bl H C03A3Tb HCKyCCTBeHHO Ha nOAXO- 
AHmeM HOCHTejie, hto dyATO dbi b abchtkhx cjiyqaeB yxce ocymecTBJieHO.

ilo npeACTaBjieHHHM H . H. Kodo3eBa h ero coTpyAHHKOB aKTHBHpo- 
BaHHe qacTHH KaTaJiH3aTopa A-aa npoBeAeHHH peaKUHH HMeeT ABa hctoh-

Phc. 34. KpHBbie o6mefl h yAejibHofl 3kthbhocth 
npH CHHTe3e aMMHaxa.

KaTajiH3aTop Fe/A.1303. A kthbhuh aiicaMfijib [Fe3]/A l2C>3.
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HHK3: 1) B3aHM0/ieHCTBHe HOHOB HJIH aTOMOB C qaCTHUaMH HOCHTeJIH—
a^copdUHH, 2) B3aHMOAeflcTBHe qacrnu KaTaJW3aTopa—o6pa30BaHHe 
aKTHBHOrO aHCaM6j]fl. 3th HCTOHHHKH MOryT npOHBJIHTbCH He33BHCHMO 
Apyr ot flpyra. AKTHBHOCTb KaTajiH3aTopa MoaceT 3Ha9HTejibno yBejm-
HHBaTbCH OT npHCOeflHHeHHH 6oJlblHHX H TepMOflHHaMHMeCKH HeypaBHO- 
BemeHHbix Macc, hto H33B3HO azpaeaUfUeu. n p u H U ,u n  a zp a ea p u u  coctoht 
B TOM, MTO 4>aKTOpOM, nOBbllliaiOmHM K3TaJlHTHHeCKyK) 3KTHBHOCTb npH 
AaHHOM CTpoeHHH aKTHBHOH rpynnbi, HBjineTCB o6mee ycJio>KHeHHe 
MOJieKyjibi KaT3JiH3aTopoB (yBejnqeuHe MOJieKyjiapHoro Beca). ScjxJieKT 
arpaBauHH HMeeT 3HepreTHqecKyio npnpoAy. Teopna arpaBauHOHHoro 
3(Jx|)eKTa b HacTonmeeBpeMH pa3pa6oTaHa H. H. Ko6o3eBbiM h O. M. noji- 
TOpaK [45]. OhH CHHT3IOT, MTO KaTaJIHTHqeCKafl aKTHBHOCTb paCTeT 3KC- 
noHeHUHajibHO c yBejinqeHHeM MOJieKyjiapHoro Beca KaTajiH3aTOpa

r^e a M—aKTHBHOCTb KaTajiH3aTopa c MOjieKyjiapHbiM BecoM M ,  aQ—npn- 
HHT3H 3a e^HHHUy CpaBHeHHH aKTHBHOCTb KaTaJlH3aTOpa C TOH wee aKTHB
HOH rpynnofl, ho HaHMeHbiuero MOJieKyjiapHoro Beca.

CoOTBeTCTBeHHO pflfla KaTaJlH33TOpOB

I'M — 0̂e

r/je K m  h K 0 — cooTBeTCTByroiuHe KOHCTaHTbi cKopocreu.
ABTOpbl CHHTaiOT, MTO KaTaJIH3aTOpbI CnOCOSHbl OTHOCHTeJIbHO flJlH- 

TejibHoe BpeMH coxpaHHTb nojiyqeHHyio hmh SHeprHio B036v>KfleHHa 
(TenJioBoro, cbctoboto h t . a .), npnqeM BepoaTHOCTb TaKoro B036y>Kfle- 
hhh pacTeT c ycjiojKHeHHeM chctcmh, c yBejiHqeHHeM MOJieKyjiapHoro 
Beca. KaTaJiH3aTop BocnpHHHMaeT TaK>Ke qaerb SHeprHH peaKunn, hto 
no3BOJiaeT b pe3yjibTaTe B036y>K̂ eHHH cHH3HTb sHeprnio aKTHBauHH 
npouecca. KaTajiH3aTop aBjiaeTCH KaK 6bi «3HepreTHqecKOH jioByuiKOH», 
b KOTopofl 3HeprHH xHMHqecKoro npouecca HSKOTopoe BpeMH 3a/jep>KH- 
BaeTca cr pacceaHHH, qeM o6jierqaeTCH nepexo# qepe3 sHepreTHqecKHfi 
6apbep TaKHM nyTeM ^ejiaeTCH nonbiTKa 06'bHCHeHHH «CBepxaKTHB- 
hocth» cftepMeHTOB, coctohiuhx H3 kom6hh3Uhh aKTHBHOH rpynnbi C HO- 
CHTe/ieM. 3c[x])eKT arpaBauHH—nponBjieHHe ocodbix cbohctb BemecTBa 
B TepMOAHHaMHqeCKH HepaBHOBeCHOM COCTOHHHH (cp. Teopnio ne- 
pecbimeHHH, CTp. 144)—aBJiaeTca, no H. II. Ko6o3eBy h O. M. floji- 
TopaK, K3TajiH30M 3HepreTHqecKH B03dy>K,neHHbiMH CTpyKTypaMH. Teo- 
pHH arpaBauHH TpefiyeT ;uih cBoero npH3H3HHH flajibHefimHx senepn- 
MeHTa/ibHbix nô TBepH<AeHHH.

TeopHH aKTHBHbix aHcaMfijieu Ko6o3eBa npHHUHnnajibHO oqeHb 
iiHTepecHa, cMejia h opnrHHajibHa, ho TeM He MeHee Bbi3biBaeT pau Be- 
CKHX B03pa>KeHHH CO CTOpOHbl MHOrHX HCCJie^OBaTejieft.

ripe>K^e Bcero, Teopna aucaMSjieH npoTHBopeqHT hobchihhm pa6o- 
TaM no BbIHCHeHHK) COOTHOUieHHH OKmUBHOCmb— ducnepCHOCm b. BblJIO
npHHHTO cqHTaTb, qro aKTHBHOCTb KaTajiH3aTopa h ero .uncnepcHoerb 
Haxo^HTCH b npuMOH 33BHCHM0CTH; qeM ^HcnepcHee TBep^oe Tejio, TeM
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(xwibiue ero y êjibHan noBepxHOCTb, noBepxHOCTHaa SHeprHH h, cJieAO- 
BaTanbHo, KaTajiHTHqecKaH aKTHBHOCTb. 3to Harnjio apnoe OTpanceHHe 
b TeopHH aKTHBHbix aHcaMOjien Ko6o3eBa, cqHTaiomero, KaK yace yxa- 
3aH0 Bbime, hto HOCHTejieM 3kthbhocth BBjiaeTCH He KpHCTajiJi, a ot- 
AejibHbie aTOMbi Ha ero noBepxHOCTH (aMopcJjHan 4>a3a).

B noc;ieAHee BpeMH, OAHaKO, nojiyqeH paA HeonpoBep>KHMbix (j)aK- 
TOB, CBHAeTeJIbCTByiOmHX O HejlHHeHHOH 33BHCHMOCTH Me>KAy H3MeHe- 
HHeM aKTHBHOCTH H AHCnepCHOCTH. II. A- XlaHKOB [47] BbICKa3aA cnepBa 
npeAnojioa<eHHe o bo3mo>khocth cymecTBOBaHHH MaKCHMyMa XHMHqe-

CKOH aKTHBHOCTH npH HeKOTOpbIX 
onpeAejieHHbix pa3Mepax KpncTaji- 
jiob, nocjie qero c AaJibHeflmHM 
yBejinqeHHeM AncnepcHOCTH h 
yMeHbllieHHeM BeJIHqHHbl KpH- 
CTaJiJioB aKTHBHOCTb AOJiJKHa na- 
AaTb. n. J\. /XaHKOB h A.A. Ko- 
qeTKOB [48] A0K33aJiH sKcnepn- 
MeHTaJibHO, Ha npHMepe pa3Jio- 
XteHHH H202 H THAPHpOBaHHH 
C2H4 HaA Pt, hto cymecTByeT 
OCTpblH M3KCHMyM aKTHBHOCTH npH 
jiHHeflHbix pa3Mepax KpHcrajiJiOBo o
B 50 A. npH 20 A aKTHBHOCTb Ka- 
TajiH3aTopa naAaeT ao Hyjin. 3th 
pe3yjibTaTbi, noKa3aBuiHecH na- 
paAOKCaJIbHblMH, OblAH nOJIHO- 
CTbio noATBepjKAeHbi A. M. Py- 
OHHLUTeHHOM [49]. KaT3JIH-
3aTopoB Ni/Al2Os Ha npHMepax 
pa3JiHHHbix opraHHMecKHX peaK- 
UHH 6bIJIO yCTaHOBJieHO, HTO BO 

BeeX CJIyqaHX MaKCHMyM aKTHBHOCTH HaOjIKDAaJICH npH OAHOH H TOH ace on-o.
THMajibHofl AncnepcHOCTH /̂ 80 A, qTO bhaho Ha pnc. 35. Tanan *e  3a-
KOHOMepHOCTb b cooTHomeHHH aKTHBHOCTb—AHcnepcHOCTb 6buia npo- 
BepeHa ajih MnO Ha npHMepax nojiyqeHHH STHJieHa H3 3TaH0Jia: onTH-

o
MajibHan AHcnepcHOCTb cocraBJiaeT ~20 A. 3th nccjieAOBaHHH cobct- 
ckhx yqeHbix 6bum 3aTeM noATBep>KAeHbr 3apy6e>KHbiMH HccjieAOBaTe- 
jihmh A«fiH pa3Hbrx KaTaJiH3aTopoB, BKJiKDqan h TexHHqecKHe.

JIjih TeopeTHqecKoro o6ochob3hhh nojiyqeHHbix pe3yjibTaTOB 
A. M. PydHHuiTeHH npeAnojiaraeT, hto cfiaKTopoM bjihhhhh AHcnepc- 
HOCTH Ha aKTHBHOCTb HBJIHeTCH nOpHCTOCTb, oOycJiOBjiHBaeMan pa3Me- 
paMH KpncTaAJioB npH hx ynaKOBKe. JXo HeKOTopon npeAejibHoft ahc- 
nepcHOCTH KpHCTaJiJiHqecKoro Bem,ecTBa yBejmqeHHe noBepxHOCTH h 
qncjia MHKponop CKa3biBaeTCH nojio>KHTejibHO. B6jih3H onTHMyMa ahc- 
nepCHOCTH aKTHBHOCTb paCTeT OCOdeHHO ObICTpO, TaK KaK MHKpOnOpbl

Phc. 35. B.nHHHHe CTeneHH AHcnepcHOCTH 
KaTaJIH33TOpOB Ha HX aKTHBHOCTb (iTO 

A. M. Py6HHuiTeHHy). 
AerHapnpoBaHHe na h HKe.7ib-a.moM h h ne.BOM 

KaTa.nH3aTope:
/ - C 6 H g II,■ 11 3 2 0 ° ;  2 -  H C O O H  n p n  2 0 0 ° ; 3—U3C- 

C g H j i O H  n p n  2 4 0 ° ;  4-U3o-C6 H u O H  n p n  2 6 0 ° .
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no cbohm pa3MepaM ofiecneqnBaioT npoHHKHOBeHHe b hhx Moaenya pe- 
areHTOB. ,0,aaee, no Mepe AocranteHhn AaabHeninen AacnepcHOcra, mh- 
Kponopbi CTaHOBHTca ynce HeflocrynHbiMH Aan peareHTOB h noTOMy an- 
THBHOCTb KaTajiH3aTopoB nporpeccHBHO na^aer.

Oroofla mojkho c^eJiaTb npaKTnqecKH BaJKHbin bhboa: raaBHon npn- 
HHHOH BaHBHHH flHCnepCHOCTH Ha 3KTHBH0CTb HBJIHeTCH 06pa30BaHHe 
MaKCHMaabHO 3(JxJ)eKTHBHOH noBepxHOCTH np« onpe^ejieHHbix pa3Mepax 
KpncraaaoB KaTajiH3aTopa, mto BBaneTcn KpHTepneM ajih noayqeHnn 
3C[x[)eKTHBHbIX TeXHHHeCKHX K3T3JlH33T0p0B. 3tH paSOTbl y6eAHTeabHO 
AOKa3bIBaiOT aKTHBHOCTb KpHCTaJlJlHHeCKOH (J)a3bl, a He OTAeabHbIX 
aTOMOB, nan cMHTaeT H. H. Ko6o3eB. T K. BopecKOB nnineT, hto hct 
HHK3KHX OCHOB3HHH CHHTaTb KpHCTaJIJIHHeCKOe BemeCTBO JIHUieHHblM 
KaTaJIHTHHeCKOH 3KTHBHOCTH [25]. C. JL KnnepMaH H M. M. TeMKHH [50] 
npoBepnan pafioTbi H. H. Ko6o3eBa o bhcokoh KaTaaHTnqecKpn aKTHB- 
hocth oqeHb pa36aBjieHHbix caoeB >neae3a Ha yrae h Hainan, hto >ne- 
ae30 Haxo,a,HTCH BcerAa He b BHAe aTOMOB, a b BHAe KpncTaaaoB, t . e. 
ocHOBHbie noao>KeHHH Teopnn aHcaMfiaen cTaHOBHTcn coMHHTeab-
HblMH.

B. C. HecaaoBa [511 AOKa3aaa peHTreHorpa(])HqecKH, qTo naaTHHa 
Aante npn 0,5 n 0,2 % pa3BeAeHnn HMeeT KpncTaaanqecKyio cTpyierypy, 
BonpeKH yTBep>KAeHHHM H. H. Ko6o3eBa, qTo npn 5,14 "o naaTHHa Ha- 
xoahtch b .peHTreHoaMopiJiHOM coctobhhh. B. A. PoflTep [52] yKa3biBaeT 
Ha HenpH3H3HHe mhothmh Teopnn aHcaMdaen. X oth 3Ta Teopnn cyine- 
CTByeT cBbiuie 15 aeT, ho ee (})H3HqecKHe ochobu Maao apryMeHTHpoBa- 
Hbl, HHK3KHX npaKTHHeCKHX BblBÔ OB He CAeaaHO H He AaHO HH OAHOTO 
npaKTnqecKH neHHoro KaTaan3aTopa. KaTaan3aTopbi Ko6o3eBa boo6- 
me He MoryT HMeTb npnMeHeHnn H3-3a CBoen oqeHb Maaon npon3BOAn- 
TeabHocTH. HecMOTpn Ha yTBepjKAeHnn H. H. Ko6o3eBa n ero coTpyA- 
HHKOB O BbICOKOH 3KTHBH0CTH aHCaMfiaefi, O KaTaaHTHqeCKOH HeaKTHB- 
hocth KpncTaaanqecKon c[ja3bi, Bee peaabHbie KaTaan3aTopbi, npnMeHne- 
Mbie b nccaeAOBaTeabCKHx pafioTax n b npoMbiuiaeHHOCTH, HMeioT b 
6oabuiHHCTBe cayqaeB KpncTaaanqecKyio CTpyKTypy n npenpacHO npo- 
boaht MHoroqncaeHiibie 3aBOACKne nponeccbi. flosTOMy HeoOxoAHMa 
o6T>eKTHBHan npoBepna npaBH.ibHOCTH n uchhocth Teopnn aHcaMOaen.

17. AeifreKTbi h AecfJopMannn KpncTaaanqecKnx peuieTOK

Teopnn JIsHTMiopa paccMaTpnBaaa cayqan aAcopdunn n KaTaan3a 
b MOHOMoaenyanpHOM caoe Ha OAHopoAHbix noBepxHOCTnx, He yqnTbi- 
Ban AeTaabHO B3anMOAencTBnn MencAy aACopOnpoBaHHbiMH qacTnnaMn. 
3Ta Teopnn, 6aaroAapn npocTOTe n Harahahocth, noab30Baaacb b cBoe 
BpeMn npn3HaHneM n nBnaacb 3HaqnTeabHbiM 3TanoM b pa3BHTnn Teopnn 
KaTaan3a. OAHano A-aa aKTHBHbix aACop6eHTOB n KaTaan3aTopoB 0Ha 
nBaneTcn HeAOCTaToqHon, Tan nan b KHHeTHKe reTeporeHHbix nponeccoB 
BCTpeqaioTcn cnabHbie oTKaoHeHnn ot ypaBHeHnn H30TepMbi aACop6- 
unn JlsHTMiopa, KOTopwe Ka3aancb Heod'bflCHHMbiMH. H3 B03M0)KHbix 
nyTefi npaBnabHoro HanpaBaeHnn Teopnn KaTaan3a oco6o naoAOTBophoh
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0Ka3ajiacb KOHHenuHH HeoAHopoflHOCTH noBepxHOCTeH, hto npHBejio k
HOBbIM npeACTaBJieHHHM.

Hccjie^oBaHHe CTpoeHHH KpncTajiJioB h hx peuieTOK oKa3a^ocb oqeHb 
njioflOTBopHbiM. yCTaHOBjieHO, hto H^eajibHbie KpHCTajrjibi xapaKTepH- 
3yi0TCH ynopH^o^eHHbiM pa3MemeHHeM aTOMOB hjih hohob b TpexMepHOH 
KpHCTajiJiHqecKOH peuieTKe c MHHHMyMOM noTeHUHajibHoft BHeprHH. Mame 
Bcero KpHCTajiJibi HMeioT HapyiueHHH b pa3Mem,eHHH aTOMOB hjih hohob,

hto Ha3B3HO decpeKmauu. BnepBbie sto 
HayHHO odocHOBaHO padoTaMH B. IIIottkh 
h U,. BarHepa [53]. Bnocjie^cTBHH dbiJio 
yCTaHOBjieHO £Ba ochobhhx rana thkhx 
Ae([)eKTOB, Ha3B3HHbix HMeHaMH yqeHbix, 
OTKpbiBiHHX hx cymecTBOBaHHe:

1) fl,ec])eKTbi IIIottkh—He3aHHTbie y3- 
Jlbl peilieTKH, HJIH «BaK3HTHbie MeCTa»
(pnc. 36,a);

2) ^e(])eKTbi OpeHKejiH—cMemeHHe 
aTOMOB KpHCTajiJiHqecKOH peuieTKH (pHC. 
36,6).

ZIetJieKTbi IIIottkh BCTpeqaiOTCH qame. 
Boodme BCHKne ,ne<]>eKTbi b CTpyKType 
KpncTaJiJiHqecKOH peuieTKH npHBOflHT k 
yBejiHqeHHio noTeHUHajibHOH SHeprHH ee, 
qTO npe^cTaBjineT ocodbin hhTepee ajih 
TeopeTHqecKoro reTeporeHHoro KaTajiH3a. 
B pa3BHTHe SToro Bonpoca Ha ocHOBe Teo- 
pHH nOJiynpOBÔ HHKOB dojibUIOH BKJiaA 

BHeceH C. 3. Pothhckhm h O. O BojibKemuTeHHOM.
B HacTOHHiee BpeMH TBep^bie KaTaJiH3aTopbi paccMaTpHBaiOTCH KaK 

BemecTBa c pe3Ko HeoflHOpô HOH noBepxHOCTbio, Hedojibman qacTb koto- 
pOH H BbinOJIHHeT Bee KaT3JIHTHqeCKHe (JjyHKUHH. IIOBepXHOCTb aKTHBHOTO 
BemecTBa no C. 3. PorHHCKOMy npe/jcTaBJineT codon Hadop yqacTKOB c 
pa3J!HqHOH KaT3JIHTHqeCKOH aKTHBHOCTbK), p33HbIMH 3HaqeHHHMH K03([x|)H- 
HneHTOB aflcopduHH, TenjiOT a^copduHH h TenjiOT aKTHBaunn, hto CHJib- 
HO yCJIO>KH5ieT KapTHHy.

HoBbie Hccjie ôBaHHH noBepxHOCTeH h KpncTajiJioB ycTaHOBHJiH, 
qTO, KpoMe odbiqHofl Tonorpa(])HH noBepxHOCTH—TpeuuiH, BbiCTynoB, 
Bnâ HH, nycTOT h AP- (MaKpodedpeKmu),—HMeioTCH HapyiueHHH b cTpyK- 
Type KpHCTajiJiHqecKOH peuieTKH, KOTopbie Ha3BaHbi MiucpodecpeKmaMU 
KpHCTaJiJiHqecKOH peuieTKH; stot Bonpoc no^podHO H3yqeH 0 . 0 .  Bojib- 
KemuTeHHOM [54]. Oh pa3JiHqaeT cjie^yiouiHe /jeijieKTbi KpHCTajuioB:
MHKpOTpeUIHHbl, BKJHOqeHHH nOCTOpOHHHX COê HHeHHH H T. fl., OTJIHHaH
hx ot fletJieKTOB caMOH peuieTKH, bjihhk)iu,hx Ha ee ycTOHqHBOCTb h yno-
pĤ OqeHHOCTb.

OcHOBHbie THnbi TaKHX ,ne(f>eKTOB, no O. O. BoJibKeHuiTeHHy, npn- 
Bê eHbi Ha pnc. 37 MexanmecKue decpeKmu npe/jCTaBjinioT codoft ot- 
cyTCTBHe QT̂ ejibHbix aTOMOB b peuieTKe hjih, naodopoT, npncyTCTBHe

Phc. 36. CTpyKTypHbie Aê eKTu 
KpHCTâ Jia:

a—no IUottkh ; 6— no OpeHKejno.
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j ih u ih h x  aTOMOB b  Me*^yy3JiH«x. dM K tnpunecK ue decpeKmbi xapaKTepHH 
aHOMajibHbiM 3apB^OM HexoTopbix h o h o b  b HOHHbix peuieTKax, H, Ha- 
KOHeu, xu M m ecK u e decpeKmbi— npncyTCTBHeM b  y3Jiax hjih  Me*^yy3JiHHX 
pemeTKH f io c t o p o h h h x  aTOMOB. B pe3yjibTaie HajiHHHH 3HaHHTejibHoro 
MHcjia ^aJjeKTOB pemeTKH no.iyqaioTCH fletjjopMHpoBaHHbiMH. Taxoe cyM- 
MapHoe fleficTBHe êcJjeKTOB npeflCTaBJineT «6ecnopH,noK BHyTpH KpH- 
CTaJIJia», C KOTOpbIM CBH3aHbI BBJieHHB â COpdUHH H KaTaJIH3a. Maxpo- 
fle(|)eKTbi b pemeTKe MoryT 6biTb noABH>KHbiMH npH HajiHMHH HeKOTopofi

I I I III

1 2 3 4 5

0 0 0 0 0  
0 0 0 0 0  
0 0  0 0  
0 0 0 0 0

O O O O O
O O O O O

O
O O O O O
O O O O O

•  ©  • ©  •
©  O ©  • ©

•  © • ©  •
©  O ©  •  ©

O O O O O
O O O O O

•
O O O O O
O O O O O

O O O O O  
O O O O O  
0 0 * 0 0  
O O O O O

P hc. 37. OcHOBHbie THnti MHKpoAe^eKTOB (no O. <£. BoJibKemiiTeHHy).
I.  M e x a H H H e c K H e  A e c jje K T b i: / — n y c x o f t  y 3 e j i ;  2— c o 6 c T B e H H b ii i  a T o \ i b  M e x c A y y s j iH H .

II.  S j i e K x p im e c K H e  A e c p e K ib i : 3— h o h h  c  a H O M a jib H U M  3 ap aA O M .
III.  X H M H M e c K H e  A e iJ jeK T b i:  4—>J\ xtepoAHMil aTO M  b M e jK « y y 3 j iH n :  5—q y w e p o A H b i i i  aroM B y 3 j i e .

SHepTHH aKTHBaUHH H MHrpHpOB3Tb B 33BHCHM0CTH OT C.BOeH npHpOflbl 
(4)H3HHecKHe Aec})eKTbi MeHee ycTOHHHBbi, qeM XHMHqecKHe), crpyKTypbi 
pemeTKH h HanpaBJiemiH MHrpauHH.

Pojib ê(J)eKTOB b reHe3Hce h noBeAeHHH KaTajiH3aTopa oieHb BejiHKa. 
npH nOJiyHeHHH KaTaJIH3aTOpOB ê(J)eKTbI B03HHKaK)T H3-3a HepaBHO- 
BecHoro no îojKeHHB aTOMOB h h o h o b , h no HeKOTopbiM npe^nojioKe- 
HHHM OHH H Onpe êJIHlOT 3KTHBH0CTb. Xlê )OpMail,HH KpHCTaJIJIHMeCKHX 
pemeTOK Bcer^a B03HHKai0T npn aACop6u,HH nocTopoHHHx Bem,ecTB hjih 
npH dbicTpofl KpHCTajiJiH3auHH. TaKHe /jecjiopMauHH 6jih3kh k nepecbi- 
meHHbIM CHCTeM3M POTHHCKOTO H BBJI5HOTCH npHHHHOH nOBblllieHHOH 
c b o 6 o a h o h  sHeprHii. HepaBHOBecHbie c o c t o b h h h , nojiyqeHHbie Bpe3yjib~ 
TaTe cyMMHpoBaHHH Ae(j)eKTOB h Aec|)opMauHH, h m c io t  tc h a c h u h io  k yno- 
pH^oqeHHK) pemeTOK npn peKpHCTajuiH3auHHX h cneKaHHH noBepxHO- 
CTeft.

C TOMKH 3peHHH 4>H3HKH H XHMHII fletjjeKTOB Ba>KHbI 33KOHOMepHOCTH, 
odHapy>KeHHbie npn conocTaBJieHHH 3kthbhocth h cTpyKTypbi cm/iaBOB. 
B 06bIMHbIX CnJiaBaX, BBJI5IIOI1I.HXCH TBep̂ blMH paCTBOpaMH, pa3JIHHHbie 
aTOMbi pacnoJiaraiOTCH HeynopafloqeHHO b y3Jiax pemeTOK h .iamb b 
oTAeJibHbix cjiynanx HatfjiioAaioTCH «CBepxcTpyKTypbi», t . e. Bnojme 
npaBHJibHbie pemeTKH. npn ynopanoqeHHH ^e^opMnpoBaHHbix pemeTOK 
aTOMbi o^Horo MeTajuia 3aHHMaioT ô hh y3Jibi pemeTKH, apyrne >Ke 
aTOMbi— y3Jibi, ocTaiomHecn cbo6oahumh. ynopHfloqeHHH npoTeKaioT 
jiHmb npn TeMnepaTypax, HH>Ke KpHTHMecKOH, Tax xax Bbime nocjiea-
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Hen, djiaro/japa HapacTaiomeft ho,hbh>khocth aTOMOB, Hadjnô aeTca 
nepexo/i, b Heynopa,noqeHHoe coeroaHHe.3HaMHTejibHoe hhcjio padoT, npoBe^eHHbix no onpe/jejieHHio KaTajiH- THqeCKOH 3KTHBH0CTH pa3JIHqHbIX CnJiaBOB, nOKa3bIBaeT. O^HaKO, HTO KaTaJiHTHqecKaa aKTHBHOCTb HHor^a noBbimaeTca co creneHbio ynopa- ^oqeHHOCTH. Tan, HanpnMep, cKejieTHbie KaTajiH3aTopbi THna HHKejia PeHea hjih Bara /jojiro npHHHMajiHCb 3a «,HbipaByio pemeTKy» c He3a- nojmeHHbiMH Al-y3JiaMH, Tax Kan ajuoMHHHH y^ajiaeTca H3 cnjiaBa npn odpadoTKe mejioqbio, t . e .  ohh hmcjih H e y n o p a n o q e H H y i o ,  ^eijiop- MnpoBaHHyio peineTKy. O^naKO Tenepb ycTaHOBjieHO, qTO npn Bbime- -jiaqHBanHH ajuoMHHHH ocTaToqHaa HHKejieBaa pemeTKa oKHMaeTca flo odbiqHon, He HMeiomeH dojibiHHX MexaHHqecKHX /jecJieKTOB. Hccjie^o- BaHne cKopocTen rHApnpoBaHHH amneHa Ha# Me/jHO- hhKejieBbiMH cnjia- BaMH noKa3ajio, qTO caMa Me/jb h doraTbie era cnjiaBbi cpaBHHTejibHo MaJIOaKTHBHbl, HHKejIb H doraTbie HM cnjiaBbi—BblCOKOaKTHBHbl.

Pa3JinqHbie ^pyrne cnjiaBbi c Merino no3BOJiHjiH ycTaHOBHTb, hto 
aKTHBHOCTb bo Bcex cjiyqaax napacTaeT c yMeHbuieHHeM co,nep>KaHHH 
Me^H h co CTeneHbio ynopa/joqeHHOCTH CTpyKTyp. 3 th HadjHOfleHHa 
no3BOJiHK)T c^ejiaTb bmboa o pojiH reoMeTpHqecKoro (JiaKTopa b KaTajiH3e 
’(CTp. 137). OflHaKO K TaKOMy BblBO ŷ Hâ O OTHOCHTbCH C OCTOpOJKHOCTbK), 
TaK KaK b pa/je cayqaeB aKTHBHOCTb, HaodopoT, pacTeT c yBejmqeHHeM 
qricjia êcJieKTOB h ^ecfjopMauHft peuieTKH, t . e. c yBejmqeHHeM Heyno- 
paAoqeHHOCTH CTpyKTypbi. 3to yKa3biBaeT Ha cjioxKHOCTb Bonpoca o 
cneHH(|)HqHOCTH reoMeTpHqecKoro (JmKTopa fljia pa3Hbix KaTajiH33TopoB 
H HX THnOB.

HeodxoAHMO OTMeTHTb, qTO H3yqeHHe OTAejibHbix KaTajiH33TopoB, 
cnaaBOB, êcJjopMauHH h ,ae<])eKTOB pemeTOK, npHHunna KpncTajiJioxH- 
MHqecKoro noflodna (cTp. 144) h t . He ocraBJiaeT coMHeHHa o bjihhhhh 
paccToaHHH Ha aKTHBHOCTb K3TajiH3aTopoB, no.HTBepayjaa BaacHOCTb 
reoMeTpHqecKoro (jiaKTOpa.

H3MeHeHHa B aKTHBHOCTH KaT3JIH3aTOpOB BO MHOrOM 33BHCaT OT 
npocTpaHCTBeHHbix napaMeTpoB h pa3Hbix /jetJieKTOB KpHCTaJiJwqecKHX 
pemeTOK. 3th 33Bhchmocth no^TBepacAaiOTca âHHbiMH 4>a30Boro peHT- 
reHOCKonnqecKoro aHajiH3a, ocHOBaHHoro Ha onpe/jejieHHH CTpyKTyp 
MeTajuiOB hjih okhcjiob, odpa3yiomHXCH npn pa3Hbix TeMnepaTypax h b 
pa3Hbix ycjioBHax. HanpHMep, odbiqHbifl a-HHKejib, KpHCTaJiJiH3yiomHH- 
ca b KydHqecKoft cjiopMe, npn 170° b aTMoaJiepe CO nepexo^HT b 
reKcaroHajibHbift (3-HHKejib, dojiee aKTHBHbift ,zyia CHHTe3a yrjieBoaopo- 
aoB. AHajiornqHO hact npefipameHHe a-Co b (3-Co npn 600°

KJiaccHqecKHM npHMepoM aBJiaeTca nojiHMopt})H3M A l20 3, KOTopoMy 
nocBameHa odiunpHaa jiHTepaTypa. OcodeHHO noApodHO H3yqeH Bonpoc 
o rHApaTHbix ero (fiopMax T C. >KAaHOBbiM, B.  n. Kotobmm h 
r XI. JIlodapCKHM [55]. no HX AaHHbIM CymeCTByiOT TOJIbKO THAPOOKH- 
ch A120 3.A1(0H )3 h AlOOH. nepBaa H3 hhx odpa3yeT a-Al(OH)3— 
daflepHT h y-A l(O H )3—rHApaprnpHT. AlOOH odpa3yeT crpyKTypHO 
'djiH3KHe (JiopMbi y-A100H—doMHT h a-AlOOH—AHacnop, KOTopue npn 
jxajibHefluieH aHrn^pH3auHH nepexoAaT b a-Al20 3— KopyHA h KydH-
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aecKyio y-Al20 3 (h3 Bcex THApooKHcefi, KpoMe AHacnopa). H3 sthx 
(Jxjpw HaHdojiee aKTHBHa y-Al20 3, CTa6HAbHaa ao 900° Bbime 1000° 
KydHqecKan y-Al20 3 HeoSpaTHMo nepexoAHT b reKcaroHaAbHyio h co- 
BepmeHHO KaTaAHTHnecKH HeaKTHBHyio a-Al20 3. TaKHe a<e nepexoAbi 
KpHCTaJUlHMeCKHX ({)OpM A3KDT H MHOTHe APyrHe OKHCAbI— XpOMa, TH- 
TaHa, BaHaAHH, >KeAe3a h Ap. TIoahmop4)H3m nrpaeT BajKHyio, ho eme 
He AOCT3TOMHO BbIHCHeHHylO pOAb B KaTaAH3e H OT Hero MaCTHHHO 3a- 
BHCHT H36HpaTejIbHOCTb KaT3AH3aTOpOB.

18. Teopwfl K3T3J1 HTHWeCKHX npOUeCCOB Ha HeOAHOpOAHbIXn O B e p X H O C T JIX
TpyAaM H  rjiaBHbiM o6pa30M coBeTCKHX HccAeAOBareneH yciaHOBjieHO, 

m o T B e p A b ie  BeiueJTBa HMeioT oneHb neoAHopoAHbie noBepxHOCTH c m h o t o - 
HHCAeHHblMH yqaCTKaMH, CHAbHO pa3JlHMaiOmHMHCH 3HaaeHHHMH aA- 
COp6uHOHHblX H KHHeTHHeCKHX K03(jxj)HUHeHTOB. C. 3. POTHHCKHH
[56 ] CACJiaJi nonbiTKy co3AaTb craTHCTim ecKyio  MOAeAb npoueccoB  Ha 
TBepAOH noBepxHOCTH « . . . Ha ocHOBe anajiH3a HAeaAH3HpoBaHHoft m o ao ah  
noBepxHOCTH C OHeHb LUHpOKHM H HenpepbIBHbIM HaSopOM OTnpaBHbIX 
3HepreTHMecKHx b c a h m h h  h c njiaBHbiMH cj)yHKUHHMH p a cn p eA e j ieH H «»
[57] , Hcxoah H3 3KcnepHMeHTajibHbix AOKa3aTenbCTB hcoahopoahocth 
CTpoeHHH pea^bH b ix  TBepAbix BemecTB, HeynopaAOHeHHocTH noBepxHOCTH, 
HajiHMHH aKTHBHbix yuacTKOB h b o3mo>k h o c t h  n epepacnpeAeAeH H a 
noBepxHOCTH nyreM  noBepxHOCTHoro «noA3aHHH» h a h  MurpauHH, C. 3. P o 
rn  h c k h h  cm iTaeT, m o 3TH cAO>KHbie hbachhh 0Ka3biBaioT HenocpeACT- 
BeHHoe BAHHHHe Ha cHAOBoe noAe  h (])H3HHecKHe cBOHCTBa noBepxHOCTen. 
Ha HeoAHOpOAHbix noBepxHocrax BeAHHHHbi TenAOT aAcop6uHH Q h 
3HeprHH aKTHBauHH E  33BHCHT o t  T o ro ,  Ha k3khx yqacT K ax  nOBep.XHOCTH 
npoTeK aeT  n p ou ecc .

C. 3 .  P o t h h c k h m  h ApyrnM H  p a3p a 6oTaHbi ynpom eHHbie MeTOAbi aHa- 
AH33 n p ou eccoB  Ha HeoAHOpOAHbix nOBepXHOCTHX, HTO n03BOAHAO pa3- 
BHTb TeopHHD KaTaAHTHHeCKIIX npOUeCCOB H 06'bHCHHTb MHOTHe HenOHHT- 
Hbie HBAeHHH.

E c a h  nepe3 d O  o 6o 3HamiTb r o j u o  cyMMapHOH noBepxHOCTH, x a p a n -  
TepH3yK)IH,eHCH 3HaHeHHHMH CBOHCTBa Z, AOK3LUHMH B HHTepB3Ae OT Z

AO ( z - ^ d z ) ,  t o  oTH om enne  - ^ = p ( < I > )  m o>k h o  cnHTaTb Mepoft p a cn p o -

cTpaHeHHOCTH onpeAe.aeHHbix 3HaneHHH z Ha noBepxHOCTH. BeAHm m a 
p(z) Ha3BaHa cjjyHKUHen pacnpeACAeHHH ( b CTaTHCTHKe— nAOTHOCTb Be- 
POHTHOCTH). TaKHe o6o3HaneHHH npHMeHHMbl H K yuaCTKaM zv Zo, Z3... 
E c a h  nepe3 n(z) o6o3HanHTb h h c a o  yuacTKOB co 3HaneHHHMH z, MeHb-
IUIIMII neM ^^1 TO AOAH T3KHX YWaCTKOB

. . , n{z)

rA e  A — noAH oe  m h c a o  Bcex  ynacTKOB Ha noBepxHOCTH, $ ( 2) — HHTerpaAb- 
n aa  4>yHKUHH pacnpeAeneH H a nx x j i h  xapaKTepncTHKH c t3t h c t h k h  no-
BepXHOCTH.
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FIpHMeHHeTCH h 6ojiee o6bi»maH AHc^epeHUHajibHaa 4)yHKii,Ha
npê ê eHHH p(z):

? (2) =
d $  (z)  

dz

pac-

RjIH CTaTHCTHMeCKOH XapaKTepHCTHKH HeOAHOpOAHbIX nOBepXHOCTefl Heodxo^HMo 3HaTb p(z) hjih cjiyHKUHio pacnpeAejieHHH yqacTKOB no 3HaqenHHM z h 3aKOHbi H3MeHeHHH z n p(z) b ycjioBHHX H3ynaeMoro nponecca. B ocHOBy CTaTHcranecKoro aHajiH3a nojio>KeHO pacnpe^e- jieHne no BejinqHHaM cboSoahoh SHeprnn H3 ochobhhx TepMOAHHaMH- qecKHX ypaBHeHHH
AF =  AU — TAS 
AG =  AH — TAS

b KOTOpbix AF  n AG—cBodo^Hbie sHeprnn, A U —H3MeHeHne BHyTpeHHefl 
aHeprnn, qTO SKBHBajieHTHO A H — H3MeHeHHio TenjiocoAepJKaHHH, AS— 
H3MeHeHHe SHTponnn.

Ajih CTaTHCTHqecKHX pacqeTOB pacnpe^ejieHnn no A H  n AU  SKBHBa- 
jieHTHbi Ten̂ iOBbiM 3(]x[)eKTaM aAcopSnHH hjih ^ecopduHH Q D npn 
pacqeTax paBHOBecHH, a npn KHHeTHqecKHX pacqeTax—SHeprHH 3kth- 
BaUHH E. 3th BejIHqHHbl HBJIHIOTCH OCHOBHbIMH flJIH TeopHH HeoAHopoA- 
Hbix noBepxHOCTeft, Tan KaK TenjioBbie â xJieKTbi onpe^ejiaioT othoch- 
TejibHyro CTeneHb 3anojmeHHH npn a^copSuHH h KOHCTaHTy paBHOBecHH 
npn XHMHqecKOH peaKUHH. OTHOCHTejibHbie BejrnqHHbi SHeprHH 3kth- 
BaUHH Onpê eJIHIOT KOHCTaHTbl CKOpOCTH aflCOpdUHH, ^ecopSnHH H Ka- 
TajiHTHqecKHX peaKUHH. G/iojKHbie MaTeMaTHqecKHe pacqeTbi pa3JmqHbix 
cjiyqaeB paBHOBecnfi h khhcthkh nponeccoB Ha HeoAHopoAHbix noBepx- 
HOCTHX 3^ecb He npHBÔ HTCH. )f(eJiaiOIUHe MOryT 03HaK0MIiTbCH C HHMH 
no,npo6Hee b MOHorpac])HH C. 3. Pothhckoto [57].

Tnnbi pacnpê ejieHHH Q h E  MoryT dbiTb oqeHb pa3Hoo6pa3Hbi b 3a- 
bhchmocth ot ycJioBHH nô roTOBKH noBepxHOCTH (reHe3Hc), ot vcjiobhh 
padOTbl.H ap.; nOSTOMy C. 3. POTHHCKHH BBOAHT TepMHH «UIHpOKO He- 
oAHopô Hbie noBepxHOCTH», yKa3biBan, hto Bonpoc uiHpoKHX pacnpe- 
AejieHHH em,e TaHT mhoto HencHOCTen, k KOTOpbiM mohcho oraecTH cBH3t 
CT3THCTHKH c npoMOTHpoBaHHeM, MOAncJiHUHpoBaHHeM, nepecbimeHHeM. 
pa3MepHOCTbK) aKTHBHbIX 30H H T. A-

Flpouecc, npoTeKaiomHH Ha HeoAHopoAHoft noBepxHOCTH, HBjiaeTCH 
pe3yJIbTaTOM CyMMHpOBaHHH OTfleJIbHbIX He33BHCHMbIX nponeccoB, npo- 
hcxoahiuhx Ha pa3JiHqHbix yqacTKax, npnqeM mojkho cqHTaTb, hto rpyn- 
nbi TOJK̂ ecTBeHHbix yqacTKOB nô qHHHiOTCH ypaBHeHHio H30TepMbi 
JlsHTMiopa—OpeHKejiH

ac
~  1 - f -  a c

r ê <5̂,—AOJIH 33HHTOH nOBepXHOCTH npn paBHOBeCHOH KOHneHTpaUHH C 
a—aACOpfiUHOHHblH K03([xJ)HUHeHT.
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Ecah npeflcraBHTb, hto noBepxHOCTb coctoht H3 n pa3AHqHbix yqa- 
CTKOB c o6paTHbIMH 3H3qeHHHMH b aflCOpfiUHOHHOrO K03(JxJ)HUHeHTa

to /yin KaJKAoro H3 t3khx yqacTKOB npHAOJKHMa H30TepMa

c
c  +

1 +7T-

rae —aoah 33HBTOH noBepxHOCTH Ha yqacTKe m.
CyMMapHaa 3aHHTaa aoah Been noBepxHOCTH

W

$ = S rmc
c+  bm

m=l
r^e w—CKopocTb aACopduHH Ha yqacTKax, rm—OTHOCHTejibHaa b c a h a h - 
Ha noBepxHOCTH yqacTKa c kos^ huhchtom aAcopSuHH b.

ECAH qHCJIO T3KHX yqaCTKOB BejIHKO, TO MOJKHO npHHHTb, HTO b 
npê CTaBjiaeT HenpepbiBHbin pHA 3HaqeHHH ot 6mhh ao buaKC, h bcio cyM- 
My mojkho  npeflCTaBHTb HHTerpajioM

M̂aKC M̂aKC
*  =  J • P (b)db =  j  0 (b) p (b) db

M̂HH M̂HH
B KOTOpOM p(6)—4>yHKUHH paCnpeAeJieHHH noBepxHOCTH (HAH nJlOTHOCTb 
pacnpe^ejieHHa) no 3HaqeHHHM b.

3Ty >Ke (JjyHKUHK) p(b) mojkho  npeACTaBHTb KaK npoH3BOAHyio

p ~  db

r^e 5(6)—ao ah noBepxHOCTH, b npe^ejiax KOTOpofl kos^ huhcht aA- 
cop6uHH npHHHMaeT 3HaqeHne ot 0 ao b, hjih HHaqe, p(6) paBHO 
AOJie noBepxHOCTH, AejKamefi b npeAeaax ot b ao (b+db), t. e. 
BbipaJKaeT yAeAbHbifi Bee yqacTKOB c AaHHbiMH 3HaqeHHHMH b no otho- 
uieHHK) ko Been noBepxHOCTH. BbiqncAHB npHBeAeHHbiii HHTerpaji, 
MOJKHO HaHTH COOTBeTCTBVKJUiyK) 33KOHOMepHOCTb A3HHOH HCOAHO- 
poAHoft noBepxHOCTH, ho ropa3AO TpyAHee onpeAeAHTb (jjyHKUHio 
pacnpeAejieHHH BCJieACTBHe oqeHb 6ojibiuoro pa3HOo6pa3HH 3HaqeHHft 
Q h E .

/(ah aACop6unoHHbix paBHOBecHH dojibinoe 3HaqeHHe HMeeT cJjyHK- 
UHH pacnpeAeAeHHa no TenAOTaM aACopfiuHH Q. Bonpoc ycAOJKHaeTCH 
TeM, hto A-an HeoAHopoAHbix noBepxHOCTefl H30TepMbi aAcopSunH He 
noA^HHaioTca 3aKOHy H30TepMbi JlsHrMiopa, ho npeACTaBAHKJT npn paa- 
Hbix p( E )  ((JjyHKUHH pacnpeAeAeHHH £) riapadoAHqecKne AorapHtjjMHqe- 
CKHe (|)OpMbl. XlonOAHHTeAbHOH CAOJKHOCTbK) HBAHCTCH1) HeofiXOAH-
MOCTb yqeTa orraAKHBaHHH aACop6HpoBaHHbix MOAexyA, hto oco6o
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CKa3biBaeTCH c poctom 3anojiHeHHH h 2) nepepacnpe êjieHHe aAcop6n- 
poBaHHbix MOJieKyji hjih «nJiocKoe noji3aHHe» no noBepxHOCTH nyTeM 
AecopfiuHH c nocjieAyiomeH btophmhoh aACOpdunen, hto xapaKTepno, 
no C. 3. PorHHCKOMy, jmnib AJiBumpoKO HeoAHopoAHhix noBepxHOCTen.

Ajib HaxojKAeHHH (J)yHKUHH pacnpeAejieHHH TenjioTbi aAcop6uHH 
p(Q) cymecTByeT HecKOjibKO MaTeMaTnnecKnx mctoaob. ZlH êpeHUHaJib- 
Han p(Q) h HHTerpajibHan I(Q) (JjyHKUHH pacnpeAejieHHH MoryT 6biTb 
Bbipa>KeHbi oieAyiomnM o6pa30M

m , _  d *  (P) p (Q)-----R T d  ln p

QV M3KC

I(Q) =  j  P (Q) <HQ) In P)T
M̂HH

rAe <1>(p)—H30TepMa aAcop6unH, p—AaBjieHne.
.Hjih KHHeTHKH cymecTBeHHbiM HBjineTCH pacnpeAe êHne no bcjih- 

nnHe SHeprHH aKTHBauhh E , mto 3aAaeTCH HeKOTOpofi 4>yHKUHefi

dE

npnneM npouecc Ha pa3Hbix ynacTKax npoTexaeT coBepmeHHO He33BH- 
CHMO OT KOHCT3HT CKOpOCTeS

rAe k t h E t— KOHCTaHTa ckopocth H SHepma aKTHBauHH Ha ynacTKe.
±Si

Kos(JxJ)HUHeHT ko, i BKjnonaeT SHTponHHHyio SKcnoHeHTy e k ne- 
pexoAHoro coctohhhh 3anojiHeHHe ynacTKOB c pa3HbiMH E HanH- 
HaeTcn ot caMbix MeHbmnx 3HaneHHH E , npnneM AaJibHenmee 3a- 
nojiHeHHe npoTexaeT nponopunoHajibHO TeMnepaType (aKTHBHpoBaHHan 
aAcop fiuH H ). JI,H(}xJ)epeHn,HajibHaH (JjyHKUHH pacnpeAejieHHH p(E) b u -
MHCJineTcn H3 BbipaxteHHn:

P(£) =
d<b(T)

cdT

CxopocTb npouecca Ha HeoAHopoAHon noBepxHOCTH mo>kho bmmhc- 
jiHTb cjieAyiom,HM nyTeM. CKopocTb npouecca, npoTexaioiuero 6e3 caMo- 
OTpaBJieHHH (SjioKHpoBKH noBepxHOCTH), ajib ynacTKOB c SHepruen an- 
THBauHH Ei cocTaBjineT Wt h onpeAejineTCH H3 BbipauieHHH

W i  =  k i p i p  =  k 0 i pip e  R T

rjifi kt h pjP— 3HaMeHHH KOHCTaHTbi CKopocTH h cfjyHKUHH pacnpeAejie
HHH a jib ynacTKOB c E r
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J\ j ih Bcefi noBepxHOCTH cKopocTb W  BbipaxcaeTCH HHTerpaJioM:
E  F  EM3 KC M3KC /

^ W i dE =  ^ k 0 i e ~ ~ P(E) dE
F  EMHH MHH

ECJIH npHHBTb, MTO 3H3MeHHH ko, ; BCeX yqaCTKOB OAHHaKOBbI,.
CKopocTb cocTaBjiaeT:

F
m s k c  E

w =  *0.< f  e ~ W f (E)dE
E MHH

JX j i k  onpeAejieHHH cKopocreft peaKUHH Ha HeoAHopoAHbix noBepx- 
hocthx oqeHb nojie3HbiM 0Ka3ajicH u etn od  KOHtnpoAupytouieu n o A o m , 
BBeAeHHblH C. 3. PorHHCKHM. CKopocTb peaKUHH Ha HeOAHOpOAHOH. 
noBepxHOCTH C IHHpOKHM h njiaB- 
HbiM pacnpeAejieHHeM yqacTKOB co 
3HaqeHHeM E  npaKTHqecKH paBHa 
cKopocTH peaKUHH Ha y3Koft rpyn- 
ne yqacTKOB co 3HaqeHHHMH E,
6jih3Khmh k 3HaqeHHK), orBeqaio- 
meMy MaKCHMyMy ckopocth npH 
AaHHbix ycJioBHHx. 3Ty rpynny 
yqacTKOB Ha pnc. 38 mojkho H3o- 
6pa3HTb y3KOH BepTHKaJIbHOH 
KOHTpojiHpyiomeH nojiocoH, nojio- 
HteHHe KOTOpOH Ha OCH E H 3a- 
HHMaeMau eio njiomaA£> onpeAe- 
JI5HOT CKOpOCTb peaKUHH Ha BCeii 
noBepxHOCTH. KoHTpojiHpyioiuaH nojioca no Mepe pocTa E h cTeneHH 
3anojiHeHHH nepeABHraeTCH, uto AaeT B03M0>KH0CTb npeACTaBHTb <J>yHK- 
UHio pacnpeAejieHHH rpacfwqecKH.

19. 9jieKTpoHHbie TeopHH b KaTajiH3e

3HaqHTejibHbiH HHTepec npeAcraBjiuioT nonbiTKH HHTepnpeTauHH 
KaTajiHTHqecKHx hbjichhh c noMombio ajieKTpoHHbix npeACTaBJieHHH. 
MeTajuibi, HBJiHiomHecH KaTajiH3aTopaMH, hmck)t tcha6huhk) k OTAaqe 
ajieKTpoHOB. MeTajuiHqecKan cTpyKTypa coAepjKHT oAHOBpeMeHHO Heft- 
Tpa^bHbie H HOHH3HpOB3HHbie aTOMbl H CBOfiOAHbie SJieKTpOHbl, 06yCJ10B' 
jiHBaiomHe ajieKTponpoBOAHOCTb MeTajiJiOB. npocrpaHCTBeHHaH peuiei- 
Ka MeTajiJiOB npeAcraBJiaeT peuieTKy H3 HeftTpajibHbix aTOMOB h nojio- 
H<HTejibHbix hohob, norpy>KeHHyio b aTMoccjjepy ajieKTpoHHoro ra3a. 
Okhcjih MeTajiJiOB, qacTO npHMeHaeMbie KaK KaTajiH3aTopbi, npeACTaB- 
jihiot co6oh CTpyKTypbi H3 O h Me+. noaTOMy cbh3h b OKHcjiax hb- 
JIHKJTCH HOHHbIMH. OfiblHHO npH HOpMâ bHOH TCMnepatype OHH npOBOAHP
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tok cjiado, h c noBBiineHHeM TeMnepaTypbi sjieKTponpoBOAHOCTb okhcjiob 
pacTeT. TaKHM o6pa30M, okhcjih MeTajiJioB npeAcraBJinioT co6oh nojiy- 
npoeodnuKu  c hohhoh, a HHor̂ a h ajieKTpoHHofi npoBOAHMocrbio.

SjieKTpHqeCKHe CBOHCTBa KaT3JIH3aTOpOB H3 MeTaJIJIOB HJIH okhc
jiob 6eccnopHO aojdkhh OKa3biBaTb BJiHHHHe Ha KOBaJieHTHbie hjih ajien- 
TpOBajieHTHbie CBH3H OpHeHTHpOB3HHbIX HJIH a^COpSHpOBaHHblX MOJie-
Kyji, Bbi3biBaH aeijiopMauHH h x , npHBOAniHHe k nepecTpoHKe CBH3efi h 
o6pa30B3HHK3 HOBbIX npO^yKTOB. MbICJIb O TOM, HTO CBOSOAHbie SJieK- 
TpOHbl MeTajIJia HBJIHIOTCH npHTHHOH KaTaJIHTHHeCKOH 3KTHBH0CTH, 6bIJia 
BbicKa3aHa J I .  B. IlHcapxceBCKHM c c o t p yAHH k h m h  [5 8]. Tan, HanpHMep, 
peaKUHio 2H2+ 0 2 HaA njiaTHHOH o h h  ofibHCHHJiH TeM, h t o  c noBepx- 
HOCTH nOCJieflHeft BbipbIBaeTCH nOTOK SJieKTpOHOB, BblTaJIKHBaiOUHHH 
ajieKTpoHbi H3 Bo^opoAa h  npeBpamaioiHHH h x  b cBoOoAHbie npoTOHbi. 
BbiTOJiKHyTbie sjieKTpoHbi o6pa3yiOT c O  aHHOHbi O" KOTopbie coqe- 
TaiOTCH c njiaTHHOH b (Pt” 0 2)" 3 t o  coe^HHeHHe jierKO npeBpamaeTCH 
B IIOBepXHOCTHblH KOMIIJieKC, B KOTOpOM HOH O" .COeAHHHeTCH c 2H* 
b H 20 . AHajiorHqHO JI. B . FlHcapHceBCKHH o 6t>h c h h ji  h  ^pyrne Ka-
TaJIHTHHeCKHe peaKHHH B npHCyTCTBHH MeTaJIJIOB HJIH HX OKHCJIOB 
nan npouecc Me ĵieHHO HAyiHeft flHccouHaiiHH Ha hohh h ajieKTpoHbi, 
HanpHMep:

Mn"0 2 ^  + 2 e

B3TJIHAH JI. B. FlHcapJKeBCKoro ao chx nop npeAcraBjijiioT hckoto- 
pbiii HHTepec, nocjiyxcHB CTHMyjioM RJia H3yqeHHH ajieKTpoHHoro Mexa- 
HH3M3 KaTaJIHTHqeCKHX peaKHHH. HeKOTOpbie aBTOpbl yCTaHOBHJIH, HTO 
qeM Bbirne sjieKTponpoBOAHOCTb nojiynpoBOAHHKOBbix KaTajiH3aT0p0B, 
TeM Sojibine hx KaTajiHTHqecKan aKTHBHOCTb. PadoTbi C . 3 . P othh- 
ckoto c coTpyAHHKaMH no3BOJiHjiH npeAJioHCHTb THnoTe3y, hto ajih 
OKHCJieHHn yrjieBOAopoAOB Handojiee aKTHBHbiMH hbjihiotch KaTajiH3a- 
TOpbl, o6jiaAaiOIHHe OKpaCKOfi. MHTeHCHBHOCTb OKpaCKH H aKTHBHOCTb 
0K33ajiHCb nponopHHOHajibHbiMH. 3 to yK33biBaeT Ha ajieKTpOHHbifl Me- 
X3HH3M oTMeqaeMbix nponeccoB. B HacToninee BpeMH sjieKTpOHHbie npeA- 
CTaBJieHHn b aACOp6nHH h KaTajiH3e ocBemaiOTCH b paSoTax A . H . Te- 
peHHHa, B. E . JlauiKapeBa, O . O . BojibKeHinTeftHa, C . 3. PorHHCKoro, 
ZIoyneHa h KJiapKa, T  Teftjiopa h Apyrnx yqeHbix.

JIjih opraHHqecKoro KaTajiH3a HHTepec npeACTaBjineT sjieKTpoHHaH 
TeopHH BojibKeHinTeftHa, TaK KaK OHa AocraToqHO HarviHAHO nbrraeTCH 
06"bHCHHTb SJieKTpOHHblft XapaKTep HBJieHHH xeMocop6uHH H npHBO- 
AHT MOAeJIH nOBepXHOCTHbIX 3JieKTp0HH0-KaT3JIHTHqeCKHX peaKHHH
[59, 60].

Hacrp. l53y>Ke OTMeqajiocb, qTOHa noBepxHOCTH KpHCTajiJiOB BcerAa 
HMeiOTCH MHKpOAe(])eKTbI HJIH «6HOrpac])HqeCKHft» (Heo6paTHMblH) H 
«TenjioBoft» (oSpaTHMbift) decnopHAOK, npnqeM nocjieAHHft HapacTaeT 
c TeMnepaTypofl h yMeHbiuaeTCH c naAeHHeM nocjieAHeft. B hohhom 
KpncTajiJie M R  hohm M + h R ~  (rAe M —MeTajiJi, R —MeTajiJioHA) 
npn a6cojnoTHOM Hyjie o6jiaAaiOT 3aMKHyTbiMH sjieKTpoHHbiMH o6ojioq-
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KaMH (aHajiorHH c ajieMeHTaMH Hy/ieBofi rpynnbi) h He HMeioT nosTOMy 
CBo6o^Hbix BajieHTHOCTeH. B peajibHbix ycJiOBHnx bo bchkom hohhom 
KpHCTa.n.ne HMeeTca HeKOTopoe hhcjio cBofioAHbix ajieKTpoHOB h cbo6oa- 
Hbix AbipoK, o6pa3yiomHX Tax Ha3bmaeMbie aAeKtuponnuu h dupounbiu  
2Q.3bl B pe3yjIbTaTe MHTpaUHH CBo6oAHbIX SJieKTpOHOB.

HJlJHOCTpaUHH npHBO^HTCH pHC. 39. CBOSoAHbie SJieKTpOHbl Ha- 
xoahtch Ha HOHax M+ (pHC. 39,c ), npeBpamaa hx b HeftTpajibHbie 
aTOMbi M.  SjieKTpoHbi cnocodHbi nepeMemaTbca c oahhx M + Ha Apy- 
rne, qro npeAcraBJineT coSoh ojieKTpoHHyio npoBOAHMoerb KpHCTa/i.na. 
B chKHH CBo6oAHblH SJieKTpOH HBJIHeTCH «J1HLLIHHM», nOCa)KeHHbIM Ha

w  w  w  Vi/ w  V-/

© 0 0 Q 0 0 0 0 ©

© © © © © © © © © ©

©  *  *  :  0  S -Phc. 39. Tnnbi aflcop6uHH Ha noBepxHOCTH HOHHoro KpHCTajuia (no 0. 0. BojibKeHojTeftHy).
CB ep X  33M K H yT0H 060JI0H KH . T a K O H  SJieKTpOH T p a K T ye T C H  K aK  

c e o d o d n a n  n o A O M u m e A b n a n  e c iA e n n iH o c m b .

FIOTepJl OAHOTO SJieKTpOHa OTpHUaTeJIbHbIM HOHOM R~~ npHBOAHT k 06- 
pa30B3HHKD cbo6oahoh d b ip K U , t . e. npeBpamaeT^-  b HenTpaJibHbiH aTOM 
/?. CB06oAHbie AbipKH oSeCneHHBaiOT «Abip09HyiO npOBOAHMOCTb» KpH- 
CTajuia. XlbipKa TpaKTyeTCH KaK ceododnan ompui^ameAbnan ectAennwocmb.

CBo6oAHbie ajieKTpoHbi h CBo6oAHbie awpkh He ji0KajiH30BaHbi, a 
cnoco6Hbi MHrpHpoBaTb, o6pa3yn CBo6oAHbie nojio>KHTejibHbie h OTpn- 
naTejibHbie BajieHTHOCTH, KOTopbie MoryT Hcqe3aTb h noHBJiHTbCH. ripn 
BCTpeqaX TaKHX CB060AHbIX BajieHTHOCTeH npOHCXOAHT B33HMH0e Ha- 
cbimeHHe. IlocjieAHee mojkct nponcxoAHTb h npw BCTpeqax c npnxoAH- 
LU.HMH H3BHe 3T0M3MH HJIII MOJieKyjiaMH, 06jiaAai0mHMH HeHaCbimeHHbl- 
MH Ba/ieHTHOCTHMH. 0TO npHBOAHT k xeMocopSuHH, T. e. nOBepXHOCT- 
MOMy coeAHHeHino c KpncTaJiJiOM hjih KaT3JiH3aTopoM (THna nojiynpo- 
BOAHHKa). TaKHM o6pa30M, KaTajiH3aTopbi hohhoh CTpyKTypbi cjieAyeT 
paccMaTpHBaTb KaK nojiHpaAHKaji c 6jiyx<AaiomHMH no noBepxHOCTH 
HeHaCbimeHHbIMH CB06oAHbIMH BaJieHTHOCTHMH.

Bee yKa3aHHoe ct3hobhtch hchhm npH aHajiH3e pnc. 39. FIpH xe-
M 0C0p6UHH OAHOBaJieHTHOTO aTOMa A HOBepXHOCTblO HOHHOTO K p H - 
c r a j u ia  B03M0>KHbi c ^ e A y io m n e  B a p n a H T b i.11 B H. A° r̂0B
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OdnoaAeKmpOHHbiu eapuanm. EAHHCTBeHHbifi ajieKTpoH aTOMa A, 
noca>KeHHoro Ha noBepxHOCTb, yxce He HBjineTCH ero co6cTBeHHOCTbio, 
a npHHa^JiejKHT Been cHCTeMe (pnc. 39,/). SjieKTpoH aTOMa A 3aTarH- 
BaeTCH b peuieTKy, ero oGjiano AeiJiopMHpoBaHo, hto h oOycjioBJiHBaeT 
CBH3b MeH< ŷ A H KpHCTaJIJIOM—0^H03JieKTp0HHaH CBH3b THna MOJieKy- 
JinpHoro HOHa (HenpoHHan cBH3b).

JXeij3AeKmpoHHbLU eapuanm. Oahh ajieKTpoH HMeeTCH y A, Apyron— 
y oAHoro H3 M + KpHCTajiJiHqecKoft pemeTKH (HeHTpajibHbift aTOM M).

B pe3yjibTaTe B3aHMOAeHCTBHH 
MejKAy A h M o6pa3yeTCH npoq- 
Han ABysjieKTpoHHan CBH3b (pnc. 
39,d ) THna H2.npOHHOCTb CBH3H BO BCeX CJiy- 
qanx 33Bhcht ot rjiySnHbi jionajib- Horo ypoBHH (rjiy6nHbi 3aT5irH- B3HHH sjieKTpoHa b peiueTKy). 
06pa30BaHne oaho- hjih AeyaJieKT- pOHHblX CBH3en MeJKAy aTOMOM
A h ueHTpaMH aAcop6uHH M +
HJIH R -  HBJIHeTCH XHMHHeCKOH
aAcopSuHeft hjih o6pa30BaHHeM 
noBepxHOCTHoro XHMHnecKoro 
coeAHHeHHH, t . e. HBJineTCH 
HacTonmeft xhmhhcckoh peaK- 

UHeft.
3th ynpomeHHbie TeopeTHqecKHe p.accy>KAeHHH mo>kho nepeHecTH 

Ha peajibHbie MOJieKyjibi, hto no3BOJineT C03AaTb HeKOTopbie MOAejibHbie 
npeACTaBjieHHH 06 ajieKTpoHHO-KaTaJiHTHqecKHX peaKUHax Ha noBepx- 
hocth. JXjih npHMepa mo>kho paccMOTpeTb o6ihhh cjiyqaft noBepxHOCT- 
Horo npeBpameHHH MOJieKyjibi AB, cocTonmen H3 AByx aTOMOB hjih 
AByx rpynn aTOMOB [61]. Bcrpeqa TanoH MOJieKyjibi co cBoOoAHbiM sjieK-
TpOHOM HJIH CBOfiOAHOH ABipKOH npHBOAHT K Ae^OpMaUHH HJIH AHCCO-
HHauHH MOJieKyjibi Ha paAHKajibi A h B (pnc. 40). B pe3yjibTaTe ahcco- 
UHauHH oahh H3 paAHKajioB (HanpHMep, paAHKaji A) aAeopSHpyeTCH 
H CBH3bIBaeTCH C nOBepXHOCTblO npOMHOH ABySJieKTpOHHOH CBH3bIO 3a 
cneT codcTBeHHoro ajieKTpoHa h ajieKTpoHa noJio>KHTejibHOH BajieHT- 
hocth hjih nyTeM 3axBaTa ajieKTpoHa ot abiPkh. Btopoh npoAyKT ahc- 
couHamiH, oOjiaAaa HeHacbiineHHOH BajieHTHOCTbio, yxoAHT b ra30Byio 
(})a3y hjih aAcopOnpyeTca cjiaSoft CBH3bio (pnc. 39,/).

B cyMMapHOM npouecce oAHHaKOBoe yqaerae npHHHMaiOT h sjieK- 
rpoHHbift h ABipoqHbifl ra3bi, npnqeM peaKUHH 3aMeAJiHeTCH hjih ycKopneT- 
CH OT KOHU.eHTpaUHH nOCJieAHHX. 3THM oO-bHCHHeTCH BJIHHHHe npHMe- 
cefi Ha KaTajiHTHqecKHe peaKHHH, H3MeHHK>mHx KOHiieHTpauHH 3JieK- 
TpoHHoro h AbipoqHoro ra30B, npH stom caMH aACopOHpoBaHHbie paAH- 
KaJibi hjih aTOMbi MoryT BbiCTynaTb b pojih thkhx npHMeceft, hto, b cboio 
0 4epeAt, AaeT HOByio TpaKTOBKy abjichham caMooTpaBjieHHH hjih

Phc. 40. HnccounauH3 MOJieKyjibi A B  Ha
noBepxHocTH nojiynpoBOAHHKa:

a—M OjieKvJia H3 H Byx aTOMOB h jih  a b > x  rp \ n n  a-ro* 
m o b  A  h B,  coe;iH iieH H bix npocTO fl cEH3bio; b—pa- 
flHKajI A ,  CBH3aHHblii C nOBepXHOCTblO npOHHOii CBH- 
3b io ; c—paflH Kaji B  b  ra3OB0ft 4>a3e; d—pa/iKKaji B,  

CBH3aHHblfi C nOBepXHOCTblO CJia6ofl CB5I3bK>.
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caMonpoMOTHpoBaHHH KaTajiHTHqecKnx peaKUHH nojiyqaioiUHMHCH p a - 
AHKajiaMH. Tanne HBJieHHB, coiviacHo B3i\ii5maM JI. B. IlHcapateBCKoro, 
MoryT nepê aBaTbCH Ha paccroHHHH, mto uBjiaeTCH coBepiueHHO hobhm 
b KaTajiH3e.

SjieKTpoHHbie MexaHH3Mbi KaTajiHTHqecKHx peaKUHH, KaK OTMeqaer 
0  0 .  BoJIbKeHIHTeHH, He HCKJIKDMaiOT flpyrHX npeUJIOJKeHHH MeX3HH3-
mob h He BbiTecHHKJT upyrux TeopHH H BapHaHTOB. SjieKTpOHHbie Mexa- 
HH3Mbi noxa npe^o>KeHbr jwiub r j w  cjiyqaeB hohhhx KpHCTajiJiOB h 
nojiynpoBOAHHKOB, ho He ujih MeTajiJioB h .^pyrax K3TajiH3aTopoB.

flo O . 0 .  BojibKeHuiTeHHy [62], sjieKTpoHHbie KOHuenuHH mo>kho 
nepeHecTH h Ha MeTajiJibi, Tax KaK ohh b OojibiiiHHCTBe cjiyqaeB noKpbiThi 
TOHKOH OKHCHOH nJieHKOH («nOJiynpOBÔ HHKOBbIH MeXOJl»). Ho 3TO 3a - 
KJHoqeHHe TpeSyeT npOBepKH.

3acjiyrofl TeopHH sjieKTpoHHO-KaTajiHTHqecKHX npoueccoB Bojib- 
KeHUiTeflHa hbjihctch npHBjieqeHHe KBaHTOBo-MexaHHqecKOH TeopHH %jih 
paCKpbITHH MeX3HH3MOB, JieHCaiUHX B OCHOBe XHMHqeCKHX peaKUHH. 
BjiH>KaHmee 6y,nyiuee noKa>KeT, HacKOJibKO TaKHe KOHuenuHH 6jih3kh 
K HCTHHe.

20. U,enHOH MexaHH3M KaTajiH3a

riepBbie npeACTaBjieHHH o uenHbix peaKunax bo3hhkjih b pe3yjibTaTe 
paGoTbi M . BofleHuiTeHHa [63], ycTaHOBHBuiero, hto npH ocBeiueHHH 
CMecH H2-f-Cl2 Ha KaJK/ibiH noivioiueHHbiH KBaHT CBeTa o6pa3yeTca £o  
105 MOjieKyji HC1. XHMHqecKiifi cMbie.n Taxon peaKUHH 6biJi pacxpbiT 
B. HepHCTOM [64], npeAnojio>KHBmHM, hto b ochobc '6bicTpo npoTe- 
Karomefl (qacTO B3pbiBHoft) peaKUHH xjiopa c boaopouom jiexaT uenn H3 
CJieuyioiuHx 0T,nejibHbix peaKUHH:

h 2 +  ci -► n c i- i-H

H 4- Cla -►  HC1 4  Cl

H2 +  Cl HC1 +  H H T. A-

TaKHM o6pa30M 6biJio ycraHOBjieHO, hto peaKUHH CTHMyjiHpyeTca 
npoMe>KyToqHbiM o6pa30BaHHeM cboSoahux aTOMOB H h C l, h Becb npo- 
uecc HBjiaeTCH ayTOKaTaJiHTuqecKHM. G/iojKHOCTb SKcnepHMeHTajibHbix 
HCCJieAOBaHHH uenHbix peaKUHH nocjiy>KHJia npnqHHOH toto, hto F  Xpn- 
CTHaHceH h B. KpaMepc [65] Bbi/tBHHyjiH npe/jcTaBjieHne 06 SHepreTH- 
qecKHX uenax: aHepreTHqecKH B036y>KueHHbie MOJieKyjibi #0 CBoefl /jhc- 
counauHH nepeuaioT aHeprHio apyrHM MojiexyjiaM, B036yjK^an. hx. 3to 
npeACTaBJieHHe b flyxe SHepreTHKii B , OcTBaJib.ua oKa3ajiocb coBepmeH-
HO HeCOCTOHTeJlbHblM.

B Hauie BpeMH HCCJie/joBaHHe uenHbix peaKUHH Hepa3pbiBHO cbh33- 
ho c HMeHeM H . H . CeMeHOBa, KOTopbin H3yqHJi Sojibiuoe hhcjio caMbix 
pa3HOo6pa3Hbix uenHbix npoueccoB h co3^a.i Teopuio uenHbix npouec- 
cob, nojiyqHBUiyio uiHpoKoe npH3H3HHe b mhpoboh Hayue. B ochobc 
TeopnH uenHbix npoueccoB CeMeHOBa jie>KHT npe^cTaBjieHHe o uenHOM
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MexaHH3Me, ocymecTBJijnomeMCH c noMom,bio cbo6oahhx aTOMOB h pa- 
AHKajioB, hto ofiecneqHBaeT 6bicTpoe npoTeKaHne peaKUHH [66].

YcKopniomee b 6ojibniHHCTBe cjiynaeB êftcTBHe KaTajiH33TopoB, 
o6pa30BaHHe aKTHBHbix npoMejKyToqHbix coê HHettHH, CHHJKeHHe Be- 
JIHHHHbl SHepTHH aKTHBaUHH H pH,H Apyrnx MOMeHTOB HeH36e*HO npw- 
boaht k BbiBoay o bo3mo» chocth uenHbix MexaHH3MOB b reTeporeHHOM 
KaTajiH3e. B . B . Bocboackhh [67] CHHTaeT, hto «...uenHbie h pa^HKajibHbie 
MexaHH3Mbi b reTeporeHHOM KaTajiH3e aojokhu 6biTb He MeHee, a no- 
BĤ HMOMy, #a>Ke 6ojiee pacnpocrpaHeHbi, neM b roMoreHHbix pean- 
Uhbx». Tot (JjaKT, hto HeSojibmoe kojihhcctbo KaTajiH3aT0pa cnoco6HO 
npeBpaTHTb b KOHenHbie npoAyKTbi orpoMHbie Maccbi peareHTOB, no,n- 
TBep*AaeT sth H^en.H. H.CeMeHOB [68], paccMaTpnBaa MexaHH3M reTe- 
poreHHO-KaTajiHTHHecKHX npoueccoB c tomkh 3peHHH ixenHbix MexaHH3- 
mob, cHHTaeT, hto Ha noBepxHocTH KaTajiH3aTopa (MeTajui. nojiynpoBOfl- 
HHK) HMeiOTCH CBOdô Hbie BaJieHTHOCTH V  nOBepXHOCTHO DCTVnaiOIUHe 
bo B3aHM0̂ eHCTBHe c MOJieKyjiaMH peareHTOB h HHHHHHpyKxniie o6pa- 
30B3HHe cBo6o;*Hbix aTOMOB HanpHMep

c i,+  v '-*>  vci +  ci

rue VC1— CBH3aHHbifi xjiop, C l—Bbixo  ̂ aTOMa xjiopa b o6beM fljia hhh- 
muipoBaHHH uenHoro riponecca (cboSoahhih aTOM).

AHa/iorHHHO H3 npHHHHnHajibHo jiio6oh MOJieKyjibi A 2 o6pa3yioTCH 
uenn no peaKUHH:

a2 +  v  -*■ a v ;+  aB cjiynae peaKUHH Meayjy pa3JiHHHbiMH MOJieKyjiaMH A . 2 h B 2 npoHC- XOflHT HHHUHHpOBaHHe paflHKaJIOB A  HJ1H B

At+  V —  a V + A
B 2 +  V  — - B y  +  B

KOTopbie ^aioT hjih o6pbiB uenn

A+A\J-~A2 +  \/; B  +  B v - * B 2 + \ f

hjih ee npo^ojUKeHHe:

A-\- B2 —►  A B  +  B 

A 2 +  B  -*■ A B +  A 

A  +  B„ —► AB-\-B  h t . a .

TeopnH o6pa30BaHHH CBoSô Hbix pâ HKajiOB npn reTeporeHHO-Ka- 
TajiHTHneckhx npoueccax oneHb BepoHTHa h xoporno o6bHCHaeT KHHeTHKy
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MHornx npoueccoB. Tan, HanpHMep, rHApnpoBaHHe C2H 4 a QHg no 
uenHon cxeMe npeACTaBJiaeTCH cjieAyxMUHM o6pa30M:

ch2ch2 +  V -  
V -  CH2CH2-  +  2 V

V-C H 2CH2-  +  H2

V - ch2ch3 +  h 
V - ch2ch3 +  h2

-CH2CH2- V  
- V -C H 2CH2- V  +  V

► V -CH2CH3 4- H

CH3CH3 +  V 
CH3CH3+ V H

AHajiorHMHO H. H. CeMeHOB TpaxTyeT h Apyrne opraHHaecxHe peax
uHH (rH^pHpoBaHHe, cHHTe3 yrjieBOAopoAOB h cnnpTOB H3 CO h H2, 
KpeKHHr). OjieKTpoHHan Teopna BojibKeHUiTeftHa h uenHaa Teopna Ce- 
MeHOBa b ochobhom HMeioT MHoro o6mero, flonycxaH npa peaxuHax 
pojib cbo6oahmx noBepxHocTHbix BajieHTHocTeft h cbo6oahux paAHxa- 
jiob. B padoTe O. O. BcuibxeHiiiTeHHa, B. B. BoeBOAexoro h H. H. Ce- 
MeHOBa [69] npHBOAHTca, hto «...cJio>KHbie npeBpameHHa MOJiexyji Ha no- 
BepxHOCTH xaTajiH3aTopoB npOTexax)T b pe3yjibTaTe nocjieAOBaTejibHbix 
peaxitHH npocTbix CBodoAHbix paflHxa^OB». B reTeporeHHOM uenHOM 
npeBpameHHH B03M0JKHbi ABa ochobhhx nym:

1) 3apox<AeHHe uenn xax HHHunaTopa cbo6oahhx paAHxajioa,
2) npo^ojuxeHHe uenH npH noMomn cbo6oahhx paAHxa-noB.
JXjih pa3BHTHH uenHoft peaxuHH nepBbifl nyTb HBjiaeTCH pemaiomHM. 

U,enb 3apo>KAaeTCH npn 3(Jx|)exTHBHbix hojijih3Hhx MOJiexyn co cbo6oa-
HblMH BaJieHTHOCTHMH nOBepXHOCTH.

Flo O. O. BojibxeHUiTeHHy, Ha noBepxHOCTH pemeTXH (c chmbojiom

pemeTKH L )  HMexyrca CBodoAHbie BajieHTHOCTH L ,  cnoco6HueB.nHHTb Ha
MOJiexyjibi BemecTBa A —B ,  odjiaAaxxuero npocTofl CBH3bK). npH aA-
copduHH npoHcxoAHT pa3pbiB CBH3H h o6pa3yx)TCH CBOdOAHbie paAHXa- 

« •
JIbl A  H B ,  Cn0C06Hbie CBH3bIBaTbCH CO CBOdOAHbIMH BaJieHTHOCTHMH no
BepxHOCTH. OAHH H3 CB060AHHX paAHXaJIOB CBH3bIBaeTCH npOHHOH xo- 
B3JieHTH0H HJ1H HOHHOH CBH3bK) ( A L ) ,  APyrOH CBOdOAHblH paAHXcUI.

( A  hjih B )  yxoAHT b ofiteM hjih ocTaeTca cjiado aAcopdnpoBaHHbiM 
• •

noBepxHOCTbio ( A L  hjih B L ) ,  coxpaHHH cbok) HeHacwmeHHOCTb h peax-
UHOHHOCnOCOdHOCTb:

A ~ B  — A  - f-  B —►  A L  -f- B  h jih  BL  -(- A

H
A —  B  — *■ A  +  B —►  A L  +  BL  hjih A L  -f  BL

»
(rAe A L —npoaHaa cBH3b, A L —cjiadaa cBH3b).

TaxHM o6pa30M, noBepxHOCTb MO>xeT nocbuiaTb b ra30Byio (jmy 
cBofioAHbie paAHxajibi h tcm caMbiM cjiy>XHTb mcctom 3apo>XAeHHH pdieM- 
hhx uenHUX peaxuHH. C APyrofl ctopohm, paAHxajibi, cBH3aHHbie c no- 
BepxHOCTbK), cnocodHbi noBepxHOCTHO pearnpoBaTb c MOJiexyjiaMy 
H3 06'beMa (ra30B0ft 4>a3bi).



166 /Vj. II. T E O P H U  M M E X A H H 3 M  KATAJ1H3A

B cnynanx coeAHHeHHH c KpaTHbiMH cbh3hmh npn aAcopdnHH Ha 
CB060AH0H BaJieHTHOCTH npOHCXOflHT pa3pbIB ABOHHOH CBH3H H 06pa30- 
BaHH6 aACOpSapoBaHHoro pa^HKajia:

C=C +  L C — C —  L

UenHbie peaKUHH npn reTeporeHHOM KaTajiH3e npoTenaiOT nepe3 06- 
pa30BaHHe paAHKajiOB yKa3aHHbix thiiob.

H3Jio>KeHHoe mojkho HJunocrpHpoBaTb HecKOJibKHMH npHMepaMH. 
MeTajienTHqecKoe xjiopnpoBaHHe 3TaHa

C2He +  Cl2 C2H5C1+HCI

3apoHCAeHHe uenn Ha cbo6oahoh BaJieHTHOCTH npoTexaeT cjieAyio- 
IH.HM o6pa30M:

Cl2 +  2L —► ClL +  Cl L
Aajiee

C2H6 +  C1L -► C2H5 L +  HC1 

C2H6 L -|- Cl2 —>■ C2H5C1 -f- Cl L m t.

THApHpOBaHHe aTHJieHa

C2H4 -f- H2 —► C2H6 

H2 +  2L —>- HL +  H L 

C2H4+H  L' C2H5 L

C2H5 Z. +  H2 -► C2H6+  H L h t . a .

C nOMOmblO T3KHX MeX3HH3MOB MOJKHO npeACT3BHTb H 3H3HHTejIbHO 
(xviee cJio>KHbie peaKUHH. HanpHMep, CHHTe3 cnnpTOB h yrjieBOAopoAOB 
H3 CO h H2 no sjieKTpoHHO-uenHOMy MexaHH3My mojkho npeACTaBHTb 
b BHAe ypaBHeHHH:

C=0 +  L 0=C—L

0=C—L +  H, -► HO—CH—L 

HO —CH— L +  H2 -►  H2C — L +  H20 ( hjih CH3OH+ L)

H2C— L +  C=0 —► 0=C-CH 2- L  

0=C—CH2—L +  H2 h o—CH—CH2—L

HO—CH—CH2—L+H2 -►  CH2—CH2— L +  H*0 ( hjih CH3CH2OH +  L) h t.a*

OieAyeT OTMeTHTb, mto no uenHoft cxeMe MOjieKyjibi yrjieBOAopoAOB 
c(5pa3yiOTCH He H3 roTOBbix yxce CH2-paAHKajioB, a nyTeM nocTeneHHoro



21. M E X A H H 3 M  H  TIPOBJIEMbl E E T E P O r E H H O r O  KATAJ1H3A 167Hapaiu,HBaHHH uenn, qTo xopomo corjiacyeTcn c MexaHH3MOM MeTHJie* HOBbix pa^HKajioB, npe^Jio>KeHHbiM f l . T SfiAycoM (cTp. 706).TaKHMH uenHbiMH cxeMaMH mo>kho HHTepnpeTHpoBaTb noqTH jnodbie reTeporeHHO-KaTajiHTHqecKHe peaKUHH, qTO npHAaeT hm AocraToqHyio 
yfie^HTejibHocTb.3 th TeopHH Ha nepBbifi B3rjiHA AaJieKH ot odbiqHbix XHMHqecKHx TpaKTOBOK KaTajiH3a. A btoph  He npeTeH^yroT Ha HrHopHpoBaHHe cyiuecr- ByiomHX TeopHH hjih nojmyio 3aMeHy h x . H . H . CeMeHOB h B , B . Boe- boackhh  OTMeqaioT, hto npe^jiaraeMan B03M0>KH0CTb uenHbix MexaHH3- mob peaKUHH qepe3 CBoOoAHbie paAHKajibi «...BOBce He TeopHH KaTajiH3a, a JiHLUb oahh H3 bo3mojkhmx nyTeft pa3BHTHH uenHbix npoueccoB, KO- TOpblH, 6bITb MOJKeT, H3HA6T npHMeHCHHe B 06JiaCTH K3T3 JI HTHqeCKHXnpoueccoB».

21. MexaHH3M h npoSjieMbi reTeporeHHoro KaTajiH3areTeporeHHO-KaTajiHTHqecKHe peaKUHH npoTeuaiOT ropa3AO cjioiKHee, qeM aflcopduHOHHbie hbjichhh . B THnHHHbix cjiyqanx aACopOunn npeA- CTaBJineT oaho- hjih ABycraAHHHbiH npouecc, Tor^a Kan KaTajiHTHqe- CKHe peaKUHH hbjihiotch peaKUHHMH MHorocTaAHHHbiMH. /taate TaKHe npocTbie KaTajiHTHqecKHe npoueccbi, KaK rHApnpoBaHHe STHjieHa hjih AerHApHpoBaHHe cnupTOB, npoTeuaiOT b HecKOJibKO cTaAHft, H3 KOTOpbix rjiaBHbiMH hbjihiotch: 1) noABOA peareHTOB k noBepxHOCTH KaTajiH33T0- pa, .2) opneHTauHH MOJieKyji b nojie noBepxHOCTH, 3) aACop6uHH c ab- ^opMauneH CBH3efl, 4) XHMHqecKoe npeBpaiueHHe aKTHBHpoBaHHO-aA- copOnpoBaHHbix MOJieKyji, 5) AecopduHH, 6) otboa npoAyKTOB peaKUHH OT noBepxHOCTH B o6"beM.npH 3THX npoueccax H3 HeCKOJIbKHX TepMOAHHaMHqeCKH B03MO>K- Hbix HanpaBjieHHH KaTajiH33Top H36npaTejibHO npoBOAHT qacTO JiHiub OAHO, qTO 33BHCHT OT TOTO HJIH HHOTO THna OpHeHTaUHH MOJieKyji Ha aKTHBHbix ueHTpax KaTajiH3aTopa (reoMeTpHqecKHH (JiaKTop). KaTajiH- 3aTopbi oOjiaAaiOT cnocodHOCTbio BCTynaTb b OAHy h Ty ace peaKUHio MHoroupaTHO, caMopereHepnpyHCb; noaTOMy Majibie KOJinqecTBa koh- TaKTa cnocoOHbi H3MeHHTb SojibuiHe KOJinqecTBa peareHTOB, hto noA- TBep>KA3BT MexaHH3M uenHbix peaKUHH. B cjiyqanx cjiojkhhx  peaKUHH, npoTeuaioiuHX b HecKOJibKO XHMHqecKHx ct3ah h , hhcjio cthahh npu no- BepxHOCTHbix npoueccax 3HaqHTejibHO B03pacTaeT. TaKHe cjioatHbie npoueccbi, KaK nojiyqeHHe ahbhhhji3 H3 STHJioBoro cnupTa, cHHTe3 Bbic- iuhx  cnupTOB hjih yrjieBOAopoAPB H3 BOAHHoro ra3a, peaKUHH Heodpa- THMoro KaTajiH3a, KeTOHH3auHH nepBHHHbix cnupTOB h Ap-, HAyT qepe3 pHA KOHceKyTHBHbix h napajuiejibHbix peaKUHH.B KaqecTBe HJiJiiocTpauHH mojkho npHBecTH peaKUHio npeBpaiueHHH STHJIOBOrO CnHpTa HaA MeAHbIM KaTaJIH33TOpOM B MeTHJinpOnHJIKeTOH (cTp. 292), npoTeKaiomyio qepe3 ceMb XHMHqecKHx ctbahh Ha noBepx- hocth KaTajiH3aTopa b oqeHb HeOojibiuoH 0Tpe30K BpeMeHH. 3 tot * e  npouecc, ecjiu 6bi ero mojkho 6b:.io ocymecTBHTb MeTOAaMH CHHTeTHqecKofl opraHHqecKoft xhm h h , noTpe6oBaji 6u Cojibiuoro KOJinqecTBa BpeMeHH
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Ha ocymecTBJieHHe Ka>KAOH H3 CTa^nfi b OT^ejibHocTH. B stoh cnoco6- 
hocth 6bicTpo npoBOflHTb cjiojKHeHiuHe npoueccbi. npoxoflHiuHe qepe3 
Pha OTflejibHbix peaKHHH, h 3aKJiK»HaeTCH, nojKajiyfi, caMoe 3aMeqa- 
TejibHoe cbohctbo KaT3JiH3aT0p0B, odecneqHBinee KaTajiH3y SucTpoe
p33BHTHe.

HopMajibHofi sbojhohhh HauiHX npe^CTaBJieHHH o KaTajiH3e, Teo
pHH KaTaJIHTHHeCKHX npOUeCCOB, BbIBOflOB H 06o6meHHH, HeCMOTpH Ha 
orpoMHoe KOJiHHecTBo Hccjie^OBaHHH no reHe3Hcy, akTHBHOCTH, aKTH- 
B3HHH H OTpaBJieHHK) K3TaJlH3aTOpOB, CHJIbHO MeiHaeT OTCyTCTBHe eflH- 
Horo B3rjiHfla. Pa3Hbie aBTopbi noAxoAHJin h noAxoAHT k pa3peiueHHK> 
cjiojkhmx BonpocoB reTeporeHHoro KaTajiH3a h noBe^eHHH noBepxHO- 
cTefi b paMKax cyGaeKTHEHO Bbi6paHHbix hmh ycjioBHH. B eHJiy 3Toro 
MHorne HccjienoBaHHH asiot pa3HopeqHBbie pe3yjibTaTbi. Jlnuib b nocjieAHee 
BpeMH BbipaSaTbiBaeTcn eAHHoe MHeHHe, hto TeoperaMecKHe HccjieAOBa- 
HHH B OfijiaCTH KaTaJIH3a HeoSxOflHMO BeCTH B CT3H^apTH30BaHHbIX' 
ycjiOBHHX, yHHTbiBan TaKHe napaMeTpbi, Kan BejiHHHHa yaejibHofl no- 
BepxHOCTH, yaejibHan KaTajiHTHqecKan aKTHBHOCTb BemecTB pa3Horo 
cocTaBa, hbjihioihhxch KaTajiH3aTopaMH, BcecTopoHHee H3yqeHHe cbohctb 
nOBepXHOCTHbIX COê HHeHHH XHMHHeCKHMH, (J)H3HqeCKHMH, OnTHHeCKHMH
h apyrHMH MeTOflaMH.

KaTajiHTHnecKHe peaKHHH npOTenaiOT jihuib b TepMOAHHaMHqecKH 
B03M0JKHbIX HanpaBJieHHHX H K pa3’bHCHeHHIO HX HaflO nOflXOAHTb C HH- 
cto xHMHnecKOH tohkh 3peHHH. KaTajiHTHqecKHe peaKHHH b opraHHqe- 
CKOH XHMHH HBJIHIOTCH nOATBepJKAeHHeM H âJIbHeHUIHM p33BHTHeM 
TeopHH cTpoeHHH opraHHqecKHX coe^HHeHHH ByTJiepoBa. TeopeTHqe- 
ckhS K3T3JIH3, t . e. yqeHHe o npnqHHax npeBpameHHH MOjieKyji Ha 
noBepxHOCTHX, hbjihctch, b cbokd oqepe^b, pa3BHTHeM h fla^bHeftuiHM 
yrjiyfijieHHeM H^eft o flecjjopMauHHx MOJieKyji Kan ochobhoh npnqHHe 
KaTajiHTHqecKHx npeBpameHHH.

CoBpeMeHHbie TeopHH KaTajiH3a b opraHHqecKOH xhmhh cBH3biBaioT 
CTpyKTypbi pearHpyjomnx BemecTB co crpyKTypofi noBep xhocth h ee 
SHepreTHKOH, noAxoAH k pa3pemeHHK) stoh oqeHb cjio>khoh 3aAaqn c 
no3HHHH coBpeMeHHofl (})H3hkh, npeHedpefan HHoiym xHMHqecKOH cym- 
HOCTbio Bonpoca h nbiTancb pa3peuiHTb 3a^aqy oahoSoko.

TeopeTHqecKHe h 3KcnepHMeHTajibHbie Hcc/ieAOBaHHH yqeHbix AaJiH 
orpoMHbift MaTepnaJi b odJiacTH rjiaBHbiM o6f>a30M reTeporeHHoro 
KaraJiH3a, o6o6meHHH KOToporo no3BOJiHJiH co3AaTb pha TeopHH, 
Ha nepBbift b3'iviha qacTo HecoBMecTHMbix h Aame B3aHMOHCKJiio- 
qaiouinx. OAHaKO cTpeMJieHHH yqeHbix pa3Hbix cTpaH, HanpaBjieH- 
Hbie K n03H3HHIO CyTH KaTaJIH3a H AeHCTBHH K3TaJlH3aT0p0B, nona- 
3ajiH b nocjie^Hee BpeMH, hto MHorne TeopHH KaTajiH3a b33hmho Aonoji- 
hhIot Apyr Apyra h no3BOJiHK)T HaMeTHTb HeKOTopwe o6m,He npHHHHnbi— 
KOHTypbi eAHHofi TeopHH KaTajiH3a, OCHOB3HHOH Ha cTpyKType pearn- 
pyiomnx MOJieKyji, CTpyKType KaTa./iH3aTOpa h t . a -

OcHOBHbie TeopHH KaTajiH3a moh<ho pacnojion<HTb npHMepHO a 
CJieAyiomeM nopnAKe:

TeopHH npoMe>KyToqHux cocahhchkh (fl. Ca6aTbe);
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TeopHH flecJJopMauHH (H. JX. 3cahhckhh, M. EoAeHurreHH);
TeopHH xeMOCopduHH (H. JIshtmkjp, E . PeftAHA);
TeopHH HeOAHOpOAHOH nOBepXHOCTH (r  Tefijiop, M. H. TeMKHH„ C . 3. PorHHCKHfi);
TeopHH MyjibTHruieTOB (A . A . BanaHAHH);
TeopHH aHcaMdjiefi (H. H. Ko6o3eB);
TeopHH nepecbimeHHH (C. 3. Pothhckhh);
TeopHH aKTHBHpOBaHHOH aAcopbuHH (I\ TeHAop);
TeopHH nepexoAHoro coctohhhh (M. H. Tcmkhh, T 3fipHHr);
TeopHH ueriHbix MexaHH3MOB (H. H. CeMeHOB, M. BoAeHiHTeHH,. 

B. B. BoeBOflCKHfl);
SJieKTpOHHbie TeopHH (Jl. B. ElHCapJKeBCKHH, O. O. BOAbKCH- 

ihtchh).
B HacTonmee BpeMH mojkho CHHTaTb TBepAO ycraHOBAeHHbiM, hto 

Bee 3TH TeopHH, HeCMOTpH Ha pa3JIHHHbie nOAXOAbl K TpaKTOBKe KaTa- 
JiH3a, HMeioT mhoto o6mero h b33hmho aohoahhkjt Apyr flpyra.

CyMMHpyn TeopeTHnecKHe aocthjkchhh, mojkho 3aKAK>MHTb, hto 
npeflCTaBjieHHH nocJie^Hero BpeMeHH cboahtch k npHHHTHK) aKTHBHoro- 
COCTOHHHH, CymeCTBOB3HHH Ha nOBepXHOCTH aflCOpfiHpOBaHHblX MOHO- 
MOJiexyjiHpHbix njieHOK c onpe^ejieHHbiM o6pa30M opHeHTHpoBaHHbiMH 
no OTHomeHHK) k nOBepXHOCTH MOJieKyjiaMH h cymecTBOBaHHH Ha no- 
BepXHOCTH Oco6bix MeCT HAH 3KTHBHbIX UeHTpOB. 3tO npê e/IbHO KpaTKOe 
onpe^ejieHHe cyTH reTeporeHHoro KaTajiH3a CAeAaHO A . A . BaAaHAHHbiM 
H H. H. UlyHKHHblM [70].

To >Ke othochtch h k pojiH KaTaAH3aT0pa b reTeporeHHbix npouec- 
cax. HHTepecHbie o6o6m,eHHH o npHpoAe aKTHBHoro coctohhhh b reTe- 
poreHHOM KaTaJiH3e npoBeAeHbi A . A . BaAaHAHHbiM [71]. Oh CHHTaeT, 
hto CKopocTb aio6oh reTeporeHHO-KaTajiHTHqecKOH peaKUHH onpeAe- 
AHeTCH CBOHCTB3MH HeKOTOpOTO npOMeJKyTOHHOTO COCTOHHHH CAOJKHOTO 
CTpOeHHH HaA nOBepXHOCTblO H Ha nOBepXHOCTH KaT3AH3aTOpa, B KO- 
TOpOM MOJKHO pa3AHH3Tb nHTb CJIOCB.

K a T a ^  HTHiecKHe caoa (no A. A. Ba âHAnny)
{ .V. JlH4x})y3HOHHUft CJlofi 

I V -  Gioii 3aMecTHTeJieii

I I I .  CjioH pearHpyiomnx aTOMOB 
KaTaJIH- | II. CjlOH aKTHBHbIX UeHTpOB 
3aTOp \ I. BHyTpeHHHfi C.HOH KaT3.TH3aTOpa

CAOH I H // OTHOCHTCH K TBepAOMy KaTaAH33TOpy (rAy6HHHMe 
caoh), ocTaAbHbie—k ra30B0H h a h  jkhakoh (])a3e. MejKAy caohmh I I  h I I I  
cvmecTByeT MejK(jja30BaH rpaHHua. IToaxoa peareHTOB k KaTaAH33Topy 
HanyHaeTCH c V Anc]x})y3HOHHoro caoh—TpaHcnopT k KaT3AH3aTopy n 
otboa npoAyKTOB c KaT3AH3aTopa. B IV cjioe npoHcxoAHT nepBoe bahh- 
HHe nOBepXHOCTH KaTaAH3aTbpa Ha peareHTbi—opneHTauHn, aAeKTpoH- 
Hbie cMemeHHH, noAnpH3auHH h t . a . B I I I  cjioe npoTexaeT nepepac- 
npeAeAeHHe cBH3efl MejKAy aTOMaMH b MOAexyAax peareHTOB. CoBOKyn- 
HOCTb t3khx aTOMOB A . A . BaAaHAHH Ha3biBaeT UH.deKCH.ou apynnou>
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aTOMbl KOTOpofi HaXOAHTCH B KOHT3KTe C K3TaAH3aT0p0M. B 3TOM CAOe, 
b 33BHCHMOCTH ot xapaKTepa h (})yHKU,HH KaTaAH3aT0pa, onpeaejiHeTCH 
THn KaTaJiHTHqecKOH peaKUHH (rn^papoBaHHe, AerHApnpoBaHHe, okhc- 
jieHHe, rnApaTau,HH h t . A-)-

Oco6o BaJKHbi caoh I I  h I, npHHaAJie>Kaiu,He car̂ OMy KaTaAH3aTopy. 
ATOMbl CAOH I I  BXOAHT B K3TaAH3Hpyi0mHH 3KTHBHHH UeHTp, KOTOpblH 
cBoefl npHpo^OH h cTpoeHHeM-onpe^ejiaeT HanpaBjieHHe peaKUHH. Han- 
6ojiee CAoateH caoh /, b KOTopbiH bxoaht rjiydHHHbie aTOMbl pemeTKH 
KaTajiH3aTOpa, aTOMbl, coce^HHe c aKTHBHbiMH ueHTpaMH, aTOMbl a06a- 
BOK H npHMecefi, KOTOpbie B COBOKynHOCTH BAHHIOT Ha aKTHBHbie HeHTpbl 
h Ha 3HeprHK> CBH3eH hx c MOJieKyjiaMH peareHTOB. 9ra npn6AH3HTeAb- 
Haa cxeMa noKa3biBaeT, HacKOAbKo caojkhm KaTaAHTHqecKHe npoueccbi, 
KaK Tpy^HO hmh ynpaBAHTb h KaK tohkh TeopeTHqecKHe ochobh noA6o- 
pa h nporH03a KaTajiH3aTopa. TeM He MeHee, djiaro^apn AOCTHaceHHHM 
TreopeTHHecKoro h 3KcnepHMeHTajibHoro KaTaAH3a, Bee HCHee HaMeqaiOTCH 
•adpHCbi ê HHOH TeopHH KaTaAH3a b pe3yjibTaTe conocTaBJieHHH h aHa- 
jiH3a pa3JiHHHbix TeopHH, npHBe/jeHHbix Bbirne.

22. TeopeTHqecKHe ochobh noA^opa K3TajiH3aTopoB 
H KJiaCCH(J)HKaHHH KaTajlHTHMeCKHX peaKUHH

TeopeTHqecKHe ochobm yqeHHH o KaTajiH3e Hepa3pbiBHO CBH3aHbi 
C BOnpOCaMH np0TH03a H npHTOTOBAeHHH KaT3AH3aTOpOB.

H3BecTHO, hto KaTaJiH3aTOpbi ao chx nop noAdnpaioTCH 3MnnpH- 
qecKH, o qeM CBHACTeAbCTByiOT MHoroqncjieHHbie h qacTO HHqeM He 
odocHOBaHHbie naTeHTbi, npoBepKa KOTopbix qacTO He npHBOAHT k nojio- 
*HTeAbHbiM pe3yabTaTaM. HaxoacAeHHe aKTHBHoro KaTaAH3aTopa Hano- 
MHHaeT cJiyqaHHbifi Bbmrpbiui no AOTepefiHOMy 6nJieTy.

CoBepmeHHO oqeBHAHO, hto Meacny cocTaBOM KaTajiH3aTopa h ero 
ĵyHKUHeft h npoBOAHMOH hm H36npaTeAbH0 peaKuneft cymecTByeT rAy- 

60Kan npnqHHHaH B33HMOCBH3b. IlpHrOTOBAeHHe KaT3AH3aTOpOB AOAHC- 
ho CTaTb He cayqaHHbiM, a C03HaTeAbHbiM h 0AH03HaqHbiM. Oco6o Ha 
3TO OdpaTHA BHHM3HHe G . 3 . PorHHCKHH [72], KOTOpblH C HeKOTOpbIM 
ycnexoM Ha ochob3hhh CBoeft TeopHH nepecbimeHHH nbiTaACH pa3pa6o- 
TaTb peuenTypy npHTOTOBJieHHH KaT3AH3aTopoB ajih rHApnpoBaHHH h 
oKHCJieHHH. Oh oTMeTHA, hto «...nepBaa b mhpoboh Hayxe TeopHH npnro- 
TOBjieHHH KaTaAH33TopoB, npH Bcex ee HecoBepmeHCTBax, co3AaHa y Hac, 
h OHa, b ueAOM, OKa3biBaeT peaAbHyio noMomb Hameft npaKTHKe». B oa- 
HOH H3 CBOHX pa60T C . 3 . POTHHCKHH nOApoSHO 0CT3HaBAHBaeTCH Ha 
aaKOHOMepHOCTHX noA6opa KaTaah33TOpob [72], KOTOpbie 3Aecb He npH-
B.OAHTCH.

C hhhx TeopeTHqecKHx no3HUHH noAxoAHT A. A. BaAaHAHH l^l]. 
Oh cqHTaeT, hto MyAbTHnAeTHan TeopHH hbahctch BnoAHe 3peAOH h 
o6ochob3hhoh, qTodbi b ocHOBy noA^opa KaTaAH33TopoB noAoatHTb 
SHepreTHqecKoe h crpyKTypHoe cootbctctbhe Mea<Ay peareHTaMH h Ka- 
TaAH3aTopoM. BBHAy BaacHocTH Bonpoca b 1954 r. yqeHbie CCCP Bbi- 
ABHHyAH npobAeMy «HayqHbie ochobh noAfiopa KaTaAH3aTopoB», bkaio-
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HeHHyio AKa^eMHeft Hayn b hhcjio occ6o Ba>KHbix 3aAaq TeopHH h npan- 
thkh KaTajiH3a 173]. npoSjieMa 3Ta oqeHb cjiojKHa, Tan KaK HeodxoAHMO 
3HaTb MexaHH3Mbi npoTeKaioinHx npoueccoB, Tonorpa(])HK) noBepxHOCTH, 
BjiHBHHe npHMeceft, coctohhhc TBepuoro Tejia h t . a - Jlnuib dJiaroAapu 
TeopeTHqecKHM padoTaM no i eTeporeHHOMy KaTaJiH3y b TeqeHHe nocjieA- 
hhx JieT y^ajiocb HaMeTHTb nepBbie pauHOHaJibHbie nyTH npHroTOBJieHHH 
KaT3JIH3aTOpOB.

JXnn bo3Moh<hocth paunoHajibHoro noAdopa K3TajiH3aTopoB, qTO 
HBjiaeTCH oqeHb TpyAHoft h nona em,e HanMeHee pa3padoTaHHOH npo- 
djieMoft, Heodxo^HMO xoth dbi npHMepHo 3HaTb npoBOAHMbie hmh npo
ueccbi h Tonorpac])HK) noBepxHOCTH. noAdop K3TaJiH3aTopoB, no 
C . 3. PorHHCKOMy [72], ocHOBaH « . . .Ha cpaBHeHHH KaTajiHTHqecKHx cbohctb 
TBepAbix Teji pa3JinqHOH XHMnqecKOH npnpoAbi n pa3JinqHbix (£>h- 
3nqecKHX cbohctb. B KaTajiH3e HeT nona odiuefi pauHOHajibHOH Mepbi 
3KTHBH0CTH, H odbiqHaH OUeHKa KOHT3KT3 OCHOBbIBaeTCH Ha CpaBHCHIIH 
y3KO yTHjiHTapHbix hjih nojiysMnnpHqecKHx napaMeTpoB. Tanoe cpaB- 
HeHne 3aTpyAHHeTCH pe3Koft qy bctbhtcjibHOCTbio dojibuiHHCTBa koh- 
T3KTOB K qHCTOTe, M CTO Ay npHTOTOBJieHHH H npeAHCTOpHH K0HT3 KT3. 
3to AeJiaeT ycjiOBHbiM jnodbie KaTajiHTHqecKHe paAbi. B to JKe BpeMH 
HecoMHeHHO, qTO b orpoMHon Macce onbiTHbix AaHHbix hmckdtch onpeAe- 
jieHHbie 3aKOHOMephocth, no3BOJi5nom,He onbiTHOMy HccjieAOBaTejno dbi- 
CTpo HaMeTHTb nepcneKTHBHbie HanpaBjieHHH HccJieA0B3HHH».OrpoMHoe hhcjio KaTajiHTHqecKHx peaKUHH h KaTajiHTHqecKHx npo- ueccoB TpedyeT yAodHoft h jioruqecKH odocHOBaHHofl KJiaccHcJwKauHH, KOTopan h npeAJiarajiacb pa3JiHqHbiMH yqeHbiMH. He HMen bo3mo>khocth noApodHO ocTaHaBJiHBaTbCH Ha stom Bonpoce, TeM He MeHee cjieAyeT yKa3aTb Ha KJiaccmJiHKauHio, npeAJio>KeHHyio C . 3 . Pothhckhm [72] 
h noAAep>KHBaeMyio HeKOTopbiMH HauiHMH h HHOCTpaHHbiMH yqeHbiMH. B OCHOBy KJiaCCHCj)HKaUHH C . 3 . PorHHCKHH KJI3ACT He XHMH3M KaTajiHTHqecKHx npoueccoB, a CKOpee cj)H3HqecKyio npnpoAy KaTajiH33TopoB. Bee KaTajiHTHqecKHe npoueccbi oh pa3AejiaeT Ha Aue rpynnbi, 33Bhch-mne OT HaJlHHHH B KaT3JIH3aTOpe CBOdOAHbIX SJieKTpOHOB HJIH OT HOHH-
3Hpyiomero achctbhh hx Ha MOJieKyjibi peareHTOB.1) npoueccbi, CBH33HHbie c nepexoAOM ajieKTpoHOB (noAynpoeodnu- 
Koeuu KamaAU3). B OKHCJiax MeTajiJiOB h b caMHX MeTaJiJiax CBodoAHbie ajieKTpoHbi cnoeodHbi k JiaTepaJibHbiM CMeiueHHHM h k nepexoAaM c oa- 
hhx ypoBHefl Ha Apym e b npeAejiax HecKOJibKHX aTOMHbix paccTOHHHH, qTO BAeqeT 3a codoft npoHBjieHHe 3kthbhocth KaTaJiH33TopoB h npoTe- KaHHe peaKUHH no THny ajieKTpoHHbix MexaHH3MOB. K t3khm npouec- CaM C . 3 . PorHHCKHH OTHOCHT OKHCJieHHH, THApHpOBaHHH H ACrHApHpo- B3HHH.2) npoueccbi KHCJiOTHO-mejioqHoro K3TajiH3a (KamuoHHbiu KamaAU3). 
K 3T0My THny oh othocht peaKUHH, He CBH3aHHbie c nepexoAOM ajieK- TpOHOB, a 3aBHCHlUHe OT CnOCOdHOCTH KaT3AH3aTOpOB 0dpa30BbIBaTb K3TH0HbI HJIH npOTOHbl. ClOAa OTHOCHTCH, B nepByiO OqepeAb, KHCJIOTbl, HBJiHiomHecH AOHopaMH npoTOHOB, h ocHOBaHHH—aKuenTopbi npOTO- 
hob, a TaK>Ke pa3JiuqHbie KaTajiH33Topbi THna A1C13 h aAioMOCHJiHKaTbi.
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BÔ bi, noJiHMepH3auHH, KaTajiHTHqecKHH KpeKHHr, raJioreHHpoBaHHe.C . 3 . PorHHCKHH yKa3biBaeT, hto B03M0>KHbi h Apyrne, eme MeHee 
HCHbie THnbi KaTajiH3a—qepe3 o6pa30BaHHe KOMnjieKCOB, qepe3 nore- 
3HOHHHH KaT3JIH3, KaTaJIH3 C ITOMOmbK) napaMarHHTHbIX BemeCTB. Oh 
caM, oflHaKO, OTMeqaeT, mtoTaKan KJiaccH(f)HKauHH «...b dJimKafimiie ro^w 
6y.neT 3aBepuieHa, noxa OHa mribKO HaMeqaeTCH».B 3toh KHHre MaTepnaji pacnojic»KeH no KJiacmJjHKanHH, 6jih3koh 
k KJiaccH^HKauHH opraHHqecKHx peaKUHH, hto HBJiaeTCH dojiee y,no6- 
HblM H JIOrHqeCKH 060CH0BaHHbIM flJIH yCBOeHHH.
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r  ji a b a III

KATAJIHTHHECKOE OKHCJIEHHE

OB1U.AH KJ1ACCH<PHKAUHfI

Flpoueccbi KaTaJiHTHMecKoro okhcachhh hmciot orpoMHoe 6hoxhmh-  
qecKoe 3HaqeHHe (oKHCAHTeAbHO-BoccTaHOBHTeAbHbie npoueccbi b opra- 
HH3Max), a TaiOKe uinpoKO npHMeHHioTCH b opraHHqecKOH xhmhh h Tex- 
HOJiornH. MHoroHHCJieHHbie peaKUHH okhcachhh mo>kho KAaccncJiHUH- 
poBaTb one/iyiomHM odpa30M.A . OKHCJieHHe— npoueccbi B3aHMOAeiiCTBHH opraHHuecKHX cceAHHeHHH
C KHCAOpOAOM, K KOTOpbIM OTHOCHTCH:

peaKUHH nojiHoro okhcjichhu (okhcjichhc C O  b C 0 2, OKHCJieHHe opra- 
HHHeCKHX BemeCTB B C 0 2, H 20  h Ap.);

peaKUHH HenojiHoro okhcachhh, HanpHMep OKHCJieHHe cnnpTOB b 
ajib^erHAbi hah KeTOHbi, yrAenoAcpoAOB b KapSoHOBbie KHCjioTbi h t . a .B . JlecTpyKTHBHoe OKHCJieHHe— okhcachhc, CBH3aHHoe c pacnaAOM 

MOJieKyji, HanpHMep okhcachhc 6eH30Jia b MajieHHOBbiH aHrHApHA hah 
napafJmHOB b cMecb Kap6oHOBbix khcaot MeHbinero MOJieKyjiapHoro 
Beca.B . AyTOKCHAauHH (caMOOKHCJieHHe), npn KOTopou KaTajiH33TopaMH 
hbahiotch npoMeHcyTOUHbie npoAyKTbi: CMOjioo6pa30BaHHe 6eH3HHOB h 
3(J)HpoB, nporopKaHHe >khpob, BbicbixaHHe Maceji h t . a .

A. OKHCJIEHHE

I. PEAKUHH n o jiH o ro  OKHCJIEHHE

1. 06mHe CBeAeHHH

JXo nocAeAHero BpeMeHH k sthm peaKUHHM npoHBAHAH HeAocTaToq- 
HOe BHHM3HHe, H CAO>KHbIH MCX3HH3M nOAHOrO OKHCACHHH M3AO HHTe- 
pecoBaA HccAeAOBaTeAeH. J I s b h o  h3bcctho, uto Aiodoe opraHHuecKoe 
coeAHHeHHe npn noAHOM okhcachhh hah cropaHHH npeBpaiuaeTcn b 
cMecb okhcaob—C 0 2, H 20 , N 0 2, S 0 2 h a P- H3bcctuo TaK>Ke, mo ra- 
Kne BemecTBa, KaK CuO , Pd, P t, V 20 5, PbO  h t . nM KaTaAHTHuecKU
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ycKopaiOT OKHCJieHHe. Ohh hbjihiotch nepeHoeqHKaMH KHCJiopoaa, TaK 
KaK npeBpamaiOT MOjieKyjinpHbiH KHCJiopofl b aTOMapHoe cocroHHHe, 
qTo h odjierqaeT peaKHHio. OKHCb Mê H KaK nepeHocqHK KHCJiopo.ua 
H3BeCTH3 flaBHO:

2CuO +  C -► C02 +  2Cu 
2Cu +  02 —► 2CuO h t. a.

OHa 0Ka3ajiacb HCKJiioqHTejibHO yaodHoft ajih 3JieMeHTapHoro opra- 
HHqecKoro aHajiH3a mcto^om coxoKeHHH. MeTo^HKa nponecca okhcjichhh 
opraHHqecKHx coe/iHHeHHH oKHCbio Me^n dbiJia pa3padoTaHa eme K). JIh- 
6hxom. CHaqaJia c>KHraeMoe BemecTBO nepeMeuiHBajiH c nopoiHKOodpa3- 
hoh CuO, ho BnocjieacTBHH, Koiyja dbuio ycTaHOBJieHO ee KaTajiHTHqe- 
CKoe fleficTBHe, cMemeHHe cTajm npHMeHHTb Jinuib rjih oqeHb Tpy^Ho 
OKHCJIJHOIH.HXCH BeiH,eCTB. OKHCb Me£H MaJIO npHTOflHa flJIH COHOKeHHH 
MHornx coe^HHeHHH, co^epscamHX a30T, 'cepy h raJioreHbi; ,hjih OKHCJie- 
hhh 3thx BemecTB dbuio npe ĵioHceHO npHMeHHTb njiaTHHy

B nocjieAHee BpeMH ajih coxoKeHHH TpyAHOOKHCJiHiom,HXCH BemecTB 
npe/yiarajiocb noBbimaTb aKTHBHOCTb okhch Me,a,H pa3JinqHbiMH .nodaB- 
KaMH (HanpHMep, oqeHb xoporn KaTajiH33Top 3Cu0+Cr20 3). npHMe- 
hhiot TaKHte h Mn02, no3BOJiHK)myio npoBO^HTb nojiHoe coaoKeHHe npn
400--450° C 3THM K3TaJIH3aTOpOM MOJKHO padOTaTb B TOKe B03 ŷ-
xa, a He KHCJiopo.ua, hto oqeHb y^odHO. B cjiyqae rajioreHOCo,nep>KamHX 
BemecTB npHMeHHioT CMecb M n 0 2+ P b 0 2. KpoMe KaTajiHTHqecKHx Me- 
TOflOB nOJIHOrO OKHCJieHHH, H3BeCTHbI H npHMeHHMbl MeTÔ bl HeK3TaJIH- 
THMecKoro OKHCJieHHH. Tan, yxce flaBHO ajih stoh uejrn npHMeHHiOT pac- 
TBop nepMaHraHaTa. HMeeTCH 3HaqHTejibHan JiHTepaTypa no npHMeHe- 
HHK) flJIH peaKHHH OKHCJieHHH B KaneCTBe KaTaJIH3aTOpa CepHOH KHCJIOTbl
c aKTHBHpyiomHMH ^odaBKaMH KHS04, V20 5, Hg, Cu, Se n,np.

2. KaTajiHTHMecKoe OKHCJieHHe CO pfl CO2

B npaKTHKe dojibmoe 3HaqeHHe npHodpejio KaTajiHTHqecKoe okhc- 
jieHHe HflOBHTOH okhch yrjiepo,zi;a £0 cpaBHHTejibHO de3Bpe^Horo yrjie- 
KHCJioro ra3a. ripn HajiHqHH b B03^yxe onacHbix KOHiteHTpauHH okhch 
yrjiepo.ua npHMeHHiOT npoTHBora3bi c ronKaJiHTOBbiMH KaTajiH3aTopaMH, 
KOJinqecTBeHHO okhcjihioihhmh KHCJiopo,noM B03,nyxa CO b C02:

2CO -f 02 2C02

riepBbie odpa3Hbi ronKajiHTOB dbiJin pa3padoTaHbi A. JlaMdoM, 
B. BpeiieM h O. Ope3epoM [1] Ha ocHOBe CMecefl pa3JiHMHbix okhcjiob Me- 
TajiJioB. B KOHenHOM HTore HaHJiynuiHe pe3yjibTaTbi noKa3aji ronKajiHT 
H3 neTbipexKOMnoHeHTHOH CMecn okhcjiob: 50% Mn02, 30% CuO, 
15 % Co20 3 h 5% Ag20. Ilo3AHee dbiJin pa3padoTaHbi He MeHee aKTHB- 
Hbie flByxKOMnoHeHTHbie KaTaJiH3aTopbi, HanpHMep CMecb H3 60% 
Mn02 H 40% CuO. AKTHBHOCTb ronKajiHTOB BO MHOrOM 33BHCHT He TOJIb- 
ko ot cocTaBa, ho h ot MeTO.ua nojiyqeHHH, ^HcnepcHOCTH okhcjiob, xpa-
HeHHH, BJI3JKH0CTH H T. fl.
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Ochobhhm KOMnoHeHTOM Bcex ronKaJiHTOB BBJiHercH CHJibHO Aacnepc- 
Han h aKTHBHaa M n 0 2, ocraAbHbie AodaBKH nrpaiOT pojib cra6HAH3aTO- 
pOB h aKTHBaTopoB. Bee Bxo^nmHe b cocTaB ronKaJiHTOB okhcam o6- 
AernaiOT OKHcjieHHe CO  b C 0 2, TaK xax ohh xHMHnecKH HeycTOHHHBbi h 
JierKo pa3JiaraK>TCH Ha CBodoAHbift khcaopoa h HH3inHe okhcam (AOHopbi 
H nepeHOCHHKH KHCAOpOAa).

n o  C . 3 . PorHHCKOMy [2, 3] OKHCJieHHe CO  npoTexaeT Ha M nO, 
no cjieAyiomeH cxeMe:

MnOo-j-CO —►  MnOz-CO (aKTHBHpoBaHHaa aacopfiuHa)
Mn02-C0 —►  Mn02 +  CO (aecopSuHH)
MnOjj-CO +  0 2 —►  Mn020 +  C02 (1 CTyneHb OKHCJieHHa)
Mn020  +  CO —►  Mn02 +  C02 (2 CTyneHb OKHCJieHHa)
Mn02-C0 — MnO +  C02 (xeMocop6uHH)
MnO +  1/20 2 —►  Mn02 (pereHepauHH KaTajiH3aiopa)

KoHenHO, Tanoe TeneHHe npouecca eme tomho He ycTaHOBJieHO. ,Hpy- 
thmh aBTopaMH 6mjih npeAAOJKeHbi HHbie cxeMbi, Ha KOTopbix He ocra- 
HaBJiHBaeMca.

C  ronKajiHTOBbiM KaT3AH3aTopoM mo>kho cbo6oaho AwmaTb Aa>Ke 
b aTMOCt̂ epe, coAepaomefi ao 1 0 %  CO . TonKajiHT cnoco6eH k caMbiM 
pa3JiHHHbiM peaKUHHM OKHCJieHHH, HanpHMep OH'OKHCJiaeT H 2S b S 0 2; 
3T0— KaTa7IH33TOp, BeCbMa HyBCTBHTeJIbHblH K p33JlHMHbIM B03ACHCTBHHM,
b HacTHOCTH k BOAHHbiM napaM, KOTopbie 6bicTpo A63aKTHBHpyK)T ero. 
nosTOMy b npoTHBora3e ronKaAHT noMemaiOT Me*Ay AByMH caohmh 
3epHeHoro XAopHCToro KaAbiiHH hah cneunajibHoro yrAH. npouecc 
OKHCAeHHfl CO  B C 0 2 CHJibHO 3K30TepMHMeH (68 000 KQA/s-MOA), n03T0- 
My KopoSKV ronKajiHTOBoro npoTHBora3a CHa6>KaiOT xhmhhcckhm oxjia- 
AHTejieM.

3. rioBepxHocTHoe cropaHHeEme b Hanajie npouuioro cmneTHH T J\ a bh 6uao OTMeneHO cjieAyio- 
mee AiodonbiTHoe HBJieHHe: ecJiH HarpeTb TOHKyio nJiaTHHOByio npoBo- 
jioxy h BHecni ee b cBeTHAbHbifi ra3, b CMecb CO  c khcjiopoaom, b sth- 
jieH, b rpeMynyio CMecb, H C N  h Boofime b aTMoaJiepy juo6bix ropioqHX 
napoB hah ra30B, to npoBOAOKa pacKaAHeTCH AoOeAa h ocraeTca b Ta- 
kom coctohhhh ao HCTomcHHH ropionero MaTepHaAa. nOApoSHOe H3yqe- 
HHe 3T0T0 HBAeHHH nOKa3aAO, HTO paCKaAHTbCH MOryT He BCe MeTBAAbl: 
Fe, P t h Pd AaioT noAO>KHTeAbHbiH 3(Jx})eKT, a Cu, Zn, Ag h A u—otph- 
uaTeAbHbiH. 3 th cjiaKTbi yKa3biBaiOT, hto npnpoAa MeTaAAa BAHaeT Ha 
CKOpOCTb CropaHHH.

H a 0CH0B3HHH sthx HccAeAOBaHHH 6biAa, b qacTHOCTH, ycoBepmeH- 
CTBOBaHa 6e3onacHaH AaMna aah uiaxTepoB, b ocHOBy KOTOpoft noAo- 
>KeH tot npiiHUHn, hto B3pbiB ra3a npoHcxoAHT BHyTpn AaMnbi, He pac- 
npocTpaHHHCb nepe3 ceTKy Hapywy. npn bhcokom coAep*aHHH MeTaHa 
b B03Ayxe uiaxT AaMna racHeT. HTo6bi co3AaTb aah uiaxTepoB, ocraio- 
mnxcH b noAHoil TeMHOTe, 6e3onacHbiH CBeT, T J\ a bh HcnoAb30B3A npHH- 
unn pacnaAHBaHHH npoBOAOKir Ha (jiHTHAe AaMnbi ynpenAHAacb nAa-

12 |,. ii AojrroB
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THH0B3H cnnpajib, KOTOpan nocjie 3aTyxaHHH jiaMnbi oeraBajiacb pac- 
KaJieHHOH 3a cqeT cropaHHH Ha ee noBepxHocTH MeTaH0-B03,nyiiiH0H 
CMecH. Ô HaKo Tanne JiaMnbi c njiaTHHOH He HauiJiH uinpoKoro npn- 
MeHeHHH.

BcKope dbiJiH OTKpbiTbi BecbMa HHTepecHbie cbohctb3 nJiaTHHOBoft 
qepHH, H33BaHHOH rpeMyqeft njiaTHHOH, TaK KaK oHa Bbi3biBajia B3pbiB 
rpeMyqero ra3a; b 1823 r. dbiJia nojiyqeHa rydnaTan njiaTHHa, HeBepHO 
Ha3BaHHan Hedomcbio riAamuHbi (W. XledepeftHep). TydqaTan njiaTHHa 
odjia/jaeT pn̂ OM 3aMeqaTejibHbix cbohctb. Grpyn BOAopojua, HanpaB- 
jieHHaa Ha Tanyio njiaraHy, BocnjiaMeHneTcn. TydqaTaH njiaTHHa Harn- 
jia npHMeHeHHe ,hjih pa3JmqHbix uejieft, H3 KOTOpbix Handojiee BaJKHbiM 
HBJiHeTCH Hcnojib30BaHHe ee b aeduoMempuu, hjih ra30B0M aHajiH3e. 
TydqaTan njiaTHHa, HaHeceHHan Ha pjihhhhmh mapHK, de3 B3pbiBa npe- 
BpamaeT CMecb Bô opô a c khcjiopoaom b Bô y; na stom ocHOBaH nep- 
BbiH KaTajiHTHnecKHH mctoa KOJiHHecTBeHHoro onpe/jejieHHH Bô opô a 
b ra30Bbix CMecnx.

npH H3yneHHH cbohctb Pt-nepHH hjih rydqaTOH njiaraHbi dbijio od- 
pameHO BHHMaHHe Ha 3aMe£JiHiomee hjih OTpaBjisnomee /jeficTBHe hcko- 
Topbix BemecTB. Tax, OKa3aJiocb, hto Tanne npHMecn, KaK 20% CO, 
7% S02, 5% H2S h 33% NHg, coBepmeHHO npeKpamaioT cnocodHOCTb 
rpeMyqeft CMecn cropaTb npn BBê eHHH b Hee SB̂ HOMeTpHqecKHx mapn- 
kob (rydnaToft nJiaTHHbi).

Eine paHbine (1817 r.) dbijio odHapyjKeHO, hto B3pbiB MeT3H0-B03- 
AyuiHbix hjih rpeMyqnx cMeceft npe^oTBpamaeTCH, ecjiH BBecra b hx 
cocTaB 3HanHTejibHbie KOJinqecTBa 02, H2, NO, HC1, H2S h P̂- O^hh 
Hccjie^oBaTejiH cqHTajiH, qTO BCjieaiCTBHe AodaBOK rjiaBHyio pojib nrpaeT 
3^ecb H3MeHeHHe TenjioeMKOCTH; ^pyrne nee dojiee npaBHJibHO 3aKjnoqH- 
jih, qTO TopM03HuiHe BemecTBa odpa3yiOT Ha noBepxHocTH KaTajiH3a- 
Topa nJieHKH. CHcreMaTHqecKoe H3yqeHHe hbjichhh noBepxHOCTHoro 
cropaHHH, npoBe^eHHoe B. Bohom [4], no3BOjiHJio c/jejiaTb cJie^yiomHe 
ododinaromne BbiBo/jbi:

1) Bee noBepxHocTH ycKopniOT OKHCJieHHe ra30B npH TeMnepaType 
HHHce TeMnepaTypbi hx cropaHHH;

2) KaTajiHTHqecKan aKTHBHOCTb pacTeT napajuiejibHO TeMnepaType 
noBepxHocTH, ô HaKo npH oqeHb bhcokhx TeMnepaTypax artTHBHOCTb 
nOHTH He MeHHeTCHJ

3) TeMnepaTypa decnjiaMeHHoro ropeHHH tcm Bbirne, qeM nopHoree 
noBepxHOCTb;

4) ropeHHe npoHcxo/jHT b oqeHb tohkom cjioe KaTaJiH3aTopa (BepoHT- 
Hee Bcero—MOHOMOJieKyjinpHOM);

5) Handojiee aKTHBHbi njiaTHHOBbie MeTajiJibi;
6) KaTaJiHTHqecKoe AeficTBHe noBepXHOCTefi 33Bhcht ot cnocodHOCTH 

hx a^copdnpoBaTb ra3bi. MexaHH3M aKTHBanHH He BbincHeH, ho, BepoHT- 
HO, OH odyCJIOBJieH HOHH3HpyiOIII,HM êHCTBHeM SJieKTpOHOB, TaK KaK 
K3TaJIH3aTOp 3apH*aeTCH nOJIO>KHTeJIbHO H3-3a 9MHCCHH SJieKTpOHOB.

TopioqHe CMecn Ha TBep^bix noBepxHOCTnx cropaiOT dbiCTpo, nojiHO 
h ji0 KaJiH30B3 HH0 , qeM AocTHraiOTCH oqeHb BbicoKne TeMnepaTypbi
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(ao 1800°) h BbicoKHH x.n.A. Ha 3tom npHHunne b Hacronmee BpeMH 
ocHOBaHO ycTpoficTBo HeKOTopbix jiadopaTopHbix HarpeBaTejibHbix npn- 
6opoB, THrejibHbix h My(J)ejibHbix nenefi, iijihtok h t . a -, a Tax>xe 3aboa- 
ckhx OTpa>KaTejibHbix neqeft h 6ojibiuHX CTaunoHapHbix kotjiob. B no- 
cJieAHHx BOAe nepe^ae-rcn 88% TenjiOTbi cropaHHH cMecw, mto BecbMa 
3<JxJ)eKTHBH0, Tax Kan npH odbiMHOM HarpeBaHHH nepeAaqa cocTaB^aeT 
55—70% Tenjia.

rioBepxHOCTHoe cropaHHe ycneuiHo npHMeHHxrr h ajih ocBemeHiin. 
OfibiHHan H3BecTb b n,naMeHH rpeMynero ra3a paoxa-nneTCH c ocjienn- 
TejibHbiM 6ejibiM CBeTOM; sto cbohctbo ao HeAaBHero BpeMeHH ncno.ib- 
30Bajiocb ajih ocBemeHHH ManxoB h Aa>xe HexoTopbix ropoAOB. 3tot 
>xe npHHUHn nojio>xeH b ocHOBy ycrpoftcTBa pa3JiHMHbix ra30xajiHJib- 
Hbix ropejioK. OKOHMaTejibHo npo6jieMa ra30xajiH.nbHoro ocBemeHiin 
6biJia pa3pemeHa b 1883 r. (K. Ayap (J)oh Bejibcdax). J l a s n o  H3BecTHO, 
mto ThOz h Ce02 ocoSeHHO hhtchchbho cbcthtch npH HaxajiHBaHHH. 
B pe3yjibTaTe AJiHTejibHbix onbiTOB 6biJio HafiAeHO, mo MaxcHMaJibHofi 
CBeTOHcnycKaiomefi cnocodHOCTbx) odjiaAaeT cMecb H3 99,1 % ThO., h 
0,9% Ce02. H3 3T0H CMeCH H H3rOTOBJIHJIHCb ra30KaAH.lbHbie KOJinaMKH, 
noKpbiBaeMbie ajib npoqHOCTH npH TpaHcnoprapoBxe cjioeM kojijio- 
AHh. Tax xax Taxon MaTepnaJi oneHb Aopor, 6biJin 3aieM HafiAeHbi dojiee 
AemeBbie cMecn; HanpHMep, Ce02 mojxho 3aMeHHTb Ha V2Os, UO., 
hjih Mn02 (0,4%, 0,25% h 1,5% cooTBeTCTBeHHo); npHMeHHAH cMecii 
H3 A120 3 c 6— 18?u Cr20 3. ra30xa./iHJibHbie ropejixn no HpxocTH CBeia 
He ycTynajin sjiexTpHnecxHM jiaMnaM, AaBan cnjiy ocBemeHHH ao 1800— 
2300 CBenen. Tenepb ohh nomH noBceMecTHo BbiTecHeHbi sjiexTpHMo
CTBOM.

4. TeopMM npopecca nojiHoro cropaHHH yrjieBOAOpoAOB

B CBB3H c pa3BHTHeM aBHa- h aBTOTpaHcnopra, Tpe6yx)inHx xohah- 
UHOHHpoBaHHoro JXHAXoro TonjiHBa, Bonpocbi nojiHoro cropaHHH yrjie- 
boaopoaob h hx cMeceii nojiyqnjiH ocoSoe 3HaneHHe. XapaxTep h cxopocTb 
cropaHHH yrAeBOAOpOAOB 3H3MHTeAbHO MeHHHDTCH B 33BHCHMOCTH OT 
xjiacca h CTpoeHHH AaHHoro yrjieBOAopoAa, hto hbahctch rjiaBHeftmuM 
xpHTepneM r j i h  oTdopa Hy>XHbix coptob ropx>qero. JIx)6oh yrAeBOAopoA 
cropaeT nojiHOCTbX) no odmeft cxeMe:

B 3toh cxeMe HeT Hiixaxoro yxa3aHHH Ha MexaHH3M caMoro cropa
HHH. CoBepmeHHO HeBeponTHO, mo6bi nocJieAHee npoTexa.no b oahv 
(J)a3y. npH H3yqeHHH cropaHHH npocTefimero H3 ymeBOAopoAOB—MeTa- 
Ha—6bi.no ycTaHOBJieHO, mto Aa>xe oh cropaeT cryneHnaTo; b npoAyKTax 
cropaHHH HMex)TCH a/ibAerHAbi h Apyrne xnc.nopoAcoAep>xamHe coeAH- 
HeHHH, a noTOMy cneAyeT npH3HaTb CTyneHHaTocTb cropaHHH yrjieBOAo- 
poAOB, npHqeM qnc.no oTAeAbHbix CTyneHeft nponopunoHaAbHO A^BHe

12*
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ueriH. MexaHH3M cropaHHH o6bhchhk>t no-pa3HOMy, OAHaKO Bee npeA- 
jiaraeMbie TeopHH MoryT 6biTb cBe^eHbi k TpeM ochobhhm ranaM: 1) Teo
pHH TH,npoKCHJiHpoBaHHH, 2) TeopHH o6pa30BaHHH nepeKHcefl h 3) Teo
pHH UenHbIX MeX3HH3MOB.

Teopun eudpoKcuAupoeanuH, hjih rHApoKCHjibHan TeopHH, co3AaHa
B. Bohom b pe3yjibTaTe H3yqeHHH MeAJieHHoro okhcjichhh MeTaHa npn 
450—500° [4]. ripn peaKUHH Shjih odHapyxKeHbi 3HanHTejibHbie kojih- 
qecTBa (JiopMajibAerHAa:

ch4 +  o 2 -*■ ch2o +  h2o

Bhjio BbicKa3aHO npeAnojio>KeHHe, hto OKHCJieHHe MeTaHa ao CH20  
HAeT cTyneHHaTO:

o o
CH4 ------► CHjOH------► CH2(OH)2 ------CH20 +  H20

3to h nocjiyjKHJio ocHOBaHHeM ajih TeopHH rHApoKCHJiHpoBaHHH, 
COrJiaCHO KOTOpOH aTOMbl KHCJIOpOAa npH OKHCJieHHH BHeApHIOTCH no 
cbh3hm C—H c odpa30BaHHeM C—OH. Ha ochob3hhh 6ojibinoro 4>aK- 
THnecKoro MaTepnajia TeopHH 6bijia odocHOBaHa B. Bohom b 1933 r. 
riojiHoe CTyneHnaToe okhcjichhg MfeTaHa npoTenaeT no cxeMe:

CH4 —  ■-► CH3OH CH2(OH)2 —  CH(OH)3

I
1

ch2o +  h2o

noATBep)KAeHHeM stoh cxeMbi mojkct cjiyncHTb oKHCJieHHe MeTaHa 
h Apyrnx yrjieBOAOpoAOB noA AaBJieHHeM (cTp. 194), KorAa o6pa3yioTCH 
cnnpTbi h HHbie KHCJiopoAcoAepncamHe coeAHHeHHH. 06man cxeMa 
cryneHnaToro okhcjichhh yrjieBOAopoAOB no TeopHH rHApoKCHjwpoBa- 
hhh, no AaHHbiM aBTopa, cneAyiomaH:

o o —h2o
RCH2CH3 ------► RCHjCH2O H ------► RCH2CH(OH)2 ------►

------*- RCH2CHO — ? -+ ■  RCH2COOH------► RCHS +  C02

O

RCH2OH h t. A-
rHApoKCHJibHan TeopHH HMeeT pha HeAOCTaTKOB. BcHKan peaKUHH 

OKHCJieHHH yrjieBOAopoAOB HanHHaeTCH He cpa3y, a Jinuib no HcreneHHH 
neKOToporo BpeM'eHH, hjih «nepHOAa HHAyKiiHH». Ctopohhhkh TeopHH 
rHApoKCHJiHpoBaHHH He MoryT AaTb yAOBjieTBopHTejibHoro o6i»HCHeHHh 
nepHOAa hhaYkuhh; ohh paccMaTpHBaiOT ero KaK BpeMH, HeodxoAHMoe 
Ajih noHBAeHHH HeKOTOporo onpeAejieHHoro KOJiHnecTBa ajibAerHAa, 
ocTaiomerocH 3aTeM nocTOHHHbiM. 3to, OAHaKO, He BCKpbiBaeT npnpoAbi 
HHAyKUH0HH0r0 nePH0Aa*

-H 20
------► HCOOH

C02 +  H20
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Gna6oH cropoHOH TeopHH rHApoxcHAHpoBaHHa hbahctch TaK>Ke H 
oTcyTCTBHe od'bHCHeHHH o6pa30BaHHH nepexucefi, Bcer^a noAywaioiuHx- 
CH npn CTOpaHHH TOnAHBa. CTOpOHHHXH TeopHH nbITaiOTCH 06'bHCHHTb 
3tot cfiaHT ^ajibHeHiiiHM OKHCJieHHeM ajib^erHAOB. HaKOHeu, BecKHM 
AOBOAOM npOTHB THApOXCHAbHOH TeopHH CAy>KHT OTCyTCTBHe CnHpTOB 
b npoAyKTax cropaHua, xoth cnupTbi 3HawHTeAbHO 6ojiee ycroHWHBbi. 
neM ajibAerHAbi.

HexoTopbie ctopohhhkh nepexncHoii TeopHH (cm. HH>xe) cwHTaxrr 
TeopHK) THApOKCHJlHpOBaHHa BOo6ui,e HeCOCTOHTejTbHOH. OhH yKa3blBaK)T,
wto aah npHHHTHH ee Heo6xoAHMO AonycTHTb npeABapHTejibHyio ahcco- 
unauHio MOAexyA XHCAopoAa Ha aTOMbi, Tax xax HenoHaTHO, xaxHM 
o6pa30M pearnpyeT MOAexyAapHbiH xhcaopoa. JXonymeHHe >xe ahcco- 
UHauHH 02 ^  20 HenpneMAeMO, Tax xax hh snepreTHHecxn, hh axcnepu- 
MeHTajibHo 3to Heo6ocHOBaHo. OAHaxo HexoTopbie ({laxTbi He onpaBAbi- 
BaiOT CTOAb pe3xofl xpHTHXH, Tax xax b onpeAejieHHbix ycAOBHax npH 
oxHCJieHHH yrjieBOAopoAoB MoryT noAyuaTbca h cnHpTbi (HanpHMep, 
npH xojiOAHoruiaMeHHOM oxHCJieHHH, CTp. 196). Bee >xe ocTaeTca Heac- 
HbiM Bonpoc, aBJiaiOTca ah nocAeAHHe nepBHWHbiMH npoAyxTaMH oxhc- 
jieHHa yrjieBOAopoAOB hah >xe ohh o6pa3yx)Tca b pe3yAbTaTe BTopnwHbix 
peaxuHH.

Teopun o6pa3oeanuR nepepuceu (nepexHCHaa, hjih nepoxcHAHaa, 
Teopna) 6biJia co3AaHa A. H. BaxoM (1897 r.) [5] h He33BHCHM0 ot Hero 
K. SHrAepoM [5a]. B ocHOBe stoh TeopHH ae>KHT npeAnoAO>xeHHe, wto 
MOAexyAbi xHCAOpoAa npeABapHTeAbHO nepexoAflT b axTH B H oe cocToa- 
HHe:

0 = 0  —  - 0 - 0 -

3tot npouecc hact MeAJieHHO npn hh3xhx h SbiCTpo npn bwcoxhx 
TeMnepaTypax; b pe3yAbTaTe npn b33hmoa6hctbhh MOAexyAbi oxhcahki- 
Lueroca BemecTBa c «noAypacnaBUieHca» MOAexyAOH XHCAopoAa nojiy- 
waeTca MOAbOKUCb (hah MOAOKcud), xoTopaa 6biCTpo npeBpamaeTca b 
6oAee CToflxyio (JiopMy nepexHCH:

—O
RCH3+  I ->► [RCH3 02] -► rch2ooh

--O MOJIbOKHCb IiepeKIICb

nocAeAHaa 3aTeM o6pa3yeT aAbAerHA:

RCH2OOH ->► RCHO -f H20

06pa30BaHHa moaboxhch h nepexucH aBAaiOTCa nepBHWHbiMH cra- 
Ahhmh oxHCAeHHa ( im dyKm ioH H bui n e p u od ) , 3a xoTopbiM CAeAyeT 6hct- 
pbift nepnoA cropaHHa—HHorAa co cxopocTbK) A6T0Hau.HH.

O6pa30BaHHe nepexHceii npn achctbhh Ha yrAeBOAopoAbi XHCAopoAa 
HAH B03Ayxa OTMeweHO MHOTHMH HCCAeAOBaTeAHMH, H HeXOTOpbie nepe- 
XHCH H30AHp0B3HbI H H3yweHbi; HanpHMep, npH OXHCAeHHH «-C5H12> 
h-C6H,4 h «-C7Hlfl noAyweHbi C02, aAbAerHAbi h JxeATbie MacAoo6pa3Hbie 
>khakoctm BepoHTHoro cTpoeHHa RCH(OH)OOH, oxHCAaiomneca AaAee
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co CBeqeHHeM (xojioAHoe naaMH). 3 th nepeKHCH npH HarpeBaHHH B3pbi- 
sajiH c orpoMHoft chjioh. ripHcyTCTBHe TaKHx >Ke nepeKHcen nojinporpa- 
(j)HqecKH 6hjio o6Hapy>KeHO npH okhcjichhh 3TaHa.

C tohkh 3peHHH nepeKHCHofi TeopHH oKHCJieHHe MeTaHa npoTenaeT 
CJie ŷiomHM o6pa30M:

CH4 +  0 2 [CH4 0 2] - » -  c h 3o o h  

CH3OOH ->- CH20  +  H20 

CH20  +  0 2 [CH20  0 2] — HCOOOH

HCOOOH HCOOH +  O

HJ1H
HCOOOH +  CH20  2HCOOH

IlepeKHCH o6pa3yiOTCH Aa>Ke Ha xojioAy npn xpaHeHHH yraeBOAopo- 
Aob (cm. CaMOOKHejieHHe, CTp. 232), hto mo>kho ycTaHOBHTb npn noMO- 
ihh nepeKHCHbix npo6: 1) OKHCJieHHe Fe" b Fe '" (poAaHOBan pean- 
hhh), 2) nocHHeHHe pacTBopa KJ c KpaxMajioM BCJieACTBHe BbmejieHHH 
cboSoahoto J2 no peaKUHH:

2RCOOH H- 2KJ -* -  2RCOOK +  2HJ 
RCOOOH +  2HJ RCOOH +  H20  +  J2

HeKOTopbie aBTopbi cqHTaiOT, hto npH cropaHHH yrjieBOAopoAOB 
HMeeT MecTO hjih oKHCJiHTejibHoe hjih o6biHHoe AerHApHpoBaHHe, hto 
odjierqaeT o6pa30BaHiie nepeKHcen no MecTy abohhoh cbh3h:

h2o+o
RCH2CH3 ------► RCH=CH2 ---------- *- RCH—CH2 ----- ► RCHO +  CH20

B 3tom cjiyqae HHAyKHHOHHbift nepHOA paccMaTpHBaeTcn KaK BpeMH, 
Heo6xoAHMoe rjm  okhcjichhh He6ojibiiiHx kojihhcctb HenpeAejibHbix 
coeAHHeHHH h HaKonjieHHH Taxoro KOJinnecTBa nepeKHceft, htoS h o6e- 
cnenHTb Aa-abHeflinHH ayTOKaTajiHTHqecKHH npouecc cropaHHH.

nepeKHCHbie TeopHH b CBoeft riepBOHaqajibHOH h 6ojiee coBepmeH- 
hoh no3AHenmeH cj)opMax 3HaqHTejibHO nojmee o6t>hchhiot MexaHH3M 
cropaHHH, qeM THApoKCHJibHbie TeopHH. OAHano o6e sth TeopHH He yqn- 
TbiBatOT KHHeTHqecKoft CTopoHbi npoueccoB oKHCJieHHH, orpaHnqHBancb 
KaqecTBeHHbiM onpeAejieHHeM HHAyKHnoHHoro nepnoAa, KaK mcajichhoh, 
h npouecca okhcjichhh, KaK 6bicTpon peaKUHH.

Teopun neriHbix Mexanu3Moe 3aBoeBbiBaeT Bee 6ojibmee BHHMaHHe. 
Ochobu uenHbix npoueccoB pa3BHTbi b HCCJieAOBaHHHX H. H. CeMe- 
HOBa [6] h ero uiKOJibi.

H3BecTHO, hto b cjiyqae 6bierpo npoTeKaiomHX peaKUHH hhcjio aK- 
THBHbix MOJieKyji MoateT cocTaBJiHTb SojibHjyio qacTb Bcex MOJieKyji. npn 
HeKOTopbix 3K30TepMHqecKHx npoueccax pesyjibTHpyromne MoaeKyjibi 
MoryT coAep>KaTb SHeprHH 6ojibme, qeM ocTajibHbie MOJieKyjibi. TaKHe 
«ropnqHe» MOAeKyjibi aKTHBHpyioT Apyrne MoaeKyjibi, coo6man hm 3Hep-
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thk) aKTHBauHH, Heo6xo/uiMyio /yifl HauaJia hjih npoAOJUKeHHa peau- hh h , —b pe3yjibTaTe B03HHKaioT peaKUHOHHbie uenu. npu bchkoA uen- hoh peaKUHH Hapa^y c KOHeaHbiMH npoAyKTaMH Bcer^a HMeeica aKTH- BHp0B3HH0e HCXOAHOe BemeCTBO HJIH HeCTOHKHe npOMe>KyTOHHbie co- e^HHeHHa, doraTbie cBodoAHofl SHepruefl. TenjioBaa sHeprna cHCTeMbi He ycneBaeT pacceHBaTbca paBHOMepHO Me>KAy MOJieKyjiaMH, a nepe- AaeTca JiHiiib HeKOTopoMy MHCJiy, aKTHBHpya h x ; dJiaroAapa 3TOMy peau- una noBTOpaeTca MHoroKpaTHO noA bjihhhhcm Hedojibiuoro hcxoahotg sHepreTHaecKoro HMnyjibca.ripHMepoM uenHofl peaKUHH HBjiaeTca B3aHMOAeflcTBHe xjiopa c BOAopo- Aom . riorjiomeHHe OAHoro KBaHTa cBeTa 3acTaBJiaeT pearnpoBaTb ao 1 MJ1H. MOJieKyjI H 2 c C 12. EAHHCTBeHHbIM MeX3HH3MOM, KOTOpblfl MO>KHO npeAnojioJKHTb b stom cuyuae, HBjiaeTca uenHoft. LJ,enb HaaHHaeTca c odpa30BaHHa 3kthbhoh MOJieKyjibi XJiopa C l2 nOA AeflcTBueM OAHoro KBaHTa SHeprHH h i  [7]:
Cl2 -f- hi —► Cl2 

Cl2 +  H2 -► HCI +  HCI*

HC1* +  Cl2 —► HCI +  Cl'

Cl’ +  H2 HCI +  HCI* H T . A.B03M0>KH0 TaKHie, HTO KBaHT SHeprHH BbI3bIBaeT AHCCOUHaUHIO XJIO- pa, odecneMHBaiomyK) uenHofl npouecc:
Cl2 +  hi Cl +  Cl

Cl +  H2 — HCI +  H

H +  C12 HCI +  CI

Cl +  H2 HCI +  H h t . a .L^enn npoAOJi>KaioTca ao Tex riop, nona He HacTynHT h x  odpbiB, npu- HHHbl KOTOpOTO pa3JIHMHbi: CTOJIKHOBeHHe C MOJieKyjiaMH aHTHK3Ta/IH- aaTopa b odbeMe, HecoBepuieHCTBO nepeAaaH 3HeprnH aKTHBaunn ox oahoh MOJieKyjibi k Apyroft, CTeHKa cocyAa.
C noBbimeHHeM ckopocth 3K30TepMHaecKofl peaKUHH HapacTaeT h KOJinaecTBO TenJia, conpoBoatAaeMoe poctom ancjia «ropaMHx» MOJieKyji; nosTOMy de3 paAHauHH TenJiOTbi b oupyuoioLuee npocTpaHCTBO peanuna CT3H0BHTCa B3pbIBHOH. CKOpOCTb UenHbIX peaKUHH 3aBHCHT0TC00TH0meHHa Me>KAy MHCJIOM B03HHK3IOLUHX H odpblBaiOIUHXCH Uenefl: B3pbIBHbie peaKUHH HMeiOT MecTo npn dbiCTpoM HapacTaHHH uHCJia B03HHKaioiuHX ue- neii, 3aTyxaioiuHe uenHbie peaKUHH— npn npeodaaAaHHH qncjia odpbi- Bajomuxca uenefl. HaKOHeu, npn paBHOM cooTHOuieHHH B03HHKaioiuHx n odpbiBaioiuHXCH uenefl peauuna HAeT c nocToaHHofl cuopocTbio.
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R j i n  onpenejieHHH uenHbix peaKUHfl cymecTByioT cjieuyioiHHe kph- 
TepHH 16J: 1) BCHKaa uenHan peaKUHH odJia^aeT 6ojiee hjih MeHee jijihh- 
HblM CKpbITbIM HJIH HĤ yKUHOHHblM nepHOJIOM, BO BpeMH KOTOpOrO npO- 
hcxo^ht HaKonJieHHe HHCJia MOJieKyji c noBbmieHHbiM 3anacoM SHeprHH; 
nocjie HHflyiumoHHoro nepHO.ua HacTynaeT pe3KHfl nepexo^ k 6bicrpofl 
peaKUHH; 2) CKOpocTb bchkoh uenHoft peaKUHH yMeHbiuaeTCH c yBejiH- 
neHHeM noBepxHOCTH peaKUHOHHoro cocy^a, Tan Kan noBbimaeTca Be- 
poHTHOCTb ofipbiBa uenefi Ha noBepxHOCTH.

KpHTepHH 3TH nOJIHOCTbK) npHJIO>KHMbI K peaKUHHM CTOpaHHH pa3- 
JlHHHblX OpraHHHeCKHX COê HHeHHH. C  TOHKH 3peHHH TeopHH uenHbix 
MGX3HH3M0B, H CnHpTbl, H aJIbflerHflbl, H nepeKHCH MOryT npHHHM3Tb 
aKTHBHoe yuacTHe b pa3BHTHH uenefl npn cropaHHH yrjieBOAopoflOB.

OcHOBHbiM oTJiHHHeM uenHoro MexaHH3Ma ot nepeKHCHoro uBJiueTca 
06beKT aKTHBauHH: no uenHOMy MexaHH3My peaKUHH HanHHaeTCH He e aKTHBauHH MOJieKyji 0 2, a c aKTHBauHH MOJieKyji OKHCJiuioiuerocH 
BemecTBa, htoropa3.noBepouTHee. H . H . CeMeHOB, pa3BHBuiHfl npe,ncTaB- 
jieHHH o uenHOM MexaHH3Me peaKUHfl, paccMaTpHBaeT OKHCJieHHe opra- 
HHuecKHX coeflHHeHHfi, Kau ayTOKaTajiHTHHecKHft npouecc, h .nejiHT ero 
Ha Ase rpynnbi: 1) OKHCJieHHe npe^ejibHbix h HeKOTopbix apoMaTHuecKHx 
yrjieBOAopoaoB, 2) OKHCJieHHe Henpe,nejibHbix yrjieBOflopo^OB, ajiunern- 
^OB H CnHpTOB. MexaHH3M peaKUHH OKHCJieHHH H KHHeTHKH b o6eHX 
rpynnax pa3JiHueH.

npH npoueccax okhcjichhu Ha.no pa3JiHuaTb: ocHOBHyio uenb, pa3- 
BeTBjieHHe uenn (caMoycKopeHHe) h o6pbm uenH (TopMonceHne). Ha- 
npHMep, OKHCJieHHe MeTaHa, no H . H . CeMeHOBy, npoTeKaeT cjienyio- 
iuhm o(5pa30M:

I. O c H O B H a a  u e n b
a) CH4 +  O —*- CH40 urn 6) CH40 +  02 
CH40 +  02 CH402 +  O 2CH403

CH402 -► CH20 +  H20 ch4o2
CH4 +  0 ->- CH40

H T. A-
II. P a 3 Be T B j i e HHe  ue nn 

a) CH20 +  02 —► HCOOH +  0 hjih 6) CH20 +  02 HCOOOH
HCOOH CO +  H20 HCOOOH +  CH4 —  CH40 +  HCOOH

h t. a. CH40 +  02 —»- CH403
H T . A .

III. O 6 p bi b  uenn no AeyM HanpaBJieHi isM 
a) CH20 +  02 C02 +  H20 hjih 6) CH20 -f 02 C02 +  H20

2CH20 +  0 2 —  2C0 +  2H20 HCOOOH •+ CH20 -► 2HC00H
20 +  CTeHKa —>- 02 CH40 3 +  CTeHKa —► C02 +  H20 +  H2

no TaKOMy * e  MexaHH3My okhcjihiotch h Bee yrjieBo.nopo,Abi I rpyn
nbi. 06pa3yiomHftcH, no H. H. CeMeHOBy, CH40  Hejib3H paccMatpH-

—  ch40 3
CH40 2 +  CH40 +  30

-► ch2o  +  h 2o

H T. a
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BaTb, KaK MeTaHO/i, TaK nan 3to coe^HHeHHe npe^cTaB^HeT KOMn-neKC 
MajioycTofimHBHH h SoraTbifl cbo6oahoh SHeprHeft; CKopee eMy coot- 
BeTCTByeT OKCoHHeBan CTpyKTypa:

ripn oKHCJieHHH coe^HHeHHH II rpynnbi npouecc npoTenaeT qepe3 
o6pa30BaHHH oqeHb hcctohkhx h peaKUHOHHOcnocofiHbix npoMe>KyTOM- 
Hbix coeAHHeHHH. 3 to mo>kho, no abhhhm M . EoAeHnrreHHa, npeACTa- 
BHTb cjie^yioiuHM o6pa30M [8]:

O k h c .i e h 11 e a n b j i e r HA OB

/ >  / ° -
a) CH3C —*- (,H3C— (aKTHBamm)

N l
,0 -

02
/)

6) CII3C— ----- ► CH3CH- 0 (HeycTOHHHBaa nepBHMHaa nepeKitcb)
0 X

/O. O— O
b) CH3CH O +  CH3CHO — CI1.C— +  CH3C (nepeKiicb amiaa. uerib)

X H X 00H

/ 0 \  ,T,„K, , 0
r) CHSCH O ------► CI1:,C (o6pbiB uenw)

^OOH'O'
O

a) CHSCH O +  CH3CHO —► 2CH3C (ofipbiB uenn)
N dii

Gpe^n MHoroMHCJieHHbix rnnoTe3 hjih MexaHH3M0B OKHCJieHHa yrjie- 
boaopoaob npe^cTaBJiaeT HHTepec Teopnn ^ecTpyKTHBHoro okhcjichhb 
H. Ilona, E. ^HKCTpa h Y  S^rapa [9], no KOTopon MOJienyjia hcxoa- 
Horo yr^ieBOAopo/ia HannHaeT oKHCJiHTbcn c MeTHJibHOH rpynnbi. 06pa- 
3yioiii,Hecn npo/tyKra okhcjichwh pacna^aiOTCH c BbiAe.neHneM C O  n H 20  no cxeMe:

ch;ich2cm ,cfi2ci i:) - - * ■  ch3ch2ch2ch2cho +  h2o

ch3ch2ch2ch2cho — -*■ CH3CH2CH2CHO +  CO +  h2o

ch3ch2ch2cho CH3CH2CHO +  CO +  h 2o

CHsCH2CHO — 0  -► CH3CHO +  CO +  Hs0 

o
CH3CMO------- CH,0 +  C0 +  H,0



186 rA. III .  K ATA JIU T H H E CK O E  0 K H C J1E H H EB pe3yjibTaTe TaKoro nporpeccHBHoro pacna^a o6pa3yeTca C H 20 , 
KOTopbift okhcahctch C 0 2 h H 20 .  3Ta TeopHH b Hacroamee Bpeiaa 
HaxoAHT MHorHx npHBepxKeHueB h ee npHAepaaiBaAca b cbohx pa6o- 
Tax C . C . HaMeTKHH [10]. OAHaKo 3Ta TeopHH coBepmeHHO ocraBAaeT 6e3 
o6i>acHeHHa o6pa30BaHne nepeKHcefi, oac^ hhob h Apyrnx npoAyKTOB 
peaKPHH, noAyaaiom,HxcH npn OKHCAeHHH yrAeBOAopoAOB.

M . B . HefiMaH, A . O . JlyKOBHHKOB h T H . O ckahcob [11] npn HccAeAOBaHHH oKHCJieHHH yrAeBOAopoAOB, coAepacamHx aTOM C 14,
yCT3HOBHAH TOHHO MexaHH3M XOAOAHOnAaMeHHOrO OKHCAeHHH. Ohh 
HauiAH, hto «MeHeHbie» nponaH, 6yTaH h neHTaH AaiOT cpaBHHTeAbHo 
OOAblUHe KOAHHeCTBa C H 20  H C H 3C H O , a T3K>Ke a-OKCH- H a-KeTOaAb- 
AerHAbi. A btoph npniiiAH k 3aKAK)HeHHio, hto noAyaeHHbie pe3yAbTaTbi 
Ayame Bcero oStjAChhiotch c tohkh 3peHHH paAHKaAbHo-uenHOH TeopHH 
CeMeHOBa [6]. Pa3AHaHbie paAHKaAbi, cTaAKHBaacb c MOAenyAaMH khc- 
AopoAa, o6pa3yroT nepeKHCHbie paAHKaAbi, KOTopbie, pacnaAaacb Aa- 
Aee, AaiOT aAbAernAbi h aAKOKCHrpynnbi (paAHKaAbi cnnpTOB), Hanpn- 
Mep:

c h 3c h 2c h 2c h 2c h 2 +  0 2

c h 3c h 2c h 2c h c h 3 +  0 2

— *- CH3CH2CH2CH2CH2—O—o . 

-*■ CH3CH2CH2CH2CHO +  HO.

- »  CH3CH2CH2CHCH3
I
00 .

c h3c h 2c h c h 2c h 3 +  0 2

c h 3c h 2c h 2c h o  +  c h 2o .

c h 3c h 2c h c h 2c h 3
I

0 0 .

CH3CH2CHO +  CH3CH20 .

06pa30BaHHe $opMaAbAerHAa oStHCHaeTCH pacnaAOM aAKOKcnpa- 
AHK3A0B, a o6pa30BaHHe a-OKcnaAbAerHAOB aBTopaMH He oSBacHeHo:

R-CH 20 » -► R« +  CH20

TaKHM o6pa30M, MexaHH3M uenHbix peaKUHH 6ah3ok k nepeKHCHOMy 
h oTAHaaeTca npHHUHnnaAbHo AHuib oObcktom hcxoahoh aKTHBaunn 
h AonymeHHeM cymecTBOBaHHa cboOoahwx paAHKaAOB («ropaaHe» mo- 
AeKyAbi). Pa3AHHHbie aBTopbi ffphboaht pa3HOo6pa3Hbie h aaero 6e3A<> 
Ka3aTeAbHbie cxeMbi okhcachhh yrAeBOAopoAOB no uenHbiM peaKHHHM 
c npoMeaiyTOHHbiM o6pa30BaHHeM cboSoahwx paAHKaAOB.

5. CKopocTb cropaHHa h CTpoeHHe yrAeBOAopoAOB

CKopocTb cropaHHa yrAeBOAopoAOB, b 33bhchmocth ot hx crpoeHHH 
H OT npHHaAAeaiHOCTH K TOMy HAH HHOMy KAaCCy, pa3AHHHa. 3 to HMeeT 
orpoMHoe 3HaaeHHe b coBpeMeHHOH xhmhh >khakoto TonAHBa, Tan KaK



■r>. c K O P o c T b  c r o p  a h  m i  h  c t p o e h h e  y r r i E B o a o p o a o B 187

BI.ICOKOKaqeCTBeHHbie 6eH3HHbI ÔJI>KHbI o6jia,HaTb OCOSbIMH CB0HCTB3MH, 
3aBHCHHl,HMH HCKJlKJWHTê IbHO OT CTpoeHHH yMeBOAOpOAOB.Hcc^e^oBauHe HHAHBHAyajibHbix yivieBOAopoAOB noKa3aJio, n o  no ckopocth  cropaHHn ohh pacnoJiaraiOTCH b cjieAyromHH pHA (ajib  yrjie- BOAopoAOB c oahhm h TeM >Ke qncjioM aTOMOB yniepoAa):

napa(l)Hiibi>o.ie(J)HHbi>AHo.iecJ)HHbi>Ha4)TeHbi>
âpoMaTĤ ecKHe yraeBOAopoAbiJlerne Bcero okhc/ihiotch napacjoHHbi, a TpyAHee Bcero—apoMaTHne- CKne yrjieBOAopoAbi c KOHACHCHpoBaHHbiMH KOjibuaMH. KaK 6yAeT bhaho HH>Ke (cTp. 308), b 3tom >Ke nopnAKe yrjieBOAopoAbi pacnojia- raiOTCB no TepMHqecKOH CTaSn^bHOCTH. B roMOJiornqecKHx paAax ym e- BOAOpOAOB >KHpHOrO pBA3 CTOHKOCTb K OKHCJieHHK) CHHJKaeTCH C yBejIHHe- HHeM a^hhh uenn h B03pacTaeT co creneHbio pa3BeTBA6HHOCTH. TaKHM o6pa30M, b pa Ay h-C5H12, w-C(1H14, h-C7H16 h h-C8Hj8 HaHdojiee jierKO OKHCJIHeTCB H-OKTaH, a H3 H30Mef)HbIX reKC3H0B MaKCHM3JIbHO CTOHKHM K OKHCJieHHIO HBJIHeTCH 2,2-AHMeTHJl6yTaH.Me>KAy CTpoeHHeM yrjieBOAopoAOB h hx npHroAHOCTbio b KanecTBe mo- 

TopHoro TonjiHBa cymecTByeT onpeAejieHHan 3aBHCHMOCTb. Han6ojiee 
npnroAHbi yrjieBOAopoAbi, CTOHKHe no OTHomeHHio k okhcaghhio, t . e. 
TaKHe, KOTopbie b cMecH c B03AyxoM (KapSiopapoBaHHan cMecb) cro- 
paiOT paBHOMepno h cpaBumejibHO mcatibhho. B AsnraTejie BHyTpeHHero 
CropaHHH B MOMeHT MaKCHMaJIbHOrO OK3THB KapOlOpnpOBaHHaB CMecb 
3a>KHraeTCH ot 9AeKTpo3anajia, n ra3bi cropaHHH coBepmaioT Hy>KHyio 
paOoTy Macro b cjiynae HenoAxoAam,ero TonjiHBa ropeHHe 6eH3HHO- 
B03AyuiH0H cMecH nepexoAHT bo B3pbiB. 3to He*ejiaTejibHoe BBjieHne 
Ha3biBaeTCH c m y K O M ,  3 Bo h o m  hjih d e m o n a y u e u , a TonjiHBO, Bbi3biBaioin,ee 
e ro ,— d e m o H u p y t o i y u M  m o n A u e o M .  /JeTOHauHH oqeHb BpeAHa a-bb moto- 
poB, TaK KaK OHa yMeHbinaeT hx MomHOCTb, AaeT Harapbi h Heno/iHoe 
cropaHHe.

riOHHMaHHK) npHHHH AGTOHaU,HH 3HaHHTejIbHO noMOiviH paSora no 
H3yqeHHio noBeACHHH cMecefl yrjieBOAopoAOB c B03AyxoM noA AaBJie- 
HneM. OKa3ajiocb, hto a -tb Ka>KAoro H3 HHAHBHAyajibHbix yrAeBOAopo- 
AOB HMeeTCB xapaKTepHoe MHHHMajibHoe AaBAeHHe, npn kotopom 
oh caMOBOcnjiaivieHBeTCH. JXjib pha  ̂ napâ HHOB nojiyqeHbi BejiHHHHbi 
(Ta6A. 15), noKa3biBaK>mHe, mo pa3BeTBjieHHe uenn b H30Mepax 3aMeT-HO nOBblinaeT CTOHKOCTb K OKHCJieHHKD. TABJIHUA 15

yrjieBOflopoA ’̂mhh. *am VivieBOAopoA
am

c,h8 6,8 K'Cgl In 1,9
h-C4H10 3,2 h-C7Hi6 1,6
U 3 0 - C4H10 4,8 «-C8H18 1,3
«-c6h 12 2,2 U30-C8H 18

(2,2.4-TpHMCTHa-
neHTaH)

4,85
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TABJIHUA 16

BbiJia BbiHCHeHa T3K>Ke 3aBHCHM0CTb Me>KAy TeMnepaTypofl caMO- 
BocruiaMeHeHHH ropioqero h AaBJieHHeM: qeM Bbiuie AaBJieHHe b uhjihha- 
pe MOTopa, TeM HH>Ke TeMnepaTypa BocnjiaMeHeHHa. B Ta6.rc. 16 npHBe-

AeHbi AaHHbie no BocnjiaMe- 
HeHHio 6eH30Jia, KapSiopHpo- 
BaHHOrO B03AyX0M.

TaKHM o6pa30M, 6bIJIH Bbl- 
HBjieHbi cjieAyiomHe 3aKOHO- 
MepHocTH. ileTOHauHH Hapa- 
ciaeT c yBejnmeHHeM MOJie- 
KyABpHoro Beca yrAeBOAopo- 
Aa HopMajibHoro crpoeHHH, 
t . e. c HapacTaHiieM AJiHHbi uenw, 

c yMeHbiueHHeM qncjia 6okobhx ueneft, c nepexoAOM ot apoMaTHqecKHx 
yrjieBOAopoAOB k napatJiHHOBbiM qepe3 AHOJie<J)HHbi h o.ne(j)HHbi. Haodo-

am
Teninepa-

T v p a ,
°C

^aB JieH H e,
am

TeMnepaTypa,
°C

3 425 15,5 283
6 345 19,0 277
8 320 23,0 270

11 308 33,0 260

Phc. 41. AHHAHHOBbie 3KBHBajieHTbi napa<j)HHOBbix yrjieBOflopoAOB.

POT, COnpOTHBJIHeMOCTb ACTOHaUHH paCTeT C yMeHbiueHHeM MOJieKV.THp- 
Horo Beca yrAeBOAopoAOB, c yBejmqeHHeM qncjia doKOBbix uenen b H30- 
Mepax, c nepeMemeHHeM KpaTHon c b h 3H k ueHTpy MOjieKyjibi hjth c ne- 
pexoAOM ot napac|)HHOB k apoMaTHqecKHM yrjieBOAopoAaM (pnA



TepMHqecKoii cTa6HJibHocTH, crp. 187 306). 3aBHCHM0CTb mokay CTpyK- 
Typoft n'jAeTOHauHeii r j w  pa3JinqHbix napacjjHHOB^HarjiaAHO hjijikdctph- 
pyeT pwc. 41.C  B03pacT3HHeM MHCJia aTOMOB yr/tepoAa b ynieBOAopoAax chh-
»aeTCB aHHJIHHOBblH SKBHBaJieHT,1 T. e. CKJIOHHOCTb K AGTOHaUHH Ha-

5 CKOPOCTb C rO P A H H Z  H CTPO EHHE yrJIEB O RO PO RO B_____________189

t/uc/ro amoMofj yenepoda
PHC. 42. AHHJtHHOBbie SKBRBBJICRTU OJI«))HHOB.

pacTaeT. BBeaeHHe G H 3-rpynn b 6oKOByio uenb noBbimaeT aHTHAeTOHa- 
UHOHHbie cBOHCTBa yrjieBOAopoAOB, ho HaHfiojiee s^xJ^kthbho bjihhct 
nporpeccnpyiomee pa3BeTBjieHHe MO.neKy.Jibi. Ha pnc. 42 Te * e  3aK0-

1 A hhjihh HB-naeTCH aHTHfleTOHaTopoM, h BBeAeHHe ero b 6eH3HH Aaer 3HaqHTejib-
Hblii aHTHAeTOHaUHOHHblfi 3<i><i>eKT, MTO paHbme Bbipa>Kaj7H OHHJTHHOBblMH 3KBHB3- 
JieHT3MH>. riOJIOJKHTeJIbHblft aHHJIHHbBblH 3KBHB3JieHT nOKa3bIBaeT, MTO ASHHOe COeAH- 
HCHHe ACTOHHpyeT TpyAHee, mcm craHAapTHbifi 6eH3HH; oh npeACTaBJiaeT co6oh hhcjio 
caHTHrpaMM-MOJieft aHHJiHHa, KOTopoe HaAo npn6aBHTb k 1 a  CTaHAapTHoro 6eH3HHa, 
qTo6bi noAymiTb CMecb, 3KBHBa;ieHTHyio no actoh3uhohhoh cnocoOHocTH MojiapHOMy 
paCTBOpy AaHHOrO COeAHH€HHH B CTaHAapTHdM 6eH3HHe. OrpHUaTeAbHblfi aHHJIHHOBblft
3KBHBaAeHT noKa3biBaeT, HTOHcnbiTyeMoecoeAHHeHHeAeTOHHpyeT Jierqe, qeM cTaHAapT- 
Hbift 6eH3HH; oh npeACTaB^aeT co6ofi hhcao caHTHrpaMM-MOJieft aHHJiHHa, Koropoe 
AOAJkho 6bin> npHdaBJieno k MOAHpHOMy pacTBopy AaHHoro coeAHHeHHH b cTaHAapT- 
hom 6eH3HHe, mtoSu  cAeJiaTb ero no AeTOHauHOHHofl cnoco6HocTH paBHbiM cTaHAapT- 
HOMy TonAHBy. AHHJiHHOBbie 3KBHBaJieHTbi BapbHpyioT odbiHHO b npeA&nax OT 
4^29 (3,3,4,4-TeTpaMeTH.ireKcaH) ao — 30 (K-AeKaHl.
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HOMepHOCTH npHBê eHbl AJIH pa3JlHMHbIX OJie(J)HHOB H AHOJie(J)HHOB, npn- 
oeM bhaho, mto CTaSHJibHOCTb MOJieKyji noBbimaeTCH c nepeMememieM 
C=C-cbb3h k ueHTpy MOJieKyjibi. Mojkho CAejiaTb o6lu,hh bhboa, mto 
MeM KOMnaKTHee CTpyKTypa MOJieKyjibi yrjieBOAopoAa, jeM nocjiê HHH 
MeHee AeTOHHpyeT [12].

no npO^HOCTH K OKHCJieHHK) H CKJIOHHOCTH K êTOHaUHH, KaK YKa-
3aHo Bbirne, yrjieBOAopoAbi o6pa3yiOT oahh h tot >Ke paA- nosTOMy na- 
pacpHHHCTbie 6eH3HHbi, coAep>KamHe yrjieBOAopoAbi HOpMajibHoro CTpo- 
eHHH, coBepmeHHO HenpHroAHbi b Ka^ecTBe MOTopHoro TonjiHBa. JlymiiHM 
>KHAKHM TOnJIHBOM HBJIHIOTCfl CTOHKHe K AGTOHaUHH pa3BeTBJieHHbIC 
H3onapac})HHbi h apoMaranecKHe yrjieBOAopoAbi.

CTeneHb AeTOHauHH yrjieBOAOpoAa MoxteT 3HaMHTejibHO H3MeHHTbcn 
ot pa3AHqHbix AodaBOK. TaKHe npHMecH, KaK napacpHHbi HopMajibHoro 
CTpoeHHH, nepeKHCH, scpupbi h t . A-, noBbimaioT AeTOHHpyiomyio cnoco6- 
HOCTb, noaTOMy hx Ha3bmaioT n p od em oH a m op aM U , hjih ycKopum eAAM U  
(aK yeA epam opa M ii) OKHcjieHHB. HaoOopoT, BBeAemie cnupTOB, cpeHOJioB, 
apoMaTHqecKHX 3Mhhob, neHTaKap6oHHJi>Kejie3a, apOMaTHqecKHx yr/ie- 
boaopoaob, MeTajiAopraHHqecKHx coeAHHeHHft cmibHO noHH>KaeT Ae- 
TOHapHK). TaKHe AoOaBKH Ha3biB3FOTCH a n m a d em oH a m op a M U , hjih 3 o m c - 
dAUmCAHMU OKHCJieHHH. CaMbIM CHJIbHbIM H3 aHTHA6T0H3T0p0B BBJIfleTCH 
TeTpasTHjicBHHeu (T3C), 0,5— 1 m a  KOToporo Ha 1 a  6eH3HHa Hacra 
CHjibHO noBbimaeT TonjiHBuoe KanecTBo nocjieAHero.

OAHOH H3 npHHHH OjiaronpHHTHOTO AeHCTBHH aHTHA6TOH3TOpOB BB- 
JineTCB noBbimeHHe TeMnepaTypbi caMOBOcnjiaMeHeHHB ropionero. 
YcTaHOBjieHO, hto 0,25 m a  T3C cnocoOHbi noBbicuTb TeMnepaTypy Ha 
130— 160° BepoHTHee Bcero npeAnojio>KHTb, hto npncyTCTBHe 3hth- 
AeTOHaTOpa cnocoOcTByeT pa3pyuieHHio o6pa3yiOLi],HxcH nepeKHceii. 
BblJlO H3HAGHO, HTO npH MeAJieHHOM TOpeHHH CMeCH TeKCaHa C 6eH30.10M 
BcerAa o6pa3yeTCB cpeHOJi h Aa>Ke npn t3khx hh3khx TeMnepaTypax, 
KorAa 6eH30  ̂ eme He cnocofieH okhcjihtbch. 06pa30BaHHe (peHO.ia 
oOnncHBeTCH AeftcTBHeM nepeKHceft:

C8H14 T  0 2 —► C6H140 2 

C6H140 2 +  C6H6 C8Hl3OH +  C6HsOH

BeH30Ji HBjineTCH aKuenTopoM nepeKHCHoro KHCJiopoAa, odpbiBaeT 
uenHyio peaKUHK) h tcm cnocoOcTByeT poBHOMy cropaHino w-reKcana. 
BepOHTHO TaK JKe oS'bBCHHeTCBi H pe3KO BbipaHieHHblH aHTHAeTOHaUHOH- 
HblH 3(|)(})eKT TeTpaSTHJICBHHUa:

c,h 14 +  0 2 c8h14o 2

Pb(C2H6)4 —  4C2H6 +  Pb 

C,H140 2 +  Pb C8H13OH +  PbO

TeTpasTHjicBHHeu jierKO AHecouHHpyeT ao MeTajuia npn 200° B03-
MO>KHO T3K>Ke, MTO MeJIKOAHCnepTHpOBaHHblH B TOpiOHeH CMeCH CBHHeU 
o6pbiBaeT uenH h tcm cnocodcTByeT poBHOMy cropaHHK). Boo6me Me-
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xaHH3M achctbhh MeTaAAHqecKHx aHTH^eTOHaTopoB cboahtch k cAeAyio- 
meMy:

r +  o 2 ro2
M +  02 — MO 2

ro2 +  mo2 -*► ro +  mo +  o 2

r;je r—MojieKyjia ropioqero, M—aTOM MeTajiJia H3 aHTHfleroHaTopa.
06pa3yiomHecH nepeKHCH BbmeAHiOT MOjieKyjiy KHCAopoAa, koto- 

pan, b cbok) oqepeAb, mo>kct okhcahtb nocAeAyiomne KOJinqecTBa ropio- 
qero hah MeTajiJia.

Zt,o6aBKH aHTHAeTOHaTopoB k pa3JinqHbiM deH3HHaM noBbimaioT hx 
KaqecTBO (b 33bhchmocth ot cocraBa deH3HHa), qTo xapaKTepH3yeTCH 
Poctom OKTaHOBoro qncjia (cm. hhjkc). npneMHCTocTb k T3C HaHdoAb- 
uian y H3onapatf)HHOB, OKTaHOBoe hhcao KOTopbix mojkct dbiTb noBbi- 
rneHO Ha 10—20 nyHKTOB (HanpHMep, 1 a npeAejibHoro noAHMepdeH3H- 
Ha npn AoOaBKe o,25 ma T3C noBbimaeT OKTaHOBoe hhcao c 88 ao 100, 
t . e. Ha 12 nyHKTOB).

CoBpeMeHHbie aBnauHOHHbie MOTopbi padoTaiOT c bhcokoh CTeneHbio 
CKamH KapdiopapoBaHHon cMecn (6— 12 am), hto odecneqiiBaeT Bbico-
KHH K.n.A. H CKOpOCTb. JXjlH nHT3HHH T3KHX MOTOpOB HeodxOAHMO
coBepuieHHO HeAeTOHHpyiomee TonAHBO, cocTonmee H3 CHJibHO pa3BeT- 
BJieHHbix H3onapa(})HHOB (ii3omonAueo) hjih apoMaTnqecKHx yrjieBOAo- 
POAOB. 3TOH HeJIH COBpeMCHHbie 3aBOAbI BbipadaTbIBaiOT BblCOKO-
OKTaHOBOe HHAHBHAyaJIbHOe TOnJIHBO: H300KT3H (2,2,4-TpHMeTHJineH- 
TaH), HeorencaH (2,2-AHMeTHAdyTaH), TpHnTaH (2,2,3-TpHMeTHAdyTaH), 
a TaK>Ke deH3HHbi KaTajiHTHqecKoro KpeKHHra, rnApcxfjopMHHra, nojiH- 
(JjopMHHra H T. A-

Ilpe>KHHe MeTOAbi HcnbiTaHHH 6eH3HHa, 3aKjnoqaBuiHecH b pa3roHKe 
no SHrjiepy, onpeAeAeHHH npeAeAOB KHneHHH, haothocth, rpynnoBoro 
cocTaBa h t . A-, HeAOCTaToqHbi. HeodxOAHMO 3«aTb He TOAbKO <£h3Hko- 
xHMHqecKne cbohctb3 6eH3HHa, ho h CTpyKTypy KOMnoHeHTOB. J\j\n 
xapaKTepHCTHKH 6eH3HHOB, KaK H3BecTHO, dbuio npeAJio>KeHO oKmano- 
eoe hucao. MeTOA onpeAeAeHHH OKTaHOBoro qHCAa ocHOBaH Ha tom, hto 
AeTOHauHOHHan cnocodHOCTb HcnbiTyeMoro deH3HHa cpaBHHBaeTCH c 
AeTOHaunoHHOH cnocodHOCTbio cMecn H-renTaHa c H300KTaH0M (2,2,4- 
TpHMeTHAneHTaH). OKTaHOBoe qncjio CHJibHO AeTOHHpyiomero H-renTaHa 
npHHHMaeTcn 3a HyAb, a HeAeTOHHpyromero H300KT3Ha—3a 100. JXo- 
daBKa H300KT3H3 k H-renTaHy ahhchho CHH>KaeT AeTOHauHOHHyio cno- 
codHOCTb nocjieAHero. OKTaHOBbiM qncjioM deH3HHa (c AodaB- 
koh hah de3 AodaBKH aHTHAeTOHaTopa) Ha3biBaeTcn coAepjKaHHe H300K- 
TaHa b npoueHTax b cMecn H300KTaH—H-renTaH, Aaiomen Ty >Ke 
BeAHHHHy A6TOH3UHH. ECAH, HanpHMep, deH3HH BeAeT ceda, KaK CMeCb 
85/o H300KT3Ha c 15% H-renTaHa, to OKTaHOBoe hhcao ero paBHO 85. 
HcnbiTaHHH npoBOAHT b cneuHaAbHbix CTaunoHapHbix MOTopax c pery- 
AHpOBKOH Onepe*eHHH 3a>IiHraHHH H H3MeHHeMOH no ACeAaHHK) BCAH- 
qHHOH CTeneHH chothh .
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OTHOCHTeJIbHyK) CXJIOHHOCTb K AeTOHail,HH BbipaJKaiOT HHOiyja B 3HH- 
jihhobux SKBHBajieHTax (cTp. 189), ho 3tot cnoco6 yCTapejI.

CoBpeMeHHaa aBHauHJi pacnojiaraeT npexpacHbiMH 6eH3HHaMH, 
HMeK)IU,HMH 0KT3H0Bbie MHCJia OXOJIO 100 H flaJXe BblUie. B HaCTOfl- 
mee BpeMH coBepmeHHbiM bh^om JKH^Koro aBHaTonJMBa cnHTaeTCH 
yjxe ynoMHHaBiuHHCH TpHnTaH (2,2,3-TpHMeTHJi6yTaH), oGjia^aioinHH 
3aMeqaTejibHbiMH cbohctb3mh: 18-uhjihhapobmh aBHaMOTop, pa6oTax>- 
mHH Ha 100-OKT3HOBOM 6eH3HHe, p33BHBaeT MOUtHOCTb B 1500 JI. C;; 
tot ace motop, nHTaeMbiH TpnnTaHOM, noBbimaeT MomHOCTb ao 
2500 ji. c. 3a cneT noBbimeHHH chothh h sxohomht npH stom 25% Ton-
JIHB3.

6. TopeHHe yrxeft

MexaHH3M cropaHHH KaMeHHoro yrjin cjio>xeH h BbiacHeH eme He- 
jjocraTOHHO. B pe3yjibTaTe cropaHHH o6pa3yx)TCH C O  h C 0 2, npnqeM 
KaHĈ blH H3 3THX Ta30B MOJXeT 6bITb nepBHHHblM HJIH BTOpHHHblM npo- 
^yKTOM:

nepBHqHbifl C +, Os —*• COs h 2C +[0# —»- 2CO 

BTopn̂ Hbift COs C,—*- 2CO h 2CO -+■ O, —► 2COa

B 3 3 BHCHM0 CTH ot 3Toro npe/jjiojxeH H bie TeopHH ropeH H H  y r jifl  mo>x* 
ho KJiaccH(J)HUHpoBaTb Ha T pn  r p y n n b i: 1) n epB H H H oro o6p a30B aH H H  C 0 2,
2) nepBH M Horo o6pa30B aH H H  C O  h  3) npoM excyTOM H oro o6pa30BaH H H  
K H CJiop oA H oro K O M iuieKca TH na C ^ O y . H e cM O T p a  Ha xa>xym yH )CH  npo- 
CTOTy B o n p o c a , oh ycJio>XHHeTCH tcm, hto c ro p a H H e  y r jin  mojxct dbiTb h 
roM oreHHbiM  h reTeporeH H biM  n po ixecco M  (fleiicTBH e u u ia K O B , sjieMeHTOB  
30Jibi, noBepXH O CTH ). H a  n p o T e x a H H e  hhcto X H M H n ecxH x p e a x u n fi  o x a -  
3bIB3IOT BJIHHHHe H (J>H3HqeCXHe (f)aXTOpbi: AH(}xJ)y3H5I, TenJIOOTBOfl, flH- 
HaMHKa ra 3 0 B o ro  n oT O xa h t .

H3 Bcex npe^JiosceHHbix TeopHH ropeHHH yrjieft HaH6ojiee Beponr- 
HbiMH CHHTax)TCH: rHnoTe3a npoMe>xyTOHHoro odpa30BaHHH cjio>XHoro 
XHCJiopofl-yrjiepoflHoro xoMnjiexca (H. JIsHnvnop) h xeMocopSuHOHHaa 
rnnoTe3a (CnBOHeH). H. JIsHriwop CHHTaeT, hto npn cropaHHH yrjix 
nepBOHanajibHO o6pa3yeTCH npoMeacyTOHHbiH xoMnjiexc C xO y , xotophh 
pa3JiaraeTCH c  o6pa30BaHHeM C 0 2, o6pa3yx>meH 3aTeM c  yrjieM tot >xe 
xoMnjiexc. Peaxunx npoTexaeT xaTajiHTHxecxH no cjie^yx)iu,eH cxeMe:

Cx +  yC02 —► 0*0 v -j- yCO

riepBHHHblM npÔ yXTOM peaXUHH HBJIHeTCH C 0 2, BTOpHHHblM—CO . 
no xeMOCopduHOHHOH rnnoTe3e cropaHHe oSjiemaeTCH noBepxHOCTHOfi 
Cop6uHefl xHCJiopoAa yrjieM. Bo3MOjKHbi Tpn THna xeMocopSiiHH xhcjio-
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po,na: 1) o6pa30BaHHe Kero-rpynnbi (I), 2) 06pa30BaHHeKeTeH0-rpynnw 
(II) h 3) o6pa30BaHHe nepeKHCH (III):

O O O  O— O

II II II
0 0 0

I II III

Bo Bcex Tpex cjiyqaax npoMHocTb khcaopoahhx cBH3efi pa3.nHqHa: 
Handojiee npoqHa KeTOHHaa CBH3b (I), b cjiyqae (III) khcjiopoa cbh33H 
MOJieKyjiapHO. Oiyqafi (II) HBJiaeTCH npoMex<yTOHHOH craAnefi np« 
odpa30BaHHH h OTmenJieHHH KeTO-rpynn. Ilo «k6tohhoh» cxeMe nouie 
copduHH KHCJiopoAa npoHcxoAHT OTpbiB C O , mto ocBodo>KAaeT AAH 
OKHCJieHHB nocjieAyiomHe cjioh yrjin:

0 0 0

i i l
V V V V
/  \  /  \  /  \  /  \

CO CO CO
\  /  N /  \  /

c c  c
/  \  /  \ /  \

ycTaHOBJieHO, hto npH OTHOCHTejibHO hh3khx TeMnepaTypax npeod- 
jiaflaeT THn okhcjichhh qepe3 aACopduHio KHCJiopoAa, npn dojiee bmco- 
khx—qepe3 noBepxHOCTHyio copdunio nooneAHero. BTopnqHbie peaK- 
uhh oKHCJieHHH CO  b C 0 2 mo>kho yCKopHTb KaTajiHTHqecKH (Fe20 3, 
coeAHHeHHBMH MapraHua h AP-)-

7. OKHCJieHHe MHKp00praHH3M3MH

yCTaHOBjieHO, qTO HexoTopbie daKTepnn h rpHdKH nojiHOCTbio okhc- 
ahiot H3dHpaTejibHo yrjieBOAopoAbi. IljieceHb Aspergillus flavus okhc- 
jineT npeAeAbHbie >KHAKHe yrjieBOAopoAbi (ot reKcaHa) ao C 0 2 (jkhbh 
Ha hhx, Kai< Ha nHTaTejibHbix cydcTpaTax), ho coBepuieHHO He okhcjihct 
apoMaTHqecKHe yrjieBOAopoAbi h Ha<f)TeHbi. BepoaTHo, Tanoe oKHCJieHne 
npoTenaeT qepe3 npoMewy-roqHbie ct3Ahh odpa30BaHHH pa3JiHqHbix 
OKCH- H OKCOCOeAHHeHHH, HO SKCnepHMeHTaAbHO A0Ka3aTb 9T0 eme He 
yAaAOCb. HeKOTopue KyjibTypbi daKTepaft pa3MH0>KaK)TCH b TpemHHax 
KaMeHHbix yrAefl, okhcjihh hx ao C 0 2 h H 20 . B pe3yjibTaTe >KH3HeAefl- 
TeAbHOCTH TaKHx daKTepHH HHorAa npoHcxoAHT caMopa3orpeBaHHe 
yrjieii, npHBOAamee k  noA3eMHbiM nowapaM njiacTOB. CaMOBoen.aaMe- 
HeHne uiTadeAefi Top4>a nponcxoAHT no TeM xce npnqHHaM.

13 B. H. Aojiros
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II. PEAKUHH HEnOJIHOrO OKHCJIEHHfl

K peaKUHHM HenojiHoro okhcjichkh othochtch b nepsyio oqepeAb 
MHoroqHCJieHHbie peaKUHH npeBpameHHH yrjieBOAopoAOB b cnnpTbi, 
ajib^erHflbi, KeTOHbi h KapSoHOBbie KHCJiOTbi, okhcjichhh apoMaraqecKHX 
h Apyrnx UHKJiHqecKHx yrjieBO^opoAOB, a TaK>Ke pa3AHqHbie peaKUHH 
OKHCJieHHH opraHHqecKHX coe/pmeHiiH.

1. OKHCjieHHe npeAejibHbix yrjieBOAopoAOB

FIpo6jieMa HenojiHoro okhcjichhh npe^ejibHbix yrjieBOAopoAOB npeA- 
CTaBJineT ocodbifi HHTepec. OrpOMHbie KOJiHqecTBa npnpoAHbix h 
nonyTHbix ra30B hbjihiotch ueHHeHuiHM cbipbeM pa3jmqHbix xh-
MHqecKHx npoueccoB. Flo HMeiomHMCH pacqeTaM nyTeM qacTHqHoro 
OKHCJieHHH, HanpHMep napa(f)HHOBbix yrjieBOAopoAOB H3 npnpoAHbix 
ra30B, mojkho 6biJio 6bi nojiyqHTb cothh Tbicnq tohh cnnpTOB. Taxan 
B03M0H<H0CTb BecbMa 3aMaHqHBa, TaK KaK noTeHunajibHO AaeT Han6oJiee 
npocTofi h ^emeBbift cnoco6 nojiyqeHHH cnHpTOB H3 npHpoAHoro cbipbH.

O^HaKO, HecMOTpn Ha KancymyiocH npocTOTy npouecca, ocTaHOBHTb 
OKHCjieHHe napa(J)HHOB Ha nepBoft CTyneHH oKa3ajiocb oqeHb TpyAHbiM h 
jiHiHb b caMbie nocjie^HHe roAbi npodjieMy yAaJiocb npH6jiH3HTb k pa3- 
peuieHHio.

Handojibinee BHHMaHHe 6biJio odpameHO Ha OKHCjieHHe MeTaHa b Me- 
TaHOJi h (JiopMajib^erH^. Bee nepBOHaqajibHbie nonbiTKH HeH3MeHHO OKaH- 
qHBajiHCb Hey^aqeft. JX a m e  b npHcyTCTBHH A03HpoBaHHbix KOJinqecTB 
B03^yxa hjih KHCJiopoAa nojiyqajiHCb JiHiHb npoAyKTbi nojiHoro oKHCJie- 
HHH (C02 H H20 ) BMeCTe C HeH3paCXÔ OBaHHbIM MeTaHOM.

H3yqeHHe tcpmoxhmhh nponecca, KOTopan mohcct 6biTb BbipaaceHa 
cjieflyiomHM pn^oM ypaBHeHHH

CH4 +  V202 CH3OH +-31,00 kkcui 
CH3OH +  v 202 —► CH20 +  H20 +  35,24 kkoa 

CH20 +  V202 -► HCOOH +  65,78 kkoa 
HCOOH +  1/202 —► C02 +  H20 +  57,85 kkoa

no3BOJiHJio ycTaHOBHTb npnqHHy Bcex Hey^aq.
H3 npHBe^eHHbix AaHHbix cjie^yeT, qTO npouecc OKHCJieHHH MeTaHa 

CHaqajia TpedyeT 3HaqHTejibHOH aHeprHH aKTHBaiiHH, ho BaTeM npoTe- 
KaeT c H2pacTaiou],HM TepMHqecKHM scJxjieKTOM, noaTOMy peaKUHio Hejib3H 
ocTaHOBHTb Ha npoMejKyToqHbix eraAHHx. MeTaHOJi h (JiopMajibAerHA 
b jiyquiHX cjiyqanx nojiyqajiHCb jinuib b BH ê cJieAOB (0 xojiOAHonjia- 
MeHHOM OKHCJieHHH MeTaHa CM. CTp. 196).

Bojiee odHaAeHtHBaioui.He pesyjibTara 6mjih nojiyqeHbi npn oKHCJie- 
hhh MeTaHa b KOHTpojiHpyeMbix ycjioBHHX noA AaBjieHHeM. KOTopoe 
cnocoScTByeT o6pa30BaHHio MeTaHOJia, TaK KaK cbh33ho c MaKCHMajib- 
hhm CHHJKeHHeM odteMa. H3 MeTaHO-KHCJiopoAHOH CMecH (CH4 : 0 2 =  
= 9  : 1) npn 100 a m  h 360° 6hjih nojiyqeHbi npoAyKTbi, coAepJKauiHe
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17% C H 3O H  h 0,6% C H 20 . 3th HccjieAOBaHHH 6binn npoAOAJKeHbi, 
npnqeM 6biJio HaĤ eHO, hto b Tex >Ke ycjioBHax KOHBepcHH MeTaHa b 
MeTaHOJi noBbimaeTCH c yMeHbmeHHeM co^epjKaHHH KHCAopoAa b hcxoa- 
hoh cMecH; HanpHMep, no T FlHXJiepy h P . Pe^epy [13]:

O 2 b CMecH c  C H j ,  
%

10
7.5
5,0
1,8
1.6

K O H B ep cH H  B C H 3O H ,
o r/O
2,4
5,8

12,9
35.0
60.0

ripw co^ep^aHHH 1,5—2% 0 2 BbixoAbi, kohcmho, oqeHb Majibi, ho 
3aTO OKHCjieHHe HiieT iviaAKO h coBepuieHHO 6e3onacHO. B nnpKyjiHUHOH- 
hoh CHCTeMe Bbixofl mojkho noBbicHTb bo mhoto pa3. OKa3aAocb, ^ajiee, 
hto OKHCJieHHe C H 4 b MeTaHOJi paunoHaJibHO BecTH jiHiub noA AaBAeHHeM, 
Tan Kan npn 150 am BbixoAbi C H 3O H  noBbimaiOTCH b 50 pa3. IlpHcyT- 
CTBHe K3TajiH3aTopoB, BepoHTHO, MO>KeT ycKopHTb 3Ty peaKUHio: OKHC- 
jienne MeTaHa c 3— 13%  0 2 npn 350° h 150—200 am HaA C u - h Ag-
KOHTaKT3MH n03BOJIHJIO AOCTHTHyTb 75% KOHBepcHH B MeTaHOJi, MTO 
cocTaBjineT. oAHano, JiHiub 5%  ot BBe^eHHoro MeTaHa.

OKHCJieHne HHAHBH^yajibHbix napa(])HHOBbix yrAeBOAopoAOB B03Ay- 
xom npn pa3Hbix TeMnepaTypax n AaBAeHnax 6mao H3y-ieHO mhothmh 
aBTopaMH. OKa3ajiocb, mto jictkocth okhcachha  3HanHTejibHO B03pacTaeT 
ot C 3H 8 ao C gH lh, BCjieACTBHe qero c yBejmqeHHeM MOJieKyjiapHoro Beca 
yrjieBOAopoAOB peaKUHH okhcachhh  cJie^yeT npoBOAHTb npn 6ojiee 
HH3KHX TeMnepaType h AaBAeHHii. B pe3yjibTaTe o6pa3yiOTCH cjio>KHbie 
CMecn cnnpTOB, aAbAerHAOB, xeTOHOB, khcjiot h caojkhhx scfnipoB. npn  
hh3khx  AaBjieHHHx npeoSAaAaioT Hii3KOMOJieKyjiapHbie KHCAOpoAcoAep- 
>Kamne coeAHHeHHH, nojiynaiomnecH b pe3yjibTaTe OKHCJiHTejibHoro 
KpeKHHra; npn bwcokhx AaBjieHHux (120—160 am) o6pa3yiOTCH npe- 
HMymecTBeHHo KHCAopoAcoAepxKamne coeAHHeHHH dojibinero MOJieKy- 
jinpHoro Beca, HanpHMep, H3 1 m 3 k -C 4H 10 nojiyqaeTCH b pe3yjibTaTe 
OKHCJieHHH 17 A >KHAKHX npOAyKTOB, C0CT0HL1I,HX H3 75%  MeTaHOJia, 
12%  aueTOHa h 12,5%  aueTaAbAerHAa. CAOJKHOCTb cocTaBa nojiyqaeMofl 
CMecn pacTeT c noBbimeHneM MOJieKyjinpHoro Beca ncxoAHoro yrAeBOAO- 
poAa.

B 1942 r. b AHTepaType noHBHAoeb onncaHHe nepBoro 3aBOAa b 
T aAJiaHTe (CU1A), npiiMeHHBinero npnpoAHbiH ra3 b KaqecTBe cbipbH aah 
noAyqeHHH pa3AiiqHbix coeAHHeHHH. CorAacHO onncaHHio, OKaTbin ao 
7—20 am ra3 npn 430—480°  nnpKyAHpoBaA c AoSaBKofi B03Ayxa HaA 
K0HT3 KTaMH H3 A 1P0 4 C OKHCA3MH MeT3AAOB. IlOAyqaeMbie HCHAKHe
m oAyKTbi coctohah H3 34—36%  C H 3O H , 20—23?o C H 20 , 5—6%  
C H 3C O C H 3 b cMecn c nepeMenHbiMH KOAHqecTBaMH Bbicuinx cnnpTOB, 
neTOHOB, ajibAernAOB h b o a h . MeTaHOA h (JiopMaAbAerHA pa3AeAHAHCb 
(JjpaKUHOHiipoBaHHeM, a cMecb H3 15%  C H 3O H  h 85%  C H 3C O G H 3
BbinycKaAacb noA H33BaHHeM «MeTHAaueTOH».

13*
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OKHCJieHHe MeTaHa b (JiopMajibAerHA eiue 6ojiee b3jkho, qeM oKHCJie- 
Hne b MeTaHOJi, Tan KaK (JiopMajibAerHA hbjihctch ochoboh ,hjih nojiy- 
4eHHH MHoroHHCJieHHbix BbicoKOMCjieKyjinpHbix coê HHeHHH. npouecc 
OKHCJieHHH CH4 b CH20 H3yuajiCH BcecTopoHHe: bjihhhhc KaTajiH3a- 
TopoB, TeMnepaTypbi, AaBJieHHH, cooTHomeHHH CH4 h 02, thxhx pa3- 
Phaob h t. a- KpoMe KHCJiopô a b KauecrBe oKHCJiHTejieft HcnbiTbiaa- 
JiHCb OKHCJibi a30Ta, 030H, C02, S03, nepeKHCH h AP-

BjiaronpHBTHbie pe3yjibTaTbi noc jie  MHorojieTHHx pa6oT nojiyueHbi
C. C. MeaBe^eBbiM [14]. O h ycraHOBHji, uto jiymuHMH KaTajiH3aTopaMH 
HBJIHIOTCH HeHTpaJIbHbie COJIH— (^OC^JaTbl aJIIOMHHHH, OJIOBa hjih }K ejie3a, 
6opaT ojioBa h t. a-, HaA kotopmmh npn 500° nponycuaioT  cMecb MeTaHa 
c B03flyxoM . 06pa3yK>mHHCH ^opM ajibAerH ^ BbiMbiBaiOT boaoh. n p o u e cc  
T3KHM 06pa30M MO>KHO BeCTH. UHpKyjIHUHOHHO. BbIXOAbI 33MeTHO yJiyH- 
iuaiOTCH, ecjiH k ra 30B0H cMecH AodaBHTb 0,13% x jiop u cT oro  BOAopoAa.
A. n .  Kpeum oB [15] nbiTajicH nojiyuaTb (bopMajibAerHA okhcjichhcm 
MeTaHa b npncyTCTBHH x jiop a  h boahhoto napa HaA Cu2Cl2, BaCl2 hjih 
V2Os Ha y r jie . OAHano h b onbiTax A. n. KpeuiKOBa BbixoAbi (jiopMaJib- 
AerHAa (cuHTan Ha H3pacxoAOB3HHbiH x jio p ) He npeBbiuiajiH 3,2% (no 
CH4—1,05%).

TpyAHOCTb 3Toro npouecca 3aKjnoqaeTCH b noAOope HaAJie>KamHX 
ycjiOBHH. OopMaJibAerHA mojkct jierxo pacnaAaTbcn, nojiHMepH30BaTbcn 
hjih OKHCJiHTbCH AaJibiue, nosTOMy ero HaAO 6bicrpo BbiBOAHTb H3 
30Hbi HarpeBa h «3aMopa>KHBaTb», t . e. cra6HjiH3HpoBaTb 6bicrpbiM 
oxjiaxtAeHHeM. PeaKHHio cjieAyeT Becra npn oneHb 6ojibniHx o6T>eMHHX
CKOpOCTHX, UTO TeXHHHeCKH 3aTpyAHHTeJIbHO.

IlepcneKTHBbi cyjiHJio xoAodHonAaueHHoe oKucAenue MeTaHa h ero 
roMOJioroB, KOTopoe coctoht b okhcjichhh yrjieBOAOpoAOB HeAOCTaTon- 
hhm KOJiHqecTBOM KHCJiopoAa npn TeMnepaTypax, dojiee hhskhx, qeM 
npH ofibmHOM ropeHHH. npn npndaBjieHHH no KanJiHM >khakhx yrjieBO- 
Aopoaob Ha HarpeTyio ao 300° noBepxHocTb nponcxoAHT xapaKTepHan 
jnoMHHecueHHHH, noxojKan Ha njiaMH, ho OTJiHqaioiuancH ot Hero HH3- 
koh TeMnepaTypoH, OTKyAa h npoH3omjio H33BaHHe xoAodnoe tiAaMA. 
JlBjieHHe xoJioAHoro njiaMeHH B03HHKaeT He cpa3y,—eMy npeAinecTByeT 
HHAyKHHOHHblH nepHOA OT AOJieH ceKyHAbl AO HeCKOJIbKHX MHHyT. B 3T0 
BpeMH npoTexaiOT MeAJieHHbie xHMHuecKHe npoueccbi o6pa30BaHHH okh- 
ceu h nepeKHcefl. Ilocjie nepnoAa HHAynuHH Ha HaH6ojiee HarpeTbix ua- 
cthx HadjnoAaeTCH cBeueHHe (xojioAHoe njiaMH), (JjpoHT KOTOporo pac- 
npocTpaHeH BAOJib peaKTopa; npn stom xapaKTepHO noAHHTHe TeMne
paTypbi Ha 100—150° npH o6iueft TeMnepaType 300—400° npn xojioaho- 
njiaMeHHOM oahcjichhh o6pa3yeTCH 3HanHTejibHoe KOJinnecTBO ajibAe- 
thaob, b nacTHOCTH (JiopMajibAerHAa.

B CCCP stot npouecc noApoSHO H3yqajiH M. B. HeftMaH c coTpyA-
HHK3MH [16], KOTOpbie yCT3H0BHJIH, HTO TJiydHHa OKHCJieHHH AOXOAHT 
AO 50%. Ecjih He nepexoAHTb rpaHHH KpimmecKoro ahejichiih h TeM
nepaTypbi, to npouecc mojkho ocraHOBHTb Ha <])a3e xojiOAHonJiaMeHHoro 
ropeHHH. IIponycKaHHeM neHTaHa npn 335° nojiynaioT ao 22% 
aJibAerHAOB. flponaHOBbie (jipaKUHH npn 360° okhcjihiotch Ha 50%,



/. OKMCJIEHHE n P E R E Jlb H b lX  V rJlEBO R O PO aO B 197

npnqeM b npoAyKTax peaKUHH coAepjKHTca ao 70% aAbAerHAOB, H3 
KOTopbix 20% cocTaBJiaeT CHzO, a TaKJKe HexoTopbie KOAHqecTBa 
CH3OH, C,H5OH, HCOOH h CH3COOH, 9to HBJiBercH aoboaom b 
nojib3y rH,npoKCHjibHOH TeopHH. Xojio^HonjiaMeHHoe oKHCJieHHe khc- 
AopoAHbix h B03^yiiiHbix CMecen jierKHx 6eH3HHOB, nceB^oOyTH^eHa, 
ra30B KpeKHHra, otxoaob cHHTeTHuecKoro Kayuyua h t . a - AaBaAo koh- 
AeHcaTbi c 10—25% aAbAerHAOB.

HccjieAOBaHHe MexaHH3Ma h khh6thkh npoueccoB xoAOAHoriAaMeH- 
Horo OKHCJieHHH yrjieBOAopoAOB no3BOAHAO ycraHOBHTb, uto ohh npo- 
TeKaioT ayTOKaTajiHTHqecKH, ycKopaacb npoMejKyTOHHbiMH coeAHHeHHa- 
mh. 3to AOKa3biBaeTCH MeAJieHHbiM HHAyKUHOHHMM nepnoAOM, nocjie 
KOTOporo HacTynaeT dbicrpaa uenHaa peaKUHH okhcabhuh, ycKopae- 
Maa o6pa30BaHHeM cboOoahmx paAHKaAOB. HanpHMep, okhcjichhc 
neHTaHa mo>kho npeACTaBHTb cAeAyioiuHM o6pa30M:

c5h 12 +  o 2 C5HuOOH —  C5HuOO»

C6HuOO* +  CsH12 —  QHjiOOH +  C5Hu

C5Hn +  0 2 CsHnOO* h t . a .

TnAponepeKHCH CTa6HAH3HpyroTca hah pacnaAaiOTCH:

CsHnOOH +  C5H12 —  2C6HnOH
HAH

C5HuOOH -H- c4h 8cho +  h2o
C4H9CHO +  CsHnOOH C4H#COOH +  C6HuOH

06pa30BaBiHHeca aAbAerHAbi MoryT pacnaAaTbca

QH#CHO -f 02 C3H7CHO +  CO +  h2o 
C3H0CHO +  0 2 C2H6CHO +  CO +  H20

AO 4>OpMaAbAerHAa (OKHCAHTeAbHblH KpeKHHr).
PeaKUHH npaMoro okhcachuh c noMombio KHCAopoAa hah B03Ayxa 

HMeiOT pHA OTpHUaTeAbHbIX CTOpOH, K KOTOpbIM B nepByiO OHepeAb 
CAeAyeT OTHeCTH: Heo6xOAHMOCTb KHCAOpOAHbIX yCT3H0B0K (npH OKHC- 
AeHHHX khcaopoaom), pa36aBAeHHe npoAyKTOB peaKUHH a30T0M (b CAy- 
qaax OKHCAeHHH B03AyX0M), OnaCHOCTb COKpyUIHTeAbHblX B3pbIBOB 
11 t . a . B nocAeAHee BpeMH npeAAOH<eHbi doAee pauHOHaAbHbie h npo- 
CTbie MeTOAbI OKHCAeHHH C nOMOUibK) OKHCAOB MeT3AA0B, CnOCOOHbIX 
pereHepnpoBaTbca B03AyxoM, mto HCKAiouaeT OoAbuiHHCTBo H3 HeAo- 
CT3TK0B npHMblX OKHCACHHH. j^AH 3TOH UCAH npHMeHSUOT OKHCAbI MeAH, 
THTaHa, x<eAe3a, KoOaAbTa, hhkcah, MapraHua, BaHaAHa, uacTO c ak- 
THBHpyiOmHMH A06aBK3MH.

TaKHM nyTeM ocymecTBAeHbi peaKUHH npaMoro okhcachhh nponaHa 
b aupoAenH HaA CuO, noAyueHHe MaAeHHOBOH khcaotm h ee aHrHApHAa 
oKHCAeHHeM ({wc-6yTeHa-2 B03AyxoM HaA V20 5-Mo03 npn 350° 
AHaAornuHO OKHCAeHHeM CH4 noAyuaiOT KaTaAHTHuecKH 75—85% (fropM- 
aAbAerHAa. Ilpu napo4)a3HOM oKHCAeHHH bo3avxom naA CuO sthach-



198 r/i. III. KATAJIHTMHECKOE OKHCJIEHHE

rjiHKOJib npeBpamaeTCH c xoponiHM bhxoaom b rjiHOKcajib. IlonbiTKH 
H36HpaTejibHoro OKHCJieHHH deH30Jia c noMoiubio KHCJiopoAa b (JieHOA 
HaA Ag20, MbiuibHKOM hjih cejieHOM ^aioT jiHuib 2% (JieHOJia, ho bhxoah  
nocjie^Hero mojkho 3HauHTejibHO noBbicHTb npHMeHeHHeM peuHK- 
jiob [17].

OnwcaH HOBbiH KaTajiHTHqecKHH npouecc npnMoro okhcachhh MeTa- 
Ha b (JjopMajib^erHA h MeTaHOJi [17]. M3 nocJieAHero (JjopMajib^era^ 
o6pa3yeTCH AerHApupoBaHHeM npn 300—400° Ha# Me^bio hjih cepedpoM. 
Mojkho BecTH OKHCJieHHe MeTaHa Henocpe^cTBeHHO ao (JiopMajib^erH^a. 
TaK, HanpHMep, Ha# K3TaJIH3aT0p0M H3 Ba02, aKTHBH«BpOBaHHbIM flO- 
6aBKOH 2% Na02, nponycKaiOT cMecb H3 50% CH4 h 40% 030HHp0BaH- 
Horo KHCJiopo^a (4—5% 030Ha) c odteMHOH cnopocTbio 500 a /hoc npn 
280—290° H3 1 m 3 HHCToro CH4 nojiynaeTCH ao 260 a CH20. B mxoa 
noBbimaeTCH ao 350 a npn AodaBKax k Ba02 okojio 0,5% AgaO h npo- 
Be êHHH OKHCJieHHH npH 100° TaKHM see nyTeM mojkho npoBOAHTb okhc- 
jieHHe KOKcoBbix h Apyrnx TexHHHecKHx ra30B, coAepjKamnx ao 70% CH4.

B CLUA pa3padoTaH npouecc okhcjichkh MeTaHa b boahhoh ra3 
no peaKUHH

CH4 +  i/20 2 CO +  2H2

AAh nojiyneHHH CMecn, npnroAHOH aah  CHHTe3a deH3HHa. Flo STOMy 
MeTOAy MeTaH, npeABapHTejibHO HarperaH ao 400— 500° CMeuiHBaAH c 
BOAHHbiM napoM (1 : 1) h khcjiopoaom h nponycKajiH cMecb nepe3 khc- 
JiopoAHoe nJiaMH b cneunaJibHOM peaKTope. TeMnepaTypa b 30He ro- 
peHHH AOCTHraJia 1500° nojiyueHHbie ra3bi nponycKajiH uepe3 Ni-Mar- 
HeTHTOBbiH K3TajiH3aTop, i\Ae HenpopearHpoBaBuiHH CH4 nepeBOAHJiCH 
BOAHHbiM naooM b CO+3H2. KoHeqHbiH ra3 cocTaBa 7% C02, 24% 
CO, 69% H2, 0,2% N2 HanpaBJiHJicH Ha CHHTe3 deH3HHa (cm. raft- 
ApoKOJi-npouecc, CTp. 698).

2. OKHCJieHHe HenpeAejibHbix yrjieBOAOpOAOB

jFaBHO ycTaHOBjieHO, uto sthjich b cmcch c khcjiopoaom Ha mcahom 
KaTajiH3aTope npH 400° odpa3yeT TpHOKCHMeTHJieH. TaKHe JKe pe3yjib- 
TaTbi dbiJiH noJiyneHbi h c ApyrHMH KaTajiH33TopaMH (Ag, A u ,'P b , Pt). 
3Ta peaKUHH H3ynajiacb mhothmh HccjieAOBaTejiHMH. Ilpn noApodHOM 
H3yHeHHH OKHCJieHHH STHJieHa dblJIO HaHAeHO, HTO BbIXOAbI TpHOKCHMe- 
THJieHa 3HaHHTejIbHO KOJiedJIIOTCH B 33BHCHMOCTH OT COOTHOHieHHH Ta- 
30B, TeMnepaTypbi h BpeMeHH KOHTaKTa. B onTHMajibHbix ycjioBHHX 
npn 575° H3 CMecn C2H4 h 02 (<—-2,5 : 1) nonyueHO 50% CH20 (ot 
TeopeTHnecKoro). OAHOBpeMeHHo odpa3yiOTCH h Apyrue npoAyKTbi: 
HCOOH, C2H40 (oKHCb STHJieHa), CH3CHO, CH3COOH, (COOH)2 
(maBejieBan KHCJiOTa). B 33bhchmocth ot K3TajiH3aTopoB HanpaBAeHHe 
peaKUHH MOHieT CHJIbHO H3MeHHTbCH: Os, Cu H Ag CnOCOdCTByiOT nOJIHO-
My OKHCAeHHio STHjieHa, totas KaK Cr20 3 oKHCAHeT ero B COz, HCOOH 
hCH3COOH.
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Bojibiuofi’'HHTepec npê CTaBJiaeT npocTaa peaKUHa okhcjichhh sth- 
JieHa^B oKHCb STHjieHa

CH2 o CFLv
n — ► i > o
CH2 CH2/

Tax Kan OHa flaer B03M0HCH0CTb b /tajibHefimeM npoBOflHTb CHHTe3 3Ta- 
HOJiaMHHOB, rjiHKOJieft, aueTajibflerHfla, STaHOJia, xjioprH^pHHrjiHKo^a, 
3([)HpOB IVIHKOJIH H £pyTHX COê HHeHHH.

3Ta npofijieMa aBJiajiacb npe^MeTOM mhotiix HccneflOBaHHH h uinpo- 
ko OTpaaceHa b JiHTepaType. Tax, C . JleHep L18] H3yaaji TepMHaecKoe 
OKHcjieHHe STHjieHa npH pa3Hbix TeMnepaTypax b TpySxax H3 pa3Jnm- 
Horo MaTepnajia (ctckjio, cTajib, 3jiiomhhhh). B 33bhchmocth ot 
ycjioBHH oh nojiyaaji b pa3JinqHbix cooTHomeHHax C H 3CH O , C 2H 40  
(oKHCb sTHjieHa), H CO O H , C 0 2, 0 2, H 20 , C H 20  h rjwoKcajib, a Taione 
nepeKHCb flHOKCHflHMeTHjia (odpa30BaHHe nocjieflHeft apyrHMH cxeMaMH 
He yqHTbiBaeTca). CnopocTb peaKUHH 33BHCHT ot KOHueHTpaunn C 2H 4, 
a He KHCJiopo,na. Ilpn 450° C 2H 4 oKHCJiaeTca noqTH KOJiHaecTBeHHO b 
C 0 2 h H 20 , nosTOMy peaKHHio cjieayeT bccth npn 380—400° Oahhm H3 
pemaiomHx MOMeHTOB aBJiaeTca odteMHaa cxopocTb; npn KOHTaKTe b Teae- 
HHe 3 ceK. rjiaBHbiMH npo^yKTaMH 6yayT CH2O h OKHCb amneHa (21%).

Ochobhoh pe3y.ibTaT 3toh paSoTbi— ycTaHOBJieHHe BepoaTHoii cxe- 
Mbi peaKHHH. f l o  B. BoH y, OKHCJieHHe C 2H 4 npoTenaeT qepe3 npOMe- 
JKyTOHHoe o6pa30BaHHe ^HOKCHSTHjieHa

CH2 O CHOH O choh
I I ----- ► I I ------► I I ----- ► 2CH20

ch2 ch2 choh

mto Ma^oBepoaTHO. 3 tot h apyrne MexaHH3Mbi ne odbacHaiOT o6pa30- 
BaHHe npo^yKTOB, ycTaHOBjieHHbix C. JleHepoM [18], KOTOpbifl, npH- 
Aep>KHBaacb nepeKHCHOH TeopHH Baxa, AaeT cjieayiomyK) cxeMy:

CH2V O —CH2 aKTHBHpoBaHHe CH2 oKHcjiemie
I y o . .  . o  -*-----  i •*------------ i i ---------- ?ch2o +  h202

c ii/  - ch2 ch2

hoch2- o—o - ch2oh

CH20 +  HCOOH +  H20

I
C0 +  H20it
C02 -I- Ho

I c2h4

CHS
1

CH2

I

>
CHgCHO

1°
CH20 +  HCOOH
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KpOMe Toro, npn okhcjichhh STHjieHa no C. JleHepy Bcer^a Had-nio- 
flaeTCH o6pa30BaHne jkhakhx yi\neBO,nopo,noB. hto o&bHCHaeTCH nojin- 
MepH3auneH CBoSo^Hbix MeTHJieHOBbix' paflHKajiOB:

CH2X
| > 0 ....0  -► 2CH2+ 0 2
CH/

nCH2 ► CnHzn

B CoBercKOM Coio3e npo6jieMa KaTajiHTnnecKoro" okhcjichhh STHJieHa 
b OKHCb aTHjieHa pa3peineHa hccjicaobehhhmh n .  B. 3nMaKOBa [19]. 
n. B. 3nMaKOB cnmaeT cxeMy JleHepa MajioodocHOBaHHoft n Heo6bHC- 
HBiomeH o6njibH0ro o6pa30BaHHH npn peaKunn okhch yrjiepo^a, a Tai<- 
xe nenHoro xapaKTepa npouecca. Oh npHHHMaeT, mto cnepBa nponc- 
xo^ht aKTHBanHH MOJieKyji STHjieHa nyTeM cMemeHHH ajieKTpoHa

c h 2= c h 2^ c h 2= c h ,

a 3aTeM o6pa30BaHne nepeK ucb - p a d u m A a , KOTopbift h Be êT k  pa3BHTHio 
nenefl. 06m,an cxeMa okhcjichkh  aTHJieHa KHCJiopo,noM mojkct 6biTb 
npe^cTaBjieHa cjie^yiomHMH flByMH paflaMH peaKitHn:

a) CH2 o 2 CH2 CH2 CH2 C H o

I ! ----- I + 1 ------► -2 I +  2 II ----- -
ch2 ch2o - o * ch2 ch2- o • ch2

ch2V ch2
------*- 2 I >0 +  2 I h t . a.

CTV CH2

6) CH2 
I

ch2

CH2—o 
I I 
CH2—o

ch2 CH, ch2- -0 ch2
1 +  1  “ -------► 1 1 + 1
CH20 —0» CH2 ch2- -0 ch2

----- ► 2CH20 -f 0 2 —► 2HCOOH
CH2- 0

I
CH2—o

2CO +  2H20
, cTeHKa
-----► 2CH.p -► 2CO +  2H2

CxeMaMH 3nMaKOBa oSbHCHHeTCH nenHon MexaHH3M OKHcneHHH sth- 
aeHa h o6pa30BaHne npn stom okhch yraepo^a.

Flpoixecc npeBpaiu,eHHH STHJieHa b OKHCb aTHJieHa CHJibHO 3K30Tep- 
MHneH

O
o /  \

CH2=CH2 -----*- CH2—CH2+  32,9 kkoa

h conpoBOJKAaeTCH nodoHHOH peaKUHen:
o

CH2=CH2 ----- *■ 2C02 +  2H20 +  337,3 kkoa
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j j j ih noaaBJieHHH peaKUHH nojiHoro okhcjichkh aTHjieHa npHMeHHKnr 
6biCTpbiii otboa H36brroMHoro Tenjia hjih, hto ropa3Ao 3<jxf)eKTHBHee, 
AOfiaBKy K ra30B0fl CMeCH pa3./IHMHbIX aHTHK3TaJIH3aTOpOB HJIH CejieK- 
THBHblX HHTHSHTOpOB, nOBblUiaiOmHX aKTHBHOCTb KaTajiH3aTopa B Ha- 
npaBJieHHH odpa30BaHHH okhch STHJieHa. B KanecTBe cejieKTHBHbix hh- 
rHfiHTopoB peKOMeĤ OBaHbi 6eH30Ji, kchjioji, crmpT, rajioreHbi, apH/i- 
aMHHbi h t . A- Mojkho npHMeHHTb h «6jiaronpHHTCTByiomee OTpaBJieHHe»— 
ocjiafijieHHe 3kthbhocth KaTajiH33TopoB BBefleHHeM b hhx 0,01—0,001% 
XJIOpa. JlK)6onbITHO OTMeTHTb, HTO aKTHBHOCTb CepedpHHbIX KaTaJIH3a- 
TopoB fljiH no^yqeHHH okhch STHJieHa BoccraHaBjiHBaeTCH npn o6pa6oTKe 
hx TeTpaxjiopaTaHOM npn 175—325° XopoiiiHM KaTa.TH3aTopoM HBJiHeT- 
ch Ag20  Ha KOpyH^e c ^oSaBKoii Ba02 npn 115° CMecb H3 STHjieHa c 
0,01 C C2H 4C12 A36T XOpOIUHH BbIXOA OKHCH 3THJieH3. XOTH KaTaJIH3a- 
Top 6biCTpo Ae3aKTHBHpyeTCH, ero JierKO pereHepnpoBaTb noBbimeHHeM 
TeMnepaTypu ao 300° b Tone peaKUHOHHOH CMecn.

Ony6jiHKOBaH hobhh mctoa noJiyHeHHH okhch STHjieHa OKHcneHHeM 
STHjieHa BbicoKoft CTeneHH hhctoth (95% h Bbirne) khcjiopoaom Ha a 
nceB ôo}KHH<eHHbiM cepeSpnHbiM KaT3JiH3aTopoM, npnqeM bmxoam flo- 
craraioT 99,5% [20].

npofijieMa nojiyMeHHH okhch STHjieHa okhcjichhcm STHjieHa npaKTH- 
qecKH MOHteT CHHTaTbCH pa3pemeHHOH.

STHJieH MOJKHO OKHCJIHTb HaA KaTaJIH33TOpaMH H B APyrHe COeAHHe- 
HHH. TaK, no HeKOTOpbIM AOHHbIM ,H3A Se02 npH 300° H3 3THJieHa xopo- 
rno nojiynaeTCH rjiHOKcajib:

CHa Se02 CHO
2 l | ----- ► 2 | +  3Se +  2H20

CH2 CHO

CepHan KHCJioTa c AoSaBKaMH Cr03 h pa3JiHHHbix aKTHBaTopoB npa 
150° OKHCJiaeT STHjieH b yKcycHyio KHCJioTy:

CH2 h2o CH3 C r C >3 CH3
|| I I +  h 20
CH., CHjOH COOH

FoMOJiorH STHJieHa npH okhcjichhh o6pa3yK )T  c n e p B a  nepeKHCH, 
KOTopbie 3aTeM pacnaAaiOTCH c o6pa30BaHHeM ajibAerHAOB hjih kcto- 
hob:

ch3ch2ch= chch3 ------► ch3ch2ch- chch3 ch3ch2cho -f ch3cho

CHy. O
>c= chch3 —

CH/

ch3N
O— O

ch3.
>c- chch3 

1 1
----- ►

CH;/ ch301o

3tot npouecc, HecwoTpa Ha cboio npocioTy, He Hameji npHMeHeHHH
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TaK KaK'OKHCJieHHe o6hmho H^eT AaJibine, h nojiyqaeTcu cjiojKHaa cMecb 
pa3JIH4HbIX npOflyKTOB OKHCJieHHH.

Ojie(J)HHbi npH nponycKaHHH c paccqHTaHHbiM KOJiHqecfBOM B03Ay- 
xa HaA KaT3JiH3aTopaMH H3 AByoKHCH cejieHa hjih HaA 3aKHCbio mcah 
Ha Kap6opyHAe cejieKTHBHO okhcjijhotch b HenpeAejibHbie ajibAerHAbi 
hjih KeTOHbi. 3aMeqeHO, hto okhcjichhio noABepraeTCH BcerAa CH3- 
hjih CH2-rpynna b a-nojioJKeHHH k HenpeAejibHOH CBH3H [21, 22]:

o
CH2=CHCH3 -----► CH,=CHCHO +  H20

O
ch2= chch2ch3 ----- ► ch2= chcoch3 +  h2o

3th HOBbie h npaKTHqecKH HHTepecHbie peakuhh 3aBHCflT ot nap- 
HHajIbHOrO AaBJieHHH KHCJIOpOAa, OTHOUieHHH 0Jie4)HH : KHCJIOpOA, TeM- 
nepaTypbi h Apyrnx (})aKTOpoB. B onTHMaJibHbix ycjioBHnx H3 nponn- 
jieHa nojiyqaeTCH ao 90 °o aKpojieHHa, 6% aueTajibAerHAa, 2% nponno- 
HOBoro ajibAerHAa h 2 % aueTOHa. H3 U30-C4H8 b sthx ace ycjioBHHX nojiy- 
qaeTCH 6ojiee 90% MeTaKpojieHHa.

OKHCJieHHe aueTHjieHa AByoKHCbio a30Ta itphboaht k o6pa30BaHHio 
6oJiee 30% niHOKcaJiH, qTO HMeeT npaKTHqecKHH HHTepec [23]:

no2
CH=CH -----► CHO—CHO

O pojiH cejieHHCToro aHTHApHAa KaK okhcjihtcjih cm. o63op 
H. H. MejibHHKOBa [22].

OcoSbiH HHTepec npeACTaBJiaeT OKHCJieHHe aueTHjieHa b yKcycHyio 
KHCJioTy. Hmckdtch yK33aHHH, qTO TaKOH npouecc HAeT' rjiaAKO, ecjw 
CMecb aueTHjieHa c B03AyxoM h boahhhm napoM nponycKaTb HaA TaKH- 
mh KaTajiH3aTopaMH, KaK MohjihO V  Haacdecre, Th02, CMecb Hg(N03)2 
c Ce02 h t . A- PeaKHHH b KOHeqHOM HTore cboahtch k rHApaTaunn aue
THjieHa h oKHCJieHHio nojiyqaioiuerocH yKcycHoro ajibAerHAa:

h2o o
CHeeeC H ------►  CH3CHO------►  CH3COOH

3. OKHCJieHHe cnnpTOB

MeTOAOM HeKaTaJiHTHqecKoro okhcjichhh cnupTOB c  noMOiubio xpo- 
MOBOH CMeCH, 330TH0H KHCJIOTbl, XpOMOBOTO aHTHApHAa, nepcyJIb(])aTOB 
h t . A- nojiyqajiH ajibAerHAbi, KeTOHbi h KapdoHOBbie khcjiotm. Yace 
b 1819 r. 6biJio ycTaHOBJieHo, hto npn HenojiHOM cropaHHH cnnpTa 
B cnHpTOBbix jiaMnoqKax o6pa3yeTCH «JiaMnoBaa KHCJiOTa», coAepjKaiuaa 
yKcycHyio KHCJioTy h Henoe «ot stjwpa OTJinqHoe BeiuecTBo», KOTopoe 
H3BecTHO Tenepb KaK aueTajibAerHA. AueTajibAerHA 6mji nojiyqeH Ka- 
TaJiHTHqecKH M. BaH-MapyMOM npn nponycKaHHH napoB aTHjiOBoro cnnpTa 
HaA HaKajieHHbiMH MeTajiJiaMH («o6yrjiepouceHHbiH boaopoa»).
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n PH OKHcneHHH MeTHJioBoro cnnpTa B03AyxoM dbiAH nojiyqeHbi m v - 
paBbHHaH KHCJiOTa h eme He H3BecTHbiH b to BpeMH (JjopMajibAerH^. B npo- 
AyKTax ropeHHH napoB cnapTa Ha B03flyxe no# fleflcTBHeM rydnaTOH 
njiaTHHbi dbijia o6Hapy>KeHa yKcycHan KHCAOTa. Bo3MO>KHOCTb TaKoro 
CHHTe3a noK33ajiacb yuce Tor^a cm/ib 3aMaHHHBOH, mto npe^jiarajiocb 
Hcnojib30BaTb ero b KanecTBe TexHHqecKoro MeTOAa nojiyqeHHH yxcycHOH 
KHc/ioTbi. CHCTeMaTHqecKHe hcc a eaobahhh no KaTaAnranecKOMy okhcjichhio 
cnnpTOB, npoBeAeHHbie HecKOAbKO no3Hte, nonasajiH, hto njiaTHHa— 
jiyquiHH KaTajiH3aTop aah npeBpameHHH MeTaHona b (popMaAbAerHA. 
Bnocjie^cTBHH dbiAO ycTaHOBAeHO, hto npenpacHbiM KaTaAH33TopoM 
AAH 3T0H peaKUHH HBAHeTCH T3KJKC Me^b.

OAHa H3 nepBbix ycTaHOBOK aah noAyneHHH c])opMaAbAerHAa dbijia 
ocHOBaHa Ha npnMeHeHHH KaTajiH3aTopa H3 njiaTHHbi Ha acdeere 
(1889 r .). H 3 cMecH MeraAOBbiH ciHpr— B03Ayx (0,68 e b 2,5 a ) Ha 
3toh ycTaHOBKe nojiyqajiH £0  48,5% C H 20 . 3th 3adbiTbie padoTbi npeA- 
ct3bahk)t onpefle^eHHbifi HayqHbifl HHTepec, TaK KaK oAHOBpeMeHHo 
dbiAO npoBe^eHO okhcachhc HaA nJiaTHHofl h ^pyrnx cnnpTOB h ycTa- 
HOB/ieHO, MTO BbIXOAbI aAbAerHAOB CHHJK3IOTCH C nOBblUieHHeM MOJieKy- 
ahphoto Beca cnHpTOB.

HaA MeAbio bhxoah aAbAerHAOB OKa3aAHCb dojiee bhcokhmh. O^Ha- 
ko 3Ta ycTaHOBKa ckoPo npeKpaTHJia CBoe cymecTBOBaHHe H3-3a TpyA- 
HOCTeii, cBH33HHbix c peryAHpoBaHHeM npouecca, h B3pbiBOB npH H3- 
dbiTKe B03^yxa.

KaTajiHTHqecKHM okhcjichhcm pa3AHHHbix cnnpTOB 3aHHMajincb 
BnocJie ĉTBHH MHorne hccjieAOBaTejiH. Tan, C . A.  Ookhh [24] noApodHO 
nccJieAOBaji pa3JinqHbie KaTajiH3aTopbi aah okhcjichhh MeTaHOJia b 
(JjopMajibAern^ n no aKTHBHOCTii pacnoAO>KHA nx b CAeAyioiuHH Pha:

KaTajiH3aTopbi BbIXOfl
ch 2o . %

KaTajiH3aTopu BbIXOA
ch 2o ,%

Cu—Ag (crum) 84 Co (B0CCT3H0B.) 2,8
rio30JioqeimbiH acOecT 71 Mn (nopouioK) 2,0
nocepeOpennbift » 64 — 66 A1 (cTpyjKKa) 1,5
OMeAneHHbiii * 43 — 47 Ni (BOCCTaHOB.) 1,08

OcodeHHO noApodno n ncqepnbmaiome Bonpoc o k h cjich h h  cnnpTOB 
B03AyX0M HaA MeAHbIM KaT3JIH3aTOpOM dblJI H3yqeH E . H . OpjIOBbIM 
[25]. Ha OCHOB3HHH AaHHbix h pacneTOB E . H. OpnoBa padoTaeT doAb- 
uihhctbo  OTeqecTBeHHbix h 3apyde>KHbix 33boaob no noAyqeHHio (JiopM- 
aAbAernAa H3 cnnpTa. Elpouecc npoTenaeT b Aae era ah  h :

CH3OH CH20 +  H2 — 27,9 kkcia 

1
H2 -f- ~2~ 0 2 —► H20 -p 68,4 kkcia

CHsOH -p - j -  02 -*■  CH20 +  H20 +  40,5 kkcia

npH  npnMeHeHHH a a h  3Toro npouecca Pt-KaTaAH3aTopa HeT Heod- 
XOAHMOCTH B AOnOAHHTeAbHOM HarpeB3HHH, TaK KaK KaT3AH3aT0P P330-
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rpeBaeTca 3a cueT TenjioTbi peaKUHH h coxpaHaeT sto Tenjio bo Bee 
BpeMH npoTeKaHHH npouecca; Mê Hbie >Ke KaTajiH3aTopbi npHxoflHTca 
npê BapHTe/ibHO pa3orpeBaTb. E. H. OpjioB pa3peumji stot Bonpoc 
npHMeHeHHeM Tan Ha3biBaeMoro KOHTaKTHoro 3anajia H3 njiaTHHHpo- 
BaHHoro acdecra, KOTopbift noMemaiOT nepe^ Mê HbiM koht3ktom. ripn 
nponycKaHHH MeTaHOJio-B03,uyiuHOH cMecH 3anaji HaKajiHBaeTca h, co- 
odiuaa TenjiOTy Cu-KOHTaKTy, HarpeBaeT ero a o  TeMnepaTypbi, Hy>KHofl 
£jih npoBeAeHHH peaKUHH. 3anaji npe^oTBpaiuaeT TaKHce h 3aTyxaHHe 
peaKUHH, KOTOpOe MOJKeT np0H30HTH npn H3MeHeHHH peHCHMa paSOTbl.

K a T a j i H 3 a T o p o M  o d b u r n o  c j i y > K H T  M e ^ H a n  c e T K a ,  K O T o p a n  n p n  p e a K 
U H H  p a 3 o r p e B a e T C H  a o  550— 600° ( T e M H O - K p a c H o e  K a j i e H H e ) .  B M e ^ H b i x  
T p y d a x ,  H a n o j i H e H H b i x  K a T a j i H 3 3 T o p o M ,  H 3  c M e c n  B 0 3 u y x — M e T a H O J i  
(3 : 1 hjih 3 : 2) n o j i y u a i o T  H 3  600 kz M e T a H O J i a  ao 120 kz 4 > o p M a j i b , n e r H -  
A a  b B H ^ e  40% B o ^ H o r o  p a c T B o p a  ( ( f j o p M a j i H H ) .  G r a d H J i H 3 a u H H  ( J i o p M a j i b -  
A e r u n a  A o c T H r a e T C H  n p n c y T C T B H e M  H e K O T O p o r o  K O J i n n e c T B a  M e T a H O J i a .  
X l j I H T e j I b H O C T b  J K H 3 H H  M e ^ H O r O  K a T a J I H 3 a T O p a  3 3 B H C H T  ot p e > K H M a  p a -  
d o T b i ,  hhctoth M e u H  h n p H M e H H e M o r o  M e T a H O J i a .  O c o d e H H O  B p e ^ H b i  
n p H M e c H  c B H H u a  k mcah h a u e T O H a  hjih K a p d o H H j i a  u c e j i e 3 a  k M e T a H O J i y ,  
hto p e 3 K O  C H H j K a e T  B b i x o u  ( J i o p M a j i b ^ e r H a a .

KaueCTBO Mê HblX K0HT3KTOB MOJKCT dbITb 33MeTHO nOBblUieHO ao- 
daBKaMH aKTHBaTopoB. P h a  oueHb aKTHBHbix ^jih npeBpaiueHHH MeTaHOJia 
K3TajiH3aTopoB npHBeAeH b TadJi. 17

TABJ1HUA 17

K a T a j iH 3 a T o p
n p e B p a m e H H e  

C H 3O H  b C H 20 ,
%

K a T a jn w a T o p
n p e B p a m e H H e  

C H 3O H  b C H 20 ,
%

Hhct3h Cu . . . . 7 0 CruiaB Ag—Pt 84
Cu, c n T ia B J i e H H a H  c 0,001 a 

Pt 7 2
Ag, n o K p b i T o e  Rh 

( 1 : 1 0 0 0 0 ) 96
Cu, n c m p b iT a a  Pt 7 7 Ag, n o K p b iT o e  Pt
HncToe Ag 7 5 ( 1  : 1 0 0 0 0 ) 96

OKHCJieHHeM sTaHOJia BoaAyxoM mojkho nojiyuaTb aueTajib/terua; 
KaTajiH3aTopaMH, cyan no JiHTepaTypHbiM AaHHbiM, cjiyucaT cnjiaBbi 
Cu—Ag, Meflb, noKpbiTaa cepedpoM, nocepedpeHHbift acdecT hjih Ag- 
ceTKH, npnneM H3 8 k z  STaHOJia c 100 Mk B03^yxa HaA HarpeTOH Ag-ceT- 
koh mo>kho nojiyuHTb aueTajibAerHA c bmxoaom ao 93%.

KaK y>Ke dbijio yKa3aHO, npn okhcjichhh B03uyxoM bhciuhx nepBH4- 
HblX ennpTOB BblXÔ bl COOTBeTCTByKMUHX 3JIbAerHA0B CHHJK3IOTC5I c no- 
BbiuieHHeM MOjieKyjinpHoro Beca cnnpTa, mto mokct dbiTb hjijiioctph- 
pOBaHO CJieAyiOUI,HMH AaHHbIMH:

C r in p T
B u  x o f l  

a j i b A e r n ^ a ,  
0/

CH3OH
/o

7 0
c2h5oh 66
c3h7oh 5 5
c4h#oh 5 4
cbhuoh 5 1
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ripHMHHaMH CHHJKeHHfl BblXÔ a BblCUIHX aJIb̂ erĤ OB HBAHIOTCH He- 
CTOHKocTb hx MOAexyA npH noBbimeHHOH TeMnepaType h TeHfleHUHH 
k pacmen^eHHio no peaKunn:

RCHO —► RH +  CO

BTOpnqHbie cnnpTbi rAaAKO npeBpamaiOTCH b KeTOHbi npn oKHCJie- 
HHH B03flyX0M Hafl Cu-K0HT3KTaMH (400—450°). H3 H30np0nHJI0B0r0 
cnnpTa nojiynaiOT TaKHM o6pa30M aueTOH c bhxoaom 80—85%.

Mo>kho yKa3aTb Ha oKHCJieHHe cnnpTOB b ajib^ern^H hah kctohh 
B03^yxoM npn cpaBHHTejibHO hh3khx TeMnepaTypax. Tax, HanpHMep, 
pa3JiHHHbie cnnpTbi, ot MeTHAOBoro ao H3oaMHAOBoro, npeBpamaiOTCH b 
ajib^erH^bi b KHnameM pacTBOpe xyMOJia c AofiaBKOH xhhoahh3 h m - r u -  

HHTpo6eH30jia npn npoAyBaHHH B03Ayxa. RaTajiH3aTopoM cAyxtHT B3Be- 
uieHHaH MejiKOAHcneprnpoBaHHaH MeAb. TaKHM ate nyTeM okhcahiotch 
KapdouHKJiHMecKHe h reTepouHKAHqecKHe cnHpTbi. H3 6eH3HAOBoro 
cnnpTa o6pa3yeTCH 6eH3ajib^ern^ c bhxoaom 85%, H3 o-XAop6eH3HAO- 
Boro—o-xjiop6eH3aJibAerHA c bhxoaom 86%, H3 (J»ypnjioBoro—(JjypcJjy- 
poA c bhxoaom 74%. BTopHHHbie cnnpTbi b sthx ycAOBHHX npeBpa- 
maiOTCH nOMTH KOJIHHeCTBfeHHO B KeTOHbi.

MHoroaTOMHbie cnKpra Jierxo npeBpaTHTb b cooTBeTCTByiomHe ajib- 
A03bi, ecjiH qepe3 hx BOAHO-cnHpTOBbie pacTBopbi c cycneHAHpoBaHHofi 
ruiaTHHOH hjih najiJiaflHeM npoAyBaTb B03Ayx npn o6bmHofl hjih cjierKa 
noBbimeHHOH TeMnepaType. TaKHM >Ke nyTeM H3 MeTaHOJia h aTaHOJia 
nojiynaeTCH (JiopMaAbAerHA c bhxoaom 18% h aueTaAbAerHA c bhxoaom 
40%. OKHCJieHHe MHoroaTOMHbix cnnpTOB b ajibA03bi xopouio npoTe- 
xaeT, ecjiH ero npoBOAHTb c 3% pacTBopoM H20 2 h cjieAaMH KOHueHTpH- 
poBaHHoro pacTBopa FeS04, AeftcTByiomero KaTaAHTHqecKH (n em o d  
<P e n m o n a ). 3 thm mctoaom rjuiKOJib H36HpaTejibHO h KOJiHqecTBeHHO 
OKHCJIHeTCH B TJIHKOJieBblH aAbACTHA, TJIHUepHH— B rjIHUepHHOBblH 
ajibAerHA. npHMeHeHHe 6oahhhx kojikmcctb nepeKHCii BOAopoAa, b Ka- 
qecTBe HCToqHHKa aKTHBHoro KHCAopoAa, Bbi3biBaeT 6ojiee rjiy6oKoe 
OKHCAeHHe, npHBOAHm.ee k OKHCJiHTejibHOMy KpeKHHry. 4

4. OKHCJieHHe ajibAerHAOB b khcjiotm

OKHCJieHHe aAbAerHAOB b khcaoth, HecMOTpn Ha AerKocTb npou.ec- 
ca, AOJiroe BpeMH He Morjio 6biTb ocymecTBjieHo b npoH3BOACTBeHHbix 
MacuiTaSax; sto othochtch k noJiyqeHHio yxcycHOH khcjioth H3 aue- 
TaAbAerHAa. OKHC.aeHHe aueTaAbAernAa B03AyxoM HeoAHOKpaTHO npH- 
UOAHAO K CHAbHbIM B3pbIB3M H3-3a 06pa30BaHHH H3AyKCyCHOH KHCAOTbl, 
KOTopan B3pbiBaeT npn 90— 100° OnacHOCTb B3pbiBa MonteT 6biTb noAHO- 
CTbio npeAOTBpameHa, ecAH okhcachhc bccth npn 100° b H36biTKe aue- 
TaAbAeniAa n B npHCyTCTBHII K3TaAH3aTOpOB. rioCAeAHHMH hbahiotch ane- 
TaTbi Co, Ni HAiiMn; AyquniMH oKa3aAHCbCo(OCOCH3)2HMn(OCOCH3)2. 
3th COAH K3TaAH3HpyiOT AHUIb B paCTBOpeHHOM COCTOHHHH, nOSTOMV 
k aueTaAbAeriiAy nepeA peaKunefi AoSaBAHioT yxcycHyio KHCAOTy,
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B KOTOpOH paCTBOpHMbl H aUeTaT H aJIb^erH^. no 3 KTHBH0 CTH B 3T0 H pe- 3 KU.HH MeTaJiJibi pacnojiaraioT b cJieAyiomHH pn^:
Co >  Ni >  Mn >  V >  Ce >  W

MexaHH3M AeftcTBHH aueTaTOB npn okhcjichhh aueTaJibAerHAa 
b yKcycHyio KHCJiOTy 3aKJiioqaeTCH, BepoHrao, b qepeAyiomeHCH nepeMe- 
He BajieHTHOCTH MeTajiJioB, hto oSecneqHBaeT nepeHoc KHCJiopoAa:

o
2Mn(OCOCH3)2 -f 4CH3COOH------► 2Mn(OCOCH3)4 +  2H20

h2o
2Mn(OCOCH3)4 -----8CH3COOH +  2Mn02

CH3CHO +  2Mn02 ----- ► CHSCOOH +  Mn203
o

Mn203 ----- »- 2Mn02

CH3CHO -}• 2Mn02 -----► CH3COOH +  Mn203 h t . a .
noJiyqeHHe yKcycHOH khcjiotu okhcjichhcm aueTaJibAerHAa npo- 

boaht b 33boackom MacuiTade. npouecc npOTenaeT coBepmeHHO 6 e3onac- 
ho c bhxoaom 97—99% yKcycHOH khcjioth.

BapbHpyn ycjioBHH okhcjichkh h KaTajiH3aTopbi, aueTaJibAernA mo>k- 
ho npeBpamaTb b Apyrne coeAHHeHHH. CMecb aueTaJibAerHAa c B03Ay- 
xom HaA neM30H npw 180—200° AaeT rjmoKcaJib

CH3 o CHO
I I +  h20

CHO CHO

Ta >Ke CMecb HaA V205, pacnaAaacb npn 500° odpa3yeT (fiopMajib-
AernA:

o
ch3c h o ----- ► ch2o +  C02 +  H20

B IIpHCyTCTBHH KaT3JIH3aT0p0B MO>KHO OKHCJIHTb B KHCJIOTbl H APy-
rue ajibAerHAbi, a Tarane nepBHMHbie cnnpTbi.

5. OKHCJieHHe emkhob b ajibAerHAbi

H 3 ApyrHX npoueccoB KaTajiHTHqecKoro okhcjichha b ajiH$aTHqe- 
ckom puny HHTepec npeACTaBJiaeT OKHCJieHHe nepBHqHbix 3 mhhob b 
ajibAerHAbi:

o
RCH2NH2 ----- ► RCHO

npouecc 3aKJHOMaeTCH b okhcjichhh oxjia>KAeHHoro BOAHoro pacTBO-
pa 3MHH3 CO B3BemeHHOH B HeM BOCCT3 HOBJieHHOH MeAbK) KHCJIOpOAOM, 
KOTOpbiH 33MeTHO aAcopfinpyeTCH. S thjibmhh qacTHqHO npeBpamaeTCH 
npn 3tom b aixeTaJibAerHA, MeTHJiaMHH—b cpopMajibAerHA, a rjiHKOKOJib—
B rJIHOKCHJIOByiO KHCJiOTy:

o
NH2CH2COOH----- ► CHOCOOH



6. OKHCJIEH HE APOMATHHECKHX COERHHEHHH 20?

OKHCJieHHe nepBHqHbix 3mhhob b ajibAerHAbi hast h npn achctbhh 
H20 2 b npHcyTCTBHH FeS04.

AjiHUHKJinqecKHe aMHHbi c rpynnoH >C H N H 2 hjih —CH^NH^ 
Ha  ̂ Cu- HJ1H Os04-KaTaJlH3aTOpaMH OKHCJIHIOTCH KHCJIOpOAOM B KeTO' 
hm hjih ajib^erH^bi [26]:

___  o ___
NII2 \ / = 0

___  o ___
l^J -C H 2NH2 ^ i^ j-C H O

HanpaBJieHHe peanunH qacro HCKaxcaercH H3-3a H30MepH3auHH h 
pacmenjieHHH hhkjiob. Tan, HanpnMep, npn oKHCJieHHH HHKJionponnji' 
aMHHa BMecTO o>KHAaeMoro HHKJionponaHOHa 6biJi nojiyqeH aKpojienH:

Cl l2V o CH2X
| >CHNH2 — -► I >co ----- ► ch2= chcho
CH/ CH/

6. OKHCJieHHe apoMaTHqecKHx coeAHHeHHfi 
(6e3 pa3pbiBa Kojibpa)

Flpoueccbi OKHCJieHHH apoMaTHqecKHx coeAHHeHHH 6e3 pa3pbiBa 
KOJibua npeACTaBJiaioT 3HaqHTejibHbiH npaKTHqecKHH HHTepec.

npocTeftmeH peaKUHeft b stoh otfjiacTH HBjiaeTCH OKHCJieHHe 6eH30Jia 
B (})eHOJI:

C6H, — C6H6OH

PeaKUHB 3Ta 6biJia ripeAMeTOM H3yqeHHH mhoiaix HccjieAOBaTejieft. 
BnepBbie (1888 r.) HeSoAbinoe KOJiHqecTBo (})eHOJia 6biJio nojiyqeHO 
Hi. OpHAejieM npn npoAyaaHHH B03Ayxa qepe3 KHnamufi 6eH30Ji c A1C13. 
ilajibHefluiHe pa6oTbi b stom HanpaBJieHHH, oAHaKO, noKa3aJiH, qTo o6biq~ 
HO OKHCJieHHe 6eH30*Jia B03AyX0M HJIH KHCJIOpOAOM npHBOAHT K o6pa30- 
BaHHio cmoji, coAepntamHx HeMHoro cjieHOJia h /1-xHHOHa. ripouecc, Be' 
poHTHO, HAeT no cxeMe:

OH OH O

r v ° + p - - V v o+ n + H 2o
V '  V '  V '  \ /

I II
oh o

IlpeAAOJKeHO npoAyBaTb B03Ayx MaJibiMH noppHHMH qepe3 3Myjib~ 
chio 6eH30Aa c boahoh meAoqbio b npncyTCTBHH V205, W03 hjih MOa 
npn 300—400° h 210 a m . PeKOMeHAyeTCH okhcachhc 6eH30Jia npoBO- 
AHTb 030H0M B npHCyTCTBHH nJiaTHHbl, KOTOpaH, nO-BHAHMOMy, aAcop~
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6HpyeT o6pa3yiomHHCH KHCJiopoA h TeM CTa6njiH3HpyeT 4>eHOJi ot fla/ib- 
HeHinero okhcjiohhh:

C6H6 +  03 —  C6H5OH +  0 2 

Pt +  O, Pt02

Flo OAHOMy H3 MeTOAOB deH30JI OKHCJIHIOT B03^yX0M C COflepxaHHeM 
1 % NOz npH 700°. nocTa^HKHO npouecc stot npoTeKaex cjieAyiomHM 
o6 pa30M

N02+  Am-------- NO*

N O *-----h► NO +  O*

o»
C6H g ------► CgH5OH

. O
N O ------► N02 h t .

npo6/ieMa npeBpameHHH 6eH30Jia b cJ)eHOJi oKHCJieHHeM oqeHb ocrpo- 
yMHO pa3pemeHa O. PainnroM (1931 r.) cBe^eHHeM 3Toro npouecca k 
AByM nocjieAOBaTejibHbiM peaKUHBM:

C6H9 +  HC1 +  V A  —  C6H5C1 +  H20  

C6H5C1 +  H20  -►  C6H6OH +  HC1' 

c 6H6 +  V A  —  C6H6OH

npeBpameHHe 6eH3o/ia b xjiopdeH30Ji npoBOAHTCH npn 240° npony- 
CKaHHeM 6eH30Jia, HC1 h B03Ayxa qepe3 K3TajiH3aTOp H3 a/noMorejia 
hjih cmiHKarejiH c aKTHBaTopaMH, qeM AOcraraiOTCH bhxoah b 90% 
x-Q0p6eH30Jia.

TeopeTHqecKH oneHb HHTepecHbi HMeiomnecH b HOBenuieH JiHTepa- 
Type flaHHbie F UTreftHa h )f(. Beftcca no paAnojiH3y BOAHoro pacTBopa 
6eH30Jia nofl fleftcTBneM a-nacTHn, paAOHa, b pe3y/ibTaTe nero o6pa3yeTCH 
4>eHOJi h AH(j)eHHJi [27]. nponecc, BepoaTHO, npOTexaeT no cjieAyiomeMy 
ypaBHeHHio:

C6H6 +  011 +  (H) —  C6H5 +  OH +  (H2)

Jlanee c/ieAyeT peKOMdnHauHH 4>eHOJibHoro h rHApoKCHJibHoro pa- 
AHKajioB c o6pa30BaHneM <])eMOJia

c 6H5 +  OH C6H5OH

hjth peKOM6nHauHB ^eHimbHoro paAHKa/ia b AH(])eHH.n (hact MeAJieHHee):

2C0H5 C6H5—C6H6

B cncTeMe BOAa—6eH30/i o6pa30BaHne (])eHOJia hact HexoTopoe Bpe- 
mh Aa>xe nocjie npexpameHHH oSjiyneHHH. AHanornnHO H3 6eH3oflHofi
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KHCAOTbl nOJiyMaiOTCH H30MepbI 0KCH6eH30HHbIX KHCJIOT, H3 HHTpoSeH- 
30„ia— HHTpO(J)eHOJIbI H T. a.

Bo.TbiuoH TeopeTHqecKHH h npaKTuuecKHH HHTepec npe^cTaBJineT 
OKHCJieHae 6oKOBbix ajiKHibHbix ueneu y roMOJioroB 6eH30Jia ^jih no- 
JiyueHHu apoMaTnqecKHx crmpTOB, a;ibAerHAOB; kctohob h khcjiot. 
3th npoueccbi mojkho npoBOAHTb b >khakoh hjih napoBou c[)a3e, npH 
HOpMajlbHOM HAH nOBbllUeHHOM AaBAeHHH, npH B03AeHCTBHH JiyHHCTOH 
3HeprHH, TenJia hah KaTaAH3aTopoB. IlpHMeHeHHe nocAeAHHx 6ojiee 
33MaHHHBo, Tax KaK dAaroAapa cejieKTHBHOMy achctbuio KaTaAH3a- 
TopoB npouecc mojkho ocraHaBAHBaTb Ha HyjKHoft eraAHH okhcachha. 
HecMOTpa Ha SoAbiuoe koahucctbo JiHTepaTypbi no okhcachhio tomoao- 
tob 6eH30Jia, MexaHH3Mbi sthx npoueccoB H3yneHbi eme njioxo, ho, Be- 
poHTHee Bcero, ohh npoieKaiOT uenHbiM nyTeM. KaTaAH3aTopbi OKHCJie- 
HHH HBAHIOTCH HAH aKTHB3T0paMH, HAH nepeHOCHHKaMH KHCAOpOAa.
OKHCJieHHe apoMaTHnecKHx yrrieBOflopoflOB HaA V 20 5 [26] npeACTaBAHiOT
c/ieAyiomHM o6pa30M:

2RCH3 2RCH2 +  V203 +  H20 +  -j 0 2

V203 V205

Bo3MO>kho, OAHaKO, mto uenHoft npouecc B03HHKaeT He b pe3yAb- 
Taie aKTHBauHH KHCAopoAa, a nyTeM B3aHMOAeficTBHH KHCAopoAa co 
cBo6oAHbiMH paAHKaJiaMH no cxeMe:

v206 •
2RCH3 ----- ► 2RCH2+  V204+  H20

RCH, — RCH20 O

rch2oo« +  rch3 -----► RCH2COOH +  RCH?

v204 —°—  V208

3l<CnepiIMeHTaJlbH0 yCTaHOBACHO, UTO, He33BHCHMO OT yCJIOBHH OKHC- 
achhh, nepBHHHOH aTaue KHCAopoAa noABepraeTCH aTOM yrjiepoAa, 
naXOAHIUHHCH B a-nOAO>KeHHH K 6eH30AbH0My KOJIbUy. JlerKOCTb OKHC- 
.TeHHH pacTeT c yBeAHueHHeM aahhh ueneft. BBeAeHue b KOAbuo BTopoft 
h nocAeAyiomux ueneu noBbimaeT cuopocTb oKHCJieHHH, ocoSeHHO ecAH 
Tauiie uenu pacnoAaraiOTCH HecuMMeTpHMHO. B cjiyuae noAHMeTHASeH- 
30J10B oKHCJiueTCH oSbiMHo .nHinb oAHa CH3*rpynna. Tau, HanpuMep, 
H3 KCHAOAOB 06pa3yiOTCH H30MepHbie TOJiyHAOBbie KHCAOTbi:

C6H,(CH3)2 — C0H(CH3)CO3H

14 B. H. A^roB
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B HacToamee BpeMa, Kan ycTaHOBJieHO n. X[>Kep;j>KeM, nepBHqHbiMH 
npo^yKTaMH OKHCJieHHH hbjihiotch rnaponepeKHCH:

< 3 ^ C H 2CH3 — ( 3 - C H C H . 3 ----- ► COCH3 +  H20

OOH

- ch2c3h ,
o

—chc3h 7

OOH

/ C H S 0 /CH3
CH3- C > - C H ----- *■ CH3—^ ^ > - C O O H ------►

x ch3 \ ch3

----- >- CH3—<^J^>-coch3 4 - ch3oh

Han6ojiee ycTofiqHBbiMH hbjihiotch m p e m -m n p o n e p e K H C H . Ha ocho- 
B3HHH paSOT n. il>Kep̂ H<a C COTpŷ HHKaMH [29] MOHiHO CMHTaTb, qTO 
HMeHHO THApOnepeKHCH B IipHCyTCTBHH KaT3JIH3aTOpOB HBJIHIOTCH npH- 
HHHOH 06pa30BaHHH Tex HJIH HHbIX npOAyKTOB OKHCJieHHH. B SCypHaJIb- 
hoh h naTeHTHOH jiHTepaType onncbiBaeTca oqeHb 6ojibiuoe qncjio pa3- 
JIHHHblX KaT3JIH3aTOpOB, H3 KOTOpblX HaHSOJiee 3(]x])eKTHBHbIMH hbjihiot
ch okhch V- Mo, W, Cu, Cr, Co, Mn, pa3JwqHbie <}>TajiouHaHHHbi, cojih 
yKCyCHOH H TOJiyHJIOBOH KHCJIOT.

K. H. HBaHOB h apyrae aBTopbi yKa3biBaiOT Ha cjio>KHOCTb MexaHH3- 
mob rHAponepeKHCHbix OKHCJieHHH. ApoMaTHqecKHe cnapTbi npaKTHqe- 
ckh noqTH He o6pa3yiOTca, Bbixo^bi >Ke ajib^ern^oB He npeBbimaioT 
50%. C. JI. Cochh h A. M. Cjia^KOB [30] OT-MeqaiOT, hto «...napo<j)a3Hoe 
KaTajiHTHqecKoe OKHCJieHHe apoMaTHqecKHx yrjieBO^opoAOB, h b qaer- 
hocth ajiKHJiroMOJioroB 6eH30Jia, BnjiOTb £0 HacToamero BpeMeHH noA- 
BepraeTca ^eTajibHOMy H3yqeHHio, rjiaBHbiM o6pa30M, b HanpaBjieHHH 
rio,n6opa h HcnbiTaHHa K3TaJiH3aTopoB, cnocofioB hx npnroTOBjieHHa, 
HcnbiTaHHa pa3JiHqHbix HOCHTejieft h HccJie^OBaHHa BjinaHHa Ha bhxoa 
uejieBbix npo^yKTOB: TeMnepaTypu, BpeMeHH KOHTaKTa h MOJiapHoro 
cooTHomeHHa yrjieBo^opo^ : B03,ayx».

H3yqeHHe npoueccoB KaTajiHTHqecKoro OKHCJieHHa apoMaTHqecKHx 
yrJieBO^opo^OB b nepeKHCH h XHMHqecKoro noBe/jeHHa nocjie^HHX no- 
3BOJIHJI0 pa3pa6oTaTb hobwh TexHHqecKHH n p o y e c c  noA yneH un (peHOAa u 
a yem o n a  U3 KyMOAa (H3onponHJi6eH30Jia). npH o&nyqeHHH pTyTHOH 
jiaMnoft hjih npH KaTajiHTHqecKOM okhcjichhh KyMOJia khcjiopoaom no- 
jiyqaeTca Jinuib 7,5% rn^ponepeKHCH. Flo âHHbiM j],>K. OopqioHa h 
T YoTepMeHa [31], Tanne KaTajiH3aTopw, KaK Na2C03, CaC03 hjih 
cojih CBHHua, npn 120° o6pa3yioT 90—95% rn^ponepeKHCH KyMOJia. 
IlocjieAHaa npn B03 êflcTBHH S02 nojiHOCTbio pacuienJiaeTca Ha (JieHOji



6 0KHCJ1EH HE APOMATHHECKHX COEQHHEH HH 211

h  aueTOH; b m c c t o  S02 m o >k h o  npHMeHHTb pa36aBJieHHyio cepHyio k h c - 
j i o t v :

_C3Ho

A1CI3

-CH
ch3

o
/CH3

-C-OOH f ^ - o n /CH3

CH3 *■ \ ch3 +  CO

V 7

Pa3Jio>KeHHe THAponepeKHcn KyMOJia AeucTBHeM cyjibcJ)HTa npuBOAHT 
B KOHeHHOM HTOre K 06pa30BaHHK) a-MeTHJICTHpOJia:

/ CH3
T A —  C— 00H Na2S03

X CHa
/ K - c / * *

n CH3 +  H20 +  Na2S04

n PH TepMHqecKOM pa3Jio>KeHHn rHAponepeKHCH KyMOJia o6pa3yjoTCH 
aueTOiJjeHOH h MeTHJiOBbift cnnpT. MeTHjiOBbift cnnpT oKHCAneTCH b M y- 
paBbHHyio KHCJiOTy, KOTopan KaT3AH3HpyeT pacnaA nepeKHCH Ha $e- 
h o a  h aueTOH. Ilpouecc npoTeKaeT no CAeAyiomen cxeMe (puc. 43):

rtyMO/i

Puc. 43. CxeMa HenpepbiBHoro KVJio.ioBoro npouecca:
/— c6opHiiK BO3Bp;iTH0 ro KjMOjia; 2—  osiicTHTejiii cbiporo KVMOjia: 3—  MejHbie peaKTopbi;4— 6aK j.nfl niflponepeKHCH; 6— njieHO«iHbifl peaKTop; 6— peaniop ;uih o6pa6oTKH Na2S03;

7 —  p eK T IK t lH K a T O p b l.

KvMOAoBbiii npouecc 6ua pa3pa6oTan n. T CepreeBbiM, B. JX. Kpv- 
>K3AOBbiM, P. JO. Yaphcom f32], TexHimecKce noAyueHue (JieHOAa h aue- 
TOHa ocymecTBAeHO b CCCP paHbuie, ueM 3a py6e>KOM.

14*
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TH^ponepeKHCb H3onponH.n6eH30.na HBJiaeTca TaK>Ke hctohhhkom 
AJia nojiyqeHHH a-MeTH.ncTHpo.7ia. I"Ioa AeftcTBneM NaOH KaK KaTaJiH3a- 
Topa rHAponepeKHCb npeBpamaeTca b AHMeTHjicJ)eHHjiKap6HHOji, KOTopbiH 
3aTeM ^erHApaTupyioT HaA Al20 3 npH 320° b a-MeTHjiCTHpoji [33]:

ch3 ch ,
I NaOH I

C„H5—C—OOH----- ► CGH5-C -O H  +  0
I !

ch3 ch3

ch3
I

CcH5-C -O H
I

CH,

A1203
320°

ch3
I

cgh5- c= ch2 +  h 20

K hcjiopoa, BbiAejiHramHHCH H3 nepeKHCH noA AeftcTBHeM NaOH 
Hcnojib3yeTca Ha OKHcneHne H3onponHji6eH3o.ua b KapSnHOJi:

CH,

C<jH5—C— H
o

ch3
I

cgh5- c- oh

CH, CH,

PoJib mejiOHH b 3tom npouecce cboahtch, BepoaTHO, k npoMe>KyToq 
HOMy o6pa30BaHHio cojih rHAponepeKHCH, KOTopaa 3aTeM pacnaAaeTCH •

NaOH
C6H5C(CH3)2O O H ----- >- CGH5C(CH3)2OONa +  H20

h2o
C6H5C(CH3)2OONa----- C6H5C(CH3)2OH +  NaOH +  O

K. H. HBaHOB [34] nojiyraji THAponepeKHCH emop-6yTHji6eH30Jia (I) 
h «-6yTHJi6eH30Jia (II):

h 3c^ c2hs H C3H7
C—OOH C— OOH

1 11

Pa3Jio>KeHHeM hx mojkho nojiynHTb cJieHOji 11 mcth jisth jikctoh (I), 
(jienoji h MacjiHHbiH ajibAernA (II).

TaKHM o6pa30M, nojjyqeHiie h pa3Jio>KeHHe THAponepeKHceft apo- 
MaTHqecKHX ymeBOAopoAOB HBjiaeTca hobmm o6iahm MeTOAOM nojiyne- 
hhh (JieHOJiOB h ajiH(J)aTHqecKHx aJibAerHAOB h kctohob.

OKHCJieHHe 6eH30Jia b /z-xhhoh npoTeKaet 3HaqHTe.ibHO Jierne, new
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OKHCJieHHe ero roMOJioroB. XopouiHM mcto^om nojiyqeHHH u-xHHOHa 
in 6eH30Jia ABJineTCH B3aHM0^6HCTBHe nocjiejjHero c nepcyjib^aTOM 
KajiHB b npHcyTCTBHH AgN03 b KaqecTBe KaTajiH3aTopa. B hobmx pa- 
6oTax OTMeqaeTCH, hto u-xhhoh xopouio o6pa3yeTCH npH aHOflHOM okhc- 
rieHHH 6eH30Jia. OuHaKO Bee sth MeTOflbi He HauiJiH npHMeHeHHH, a 
n-XHHOH nojiyqaiOT npeHMymecTBeHHO CTapbiM nyTe\i— okhcjichhcm 3hh- 
JIHH3.

AHaJiorHHHO npoTenaeT o6pa30BaHHe xhhohob H3 apoMaTHqecKiix 
yrJieBOflOpO^OB C KOHfleHCHpOBaHHbIMH KOJIbUaMH. Ha(})TOXHHOHbI, KaK 
H 6eH30XHH0HbI, nOJiyqaiOT OKHCJieHHCM 3MHHO- HJIH ^HOKCHnpOH3BOfl- 
Hbix, a TaK>Ke npn napo(|)a3HOM okhcjichhh Ha<})TaJiHHa (crp. 225). AHTpa- 
xhhoh, HMeiomHH orpoMHoe 3HaqeHHe /ijih CHHTe3a aJiH3apHHOBbix Kpa- 
CHTejiefl, nojiyqajiH cnepBa HeKaTaJiHTHqecKHMH MeTO/iaMH (HanpHMep, 
OKHCJieHHeM aHTpaiieHa XpOMOBOH CMeCblO HJIH a30TH0H khcjiotoh), 
KOTopbie, oflHaKO, ycTynHjiH MecTO pa3JinqHbiM KaTaJiHTHqecKHM mctg- 
jxa w , nocJie^HHe mojkho pa3^eJiHTb Ha >KH,zu<o(f)a3Hbie h napo- 
cj)a3Hbie.

>KHAKOCj)a3HbIM MeTOflOM aHTpaueH MO>KHO OKHCJIHTb B 3HTpaXHHOH 
OKHCJI3MH a30Ta B npHCyTCTBHH COJiefi pTyTH HJIH OKHCJI3MH a30Ta C 
ZnO- hjih CuO-KaTajiH3aTopaMH. KojiHqecTBeHHoe npeBpameHHe aHTpa- 
ueHa b aHTpaxHHOH /jocTHraeTCH fleftcTBHeM NaN03 hjih KC103, aKTH- 
BHpoBaHHbix aoSaBKaMH MgCl2-6H20  hjih OsO, npH 150°

Topa3ao SoJibmee 3HaqeHHe npnodpejiH MeTOflbi napo(|)a3Horo okhc- 
jieHHH aHTpaueHa B03,n,yxoM npH 400—550° Hajx K3TajiH3aTopaMH H3 
okhcjiob MeTajiJiOB V h VI rpynn nepHo^HqecKOH CHCTeMbi, qacTO c a w - 
THB3TOpaMH. OObiqHO KaT3JIH3aTOpOM B 3THX npOUeCCaX CJiyJKHT 
V20 5 npH TeMnepaTypax He Bbirne 425° Flo Bcefl BeposiTHocTH V20 5 
HBJiHeTCH nepeHoeqHKOM KHCJiopo/ia; obmyio cxeiuy OKHCJieHHH mo>kho 
npe^CTaBHTb b cjie^yiomeM BH^e:

O

+  V20 3 +  H20

v203 ------- V,02W5

B KaqecTBe K3TajiH3aTOpOB jyiH t3 khx napo(J)a3Hbix okhcjichkh 6hjih 
HcnbiTaHbi h pa3JinqHbie cjio>KHbie cMecn Ha HOCHTejiax: V20 5, Fe20 3+  
+ T i0 2, xpoMaTbi, MOJiH6,aaTbi, ypaHaTbi, CTaHHaTbi h apceHaTbi Cu, 
Ag, Pb, Th, Ni, Co, aJiiOMOCHJiHKaTbi, iviacca £jih ra30KajiHJibHbix ce- 
TOK II T.

MeTOfl napocf)a3Horo okhcjichhh mojkct 6biTb npHMeHeH ,hjih nojiy- 
qeHHH aHTpaxHHOHa c iicnojib30BaHHeM TexHHqecKoro aHTpaueHOBoro 
Macjia, coaepwamero ,no 10— 12/6 aHTpaueHa. ripn nponycKaHHH napoB
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aHTpaiieHOBofi (JipaKUHH c B03/iyxoM Haa V 20 5 npn 400° aHTpaueH okhc- 
jihctch b aHTpaxHHOH, a (J)eHaHTpeH npeBpamaeTCH b AncJieHOBbift aHniA- 
Pha, JierKo y^ajineMbiH mejioHHoft npoMbiBKoft. Apyrne npnMecn, Ha- 
npHMep Kap6a30Ji, TaKace AecTpyKTHBHO okhcjihiotch.

C  riOMOLUbK) V 20 5 H aHaJIOrH^HblX K3TaJIH3aTOpOB MOJKHO OKHCJIHTb 
6e3 pa3pyuieHHH uHKJiHnecKoft cTpyKTypbi h 6ojiee cjio>KHbie CHereMbi. 
AueHa4)TeH, B 3aBHCHMOCTH OT yCJlOBHft OKHCJieHHH H KaTaJlH3aTOpa, 
MOJKeT flaTb pa3JinqHbie npoAyKTbi:

o - r ? - o

O ?  f - O

i bO

0
0

 
1 

1 
n

—
o

II 
II 

o
 

o

0  0

CH
> = <  II +  h20

%—COOH < f~ \ —COv
----- ) = <  > 0  +  h 2o

\ —COOH < D - c o /

OKHCJieHHe doKOBbix ueneft b apoMaTHuecKHx ynieBOAopoAax He- 
KaTajiHTHMecKHM nyTeM Be^eT k  od pa30BaHHio cooTBeTCTByioiuHx Kap- 
60H0BbIX KHCJIOT.

OKa3aJIOCb, HTO, nO^SHpaH KaT3JIH3aTOp H yCJIOBHH OKHCJieHHH, MOHt- 
HO OCTaHOBHTbCH Ha npOMeJKyTOHHblX npOAyKTaX OKHCJieHHH—apOMaTH- 
necKHx cnnpTax h ajibAerHAax. E . W . OpJioB [25], nponycKan napbi 
TOJiyojia c B03AyxoM HaA MeAbio npn 300° ycTaHOBHji o6pa30BaHne 2— 
4% 6eH3ajibAerHAa. 3 thm peaKUHHM cefiuac yAejieHO Sojibiuoe bhhm3- 
HHe, npoBeAeHbi odcroHTejibHbie HccjieAOBaHHH h npeAJio>KeHbi mhoto- 
MHCJieHHbie KaTajiH3aTopbi ajih HenojiHoro OKHCJieHHH 6okobmx ueneft 
b CTaHAapTHbix ycjioBHHx peaKUHH. npn OKHCJieHHH TOJiyojia HaA xa- 
T3JiH3aTopaMH BcerAa nojiyuaeTCH CMecb 6eH3oftHoft khcjiotm, 6eH3oft- 
Horo ajibAerHAa, HefiojibuiHx KOJinuecTB npoAyKTOB AecTpyKTHBHoro 
OKHCJieHHH, MajieHHOBoro aHTHApHAa h Ap. Uejibio Bcex sthx HccjieAo- 
B3HHH HBJIHeTCH CHHHteHHe 06pa30BaHHH 6eH30ftH0ft KHCJIOTbl. B Ha- 
CTOHiuee BpeMH t3khm nyTeM yAaeTCH nojiyuaTb H3 TOJiyojia 6eH3ajib- 
AerHA. JlyniuHMH H3 KaTajiH33TopoB ajih 3Toro 0Ka3ajiHCb: Sn (V 0 3)2, 
V 20 5 h W 0 3; C . B. BorAaHOB h H . C . JIe3HeB [35] npeAJioatHjiH npn- 
MeHHTb V 20 6-Mo0 3.

T hkhm x e  nyTeM mo>kho OKHCJiHTb b napoBoii (})a3e Apyrne mcthjih- 
poBaHHbie roMOJiorH 6eH30Jia, ho sth peaKUHH ii3yneHbi HeAOCTaTOMHO. 
Tan, HanpHMep, npn okhcjichhh o-KCHJiojia B03AyxoM HaA U 0 2, V 20 5 
hjih M o03 npn 450° nojiynaeTCH ao 85% o-TOJiyujioBoro ajibAerHAa.
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OflHOBpeMeHHO o6pa3yeTCH HeKOTopoe KOJinuecTBO <J)TajieBoro aHTHApn- 
Aa h 6eH30HH0H KHcnoTbi:

H,0

COOH ^  .. XOOH-co2 f Y  h2°

^ N : ooh

CO

r r v o

3 th peaKUHH hmciot, BepoaTHO, odmee 3HaqeHHe, TaK KaK OKHCJie- 
HHe dpoM- h xjiopmjiyoJiOB B03AyxoM HaA V20 5 npHBOAHT k odpa3o- 
B3 HHIO dpOM- H XJI0pdeH30HHbIX KHCJIOT.

OKHCJieHHe 3THjideH30Jia b jkhakoh 4>a3e xpoMOBOH CMecbio, MapraH- 
UOBOKHCJIblM K3JIHCM HJIH HHbIMH OKHCJIHTeJIHMH BeAeT K 06pa30BaHHK) 
JIHLLIb 6eH30HH0H KHCJlOTbl, HO B OCOdbIX yCJIOBHHX MOJKHO OKHCJIHTb 
TOJibKO C H 2-rpynny h noJiyqHTb aueTO(J)eHOH. EIocjieAHHH nojiynaiOT 
odblHHO H3 deH30^a C XJIOpHCTbIM aiteTHJIOM B npHCyTCTBHH AlClg, HO 
HOBefluine KaTajiHTHqecKne MeTOAbi yAodHee h npome. OKHCJieHHe sthji- 
deH30Jia b aueTO(J)eHOH npoTexaeT npn nponycKaHHH ero napoB c B03- 
AyxoM HaA Cr20 3-KaTajiH3aTopoM npH 150°

7. OKHCJiHTejibHaa rnapaTauHH (oKCHJiwpoBaHHe)

BOAHbie paCTBOpbl MHOTHX OKHCJIHTCJieH CnOCOdHbl npHCOeAHHHTb 
no Mecty abohhoh cbh3h THApoKCHjibHbie rpynnbi:

h2o +o
> C = C < ---------> C —  C<

OH OH
P e a K U H H  oKHCJieHHH H enpeA ejib H b ix yrjieBO AO poA O B  M apraH U O BO KH c- 

jibiM Ka^HeM  dbiJia noA podH O  H 3yueH a E .  E .  B a rH e p o M  (1888 r .) .  O K a 3 a -  
JlO Cb, HTO OHa HBJIHeTCH odm eft AJIH B ce x  CoeAHHeHHH C KpaTHbIMH CBH- 
3HMH. H 3 khcjiot aT H JieH O B oro . pH A a nOJiyHaiOTCH AHOKCHKHCJlOTbl (H3 
KOpHHHOH— (jDeHHJIAHOKCHnponHOHOBaa), H3 aJIJIHJIOBOTO C n H p T a — TJIHUe- 
p iIH , II3 OJie(j)HHOB— TJIHKOJIH H T. A- El03AHee dblJIO OTKpbITO, HTO 3TOT 
n p o u e c c , kotopwh Ha3biBaioT o K u c A u m e A b H o u  a u d p a m a m ie u ,  mo>kho 
npOBOAHTb KaTaJIHTHHeCKH. IlpeK p aCH b lM H  KaTaJIH33TOpaM H HBJIHIOTCH 
O s  hjih 0 s 0 4, 3HaMHTejibHO y c K o p a io u tH e  p eaK U H H . J^odaB K H  0 s 0 4 
11 K C l O g  hjih N a C l O g  npn OKHCJieHHH ifiyM apoBOH hjih M ajieiiHO Boft khc- 
JIOT B BHHHbie KHCJlOTbl B HeCKOJIbKO p a3  nOBblUiaiOT CKOpOCTb p eaK U H H .
Os hjih 0s04 MoryT npOBOAHTb niApoKCHJiHpoBaHHe nou AeiicTBHeM 
B03Ayxa hjih KHCJiopoAa. Tau, HanpuMep, npu npoAyeaHHH B03Ayxa 
qepe3 coeAHHeHHH c C=C-cbh3hmh b npncyTCTBHH cycneHAnpoBaHHoro 
OCMHH H BOAbI odpa3yiOTCH AHOKCHCOeAHHeHHH.
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H. M m iac Hameji, hto cpe^ofl h peareHTOM ajih pa3JiHqHbix pean- 
UHH OKHCJIHTejIbHOH rHApaTailHH OKa3aJIHCb TpHMeTHJIKap6HHOJI c 30% 
H 20 2 h He6ojibuiHM KOJinqecTBOM 0 s 0 4 [36]. B mccto nocAeAHero mojkho 
npHMeHHTb V ,0 5 hjih  C r0 3, pacTBopaiomHecfl b cnnpTe b b h ac  TeMHO- 
KpaCHOH HaflBaHaAHeBOH hjih  TeMHO-CHHeft HaaxpOMOBOH KHCJIOTbl. npH  
noMomH 3Toro peaKTHBa mojkho KaTajiHTHqecKH rHApoKCHjmpoBaTb jho- 
6bie ^BOHHbie hjih  conpHHteHHbie ABOHHbie cb h3H, hto AOKa3aHO Ha 
SojibmoM HHCJie npHMepoB (c BbixoflaMH ot 30 ao  80 °o):

HC----CH HoO» HC---- CH -co -2 HC---CH H0O2
I! II 11 11 ----- "  ■ II II —HC C—CHO Vi°5 HC C—COOH HC CH

HOHC—CHOH
I I

HOOC CHO
h2o2

ch3ch2ch= chch2ch3 ■— -► CH3CH2CHOHCHOHCH2CH3 
h2o2

CH2=CHCH2CH2CH=CH2 ---- -► CH2OHCHOHCH2CH2CHOHCH2OH

TaKHM nyTeM THApoKCHJinpyioTCfl HenpeAejibHbie ajibAerHAbi, cnnp- 
Tbl, KHCJIOTbl, TepneHbl H T. A-

KaTaJiH3aTop npHroTOBJiaeTCH bbcachhcm 0,1 — 1% V 20 5 (ot Beca 
BemecTBa) b 30 °o H 20 , npn cHJibHOM oxji3JKA6hhh . IlojiyqeHHbiH pac- 
TBop KpacHoro UBeTa npHJiHBaioT npH pa3MeuiHBaHHH k cmcch 1 a HeHa- 
cbimeHHoro coeAHHeHHH b 5-KpaTHOM KOJiHqecTBe pacTBopHTejin npH 
25—35° PeaKUHH 3aKaHqHBaeTca qepe3 30—40 qac. TaKHM o6pa30M 
mo>kho nporHApoKCHjinpoBaTb 100 a HeHacbimeHHbix coeAHHeHHH.

3 thm cnocoSoM 6biJiH cHCTeMaraqecKH HccjieAOBaHbi thapokchahpo- 
BaHHe h conyTCTByiomee eMy OKHCJiei-iHe coeAHHeHHH pa3JiHqHbix K.nac- 
COB.

ITpeAeJibHbie ajibAerHAbi h npeAejibHbie cn H pra  Aa>Ke npn 60—80° 
JIHIHb He3HaqHTeJIbHO OKHCJIHIOTCH B KHCJIOTbl. BTOpHqHbie CnHpTbl 06- 
pa3yiOT KeTOHbl. ripH  THApOKCHJIHpOBaHHH OJie(})HHOB B03MO>KHbI ABa
cjiyqaq.

1. Ojie(|)HHbI C C — C-CBH3bIO Ha KOHUe MOJieKyjIbl AaiOT M3AOCTOHKHe 
a-rjiHKOJiH, JierKO OKHCJiHiomHecn AaJiee b KpncTaAAHqecKHe a-KeTO- 
aAbAerHAbi:

h2o3 o
RCH=CH2 — RCHOHCH2O H ----- *- RCOCHO +  2H20

2. OAe(J)HHbI C C =  C-CBH3bIO BHyTpH MOJieKyjIbl o6pa3yiOT 
tahkojih:

H2O2
RCH=CHR'------► RCHOHCHOHR'

CTOHKHe

T TeflAop [37] pa3AeJi5ieT opraHHqecKHe peaKHHH c nepeKHCbio
BOAopoAa Ha TpH THna.
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1. SnoKcuAupoeanue—BBê eHHe aTOMa KHCAopoAa b HeHacbimeHHbie 
coe^HHeHHH no C = C -cbb3h :

o
RCH=CH2 ----- ►RCH-CH2

V
2. OKCUAupoeanue—npncoe^HHeHHe AByx rpynn OH k yrAepoAaM, 

CBH3aHHbiM KpamoH CBH3bio. CiOAa othochtcb onHcaHHbie Bbiiue pean- 
ixhh Mnjiaca [36], npoTeKaiomne AOBOAbHO MeAAeHHO. Y Ten/iop [37] 
Hauieji, hto aah sthx uejien Ayurne npHMeHHTb Tanne HaAKHCAora, nan 
HaAMypaBbHHyro h HaAyKcycHyio, neM AOCTnraioTCH BbixoAbi b 90%. 
O^eHb yAoSHO OKcnjinpoBaHne bccth nepeKHCbio BOAopoAa c AoSaBKoii 
1 % KOHUeHTpnpOBaHHOH CepHOH KHCJIOTbl, HTO BBAfieTCH TeXHHMeCKHM 
MeTOAOM aaa noAyueHHH AHOKCHKapdoHOBbix khcaot c bhcokoh TeMne- 
paTypon njiaBJieHHH hah hx 3(])HpoB (aah cmoji h njiacTH^HKaTopoB). 
OKCHjinpoBaHHe aKTHBHpyeTCH t3khmh KaTaAH33TopaMH, nan okhcah 
Os, Ti, Zr, Th, V, Nb, Ta, Cr, Mo, W, U, h npHMeHHeTca aah noAyHe- 
hhh apoMaTHnecKHX aAbAerHAOB. Tan, H3 aHemna o6pa3yeTCH ao 65— 
70% aHHcoBoro a n b ^ e n jia :

OCH3 och3

I- I
ch= cmch3 cho

H30cac[)poji AaeT nnnepoHaji: 

ch= chch3

o

0 — ch2

CHOrS
Yxo

I
0---- CH,

3 . OKitcACHue. rie p e K H C b  BO AopoAa HBAaeTCH oueH b yAodHbiM  okhc- 
AH TejieM , Tan n a n  OHa HMeeT hh3khh M O A eK yA ap H b M  B ee, p acT B op H M a  
b BOAe h opraHnqecKHx p a c T B o p H T e A u x . H a n p H M e p , aAAHAOBbifi cnnpT 
KOAHnecTBeHHO n p eB p am aeT CH  b rA H uepH H  (cT p . 7 4 7 ).

B. ^ECTPyKTHBHOE OKHCJ1EHHE

PeaKU.Hn oKHCAeHHH nacTO CBH3aHbi c pacmenjieHHeM yrAepoAHoro 
CKe.neTa noA achctbhcm KHCAopoAa c odpa30BaHHeM hobhx oKHCAeHHbix 
coeAHHeHHii MeHbuiero MOAeKyAapHoro Beca. 3Ty rpynny peaKUHH Ha- 
3biBaioT decm pyKm ueH biM  oKucAenueM . MacTHHHo sth npoueccw 6hah 
yu<e ocBeuieHbi Bbiuie (okhcachhc yrAeBOAopoAOB noA AaBAeHHeiu).
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1. OkHCJieHHe npeAejibHbix yrjieBO«opoAOB

B XIX b. dbiAO npHHHTO cqHTaTb, hto napa(J)HHOBbie yivieBOAopoAbi 
hbahiotch npHMepaMH HepeaKiiHOHHOcnocodHbix coeAHHeHHH, mo h no- 
oiyjKHJio npHTOHOH hx H33BaHHH—napac[)HHbi (parum affinis—nonTH 
'6e3AeHTejibHbifl). Oah3ko npoBeaeHHbie HCCAeAOBaHHH noKa3ajin odpaT- 
Hoe. npecJioByTyK) xHMHnecKyio HHepTHOCTb napa<J)HHOB eme b 1870 r. 
pa3BeHHaji KeAbdep [38], noKa3aBiiiHH, hto B03Ayx npn 150—160° 
AOBOJibHo jierKO oKHCJiHeT napa(])HHbi b cooTBeTCTByromne KapdoHOBbie 
KHCJiOTbi. JXanee dbiAO ycTaHOBJieHO, mto KapdoHaTbi hah thapookhch 
MeTajiJioB I h II rpynn nepnoAHnecKOH cncTeMbi 33MeTHO ycKopniOT okhc- 
jieHHe yrAeBOAopoAOB, h AodaBKH 1—2% creapaTa MarHHH cnocodcTByiOT 
o6pa30BaHHio ao 80% pa3AHHHbix xcnpHbix KapdoHOBbix khcaot. B npo- 
AyKTax peaKUHH dbiAH yeraHOBJieHbi Bee khcaoth ot yKcycHoft ao 
CTeapHHOBOH. BjiaronpHHTHoe AeficTBHe npn okhcachhh yrjieBOAO- 
pOAOB OKa3bIBaiOT AOSaBKH HedOJIbUIHX KOJIHqeCTB BOAbI, 1—2% 
creapaTa Zn hjih Mn, ojieaTa Co hjih Mn, HacjrreHaTOB pa3Hbix MeTaA- 
JIOB H T. A.

3th pa6oTbi npoAOAKHTejibHoe BpeMH He odpamaAH Ha cedn aojihc- 
HOTO BHHM3HHH, HO OCTpblH AGfJjHUHT B JKHpaX K KOHUy nepBOH MHpOBOH 
BOHHbl HBHACH CTHMyJIOM AJIH P33BHTHH HX H BHeApGHHH B IipOMbllllJieH- 
HocTb. TjiaBHbie ycHAHH 6biJiH HanpaBAeHbi Ha OKHCAeHHe He(})THHbix 
ocTaTKOB, Ma3yTa, napa(])HHOB, cojihpobmx Maceji h t. n. BauipHbie xap- 
<5oHOBbie khcaoth A-̂ H MbiAOBapeHHoro npoH3BOACTBa. ydejuioAe h 
3H3eHUITeHH [39] HaiUAH, HTO Ao6aBKH K KHCAOpOAy COACH Mn H 0C0 6eH- 
ho CTeapaTa Mn c 2—3% boah CTHMyAHpyiOT npn 150° OKHCAeHHe ao 
o6pa30BaHHH doAee 80% pacTBopHMbix b meAonax KapdoHOBbix khcaot. 
AHaAorHHHO T OpaHK [40], npHMeHHB BaHaAneBbie coah, noAyqHA H3 
napa(])HHa b HHp.KyAHpyiomeH cTpye KHCAopoAa 80—90% KapdoHOBbix 
KHCAOT, H3 KOTOpbIX AO 70—75% dbiAH TeXHHHeCKH npHTOAHblMH. Ilo 
•oAHOMy H3 repMaHCKHx naTeHTOB toto BpeMeHH [41] napac])HHbi npn 
120° qepe3 24 naca npoAyBaHHH KHCAopoAa b npncyTCTBHH 2% coAeft 
Na, K, Mn hah A1 odpa3yiOT doAee 20% cooTBeTCTByioiu,HX cojieft moho- 
KapdOHOBblX KHCAOT.

B CoBeTCKOM Coi03e HCCAeAOBaHHH no OKHCAeHHK) napa(])HHOBbIX 
yrAeBOAOpOAOB H3 Hê ITHHblX nOTOHOB H OCTaTKOB nOAyHHAH dOAblHOe 
pa3BHTHe. BnepBbie K . B. XapHHKOB [42] HadAioAaA npn okhcachiih 
y3KHX KepOCHHOBbIX (J)paKHHH KHCAOpOAOM 0dpa30BaHHe JKHAKHX CH- 
pOnOOdpa3HbIX KHCAOT, He pacTBopHMbix B deH3HHe H pacTBopHMbix B 
cnnpTe, stjiHpe h xAopocjiopMe, KOTopwe 6wah Ha3BaHbi hm noAHHatJrra- 
HOBblMH. 3th KHCAOTbl OKa3aAHCb CMeCbK) pa3AHHHbIX OKCHKHCAOT H 
HX npOH3BOAHbIX. AHaAOrHHHbie HCCAeAOBaHHH npOBOAHAH r C. rieT- 
pOB [43], H. n. JIoceB [44], B. C. BapAaMOB [45], npHMeHHH b KanecTBe 
KaT3AH3aTopoB MapraHuoBbie h Apyrne coah HaiJncHOKHCAOT. B nocAeA- 
Hee BpeMH noAyneHHeM KapdoHOBbix khcaot oKHCAeHHeM KepocHHOBbix 
(JipaKUHH 3 3HHMaeTCH B. K. UbICKOBCKHH [46].
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Flpoixecc OKHCJieHHH yrAeBOAopoAOB npoTenaeT oneHb cao>kho c 
06p330BaHHeM MHOTOMHCAeHHblX npO^yKTOB JieCTpyKTHBHOrO OKHCAe- 
hhh pa3Hoo6pa3Hbix K.iaccoB: cnupTOB, ajibAeniaoB, kctohob, KapSoHO- 
BblX KHCAOT, OKCHKHCAOT, CAO>KHbIX 3(f)HpOB, 3(j)HpOKHCAOT, A3KTHAOB, 
TaKTOHOB, 3(|)HpOB OKCHKHCAOT H T. A- Flo H. H. Hep HOJKyKOBY H
C. 3. KpeftHy [47] h B. K. UbicKOBCKOMy [46], npoAyKTbi OKHC.ieHHa 
KepocHHa cjieAyeT pa3AeAHTb Ha rnecTb rpynn.

1. BoAopacTBopHMbie KHCAopoACOAep>KamHe coeAHHeHHH— Hii3iiiHe 
KapSoHOBbie KHCAOTbi, cnwpTbi, a^bAerHAbi, KeTOHbi, HeKOTopbie okch- 
KHCAOTbl. 3th COeAHHeHHH JieTKO SKCTpaTHpyiOTCH BOAOH H3 3(|)HpHbIX 
BbITH>KeK npOAyKTOB OKHCAeHHH.

2. CoeAHHeHHH, He pacTBopHMbie b hccJithhom scrape,—okchkhcaoth 
h HeKOTopbie cMOAHCTbie BemecTBa.

3. KHCJiopoACOAep>KamHe BemecTBa, He pacTBopHMbie b cnnpTe h 
OTHOcamnecH k THny sctoahaob (st^upbi okchkhcaot).

4. BemecTBa, He pacTBopHMbie b 6eH30Ae,— pa3AHHHbie k h c a o p o a - 
Hbie COeAHHeHHH H COAH OpraHHHeCKHX KapCOHOBbIX KHCAOT.

5. HenTpaAbHbie oMbiAneMbie h HeoMbiJiaeMbie BemecTBa—npocTbie 
H CAO>KHbie 3(])HpbI, yTAeBOAOpOAbl, CnHpTbl, KeTOHbi, aAbAerHAbl H T. A.

6. CMeCb KHCAOT, paCTBOpHMbIX B HeiJmiHOM 3(j)Hpe.
CAeAyeT OTMeTHTb, HTO BblAeAeHHe HHAHBHAyaAbHbIX COeAHHeHHH H3 

npOAyKTOB OKHCAeHHH CBH33HO o6bI4HO C OHeHb 60AbIHHMH TpyAHOCTHMH. 
OAHOBpeMeHHO C 06pa30BaHHeM OAHOOCHOBHbIX >KHpHbIX KapSOHOBbIX 
KHCAOT C HHCAOM yTAepOAHblX aTOMOB OT 2 AO 24 H BblUie nOAyHaiOTCH 
aHaAOTHHHbie CnHpTbl, aAbAerHAbl H KeTOHbi HOpMaAbHOrO CTpOeHHH: 
cnupTbi— ot nporiHAOBoro ao  OKTaAeuHAOBoro, aAbAerHAbl— ot yK cyc- 
Horo ao  CTeapHHOBoro. Em e TpyAHee noAAaioTCH HccAeAOBaHHio o k ch - 
k h c a o t h  ot C,2H24(OH)COOH ao  C,7H34(OH)COOH h hx  npoH3BOAHbie. 
OTAeAeHHe HX OT KapPOHOBbIX KHCAOT npOH3BOAHTCH oSpadOTKOH 
HecjDTHHbIM 3(|)HpOM.

yCTaHOBAeHO, HTO 06pa30BaHHe OKCHKHCAOT paCTeT C TAySHHOH OKHC- 
AeHHH, nosTOMy b HacTonmee BpeMH okhcachhc yrAeBOAopoAOB npo- 
boaht AHiiib Ha 20—30%, b pe3yAbTaTe Hero o6pa3yiOTCH noHTH hckaio- 
MHTeAbHO >KHpHbie KapfiOHOBbie KHCAOTbi. Ilo OAHOMy H3 MHOTO- 
HHCAeHHblX MeTOAOB peKOMeHAyeTCH npOBOAHTb OKHCAeHHe B03AyX0M 
npn 100° b Teqeniie 24 nac. b npHcyTCTBHH coach THweAbix mctbaaob, 
MTO AaeT CMeCb H3 30% >KHpHbIX KapSOHOBblX KHCAOT H 70°0 HeOKHCAeH- 
Hbix yrAeBOAopoAOB. EIoBbiuieHHe TeMnepaTypbi Bbiuie 100° HemeAaTeAb- 
ho, TaK KaK b 3tom CAynae noAyqeHHbifi npoAyKT npeACTaBAaeT CMecb 
>KIIAKHX H TBepAbIX KapSOHOBbIX KHCAOT C OKCHKHCAOT3MH H HX npOH3- 
BOAHblMH—A3KTHA3MH, AaKTOH3MH H 3CT0AHA3MH. 3Ty CMeCb HeoOxO-
AHMO o6pa6aTbiBaTb eAKHM HaTpoM h coaoh npn 300—400° noA AaB.ie- 
HiieM; b pe3yAbTaTe KOHBepcnii okchkhcaot ii hx npoH3BOAHbix noBbi- 
UiaeTCH BbIXOA MOHOKap6oHOBbI.\ KHCAOT.

npn TaKOM npouecce odpa3yioTCH TAaBHbiM o6pa30M khcaotw 
C10—Clfl, TaK KaK npn oKiic.niTeAbHOM KpeKHHre yrAeBOAopoAOB pa3- 
pbiB MOAexyA npoTexaeT no npeHMymecTBV He Ha KOHue, a b cepeAHHe
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MOjieKyji. CMecH khcjiot no/iBepraioTCH TiuaTejibHOMy (JjpaKUHOHHpoBa- 
hhk), b pe3yjibTaTe uero nojiynaiOT HH/jHBHflyajibHbie KapSoHOBbie khc- 
jioTbi, HMeiomHe cjie,nyiomHe ocHOBHbie npHMeHeHHH: C H 3CO O H  n 
C 3H 7C O O H —,hjih nojiyqeHHH cjiojkhhx 3(J)HpoB uejuuojio3bi, Ca-cojib 
nponHOHOBOH KHCJiOTbi,—^jih npe,noxpaHeHHH xjie6a ot uepCTBeHHH, 
KHCJiOTbi OT C9 £ 0  C24—flJIH (jWIOTaUHH MHHepaJIOB, AJIH X03HHCTBeHHbIX 
H TeXHHqeCKHX MbIJI, UJIH npeBpameHHH B JKHpbl H t . r .

OCTaTKH OT OKHCJieHHH npHMeHHJIHCb B KaueCTBe 3aMeHHTeJIfl 
TexHHqecKoro Ba3ejiHHa. O^HOBpeMeHHO uacrb khcjiot BoccTaHaB- 
jiHBajiH b cooTBeTCTByiomHe BbicoKOMOJieKyjiHpHbie cnnpTbi ,hjih nojiy- 
qeHHH MoiomHx BemecTB (cyjibcfiaTbi cnnpTOB, CTp. 405).

OKHCJieHHe napa(|)HHOB h HecJiTHHbix (^paxuHH b KHCJiOTbi b coqeTa- 
hhh c hobhmh MeTo/jaMH cHHTe3a rjinuepHHa («3 nponHjieHa hjih aueTH- 
jieHa) npHBo^HT k cHHTe3y >KHpoB H3 HenHmeBoro cbipbn, uto hbjihctch 
OrpOMHbIM flOCTHX̂ eHHeM KaTajIH3a.

npouecc OKHCJieHHH yrjieBOAopoflOB b pa3JiHUHbie KHCJiopoAHbie co- 
e^HHeHHji H3yqeH eme njioxo BCJie,a,CTBHe HCKjnouHTejibHOH cjiojkhocth 
peaKUHH, ho oh SeccnopHO npoTexaeT no MexaHH3My uenHbix 
peaKUHH. PaHHHe cxeMbi yKa3biBajiH Jinuib o6mne HanpaBjieHHH. 
Tax, no A. H. BauiKHpoBy [48], KOTopbift npunepxcHBaeTcn nep- 
okch/ihoh Teopnn Baxa, o6iuhh nyTb okhcjichhh npe/urraBJineTCH cjie- 
^yiomHM o6pa30M

o - h2o o
RCH3 ------► RCH2OOH----- ► RCHO----- ► RCOOH

hto He o6"bHCHHeT o6pa30BaHHH okchkhcjiot h ^HHaMHKH npouecca.
B. K. UbicKOBCKHH npHBO/jHT 6ojiee cjioxcHyio o6myio cxeMy, He 

pacniHcJipoBbiBaH ee:

yr.ieBOflopofl —► nepeKHCb —
cnupT —  

ajibAernfl —
OKCHKHCJlOTbl —

'-»■ 3(f)Hp0KHCJ10TbI ■«-

HBOHHbie 3 (J)HptJ

KOHfleHCHpOBaHHbie-
CHCTeMbI

B ocHOBy 3toh cxeMbi nojioxteHbi o6pa3yiomHecH npoayKTbi 6e3 yue- 
Ta KHHeTHKH h bjihhhhh KaTajiH3aTopa. AHaJIOrHMHaH CXeMa UenHOH 
peaKUHH OKHCJieHHH paHee 6biJia npe/yioxceHa B. C. BapjiaMOBbiM [49] 
^jih nepMaHraHaTa:

RCH2
3 | +  4KMn04 +  2H20
R'CH2

RCH,
! ” +  4Mn02 

R'CH2
RCHOOH

I + 2 0 2
R'CH2

RCHOOH
3 I

R'CH2
RCHOOH 

• I 
R'CH2
RCOO-

+  4Mn02 +  4KOH

+  2Mn203

R'COO"
+  2H2006pa3yioui,HecH CBodo^Hbie pâ HKajibi npoBo^HT aajiee uenHOH npo

uecc.
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Flo apyroMy BapHaHTy KaiajiHTHHecKoe AeftcTBHe CTeapaia MapraH- 
ua npeacTaBJiaeTcn TaKHM odpa30M:

3(C17H35COO)2Mn +  6H20 —  6C1:H35COOH +  3Mn(OH)2 
3Mn(OH)2 30 —► 3MnO(OH)2

CnH2A+1CH3 +  3MnO(OH)2 C„H2n+xCOOH +  3Mn(OH)2 +  H2U 
6C17H35COOH+ 3Mn(OH)2 3(C17H35COO)2Mn +  6H20

QH2„+1CH3 -)- 30 —*- C„H2fI+1COOH -{- H20

O^Ha H3 rnnoTe3 j^onycKaei, mto (fwKcauHH KHCJiopo^a nponcxoAHT 
He Ha KOHue, a BHyTpn MO„ieKyjibi, b pe3yjibTaie Hero o6pa3yiOTCH jsa 
OKCHpa^HKajia:

o
RCH2CH2R '----- *- RCH20* R'CH.,0*3 th OKCHpaAHKajibi crpeMHTCH CTa6HjiH3HpoBaTbCH nyieM nepe^ann 

aTOMa BOAopo^a.
B pe3yjibTaTe «6opb6bi» 3a boaopoa aTOM noaneAHero MurpapyeT k Sojiee sjieKTpooTpHuaiejibHOMy pa^HKa/iy, djiaro^apa neMy nojiy- 

HatoTCH cnepBa cnnpTbi h ajib^eni^bi

RCH20* +  R'CH.,0.
*----- »- RCHO +  R'CH2OH

------► R'CHO +  RCH2OH

KOTOpbie 0KHCJ1HH3TCH 3aTeM B KHCJIOTbl.
C. C. HaMeTKHH [50] cnHTaji, hto npn OKHC/iHTe/ibHOM KpeKHHre 

yrjieBOflopoAOB, KaK h npn oObmHOM KpeKHHre, uenb pa3pbiBaeTca b 
tiioOom MecTe. 06pa30BaBLiiHecH pa/piKajibi npeBpamaioTca 3aieM b ne- 
peKHCH, KOTOpbie pacna^aiOTCH Ha ajibAernA n cnnpT, a ocBo6o4HBmaacH 
SHeprHH H^eT Ha aKTHBam-no MOJieKyji ymeBOAopoAa hjih ;vih KpeKHHra:

RCH2CH2R '----- ► RCH2+  R'CH,• « o
RCH2 +  R'CH2----- *- RCHoO—OCH2R'

RCH20-0CH2R '-----► RCH2OH+ R'CHO h.ih RCHO +  R'CH2OH

3th cxeMbi 6jih3kh k npHBe êHHbiM Bbirne. o6pa30BaHHH nepe- 
khch, no C. C. HaMeTKHHy, Hy>KeH tpohhoh y^ap, hto CTaTHCTHqecKH 
MaJlOBepOHTHO H He O0T>HCHHeT 3HaqHTeJlbH0H CKOpOCTH OKHCJieHHH.

n p H B eA eH H b ie cxeM b i, a T3K>Ke h apyrne, 3A ecb He \ K a 3 aHHbie, c o -  
BepuieHHO He KacaiOTCH nyTeft o6pa30B aH H H  okchkhc.tot h.hi ^aiOT 
jiHiiib BecbMa npoH3Bo;ibHbie cxeMbi, HanpHMep:

. 0  / O H  o  .O H
RCH2- C < f ----- *- R C H = C < -----► RCH-C<

X 0 H  NDH \  /  X ) H
O

/ O H  / O H
R C H —C <  -------->- R C H - C <

\  /  \0H 1 ^
0 OH
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B n o c jie flH e e  BpeMH y c Ta H O B Jie H O , q TO  oK H C Jie H H e  y rjie B O A o p o flH O H  
u e n n  b  n e p B y io  o q e p e ^ b  H ^ e T  y [3 -y r ^ e p o a H o r o  a TO M a , o c ra jib H b ie  >Ke 
aTOM bi ( y ,  a. . .  h  t . A - )  n o  M epe np o£B H >K eH H H  b  r j iy 6 b  M O Jie K yjib i p e a - 
r n p y i o T  Bee M e ^jie H H e e . I l p n  oK H C JieH H H  c H a q a jia  o 6 p a 3 y iO T C H  b t o p h m - 
Hbie c n n p T b i,  3a Te M  ^ H K e TO H b i, K O TO p bie  p a c m e n jijn o T c a  b  KHCJiO Tbi. 
r io s T O M y  6 o Jie e  n o jm y io  K a p T H H y  o k h c j i c h h a  n p e ^ e jib H b ix  y r jie B o / jo p o - 
; i o b  f la e t  c jie ^ y io m a H  c x e M a :

n o  'i n o  -f
-----  CH3CH2CH2CH2(CH2)*CH3 -----

j  P T 4
CH3CHOHCH2CH2(CH2)*CH3

i °
CH*OHCHOHCH2CH2(CH2)JtCH3 

I  o

COOHCOCH2CH2(CH2)vCH3 

HCOOH +  COOHCH,CH2(CH,).rCH3

1
CH3CH2CHOHCH2(CH2)3;CH3

i°
CH3CHOHCHOHCH2(CH2)jcCH31°

CH3COCOCH2(CH2).*CH3

1°
CH3COOH +  COOHCH2(CH2)^CH3

OTMeneHO OKHCJieHHe aTOMOB 8, e, C h t . a., ho c nporpeccnpyiomHM 
3aMe ĵieHHeM. Ajib^erH^bi, BepoHTHO, o6pa3yiOTCH qepe3 nepeKHcn:

CH3CH2CHOHCH2(CH2)xCH3 — CHgCH= CHCH2(CH2)*CH3
| - H 20

CH3CH2CH=CH(CH2)*CH3

* °
CH3CH2CH—CH(CH2)^CH3 

I I 
O----0

I
CH3CH2CH +  CH(CH2)a.CH3

1 °
CHgCH—CHCH2(CH2)^CH3

o — o

I
CHgCH +  CHCH2(CH2)ArCH3

i J
o o

K a n  y jK e  O TM e q a jio c b , H e K O To p b ie  H3 j k h p h m x  K a p S o H O B b ix  k h c j i o t , 
n o jiy q e H H b ix  o k h c j i c h h c m  y r j ie B o ^ o p o ^ o B , H a x o flH T  n p H M e H e H n e  ^ j i h  
C H H Te33 MbIJI.

2 . O K H C Jie H H e  k h c j i o t

M o H O K a p S O H O B b ie  KHCJiOTbi Te p M H q e C K H  O TH O C H TeJIbH O  C TO H K H . E m e  
M. B e p T e jio  b  1851 r  H a rn e ji, q TO  y K c y c H a n  K H C JioTa  p a 3 J ia ra e T c a  J in u ib  
n p n  T e M n e p a T y p e  K p a c H o ro  K a Jie H H H , n p o n H O H O B a a , M a c ju m a H  h  H 3 0 - 
B a jie p n a H O B a H  k h c j i o t m  C Ta d H Jib H b i a o  460° C T e a p H H O B a n—^ o  400° 
K a T a JiH T H q e c K H  m o j k h o  C H H 3 H Tb  T e M n e p a T y p y  o K H C JiH T e jib H o ro  p a c -  
m e n jie H H H : H a n p H M e p , y K c y c H a n  K H C Jio Ta  Haa, Z n -n b iJ ib io  y * e  n p n  250— 
280° p a 3 Jia ra e TC H  c Bbi/jejieHHeM  B o ^ o p o ^ a , a u e TO H a , C02 h  H e fio jib u iH x
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KcmmecTB ajibAerHAa; HaA HHKejieM npn 210s—Ha CH4 h C02, HaA Cu 
npw 390—400°—Ha C02, CH4 h aueTOH. CreapHHOBaH KHCJioTa b jKe- 
jie3HOM cocyAe npn 3603 y>Ke nepe3 4 naca Ha 91 % npeBpamaeTca e 
CTeapoH:

a) RCH2CH2COOH----- ► RCH2CH3 +  C02
O

RCHjCH3 ----- ► RCH2COOH----- ► RCH3 +  C02 h t. a .

6 )  2RCH2CHXOOH------► (RCH2CH2)2CO +  C02 -  H20
o

(RCH2CH2)2CO ----- ► RCH2COOH +  RCH2CH2COOH h t . a .

B opraHH3Max jkhbothmx >KHpHbie Kap6oHOBbie khcjiotw, o6pa3yio- 
mnecH npw rHAp0JiH3e jkhpob, noABepraioTCH OKHCJiHTejibHOMy pacna- Ay noA ACHCTBHeM pHAa 4>epMeHTOB, b pe3yjibTaTe Hero o6pa3yioTCH 
HH3iiiHe KHCJiOTbi c HeTHbiM hhcjiom aTOMOB yrjiepoAa. OCHOBHbIM Mexa- 
HH3MOM HBJIHeTCH (3-OKHCJieHHe, HTO BeAeT K 06pa30BaHHK> (3-OKCHKHCJIOT,
3aTeM -̂KeTOKHCJioT, pacnaAaiomHxcH cnepBa Ha ABe khcjioth, coAep- 
>Kamne C2 h C„_2, a 3aTeM C2 h C„_4 h t , a .:

R R R R1 R

ch2
|

1
- h2 CH h2o 

CH

CHOH
I

1
o CO h2o COOH

-i-
ch2 ch2 ch2 CHSj
COOH COOH COOH COOH COOH

npH AaJIbHeHUieM OKHCJieHHH VKCyCHOH KHCJiOTbi o6pa3yiCTC5I yrAeKHC- 
jibifi ra3 h BOAa.

no cxeMe (3-oKHCJieHHH npoHcxoAHT pacnaA jkhphhx khcjiot npa 
OKHCJieHHH hx nepeKHCbio BOAopoAa.

B jiHTepaType onHcaHbi MHoroqHCJieHHbie cjiynan ACCTpyKTHBHoro 
OKHCJieHHH pa3JiHHHbix khcjiot c H202 b npHcyTCTBHH FeS04.

a-AMHHOKHCJIOTbl nOA ACHCTBHeM H202 B npHCyTCTBHH COJieH 3a- 
khchoto >Kejie3a npeBpamaiOTCH b ajibAerHAbi

o
RCH(NH2)COOH------► RCHO +  C02

a AsyxocH O BH bie ahiHHOKHCJiOTbi— b AsyxocH O BH bie Kap6oHOBbie khcjioth:
o

COOHCH2CH2CH(NH2)COOH------► coohch2ch3c o o u + co2

ZlHOKCHMaJieHHOBaH KHCJIOTa KOJIHHeCTBeHHO OKHCJlfleTCH B CeMH- 
aJibAerHA Me30KcajieB0H KHCJiOTbi:

o
COOHC=CCOOH----- ► CH-CCOOH -  C02 -f- H.,0

II I!
0 oOH OH
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AHajiorHMHO c H20 2 b npHcyrcTBHH aueTaTa >Kejie3a okhcjihiotch 
Ca-cojin reKCOHOBbix khcjiot, npeBpamancb b neHT03bi. H3 d-apadoHO- 
BOH KHCJIOTbl odpa3yeTCH G?-3pHTp03a, H3 d-TajiaKTOHOBOH—d-JIHKC03a
H T. A-

COOH
I
CHOH
I o
CHOH------►
I
CHOH
I
CHjQH

CHO
I

CHOH
I
CHOH
I

ch2oh

+  c o 2 +  h 2o

B nocjieAHne ro^bi 3HanHTejibHbiH HHTepec npHodpejio OKHCJieHHe 
3KHpHbIX KapdOHOBbIX KHCJIOT B napOBOH (f>a3e B MaJieHHOByiO KHCJICjTy 
HJIH ee aHTHApHA, HMeromHH pHA BaJKHeHUIHX npHMeHeHHH. YCTaHOB- 
jieHO, hto npH oKHCJieHHH B03ĵ yxoM b napoBOH d[)a3e MajieHHOBbift aH- 
thapha odpa3yeT mhothc opraHHnecKHe coeAHHeHHH c hhcjiom yrjiepoA- 
hmx aTOMOB b npHMOH uenH He MeHee neTbipex. Tax, ojieHHOBan khcjio- 
Ta b cMecH c B03AyxoM Ha/j V205 npn 425° Ha 24% npeBpamaeTCH b Ma- 
jieHHOBbiH aHrH/jpH#. riocjie^HHH b t3khx me ycJiOBHHX odpa3yeTCH 
H3 HCHpa Cap^HH, COeBOTO MaCJia, pa3JIHHHbIX BbICIHHX KHCJIOT, CnHpTOB 
h yrjieBOflopo^oB.

3. OKHCJieHHe apoMatHHecKHx coeAHHeHHH

BeH30JIbH0e KOJIbHO BeebMa yCTOHHHBO no OTHOineHHKD K OKHCJIHTe- 
J1HM, OAH3KO B03M0>KH0CTb pa3pyineHHH eTO npH OKHCJieHHH dbijia 
ycTaHOBjieHa yme abbho. Tan, npn neftcTBHH Ha deH30Ji CMecH KC103 
h H2S04 odpa3yeTCH «TpHXJiopMajieiiHOBaH KHCJiOTa», KOTopan nocjie 
BoccTaHOBjieHHH HJ npeBpamaeTCH b MeTHJiOBbiH sijmp HHTapHOH khc- 
jioTbi no cjieAyiomeH cxeMe:

- /COOCCl3- 
CH
II
CH
. N x >oh

/̂COOC.Hg
CH2
I

ch2
N xDOH

BBeAeHHe 33MecTHTejieH nepBoro poAa b deH30JibHoe KOJibuo noBbi- 
inaeT ckjiohhoctb nocjieAHero k AecTpyKTHBHOMy okhcjichhio.

H3 KaTajiHTHnecKHX peaKUHH okhcjichhh deH30Jia 11 ero roMOJioroB 
c pa3pbiBOM KOJibua HaHdojibuiHH HHTepec npeACTaBJiaeT nojiyneHHe 
MajienHOBoro aHTHApHAa. JXjih stoto napbi deH30Jia c B03AyxoM npony- 
CKaioT HaA KaTajiH3aTopaMH npn 300—400° B KanecTBe KaT3JiH3aTopoB
npeAJIOJKeHbl pa3JIHHHbie OKHCJIbl MeTaJIJIOB HJIH HX CMeCH Ha pa3JIHHHbIX 
HOCHTejiHX. Bhahmo, HaHJiynuine pe3yjibTaTbi AaeT V205, HaA koto- 
pon BbixoAbi Ma.neHHOBoro aHTHApHAa aoxoaht ao 65% ot Beca deH30jia
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(ao 650 kz H3 1 tn 6eH30Jia). 3Ta peaKUHA TpedyeT 9 aTOMOB KHCAopoAa 
na 1 MOAeKyjiy 6eH30Aa h no(j)a3HO, no-BHAHMOMy, npoTenaeT cjieAyio- 
iuhm o6pa30M:

OH OH O O

OH. O

CH—COv
|| >0 +  2C02 +  1120
CH—(XX

MajieHHOBbift aHrHApHA h MaJieHHOBan KHCAOTa npHMeHAiOTCA aaa 
no.ayyeHHH rAHc})TaAeBbix cmoji (cTp. 489), ruiacTH(J)HKaTopoB, npacHTe- 
.'ich h t. A- ZlocTynHocTb cnocoSa noAyneHHA MajienHOBoro aHrHApnAa 
no3 BOJiBeT npHMeHHTb ero aaa CHHTe3a AHTapHOH, a6aohhoh h bhhhhx
KHCJIOT.

HeKOTOpbie H3 npOH3BOAHbIX 3THX KHCAOT HMeiOT PAA HHTepeCHbIX
npHMeHeHHH. HanpnMep, xaophmha HHTapHoft khcaoth o6jiaAaeT
HCKAIOHHTeAbHO CHAbHbIM 6aKTepHUHAHbIM Â HCTBHeMI 9 Z ero CTepH- 
AH3yK)T cyTOMHbiH 3anac boah aaa poTbi cojiAaT. CMecb 85 % cpeAHeft 
HaTpHeBOH COAH a6aOMHOH KHCAOTbl C 14 "o UHTpaTOB H3TpHA H 3MMOHHA 
n c 1 °0 MnBr2 HMeeT BKyc noBapeHHofi coah h MoaceT 3aMeHATb nocneA- 
hfoio npH coAeBoft AneTe. HaKOHeu, caMa MaAeHHOBaA khcaot3 abaact- 
CA CHAbHeHLUHM 3HTHOKHCAHTeAeM: AOCT3TOMHO 0,0001 Z ee, HTOSbl 
upcAoxpaHHTb MacAa ot nporopKaHHA.

.VlaAeHHOBblH 3HTHAPHA MOJKHO nOAyHHTb H npH OKHCAeHHH TOMOAO- 
roB 6eH30Aa.

U,OCTM>KeHHeM KaT3AH3a ABAACTCA OKHCAeHHe Ha^TaAHHa BO (j)TaAe- 
BblH aHTHApHA B napOBOH (J)a3e. OTaAeBblH aHTHApHA Heo6xOAHM B 60Ab- 
IUHX KOAHqeCTBaX AAH CHHTe33 TAH(|)TaAeBbIX CMOA, KpaCHTeAeft H AAA 
Apyrnx ueAeft. B XIX b. ero noAyqaAH oKHCAeHHeM Ha$TaAHHa b >kha- 
KOH (j)ase ABHCTBHeM XpOMOBOrO aHrHApHAa HAH a30THOH KHCAOTbl, HTO 
rpeOoBaAO cao>khoh h ctohkoh k Koppo3HH annapaTypbi. B KOHue 
npouiAoro cmneTHA 6biA pa3pa6oTaH KaTaAHTHqecKHH mctoa oKHCAe- 
HHA C H2S04 B npHCyTCTBHH COACH pTyTH, CTpaAaiOmHH, OAHaKO, Te.MM 
>i<e HeAocTaTKaMH, mo h nepBbift H3 H33BaHHbix mctoaob.

riapo4)a3HbIH MeTOA OKHCAeHHH Ha(})TaAHHa B03AyXOM HaA TBepAbI.MII 
K3TaAH3aTopaMH oqeHb npocT h 6bicipo noAyqHA TexHHnecKoe npn- 
MOHeHHe. H3 rpoMaAHoro mhcab npeAAO>KeHHbix KaT3AH3aTopoB AymuiiM 
abaactca, TaK >Ke KaK npn OKHCAeHHH 6eH30Aa, V20 5. HanpHMep. 
CMecb napoB H3(J)TaAHHa c B03AyxoM —1 15 no Becy) nponycKaroT 
HaA KaTaAH33TopoM npH 400° b pe3yAbTaTe o6pa3yeTCA 70—80 96 f'pTa-

15 B. H. Atviron
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jieBoro aHrHflpH^a. OKHCJieHHe xoporno hact h npn 5-KpaTHOM H36biTKe 
B03Ayxa, ho SojibuiHe KOJiHnecTBa nocjieAHero HyjKHbi /yifl okhcjichhh 
CTOHKoro HacJ)TOXHHOHa, a TaKJKe OTBOAa 6ojibmoro Tenjia peaKUHH, mo 
CTa6HJiH3HpyeT TenJioBoft pe>KHM peaKTopoB. MexaHH3M okhcjichhh, no- 
BHAHMOMy, noAo6eH MexaHH3My okhcjic^ hh 6eH30Jia b MajieHHOBbifi aH
rHApHA h nocTaAHHHO hact no cjieAyiomeH cxeMe:

OH OH O

sS\/\ o S \ / X  o S \ / \  o ouu uu nu -- UU “
o
II ,

^ / \ /

\ / \ /
II
o

OH o
o

OH
S \ / \ S

o CO

V
o

H ----- ► | || 0 4- 2C02 +  H20
\ / \  /

H CO
O

rioSoHHO o6pa3yiOTCH b MaJibix KOJiHMecTBax 6eH30HHaa KHc;ioTa, 
6eH30Ji, n-XHHOH, MaAeHHOBbiH aHrHApHA h aKpHjioBaa KHCJioTa.

OTaAeBbift aHrHApHA h KHCJiOTy mojkho nojiynHTb okhcjichhcm h 
:ipOH3BOAHbIX H3(J)TaJIHHa— a-Ha(j)TOJIOB, a-Ha(J)THJiaMHHOB, a-H3(J)TaJIHH- 
cyjib(|)OKHCJiOT npH HarpeBaHHH hx co mejionbio noA AaBJieHHeM b npH- 
cyTCTBHH Fe20 3, CuO hjih M n02. MexaHH3M sthx peaKUHH HeaceH, h 
OHH He HaUIJIH npHMeHeHHH. CjieAyeT OTMeTHTb, HTO A6K3JIHH npH OKHC- 
jieHHH B03AyxoM HaA V20 5 o6pa3yeT cMecb (J)TaJieBoro h MajieHHOBoro 
aHrHApHAOB, l,4-Ha4>TOXHHOHa h (J)opMaJibAerHAa. HoBeftmHe HccJieAOBa- 
hhh noKa3aJiH, mo npn okhcjichkh HaA V205 hjih Sn-V2Os Ha<])TajiHHa, 
TeTpajiHHa, a- h (3-MeTHJiHac|)TajiHH0B o6pa3yeTCH (JrrajieBbiH aHrHApHA 
c BbixoAOM 50—75 %.

OKHCJieHHe b napoBofl $a3e HaA V2Os hjih aHajiorHHHbiMH KaTajiH3a- 
TopaMH (JieHaHTpeHa [51] noKa3ajio, hto npH AecTpyKTHBHOM pacnaAe 
nojiynaeTCH 30—40 °o (JrrajieBOH KHCJiOTbi, npnqeM OKHCJieHHe hact 3Ha- 
HHTejibHO rjiy6>Ke:

Onn
\ / \ f \u

o ,0rrr-^nrU Au
COOH

| .COOH. O

\ / \ / \Xj
.COOH _—nr

^/^COOH

.COOH _nr
■ v

o

CO

HC

V
A
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4. OKHCJieHHe 3AHHHKAH4eCKHX M reTepOUHKJIHMeCKHX
COeAHHeHHH

ZleCTpyKTHBHOe OKHCACHHe aAHUHKAHHeCKHX COê HHeHHH npHBÔ HT 
k o6pa30BaHHio AByxocHOBHbix khcjiot. B pe3yjibTaTe okhcjichhh uhk- 
.noreKcaHa a30TH0H khcaotoh noAynaeTCH a/uinHHOBaH KHCAOTa:

ch2 ch2
/  \ /  \

h2c ch2 o h2c cooh
1 1 ----- >■

h2c ch2 h2c cooh

X
\  /  

ch2

ripH KaTajiHTHqecKOM okhcachhh UHKJioreKcaHa B03AyxoM HaA 
Sn(V03)2 npH 300° npoHcxoAHT rjiy6oKHH pacnaA c o6pa30BaHHeM yncyc- 
hoh h nHpoBHHorpaAHoft khcaot; npn SoAee >Ke bhcokhx TeMnepaTyp’ax 
IIOHBAHIOTCH aKpOAeHH, aUeTaAbAeTHA H HeHaCbimeHHbie COeAHHeHHH. 

npH OKHCACHHH UHKAOreKCaHOAa 330TH0H KHCAOTOH B npHCyTCTBHH
NH4V 03 npn 50—60° o6pa3yeTCH 6oAee'70% aAHnHHOBOH khcaoth. 
Oahh H3 aHajiorHMHbix mctoaob KaTaAHTHqecKoro okhcachhh npHMe- 
hhctch aah noAyqeHHH aAHnHHOBOH khcaoth npH cHHTe3e HafiAOHa 
(CTp. 503). M eTOA OKHCACHHH a30THOH KHCAOTOH AOBOAbHO LUHpOKO npH- 
MeHHeTCH a-hb npeBpameHHH h Apyrnx noAHMeTHAeHOBbix yrAeBOAopo: 
AOB H HX npOH3BOAHbIX B COOTBCTCTByiOIH,He AByXOCHOBHbie KHCAOTbl, 
a T3K>Ke IipH H3yMCHHH CTpoeHHH pa3AHMHbIX TepneHOB H HHbIX npHpOA- 
Hbix BemecTB.

OKHCAeHHe b napoBoft (j)a3e HaMHHaeT HaxoAHTb iimpoKoe npHMe- 
HeHHe 6AaroAapa oqeHb npocTofi mctoahkc stoto npopecca. B KaqecTBe 
npHMepa mo>kho npHBecTH mctoa noAyqeHHH hhkothhoboh khcaotu. 
OHa HMeeT 6oAbiuoe npaKTHqecKoe npHMeHeHHe, TaK Kan hbahctch 
aHTHneAAarpHqecKHM bht3Mhhom. Bee B03pacTaiomaH noTpedHOCTb 
B HHKOTHHOBOH KHCAOTC (HanpHMep, A^  ̂ BHTaMHHH33UHH SeAOH MyKH)
CTHMyAHpoBaAa Haxo>KAeHHe hoboto AocTynHoro MeTOAa ee noAyqeHHH. 
HHKOTHHOByiO KHCAOTy MO>KHO riOAyqaTb OKHCJieHHeM HHKOTHH3 HAH 
HHKOTHHcyAb(J)aTa H3 TaOaqHOH nbiAH c noMoiAbio Cr03, K2Cr20 7, HN03, 
KMn04 h t. A-, OAHaao cnoco6 stot caojkch.

riepBOHaqaAbHO 6biA pa3pa6oTaH mctoa noAyqeHHH hhkothhohh- 
TpHAa OKHCAeHHeM HHKOTHH3 B napOBOH (J)a3e B03AyXOM HaA V20 5 npn 
400°:

H~C—  t:i i„
I

f Y HC\  /
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r v - " +  4COa +  5HsO
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H hkothhohhtphji jierKO rHApojiH3yeTCH b hhkothhobyk) 
hah ee aMHA:

h2o rr*
N

+  n h 3

KHCAOTy

Bha  TafOKe pa3pa6oTaH .SKcnpeccHbifl mctoa okhcjichwh hhkothh3 
(a), P-nHKOJIHHa (6) H XHHOAHH3 (b) B HHKOTHHOByiO KHCAOTy B HCHAKOH 
<|)a3e c H2S04 b npHcyTCTBHH pa3AHAHbix aKTHBHpyioinHx oKHCJie- 
HHe AofiaBOK. Jlymune pe3yjibTaTbi 6mah nojiyqeHbi npH npndaBjieHHH 
Se02, Kor^a bhxoah  hhkothhoboh khcaoth ajih Tpex nepeqncAeHHbix 
COe^HHeHHH C0CT3BAHAH COOTBeTCTBCHHO 75, 50 H 75%. OKHCAeHHe npo- 
iei<aeT no c^eayromHM cxeMaM:

a)
h2so4 COOH

\ s  
n .h 2so4

+  4C0 2

6)
h2so4 COOH

\ s
n -h 2so4

b) nn ̂  rVCOOH

v \ '
% /
N • HoSOj

+  3C0 2

5. OKHCJieHHe npHpoAHbix yrjieBOAopoAOBCMecH okhch yrjiepoAa c boaopoaom h caM boaopoa b coBpeMeHHOii XHMHH6CKOH tcxhoaothh HMeioT orpoMHoe H pa3HOCTopoHHee npiIMe- HeHHe. HanpHMep, chhtc3 MeTaHOJia, Bbicmnx cnnpTOB, chhthh3 oc- HOBaH Ha boahhom ra3e; CHHTe3 aMMHaxa, rHApnpoBaHHe pacTHTejibHbix MaceA, npoueccbi AecTpyKTHBHoro rHApnpoBaHHH—Ha BOAopoAe. He- ofixoAHMbi MomHbie ra3oreHepaTopbi, cHadacaromne 3aBOAbi sthmh ra- 
33MH,. h , AOCTaTOHHbie 3anacbi cooTBeTCTByiomero AOCTynHoro h Aeuie- Boro “cbipbH.

JXnU rioAyyeHHH boahhoto ra3a h aHaAorHAHbix cMeceft C O + H 2 
npHMeHHHDT peaKUHio noAHoft ra3H(f)HKauHH TBepAbix yrAepoAHcrbix Ma- 
TepHaAOB (vroAb, Top<f), kokc) npn bmcokhx TeMnepaTypax n nonepe- 
MeHHOM napoBOM h B03AyuiH0M AyTbe:

a) C +  H20 -► GO +  H,
6) CO +  H20 -► C0 2 +  H2
b ) C 4 -  2H„0 C0 2 + 2Ha
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YAa^eHHeM H3 ra3a C02 h cepHHCTbix coeAHHeHHH nojiyuaioT omimeH- 
HblH BOAHHOH ra3, npHTOAHblH A-HH KaTaJIHTHMeCKHX CHHTC30B HJJH A-Tfl 
BbiAejieHHH H3 Hero BOAopoAa.

ripaKTHwecKH npouecc 3a KjnouaeTCH b tom, mto Mepe3 ra3oreHepa- 
rop, 3arpy>KeHHbiH MaTepnajiOM, cnepBa npoAyBaioT B03Ayx (okojio 
2 mhh.), omero HacaAKa pa3orpeBaeTCH ao 1000— 1100° FlocJie 3Toro 
B03Ayx nepeKjnonaiOT Ha napoBoe AyTbe (5—6 mhh.), h TeMnepaType, 
BC.aeACTBue SHAOTepMHnecKOH peaKHHH (a), HauHHaeT naAaTb. TeMnepa- 
Typy Hejib3H onycnaTb HH>ne 950° noaTOMy nocjie napoBoro AyTbH b 
reqeHHe 2 mhh. BKjnonaiOT B03AyinHoe AyTbe, mo6bi noAHHTb chobS 
TCMiiepaTypy 3a cmct 9K30TepMHMecK0H peaKHHH C + 0 2-*-C02. OneHb 
l opHHHe ra3bi B03AyuiHoro AyTbH c C02 h N2 otboaht OTAejibHO (reHepa- 
ropHbift ra3). Boahhoh ra3 noJiyuaiOT jinrnb b nepHOA napoBoro AyTbH.

CoBpeMeHHbie ra3oreHepaTopbi Oojimijoh npOH3BOAHTejibHOCTii pa6o- 
raioT hjih Ha KHCJiopoAe, hjih Ha oOorameHHOM khcjiopoaom B03Ayxe, 
npHneM npHMeHHiOT noBbiLueHHoe AaBjieHHe, OjiaroAapn ueMy MoryT 
6biTb yMeHbmenbi raSapiiTbi ycTaHOBOK. B JiHTepaType onHcaHbi molu- 
Hbie ra3oreHepaTopbi, npoH3BOAHin,He 6ojiee 1 mjih. m3 ra3a b cyTKH, ko- 
ropbie b 33BHCHMOCTH ot pe>KHMa MoryT AaBaTb GMecH CO+2H.,. ra3 
AJin SbiTOBbix uejieft hjih hhcthh boaopoa.

ra3H4)HKauHH TBepAoro TonJiHBa noA AaBJieHHeM 20—25 am HMeeT 
orpoMHoe 3HaweHHe, Tan kbk KajiopHHHOCTb nojiynaeMoro ra3a CHJibHO 
B03pacTaeT OjiaroAapn noBbiuieHHio b hcm coAepwaHiin MeTaHa. OObin- 
Hbifl reHepaTopHbift ra3 HMeeT TenjioTBopHyio cnocoSHoerb 1300—
1600 koa/m 3 h coAep>KHT JiHiHb 1—3% MeTaHa, TorAa nan ra3, nojiyuae- 
MbiH b reHepaTope Bbiconoro AaBJiemiH, HMeeT TenJiOTBopHyra cnoco6- 
hoctij 3800 kcia/m3 h coAep>KHT ao 20% MeTaHa.

/],jih noBbimeHHH ckopocth peaKHHH Me>KAy yrjiepoAOM h napoM npn 
Oojiee HH3KHX TeMnepaTypax (mto HMeeT orpoMHoe 9KOHOMHuecKoe 3iia- 
‘leiine) CbiJio npoEeAeHo Oojibwoe mhcjio HccJieAOBaHHH. He npiiBOAH A3H- 
iibix JiHTepaTypbi no 9T0My Bonpocy, cjieAyer, oAHaKo, 3aMeTHTb, mto 
OjraronpHHTHoe bjihhhhc OKa3biBaiOT coeAHHeHHH MeTaJiJioB I h II rpynn 
nepHOAHMeCKOH CHCTeMbI (AOOaBKH HpeJlOMHblX H HI,eJ10MH03eMejIbHbIX Me- 
TajuioB). PeKOMeHAyeTCH nponHTbiBaTb yrojib nepeA 3arpy3Kofl b ra30- 
reHepaTop boahhmh pacTBopaMH ruApooKHcefl, KapSoHaTOB, xjiopn- 
AOB hjih cyjib(})aTOB mejiOMHbfx hjih meji0MH03eMejibHbix MeTajuioB, mto 
CHii>KaeT TeMnepaTypy npouecca ao 550—600°

Ecjih BMecTO yrjiH B3HTb yrjieBOAopoAbi, to npn nojiHOM OKHc.ieHHH 
i'.oahhum napoM ohh AaAyT T3K>Ke ra3 THna boahhoto:

CH4 +  H20 - »  CO +  3H2 — 48,9 kkcui

3tot npouecc, npHMeHHCMbiH A-na nojiyueHHH CMecn CO +H , H3 
npnpoAHoro ra3a, H3BecTeH Kan Koneepcun Memana. 3Ta peaKHHH c 
20-x toaob Hamero ctojicthh H3ynajiacb mhophmh HCCJieAOBaTejiHMH, h 
6blJIO yCT3H0BJieH0, MTO OHa MO>KeT 6bITb KaTaJIHTHMeCKH yCKOpeHa. 
Bbi/io ncnbiTaHO KaTajiHTHMecKoe AewcTBHe Fe, Co, Ni, Cu, Mo, W Ha 
pa3JiniiHbix HociiTejiH.x (HanpHMep, A120 3, MgC03, SiO,2) b Te.M-
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nepaiypHOM HHTepBajie 500— 1000° h HaftAeHO, uto Jiymne Bcero AeficT- 
ByiOT HHKejIb HJIH KOSaJIbT Ha A120 3, T. e. KaTaJIH3aTOpbI, HaA KOTOpbIMH 
KOHBepcHH Ĥ eT npn 870—900° npn oSteMHOH CKopocTH (o.c.) okojio 
700. AKTHBHOCTb Co H Ni 33MeTHO nOBblHiaJiaCb OT AOSaBOK A120 3 HJIH
MgO.

BblJIO H3HA6HO [52, 53], HTO JiyHLHHM KaT3JIH3aTOpOM CJiy>KHT BOCCTa- 
HOBJieHHbifi HHKejib Ha KycKax orHeynopHbix MaTepnajioB; Ha t3khx 
KaTajiH3aTopax npn 700—750° KOHBepTHpyeTCH ao 97% CH4. JXoSaBKa 
10% A120 3 HecKOJibKO cHHH<aeT TeMnepaTypy peaKUHH h yAJiHHaeT 
CpOK JKH3HH KaT3JIH3aTOpOB. XopOIHHe pe3yJIbT3TbI A3IOT H 3HaHHTeAbHO 
6oAee Aoporne Ko6ajibTOBbie KaTajiH3aTopbi. B stom cjiynae KOHBepcHH 
HAeT rjiaAKO npn 800° h KaTajiH33Top AJiHTejibHO coxpaHneT aKTHBHOCTb.

KoHBepcHio MeTaHa mojkho npoBOAHTb h c yrAeKHCJibiM ra30M
CH4 -f- C02 —► 2CO +  2H2 — 61 Kuan

ho npouecc stot eiue 6ojiee 3HA0TepMHneH h Tpe6yeT TeMnepaTypbi 
Bbirne 1000° Mojkho npoBOAHTb npouecc h Ha B03AyuiHOM AyTbe HaA 
Ni-KaTajiH3aTopoM:

o
CH4 ----- ► CO +  2H2 -f- Q KKQA

KoHBepcHH MeTaHa Ha 3aBOAax nocTaBJieHa b SojibiuHx MacmTa6a\. 
IlpHpoAHbiH ra3, HHorAa b CMecH c ra3aMH KpeKHHra hjih He(}>Tenepepa6oT- 
kh, CMeuiHBaioT c napoM h nponycxaiOT uepe3 cTaJibHbie Tpy6bi c Co- 
hjih Ni-KaTaJiH3aTopoM npu 870° b pe3yjibTaTe H3 CH4 h Apyrnx yr.ie- 
boaopoaob nojiyuaeTCH boahhoh ra3 (CO-|-H2).

Boahhoh ra3 hjih ra3 ot KOHBepcHH MeTaHa hbjihctch hctohhhkom 
Â ih noAyueHHH H3 Hero BOAopoAa. 06biHHo nojib3yiOTCH cTapbiM «>Kejie- 
30-napoBbiM MeTOAOM»:

3Fe -(- 4H20 —*- Fe304 -f- 4H2 

Fe304 +  4CO —► 3Fe +  4COg

Ha npaKTHKe npnMeHHiOT peaKTopbi, 3arpy>ueHHbie pa3Apo6.ieHHoft 
b KpynHbie KycKH npHpoAHofi oKHCbio >Kejie3a, KOTopan, BoccTaHaB- 
jiHBancb npu 700—800° okhcjihct CO ao C02, a npn aohctbhh boah- 
hoto napa CHOBa okhcjibctch. XIjih ycKopeHHH npouecca MHorue aBTO- 
pbi pexoMeHAyiOT Tanne KaTaJiH3aTopbi, Kan PbO, CuO, Cr20 3, Mn02 
hjih >Kejie30 c AoSaBKaMH okhcjiob V. W. Cr, Cu, Mo h AP- Ilocjie koh- 
BepcuH CO b C02 nocjieAHioio yAajimoT lucjiohhoh npoMbiBKoft, H3BecTbio, 
boaoh noA AaBJieHHeM, STaHOJiaMHHaMH, a ocTaTOK CO yjiaBjiHBaiOT jih6o 
nponycKaHHeM ra3a uepe3 KOHueHTpnpoBaHHbiH pacTBop NaOH npn 
50 am h 260° jih6o HaTpoHHofl' H3BecTbio npu 300° jih6o CKpydSepupo- 
BaHHeM nepe3 kojiohhm c aMMHanHbiM pacTBopoM (JiopMHaTa MeAH. Ha 
HexoTopbix 3aBOAax A-aa nojiyqeHHH BOAopoAa H3 KOHBepcnoHHoro ra3a 
nocAeAHHft nponycxaiOT c napoM npH 445° HaA Ni-KaTaAH3aTopoM, 
no.riyueHHyio C02 yAaAHioT npoMbiBaHHeM Ta3a boaoh noA AaBJieHHeM 
30 am.
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Pa3pa6oTaH h apyroa BapwaHT nojiyqeHHa BOAopoAa H3 npapoAHoro 
ra3a. npnpoAHbiH ra3 cpeAHero cociaBa (90 °o CH4, 8% C.,H4, 1,5 ?6 
N2) cMeiBHBaiOT c napoM (1 : 1 no oObeMy) h noABepraiOT KpeKHHry npn 
1050° b BepTHKajibHbix peaKTopax, nponycnaa qepe3 Ni-KaTajiH3aTop. 
rio/iyqeHHbiH ra3 coctoht H3 75°o H2, 21% CO, 1 °o C02, l°o CH4. 
JXj\h KOHBepcHH CO 3tot ra3 nponycKaiOT qepe3 peaKTop c CuCo-naTa- 
îH33TopoM npn 300— 350° npe/jBapHTejibHO Ao6aBHB k HeMy 5 o6beMOB 

napa. Flo BbixoAe H3 annapaTa nap KOHAeHcnpyeTCH, a C02 OTMbiBaiOT 
boahum pacTBopoM TeipaMHHa.1 3HaHHTejibHbie KOJinnecTBa BOAopoAa 
nojiyqaiOT TaK>Ke H3 KOKCOBoro ra3a.

Bojibinoe BHHMaHne 6bi.ro y^ejieHO TaiOKe KOHBepcHH roMOJioroB Meia- 
Ha h BooSme jno6bix yivieBOAopoAOB c napoM no o6in,eH cxeMe:

C„I Im +  —► raCO +  (m +  in ) H2
2

Eme b 1911 r. 6bi.n onyOjiHKOBaH cnoco6 nojiyqeHHH boahhoto ra3a 
pa3Jio«<eHHeM yrAeBOAopoAOB napoM, neperperaM npn oqeHb bhcokhx 
reMnepaTypax. B HacToamee BpeMH aah stoh uejin peKOMeHAyeTCH BecTH 
KOHBepcnio npn 800° HaA OKHCbio Mamna, nponHTaHHofl okhcmo HHKejia, 
hah nponycKaTb CMecn yrjieBOAopoAOB c BOAaHbiM napoM HaA OKHCJiaMH 
Fe, Co, Ni, Mn, Cu, V, W hah cnjiaBaMH hx npn 1100°; b pe3yjibTaTe 
npoHexoAHT nojrnaa ra3H(})HKauHa yrjieBOAopoAOB b CO h H2. HacKOAb- 
KO H3BeCTHO, 3TH CnOCOSbl He HaiHAH npHMeHCHHa, TaK KaK OHH He MO- 
ryT KOHKypHpoBaTb c npnpoAHbiM ra30M H3-3a 6ojiee bmcokoh ctohmocth 
roMOJioroB MeTaHa h ApyrHx yrjieBOAopoAOB.

CnocoOoM nojiyqeHHa BOAopoAa mojkct aBJiaTbca npouecc Tep- 
MHqecKon AHCCounauHH yrjieBOAopoAOB C„Hm-*-/iC-rmH, KOTopbifi Tpe- 
g y e r  TeMnepaTypbi 1200— 1600° OAHano H3-3a bhcokhx SHepreTHqe- 
CKHX 3aTpaT CnOCOO 3T0T He MO)KeT HaHTH uiHpoKoro npHMeHeHHa.

ra3H(f)HKauHK) TBepAoro TonAHBa mojkho npoBOAHTb TaiOKe c no- 
Mombio KHCJiopoAa. Eu;e b 1936 r Ha oahom H3 nepBbix 33boaob no no- 
jiyqeHHio 6biTOBoro ra3a nyTeM okhcachhh TBepAoro TonjiHBa KHCAopo- 
Aom noA AaBAeHHeM b ra3oreHepaTOp c 6ypbiM yrAeM bboahjih cMecb 
KHCAopoAa c neperperaM BOAaHbiM napoM npn TeMnepaType 500° h AaB- 
.neHHH 200 am. Flocjie oqHCTKH cocTaB ra3a (b o6beMH. %) 6biJi CAe- 
AyiomHH:

C02 — 3,0; CO — 22,8; H2--48,7; CH4 — 22,6; N2 — 2,3

FlyTeM KOHTpoAa noAaqH napa, TeMnepaTypbi h AaBAeHHH mo>kho 
H3 MeHHTb COCTaB Ta3a T3KHM 06pa30M, HToObl OH CT3A npHTOAHblM 
AAH pa3AHqHbIX XHMHqeCKHX CHHTe30B.

ripn ra3H(})HKauHH yr.ia noA abba^hhcm 8,5 am no/iyqaeTca ra3 
oieAyioiuero cocTaBa (b o6beMH. %):

C02 — 29,3; CO -21,9; 112 — 44,0; CH, — 3,3; N* — 1,5

1 TeipaMHH—cMecb no numieHaMHHOB (iviaBHbiM o6pa3ov ah3TĤ ieHTpnaMiiHa it 
r p i r j i ii.H'HTeTpaMHHa)—npimenmor A'ia aACop6uHH k h c j ih x  ra30B.
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IlocJie yAajieHHH yrjieKHCJioro ra3a nojiyqeH ra3 cociaBa 
(b o6,beMH. %):

CO,— 1,0; CO — 30,7; H ,— 61,6; CH4 — 4,6; N2 — 2,1
3to ,naeT Heo6xoAHMoe cooTHomeHHe (CO : Ha= l  : 2) ^jih nojiyqe- 

hhh CHHTeTHqecKoro deH3HHa (cTp. 685). YBejiH^HBan no^aqy napa, 
mojkho noJiyqaTb KOHeqHbift ra3 H3 75% H2 h jimiib 15% CO, qTO AejiaeT 
ero npnroAHbiM ajih CHHTeaa aMMHana. Ta3, o6pa3yK)iu,HHCH b ra3oreHe- 
paTOpax nyTeM ra3H(J)HKaii,HH TBep^oro TonjiHBa khcjiopo^om, Ha3biBaiOT 
OKCueodnHbiM za30M, ho Bcne/jcTBHe bhcokoh cedecTOHmocth Bpa# jih 
mo>kho paccqHTbiBaTb b ^ajibHefimeM Ha HinpoKoe ero npHMeHeHHe.

/Hjih Hapo^Horo xo3hhctb3 Harneft crpaHbi HMeeT 3HaqeH«e nod3eM- 
nan za3inpuKaqun yzAeu. Hnea aToro cnocoda dbiJia BnepBbie BbicKa3aHa 
A- H. MeHflejieeBbiM ein,e b 1888 r. [54, 55]. «H nojiararo, mto odpa30Ba- 
HHe reHepaTopHoro ra3a mo>kho ,n,ocTHqb BHyTpH caMofl 3eMJiH, ycT- 
Pohb k njiacTaM.... peryjinpyeMbift /jocTyn B03flyxa, qepe3 hto mojkho 
H3derHyTb noqra Bcefl K3top>khoh padoTbi b KaMeHHoyrojibHbix njiaciax» 
[54]; h ^aJiee: «...Tor,n;aMO>KHody,neTno.nb30BaTbCH h tohkhmh njiacraMn 
KaMeHHoro yrjin, KOTopbie HeBbiroflHO BbipadaTbiBaTb HbmeniHHMH cno- 
co6aMH» [55].

3ia npodJieMa no.nyqH.na peajibHoe ocymecTBjieHHe d-naro^apn pado- 
TaM pyccKHX HHHceHepoB B. A. MaTBeeBa, n. B. CKacfja h JX. H. Oh- 
.nnnnoBa c rpynnofi coTpy/jHHKOB [56]. Haqajio padoT othochtch k nep- 
boh nHTHJieTKe, Kor^a npHCTynnjm k onbiTHbiM padoTaM b ^ ohcukom 
h FIoamockobhom daccefiHax. 3Ta HCKJHOMHTejibHO Tpy/jHan npodJieMa 
noTpedoBaJia HecKOJibKHx JieT ynopHbix hck3hhh, MTodbi nô OHTH k ee 
TexHHqecKOMy ocfiopMJieHHio h pa3pemeHHio. B 1938 r b TIoHdacce nep- 
Baa onbiTHO-npOMbimjieHHaH ct3huhh TpecTa «no^3eMra3» jxana ra3. 
C 1942 r. BTopan Tanan >Ke ct3hixhh no/jMocKOBHoro dacceflHa 
CHadJKaeT ra30M pn^ npe^npHHTHH. He B/jaBancb b fleiaJiH sto- 
ro HHTepecHoro npopecca, KOTopbie onncaHbi b cneunajibHOH Jinre- 
paType, mojkho CKa3aTb, hto ra3oreHepaTopoM HBjineTCH BbidpaHHbift 
noA3eMHbift yqacTOK yrjin. B nocjieflHHH no TpydaM B̂ yBaiOT B03Ayx 
hjih KHCJiopô  c napoM (napo-B03^yniHoe hjih napo-KHCJiopoflHoe ^yTbe). 
TaKHM odpa30M, b «no,H3eMHbix ra3oreHepaTopax» no-nyqaeTCH okchbo- 
,HHHoh ra3, npnroAHbift /yin SHepreTHqecKHx n cHHTeTHqecKnx nejiefi.

He MeHbuiHH HHTepec npe^cTaBjiHeT noA3eMHan neperoHKa (no.iv- 
KOKCOBaHHe) TonjiHBa, ocodeHHO ropioqHx cjiaHneB. ropioqHe cjiaHUbi 
b CCCP qacTo Ha3biBaiOT «hc4)thhoh py,noH», Tax kzk ejiaHueBan CMO.na. 
b OTJiHqne ot KaMeHHoyrojibHon, no cocTaBy HandoJiee dJiH3Ka k hccJithm.

B. AyTOKCHflAUHJ!

1. Odipwe ceeAeHHH

MHorne cnocodHbie k okhcjichhio opraHiiqecKne coê HHeHUH ca.Mo- 
npoH3BOjibHO okhcjihiotch khcjiopo^om B03^yxa npH odbiqHofl TeMnepa- 
rype. 3th nponeccbi hocht H33BaHHe- aymoKcudai{iiu (caMOOKUCAenus).
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TaKOMy npeBpameHHK) noABepraiOTCH MHorne aobAerHAbi, HenpeAe.ib- 
ubie yrjieBOAopoAbi, aMHHbi, $eHOJibi, pacTHTejibHbie Macjia, jkhbothh& 
>KHpbi, KayqyK, TepneHbi h AP- Ilpoueccbi caMOOKHCJieHHH MoryT 6biTb 
ycKopeHbi AoSaBjieHHeM aKTHBHpyiomHx BemecTB (npooKCHflaHTOB, ycKO- 
pHTejiefi hjih aKuejiepaTopoB) hjih 3aMeAJieHbi AoSaBKaMH topmo3hiuhx 
peaKUHK) BemecTB (aHTHOKcn̂ aHTOB, hhth6htopob okhcjichkh).

Pojib Kjic/iopofla b peaKUHHx ayTOKCHAauHH BnepBbie Hanajm H3y- 
iiaTb b 60-x roflax npouuioro cmneTHn. Ha ochob3hhh MHoronHCJieHHbix 
HCCJieAOBaHHH 6biji CAeJiaH buboa, mto OKHCJieHHe Bbi3biBaeTCH khcjio- 
po/joM, Haxo/tHiu,HMca b xHMHnecKH B036y>KAeHH0M coctohhhh. Bew,e- 
ctb3, Bbi3biBaioiii,He nepexoA KHCJiopoAa b Tanoe cocroHHHe, 6bimi Ha- 
3BaHbi AeHCTByram,HMH ajuioTponHnecKHM o6pa30M, TaK xaK npn stom 
npoHcxoAHT npeBpameHHe KHCJiopoAa b 030h.

OKHCJieHHe KHCJIOpOAOM He HBJIHeTCH npOCTbIM IipilCOeAHHeHIICM:

2A +  02 —►  2,40

ripouecc npoTenaeT ropa3Ao cJio>KHee. X. UieH6eHH0M [57] 6biJio 
vcraHOBjieHO, hto Ha Ka>K£yio 3aTpaneHHyio MoneKyjiy 0 2 b aKTHBHoe 
cocTOHHHe nepexoAHT eme OAHa MOJiexyjia KHCJiopoAa, noABeprancb 
3aTeM BTOpHHHOH peaKUHH o6pa30BaHHH 0 3 II.1H H20 2 hjih okhcjihh 
i<aKoe-jiH6o coeAHHeHHe. OKHCJieHHe cj)oc(j)opa npoTeKaeT, HanpHMep, 
no cxeMe:

2P 4- 02 —*■ 2P0 

2P0 +  0 2 P20 +  03

ii.'in
2P0 +  H„0 P20 +  H20,

OTCioAa CAeJian buboa, hto MOJieuy.ia KHCJiopoAa coctoht H3 upo- 
iiiBonojiOH<HO 3ap*UKeHHbix MacTHu: 3.neKTpono,30H<HTejibHoro 030»a 
ii 3jieKTpooTpHuaTejibHoro aHT030Ha:

0 2 —  0+ 4- 0 -

ZlonymeHneM peajibHOCTii cymecTBOBamiH aHT030Ha nbrrajiHCb o6bac- 
nnib upoueccbi oKHCJieHHH, ho mnoTe3a 3Ta 6biJia 3aieM onpoBeprHy- 
ra h BbiABHHyTO npeAnojiOKeHHe, hto 3hto30h npome paccMaTpHBaTb 
KaK aTOMapHblH KHCJIOpOA, HTO II 6bIJI0 3aTe.M nOATBep>I<AeHO (KHCJIOpOA 
B MOMeHT BblAeJieHHH).

nepBOHana^bHO npoueccbi ayTOKCHAauHH oStacHHJiH o6pa30BanneM 
lipOMe>KyTO»IHbIX HeCTOHKHX COeAHHeHHH. TaKHMH no nepOKCHAHOH Teo- 
pnii Baxa — Onr.iepa [5] HBJiHJiHCb nepeKHCH:

i4 -p 0 3 —► ,402

.1 4- A 0 2 2 A0
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Tan, HanpHMep, npn okhcjichkh MeTajiJia M b npncyTCTBHH bo^m 
o6pa3yeTCH oKHCb M O h nepeKHCb Bo^opo^a:

/ °| +  H„0 M  O +  H20 2 

X)

PeaKUHH CaMOOKHCJieHHH aKTHBHpyiOTCH npncyTCTBHeM nOCTOpOH- 
Hero Bem,ecTBa, cnoco6Horo k  o k h c j ic h h i o , t . e. o h h  h b j ih i o t c h  conpa- 
>KeHHbiMH peaKUHBMH, r/je OKHCJiaeMoe BeipecTBo— UH.dyKm .op, k h c j io - 
po^— a K m o p , a noeropoHHee BeipecTBo— a K y e n m o p  aTOMa KHCJiopo^a. 
B npHBê eHHOM npHMepe oKHCJieHHa MeTaji.ua: M —HĤ yKTop, O,— 
aKTop, H20 —aKueriTop.

/X pyrH M  H arjiaA H biM  npHM epoM  m c o k c t  cjiy>KH Tb caMooKHc.neHHe 
6eH3oftHoro ajib^ern^a:

C6H5CHO +  02 ->- C6H5COOOH
HĤyKTOp aKTOp

C8[ I-COOOII +  C6H5CHO 2C6H5COOH
aKuemop

TaKHM o6pa30M, b cjiyqaax caMOOKHCJieHHa aJib^erHAOB aKuenTopoM 
KHCJiopo^a hbjihkdtch MOJieKyjibi caMoro ajib^ern^a. Mo>kho bbccth 
ii nocTopoHHHH aKueriTop, HanpHMep HH^nro, KOTopoe npn stom okhc- 
.laeTCH B H33THH :

CgH5CHO +  0 2 C6H5COOOII

S \ . -CO HN-

=c
+  C0HSCOOOH

H
'\  / V '

CO
V \

-CO

/CO
+  C6HsCOOH

NH

Tanne conpa>KeHHbie peaKunn MoryT 6biTb H3o6pa>KeHbi cjieflyjomefi 
cxeMon:

A +  0 2 -► A 0 2 
A 0 2 -f B  —► A O  +  BO

E cjih 3aTeM nponcxo^HT peaKunn

A +  BO A O  +  B

to npouecc CTaHOBHTca KaTajinranecKHM.
OKHCJieHHe Henpe^ejibHbix coê HHeHHH odbacHHJiocb Henocpej- 

CTBeHHbiM npHcoe^HHeHneM MOJieKyjibi 0 2 k HeHacbimeHHofi C = C - cbh3h 
c o6pa30BaHHeM coê HHeHHH THna nepeKncen. Tenepb, o^Hano, ycTa- 
HOBJieHO, mto ayTOKCHAau,HH npoTeKaeT aHajiornHHO paAHKajibHoft no- 
jiHMepH3aUHH nepe3 o6pa30BaHHe cBo6o/jHbix paAHKajioB. E. OapMep
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1581 h Apyrne HCC/ieAOBaTenn ycTaHOBHJin, mto MecTO 4>HKcauHH khc.io- 
poj,a 33BHCHT OT CTpoeH HH HeHacbimeHHOH MOJieKy.lbl H MTO OHO He 
Bcer^a HaxoAHTcn y abohhoh cbh3H.

AyTOKCHflauHH no Henpe^ejibHbiM CBH3HM HMeeT MecTO b c/iynae 
COeAHHeHHH, HMeKDLUHX TeHAeHUHIO K nOJIHMepH3aUHH, t . e. o6/iaAaiO- 
IUHX 3KTHBHpOBaHHbIMH HJIH COnpHJKeHHbIMH ABOHHbIMH CBH3HMH. IlpH 
3tom o6pa3yjoTcn noJiHMepHbie nepeKHCH, b KOTopbix MOJieKyjibi khc.io - 
poAa nepe/tyfOTCH c HeHacbimeHHbiMH MOJieKyjiaMH no cxeMe:

\ c -  c
O \  I
--- ► -C -C —O—O-

/  I

\r_r//G“C\

x I i /  o \  | I I
C—C—O—O—C—C— ------ *- —C—C --O -0 —C—C—O—0-

/ I I -x. / I  I I
H T. X

B cjiyuae Henpe^ejibHbix coeAHHeHHH c CH,-rpynnon b a-no.iONteHHn 
k C  ̂C o6pa3yioTCH rnAponepeKHCH c He3aTpoHyToft C=^C-CBH3bio, Tan 
nan oKHCJieHne HanpaBjiaeTcn Ha CH2-rpynny. TaKon MexaHH3M h33B3h 
F.. <PapMepoM oL-MemiuenoebiM h npoTenaeT no cxeMe:

CM., -C=-C< — -CH—C=C< —CH=C—C

- CH—C C
o

- C H - C = c /
I X

00-

- ch2- c=c

I
------—CH—C=

I
OOH

FIpn raKHX peaKunnx aKTopoM aBJineTCH He KHcaopoA, a npoMe>KyTOM-
«

ubiii nepeKHCHbiH pa^HKaji ROO. KncjiopoA>Ke Jimnb CBH3biBaeicn yrjie- 
bojopoahwmh pa^HKajiaMH, o6pa3yiomHMHCH npn B03AeftcTBHn nepe- 
khchoto paAHKajia Ha HOByio Mojienyjiy

yCTaHOB.neHO, MTO 3t-CBH3b aKTHBHpyeTCH 6.TH30CTbK) He TOJlbKO 
CH,-rpynnbi, ho h Tanux rpynn, KaK C6H5, CO h.th COOR. 06pa30Ba- 
nne nepeKHcefl no a-MeTHjieHOBOMy MexaHH3My ofijiernaiOT T3K>Ke aTO- 
mw H npn TpeTHMHOM yrviepoAe. KoHKpeTHo no t3komy MexaHH3My 
npoTenaeT oKHCJieHHe HeHacbimeHHbix jkhphhx khcjiot.

B nacToamee speMH Bee npoueccw ayTOKCHAauHH TpaKTyiOT npn no- 
moihh uenHbix peaKUHH CeMeHOBa n Apyrnx aBTopoB. LJeriH B03HHKaioT 
b pe3\vibTaTe aKTHBaunh hcxoahhx MOJieKY.i:

A -J- 0 2 —► A 0 2

AO, -f B —► ZJ02 +  A

A +  Oa —► i40a ii t . x

C<  ̂ +  -C H -C = c /  h t . a-
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TaKHe peaKUHH npoTeKaior HenaTajiMTHMecKH. B npncyTCTBHH KaTa- 
.iH3aTopa K  (caM KaTajiH33Top hjih cboSoahwh pa,HHKaji) OKHCJieHHe 
HAeT no cjieAyioiueH cxeMe:

A +  0 2 A(02)

-4(02) +  K  ->• .4(0) +  K (0)

K (0 ) +  A - -  4(0) +  K  h t. a. 

r^e K — nepeHocnHK KHCJiopoAa.
ripoueccbi ayTOKcn^auHH npoTeuaioT ayTOKaTajiHTHnecKH, Tai< i<ai< 

KaTaJiH33T0paMH HBjunoTCH o6pa3yK)mHecH npoMe>KyTOHHO nepeKHcu 
ii aHajiornnHbie coeAHHeHHn hjih CBoSoAHbie paAHKajibi. Bee sth peaw- 
Uhh TpeSyiOT HeKOToporo HHAyKunoHHoro nepHo^a. ,Z],o6aBKH ycKopn- 
Tejien (nepeKHceft) chhuoiot nepnoA HHAynunn h ycKOpnioT npouecc 
noBbiineHHeM nncjia ueneft hjih pa3BeTBJieHHocTbio hx. AHTHOKCHAaHTbi, 
nao6opoT, o6pbiBaiOT uenn h TyrnaT peaKUHio.

B. KepH h X. BnjiJiepcHHH [59] Ha npHMepax ayTOKCHAaunn psua 
3(J)HpOB Henpe^eJIbHblX >KHpHbIX KapSOHOBbIX KHCJIOT BbIBeJIH o6mne 
33KOHOMepHOCTH. 3KCnepHMeHT3JIbH0 6bIJIO nOKa3aHO, MTO TaKHe ayTO; 
KaTajiHTHnecKHe peaKUHH npOTeuaiOT no paAHKajibHO-uenHOMy Mexa- 
HH3My, npHneM cnopocTb peaKUHH B03pacTaeT nponopunoHajibHO ko - 
.nmecTBy norjioiueHHoro KHCJiopoAa, t . e. KOHueHTpauHH o6pa3yio- 
lueftcn nepeKHCH. IlojiynaioiuHecH npn pa3Jio>KeHHH nepeKHceft cboSoa- 
Hbie pa^HKajibi hbjihiotch HanajioM 3apo>KAeHHH vrjieBOAOpOAHbix uenei'i.

Becb npouecc ayTOKCHAauHH, npoTeKaioiuHfi no npaBHJiaM peaKUiin 
Broporo nopnAKa, mo>kho oSueAHHUTb cjieAyioiueft ofiiueft cxeMoii:

2AK +  2R»

R* +  3 ----- *~ Rc*

Rc# +  Oa -*» ROO-

®HaM — \AK]~

pa3BHTiie uenn
K2

ROO • -j- 3 ------► Rc .

ô6p
R* +  R *------R—R o6pbiB uenn

rue A K—ayTOKaTaJiH3aTop.
R" B03HHKaionj,HH H3 AK no dHMOJieKyjinpHOH peaKUHH, pearnpyei c MOjieKyjion scjwpa 3, npeBpaiuan ee e paunnaji Rc.. FIocjieAHHH c

0.2 o6pa3yeT nepeKHCHbift paAHKaji ROO, pearHpyiOLUHfi c 3 n o6pa- 
3VI0IUHH Rc* H T. A- FlepeKHCH, BepOHTHO, MOryT IIMeTb pa3JIHHH0e CTpoe- H iie .

npHMeHHH (|)opMyjiy BoAeHUneHHa (RG—z-moa 0 2 Ha z-moa scjwpa 
b wac), o6myio cnopocTb peaKUHH mojkho Bbipa3HTb t3khm o6pa30M.

RG =  K, | / -^ - * [3 ]- [4 A ]
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3to BbipaMceHHe ynpomaeTca, ecAH 06'beAHHHTb KOHCTaHTbi n chh-
T3Tb [31 flJIH /CHal| nOCTOHHHOH:

RG =  K  [A K ]

Cjie^OBaTejibHO, o6maa cnopocTb peaKunn aytorchasuhh B03pa 
craeT nponopuHOHajibHO KOHueHTpaunn nepeKHCHoro ayTOKaTaAH3a- 
Topa.

Flpoueccbi ayTOKCĤ auHH qpe3BbmaHHO MHorouHCJieHHbi, nosTOMy 
Aa-nee paccMaTpHBatOTCH Jirnnb HanSojiee xapaKTepHbie h Ba>KHbie H3 
mix.

MHorwe 6eH3HHbi npn xpaHeHHH >KejneiOT, a noc/ie oiroHKn octbb- 
.'iBKDT Ha AHe KOjidbi JinnKyro nepHyro cMOjiy. OcMOJieHHe AaiOT r.iaB- 
iibiM odpa30M 6eH3HHbi KpeKHHra, coAep>KamHe HenpeAeAbHbie, b uacT- 
hocth AHeHOBbie, yrjieBOAopoAbi. FIpH ayTOKCHAauHH ohh o6pa3yior 
iiepeKHCH, KOTopbie 3aTeM ynJioTHHiOTCH b cmoah, ho b o6pa30BaHnn 
nocjieAHHx npHHHMaioT ynacTHe h ojiecJwHbi. X hmh3m sthx cao/khux 
npoueccoB He BbincHeH. Bo bchkom CAyuae H3BecTHo, mto nepeKucii 
b 6eH3HHe HaHHHaioT o6pa30BbiBaTbCH y>Ke Mepe3 necKOAbKO AHeii; 
no3AHee o6pa3yiOTCH aAbAerHAbi, 3aTeM khcaoth h cmoam, coAepwa- 
liiie KOTOpbix noBbimaeTCH co BpeMeHeM. HenoTopbie HccAeAOBaTeAn 
cMHTaroT, uto o6pa30BaHHe cmoa TecHO cbh33ho c KOHueHTpauneii 
iiepeKHceft, hbahkxuhxch rjiaBHbiMH npoAyKTaMH peaKmiH, TorAa Kai< 
ajibAeniAbi 11 KHCAOTbi— pe3yAbTaT btophhhhx peaKunn. ComacHO 3Ae- 
MeiiTapHOMy aHaAHay, cmoah 6ah3kh k cjjopMyAe (CfiHsO) r; ohh HMeioT 
KHCAOTHOe MHCAO ~G5, MHCAO OMblAeHHH 250— 300, T. e. npeACTaBJlHIOT 
BbicoKOMOJieKyjinpHbie coeAHHeHHa Tima a 3ktohob hah sctoahaob. 06- 
|'>a3VIOmHXCH II3 OKCHKHCAOT.

A\exaHH3M ayTOKCHAau.Hn aAbAerHAOB ya<e paccMOTpeH Bbiuie (cip. 2341; 
b ocH O Be e r o  Aea<aT uenH bie M exaHH3M bi. flp o c T b ie  acjjnpbi npn xp a H e -  
HHH T3KH<e nOCTeneHHO CaMOOKHCAHIOTCH. X o p o u io  H3BeCTHO, m o  AO.I- 
ro  Xp aH H m ilH CB  AHSTHAOBblH 3(})Hp COA6p>KHT pA3AHMHbie n epeK H CH , H3 KO- 
Topux H 3yueH a n epeK H Cb  ahokch3tha3 CH3CHOH—O—O—CHOHCH.,. 
n p n  H arpeB aH H H  n e p e x o A flm a a  b oueH b H ey cT o fim iB y io  h B3pbiBHaTyio  
AimepeKHCb AUSTHJinAeHa:

2. CMOJioo6pa30BaHHe b 6eH3HHax

3. AyTOKCHAauHH ajibAerHAOB h 3$hpob

0-0.\o
Cl I3CHOH—0—0 —CHOHCH;,

N ) - o /

CHCH3 +  H20

O O p a 3 0 BaHneM  sthx h aH aAorHM H bix hm n e p e K iiceft mo>kho oO'bac- 
miTb B3pbiBbi, npoHcxoAHiune H H o n a  Ha 3 aB 0 A ax h b A a fio p a T o p im x
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npn neperoH^e 3(J)Hpa. PeKOMeHAyeTCH ajih pa3pymeHHH nepeKHceir 
o6pa6aTUBaTb 3(J)Hp anuenTopaMH KHCJiopo.ua, HanpnMep pacTBopoM 
cepHOKHCJioro 33KHCHoro Hcejie3a.

4. IlporopKaHHe jkhpob

TBep^bie rjiHuepn^bi, HanpHMep KopoBbe Macjio, npn xpaHemiH Ha 
B03^yxe npHodpeTaiOT HenpHHTHbiH BKyc h 3anax. 3to HBjieHHe, H3BecT- 
Hoe no# Ha3B3HHeM npoaopKatuin MacAa, ecTb pe3yjibTaT ayTOKCH- 
AauHH. AHaJiH3 nporopKJibix >KHpoB noKa3biBaeT, hto b hhx noflBJunoT- 
ch aJibflerHflbi, KeTOHbi, jieTyqne khcjiotm h okch khcjiotm. MexaHH3M 
nporopKaHHH cjiojkch h H3yneH Hê ocTaTOHHO, xoth o6pa30BaHHe ot-
Ae.lbHblX KOMIlOHeHTOB aVTOKCHAaUHH BbIHCHeHO.

HenpeAejibHbie khcjiotm, BxoAHmne b cocTaB rjiHnepH£OB, o6pa3yioT 
c KHCJiopoAOM B03Ayxa nepeKHCH, KOTOpbie pa3JiaraioTCH:

R'CH=CHR — ■-► R'GH— CHR

R'CH-CHR
I I
O----O

02
(6e3 H20) 

Os
(c H20)

R'CH— CHR +  03

O

R'CH— CHR +  H20 2

O

riojiyqaiomHecH b pe3yjibTaTe conpaHteHHbix peaKUHH 030H h ne- 
peKHCb BOflopo^a ok.hcjihiot nepeKHCH b aJibAerHAbi, a 3aTeM b khcjiotm 
MeHbinero MOJieKyjinpHoro Beca, neM Hcxo^Hbie. HanpHMep, H3 ojieHHO- 
boh khcjiotm b pe3yjibTaTe ayTOKCHAauHH nojiynaiOTCH nejiaproHOBbiii 
ajibaerHA h nojiyajib,nerH,n a3ejiaHHOBOH khcjiotm:

CH3(CH2)7CH o2 CH3(CH2),CHO 

HOOC(CH2)7CH HOOC(CH2)7CHO

06pa30BaHHe kctohob npn nporopKaHHH >khpob mojkct npoTe- 
KaTb hhcto XHMHnecKH hjih (̂ epMeHTaTHBHO. H3 Henpe,nejibHbix KHC.10T 
noJiynaiOTcn kctohm no cxeMe:

0 2 0-2
RCH=CH(CH2)^COOH--------► RCH-CH(CH2) vCOOH------- ►

I I '  - ° 3
0— 0

RCOCH2(CH2)XOOH
--------► RCH-CH(CH2)a.COOH ------

\  /  -► RCH2CO(CH.2)vCOOH
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OepMeHTaTHBHO KeTOHbi MoryT o6pa30BaTbca h H3 npeAejibHbix 
khcjiot b pe3yjibTaTe ^erHApHpoBanHH hx h -o6pa30BaHHH nepeKHceu. 
BepoHTHO, mto KeTO-rpynna name Bcero nojiynaeTCH y ,-ymepoAHoro 
aTOMa.

AHTHOKHCJIHTejIHMH, T0pM035UB,HMH nporopKaHHe Maceji, HB.IHIOTCfl 
Ao6aBKH CaJIHUHJIOBOH HJIH M3JieHHOBOH KHCJIOT.

5. BwcbixaHHe atJwpHbix Maceji h jkhpob

MHorne pacTHTejibHbie Macjia, oco6eHHO b tohkhx cjiohx, Bbicbixa- 
iot Ha B03Ayxe, npeBpamaacb b TBepAbie jiaKoo6pa3Hbie njieHKH. FIpo- 
ueccbi 3th coBepmaiOTCH xeM jieme, new OoJibine coAep>KHTCB b Mac- 
jie HenpeAejibHbix rviHuepHAOB. r i p n  ctohhhh Ha B03Ayxe Macjia 
nocTeneHHO ryereiOT. B TexHHKe sto npeBpameHHe Ha3biBaioT eucbi- 
xcmueM, a Macjia, no/i,Bep>KeHHbie 3TOMy npoueccy,— ebicbixatomiiMii
MClCAdMU.

BbicbixaiomHe Macjia HMeiOT BbicoKoe npoueHTHoe co/iep>KaHHe rjm- 
uepHAOB JiHHOJieBOH, AHHojieHOBOH h ApyrHx eme 6ojiee HeHacbimeHHbix 
KHCJIOT. BbiCbixaHHe nponcxoAHT TeM 6biCTpee, qe\i 6oJibine b Mac.ie 
C0Aep>KHTCH JiHHOJieBOH KHCJiOTbi. TnnHMHbie BbicbixaiomHe wac.ia xa- 
paKTepHbi npncyTCTBHeM b hhx ao 60°6 JiHHOJieBOH KHCJiOTbi (Ta6ji. 18).

TABJIHUA is

CoflepwaHHe »;npiiLix khcaot, %

Macvio Hojjhoc
HUCJIO najibM ii-

THHOBOft
CTeapn-
HOBOft

ojien-
HOBOfi viiiiio.ic'uoii

XjionKOBoe 103— 111 2 1 ,0 2 , 0 3 3 ,0 4 3 ,  i t

CoeBoe 124— 133 6 , 5 4 , 2 3 3 ,6 5 2 ,6

TyHroBoe 160— 180 4 ,0 2 , 5 1 5 ,0 —
JlbMHHOe 1 7 0 - 1 8 5 5 , 0 3 , 5 5 , 0 6 1 ,5

riepujiaoBoe . 180— 206 7 , 0 — 8 , 0 3 8 ,0

n  P h m e 'i a h ii e: TynroBOo mbcao coacpwht 
Macao—-46,5% AHiiojieiioBoi'i kmcaotm, Abiismoe MacAO-

79,5% 3ACOCTeapHHOBOii KHCAOTbl, 
—25,0 AimoAeiiOBOii kiicaotu.

nepiiAAOBOe

rioAcojiHenHoe, MaKOBoe h opexoBoe Macjia coAep>KaT 30—50"o jih-
HOJieBOH KHCJiOTbi h noaTOMy BbicbixaiOT Me/jJieHHee (noAyebLcuxatomuc 
MacAa). HaKOHeu, TaKHe Macjia, KaK ojihbkoboc h cypenHoe, coBceM He 
BbicbixaiOT, a JiHHib nporopKaiOT npn xpaHeHHii;  ohii coAcp>KaT mhoto- 
OJieHHOBOH II MaJIO JiHHOJieBOH KHCJiOTbi (HeeblCblXdmi^UC MdCAd).

BbiCbixaHHe Maceji conpn>KeHO c norjiomeHHeM KHCJiopojja h yBe.ni- 
iiemieM hx Beca.

JlbHHHoe Macjio Mo>KeT CBH33Tb 6ojiee 20% KHCAopoAa no OTHonie- 
hhio k CBoeMy Becy. FIpii BbicbixaHHii nocTeneHHO H3MeHHioTCH cJ?h3h- 
•ICCKHe K0HCT3HTbI H XHMHHeCKIie CBOHCTB3: HJIOTHOCTb, BH3KOCTB, TCM- 
nepaTypa KiineHHH h TeMnepaTypa nJiaBJieHHH B03pacTaioT; pe3Ko no- 
BbimaeTCH KiicJioTHoe mhcjio, CHHwaeTCH pacTBopHMocTb b opraHHMe-
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ckhx pacTBopHTejiHx. Bee 3to CBĤ eTejibCTByeT o rjiySoKHx H3MeHe- 
HHHX, npOHCXO/JHmHX B MaCJiaX npH HX BblCblXaHHH.

Flpoueccbl BblCblXaHHH HBHHIOTCH THnHHHblMH peaKUHHMH CaMO- 
OKHCJieHHH. npH OKHCJieHHH 06pa3yi0TCH nepeKHCH, KOTOpbie H Ka- 
TajiH3HpyioT npouecc. KojmqecTBO nepeKHceft Sbicrpo yBejiHHHBaeTCH 
b Haqajie okhcjichhh, aoxo/jh ,50 5—6,5 ?o, 3aTeM, nocjie HeKOToporo 
waKCHMyMa, Sbicrpo y6bmaeT. npo^yKra, o6pa3yioiii,HecH npn ayTOK- 
CHflaiXHH Macejl, Ha3bIBaiOT OKCUHCIMU. riOA Ha3B3HHeM OKCHHOB 0606- 
maioT Bee TBep^bie npo,nyKTbi, nonyqaiomHecH npn BbiCbixaHHH h o6jia- 
AaromHe pa3JIHHHbIMH KHCJIOTHbIMH H HO/JHblMH HHCJiaMH. H3 HHX HaH-
6ojiee H3yqeH auhokcuh H3 JibHHHoro MacJia. Oh npe^CTaBjiHeT co6ofi 
sjiacTHMHyio Maccy, KOTopan npn .najibHeftmeH ayTOKCĤ auHH ct3ho- 
bhtch TBep^oH h xpynKOH. CocTaB jiHHOKCHHa oqeHb cjiojkch. Hanpn- 
Mep, aHajiH3 jihhokchh3, nojiynenHoro H3 JibHHHOH ojih4)h , noKa3aji, 
hto b HeM coflepjKaTCH o/jho- h ,HByxocHOBHbie KHCJiOTbi (23%), HeHa- 
cbimeHHbie BbicoKOMOJieKyjiapHbie khchotm (9,5%), pacTBopHMbie h 
He pacTBopHMbie b BO/je oKCHHOBbie KHCjiOTbi (34%), a TaioKe rjiHuepHH 
(9%), Bo^a (9%) h Apyrne coê HHeHUH He ycTaHOBJieHHOH npHpoflbi.

CKOpOCTb H XapaKTep BblCblXaHHH MaCJia 33BHCHT OT pflfla (J)aKTOpOB, 
rjiaBHeHLUHMH H3 KOTopbix hbjihiotch: TeMnepaTypa, cbct, Bjian<HOCTb 
H KaTaJIH3aTOpbI. CKOpOCTb BblCblXaHHH paCTeT C nOBbimeHHeM TeM- 
nepaTypbi, ho o/tfiOBpeMeHHO ycKopneTCH h ^ecTpyKTHBHoe OKHCJieHHe 
(noBbimeHHe npoueHTHoro coAepaoHHH jieTyqnx coê HHeHHH, chhjkc- 
HHe BejiHHHHbi npHBeca). Cbct Taione hbjihctch ycKopniomHM (JiaKTopoM, 
Tan Kan Ha cojihchhom CBeTy BbicbixaHHe H#eT b HecnojibKO pa3 6hct- 
pee, qeM Ha paccenHHOM hjih b TeMHOTe. OdJiyneHHe yjibTpat})HOJieTO- 
BbiMH JiyqaMH ^aeT /jo 35% npHBeca JibHHHoro MacJia. Bonpoc 0 bjihh- 
hhh BJia>KHOCTH OKOHMaTeHbHO He BbiHCHeH. Macno bo bchkom cjiyqae 
CbicTpee BbicbixaeT b cyxoM, neM bo bjibhchom B03,nyxe. CKopocTb Bbi- 
cbixaHHH, Kan h Bee KaTajiHTHnecKHe npoueccbi, CHjibHO 33bhcht ot 
Ao6aBOK pa3JiHMHbix BemecTB, ycKopniomHX hjih 3aMejyiHioiuHX pean- 
HHK).

MHorne TepneHOBbie ynieBo/iopoflbi c KpaTHbiMii cbh3hmh /ieri<o 
C3MOOKHCJIHIOTCH. IlepeKHCH, KOTOpbie npH 3T0M 06pa3yi0TCH. naCTHMHO 
H3yneHbi. Tan, a-TepnHHeH npH B3aHMO/;eHCTBHH c khcjiopoaom AaeT 
nojiHMepHyio nepeKHCb b BH/je HcejiToro Bem,ecTBa c 3anaxoM weHTOJia; 
OHa MajioycTOHHHBa h, bo3mo>kho, HMeeT CTpoeHHe:

AyTOKCHAaUHH a-cJjejuiaHApeHa AaeT nepeKHCb, B3pbiBaioinyiocH npn 
.naBJieHHH 3 mm pt. ct. h TeMnepaiype 110°

X \



6. MEXAHH3M BbICbIXAHHft MACEJI 241

06biMHbifl, coflepjKamHH nHHeH, CKHnunap, kpacKH h jiaKH Ha ckh* 
nn^apHOH ocHOBe Ha B03flyxe 3HeprHHH0 aflcopdnpyiOT KHCJiopo;* h okhc- 
jijhotch. ripouecc ayTOKCH âuHH cnjibHO ycKopHerca npH ^obaBjieHHH 
npooKCH^aHTOB—pe3HH3TOB Co, Fe, Mn, Cr h Os. AyTOKCH^auHa b 
sthx yc^oBHHX npoxo^HT CTOJib dbicrpo h c T3KHM BbwejieHHeM Ten-na, 
HTO TK3Hb, npOnHTaHHafl CKHnHAapOM C nHHeHOM H pe3HH3TaMH, BOCn.ia- 
MeHaeTCH. AyTOKCH^auHH nHHeHa CBH3aHa c o6pa30BaHHeMnepeKHceft 
h AaJibHefluiHM pa3pbiBOM mecTHHjieHHoro KOJibita, b pe3y^bTaTe Hero 
o6pa3yiOTCH pa3JiHHHbie KapdoHOBbie rhc/ioth.

TaKHM ate o6pa30M cnocodHbi caMooKHCTHTbCH h HeKOTopbie npoH3- 
BOflHbie HHKJioreKceHa h UHKJioreKcâ HeHa. CaM uHKjioreKceh b pe- 
3y/ibTaTe ayToucunauHh o6pa3yeT â HnnHOByio KHCJioTy:

/ \ 0 —0 ch2ch2cho 0 CH2CH2COOH
— ► h  1 ------1 -----► 1

x / x / ~ °
CH2CH2CHO CH2CH2COOH

6 . M e x a H H 3 M  B bicbixaH H n M aceji

HecMOTpa Ha to, hto hbjichhh BbicbixaHHn Maceji, b^hhhhc Ha hhx 
p33JlHHHbIX (})aKTOpOB CpaBHHTeJlbHO XOpOIHO H3yHeHbI, MeX3HH3M Bbl- 
cbixaHHH, b CHJiy 6ojibmofi cjio>khocth, ^ajieKO eme He nceH. J3,aBHO 
6bIJ10 yCT3HOBJieHO, HTO npH BbICbIXaHHH npOHCXO^HT o6pa30BaHHe CJIO>K- 
HblX H BbICOKOMOJieKyjlJPpHbIX OKCHHOB, HO OflHOBpeMeHHO o6pa3yiOTCH
H20, C02, HH3KOMOJieKyjiapHbie KHCJioTbi h ajib^erH/ibi (HCOOH, 
CH3COOH, MacjiHHaa, KanpHJioBan h .npyrue khcjioth h cooTBeTCTByio- 
mne hm aJib^erH^bi), hto CBHfleTejibCTByeT o rjiydoKo Hflymnx peaKunux 
OKHCJiHTejibHoro KpeKHHra.

Flpouecc BbicbixaHHH HaHHHaeTCH c o6pa30BaHHH nepeKHceu, hto 
ycTaHOBJieHO coBepmeHHO tohho. nepBue Hccjie^oBaTejui chht3jih, hto 
CBofio^Hbie HeHacbiiueHHbie khcjioth, o6pa3yjoiuHecH npu rH^pojiH3e 
rjiuuepHAOB, norjioiuan KHCJiopo;*, npeBpaiuaiOTca b oKHCH-nepeKHCH 
npHMepHO cjie^yiomero cTpoeHua:

CH3CH2CH—CHCHaCH—CH(CH2)10COOH
\  /  I Io o — o

HJIH
CH3CH2CH—CHCH2CH—CHCHjCH—CH(CH2)7COOH

\ /  I I \ /  o 0 — 6  o
J\anee sth coeflHHeHHH npeBpaiuaiOTCH b aHrunpun 

npe^nojiaraeMoro crpoeHHH:
CH3CH2CH-CHCH,CH-CH(CH2)10COV  i_A o

JIHHOKCHH

3 th 11 aHa^orHHHue hm cxeMbi HeBepHbi, Tan Kau npH t3khx Mexa- 
HH3M3X MOryT nOJiyHHTbCH JIHUIb JIHHeHHbie MOJieKyJlbl H nOJIHMepbl. 
B o6pa30BaHHH ate TpcxMepHbix (ceTHaTbix) MOJieKyji okchhob aojWHbi

16 K. H UoJiroB
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npHHHMaTb ynacTHe He khcjioth, nojiyHHBmHeca npH TH,npojiH3e tjih- 
uepHAOB, a caMH rjiHuepH^bi. Ojichkh, o6pa3yK>iu,HecH npn Bbicuxa- 
HHH MaceJI, npeACTaBJIHlOT npOAyKTbl nOJIHMepH3ailHH HCXOflHUX mo- 
jieKyji. CnepBa npH caMooKHCJieHHH o6pa3yioTCH pacTBOpHMbie jiHHeft- 
Hbie (flByMepHbie) nojiHMepbi, KOTopbie 3aTeM nepexoflHT b HepacTBopn- 
Mbie h HenjiaBKHe nojiHMepbi (TpexMepHbie), nojiynaiomHecH nyTeM 
«cuiHBaHHH» jiHHeftHbix MOJieKyji. J\jih SToro npouecca Heo6xo,HHMo 
npncyTCTBHe cTpyKTyp, noTeHHHajibHo ckjiohhux k o6pa30BaHHio ceT- 
qaTbix MOJieKyji. Ha ochob3hhh HOBefluinx Hccjiê OBaHHH mojkho 
npHHHTb, hto TpexMepHbie nojiHMepbi MoryT nojiynaTbCH Jirnub b tom 
cjiynae, ecjiH HeHacbimeHHbie KHCJiOTbi o6pa3yioT acjjHpbi c Tpex- h dojiee 
aTOMHbIMH CnHpTaMH. B OCTaJIbHbIX CJiyqaHX B03M0>KHbI JIHIHb JIHHefl- 
Hue MOJieKyjiu (cm. TaKJKe ajiKH^Hbie cmojih, CTp. 488). 3to mojkho 
noHCHHTb cjie/tyiomHMH npHMepaMH.

1) KOĤ eHCaHHH BbICbIXaiOmHX KHCJIOT C OAHOaTOMHbIMH CnHpTaMH:

duMep
2) KoHfleHcauHn Bbicuxaiom,Hx k h c jio t  c flByxaTOMHbiMH cnnpiaMH:

L
Kucnoma

■ ■ ■ ■ ■
tjiuKOUk Kucnoma dSyMepna/# ncuuiMep

/TO/ruMepusaiOL mm I ^  ̂  I L j  y I I  ] I j  y I I  ■- I
r 11 M 11-| i 11 ■ ■ ll~i

Mecmo pa3ptiSa npu zudpojiu3e

3) KoHAeHcauHH BbicuxaiouiHX khcjiot c TpexaTOMHbiMH cnnpTaMH:

r - -H  + E3  + C
Kucnoma zuuuepuH Kucnoma

■ u  ; n
mpuznuuepud

cenviamas cmpyurnypa
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Tanne «ciiiHTbie MOJieKyjibi», o6pa3yiomHe TpexMepHyio ceTKy jihh* 
OKCHH3, COeAHHHKJTCH 3a CHeT aKTHBHpOB3HHH ABOHHbIX CBH3eH.

CoBpeMeHHbie Hccjie^OBaTejiH AonycKaiOT, mto npn nojiHMepH3auHax 
MoryT o6pa30BaTbCH h mecTHqjieHHbie ycTOHMHBbie KOJibua djiaro^apa 
«cKpyqHBaHHK)» a^hhhhx MOJieKyji, HanpnMep MeTHjiajieocTeapaT no- 
jiHMepH3yeTCH cjie^yiomHM •o6pa30M:

CH—CH=CH—CH=CH—R' 

R—C CH—CH=CH-R'

CH—CH=CH—CH=CH—R'
/ \

R-C  CH—CH=CH—R'

R -C  CH R—C CH
\  

ĈH

CH- CH =rCH

CH/ \ h -R ' 
R -C  CH— CH---------

rJ  c!h

-CH—R'

W  R =  (CH2)3CH3; R'=(CH 2)7COOCH3.
B 3TOM, KaK H B ApyrHX CJIVMaHX ayTOKCHAaUHH, KHCJIOpOA o6pa- 

3yeT nepeKHCH, KOTopbie pa3JiaraiOTCH c o6pa30BaHHeM cboSoahux pa- 
AHKajioB, hto h o6jierqaeT noJiHMepH3auHio. 3 to npome Bcero noKa3aTb 
Ha npHMepe nojiHMepH3au,HH cTHpojia b npHcyTCTBHH nepeKHCH 6eH- 
30Hjia:

C6HbCOO-OCOC0H5 2C6H5COO*

c6h5coo* +  ch= ch2 -► C8H6CO—0CHCH2 +  C11=CH2 —►
I I I
c6H6 c6h5 c6h5

- ►  C6HjCOOCHCH2CHCH2 h t . a.
I I 

c8h6 c6h5

Bonpoc o MexaHH3Me BbicbixaHHH Maceji eme He pa3peuieH, ho c 
onpeAejieHHOcTbio ycTaHOBJieHO, mto no/iHMepH3aixHH npoTexaiOT qepe3 
npoMe>KyToqHoe o6 pa30BaHHe nepeKHceii, KaTajiHTHqecKH ofijierqaiomHx 
o6pa30BaHHe TpexMepHbix MOJieKyji, cTpyKTypa KOTopbix noxa He 
ycTaHOB/ieHa.

BbicbixaHHe Maceji ycKopneTCH AodaBKaMH pa3JiHqHbix BemecTB, 
KOTopbie Ha3biBaioT cuKKamueaMu. FIpHMeHeHHe hx HMeeT 6ojibuioe 
npaKTHqecKoe 3HaqeHHe, Tan nan Aawe caMbie CbiCTpoBbicbixaiomHe
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Macjia b tohkom cjioe BbicbixaioT jiHiub nepe3 2—7 AHeti. B npncyT- 
CTBHH CHKK3THBa 3T0T npOUeCC MO>KeT 6bITb COKpameH AO HeCKOJIbKHX 
qaCOB. Eme B II I  B. AO H. 3. 6bIAO H3BeCTHO, MTO AbHHHOe MaCAO nocjie 
HarpeBaHHH c oKHCbK) cBHHua BbicbixaeT bo MHoro pa3 ObiCTpee. 3tot 
npouecc c XV b. noAyqHA npHMeHeHHe aah noAyqeHHH oah^ m nyTeM 
HarpeBaHHH AbHHHoro MacAa c rAeTOM PbO hah cypHKOM Pb30 4. jlyq- 
UIHMH CHKK3THBaMH HBAHIOTCH Co-. Mn- H Pb-COAH AHHOAeHOBOH, CMO- 
AHHblX H H3(J)TeH0BbIX KHCAOT. CKOpOCTb BbICbIXaHHH 33BHCHT . OT KOAH- 
qecTBa BBeAeHHoro CHKKaTHBa h TeMnepaTypbi. Tax, HanpHMep, OAH(J)a, 
coAepJKaman xobaAbT, BbicbixaeT npn 0° qepe3 115 mhh., npn 24,5°— 
qepe3 30 mhh.; 0AH(j)a, coAepjxaman MapraHeu, npH xoMHaTHOH TeM- 
nepaType BbicbixaeT qepe3 14 qac., npH 120°—qepe3 15—20 mhh.

n o  cHAe aohctbhh Ha BbiCbixaHHe oah^ m MeTaAAbi pacnpeACAHiOTCH 
CAeAyioiH,HM odpa30M: 1 Bee. q. xoftaAbTa sxBHBaAeHTHa 8  Bee. q. Map- 
raHua hah 40 Bee. q. CBHHua, t . e. xoOaAbT h MapraHeu hbahiotch Ayq-
IIIHMH CHKK3THBaMH.

XHMH3M AGHCTBHH CHKK3THB0B em,e He AOCTaTOqHO BbIHCHeH, HO OHH, 
6eccnopHO, ycxopnioT o6pa30BaHHe nepexHceft, Tax xax MeTaAAbi c ne- 
peMeHHoft BaAeHTHocTbio hbahiotch nepeHocqHxaMH xHCAopoAa. Mexa- 
HH3M AOHCTBHH PbO Ha BbiCbixaHHe AbHHHOH OAH(J)bI MOJXeT 6bITb o6t>HC- 
HeH cAeAyx)iuHM odpa30M (L—ocTaTox ahhoacboh xhcaotm):

TAHUepaT H CBHHU0B3H COAb OXHCAHIOTCH XHCAOpOAOM B03Ayxa C 
o6pa30BaHHeM nepexHcefi:

OTAaBan cboh H36biToqHbiH xhcaopoa, ohh oOAerqaioT o6pa30BaHHe
nepexHCH:

ch2o l ch2o l

II T. A-

npeBpameHHe AbHHHoro MacAa npn HarpeBaHHH c chxx3thbom b 
0AH(J)y (BapeHoe MacAo) hbahctch oahhm H3 HaHSoAee CTapbix npneMOB 
npHMeHeHHH PbicbixaiomHx MaceA. Chxx3thb aoajxch 6biTb noAHoeTbK)
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pacTBopHM b M acae. ripH HarpeBaHHH PbO hah Pb30 4 pacTBoparoTca 
B Macjie C 06pa30BaHHeM CBHHHOBbIX MbIA. OAH(j)y MOJKHO npnrOTOBJIHTb 
h H3 M aKO Boro, K O H onjiH H oro , o p e x o B o ro  Maceji, ho AbHHHaa oAncfja 
HaHdojiee pacnpocipaHeHa. Ona HMeeT pa3Hoo6pa3Hoe npHMeHeHHe: 
AJ1H H3rOTOBJieHHH MaCAHHbIX KpaCOK H JiaKOB, 3aiH,HTHbIX BOAOHenpo- 
HHuaeMbix noKpbiTHH, 3aMa30K, KJieeHKH, jiHHOJieyMa h AP-

B CCCP h 3a py6e>KOM uinpoKo npHMeHHFOT bbicipo Bbicbixaiom.He 
Macjia: TyHroBoe (CCCP, KHTaft), MacAO ohthkhkh (E>pa3HAHa), nepHA- 
AOBoe Macjio (flnoHna); h3xoaht Bee 6o/ibuiee npHMeHeHHe h coeBoe 
Macao.

PIoTpeSHOCTb b BbicbixaiomHx Macjiax cTHMyjinpoBajia noAyqeHHe 
hx H3 HeBbicbixaioui,HX. PHUHHOAeBaH KHCJiOTa KacTopoBoro MaCAa co- 
Aep>KHT OAHy KpaTHyio CBH3b h OKCHrpynny OrHHTHe boah abhctbhcm 
CepHOH HAH (J)OC(J)OpHOH KHCAOT npHBOAHT K 06pa30BaHHKD AByX H30- 
MepHbix AaeHOBbix khcaot:

CH3(CH,)4C H=CHCH2CH= CH(CH2)7COOH CH3(CH2)6CI I=CHCH=CH(CH2)7COOH

Tanoe AerHApaTHpoBaHHoe KacTopoBoe Macao H3BecTHO noA Ha3Ba- 
HHeM U30AUH (AerHApOAb, AHeHOAb), BbICbIXaeT C T3KOH >Ke CKOpOCTbK), 
KaK AbHHHoe MacAO. Bbicbixaramne MacAa hstotobahiot b Hacroamee 
apeMH H3 pbl6bHX H<HpOB (>KHpa CapAHH, CeAbAH H AP.)-C0̂ eP * ailiHX 
5—25% BbICOKOHeHaCbILUeHHbIX C20—C22-KHCAOT C 4—6 ABOHHbIMH CBH- 
3HMH. Pa3rOHKOli OTAOAHKDT (ftpaKHHH KHCAOT (nOCAe OMblAeHHa), 3aTeM 
BbICbIXaK)HI,He KHCAOTbl CHOBa 3TepH(f)HHHpyiOT TAHHepHHOM hah neHTa- 
apuTpHTOM b npeBocxoAHbie BbicbixaiomHe MacAa, KOHKypnpyiomHe c 
TyHTOBblM MaCAOM.

7. AyTOKCHAauHn apoMaTHHecKHx emhhob h KpacHTeAefl

A hhaiih npn xpaHeHHH nocTeneHHO SypeeT h ocMOAaeTca. 3to hb- 
AeHHe oSbachhah paHbuie npncyTCTBHeM b aHHAHHe He6oAbmnx koah- 
qecTB npHMeceii h oKHCAeHHeM khcaopoaom B03Ayxa. MexaHH3M >Ke 
peaKUHH 6ha coBepaieuHO He H3yqeH; b o6in,eM, oh HeH3BecTeH h b 
HacToamee BpeMa, Aiimb HenoTopbie paboTbi npoAHBaiOT cbct b 3Ty 06- 
AacTb. y>Ke npn nepBbix HCCAeAOBaHHax aHHAHHa 6hao o6Hapy>KeHO, 
mo 6ecuBeTHaa wiiAKOCTb npn xpaHeHHH nocTeneHHO OKpainHBaeTca, 
nepexoAH qepe3 weATbifi h KpacHbiii b Sy.pbiH ubct c o6pa30BaHHeM 
TeMHoft cMOAbi, pacTBopHMOH b BOAe. YaacTHe KHCAopoAa b 3thx npo- 
ueccax A°K33aHO TeM, mto 6ecuBeTHbifi 3hhahh 3aMeTH0 a6cop6npyeT 
khcaopoa ii npn 3tom TeMHeet.

CH3(CH2)4CH2CHCH.,CH=CH(CH2);COOH

- h2o

I
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YcTaHOBjieHO Taioxe, hto noTeMHeHHe aHHJiHHa ycKopaeTCH npncyT- 
cTBHeM cjie^oB THo^eHa h Apyrnx cepHHCTbix coeAHHeHHH, a Taioxe 
<j)eHHJieHflHaMHHa h aMHHCxJieHOJioB.

AyTOKCH^auHio aHHJiHHa b pa3JiHHHbix ycjioBHBX H3yqa.aH H. H. Bo- 
poxiuoB ct. h A. A. CrpejibiiOBa [60]. Ohh ycTaHOBHJiH, hto ayTOKCH- 
AauHB cHjibHO ycKopaeTca B03fleHCTBHeM CBexa hjih yjibTpa<])HOJieTOBbix 
jiyqefi.

Kax H3BecTHO, OKHCJieHHe aHHJiHHa b qepHbift 3hhjihh ecTb MHoro- 
CTâ HHHbiH npouecc nocjieAOBaTejibHoro B3aHM04eftcTBHH 2, 4 h 8 mo- 
jiexyji aHHJiHHa, npoTexaxxHHH qepe3 npoMejxyTOHHoe o6pa30BaHHe npo- 
AyxTOB xcejiToro, xpacHoro, CHHero h 3ejieHoro HBeTOB. B sthx npoAyx- 
Tax 6eH30JibHbie xojibna cBH3aHbi b napa-nojiojxeHHH aTOMaMH a30Ta. 
Oxpacxa npoHBJiHeTCH, no-BHAHMOMy, dJiaroAapx nepexoAy 6eH30JibHbix 
KOJieu (qepe3 oaho) b XHHOHAHyio (])0pMy [61].

ZIjih nayqeHHH peaxunii, npoHcxoAHmnx npn ayTOKCHAauHH xpaHH- 
merocH aHHAHiia, ero o6jiyqajm coAHeHHbiM CBeTOM h HCCJieAOBajiH Macjio- 
o6pa3Hyio xtHAxocTb xpacHoro HBeTa, ocTaiomyiocH nocjie OTroHKH 
HeH3MeHeHHoro aHHAHHa. Ha ocuoBaHHH BbiAeAeHHbix npoAyxTOB yAajiocb 
npocjieAHTb nepBHHHbie ct3Ahh oxncAeHHH aHHJiHHa:

o + n
^ N m ,  h.n/ V '

o
—NH3; —HaO

NH N

h Ph AajibHeflmeH ayToxcHAaHHH o6pa3yx)TCH npoH3BOAHbie 
HOHa:

n-xH-

o
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BepOHTHO, XHHOHH HBJIHIOTCH yCKOpHTeJIHMH OKHCJieHHH aHHJIHH3.
ripouecc «BbiropaHHH» oKpaiueHHbix TKaHeii ecTb TaKJKe ayTOKaTa- 

jiHTHMecKoe oKHCJieHne, ycKopaeMoe yjibTpâ HojieTOBbiMH jiyqaMH h 
BJiarofl. 3to HBJieHHe HMeeT oqeHb Ba>KHoe 3HaqeHHe, TaK KaK oho cbh- 
3aHo c BonpocaMH CBeToycTOHHHBocTH KpacHTejiefi. X hmh3m ero, OAHa- 
KO, nOHTH HeH3BeCTeH. ŷ raHOBJieHO .TIHIHb, HTO npH «Bbirop3HHH» 
o6pa3yioTCH nepeKHCH, 6jiaroAapa qeMy y^ajiocb h3hth HeKoiopbie aH- 
THOKHCJlHTejlH ((jteHOJIbHbie COeAHHeHHH), ôSaBKa KOTOpbIX nOBbllliaeT 
CBeTOyCTOHHHBOCTb BbIKpaCOK.

HaHMeHee npoHHbiMH k CBeTy hbjihiotch KpacHBbie h apKHe Kpacn- 
TejiH paAa TpucjieHHJiMeTaHa. ycTaHOBjieHo, hto cBeToycTofiqHBOCTb hx 
33BHCHT ot xapaKTepa 3aMecTHTejieH: Cl, Br, S03H; HHorAa OH-rpynnbi 
noBbiiuaiOT CBeToycToftqHBocTb, a NH2-rpynnbi h hx 3aMemeHHbie chh- 
H<aK)T. ripouecc BbiropaHHH cbh33h c ayTOKaTajiHTHqecKHM AecTpyu- 
THBHbiM oKHCJieHHeM KpacHTejia. BbiJiH npHBê eHbi cjieuyioiuHe onbiTbi: 
TpH(J)eHHJiMeTaHOBbie upacHTejiH HaHOCHjin tohkhm cjioeM b BHAe no- 
poiuKa Ha CTeKJio h npu nepuoflHqecKOM nepeMemHBaHHH BbicTaBjiajiH 
Ha cojiHue. Ilocjie TaKoro odJiyqeHHa MajiaxHTOBoro 3e;ieHoro 6bui 06- 
Hapy>KeH n-AHMeTH.naMHHo6eH3Cxf)eHOH:

^ > - C - ^ ) - N ( C H 3)s £ N(CH3)2

N(CH3)2C1

H3 KpHCTaJiJiHqecKoro ({wo/ieTOBoro 6biJi nojiyqeH KeTOH MHXjiepa t 

(CH3)aN -/ ~ ~ \ -C — /~"S-N (CH ,), —°—

0
II
N(CH3),CI

(CH3)2N—^ —C— —N(CH3)2

o

npe^BapuTejibHO mo>kho 3aK/noqHTb, hto npu okhcjichuh KpacHTe* 
jieft KHCJiopoA BbiTecHaeT XHHOHHoe KOJibuo h BCTaeT Ha ero MecTO. 
B pe3yjibTaTe Hcqe3HOBeHHa xpo\io<f>opa BeiuecTBO TepaeT cBoftcTBa 
KpacHTe^a.

8. AyTOKCHAauHH yrjieA

KaMeHHbie yrjiH HHor.ua npn xpaHeHHH noA achctbhcm B03Ayxa pa- 
3orpeBaiOTCH, npnqeM TeMnepaTypa M0>KeT noAHHTbca ao caMOB03ropa-
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hhh, hto HBJifleTCH npHMHHoft noxcapoB. HeKOTopbie yrjiH He 3aropaiOT- 
ch, ho npH npô ojiHCHTejibHOM xpaHeHHH cnenaioTCH. llpHHHHbi sthx 
HBjieHHft no cymecTBy HeH3BecTHbi, ho ycTaHOBJieHo, hto rjiaBHyro po/it 
b AaHHOM cjiynae HrpaiOT nponeccbi ayTOXCHAauHH. HccAeAOBaHHH, 
npOBê eHHbie c pa3HbiMH copTaMH yrjieft, noxa3aAH, hto caMOB03ropa- 
HHe 33BHCHT OT MHOrHX npHHHH—pbIXAOCTH H nOpHCTOCTH, COAepJXa- 
hhh BJiarn, xaTaAHTHnecxoro bahhhhh MHHepaAbHbix npHMeceft 
H T. A-

Oahh aBTopbi npnnHCbiBaiOT npnnHHy caMOB03ropaHHH npHcyTCTBHio 
b yrjmx nHpHTa hah MapKa3HTa, Tax xax oxHCAeHHe FeS ao FeSO„ 
CBH33HO co 3HanHTejibHbiM Bbî ejieHHeM TenAa. JleftcTBHTejibHO, b pn̂ e 
CAynaeB 6hao ycraHOBAeHO, hto yro/ib, ocBodojK̂ eHHbifi ot FeS, o6jia- 
AaeT 3HaHHTejibHO MeHbuiefl cnocodHOCTbK) k caMOB03ropaHHK>. OAHaxo 
3to MHeHHe pa3AeJineTCH AaAexo He bccmh Hccjiê oBaTejiHMH, Tax xax 
He Bee yrAH c bhcoxhm cô epjxaHneM FeS cnoco6Hbi caMOB03ropaTbca. 
Hao6opOT, MHorne yrAH, coBepiueHHO He coAepJxamne nnpHTa hjih Map- 
xa3HTa, Jierxo caMOB03ropax)TCH, xax, HanpHMep, HexoTopbie yrjiH Ky3- 
Heuxoro 6acceftHa.

OTMeneHO, hto npn ayToxcH^aunn yrjiH  nocTeneHHO yBejiHHHBaiOT- 
ch b Bece (ao 8%)  c o6pa30BaHHeM 4—8% boah h 2—6% C02. IlepHOA 
yBejiHneHHH b Bece yrAH ajihtch ao 1000 nac., nocjie qero npHMepHO 
Taxoe jxe xojinqecTBo BpeMeHH Bee y r jin  ocTaeTcn nocTOHHHbiM, a 3a- 
TeM HaHHHaeTCH HenpepbiBHoe CHH>xeHHe Beca. 3to oOBHCHneTCH TeM, 
hto b nepBbift nepnoA npnpocT Beca H3-3a norjioiueHHH xncjiopoAa 
6ojibme, qeM noTepn H3-3a o6pa30BaHHH H ,0 h C02. Bo btopom nepxo- 
Ae oxHCJieHHH 3th BejiHHHHbi xoMneHcnpyioTCH, a b TpeTbeM nepHOAe 
AeTynne npoAyxTbi oxncjieHHH npeBaAHpyxyr HaA xoahh^ctbom norAo- 
meHHoro XHCAopoAa. C noBbimeHHeM TeMnepa'Typbi cxopocTb oxHCAe- 
hhh 3HaMHTejibHO pacTeT, coAepjxaHHe yrAepoAa h BOAopoAa b yrAe 
CHH/xaeTCH, a xncjiopoAa— pacTeT, nosTOMy nporpeccHBHO yMeHbmaeT- 
ch TenAOTBOpHan enocoSHoerb.

HexoTopbie HCCAeAOBaTeAH noAaraxrr, hto ayToxcHAauHh yrAH 3a- 
BHCHT OT ryMyCOBbIX BemeCTB H 6HTyMOB, HO 3Ta TOHXa 3peHHH MaAOBe- 
pQHTHa. BAH>xe Bcero x noHHMaHHio hphmhh caMOB03ropaHHH yrAeft 
noAoineA T A . Ct3Ahhxob [62], xoTopbw cnHTaeT, mto MejxAy pbixAocTbio 
CTpyxTypbi h caMOB03ropaeMOCTbK) cymecTByeT npHMan CBH3b. Oh chh- 
TaeT, hto MOAOAbie canponeAHTOBbie yrAH coAepxoT m3ao BAarn h no- 
TOMy npH XpaHeHHH Ha B03Ayxe He BblCblXaKDT H He pa3pbIXAHX)TCH. 
TyMycoBbie >xe yrAH Ha B03Ayxe BbiBeTpHBaiOTCH h paccunaxiTCH. 
YBeAHqeHHe noBepxhocth cnocodcTByeT 6oAee Aerxoft oxhcahcmocth 
BCAeACTBHe AocTyna XHCAopoAa x TAydHHHbiM ypoBHHM rpac])HTOBOH 
pemeTXH. THnoTe3a CTaAHHxoBa AOCTaTOHHO BepoHTHa, Tax xax xo- 
pOIHO H3BeCTHbI CAyH3H C3MOB03ropaHHH yrOAbHOH MCAOMH, XaMeHHO- 
yrOAbHOH HAH ApCBeCHOyrOAbHOH nblAH, TOp(})a H T. A- npHHHHOH Ta- 
XHX C3MOBOCnA3MeHeHHH MOACeT 6bITb H >XH3HeAeHTeAbHOCTb MHXpO- 
Opr3HH3MOB.
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K A T A JIH T H H E C K O E  A E rH A P M P O B A H H E

O B W A fl K JlA CCH <t>H K A lX m

MHorne opraHHqecKHe coeAHHeHHH npn HarpeBaHHH b npncyTCTBHH 
KaTajiH33TopoB cnoco6Hbi BbwejiHTb Bo/jopofl, npeBpamancb npH stom 
b HeHacbimeHHbie coeAHHeHHH. TaKofl npouecc Ha3biBaiOT deeudpupoea- 
HueM. B CHjiy ofipaTHMOCTH KaTajiHTHqecKHX peaKUHH oh npoTHBono- 
JIO>KeH peaKUHBM rHApHpOBaHHH. B 3aBHCHMOCTH OT yeJIOBHH OnbITa 
MeucAy THApupoBaHHeM h AerHApupoBaHHeM cymecTByeT AHHaMHqecxoe 
paBHOBecne, cMemeHHio KOToporo cnocoScTByioT pa3JiHqHbie cfjaKTopbi, 
b nepByio oqepe^b TeMnepaTypa h AaBjieHHe. 3K30TepMHqecKHe peaK
UHH rH^pnpoBaHHH npoTenaiOT npa cpaBHHTejibHO hh3khx TeMnepaTypax; 
noBbimeHHe AaBjieHHH cKa3biBaeTCH nojioxcHTejibHO. AerHApnpoBaHHe, 
CBH33HHoe c norjiomeHHeM Tenjia (sHAOTepMHqecKan peaKUHH), ycKO- 
paeTCH npn 6ojiee bhcokhx TeMnepaTypax, noBbiuieHHbie AaBjieHHH 
TopM03HT npouecc. A jih AerHApupOBaHHH npHTOAHH oSbiqHbie rHApH- 
pyromne KaTa/iH3aTopbi, ho BoccTaHOBjieHHbie npu 6ojiee bhcokhx TeM
nepaTypax. YcTaHOBJieHO, uto rHApapyiomne KaTa^H3aT0pbi (Ni, Co, 
Cu) mojkho npeBpaTHTb b aKTHBHbie AerHApnpyioiuHe nyTeM A633kth- 
BHpyiomHx AodaBOK, hto no3BOJineT hm 6biTb aKTHBHbiMH npu dojiee 
bhcokhx TeMnepaTypax (ao 400—500°).

KaTajiHTHqecKoe AeruApupoBaHue noApoSHO H3yqajiH H. A- 3ejiHH- 
CKHH C COTpyAHHKaMH [1—3], o6oraTHBUIHe 3Ty oS^aCTb MHOTHMH HO- 
BbiMH peaKUHHMH h KaTajiH33TopaMH. PeaKUHH AerHApnpoBaHHH OqeHb 
MHoroqHcneHHbi h pa3HOo6pa3Hbi h MoryT 6biTb Kjiaccnc{)HUHpoBaHbi 
cjreAyiomHM o6pa30M:

A. AerHApnpoBaHHe yrneBOAopoAOB.
B. AerHApupoBaHHe' KHcnopoACOAep>KaiuHX coeAHHeHHH.
B. AerHApupoBaHHe a30TC0Aep>KaiuHx coeAHHeHHH.
PeaKUHH AerHApnpoBaHHH b noCJieAHHe toah npHodpe^H orpoMHoe 

3HaqeHne b npoMbmî eHHOCTH a^h nonyqeHHH TonjiHBa, apoMaTHqecKHx 
coeAHHeHHH, CHHTeTHqecKoro KayqyKa h t . a -
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A. flEI'H.n.PHPOBAHHE yiMlEBOflOPOflOB

B 3toh rpynne b 33bhchmocth ot xapaKTepa yrjieBOAopoAOB, nanpaB- 
jieHHH npoixeccoB h nojiyuaeMbix npoAyKTOB HaAO pa3JiHuaTb cjieAyio- 
m,He THnbi peaKUHH: 1) AerHApnpoBaHHe noJiHMemjieHOBbix yrjieBOAopo- 
Aob; 2) AerHApnpoBaHHe apoMaTHuecKHX yrjieBOAopoAOB (AerHApoKOH- 
AeHcauHH); 3) AerHApnpoBaHHe yrjieBOAopoAOB c otkphtoh uenbio h 
4) AerHApou.HKJiH3au.HH.

1. flerHAPHpoBaHHe nojiHMeTHjieHOBbix yrjieBOAopoAOB
H. R . 3ejiHHCKHH [1] ycTaHOBHJi, uto npHMeHeHHe Ni hjih Ni PeHen 

Â ih AerHApnpoBaHHH He BcerAa yAo6HO, Tax KaK BCjieACTBHe bhcokoh 
aKTHBHOCTH ohh jieruo Bbi3biBaiOT BTOpHMHbie peaKUHH pacnaAa, HTO 
3aTpyAHHeT HcCJieAOBaHHH npoAyKTOB. npoBeAeHHe AerHApnpoBaHHH 
b aTMOc^epe BOAopoAa cTa6HJiH3yeT MOJieKyjibi, npeAoxpaHHH hx ot 
pacnaAa, h He CHHHcaeT ckopocth peaKUHH, Tan KaK npn TeMnepaTypax 
AerHApnpoBaHHH aAcopSuHOHHbifl K03(JxJ)HUHeHT BOAopoAa Maji. A kthb- 
HocTb caMoro Ni He BcerAa nocTOHHHa h MOJKeT KOJiedaTbcn b 3HanH- 
TejibHbix npeAejiax. Bbijio HaiiAeHO, mto mhcthh Ni KaK AerHApnpyio- 
ui,hh areHT Majio aKTHBeH, ho aKTHBHOCTb ero cnjibHo noBbiuiaeTCH ot 
npncyTCTBHH cjieAOB okhcjiob Mn, Cr, Ce, Zn, Th, A1 hjih Be. Han6o- 
jiee aKTHBHbi napbi: Ni—ZnO h Ni—A120 3. JlerKO BoccTaHaBJiHBaio- 
iunecH oKHCJibi (CuO, Fe20 3, CdO, PbO) chhhoiot aKTHBHOCTb Ni.

HanpHMep, UHKJioreKcaH HaA Ni-KaTajiH3aTopoM npu 250° nonTH 
nojiHOCTbio npeBpamaeTCH b 6eH30Ji, ho c Aa-ntHeHiuHM noBbimeHHeM 
TeMnepaTypbi bmxoah 6eH30Jia chhhoiotch BCjieACTBHe AecrpyKTHBHoro 
paciuenjieHHH:

MeTHJiuHKJioreKcaH HaA Ni-KaTajiH3aTopoM o6pa3yeT TOJiyoji, sthjj- 
UHKJioreKcaH— 3THJi6eH30Ji c npHMecbio TOJiyojia. 06pa30BaHHe nocJieA- 
Hero 06-bHCHHeTCH HaCTHHHblM KpeKHIITOM COKOBOH UenH, npOUHOCTb 
KOTopoft yMeHbmaeTCH c VBejiHHeHHeM ee'AJiHHH. Flpn AerHApnpoBaHHH 
nponHji-. 6yTHji- h aMHjiuHKjiorekcaHOB HadjnoAaioTCH noHHJKaiomHecH 
BbixoABi roMOJioroB 6e.M30Jia H3-3a AecTpyKTHBHoro rHApnpoBaHHH ue- 
nen c hx pacnaAOM:

3C6H12 —  2C6H6 +  6CH4

-► 3CH4 +  3C

/ \ - ch2ch2ch2ch3

\ / 0—CH.,CHjjGH2CH3 +

^ \ —CH2CH2CH
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AHa.norHMHbiM o6pa30M AerHApHpyiOTCH abvx- ii Tpex3aMemeHHbie 
UHKjiQreKcaHbi, npnqeM npHcyTCTBne BOAopoAa noBbimaeT hx CTafinjib- 
HOCTb (ao 400°). Eme Aerne AerHApnpyioTca HeHacbimeHHbie npoH3BOA- 
Hbie UHK^oreKcaHa—UHKAoreKcen, UHKAoreKcaAHeH h hx npoH3BOA-
Hbie.

A. A. BBeAeHCKHH [4] npHBOAHT AaHHbie no AerHApnpoBaHHio uhk- 
AoreKcaHa h ero aJiKHJinpoBaHHbix npoH3BOAHbix npw aTMocc})epHOM 
AaBJieHHH h pa3Hbix TeMnepaTypax (ra6ji. 19).

TABJ1HU.A 19

TeMnepaTypa,
°C

HcxoflHoe coê HHetme

C«Hi2 CH3C6Hn C2H5C0H11 «-C3H 7C0H11 1,2,4-(CH3)3C0HO

150 1,31 1,86 2,04 2,06 3,5
175 v 3,12 *,46 4,94 5,05 8,5
200 7,15 10,4 11,5 11,7 22
225 15,9 23,7 27 28 52
250 35,3 52,9 58 59 86
275 69,6 86,5 91 51 98,3
300 93,4 97,8 98,2 98,35 99,7
350 99,8 99,94 99,95 99,96 99,99
400 99,99 100,00 100,00 100,00 100,00
450 100,00 — — — —
500 100,00 — — — —

H3 Ta6AHUbI BHAHO, HTO CKOpOCTb ACrHApHpOB3HHH 6bICTpO B03pa* 
cTaeT c TeMnepaTypoft h ct3hobhtch npaKTHnecKH oAHHaKOBofi, Hann* 
Han c 350° MoH03aMemeHHbie UHKAoreKcaHbi AerHApnpyioTCH 6bicrpee( 
qeM caM UHKAoreKcaH, npnqeM BeAHHHHa ajiKHjibHoro yrjiepoAHoro cne- 
AeTa noHTH He bahhct Ha npouecc. 3HaMHTeAbHo6bicTpeeAerHApHpyioTCH
npOH3BOAHbie HHKAOreKCaHa C HeCKOAbKHMH 60K0BbIMH UenflMH.

npenpacHbiMH AerHApnpyiouuiMH KaTaAH3aTopaMH, AHineHHbiMH 
HeAocTaTKOB Ni, hbahiotch Pt h Pd caMH no ce6e hah Ha HeftTpaAbHbix 
HOCHTeAHx: yrAe, neM3e, cepHOKHCAOM 6apHH, acSecTe, thapookhch 
3AIOMHHHH [3].

npn nponycKaHHH HaA Pt-nepHbio npn 300° cMecn UHKAoreKcaHa c 
UHKAoneHTaHOM 6biAO ycTaHOBAeHO, mto AerHApHpyeTCH AHiiib uhkao- 
reKcaH, a nflTHMAeHHbiH uhka ocraeTCH HeH3MeHeHHbiM. /laAbHeHinne pa-
dOTbl B 3T0M HanpaBAeHHH n03BOAHAH 33KAK)MHTb, HTO AerHApHpOBaTbCH 
CnOCOfiHbl A Hill b ineCTHHAeHHbie KOAbUa H TOAbKO B TOM CAynae, eCAH 
MoryT o6pa30BaTbc« yrAeBOAopoAbi 6eH30AbHoro paAa. EIoaTOMy, Ha- 
npHMep, 1, 1 -AHMeTHAUHKAoreKcaH ocraeTCH HeH3MeHHbiM. Tanoe no- 
BeAeHHe yrAeBOAopoAOB npoHBAaeTCH qpe3BbmaHHO OTneTAHBo. Elpn 
AerHApnpoBaHHH rnAPHHAaHa AerHApnpyeTCH AHuib uiecTHMAeHHoe 
KOAbUO

---- CH, ---- CH,
H

H,
Ho

I
CH.
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Kan h b cjiynae flernApHpoBaHHH yrjieBOflopoflOB rana:

! « > - < » >
HJIH Ĥ >—CH2— H^>

H eo d b iq a H H O  n p o T e n a e T  p eaK U H H  ^ erH ^ p H p o B a H H H  jie ^ o jia , c o c t o b - 
m e r o  H3 rH A p n p o B a H H o r o  Ha(f)TajiHHOBoro K o jib u a  c  flonojiH H TejibH biM  
T pexqjieH H biM  hhkjiom: npH ^ ern ^ p H p o B a H H H  oh n p e B p a m a e T C B  He b 
Ha<f)TajiHHOByio C T p y K T y p y , a  b  npoH 3B O ^ H oe a 3 y jie H a — KOM6HHau.HK> 
KOH^eHCHpOBaHHblX CeMH- H nHTHHJieHHOrO K O Jien:

3th HCCJiê OBaHHH H HaijfleHHbie 33KOHOMepHOCTH n03B0JIHJlfr
H. JX. 3ejiHHCKOMy npHMeHHTb MeTOfl aerĤ pHpoBaHHH ajib Hccjiê oBa-
HHH pa3JIHHHbIX He(j)TeH, HTOdbl BbIHCHHTb COCTaB He(J)THHblX HHKJIHHe-
ckhx yivieBOflopo-HOB. Ann stoto (JjpaKHHH 6eH3HHOB pa3JwqHbix MecTO- 
poHtAeHHH no yaajieHHH H3 hhx cepHHCTbix coejiHHeHHH h nocjie onpe- 
êjjfiHHH coAepncaHHH apOMaTHnecKHX yi\neBO,nopo,noB flerHflpHpoBaJiH 

Hâ  Pt Ha yrjie npn 300° riojiyqaeMbie KOĤ eHcaTbi no coflepjKaHHio b 
hhx apoMaTHnecKHX ymeBOflopoflOB OTBenajiH npHMepHO 30% rekca- 
TĤ poapoMaTHqecKHX ymeBOflopoaoB (b 6aKHHCKOH hoJjth). TaKHM xce 
nyTeM HccjieflOBajincb h flpyrne 6eH3HHbi (rpo3HeHCKHft, cypaxaHCKHH, 
SMdeHCKHH, CTepjiHTaMaKCKHfi), H3 KOTopbix nojiyqajiocb ,no 60% apo- 
MaTHnecKHx yrjieBOAopô oB. H. A • 3ejiHHCKHH Ha3Baji stot Mere# 
apOMamu3au,ueu KamaAU30M. Ha ochob3hhh cbohx HCCJie/joBaHHH oh 
3aKJHOMHJI, MTO K3BKa3CKHe He(J)TH CÔ epHOT B 3HaHHTeJlbHbIX KOJ1H- 
qecTBax mecTH- h nBTHqjieHHbie Ha(J)TeHOBbie yrjieBo^opo^bi.

rio3AHee (cTp. 417) 6biJio ycTaHOBJieHO, t o  nBTHHJieHHbie nojiHMe- 
THJieHOBbie HHKjibi Hâ  Pt npn 310° b npncyTCTBHH BOAopô a nô Bep- 
raioTCH TĤ poreHOJiH3y c  o6pa30BaHHeM cooTBeTCTByiomHx 3aMemeHHbix 
neHTaHa, hto BBJiBeTCB CTOJib xte cneuĤ HMHbiM aub neHTaMeTHJieHa h 
ero roMOJioroB, nan êrHflpHpoBaHHe uiecTHHJieHHbix hhkjiob b apoMa- 
THHeCKHe. 3th peaKHHH npHMeHJHOTCH AJIB yCTaHOBJieHHH COCTaBa OTe- 
qecTBeHHbix Hê Tefl. Xotb H. J3,. 3cjihhckhh h ycTaHOBHji, hto Tanne 
tomô oth HHKJioreKcaHa, nan 1, 1-^hmcthji- hjih 1 ;3,3-TpHMeTHJiHHKJio- 
reKcaH He cnoco6Hbi npeBpamaTbCB b apoMaTHnecKHe yrjieBOflopoflbi, 
B. A. Ka3aHCKHH h A. JI. JlHSepMaH [6] noxasajiH, mto 1 ,1-flHMeTHJi- 
ijhkJiorexcah Hap Dt Ha yrjie npH HecKojibKO noBbiuieHHbix TeMnepaTy-
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pax ^erHflpHpyeTCH nyTeM npê BapHTeJfbHOH H30MepH3auHH b o - h 
/7-flHMeTHJlUHKJlOreKCaH

ch 31 CH
\

><\^ch 3

Y \ _
1 H 1
X /

1
CH3 -3Hz

— u
ch31 CH31L

x /

1-3̂i A
Y1

ch 3 ch3

npHMeM o/jHOBpeMeHHO Ha6jno,a,aeTCH o6pa30BaHHe MeTaHa b pe3y^bTaie 
rH,aporeHO^H3a:

H3C ^ C H 3 

I h |
Hz

CH3

I h I +  CH4
\ /

H
1.1- ilHMeTHJiTeTpajiHH o6pa3yeT Ha^ Pt HeMHoro l-MeTHaHa^TajiHHa
1.2- ,a,HMeTHJiHa4)TajiHHa:

CH3

H, CH,

Y Xux
XlerH^papoBaHHe ceMH- h BocbMmmeHHbix uhkjiob conpoBo>KAaeTCB 

peaKUHAMH H30MepH3auHH. l^HKjiorenTaH Ha,n nJiaTHHofl hjih najuia/iH- 
eM Bbime 300° qacTĤ HO H30MepH3yeTCH b MeTHJiUHKjioreKcaH h ^h- 
MeTHjiiiHKJiont'HTaH, mo, no H. I [. 3ejiHHCKOMy h M. B. TypoBofi- 
FIojibk [7], npoTenaeT qepe3 npoMeJKyTOMHbie CHCTeMbi c TpexqjieHHbiMH
UHKJiaMH:

/
HjC

I
H,C

CHa-C H 2
\

ch2

CHa

—Ha w /
I

lie—

CH.,

CH2-C H ,
\

\  /
\ /

CH

CH.,
I

-CH

Hz h /
HaC

ch2
\

CH,
i
CH-

V
-H z

CH,
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CH,

h2 H2C— CH-HC CH
1 |

H2C CH—CH3 H2C CH
\ /

ch2 ch2

LI,hKJiooKTaH qacTHMHo AerHApnpyeTCH c o6pa30BaHHeM BHyTpeHHero 
MocTHKa, a TaioKe H30MepH3yeTca b MeTHjmHKJidreirraH h 1,2-AHMeTHJi- 
UHKJioreKcaH:

y CH2—CH—CH.V 
H0c /  | *  XCH.2

ch2
/  \

H2C CH—CH,

CH,
/ \

h 2c ch2

h2c
1

ch2

h 2c
1

ch2
\ /  

CH2

^CH,—CH—CH 
CH2 

. / \
H2C CH—CH3

H2€

h2c -

ch2
I

-CH„

h2c
I

CH—CH3
. /
ch2

Ô eHb HHTepecHo AerHApHpyercH 2-MeTHJi6HpHKJio-2,2,2-OKTaH, 
npê CTaBJIBIOmHH ABa UieCTHqjieHHblX KdJIbUA C 3HAd3THJieHdBbIM mo-
cthkom:

-2H2
no A

-2H2
no B

CH, / V
II
CH2

V

CH — CH3 / \
II ♦ I
c h 2

\ 7

CH3

AHajiorHqHO AerHApnpyioTCH h rĤ pHpoBaHHbie npoH3BOflHbie ah-
•4>eHHjinapa4)HHOB:

/ \  —6H2 /V
I H I | H | -----

CH, CH,

OAHaKO peanitHH qacTO ycjiojKHHeTca o6pa30BaH«eM AondJiHHTejib- 
Horo KOAbua c nepexoAOM b KOHAeHCHpoBaHHbie cncTeMbi [9]:

Ci c  n—n
\ / \  / \ c

ch2
\ / \  / V '

ch2
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Hafl Pt npw 300—3103 AHUHKAoreKCHAaMHH o6pa3yeT Kap6a3on 
(a), cumm-Auu,mjioreKcm3TaH—ijieHaHTpeH (6), AHUHRAoreKcnnKeTOH— 
cjxnyopeH (b):

MoHouHKJiHwecKHe TepneHbi BeflyT cedn aHaAorHHHO. HanpnMep, 
jiHMOHen hah MeHTeH HaA Ni-KaTaAH3aTopoM npH 280—300° nonra ko- 
jiHqecTBeHHo npeBpamaiOTCH b uhmoa c npnMecbio xyMOAa h 6ojiee 
npocTbie apoMaTHHecKHe yrAeBOAopoAbi:

JlerHAPHpoBaHHe Haa Ni-KaTaAH3aTopoM iiphmchhmo aah nepeBOAa 
nojiHOCTbK) hah qacTHHHO rHApnpoBaHHbix yrjieBOAopoAOB c kohachch- 
poBaHHbiMH KOJibuaMH b apoMaTHnecKHe. Tax, HanpnMep, npn 240° 
AeKajiHH npeBpamaeTCH b TeTpaAHH, a nocAeAHHft npn 300°—b Ha<j)Ta- 
AHH.

JXjih AerHApnpoBaHHH caojkhhx noAHMeTHAeHOBbix yr aeBOAopoaob 
jiyqrne, OAHaKO, noAb30BaTbcn He HHKejieM hjih njiaTHHoft, a npoBOAHTb 
3tot npouecc HeKaTajiHTHHecKH HarpeBaHHeM c cepon hah, eme Aymiie, 
c ceAeHOM [10]. BbweAHiomHHCH boaopoa o6pa3yeT H2S hah H2Se, a 
HcxoAHoe BemecTBO npeBpamaeTCH b apoMaTHqecKoe coeAHHeHHe. 3tot 
cnoco6 OKa3biBaeT HeoueHHMbie ycAyrn npn ycTaHOBAeHHH CTpoeHHH 
HOBbix coeAHHeHHH. KaAHHeH, HanpHMep, npH HarpeBaHHH c cepofl npe
BpamaeTCH B K3A3AHH (1,6-AHMeTHA-4-H30np0nHAHa<|)TaAHH);

NH
CH,

NH

. » i '

CH ch3

CH CH
Hsc /  \ cH3 H3c/  \ ch,

17 B. H. A°Jir°B
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ASneTHHOBan KHCJioTa b sthx x<e ycJiOBHax c cepofl o6pa3yeT peTeH:

CH3HoCv yCOOH

4S
i H

H*C
n _ .

ch3 
CH

ch3

A \ / \kAA
U -

/CH,
+  CH4 +  C02 +  4H,S

CH
"CH,

2. MexaHH3M AerHApwpoBaHHa uHKjiaqecKHx chctcm

y36HpaTejibHoe A^rHApHpoBaHHe inecTHnjieHHbix hhkjiob o6t>hc- 
HaeTca MyjibTHnjieTHOH Teopnefi BaJiaHAHHa. CorjiacHO MyjibTHnjieT
HOH TeopHH, KaTajiH3aTOpbi (N i, Pt, Pd h AP-) MoryT ^erHflpnpoBaTb 
jiHiiib mecTHqjieHHbie uhkjim SjiaroAapa cneuHijiHqHOCTH pa3MemeHHa 
aKTHBHbIX IieHTpOB. 3 tH MeTaJIAbI KpHCT3JIJIH3yK)TCH B TpaHfi HeHTpH- 
poBaHHOH KydnqecKOH hjih rexcaroHajibHOH chctcm, nosTOMy pe- 
rneTKa o6pa3yeT Ha noBepxHOCTH paBHOCTopoHHHe TpeyrojibHHKH, b 
BepIHHHaX KOTOpbIX H HaXOAHTCH 3KTHBHbie UCHTpbl. BjiarOAapa T3K0H 
opneHTauHH aflcopduHH npOTexaeT no ceKCTemoMy MexaHH3My, t . e. 
mecTbio TOHKaMH Ha mecTH aKTHBHbix ueHTpax. CxeMaTHnecKH sto noxasa- 
ho Ha pnc. 44. B Kaxcuoft H3 ujccth CH-rpynn oahh aTOM H npHTani- 
BaeTCH aKTHBHbIMH UCHTpaMH A ,  B  H C  (TeHfleHUHH K OTmenJieHHIO BO- 
AopoAa), aTOMbi ace yniepoAa yACpatHBaiOTca b MOJieKyjie SjiaroAapa 
cMemeHHio hx k aKTHBHbiM ueHTpaM D ,  E  h F  B pe3yjibTaTe ^eifiopMa- 
Hhh h nepepacnpe^ejieHHH cbh3ch nponcxoAHT OTinenjieHHe 6H h o6- 
pa30BaHne C6H 6 hjih ero roMOJiora, KOTopbie AecopdHpyiOTCH.

no  MyjibTHnjieTHOH TeopHH neTbipex-, nara-H ceMHqjieHHbie UHK.ibi 
He ^erH^pHpyiOTCH BCJie^cTBHe HecooTBeTCTBHa hx crpyKTyp c ceKcre- 
t3mh aKTHBHbix neHTpoB Ha noBepxHOCTH KaTajiH3aTopa.

B 33BHCHMOCTH OT TCMnepaTypbl peaKHHH Ha nJIOCKOCTH B03M0>KHbI 
ABa MexaHH3Ma: 1) njiocKocTHofi (ceKCTeTHbift) npn TeMnepaTypax no- 
paAKa ^00° Ha a MeTajiJiaMH (Pt, Pd, N i) h 2) pedepHbifl (AynjieTHbiii) 
npn 500° u a ji okhcji3mh MeTajuioB (Cr20 3, Mo20 5, V 20 5 h t . a .). 
BbiJio OTMeneHO, hto HaA Cr20 3 npH 450° UHKJioreKcaH AerHApnpyeTca 
nojiHOCTbio, ho HadjnoAaeTca TaK>xe h AerHApnpoBaHHe HHKJioneHTaHa. 
OdtacHaeTca sto tcm, hto MOJiexyjia aAcopdapyeTca pedpoM mokay 
AynJieTOM aKTHBHbix neHTpoB, b pe3yjibTaTe OTinenjiaiOTca Asa aTOMa H. 
n PH TaKOM MexaHH3Me H3 C6H 12 nojiyaaeTca UHKJioreKceH, H3 napacjw- 
hob— ojiecf)HHbi h AH0Jiec|)HHbi. PedepHaa opHeHTanna TpedyeT dojiee Bbi- 
cokhx TeMnepaTyp, neM njiocKOCTHaa. O&bacHHTb sto pa3JiHMHe nbiTa- 
AHCb B03pacT3HHeM HHTeHCKBHOCTH KOJieSaHHa MOJieKyji c TeMnepaTy- 
pofl, Tax KaK npn AynjieTHOM MexaHH3Me hhcjio CTeneHefl cboSoah y' 
MoaenyA dojibine. yrjieo6pa30BaHHe npn BbicoKOTeMnepaTypHOM pa3- 
.noJKeHHH UHKJioreKcaHa, ero roMOJioroB h ajinifiaTHMecKHX yrjieBOAO- 
poAOB odtacHaeTca Taxace njiocKocTHofl opHeHTauHefl, ho otjihhhoh ot 
odbiHHOH noBopoTOM MOJieKyjibi Ha 30° (pnc. 45). npH Taxon aACopduHH
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aKTHBHbie ueHTpbi A,  B h C  cTnrHBaiOT aTOMbi C, h bch MOJieKyjia pac- 
naflaeTCH Ha CH2-paAHKaJibi.

ripaBHJIbHOCTb CeKCTeTHOrO MeX3HH3Ma AerHfl'pHpOBaHHH UHKJIOreK- 
caHOBbix KOJieu ocnapHBaeTcn pa3JiHHHbiMH aBTopaMH. njiocKOCTHaa 
(KonjiaHapHaa) aACopOunn H3orHyToro b npocTpaHCTBe mecTHHJieHHoro 
Kojibua no cymecTBy Ma.no BeponTHa: b c/iynae (JjopMbi «B3HHbi» bo3- 
mo>kh3 a^copduHH «THinb Ha KBaApynjieTe, b cnynae * e  «Kpecjia»—numb

Pnc. 44. C e K C T e T H b i f l  M e x a -  
HH3M pa3^0>KeHH5I UHK.IOreK- 

caHa.

Pnc. 45. 06pa30B am ie yr.in 
npn pa3Jio>Kennn unK.ioreK- 

caHa.

na AynjieTe. CeKereTHan cxeMa HanMeHee BepoaTna BCJieACTBHe crepn-
MCCKHX 3aTpyAHeHHH.

H. A. Iii,er^oBa n M. fl. KaraH [11] Ha ochob3hhh H3yneHHH KHHe- 
thkh AerH^pnpoBaHHH UHK.noreKcaHa Ha Pt npn 290° yciaHOBH/iH, hto 
AcrH^pHpoBaHHe ao CTaAnn 6eH30Jia npoTeKaeT Ha 90%.

Ha ocHOBaHini noAyneHHbix sKcnepnMeHTa/ibHbix pe3y.ibTaTOB amo- 
pbi 3aKJHOiiaKDT, mo AeriJApiipoBaHne mnc/ioreKcaHa npoTexaeT, Bepom- 
ho, no Ayn^eTHoii cxeMe nepe3 npoMexvyroHHoe o6pa30BaHHe UHKJioreK- 
ceHa, KOTopbiii KO/umecTBeHHO AHcnponopunoHiipyeTCH no o6men cxeM_:

3 I H  I
V

- 3 H o 3
u

u

s \  / \

U +2
I H  I
\ /

ripaBimbHOCTb TaKoro nptAnojiojKeHHH 6biJia noATBep>KAeHa onbiTa- 
mii c UHKjioreKceHOM (cm. HeoSpaTHMbin KaTa/M3, cip. 440).

3. AerHApoKOHAeHcauHH apoMaTHnecKHx coeAHHeHHfi

BeH3o;ibHoe KOJibuo OT/nmaeTca noBbimeHHOH TepMOAHHaMnnecKOH 
ycTofiMHBOCTbio ii cnoco6HOdbK) He H3MeHHTbcn npH MHOrHX peaKUHH.x. 
flpn HarpeBaHHH ao 600—700° 6eH30A h ero roMOJiorn cnocoSHbi 6e3

17*
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pa3pbma KOJibu,a BbiflejiHTb aTOMbi BOAopoAa h nepexoAHTb b 6ojiee cjio>k- 
Hbie KOHAGHCHpOBaHHbie CHCTeMbl. npOCTeflUIHM npHMepOM T3KOH KOH- 
AeHcauHH HBjiaeTca TepMHnecKoe o6pa30BaHHe AH^eHHjia H3 6eH30Jia:

2C6H6 ^-H- ^  C,H5- C gH,

HandojibuiMH bhxoa AH(J)eHHjia AocraraeTCH npH 740° ripeA-nonce- 
hh pa3JiHqHbie KaTajiH3aTopbi, no3BOJijnomHe CHH3HTb TeMnepaTypy 
peaKUHH, noBbicHTb cxopocTb o6pa30BaHHH h bhxoa AH$eHHJia: rpa(J)H- 
THpoBaHHan MgO, cMecb Th02 h CoO Ha H<ejie3e c Ao6aBKoft K2C03, 
cMecb MgC03 c Li^COg h AP-

FIpOAyKTbl XJ10pHp0B3HHH npOH3BOAHbIX AH(J)eHHJia nOA Ha3B3HHeM 
apaxAop npHMeHHJiHCb nan cypporaTbi Bocxa. XUKjjeHHji 6jiaroAapn ctoh- 
kocth h xHMHqecKoft HHepTHOCTH npHMeHHKDT rjih HarpeBaHHH annapa- 
Typbi npn KOHueHTpHpoBaHHH NaOH, H2S04, ruiaBKe ac^ajibTa, nepe- 
roHKe HecjrrH, cMa30HHbix Maceji h t. a - Oco6eHHO nacro npHMeHHiOT ajih 
3Toro 3BTeKTHqecKyK) CMecb H3 26% AHtJjeHHjia h 74% okhch AH<J)eHH- 
jia, KOTopan He H3MeHHeTCH Aance npn 400° h Bbiuie.

npH BbicoKHx TeMnepaTypax KaTajiHTHnecKH H3 mnyojia h KCHJiojia 
nojiynaiOTCH AH6eH3H.n (I), cTHjib6eH (II) h HeMHoro aHTpaueHa (III):

in

IlyTeM odbiHHoro hjih KaTajiHTHnecKoro AerHApHpoBaHHH pa3JiHn- 
hhx apoMaTHnecKHx yrjieBOAOpoAOB mo>kho noJiynaTb cjio>KHbie kohach- 
CHpoBaHHbie cHCTeMbi:

H,C—CH, H,C— CH,

w  uu
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CaM aueHatJrreH npH nponycKaHHH ero napoB nepe3 KBapueByio Tpy6-  
Ky npn 700° b aTMOĉ epe C02, no K. ,H.3eBOHCKOMy [12], CHanajia ue- 
rn/ipHpyeTCH b aueHa(})THjieH:

H2C— CH2 HC=CH
i i  ' i

—Ho

Zlajiee o6pa3yioTCB cjio>KHbie OKpaineHHbie yrjieBOAopoubi, H3 KOTopbix 
BbwejieH TeMHO-cfiHOJieTOBbiH pouaueH (I), Jierno H30MepH3yiOLUHHCfl 
b 6onee ycToflqHBbiH Me^Ho-KpacHbifl xajibKaueH (II):

i ii

npn AaJibHeHmeft uerHApoKOHAeHcauHH poAaueHa c aueHacJrrHAeHOM 
c6pa3yeTCH JiefiKaueH (III), KpacHeiomHH na B03Ayxe:

in

M3 ocTaTKOB BbiAejieHbi AeKamiKJieH n (JwiyopouHKJieH. Hx >Ke mo>k- 
ho nojiynnTb HarpeBaHiieM aueHa(j)THJieHa, npnqeM o6pa3yeTCH 4—5Vo 
cfviyopomiKJieHa n 2°o AeKauHKJieHa (cTpoeHne cm. Ha CTp. 368).

Flapbi c})JiyopeHa npn nponycnaHHH qepe3 pacKa/ieHHyio KBapueByio 
TpySuy c >Kejie3Hofl erpywKOH o6pa3yioT yrAeBOAopoA apKO-KpacHoro 
UBeia C26H12, Ha3BaHHbifl nosTOwy py6nueHOM [12].

06pa30BaHne ero no CTaunaM nponcxoAHT c.ieuyiomHM o6pa30M:

Onpacua ymeBOAopoAa ofiycJioBJieHa iia.mmieM CHCTeMbi H3 neTbi- 
pe\ nepeKpeuieHHbix conpn>KeHHbix CBH3eii.
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4. flerHApoKOHAeHcauHji apOMaTHHecKHx coeAHHeHHft 
b npHcyTCTBHH AICI3 (peaKUHH LUojijih)

npH MHOrHX peaKUHHX XJlOpHCTblH 3JIIOMHHHH ACHCTByeT KaK AerHA- 
pHpyiOIU,HH KaT3JIH3aTOp. npH HarpeB3HHH C 6e3BOAHbIM AlClg6eH30JI 
AaeT HeKOTopbie KOJinqecTBa AĤ eHHJia, HacjrrajiHH— p,p'-AHHac[)TH,Jia; 
STHjioBbiH sfjmp a-HacJmwia o6pa3yeT 4,4'-ah3tokch-1,1/ -ahh34)thji:

h5c2o- ^ 3  +  < ( 3 - ° c2hb - h, 'h a o - O - O - gg^ 5

P 3  3 )  P 3  < 3
E cah apoMarayecKoe coeAHHemie cnjiaBJiHTb (3aneKaTb) c cyxHM 6e3- 

boahwm A1C13 h NaCl (5:1), to nocne HarpeBaHHH npn 90— 170° nponcxo- 
Aht BbiAejieHHe BOAopoAa h o6pa30BaHne hoboto KOJibua hjih HOBbix CABoeH- 
HblX MOJieKyjI. 3T0T MeTOA [13] n03B0JIHeT CHHTe3HpOB3Tb CJIOJKHbie COeAH- 
HeHHH h HMeeT dojibuioe SHa êHHe b xhmhh KpacHTejieft. B t3khx ycjio- 
bhhx 1,l'-AHHa(|)THji npeBpamaeTCH b nepHjieH

- h2CO
CO

uu
J\/\uu

npOH3BOAHbie KOTOpOrO HBJIHIOTCH UeHHbIMH KySOBbIMH KpaCHTejIflMH.
EIoa AeficTBHeM A1C13 a-6eH30Hjma(J)Ta.nHH npeBpaipaeTCH b 6eH3- 

aHTpoH:

- h2

3aneKaHHeM c A1C13 mojkho noJiyqaTb h oqeHb cJi.o>KHbie kohachch- 
pOBaHHbie CHCTeMbi. CaM 6eH3aHTpoH c xjiopncTbiM 6eH30Hji0M o6pa3yeT 
npoHHbift KySoBbift KpacHTejib—3,4,8,9-AH6eH3nHpeH-5, 10-xhhoh:

:0
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a,a-/XH6eH30H.inepHjieH npn 3aneKaHHH c A1C13 AaeT BHo.iampoH
tgmho-chhhb) :

(1 1 n
CO
1

\ J x f °

A \ / \ AA
'y M  -2H, UU 1 1AA / ?  y %Ou1 UU
oc

1 1

o X \ / \ to/ u
O^eHb cJTO>KHbie yrjieBOAopo^bi MoryT SbiTb no/iyneHbi no peaKU.nw 

3/ib6ca 3aMbiKaHHeM Koabua b apmiKeTOHax c rpynnon CH 3 b o-no- 
jio>KeHHH nyTeM HarpeBaHHH h x  c A1C13 b nnpHAHHOBOM pacTBope. 
Mepe3 AerHApupoBamie n BoccTaHOBjieHne nponcxoAm 3aMbiKaHne ho- B o r o  K O Jib p a .

B KanecTBe npHMepa mo>kho npHBecrn chHTe3 AH6eH3aHTpau.eHa:

Tanne yrjieBo^opo^bi npeACTaB/isnoT ocoSbift nmepec, TaK KaK ohh 
hb.ihkdtch B036yAHTejiH\in paKOBbix 3a6oAeBaHnn (KaHnepoeeHHbie yzAC- 
tuxhpodbi). /IaBHO »3BecTHO, mo A-THTe.ibHaH paSoTa c ra30Boft hjiii 
KaMCHHOVTOJlbHOH CMOJIOH, aC(})â bTOM, Kpe030T0BbIM MaCJlOM naCTO Bbl- 
abiBaeT paKOBbie 3a6ojieBaHHB. npe^no/ioHceHHe, mo bo3o\ aiiTe.iHMH paKa 
hbjihiotch HeKOTopbie apoMaTimecKne ymeBOAopoAbi c KOHaeHCHpoBaHHbi- 
mii KOJibuaMH, coAepwamnecn, HanpuMep, b ac^aabTe, ca>Ke, noATBepAH- 
.iocb. A ktubhumh KaHueporeHaMH hbahiotch 1,2 ,5 .6-An6eH 3aH TpaueH
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(I), l,2 -6eH3nnpeH (II), xojiaHTpeH (III). MeTHjixojiaHTpeH (IV)
H flp.

n
u

r n

B ocHOBe 3thx coeflHHeHHH jie^HT l,2-6eH3aHTpaueHOBaa crpyKTy- 
pa. Ohh HaxoAHTca bo (J)paKUHHx KaMeHHoyrojibHbix cmoji (275—500c), 
xapaKTepH3yi0TCH CHHe-3ejieHofl (JwiyopeciieHUHeH h npHcyTCTBHeM b

cneKTpe nojioc 4000, 4150 h 4400 A.
MeTO  ̂ aernapoKOHfleHcauHH o-MeTHJiapHJiKeTOHOB b npncyTCTBHH 

AlClg npHro^eH ajih cHHTe3a h eme 6ojiee cjiojkhhx yrjieBo^opo^oB. 
Tan, nocpe^cTBOM SToro MeTo^a, hcxoah H3 l,5-,nHMeTHJi-2,6-flH (2-Eadp- 
TOHJi)-Ha4>TajiHHa, dbiJi nojiyqeH BocbMHKOJibqaTbiH apoMaTHqecKHH 
yrjieBO^opo^:

/ VU

CO

HaC

CHo n . n
/ \ /  - 2Hie  /%/■

V \ XJ u
co

TaKHe coê HHeHHH mo>kho paccMaTpHBaTb k & k  npoMe>KyToqHbie 
3BeHbH Me>Kay apoMaTHqecKHMH yrjieBo^opo^aMH h KaMeHHbiM yr.ieM 
hjih rpacj)HTOM, mto yrjiySjiaeT noHHMaHHe npoueccoB rH/jpnpoBaHHH 
\TJIH H TB>Ke.lOrO TOnJIHBa.

5. ^erHAPHpOBaHHe ajiKHjiapoiviaTHHecKHx 
yrjieBOAopoAOB

HerHApHpoBaHHio mo>kho no^BepraTb h ajiKHjibHbie uenn y apoMa- 
THqecKHx yrjieBOAopo^oB, Ha qeM ocHOBaHbi coBpeMeHHbie MeTOflbi no.ny- 
qeHHH CTHpojia H3 3THji6eH30Jia h qeMy nocBameHO MHoro pa6oT pa3- 
jinqHbix aBTopoB. Flo pq/ry mcto^ob 3THji6eH30Ji, qacTO c AoGaBKaMH 
HHepTHbix ra30B, nponycxaiOT npn 500—800° h HopMajibHOM hjih iiohh- 
JKeHHCM AaBJieHHH HaT3KHMH KaTaJlH3aTOp3MH, K3K OKHCJIbl \Y V,
U, Sr, Mg, Be, Zr h /ip.

K). C. 3aJibKHH,n c coTpyflHHKaMH Ham.m, hto cthpoji nojiyqaeTCH 
H3 3THJi6eH3o;ia Ha  ̂Zn0A l20 3 ( 1 :9)  npn 10— 13 mm h 650° (ao 83% 
ot TeopeTHqecKoro) [14]. C. P. CeprHeHKo [15] nojiyqaji Hâ  Cr20 3
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npH 500—525° ao 28%
1 2 % 3THjic[)eHaHTpeHa:

CH2— c h 3

CTHpoJia 3a nponycK c npHMecbio TOJiyoAa h

✓ CH=CH,
- h*

ch2- ch3

-3H2 C H ,-C H ,

u
B pe3yjibTaTe Hccjiê oBaHHH H. XI. 3ejiHHCKoro c coTpyAHHKaMm 

116] no noJiyneHHio CTnpojia H3 3THJi6eH30Jia h no H3yneHHio MexaHH3Ma 
ii KHHeTHKH npouecca 6bi.no yeraHOBJieHO, mto npn HopMajibHOM AaBjiemiii 
n 650° HaA CuCr-KaTajiH3aTopoM nô iynaeTCH ao 60% CTnpojia. 06man 
cxeMa npouecca c nodonHbiMH peaKUHHMH npeACTaBJineTCH b cjieayiome\B 
BHAe:

CH=CH,

CH3

/ Vu
c h 2- c h 3 +  CH,

S \ /U
A 7u
Î ĴJ +  CH3— CH,

J +  CH.;=CH, 

7C + C H 4 +  31I,

H,

Ha KaTajni3aTope OTJiaraeTcn yroab, ho nocjieAHnii mo>kho noJiHOCTbio- 
yAa.mTb npoAyBaHHeM B03Ayxa. npncyTCTBHe C02 noAaBJineT pa3Jio- 
HceHne BemecTB n no3BOJineT noBbiCHTb BbixoAbi CTnpojia ao 80%.

CoBpeweHHbiH 33BOACKOH m6toa nojiyneHnn CTIipO.ia COCTOHT H3 AByX 
cTaAiin:

C6H6 +  CH2= C H ,-----►  C6H5- C H ;,-CH3

CgHj— CH,— CH, — A  CsH3— CH=CH,

A.nKibiHpoBaHHe 6eH30.aa 3thjichom npoBOAHT b .npHcyrcTBiin A1C1,, 
iiah HF noJiyneHHbin 3Tii.n6eH30A AernApnpyiOT b npncyTCTBHH boah- 
noro napa, npenaTCTByiomero npe>KAeBpeMeHHOMy o6pa30BaHHK) nojin-
CTIipOJlOB.

AHa.ionm HO mo>kho  npoBOAHTb AerHApnpoBaHiie a-3Tii.iHac}n'aJiHHa 
b a-BHHH.iHa(|)TajniH, npHMeHHeMbifl ajih noAyneHHH noAHMepoB, aHa-
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jiorHHHbix noJiHCTHpojiaM. npe^jio>KeHO oqeHb MHoro KaTajiH33TopoB n 
BapnaHTOB npoBeAeHHH npouecca:

CHo—CHa CH=CH,

UJ — CO
Oahhm H3 jiyquiHX KaTajiH33TopoB HBJiaeTCH o6oHC>KeHHbiH MarHe- 

3HT, Ha a  KOTOpbiM nponycKaioT napbi a-3THJiHa(])TaAHHa npn 600° h no- 
HH>KeHHOM AaBjieHHH (100 m m ) c BpeMeHeM KOHTaKTa 0,2—2 cex. Bbi- 
xoah a-BHHHJiH3(J)TajiHHa 82—90%. npH npoBe^eHHH npouecca npn 
HOpMaJlbHOM flaBJieHHH BbIXOAbI CHHUtaiOTCH AO 40 °0 .

6. AerHApHpoBaHHe yrjieBOAopoAOB c otkpmtoh uenbio

FIoApodHoe H3yueHue sthx peaKUHH othochtch Jiuiub k nocjieAHeMy 
BpeMeHH. AjiHcJjaTHuecKue yrjieBOAopoAbi pe3KO OTJinqaiOTCH ot apoMa- 
THqecKHx cbohm noBeAeHHeM npu bhcohux TeMnepaTypax (cTp. 305). 
Ohh odjiaAaroT doAee CHjibHO Bbipa>KeHHOH TeHAeHUueu k KpeKHHry, qeM 
k AeruApupoBaHHio. U,jih KpeKHHra ajiH(f)aTHqecKOH C—C-CBH3H Tpe- 
“dyeTCH 58,6 k k c l a / z - m o a , a a-ah AeruApupoBaHHu C—H-cbh3h— 
87 k k o a / z - m o a , nosTOMy HeodxoAHMO noAb30BaTbcn KaTajiH3aTopaMH, 
KOTOpbie MoryT H3dupaTejibHO CHH3HTb TeMnepaTypy peaKunu HHHce 
nopora KpeKHHra. TaKoft npouecc OTKpbiBaeT hobuh nyTb a^h nojiy- 
neHHH OAecJ)HHOB H AHeHOB H3 napa(J)HHOB.

ZlerHApHpoBaHHe hh3Uihx napacJwHOB AOJiroe BpeMH He MorAo dbiTb 
ocymecTBjieHo; TOJibKO b 1933 r. dbuio HaftAeHO, uto H3 3TaHa, nponaHa 
h dyTaHa HaA Cr(OH)3 npn 350—500° nojiyqaiOTCH cooTBeTCTBeHho 
1,2% C2H4, 4,5% C3H6 h 9% C4H8 h uto TeHASHUHH k AerHApupoBaHHio 
B03pacTaeT c yBejinqeHHeM a^khm yrjiepoAHOH uenn.

HandoAbmHH HHTepec npeACTaBJineT AeruApupoBaHue dyTaHa b dy- 
THAeHbi h ahbhhhji, H3oneHTaHa b H3onpeH. B naTeHTHOH h *ypHaAb- 
hoh JiHTepaType HMeeTCH dojibiuoe uhcao pa3AHqHbix KaTaAH3aTopoB, 
H3HJiyqUIHMH H3 KOTOpbIX, BHAHMO, HBJIHKDTCH nOJiyUaeMbie H3 Cr20 3.

KaTajiH3aTopbi H3 Cr20 3/Al20 3 AJiHTejibHoe BpeMH coxpaHHioT 
cbok) BbicoKyio aKTHBHOCTb, h MHoroqucjieHHbie pereHepauHH Ha hhx 
He oTpaxcaioTCH.

CaM npouecc AerHApupoBaHHH dyTaHa npoBOAHT npu 450—5502 
h npu 3toh >Ke TeMnepaType nepHOAuqecKH pereHepupyioT KaTaJiH3aTop 
B03AyXOM, KOTOpblH BbUKHTaeT KOKC.

H. XI. 3ejiHHCKHft c coTpyAHHKaMH [17] ycTaHOBHJin, hto npu odteM- 
HOH CKOpOCTH (o. C.) 700—1000 BbIXOAbI dyTHJieHOB C0CT3BAHI0T 45% 
Ha nponyiueHHbiH h 95% Ha pa3Jio>KeHHbiH dyTaH. BoJibinoe 3HaqeHHe 
HMeeT BpeMH KOHTaKTa (b. k.), TaK KaK npu oqeHb MaJiOM b. k. qacTb 
dyTaHa npocKaKHBaeT Hepa3.no>KeHHOH, npn do/ibrnoM >Ke b. k. (Bbime 
onTHMaJibHoro) ycnjiHBaioTCH BTopnqHbie peaKUHH pa3.TO>KeHHH.
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np« Aa-flbHeftmeM KomaKTe CMecn SyiaHa h 6yTHJieHa .lerne Aenu- 
pHpyeTCH 6yTHjieH ao ^hbhhhji3. O^HOBpeMeHHO nojiynaioTCH CH4, 
C 2H„, C 2H 4 h yrojib. JlyqniHM b . k . abjihctch 1,5—2 cen.

B pe3yjibTaTe peaKU.HH nojiyqaeTca CMecb 6 yTeHOB, o6pa30BaHne 
KOTopbix no Ayn^eTHOwy MexaHH3My mo>kho npeACTaBHTb TaKHM o6 pa- 30m:

CHj—CH-t CH—CH3 CH3-CH=CH-CH3
I

H H

CH2-CH—CH2—CH3  ±+. CH2=CH-CH2—ch3
I i 
H H

Me>KAy H30MepaMn ycTaHaBJiHBaeicn paBHOBecne c npeoŜ aAaHHeM 
6 y ie H a -2  b u,u c -  h m p a n c -4)opMax. TepMOAHHaMHKy s t h x  peaKUHft 
H3yqajia B. P. >KapKOBa [18]:

CHo—CH,—CH,—CH-, — H> CH,—CH—CH,—CHo

lgfrp =  - y ’2 — 2,0131 T — 0,0459

CH3—ch2- ch2- ch3 _ ĥ  ch3- ch= ch- ch3
u,uc-6yxew-2

5591 5
lg Kp =  — f 1-  — 2,0131 r  — 0,0459 

CH3—ch2- ch2- ch3 CH3—CH=CH—ch3
mp«Hf-6yTeH-2

5484,2
lg Kp =  - j -  — 2,0131 T - 0,0459

(
PaBHOBecHH Me>KAy peaxunnMH niApupoBaHUH ojie(])HHOB h AeniA- 

pupoBaHHH cooTBeTCTByiomHX napa([)HHOB uccjieAOBa^n A. A. BBeAeH- 
ckhh c coTpyAHHKaMH [19], npeAJiwKHBimie a-hh BbmHCJieHHH l g A p npH 
pa3Hbix TeMnepaTypax c/ieAyiomee ypaBHeHiie:

core
lg/vp =  — -  - 2,961 lg T - f 0,0007668 T -  0,0000001764 T* +  2,344

Ha 0CH0B3HHH HMeBLilHXCH B JIHTepaType 3KCnepHMeHTa.4bHbIX A3H- 
HblX pa3AH4HbIX 3BT0p0B H COSCTBeHHbIX A. A. BBeACHCKHH paCC4HTaJl 
r;iv6nHbi AerwApupoBaHHH pa3Jin*4Hbix napac])HHOBbix yrjieBOAopoAOB 
np*H aTMOccjiepHOM AaBJieHHH h TeMnepaTypax ot 500 ao 1000 K.Pe3\.ib- 
TBTbl BbIMHCJieHHH nOKa3bIBaiOT (pHC. 46), 4TO C nOBblLlieHHeM MOJieKV- 
AHpHoro Beca yrjieBOAopoAOB a-hh AOCTHwemia cuhoh h toh >Ke iviyfiH-
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Hbi Aern^pHpoBaHHH TeMnepaTypbi 33KOHOMepHO chkhoiotch. IlosTOMy 
6biji CAejiaH o6mHH bhboa, mto rjiydHHa ^erH^pnpoBaHHH napa(J)HHOB. 
B03pacTaeT c noBbimeHHeM TeMnepaTypbi n yBejinneHneM ^jihhw yrvie- 
Poahoh nenn.

BnepBbie Ha peaKiimo AerHApnpoBaHHH ojie(])HHOB b AHeHbi o6paTHji 
BHHMaHHe C. B. Jlede^eB (1932 r.) Ha npHMepe 6yTeHa-2, nojiynaiomero

ch npn CHHTe3e AHBHHHjia H3 cnnp- 
Ta. 3 tot Bonpoc 6mji noApoGHO H3y- 
qeH A. H. $Ky6nHK [20], KOTopan 
npn 500— 700° nponycKajia 6yTeH-2 
Haa MgO, CuO, neM30H, rjiHH03eMOM 
h ApyrnMH K3TajiH3aTopaMH. HaHJiyq- 
uine pe3yjibTaTbi (64% AHBHHHjia, 
CHHTan Ha nponymeHHbiH ojie<|)HH} 
dbiJin ero noJiyneHbi npn nponycxa- 
hhh SyTHJieHa c 84% boahhoto napa 
Ha a  yrjieM Ha SncKBHTe npn 750° 
B pe3yjibTaTe KpeKHHra OyrajieHa 
o6pa3yiOTCH MeTaH, HH3mHe h bwc- 
niHe Henpe^ejibHbie yrjieBOAopoAbi:

Phc. 46. PaBHOBecHbie nnySHHbi Ae- 3C4H8 —► C8H14-f C3H6 +  CH4
niApHpoBaHHH napa<})HHOBbix yrvieBO-
AopoaoB, BbiMHCJieHHbie A. A. B B e a e H -  JlHrnb HeCKOJIbKO JieT cnyCTH

CKHM- nocjie padoTbi A. H. flKySnHK,
r” “r / - S S . T r A. rpocc, * .  Moppeji h B. Mot-

TOKC [21] npOBeJIH CHHTe3 JJHeHOB H3 
OJie(J)HHOB HaA KOHT3KTOM H3 4 % O 20 3 Ha 3KTHBHOH A120 3 npH nOHH- 
HieHHOM âBJieHHH h 500^600° H3 6yTHjieHOB c noBTopHbiM nponycKOM 
HaA KaTajiH33TopoM hm yAajiocb nojiynHTb 66—79% ah bh h h ji3, H3 neH- 
TeHa-2—-30—40% nnnepnjieHa, H3 2-MeTHji6yTeH-l hjih 2-MeTHji6yTeH-2— 
AO 22 % H3onpeHa.

H. JX. 3ejiHHCKHH c coTpyAHHKaMH [22] H3ynajin AerHApHpoBaHHe 
6yTHjieHa HaA pa3HbiMH KaTajiH33TopaMH, H3 KOTopbix Han6ojiee npn- 
toahoh OKa3aJiacb aKTHBHajr Cr20 3. Flpn 600° nojiynajiocb 82 ?o ahbh- 
HHJia ot pa3Jio»eHHoro dyrajieHa. 3tot K3TajiH3aTop hco6xoahmo na>K- 
Abie 1,5—2 naca pereHepnpoBaTb B03AyxoM (b TeneHHe 12— 15 mhh.) 
AJih  yAajieHHH Konca.

H jih nojiyneHHH 6yTeHa H3 6yTaHa jiyqniHM KaT3JiH3aTopoM hbjihji- 
ch , no-BHAHMOMy, Cr20 3/Al20 3 npn 425—450° A-an nojiyqeHHH >Ke 
AHBHHHjia H3 SyTeHOB HyjKHbi 6ojiee BbicoKHe TeMnepaTypbi (700— 
750°). B npoH3BOACTBeHHbix ycjioBHux nojiyneHne ah bh h h ji3 npoBOAHT 
H3 OyTHjieHa b OAHy ct3a h k>, a H3 SyTaHa—b ABe.

TaKHM o6pa30M, 6mjio ycTaHOBjieHO, hto C2- h C 3-coAep>KaunHe na- 
pa(])HHbi o6pa3yioT npn AerHApnpoBaHHH TOJibKO ojiecjiHHbi, a C4- h C5- 
coAep*aui,He—ojieiJiHHbi hjih AHojiecfwHbi.

HecMOTpn Ha pa3BHTHe xhmhh cHHTeTHnecKHx naynyKOB Ha 6a- 
3e AHBHHHjia, HHTepec k H3onpeHy HHKorAa He ocjia6eBaji,
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h nojiHH3onpeHOBbie KayqyKH, 6.iH3KHe no cbohctb3m h- cipyKType 
k  npnpoAHbiM KayqyKaM, Bcerua npnBJieKa/in BHHMaHHe Hccne^oBaieaen. 
B pe3yjibTaTe cnHTe3a noAHH3onpeHOBbix KayqyKOB Ha ocho- 
Be H3onpeHa b jiaSopaTopHbix ycAOBHnx noAyqaAHCb no;iHMepbi, 
ycTynaiomne no cbohctb3m npnpoAHbiM THnaM KayqyKOB. OjHaKO, 
b pe3yjibTaTe padoT, npoBe^eHHbix A . A. K opotkobum c coipyAHHKa- 
mh, 6biji pa3pa6oTaH pauHOHaAbHbift motoa cHHTe3a ^«c-noAHH3onpe- 
HOBoro Kayqyxa, 6ah3koto no cbohm cbohctb3m k npHpoAHOMy Kayqyxy 
[23a]. H3onpeH ao HeAaBHero BpeMeHH hbahach TpyAHOAOCTynHbiM Tex- 
HHnecKHM npo^yKTOM. /Jah nojiyneHHH ero 6biJio npeAAOH<eHO MHoro 
MeTOAOB, H3 KOTopbix HaH6oAee crapbiM cnocodoM HBjineTCH AenoAH- 
Mepn3auHH ^HneHTeHa H3 cKHnn^apa (H3onpeHOBaa AaMna rappneca) 
c MOAH(})HKauHeH H. H. OerpoMbicAeHCKoro:

CH3 yCH2—CH^
3̂ >C—CH C—CH3 -► 2CHa=C—CH=CH2

CH/ \ CH!_cH/  ^

A . E . OaBopcKHM 6biJi pa3pa6oTaH KaTaAHTHqecKHH chhtc3 H3onpeHa 
H3 aueTHjieHa, KOTopbift, BBHAy caohchocth, He noAyqHA TexHHqecKoro 
pa3BHTHH. Tenepb HaHfioAee paunoHaAbHbiM cqHTaeTCH nojiyqeHHe H30- 
npeHa MeTOAaMH AerHApHpoBaHHH neHTaH-neHTeHOBbix <])paKUHH npo- 
MbimjieHHbix ra30B. PeaKUHH npoTeKaiOT no CAeAyiomeii cxeMe:

CH2=C—CH2—CHs +  H2
I
CH,

ch3—c= ch—ch3 +  h2
I

ch3
CH3—CH—CH= CH2 +  H2

I
ch3

3 th KaTajiHTHqecKHe npoueccbi pa3AeAJHOTCH Ha oaho- h ABycra- 
AHHHbie. OAHOCTaAHHHbift npouecc ocymecTBjiaeTCH no HanpaBAeHHHM:

1) AernApHpOBaHHe H3oneHTaHa hah H3oneHTaH-H3oneHT8HOBbix 
(|)paKUHH;

2) BbiAeAeHHe H3onpeHa H3 ra30B nnpoAH3a Het[)THHbix yrAeBOAopo- 
AOB.

ZlBycTaAHHHbie npoueccbi ocymecTBAhkjtch no cxeMe: AerHApupo- 
BaHHe H3oneHTaHa b H3oneHTeH c nocAeAyioiuHM KaTaAHTHqecKHM npe- 
BpameHHeM H3oneHTeHOB b H3onpeH HaA pa3AHqHbiMH KaiaAH3aTopaMH 
npn 500— 600 npouecc ocAo>KHHeTCH TeM, uto npH AerHApnpoBaHHH 
neHTaHOB o6pa3yeTcn MHoro H30MepoB, ho npaKTHKa noKa3aAa, hto 
Bee ohh npn BbicoKHX TeMnepaTypax npeBpamaioTCH b H3onpeH b CHAy 
6oAee TepMOAHHaMuqecKofi ycTofiqHBOCTii coeAHHeHHH c conpHweHHbiMH
CBH3HMH.

CH3—ch- ch2- ch3 

CH,
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PeaKUHH AerHflpnpoBaHHH H30^MHjieH0B SHAOTepMuqHa h MomeT 
6biTb Bbipa>KeHa o6iuhm ypaBHeHHeM:

CSHJ0 —► C5H8 +  H2 — 32895. kqa

He yKa3biBan Ha MHoroqucjieHHbie pa6oTbi h aBTopoB, mo>kho OTMe- 
THTb, uTOA-au 3thx peaKuuft OHeHb npHroAHbi KaiajiH3aTopbi: OKHCH xpo- 
Ma, MOJinS^eHa, BOJib(f)paMa hjih ypaHa Ha KH3ejibrype, rjiHH03eMe, 6okch- 
Te, SeHTOHHTe h aP- nojiyqaeMbift H3onpeH nocjie (JjpaKUHOHHpoBaHHu 
noA aeHCTBHeM He6ojibiuHx Ao6aBOK 3JieMeHTOopraHHqecKHx coeAHHeHufi, 
no A. A. KopoTKOBy, npeBpamaeTCH b JiHHeuHbie nojiHMepbi, no cbohct;- 
BaM 6jiH3KHe k npHpoflHbiM KaynyKaM.

7. flerHAP0HHKJIH3aHHH

ripeBpameHHH ajiu^araqecKHx ymeBOAopoAOB b apoMaTHqecKne 
HBJiBJiHCb npe^MeTOM nccjie^oBaHHH eme b XIX b . 3ra 3a^ana npu- 
odpejia oco6yio ocTpoTy h 3HaneHne b Hame BpeMH ^jih noJiyqeHHH He- 
^eTOHHpyiomero TonjiHBa, HHAHBHAyajibHbix apoMaraqecKHx yrjieBO- 
AOpO^OB H HX npOH3BOAHbIX. Bee 3TH npOUeCCbl H3BeCTHbI nOA Ha3Ba- 
HneM a p O M a m m a y u H .  CjieAyeT, OAHano, pa3JiuqaTb Aua THna apoMaTH- 
3au,HH— m e p M M e c K y f O  h K a m a A u m m e c K y to .

TepMHnecKan apoMaTH3auHu 3aKjnonaeTcn b BbicoKOTeMnepaTyp- 
hom npeBpameHHH ajiHcJjaTHnecKHx yrjieBOAOpoAOB b apoMaTHqecKne. 
Ha 3tom ocHOBan KJiaccuqecKHH chhtc3 6eH30Jia H3 aueTHjieHa (M. Bep- 
Tejio). B AaJibHeflHieM, npoBOAu stot npouecc npu 600— 700° nojiyqajm 
AO 60— 90% jkhakhx np.oAyKTOB c coAepJKaHneM b hhx apo.\iaTHqecKHx 
yneBOAopoAOB ao 50%. MeTOA apoMaTH3aiXHH He(})TH, t . e. nupojiHTH- 
qecKoro pacnaAa ee npn 700— 800° cJiyjKHji oaho BpeMH HCToqHHKOM 
AJiH noJiyqeHHH 6eH30Jia, TOJiyoJia h KCHJiojia.

Eme b 1877 r A. A. JIcthhh [23] nojiyquji npn nHpojiH3e He(J)TH 
apoMaTHqecKne yrjieBOAopoAbi. 3 tot cnoco6 6biJi 3aTeM ycoBepmeHCT- 
BOBaH HHJKeHepOM HHKH(jx)pOBbIM (189 S r.) COBMeCTHO C H. JX• 3e.THH- 
ckhm, KOTopbifl pa3pa6oTaJi 3tot npouecc. B 1902 r. b KuHeuiMe 6biJi 
nocTpoeH 3aBOA no nojiyqeHmo H3 He(])TH 6eH30Jia, HHTpo6eH30Jia h 
aHHJiHHa.

B 1936 r noqTH oAHOBpeMeHHO b Tpex JiadopaTopuux CTpaHbi 6bi.i 
pa3pa6oTaH MeTOA KaTaJiHTuqecKou apoM3TH3auHH napa(|)HHOBbix yrjie- 
boaopoaob, ObiCTpo HameAHiHft npaKTHqecKoe npHMeHeHne. B. JI. Moji- 
AaBCKHH h r  JX- KaMymep [24] OTKpbiJiu, qTomapa(])HHOBbie ymieBOAO- 
poAbi otC6 h Bbirne npn nponycKaHHH HaA Cr20 3 npn 470° npeBpamaiOTea 
b apoMaTHqecKne. B. A. Ka3aHCKHH h A. O. ELnaTS 425] pa3pa60Ta.u1 
3tot >ue npouecc Ha njiaraHupoBaHHOM yme npu 305—310° B. M. Kap- 
uceB, T M. CeBepbHHOBa h A. H. CH30Ba [26] ycTaHOBHjiu, qro apoMa- 
TH3auHH napacjDHHOB npn 500—550° npoTeuaeT HaA xpoMOBO-MeAHbiM 
KaTajiH3aTopoM, ho peaKUHH conpoBO>KAaeTCH qacTHqHbiM KpeKUHroM.

B cbohx pa6oTax B. JI. MoJiAaBCKHH noApodHO onucbipaeT npouecc 
UHKJiH3auuH. OKa3aJiocb, uto noJiyuaiomuecH apoMaTHqecKHe yr.neBO- 
AopoAbi HMeioT to >ue quc.no yrjiepoAHbix aTOMOB, uto h ucxoAHbie:
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h -rencaH AaeT 6eH30Ji (17%), H-renTaH—Tojiyon (26%), H-OKTaH—o-kch- 
a o a  (63%). Ô HOBpeMeHHo nojiyqaeTCH ao 1096 cooTBeTCTByioiuHx 
ojiec})HHOB. Bbixo^bi apoMaTHMecKHx yivieBOflopo/ioB y Be.ihHHBaiOTCH c 
noBbimeHHeM qnc^a yniepoAHbix aTOMOB b HopMa.TbHOH uenn napa(|)HHa.

KaTajiH3aTop Ka3aHCKoro h IljiaTa AaBaji MeHbiiiHe BbixoAbi apoMa- 
THqecKHX yrjieBo^opoAOB (ao 35% 3a TpexupaTHbin nponycn), ho 3aTO 
AOJlbme COXpaHHJl CBOIO aKTHBHOCTb.

B Ta6.n. 20 npHBeAeHbi oTHOCHTe.ibHbie BbixoAbi apoMaTunecKHx 
yrjieBOAopoAOB H3 napacJwHOBbix, noJiyueHHbie B. Jl. M oji^bbckhm ii 
f  XI,. KaMymep, B. A . Ka3aHCKHM h A . O. n./iaT9.

TAB.TMIiA 20
Blixoa (b %) no flamibiM:

HcxoflHbift napacJwH B. Jl. MonjaBCKoro B. A. Kâ aHcKoro
h r. A- KaMjmep n A. <t>. n.naTB

tt-reKcan
wTenTaH
«-OKTan
ZlHH3o6yTHA
/I,HII30aMH.T

17
26
63
36
82

1.7 (3a flBa nponycKa) 

10
35 (3a Tpii nponycKa)
8.7

B npouecce pa3BHTHH padoT no AerHApouHK.TH3au.nn 6bimi H3yqeHbB 
h MHonie ApyrHe Kaia/iH3aTopbi, H3 KOTopbix HaHdojiee aKTHBHbi: T i0 2, 
M oS2, Cr20 3. A120 3, Cr20 3-Cu0, A l.,0 3-Cr.,03, AaiomHe 30—49%
apoMaTHuecKiix yrjieBOAoppAOB 3a nponycn. ripuMeHeHiie s t h x  KaTa.TH- 
3aTOpOB Ha HOCHTeJIHX 3HaLlHTe.TbHO nOBbimaeT cpoK HX CJiy>K6bI.

XI/ih AerHApouHKJiH3auHH b nocjieAHee BpeMH pa3pa6oiaHbi cneuna.Tb- 
Hbie cToiiKHe KaTa.fiH3aTopbi, HanpuMep 8°o Cr20 3 Ha A120., h ocodeHHo 
cwecb V20-, Cr20 3, MoO., Ha A120 3, AaiomHe 3a nponycn npn 550° ao 
73 %  TOJiyojia h ao 97% npn noBTopHbix nponycuax [22]. B KauecTBe 
npuMepoB Apyrux KaTajni3aTopoB, HcnbrraHHbix c stoh uejibio, mo>kho 
npHBecTH T3K>Ke Mo02, 10% Mo02/A120 3, A1P04, 20°o Mo02/A1POj, 
10% Mo02 Cr,03, pa3.THHHbie MO.TudAaTbi, BaHaAara h t . a.

C.TeAyeT OTMeTHTb, hto npn peauunax UHK.TH3auHii ;j,o.T>KHa noJiHo- 
CTbK) OTCyTCTBOBaTb BOA3, TaK KaK OHa OTpaBJIHeT KaTa^H3aTOpbi; no- 
c.ieAHiie nepeA npoueccoM odbiMHo aKTHBiipyioT boaopoaom npn 500L 
PereHepauHio oTpadoiaHHbix KaiaJiH3aTopoB npoBOAHT ropauuM B03Ay- 
xom , modbi BbiHieub yrojib, OT.TaraioiuHHCH b KommecTBe 5— 10%.

Ilpouecc noJiyqeHHH apoMaTHuecKHX yraeBOAopoAOB H3 ajiHcfiaTHue- 
c k h x  ueKOTopbie aBTopbi Ha3biBa7iH- deeudponiiKAodezudpupoeaHiieM. 
cooTBeTCTBeHHo nopnAKy npoMeuiyTOHHbix peanuHH, npoHcxoAumux npn 
3aMbiKaHiiH KOJibUa. 3 tot TepMHH HeyAoOeH ath ynoipedJieHHH h or 
BCKope 6biA 3aMeHeH do.iee KpaTKHM—dezudpomiK.iu3au,ufi.

npHHUHHHa.TbHO AerHApOUHK.TI13aUHH npeACTaB.THeT CTO.Tb npocTOH 
npouecc, mto HeKOTopbie aBTopbi Bbipa>KaK)T yAHBJieHHe, noqeMy oh ho 
6bIA OTKpbIT paHbUie.

Mexann3M AerHApouiiK.TH3auHH H3ynaACH pa3.nmHbiMH HCCAeAOBa- 
TejiHMii, ho h ceuqac oh BbincHeH eiue HeAOCTaTOUHO. CqHTaiOT, uto
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MOJieKyjibi ajiH(f)aTHqecKHx yrjieBOAopoAOB b napoBoft (J>a3e H3orHyTbi b 
npocTpaHCTBe Tax, mto npn BbmejieHHH AByx aTOMOB BOAOpOAa o6pa3yeT- 
ch reKcaMeTHJieHOBbift yrjieBouopoA, KOTopun 3aTeM uHK/iH3yeTCH h 
.AeruApupyeTCH. TaxHM o6pa30M, npouecc AeruApouHKAH3auHH mo>kho 
jipeACTaBHTb npoteKaiomHM b Tpu (J)a3bi:

CH8
/

h2c ch2—ch3 nerHApHp0.

H2C CH2 eaHHe

CH2

HC CH2—CH3
| | UHKJIH3aUHH

h2c ch2 ------

ch2 CH,
CH2

h2c ch2—ch3 AernflpHpo-
h2c ch2

\  /
ch2

B3 HHe

CH
^  \

HC C-CH3
•I II

HC CH
/

CH

3 r a  o6iuan cxeMa HeAocTaTOUHa, Tax xax OHa He yqHTbiBaeT pojiH 
JKaTaJiH3aTopa. P. nuTKeTJiH h X. OreuHep [27] cnuTaiOT, hto npouecc 
npoTexaeT no AynjieTHOMy MexaHH3My, connacHO MyjibTHnjieTHOH Teo- 
pHH BajiaĤ HHa, uepe3 craAUK) n o A y z u d p u p o e a H H o a o  c o c m o n n u H - .

CH3(CH2)5CH3

ch2—ch2 ch2—ch2
/  \  -H« /  \

h2c ch2 --------h2c ch2

^CHsjH CH2—CH3 XCH2 CH2—CH3

X  x
nojiyrHApnpOBaHH oe 

coctohhh e

t i - H*ii
ch2- ch2

/  \
h 2c ch2—ch3

\
CH—CH2

x  x
6npaAHKaji

h2c

ch2- ch2
/  \

CH,

^CH,—CH-CH,

x  x X X

It*i 1
—3Ho

ch2—ch2
/  \

H,C CH2—CH3
' \

ch= ch2

CH-CH

HC CH
\  /

CH=C—CH3
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KaK bhaho H3 cxeMbi, Bc-ieACTBHe OTpbiBa o^Horo aTOMa H ot CH3- 
rpynnbi no^yqaeTCH noJiyrHApnpoBaHHoe cocTOHHne, mto o6/iernaeT 
CTHTHBaHHe aTOMOB 1 H 6 Ha HaXO^HIUHeca pHAOM 3KTHBHbie UeHTpbl H 
TeM caMbiM u.HKjiH3auHK). 3 toto MexaHH3Ma b HacToamee BpeMH npH^ep- 
>KHBaeTCH pHA HCCJie^OBaTeJieH. C^HTaiOT, ITO ABOHH3H CBH3b B o6pa3yio- 
meMca ojiec})HHe mojkct, KpoMe Toro, MHrpnpoBaTb b jno6oe B03Mo>KHoe 
MecTO uenn, Sjiaro^apa neMy, HanpHMep, rencaH b aACop6HpoBaHHOM 
COCTOHHHH MOHieT 33HHMaTb TpH pa3JIHMHb!X nOJIO>KeHHa:

2 3
6 5

6
1 2

4 / #  #

< i - Z+

X  X X  X X  X

C TOHKH 3peHHH TeopHH BepOHTHOCTeft nepBOe H3 3THX nOJIOHieHHH 
jierKO npHBOAHT k 3aMbiKaHHio Ko/ibua, TaK KaK bo Bcex hhmx nojio>Ke- 
hhhx KOHueBbie aTOMbi yaajieHbi ot c(J)epbi achctbhh noBepxHOCTH 
KaTajiH3aTopa.PaCCMHTaB BepOHTHOCTb UHKJIH33IIHH, MO>KHO npe^CKa3aTb BbIXOA apoMaTHMecKHx yrjreBOAopoflOB. YBe^HMeHMe ajihhh uenn b ynneBOAO- 
po^ax noBbimaeT CTeneHb BeposiTHOCTH 3aMbiKaHHa KOJibua npn aAcopd- Uhh pa3JiHMHbix aTOMOB uenH h, KaK OTMeqeHO Ha npaKTHKe, noBbimaeT BbixoA- HanpHMep ajih H-HOHaHa, BCJieACTBHe yBejiHneHHH nncjia B03- MO/KHOCTeft A-7IH UHK^H3aUHH, BepOHTHbl MeTbipe BapH3HTa UHKJIH3a- 
lihh:

8 7
5 4

'  1 2 y*3
m—• /

x x
X  X

X  X

8 7

X  X

KaK 6biJio yKa3aHO, apoMaTH3au,Hio aAH(})aTHqecKHX yrAeBOAopoAOB 
CnOCOCHbl npOBOAHTb KaK OKHCHbie, TaK H MeTaAAHMeCKHe KaT3AH3aTO- 
pbl, HO OHH pa3AHHHO BAHHK5T Ha MeX3HH3M peaKUHH. Ha 3TOM OCHOBa-

18 D. H. Ao-nroB
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hhh C. P CeprneHKO [29] cnnTaeT, mto AernApouHKAH3aunH MO>KeT npoTeKaTb no AByM pa3AHHHbiM MexaHH3MaM. Ha okhchhx KaTajin- 3aTopax THna Cr20 3 npouecc mast no cxeMe:
napâ HH-̂ aHepreTHMecKaH ,ne<j>opMauHH MOJieKyji-»-o.ne4>HH-»-Ha<l>TeH — 

—►apoMaTHMecKHH yr̂ eBOflopofl

Ha MeTajiJinnecKHx KaTa;iH3aTopax THna Pt:

napac|)HH-*-3HepreTHMecKaH fle^opMauHH MOJieKy.n— Hattn'eH— 
-♦apoMaTHHecKHH yrJieBÔ opoflII,HKJiH3anHH Hafl OKHCHbiMH KaTajiH3aTopaMH npoTeKaeT no AynjieT- HOMy MexaHH3My, HaA MeTajiJiHnecKHMH—no ceKereTHOMy. OAHaKo, bhahmo, b odonx CAyqanx B03Mo>KHbi oAHOBpeMeHHo h AynAeTHbie H cencTeTHbie MexaHH3Mbi peaKunn. A. O. njiaTa [30] cnnTaeT, hto Ha 

Pt H3 ajiH^aTHnecKHx yrjieBOAopoAHbix nenen odpa3yK>TCH inecTHqjieH- Hbie nojiHMeTHASHOBbie nnKAbi, KOTopbie 3aTeM AerHApnpyioTCH b apo- 
MaTHnecKHe yrjieBOAopoAbi.

C. P. CeprneHKO unKJiH3aunio Ha AynJieTe onncHoro KaTaAH3aiopa odtHCHHeT cjieAyfomen cxeMon:
h2C:

/CH2—CH„V. a yH ̂
CH^

H . -HHJIH
h2c:

/CH.-CH, 

"CH„— CH^
SCH —

CH=CHX 
H2C/  XCH

\ :H 2-C H ^

t
i

ch2— ch2
/ \
:  h - ......CH
\  /

ch2 ch2
\ /

ch2- ch2

h2c CH,
v /
ch2—ch2

CH=CH
/  \

HC CH

CH-CH

Ho OH, OAHaKO, CHHTaeT B03M0JKH0H H nJIOCKOCTHyiO OpneHTaUHK) MO- 
jieKy.n UHKAoreKcaHa Ha aKTHBHbix neHTpax KaTaAH3aTopa, hto co- 
BnaAaeT c yTBepjKAeHneM A. O. njiaTs [30], AonycKaiomHM, hto Ha njia- 
THHe H3 napatjwHOBbix yrjieBOAopoAHbix uenen odpa3yiOTCH apoMam- 
necKne mecTHnjieHHbie uhkah qepe3 ceKCTeTHbin MexaHH3M. Moackv- 
Aa napafynna cnepBa aACopdnpyeTCH Ha ceKCTeie, ho AaAbHeninne npe- 
BpameHHH npoTenaioT no AynAeTHOMy MexaHH3My

npaBHAbHOCTb TaKoro npeAnoAOJKeHHH dbiAa AOKa3aHa A. Jl. Jln- 
deptoaHOM [31], ycTaHOBHBuiHM, mto 3,3-AHMeTHAreKcaH Ha nAamHH- 
poBaHHOM yrAe npn 300° odpa3yeT TOAyoA n î-kchaoa nepe3 npoMe>Ky-
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TOMHyiO UHKAH3aUHK) B 1, 1 -AHMeTHAUHKAOTeKCaH C riOC/ieAyiOIUHM ^e- 
nupHpoBanHeM h H30Mepn3auHefi no cxeMe:

2 _H2

H3<\

h/

CH,

\

H,C
V

ch3
\

ch2

kna
CHo

ch3

—2Hj u +  ch4

CHo

n _
%/■

CH,

CMHTaJiocb, mto A e rH A p o u H K J iH 3 au H H  no^BepraioTCH AHiub Te ajin- 
(J)aTHMecKHe yrAeBOAopoAbi, KOTopbie couepwaT b HopMajibHofi uenH He 
MeHee 6 aTOMOB yrAepoAa. BnocAeACTBHH paSoiaMH E . TepHHrTOHa h 
E . Pefl^HJia [28] 6bi.no, oAHano, yciaHOBAeHO, mto AerHApouHKAH3auHH 
noABepraiOTCH h H30MepHbie reniaHbi h oKTaHbi, HMejomne b ochobhoh 
uenn 5 aTOMOB yrjiepoAa. HaA KaTaAH3aTopoM A120 3 Cr20 3 npn 475° 
ohh AaioT 3HaHHTejibHbie BbixoAbi apoMaTHMecKiix yrjieBOAopoAOB. Ha
3T0M 0CH0B3HHH MO>KHO CAeJiaTb BbIBOA, HTO MeX3HH3M AerHApOUHKAH- 
33UHH OneHb CAOHieH H COnpn>KeH C H30MepH3aUHHMH, BeAyiUHMH K 
npeBpameHHK) opraHHuecKHX coeAHHeHHft b 6ojiee TepMOAUHaMnnecKH 
ycTOHMHBbie apoMamnecKHe uhkah:

C—C—C—C—C

«* A
c—w—c—c—c

I I I  —c c c
V n —CHg +
I J - a C

ch3

/fi\_ru
CHl

C

C—C—C -C -C - -
/  I c c

c
\c -c -c -c -c----
/c c

CHo

0 - CH.

CH _ n - cH>
!

06pa30BaHiie mecTHqjieHHbix apoMaTuqecKnx KOJieu H3 H30MepHbix 
remaHOB hah oKTaHOB, HMeiomux b HopMaAbHofi uenn AHiiib 5 aTOMOB 
yr.nepoAa, npoTei<aeT uepe3 H30Mepn3au.HR) Ha noBepxHOCTH KaraAH3a- 
Topa, b pe3yAbTaTe KOTopoft oahh H3 aTOMOB yrAepoAa nepexoAHT H3 
Cokoboh uenn b TAaBHyK), Ao6aBAHH Heo6xoAHMbift aah uhkah33uhh uie-
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ctoh aTOM. 06iu,yio cxeMy TaKoro npouecca Ha aKTHBHbix ueHTpax (x) 
mo>kho npe/i,CTaBHTb t3khm o6pa30M: cnepBa nponcxoAHT AerH^pupoBa- 
Hue h a,zjcop6uHH MOJieKyjibi AynJieTOM (I), 3aTeM—HHKJiH3auHH h ne- 
pexofl b no^yrHApnpoBaHHoe coctohhhc (II). 06pa3VEomHHCH npn 
3T0M a^COpSHpOBaHHblH aTOM BOAOpO/ja pa3pbIBaeT nHTHHJieHHOe KOTIb- 
uo, npeBpamaa TeM caMbiM uenb b HopMaJibHyio. Elocjie stoto CHOBa 
npoHcxô HT â copSuHH Ha flynjieie (III), 3aTeM—UHKJiH3auHH (IV) 
h b KOHeMHOM HTore— o6pa30BaHHe TOJiyo/ia:

ch3

CHo CH,
- h 2CHo—CH,—CH—CH—CHo — h3c

CH
/ \

CH—CH, —

H,C—CH

H2C-
I

h2c

CH

-CH—CH3
-I..  H
CH—CH3

+

I
CH,—CH,

----► H/
\

CH,
-Ha

CH—CH—CH,

CH2-CH,
III

CH—CH
/  \  —2H2 ^  ^-----► H2C CH2 __ ^  HC CH
V .  / . . .  /
CH— C—CH, CH=C—CH,

IV
Ilapa(|)HHbi hjih o/ie(J)HHbi, co^ep>Kaui,He 10 h 6ojiee aTOMOB yrjie- 

po.ua, odpa3yioT apoMaTHHecKHe ymeBO/jopo/ibi c KOHfleHCHpoBaHHbiMH 
KOJibuaMH: H-^eKaH npeBpamaeTcn b HaijrrajiHH, H-Teipa^eKaH—b aH- 
TpaueH h (JieHaHTpeH:

—7H2
rV /

/ \ /  v
C C

c c c c
\  /  \  /  \  /c c c

- i Q H a
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C C
/  \  /  \

C C C _ ioh2

C C C

<r v  v  v
d c
\  /

AHajiorHMHbiM o6pa30M apoMaTHMecKHe yr.ieBOAopoAbi c AocraTOBHo 
,H,JlHHHbIMH ajIKHJIbHbIMH UenHMH MOryT 3aMbIKaTb AOnOJIHHTeJlbHblH 
uiika; Tan, Symidensoji o6pa3veT 43% HacJrrajiHHa [32]:

H3C
\

^ 2  —3H2
ch2 *

/
ch2

n
\ / \

Flo ^aHHbiM C. P CeprneHKO [33], H3oaMH.i6eH30Ji npH 475° HaA 
CrA I-KaTajiH3aTopoM o6pa3yeT -̂MeTHJiHâ Ta.THH n npoAyKTbi KpeKiiH- 
ra GoKOBbix uenefl:

CH,
S \ / CHiU

CH
/  \

H,C CH3

nn_
\ / \ ^ CHa

C0H5-CH3
C0H5-C 2H5
c,h 3- c3h7
CflH5—C4H9

A.fiKii.iapoMaTHMecKiie yr.ieBOAopoAbi motyt AeniApnpoBaTbCH b 6o - 
jiee c.'io>KHbie coeAHHemiH; Tan, npii fiobtophom nponycxe mnyojia HaA 
CrMo-KOHTaKTOM npn 475 6wah nojiyneHbi cTHjibSeH (I) h aHTpaueH 
(II); peaKiuiB, BepoHTHO, npoteKaeT no CYieayiomeH cxeMe:

CH=CH

i

\ / \

—3H2

II



278 rji. IV. KAT AJ1HT HHECKOE METHffPHPOBAHHEHHTepecHO OTMeTHTb, hto H-HOHaH o6pa3yeT npomi.i- h MeTi-uiSTHJi- 6eH30Ji, ho OTMeqeHbi h cjie^bi HHAeHa, t . e. HMeeTCH TeĤ eHHHH k o6pa- 30B3HHK) H nHTHMJICHHOrO UHKJia:
C

/c
c
V /c

ch2

B03M0>KH0CTb 06pa30BaHHH nHTHH/ieHHbIX UHKAOB npH3H3K)T MHO- 
rne aBTopbi [28]. Flpn ^erHj^poHHKJiH3au,HHX b mecTHHJieHHbie uhkjiu 
b KanecTBe noOoHHbix npoAyKTOB o6pa3yiOTCH UHKJioneHTa^HeH h 4>y;ib- 
BeHbi. llocjieAHHe OKpauiHBaiOT KOH^eHcaTbi b HcejiTbift u,BeT h coAepa<a- 
mne hx (JjpaKUHH AaiOT Bee peaKunn Ha 4>y,ibBeHbi.

06pa30BaHHe <})yjibBeHOB mo>kho npHnHcaTb H30MepH3auHH rnecTH - 
qjieHHbix uhkjiob b nHTHqjieHHbie c nocjieAyiomHM AerHApnpoBaHHeM:

I II
ch3 ch2

B. A. Ka3aHCKHfl h A. JI. JlndepMaH [34] ycTaHOBHjiH, hto Haj 
nJiaTHHOH Ha yrjie npn 300° K-renTaH h «-0KTaH o6pa3yK)T npn AerHA- 
pouHKJiH3auHH 10— 11% roMOJioroB HHKJioneHTaHa, mto 6hjio AOKa3a- 
ho cneKTpocKonnqecKH (odHapynceHbi xapaKTepHbie jihhhh ajih w-npo- 
nHJiUHKJioneHTaHa h STHJiHHKJioneHTaHa). B Aa-abHeftmeM B. A. Ka3aH- 
CKHH C COTpyAHHK3MH [35] B TeX >Ke yCJIOBHHX nOJiyHHJIH H3 H300KT3Ha 
(JjpaKHHio, coAep>KaBmyio 65% 1,1,3-TpHMeTHJiuHKJioneHTaHa; o6pa3o- 
BaHHe nocjieAHero aBTopbi oStjechhiot cxeMoft:

ch3- ch- h2cx  /GH3 _ Hz ch3—CH— 

ch3 h3c/  \ ch3 CH2-

06'bHCHeHHH npeBpameHHH napa(|)HHOB b apOMaTHqecKHe yrjie- 
BOAopoAH X. Xyr, Oepxeflc h O. 3ioHAepBer [36] npeAJiaraioT cjie- 
Ayiomyio o6myio cxeMy, b KOTopofi jno6oe H3 HanpaBJienHft TepMOAHHa- 
MHHeCKH B03M0JKH0:

OJie({)HHbI ■ * - -  Cn^2f? + 2 Ha<J)TeHbI

I
—*- apOMaTHqecKHe ■*— 

yr̂ eBOAopoflbi

B 3toh cxeMe HanpaBJieHHe napa([)HHbi— apoMaTHqecKHe yrjieBOAO- 
poAbi HBJiaeTCH npHHUHnnajibHO hobhm.

TepMOAHHaMHKOH npOUeCCOB AerHApOUHKJIH3aHHH 33 HHMaJIHCb MHO-
rne aBTopbi. H3 dojibiuoro qncjia padoT b ra6 j\ . 21 npuBOAUM HanSonee
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TOMHbie aaHHbie o . Pocchhh c coTpyflHHKaMH 137] no pacueTy TepMo- 
flHHaMHMeCKHX paBHOBeCHH RJ\H HeKOTOpbIX yr^eBOflopoflOB.

TABJ1HUA 2 I

napa(J)HHbi HopMajiLHoro cTpoenna 
b BHAe ra3a

ApoMaTHMecKiie > r^eBOAopoAbi 
b suae ra3a

Ko.t ime^TBO 
bu aeji h Blue roc h 

BOAopOAa

TeKcaH C6Hn 5eH30.i C6H6 4H2
TenTaH C7H1G To jiyo.i C7H8 4H2
OKTaH C8Hl8 3TH2l6eH30.1 CgH10 4H,
HoHaH CflH20 nponn.i6eH3o.i C9H12 4H2
H-AjiKaH + 2 «-A.lKll.l6eH30.1 C„H2„_6 411.,

CJiynan apoMaTH3auHH yivieBO/iopoAOB, yKa3aHHbix b Tafiji. 21, 
6biJiH BbmncjieHbi KOHCTaHTbi cxopocTH peaKUHH npn pa3Hbix TeMnepa- 
Typax (Ta6ji. 22).

TAB;um.\ jj

KOHCTaHTbi CKOpOCTH peaKUHH

TeMnepaTypa,
°K CoHu c7h16 CgH ih CgH2o C«H2/l+2

298 2,10 10-23 1,28 IO-20 1,45 IO-20 3,05 IQ-20 4,56 IO-20
300 3,93 10-23 2,31 IO-20 2,59 IO-20 5,46 10-20 8,09 l0-2«
400 3,82 10-13 6,54 lO-io 7,18 lO-io 1,42 10-9 1,90• 10-9
500 1,94 10-5 1,56 10-3 1,89 IO- 3 3,26 10-3 4,04 • 10-3
600 6,67 10-1 3,177 io-i 3,954 io-i 6,502 io-i 7,77 io -i
700 1,25 ]03 4,10 10* 5,22 10 8,28 10* 9,57-10*

1000 1,10 10» 1,78 I0i° 2,39 101° 3,57 1010 3, 92-101“
1200 2,32 ion 2,80 1Q13 3,87 101 — 5,57 1 013 5, 97- lOi2
1500 4,85 101« 4,51 lQi* 6,56 101* 9,29 101* 9,82- I0i*

TaKHM o 6pa30M, c TepMOAHHaMHHecKofi tohkh 3peHHH noBbiineHne 
TeMnepaTyp SjiaronpHHTCTByeT ucrH^ipouHk .i H3auH h, ho Ha npaKTHKe 
3T0 COnpHJKeHO C HapaCTaHHeM CKOpOCTH pa3JIHHHbIX noSoHHbIX peaKUHH. 
ripaKTHuecKHe TeMnepaTypbi ,nerH,npouHKJiH3auHii, c yneTOM cneuH(|)HKH 
KaTa/iH3aTopoB, h3xoahtch b HHTepBaJie 300—550°

Ha OCHOB3HHH oweHb 6oJibujoro, ho eme He aocraTOMHO o6o6meHHoro 
MaTepnajia mo>kho 3aKjnoHHTb, hto npouecc uerHjipounK.iH3auHH no^- 
MHHHeTCH CjieuyiOLUHM 33KOHOMepHOCTHM:

1. CuopocTb UHKJIH33UHH pacTeT no pa^y (Ta6ji. 23):
napa(j)HH<o.ie4)HH<uHK.ionapa(l)HH<unK.ioo.,ie4)HH

TAB.HIUA 23

Miicjio
aTOMOB C 

b MoaeK\^e

Bbixofl apoManmecKitx yr.ieBoAopoAOB ( b %) H3

napa(J>iiHOB CUiecjHIHOB J UllKJIO- 
n.p J(J)HHOB UIlKJlOOAetj IlhOB

Q 19,5 31 49 73
C- 40 69 49 —

C q 46 57 84 —

C„ 58 — — —



280 /Vi. IV. KATAJIHTHVECKOE HETHUPHPOBAHHE2. ZIjih HopMajibHbix napa(J)HHOB odpa30BaHHe apoMaTHqecKHX yrjie- Bo^opoAOB noBbimaeTCB £0 HeKOToporo npe^ejia c yBejiHqeHHeM yrjie- poflHon uenH (TadJi. 24).
TABJ1HUA 24

qncjio aTOMOB C 
b napaiJ)HHe

BbixoA apOMaTHHecKHX yrjieBOAOpOAOB (b %) 
no AaHHbiw:

B. Jl. MojiflaBCKoro [38] X. Xyra h flp. [36]

c6 19,5 17
c. 40 26
C8 46 63
C9 58 —3. n p n  ^erH/ipon,HKJiH3aii,HH odpa3yioTCH Bee TeopeTHqecKH B03- 

Mo>KHbie H30MepHbie apoMaTHHecKHe y  rjieB o^opoflb i:

/ ^ — C H 3

- chJ !  1

C—C-C—C—C—c—c
Ic

/ \ -ch3
—CHo

-CH,CH,AA-4. Pa3BeTBjieHHe uenefi hcxoahmx napa(J)HHOB odJierqaeT apoMaTH-
33UHK):

C—C—C—C—C—C o6pa3yeT 19,5% 6eH30.na 

C—C—C—C—C—C » 31,0% apoManmecKHX yrjieBOAopoAOB
I
C

C-C—C—C—C—C » 52% » »
! I

C C

5. npn apoM3TH3auHH odpa3yK>TCH roMOJiorn deH30Jia c TeM >Ke qwc- jiom aTOMOB yrjiepo^a.
6. ripoueccbi ^erH^pouHKJiH3auHH conpaJKeHbi c H30MepH3auHHMii, 

MnrpauHHMH, nepecTpoHKOH MOJieKyji, nosTOMy MeTHjinpoBaHHbie dyia- 
Hbi h neHTaHbi o6pa3yiOT pa3Hoodpa3Hbie apoMaTHqecKHe yrjieBo^opo^bi.7 npw ^erHflpouHKJiH3auHH nojiyqaiOTCH h npoH3BO^Hbie uhk.io - neHTaHa, qTO TeopeTHqecKH He ^ocTaToqHO odocHOBaHO.Ilpoueccbi flerHApoiiHKJiH3auHH, djiaroAapn npocTOTe h acJxJieKTHB- HOCTH, BbICOKHM BblXO/jaM npOAyKTOB H TeXHHqeCKOH 3HaqiIMOCTH, 6bl- CTpo noJiyqHJiH dojibmoe npaKTHqecKoe pa3BHTHe. ApoMaTH3auHH Hacp-



/. R E T H  R P H  POBAH HE CnH PTOB 281TeHOBbIX 6eH3HHOBC UeJIbK) nOBblUieHHH HX aH'nueTOHaUHOHHbIX CBOHCTB nocBBiueHO MHoro pa6oT. HanpnMep, no ash hum B. J l . MoAAaBCKoro 
b r  JX. KaMymep (38], npn apoMaTH3auHH renTaHOBbix (fipaKUHH rpo3- HeHCKofi, HiBHMSaeBCKOH h xâ bi>KHHCKOH He(])TH npn 530" HaA rejieoS- pa3HbiM GrAl-KOHTaKTOM nojiynaeTcn 31—40 Bec.% mnyojia 3a npo- 
nycK. n . n . BopncoB c coTpyAHHKaMH [39] KaTaAHTHnecKOH apoMaTH- 3auneH rpo3HeHCKoro 6eH3HHa noBbicnjin oKTaHOBoe hhcao c 59 ao 95 
(c 3 m a  T3C Ha 1 k s ) .

Bojibuioe 3HaneHHe npuodpejia KaTajiHTHqecKan apoMaTH3auHH 6eH- 
3Hhob, nojiyqaeMbix CHHTeTHnecKH H3 boahhoto ra3a, KOTopbie, 6Jiaro- 
Aapn HopMajibHOMy cipoeHHK) cocTaBJiniomHX hx yrjieBOAopoAOB, hmciot 
oqeHb HH3Koe OKTaHOBoe mhcjio. no âHHbiM C. B. TaTapcKoro, K. K. na- 
noK ii E, T CeMeHHAO [40], 6eH3HH nponycKa/in HaA K3TajiH3aTopoM H3 
5°o Mo0 2 Ha 95 %  A120 3 npn 500° Bo BpeMH npouecca napa(|)HHbi H3o- 
MepH30Bajmcb h npeBpamaAHCb b apoMaTHnecKHe yrneBOAopoAbi. 
B HacTOHiH.ee BpeMH nouyqatoT TOJiyou Taione H3 renTaHOBbix 
c[)paKUHH CHHTHHa. nocjieAHHe npH 480—530° HaA KaTajiH3aTopoM 
20% Cr20 3/Al20 3 o6pa3yioT ao 90°o KOĤ eHcaTa c 50% Touyojia.

Z ah yMeHbmeHHH K0KC006pa30BaHHH b HacTOHmee BpeMH pa3pa6o- 
TaH eudpocpopMum-npoyecc. Oh npeACTaBJineT AerHApnpoBaHHe h apo-
MaTH3aUHHD 6eH3HHOB H (jjpaKUHH He(])TH B npHCyTCTBHH KaTaJlH3aTOpOB
nou AaBueHHeM. Cb ipbe  noAorpeBaiOT ao 500—560°, cMeuiHBaiOT c pe- 
aKUHOHHbiM ra30M, coAepjKamHM 60—80% H2, h n p on ycK a ioT  cMecb HaA 
K a iaA H 3 aT op oM —nam e Bcero  Mo0.2/A120 3, KOTopbiu A en iA p H p yeT ,  uhk- 
jn i3 yeT  h yA a n n eT  c e p y .  n p o u e c c  BeAyT noA AaBJieHHeM ao 300 am. 
BbixoAbi apoMaTHnecKHX yrueBOAopoAOB aoxoaht ao 40—50 "o.

CoAep>KaHHe apoMaTHHecKHx yrueBOAopoAOB b rHApo^opMHpoBaH- 
HblX 6eH3HHaX MO>KHO AOBeCTH ao 80 "o.

3tot MeTOA b HacTOHui.ee BpeMH hbuhctch ochobhhm aah noAyqeHHH 
mnyojia.

3HaqHTeubHoe pa3BHTHe nojiyqHA Taioue HeuaTaAHTHqecKHH noAii- 
(popMiiHE-npopecc, 6jih3khh no cyiuecTBy k ruApo^opMUHry. Hecfvrb hjih 
KepocHHbi KpeunpyioT npH 600° b npucyTCTBim nponaHa hjih OyTaHa, 
mto cnocoficTByeT o6pa30BaHino apoMaTimecKHx yrneBOAopoAOB.

B. AErHflPMPOBAHHE KHCJIOPOACOflEPWALUHX COEflHHEHHH1. .̂erMApHpoBaHHe cnapioB
3HaqiiTeAbHoe BHHMaHHe HccueAOBaTeAeH oSpameHO Ha AerHApnpo- 

BaHHe pa3.TiiwHbix cnnpTOB c uejibio npeBpameHiin^Hx b a.ibAerHAbi inn neTOHbi:
RCH..OH RCHO

R\ _n<
\CHOH---- V  >CO

R'/ R '/
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3 tot nee pe3yjibTaT nojiyqaeTcn npn KaTajiHTHqecKOM OKHCJieHiin 
cnnpTOB, ho jern/jpHpoBaHHe HMeeT paA Ba>KHbix npeHMymecTB nepeA 
OKHCJieHHeM. KaTajiHTHqecKoe OKHCJieHHe npoHcxoAHT npn TeMnepaType 
400—500° hto conpa>KeHO c SHepreraqecKHMH 3aTpaT3MH, conpameHneM 
JKH3HH KaT3JIH3aTOpOB H HaCTO CO CHH>KeHHeM BbIXOAOB H3-3a noSOHHblX 
h BTopHHHbix peaKHHH; AerHApHpoBaHne hact npn 200—300° h cboSoaho 
OT yKa3aHHbIX HeA0CT3TK0B.

flo  AerHApnpoBaHHio pa3jmqHbix cnnpTOB 6biJin npoBeAeHbi onbiTbi
B. H. HnaTbeBbiM npn 500—800° b TpySnax H3 creKJia, (fiapijjopa, >Ke- 
Jie3a hjih n^aTHHbi; npn stom nojiyqajiocb mhoto KOKca, ra3a h HeMHoro 
ajibAerHAOB. npn 600° HaA Cu, Al, Pb, Sn, Bi, Sb h Mg cnnpTbi, no 
AaHHbiM B. H. HnaTbeBa, He AerHApnpyiOTCH. Ha'HJiyquiHM b stom ot- 
HomeHHH 0Ka3ajicn MeTajijmqecKHH uhhk h jiaTyHb, HaA kotophmh npn 
600° nojiyqajincb aJibAerHAbi hjih kctohm.

BojibuiHH HHTepec npeACTaBJineT HH3KOTeMnepaiypHoe AerHApnpo- 
BaHHe cnnpTOB HaA Cu, Ni, Co, Pt h Pd (npn 100—180°). BbiJio ycTa- 
HOBjieHO, hto HanjiyqmnM KaTajiH3aTopoM HBJiaeTca Tan Ha3biBaeMaa 
«(J)HOjieTOBa5i» MeAb (PI. CadaTbe), nojiyqeHHaa BOCCTaHOBjieHHeM bo- 
AopoAOM npn 180° ocaJKAeHHOH Cu40-H20. IlepBHqHbie h BTopnqHbie 
cnnpTbi ao aMHJiOBbix BKjnoqnTejibHO npn 250—300° AaiOT BbicoKne 
BbixoAbi ajibAerHAOB h kotohob, npnqeM BTopnqHbie cnnpTbi AerHApn- 
pyioTCH Aerqe. OAHano, HaqHHaa ot reKCHJioBbix cnnpTOB h Bbiuie, 
BbixoAbi ajibAerHAOB npH AcrnApnpoBaHHH HaqnHaiOT cHHHcaTbcn B CJieA - 
CTBne HapacTaiomefl TeHAeHunn cnnpTOB k AerHApaTauHH (noboqHOH 
peaKHHH):

RCH2CH2OH
RCH2CHO

rch= ch2
Mhcto apoMaTHqecKHe cnnpTbi, HanpHMep 6eH3HJioBbin, AaiOT Jinuib 

HedojibuiHe buxoah ajibAerHAOB H3-3a jierKOCTH rnApnpoBaHHH nocjieA- 
HHX BblAeJIJHOIUHMCH BOAOpOAOM:

C6H5CH2OH c6h5cho c6h5ch3 +  h2o

>KHpHO-apoMaTHqecKHe cnnpTbi, Kan h hhcto ajiwjiaTHqecKHe, 06- 
pa3yioT aJibAerHAbi hjih KeTOHbi; (3-(f>eHHJi3THjioBbiH cnnpT npeBpamaeT- 
ch HaA Cu-KaTajiH3aTopoM npn 300° b p-cfieHHjiaueTajibAerHA, ho c He- 
6ojibuiHM BbixoAOM, Tan nan oh qacTHqHO pa3JiaraeTcn Ha m iyo ji h CO:

C6H5CH2CH2OH —h_!̂  c6h5ch2cho — ► c6h5ch3 +  CO

npn AerHApnpoBaHHH HenpeAejibHbix cnnpTOB b pe3yjibTaTe BHy- 
TpHMOJieKyjinpHoro AerHApornApnpoBaHHH o6pa3yiOTCH npeAejibHbie 
aJibAerHAbi:

ch3ch= chch2o h ___ — ___► ch3ch= chcho
AerĤpnpoBaHiic

H*2
ch3ch2ch2choch3ch= chcho

rHflpiipoBaHiie
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H36HpaTe^ibHoe AeficTBHe KaTajiH33TopoB npoHBJineTCH h noA b.ih h - 
HHeM TaKoro 4>aKTopa, KaK H3MeHeHHe oSteMHOH ckopocth. B. H. ZIo.t- 
TOB C COTpy^HHKaMH [41] HaiUJIH, HTO 3THJIOBHH CnHpT npH o6T>eMHOH 
CKOpOCTH 150—500 B 33BHCHMOCTH OT TCMnepaTypbl Hafl Me^HblM aKTH- 
BHpoBaHHbiM K0HT3KT0M npeTepneBaeT cneAyioiuHe KaTajiHTHuecKHe 
npeBpameHHB:

CHoCH.,OH

- h2
- 200°

- 2 H 2

~250’

325—3403

CH3CHO 

CH3COOC2H5 

CH3COCH3 -f CH3CCX3H- n jp.

KoJiHnecTBeHHbix BbixoAOB ajibAerHAOB h ah  KeTOHOB npn Aen iApn- 
P 0B3HHH CnHpTOB H3-3a yCJIOBHH paBHOBeCHH nOjiyMHTb HejIb3B. 0 ,HHa- 
ko MHeHHe n. CaSaTbe, hto H3 C2H5OH nojiynaeTCH .iHuib 50% aueT- 
ajibAerH^a, HeBepHO, TaK KaK mo>kho AOCTHrHyTb 6ojiee bmcokhx bw-
X O f l O B .

BbicoKHM Bbixo^aM ajibAerHAOB npenaTCTByeT o6pa30BaHHe cnownbix 
9 )̂HpoB h aueTajieH:

C3H7CHO +  2C4H0OH C3H7CH(OC4H9)2 +  H20

Oahako, no HeKOTopbiM AaHHbiM, Bbixo^bi a^b^erHAOB mojkho AOBe- 
cth 90 "0, ecjiH AodaBJiHTb k cnnpTy 2— 15% H.,0, OMbi.iHiomeH
aueTaJTH.

ripOCTbie H SKOHOMHMeCKH BbirOAHbie peaKU.HH AerHApHpOBaHHH cnnp- 
TOB B KapSOHHJlbHbie COeAHHeHHH HaiUAH TeXHHHeCKOe npHMeHeHHe, 
HanpHMep nojiyueHHe aueTOHa H3 H3onponHAOBoro cnnpTa, nojiyne- 
Hne H3 3TH/ioBoro cnHpTa yKcycHoro aJibAernua, npHMecHMH k koto- 
pOMy HBAHFOTCH JIHUib HeH3paCXOAOBaHHbIH CnHpT H HeKOTOpoe KOJ1H- 
necTBO cjioJKHoro 3(f)Hpa.

B Ta6ji. 25 npHBeAeHbi pe3yjibTaTbi AerHApupoBamiH sTHJioBoro cnnp- 
t ;i b yKcycHbifl ajibuenu HaA pa3HbiMH MeAHbiMH KaTajiH3aTopaMH npn
330— 335°

TABJJHUA l:>

KaTaJiii3aTop C H 3C H O ,  % C H 3C O O C 2 H ( i ,  %

B o 3

Ha

HOCHTeAfl:
CuO-Cu(OH)2 . . . .  90 9
CuO-Cu(OH)2+5%CoO 88 7
CuCO3+7 ° 0 ZnO 78 9
CuOOs+5% MgO 78 8
HOCHTeAe:
Cu(NOs)2/ac6ecT .   88 10
MeflHo-aMMiiaMHbift KOMn.aeKC+50% CaO/neM3a 83 10
Cu(COO)2+ 5 w0Co new3a . . .  84 10
Cu(NO3)j+ 5 "0 Co -1-2% Cr/acGect 83 9
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Tan >Ke xoporno AerHApHpyraTca h aJiHUHKJinqecKHe cnHpTbi. J\ e - 
rHflpnpoBaHHio 6opHeo.ua b KaMifrapy nocBJimeHa o6iHHpHafl JiHTepaiy- 
pa, peKOMeHflyiomaji MeAHbie, HHKejieBbie h Apyrne KaTajip3aTopbi huh 
MeaHO-HHKejieBbie cnnaBbi. BopHeoji HaA BOccTaHOBjieHHOH Mê bio npH 
320—340° npeBpamaeTCH Ha 96% b KaMcjrapy, hto BBJineTCB oneHb yAo6- 
hhm MeTô oM ee nojiyqeHHH. Tan » e  AerHApHpyraTCH h Apyrne Tepne- 
HOBbie cnHpTbi: HaA Cu- huh NiCu-KaTajiH3aTopoM mchtoji noHTH kojih- 
qecTBeHHO npeBpamaeTCH b mchtoh. B cuynae TepneHOBbix cnHpTOB c 
KpaTHbiMH CBB3HMH H3-3a ô HOBpeMeHHO npoTeKaiomHX npoueccoB Ae- 
rHAporHApnpoBaHHH o6pa3yraTcn npeAejibHbie KeTOHbi.

HerHApnpoBaHHe MHoroaTOMHbix cnnpTOB H3yqeHO Majio. TjiHixepHH 
npn 330° HaA Cu-KaTajiH3aTopoM pa3JiaraeTCH BCJieACTBHe HecTOHKOCTH 
b 3thx ycjioBHHx rjiHiiepHHOBoro ajibAernAa:

CH2OHCHOHCH2OH CHoOHCHOHCHO

CH2OHCHOHCHO — %  CH3CH2OH 

CH3CH2OH —  ch3cho

Bbicmne MHoroaTOMHbie cnnpTbi BCJieACTBHe hx HejieTyqecTH tbkhm 
MeTOAOM AerHApnpoBaTb Hejib3H; nosTOMy hx noABepraraT oKHCJiHTejib- 
HOMy AerHApnpoBaHHK).

B pe3yjibTaTe CHcreMaTHqecKHx HccjieAOBaHHH AerHApHpoBaHHH pa3- 
.iimHbix nepBHHHbix cnHpTOB E. llajibMep h X. KohctsSji [42] npHmjin 
k BbiBOAy, hto npn nponycKaHHH HaA MeAHbiM K3TajiH3aTopoM napoB 
C2H5OH, nepBHHHbix C3H7OH, h - h «3o-C4H9OH h i/30-C5HuOH cko- 
pocTb odpa30BaHHH aJibAerHAOB npn a3hhoh TeMnepaType h ashhom 
KaTaJiH3aTope nocTOHHHa h He 33bhcht ot ajihhh ymepoAHofi ixenn. 
TeMnepaTypHbiH KoacjxfiHiiHeHT h SHeprHH aKTHBauHH TaioKe nonra oahh 
h Te JKe A-an scex nepeqHCJieHHbix cnnpTOB.

Taxan >Ke cnopocTb AerHApnpoBaHHH 6bijia HaftAeHa rjih ajuiHJioBO- 
ro cnnpTa, ho a^h btophhhhx cithptob OHa OKa3ajiacb ropa3AO 6ojib- 
rne. 3to AOKa3biBaeT, hto cnHpTbi aACopfinpyiOTCH opneHTHpoBaHHO 
b pe3yjibTaTe «npHKpenjieHHH» CH2OH-rpynn Ha noBepxHOCTH Kaia- 
JlH3aTOpa. CnopocTb peaKUHH 3aBHCHT TOJIbKO OT AB(|)OpMaUHH (J)yHK- 
HHOHaJibHOH rpynnbi, ho He ot coeAHHeHHOH c Hera yrjiepoAHoft 
uenn. HaqaJioM AerHApHpoBaHHH HBjineTCH yBejmqeHHe paccTOHHHH 
Me>KAy KHCJiopoAOM h boaopoaom b OH-rpynne BCJieACTBHe AecJrapMH- 
pyramero bo3AChctbhh aKTHBHbix ueHTpoB MeAH. Oahh aTOM BOAopoAa 
OTpbIBaeTCH, H HeyCTOHHHBblH paAHKaJl RCH20 CTa6HJIH3HpyeTCH B 
RCHO, BbiAejiHH eme oahh aTOM H. CyMMapHO npouecc hact b Tpn 
CT3AHH: 1) H30HpaTejibHaH aAcopSuHH MOJieKyji cnnpTa, opHeHTHpyra- 
uihxch nojiapHOH rpynnofl Ha aKTHBHbix ueHTpax KaTaAiraaTopa, 2) aK- 
THBauHH hjih ocJiadJieHHe cBH3efl O—H h OTpbiB aTOMa H, 3) Aecop6- 
u.hh anbAerHAa h BOAopoAa.

BbiBOAbi E. FlajibMepa h X. KoHcrsSjia dbuin noABeprHyTbi KpiiTHKt 
b paOoTax A. X. Bopxa [43], KOTopbifl odpaTHji BHHMaHHe Ha to, mto
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CKOpoCTH AerHflpnpOBaHHH U30-C  4h 9o h  H ^30-C5HuOH COOTBeTCTBeH- 
ho Ha 6,5 h 10% MeHbrne, neM aTHAOBoro cnapia. CKopocTb AerHApupo- 
b3hhh «-C 3H7OH TaioKe MeHbrne, qeM STHAOBoro cnnpTa, hto TpeOyeT 
BHeceHHH cymecTBeHHbix nonpaBOK b BbimenpHBe^eHHbie BbiBOAbi. 
A. X. BopK ofiBHCHfleT 3Ty pa3HHUy B CKOpOCTHX AerHApHpOBaHHH 
npocTpaHCTBeHHbiM BJiHHHHeM 3aMecTHTeAeH b MOJieKyjiax cnHpTOB, 
pa3/IHMHOH npOAOJl>KHTejlbHOCTblO «>KH3HH» MOJieKyJl CITHpTOB Ha aK- 
THBHblX UeHTpaX.

npw ^erH^pnpoBaHHH cnupTOB, no nancy, B03M0>KHbi ABa MexaHH3- 
Ma peanuHH:

RCH2-CHO........H ____ rch2cho
; Kap60HHJIbHblft

H

RCH—CHOH -----RCH=CHOH------------ ► RCH2CHO
; • eHOJlbHbltt

H H

npaBHJibHOCTb oAHoro H3 npeAAOJKeHHbix MexaHH3MOB 6bi;ia npo- 
BepeHA Ha AeHTepocnnpTe, KOTopbifi nojiynajiH B36aATbiBaHHeM Aena- 
hoa3 c D20; o6MeH H Ha D 6biA yciaHOBAeH b Macc-cnemporpac^e. no- 
AyneHHbift AeHTepocnnpT AerHApHpoBaAH HaA Ni PeHea. npo6bi ra3a 
(HD, H2 hah cMecb hx) aH3AH3HpoBaAH Ha C0Aep>naHHe b hhx AeftTe- 
pnfl, mo no3BOAHAO onpeAeAHTb MeX3HH3M peaKUHH:

_Lin
rch2- cho ......D ------- ----- ► rch2cho

Kap60HHJIbHb[ft

H

RCH—CHOD — —  RCH=CHOD------► RCHDCHO
• SHOJIbHbl ft

H H

Pe3yAbTaTbi noAynHAHCb He coBceM ncHbie, ho OTcyTCTBHe HD b 
npo6ax ra3a noKa3biBaAO, mo peaKUHH npoTenaeT, no-BHAHMOMy, no 
eHOAbHOMy MeX3HH3My. ZlAH pa3pemeHHH 33A3HH 6bIA B3HT OnTHHeCKH 
aKTHBHbiH aMHAOBbift cnHpT, Tan nan npn AerHApnpoBaHHH ero MorAH 
6biTb T3K>Ke Asa HanpaBAeHHH: 1) o6pa30BaHHe onTHnecKH aKTHBHoro 
aAbAerHAa, yKa3biBaiomee Ha Kap6oHHAbHbiH MexaHH3M

ch3 ch3
I - H> I

C2H6-C *—C H O --H ----- *- C.,H6-C *—CHO
I ' 1
H H H
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hjih 2) o6pa30BaHHe paueMaTa, yKa3faiBaiomee Ha eHOjibHbifl MexaHH3M:
ch3 ch3 ch3
I I I

C2H5—C*-CHOH------► C2H5—C=CHOH — -*» C2H5-C-CHO
: : I
H H H

paueMaT

TaKHM o6pa30M 6biJio ycTaHOBJieHO, uto cymecTByioT 06a HanpaB- 
jieHHH: b mhtkhx TeMnepaTypHbix ycjiOBHHx AeruApupoBaHue npOTexaeT 
no KapCoHHJibHOMy MexaHH3My, c noBbiineHHeM >xe TeMnepaTypbi yBe- 
jmnHBaeTCH o6pa30BaHHe paueMaTa, t . e. ycKopueTcn eHOjibHbifl Mexa-
HH3M.

llapbi cnapTOB uajx Cr20 3-A l20 3-KaTajiH3aTopaMH b 33bhchmocth ot 
nncjia aTOMOB yrjiepo^a asiot pa3JiHHHbie npoAyKTbi. HH3mue nepBHH- 
Hbie cnnpTbi, SyTHjioBbifl n aMHJiOBbiu, npu 500° o6pa3yiOT ahbhhhji h 
H3onpeH:

ch3ch2ch2ch2o h ------ch2= ch—ch= ch2 +  h2o +  h2

reKCHJIOBblH H BbICIHHe CnHpTbl UaCTHUHO UerHflpOUHKJlH3yiOTCH B 
apoMaTHnecKHe yrjieBOAopoAH.

XterH^pupoBaHHe cnnpTOB b >khakoh (J)a3e HaA Ni PeHeu npu 150— 
200° (noA /ta.BJieHHeM) npoTexaeT b ApyroM HanpaBJieHHH. IlepBHUHbie 
cnnpTbi (OT C5 AO Cj6) B 3THX yCJIOBHHX 06pa3yiOT JIHUIb OJie4)HHbI C MHC- 
jiom aTOMOB G ( n — 1). PeaxuHH npoTexaeT b Tpu CTauun: 

AerHApnpoBaHHe

RCH2CH2CH2OH RCH2CH2CHO

Ae(J)opMHJiHpoBaHHe
—h2, —co

rch2ch2c h o --------- ► rch= ch2

THApHpOBaHHe
h2

rch= ch2 ----- ► rch2ch3

2. IlojiyMeHHe AweHOBbix yrjieeoAopoAOB H3 ciihptob

H3 3THJ10B0T0 H APyrHX CnHpTOB B npHCyTCTBHH KaT3AH3aT0p0B
mo>kho noAyuaTb AueHOBbie yrjieBOAopoAbi. PeaKUHH sth npoTeKakrr
OUeHb CJIOJKHO H CBH33HbI C AerHApHpOBaHHHMH, AeruApaTauHHMH, KOH-
AeHcauHHMH h ApyruMH npoueccaMH; hcthhhhh MexaHH3M sthx peax- 
uhh ao KOHua He ycTaHOBjieH. J\jih nojiyueHHH aubhhha3 H3 sthaoboto 
cnnpTa H. H. OcTpoMbicjieHcxuu [44] npeAAo>KHA cjieAyxMuyio cxeMy 
AByxcTaAHHHoro npouecca:

- h2
ch3ch2o h ----- ► ch3cho

—2H2o
ch3cho +  ch3ch2o h ----- ► ch2= ch—ch= ch2
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BbIXOAbI AKBHHHJia 6bIJIH He AOCTaTÔ HO BbICOKH, HO Te.M He MeHee
5»tot cnoco6 npHMeHH^ca b CIliA  b 1942— 1943 rr a^h nojiyneHHH H3 
AHBHHHjia CHHTeTHnecKoro KayHyna. HecpaBHeHHO Sojiee npocr h co- 
BepmeHeH mctoa Jlede^eBa [45], 3aKJiK>HaK)mHHCH b nponycKaHHH 
napoB STHjiOBoro cnwpTa HaiA cneuHajibHbiM KaTa îH33TopoM npn 440— 
450° npHMeM o6pa3yeTca ahbhhhji:

—H2
2C.,H5O H ----- ► ch2= ch—ch= ch2

ripouecc npoTenaeT HCKjnoHHTejibHO cjio>kho, Tan nan noSoHHO 06- 
pa3yHDTca pa3JiHHHbie yrjieBOAopoflbi, 3<J>Hpbi, cnnpTbi (ao OKTHjioBoro 
BKjiKDHHTejibHo), ajibAerHAbi, KeTOHbi, (JjeHô ibi h t . a . HaHOoAee Bepo- 
HTHOH CXeMOH 0dpa30BaHHH AHBHHHJia C. B. JledeAeB CHHT3A CJieAyiO- 
LUHH MeX3HH3M:

CH3CH2OH -— ► - ch2—ch2— +  h 2o 

ch3ch2o h ------► - ch2- choh-  +  h2

—CH2—CHOH— +  — CH2—CH2--------► — CH2—CHOH—CH2-CH 2—

—CH2—CHOH—CH2—CH2—  ---- ► CH2=CH—CH=CH2 +  H20

3Ta cxeMa, oAHaKO, npnHHTa He bccmh yneHbiMH. H3 doAbuioro mhcaa 
pa6oT no BbiHCHeHHio MexaHH3Ma peaxuHH JledeAeBa HandoAee HHTe- 
pecHbi HCCJieAOBaHHH lO. A. TopHHa [46], KOTopbifi Ha ochob3hhh onbiT- 
Hbix AaHHbix npeAAo>KHA cAeAyiomyio cxeMy:

—  H j
CH3CH2O H ----- ► CHgCHO

2CHsCHO----- ► CH3CHOHCH2CHO

- h2o
CH3CHOHCHaCHO — -► CH3CH=CHCHO 

CH3CH=CHCHO — CH3CH=CHCH2OH

-H3o
CH3CH=CHCH2O H ----- ► CH2=CH—CH=CH2

3tot MexaHH3M noATBepjKAaeTca pafioTOH M. H. KaraHa, T XI. Jlio- 
6apcxoro h A. M. rioAypoBCKOH [47].

06pa30BaHiie ahchobux yivieBOAopoAOB npn KaTaAHTHHecxoM pa3- 
.noweHHH aAHt^aTHMecKHx cnHpTOB (C3H 7OH, C4H 9OH) H3yqajiH 
JO. A . TopnH c coTpyAHHxaMH [46]. O hh ycraHOBHJiH, mto napu cnnp- 
tob np 11 400° HaA KaT3AH3aTopoM JleSeAeBa AaioT CAeAyiomne AneHbi 
no 06meii cxeMe:

2C3H7OH C,H,0 -  2H20+H 2 

2C4HbOH —  C8H14 +'2HaO + H2
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Flpouecc Ĥ eT qepe3 craAHH AerHApnpoBaHHH h KOHAeHcauHH. Ha 
npHMep, K). A. FopHH\HJia h-C3H7OH npHHHMaeT cjie/iyiomHH Mexa- 
HH3M:

2CH3CH2CH2OH -2H2
2CH3CH2CHO 

- h2o
2CH3CH2CHO---- ► CH3CH2CHOHCHCHO CH3CH2CH=:CCHO

I I
ch3 ch3

ch3ch2ch= ccho _? !►  ch3ch2ch= cch2oh

CH, CH,

CH3CH2CH=CCH2OH — ch3ch= ch—c= ch2

ch3 CH,
AHajiorHHHO Be^eT ce6a h « - 6yTHJioBbiH cnnpT. BTopHHHbie cnapibi 

Haa KaTajiH3aTopaMH THna KaTajiH3aTopa JIe6e^eBa npn 500° T3K>Ke 
o6pa3yioT jiHeHOBbie yrjieBOAopoAbi c yABoeHHeM yniepoAHOH uenn:

ch3ch2chohch3 flhA>. ch3ch2coch3

2CH3CH2COCH3 ----- ► CH3CH2COHCH2COCH2CH3
I
ch3

CH3CH2COHCH2COCH2CH3 ch3ch2c= chcoch2ch3
I I

ch3 ch3

ch3ch2c= chchohch2ch3 
I

ch3

■*- CH3CH=CCH= CHCH2CH3

ch3ch2c= chcoch2ch3
I

ch3

h2

ch3ch2c= chchohch2ch3

ch3

- h2o
ch3

ch3ch2cch= chch2ch3

ch2

3. CjioJKHoatJJHpHaH KOHAeHcauHH nepBHHHbix cnwpTOB
H. Tom h H. BanuiH ycTaHOBHjin, hto MeTaHOJi HaA MeAbK) c uepneM 

o6pa3yeT, KpoMe ^opMajib^erH^a, 3HaHHTejibHoe KOJiHqecTBO mcthji- 
(JjopMHaTa. npoBe êHHbie b stom HanpaBjieHHH Hccjiê oBaHHH noKa3a- 
jih, hto h /jpyrne nepBHMHbie cnnpTbi HaA MeAbio c aKTHBaTopaMH o6pa- 
3yioT 40—50% c/ic»KHoro scjwpa 3a nponycK [48]:

2RCH2OH RCOOCH2R

PeaKUHH hact npn HopMajibHOM AaBjieHHH h TeMnepaType 250—275° 
OTHJioBbiH cnHpT 3a nponycK AaeT 6 o j\ e e  50°o 3THjiaueTaia c HeKOTopbiM
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koahHecTBOM aueTaAbAerHAa h yucycHOH khcaotm, odpa30BaHHe kotc- 
pbix CHH>KaeTC5i noHTH ao Hy.TH npn npoBeAeHHH npouecca b aTM0cc{>epe 
BOAopoAa. rioBTopHbiMH nponycKaMH KOHAeHcaTa HaA KaTajiH33TopoM 
BbixoA 3THJiau,eTaTa mohcho noBbicmb ao 60—65%. ToMOAora sthaobo- 
TO CnHpTa HaA Cu-KOHTaKTOM 06pa3yi0T BbICOKHe BbIXOAbI COOTBCTCTBYK)- 
I1I.HX CAO/KHbIX 3(J)HpOB. OueHb XOpOUIHe pe3yAbTaTbI AaiOT T3KJKe MeA- 
Hbie KaTaAH3aTopbi, aKTHBHpoBaHHbie ypaHOM [49, 50].

3 tot npouecc Ha3biBaeTca c a o m h o 9^>u p h o u  Kondencat^ueu cn u p m o e , 
hah OecKucAom nou a m ep iK pu K a pu eu .

/XaAbHeHuiHe HCCAeAOBaHHH B. A. BoAOTOBa h B. H. HoAroBa [51] 
noKa3aAH, mto Bee nepBHHHbie cnHpTbi—ot MeTHAOBoro ao OKTHAOBoro 
BKAKJHHTeAbHO,— He33BHCHMO ot cTpoeHHH uenH, npn 240—250° HaA
Cll-KOHTaKTaMH o6pa3yiOT AO 60% COOTBeTCTByK)IH,HX CAOHCHbIX 3(|)HpOB.

ripn nponycKaHHH cmcch cnupTOB noAyuaiOTCH CMeuiaHHbie CAo>KHbie 
3(f)Hpbi: STHAOBblH H 6yTHAOBbIH CnHpTbi 06pa3yK)T KOHAeHCaT, COAep- 
>KamHH 44% SyTHAaueTaTa h 3THA6yTHpaTa; STHAOBbiH cnnpT c aMHAOBbiM 
AaKDT okoao 25% 3THAB3AepaTa h aMHAaueTaTa [52].

B aHaAorHHHbix ycAOBHHX HenpeAeAbHbie cnHpTbi o6pa3yioT npeAeAb- 
Hbie aAbAerHAbi h cAO>KHbie 3(j5Hpbi:

MexaHH3M CAOH<H03(J)HpHOH KOHAGHCaUHH CnHpTOB OCTaeTCH AO CHX 
nop ao KOHua He BbiacHeHHbiM, xoth MHorne HCCAeAOBaTeAH aah o6i >hc- 
neHHH iipeAAarafof pa3AHHHbie cxeMbi. npHHUHnnanbHO npouecc npo- 
ieKaeT b Ase cthahh:

I<HHeTHMeCKOe HCCAeAOB3HHe 3TepH(])HKaUHH 3T3H0A3 HaA HeOOAb- 
UIHM CAOeM KaTaAH33TOpa nOKa3bIBaeT, HTO B 3THX yCAOBHHX B03MOHCHO 
HMeeT MecTO o6pa30BaHHe caokhoto 3$Hpa no peauunH TumeHKo 
150, 53].

H. M. A6paMOBa h B. H. AoAroB [53] HauiAH, hto HaA TeMH >ue Cu- 
K3TaAH3aTOpaMH cMecH aAbAerHAOB c boaopoaom (1:1) T3K>Ke npeBpa-
m'aiOTCH B CAO>KHbie 3(])HpbI C XOpOUIHMH BbIX0A3MH, UTO n03BOAHAO npeA'
AO>KHTb CAeAyfom,HH o6iuhh A-3H o6ohx npoueccoB noAyaueTaAbHbifl
MeX3HH3M:

CH2^CHCH2OH __ -X  CH2=CHCHO — -V  CH3CH2CHO

2CH3CH2CHO----- ► ch3ch2cooch2c h .ch3

RCH2OH — ^  RCHO (peaKiuia Ca6aTbe)

2RCHO----- ► RCOOCH2R (peaKUHH Thiuchko)

m3 ciiHpta CH3CH2OH CH3CHO
c h 3c h 2oh

„3 a.nbALTii;ia CH3CHO CH3CH2OH
CH3CHO

19 D. H. AoJiruB
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B jjaHHOH cxeMe boaopoa nrpaeT pojib ra30o6pa3Horo KaTaJiH33TO- 
pa. n. CaSaTbe h Apyrne aBTopbi HeoAHOKpaTHO OTMeuajw SjiaronpHUT- 
Hoe êHCTBHe BOAopoAa npn npoueccax A r̂HApHpoBaHHJi, AoSaBKH bo- 
AopoAa npH 3TepH(|)HKauHH cnnpTOB noBbimaioT bhxoa cjiokhoto 3cji)H- 
pa Ha 5— 10%, ho pojib BOAopoAa ocTaeTCH hchchoh. Boaopoa He hb- 
jineTCH nepeHocqHKOM hjih pa36aBHTejieM, ho HenocpeACTBeHHO yuaer- 
ByeT b xHMHqecKOM npouecce. AACopfinpyacb Ha KaTaAH33Tope, oh o6- 
pa3yeT c peareHTaMH aKTHBHpoBaHHbie KOMnjieKCbi, mto cnoco6cTByeT 
HopMaJibHOMy npOTeKaHHio npouecca. Kan npaBHAO, npn peaKUHnx 
THna 6eCKHCJ10TH0H 3TepH(J)HKaUHH, AerHApoKOHAeHcauHHX HJIH KeTO- 
HH3auHH nepBHHHbix cnnpTOB BcerAa AOJi>KeH npncyTCTBOBaTb AonoJi- 
HHTejibHO bboahmhh BOAopoA, Tax nan 6e3 Hero Hapyuiaexcji HopMajib- 
Hoe TeqeHHe npouecca,- h KaTaAH3aTopbi SbicTpo TepnioT aKTHBHOCTb.

4. nojiyneHHe kctohob H3 nepBHHHbix cfihptob 
(KeTOHH3aUHH nepBHMHbIX CnHpTOB)

BnepBbie peanuHio o6pa30BaHHH kctohob H3 nepBHHHbix cnnpTOB 
ydaHOBHJiH B. H. HnaTbeB h H. A. Kjhokbhh [54]. Flpn HarpeBaHHH 
STHjioBoro cnnpTa c A120 3 npn 530—540° b aBTOKJiaBe noA AaBjieHHeM 
ohh nojiynHjiH cMecb, cocTonmyio H3 aueTaJibAerHAa, aueTOHa, H30- 
nponnjioBoro cnnpTa, MeTHJiaTHJiKeTOHa, e m op -6 y m jiO B oro  cnnpTa h 
ApyrHX npOAyKTOB. ABTOpbl CHHT3JIH, HTO 06pa3yi0IUHHCJI npH peaKUHH 
aueiajibAerHA noABepraeTCH AajibHefimHM peanuHHM no cxeMe:

2CH3CHO-----► CH3CHOHCH2CHO

ch3chohch2c h o -----► CH3CHOHCH3 +  CO

CH3CHOHCH3 CH3COCH3 h t. A-

M. H. KaraH c coTpyAHHKaMH [55] noKa3aJiH, hto npn nponycxaHHU 
napOB STHjioBoro cnnpTa c BOAHHbiM napoM HaA ZnCr-KaTajiH3aTopoM 
npn 450° nojiynaeTcn ao 52% ot TeopeTHuecKoro aueTOHa, a H3 arajiaue- 
TaTa b sthx >Ke ycjioBHHX—ao 64% aueTOHa. Ohh cuHTaiOT, mto peaK
UHH HAyT uepe3 npoMe>KyTOHHoe o6pa30BaHHe cjiokhoto 3(|)Hpa no 
cxeMe:

CH3CH2OH__-i*. ch3cho

2CH3CHO----- >- CH3COOC2H5

2CH3COOC2Hs ------► CH3COCH3 +  C2H5OH +  c2h 4 4 - c o 2
3t0 AerJIO BnOCJieACTBHH B OCHOBy «aMepHK3HCKOH» aAbAOJIbHOH cxe- 

mh o6pa30BaHHH KeTOHOB H3 nepBHHHbix cnnpTOB, npeAJioxieHHOH B. Ko- 
MapeBCKHM F56].

B. KoMapeBCKHH h X. Kojish [55] ycTaHOBHjin, hto nepBHHHbie npe- 
AeJibHbie cnnpTbi HopMaJibHoro cTpoeHHu ot C3 ao C18 npH nponycKaHHH
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c Majiofl CKopocTbio HaA Cr20 3-KaTajiH3aTopoM npn 425—475° o6pa- 
syKDT 30—60% cooTBeTCTB.yiomHx kctohob 3a oahh nponycK no oSiueft 
cxeMe: \

2RCH2OH----- ► RCOR +  CO +  3H2

IlojiynaiomHecH kctohm coAepaeaT 2n — 1 aTOMOB yrjiepoAa (hcxoah 
H3 2 MOJieKyji C n\\2n+\ OH), hmciot cHMMeTpHHHoe CTpoeHne h o6pa- 
3yK)TCH no oSmeft cxewe, npeAAOHteHHOH paHee B. H. HnaTbeBbiM h 
H. A. KAIOKBHHbIM.

B. KoMapeBCKHH h X. K oash npeAAO>KHAH cjie/iyiomHH qeTbipex- 
CTazwiiHbiH MexaHH3M peaKUHH (nepe3 npoMewyToqHoe o6pa30BaHne 
aAbAOAa):

RCH2CH2OH RCH2CHO

2RCH2CHO----- ► RCH2CHOHCH(R)CHO
— CO

RCH2CHOHCH(R)CHO--- RCH2CHOHCH2R

rch2chohch2r — ± +  rch2coch2r

CMecn cnnpTOB b t3khx we ycAOBHnx o6pa3yiOT CMeujaHHbie KeTOHbi. 
HanpnMep, CMecb 25% CH3OH n 75% h-C8H17OH npn 425° jia jia koh- 
AeHcaT, cocTonmnii h3 42°o CH3COC7H15 h 26% (C7H15)2CO; CMecb H3 
paBHbix KOJinnecTB C5HnOH h CinHol0H  odpa30BaAa 13,5 %
(C,H9)2CO, 27% C4H9COC9H19 h 21% (C9H19)2CO. ripn AaAbHenineM 
noBbimeHHH TeMnepaTypbi ao 500—525° cnnpTbi, HaqHHan c reKCHAO- B oro h Bbime, qacTHHHO uHKAH3yiOTCH 6e3 noTepn KHCAopoAa h odpa- 
3yiOT 2—3 Vo (|)eHOJioB:

CH2OH OH
/  I

H2C ch3 _ 4^2

h2c ch2 ;
\ /  I

CH2

HaA cneunajibHO nojiyqeHHbiMH aKTHBnpoBaHHbiMH MeAHbiMH KaTa- 
,in3aTopaMH B. H. JX o jit o b  h B. A. Boaotob c coipyAHUKaMH [51] pa3- 
pa6oTaAH HOBbin KaTa.iHTHqecKHH npouecc noAyqeHHH ajibAernAOB,
CAO>KHbIX 3(])HpOB HAH KeTOHOB H8A OAHHM H TCM JKe KaT3AH3aT0p0M, 
\ieHHH AHUib TeMnepaTypHbie ycAOBHH npouecca. llepBHqHbie cnnpTbi 
HopMaAbHoro cTpoeHHH, He33BHCHMO ot aahhh uenH, o6pa3yioT npH 
180—200° BAbAerHAbi, npn 250—275°— CAO>KHbie 3(|)Hpbi (ao 65% ot 
TeopeTHqecKoro), npn 325°— KeTOHbi (ao 90(% ot TeopeTHqecKoro). 
Ha pnc. 47 npeACTaBAeHbi BbixoAbi kctohob H3 pa3Hbix cnnpTOB b 3a- 
bhchmocth ot TCMnepaTypbi peaKUHH. BonpeKH AaHHbiM 3apy6ea<Hbix 
VqeHbIX, cnnpTbi H30CTpoeHHH C 3aMeCTHTeAHMH B 2- HAH fi-nOAOWeHHH 
T3K>Ke o6pa3yioT kctohu, ho npn TeMnepaTypax TeM CoAee bhcokhxv

19*
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MeM 6JiH>Ke 3aMecTHTejib k KapdHHOJibHOH rpynne. B Ta6ji. 26 npHBe- 
AeHbi BbixoAbi KetOHOB b 33BHCHMOCTH ot TeMnepaTypbi.

TAB/IHUA 26

H c x o f lH b i i i  c n u p r
O n T iiM a jib H a a  
T eM X iepaT\  p a ,

°c
Keron B bIX O fl, %

CH3CH2CH.2CH,CH,OH 325 (CH3CH2CH2CH2)2CO 30 80
ch3chch2ch2oh 377 (CH3CHCH2)2CO » 70

ch3

1

ch3

ch3ch2chch2oh 425 (CH3CH2CH)2CO » 50

ch3
1
ch3

ch3chch2oh 425 (CH3CH)2CO » 50

ch3
1

ch3

3THjiOBbiH cnnpT b OTJiHHHe ot Apyrnx cnnpTOB npw 325° o6pa3yeT 
70 % aueTOHa, ho npH noBbimeHHH TeMnepaTypbi ao 360—375° nnaB-

HblM npOflyKTOM peaKUHH HB-
jiHeTCH MeTHjinponHJiKeTOH (ao 
40% ot TeopeTHnecKoro).

MexaHH3M KeTOHH3aUHH 
nepBHMHbix cnHpTOB HeflocTa- 
TOHHO HCeH. XI.JIH BbIHCHeHHH 
MexaHH3Ma KeTOHH3auHH nep- 
bhhhhx cnnpTOB HaA Cu-naTa- 
JIH33TOpaMH HeflOCTaTOHHbl B
OTAejibHOCTH hh m n 0Te3a Ka- 
raHa c coTpyAHHKaMH, hh rnno- 
Te3a KoMapeBCKoro. npouecc 
npoTenaeT HecpaBHeHHo cjio>k- 
Hee. Pa3Jio>KeHHe cjiojkhmx 
scJinpoB HaA Cu- h Cr-KaTajiH- 33TOpaMH He no^TBepAHJiH noji- 
HOCTbio npaBHjibHOCTH cyme- 
CTByiomHx cxeM. 0 6pa30BaHHe 
MeTHJinponHJiKeTOHa H3 sthjio- 
boto cnwpTa 6eccnopHO mo>k- 
HO 06l>HCHHTb JIHIHb peaKUHH- 

mh ajibAOJiH3auHH. IlpoBeAeH- 
Hbie HaMH noApoSHbie hc- 
cjieAOBaHHH AaioT npaBO yc-
T3H0BHTb, MTO TepMOAHHaMH-

qecKH np« cpaBHHTejibno hh3khx TeMnepaTypax npoTeuaeT 
AHIUb peaKUHH 3TepH(J)HKaUHH, HO Bbiuie 300J CJIO>KHbie 3(jDHpbI pa3Jia- 
raiOTCH oSpaTHO Ha aAbAerHAbi, H3 KOTopbix nyTeM ajibAo.ibHbix koh-

P hC. 47. BbIXOAbI KeTOHOB B 33BHCHMOCTH OT 
TeM n epaTypb i (npn o.c.~160— 1801:

/—aucTOH; 2—flHSTH^KeTOH; 3—flwiponHJiKeTOH; 4—a h' 
6yTHJiKeTOH; 5—A»n3o6yTHjiKeTOH.
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fleHcaiiHH h o6pa3yiOTCH cooTBeTCTByjomne KeTOHbl. Becb npouecc noA- 
MHHaeTCH o6meft ajib^ojibHoft cxeMe:

flo 3C0°
2RCH2CH2OH 2RCH2CHO < ------^ RCH2COOCH2CH2RBbliue iM )'

l
RCH2CHOHCH(R)CHO

rch2chohch2r

|-H*
RCH2COCH2R

ripaBHJibHOCTb 3TOH oSmefi cxeMbi npeBpameHHB nepBHHHbix cmip- 
tob nan MeflHbiMH KOHTaKTaMH b 33BHCHMOCTH ot TeMnepaTypbi nOA- 
TBep>KAaK)T onbiTbi no npeBpameHHHM MeTaMepHbix cjio>KHbix scfinpoB 
[57], Tan, HanpnMep, dyrajiaueTaT CHgCOOQH,, h 3THji6yTnpaT 
C3H7COOC2H5 no cxeMe CaSaTbe— KaraHa aoa>khm o6pa30BbiBaTb aue- 
TOH H AHnponHJlKeTOH COOTBeTCTBeHHO:

2CH3COOC4Hd ----- ► CHaCOCH;1

2C3H7COOC2H5 -----►C3H7COC3H7

OAHaKO, KaK nOKa3aAH HCCAeAOBaHHH, H3 3THX 3(j)HpOB 06pa3yi0TCH 
OAHH H Te >Ke KeTOHbl— aneTOH, AHnpOnHAKeTOH H MeTHAnpOnHAKeTOH, 
MTO MOJKHO ofi'bHCHHTb AHUIb npeABapHTeAbHbIM pa3AO>KeHHeM 3({)HpOB 
Ha ncxoAHbie yKcycHbiii n MacAHHbifl aAbAerHAbi c nocAeAyiomHM npe- 
BpameHneM hx b KeTOHbi no a a bAOA bHOMy MexaHH3My :

CH3COOCH2C3H7 CH3CHO +  C3H7CHO

C3H7COOCH2CH3 C3H7CHO +  ch3cho

B. A. Boaotob h Jl. K. Cmhphob3 [58] ycTaHOBHAH, mto noA Aas- 
AeHHeM ^ 20—30 am noAynaiomHecH H3 cnHpTOB kctohm HaA TeMH we
MeAHbIMH KaT3AH3aTOpaMH nOAHOCTblO rHApHpyiOTCH B COOTBeTCTByiOLU,He 
npeAeAbHbie yrAeBOAopoAbi. HanpHMep, H3 sthaoboto cnnpTa npn 
350—400° h 10 am o6pa3yeTcn MacAHHbiH caoh, coctohiahh Ha 95% 
H3 CMecH neHTaHa, rencaHa, remaHa h Apyrnx napa(|)HHOB, cTpyKTypa 
KOTOpblX COOTBeTCTByeT CTpOeHHK) 06pa3yK>mHXCH KeTOHOB.

Bee nepBHHHbie cnHpTbi, 3a HCKAioHeHHeM sthaoboto, rAaAKO npe- 
BpamaWTCH B COOTBeTCTByiOLUHe CHMMeTpHMHbie KeTOHbl. Sthaobmh 
cnnpT noABepraeTCH, BepoaTHO, GoAee caojkhmm npeBpameHHHM no 
cxeMe:
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250°
CH3CH2O H ----- ► CH,CHO :

Bbiuie 300°
CHoCH,OCOCH,

[CH3CHOHCH2CHO] _ — ,

\ Bbiuie 300°

CH3COCH3 +  CO -t h2

H2 ̂ —H20

CH,COCsHl|^iH,CH°. CH,CH!CHICHO
\

CH3CHO

(CH3CHO)n CH3CHO

CH3COC3H-
|CH3CHO

C3H7COC3H7

c «h 2„  4-  c o
06pa30BaHHe KeTOHOB h npeAejibHbix yrjieBOAopoAOB H3 sthjioboto 

cnnpTa mojkho npeAeraBHTb cjieAyiomHMH cxeMaMH:

a) CH3CH2O H ----- ► CH3CHO CH3CĤ  [CH3CHOHCH2CHO]----- ► CH3COCH3

I---------► C3H8 •*-
\

CH3CHO

C3H7COC3H7 — [C3H-COCH2CHOHCH3] ^ .H3CH°  CH3COC3H7 — [CH3COCH2CHOHCH3]

C7H1G ■ *
6) 2CH3COCH3 ----- ► [CH3COCH2COH(CH3)2]

C5H12
- CH3COCH2CH(CH3),

CfiH'6**14

B aHajiorHHHbix ycjiOBHnx H3 H-dyTHJioBoro cnnpTa c nomn kojih- 
qecTBeHHbiM bhxoaom nojiyqaeTCH H-renTaH h t. a.

Pa3pa6oTaHHbift hobhh mctoa nojiyneHHH kctohob H3 nepBHHHbix 
.cnnpTOB HaA MeAHbiMH K3TajiH3aTopaMH coBepmeHHO CBoeo6pa3eH. Oh 
no3BOJiaeT noJiynaTb hjih cJio>KHbie 3(})Hpbi, hjih kctohm npn ropa3AO 
dojiee hh3khx TeMnepaTypax (250—350°) h ropa3AO doJibuinx o6beM- 
Hbix CKopocTHX (ao 500 h Bbiuie), qeM no B. KoMapeBCKOMy (425° o. c. 
50—60). M. H. KaraH HccJieAOBaJi Jinuib sthjiobmh cnnpT h Hameji, mo 
MeAHbie KaTajiH3aTopbi aah KeTOHH3auHH HenpnroAHbi.

no3AHeHiiiHMH paSoTaMH T B. Tojioahhkob3 h B. H. J.o.iroBa no- 
Ka3aHO, HTO H3 0HHapHbIX CMeceft nepBHHHblX cnnpTOB HaA MeAHbIMII 
i<aTajiH3aTopaMH noJiynaioTCH cooTBeTCTByramne CMeinaHHbie KetoHbi [59].

5. PeaKpHH o6pa30BaHHH «AHcnnpTOB»

OAHoaTOMHbie cnnpTbi npn achctbuh mejioqH hjih KaTajiH3aiopoB 
MoryT npeBpamaTbCH b BbicuiHe cnnpTbi c yABoeHHbiM hhcjiom aTOMOB 
yrjiepoAa hjih «AHcnnpTbi». 3Ta peaKUHH dbiJia OTKpbiTaM. Tepde b 1899 r. 
[60]. Oh HadAioAaji, hto npn aghctbhh HaTpHH Ha H3oaMHJioBbift cnnpT 
boaopoa npoAOJiH<aJi BbiAeJiHTbca h nocjie toto. nan Becb HaTpHii npo- 
pearnpoBaA. 3ia x<e peaKHHH dbiJia npoBeAeHa aBTopow b mcahoh
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K0Ji6e HarpeBaHHeM H3oaMHJioBoro cnnpTa c ero ajiKOiwinTOM. B npo- AyKTax peaKUHH 6biJi HaftfleH «AHH3oaMHjioBbiH cnnpT» C 9H 19C H 2O H , H30BajiepHaH0Baa Knc/iOTa h caokh w h  stjwp. PeaKunn npoTen^eT no 
CTaAHHM:

C5HuOH +  CsHnONa -*■ C9H19CH2OH +  NaOH 
CbHuOH -r NaOH -► C4H9COONa -r 2H2PeaKUHH H^eT h eme iviydnce, TaK KaK noJiyqaioTCH Manbie KOJinqe- CTBa «TpHH3oaMHJioBoro cnHpTa».AHajiorHMHO BeuyT ceda h Apyrne cnnpTbi npeBpaiuaacb b «AncnnpTbi», npnqeM CKopocTb odpa30BaHHH hx  HapacTaeT c yBejinqeHHeM MOJieKy- JinpHoro Beca cnnpTOB:

CjHgOH o6pa3yeT 
h-C3H7OH » 
h-C4H9OH » 

h-C5HuOH » 
h-C7H15OH »

0,6% H-6ymnoBoro cnnpTa 
13,5% tt-AHnporiH,noBoro cnnpTa 
16,0% «-flH6yTH.iOBoro cnnpTa 
13,5% H-anaMn.ioBoro cnnpTa 
20% H-3HaHTOBoro cnnpTa 

C13H27CH2OH
h-Ci;;H27CH2OH 30% w-TeTpasHaHTOBoro cnnpTa

c27h55ch2ohAHaJiorHHHbift npouecc Had^nouaji A . n .  BopoAHH [61], KOTopbin npn KHnnqeHHH H30BajiepnaHOBoro ajib^erHAa c HaTpneM nojiyqnji H30- BaJiepHaHOByiO KHCJIOTy, H30aMHJI0BbIH CnHpT H «AHH30aMH.n0BbIH cnHpT». B . B . MapKOBHHKOB b 1901 r. [62] cnjiaBJieHneM reKcnjioBoro cnnpTa c K O H  npH 190° nojiyqnji «ah-. Tpn- h TeTpaKanpnjioBbie cnnpTbi».
Odpa30BaHHe AHcnnpTOB paHee odtHCHSLin Me>KMOJieKyjiHpHbiM Bbi- Ae/ieHHeM boah  H3 Asyx MOJieKyji hh3uihx cnnpTOB no cxeMe:

RCH2CH2OH +  R'CHCH2OH -► rch2ch2chch2oh +  h2o

H K'qra h jiervio b ocHOBy Teopnn «Me)KMOAeKyjiHpHoro BbiAeJieHHH BOAbi» A-jih odtHCHeHnn odpa30BaHnn Bbicuinx cnnpTOB H3 boahhoto ra3a noA AaBAeHHeM. B HacTonmee • BpeMH ycTaHOBJieHo, uto npouecc HAeT 3HaqHTejibHO cjio>KHee—qepe3 CTaAnn AerHApnpoBaHnn b anbAe- 
th a , aAbAOJiH3auHio, KpoTOHH3auHK) c BbiAC îeHHeM BOAbi h nocneAyio- mee niApupoBaHHe no odiuen cxeMe:

2RCH»CH2OH

NaOH

2RCH..CHO----

RCH2COONa +  RCH2CH2OH
peaKiiim KaHHimapo

R

----- ► RCHoCHOHCHCHO
I
*R

I
RCH2CH2CHCHX)H —  RCH2CH=CCHO +  H20
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TaKHM o6pa30M, peaKUHH «yABoeHHH cnnpTOB» cjieAyeT othccth k 
flerHApapoBaHHio, a He k AerHApaTauHH, nan sto AeJiajiocb paHee.

B HacToamee BpeMH sth peaKUHH npoBOAHT b >khakoh $a3e b npn- 
CyTCTBHH KaTaJIH33.TOpOB—Me^H, HHKejIH HJIH pa3Hbix cnjiaBOB C He- 
npepblBHOH OTrOHKOH BOAbI H B03Bp3T0M He paCTBOpHMOH B BÔ e H3CTH 
AHCTHJIJiaTa B peaKTOp. npH T3KHX yCJlOBHHX KOJIHMeCTBa aJIKOrOJIHTa 
mohcho coKpaTHTb b HecKOJibKO pa3 (paHee SpaJiH cnnpT h ajiKorojiHT 
b OTHOuieHHH 1 : 1). H3 KaTajiH3aTopoB, no-BĤ HMOMy, HanSojiee 6jiaro- 
npHHTHO aeflcTByeT Ni PeHen Kax AerHApnpyioiuHH K3TaJiH3aTop npn 
150— 180° HanpHMep, CMecb 15 MOJiefi H-reKCHJioBoro cnnpTa, 1 mojih 
H-rencHjiaTa HaTpHH h 0,1% Ni PeHen nocjie HarpeBaHHH npn 160° 
o6pa3yeT 40 50% «AHcnHpTa»—2-6yTHji0KTaH0Ji-l c oAHOBpeMeHHbiM 
06pa30BaHHeM SOJIbUIHX KOJIHMeCTB KanpOHOBOH KHCJIOTbl.

OnncbiBaeMbie peaKUHH HHTepecHbi eme TeM, hto npn B3aHMOAeficT- 
bhh ajiKorojiHTOB c ajibAerHAaMH mojkho nojiynaTb HenpeAejibHbie cnnp- 
th— roMOJiorn ajuiHjioBoro cnnpTa, KOTopbie b npncyTCTBHH rHApnpyio- 
uxero KaTajiH3aTopa o6pa3yiOT npeaejibHbie cnHpTbi. Tan, HanpHMep, 
KanpoHOBbiH ajib^erHA npH HarpeBaHHH c rencnjiaTOM HaTpnn h rencH- 
jioBbiM cnHpTOM o6pa3yioT CMecb H30AeuHJioBoro, 2-6yTHJi-3-aMHjiaji- 
JIHJIOBOrO CnHpTOB H KanpOHOBOH KHCJIOTbl. Ecjih npouecc BeCTH B npH- 
cyTCTBHH rHflpHpyiomero KaTaJiH3aTopa, to npoAyKTOM peaKUHH hb- 
jihctch TOJibKO H3oaeuHJioBbiH cnnpT.

PeaKUHH Tep6e, BepoHTHO, jie>KaT b ochobc CHHTe3a cnnpTOB H3 okh- 
ch yrjiepofla noA AaBjieHHeM, b pe3yjibTaTe Hero o6pa3yiOTCH nepBHH- 
Hbie h BTOpHHHbie cnHpTbi, TaK Ha3biBaeMbie «H3o6yTHjioBbie Macjia» 
(cTp. 716).

riojiynaeMbie npn peaKUHH Tep6e BbicoKOMOJieKyjinpHbie cnnpTbi H30- 
CTpoeHHH npeBpamaKJT b cyjib(J)aTbi, KOTopbie npHMeHHiOT b KauecTBe 
noBepxHOCTHO-aKTHBHbix BeiuecTB (cTp. 405), HMeiomHX 6ojibmoe npaK- 
THnecKoe 3HaueHHe. 6

6. ApoMaTH3auHH KHCjiopoACOAepatamHx ajiwijmTHqecKHx
COeAHHeHHH

MHorouHCJieHHbie peaKUHH uhkjih33Uhh opraHHnecKHx coeAHHeHHft, 
maBHbiM o6pa30M KHCJiopoACOAep>KamHX, H3BecTHbi AasHO. K sthm peaK- 
UHHM OTHOCHTCH npeBpaiUeHHH 3JlH(J)aTHHeCKHX COeAHHeHHH B UHKJIH-
uecKHe b pe3yjibTaTe KOHAeHcauHH Asyx hjih 6ojiee MOJienyA (u, u k - 
A odeeudpam ai^uH ), uhkjih33Uhh b pe3yjibTaTe H30MepH3auHH, uhk- 
J1H33UHH nOJIHeHOB B H30UHKJIHHeCKHe CHCTCMbl H T. A- OAHa- 
ko yKa3aHHbie peaKUHH He hmckdt HHuero o6m,ero c AerHApouHK- 
JIH33UHHMH. JIerHApOUHKJlH33UHH He AOJIJKH3 OTpaHHHHBaTbCH JIHHIb 
npeBpameHHeM ajiH^aTHuecKHx yrjieBOAOpoAOB b apoMaTHqecKHe, a 
SeccnopHO HMeeT 6oJiee o6m,ee 3HaueHHe. 3tot Bonpoc, oAHaKO, 
coBepmeHHO He ocBeiueH b jiHTepaType. Hmciotch jwuib yKa33HHH, 
mto npH nponycKaHHH HaA Cr20 3 npH 425—450° nepBHHHbix cnnp- 
tob c hhcjiom aTOMOB yrjiepoAa, paBHbiM 6 h 6ojiee, b HeSo.ib’JUHx kojih- 
necTBax (ao 2%) nojiyqaiOTCH (JieHOJibi.
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B. H. l̂ojiroB h H. A. DiyxoB [63] HauuiH, hto H3 HenpeAejibHbix 
3JiH(J)aTHMecKHx KeTOHOB c uenbio H3 6 aTOMOB yrjiepo.ua h dojibme mo>k- 
ho nojiyqHTb b 3HaqHTejibHbix KOJinqecTBax (jieHOJibi. .Ujih stoh uejiH 
odbiHHbie KaTajiH3aTopbi H3 Cr20 3 h A120 3 HenpnroAHbi, Tan Kan ohh 
OTiuenJiBiOT KHCJiopofl h odpa3yioT Jinuib apoMaTHqecKHe yrjieBOAopo- 
Abi. EbiJiH pa3padoTaHbi KaTajiH3aTopbi H3 Cr20 3/Mg0, aKTHBHbie 
npH 425°.. ripn nponycKaHHH H a hhmh renTeH-3-OH-2, 2-MeTHjireK- 
ceH-3-OH-5 h reKceH-3-OH-2 6mjio nojiyqeHO 14—16% -̂Kpe30Jia, 
/7-Kpe30Jia h 4)eH0Jia cooTBeTCTBeHHO. PeaKUHH npoTenaioT qepe3 
CTâ Hio eH0JiH3auHH no cjiê yiomeH cxeMe:

CH3
I

ch2

h2c ch3
I I 

HC C=0
^  /

CH

CH3

ch3
I

ch2
/

h2c ch2
I !!

HC C-OH
^  /

CH

CH3—CH CH3

ch i = o  “
^  /

CH

CH3

chs
I I :

HC C=0
\  /

CH

CH3 .

ch3- ch ch,
I II 

CH C-OH
^  /

CH

CH,

H,C
I

HC

/

CH

CH,

-2H2 f  )

^  \ / - 0H

-JH, CH
' - n _ ,

%/■
OH

CH2
II
C-OH

fX -OH

BbIXOA (JieHOJlOB CH.lbHO 33BHCHT OT CTepe0H30MepHH HCXO/lHblX He- 
npe êjibHbix KeTOHOB. HanpnMep, ^nc-renTeH-3-OH-2 .naeT 24—2o'V 
3/-Kpe30Jia 3a nponycK, m punc-H30Mep—jiHiiib 4—5%.

CH,

H H
^>C=c/

CO

CO
\ c = c <

I
ch3 ch2 

ch3
(<MC-H30Mep

CH2 24-25% / \ . — C H o  4-5% H

u

OH

H
/
\
CH,
I
CH,

CH3m pa«c-H 3oM cp
T. B. H h30bkhhoh h T 3apydHHCKHM ycTaHOBjieHO, hto renTeH-3- 

oh-2 nojiynaeTCH b BH ê paBHOBecHbix a,uc- h mpanc-moMepoB, cocTaB 
KOTOpbIX 33BHCHT OT TeMnepaTypbl. BblXOfl (JieHOJIOB H3 (JipaKUHH yna-
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3aHHoro KeTOHa, o6orameHHbix i{MC-H30MepoM (ao 70%), noBbiiuaeTCH ao 
34% 3a nponycK. 3th HenpeAejibHbie KeTOHbi nojiyqajiH KOHAeHcauHeft 
COOTBeTCTByiOIU,HX aJlbAeTHAOB C KeTOHaMH. B. H. XlOJirOBblM H 
H. A. TAyxoBbiM [63] 6mjio ycTaHOBJieHO TaK>Ke, hto ajih nojiyqeHHH 
{JjeHOJiOB mojkho dpaTb He roTOBbie KeTOHbi, a HcxoAHbie BemecTBa. 
Tan, HanpHMep, npH nponycKaHHH HaA K3TaAH3aTopoM Cr20 3/Mg0 
npH 475° CMecH MacjiHHoro ajibAerHAa c aueTOHOM (1 :2 ) o6pa3yeTca 
14—15% -̂Kpe30Jia 3a nponycK no cxeMe:

CH3CH2CH2CHO -f CH3COCH3------►  CH3CH2CH2CHOHCH2COCH3

ch3ch2ch2chohch2coch3 ch3ch2ch2ch= chcoch3 

ch3ch2ch2ch= chcoch3 — < ^ / - O Hr
ch3

AHaAorHHHO mojkho noAyqaTb 4>eHOJibi h H3 cMecefi Apyrnx aAbAern- 
AOB c KeTOHaMH, npnneM noBTopHbiMH nponycnaMH BbixoAbi (JieHOJiOB 
MO>KHO 3HaMHTeJIbH0 nOBbICHTb. IlpeAejIbHbie KeTOHbi (AHnpOnHJIKeTOH) 
no HeBbIHCHeHHbIM npHHHH3M B 3THX JKe yCJIOBHHX 06pa3yiOT JIHUIb
2—3% 4>eHOAOB.

H3 6eH3aAbaueTOHa b aHajioruqHbix ycJiOBHnx o6pa3yeTCH f%Ha([)TOJi 
[64]:

HaC

C= 0

CH
\ / \  ^

CH

H2C
V

C-OH OH
-H 2

CH

CH

B. AErHAPHPOBAHHE A30TC0AEP)KAmHX COE^HHEHHH

Amhhh MoryT 6biTb npeBpameHbi nyTeM KaTajiHTHqecKoro AerHApH- 
poBaHHH b HHTpnjibi npH nponycKaHHH napoB HaA HHKejieM npn 300— 
350°:

RCH2NH2 jLHJU RCN

OAHaKO BbIXOA HHTpHJia COCTaBJIHeT JIHUIb 30 °0, TaK KaK HaCTb aMH- 
Ha b pe3yjibTaTe THAporeHOJiH3a, BCJieACTBHe cujibHOH 3kthbhocth Ni- 
KaTajiH3aTopa, pacinenjineTCH:

RCH2NH2 — 1 *. rch3 +  nh 3

3to HBjieHHe 6biJio 3aMeqeHO a^h 3mhhob >khphoto n >KHpHO-apoMa- 
THqecKoro paaob. HanpHMep, H3oaMHJiaMHH HaA Ni-KaTaJiH3aTopoM 
npn 300° pearnpyeT no AayM HanpaBjieHHHM:

(CH3)2CHCH2CH2NH2 (CH3)2CHCH2CN

(CH3)2CHCH2CH2NH2 — A± *. c5h I2 +  NH3
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PeaKUHH npoTenaioT co CBoeo6pa3HbiM nepepacnpeueAeHHeM (a h c - 
nponopuHOHHpoBaHHeM) BOAopoua. HH3iuHe nepBHHHbie aMHHbi HaA 
HHKeAeM paCmenAHIOTCH HCKAIOqHTeAbHO Ha CUecflHHbl H 3MMH3K:

CH3CH2CH2NH2 —► ch3ch= ch2 +  \h3

OqeHb nepcneKTHBeH npnMon chhtc3 3mhhob H3 yrjieBOAopoAOB h 
aMMHana no peaKUHH:

RH +  NH3 -► RNH2 +  H2

npn HarpeBaHHH 6eH30Jia c 3mmh3kom ao 550° noA AaBAeHHeM 06- 
pa3yeTCH 3HHAHH B HHqTOJKHbIX KOAHHeCTBaX. 3 iy  peaKUHK) nbITa.IHCb 
npoBOAHTb b npncyTCTBHH KaT3AH3aTopoB (Cu, Ni, Fe), ho 6e3ycnem- 
ho: H3 200 e 6eH30Aa 6mao noAyqeHO AHiiib 0,11 a C6H5NH2. 3Ta npodAe- 
Ma,*T3KHM o6pa30M, eme He pa3peiueHa, xoth TepMOAHHaMHqecKH peax-
UHH B03MOKH3.

/lerHApouHKAH3auHeH apoMaTHqecKnx 3mhhob mo>kho noAyqaTb 
a30TC0Aep>Kaui,He reiepouHKAHqecKHe coeAHHeHHH. HanpnMep, N-we- 
THA-O-TOAyHAHH HaA Ni-KaTaAH3aTOpOM B npHCyTCTBHH BOAOpOAa npn 
300—330° o6pa3yeT HeOoAbiiioe KOAnqecTBO (6%) HHAOJia, a AHMeTHn-o- 
TOAynAHH—24% N-MeTHjiHHAOJia:

- ch3
-2H 2

ch3
\ / \

NH

A - ch3

\ / \  /CH, 

< ch,

\ / \  /
NH

:h

CH

s \ .
-2H,

-CH

CH
\ / \ /

N
I
CH,

MeTOAOM o K i iC A u m e A b H o e o  d e e u d p u p o e a m i H  H3 npon3BOAHbix o-to- 
AyilAIlna HAH H3 aAKHAHpOB3HHbIX 3MHHOB T3K>Ke MOryT 6bITb nOA\qe- 
Hbi N-aAKHAHHAOAbi. PeaKUHH npoTexaeT npn nponycKaHHH napoB pe- 
areHTOB c A03HpoB3HHbiM KOAHqecTBOM B03A\’xa HaA nopHCTbiMH xaia- 
AH3aTopaMii (cHAHKareAb, H3P04 Ha yme. okhcaw Ce, V, W, Mn). 
HanpHMep, II3 AH3THAaHHAHHa B 3THX yCAOBHHX o6pa3yeTCH N-3THA- 
iihaoa:

ch3• II I'
\ / \  /CH,

nt/

-----CH
I '! I,

CH -  2H20
/

N

C,H- C.H-,
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TaKHM >Ke nyTeM H3 2-aMHHOAH(J)eHHJia Ha^ V,05 nojiyqaeTCH Kap6a-
30Ji:

a i A  —°—  A  A + h2o
V ' V . V  ...................NH,

\ / \  / V 7
NH

AHajiorHqHO Kap6a30Ji mojkho noJiyqaTfa h H3 ^H(|)eHHjiaMHHa npa 
500—600°:

r
- v

o
‘ A  +  H;0

NH
^ / \  / \ ^

NH

A kph^hh nojiyqaeTCH nponycKaHHeM napOB 6eH3HJiaHHJiHHa qepes 
JKejie3Hyio hjih ({laptop OByio Tpydny:

TaKHM * e  nyTeM H3 6eH3ajibaHHjiHHa no/iyqaeTcn 4>eHaHTpHflHH (I),. 
a H3 6eH3aHHjiH.ua— cjjeHaHTpHflOH (II):

c6H5- ch
ii

CgHs N

c 6h5—CO _ 

c 6h 5- nh  " >

HN-----CO
II

Haa KaTajiH33TopaMH 3ejiHHCKoro mecTHqjieHHbie h naTHqjieHHbie 
reTepouHKJibi xopoino rH^pHpyioTCH h fleninpHpyiOTCfl. Tan, no 
H. JX . 3ejiHHCKOMy [2], nnnepHAHH, nHppojiHflHH, N-MeTHJinHppo- 
jinflHH Ha# Pt hjih Pd Ha yrjie AerH^pnpyiOTCH npH 260—300° no 
o6mefi cxeMe:

160°

300°"
N NH

n
\ ^

B OTJIHHHe OT yrJieBOflOpOflOB C nHTHqjieHHblMH KOJIbliaMH, KOTOpbie 
He ^erH^pHpyioTCH, a npH noBbimeHHH TeMnepaTypbi no^BepraiOTCH 
THAporeHOJiH3y (cTp. 417), nnTHqjieHHbie reTepouHKJibi jierKo /jerHApH- 
pyiOTCH. TlHppo^H^HH nepexo/jHT b nnppoji, N-MeTHJinHppoJiHAHH— 
b N-MeTHjinnppoji, TeTparn/ipoTHotJieH—b THoijieH h t . a . [1].
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T. flErHflPOKOHflEHCAUHJI HEKOTOPbIX KPEMHEOPrAHHHECKHX
COEiXHHEHHH

ripHMepoM dojibiuoro pa3HOo6pa3HH peaKUHH KaTaAHTHHecKoro j,e -  
THApHpOBaHHH HBAHeTCH AerH^pOKOH êHCaUHH TpHaAKHACHAaHOB c 
■opraHHMecKHMH coeflHHeHHHMH, co^epHtamHMH rpynnbi .OH, COOH. 
NHjj, CO h t . fl., a TaiOKe c coeAHHeHHHMH co CMeuiaH hhmh (JiyHKUH- 
hmh, coAep>KamHMH yKa3aHHbie rpynnbi.

ripn cpaBHeHHH XHMHnecKoro noBe êHHH TpnajiKHJiMeTaHOB R3CH 
h TpHajiKHjicnjiaHOB RgSiH, HecMOTpa Ha hx nojiHyio CTpyKTypHyio aHa- 
AOTHK), npOHBJIHIOTCH 3HaHHTeAbHbie pa3JIHHHH. CBH3b Si—H TOpa3AO 
6oj\ee peaKUHOHHOcnoco6Ha, qeM CBH3b C—H. Tan, HanpHMep, Si—H- 
cbh3h JierKO pacmenjiaiOTCH: npn HarpeBaHHH c boaoh, npn achctbhh 
OKHCJiHTejiefl, cnnpTOB, aMMHana, 3mhhob, khcaot, b npncyTCTBHH 
OCHOB3HHH—OKHCefi, THApOOKHCeH, aAKOTOAHTQB HAH 3MHAOB lUeAOM- 
Hbix MeTaJiJiOB, a TaKJKe nnnepHAHHa h Apyrnx opraHHnecKHx ocho- 
B3HHH. 3T0 oSyCJIOBAeHO TeM, HTO CBH3b Si—H n0AHpH30BaHa CHAbHee, 
neM CBH3b C —H, TaK KaK KpeMHHH OdJiaAaeT MeHbUIHM CpOACTBOM K
ajieKTpoHy (0,60 ae), neM boaopoa (0,76 ae), a yrjiepoA HMeeT GoAbiuee, 
neM boaopoa, cpoactbo KSAeKTpoHy (1,37 ae). B CHJiy stoto aTOM BOAopo- 
Aa, CBH33HHblft C KpeMHHeM, HeceT OTpHUaTeJIbHblH 3apHA h cnocoSeH
oTmenJiHTbCH b BHAe rHApHA-HOHa. npn npoBeAeHHH aHaAornn Me>KAy
XHMHefl KpeMHHH H XHMHeft yTAepOAa CBH3b Si—H HaAO CpaBHHB3Tb 
He CO CBH3bK) C—H, a CO CBH3bK> C—Hal.

B. H. ilOATOB, H. n. XapHTOHOB H M. T  BopOHKOB [651 nOApoSHO 
H3yHHAH 3TH peaKUHH H yCT3HOBHAH, MTO TpH3AKHACHAaHbI CnOCOSHbl 
b npncyTCTBHH lueAOMHbix KaTajiH3aTopoB pearnpoBaTb He mnbKo c 
IiepBHMHbIMH ennpTaMH, HO H C BTOpHHHbIMH H TpeTHHHblMH nO 06lUeH 
cxeMe:

R3SiH +  HOR'----- ► R3SiOR' +  H2

PeaKUHH ocyiuecTBAHiOTCH npn npocTOM HarpeBaHHH nepBHMHbix hah 
BTOpHHHbIX a6C0AK)THp0BaHHbIX CnHpTOB B npncyTCTBHH HefiOAbLUHX 
KOJIHqeCTB LUeAOMHblX MeTaAAOB. CKOpOCTb 3THX KaTaAHTHUeCKHX 
peaKUHH 33KOHOMepHO noBbimaeTCH c yBejiHueHHeM aTOMHoro Beca hah 
nopnAKOBoro HOMepa lueAOMHoro MeTaAAa, t . e. npn nepexoue ot ah- 
thh k pyfiHAHio. 3 to ocoCeHHO 33MeTHO b CAyqaax npHMeHeHHH BTOpHH- 
Hbix cnnpTOB. TpeTHHHbie cnnpTbi h (fieHOAbi He pearnpyioT c TpnaAKHA- 
CHA3HOM noA AeficTBHeM Li, K hah Na, ho b npncyTCTBHH py6iiAHH Ae- 
ruApnpoBaHHe npoTeuaeT TaK >Ke TA3AKO. IlpH npoBeAeHHH peaKUHH 
b aBTOKAaBe b npncyTCTBHH HaTpnn npn 200—210° c TpnaAKHACHAa- 
H3MH nOHTH C OAHHaKOBOH CKOpOCTbK) pearHpyiOT nepBHMHbie, BTOpHH- 
Hbie II TpeTHMHbie cnnpTbi, o6pa3yn TpHaAKHAaAKOKCHCHAaHbl C BblXO- 
A3MH 80—90%. 3tot cnocofi oco6o yAo6eH aah noAyqeHHH TpyAHOAO-
CTynHblX TpHaAKHA-mpcm-aAKOKCHCHAaHOB, MHOTHe H3 KOTOpbIX CHH- 
Te3iipoBaHbi HaMH BnepBbie.

3 th peaKUHH b 3aBHCHMOCTH ot npnpoAbi h CTpoemin cnnpTOB npo- 
TeKaKJT 3a 2— 10 uac., cuopocTb hx h KHHeTHKy npouecca Aeruo mo>kho
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onpe^ejiHTb no Bbi^ejiBiomeMycH BOAopo^y. PeanunB BBJiBeTCB hoh- 
hoh h, BepoBTHO, npoTeKaeT no cjiejjyiom eH cxeMe, oO'bBCHBioineH 
^encTBne mejionHbix MeiajuioB:

RONa +  R 'S iH ------► [RO-• -SiR3 • • • • H]Na

[RO- • • • SiR3 • • • H] N a ----- ► ROSiR3 +  RONa +  H2

Flo TaKOMy >Ke, no-BH^HMOMy, MexaHH3My H3 TpnajiKHjicnjiaHOB c 
aMMH3K0M HJIH aMHH3MH nOJiyqaiOTCH C BbICOKHMH BblXOJjaMH 3MHHO-, 
aJIKHJiaMHHO- HJIH £HaJIKHJiaMHHOnpOH3BO£Hbie xpHaJIKHJICHJiaHOB no 
cSmefl cxeMe:

R3SiH+ R'NH -► R3S1NR' +  H3

B3aHMOAeHCTBHeM TpHaJIKHJICHJiaHOB C KapSOHOBbIMH KHCJ10T3MH 
c6pa3yiOTCH cooTBeTCTByiomHe TpHajiKHJianHJioKCHCHJiaHbi:

RgSiH +  R'COOH -► R3Si(OOCR') +  H2

OnHCbiBaeMbiH KaiajiHTHqecKHH mctoa BBJiBeTCB o6ihhm ajib nojiy- 
qe HHB CaMbIX pa3H006pa3HbIX npOH3BO,HHbIX TpHaJIKHJICHJiaHOB, KOTO- 
Pbie qacTO hcbo3mo>kho nojiyqmb hhhmh cnocoOaMH. PeaKUHH sth 
HMeiOT HecoMHeHHoe 3HaneHHe /yin Obierpo pa3BHBaiomeHCH xhmhh KpeM- 
neopraHHqecKHx coe^HHeHHH.

HD. H. Xy^odHH, B. H. /Iojitob, H. n. XapHTOHOB [66 ] pa3pa6oia- 
H o6lH,HH npOCTOH H y^O^HblH KaTaJIHTHqeCKHH MeTOfl BBe^eHHB 

A lk gS iO - hjih A r 3S iO -rp yn n  b caMbie pa3JiHqHbie opraHHqecKHe okch-, 
nojiHOKCH- h OKCHOKCocoeAHHeHHB. HarpeBaHHe KOMnoHeHTOB npn 
100— 200° b TeqeHHe 10— 50 mhh. b npHcyTCTBHH cjie/joB rajioreHH^oB 
HeKOTopbix M eiaju ioB conpoBo>KAaeTCB BbmejieHHeM H2, no KOJinqecTBy 
KOTOporo jierK o  cy,HHTb o ckopocth peaKUHH h ee 3aBepmeHHH. Tan n e 
KaiajiHTHqecKHe ^erH^poKOHAeHcauHH npHBO^BT k odpa30BaHHio £0 
95°o KOHeqHbix npo^yKTOB. Hhk3khx noSoqHbix peaKUHH npn stom He 
OTMeqaeTCB. J}jib HJunocTpauHH mo>kho npHBecTH cjie^yiom He npHMepbi:

y C H fiH  / IH 2OSi(C2H5)3

2(C2H5)3SiH +  (CH2) „ ----- *- (CH2)„ -f 2H2

N :H 2OH \cH 2OSi(C2H5)3

(C2H5)(C4H9)2SiH -)- C6H3(OH)3 ----- >■ C6H3[OSi(C2H5)(QH9)2]3 -R 3H2

/(O H )], /OSi(C4H9)3]2

3(C4H9)3SiH -|- C6H3 ------► CgHg -f- 3H2

N : ooh N x » S i ( c 4H,) 3

noJiyqaiom HecB npo/iyKTbi npe^ciaBJiBiOT coSoh npo3paqHbie h 
OecuBeTHbie jierKonoflBH>KHbie hchjikocth, KHnBmne 6e3 pa3Jio>KeHHH 
npH 400— 550° (760 mm  pt. ct.)- O hh HaxoABT npHMeHeHHe b BHjje
TenJIOHOCHieJieH, 3JieKTp0H30JIBUHH, HeKOTOpbIX CMa30K H T. tHer- 
KOCTb nojiyqeHHB jje jiaeT  hx oqeHb nepcneKTiiBHbiMH.
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19/VI 1950 r.
64. B. H. X o .i r o b , H. A. T ji y x o b , H. M. Ill o x o p, YMeHue 3a-

nncKH Jlry. 150, 182 (1951).
65. B. H. R o .i r o b , H. n. X a p h t o h o b , M. T. B o p o h k o b,

XCOX, 24, 678, 861, 1180 (1954).
66. K). H. X y a o 6 h h, B. H. R o ji r o b, H. n. X a p h t o h o b, 

aBT. cbha- 116611 ot 24/VII 1957 r.



r ji a b a V
KATAJIMTHHECKHH KPEKHHr

1. 06m ne CBeACHHnyrJieBOAopoAti c otkpmtoh uenbio npn^HarpeBaHHH Bbime HeKOTopo- ro TeMnepaTypHoro nopora noABepraiOTCH cjiojkhhm  H3MeHeHHHM, b pe3yjibTaTe KOTopbix o6pa3yeTCH CMecb yrJieBO^opoAOB MeHbmero mo- jieKyjiapHoro Beca. TaKHM nyTeM H3 Tsmejibix Maceji hjih He(J)Teft mojk- ho nojiyqaTb, HanpHMep, 3HaqHTejibHbie KOJinqecTBa 6eH3HHa.3 tot npouecc HMeeT orpoMHoe TexHHqecKoe 3HaqeHHe h H3BecieH 
no# Ha3B3HHeM KpeKHHra (ot aHTJiHHCKoro to crack—jioMaTbca, pacKa- 
/ibiBaTbca). ripn noMomn KpeKHHra mojkho He mabKO cnjibHO noBbiuiaib 
Bbixo# 6eH3HHOB, ho h nojiyqaTb hx c 6ojiee bhcokhm  OKTaHOBbiM hhc- 
JIOM.

J l. H . MeHflejieeB [1] b 1881 r. BnepBbie neperHaji c neperpeTbiM bo- /jHHbiM napoM MacjiHHbifl ry#poH dajiaxaHCKofl hccJjth h nojiyqHJi MHoro ra3a h jkh#khx Henpe^ejibHbix yrjieBo#opo#OB. 3 to no6y/ubno ero Bbi- CTynHT.b c #OKJia#OM ^ ojukho pa3pa6oTaTb CBe#eHHH o achctbhh >Kapa Ha THJKe.ibie Macjia h Hetj)Tb». A . A . J I cthhh b 1879 r . [2] onydJiHKOBa.i uccjie^oBaHHe «0 #eHCTBHH BbicoKofi TeMnepaTypu Ha Hetjrrb h  #pyrne nofloSHbie BemecTBa» h ycTaHOBHJi, hto H3 HetfrrH npn bmcokhx TeMne- paTypax no-nyqaiOTCH apoMaTHqecKne yr.aeBO#opo#bi. B 1885 r . (3] b B axy  6biJia nocrpoeHa ycTaHOBKa #jih nojiyqeHHH H3 HetjmiHbix ocTai- kob 6eH3HHa h KepocHHa. 3Ta ycTaHOBKa #aBajia 60—80% KepocHHa OT Hetj)THHbIX OCTaTKOB. B . T UlyXOB H C . TaBpHJIOB [4] B3HJ1H naTeHT «Ha npn6opbi #jih HenpepbiBHofi #po6hoh neperoHKH He<jDTH h t . n. >kh#- KOCTeft, a TaKJKe #jih HenpepbiBHoro nojiyqeHHH ra3a H3 He4)TH h ee npoayKTOB».Hepe3 20 jieT nooie B . T IllyxoBa noaBHJiacb aMep'HKaHCKan yera- HOBKa B . BapTOHa (1912 r.), Majio OTJiHqaiomaHCH ot annapaTypbi B . T LUyxoBa.
HecMOTpH Ha npHHUHnHajibHyio npocTOTy npouecca, KpeKHHr oqeHb 

cjioHteH, Tax KaK npH HarpeBaiiHH npoTexaiOT o#HOBpeMeHHO peaKunn 
pacmeiuieHHH, #erH#pHpoB3HHH, H30MepH3auHH, nojiHMepH3auHH, apo- 
M3TH3aUHH H #p.20 B. H- Aoirx’B
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npeAejioM TepMHqecKofi Anccounaunn jno6oro yrjieBOAopoAa HBJiaeT- 
ch nojiHoe pa3Jio?KeHHe Ha sjieMeHTbi:

m
--------► nC -f- ~ 2  H2

Taxan Anccounaunn HMeeT MecTo npH TeMnepaTypax Bbirne 1000° 
ripn 6ojiee hh3khx TeMnepaTypax HHAHBHAyajibHbie yrjieBOAopoAbi 
hjih hx cMecn o6pa3yiOT HOBbie cHCTeMbi yrjieBOAopô oB, o6jiaAaK>iune 
OoJibiuen TepMnqecxon CTadnjibHOCTbio npn AaHHbix ycjioBnnx. npax- 
THHecKHM noporoM TepMHnecKoro KpeKHHra hbjihiotch TeMnepaTypbi 
~400° ho o xaxoM-JinSo onpeAejieHHOM nopore roBopHTb Hejib3H, 
Tax nan yrjieBo^opo^bi noABepraiOTcn xpexnHry npn pa3Hbix TeMnepa
Typax B 33BHCHM0CTH OT HX KJiaCCa, MOJiexyjDipHOrO Beca H CTpOeHHH. 
Flo CBoen TepMnqecxon CTaSnjibHOCTH yrjieBo^opo^bi (c oAHHaxoBbiM 
hhcjiom aTOMOB yrjiepoAa) pacnojiaraioTcn b cAeAyiomnn B03pacTaK)mnn 
pafl:

napa<J)HHbi <  ojietjjH H u <  < ;  H aiJdeH U  <  a p o M a ra n e cK H e  yrjieB O A opoflbi
6eH 30JibH oro p a.u a <  KO HfleHcupoBaHHbie a p o M a im e c K H e  yr^eB O flopoA w

t . e. Tan nee, xax n no CTadHJibHocrn k okhcjichhio (cTp. 187).
B OT̂ ejibHbix roMOJiornqecxnx pn^ax TepMnqecxan npoqHOCTb yrjie- 

boaopoaob CHHmaeTCH c yBejinqeHneM MOJiexyjinpHoro Beca n Hecxojib- 
ko noBbimaeTCH c pa3BeTBJieHHOCTbio H30Mepa.

PeaKHHH, CBH3aHHbie C pa3pbIBOM CBH3H C—C, H peaKHHH ^erHApH- 
pOBaHHH (p33pbIB CBH3H C—H) odblHHO Ha3bIB3K)T tiepeUHHblMU peCLK- 
UfURMU K p e K u m a . Peaxunn H30Mepn3aunH n nojinMepnsaunn hbjihiotch 
emopuHHbLMU peaKUfUHMU K p e K u m a . H3 AByx nepBHHHbix nponeccoB 
jieme nponexo/urr pa3pbiB C—C-CBH3H, Tax xax ;yin SToro TpeOyeTCH 
~63  KKaA/e-MOA, a ajih pa3pbma C—H-cbh3h ~86  k k c ia /e -m o a  (paccTon-

O o
Hne Menĉ y C—C paBHo 1,54 A, paccTOjmne Mejxay C—H paBHO 1,09 A).

Pa3JinnHe b noBe/jeHHH ajin^aTnqecxnx h apoMaTnqecxnx ynieBOAO- 
poflOB paHbrne BbipantaJin cjieAyiomnMH sMnnpnqecxnMH npaBHJiaMH:
1) npn hh3xhx TeMnepaTypax xpexHHr ajincJiaTHqecxHx uenen nponc- 
xoflHT npnMepHO Ha cepê HHe, ho c noBbimeHHeM TeMnepaTypbi MecTo 
pa3pbiBa ĉ BHraeTcn x xoHuy uenn; 2) b aJimJjaTnnecxHx yrjieBOAopo- 
Aax cbh3h C—H npoHHee, qeM C—C, noaTOMy cxopocTb xpexnHra, t . e. 
pa3pbiBa nerin, dojibiue, qeM cxopocTb AernApnpoBaHHH; 3) b  apoMaTH- 
qecxnx yrjieBOAOpOAax, HaodopoT, CBH3H C—C npoqHee, qeM C—H, 
nosTOMy npoTexaeT jjnuib AernApoxoHAeHcauHH.

XapaxTep xpexnHra, rjiydnHa n HanpaBAeHne 33bhcht ot ycjiOBnn 
ero npoBefleHHH, t . e. ot pn̂ a (JiaxTopoB, BajxHenuiHMH H3 xoTopbix hb- 
jihkjtch TeMnepaTypa, AaBJieHne, BpeMH peaxunn n noBTopHbie npo- 
nyexn.

Kax b 6ojibuiHHCTBe xHMHqecxnx peaxunn, TeMnepaTypa oxa3biBaeT 
pemaiomee BJinuHne Ha xpexnHr n nojiyqaKxunecH npoAyxTbi. TepMO- 
ĤHaMnqecxH xpexnHr HaqnHaeTcn c 260° ho npaxTnqecxn a;ih Aocth-
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JKeHHH bwcokhx bhxoaob 6eH3HHa HeodxoAHMa TeMnepaTypa 400— 
500° npH noBbiiueHHH TeMnepaTypbi ao 700—800° noAyqaeTca 3H3mh- 
TejibHoe KOjiHMecTBO HenpeAejibHbix yrjieBOAopoAOB, npH 800—1000° 
o6pa3yiOTeH rAaBHbiM o6pa30M ra30o6pa3Hbie yrjieBOAopoAfai, npn 
1000—1200° npoHcxoAHT nojiHoe pa3Ao>xeHHe MOJieKyji Ha yrjiepoA h 
boaopoa. CaMbifl ycTOHHHBbiH H3 Bcex yrAeBOAopoAOB—MeTaH—npn 
1500—1800° npeBpamaeTCH b cHAbHO SHAOTepMnqecxHH aueTHJieH.

Bbi6op TeMnepaTypbi 33bhcht ot npnpoAbi xpexHpyeMoro cbipba. 
KpeKHHr napatjjHHHCTOH Hecjyra BeAyT npH 6ojiee hh3khx TeMnepaTypax, 
hcm HaifvreHHCTOH hjih OoraToft apoMaTHqecxHMH yrjieBOAopoAaMH, Tax 
xaK MOAexyAbi napaifiHHOB TepMHqecxn MeHee ctohxh. C/.CAyeT, OAHa- 
ko, OTMeTHTb, hto xapaKTep cbipbfl HMeeT 3HaneHHe jimub ao 700— 
750°; npn 6ojiee bmcoxhx TeMnepaTypax pa3AHqHbie KJiaccbi yrAeBOAO- 
poAOB AaiOT cMecH npHMepHO oahoto h toto >xe cocTaBa.

TeMnepaTypa xpexHHra odycjioBJieHa Tax>xe phaom Apyrnx (fiaxTO- 
poB: ynpyrocTbio napoB, BejinqHHOH AaBAeHHH, AAHTeAbHOCTbK) npou.ec- 
ca, CTeneHbio o6pa30BaHHH xoxca. Bahahhc OKa3biBaeT h mctoa npo- 
BeAeHHH KpeKHHra: npH jxHAxo(f)a3HOM TepMHqecKOM xpexnHre npouecc 
BeAyT npn 400—'500° h AaBAeHHH 7— 80 a m ,  npn xaTaAHTHqecxoM 
KpeKHHre— npn 400— 500° h HOpMaAbHOM AaBJieHHH.

npn onpeAejieHHH ycAOBHH xpexHHra Sojibuioe 3HaqeHHe HMeeT 
h npoAOJi>XHTejibHocTb npouecca, t . e. BpeMH npeObiBaHHH peaxunoH- 
hoh CMecn b HarpeTOH 30He, qTO onpeAejineT rjiyOHHy pa3AO>xeHHH. 
TeMnepaTypa h BpeMH ycxopniOT npouecc b oahom h tom >xe HanpaB- 
• ieilHH, T. e. OHH B3aHM03aMeH5ieMbI. JXjin AOCTHJXeHHH OAHOH H TOH jxe 
rjiyOnHbi xpexHHra npn hh3Xhx TeMnepaTypax hcoSxoahmo, utoOu  xoh- 
t3xt 6biJi A-aHTejibHbiM; c noBbiineHHeM >xe TeMnepaTypbi BpeMH xoh- 
TaxTa nponopuuoHajibHO CHHJxaeTCH. SMnnpnqecxH mo>xho npHHHTb, 
uto b TeMnepaTypHOM HHTepBaAe 450—600° noBbiuieHue TeMnepaTypbi 
Ha 10—20° paBHOueHHO yBejinqeHHio BpeMeHH peaxunu BABoe (no BbixoAy 
6eH3HHa). 3 Ta 3aBHCHMOCTb Bbipa>xaeTCH ypaBHeHneM AppeHHyca:

£
In K — — -f" C

SHepruH axTHBauHH a^b scex yr/ieBOAopoAOB npHMepHO oAHHaxoBa, 
h ee mo>xho npHHHTb 3a 53 000 m a / e - m o a . KoHCTaHTa HHTerpnpoBaHHH 
C  AejxiiT b HHTepBajie 28,8—32, t . e. TO>xe xojieOneTCH b HeSoAbuinx 
npeAe^ax, uto odnerqaeT pacqeTbi npn onpeAejieHHH cxopocra peaxmiu 
ot BpeMeHH. IIpaxTHqecxH npn 450— 500° xpexHHr BeAyT 10—20 mhh., 
npn 500° 0,5— 1 mhh., npn 750° 2— 5 cex. Tpo3HeHcxHH napa(J)HHH- 
CTbiii Ma3yT npu 375° qepe3 48 qac. AaeT Taxon >xe buxoa 6eH3HHa, xax 
npn 575° qepe3 2 mhh.B TonJiHBHoii TexHHxe npHHHTO cqHTaTb, hto npn xpexHHre HMeeT MecTO «MrHOBeHHoe paBHOBecne», HacTynaxnuee npn aochoxchhh onpe- AeAeHHoro TeMnepaTypHoro nopora. Ecah TeMnepaTypa HaxoAHTCH HH>xe SToro nopora, to yrAeBOAopoAbi mo>kho HarpeBaTb HeorpaHHqeH- 

ho AOAro, AOCTHran AHiub oqeHb MaAoro pa3Ao>xeHHH. H a caMOM AeAq,
20*



308 /Vi. V. KATAJIHTHVECKHFT KPEKHHT

TeMnepaTypHbifl nopor ecrb He hto HHoe, Kan TeMnepaTypHbifi HHTepBaji, 
b KOTopoM HMeeT MecTO SbicTpbiH nd.n'beM HenpepbiBHoft kphboh Appe- 
HHyca, t . e. dbicrpoe HapaciaHHe ckopocth peaKUHH.

IlpHMeHeHHe .naBJieHHH H3MeHaeT xapaKTep nojiyqaiomHxcH npn 
KpeKHHre npo,ayKTOB. CorjiacHO npHHimny Jle-LLIaTejibe, no# .naBJie- 
HHeM pa3pbiB ueriH yrJieBo^opoAOB npoHcxo^HT okojio cepe^HHbi MOJie- 
Kyjibi (cHHH<eHHe Bbixo.ua ra30B); nojiyqaiomHecH b pe3yjibTaTe peaKUHH 
ojie4)HHbi jierKO nojiHMepH3yiOTCH (KOKCOBaHHe). Bbixo ,̂ npeaejibHbix 
yrjieBOAopo^OB nojiyqaeTCH bhcokhm, Tan xax Bo.nopo.n, odpa3yio- 
lhhhch b pe3yjibTaTe ^ern^pHpoBaHHH, BoccTaHaBJiHBaeT noa flaBJie- 
HHeM dojibinyio qacTb ojiecjiHHOB. npeHMymecTBOM npHMeHeHHH ^aBjie- 
hhh HBjiaeTCH TaioKe dojiee bhcokhh, qeM npH KpeKHHre de3 .naBJieHHH, 
K03(JxJ)HHHeHT Tenjionepe,naqH.

jljiH noBbimeHHH Bbixo^oB deH3HHa oqeHb nacTO npHMeHHiOT MHoro- 
KpaTHblH KpeKHHT HJIH KpeKHHT C ITOBTOpHblM nponyCKOM pUCdUKAd— 
ocTaTKa ot o^HOKpaTHoro xpeKHHra, H^ymero Ha noBTOpHoe xpeKH- 
poBaHHe. OdbiHHO nepe/i, bbo^om b neqb stot ocTaTox cMeuiHBaiOT c He
x'oahhm cbipbeM. ripn padoTe yqHTbmaiOT Koacpcpui^uenm pucdUKAd r , 
BblpaJKaJOUIHHCH OTHOUieHHeM

r =
OCTaTOK +  cbipbe

Cbipbe

KoacjxjttmHeHT pncaHKJia HpeACTaBJiaeT codon hhcjio nponycxoB qe- 
pe3 cHCTeMy h npaKTHqecKH noqTH Bcer.ua paBeH OTHomeHHio

Bbixofl 6 eH3iiHa (% )
r . = 20

HanpHMep, ecjiH bhxoa deH3HHa paBeH 50°o, to r = 2,5. 3tot MeTOA 
no3BOJiaeT padoTaTb c MaJion .zyiHTejibHOCTbio oflHOxpaTHoro xpeKHHra, 
H3deraTb BTopnqHbix peaKUHH h nojiyqaTb ^o 60— 70% deH3HHa ot 
KOJIHqeCTBa Cblpbfl.

Bojibmoe pa3Hoodpa3He peaKUHH npn xpexHHre, npoxoflHmHx c 
nOJIOJKHTeJIbHbIM HJIH OTpHUaTeJIbHbIM TenJIOBbIM 3(|xJ)eKT0M, 3HaqHTeJIb- 
ho ycJioxKHHeT xapTHHy npouecca. IlepBHqHbie peaKUHH xpexHHra—sh- 
AOTepMHqHbl, BTOpHqHbie H<e—3K30TepMHqHbI.

CyMMapHO npouecc xpeKHHra SHAOTepMHqeH, h Ha noJiyqeHHe 1 Ke 
deH3HHa B cpe^HeM 3aTpaqHBaeTCH 350— 500 KKdA TenJia.

OnbiTHbiM nyTeM ycraHOBjieHO, hto xpeKHHr HeijiTflHbix noroHOB npo- 
Texaet no 3axoHy MOHOMOJiexyjiHpHbix peaKUHH

2-303 a
K  ig a  —  x

r/ie d —HCXOAHoe KOJinqecTBO yr/ieBO/iopo^OB, .v—KO/inqecTBO yrjieBO- 
flopo^oB, ocTaiomeecH qepe3 t cex.

HaHJiyqume coBnaAeHHH 3HaqeHHH K  nojiyqaioTCH npn TeMnepaiy- 
pax He Bbirne 650° xoraa pa3Jio*eHHe He 3axoflHT eme oqeHb rjiydoxo.
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, lajibHefimee noBbiuieHHe TeMnepaTypu CHAbHO yBejiHHHBaeT CKopocTb 
BTopHMHbix peaKUHH, hto CHH>KaeT 3H3MeHHH K  aah peaKUHH nepBoro 
nopaAKa, cMemaa hx b CTopoHy peaKUHH BToporo nopaAKa.

2. KaTaJiM3aTopw aah KpeKHHra

B jiHTepaType no KpeKHHry y>Ke AaBHO (npHMepHO c 1908 r.) H\ie- 
.incb yKa33HHH Ha 6jiaronpHHTHyio poAb pa3AHHHbix KaT3AH3aTopoB, 
npHcyTCTBHe KOTopbix no3BOJiaeT cHH>KaTb TeMnepaTypy npouecca, 
npeAOTBpamaTb K0KC00dpa30BaHHe, noAyaaTb doAbinne BbixoAbi apo- 
MaTH'ieCKHX COeAHHeHHH H T. A-

B 1878 r A. A. J I cthhh npeAAOJKHA AAa noBbimeHHa bhxoaob  Aer- khx c|)paKUHH nPH nnpojTH3e Hefjrreft njiaTHHHpoBaHHbifi yrojib, t . e. 
MeTOfl, njiaT^opMHHra [2]. O ah3 ko , HecMOTpa Ha dojibiuoe mhcao padoT no KaTajiHTHHecKOMy KpeKHHry, npHMeHeHHa b npoH3BOACTBeHHOM wae- lUTade KaTajiH3aTopbi He hmcjih .

XopouiHe pe3yjibTaTbi dbiAH nojiyneHbi npn nponycKamin napoB 
KpeKnpyeMoro cbipba nepe3 pacnJiaBjieHHoe ojiobo hah pacnJiaBjieHHbiii 
CBHHeu, (MeTOfl MejiaMH^a). IlpeAAaraAHCb TaKaee >KeAe3Hbie hjth MeA- 
Hbie ceiKH, aJHOMHHHeBbie, xpoMHpoBaHHbie hah Ay>xeHbie Me/jHbie Tpy- 
6bi. OneHb xopouiHe pe3yAbTara dbiAH nojiyneHbi npn KpeKHHre cnaH- 
neBOH CMOAbI B peTOpTaX H3 XpOMOHHKejieBOH CTaJlH (Ko>KeBHH- 
kob, 1936 r.). B KaaecTBe KaT3AH3aTopoB aah KpeKHHra pa3AHaHbiMn 
aBTopaMH dbiJin npeAJio>KeHbi pa3HOodpa3Hbie MeTaAAbi h cnJiaBbi. BbiJin 
HcnpodoBaHbi nomH Bee 3AeMeHTbi nepHOAHqecKofi CHCTeMbi h hx coeAH- 
HeHHH. y cTaHOBJieHo, mto Bee MeTaAAbi Tan hah HHane dAaronpHHT- 
CTByKDT pa3pbIBy C —C-CBH3H, AerHAPHpOBaHHIO H nOJIHOMy pa3JIO>KeHHK) 
Ha yrAepoA h boaopoa. HeKOTopbie MeTaAAbi npoaBJiaiOT ceoe H3dnpa- 
TejibHoe bahhhhc Ha OTAeAbHbie craAHH KpeKHHra: HanpnMep, Cu n 
Pd cnocodcTByioT AeniApHpoBaHHio b oAecfainbt, Fe, Co h Ni—nojinoMy 
pa3Jioa<eHHK) yrjieBOflopoAOB Ha yrAepoA h boaopoa.

HecMOTpa Ha pa3Hoodpa3He npeAAO>KeHHbix KaT3AH3aTopoB, Kpe- 
khht nepBOHanaJibHO npeAnoaHTaAH npoBOAHTb HeKaTaAHTHqecKH; npn- 
MeHHJiHCb ahlhb i<aTajiH3aiopbi A1C13 (dp. 330) h Fe20 3 (napot})a3HbiH 
KpeKHHT, CTp. 311).

KaTajiH3aTopbi, npuMeHaeMbie b HacToamee BpeMa AAa KpeKHHra, 
othochtch k rpynne pa3HOodpa3Hbix aAiOMOCHAHKaTOB h HeKOTopbix 
TAHH.

H. J\. 3eAHHCKHH [5] b 1915 r npeAAO>KHA aaa KpeKHHra HeiJrraHbix
\TAeBOAOpOAOB T3 KHe KaTaAH3aTOpbI, KaK (jVIOpHAHH, daXHHCapaHCKHH
i iiAb h pa3AHMHbie rjiHHbi, t . e. npnpoAHbie aAKMocHAHKaTbi. B tom >Ke 
roAy Jl. r  rypBim [6] HarneA, mo 4>aophahh aKTHBHpyeT peaKUHio no- 
AHMepH3auHH ra30odpa3Hbix OAecJaiHOB. KaTaAH3aTopbi H3 A120 ;;, 
S i02, TAHH, nepMyTHTOB, CHAHK3TOB H TOMy nOAOdHbIX npHpOAHblX 
NiaTepnaAOB Macro BCTpeaaiOTCH b naieHTHoft AHjepaType, CHHTeinqe- 
ckhh aAKJMOCHAHKaTHbiH KaT3AH3aTop noAyqaAH aAcopOuHefi 1% A120 3 cHAHKareAew n npuMeHa.m ero aah noAHMepH3auHH OAe(J)HHOB. A kthb-
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HOCTb KaT3JIH3aT0p0B flJIH KpeKHHra nOBblUiaeTCH npHSaBJieHHeM aKTH- 
BaTOpoB, HanpHMep S i0 2-f-Z r0 2+ A l 20 3 (86,2 Bee. h . + 9,4 Bee. q .+  
4-4,3 Bee. q .). Cefiqac, oAHaKO, iunpoKO npHMeHHMbi KaTajiH3aTopbi ajuo- 
MocHJiHKaTHoro THna h 6e3 Ao6aBOK.

A . CaxaHeH b cBoeft cxeMaTHqecKOH KJiaccmJwKauHH [7] pa3JiHqaeT
ITHTb THnOB KaT3JIH3aTOpOB KpeKHHra:

1) pa3pbmaiomHe C — C- h C — H -cbh3H h Bbi3biBaiomHe nojiHbift pac- 
naA Ha yrjiepoA , boaopoa  h MeTaH (P t, N i, Cu h Apyrne Tnacejibie Me- 
TajiJibi);

2 ) pa3pbiBaioin,He C — C-cbh3H h qacTHqHo C — H -cbh3h c o6pa30Ba- 
H«eM npoAyKTOB pacnaAa h KOHAeHcauHH (A1C13 h b MeHbinen CTeneHH—  
F eC l3, Z n C l2 h Ap .);

3) pa3pbiBaiomHe C — H -cbh3h , t . e. AGrHApnpyioinHe Ha ojie^HH 
h boaopoa (yro jib , A120 3, Cr20 3 h AP-)-

4) pa3pbiBak)mHe C — C-cbh3h h Aaiomne napa<J)HHbi h ojie(f)HHbi hh3- 
Koro MOJieKyjiHpHoro Beca (okhcjih hjih cyjib(J)HAbi M o, V . Sn h Apyrnx 
TBHcejibix MeTajiJiOB);

5) pa3pbiBaiom,He C — C- h C — H -cbh3h h ycKopniomHe Bee KpeKHHr- 
peaKHHH (aKTHBHpOB3HHbie TJIHHbl, aJIIOMOCHJIHKaTbl H AP-)-

H3 3THX nHTH THIIOB HaCT05HH,HMH KaT3JIH3aTOpaMH RJIH  KpeKHHTa 
HBJIJHOTCH JIHEUb 2, 4 H 5.

C. H . OdpnAHHKOB [8] npeAJiaraeT 6ojiee npocTyio KJiaccHtjiHKauHio:
1) KOHTaKTHbie KaTajiH3aTopbi—MeTaJiJibi h okhcjih MeTajuioB c 

MyjIbTHnJieTHbIM MeX3HH3MOM KaTaJIHTHHeCKOrO AeHCTBHH, npOHBJIHHD- 
mne oGpaTHMyio aAcopduHio h npoBOAflmHe AerHApHpoBaHHe h AerHApo- 
UHKJIH3aAHK);

2) KOMnjieKCoo6pa3yK>mHe KaTajiH3aTopbi, aAcop6HpyiomHe MOJie- 
xyjibi HeodpaTHMO h npoBOAnmne peaKHHH nepepacnpeAejieHHH BOAopo- 
Aa, KpeKHHr, H30MepH3auHH (A1C13, Z n C l2, pa3JiHMHue rjiHHbi h ajiioMO- 
CHJIHKaTbl).

Bojibiuoe hhcjio pa3JiHqHbix KaTajiH3aTopoB a-kh KpeKHHra 6hjio 
H3yqeHO b pa3Hbix ycjiOBHux n. 0 -  BopHCOBbiM h M . B . TaBepAOB- 
ckoh [9 ]: okhcjih Th, T i,  U , A l ,  Zn, M n, npoKajieHHan 6ypa, Kycoq- 
kh pa3Hbix CTeKOJi, aKTHBHpoBaHHbie yrjiH  h t . A- B pe3yjibTaTe 
KpeKHHra npH 500° HaA yKa3aHHbiMH KaTajiH33TopaMH KepocHHO- 
Bbie (JjpaKUHH, jinmeHHbie apoMaTHqecKHx h HenpeAejibHbix yrjieBOAO- 
Poaob, o6pa30BbiBajiH noBbimeHHbie (no cpaBHeHHio c TepMHqecKHM Kpe- 
KHHroM npH 500°) KOjmqecTBa apoMaTHqecKHx h HenpeAejibHbix yrjie- 
BOAOpOAOB. XopOUIHMH KaT3JIH3aTOpaMH AJIH KpeKHHra HBJIHIOTCH 
MHorne npHpoAHbie coeAHHeHHH: innpoKO pacnpocTpaHeHHbie M O H tnM O - 

p iiA A O H u m o e b ie  z a u h u , 1 6oraTbie KpeMHeKHCJiOTOH 6okchth, doraTbie 
r„iHH03eMOM KH3ejibrypu (nocjie khcjiothoh aKTHBauHH).

1 MoHTMOpHJIJIOHHT HBJIfleTCH OMeHb paCnpO CT paH eH H bIM  KpHCTajIJIHqeCKHM MH* 
HepajiOM cocTaBa Ala0 3-4Si02 nH20. 06biHHO b  h c m  KawAbift uiecToS h o h  ajn oM H H u a  
3aMemeH Ha HOH MarHHH. MoHTMOpHJI./IOHHT BXOAHT B COCTaB MOHTMOpHJIJIOHHTOBbIX 
r.THH, KOTOpbie CT3HOBHTCH KaTaJIHTHHBCKH 3KTHBHbIMH nOCJie KHCJIOTHOft o6pa6oTKH.
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AjiioMOCHjiHKaTHbiM xaT3AH3aTopaM b AHTepaType yAeviaeTca mho- 
ro BHHM3HHH. 3 th xaTaAH3aTopbi oqeHb pa3HOo6pa3Hbi no MeTOAaM 
npnroTOBJieHHH, o6pa6oTXH h axTHBHpyxwHM Ao6aBxaM. T ax, HanpH- 
Mep, npHMeHHIOT aJIIOMOrHApOCHJlHKaTbl HAH aJUOMOCHJIHKaTH, COAep- 
Hcamne 0,5— 1 % cojiefi xejie3a, hhxcah, xoSajibTa, MeAH, xpoMa, 
Mapramta h o6pa6oTaHHbie cepoBOAopoAOM aah npHAaHHH ctohxocth 
k cepe, HMeiomeficH b  KpeKHHr-cbipbe. KaTaAH3aTopbi npHroTOBAaxrr 
B BHAe TafijieTOK HAH nHAIOAb AAH HCn0Ab30B3HHH Ha yCT3H0BKaX c 
HenOABHJKHblM K0HT3KT0M HAH npH TepMÔ Op-npOUeCCe; AAH (J)AK)HA- 
npouecca h x  npeBpamaiOT b TOHKyio nbiAb (cTp. 314).

AAIOMOCHAHKaTHbie KaTaAH33TOpbI 06AaAaK)T CnOCOdHOCTbK) npOBO- 
AHTb He TOAbKO npOUeCCbl KpeKHHra, HO H pa3AHqHbl£ KOHAeHCaUHH, 
HanpHMep p ea x u n n  O pH A eA H — KpacjjTca b napoB pft $ a 3 e , ocodeHHO 
eCAH 3TH KaT3AH3aTOpbI npeABapHTCAbHO 06pad0TaHbI XAOpHCThIM BO- 
AopoAOM. J\. M . PyAKOBCKHft, E . K . CepeSpHKOBa h A . B . C>pocT [10] 
OTMeTHAH H30MepH3yK)m,ee AeHCTBHe 3THX KaTaAH33TOpOB, a HeCKOAbKO 
no3>xe A . B . OpocT [11] ycTaHOBHA, mto AeflcTBHe aaiomochahk3tob Ha 
yrA eB O A opoA w  aH aAornqH o achctbhkd A1C13, T a x  x a x , xpoM e pacm e- 
nAeHHH, n p oT exa x )T  H30MepH3au,HH h noAHMepH3auHH HenpeAeAbHbix 
coeAHHeHHfl h n epepacnpeAeAeH H H  BOAopoAa.

3. OcHOBHbie THHu xpexHHra

Pa3AHHax)T CAeAyiomne ocHOBHbie THnbi xpexHHra: 1) mepMuvecKuu, 
XOTOpblH nOApa3AeAHK)T Ha 0KUdKO<pO3HblU H napO(pa3HblU, H 2) Kama.AU- 
m m ecK uu.

}KHAxo4)a3HbiH xpexHHr HaqaAH npHMeHHTb c 1915 r., xorAa Bnep-
Bbie nOHBHAHCb npOH3BOACTBeHHbie yCT3H0BXH. BnOCAeACTBHH 6bIAH 
nocTpoeHbi 3aBOAbi JXHAXo4)a3Horo xpexHHra. 3tot xpexHHr npoBOAHT 
npn 400—500° h 7—80 am . O h ocHOBaH Ha tom, hto xpHTHqecxaa TeM- 
nepaTypa 6oabinhhctb3 yrAeBOAopoAOB cocraBAaeT ^4 00 ° nosTOMy 
noA AaBAeHHeM ohh h3xoabtch b jkhaxom coctohhhh.

napo(|)a3HbiH xpexHHr BeAyT npn HopMaAbHOM AaBAeHHH h TeMne- 
paType 500—550°; b sthx ycaobhhx TH>xeAbie yrAeBOAopoAH npHMep- 
ho Ha 90% nepexoAflT b napoo6pa3Hoe cocroHHHe h xpexHpyx>TCH. Han- 
OoAbinee pacnpocrpaHeHHe hmcah ycTaHOBXH, oco6eHHOCTbx> xoTopux 
HBAneTCH npHMeHeHHe xaTaAH3aTopa H3 35% Fe20 3 h 65% FeO, npeA- 
oTBpamax)mero xoxcoo6pa30BaHHe Ha cTeHxax xoHBepTopoB (Gyro- 
Proces.', Z^aftpo-npouecc).

KpexHHr b AaHHOM CAyqae npoTexaeT no CAeAyromeft cxeMe: 

CnH?n+a +  Fe20 3 C/iH2„ +  HaO +  2FeO

OAe(])HHbi, xax bhaho Ha npHMepe STHAeHa, pa3Aarax>TCH AaAee: 

CjH4 +  2Fea0 3 —  2C +  2HaO +  4FeO 

C +  Fea0 3 -»- CO +  2FeO
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06pa3yiomaHCH 3aKHCb *ejie3a uepHoro UBeTa nepno/umecKH nepe- 
boahtch b OKHCb KpacHoro UBeTa npo^yBaHueM boahhoto napa hjih 
B03̂ yxa:

2FeO +  H20 —► Fe203 +  H2

BeH3HHbi, ncwiyuaeMbie >KHAKo<})a3HbiM h napo<J)a3HbiM KpeKHHTOM, 
BCJieACTBue pa3JiHUHbix ycjiOBHH Bê eHHH npouecca, pe3KO pa3JiHqaiOT- 
ch. B pe3yjibTaTe ru^pupyioiuero a6hctbhh BOAopoAa uoa AaBJieHHeM 
6eH3HHbi û HUKO(|ja3Horo KpeKHHra HMeiOT npeuMymecTBeHHO HacbiiueH- 
Hbiu xapaKTep h cô epucaT Jiuiub 10— 12% ojiê HHOB. FIpu xpaHeHHH 
TaKue 6eH3HHbi He ocmojihiotch h nosTOMy MoryT dbiTb HenocpeACTBeH- 
ho npuMeHeHbi no Ha3HaueHHio. OKTaHOBoe hhcjio (o.q.) hx HH>Ke, 
neM napo<J)a3Hbix 6eH3HHOB, ho ero mojkho noBbicHTb npHMeHeHHeM 
p w fio p M u m a .1

llapo4)a3Hbie 6eH3HHbi coctoht H3 ô ê HHOB (45—50%), apoMara- 
necKHx yrjieBô opô OB (40—45%) h H3(f>TeHOB. Ohh He couepncaT napa- 
(J)hhob, ofijiauaioT HenpHHTHbiM 3anaxoM, dbicrpo ucejiTeioT h ocmojih- 
KDTCH npu xpaHeHHH, BbWeJIHH CJIOH qepHOH CMOJIbi; OKTaHOBOe HHCJIO 
UOCTHraeT 80—90. napo(j)a3Hbie 6eH3HHbi He MoryT dbiTb npHMeHeHbi 
Henocpê cTBeHHO, hx npê BapHTejibHO noABepraiOT ouhctkc h eradHJiH- 
33UHH; JIHIHb nOCJie TaKOH o6pa6oTKH 6eH3HH CT3H0BHTCH ctohkhm k 
xpaHeHHio, TepueT HenpHHTHbiH 3anax h odJiaAaeT bhcokoh aHTH/teTO- 
HauHOHHOH cnoco6HOCTbio. Bcjiê CTBHe BbicoKoro npoueHTa odpa30- 
BaHHH ra3a, buxoah napo(J)a3Hbix 6eH3HHOB MeHbme, neM }KHAKO<i)a3Hbix. 
KpeKHHr-ra3bi npeACTaBJiniOT co6oh ueHHoe cbipbe a-ah xHMHuecKoft npo- 
MblUIJieHHOCTH.

n p H  XiHAK04)33H 0M  KpeKHHTe BbIXOA OJie(J)HHOBbIX ra300dpa3Hbix 
yrjieBOAopoAOB He npeBbimaeT 10—12%, npH riapO(J)a3H O M  KpeKHHre Bbi-

TAEJ1HUA 57

yrJieBOAopô bi

KpeKHHr

3KHflKO<)>a3Hblii napo<j>a3Hhiii

ch4+ h . 46,3% 35,4%
c2h 4 1 .2 % 22,9%

c2h6 16,6% 13,3%
c3h 6 5,3o/o 18,1%

c3h 8 16,2% 0 ,0 %
c4h 8 4,3o/0 5,5%

QH10 6 , 1 % 1,4%

CflH2/! 1 0 ,8 % 46,5%

x o a  AOCTHraeT 50%. B TadJi. 27 npHBeAeHbi npHMepbi OTHOCHTeAbHoro 
cocTaBa ra30B, odpa3yiomHxcH Ha ycraHOBKax >KHAKo4)a3Horo h napo-

1 Pn̂ opMHHr—o6pa6oTKa 6eH3HHa npH 40—70 am h 500—550°; npu 3tom npo- 
hcxoaht peaKUHH H30MepH3auHH napa<}>HHOB, o6pa30BaHHe apoMaTHHecKnx yr.ieBo- 
flOpOAOB H 3Hâ HTe.TbHO nOBbllliaeTCH OKTaHOBOe HHCJIO (cTp. 582).
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(})a3Horo KpeKHHra. I lp n  napo(J)a3HOM KpeKHHre oji^ hhob no.iyqaeTCH b 
4—5pa3 6ojibuie, qeM npn >KHAKO(J)a3HOM. Ohh npe^craBJiHiOT co6oh npe- 
BOCXOAHOe Cbipbe AJIH CHHTe33 pa3JIHqHbIX OpraHHqeCKHX COeflHHCHHH.

KaTajiHTHqecKHH KpeKHHr noJiyqHJi TexHHqecKoe pa3BHTHe c 1937 r., 
Kor â 4>paHixy3CKHH HH>KeHep Tŷ pH nocTponji b CLUA nepBbift 3aBOA- 
Ha pnc. 48 npHBê eHa cxeMa oahoto H3 t3khx 33boaob. KpeKHpyeMoe 
cbipbe npn 380° npoxoAHT qepe3 peaKTopbi c a.noMocn.iHKaTHbiM KaTa- 
JiH3aTopoM, o6pa3ya 3a nponycK ao 45% 6eH3HHa c OKTaHOBbiM hhcaom

P hc. 48. CxeMa 3aBOAa KaTa.THTH'iecKoro KpeKHHra (c HenoABii/KHbiM Ka-
Ta;iH3aTopoM):

/, 2, «?—peaKTopbi; 4—narpeBaTejib B03flyxa; 5—TypCoKOMnpeccop; 6 —Ter7.ioo6MeHHHK;
7— OTCTOiiHHK CMOJItj; 8 —HarpCBaTejlb CbipbH.

77—81; npn noBTopHbix nponycnax bhxoa 6eH3HHa MO>KeT ^ocTHraTb 
85%. He ôcTaTKOM stoto npouecca HBJiHJiacb nepHOAnqHOCTb padoqero 
UHKJia H3-3a o6pa30BaHHH KOKca (2—3%), oiviaraiomerocH Ha KaTa.nn- 
3aTope h 6biCTpo Ae3aKTHBHpyioiHero ero. AKTHBHOCTb KaTajW3aTopa 
MOXceT dbiTb nojiHOCTbK) BOccTaHOBjieHa BbiJKHraHiieM H3 Hero KOKca
B03AyxoM npn 500—550° Padoqnn nepnoA KaTajiH3aTopa cocTaBJiHJi 
Bcero Jinuib 10 mhh.; 3to h co3AaJio dojibinne 3aipyAHeHHH npn npan- 
THnecKOM ocymecTB.iennn yKa3aHHoro MeTOAa. PeaKTopbi nepBbix 
33BOAOB padoTaAH nocMeHHO no CTporo BbipadoiaHHOMy rpacJjHKy.

HecMOTpn Ha HeAOCTaTKH, npenMymecTBa Kara.THTnqecKoro KpeKHH
ra npoHBHJiHCb cpa3y >Ke. Tan, HanpHMep, Ha .lyquinx yciaHOBKax 
>KHAKo4)a3Horo KpeKHHra mo>kho noAyqHTb bhxoa 6eH3HHa ao 70 % 
c OKTaHOBbiM hhcjiom, paBHbiM 72, Ha ycTaHOBKax >Ke KaTaAHTiiqecKoro 
KpeKHHra—AO 80% C OKTaHOBbiM HHCJIOM, paBHbiM 81 H Bbliue.B HacTOHin.ee BpeMH H3BecTHbi Tpn ochobhhx  Kaia.iHTHqecKHX MeTOAa: 1) cmammecKiui mctoa (fixed bed), npn KOTopoxi napu chipbH npo- xoaht  qepe3 HenoABHJKHbni KaT3JiH3aTop; 2) meKynuu .uemod (cpAtoud- 
npoyecc) c npiiMeHemieM pacnbuieHHoro K3TajiH3aTopa, B3BeuieHHoro b napax cbipbH, n 3) tncpM<‘(hop-nponccc c MexaHHqecKHMH KOHBeftepaMH
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rpy6o rpaHyjiHpoBaHHoro xaTajiH3aT0pa. 06 a nocjieAHHx MeTOAa Tpe- 
'6yioT OT^ejibHbix peaKTopoB h pereHepaTopoB. C/ie^yeT oTMeTHTb, hto 
6jiaroAapfl TexyqeMy MeTOAy qpe3BbiqaftH0 ocTpoyMHO dbiJia pa3peuieHa 
<npo6jieMa odpameHHH c TBepAbiM BemecTBOM xax c JXHAxocTbK); sto ot-

xpbiBaeT HOBbie nepcnexTHBbi 
AJifl npHMeHeHHH TBep̂ bix xa- 
TaJIH3aTOpOB (cm. nceBflOOJKH- 
HceHHoe cocTOBHHe, peaxiiHH b 
KHnameM cjioe Ha CTp. 59).B ycraHOBKax xaTaJMTH- 
qecxoro xpexHHra uHpKyjiH- 
pyiOT TOHHbi pacnbiJieHHoro 
hjih rpaHyjiHpoBaHHoro xa- 
TaJiH3aTopa, npoxoAnmero 
nyTb H3 peaxTopoB b pereHe- 
paTopw h o6paTHO. Flpn Texy-
qeM MeTOAe npHMeHHeTCH CTOJib 
AHcneprHpOBaHHbiH ajix)MOCH- 
JlHXaTHblH XaTaJIH3aT0p, hto 0,5 K2 ero HMeeT noBepxHOCTb 
oxojio 180 000 M2. npH TepMO- 
(Jjop-npouecce npHMeHHeTCH 
3epHeHbift xaTa^H3aTop H3 

t; a—TepMo<i>op- npHpoAHbix rjiHH. Hap hc. 49 
op; ° pereHe- npHBe êHa cxeMa 3T0r0 npou.ec- 

ca, OTxyna bhaho, hto xaTa- 
jiH3aTop BHyTpn annapaTypu onncbiBaeT nyTb b BHAe BocbMepxn.H a pnc. 50 noxa3aHa cxeMa oahoh H3 coBpeMeHHbix yeraHOBOX xa- 
TajiHTHnecxoro xpexHHra c nceBAOOJXHJxeHHbiM xaTajiH3aTOpoM. npeA- 
BapnTejibHO noAorpeToe xpexnpyeMoe cbipbe ncnapneTCH b no- 
Toxe ropjmero xaTajiH3aTopa, BbixoAamero H3 pereHepaTOpa 1. CMecb 
xpexnpyeMoro cbipbH h xaTajiH3aTopa (npHMepHo npn BecoBOM cootho- 
ineHHH 1 : 7) nocTynaeT b njioTHbifi cjioh xaTajiH3aTopa b peaxTope 2, 
TAe npn 480° n nponcxoAHT xpexHHr c OTJiojxeHneM Ha xaTa;iH3aTOpe 
xoxca.npoAyKTbi peaxuHH otboahtch CBepxy nocjie oTAejieHHH ot xaTaJin- 3aTOpa b cncTeMe hhxjiohob.1 OTpadoTaHHbm xaTajiH3aiop onycxaeTCH 
bhh3 h qepe3 OTAyBOHHyx) cexu;HK) (bxotopoh nponcxoAHT oTroHxa yrjie- 
boaopoaob c noMQmbX) BOAHHoro napa) nocTynaeT b Tpy6onpoBOA 3, OTxyAa rHApocTaTHnecxHM AaBjieHHeM noAaeTca b pereHepaTop /, rAe B03AyxoM H3 xaTajiH3aTopa BbixcnraeTCH xoxc (TeMnepaTypa AocmraeT 560—570°). ropnHHH xaTajiH3aTOp onycxaeTca 3aTeM no Tpy6onpoBO

Phc. 49. CxeMa TepMoi
/—peaKTop; 2—sjieBaTopw KaTaju 

'Has(jieln>; • —3aKOKCOBaHHbift KaT 
pHpoBaHHblii KaTajIHS

1 U hioiohom Ha3HBaeTca npadop a j ih  ohhctkh napa hjih ra3a ot nujiH. Ero aeft- 
CTBHe ocHOBaHO Ha ueHTpo6e>KHOH CHJie, B03HHKaiomeH npn BpameHHH ra30Boro no- 
Toxa, b pe3yjibTaTe wero nbuib oce^aeT Ha creHxax npnfiopa h onycxaeTCH b h h 3 , a 
oHHiu,eHHbiH nap hjih ra3 yflajiHetCH CBepxy.
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Ay 4, h uhk/i 33MbiKaeTCH. IloAaqa KaTajiH3aTopa peryjinpyeTCH umde- 
paMH 5 h 6. npH TaKOM MeTOAe napaMH npoAyKTOB yHOCHTCH Jinuib 
okojio 1 % KaTajiH3aTopa.

Phc. 50. CxeMa ycTaHOBKH KaTaJiHTH'iecKoro KpeKHHra c nceB̂ o-
0>KH>KeHHbIM KaTajIH3aTOpOM :

/—pereHepa-rop; 2—peaKTop; 3, 4—TpyOonpoBOflu; 5, 6—mn6epw.

4. MexaHH3M TepMHqecKoro KpeKHHraB npeAejibHbix yrjieBOAopoAax SHeprHH pa3pbiBa CBH3en TeM MeHb- 
me, qeM 6jin*e MecTO pa3pbiBa k ueHTpy MOJieKyjibi; Tan, HanpHMep, npn 
pa3pbme cbh3h Me>KAy —C2 OHa paBHa 72 kkcia, MeacAy C2—G 364kkcia, 
MeX<Ay C3—C4 63 KKCLA H AAH APyrHX UeHTpaAbHbIX CBH3efl —
62,5 kkcla [12]. noaTOMy peaKUHa nepBHqHoro KpeKHHra nponcxoAHT 
y ueHTpa MOJieKyjibi c odpa30BaHHeM AByx cboSoahux paAHKaAOB, npe- 
Bpaiu,aiomHXCH nocjie nepepacnpeAeAeHHH aTOMa BOAopoAa b oac(J)hho- 
Bbiii h napacJ)HHOBbiH yrAeBOAopoAbi:

-̂•n4-m̂2(n+m) + 2 "f" ̂ m îm+l C/|H2n -f- CmH2m+2
TaK >Ke HAeT h AaAbHemiiHH pacnaA noAyqHBiHHxcH napacj)HHOB ao 

o6pa30BaHHH KOHeqHbix yrAeBOAopoAOB, cradHAbHbix b ycjiOBHax Kpe
KHHra. Ecjih KpeKHHr BecTH npn bhcokhx TeMnepaTypax (ao 600°), to 
pacnaAH HAyT c o6pa30BaHHeM HH3K0M0AeKyjiHpHbix ojietJwHOB, napacJiH-
HOB H HeKOTOporO KOJIHqeCTBa AHeHOB. BbIXOAbI OTAeAbHbIX B03M0JKHbIX 
npoAyKTOB MOJKHO HAAIOCTpHpOBaTb peaKUHHMH KpeKHHra H-6yTaH:a

--- ► CH3CH3 +  CH2=CH2 46%

ch3ch2ch2ch3 .
-----   CH3CH=CH2 +  CH4 48%

----- ► CH3CH=CHCH3 +  H2 5%

—  -► CH2=CH—CH=CH2 -f 2H2 3%
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KpeKHHr c pa3pbiB0M C— C-cbh3h hact b 9—10 pa3 ObicTpee, qeM ap- 
THApHpOBaHHe.

Ojiec|)HHbi npn bhcokhx TeMnepaTypax KpeKHHra cnocoSHbi nojinwe- 
pH30BaTbCH, aJlKHJIHpOBaTbCH HH3IUHMH napa(j)HHaMH B yrJieBOAOpOAbl 
c pa3BeTBjieHHOH penbio hjih pearnpoBaTb c zsneHaMH c o6pa30BamieM 
apoMaTHnecKHx yrjieBo/iopo^OB:

h2c ch2
V /  \

ch2 C-CH3 H2C C-<
II +  1 — -  1 II
ch2 CH H,C CH

H /
\  /  

ch2

—CH,t +  2H2

npHMepHyio cxeMy npoueccoB TepMHqecKoro KpeKHHra mo>kho ripej- 
CTaBHTb cjie^yromHM o6pa30M:

CH3(CH2)^CH2CH2CH2(CH,)vCH3

CH3(CH2)^CH2 +  CH2CH2(CH2)j,CH3
I

CH3(CH2).vCH2CH2 +  CH2(CH2)yCH3

I

1
CH3(CH,).rCH3 +  CH2=CH(CH2)yCH3 CH3(CH2) VCH=CH2 +  CH3(CH2)yCH,

1
HH3iBHe ojiecpmibi ~>- AHO.nê HHbi —► CMOJia 

i
I—► Ha<J)TeHbi

apoMaTHMecKiie ymeBOAOpOAhi

1
KOHAeHcnpoBaHHbie apoMaTuqecKiie vrjieBOAopoAbi

1
KOKC

Kan bhaho H3 cxeMbi, o6pa30BaBiunecH apoMaraqecKHe yrjieBOAO- 
poAti nyTeM AerHApouHKjioKOHAeHcauHfi (crp.259 ) MoryT npeBpa- 
maTbCH b cjiox<Hbie KOHAeHCHpoBaHHbie apoMaTHqecKHe yrjieBO- 
AOpOAbl, HTO Be/jeT K KOKC006pa30BaHHK>.

oObHCHeHHH MexaHH3Ma TepMHqecKoro KpeKHHra 6biJio npeAJio- 
HceHO MHoro pa3JiHqHbix TeopHH, H3 KOTopbix HaHOojiee coBepmeHHa uen- 
H3H TeopHH <J>. O. Panca h K. K. Paflca, yqHTbiBaiomaH KHHeTHKy npouecca 
h odtHCHHiomaH KpeKHHr npoMe^yToqHbiM o6pa30BaHHeM cbo6oahhx  
paAHKaJiOB [13]; B ocHOBe stoh TeopHH jie>kHT npeAnoJio>KeHHe, hto mo- 
jieKyjibi yrjieBOAopoAOB pa3pbiBaiOTCH, o6pa3yn Asa cbo6oahmx paAH-
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• •
Kajia. nocJie^HHe ja.iee pacnaAaiOTCH Ha ojie(j)HH h H, CH3 h (hjih)
C2H5, 6ojiee ctohkhc b yc.TOBHux KpeKHHra h cnocoOHbie k KpaTKOBpe- 
MeHHOMy cymecTBOBaHHio. CyAuOa t3khx cbo6oahmx paAHKajiOB pa3- 
IHMHa. O hm MOryT peKOMSHHHpOBaTbCH B MOJieKyjlbl H2, CH4, C2Hh, 

C,H10, no ereneHb BepouTHOCTH o6pa30BaHHH sthx MOJieKy  ̂ hhhtojkho 
Majia. BcJieacTBHe oueHb MaJion KOHUeHTpauHH CBoOoAHbix paAHKajiOB 
B  peaKUHOHHOM o6"beMe H  dO/lbUIOH KOHU.eHTpaH.HH HCXOAHbIX MOJieKy.1, 
ripu cTOJiKHOBeHHH pajHKa.TOB c MOJieKyjiaMH, nepBbie OTHHMaiOT y m o - 

.aeuyji npn kojijihshh aTOM BOAopoAa, caMH npeBpamaucb b H2, CH4 
hjih C2H0 h nopo>KAaH TeM caMbiM HOBbie cjio>KHbie pa^HKajibi, KOTopbie 
3aTeM CHOBa pacna^awTca. Tax npoTeuaeT, no 33K0HaM uenHbix peau- 
UHH, pacnaA cjiojkhmx MO.TeKyji npH KpeKHHre. C/reneHb craTHCTHue- 
ckoh BepouTHOCTH OTmen.ieHHu aTOMOB H ot pa3JiHMHbix rpynn npn 
pa3Hbix TeMnepaiypax 6buia HaftAeHa cjieAyioiueH:

3 0 0 ° G 00° 1000°

O t  CH3 1 1 1
O t  CH„ 3 2 1 , 6

O t  CH' 33 10 5,0

3*th cTaTHCTHqecKiie Koŝ HUHeHTbi noKa3biBaiOT: ecjiH npH 600° 
BepouTHOCTb oTiuenjieHHH H ot nepBHHHoro aTOMa yrjiepoAa paBHa 1, 
to ATiH BTOpHHHoro aTOMa OHa BABoe 6ojibuie, a A-au TpeTHMHoro—b 10 pa3 
Oojibuie, hto onpeAe/iueT h KHHeTHKy pa3Jio>KeHHH h BbixoAbi coot- 
BeTCTByiomHX npoAyKTOB KpeKHHra.

Elpouecc KpeKHHra coctoht H3 cjieAyioiuHx ct3Ahh :
1) pacnaA MOJieKy;ibi Ha ABa cboSoahhx paAHKajia;

, . •* • •2) pacnaA Oojibinux paAUKa/ioB Ha ojiecjDHH h H, CH3 hjih C2H5;
3) uenHbie uhkah: aTana hcxoahhx MOAeKyji yK33aHHbiMH MajibiMH

(CH3, c2h  5) CBoOOAHbIMH paAUKaJiaMH C Bbl6HB3HHeM aTOMa BOAOpOAa 
H3 juoSoro MecTa Mo.ieKyjibi h o6pa30BaHHeM 6o;ibLHHX paAHKajiOB.

HanpuMep, H-neHTaH npn nepBHHHOM KpeKHHre mojkct pacnacrbca 
no AeyM HanpaBJieHHHM:

CH3CH2CH2CH2CH3
ch3ch2ch2ch2 +  CHS 

CH3CH2CHo +  ch2ch3

IlojiyqeHHbie CBoOoAHbie nponHA- h 6yTHJi-paAHKajibi pacnaAaiOTCH:

ch3ch2*ch2 ----- ► ch2= ch2 +  ch3

ch3ch2ch2ch, ----- ► ch2 - ch., +  ch2ch3

06pa3yiomHeca CBoSoAHbie mctha- h 3THA-paAHKajibi Aa-nee Hauu-
H3K)T uenHbie peaKUnn:

ch3



318 rn. V. KATAJIMTHWECKHU KPEKHHT

PaflHKaji C nH 2re+i, ecjiH oh 6ojibiue, neM C 2H 5, aojukch pacna^aTbc» 
no BbiuienpHBe^eHHofi cxeMe Ha ojietjniH h HH3uiHe cBo6oflHbie pa^HKa- 
jibi. noc^e^HHe fla jiee pacna^aiOTCH no onpeAejieHHbiM HanpaBjieHHHMr

ch3ch2ch2

CHS
3V CH

CH/

----- »- CH2=CH2 +  CH3

----- ► CH3CH=CH2 +  H

ch3ch2ch2ch2 - -► CH2-CH2 +  C2Hg

CH3V . «
>chch2 - 

ch3/
-----► CH3CH=CH3 -f CHg

ch3V . CH3V
>cch3 ----- V >C=CH2 +  H

CH/ ch/

CH3CH2CH2CH2CH2 ----- >- 2CH2—CH2 +  CH3

CjieAOBaTejibHo, pacna# H-neHTaHa co CTaTHCTHnecKHMH KoacJxjHiUH- 
eHT3MH MOJKHO npê CTaBHTb T3KHM 06pa30M:

CH3CH2CH2CH2CH3

CH3CH2CH2CH2CH2 +  RH 

CH3CH2CH2CHCH3 +  RH 

CH3CH2CHCH2CH3 +  RH

JXajiee nojiyqeHHbie cjiojKHbie pa/jHKajibi pacna^aioTcn:

(a)

l6i

( b )

a) 1-2-31 CH3CH2CH2CH2CH2----- >- 12C2H4 +  6CHS

6) 2-2-2 CH3CH2CH2CHCH3 ---- ► 8C2H5 +  8CH3CH=CH2

b) 2 -1 • 2 CH3CH2CHCH2CH3 ------- ► 4CH3 +  4CH3CH2CH=CH2

Ecjih npocyMMHpoBaTb Bee CTa^HH KpeKHHra neHTaHa, to nojiynHM: 

18C5H12 —  10CH4 +  8C2H6 +  12C2H4 +  8C3H6 +  4C4H8

AHajtorHHHbiM o6pa30M mojkho onpeaejiHTb npoayKTbi KpeKHHra h 
flpyrnx yrjieBOAOpo^OB. CoBna^eHne BbmncneHHbix h SKcnepHM.eHTaJib- 
HblX flaHHbIX n03B0JIHer CyflHTb O BepOHTHOCTH TeopHH, npê JIOHCeHHOfl O . O . PancoM h K . K . PancoM.

1 B npoH3BefleHHH nepBaa un^pa o6o3HaaaeT craTHCTHqecKHH K03<})<j)HUHeHT, 
BTopaa— aHCJio paBH03HaaHbix rpynn (CH3 hjih CHa), TpeTba— hhcjio aTOMOB boao 
po,na b rpynne.
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5. TeopHM h MexaHH3M KaiaJiHTMHecKoro KpeKMHraKpeKHur yrjieBOAopoAOB b npHcyTCTBHH ajuoMOCHjiHKaTHbix KaTa- JiH3aTopoB npeflCTaBJiHeT, Kan yme dbiAO VKa3aHo, oqeHb cAOJKHbifi npouecc. Hapa^y c AeTyqHMH ra30odpa3HbiMH npoAyKTaMH odpa3yiOT- 
ch CMOJibi, npoqHO aAcopSnpoBaHHbie KaT3AH3aTopoM, KOTopbie, Bee doAee «o6e^HBHCb» boaopoaom, npeBpamaiOTCH b kokc. FIocAeAHHH Bbi- HiHraiOT npn pereHepauHH, o6hobjibh tcm caMbiM aKTHBHyio noBepx- 
HOCTb KaTajiH3aTopa.

XUa 0 6 'bHCHeHHfl KaTajiHTHqecKoro KpeKHHra odbiqHbie Teopmi 
KaTa;iH3a, bhahmo, HeAocraToqHbi. KpeKHHr oTAHqaeTca ot Apyrnx xa- 
TajiHTHMecKHx peaKUHH TeM, mto: 1) noBepxHOCTb KaTa/iH3aTopa Bee 
BpeMB noKpbiBaeTCH aACopdHpoBaHHbiMii cmoahctmmh BemecTBaMH n 
2) CMOjibi Ha KaTâ H3aTope b pe3yjibTaTe AaAbHeHiniix peaKUHH nepe- 
pacnpe/i,ejieHHH BOAopoAa npeBpamaiOTCH b kokc. Xoth pa3AHqHbie aB- 
Topbi npeÂ io>KHjTH pa# THnoTe3 aah od'bflcueHHH KaTajiHTHqecKoro 
KpeKHnra, cymHOCTb ero ocTaeTcn eme He BbincHeHHofi.

B. H. BepnaACKHH [14] h H. FlayAHHr odpamnn ocodoe bhhm3- 
HHe Ha KHCAbie CBOHCTBa aJIIOMOCHJIHKaTOB. B. A. Ka3aHCKHH H. 
M. M. Po3eHrapT [15] npoBejiH aHajiornio Me>KAy KaTaAHTHqecKHM Aefi- 
CTBHeM khcjiot h rHApoajiioMOCHjiHKaTOB, a K. B. TonMHeBa h M. T FlaH- 
qeHKOB [16] yCT3H0BHAH, HTO aKTHBHOCTb aJIIOMOCHJIHKaTOB CBB33Ha 
co CTpyKTypofl noBepxHOCTH KaTajiH3aTopa.

AjiioMOCHjiHKaTHbie KaTajiH3aTopbi odJiâ aioT oqeHb nopncroH (pa-
o

AHyc nop ~40 A) h pa3BHToii noBepxHOCTbio (ao 400 m2 Ha 1 a), qro 
OdtHCHHeT AO HeKOTOpOH CTeneHH HX aKTHBHOCTb. KpOMe TOTO, Me>KAy 
CTpoeHHeM 3THX KaTaJIH33TOpOB H yrAeBOAOpOAOB CymeCTByeT, bhahmo, 
reoMeTpHqecKoe noAodne. PaccTOHHHH Me>KAy CMejKHbiMH aTOMaMH khc-

U
jiopoAa b  pemeTKe MOHTMopHjiJiOHHTa cocraBAHioT 2,55 A, h to  c o o t- 
BeTCTByeT paccTOHHHio Men<Ay qeTHbiMH hjih HeqeTHbiMH aTOMaMH yme-o
poAa b yrjieBOAopoAHbix nenax (2,54 A). HeKOTopbie aBTopbi cqHTaiOT. 
hto aACOpdHpoBaHHbie u,enH yrjieBOAopoAOB opneHTHpoBaHHO pacnojia- 
raiOTCH BAOAb pBAa KHCAopoAHbix aTOMOB MOHTMopHjiJiOHHTa, napajiAeAb- 
ho hjih noA yrjioM 60° nepeKpemHBaacb npn stom, hto odJierqaeT pa3- 
pbiB ueneft h odpa30BaHHe pa3BeTBAeHHbix cTpyKTyp.

MHorne aBTopbi OTMeqaioT aHajiorHio b  noBeAeHHH aJIIOMOCHJIHKaTOB, 
A1C13 H KHCJIOTHbIX K3TaAH3aTOpOB (H?S04, H3P04 H HF). Bo Bcex 
cjiyqanx ycKopaeMbie hmh peaKUHH CBH3aHbi c nepeHOcoM BOAopoAa. 
OdbiqHO aAioMOCHjiiiKaTbi h KpeMHe3eM paccMaTpHBaioTCH, KaK cjiadbie 
KHCJioTbi, AaiomHe npn AHecouHauHH hohu H. B m ao  ycraHOBAeHO, hto 
TmaTejibHO oqHmeHHbie 3AeKTpoAHaAH30M reAH Al(OH)3 h Si(OH)4 
coBepiueHHO He SAeKTponpoBOAHbi. Ohh oqeHb SHeprnqHO aAcopdnpyioT 
KHCAOTbl H meAOqH. 3HaqHTeAbHVK) HCHOCTb B 3T0T Bonpoc BHeCAO HCCAe- 
AOBamie f  JX. JIiodapcKoro h M. n. Ko3HHa [17], KOTopbie HauiAH, hto 
npHMeCH meAOqefl CHAbHO CHHJK3IOT aKTHBHOCTb aAK)M0CHAHK3THbIX 
KaT3AH3aTopoB, odpadoTKa >Ke khcaot8mh 3HaqHTeAbHO noBbiuiaeT nô
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cneflHiOK). ripoueccbi Ha thkhx KaTajiH3aTop3x cBH3aHbi c nepeHOCOM 
Bô opoAa MexcAy MOJieKyjiaMH yrjieBOAopoAOB, hto odJiernaeTCH H-HOHa- 
MH KHCJIOT, aflCOpdHpOBaHHbIX npH H3rOTOBJieHHH KaTaJIH3aTOpa.

A . B . O pocT  [10], npoBcxna aHajiorHio b noBeAeHHH ajnoMocHJiHKa- 
tob h A lC lg , noAHepKHBaeT, hto b o6ohx cjiynanx nojiynaiomHecH npo- 
flyKTbi o^HHaKOBbi, h nacro HMeeT MecTo nepepacnpeAeJieHHe BOAopoAa. 
BCJie^cTBHe nero odpa3yioTCH cmojih, coAepxtamne noAHKOHAeHcnpo- 
BaHHbie apoMaTHnecKHe yrjieBOAopoAbi. n o  MHeHHK) A . B . 4>pocra, noA 
BJiHHHHeM cHJioBoro nojiH KaTajiH3aTopa nponcxoAH f Aec])opMauHH mo- 
jieKyji ojie(])HHa, h npH AecopduHH nojiynaeica  CMecb ojie<J)HHOB, otjih- 
HaiOmHXCH JIHIHb nOJIOXCeHHeM C=C-CBH3H B U,enH. ripH KaTaJIHTHHe- 
ckom KpeKHHre, Kax h npH bchkoh KaTaJMTHHecKOH peaxitHH, HMeeTCa 
CTa^HH AecopfiuHH npoAyKTOB c KaTajiH3aTopa. ripoTHB Taxoro nojio- 
xceHHH B03p,axcaeT C. H . 06phahhkob [8 ], He AonycKaiomHH AecopduHH 
cMOJiHCTbix BemecTB c KaT3JiH3aTopa. B pe3yjibTaTe OTcyTCTBHH Aecopd- 
Hhh npouecc KaTaJiHTHnecKoro KpeKHHra, no AaHHbiM aBTopa, pe3KO 
OTJIHHaeTCH OT A p y r u x  KOHTaKTHbIX peaKimfi.

IlpH KaTajiHTHHecKOM KpeKHHre, no C. H . OdphahhKOBy , cnepBa 
.npoHcxoAHT aACopduHH BemecTB «c HandoJibinen <})H3HKO-xHMHHecKOH 
CHJJOH npHTHXteHHH» (CMOJIbI, OJiê HHbl, BbICOKOMOJieKyjIHpHbie nOJIH- 
UHKJIbl H T. A-)> KOTOpbie nOJIHOCTblO 33KpbIBaiOT nOBepXHOCTb KaT3JIH- 
3aTopa. B Hanajie npouecca MoryT dbiTb eraahh AecopduHH h BbrrecHe- 
hhh jierKHx MOjieKyji 6oji.ee TuxtejibiMH, ocodeHHO coAepxcaiuHMH He- 
npeAeJibHbie cbh3h. riapa^HHbi He aAcopdnpyioTCH. Xlajiee, b pe3yjib- 
TaTe KpeKHHra n nepepacnpeAejieHHH BOAopoAa, nacTb yrjieBOAopoAHbix 
MOjieKyji, CTaHOBHCb Bee dojiee h 6ojiee HenpeAejibHbiMH, yx<e He MoryT 
BbiTecHHTbCH APyrHMH MOJieKyjiaMH, nosTOMy AecopduHH npeKpamaeTca. 
B pe3yjibTaTe AaJibHeHinefi OTAaHH BOAopoAa aACopdHpoBaHHbie mo- 
jieKyabi o6pa3yiOT Ha KaTajiH3aTope kokc.

Becb npouecc cboahtch k TOMy, hto aKTHBHan noBepxHOCTb Kaia-
jiH3aTOpa AeftcTByeT Ha MOJieKyjibi He HenocpeACTBeHHO, a nepe3 aAcop-
dnpoBaHHbiH cjioh MOjieKyji, KOTopbie He KpeKHpyioTCH, a AerHApH-
pyioTCH, nepeAaBan boaopoa MOJieKyjiaM, HaxoAamHMCH b chjiobom nojie
KaTajiH3aTopa. JlepBHHHbiM aKTOM KpeKHHra hbjihctch pa3pbiB Hando-
jiee cjiadbix cbh3ch c odpa30BaHHeM paAHKajioB, KOTopbie ceftuac xce
HacbnuaioTCH boaopoaom. 3thm KaTajMTHHecKHH KpeKHHr npHHUHnnajib-
ho, no C. H . OdpnAHHKOBy, OTJinuaeTCH ot TepMHnecKoro KpeKHHra,

• •
npn KOTOpoM paAHKajibi pacnaAaiOTCH AaJiee ao  C H 3 h C2H 5; nocjieAHHe 
npOBOAHT33TeM uenHbieitHKJibi pacnaAa hcxoahhx  MOjieKyji (no O . O. Paii- 
cy ). 3aBHCHMOCTb MexcAy coAepxcaHHeM A120 3 b ajnoMOCHJiHKaTHbix Ka- 
TajiH3aTopax h hx aKTHBHocTbio dbiJia noApodHo H3yneHa M . B. TaMejie 
[18]; HM yCT3H0BJieH0, HTO XHMHHeCKH HHCT3H S i0 2 npH 500° COBepmeH- 
ho He KaT3JiH3HpyeT KpeKHHr yrjieBOAopoAOB, H30MepH3aitHio hjih 
noAHMepH3auHio h x . A btopom  npoBeAeHbi onbiTbi no KpeKHHry H3onpo- 
nHJideH30Jia Ha deH30Ji h nponnjieH npn 500° h&a  S i0 2 c pa3HbiMH AodaB- 
K3MH A120 3. AKTHBHOCTb KaTaJlH3aTOpa A,. BbIHHCJIHJiaCb A-fiH 1 a Ka-
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ia.'IH3aT0pa, HCXOAH H3 3KCnepHMeHTaJIbHO H3HACHHOH 3aBHCHMOCTH 
M ejK^y o6"beMHofi c K o p o c rb io  h rjiy6HHOH npeBpam eHHH. BejiHHHHa 
A K nponopUHOHaJlbHa o6"beMHOH CKOpOCTH H CKOpOCTH peaKUHH, nOSTOMV 
oHa h 6bi^a npHHHTa a jih  o u c h k h  aKTHBHOCTefi. H 3 Ta6ji. 28 b h a h o , hto 
;;a>Ke He3HaqHTe^bHbie a o S b b k h  A120 3 npHAaiOT KaTajiH3aTopy khcjtot-
Hl.lli XapaKTep H, aKTHBHOCTb.

TAB/IHUA 28

Al.
Bee. %

Na,
Bee. %

n p op earH p oB a .n o  
H3on pon  H ji6eH 3ona, 

%
AKTHBHOCTb

%

0 , 0 0 1 0,03 2 , 0 5
0 . 0 1 0 , 0 1 39,0 35
0,05 — 63,8 57
0,066 0,001 67,3 8 2

0,11 0,01 87,4 167

B PipHCyTCTBHM Na aKTHBHOCTb ajIKDMOCHJIHKaTHbIX KaTaJlH33TOpOB 
|k j3ko  CHH>KaeTCH. MHCTaa A120 3 T a ion e  HeaKTHBHa . O AH ano A120 3 
<)Ka3biBaeT aKTH BH pyiom ee bjihahhc Ha S i0 2, hto bhaho H3

ra6ji. 29.
YcTaHOBjieHo Taione, hto noBbi- 

UieHHK) 3 KTHBH0CTH aJHOMOCHJIHKaT- 
HblX KaT3JIH3aTOpOB cnocodcTByioT 
Cl-HOHbi, noaTOMy HexoTopbie 3bto- 
pbi peKOMeHAyiOT odpadaTbiBaTb sth 
KaTaJiH3aTopbi ra3oo6pa3HbiM HC1. Boo6me Me>KAy AeftcTBHeM ajnoMOCH- 
elHK3TOB H 6e3BOAHOTO A1C13, LUH- 
pOKO npHMeHHeMOTO B pa3JIHHHbIX
peaKUHHx OpHAejiH— Kpa^Tca, cy- 
iiieciByeT nojiHan aHaJiorHa. IlpH- 
HHHa KaT3JlHTHHeCKOH 3KTHBH0CTH 
aJIKDMOCHJlHKaTHblX KaT3JlH3aTOpOB

TABJ1HUA 29

Ai2o3,
Bee. %

yAeJibHaa
noBepxHOCTb,

Mile

0,001 737 0
0,064 722 68
8,17 695 121
0,55 695 190
1,08 622 204
1,88 622 223
5,47 545 226

ocoSeHHO He aKTHB- 
coAepma-

He A0CT3T0HH0 nOHHTHB,
ecjiH  ynecTb, hto nopo3H b hh S i0 2, hh A120 3 KaTajiHTHnecKH 
Hbl. AjHOMOCHJIHKaTbl HBJIHIOTCH KHCJIbIMH KaTaJIH3aTOpaMH,
ihhmh 10— 15% A1.,03 h 85—90% S i0 2.

HaCTOHmee BpeMH npHHHTO CHHTaTb, HTO HOCHTeJIHMH 3KTHBH0CTH 
a/IfOMOCHJIHKaTOB HBJIHIOTCH COeAHHeHHH (H A lSiO J^ ., cnocofiHbie ahc . 

COUHHpOBaTb Ha HOHbl A'H* H ( A lS iO j* . TaKHM o6pa30M, KaTaJlHTHHe- 
CKHH KpeKHHT HB/IHeTCH UeriHOH HOHHOH peaKUHefi. BepOHTHO, ( H A lS iO ,) ( aKTHBen mnbKo Ha noBepxHOCTH KaTa;iH3aTopa, a niy6HH- 
Hbie CJIOH a.TIOMOClI.IHK3T3 HBJ1JHOTCH JIHUIb HOCHTeJieM. CxeM3THHeCKH 
cTpyKTypy aAioMocHJiHKaTOB mo>kho npeACTaBHTb b BHAe TpexMepHofi 
peilieTKH H3 TeTpa3ApHHeCKHX aTOMOB KpeMHHH, CBB33HHbIX Hepe3 KHC- 
,'iopoA (cHJioKcaHHbie cbh3h). B 3toh pemeTKe HexoTopbie ueHTpaAbHbie

21 li. H AoJiroB
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aTOMbi Si 3aMeHeHbi Ha aTOMbi Al, h to  co3AaeT HapyweHiin b 
CTpyKType:

-Si—O—Si—O—Si-
I I I
0 0 0
1 I I

-Si—0—Si—O—Si-
I I I
0 0 0
I I I

-Si—O—Si—O—Si-

TpeXMepHan peuieTKa 
cHJiHKaTa

Si—O—Si----O---- Si-
I I I
0 0 o
1 I I

-Si—O—Al H + ..-0 -S i-
I I I

0 0 o
1 I I

-Si—0—Si----O-----Si-

TpexMepHaw peiueTKa
ajiiOMOCHJiHKaTa

3Ta CTpyKTypa od^HCHHeT; noneiviy hh S i02, hh A120 3 nopo3Hb He an- 
THBHbl H nOHeMy aJIKDMOCHJIHKaTbl Ofijia^aiOT KHCAbIMH CB0HCTB3MH. 
HHTepecHbie B3rAHAH o pojin khcahx K3TajiH3aTopoB b npeBpameHHux 
yrjieBOAOpoAOB BbicKa3ajiH TypKeBHH h P Cmht r 19]. Ohh chht3iot, 
hto KaTajiH33TOpOM hbahctch KHCJioTa c onpeAeAeHHbiM CTpyKTypHbIM 
cooTBeTCTBHeM no OTHomeHHK) k MOJieKyjie yrjieBOAopoAa. 3to Bbipa- 
>KaeTCH paBeHCTBOM HeKOTOpbIX MeJK3T0MHbIX paCCTOHHHH. PaCCTOHHHe 
MejKAy C—C yrjieBOAopoAHOH uenH h C— H CMejKHoro yrjiepoAHoro 
aTOMa AOAJKHO 6bITb paBHO paCCTOHHHIO Me>KAy AByMH 3T0M3MH KaTa- 
JlH3aT0pa, KOTOpblH MOHteT npHHHM3Tb HJIH OTflaBaTb aTOM BOAOpOAa.

o  o

Hah yrjieBOAOpoAOB sto paccTOHHHe paBHO 3,54 A (3,54 A npeAcraB-
o

jiaeT co6oh cyMMy paccTOHHHH H—C—C—H, t . e. 2,54-1,0 A), aah
O o

cepHOH h (J)oc(J)opHOH khcjiot—3,45 A, ajih HA1C14—3,46 A. Khcao- 
tm CHgCOOH, CCUCOOH, HC1 STOMy ycAOBHio He yAOBJieTBophkdt, 
nOSTOMy OHH H He HBAHKDTCH KaTaAH33T0paMH KpeKHHra.

JIpyrHM Heo6xoAHMbiM ycAOBHeM A-aa KaTajiH3aTopa hbahctch 06-
MeH 3T0M3MH BOAOpOAa MeDKAy KaTaJlH33TOpOM H yiVieBOAOpOAOM. BOAb-
UIHHCTBO KHCAOTHbJX KaT3AH3aTOpOB XapaKTepH3yeTCH paCCTOHHHeM 

o
2,5 A Me>KAy aTOMaMH, CBH3aHHbiMH c BOAopoAOM. CroAa >Ke othochtch 
h aJIKDMOCHJIHKaTbl. B MOHTMopHJiJiOHHTe paccTOHHHH Me>KAy napaAAeAb-

* o
hhmh paAaMH TeTpasApOB Si paBHO 2,55 A. B pemeTKe CHJiHKara 3a'

o o
MeHa aTOMa Si Ha Al CHHDKaeT paccTOHHHe O—Si—O c 2,64 A ao 2,5 A.

A. n . BajiJioA h K- B. TormneBa [201, KpHTHKyn B3TJiHAbi >K. Typne- 
BHqa h P. Cmht3, cHHTaiOT, hto yqacTHe BOAopoAa KaTajih3aTopa b 
peaKUHH MaJio y6eAHTejibH0 h hto 6oAee BepoaTHO nepepacnpeAeJieHHe 
BOAopoAa BHyTpn oahoh hah Asyx MOAexyA yrAeBOAopoAa npH yqacTHii 
KaT3AH3aTopa. Ohh npHBOAHT aocthtomho BepoHTHbie cxeMbi MexaHH3Ma 
KpeKHHra yrAeBOAopoAOB b pe3yAbTaTe b33hmoachctbhh hx c KaTaAii- 
3aTopoM. MoAenyAbi pacmenAHiOTCH b pe3yAbTaTe nepepacnpeAeAeHHH 
cBH3eii.
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Ha pnc. 51 nonasaHa cxeMa KaTaAHTHwecKoro KpeKHHra H-renTaHa. 
npn aAcop6u,HH Ha AByx aTOMax KaTaAH3aTopa, ueHTpbi KOTopbix pac-

noAoweHbi Ha paccTOHHHH 2,5 A, nponcxoAHT xeMOCop6uHH 4-ro u 
6-ro aTOMOB C, BCAeACTBHe Hero cbh3h 5-ro aTOMa C c 4-m h 6-m CHjibHO 
ocj\a6jiHK>TCH. ,Hah o6pa30BaHHH HOBbix CBH3eii npH KpeKHHre Heo6xo- 
AHM aTOM BOAopo^a, KOTopbift ot KaTaJiH3aTopa nepexoAHT k 4-My aTO- 
My C, a ot 6-ro aTOMa C— k KaTajiH3aTopy. B pe3yAbTaTe Tanoro o6\ie- 
Ha npoHcxoAHT pa3pbiB MOJieKVAbi renTaHa, h c KaTajiH3aTopa Aecop6n- 
pyioTCH H-6yTaH h nponHAeH.

OpHTHHajibHbi B3rjiHAbi K. T MweccepoBa [21] Ha CTpyKTypy h
IipHWHHbl AeHCTBHH aAIOMOCHAH KaTHbIX KaTaAH3aTOpOB. Oh, KaK H 
MHorne Apyrne HccjieAOBaTejiH, AonycnaeT cymecTBOBaHHe aKTHBHoro 
THApOKCHJia B aJHOMOCHJlHKaTaX, HO CMHTaeT, WTO OWeHb AHCKyCCHOHHbIM 
HB,iHeTCH Bonpoc o MecTonoAo>KeHHH ero. K. T MneccepoB jipHHHMaeT, 
lITO aKTHBHOCTb KaTaAH3aTOpa npOHBAHeTCH AHIUb Ha IlOBepXHOCTH, 
PAe HMeiOTCH oSMeHHbie HOHbl Al, KOTOpbie Iipn B33HMOA6HCTBHH c bo- Aoh o6pa3yiOT KOMnAeKCbi c noABH>KHbiM H -hohom H [A l(O H )4], 3 th 
KOMnAeKCbi HMeioT CAeAyioiuee CTpoeHHe:

TaKH M  o6pa30M , noB epxH ocTb  aAiOMOcHAHKaTa HMeeT e rp y K T y p y . 
Ha KOTOpoii oCMeHHbie ueHTpbi HBA5UOTCH H aKTHBHbIMH UeHTpaMH H MX 
b 3 pa3a  M enbiue. weM o6mee w hcao  KpeMHeBbix ueHTpOB.

PI3 npuBeAeHHoro HenoAHoro o63opa AHTepaTypHoro MaTepuaAa 
BHAHO, WTO Bonpoc CTpyKTypbl H ACHCTBUH 3AKDM0CHAHKaT0B eme AB-̂ eK 
ot pa3pemeHHH.

ripoueccbi, npoTeKaiomHe npn TepMHwecKOM KpeKHHre, AOCTaTowHO 
\o|)omo oCtjACHhiotch uenHbiM MexaHH3MOM Paflca [13], ABAHHCb ayTO-
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KaTajiHTHqecKHM, MexaHH3M >Ke KaTajiHTHqecKoro KpeKHHra coBepiueH- 
ho hhoh. Ero mo>kho npe^CTaBHTb b BH^e hohhmx uenHbix peaKUHH, 
npoTeKaiomHX noA AeficTBHeM H-hohob ajnoMocHjiHKaTHoro KaTaJiH3a- 
Topa qepe3 npoMeatyTOHHoe oSpasoBaHHe hohob Kap6oHHH, mto 6bi/io 
npe^o>KeHO B. rpHHC(|)ejib^epoM h P Cmhtom [22! h He3aBHCHMO ot 
hhx 4. ToMacoM [23].

H oH KapSOHHH HMeeT JIHIHb CeKCTeT SJieKTpOHOB H HBJiaeTCB KaTHO- 

hom  :C + n P H peaKUHHX h o h  KapdoHHH n o jiy q a e T  HeAOCTaiomyK) 

3jieKTpoHHyK> r iap y  o t  A p y ro ft  opraHHnecKOH MOJieKyjibi h nepexoAH T

CH3—C H2— C H2— C Hz- c  H2-  CH z— C hf3 ^  CHi-CH2-C H r CH3 +  Ct1z-CH Ch3

Puc. 51. KpeKHHr napatJwHOB (hah aJiKHJinpoBauHe napaijwHOB cwie-
$HHaMH).

CjteBa—aflcop6i;HH H-remaHa Ha flByx aTOMax KaTaaswaTopa. npox^xorir nap^xoa 
aTOMOB BOAopoAa ot KaTaAH3aTopa k  'leTBaproMy aTOMv yrjupoTa, a ot iu:cToro aTOMa 
yraepoAa k  KaTajiH3aTopy. CnpaBa—no;jia oC>y.eim -  o6i330BaiiH« h o b m x  cBA3eS AJcop- 

6HpoBaAca 6yTaH h  nponiuiaH.

b H eiiTpaAbH oe co croaH H e (oK TeT ), a op raH H qecK aa  M OJiexyjia npeBpa- 
maeTCH b hobuh hoh KapSoHHa. Hohm Kap6oHHH jierKo o6pa3yK>Tcn H3 
0Jie<|)HH0B no cxeM e:

:C: :C: +  H+ ► H : C : C+;

3 th npoueccbi noAHHHHfOTCH Tan Ha3biBaeMOMy p-npaBHjiy: npw 3 a -  
HMCTBOB3HHH napbl SJieKTpOHOB BHyTpH TOH >Ke C3M0H MOJieKyjlbl 3Ta 
napa (AynjieT) BcerAa otxoaht ot yrjiepoAa b [3-nojio>KeHHH. OTHOCHTeab- 
HO 60Jiee yCTOHHHBbl TpeTHMHbie HOHbl KapSOHHH.npH KaTajiHTHnecKOM KpeKHHre aohopom  BOAopoAa HBJineTCH H -hoh aAKDMOCHJiHKaTa (ycJioBHO 3JiK)M0CHjiHKaT o6o3HaqaeTca nepe3 H +A"), KOTppbift c 0Jie(|)HHaMH HaHHHaeT uenHyio HOHHyio peaKUHio c o6pa30- BaHHeM HOHa KapSoHHH. HanpnMep, KpeKHHr AHH3o6yTHAeHa mo>kho 
npeACTaBHTb t3khm o6pa30M:

CH3 ch3 CH:t
I , . I I ,

CH3—C—CH2—C=CH2 4- H +A -K  CH3—C—CH2—Cf—CH3 +  A
I I I
ch3 ch3 ch3
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no p-npaBHjiy npeKHHr hact c 06pa30BaHHeM TpeTHBHoro HOHa 
KapdOHHH

CH, CH, CH, 
I

CH,

CH3-C — CH2-C +-CH3 ^ CH3-C + +  CH2=C-CH

ch3 CH,

npoBOAamero uenHbie peaKUHH ^ajiee:

CHj CH3 CH3ch3 CH3 CH,
I I

ch3—c - ch2—c= ch2 +  CH3—C7 — - ch3- c- ch2—c+- ch3 +  ch2= c- ch3

CH, CH,
I

CH,

06pbiB ueneft npoHCXOAHT npH BCTpewe HOHa KapSoHHs c 3hhohom 
aoTioMocHJiHKaTa:

ch3 ch3
I , I

CH3—C+ +  A ' CH2=C—CH3 +  HA
I
CH,

IIapa(|)HHbi, b oTJiHMHe ot ojiec|)HHOB, c KaTajiH33TopoM hohob KapOo' 
hub âTb He MoryT; 3thm mo>kho oObacHHTb, noMeMy ojiet̂ HHbi KaTajin- 
THqecKH KpeKHpyiOTCH bo  MHoro pa3 Obicrpee, >ieM napa<j)HHbi. no-BH- 
AHMOMy, npH KaTaJiHTHMecKOM KpeKHHre napa(J)HHOB cnepBa hact TepMH- 
necKoe pacmenjieHHe hx na hh3ihhh napatfiHH h oac(})hh, nocjie nero 
iioe/ieAHHH AaAee pacnaAaeTcn no uenHOMy HOHHOMy MexaHHSMy.

A na/iorHMHbiM o6pa30M mo>kho npeACTaBHTb nepe3 hohm xap6o- 
iiM5i MexaHH3Mbi KaiaJiHTHnecKoro KpeKHHra h ApyrHX KAaccoB yrjie- 
BÔ OpOAOB.

6. KaTajiHTHwecKHM KpeKMHr yrjieBOAopoAOB

KpeKHHT B npHCyTCTBHH 3AK)MOCHAHKaTHbIX KaTaJlH33TOpOB 3H3- 
WHTeAbHO OTJIHMaeTCH OT TepMHHeCKOTO. BblA H3yneH KpeKHHT HHAH- 
BHAyaJibHbix napaĉ HHOB, 0Jie(})HH0B, H3(J)TeHOB h apoMaTHnecKHx yrj\e- boaopoaob HaA KaT3AH3aTopoM S i0 2 • A 1 ,0 3 • ZrO , (86,2 : 4,3 : 9,3) npn 4 0 0-6 0 0 ° [221.

napat{)HHbi b npHCyTCTBHH KaTajiH3aTopa noABepraioTCH KpeniiHry 
3H3HHTeAbH0 Obicrpee, HeM npn TepMHMecKOM KpeKHHre, npnneM oco- 
6eHHo Aerno nponcxoAHT pacnaA BbicoKOMOJieKyAnpHbix ynneBOAopo- 
AOB. Cneun(})HHHbiMH ocoSeHHocTBMH KaTaAHTHAecKoro KpeKHHra napa
lm HOB, pe3KO OTAHMaiOIAHMH eTO OT TepMHHeCKOTO KpeKHHTa, BB- 
. ihkdtch: 1) TeHAeHmiH k pacmenAeHHK) MOJieKyA b HecKOAbKnx MecTax. 
O/iaroAapH neMy nojiyqaioTeH yrjieBOAopoAbi c hh3khm MOAeKyAHpnbiM 
bccom; noejieAnne, OAHaKo, coctoht H3 Tpex h 6o.nee aTOMOB yrAepoAa 
(rvfaBHbiM o6pa30M, nponaH, nponHAeH, 6yTaH, OyTHAeHbi), a coAep>Ka-
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HHe MeTaHa h STaHa, n peo fijiaA a iom H x  b ra 3 e  Tep M H qecK oro  KpeKH H ra • 
He3HaMHTejibHo; 2) noBbim eHHoe coAep>KaHHe apoM aTH qecK H x yrjieB O - 
AopoAOB b >k h a k o m  KOHA^HcaTe; 3) BbicoKoe coAepacaHHe H3onapa(J)H- 
HOB, m o  HBJiaeTCH pe3yJIbTaTOM nOAHMepH33UHH, H30MepH3aiI,HH, THA- 
pHpoBaHHH ojie^jHHOB, KOTopbix npH TepMHqecKOM KpeKH H re o6 p a 3 yeT - 
CH 3HaMHTeJlbHO MeHbine.

Ojie(})HHbi noABepraiOTCH KaTaAHTHqecKOMy KpeKHHry Aerqe, qeM 
napac^HHbi. E cah KaTaAHTHqecKHH pacnaA napacJuiHOB npnMepHO b 
10 pas dbiCTpee, qeM TepMHqecKHH, to OAe<})HHbi pacnaAaiOTcn KaTaAH- 
TtmecKH b  1000— 10 000 pa3 SbiCTpee, npnqeM cKopocTb KpeKHHra Ha- 
pacTaef c yBeAHqepneM MOAeKyAapHoro Beca. MexaHH3M pacnaAa oqeHb 
cAOĤ eH h eme m3ao H3yqeH, ho ycTaHOBAeHo, hto nepBHqHbie peaKtfHH, 
Tan me KaK h ajih napa(J)HHOB, HAyT c o6pa30BaHHeM ockoakob H3 3— 
4 aTOMOB yrAepoAa. ripouecc ycAOJKHHeTca TeM, hto nponcxoAHT nepe- 
pacnpeAeAeHHe BOAOpOAa, H30MepH3au,HH h UHKAH3auHH. HanpHMep, 
H-aMHAeH npn KpeKHHre o6pa3yeT ao 25% neHTaHOB (nepepacnpeAeAe- 
HHe BOAopoAa). Tanoe HacbimeHHe boaopoaom ocodeHHO 33MeTHO, ecAH 
UHKAOOAe4)HH HBAHeTCH erO AOHOpOM:

PeaKUHH H30MepH3au,HH npoTenaiOT AOCTaToqHO Aerno. Henpopea- 
rnpoBaBuiHe OAecJwHbi npn (JjpaKUHOHHpoBaHHH otpohhiotch npH 6oAee 
hh3koh TeMnepaType, hto yKa3biBaeT Ha npeBpameHHe hx b pa3BeTB- 
AeHHbie H30Mepbi, KOTopbie npH KpeKHHre noABepraiOTCH rHApnpoBa- 
HHK). 3THM H o6bHCHHeTCH o6pa30BaHHe H30napa(})HHOB. OAHOBpeMeH- 
ho noAyqaiOTCH 3HaqHTeAbHbie KOAHqecTBa apoMaTHqecKHX yrAeBOAo- 
Poaob (xapaKTepHoe OTAHqne ot TepMHqecKoro KpeKHHra) h bhcokomo- 
AeKyAHpHblX COeAHHeHHH.

Ha(|)TeHbi npn 500° noABepraiOTCH KaTaAHTHqecKOMy KpeKHHry npn- 
MepHO b 500— 4000 pa3 dbiCTpee, qeM TepMHqecKOMy, h CKopocTb Kpe
KHHra 33BHCHT OT MOAeKyAHpHOrO Beca, HO He OT CTpoeHHH Ha4)TeHa. Tan, HanpHMep, HHKAoreKcaH noABepraeTCH KpeKHHry Ha 7 % ,  a 3akh- 
AHpoBaHHbie neprHApo(J)eHaHTpeHbi (aOneTaHu)—Ha 80%. KpeKHHr 
HAeT oqeHb rAydoKO, npnqeM pacnaAaioTCH h KOAbua h SoKOBbie aAKHAb- 
Hbie uenH. Flo obmeMy npaBHAy odpa3yiOTCH C3- h C4-coAep>Kain,He oc- 
KOAKH. ^HAKHe K0HA6HC3TbI HMeiOT HCKAK)qHTeAbHO CAO>KHbIH COCTaB, 
TaK KaK pa3pbiBbi KOAeu b pa3AHqHbix MecTax, AerHApnpoBaHHe, o6pbi- 
Bbi ueneft, H30MepH3auHH, noAHMepH3au,HH, nepepacnpeAeAeHHe boao- 
poAa h t . A- npHBOAHT k TAy6oKHM H3MeHeHHHM yrAepoAHoro 
CKeAeTa.

HaAHqne KpaTHbix CBH3eH noBbiuiaeT CKopocTb peaKunfi; TaK, hhk- 
AoreKcaH H30MepH3yeTCH b MeTHAUHKAoneHTaH Ha 8 %, TorAa KaK uhk- 
AoreKceH— Ha 30%. ripncyTCTBHe Cokobux yrjieBOAopoAHbix ueneft ciiAb-
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ho ycKopaeT KarajimmecKuk KpeKHHr, npnqeM npH pacna^e o6pa3yeT- ch MHoro o jio Jjhhob, ra3a h yrjia. OcodeHHo mhoto yrjieBOAopoAOB 
apoMaTHMecKoro pn^a ofipasyercn npH KpeKnnre h AerHApnpoBaHHH 
KOHAeHcnpoBaHHbix UHKJioaJiKaHOB, pacmenJifliomHxcH no BceM B03- 
Mo>KHbiM HanpaBjieHHHM, KaK, HanpnMep, b cjivnae AeKajiHHa:

, . / \  / \ / \  / \ / \  / \ / \  / X /
I ii I h ; — ► i h i — ► i h i | +  | h i  + | h i  +

\ y  y  \ /  \ / \ /  \ / \

H T . 3 .

XapaKTepHQ OTMeTHTb, qTO npn KpeKHHre HacfrreHOB o6pa30BaHHe apoMaTHqecKHX yrjieBOAOpOAOB cbh33ho h c o6pa30BaHHeM npeAejibHbix a.Twc{)aTHqecKHX coeAHHeHHH, hto BBJiaeTCH pe3yjibTaTOM conpHweHHO- 
l'O ,’HTHApOrHApHpOBaHHH:

( h ) ~ c[ i2ch.2cii3 f l  +  CH3CH2CH3 +  2H2

I'oMOJiorH 6eH30Jia npn 500° noABepraiOTCH KpeKHHry TeM jierwe, •kjm pa3BeTBjieHHee 6oKOBan uenb:
c6h5ch3 1

C6HsCH2CH3 11

«C gH5C,H7 43,5

u30-C6H5C3H7 83,5

nepe-H- CBH5C4H6 13,9

emop-C6H5CjHu 49,2

nipe/«-C6H6C4H9 80,4B pe3yjibTaTe pa3Jio>KeHHH MOHoaJiKHJinpoBaHHbix 6eH30Ji0B odpa- 
3\eTcn 6eH30Ji, a TaK>Ke ra30o6pa3Hbie C 3- h C 4-coAepHtaiu,He yrjie-
BOAOpOAbl.

noJiHaJiKHJiHpoBaHHbie 6eH30Jibi MeHee aKTHBHbi, qeM H30MepHbie hm 
MonoaJiKH.ri3aMemeHHbie, ho no o6meMy npaBHjiy JierKOCTb KpeKHHra 
nx pacTeT c noBbimeHHeM MOjieKyjinpHoro Beca: TOJiyoji npn 500° noj,- 
BepraeTcn npeKHHry Ha 1%, Me3HTHJieH b Tex ace ycnoBHHX—Ha 20%; 
ii b 3 tom cjiyqae ockojikh 6okobmx uenefi npeBpamaiOTCH b C 3- h C 4- 
coAepjKautHe coeAHHeHHH. Oco6eHHOCTbio nojinajiKHjiHpoBaHHbix 6eH- hviob HBJiHeTCH H30MepH33UHH h nepepacnpeAe.neHHe ajiKHJibHbix paAH- Ka.ioB (riOABH>KHOCTb a.iKHJibHbix rpynn, KaK n npn peaKUHax c A1C1:„



328 r. i. V. K A T A JI M T U V E C K I W  K P E K H H T

CM. HHJKe). T a K , 
pe3yjibTaTbi:

ch3

ch3

HanpHM ep, KpeKHHr nceBAOKyMOJia AaeT  c jieA y iom n e

ch31

n
ch3
1

ch3 ch3
1

u

1
/ ^ \_ru

u  +1

r v
V '

1
CH3- r / y -C H 3 +

0\ /1
ch3 ch3

|
ch3

H.3 jw-KCHJiojia b 3thx  >Ke ycjioBHBX 6biJio nojiyqeHO 20% C6H 5C H , 
h 16% C 9-co,nep>KamHX apoMaTHqecKHX yrJieBOAopoAOB. Hepa3Jio>KeH- 
HbiH ocTaTOK npeACTaBJiHJi co6oh CMecb Tpex H30MepoB: 25,3% o - .  

47,3%  m - h 27.4%  n-KCHjiojia.
Kan y>Ke yKa3biBajiocb (cTp. 306), npH TepMHqecKOM KpeKHHre yrjie- 

BOAopoAbi no hx TepMHnecKOH CTaOnjibHOCTH MoryT 6biTb pacnojiojKeHbi 
b pnfl, b kotopom HaHMeHee npoqHbi napa(|)HHbi h Handojiee ycroii- 
MHBbi KOHAeHcnpoBaHHbie apoMaTHnecKne yrjieBOAopoAbi. Flpn cpaBHe- 
hhh cKopocTefl o6ohx THnoB KpeKHHra OKa3biBaeTC«, mto npHMeHemie 
KaTaJIH3aTOpOB 33MeTHO H3MeHHeT 3TOT pHA H npH KaTaJIHTHHeCKOM Kpe
KHHre nopnAOK pacnojio)KeHHH yrjieBOAopoAOB no hx craOHjibHocrn 
cjieAyiomHH:

ojietJjHHbi <  apoMaTĤ ecKHe ynneBOAopoabi c TpeMH h GoJibinmu hhcjiom 3aMecTHTe.ieii <  
<  HatjjTeHbi <  nojTHMeTHJiHpoBaHHbie apoMaTĤ ecKHe yrjieBOAopoAbi <  napa$HHbi <

<  KOHASHCHpoBaHHbie apoMaTiiqecKne yr.ieBOAopoAbi

H3MeHeHne b pnAy erabHJibHOCTH oOtHCHneT, noqeMy TepMHqecKHii 
h KaTajiHTHnecKHH KpeKHHr Hecjyrn npoTeKaeT coBepmeHHO pa3JiHHHO.

Ha(|)TeHbi (C10—C18) noABepraioTCH KaTajiHTHqecKOMy KpeKHHry 
b 2—3 pa3a 6bicrpee, qeM napatJiHHbi. IlosTOMy HaifiTeHHCTbie Hecjrni 
AJin KaTajiHTHqecKoro KpeKHHra npeAnoqTHTejibHee napâ HHHCTbix.

OTHOCHTejibHbie cKopocTH KaTajiHTHqecKoro KpeKHHra bo Bcex cjiy- 
qanx Bbirne cKopoereft TepMHqecKoro KpeKHHra. Flpn 500° KaTajiHTime- 
CKOMy KpeKHHry noABepraiOTCH 6bicTpee:

napatjiHHbi b 6—60 pa3;
HacfrreHbi b 1000 pa3;
ojieĉ HHbi 6ojiee qeM b 100— 10 000 pa3;
apoMaTHqecKHe yrjieBOAopoAbi 6ojiee qeM b 10 000 pa3.
Ta3 nocjie KaTajiHTHqecKoro KpeKHHra BecbMa nocroHHeH no cocTa- By; oh Bcer̂ a coAep>KHT b 3HaqHTejibHbix KOJiHqecTBax boaopoa 

h yrjieBOAopoAbi C 3 h C 4.
IlocAeAHHX odbiqHO b 2— 3 pa3a Oojibiue, qeM npn TepMHqecKOM Kpe

KHHre, ho BOAopoAa MeHbine, TaK KaK oh hact Ha rHApnpoBaHne 
II30MepH30B3HHbIX MOJieKVJl. K0KC006pa30BaHHe BeJIHKO, eCJIH npHCVT-



6. KATA.M1THUECK.Hn KPEKHHT yrJlEBOHOPOHOB A29CTByiOT U,HKJIOOJie(j)HHbI, AHOJie(J)HHbI H HeHaCbimeHHbie JKHpHO-apOMaTH- 
liecKHe yrjieBOAopo^bi, HanpHMep cthpoji.B 3aKJuo4eHHe cjieAyeT oTMeTHTb caMbie cymecrBeHHbie ocodeHHocru 
KaTajiHTHnecKoro KpeKHHra: 1) H36HpaTejibHoe npoBeAeHHe npouecca 
c MajibiM kojihMecTBOM C j- h C,-coAep>KamHX ocko^ k o b ; 2) HCHO Bbipa- 
>KeHHyio H30MepH3aiiHio yrjiepo^Horo cne^eTa h npaTHbix CBH3efi b m o - 
jieKyjiax ojietf)HHOB; 3) 3HaMHTejibHoe HacbiiueHne C — C-CBH3eH (ocoSeH- 
ho y H30MepH30B3HHbix ojie(f)HHOB c’ dojibLUHM MOJieKyjiBpHbiM BecoM); 4) Sojibuioe KOJiHwecTBo apoMaTHnecKHx h H3onapa(])HHOBbix ynneBOAO- 
poflOB; 5) OTHOCHTejibHO 6oJibuiee (qeM npn TepMHnecKOM KpeKHHre) 
KOKCoo6pa30BaHHe; 6) 3HaHHTejibHbie BbixoAbi deH3HHa (ao 85%) c Bbi- COKHM OKTaHOBbIM HHCJIOM (84 H BblHie).B TadJi. 30 conocTaBJieHbi AaHHbie no npoAykt3m repMHMecKoro h 
KaTajiHTHnecKoro KpeKHHra [24].

TABJIHUA ii >

yrjieBOAopoA TepMHHecKHii KpeKHiir KaTajiHTHiecKHfi KpeKHHr

HapatJiHHbi («-reK-
ra.'icKaH)

HopMaJibHbie o.it-
4)H Hbl

r̂ aBHbift npoayKT—napaijiH- 
iibi C.? c fiojibujoft npHMecbio 
Cj H c;,, MHOrO HOpMajlbHblX 
iwecJ)HHOB ot C3 ao C5. MaAo 
a.m^aTHHecKHX yraeBOAopoAOB 
H30CTpoeHHH

KpaTHaa CBH3b nepeMemaeT- 
ca MeA-'ieuHo; CKeAeTiian H3o- 
MepH3aU,HH npOHCXOAHT B Ma- 
■ ioh CTenenH

r.iaBHbiH npoAyKT— napacjjH- 
Hbl OT C3 AO C6, M3AO Hop- 
MaAbHbix oAe4)HHOB Bbiuie C4; 
ajiH(})aTHMecKne yraeBOAopoAbi, 
r.'iaBHbiM o6pa30M H30cTpoemiH

Kpamaa CBH3b nepeMemaeTCB 
6biCTpo; cKeAeTHaa H30.wepn- 
33UHH npOHCXOAHT B 3Hami- 
Te.ibHofl deneHH

H300Aet{)Hllbl

Haijirenbi

A.iKHJiapoMai n- 
'iccKHe yrAeBOAopo- 
Abl (c Cj— Co)

AAKKAapOMaTH’K'- 
o kh p  yr.neBOAopoAbi 
(c C-i ii 6ojiee a.ihii- 
llblMH ueiiHMn)

I lapacpmibi

nepepacripeACJieiiHe BOAopo- 
; ia  HAeT ivieAAeHHO h He H36 i i - 
paTeAbHO AAH TpeTHHHbIX H30- 
O A CCflH H O B .

KpemipyioTCH npHMepHO c 
raKOH ate cxopocTbio, Kai< 
napa(j)HHbi

KpeKHpyioTca c MeHbiHeii 
CKOpOCTblO, '1CM napacJiHHbi

KpeKiipyeTcsi CoKOBaa a.i- 
KiuMian ueiib

KpeKiipyiorcH c MeHbuieii 
CKOpOCTblO, >ieM liapa l̂HHbl

IlepepacnpeAeAeHHe BOAopo- 
AA—H36HpaTeAbHO aah TpeTH'l- 
Hhix H300Ae4>HH0B

KpeKHpyioTca co 3HaMHTe;ib- 
HO 60AbUieft CKOpOCTblO, H0M 
cooTBeTCTByiomne napa<J)mibi

KpeKHpyioTCH 6u crpee  hah c
TOH Hie CKOpOCTblO, MTO H HOp-
MaAbHbie napatJwHbi c cooTBeT- 
CTByiOIHHM MWCJIOM aTOMOB C

KpeKupyeTCH 6oKOBaa an - 
KiiAbHan u,enb HenocpeACTBeHHo 
y KOAbua

KpeKHpyioTCH c 6onbLuefi 
CKopoCTbio, HeM napa<{>HHbi

ripn 500° o6pa3yioT mhao 
apoMaTHMCCKiix yrAeBOAopoAQB

ripH 500° o6pa3yioT 6oAbiHiie 
KOAHHeCTBa apoMaTtmecKii x 
\ TAeBOAOpOAOB
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7. KpeKHHr C XJIOpHCTblM ajIIOMHHtteMMccjieAOBaHHH bjihhhhh rajioreHHAOB ajnoMHHHH Ha pa3Jioaa'HHe 
yrjieBOAopoAOB bburn npoBeAeHbi pyccKHM xhmhkom  T T TycTaBco- ihom (1877 r.) 125], a npeBpaiueHHe HecjDTH no# AeficTBHeM xAopucToro 
ajnoMHHHH b ra3, jierKHe h TH>K.ejibie Macjia 6biJio ocymecTBJieHO 
HI. Opn^ejieM h Kpa(])TCOM (1877 r.). OAHaKO noipeboBajiocb bo- ..iee 30 JieT, npe>KAe neivi 3aMenaTejibHoe KpeKHpyioiuee AeftcTBHe x j i o - 

pHCTOrO aJHOMHHHH bblJIO OUeHeHO H HCn0Jlb30BaH0 B npOH3BOACTBe.
XleHCTBHe 3Toro KaTajiH3aTopa npe3BbmaHHo MHoroobpa3HO h nopofi 

Heo>KHAaHHO. O h Bbi3biBaeT pa3Jio>KeHHe, noAHMepH3auHio, H30MepH- 
aauHK), nepepacnpe^ejieHHe Bo^opo^a, MHrpauHio paAHKaJioB h A p y -  

rne peaKUHH. KpeKHHr yrjieBOAopoAOB c xjiopncTbiM ajnoMHHHeM 
npH HeOOJIbUIOM HarpeBaHHH npHBOAHT obbIHHO K o6pa30BaHHK) ^Byx 
cjioeB: BepxHero, cocToniuero H3 yrjieBOAopoAOB, h HH>KHero, A lC l3-yr- 
.jieBOAOpo^Horo KOMnJieKca, KOTopbift nocjie pa3.no>KeHHH boaoh obpa- 
3yeT CHjibHO HeHacbimeHHbie ymeBOAopoAbi, Tor^a KaK b BepxHeM 
cjioe nocjie/;HHe OTcyTCTByiOT.Hccjie/joBaHHe HHAHBHAyajibHbix napacjDHHOBbix yrjieBo^opoAOB no oTHomeHHio k AlClg noKa3a.no, hto A1C13 npn HarpeBaHHH obpa3yei hh3ko- h BbicoKOKHnnmHe yrjieBOAopojibi. HapaciaHHe HopMajibHOH uenH objiernaeT KpeKHHr H3-3a bojiee hh3koh TeMnepaTypu peaKUHH. MeiaH npn 500° CToeK no OTHomeHHio k A1C13, 3T3h noABepraeTCH KpeKHHry y>Ke npn 320° a byTaH h Bbicmne napa(])HHbi—npn 150—200° llpHcyT- •CTBHe HC1 h cjieAOB boah  (ao 19b) cnocobcTByeT ycKopeHHK) peaKUHH; nosTOMy HHorAa npHberaioT k nacTHnHOMy pa3Jioa<eHHK) A1C13 AobaB- KOH BOAbl. FlOJIHOe HCKJIKDneHHe BOAbI HJIH XJlOpHCTOrO BOAOpOAa H3 CH- •CTeMbl HaCTOJlbKO TOpM03HT peaKUHIO, HTO OHa HaHHHaeTCH JlHIHb npH 
200° h Bbiine, KorAa b pe3yjibTaTe B3aHMOAeftcTBHH A1C13 c yrjieBOAopo- A3mh npoHcxoAHT obpa30BaHHe HC1. H3onapa(|)HHbi Jierne pearnpyioT c xJiopHCTbiM ajnoMHHHeM: H3oreKcaH noABepraeTcn KpeKHHry y>Ke npn K0MH3TH0H TeMnepaType. HeCMOTpn Ha 3T0, A^H AOCTHHieHHH HyJKHOH cKopocTH KpeKHHr c XJiopHCTbiM ajnoMHHHeM BeAyT Boobme npH 150— 
200° PeaKUHH npoTeKaeT HCKJnonHTejibHo cjiojkho . TaK, b pe3yjibTaTe KpeKHHra H-remaHa c A1C13 npH 100° bbuio nojiyneHO 64,6% H-neHTaHa n HHH<e KHnmuHX npoAyKTOB h 24,4% pa3JinnHbix npoAyKTOB H30Mepn- 33UHH H nOJIHMepH33UHH. B 3THX npOAyKTaX yCTaHOBJieHO npncyTCTBHe 2-MeTHJineHTaHa, 3-MeTHJineHTaHa, H-reKcaHa, 2,4-AHMeTHAneHTaHa, 2,2,3-TpHMeTHjibyTaHa, 3,3-AHMeTH.nneHTaHa, 2-MeTHJireKcaHa h 3-Me- THjireKcaHa. 3 to cjiy>KHT AOKa3aTe.nbCTBOM cu.nbHo H30MepH3yiomero AeHCTBHH A1C1.J.OjiecfiHHbi, obpa3yiomHecH b pe3yjibTaTe KpeKHHra c A1C13, b ko- HenHbix npOAyKTax He npHcyTCTByioT, xai< KaK ohh nojiHMepH3yK>TCH b MacAa, a bo3mo>kho h aJiKHJiHpyiOTCH hh3luhmh napacJnmaMH. Mexa- HH3M pa3AO>KeHHH napa(])HHOB c A1C13 ao chx nop eiueHencen; oh , bh- Ahmo, bJiH30K k MexaHH3My KaTaAHTnnecKoro, a He TepMHHecKoro Kpe
KHHra. 3 to cjieAyeT H3 Toro, hto Ct- n C.,-coAep>KaiUHX ockojikob nojiy-
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M aercn MaJio, ho  6 y raH  o6 p a 3 yeT ca  b 3HaHHTejibHbix KOJiHqecTBax. 
BbiJio ycTaHOBJieHo, h to  reK caAenaH  C16H34 npn  npeKH H re noA A en er- 
BHeM AlClg o6 p a 3 yeT  3 M o.ieKyjib i C,H10. 3 th  pe3yAbTaTbi noKa3biBa- 
io t , h to  H -6yTaH Bcer/ia rio/iynaeTCH npn pacna/^e napa(|)HHOB.Ha OCHOB3HHH 60AbIH0T0 HHCJia HCCJie/lOBaHHH 6bIJIO yCT3HOBJ16HO. 
' ito  AlClg npn xpeK H H re napai})HHOB Bbi3biBaer qeTbipe o c h o b h w x  Tuna 
peaKUH H :

1) KpeKHHr c pacnaAo.M Ha h h 3iu h h  napa(J)HH h o.iecJ)HH:

^n-x^2(n—x) + 2  ̂  ̂U.v
2 ) 3. lKHJlHpOB3HHe:

C/j-A-Hgpi—x) + 2 3" Qvl^r CnHM̂ 2
3 ) H30MepH3au,HK)— n ep ecT p o flK y  y iv ie p o A H o ro  cx e jieT a  h c x o a h o h

M o/iexyjib i b  p e3 y jib T a T e  KpeKH H ra h ajiKHAHpoBaHHn:

a  I3CH2CH2CH2CH2CH3 ------ *- CH3CH2CH,CH3 +  a i,=C H 2
CH3CH2CH2CH3 ------► (CH3)3CH

(CH3)3CH +  CH,=CI I*------ ► (CH3)3CCH,CH3
4 ) nOJIHMepH33UHK).Ilpouecc pacna^a yrjieBOAopoAOB noAAeftcTBHeM AlClg, npoTeKaiomHH c H30MepH3auHeft, npHHHTo Ha3bmaTb decmptjKtnueHbiM oakuau- 

poeanneM.
YcTaHOBAeHO, mto npn xpeK H H re KepocHHa n pon cxoA H T  cneA yiom H e 

|)eaKU,HH: 1) ajiKHAHpoBaHHe napacj)HHOB 0Ae4)HHaMH, 2) aAKHAHpoBa- 
HHe UHKJIHHeCKHX yTJieBOAOpOAOB OAe(})HHaMH, 3 ) AeCTpVKTHBHOe a,T- 
KH7IHpOB3HHe, 4 ) H30MepH3aU.HH, 5 ) BHyTpH- H MOKMOJieKyAHpHbie A ^ ’ 
THApnpOBaHHH, 6 ) COnpH>KeHHbie THApHpOBaHHH.

FIoApo6HbiH 3H3AH3 noAyneH H bix npoAyKTOB ii conocTaBjieHHe c pafioTa- 
MI1 pHAa aBTOpOB n03B0AHAIl CAGAaTb 33KAIOqeHHe O MeX3HH3Me n p ou ecca .

Kaa<AbiH napa(J)HHOBbiH y iv ieB O AopoA  npn npeKH H re b n p h cyTCTBhh  
AlClg o 6 p a 3 ye T  HeHacbimeHHbie o c k o a k h , KOTopbie 3aTeM HacbimaiOTCH 
nyTeM  aAKHAHpoBaHHH, M O KM O AeKyjinpH oro AerHApnpoBaHHH h  c o n p a -
>KepHbIX aAKHAHpOB3HHH. iioB eA eH H e OTAe/IbHbIX KJiaCCOB yneB O AO pO - 
a o b  m o>k h o  npeACTaBiiTb CAeAyiomHMH cxeM aM H :

KpeKHHl- lI30MepH3amm
(. C—C—C—C—C-C—C ---- ► C— C-C-C +  c= c—c—c ------------ ►

aJIKHJIHpOBailHC
------► c -c—c +  c = c —c—c ------------►

I
c

c
I

— ► C. -C-^C- ( ’—C ii.m C—C—C—C—C—C
I I  I I
c c c c

TaKHM  o6pa30M , o6pa3yiom iiH CH  npn KpeK H nre 6yTaH  H30MepH3yeT- 
ch  ii, p e a r n p y a  c  ojietjaiHOM, npeBpam aeTCH b H30MepH30BaHHbift h c x o a - 

Hbiii vrA eB O A op oA -
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U,HKJionapa(})HHbi npH KaTaJiHTHnecKOM KpeKHHre odpa3yiOT civiecb 
\TJieBOAopô OB no npHMepHOH cxeMe:

c c
ApoMaTHqecKHe yrjieBOAopoAbi Handojiee ctohkh, ho h ohh nacTHM- 

ho pacna^aiOTCH no npHBeAeHHbiM HanpaBjieHHHM.
OTCyTCTBHe OJie(J)HHOB B KOHeMHOM npOAyKTe KpeKHHTa odtHCHBeTCJl 

HCKJIIOnHTeJIbHOH JierKOCTbK) B3aHMOAeHCTBHH HX C XJIOpHCTbIM aJIIOMIl- 
HHeM. 3 to mojkho HJUirocTpnpoBaTb npocTbiM onbiTOM: earn pacTBopHTb 
HeMrioro ojie(|)HHa b HHepraoM pacTBopHTejie h B3dojiTaTb c .A1C13, to 
Becb OAecfiHH KOJiHnecTBeHHO npopearnpyeT c xjiopncTbiM ajnoMHHHeM 
c odpa30BaHHeM HepacTBOpHMoro ocaAKa n BbiAejieHneM HHcroro pac- 
TBOpHTejIH. Ojie(J)HHbI nOA BJlHHHHeM AlClg nOJIHMepH3yiOTCH, ho no- 
cjieAHHfi AeftcTByeT «KaK odoioAOOCTpbiH Meq», TaK KaK cnocodcTByer 
KpeKHHry nojMMepoB; b pe3yjibTaTe nojiyqaioTCH Jinuib HacbimeHHbie 
yrAeBOAopoAbi h 3HannTejibHoe KOJinqecTBO dyTaHa. T T TycTaBCOH 
CHHT3JI, HTO OJiecJWHbl 06pa3yi0T C raJIOreHOnpOH3BOAHbIMH aJIIOMHHHH 
KOMnjieKO, HanpHMep C4H8-A1C13, b bhac KpacHoro Macjia. ycraHOB- 
,ieHO, HTO T3KHe KOMnJieKCbl AeHCTBHTeJIbHO odpa3yiOTCH, HO OHH MO- 
ryT HMeTb h dojiee cJioHCHoe cTpoeHHe, HanpHMep rcC4H8-AlCl3, r;ie 
»  =  l-f8 .

JlerKOCTb B33HMOA6HCTBHH OJiec})HHOB C XJIOpHCTbIM aAIOMHHIieM 
CT3H0BHTCH em,e dojiee noHHTHOH, ecjiH yqecTb hx HeHacbimeHHOCTb. 
OAe(J)HH odJiaAaeT HenoAejieHHOH ajieKTpoHHofl napofl, A1C13—3Jiei<- 
TpoHHbiM ceKCTeTOM; nosTOMy KOMnjieKC TycraBCOHa b ajieKTpoHHoii 
HHTepnpeTauHH o6pa3yeTcn cjieAyiomHM odpa30M:

R R Cl
R:C: :C:R +  A1:CI

ci

R R
R :C : C : R 

Cl :A1:C1
ci
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MojieKyjia KOMruienca aKTHBHpoBaHa, Tan KaK oahh H3 aTOMOB C 
b hcm HeHacbimeH (3.neKTpoHHbiH cencTeT). 3 to o6jierHaeT AaJibHeHmyio 
no.iHMepH3auHio:

R R  R R  Cl R R R R
R : C: : C : R +  R : C : C : R ----- *- A1: Cl* ; R:C:C:  C: C: R.

Cl :A1: Cl Cl R R
Cl

floCTOBHHOe npHCyTCTBHe B T3KHX nOJIHMepaX SJieKTpOHHbIX cei<- 
cTeTOB Be^eT k AaJibHeHineH nojiHMepH3auHH h ObicTpoMy HapacTaHHio 
Mo^eKyjiHpHoro Beca MOJieKyji. B pe3yjibTaTe sthx  npeBpamemiH ojie- 
c|)HHbi coBepmeHHO Hcqe3aiOT. CKopocTb nojiHMepH3auHH CTHMyjiHpyeT- 
ch npHcyTCTBHeM x-nopHCToro BO^opoAa, AeftcTByiomero KaTajimn- 
<recKH:

HCI
CH2=CH2 -----► CH3CHjC1

aici3
CH3CH2C1 +  ch2= ch2 -----CH3CH2CH=CH2 4 - HCIA1C13

CH3CH2CH=CH2 +  CH3CH2C1----- ► CH3CH„CH2CH2CH—CH, +  HCI

06pa3yioiu,HecH ynneBOAopoAbi noABepraiOTca 3aTeM KpeKHHry, H3 0 - 
MepH3auHH H ^pyrHM peaKHHHM.

O ahhmh H3 nepBbix npaKTHnecKoe ocymecTB.neHHe KpeKHHTa b npH- 
CYTCTBHH A1CL, HaqaJIH npOBOAHTb H . J\. 3ejIHHCKHH C COTpyAHHKaMH. 
BbkiH npoBeaeHbi [26] qpe3BbinaHHO HHTepecHbie HccneAOBaHHH no KpeKHH
r y  oTeqecTBeHHbix KepocHHOB h HecjrreH b 6eH3HHbi c noMombio A1GL. 
rioflBepraH KpeKHHry pa3JiHMHbie Macjia (Ba3ejiHHOBoe, MaiiiHHHoe). 
KepocHHbi, napa(j)HHbi, uepe3HHbi h t . n. H3 pa3^HHHbix MecTopo>KAe- 
hhh , H. /I. 3ejiHHCKHH ycTaHOBHJi, m o  npH 100—200° H3 hhx nojivnaeT- 
ch 40— 70 ?o 6eH3HHa, cocTonmero H3 napacjwnoBbix ynneBOAopoAOB n 
na^JTeHOB c npHMecbio apoMaTHqecKHX ynneBOAopoAOB. Eiuy y^ajiocb 
AOKa3aTb, mto npH 3tom npouecce nojiynaiOTCH 6eH3HHbi, HMeiomHe Bbi- 
coKoe oKTaHOBoe nnc.no.KpeKHHT C XJlOpHCTblM aJIKDMHHHeM OCymeCTB^eH B npOH3BOACTBeH- hom MacuiTa6e. KpeKHpyeMoe cbipbe HarpeBaioT c 5—10% A1C13 npn 
260—280° b pe3yjibTaTe nero o6pa3yeTca ao 70% 6eH3HHa; npH stom 
40  20% cbipbH npeBpamaeTCH b kokc , 10%—b ra3, mo hb^ hctch He- 
40CT3 TKOM npoiiecca. XapaKTepHaa ocoSeHHOCTb Taxoro 6eH3Hna—no/i- Hoe OTcyTCTBHe b HeM ojiecjjHHOB. O h coctoht jwiiib H3 napatJ)HHOB, nac])- tchob h apoMaTHnecKHX yrjieB04opo40B. HanpHMep, H3 cypaxaHCKofi neĉ TH npH KpeKHHre c A1C16u.no nojiyneHO 78% 6eH3HHa c coAepwa- niieM rjiaBHbiM o6pa30M HatjrreHOB h napacfiHHOB c npHMecbio apoMam- qecKHX yr^eBO^opoAOB. TaKOH 6eH3HH neperoHnercH nojiHOCTbio ao 
170°, HMeeT OKTaHOBoe mhcjio 77—80 h Bbirne h xoporno BoenpHHMHHB k T3C. OAHaKO p«A HeyAoScTB h TpyAHocien, cBH3aHHbix c npHMeHe-
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HHeM caMoro A1C13 b npoH3BOACTBeHHbix MacuiTa6ax, npenaTCTBOBaJiH 
uinpoKOMy pa3BHTHK) 3Toro npouecca.MHoro^HCJieHHbie pafioTbi pa3JiHHHbix Hccjie^oBaTejieH noKa3biBaiOT, 
mto  rajioreHonpoH3BOAHbie A p y r n x  MeraJiJiOB TaK>Ke cnocoSHbi KaiajiH- THqecKH npoBO^HTb peaKUHH, ycTynaa, OAHaKO, b  3 k t h b h o c t h  A1C1.,.

H3yneHHe raJioreHHAOB pa3JiHMHbix MeTaJijiOB b  K auecT B e KaTaJiH3a- 
TOpOB a a h  peaKUHH O pn^eJiH — K pa^T ca h KHHeraKH s t h x  peaxunfi 
6biJio npoBe^eHO B . H . MeHinyTKHHbiM [27], O h Harneji, h to  H3 paAa A1C13, A lB r 3, F e C l3, S b C I3, Z n C l2 h ZnBr., HanSoAee aKTHBHbi rajio- 
reHHAbl aJIIOMHHHH.

no aKTHBHOCTH aah peaKUHH SToro Tuna pa3JiHHHbie raJioreHHAbi 
Moryr 6biTb pacnojioa<eHbi b cjieAyioiuHH paA :

AlClg >  FeCl3 >  ZnCl2 >  SnCl4 >■ TiCl4 hjih ZrCl4

M p e 3Bbm aHHO aKTHBHbIM K peK H pyrom H M , H3 0 M epH 3y i0 UI,HM H riO/IH- 
M epH 3 yiOIUHM K aT aJlH 3 3 TOpOM O K a3a Jie a  (|)TOpHCTbIH BOAOpOA, H a x o u a -  
iu h h  Bee 6 o jie e  iu n p o K o e  npH M eH eH H e.

8. TeopHH KaTajiHTHHecKoro npowcxoiKaeHHH He<j)TeHB 3aKJUoueHHe 3Toro pa3AeJia Heo6xoAHMO OTMeTHTb poAb KaTajmaa 
b reHe3Hce HecjrreH. HHTepecHbie paSoTbi npoBejiH H . J\. 3ejiHHCKHn 
c coTpy^HHKaMH no BbiacHeHHio MexaHH3Ma o6pa30BaHHa HecJvreH [28]. 
H m h  6biJio ycTaHOBjieHO, h to  caMbie pa3Hoo6pa3Hbie opraHnnecKne co- 
euHHeHHa b pe3yjibTaTe o6pa6oTKH h x  A1C13 npeBpamaiOTca b  ynieBO- 
UopouHbie cMecH, aHajiorHMHbie no cocTaBy npapoAHOH He(|)TH. CociaB 
«HCKyCCTBeHHOH He(f)TH» 33BHCHT OT HCXOAHOPO BeiueCTBa. XoJieCTepHH 
AaBaji Macjio, doraroe coAepacaHHeM yr.aeBOAopoAOB c  uiecTHUJieHHbiMH 
UHKJiaMH. npeuejibHbie xKHpHbie KapSoHOBbie KHCJioTbi— naabMHTH- 
HOBaa h CTeapHHOBaa— o6pa30BajiH MHoro TBepAbix napa(J)HHOB; He- 
npe^ejibHaa ojieHHOBaa KHCJioTa, Hao6opoT, npeBparajiacb b oueHb cjio>k - 
Hyio JKHAKyio CMecb npeAejibHbix h HenpeAejibHbix, JiHHeflHbix h u h k j ih - 
necKHx yrjieBouopoAOB. npnpoAHbie KayuyKH j\a jm  CMecb napacJ)HHOBbix 
h UHKjioreKcaHOBbix yrjieBOAOpoAOB, nnejiHHbiH b o c k — acHAKHe h TBep- 
Abie ajiHt^aTHnecKHe ynneBOAopoAbi, KaHH(|)OAb— CMecb ynieBOAOpoAOB c npeo6jiaAaHHe\i apoMaTHuecKHx. 3 th  HccjieaoBaHHa noATBep>KAaioT 
npaBHjibHocTb TeopHH opraHHuecKoro o6pa30BaHHa HecJrrH.B pa^e pa6oT A . B . OpocT c coTpyAHHKaMH [29] noKa3ajin, h t o  pa3JiHUHbie ajnoMocHjiHKaTbi h rjiHHbi npn HarpeBaHHH AeucTByiOT Ha opraHHuecKHe coeAHHeHHa TaK >Ke, KaK h x a o p h c t h h  aJUOMHHHH, ho  MeHee 3HeprH4H0. HanpHMep, npn 200° h h h >k c  ajnoMocHjiHKaTbi KaTa- jiH3HpyK)T AerHApaTauHH cnnpTOB, nojiHMepH3auHH, H30MepH33UHH, ajiKHJiHpoBaHHe, AHcnponopuHOHHpoBaHHe BOAopoAa, AeKapSoKCHJin- poBaHHe k h c j io t . KacTopoBoe MacAO, ojieHHOBaa KHCJioTa h ApyrHe BemecTBa AaiOT Hecj)Teo6pa3Hbie Macjia. BbicoKOMOJieKyjiapHbie opra- HHuecKne coeAHHeHHH npH HarpeBaHHH c a.TioMocn.THKaTaMH o6pa3\K)T
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c.rio>KHbie yrjieBOAopoAHbie cMecn. KjieTqaTKa c t.ihhoh h me-ioqaMii 
npw 200° o6pa3yeT CMecb H3 yrneBOAOpoAOB, cnHpTOB h kctohob, a npn 
200° h 100 am npeBpamaeTCH b CMecb napa<})HHOB, HacjrreHOB h apowa- THMecKHx yrjieBOAopoAOB.

Hjih T3khx npoueccoB npHroAHbi npHpoAHbie iyihhh—KaojiHHbi, MOHTMOpHJIJIOHHTOBbie TJIHHbl, a T3K>Ke 6oraTbie KpeMHeKHCJIOTOH 6ok- CHTbi h fioraTbie i\nHH03eMOM KH3ejibrypbi (nocjie khcjiothoh aKTHBauHn).. Bee 3TH COeAHHeHHH HBJIHIOTCH npHpOAHbIMH KaTaJIH3aTOpaMH, OqeHb pacnpocTpaHeHHbiMH b jiHTOC(|)epe, ocodeHHO mohtmoph.tiohht. A . B . OpocT Ha 0CH0B3HHH stoto CAejiaji BbiBOA, hto b npnpcuHbix ycjio- BHHX OCT3TKH nOTHOlUHX >KHBOTHbIX H paCTCHHH CMeiUHBaiOTCH C IY1H- 
hoh, pa3JiaraiOTCH h noABepraioTCH OpomeHHio. rioA KpoBJieft tjihhh- CTbix ocaAKOB b pe3yjibraTe 3K30TepMHqecKHx 6aKTepnajibHbix npouec- 
cob pa3orpeB MO>KeT AOCTHraTb 100— 150° kpobjih C03AaeT AOCTaToq- Hoe ABBAeHHe, t . e. hmciotch Bee ycjiOBHH, HeoOxoAHMbie ajih KaTajiHTH- qecKoro Hecj)Teo6pa30BaHHH. MeHbiuaH aKTHBHocTb tjihh, no cpaBHe- 
hhk) c A1C1,, 3aMeHHeTcn (})aKTopoM BpeMeHH. B cnyqae Sojibuinx cko- njieHHH opraHHqecKHx ocTaTKOB t3khm nyTeM KaTajiHTHqecKH o6pa- 3yiOTCH He(J)THHbie MeCTOpOXKAeHHH.B HacTonmee BpeMH uinpoKo pacnpocTpaHeHa h no;ib3yeTCH o6lu,hm 
BHHMaHHeM canponeAcean mcopun o6pa30BaHHH He(J)TH. ComacHo stoiI 
reopHH, canponejib—opraHHqecKoe cnoatHoe BemecTBO, o6pa30BaHHoe 
H3 ocTaTKOB MHKpoopraHH3MOB,—oTJiaraeTcn b BOAHbix OacceftHax 
H nOCTeneHHO, nOA BJIHHHHeM (J)H3HKO-XHMHqeCKHX H 6noxnMHqecKH\ 4)aKTOpOB, noABepraeTcn aHaspoOHOMy okhcjichhio, AeKapOoKCHjiHpo- 
BaHHio, AerHApnpoBaHHK) c o6pa30BaHHeM CO., h H 20 , OjiaroAapn qeMy 
B03pacTaeT npoueHTHoe coAepwaHHe BOAopoAa h ymepoAa. B pe3yjib- 
TaTe t3khx MeÂ ieHHbix npeBpameHHH o6pa3yeTCH Kepoeen—TBepAoe 
cJio>KHoe opraHHqecKoe BemecTBO, KOTopoe MomeT AaTb He$Tb. Ta- 
khm o6pa30M, KeporeH HBJineTCH BemecTBOM, nepexoAHbiM Me>KAy ca- 
npOne.THMH H HecJrTHMH.

A. O. ZIpOpHHCKHH [30] npeA îo>KHJi HOByio h oqeHb opHTHHaJibHyio xeopHFo o6pa30BaHHn h npeBpameHHH He(j)TH b npnpoAe. Pa3JinqHe b cocTaBe canponejiefi HHqTo>KHO no cpaBHeHHio c pa3HOo6pa3HeM He4)Tefl; no3TOMy A . O . XtoOpHHCKHii cqHTaeT, hto sto pa3Hoo6pa3He 33bhcht He ot pa3JiHqHH b HCToqHHKax npoHcxoJKACHHH He4)Tefl, KaK npeAnojia- raJiH Bee npemHHe HCCJieAOBaTejiH, a ot ycjiOBHH npeBpameHHH «nepBHq- HOH He(J)TH» C eAHHbIM COCTaBOM H ([)H3HKO-XHMHqeCKHMH CBOHCTBaMII. 3Ta «nepBHqHan Hecj)Tb» noA b^ hhhhcm TeMnepaTypbi, KaiajiHTHqecKHx B03AeiicTBHH, reojiorHqecKoft h reoxHMHqecKoii o6ct3hobkh noABep- raexcH Aa^bHeflmHM npeBpameHHHM, b pe3y-ibTaTe qero h o6pa3yiOTCH pa3JiHqHbie Hecfmi. 3 th npeBpamemiH HeoOpaTHMbi h cboahtch k nepe- pacnpeAejieHHio BOAopoAa h aHeprnu noA KaTa.iHTHqecKHM bahhhhcm npHpOAHblX aAKDMOCHJIHKaTOB, tjihh ii noAoOHbix MHHepa.TOB npH yqa- CTHH 3HepTHH 3CMHbIX HeAp.n PH nocTeneHHbix npeBpameHHnx HecjrreH c.io>KHbie no/iHUHK.iHqe- ckiic  coeAHHeHHH nepBHMHOH Hec|)TH nocTeneHHO nepexoAHT b Hac|)Te-



r.i. V. K A T A JI H T H V E C K H f l  K P E K H H T.'•S3 6

Hbi, apoMaTHMecKHe h napa^HHOBbie yr-neBOAopoAbi. H ctomhhkom bo- 
AopoAa npH peaKUHHX ero  AHcnponopnHOHHpoBaHHH BBJiaeTCH AerHA- 
pHpoBaHHe Ha(|)TeHOB, nojiHHa(J)TeHOB h aHajiorHqHbix coeAHHeHHH. 
CaMO AHcnponopuHOHHpoBaHHe nponcxoAHT nyTeM cjiojkhhx peaKUHfl 
HeoSpaTHMoro KaTajiH3a, conpmKeHHoro rHApnpoBaHHH h t . a - KoHeq- 
HblM BTanOM T3KHX KaT3JIHTHqeCKHX npeBpameHHH He4)TeH BBJIBeTCB 
MeTaH h yrjiepoA  b ero  pa3Hoo6pa3Hbix MOAH(j)HKauHHX, a T3K>Ke Bbico- 
KoyrjiepoAHCTbie MHHepaJibi.

TaKHM o6pa30M, AHHaMHKa npeBpameHHH Hec})TH cboahtch k o6pa- 
30B3HHK) npeAejibHO 6oraTbix boaopoaom  napa^HHOB h npeAejibHO 6eA- 
Hbix hm yrjiepoAHCTbix MHHepaJiOB. CocTaB He(J)TH onpeAejineT ee B03- 
pacT: HanSojiee ApeBHHMH He(J)THMH hbjihiotch napa(J)HHHCTbie c conyr- 
CTByromHMH hm MecTopoJKAeHHHMH MeTaHa. JflpaKTHqeCKHMH h hah Karo- 
paMH npeBpameHHH HecfsTH hbjihiotch: noBbimeHHoe coAepntaHHe jier- 
KHX (})paKU,HH 6eH3HHOB, COCTOHm,HX H3 » napa(J>HHOB C HOpM3JIbHOH 
nenbio, noHHmeHHoe coAepacaHHe KHCJiopoAHbix h a30THCTbix coeAH
HeHHH. 3KcnepHMeHTajibHO noKa3aHO, hto npeBpameHHH yrjieBOAopoAOB, 
npoHcxoAnmne b npnpoAe b TeqeHHe A^HTejibHbix anox, h CBH33HHbie 
c hhmh peaKUHH AHcnponopHHOHHpoBaHHH BOAopoAa ocymecTB- 

JI5HOTCH B Jia6opaTOpHbIX yCJIOBHHX nOAAeHCTBHeM XJIOpHCTOrO aJHOMHHHH 
hjih ajnoMOCHJiHKaTHbix kaTaJM3aTopoB, hto AeJiaeT Teopnio ,ZI,o6pHH- 
cKoro BnojiHe BeponTHOH h npaBAonoAodHOH.

Flo TeopHH Jt,o6pHHCKoro cocTaB He(J)TH He cqHTaeTcn qeM-TO HeH3- 
^eHHbiM, KaK npHHHMajiocb HccjieAOBaTejiHMH paHee, ho yqHTbmaeTCH 
nocTOHHHan H3MeHHeMOCTb, HenpepbiBHoe npeBpameHHe HecJ)TH b npn- 
poAe. KpoMe Toro, He(|)Tb He paccMaTpHBaeTCH OTopBaHHO ot ycno- 
bhh o6pa30BaHHH h 3ajieraHHH, no bo3mo>khocth yqHTbiBaeTcn h onpy- 
jKaioman ee npHpoAHan oScraHOBKa, hto no3BOJiaeT poaohth  k pa3pe- 
uieHHio 3aAaqn ropa3AO niy6>Ke h AaTb HOByrn ocHOBy A-aa KJiaccH(})HKa- 
UHH He(J)TeH. ^

* *
B 3aKjnoqeHHe cjieAyeT yKa3aTb, hto KpeKHHr HaA ajiiOMOCH^HKar-

HblMH KaT3JIH3aTOpaMH HBJIHeTCH nepBbIM no 3H3qHMOCTH H3 Bcex Ka- 
TajiHTHqecKHx npoueccoB b opraHHqecKOH xh m h h . n o  AaHHbiM P  XeHC- 
4>opAa f31], b C IllA  b 1945 r. no jiyqa jw  okojio 30 mjih . m KaTaJiHTH- 
qecKoro 6eH3HHa. B AaJibHeHineM KaTaJiHTHqecKHH KpeKHHr (ycoBep- 
uieHCTBOBaHHe TepMo^opHoro h (JwnoHAHoro npoueccoB h B03M0>KH0e 
co3AaHHe . hobhx THnoB h BapnaHTOB) OyAeT Bee 6oJiee pa3BHBaTbca.
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TJIABA VI

K A T A JIH T H M E C K O E  r H flP H P O B A H H E  H B O C C T A H O B JIE H H E
OEIUAH KJIACCH&HKAUHff

CnocodHocrb BOAopoAa npHcoeAHHHTbcn no MecTy npaTHbix yrjie- 
poAHbix CBH3en H3BecTHa y>Ke AaBHO. Eme b cepê HHe XIX b. M. Oa- 
pâ eH, npoBe^n peaKUHio B3aHMOAeficTBHH BOAopoAa c STHjieHOM HaA 
njiaTHHon, ocymecTBHJi npeBpaineHne aTHJieHa b 3T3h. OAHaKo AOJiroe 
BpeMH pa3po3HeHHbie Hadjiioachhh OTAejibHbix aBTopoB Ka3ajiHCb jih- 
meHHbiMH HHTepeca. Jlnuib nocjie Toro, nan dbiJio OTKpbiTO 3aMeuaTejib- 
HOe CBOHCTBO HeKOTOpbIX BOCCTaHOBJieHHbIX MeTaJIJIOB, HanpHMep HH- 
Kejin, KodajibTa, MeA« fl], cnocodcTBOBaTb rHApnpoBaHHK), t. e. HacH- 
meHHio boaopoaom ajiH(J)aTHnecKHx h apoMaTHuecKHx Kparabix CBH3eH, 
KaTaJiHTHnecKoe rHApnpoBaHne Hauajio dbicrpo pa3BHBaTbCH. B HacroH- 
mee BpeMH hm ninpoKO nojib3yioTCH b uccjieAOBaTejibCKOH padoTe ajih 
H3yneHHH uncjia h xapaKTepa HacbimeHHbix CBH3efi, onpeAejieHHH crpoe- 
hhh H0H3BecTHbix coeAHHeHHH, HanpHMep npnpoAHbix BemecTB. BHeApe- 
HHe THApHpOBaHHH B TeXHHKy HBHJIOCb CTHMyjIOM A-HH rp3HAH03H0rO 
pa3BHTHH npOUeCCOB AeCTpyKTHBHOrO THApHpOBaHHH, CHHTC30B H3 
okhcjiob yrjiepoAa,, odJiaropa>KHBaHHH TonjiHBa n MHoronncjieHHbix 
peaKUHH B0CCT3H0BJieHHH.

‘OrpoMHoe pa3Hoodpa3He KaTajiHTHnecKHx peaKUHH c boaopoaom 
KJiaccHcJnmnpyioT cjieAyioiuHM odpa30M.

A. KaTajiHTHnecKoe rHApnpoBaHne hjih npncoeAHHeHHe BOAopoAa 
no MecTy Kparabix cBH3efi (C=C, C^C, C=C—C=C, C —C-apoMa- 
THnecKHX, N =N , N=C, C =N  h t. A-)- Hsmchhh KOJinnecTBO BOAopoAa 
HJIH yCJIOBHH peaKUHH, MOJKHO nOJiyuaTb qaCTHUHO HJIH nOJIHOCTblO
HacbimeHHbie boaopoaom coeAHHeHHH.

B. KaTaJiHTHuecKoe BoccraHOBJieHHe—npncoeAHHeHHe BOAopoAa k 
KHCJiopoACOAep*am,HM rpynnaM de3 BbiTecHeHHH KHCJiopoAa (Boccra- 
HOBjieHHe de3 BbiAejieHHH boah) hjih c BbiTecHeHHeM KHCJiopoAa (Boccra- 
HOBJieHHe c BbiAeJieHHeM boam). CioAa othochtch BoccraHOBJieHHe ajibAe- 
thaob, KeTOHOB, KapdoKCHjibHOH rpynnbi b cnHpTOByio h MerajibHyio, 
a Taioue NOz, NO hjih NHOH b NH2 h t. a.
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B. JlecTpyKTHBHoe rHApnpoBaHHe (rHAporeHOAH3)—KpeKHHr b npn- 
cyTCTBHH BOflopo^a, npHqeM noAynaiomHecH ockoakh MOJieKyji npn- 
coeflHHHiOT boaopoa, o(5pa3yH HacbimeHHbie coeAHHeHHH MeHbiuero mo- 
jieKyjiapHoro Beca.

A. KATAJIHTHHECKOE rHflPHPOBAHHE
npHcoe^HHeHHe BOAopoAa no Mecry aboAhmx h TpoflHbix CBH3efl 

B03M0>KH0 AHLUb B npHCyTCTBHH HeKOTOpbJX MeTaAAOB HAH OKHCJIOB, 
KOTopbie aKTHBnpyroT ero hah nepeBOAHT b aTOMapHoe coctohhhc,— 
b MOJieKyjinpHOM coctohhhh boaopoa HeaKTHBeH. r j iy 6HHa h HanpaB- 
jieHne rn^pHpoBaHHn 33bhcht ot xapaKTepa KaTaAH3aTopa, MeTOAa 
npHroTOBJieHHn ero n ycAOBHfl npoBeAeHHH nponecca. B 3aBHCHM0CTH 
ot SToro mo>kho H3 oahoto h Toro >Ke BemecTBa nojiynaTb npoAyKTbi 
pa3AHMHOH CTeneHH HacbimeHHH (u36u.pameAbH.oe eudpupoeanue).

1. KaTajiH3aT0pbi
KaTaAH3aTopbi a b b  ruApnpoBaHHB mojkho pacnpeAeAHTb Ha ABe 

rpynnbi: 1) MeTaAAbi h 2) o k h c a h . K nepBofi rpynne othochtch b 
nepByio onepeAb MeAKOAncneprnpoBaHUbie MeTaAAbi VIII rpynnbi ne- 
pnoAHnecKOH cncTeMbi—Ni, Co, Pt, Pd n Apyrne SAeMeHTbi nAaTH- hoboh rpynnbi, a Taione Cu. H3 KaTaAH33T0p0B aah rnApnpoBaHHH Haw- 
6oAee nacTO npHMeHHiOT Ni, KOTopnfl HHorAa 6oAee aKTHBeH, neM Pt hah Pd (Ni PeHen). /Iah noAyqeHHH KaTaAH33TopoB noAb3y-
IOTCH MeTOAaMH, OnHCaHHblMH Bbime (CTp. 50): oSjKHTOM HHTpaTOB hah coAefi opraHHnecKHx KapdoHOBbix khcaot, bca>KAeHHeM meAoqa- mh H3 pacTBOpOB coAefl, o6pa6oTKofl cnAaBOB, noAyneHHeM B KOAAOHA* 
HOM COCTOHHHH.

O khcah, noAyneHHbie oca>KAeHHeM hah oOjkhtom, BoccTaHaBAHBaioT 
AO MeTaAAa boaopoaom b peaKUHOHHOH rpydne hah b peaKTopax, npn- 
neM TeMnepaTypy BapbHpyiOT aah pa3Hbix MeTaAAOB: o6hmho HHKeAb 
H3 okhch noAynaiOT npH 350° ho b HenoTopbix CAynanx BoccTaHOBAe- 
HHe BeAyT h npH 450° KoOaAbT— npH 400° >KeAe30—npH 350—400̂ , 
MeAb— npH 180—250° h t . a - TeMnepaTypbi BoccTaHOBAeHHH Bbime on- 
THMaAbHblX OKa3bIBaiOT OTpHUaTeAbHOe AeHCTBHe, TaK KaK nOBepXHOCTb 
K3T3 AH33TOpOB OHAaBAJieTCH, H aKTHBHOCTb COOTBCTCTBeHHO naAaeT.

npHMeHeHHe KaT3AH3aTOpOB Ha HOCHTeAHX nOBblinaeT HX yCTOHHH' 
BOCTb H COnpOTHBAneMOCTb KOHT3KTHHM HAaM. HoCHTeAHMH AAB Ka- 
T3AH3aTopoB hbahiotcji: aKTHBHpoBaHHbifl yroAb, ac6ecr, neM3a, KH~ 
3eAbryp, KaoAHH, uiaMOT h t . a . KaTaAH3aTopbi nAaTHHOBofl rpynnbi 
oca>KAaK)T nacTO na aKTHBHpoBaHHbifl yroAb, ac6ecT, oKHCb MarHHsi, 
cyAbtfiaT SapHH.

noAyqeHwe HHKeAeBoro KaTaAH33T0pa f2]. 58 z N i(N 0 3)2 6H20
paCTBOpniOT B 80 MA AHCTHAAHpOBaHHOfi BOAbI H pacTHpaiOT B cTynxe 
b TeqeHne 1 qaca c 50 z KH3eAbrypa (o6pa6oTaHHoro a30THofl khcao- 
Tofl), noxa CMecb He craHeT roMoreHHofl h He 6yAeT HMeTb kohchctch- 
uhh nacTbi. 3aTeM CMecb MeAAeHHO AodaBAnioT k -paciBopy 34 z 
(N H 4)2C 03.H 20  "b 200 ma BOAbi, ocaAOK OTcacbiBaioT, ABa>KAbi npoMH-

22*
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BaiOT b o a o h  nopuHHMH n o  100 m a  h  c y iu a T  npH 110°'. r ie p e ^  npHMeHe- 
HHeM KaTajiH 33Top BocCTaHaBJiHBaiOT b  TeqeH H e 1 q a ca  n pn  450° b  Tone 
BOAopo^a (10— 15 m a /m u h ) .

IlojiyHeHHe hhkcjih no PeHeio. HMeercn HecKOJibKO BapnaHTOB no- 
.lyqeHHH SToro KaTajiH3aTopa. Flo ashhum P. FIojiji h T Xhjijih [3} pac- 
naaBJunoT 400 a ajnoMHHHH h HarpeBaiOT ao 1400°, nocjie qero nocreneH- 
ho npndaBjiHiOT 300 a HHKejin b BHAe KydHKOB. npH stom TeMnepaTypa 
noBbiinaeTCH ao 1500°

llocjie oxjiastAeHHH cnjiaB H3MejibqaiOT b tohkhh nopomoK h rmihp- 
^aqHBaioT ajnoMHHHH. J.(jih 3toto 215 a cnjiaBa b bhac TOHKoro nopouiKa 
bhocht He6ojibuiHMH nopuHHMH b 1 ^ 25 % pacTBopa N aO H  npn Hapy*- 
hom oxjiaa<AeHHH. B pe3yjibTaTe noBbmieHHH TeMnepaTypbi h BbiAê e- 
hhh BOAOpoAa b nponecce peaKUHH nponcxoAHT BcneHHBaHHe h pa3- 
6pacbiBaHHe jkhakocth. nocjie BHeceHHH Bcero cnjiaBa CMecb Harpe- 
BaioT ao 90— 100° h noAAep>KHBaioT 9Ty TeMnepaTypy ao nojiHoro Bbi- 
nejieHHH BOAopoAa. 3aTeM ocaAOK AenaHrapyioT h HecKOJibKo pa3 npo- 
MblBaiOT BOAOH AO nOJIHOH He&TpaJIbHOH peaKUHH npOMbIBHbIX BOA Ha 
c|)eHOJi(J)TajieHH. KaTaAH3aTop xpaHHT HedojibiiiHMH noppHHMH noA 
cnnpTOM b HaJitfTbix AOBepxy.cKAHHKax.

n o  A p y ro M y  B apnaH Ty 14] 300 a TO H K opacTepToro  cn jiaB a  HHKejiH 
c ajiioMHHHeM (1:1)  MeAJieHHO AodaBJinioT b  TeqeHHe 2—3 q a c . npH 
oxjiajKAeHHH jibAOM k  H axoA am eM ycH  b do jib inoM  cTanaH e pacTB opy 
300 a N aO H  b  1,2 a  b o a m . n o jiy q e H H y io  CMecb BbiAepacHBaiOT 4 qaca, 
nepnoAH qecKH  pa3MeiHHB3H, 3aTeM AodaBJiniOT 400 m a  19% pacTBopa N aO H  h H a rp e B a io T '3  q aca  npH 115— 120° a o  n o jiH o ro  npeKpam eHHH 
BHAejieHHH BOAopoAa. n o c j i e  3 T o ro  pa36aBJiHK>T b o a o h  a o  3 a , cAHBaiOT 
pacTBop c ocaAK a, u iecTb pa3 A en a H ra p y io T  b o a o h , 3aTeM nepeHOCHT 
ocaAOK Ha (fm jibTp h npoM biBaioT e r o  a o  HefiTpajibHOH peaKUHH Ha JiaK- 
M yc. B 3aKJiioqeHHe TpH>KAbi npoM biBaioT 95% cnnpTOM h xpaHHT noA 
HHM B CKJIHHK3X C npHTepTbIMH npo6K3M H. HeAaBHO nOHBHJIOCb CO06-
m,eHHe 06 oqeH b 3 k t h b h o m  K aTa jiH 3aTope— 6opude h u k e a h  [5 ].

B opH A  HHKejiH OTJiHqaeTCH TeM, h to  oh  He MarHHTeH, He nnpo- 
4>opeH, oqeH b AOJiroe BpeMH coxp aH n eT  aKTHBHOCTb h  x op o rn o  3 k t h - 
BHpyeTCH 2% AoSaBKaMH Cr, Mo h A p y r n x  MeTajuiOB.floJiyqeHHe dopHAa h h kc jih . 27 m a  10% b o a h o t o * pacTBopa dopHAa HaTpHH npnjiHBaiOT b  TeqeHHe 20 m h h . npn pa3MeuiHBaHHH k  121 m a  

5% b o a h o t o  pacTBopa xjiopHAa HHKejiH (sKBHBajieHTHO 1,5 a MeTajuiH- qecKoro N i). npH s t o m  BbiAejineTCH b o a o p o a , noHBAHeTCH odHAbHbift qepHbifi ocaAOK, npnqeM TeMnepaTypa MO>KeT noAHHTbcn a o  40° nocjie nOAHOTO OCaJKAeHHH HHKejIb OT4)HAbTpOBbIBaiOT, npOMbIBaiOT BOAOH 6e3 AOCTyna B03Ayxa h  xpaHHT b adcojnoTHOM cnnpTe. KaTajiH3aTop He nnpo^opeH, h o  xpaHeHHe noA cnnpTOM HeodxoAHMO noTOMy, h to  Ha B03Ayxe K3TaJIH3aTOp dbICTpO A633KTHBHpyeTCH.
OqeHb aKTHBHbiH HHKeAeBbift KaT3AH3aTop noAyqaeTCH npn pa3AO- 

JKeHHH (|)OpMHaTa HHKeAH:

(HCOO)2Ni Ni +H 20 +  CO +  COa
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Pa3pa6oTaHa peuenTypa nojiyaeHHa oaeHb aKTHBHbix 4>opM hhkcjih, 
hcxoab H3 (JjopMHaTa. Tan, HanpHMep [6], npn pa3Jio>KeHHH 4>opMHaTa 
HHKejiH b napa4»HHOBOM Macjie npn 245—255° b TeaeHHe 4 aac., nocjie skc- 
TpaKUHH CnHpTOM H neTpOAeHHbIM 3(J)HpOM, JlOJiyMaeTCH HennpO(j)OpHblfi 
HHKejib, 6ojiee aKTHBHbifi, aeM HHKejib PeHea, h oaeHb CTaSnjibHbiH. 
EcTb yKa3aHHe, hto c sthm K3TajiH3aTOpOM jiyarne paSoTaTb b khcjioh 
cpe^e, Tax KaK b meJioaHOH cpe/je aKTHBHOCTb ero HH3Ka.

KaTajiHTHaecKHe peaKUHH c Oophaom hhkcjih Be/iyTca TaK>Ke b cnnpTe 
(1,5 a KaTajiH3aTopa b 20 m a  adcojnoTHoro cnapTa). /toOaBKH aKTHBaio- 
pOB HJIH 0,5 M A  40% paCTBOpa NaOH CHJIbHO aKTHBHpyiOT 3T0T KaTa- 
JiH3atop, npHAaBaa eMy aKTHBHOCTb, 6oJibmyio, aeM y hhkcjih 
PeHea.

KaTajiH3aTopbi njiaTHHOBOH rpynnbi npHMeHaiOT b bhac MeTajiJiOB 
HJIH OKHCJIOB. OaeHb 3KTHBHbI H HaHgOJiee MaCTO npHMeHHMbl Pt0.2
h Pd02.

rioJiyHeHHe njiaTHHOBOH aepHH [7]. 80 m a  pacTBopa H2PtCl6,
co^ep>Kaii;ero 20 a njiaTHHbi h HedojibmoH H36biTOK HC1, CMeiiiHBaioT c 
150 m a  33% (JiopMajiHHa, oxjiaamaioT ao — 10° h no KanjiaM npn pa3Me- 
uiHBaHHH bboaht 420 a 50% KOH npH TeMnepaType He Bbiuie 6° BbinaB- 
rnyio njiaTHHOByio aepHb nocjie noJiyaacoBoro HarpeBaHHa c pa3MeuiH- 
BaHHeM npH 55—60° npoMbiBaiOT AeKamrauHen boaoh ao Hcae3HOBeHHa 
peaKUHH Ha CI-hohu, nepeHOCHT Ha (])HjibTp, 3a6oTacb o tom, htoGm 
ocaaoK 6biJi noKpbiT boaoh, 3aTeM OTcacbiBaiOT, Obicrpo omHMaioT 
Me>KAy JiHCTaMH c})HJibTpoBajibHOH 6yMarn h coxpaHaioT b BaKyyM- 
3KCHK3Tope. llpenapaT cJieAyeT xpaHHTb b aTMoaJiepe yrjieKHCJioro 
ra3a. PlepeA rHApnpoBaHHeM HeoOxoAHMa aKTHBauna KaTajiH3aTopa
B03AyXOM HJIH KHCJIOpOAOM.

noJiyneHMe abyokhch njiaTHHbi no B. AflaMcy [8]. K pacTBopy 
H2PtClfl, coAepacameMy 0,9 a Pt b 5 m a  boah, Ao6aBJiaiOT 20 a NaN03, 
cMecb ocTopoacHo HarpCBaioT npn pa3MeiiiHBaHHH ao yAaJieHHa BOAbi, 
3aTeM noBbimaiOT TeMnepaTypy ao njiaBJieHiia CMecn, nocjie aero b Te- 
aeHHe 5— 15 mhh. HarpeBaiOT npH 300—320° ao npeKpameHHa BbiAeae- 
hhh 6ypwx okhcjiob a30Ta. nojiyaeHHbiH KOpHHHeBbifi ocaAOK npoMbi- 
B3IOT Ha (JlHJIbTpe AO nOJIHOrO OTCyTCTBHH HOHOB Cl' B (JlHJIbTpaTe.

noAyaeHHe KOJiJioHAaJibHOH njiaTHHbi no K. riaaJiio [10]. 1 a jihs- 
aJibOiiHOBOKHCJioro HaTpna pacTBopaioT b 30 m a  BOAbi, HeHTpaJiH3yioT 
pacTBopoM NaOH. Ao6aBAaiOT 2 a H_,PtCl6, pacTBopeHHoii b HeOoJibuioM 
KOJinaecTBe BOAbi. nocjie aero npnSaBJiaiOT rHApa3HHTHApaT b kojih- 
aecTBe, HecKOJibKo 6oJibineM TeopeTHaecKoro. nocjie npeKpameHHa Bbi- 
AeAeHHa neHti ocTaBAaiOT Ha 5 aac. OTCToaTbca, 3aTeM oanmaioT AHajin- 
30M, Aocyxa BbinapHBaiOT Ha boahhoh 6aHe h cyrnaT b 3KCHKaTope. ric- 
AyaeHHbie aemynKH MeAJieHHO pacTBopaiOTca b xojioahoh h Aerno 
b ropaaeii BOAe, k KOTopoft npn6aBJieHa Kanjia pacTBopa NaOH. Ta- 
Koi'i npenapaT coacp k̂ht 50% Pt h 3,5% Na. H3 0,5 a npoTajibOimaTa 
h 2 a H.,PtClr> mo>kho noJiyaiiTb npenapaT, cpAepaomnii 80% Pt.

floJiyaeHHe KOJiJiOMAaJibHOM njiaTHHbi no A. Ckhth 111]. PacTBop 
1 a K2PtCl8, 1 a ryMMiiapaCiiKa h 1 a Na2C03 b 100 a boah HenpepbiBHo
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pa3MemHBaiOT b TeneHHe 5 mhh., nocjie nero onHmaioT ^HajiH30M, koh- 
ueHTpHpyioT h BbinapHBaKDT .aocyxa Ha bo/jhhoh 6aHe, 3aTeM cyrnaT b 
BanyyMe. riojiyqeHHbiH npenapar pacTBopniOT b Bo^e b npHcyTCTBHH 
cjie^oB mejioHH, pacTBop BCTpnxHBaioT b aTMoa|)epe Bo^opo^a o6pa- 
30BaHHH KOJIJIOHflaJIbHOH nJiaTHHbl, KOTOpyiO 3aTeM BblCyiHHBaiOT.

EblJIO Hafl^eHO, HTO aKTHBaUHH nJIHTHHOBblX KaT3JIH3aT0p0B B03-
iiyxoM mojkho H36e*aTb, ecjiH floSaBHTb k hhm FeCl2 (0,5 mz Ha 
0,23 a Pt).

nojiyneHHe najuianneBOH nepHH [9J. 100— 150 ma cjierKa noflKHCJieH- 
Horo pacTBopa PdCl2, co/jepjKamero 4,25 2 Pd, CMeuiHBaiOT c 50 ma 33% 
(jxjpMajiHHa, oxjiaxc^aiOT #0 10° h b TeneHHe 10 mkh. floOaBJiniOT npn 
pa3MeniHBaHHH 100 2 50% KOH npH TeMnepaType He Bbime 3°. 3aTeM 
cMecb HarpeBaiOT 15 mhh. npH50°, oTnero KopHHHeBaa JKHflKOCTb o6ecuBe- 
MHBaeTca. Oca^OK najuia^HeBOH nepHH o6pa6aTbiBaioT flajiee, KaK npn 
noJiyneHHH njiaTHHOBOH nepHH.

Mojkho Pt hjih Pd nojiynaTb H3 hx xjioph^ob npHMbiM êftcTBHeM 
BOAOpô a b HefiTpajibHbix pacTBopHTejinx, t3khx, KaK HHKJioreKcaH hjih 
AeKajiHH, c nooieAyromeft .noOaBKofi Na2C03 fljia HeHTpajiH3auHH HC1. 
MeTÔ , oflHaKo, KanpH3eH, h KaTajiH3aT0pbi nojiynaiOTCH He Bceiyja aK- 
THBHblMH.

B nocjieflHHe ro;jbi uinpoKO bohijih b npaKTHKy TaK Ha3bmaeMbie 
xpoMumHbie KamaMi3amopbL odmeft (JiopMyjibi MeCr20 4, r^e Me=Cu, 
Zn, Mn h t . HanOojiee qacro npHMeHfliOT xpOMHT Mê H. riocjiê HHH 
mo>kho noJiynaTb pa3JiHHHO, /jance npocTbiM CMemeHHeM CuO c Cr20 3, 
ho HanSojiee aKTHBHbifi KaTaJiH33Top noJiynaeTcn npH TepMHnecKOM pa3- 
JIOJKCHHH Mê HO-aMMOHHHHOH COJIH XpOMOBOH KHCJIOTbl.

rToJiyneHHe xpoMHTa Mean no T. AftKHHcy [12]. 900 ma pacTBopa, 
coflepjKamero 260 z  Cu(N03)2-3H20 h 31 2 Ba(N03)2, HarpeBaiOT j ip  

80° h BJiHBaiOT b 900 ma pacTBopa (npn 25°), coflepjKamero 151 z 
(NH4)2Cr207 h 225 ma 28% pacTBopa aMMHana. 06pa3yioni,HHCH ocaflOK 
OT(J)HjibTpoBbiBaioT h OTcacbiBaiOT Ha BopoHKe BwxHepa, 3aTeM oca^OK 
CHHMaioT c (JiHjibTpa, cymaT b cyniHJibHOM mKa(])y (12 nac. npH 75—80°) 
h pa3MejibHaioT.

TepMHHecKoe pa3JioHceHHe npoBOflHT b Tpn npneMa b dojibinoii 4>ap- 
(bopoBoft nauiKe ^HaMeTpoM 15 cm HarpeBaHHeM Ha njiaMeHH ropejiKH. 
Bo BpeMH peaKUHH nopomoK HenpepbiBHO nepeMeuiHBaiOT mnaTejieM, 
peryjiHpyn HarpeBaHHe TaK, hto6m BbmejieHHe ra3a He 6biJio cjihuikom 
dypHbiM. 3to ôcTHraeTcn HarpeBaHHeM naniKH TOJibKo c ô hoh cTopoHbi 
h ycKopeHHeM nepeMeuiHBaHHH. Pa3JioJKeHHe pacnpocTpaHneTcn no 
Been Macce BemecTBa c nocTeneHHbiM H3MeHeHHeM HBeTa ot opaHaceBO- 
ro  nepe3 KopHHHeBbift b qepHbift. I lo c jie  nonepHeHHH Maccbi h npenpa- 
meHHH BbmejieHHH ra3a HarpeBaHHe npeKpamaroT. Bee nopu.HH nopouiKa 
coe^HHHKDT BMecTe h b TeneHHe 30 mhh. nepeMeuiHBaiOT c 600 ma pa36aB- 
jieHHOH yKcycHOH KHCJiOTbi, nocjie stoto 0T<})HJibTp0BbiBai0T, noAsepraiOT 
mecTHKpaTHOMy npoMbieaHHio bo^oh (no 100 ma), cymaT 12 nac. npn 
125° h pa3MejibnaiOT b nopomoK, KOTopbift He no^nepraeTCH fleftcTBHio 
BJiarn B03flyxa. B h x o a  KaTajiH3aTopa 170 z.
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ZIofiaBJieHHe coah dapna, no mhchhio aBTopoB, noBumaeT ycTOH- 
MHBOCTb KaTaJIH3aTOpa K BOCCTaHOBJieHHIO B HeaKTHBHyiO KpaCHyiO 
(|)OpMy H K OTpaBJieHHK) CepHHCTbIMH COeflHHeHHHMH. XpOMHTHbie KaTa- 
JiH3aTopbi oneHb MejiKO AwcnepcHbi h OTAHqaiOTCH tohkoh H3dHpaTeAb- 
HOCTbK). rH^pHpOBaHHe H B0CCT3H0BAeHHe npOBOAHT C HHMH nOA nOBbl- 
IiieHHblMH AaBJieHHBMH.

Hmciotch h Apyrne aHaAornqHbie KaTaAH3aTopbi [13]. Hmepec npeA-
CTaBAHeT UHHK-XpOMHTHblfi KaT3AH3aT0p, KOTOpblH B0CCT3HaBAHBaeT 
b nenpeAejibHbix khcaotax COOH-rpynny, ho He 3aTparHBaeT KpaT- 
HblX C=C-CBH3eH.

KaTaAH3aTopbi THna okhch moah6a6H3 hah BOAb(})paMa xapaKTep- 
Hbi TeM, hto padoqaa TeMnepaTypa hx acjkht b HHTepBaAe 400—500° 
H HTO OHH He TOAbKO He OTpaBAHHDTCH CepOH, HO nOCACAHHH Aa>Ke ax- 
THBHpyeT hx. M oS2 hah WS3 noAynaiOT name Bcero achctbhcm H2S 
HAH CS2 Ha CyAb(|)HAbI yKa3aHHbIX MeT3AAOB. 3th KaTaAH33TOpbI npn- 
MeHHioT a-hh THApHpoBaHHH noA AaBAeHHeM cepocoAepxomHX He(])TeH, 
CMOA H T. A-

KpoMe yKa3aHHbix KaTaAH3aTopoB, a-nh neAefl BoccTaHOBAeHHH npH- 
MeHHiOT HHorAa Au, Ag, Pb, Sn h Tl. HafiAeHO Taioxe, hto Cs rHApnpyeT 
npn K0MH3TH0H TeMnepaType sthach b 3T3h h CO H3 BOAHHoro ra3a 
b MeTaH. M. C. FLnaTOHOB c cotpyAHHKaMH [14] ycTaHOBHAH, hto Re 
npH 250° BoccTaHaBAHBaeT HHTpodeH30A ao 3hhahHh. B. A. Ka3aH- 
CKHH [15] HameA, MTO aMMH3KaT KaAbUHH THApHpyeT 6eH30A AO UHKAO- 
rexceHa no cxeMe:

PeaKUHH THApHpOBaHHH CHAbHO 3K30TepMHHHbI, nOSTOMy npH 
npOBeACHHH HX B npOH3BOACTBeHHbIX yCAOBHHX CAeAyeT yHHTblBaTb 
TenAOOTBOA, HTodbi He npoH3oniAO neperpeBaHHH K3T3AH3aTopa. Han- 
doAee CHCTeMaTHqecKHe HccAeAOBaHHH no onpeAeAeHHio TenAOT rHApn- 
poBaHHH npoBeAH B. A. K hcthkobckhh c coTpyAHHKaMH [16]; hx AaH- 
Hbie npHBeAeHbi b TadA. 31.

TAB AHUA 3

CoeflHHenHfl Q,
KOA/e-MOA CoeAHHeHHB Q,

m a/a-mo a

3 th.neH 32824 TeTpaMeTHASTHAeH 26663
riponHAeH 30115 A jiach (-j-2Ha) . 71280
«-BymneH 30341 ByTaAHeH-1,3 (+ 2 H Z) 57067
H-I'enTH^eH 3013 T neHTaAHeH-1.4 ( + 2 H , ) . 60790
H30aMHAeH 28491 TeKcaAHeH-1,3 (+ 2 H 2) . . 60525
HaoreKCHAeH 27997 IjHKJioreKcaAHeH-1,3 ( +  2HS) 55367
llHK^oreKceH . 
TpHMeTHASTHAeH

28592
26920

BeH30A (+ 3 H 2) 49802

n p H M e n H u e .  Q Bbipaweno b kcia/s-mqa ±10—100 kqaJs-moa npH 82°.
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2. MeTOAbi rHApHpOBaHHnIIpHHUHnHajibHO npouecc rHApnpoBaHHH oneHb npocT h 3aKAioqaeT- 
cjt name Bcero b nponycKaHHH cmcch napoB BemecTBa c boaopoaom nepe3 HarpeTbifl K3TajiH3aTop ( z u d p u p o e a n u e  e  n a p o e o u  c f ia s e ) hah b 06- pafioTKe BOAopoAOM aemecTBa (qacTO b npHcyTCTBHH pacTBopHTejia) c cycneHAnpoBaHHbiM b hcm KaT3AH3aTopoM (a u d p u p o e a n u e  e  m u O k o u  

(frct3e).
rTepBbie cncTeM aTHwecKHe HCCAeAOBaHHH no reTeporeH H O M y KaTa- 

.nHTHnecKOMy rH ApnpoBaH H io h BoccTaHOBjieHHio, a T a io n e  pa3padoTK y

P hc. 52. ycTaHOBKa ajih rHflpnpoBaHHfl npa HopiiajibHOM aaB-
jieHHH:

/—sjieKTpmecKaH neqt>; 2—peaKpHOHHaa TpyfiKa; 3—6iopeTKa; 4, 7—HacaflKH; 
5—peoMetp; 6—TepMonapa; 8—boahhoA xojioflHjibHHK; 9—npneMHHK.

MeTOAHKH n p ou ecca  npoB eA  M . M . 3an u eB  b  1871— 1872 r r .  [17]. Bee 
onncbiBaeM bie HHAce MeTOAbi rnApnpoBaHHH npn  HopMaJibHOM AaBAeHHH 
h b a h io t c h  jiH inb AaJibHefluiHM ycoBepmeHCTBOBaHneM m c t o a s  3a ft- 

ueBa.
Heo6xOAHMbIMH yCAOBHHMH RJM vcneuiHOH paSOTbl hbahiotch: hh- 

ctot3 KaTajiH3aTOpa, a Taione peareHTOB, pacTBopHxê a h BOAopoAa, 
OTCyTCTBHe aHTHKaTaJIH33TOpOB H COfiAIOAeHHe pe>KHMa, OnTHMaJIbHOrO 
Aah ashhofo KaTajiH3aTopa. rHApnpoBaHHe mo>kho Becm npn Hop- 
MaAbHOM, nOBbimeHHOM, BhICOKOM HAH nOHHHteHHOM AaBAeHHH. X[AH 
oneHb MaAbix KOAHnecTB BemecTB pa3padoTaHbi mctoah MHKporHApnpo- 
B3HHH.



2. M ETO R bl r H R P H P O B A H H fl 345rHAPMpoBaHHe npw HopMaJibHOM flaBjieHHM. JlaSopaTopHaa anna- 
paTypa, pa3pa6oTaHHan aah  Merofla Ca6aTte— CaH^epaHa [18J. no3Bo- jiaeT qacTO noqTH 6e3 H3MeHeHHH npHMeHHTb ee h b HacTOHin.ee BpeMH. CxeMa t3koh JiaSopaTopHOH ycraHOBKH npHBe^eHa Ha pnc. 52. B ajieK- TpHqecKyio neqb /, TeMnepaTypa KOTopofi peryjiHpyeTCH peocTaTaMH 
h TepMoperyjiHTopoM (Ha pncyHKe He H3o6pa*eHbi), noMemeHa peax- 
UH0HH3H Tpy6Ka 2 C KaTaJIH33TOpOM. linn THflpHpOBaHHH BemeCTBO c onpe^ejieHHOH cKopocTbio noAaeTCH H3 diopeTKH 3 qepe3 HacaAKy 4, Ky^a nocTynaeT h boaopoa, H3MepaeMbiH peoMeTpoM 5. TeMnepaTypa perHCTpnpyeTCH TepMonapon 6, BBeAeHHOH b ctckahhhom hjih c])ap(])opo- 
bom KapMaHe b 30Hy KaTajiH3aTopa. llojiyqaeMbie npoAyKTbi peaKUHH qepe3 HacaAKy 7 nocrynaiOT b bo-

TBepAoe BemecTBo, ero pacTBOp/i-
K)T B HHepTHOM paCTBOpHTejie HJIH Phc. 53. Cocv̂ bl JIJISI rH/ipupoBaHllH. 
npeABapHTeAbHO pacnjiaBAHioT. npH
onncbiBaeMOM mctoac rHApnpoBaHHH hco6xoahmo. htoSh Bee BemecTBa 
6hah b napoBofi 4>a3e, Tan nan KanejibHO-JKHAKHe BemecTBa SwcTpo a^3- 
aKTHBHpyioT KOHTaKTbi. AnnapaTypa aoajkh3 6biTb adcoAioTHo repMe- 
THHHa, hto npoBepaeTCH nepeA KaatAbiM onbiTOM. FIonaAaHHe b cncTe- 
My B03Ayxa HeAonycTHMO, Tan nan BoccTaHOBAeHHbie K3TajiH3aTopbi 
oqeHb Aerno okhcahiotch h TepaiOT aKTHBHOCTb. OxAa>KAeHHe anna- 
paTa nocAe onbiTa h xpaHeHHe KaT3AH3aTopa npoBOAHT b aTMOcejiepe 
BOAOpOAa hah a30Ta. BoccTaHOBAeHHe KaT3AH3aTopa nepeA cepHefi 
onbiTOB npoH3BOAHTCH b caMoft peaKUHOHHOH TpyOne.C . A . Ookhh [19] BnepBbie npHMeHHA Pt-qepHb aah rHApnpoBaHHH 
OAeHHOBoft KHCAOTH b CTeapHHOByK); 3tot cnocoS noAyqHA 3aTeM b pa- 
6oTax P . BHAAbuiTeTTepa AaAbHeHuiee pa3BHTHe [20]. THApHpoBaHHe 
npoBOAHTCH Ha xoAOAy hah npn He6oAbmoM HarpeBaHHH (ao 50—70°) 
b cneuHaAbHbix cocyAax (pnc. 53). XIah peaKUHH OepyT 5— 10 z Beme
cTBa, pacTBopeHHoro b cnnpTe, yKcycHofl khcaotc hah hhom pacTBO- 
pHTeAe, 0,1—0,2 z Pt-qepHH h npn bctphxhb3hhh qepe3 cocyA npony- 
cnaioT tok qHCToro BOAOpOAa H3 diopeTKH. (CymecTByeT mhoto BapnaH- 
TOB peaKUHOHHblX COCyAOB H yCT3HOBOK, Ha KOTOpbIX MbI He OCTaHaB 
AHBaeMCH.)B KaqecTBe KaT3AH3aTopoB, npoMe Pt-qepHH, npHMeHHioT Pt02, 
Pt-KaTaAH33Top Ha B a S 0 4, Ha C a C O n, Ha aKTHBnpoBaHHOM yrAe, Pd- 
KaT3AH3aTOp Ha \TAe H T. A-

npH rHApnpoBaHHH no MeTOAy BHAAbuiTeTTepa 6bicrpo HacTynaeT 
yTOMAeHHe KaTaAH3aTopa, KOTopbiii, oAHaKo, AerKO pereHepnpyeTCH

AHHOH XOAOAHAbHHK 8, a OTTyAa- 
b rpaAynpoBaHHbiH npneMHHK OcTaToqhbih boaopoa h ra300 pa3Hbie npoAyKTbi mo>kho co6 
paTb b ra30MeTp.

HMeeTcn oqeHb MHoroBapna 
tob SToro MeTOAa. B Tex CAyqan 
KorAa rHApnpoBaHHio noABepran



346 fA. VI. KATAJIHTmECKOE rHRPHPOBAHHE H B0CCTAH0BJ1EHHE

npH nponycKaHHH qepe3 Hero B03Ayxa (cTp. 425). l l o  3T0My MeTOAy 
xopouio rHApnpyioTCH ABOHHbie cbh3h b ajimfiaTHqecKHX, ajiHUHKjiHqe- 
ckhx h reTepouHKjiHqecKHx coeAHHeHHax, 6oKOBbie xpaTHbie cbh3H 
apOMaTHqecKHx coeAHHeHHH. rHApHpoBaHHe apoMaTHqecKHx CBH3e« 
npoTexaeT jinnib b jicahhoh yxcycHOH KHCJioTe, npHqeM KaTaJiH3aTop 
Ha.no qacTo pereHepHpoBaTb.

JIjih rH^pHpoBaHHH apoMaTHqecKHx coeAHHeHHH mctoa OoKHHa— 
BHJiJibuiTeTTepa npHMeHHioT pe^xo, ho 3aT0 e ro  urnpoKO Hcnojib3yioT 
flJiH rHApnpoBaHHH pa3JiHqHbix Apyrnx  HeHacbiiueHHbix coeAHHeHHH. 
O h AaeT B03M0>KH0CTb npoBOAHTb TH^pHpoBaHHe c yqeTOM 3aTpaqeHHoro 
BOAopoAa (m u m p o e a u u e  e o d o p o d o M ) h , b c jiyqae HajiHqHH HecxojibKHx 
Kparabix CBH3eft, ocTaHaBjiHBaTb peaKUHio Ha npOMexcyToqHbix CTa- 
^HHX. 3T0T MeTOA He33MeHHM npH TOqHbIX padOTaX, CBH3aHHbIX C HCCJie- 
AOBaHHeM HeHaCbimeHHOCTH CJIOJKHbIX npHpO^HblX COeAHHeHHH, KHHe- 
THKOH THApHpOBaHHH B 33BHCHM0CTH OT CTpoeHHH MOJieKyjI H XapaKTepa 
33MeCTHTejieH H T. A-

K. riaajib h A. Ckht3 [21], He33BHCHM0 Apyr ot APyra, npHMeHHJiH 
AJIH THApHpOBaHHH KOJIJIOHAHyiO nJiaTHHy HJIH naJIJiaAHH B npHCyTCTBHH 
3amjaTHbix kojijiohaob. B KaqecTBe nocjieAHHx K. Flaajib HcnoJib30Baji 
CMeCb paCTBOpHMbIX B BO ê BbICOKOMOJieKyjIHpHbIX JIH3ajIbdHH0B0H H 
npoTajibdHHOBOH khcjiot, nojiyqaeMbix H3 KypHHoro dejixa. A. Ckhtb 
Ajih 9toh xce uejiH npHMeHHji pacTBopbi npHpoAHoro ryMMHapadHKa 
(apaBHHCKOH KaMe^H). 3amHTHbie kojuiohah npenaTCTByioT Koaryjia- 
HHH KOJIJIOHAHbIX KaTaJIH33TOpOB Aa>Ke npH HarpeB3HHH HJIH KHnaqeHHH 
C JieAHHOH yKCyCHOH KHCJIOTOH. TaK KaK dOJIbUIHHCTBO OpraHHqeCKHX 
coeAHHeHHH b BOAe He pacTBopHMo, pa3padoTaHbi cnocodbi npnroTOB- 
jieHHH opzaH030Aeu njiaTHHbi hjih najiJiaAHH b xojiecTepHHe, JiaHOJiHHe. 
3aiH,HTHbIMH KOJIJIOHAaMH MOryT T3KJKe CJiyjKHTb TJIIOTHH, JKejiaTHH 
HJIH AeKCTpHH.

THApHpoBaHHe npoBOAHT noqTH Tax xce, xax  no npeAbiAymeMy Me- 
TOAy. PacTBopHTejiHMH cjiyxcaT BOAa, aMHJiaueTaT, cnnpT, yxcycHaa 
KHCJIOTa H T. A-; K paCTBOpy AodaBJIHIOT KOJIJIOHAHblH paCTBOp njiaTHHbi 
(0,5— 1%) hjih najuiaAHH (1—2%), 3aTeM nponycxaiOT boaopoa npn 
HenpepbiBHOM bctphxhb3hhh peaKUHOHHoro cocyAa. Flo 3T0My MeTOAy 
THApHpyioT Te jxe  BeiuecTBa, hto h no MeTOAy *Pokhh3, ho b oTJiHqne ot 
nocjieAHero rHApnpoBaHHe mojkho BecTH noA HedoJibinHM AaBJieHHeM 
(2—3 am), hto 3HaqHTejibHO ycxopneT npouecc [22]. OAHaxo, HecMOTpa 
Ha 3TO, AaHHblH MeTOA npHMeHHIOT AOBOJIbHO peAKO.

THApHpoBaH^e hoa AaBJieHHeM. npouecc npHCoeAHHeHHH BOAopoAa 
k xpaTHbiM cbh3hm npoTexaeT c yMeHbmeHHeM odbeMa, noaTOMy b co- 
oTBeTCTBHH c npHHUHnoM Jle-IIlaTejibe noBbimeHHoe AaBJieHue aojukho 
AeflcTBOBaTb djiaronpHHTHO. Eiue b npouiJiOM CTOJieTHH ajih HeKOTopux 
peaxuHH npHMeHHJin aBTOKjiaBbi (Ha 5— 10 am), b HacTonmee xce Bpe- 
mh pa3padoTaHa annapaTypa aah npoBeABHHH peaxuHH npn noBbimeHHbix 
h BbicoKHx AaBjieHHux. ABTOKJiaB BbicoKoro AasjieHHH jiadopaTopHoro 
Tuna dbiji BnepBbie pa3padoTaH B . H . HnaTbeBbiM («doMda» HnaTbeBa) 
[23]. 3T0T 3BT0KJI3B HBHJICH npOTOTHnOM COBpeMCHHblX annapaTOB BbICO-
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Koro AaBjieHHH, h npHMeHeHHe ero co3Aajio HOBbie bo3mo>khocth b npo- 
Be êHHH XHMHqeCKHX HCCJieAOBaHHH.3 tOT aBTOKjiaB H3TOTOB JI flK)T H3 UejTbHOTHHyTOH CTaJIbHOH Tpydbl, 
AHHme KOTOpOH 3aBapHB3K3T, a BepXHHH paHT oSTaHHBaiOT B BHAe KOJIb- 
ueBoro HO>Ka. TaKoft n<e KOJibueBOH ho>k HMeeTCH h y BepxHefl qacTH 
npndopa («rojiOBbi»). ripq cSopne «rojiOBy» cdjiHucaiOT c KopnycoM, no- 
Meu;aK)T MOKAy HOHOMH AHCK C OTBepCTHeM HJIH UIHpOKOe KOJIbUO H3 hhctoh MeAH—o6TiopaTop 3 — h b THCKax raeqHbiM KjnoqoM 3aKpyqHBaiOT 
6oATbi, npoAerae b OTBepcTHH cjviaHueB / h 2  (pnc. 54). KojibueBbie ho- /kh Bpe3aK)TC5i b odTiopaTop, qeM co3AaeTca nojiHan repMeTHqHOCTb 
npH BbicoKHX AaBJieHHax. B «rojiOBe» 6om- 
6bi BbiCBepjieHbi KaHajibi r j ih  coeAHHeHHH c 
MaHOMeTpOM, 6aJIJIOHOM CO C>KaTbIM ra30M H 
AJin 3anopHoro bchthjih 4. Ilocjie 3angjiHe- hhh doMdbi boaopoaom  (npH noMom,H th6ko- 
ro MeAHoro KanHJiJinpa) ao Hy>KHoro AaB
JieHHH, noKa3biBaeMoro MaHOMeTpOM, noBO- Potom bchthjih 4 nepeKpbiBaiOT bmxoahoh 
KaHaji.

CnepBa b aBTOKjiaB bboaht rHApnpyeMoe 
BemecTBo, qacTo b HHepTHOM k BOAopoAy 
pacTBopnTejie (HanpHMep, b UHKJioreKcaHe),
h KaTajiH33Top (NiO, CuO, Ni/Al20,, Ni h t . A-) b KOJinqecTBC 5— 10% ot Beca thaph- 
pyeMoro BeiuecTBa. 3aTeM aBTOKjiaB a-hh 
npoBeAGHHH peaKUHH noMemaioT b ajieKTpn- 
qecKyio neqb hjih TepMOCTaT, rAe HarpeBa- 
fOT ao Hy>KHOH TeMnepaTypbi. CKopocTb pe- 
aKUHH perHCTpnpyeTCH noKa33HHHMH MaHO- 
MeTpa. BHaqajie ncxoAHoe AaBjieHHe pacTeT 
noqTH jiHHefiHO H3-3a noBbimeHHH TeMnepa
Typbi, 3aTeM KpHBan pocTa AaBJieHHH cra- 
hobhtch tfojiee nojioroft, HacTynaeT nepejiOM, 
h AaBJieHne npn ycTaHOBHBineficH TeMnepa- 
Type peaKUHH 6ojiee hjih MeHee 6bierpo na- 
AaeT ao Kanoro-To HHKHero npeAejia, BCjieA- 
cTBHe npncoeAHHeHHH BOAopoAa k MOjieKy-
.iaM rHApupyeMoro BeiuecTBa. OdbiqHO 3anHCb AaBJieHHH BeAyT 
Ka>KABie 5 — 15 mhh. B cjiyqae, ecjiH ajih npoBeAeHHH peaKUHH ao KOHua 
He xBaraer BOAopoAa, ero nocjie oxjia>KAeHHH chctcmm bboaht ao- 
noJiHHTejibHO b aBTOKjiaB h noBTopnioT onepauHio.

ABTOKJiaBbi MnaTbeBa jiafiopaTopHoro THna hstotobjihiot eMKocTbio 
ot 100 m j i  ao 1 a \ b hhx npoBOAHT peaKUHH noA  AaBjieHHeM ao 250—  
300 am h npH TeMnepaTypax ao 450°. Pa6oTbi npn 6ojiee bmcokhx tcm- 
nepaTypax onacHbi H3-3a boaopoahoh Koppo3HH, AH(tx|)y3HH BOAopoAa 
qepe3 ctchkh h HacrynaioiueH TeKyqecTH MeTajiJia (Kpunti).

/Jjih npoBeAeHHH ruApupoBaHHH b doAbuinx MacuiTaSax npHMeHHioT

P hc. 54. ABTOKjiaB BbicoKoro
AaBJieHHH:

1 ,  2 — OTBepcTHH (JwiaHppB; 3— o6 t k >- 
paTop ; 4 — ?anopHbift BeHTHJib.
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BpamaiomHecH Ha noAuiHnHHKax aBTOKjiaBbi eMKocTbio ao 10 a . B Tex 
cjiyuanx, Kor^a HeodxoAHMO BHyTpeHHee pa3MeuiHBaHHe, noJib3yioTCH 
aBTOKJiaBaMH c MemajiKaMH, noMemeHHbiMH Ha caJibHHKax BHyTpH an- 
napaTa. J3,jih rtpoBeAeHHH ra30Bbix peaKUHH uihpoko HcnoJib3yioT UHpKyjia- 
UHOHHbie annapaTbi pa3JiHUHbix KOHCTpyKUHH, b KOTopbix npn noMomn 
CneUHaJIbHbIX UHpKyjIHUHOHHbIX HaCOCOB 3aCTaBJlflK>T ra3 MHOrOKpaTHO 
npoxoAHTb qepe3 3ohv c KaTajiH3aTopoM, a TaK>Ke npHMeHHioT Bpa- 
maioiuHHCH aBTOKjiaB Beprayca, aBTOKjiaBbi c MemajiKaMH, Kauaio- 
mnecH aBTOKjiaBbi h AP-

,Hjih npoBeAGHHH ra30Bbix peaKUHH, b KOTopbix peaKUHOHHaH CMecb 
MHoroKpaTHo unpKyjiHpyeT uepe3 30Hy KaTajiH3aTopa, 6bijin pa3pa6o- 
TaHbi HHpKyjuiUHOHHbie annapaTbi CHCTeMbi O. Onuiepa, npnroAHbie 
AJIH CHHTe30B npH naAaiOLUeM H nOCTOHHHOM AABAeHHH.

R j i h  CHHTe30B npn nocTOHHHOM AaBjieHHH b CHCTeMy BKjnonaeTCH 
KOMnpeccop hjih pe3epByap (6exejibTep) co onaTbiM ao 500— 1000 a m  

ra30M, KOTopbie h co3AaioT HyjKHbin nocTOHHHbift ypoBeHb AaBJieHHB. 
H a 3thx npoeTbix npHHunnax, KaK yute oTMeueHO, KOHCTpynpyioTCn 
Bee coBpeMeHHbie peaKTopbi bmcokhx A3baghhh.

06biHHO npoueccbi, npoTeKaioiuHe npn AaBAeHunx ao 1000 am, 
Ha3biBaioTCH npouleccaMU ebicoKUX daeAenuu; npoueccbi x e ,  npoTeKaio- 
mne npn AaBjieHHnx Bbirne 1000 am, Ha3biBaioTCH ycjioBHO npoi^eccaxu  
ceepxebicoKux daeAenuii. HanpHMep, nojiH3THJieH (nojiHTeH) ao 1955 r. 
noAynajin npn 2000—3000 am; ceflnac stot npouecc mo>kho BecTH b 
npncyTCTBHH KaTajiH3aTopoB npn HopMajibHOM (noHHJKeHHOM) aabjichkh—- 
CHHTe3 UnrAepa (cTp. 590). TaKne npoueccbi, KaK CHHTe3 aMMuaKa, 
CHHTe3 MeTaHOJia, AeerpyKTHBHoe ruApupoBaHHe yrjieu h Timejibix 
Maceji b 6eH3HH, npoBOAHTcn noA AaBjieHueM 300— 1000 am.

B npOMblUIJieHHOCTH UIHpOKO npHMeHHIOTCH BbICOKHe H CBepXBbICOKHe 
AaBJieHHH, KOTopbie n03B0AHK)T CHJIbHO COKpaiUaTb BpeMfl peaKUHH H 
bo mhoto pa3 yMeHbiuaTb radapHTbi annapaTypbi [241.

THApupoBaHue b OTAejibHbix cjiynaux npoBOAUT npw cpednux dae.ie- 
h u h x . 3th npoueccbi 33HHMaioT nojiou<eHHe cpeAHee Me>KAy ruApupoBa- 
HHeM npu HopMajibHOM h bmcokom AaBJieHHflx. Bo mhothx cjiyuaax 
oueHb yAO^HO h pauHOHajibHO nojib30BaTbcu AaBAeHueM 10—50 am . 
M. Bpouie [25] BnepBbie npHMeHHji stot mctoa A*au ruApupoBaHUH Ha<J>- 
TajiHHa b TeTpajiHH, a t  IlipeTep [26]—ajih ruApupoBaHHH (JieHOJia 
b UHKjioreKcaHOJi. Chhtc3 npu cpeAHHX AaBJieHHux (5— 15 am) npHMe- 
hhjich b repMaHHH ajih nojiyueHHH yrjieBOAopoAOB H3 boahhoto ra3a 
HaA Ko6aJibTCOAep>KamHMH KaTaJiH3aTopaMH.

rHApupoBaHHe b BaKyyMe. HHorAa ruApupoBaHHe hco6xoahmo Be- 
CTH npH nOHHXKCHHblX AaBJieHHHX, TaK KaK JIHUIb B yCJIOBHHX MaJlOH 
KOHueHTpauuH peareHTOB h BOAopoAa mo>kho npoBOAHTb npouecc h36h- 
paTejibHO h npu stom ocTaHaBJiHBaTbcn Ha t3khx  npoMe^yTOHHbix npo- 
AyKTax, KOTopbie Hejib3H nojiynuTb hh npu cpeAHHX, hh npu bhcokhx 
AaBJieHHHX.

3tot npHHUHn BnepBbie 6mji npHMeHeH H. J\. 3cjihhckhm [27], noKa- 
3aBiuHM, mto 1,3-AHMeTHJiUHKJioreKceH-3-OH-5 npu 25—80 mm pT. ct.
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H 200° HaA HHK6JI6Bb!M KaT3JIH3aTOpOM npeBpamaeTCH B 1,3-AHMeTHJI- 
UHKjioreKcaHOji-5

ch3
1 CH
CH 1

H o d ' ' NbHg H
/ \

! 1 ----- ► H
o=c c- ch3 

\  ^ HO-
CH

B aHaJiorHqHbix ycjiOBHax H30(})0p0H 6biji npeBpameH b CMecb a h - 
THAP0H30(J)0p0Ha H AHrHAp0H30(f)0p0Jia.

B AaJibHeftuieM stot cnoco6 6hji Hcnojib30BaH B. T pHHbnpoM h P  O cxyppy
[28] A-flfl uccjieAOBaHHH, hocBameHHbix npodjieMe MexaHH3Ma rHApnpoBa- 
HHH(|)eHOJia. B cneunajibHOM uejibHOMeTajuiHqecKOM npH6ope rnApHpoBa- 
H«e 6biJio npoBeAeHO noA AaBjieHHeM ot 10 mm  pT- ct. ao 1 am. 
KaTajiH3aTopaMH cjiyxcHJiH P t 0 2, N i, Cu, Pt-qepHb. YAajiocb noKa3aTb,
qTO B 3THX yCJIOBHHX THApHpyKDTCH eHOJIbHbie (])OpMbI THApOtJjeHOJlOB 
(cTp . 372), h qTO HeHacbimeHHbie ajibAerHAbi rwApapyroTCH CTyneHqaTO.

MnKporHApHpoBaHHe. Macro Tpe6yeTca onpeAejiHTb hhcjio xpaT- 
hwx CBH3efi b Majibix KOJiHqecTBax (MeHee 1 z) npHpoAHbix coeAHHeHHii. 
B A3hhom cjiyqae Ha noMomb HCCjieAOBaTejiHM npHXOAHT npeuH3HOH- 
Hbie MeTOAbI THApHpOBaHHH. H x H3BeCTHO HeCKOJIbKO, HO b npHHUHne 
ohh 3aKJiioqaK)TCH b ToqHOM onpeAejieHHH KOJinqecTBa BOAopoAa, HAy- 
m ero  Ha rHApnpoBaHHe. KaTajiH3aTOpaMH hbjihiotch P t 0 2 AAKHHca 
hjih N i PeHen b KOJinqecTBe 0,01— 0,05 m z . ToqHOCTb MeTOAa AocTnraeT
1— 2 % .

3. OpraHHqecKHH aHajiH3 MeTOAaMH rHApnpoBaHHH

Flo MeTOAy Tep-MefljieHa [29] HaBecxy BeiuecTBa b CTpye hhctoto 
BOAopoAa noABepraiOT cyxofi neperoijKe, npn stom nojiyqaeTCH CMecb 
ra30o6pa3Hbix npoAyKTOB: H 20 , CO, C 0 2 h Ap. nojiyqeHHaa CMecb npo- 
xoaht  HaA MejiKOAHcneprHpoBaHHbiM HHKejieM npH 350— 400° rAe CO 
h C 0 2 rHApHpyioTCH b C H 4 h H 20 .  TaKHM nyTeM onpeAejunoT Kojinqe- 
cTBeHHO yrjiepoA  h khcjiopoa b opraHHqecKHx coeAHHeHHnx. E cjih b 
BemecTBe coabp>khtch a30T, to HaA HHKejieM npn 250— 300° o6pa3yeT- 
CH 3MMH3K, KOTOpblH nOIVIOLUaiOT THTpOB3HHOH CepHOH KHCJIOTOH (KaK
npn aHajiH3e no KbejibAajno). ripn  aHaJiH3e rajioreH- hjih cepocoAep- 
>Kamnx coeAHHeHHH HHKejieBbie KaTajiH3aTopbi HenpHroAHbi, Tax Kan 
OHH 6blCTpO AG33KTHBHpy 10TCH. ,H,JIH OnpeAejieHHH cepbl MeTOAOM THAPH- 
poBaHHH npHMeHaeTCH njiaTHHHpoBaHHbiii ac6ecT (cMaqHBaHHe KopoT- 
KOBOJiOKHHCToro ac6ecTa 5%  pacTBopoM H 2P tC l6 c nocjieAyiomeH cym- 
Koii h npoKaJiHBaHHeM). FIojiyqeHHbiH H 2S noiviomaeTCH pacTBopoM 
K O H  h onpeAejiaioT ero  HOAOMeTpnqecKH hjih KOJiopHMeTpnqecKH no 
oKpauiHBaHHK) nAioM6HTa KajiHH b KopHqHeBbifi HBeT. rajioreHbi (X ) npn 
aHaJiH3e rHApnpoBaHHeM b Tone BOAopoAa c aMMnaKOM nepexoAHT 
B N H 4X , KOTOpblH 3aTeM BbIMbIBaiOT H3 TpydKH BOAOH H OnpeAeJlJHOT 
raAoreH no OojibrapAy.
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KaTajiHTHqecKHe peaKUHH c boaopoaom  qpe3BbiqaftHO pa3HOodpa3Hbi 
H MHOrOMHCJieHHbl. B flaJIbHeftmeM H3JIOJK6HHH npHBOAHTCB JIHIHb HaH- 
dojiee xapaKTepHbie cjiyqan rHApHpoBaHHH pa3jmqHbix KJiaccoB opra- 
HHqeCKHX COeAHHeHHH.

4. rHAPHpoBaHHe ajimJiaTHMecKHx coeAHHeHHii

rHAPHpOBaHHe OJie }̂HHOB. IlpHCOeAHHeHHe BOAOpOAa K STHJieHy HB- 
jib£tch npocTefluieH peaKunefl rHApHpoBaHHH, ocymecTBjieHHOH M . $a- 
pa^eeM, a 3aTeM n. BnjibAe [30], noKa3aBiuHMH, bto HaA njiaTHHOBOH 
<iepHbio 3THjieH jierKo npHeoeAHHHeT boaopoa c odpa30BaHHeM 3TaHa. 
3Ta peaKUHB npoTexaeT TaKJKe HaA Ni-KaTaJiH3aTopoM, HaqHHaa c 30° 
ho HAeT dbicrpo npn 100— 130°; HaA Cu-KaTajiH3aTopoM 9Ta peaKUHH 
npoTenaeT npn 200—240° HaA N i PeHea— npn KOMHaTHOH reMnepaType.

rOMOJIOrH STHJieHa THApapyiOTCH C pa3JIHHHOH CKOpOCTbK) B 33BH- 
CHMOCTH OT HX CTpoeHHH.

IlOApodHO BOnpOCbl KHHeTHKH THApHpOBaHHH pa3JIHHHbIX OJie(})H-
hob HaA njiaTHHOH ObiJiH H3yqeHbi C . B . JledeAeBbiM, Y T K o6jihh- 
ckhm h A . H . flKyOqHK [31]. H a ochob3hhh nojiyqeHHbix pe3yjibTaT0B 
ohh ycTaHOBHJiH, qTo 6bicTpee Bcex rHApapyiOTca M0H03aMeiueHHbie 
STHjieHOBbie yoeBOAopoAbi R C H = C H 2, h qTO yBejmqeHHe qncjia 3aMe- 
CTHTejiefl 33MeTHO CHHHCaeT CKOpOCTb peaKUHH. JlBy3aMem,eHHbie sth- 
jieHOBbie yrjieBOAopoAbi CHMMeTpHqHoro CTpoeHHH R — C H = C H — R 
THApupyiOTCH MeAJieHHee; TpyAHee BCTynaioT b peaKUHio Tpn- h TeTpa- 
3aMeui,eHHbie STHJieHOBhie yrjieBOAopoAbi: R -.C ^ C H — R h R « C = C R 2.

npn THApHpoBaHHH CMecH ojietj}HHOB HauAeHbi onpeAejieHHbie 3a- 
KOHOMepHOCTH. STHJieHOBbie yrjieBOAopoAbi oahh3koboh creneHH 3aMe- 
meHHOCTH B CMeCH THApHpyiOTCH COBMeCTHO C OAHH3KOBOH CKOpOCTbK> 
h rpa(])HqecKH AaiOT HenpepbiBHbie KpHBbie 6e3 nepejioMOB. B cjiyqae 
CMecH STHJieHOBbix ymeBOAopoAOB pa3JiHqHofi CTeneHH 3aMemeHH0CTH 
KOMnoHeHTbi THApHpyioTCB pa3AejibHO— b nepByio oqepeAb M0H033Me- 
meHHbie; KpHBbie peaKUHH AaiOT nepejioMbi, cooTBeTCTBViomue KOHuy 
THApHpoBaHHH oahoto ojiecJwHa h Haqajiy rHApapoBaHHa Apyroro . Tax 
uce, KaK o6biqHbie ojiecj)HHbi, BeAyT ceda npoH3BOAHbie UHKJioneHTeHa h 
UHKJioreKceHa hjih apoMaranecKHe npoH3BOAHbie c HeHacbimeHHbiMH aji- 
KHJIbHblMH paAHKaJiaMH.

3aKOHOMepHOCTH, OTKpbiTbie C . B . JleSeAeBbiM c coTpyAHHKaMB [32] npH THApHpOBaHHH OJiec])HHOB, n03BOJI5HOT C AOCTaTOqHOH TOBHOCTblO 
onpeAejiBTb coeraB CMecH ojiecfiHHOB. no-nyqaiomHxea npH AernApaTa- 
uhh cnnpTOB (cTp. 451). BbiJio, HanpHMep, yeraHOBJieHO, hto H3 H30- 
aMHJioBoro cnnpTa npH AerHApaTaunn noJiyqaKxrca:

(CHo)2CHCH=CH2; CH3CH2C=CH2 h (CH3)2C=CHCH3
I

ch3
I II III

KpHBan rHApnpoBaHHH stoh CMecn coctoht H3 Tpex yqacTKOB c ABy- 
mh neperndaMH. yqacTKH cooTBeTCTByioT ckopocthm niApapoBaHHa
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(I), ( I I )  h ( I I I )  coeflHHeHHH. Flo pacxoAy BOAopoAa ycTaHOBjieHO, uto- 
CMecb coctoht H3 23% (I), 32,5% (I I )  h 36% ( I I I )  coe^HHeHHH.

no na,neHHK> cKopocTefl rnflpHpoBaHHH aTHjieHOBbie yrAeBOAopoAbi 
mojkho pacnojiojKHTb b cAeAyiomHH pha:

R C H = C H 2 >  RCH=CHR >  R2C = C H R  >  R2C = C R 2

Pa3JIHMHe B CB0HCTB3X 3THX COeAHHeHHH MOJKeT dbITb 0dl>HCHeH0' 
3KpaHHpyK)LU,HM ABHCTBHeM aJIKHJIbHbIX paAHK3J10B.

Pe3yjibTaTbi padoT C. B. JledeAeBa noAHOCTbio HauiAH noATBep>KAe- 
HHe b padoTax Apyrwx HccjieAOBaTejieft, BHecuiHx b stot Bonpoc HeKo- 
Topbie AonojiHeHHB. Tax, oKa3ajiocb, mto npn rHApnpoBaHHH sthacho- 
BblX yrjieBOAOpOAOB OAHHaKOBOH CTeneHH 3aMeiueHHOCTH TpyAHOCTb 
npncoeAHHeHHH BOAopoAa B03pacTaeT co CTeneHbio pa3BeTBjieHHOCTH 
3aMecTHTejib. B cAynae H30MepHbix oac^hhob, pa3JiHqaiomHxcB jiHiiib 
noAo«<eHHeM abohhoh cbh3h, HaHdojiee jierxo THApupyiOTCH ojie<J)HHbi 
c C ~ C-CBB3bK) b KOHue uenn, ho CKopocTb rHApnpoBaHHH naAaeT c ne- 
peMemeHHeM C=C-cb5I3h k cepeAHHe MOJieKyjibi.

PoCT AJIHHbl uenn OJie(J)HHOB HOpMaAbHOrO CTpoeHHB, paBHbIM odpa- 
30m nan h nepeMemeHHe C=C-CB<g3H BHyTpb MOAeKyAbi, conpa>KeH co 
CHH>KeHHeM CKOpOCTH THApHpOBaHHH r~~TaK, HanpHMep, aKTHBHblH Ni- 
KaT3AH3aTop Ha yrAe nacbimaAH npn komH3Thoh TeMnepaType pa3AHn- 
hwmh 0Ae(J)HH0BbiMH yrAeBOAopoAaMH, nocAe qero hx b aAcopdapoBaH- 
hom coctobhhh noABepraAH rHApnpoBaHHK); npw stom dbiAH onpeAeAe- 
Hbi nepHOAbi cymecTBOBaHHH oac^hhob Ha KaTaAH3aTope, npHBeAeHHbie 
b TadA. 32.

3aKOHOMepHOCTH, H3HAGHHbie C. B.
JledeAeBbiM, npouBAHiOTCH h npH tha- 
pnpOBaHHH p33AHMHbIX KA3CCOB OpraHH- 
qeCKHX COeAHHCHHH C KpaTHbIMH CBH3H- 
MH (cm. HH>Ke.).

PMApMpoBaHne aueTHAeHOBbix yrAeBo- 
AOpOAOB. UpHCoeAHHeHHe BOAopoAa k 
aueTHAeHy npoTexaeT oueHb Aerno. B 
1874 r. n. BHAbAe [30], nponycKaa auera-
AeH c BOAOpOAOM HaA nAaTHHOBOH qepH blO,
noAyqHA 3T3h. BnocAeACTBHH OKa3aAocb, mto HaA Ni aueTHAeH Hauu- 
HaeT pearHpoBaTb ywe npn komh3thoh TeMnepaType, ho peaKUHH Aymiie 
HAeT npn 150° npnqeM odpa3yiOTCH sthach, 3T3h h cmoa3. B 33bhch- 
moctii ot xapaKTepa KaTaAH33Topa h ycAOBHH npouecca ruApHpoBaHue 
aueTiiAeHa mojkho npoBecTii CTyneimaTo:

H H
O f e C H  ■------- ► CH , =CH2 -------- ► CH3—CH3

Ojie4)HHU

TAEAHUA 32

flep H O A , MHH.

3tch 78
IlponeH 104
ByTeH-1 228
Byr£H-2 . 485
MeTHJinponeH 1100

HaA Ni PeHen Ha xoAOAy aueTHAeH cnoAHa npeBpamaeTCH b sthh, 
ho HaA Ni hah Pd Ha KH3eAbrype, Pd b cMecn c Ni.CoHAHCu odpa3yeT- 
CH TAaBHblM odpa30M 3TIIACH.

THAPHpoBaHHe aueTHAeHa b sthach HauiAO npHMeHeHHe aah CHHTe3a 
AHXAOp3T3Ha, KOpOCHAa (CTp. 610), TAHKOAH H ApyTHX COeAHHeHHH
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ripn THApHpoBaHHH aueTHJieHa Ha,n Me^bio MoryT nojiyuHTbca pa3- 
JiHUHbie npoAyKTbi. PeaKuna HAeT 6bicTpo npn 150— 160°, h npn H3duT- 
Ke BOAopoAa odpa3yioTca sthjish, 3T3h h acHAKHe npoflyKTbi.

CoBepmeHHO HHaue npoTeKaeT npouecc npn He^ocTaTKe BOAopoAa 
(C2H2 : H2~0,9 : 1).B stom cjiyuae Me^b pearnpyeT c aueTHjieHOM, od- 
pa3ya oueHb jieruoe TBepAoe bojiokhhctoc BemecTBo—K y n p e H . B pe- 
3yjibTaTe nojmoro HacbiiueHHa odpa3yeTca TeMHQ-acejiTaa Macca, noxo- 
acaa Ha bohjiok h cocroamaa H3 tohkhx bojiokoh. KynpeH oaeHb jieron 
h MaroK h BHeniHe HanoMHHaeT TpyT. Hedojibiune KOJinuecTBa Kynpe- 
Ha, hjih BepHee— noxoacero Ha Hero BeiuecTBa, nojiyaaiOTca H3 
aueTHJieHa Haa Ni- hjih Co-KOHTaKTaMH.

CTpoeHHe KynpeHa ao chx nop He ycraHOBjieHO. H. XI- 3ejiHHCKHH 
[33] caHTaji, hto KynpeH aBjiaeTca reKcacJieHHjiUHKJioreKcaHOM. O^HaKo, 
BepoaTHee Bcero, sto BemecTBo npeAcraBJiaeT codon cjioacHyio cMecb pa3- 
jinaHbix TBep^bix nojiHMepoB aueTHJieHa.

KynpeH HMeeT pa3HOodpa3Hoe npHMeHeHHe. Bjiaro^apa bojiokhh- 
ctoh h nopncToft CTpyKType ero ncnojib3yiOT b KaaecTBe adcopdeHTa, 
HanpHMep ^jia nponHTbiBaHna HHTporjinuepnHOM. KynpeHOBbin ahh3mht 
MeHee onaceH b odpamerinn, neM KH3ejibrypoBbiH, n odaaflaeT 3Haan- 
TejibHO dojibinen B3pbiBHOH chjioh, Tan nan coAepacHT HHTporjmuepnHa 
b 4 pa3a dojibiue. Tanoe ace B3pbiBaaToe BemecTBo nojiyuaiOT npn npo- 
nnTbiBaHHH KynpeHa hchakhm khcjiopoaom.

KynpeH, k b k  h KayqyK, cnocodeH ByjiKaHH30BaTbca npn HarpeBa- 
hhh c nojiyxjiopncTOH cepofi, Aasaa cyAbcpoK ynpen— npeKpacHbin Ma- 
TepHaji ^jia TepMo- h 3JieKTpoH30JiauHH. Cjie^yeT yKa3aTb Ha npnMeHe- 
Hne KynpeHa ajih nojiyaeHHa ncKyccTBeHHOH npodKH, JiHHOJieyMa, 
KHCJIOTOynopHbIX (JiyTepoBOK n T. A- .

npn THApHpoBaHHH aueTHJieHa HaA Ni-KaTajiH3aTopoM noA Aaajie- 
HneM .MoacHO nojiyuaTb acnAKne nojiHMepbi, coAepacaiune 3HaanTejib- 
Hbie KOJiHaecTBa deH3HHOBOH (JipaKUHH, BbiKHnaiomen ao 110° OAHaKO, 
BCJieACTBHe cpaBHHTejibHO BbicoKOH ctohmocth aueTHJieHa, nojiyaeHHe 
deH3HHa T3KHM nyTCM He HaiHJIO npHMeHeHHH.

roMOJiorn aueTHJieHa b npncyTCTBHH KaTajiH3aTopoB MoryT thaph- 
poBaTbca CTyneHuaTO b ABe ct3Ahh:

RC=CH — -► RCH=CH2

RCH=CH2 — RCH2—ch3

T p o fiH a a  c B a 3 b  Ha KOHue u e n n  r H A p n p y e T c a  oaeH b  dbiCTpo, BHy- 
T peH H ne C = C - c b h 3h — MeAJieH H ee c n ocT o aH H o fi CK op ocT bio a o  odpa30- 
B3H H a ABOHHOH CBH3H, KO TO paa T H A p H p yeT Ca 3aTeM HaCTOJIbKO MeAJieH- 
ho, hto Ha K pH B ofi n o r jio m e H H a  B O A opoA a o d p a 3 y e T c a  n ep e jio M . XUia  
aueTH jieH OBbix npoH3BOAHbix H ecH M M eT pH uecK oro CT p oeH n a (okthh-2, 
l-M eTOKCHOKTHH-2, KapdOKCHaJIKHJIO KTHH-2) CHHaceHHe CKOpOCTH THA- 
p n p o B a H H a  He TaK 3aMeTHO, K aK  A Jia  a H a jio n m H b ix  coeAHHeHHH c h m - 
MeTpHHHOrO C T p o e H n a .
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rHApHpoHaHKe yr.ieBOflopOAOB bmcokoh creneHH HeHacbiuu,eHHocTn 
ilHOAe(J)HHbl, KaK H OAecj)HHbI, THApHpyK)TCH C p33AHqH0H CKOpOCTbK) 
B 33BHCHMOCTH OT nOAO)KeHHH ABOHHbIX CBH36H H 33MeCTHTejieH. C. B. Jle- 
6eAeB h A . H . $ KydqHK yeraHOBHAH, mto B03M0>KHbi Tpn CAyqaa:

1) npncoeAHHeHHe stomob BOAopoAa cnepBa b noAOJKeHne 1,4; 
tsk rHflpHpyioTCH TeTpa3aMemeHHbie AHeHbi, HanpHMep:

H H
R2C=CH-CH=CR2 -  -► R,CH - CH=CH—CHR,----- ► R2CHCH2CH2CHR2
2) npHcoeAHHeHne BOAopoAa no BceM B03M0>KHbiM HanpaBjieHHBM, 

ksk, HanpHMep, npn rHApnpoBaHHH ahbhhhab, H3onpeHa, nnnepHAeHa.
2,3-AHMeTHJi6yTaAHeHa-l ,3.

3) npncoeAHHeHHe cpa3y Bcex qeTbipex aTOMOB BOAopoAa, t . e. 
COCymeCTBOBaHHe KaK HCXOAHbIX, TaK H KOHeqHbIX npOAyKTOB THAPH- 
POBHHHH.

riojiHeHbi THApapyKiTCH AerKo, npHcoeAHHHH Ha KajKAyio KpaTHyio 
CBH3b no MOAenyAe BOAOpoAa: sto HBAaeTcn npeBoexoAHbiM mctoaom 
AJifl ycTaHOBAeHHH HHCAa C=^C-CBH3eH. THApHpoBaHHe OKa3ajio Heoue- 
HHMbie ycAyrn npn H3yqeHHH CTpoeHHH mhothx npHpoAHbix BemecTB. 
TaK, HanpHMep, MeTOAOM rHApnpOBaHHH 6biAa ycTaHOBjieHa CTeneHb 
HenpeAejibHOCTH CKBaAeHa—yrAeBOAopoAa H3 neqeHH aKyAbi. Tlpn tha- 
pnpoBaHHH c Ni-KaTaAH3aTopoM noA AaBjieHneM k CKBaAeHy npncoeAH- 
HHAOCb uiecTb MOAenyA BOAopoAa:

CH, CH3 CH3 CH3
I I I

CH3C=CH(CH2CH2C=CH)2CH2 H CH3CHCH2(CI 12CH2CHCH2)2CH2

CH3C=CH(CH2CH2C=CH)2CH2 CH3CHCH2(CH2CH2CHCH2)2CH2

ch3 ch3 ch3 ch3
3 thm  MeTOAOM yAaeTCH ycraHaBAHBaTb cTpyKTypy oqeHb caojkhmx 

COeAHHeHHH H BbICOKOMOAeKyAHpHbIX nOAHeHOB, K KOTOpbIM OTHOCHT- 
ch , HanpHMep, KayqyK. B m ao  ycTaHOBAeHo, hto ^oAeKyiibi HaTypaAb- 
Horo KayqyKa coctoht h3 ajihh hhx  uenefl, coAepjKamnx rpynnnpoB- 
kh H3onpena c HenpeAeAbHbiMH cbh3hmh :

-----CH„—C=CH—CH,—CH2—C=CH-CH,—CHa—C=CH—CH,-----
i I I

ch3 ch3 ch3

npH KaTBAHTHHeCKOM THApHpOBaHHH MOJKHO npHCOeAHHHTb BOAOpOA 
k  C = C - cbh3hm MOAenyA KaynvKa h no pacxoAy BOAopoAa cyAHTb o 
CTeneHH hx HeHacbimeHHOCTH. B pe3yAbTaTe rHApnpoBaHHH 6biAa noAy- 
qeHa fieciiBeTHaa npo3paqHan Macca— a u d p o K a y v y K ,  AHineHHbiH 3Aa- 
CTHqHOCTH H He ofieCUBeqHBaiOmHH 6pOMHOH BOAW (OTCyTCTBHe ABOH- 
Hbix CBH3eii). THApoKayqyKH npeACTaBAHioT co6oh CMecb noAHMeproMO- 
AoroB c MOAeKyAaMH pa3AHqHoii a ^ h h u  h CTeneHH caojkhocth.

B Hacronmee BpeMH Ha ochob3hhh peHTreHOCKonHqecKHX h Apyrnx 
AaHHbix npHHHTO cqHTaTb, hto KayqyK HMeeT H3orHyTue MOAenyAbi, qeM 
h o6t>hchhiotch ero  SAacTHqecKne cbohctb3. K ayqyK  h ryTTanepqa ot-

23 p. H- Acw'cob
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JiHMaioTCH JiHiiik npocTpaHCTBeHHbiM pacnojio>KeHHeM nojiyKojieu h hb- 
JI5HOTCH «(WC-/7?paHC-H30MepaMH:

c h 3X y C H 2— c h 2V y H  C H ,. / C H 2-
> c = c < > c = c < r > c = c <

- C H / \ H  C H / \ c h 2- c h / ' H

ryTTanep'ia {mpanc-H30Mep)

- C H 2N yCHo— C H ,V y C H .— CH .V / C H 2-
> C = C < > C = C < ' > c = c <

C H / XH  C H / C H / ' H
KayqyK (i<«c-H3oMep)

HajiHHHe reoMeTpHqecKHX CTepeoH30MepoB 6bijio noATBepjK^eHO 
MeTÔ OM rHApnpoBaHHH, Tan KaK npn rHApnpoBaHHH KayqyKa h r y r -  
Tanepqn o6pa3yioTCH oahh h Te * e  npoAyKTbi—rHApoKaynyKH. 3to 
oSbHCHaeTCH TeM, mto b pe3yjibTaTe rHApnpoBaHHH b Mojienyjiax o6ohx 
BemecTB yTpaqHBaeTCH m ic-m p a H C -m o u & yw A  (BCjieACTBHe npeBpaiue- 
hhh cKpyqeHHbix 4>opM b JiHHeHHbie npona^aeT ajiacTH^HOCTb Kayqyna).

THApoKay^yKH HMe;iH HeKOTOpoe npnMeHeHHe, HanpHMep ajih no- 
JiyMeHHB 6e30CK0JI0MHbIX CTeKOJI («TpHnJieKCa»), AJIfl 3JieKTp0H30JIHUHH, 
AJih noAyqeHHH CMa30MHbix Maceu, jianoB, KpacoK, nponHTOK h t . n.

r  MApHpoBaHHe HenpeAejibHbix KHCJiopOACOAepwaiUMx coeAMHeHHH. 
JJeftcTBHe BOAopoAa b npncyTCTBHH K3TajiH3aTopoB Ha HenpeAeAbHbie 
cnHpTbi, ajibAernAbi, KeTOHbi, khcjioth, a^Hpbi h TOMy noAofiHbie co- 
eAHHeHHH B 33BHCHMOCTH OT yCJIOBHH peaKUHH H H36HpaTejIbHOCTH Ka- 
TaJIH3aTOpOB MO>KeT npHBeCTH K pa3JIHHHbIM KOHeHHblM npoAyKTaM. 
KaTajiH3aTopaMH ajih sthx peaKUHH hbjihiotch Ni, Co, Cu, Pt, Pd, 
T. e. oSblHHhie THApHpyiOmHe KOHTaKTbl.

BoccTaHOBJieHne Jinuib STHjieHOBofi C=C -cbh3h mojkho ocymecT- 
BHTb MeTOAOM H36HpaTejIbHOrO THApHpOBaHHH, T. e. nOA6opOM COOT- 
BeTCTByiomero KaTaJiH3aTopa h ycjiOBHH peaKUHH. npeupacHbie pe3yjib- 
TaTbi AaeT npnMeHeHHe BOccTaHOBjieHHOH mcah npn 170° HaA KOTopoft 
nponycKawT eMecb napoB aubAernAa c boaopoaom b touho crexHOMe- 
TpnnecKOM cooTHomeHHH. TaKHM nyTeM Aauce H3 aupouenHa mo>kho 
nojiynHTb ao 70% nponnoHOBoro ajibAernAa. PIpH rHApupoBaHHH ajib- 
AernAOB HaA MeAbio TeMnepaTypa He AOJUKHa npeBbituaTb 230—240° 
Tax KaK b npoTHBHOM cjiyuae nponcxoAHT o6pa30BaHHe cjio>KHoro 3(])h- 
pa [35].

AjlbAerHAbl C HeCKOJIbKHMH H30JIHp0B3HHbIMH ABOHHbIMH CBH3HMH
mojkho THApupOBaTb cryneHnaTo HaA Ni-KaTajiH3aTopoM b BanyyMe 
npn 190° TaKHM mctoaom yAajiocb H3 UHTpauu noAyuHTb UHTpo- 
HeAJiajib:

8 7 6 5  4 3 2 1  H
CH3-C=CH -CH 2-C H 2-C =C H -C H O ----- ►

I I
ch3 ch3

8 7 6 5 4 3 2 1
----- ► CH3—C=CH—CH2—CH2—CH -  CH2—CHO

I I
ch3 ch3
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npHCoeAHHeHHe BOAopoAa b noAO>KeHHe 2,3, a He b noAOJKeHHe 6,7 
o6T>HCHneTCH TeM, hto cBH3b 2,3, KaK con p ante h Ha a, 6ojiee pean- 
UHOHHOcnocoSHa. ripn rHApnpoBaHHH UHTpaAH Ha a N i-KaTaAH33TopoM 
npH HopMa/ibHOM AaBJieHHH o6pa3yioTCH jiHiiib HacbimeHHbie yrjieBOflo- 
pOAbl.

HenpeAejibHbie KeTOHbi HaA Ni hah ApyrHMH KaT3JiH3aTopaMH rJiaA- 
ko npeBpamaroTCH b npeAeAbHbie. npH H36biTKe BOAopoAa h TeMnepaTy- 
pe Bbiuie 250° HaA Ni-KaTaAH3aTopoM nponcxoAHT AaAbHeftuiee Boccra- 
HOBJieHHe KeTOHOB.

rHApHpoBaHHe caMbix pa3HOo6pa3Hbix aueTHJieHOBbix cnnpTOB, tah- 
KojieH, AHaueTHJieHOBbix rjiHKOJiefl h hx caokhmx h npocTbix scjiHpoB 
H3yqaAH K). C. 3ajibKHHA c coTpyAHHKaMH [36—39]. AueTHAeHOBbie 
h AHapeTHjieHOBbie cnHpTbi b npncyTCTBHH nJiaTHHOBoft qepHH hjih koa- 
jiOHAajibHoro naJiJiaAHH rHApnpyioTCH, npHcoeAHHaa qeTbipe hjih bo- 
ceMb aTOMOB BOAopoAa h npeBpamaacb b cooTBeTCTByiomHe npeAejib- 
Hbie cnnpTbi. IIomth aHajiorHMHO BeAyT ce6 n  aueTHjieHOBbie a-rjiHKOJin. 
Tan, HanpHMep, l,2,4-TpH(]DeHHA6yTHH-3-AHOA-l,2 HaA KOJiJioHAaJibHbiM 
najiJiaAneM rHApnpyeTca c hoctohhhoh CKopocTbio:

c6h6 q-ij-i h r
c,h6ci iohcohc= cc„h6------► C6H5CHOHCOHCH2CH2CGII5

rHApnpoBaHHe aueTHJieHOBbix y-rjiHKojiefi CBH33HO c oqeHb HHTepec- 
HOH H36HpaTejIbHOCTbIO.

TeTpaMeTHji6yTHHAHOJi (CH3)2C(OH)C=C(OH)C(CH3)2 c kojijioh- 
AaAbHbiM naJiJiaAHeM npHCoeAHHueT TOJibKo ABa aTOMa BOAopoAa c 
06pa30BaHHeM STHACHOBOTO rAHKOAH (3TOT KJiaCC COeAHHeHHH 6bIA
noJiyneH K). C. 3aJibKHHAOM BnepBbie), nocAe qero CKopocTb tha- 
pnpoBaHHH pe3K0 naAaeT. C nAaTHHOBOH qepHbio npouecc hact TAaA- 
ko ao npHcoeAHHeHHH qeTbipex aTOMOB BOAopoAa c o6pa30BaHHeM 
npeAeAbHoro tahkoah. Bwao AOK333HO, qTo Bee ^-tahkoah aue- 
THACHOBOTO pHAa npOHBAHIOT TaKyiO H36HpaTeAbHOCTb, KOTOpan 33BH- 
CHT TOAbKO OT XHMHqeCKOH npHpOAbl MeT3AAa, HO He OT npHpOAbl 3aiU,HT- 
Horo KOAAOHAa, TeMnepaTypbi, KOAHqecTBa KaTaAH3aTopa h t . a - [37].

AHaAOTHqHO CnHpTbi C BHHHAaueTHAeHOBbIMH paAHKaAaMH [38] 
HaA nAaTHHOBOH qepHbio tabako rHApnpyioTCH b npeAeAbHbie cnHpTbi, 
a HaA KOAAOHAaAbHbiM naAAaAHeM npHCoeAHHHioTCH AHuib qeTbipe 
aTOMa BOAopoAa, nocAe qero npncoeAHHeHHe nocAeAHHx AByx aTOMOB 
HAeT oqeHb MeAAeHHO.

Ha npHMepe TeTpaMeTHASyTHHAHOAa K). C. 3aAbKHHA nonasaA, 
[39], qTO npH rHApnpoBaHHH b npncyTCTBHH KOAAOHAaAbHoro naAAa- 
Ahh nocAe npncoeAHHeHHH AByx aTOMOB BOAopoAa noAyqaioTCH ABa 
CTepeoH30Mepa TeTpaMemn6yTeHAHOAa. 3th reoMeTpHqecKHe H30Mepw 
TeTpaMeTi(ji6yTeHAHOAa oh odo3HaqHA nan a-cjiopMa (MaAenHOHAHaa) 
h p-t{)opMa (4>yMapoHAHan). BbiAeAeHHe AByx CTepeoH30MepHbix tjiopM 
6wao nepBbiM CAyqaeM npH rHApwpoBaHHH aueTHAeHOBbix rAHKOAefl.

H. H. Ha3apoB c coTpyAHHKaMH H3yqaAH cTyneHqaToe rHApnpoBa-

23*
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HHe AHBHHHJIKeTOHOB B npHCyTCTBHH Pt, Pd HAH Ni [40]. /(HBHHHAKeTO- 
Hbi (II) nojiyMajiHCb no MeTOAy Ha3apoBa H30MepH3auHeft bhhhasth- 
HHjiKap6HH0ji0B (I) noA AeficTBHeM coach pTym b MeTaHOjibHbix pac- 
TBopax:

R2C-C=eC-CH=CH2

in
I

rR„C=C=C—CH=CH2

J h

r2c= ch—c—ch= ch2

o
II

XlHBHHHJiKeTOHbi, npeACTaBAHiomHe co6oh xce^Tbie >khakocth cjie- 
30T0MHB0r0 ACHCTBHH, XOpOUIO THAPHpyiOTCH, npHCOeAHHHH ABa aTOMa 
BOAopoAa h nepexoAH b p-3aMemeHHbie bkhkakctohm, npnneM npn- 
coeAHHeHne BOAopoAa hact npeHMymecTBeHHO no bhhhabhoh rpynne 
CH=CHS:

R2C=CH-C—CH=CH2 — H- ^  RaC=CH—C—CH2—CH3

b
B pe3yjibTaTe ABJiBHeftinero THAPHpoBaHHH noAyqaiOTCH npeAejib-

Hbie KeTOHbl.
HenpeAejibHbie xapdoHOBbie khcaotm acnpHoro p^Aa npHCoeAHHmoT 

boaopoa TOjibKO b npncyTCTBHH KaTajiH3aT0pa, qeM oSthchhiotch HeyAann 
paHHHX nonbITOK BOCCT3HOBAeHHH JKHAKHX paCTHTejIbHbIX MaceA B 
TBepAbie >KHpbi. HH3iiiHe Kap6oHOBbie khcaotm rnApnpyioTCH b npncyT- 
ctbhh Ni AerKO, ho c HapacTaHneM yrAepoAHoft uenn cxopocTb peax- 
uhh CHHJKaeTCH, xoth npOTexaeT dbicTpee, qeM y apoMaTHqecKHx khcaot:

OTHOCHTeJibHaaKHWIOTbl CKOpOCTb
ruffpnpoBaH hb

KpOTOHOBaff !
OjieHHOBaa 0,7

Jlerqe npoTexaeT rnApupoBaHHe sifmpoB xapdoHOBbix khcaot, Ha- 
npHMep STHAanpHAaT rnApHpyeTCH HaA Ni npn 180° ripnMepHO Tax 
wee rHApnpyx)TCH 3(])Hpbi BbicmHx HenpeAeAbHbix jkhphmx h xcnpHO-apo- 
MaTHqecxHX (xopHqHan) khcaot. C Ni PeHen s(|)Hpbi khcaot THApnpyioTCH 
xoporno npn 80° c Ni Ha KH3eAbrype—npn 125—160° C. A. Ookhh 
HaA Pt BnepBbie nporHApnpoBaA OAeHHOByio KHCAOTy b CTeapnHOByio, 
a 3aTeM HenpeAeAbHbie AByxocHOBHbie khcaotm—Me3aKOHOByio, HTa- 
KOHOByio, UHTpaKOHOByio, MaAeHHOByio h (JiyMapoByio— b Cootbct- 
CTByioin,He npeAeAbHbie khcaotm [41].

n .  C a O a T b e  h >K. C a H A e p a H  KOAHqecTBeHHO npeBpaTH AH  HaA Ni- 
KaT3AH3aT0p0M npH 190° KpOTOHOByiO KHCAOTy B MaCAHHyiO, a OACHHO- 
ByK) H SAaHAHHOByiO KHCAOTbl—B CTeapHHOByiO.

HenpeAeAbHbie KapdoHOBbie khcaotm. Tax ace xaK yrAeBOAopoAbi 
h Apyrne coeAHHeHHn, rHApnpyioTCH c  pa3AHqHoii CKopocTbio h Aer- 
KOCTbK) B 33BHCHMOCTH OT CTpoeHHfl, qHCAa 3aMeCTHTeAefl, yCAOBHH 
rHApHpoBaHHn h t . n. KaK h b CAyqae oAec[)HHOB, cxopocTb rHApnpoBa-
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hhh HenpeAe^bHbix khcaot TeM MeHbme, neM SoAbiue 3aMecTHTejieH y 
yrjiepoAOB c abohhoh CBH3bK> h hcm 3aMecTHTejm pa3BeTBjieHHee. Tan,
AAH- KOpHMHOH H MeTHAKOpHHHblX KHCAOT H3HA6Ha CAeAyiOUiaH 33BH- 
CHMOCTb:

nor/iomeHo
H2i %

C6H6CH=CHCOOH . 65
C6Hs(CH3)C=CHCOOH 32
C9H5CH=C(CH3)COOH 22
C6H5(CH3)C=C(CH3)COOH 18H3 SToro conocTaBJieHHa hcho bhaho SKpaHnpyiomee achctbhc 3a- MecTHTejiefl. MeHbiuaH cnopocTb rHApnpoBaHHH HenpeAejibHbix khc

aot no cpaBHeHHK) c 0Jiec})HHaMH - yKa3biBaeT, KpoMe Toro, Ha aKpaHH- pyiom.ee BAHHHne KapSoKCHAbHon rpynnbi h B33HMHOe BAHHHne aTO- 
MOB.

nPH CTyneHHaTOM rHApHpOB3HHH AHHOACBOH, AHHOACHOBOH H Apy- 
rnx eme 6ojiee HenpeAejibHbix khcjiot HaA Ni-KaTajiH3aTopoM noAynaeT- CH CMeCb H30MepHbIX OAeHHOBbIX KHCAOT, KOTOpbie H3BeCTHbI nOA 06- LH.HM H33B3HHeM H300JieHH0BbIX KHCJIOT. IloCJieAHHe MO>KHO nOJiyHHTb 
npn CTyneHnaTOM rHApnpoBaHHH ahhoacboh KHCJiOTbi, S.iaroAapn Ha- 
CblUjeHHIO BOAOpOAOM pa3J!HHHbIX ABOHHbIX CBH36HI

CH8(CH2)4CH=CH H ----- ► CH3(CH2)tCH=CH(CH2)7COOH
I ------

I IOOC(CH2)7CH=CHCH2 ----- - CH3(CH2)4CH=CII(CHj)joCOOI 1npH AaJibHenmeM rHApnpoBaHHH b o6ohx cjiynaax o6pa3yeTCH CTea- pHHOBaH KHCJIOTa.
MhCJIO H300AeHH0BbIX KHCAOT B03paCTaeT C yBeAHMeHHeM MHCA3 ABOHHbIX CBH3efl B HCXOAHOH MOAeKyAe: AHHOAeHOBaa KHCA0T3 npH rHApwpoBaHHH o6pa3yeT Tpn H30MepHbix AHHOAeBbix khcaoth :

----- *. CH3(CH2)4CH=CHCH2CH-CH(CH2)7COOH

----- *- CH3CH2CH=CH(CH2)4CH=CH(CH2)7COOH

----- ► CH3CH2CH =CHCH2CH=CH(CH,)10OOOH

c h ,ch2ch= ch
I ■

ch2ch = chch2 
I
CH^CH(CHa);COOH

B pe3yAbTaTe AaAbHeHmero rHApnpoBaHHH noAyneHHbix AHHOAeBbix 
khcaot p6pa3yioTCH: A9’ 10-, A 6-7- h A 3-4-OAeHHOBbie h SAaHAHHOBaa KHCAOTbl.

H 30M epbi nenp eA eA b H b ix khcaot rnA pnpyiO T CH  b 33bhchmocth ot reo- 
M eT pH necK ofl K o m jm ry p a u H ii c  pa3AHMHon CK o p ocT b io . K a n  H3BeCTHo, 
TpaHC-H30Mepbi oGAaAaiOT 6oAee chmmctphhhoh CTpyKTypofl, hmciot 
MeHbUIHH AnnOAbHblH MOMeHT H 3H3HHTeAbHO M eH buiyio CBOgOAHyiO 3Hep- 
r n io , neM /{i/c-H30Mepbi. B o A b m a n  ycTOHHHBOCTb mpanc-fyopM  npO H B- 
AneTCH h n p n  rH A p n p oB aH H H . O h h  rn A pn pyiO T CH  3HanHTeAbHO MeAAeH- 
H ee, neivi ^//c-cjxipMbi, n stot c n o c o fi b HeKOTopwx CA yn an x Mom eT c A y -  
>KHTb A.TH BblHBAeHHH CTpyK Typbl H 30M epa.
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Oio>KHbie 3cj)Hpbi HenpeAeAbHbix khcaot THApnpyioTCH AOBOAbHO 
SbiCTpo b 3cf)Hpbi npeAe^bHbix khcao t , npnqeM Bee yKa3aHHbie Bbirne 
3aKOHOMepHOCTH b /janHOM CAyqae co^paHHioTCH.

THApHpoBaHHe )KnpoB h Maceji. npn THApHpoBaHHH >khakhc  MacAa 
HaA Ni-KaTaJiH3aTopoM npeBpamaioTCH b TBepAbie MacAa. H ctomhhkom 
TBepAbIX nnmeBblX >KHpOB HBAHIOTCH TAaBHblM o6pa30M >KHBOTHbie 
opraHH3Mbi.

Kan H3BecTHO, b cocraB >khakhx  MaceA h >khpob  bxoaht rjiHuepnAbi 
HenpeAeAbHbix khcao t . B Ta6a . 33 npHBeAeHbi cocTaB h ocHOBHbie xa- 
paKTepHCTHKH HeKOTOpbIX >KHAKHX H TBepAbIX >KHpOB.

TABAHU.A 33

XHpbl

r.IHUepilftbl KHCJIOT, % eg .

IS
H coo

0>
2 °
I IS x

s
x
s *►Q o  ̂60 eg O 
G X

§.«
g 2
& s

>5O60O33
S<De?O

20)
OXXS? JlH

HO
Jie

-
HO

BO
ft i s

O O0> X t? X <t) Cu

X.'ioiiKOBoe MacJio 21,0 2,0 33,0 43,5 32-38 103— 111
KyKypy3Hoe » 7,5 3,5 46,3 42,0 — — 18-20 117-130
CoeBoe » 6,5 4,2 33,6 52,6 2,3 — 20-21 124— 133
TyHroBoe » 4,0 1,5 15,0 — — 79,5 37—38 160— 180
JlbHHHOe » 5,0 3,5 5,0 61,5 25,0 — 19—21 170— 185
flepHJi^OBoe » 7,5 — 8,0 38,0 46,5 — 12— 17 180—206
Tobb>khh >KHp 27—29 24—29 43-44 2 -5 — — 30—38 38-47
BapaHHft » 26—27 25—30 36-43 3 -4 — __ 44—45 31-46
CBHHOfi » 25,0 15,0 50,0 10,0 — — 24—40 44—46
KopoBbe inac.no 12— 17,5 1-6 27—47 1-3 — — 28—30 28-47

H3 Ta6AHUbI BHAHO, MTO >KHAKHe MaCAa OTAHHaiOTCH OT TBepAbIX
hh3khm coAep>KaHHeM npeAeAbHbix khcao t , hh3koh TeMnepaTypoft 3a- 
CTbiBaHHa h BbicoKHM hoahmm  mhcaom, xapaKTepH3yioiii,HM HenpeAeAb- 
HOCTb. B COCTaB JKHAKHX MaceA BXOAHT, KpOMe OAeHHOBOH, AHHOAeBOH 
H AHHOAeHOBOH KHCAOT, pHA APyFHX HenpCAeAbHblX KHCAOT.

HanpHMep, b pancoBOM MacAe npHcyTCTByeT spyKOBaa khcaoth 
C H 3(C H 2)7 C H —C H (C H 2) l1CO O H ; b TyHroBOM— SAeocTeapHHOBan khcao- 
Ta C H 3(C H 2) 3C H = C H — GH = C H — CH  = C H (C H 2)7C O O H ; b pu6bHx >k h - 
pax— raAOAeHHOBaa C19H 37CO O H ; KAynaHOAOHOBan C21H 33COOH 
h Apyrne khcaotm .

n pn  rHApnpoBaHHH rAnuepnAOB HenpeAeAbHbix khcaot b KOHeqHOM 
HTore noAyqaioTCH TBepAbie rAHuepnAbi c hoahwm hhcaom ,, paBHbiM 
HyAio. OAHaKo ao Tanoro npeAeAa THApupoBaHHe He ao bo ah t , a ocTa- 
HaBAHBaiOTCH Ha HOAHbix HHCA3X 65— 75, HTO OTBeqaeT TeMnepaType 
nAaBAeHHH >KHpa ~ 3 2 — 35°

HeB03M0>KH0CTb npoBeAeHHH npouecca b napoBoft 4>a3e 3acT3BHAa 
H3bICKHB3Tb HyTH OCymeCTBACHH H eTO C nOTpy>KeHHbIM B MaCAO AHCnep- 
THpOBaHHblM K3TaAH3aTOpOM. 3aTpyAHeHHeM HBAHAOCb BOCCT3HOBAeHHe 
K3TaAH3aTopa ao MeTaAAa b caMOM MacAe, TaK KaK BbicoKOTeMnepaTyp- 
Hoe BOCCTaHOBAeHHe boaopoaom HeAonycTHMo H3-3a KpeKHHra h noAH- 
MepH3aHHH MaCAa. 3T0 nOCAy>KHAO CTHMyAOM AAH H3bICKaHHH T3KHX
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!\ i-K a T a JiH 3 a T o p o B , KOTopbie 6 h a h  6bi cnocotfH bi k  H H 3K 0TeM nepaTyp- 
HOMy B occTaHO BjieH H io; T a n , H anpH M ep, b  npncyTCTBH H  xA o p H C T o ro  h h - 
k 6j i h  m o >k h o  B occTaH aB JiH B aTb npH 180° <f)opMHaTa h aueTaT a h h k c j i h —  
n p n  180— 2 0 0 ° n p e ^ a r a j i H C b  T a io n e pa3JiH9Hbie HHneAeBbie MbiJia 
HAH KapdOHHJl HHKejIH, a T3K>Ke HHKeJlb-Me^Hbie KaTaJIH3aTOpbI, xo p o rn o  
B occT aH aB JiH B aiom H ecH  n p n  170— 190° H 3 K O A o ecaA b H oro  q n c A a  N i -  
KaTa/iH3aTopoB n p a K T H q ecn o e 3HaqeHHe HMeeT npeacA e B ce ro  K ap6oH 3T  
H HKejiH, oca>KAeHHbiH Ha H ocH Tejib (K H 3 e jib ry p , K aoJiH H ). JIah rn/ipH- 
pOB3HHB HaCbimeHHblH BOAOpO^OM KaT3JIH3aTOp 33THpaK)T C MaCJlOM 
b  coB epm eH H O  ro M o reH H yio  M a c c y , K O Topyio 3aTeM H arp eB aio T , n p o n y -  
CK a n  q epe3 Hee b o a o p o a , b  TeqeHHe HecKOJibKHX q aco B  n p n  2 4 0 — 2 50 °  
T aK O H  KaTajiH 33Top H auieji y c n e u iH o e  npHM eHeHHe Ha OTeqecTBeHHbix 
3 aB O A ax.

OqeHb yAodeH KaT3AH3aTop, noAyqeHHbift H3 napdoHHAa hhkcah: 
boaopoa c  10— 15%  okhch y r jie p o A a  nponycnaioT HaA N i  (npH 120—  
150°) h ra3 c  odpa30BaBuiHMCH TeTpanapdoHHAOM hhkcjih N i ( C O ) 4 
nponycnaioT qepe3 Macjio, HarpeToe ao 2 0 0 —2 5 0 ° ripn stoh TeMnepa- 
Type N i ( C O ) 4 no;nHOCTbio AHCcomiHpyeT, o 6 p a 3 y n  MejiKOAHcneprnpo- 
BaHHbiH N i ,  ocTaiomHHCH b Macjie. B jia r o A a p H  bmcokoh AncnepcHOCTH 
Aah ycneuiHoro rHApnpoBaHHH MacJia AOCTaToqHO 1 Bee. q. N i  Ha 
1000 Bee. q. Macjia. MacTO npHMeHHioT N i ,  nojiyqeHHbifl pa3AO>neHHeM 

4)opM HaTa HHKejiq b M acA e:

(HCOO)2N i----- ► Ni +  CO +  C02 +  H20

B A a r o A a p a  padoTaM  C .  A .  O o k h h 3 b  oO jiacTH  T e xH O A o rn u  rH A p n p o -  
b 3 h h h  M aceA  c  1909 r . HaqaAH p adoT aT b 3aBOAbi b  K a3 aH H  h b  H h j k h c m  
H o B ro p o A e  (Hbm e r . T op b K H H ), rA e CH a q a A a  npHMeHHAH Pt, a 3aTeM  
p a3 p ad o T aH H b m  C .  A .  O o k h h h m  N i-K a T a A H 3 a T o p . K  1914 r . o d a  3a- 
BOAa B b in ycK aA H  y>ne d o A e e  5500 m  caA O M aca b  t o a . B w cT p o M y  pa3BH - 
THK3 npOMblLUAeHHOCTH THAPHpOBaHHH >KHpOB B POCCHH H 3a py6e>KOM  
M H oro cnocoO cT B O B aA H  p a d o r a  M. B. B H A b d y m e B H q a , co 3 A a B iu e ro  3a- 
BOACKne p eaK Topbi h n p o q e e  o d o p yA O B a H H e, a T a io n e  p a 3 p a d o T a B in e ro  
aKTHBHbie h  A ew eB bie N i-K a T a A H 3 a T O p b i, H anpH M ep npHMeHneMbiH h 
c e ftq a c  N iC u -K O H T a K T  [4 1 J.

B CoBeTCKOM  C o io 3 e  3 H aqnT eA bH oe npHM eHeHHe HMeeT KaTaAH 33Top  
B a r a , E r y n o B a  h  B o a o k h t h h 3 [4 2 j, npeACTaBAHiom H H  co d o ft n y co q K H  
c n A a B a  N i — A l ,  n poT paB A eH H bie m e A o q b io , d A a r o A a p n  qeM y Ha n o B e p x -  
h o c t h  eo3AaeTCH d ap xa T H C T a n  r y d n a  H n n eA H . 3 t o t  K 3TaAH 3aTop y A o -  
6eH TeM, h t o  o h  oqeH b  A e r n o  p e r e H e p n p y e T c a  nyTeM  AonoAH H TeAbH bix  
m eA o q H b ix o d p a d o T o n , co3Aaioin,Hx Ha e r o  noBepxH O CTH  HOBbie ry d n H  
H H neA H . 3 a  p y d e w o M  u in p o n o  p en A aM H p o B aA H C b  T a n  Ha3biBaeMbie 
«(J)OpaMHHaTHbie» KOHTaKTbl C nOBepXHOCTblO, npOTpaBACHHOH p a3A H q- 
HblMH p eareH T aM H . EIpHMeHJnOTCH T3K>Ke HHKeAeBbie ACHTbl HAH CTpy>K- 
k h , n oA B ep rH yT b ie c n e p B a  aHOAHOMy o k h c a c h h i o , a 3aTeM BoccT aH O B A eH - 
Hbie b o a o p o a o m .

rH A p n p o B a H H b ie  h AHuieHHbie 3 a n a x a  >KHpbi npHMeHJHOTcn n a n  nH- 
m eBbie n oA  pa3AHqHbiMH h 33B 3 h h h m h : M a p ra p H H , caA O A H H , c a A O M a c,



360 fA. VI. KATAJ1HT HHECKOE rH M P H P O B A H H E  11 BOCCTAHOBJ1EHHExjionKb>KHp, MaprorycajiHH n t . a - CneunajibHbiMH HCCjieAOBaHHHMH a o - Ka3aHa nojiHaa npHTOAHOCTb hx h j i x  nHTaHifH h (J)H3HOjiorHqecKaH 6e3- Bpe^HOCTb. Ohh odjia^aioT bhcokoh  KajiopHHHOCTbio, npenpacHO ycBan- B3IOTCH OpraHH3MOM, OTCyTCTBHe >Ke B 3THX >KHpaX BHT3MHH0B B nO- cjieAHee BpeMa BocnojiHaeTca hckvcctbchhoh BHTaMHHH3auHGH.
THApHpoBaHHe HenpeflejibHbix a3om>Aep>KamHX coeAHHeHHH. B 1863 r. 

T H,e6yc 143] BnepBbie nojiyMHji MeTHjiaMHH nponycxaHHeM cHHHjibHOH 
KHCJIOTbl C BOAOpOAOM HaA nJiaTHHOBOH HepHbK) npH 100° THAPHpO- 
BaHHe opraHHqecKHx coeAHHeHHH, coAepwamnx rpynnbi C=N, N=C, 
N=N, N=CH h t . A-, npeACTaBJiaeT 3HaqHTejibHbift TeopeTHMecKHft h 
npaKTHqecKHH HHTepec.

B sjieMeHTapHOM Kypce opraHHnecKOH xhmhh yKa3biBaeTca, mto 
HHTpHJibi b pe3yjibTaTe rHApHpoBaHHa npeBpamaiOTca b nepBHHHbie, 
a H30HHTpHJlbI— BO BTOpHHHbie aMHHbi:

Ha caMOM A^Jie peaKuna npoTexaeT ropa3AO cjioatHee. Flpn thaph- 
poBaHHH ajiH(})aTHqecKHX hhtphaob HaA Ni npn 200—250° b xanecTBe 
rAaBHoro npoAyKTa BcerAa nojiyqaioTca BTOpHHHbie aMHHbi. Tax, Ha- 
npHMep, H3 aueTOHHTpHJia 6mao noJiyneHo: 60% AHSTHAaMHHa, 20% 
3THJI3MHHa H 20% TpH3THJ13MHHa. OepBOHaMaJlbHO CHHT3J1H, HTO peaK- 
uhh npotexaioT rio c/ieAyiomeH cxeMe:

OAHaxo HOBbie HCCJieAOBaHHH noKa3aJiH, hto peaxuHH HAyT no Apy- 
ron cxeMe— nepe3 npoMencyTOMHoe o6pa30BaHHe ajibAHMHHOB:

H
RC=N —  -► RCH2NH,rch2nh2

H
R N =C ----- *■ RNHCH3

H
2CH3C = N ----- ► 2CH3CH2NH2

2CH3CH2NH2 -----^  (CH3CH2)2NH +  NH3

(CH3CH2)2NH +  CH3CH2NH2 ----- (CH3CH2)3N -  NH

H
a) CH3C = N ------► CH3CH=NH

H
ch3ch= n h -----► ch3ch2nh2

6) ch3ch2nh2 +  ch3ch= n h ----- ► ch3ch2n = chch3 +  nh3
H

CH,CHjN=CHCH3 ------► CH3CH2NHCH2CII,

/NH2 H
(CH3CH2)2N C H < ----- ► (CH,CH4).,N +  nh3

XCH,
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C Hanfiojibuiefl jierKocTbio npareKaiOT peaKUHH (a) h (6). IlpeHMy- 
meCTBeHHOe 06pa30BaHHe BTOpHHHblX aMHHOB oSbHCHHeTCH CKAOHHOCTblO 
nepBHHHbix aMHHOB k KOHAeHcauHH c ajibAHMHHaMH. HanpaBjieHHe 
peaKUHH THflpHpOBaHHH HHTpHAOB 33BHCHT OT KaTaAH3aTOpa H yCAOBHH. 
FIpHMeHeHHe N i  PeHea cnocoficTByeT npenMymecTBeHHOMy o6pa30Ba- 
HHK) nepBHHHbIX aMHHOB. TaK, H an p H M ep, aUeTOHHTpHJI H 6eH3HJIUHaHHA 
c N i  PeHeri npH komh3thoh TeMnepaType rHApnpoBaAHCb KOAHnecTBeH- 
HO AHIHb AO CT3AHH 3THJiaMHH3 H (})eHHA3THAaMHHa. .UpyrHe HHTpHAbI 
o6pa3yiOT nepBHHHbie aMHHbl C npHMecaMH 10—25% BTOpHHHbIX aMH
HOB. rioBbimeHHe TeMnepaTypbi peaKUHH cnocodcTByeT yBeAHaeHHio 
BbIXOAa BTOpHMHbIX aMHHOB. THApupOBaHHIO HHTpHAOB TOAbKO B nep- 
BHHHbie aMHHbl cnocoScTByeT npncyTCTBHe aMMHana.

H30HHTpHJlbI npH THApHpOBaHHH AaiOT BTOpHMHbie 3MHHbl C npHM eCblO  
TpeTHMHbIX.

Pa3JiHHHbie Apyrne aAHtJiaTHnecKHe a30TC0Aep>KaiuHe coeAHHeHHa, 
coAep>KaiUHe rpynnbi N = N ,  N = 0 , N = C H  h t . a ., MoryT jierKO thaph- 
poBaTbca boaopoaom b npncyTCTBHH KaTajiH33TopoB. TaK, HanpHMep, 
aJlbAOKCHMbl, KeTOKCHMhI, rHApa30HbI, (})eHHJirHApa30HbI, 33HHbI. CCMH- 
Kap6a30Hbi AerKo o6pa3yiOT cooTBeTCTByioiuhe aMHHU. B 33bhchmocth 
OT HHCAa H CTpoeHHH paAHKaAOB, THApHpOBaHHe, KaK H npH 3aMemeH- 
HblX OJiecJlHHaX, npOHCXOAHT C pa3AHMHOH CKOpOCTbK).

H.O nOCAeAHerO BpeMeHH aAbAHMHHbl HBAHAHCb rHnOTeTHHeCKHMH 
coeAHHeHHHMH. OAHaKO peaAbHOCTb hx cyiuecTBOBaHHH SbiAa AOKa3aHa; 
HeAaBHO 6biA pa3pa6oTaH npocroH h yAofmbiii mctoa noAyneHHa hx ny- 
TeM pa3MetUHBaHHH npH OXA3>KAeHHH AbAOM 3KBHB3AeHTHblX KOAH- 
qecTB nepBHMHbix 3mhhob c aAbAerHAaMH b npncvTCTBHH TBepAoro
KOH (b h x o a  6 0 — 8 3 % ) :

RNH2 +  R'CHO----- ► R'CHOHNHR----- ► RCH=NR' +  H20

AAbAH M HH bl AeTKO H KOAHHeCTBCHHO THApHpyiOTCH H8A N i  P e H e a  
HAH P t 0 2-KaTaAH3aTOpOM  BO BTOpHHHbie aMHHbl, hto a B A a e T c a  y A 0 6 HbIM 
MeTOAOM nOAVHeHHH nOCAeAH HX.

5. r HApHpOBaHHe H30UHKAHMeCKHX COeAHHCHHH

THApupoBaHHe apoMaTnwecKHx yrAeBOAopoAOB. BeH30AbHbie KOAbua 
npHcoeAHHHioT BOAopoA 3HaMHTeAbHO TpyAHee, qeM HenpeAeAbHbie aAH- 
(JjaTHnecKHe coeAHHeHHa. TIpnaHHa stoto—xapaKTep CTpoeHHa 6eH30Aa 
h ero roMOAoroB (oTcyTCTBHe aBHbix abohhmx CBa3eft). Ilpn HopMaAb- 
hom AaBAeHHH HaA Ni-KaTaAH3aTopoM 6eH30A rHApnpyeTca Ha 80—90% 
b UHKAoreKcaH npH 200—220°; a ero roMOAorn— npH 170—210° Koah- 
necTBeHHoe npeBpameHHe 6eH30Aa b UHKAoreKcaH npOTexaeT HaA Ni* 
KaT3AH3aTopoM npH 150—200° AHiiib noA AaBAeHHeM.

H .  R .  3eAHHCKHH H M. B. TypOBa-riOAHK [44] yCT3HOBHAH, 4TO Bee 
MeTaAAbi nAaTHHOBoft rpynnbi npHroAHbi ajih napo(})a3Horo rHApnpoBa- 
hhh 6eH30Aa, ho oco6chho Pd h Os Ha actfecTe npH 150— 175° h Hop- 
MaAbHOM AaBAeHHH.
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npH THApHpOBaHHH apOMaTHMeCKHX yiVieBOAOpOAOB HeodxOAHMO, 
mto6m TeMnepaTypa peaKimn dbuia He Bbitue onTHMajibHoft, Tan Kan 
HHane bmxoam HHKJioreKcaHa CHHxtaiOTCH H3-3a ycKopeHHH odpaTHon 
peaKUHH AerH^pnpoBaHHH:

C6H6 +  3H2 c6h12

H. H. 3ejiHHCKHft c coTpyAHHKaMH [45] H3yHHJiH paBHOBecne cvrexHo- 
MeTpHqecKofi CMecn 6eH30Ji—HHKJioreKcaH HaA njiaTHHOH npn HopMajib- 
hom AaBjieHHH, npHMeHHB ypaBHeHHe HepHCTa:

lS Kp =  4 57 T (1 >75 lg T) -(- 3'1,6

rAe Q —51,6 kkcla (no B. A. KncTHKOBCKOMy 49,8 kkcla).
3HaneHHB % KOHBepcHH ajih 6eH30Jia npHBeAeHbi b Ta6 n . 34.

TABJ1HUA 34

TeMnepaTypa,
°C

% KOHBepcHH CaHg b C6H12

nafijiiOAenHbiH BbmHCJieHHblft

264 53,2 63,0
281 30,0 31,0
300 16,0 14,0
310 9,6 7,6
332 2,2 1,4
407 1,7 0,1

BoJiee HOBbie AaHHbie A. B. Opocra [46] o coAepJKaHHH 6eH30Jia b 
paBHOBecHbix CMecnx 6eH30Ji—HHKJioreKcan npH pa3Hbix napUHajibHbix 
AaBjieHHHX BOAOpoAa npHBeAeHbi b Ta6ji. 35.

TABJIHUA 35

CoAepxaHHe (b %) CeHa b paBHOBecHoa cMecn CaHg—CaHu 
TeMnepa- | npH napuna-nbuoM a^bjichhh BOAopo^a:

Typa, K p 1 --------------------------------------------------------------------------------------
| 1 am 10 am 50 am 100 am 200 am 500 am

200 3,37 7,15 4-10-® 3-10-7 4-10-8 5-10-® 3-10-9
250 1,13 6,94 7-10-3 6-10-s 7.10-6 9-10-’ 6-10-8
300 —0,75 85,00 0,56 4-l0-s 6-10-6 7-10-6 4-10-6
350 —2,34 99,54 18,00 0,18 0,022 3-10-s 2-10-6
400 —3,70 99,98 83,30 3,86 0,50 0,063 4-10-s
425 —4,29 99,99 95,20 13,50 1,92 0,24 0,016
450 —4,88 100,00 98,09 37,80 7,07 0,95 0,061
500 —5,91 100,00 100,00 86,70 44,80 9,20 0,65
550 —6,82 100,00 100,00 98,15 86,90 45,30 5,02
600 —7,63 100,00 100,00 99,70 97,70 84,20 15,30
650 —8,35 100,00 100,00 100,00 99,90 96,54 64,20
700 —9,00 100,00 100,00 100,00 99,79 99,20 88,90
750 —9,58 100,00 100,00 100,00 99,97 99,70 96,80

H3 TadJiHUbi bhaho, hto c noBbiuieHHeM TeMnepaTypw npn oAHHaKo- 
bhx AaBJieHHflx paBHOBecne CMecH dbicrpo CMemaeTca b cTopoHy yBejin-
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^eHHH 6 eH 3 o .ia ; c  noBbiuieHHeM A aB A eH H a, H aod o p o T , paB H O B ecne CMe- 
m a e T c a  b CT opoH y yBeAHneHHfl UHKAoreKcaHa.

rioBbiLiieHHe TeMnepaTypu rHApnpoBaHHH Ha a  N i  Bbime 2 6 0 ° conpn- 
>KeHO c  KpeK H H roM  U H K /ioreK caH a h  o6pa30BaH H eM  M e ia H a , KOAHMecTBa 
KOToporo MaKCHMaJibHbi (7 1 % ) npH 2 9 0 °:

Cct I12 •----- >- 3CH4 +  3C
B  OTJiHMHe ot a.nncf)aTHiiecKH X H enpeA eA bH bix coeAHHeHHH, KOTopbie 

MO>KHO THUpHpOBaTb CTyneHMaTO H H 30AH p0BaTb npOAyKTbl npOMe>Ky- 
TOHHbix CTaAH fi, apoM aT H ^ecK H e coeAHHeHHH HaA o 6bmHbiMH rH A p n p y jo -  
IUHMH KaTaAH33TOpaM H C p a 3 y  npHCOeAHHBIOT 6 aTOMOB BOAOpOAa. H h - 
K3KHX npOMOKyTOMHbIX CoeAHHeHHH H 30AH p0BaTb He yA a B a A O C b . H a -  
n pH M ep, 6eH30Ji c p a 3 y  n p e B p a m a e T ca  b U H K jio re K ca H . Zla>Ke b tom CAy- 
n a e . ecjin rH A pn p oB aH H e He aoboaht ao KOHUa, n o A yn aio m aH C H  CM ecb  
Bee paB H o coctoht jiH uib  H3 6eH 30Aa h U H K Jio re K ca H a . O A H a n o  6mao 
A 0 K a3 3 H 0 , lITO AeHCTBHTejIbHO 6eH30A TH ApapyeTCH  B TpH CT3AHH c 0 6 -
pa30B3HHeM  1,2 -A n rH A p o 6 eH 3 0 Jia  h a h  1,4 -A H rH A p o 6 eH 3 0 A a:

/ \

npH  AeflCTBHH H3TpHH B >KHAKOM 3MMH3Ke 6eH30A rHAPHpyeTCH B
l,4-AHrHApo6eH30Ji [47].

ripH THApHpOBaHHH 6eH 30Jia HaA KaTaJlH33TOpOM H3 97?o N i  H 3 %  
C r  c  A o 6 a B K o ft 5 0 %  P 2O s b kohcmhux n p o A y K T a x , KpoM e U H K jio re K ca -  
Ha, 6biJin o S H a p y w e H b i AHUHKAoreKCHA h (beHHAUHKAoreKcaH. noHBjie- 
HHe 3thx yrjieBO AopoAO B  ofitHCHHeTCH TeM, mto b n e p B y io  o liepeA b HMeeT 
M ecTo rn A p u p o B a H H e  6eH 30Jia b U H K A oreK caA H eH  ( 1) h U H K JioreK ceH  
( I I ) ;  n o cjie A H H e  noA  achctbhcm K aT aA H 3aTopa KOHAeHcnpyiOTCH c 6eH- 
30jiom n o  cxeM e:

- -  0  o-<«:>— <»><«:>
ii

ripnM biM  AOKa3aTejibCTBOM c r y n e H n a T o r o  rH A pn p oB aH H B  6 eH 30^a  
B BJiH eTca h  p a 6 o T a  B .  A .  K a 3 a H C K o r o  [1 5 ], KOTopbifi H a m e ji, m o  
HMMHaK3T K3AbUHH TH ApHpyeT 6eH30A AO U H K A o reK ceH a (cT p . 3 4 3 ).

T H A P H p oB aH H e 6 eH 30Jia (h  e r o  roM O A oroB ) y cn eu iH O  n p o T e n a e T , 
ecAH  yrA eB O A o p o A b i coB epuieH H O  onHm eHbi ot THoeJoeHa (KOTopbift B ce rA a  
HMeeTCH B TeXHHUeCKOM 6eH 30Ae H HBJineTCH CHAbHbIM 3H T H K aTaA H 3a- 
TOpOM), Ae3aKTHBHpyK>mHM He TOAbKO HHKeACBbie, HO H A p y T H e KOHT3K- 
Tbi. H 3  p exo M eH A yeM bix mctoaob ohhctkh ot THO(])eHa H a n O o A ee n p o -  
CTbiM HBAneTCH 10-M HH yTHoe B36aATbiBaHHe 6eH 30Aa c  3 — 5 %  N i  P e -  
H e n , KOTopbifl o C A a A a eT  3aM eqaTeAbHOH cn o co SH O CT b io  yA aA H T b  aTOMbi 
c e p u  H3 B ce x cepH H CTbix coeAHHeHHH (e r p . 3 8 3 ).
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Bojibiuaa TpyAHOCTb rHflpnpoBaHHH 6eH30JibHoro Ko^bua HBJineTCH 
;j,OKa3aTejibCTBOM noBbiineHHOH cTadHJibHOCTH ero. npucoe^HHeHHe bo- 
Aopo^a K J1K)6oH OJiet̂ HHOBOH CBH3H 3K30TepMHMH0, rH,HpHpOBaHHe >Ke 
6eH30Jia b l,2-AHrHApo6eH30Ji sĤ OTepMHMHO. H,ajiee AHrH,apo6eH3o./i 
C COnpB*eHHbIMH flBOHHbIMH CBH3HMH rHflpHpyeTCH JierkO H 3K30TepMH- 
MecKH:

C6H6 -)- H2 ------ ► QH 8 —  5,7 KKCLA
C8Hg +  H2 ------ ► CeH10 +  26,8 kkcla

C6Hio +  H2 ------► CgH^2 +  28,6 kkcla

C6H6 +  3H2 ------ C6H12 +  49,7 kkcla

roMOJiorH 6eH30Jia runpHpyiOTCH HecKOJibKO Tpy^nee, qeM 6eH30Ji. 
B cjiyqae fljMHHbix 6okobhx ueneS HadjuoflaeTCH odpa30BaHHe npo^yK- 
tob rn^pHpOBaHHH c yKopoqeHHbiMH Sokobumh uenHMH, BCJiê cTBHe 
qacTHHHoro KpeKHHra. Tai<, HanpnMep, npn rHApnpoBaHHH dyTHjideH- 
30jia, KpoMe 6yTHjiUHKJioreKcaHa, odpa3yioTCH b Hedojibuinx KOJiHqecT- 
Bax nponnji-, sthji- h MeTHjiUHKJjoreKcaH.

roMOJiorn 6eii30Jia c Henpe,aejibHbiMH SoKOBbiMH uenHMH b 3aBHCH- 
MOCTH OT KaTaJIH3aTOpa H yCJIOBHH TH^pupyiOTCH pa3JIHqHO: aKTHBHblH 
Ni-KaTajiH3aTop rHApnpyeT h doKOByio uenb h KOJibuo, Cu-KaTajiH3aTop 
rH^pnpyeT jiHiub doKOBVio uenb. TaKHM odpa30M, H3 CTHpona mo>kho 
noJiyqHTb Kan STHjiUHKJioreKcaH, Tax h 3THjideH30Ji:

/ \ - c h 2c h 3

\ /

_ _H_ ^  A - c h 2c h 3
Gu

rHflpHpoBaHHe 4>eHHJiaueTHjieHa Ha# Pt02 mojkho ocraHOBHTb Ha 
era ah  h odpa30BaHHH cTHpojia, Ha# Cu— 3THjideH30Jia. Ha+ Ni— sthji- 
UHKJioreKcaHa.

ApoMaTHqecKHe yraeBOAopoAbi THna KyMyjieHOB hjih nojweHOB npH 
rHApnpoBaHHH noflqHHHioTCH npaBHJiy conpH»<eHHH. TeTpacJ)eHHj]6yTa- 
AHeH-1,3 (a ) h TeTpa^eHHJidyTaTpHeH (6) noeraflHHHO odpa3yiOT c.ne- 
AyiomHe yrJieBOAOpô bi:

a) (C6H5)2C=CH—CH=C(C8H5)2

(C8H5)2CH-CM =CH—CH(C6H5)2

| H
+

(C6H5)2CH—CH.,— CH2- i I !(C(,H,)2

6) (C6H5)2C=C=C^C (C ,H 6)2

I"
(C6H5)2C=CH—CH=C(C8H6)2

lH
(CaH 6)2CH—CH= CH—CH(CeH 5)2

(C6H6)2CH-CH2-C H 2-CH (C8H8)2
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B o6ohx CAyqaax KOHeqHbiM npoAyKTOM HBJiHeTCH c u m m -TeTpa4>e- 
HHJi6yTaH.

r HAPHpOBaHHe yrJieBOAOpOAOB C KOHAeHCHpOBaHHblMH KOJlbU,aMH. 
B oTjiHMHe ot 6eH30^bHbix yrjieBOAopoAOB, apoMaranecKHe yrjieBOAo- 
pOAbl C KOHACHCHpOBaHHblMH KOAbUaMH CpaBHHTejIbHO AerKO THAPH- 
pviOTCH CTyneHMaTO.

CTaAHH cTyneH^aToro rHApnpoBaHHH HacjDTajiHHa oneHb cneuH^Hq- 
Hbi. CnepBa o6pa3yeTca a,a-AHTHApoHa(})TaAHH (I) c BbiAejieHHeM
4,5 KKan, H30MepH3yromHHCH b 6ojiee ycTOHHHBbiH a,|i-H30Mep (I I ) c 
BHAeAeHHeM 4,9 kkcia. IlocAeAHHn jierKo rHApnpyeTCH b TeTparHApoHacJ)- 
Ta/iHH (mempaAUH) ( I I I ) .  OGmaa cxeMa peanuHn:

m
' W '

-- m
\ / \ x

H S \ / \  
-------*■ I (I H I

\ / \ y
in

Mo>kho 6biJio 6bi npeAnojioa<HTb, hto npncoeAHHeHne qeibipex aio- 
mob BOAopoAa MO>KeT npoftTH h b 06a KOAbua c o6pa30BaHHeM Teipa- 
rHApOH3(|)TaJIHHOB CTpoeHHH!

HJ1H

IV V

OAHaKO no raKOMy nyTH rHApnpoBaHHe He hact, Tan Kan CTpyKTypa 
( I I I ) ,  coxpaHHK3ui,aH oaho apoMaTHqecKoe KOAbuo HeH3MeHeHHbiM, Tep- 
MOAHHaMHqecKH BcerAa 6ojiee ycTOHHHBa, qeM crpyKTypbi (IV ) h (V). 
riOSTOMy OCHOBHblM npHHUHnOM npH THApHpOBaHHH apOMaTHMeCKHX 
KOHASHCHpOB3HHbIX CHCTeM HBAHeTCH nOCACAOBaTeAbHOCTb HaCblLU,eHHH 
6eH30AbHbix KOJieu BOAopoAOM. Jlo  nojiHoro HacbimeHHH oahoto H3 6eH- 
30JibHbix KOJien npHeoeAHHeHHe BOAopoAa b A p yrn e  He -nponcxoAHT.

npH AaAbHeHineM rHApnpoBaHHH TeTparHApoHa^TaJiHHa npncoeAH- 
hhkjtch eme rnecTb aTOMOB BOAopoAa h o6pa3yeTca neprnApo- hah 
AeKarHApoHaiJjTajiHH (demAUH):

S \ / \  6H /X /X
Jl H I I H | H |W  v v

ripH THApHpOBaHHH H3(J)TaAHHa H36blTKOM BOAOpOAa B 33BHCHMOCTH 
ot TeMnepaTypbi ycraHaBAHBaeTCH paBHOBecne MejKAy TeTpajiHHOM h 
AeKaAHHOM. rtocAeAHHH ycTOHMHB npH 6oJiee hh3 khx TeMnepaTypax: 
ecAH rHApnpoBaHHe HatJrraAHHa HaA Ni- hah NiO-KaTaAH3aTopoM BecTH 
npn 20Cr o6pa3yeTCH npeHMymecTBeHHO ASKaAHH; npn noBbiiueHHH 
TeMnepaTypbi paBHOBecne CMemaeTCH b CTopoHy o6pa30BaHHH TeTpa- 
AHH3.
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HeKarHApoHa(|)TajiHH cymecTByeT b BHAe n u c- h m p a u c -H30MepoB, 
OTJiHMaiomHxcH nojio*eHHeM axoMOB BOAopoAa y 9, 10 aTOMOB yrjiepoAa:

uac -  H3QMep mpaHc -  raoM ep

BbiJio ycTaHOBJieHO, hto ^wc-H30Mep o6pa3yeTca npw rHApnpoBaHHH 
Ha(J)TajiHHa Ha  ̂ Pt-KaTajiH3aTopoM npH 60—80° a" m p a u c -H30Mep— Haa 
Ni-KaTajiH3aTopoM npH 160° 06a H30Mepa hmciot cneAyiomHe KOHCTaHTbi:

u,uc - Jl,eKajiHH 
mpanc - JXeKajiHH

TeMnepaTypa 
KHneiiHH, °C

196,7
187,3

0,8963
0,8699

1,4810
1,4692

TexHHnecKHH AeKarHApoHa(J)TajiHH npeACTaBJineT co6oh CMecb odenx 
<})opM h noTOMy khiiht b 3HaHHTejibHOM TeMnepaTypHOM HHTepBajie.

B npoMbiuiJieHHOCTH TeTparH^poHa(|)TajiHH h AOKarHApoHaifiTajiHH, 
H3BecTHbie name noA H33BaHHHMH TeTpaJiHH h AeKajiHH, nojiynaiOTCH 
THApHpOBaHHeM OHHIH,eHHOro Ha(j)TaJIHHa COOTBeTCTBeH HO npH 200 H 
220° h npH 15 h 20 a m .

XUfl THApHpOBaHHH HatJlTaJIHHa B TeTpaJiHH HJIH A6K3JIHH OHeHb 
yAodeH MeTOA lUpeTepa [48]. n o  STOMy MeTOAy 512 a (4 z -moa) 
OHHffl,eHHOro OT CepHHCTbIX COeAHHeHHH H3(])TaJIHHa 3arpyjKaiOT B 3BTO-
KJiaB c 15—20 a NiO hjih NiCOg, noAHHMaiOT AaBjieHHe BOAopoAa ao 
12— 15 a m  h, pa3MeuiHBaH, CMecb HarpeBaioT npn 180—200° .HaBJieHHe 
cnepBa noAHHMaeTCH, a 3aTeM dbicTpo naAaeT Ha 1 a m  b TeneHHe 
45—60 cen. npn noHHJKeHHH AaBJieHHH ao 5—8 a m  CHOBa noAHHMaiOT 
ero AodaBKofl BOAopoAa ao 12— 15 a m , nona He npncoeAHHHTCH 178 a  
BOAopoAa. nocjie odpa30BaHHH TeTpajmna naAeHHe AaBJieHHH ao 1 am  
npoHexoAHT b TeneHHe JiHiub 1 mhh. THApapoBaHHe npoAOJiacaioT ao 
nojiHoro npeKpameHHH norjiomeHHH BOAopoAa. TeTpaJiHH hjih Aena- 
JIHH JierKO pa3rOHHIOTCH.

TeTpaJiHH H A0K3JIHH H3X0AHT odlUHpHOe IipHMeHeHHe. OHH HBJIHIOT- 
CH npeKpaCHbIMH H COBepmeHHO 6e3BpeAHbIMH paCTBOpHTeJIHMH AJIfl 
npnpOAHblX H CHHTeTHHeCKHX CMOJI. TeTpaJIHHOBbie H A0K3JIHHOBbie JiaKH 
odAaAaioT bhcokoh Kpoiomefl cnocodHOCTbio h uinpoKo pacnpocTpa- 
HeHbi b aBHa- h aBTonpoMbiuiJieHHOCTH. BjiarbAapn bhcokoh TenjioTBop- 
hoh cnocodHOCTH (Q== 9720 K an), TeTpaJiHH b TepMaHHH npHMeHHJiH ajih 
H3roTOBJieHHH 33MeHHTejieH 6eH3HHa, AJIH Hero ero cMeuiHBajiH c 6eH3o- 
jiom hjih cnnpTOM. CMecH xjiopHCToro BHHHJia c TeTpajiHHOM (3 : 2) nocjie



5. fHMPHPOBAHHE H30U.HKJ1HHECKHX CO EM H HE HHR 367nojiHMepH3auHH o6pa3yiOT TBepAyio nJiacTHMHyio Maccy, CAyucamyio ocHOBoii ;yiH pa3JiHMHbix JiaKOB. /leKajiHH, KaK neprHAponpo^yKT, co- BepmeHHO ctock k okhcachhio , h H3 Hero noAyqaiOT HaHJiymiine CTa- 6HJTbHbie jiaKH. KpoM e Toro, AeuaAHH b 6oAbmnx KOAuqecTBax npHMe- HHK5T ajih  nepepa6oTKH CTapofi 6yMarH, Tax KaK oh xoporno pacTBopneT THnorpa4)CKyio Kpacny.
Bo BpeMH BTOpOH MHpOBOft BOHHbl B KaqeCTBe flOdaBOK K 6eH3HHy 

npHMeHHJiH CMecb mnyoJi— 3tha6ch30a — kchaoa , KOTopan nojiyqajiacb 
AecTpyKTHBHbiM rHApupoBaHHeM HacJ)TajiHHa no cxeMe:C/ \  H30MepH3aUHH / 7 \II H I ------------ --

\ /

CH,

X /

Jin I

, —CH

C H a

THApHpoBaHHe MHoroKOJibnaTbix apoMaTHqecKHX yrjieBOAopoAOB npo- 
TeKaeT no o6iueMy npaBHJiy: BHaqajie HacbimaeTCH boaopoaom  oaho 
H3 KOJiep, 3aTeM nocAeAOBaTeAbHO ocraAbHbie.THApHp.OBaHHe aHTpaueHa h c[)eHaHTpeHa npH HopMajibHOM hah  no- BbmieHHOM AaBJieHHH H3yqaJiocb mhothmh aBTopaMH. B pa3AHqHbix ycjio- BHHX nOA A^HCTBHeM KaTaAH33TOpOB THApapOBaHHe 3THX COeAHHeHHii npoTenaeT H36HpaTeAbHO h BcerAa cryneHqaTO. B CAyqae aHTpaueHa cnepBa o6pa3yeTcn 9 , 10-AH rH A poaH T paueH  c  HacbiiueHHeM  y-yrAepoA- Hbix aTOMOB b cpeAHeM KOAbue (I), 3aTeM noAyqaiOTCH nocAeAOBaTeAb-
ho. TeTpaueH (II), OKTaueH (III) h , HaKOHeu, neprHApoaHTpaueH (IV):

0

H
r r x i,« .
" W X /

H
TeTpaueH. no AaHHbiM K. Opuca h K. IIlHAAHHra [49], HenocpeA- 

CTBeHHO H3 9,10-AHTHApoaHTpaueHa He o6pa3yeTCH; oh noAyqaeTCH_H3 
H30Mepa AHrHApoaHTpaueHa no cAeAyiomeu cxeMe:H

AHTpaueH < _ ------- 9,10-̂ HrnApoaHTpaueH
I | - Hl+Ha _H 2 (OMCHb 6bICTpo)
* H
M^cu.u.M-AHrHApoaHTpaueH------------ ►  1,2,3,4-TeTparHApoaHTpaueH(CbICTpo)

AHaAoruqHbiM o6pa30M rHApnpyeTca (J>eHaHTpeH.
THApHpoBaHHe npOTexaeT TaKHM o6pa30M, hto Ha k3>kaoh ct3ahh 

3HeprHH MOAeKyAbI OKa3bIBaeTCH MHHHMaAbHOH [50].
no TaKOMy we npnHUnny npoxoAHT ruApupoBaHHe 6oAee caojkhwx 

CHCTeM. npH THApHpOBaHHH XpH3CHa nOA ASBACHHeM CnepBa nOCAeAO-
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BaTe^bHO HacumaiOTCH KpaftHHe hjih cpeAHHe KOJibua, nocjie  Hero tha- 
pHpyiOTCH H OCTaJIbHbie:

H

3 tot  npHHUHn npoHBJi^eTCH h npn rHApnpoBaHHH nepHJieHa:

rn„ , ,/ \ / \  ^ \ / x
I II I | II H I I II H j I H I H
v /\ ^  h K > / \ y  K / \ /  h \ / \ /i +  f  i — *■  i i

%  ^ \ / \m
W '

I H J H I 
\ / \ /

n pn  rHApnpoBaHHH nepHJieHa, HapnAy c duaeonaAbHod cpopMOU 
oKTarHAponpoH3BOAHoro, o6pa3yeTCH h • eut^unaAbHcui cpopMa. 3 tot 
Bonpoc em,e ao  KOHUa He BbiacHeH, ho npeoSJiaAaeT tcha6huhh k th- 
ApupoBaHHio AnaroHajibHO pacnojio>KeHHbix KOJieu.

XteKauHKAeH nocraAHHHO rHApnpyeTCH cvieAyiomHM o6pa30M:

H
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FIo^yqaeMbie b KOHeqHOM HTore neprHApoyivieBOAopoAfei npeACTaB- 
ahiot co6oh 6ecuBeTHbie, no 6oJibuieH qacTH MacJioo6pa3Hbie whakocth, 
OTJiH'iaioinHecH xHMHqecKoft HHepTHOcTbio. Ohh He pearnpyioT C KOH- 
UeHTpnpOBaHHblMH C30TH0H H CepHOH KHCJIOT3MH, KOHUeHTpHpOB3HHbIMH 
me/ioqaMH h He okhcjihiotch xpomobwm aHrHApnflOM hah nepMaHraHa-
TOM K3AHH.

3aKOHOMepHOCTH npopecca rHApHpoBaHHH. B cAyqae ajiHcjjaTHqe- 
ckhx Henpe^ejibHbix coeAHHeHHH CKopocTb THApHpoBaHHH CHHwaeTca 
c VBejiHqeHHeM HHCJia 3aMecTHTejiefi y KpaTHOH C=C-cbh3h h c nepe- 
MemenHeMflBOHHOH cbh3h BHyTpb uenH. Boo6meco CTeneHbio HacbimeH- 
hocth MOJieKyji boaopoaom CKopocTb rHApnpoBaHHH 33KOHOMepHO naAaeT.

A. B. JI030B0H H M. K. JlbHKOBa [51] yCT3H0BHAH, MTO CKopocTb 
rHflpnpoBaHHH apoMaTHqecKHx yrjieBOAopoAOB 33MeTHO CHHJKaeTCH 
no Mepe npH6AH>KeHHH K HaCbimeHHK). ECJIH npHHHTb CKopocTb THAPH- 
poBaHHn 6eH30Jia b UHKAoreKcaH 3a 100, to oTHOCHTejibHoe naAeHHe 
cKopocTeft npn rHApnpoBaHHH HaijrraAHHa (a), aHTpaueHa (6) h 4>eHaH- 
TpeHa ( b ) Bbip33HTCH CJieAyKHUHMH BejTHqHH3MH:

n PH rHApnpoBaHHH apoMaTHqecKHx yrAeBOAopoAOB 33KOHOMepHO 
CHH>KaK)TCH njioTHOCTH, TeMnepaTypbi KHneHHH h n^aBjieHHH, t . e. 
B03pacTaeT jieTyqecTb (radji. 36).

TABAHUA 36

ApoMaTHMecKHe ymeBOAopoAbi

1. r  II .T p II p O B a II II e 
11 a 4> t a ji h h a

HatjrrajiHH
1,2-ZtHrHflpona(l)Ta.nHH 
1,4-,Ilnrn,apoiia<jn'a.nni 
TeipaAHH
T eKcarHApoHa4>Tajum 
qi/c OKTarHApoiiacjiTa.iim 
qivc-ZleKâ HH 
///piwc-AcKa.imi

,20 Tcm nepaTypa 
KHneHHH,

1 °c

TeM nepaTypa 
n.na anemia.

°C

0.97585 218 80,3
0,997 89 (npn 24 mm) —8
0,997i2 211—212 25—28
0,970 207 —35,8
0,9342s 199-200 —

0,9091s 190 —

0,896 197 —43
0.870 187 -30

24 i;. h. Ahatob
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FIp o d o A M e n u e  ma6n. 36

.20 TeMnepaTypa TeMnepaTypa
ApoMaTHqecKHe yrjieBOflopoflbi d4 KHneHHH, ruiaBJienHH,

°c °c
II. THjipnpoBaH'He

(jjeHaHTpeHa
OeHaHTpeH
ZlnrHApot̂ HaHTpeH
T eTparHflpo(J>eHaHTpeH
T eKcarHflpo|>eHaHTpeH
OKTarHApo(t>eHaHTpeH
ZIeKarHApo(J)eHaHTpeH
71ofleKarHApo(J)eHaHTpeH
TeipafleKarHApo(J)eHaHTpeH

1,17925 340 100
_ 312-314 94—95

1,067 300—304 0
1,050 305—307 —3
1,006 280—285 —11
0,993 274-275 — 18
0,964 268—269 —
0,933 260—261 —

CnopocTb rHApnpoBaHHH pa3^nqHbix apoMaTHqecKHx yrjieBOAopo^OB 
33BHCHT TaKHCe OT HX CTpOeHHH, HHCJia, XapaKTepa H nOJIOJKeHHH 3aMe- 
CTHTejieft. /I.JIH BbIHCHeHHB T3KHX 33BHCHMOCTeH H3yUaJIHCb peaKUHH 
rH^pHpoBaHHH pa3jiHMHbix roMOJioroB 6eH30Jia b CTporo HAeHTHHHbix 
ycjioBHBx. A. B. JI030BOH h M. K. ,0,bHKOBa [51] HCCJieAOBajiH npouecc 
noA AaBjieHHeM b npHcyTCTBHH KaTaJiH3aTopa 3ejiHHCKoro (N iA l20 3), 
Apyrne aBTOpbi [521— HaA P t0 2-KaTajiH3aTopoM npn HopMaJibHOM asb- 
jieHHH. CpaBHeHHe CKopocTefi rHApnpoBaHHH 6eH30Jia h ero Merajin-
pOB3HHbIX npOH3BOAHbIX AOKa3aJIO, MTO CKOpOCTb peaKUHH V yMeHb 
rnaeTCH c yBejiHueHHeM uncjia MeTHjibHbix rpynn h hx B33HMHoro pac 
nojiojKeHHH b KOJibue, uto bhaho H3 cjieAyioiueH cxeMbi:

ch3 ch3 ch3

n n -
—CH3 A - C H 3 

1 II_PH
V '  3

A
\ / !~ CH3 n

1

A - C H 3

u= 100 92 49 65

1
ch3
82 14

ch3 ch3
1

ch3
11

U - CH*

C H a - j^ -C H ,

1

1
ch3— ch3

1 L ch
V '  3

CH3-
ch3-

1
_PH

II 1_pH

ch3
v=29

ch3
58 3,5

1
ch3

0,2

npH aAcopSiXHH MOjieKyji apoMaTHuecKoro yrjieBOAopoAa KaTajin- 
3aT0p0M aTOMbi BOAopOAa h CHg-rpynribi jiexcaT He b oahoh njiocKOCTH 
c KOJibUOM, o6pa3yn KaK 6bi cjioh, uepe3 kotophh boaopoa npoHHKaeT 
c TpyAOM, npnqeM TpyAHOCTb npoHHKHOBeHHH B03pacTaeT c yBe- 
jinqeHHeM MHCJia 3aMecTHTejien. ripaBHjibHOCTb 3Toro nojio>KeHHH noA- 
TBep*AaeTCH TeM, hto oAHtmMeiueHHbie apoMaTHqecKHe yrjieBOAo- 
pOAbl C pa3JIHMHbIMH aJIKHJIbHblMH paAHKajiaMH THApapyiOTCH npn- 
MepHO C OAHHaKOBOH CKOpOCTbK): MeTHASTHJI-, H-nponHJI-, «-6ytHJI-,
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H-aMHji- h zi-reKCH.ri6eH30.nbi HMeioT othochtcabHbie ckopocth 50, 43, 
45, 44, 41 h 40. Pa3BeTBjieHHe ueneft b npHBeAeHHbix coeflHHeHHjrx 
HeH3MeHHO conpaweno co CHH>KeHHeM ckopocth rHApHpoBaHHH.

KoHAeHCHpoBaHHbie CHCTeMbi rHApnpyiOTCH b nepBOH CTaAHH TeM 
Aerqe, qeM 6oAbme ohh coAepwaT Kojieu.:

n rr> m
% / \ s u

v =  100 314 472

HajiHqne xpaTHbix CB*i3eH BHyTpn 
cxopocTb rHApnpoBaHHq:

hah BHe xoAbua pe3xo noBbimaeT

n
o= 100

0
15000

u 0
35000 13500

-CHj j^ j-C H -C I-lj

90000

3 th AaAexo He noAHbie 33KOHOMepHocTH qpe3BbiqafiHO Ba>KHbi A-aa 
KHHeTHKH peaXUHH THApHpOBaHHH.

6. rHApnpoBaHHe xHCAOpOACOAepjxaiiiHx apoMaTHqecxHx
COeAHHeHHH

B apoMaTHqecKHX XHCAopoAcoAep>xaiii,Hx coeAHHeHHax—(j)eHOJiax, 
KeTOHax, KHCjioTax h t . n.— noA AeficTBHeM BOAopoAa MoryT 6biTb Ha- 
cbimeHbi HenpeAejibHbie cbh3h Kan b doxoBbix uenax, Tax h b xoAbue, 
TaxHM o6pa30M ohh npeBpamaiOTCH b npoH3BOAHbie UHXAorexcaHa. 
HanpHMep, npH rHApnpoBaHHH (JieHOAa HaA Ni-xaTaAH3aTopoM 6ma 
noAyqeH UHXAorexcaHOA c npHMecbK) HHxjiorexcaHOHa h UHXJiorexcaHa:-

0 +  ( h )
\ / \ / \ y

PeaxuHH He npoxoAH.na ao xoHua, h cfjeHOA b xoAHqecTBe 5— 6 %  

ocTaBaJica Hen3MeHeHHbiM, KOJiHwecTBeHHO rHApHpyacb AHiiib npH bto- 
pHHHOM nponycxe. CooTHomeHiie Me>KAy xoJth qecTBaMH HHXAorexca- 
HOJia h HHxjiorexcaHOHa 33Bhcht ot TeMnepaTypbi. BbiJio ycTaHOBAeHO, 
hto npH 140—150° o6pa3yeTca UHXAorexcaHOA; c noBbiuieHHeM >xe 
TeMnepaTypbi noHBAHKrrcH Bee B03pacraiomHe xoAHqeerBa UHXAorex- 
caHOHa. 06pa30BaHHe nocAeAHero xa3aAocb HenoHHTHbiM, h HexoTO- 
pbiMH HCCAeAOBaTeAHMH 6hah npeAAoweHbi pa3AHHHbie TeopeTHqecxHe 
coo6pa>xeHHH.

B. H. WnaTbeB f53] cqHTaji, qTO 4>eHOA b ycAOBHax rHApHpoBaHHa 
cymecTByeT b BHAe paBHOBecHbix TayTOMepHbix (fiopM

/ v / ° "

vkH
2 V
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oSocHOBbiBan sto TeM, hto npn bhcokoh TeMnepaType (Jjchoa npn tha- 
pHpOB3HHH o6pa3yeT 6eH30JI C Bbl^ejieHHeM BOAbI (HaA OKHCbK) HHKejlH 
HAH nOA BJIHBHHeM CTaAbHbIX CTCHOK aBT0KA3Ba). PaBHOBecne CMe- 
maeTCH b 3aBHCHMOCTH OTTeMnepaTypbi: np« 6ojiee bmcokhx TeMnepaTy- 
pax o6pa3yeTCH npeHMymecTBeHHO KeTo-c[)opMa, sto rHApnpoBaHHe Be- 
AeT k o6pa30BaHHK) UHKJioreKcaHOHa; npn 6ojiee hh3khx TeMnepaTypax 
paBHOBecne cMemaeTca b CTopoHy eHOAbHOH (JjopMbi, nosTOMy o6pa3yeT- 
CH IViaBHblM 06pa30M UHKAOreKCaHOA.

Pa3pemeHHeM stoto HHTepecHoro Bonpoca HBHAocb HcnoAb30BaHHe 
MeTOAa rHApnpoBaHHH (jjeHOAa b BanyyMe (15—20 mm  pt . ct.) [28]. 
npn 150° b pacTBope uHKAoreKcaHa 6ma noAyueH TOAbKo uHKAoreKcaHOH 
b eHOAbHOH cbopMe (90%), KOAHuecTBo KOToporo 6biCTpo yMeHbmaAocb 
bo BpeMeHH:

4epe3 12 qac. 78% eHOJibHOH 4)opMbi
» 76 58% » »
» 60 » 38% » »
» 90 » 12% » »

Ha OCHOB3HHH 3TOTO 6biA caga3h BbiBOA, mto cbeHOA cnepBa npe- 
BpamaeTCH b TeTparnApo^eHOA, t . e. eHOAbHyio (JjopMy UHKAoreKcaHO- 
Ha; nocAeAHHH rHApupyeTCH AaAee b UHKAOreKCaHOA hah uacTHHHO CTa- 
6HAH3yeTca b BHAe KeTO-(})opMbi, ocodeHHo npn noBbimeHHH TeMnepa- 
Typbr:

rioBbiiiieHHe TeMnepaTvpbi cnocoScTByeT CTa6HAH3auHH KeTO-(|)opMbi, 
t . e. HHKAoreKcaHOHa. AHaAorHHHbie pe3yAbTaTbi 6mah noAyueHbi npn 
rHApapoBaHHH n-Kpe30Aa h KapBanpoAa. A ah  noAyueHHH TOAbKo 
uhKAorencahoaa (J)eHOA rHApnpyioT HaA NiCu-KaTaAH3aTopoM npn 150° 
h 15—20 a m .

L^HKAoreKcaHOA npeACTaBAaeT co6oh >KHAK0CTb npHHTHoro 3anaxa 
c t . KHn. 160° h o6AaAaeT cbohctb3mh btophhhw x  cnnpTOB. B TexHHKe 
oh H3BecTeH hoa H33BaHHeM zcKca.mn h HMeeT BecbMa pa3HOo6pa3Hoe 
npHMeHfiHHe. Oh o6pa3yeT reKcaAHHOBbie MbiAa c 6oAbmoft SMyAbrn-
pyiOIIl,eH CnOCOdHOCTblO H B TCKCTHA bHOH npOMbriUACHHOCTH HBAHCTCH
neHOo6pa30BaTeAeM h AeTepreHTOM. Ha ocHOBe rencaAHHa noAyuaiOT 
pa3HOo6pa3Hbie npenapaTbi a a h  hhctkh TKaHeft ( buboab  nnieH), aah  
paCTBOpGHHH CMOA. nOAVHeHHH KaMeCTBeHHHX A3KOB H T. A. TeKCa-THH-
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aueTai abah c -tch 33MeHHTejieM aMHAaueTaia npw pacTBopeHHn pa3JiHM- 
HblX 3(j}HpOB UeAAK)A03bI H CMOA. LjHKAOreKCaHOA npHMeHHeTCU ripn 
npou3BOACTBe HauAOHa.

rH^pupOBaHHbie Kpe30JTbI, HAH MCTHJireKCaJIHHbl, HMeiOT aHaJlOrHM- 
Hoe, ho MeHee uiupoKoe npHMeHeHHe. roMOAoru $eHOAa c 6o;iee ajihh-
HblMH fiOKOBbIMH uenHMH rHApHpyiOTCH C 06pa30BaHHeM aAKHAUHKAO- 
reKcaHOJiOB, KOTopbie npHMeHHioTCH KaK pacTBopHTejin hah nJiacTHcj)H- 
KaTopw. YcTaHOB^eHO, oAHaKo, m o opTo-3aMeiueHHbie (|)eHOAbi rHApu- 
pyioTCH oqeHb TpyAHO. HanpuMep, o-ah sth a - hah- AHnponHA(£eHOAhi 
HaA Ni PeHeu He ruApHpyioTCH Aawe npn 300° h 100—300 am. 3 to 
3aTpyAneHHe 6biJio, OAHaKo, odoflAeHO ao63bk3mh 40% BOAHoro pac-
TBOpa NaOH, HTO nOBbICHAO BbIXOAbI rHApupOBaHHblX aAKHA^eHOAOB 
AO 70 — 90%. B h ao  3aMeueHO, mo TaKoft >Ke 3(}x|)eKT AaioT He6oAbuiHe 
Ao6aBKH Na hah  TBepAoro NaOH. 06pa3yioiuHecH (j)eHOAHTbi hbahiotch 
npeupacHbiMH aKTHBaTopaMH aah  ruApupoBaHHu(jjeHOAOB n aA N i  PeHea. 
JXoOaBKa k 4)CHOAy 0,4% (m o a .) <j)eHOA«Ta HaTpua cnocodcTByeT koah - 
qecTBeHHOMy npeBpameHHio ero  qepe3 35 m h h . b UHKAoreKcaHOA. O t - 
MeqeHO T3K>Ke, mo, HaoOopor, AoSaBKH opraHHqecKHx ochob3hhh (aHH- 
AHH3, nunepHAHHa) CHAbHO TOPM03HT peaKUHK). CKOpOCTb THApHpOBa- 
hhh 33BHCHT ot noAOHceHHH 3aMecTHTeAefi: MeAAeHHee Bcero th a ph - 
pyioTCH opT03aMeui,eHHbie <})eHOAbi (u-Kpe30A— 334; ,t/-Kpe30A— 144; 
o-Kpe30A— 100). AHaAorHHHbie 33KOHOMepHOCTH AaioT h Apyrne aA- 
KHA(j)eHOAbI.

TexHHuecKoe 3HaueHHe HMeeT rHApnpoBaHHe THMOAa, KOTopbiu 
npeBpamaeTCH b paueMHuecKHH Meumn:

ch3 ch3
1

H A
M I - oh l ^ - O H

1
CH

1
CH

HaC/^CHs H3C ^ C H 3
3 tot npouecc ocymecTBAHeTca rHApnpoBaHHeM THMOAa c ao63bkoh 

10% NaOH HaA CuCrOj-KaTaAH3aTopoM noA AaBAeHHeM npH 150— 
190°.

^Byx- h TpexaTOMHbie (|)eHOAbi npu 120—130° HaA Ni-KaTaAH3aTo- 
poM o6pa3yioT cooTBeTCTByiomHe UHKAoreKcaHAHOAbi h UHKAoreKcaH- 
TpuoAbi, ho TeMnepaTypa Bbirne 200° cnocodcTByeT OTiuenAeHHio rHApo- 
kciiaob  h o6pa30BaHHK) UHKAoreKceHOAOB. nyTeM ruApupoBaHua mo>k - 
ho Aa>ne reKcaoKcn6eH30A npeBparaTb b hho3ht:

OH OH
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Ha^)TOTibi rH^pHpyioTCH npHMepHO b tskhx JKe ycjioBHax, KaK h 
4>eHO^bi, ho b flaHHOM cjiyqae HadmoflaioTCfl dojiee cjio>KHbie 3aKOHO- 
MepHOCTH, BCjie^cTBHe HajiHHHH AByx Kojieu:

OH

ar (25%)

yCTaHOBJieHO, HTO npH THApHpOBaHHH HadjlTOJIOB Ha,n N i B nepByio 
onepe^b HacbimaeTCH KOJibuo c rH^poKCHJibHofl rpynnofi. 3to o6'bHCHaeT- 
Cfl TeM, HTO HaJIHHHe rHApOKCHJIbHOH rpyrmbl B 6eH30JIbH0M KOJIbUe 
3H3MHTejibHO o6jierqaeT npoTeKaHne peaKUHfl:

OH O

06pa30BaHHe npaTHbix conpqjKeHHbix CBH3efi b Kojibue c 33MecTH- 
TejieM onpe^ejiaeT niaBHoe HanpaBjieHHe peaKUHH. ripn rHflpnpoBaHHH 
a- hjih p-Ha(})TOJiOB na6jiio,naeTCH saMeraoe pa3JinqHe b ckopocth: (3- 
Ha(J)TOJi TH^papyeTCH HecKOJibKO Tpy^Hee h npn 6ojiee bmcokhx TeMne- 
paTypax. riojiyqaioin,Hecfl a- hjih (3-,neKarH,npoHa4)TOJibi (AeKaJiojibi) 
cymecTByiOT b BH^e qeTbipex erepeoH30MepHbix (|)opM KaJK^bifl; Hanpn- 
Mep, ajih p-^eKajiojia:

mpaHC- cpopMfci u,uc - <popMbi

JT. FIajib(})peH t54] Harneji, oflHaico, hto npn rH^pnpoBaHHH Hafl Ni 
PeHea a- h [3-Ha(])T0Jibi,nai0T ac-TeTpajiojibi, npnqeM b cjiyqae p-Haifmwia 
bhxo^ nocjie^Hero—KOjmqecTBeHHbiH, b cjiyqae ace a-Ha(j)TOJia ac-Te- 
Tpajioji nojiyqaeTCH c MeHbuiHM bhxoaom, Tax nan 6ojiee 30% ero npe- 
BpamaeTCH b TetpajiHH.

1 ac—coeflHHeHHH c 3aMecTmejieM b ajirniHKjnmeckom KOJibixe; ar—coeAHHewiH 
C 33MeCTHTeJieM B apOMaTHMeCKOM KOJIbUe.
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AHaJiorHMHbiM o6pa30M npoTenaeT rHApnpoBaHne oKcnaHTpaueHOB, 
OKCHcjDeHaHTpeHOB h ApyrHX apoMaTHHecKHx yivieBOAopoAOB c rnApo- 
KCH/ibHbiMH rpynnaMH.

ApoMaTHMecKHe aAbAernAbi, KeTOHbi h cnnpTbi npnMbiM niApHpoBa- 
HHeM b npoH3BOAHbie uHKJioreKcaHa c coxpaHeHHeM (J)y hkuhoh3a bHofi 
rpynribi nepeBecTH HeAb3A, TaK KaK b nepByio onepeAb BOceraHaBAH- 
BaioTCH cj)yHKUHOHa;ibHbie rpynnbi:

C6H5CHO -  -H—  c6h5ch3 

c6h6coc6h 6 — —  c0h5ch2c6h5 

c6h5ch2oh — —  c6h5ch3

THApHpOBaHHH apOMaTHHeCKOrO KOJIbUa HeoSxOAHMO 3amHUI.aTb 
Kap6oHHJibHyio rpynny. 3 to AOCTnraeTCA, HanpHMep, npeBpameHnein 
ajibAernAOB b mncfxfJOBbi ocHOBaHnn, KOTopbie 3aTeM rHApnpyioT n pac- 
menJiHKDT no cxeMe:

- h2o
C0H6CHO +  HjNCjHj ----- - C6H5CH=NC6H6

C6HsCH=NC6H5 ----- ► C6HuCH2NHC6Hn

QH, 1CH2NHC6H1, CeHnCH=NC0Hu

h2o
C6H11CH=NC6Hu ----- ► C6HuCHO +  CGHUNH2

HTo6bi 3ain,HTnTb Kap6oHHJibHyio rpynny, mojkho npHMeHHTb Me- 
toa npeBpameHHH ajibAernAa b aueTaJib c nocjieAyiouiHM rHApnpoBa- 
HneM:

C8H6CHO +  2C2H5O H ----- C6H6CH(OC2H6)2

C«H5CH(OC2H6)2 — *-*• C6HuCH(OC2H6)2 
h2o

CbHuCH(OC2H5)2 ------*- C6HnCHO +  2C2H6OH

3thmh >Ke MeTOAaMH mojkho noAynaTb n 3aMemeHHbie UHKAoreKCHA- 
aAbAerHAfai.

ilepBOHaMaAbHbie nonbiTKH rHApnpoBaHHH 6eH3o;ibHoro KOAbua 
b apoMamnecKiix khcaot3x 0Ka3aAHCb HeyAanHbiMH. OAHano 6wjio 
noKa3aHO, mo CAO>KHbie 3(})Hpbi rnApHpyioTCH HaA Ni-KaTaAH3aTopoM 
npn 160—165° npeBpamancb b cooTBeTCTByiomHe s^npbi unKJioreK- 
caHKap6oHOBbix khcaot. Xopomne pe3y;ibTaTbi nojiyqaiOTCH, ecAH tha- 
pnpoBaTb coah apoMaTHnecKHx khcaot noA AaBAeHneM c NiO-KaTaAH- 
3aTopoM.
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H30MepHbie (jyraJieBbie KHCJiOTbi rjiaAKO nepexoAHT npn niApHpoBa- 
hhh b reKcarn^ptxJjTajieBbie khcjioth, ho okchkhcjioth rHApHpyioTca 
3HaHHTejibHO TpyAHee [55]; npn stom m - h n-H30Mepbi o6pa3yioT Hop- 
MajibHbie npoAyKTbi THApHpOBaHHa

m -, n-C6H4'
OH

■COOH
M-, /1-C6H10'

OH

COOH

a o-H30Mepw AeKapfioKCHJMpyioTCH, npeBpamaacb b UHKJioreKcaHOJi:

/OH H
o-C6H4< ----- >- C6HnOH +  C02

N x >oh

TaKHe >Ke 3aKOHOMepHOCTH HafijiiOAaiOTCH h npn niApHpoBaHHH H30- 
MepHblX OKCHHa(J)TOHHbIX KHCJIOT.

rHApnpoBaHHe <JieHHJi3aMemeHHbix HCHpHO-apoMaTHaecKHx Kap6o- 
HOBbix khcjiot c pa3JiHMHOH ajihhoh h crpoeHHeM uenH npoTenaeT He 
c oAHHaKOBofi CKopocTbio. OrMeaeHO, hto KHCJiOTbi c C6H 5-rpynnoH b 
(0-nojioaceHHH rHApnpyioTca npHMepHO c OAHHaKOBOH CKopocTbio He- 
33BHCHMO OT AJIHHbl UenH. 3T0 ofiTjaCHHeTCH TeM, HTO MOJieKyjIbl aACOp- 
SnpyioTca Ha KaTaJiH3aTope cbohmh C6H 5-rpynnaMH, a SonoBbie uenH 
c CO O H -rpynnoft opHeHTHpyioTca HaA noBepxHocTbio KaTaJiH3aTopa.

BBeAeHHe C6H5-rpynn b HHbie noJiojKeHHa 3aMeTHO CHHJKaeT cko- 
pocTb THApapoBaHHa, Tax KaK b sthx cjiyaaax npn aAcopdHHH C6H5- 
rpynnbi KaTaJiH3aTopoM ocTajibHaa aacTb MOjieKyjibi AeftcTByeT SKpaHH- 
pyiome, 3aTpyAHaa AOCTyn BOAopoAa, hto bhaho H3 cjieAyiomHx npn- 
MepoB:

ch2cooh  ch2ch2ch2cooh CH3CH2CHCOOH
1 1 

ceH6 c6h 5
1
c6H5

u=100 99 35

CH3CH2CH2CHCOOH C6H5CHCOOH
1

C,HS
1

C,H5
0=11 16

Taxae 3aKOHOMepHOCTH Ha6jiioAaioTca npn rHApnpoBaHHH 3H3mh- 
TejibHoro MHCJia khcjiot.

7. THAPHpoBaHHe a30TC0Aep>KaiiiHX apOMaTMnecKHx coeAHHeHMH

ApoMaTHaecKHe aMHHbi npn rHApnpoBaHHH npeBpamaioTca b coot- 
BeTCTByiomHe HHKJioreKCHJiaMHHbi c o6pa30BaHHeM npoAyKTOB btophh- 
hhx peaKHHH. A hhjihh HaA Ni-KaTaJiH3aTopoM npH 190° o6pa3yeT CMecb
UHKJIOteKCHJiaMHHa C AHUHKJIOreKCHJiaMHHOM H HHKJIOreKCHJiaHHJIH-
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hom, a TafOKe Hedojibuine KOAHnecTBa 6eH30Jia, uHKAoreKcaHa h ah- 
(JjeHHjiaMHHa no cxeMe:

c6h 6n h 2 — ■-*■ C6HUNH2 

2C6H5NH2 ------► (C6h 6)2nh  +  nh 3

(C#Hs)2NH — —  (C6Hn)2NH 

C6H6NH2 +  C6HuNH2 ------► CgH5NHC6Hn +  NH:J

CgHgNHj C6H0 ► C,H12

3aMein,eHHbie aHHAHHbi Tnna G6H5NHR h C6H5NR2 AaiOT c xopo- 
IJUHMH BbIXOAaMH C00TB6TCTByi0III,He npOH3BOAHbie UHKJIOreKCaHa c He- 
6oA blllHM KOAH neCTBOM aJlH(J)aTHMeCKHX 3MHHOB BCAeACTBHe noSoMHbIX 
peaKunft rHApHpoBaHHH, HanpnMep:

/CH3 h CHjv
C8H5N < ----- -  CbH12 +  >NH

\ : h 3 CH/

HnKejieBbie KaTaAH3aTopbi npn HopMaAbHOM AaBAeHHH fibierpo Ae3- 
aKTHBnpyiOTCH, noaTOMy peaKUHH rHApnpoBaHHH apoMaTHnecKHx aMH- 
hob Jiymne Becm c NiO-KaTaAH3aTopoM noA AaBJieHneM hah HaA Pt- 
KaTaJiH33TopoM no OoKHHy— BHJiJibiiiTeTTepy

roMOJiorn aHHAHHa—TOAynAHHbi, kchahahhh h t . A-— rHApnpyioTCH 
TpyAHee h c o6pa30BaHHeM GoAbuioro nncjia nofioHHbix npoAyKTOB.

Ha(|)THAaMHHbi, Kan n HacJjTOJibi, npn rHApnpoBaHHH o6pa3yiOT ac- 
hah ar-TeTparHApoHa(J)THAaMHHbi, npnneM nepBbie npeo6AaAaioT:

NH2 n h 2 n h 2

THApHpoBaHHe a30KCH-. a30- h rnApa3ocoeAHHeHHH c pacmenAeHHeM 
MOAenyA no N = N - cbh3h nacTo npHMeHneTCH KaK aHaAHTHnecKHH Me- 
to a  a -ah onpeAeAeHHH cTpyKTyp pa3AHHHbix a30KpacHTeAen, Tan KaK 

*npn rHApnpoBaHHH o6pa3yioTCH Asa aMHHa:

R- 0 “ N = N - 0 - N R .  — ^  R- 0 ~ NHa +  h2n- ^ ^ - n r2

THApHpoBaHHe apoMaTnnecKHX hhtphaob  npoTeKaeT aHaAornnHo 
rnApHpoBaHHK) aAH^amqecKHx. npn rHApnpoBaHHH 6eH30HHTpHAa 
naA Ni-KaTaAH3aTopoM npn 170° h 10— 13 m m  pT. ct . 6h a  noAyneH 
6eH3aAbHMHH [28]

c6h8c= n — c6h 5ch= nh
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KOTopbifl Ha B 0 3 A y x e  6biCTpo T epn eT  NH3 h  n e p e xo A H T  b  rH A po6eH 3aM H A

C.H,CH

3CgH6C H =NH -----► C6H6CH( +  nh3

c6h5ch^

a n p n  ^ aJib H eflu ieM  rnApHpoBaHHH o 6 p a 3 y e T  6eH 3H JiaM H H . A H a jio r H q -  
Hbie n po ^ yK T b i n oJiyq aio T C H  n p n  rH A pn p oB aH H H  6eH 3H jiH HTpH Jia  
C6H5CH2CN.

8 . fH flpH pO BaH H e ajIHHHKJIHHeCKHX COeAHHeHHfi H TepneHOB

npn rH^pHpoBaHHH HeHacbimeHHbix Tpex-. qeTbipex- h nHraqjieH- 
Hbix aJiHUHKjiHHecKHx ymeBOAOpoAOB H hx npoH3BOAHbix jierno nponc- 
xoaht noJiHoe HacbimeHHe hhkjiob. U,HKJio6yTeH, HHKJioneHTeH, hhkjio- 
neHTa^HeH h hx npoH3BOAHbie HaA Pt hjih Ni npeBpamaioTCH b coot- 
BeTCTByiomHe npe^ejibHbie coe^HHeHHH. OAnaKo sth peaKHHH HaAO 
npoBO^HTb ocTopoxKHO, Tax KaK nepeqHCJieHHbie uhkjih, ocoSeHHO Tpex- 
h neTbipexHjieHHbie, noABepraiOTCH rHAporeHOJiH3y b cooTBeTCTByiomHe 
napa^HHbi (cTp. 415). XleftcTBHTejibHO, UHKJioneHTa^HeH h UHKJioneHTeH 
rhaphpyk>tch HaA Pt ynce npH 125° H. H. Ha3apoB [56] nyTeM uhkjih- 
33UHH AHeHHHOB (cTp. 521, 753) OTKpblJl HOBblH 0100)6 nOJiyqeHHH 
pa3Hoo6pa3Hbix 3aMem,eHHbix uHKjioneHTeHOHOB. FIpH rHApnpoBa- 
HHH IlOCJieAHHX 6bIJIH OTMeqeHbl HeKOTOpbie 3aKOHOMepHOCTH.

CKOpOCTb THApHpOBaHHH 3aBHCHT OT -HHCJia H XapaKTepa 33MGCTH- 
Tejieft. Xl,By3aMemeHHbie UHKjioneHTeHbi c oahhm 3aMecTHTejieM npn 
ABOHHOH CBH3H (1 H II ) THApHpyHDTCH B CIIHpTOBOM paCTBOpe C Pt OHeHb 
jierKo, TpH3aMemeHHbie c AsyMH 3aMecTHTejiHMH y  abohhoh cbh3h 
(III)— ropa3Ao TpyAHee. HajibHefiiiiee 3aMeAJieHHe peaKUHH rHAPHpoBaHHH 
nporpeccHBHo pacTeT c yBejwqeHHeM Beca 3aMecTHTejieft (npocrpaH- 
CTBeHHbie 3aTpyAHeHHn). B cjiyqaax HajiHqHH b HHKjie npn abohhoh 
cbh3h TaKHx yrjieBOAopoAHbix paAHKajiOB, Kan sthji h nponnji (IV), 
MeTHJI H H-OKTHJI (V), ABa (JieHHJia (VI) HJIH ABa MeTOKCĤ eHHJia 
(VII), THApHpoBaHHe HaA nJiaTHHofi coBepmeHHO He hact:

CH3
iii

1 || C2H5 
U - C 3H7 

1
1 II CH3 \ J —c8h17

i || Q B5 
N /  06H6

1 || C6II4OCI13 
C3H4OCH3

ch3 ch3
1

ch3
1

ch3
IV V VI VII

3th 33K0H0MepH0CTH BnojiHe corjiacyioTCH c pe3yjibTaTaMH, nojiy- 
qeHHbiMH C. B. JIe6eAeBbiM npH rHApnpoBahhh ojiecjwHOB (CTp. 350).
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IliecTHq̂ eHHbie u h k a h  c abohhhm h  cbh35imh (apoMaTHqecKHe co- 
eAHHeHHB, HeHacbimeHHbie aAHHHKAHqecKHe), Kan yx<e OTMeqaAocb, 
naA Ni-KaTaAH3aTopoM mojkho npeBpaxHTb b npoH3BOAHbie HHKAoreK- 
caHa. HeHacbimeHHbie ceMH- hah  BOCbMHqjieHHbie KOJibua KaTajiHTH- 
qecKH npncoeAHHHioT boaopoa , rHApapyacb b HHKAorenTaH hjih u h k - 
JiooKTaH. Tan, HanpHMep, UHKjiooKTaTpHeH jierKO npeBpamaeTcn b h h k - 
JiooKTaH:

CH=CH—CH=CH H CHjs— CH2—CH2— CH2
I I -----► I I

CH= CH—CH2—CH2 CH2—CH2-CH2-CH 2

n p n  BbicoKHX TeMnepaTypax qacTO Ha6jiioAaeTCH H30MepH3au,HH 
MHoroqAeHHbix uhkjiob b 6ojiee CTadHAbHbie iijith- h mecTHqjieHHbie:

CH3

MoHOUHKjiHqecKHe TepneHbi b npncyTCTBHH pa3JinqHbix KaTaJiH3a- 
TopoB JierKO rHApnpyioTCH b cooTBeTCTByiomHe HacbimeHHbie coeAHHe- 
hhh , qTO mo>kho ocymecTBHTb nocTaAHHHO. HanpHMep, ahmohch (I) 
cnepBa o6pa3yeT ahthapoahm ohch  ( I I ) ,  a 3aTeM c 33MeTHO MeHbmen 
CKOpOCTblO— MeHTaH (III):

PeaKUHio rHApnpoBaHHH mo>kho bccth CTporo H36npaTeAbHo: HaA 
Cu-KaTaAH3aTopoM o6pa3yeTca AHinb AHrnApojiHMOHeH (II), HaA Ni- 
KaT3AH3aT0p0M npH HOpMaJIbHOM HAH nOBblUieHHOM AaBACHHH— MeHTaH 
(III). MeTOAOM TaKoro H36HpaTeAbHoro npncoeAHHeHHH BOAopoAa 
oqeHb yAO^HO noAb30BaTbcn ajix onpeAeAeHHH noAOHceHHH abohhmx  
CBH3eft b MOAenyAe, hto , HanpHMep, 6h a o  npHMeHeHO npn H3yqeHHH 
CTpoeHHH KapBOHa (a):

no HOBbiM AaHHbiM rHApwpoBaHHe Aio6bix MOHOUHKAHqecKHx Tepne- 
hob h iix npoH3BOAHbix MO>KeT 6biTb ycneuiHO npoBeAeHO HaA KaTaAH- 
3 3 TOpaMH H3 KHCAOT MOAH6A6Ha, B3H3AHH, 4)OCcj)Opa HAH BOAbtJipaMa. 
Xopou iH e’ pe3yAbTaTbi AaeT h npHMeHeHHe Pt hah  Pt02. B nocAeAHeM 
cAyqae KapBOH niApHpyeTcn no cxeMe (6 ).
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6)

ch3
I
CH

Zn + C2H6OH+KOH H2C

CH3
I
c

HC C=0 
I I 

h2c ch2

I
c

H3C'/^CH2 Na+C2HsOH

c = o
I

CH,H2C
\ /

CH
I

C
H3C ^ C H 2

ch3
I

CH
/  \  /OH

H2C C<
I l X H 

H2C ch2
\  /

CH
I
c

HoC^CH,

ch31 ch31
c

I
c

^  \ *  \
HC C=0 H HC C=0 H

----- ► 1 | ----- ►
h2c ch2 h2c ch2

\ / \  /
CH1 CH1
c CH

H3C/^CH2 h3c//Xch3

ch31 ch31
CH CH

/ \ /  \
h2c c= o H h2c choh

— ► 1 1 — ► 1 1
H2C CH, h2c ch2

\  / \  /
CH1 CH

CH CH
HgC^CHa H3C ^ C H 3

KOMfiHHHpy  ̂ pa3JIHqHbie MeTOAbI THApHpOBaHHH H KaTa ÎH3aTOpbI, 
mojkho ncwiyqHTb jno6bie npoMejKyToqHbie npoAyKTbi peanuHH.

AHajiorHqHO mojkho rHApHpoBaTb SHUHKJwqecKHe TepiteHU HaA 
Cu, Pt, Pd hjih HHbiMH KaTajiH3aTopaMH, nojiyqaH HacbimeHHbie npo
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H3Bo,HHbie TyftaHa, KapaHa, nHHaHa, KaM(J)aHa h t . a - Mctoa rwApupo- 
b3hhh OKa3a^ca BecbMa noAe3HbiM npw H3yqeHHH npHpoAbi h CTpoeHHH 
AH- h nojiHTepneHOB.

MeTOA rHApnpoBaHHH 6bui npHMeHeH aah H3yqeHHH crpoeHHH Ka- 
POTHHOHAOB—COeAHHeHHH C MHOrOKpaTHbIMfl COnpjPKeHHbIMH CBH3HMH.

KapoTHH AHCTbeB, TpaBbi, MopnoBH h pa3JiHHHbix nacreii Apyrnx 
pacTeHHH, Kax noKa3a î xpoMaTorpa^nqecKHH aHajiH3, coctoht H3 cMe- 
ch a-. ?>- h y-KapoTHHa. KaTajiHTnqecKHM THApHpoBaHHeM 6buio ycTa- 
HOBjieHo, qTo ^-KapoTHH ( I )  npHCoeAHHaeT 11H2, a y-KapoTHH— 12H, 
( I I ) .  ConocTaBjieHHeM sthx pe3yjibTaTOB c AaHHbiMH, nojiyqeHHbiMH npw 
O30HHp0B3HHH H OKHCJieHHH, 6bIJIH paCUJH(j)pOBaHbI CTpyKTVpbl 3THX 
coeAHHeHHft:

h3c ch3

ch3 ch3 ' V 7
I I / \

CH—C=CH)2—(CH=CH—CH=C)2—CH=CH—C CH2n i
CH3—C CH,

1 \  /
CH,

(11C=C + 11H2 -------► u h c - cmJ

h3c CH,

V  '
C—(CH=

I JH,C C-CH,
\  /

CH,

H.,C CII:!

CH,
/

II2C C—(CH =C
I II

H,C C—CH:I 

CH,

CH:t

H3C CH.t

V  '
%

I—C=CH)2—(CH=CH—CH =C)2—CH=CH -CH CH
l

CH3-C  CH,
ii.

(I2C = C + I2HS -----► I2C—C// J
c:

TaKHM o6pa30M, y-KapoTHH OTAHqaercfl ct 3-KapoTHHa HajiHqqeM 
JlHIlIHeft ABOHHOH CBH3H (b He33MKHyTOH B KOAbUO npaBOH qacTH cf)Op- 
MVJIbl).

9. THAPHpoBaHHe reTepouHiuiHqecKHx coeAHHeHHfi

rMApnpoBaHHe nHTHHJieHHbix reTepou,HKJiHqecKHX coeaHHeHHM. FIpo- 
CTeftuiHMH reTepOUHKAHqeCKHMH COeAHHeHHHMH HBJIHH3TCH nHppO.T (I),
THo4)eH (II) h $ypaH (III):

HO CBOHM CBOHCTB3M H peaKUHHM 3TH BeineCTBa 6AH3KH K apOMaTH- 
necKHM ynieBOAopoAaM (oco6eHHO THo îeH) h MoryT, npHcoeAHHHH bo-
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AopoA, npeBpamaTbCH b ah- h TeTparHAponpoH3BOAHbie hjih, n pH  H3- 
6biTKe BOAopoAa, pa3MbiKaTb hhkji (cm. H3dHpaTejibHoe rnApHpoBaHHe, 
CTp. 392).

npH rH A pn p oB aH H H  (JiypaH a HaA N i-K a T a jiH 3 a T o p o M  n o jiy n a e T c a  
20—30% T eT p arH A p otJjyp aH a h H ed o jib m o e K O JinqecTB o 6 y T a H O Jia -l:

HC CH H H2C - ch2 h  H2c - CH*
II || ------- >- 1 — ► 1 |

HC CH h2c ch2 H3c ch2
/

o
\

o h/

ToM O JiorH  cJjypaH a c HeHacbim eHHbiMH 6 okobhmh u en n M H  rw A p H p y -  
iotch aH ajio rH ^ H O  cooTBeTCTByiom H M  a p o M a ra q e cK H M  coeA H H eH H H M ; 
HaA N i  P e H e a  n p n  komh3thoh T eM n e p a T yp e rH A p n p yio T C H  Jim u b  C - - C -  
cbb3h, n p n  90— 110° h 25 am— doKOBbie ite n n  h Kojibito.

TnoiJieH  h e r o  roM O Jiorn  c  odbiHHbiMH N i - ,  P t -  hjih P d -K a T a jiH 3 a T o -  
paMH He M O ryT 6bITb npO rH A pH pO B aH bl, T B K  K a K  HBJIHIOTCH aKTHBHbIMH  
K0HT3KTHbIMH HAaMH. B npHCyTCTBHH HCe CTOHKHX K OTpaBJieHHK) K a- 
TaJIH3aTOpOB, T3K H X, K aK M o S 2, THO(f)eH THAPHpyeTCH B TeTparH A pO TH O - 
4>eH, ho n p n  3tom 3HaqHTejibHO p acm en Jin e T C H  Ha d y r a jiM e p K a n T a H , 
d y t a H  h cep o B O A o p o A  (B. JT. M o jiA a B C K H H , 1934 r .) :

HC---- CH
il II

HC CH
\  /

S

H H2c - - ch2 H H2c ch2
-------► 1 ------► 1

,h2c ch2 H3C ch2
► h-C4H10 -|- H2S

s HS

THO(})eH y A a jio c b  TaK>Ke n e p e B e c r a  b  TeTparH ApO TH O ^eH  T H A p H p o B a- 
HHeM HaA Pd-KaTaJiH3aTopoM, ho noA AaBjieHHeM.

PacmenjieHHe THOiJieHa h ero roMOJioroB (thotojichob h thokcchob) 
HMeeT dojibiuoe TexHHqecKoe 3HaqeHHe ajih omhctkh MOTopHoro TonjiH- 
Ba ot cepHHCTbix coeAHHeHHH (odeccepHBaHHe 6eH3HHa). R j ih sthx u,e- 
jieft 6eH3HH odpadaTbmaioT npn 350—400° h 100—200 am boaopoaom 
b npHCyTCTBHH MoS2, MoS3, CoS, CoS/A120 3 h t . a - (Jiynuie Bcero, 
BepoHTHO, AencTByeT MoS,). B pe3y^bTaTe TaKoft odpadoTKH cepo.coAep- 
JKamne KOMnoHeHTbi 6eH3HHa pacmenjinioTCH, a HeHacbiui,eHHbie coeAH
HeHHH nepexoAHT b HacbimeHHbie, noaTOMy kohchhuh npoAyKT hb- 
jineTCH cTadHjibHbiM npn xpaHeHHH h JinuieHHbiM cepHHCTbix coeAHHe
HHH. ripHcyTCTBHe nocjieAHHX b 6eH3HHe oqeHb HeacejiaTejibHo, Tan 
KaK ohh AejiaioT ero HeBocnpHHMHHBbiM k T3C, AaiOT CHjibHbie Harapw 
H KOppOAHpyiOT CTeHKH UHJIHHAPOB MOTOpa. lloCJie OHHCTKH THApHpo- 
BaHHeM coAepxcaHHe cepbi b dypoyrojibHOM 6eH3HHe cHHJKaeTCH c 3,5— 
3,8% ao 0,2%. B cjiaHueBbix 6eH3HHax c bhcokhm hcxoahhm coAep- 
>K3HHeMcepbi (10,6%) nocjie cTadHjiH3aHHH rHApnpoBaHHeM h ohhctkh 
ot cepbi HaA 10% MoS2 npn 350° h 80—90 am AaBJieHHH BOAopoAa co- 
AepxcaHHe cepbi CHHJKaeTCH ao Hyjin (C. C. HaMeTKHH, 1940 r.).

OdbiHHO b pe3yjibTaTe CTadHjiH3auHH rHApnpoBaHHeM h ohhctkh ot 
cepb i 6eH3HH CT3HOBHTCH dojiee jieT yqH M , noqTH jihluchhum cepbi h o^e-
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4>hhob, ho 3aTO co^epjKHT 3HaMHTejibHO fiojibiue HacJyreHOB, apoMaTH- 
MecKHX yrjieBOAopoAOB h napacJjHHOB (npenMymecTBeHHO H30cTpoeHHa); 
t3khm o6pa30M, KaqecTBO 6eH3HHa 3HaHHTejibHO yjiyqinaeTca.

Ni PeHea oqeHb yAodeH a^h omhctkh 6eH30JibHbix ynieBOAopoAOB ot 
THotfjeHa h ero roMOjioroB npn noMomn BCTpaxHBaHHa npn KOMHaTHoft 
TeMnepaType. 3tot KaTaJiH33Top nvTeM AecTpyKTHBHoro rHApnpoBaHHa 
3a cqeT aAcopdnpoBah hoto hm BOAopoAa pa3pymaeT THÔ eHOBbie uhkjih 
c BbiAejieHHeM napa(J)HHOBoro yrjieBOAopoAa h cyjib )̂HAa HHKeaa no 
cxeMe:

HC---- CH Haac H2C-CH2
11 J I I +N iS

IIC CH Ni HSC CH3

I\vk. Odpn [57] 33MeTHji, hto Ni PeHea odjiaAaeT cnocodHOCTbio yAa- 
•THTb aTOM cepbl H3 HeOpraHHqeCKHX COeAHHeHHH, HO OH CMHTaJI 3Ty pe-
aKUHio HeKaTajiHTHqecKOH. 3aTeM >K. By>xo c coTpyAHHKaMH [58], P.Mo-
3HHTO C COTpyAHHKaMH [59] H APyTHe HCCJieAOBaTejIH OTMeTHJIH, qTO 
3TOT KaTaJIH33TOp CnOCOdeH «BbipbIBaTb aTOMbl cepbl H3 CaMbIX pa3HO- 
odpa3Hbix opraHnqecKHX coeAHHeHHH». n pn  HarpeBaHHH cyjib<|)HAOB, 
AHcyjiwjDHAOB, cyjib(])OHOB, cyjib^ioKHCJiOT h t . a - c Ni PeHea b cnnpTO- 
bom pacTBope CBa3b C—S pa3pwBaeTca c o6pa30BaHneM hobhx coeAH- 
HeHHH 6e3 yABoeHHa hjih c yABoeHHeM paAHKajiOB h NiS, qTO bhaho H3 
cjieAyromHX npwMepoB:

/SR
a) (C6H8)2C< — (C6H5)2CH2 +  2RH +  2NiS

\ SR Ni

6) 2 0 n
Y \ _ sh Hâ Y>AJ ni aJ
u 0

n
■ / V
■ ~ 0 (u

+  2NiS +  H2

S \ -
b)

V ' X /  
s

CH

C-COOH Ni

Ha«c / S -C H ,

\ /
CH,—COOH

+  NiS

r)
C6H5CH2.

c8h8ch2

Haju> - r 2C6H5CH3 +  NiS

A) S—CHa-CH-COOH

HN-CO-CgH5 Hajlc CH3CH-COOH
"ST** 2 I +  2NiS

HN-CO-C6H6 Nt HN-CO-C6H5

S_CH2—CH-COOH
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3tot cnoco6 b HacTOHm.ee BpeMH npHMeHneTCH ^jih yoTaHOBJieHHH 
CTpoeHHH cjio>KHbrx coe^HHeHHH, coAepjKamux cepy. T ax, HanpHMep, C . TappHc, P Mo3hhto h Ap. [60] npHMeHHjin odeccepHBaHHe co cne- 
JieTHblM HHKejieBbIM KaTaJIH3aTOpOM flJIH yCT3H0BJieHHH CTpyKTypbl 6ho- 
thh3 (I) h ero npoH3BOAHbix:

O
I!
c

o
II
c

/ \ / \
HN NH Haac HN NH

| I ----- >■
HC CH Nl HC—-C H

h 2c CH(CH2)4COOH h 3c CH2(CH2)4COOH

ITaKHM >Ke nyTeM H3ynaioT CTpyKTypbl pa3JiHHHbix npnpoAHbix co- e^HHeHHH, coAep>KainHX cepy.Flappo/i HaA HHKejieM PeHen npH 190° h HopMajibHOM AasjieHHH tha- 
pnpyeTCH c odpa30BaHHeM jwiub 25% nHppoAHAHHa, ho HaA njiaTHHofi 
hjth noA AaBAeHHeM bhxoa nnppojiHAHHa B03pacTaeT:

JXaAbHeftmHe HCCJieAOBaHHH noATBepAHjih, hto nHppoji h ero aji- 
KHAnpOH3BOAHbie (KpOMe N-3aMemeHHbIx) THApHpyiOTCH TpyAHO (c Bbl- 
xoaom He dojiee 47% nnppojiHAHHa). BBeAeHHe 3aMecTHTejiefl. oco6eH- 
ho k a30Ty. 3aMeTHO o6jierqaeT peaKUHio THApHpoBaHHH

6)

a) u
NH

H

CH;

CH,-
3 LI -C,H

H
-CoHK----

NH

I H | (47%)
\  /

NH

CH,--.- - | -QH5 

CH, - 1 H ^ - Q H ,  
NH

(70%)

B) u --
N
I

c 6h 5

H I (84%)
/

N
I
CflHr,

OAHaKo BBeAeHHe^KHCJiopoAcoAepmamHx rpynnnpoBOK (HanpHMep, 
COOR) CHH>KaeT cKopocTb rHApnpoBaHHH nonm ao Hyjin. ripHMHHbi 
bjihhhhh xapaKTepa 3aMecTHTejieft. erne Hen3BecTHbr.



9. rHRPHPOBAHHE rETEPOU.HKJIH 'iECKHX COERHHEHHP! 38.")

A H a /iorH 4 H O  n H p p o jiy  nHpa30Ji n p n  rH ApH poB aH H H  c ry n e H ^ a T o  
npeBpamaetCB b nnpa30JiH H  (I) h nHpa30JiHAHH (II):

Flo HeH3BecTHbiM npHHHHaM H30MepHbift nHpa30Jiy HMHAa30  ̂ He cno- 
COfieH THApHpOBaTbCH.

THAPHpoBaHHe uiecTHHJieHHbix reTepou,nKJiHwecKHx coeAHHeHHii. LUe- 
CTHHJieHHbie reTepouHKJiHMecKHe coeAHHeHHH, Kan h apoMaTHqecKne co 
eAHHeHHH, THApHpyiOTCH H3A N i, HO npH 9TOM peaKUHIO MO>KHO OCTaHO- 
BHTb Ha CT3AHH IIOJiyqeHHH npOAyKTOB HenOJIHOrO HaCbimeHHH. OpH 
rHApnpoBaHHH nnpHAHHa HaA P t, Pd, Ir hjih Os (Ha acCecTe) noA A3B- 
jieHHeM [61] o6pa3yeTca TeTparHAponapHAHH (I), ho HaA N i npoHcxoAHT 
HcqepnbiBaromee rHApnpoBaHHe b reKcarHAponnpHAHH (nnnepHAHH) ( I I ) :

BBeAeHHe 3aMecrHTejieH b MOJiexyjiy nnpHAHHa oSjierqaeT rHApnpo- 
BaHHe ero HaA N i PeHea. CaM nnpHAHH rHApHpyeTca npH 200° Jimub 
Ha 83%, npoH3BOAHoe c MeTHAbHofi rpynnoft, HanpHMep a-nHKOJiHH, 
AaeT Te ace pe3yjibTaTbi, ho BBeAeHHe (CH2)„C6H5-rpynn ofijierqaeT 
THApHpOBaHHe. BbIXOAbI M3 KCHM3 A bHbl AJIH 3c-6eH3HJinHpHAHHa, HO 
yBejiHaeHHe aJihhh 6okoboh uenw c C6H5-rpynnoH b <»-nojio>KeHHH Tpe- 
6yeT (5ojiee bmcokhx TeMnepaTyp rHApnpoBaHHa, npHqeM BbixoAbi
CHHHcaiOTca:

H H

ii

ii

\. /' 
NHN

\ ^ (CH2)2C6H5 
N NH

NHN

NHN

25 i). II. Aô tob
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Boo6me nnpHflHHOBbie xojibua rHApnpyioTCfl TpyAHee, qeM nHppojib- 
Hbie, MTO BHAHO H3 THApHpOBaHHB nHpHAHJinHppOJIOB H HX npOH3BOfl- 
hhx, b KOTopbix cnepBa BoccTaHaBJiHBaxrrcH nHppojibHbie, a 3aTeM y>xe 
napHAHHOBbie KOJibua:

- h-  n .
H

\ f  I H I
N \  / —CH:!

NH

I H I. 
\  /  
NH

NH

3aMecTHTejiH HrpaioT pemaiomyio pojib b cxopocTH rHApnpoBaHHH 
nHppojibHoro KOJibua b sthx coeAHHeHHHX. Tax, HanpHMep, BBeAeHHe 
CHgCO- hjih C2H5COO-rpynn CHHJxaeT cxopocTb rHAPHpoBaHHH ao 
HyjiH, b to BpeMa xax CHg-rpynnbi, bhahmo, He oxa3biBax)T Taxoro
BJIHHHHfl.

rHAPHpoBaHxe reTepoi^HKJiHqecKHx coeAHHeHHH c KOHAeHCHpoBaH* 
HbiMH xojibpaMH. X hhojihh HaA Ni-xaTaJiH3aTopoM npn 130— 140° 
o6pa3yeT aobojimio jierxo TeTpa- (I) h AexarHApoxHHOJiHH (II) . K ax h 
b cjiyqae rHApupoBaHHH HacJiTajiHHa hjih Ha<])TOJioB, MexcAy TeTpa- h Ae- 
xarHApoxHHOJiHHaMH ycTaHaBJiHBaeTca AHHaMHqecxoe paBHOBecne. G ie - 
AyeT OTMeraTb, hto npn THApHpoBaHHH xHHOJiHHa BOAopoA npe>xAe Bce- 
ro BCTynaeT b nHpHAHHOBoe xojibuo:

m ̂  (
v - v  ' ^

H
H

\  /  
NH V  NH
I IITax >xe BeAeT ce6n h h30xhhojihh: b npHcyTCTBHH Pt-qepHH oh o6- 

pa3yeT TeTparHApoH30XHHOJiHH ( I ) ,  ho c yBejmqeHHbiM xojwqecTBOM  
BOAopoAa h xaTajiH3aTopa nojiyqaeTCH h AexarHAp0H30XHH0JiHH (II):

I N
V V

H / \
I II H Ah

/ \ / \
H H

NH
\ y x /

aAexarHApoxHHOJiHH h AexarHApoH30XHHOJiHH, xax AexajiHHbi h Aexajiojibi, cymecTByxiT b BHAe AByx cTepeoH30MepoB xajxAbifi:

i(«c-H30Mep mpaMC-H3ouep

npH BOCCTaHOBJieHHH TOMOJIOrOB XHHOJiHHa HJIH eTO npOH3BOAHbIX 
BOAOPOA B npHCyTCTBHH N i MOJXeT THApHpOBaTb nHpHAHHOBoe HJIH 
6eH30JibHoe xojibuo, npnqeM ycTaHOBJieHbi cjieAyiomHe 3axoHOMep- 
hocth [62]:



9. rHMPHPOBAHHE rETEPOU.HKJlHHECK.HX COERHHEHHR 387

1) ecAH 3aMecTHTejib h3xoahtch b 6eH30AbH0M KOJibue, to CHaqa.ua 
THApHpyeTCH nHpHAHHOBOe KOJlbUO:

H R_/ ^ \ / \
I IIH '

NH

2) ec/iH 3aMecTHTejib HaxoAHTca b n h p hahhobom KOJibue, to cnepBa
rH^pHpyeTCH 6eH30jibHoe KOJibuo:

rri
% /\ s  
v  N

- R
/ \ / X
I H ||

S
N

- R

3) ecjiH  o 6 a K O jibua c o A e p w a T  3aM ecTHTejiH, to n ojiyn aeT CH  CMecb 
AByx TeTparH,npoH30MepoB:

R - r ^ V ^  H R— R _ / \ / \
f II 1_ R / ----- ---  K | II H I__R ' +  K I H II I

V  N NH V  N
-R'

TaKHe >Ke 33KOHOMepHOCTH yCTaHOBJieHbl H npH TĤ pHpOBaHHH UHH- 
XHHOJ1HH3 (I), XHH330JIHHa (II) H XHHOKC3JIHHa (III):

N
'V/\ s
v  N

II NV  \  'N N

N
^ S / V

III

XapaKTepHbiM npHMepoM rHAPHpoBaHHH a30TCOAep>Kamero reTe- 
pOUHKJIHWeCKOrO COeAHHeHHH H3 Tpex KOHAeHCHpOBaHHbIX IlieCTHHJieH- 
HblX KOJieU HBJiaeTCB anpHAHH, KOTOpblH ÔBOJIbHO I JiaAKO MOJKHO BOC- 
CTaHOBHTb b AHTHApoanpHAHH; np« 3TOM boaopoa npHcoe^HHHeTCB no 
Me30-CBB3H. ripn 6oJiee nnydoKOM rHApHpoBaHHH, npoTenaiomeM c Tpy- 
AOM, pa3pbiBaeTCH oaho 113 6eH30JibHbix KOAeu h o6pa3yeTCH 2,3-AHMe- 
thjixhhoahh:

' v A  l'\S'V  N v

CH,
\ / \

NH

, A A _ ch,

—CH,
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reTepouHKJiHMecKHe coe^HHeHHH, cocTOHiu,He H3 KOHAeHcnpoBaHHbix 
nHTH- h uiecTimjieHHbix u h k a Ob , rHApnpyioTCH TpyAHO h H eB cer^aA o  
KOHua. HanpHMep, h h ao a  HaA P t npeBpaiuaeTca b oKTarnApoHHAOA, 
ho HaA N r peaKUHH h a p t  c pacmenjieHneM nHTHHAeHHoro KOAbua h 
o6pa30BaHHeM o-mnyHAHHa:

_H_^ A | - CH3
Ni

Cbohctbom hhaoji a h ero  npoH3BOAHbix pacmenAHTbca npn phaph- 
P0B3HHH MO>KHO n0Ab30BaTbCH A^B OnpeAejieHHH CTpoeHHB 3THX CO
eAHHeHHH.

Kap6a3o;i rHApnpyeTCB c 6ojibuiHM TpyAOM. THApapoBaHHe o6jier- 
qaeTCH, ecjiH 6paTb N-3aMeui,eHHbie Kap6a30Jibi, ho h b stom cjiynae 
xoporno o6pa3yioTCH Jinuib TeTpa- h OKTarnAponpoAyKTbi:

rHApnpoBaHHe HMeeT 3HaHHTejibHoe npHMeHeHHe h npn H3yMeHHH 
pa3JIHHHbIX CJIOJKHbIX npHpOAHbIX COeAHHeHHH THna aJIKaAOHAOB.

10. M36HpaTejibHOe h KOHKypHpyromee rHAPHpoBaHHe

H36npaTejibHoe BAHHHHe KaxaAH3aTopoB HanOoAee qacTO BCTpenaeT- 
CH npH THApHpOBaHHH, H HanpaBJieHHe peaKUHH MOJKeT pe3KO H3MeHHTbCH 
B 3 3BHCHM0CTH OT KaT3AH3aTOpa H yCAOBHH npOUeCCa. XOTH 3T0T CAO>K- 
HbiH Bonpoc OKOHHaTejibHO eiue He H3yqeH, ho Bee ace AocTHTHyTbi 3Ha- 
HHTeAbHbie ycnexH, ocHOBaHHbie Ha Ooahuiom  4>aKTHqecKOM MaTepnaAe. 
PeaKUHH 3Toro rana mohcho pa3dHTb Ha ABe rpynnbi: u36upameAbHoe 
eudpupoeanue h KOHKypupytoipee eudpu.poea.Hue. IlepBoe oSycAOBAeHO 
TAaBHblM 06pa30M H3dHpaTeAbHbIM AeHCTBHeM K3TaAH3aTopa; BTopoe 
npeACTaBAHeT co6oh pacnpeAeAeHHe BOAopoAa MeacAy MOAeuyAaMH
pa3AHHHbIX BemeCTB B 33BHCHMOCTH OT KaTaAH33TOpa H yCAOBHH npO-uecca.

Pe3KOH rpaHH Me>KAy oOeHMH rpynnaMH peaKUHH npoBecTH HeAb- 
3H, TaK KaK npH AK)60M THApHpOBaHHH MOTyT nOAyMHTbCH npOMe>KyTOH- 
Hue COeAHHeHHH pa3AHHHOH CTeneHH HaCbimeHHOCTH BOAOpOAOH, KOH- 
KypupyioiuHe b npouecce AaAbHeumero HacbimeHna h m .
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H 3 6 H p a Te jib H 0 C Tb  rnflp H p oB a H H H  33BHGHT o t  M HorHX nepeM eHHbix: 
o t  BbiSopa h  cno co da  irpHroTOBJieHHH xa Ta JW 3 a To p a , o t  Te M ne p a Typbi, 
o t  cTp o e H H a  TH ^ p H p y e M o ro  Bem ecTBa, o t  np np oA bi p a cTB o p H Te jia  
H T. A . FIpHM epOB H36HpaTejIbHOTO THApHpOBaHHHM OJKHO npHBeCTH MHO* 
ro . B .  A .  Ka3aHCK HH h  A . J I .  JlnS e pM a H  ycraH O BH JiH  [6 3 ], m to  KCHJiojibi 
HaA O s -  h j ih  N i-K a Ta jiH 3 a To p a M H  o 6 p a 3 y x )T  c o o t b c t c t b c h h o  u, u c - h 
m p a n c -H30Mepbi o -A H M e TH jm n x jio re x c a H a . AH ajiorH M HO  Ha(])TaJiHH HaA 
O s  T H A p H p y e Tc n  JiHUib b  u,uc-AexaJiHH [6 4 ].

H 3 6 H p a Te jib H o e  rn A p u p o B a H H e  BHaMajie o 6t >b c h h j ih  npnpoAOH xa- 
TaJiH3aTopa. CMHTajiocb, m t o  N i rn A p n p y e T  h  xojibuo h SoxoByx) uenb, 
a Cu JiHiiib 6oKOByio uenb h  m t o  OHa BooSm e HecnocoSHa TH A pH pO BaTb 
KOJIbUO. OAHaKO 6bIJIO H3HA6HO, MTO KOJIbUO MOJXCT 6bITb THApHpOBaHO 
h Cu, ecjiH AoSaBHTb k  HeHAl20 3 h  b c c t h  npouecc noA AaBJieHHeM. H3- 
SHpaTeAbHoe AencTBne A l20 3-xaTajiH3aTopa npoHBJifleTcn npn BapbH- 
poBaHHH TeMnepaTypHbix ycAOBHH npouecca

H
RCOCeH5 ----

115°

115 am

140-180° 

115 am

RCHOHC.H6* *5

rch2c6 h 6IipHMeM BbIXOA npOAyKTOB IlOMTH XOJIHMeCTBeHHblH.
H30HpaTejibHOCTb peaxuHH noA BJiHHHneM TeMnepaTypbi npoaBJiaeT- 

c h  y  Kap6oHHjibHbix coeAHHeHHH [65]:
180-200°
---------► rch2oh

^  RCOOCH.R1 (ao 60-70%)

RCIIO
H

Cu

CHJIbHO BbipaweHHblMH H36HpaTejIbHbIMH CBOflCTBaMH ofijiaAaiOT cxejieTHbie xaTaAH3aTopbi ajih  pa3JiHMHbix bhaob rHApnpoBaHHH. Tax, HanpHMep, 3 . 3a(])HpHaAHC [66] ycTaHOBHji, mto l-({)eHHji6yTaAHeHHji-1,3-rexcHJixeTOH b STHjiaueTaTHOM pacTBope npn rHApnpoBaHHH HaA Ni PeHen npn 100 am b TeMeHne 3 Mac. b 33bhchmocth ot TeMnepaTypbi AaeT pa3AHMHbie xoHeMHbie npoAyKTbi: npn 40° rnApupyioTca jinuib aboh- Hbie C = C - cbh3h (a), npn 130° npoTexaeT rHApnpoBaHHe C = C - cbh- aen h BoccTaHOBAemie xapSoHHAbHOH rpynnbi bo BTopHMHO-cnHpTOByio rpynny (6), npn 260° nponcxoAHT rHApnpoBaHHe h 6eH30JibHoro xojibua(B):
40°

C6Hs(CH2 )4COC6H1 3

( .fil I5CH=CMCH=a icoc6h 1 3  -
130°
— ► C6H6(CH2 )4CHOHC6H1 3

260°
—  C6HJ3 (CH2 )4CHOHC6HI 3

( а )

(б ) 
(a )

rioapoCnee cm. ni. IV, ctp. 288
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Kan ynce yKa3bmajiocb,- H36HpaTejibHOCTb peaKUHH ocodeHHO npo- HBJiHeTCH npn rn^pHpoBaHHH 0Jie(f)HH0B, /^HeHOB, Henpe^ejibHbix KHC- JIOT H T. A- ApOMaTHMeCKHe MHOrOKOJIbMaTbie COe^HHeHHH, B 33BHCHMO- CTH OT yCJIOBHH H KaTaJIH3aTOpa, MOryT rHAPHpOBaTbCH pa3JIHMHO. Tan, HanpHMep, aHTpaueH c CoO-KaTajiH3aTopoM b  pa3JiHqHbix ycjio- 
b h h x  A a e t c jie ^y io m H e  n p o A yK Tb i:

Hafl N i npn 15 a m  h 180—200° o 6 p a 3 y e Tc a  o K Ta rn ^ p o a H T p a u e H  
( 3a 1,5 q a c a ), h t o  yK a3biB aeT Ha 6 o jib iu y io  rH A p n p y io m y io  cnocoS H ocTb  Ni no cpaBHeHHio c C u . HaA N i-K a Ta JiH 3 a To p o M  npH 125 a m  h  260° 
aH Tp a ue H  rH A p H p y e T c a  T p e x c ry n e H q a T o  b  T e T p a -.  Aena- h  neprnApo- 
aHTpapeH.H36HparejibHOCTb rHApnpoBaHHH oeo6o OTqeTJiHBO npoaBJiaeTca 
b cjiyqae coeAHHeHHH c HecKOJibKHMH HepaBHOueHHbiMH no nojioJKeHHio KpaTHbIMH CBH3HMH. qTO HTpaeT B3>KHyiO pOJIb B XHMHH flyUIHCTblX Be- mecTB, Kor^a HaAo peuiaTb Tanne Bonpocbi, nan rHApnpoBaHHe Jinuib 
o a h o h  Henpe^ejibHOH CBH3H (HanpHMep, nojiyqeHHe HenpeAejibHbix cnnp- 
t o b  H3 HenpeAejibH bix a jibA e rH A O B ).B t 3 k h x  cjiyqanx pemaioipee 3HaqeHHe h m c io t  Bbi6op KaTajiH3aTopa H HOCHTejIH, KOHHeHTpaUHH KaTaJIH3aTOpa, paCTBOpHTejIH, BpeMH, AaB- jieHHe h  Apyrne 4>aKTopbi. Tan, HanpHMep, npn rHApnpoBaHHH KapBO- Ha HaA Pd-qepHbio 6biJio noKa3aHO, h t o  cnepBa rHApnpyeTCH ojie<J)HHO- Baa C=C-CBH3b b  Oo k o b o h  uenn, a 3aTeM y>Ke CBH3b b  KOJibue:

c h 3t c h 3 c h 311
c

1
c CH

^  \ / \

X -r
>

-D
II o H HC C = 0  h h 2c  c = o

h 2c c h 2

_| | ______ »
h 2c c h 2 h 2c  c h 2

\  / \ / \  /
CH CH CH

C CH
1

CH
h 3c ^ c h 2 h 3c/ \ c h 3 h 3c/ ^ c h 3

TH A p H poB aH H e  b  re pa H H O jie  K p a n iO H  c b h 3h  b  nojioHceHHH 2,3 HaAo 
BecTH npn 3 a m  h  90° HaA N i Ha K io e jib r y p e . O e H H Jia n p o jie H H  n o jiH o cTb io  
npeBpam aeTCH b  4>eHHjmponHOHOBbiH a jib A e rH A  b  p a cTB o p e  9(})Hpa c N i
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PeHea, a HaA Pt npa o6biaHoa TeMnepaType—b (JjeHajiajuiajioBbia cnap
H T. A-

Heo6xoflHMOCTb tohhoto nofl6opa ycjioBaa raApnpoBaHHH o6ycAOB- 
/iHBaeTCfl h TeM. aTO AymacTbix BemecTB Tpe6yerca aacroTa npoAyK- 
tob, Tax Kaa cMecH HMemT HCKa>KeHHbie 3anaxH. KpoMe Toro, npa raA- 
pnpoBaHHH 3anax cjiafieeT co CTeneHbio HacbimeHHa, mto bhaho H3 cjie- 
Ayromero npaMepa:

CHav
>c = c h c h 2ch .c = c h c h o  

c h /  I
c h 3

CH

CH,

I
3̂ >c = c h c h 2c h 1c = c h c h2o h  

c h 3

UHTpajib (cHJibHbifl 3anax jiiimohs)

repaHHOJi (3anax po3bi)

CH~
>C=CHCH2CH2CHCH2CHsOH

C H /
CH,

c h 3.

CH.,
CHCH2CH2CH2CHCH2CH2OH 

I
CH,

UHTpOHe^JlO^ (TOHKHft 3anax p03bl)

2 , 6-flHMeTHJI OKTaHOJI -8
(cjiafibift 3anax)

H3-3a CBoero hokhoto h aacToro 3anaxa uaTpoHejuioji b nap$K)Me- pHH 6ojiee ueHHTca, aeM repaHHOJi. Ha ottchkh 3anaxa 6ojibiuoe BJiaa- Hae OKa3biBaeT no/io>xeHae abohhoh CBa3H a CTepeoa30Mepaa. Tax, HanpaMep, H30MepHbia repaHaojiy HepoA aMeeT 6ojiee He>xHbia 3anax.
H36apaTejibHOCTb 6biJia ycraHOBJieHa a npa raApnpoBaHaa rjiaue- 

paAOB HenpeAejibHbix Kap6oHOBbix xacnoT ajia caMax kbcjiot .
npa raApHpoBaHaa pacTHTejibHbix Maceji 6ojibinyio pojib arpaeT 

noAOJKeHae AsoaHbix CBa3ea b MO^exy.ae: cxopocTb peaxpaa TeM M ed
iae, aeM AaAbine HaxoAHTca C=C-CBH3b ot xap6oxcajibHoa rpynnu 
AeoaHbie CBa3a moxav 9 a 10 a 13 a 14 aTOMaMa yrjiepoAa raApnpy' iotch Jierae, aeM Me>xAy 15 a 16 aTOMaMa.

Ctoab >xe xapaxTepHbi peaxuaa raApnpoBaHaa HenpeAejibHbix xac- 
aot. HanpaMep:

CH3(CH2')7CH=CH(CI U)  7c o o h

N1
-  -► CH3(CH2)16COOH

ZnCrOj
------► CH,(CH2)-CH=CH(CH.,)7CH2OH
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OqeBHAHO, mto npH rHApHpoBaHHH naA N i MOjieKyjibi HenpeAejibHbix 
khcjiot aflcopfinpyioTCH C = C -C B H 3bio, Hafl Z n C r0 4— rpynnon C O O H . 
npeBOCXOflHbIM npHMepOM H36HpaTejlbHOrO A6HCTBHH K3TaJIH3aTOpOB 
HBJiHeTCH rHApnpoBaHHe (Jjyp(J»ypojia. HaA Ni-KaTajiH3aTopoM npn 170° 
4>yp4>yp°Ji *iepe3 a-MeTHjiTeTparHApo<J)ypaH o6pa3yeT neHTaHOJi-2 (a). 
HaA P t 0 2-KaTaJM3aTopOM npH 40—50° (6)—TeTparHApcx^ypHjioBbifi cnapT, 
neHTaH^HOJi-1,2 h neHTaHOJi-1: HaflNi PeHen (b) npn 60'—70°—tjjypHjio- 
Bbifl cnnpT, a npn 80—90°—TeTparH^potJjypHJioBbm cnHp-r: 

a) HaA Ni-KaTaJiH3aTopoM (170°)
HC-----CH H HC-----CH H HC-----CH h

II !! ----- II II ---- ► ' II ----
HC C—CHO HC C—CH2OH HC C—CH3

O O O

H2C-----CH2
I I

H2C CH—CH3

o

h 2c —c h 2 
I I

h 3c  c h o h —c h 3

6) HaA P t02-KaTajiH3aTopoM (40—50°)
HC-----CH H HC-----CH H H2c -----CH2 h

II II ------- II II ----- - I I -----
HC C—CHO HC C—CH,OH H2C CH—CH2OH

\  /  \  /  " \  /
0 0 o

H H2c ---- CH,

H3C CHOH—CH2OH H3C CH2—CH2OH

b )  Ha a  N i  P e H e a  (60—90°)
h2c^ ch2

60—70°

1̂  J —CHO 
o

U-
0

CH2OH

80—90°

CH,OH

HaH6ojiee y^a^HbiM 06'bHCHeHHeM H36HpaTejibHOCTH npn KaTajiHTH- 
qecKHx peaKpHHX hbjihctch npeAnojioJKeHHe, hto AencTBHe rHApnpyio- 
IH.HX KaTaJIH33TOpOB 33BHCHT OT TOrO, KaK aACOp6HpyeTCfl MOJieKyjia 
Beui,ecTBa noBepxHOCTbio KaTajiH3aTopa, t . e. ot npeAfiapHTejibHoro 
o6pa30BaHHH KOMnjieKca c KaTaJiH3aTopoM, a Taione ot cnocofiHOCTH
KaTaJiH3aTopa aACopSnpoBaTb boaopoa. KoHueHTpaunn BOAopoAa b 
aAcopdapoBaHHOM cjioe h onpeAejineT rjiySHHy THApapoBaHHa. H 3Becr- 
ho, hto P t h Pd oqeHb xopomo aACop6HpyioT boaopoa vace npn HopMajib-
HOM AaBAeHHH; ITOSTOMy OHH aKTHBHbl H npH HOpMaJlbHblX yCJIOBHBX
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h npn noBbiuieHHbix AaBJieHHax. 3to >Ke othochtch k Ni PeHea, koto- 
pbiH oSbiMHO coaepjKHT CTOJib dojibiuHe KOJwqecTBa aACopSHpoBaHHoro 
BOAopoAa, hto MO*eT npoBOAHTb rHApnpoBaHHe 6e3 noAaqn BOAopoAa 
H3BHe. 06bmHbiff BoccTaHOBJieHHbift Ni odjia^aer MeHbuieft aACopduHOH- hoh cnoco6HOCTbio, noaTOMy oh 6oJiee aKTHBeH npn noBbiuieHHbix AaB- 
JieHHHX, Kor^a KOHneHTpauHa BOAopoAa b noBepxHOCTHOM cjioe noBbi- 
inaeTca. OdbiKHOBeHHbie Cu-KaTaJiH3aTopbi aAcop6npyioT boaopoa eme 
MeHbrne, ho AodaBKH A120 3 noBbiuiaioT BejwqHHy aACop6uHH, nosTOMy 
Cu-Al20 3-KaTaJiH3aTopbi TaKHce cnocodHbi rHApnpoBaTb apoMaTHqecKHe 
Kojibixa /iHLiib noA AaBjieHHeM. CMeuiaHHbie KaTaJiH3aTopbi H3 okhcjiob , t . e. THna MeTaHOJibHbix, HanpHMep CuO-Cr2Ox, Zn0Cr.,03, no toh 
>Ke n p nq H H e  craHOBaTca aKTHBHHM H jwnib npn 50— 300 a m .

TaKHM o6pa30M, ajih  npoBeAeHHH rHApnpoBaHHa KaTaJiHaaTop ao ji- 
>KeH xeMOCop6npoBaTb 3HaqHTejibHbie KOJinqecTBa BOAopoAa. Xopomne 
KaTaJiH3aTopbi aACop6npyioT h aKTHBHpyioT boaopoa n rHApnpyeMbie 
BemecTBa, noAAep>KHBaa hx b Hy>KHbix cooTHomeHHax, a Tax>Ke jierxo 
Aecop6npyiOT npoAyKTbi peaKUHH. IlpaBHjibHOCTb Taxnx BbiBOAOB noA- 
TBepxtAaeTca sxcnepHMeHTaJibHO, Tan nan qacTO cooTHomeHHe nojiy- 
qaeMbix npoAyKTOB 33bhcht ot AaBjieHHa. HanpHMep, 3(J)Hp a-aMHHO- 
aueToyKcycHOH khcjioth  (I) npn 80° h 120 a m  AaeT HCKJiioqHTejibHO 
npoH3BOAHoe nnpa3HHa (II), a npn 320 a m —niaBHbiM o6pa30M sthjio- 
BblH 3(J)Hp a-'aMHHO-p-OKCHMaCJlHHOH KHCJIOTbl (III):

C jieA O B aTejibH O , n p n  OojibUJHX AaBJieHHax noBbim eHHaa K O H ue H Tpa - uhh BOAopoAa b aAcop6npoBaH H O M  cjioe  n p e n a TC TB y e T  o6pa30BaHHio 
nHpa3HHOBOH rp y n m ip o B K H  h  S jia ro n p H a T C T B y e T  JiHinb BoccraH O BJie - 
HHIO B STHJIOBblH 3(})Hp Ot-aMHHO-P-OKCHMaCJIHHOH KHCJIOTbl (III) .H36HpaTejibHOCTb niApHpoBaHHa npoaBJiaeTca TaK>Ke b cneuHtfmq- HOCTH AenCTBHH KaT3JlH3aTOpOB B 33BHCHMOCTH OT CTpOeHHH peaTHpyiO- lh,hx MOJieKyji. H3BecTHO, hto Ni Sojiee aKTHBeH no OTHouieHHio k C = C -  cbh3h , qeM k C = 0 - cbh3h , a C u C r0 4 — Hao6opoT. ripnaHHa H36npa- TfiJIbHOCTH 3aKJHOqaeTCH, BepOHTHO, B CnOCOtfHOCTH 3THX KaTaJIH33T0p0B aACopfinpoBaTb MOJieKyAbr* peareHTa opneHTHpoBaHHo; OjiaroAapa sto- My pa3JiHqHbie qacTH sthx  MOJieKyA AetfiopMHpyioTca h aAcopSnpyioTca aKTiiBHbiMH MecTaMH KaTajiH3aTopa. C  noBbimeHHeM TeMnepaTypbi 3Ta cneitH({)HqHOCTb CTHpaeTca. npexpacHbiM npHMepoM Taxon H36npaTejib-

^  /
CH3-C - C H —COOC0H5 

II I
O NHL

NIIH c h 3—c h —c h—c o o c 2h 5

0am OH NH2III
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HOCTH KaTaJIH33TOpOB HBJIHeTCH BOCCT3HOBJieHHe STHJI-jii-iJieHHJinponHO- 
H a T a H a ^ N i - H j i H C u C r 0 4-K a T a JiH 3 a T o p o M n p H  p a s JM H H b ix  T e M n e p a T y p a x . 
H a a  N i  n p n  2 0 0 ° o6 p a3 yeT CH  HCKjnouH TejibH O s T H ji-p -U H K jio re K C H jin p o -  
nHOH3 T (a ) , H afl C u C r 0 4 n p n  2 5 0 °— p-cJieH HJinponH JioBbifl c n n p T  (6 ) . 
H a K O H e u , npH  3 3 0 ° H a# o6ohmh K aT ajiH 3 aTopaM H  n o jiyu a eT C H  jinuib 
U H K jto reK C H jin p o n a H  (b):

—c h 2c h 2cooc 2h 6

Ni -CH2CH2COOC2H5 (a)
200°

v /

H CuCr04
A -

-ch2ch2ch2oh (6)
250°

u

Ni iijih CuCr04
( H I “- ch2ch2ch3 (b)

330’
\ /

F lp o u e c c b l K O H K yp H p yiO m erO  THApHpOBaHHH CBH3aHbI CO CKOpOCTblO 
p a c n p e ^ e jie H H H  B O A opoA a M ejK Ay A syM H  h j ih  6 6 jibuiHM  h h c j i o m  p e a r n -  
p y io u iH x  COeAHHeHHH.

3 T a  o 6 jia cT b  H 3yqeH a em e HeAOCTaTOHHO, T a x  K a n  B o n p o c  ycjio>K- 
HHeTCB TeM, HTO CKOpOCTb THApHpOBaHHH B CMCCH o 6 bIHHO HH3H, HeM 
n p n  pa3AejibHO M  npoBeAeH H H  n p o u e c c a . K o H K y p H p y io m e e  rH A p n p o B a -  
HHe HMeeT Ba>KHoe 3H aueH H e b c jiy n a e  M H oroKO M noneHTH bix chctcm: 
T H A p u p o B a H n e hchpob, A ecrp yK T H B H o e rH A p n p o B a H H e CM ecefi y rjieB O -  
A opoA O B  h t . A- Bo3mo>kho TaK>Ke, uto M H oru e HHAH BHAyajibHbie Beiue- 
CTBa, rH A p n p y io m H e cH  c ry n e H n a T O , o 6 p a 3 y io T  CM ecn npoMe>KyTOMHbix 
coeA H H eH H H , a sth n o cJie A H H e, b cboio o u e p e A b , Hacbim aioTCH A a Jie e  bo- 
AOpOAOM C paSJIHHHOH CKOpOCTblO.

HccjieAOBaHHe OTHOcHTejibHOH ckopocth rHApupoBaHHa CMecn AByx 
apoM aTHM ecKH X coeAHHeHHH n p o B ejiH  B .  B .  H n a T b e B , M .  H .  Jle B H H a  
h A .  M .  K a p j i6j i0 M [6 7 ]. F lo  hx AaHHbiM , ecjiH  Ha K aT ajiH 3 a T o p e  M o ryT  
n poT eK aT b  A B e K O H K yp H p yio iu H e p e a x u H H , ajih KOTopbix oahh H3 kom- 
noHeHTOB (boaopoa) HBJineTCH oSiuhm, to nocjieA O B aT ejibH O CT b o 6 e n x  pe- 
aKUHH onpeAejiaeTCH bcjihhhhoh cboSoahoh SHeprHH AF K3>kaoh  p e a x -  
UHH B OTA6JIbHOCTH. E C JIH  HX CB060 AHbie 3H6prH H  OAHHaKOBbI, TO p e a K -  
uhh n p o T exaiO T  c  p aB H o fl C K o p o cT b io . B  CM ecn n p eA n o u T H T ejib H ee 6 yAeT  
n p o T e x a T b  Ta p eaK U H H , C B o S o A H aa  S H e p rn H  KOTopoft S o Jib u ie . B  p e 3y jib -  
TaTe 3T oro KOHueHTpaitHH KOM noHeHTa, rH A p n p y io m e r o c H  b n e p B y io  
o q e p e A b , n ocren eH H O  yfibiB aeT , h CBofioAHbie 3H eprH H  o d e n x  peaKUHfi 
ypaBH O BeiuH BaioTCH , BCJieACTBne q e r o  n poT eK aioT  o d a  n p o u e c c a  thaph- 
pOBaHHH.

Ecjih HMeioT MecTO ABe KOHKypHpyioiuHe peaxuHH

A  +  n\\2 —► AW  

B  - f mH2 -*- B H
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to 3HaqeHHH cbo6oahhx  SHeprnH sthx  peaKUHfl cooTBeTCTBeHHO xapaK- 
repH3yioTC5i cjie^ytomHMH ypaBHeHHHMH:

AFj =  AF° +  RT In
[A ll H,]" 

M »]

AF2 =  AF° +  RT In [BH]
ripn HacTynJieHHH MOMeHTa paBeHCTBa cbo6oahhx SHeprHft, t . e. 

npn A F ^ A / v

AF, +/?F In
[d] W  

MH] =  AFo +  RT In [FHJ

HJIH

AF° — AF° =  — RT In
P4][H 2]".[£H]
[B ][H 2r .[y iH ]B cAyqae paBeHCTBa ,n = m , t . e. npHcoeAHHeHHH paBHbix KOJiHqecTB H 2, Bbipa>KeHHe ynpomaeTca:

A F. — A F„ =  —/?T
[/4][FH]

BejiHMHHy ~ B . B . HnaTbeB Ha3Baji K0HCT3HT0H THApH-poBaHHH l\, KOTopaa He 33bhcht ot AasjieHHH BOAopoAa h ot rjiydHHbi npouecca.
KoHKypHpyramee rHApnpoBaHHe 6HHapHbix CMecefl apoMaTHqecKHx 

yrAeBOAopoAOB (6eH30A c TOJiyojioM, >;-kchjiojiom, 3THji6eH30Ji0M, Me- 
3HTHJieHOM HJIH H30np0nHJl6eH30JI0M) B pa3JlHHHbIX yCAOBHHX HaA N i-, Pd- hjih MoS2-KaTaJiH3aTopaMH noKa3ajio, mto KOHCTaHTa ckopocth 
peaKHHH rHApnpoBaHHH

apoMaTimecKHft yr.ieBOAopozi 
ajiHUHKjnmecKHH yr.ieBOflopoAnaAaeT c yBejinqeHHeM a-ahhu ajiKHJibHOH uenn h oco6eHHO pa3BeTB AeHHOCTH, TaK KaK 6eH30A rHApnpyeTca 6biCTpee, qeM jiio6oh BTopofl KOMnOHeHT CMeCH. THAPHpOBaHHe TpOHHOH CMeCH 6eH30JI— TOJiyOA—H30- nponHA6eH30A noKa3ajio Ty Hce 3aK0H0MepH0CTb: 6eH30Ji rHApnpyeTCH naH6ojiee 6bicTpo, H3onponHJi6eH30Ji— HaHfioAee MeAJieHHO. 3to noA- TBep>KAaeT BJIHHHHe npOCTpaHCTBeHHbIX (|)aKTOpOB, HeOAHOKpaTHO OT- MeqeHHblX pa3AHqHbIMH 3BT0paMH.1 IccjieAOBaHHe CMecn ojiccJjhhob c apoMaTHqecKHMH yrjieBOAopoAaMH no KOHKypupyiomeMy rHAPHpoBaHino b pa3JiHMHbix ycAOBHHx b npH- cyTCTBHH N i noKa3ajio, qTOBCMecax aMHjieH—6eH30A, aMHAeH -TOJiyOA. aMHAeH— kchjioji ( 1 : 1 )  ojiec{)HH rHApHpyeTca nojiHocTbio, apoMaTHqe- CKHe >«e yrAeBOAopoAbi Ha 4—7%. 3KcnepHMeHTajibHbie AaHHbie B . B . HnaTbeBa, M. H . JIcbhhoh h A. M . KapjiSjioM noATBep>KAaioT sth



396 r.i. VI. KA TAJ1HT HHECKOE rHMPHPOBA HUE H BOCCTAHOBJ1EHHE

33KOHOMepHOCTH. B Tex >Ke yCJIOBHHX HHCTblH 6eH30JI rHflpHpyeTCfl H3 73°o, Tojiyoji— Ha 3% , kchjioji— Ha 4% .
npH THApHpOBaHHH CMeCH 6eH30Jia C aMHJieHOM, KOTOpblH HMeeT MeHb- 

IHyK) BeJIHHHHy SHeprHH aKTHBaUHH, CKQpOCTb THApapOBaHUH 6eH30Jia 
3H3MHTejibHO naAaeT (Ha 27% bmccto 73% b 50%-hoh cmcch).

CMecH AHH3o6yTHjieHa c 6eH30Ji0M hjih TOJiyojiOM a sjih  He MeHee 
HHTepecHbie pesyjibTara. J\nn. nojm oro rHApnpoBaHHH AHH3o6yTHJieHa 
TpedyeTCH 6 qac. npH 40°; b npHcyTCTBHH >Ke 6eH30Jia Ha rH^pnpoBaHHe 
33TpaHHBaeTCH 6 qac. npn 50° h em,e /jonojiHHTejibHO 6 qac. npn 40°; 
npnqeM 6eH30ji ocTaeTca Hen3MeHeHHbiM. AHajioruqHbie pe3yjibTaTbi 
nojiyqeHbi h c TOJiyojiOM. ApoMaTHqecKHe ymeBOAopoAbi, bhahmo , caMH 
He rHApnpyHCb, OKa3biBaioT 3aMeAJiaioiuee AeftcTBHe Ha THApapoBaHne 
AHH3o6yTH^eHa. Te ate onbira, npoBeAeHHbie npn HopMajibHOM AaBJie- 
HHH II 115— 175° C AHH306yTHJieH0M H TOJiyOJIOM, nOKa3aJIH, MTO A H H 3 0 -  

SyTHjieH Ha 100% npeBpaiuaeTca b H300KTaH, Tor^a Kan rencarHApo- 
Tojiyojia o6Hapy>KeHO Jinuib 1—2% . Ojiec})HHbi b CMecH c apoMaraqec- khmh yrjieBOAopoAaMH rnApapyioTCH bo mhoto pa3 ObiCTpee nocjieA-
HHX.

He MeHee HHTepecHbie 33K0H0MepH0CTH HadjnoAaiOTCH npH THApapo- b3hhh a-nHHeHa h OHHapHbix CMecen ero c pa3HbiMH opraHHqecKHMH 
coeAHHeHHHMH HaA Pt. pHCTbift a-nHHeH rHApnpyeTCH SbiCTpee, qeM 
KopnqHaH KHCJiOTa, ho b CMecH a-nHHeH— KopnqHaa KHCJioTa nocjieA- 
hhh rHApupyeTCH 6biCTpee. PlHHeH h oKTeH THApapyiOTCH npHMepHO c oAHHaKOBOH CKopocTbio, ho b CMecH oktch rHApapyeTca b nepByio 
oqepeAb. A jijihjiobhh  cnHpT rHApapyeTca b 7 pa3 MeAJieHHee nHHeHa, 
oAHaKo b CMecH c nHHeHOM aJiJiHjioBbift cnapT rHApapyeTca paHbine 
riHHeHa.

B. KATAJ1HTHHECKOE BOCCTAHOBJIEHHE

B npoueccax BoccTaHOBjieHHH AeftcTBHe BOAopoAa HanpaBJiaeTca 
Ha KHCJiopoACOAep>KamHe rpynnbi. Kan y>Ke ynaaaHO, Bee OTHOcamneca 
eioAa peaKUHH mojkho noApa3AejiHTb cjieAyioiuHM o6pa30M: 1) Bocera- 
HOB/ieHHe 6e3 BbiAejieHHa boah h 2 ) BoccTaHOBjieHHe c BbiAejieHHeM boah.

1. BoccTaHOBjieHHe 6e3 BbiAejieHHH boam

Be3 BbiAejieHHa b o a h  n p o H c x o A H T BoccTaHO BjieHHe KapSoH H JibH bix 
r p y n n  a o  o6pa30B aH H a nepBHqHbix h jih  B TopH qH bix cn n p TO B  h j i h , 
b cjiyqae oKCHaJibAerHAOB h j ih  o k c h k 6t o h o b , a o  co o TB e TC TB yio iu n x  
MHoroaTOMHbix cn n p TO B  h  t . n.

BoccTaHOBjieHHe aJibAerwAOB h kctohob . AjiHcJiaTHqecKHe a.nbAe- 
THAbl H KeTOHbl MOTyT ObITb BOCCTaHOBJieHbl B cnnpTbi HeK3TaJIHTHqe- 
CKHMH MeTOAaMH, HanpHMep UHHKOM C yKCyCHOH KHCJIOTOH, HO 3TH 
peaKUHH mohcho npoBOAHTb KaTaJiHTHqecKH b npncyTCTBHH Ni, Pt- 
qepHH, KOAJiOHAaJibHOH Pt h jih  Pd h  AP- HenpeAejibHbie ajibAerHAbi 
b Tex >Ke ycjioBHax o6pa3yioT npeAejibHbie ajibAernAbi h  cnap™. 
O A H aK o m o >k h o  npoBecTH BoccTaHOBjieHHe, He 3 a Tp a rH B a a  a b o h h o h
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C = C - cbh3h . Tan, ajih noAyqeHHH HenpeABAbHbix cnnpTOB noAb3yioT- 
ch P t, ocjiadJieHHoft AeficTBHeM coAeii Fe:

ch2= chcho - - * ■  CH2 =CHCH2OH

ZIa h  BoccTaHOBJieHHH aAbAerHAOB h ah  KeroHOB b cnHprbi Ayqme 
npHMeHHTb Cu-KaTajiH3aTopbi npH 180—220° Tan Kan Ni-KOHTaKTbi 
93CT0 BbI3bIBaiOT B0CCT3H0BAeHHe AO yTAeBOAOpOAOB. C Cu-KOHTaKTaMH 
Hejib3H BecTH BoccTaHOBjieHHe Bbirne 220° Tan KaK CHCTeMbi aAbAerHA— 
BOflopo/* npn 3tom o6pa3yiOT cjictfKHbie acjjnpbi [35].

M . /XejienHH h A . I'opo [68] HauiJin, mto BoccTaHOBjieHHe KapdoHHA- 
co^epJKamHX coeAHHeHHH Ha# N i npoTeKaeT 6bicTpo, ho c pa3JiHMHOH 
CKOpOCTbK), B 33BHCHMOCTH OT CTpOCHHH. Flo ASHHblM 3BTOpOB, ajlb^e- 
THflbl BOCCTaHaBJIHBaKDTCH SbICTpee KeTOHOB, nOCJieflHHe B0CCT3HaBJIH- 
BaiOTCH TeM Me^JieHHee, qeM pa3BeTBJieHHee yrjiepo^Hbie uenn, cbh33h- 
Hbie c CO -rpynnofl. OTMeqeHO, hto peaKUHH yCKopaeTCH b 3— 4 pa3a 
(HHor^a ao  10 pa3) nocjie aKTHBHpoBaHHH KaTaAH3aTopa HedoAbiuHMH 
KOJiHHecTBaMH meAoqH. CKopocTb peaKUHH CT3HOBHTCH eme 60Jiee 3a- 
MeTHoii, ecAH CHauajia aKTHpupoBaTb N i AoSaBAeHHeM P t  hah  Pd , a 
3aTeM mejioubio.

npH HopMajibHOM AUBjieHHH KOJiHqecTBeHHoe npeBpameHHe aAbAe
rHAOB hah  KeTOHOB b cooTBeTCTByioiuHe cnHpTbi oSbiMHo He yAaeTCH, 
ho npHMeHeHHe noBbiuieHHbix aubjichkh 3HaMHTejibHO yBejiHHHBaeT 
BbIXOAbl. C KOJIHUeCTBeHHblM BbIXOAOM nOJiyUaiOTCH CnHpTbi HaA XpOMH- 
tom  MeAH npH 125— 150° h 100 a m . Tan, HanpHMep, 100 e aueTOHa npn 
150° h 100— 150 a m  c 1 a xpoMHTa MeAH qepe3 10 m h h . KOAHqecTBeHHO 
npeBpamaeTCH b H3onponHAOBbin cnnpT, (JjyptJjypoji b Tex >Ke ycAOBHax 
c 1,5% xpoMHTa MeAH— b (JjypHAOBbiH cnnpT, KaM(])opa qepe3 1 qac— 
B H3o6opHeojI H T. A-

BoccTaHOBjieHHe Kap6oHHACOAepH<amHX coeAHHeHHH c N i PeHeq 
ycKopueTca b 3—4 pa3a (HHorAa ao 10 pa3), ecjiH AodaBHTb mejioMH 
HAH AO 3TOro aKTHBHpOB3Tb N i PeHCH AOdaBAeHHeM P t  HAH Pd. AAb- 
AerHAbi c N i PeHen BOccTaHaBAHBaioTCH npHMepHO c OAHHaKOBOH cko- 
pOCTblO, KeTOHbl Hie— C pa3HOH CKOpOCTbK), B 33BHCHMOCTH OT CTpoeHHH. 
HanpHMep, KeTOHbl HOpMaAbHOrO CTpoeHHH BOCCTaHaBAHBaiOTCH TeM 
<5bierpee h Aerue, qeM 6AHHce CO -rpynna k KOHuy MOAeKyAbi.

M e x a H H 3 M  peaK U H H  BOccTaH OBAeHHh C = 0 - r p y n m > i  H 3 y q a A cu  c  
n oM o m b io  AOHTepHH Ha N i- h P t-K a T a A H 3 a T o p e . B h a o  ycT aH O B A eH O , 
uto n p n  hh3khx  T e M n e p a T y p a x  npH coeAH H eH H e hact n o  K apSoH H AbH O H  
r p y n n e  (a ) , npH  6o A e e  bh co kh x— npeABapH TeAbH O  n p o n cx o A H T  eHO-
AH33UHH (6 ):

a) CH8—C-CH 3 - — CH3 -CD-CH 3

A Ad
D

6 ) CHo—C-CH 3 ch 3—c= ch 2 ------ ► ch 3- cd—ch2d
II I I
O OH OH



398 r a . VI. KATAJ1HTHHECK0E rHUPHPOBAHHE H BOCCT AH0BJ1EHHEnpH BoccTaHOBJieHHH Haa N i PeHea noBbimeHHe TeMnepaTypbi ao 150—200° conpHJKeHO o6biqHO c rHaporeHoaH30M o6pa3yioiuHxcH cnnp- tob b cooTBeTCTByiomHe yraeBoaopoabi:
RCH2OH —  ̂  RH +  CH4 +  H20

RCHOHR' — -*■  RCH3 +  R'H +  HaOApoMaTHMecKHe aabaernabi np« BoccTaHOBJieHHH nan Cu o6pa3yioT CMecH cnnpTOB c cooTBeTCTByioiuHMH yraeBoaopoaaMH:
C6H5CHO

c#h 6c h2o h

c#h 6c h 3 +  h 2oMacro 3th peaKUHH conpHaceHbi c o6pa30BaHHeM BbicoKOKHnamux npo^yKTOB nocaeayioiunx KOHa.eHcau.HH, MexaHH3M KOTopbix HeBbincHeH./Ian noayqeHHH cnnpTOB H3 apoMaTHuecKHX aabaernaoB qacTO npH- MeHHioT ocjiafijieHHbie KaTaaH3aTopbi hjih 6aaronpHHTCTByiomee OTpaB- jieHne [6, 9]. JXjih SToro k Pt-KaTaaH3aTopy aodaBanioT Hedoabiuoe ko- jinqecTBo xHHOjiHHa; nocaeaHHH topmo3ht rjiySoKoe BoccraHOBaeHHe ajibaernaa b yraeBoaopoa, daaroaapn qeMy Bbixoau cnnpTOB aocru- raiOT 75%.OueHb HHTepecHbift Meroa KaTaaHTHuecKoro BOCcraHOBaeHHH 6eH3- ajibaernaa b 6eH3HaoBbifi cnnpT npeacTaBjineT HarpeBaHHe nepBoro c MypaBbHHOH KHcaoTOH npH 200° noa aaBJieHHeM b npncyTCTBHH Cu Ha KH3ejibrype:
C6H5CHO +  HCOOH -*■ C6H6CH2OH +  C02

B aaHHOH peaKUHH MypaBbHHaH KHCaOTa HBaHeTCH aOHOpOM Boao- 
poaa. 3 tot ace cnoco6 npnroaeH aan  BoccraHOBaeHHH HHTpocoeaHHCHHH.XopouiHM K3TaaH3aTOpoM aan BoccTaHOBJieHHH ajibaernaoB, KaK OTMeqeHO Bbirne, HBJineTCH N i PeHen c aofiaBKaMH (N aO H ). BepoHTHo, npoTeKaioiuaH peauunn 6aH3Ka k peaKUHH T hiuchko— K aHHHuapo, TaK KaK oaHOBpeMeHHO co cnHpTOM o6pa3yioTCH h HeKOTopue Koanqe- CTB3 KHCaOTbl.KeTOHbi Haa N i PeHen npH hh3khx  TeMnepaTypax MoryT 6biTb boc- CTaHOBaeHbi anuib ao BTopnqHbix cnnpTOB; HarpeBaHHe ace cnoco6cr- ByeT aaabHeHiueMy BoecTaHOBaeHHio ao yraeBoaopoaoB.

noaHOKCHaabaernabi h noaHOKCHKeTOHbi aerno npeBpamaioTCH b 
MHoroaTOMHbie cnapTbi. KaTaaHTHqecKH sto 6biao BnepBbie ocymecTB- 
aeHO noa aaBaeHHeM. npnqeM BoaHO-cnupTOBbie pacTBopbi rai0K03bi, 
tj)pyKT03bi h raaaKT03bi Haa P t- Han Paf-KaTaaH3aTopaMH npn 100 am h 100° BoccTaHaBaHBaioTCH b cooTBeTCTByioiuHe reKCHTbi. 3 tot cnoco6 
npeacTaBaneT npaKTHqecKHH HHTepec, TaK KaK TaKHM nyTeM noayqaioT 
d-cop6HT npH CHHTe3e BHTaMHHa C  h rf-MaHHHT a îH npeBpameHHH B reK- 
caHHTpoMaHHHT— CHabHoe B3pbiBqaToe BemecTBo.
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TH A p H p o B a H H e  npw 6ojiee b m c o k h x  Te M n e p a Ty p a x  npHBOAHT k  t h a - 
poreHOjiH3y (cip . 414).XUajibflerHflbi h AUKeTOHbi npa BOccTaHOBjieHHH c Ni PeHeu npH 100 am h  100— 125° odpa3yioT cooTBeTCTByiomHe t a h k o a h .

2. BoccTaHOBjieHHe c Bbi ,̂ejieHneM b o  a h , a30Ta, aMMHaxa, 
xjiopwcToro BOAopoAa

rip e B p a m e H H e  KapdoHHAbHofi rp y n n b i b  cn n p TO B yK ), n p o Te n a io m e e  
6e3 BbiAeAeHHH b o a h , h b a h c t c h  HenoAHbiM BoccraHOBAeHHeM , Ta K  KaK 
peaKUHio m o >k h o  npoB ecTH  A aA bm e c BbwejieHHeM b o a u :

H H
RCHO------► RCHaO H ----- «-

RR \CHOH
H

rch3 +  h2o

PeaKU,HB KjieMeHcetia. A jih npeBpameHHa aAbAernAOB hah kctohob 
b  co o TB e TC TB yio m H e  yrAeBO AopoAbi oueHb yAodH a peaK UHa K A eM eH ce- 
Ha f70]— BoccTaHOBjieHHe aMajibraMHpoBaHHbiM uhhkom h coahhoh 
khcaotoh no cxeMaM:

ZnlHg)̂
RCHO +  2H2 --- RCH3 +  H20

Zn(Hg)x
RCOR' +  2Ha — — RCH2R' +  H20

3ra peaK UHH n p o Te n a e T  ocodeHHO JierKO c apoM aTHqecKHM H h  >KHp- 
HO-apOMaTHMeCKHMH KapdOHHACOAepJKam HMH COeAHHeHHHMH. J i n n  n p o - 
BeAGHHH B0CCT3 HOBAeHH51 100 e M e TaA A H uecK oro Zn a M a A b ra M H p yio T B 
Te qeH ne  5 m h h . pacTB op oM  5— 10 a H g C l, b  100— 150 m a  b o a h  c  5 m a  
k o h u . HC1, n o cjie  q e ro  CAHBaiOT b o a h h h  p a c Ta o p , np H A H B aioT 75 m a  
BOAbI, 100 M A  KOHU. HC1 H 40— 50 2 BOCCTaH3BAHBaeMOro BemeCTBa H 
H a rp e B a io T  peaK UH O H H yio  CMecb HecKOAbKo uacoB c odpaTHbiM  x o a o - 
AHAbHHKOM  n p u  KHneHHH. H H o rA a  npHMeHHKDT h  M exaHHuecKoe pa3M e- 
LUHBaHHe.

PeaKUHH Ku>KHepa. H . M . K «> K H e p  [71] p a 3 p a d o Ta A  n p o cTo u  Me- 
t o a  npeB pam eH H H  aAbAeruA O B h a h  k c t o h o b  b  cooTB e TC TB yiom H e  y iv ie - 
BOAopoAbi nyTe M  pa3AO>KeHHn h x  rH Apa30HO B iueAonbio  b  n p n cyTC TB H H  
HAaTHHHpOBaHHOH TAHHbl. T lU a Te A b H O  BblCyUieHHbie THApa30HbI CMeurn- 
BaioT c pacTepTbiM  K O H  h K a T3 A H 3 aTop oM , nocAe q e ro  n e p e ro H H io T npH 220—240° H3 KOAdOMKH C Ae4,JierMaT0P0M H XOAOAHAbHHKOM. BbIXOA 
yrA e B O A op oA O B  A o c ra ra e T  80%. O d m a a  cxeMa peaK UH H :

NH2— NHa Pt
RCHO---------► RCH=N—NHa — -*■ RCH3 +  Na

NHj— NH2 Rn. Pt
RCOR------------ ^C =N -N H , —  ^  RCH2R' +  Na
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MeTOA Kn>KHepa npHMeHHM h nojiyqeHHH HenpeAeAbHbix yrjie- 
boaopoaob, Tan Kan npn pa3jio>KeHHH rnApa30H0B HenpeAeAbHbix ajib- 
AernAOB h KeTOHOB npoHcxoAHT BoccTaHOBJieHHe CO-rpynnbi 6e3 Hacbi- 
meHHH abohhoh C=C -cbh3h. Tan, HanpHMep, rnApa30H ajuiHAaueTOHa 
6biji npeBpameH b reKceH-1 (I) (bhxoa 50%), rHApa30H 2,6-AHMeTHA- 
reriTeH-2-oH-5 —b 2-MeTHArenTeH-2 (II ), rnApa30H UHTpoHeAAaAH—b 
2,6-AHMeTHA-OKTeH-2 (III):

n h 2- n h 2 pt
CH3COCH2CH2CH—CHa -------— ► c h 3cch2c h 2c h = c h2 — -* ■KOH

N—NH2

— -*■ c h3c h 2c h 2c h 2c h = c h 2 +  n 2

C H ,..
>C=CHCH2CH,COCH3 

CH/

n h 2—n h 2 CH3.

CH.
^>C=CHCH2CHjC—CH3 Y c

Pt
KOH

N—NH,

CH;

CH.
'^>C=CHCH2CH2CH2CH3 +  N2

c h 3.

CH,-

:CHCH2CH2CHCH2COCH3
I

c h 3

n h 2- n h 2

•c = c h c h 2c h 2c h c h 2c c h3
I 11

c h 3 n - n h 2

Pt

KOH

CH
------► 3\ c = c h c h 2c h 2c h c h 2c h 2c h3 +  n 2

c h /  I
c h 3
III

MeTOA K«>KHepa He3aMeHHM npn HccjieAOBaHHH KeTOcnnpTOB, kcto- 
KHCAOT, KeTOHOB TepneHOBOTO pHAa H T. A- TaK, HanpHMep, KapBOH 
mo>kho jierKO npeBpaTHTb b ahm oh6h :

h 2c ^ / c h 3 H2C ^ / C H 3 h 2c / : h 3

c c1 c11
CH

1
CH CH

/  \
H2C CH2 NH2-NH2

/ \
h 2c  c h 2 Pt H2C ^ H j

1 1 ---------- *■ 1 1 ----- ► 1
HC C = 0 HC C = N —NH2 KOH HC CH2

^  / ^  / / /
c c c
1

c h 3 c h 3
1

c h 3



2. BOCCT AHOBJIEH HE C BbIMEJIEHHEM H2O, N2, NH3. HC1 401a,3-HeHacbimeHHbie aAtAerHAbi h KeTOHbi npn AencTBKH rn^pa3HHa o6pa3yK»T nnpa30AHHbi, KOTopbie 3aieM pa3AO>KeHHeM no H . M . K h>k - Hepy noHTH KOjmqecTBeHHO npeBpamaiOTCH b npoH3BOAHbie uhkao- nponaHa:

BoccTaHOBaeHHe cnnpTOB h (JieHOJiOB b yrjieBOflopoAbi. BoceraHOBAe- Hne a/iH(f)aTHMecKHx cnnpTOB b yrAeBOAopoAbi npoTeKaeT ropa3Ao TpyA- 
Hee, M6M BOCCTaHOBJieHHe Kap6oHHjicoAep>KamHx coeAHHeHHn. PaHbuie no.ib30BajiHCb HarpeBaHneM c H36biTKOM hoahctoboaopoahoh khcaotm , AeftcTBHeM aMaJibraM h t . n ., Tenepb sth npoueccbi oaeHb TAaAKO npo- boaht , npHMeHHH Ni PeHea. B npoTHBonoAo>KHOCTb aAHtjjaTHaecKHM, apo.MaTHMecKHe cnnpTbi BoccraHaBAHBaiOTCH HaA Ni b yrAeBOAopoAbi HCKjnoqHTejibHO jierKo: 6eH3HAOBbifi cnnpT o6pa3yeT KOAHaecTBeHHO TOJiyOJI, (J)eHHA3THAOBbIH—3THA6eH30A H T. A- IlpH H36bITKe BOAOpOAa nponcxoAHT rHApnpoBaHHe 6eH30JibHoro KOAbua c npeBpameHneM b npoH3BOAHbie UHKJioreKcaHa.BoccTaHOBjieHHe (J)eHOAOB npoTeKaeT TpyAHo. HaA Ni npn 150— 
180° ohh rHApnpyiOTCH b cooTBeTCTByiomHe npon3BOAHbie UHKAoreKca- na, n jiHLiib npn 250—300° npoTeKaeT npeBpameHHe $eHOJioB b apoMaTH- necKne vrjieBOAopoAbi. Flpouecc «o6ec(peHOAupoeaHun» HMeeT OoAbnioe TexHHqecKoe 3HaaeHiie b xhmhh TonAHBa. MHorne npoAyKTbi AecrpyKTHB- 
h o t o  rHApnpoBaHHa yrjien, cmoa h t . a- coAep>KaT ao 50% (jjeHOAOB, n KaqecTBe TonAHBa 3th npoAYKTbi HenpnroAHbi, Tan KaK cfceHOAbi cnjib- HO KOppOAHpyiOT MOTOpbl. JI.JIH npeBpameHHH ([jeHOAbHbIX KOMnOHeH- 
t o b  b yneBOAopoAbi BoccraHaBAHBaioT pa3AHHHbie cf)paKUHH cmoa noA AaB/ieHHeM 100—200 am n npn TeMnepaType 180—200° HaA CoS-KaTa- jiH3aTopoM hah npn 80 am h 450—480° HaA TaKHMH ctohkhmh KaTa- AH3aTopaMH, KaK MoS2, WS3 h Ap. Xopomne pe3yAbTaTbi AaeT TaK- 
>Ke npHMeHeHHe K3TaAH3aTopoB H3 A120 3.BoccTaHOBAeHHe Kap6oHOBbix khcaot b aAbAerHAW. T JlHMnpnxT [72] h He33BHCHMO ot Hero P HnpHa [73] npH cyxofi neperoHKe KaAbune- 
b w x  coAeft MypaBbHHofi h yKcycHOH khcaot noAyqHAH snepBbie aue- TaAbAeniA b CMecu c  aueTOHOM.BnocAeACTBHH >K- CaHAepaH [74] h M . Man a. [75] 3Ty peaKUHio ocy- mecTBHAH c npHMeHeHiieM MypaBbHHoii h hhmx KapfioHOBbix khcaot aah noAyqeHHH pa3HOo6pa3Hbix aAbAeniAOB 11 KeTOHOB HaA okhca3mh Me- TaAAOB, H3 KOTopwx HanOoAee aKTHBHbiM OKa3aAacb ThO.,. B nocAeA-

HN C -C H 3

26 B. H. Aojiron
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Hee BpeMH npeAJio>KeH o6iuhh mctoa noAyqeHHH ajibAerHAOB H3 CMecefi 
MypaBbHHOH H OAHOOCHOBHbIX KapSOHOBbIX KHCJIOT npH Harp6B3HHH250—260°) b TeqeHne 5 qac. b aBTOKJiaBe b npucyTCTBUH T h 0 2. no- BH^HMOMy, npouecc hact b ABe craAHH:

HCQOH--------►  CO +  H20

RCOOH +  C O -------- ►  RCHO +  C02TaKHM nyTeM c xopouiHM bhxoaom  nojiyqaiOT ajibAeruAbi H3 Bbico- KOMOJieKyjIHpHblX KHCJIOT— KanpHHOBOH, JiaypHHOBOH, TpHAeKaHOBOH H Ap.
ripHMoe o6pa30BaHHe ajibAerHAOB BoecTaHOBjieHHeM KapSoHOBbix

khcjiot no peaKUHH
RCOOH — ^  RCHO +  H,,0

npaKTHnecKH He yAajiocb ocymecTBHTb. HaHjiyquiHM cnocodoM npe- 
BpameHHH khcjiot b ajibnerHAbi HBjineTCH BoccTaHOBjieHHe xjiopaHniA- 
Phaob no peaKUHH:

RCOC1 —  RCHO +  HC13Ta peaKUHH 6biJia BnepBbie ocymecTBJieHa HaA Pd-KaTajiH33TopoM M . M . 3aHueBbiM b 1872 r [17], a 3aTeM npHMeHeHa H . £[. 3 cjihhckhm  AJih Pd , HaHeceHHoro Ha Zn [76]. TaKHM o6pa30M KaTajiHTHqecKoe boc- CTaHOBJieHHe XJIOpaHTHApHAOB KHCJIOT 6bIJIO H3BeCTHO C KOHUa npOIUJIO- ro Bena. K. Po3eHMyHA h O IJeHTiue T69] 3HauHTejibHO ycoBepuieHCT- BOBajiH ero, CAejiaB npuroAHbiM ajih  JiioSbix xjiopaHrHApuAOB.B cjiyqae ajmiJiaTHqecKHX xjiopaHTHApHAOB peaKUHH HaA P t MO*eT hath b AByx HanpaBjieHHHX:
RCOC1

— - ►  RCHO +  HC1 

-------- >- RCH2OH +  HC1

B cjiyqae >ke xjiopaHTHApHAOB apoMaTHqecKHx khcjiot o6pa3yioTCH 
jiHiub cooTBeTCTBykdiuhe yrjieBOAOpOAbi. OAHaKO ao63bkh 5?o xhhojih- 
Ha c HedojibuiHM kojiuhcctbom cepbi, t . e. noATpaBJiHBaHHe KaTajiH3a- 
Topa (6jia2onpu nm cm eym nee om p aenenue), no3BOjineT ocTaHaBJiHBaTbcn 
Ha npoMejKyToqHOH ctbahh BoccTaHOBJieHHH ao ajibAerHAOB. TaKHM 
nyTeM no K . Po3eHMyHAy h UefiTiue nojiyqaiOT BbixoAbi apoMaraqe- 
ckhx ajibAerHAOB ao  90— 95 °o. npeupacHbie pe3yjibTaTbi 3tot mctoa 
AaeT h ajih nojiyqeHHH AHajibAerHAOB H3 nojiHbix xjiopaHTHApHAOB AByx- 
OCHOBHblX KHCJIOT.

BoccTaHOBjieHHe khcjiot b cnnpTbi. Xlo HeAaBHero BpeMeHH Bee no- nblTKH npHM OTO BOCCTaHOBJieHHH KHCJIOT AO cn u p TO B

RCOOH-------- ►  RCH2OH +  H20

CTaBaAHCb 6e3ycneuiHbiMH. TIo JT. ByBo h BjiaHKy [77], ajih nojiy- 
eHHH CnHpTOB nOAb3yiOTCH BOCCTaHOBJieHHeM CJIOJKHbIX 3(})HpOB HaTpueM
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b a6cojiioTHOM cnHpTe, t . e. 6e3 Ka- 
TajIH3aTOpOB. 3(f)HpbI Bcex KHCJIOT, 
KpoMe MypaBbHHOH, AaioT npn stom 
XOpOUJHe BbIXOAbI COOTBeTCTByiOmHX 
nepBHMHblX CnHpTOB. BriOCJieflCTBHH 
6biJin pa3pa6oTaHbi yAo6Hbie naTa- 
jiHTHqecKHe cnocodbi. B. IllpayT c 
COTpyflHHKaMH [78] HaillJIH, WTO 
3(})HpbI KapSOHOBbIX KHCJIOT npH
200 am  h 300—400° b npHcyTCTBHH 
CMemaHHbix okhchmx KaTajiH33To- 
poB (THna MeTaHOJibHbix) H3 CuO h 
Cr20 3, B 33BHCHMOCTH OT yCJlOBHH, 
MoryT AasaTb BbicoKne BbixoAbi 
cooTBeTCTByromHx cnHpTOB hah yr- 
jieBOAopoAOB (b pe3yjibTaTe 6ojiee 
rjiySoKO HAymero BOCCTaHOBjieHHH
—CH2OH ao — CH3).

K 3THM KaT3JIH3aTOpaM 6aH3KH 
MeAHO- HJIH UHHKXpOMHTHbie KaTa- 
.r:ii3aTopbi AAKHHca [791, J7a3be h 
A pHOJibAa [80], KOTopue npn 200— 
300 am  h 250 rjiaAKO BOccTaHaBJiH- 
BaioT cjioH<Hbie scbnpbi oaho- ii Aayx- 
OCHOBHblX KapSOHOBbIX KHCJIOT AO 
COOTBeTCTByiOmHX CnHpTOB HJIH TJIH- 
KOJiefl. B 3THX yCJIOBHHX HaA MeA- 
HOXpOMHTHblM KOHT3KTOM 6bIJIH no- 
.nyweHbl II3 CJIO>KHbIX 3(|)HpOB Bbl- 
xoAbi cnnpTOB, npHBeAeHHbie b 
Ta6A. 37.

AHaJiorHWHO BeAeT ce6 n  h mca-
HO-UHHKXpOMHTHbIH K3TaJIH3aT0p 
npn 325° ho AaeT HecnoJibKo MeHb- 
UIHe BbIXOAbl.

HecMOTpn Ha uiHpoKoe npHMe- 
HeHHe BOCCTaHOBjieHHH CJIOJKHbIX 
3(})HpOB HaA KaT3JIH3aTOpaMH nOA
AaBAeHHeM, O. LLImhat [81] peKOMeH-
AyeT npoBOAHTb Tanne peaKUHH h 
npH HopMaJibHOM AaBjieHHH—npn 
yCJlOBHH BbICOKOaKTHBHbIX K3TaJIH- 
3aTopoB, noAyweHHe KOTOpbix onn- 
caHO y K. BefiraHAa [89]. TaKHM 
nyTeM, HanpHMep, H3 3THji0AeaTa
o6pa3yeTCH 80—90“o OKTaAeueHO- 
boto (oAemioBoro) cnHpTa.

<as X o''aA3
LC -r LO f  CO N N M X C I5 ooa  a  o  o  :r. ctj ~ c: r: c*> oo

cU . lO
■ ^  ^; ■ o.

c
X
X
X —o

5 2
X “
x x  xH f-

uCt

. x *=! " O x 
=  XX (LJ

O  CO

2® ® e?
X  x  ^  H H O r- 2 x

ocx• X . *
d 5

X —
XT

x  zz
X  ^  <

- 2  2  n,§ 
'-7 < SjaACS Mhu

U3

a
o

O  lO  N  C  'w  CO CD lO  lO  N  O  
CN — . —  CM

CIOOOCCO^OOSC^LOXX

O lOOOMiO X iO O ^ O C O  OcOCO^NtN — — COCOrOCD

sS

* « «oo :
* aX  o

• :X  O 
XX O 
r- X  O 

Q . CD
X oHg  o  X§ S a =

s £.[] 5 = =o-« -=: = (-X h — — X)

«
w  O .s «  Ss o o (- X * o 3- a 
X  O  CXa. e; x

20 *■



404 /Vi. VI. KAT AJ1 PIT HHECKOE r  HUP H FOB AH ME M BOCCTAHOBJ1EHHE

H36npaTejIbHOCTb A6HCTBHH XpOMHTHbIX KaTaAH3aTOpOB, aKTHBHbIX 
jirniib npH noBbimeHHbix AaBAeHHax, npoHBjiaeTCH b  t o m , h t o  o h h  b o c - 
CTaHaBJiHBaioT COOH-rpynny b CH2OH, He 3aTparHBaa HenpeAeAbHbix 
C=C-CBH3eH. J3,a h  Henpe^e/ibHbix c j io j k h m x  3(J)HpoB BMecTo Meflbxpo- 
m h t h o t o  KaTajiH3aTopa peKOMeHAyeTca dpaTb u h h k x p o m h t h m h . T Aa- 
k h h c  [83] H3 SyTHJiojieaTa h  dymnspyKaTa nojiyHaji oAeHJioBbift h apy- 
KOBblft CnHpTbl COOTBeTCTBeHHO (BbIXOAbI 65—68%). ECTb yKa33HHH, 
HTO 3(])HpbI JIHHOJieBOH H JIHHOJieHOBOH KHCJIOT AaiOT COOTBeTCTByiOmHe 
HenpeAejibHbie cnnpTbi C 18.

AHaJIOrHHHO MOHCHO npOBOAHTb B0CCT3H0BJieHHe 3(f)HpOB A B yX - 
OCHOBHblX KapdOHOBbIX KHCJIOT B COOTBCTCTByiOmHe TJ1HKOJIH. HanpH-
Mep, a h s t h a o b h h  acfwp aflHriHHOBOH k h c j io t m  c Z n C r0 4 npH 250° H 350—400 am npeBpamaeTCH b  reKcaHAHOA-1,6.B nocjieflHee BpeMH 3HaHHTejibHoe npHM eHeHHe n o A y n H ji HOBbift 
HeKaTajlHTHHeCKHH MeTOA BOCCTaHOBJieHHH C nOMOIUbK) JlHTHHaJIIOMHHHH- 
THApHAa L iA lH 4. r ip H  HOpMaJIbHOM AaBJieHHH H B HCKJIIOHHTejIbHO MHT- 
k h x  yc jio B H H X  no P . H n c T p o M y  h  B . B p a y H y  [84] BOceraHaBJiHBaioTCH 
b  c n n p Tb i He m iib K O  acfwpbi. KapdoHOBbix k h c j i o t , h o  h  c b m h  KapdoHOBbie 
KHCJioTbi. JX j i h  t 3 k h x  peaKHHH np H M e H ae Tca  a n n a p a T y p a , a H a jio rn q - 
Haa a n n a p a T y p e  rp iiH b a p o B C K H x  CHHTe30B. B 3(|)HpHbiH pacTBop L iA lH 4 no K anjiaM  npHJiH B aeTca 3(])HpHbiH p a cTB o p  BoccTaH aBjiH B ae- 
M oro coeAHHeHHH. PeaKU HK ) yAodHO TaKHce b c c t h  b  a n n a p a T e  C oK C jieTa. B 3t h x  yc jio B H H X  HenpeAejibHbie C = C - c b h 3h  He rH A p n p yio TC H . 
B bixoA bi npeA ejibH bix h j ih  HenpeAejibH bix cn n p TO B  c o e ra B jiH io T  90—95%.

npHTOAHOCTb OKHCHbIX KaTajIH33TOpO B AJ1H B0CCT3H0BAeHHH KHCJIOT 
b  cn a p Tb i od tH C H a e TC H  H3dHpaTejibHOH aACopditH en. O k h c j im  odJiaAaiOT 
CKJioHHOCTbio k  aACopduHH o k h c h  y r jie p o A a  h j ih  KapdoHHJibHOH r p y n -  
nbl, npH  3TOM CBH3b C  =  0  pa3pbIXJIHeTCH H CT3H0BHTCH CnOCOdHOH K 
peaKHHH c BOAopoAQM:

R

y C --OH / R
I

C - OH

H

/ 0 '

R
I

------ ► C = 0
I

H

/
R

I
C—OH

— h 2o

O H

H
R
I /OH
C\|\H
HJ A . A . Bar h T  H . ErynoB [85] BMecTo AoporocTomn.HX ocaacAeHHbix 

CuCr-KaTajiH3aTopoB npHMeHHjiH cnjiaB Cu—A1 (34% Cu h 66% A l), 
KycoHKH KOToporo noBepxHocTHO BbimejianHBajiH pa3daBjieHHbiM pac- 
TBOpOM N aO H . C  T3KHM KaTaJIH33TOpOM B0CCT3H0BAeHHe KHCJIOT B CnHp- 
th noA AaBJieHHeM npoTenaeT Ha 85—98 %.

BoCCTaHOBJieHHe pa3JIHHHbIX BblCLUHX HiHpHbIX KHCJIOT HJIH HX 3{j)H-
poB b oAHoaTOMHbie c n n p Tb i b HacToamee BpeMa npoBOAHTCH b 3aboa-
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ckom MaciuTade, xan nan sth cnnpTbi npuMemnoTcn j .th nojiyqeKHH 
pa3JiHMHbix mokhuhx cpe^dB, neH006pa30BaTejieH, SMyjibraTopoB, \ b - 
.ia>KHHTejieH, cfuiOTopeareHTOB h t . n. BemecTBa, oSjiajjaiomHe TaKHMii 
CBOHCTB3MH, HOCHT H33BaHHe n O eep X H O Cm H O -aK m U B H b lX  H HMeiOT 6 0 JIb- 
uioe TexHHqecKoe npHMeHCHHe b TeKCTHJibHOH, Ko>KeBeHHOH h Apyrnx 
OTpac/iHx npoMbiLu/ieHHOCTH. Bjiaro^apa HajinqHio TH,upo(|)HJibHbix rpynn 
(—S03H, —COOH, —CH2OH, —NH2 h u p .)  noBepxHOCTHO-aKTHBHbie 
BemecTBa opneHTHpyioTCB Ha noBepxHOCTH bo^h , chhjkhh ee noBepx- 
HOCTHOe H3TB>KeHHe.

FIojiyqaeMbie npn BoccTaHOBjieHHH BbICIIJHx, >khphmx khcjiot cnnpTbi 
ynoTpeSjiaioT TJiaBHbiM o6pa3©M ajih nojiyqeHHH cynbcpamoe, t . e. 
COJiefl COOTBeTCTByiOlUHX aJIKHJICepHbIX KHCJIOT, 3aMeHHKDIH,HX b pfue 
cjiyqaeB oSbiqHbie MbiJia. B stom OTHomeHHH HHTepecHbi BbicoKOMOJie- 
KyjinpHbie cnHpTbi, nojiyqeHHbie BoccTaHOBjieHHeM khcjiot, o6pa30BaH- 
HblX npH OKHCJieHHH napa(f)HHOB H HecflTHHblX QCT3TK0B.

CnHpTbi npeBpamaioT b cyjib(|)aTbi pa3JinqHbiMH MeTO/jaMH: Harpe- 
BaHHeM C CepHOH KHCJIOTOH H yKCyCHbIM aHTĤ pHaOM npH 100° B33HM0- 
^eftcTBHeM c xjiopcyJibdxmoBOH hjih cepHOH khcjiotoh, nocjie qero no- 
jiyqeHHbifl npo/tyKT o6pa6aTbiBaioT mejioqbio.

OSman cxeMa nojiyqeHHa cyjib^aTOB:
H 2S04 NaOH

RCHjOH — - RCH20S020H ----- ► RCH20 S0 20 Na +  H20

H 3  cyjibcfiaTOB HaHSojiee uiHpoKoe npHMeHeHHe HMeioT: HaTpHHJia- 
vpHjicyjibt^aT CH3(CH2)10CH2OSO.,ONa, naTpHHOKTaAeuHjicyjiwJiaT 
CH3(CH2)16CH20S020Na.

CyjibcjiaTbi o^jia^aiOT pa^oM npeHMymecTB nepejj, oCbiqHbiMH Mbi- 
JI3MH: OHH nOJIHOCTbK) paCTBOpHMbl B mejIOqHOH, KHCJIOH, JKeCTKOH HJIH 
MopcKofl BO ê, hc rH^pojiH3yiOTCH h He o6pa3yioT xjionbeB, He hmciot 
HenpHHTHoro MbiJibHoro aanaxa. oCjiajjaioT CTepHJiH3yiomnMH 11 ae3HH-
4)HUHpyiOmHMH CBOHCTB3MH.

BoccTaHOBJieHHe aMHflos khcjiot. A mhjjm khcjiot npH BOCCTaHOBJie- 
hhh Haa Ni npn 250° npeBpamaioTca b cooTBeTCTByiomHe nepBHqHbie 
aMHHbi c HeCojibuiOH npHMecbio BTopnqHbix 3mhhob:

H
C H 3 C O N H 0 ----- ► c h 3c h 2n h 2 +  h 2o

Bbi.io ycTaHOBjieHO, hto BoccTaHOBJieHHe aMĤ OB b cnnpTOBbix pac- TBopax npn 250° 11 200 am  c Mê HOXpOMHTHbiMH K3TajiH3aTopaMH npo- 
TenaeT no .apyroMy HanpaBjienHio c o6pa30BaHiie\i cooTBeTCTByiomHX 
cn H p TO B :

RCONHo +  C2H5OH — RCOOC2 H5 t  NH3

H20
rcooc2 h 5 ------► r c h 2o h  +  C2 H5OH

npH n p o B e je H H H  stoh H<e peaKUHH b p a cTB o p e  aHOKcaHa o6pa3y- 
iotch co o TB e TC TB yio m n e  aMHHbi.
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Bojibiuoe TexHHqecKoe 3HaqeHHe HMeioT Bbicmne aMHHbi b KaqecTBe 
nOBepXHOCTHO-aKTHBHbIX BemeCTB, HHCeKTHUHAOB, AeTepreHTOB h t , n .

BoccTaHOBjieHHe HHTpocoe^HHeHM H. H,o He/;aBHero BpeMeHH B o c c ia - 
HOBJieHHe HHTpOCOeAHHeHHH npHMeHHJIH HCKJHOqHTejIbHO AAH n p e B p a - 
m eHHH apoM aTH qecK H X H H Tpocoe^H HeH H H  b  aMHHbi. llp e jK ^ e  B ce ro  cjie - 
A y e T  OTM eTHTb peaK UH io, O TK p biTyio  H . H . 3 hhhhmm , KOTOpbift b  1842 r .  
BnepBbie o c ym e cTB H ji BoccTaHO BjieHHe HHTpodeH30Jia h  a -H H TpoH a(J)Ta- 
jiHHa c noM oinbio cyjib(J)HAa aMMOHHH. PIpH 3tom SbiJiH noA yqeH bi Bem,e- 
CTBa, Ha3BaHHbie H . H . 3 hhhhmm 6 e H 3 i i d a M  h  H c u p m c i A t i d a M .  O K a 3 a - 
JlOCb, MTO 6eH3H^aM  eCTb He HTO HHOe, KaK aHHJIHH, KOTOpbift KD. O . OpHume [8 6 ] b  1840 r . b m a c a h a  H3 n p o A yK TO B  m e jio q H o ro  n jia B - 
jieHHH h h a h t o . HacjrrajiHAaM  H . H . 3 H H H H a npeA CTaB JineT codon  a-Hatji- 
THJiaM HH. Ta K H M  odpa30M , peaKHHH 3 h h h h 3 [87] n p o Te x a e T  no cxeMe:

y ^ \ _MO 3<NH4)2S
U  "

+  6NH3 +  3S +  2H20

H . H . 3 hhhh pacnpocTpaHHji cboh mctoa h Ha nojiyqeHHe Apyrnx aMHHonpoH3BOAHbix apoMaTHqecKoro pa^a h npojioxtHji TaKHM odpa- 
30M nyTb TexHHMecKOMy nojiyqeHHio aHHjiHHa h Apyrnx apoMaraqecKHx 3MHHOB 3HHJIHHOKpaCOqHOH npOMbllHJieHHOCTH. HecMOTpn Ha cy-mecTBOBaHne pa3JiHqHbix mctoaob nojiyqeHHH apoMaTHqecKHX 3mhhob H3 HHTpOCOeAHHeHHH, MeTOA H . H . 3HHHHa—B0CCT3H0BJieHHe CyjIb(})H- Aom—ao chx  nop b HexoTopbix cjiyqaax He noTepnji CBoero npaKTHqe- ckoto 3HaqeHHH.M . M . 3aftueB [17] BnepBbie b 1872 r. b napoBOH (|)a3e HaA rydqaTOH P t hjih Pd npoBeji BoccTaHOBjieHHe pnAa opraHHqecKHX a30TC0Aep>Ka- ui,hx coeAHHeHHH. H m dbiJi nojiyqeH aHHJIHH, rHApa3odeH30A H3 HHTpo- 6eH30Jia, aMHHO(|)eHOJI H3 HHTpO^eHOJia, MeTHJiaMHH H3 HHTpoMeTaHa.B Haqajie X X  b . 6wa npoBeAeH pnA HCCJieAOBaHHH no H3yqeHHio boc- CTaHaBjiHBaiomero achctbhh h h kcjih . Handojiee HHTepecHbiM OKa3ajiocb BoccTaHOBjieHHe ajiHiJiaTHqecKHx HHTpocoeAHHeHHH, KOTopbie HaA Ni- K3TajiH3aT0p0M npH 180° KOjiHqecTBeHHO npeBpaiu,aioTCH b cooTBeTCTByio- mne nepBHHHbie aMHHbi:

H
RN02 ----- ► RNH2 +  2H20OAHano npH noBbimeHHH TeMnepaTypbi (ao 300°) npoHexoAHT pac-i.qenjieHne nepBHqHoro 3mhh3 c odpa30BaHHeM yrAeBOAopoAa, aMMHaxa, a TaK>Ke BTopnqHbix h TpeTHHHbix 3mhhob:

ch3n h 2 — *-*■ CH4 +  NH3
2CH3NH2 ----- -  (CH3)2NH +  NH3

(CH3)2NH +  CH3NH2----- ► (CH3)3N +  nh3

H30MepHbie HHTpOCOeAHHeHHHM a30THCTbie 3([)HpbI HaA Ni-KaTaJIH- 
3aTopoM oqeHb jierKO BoccTaHaBjiHBaioTCH no cjieAviomeH cxeMe:

H
RONO----- ► ROI i t- NH3 +  H20
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A30THCTbie scjDHpbi npn noBbiiueHHH TeMnepaTypbi .lerno H3owepH- 
3yK)TCH b HHTpocoeAHHeHHH, HanpHMep npn 180— 220" ohii BoecTaHaB-
AHBaiOTCH B CMeCb 3MHHOB, C npeoOnaAaHHeM BTOpHHHblX.

BoccTaHOBjieHHK) ajiH(j)aTHqecKHx HHTpocoeAHHeHHH b nocieaHee 
BptMH yAejiHioT MHOro BHHM3HHH, ocoSeHHO nocAe Toro, KaK HX CTaAH 
no/iyMaTb (c 1940 r . )  HeKaTaAHTHqecKH b OoAbmnx KOAHqecTBax, noA- 
Bepran ra30o6pa3Hbie napa(J)HHbi HHTpoBaHHK) OKHCAaMH a30Ta npn 
400—450" Ilpn stom  o6pa3yeTCH CMecb to ahko  MOHOHUTpocoeAHHennH, 
KOTopbie noABepraioT (JjpaiaiHOHHpoBaHHio. Flpouecc sto t  npeACTaBAneT 
no cymecTBy AaAbHenmee pa3BHTne peaKunn KoHOBajioBa.

Llepe3 aAHCfiaTHqeCKHe HHTpOCOeAHHeHHH OTKpblAaCb B03MO>KHOCTb 
Aa h  noA yneH H H  pa3HOo6pa3Hbix, paHee BooSm e Hen3BecTHbix h ah  T p y A - 
HOAOCTynHbix Bem ecTB, HanpHM ep H H TpocnH pTO B , H H TporA H K O jie n  
H T. n. AAHCj)3THqeCKHe HHTpOCOeAHHeHHH H HX pa3JIHHHbie npOH3BOA- 
Hbie x o p o m o  n iA p n p y io T C H  HaA Ni PeHen, o6 pa 3 yH  npn stom  cooTB e TC T- 
Byiomne aMHHbi h ah  Apyrne coeAHHeHHH c N H 2-rpynnon.

OSbiMHan peannHH BoccTaHOBAeHHH HHTpo6eH3o/ia b aHHJiHH b npn- 
CVTCTBHH >KeAe3a B COAHHOH KHCAOTe HBAfleTCH MHCTO KaTaAHTHqeCKOH 
188], hto AOK33biBaeTCH noTpeSAeHHeM b 40 pa3 MeHbmero KOAHqecTBa H C l, qeM TpeOyeTCH CTexHOMeipHnecKH. XAopncToe >KeAe30, o6pa3yio- 
meecH a KanecTBe npoMe>KyTOMHoro coeAHHeHHH, hbahctch  nepeHOCMH- 
kom BOAopoAa h pereHepHpyeT coAHHyio KHCAOTy Becb npouecc HAeT no c/ieAyioLUHM ct3Ah h m :

CO A HH aH  KHCA0T3, HBAHHCb KaTaAH3aTOpOM , B CyMMapHOM yp a B H e - 
hhh He (J w ry p H p y e T .

AHaAOrHHHO BOCCTaHaBAHBaKDTCH H ApyTHe apOMaTHMeCKHe HHTpO- 
coeAHHeHHH. B CAyqae AHHHTpocoeAHHeHHH npn HeAOCTaTKe >KeAe3a 
II COJIHHOH KHCAOTbl MO>KHO 0CT3H0BHTb peaKU.HR) Ha BOCCT3HOBAeHHHAHiub oahoh N0.2-rpynnbi:

/1a  h c ry n e H M a To ro  BOCCTaHOBAeHHH AHHHTpocoeAHHeHHH y c n e m n o  
npHMeHJieTCH y>Ke ynoMHHyTbifi cnoco6 3iiHHHa. Bo MHornx cAyqanx

3Fe +  6HC1 3FeCl2 +  3H.2 
3FeCU +  6H20 -*■ 3Fe(OH), +  6HC1 

C6H5N02 +  3H2 C6H5NH2 +  2H20

C6H5N02 +  3Fe +  4H20 -► CGH5NH2 +  3Fe(OH)2

n h 2
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3tot cnoco6 ABJifleTCH jiymuHM, Tan Kan npHMeHeHHe cyjibcJjHAa aMMO-HHH HAH HaTpna n03B0JI5ieT BOCCT3HOBHTb JlHILIb OAHy HHTpO-rpynny.
BoccTaHOBJieHne apoMaTHqecKHx HHTpocoeAHHeHHH b aMHHbi mo>kho npoBOAHTb-HaA Ni-KaTajiH3aTopoM. HanpHMep, HHTpo6eH30A npH 200° 06- pa3yeT aHHJiHH h HenoTopoe KOJiHqecTBO UHKjioreKCHJiaMHHa, ho npn no- 

BbimeHHH TeMnepaTypbi ao 250° HadjnoAaeTCH BbiAejieHHe aMMHana:
c6h5n h 2 — c6h6 +  n h3

Cahihkom 6oAbmaa aKTHBHOCTb Ni-KaTajiH3aTopa npennTCTByeT no- 
jjyqeHHK) bmcokhx bhxoaob aHHAHHa, noaTOMy 6m ah  npeAAOJKeHbi Apy- 
rne KaTajiH3aTopbi, HanpHMep N i, ocnaSAeHHbiH ao63bkoh THOiJieHa, Fe, Zn, Co, A g, A u , Cu, P t, Pd h Ap. JlyqniHM K3TajiH3aTopoM H3 hhx 
HBJiHeTCH Cu, KOTopan npn 300—350° BoccraHaBAHBaeT TOJibKO N 0 2- 
rpynnv, He 3aTparHBaa apoMaTHqecKoro KOJibua (bmxoa aHHAHHa 98%). 
MHorne HccjieAOBaTejiH a-ah stoh >Ke uejiu npeAAaraiOT cMemaHHbie MeA- 
Hbie KaTajiH3aTopbi. HanpHMep C u C r0 4, cnAaB H3 30% Cu c 70% A l, Cu, aKTHBHpoBaHHyioAoSaBKaMH M gO , A120 3, Fe, A g, Zn h AP-

TXpyrne KaTajiH3aTopbi no3BOAsnoT H36HpaTejibHO ocTaHaBAHBaTbca 
Ha n p o A y K T a x  npoM e>K yToqH oro BoccTaHOBJieHH H  H H T po6eH 30Jia; T a x , 
H a n p H M e p , BoccTaHOBJieHH bifl Bi b 33bhchmocth  ot  T eM n ep aT yp b i 0 6 - 
p a 3 y e T  cM ecn  p a3 A H q H o ro  co cT a B a  H3 a3 o6 eH 3 0Jia h aH H JiH H a:

TeMnepaTypa, A306eH30Ji, Ahhjihh,
°c ' % %

230 92 4,4
240 89,2 9,1
300 29,5 65,2

n p o u e c c  npoTenaeT, no-BHAHMOMy, no cxeMe:

H H
2C6H5NOo ----- ► C6H8N=NC#H5 ----- ► 2CgH3NH,

OTMeqeHO, qTO npn BoccTaHOBJieHHH HHTpo6eH30Aa HaA MeTaji.inqe- 
ckhm Pb o6pa3yeTCH CMecb H3 54% aHHAHHa h 44% a30KCH-, a30- h thap- 
a3o6eH30Aa.

PeaKUHH reTeporeHHoro BoccTaHOBJieHHH apoMaTHqecKHx HHTpo
coeAHHeHHH HMeioT 6ojibinoe npaKTHqecKoe 3HaqeHHe, r a n  nan stot 
MeTOA oqeHb npocT h SKOHOMHqeH. OAHano oh He Harneji em,e iunpoKoro 
npHMeHeHHH, BeponTHO, H3-3a HeAocTaToqHon CTabHjibHOCTH npeAJio- 
H<eHHbIX KaTaJIH3aTOpOB H bOAbLUOH qyBCTBHTejIbHOCTH HX K OTpaBJie- 
HHK).

AHaJIOTHqHblMH MeTOASMH BOCCTaHOBAeHHH HHTpOCOeAHHeHHH MO>K- 
ho nojiyqaTb h 3aMemeHHbie sh h ah h u , HacbTHjiaMHHbi h a p -

JXj i h cKejieTHbix KaTaAH3aTopoB Tima Ni PeHen SbiJio ycTaHOBJieHO, 
qTO OHH 3KTHBHO BOCCTaH3BAHBaK)T apOMaTHqeCKHe HHTpOCOeAHHeHHH 
AO aMHHOB, ho He 3aTparHBaioT aJiH(|)aTHqecKHX HenpeAejibHbix SoKOBbix



2. BOCCTAH0BJ1EHHE C BblUEJIEHHEM H20. N,. NH3. HC1 4(i9-

uenefi, mto HB ĵieTca HHTepecHbiM npHMepoM H36HpaTejibHoro Boccra- 
HOBJieHHH. 3. BjIOyT H J , .  CHJIbBepM3H [89] VKa3bIBaiOT, MTO npn TeM- 
nepaType 20—30° h AaBjieHHH BOAopo.ua 2—3 am b npucyTCTBHH cne- 
.'leTHOro HHKeJIH H30MepHbie HHTpOKOpHMHbie KHCTIOTbl H HX 3(])HpbI TJiaA- 
KO BOCCTaH3BvTHBaK)TCH B COOTBeTCTByiOIHHe a.MHHOKOpHMHbie npOH3BOA- 
Hbie. 0^ec|)HHOBaB C=C-CBH3b b Sokoboh uenn coBepmeHHO He 3aTpa- 
THBaeTcn:

y CH=CHCOOR H /CH=CHCOOR
C0H <  ------^ C6H4< +  2H20

x n o 2 X NH>

K H H e T H K y  BOCCTaHOBJieHHH pa3JlHMHbIX HHTpoCOe^HHeHHH B 33BH-
chmocth ot hx cTpoeHHH HaMajiH H3yMaTb jiHuib b nocjieAHee BpeMH. 
B Ta6.ii. 38 [90] npHBeAeHbi KOHCTaHTbi CKopocTew KaTajiHTHMecKoro boc- 
CTaHOBJieHHH (HBJiHK)Lu,eroca SHMOJieKyjiapHOH peaKuneft) Haa Mê HbiM 
KaT3JIH3aTOpOM pa3J!HMHbIX apOM3THMeCKHX HHTpOCOê HHeHHH.

*  AK1MI4 \ 38

HiiTpocoeflimeiiHH K - io-3 HiiTpocoeflinieiiim K -10 3

O-HHTpOaHHJTHH 0,390 HnTpo6eH30.i 4,14
/i-HnTpo(J)eHai 0,707 ndllHHTpo6eH30.1 4,45
rt-HHTpOaHIIJIHH 0,814 «-HnTpo6eH3H3XAOpilJ 6,56
«-HHTp0aHH30.1 1,147 0-HlITpo6eH30HHaH KHC.IOTa 8 , 2 2
n-Htnpocj)eHeTO.i 1,235 3«-HnTpo6eH30HHaH KHCJIOTa. 10,3
n-HHTpomiyoji 3,01 n-HnTpo6eH30HHaa KiicAOTa 19,7
.v(-HnTpoTo;iyo,i 3,81 «-X.10pHHTpo6eH30ftHaH KII-
0-HmpOTOJiyOJl 4,13 cjioia 1 1 , 8

CKOpOCTb BOCCT3HOB.TCHHH napa-3aMemeHHbIX apOM3THMeCKHX co- 
ejiiiHeHHi'i CHH>KaeTCH no pn^y:

COOH >  Cl >  CHoCl >  H >  CH3 >  OC2H5 >  OCH3 >  NHa >  OH

Bojibiiiofi Hmepec a.th npenapaTHBHOH opraHHnecKOH xhmhh npeA- 
CTaBJiaeT BOccTaHOBjieHHe Kap6oHHACOAep>KamHx coeAHHeHHH b  npHCYT- 
CTBHH aM M Hana, nepBHMHbIX H.Til BTOpHMHbIX 3MHHOB, MTO npHBOAHT K 
06pa30BaHHI0 COOTBeTCTByKDIUHX nepBHMHbIX, BTOpHMHbIX HUH TpeTHM- 
Hbix aMiinoB (no r  MHHbOHaKy [911):

H
RCHO +  HNH2 ------► RCH2NH2 +  H,0

RCHO +  HNHR' — * RCH.NHR' +  H20

r c h o  + h n r 2 r c h 2n r ; +  HaO



410 /Vi. VI. KAT AJ1HT HHECKOE rHRPHPOBAHHE H BOCCTAtTCPBJIEH HE3 ia  peaKuna, npoBOAHMaa HaA N i hjih T h 0 2, Tpe6yeT TeMnepaTyp AO 390° m o conpa^eHO c KpoTOHH3auHeH hcxoahm x  ajibAerHAOB. 0 6 - pa30BaHHe nepBHHHbix 3mhhob H3 ajibAerHAOB npoTeuaeT rjiaAKO HaA N i PeHen npn 40— 100° c b u xo asm h  ao 70°o [92]. AHaJiorHHHO mo>khonpOBOAHTb aMHHHpOB3HHe KeTOHOB. TaK, HanpHMep. MeTHJlSTHJIKeTO H 
c aMMHaKOM HaA Ni PeHen npH 60— 100° o6pa3yeT 80"o 2-aMHHo6yTaHaH

c h 3c o c h 2c h 3 +  n h 3 — +» c h 3c h c h 2c h 3 +  h 2o

n h 2AHajior'HHHO aMHHHpyioTCH apoMaranecKHe ajibAerHAbi h KeTOHbi. 3 th peaKUHH, AOCTaTOHHO uiHpoKO npHMeHaeMbie ceftHac, mo>kho Bbipa3HTb o6ui,eH cxeMoft:
R-R'- ,C=NR" +  H20

R.
■CHNHR"

rAe R — jiio6oh opraHHHecKHH paAHKaji hjih aTOM BOAopoAa.
yCJIOBHH peaKUHH nOA6HpaiOT TaKHM 06pa30M, HT0 6 bI C aMMHaKOM 

nojiyuaTb jinuib nepBHUHbie aMHHbi, a c nepBHMHbiMH— Jimiib BTopHHHbie 
UMHHbl. JTyULUHMH KaTaJIH33TOpaMH HBJI5HOTCH CKeJieTHblH HHKejlb, Ka-TajiH3aT0p AAaMca (P t0 2), nacTO c Ao6aBKaMH aueTaTa HaTpHH.

H j i h  peaKUHH MHHbOHaKa mohcho 6paTb He TOJibKO aMMHaK hjih aMHHbi, ho h Apyrne aMHHonpoH3BOAHbie. Tax, HanpHMep, B . SMepcoH H n .  YojITepC [93] .H3 MeTHJISTHJIKeTOHa H 3T3HOJiaMHHa nOJiynHJIH c 
BbixoAOM 86% emop-6yTHJiaMHH03TaHOJi:

CH3COCH2CH3 +  H2NCH2CH,OH ------------- ►
N i cKej ieTHbiH.

150°, 75—150 am

------ c h 3c h 2c h n h c h 2c h 2o h  +  h 2o
I

c h 3

XlajibH eHiiiH M  pacu iH peH H eM  stoh o d jia c m  peaK U H H  ubjihctch  p a 3 - pa6oTaHHbiH B . SM ep coH O M  c co tp yA H H K a M H  [94] mctoa conpn>K eH H oro
BOCCTaHOBJieHHH CMeCH apOM aTHHeCKHX HHTPO- HJIH 330C0eAHHeHHH C aJibAerHAaMH. P eaK U H H  npoBOAHT b cnnpTOBOM  p a cT B o p e  c o  CKejieTHbiM  
HHKejieM h  A o 6aBK ofi au eT aT a H aT p iia  noA  AaBJieHHeM  B O A opoA a. F Ip o -
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TenaHHe peaKUHH bhaho H3 cjieAyiomHX npHMepoB, b3htmx H3 pa6oT 
yKa3aHHbix aBTopoB:

CeHjNO, +  CHs(CH,)2CHO — ~ +  Q H 5NH(CH2)3CH3 +  3HsO
Bbixofl 94—96%

H
C(;l I,N =  NC6H5 +  2CH3(CH2)3C H O ----- ► 2QH.5NH(CH2)4CH3 +  H20

BbIXOfl 70%

XapaKTepHbiM npHMepoM TexHHqecKoro npHMeHeHHH KaTajiHTiiqe- 
ckoto BoccTaHOBJieHHH HHTporpynnbi HBJineTCB nojiyqeHHe KCnjiiunHa 
H3 n-HHTpoTOJiyojia. J\jih 3toh uejiu nocjie^HHH noAsepraiOT xjiopcj ôpMH- 
• iHpoBaHHio, nocjie qero nojiyqeHHoe CiCH2-npoH3BOAHoe KaTajiHTHqe- 
CKH BOCCTaHaBJIHBaKDT AO KCHJIHAHH3 HaA HHKejlbMeAHblM K0HT3KT0M:

c h 31 c h 31 c h 311
f ch2ô

V  “ hcT

1
/ V c h 2cikJ

1
H y^\_rw,

-------- » Q  J  +  HC1 +  2H20

1
n o 2

|
n o 2 n h 2

B HacTOHmee BpeMH kchjihahh npHMeHaeTCH Kax aHTHAeTOHaTop a^̂ i 
aBHa6eH3HHQB.

B. ^ECTPyKTHBHOE THAPHPOBAHHE

1. 06 m,He CBeAeHHq

ripn THApHpOBaHHH BOAOpOA, npHCOeAHHHHCb K MOJieKVJiaM opra- 
HiiqecKHx coeAHHeHHK, qacTO MoweT Bbi3biBaTb pacmenjieHHe hx Ha Ha- 
cbimeHHbie MOjieKyjibi c MeHbuiHM BecoM. TaKHe peaKUHH Ha3biBaiOT peai<- 
uhhmh decmpyKmiwHoso eudpupoeamiH, hjih eudpoeenoAusoM. Oco6o 
Ba>KHoe 3HaqeHHe ohh hmciot npn nojiyqeHHH jkhakoto TonjiHBa.

ZI,ecTpyKTHBHoe THApHpoBaHHe npeAeraBJineT co6oh cjiojKHyio ch- 
cTeMy nocjieAOBaiejibHO HAymux peaKUHft KpeKHHra h BOCcraHOBJieHHH. 
n pn  KpeKHHre o6pa3yioTCH HeHacbimeHHbie ockojikh MOJieKyji, KOTopbie 
npucoeAHHHioT 3aTeM b o a o p o a  c  o6pa30BaHHeM HacbimeHHbix coeAHHeHmi 
MeHbmero MOAeKyjiapHoro Beca. Hame Bcero sth npoueccbi bcavt npn 
BbicoKHX TeMnepaTypax h AaBJieHHHx, ho hhotas cpaBHHTejibHO Majio 
CTOHKHe k BOAopoAy MOJieKyjibi noAeepraiOTCH AccTpyKTHBHOMy niApn- 
poBaHHio h npn HopMaJibHOM AaB.ieHHH, ho npn TeMnepaTypax SoJiee 
BbicoKHX, qeM a îh o6biqHoro rHApnpoB3HHH.

CpaBHHBan MexaHH3M ACCTpykthbhoto THApHpoBaHHH c TepwHqe- 
CKHM KpeKHHTOM, Mbl AOJI>KHbI HCKJHOqHTb H3 nepBOTO BTOpHqHbie peaK
UHH no;iHMepH3auHH, conojiHMepH3auHii h AerHApHpoBaHHH, Tan KaK 
o6pa3yiomHecH ockojikh ceflqac >ue HacbimaioTCH boaopoaom . HoBbi- 
rneHHe MOJieKyjinpHoro Beca roMOJioroB 6eH30Jia, qHCJia h BejinqHHbi a.i- 
KHJibHbix ueneft cnocoScTByeT TepMHqecKoft hcctohkocth MOJieKy.i 
u oCijierqaeT ACCTpyKTHBHoe rHApnpoBaHHe apoMaTuqecKiix coeAHHeHini.
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Tan, HanpHMep, m nyoA  KOAHqecTBeHHO rHApnpyeTCH b m6th au h kao- 
reKcaH, ho y * e  3THA(5eH30A noAsepraeTCH qaeraqHOMy rHAporeHOAH3y.nponHji6eH30Ji odpa3yeT CMecb H3 C 6H u C 3H 7 (85%), C 6H UC.:H & (1006) h C 6H nC H 3 (5°o) c BbwejieHHeM cooTBeTCTBy kjiuhx koahhcctbC.?Hg h C H 4. MeM ^JiHHHee donoBbie ajiKHJibHbie uenn, TeM dojiee chh- >KaeTCH Bbixozi rjiaBHoro npoAyKTa peaKUHH.

MeTOfl aecTpyKTHBHoro rHApHpoBaHHH MoweT cjiyjKHTb KpHTepneM 
OTHOCHTejlbHOH CTadHAbHOCTH pa3JIHHHbIX COeAHHCHHH.

2. fleMeTHjiHpoBaHHe npeAejibHbix yrjieBOAOpOAOB

FIpeAejibHbie yrAeBOAopoAbi H3ocTpoeHHH npn nponycKaHHH HaA 
Ni-KaTaAH3aTopoM Ha KaojiHHe npH 240—260° h HecKOAbKO noBbiuieH- 
Hbix AaBJieHHHX BOAopoAa noAsepraiOTCH AecTpyKTHBHOMy rHApnpoBa- hhk) c OTmenAeHHeM MeTHAbHOH rpynnbi [951, nosTOMV npouecc H33B3H 
u a o u p a m e A b H b i M  o e m m u A u p o e a n u e M .  H3dHpaTeAbHOCTb 3aKAK>qaeTCH b tom , hto Aerne Bcero C H 3-rpynna OTiuenAneTCH ot BTopHUHoro aTO- 
Ma yrAepoAa, 3HaqHTeAbHO TpyAHee—ot TpeTHUHoro h coBepmeHHO He OTmenAaeTCH ot qeTBepTHqHoro:

c h 3 c h 3
1

c h 3—c —c h 2- c h 3
H |

------->- CH3- C - C H 3 -f CH4

c h 3
1

c h 3

c h 3 c h 3

-c - c h 2- c h 2—c h 3
H 1

--------►  c h 3- c - c h 2- c h 3 +  c h 4

c h 3
1

c h 3PeaKUHH AeMeTHAHpoBaHHH MonteT CTyneHMaTO hath h AaAbrne, noKa He BCTpeTHTCH qeTBepTHqHbift yrAepoAHbifi aTOM, ho noACopoM COOTBeTCTByiOmHX yCAOBHH peaKUHIO MOJKHO OCT3HOBHTb Ha nepBOU ct3ahh npouecca:
c h 3
'I

c h 3- c —c h 2- c h 2—c h 3
I

c h 3

c h 3
H I

—  CH3—C—CH2—CH3—CH4 J
c h 3

c h 3
H I

— ^ c h 3- c - c h 3— CHj

c h 3C nOMOLUbK) 3T0H peaKUHH MOJKHO nOAyqaTb pa3BeTBAeHHbie VTAeBO- 
AopoAbi 3HaqHTeAbHO npome, qeM chhtc30m no B . TpuHbHpy qepe3 
TperaqHbie cnnpTbi. BoAbmoe npaKTHqecKoe 3HaqeHHe stot npouecc 
HMeeT aah noAyqeHHH TpnnTaHa (cTp. 661) Ha ocHOBe H3odyTHAeHa. 
llocAeAHHH npn noAHMepH3auHH no A . M . ByTAepoBy c H „S 0 4 odpa- 
3yeT nocAe ruApupoBaHUH CMecb 2,2,4-, 2,2,3-. 2,3,4- h 2,3,3-tphmctha- 
neHTaHOB, KOTopbie 3aTeM (ppanuHOHHO pa3roHHioT aah  BbiAeAeHHH
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2 ,2 ,3 -H 3 0 M e p a , a n o cjieA H n n  3aTeM A eM eT m in p yxyr b  2 ,2 ,3 -T p n M eT H Ji-  
^yTaH (m p u n m a n ):

c h 3 c h 3 c h 3c h 3
I I  H I |

c h 3- c — c h - c h 2- c h 3 ------- »-c h 3- c —  c h - c h 3 +  c h 4

T aK H M  nyTeM  H3 100 o S te M O B  TpHM eTHjineHTaHa n o jiy n a e T c a  36 o 6 b e -  
mob T p n n T aH a (8 3 %  qncTOTbi). ZleMeTHJinpoBaHHe npHM eHHxrr TaioKe  
A-HH OMHCTKH CM eceft BbICOKOpa3BeTBJieHHbIX yr^eBO AO pOAOB, KOMnOHeH- 
Tbl KOTOpbIX HMeiOT OHCHb 6^H 3K H e T eM nepaT ypbl KHneHHH.

3 . ^ e c T p y K T H B H o e  rH A P H p o B aH H e pa3Jinw H bix o p r a H H ie c x H x
COeAHHeHHH

M e T a jiJio p r a H H q e cK H e  coe^H H eH HR npH rn A pn poB aH H H  HaA N i - x a -  
T aJiH 3aT opoM  n p n  160— 2 0 0 ° pacinenJiH KvrcH  c  o6pa30B aH neM  yrvieBO- 
A o p o A a  h  M eT aju ia:

Hg(CGHB)2 — —  2C6H0 +  Hg 

Pb(C2H5)4 — —  4C2Hg +  Pb

C x o p o c T b  T a x o r o  p acm en A eH H H  H BjiHeTca xp H T sp n cM  n p o n H o e rn  
CBB3eH Me>XAy yrjieBOAopoAHbiMH p aA H xaJiaM H  h  MeTaji.aoM.

A jiH c}}aT H qecxH e yrjieB O A o p o A b i c a j w h h o h  uenbK) n p n  rn A p o reH O -  
jiH 3e n o A  A3Bji6HHeM  o 6 p a 3 yx)T  HH3uiHe napa^jH H bi. C'eH H JiH poBaH H bie  
napacjDHHbi T axxce n oA B ep raxxrcH  pa3JiHqHbiM AecTpyxTH BHbiM  p a cn a A a M , 
n p n n e M  noBbiuieHHe n n c jia  (JjeHH^bHbix rpynn y  u eH T p a jib H o ro  yrjiepoA- 
Horo aTOMa CHH>xaeT nponHoerb CBH3en [9 6 ].

O p o c T b ie  cnw pTbi HaA N i  P e H e n  n p n  2 5 0 ° p a c m e n jia x y rc H , n p e B p a -  
m a n c b  b  napa(f)HH c  n — 1 aTOMaMH y iv ie p o A a . I l p o u e c c , BepoaTHO, HAeT 
n o  cjie A y x n u e H  cxeM e:

H
RCH2O H -------- ►  RCHs +  H20

RCH3 — RH +  CHj

OAHaXO B03MOX<eH H HeCXOJlbXO HHOH MeX3HH3M: 

r c h 2o h  _ h RH +  CH3OH
H

CH3OII — ►  c h 4 +  h 2o

H a A  oSbiMHbiM HHxeAeM npn 100— 125° nponcxoAHT .imnb Boccia- 
HOB̂ ieHHe cnupTOB ao yrjieBOAopoAOB c  Tew >xe miic/iom ymepoAHbix 
aTOMOB.

MHoroaTOMHbie cnHpTbi Aax)T npn riuporeHOJinae c\iecb pa3/nmHbix 
npoAyktob, mto vxa3biBaeT Ha c.io>xHocTb peaxunn. neHTaapHTpnT hba
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CuCr-KaTajiH3aTopoM npn 250° o6pa3yeT cMecb MeTHjioBoro h H3o6yT»- 
jiOBoro cnupTOB:

CH2OH
I H

HOCH,—C -C H oO H ------ *• CH3-C H -C H 2OH +  CH3OH +  2H20
I I

c h 2o h  c h 3

TeKCHTbi npn THApupoBaHHH b boahom pacTBope HaA N i-K a T a A H 3 a - 
TopoM npH 200° nonBepraiOTCH pacmenjieHHio c o6pa30BaHHeM rAHue- 
pima h nponaHAHOJia-1,2:

CHoOH
I

CHOH
I

CHOH
I

CHOH
I

CHOH
I

c h 2o h

c h 2o h

I
CHOH
I

c h 2o h
(20-30%)

CH3
I

CHOH
I

c h 2o h
(30-45%)

r H ^ p u p o B a H H e  rexcHTOB b  cnupTOBbix pacTBopax HaA CuCr-KaTajiH3a- 
TopoM npH 250° Bbi3biBaeT 6ojiee rjiySoKHH pacnaA h AaeT rjiaBHbiM 0 6 - 
pa30M nponaHAHOji-1,2 c npHMecbio STaHOJia h MeiaHOAa:

c h 2o h
c h 3

l#
CHOH c h 2o h
|

CHOH c h 3
|

CHOH H ------ ► CHOH

CHOH c h 2o h

CH,OH ------ >- CH3OH

P a c-iie n jie H H e  M O jieK yji re n cH Ta  m o j k c t  n p o n c x o A H Tb , BepoaTH O , b 
akdSom MecTe, TaK k b k b npHcyTCTBHH Ni- hah CuCr-KaTaAH3aiopoB, 
KpoMe rAHuepuHa h nponaHAHOAa-1,2, noSoHHO noAyMaioTCfl: sth-
AeHTAHKOAb, MeTHATAHHepHH H OAHOaTOMHbie CnHpTbl—OT MeTHAO-
Boro ao aMHAOBoro. B OTAeAbHbix CAynanx coAep>KaHHe nocAeAHHx b 
npoAVKTax rHAporeHOAH3a aoxoaht ao 50—55%.

THApupoBaHHeM rAK)K03bi HaA Ni-KaTaAH3aTopoM noA AaBAeHneM 
mo>kho noAyHHTb ao 60°o rAHuepuHa. Bma pa3pa6oTaH mctoa noAyMe- 
hhh Tax Ha3biBaeMoro eAuutep o ceu a—3aMeHHTeAH rAHuepHHa, Zlyia stoto 
TAK3K03y  nOABepraKDT AeCTpyKTHBHOMV THApHpOBaHHK) HaA Ni-KaTaAH- 
3aTopoM npn 260° h 200 a m . fAHueporeH npeACTaBAaeT coSofi CMecb H3
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40% rjiHiiepHHa, 40% nponnjieHrjiHKOJiH h 20% reKcm a. YcTaHOBJie- 
ho, q-ro rHAporeHOAH3 HaA Ni-KaTaAH3aTopoM npn 170" h 220 am t3khx 
nojiHcaxapH^OB, nan KpaxMaJi hah AeKerpHHbi, npHBOAHT k o6pa30- 
BaHHK) COpSHTa.

ripocTbie 3(J)Hpbi b Tone BOAopoAa Haa HHKeAeM npn 300° h Bbirne, 
pacmeruiHHCb, o6pa3yiOT CMecb cnnpTa c yrjieBOAopoAOM hah cwecn 
yrAeBOAopoAOB:

RCH2OR'
RCH2OH +  R'H 

RCH3 +  R'OHAHaAornHHO noA asbachhcm  pacmenAHiOTCH h (f)eHOA03(])Hpbi: ao 
300° c Ni-KaTaAH3aTopoM o6pa3yiOTCH (})eHOA h yrAeBOAopoA, Bbirne 
300° paBHOBecne cABHraeTCH b CTopoHy o6pa30BaHHH apoMaTHqecKnx 
yrAeBOAopoAOB—peaKunn «o6ec(peHOAupoeaHun».

CAO>KHbie scjnipbi HaA CuCr-KaTaAH33TopoM npn 200—250° AaioT c 
xopouiHM BbixoAOM cnnpTbi, mo MO>KeT CAy>KHTb npenapaTHBHbiM 
weTOAOM noAyqeHHH h x .

AHaAOrHMHblMH MeTOASMH aMHAbl KHCAOT, a3HHbI, THApa3HHbI, 
a30KCH-. a30-. rHApa30CoeAHHeHHH h TOMy noAoSHbie a30TCOAep>Ka'UHe 
BemecTBa MoryT SbiTb pacmenAeHbi b cooTBeTCTByiomne aMHHbi h 
aMHHOcnnpTbi, a aMHHOKHCAOTbi Mor.yT SbiTb npeBpauxeHbi b cnHpTbi 
H T. A-

4. êcTpyKTHBHoe rHApnpoBaHHe noAHMeTHAeHOBbix
yrAeBOAopoAOB

B CAyqae aAHUHKAHqecKHX coeAHHeHHH SoAbuion TeopeTHqecKHH 
HHTepec npeACTaBAneT pacmenAeHne noAHMeTHAeHOBbix yrAeBOAopo
AOB H HX npOH3BOAHbIX, HTO ITOATBepH<AaeT npaBHAbHOCTb npeACTaBAe- 
HHH O6  OTHOCHTeAbHOH CTOHKOCTH pa3AHqHbIX UHKAOB. OOAHMeTHAeHO-
Bbie yrAeBOAopoAbi c TpexqAeHHbiMH u h k a 3mh noA achctbhcm  BOAopoAa 
HaA Ni-KaTaAH3aTopaMH A erx o  nepexoA flT  b npoH3BOAHbie nponaHa:

C H  H I
/  \ ----------► C H 3 - C H - C H 3

H2C-----CHa

B. K- Mepe>KKOBCKHH [97] HarneA, hto MeTHAUHKAonponeH HaA Pt 
npn 80° hah Ni npH 180° nepexoAHT npn rHApnpoBaHHH qepe3 mctha- 
UHKAonponaH b H3o6yTaH:

CH3
I

CH
/  \

H C ==C H

H

H

CH3
i

CH
/ \

,C-----CH,

H
CH3
I

CHg-CH—CH3
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Oie/iyeT OTMeTHTb, qro b Bonpoce o rHAporeHOJiH3e UHKJionponaHa 
b nponaH b JiHTepaType HeT e/jHHOH tomkh 3peHHH. 3 to oOtHCHHeTCH 
H36HpaTejIbHOCTbK> KaTaJIH3aT0p0BI Ha A BOCCTaHOBJieHHbIM HHKejieM 
UHKJionponaH pacu;enAHeTCH MacTHMHO npH 80° nojiHOCTbio— npn 120° 
Ha a  HHKejieM Ha KH3ecTbrype— npn 0° HaA nJiaTHHOBoft qepHbio—  
npn 25°

Pa3HOpeMHBbI MHeHHH T3K>Ke Of) H3MeHeHHIl CTaOHJIbHOCTH UHKJIO- 
nponaHa npn BBe^eHHH 3aMecTHTejieH. HeKOTopbie aBTopbi CMHTaiOT, 
mto 33MecTHTejiH pacuiaTbiBaioT uhkji, flejian ero  MeHee npoMHbiM, ho 
H. M . KH>KHep [98J h H . A . Po3aHOB [99] ycTaHOBHJiH, mto a^iKHjiuHKJio- 
nponaHbi HaA HHKejieM oS^a^aiOT Sojibiueft npoMHOCTbio k AecrpyKTHB- 
hoh rHAporeHH3auHH, Me\i caM UHKJionponaH, TaK KaK ohh pa3JiaraioTCH 
JlHLHb npn 150—170°

Cm nb x<e pa3HopeqHBbi CBea,eHHH h o Mecre pa3pbiBa TpexqjieHHoro 
UHKjia. B yKa3aHHbix Bbirne paSoTax H. M . Kn>KHepa h H. A . Po3a- 
HOBa Ha npHMepax STiumHKjionponaHa h 1 ,1,2-TpHMenumHK.nonponaHa 
ydaHOBjieHO, mto boaopoa no npaBHjiy MapKOBHHKOBa npncoeAHHHeT- 
ca k HanCojiee rHAporeHH3HpoB3HHOMy aTOMy yrjiepoAa, mto onpeAejiaeT 
MecTO pa3pbiBa-

ch2 ch 3
"/ \  • H I

H2C — CH — CH2— CH j CH3 ---CH— CH2— CH3

:h3

c h 3
i
CH

\ / > H
■CH,

ch3

CH j
I

CH3—  C— CH2— CHj
I

c h 3

OAHaKo Apyrne aBTopbi noJiyMaJin CMecH Bcex B03MO>KHbix npoAyKTOB 
THAporeHOJiH3a, a fl. M. CjioSoahh c coTpyAHHKaMii [100] Haiu/iH, mto 
1,1 -AHMeTHjiiiHKjionponaH pa3pbiBaeTCH no cbh3h , npHAeraromefi k 3a- 
MemeHHOMy aTOMy yrjiepoAa (x-cBH3b):

CHj

CH-j

CH2

V  —  CH->
H

c h 3

CH-,
XH —  CH2— CHj

Tanoe HecooTBeTCTBHe b pe3VJibTaTax oStHCHHeTCH TeM, mto aBTopbi 
rpiiMeHHJiH pa3Hbie KaTajiH3aTopbi.

He cymecTByeT eAHHoro mhchhh h no Bonpocy o pe3yjibTaTax nu- 
poreHOJiH3a roMOJioroB HHKJioOyTana, ho HOBeHLinie pa6oTbi bhocht He- 
KOTOpyK) HCHOCTb. C.E. PaHK [101] HCCJieAOBa.T AeCTpVKTHBHOe THApiI- 
poBaHHe HexoTopbix roMOJioroB UHKJioOyTaHa n vcTaHOBHJi, mto TaKiie 
vr.neBOAopoAbi nojiHOCTbio n .rrerKO npeBpamaroTca b napa(|>HHbi npe-
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HMymecTBeHHO c pa3BeTBJieHHbiMH uenBMH; pa3pbiB rjiaBHbiM o6pa30M 
npoHcxoAHT no cbh3hm, OTflajieHHbiM ot 3aMecTHTene« b UHKjie (no 
fj-CBH3HM):

R
I : CH3HC-CH2 h |I :- |  ........> R—CH—CH2—Cl I;) +  R—CH2—CH2—CH2—CH3H2C—Cl 12 (86%) (14%)

A btop npaBHJibHO CMHTaeT, mto npncyTCTBHe 3aMecTHTejin ycnjin- 
BaeT x-cbh3H n ocjia6jineT 3-CB33H, mto h BeAeT k npeHMymecTBeHHOMy 
pa3pbiBy no AynJieTHOMy MexaHH3My 3-cBH3en:

R R R
I I . IHC ch2 h hc—ch2 h h c - ch3
I I  + 1  — -  I I ■— >- I

h2c—ch2 h h2c—ch2#h h2c—CH,

riHTHnjieHHbie KOJibua no TeopnH Hanpn>KeHHH aojijkhh 6mtb Han- 
dojiee nponHbiMH, oAHaKo H. J\. 3ejiHHCKHH h B. A. Ka3aHCKHH [ 102] 
HauiJiH, mto UHKJioneHTaH npn rHApnpoBaHHH HaA Pt npn 310J pac- 
menjrneTCH h nepexoAHT b H-neHTaH:

h2c—CH2\  h| C H .,------►  CH3-C H 2—CH,—CH2—CHS
H*C—CH2/

Xlajiee 6hjio ycTaHOBJieHO, mto TaKOMy >Ke rnAporeHOJiH3y noABep- 
raioTcn h Bee roMOJiorn UHKjioneHTaHa, xoth BBeAGHHe 3aMecTHTejieft 
33TpyAHHeT pa3Jio*eHne. Bo Bcex cjiynanx pa3pbiB KOJibua nponcxoAHT 
c HaHdojibinen jierKocTbio Me>KAy 3-aTOMaMH yrjiepoAa:

R
h .,( ch2\  h l| CH—R ------- ►  CH3—CH2—CH2—CH—CH3
H..C-CHo/

R1 R R R
H2C-CH. h I I I| C H -R ------ ►  CH3-C H -C H -C H -C H 3
H.,C—CH/

IR
3Ta peaKUnn rHAporeHOJiH3a b napa^HHbi cmnb >Ke xapaKTepHa a-nh 

nnTHMJieHHbix uhkjiob, Kan AcrHApapoBaHHe b apoMaTHMecKHe yrjie- 
BOAopoAbi A-fia pnAa UHKJioreKcaHa. THAporeHOJiH3 npeACTaBJiaeT co6oh 
npnMOH nyTb aj*h nepexoAa ot UHKjioneHTaHOB k napacJjHHaM.

06m,He 3aKOHOMephocth paciuenjieHHH naTHMJieHHbix uhkjiob noA 
ACHCTBHeM BOAopoAa npoHBjiaiOTCH h b cJiyMae 6ojiee cjiokhwx yrjieBO-

27 b. M, ;iojiroB
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AOpOAOB, B CTpyKTypy KOTOpbIX BXOAHT nBTHMJieHHOe KOJIbUO
[103]:

/
3 -

,ch 2- ch 2

-c h 2- ch

"CH2 c h 2

„  /CH2-C H 2-C H 3

► ^ > - ch2- ch

N : h 3

A — ch 2

V  \  / CH2
c h 2

H

s J

ch 3

- ch 2- ch 3

CBoeo6pa3HO npOTeKaiOT peaKUHH rHAporeHOJM3a b cjiyqae uhkjio- 
neHTaHOB c uennMH, cô epxcamHMH 4 h 6ojibine aTOMOB yrjiepoAa [104], 
BymjiuHKJioneHTaH o6pa3yeT cMecb nponnji- h 0-MeTHji3THJi6eH30.ua. 
HccjieAOBaHne MexaHH3Ma peaKUHH noKa3ajio, hto OHa npOTeuaeT no 
AByM HanpaBjieHHHM: A —H30MepH3auHn c nocjieAyioiuHM AerHApnpo- 
BaHHeM b nponHJi6eH30ji, B—UHKJiH3auHH c nocjieAyK)m,HM pacnaAOM 
nnTHHjieHHoro KOJibua h AerHApHpoBaHHeM b 0-MeTHJi3THji6eH30Ji:

H2C
I

Hac

ch 2 

c h 2

ch 2 c h 2
\ /  /

ch 2 h 3c

c h 2

H 2( ^  CH—QH-
I I

h2c c h 2
\ /

c h 2

A - c3h 7
+  3H2

B H2C

h 2c

ch 2
/ \

-CH CH2
I —

CH CH2
\ / \ /

ch 2 ch 2

\ 3

A - C H 3

- c2h
+  2HS

3 / 2n5

CTOJib >Ke Jno6onbiTHO npoHexoAHT rHAporeHOJiH3 a-UHKJioneHTHJi- 
H3([)TaJiHHa c. o6pa30BaHHeM CMecn a-aMHjiHa^TajiHHa c nepu-TpHMeTH- 
jieHHa4)TaJiHHOM:

^/CH2—CH2 

—CH
\ c h 2- c h 2

H ^ y - c bu n  ^  ch2\

> > -C H ,
ch 2

/

BceaTH peaKUHH npOBOAHTcn npH bmcokhx TeMnepaTypax, HCKjnoqaio- 
U1.HX THApHpOBaHHe UieCTHHJieHHOrO UHKJia.

OneHb HHTepecHan h o6o6iuaiomaH pa6oTa dbijia npoBeaena 
M. K). JlyKHHOH, B. A. Oboaoboh h B. A. Ka3aHCKHM [105] no thapo- 
reHOJiH3y b cpaBHHMbix ycjioBHnx HaA njiaTHHOBbiM KaTajiH3aTopoM
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nojiHMeTHjieHOBbix H30Mepnb!X yrjieBO^opoAOB SMnHpnqecKOH ({)opMyjibi 
Q H ]0:

ch 2 h 2c—ch—ch 3 h 2c—CH2\
/  \  I I ; I ch 2

h 2c — c h - ch 2- c h 3 h 2c- ch 2 h 2c—c h 2/

B hjio ycTaHOBJieHO, mto npn 50° STHJiuHKJionponaH nojiHOCTbio noA- 
BepraeTCH rHAporeHOJM3y, MeTHjiuHKJioGyTaH— qacTHMHo, UHKJioneH- 
TaH— TOJibKO b BH^e cjieAOB. ycTaHOBJieHa Taione cneuH(|)HqHOCTb rnApo- 
reHOJiH3a pa3Hbix uhkjiob. STHjiUHKjionponaHa pa3pbiB npoHcxoAHT 
no H. M. KnJKHepy h H. A. Po3aHOBy (noncoeAHHeHHe BOAopoAa k HaH- 
6o.nee rHAporeHH3HpoB3HHOMy yrjiepoAHOMy aTOMy), ajib Mem/mHKJio- 
SyTaHa— no o6ohm B03M0>KHbiM HanpaBjieHHHM OAHHaKOBo:

------>- CH3-C H 2-C H 2-C H 2-C H 3 (—50%)
ch 3
I

------► CH3-C H -C H 2-C H 3 (-50% )

rHAporeHOJiH3 MeTHjiuHKJioneHTaHa npoTenaeT TaiOKe no BceM bo3- 
Mo>KHbiM HanpaBJieHHHM, ho npeHMymecTBeHHo nponcxoAHT p-pacnaA 
ot yrjiepoAa c 3aMecTHTejieM (nan npn KpeKHHre):

------► CH3-C H 2-C H 2-C H 2-C H 2-C H 3 (—12%)

ch 3
I

CH3-C H -C H 2-C H 2-C H 3 (—66%)

CH3
I

CH3-C H 2-C H —CH2-C H 3 (—22%)

XlecTpyKTHBHOMy rHApnpoBaHHio npn HarpeBaHHH noA AaBJieHHeM 
mojkho noABepraTb caMbie pa3Hoo6pa3Hbie BemecTBa: TopcJ), nojmo3bi, 
JIHTHHH, CMOJlbl H T. A- B 33BHCHMOCTH OT XapaKTepa HCXOAHOTO CbipbH, 
nojiyqaiOTCH pa3jmqHbie npoAyKTbi. Tan, H3 KpaxMajia hjih uejuiioji03bi 
o6pa3yioTCH: iviHuepHH, ivihkojih, cnnpTbi h a P- THApapoBaHHe JinrHHHa 
H3A MeAHOXpOMHTHblM KaT3JIH3aTOpOM, COACpJKaiHHM HeMHOTO HHK&J1H, npH 
300—335° hjih HaA cyjib<})HAOM ojioBa c ao63bkoh HOAOtJiopMa npn 400° 
npHBOAHT k npeBpameHHio jmrHHHa Ha 75% b cjiojKHyio CMecb opra- 
HHnecKHX coeAHHeHHii, coAepjKamyio, KpoMe ra3a h boau, ynieBOAO- 
poAbi, MeTaHOJi, kctohm, UHKJwqecKHe cnnpTbi, $eHOJibi. riocjieAHHe 
npeACTaBJiniOT HaH6ojibuiHH HHTepec. TaKHM nyTeM mo>kho nojiyqaTb 
TpyAHOAOCTynHbie (JieHOJibi: Meraji-, sthji- h nponHJiMeTOKCH(5eH30Jibi, 
MeTHJl-, 3THJI- H np0nHJIAH0KCH6eH30JIbl H AP-

AHajiorHMHO nponcxoAHT pacnaA ApeBecHHbi npn rHApnpoBaHHH. 
Ecjih BecTH npouecc npn 250° h 125 am c HHKejieBbiMH, MeAHbiMH h Apy- 
thmh KaTajiH33TopaMH, to o6pa3yeTCH MHoro ra3a h boah . npoAyKTbi 
peaKUHH He onncaHbi, ho yKa3aHO Ha o6pa30BaHHe ivihkojih, rjinuepHHa,

h 2c - c h 2\
CII—Cl 13

H

h 2c—c h 2/

h 2c- c h - ch3 h 
I I —

H2c -C H 2
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UHKTioreKcaHOjia h Apyrnx npoAyKTOB. Ilo-BHAHMOMy, jiymuHM KaTajiH- 
3aTopoM BBJiHeTCH Ni PeHen, AaiomHH 53% >khakhx npoAyKTOB ot hcxoa- 
Horo cbipbB (nnxTa, ojibxa).

5. flecrpyKTHBHOe rHApapoBaHHe aah noAyieHHH 
>KHflKoro ropiOMero

B 1869 r. M. BepTejio ycTaHOBHA, mo KaMeHHbiH yroAb, caxapHbift 
yrojib, AepeBO h Tope}) npn HarpeBaHHH c h36htkom hoahctoto BOAopoAa 
noA AaBJieHHeM ( b 3anaHHHbix TpydKax) Ha 40—60 °o ripeBpamaiOTCH 
b JKHAKHe npeAejibHbie yrjieBOAopoAbi. 3th onbiTbi HMeiOT cefiqac Jinuib 
HCTOpHHeCKHH HHTepeC.

3HaHHTejibHO no3AHee (1913 r.) cp. Beprnyc Harneji [106], mtoKa
MeHHbiH yrojib ASHCTBneM 4— 5?o BOAopoAa npH 200 a m  h 400° MO>KeT 
6biTb npeBpameH b cMecb >khakhx yrvieBOAopoAOB. Hah CBH3biBaHHH 
eepbi, coAepHcameficH b yrjie, AodaBAHAH Fe20 3. JX j i h  ocymecTBjie- 
hhh npouecca (6 e p s u n u 3 a i{ u u ) moaothh yrojib 3aMeuiHBajiH c m33vtom 
HAH THHCejIbIMH M3CA3MH B naCTy, KOTOpyiO 06pa6aTbIB3AH BOAOpOAOM 
b yKa3aHHbix ycAOBHnx, h nojiyqeHHbie npoAyKTbi noABeprajiH aPo6hoh 
neperoHKe. B 1917 r npouecc deprHHH3auHH 6ha npoBepeH b nojiy3a- 
boackhx MacuiTadax, a 3aTeM cnocod stot Harneji h TexHHqecKoe ocymecT- 
BJieHne, npnqeM Ha 1 m  yrjin c 6 % 30Abi mojkho dbuio nojiyqHTb ( b k s ) .

BeH3HHa (30— 230°) 150
J3,H3ejibHoro Macjia 200
CMa3oqHbix Maceji 60
Tono^Hbix Mace.n 100

B nepBoe BpeMH bmxoa 6eH3HHa npn OAHOCTyneHqaTOM mctoab Ae- 
CTpyKTHBHOrO THApHpOBaHHH COCTaBJIHJI B epeAHeM AHIHb 1 5 % .

H h3Khh bmxoa 6eH3HHa (15—2 0 % ) h bmcokhh pacxoA yrjin (5— 
6 m yrjiH Ha 1 mdeH3HHa) 3acT3BHAH nepefiTH c TBepAoro cbipbH Ha >kha- 
Koe b BHAe pa3JiHHHbix TH*ejibix Maceji, cmoa, jierKon^aBKHX ryApoHOB, 
Ma3yTa, HecjyrHHbix ocTaTKOB h t . a . B HacTonmee BpeMH AecrpyKTHBHoe 
rHApnpoBaHHe npoBOAflT ABycTyneHMaTO, qeM AOCTHraiOTCH BbicoKHe 
BbixoAbi KOHeqHbix npoAyKTOB. YroAbHyio nacTy hah HHoe cbipbe cnepBa 
nycKaioT b nepByio cepHK) koaohh (yzoAbHbie tiemi), rAe npH 200 am h 
400° npoHcxoAHT nepBHqHan odpadoTKa boaopoaom; b pe3yjibTaTe nojiy- 
qaiOT cjieAyiomHe npoAyKTbi: ra3, jkhakhh koha6hc3t , 30AbHbift kokc. 
KoHAeHcaT pa3roHHK)T Ha $paKUHH: jierxoe MacAo (50—175°), cpeAHee 
MacAO (175—300°), THHceAoe MacAo (300°—370°).

JlerKoe MacAO hbahctch odbiqHbiM 6eH3HHOM, cpeAHee HanpaBAHiOT bo 
BTopyio cepHio koaohh (6eH3UH08bie n e n u ), rAe oho CHOBa odpadaTbiBaei- 
ch boaopoaom b npncyTCTBHH K3T3AH33T0p0B (qame Bcero MoS2). B pe- 
3yAbTaTe t3koh «AenoAHMepH3auHH» npH 200 am h 450—460° cpeAHee 
M acAo Ha 70—80% npeBpamaeTCH b 6eH3HH. TnHceAoe MacAo hact Ha 
33THpaHHe c yrAeM b nacTy hah ace ero TaioKe abiioaHMepH3yiOT.

BAaroAapn npHMeHeHHio ctohkhx k OTpaBAeHHio KaT3AH3aTopoB aah 
AecTpyKTHBHoro rHApnpoBaHHH npHroAHbi h TaKHe bham cbipbH, Kan
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cepoco,nep>KamHe accjjaAbTbi, h^ th hah hx THJKeAbie ahcthaabtu — 
Ma3yTbi, neKH, ryApoHbi. Tan, HanpHMep, H3 Ma3yTa b pe3yAbTaTe 
rH^pHpOBaHHH o6pa3yioTCB Macjia c t . kh ii. 100—380s; H3 hhx nojiy- 
MaiOT 22—30% 6eH3HHa c HHTepBa.ioM KHneHHH 40—200° H3 Macna c 
t . KHn. 200—300° THflpHpoBaHHeM nojiyqaioT 6eH3HH c HHTepBaAOM 
KHneHHH 40—210° h oKTaHOBbiM hhcaom 62—65. B oxaejibHbix cjiy- 
qanx OKTaHOBoe mhcjio tbkhx 6ch3hhob aoxoaht ao 80—83, ho o6bmHO 
oho HĤ e, qeM y 6eH3HHOB KaTaAHTuqecKoro KpeKHHra. 3 tot HeAOcra- 
TOK KOMneHCHpyeTCH XOpOUieft BOCnpHHMqHBOCTbK) 6eH3HHOB ACCTpyK- 
THBHoro rHApupoBaHHa k T3C. ConocTaBAeHne 6ch3hhob TepMuqe- 
cKoro KpeKHHra c 6eH3HHaMH AecrpyKTHBHoro ruAPHpoBaHHH asho 
b Ta6a . 39.

TABJ1HUA 39

AecTpyKTHBHoe rHAP)>poBaHHe
riOKa3aTejiii 

(OT HCXOAHOfO CbipbH)
TepMH-
MeCKHft
KpeKHHr

BblCOKOTeM-
nepaTypnoe
(500—540°)

HH3KOTCM-
nepaTypHoe
(420—430°)

HcxoAHoe cbipbe, o6beMii. % 31,5 46 72
Bhxoa KpeKHHr-ocTaTKa, o6beMH. % 42 HeT HeT
KojiHqecTBO 6eH3wna, o6beMH. % 47 89,5 99,5
OKTaHOBoe MHCJIO 6eH3HHa . 78,5 74 64
KoHeu BbiKunaHtiH 6eH3HHa, °C 215 215 215

Elpouecc 6eprHHH3auHH, no AHTepaTypHbiM AaHHbiM, npoTeKaeT 6e3 
KaT3AH3aTopoB. OAHaKo ajih CBH3biB3HHH cepbi, coAepuiameucH B yrjie, 
b yroAbHyio nacTy bboaht 5% Fe20 3; ToqHbiMH uccAeAOBaHHHMH ycTa- 
HOBAeHo, hto 3Ta AoOaBKa, a TaKuce 30AbHbie KOMnoHeHTbi yrAH AefiCTByioT 
KaTaAHTHqecKH (30jia, o6pa3yioiuaHCH b npouecce ruAPHpoBaHHH yrAH, 
ycKopneT KaK rHApupoBaHHe, TaK h AeruApupoBaHue).

npn npoBeACHHH npouecca b ABe CTaAHH KaTaAH3aTopbi A-nu ruApH- 
pOB3HHH (1 CTaAHH) H ACnOAHMepH3aUHH (2 CTaAHH) pa3AHqHbI. YrOAb- 
Hyro nacTy hah HcxoAHoe jkhakoc cbipbe cMeniHBaiOT c TaKHMH k3T3ah- 
33TopaMH, KaK Fe20 3, Sn(OH).,, Ni,Mo03 h Ap- Mojkho cqHTaTb, hto 
naHAyquiHH 3(}x})eKT AaeT AodaBKa 0,1 % Sn02 (HHorAa npocTO Sn, ho 
c AOfiaBKOH HedOAbUIHX KOAHqeCTB HOAa). I I,AH AenOAHMepH3aUHH HaH- 
6oAee rnHpoKO npHMeHHM MoS2-KaTaAH3aTop Ha rnaMOTe, aKTHBHpoBaH- 
HOM yrAe H AP- CAeAyeT OTMeTHTb, HTO BCAeACTBHe 60AbIUOH pa3HOCTH 
B BH3KOCTH MBTepHaAOB, 06pa6aTbIBaeMbIX BOAOpOAOM, B 1-H CTaAHH 
npHMeHHKDT riAaecaoupiu KamaAmamop, t . e. pacnpeAeAeHHbifl b hcxoa- 
HOM Cbipbe B KOAAOHAaAbHOM COCTOHHHH, BO 2-H CTaAHH—(pUKCUp06CLH- 
Hbiii KamaAii3aniop.

6 . TeopM H n p o u e c c a  A e c rp y K T U B H o ro  rH A pn p oB aH H H

npn o6pa6oTKe BbicoKOMOAeKyAnpHbix opraHHqecKHX coeAHHeHHH 
boaopoaom  npn bhcokhx TeMnepaTypax h AaBAeHHnx, KaK y>Ke yKa3u- 
Ba/iocb, npoTeKaiOT ABe caMocroHTeAbHbie peaKiXHH; KpeKHHr u thaph-
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poBaHne. O CKopocTH t o h  h Ji h  h h o h  peaKUHH m o >k h o  cyAHTb no xapaxTepy 
nojiyqaeMbix npouyk t o b . TenJioBofi scJxjjexT AOCTpyxTHBHoro rHApnpo- 
b 3 h h h  Bcer^a nojio>KHTe./ieH; o h  cyMMHpyeTcn H3 SHAOTepMHqecxHx pe- 
3KUHH KpeKHHra H 3K30TepMHHeCKHX peaKUHH THApHpOBaHHH H MOJKCT 
KOjiedaTbCH b  u i h p o k h x  npe^ejiax.

TepM HM eCKHH SfjxfceKT 33BHCHT OT I7iy6HHbI THUpHpOBaHHH, MTO CBH- 
3aHO c  p a c x o ^ o M  B o flo p o ^ a . 3 a T p a T a  n o c u e ^ H e r o  6 y u eT  TeM d o jib m e , qeM 
6 euH ee b o a o p o a o m  H cx o A H o e cb ip b e h j ih  qeM 6 o jib iu e  b  HeM k h c j i o p o a c o - 
A e p jx a m n x  coeA H H eH H H . llp o n o p u H O H a jib H O  B 0 3 p a cra e T  h nojio>KHTejib- 
HbiH T enjioB oft s ^ e x T  n p o u e c c a  (2 0 0 — 3 0 0  kkclaIkz ).

C p a B H H T ejib H o  He^aBHO c q H T a jw , qTO xaMeHHbiH y r o jib  npeA CTaB - 
J i n e r  c o 6 o h  y r jie p o A  c  pa3JinqHbiM H npH M ecHM H . O A H a x o  Ha ocH O Ba- 
HHH HCCAeAOBaHHH yCT 3H 0B JieH 0, HTO XaMeHHbiH yT O A b HMeeT rpa(})HTO- 
Byro C T p y K T y p y  H3 noAH KOH ACH CH poBaHH bix apoM aT H q ecK H X  yrjieB O A O - 
pOAOB c  BOAopoAHbiMH 3TOM3MH JiH uib y  noB epxH O CTH bix aTOMOB y r jie p o -  
A a . J X tih npocTOTbi m o jk h o  n p eA n o jio JK H T b , h t o  b  ocH O B e CT p yK T yp b i x a -  
M eH Horo y iv in  jie>xaT c jie A y x x u H e  coeAHH eH HH :

ripHCyTCTBHe T3KHX nOAHKOHAGHCHpOB3HHbIX CoeAHHeHHH B K aM eH . 
h o m  y r j i e  B ecbM a B eponT H O . 3 t o  noATBep>KAaeTCH H3yqeHHeM  CTpoeHHH  
K aM eH H oro y r j i a ,  q eM y nocB H iueH O  o rp o M H o e q n c jio  HCCJieAOBaHHH. B bi- 
a h  BbiAejieHbi T aK H e cjioxcH bie yrA e B O A o p o A b i, k s l k  r e x c a r H A p o ^ A y o p e H , 
rexcarH A poM e3 H T H A eH  h  A p y r n e  yrA eB O A o p o A b i U H K A H q e cx o ro  c r p o e -  
h h h  o t  C U H 22 a o  C 30H 60. C o iv ia c H O  coBpeM eHHbiM  npeACTaBAeHHHM , 

xaMeHHbiH y r o A b  B K Jix)qaeT  h  reTepoaTO M bi N ,  S ,  O  h  A P -
rpa(J)HTOBaH CTpyxTypa yrAH, haockocth b KOTopoft h3xoahtch Apyr

o
ot Apyra Ha paccroHHHH 3 ,4  A ,  AOAJKHa 6AaronpHHTCTBOBaTb peaxuHHM 
c boaopoaom, oco6eHHO noA AaBueHneM. BjiaroAapa Taxon pbixAcft cbh- 
3h rpa4>HT AoftcTBHTejibHO MOJxeT AaBaTb coeAHHeHHH c  H F  H 2S 0 4, 
H N O g ,  H C 1 0 4 H AP- yCTaHOBAeHO, qTO BOAOpOA, HaXOAHIUHHCH MeHCAy 
6a3HCHbIMH nOBepXHOCTHMH, pe3KO H3MeHHeT CB0HCTB3 yrAH. PeHTreHO- 
rpaMMbi noxa3aJiH, qTO boaopoa rHApnpyeT puxAbie cbh3H Me*Ay 
nAocxocTHMH, npeBpaman yrojib b SoAbuine nAOCKHe MOAexyAbi nojiH- 
KOHAeHcnpoBaHHbix apoMaTHqecKHX h rHApoapoMaTHqecxHx ynieBOAO- 
poAOB, xoTopue 3aTeM a ĉtpy kthbho rHApnpyxjTCH, npeBpaiuancb b 
3HauHTeAbHO Sonee npocTbie HacbiiueHHbie coeAHHeHHH.

T H A PH poB aH H e a p o M a r a q e c x H x  yrA eB O A o p o A O B  c  k o h a 6h c h p o b 3 h - 
h h m h  xo A bu aM H  n p o T e x a e T  CT yneH qaT O  (cT p . 3 6 5 ), h t o  conpn>xeH O  c  
yMeHbUieHHeM T ep M H q ecxoft c t h 6 h a bHOCTH rH A p n p o B a H H o ro  a a h u h k a h -
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MCCKoro KOJibua. 3ro mo>kho npome Bcero nonasaTb conocTaBjieHneM 
npOHHOCTH CBH3efi:

ApoMaTHMecKan cBH3b npHMepHO b 1,5 pa3a npoHHee, neivi ajiH(J)aTH- 
MecKaa. Bjiaro^apH 3T0My rHApnpoBaHHbie KOJibua b ycjioBHnx AecrpyK- 
thbhoto npouecca aojijkhh noABepraTbCH KpeKHHry:

IlpaBHjibHOCTb TaKoro MexaHH3Ma 6biJia AOKa3aHa SKcnepHMeH- 
TajibHO H. A. OpjioBbiM h M. A. BejionojibCKHM L107]. OeHaHTpeH, aH- 
TpaueH, peTeH, xp«3eH h Apyrne ynieBOAopOAH npn ĉcTpyKTHBHOM 
rH^pnpoBaHHH pacnaAaJWCb eryneHnaTO, mto mohchc npoHJiJiiocTpH- 
poBaTb Ha npHMepe xpH3eHa:

3th ocHOBHbie peaKUHH conpspKeHbi c btophhhwmh peaKUHHMH H30- 
M epH 3 au,HH, n ep e p a cn p e A e jie H H H  B O AopoAa h A P - Pa6oTbi n o cjieA H H x  
JieT II03B0JIHJ1H yCTaHOBHTb, MTO He nOJIHOCTbK) THApHpOBaHHbie COeAH- 
HeHHH hbjijhotch nepeHOCHHKaMH BOAOpoAa. Tax, HanpHMep, TeTpajint 
oTAaeT cboh boaopoa Ha THApHpoBaHHe yrjiH, npeBpamaacb b HatJjTaJiHH. 
C 3toh tohkh 3peHHH Â CTpyKTHBHoe rHApHpoBaHHe yrjia h aHajiornq- 
HblX COeAHHeHHH HBJIHeTCH IIO CymeCTBy COnpHHteHHblM THApapOBaHIieM.

MexaHH3M rHApnpoBaHHH yiviH mojkho npeACTaBHTb cjieAyiomHM 
o6pa30M: 1) AH4xJ)y3HH BOAopoAa k yrjiro (310—350°); 2) nepBHHHoe 
pa3AO*eHHe ynia no rpa<f>HTOBbiM cbh3hm h o6pa30BaHHe AByMepHbix 
MaxpoMOAeKyj] (350—370°); 3) rHApnpoBaHHe h nocreneHHbiH pacnaA 
mecTHM̂ eHHbix KOJieu, CBH3aHHbie c o6pa30BaHHeM 6ojiee npocTbix ch- 
CTeM.

C— C-CBfl3b apoMaTHqecKan
C — C-CBH3b â Ĥ aTHqecKaa

120 k k o a /z - m o a  
80 k k o a /z - m o a
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ripn AeCTpyKTHBHOM rHApHpOB3HHH, KaK H npH KaTaJIHTHHeCKbM 
KpeKHHre, b ra30o6pa3Hbix npoAyierax npeodjiaAaioT 6yTaHbi (ao 8 0 % ) . 
3to hbjihctch noATBepjKAeHHeM MexaHH3Ma CTyneHnaToro pa3pbiBa 
KOjieu.

llpoAyKTbi AecTpyKTHBHoro pa3Jio»ceHHH npeACTaBJiaioT codofi cMecb 
6ojibiuoro qncjia pa3JiHHHbix coeAHHeHHH, nacrb KOTOpbix BbiA&neHa 
h a H ajiH 3 H p O B 3 H a. Y cT a H O B jieH b i re K c a A e n a - h O K T aA en arH A p o x pH3eHbi, 
MacTHqHO THApHpoBaHHbie nHpeH, nmieH, (fjeHairrpeH, aHTpaueH, MeTH- 
jinpoBaHHbie rHApoHa(J)TajiHHbi h t . a - 3to yKa3biBaeT Ha dojibinyio cjiojk- 
HOCTb pacnaAa h Ha npaBHJibHOCTb coBpeMCHHbix npeACTaBjieHHH o cry- 
neHHaToft cxeMe nponecca.

T. T E O P H H  n if lP H P O B A H H f l

MexaHH3M npHcoeAHHeHHH BOAOpoAa k C =C -cbh3hm em,e HeAaBHO 
dbiJi coBepmeHHO HeH3BecTeH. BbiJio npeAJioJKeHO MHoro pa3JiHHHbix 
rHnOTe3. BojIblUHHCTBO H3 HHX IipHHHMaeT, HTO AJIH rHApHpOB3HHH 
HeodXOAHM aTOMapHblH, HJIH aKTHBHblH, BOAOpOA, H Ha KaTaJlH3aTOpe 
npn rHApnpoBaHHH AOJiHCHa npoTeKaTb peaKHHH:

H2 5*: 2H

1. TeopHH npoMejKyTOMHbix coeAHHeHHH

JXo chx nop He HMeeTCH eAHHCTBa bo B3rjiHAax Ha pojib KaTajiH3a- 
TopoB h Ha hx OTHomeHHe k BOAOpOAy. HeKOTopbie yqeHbie CMHTajiH, 
hto b peaKUHHx rHApnpoBaHHH boaopoa odpa3yeT c MeTajuiaMH Majio- 
CTOHKHe THApHAbi, pacnaAaiom,HecH c BbiAejieHHeM aTOMapHoro BOAopoAa:

H2 +  K  -*■  K H 2 -*■  K  +  2H

rA e K —K3 Ta/iH3 aT0 p . F Io A o d H o ro  p o A a  rHApHAbi, K a n  n o K a 3 a ji C. A. O o -  
khh [1 9 ], cn o co d H b i A aB aT b T a n n e  M eT aju iw , k b k  P t ,  P d ,  N i ,  C o ,  Cu h AP- 
C o r jia c H O  F I . C a d a T b e  (1903 r .) ,  peaKU,HH rH A pn p oB aH H H  HaA M ejiK o p a c-  
nbuieHHbiMH M eTajuiaM H  n p o n c x o A flT  d Jia r o A a p a  dbiCTpoM y o d p a 3 0 B a -  
HHK) HeCTOHKOrO THApHAa HenOCpeACTBCHHO H3 B O A opoA a H aTOMOB Me- 
T a jiJia  Ha n oB ep xH O CT H . Tax, H an p H M ep , N i  h C o  cn o co d H b i AaBaTb  
rHApHAbi r a n a :

yH / H N i-H  yH
Ni< ; Ni—H ; | ; Co<( h t. j..

\H \ h N i-H  \H

n o A T B e p * A e H H e M  T a K o ro  n peA n ojioaceH H H  HBJineTCH BbiAejieHHbifi 
b 1923 r .  N i H 2, o d JiaA aiom H H  CHJibHO rH A p n p yio m H M H  cbohctb3 mh, 
OAHaKO A p y r n e  rHApHAbi rHnoTeTHHHbi (H a n p H M ep , yK a3aH H bie b jihtc- 
paType P d H ,  P d 2H ,  P d 3H 2 h t . a -)-

HoBbie HccjieAOBaHHH noKa3biBaiOT, hto bpha Jih aAcopdHpoBaHHbift 
boaopoa odpa3yeT c 3T0M3MH Apyrnx MeTajuioB Ha ero noBepxHOCTH 
onpeAejieHHbie xHMHnecKHe coeAHHeHHH. Bhjio nonasaHo. hto Tanne
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rHflpHflbi, KaK CoH2, FeH2, CrH3, MajioycTOHMHBbi h jierno bh- 
ACAhiot aTOMapHbift BOflopoA. Topa3Ao BepoHTHee npe^noJioJKHTb, mto 
boaopoa o6pa3yer aACopSnpoBaHHbie coeAHHeHHH HeonpeaejieHHoro co- 
CTaBa, qTO AOKa3biBaeTCH, HanpHMep, pa3JiHMHOH cop6uhohhoh eMKOCTbio 
noBepxHOCTeft.

npOCTefilUHH MeX3HH3M rHApHpOBaHHH MOJKHO npe^CTaBHTb CJieflyiO- 
IIIHMH CTâ HHMH peaKUHHI

Ni 4- H2 —► NiH2 
NiH2 -► Ni +  2H

^>C=C<^ +  2H -► ^>CH-CH</

HAH

\,C=C<^+ NiHa -► ^CH-CH<^+ Ni

/tpyrne HccjieflOBaTejin, AonycKan hhoh MexaHH3M, noAaraiOT, mto 
riepBOHaqaJibHo thapha npncoeAHHHeTcq no Mecry abohhoh cbh3h :

> '
C< +PdH2

I I
H PdH

■ K +Pd
H H

OpHrHHajibHyio Mbicjib BbiABHHyji P BajuibuiTerrep [108]. 
Ha ocHOBaHHH 6ojibm oro qHCAa Ha6AioAeHHH HaA cbohctb3mh nAaTHHbi h najuiaAHH oh cqHTaji, qTO nepeHoeqnKaMH BOAopoAa hbajhotch okhc- 
Jibi, TaK KaK Pt- h Pd-KaTa^H3aTopbi npn THApHpoBaHHH 6bicrpo yTOM- ahiotch , ho jierKO pereHepHpyioTCH nocjie npoAysaHHH B03Ayxa hah 
npOCTO BbIHeceHHH Ha B03AyX; KaTaAH3aTOpbI aKTHBHbl AHLUb TOrAa, 
Ko'rAa ohh coAepH<aT CBfl3aHHbift KHCJiopoA- 3Ta MbicJib dbiJia Bbipa>KeHa hm b napaAOKcajibHOH (])pa3e: «6e3 KHCAopoAa HeT rHApnpoBaHHH». 
Oh npHHHMaji, hto KaTajiHTHqecKH aKTHBHan njiaTHHa HMeeT (JjopMyjiv 
Pt02 h c boaopoaom  AaeT CTaSHAbHoecoeAHHeHne H2Pt02; t3khm o6pa30M, 
MexaHH3M THApHpoBaHHH 3aKAioqaeTCH b cAeAyiomeM:

C o r A a c H O  npHBeAeHHOH c x e M e , A esa K T H B a u n n  K aT aA H 3aTopa ecT b  
p e3 y jib T a T  pacK H CA eH H H  Pt02 h, cAeAO BaTeAbH O , Pt02 h  Pt hbajhotch
AByMH pa3AHqHbIMH KaT3AH3aTOpaMH. iJeflCTBHTeAbHO, H3(])TaAHH
rHApHpyeTCH HaA Pt ropa3Ao MeAAeHHee, qeM HaA PtO,.

HecKOAbKO no3Ke P. BHAAbinTerrep, cqHTan, hto BoccTaHOBAeHHbin 
HHKeAb AOA)KeH aKTHBHpOB3TbCH KHCAOpOACOA6p>KaUl.HMH ra33MH, CAe-
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jiaji nonbiTKy npHMeHHTb 3Ty rnnoieay h Ha Ni-KaTajiH3aTopbi; ho 3Ta 
nonbiTKa OKa3ajiacb HeyAaaHOH.

H3Jio>KeHHaH rnnoTe3a HarnJia b CBoe BpeMa 3HaaHTejibHoe hhcjio 
CTOpOHHHKOB, TaK KaK OHa AOCTaTOUHO xoporno oSlsHCHHJia HBJieHHH, 
npoHCXOAHmne npH rHApHpoBaHHH HaA Pt- hjih Pd-KOHTaKTaMH, npn- 
UHHbl VTOMJieHHH H pereHepaUHH 3THX K0HT3KT0B.OAHaKo nonbiTKa pacnpocTpaHHTb ee Ha Apyrue KaTajiH3aTopbi h o6o6mHTb 3aKOHHHjiacb nojiHOH HeyAaqefl, tbk KaK A-aa «He6jiaropoA- 
HbIX» KaTaJIH3aTOpOB KHCJIOpOA B03Ayxa HBJiaeTCH HAOM.CjieAyeT yKa3aTb Ha nmoTe3y B. H. HnaTbeBa f 109], corjiacHo 
KOTopofl peaKAHH rHApnpoBaHHH KaTaJiH3HpyiOTCH He C3mhmh MeTaji- 
jiaMH hjih hx oKHCJiaMH, a cjieAaMH coAepacaiueHca B HHX BOAfal. Oua- 
3ajiocb, hto coBepmeHHO cyxne HHKejib hjih OKHCb HHKejia HecnocodHbi 
THApHpoBaTb. Ha ocHOBaHHH 3Toro 6biJia npeAJioH<eHa cjieAyiomaa cxe- 
Ma THApHpOBaHHH:

AocTaTOHHO npHcyTCTBHH cjieAOB BJiarn, HTodbi Ni-KaTajiH3aTop 
Haqaji rHApnpoBaHHe.

3Ta cxeMa b Haeroaiuee BpeMa 3a6biTa, ho b Heft 3ajio>KeHa HHTepec- 
Haa h o6m,aa HAea. H3BecTHO, KaKyio orpoMHyio pojib BOAa HrpaeT b 
6oJIbUIHHCTBe XHMHHeCKHX H SHOXHMHaeCKHX npopeCCOB H UTO BO MHO- 
rnx c jiyaaax adcojnoTHO cyxne BemecTBa He BCTynaioT b peaKUHH (Ha- 
npHMep, coBepmeHHO cyxne H2+C12, A1C15 h t. n.).

MexaHH3Mbi peaKUHH, npeAJio>KeHHbie b TeopHax npOMejKyTOUHbix coeAHHeHHH, He MoryT nojiHOCTbio od'bacHHTb npoueccoB rHApnpoBa- HHa, TaK KaK ohh He yqHTbiBaiOT TaKoro BaacHoro cJjaKTopa copfiuHOH- 
Hbix HBJieHHH, KaK cocToaHHe noBepxHOCTH, ee TonorpacfiHH h reoMeT- pna; nocjieAHee, KaK H3BecTHo, BecbMa cyiuecTBeHHO a-nh reTeporeHHoro KaTajiH3a.

Hjih noHHMaHHa cyra rHApupoBaHHiL^ocHOBHoft HHTepec npeACTaB- 
jiaeT nepBHHHbiH npouecc AirccoiflialiHH H 2t±2H  h ycraHOBjieHHe ero 
npHHHH. IlpHHaTO cuHTaTb, hto AuccouHauna Ha aTOMbi ecTb npeAeji 
AecfiopMauHH MOjieKyjibi, nonaBmeft b CHJioBoe nojie noBepxHOCTH Ka- 
TaJiH3aTopa. BbiJio BbicKa3aHO npeAnojioaceHHe, uto npu opneHTHpo- 
B3HH0H aAcopSuHH BOAopoAa nJiaTHHOH ero MOjieKyjia Ae(J)opMHpyeTca. 
SjieKTpoHbi MOjieKyjibi BOAopoAa CMeiuaioxca k nojioacHTejibHO 3apa>KeH- 
hoh noBepxHOCTH h KaK 6bi norpya<aiOTca b Hee, a hohm BOAopoAa 
oeraioTCH Ha noBepxHOCTH. Tanaa AecJwpMauHa cnjibHO aKTHBHpyeT boao- 
poA, noaTOMy oh h CT3H0BHTCH cnocodHbiM k npHCoeAHHeHHio no MeCTy 
CBH3H C=C. H. JlSHTMIOp CHHTajI, MTO flOBepXHOCTHOe nOJie KataJIH3a-

Ni +  H20 NiO +  2H 
N iO+ H2 —► Ni +  H20

2, AAC0p6uH0HHbie TeopHH
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Topa, 3apHJKeHHoe ncviojKHTejibHO, npn aAcopdunn pacmenjineT Mo.ie- 
xyjibi H 2, h H 2̂ ±2H Bbipa>KaeT noBepxHOCTHoe paBHOBecne.

Taxan AHCcounaunn MOHcer npoTexaTb c odpa30BaHneM npoTOHOB 
h ' ĵieKTpoHOB, t . e. c HOHH3auHen BOAopo^a. YAajiocb axcnepnMeHTajib- 
HO £OKa3aTb H3JlHMHe npoTOHOB H SJieKTpOHOB y  nOBepXHOCTH nJiaTHHbl 
h y aTOMOB h Mojiexyji b coceAHnx c/ioax xaTaJW3aTopa.

no3,HHee dbiJia ycTaHOBjieHa 3aBHCHMOCTb MeJKAy rHApnpyxMuen ax- 
THBHOcTbio h HOHHbiM paAnycoM MeTajiJTOB. Mojiexyjibi BOflOpOfla B CH- 
jiobom nojie MerajiJiHqecKoro xaTaJM3aTopa Ae^opMnpyiOTCH h ahcco- 
UHHpyiOT Ha aTOMbl H HOHbi:

H2 H+ +  2e

3 r a  p e a x u H H  n p o T e x a e T  He Ha B ce x  sjie M e H T a x , a jim iib  Ha H a x o A n -  
m n x c a  b onpeA ejieH H O M  A H an a3 0 H e hohhmx p a A H y c o B . T a x n M n  ajieM eH -
T3MH HBJIHIOTCH nO HHCXOAHIIteH 3KTHBH0CTH:

Ni" >  Co" >  Fe" >  Zn" >  Cu"

Ho H3 3THX SJieMeHTOB UHHK MaJlO 3KTHBeH, TaK X a X  OHCHb dbICTpO 
oxHCjineTCH.

rHApHpoBaHHe no AaHHbiM O. UlMHATa npOTexaet b TpH ctbahh:

H H+ e
a) 1 - + aflcop6uHH H flHCCOU.HaU.HH H2

H H+ ^
> c e > c -

6) II --► 1 HOHH3au,HH peareHTa
> c e >C-

b)
>C-

II
H+ >CH 

4- — 1 KOHeHHbiH 9jieKTpoHe0TpaflbHbifi npoflyKT

>lr H+ >CH peaKUHH

HccjieAOBaHHH nocneAHnx jieT no3BOjiHJiH BHecTH 3HaqnTejibHyx) 
HCHOCTb B THnOTeTHHeCXyK) OdflaCTb rHApnpOBaHHH H OdT>HCHHTb C AO- 
CTaTOHHoft BepoHTHOCTbK) xoTH 6bi npocTeiimHe peaximn. BoJIbUiyX) 
pojib b BbiHCHeHHH MexaHH3Ma rHApHpoBaHHH cbirpajin B33HMHbie npe- 
BpameHHH o -  h n-BOAopoAa, a Taxme H3yqeHne BOAopoAHoro o6MeHa npn 
noMomH AeftTepHH (D2).

B03M0JKH0CTb CymeCTBOB3HHH BOAOpOAa B AByX MOAH(J)HXaUHHX—
o -B O A o p o A  ( o - H 2) h n-B O A O poA  (n-H2) —  dbijia n p e A c x a 3 aH a Ha ocho- 
B3HHH XB3HT0B0H T eopH H . ^ A p a  B M O Jie x y jie  BOAOpOAa M O ryT  B pam aTbCH  
b o A H y h T y  jx e  cT o p o H y  ( c n H H = 1 /2+ 1/2= l ) ,  o d p a 3 y n  o - H 2, hjih b 
p a 3 Hbie cT op oH bi ( c n H H = 1/ ,— V 2— 0 ), o d p a 3 y n  n-H2. H o p M a jib H u n  bo- 
A o p o A  AO^uxeH npeA CTaB jiH Tb c o d o n  cM ecb  o d e n x  4>opM b co o T H o m eH n n : 
1 q . /7-H2 h 3 q . o-H2 (q n c jio  o p n e H T a u n n  o n p eA ejin eT CH  4>opM yjion: 

2 s - f - l ,  rA e s — p e3 yjib T H p yiom H H  c n n H , t . e. b ashhom c jiy q a e  2 s + l  =  
= 2 ) .  3 th n p e A n o ^ w x e H H H  n oA T B ep A H jin cb  Ha n p a x T n x e .

Ode MOAH(j)HxauHH BOAopoAa Hecxojibxo OT^nqax)TCH cbohmh onm- 
qecxHMH h TepMnqecxHMH cbohctb3mh, Ha qeM n dbui ocHOBaH aHajiH3 
nAMeTOAbi hx pa3A6AeHHH, t a x  x a x  x a jK A a a  H3 moah(})hx a n n ft ycTonqn-
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Ba. YcTaHOBjieHo, oAHaxo, hto ohh MoryT nepexoAHTb oAHa b Apyryio roMoreHHO (npn HarpeBaHHH ao  700—800° n-H 2 nepexoAHT b o-H 2) hjih reTeporeHHO— HaA KaT3JiH3aTopaMH (aKTHBHpoBaHHbm yrojib, N i, Co, P t). OmeqeHO, hto CKopocTb KOHBepcHH n -H 2̂ ±o-H2 h3xoahtch 
b npHMofi 33BHCHMOCTH ot KaTaAHTHqecKOH aKTHBHOCTH MeTajiJia: N i-, Co-. P t-. Pd-KaTajiH3aTopbi npoBOAHT npeBpameHHe 3HaqHTejibHO dbi- CTpee, qeM Cu-. Ag- hjih Au-KaTajiH3aTopbi. H3MepeHHe nopnAKa peax- 
uhh noKa3ajio, hto oh BcerAa jiokht Me>KAy HyjieBbiM h nepBbiM, t . e. npouecc npoTexaeT b aACopfinpoBaHHOM cJioe.

npH hh3khx reMnepaTypax boaopoa nojmocTbx) nepexoAHT b 
n-BOAopoA; npn 200° oh coctoht H3 paBHbix xojinqecTB oOenx (J)opM, a 
npn odbmHOH TeMnepaType boaopoa npeACTaBjiaeT codon CMecb 25% 
n - H 2 c 75% o-H2.

ZI,jih od'bHCHeHHH nepexoAa oahoh (jmpMbi b Apyryio h CMemeHHH 
paBHOBecHH HeodxoAHMO npeAnojio)KHTb, hto aAcopdnpoBaHHbie MOJie- 
xyjibi qepnaxrr SHeprHio aKTHBauHH c noBepxHOCTH KaTajiH3aTopa, 
b pe3yjibTaTe qero npoHcxoAflT hx Ae^opMagHH, pa3pbiB h pexoMdHHa- 
uhh. flpeBpameHHe n-H2 b o-H2 (hjih HaodopoT) mojkct npOTexaTb cjie- 
AyiOUJHMH nyTHMH:

1) pacmenjieHHe Ha aTOMbi c nocjieAyiomHM coeAHHeHHeM aTOMOB b 
ApyryK) MOAHtJmxaumo:

a-o-H2 +  b-n-Hz —► 2(a +  6)H 

2(a  -f 6)H —► (a  — x)-o-H2 +  (b +  x)-n-H2

2) no peaxHHH nojiyTopHoro nopHAKa, b npouecce xoTopoft npeBpameHHe ocymecTBJiHeTcq c noMom,t>io aTOMapHoro BOAopoAa:H -f- n-H2 —*- o-H2 “l- H
npeBpameHHe n-H 2̂ ±o-H2 HBJiHeTca Handojiee HarjinAHbiM Aoxa- 

33TeJIbCTBOM peaJIbHOCTH aTOMH3aU,HH BOAOpOAa Ha nOBepXHOCTH KaTa- 
jiH33TopoB h no3BOJineT pa3pemHTb HexoTopbie oqeHb TpyAHwe Teope- 
THqecKHe Bonpocbi.

M o jie K y jib i AeHTepHH T ax>xe cy m e cT B y io T  b A B y x  M O AH t^H K aunax, 
h D2 n p n  odbiqHOH T eM n e p a T yp e n peA CTaB JineT  c o d o fi CM ecb, coAep>xa- 
myro 33% n-D2 h 67% o-D2. r e T e p o re H H a n  xoH B epcH H  Tax>xe n p o T exaeT  
HaA K aT aJiH 33 T op aM H . P e a K U H H  c  yq acT H eM  aTOMOB AeHTepHH x a x  
«M eqeHbix 3tomob» no3BOJiHJiH r j iy d o x o  npoH H XH V T E - b  noHHMaTm e Me- 
X3HH3Ma THApHpOBaHHH.

npocTeftuiHM npHMepoM rHApnpoBaHHH HBJineTCH npncoeAHHeHHe 
BOAopoAa k STHjieHy— peaxomH, HByqaBHraHcau mhothmh aBTopaMH 
(Ha N i H Pt). npH THApHpOBaHHH BOAOpOAOM, COAep>KamHM AeHTepHH, 
dbiJio noKa3aHO, hto nponecc npoTexaeT cjio)KHee, qeM 3to paHee npeA- 
nojiarajiocb [110]. OKa3ajiocb, hto napHAy c  HopMajibHbiM rHApnpoBa- 
HHeM CH,=CH2 +  DH CHs—CH,D
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H

CH2=CH2 +  DH CH2=CHD +  H2

CH,=CH2 +  2DH CH3—CH3 +  D2 h t. a.

Ha OCHOB3HHH SKcnepHMeHTajibHbix AaHHbix npH pa3JiHMHbix TeMne- 
paTypax 6mao hphhhto, mto peaKUHH oSMeHa npoTexaeT b Ase era ah h

а) CH2=CH2 5 *- CH2=CH +  H
б) CH,=CH +  D CH2=CHD

T.” e. ripoHcxoAHT npeABapHTejibHaH AHCCOUHaunn; nosTOMy Taxon Me- 
xaHH3M noAyuHA Ha3BaHHe duccoi^uamuenozo. C noBbiineHHeM TeMnepa- 
Typw CKopocTb peaxuHH (a) pacTeT h, cAeAOBaTeAbHO, AHCCOUHaunn 
yBejiHHHBaeTCH.

Hah 0 6 'bHCHeHHH 6oAee caohchoto cjiyuau—o6MeHa Me>KAy AefiTe- 
pneM h 6eH30A0M—npeAAOJKeHbi Tpn cjieuyioiuHx MexaHHgMa:

1) ducconuamueHbiu—AHCcounauHH 6eH30Aa Ha aKTHBHbix ueHTpax 
KaTajiH3aTopa K '.

•2K
C8Hs ----- ► C6H,A +  H A

C8H,A +  D2 ------► C6H,D +  D A

2) 06MCHHbLu— nyTeM BCTynjieHHa aucopfinpoBaHHoro aTOMa D b 
aAcopfiHpoBaHHyio MOAexyAy:

c6hg +  da; ->• c6h,d +  ha:

3) a cco n n a m u en h iu—aAcopdupoBaHHbiH aTOM D, npHcoeAHHHHCb k 
6eH30Ay, o6pa3yeT c hhm n oA yeudpupoeaH H yio (popM y (n o A y e u d p u p o - 
e a n n o e  cocm oA H ue), ot KOTopofi OTpbiBaeTCH 3aTeM aTOM H:

H H H H
t

H
I

H +  DA ^  .H—
1

H ^  H—<
1

/
1
S —H +  HA'

1 /I 1 \ i 1
H A H H D. H D

OAHaKO Ha OCHOB3HHH pHAa OnbITOB [ i l l ]  6bIAO AOK333HO, UTO AHC- 
COUHaTHBHblH MeX3HH3M B 3T0M CAyuae HenpHeMAeM; peaKUHH HAeT 
no accouuaTHBHOMy HanpaBAennio h coctoht H3 CAeAyioiUHX uerapex 
npoueccoB: 1) aKTHBHpoBaHHofl aAcopduHH D2 hah H2 c paciuenAeHHeM 
HX Ha aTOMbl H OAHOBpeMeHHO 2) 3KTHBHp0BaHH0H aACOpfiUHH HeHaCbl- 
meHHoro coeAHHeHHH nyTeM pa3pbiBa. abohhoh cbh3h c o6pa30BaHHeM 
AByX HOBbIX CBH3eft C AByMH aKTHBHbIMH UCHTpaMH Ha K3TaAH3aTOpe;
3) o6pa30BaHHH noAyrHApHpoBaHHofi 4)opMbi nyTeM nepexoAa aTOMa
ACHTepHH K OAHOMy H3 CBH33HHbIX C KaTaAH33TOpOM yrAepOAHbIX aTO- 
mob HeHacbimeHHoro coeAHHeHHH; 4) npncoeAHHeHHe BOAOpoAa k noAy- 
rHApnpoBaHHOH c})opMe c o6pa30BaHHeM MOACKyAbi npoAyKTa o6MeHa.

CxeMaTHuecKH sth npoueccu mojkho npeACTaBHTb cAeAyiomHM 06- 
pa30M.
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ripHcoeflHHeHHe AefiTepna ( rHApHpoBaHHe):

H
1

H
|

H
|

H
1

H - ^ V h H - r V H
1
H

—/
\
H 4 K / H

l\  
H K

--- ► ---- >■
d2 D D

K K
H
I

H H
1

H
1

h - < : > - H H <

1

>
/ 1

K H
l\  
H D THApHpOBaHHe

/I
D H

D
I

K
KK

KKKK

OAHOBpeMeHHO HMeeT MecTO o6MeH aTOMa H Ha D:

H
|

H
| H H H HI 1

/I

H - < -

/ I

1
—H H—«

l\
O ”  

1 1
K H H D K H V L) flecopfiUHH H D

--► +  DH
D
1 KK

D H 
1 1 K

KKKK

K k  k

AHaJiorHHHOH cxeMoft mojkho npeACTaBHTb o6MeH h rHApnpoBaHHe 
STHJieHa. *

TaKofi MexaHH3M 6 h j i  noATBepxcAeH AonojiHHTejibHbiMH onbiTaMH Ha 
npHMepax o6MeHa Me>KAy D2 H MeTHji3aMem,eHHbiMH ojie(J)HHaMH (nponn- 
JieH, 6yTHJieH, H306yTHJieH, TpHMeTHJISTHJieH).

Bhjio ycTaHOBjieHO, hto aTOMaMH D MoryT 6biTb 3aMeHeHbi jnoGbie 
aTOMbi H, a He TOJibKO HaxoAHUtHeca npn abohhoh cbh3h. 3 to noATBep- 
jKAaeT npaBHjibHOCTb accouHaTHBHoro MexaHH3Ma [112]:

2K D2
CH3—CH=CH2 ----- ► CH3—CH—CH2 -----► CHg—CH—CH2D +D K

I I I
K K K

CH3—CH—CH2D +  D -► CH2—CH—CHaD +  DH 
I I I I

K K K K
CH2—CH—CH2D -► CH2=CH—CH2D +  2K
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B  c jiy n a e  A H CCoim aT H B H oro M exaH H 3 Ma b o a o p o a  b C H 2-r p y n n e  
He AOJIH<eH OfiMeHHBaTbCH Ha D .

n p H  odbHCHeHHH MeX3HH3Ma THApHpOBaHHH C TOMKH 3peHHH n p o -  
CTpaHCTBeHHbix cooTHom eHHH c jie A y e T  A o n ycT H T b , h t o  M O JieK yjia h »- 
H acb im eH H oro coeAHHeHHH c n e p B a  a A co p d n p y eT C H  n o  M ecTy C = C - c b h - 
3h AByM H aTOMaMH K aT aJiH 3aT o p a. B  p e3yjibT aT e bcji^actbhc n p o n c x o A H -  
m e fl AecJJopMaitHH odpa3yiO TCH  HOBbie cbh3h Me?KAy aTOMaMH y n ie p o A a  
h  aTOMaMH M eT ajiJia . K o m jH iry p a u H H  xeM O cop dH poB aH H ofi Ha N i  MOJie- 
K yjibi STH jieH a MO>KeT dbiTb n p e A cra B jie H a  b BHAe T paneuH H

C c C

C OCHOB3HHHMH a H C, paBHblMH COOTBeTCTBeHHO paCCTOHHHK) Me>KAy 
AByM H aTOMaMH N i  b K p H C T aju in n ecK ofl pem eTK e h MOKAy AByMH aTO
MaMH C ,  COeAHHeHHbIMH OpAHHapHOH CBH3bK) (K aK  B 3TaH e). BOKOBbie 
cTOpOHbi b  paBHbi cbh3h C — N i ,  KOTopan b abhhom p acq eT e npH paB H eH a

o o
k AJiHHe cbh3 h b N i ( C O ) 4. TaKHM o6pa30M, c =  1 ,52 A ,  6 = 1 ,8 2  A ,  a =

o
= 2 , 7 3  A ,  a y r o ji  0 =  1O9°28' I l p n  paccTOHHHH Me>KAy 3tom3 mh N i

O
b 2 ,7 3  A  He n p o H cx o A H T  H3MeHeHHH BejiHMHHbi B ajieH T H oro y r j i a , t . e. 
a A co p d u H H  HAeT de3 Hanpn>KeHHH. Ba>KHO oTMeTHTb, hto aKTHBHbie ajih 
THApHpoBaH H H  K aT ajM 3 a T o p b i n p n  njiOTHoii yn aK O B K e HMeioT oneH b

o
6 jiH 3 KHe M encaTOM Hue paccTO H H H H : P t  h P d  2 ,7 — 2 ,8  A ;  F e , C o ,  N i

O
h C u  2 ,4 7 — 2 ,5 4  A .  3tot (J)3kt noA nepK H B aeT  cym ecT B eH H o e 3 HaneHHe  
Me>KaTOMHbix paccTOHHHH n p n  K aT ajiH 3e. C o r jia c H O  M yjibTHnjieTHOH T eo- 
PHH, npH  THApHpoBaHHH B3HCeH T3KJKC npH H UH n COXpaHCHHH B3JieHTHbIX 
y r jio B . J I j i h  THApHpoBaHHH (h  A erH A p np oB aH H H ) n pn roA H b i M eTaJiJibi, ko- 
Topbie KpH CTajiJiH 3yioTCH  b BHAe rpaH eueH T pn p oB aH H O H  KydHMecKOH  
hjih re K ca r o H a jib H o ii pem eTKH ( P t ,  P d , Ir , R h ,  R u ,  O s ,  N i ,  C o ,  C u )  
hjih >Ke odbeM H O ueH T pH poB aH H oft peuieTKH ( F e , C r ,  V ,  M o , W ) .

3. KHHeTHKa rHApnpoBaHHji

H 3 yn eH H e c K o p o c r e ii peaKUHH  reT eporeH H O -K aT ajiH T H necK H x n p o -  
UeCCOB CBH33HO oCblMHO C do.71blJLIHMH CJIOHCHOCTHMH. B  HaCTOHIIjee B p e -  
mh ycT aH O B jieH O , mto CK o p ocT b  K aT ajiH T H q ecK oro n p o u e c c a , n p o -  
T e K a io m e ro  Ha noBepxH OCTH  K aT ajiH 3 aT op a b MOHOMOjieKyjiHpHOM  
c n o e , 3 3 BHCHT ot KOJiHHecTBa KaTa/iH3 a T o p a  h e r o  3 kthbhocth. O A H a n o  
npoTenaHHe t3khx peaKUHH CHJibHO 33Bhcht h ot ckopocth noABOAa 
peareH T O B  k K aT a;iH 3 aT O py h otboa3 npoAyK TO B peaKUHH, t . e . ot ckopo
cth AH(JxJiy3HH H3 o db eM a k K a T a jiH 3 a T o p y . O a K T o p  AH(jxf)y3HH, o co d eH -  
HO eCJIH OAHH H3 peareH TO B HBJIHeTCH ra30M , CHJIbHO 33TpyAHH eT KHHe-
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THMecKHe pac^eTbi. BonpocaMH pa3rpaHHqeHHn «AH(]x])y3HOHHOH» h 
«KHHeTHqecKOH» ofijiacTeft npH peanunax THAPHpoBaHHH 3aHHMajmcb 
C. K). Ejiobhh, T M. >Ka6poBa, B. H. rojibAaHCKHH, JX. B. CoKOJibCKHH
h ApyrHe HCCJieAOBaTejiH.

ripn peaKUHHx b jkhakoh (J)a3e cncTeMa, b KOTopofl npoTexaeT Ka- 
TajiH3, coctoht H3 HenpeAejibHoro coeAHHeHHH, pacTBopHTejia, ra30o6- 
pa3Horo BOAopoAa h KaTajiH3aTopa. JXnn rHApnpoBaHHH HeobxoAHMO, 
MTodbi boaopoa h HenpeAejibHoe coeAHHeHHe npoAH^yHAnpoBajm k no- 
BepxHocra KaTajiH3aTopa, aAcopSnpoBajiHCb, npopearnpoBajiH h no- 
TiyqeHHbie npoAyKTbi AecopSnpoBajiHCb. PeaKHHH rHApnpoBaHHH npeA- 
CTaBJiHeTCoSoft cjiojkhmh nponecc, OTAejibHbiecTaAHH KOToporo npoTexaiOT 
C pa3JIHHHOH CKOpOCTbKD, HO CyMMapHaH CkopOCTb paBHa CKOpOCTH AĤ Xfjy- 
3hh. B 3tom cjiyqae peaKHHH npoTexaeT b «AH<ix|)y3HOHHOH» o6jiacTH.

XUIH H3yneHHH KHHeTHKH THApHpOBaHHH Ha nOBepXHOCTH KaTaJlH- 
3aT0pa, t . e. ajih npoBeACHHH peaKHHH b «KHHeTHnecKOH» o6jiacTH, He- 
06XOAHMO HCKJHOHHTb AH^ySHOHHbie npOHeCCbl, HTO AOCTHraeTCH H3- 
MBHeHHeM CKopocTH nepeMeuiHBaHHH, TeMnepaTypbi, KOJiKnecroa tha- 
pnpyeMoro BemecTBa, KaTajiH3aTopa h t . a - 3to noATBepxAaeTCH phaom 
padoT. C. K). Ejiobhh h T M. )Ka(5poBa [113] npn H3yqeHHH KHHeTHKH 
rHApHpoBaHHH CTHpojia b yKcycHOKHCJioM pacTBope HaA Pt/BaS04 
yCTaHOBHJIH, HTO npH CHJIbHOM BCTpHXHB3HHH peaKHHH npOTCKaeT B 
«KHHeTHqecKoft» o6jiacTH no abohhoh cbh3h BHHHjibHoro paAHKa^a c 
nOCTOHHHOH CKOpOCTbK), nOAHHHHHCb ypaBHeHHIO HyjieBOrO nopHAKa; 
npn Majibix ckopocthx BCTpHXHBaHH.H rHApnpoBaHHe npoTenaeT B 
«AH(jx])y3HOHHOH» ofijiaCTH. B. H. r 0JIbA3HCKHH H C. KD. Ejiobhh [114], 
rHApHpyn ojienHOByio KHCJioTy HaA TeM nee KaT3JiH3aTopoM, HauiJiH, hto 
nojionceHHe rpaHHUbi MejKAy «AH(jx][)y3H0HH0H» h «KHHeTHqecKOH» odjia- 
cthmh 33BHCHT ot TeMnepaTypu h KOJinnecTBa KaTajiH3aT0pa, npaneM 
B «KHHeTHHeCKOH» b6jiaCTH CKOpOCTb peaKHHH nponOpHHOHaJIbHa KO- 
jiHqecTBy KaTajiH3aTopa, b «AH<fxj)y3H0HH0H»—OHa CTpeMHTCH k HeKOTopon 
npeAejibHOH BejiHHHHe. JX. B. CoKOJibCKHH h JL A. ByBajiKHHa [115] 
H3yqajiH KHHeTHKy rHApnpoBaHHH AHMeTHJiaueTHJieHHjiKapSHHOJia b 
cnnpTOBOM pacTBope HaA CKejieTHbiM Ni h yCTaHOBHJIH, hto H3MeHe- 
HneM CKopocTH pa3MemHBaHHH peaKHHOHHOH cpeAbi mojkho pa3rpaHH- 
HHTb «AH(J)4)y3HOHHyK)» H «KHHeTHHeCKyiO» ofijiaCTH npH THApHpOBa- 
HHH, npnqeM B «AH(]>4)y3HOHHOH» OfijiaCTH CKOpOCTb peaKHHH 33BH- 
CHT OT HHTeHCHBHOCTH nepeMeHIHBaHHH, B «KHHeTHHeCKOH» x e —He 
33BHCHT.

EIpHBeAeHHbie padoTbi noKasbiBaioT, hto npn coSjikdaghhh cootbct- 
CTByiomHx ycjioBHH mojkho H3yqaTb KHHeTHKy reTeporeHHOKaTajiH- 
THnecKHx peaKHHH, HCKjnoqan AH(]x])y3H0HHbie nponeccbi.

B cjiynanx MHorocraAHHHbix peaKHHH THApHpoBaHHh cKopocTb 
Bcero nponecca 33bhcht ot ckopocth Han6ojiee MeAJieHHO npOTeKaio- 
mefi peaKHHH (jiHMHTHpyioiHaH cthahh), onpeAeAnroiHefl KHHeTHqecKHe 
xap aKTepncTHKH Bcero nponecca npn HeycTaHOBHBiueMCH pentHMe. 
npH AaJIbHeHUieM npOTeKaHHH peaKHHH CKOPOCTH OTAejIbHbIX CTaAHH. 
MorVT npHMepHO ypaBHOBecHTbcn (cjiynafl ycTaHOBHBmerocH pe>KHMa)
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OflHaKO npn H3MeHeHHH ycjioBHH (ckopocth nponycKaHHH, TeMnepaiy- 
pw, nepeMeuiHBaHHH h t . a .) npouecc CHOBa nepexoAHT qepe3 cia^Hio 
HeycTaHOBHBiuerocB pe>KHMa. IlosTOMy a-nh nojiyneHHH tomhux KHHe- 
THMecKHx pe3yjibTaTOB Heo6xoAHMO pa6oTaTb npH ycTaHOBHBiiieMCb 
pe>KHMe b CTporo KOHTpojinpyeMbix yc/ioBHax, He H3MeHHH h x .

Bonpocy KHHeTHKH rHApnpoBaHHH HenpeAejibHbix opraHHqecKHx 
coeAHHeHHH nocBameHa oSiimpHaa jiHTepaTypa. Bo^binne TpyAHOCTH 
ObWH npeoflOJieHbi npn ycTaHOBJieHHH KHHeTHKH THApHpoBaHHH t3khx 
npocTbix coe^HHeHHH, Kax STHJieH h nponnjieH.

XUfl 03H3K0MJieHHB C KHHeTHHeCKHMH paCMeT3MH HHHCe npHBOAHTCH 
paA xapaKTepHbix npHMepoB.

BbiJio ycTaHOBJieHO, mo KHHeTHKa rHApnpoBaHHH aTHJieHa xopomo 
rioAHHHHeTCB ypaBHeHHio JlsHnvnopa [116]:

r^e W—CKopocTb peaKUHH, k—yAejibHaa KOHCTaHTa ckopocth peaK- 
hhh, 0—aACop6u.HOHHoe 3anojiHeHHe H2 h C2H4 cooTBeTCTBeHHO.

YpaBHeHHe JbHrMiopa HBJineTCH o6ui,hm a-ah rHApnpoB3HHH npo-
CTeflLUHX HeHaCbimeHHbIX COeAHHeHHH C OAHOH ABOHHOH CBH3bIO.

ECJ1H npHHHTb BblBeaeHHbie H. JISHTMIOpOM Bbipa>KeHHH

0 = ____________b- l f ^ ____________
1 +  bi Ph2 +  b2 Pc2H4 +  b3 Pc2h6 

0 =  _________b~ Pc2H4_________
C2H4 1 +  bx pH2 +  b , p C iH i +  b3 p C iH e

(rfle p — napunajibHoe ABBJieHHe), to o6mee ypaBHeHne ckopocth peax- 
uhh H3o6pan<aeTCH cjie/iyiomHM o6pa30M:

_ , ________ &A Ph2 Pc2h4________
(> +  bl PHs +  bi pc 2H4 +  *3 Pc2h6)’

B 3TOM ypaBHCHHH bx H b2— aACOpfiUHOHHbie K03(jx])HUHeHTbI BOAOpO^a 
II 3THJieH3, b 3— aACOp6UHOHHbIH K03(]xJ)HUHeHT 3TaHa.

B cjiyqae Majibix 3anojiHeHHH oahhm H3 komhohchtob peaKUHH no- 
CJieAHHH MOJKeT HMeTb nepBblH nopHAOK no BOAOpOAy HJ1H 3THJieHy, T. e.

0H2 =  *'Ph, 1,-nl1 0C2H4 =  *"Pc2H4
06man cxopocTb peaKUHH MO>KeT 6biTb Bbipa>KeHa ypaBHeHHeM: 

w ________*Ph2Pc2h4________
•1 +  *i pH, +  b 2 p c „ H i  +  b 3 PC2H6

B 1945 r. A . A . BajiaHAHH [117] npeAJio>KHji aAcopdHHOHHVio Teo- 
pHK) rHApnpoBaHHH, b ocHOBe KOTopofl Ae>KHT npeAnojio>KeHHe, MTO Ha no- 
BepXHOCTH rHApUpyKJUlHX KaTaJIH33TOpOB HMeeTCH ABa pa3HbIX no 
CTpyKType THna aKTHBHbix ueHTpoB: Ha oahhx aKTHBupyeTCH nupH-
23 B. H. AoJiroB
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pyeMoe BemecTBO, Ha Apyrnx—boaopoa. BoAopoAHue aKTHBHfaie ueHTpbi 
npeACTaBAHKDT co6oh AynJieTbi; aKTHBHbie m e  ueHTpbi, aKTHBHpyioinHe 
HeHacbimeHHbie coeAHHeHHH, 6ojiee caohchm (BnAOTb ao ceKCTeTOB b cAy- 
uae rHApupoBaHHH apoMaTHqecKHx coeAHHeHHH).

06man cxeMa peaxuHH rHApnpoBaHHH, no A. A. BajiaHAHHy, npeA- 
CTaBAaeTCH b BHAe Tpex rpynn ypaBHeHHH:

1) B +  K' =  BK'\ U2 +  K' =  H2K'; C +  K' =  CK’\ L +  K ' ^ L K '

2) B +  K =  BK; H2 +  K =  H2K; H2 +  2K' =  2(HA); C +  K =  CK;

l  +  k  =  l k

3) BK' +  HA =  XK'A; XK'A +  HA =  CK' +  K
i i

B 3thx cxeMax nepBan rpynna ypaBHeHHH BbipaJKaeT aAcopSuHOH- 
Hbie paBHOBecna Ha ueHTpax rana K ' Ha KOTopbix aKTHBHpyiOTCH He- 
npeAeAbHbie coeAHHeHHH B\ Ha hhx xce aAcopdnpyiOTCH boaopoa H2, 
npoAyKT peaKHHH C h pacTBopHTeAb L.

BTOpaa rpynna ypaBHeHHH BbipaxcaeT aACopbunoHHoe paBHOBecne 
Ha BOAOpOAHbIX aKTHBHbIX U,eHTpaX, Ha KOTOpbIX npOHCXOAHT, xpoMe 
roro, h AHccouHauHH BOAopoAa Ha aTOMbi.

B obenx rpynnax ypaBHeHHH HaA 3H3 K3 MH paBeHCTBa yKa3aHbi aA- 
COpbHHOHHbie K03(J)(J)H UH eHTbl COOTBeTCTByiOIUHX Bem,ecTB.

HaKOHeu,, TpeTbH rpynna ypaBHeHHH BbipaxvaeT peaKUHio rHApnpo- 
b3hhh HenpeAeAbHoro coeAHHeHHH c o6pa30BaHHeM npoMexcyTOUHoro 
noAyrHApnpoBaHHoro coeAHHeHHH X .  HHAexcbi. HaA 3H3 K3mh paBeH- 
CTBa— KOHCTaHTbi CKopocTen npoueccoB CAeBa HanpaBO, a noA 3H3K3MH 
paBeHCTBa— KOHCTaHTbi CKopocTen obpaTHbix npoueccoB.

FIoAb3yHCb 3thmh ypaBHeHHHMH h npHHHMaH, no A. A. BaAaHAHHy, 
htq npoMeHtyTOHHbie noAyrHApHpoBaHHbie KOMnAexcbi X  bbicrpee pa3- 
AaraiOTCH odparao b HenpeAeAbHoe coeAHHeHHe fi,.qeM  rHApnpyioTCH 
B C ,  H HTO KaxaH-TO MaCTb aKTHBHbIX HeHTpOB 33HHT3 3TOM3MH H H 
npoMOKyTOHHOH (JiopMOH X ,— mojkho b obmeM BHAe nOAyUHTb ypaB- 
HeHHe ajih CKopocTen rHApHpoBaHHH (HcnoAb3yn ypaBHeHHe JIsHr- 
Miopa):

b'B hH
Wh = k \ A-b'B +  eC +  hH +  lL 1 +  bB +  cC +  hH +  lL

FIpeAnocbiAKH, AexcaiUHe b ocHOBe stoto ypaBHeHHH, c^opMyAiipo- 
BaHbi A. A. BaAaHAHHbiM [118] cAeAyiomHM o6pa30M:

«1. CymecTByeT AHHaMHuecKOe aAcopdunoHHoe paBHOBecue, ckc- 
pOCTb yCT3H0BAeHHH KOTOpOTO 3HaHHTeAbHO fiOAbUie CKOpOCTH peaKUHH.

2. R u n  rHAporeHH3auHH HeobxoAHMa coBoxynHOCTb abvx poaob nc- 
BepxHOCTH: OAHa, aKTHBHpyiomaH rHApnpyeMoe BemecTBO, a Apyran— 
BOAopoA-

3. Boaopoa Ha noBepxHOCTH hhkcah, nAaTHHbi h noAodHbix MeTaA- 
AOB aKTHBIipyeTCH, AHCCOHHHpyH Ha aTOMbi, CBH33HHbie C MeTHAAOM...
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npH 3tom b corjiacHH c MyjibTHruieTHOH Teopnen Hy>KHO cuHTaTb, hto 
aKTHBHblH UeHTp K  COCTOHT H3 AByX aTOMOB MdaAAa. TaKOH UeHTp 
MO>KeT aAcopdnpoBaTb bcio MOJieKyjiy BOAopoAa KaK oaho ueAoe, ah6o 
MO>KeT pa3JioacHTb MOJieKyjiy BOAopoAa Ha aTOMbi H, H3 KOTOpbix na>K- 
Abift npHKpen^eH k OAHOMy aTOMy MeiaAAa A .

4. rHAporeHH3auHH nponcxoAHT nepe3 npoMe>KyTOHHoe o6pa30Ba- 
HHe nojiyrHApnpoBaHHOH (j)opMbi».

C. KD. Eaobhu h T M. >Ka6 poBa (h3 khhth KOTopbix B3HTbi MHorne 
ii3 npHBeAeHHbix 3Aecb ashhux) [ 119J yKa3biBaioT, hto «...ypaBHeHHH 
A. A. B a Jia H A H H a , n p n  o n p eA ejieH H b ix, ecTecTBeHHbix A o n ym eH H H x
0 3HaneHHHX COOTBeTCTByiOIUHX aACOpSUHOHHbIX K03(|xj)HUHeHT0B n pn  
pa3JiHHHbix ycjiO B H H X T eM n e p a T yp , AaBJieHHH h pa3AHUHbix aA co p fieH - 
tob , AaiOT x o p o in e e  c o r jia c n e  c  cym ecT B yiom H M H  CBeAeHHHMH o  n o p n A -  
K a x p e a n u H H , a Tanx^e h o x o A e  T e M n e p a T yp H o ro  K03(jx[)HUHeHTax.

0 6 m y io  CKopocTb peaK U H H  rH A p u p o B a H H a  STH jieHa b 3T3h, no 
A. A. B a Jia H A H H y , mo>kho Bbipa3 HTb ypaBH eH H eM , haghthmhwm c ypaB- 
neHHeM JlsHrMiopa:

w __ k ___________ 61 P[ ]i___________ ____________ b2 /;C2H4__________
_  1 +  b l  P h 2 +  Pc2h4 +  b 3 P c 2n a 1 +  b\ p H i  +  b'2 pCjHl +  b'3 pC2Hc

B  3tom ypaBneHHH aAcopSuHOHHbie K03(|)(})HUHeHTbi bv b2 h b3 on- 
peAejiHioT aAcop6uHK) Ha noBepxHOCTH, aKTHBHpyiomeH boaopoa, b\, 
b'2 h b3—aACopSuHio Ha noBepxHOCTH, aKTHBHpyioiueH sthach.

J\jin BbIHCHeHHH BAHHHHH C})aKTOpa AaBJieHHH Ha CKOpOCTb peaKunii-
rHApnpoBaHHH A. B .  OpocT [120] nccAeAOBaA KimeTHKy THApupoBaHiia 
6eH30Jia h TOAyojia na Pd-KaTajiH3aTope b HHTepBajie AaBAeHnii
1 — 100 a m  npn TeMnepaiypax 140—330° Oh ycTaHOBHji (HecKOAbKo ne- 
OKHAaHHO), MTO B yCAOBHHX, A3ACKHX OT paBHOBeCHH, THApHpOBaHHe Hpil 
HH3KHX TeMnepaTypax ao 200° npoTexaeT co cxopocTbio, He 3aBHCHiueii 
ot napuuaAbHoro AaBAeHHH BOAopoAa n 6eH30Aa. ripn TeMnepaiypax 
nbiiue 240° CKopocTb THApupoBaHHu HanHHaeT 3aBHceTb ot napuuaAb- 
hoto AaBAeHHH 6eH30Aa np«MO nponopuHOHaAbHO. B6ah3h ot 
COCTOHHHH paBHOBCCHH 06pa3yiOIUHeCH B 60AbUIHX KOHUeHTpaUHJU 
UHKAOreKCaH HAH MeTHAUHKAOreKCaH TOPM03HT CKOpOCTb peaKUHH THA- 
pnpoBaHHH 6eH30Aa hah TOAyoAa, npnneM 6eH30A rHApnpyeTCH 6wct- 
pee, ueM TOAyoA.

KHHeTHKa THApHpOBaHHH HCHaCbUUeHHblX yrAeBOAOpOAOB C AJIHH- 
HbiMH yi AepoAHbiMH uenaMH hah 6oAbuiHM mhcaom HenpeAeAbHbix CBJI3efl 
noApofiHO He H3yuaAacb, Tan KaK Bonpocbi 3th hckaiouhtcabHO caokhu,
CBH3 3HbI C M3AO HCHbIMH eui,e BAHHHHHMH CTepHUeCKHX (})aKTOpOB, C 
II36npaTeAbHOCTbIO, AĤ X})y3HOHHbIMH TOpMOJKCHHHMH H T. A-
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KATAJ1MTHHECK0E F lEPEPACnPE flEJlEH H E B O AO PO AA  
(KATAJIH TH H ECKO E A E rH A P O rH A P H P O B A H H E )

O B U lA fi K JIA C C H & H K A IlH fl

KpoMe MHoroMHCJieHHbix cjiyuaeB AernApHpoBaHHH h ruApHpoBaHHH, 
iiMeeTCH MHoro peaKUHH, CBH3aHHbix c nepepacnpedeAenueM (ducnpo■■ 
nopnuoHupoeaHueM) eodopoda b MOJieKyjiax, npnqeM Tanoro poAa Mnrpa- 
hhh npoHcxoAHT KaTajiHTHqecKH 6e3 noAauH BOAopoAa H3BHe. PeaKUHH 
C riOMOIUbK) CBH33HHOrO BOAOpOAa HMeiOT 6ojibuioft TeopeTH^ecKHH II 
npaKTHMecKHH HHTepec h no CBoeMy xapaKTepy MoryT 6biTb KJiaccH(J)H- 
nnpoBaHbi cjieAyiomHM o6pa30M.

1. MeHiMOjieKyjiapHoe AerHAporHApupoBaHHe c nepepacnpeAe.ie- 
HHeM BOAopoAa Mea<Ay MOJieKŷ aMH oAHoro h Toro >xe BeujecTBa, KOTopoe 
b oieqecTBeHHOH JiHTepaType H3BecTHO noA Ha3BaHneM HeoSpaTHMbin 
KaT3JIH3.

2. Me>KMOAeKyjiapHoe-AerHAporHApHpoBaHHe c nepepacnpeAejieHHeM 
BOAopoAa Me>KAy MOjienyjiaMH pa3JinqHbix BeipecTB, H3 KOTopbix oahh 
bbjibiotch AOHopaMH, a Apyrne aKuenTopaMH BOAopoAa—conpa>KeHHoe 
THApHpOBaHHe.

3. BHyTpHMOJieKyjiapHoe AerHAporHApnpoBaHHe—nepepacnpeAejie- 
mie BOAopoAa BuyTpn oahoh MOJieKyAbi.

1. Heo6paTHMbiH KaTajiH3

npH B33HMOA6HCTBHH MHOTHX He nOJIHOCTbK) THApHpOBaHHblX MO- 
jieKVA apoMaTHqecKHx coeAHHeHHii boaopoa MO>KeT nepepacnpeAejiHTbCH 
Tan, mto oahh MOJieKyjibi AeruApupyioTCH, Apyrne—rHApnpyioTCH. 3th 
peaKUHH OTKpbITbl H. A- 3ejIHHCKHM H UIHpOKO H3yUaiOTCH.

H. A- 3eAHHCKHH h H. A. TAHHKa [1] HaiujiH, mto TeTparHApoTepe(})Ta- 
jieBbiu a^up HaA P t- KaTajiH33TopoM o6pa3yeT cMecb reKcarHApoTepe- 
(|)Ta/ieBoro [1] h TepetJjTajieBoro [III 3(|)HpoB no cxeMe:

COOC.He COOQHj COOQHg
I I I

3 0  ^  + u
i i i

coocsh 5 cooc9h b cooc2h ,
I II
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B Tex *e  ycjioBHHx H3 HHKjioreKceHa o6pa3yeTca cMecb UHKJioreK- 
caHa h 6eH30jia:

Tan KaK 3Ta peaKHHH HAeT Jimub b npHcyTCTBHH KaTa^H3aTOpa h H3 
nojiyqeHHOH CMecn 6eH30Jia h HHKjioreKcaHa He yuajiocb o6 paTHO no- 
jiyHHTb HHKJioreKceH, to H. JX- 36jihhckhh Ha3Baji 3Ty h aHajionm- 
Hbie peaKHHH n e o d p a m u M U M  K am aAii30M . 3tot npouecc HaA Pd- hjih 
P t-KaTajiH33T0paMH HAeT Aa^e npH KOMHaraoH TeMnepaType, ho Ni- 
KaTajiH33TOp He OKa3bmaeT Tanoro scJ^eKTa. ripouecc npoTenaeT Kan 6bi 
nepe3 CTaAHio AerHApofHApnpoBaHHH:

PeaKHHH Heo6paTHMoro KaTajiH3a 6wjih H3yqeHbi H. JX. 3cjihhckhm 
C COTpyAHHKaMH Ha 60JIbUI0M HHCJie p33JIHHHbIX H3CTHHHO THApHpOBaH- 
HblX HHKJIHHeCKHX yrjieBOAopoAOB.

H30MepHbie MeTHjiHHKjioreKceHbi HaA Pt npH 118° npeBpamaiOTCH 
b M eTH JiH H K JioreK caH  h T o jiy o ji:

/ \ / \

—► 2 3

3 V

AHajiorHMHO A3-MeHTeH o6pa3yeT MeHTaH h h-hhmoji:

/ \  / \

Eme jierne noABepraiOTCH HeodpaTHMOMy KaTajiH3y uhkjiw c AByMH 
conpHHteHHbiMH abohhhmh CBH3HMH. HanpHMep, HHKJIoreKCaAHeH-1,3,
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Aa>Ke oxjia>KAeHHbiH £0 —70° npH BHeceHHH b Hero Hedojibiuoro ko- 
.'iHMecTBa Pd BCKHnaeT BCJiê CTBHe 3K30TepMHMecK0H neperpynnHpoBKH 
b UHKjioreKcaH h 6eH30ji:

3
/  \
H 1 +  2

\ /

H30MepHbie MeHTaAHeHbi Ha^ Pd Ha acdecie npw 160—180° npeBpa- 
maiOTCH b MeHTaH h w-ummoji:

I

H. /I. 3ejiHHCKiiH h B. A. Ka3aHCKHH ycTaHOBHjiH [2], hto HeoOpa- 
THMbiii KaTajiH3 TyfteHa npoxo^HT c pa3pbiBOM BHVTpeHHero TpexMjieH- 
Horo HHKJia:
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CyMMapHO peaKUHH npoTenaeT no cxeMe:

HBJieHHn HeodpaTHMoro KaTa;iH3a HadjnoAaFOTca h b 6o;iee cjiojk- 
hhx ynieBOAopoAax. 1,4-U,HrH^poHa )̂Taj!HH h OKTa.iHH nepepacnpe/je- 
jiHioT boaopoa no cneAyromefi cxeMe:

2 +
^ \ / \  
! II H I
w

H 5

+  4

OKTarHApoKaAajiHH HaA Pt npeBpamaeTcn b CMecb TeTpa- h Aena- 
niApoKaAajiHHa:

3
X \ / \  
i I! H I 
V 'X / "

+  2 1 H | H |

A
AHajiornnHoe nepepacnpeAejieHHe BOAopoAa nponcxoAHT h b reie- 

pouHK̂ nqecKHX coeAHHeHHHx: AHrHAponnppoji HaA Pt npeBpamaeTCH
b nHppoji H nHppOJIHAHH:

2
U ~ U

NH NH

4- 1 H I
\  /

NH

H3 npHBeACHHbIX npHMepOB BHAHO, UTO HeofipaTHMblH K3T3AH3 
HMeeT o6ui.ee 3HaneHHe. Oh npoTenaeT TeM jierue h c tcm 6ojibuiHM Tep- 
MHnecKHM 3(JxJ)eKT0M, ueM HeHacbimeHHee u h kah . CoeAHHeHHH, koto- 
pbie He MoryT AerHApupoBaTbcn, nepepacnpeAejieHHio BOAopoAa He 
noABepraiOTca, HanpHMep 1,1-ahmcthji- hjih 1,3,3-TpHMeTHjiuHKAoreK- 
caH.

Heo6paTHMbin K3TajiH3 6biJi pacnpocTpaHeH h Ha yrjieBOAopoAM c 
KpaTHbIMH CBH3HMH B 60K0B0H aJIKHJIbHOH UenH. MeTeHHAUHKJIoreKCaH 
HaA Pt npeBpamaeTCH b cMecb MeTHJiuHKJioreKcaHa h TOJiyojia [3, 4]:

/ \ _ C H3 1 h r  2 2 CH3
a /

/ V

+ U
-CH,
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U,HK^oreKcaHbi ( h a h  UHKAoreKceHbi) c ^ b o h h h m h  h a h  t p o h h m m h  
c b h 3 hm h  b 6oKOBofi uenn BeAyT ce6n TaK >Ke, npeBpamancb b cmcch  
apoMaTHMecKoro h reKcaMeTHAeHOBoro yrAeBOAopoAOB, npnqeM AAHHa 
6 o k o b o h  ueriH h no^oaceHHe b Heft ABoftHoft h a h  TpoftHoft c b a 3H He bjihjmot 
Ha nepeMemeHHe nocjieAHeft b KOAbiia [5]:

Y ]—CHjCH=CH2 2 / \ - C 3H7 +  | A - C 3H7

V\ x

3 i'/hNi—CH2CH2CH=CH2

\ /

X X _r,H X X __r  h2 | h | 1 11

3 [^ V  -CI I2CH2CHXH=CH2
\ /

X X

( h ) ~ (
\ x

2 i H C5H11 _L

u
X s -

u
c5h u

3 I H

3 I H 1—C—CH
V

CHoCI I,CH,C=CH

|Y|—Q h b _j_ 2 ^ ^

x x v
QH5

H f ~ j _  2 f ^n
X / V

IlepBOHaqajibHbift MexaHH3M, npeAAOweHHbifi H . JX. 3ejiHHCKHM,— 
AerHApHpoBaHHe c BbiAeAeHHeM BOAopoAa h nocneAyiomee rHApnpoBa- 
HHe—AAA yrAeBOAOpOAOB C HenpeAeJIbHbIMH SOKOBbIMH aAKHAbHbIMH 
ueriHMH OKa3ajicn neAOCTaTOAHbiM. P. JleBHHa npeAAO>KHAa Apyryio 
cxeMy [31: b nepBoft ct3Ahh nponcxoAHT MHrpauHA npaTHbix CBA3eft H3 
SoKOBoft aAKHJibHoft uerni b KOJibuo, nocAe Aero y>Ke npoTenaeT Heo6pa- 
THMblft K3T3AH3. TaK, HanpHMep, HeoSpaTHMblft K3T3AH3 MO>KHO 
npeACTaBHTb cjieAyiomeft cxeMoft:

AAa aAAHjiuHKAoreKcaHa

= chch2ch33  Y m -C H 2CH=CH2 —► 3 f Y )  CH—'CHCH3 _j_ 3(/Y f

X / X /  X X

3  Y n = CHCH2CM:! QH7 2  f A r - c 3H, 4-
X Y  X Xx / U '

AAA l-UHKAOreKCHAneHTHHa-4

2 CH2CH2CH2C=CH 2 Y Y j—CH2CH>CEECCH3
X X  "

X v  CH c = chch,c h ;
2 I H I

\ x
—  2

V

Y V q h  u / \ - c 5h u , A - c sh

X X
+

u
5‘ 'l l

p . JleBHHa CHHTaeT, ato ranoft nocieneHHbift nepexoA ABoftHoft 
II.Ill TpoftHoft CBA3H H3 HenH B KOAbUO npOHCXOAHT «IIOA3KOM».

3 th MeX3HH3MbI 6bIAH nOATBep>KAeHbI SKCIiepHMeHTaAbHO. npH npo- 
nYCK3HHH roMOAora 6eH30Aa c HenpeAeAbHbiMH 6okobumh  aAKHAbHbi-
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mh uenHMH Hafl Ai20 3 hjih Cr203 (noTopbie cnocoOcTByioT H30MepH3au.HH) 
ABOHHbie CB5I3H nepeMemaiOTCH BHyTpb uenn:

ch2ch= ch2

ch2ch= ch2

ch= chch3

A1203
«300°

ch= chch3

—ch2ch2ch2ch= ch2 Cr203
~250°

—ch= chc3h7

IlepeMemeHHK) KpaTHOH cbh3h aojukch nperiHTCTBOBaTb 6apbep H3
MeTBepTHHHoro aTOMa yrjiepoAa. ZleHCTBHTejibHO, ymeBOAopoA

CH3

C—CH=C—CH3 I H I 1 | J

^  ch3 ch3

HeofipaTHMOMy KaTajiH3y He noABepraeTca, mo noATBepJKAaeT npa- 
BHJlbHOCTb CXeMbI, npeAJIOJKeHHOH P f t . JleBHHOH.

2 . ConpBiKeHHoe rHApwpoBaHHe

ripH npOnyCKaHHH H8A KaTaJIH33TOpOM CMeCH BemeCTB, H3 KOTOpbIX 
oflHO MOHteT OT^aBaTb boaopoa, a Apyroe npHHHMaTb ero, nponcxoAHT 
nepepacnpe^ejieHHe BOAopoAa ot oahoh MOJieKyjibi k Apyrofi. 3tot 
npopecc nepepacnpe^ejieHHH Bo^opo^a, nan yjKe yKa3biBajiocb, Hasbi- 
BaeTCH conpnofce.HHbLM d e eu d p oe u d p u p oec iH U C M . TaKHX peaKUHH H3BecT- 
ho 6ojibmoe hhcjio, ho KHHeTHKa hx H3yneHa eme Hê ocTaTOMHO, xoth 
ohh h HMeioT fiojibiuoe npaKTHnecKoe 3HaMeHHe.

Ĵ OHOpaMH MoryT 6biTb jno6bie opraHHnecKHe MOJieKyjibi, 6oraTbie 
BOAopoflOM: UHKJioreKeaH h ero roMOJiorH, rHApnpoBaHHbie apOMaTHne- 
CKHe yrjieBOAOpOAbl C KOHAeHCHpOBaHHbIMH KOJIbpaMH, THApHpOBaHHbie 
reTepOUHKJlbl HJIH COeAHHCHHH C JiaOHJIbHO CBH33HHbIM BOAOpO- 
AOM, HanpHMep nepBHHHbie h BTopnqHbie cnHpTbi. AKuenTopaMH 
BOAopoAa hbjtjhotch: HenpeAejibHbie yrjieBOAOpOAbi, coeAHHeHHH c xap- 
SOHHJIbHOH, 330MeTHH0B0H (CH-■ N) rpynnOH, COeAHHeHHH XHHOHAHO- 
ro CTpoeHHH h AP-, HanpHMep CHCTeMbi:

C6H12 -f- 3C3H0 C6H6 +  3C3H8 

C6HuCH3 +  3C7Hu ^  C6H5CH3 +  3QH16 

C6H10(CH3)2 +  3C8H5CH2CH=CH2 ^  C6H,(CH3)2 +  3C6H5C3H7

CnopocTb h rAy6HHa npouecca 33bhcht ot KaTajiH3aTopa h ot tcm- 
nepaTypbi: npn 200, 250 h 300° rHApHpyeTca HaA P t  Ha yrAe cooTBer- 
CTBeHHO 20— 50, 73 h 85% HenpeAejibHbix yrjieBOAopoAOB.
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Bbhflo TaK>Ke yciaHOBiieHO, mo Boaopoa. BbiaejiaiomHHCH npn aerHA- 
pHpoBaHHH uHKjioreKcaHa, cnocodeH He TOJibKO rHapHpoBaTb, ho h 
pacmen-flHTb nHTHMJieHHbie Koabua. H. JX- 3ejiHHCKHH h E. M. UiaxHa- 
3apOBa [6] noKa3ajiH, hto UHKaoreKcaH b  cmcch c  sth au hKJioneHTaHOM 
( 1 : 2 )  npw 305° Haa Pt Ha yrae o6pa3yeT CMecb 6eH3oaa h H-renTaHa b  
pe3y.obTaTe rĤ poreHOJiH3a naTHMaeHHoro Koabua:

/ \  ------ c  H
I h I t  h 5 ^  II I +  «-C7H16
\ / -  ' /  K s

OM ecH  cnHpTOB JK H pH oro p a a a  c apoM aT H u ec khmh yr a e B o a o p  o a a v.h 
H aa N i -  hjih Cii-K aT a jiH 3 a T o p a M H  n p e B p a iu a io T ca  b  cM ecH aabaerH A O B  
H,TH KeTOHOB C UHKJIOreKCaHOM:

/ X
I II +  3R CH 2O H  ^  | H I +  3R CH O
V -  \ /

j^>|-CH3 +  3RCHOHR' 5±: h^ l_CH3 +  3RCOR'
V  \ /

AoHOpaMH Boaopoaa MoryT 6biTb h cnHpTbi UHKanqecKoro crpoeHHa. 
HanpHMep, uiH(fxjx>Bbi ocHOBaHHH, coaepaomHe a3OMeTHH0Byio rpynny, 
MoryT 6biTb nporHapnpoBaHbi 6eH3HJiOBbiM cnnpTOM. AHaaorHMHO H3 
p-c|)eHHji3THjiaMHHa h 6eH3 H a o B o ro  cnHpTa b  pacTBope KCHaoaa c Pd- 
KaTa,iH3aTopoM noayqaeTca 6eH3Hji-p-(j)eHH/i3THjiaMHH:

C6H5CI120H ^  C6H5CHO +  H2

(:,.HbCHO +  C6H5CH,CH,NH2 C,H5CH= NCH2CH2CcHs +  h2o

c6h5ch= nch2ch2c6h5 +  H, c„h5ch2nhch2ch2c6h5

B 3toh peaKUHH aK u en T o p o M  B o a o p o a a  a B J ia e i c a  o 6 p a 3 yiom eecH  
lijh(|x})Obo ocHOBaHHe c a30MeTHH0B0H r p y n n o ii .

EcJIH BMeCTO 6eH3H.10B0r0 CnwpTa B3HTb TeTpaJIH H , TO peaKUHH  
n p o T en a e T  c  p aciu en a eH H eM  a30MeTHH0B0H cbh3h:

i !! »  . 
% / \ /

C0H,CH=NC6H, +  H2 ^  C6H6CH2NHC6H6

c6h5ch2nhc6h5 +  h2 ^  C6H5GH3 +  H2NC6H5

3 tv peaKUHio mo>kho npHMeHHTb a-nh ycTaHOBaeHHa CTpoeHHH aMH- 
hob:

C6H5CH2NH2 +  H, C6H5CH3 +  NH3

c6i i,-,ch2ch2m  i, +  n, c6h5ch2ch3 +  nh3

Con pa> K eH H O M y n ia p u p o B a H H io  n o a B ep ra iO T ca  T3K>Ke TepneH bi, scjnip- 
Hbie M a c a a  n t . a .  H a n p H M e p , d o p H e o a  n o a  aaB aeH H eM  H a a  MeaHbiMH
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KaTajlH3aT0paMH B npHCyTCTBHH T3KHX aKU,enTOpOB BOAOpO^a, KaK 
OKHCb yrjiepoAa hah (jDeHOA, npeBpamaejcn b KaMcfjopy:

CH3

c

h2c CHOH

CH3- c  - ch3

h2c

+ CO

CH?

CH

c h 3
I

■+ CH3 0 H

c h 3

c

h2c CHOH

CHj-C- CH3 * CfcHsOH

H2C CH2

ch5
I

/  .
H,C CO

CH3 C CHj tCeHnOH

« 2Cv CH2

CH

Ha HHTCHCHBHOCTb COfipB>KeHHOrO THApHpOBaHMB 3HaHHTeAbHO BAHH- 
fcT aKTHBHOCTb KaTaJlH3aTOpa. OTMelieHO, MTO B npHCyTCTBHH Pt HJ1H Pd 
AOHOp OTA36T cboh aTOMbi BOAopoAa Sbierpee, qeM HaA1 Ni.fB npHCVT- 
CTBHH Pt-qepHH T3KHe AOHOpbl, KaK TeTpaJIHH, TeTpaTHApOXHHOJlHH. 
TeTparHApoH30XHHOJiHH, npn 115— 120° JierKO rHApHpyioT HenpeAe.ib- 
Hbie KHCJiOTbi, SBreHOA, KyMapHH, aHetoji h t . n.; HanpHMep:

A \ _

U

CH=CHCOOH

A -
u

+  I II H
v ' x /

CHXHoCOOH +
u u

OH

_nrii
2 y  •

ch2ch= ch

, A \ A \
3 +  I I! H I

W

OH
I

A —OCH:,

:u

A \ / \

+ U U
CH,CH,CH,

Flpn COnpBJKeHHOM THApHpOBaHHH OTMCHCHbl TaiOKe MHOrOHHCAeH- 
Hbie cAynaH H36HpaTeAbHOCTH, HanpHMep nnnepHAHH hba Pd-KaTaAH3a-
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TopoM He pearnpyeT c MajieHHOBofi khcaotoh, ho THApHpyeT ca(J)po/i 
h AHTHApoca(j)poA, npeBpamancb b nHpHAHH:

O

f » Y  \ / 
NH

3H,s r > . -CH,CH=CH, + 3H2C
\  ̂

N
—CH,CTLCH,

ConpHHceHHoe rHApnpoBaHHe no3BOAneT npoBOAHTb TexHHqecKH hcko- 
Topbie npoueccbi AerHApo- h THAporeHH3auHH, KOTopbie ao chx nop 
upoBO^HjiHCb pa3AeJibHO. HaH6ojibiiiHH npaKTHnecKHH HHTepec npeu- 
CTaBjiHioT npoueccbi rHApupoBaHHH pacTHTejibHbix Maceji c noMoiubio- 
nepBHMHbix h BTopH^Hbix cnHpTOB b TBepAbie jKHpbi. T JX. .Hiodap- 
ckhh [7] BnepBbie noKa3aA, mto jkhakhc >KHpbi h MacAa HaA Ni npii 
200—275° mojkho rHApnpoBaTb c noMoiubio mcthaoboto hah H3oaMH- 
aoboto cnnpTOB. OflHaKo npouecc ocraHaBAHBaeTCH Macro Ha o6pa30-
B3HHH JIHlIIb rjIHUepHAOB OAeHHOBbIX KHCAOT.

ilajiee 6wao ycraHOBAeHO, mto rHApHpoBaHHe npoTeuaeT fibicrpee. 
eejiH npHMeHHTb BbicoKOMOJieKyjiHpHbie cnnpTbi—renTHAOBbift h ueTH- 
jiobhh, b npHcyTCTBHH KOTopbix ojieaTbi nojiHOCTbio npeBpamaiOTCH b 
CTeapaTU. 06pa3yioiuHecH b pe3yjibTaiTe peaKUHH aAbAerHAbi b 3Hami- 
TejibHOH CTeneHH pa3JiaraK)Tca Ha CO h cooTBeTCTByioiuHH yrAeBOAopoA. 
B. A. Pyui h M. JT. ABiinaHHHOBa [8] H3yqaAH niApHpoBaHHe noACOA- 
HeHHoro h Apyrnx pacTHTejibHbix Maceji c Ni-KaTaAH3aTopaMH b npn- 
CVTCTBHII npOnHJIOBOrO H APyrHX CnHpTOB. Ohm nOKa3ajlH, MTO nOACOJl- 
HeMHoe MacAO b sthx ycAOBHHx AaeT npoAyKT, oqeHb 6ah3khh k oahb- 
KOBOMy Macjiy. B. M. fly3aHOB [9] Hameji, mo npn rHApnpoBaHHH pbi6b- 
ero JKHpa, BOpBaHH H APyrHX JKHpOB MOpCKHX >KHBOTHbIX B npHCVT- 
CTBHH STHJlOBOrO CnHpTa COBepmeHHO yHHMTO>KaeTCB HX OTBpaTHTejlbHbl 11 
3anax.

PeaKUHH conpjmeHHoro rHApnpoBaHHH nrpaioT HCKAiOMHTeAbno
B3>KHyiO pojlb B SHOXHMHHeCKHX npOUeCCax (OKHCAHTCAbHO-BOCCTaHOBIl-
TejibHbie, hah peAOKC-npoueccbi). KaTaAH3HpoBaHHbie MeTaAAaMH rpyn- 
iibi Pt peaKUHH nepepacnpeAeAeHHH BOAopoAa b opraHHMecKHx moacky- 
Aax HBAHKJTCH MOAOABMH SHOXHMHMeCKHX npOUeCCOB, B KOTOpbIX KaTa- 
,IH3aTOpaMH CAy>K3T (J)epMeHTbI. H. i l .  3eAHHCKHH B OAHOH H3 craTeii 
nHcaA: «B jkhboh npHpoue iiMeeTca uiHpoKoe noAe TeueHHH h p33bhthh 
KaTaAHTHnecKHX npoueccoB. B KAeTKax >khboto BemecTBa paccenHbi ycuo- 
pHTeAH (KaTaAH33TOpbl) C XapaKTepHOH CneUH(})HMHOCTbIO HX AeHCTBHH. 
Oco6eHHO 60AbUjyiO pOAb HrpaKDT BOCCTaHOBHTeAbHO-OKHCAHTeAbHbie 
peaKUHH B npHcyTCTBHH KaT3AH3aTOpOB, BbipafiaTbIBaeMbIX >KHBbIM Be- 
lUeCTBOM, K3 K0BbIMH H HBAHIOTCH ( êpMeHTbl H 3H3HMbI. PapMOHHMeCKOe
coqeTaHHe coBOKynHOCTH acActbhh t3khx KaT3AH3aTopoB npeACTaBAHei
OAHO H3 TAaBHblX VCAOBHH >KH3HH JKHBOTHOIX) H paCTHTeAbHOTO Opra- 
HH3M3» [101.

3. BHyTpHMOAeKyAHpHoe AcrHAporHAPHpoBaHHe
nepepacnpeAeAeHHe BOAopoAa mojkct nponcxoAHTb h BHyTpu oa- 

noft MOAeKyAbi. Ilapb: aAAHAOBcro cnHpTa HaA Cu-KaTaAH3aTopoM npjt
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180—200° o6pa3yiOT nonra HCKjnoHHTejibHO nporiHOHOBbift aJib̂ erĤ  
h jiHinb HeMHoro aKpojieHna:

CH2=CH CH 2OH — CH2=CHCHO 4 - h 2
c h , = c h c h o  +  h 2 - ►  c h 3c h 2ch q

TaKHM o6pa30M BbiAejnnomHHCH boaopoa TOTHac >Ke npHcoeAHHaeT- 
ch no MecTy abohhhx C —C-CBH3eH. AHajiornqHO Be^yT ce6a kpotoho- 
Bbin h yH^euHjieHOBbiH cnnpTbi:

CH3CH=CHCH20H —  CH3CH=CHCHO — c h 3c h 2c h 2c h o

CH2=CH(CH2)8CH2OH CH2=CH(CH2)8CH0 — U- CH3CH2(CH2)8CHO

HaA Cu npn 280° TaKHe see peaKunn mo>kho ocymecTBHTb c Henpe- 
êjibHbiMH TepneHOBbiMH cnnpTaMH:

c h 31 c h 31 c h 31
c c CH

/  V /  V / \
H2C CH

| |
_ h 2 H2c  CH H H2C CH,

2 ^ j l
h 2c  c h 2o h ^  h 2c  ch o h 2c  c h o

\ \ \
CH CH CH
II II 1'

c c c
/  \ /  \ /  \

h 3c  c h 3 h 3c  c h 3 h 3c  c h 3

HaA Cu npn 280° HadJiiOAaiOTCH, HanpnMep, cjieAViomHe HHrepec- 
Hbie npeBpameHHH caOuHOJia h nHHOKapBeojia [11]:

c h 2
II

HCi\ CHOH

H2C VCH2
1

CH
/  \

h 3c c h 3

c h 2II c h 31II
c CH

/  \ /  \>
HC CO 

l\ 1 H, HC CO 2, |\
H2c ^  c h 2 

c
H2c ^  c h 2 

c

CH
1

CH
/  \ /  \

h 5c  c h 3 h 3c  c h 3

c h 2 c h 2 c h 3

x c \
HC CHOH _Hj

H,C CH
\ ? fi2

/C\
HC CO Ho HC CO

H2C CH
\  /  

C H 2
H2C CH  

\ X 
CH2
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ripHMepaMH BHyTpHMOjieKyjiapHoro AerHAporHApnpoBaHHH hbjihiotch 
MHOrOMHCJieHHbie H30MepH3aiXHH OJied)HHOBbIX, aueTHJieHOBbIX H AHeHO- 
Bbix yrjieBOAopoAOB npn HarpeBaHHH hjih achctbhh t3khx KaTaJiH3a- 
TopoB, KaK AlClg, HF, H3P04, BF3 h t . a ., a TaiOKe KJiaccHnecKHe pa- 
6otu A. E. OaBopcKoro no MHrpaiiHHM cBH3efi b aueroneHOBbix h anne- 
HOBbix yrneBOAopoAax (cTp. 563).
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KATAJIHTHHECKAfl AErHflPATAUHfl

O B IU A ff K JIA C C H < P H K A U ,H fI

Pa3JiHMHbie npoueccbi AerHApaTaUHH HrpaioT oqeHb BaatHyio pojib 
b Ohoxhmhh h opraHKqecKofl TexHOJiorHH. FlyTeM AerHApaTaUHH b jkh- 
boh npnpoAe ocymecTBjiaeTca CHHTe3 nojmcaxapHAOB, dejiKOBbix Be- 
meCTB, (JjOOjiaTHAOB, JieUHTHHOB, MHOTHX 3$HpHbIX Macejl H APyrHX 
Beu;ecTB. B CHHTeTHuecKHH xhmhh npn noMOiun AerHApaTaUHH nojiyaaiOT 
npocTbie h cjioa<Hbie s^npbi, aHTHApHAH, BbicuiHe cnupTbi, jieKapcTBeH- 
Hbie, BspbiBMaTbie h OTpaBJUBomne Bem,ecTBa, a TaiOKe pa3HOodpa3Hbie 
CHHTeTHMecKHe cMOJibi, nJiacTH êcKHe Maccbi h t . a- 

^HaHdojiee xapaKTepHbie h BaatHbie peaKUHH, cBH3aHHbie c AerHApa- 
TafaueH, MoryT dbiTb KJiaccHcfamHpoBaHbi cjieAyiomHM odpa30M.

1. BHVTpHMOJieKyjiapHaH AerHApaTaUHH—BbiAejieHHe boah ot oa- 
hoh MOjieKyjibi, npHBOAHUi.ee k odpa30BaHHio HenpeAejibHbix hjih uhkjih- 
qecKHX coeAHHeHHH.

2 .Me>KM0JieKyjiHpHaH AerHApaTauua—BbiAejieHHe boah ot AByx 
hjih MHorux OAHHaKOBbix hjih pa3JiHHHbix MOJieKyji; k 3toh rpynne 
peaKUHH othochtch:

roMOKOHAeHcauHH — BbiAejieHHe boah ot AByx hjih HecKOjibKHx oah- 
HaKOBbix Mojienyji,

reTepoKOHASHcauHa—BbiAejieHHe boah ot AByx hjih HecKOjibKHx 
pa3JiHMHbix MOJieKyji,

KOHA.eHcauHOHHaa nojiHMepH3auHa, hjih nojiHKOHAeHcauna,— npouec
cbi, CBH3aHHbie c nepeMeui,eHHeM aTOMa BOAopoAa h c nocJieAyioiUHM 
BbiAejieHHeM boah.

4ame Bcero AeruApaTauna npoHexoAHT 3a cueT cnnpTOBbix ^jih Kap- 
dOKCH JIbHbIX THAPOKCHJIOB. PeaKUHH AerHApaTaUHH, KaK H BCe KaTaJIH- 
THaecKne npoueccbi, odpaTHMbi; npHMepoM HBjiaeTca odpa30BaHHe h 
THAP0JIH3 CJIO>KHHX 3(j)HpOB.

ZIjih AerHApaTaUHH b roMoreHHofi (Jia3e o6bmHHMH KaTajiH33TopaMH 
cJiya<aT MHHepajibHbie hjih opraHHaecKHe KapdoHOBbie khcjioth h hx npo- 
H3B0AHbie. B reTeporeHHOH (jia3e ajih stoh >Ke uejiH npHroAHbi okhcjih 
pa3JiHMHbix MeTajuiOB, b nepByio ouepeAb A120 3, Th02 h \V205; nocjieA- 
HHe oaeHb aKTHBHbi npn 300—360° ho HeKOTopbie npoueccbi AerHApaTa-



1. J l E r W lP A T A U H f i  C T 7 H P T 0 B 451

ii.hh npoTexaiOT h npn 230—250° 3to otmctjihbo npoABJiaeTCH Ha npH- 
Mepe Aern^paTauHH cnnpTOB'. npH 340—360° HH3iiiHe OAHoaTOMHbie 
cnnpTbi o6pa3yiOT ojietjjHHbi, OAHaKO npouecc hact h npn 230—250°—, 
b 3thx ycjioBHHX o6pa3yiOTCH npocTbie 3(|)Hpbi. Macro AerHApaTHpyio- 
maa (})yHKUHH KaTajiH3aTopa coBMemaerca c AerHApnpyiomeH ero cno- 
COdHOCTblO, HTO BHAHO H3 Ta6jl. 40, TAe npHBCACHa cepna K3TaAH3aTO- 
poB, HcnbiTaHHbix n. Ca6aTbe h M. Mshjicm [1J rjih pa3AoaceHHa sth- 
jioBoro cnnpTa.

TAEJ1HUA 40

KaTa.nH3aTopu Ta3,
mji/muh

c 2h 4,
%

h 2.
% KaTajimaTopbi fa3,

MA'MUH
c2H4.

%
h 2,
%

Th0 2 31,0 100 Cne/ibi Zr02 1,0 45,0 55,0
A1208 27,0 98,5 1,5 u o 2 . 14,0 24,0 76,0
W20 5 21,0 98,5 1,5 Mo20 3 . 5,0 23,0 77,0
Cr20 3 4,2 91,0 9,0 Fe20 3 32,0 14,0 86,0
Si02. 6,2 84,0 16,0 v 2o 5 14,0 9,0 91,0
T i0 2 7,0 63,0 37,0 ZnO 6,0 5,0 95,0
BeO . 1,0 45,0 55,0

HenoTopbie cojih, rjiaBHbiM o6pa30M cojih KaAbuna, MarHHa h ajuo- 
MHHHa, no >K. CaHAepaHy [2], oaeHb npuroAHbi A-aa AerHApaTaiiHH sth- 
AOBoro cnnpTa b sthach (Ta6a . 41).

TAE/IHUA 41

Kara jiH3aTopbi
leMnepa-

T\pa,
°C

T a3r 
M 1 MUH

C2H4.
%

CaH PO , 330 2 98,7
Ca3(POi )2 320 9 98,5
M gH P04 320 8 99,0
Si02 oca>KA. 280 16 99,5
Al-CH^HKaT 270 55 99,5
A1..(S04)3 6e3B. 265 75 99,5
raHHO30M OCa>KA. 250 90 99,5

A. BHyTPMMOJlEKyjlflPHAfl AETHAPATAUHfl

1 . AerHApaiauna cnHpioB

KaTaAHTHaecKoe pa3.no>KeHHe napoB STn.ioBoro cnHpTa Ha sth jich  
h BOAy 6biJio nepBofl, HCTopHaecKH H3BecTHOH peaKunefl b reTepo- 
reHHOH (})a3e. Pa3JiHHHbie cnHpTbi npn b w c o k h x  TCMnepaTypax bwag- 
.naiOT BOAy, npeBpam,aacb b ojie(|)HHbi no o6mefi peaKUHH:

+ * 71̂2/1 4* H20

npn 3T0M B03MO>KHO 06pa30BaH lie H npoCTbIX 3(J)HpOB, ho  npaKTH- 
necKH o h o  HMeeT MecTO ,'innib A.'ia m c t h a o b o t o  h s t h a o b o ix ) cnnpTOB, 

59*
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TaK KaK Bee Apyrne nepBHHHbie cnnpTbi, Hainan c nponHnoBoro, 
y>Ke npn cpaBHHTenbHO hh3khx TeMnepaTypax HMeioT TeHAeHumo (dbi- 
CTpo BoapacTaiomyio c MoneKynnpHbiM BecoM) k odpa30BaHHio onec})H- 
HOB. BTOpHMHbie H TpeTHHHbie CnHpTbl 0dpa3yi0T TOAbKO OAe(J)HHbI.

BbicuiHe nepBH^Hbie cnnpTbi, HaqHHan c aMHAOBoro, pa3naraiOTCH 
HaA A l20 3-KaTaAH3aTOpOM C 06pa30BaHHeM CMeCH pa3AHHHbIX H30Mep- 
HblX OAe(J)HHOB, HO C TeM >Ke MHCAOM yrAepOAHbIX aTOMOB, HTO H B HCXOA- 
hom cnnpTe.

BTopHHHbie cnapTbi npn AerHApaTauHH MoryT npeBpamaTbcn b Aea 
H30MepHbix onetJ)HHa:

RCH2CH2CHOHCH2R'
RCH2CH2CH=CHR'

RCHjCH=CHCH2R'

Bo MHornx cnyqanx 3Ta peaKUHH npoTenaeT ropa3AO CAO>KHee H3-3a 
BTOpHHHbIX npOUeCCOB H30MepH3aU,HH.

npH H0pM3AbH0H Ae'THApaTail.HH BTOpHHHbIX CnHpTOB C dOAblllHM
BbixoAOM oSpasyeTCH tot oaccJdhh, kotophh nonynaeTCH nyTeM BbiAene- 
hhh BOAOpoAa ot donee cnoJKHoro paAHKaAa.

HHTepecHO npoTexaeT AerHApaTanHH nHHaKOAHHOBbix cnHpTOB 
odmero Tuna RR'R"CCHOHR"' B pe3yAbTaTe BbiAeneHHH boah 
noA AeflcTBHeM pa3AHAHbix areHTOB odpa3yiOTCH one({)HHbi.

PeaKUHH, BepoHTHO, npoTenaeT uepe3 npOMeacyTonHoe odpa30BaHHe 
CBodoAHoro HOHa Rap6oHHH, kotophh 3aTeM cTadHAH3HpyeTcn dnaro- 
AapH nepeMemeHHio yrAeBOAopoAHoro paAHKaAa. JXjih npocTeHiiiero 
nHHaKOAHHOBoro cnnpTa peaKUHH hast no cneAyiomeH cxeMe:

CH’

OH

H

^ C H 3 

C — CH3
x ch3

OH-
CH:

•.c h 3;- 

C — c — CH3

H CH3

c h 3 c h 3 c h 3 ,c h 3
+ /  -H +■— - c  —  c ------- - c '

X.
c h 3 ^  c h 3 c h 3 c h 3

H  * + O H '  ------- h 2o

B cnyqanx donee caojkhmx nHHaKOAHHOBbix chhptob nonynaioTCH 
cMecH onetfiHHOB. HanpnMep, npH AerHApaTauHH 6,6-AHMeTHAAeKaHOAa-5 
C KOHUeHTpHpOBaHHOH cepHOH KHCAOTOft nOAynaeTCH CMeCb H30MepHbIX 
AOACUChob. TaK KaK ripn tbkhx neperpynnnpoBKax H3 nHHaKOAHHOBbix 
cnHpTOB odpa3yeTCH CKeneT nHHaKOHa, ohh qacTo Ha3biBaioTCH pemponu- 
HQKOMiHOdbiMU nepezpynnupotKa m u .
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TpeTHMHbie crmpTbi AeraApaTapyioTca c 6oAbinoa jierKocTbio npa 
narpeBaHHH c 6e3BOAHbiM 6Hcyjib(|)aTOM i o a b a , MypaBbHHOH, u;aBe^e- 
boh KHcjioTaMH h t. a  AHaAoraaHbie pe3yAbTaTbi Taione noAynaioTca, 
ec/iH TpeTHMHbie (h HeKOTopbie BTopaaHbie) cnHpTbi HarpeBaTb c npa- 
CT3AABKOM HO,aa. B 33BHCHM0CTH OT- CTpyKTypbl TpeTHMHOTO CnHpTa 
MoryT nojiywTbCH o a b h , Asa hjih TpH ojie(f>HHa. B npocTeameivi CAynae 
npn AerH^paTauHH TpeTaaHbix cnapTOB c oAanaKOBbiMa paAanaAaMa 
noAyaaeTca Aanib oahh H30Mep:

(RCH2)3COH - ►  (RCH2)2C=CHR +  h 2o

Ecjih >Ke Bee yr\neBOAopoAHbie paAHKajibi pa3AHMHbi, to o6pa3yeTca 
CMeCb Tpex OAe(|)HHOB B pa3HbIX KOABMeCTBaX. 3tOT (})aKT, nO-BHAHMO- 
mv. ofibacHaeTca KOHKypeHuaea b oTAaae aTOMa BOAopoAa.

Flo AernocTH BbiAeAenHa aTOMa BOAopoAa aAncjDaTHaecKHe paAHKajibi 
HopMaAbHoro CTpoeHHa o6pa3yiOT cAeAyiomaa HacxoAamna Paa:

C2H6 >  C3H, >  C4H, >  C6Hn >  CH3

CaeAOBaTeAbHo, Aerae Bcero OTAaer boaopoa  —C 2H 5, TpyAHee — C H 5. 
3to 6hao noATBep>KAeHO pa3AO>KeHHeM MeTBA3TaA6yTAAKap6aHOAa:

CH,

CH,1
3a cier -CH 3 r  Jl------------------->- II3̂ /112—Vj (15%)

C -O H C4He
1

c h 2 c h 3
1

1
c h 2

- h2o —C2H5 CHsCH_^  
|

(55o/o)
1

CH, c 4h 9
l c h 3

Cl l3 33 «eT - C 4H, CHaCHi__k
II (30%)

CH

c 3h 7

iXernAparauHa pa3AHMHbix npeAeAbHbix OAHoaTOMHbix cnapTOB npeA- 
ct3baaeT nyTb AAa noAyaeHan pa3HOo6pa3Hbix oac^hhob, KOTopbie 
nocAe rHApupoBaHHa AaioT napaĉ HHbi pa3AHMHoro CTpoeHHa. no3Ha- 
HHe cbohctb h noBeAeHaa* HHAHBHAyaAbHbix yrAeBOAopoAOB cnoco6- 
CTBOB3AO pa3peiueHHK) BonpocoB o npnroAHOCTH hx b KaaecTBe TonAH- 
Ba, O CBA3B Me>KAy COCTaBOM H AeTOHaUHOHHOH CnOCOSHOCTbK) 6eH3H- 
Ha, O 33BHCHMOCTH Me>KAy CBOHCTBaMH TOnAHBa H CTpyKTypOH yTAeBO- 
AOpOAOB.

n,eniApaTau.HeH cnapTOB c nocAeAViomuM rHApapoBaHaevi oac^ hhob 
CbiAti noAyaeHbi h H3yaeHbi H30MepHbie reKcaHbi, reniaHbi, OKTaHbi, 
MHorae HOHaHbi a AenaHhi. Pe3VAbTaTOM pa6oT no AeraApaTauaa cnap- 
tob 6bj.no noaBAeHne Tanax BaAOB nHABBAAyaAbHoro aBaaTonAaBa, KaK 
aeoremaH, HeoraKcaR* TpantaH a Ap.
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AHajiormiHbiMH nyTHMH mojkho AernApaTnpoBaTb h HenpeAejibHbie 
cnupTbi. KapdHHOJibi ojie(})HHOBoro pnAa npeBpamaioTCH b AneHOBbie 
yrjieBOAopoAbi. OcoSeHHO jierno b oji^ hhobom pnAy AerHAparapyiorcH 
TpeTH^Hbie cnupTbi [3, 4].

MHorne HenpeAejibHbie cnHpTbi npn AerHApaTaunn npeBpamaioTCH 
b AHeHOBbie yr.neBOAopoAbi, HBJinioiiuiecji KaynyKoreHaMH. fl. M. Cjio- 
6oahh [5] noApodHo nccjieAOBaji AerHApaTaumo pa3JWHHbix ojieijiHHOBbix 
cnnpTOB AeftcTBHeM cepHoft hjih maBejieBoft khcjiot, a Taione b napoBoft 
4>a3e npw 350° HaA A120 3. Kan bhaho H3 TaOji. 42, BbixoAbi cootbctct- 
ByiomHx AHeHOB (HaA A120 3) aoxoaht ao 60— 70%.

TABJIHUA 42

Hcxô Hue cnHpTbi TeMnepaTypa,
°c nojiyMemibie AHeiibi

c h 2= c h c h o h c h 3 340 CH2= C H -C H = C H 2 (25%)
c h 2= c h c h o h c h 2c h 3 355 CH2=:CH—CH =CH —CH3 (ao70%)

CH2= C H -C H = C H -C H 2- C H 3)
2 (AO 60%)

c h 3- c h = c h —c h = c h - c h 3 J v /0
c h 2= c h c h o h c h 2c h 2c h 3 350

CnHpTbi THna R C H = C H C H O H C H 2R ' b h acjih io t  BOAy b A^yx Ha- 
npaBjieHHHx, o6pa3ya AHeHOBbifi ( R C H = C H —C H = ^ C H R ')  h ajuieHO- 
Bbifi ( R C H = C = C H R ')  yrjieBOAopoAbi, c npeoSjiaAaHneM nepBoro.

AueTHJieHHJIOBbie cnHpTbi B 3aBHCHMOCTH OT yCJIOBHH MOryT BeCTH 
ce6a pa3JiHHHO. TpeTHHHbie aueTHJieHHJiKap6nHOjibi [6] HaA MgS04, 
A12(S04)3, A120 3 h t . a - oneHb jierKO npeBpamaioTCJi b cooTBeTCTByromne 
BHHHjianeTHJieHbi, b npHcyTCTBHH >xe mejionen ohh pacnaAaioTCH Ha 
KeTOH h aueTHjieHOBbiH yrjieBOAopoA:

R

R'CH,
C — C £ eeC H  - -
I
OH

ai2o3 R

R'CH^

NaOH R,

R'CH,,'

C -C = eCH •+ H20  

CO +  CH=CH

(а)

(б)

HaA AerHApaTHpyiomHMH KaTajiH33TopaMH (A120 3) TpeTHHHbie cnHp
Tbi noHTH KOJiHqecTBeHHO pearnpyioT no (a) h jinrnb c Majioft CKopocTbio 
no (6). Tan nee BeAyT cedn h em,e 6ojiee HenpeAejibHbie AHaneTHjieHHjio- 
Bbie cnnpTbi:

C = C —C4H0 c = c - c 4h 9

c h 3c h 2c h 2—C -O H  c h 3c h 2c h = c

06pa3yiou tH ecH  npH A erH A p aT au n n  yrjieB O AopoAb i c nepeKpem eHH bi- 
mh  BHHHjiaueTHJieHOBbiMH CBH3HMH ceftqac noji#MepH3yiOTCH [7\.
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B. rpHHbnp h P. Scxyppy [8] HauiAH, hto npn neperoHKe TpeTHHHbix 
npê ejibHbix hah HenpeAeAbHbix cnnpTOB no Mepe noBbiuieHHH TeMne- 
paTypbi HanpaBJieHHe peaxuHH H3MeHneTCH h npn 650—700° bmccto p,e- 
THApaTauHH npoHcxô HT nojiHbiH pacnafl Ha kctoh h cooTBeTCTByioiuHH 
yneBOflopoA. HaA ctckahhhoh BaTOH stot npopecc npoTexaeT rjia^Ko 
npn 400—500° HanpHMep:

C3H,

" ch8
c 4h ,

C,

>
 +  CH3CH=CH2

■4l ̂ 9\
> co  +  c h 4

3ra peaKUHH npoBepeHa Ha doAbinoM HHCJie pa3AHHHbix TpeTHMHbix 
cnHpTOB h HBJiHeTca a a h  h h x  oSiuefi. AHajiorHMHO BeuyT ce6n neHTa3a- 
MemeHHbie STĤ OBoro cnnpTa, KOTopbie ya te  npn npocTofi n eperoH K e pac- 
tuenjiHioTCH Ha kctoh  h yrjieBOAopoA. Tax, HanpHMep, t p h 3thjim6thji^ h -
4)eHHjiKap6HHOJi o6pa3yeT KOAHuecTBeHHO 6eH30(})eH0H h TpH3THAMeT3H:

^ 2̂ 5^  yC6H6
C2H6- C - C - O H  
C2Hs/  x cRHK

(C8H6)2CO +  (C2H8)3CH

ApoMaTHqecKHe cnHpTbi, KeTocnnpTbi h aHajiorHMHbie KapSHHOAbi 
H KeTOAbI T3K>Ke JiePKO BblfleJIHIOT BOAy Ha A KaT3JlH3aTOpaMH. HanpH
Mep, H3 p-(j)eHHJI9THJIOBOrO CnHpTa HAH (JieHHAMeTIIAKapOHHOAa, HaA 
Al20 :i HAH TAHH3MH nOAyqaiOT CTHpOA

_ h2o - h2ou
c h 2
I

c h 2o h

u
CH

^H,

CHOH
I

c h 3

KOTopbiH HBAaeTCH oahhm H3 HHrpeAneHTOB Kayqyxa 6yHa S (cTp. 631)» 
a TaKHte npHMeHaeTCH A-nn noAHMepH3auHH b noAHCTHpoAbi (cTp. 612) 
H T. A.

a-Ha(J)THA-p-3THAOBbiH cnHpT aHaAorHMHO AerHAparapyeTCH B a -  
BHHHAH3(J)TaAHH:

I I
c h 2c h 2o h  c h = c h 2

Tahkoah MoryT AerHApaTHpoBaTbcn BHyTpHMOAeKyAapHO no pa3- 
AHMHblM HanpaBAeHHHM, BblAeAeHHe OAHOH MOAeKyAbI BOAbI BeAeT K 06- 
pa30B3HHK3 OKHceft oAetJwHOB, aAbAerHAOB h xeTOHOB. 3th peaxuHH 
npoTexaiOT noA AeficTBHeM cepHoii hah c[)occ})ophoh khcaot, xAopHCToro 
UHHK3 H T. n.
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i3,erHApaTau,HH nHHaKOHOB CBH3 3Ha c nHHaKOJiHHOBOH neperpynnH- 
pOBKOH, MTO JierKO npOHCXOAHT nOA ACHCTBHeM pa3JlHMHbIX MHHepajIb- 
h h x  k h c jio t  hjih  HOAa. npHHUHnHajibHO neperpynnnpoBKa aaKjnonaeTca 
b nepeMemeHHH OAHoro H3 paAHKajioB:

R\  / RV - c /
R/ I IX R 

OH OH

R—C - C - R  +  H20

r/  A
3Ta peaKUHH, oTKpbiTaa A. M. ByTjiepoBbiM, na3biBaeTCH nHHaKOJiH- 

HOBOH.
MexaHH3M nHHaKOJiHHOBOH neperpynnnpoBKH H3ynajiH MHorne hc- 

cjieAOBaTejiH [9— 12], h oh Mo>KeT 6biTb npeACTaBjieH cjieAyiomeft cxeMofi
[131:

CHS CH 3 CHg CHg CHg
1

CH3— c —
1 H+

C— CHg ~ ----- CHg-
1

1
- C — C— CHg ^

1 1
CHg—  C —  C— CHg +  H »0

| 1 +  1
OH 0 : OH OH

\ h H /  \ i

ch3 ch3 c h 3 c h 3

CHg C— C— CHS ------- ► CH3— C— C - C H 3 CH3— c — C— CH, +  H +
+ I I I  I II

O H  CH3 O H  CH3 0

CorjiacHO ajieKTpoHHbiM npeACTaBjieHHHM, Bee BemecTBa, cnoco6- 
CTByiomHe nHHaKOJiHHOBOH neperpynnnpoBKe, sjieKTpoijjHJibHbi, nosTO- 
My rjiaBHOH CTaAHefi npopecca aBJineTcn BbiAejieHne o a h o h  rHApoKCHJib- 
h o h  rpynnbi h  npOMescyTonHoe o6pa30BaHHe HOHa KapSoHHH. SjieKTpoH- 
Hbifl AynjieT, o6m,HH A-an aTOMa yrjiepoAa h rHApoKCHjia, yAep>KHBaeT- 
cn THApOKCHjioM npH OTLpenjieHHH ero, nosTOMy aTOM yrjiepoAa c ceKC- 
TeTOM SJieKTpOHOB 33pHJKaeTCH nOJIOJKHTeJIbHO (HOH Kap60HHH). Bjia- 
roAapn s t o m v  nponcxoAHT nepeMemeHHe paAHKajia c nojiHbiM ajieKTpoH- 
h h m  oKTeTOM o t  coceAHero aTOMa yrjiepoAa, b o a o p o a h u h  ace aTOM ocraB- 
nieHCH THApoKCHJibHOH rpynnbi OTmenjineTcn b BHAe npoTOHa, nojiynHB 
noJioHtHTejibHbiH 3apnA.

nHiiaKOJiHHOBbie neperpynnnpoBKH H3yneHbi He TOJibKO ajih nHHa- 
k o h o b  h nHHaKojiHHOBbix cnnpTOB, ho  h fijia 6ojibinoro MHCJia Apymx 
COeAHHeHHH— aJIHUHKJIHneCKHX CnHpTOB, npOH3BOAHbIX OKCHAHtjieHHJia 
H AP- BTOpHHHO-TpeTHHHbie TJIHKOJIH ACrHApaTHpyiOTCH nO THny BHHHJIb- 
hoh  AerHApaTauHH hjih  no THny ceMHnHHaKOJiHHOBOH neperpynnHpoB- 
k h . B nepBOM cjiynae npopecc h a c t  no cxeMe:

R ' \ r  r / 0 H  - h 2o  r '

r/ | |\R"
OH H

\  /0H> C = C <
/  \R"

R
\ C H - C - R "A
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2. nojjyqeHHe ahchob H3 rjiHKOjieH

IlojiHaa AerHApaTauHH tahkoach npHBOAHT k ahchobmm yrjieBOAO- 
po^aM. 3 r a  peaKuna npeAcraBAaeT HHTepec AAa noAyqeHHa HeKOTopbix 
cHHTeTHqecKHx KayqyKOB (cTp. 601). /Iah cHHTeTHqecKHx KayqyKOB 
Oojibmoe 3HaqeHHe HMeeT ahbhhha, noAyqaeMbift H3 sthaoboto cnnpTa 
no C. B. JleSeAeBy, AernApHpoBaHHeM 6yTaH-6yTeHOBofi 4>paKu,HH 
(cTp. 266) hjih H3 aueTHAeHa (cTp. 748).

MeTOA noAyneHHa AHBHHHAa H3 aueTHAeHa 6ha BnepBbie pa3pa6oTaH 
H. H. OcTpoMbicneHCKHM b 1915 r. [14]. Tan nan b ochobc npouecca 
Ae>KHT peaKuna KynepoBa, to npaBHAbHee ero Ha3biBaTb mctoaom Ky- 
nepoBa—OcrpOMbicAeHCKoro. XIhbhhha noAvqaeTca b pe3yAbTaTe qeTbi- 
pex nocjieAOBaTejibHbix peaKUHii:

1) CH=CH +  H20 —►  CH3CHO
2) 2CH3CHO—►  CH3CHOHCH2CHO
3) CH3CHOHCH2CHO +  H2 - ►  CH3CHOH^H2CH2OH
4) CH3CHOHCH2CH2OH CH2=C H —CH=CH2 +  2HaO

IloCAeAHIOIO CT3AHK) AerHApaTaUHH TAHKOAH B AHBHHHA OCyiUeCTB- 
ABIOT C. npHMeHeHHeM pa3AHqHbIX K3T3A H33TOpOB, qTO nOApo6HO HCCAe- 
AOB3A E. A. LLJhaob [15]. ripouecc oqeHb KanpH3eH, Tan nan BbixoAbi
AHBHHHAa CHAbHO 33BHCHT OT H36HpaTeAbHOCTH H CTOHKOCTH KaT3AH3a-
Topa, TeMnepaTypbi, AaBAeHHa, BpeMeHH KOHTaKTauHH, pa36aBHTeAefi 
H T. a . XopOlHHMH KaTaAH33TOpaMH BBAHIOTCH H3P 0 4 H (jXDCCjjaTbl. 
E. A. UIhaob yKa3biBaeT, qTO CMecb H3P0 4 +  A1P04 npw 450° Ae33KTH- 
BHpyeTca qepe3 2 qaca OTAO>KeHHHMH KOKca, ho pereHHpyeTca npoAV- 
BaHHeM B03Ayxa npn 550°. BbixoAy AHBHHHjia 3HaqHTHAbHO cnoco6cTByeT 
pa36aBAeHHe napoB tahkoah boabhum napoM (He MeHee 20% napa). 
BbixoAbi AHBHHHAa MoryT AocTHraTb 80%, ho OAHOBpeMeHHO o6pa3yeT- 
CB MHOrO noOoqHbIX npOAyKTOB (MaCABHblH aAbAerHA, KpOTHAOBblH 
cnnpT, aAAHAKapOHHOA, oKHCb GyTHAeHa h AP-).

MeTOA KyqepoBa— OcTpoMbicAeHCKoro b CCCP He HarneA npHMeHe- 
hhh, Tan Kan no cao>khocth h MHorocTaAHHHOCTH ycTynaA mctoa.v Jle- 
6eAeBa, ho b TepMaHHH oh 6wa npHHBT.

HeKOTopoe BHHMaHHe 6wao yACAeHO cjiepMeHTaTHBHOMy MeTOA}' no- 
AyqeHHH AHBHHHAa. C 3toh ueAbio H3 ocaxapeHHbix 3aTopoB nmeHHUbi 
hah OTpyCefi noA AeficTBHeM KyAbTypbi A e r o b a c te r  a e r o g e n e s  noAyqaioT 
paeTBopw c coAepaoHHeM 13,8% 6yTaHAHOAa-2,3. ripeBpameHHe no- 
cAeAHero b ahbhhha cnepBa nbiTaAHCb ocymecTBABTb KaTaAHTHqeeKHM 
nyTeM, ho 3to He ahao noAOKHTeAbHux pe3yAbTaTOB, Tan nan noAyqaA- 
CB A Hill b MeTHASTHAKeTOH:

— HjO
CH„CHOHCHOIICH3 -------- ►  CH,CH=CCH3 -------- ►  CH3CI12C(.H.,

I II
OH C>

3aTpyAHeHHe YAaAocb pa3pemHTb npeBpameHHeM tahkoah b ah- 
auoTaT c nocAeA.viomHM nnpoAH30M 3(J)Hpa npn 575— 600' F1hpoah3 npo-
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TenaeT nepe3 o6pa30BaHHe Henpe^ejibHbix scjjHpoB. 06maa cxeMa npo- 
uecca:

CH3-CH -O H  CH3-CH-OCOCH3

| +  2CH3COOH-------- ►  I +  2H20
CH3—CH—OH CH3—CH-OCOCH3

CH3 CH OCOCH3 —CH3COOH CH3 CH ^  CH2=CH —CH3COOH

CH3—CH—OCOCHg w  ^  CH3—C—OCOCH3 CH3-CH—OCOCH3

CH2 =  CH 
I

CH2=CH

3. ^erHApaTauHB KapSoHHJibHux h KapSoKCHjibHbix coeAHHeHHfi

/XneHOBbie yrjieBOAopoAbi MoryT 6biTb noAyneHbi npH AerHApaTauHH 
ajibAernAOB h kctohob . H3BecTHO, hto H3 MacAHHoro h BaAepna- 
HOBoro ajibAerHAOB HaA ajnoMOCHJiHKaTHbiM K3TajiH3aTopoM npH 500—  
500° o6pa3yiOTCH ahbhhha  h H3onpeH. MeTHjiH3onponHjiKeTOH TOJKe 
odpa3yeT H3onpeH. 3 th peaKUHH npoTenaiOT b HecKOJibKO eraAnft no 
o6ni,eH cxeMe:

CH3CH2CH2CHO —>- ch2= ch—ch= ch2 +  h2o
CH3COCHCH3 -► ch2= ch—c= ch2 +  h2o

I I
CHg CHS

AjibAerHA hah  KeTOH cnepBa eHOAH3HpyeTCH, h nocjie BbiAeAeHHH 
bo ah  npoHcxoAHT nepepacnpeAeAeHHe BOAopoAa (aAioMOCHAHKaTbi cno- 
COOCTByiOT H30Mepn3auHH):

CH3CH2CH2C H O ------>- ch3ch2ch^ choh ch3ch2c= c h ----- ►
------► ch2= ch- ch= ch2

ripn  AerHApaTauHH yKcycHoro aHrHAPHAa npn 550— 650° HaA pa3- 
ahhhhm h  oKHCHbiMH KaT3AH3aTopaMH Mo>KeT 6biTb noAyqeH KeTeH 
(c BbixoAOM 75— 80% ), KOTopbifl npeACTaBAaeT doAbmoH HHTepec H 
HMeeT npaKTHnecKoe 3HaneHHe:

CH3CO

CH3CO
2CH2=C =0  +  H20

OAHaKO Tax nan caM KeTeH HB.ineTCH hctohhhkom a ^ h CHHTe3a 
yKcycHOH KHCAOTbi, aueTaTOB h Apyrnx ee npoH3BOAHbix, b Hacroamee 
BpeMH ero noAynaiOT b doAbinnx MacurraCax H3 aueTOHa nnpoAH30M 
npn 600— 690°:

CH3COCH3 CH2=C =0  +  CH4

KeTeH npeACTaBAneT Ooamuoh HHTepec 11 6AaroAapa cnoco6HocTH 
nepexoAHTb b AHMepHoe coctohhhc— ahkctch CH3CO—CH=C=0, 
KOTopbifl npH AencTBHH BOAbi hah Apyrnx peareHTOB npeBpamaeTCH 
b aueToyKcycHyio KHCAOTy hah ee npoH3BOAHbie.
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4. Pa3JiHHHbie cJiyqau BHyTpwviojieKyjiflpHOH flern̂ paTau,HH

r̂ Hu,epHH np« 110—120° b npHcyTCTBHH BOflooTHHMaiomHx peareH- 
tob, HanpHMep A12(S04)3, KHS04, A120 3, HCOOH, (COOH)2, Bbme- 
JiaeT BOAy npeBpamaacb b aKpojieHH:

CH2OH c h 2
I II

CHOH CH +  2H20
I I

c h 2o h  ch o

H3BecTHbi h BHyTpeHHHe 3(|)Hpbi rjiHuepHHa. JlerĤ paTauHH BbicuiHx 
MHoroaTOMHbix cnnpTOB CHCTeMaTHqecKH He H3yqajiacb. H3BecTHO 
.'iHiiib, hto c yBejiHqeHHeM HHCJia rHApoKCHAbHbix rpynn noBbiuiaeTca 
II HHC.no B03M0>KHbIX aHriiApÔ OpM. lleHTHTbl H reKCHTbl nOA fleHCTBHeM 
BoaooTHHMaromHx peareHTOB npeBpamaioTCH b cfjypcJjypoji h jieByjiHHO- 
ByK) KHCJIOTy.

OKCHKHCAOTbl, B 33BHCHMOCTH OT B33HMHOrO nOAOJKeHHH TĤ pO- 
KCHJibHbix h Kap6oKCHjibHbix rpynn, Be,nyT ce6a pa3JiHHHo: x-okchkhc- 
jioth npH flerHflpaTauHH npeBpamaioTCH b JiaKTHflbi; P-okchkhcaoth 
o6pa3yiOT Henpeflê bHbie khcaoth, y- h o-okchkhcaoth—JiaKTOHbi.

A mhabi khcaot b npHcyTCTBHH KaraAH3aTopoB—A120 3, neM3bi, necKa, 
TOjmeHoro CTenjia h np.—bmacahiot BOAy; HanpHMep, H3 aueiaMHAa npH 
420° nojiyqaeTca 82—90% aueTOHHTpHAa.

B Ta6A. 43 npHBeAeHbi pe3yAbTaTbi AerHApaTHpoBaHHH 3mhaob KHC
AOT npH 425° HaA pa3HbIMH KaTaAH33T0paMH.

TABAHUA 43

Amhau

KaTilJIH3UTOpbl

Al203 rieM3a necoK rpa<J)HT

B bl X O A HHTpHAOB, %

AueTaMHA 82,0 91,5 86,3 75,5
riponnoaMHA 86,1 89,4 89,4 —
ByTupaMHA* 83,0 88,0 88,0 —
H3o6yTHpaMHA — 91,2 — —
H30Ba.nepaMHA — 89,1 — —
KanpoaMHA 80,9 89,3 — —
BcH3aMHA — — 90,6 —

113 TafiAHUbi bhaho, hto npn AeniApaTauHH H3 3mhaob noAyqaiOT 
BbICOKHe BbIXOAbI COOTBeTCTByKDmHX HHTpHAOB. J\ jW  nOAyqeHHH HHTpH- 
AOB MO>KHO HCXOAHTb H H3 CMecefi CAOKHblX Ŝ HpOB, XAOpaHTHApHAOB 
hah aHTHApHAOB c ra30o6pa3HbiM 3MMH3K0M, KOTopbie nponycKaioT qe- 
pe3 TpySny c A120 3 npH 500°:

RCOOR' +  NHS 
RCOC1 +  NH3 

(RCO)20 4- NH3

—R'OH
—HC1

R C O N H ,
- h 2o

—RCOOH |
RCN



Ta . VIII. KATAJ1MTMHECKAU MET HUP AT A ll MU460

Tan >Ke KaTajiHTHuecKHM nyTeM mo>kho npeBpaTHTb b hhtphjim H30- 
MepHbie aMHflaM ajibuoKCHMbi, ecjiH napbi hx nponycxaTb mu  A120 3 
hjih Th 02:

C4H9CH=NOH C4H9CN +  H20

B. ME>KMOJIEKyJIJIPHA» AErHAPATAUHJl

I. rOMOKOHAEH.CAUHH

1. IlojiyqeHHe npocTbix 3(J)HpoB H3 crmpTOB

llpH BblAPJieHHH BÔ bl H3 ,ZJByX HJIH HCCKOJIbKHX O^HHaKOBblX MOJieKyjl 
criHpTa o6pa3yioTCH coeuHHeHHH pa3JiHHHoro MOJieKyjiapHoro Beca, Be- 
jiHHHHa KOToporo MOJKeT 6biTb oneHb 6ojibmoH (HanpHMep, nojmrjiHKOJiH).

ripocTeHiiiHM npHMepoM 3toh rpynnbi peaKUHH cJiyxcHT nojiyMeHHe 
npocTbix 3(f)HpOB H3 HHUHBHAyaJIbHblX CIIHpTOB. O6pa30BaHU£ AH3THJI0- 
Boro 3(})Hpa H3 STHjioBoro cnnpTa HBJineTCH HaH6ojiee uaBHO H3BecTHOH 
peaKunefl.

X̂ H3THJiOBbiH 3(|)Hp noJiyuaeTCsi npH HarpeBaHHH cnnpTa c KOHueH- 
TpnpoBaHHOH cepHoft khcjiotoh npH 140° Elpouecc H^eT CTyneHHaTo 
qepe3 npoMejKyTouHoe o6pa30BaHHe STHjicepHoft KHCJiOTbi:

C2H5OH +  H0S020H -»► c2h6oso2oh +  h2o 

C2H50S020H +  C2H6OH (C2H5)20 +  hoso2oh

llpH ocymecTBjiehhh peaKUHH hcoSxouhmo cjieuHTb, HTo6bi TeMne- 
paTypa 6biJia He Bbirne 140°, Tan nan c noBbiuieHHeM TeMnepaTypu ycKo- 
pneTca o6pa30BaHHe srajieHa:

c2h 6oso2oh _► c2h4 +  hoso2oh

HofiaBKH pa3JIHUHbIX BemeCTB nOBbimaiOT aKTHBHOCTb CepHOH KHC
JiOTbi. OcofieHHO 6jiaronpHHTHa £o6aBKa 5% A12(S 04) 3. JIjih 3TepH(J)H- 
KauHH cnnpTa mohcho 6paTb h upyrne khcjiotm, cnocoSHbie cBH3breaTb 
BOUy: 4>OC(j)OpHyK), MblUIbHKOBHCTyiO H flp.

AHajiorHMHO nojiyuaiOT npocTbie 3(J)Hpbi h H3 ^pyrax cnnpTOB. MeTH- 
jioBbift cnnpT c cepHOH khcjiotoh jierKO o6pa3yeT flHMeTHJiOBbifi 3$Hp. 
Bbicuine cnnpTbi, HanHHau c dyTHJiOBbix, o6pa3yioT npocfbie 3(|)Hpbi c 
MajibiMH BbixouaMH, TaK KaK HapacTaeT tchashuhh k o6pa30BaHHio 
OJie4)HHOB.

B roMoreHHOH (Jrase mo>kho nojiynaTb h CMeuiaHHbie s^Hpu: 1) cMecb 
AByx cnnpTOB pearnpyeT c H 2S 0 4 hjih ace 2) ajiKHjicepHaa khcjiot3 
pa3JiaraeTcu upyrHM cnHpTOMi

C2H5OH -f H0S020H C2Hg0S020H +  HaO 

C2Hb0S020H +  CH3OH C2HgOCH3 +  HOSOaOH



/. nOJlV'lH HH E nPOCTbIX 30H P O B  H3 CflHPTOB 461

TaKHM nyTeM mo>kho nojiyqaTb pa3JinqHbie cMemaHHbie 3<J)Hpbi H3 
CH3OH, C2H5OH h C3H7OH, ho Bbicuine cnHpTbi, HaqHHaa c SyTHjio- 
b w x  , o6pa3yK)T iviaBHbiM o6pa30M ojie({)HHbi (Ta6ji. 44). O^HaKO c 85% 
H^SO, npH 135—140° H3 STHJioBoro h aMHJiOBoro cnnpTOB nojiyqaeTcn 
CMeCb AHSTHJIOBOrO, ^H3MHJI0B0r0 H STHJiaMHJIOBOrO 3({)HpOB. FIpHHUH- 
riHajibHO o6pa30BaHHe CMeuiaHHbix aifiHpoB aojukho dbiTb OTHeceHO k 
peaKUHHM reTepoKOHAeHcauHH (cTp. 466).

ripocTbie 3(})Hpbi mojkho nojiyqaTb h b reTeporeHHOH c|)a3e HaA TBep- 
AbiMH KaTajiH33TopaMH, HanpHMep HaA A120 3, Th02, W205, a Taione HaA 
HeKOTOpbIMH TJIHHaMH. HaA Al20 3-KaTaJIH3aTOpOM H3 3THJI0B0T0 
cnnpTa mojkho nojiyqHTb 60% AHsm/iOBoro scjDiipa. OAHano Bee TBepAbie 
KaTajiH3aTopbi AaiOT h 3HaqHTejibHbie KOJiHqecTBa ojie(j)HHOB, npHqeM, 
KaK bhaho H3 Ta6^. 45, c noBbimeHHeM TeMnepaTypbi peaKUHH npouecc 
Bee Combine CABHraeTCH b HanpaBjieHHH odpa30BaHHH ojî hhob.

TABJIHUA 44

Cniipr
BbIXOA
9(J)HPa,

%

BbIXOA
OJie$Hiui,

%

CHaOH 96—98 2—4
(aTHAeHa)

c2h5oh 76 22

«-CsH7OH 54 46

«-CBHnOH 24 76

CH2=CHCH2OH 30 70

TABJ1HUA 45

Ti-Mne-
paTypa,

°C

Pa3Jio-
>KeHHe

C2H5OH.
%

BbIXOA
(C2H5)20,

%

Buxoa
c2h4,

%

200 5 5 0
225 53 52 1
250 64 60,5 3,5
275 66 57 9,0
300 73 45 28,0
325 83 24 59,0
350 100 4 96,0

BbIXOA AHSTHJlOBOrO 3(|)Hpa H, BepOHTHO, APy™X npOCTbIX 3̂ )HpOB 
MO>KeT 6biTb noBbimeH npHMeHeHHeM H36HpaTejibHO AeHCTByiomHX Ka- 
TajiH3aTopoB. HanpHMep, c noMombio oqeHb 3 kthbhoh Ai20 3 npn 250° 
nojiyqaeTCH 78—80%, a HaA npoicajieHHbiMH KBacuaMH npn 200°—75% 
AHSTHJIOBOrO 3(})Hpa.

Kan yxce yKa3biBa.nocb, pa3JiojKeHHe cnnpTOB b ojie(J)HHbi ct3hobhtch 
npeodJiaAaiomHM c noBbimeHHeM MOJieKyjinpHoro Beca cnnpTOB. TaK, 
AerHApaTauHH pa3JiHqHbix cnnpTOB HaA npoKajieHHbiMH KBacuaMH AaeT 
pe3yjibTaTbi, npHBeAeHHbie b Ta6ji. 44.

IlpocTbie 3<J)Hpbi BTopnqHbix cnnpTOB nojiyqaiOTCH c TpyAOM, TpeTHq- 
Hbie cnHpTbi hx nouTH He o6pa3yioT. ApoMaTHqecKHe cnupra BeuyT ce6n 
HecKOJibKO HHaqe; 6eH3rHApoji c pa36aBjieHH0H cepHoft khcjiotoh 
(1 :5)  npn 180° o6pa3yeT c bhcokhm bhxoaom npocTofi 3(|)Hp:

2 (C6H5)aCHOH —  (C6H5)2CHOCH(C6Hi ) 2 +  H20

HpocTbie 3(J)Hpbi H3 cJjeHÔ OB noAyqaiOTCH TpyAHee, ho HaA ThO- 
npH 400° npouecc npoTeuaeT rjiaAKO. OeHOJi b stom CAyqae AaeT Bbico-
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KHH BbIXOA AH4)eHHJIOKCHAa C nodOHHbIM o6pa30BaHHeM OKHCH AH(J)eHH- 
JieHa:

B cjiyqae Apyrnx OAHoaTOMHbix (JjeHOjiOB npouecc npoTeuaeT aHa.no- 
THqHO, HO BbIXOAbI 3(|)HpOB 3HaqHTejIbHO HHHCe.

2. IlojiyqeHHe «flHcnHpTOB»

B 1899 r. M. Tep6e [16] Harneji, uto OAHoaTOMHbie nepBHHHbie cnup- 
tw noA ASHCTBHeM meJioMH MoryT npeBpamaTbCH b cnnpTbi c yABoeHHbiM 
hhcjiom aTOMOB ymepoAa, hjih «AncnHpTbi». CqHTajio^b, hto sth hhtc- 
pecHbie KOHAGHcauHH npoTexaiOT nyTeM MeJKMOJieKyjinpHdro OTiuenjie- 
hhh BOAbi ot AByx MOJieKyji cnnpTa, npuqeM b stoh peaKUHH yqacTByeT 
THApoKCHJibHaH rpynna oahoh MOJieKyjibi cnnpTa h aTOM BOAopoAa ot 
a-yr^epoAHoro aTOMa Apyroft MOJieKyjibi no cxeMe:

c h 3 c h 3 c h 3

c h 2
1

+  H—CH - ►|

1
CHa c h 31

c h 2o h c h 2o h
|

CHa—-CH—CH2OH

OAHaKO TmarejibHbie HccjieAOBaHHH noKa3ajiH, uto sth peaKUHH 
npoTexaioT cjioucHee—qepe3 AerHApnpo'BaHHe b ajibAerHA, nosTOMy 
ohh paccMOTpenbi b tji. IV (c m . CTp. 294).

3. ^erHApaTauHn rjiHKOJiefi h bm cuihx  MHoroaTOMHbix ciih pto b

Tjihkojih npn MeHCMOjieKyjinpHOM BbiAejieHHH boam MoryT cryneH- 
qaTO npeBpamaTbcn b nojmrjiHKOjiH. OSbiqHbift STHjieHiviHKOJib noA 
AeficTBHeM BOAooTHHMaiomHX cpeACTB npH HarpeBaHHH o6pa3yeT cnep- 
Ba AHrjiHKOJib, ho npouecc MoaceT hath h Aa-fl^me, b pe3yjibTaTe no.ny-
qaiOTCH nOJIHrJIHKOJIH pa3JIHqHOH CJIOKHOCTH—OT BH3KH.X >KHAKOCTeft 
AO TBepAbix BeujecTB. HanpHMep, reucaMep nojiyqaeTCH no peaKUHH:

CHX>H CH2—0-CH 2 CH2—0—CH2 CH2—O—CH2

6 I —*■ I I I I I | +5H 20
ch2oh ch2oh ch2—o—ch2 CHa—O—ch2 ch2oh

TIojiHrjiHKOJiH h hx scfiHpbi HaxoAHT npHMeHeHHe b KaqecTBe pac- 
TBOpHTe^eft, nJiaCTH(|)HKaTOpOB H T. A-

AHrHApH3auHH rjiHKOJieft mojkct npoxoAHTb h c o6pa30BaHHeM
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n o jiH o ro  B H yTp e H H e ro  a<j)Hpa; H3 STHAeHrAHKO AH n p n  s t o m  no jiyqa e TC H  
AHOKcaH:

CH2OH /CHa—CH2\
2 1 - + 0 (  >  +  2H20

CH2OH \CH2—ch2/
A H O K c a H  n p o m e  n o jiy q a T b  no A. E . O a B o p c n o M y  [17J HarpeBaHHeM 

S TH jie n rjiH K O jiH  c AoSaBKofi 4 %  KOHueHTpnpoBaHHO H cepHOH KHCAorbi. 
Z Ijth  3Toft >Ke uejiH  n p nroA H bi ({joccJjopHan KHCAOTa, x a o p h c t h h  u h h k  h a h  
6eH 30ACyAb4)0K H CA0Ta. K AHO KCaHy C Tp y K Ty p H O  6AH30K MOp(j)OAHH 
H3 AHSTaHOAaM HHa:

yCH2CH2OH yCH2—CH2s
HN^ HN/ X0 +  H20

\ ch2ch2oh nCH2—CH*/
ZI,HOKCaH H MOp4)OAHH HBAHJOTCH npeBOCXOAHbIMH paCTBO pHTeAHM H.
TA H U e p H H , aHaAOrHMHO rJIHKOJIHM npH Me>KMOACKyAHpHOM BblAeAe- 

HHH BOAbI, o 6 p a 3 y e T  pa3AHHHbie nOAHKOHAeHCHpOBaHHbie rAH H epH H bl, 
HMefomne TexH H qecK oe 3HaqeHne. I lp H  BaK yyM -peK TH cfw K auH H  t c x h h -  
q e cK o ro  rA H u e p H H a  b  neperoHHOM  cocyA e  oeraeTCH b h 3 k h h  o cTa TO K , 
coAepJKam,HH noA H TA H uepH H bi, aAbAernAHbie c m o a m  h A p y rn e  n p o A yK Tb i. 
n p n  TH ApoAH 3e ra K H x  np o A yK TO B  meAOMbio O Tro H H e Tcn  em,e H ex o To po e  
KOAHMeCTBO TA H U ep H H a. 06bIMHbIH TAHUepHH BCerAa COAep>KHT OKOAO 
2 % A H TA H u e p H H a , a n p n  rH ApoAH 3e HtHpoB noA AaBAeHHeM KOAHnecTBO 
rioA H rA H ue p H H O B  a o x o a h t  a o  6 — 7 °/o .

ripocTeHiiiHH AHTAHuepHH noAynaeTCH no peaKUHH:
ch2oh  ch2—o—ch2

I I I
2 CHOH - -► CHOU CHOH {- H20

I I I
CHOH CH2OH CH,OI I

T a x  >xe n p o Te x a e T  h  AaAbHefiiiiee o6pa30BaHHe Tp n rA H u e p H H a  h 
SOAee CAO>KHbIX nOAHTAHUepHHO B:

c h 2o h  c h 2o h

a: CHOH -{X 1 ) 1 CHOH

CHoOH CH20 -

c h 2o —
I

CHOH
I

—CHa

- c h 2
I

CHOH

CH-OH
_ x—2

B npHcyTCTBHH BOAOOTHHMaioui,HX K3TaAH3aTopoB noAyqaioTCH em,e 
6ojiee CAo>KHbie noAHrAHuepHHbi, npuBOAnmne k o6pa30BaHHK> TBepAbix 
HenjiaBKHX noAHMepoB, AaiomHX SAacTHMHbie nAeHKH H3 TpexMepHbix 
MOAexyA:

O-----

< H2—CFI CFI.,—O—CHa—CFI—CH2—0 —CHa—CH—CH2—O—CHa—CH —CHa— • •
I I I  I

OH OF I O O
I I

--------CFI.,—CH—CHa—0 —CHa—CH—CHa—O—CH2—CH—CH2—

O-----
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.HmyiHuepHH mojkho nojiyqHTb c bmxoaom ao 85% npn 2-qacoBOM 
HarpeBaHHH rjiHuepHHa npn 210° c 0,05% HOAa. jl,HrjiHuepHH—np03paq- 
Haa BH3K3H >KHAKOCTb C T. KWI. 257—260° npH30jWJW PT. CT. no Â HHblM
C. H. YmaKOBa [18] ajih nojiHKOHASHcauHH rjiHiiepHHa b HenjiaBKyio 
TeMHyK) Maccy AocraToqHO 4-qacoBoro HarpeBaHHH rjwuepHHa c 4% 
cMecH CuO+HgSO.r

4. AerHApaTauHB KapSoHOBbix khcjiot

TeopeTHqecKH npn BbiAejieHHH boah H3 MOjieKyjibi MOHOKap6oHOBbix 
khcjiot AOJi>KHbi nojiyqaTbCH npoH3BOAHbie KeTeHa:

RCH2-COOH RCH=C=0 +  H20
no 3toh cxeMe npocTenmafl H3 khcjiot—MypaBbHHaa—AernApaTH- 

pyeTCH c o6pa30BaHHeM okhch yrjiepoAa:
HCOOH —► CO +  H20

ZlerHApaTauHH MypaBbHHOH khcjioth aBJineTca yAoOHbiM cnocoOoM 
AJiH nojiyqeHHH hhctoh CO, hto uinpoKO npHMeHaeTCH b jiafiopaTopHOH 
npaKTHKe. npouecc mojkho Becra, npnjiHBan MypaBbHHyio KHCJiOTy 
k KOHueHTpHpoBaHHoft cepHOH KHCJiOTe, ho onncaHbi h HenpepbiBHbie 
npoueccbi b reTeporeHHOH c[)a3e. B jiHTepaType yKa3aHO mhoto KaTajiH- 
3aTOpOB Â IH 9T0H UeJIH. BepOHTHO, OAHHM H3 JiyMUIHX HBJiaeTCH CMeCb 
Th02 c CHJiHKarejieM, hto OTMeqaiOT E. Tpe6ep h JX. KpaflAep 119]. 
npouecc HAeT npn 250—270° c bhxoaom 95% CO.

OAHOOCHOBHbie Kap6oHOBbie khcjioth, noABeprancb MejKMOjieKyjiapHOH 
AerHApaTauHH, nepexoAHT b aHrHApHAbi. KpoMe ofibiqHoro nojiyqeHHH 
aHrHApHAOB H3 cojiefl c xjiopaHrHApHAaMH, npHMeHBiOT ycneuiHO h KaTa- 
jiHTHqecKHe cnocoObi. OqeHb npocTo h yao6ho aHrHApHAbi nojiyqaiOT npo- 
nycKaHHeM napoB khcjioth hjih CMecH khcjiot HaA Th02- hjih A120 3- 
KaTajiH3aTopaMH npn 350—400° YKcycHbift aHrHApHA o6pa3yeTCH npn 
nppnycKaHHH napoB jicahhoh yKcycHOH khcjioth qepe3 HarpeTyio 
KBapueByio TpydKy:

2CH3COOH —► (CH3C0)20 +  h20

YKCyCHblH aHrHApHA B OOJIbUIHX KOJIHqeCTBaX npHMeHHIOT AJIH 
aueTHJiHpoBaHHH uejuiioji03bi. YcTaHOBjieHO, hto TeMnepaTypa aHrHA- 
PH33UHH yKCyCHOH KHCJIOTbl JieJKHT B HHTepB3Jie 350—500° H B KaV 
qecTBe KaTajiH33TOpoB npnroAHbi caMbie pa3HOo6pa3Hbie BemecTBa, 
ocofieHHO mejioqHbie h m,ejioqH03eMejibHbie (])oc<])aTbi, Kap6oHaTbi hjih 
hx CMeCH.

5. flo jiy q e H H e  k c t o h o b  H3 K apSoH O B bix k h c j io t  
h  h x  CMeceft

K peaKHHHM, CBH33HHbiM c Me>KMOJieKyjihpHbiMH AerHApaTauHHMH, 
othochtch nojiyqeHHe kctohob H3 khcjiot (KeTOHHoe pacmenjieHHe 
khcjiot) no o6meft cxeMe:

2RCOOH —►  RCOR +  C02 +  HaO
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RCOOH R.
^>CO +  CO, +  h 2o

R'COOH R
3Ta npocTaa peaKuna BnepBbie onncaHa T Hhom [20], KOTopbift npo- 

nycKaHHeM napoB yKcycHOfl KHCJioTbi HaA uhhkom npn 300° nojiyqHJi 
aueTOH, a H3 MacJiaHofi khcjiotm—AHnponHJiKeTOH. Jlajiee Ckbh66 
[21] noApodHO H3yqHji npeBpameHHe yKcycHOfl khcjiotu HaA BaC03 
npn 500— 600° h nojiyqHJi aueTOH c bmxoaom 80—90%. n . CadaTbe, 
>K- CaHAepaH h M. Mshji [22] HCCJieAOBajiw KeTOHHoe pacmenJieHHe 
pa3JlHHHbIX JKHpHHX, apOMaTHqeCKHX H JKHpHO-apOM3THMeCKHX KapfiO- 
HOBblX KHCJIOT HaA pa3HbIMH K3TajIH3aTOpaMH. HaHJiyqiUHMH OKa3a-
jiHCb MnO, ThOa h ZrOz, KOTopwe npH 400—450° H3 yncycHOH h npo- 
riHOHOBOH KHCJIOT 06pa3yi0T aueTOH H AHSTHJIKeTOH C TeopeTHHeCKHMH 
BbixoAaMH, a H3 ApyrHx ajiH(])aTHqecKHx khcjiot o6pa3yioT kctohm c bh- 
xoaom 70— 80 %.

Ha OCHOB3HHH Oojibiuoro HHCJia onbiTOB ObiJiH cAejiaHbi cjieAyiom,He 
BblBOAbU

1) BbIXOAbI KeTOHOB nOHHHOIOTCH C B03paCT3HHeM MOJieKyjIHpHOTO 
Beca KHCJIOT, 2) KHCJIOTbl H30CTpoeHHH AaiOT MeHbUIHe BbIXOAbI KeTOHOB, 
ueM H30MepHbie HOpMajibHbie KHCJioTbi, 3) hhcto apoMaTHqecKHe KHCJio
Tbi o6pa3yiOT Jinuib HeSojibuiHe KOJiHuecTBa kctohob, TaK KaK noABep- 
raiOTCH, rjiaBHbiM o6pa30M, AeKap6oKCHjiupoBaHHio, 4) *HpHO-apoMaTH- 
qecKHe khcjioth, KaK h ajiHcjiaTHuecKHe, AaiOT BbicoKue BbixoAbi kctohob.

BbiJio ycTaHOBjieHO, hto CMecn khcjiot o6pa3yiOT CMemaHHbie kcto- 
Hbi. Tan, HanpHMep, HaA MnO npa 450—500° CMecb 6ch30hhoh h yncyc- 
hoh khcjiot AaeT aueTO(])eHOH, CMecb 6ch3ohhoh h MacjiHHofl—OyTHpo- 
(|)eHOH h t . a - H . T  JTaKOMKHH [23] HccjieAOBaji bjihhhhc TeMnepaTypu, 
CKOpOCTH npOnyCKaHHH, COOTHOUieHHH KHCJIOT B CMeCH H ApyrHX 
(JiaKTopoB Ha peaKUHio o6pa30BaHHa aueTotjieHOHa H3 6eH3oflHOH h 
yncycHOH khcjiot HaA MnO hjih ThOa. BbiJio ycTaHOBjieHO, 
HTO B OnTHMajIbHbIX yCJIOBHHX — npH 550—600° H COOTHOUieHHH 
C8H6COOH : CH,COOH =  l : 2 nojiyqaeTca ao 95% aueTOiJieHOHa.

Pa3JiHqHbie aBTopbi H3yqajiH MexaHH3M KCTOHH3auHH khcjiot. Ckbh66 
cqHTaji, hto o6pa30BaHHe kctohob npoTeKaeT qepe3 npeABapHTejib- 
Hoe npeBpaiueHHe khcjiotu noA AeftcTBHeM KaTajiH3aTopa b cojib, ko- 
Topaa 3aTeM pa3JiaraeTca c o6pa30BaHHeM KeTOHa no n3BecTHOii peaK- 
UHH BHJIbHMCOHa:

CHgCOOv
>Ba------ ►  CH3COCH, +  BaCOa

CH3COCK

TaKoro >Ke B3iviHAa npnAepatHBajiHCb n .  CadaTbe h >K- CaHAepaH, 
noKa3aBuiHe, hto h aHTHApuAbi khcjiot oqeHb Aerno npeBpamaiOTca b 
KeTOHbl HaA TeMH >Ke KaT3JIH3aTOpaMH, KOTOpbie KeTOHH3HpyiOT KHCJIO-
30 B H U°^roB
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Tbi. n o  AaHHbiM 3thx HccjieflOBaTejieft Ha noBepxHOCTH KaTajiH3aTopa 
o6pa3yeTCH cojib KapfioHOBOH khcjioth b KaqecTBe HenpoHHoro npOMe- 
xcyTOHHoro coê HHeHHH, flajiee npeTepneBaiomero pacnaa no o6mhhoh 
cxeMe Ha kctoh, C02 h OKHceji MeTajiJia. XleHCTBHTejibHO, npn noHHxce- 
hhh TeMnepaTypbi peaKUHH ao 280—300° H3 ZnO h yxcycHOH khcjioth 
nojiyqajicn yKcycHOKHCJibift uhhk, npeBpamaioiuHHCH b kctoh npH 
400—450°

CjieAOBaTejibHO, ,ujih ycneuiHoro npoTexaHHa peaKUHH npeBpameHHH 
KHCJIOT B KOTOHM npHrOflHbl T3KHe OKHCJIbl MeTaJIJIOB, KOTOpbie JierKO 
o6pa3yioT cooTBeTCTByiomHe cojih khcjiot, TepMHqecKH pacnajuaiomHecH 
3aTeM c o6pa30BaHHeM xeTOHa, C02 h pereHepauHeft OKHCJia.

H3 flpyrnx npeAJioHteHHbix cxeM o6pa30BaHHH kctohob H3 khcjiot 
mojkho yKa3aTb Ha pafioTy O. HeftHro^epa h n . nanixe [24], KOTOpbie
CMHTaiOT, HTO KHCJIOTbl HJIH HX COJIH CnepBa npeBpaiUaiOTCH B P-KeTO- 
KHCJIOTbl HJIH HX COJIH, KOTOpbie 3aTeM fleKapfiOKCHJIHpyiOTCH:

(CH3COO)2Ca CH3COCH2COOCaOH 
CH3COCH2COOCaOH — CH3COCH3 +  C02 +  CaO

3 th cxeMbi He npHJio>KHMbi k  peaKUHHM npn 450— 500°, Tax xaK Ke- 
tokhcjiotm pacna^aioTcn yxce npn 300— 350° 3. M. BaM^ac h
M. M. IIIeMHKHH [25] SKcnepHMeHTajibHO ycTaHOBHJiH, hto KajibixHeBbie 
cojih khcjiot, Tax >Ke KaK cepedpHHbie h Me^Hbie cojih, pa3jiaraioTCH 
cnepBa Ha OKHceji MeTajiJia h aHrH^pn^ khcjioth, nocjie^HHH no^Bep- 
raeTCH npeBpaiueHHio b kctoh:

(RCOO)2Ca
—CaO

h2o
(RCO)20 -----

2RCOOH 

RCOR +  C02

TaKHM o6pa30M, 3. M. BaMflac h M. M. IIIeMHKHH b ochobhom no,a- 
TBepjK̂ aioT cxeMy II. Ca6aTbe.

IlpeBpameHHe Kap6oHOBbix khcjiot b KeTOHbi hbjihctch npocTbiM h 
yAo6HbiM MeTOflOM npenapaTHBHoro nojiyqeHHH kctohob c bhcokhm bh- 
xo^om. IUnpoKOMy npHMeHeHHio nojiyqeHHH kctohob H3 khcjiot flo chx 
nop npennTCTBOBajia Majian flocrynHOCTb khcjiot h hx â npoB. OflHaKO 
Tenepb, Sjiaroflapn pa3padoTKe TexHHqecKHx mctoaob okhcjichhh na- 
pat[)HHOB B KHCJIOTbl H CHHTC33 CnHpTOB, npOUeCC KeTOHH33UHH KHCJIOT 
ôjixceH nojiyqHTb TexHHqecKyio peajiH3auHio.

II. rETEPOKOH^EHCAUHH

PeaKUHH BblflejieHHH BOflbl H3 AByX HJIH HeCKOJIbKHX MOJieKyjI, co- 
êpwaiUHX pa3jiHHHbie ([tyHKUHOHajibHbie rpynnbi, npe^CTaBJiHioT oqeHb 

ofilUHpHblH H BaJKHblH pa3flejl OpraHHUeCKOH XHMHH (KOHfleHCaUHH c 
Bbi^ejieHHeM boah). 3 th npoueccbi BeayT k o6pa30BaHHio bhcokomo- 
jieKyjinpHbix coe^HHeHHfi. IlyTeM Me>KMOjieKyjiHpHbix KaTajiHTHuecKHx 
KOHABHcauHH MoryT 6biTb nojiyqeHbi He TOJibKo JiHHefiHbie, ho h Tpex- 
MepHbie MOJieKyjibi.
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1. flojiyHeHHe c jio x h u x  a^HpoB

06pa30BaHHe cjiokhmx a^npoB npn coBMecTHofi AerHApaTauHH khc
jiot h cnnpTOB HBjiBeTCB npeKpacHOH HjunocTpauHeH 3aKOHa aohct- 
BHH Macc, TaK KaK B paBHOBeCHOH CHCTeMe

H3MeHeHHe KOJIHqeCTBa OAHOTO H3 KOMnOHeHTOB BU3bIBaeT CABHT paBHO- 
BeCHB B Ty HJIH HHyiO CTOpOHy. npH CMeilieHHH SKBHMOJieKyjIHpHblX 
KOJinqecTB cnHpia h khcjioth peaKUHn npoTeKaeT HacTOjibKO mcajichho, 
qTO AJ1H ÔCTH>KeHHH paBHOBCCHblX KOHUeHTpaUHH TpeSyeTCH AO 16 JieT. 
noBbiuieHHe TeMnepaTypbi ycxopneT peanuHio: b cjiyqae B3aHMOAeficT- 
BHH 3THJIOBOTO CnHpTa C yKCyCHOH KHCJIOTOH npH 110° paBHOBecne AO- 
cTHraeTCH qepe3 9— 10 AHeft, a npn 155°—qepe3 HecKOJibKo qacoB.

PeaKUHB 3TepH(f)HKaUHH CHJIbHO yCKOpneTCB B IlpHCyTCTBHH KaTa- 
JIH33T0p0B. Xlo6aBKH 0,01% CepHOH KHCJIOTbl HJIH XJIOpHCTOTO BOAOpOAa 
hjih A3>Ke cjieAOB hx AOCTaToqHbi ajib o6pa30BaHHH STHjiaueTaTa H3 cnnpTa 
h yKcycHOH KHCJiOTbi. Ha npHMepe o6pa30BaHHH Apyrnx cjiojkhmx 
3(J)HpoB 6biJio H3HACHO, qTO CKopocTb peaxmiH B03pacTaeT C nOBblUie- 
HHeM KOjinqecTBa KaTajiH3aTopa.

3HaqHTejibHoe BHHMaHHe CbiJio yAejieHO Bonpocy CKopocra 3Tepn̂ )H- 
KaUHH B 33BHCHM0CTII OT CTpoeHHH H MOJieKyjIJipHOrO Beca cnnpTOB H 
khcjiot. OcofieHHO odcTOHTejibHO 3Ta o6jiacTb 6biJia BnepBbie H3yqeHa 
H. A. MeHinyTKHHbiM [26]. Oh HarpeBaji b 3ananHHOH Tpy6xe npn 150° 
b TeqeHHe 20—26 qac. SKBHMOjieKyjiapHbie CMecn pa3JiHqHbix cnnpTOB 
h khcjiot b 6eH30jibH0M pacTBope, HenpopeaTHpoBaBiiiyio KHCJiOTy 
onpeAejiaji THTpoBaHHeM cakhm SapHTOM. B pe3yjibTaTe dbijin ycra- 
HOBJieHH MHorne HHTepecHbie 33KOHOMepHOCTH. Pemaiomyio pojib ht- 
paeT CTpyKTypa MOjieKyjibi h nojio>KeHHe THApoKCHjia. Kan npaBHjio, 
c noBbiineHHeM MOjieKyjinpHoro Beca nepBHHHbix cnnpTOB CKopocTb 
3Tepn(f)HKanHH naAaeT. B cjiyqae H30MepHbix cnnpTOB nepBHHHbie hmciot 
MaKCHMaJIbHyiO CKOpOCTb STepHtjDHKaUHH, TpeTHHHbie—MHHHMaJIbHyK); 
B CpeAHeM 3TH CKOpOCTH BbipaJKaiOTCH BejIHHHHaMH (b %):

Pa3HHU,a B CKOpOCTHX STepH^HKaUHH H30MepHbIX CnHpTOB HaCTOJIb- 
ko BejiHKa, qTO stoh oco6eHiiocTbio nojib3yiOTCH ajih onpeACJiCHHH nojio- 
*eHHH THApoKCHJibHOH rpynnbi b MOjiexyjie. TaKofl x e  3aKOHOMepHOCTbio 
odJiaAaiOT h tjihkojih: Tax. cxopocTb 3TepH<])HKauHH nepBHqHbix tjihko- 
jiefl 45—42%, BTOpHqnbix 30— 15%, TpeTHqHbix—okojio 1 % OeHOJibi no 
cKopocTH 3TepH(j)HKau,HH 6jih3kh k TpeTHqHbiM cnnpT3M (1,75-^0;5%). 
HccneAyn bjihhhhc CTpoeHHH xapfioHOBbix khcjiot Ha cxopocTb pean- 
uhh, H. A. MemnyTKHH h a -ba hhx ycTaHOBHji Te x e  3 3KOHOMepHOCTH: 
3TepH(])HKaUHH KHCJIOT C MeTHJieHOBOH TpynnOH B a-nOJIOJKeHHH K Kap-
CoKCHJibHoii rpynne hmcct cxopocTb nopaAKa 60—40%, co BTopnqHbiM 
aTOMOM 30—20%, c TpeTHqHbiM 8—6% . 3to GbiJio bnocjieactbhh noATBepw-
30*

ROH -f R'COOH R'COOR +  H20

J X j i h RCHjOH
» r2choh
» R3COH
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2
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AeHO Ha npHMepe 3aMeui,eHHbix oahoochobhhx khcjiot, coAep>KamHx 3a- 
MecTHTejiH phaom c COOH-rpynnoft. CHHuceHue kohct3ht CKopoerefi 
AJiH CH2XCOOH, CHX2COOH h C X 3COOH bhaho H3 ashhux, npu- 
BeACHHbix b Ta6n. 45.

TABJIHUA 43

3aMecTHTejiH (X) c h 2xc o o h c h x 2cooh CX3COOH

- c h 3 304,9 101,96 9,09
- c 2h 5 206,8 5,59 —
- C l 243,2 6 ,4 3,72
-B r 199,4 5,1 1,34
— J 171,3 — —

BBeAeHHe C3H7-, C4H9- h Apyrnx rpynri eme dojibiue CHHwaeT c k o - 
pOCTb 3TepH(J)HKaHHH, UTO oStflCHUeTCH SKpaHHpyiOIUHM AeHCTBHeM, 
noBbimaioinHMCH no Mepe yBejiHueHHn MOjieKyjmpHoro Beca h pa3BeTB- 
neHHOCTH nocjieAHHx.

ApoMaranecKHe KapSoHOBbie khcjiotm 3TepH(|)HUHpyK)TCH MeAJieHHee, 
qeM ajiHcJjaTHqecKHe, ho peaKUHH mo>kho ycnopHTb BBeABHneM Sojibiuux 
KOJinnecTB KaTajiH3aTOpa. B OTAejibHbix cjiyuaux cKopocTb o6pa30Ba- 
HHH CJIOHCHbIX 3(f)HpOB y apOMaTHUeCKHX KHCJIOT 6jIH3Ka K HyjlIO. 3aBHCH- 
MOCTb Me>KAy CKOpOCTbK) peaKUHH H CTpOeHHeM KHCJIOT H3yqeHa AOCTa- 
TOUHO XOpOUIO. BblJIO HaHÂ HO, UTO BBeAeHHe 33MeCTHTejieH B apOMaTH- 
qeCKHe KHCJIOTbl CHHJKaeT CKOpOCTb 06pa30BaHHH CJIO>KHblX 3(})HpOB. 
Hajinque 3aMecTHTejiu b opTO-nojio>KeHHH HaHdojiee cujibHO topmo- 
3HT peaKUHio; npn 3aMecTHTejinx b MeTa- h napa-nojio>KeHHH 
CKOpOCTb HeCKOJIbKO B03paCTaeT. Ha OCHOBaHHH 3KCnepHMeHTaJIbHbIX 
uccjieAOBaHHH 6wao BbmeAeHO cjieAywmee aMnupunecKoe npaBHjio: 
MemuAoebie acpupu apoM am m ecKUX kucaoiti ne o6pci3ytomcA, ecAu e KOAb- 
He, pndoM c KapdoKCUAbHbiMU spynnaM U , cmonm 3am cm um cAu\  A i k ,  
Ar, Cl, N02, NH2, COOH h t. a - 3to mojkho noucHHTb phaom npHMe- 
poB. MejuiHTOBau khcjiot3 (I) coBepuieHHO He AaeT aijiHpa, nHpoMejuiH- 
TOBaH nee (II) o6pa3yeT 90% aĉ upa, TaK Kau b Heft opTO-nojio>KeHHH 
CBodoAHbi:

COOH COOH
I

HOOC— ,j

|

COOH
1

/ S —COOH
HOOC-! J-C O O H H O O C - I J

1
COOH

1
COOH

I II
2-X.fiop-l-Ha4)TOHHaH KHCJiOTa BOo6ui,e He AaeT cjiojkhoto a<|)Hpa, 

a 3-xjiop-l-HacJ)TOHHaH khcjiot3 o6pa3yeT 90% a(|)Hpa.
TaKHM o6pa30M, HBJieHHH 33MeAAeHHH 3(})Hpoo6pa30BaHHa oSbhc- 

HHKJTCH TeM, UTO 33MeCTHTejIH B OUeHb CHJlbHOfi CTeneHH 3aTpyAHHI0T 
TeueHHe xHMHuecKofi peaKUHH BCJieACTBHe onpeAejieHHoro pacnojio>Ke-
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hhh ha no OTHomeHHK) k pearHpyiomeH rpynne (npocrpaHCTBeHHbie 
33Tpy^HeHH h) .

SKpaHHpyiomee fleftcTBHe 3aMecTHTe.ieH b KOJibiie Ha COOH-rpynny 
TeM 6ojibine, qeM ohh k Heft 6jiH*e, h aocTHraeT MaKCHMajibHoro 3Haqe* 
HHH npH OpTO-nOJIO>KeHHH. ripaBHJIO 3T0 6bIJIO nOATBepHĈ eHO Ha npn- 
Mepe rajioreH3aMemeHHbix apoMaTHqecKHX khcjiot; nojiyqeHHbie ^aH- 
Hbie npHBe^eHbi b Ta6ji. 46, H3 kotopoh bhaho, mto Bbixo/i cjio>KHoro

TABJ1HUA 46

KHCJIOTbl

BbIXOA CJIOJKHOTO 9(J)Hpa (B %) flJIH

0pT0-H30Mepa MeTa-H30Mepa napa-H30Mepa

TojiyHJioBayi 48,3 77,1 75,5
Xjiop6eH30HHaa 51,0 72,9 70,5
BpoM6eH3oftnaa 43,4 66,6 61,0
HoA6eH3ofinafl 20,5 57,6 52,9
HnTpo6eH3oftHaa 8,6 37,6 51,1

acJjHpa, naHMeHbuiHH b cjiyqae opTO-H30MepoB, na^aeT no Mepe noBbi- 
LiieHHH MOJieKyjinpHoro Beca 3aMecTHTejin hjih  eme 6ojiee pe3KO—c yBe- 
jinqeHHeM npocTpaHCTBeHHbix pa3MepoB 3aMecTHTejia (HHTporpynna). 
FIpOCTpaHCTBeHHblH $aKTOp npOHBJiaeTCH OTHeTJIHBO H npH 3TepH(J)H- 
k Su h h  ipic-mpanc-H30MepHbix cnnpTOB hjih k h c j io t : mpanc-tyopMbi stc- 
pH(J)HUHpyK)TCH 3HaMHTejIbHO 6bICTpee. OcoSeHHO HarjIĤ HO BblBê eH- 
Hoe npaBHJio npoHBjineTCH b cjiyqae AByxocHOBHbix k h c j io t : b nepByio 
onepe^b 3(j)Hp nojiyqaeTca 3a cqeT to h  COOH-rpynnbi, paflOM c koto- 
pon MeHbine mjih h c t  3aMecTHTejiefi:

COOH
I
ch- ch3

I
ch .2

I
COOH

c2h5oh

COOH
I

CH-CH,
I

CH2

I
COOCjH6

+  H20

ripH 3KBHB3JieHTHbIX K0JIHqeCTB3X CnHpTa H KHCJIOTbl paBHOBecHaa
KOHiieHTpauHH cjiojkhoto sd)Hpa cocTaBjineT 66,7%. Bbixofl, o^HaKO,
mo>kho 3HaqHTejibHO yBejiHqHTb 
npHMeHeHHeM noBbiLueHHbix kojih- 
qecTB cnHpTa. Bbixo,abi cjiokhux 
3(J)HpoB, nojiyqaeMbie b npncyTCT- 
BHH 0,7—2% HC1 HJIH HUSO,, H3 
pa3JIHqHbIX KapCOHOBbIX khcjiot c 
qeTbipexKpaTHbiM h36wtkom cnHp
Ta, npHBeAeHbi b Ta6,n. 47.

BMeCTO MHHepajIbHbIX KHCJIOT 
b KaqecTBe KaTajiH33TopoB mo>kho 
npHMeHHTb HeKOTopbie cojih: CuS0 4, 
MCI r>. MgCl2, Na2SO., h t . n.

TABJ1HLLA 47

KHCJIOTbl
BbIXOA

cjioJKHoro sijiHpa. 
%

*-Ha<J)TOHHaH 74,8
O eH H JiyKcycH aa 87,0
KopHMHaa 88,8
KpOTOHOBaH 54,3
JleBy.nnHOBaH 76,6
JlHTapHaH 73,9
<t>yMapoBa« 68,2
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Xopomue pe3yjibTaTbi npn nojiyqeHHH cjiojkhhx 3c|)HpoB AaJio npa- 
MeHeHHe 6e3BOAHoro A1C13 [27], MgCl2 h BF3, c kotophmh nojiyqaeTCH 
bhxoa 76—88% ot TeopeTHqecKoro.

3TepH(|)HKau,HK) mojkho BecTH h b napax HaA TBepAHMH KaTajiH33T0- 
paMH. Bmjio HcnbiTaHO dojibiuoe hhcjio pa3JiHqHbix koht3Ktob, npnqeM 
CaMbIMH aKTHBHbIMH AJIH 3TepH(J)HKaUHH OKa3aJlHCb Th02 H Ti02. riapbl 
cnnpTa h khcjioth npn 280—300° nponycKaiOT qepe3 Tpy6xy c KaTajiH- 
3aTOpOM, b pe3yjibTaTe qero nojiyqaiOTCH TaKHe H<e bhxoah cjiojkhhx 
3(j)HpOB, KaK H npH peaKUHH B rOMOreHHOH 4>33e. H36bITOK OAHOrO H3 
KOMnoHeHTOB noBbimaeT bhxoa cjiojKHoro 3(})Hpa: 1 z - m o a  h30m3cjihhoh 
KHCJIOTH C 1, 2 H 4 Z-MOA 3THJI0B0T0 CnHpTa AaeT COOTBeTCTBeHHO 71,0, 
83,5 h 91,0% H30MacjiBH03THjioBoro 3(])Hpa. ilo 3T0My cnocofiy nojiy- 
qaiOT C BbICOKHMH BbIXOAaMH pa3H006pa3Hbie CJIOJKHbie 3<f)HpbI.

BTopHqHbie, TpeTnqHbife cnnpTbi h (fieHOJibi b napax HaA TBepAbiM xa- 
TajiH3aTopoM sTepn̂ nunpyioTCH 3HaqHTejibHO TpyAHee nepBnqHbix. 
TpHMeTHJIKap6HHOJI C MaCJIHHOH KHCJIOTOH HaA Th02-KaTaJlH3aTOpOM 
o6pa3yeT Jiirnib 6% cjioucHoro scfmpa; oAHaxo bhxoa cjiohchhx 3(])HpoB 
b napax mojkho noBbicHTb HaA BeO-KaTajiH3aTopoM npn 270—310° 
H3 cmcch TpeTHqHbix cnnpTOB c khcjiot3mh odpa3yeTCH ao 70% cjiojk- 
hhx 3(])HpoB BMecTO 2—3% npH roMoreHHOM npoBeAeHHH npouecca; 
OAHaxo MexaHH3M npouecca He bhhchch.

rJIHKOJIH, KaK H3BeCTHO, CnOCOdHbl C KHCJIOT3MH AaBaTb HeCKOJIbKO 
THnoB 3(})HpoB—HenojiHbie, nojiHbie h CMemaHHbie scjwpbi (HenojiHbie 
npOCTbie 3(])HpbI H33bIBaK)TCH H eA A 0 3 0 A b 6b l). PeaKUHH 0(5pa30BaHHH 3THX 
BemecTB npoTexaiOT b npHcyTCTBHH khcjihx K3TajiH3aTopoB npH Harpe- 
B3HHH. TeXHHqeCKH Ba>KHbI MOHO- H AHaueTaT STHJieHMHKOJIH, KOTOpbie 
npHMeHHKDT AJIH paCTBOpeHHH aueTH/mejIJIK)JI03bI npH H3rOTOBJieHHH 
cneunajibHbix JiaKOB. Ll,ejiJi030JibBbi o6pa3yx)TCH h npn B3aHMOAefi- 
CTBHH npOCTbIX MOHOŜ HpOB rJIHKOJIH C KHCJI0T3MH:

CH2OC2H5 CH3COOH CH2OC2H5 
I | + H aO

c h 2o h  c h 2o c o c h 3
TeMnepaTypa KimeHHH uejui030JibB0B 3HaqHTejibHO Bbirne, qeM co- 

OTBeTCTByiomHX aueiaTOB, h ohh ofijiaAaiOT ynpyrocTbio napoB MeHb- 
uiefl, qeM aueTaTbi c toh >xe TeMnepaTypofi KHneHHH. BjiaroAapn sthm 
CBOHCTB3M UejIJI030JIbBbI npHMeHHKDT AJIH nOJiyqeHHH HHTpOUejIJIK)JI03- 
hhx jiaxoB, BMecTO o6biqHbix aueTaTHbix, qTo AaeT B03M0>KH0CTb, BCJieA- 
CTBHe 3aMeAJieHHoro BbiCbixaHHH, nojiyqaTb 6ojiee paBHOMepHbi.e noKpu- 
thh h 6jiecTHui,He noBepxHOCTH. Tax >Ke nojiyqaiOTCH h m p d u m o A b i—  
MOHOaJIKHJIbHbie 3(])HpbI AHIVIHKOJIH:

EOH
CH2OHCH2OCH2CH2OH-------- ►  CH2OHCH2OCH2CH2OR +  h 2o

Kap6HTOJIbI HBJIHIOTCH npeKpaCHbIMH paCTBOpHTeJIHMH 3(})HpOB uejl- 
jnojio3bi, cmoji, KpacHTejiefl, njiacTH(])HKaTopoB, qTO, BMecTe c uejui030Jib- 
B3MH, Â JiaeT HX UeHHbIMH TeXHHqeCKHMH paCTBOpHTeJIHMH.

AHajioruqHbiM nyTeM modkho nojiyqaTb cjio>KHbie 3([)HpH rjiHuepHHa
H APyrHX BblCUIHX CnHpTOB.
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Majiaa CKOpOCTb B3aHMOAeftCTBHA CnnpTOB C KHCAOTaMH H CHAbHOe 
ycKopeHHe peaKUHH b npHcyTCTBHH KaTaAH33TopoB yKa3biBaeT, hto 
peaKUHio odAernaeT o6pa30BaHHe npoMOKyTOHHbix coeAHHeHHH hjih 
KOMriJieKCOB. J\jin  OfXbHCHeHHH KaTaAHTHHCCKOrO AeHCTBHfl COAAHOH 
KHCJioTbi paHee nojiarajin, hto OHa odpa3yeT npoMe>KyTOMHO x a o p h a :

ROH +  HC1 RC1 +  HaO 
RC1 +  R'COOH -*- R'COOR +  HC1

Ho n . CaSaTbe, cnnpT c cepHOH khcaotoh  AaeT aAKHAcepHyio k h c - 
■lOTy, KOTopaa 3aTeM pearnpyeT c oprammecKOH Kap6oHOBOH k h c a o to h :

ROH +  HOS02OH ^  ROSO.OH +  H20 
R0S020H +  R'COOH ^  R'COOR +  hoso2oh

O6pa30BaHHe cao k̂ h o id  3(])Hpa b riapax HaA TBepAbiM KaTaAH3aTO- 
poM o6t>h ch h ah  npoMeHtyTOMHbiM o6pa30BaHHeM ajiKoroAHTOB h nocjie- 
AyioLUHM pa3AO>KeHHeM hx KHCAOT3MH. HanpHMep, b CAyuae A12Q 3 
peaKUHH AOA>KHa hath  cAeAyioiuHM o6pa30M [28]:

0 —Al—OR
2ROH +  A120 3 - » I I  + H 0

0 —Al—OR
OR 0 —Al—OH

+  2R'COOH | | +  2R'C00R
OR O -A l—OH

0 —Al—OH
1 1 — a i2o 3 +  h 2o

O —Al—OH

ZlonyCKaAH TaK>Ke, HTO npH B3 3HMOAeHCTBHH KHCAOTbl H CnHpTa 
noAyMaeTCH npoMewyTOHHO opToscJwp

.OH
-* - R'—C—OH

N jr

KOTOpblH, TepHH BO'Ay, JipeBpaiHaeTCA B CJ10>KHbIH 3({)Hp, npHMeM 3TOH 
AerH ApaTauH H  cn oco ficTB y ioT  KaTaAH3aTopbi.

OAHano {J)H3HK0-xHMH4ecKHe HccAeAOBaHHH noKa3aAH, hto npouecc 
npoTenaeT ropa3Ao CAo>KHee h 33bhcht ot CTpyKTypbi MOAexyA, xapaK- 
Tepa KaT3AH3aTopa h pHAa ApyrHx npHHHH.

PeaKUHH 3(])Hp006pa3OBaHHH OTHOCATCA K npOUeCCaM K3T3AH33 KHC- 
AOT3MH. riOCAeAHHe ACHCTByiOT KaK KaTaAH3aTOpbI, AOCTaBAAIOIUHe npo- 
TOH (KaT3AH3 H0H3MH BOAOpOAa). Ilo COBpeMeHHbIM B033peHHAM HOH 
BOAopoAa HHKorAa He 6biBaeT b cboSoahom BHAe, a cbh33h hah c H20  
b BHAe HOHa i hapokcohha H 30 + hah c MOAeuyAOH cnHpTa B BHAe ROH^ 
mto o6AeruaeT npoieKaHHe peaKUHH ROH^ +  R,COOH^±R'COOR+ 
+  H sO+ B pe3yAbTaTe nOBblUieHHfl HHCA3 aKTHBHbIX CTOAKHOBeHHH. 
HoBefluJHMH HCCAeAOBaHHHMH yCTaHOBAeHO, MTO npH 3(])Hp006pa-

/
ROH +  R ' — C f

\

o

OH
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30B3HHH b KHCJiOTe pa3pymaeTCH CBH3b RCO—OH, a b cnnpTe RO—H; 
oAHaKo B03Mox<eH h pacnaA RCOO— H-cbh3h.

KHHeTHKy peaKUHH 3TepH<J)HKauHH Me>KAy yncycHOH khcaotoh h 
MeTaHOJioM mojkho npeflCTaBHTb ypaBHeHHeM

r^e Me—CH3, Ac—CH3COO, kx h k.2—KOHCTaHTbi KHHeraKH peaKUHH.
nepBblH qjieH ypaBHeHHH OTHOCHTCH K KaTaJIH3y BOAOpOAHbIMH HO- 

H3MH, npHCyTCTByKDIUHMH B BHAe MeOH^ BTOpOH— K KaTaJIH3y Hefl- 
TpaJIbHblMH MOJieKyjiaMH KHCAOTbl. TaK KaK MeTaHOJl B3HT B H36bITKe, 
TO ero KOHIieHTpaUHIO CMHTaiOT nOCTOHHHOH H BblpaJKeHHe MOJKHO ynpo- 
CTHTb:

riepBan craAHH peaKUHH npoTeKaeT KaTajiHTHqecKH npH yqacTHH 
HC1, BTopan— HeKaTajiHTHqecKH, npn HarpeBaHHH b npncyTCTBHH aue- 
TaTa (qToSbi noHH3HTb HOHH3au.Hio AcH). Ckopocth o6ohx HanpaBjie- 
HHH 33BHCHT OT HHCVia 3(}x})eKTHBHbIX CTOJIKHOBeHHH AcH C MeOH^ 
hjih AcH c AcH. Oica3biBaeTCH, hto BCTpeqH c hohh3hpob3hhoh MOjie- 
Kyjiofl b 102 pa3 a^eKTHBHee, t. e. KaTajiH3HpoBaHHbifl npouecc hact 
CbicTpee. B nocAeAHeM cjiyqae o6mHH MexaHH3M o6pa30BaHHH acJj'Hpa 
MOJKHO H306p33HTb CACAyiOIAHM 06pa30M

T. e. 06pa30BaHHe CAO>KHbIX 3<})HpOB npeACTaBAaeTCB B BHAe HOHH3HpO*
BaHHofi uenHoft peaKUHH.

0^3 MHOTHX npeAAOXfeHHbIX TeopHH 06pa30BaHHH CAOJKHbIX 3(})HpOB 
3acAy»cHBaeT bhhm3hhh TeopHH O. YHTMopa c npoMexcyTOHHbiM o6pa- 
30B3HHeM HOHa KapfiOHHH fR3C+], A0CT3T0MH0 XOpOUIO 06T>HCHHK)IHaH 
pOAb MHHepaAbHbIX KHCJTOT KaK KaTaJIH33TOpOB. Flo 3T0ft TeopHH Kap- 
CoHOBan KHCAOTa o6pa3yeT c KHCJioTOH-KaTaAH3aTopoM hohhhh kom- 
nJieKC

b pe3yAbTaTe b33Hmoa6hctbhh npoTOHa c KapGoKCHAbnoH rpynnoft. 0 6 -  
pa30BaBUiHH[CH hoh Kap6oHHH pearnpyeT co cnHpTOM c o6pa3QBaHHeM

d (MeAc) 
dt = [̂AcH]-[MeOH]-[MeOH2+] + *2[AcH].[MeOH]

k x [AcH] [MeOH+] 4- Ai2[AcH]

HCl -► H+ +  C1- 

CH3OH +  H+ -► CHgOH^

CH3OH+ +  CH3CO ... OH CH3COOCH3 4- H3O+ 

H3O+ +  CI- h2o + hci 
HCl —► H+ +  C1" H T. A.
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cjio>KH oro 3(J)Hpa no cneAyiomen cxeMe:

R
- <

OH'

OH
X- +  R'OH

.OH 1+

R- < o r . ]
X- +  h2o

OH

l OR'
3HaMHTenbHbiH TeopeTHnecKHH HHTepec npeACTaBAneT Bonpoc, ko- 

Topoe H3 BemecTB,. yq-acTByiomHx b peaKunn, HBAneTCH aohopom rHApo- 
KCHJia—cnnpT hjih  Kap6oHOBan KHonoTa, Tan KaK aah peaKunn 3Tepn - 
(|)HKaUHH B03M0>KHbI ABe cxeMbi:

xO   JO
a) R-C<f i+HI-OR '  R -C<f +  H20 

x OH | x OR'

xO .............  xO
6) R - C f  : +  HO —R' ^  R - C +  H20  

x O - H  x OR'

CorjiacHO cxeMe (a), b MOJieKyjie khcjioth  pa3pbiBaeTCH cBH3b Me>K- 
Ay auHJioM h rH^poKCHjioM, a b MOJieKyjie cnnpTa—CBH3b BOAopoAa 
c KHCJiopoAOM; corjiacHO cxeMe (6), b MO/ieKyjie KHCAOTbi pa3pbiBaeTCH 
CBH3b Me>KAy b o ao po ao m  h kh cjio po aom , a b MOJieKyjie cnnpTa—CB«3b 
MOKAV aJIKHJIOM H THAPOKCHJIOM.

Hah pemeHHH Bonpoca o MecTe pa3pbiBa CBH3efi npn peaKUHH 3Te- 
pH(J)HKaUHH 6bIJl HCn0JIb30BaH H30T0nHbIH MeTOA-

r  PoSepTC h r  KDpn [291 HarnjiH, mto npn 3TepH([)HKauHH 6eH3oft- 
HOH KHCAOTbi MeTHHOBbIM CnHpTOM, COAepJKaUIHM THHtejIblH KHCJIOpOA 
O18, o6pa3yeTCH 3t[)Hp c THJKejibiM khcaopoaom

xO
C6H8- G f  +  HO18—CH3 ^  C,HS-C <f +  H20

x O—H x Ol8CHs

t . e. 3TepH(j)HKau.Hh npoTeKaeT no cxeMe (6). OSmHOCTb Tanoro MexaHH3- 
Ma, OAHaKo, Haao eme AOKa3aTb ApyrHMH npHMepaMH.

CAOJKHbie 3̂ )npbi HMeioT SoAbinoe TexHHqecKoe npHMeHeHHe. Bjiaro- 
AapH npHHTHOMy 3anaxy h 6e3BpeAHOCTH ohh H3ABBH3 HcnoHb3yiOTCH 
B KOHAHTepCKOM AeAe, nap<j)IOMepHH, IlIHpOKO npHMeHHMbl KaK nAaCTH- 
cj)HKaTopbi, pacTBopHTejin. TaK, 3THJI-. 6yTHA- h aMHJiaueiaTbi pacTBo- 
pHIOT UeAAyAOHA (HHTp0UeAAK)A03Hbie KJieH); AH6yTHAOKCaAaT HB̂ lHeT- 
ch nAacTH^HKaTopoM HHTpou,ejuiioA03bi. AueTaTbi rjiHuepHHa CAyjKaT 
>KejiaTHHH33T0paMH aueTH7mejlHK)A03bI H (J)HKC3T0paMH AyxoB. A H a n o -
rn qH oe  npHMeHeHHe h3xoaht cuncuiuHbi — stjw pbi aAHnHHOBOH h MeTHJi- 
aAHnHHOBOft KHCAOT (CM. TaK>Ke UejUI030AbBbI, CTp. 4 7 0 ) BblCOKOMO- 
zieKyAH pH bie cAOJKHbie 3(})Hpbi, HanpHMep M eTH jiojieaT, 6 ym n n aA b M H - 
TaT, H 306yTH A A aypaT  H AP-, npHMeHHIOTCH B TeKCTH JIbHOH npOMbllll- 
JieHHOCTH AAH o6pa60TKH  6yMa>KHbIX, UiepCTHHblX H UiejIKOBblX TKaHefi, 
TepnHHHAaUeTaT H MeTHAOBblH 3(J)Hp KOpHHHOH KHCAOTb!— KaK HHCeKTH- 

UHAbl.
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2. nojiyneHHe aueTajieii h Keiajiefi

OpeBpameHHe cMecn cnnpTa c aAbAerHAOM b aueTaAb npoTenaeT
c BbiAejieHHeM boah:

/ O R '

RCHO +  2R'OH ^  RCH +  H20
N dr'

AueTaJlb MO)KHO paCCMaTpHBaTb KaK AByxaTOMHblH 3(J)Hp THApaT- 
hoh $opMbi ajibAerHAa, cTa6HAH3HpoBaHHOH BBeAeHHeM paAHKajioB 
BMecTO BOAopoAa b THApoKCHAbHbie rpynnbi. PeaKUHH 6e3 KaT3AH3aTO- 
pa npoTeKaeT mcaachho, ho ycKopneTCH b npncyTCTBHH 1% HC1, 0,6% 
cnHpTOBoro pacTBopa NH4C1. PeaKUHio c HC1 cJieAyeT BecTH Ha xojio- 
Ay, Tan KaK npn HarpeBaHHH BbixoAbi aueiajin chhhoiotch H3-3a ycKO- 
peHHH oSpaTHOH peaKHHH THApOAH3a. AueTaJlH MO>KHO nOAyHaTb B 
npncyTCTBHH CHAbHbIX MHHepaAbHbIX KHCAOT HJIH COACH—FeCl3,
K2S04, (NH4)2S04, NH4C1, a TaKHte npH abhctbhh Ha aAbAerHAbi 
opTOMy paBbHHoro 3(f)npa:

RCHO +  HC (OC2H5) 3 RCH(OC2H6) 2 +  HCOOC2H5

no 3T0My nocAeAHeMy cnocoSy noAyqaioT h kcthah, KOTopbie hhhm
nyTeM He o6pa3yiOTCH.

XIah noAyneHHH Aio6bix aueTaAen hah KeTaAeii 6ma npeAAonceH 
HOBblH yAOSHblH MeTOA—KOHACHCaHHH aAbACTHAOB HAH KCTOHOB C 
OpTOKpeMHCBblMH 34)HpaMH npH CTOHHHH HX CMCCH B CnHpTOBOM paCTBOp’
co cAeAaMH HC1 [30J.

JlHuib A«na noAyneHHH bhcihhx aueTaAefi TpeSyeTCH HarpeBaHHe; 
BbixoAbi AOCTHraKDT 70—90% ot TeopeTHnecKoro:

RCHO +  (R'0 )4Si -*■ RCH(OR')2 + (R '0 )2SiO 

R2CO +  (R'0 )4Si -► R2C (OR')* +  (R'0)2SiO

CnnpT b 3thx peaKUHHx nrpaeT poAb pacTBopHTeAH.
AueTaAH h KeTaAH noAynaiOT TaioKe KOHAeHcauHeH aueTHAeHa h ero 

roMOAoroB co cniipTaMH hah c|)eHOAaMH (o noAHBHHHAaueTaAax cm. 
cTp. 616).

3. KoHAeHcauHH hhkahhcckhx yrAeBOAopoAOB co cimpTaMH
H 4>eHOAaMH

B npncyTCTBHH cmcch H2S04 h CH3COOH 6ch3oa h 6eH3rHApoA 
pearnpyroT c o6pa30BaHHeM Tpn^eHHAMeTaHa:

C6H6 +  C6H5CHOHC,H, -»- (CaH6) 3 ch +  h2o

AHaAOTHHHO H3 6eH3THApOAa H TOAyOAa nOAyMaeTCH AH(|)eHHATOAHA- 
MeTaH. 3tot npouecc 6ha pacnpocTpaHeH 3aTeM Ha B3aHMOACHCTBne 6eH3rHA- 
pOAa H ero npOH3BOAHbIX C pa3AHMHbIMH COeAHHeHHHMH, HMdOUiHMK
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aKTHBHbie CH2-rpynnw (a<J)Hpbi ^-kctokhcaot, (1-AHKeTOHbi h t. a ) 
no o6mefi cxeMe:

QHgv /X
C8H6CHOHC6Ht +  XCH*Y >CH—CH< +  H20

c 6h /  \ y

ripn B33HMOAeftCTBHH apOM3THMeCKHX yrjieBOAOpOAOB C apOMaTHMe- 
ckhmh cnupTaMH b npHcyTCTBHH A1C13 TaKJKe mohcho nojiyqHTb npo- 
H3BOAHbie AH(|)eHHJI- HAH TpH(|)eHHAMeTaHa. npn A6HCTBHH 6eH3HAOBOrO 
cnnpTa Ha 6eH30A nojiyqaeTCH AH(f)eHHJiMeTaH c npHMecbio o- h h-ah- 
6eH3HJi6eH30̂ a, aHTpaueHa h ApyrHX yrAeBOAopoAOB:

CgHgCHjOH +  C6H„ —  C,H4CH2C8H8 +  H20
Ecjih peaKUHK) npoBOAHTb c btophhhmmh apoMaTHqecKHMH cnHpia- 

m h , to noAyqaioTCH TpeTHMHbie yrjieBOAopoAw:
c 6h 6c h o h c 8h b + , c 8h 8 (C8H6)3CH +  HaO

0.AH 3THX peaKUHfl MOJKHO 6paTb H >KHpHO-apOMaTHHeCKHe BTOpHH- 
Hbie cnapTbi, ho ohh asiot MeHbuiHe BbixoAu. Tan, HanpHMep, ecjiH 
6eH3rHApoA c 6eH30A0M odpa3yeT 60—70% TpmJjeHHJiMeTaHa, to <J>e- 
H HA3THA Kap6HHOJI— AHHIb AO 40% AH(J)eHHA3THAMeTaHa: 

C8HBCHOHCHaCH3 +  C6H8 —  (C8HB)2CHCH2CH3 +  H20
KoHAeHcauHH cnnpTOB c apoMaTHHecKHMH yrjieBOAopoAaMH noApo6- 

ho HCCAeAOBaji H. n . U,yKepBaHHK c coTpyAHHKaMH 131], npHMeHHB b 
KaHecTBe KaTajiH3aTopoB 6e3BOAHwe A1G13, FeCl8 h ZnCl2. Oh ycraHO- 
bha, hto cnHpTbi ot STHJiOBoro ao aMHjioBoro BKJiKDHHTejibHO pearHpyiOT 
fc 6eH30Ji0M h TOJiyojiOM npn 110— 140° b npncyTCTBHH 1,3—2,0 Bee. q. 
A1C1S na 1 Bee. q. cnnpTa, b pe3yjibTaTe qero o6pa3yeTca cMecb 3akh- 
jinpoBaHHbix 6eH30^0B. AHajiorHHHO pearHpyiOT co cnnpTaMH HaiJiTa- 
AHH, (|)eHOA, Kpe30JIbI, 3HH30A B npHCyTCTBHH 6e3BOAHoro xAopHoro 
»eAe3a.

Ha CKOpOCTb aJIKHJIHpOBaHHH Oojlbuioe BAHHHHe OKa3bIBaeT CTpoe- 
HHe cnnpTa. CnHpTbi H3ocTpoeHHH pearnpyiOT b 6oAee Marnax ycAOBHHx, 
qeM cnHpTbi HopMaAbHoro CTpoeHHn; jieme Bcero pearnpyioT TpeTHHHbie 
cnHpTbi, o6pa3yiomHe ajiKHJinpoH3BOAHbie c buxoahmh 70—95%. X ao - 
pncTbiH uhhk 3th peaKUHH KOHAOHcau.HH npoBOAHT jiHuib npn 150— 
190°, T. e. B 3H3MHTeJIbHO OOAee JKeCTKHX yCAOBHHX.

Ha OCHOB3HHH OoAbiuoro HHCJia HccjieAOBaHHH H. n. HyKepBaHHK 
(32] ycTaHOBHji MexaHH3M aAKHAHpoBaHHH apoMaTHqecKHx yrjieBOAO- 
Poaob cnnpTaMH b npHcyTCTBHH KHCJibix KaTajiH33TopoB. Oh Harneji, 
hto cnnpTbi cnepBa o6pa3yiOT c KaTaAH33TopaMH OKcoHHeBbie KOMnjieK- 
cbi, KOTopue 3aTeM npeBpamaiOTcn b cMeuiaHHbie a a Koroji htu (ecAH 
KaT3AH3aTopaMH CAy>KaT raAoreHnpoH3BOAHbie mctbaaob) hah KHCAbie 
3(])Hpbi (b npncyTCTBHH MHHepaAbHbix khcaot). HaAee aAKoroAHTbi hah 
KHCAbie 3t])Hpbi HenocpeACTBeHHO aAKHAHpyioT apoMaTHHecKHe yrAeBo- 
AopoAbi no npHMepHofi cxeMe:

cn-
R- • • O • • • Z n < ^  I —  - hJ- Ar—R +  H /)  +  ZnCl2 h t. a-
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H . n .  U,yKepBaHHK h H . T  CH^opoBa [33J b pane pa6oT noKa3ajiH,
MTO BTOpHHHbie UHKJIHMPCKHe CIIHpTbl npH B33HMO^eHCTBHH C apOMaTH- 
qecKHMH yrjieBOAOpOAaMH b npncyTCTBHH A1C13 b pe3yjibTaTe fle ran pa- 
TauHH npeBpamaioTCH b HHKJioajiKHjmpoBaHHbie apoMaTHMecKHe yrjie- 
BOAopo^bi. T a n , cySepHjiOBbifl cnHpT (HHKjiorenTaHOji) c 6eH30Ji0M hjih 
TOJiyo jioM  b Ka^ecTBe rjiaBHbix npo^yKTOB o6pa3yeT  HHKjiorenTHji6eH- 
30J1 h uHKJiorenTHjiTOJiyoji:

f  H \_OH +  y  -> (  H y~<^____+ H20

AHajiorHMHO pearnpyiO T c  apoMaTHMecKHMH yrjieBo^opo^aM H h apo- 
MaTHMecKHe c n a p ra . OcodeHHO rjia/jKO peaKuna H^eT c TperaqHbiMH 
ajiH^aTHnecKHMH cnnpTaMH. T a n , HanpHMep, npH B3aHMO^eHCTBHH 6eH- 
30Jia C TpHMeTHJIKapdHHOJIOM B ITpHCyTCTBHH A1C1 3 nOJiyHaeTCH BbICOKHH 
BbixoA mpem-6yTHji6eH30Jia:

C6H6+(CH 3)3COH —  C6H5C(CH3)3 +  H20

BTopnqHbie aJM(|)aTHqecKHe cnHpTbi p earn p y ioT  xy jK e, nepBHHHbie 
>Ke non ra  He BCTynaiOT b peaKum o. 0/i,HaKO Tanne KoaneHcauHn 3Ha- 
HHTejibHO oSjierqaiOTCH, ecJiH bmccto A1C13 npHMeHHTb B F 3 hjih H F  
hto bh ,hho H3 cjieayiom H x npHMepoB:

CH(CH3)2

Q j  +  (CH3)2CHOH

bf3
+

HF

u
I I
CH (CH3)2 CH (CH3)2

(24%) (13-14%)

(CH3)2H C -.^ .-C H (C H 3)2

CH(CH3)2
(95%)

PeaKUHH ajiKHjiHpOBaHHH jiym u e npoTeKaeT npn B3aHMO,neHCTBHH 
apoMaTHqecKHx yrjieBOflopoflOB c rajioreHajiKHJiaMH hjih ojie(J)HHaMH.

HHTepecHoe nccjie^oBaHHe KOH/jeHcauHn 6eH30Jia c flHTpeTHHHbiMH 
rjiHKOJiBMH 6buio npoBe^eHo H. n. JlaGyHCKHM [34]. Oh BnepBbie yera- 
HOBHJl, HTO B npHCyTCTBHH A1C13 a-, p- HJIH Y-̂ HTpeTHHHbie rjlHKOJIH 
pearnpyiOT c 6eH30Ji0M c pa3JiHMHOH JierKOCTbK). OdbmHbift nHHaKOH 
o6pa3yeT Jiniub nnnaKOJinH h 4— 8°o TpHMeTHjiHĤ aHa:.

2



4. K.OHULHCAU.HH M ’ OSWTHHECKHX yrJIEBO.lOPOM OB C A JIbA E ElIJA M H  477

H y-ZlHTpeTHMHbie p a h k o a h  o6pa3yiOT UHKAHqecKHe npoH3BOAHue 
ropa3Ao Jierqe, mto HBAHercH HOBbiM v a o Sh m m  MeTOAOM noAyneHHH Me- 
THJiHpoBaHHbix npoH3BOAHbix HHAaHa h rHApoajrrpaueHa no cxeMe:

CM

c h 3

SV XH, /
N + -C H 2~ c /  +||

i i V h. I
OH

CM,
/ V ___Ui

I H
c h 3 .

OH
H, CH,

CH:,
Cl I,

\ / \ /

c h 3 
-}—c h 3+  21I20

CH3 CH3 CH3 CH

CH
OH

Cl I, Cl I.,
ch., + 11,- -( :n CH

^  Y a ,  + ! I
CH., CH3 CH, CH3 

\ /  ' \ /  
/ \ ^ \ / \

+  I H I II H I +  2H20

CM., CH,

CH, CH3 CH3 CH3

4. KoHAeHcauHB apoMaTimecKHx yrjieBOAopOAOB h hx npoH3BOAHbix
c ajibAerHAaMH h KeTOHaMH

ApoMaTnqecKHe yrAeBOAopoAbi b npHcyTCTBHH KOHueHTpnpoBaHHOH 
CepHOH KHCAOTbl KOHACHCHpyiOTCH C aAbAerHAaMH HAH KeTOH3MH B pa3- 
AHHHbie npoH3BOAHbie AĤ eHHJiMeTaHa:

2XC,HS +  CH20 —> XC.H4CHjC.H4X +  H.,0

3ia peaKUHH BnepBbie HccjreAOBaHa A. M. HacrioKOBbFM f35J.
Ilpouecc npoTenaeT oqeHb rjiaAKo; ncxoAHbie KOMnoHeHTbi 6epyTB 

CTexHOMeTphqeckom cooTHomeHHn h HarpeBajor npw 40—50° b npncyT- 
ctbhh KOHueHTpnpoBaHHOH H?S04. Mepe3 HecKOAbKo qacoB Harpe- 
b3hhb cMech BbiAHBaioT b xoAOAHyio BOAy h o6pa6aTbiBaioT BepXHHH 
MaCAHHHCTblH CAOH. BblXOAbl npOAVKTOB COCTaBAHIOT 60—90°i). TaKHM 
npOCTbIM MeTOAOM MOJKHO nOAyMHTb pa3H006pa3Hbie npOH3BOAHbie AH- 
4>eHHAMeTaHa, HMeiomne 3HaqeHne b xhmhh KpacHTeAen, b (JjapMauHH 
h t . a . ,Uah peaKUHii MoryT 6biTb B3HTbi caMbie pa3Hoo6pa3Hbie aAbAe-



478 rj>. VIII. KATAJIHTHHECKAfl REm M PA TA U H fl

rHAbi h KeTOHbi. Tan, HanpHMep, n-HHTpo6eH3ajibAerHA c 6eH30Ji0M 
o6pa3yeT n-HHTpoTpH^eHHJiMeTaH:

OaN— CH0 +  2

B 9thx ycjiOBHHX c ajibAernAaMH xopomo pearnpyiOT pa3JimjHbie 
ajiHt^aTHqecKHe HHTpocoeAHHeHHH no cxeMe:

RCHO +  R'CH2—N02 - »  RCH=C—N02 +  HaO

l
ripouecc 3tot b HacTonmee BpeMH nojiynnji oneHb mnpoKoe pacnpo- 

CTpaHeHne. Hm nojibsyiOTcn ajih KOHAeHcauHH pa3HOo6pa3Hbix ynie- 
BOAOpOAOB, 4>eHOJIOB, Ha(J)T0J10B H HX npOH3BOAHbIX C pa3JIHHHbIMH 
aJIbAerHAaMH, KCTOHaMH, KeTOKHCJIOTaMH, XHHOHaMH H APyrHMH COeAH- 
HeHHHMH.

IlpHMepoM coBpeMeHHoro npHMeHeHHH stoh peaxunH HBJineTCH chh- 
Te3 AH-n-AHXJiopAH(J)eHHjiTpHXJiop3TaHa—cHJibHeninero HHceKTHUHAa, ihh- 
Poko H3BecTHoro noA H33BaHHeM J W T ,  KOTopbift nojiynaiOT H3 xjiopdeH- 
30Jia h xjiopajiH npn HarpeBaHHH c cepHoft khcjiotoh no cxeMe:

Cl

3to coeAHHeHne 6bi.no CHHTe3npoBaHO eme b 1874 r. O. IJefiAJiepOM 
[36], ho feHHMaHne k HeMy, xax cnjibHeftmeMy HHceKTHUHAy, 6biJio 
npHBJieneHO Jinuib b 1942 r., KorAa oh nojiynHji uiHpoKoe npHMeHeHne 
AJIH 6opb6bI C BpeAHTejIHMH paCTeHHH, M0CKHT3MH, KOMapaMH, MyX3MH, 
pa3JIHHHbIMH napa3HTaMH H T. A- H3 Bcex B03M0>KHbIX 45 H30MepHbIX 
AH-n-AHXJI0pAH([)eHHJITpHXJI0p3TaH0B HaH60Jiee HHCeKTHHHAHbIM HBJIHeTCB 
HMeHHO { H I T ,  t . e. 2,2-AH-(n-xjiop(J)eHHJi)-l,i;i-TpHx^op3TaH [37]. Ero 
npHMeHHJTH A-aa 6opb6bI C MaJIHpHefi H APyrHMH HH([)eKUHOHHbIMH 3a- 
6oJieBaHHHMH.

5. XjiopMeTHJiHpoBaHHe (peaKUHH BjiaHa)

Bojibuion HHTepec npeAcraBJiaioT KOHACHcauHH MypaBbHHoro ajib- 
AerHAa c 6eH30Ji0M h ero roMOJioraMH b npHcyTCTBHH HC1, 
H2S04, H3PO4, ZnCl2 h Apyrnx KaTajiH33TopoB. PeaKHHH npo-
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TenaeT no o6meA cxeMe:

ArH +  CHjO +  HC1 —̂  ArCH2Cl +  H20

TaKHM nyTeM mojkho oqeHb npocTO BBOAHTb b KOJibuo—CH2C1 
(xjiopMeTHJibHyK) rpynny), nosTOMy npouecc Ha3biBaeTCH X A O p M em u A U - 
p o e a n u e M . PeaKunn 3aKJiioqaeTCH b npoMeucy Toqhom odpa30BaHHH ah- 
xjiopMeTHjiOBoro 3<f)Hpa, KOTopbiH 3aTeM pearnpyeT c ynieBOAopoAOM:

2CH20 +  2HC1 C1CH40CH2C1 

2C6Hg +  (CH2C1)20 - >  2C#H8CH2C1 +  H20

KaK ycTaHOBHJi T BjiaH [38], peaKUHH pacnpocTpaHaeTca h Ha ro- 
MOJiorn 6eH30Jia, t . e. uBJiaeTCH hobhm MeTOAOM BBeAeHHH CH2C1- 
rpynnbi b apoMaTHHecKoe KOJibuo c BbixoAaMH ao 80% .  3HaqeHHe stoA 
peaKUHH 3aKjno»iaeTCH b tom, mto CH2C1 -rpynny mojkho 3aTeM npeBpa- 
THTb b —CH2CN, —CH2OH, —CHO, —CH2NH2 h t . a - TaKHM nyTeM 
nojiyqeHbi xjiopMeTHJinpoBaHHbie npoH3BOAHbie 6eH30Jia h ero tomojio- 
tob, Ha(f)TajiHHa, aurpaueHa, c[)eHaHTpeHa, AH(])eHHJia. B cjiyqae Hajin- 
qna 3aMecTHTejieft xjiopMeTHJibHaa rpynna HanpaBJiaeTCH b n-nojioJKe- 
HHe, npnqeM cKopocTb peaKUHH cHJibHO 33BHCHT ot xapaKTepa nepBoro 
33MeCTHTeJl H. ECJIH npHHHTb CKOpOCTb XJI0pMeTHJIHp0B3HHH 6eH30Jia 
3a eAHHHUy, TO CKopocTb XJIOpMeTHJIHpOBaHHH HH>KenpHBeAeHHbIX 
COeAHHeHHft COCT3BHT:

T ojiyojia 3 3,5-,3,HMeTHJiaHH3o.Ta 100 000
m- KcH^ojra 24 XjiopMe3HTHJieHa 2
Me3HTHJieHa 600 HHTpo6eH3o^a OqeHb Majia
AHH30Jia 1300 HHtpOMe3HTH^eHa OqeHb Maji a

Kan bhaho H3 npHBeACHHbix AaHHbix, BBeAeHHe CH2Cl-rpynnbi b 
KOJibuo ocofieHHO T0pM03HT 33MecTHTejiH: N02-rpynna h rajioreHbi. 
CnocofioM, 6/IH3KHM k xjiopMeTHjinpoBaHHK), mo>kho nojiyqaTb apoMaTH- 
qecKHe ajibAerHAbi no coBepmeHHO HOBOMy MeTOAy: ArCH2Cl o6pa3yiOT 
c BOAHbiM pacTBopoM ypoTponHHa TBepAbie KOMnjieKCbi, npn HarpeBa- 
hhh c boaoh 3th KOMnjieKCbi pa3JiaraiOTCH c o6p'a30BaHHeM â bAerHAa. 
TaKHM nyTeM, HanpHMep, n. fl. UIopbirHH [39] nojiyqnji H3 nnpoKaTexHHa 
AyuiHCTbifl nnnepoHaji:

OH O
CH.O, f y  \ CHjO

HC1 C1H,C—icx>
0

0

O

(CH2)6N4
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MeTOAOM xjiopMeTHJiHpOBaHHH mo>kho noAyqaTb H3 6eH30Jia muyoA: 

C6H6 +  (C1CH2)20  C6H5CH2C1 \  C6H6CH3+ H C 1  

riojiyMaeMbie xAopHpoBaHHue b 6okoboh uenn yrjieBOAopoAH mojkho
3aTeM B0CCTaHaBJIHB3Tb, HTO AaeT B03M0>KH0CTb nepeXOAHTb OT HH3IUHX 
k BbicuiHM MeTHjinpoBaHHbiM apoMatHyecKHM yrjieBOAopoAaM:

_pj-r
| UH* +  (C1CH2)20 -------- ► +  HC1

H. C. Hoc}xf)e [40] npHMeHHji xaophcthh boaopoa Ann KOHAencauHH 
apoMaTHqecKHx ajibAerHAOB c <])eHOJiaMH npn nojiyqeHHH 0KCH(})yKC0H0- 
Bbix KpacHTejieft. BeH30HHbifi aAbAerHA c rBaaKOAOM npn HacbimeHHH 
xjiopHCTbiM boaopoaom npn 20—30° o6pa3yeT a o 80% 4,4-ahokch-3,3- 
AHMeTOKCHTpH(])eHHJiMeTaHa, npw OKHCJieHHH KOToporo nojiyqaeTCH co- 
OTBeTCTByiomHH KpacHTeAb— rBaHKOJibHHH aHajior 6eH3aypHHa— 
6eH3seaypun:

^ y ~ C H O  +  2

OCH3

HC.1
—h2o

OCHs

A/
/U

-CH
\ / v

u

OH

\ OH
0CH3

TaKHM o6pa30M, H. C. Hocjx̂ e c coTpyAHHkbmh nojiyqHJiH p«A okch- 
MeTOKCH(])yKCOHOBbix KpacHTejieH. B qacTHOCTH, yKa3aHHbifi MeTOA 6ha 
hmh npeAJiosceH, h asa xopoume pe3yjibTaTbi a^h nojiyqeHHH rBaHKOAb- 
Horo aHajiora aypHHa—4,4-AHOKCH-3,3-TpHMeTOKCH<])yKCOHa. 3tot npe- 
napaT, H3BecrabiH noA H33BaHHeM pydpocpen, hah py6poKOA (I), hah, 
no npeAAOHceHHio H. C. Ho/Jxjje, eeaypun, HarneA npHMeHeHHe npn Ae- 
qeHHH HeAeroqHwx tjjopM Ty6epKyAe3a. Ero noAyqaiOT (qepe3 cootbct- 
CTByiomee AeHKonpOH3BOAHoe) npn KOHAOHcaunn rBaHKOAa c BaHHAH- 
hom b npncyTCTBHH HC1 no cxeMe:

OCH3
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H O — ^  Cl I

oai

O C H ,

A /

u
OH

O H

O C H ,

O C H 3

B nocAeAHee BpeMa oTKpbiT hobhh BecbMa aKTHBHbm aHTHjieTOHa- 
Top aah aBHa6eH3HHOB — KcuAuduH. Hro noAyaaioT KOHAeHcauHen
«-HHTpOTOAyOAa C AHXAOpMeTHAOBbIM 3̂ )HpOM H nOCAeAyiOLUHM BOCCTa-
HOBjieHHeM MeAHOxpoMOBbiM KaTajiH33TopoM b kchahahh:

C H :t C H ;t c h 3

1 CH20 + HC1

U -Ha°
1

- A - C H 4C1 H /X\__Q [
----------*■ [^ J |  u 1:1 +  2 H ,0  +  HC1

1

n o 2

1

n o .2 n h 2

3 tot npouecc npoBOAHT b 33boackom MacinTade c bhxoaom ao 96% 
KCHJIHAHHa.

6. CHHTe3 apHJiaKpHJIOBbIX KHCAOT H HX npOH3BOAHUX

BoAbinoft HHTepec npeACTaBAaeT peaKuna IlepKHHa [41], BeAymaa 
k noAyaeHHKJ KopnaHOH khcaoth h pa3AHaHbix ee npoH3BOAHbix (apHA- 
aKpHJiOBbie khcaoth). aIah npoBeAeHHa stoh peaKUHH HarpeBaiOT CMecb 
apoMaTHaecKoro aAbAerHAa c aHrHApHAOM aAH(])aTHaecKOH khcaoth b 
npHcyTCTBHH HaTpHeBOH coah toh ace khcaoth. PeaKUHH npoTexaeT no 
odmeft cxeMe:

RCH2COONa s.O
A rC H O  +  (R C H 2C 0 )20 ------------------------► A r C H = C R - C <

X )H

PeaKUHa hact oaeHb jieruo He TOAbKO c 6eH3aJibAerHAOM, ho h c 3a- 
MeiueHHbiMH apoMaTHaecKHMH aAbAerHAaMH: H30MepHbie HHTpodeH3aAb- 
AernAbi o6pa3yiOT 72—85% cooTBeTCTByioiuHx 0-, m- hah n-HHTpoKopna- 
HblX KHCAOT, XAOp6eH3aAbAerHAH—52—70% 0-, M- HAH U-XAOpKOpHa- 
Hbix khcaot. ripn H3AHMHH b KOAbue apoMaTHaecKoro aAbAerHAa 4>e- 
HOAbHOrO THApOKCHAa B OpTO-nOAO>KeHHH npOHCXOAHT UHKAH33UHa C 
o6pa30BaHHeM KyMapHHa:

H CH3ca
-----C\sCHgCO

. X / OH COOCOCH3

fX iH --
■V\CH C  '

X)H
31 b 1 1 . A o^ tob
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^ / ° H
COOH - h2o

V w CH'
x OH

3Ta peaKUHH HMeeT iimpOKoe npHMeHeHHe ajih nojiyqeHim pa3JiHq- 
Hbix p-apHjiaKpHJioBbix khcjiot, ot KOTopbix mojkho nepeiiTH k apwji- 
STHJieHaM, apHJiaueTHjieHaM, apujianeTajibAeniAaM, apHjisTHJiaMHHaM 
h t . A- MexaHH3M ee 6hji npe^MeTOM oxcHBjieHHbix cnopoB. CaM aBTop 
cqHTaji, qTo o6pa30BaHne khcjiotm ecTb pe3yjibTaT B3aHMOAeftcTBHa 
ajib^erHAa c aHrHApnAOM no cxeivie:

CH3COv
C#H8CHO +  >0 C6H5CHOHCH2COOCOCH3

CHgCO'

C,H6CHOHCH2COOCOCH3 -+ -  C6H5CH=CHCOOH +  c h 3c o o h

n o  ero MHeHHK), COJIb KHCJIOTbl HBJISieTCB JIHLUb KaT3JIH3aTOpOM, no- 
cKOJibKy yKcycHOKHCJibift HaTpnft npn CHHTe3e mojkho 3aMeHHTb Macjia- 
ho- hjih BajiepnaHOBOKHCJibiM HaTpneM.

B HacTonmee BpeMH H3BecTH0, qTo peaKunn nojiyqeHHH KopnqHOH 
KHCJiOTbi h ee npoii3BOAHbix npeACTaBJiaeT co6oh ajibAOJibHyio kohach- 
cauHio ajibAerHAa c aHTHApnAOM khcjiotm, cojib >xe khcjiotm, KaK Be- 
mecTBO ochobhoto xapaKTepa, coAeftcTByeT eH0jiH3auHH aHrHApHAa. 
OSmyio cxeMy stoh peaKUHH mo>kho npeACTaBHTb cjieAyiomHM o6pa- 
30m :

/ \ /

'V N c

OH
C O O H

o
s \ /  \

i ,  -
- h2o CO

Ah

H \ / \  '/  
Cl I

C,H6CHO +  CH3COOCOCH3CH3COONa

C,H6CHCH2COOCOCH3—
I

OH
CH3COONa

C6H6CH=CHCOOH +  CH3COOH

t
C„H6CHCH2COONa

OCOCHg

C peaKnneH nepxiiHa cxoAHa peaKima KOHAeHcanHH apoMaTHqecKHx 
ajibAerHAOB co c j io j k h m m h  a^HpaMH noA AeficTBHeM HaTpHH h  c j ic a o b  

aScojuoTHoro cnnpTa:
Na

C,H6CHO +  CH3COOC2HB -------- ►  C6H6CH=CHCOOC2H5 +  h 2o

3Ta peaKUHH oqeHb npocTa h  TpedyeT j ih u ib  B36ajiTbiBaHHH CMecn, 
nosTOMy OHa yAotfHee, qeM cHHTe3 nepKHHa, TpedyiomHH AJiHTejibHoro 
HarpeBaHHH. AHajiorHqHO m o >k h o  KOHAeHCHpoBaTb apoMaTHqecKHe ajib- 
A e rH A H  c ajiHifiaTHqecKHMH. HanpHMep, cMecb 6eH3oiiHoro h  yxcycHoro
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ajibaerHAOB c pa36aB^enHbiM pacTBopoM m&noqn npH odbiMHoft TeMne- 
paType AaeT xopouiHH bmxoa KopHMHoro ajibAerHAa:

C6H,CI 10 +  c h 3c h o  -» -  c 4h 5c h = c h c h o  +  h 2o

OAHOBpeMeHHO o6pa3yeTCH h ajibAOJib. 3 ra  m e  peanuHH npHMeHHMa 
h rjih  noJiyneHHH HenpeAejibHbix kctohob:

c ,,h 5c h o  +  c h 3c o c h 3 - ►  c *h bch o i ici i2c o c h 3 ;

C9H,CHOHCH2COCH3 - ►  C6HBCH=CHCOCH3 +  h 2o

AHa^ornwHbiM mctoaom nojiyqaiOT nojineHajiH, npHqeM xodoluhm 
KaT3JIH3aTOpOM RJIH 3T0H UejIH HBJIHeTCH nHnepHAHIiaueTaT. Hi CtH3- 
a îbAerHAa c kpotohobum ajibAerHAOM TaKHM o6pa30M di.i.n nojiyqeH 
5-c})eHHJineHTaAHeH-2,4-ajib

r oHsCI 10 -f- CH3CH=CHCHO C,jH 6CH=CHCH=CHCHO +  h *o  

a T3K>Ke Apyrne nojiHeHajin:

C6H,CH=CHCI 10 +  CH„CH =  CHCHO - ►

- ►  r„H5CH=CHCH=CHCH=CHCHO +  H20  

C8H6(CH=CH)3CHO +  CH3CH=CHCHO ^  C6H6(CH=CH)5CHO +  H,0 

C,H8 (CH=CH)5CHO 4- CH3CH = CHCHO -*■  CflH5(CH=CH)7 CHO +  H20

K. peaKUHBM nepKHHa 6.7IH3KH peaKUHH KOHACHCaUHH MaJIOHOBbIX 
3(J)HpoB c ajibAerHAaMH noA AeficTBHeM opraHHqecKHx ochob3hhh—  
AH3THJiaHHJiHHa, aHHJiHHa, nnnepHAHHa h AP- (peaKUHa KHeBeHarejiH). 
Kan n3BecTH0, 3tot cnocod OMeHb yAodeH a-nh nojiyqeHHH HenpeAe.ibHbix 
OAHOOCHOBHbIX khchot:

^COOR yCOOR
R'CIIO +  U I , -------- ►  R'CHOH—CH __

X COOR ^COOR _2ROH

XOOH yCOOH
- - > R'CHOH—<& R'CH=C

\C 0 0 H  X COOH

--------►  R'CH=CHCOOH

BMecTO MajiOHOBoro 3<J)Hpa HHorAa uejiecoodpa3Ho dpaTb MajioHO- 
Byio KHCAOTy h HarpeBaTb ee co BTopbiM komhohchtom b nupuAHHOBOM 
pacTBope ao nojiHoro npeKpaiueHHH BbiAejieHHH C02. BbixoAbi nojiy- 
qaioT oqeHb BbicoKHe.

AHHOHOodMeHHbie cMOJibi (Tuna aMdepjiHTa) KaTajiHTHqecKH 3kth- 
BHpyioT peaKUHH KOHAeHcauHH ajibAerHAOB co cjiojkhhmh 3(|)HpaMH (Tu
na aueToyKcycHoro, UHaHoyKcycHoro, Ma^OHOBoro). 3th peaKUHH npo- 
30*
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boaht npn K0MH3TH0H TeMnepaType npn pa3MeuiHBaHHH peareHTOB, B3H- 
tmx b rpaMM-MOJieKyjiax b cooTHomeHHH 1 : 1, c 15—20 a cmoah, 
KOTopaa 3aTeM Aerxo pereHepnpyeTCH ^jih AaJikHeHiimx peaximft [42]. 
TaKHe KOHAeHcauHH npoxoAm c bhxoasm h  ao 50—8 0 % . IlpHMeHeHHe 
Aerxo AOCTynHbix cmoji ycrpaHHeT Heo6xoAHMOCTb BBeACHHa b peax- 
UHK) nHnep«AHHa hjih nHnepHAHHaueTaTa.

B npenapaTHBHoft xhmhh aoboabho qaero noAb3yiOTCH a.3AaK.moH- 
HbiM cuHme30M SpAeHMeftepa, b ocHOBe xoToporo aokht Taioxe mctoa 
nepKHHa [43]. A3AaxTOHHbiH chhtc3 no3BOJiHeT nojiyqHTb pa3AHHHbie 
aMHHOKHCAOTbl. Tax, H3 THnnypOBOH XHCAOTbl C rjIHOXCajlHH-4-aAbAe- 
thaom (HMHAa30Ji-4-aAbAerHA0M) noA BJiHBHHeM yxcycHoro aHTHApHAa 
h aueTaTa HaTpHH noAyqaeTCH Tax Ha3biBaeMbift a 3 A a K t n o n , no xo- 
TOpQMy H Ha3BaHbI Bee 3TH CHHTe3bi:

CH—N H \ rH  NHrnr tj C H -N H .
X CH -I- | 2 n ^U^ °n5 (CHsC0)20: CH3COONa (| \ h  

C-------- N ^  COOH c----------

iCHO HOHCHNHCOQHj
I

COONa

CH—NHX

-N^
CH

+  H20  +  NaOH

CH=CNHCOC6H6
I

COOH

B pe3yAbTaTe xaTaAHTHqecxoro BoccTaHOBJieHHB HaA nAaTHHoft hah 
naAAaAHeM a3AaxTOHbi npeBpamaxDTca b a-aMHHOXHCAOTbi, hto HBAHe-r- 
ch yAodHbiM MeTOAOM hx noAyneHHH.

AHaAorHMHO H3 6eH3aAbAerHAa h AHxeTonHnepa3HHa noAyqaeTca 
p-<[)eHHAaAaHHH:

O o

c
/  \

HN CH2
I I

h 2c  n h

V
II
o

+  2C8H6CHO

c
/ \

HN C==CHCrHS HJ, P, H20
CaHsC H = C  NH

V
II
O

NH,

2CgH5CH2CHCOOH
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M3 H30MacjiHHoro ajifaAerHfla Tan >Ke noAynaiOT AefiuHH, a H3 hhaoa- 
[■i-a.ibAerHAa—TpHnTCx})aH h t . a -

7. CoBMecTHue KaTajiHTHMecKHe AerHApaTauHH reTepouHKJiHqecKHx 
coeAMHeHHH (B3aHMHbie npeBpameHHH reTepouHKjiOB)

FlHTHqjieHHbie reTepouHKAbi—(j)ypaH, thckJ^h h nnppoA—6ah3Kh 
Apyr k Apyry He TOJibKO CTpyKTypHO, ho h no pnAy XHMHnecKHx npe
BpameHHH. 3ra 6AH30CTb noAHepKHBaeTcn TeM, mto hx mo>kho rioAyqaTb 
MHOTHMH OfiuiHMH MeTOABMH CHHT633: H3 HHTapHOrO AHaAbAerHAa,
3-AHKeTOHOB, aueTHAeHa c H20, H2S hah NH3 cooTBeTCTBeHho. A. E. Mh- 
MH6a6HH [44] ycTaHOBHA, mo aueTHAeH HaA A120 3 npH 450° o6pa3yeT 
c HjjO, H2S hah NH3 HeCoAbiuHe KOAHnecTBa 4>ypaHa, THotJieHa hah 
rinppoAa cooTBeTctBeHHo no cAeAyiomHM peaKUHHM:

(J !=.(;iI -f  CH =CII

h2o C H -C H x

c h = c h /
CH =CH n

O

h2s

nh3

CH =CH '
C U = C H VI
CIUCIE

Nil

TaKHe KOHAeHcau.HH npoHcxoAm noA bahhhhcm BAarn, BcerAa npn- 
cyTCTByiomeH b A l20 3-KaTaAH3aTope. JleTaAbHee, no A. E. MHMH6a- 
6hhv, cnepBa noAynaeTCH yKcycHbift aAbAerHA, KOTopbifi b CBoefl eHOAb- 
hoh (j)opMe (bhhhaobwh cnnpT) h o6pa3yeT nepenHCAeHHbie reTepouHK- 
Abi no cxeMe:

2a i = i : n  — 2°*. 2c h 3c h o
CHa=CHOH

+
c h 2= c h o h

h2o CH= Cl k
| X 0  +  2H.,0

c h = c h /

h2s CH-CHX
S -f 2H.,0

C H =C H

nh3 CH=--CIk
^M i +  2H20

CH =CI 1'

fO. K. lOpbeB npeAnoAo>KHA. hto Bee sth cHHTe3bi npoTenaioT qepe3 
craAHio npoMe>KyToqHoro o6pa30BaHHH (JjypaHa, KO'ropbifl 3aTeM nepe- 
xoaht b Apyrne reTepouHKAbi. SKcnepHMeHTaAbHO 6mao ycTaHOBAeHo, 
mo HaA A120 3 npn 400—450° (JjypaH c 3mmh3kom o6pa3yeT 30% nnppo- 
Aa, c cepoBOAopoAOM—31 % THo^eHa, c ceAeHHCTbiM boaopoaom—23%
Ci'.ieHO(J)eHa. 3tH pafiOTbl BnepBbie yCTaHOBHAH B03MO>KHOCTb B3aHMHbIX 
M|'eBpam,eHHi"i nmHHAeHHhix reTepouHKAOB [45]. CorAacHo KD. K. lOpbeBy,
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Tanne npeBpameHHH npoTeKaiOT qepe3 npoMeacyToqHoe pacmen- 
jieHHe naTHqjieHHbix KOjieu c o6pa30BaHHeM hsctohkhx  coeAHHeHHH:

n h 3

HC— CH
II II

HC C H -----
\ /

O

h2s

H2Se

HC-
II

HC

-CH
II

CH

OH H,N

HC— CH

= 5 * .  HC CH
. /
NH

HC
II

HC

-CH

CH 
I

OH HS

- h2o
HC— CH

II II
HC CH

V
HC-

J-IC

-CH
II

CH

OH HSe

HC— CH

.=?jS . h4 CH

v
Aajiee 6mjio ycTaHOBJieHO, qTO HaA A120 3 npH 450° Boofime ocyrnecT- 

BHMbi nepexo^bi Me>KAy jhoGhmh nnTHqjieHHbiMH reTepouHKJiaMH no 
cxeMe:

HC —  CH

NHj

H2S

H C----- CH
II II

HC CH\  /  
NH

Jlerne Bcero npoTeicaiOT npeBpameHHH (JiypaHa. 3 th nepexoAbi npeA- 
cTaBJunoT co6oh o6myio a j i h  Bcex sthx reTepouHKJioB peaKunio; ohh 
6bijin 3aTeM ocymecTBJieHbi ajih nojiyqeHHH nnppojiHAHHa, THocJjaHa hjih 
cejieHOtJjaHa H3 TeTparHApo(J)ypaHa c aMMHanoM, cepoBOAopoAOM hjih 
cejieHHCTbiM boaopoaom cooTBeTCTBeHHO. CoBepmeHHo aHajiorHHHO Be- 
AyT ce6a h roMOJiorH sthx reTepouhkjiob. Ecjih bmccto aMMHana 6paTb 
aMHHbi, to nojiynaioTCfl N-3aMem,eHHbie nHppojibi:

HC— CH HC— CH
|| II +  C0H6NH2 -> - II || -|- H20  

HC CH HC CH

V V
I

C6H5
OTKpbiTuft IO. K KDpbeBbiM nyTb npeACTaBjiaeT co6oh hobwh npo- 

ctoh MeTOA KaTaJiHTHnecKoro nojiyqeHHH npoH3BOAHbix nnppojia h tho- 
4>eHa H3 npoH3BOAHbix (JjypaHa.



nOJlHKOHUEHCAUHfl (KOHJJEHCAUHOHHAfl I70JlHM EPH3AUHfl) 487

L)i,:jio TaKJKe ycTaHOBJieHO, hto aHaAorHHHO BeAyT cedn h uiecTH- 
‘i itiiHbie rerepouHKJibi. TaK, H3 okhch  neHTaMeTHjieHa HaA A120 3 npn 
400° c H2S o6pa3yeTCH neHTHO(|)aH (TeTparHApoTHonnpaH), c H2Se— 
neHcejieHCxJjaH, c NH3—nHnepHAHH:

h2s

H2Se

-f H20

, H | +  H20
\ /

Se

I H | +  H20  
\  /

NH

3th HccJieflOBaHHH K). K. KDpbeBa, npoAOA>KaeMbie hm h cefiqac, 
n03B0JlHK)T CHHTaTb, MTO «C...nHppOA H THO(J)eH He TOAbKO CTpyKTypHO pOA* 
CTBeHHbi Apyr Apyry, ho h3xoahtch c (JiypaHOM b rjiySoKoft reHeTH- 
HeCKOH CBH3H, KaK C M3TepHHCKHM BemeCTBOM, H3 KOTOpOTO OHH MOTyT
o6pa30BbiBaTbCH» [451. HaHAyquiHMH KaTajiH33TopaMH a-hh bthx peaK
UHH COBMeCTHOH K3TaAHTHqeCKOH AerHApaT3UHH HBA5HOTCH A120 3 H 
Th02. OTKpbiTbie 10. K. fOpbeBbiM peaKUHH hbahiotch yAofiHbiM mctoaom 
Aah CHHTe3a caMbix pa3Hoo6pa3Hbix npoH3BOAHbix THOcfieHa h nnppoAa. 
a T3KH<e BCKpbiBaiOT reHe3HC sthx coeAHHeHHH b npnpoAe.

B. nOJIHKOHAEHCAUHfl (KOHAEHCAUHOHHAfl nOJIHMEPH3AU,H5I)

riOAHKOHAeHCaUHHMH H33bIB3IOT peaKUHH MeJKAy 0AHH3K0BbIMH HAH 
pa3AHMHbIMH MOAeKyA3MH OpraHHHCCKHX COeAHHCHHH, npHBOAHIUHe K 
o6pa30BaHHio BbicoKOMOAeKyAapHbix npoAyKTOB, npnqeM, KaK h npn 
o6biMHbix KOHAeHcauHHx, BbiAeAHioTCH H20, H2S, NH3 h ap - Mame 
Bcero noAHKOHAeHcauHH npoTeKaiOT c BbiAeAeHHeM boah.

06bi4Hbie KOHAeHcauHH, HanpHMep o6pa30BaHHe caohchux s(J)HpoB- 
npH B33HMOACHCTBHH CIlHpTOB C KHCAOT3MH, TAHKOAefi C OAHOOCHOB- 
HblMH KHCA0T3MH, OAHOaTOMHblX CIlHpTOB C AByXOCHOBHbIMH KHCA0T3MH, 
K 06pa30BaHHK) BbICOKOMOAeKyAHpHbIX COeAHHeHHH He npHBOAHT. ^AH 
noAHKOHAeHcauHH HeodxoAHMo, HTo6bi Ka*A3H H3 pearHpyiomHx MO- 
AenyA ChiAa no MeHbiueft Mepe 6H(£yHKUHOHaAbHa, t. e. coAep>KaAa 
6bi hah ABe rpynnbi —OH, hah ABe rpynnbi —COOH, hah —OH h 
—COOH. Tan, HanpHMep, ivuiKOAb npH noAHKOHAeHcauHH npeBpa- 
maeTCH B nOAHTAHKOAH, OKCHKHCAOTbl—B SCTOAHAbl, Ha MTO y*e yKa- 
3bIBaAOCI> Bbirne. BĤ jyHKUHOHaAbHbie coeAHHeHHH MOryT AaBaTb AHLUb 
AAHHHbie AHHeHHbie MOAeKyAbi (AHHeflHbie noAHMepbi). /lAHHy uenefi
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TaKHx MOjieKyji mo>kho orpaHHHHBaTb npHdaBjieHHeM paccBHTaHHoro 
KOJiHMecTBa MOHexJjyHKUHOHajibHoro coe^HHeHHB. HanpHM ep, npn no- 
JlHKOHAeHCaUHH BHTapHOH KHCJIOTbl C TJIHKOJieM 06pa3yi0TCH flJTHHHbie 
jiHHeflHbie nojiHMepbi:

COOH
I

CH2 HOCH2 -,!HjsO
m | +  m t -------- ►  HOOCCH2CH2COOCH„CH2OCOCH,CH2COO—...

c h 2 h o c h 2

COOH

IlpHSaBjieHHe yncycHOH khcjioth oSpbmaeT pocT uenn h AJiHHy no- 
cjieflHefi nponopuHOHajibHO BBe/ieHHOMy KOjinnecTBy:

COOH

CH2 HOCH2 -nH20
2 I + 3  I +  2 CH3C O O H ------- ►

CH2 h o c h 2
I

COOH

-------- ►  CH3COO (CH2)2OCO (CH2)2COO (CH2)2OCO (CH2)2COO (CH2)2OCOCH3

3Toro xie mojkho AocTHrHyTb npnMeHeHHeM H36biTKa OAHoro H3 6h- 
(JjyHKUHOHajIbHblX KOMnOHeHTOB.

B c j iy q a e  TpmJjyHKHHOHaAbHbix MOJieKyji npn  nojiHKOH^eHcauHHx 
o6pa3yioTC fl TpexM epH bie nojiHM epbi, Kan, HanpHM ep, xBepAbie h HenjiaB- 
KHe cjio jKH bie nojiH rjiH uepH H bi, b KOTopbix ocTa iom H eca  n o c jie  jiHHeH- 
hoh nojiHKOH^eHcauHH H O -rp y n n b i cuiHBaioT flJiHHHbie uenn  AoyM epHbix 
nojiH M epoB , n peB p am an  hx b cexnaTbie MOJiei<yjibi (cT p . 4 6 3 ). j j p y r n e  
npHMepbi npHBO^HTcn HHH^e— o6pa30BaH H e iviHtjyrajieH, cjjeHOJionjiacxoB, 
aMHHonjiacTOB h t . a -

PeaKHHH nojiHKOH^eHcaitHH, Kan h o6biHHbie KOHAeHcauHH, TpedyiOT 
HeKOTopoft SHeprHH aKTHBauHH, nosTOMy ohh npoTenaioT AHiiib npH 
HarpeBaHHH. Flpoitecc H^eT cxyneHHaTO, t . e. pocT uenefl npoHcxoAHT 3a 
cneT nocjieAOBaTejibHoro npHcoeAHHeHHH MOJieKyji A pyr k  A p y ry . ITo- 
3TOMy nojiHKOH^eHcaiiHH npoTenaioT Me^JieHHO, neM ohh oTJiHHaiOTCH 
ot nojiHMepH3anHH, npoxoAflmeft SbiCTpo no uenHOMy MexaHH3My npn 
hh3khx TeMnepaTypax. M acro npn nojiHKOH^eHcauHHX nepBHHHOH pean- 
UHefl HBJineTCH MHrpauHH aTOMa BOAopoAa H3 oahoh MOjieKyjibi b Apy- 
ryro, Kan npn ajibAOjibHbix ynjiOTHeHHnx, peaKHHH riepKHHa h aHajio- 
rHHHbix npoiteccax.

1. FlojiyHeHHe bjikhahux  h anoKCHAHwx cmoji

npH B3aHMOAeflCTBHH MHOTOaXOMHblX CnHpTOB C MHOrOOCHOBHbIMIl 
KapSOHOBbIMH KHCA0T3MH B npHCyTCTBHH BOAOOTHHMaiOmHX CpeflCTB 
nojiynaiOT cJio*Hbie npoAyKTbi nojiHKOHACHcanHH,npHBOAHmne k 06-
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pa30BaHMO BbICOKOMOJieKyjIHpHbIX H TBepflbIX nOJIHKOHAeHCaTOB, H3- 
BecTHbix noA Ha3B3HHeM aA K udH bix c m o a  [46]. 3th coê HHeHHH npefl- 
CT3B JIHIOT C0 6 ofl nOJIHKOHA6HCHpOB3HHbie CJlOJKHbie 3<])Hpbi; T3K KaK 
hx qacTO nojiyqaiOT H3 (JrrajieBOH khcjiotm h tjihkojih hjih rjiHuepHHa, 
TO T3KHe CMOJIbI H3BeCTHbI T3KJKe nOA Ha3B3HHeM 2AU(pmaAeeblX CMOA, 
hjih npocTo eAucpmciAeu.

npH KOĤ eHCaUHH STHJieHTJIHKOJIH C (})TaJieBbIM aHTHflpĤ OM npn 
150° npoHcxo^HT nocTeneHHoe o6pa30BaHHe CHponoo6pa3HOH Maccbi, 
KOTopan 3aTeM npeBpamaeTCH b CBeTJibifi CTeKJioo6pa3HbiH npo^yKT 
(t . nji. 60— 80°), xoporno pacTBopHMbift b opraHHqecKHx pacTBO pHTe- 
a fix. flpH peaKUHH cnepBa o6pa3yeTCH MOHOscjmp tjihkojih

/ V _C O
\  hoch .2

0 +  |
/  ch2oh

V ' -C O

COOH

COOCH2-C H 2OH

+  h2o

KOTopbift, pearnpya Aajiee, npeBpamaeTCH b a^hhhmh jibhchhuh nojin- 
KOHAeHcaT:

%

o —c c - o —cn2—ch2- o - c c - o—ch2- ch2—o - c c - o - ch2— •

o o 0 o 0 o

143 cnnpTOB h khcjiot, oOjiaAaiomHX AByMH (fjyHKUHOHajibHbiMH rpyn- 
naMH, nojiynaiOTCH JiHinb jiHHefiHbie nojiHMepu; TaKHe nojiHKOHAeHcaTbi 
H3 npe^ejibHbix hjih Henpe^ejibHbix AByxocHOBHux khcjiot h rjiHKOjieH 
HamjiH TexHHnecKoe npHMeHeHHe ajih nojiyqeHHH BemecTB c KayqyKono- 
AoOHblMH CBOHCTBaMH. 3 th nOJIHMepbl, HJIH KaK HX Ha3bIB8K)T—tiapaKOHbl, 
th6kh, pacTH>KHMbi (noqTH BqeTBepo), xoporno npoTHBOCTOHT HarpeBa- 
BaHHio h MacJiy. E cjih napaKOHbi co^ep>KaT HenpeAejibHue cbh3h b 
JIHHeHHOH nenH, TO OHH xoporno ByjIK3HH3yiOTCH c cepoft h ycKopHTe- 
JIHMH. BCJieACTBHe Hecn0C06H0CTH n0JIHMepH30B3TbCH B TpeXMepHbie 
MOJieKyjibi CMOJibi 3toto THiia He MoryT 6biTb nepeBe^eHbi b HenjiaBKoe 
h nepacTBopHMoe coctohhhc.

H3yqeHHe o6pa30BaHHH rjiwJrrajieBbix cmoji h hx Aa-abHefimefi 06- 
pa6oTKH noKa3ajio, hto HenJiaBKHe n HepacTBopHMbie cmojiu MoryT 6biTb 
nojiyqeHbi JiHmb b tom cjiyqae, ecJiH oahh 113 KOMnoHeHTOB HMeeT 6ojiee 
;myx (JjyHKUHOHaJibHbix rpynn, a Apyrofi—xoth 6bi Ase TaKHe rpynnbi.

B Ta6ji. 48 npHBê eHbi AaHHbie no nojiHKOHAeHcauHH rjiHuepima c
OAHO- H AByXOCHOBHblMH KHCJIOT3MH, H3 KOTOpbIX BHAHO, HTO HenJiaB
KHe h HepacTBopHMbie cmojiu, oOjiaAaKJmne ceTqaTOH CTpyKTypoft, 06- 
pa3yiOTCH JIHIIIb npH KOHAeHCaHHH AByXOCHOBHbIX KHCJIOT C TJIHUepH- 
HOM.
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KlICJIOTbl
Mhcjto

4>yHKHHOHâ b- 
hux rpynn 
B KHCJIOTe

CTpoeHne
MOJieKy.n

BeH30HHaa i JlHHefiHoe
YKcycHaH i »

^TajieBaa 2 CemaToe
^HTapHan 2 »
MajieHHOBaa 2

TABJ1HUA 48

XapaKTep cmojiu

Cmoji3 He o6pa3yeTCH

HepacTBopHMue h HeiuiaB- 
KHe CMOJlbl

B Ta6/i. 49 npHBefleHbi AaHHbie no nojiHKOHfleHcauHH (f)TajieBoro 
aHrn,npHfla c ô ho- h MHoroaTOMHbiMH cnnpTaMH.

TABJTHUA 49

CnnpTbi
Hhcjio

(J)yHKu,HOHajib- 
Hbix rpynn 

b c.n wvre

CTpoeHiie
MOjienyji Xapaicrep cmojiw

MeTHJIOBblH 1 JiHHe&Hoe Cmojib lie o6pa3yeTCH
OTHJieHrJIHKOJIb 2
nponH^eHrJiHKo/ib 2 *

PacTBOpiiMue h ruiaBKHe
JUHSTHJieHrJIHKOJlb 2 » 1

CMOJlbl

TjIHHepHH 3 CeTHaToe 1 HepacTBopHMbie h HenjiaB-
MaHHHT 6 » ! KHe CMOJlbl

ripcuecc B3aHMOAeHCTBHH (JrrajieBoro aHrn̂ pHfla c rjinuepHHOM na- 
CTO npOBÔ HT B npHCyTCTBHH KOHfleHCHpy fOIH,HX HJIH BOflOOTHHMaiOmHX 
epeflCTB. 34>Hpoo6pa30BaHHe BHana/ie npoTexaeT oneHb jierxo h 6biCTpo 
.aocTnraeT 50%. npnqeM o6pa3yeTCH CMecb ô ho- h ABy3aMemeHHbix 
mu nepH^OB:

COOH

CH2OH
I

CHOH h

ch2- o - co- < ( 3
I

COOH

CH2- 0 - C 0 - i  >
| ^  

CHOH
I /__

CH2—O—CO—

I
COOH

Floc.ne 3Toro cxopocTb peaKunn 3aMe,njiHeTCH h Becb npouecc Ĥ eT 
b flBe cTaflHH: dbiCTpaa (j)a3a peaKUHH cooTBeTCTByeT o6pa30BaHHio 
jiHHeftHoro nojiHMepa, MefljieHHan— «cuiHBaHHio» b TpexMepHyio CTpyx-
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i-ypy nyieM b33Hmoa€hctbhh MOJieKyji cjrrajieBoro aHTHApHAa c BTopnq- 
HO-cnHpTOBbiMH rpynnaMH JiHHeiiHoro nojiHMepa:

O O O O O O

• - o - c  c — o - ch2—ch - ch2- o - c c - o — ch2—ch —ch2—o - c C - O — -
I I

OH

+

v \

OH

+  

r J
o

/
C\ >

/ \ /  \

Ca>
A

1
o o

o

o o 
II H

-C C—O—CHa—CH -  CHjj—O—C—C
I I I

o

o o

—o - ch2- ch—ch2- o - ( !

< O'VI
c

<% -J
O; o

V !

C — ■
I

V  )

o A
o o o o o

o > f

X)
o o o

----------O - c  C—O—CH2—CH—ClJ2—O—c  c — o - ch2- ch — ch2—o - c c------
I I

<:
I\nH<j)TajieBbie cmojiu, npHMeHaeMbie ajih pa3JinqHbix uejien, noABep- 

raKDT MOA«4)HUHpoBaHHK). MoAH(|)HUHpyiomHMH areHTaMH HBJIHIOTCH 
AofiaBJineMbie k hhm BbicbixaiomHe hjih HeBbicuxaiomHe MacJia, aJiHtJia- 
THHeCKHe KHCJIOTbl, KaCTOpOBOe MaCJIO, npHpOAHbie HJIH CHHTeTHMeCKHe 
CMOJI bl H AP-

TaKHM o6pa30M mojkho nojiynHTb MacnopacTBopHMbie hjih HepacTBo- 
pHMbie, rndKHe, sjiacTHMHbie hjih TBepAue cmojiu h t . a -

Pa3JIHMaiOT TpH THna MOAH(|)HII,HpOBaHHbIX aJIKHAHMX CMOJI.
1) H e e tu c b ix a io m u e  c m o j iu , nojiyqaeMue npn Ao6aBjieHHH cieapHHO-

BOH, naJIbMHTHHOBOH, OJI6HHOBOH H APyfHX KHCJIOT HeBbICUXaiOlHHX 
Maceji. YKa3aHHbie ao63bkh noBbiuiaioT pacTBopHMocTb, rH6i<ocrb h 
yMeHbuiaiOT qyBCTBHTejibHOCTb cmoji k 3aTBepAeB3HHio npn HarpeBa- 
HHH. ZlodaBKH K3HH(j)OJIH H IIieJIJiaKa yBejIHqHP.aiCT paCTBOpHMOCTb H 
xpynKOCTb. C mojibi SToro THna npHMeHmoT, rjiaBHbiM o6pa30M, KaK 
nJiacTH(j)HKaTopbi.

2) Bucbixaiomuc cmoau, nojiyqaeMbie BBeAeHiieM b cMOJiy TyHroBO- 
ro, nepHJiJiOBoro h Apyrwx BbicuxaiomHx Maceji. BBeAeHHe sthx Ao6a- 
BOK ClIJIbHO H3MeHHeT CBOHCTB3 CMOJIbl, H nJieHKH H3 T3KHX CMOJI 6bICT-
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po 3aTBepfleBaiOT Ha B03Ayxe, noAofiHo Bbicbixaioui,HM MacjiaM. TaKHe 
CMOJlbl HaCTO Ha3bIBaiOT «KHCJI0p0A006paTHMbIMH» H npHMeHHIOT 
pa3JlHMHbIX nOKpbITHH.

3) \AKtldHbie CMOAbl, MOAH(f)HUHpOBaHHbie APyrHMH CHHTeTHHeCKHMH 
CMOJiaMH, COAepHOT AodaBKH 4>eHOJIO- HJIH aMHHOnJiaCTOB, HTO CHH>KaeT 
pacTBopHMOCTb, HaSyxaeMOCTb, rndKOCTb h t . a -; b hhx qacro Ao6aB- 
jiHiOT Taione h Bbicbixaioin,He Macjia.

B nocjieAHHe roAbi Sbicrpoe pa3BHTHe h npoMbiuiJieHHoe 3HaqeHHe 
nojiyqnjiH anoKCHAHbie cm ojih, nojiHMepbi KOTopbix oSjiaAaiOT phaom 
3aMeqaTejibHbix naqecTB. npocTefiimiM snoKCHCoeAHHeHHeM ABjiaeTCH 
OKHCb sTHjieHa, A3bho HameAinaH pa3HOo6pa3Hoe npHMeHeHHe b xhm h - 
qecKOH npoMbiuiJieHHOCTH. BjiaroAapn HecTOHKOCTH TpexqjieHHoro KOJib- 
ua b okhch  STHjieHa Ha ee ocHOBe nyTeM kohaghc3u,hh c 3MHH3MH, cnnp-
T3MH, (J)eHOJiaMH, KHCJIOT3MH H APyrHMH KJI3CC3MH OpraHHqeCKHX CO- 
eAHHeHHH mo>kho  JierKO nojiyqaTb npoH3BOAHbie, oSjiaAaiomHe bhcokoh  
SMyjibrHpyiomeH h (JuiOTaiiHOHHOH cnoco6Hoerbio, moiouihmh h SKCTpa-
rHpyiOmHMH CBOHCTB3MH.

Bojiee cjio>KHbie KOHAeHcauHH npoHcxoAHT npn peaKunax c 6h- h 
nOJ!H(|)yHKUHOHaJIbHblMH OpraHHqeCKHMH COeAHHeHHHMH.

C. H. ,Hpo3AOB h O . M. HepHUOB [47] HarnjiH, hto snHXJioprHApHH 
C BTOpHqHbIMH 3MHH3MH B33HMOAGHCTByeT C 06pa30BaHHeM nOJIHMepOB 
no cjieAyiomeH cxeMe:

R2N H +  C1CH2C H -C H 2 —> R,NCH2CH0HCH2C1
\ /

o
r 2n c h 2c h o h c h 2c i +  h n r 2 —> R2NCH2CHOHCH2NR2 +  HC1

B mjio ycTaHOBJieHO, hto anHXJioprHApHH xoponio pearnpyeT c 
AByxaTOMHbiMH (|)eHOJiaMH, o6pa3ya cMOJioo6pa3Hbie npoAyKTbi, hto 
BnepBbie 6biJio noKa3aHO b padoTax JT. EleTepca [48] h XBk . T hhc h 
P. Hoppnma [49]. C snHXJioprHAPHHOM KOHAeHCHpyiOTCH jno6bie Asyx- 
aTOMHbie 4>eHOJibi, ho oco6oe 3HaqeHHe nojiyqHJin nojiHMepbi, o6pa3yio- 
mnecH npn b33hmoaghctbhh anHXjioprHApnHa c a h 3hom. FIocjieAHHH 
npeACTaBJineT co6oh npoAyKT koha6hc3uhh cfieHOJia c aueTOHOM, jierKO 
nojiyqaiom,HHCH b npHcyTCTBHH mejioqeft no peaKUHH:

J X m H , HJIH 4,4'-AHOKCHAH([)eHHJIAHMeTHJ]MeTaH, npH KOHAeHcauHH 
c snnxjioprHApHHOM o6pa3yeT CMOjioo6pa3Hbifi npoAyKT c TeMnepaTypofl 
pa3MnrqeHHH ^100° JiHHeftHOH CTpyKTypu, c MOJieKyjiapHbiM BecoM 
AO 1100 no cxeMe:

CH3 CH3

2C6H6OH +  CO - h» —OH +  H20

c h 3 c h 3

H O -

CH3
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CH,

— ( .ICH,-CHOHCH,0

— *■ c h 2—c h c h 2
\ /

o

h jih  b  o Su ieM  BHAe:

-O C H 2CH O H -CH 2Cl -LfLL-

C H ,

Cl I,

CH,

OCII2C H -C H 2
\  /

o

c h 2- c h c i i2o

V
c h 3 c h 3I __ ]

_ < ^ ^ - C  -^ _ ^ > -O C I  I2CHCH2() -  |-OCH2C H -C H 2

c h 3 c h 3 o h  I

il, jin  npeBpameHHH sthx npOAyKTOB b cuiHTbie TpexM epH bie fiojih- 
Mepbi HMeeTCB ABa nyTH:

1) MeTOa  CTyneHMaTOft noAHMepH3auHH c AHaMHHaMH, aHrnApHAaMH 
AByXOCHOBHbIX KHCAOT, TJIHKOJIHMH H T. AC HanpHMep C <})TaJieBbIM aH-
thaphaom npouecc HAeT no cneAytomeft cxeMe:

o

CH2—CH—CH20 —R—OCH2—CH—CH, +
\ /

o
\ /  

o

c=<
o

o

o o o o

0
1

c h 2 o o

I I

Q
! I

<3
-0 -C H -C H ,0 -C  C-O CH 2-C H -O C H ,-C  C -0 C H ,-C H -0 -C  C-O CII

I " I I  I
c h 2 CH2

0 ~  O

— *-R R
1 I

0 O
1 I

CH, 0  0  Cl I

-O -C H -C H

O O O Oo o
II II I II II

o - c  c - o c h , - c h - o c h 2- c  c - o c h . - c h - o - c  c - o c h ,-
I I  /LI I

< 3  °  r v
CH,
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rAe

CH3 CH

R = < > - och2chch2o -''i._V II
OHCH CH n

2) MeTOa KaTajiiiTHqecKoro OTBepABHHa; nocJieAHee npoBOAHTcyj 
noA AeftcTBueM mejioqefi, smhaob mejioqHbix MeTajuiOB, MHHepajibHbix 
khcjiot, cojieft MHorosa/ieHTHbix MeTajuiOB, cojiefi opraHiiqecKHX khc
jiot TaKHx MeTajuiOB, KaK Al, Zn, Ti, Pb, Co, THTaHOBbix atJwpoB, aji- 
KOrOJIHTOB ajllOMHHHH H T. A- nOJIHMepH3aHHH 06jieniaeTCH TeM, HTO 
Bee snoKCHAHbie cmojih coAepataT THApoKCHjibHbie rpynnbi, hto cboaht 
3th npoueccbi k THny nojiHKOHAeHcauHH c o6pa30BaHHeM nonepeqHbix 
CB513eH Ŝ JHpHOrO THna.

SnoKCHAHbie CMOjibi, H3BecTHbie cefiqac b SojibiuoM qHCJie BapHaHTOB 
h KOM6nHauHH, OTjiHqaiOTCH pBAOM oco6o ueHHbix KaqecTB: fiojibiiiofi aA- 
re3Hefi, npoqHOCTbio, xopouiHMH AHSJieKTpHqecKHMH cbohctb3MH h otho- 
CHTeJIbHO BbICOKOH AJIH OpraHHHeCKHX nOJIHMepOB TepMOCTa6HJIbHOCTbK). 
Ohh nojiyqaioT Bee 6ojibmee npHMeHeiiHe, ho HeAocTaTKOM hx HBjiaeTCH
TOKCHHHOCTb.

ripoAyKTbi nojiHKOHAeHcau,HH 4)enojia c (JiopMajibAerHAOM H3BecTHbi 
noA o6iu,hm Ha3B3HHeM 6 a K e A u m o e . FIocJieAHHe 6mjih oTKpbiTbi b 1909 r. 
Jl. BeflKejieHAOM [50], OTKyAa h hx Ha3B3HHe. BaKejiHTbi (xpoMe ueji- 
JiyjIOHAa) HBJIHKDTCH IiepBblMH CHHTeTHqeCKHMH CMOJiaMH, HMeiOLUHMH 
6ojibiuoe h pa3HOCTOpOHHee npaKTHqecKoe npHMeHeHHe, h hm nocBH- 
meHa oSuiHpHaji jiHTepaTypa [51—54]. TaKHM KOHAeHcauHHM MoryT 
noABepraTbCH caMbie pa3HOo6pa3Hbie (JieHOJibi h ajibAerHAbi, h nojiyqae- 
Mbie npoAyKTbi hocht oSmee H33BaHHe cpeHOAOtiAactnoe, hjih tp e n o n A a c m o e .

B3aHMOAeHCTBHe ajibAernAOB h kctohob c (jieHOJiaMH MO>KeT npoTe- 
KaTb pa3JinqHO h b 33bhchmocth ot ycjiOBHH peaKUHH h xapaKTepa 
KOHAeHCHpyiomHx areHTOB npHBOAHTb k pa3JinqHbiM npOAyKTaM.

npH KOHAeHCailHH 4)eHOJia C (})OpMaJIHHOM B COJIHHOKHCJIOH CpeAe 6bIJia 
riojiyqeHa OKpameHHaH HepacTBopHMaa h HeiuiaBKaa CMOJia. K oh^ch- 
cauHH b mejioqHoft cpeAe npoxoAHT HHaqe. Tax, oKa3ajiocb, qTO npH 
KOHAeHcaiiHH (JieHOJia c (JiopMajibAerHAOM nojiyqaeTca coAueenun  (opto- 
H30Mep) B CMeCH c ApyrHMH (jieHOJIOCnHpTaMH:

2. riojiyqeHHe cjjeHOjioiuiacTOB

OH OH

Cl I.,OH CH2OH
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AHa/iorHMHbie 4>eHOAocnHpTbi n oA yqa ioT ca  h H3 A p y rn x  ĉ h o a o b  c  
ĉ opMajibAerHflOM.

r ip n  AeftcTBHH Ha ca jinreH H H  pa36aBjieHHbiMH MHHepaAbHbiMH 
KHcioTaMH npoHcxô HT KOHAeHcauHa c o6pa30Ba«HeM caAupemuna— 
>KejiTOBaToro n op om n a , pacTBopH M oro b cn u p re  h ip e jio q a x .

CajiHreHHH npn KOHAeHcauHH jierKo AerHApaTHpye-rca b cmoaooS- 
pa3Hbie BemecTBa. Tauaa AerHApaTauna npoHcxoAHT npn npocTOM Ha- 
rpeBaHHH, ho 3HaqHTeAbno ycKopae-rca npn AoSaBKax CHAbHbix khcaot.

Ha B03M0>KH0CTb npaK TH qecK oro  npHMeHeHHa t 3 k h x  cmoji 6m a o  06- 
pameHO BHHMaHHe em,e b KOHue XIX b .

O qeH b  HHTepecHbi cfjeHOAO-cfjopMaAbdeeudHbie cmoau, npnpoAa k o t o - 
pbix 33BHCHT OT yCAOBHH peaKUHH, COOTHOIIieHHH C„H5OH : CH20, 
npnpoAbi KOHAeHcnpyiomero areHTa h t . a - 3 t h  c m o jih  6biAH BcecTopoH- 
He H3yqeHbi, npHqeM OKa3aAOCb, h to  Taxoro poAa noAHK0HA6Hcau.iia 
npoTexaeT pa3AHqHO b 33b h c h m o c th  o t  npHMeHeHHa k h c a m x  h a h  me- 
AoqHbix KaT3AH3aTopoB; npH 3to m  o6pa3yroTca pacTBopH\bie b opra- 
HHqeCKHX paCTBOpHTeAaX H080ACIKU H pe3LIH0Udbl A , Tep- On.n3BKHe, HO 
HepacTBopHMbie pe3unoudbt B h HepacTBopHMbie h h < nAaBKHe pe3u- 
Houdbl C.

KncAbie KaT3AH3aTopbi cnoco6cTByK>T npoTeKaHHio peaKUHH, k o t o - 
pbie MoryT 6biTb npeACTaBAeHbi CAeAyKMueft BepoaTiiofl cxeMoii:

ch2o V -  OH
—CH,OH

A-0H+
/ N - o h

U ■ +  h 20

KoHAeHcauHa 15 MOAenyA (JjeHOAa c 14 MOAeKyAaMH ^opMaAbAerHAa
B npHCyTCTBHH He(50AbUIHX KOAHqeCTB COABHOH KHCAOTbl npHBOAHT K 
06pa30BaHHK5 H0B0A3K3. IlpH ASAbHeHUieM ACHCTBHH (|)0pMaAbAerHA3 
Ha H0B0A3K npn HarpeBaHHH o6pa3yioTca nocAeAOBaTeAbHo:

ch2o ch2o
HOBOJI3K---- ► pe3HHOHA A --------

ch2o
pe3HHOHA B ------------

------► peSHHOHA C
B npncyTCTBHH meAoqHbix KaT3AH3aTopoB npouecc hact HHaqe: 

AHOKCHAH(J)eHHAMeTaHbi He o6pa3yiOTca, a noAyqaiOTca HeycTofiqHBbie 
npn HarpeBaHHH $eHOAOcnHpTbi, npeBpamaioiuHecH b pacTBopHMbie 
CMOAbi; nocAeAHHe npn AaAbHefimeM HarpeBaHHH o6pa3yiOT pe3HHOHAbi.

HoeoAdKoebte cMOAht, BepoaTHO, npeACTaBAaioT co6on cMecn pa3- 
A H q H bl X AHHeHHbIX nOAHMepOB!

-CH,OH +  n
— (m— 1) H2O

n
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OH OH OH OH

Ohh pacTBopHMbi, h H3 h h x  nojiynaioT pa3JiHHHbie JiaKH, nponHTKH 
H nOKpblTHH.

Pe3UH 0udbL A ,  B h C, h jih  KaK h x  HHane Ha3biBarc>T—O a K eA u m u , 

pa3JiHqaioTCH no CBoen CTpyKType.
BaKeAum A HMeeT CTpyKTypy, 6jiH3KyK) k HOBOJiaKaM, t. e. HBjiHeT- 

cn JiHHeftHbiM nojiHMepoM cJieAyiomero npe^nojiaraeMoro ctpochub:

HO—/ S  HO—,/% H O - A

HJ1H

--CH2-------------------------CH2OH

OH OH OH

%  —CH-—A S —CH«—/ A —CH2

V "

-CH2OH

VV '
GaKejiHT A

AHajiH3bi HOBOJiaKOBbix cmoji (moji. Bee 700—730) noKa3ajiH, mo 
B HHX CÔ ep>KHTCH 11 — 13 THapOKCHJIOB. IlpH B33HMO,HeHCTBHH HOBOJia- 
Ka c 4)opMa/ibAerĤ OM o6pa3yiOTCH TpexMepHbie cTpyKTypbi daiceAuma 
B h C:

a) OH OH OH

1 1-CH2—rj^Xj—CH2— —1

V V
6aKejiHT A

OH OH

CH2OH ch2o

-rvcH-n-
I

c h 2o h

X/'

-CH2- | P ^ | - C H 20H

I
c h 2o h

J —CH2— —c h 2o h  

OH
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32 B. H. flcuiroB

OaKeJiirr C 
(TpexMcpHaB ceTKa)
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ToqHoe crp oeH H e daKejiHTOB B n C HeH3BecTHO, h , b o 3m o >k h o , o h h  
npe^CTaBjiBiOT cod on  c rp y K T y p b i c caMbiM pa3Hoodpa3HbiM  p a c n o jio -  
>KeHHeM MeTHjieHOBbix m o c t h k o b . PeH TreH orpaM M bi 6aK ejiH Ta C n o x a -  
3blB3K)T, qTO OH 6JIH30K K aMOp(|)HbIM BeiH,eCTBaM.

B HacTOHipee BpeMH daKejiHTbi n o jiyqa iO T  b pa3JiHHHbix CTpaHax 
B OrpOMHbIX KOJIHHeCTBaX.

Tan n an  daKejiHTbi HepacTBopHMbi, HenjiaBKH h HeajieKTponpOBOA- 
Hbl, HX UIHpOKO npHMeHHKDT flJIH H3rOTOBJieHHH 3JieKTp0H30JIHT0p0B. 
CMecH 6aKejiHTOB c d yM a ro fi, n e jijn o jio30H , b o jio k h o m  H/jyT Ha H3ro- 
TOBJieHHe H30JlHHH0HHbIX H KHCJIOTOynOpHbIX M aTepna jioB . 3a n oc jie^ -  
Hee BpeMH daKejiHTbi HauiJiH u m p o K o e  npHMeHeHne /jjih H3roTOBJieHHa 
nnaueyda— (|)aHepbi, npoKJieeHHofl h  nponHTaHHOH daKejiHTOM. I ln a H - 
B ya  coBepmeHHO CToeK n o  OTHomeHHio k  BO^e, a npncyTCTBHe b h c m  
(|)eHOJia ^ e jia eT  e r o  HeBoenpHHMqHBbiM k  3anJiecHeBeHHio h nopa>xeHHK> 
rpH dxaM H ; oh  nponH ee odb iqH oro  /jepeBa, He K opodH Tca , He T p e cx a eT ca , 
x op o rn o  niTaMnyeTCH h b o  M H ornx c j iy q a a x  aBJiaeTca 3aMeHHTejieM Me- 
T a ju ia . BaKejiH Tbi npHM eHaioT em,e h  a j ih  M H ornx A p y r n x  n e jie ft .

XIjih  nojiyneH H H  (|)eHOJionjiacTOB npnroAH bi pa3JiHHHbie (JieHOJibi h 
a jib ^ ern flb i. X o p o m n e  TBepAbie c m o jih  n o jiyqa iO T  npH KOH^eHcaunH (J)e- 
HOJia c c})ypc[)ypojioM  (dyputri). B M H oroqncjieH H bix  naTeH Tax h padoTax  
peKOMeHAyiOTCH (JieHOJIOnJiaCTbl H3 Kpe30JI0B, KCHJieHOJIOB, x jiop H p o- 
B3HHbIX 4>eHOJIOB, p e3 0 p u n n a , C3JIHII,HH0B0H KHCJIOTbl H ApyrHX COeAHHeHHH 
(JjeHOJibHoro x a p a K T ep a . B m cc to  ^ op M a jib / jen ifla  mohcho dpaTb  yxcycH brn  
a jib ^ e rH ^ , M acjiaH bift a jib ^ e rn ^ , aueTOH h t . a .

O eH O jio-aJ ib^ernAH bie cm o jim  f l j ia  H3MeHeHHa h x  c bo h c tb  mojkho  m o - 
flH^JHHHpOBaTb pa3JIHMHbIMH ^odaBKaMH. OcHOBHbIM Hey^odCTBOM 3THX 
CMOJI dblJia HX HepaCTBOpHMOCTb H HeB03M0HCH0CTb npHMeHeHHH flJIH 
H3roTOBjieHHH JiaxoB h KpacoK. rtyTCM pa3JinqHbix AodaBOK danejiHT 
MOJKHO npeBpaTHTb B MaCJIOpaCTBOpHMyK) CMOJiy. riepBOH H3 TaKHX m o - 
flH(J)HU,HpoBaHHbix (JjeHOjibHbix cmoji dbui a A b 6 e p m o A , nojiyqaeMbifi c o b - 
MecTHbiM HarpeBaHHeM (JieHOJia, ^opMajib^era^a h xaHHiJiojiH.

PaCTBOpHMOCTH CMOJIbI B MaCJie MOJKHO flOCTHqb T3KJKe flodaBKaMH 
CTeapHHOBOH H JIHHOJieBOH KHCJIOT, TJIHUepHHa H flp y rH X  MHOroaTOM- 
Hbix cnupTOB, rjiH uepH H a c (})TajieBbiM aHrH^pH^OM h t . r . JIaKH h x p a -  
CKH, npnrOTOBJieHHbie H3 TaKHX MO,HH(j)HUHpOBaHHbIX daKeJIHTOB, OT- 
jiHqaiOTCH npeKpacHOH K po iom efi cnocodHOCTbio h b h c o k o h  npoqHOCTbio.

B pe3yjibTaTe Hccjie/joBaHHH b odjiacra (jieHOJionjiacTOB dbuin nojiv- 
qeHbi KapOoAumoebie cmoau, pa3padoTaHHbie T C. IleTpoBbiM [55]. 
KapdojiHTbi nojiyqaiOTCH H3 (JieHOJia h (JjopMajibAerĤ a c AodaBKoft 15% 
cyjiwJioKHCJiOT («koht3kt rieTpoBa»). Ohh HenjiaBKH H HepacTBopHMbi, 
xoporno 4>OpMyiOTCH H odTaqHBaiOTCH, HHepTHbl K dOJIblHHHCTBy XHMH- 
qecKHX areHTOB.

Ot KapdojiHTOB 3HaqHTejibHO OTJinqaiOTCH cunmanu— cy jiw jiH p o - 
BaHHbie npoflyK Tb i ^jeHOJio-cJiopMajibflerHAHOH KOHfleHcauHH. Hx n o jiy -  
qaiOT KOHAeHcaHHefl cyjib(])HpoBaHHbix (JieHOjiOB c (JiopMajiHHOM. F lo j iy -  
qeHHbifl n p o^ yK T  npe^cTaBJineT co d o fi decuB eTH yio, BH3Kyio h p a c -  
TBopHM yio b xojioahoh Bo^e M accy , KOTopaa HBJiaeTca xopou iH M  chh-
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TeinqecKHM /jySHTejieM. CHHTaHbi mojkho nojiynaTb H3 pa3JiH9Hbix 
cy.TwjDcxJieHÔ OB h ajib̂ erHAOB. B ocHOBe mhothx chht3hob ;ie>KaT 
nô HMepHbie uenn:

H3 t3khx cHHTeTuqecKHX AyOHTejien oco6oe npHMeHeHHe HMeiOT n e p a -  
doA N  (npo^yKT KOHAeHcauHH TexunnecKoro cyjiwfjnpoBaHHoro Kpe30Jia 
c cjiopMajibAerH/iOM) h nepadoA ND (npoAyKT KOHAeHcauHH HacJrrajiHH- 
cyjib^ioKHcjioT c (fiopMajib/ierHAOM).

iVin Hauieft npoMbiiujieHHOCTH npeACTaBJiaeT HHTepec pa6oTa 
A. H. BpoACKoro no nojiynemno c[)eHO.nonjiacTOB na 6a3e êHOJiOB sctoh- 
ckhx cjianueB [56].

3. nojiyweHHe aMHHoruiacTOB
KoHAeHcauHH aMnnoB c pa3JiHMHbiMH Knc.nopoAcoAep>KamHMn co- 

eAHHCHHHMH npoTeKaeT oqeHb jierKO [50, 57]. TaKHM nyTeM o6pa3yioTCH 
npoMe>KyTOMHbie coeAHHeHHH npn CH»Te3e KpacHTejien, CHHTeraqecKHx 
bojiokoh, njiacTMaccbi h t . a - AjwcjjaTHqecKHe h apoMaTHMecKne ajibAe- 
mAbi o6pa3yfOT c apoMamqecKHMH aMHnaMH coeAHHeHHH THna mnc])- 
(j)OBbix OCHOB3HHH c N =CH-rpynnaMn. Ajui(])aTHqecKHe inH(}x]x)Bbi 
ocHOBannn hcctomkh h MoryT nojiHMepH30BaTbCB b TpHMepbi:

CM3CIIO +  h 2nc(1h5 CII3CH=NCgH5 +  h 2o
c h 3 CcH5 
I !

C f l - N
/  \

3CH ,CH =  NC6H5 -> - C6II5- N  C H -C II3
\  /

CH—N
I I

c h 3 C61I,
B3aHMOAencTBHe apoMaTHnecKHx 3mhhob c cJiopMaJibAerHAOM npn* 

BOAHT K 06pa30BaHHK) TBepAbIX nOJIHMepHbIX paCTBOpHMbIX cmoji, t . e. 
HMeiomHx JiHHeHHyio c tp y K T y p y :

- N I L2 +  c h 2o —n h - c h 2o h —n = c h 2+  h 2o

n _N =C H 2 nojiHMepH3ai;H5i

--------N—CH2—N—CH2—N—CH2—• • •

Bojibinoe 3HaneHHe nivieioT CTeKjioo6pa3Hbie npoAyKTbi no.iHKOH- 
AeHcamiH MoneBHHbi c ([jopMajibAerHAOM. MHonie hccjieAOBaTejih chh- 
Takdt, 9to 9tot npouecc Jiymne Bcero hact b boahom pacTBope. B 3a- 
BHCHMOCTH OT COOTHOLLieHHH peareHTOB nÔ yqaKDTCH pa3JlHMHbie npo
AyKTbi. Tan, b mejioqHOH cpeAe 9KBHMo;ieKyjiflpHbie KOJiHnecTBa Mowe- 
BHHbi h c[)opMaAbAerHAa o6pa3yiOT MOHOMeTHAOJiMoqeBHHy
32*
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/ N H 2 /N H C H 2OH
CO +  CH20  - ►  CO
\ nh2 \ nh2

npH H36biTKe nee 4>opMaAbAerHAa—AHMeTHAOAMoqeBHHy:
^NH* ^/NHCHsOH

CO 4- 2CH20  - ►  CO
\ n h 2 \ n h c h 2o h

B k h c j io h  cpe^e H3 MoqeBHHbi h  (jjopMajibflerHfla o6pa3yeTCH 6ejibift 
aMop^JHbiH HepacTBopHMbift ocaflOK, a a h  KOToporo npe^no^araiOT Ase 
CTpyKTypw:

npH
NH4OH

/N H 2 /N H v /N H 2
/ —H20 /  \  /

CO + CH20 OC CH2 hjih CO
\ nh2 \ nh/  \ n=CH2

KOHAeHCauHH MoqeBHHbi c (|)opMajibAerHAOM b  npHcyTCTBHH 
nojiyqaeTCH UHKJIHqeCKHH TpHMep:

CONHCH2OH

/NHo/ l
3 CO + 6 C H 20  

^NH,
h 2c

/N-CH2̂
n - c o n h c h 2o h

\ n - C H 2/
I

c o n h c h 2o h

JXjik o6T>BCHeHHB AaAbHeftiiieH k o h a c h caunh  s t h x  npocTbix npoAyx- 
t o b  b  BbicoKOMOJieKyABpHbie nojiHMepbi npeAJioxceHO HecKOAbKO Mexa- 
h h 3m o b  hah cxeM. BepoaTHee Bcero npoiiecc h a c t  no cAeAyiomHM cra- 
Ahhm: 1) o6pa30BaHHe AHMeTHAOAMoqeBHHbi, 2) nepexoA ee nocAe Ae- 
rH A p aT an H H  b  A H M eT H A eH M oqeB H H y, 3) noA H K O H A eH cauH H  AH M eTH AeH - 

MoqeBHHbi b  TpexMepHbiH noAHMep:
n h 2 NH—CH2OH n = c h 2 —N—CH2—
1

CO +  2CH20
1

CO z_H£ c o
1

*■  CO - >

n h 2 NH—CH2OH
1

n = c h 2 - n - c h 2—
--------H2C—N -C H ,

I
CO CO

• — N—CH2—N—CH2—N—CH2—N— .
I

CO CO

• • • N—CH2—N—CH2—N—CH2—N—
I I
CO CO
I I

------N—CH2—N—CH2—N—CH2—N— •
I I

CO CO
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ripH OCTOpOJKHOH K0HACHC3UHH MOqeBHHbl c xJiopMajibAerHAOM 06-  
pa3yK)TCH fiecuBeTHue h npo3paqHbie, KaK xpycrajib, cmojih (opeanu- 
nectioe cmeKAO, noAAonasbi). nepBbie odpa3Ubi opraHHqecKoro crenjia 
HafiyxaJiH ot BJiarH B03Ayxa h craHOBHJiHCb xpynKHMH. Bhjio Hafl̂ eHO, 
hto 3th He»ejiaTejibHbie CBOHCTBa Hcqe3aiOT, ecjw c (JiopMajibAerHAOM koh- 
AGHCHpOB3Tb CMeCb MOHeBHHbl C THOMOqeBHHOH. XpynKOCTb CMOJlbl 
MO>KHO 3H3MHTeJl bHO CHH3HTb npH KOHA6HC3UHH BBeAeHHeM 30—40% 
UeJIJIK)JI03bI. FIp03paHH0CTb npH 3TOM TepaeTCH, HO 3aTO npH flo6aBJieHHH 
pa3JiHMHbix KpacHTejiefl h HanojiHHTejiefi nojiyqaiOTCH npexpacHbie Tep- 
MonjiacTHqecKHe MaTepnajibi, (JiopMyioiUHecH b wejiaeMbie npê MeTbi. 
ripouecc nojiyqeHHa t3khx cmoji aobojimio npocT: KOHAeHCHpyiOT b 
BÔ e 2 2- m o a  CO(NH2)2 c 3 e - m o a  CH20 b npHcyTCTBHH NH4OH, nnpH- 
aHHa hjih ypoTponHHa. riojiyqeHHbiH cnpon cMeuiHBaiOT c uejunojio- 
30H HJIH ApyrHMH HanOJIHHTeJlHMH, AoOaBJIHIOT KpaCHTCJIH H (jiopMyioT npH 
HarpeBaHHH. OopMyioiuHeca nopouiKH Taxoro THna H3BecTHbi noA Ha- 
3B3HHeM aAbdyp, nAacKOH. B nocjieAHee BpeMH MoqeBHHO-(|)opMajib- 
AerHAHbie cmojih HaqajiH MOAHcJwuHpoBaTb nyTeM kohaghc3U.hu MoqeBH- 
Hbi c 4)OpMaJibAerHAOM b npucyTCTBHH aueTajieii oAHoaTOMHbix hjih mho- 
roaTOMHblX CnHpTOB HJIH C TJIH(j)TaJIHMH.

PeaKUHH MoqeBHHbi c tjiopMa jibAerHAOM h cnnpTaMH mo>kho npeA- 
cTaBHTb cjieAyioiuHMH cxeMaMH:

jlajibHefluiaa koha6hc3Uhh c BbiAeJieHHeM MOJieKyji cnHpTa npHBO- 
Aht k o6pa30BaHHio ceTqaTbix MOJieKyji. B cjiyqae KOHACHcaunn Moqe- 
BHiibi h ôpMajibAerHAa c rjiHctrrajiHMH nojiyqaeMbie npoAyKTbi oqeHb 
pa3H006pa3HM no CTpyKType. BepoaTHO, nepBbie cthahh kohaghc3UHh 
npoHCXOAHT no cxeMe:

CHoO +  2ROH ROCH2OR +  H20

NH2 n h c h 2o r

CO +  2ROCH2OR - ►  CO -f  2ROH

NH. NHCH2OR

NHCHo-OH

CO

NHCH2—OH +  H O -C H , O

NHCHa-O H  +  H O -C H 2 O
I

CO
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NH—CH2—O -C H

CO

N H -C H 2- 0 - C H 2 0

CH2—O—C—v //
I II ^

n h - c h 2- o - c h 2 o

TaKHe MOAHCflHUHpOBaHHbie CMOAbI npHMeHHHDTCH B HaCTOHUjee Bpe- 
MH AAH npOH3BÔ CTBa JiaKOB, KpaCOK H HHbIX nJieHOMHblX nOKpbITHH. 
Tax Kax ohh xopomo pacTBopHMbi b MacAax, cnnpTe h .npyrnx opraHH- 
MeCKHX paCTBOpHTejIHX. HeKOTOpbie H3 3THX CMOJI paCTBOpHMbl H B 
Macjie h b BOfle.

npH KOHAeHCaUHH 3MHHOB C OpraHHqeCKHMH KapSOHOBbIMH KHCAOT3MH
o6pa3yiOTCH coeAHHeHHH c nenTHAHOH cBH3bio [58]:

nenTHAHan cBH3b nrpaeT ocodyio pojib b noAHnenTHAax h dejiKOBbix 
BemeCTBaX. Ha CBOHCTBe MHOfOOCHOBHbIX KHCAOT pearHpOBaTb c AH- 
aMHHaMH h o6pa30BbmaTb BbicoKOMOJieKyjinpHbie uenHbie noAHMepbi c 
nenTHAHbiMH cbh3hmh ocHOBaHO nojiyqeHHe nojinaMHAHOH cmojih n a u -  
A o n a , ycneuiHO KOHKypHpyiOLU,ero c HaTypajibHbiM h HCKyccTBeHHbiM 
UieAKOM.

HccjieAOBaHHH b odAacTH nojiHKOHACHcauHH npHBejiH k noAyqeHHio 
noJinaMHAOB c CO— N H -cbh3hmh (nenTHAHbiMH cbh3hmh). Bmjio ycTa- 
HOBjieHO, hto npH KOHAeHcauHH TpHMeTHjieHrjiHKOJibreKcaAeKaAH- 
KapdoHOBon khcjioth c e-aMHHOKanpoHOBofi khcjiotoh b aTMOc^epe 
a30Ta odpa3yeTCH TBepAbiH, npoqHbift, AOBOAbHO npo3panHbiH, a b 
tohkom cjioe rndKHH noAHMep; npn 40—50° H3 Hero mo>kho BbiTnrHBaTb
AOCTaTOHHO npOMHbie HHTH.

ripodJieMa nojiyqeHHH nojinaMHAHoro BOAOKHa dbiJia pa3pemeHa 
nocAe AeTaAbHoro H3yqeHHH noAHKOHAGHcaunn a,u>-AHaMHHOB c pa3- 
H00dp33HbIMH AByXOCHOBHbIMH KapdOHOBbIMH KHCA0T3MH. JlyMUIHe pe- 
3yAbTaTbi noAyqHAHCb npH noAHKOHAeHcauHH reKcaMeTHAeHAHaMHHa c 
aAnnHHOBOH khcaotoh. PeaKUHH npoTexaeT no cAeAyromen cxeM e:

4. r ioA yq eH H e cHHTeTHqecKHx b o a o k o h

RCOOH +  H2NR' - ►  RCONHR' +  H20

NH. COOH H2N COOH

(CH2)6 +  (CH2)4 +  (CH2)6 +  (CH2)4
—h2o

NH. NH.HOCO HOCO
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------- NH
I

CO- -NH C O --

-------- ►  (CH2)6 (CH2)4 (CH2)6 (CH2)4
I I I

NH------CO NH— CO

TaKHe MOJieKyjibi co/*ep>KaT MHoroKpambie nenTHflHwe cbh3h

/NH /NHX /NH
s(CHa)*/ ■ v ^ v

h b 3tom OTHOLueHHH aHajiorHHHbi HaTypa-nbHOMy BOJiOKHy, HanpHMep 
rnejiKy hjih mepcTH (HaftjioH HHaae Ha3biBâ H «66» no qncjiy aTOMOB 
yr\nepo;ja b aMHHe h KHCJioTe).

B HacToamee BpeMa HaftjiOH nojiyaaiOT b SoJibuiHx KOJinnecTBax. 
CaMbiM 3aMenaTejibHbiM b stom cjiojkhom npouecce HBJiaeTCH to, mto 
ncxoAHbiM MaTepnajioM MO>KeT cjiy>KHTb amub oahh 6eH30Ji. OxaeJib- 
Hbie CTâ HH npouecca bchh H3 cxeMbi:

V

/f\_OH

V -
H

c h 2 c h 2

H2C ^COOH \\/ XCN
H|

h 2c  co o h h 2c CN

X c n 2 : h 2

o

(CH2)6(NH2)2

/
/NHX /, 

/  N CO/
(CHa)4

\
/NH. /NH. /(CH2)4X /'

CO7  X (CHa) /  X C C / x CO/

B HacToauiee BpeMH pa3pa6oTaHbi h ^pyrne nyTH CHHTe3a HaiuiOHa, 
npHBeĵ eHHbie b cjieayiomeH o6mefi cxeMe. H3 sthx motoaob oco6o hh- 
TepeceH h nepcneKTHBeH nyTb nojiyqeHHa H3 aueTHjieHa (cm. cxeMbi Ha 
dp. 504).

B TexHOJiornH nojiyneHna HafijioHa oco6eHHoe BHHMaHHe oSpamaioT 
Ha MHCTOTy HCXOflHblX MaTepHaJlOB H Ha TOMHOe COOTHOUieHHe o6ohx 
KOMnOHeHTOB (1 : 1). Tan Kax flnaMHH xpaHHTb oneHb TpyAHO, to ero 
nepeBO^HT B aMMOHHeByiO COJIb aflHnHHOBOH KHCJIOTbl, H3 KOTOpoft 
HarpeBaHHeM b aTMOcc{)epe a30Ta npn 200° nojiyaaiOT nojiHaMĤ  c MOJie- 
KyjiapHbiM BecoM 2400—5000. nocjieflHHH npeBpamaiOT b nojiHMep 
c MO/ieKyjiapHbiM BecoM 15 000—25 000 HarpeBaHHeM npn 200 am. Bee
CTâ HH nOJlHMepH3aUHH HeodxOAHMO BeCTH npH nOJIHOM OTCyTCTBHH 
B03^yxa.

npn HenpepbIBHOM 3aBOACKOM npOH3BÔ CTBe H3HJIOH3 KyCKH nOJIH- 
Mepa pacnJiaB^aioT (t . nji. 263°) h npo^aBJiHBaHHeM qepe3 c^Hjibepu no-
JiyMaiOT HHTH Hy>KHOH TOJIlltHHH.
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npH pacTAJKeHHH Ha xoaoay hhth yajihhhiotch b 4 pa3a, npHqeM 
BCJieflCTBHe pacTBJKeHHH npoHcxo^HT opHeHTauHH MOJieKyn. PeHTreHO- 
rpaMMbi noKa3biBaiOT, hto hhth h3 pacTHHyToro HanjiOHa 6jih3kh k hh- 
thm HaTypa^bHoro rnejiKa, no npoMHOCTH >Ke h tohkocth hhth HaiuiOH 
npeBocxo^HT HaTypajibHbin mejin, mto bhaho H3 AaHHbix, npHBeAeHHbix 
b Ta6ji. 50.

TAEwIHLlA 50

Bo.iOKHa
AaaMeTp

y,nejibHafl npoHHOCTb
hhth, AeHbe AacopOuhh

HHTH,
MK

cyxofi

h 2o ,
%

HaHJioH 1,14 5 ,0 4 ,5 3 ,5
IJJejiK HaTypa.ibHbn”! 1 ,30 4 ,6 3 ,9 11 ,0

»  BHCK03HWH 1,52 1 ,8 0 ,9 12,0
»  aueTaTHbii! 1 ,30 1,5 1 ,0 6 ,5

HafljiOH npHMeHaeTCH Taione .zjjih nojiyqeHHH H30,i5mH0HHbix MaTe- 
pnajiOB h ,hjih ^pyrHx uejiefl.

XHMHnecKan CTOHKocTb HafljiOHa He OHeHb BucoKa. Tan, oh otho- 
CHTeJIbHO MaJIO CTOeK no OTHOUieHHK) K MHOrHM MHHepaJIbHbIM KHC./IOT3M 
H CHJIbHbIM OKHCJIHTejIHM, HO HHepTeH K mejIOMaM, JKHpHbIM H apOMa-
THnecKHM ymeBOAopoAaM, cnnpTaM, KeTOHaM h cepoyniepoAy. Ilpn 
KHnnneHHH c 5% pacTBopoM HC1 oh ct3hobhtch xpvnKHM h 3aTeM pac- 
cbinaeTca.

KpoMe HafljiOHa, H3BecTHbi h Apyrne cHHTenmecKHe no.iHaMHAHbie 
BOJioKHa, HanpHMep k an p on , Bnanm.

KanpoH npeACTaBJineT co6oii nojiHMep KanpoJiaKTaMa. Z U h nojiy- 
neHHfl ero 6eH30Ji h.ih  (jieHOji cnepBa npeBpamaiOT b UHKjioreKcaHOH, 
nocJieAHHft nepeBOAHT b okchm, KOTopbifi npn HarpeBaHHH H30MepH3yeT- 
ch c pacuinpeHHeM KOjibua b KanpojiaKTaM:

c h 2 CH„ c h 2
/ \ / \

HoC —O \j],. H.,C C=NOH  
►  1 1

)l30MepH3aU,HH H2C C O

HaC CH2 h 2c  c h , h 2c  \ h
\  / \  / ! i

CHc CH,, h 2c  c h 2
HcXOAHblH KanpOJiaKT3M MOJKHO T3KJKe nOAyHaTb MaCTHMHbIM BOC- 

CTaHOBAeHHeM AHHHTpHJia aAHnHHOBOH KHCAOTbl B 3MHHOHHTpHJI (BbIXOA 
80—85%), KOTopbifl 3aTeM npeBpamaeTCH b jiaKTaM:

CN CHo-NH,
CH2

/  V
1 H 1

(CH2)4 ------ (CH2)4
1 1

— ^  (CH2)4
- h2o

oIIy> —

- nh3 I h2c
!

NH
CN CN COOH 1

h2c ch2
KanpoAaKTaM  mo>kho  nojiynaTb H3 auerajieHa (cTp. 747). AHajiorHHHO 

HaiiAOHy pacnjiaB.ieHHyio nanpoHOByio Kpouiny npnAVT npH 230—235°
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npoTHTHBaHHeM qepe3 (Jwjibepbi c pacTHJKeHHeM Ha 400— 450% 
h KpyTKOH bojiokoh. KanpoHOBan cMOJia dojiee ycroftqHBa, qeM Haftjio- 
HOBaa, k  fleHCTBHio TeMnepaTypbi h npome b npH^eHHH. OflHaKO KanpOH 
(nepJiOH) oOjia^aeT Hê ocTaTKOM— npn nojiHMepH3anHH Bcer^a nojiy- 
qaeTCH 10— 12% MOHOMepa H3-3a paBHOBecHH MOHOMep^nojiHMep. 
TlOSTOMy B KanpOHOBOM BOJIOKHe HMeeTCH OKOJIO 3,5% HH3KOMOJieKy- 
jiapHbix coê HHeHHH, KOTopbie 3aTeM yflajmioT H3 HHTeft cneunajibHoft 
o6pa6oTKofl ropnqeft bo^ o h .

Pa3pa6oTaHbi h noAuypemaHoebie tiAacmuKU, KOTopbie no KaqecTBy 
npnpaBHHBaioTcyi k HafijiOHy, a no HeKOTopbiM noKa3aTejiHM npeBoexo^HT 
ero. Hx mojkho nojiyqaTb H3 reKcaMeTHjieH^HH3onnaHaTa c OyTaHAHo- 
JIOM-1,4 H npHMeHHTb JlflH H3rOTOBJieHHH meTHHbl, HCKyCCTBeHHOH KO>KH, 
npoKjienKH OyMara h t . a -

H3 Apyrnx CHHTeTHqeCKHX BOJIOKOH HeoSxOAHMO OTMeTHTb K03eUH0- 
ebie nAacmuKii, nojiyqaeMbie KOH^eHcanHeft Ka3eHHa c (JjopMajib^erH^OM. 
Hx BbinycKajin no# Ha3BaHneM CHaqajia Kpunoud, a 3aTeM MUAbKcmon 
HJIH ZdACLAUm.

XIjih nojiyqeHHH rajiaJiHTa Ka3enH cnepBa HarpeBaiOT c rjinnepHHOM 
HJIH TpHKpe3HJI(J)OC{J)aTOM, a 33TeM 06pa6aTbIBai0T 4% (JlOpMaJIHHOM 
>npH K0MH3TH0H TeMnepaType, b pe3yjibTaTe qero oh npeBpamaeTcn 
b coBepmeHHO TBep^yio Maccy. Tlo 9T0My npHHnnny 6 hji nojiyqeH npe- 
®ocxoahhh  3aMeHHTejib BOHJiOKa, oqeHb noxo>KHft Ha rnepcTb, ho Me- 
nee sjiacTHqHbift. Ka3eHH0Bbie njiacTHKH, nojiyqeHHbie c ^oOaBKaMH 
STHJieHrjIHKOJIH HJIH rjIHUepHHa, HCnOJIb3yiOTCH flJIH H3rOTOBJieHHH 
nyroBHH, npnjKeK h t . r . B HacTOHinee BpeMH aHajiornqHbiM nyTeM ro- 
TOBHT npOTeHHOBbie nJiaCTHKH H3 (|)OpMaJlHHa H 3eHHa.

MexaHH3M SToro cjio>KHoro nponecca eme Majio H3yqeH. BeponTHO, 
'CnepBa (JiopMajiHH no^BepraeTcn KOHfleHcauHOHHoft nojiHMepH3auHH 
c NH 2-rpynnaMH a-aMHHOKHCJiOT, 3aTeM BbmejineTCH BOfla c o6pa30Ba- 
HHeM CH2=N-rpynn, KOTopbie aAUHTHBHO nojiHMepH3yioTC5i:

- h2o
c h 2o +  H2NCH2COOH------ ► HOCH2NHCH2COOH------ ►  c h 2= n ch2cooh  — - ►

CH2—N—

c h 2c o o h n
PeH'ireHOCKonHqecKoe HccjieflOBaHHe Ka3eHHOBoro BOjioKHa noxa- 

3bIBaeT, HTO OHO COCTOHT H3 flJIHHHblX HHTeft, COAepHCamHX nOBTOpHIO- 
mnecH cTpyicrypHbie e^HHHHbi — CO—’CH2—NH —  h mecTHqjieHHbie 
KOJibna, npocTpaHCTBeHHO o^HHaKOBbie c TpHOKCHMeTHjieHOM. Odpa30- 
BaHHe hx mohcho npe^craBHTb cjie^yiomHM odpa30M:

R
I

2 C = 0  +  CH20

OH HO
\

C - R - h2o

R '-N H R'—N
O
II

CH,

N—R'
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ch2 ch2
/  \ /  \

O 0n 1
R—C C—R \c c /

" :l R'HNr \  /  X
R'—N N—R' O

R

NHR'

O p / io n  (H u m p o n ) npeACTaBAaeT codofi noAHMep aKpHJiOHHTpnjia, no- 
■Ayqaromeroca KaTaAHTHqecKH H3 aueTHjieHa h chhhai>hoh khcaotm:

CH =CH  +  HCN CH2= C H -C N
A kphaohhtpha AemeB h AOcryneH, noaTOMy opjionoBoe bojiokho 

(hhtpoh) dbicrpo noAyqHAO iiiHpOKoe npHMeHeHne. OopMHpoBaHHG 
BOJiOKHa Be,ayT b AHMeTHAipopMaMHAe hah b rjiHuepiiHOBOH BaHHe.

T e p u A e n —npoAyKT KOHAeHcanHH TepecjrraAeBoii KHCJiOTbi c 3THJie- 
hom hjih TeTpaMeTHjieHrjiHKOJieM. TepecjDTajieByio khcaotv noAyqaiOT 
KaTajiHTHqecKHM okhcjighhcm «-KCHJiojia hjih qepe3 xjiopMeTHJiHpoBa- 
HHe TOJiyoJia. TexHOAoraa noAyqeHHa TepnjieHa npHMepHO Taaaa a<e, 
KaK ^jih HaftjioHa hah KanpOHa.

5. PecHHTe3 SejiKOB

Flpoueccbi THApojiH3a dejiKOB ii yrjieBOAOB npoTeKaiOT noA achctbhcm 
KHCJIOT HJIH 4>epMeHTOB AOCTaTOqHO AerKO.

Bee dnoxHMHqecKHe npoueccbi npoxoAHT b pa3daBAeHHbix boahux 
pacTBOpax. HandoAee KOHueHTpHpoBaHHbie pacTBopbi coAep>KaT AHnib 
7—9% deAKOB (nAa3Ma kpobh). H3BecTHO, qTO npoTeoAH-THqecKHe cjjep- 
MeHTbi, ycKopaiom,He thapoah3 deAKOB ao AHKeTonHnepa3HHOB h Aawe 
CBOdOAHbIX a-aMHHOKHCAOT, MOryT npOBOAHTb npouecc B odpaTHOM Ha- 
npaBAeHHH.

OAHaKO KaTaAH3aTopbi, cnocodHbie npOBOAHTb pecHHTe3 deAKOB H3 
a-aMHHOKHCAOT HAH AHKeTOnHnepa3HHOB BHe OpraHH3Ma, AO CHX nop 
He OTKpbITbl. B 9T0M HanpaBACHHH npOBOAHAHCb padOTbl, H3 KOTOpbIX 
HHTepec npeACTaBAHiOT uccAeAOBaHHa A. H .  .flaHHAeBCKoro [59]. Oh 
AeftcTBHeM npoTeoAHTHqecKHX (pepMeHTOB BHe kactok noAyqHA CBoe- 
odpa3Hbie npoAyKTbi pecHHTe3a—He pacTBopHMbie b BOAe n A a c m e u n u , 
KOTopbie He AaioT, OAHaKO, hh oahoh H3 xapaKTepHbix peaKUHH Ha deA- 
kh h npnpoAa KOTopbix ao chx nop He ycTaHOBAeHa. HHTepec b stom 
OTHOineHHH npeACTaBAHiOT padora C. E. BpecAepa [60] c coTpyAHHKa- 
MH, KOTopbie OCymeCTBHAH odpaTHUH CHHTC3 deAKOB, npHMeHHB BblCO- 
KHe AaBAeHHH nopaAKa 5000—6000 a m . 3Ty cTaAHio npouecca 
C. E. BpecAep h33B3a p e c im m e 3 0 M  deA Koe. EMy BnepBbie yAaAOCb ycTa- 
HOBHTb, hto cxeMaTHqecKaa peaKUHH

R

/CH\

R'

7 chx  /Chx

CO-NH CO-NM CO—NH
/CH\
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R R' R" Rw

v*: ch +  CH +  CH +
|

CH +
/ X / \ . X

h2n  cooh h 2n  cooh h 2n  cooh H,N COOH

o6paTHMa. B KanecTBe hcxoahhx BemecTB jy in  pecHHTeaa dejiKOB dbijin 
b3h tm  pa3JiHHHbie TH,npojiH3aTbi dejiKOB, pacmenjieHHbie npOTeojiHTH- 
yeCKHMH <J)epMeHT3MH Ha HH3KOMOJieKyjIHpHbie nenTH^bl, COCTOHIUHe 
JIHLUb H3 6 — 10 3BeHbeB Ct-aMHHOKHCJIOT (c  MOJI. BeCOM 700— 1000). n p o -  
uecc npoBO^HjicH c 1 %  pacTBopoM (JjepMeHTOB— nencHHa, TpuncHHa—  
b 6y4)epHbix pacTBopax. B KaqecTBe dycJjepoB Jiyqm ne pe3yjibTaTbi no- 
KaaajiH 4>oc(J)opHaH KHCJioTa h yrjieKHCJibin HaTpuft. OadHJiH3aTopaMH 
cjiyjKH jm  20 %  pacTBOpbi rjnoK03bi. TaKHM nyTeM npn 37° h cBepxBbico- 
khx ^aBJieHHHX H3 TpHajiaHHHa dbiJi nojiyqeH  nojw nenTH A «3  12— 15 
ocTaTKOB ajiaHHHa, H3 rH^poJiH3aTOB HtejiaTHHbi h ajibdyMHHa dbiJin 
CHOBa pecHHTe3HpoB3Hbi JKejiaTHHa h ajibdyMHH. 3th padoTbi npeAcraB- 
JIHIOT 3HaMHTejlbHbIH TeopeTHHeCKHH HHTepeC [61 ], XOTH pe3yJIbTaTbI HX 
H OCnapHBaKJTCH.
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r j i a B a  I X

KATAJIHTHMECKAfl rHflPATAUHfl. THAP0JIH3
H AJIKOrOJlM3

OBW.Aft K J I A C C m H K A W H

MHorae opraHHqecKHe coê HHeHHH b pe3yjibTaTe B3aHM0AeiicTBHH 
C BOAOH HJIH CDHpTaMH CnOCOGHbl 06pa30BbIBaTb pa3H006pa3Hbie HOBbie 
BemecTBa. B cootbctctbhh c sthm MHoroqHCJieHHbie npoueccbi Tanoro 
po^a yao6ho KJiaccHcJmuHpoBaTb cjie ŷiomHM o6pa30M.

A. rH^paTauHB, hjih npncoeAHHeHHe boah k opraHHqecKHM coe#n- 
HeHHHM (b nepByio oqepeAb, k STHjieHOBbiM, aueTHjieHOBbiM, AHeHOBbiM 
yrjieBOAopoAaM, okhchm h t. A-)-

B. r HApOJTH3 OpraHHMeCKHX COeAHHeHHH boaoh:
1) 6e3 pacnaAa MOJieKyji (o6MeH pa3jmqHbix (JiyHKUHOHajibHbix 

rpynn Ha thapokchji);
2) c pacnaAOM MOJieKyji (hcthhhmh rHApojiH3).
B. AjiKorojiH3—aHajiorHHHoe rnApojiH3y oSMeHHoe pa3Jio>KeHHe

AeHCTBHeM dlHpTOB.
A. rHflPATAUHfl

1. THflpaTau,HH ojie(J]HHOEbix yrjieBOAOpOAOB

ripHCoeAHHeHHe boah k ojie(|)HHOBbiM yrjieBOAopoAaM npOTenaeT 
name Bcero no npaBHjiy MapKOBHHKOBa. Sthjich npn stom npeBpamaeT- 
CH B STHAOBblH CnHpT, a BCe rOMOJIOrH, B 33BHCHMOCTH OT HX CTpyKTy- 
pbl,— IViaBHblM o6pa30M BO BTOpHqHbie HJIH TpeTHHHbie CnHpTbi:

c h 2= c h 2 +  H20  —►  CH3CH2OH 
RCH=CH2 +  H20  - ►  RCHOHCHg 

RCH=CHR +  H20  RCHOHCH2R 
r 2c = c h 2 +  H20 -* -  R2COHCH3 

r 2c = c h r  +  H20  - ►  R2COHCH2R h t. A.

TaKHM o6pa30M, 0AH03aMemeHHbie hjih cHMMeTpnqHbie ABy3aMemeH- 
Hbie OAê HHbi o6pa3yiOT npeHMymecTBeHHO BTopHHHbie cnnpTH, a He- 
CHMMeTpHMHbie ABy-. Tpex- h MeTbipex3aMemeHHbie ojietfiHHbi—TpeTHq- 
Hbie cnnpTbi. 3th npoueccbi jiejxaT b ocHOBe TexHHqecKoro nojiyqeHHH 
CnHpTOB H3 OJiecjlHHOB. B 33BHCHM0CTH OT yCJIOBHfl peaKHHH h  npHMe- 
HneMbix kaTajiH3aTopoB pa3JiHqai0T KHCJiOTHyio h  npnMyio THApaTauHio.
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riepBan npoBOAHTCH b roMoreHHOH cpe^e noA AeficTBHeM MHHepaAbHbix. 
xhcaot, BTopaa—qam,e Bcero b reTeporeHHOH b npncyTCTBHH TBepAbix 
KaT3JIH3aTOpOB.

Eme b KOHue XVIII b. 6hao HafiAeHO, hto npn nponycKaHHH «MacAO- 
poflHoro ra3a» (sTHAeHa) b xoHixeHTpHpoBaHHyio cepHyio xHCAOTy o6pa~ 
3yeTCH naKoe-TO BemecTBO, pa3Aarax>meecH boaoh c o6pa30BaHHeM cnnp- 
Ta. BcKope 6mao ycTaHOBjieHO, hto cepHaa KHCJiOTa npn stom pereHepn- 
pyerca, t. e. HBJiaeTCH xaTaAH3aTopoM, h hto npouecc npoTexaeT qe- 
pe3 npoMe>KyToqHoe o6pa30BaHHe STHAcepHOH xhcaoth:

c 2h 4 +  h o so 2o h  -* - c 2h bo so 2o h  

c 2h 6o so 2o h  +  H20  —  C2I IsOH +  h o so 2o h

3th HccjieAOBaHHH npoBOAHJiHCb nriaBHbiM o6pa30M T  TeHHejieM 
[1]. HHTepecHO OTMeTHTb, qTO T TeHHejib npHmeji k 3axAK)qeHHK), qTo 
STH/icepHaa XHCAOTa HBAneTCH Heo6xoAHMbiM npoMe>KyToqHbiM npo- 
AyKTOM 06pa30BaHHH 3t|)Hpa (hah CnHpTa).

A. M. ByTJiepoB h B. TopaHHOB [2], H3yqaBiuHe B3aHMOAeficTB He 
cepHoft xhcaoth c STujieHOM h npOAyKTbi, nojiyqaeMbie npn stom, npeA- 
CK333AH TexHHqecKHe bo3mo>khocth 3TOH peaxuHH. Ohh nncaAH: «yAo6- 
Hoe h 6biCTpoe noiViomeHHe STHJieHa xoHueHTpnpoBaHHOH cepHofi xhc- 
aotoh npn TeMnepaType oxoao 100° cocraBJiaeT (|)aKT, o6em,aiomHH co 
BpeMeHeM fipHoOpecTH npaKTHqecKoe 3HaqeHHe; ecjin 6bi yAajiocb ot- 
npbiTb AemeBbiH cnoco6 npHTOTOBJieHHH STHJieHa, to oh cocTaBHji 6bi 
MaTepnaji ajih AoObiBaHHH cnHpTa».

CnocoS THApaTauHH 6ma npeAAOH<eH aah nojiyqeHHH sthaoboto 
cnnpTa, ho oh AaBaJi Majio yAOBJieTBopHTejibHbie BbixoAbi. Oahoh H3 
npHHHH OKa3ajiacb MeAAeHHan norjiomaeMocTb 3THAeHa cepHofl xhcao- 
TOH, nOSTOMy H3AO SblJIO nOBbICHTb -KOHUeHTpaUHK) nOCJieAHefl H TeM- 
nepaTypy peaxuHH. OAHaxo b o6ohx cjiyqanx sto MaAO bahhao Ha 
yBejiHqeHHe BbixoAa cnnpTa, oco6eHHO npn noBbiuieHHH TeMnepaTypbi, 
Tax xax H2S04 npn 100— 120° oOyrAHBaeT qacTb STHACHa, npn stom. 
caMa xHCJioTa BoccTaHaBAHBaeTca ao S02 h AaeT noOoqHbie npoAyxra 
peaxuHH, HanpHMep.:

CHj 2SOs + 0 CH20S02v̂ ^  h2o^  CH,OS02OH Hao^

c h 2 c h 2o so . /  c h 2o so 2o h

c h 2o h
-------- ►  | "4* H2S04

c h 2o so 2o h

HoBbie HCCAeAOBaHHH noxa3aAH, hto nponeccy THApaTaitHH 3THjieHa 
cnocoOcTByxjT: 1) HH3XHe TeMnepaTypw, 2) noBbimeHHe AaBAeHHH,
3) npHcyTCTBHe cneu,H(J)HqecxHx xaTaAH3aTopoB A-na yBejiHqeHHH a6cop6- 
UHH STHAeHa cepHofl xhcaotoh. YcTaHOB̂ eHO, hto peaxuHX) ycxopax)T 
COeAHHeHHH 33XHCHOH MeÂJ H ApyrHe HH3LUHe OKHCAbI H COAH MeTaA- 
aob c nepeMeHHOH BaAeHTHOCTbK), cyAw|)aT cepe6pa, xpeMHeaeM, BaHa- 
AHeBan, BOAb̂ paMOBaH, MOAHfiAeHOBaa hah ypaHOBbie xhcaoth. Ot-
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MeqeHO Taione, hto HaHdojiee Mê jieHHO h TpyAHo norjiomaioTCH nepBbie 
nopuHH STHjieHa, nocjie qero npouecc ycKopneTca, Tan nan odpa3yio- 
maaca STHJicepHaa KHCJiOTa AeficTByeT ayTOKaTajiHTnqecKH.

H3 AofiaBOK Handojiee 3(}x})eKTHBHbiM hbjihctch Ag»S04 (1%), koto- 
pbiii no3BOJiaeT npoBOAHTb npouecc He npH 100—120% a npn 20—40°

B. Tyrapa, M, ,fl,ajiHH h P. IUeH^epOB [3], BcecropOHHe Hccjie^oBaB- 
uiHe npouecc cepHOKHCJiOTHOH rn^paTauHH STHjieHa, HaimiH, h t o  npn 
oOpadOTKe i io h t h  qncToro STHJieHa 98% H2S04 npH 60° h 10 am ncwiy- 
qaeTca KOĤ eHcaT coeraBa (b Bee. %):

STHJicepHasi KHCJiOTa 62
CepHaa KHCJiOTa 31,5
ZlHaTHJicyjibiJiaT 2,8
Boaa 0,5
riojiHMepbi h  npHMecH 3.2

IlojiyqeHHbiH nocjie rHApojiH3a 3Toro KOHACHcaTa «cnnpT» HMeeT 
cjie^yiomHH cocTaB (b Bee. %):

S t h jio b u h  cnnpT 85,0
JlHSTHJIOBblH 3(j)Hp 3,5
A u e T a jib fle rH ji 0,5
AueTOH 1,0
H3onponHJioBbin cnnpT 1,3
Boja 3,4

M. Xl,ajiHH h B. ryTbipa [4] yKa3UBaioT, mto r jih  rHApaTauHH amne- 
Ha Jiymue Bcero dpaTb 95—98% H2S04, TaK Kan 100% KHCJiOTa odyr- 
jiHBaeT qacTb STHJieHa h odpa3yeT noBbiuieHHbie KOjmqecTBa ^hsthji- 
cyjib(|)aTa, dojiee ace pa36aBjieHHaa KHCJiOTa pe3KO cHHJKaeT cKopocTb 
h BejinqHHy adcopditHH smneHa. KoHneHTpaimio cepHOH khcjiotm mohc- 
ho, o^HaKO, noHHJKaTb, ecJiH nponecc BecTH npH noBbimeHHbix AaBJie- 
hhhx. 3to ocodeHHO BaxcHO h noTOMy, qTO noA AasjieHHeM ao 20 am 
MOJKHO HCIIOJIb30BaTb Ta3 C OTHOCHTejIbHO HedOJIbUIOH KOHUeHTpaUHeft 
3THjieHa.

C nOMOmblO KHCJIOTHOH THApaTaUHH MOJKHO npeBpamaTb B enHpTbl H 
roMOJiorH STHjieHa. 3to dbijio BnepBbie OTMeqeHO A. M. ByTJiepoBbiM 
(1867 r)>, KOTopbift AeftcTBHeM H2S04 Ha H3odyTHJieH nojiyqHji TpHMeTHJi- 
KapdHHOJi. Ilo3AHeHuiHe ero padoTbi [5] noKa3ajiH, hto peaKHHOHHaa 
enoeodHOCTb ojie^HHOB B03pacTaeT c noBbimeHHeM MOJieKyjiapHoro 
Beca, npnqeM OAHOBpeMeHHO yBejiHqHBaeTca CKjiOHHOCTb h k nojiHMe- 
pH3aU,HH, H K 0dpa30BaHHK) aJIKHJICepHbIX KHCJIOT. TaK KaK CKOpOCTb 
nojiHMepH3aitHH BospacTaeT c noBbimeHHeM TeMnepaTypbi, npn nojiyqe- 
HHH CIIHpTOB HaCbHH,eHHe cepHOH KHCJIOTbl dyTHJieHOM H BblCUIHMH ojie- 
4>HHaMH Be^yT npn MHHyc 10—0° KaJKAHH H3 ô e(J)HHOB norjiomaeTca 
cepHOH KHCJIOTOft OnpeAeJieHHOH KOHIjeHTpaHHH, KOTOpyiO HaAO CHHJKaTb 
no Mepe yBejinqeHHa A-flHHbi nenn ojie(|)HHa. Tax, HanpHMep:

U30-C4H8  norJiomaeTCH 60%-hoh: HsS04

h-C4Hb » 80%-Hoii HsS04

C3 H8  > 87%-hoA H^S04

CjH4  » 100%-hoS H2S04



I. rH U PA TA lW fl OJlE<PHHOBb!X yrJIEBOnOPOM OB 513

BbixoAbi ajiKHJicepHbix khcaot, a H3 hhx cnnpTOE MaKCHMaAbHbi 
Aah aMHJieHOB h reKCHJieHOB, Bbiciune >Ke ojie(})HHbi b sth x  yc-rioBHHX 
nO/IHMepH3yiOTCH. npH  pa3JIO>KeHHH aJIKHJICepHbIX KHCJIOT HeofiXOAHMO 
npHMeHBTb H36bITOK BOAHHOrO napa, TaK KaK B npOTHBHOM C.lVMae B Ka- 
qecTBe noOonHoro npoAyKTa nojiyqaeTca cooTBeTCTByiomHH npocrofi
3(})Hp:

R0S020II -f H20 ->- ROH +  H2S04 

R0S020H +  ROH -► R20 +  H.,S04

Ta3bi napo4)a3Horo KpeKHHra, coAepjKamHe ao 50% ojic(|)hhob, hb- 
jihiotch npenpacHbiM cbipbeM ajih nepepadoTKH hx b cnnpTbi cepHOKHc- 
JlOTHblM MeTOAOM, MTO npHMCHHeTCB B npOMblUIAeHHOCTH.

,H,o HeAaBHero BpeMeHH eAHHCTBeHHbiM hctohhhkom noAyqeHHH Bbic- 
uiHX cnnpTOB 6h a h  CHByiiiHbie M aa ia . Hx npHMeHeHHe, OAHaKo, 6biAo 
cH-nbHO orpaHHqeHO hh3khmh BbixoAaMH (0,5% ot cnnpTa-cbipua). 
MeTOA THApaTauHH ojie(|)HHOB no3BOjiHJi b dojibniHx KOjinqecTBax nojiy- 
qaTb h cnnpTbi cHByum oro Macjia, m o  cnjibHO cnoco6cTByeT Hcnojib3o- 
B3HHK) HX B TeXHOJIOTHH nJiaCTMaCC H JiaKOB.

npH THApaTaUHH OJie^JHHOB MOJKHO nOJiynaTb H npOCTbie 3({)Hpbr. 
3tot MeTOA npHMeHaeTCH, b qacTHOCTH, a j m  noAyqeHHa AHH3onponHJio- 
Boro atjwpa:

CH3CH :=CH2 +  H0S020H -► (CH3 )2CH0S020H 
(CH3 )2CH0S020H +  (CH3)2CHOH -► [(CH3)2CHJ20 +  h 2so 4

06pa3yioiuyK)CH b nepBoft ctbahh H3onponHjicepHyio khcaoty 
noABepraioT THApoAH3y npH 100° hjih HarpeBaioT c H3onponHAOBbiM cnnp- 
TOM. JlHH30np0nHJI0BbIH 3(f)Hp HHTepeceH TeM, MTO HMeeT BbICOKOe OKTa- 
HOBOe MHCAO, paBHOe 105, H XOTH H3-33 CBOefl HH3KOH TerUIOTBOpHOH 
CnOCOOHOCTH OH KaK MOTOpHOe TOnJIHBO npHMeHHTbCH He MO>KeT, HO 
AoOaBKH ero k 6eH3HHy b KOAHqecTBe 20—40 ?o 3HanHTeAbHO noBbiuiaKrr 
OKTaHOBOe MHCAO. TaK, HanpHMep, 6eH3HH C OKTaHOBbIM HHCAOM, paB- 
HbiM 74, nocAe AoOaBKH 20% AHH3onponHAOBoro 3(J)Hpa HMeeT OKTaHo- 
Boe mhcao, paBHoe 101. 3to HBHAOCb cTHMyAOM ajih H3yqeHHH npHroA- 
HOCTH H APyrHX 3(J)HpOB. BblAO yCTaHOBACHO, HTO MHOTHe H3 HHX ACHCT- 
BHTeAbHO CHAbHO nOBblUiaiOT OKTaHOBOe MHCAO 6eH3HHOB. OcoOeHHO 
xopoiuHe pe3yAbTaTbi noKa3aAH aoOabkh 25% MeTHA-mpem-6yTHAOBo- 
ro, 3THA-mpem-6yTHAOBoro, H3onponHA6yTHAOBoro h 3THA-/npem-aMH- 
AOBOrO 3(j)HpOB, nOBblUiaiOUlHX OKTaHOBOe MHCAO C 74 COOTBCTCTBeHHO AO
111, 115, 112 H 112.

npH CepHOKHCAOTHOH THApaTaUHH OAe<J)HHOB B KaqeCTBe noSOMHblX 
npOAyKTOB o6pa3yiOTCH H nOAHMepbl, KOTOpbie T3K>Ke MOryT OblTb HC- 
nOAb30BaHbI KaK AOOaBKH K 6eH3HHy.

Bo3MOH<HOCTb npeBpameHHH oAe<J)HHOB, HaqHHan c nponHAeHa, 
b KeTOHbi onHCbiBaeTCH b naTeHTHOH AHTepaType. TaK, HanpHMep, 
CMecb nponii.ieHa c 10—20 z - m o a  BOAHHoro napa npn 300—425° h AaB- 
AeHHH 0,7— 1,7 a m  npn nponycKaHHH HaA KOHT3KT3MH H3 aaiomhhhh, 
MeAH, TopHH h xpoMa (50 : 50 : 5 : 5) o6pa3yeT aueTOH. MexaHH3M 
3Toro npouecca HenceH.
33 r>. n. A°-nr0B
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KncjiOTHbiH M eTOA T H A p a T a u H H  o a c c Ji h h o b  H M eeT p H A  c y m e c T B e H H b ix  
HeAOCTaTKOB, TA  3 BHbIMH H3 K O TO pbIX  H B A H IO TCH : fiOAblHOft p a C X O A  cep- 
HOft KHCJlOTbl, T p y A H O C T H  ee p e r e H e p a U H H ,  H B A CH H H  K 0 p p 0 3 H H  H C B H 3 3 H -
h h h  c Heio B o n p o c  M a T e p n a J ia  A*an annapaTypbi, MHOTOCTaAHfiHOCTb 
n p o u e c c a ,  n o S o n H b ie  p e a K U H H . H e c p a B H e H H O  6 o A e e  3 a M a H m iB  n y T b  
n p B M o fl  r H A p a T a u H H  b o a o h  n o  o6 m e ft c x e M e :

QiHj/j -p H20 *■ C„H2„+1OH

3 t o  yu<e AaB H O  n p n B A e K a A O  B H H M a H n e  H C CAeAO BaTeAeft.  O A H a x o  
H e c M O T p n  Ha t o , u t o  A e r H A p a T a u H H  c n H p T O B  b  O A e ^ H H b i  n p o T e x a e T  c o

3 H 3 H H Te jIb H O H  A e TK O C Tb lO , o 6 p a T -  
n a n  eft p e a K u n n  A O A r o e  BpeM H 
He M o r j ia  6 b iT b  o c y m e c T B J i e H a . 
3 T 0 M y  B o n p o c y  h  o c o 6 e H H O  n p n -  
Moft T H A p a T a u n H  S T H A e H a  b  s t h - 
AOBbift c n n p T  n o c B H iu e H a  o 6 i u n p -  
H a n  A H T e p a T y p a .  H 3 S o A b i n o r o  
H HCAa Te p M O A H H a M H H e C K H X  p a c -  
neTO B H a n 6 o A e e  t o h h h m h  h b a h - 
i o t c h  H OBefiuiHe A a H H b ie  A. A. 
B B e A e H C K o r o  h  JI. O .  O e A b A M a -  
Ha [ 6 ] .  B b iH H C A e H H b ie  h m h  T e o -  
p e T H q e c K n e  B e A n m iH b i  K O H B e p - 
CHH S T H A e H a  B 3 T 3 H 0 A  n p H  p a 3 -  
Hbix T e M n e p a T y p a x  h  A a B A e H n n x  
n p H B e A e H b i r p a ^ H u e c K H  Ha p n c .  
5 5 .  H 3 p H c y H K a  b h a h o , m t o  b m -  
x o a  s t h a o b o t o  c n H p i a  p a c T e T  c 
n o B b im e H H e M  a s b a c h h a  h  n o H H -  
H<eHneM T e M n e p a T y p b i .  3 t o t  
n p o n e c c  MoxceT h a t h  x o p o m o  

A H U Ib  B n p H C y T C T B H H  COOTBeTCTBytOUJ.HX H H 3 K O T e M n e p a T y p H b IX  K a T a -  
A H 3 3 TO p O B .

T e p M O A H H a M H n e c K H e  p a c q e T b i  npHMoft T H A p a T a u n H  p a 3 A H H H b ix  O A e - 
(J)h h o b  n p o B e A  A. B. O p o c T  [ 7 ] .  F Io A y q e H H b ie  h m  pa B H O B e cH b ie  A a H H b ie  
A A h  napo(|)a3Hoft T H A p a T a u n H  n p H B eA e H b i b T a 6 A .  5 1 .

IlpHBeAeHHbie b TaSAnue AaHHbie noKa3biBaioT, h t o  CTeneHb KOHBep- 
c h h  OAecjiHHa b cnnpT CHHJKaeTcn c yBeAHneHneM m h c a h  yrAepoAHbix 
aTOMOB b MOAenyAe h c x o a h o t o  oAecfiHHa. BoAbinoe 3HaneHHe HMeeT 
CTpoeHHe nocAeAHero— CTeneHb KOHBepcHH yBeAHMHBaeTcn c pa3BeT- 
BAeHHOCTbio uenH y C =C -yrAepoAH bix  aTOMOB:

R3C >  R2CH >  RCH2

KaTaAH3aTopoB ajih npnMoft THApaTaunH oaccPhhob h oco6eHHo 
3THAeH3 npeAAOH<eHO OTpOMHOe UHCAO, HO 60AbUIHHCTB0 H3 HHX MaAO- 
3KTHBH0.

PhC. 55. 3aBHCHMOCTb CTeneHH KOHBepcHH 
BTHJiena b cnnpT ot TeMnepaTypbi h Aan- 

.neHHH.
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TAB1HUA SI

Ô ecjjHHbl CnupTbi
.

+298’
2°
z298’ ] K'MOKajl/e-MnA KdA'S-MOA [

3Tn;ien OTHJIOBbI ii —10976 — 1929 2,97-10-*

nponHAen 1 H3onpomuioBbiii 
\ npomi.'ioBbiH

— 12909 
—9309

—2268
+530

1,02-10-* 
1,55 10«

H3o6yTHAeH mpem-ByTH;iOBbiH —16337 —5125 6,9210 *
H-EyTHJieH H-ByTHJIOBblfl — 10380 —307 2,57-10*
2-MeTHA6yTeH-2 tnpem-k̂ ».nohu\\ — 16320 —4120 1,29-10-*
neiueH-1 H-AMHJlOBblH — 10620 — 1406 9,44-10 «
TeKceH-1 H-V eKCH.TOBblH — 11180 +  170 4,46 10 «
rcnten-1 «-fenTHJioBbiH — 11617 +537 1,46-10'6

npH npoBeAeHHH rHApaTaunn 6e3 KaTajiH3aTopa CMecb C 2H 4+ H .,0  
npw 150° h 190 am nepea 17 qac. AaJia JiHiub 0,00011 z-moa C 2HsOH. 
3 tomy Ba>KHOMy Bonpocy nocBameHa ofiuiHpHaB JiHTepaTypa, npwqeM 
KaTajiH33TopaMH hbjibiotch: ThO.,, A120 3, H 3P 0 4, C, Al-t-W . W20 5.

rio-BHAHMOMy, OAHHM H3 ByMlUHX KaT3BH3aTOpOB BBJIBeTCB (£)OC(})Op- 
naa KHCAOTa hjih cjjoccfiaTbi HeKOTopbix MeTa.uioB, ocaa<AeHHbie Ha ho- 
CHTejiBX h pa6oTaK)m,He npn AaBJieHHBX He HH>Ke 100 am h npn TeMne- 
paType 300— 350° TaKHM KaTajni3aTopoM, HanpuMep, bb.tB e ic a  CMecb 
4>oc^opHOH h BOBb(})paMOBOH khc.tot na ciijii iK a re j ie  [8]. B nocJieAHee 
BpeMB peKOMeHAOBaHa CMecb 6e3BOAHbix H F  h B F 3. BepoaTiio, peaK- 
HHB HAeT qepe3  npoMe>KyTO'iHoe o6pa30BaHHe (jrropHAOB, KOTopbie 3a- 
Tew rHApoBH3yioTCB:

CH, =CH2 +  HF CH:,CHoF 

a i 3CII,F +  H.,0 -► CH3CH2OH +  HF

ripaKTHqecKH npn niApaTauHH roMoaoroB STHJieHa o6pa3yioTcn 
maBHbiM o6pa30M BTopnqubie hjih TpeTHMHbie cnnpTbi.

B iioeJieAHee BpeMB K. IjHrjiep, O . Kpynn 11 K. Ll,03ejjb [9] pa3pa- 
6orajin MdOA nojiyqeHiia H3 STHJieHa crmpTOB pa3JiiiqHoro CTpoeHHb 
b npiicyTCTBiiii A1(C2H 5)3 npw HopMa/ibHOM AaBJiemiH no o6in,efi cxeMe;

/iCH2=CHa +  (C2H5)al [H(CH2CH2)„+1]al 

[H(CH2CHj),|tl] al -F Va0 2 —  [H(CH2CH2)„+1]0 al 

[11(CI I.,CHe)„+1]0 al +  H.,0 -► [H(CH2CH2)n, ̂ OH +  alOH 

iy;e a l = 1/3 A l; alOFI =  1/3Al(O H )3.
CnepBa STHJieH B npHCyTCTBHH TpHSTHJiaJHOMHHHB no.iHMepH3yeTC« 

C 06pa30BaHIieM TpHaJIKIIJiaJHOMHHHB C UenBMH npOH3BOJIbHOH a-thhu, 
jiHMiiTHpyrMbiMii ycJioBHbmii onbiTa; 3aTeM npoBOABT OKHCJieHHe paccqH- 
TSHHbiM KOBunecTBOM B03Ayxa, nocjie qero niApojiH3yiOT. TaKHM ny- 
TeM nojiynaioTCB nepBimHbie crmpTbi ao AOAeuHjiOBoro. Khcjiopoa B03- 
Ayxa, Heo6\oAHMbiii A*a« okhcjichhb TpHajiKHJiajnoMHHHB b TpnaJiKOK- 
CHa.lIOMHHHH, 3aTpaBHBaeTCB KOAHBeCTBeHHO. FIoSoqHblM npô yKTOM 
33*
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3Toro npouecca UBJineTCH hhcthh a30T, KOTopbiu hco6xoahm a-hh nojiy- 
HeHHH IICXOAHOrO TpHSTHJiaJHOMHHHH.

r^ApaTauHH mojkho noABepraTb He mnbKO caMH ojie^HHbi, ho h hx 
n p o H 3 B O A H b ie . H a n p H M e p , n p n  H a r p e B a H H H  T p H X Jio p a T H Jie H a  c  90% 
H 2S 0 4 n p n  160— 190° o 6 p a 3 y e T c a  c  bhxoaom 95— 100% M O H O X Jio p y K c y c -  
Han KHCJioTa:

cich= cci2 +  hoso2oh  C1CH2CC120S020H 
cich2cci2oso2oh  +  H20 C1CH2CC120H +  h 2so 4 

C1CH2CC120H -► ClCH2COCl +  HC1 
ClCH2COCl +  H20 ClCH2COOH +  HC1

T a K O H  c n o c o d  n p o iu e  h A e m e B Jie , ueM  n p u M o e  x A o p n p o B a H H e  y K c y c -  
HOH KHCJlOTbl, H HMeeT 60JIbIH0e 3HaHeHHe, HanpHMep A-̂ H CHHTe33 hh- 
A n r o .

2. rHApatauMH aueTHJieHOBbix yrjieBOAopoAOB

THApaTauHeH aueTHJieHa hjih ero roMOJioroB nojiynaioT aueTajibAe
rHA HJIH COOTBeTCTByiOIUHe KeTOHbl. B OCHOBe 3TH npoueccoB JTOKHT OT- 
KpbiTan M. T KynepoBbiM (1881 r.) (10] peaKUHH rnApaTauHH aueTHJieHa 
b aueTajibAerHA b npncyTCTBHH H 2S 0 4 c AoOaBKon cojiefi pTym. X oth 
3Ta peaKUHH H3BecTHa AaBHO h npoBOAHTCH b 33BOACKOM MaciuTa6e, 
ho MexaHH3M ee HeAocraTOUHO H3yneH h b HacTOHiuee BpeMH. OHa npo- 
TeKaeT b HecKOJibKo ct3ahh, bo3mo>kho, no cjieAyiomeii cxeMe (npaBHjio 
3AbTeKOBa) r 11 ]:

CH=CH +  H20 CH2=CHOH-------*- CH3—CHO
Hg

Mo>kho TaK>Ke npeACTaBHTb, hto b KanecTBe npoMeacyTOUHoro co- 
eAHHeHHH o6pa3yeTCH ajiKeHHJicepHan (I ) KHCJioTa:

CH
III +  hoso2oh  
CH

ch 2 h 0  ch 2 ch 3

II — II — *■ I
CHOS02OH - h2S04 CHOH CHO

i
IlpoHcxoAHiuee npu peaKUHH KynepoBa H3MeHeHHe cociaBa co.neft 

piyTH, BbinaAeHHe MeTajuiHuecKoft pTym, a TaK>Ke pa3Han cieneHb 
3KTHBHOCTH B 3TOM npOUecce pa3JlHHHbIX pTyTHbIX COeAHHeHHH AOKa3bl- 
BaiOT, hto pTyTb yuacTByeT b peaKUHH. H3 OTpaGoTaiiHoro pTyTHoro Ka- 
TaAH3aTopa 6bi.no BbiAeJieHo npnCTa a jih uecKoe coeAHHeHue c t . nji. 113 
o6men cjjopMyjibi C2H,HgCl2, Bepoarao, XJiopBHHHjixjiopHan pTyTb 
C lH gC H =C H C l.

npn nponycuaHHH aueTHJieHa nepe3 pacTBop 330thokhcjioh p iym  
huh cyjieMbi 6biJin BbiAejieHbi 6ejibie ocaAKH

0 3NHgx
HgO-C—CHO n (ClHg)3C—CHO 
HgO/

KOTopbie npn rHApojiH3e o6pa3yiOT aueTajibAerHA.
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H3 Bcex pTyTHbIX COACH HaHdOAbIHHM K3TaAHTHqeCKHM AeHCTBHeM 
oOAaAaeT cepHOKHCAan pTyTb (HgO, pacTBopeHHan b H2S04), o6pa3yio- 
maa c aneTHAeHOM coeAHHeHHe THna TpHMepKypaAbAerHAa:

PeaKUHB KyqepoBa HMeeT orpoMHoe npaKTHqecKoe 3HaqeHHe, Tax 
nax qepe3 CHHTeTHqecKHH aueTaAbAerHA o tk pm a c h  ho bh h  nyTb k  no- 
.nyqeHHio STHAOBoro cnHpTa, yKcycHoft k h c a o tm , STHjiaueTaTa, a h b h - 
HHJI3 H AP-

3aBOACKoe noAyqeHHe aueiaJibAern^a rHApaTauneH aueTHjieHa ocy- 
mecTBJiHeTCB b pa3JiHMHbix cTpaHax.

H a h  rHApaTauHH aueTHAeHa bmccto cepHofl k h c a o th  mo>kho  6 paTb 
u Apyrne k h c a o t h . Ocodbifi HHTepec npeACTaBAneT B3 aHMOAencTBHe 
aueTHAeHa c yxcycHOH khcjtotoh b npncyTCTBHH cojieft pTyTH. B 33bhck- 
MOCTH OT COOTHOIlieHHH KOMnOHCHTOB nOAyqaiOT HAH BHHHAaueT3T, HAH
3 th  a  h AeH a h  aueTaT:

06a npoAyKTa HMeiOT 6oAbiuoe TexHHqecKoe 3HaqeHHe. /I,ah nojiy- 
qeHHH BHHHAapeTaTa qepe3 KaTaAH33Top (100 a acahhoh  CH3COOH 
c 4—4,5 e aueTaTa pTyTH) npn 40° ObiCTpo nponycxaiOT auemjieH. npH 
He6oAbiuoH cKopocTH nponycKaHHH apeTHAeHa peaKUHH hact rAy6we 
h o6pa3yeTCH mhoto STHAHAeHAHaueTaTa. H a h  noAyqeHHH TOAbKO sth ah - 
AeHAHaueTaTa k acahhoh  yxcycHOH khcaotc npnOaBAHioT AWMHmyio 
CepHyiO KHCAOTy HAH yncyCHblH 3HTHAPHA H OKHCb pTyTH. AueTHACH 
AOAHieH 6bITb COBepiUeHHO CyXHM II MHCTbIM. IlpOUeCC HAeT npH 30— 
40° b 3—4 pa3a 6bierpee, qeM b cnyqae noAyqeHHH aueTaAbAerHAa.

F Io A y q a io m H H C H  b stom  n p o u e c c e  B H H H A a u e T a T — jK H A K o cT b  n p H H T -  
H o r o  3 (|)H p H oro 3 a n a x a  c  t . khit. 71°— A e r x o  n o A H M e p H 3 y e T C H  b O e cu B e T -  
Hbie h  n p o 3 p a q H b ie  n o A H M e p w  n o A H B H H H A a u e T a T a  ( e u n u A u m u , m o b u a u - 
tm i ,  eeAbea  h t . a -) r io A H M e p H 3 a u .H H  HAeT n p n  o d A y q e H H H , H a rp e B a H H H  
HAH B n p H C y T C T B H H  O o ra T b IX  K H CA O pO AO M  K aT 3 A H 3 aT O p O B  (030H H AW , 
n e p e K H C H , n e p x A o p a T U  n A P -) -  C /reK A a H3 T a K H x  n o A H M e p o B  c o B e p m e H -  
ho n p o 3 p a q H b i, H e >KeATeioT h  n p o n y c x a i o T  3 H a q H T e A b H y io  q a c T b  y A b T p a -  
(J)Ho a eTO B bix A y q e i i ;  n o c A e A H e e  HM eeT 6 o A b m o e  n p a K T H q e c K o e  3 H a q e H H e . 
r ip H M e H e H H e  n o A H B H H H A a u e T a T O B  o q e H b  p a 3 H o o 6 p a 3 H o ; H3 hhx toto- 
bht  H e O b io m e e c H  ctckao  T p u n .ie K C , K a y q y K o n o A o 6 H b ie  M a c c w , p a 3 A H q -  
Hbie H M HTaUH H H A P -

OTHAHAeHAnaueTaT—AerKonAaBKoe TBepAoe BemecTBo c t . nA. 19° 
h t . KHn. 169° npn HarpeBaHHH Bbime TeMnepaTypw KHneHHH KOAHqe- 
CTBeHHO pa3AaraeTCH Ha aueTaAbAerHA n yxcycHbift aHTHApnA’

CH=CH +  Cl I3COOH CH2=CHOCOCH3

CHeeCH +  2 CH3COOH —  CH3CH(OCOCH3 ) .2

CH3CH(OCOCHs), CH3CHO +  (CH3C0)20
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3Ty peaKUHio Ayuuie Bcero npoBOAHTb b BaKyyMe b npncyTCTBHH
7.nCl2, K H S 0 4, H 3P 0 4. YKcycHbin aHFHApHA uinpoKO npHMeHHM ^jih
nojiyqeHHH aueTHJiuejiJiioji03bi.

flpHMeHBH a-hh rH^paTapHH aueTHJieHa BOAHyio yKcycHyio khcaoty 
(c cojihmh pTyTH), noAyqaiOT jiHiub aueTajib^erHA, Tan KaK BHHHJiaueTaT 
h BTHjiHAeHAHaueTaT Aeruo rHApoAH3yioTCH:

ch 2 = chococh 3 J 12̂  ch3cho +  ch3cooh

CH3CH(OCOCH3 ) 2 -------► CH3CHO +  (CH3C0)20 •

Otcioas noHHTHO, noqeMy a-ih noAyqeHHA sthx npoAVKTOB cjie- 
AyeT pa6oTaTb b 6e3BOAHOH cpe^e.

Flo peaKUHH KyuepoBa mo>kho rHAparapoBaTb h roMOAorn aueTH
JieHa. BcJie^CTBHe toto, hto npHcoe^HHeHne sjieMeHTOB boah npoHcxo- 
Aht no npaBHjiy MapKOBHHKOBa  ̂b sthx cjiyuaux noAyuaiOTCH kctohm:

RC=CH — 2̂>- RCOCHg 

RC=CR' RCOCH2R' +  RCH2COR'

H3yneHHeM sthx peaKUHH 3aHHMajicn A. E. OaBopcKHH 1121. Oh 
noKa3aji, w o  H3 M0H03aMeiuenHbix aueTHAeHOB noAynaeTCH Jiirnib oahh 
H30Mep ueTOHa, b cjiyuae >ue ABy3aMeiueHHbix— Bcerua Asa H30Mepa u e- 
TOH3, COOTHOUieHHe Me>KAy KOTOpbIMH 33BHCHT OT yCAOBHH peaKUHH H 
paCTBOpHTejl H.

B HacToawee BpeMH pa3pa6oTaH hobhh npocTOH MeTOA rHApaTaunn 
roMOJioroB aueTHJieHa. AueTHjieHOBbift yrjieBOAopoA pacTBopniOT b Me- 
TaHOjie, -yKcycHOH khcaotc hjih aueTOHe, coAeputaiunx 40% H 20 , h 
k cMecH npH6aBJi5UOT H g S 0 4 h KOHueHTpnpoBaHHOH H 2S 0 4. flocAe
2—3-HacoBoro KHnuueHHH rHApaTaunn npOTeKaeT Ha 80—90 %. Aaa- 
jiornHHbie pe3yjibTaTbi noAyneHbi npn nponycKaHHH aueTHAeHOBoro 
yrjieBOAopoAa c boahhhm napoM HaA H 3P 0 4. Tan >Ke rHAparapyioTCH 11 
apoMaTHqecKHe yrjieBOAopoAbi c TpofiHbiMH cbh3Hmh: (JieHHJiaueTH.ieH 
npH HarpeBaHHH ao 300° c boaoh, noAKHCJieHHOH cepHOH khcaotoh, 
xoporno npeBpamaeTCH b aueTO(})eHOH, a TOjiaH—b AB30KCH6eH30HH:

c6h 5c= ch J L * + .  C6H5COCH3  

c6h 6c= cc6h 5 JL2̂ -  C6H6COCH2C6Hb

MeTOAbi roMoreHHOH rHApaTaunn hmciot pnA HeAOCTaTKOB, H3 ko-
TOpblX OCHOBHbie: BpeAHOCTb pa60TbI C pTyTbK) (npO(J)eCCHOHaAbHbie 
pTyTHbie OTpaBJieHHH), CpaBHHTeAbHO SblCTpan AB3aKTHBaUHH K3TaJIH- 
3aTopa, noTepH pTyTH npH pereHepauHH. 3 th OCHOBHbie npnuHHbi no- 
c.nyjKHJiH CTHMyjioM ajih pa3padoTKH npoueccoB rnApaTauHH aueTH- 
jieHa b  napoBofl 4)a3e HaA HepTyTHbiMH KaT3AH3aTopaMH. B MHoronHCAeH- 
Hbix naTeHTax npeAAaraAHCb pa3Hoo6pa3Hbie TBepAbie KOHTaKTbi, Ha- 
npHMep aKTHBnpoBaHHbiH yroAb c 1 % coah pTyTH. ac6ecT, nponnTaH- 
Hbifl xpoMaTaMH, BaHaAaTaMH hah MOAHtfAaTaMH, (Jjoc^opHaa khcaot3 
C pa3AHHHblMH AOSaBKaMH H AP-
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HccJie/jOBaHHe THApaTaunn aueTHAeHa b napoBoft cf)a3e HaA HepTyT- 
hwmh KaTajiH3aTopaMH npoBejiH A . fl. HuydoBHU c coTpyAHHKaMH 
113]. B KaiiecTBe KarajiH3aTopa ohh npHMeHHJiH aKTHBHpoBaHHbifi 
yro^b , nponHT3HHbIH (fjOC^opHOH KHCAOTOH H aKTHBHpOBaHHblH A06aB- 
K3MH cfioabaTa Me^H hah uhhk3. npw  350° h cooTHomeHHH aueTHJieH : bo- 
Aa ot 1 : 10 ao 1 : 20 o6pa30BbiBajiocb —90% aueiajibAerHAa npu 
npoH3BOAHTejibHOCTH KaTaAH3aTopa 1 — 1,5 2-M.OA C H 3CH O  Ha 1 A Ka- 
TajiH3aTopa b uac npH HenpepbiBHOH padoie 100— 150 Mac. HeAociaT- 
kom aKTHBHpoBaHHoro yrvifl HBjiaeTCH OTHOcnrejibHO dbiCTpau a633Kth- 
B3HHH H3-3a BblAeJieHHH <J)OCCjX)pHOft KHCJIOTbl c KaTaAH3aTopa. AHa- 
jiorHHHbie KaTajiH3aTopbi pa3padoTaHbi A . A . CopoKoyMOBbiM h 
B. H. ilojiroBbiM, a Taioue K). A . TopHHbiM c cotpyahhk3mh.

THApaTauHeH aueTHAeHa mo>kho noAyuHTb h aueTOH. EIpeAAO>KeHbi 
pa3Hoodpa3Hbie KaTaAH3aTopbi, cpeAH KOTopbix npeodAaAaiOT okhcah, 
rHApooKHCH h napdoHaTbi Ca, Mg, Zn, Mn, Th, Cr, t . e. MeTajiJioB, cno- 
codHbix npoBOAHTb KeTOHHoe pacm,enjieHHe khcaot. 3 tomy Bonpocy 
nocBBmeHO 3H3 MHTejibHoe hhcao padoT. BbiJio ycTaHOBjieHO, HanpHMep, 
mto cMecb C2H2+ H 20.mp npn cooTHomeHHH 1 : 10 HaA Fe-MnO-Kaia- 
jiH33TopoM npn 440° odpa3yeT 3a nponycK ao 80% auetOHa ot TeopeTH- 
wecKoro (A. E. Apdy30B, H. JX. Scahhckhh, 1933 r.). Flo pacueTaM npn 
peu,HKJiax H3 1 m aueTHAeHa mo>kho riOAyuHTb 890 kz aueTOHa. KaTa- 
AH3aTop 2Zn0-V205 hah 2Cd0-V205 npn 450—470° AaeT H3 C2H2-]: 
+  H2Onap 50—65% aueTOHa 3a nponycK (M. C. IlJiaTOHOB), ho npn stom 
KaT3AH3aTOp dbICTpO A633KTHBHpyeTCH.

MexaHH3M npeBpam,eHHH aueTHJieHa b aueTOH H3yueH eiue HeAOCTa- 
tohho, ho cyMMapHO oh Bbipa>KaeTCH cxeMoft:

2CH=CH CH3COCH3 +  C02 +  H20

BecbMa BepouTHO, hto cnepBa npoHcxoAHT rHApaTauna aueTHAeHa 
b yKcycHbiu ajibAeruA, KOTOpbift h noABepraeTCH AaAbHeuiiiHM npe- 
Bpam,eHHHM:

2CH=CH — 2<̂>- 2 CH3CHO ------► CH3COOC2H5

ch 3cooc 2 h 6 ch3cooh +  c2 h5oh  
2 CH3COOH------ ► ch 3coch 3 +  co 2 +  h 2o

Ha peanuHHX, CBH3aHHbix c niApaTauHeu aueTHJieHa, ocHOBaH h 
npoMbiiujieHHbift npouecc nojiyueHHH u-dyTHAOBoro cnapTa:

C H sC H -------► CH3CHO-------*- CH3CHOHCH2CHO

------*- CH3CH=CHCHO — H->- ch 3ch 2ch 2ch2oh
Ni

EIoApodHee o npHMeHeHHHX aueTHJieHa cm. CTp. 742.
CooTBeT^TByioiuHe kctohu mo>kho nojiyuHTb H3 roMOJioroB aueTH

AeHa, ecAH nponycnaTb CMecb hx c boahhhm napoM HaA H 3P 0 4 npn
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300°, TaKHM o6pa30M neHTHH, reKCHH h renTHH 6hjih  c x o po ih h m h  Bbi- 
xo/iaMH npeBpameHbi b KeTOHbi.

3. IlpeBpameHHH eHHHOBbix coeAHHemifi

n PH HCCJie^OBaHHH cnHpTOB auem/ieHOBoro pn^a H. H. Ha3apOB 
114] Hauiejl, HTO BHHHJI3THHHJIKap6HHOJIbI ( I )  B MeTaHOJIbHbIX paCTBO- 
pax npH HopMajibHofi TeMnepaType b npncyTCTBHH cojiefi pTyTH noMTH 
KOJiHHecTBeHHo H30MepH3yiOTCB b flUBHHHjiKeTOHbi ( I I )  no cxeMe:

\c-C =C -C H =C H , 
RZ I 

OH

R
•C=C=C—CH=CH.,

I
OH

\
>C=CH—C—CH=CH,

/  II
o

II
/I.HBHHHJ1 KeTOHbi — >KejlTbie HCĤ KOCTH CJie30T0HHB0r0 A6HCTBHH— nO- 

.THMepH3yiOTCH npH XpaHeHHH H CKJIOHHbl K pa3JIHMHbIM peaKUHHM npH- 
coe^HHeHHH. Oco6bifi HHTepec npeflCTaBjiaioT peannHH TH^paTauHH 
b ycjioBHHX, npeflJiojKeHHbix M .  T  KynepoBbiM (HarpeBaHHe c pa36aB- 
.neHHOH H 2S0 4 b npncyTCTBHH HgSO^, npHBo^amHe k o6pa30BaHHio 
TeTparHflpo-y-nnpoHOB c bhxoaom flo 70%. IlocJie^HHe mo>kho noJiynaTb 
h H3 BHHHji3THHHjiKap6HHOJiOB no oOmeft cxeMe:

ch 2= ch- c= c - c/ R J Ia2 ». ch 2 = ch—co—ch 2- c/ R z _ĥ
I \R ' I XR'
OH OH

o

/  \
h 2c ch 2

I l A
h 2c c<

\  / X R'
o

CxopocTb peaxUHH THflpaTauHH noHH*aeTCH c yBejinneHHeM mo- 
jieKyjiapHoro Beca 3aMecTHTejiefl. BbicuiHe tomojioth ahbhhhjikctohob 
rĤ paTHpyiOTCH c Tpy^OM. XlHBHHHjiKeTOHbi JierKO pearHpyiOT CO enHp- 
T3MH, 3MMH3KOM, 3MHH3MH, HC1, H2S H T. R., 06pa3yfl T3K>Ke UieCTH- 
MJieHHbie iiHKjibi npoH3BÔ Hbix TeTparHflpo-y-nHpaHa. BbiJio yeraHOBJie- 
ho, hto b 3thx >Ke ycjioBHHX Henpe^ejibHbie a-KeTocnnpTbi jierKO uhk.th- 
3yioTCH b npoH3BOAHbie TeTparHflpo^ypaHa:

R\ H2

>C-CO-CH=CH 2 -►
R ' '  ! H2

C— C=Q
I I /R 
c c (
\ / x R'
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He MeHee HmepecHbie UHKJiH3auHH dbuin OTKpbira H. H. Ha3apo- 
BblM [ 1 5]  npH rH A p a Ta U H H  AHBHHHJiaiieTHJieHOB (AHeHHHOB). ,H,HeHHHbl 
npn 3tom noMTH KOJumecTBeHHO npeBpamaiOTCH b ^HeHOHbi (bhhhji3Ji- 
jiHjiKeTOHbi) no cxeMe:

c h 2=xCH—c = c —ch= g  i. h2o
c h 2= c h 2- c —c h , - c h = c h 2

o

BBeAeHHe 3aMecTHTejiefi R 3HanHTejibHO H3MeHaeT cnopocTb peax- 
Hhh. Han6o^ee Tpy^HO rHApampyioTCH chmmctphmho jB y3aMeiu,eHHbie 
^neHHHbi (HanpHMep, RCH=CH—C=C—CH—CHR), Han6oJiee Jier- 
ko—HecHMMeTpHMHO-a-̂ By3aMemeHHbie (HanpHMep, RCH=CR—C =
=C —CH=CH2), npnneM KHCJiopoA Bcer^a npHCoeAHHaeica k ymepofly,
CBH33HH0My HenOCpeACTBeHHO C BHHHJIbHOH rpynnOH. npH pa3JIHH- 
HblX 3aMeCTHTeJlHX BJIHHHHe OKa3blBaeT He TOJlbKO nOJIOJKeHHe, HO H xa- 
paKTep 33MecTHTejia. BBe^eHMe apHjibHbix h H3oajiKHJibHbix paAHKajiOB 
CHJibHO T0pM03HT peaKunio rn/ipaTaunH (cTepHHecKne npennTCTBH a).

riojiynaeMbie rH^paTauHen flHeHOHbi, paHee HeAocTynHbie, hb- 
jihiotch Hcxo^HbiMH BemecTBaMH jyiH nojiyaeHHa pa3Hoo6pa3Hbix Hie- 
CTHHjteHHbix reTeponHKJiOB:

0

II
c

/
R -C CH,

R -(!h

1

CH=CH

h2o

0
li
c

/  \
R—HC CH.,

R—HC CH-CH,
\

o
o
II
c

/  \
HoS R—HC CH,

R-HC CH—CH,
/

s
o

/  \
E'NH-J BC CH,

R-HC CH—CH3

\  /
N
I
R'
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Flo# fleftcTBHeM khcjiot (HCOOH, H CI, H 2S O ,, H 3P 0 4) npoHcxo#HT 
■ npeBpameHHe ahchohob b cooTBeTCTByiomHe UHKjioneHTeHOHbi:

CH3—C— C=0
h3 po4 CH3—c

ch 2 ch ,
I
CH

CH,

-c=o
I

HC CH.
\  /

CH

CH.
AHajiornMHbiM o6pa30M npeBpamaiOTCH ajiHUHKJiimecKHe #HeHHHbi*

/ \ I n II O / \ n II O

1 —► 1

ch 2 CH.,
1

CH

ch 2 ch 3

P a 3 p a d o T a H H b iH  II. H . H a 3 a p o B b iM  M eTO# n p e # C T a B jiH e T  c o d o f i ,  T a -  
KHM o 6 p a 3 0 M , HOBblH 0 6 ui,HH n y T b  n O Jiy q e H H H  IlB T H M JieH H blX U.HKJ1H- 
M eCKHX CO e# H H eH H H . Bee 3TH p e a K U H H  H # y T  TO JIbK O  B KHCJIOH c p e # e .  
X1.0K a3aH 0, qTO p eaK U H H ) H H H U H H p yiO T  npO T O H bl (HOHbl B O # O p O # a ), H 
o 6 p a 3 y iO T C H  n p n  stom n p o M e H cy T o m ib ie  co e # H H e H H H  c hohom K a p S o H H H  
n o  c jie # y io m e H  o 6 m e fi c x e M e :

R -C — C=0 R -C — C=i
11 1 H+ II 1R'-CH CH2 ----- »  R'-CH  CH,

1 +1
CH
11

CH
II
ch 2 ch 3

I 11

R -C  C=0 R—C----- C=0
I I  II I

------ R '-HC CH2   »- R'—C CH2 +  H+

I I
ch 3 ch 3

III IV
nepBOH . CTa#Hefi UHK.7IH3aUHH AHeHOHOB BBJIHeTCH npHCOe#HHeHHe 

npoTOHa k  ajuiHjibHOMy pa#HKa^y c o6pa30BaHHeM Henpe#ejibHoro 
HOHa KapdOHHH (II), H30MepH3VK>mer0CH B UHKJIHqeCKHH HOH (III), KO- 
TopbiH flajiee npeBpain.aeTCH b npoH3BO#Hoe UHKjioneHTeHOHa (IV) c no- 
Tepefl npOTOHa, flo aHaJiorHMHOMy MexaHH3My npoTeKaeT uhkjih33Uhh 
onncaHHbix Bbirne #HeHOHOB h #pyrnx eoe#HHeHHH.

BepoHTHO, TaKHe peaKUHH nrpaiOT Ba*Hyio ponb npn o6pa30BaHHH 
naTH- h mecTHq^eHHbix KHCJiopo#Hbix reTepouHKJioB b npHpo#e. B03- 
mo>kho TaKace, hto aHajiornqHbie npoueccw jieacaT b ocHOBe odpa30Ba- 
hhh npoH3B0#Hbix T«ocJ)2Ha h nnppo;ia.
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Flo raKOMy >Ke hah 6/iH3KOMy MexaHH3My, no-BHUHMOMy, nojiyqaeT- 
ch naTHqjieHHoe KOAbuo npn o6pa30BaHHH UHKJioneHTaH(J)eHaHTpeHO- 
Boro cKejieTa, xapaKTepHoro aah CTepHHOB h noAOBbix ropMOHOB 
(d p . 753).

4. TMApaTauHsi OKHceft OAe<t>HHOB

CorjiacHo AaHHbiM A. n. 3 a bTCKOBa [16], rHApaTauHH x-oKHceft c 
pa3pbiBOM KOjibua o6;ierqaeTCH BBeAeHHeM 3aMecTHTejien. TaK, cx-okhch 
THna R—CH—CH2 ruApa nipyioTca boaoh AHuib npn 100° ABy3aMemeH-

l - O —1
Hbie okhch pearnpyioT ripH 70—80° a Tpex- h qeTbipex3aMem,eHHbie 
okhch— y>Ke npn odbiqHoii TeMnepaiype c BbiAejieHneM TenAa. CKopodb 
peaKUHH rwApaTauHH noHHwaeTca c HapadaHHeM qncjia aTOMOB yr.ie- 
poAa b u,HKAe. rHApaTau,HH odAerqaeicn b npHcyTdBHH KaTaAH33TopoB— 
MHHepaAbHbIX KHCAOT.

MexaHH3M npHcoeAHHeHHH boah k x-okhchm noApofiHO H3yqaAca 
mhothmh aBTopaMH. n. B. 3nMaKOB [17] cqHTaeT, qTO npn rHApaTau.HH 
b cepnoKHCAOH cpeAe b KaqedBe npOMe>KyToqHoro BemecTBa noAyqaeTCH 
C\Ab(j)aT STHACHrAHKOAH, KOTOpblH ASAee THApOAH3yeTCH BOAOH:

0  H2SO4 ch2o h

ch/  ch2oso2oh

CH..OH Ho0 CH2OH
— 2- ^  | + h 2so4 

CII,OSO,OH ch2oh

npn 6oabiuHx KOHueHTpauHHx tahkoah b pacTBope o6pa3yiOTCH II 
nOAIITAHKOAH:

ch2o h  ch2X1 — I \ o  —► HOCH2CH2OCH2CH2OH h t . A.
CHjOH CH,/

ripeAdaBAHiOT iiHTepec h HccAeAOBaHHH A. A. IleTpoBa no 3ako- 
roAH3y [18]. Oh nonasaA, hto x-okhch nponHAeHa h H3o6yTHAeHa odpa- 
3yiOT co cnnpTaMH h cjieHOAaMH b npncyTCTBHH BF3 hah ochobhhx Ka- 
TaAH33TOpOB COOTBCTCTByiOlUHe MOHOaAKHA(apHA)3!])HpbI TAHKOACH. 
Tanoe HanpaBAeHiie peaKUiiu o6bHCHneTCH CKAOHHOCTbio BF3 AecJiopMH- 
pOB3Tb CBH3H B OKHCHX:

RONa
CH2=Q 1-C H — CH.,----- ► CH2=C H -CH -C H 2OR

\  /  I
O ONa

CH,=-CH—CH— CH2

V .  -BFg

ROH
------ ► CHa=CH—CH—CH2OH

I
OR
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B. THAP0J1H3
I. TH/IP0JIH3 BE3 PACnA^A MOJlEKyJI 

(o6MeH pa3jiHMHbix 4)yHKUHOHajibHbix rpynn Ha thaPokcha)

K peaKHHHM rnApojiH3a othochtch Bee npoueccbi, npoTexaiomHe no 
o6men cxeMe:

RX +  H20 ROH +  HX

rAe X —Jifo6bie aTOMbi hjih rpynnbi, HanpnMep Cl, Br, J ,  N H 2, CN 
h t . n.

Handojiee Ba>KHbiMH hbahiotch peaKUHH o6MeHa rajioreHa Ha tha- 
pOKCHJI, HTO OCymeCTBJiaeTCH AeHCTBHeM BOAbi Ha MOHO- HJIH nOAH- 
raAoreHnpoH3BOAHbie HeKaTaAnranecKHM hah KaTaAHTHnecKHM nyTeM. 
PeaKHHio 3aMeHbi raAoreHa Ha thapokcha npn aghctbhh BOAbi hah 
pacTBopa meAOHH HHorAa HenpaBHAbHO Ha3biBaioT «oMbiAeHHeM».

1. noAyweHHe cnnpTOB H3 raAoreHaAKHAOB

3HanHTeAbHbiH HHTepec npHo6peA thapoah3 xAopHpoBaHHbix yi\ne- 
boaopoaob c ueAbio noAyneHHH cnnpTOB.

Hah noAyneHHH XAopHpoBaHHbix yrAeBOAopoAOB HcnoAb3yiOT npH- 
poAHbie ra3bi, KOTopbie coAep>KaT ao 90% h OoAee MeTaHa. Ecah coAep- 
H<aHHe BbicuiHx yrAeBOAopoAOB b npnpoAHOM ra3e HeBeAHKo h ohh He 
KOHAeHCHpyiOTCH npH OXA3>KAGHHH, T3K0H Ta3 Ha3bIBaiOT «CyXHM». 
B CAynae «BAa>KHoro» ra3a coAepjKaHHe BbicuiHx yrAeBOAopoAOB MOJKer 
AocTHraTb 40— 50%. T?k , HanpHMep, HenoTopbie ra3bi rpo3HeHCKoro 
paftona HMeioT cpeAHHH coeraB: 50% CH 4, 10— 12% C2H6, 14— 18 °» 
C3H8, 15— 17% C 4H j0, 8— 11% C5H 12. CnocoOHbie k KOHACHcauHH yr- 
AeBOAopoAbi «BAa>KHoro» ra3a nocAe cooTBercTByiomeH cra6HAH3anHH 
HBAHIOTCH npeBOCXOAHblM aBH3TOnAHBOM (ZG30AUH).

XAopnpoBaHHe c nocAeAyiomHM thapoah30m b cnHpTbi HBAneTCH 
oahhm H3 nyTefi xhmhmcckoh nepepaOoTKH npnpoAHbix ra30B. MeiaH 
npn nponycKaHHH c xaopom HaA KaT3AH3aTopaMH (Cu2C l2, SbCl3 h AP-) 
Ha 90— 95% npeBpamaeTCH b xaophctmh mctha, KOTopbift npH B3aHMO- 
AencTBHH c BOAHHbiM napoM HaA Ca(OH )2 hah ApyrHMH areHTaMH npe- 
BpamaeTCH b MeTaHOA. flpouecc HAeT no oSmen peaKUHH:

Ca(OH) 2

2CH3C1------► 2 CH3OH +  CaCl2
B npoH3BOACTBeHHbix ycAOBHHx T3 KHM o6pa30M 70— 80% CHSC1 

npeBpamaeTCH b MeTaHOA. Ilpn rHApoAH3e o6pa3yiOTCH h HenoTopbie 
KOAimecTBa AHMeTHAOBoro scjinpa:

CHjOH +  CH3CI CH3—O—CH3 +  HC1

TaKHM nyTeM mo>kho noAynaTb cnHpTbi H3 XAopHCToro stha3 h Apv- 
nix xaophaob. EcTb yKa33HHH, hto b KanecTBe KaT3AH3aT0pa npHrOA- 
Ha CaO c 5% ZnS04, ho MoryT 6biTb pa3pa6oTaHbi h 6oAee pamioHaAb- 
Hbie KOHTaKTbl.

LUnpoKoe npHMeHeHHe HMeeT HeKaTaAHTHMecKoe noAyqeHHe aMHAO- 
Bbix CHHpTOB H3 neHTaHOBOH (JipaKUHH «BA3>KHOro» Ta3a. npH XAOpHpO-
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Bahhh nocjrê Heft npw 200° o6pa3yeTCH cMecb MOHoxAopneHTaHOB, co- 
AepwamaH okoao 5% AHXAopneHTaHOB.

IlpeBpameHHe x îopnemaHOB b aMHAOBbie cnHpibi ocymecTBAHeTca 
npH 130 — 140° êHCTBHeM pacTBopa Na2C03 hah NaOH (30%). 06hi,hh 
bmxoa cocTaBJineT 85—90%. 06pa3yiomyiocH CMecb aMHAOBbix cnHp- 
tob noA Ha3BaHHeM nenmasoA npHMeHHioT aah pacTBopeHHh jkhpob 11 
cmoa, noAyqeHHH jiaxoB, moioii;hx cpe^cTB h t. a - rieHTa30A HMeeT cjie- 
.lyjoinHH cpe^HHH cocTaB (b % ) :

rieHTaHO.i-l 26
neHTaHO/i-2 8
rieHTano.i-3 8
2-MeTHa6yiaHOjr-4 16
2-MeTH.n6yTaHo.n-1 32

2 . rHflpoJin3 ah- h noJTMraJioreHnpoH3BOAHbix 
)KHpHoro p«Aa

THAPOAH30M AHXJ!OpnpOH3BOAHbIX B 3aBHCHMOCTH OT nOAOHCeHHH aTO- 
mob xAopa MoryT no^yMaTbCH pa3JiHHHbie KOHeMHbie npoAyKTbi:

h2o
RCH2CHC12 ------ ► RCH2CHO +  2HC1

H2O
RCC12 R ' ------ *- RCOR' +  2HC1

H2o
RCHCICH2CH2C1 — -*- RCHOHCII2CH2OH +  2HC1

TaKHM nyieM mo>kho noAyqaTb aAbAerHAbi, KeTOHbi, pahkoah, bhy- 
TpeHHHe 3(j)HpbI H T. A-

OopMajibAerHA mo>kho noAyqaTb H3 MeTaHa qepe3 o6pa30BaHHe xao- 
pHCToro MeTHJieHa:

ci2 h2o
CH4 ------ *- CH2C12 ------*■ CHaO +  2HC1

/{ah npeBpameHHH CH.,C1., b CH,0 npeAAOH<eHbi pa3AHHHbie KaTa- 
Jl H3aTOpbI, H3 KOTOpbIX 33CAy>KHBaK)T BHHM3HHH (j)OCC})aTbI OAOBa H a.lK)- 
mhhhh h Apyrne HepacTBopHMbie coah <jK>c({)opHbix khcaot. (Bnep- 
Bbie peaKUHH CH2X 2+2NaO H  —► CH20-f-2NaX 6biAa ocymecTBAeHa 
A. M. ByTAepoBbiM.) H3BecTb aah rHApoAH3a CH2C12 HenpnroAHa, TaK 
naK OHa Bbi3biBaeT noAHMepH3anHio 4)opMaAbAerHAa.

H3 AHXAopsTaHa aHaAorHMHO mo>kho noAyqaTb rAHKOAb. Xopomne 
pe3yAbTaTbi AaeT thapoah3 b aBTOKAaBe npw 160— 170° (JjopMHaTOM 
naTpiiH b MeiaHOAbHOM pacTBope:

CHoCt CH2—O—CHO
I -f 2 HCOONa------ ► | +  2NaCl
CHjCl CH2 -0 -C H O

ch 2 - o - cho ch2oh
+  2 CH3 0 H — I +  2 HCOOCH3

ch 2 - o - cho ch2oh
NaOH

HCOOCHj----- *■ HCOONa +  CH3OH

Ilpouecc HAet HenpepbiBHO c bmxoaom tahkoah 80%.
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YflodeH TaKHte MeTOA, npeAAOJKeHHbift JX. Kn.njie^epoM [19]: ah- 
xAopsTaH HarpeBaiOT c 6e3BOAHbiM aueTaTOM HaTpnH b npHcyTCTBHH
3— 4% ^HaueTaTa niHKOAH, AeficTByiomero KaTajiHTHqecKH, npn 20— 
22 am b TeqeHHe 2 qac. BbixoAbi ivihkojih cocTaBJiaioT okojio 90°n. 
I'l3BecTHO MHoro Apyrnx HeKaTajiHTHqecKnx cnocodoB npeBpainemiH 
AHXJIOpSTaHa B rjIHKOJIb.

P a 3 p a d o T a H  MeTOA n o jiy q e H H H  r jiH p e p H H a  H3 n p o n n jie H O B b ix  (Jjp a n -  
UHH r a 3 0 B  K p e K H H r a — T a n  H a 3 b iB a e M o r o  ZMU\epuH.a u3 Hecpmu 12 0 ] .  
B H a q a J i e  6 b iJio  H a fifle H O , h t o  n p «  n H p o ji« 3 e  1 ,2 - A H x ji o p n p o n a H a  B M ecT O  
o> K H A aeM o ro  1 - x j i o p n p o n e H - l  o d p a 3 y e T C H  x jio p n c T b iH  a JiJ iH Ji:  

CH3CHC1CH2C1 CH2=CHCH2C1 +  HC1 
ripn o d p a O o T K e  x J i o p n c T o r o  a ju iH jia  x jio p H O B a T H C T O H  khcaotoh c 

n o c jie A y io m H M  r H A p o jiH 3 0 M  n o jiy q a e T c q  r jiH u e p H H :
ch 2 ch2oh ch2oh
II
CH -5.™  CHC1 CHOH
|
CH2C1

1
CH2C1

1
ch2oh

Ilo3AHee dbuio ycTaHOBJieHO, qTO xjiopHCTbifi aJiJiHJi o6pa3yeTCH 
npn xjiopHpoBaHHH nponHjieHa npn TeMnepaType Bbime 200° 3iy 
peaKUHio npaKTHqecKH BeAyT npn 450—500° 6-naroAapH qeMy CKopocTb 
3aMemeHHH cnjibHO noBbimaeTCH, CKopocTb >Ke npucoeAHHeHHH xjiopa 
na^aeT noqTH ao Hyjiq. FIojiyqeHHbiH xjiopncTbiH ajuinji rHApojiH3yKvr 
B ajIJIHJIOBblH ennpT, KOTOpblH 06pa60TK0H XJIOpHOB3THCTOH KHCJIOTOH 
npeBpamaioT b MOHOxjioprnApHH rjinnepHHa. FIocjieAHHH c CaO o6pa- 
3yeT snoKCHA; Jierno npeBpamaiomHHCH b rjiHuepHH. Becb npouecc 
MOJKHO H306p33HTb CXeMOHI

ch 2 ch 2 ch 2 CH2C1
II
CH - Cl2 II

CH h2o II
CH hcio 1

CHOH . CaO

1 — HC1 —HCl 1 | -HCl
ch 3 CH2C1 ch2oh ch2oh

ch 2 CHoOH
_____^ 1 )  

CH / >0 h2o 1
CHOH

ch2oh  ch2oh

MeTOAOM xjiopHpoBaHHH noAyqaioT h roMOJiorn TAHiiepHHa. H 30- 
OyTHjieH H3 ra30B KpeKHHra npeBpamaeTCH b MeTHJiaAJiHjioBbifl cnHpT> 
a 33TeM b p-MeTHJirjiHuepHH:

ch 2 ch 2 ch 2

11 Cla 1  h2o ;! hcio
,-C  _ 1 * . CH3—C -__CH. 3—C
• | -HCl | —HCl 1

ch 3 CH2C1 c h 2oh

ch2ci h 2c. ch2oh
1

ch 3 - c—oh Z_hA ch , - c^  _ ch3-
1

-C -O H
1

ch2oh ch2oh

|
ch2oh
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p - M e m n r ji H u e p H H  A a e T  A s a  Ba>KHbix n p o A y K T a : T e T p a H H T p o M e m n -  
r jiH u e p H H , a H a jio r  H H T p o r jiH ite p H H a , h  a -M e T H jia K p o jie H H , Jie r ic o  n p e -  
BpamaeMbift b  M e T H Jia x p H Jia T , ueH H bift a j ih . n o A y q e H H H  riJiacT H q ecK H x. 
M a c c :

CH2OH
I
COHCH,
I

ch2oh

ch2oh  ch2oh  ch 2o \o ,
ci2 I h .o ! hno3 !

— ^  COHCH2Cl —^  COHCH2OH C(0N0,)CH20N0 2

i ch2oh  g i 2oh  CH..OXO,
CH2C1 h 2cx  cho

HC1 I —HC1 I >0 NaOH I
— COHCH3 - — ► ch ,—<x  ■— ► c—ch ,-H20 I 3 3 | —HC1 | 3

ch2ci ch2ci ch 2

3 th HOBbie CHHTe3bl 3HaMHTeJIbHO nOBbimaiOT TeXHHMeCKyK) UeHHOCTb- 
ojie(j)HHOB, oTKpbiBan HOBbie nepcneKTHBbi hx Hcnojib30BaHHH.

3. rHApojiH3 apoMaTHMecKHx rajioreHnpoH3BOAHbix
Xjiop b apoMaTHMecKHx rajioreHnpoH3BOAHbix MO>xeT 6biTb 3aMem,eH 

pa3JiHMHbiMH (J)yHKUHOHajibHbiMH rpynnaMH. npocTeftmefl peaKUHefi 
HBJiHeTCH n p B M o fl THflpojiH3 xjiop6eH30Jia A*aa nojiyqeHHH cJieHO.ia. 
3Ta peaKUHH HHTepecoBajia HccjieAOBaTejieft y>xe a3bho, Tan KaK OHa 
npnHunnwa/ibHO ropa3AO npome, qeM Apyrne MeTOAbi nojiyqeHHH cfie- 
HOJia H3 6eH30Jia. Bhjio ycTaHOBJieHo, hto HarpeBaHHe xJiop6eH30Jia 
c boahoh mejioHbio b aBTOKJiaBe npw 300° AaeT ({jeHOji, npHweM peaiauiH 
KaT3JIH3HpyeTCH Cu2C l2.

Flpouecc jiyqme Bcero HAeT npH 340° c boahhm 6— 10% pacTBopoM 
NaOH b aBTOKjiaBax, (JiyTepoBaHHbix MeAbio, Tax nan MeAb h ee cojih 
KaTajiHTHHecKH noBbiiuaioT bhxoah (J)eHOJia (ao 96%) [21]. B o6biMHbix 
CTaAbHbix aBTOKjiaBax BbixoAbi cJieHOjia naAaioT ao 40 %, Tax xax >xejie- 
30 co iueAOHbK) o6pa3yeT boaopoa, BoccTaHaBjiHBaiomHH ({jeHOJi ao 6eH-
30Jia.

H a h  npeBpameHHH xjiop6eH30Jia b (|)eHOji npeAJiojxeHbi pa3jmqHbie 
KaTajiH3aTopbi (H 3PO.j hjih ee cojih Ha HOCHTejiax, A120 3, CuCU Ha 
neM3e, nepMyTHTbi h AP-)- Thapojih3 xjiop6eH30jia mojkho npoBOAHTb 
boaoh n npii HopMajibHOM AaBJieHHH: npn 550—600° CMecb napoB xjiop- 
6eH30Aa h BOAbi HaA MgCl2 Ha cHJiHxareAe co cjieAaMH CuCl2 AaeT ao 
80% (jjeHOJia 3a npOnyCK, HO KaTaAH33TOp 6bICTpO AC33KTHBHpyeTCH 
[2 2 ].

AHaJIOTHHHO MOJKHO THApOJIH30BaTb H APyrHe apOMaTHqeCKHe XJIOp- 
npoH3BOAHbie, HanpHMep ii30MepHbie AHXJiop6eH30Jibi npH 190—200° 
c MeTaHOJiOM h NaOH b aBTOKAaBe o6pa3yiOT xAoptJieHOAbi (ao 75%):

NaOH
C6H4C12 -------► CcH,(Cl)OH rf NaCl

npn HarpeBaHHii c NaOH b sthjiobom cnnpTe AHXJiop6eH30jibi npe- 
BpamaK/rcH b AByxaTOMHbie cfieHOJibi. B pa3AHqHbix ycjioBHax H3 xjiop- 
HHTpo6eH30JIOB H XJIOpaHHJIHHOB nOAyqaiOTCH HHTpC(])eHOAbI H 3MHHO- 
(fieHOJibi.
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PaSoTaMH pa^a HccJieflOBaTejieft 6biJio ycTaHOBjieHo, mto o6MeH 
XJlOpa Ha THApOKCHJI B apOMaTHHeCKOM KOJime MOHCHO yCKOpHTb KaTa- 
jiHTHqecKHM nyTeM. HcnbiTaHHe pa3JiHHHbix CHJiHKarê efi noKa3ajio, hto 
KaTaJIHTHHeCKaH aKTHBHOCTb HX CHJIbHO nOBblUiaeTCH OT AOfiaBOK
Cu2C l2 (2% Cu2Cl, noBbimaeT bhxoa 4>eHOJia H3 xjiop6eH30Jia ao 75%). 
Bee MHHepajibHbie cojih Ae3aKTHBHpyiOT CHJiHKarejib. 3HaHHTejibH0 
<5ojiee aKTHBHbiMH hbjihiotch AoOaBKH 0,2°o Cu2C l2 c 6 % Cu.

4. THflpojiH3 a30TC0Aep)KamHX coe^HHeHHH

rn^p0JlH30M B npHCyTCTBHH KHCJIblX KaTaJlH33TOpOB (H 2S04, HC1, 
H gP04, C6H 5S0 20 H  h AP-) aMH^bi h HHTpnjibi jierKo npeBpamaiOTCH
B COOTBeTCTByiOIII,He KHCJIOTbl.

rH^pOJIH30M aMHHOB MO>KHO nOJiyHaTb CnHpTbl H (|)eHOJIbI no o6mefi 
cxeMe:

H2o
RNH2 ------ ► ROH +  NH3

Ahhjihh mo>kho npeBpaTHTb b cJjeHOJi nponycnaHHeM CMecn ero na- 
poB c boahhhm napoM npn 350— 400° HaA Cr2O s, A120 3 h flpyrHMH 
KaTajiH3aTOpaMH. Tax nee h H3 aJimjjaTHqecKHx 3mhhob mojkho nojiy- 
HHTb cnnpTbi. 6ojiee cjioatHbix apoMaTanecKHX coe^HHeHHH 3aMe-
Ha N H 2-rpynnbi rnApoKCHJioM AOCTHraeTCH HarpeBaHHeM c 3—5% 
H 2S 0 4 b aBTOKJiaBe npn 180—200° Tax, HanpHMep 3,8-AHcyjib(J)OKHC- 
jiOTa a-Ha4)THJiaMHHa npeBpamaeTca b cooTBeTCTByiomyro Ha(j)ranAH- 
cy.ib(J)OKHejioTy:

h o o 2s nh ,
I I

'—SO,OH

hoo2s oh

-SO,OH

3thm MeTÔ OM nojib3yioTCH Ha npaKTHKe. OcodeHHO xopouiHM peareH- 
tom ;yih 3aMeHbi NH2-rpynnbi OH-rpynnofl b Ha(j)TaAHHOBOM pn^y hb- 
jiaeTCH Se02.

II. TH/IPOJIH3 C PACnA^OM MOJIEKWI
(HCTHHHblH rHAP0JIH3)

P a 3 JiH H H b ie  o p r a H H q e c K H e  M O jie K y jib i, co A e p > K a m H e  K H C Jio p o A H b ie , 
HMHAHbie h A p y r H e  cbh3h, bo M H o r n x  c j i y n a n x  M o r y T  rH A p o jiH T H n e c K H  
p a c n a ^ a T b C H , o 6 p a 3 y a  n p n  stom d o jte e  n p o c r a e  M O jie K y jib i.

1. THAPOJIH3 npOCTHX 3({)HpOB
Oahhm H3 npocTenuinx npHMepoB rHApoAH3a c pacnaAOM hcxoahmx 

MOJieKyji HBJiaeTCH pacmenjieHHe npocTbix 3(j)HpoB, hto mojkho ocy- 
mecTBHTb b tomo- hjih reTeporeHHofl $a3e. ^HSTĤ OBbift acjwp noA ^efi- 
cTBHeM kohu. H 2S 0 4 npH HarpeBaHHH o6pa3yeT ABe MOjieKyjibi cnnpTa:

h2o
(C2 Hs)20 ------► 2C2H5OH
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Tanoe >Ke pacmeiuieHHe hact dbimpee npn nponycKaHHH napoB 
3<j)Hpa h boau Han  ThO,-KaTajiH3aTopoM npw 400°

ripw THApO.TH3e CMeuiaHHbIX 3(})HpOB o6pa3yiOTCH MO.ieKyjIbl pa3- 
JlHMHblX CnHpTOB:

h2o
c2 h 6oc 3 h, C,H,OH +  c3 h7oh

ripOCTbie 3(f)HpbI rHApOJlH3VIOTCB B 3aBHCHMOCTH OT HX CTpoeHHB c 
HeOAHHaKOBOH JierKOCTbK). yCTaHOBJieHO, MTO CepHOH KHCJIOTOH HaH6o- 
Jiee Tpy^HO rHApojiH3yioTCH stjmpbi HopiwajibHoro crpoeHHH.

no OTHOCHTejIbHOH npOMHOCTH pa3JIHHHbIX paAHKaJIOB B MOJieKyjie 
npocToro scjwpa ycTaHOBJieH cjieAyiomHH pan (II. n. UIophirnH):

QiHhCH2 C2H5 <C 5Hu <C —■ <3-CjoH7— <̂ CfiH5—

HaH6ojiee TpyAHO rHApojiH3yeMbiM HBJiHeTCH AH(f)eHHjioBbiH 3(|)Hp, 
ho h oh Haa Th0 2-KaTajiH3aTopoM npH 400— 450° c boahhhm napoM 
npeBpamaeTCH b (JieHOJi.

HeKOTopbin HHTepec npeACTaBJiaeT thapojih3 ahsthjiobofo stfmpa, 
Tan nan npn nojiyneHHH cHHTeTHMecKoro Kayqyna no MeTOAy JleSeAe- 
Ba o6pa3yK)uu,HecH nofioMHbie npoAyKTbi coAepwaT 3HaHHTejibHoe kojih- 
qecTBo AHSTHJioBoro 3(J»Hpa. nocjieAHHH pauHOHajibHO BHOBb npeBpa- 
maTb b cnHpT ajih no^yqeHHH H3 Hero ahbhhhji3. 3 iy  onepaunio yAo6- 
ho BecTH b napoBofl 4>a3e c boahhwm napoM HaA Al.,03-KaTajiH3aTOpOM 
npH 300— 350° hjih c cepHoft khcjiotoh.

A . A . BaHuieftAT h M. Jlo30BCKaH [23J npn pa3Jio>KeHHH ahsthjioboto 
scjwpa HaA T iO ,, T l i0 2 h A120 3 nojiyMajiH 3HaMHTejibHbie KOJinqecTBa
STHJIOBOro CnHpia. O hm yCTaHOBHJIH, m o  AHSTHJIOBblH 3(jDHp C BOAOH 
npn 160° h noBbiuieHHbix AaBJieHHHX rHApojiH3yeTCH b sthjiobmh cnHpT 
jiHuib Ha 6 — 10%. yBejiHqeHHe TeMneoaTvpbi h KOHueHTpaitHH cep-
HOH KHCJIOTbl BeAeT K nOBblLUCHHOH CKOpOCTH 06pa30BaHHH 3THJieH3.
M. f t . KaraH, H. M. PoccHHCKaa h C. M. HepHUOB [24] npHMeHHjw ajih 
rHApoAH3a AHSTHJioBoro 3(j)Hpa A120 3 h nojiyqajiH npn stom ao 22,5°6 
cnHpTa npH 325° /Io6aBKii Cr20 3 hjih MnO nosBOjiHJin noBbicHTb Bbi- 
xoAbi cnHpTa. Bhao, OAHaKo, otmcmcho, hto npH 400° o6pa3yeTca, Kpo- 
Me 3TH.iOBoro cnnpTa, 40"o (CH3).,CO, 9% C2H 4 h 15% C 02.

2. THAPOJIH3 CJlOJKHblX 3(})Hp0B

Bojibuioii HHTepec npeACTaBjiaeT thapojih3 cjioacHbix 3(])HpoB, ko- 
TOpblH MO>KHO npOBOAHTb KaK B TOMO-. TaK H B TeTeporeHHOH (])a3e.

Be3 KaT3AH3aTOpOB THAPOAH3 MHOTHX 3(j)HpOB npOTCKaeT OMeHb MeA' 
jieHHO, HHorAa b TeqeHHe HecKOJibKiix jieT, xoth HeKOTopbie c.io>KHbie 
3(J)IipbI, HanpHMep MeTHAOBblH H STHJIOBblH 3(})HpbI MypaBbHHOH KHC- 
JIOTbl, MeTH.TOBblH II STHAOBblH 3(})HpbI ILiaBejieBOH KHCJIOTbl, 3([)HpbI 
a-OKCH- II HH3LUHX OC-aMHHOKHCAOT H AP-, rHApOAH3yiOTCH OMeHb 6bl- 
CTpO. CKOpOCTb peaKLUIH 3HaMHTe,H bHO V Be.T H M H BaeTC 51 A06aBK3MH

54 B. H. A()̂ roB
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pa3JiHMHbix khcjiot, meAoqeft h HeKOTopbix cojiefl. B CAyqae o6pa30- 
B3HHH npH rHflpOJIH3e nJlOXO paCTBOpHMbIX B BÔ e KHCJIOT peaKUHK) 
Be^yT b cnnpTOBbix pacxBopax mejioHH.

CKOpOCTb THApOJIH3a B HfleHTHHHbIX yCAOBHHX 33BHCHT OT XapaKTe- 
pa KaK cnHpTOBoro, Tax h KHCJiOTHoro paAHxaAOB caojkhoto scjinpa. 
OAHaKO 6bIJIO yCTaHOBJieHO, HTO CnHpTOBblH pâ HKaJl OTHOCHTejIbHO 
MeHbllie BJIHHeT Ha CKOpOCTb THApOJIH3a, HeM KHCAOTHblH, BAHHHHe KO- 
Toporo BeebMa CHJlbHO. MoHCHO npHHHTb, KaK npaBHJIO, HTO A-™ 3(})H- 
poB THna RCOOC2H 5 cxopocTb THApoAH3a 3aMeAAneTCH c yBejiHqeHHeM 
Mo.neKyjiHpHoro Beca KHCJiOTbi.

B PhAy H CO O C2H 5, C H 3CO O C2H 5, C 2H 5CO O C2H 5, C 3H 7CO O C2H 5 
h C 4H 9CO O C2H 5 fibicTpee Bcex THApoAH3yeTCH MypaBbHHbift 3$Hp, 
MeAJieHHee—BajiepHaHOBbin. ApoMaTHqecKHe CAO>KHbie 3(j)Hpbi rHApo- 
jiH3yioTCH eme MeAJieHHee, HanpHMep C 6H 5CO O C2H 5 b 150 pa3 MeA
JieHHee, qeM C H 3CO O C2H 5. CxopocTb KHCJiOTHoro THApojiH3a 33bhcht 
OT CHJIbI KHCJIOT, T. e. OJ CTeneHH HX AHCCOHHaUHH.

KHHeTHKa THApOJIH3a CAOJKHbIX 3(})HpOB OMeHb CAO>KHa, T3K KaK npH- 
xoahtch yHHTbiBaTb h KaTajiHTHqecKoe AeftcTBHe noAyqaioiueHCH npn
THAP0JIH3e KHCJiOTbi. llpH KHCJIOTHOM THApOAH3e peaKUHH He AOXOAHT 
AO KOHua, ocTaBaacb BcerAa b KaxoM-TO coctohhhh paBHOBecnn, h JiHrnb 
npn meJioqHOM rHApojiH3e OjiaroAapa o6pa30BaHHio cojieft khcjiot 
peaKUHH npoxoAHT koahhcctbchho. CKopocTb iueAoqHoro THApojiH3a 
b 3000—4000 pa3 OoAbiue, qeM khcjiothoto.

ripH IUejIOHHOM THApOJIH3e 3HaqHTeJIbHOe BJIHHHHe OKa3bIBaeT CTpoe- 
Hne cnHpTOBbix paAHKajioB: C H 3C O O C 4H 9 b iuejioqHOH cpeAe thapoah- 
3yeTCH BABoe MeAAeHHee, qeM C H 3COOC2H 5 (oTjmqHe ot khcaothoto 
rHApOAH3a); BAHHHHe KHCJIOTHOTO paAHK3Jia BbipaJKeHO MeHee HCHO, 
HO, BHAHMO, HaqHHaH C HCKOTOpOH KOHUe'HTpaUHH meAOHH, 33BHCH- 
MOCTb ycTaHaBAHBaeTCH Ta xce, hto h npn khcjiothom THApoAH3e (yMeHb- 
rneHHe cxopocTH c yBeAHqeHHeM Eeca khcaothoto paAHKaAa).

MexaHH3M THApoAH3a CAOJKHbix 3(J)HpoB ao HeAaBHero BpeMeHH 
npeACTaBAHA Hepa3peuiHMyio 3aAaqy, TaK KaK 6mao HeH3BecTHO, no 
KaxoMy H3 AByx HanpaBAeHHH HAeT peaKUHH:

RCOO R H O !—H ----

RCOOR' +  H OH----
RCOOH +  R'OH

3tOT MeX3HH3M 6bIA yCT3HOBJieH MeTOAOM «MeqeHbIX 3TOMOB». Caojk- 
HblH 3(J)Hp THAPOAH30B3AH BOAOft, COAep>KaiUeH THJKeAblH aTOM 0 1S
t. e. H 20 18. ripn 3tom b THApoAH3aTe 6biAa odHapyateHa khcaotb 
RC00 18H, hto ycTaHaBAHBaeT npoTexaHHe thapoah33 no cxeMe:

RCOiOR'+  HjO“H -► RC0018H +  R'OH
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BojibuioH TeopeTHMecKHH h npaKTHqecKHH  HHTepec npeACTaBJiaeT  
n p o u e c c  rH,npojiH3a >k h p o b , npoTeK aiom H H  eryneHM aTO nepe3 CTaAHH 
o6pa30BaHHH AH- H MOHOrjIHU,epHAOB:

CH2OCOR
I
CHOCOR
I

CH2OCOR

CH2OH 
n2o |
----► CHOCOR

I
ch2ocor

h 2o
CH2OH
I
CHOH

Cl I2OCOR

h 2o
ch2oh
I
CHOH +(3RCOOH) 

CH,OH

ripH KHCJIOTHOM THApOJlH3e HJIM npH rHAP0AH3e BOflOH B npOAyKTaX 
peaKUHH o6Hapy«<HBaK)TCH ah- h MOHorjinuepHAbi, npn mejioHHOM hx 
He HMee-rcH. Bo3mo>kho, hto b nocjieAHeM cjiynae sth ct3ahh He noA- 
AaioTca yqeTy H3-3a dojibumx cKopocreft mejioHHoro rnApojiH3a. B006- 
iue rHApojiH3 rjiHuepHAOB npeACTaBJiaeT co6oh c.io>KHyK) peaKUHio, Tan 
nan Aa>Ke npn ycjiOBHH, hto Bee Tpn KHCjioTHbix paAHKajia OAHHaKOBbi, 
MoryT o6pa30BaTbCH nHTb npoAyKTOB: rviHuepHH, ABa AHiviHuepHAa h
ABa MOHorjiHuepHAa [251:

ch2ocor ch2oh
I I

1— — CHOCOR ^ = * 1  CHOCOR ~
l i
1

ch2oh
1

Cl 1 , 0 1 1 1

ch *ocor CII,OH

CHOCOR CHOH

Cl I,OCOR Cl 1 * 0 1 1

t Cl IjOCOR ch2ocor

CHOH ^ .=-* CHOH
I I

CH,OCOR CHOH

T h a p o j i h 3 h<h p o b  HBJiaeTCH no c y m e c T B y  reTeporeHHbiM  n p o u e cc o M , 
n p o ie K a io m H M  Ha rp a H H u e BOAHoro h j k h p h o t o  c.aoeB , h  nosTO M y c k o - 
pOCTb peaKUHH  33BHCHT OT COCTaBa TJIH UepH Aa. CK O pO CTb THApOAH3a 
HaXOAHTCH TaK>Ke B 33BHCHMOCTH OT B03paCTaHHH nOJlUpHOCTH npO- 
AyKTOB peaKUHH, m to  b h a h o  ii3 c jie A y io m e ro  co n o cT a B Jie H H u :

Tpurji HiiepuA 
AmviHuepiiA 
MoHoranuepiiA 
r.'iimcpuA

HC IlO.lflpeH 
Mcl.lO noAnpeH
6o.iee noAHpen 
no/inpen

ne pacTBopnM 
Ma.no pacTBopHM 
6o.iee pacTBopHM 
paCTBOpHM

ripil rHApO.'lli3e TAHUepHAbl OpHeHTHpyiOTCH TaK >Ke, KaK >KHpHbie 
KHCAOTbi: niApo(j)H/ibHbiMH rp y n n a M H  k  n o B e p x h o c t h  b o a w ; npHueM 
34*
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njiom,aflb, 3aHHMaeMaa R, He 33b h c h t  o t  ^ jth hh  uenn. F h a p o a h 3 rjiHue- 
pn^a MOJKet dbiTb npeACTaBAeH cxeMOft:

R R R R R R
I I I  I I I

-C=0 0 = 0  C = 0  h20 c = o  c = o  c = o

0 o
1 I

CH2----CH-

0
1

-c h 2

R

O
I

c h 2-

R

0
1

-CH-

R

c = o  c = o  c = o  
I I I

OH OH 

OH OH
I I

CH2— CH---- CH2

O

h2o

OH

-CHjOH

HapacraHHe qncAa O H -rpyn n  npH nepexoAe ot xpn- k MOHorAHue- 
pHAy noBbimaeT rnApoiJjHAbHOCTb, hto h ycKopneT peaKUHio. CAeAyeT 
OTMeTHTb, HTO CKOpOCTb THApOAH3a TAHUepHAOB 33BHCHT He CTOAbKO OT 
AAHHbl uenn KHCAOTHOrO OCTaTKa, CKOAbKO OT HHCAa rHApCXj)HAbHbIX 
rpynn. PeaKUHH 3HaqHTeAbno ycKopaeTCH, ecAH npoBOAHTb ee b ro- 
MoreHHofl (J)a3e (HanpHMep, b cnHpTOBbix pacTBopax).

meAOMHOH THAPOAH3 >KHpOB — nOAyqeHHe MbIAa— H3BeCTeH C TAy- 
6oqaftmeH ApeBHOcra h HMeeT SoAbmoe npaKTHqecKoe 3HaqeHHe.

n PH KHCAOTHOM THApOAH3e >KHpOB nOAyqaiOT TAHUepHH H CBOSOA' 
Hbie HCHpHbie KHCAOTbl, KOTOpbie HCnOAb3yiOT KaK Cbipbe B npOH3BOA- 
CTBe MbiAa.

HeHcqepnaeMbiM HCToqHHKOM a-hh noAyqeHHH HcnpHbix khcaot h 
SoAbiuoro qHCAa TexHHqecKH ueHHbix npoH3BOAHbix hbahiotch napa- 
4>HHbI.

B TexHOAorHH rHApoAH3a H<HpoB 6oAbmoe pacnpocTpaHeHHe, 6Aaro- 
AapH AemeBH3He h npocTOTe, npnoSpeA Tan Ha3biBaeMbiH n p o p e c c  T e a m -  
HCAR [26], KOTOpblH 33KAIOHaeTCH B KaT3AHTHqeCK0M THApOAH3e B npH- 
cyTCTBHH HedoAbuiHX KOAHqecTB opraHHqecKHX cya b(fiokhcaot. HaHAyq- 
rnne pe3yAbTaTbi 6hah noAyqeHbi npn npHMeHeHHH JKHpHO-apoMaTHqe- 
ckhx cyAb )̂OKHCAOT, o6pa3yioui,HxcH np« o6pa6oTKe CMecH 6eH30Aa hah 
HacjrraAHHa c oachhoboh khcaotoh b KOHueHTpnpoBaHHOH cepHOH khcaotc. 
B pe3yAbTaTe noAyqaeTCH 6eH30CTeapocyAbcj)OKHCAOTa C6H4(S03H) C18H350., 
h HacjyraAHHCTeapocyAbtJjoKHCAOTa C10H 6(SO3H) C18H 35O 0.

JXo6aBKa 3THX KaT3AH3aTOpOB B KOAHHeCTBe 1 % npH HarpeBaHHH 
TAHItepHAa C BOAOH y>Ke npOH3BOAHT THAPOAH3. AKTHBHOCTb K3T3AH- 
3aTOpa TBHTqeAH 3aKAioqaeTCH b tom, hto oh OAHOBpeMeHHO HBAHeTca 
H CHAbHOH KHCAOTOH H CTpyKTypHO 6AH30K K >KHp3M, HBAHHCb npeBOC- 
XOAHblM SMyAbraTOpOM.

B CCCP AJIH THApOAH3a >KHpOB C HCMeHbUIHM yCneXOM npHMeHHIOT 
KOHrnaKtn I l e m p o e a  [27], npeACTaBAHiomHH co6oh TeMHyio cMOAoo6pa3- 
Hyio *HAKOCTb cBoeo6pa3Horo 3anaxa c oqeHb CHAbHOH khcaoh peaK-
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HHefi. KoHTaKT nojiyqaioT b npouecce pacf)HHau.HH KepocHHa npH o6pa- 
6oTKe nocjieflHero KOHueHTpnpoBaHHOH cepHoft khcjiotoh; oh npeACTaB- 
jineT codofi cMecb pa3JiHHHbix Hac})TeHcyjib<J)OHOBbix khcjiot.

Thapojih3 HiHpoB cakhmh mejionaMH npoTenaeT oneHb Sbicrpo h 
Heo6paTHMO, b pe3yjibTaTe nero nojiynaiOTCH iYiHuepHH h cooTBeTCTByio- 
mwe cojih >KHpHbix KapfioHOBbix khcaot (MbiAa). 3tot npouecc KaT3JlH- 
THqecKH akTHBHpyeTCH Ao6aBKaMH Aawe mbahx koahmcctb mejioMH. 
ho aah noAyqeHHH mha meAonb depyT no pacqeTy.

H3 Apyrnx BapnaHTOB rHApoAH3a >khpob cAeAyeT ynoMHHyTb 06 
aemoKAaenoM Memode, npw kotopom rHApoAH3 Be^yT boaoh npn 190° 
h 12 urn b npncyTCTBHH HedoAbiuHx koahmcctb H3BecTH (3— 15%), okhch 
MarHHH HAH OKHCH U,HHKa.

AHa^OrHHHO MO>KHO npOBOAHTb THAPOJ1H3 pa3AHMHbIX nOAHMepHbIX 
3(J)HpoB, HanpHMep noAHBHHHAaueTaTOB (cTp. 616). Ilpn stom ruApo- 
AH3 B KHCAOH HAH meAOMHOH CpeAe npHBOAHT K 06pa30BaHHK) He pac- 
TBOpHMblX B 6eH30Jie H XAOpO(})OpMe nOAHBHHHAOBbIX CnHpTOB pa3AHM- 
hoh CTeneHH cao>khocth h He pacnaAajomHxcfl Ha MOHOMepbi:

HaO
------CH2—CH- CII.,—<:n— • ------►

I ‘ i
OCOCH3 ococh 3

------ ► ------CH2—CH—CH2— CH------
| | +  n CHaCOOH
OH OH

BHVTpeHHHe CTpyKTypbi t3khx MOAenyA MoryT SbiTb oneHb pa3HO- 
o6pa3Hbi, Tan Kan b pe3yAbTaTe nocjieAyiomHx BHyTpHMOjieKyjiHpHbix 
AerHApaTauHH odpa3yiOTCH KHCAopoAHbie cbh3H, npnqeM mhcao cbh- 
3efl h Be/iHHHHa Ko/ieu BapbnpyiOT, HanpHMep:

-HoO
------CH2—CH—CH2—CH—CH2—CH—CH2------ -------- ►

! I 1
OH 011 OH

—> •— CH2—CH—CH2—CH—CH2------  m.th

—Cl I., -CH—CH2— CH—CH.,—CH-CH 2 ------
I
OH

----------o -----------
H T. A-

PacTBopaMH mejioqeH mo>kho ycneuiHO npOBOAHTb thapojih3 scto-
J1HAOB B COAII OKCHKIk'AOT:

y O --CO 
(CH2)„

' V ooi I

o - c o
/

(CH2)„
\  /
(CH .,)„-0-C0 HO

\
(CI12)„

NaOH
h2o

COON a
/

m(CH2)„
\ )H

MeTOA rHApoAH3a LunpoKo npHMeHHeTCH aah  ycTaHOBJieHHH crpoe- 
hhh pa3.niiHHbix npHpoAHbix caojkhhx 3(})HpoB, HanpHMep BOCKOB.
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B COCTaB nqejlHHOrO BOCKa BXOAHT MHpHUHJIOBblH 3(})Hp n3JlbMHTHHOBOH 
KHCJlOTbl, HeOUepHJIOBblH C?5H 61OH, UepHJIOBblH C27H55OH H MHpH
UHJIOBblH (MejiHCCOBbifi) C31H63OH cnnpTbi, a T3K>Ke najibMHTHHOBaa 
C15H 31COOH, uepoTHHOBaa C25H51COOH h MejmccHHOBaa C29H69COOH 
KHcjioTbi. B cocTaB KapHay6cKoro BOCKa bxoaht uepHjioBbiH h mh- 
pHUHJlOBblft CnHpTbl, a T3K>Ke MejIHCCHHOB3H KHCJIOTa h AP- T hapojih3 
bockob npoTenaeT oqeHb TpyAHO h MeAJieHHO, TaK KaK b MOJiexyjie 
Ha OAHy THApocJiHJibHyK) rpynny HMeioTCH ABe THApocjjodHbie:

R R' R R'
I I h2o I I
C - 0 ----- ► C—OH +  OH

MeTOAOM niApojiH3a onpeAe/ieHO CTpoeHne mhothx pacTHTejibHbix 
H JKHBOTHbIX >KHpOB H BOCKOB. TaK, HanpHMep, yCTaHOBJieHO, HTO BOCKO- 
o6pa3HbIH >KHp H3 XBOCTOBbIX >KeJie3 riTHU. COA6p>KHT OKT3AeUHJIOBbIH 
Ci8H37OH cnHpT, a ncnpu H3 mepcTH coctoht h3 cjiokhoto acjinpa xo- 
jiecTepHHa co ereapHHOBOH khcjiotoh (xojiecTepHHOBbie >KHpbi).

3. THAPOJIH3 BbICOKOMOJieKyjIHpHbIX COeAHHeHHH

PeaKUHH THApojiH3a, t . e. paciuenJieHHH opraHHqecKHx bmcokomo- 
jieKyjiapHbix coeAHHeHHH AeftcTBHeM boam, hmciot 6ojibinoe duojioni- 
qecKoe h TexHHqecKoe 3HaqeHHe. IlyTeM THApojiH3a nponcxoAHT pacnaA 
6ejiKOBbix Bem,ecTB, KpaxMajia, rjiHKoreHa, KJieTqaTKH, jkhpob, bockob, 
rjnoK03HAOB h TOMy noAodHbix BemecTB, npwqeM o6pa3yiOTCH 6ojiee npo- 
CTbie HH3KOMOJieKyjiqpHbie coeAHHeHHH. PeaKUHH THApojiH3a npoTHBo- 
nojio>KHbi no HanpaBJieHHio peaKUHHM MejKMojieKyjinpHOH AerHApaTa
uHH . B >KHBOTHbix h pacTHTejibHbix opraHH3Max Me>KAy 3thmh npouec- 
caMH cymecTByeT SHOJiorHqecKoe paBHOBecHe. B opraHH3Max nyTeM 
AerHApaTauHH nponcxoAHT o6pa30BaHHe nojincaxapHAOB, SejiKOB, >kh- 
poB h Apyrnx cjiojkhmx coeAHHeHHH. 3 th aHAOTepMHqecKHe no CBoe- 
My xapaKTepy nponeccbi ocym,ecTBJiHioTCH npH yqacTHH cojihcuhoh 
SHepTHH, KOTOpan T3KHM 06pa30M BOBJieKaeTCH B 6HOC(J)epy 3eMJIH. rio- 
3TOMy cjio>KHbie xHMHqecKHe BemecTBa pacTeHHH hbjihiotch KaK 6bi aK- 
KyMyjiHTopaMH cojiHeqHoro Tenjia.

Tiponeccbi AerHApaTauHH h THApojiH3a HrpaiOT b >kh3hh pacTeHHii 
H JKHBOTHbIX He MeHee Ba>KHyK> pojlb, qeM OKHCJIHTejIbHO-BOCCTaHOBH- 
TejibHbie nponeccbi. HHTepecHO- OTMeTHTb, hto sth qeTbipe ocHOBHbie 
rpynnbi 6noxHMHqecKHx nponeccoB ocymecTBJiniOTCH npH yqacTHH boau 
HJ1H COCTaBJIHKDmHX ee SJieMeHTOB.

ThaPojih3 yrjieBOAOB. F hapojih3 ah - h nojincaxapHAOB CHJibHO ycKO- 
paeTCH KHCJIOT3MH. ZI,aBHO 6bIJ10 yCT3HOBJieHO, HTO B OTCyTCT-
BHe khcjiot THApoJiH3 AHcaxapHAa caxapo3bi npoTenaeT b TeqeHHe 
pHAa JieT, npH AoOaBKe >Ke khcjiotw npouecc 3aKaHqHBaeTcn 3a He- 
cKOJibKO qacoB. B 1850 r. JI. BnjibrejibMH [28] npoBeji KJiaccHqecKHe 
wccjieAOBaHHH no KHHeTHKe HHBepcHH eaxapo3bi c noMombio pa36aBjieH-
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HbIX MHHepajIbHblX KHCJIOT, 4T0 JieFJlO B OCHOBy KHHeTHqeCKHX H3Mepe- 
HHii B K3TaJIHTH4eCKHX peaKUHHX. MbICJIb O 3H34eHHH (JiaKTOpa Bpe- 
MeHH npa XHMHHeCKHX peaKUHHX, T. e. 33BHCHMOCTH CKOpOCTH peaKUHH 
ot «xHMHqecKHX chji», BnepBbie 6biJia BbicKa3aHa K. BeHuejieM (1777 r.). 
3aKOH AeftcTBHa Macc, ycTaHOBJieHHbifl 3aTeM K. ryjibASeproM h 
n . Baare (1867 r.), 6bin  pa3BHT AaJibHefimHMH HccjieAOBaHHHMH A. roper - 
MaHa, A. Jle-LUaTejibe, fl. BaHT-ro4xJ)a h >K- rn66ca. PeaKUHH hh- 
BepcHH caxapo3bi npoTexaeT MOHOMOJieKyjiapHO no ypaBHeHHio:

dx
d f

K (a — x) v  1 i aii. in K - —— I n ------t a —

MccaeAOBaHHe 3Toro- npouecca HMeeT Oojibmoe TeopenmecKoe 3na- 
neHne, aBjiaacb noATBep>KAeHHeM npaBHjibHOCTH 3aKOHa a^hctbhh Macc.

CxopocTb rnApojiH3a— HHBepcHH—onpeAejiaeTca bcjihmhhoh koh- 
CT3HTbI K  npn COXpaHeHHH Bcex yCJIOBHH HACHTHHHbIMH (paBHbie TeM- 
nepaTypu, KOHueHTpauHH h t . a -)- 3HaqeHHe K  cnjibHO B03pacTaeT 
c TeMnepaTypon: npn 45° oho b 3,5 pa3a 6ojibme, qeMnpn 35° Bojibmoe
BJIHHHHe OK33bIBaiOT KOHHCHTpaUHH H npHpOAa B3HTOH KHCJlOTbl. 3 t0 
bhaho H3 Ta6ji. 52, rAe npHBeAeHbi 3HaqeHHa KOHCTaHTbi HHBepcHH K  

AJIH pa3HbIX KHCJIOT ripH 25° ( K  A-aH 330TH0H KHCJlOTbl npHHHT3 3a 100; 
1 e - m o / ! KHCJioTbi pacTBopeHa B 1 A H20 ).

TABJ1HUA 52

KHCJlOTbl K KHCJlOTbl K

A30THaH 100 JlHMOHHaa 1,72
Cepnaa 53,6 MypaBbHHaa 1,53
U(aBeJieBaa 18,57 JUuioHHaa 1,27
CepHHCTaa 15,16 MojioaHaa 1,07
<J>oc(|)opHaa 6,21 yncycHaa 0,40

CKopocTb HHBepcHH nponopuHOHajibHa CHJie khcjiot. HeflTpajibHbie 
COJ1H T3K>Ke OKa3bIBaiOT KaTaJlHTHMCCKOe BJIHHHHe, npHHeM MaJIbie KO- 
JlHMeCTBa HX OfiblHHO yCKOpaiOT, 60JIbUJHe—T0pM03HT CKOpOCTb HHBep- 
CHH.

ripaKTHnecKH HHBepTHpoBaHHbiH caxap nojiyqaiOT c noMombio jih- 
MOHHOH HJIH BHHHOH KHCJIOT. MTOSbl rf-rjT10K03a He BblKpHCTaJlJIH30BbI- 
Bajiacb, npHOaBjiaioT 10—20% 6ejioii naTOKH. Tanaa cMecb c 20% 
BOAH Ha3i>iBaeTca ucKyccmeeHHbiM McdoM .

PIoaoSho caxapo3e, noA achctbhcm khcjiot rHApojiH3yioTca h Apyrne 
ojiHrocaxapHAbi, npn stom CKopocTb rHApojiH3a aBJiaeTca xapaKTepHOH 
BeJlH4HHOH A-aH OTACJlbHblX yTJieBOAOB. OGblMHO BMeCTO KOHCTaHTbi CKO
pOCTH K  nojib3yioTCH BpeMeHeM nojioBHHHoro rHApojiH3a. BbipaateHHoro 
b  ceKyHAax. 3Ta BejwqHHa noKa3biBaeT, 3a KaKOH npoMeiKyTOK Bpe- 
MeHH b HopMajibHbix ycjioBHHX b rHApojiH33Te nojiyqaeTca tohho 50% 
TeopeTHaecKH B03Mo>KHoro yrjieBOAa. HopMajibHbiMH ycJiOBHHMH Ha- 
3bIB3K)T T3KHe, K0TA3 B 1 H. H 2S04 paCTBOpaiOT CTOJIbKO BemeCTBa,
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MTo6bi nocjie nojiHoro rHApojiH3a o6pa30Bajicn 0,1 m. pacTBop moho- 
caxapn^a.

ripn KaTajiHTHqecKOM tichctbhh pa36aBJieHHbix MHHepajibHbix khc- 
JIOT MO>KHO npOBÔ HTb THApOJIH3 H T3KHX CJIO>KHbIX nOJIHCaxapHAOB,
xaK KpaxMaji h uejunojio3a. B 1781 r. A. FlapMaHTbe otkphji, hto 
npn KHriOTeHHH KpaxMajia c pa36aBJieHHbiMH khcjiot3MH oSpasyeTca 
caxap. 3Ta peaKHHH 6biJia 33tcm no/jpofiHO H3yqeHa b FIeTep6yprcKOH 
jia6opaTopHH AxajjeMHH HayK T C. KHpxro(J)OM [29], KOTopbin yera- 
hobhji, mto npw TH,npojiH3e b npHcyTCTBHH 0,5% H2S 0 4 H3 100 a Kpax
Majia o6pa3yeTCH cnepBa êKCTpHH, a 3aTeM rjnoK03a b KOjmqecTBe 75 a.

Elpouecc, pa3pa6oTaHHbiH f  C. KupxrcxjioM b nojiysaBO^CKOM Mac- 
uiTa6e, Bbi3Baji 6ojibmo0 HHTepec h 6biJi nojio>KeH b ocHOBy xpaxMajio- 
naTOMHOH TexHOJiornH. rio3^Hee (1819 r.) 6biJio ocymecTBJieHO ocaxa- 
pHB3HHe KJieTMaTKH C nOMOIU,bK) pa36aBJieHHOH CepHOH KHCJIOTbl. HHTe- 
pecHbi paSoTbi pyccKoro xhmhk3 Oorejin (1822 r.), nojiyqHBmero caxap 
npn rH^pojiH3e nojioTHa, nHcqeft (tphiihhhoh) hjih xjionqaTofi OyMarw 
AeficTBHeM 87% H2S 0 4. Thapojih3 ApeBecHbix onnjiOK, ceHa, cojiOMbi 
h OTpy6eft c noMombio 0,5—1 %  H2S 0 4 BnepBbie 6bui pa3pa6oTaH Hnp- 
B HHCKHM (1873 r.).

HoBefimne xHMHqecKHe h pemreHOCKonimecKHe HccjieAOBaHHH no- 
Ka3aJIH, HTO KpaxMaji H UejIJIIOJI03a COCTOHT H3 OCTaTKOB rjII0K03bI, CBH- 
3aHHbIX rjIK)K03H^HbIMH CBH3HMH, HO, HeCMOTpH Ha OoJIbHIOe XHMHqe-
cKoe cxo^ctbo, KpaxMaji h uejunojio3a OTjinqaiOTCH /jpyr ot ,npy- 
ra h no CTpoeHHio h no cbohctb3m. KpaxMaji npeflCTaBjiaeT co6oh 
3epHa h c^epoKpncTajuibi, KOTOpbie mo>kho pacrepeTb b mcjikhh nopo- 
moK, a uejunojio3a— hhth h BOjioKHa, nponHbie Ha pa3pbiB. Pojib 
KpaxMajia h KjieTnaTKH b pacreHHHX pa3JiHHHa: KpaxMaji hbjihctcji nn- 
TaTejibHbiM BemecTBOM, Tor.ua Kax KJieTqaTKa—onopHon TKaHbio.

B HacTOHm.ee BpeMH OKOHnaTejibHO ycTaHOBjieno h cTpyKTypHoe 
pa3JiHHHe MOK^y KpaxMajiOM h KJieTqaTKofi.

OKa3ajiocb, hto MOJieKyjia KpaxMajia HMeeT .njiHHHyio pa3BeTBJieH- 
Hyio uenb (aHajiorHH c xopajuiOM hjih ejiKoft). B ocHOBe t3koh MOJie- 
Kyjibi jie>KaT 6ojiee MejiKHe uenn H3 ~250 OCTaTKOB rjnoK03bi, b koto- 
pofl qepe3 HeKOTopbie npoMeJKyTKH npHcoe^HHeHbi doxoBbie nenn no 
20 OCTaTKOB rjnoK03bi. BbincHeHO, qro (fiepMeHT a-aMHjia3a AeftcTByeT 
TOJibKO Ha ueHTpajibHyio u,enb, nmpojiH3yH ee Ha /leKerpHHbi; 3-aMH- 
Jia3a ^eflcTByeT Ha doxoBbie nenn, OTpbiBan ot hhx MOJieKVJibi Majib- 
T03bl.

Pa3JiHqHan cjio>KHOCTb ackctphhob onpenejineTCH no peaxuHH c 
ho^om: aMHJioAeKCTpHHbi (aMHJio3a h pacTBopHMbift KpaxMaji) oxpa- 
UIHBaiOTCH HOAOM B CHHHH UBCT, CJieHVIOIHHe 3a HHMH, 6ojiee TĤ pOJIH- 
30BaHHbie SpHTpÔ eKCTpHIIbl — B KpaCHO-(|)HOJieTOBbIH UBCT H, H3KOHeH, 
axpoofleKCTpHHbi—oxpacKH He naiOT. B pe3yjibTaTe rn,npojiH3a o6pa- 
3yeTCH MaJibT03a, KOTopan non êflcTBHeM cjiepMeHTa MajibTa3bi nepe- 
xo^ht b KOHeqHbiH nponyKT pacmenjieHHH—a-d-rjnoK03y.

OT^ejibHbie npo^yKTbi rH£pojiH3a KpaxMajia MoryT 6biTb nojiyqeHbi 
pa3HbiMH MeTÔ aMH. npH HarpeBaHHH KpaxMajia c KOHneHTpnpoBaHHOH
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HC1 riojiyqaioT «pacTBopHMbiH b Bo^e KpaxMaji*. FIoa AeucTBHe.M Bac. 
macerans o6pa3yiOTCH KpHCTaJiJiHMecKHe AeKcrpHHbi, no CTpyKType 
saHHMaioLUHe cpeAHee nojio>KeHHe Me>KAy axpooACKcrpHHaMH h Ma.ibTO- 
30H. Hx Ha3biBaiOT Taione nojiHaMHJio3aMH, KOTopbie oTBeuaioT cjieAyio- 
m«M 3MnHpnqecKHM (JjopMyjiaM:

'/-TeTpaaMH.i03a (C6H1 0O6 )4 -2C2H5OH; [a]D= -(- 138,6°
/TeKcaaMH.ioaa (C6 H1 0O5 )a rcH2O; [i]D =  -{- 158° 
ot-feKcaaMĤ o3a (CaH10Os)# nH2O; [aJD =  +  139°

KpaxMaji, cMoqeHHbift cojibhoh hjih a30TH0H khcjiotoh h HarpeTbifl 
3aTeM ao 150° npeBpaiuaeTCH b abkctphhh, o6pa3yioiuHe c boaoh npe- 
BocxoAHbie KJien, HMeiomne pa3HOo6pa3Hoe npHMeHeHne, HanpnMep 
AJia annpeTypbi TKaHeft, 3arycTKH Kpacon, nojiyqeHHH KjieeBbix Kpa- 
cok, 3aMeHbi ryMMnapagHKa h t . a - ripHMeHeHHe KpaxMajia a-nh CKJien-
B3HHH 6bIJIO H3BeCTHO y>Ke B IViyOOKOH ApeBHOCTH.

Tan jKe rHApojiH3yiOTCH h Apyrne KpaxMajionoAodHbie BemecTBa: 
rjiHKoreH o6pa3yeT a-d-rjnoK03y, HHyjiHH—p-d-(})pyKT03y. K hcjiothmh 
rHApojiH3 jiokht b ocHOBe nojiyqeHHH naTOKH H3 KapTCxJjejibHoro Kpax
Majia.

MojieKyjia uejunojio3bi HMeeT jiHHefiHyio erpyKTypy, h b Hen oct3tkh 
rjHOK03bI COeAHHeHbl p-rjHOKOSHAHOH CBH3bK), nOSTOMy npn HenOJIHOM 
rnAP0JiH3e uejunojio3bi o6pa3yeTCH He MajibT03a, a uejuio6H03a. KpoMe 
Toro, Ka>KAbiH ocTaTOK rjnoK03bi b u,ejiJiiojio3HOH uenH noBepHyT otho- 
cHTejibHO coceAHero Ha 180° (bhhtob35i chmmctphh), cneAOBaTejibHo co- 
OTBeTCTBeHHO HAeHTHMHbl HCTHbie H HeneTHbie KOJIbUa.

IloA  AeftcTBHeM (JiepMeHTOB hjih khcjiot uejiJiiojio3a noABepraeTCH 
rHApojiH3y, aHajiorHHHO KpaxMajiy. Bac. methanici uej1.n10.1 0 3 y nornfi- 
lhhx pacTeHHii aHa3po6HO pa3JiaraioT ao MeTaHa:

(CgH1 0O5)  ̂ *H20 -► 3xCH4 +  3*C02

MHorue $epMeHTbi rpu6KOB Aspergillus niger, Aspergillus orizae, 
Merulius lacrimans (aomobmh rpufioK), a Taioue pacTHTejibHbie 4>ep- 
MeHTbi npeBpamaiOT uejunojio3y b caxap.

npu o6pa6oTKe uejunoji03bi pa36aBJieHHbiMH KHCJioTaMii o6pa3yeT- 
CH rHAP0UejI.lK)JI03a, HBJIHlOLUaHCH OAHHM H3 nepBHMHbix npoAyKTOB 
rHApojiH3a; OHa pearupyeT c (JiejiHHTOBOH JKHAKOCTbio, t . e. HMeeT cbo- 
SoAHbie ajibAerHAHbie rpynnbi. THApouejiJiioji03a ocawAaeTCH T3K>Ke H3 
pacTBopa uejiJH0Ji03bi b uiBeiiuepoBOM peaKTHBe. OHa o6pa3yeTCH, Be- 
pOHTHO, B pe3yjIbTaTe THAP0JIH3a nOBepXHOCTHbIX CJIOeB.

ripH AajibHefimeM r«ApojiH3e nocjieAOBaTe.ibHO o6pa3yioTCH: uejuno- 
JI030AeKCTpHHbI, COCTOHUI,He H3 20— 8 OCTaTKOB P-d-rjlK)K03bI, OJIHTOCa- 
xapnAbi, HMeiomHe 6— 3 ocTaTKa |3-d-rjnoK03bi, h , HaKOHeu, uejuio6H03a, 
rHApojiHTHqecKii pacnaAaiomaHCH Ha ABe MOjieKyjibi p-d-rjnoK03bi. 
jlpeBecHaa uejuiiojio3a coAepauiT T3K>Ke HHKpycTHpyioiuHe BeiuecTBa— 
jiiirHHH, cMOJibi, bockh, KaMeAH, KpaxMaji, apadorajiaKTOH h reMHueji- 
JHOJI03bI, MHOTHe H3 KOTOpbIX THApOJlH3yK)TCH AO M0H03, 33 HCKJHOMe-
HHeM jinrnHna, oeraiomerocH HeH3MeHeHHbiM.
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U,ejunoJio3a HMeeT doAbinoe TexHHqecKoe npnMeHeHHe ajih noAyqe- 
hhh HCKyccTBeHHoro BOAOKHa, nopoxa, uejuiyjiOHAa, cnapTa h t . A- 
f30]. Em,e b 1819 r. dbiAH nojiyqeHbi caxapncrae BemecTBa npn odpa- 
60TKe KJieTHaTKH CepHOH KHCAOTOH. Pa3daBAeHHeM npOAyKTOB THAPO- 
JIH3a dOAblUHM KOAHMeCTBOM BOAbI nOCAe (J)HAbTpaUHH, HeHTpaAH33UHH 
MeAOM h ynapHBaHHa yAaAOCb noAyqHTb caxapa, cnocodHbie noABep- 
raTbca 6po>KeHHK). OAHano TexHHqecKHH HHTepec k noAyqeHHio caxapa 
h cnnpra H3 ApeBecHHbi npOHBHAcn AHiub k KOHuy npouuioro BeKa.

B nacToamee BpeMa cnnpT H3 ueAAi0A03bi noAyqaioT b doAbinux 
KOAHMecTBax. Pa3pa6oTaHbi CAeAyioiuHe MeTOAbi: a) thapojih3 CBepx- 
KOHUeHTpapOBaHHOH COAHHOH KHCAOTOH H 6 ) THAPOAH3 pa3daBAeHHbIMH 
KHCAOT3MH.

Flo nepBOMy MeTOAy (n pod op-n po u !ecc) BbicymeHHbie ApeeecHbie onHA- 
kh o6pa6aTbiBaAH CBepxKOHueHTpHpoBaHHOH 40—41% HC1 npn odbiq- 
hoh TeivmepaType. noAyqeHHbift caxapHbift pacTBop, ocBodoacAeHHbin 
ot HC1, noABepraAH dpomeHHio, b pe3yAbTaTe qero H3 1 m ApeeecHbix 
on ha ok noAyqaAH ao 200 m  cnapTa. B KaqecTBe otxoaob odpa3yiOTCH 
ahthhh, MeTHAOBbiH cnHpT, yKcycHan khcaOTa h pc|)ypoA. 3 tot MeTOA
HMeA p«A KpynHbix HeAocTaTKOB: Koppo3HH annapaTypbi, cAO>KHOCTb 
odopyAOBaHHH, TpyAHOCTb noAyqeHHH h pereHepauHH 40—41% HC1 
h t . n.

Cefiqac npHMeHaeTCH Apyron mctoa, KOTOpbift 3aKAK>qaeTCH b ery- 
neHqaTOM rnApoAH3e ApeBecHbix oiihaok b cneunaAbHbix annapaTax 
(nepKOAHTopax), coeAHHeHHbix b daTapeH, HanoAodne AH(Jx}iy3opoB 
b caxapHOM npoH3BOACTBe; npouecc BeAyT npn HecKOAbKO noBbimeHHOM 
AaBAeHHH (7—15 am) h 150—170° aghctbhcm 0,1—4% H2S04. noAy- 
qeHHbie 4% caxapHbie pacTBopu BbinapnBaioT, HeHTpaAH3yioT H3BecTbio 
H nOCAe (|)HAbTpaUHH OT CaCOg cdpa>KHBaiOT B STHAOBblH cnnpT.

Pa3pa6oTaH h HenpepbiBHbifi mctoa ocaxapnBaHHH ApeBecHbix ofih- 
aok 0,3—0,4% H 2S 0 4 b TpyOqaTbix annapaTax npn HarpeBaHHH napoM 
npn 25—30 am. B sthx ycAOBHax npouecc ocaxapnBaHHH 3aKaHqn- 
BaeTCH B HeCKOAbKO MHHyT.

B CCCP HHTepec k THApoAH3y ApeBecHHbi ocodeHHO B03poc npuMep- 
ho c 1930 r., KorAa c pa3BHraeM npoMbiuiAeHHOCTH CHHTeTHqecKoro 
Kayqyna no MeTOAy JledeAeBa CHAbHO yBeAHHHAacb noTpedHoerb b sth- 
AOBOM CnHpTe, KOTOpblH nOAyqaAH HCKAK>qHTeAbHO H3 nmueBOrO CbipbH 
(KapTO(J)eAb, po>Kb h t . A-)- OnbiT noKa3aA, hto KaJKAbift mhaahoh aht- 
poB cnnpTa, noAyqeHHoro thapoah30m ApeBecHHbi (HenHiueBoe cbipbe), 
ocBodo>KAaeT okoao 3000 m 3epHa hah 10 000 m KapTO^eAH h, CAeAO- 
BaTeAbHO okoao 600 za noceBHOH nAoiuaAH. Hah npoH3BOACTBa >Ke 
1 mah. a  cnapTa H3 ApesecHHbi TpedyeTca okoao 10 000 m  onHAOK c 
BAaJKHOCTbio 45%. hto mojkct odecneqHTb roAuqHaa padoTa OAHoro 
AeconHAbHoro 3aBOAa cpeAHefi npoH3Boahtcabhocth. nepBbie coBeTCKne 
THApoAH3HO-cnHpTOBbie 3aBOAbi HaqaAH peryAHpHO padoTaTb c 1938 r.

B HacTonmee BpeMH nocTaBAeHa 3aAaqa npoH3BOAHTb sTHAOBbin 
cnnpT TOAbKO H3 HenHmeBoro cbipbH.
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K.poMe pador no rHApoAH3y ApeBecHHbi, b (X C P  ocymecTB.ieHO no- 
.’iyneHHe kchao3Hoh naTOKH h KpHCTaAAHqecKofi kchao3h  H3 cejibCKo- 
X03HHCTBeHHbIX OTXOAOB— COAOMbI, KyKypy3HbIX nOHaTKOBJ XJIOnKOBOH 
uiejiyxH, noflcojiHeqHOH Jiy3rn. HeKOTopbie 3aBOAbi nepepadaTbiBaAH 
nuieHHHHyio h p>KaHyio coaomv Ha cnnpT (100— 150 a cnnpTa H3 1 m
CVXOH COJIOMbl).

B nocJieAHHe roAbi yAeAHAocb doAbmoe BHHMaHHe npodAeMe HcnoAb- 
30B3HHH paCTHTe^bHblX rHApOAH33TOB AAH nOJiyqeHHH KOpMOBUX ApO>K- 
>keft, hbahkhhhxch  AemeBbiM hctohhhkom  nmueBoro deAKa H pflAa UeH- 
HblX BHT3MHHOB. MeTOA OCHOBaH Ha TOM, MTO neHT03bI H3 paCTHTeAbHblX 
rHAP0JlH33T0B OMeHb XOpOUIO yCBaHBaiOTCH MHKpoopraHH3MaMH M oni
lia murmanticus c OAHOBpeMeHHbiM odpa30BaHHeM bhcokhx  bhxo ao b  
de.iKa, xopoino ycBoneMoro jkhbothmmh opraHH3M3MH. JIjih aroti x e  
uejiM npnroAHbi nopMOBbie apo ao k h  Torula utilis h AP-

MeTOAOM rHApo;iH3a pa3daBAeHHoft cepHoii khcaotoh H3 Jiy3rn noA- 
cojiHeqHHKa, HHMeHHbix OTpydeft, uiejiyxH oBca h t . a - noAyqaioT 4>yp- 
<})ypoA. T hapojih30m xbohhoh  ApeBecHHbi HapaAV c (})yp(J)ypoAOM noAy- 
MaeTCB H MeTHAOBblH cnHpT.

rHApojiH3H3H npoMbiiiijieHHOcTb, oAHa H3 caMbix moaoamx  b HameS 
CTpaHe, nojiyqnjia cm nb dbicTpoe h ycneuiHoe pa3BHTHe, m o  y * e  b 
1940 r. cedecTOHMOCTb rnApoAH3Horo cnnpTa cpaBHHAacb c cedecTOH- 
MOCTbio cnHpTa H3 xjiedHbix 3A3KOB. B HacToamee BpeMH, dJiaroAapa 
KOMnjieKCHOH nepepadoTKe pacTHTeAbHoro cbipba Ha 3aBOAax th a po a h - 
3a ApeBecHHbi, OAHOBpeMeHHO C STHAOBbIM CnnpTOM, BblpadaTHBaiOTCH 
dejiKOBbie a p o )khch H3 dapAbi, cJjypcJjypoji, CKHnHAap h cupoft MeTHAOBbifi 
cnwpT, a T3K>Ke jinrHHHOBbie dpHKera h C 0 2. Bee sto noHTH BABoe chh - 
A<aeT cedecTOHMOCTb sthaoboto  cnnpTa.

3Ha9HTejibHbie nepcneKTHBbi HMeeT Tannce rnApoAH3 Top4)a c nocAe- 
AyiomHM cdpa>KHBaHHeM noAyqeHHbix noAHcaxapnAOB b cnnpT (50—60 a 
3THAOBoro cnnpTa H3 1 m cyxoro Topeka), r HAporeHOAH3 noA AaBAe- 
HHeM BOAopoAa noAyneHHbix th apo ah30m caxapoB moacct flBHTbcn 
HOBbIM MeTOAOM Â H nOAyneHHH TAHHepHHa H3 AeUieBOTO paCTHTeAbHOTO 
Cbipbfl.

Thapoah3 deAKOBbix BemecTB. B  ACH3HeHHbix npoueccax ocHOBHyio 
poAb nrpaiOT deAKOBbie BemecTBa, nosTOMy npodAeMa deAKOB hbahctch  
OAHOH H3 caMbix BaJKHbIX B OpTaHHMeCKOH XHMHH. BeAKH COCTaBAHIOT 
o k o ao  50%  Bcex npnpoAHbix coeAHHeHnfi; no noAcneTy b n<H3HeHHbie 
npoueccbi dHoctjjepbi Hameft nAaHeTbi BOBAeqeHO 5 -1012 m npoTeHHOB 
(B .  H . BepHaACKHft).

0 6  HCKAlOqHTeAbHOft CAOMtHOCTH CTpoeHHH deAKOB MOJKHO CyAHTb 
npejKAe Bcero no BeAHHime MOAeKyAapHbix BecoB HeKOTopbix npoTen- 
hob h npoTeHAOB (TadA. 53).

CorAacHo abh h m m  T U,aHa 131], othochtcabHO npocTon deAOK—  
i<pHCTaAAHnecKHH nencHH, coAepAcamHfi 14,6% a30Ta, HMeeT M O AeK y- 
.iHpHbifl B ee— 40000. B  ero cocTaB bxoaht  370 ocTaTKOB a-aMHHOKHCAOT, 
4 nenTHAHbie uenH, hto cooTBeTCTByeT odmeft MOAeKyAnpHOH <J)opMyAe 

1̂8lU ̂ 3012 N408S21O57a.
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TABJIHUA 53

BejiKOBbie BemecTBa MojieKyjiapHbifl Bee

riencHH 39 000
Hhuhhh ajibOyMHH 40 000
TeMorJioOHH kpobh 68 000
Kap6oKCHreMorjio6nn 70 000
T Hpeor;io6yji hh 686 000
reMonnaHHH BocbMHHora 2 768 000
TeMOUHaHKH kpobh yjiHTKH 6 630 000
Bnpyc MaxJiocTH noManopoB 7 600 000
BejioK «Ta6aMHoft mo33hkh» AO 20 000 000

HoBenmne padora noKa3aJiH, hto GejiKOBbie MOJieKyjibi, HecMOTpa 
Ha HX HCKJHOHHTeJlbHyiO CJIOJKHOCTb, COCT051T H3 KOMdHHailHH CpaBHH- 
TejibHO Hedojibmoro HHCJia a-aMHHOKHCJiOT. TeM-He MeHee h sto kojih- 
qeCTBO yBOAHT Hac B TeopHIO dOJIblHHX MHCejl. H3BCCTHO, MTO B Odpa30- 
BaHHH de/iKOBbix MOjieKyji yqacTByeT ao 28 a-aMHHOKHCJioT. E cjih Aony- 
CTHTb, HTO B COCTaB dejIKOB BXOAHT JlHIHb 10 pa3JlHMHbIX 3MHH0KHCJI0T, 
H3 KOTopbix KaJKAan BCTpeqaeTCH TOJibKO oahh pa3, to mojkho nojiyqHTb 
10!=3 628 800 H30MepHbix MOjieKyji, b cjiyqae 15 pa3JiHHHbix 3mhho- 
khcjiot 15! =  1 307 947 368 000 H30MepHbix MOjieKyji, He cHHTaa TayTO- 
MepHbix, CKpyqeHHbix, HHKJinqecKHX h odJiaAaiomHx BOAopoAHbiMH 
CBH3HMH (|)OpM.

B HacTonmee BpeMH Mbi eme, kohchho, AajieKH ot nojiHoro npeA- 
CTaBjieHHH od hcthhhoh CTpyKType dejiKOB, ho dJiaroAapn HccjieAOBaHHHM 
nocjieAHHx AecHTHjieTHH b 3Ty odJiacTb BHeceHa HeKOTopan HCHOCTb.

B ocHOBe nocTpoeHHH dejiKOBbix MOjieKyji JieJKaT nenTHAHbie cbh- 
3H —NH—CO— , npnqeM cJiojKHOCTb sthx MOjieKyji noBbiuiaioT pa3- 
jiHHHbie BTopHHHbie npoueccu, a hmchho:

1 . EHOJiH3au,HH nenTHAHbix CBH3eft (KeTOHMHAHaa TayTOMepna)

—NH—C -  ^  —N=C—
II I
O OH

2. Odpa30BaHne KOJibHarax AHKeTonHnepa3HHOBbix rpynnHpoBok 
b pe3yjibTaTe H3orHVTOCTH (cKpyqeHHOCTH) nojiHnenTHAHbix uenefl b 
npocTpaHCTBe

HN

CH2 CO C H2 CO
/ \ / / \ /
: n h OC N

^  1
M CO H N  c
\  /  \ \  /  \

C H a

OH

NH
I

C H2 NH



3. PH 3.P0JIH 3 BblCOKOM OJlEKyJIflPHblX COEMHHEH fiff 541

3. G6pa30BaHHe BOAOpOAHbIX CBH3CH

c h 2 c h 2
/ \  /  \

OC NH OC NH
I I +  I I

HN CO HN CO
\  /  \ /

c h 2 c h 2

CH, CH2
\

••• OC NH.......... OC NH-

• •■•HN CO
\  /

CH2

■HN CO
\  /

c h 2

npHBOAHT K CHCTeM3M H3 MHOTHX COeAHHeHHbIX MORAY COdOH HMHAHbIX
o

h AHKeTonHnepa3HHOBbix KOAeu. iJjiHHa cBH3eft NH... O paBHa 2,85 A.
4. 06pa30BaHHe cAomHbix MOAenyA dejiKOB H3 doAee npocTbix erp\K- 

TypHblX eAHHHLX.
H3yMeHHH cocTaBa n crpoeHHH dejiKOBbix MOJieKyji noAb3yioTCH 

rHAP0AH30M, KOTOpblH mo>kho ocymecTBHTb abohko: a) (JjepMeHTaTHB- 
Hbift thapoah3, hah pacmenAeHHe dejiKOB, h d) xHMHMecKiiii niA- 
POAH3.

<l>epMeHTaTHBHbIH THAPOJIH3. OepMeHTbl, npOBOABIUHe niA[H'.IH3, 
hocht odmee H33BaHHe eudpoAa3bi. K hhm othochtch 3cmepa3bi. sap- 
6oeudpa3bi, npomeasbt. 3crepa3bi npoBOAHT thapojih3 3(])HpoB h >khpob; 
KapdorHApa3bi pacmenAHiOT ymeBOAbi; npoTea3bi, hah npoTeo.iHTime- 
ckhc (})epMeHTbi, pacm,en.iHK)T dejiKOBbie Beu;ecTBa. ripoTea3bi LunpoKo 
pacnpocTpaHeHbi b npupoAe, h k hhm othochtch doAbuioe hhcao cbep- 
MeHTOB, He OAHHaKOBblX rio CBOHCTB3M. OcHOBHaH KAaCCH(j)HKaHHH FipO- 
Tea3 dbiAa ycTaHOBjieHa no (JiepMeHTaM numeBapHTejibHoro TpaKTa M.ne- 
KOnHTaKDlH,HX (y >KHBOTHbIX H paCTCHHH npOTeOAHTHMeCKHe (|)epMeHTbI 
pe3KO pa3AHHHbI no 4>yHKHHHM). THAPOJIH3 deHKOBbIX BemeCTB npOTe- 
KaeT CTyneHMaTO c odpa30BaHHeM npoMOKyTOHHbix npoAyKTOB—ajib- 
dyM03, nenTOHOB, noAHnenTHAOB h, HaKOHeix, a-aMHHOKHCAOT. K $ep- 
MeHTaM, rnApô H3yiouxHM dejiKOBbie BemecTBa, b nepByio onepeAb ot
hochtch tll'IlCllH—(fjepMeHT >KeJiyAOHHOTO COKa, aKTHBHblH TOAbKO B 
cHAbHO khcaoh cpeAe (pH = 1,5-Y-2,5) h pacmen.THiom.HH de.TKH ao 
aJibdyM03 h nenTOHOB. CjieAyiomHM $epMeHTOM hbahctch BbiAejineMbifi 
noA>KejiyAOMHon >Kejie30H mpuncun, 3 kthbho THApoAH3yiomHH b meAoq- 
Hoii cpeAe (pH =8-^9) h aKTHBHpyeMbift KoijrepMeHTOM dumcpoKUHazou. 
3Ta TpnnTimecKaH rpynna npoTeHHa3 pacmenjineT dejiKH rxiaBHbiM 
odpa30M ao nojinnenTHAOB. HaKoneu, b KHmeMHOM cone HMeeTCH TpeTbH 
rpynna (jiepMeHTOB, Ha3biBaeMaH apenci/HOM, KOTOpan 3asepmaeT okoh- 
MaTeAbHblH THAP0JIH3 nOAIinenTHAOB AO 3C-3MHHOKHCAOT. HcCJieAOBaHHH 
c ii30TonHbiM 330T0M [32] noi<a3aAH, hto b KJieTKax >KHBOTHbix opraHH3- 
mob deAKii nocTOHHHO pacnaAaiOTCH h CHOBa CHHTe3npyioTCH H3 a-aMHHO- 
khcjiot. npimeM h pacnaA h chhtc3 coBepmaiOTCH npn yqacTHH oahhx 
h Tex me cfiepMeHTOB.

XMMHWeCKHH rHAP0AH3. XHMHMeCKHH THAP0AH3 de.TKOB MO>KeT dbITb 
ocymecTBAeH AHdo b khcaoh, Ando b meAOHHOH cpeAe. OdbiHHo npeAno- 
MHTaiOT KHCAOTHoe pacmenAeHHe. Tax KaK noA AeficTBHeM me.TOMeft
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MaCTO npOHCXOAHT paueMH3aU,HH KHCJIOT. I<HCAOTHbIH THAPOJ1H3, KOTO- 
pblH npOBO^HT B npHCyTCTBHH HC1 HJIH H ,S 04, 3aKJlK)MaeTCB B MHOrO- 
MacoBOM HarpeBaHHH dejwa c o6paTHbiM xojioah jibHHkom hjih b aBTO
KJiaBe. THApojiH3aT 4)HJibTpauHeii ocBo6o>KAaiOT ot ryMHHOBbix BemecTB. 
06pa30BaBiiiHecB a-aMHHOKHCJiOTbi nepeBOAHT b STHJiOBbie 3(})Hpbi, ko- 
Topbie pa3roHBK)T b bhcokom BanyyMe. CymecTByeT h MHoro Apyrnx 
Meio^oB, H3 KOTopbix xopomHe pe3VJibTaTbi AaeT cnoco6, 3aKjnonaiomHH- 
ch b o6pa6oTKe rHApojiH3aTa 6yTHJiOBbiM cnnpTOM. ByTHJioBbift cnHpr 
paCTBOpaeT JIHIHb MOHOaMHHOKHCJIOTbl, KOTOpbie 3aTeM 3TepH(J)HUH- 
pyK)TCB, HHAHBHAyaJIbHbie 3(|)HpbI BblAejIBIOT (JjpaKUHOHHpOBaHHeM, 3a- 
TeM rHAP0JIH3yKDT.

Bojibmne HccjieAOBaHHH b o6jiacTH rHApojiHTHnecKoro pacmenjie- 
hhh GejiKOB h 6ejiKOBbix Beui,ecTB npoBejw H. J\. 3cjihhckhh h 
B. C. CaAHKOB f33]. O hh noABeprajm rHApojiH3y >KHBOTHbie opraHH3Mbi—  
cbhhok, kpojihkob, KoiueK, MejiKHx pbi6— h ycTaHOBHjiH, mto Jiymne Bcero 
THApOJIH3 npOH3BOAHTb He B npHCyTCTBHH KOHUeHTpHpOBaHHbIX H ,S 0 4 
hjih HC1, a b aBTOKJiaBe npn noMoui,H pa36aBJieHHbix khcjiot. npH Ha
rpeBaHHH pa3JiHHHbix 6ejiKOB b aBTOKJiaBe npn 140—'150° c 0,5— 4°<> 
HCl THApojiH3 3aKaHHHBaeTCH Hepe3 3— 6 nac., a npn 180° b sthx a<e 
ycJioBHHX Hepe3 1— 3 naca. B pacTBope o6pa3yeTcn CMecb npocTeHimix 
OC-aMHHOKHCJIOT H APyrHX paCTBOpHMbIX B BO/je OpraHHHeCKHX COeAHHeHHH, 
BxoABmnx b cocTaB Bcex opraHOB >KHBOTHoro, a HepacTBopHMbie npo- 
AVKTbi pacna^a— >KHpbi, JKHpHbie khcjioth, xojiecTepHHbi h t . a -— Moryr 
6biTb OTAeAenbi ot pacTBopa. 3 tot cnoco6 THApojiH3a OejiKOB HBjiHeTca 
6oAbuiHM AOCTHJKeHHeM roMoreHHoro KaTajiH3a h H3BecTeH noA na3Ba- 
HHeM—aem oKAaenbiii 2udpoAU3 6eAi<oeoix eeiuecm e.

HeAOCTaTOHHOCTb no3H3HHH CTpyKTypbi 6ejiKOBbix MOJieKyji He no- 
3BOJIHeT yCT3H0BHTb HCTHHHblH MCX3HH3M THAP0JIH3a, XOTB HeKOTOpbie 
aBTOpbi npHBOAHT pa3JiHHHbie cxeMbi. Tan, HanpHMep, no M. C. Pe3- 
HHneHKO [34], 6cjikh npeACTaBJiHWT co6oh TpexMepHbie MOJieKyjibi, b 
KOTopbix jiHHeHHbie nojiHnenTHAbi CBH3aHbi b npocTpaHCTBe chomocthKamh:

R R OH R OH R
I I  I I  I I I I

—\H—CH-C—N—CH—C—N -C H —C— N -C H ------

OH OH

• _OC—CH—N—C—CH—N—C— CH—\—C—CH-----
I I I I I
R OH R OH OH R

I
• _ N —C H -C —N -C H —C— N—CH—CH—N -C H ------

I I I I I I I I I I
R OH R R OH R

Tanaa cemaTan crpyKTypa npH rnApoJiH3e 6yATO 6bi npe>KAe Bcero 
«KeTOHH3HpyeTCH» c paapbiBOM — N — C-mocthkob (Ae3arperauHH Mo.ne-
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Kyji); npn stom em,e He o6pa3yiOTCH NH,- h COOH-rpynnbi, h pacnaA 
nponcxoAHT (Ha cxeMe) no ropH30HTaAbHofi ahhhh. riocjie Ae3arpera- 
uhh HacrynaeT thapoah3 AHHeftHbix Mo.ieKyA noAHnenTHAOB no BepTH- 
KaJIbHblM AHHHHM (Ha CXCMe), npHBOAnmHH K 06pa30BaHHK) AHKeTO- 
nHnepa3HHOB h kohchhux a-aMHHOKHCAOT. 3Ta cxeMa hbahctch nonbiT- 
koh npeACTaBHTb CTpyKTypy SejiKOB c no3HUHH noAHnenTHAHOH TeopHH
3 . Onujepa.

ripHMepHO k 1920 r pa3BHTne xhmhh 6cakob HecKOAbKO npHOCTa- 
HOBHJiocb, Tan Kax Teopna 3. OHiuepa He Morjia o6T>HCHHTb CTpoeHHe 
AO 40 % 6eAKOB, OCTaiOmHXCH HeTHAP0AH30BaHHbIMH AO a-aMHHOKHCAOT. 
OaKTOM, onpoBepraioinHM Teopnio 3 . Onuiepa, hbaHAocb T3K>Ke no- 
CTOHHHoe npncyTCTBHe b rHApoAH33Tax Tpn- h TeTpanenTHAOB h ctohkhx 
AHKeTonnnepa3HHOB.

H. H,. 3ejiHHCKHft h B. C. CaAHKOB, b npoTHBOBec nojiHnenTHAHOH 
Teopnn 3 . Ornnepa, npeAAO>KHAH duKemonnnepa3UHoeyK> meopiuo [35], 
no KOTopoft rjiaBHbiM CTpyKTypHbiM sjieMeHTOM OejiKOBbix MOAenyA 
hbahiotch He AHHeiiHbie noAHnenTHAbi, a uiecTHMAeHHbie uHKAnuecKHe 
AHKeTonHnepa3HHbi, Tan nan ohh BcerAa npncyTCTByioT b khcawx tha- 
poAH33Tax. OAHano OAHOBpeMeHHoe npncyTCTBHe AHKeTonnnepa3HHOB 
ii Tpn- h TeTpanenTHAOB 3Ta Teopnn o6T>HCHHTb He MorAa.

ilaAbHefluiHe paOoTbi H. H. TaBpHAOBa, H. R. 3eAHHCKoro no3BO- 
AHAH KaK 6yATO pa3peiUHTb H 3TOT BOnpOC C nOMOUlbJO (IMUdUHHOU 
TeopHH raBpHAOBa [36].

,Hah AOKa33TeAbCTBa H. H. I'aBpHAOB h A. B. KonepHHa [37] pa3- 
pa6oTaAH MeTOA 3AeKTpoxHMHMecKoro BoccTaHOBAeHHH AHKeTonHnepa- 
3HHOB npOCTeHUJHX deAKOB B nHnepa3HHbI, KOTOpbie THAp0AH30BaTbCH 
He MoryT:

R
I

y CH—COx  
-NT XN-----

\ : o - c h /

R

R
I

.CH-CFU 
-NX X N-

X CH,-Ch/

R

3 tOT MeTOA BHeC 3HaHHTeAbHyK) HCHOCTb B HCCAeAOBaHHe THApOAH3a- 
TOB H n03B0AHA OnpeAeAHTb KOAH'ieCTBO «UHKAHMeCKOrO» a30Ta 
B p33AHMHbIX OeAKaX H CyAHTb O MHCAe AHKeTOnHnepa3HHOBbIX KOAen. 
Bhao ycTaHOBAeHO, hto AHKeTonnnepa3HHbi h nenTHAbi coeAHHeHbi
C nOMOmbK) UMUdllHHbLX C S A 3 C U  ^ C  =  N —, Ha OCHOB3HHH MeTO

H. II. TaBpHAOBbiM 6uah BbiBeAeHbi ocHOBHbie moacah CTpyKTyp, Ae- 
>KamHX B OCHOBe CAOKHbIX 6eAKOBbIX MOAeKyA.

B ocHOBe cTpoeHHH 6eAKOBbix MOAenyA, no H. H. TaBpHAOBy, aoa>k - 
Hbi HaxoAHTbcn KopoTKHe (Tpn- h He SoAee neHTanenTHAHbix) uenn, co- 
eAHHeHHbie aMHAHHHbIMH CBH3HMH C AHKeTOnHnepa3HHOBbIMH K0AbU,3MH, 
MTO MO>KHO npeACTaBHTb CAeAyiOmHMH B03M0>KHbIMH CTpyKTypaMH:
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I 1 I

R

N R  R R
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u

B KOHeMHOM HTore Jl. H . AKHMOBa h H . H . TaBpHjioB [38, 39] npH-
LUJ1H B 3aKJHOHeHHK), MTO CBB3H Me>KAy ,HHKeTOnHnepa3HHaMH H nenTH- 
^aMH ocymecTBJiHioTCH qepe3 KapfioHHJibHbie rpynnbi ( b nojio>KeHHH 
2,5) nepBbix h aMHHorpynnbi nocjie^HHx, npHMeM sth CBH3H Ha3bi- 
B3IOTCH Q M l l d u H H b l M U . CHHTe3HpOBaHHbie MOAe/IbHbie COe^HHeHHH Tanoro 
THna (JiepMeHTHpyioTCB >KejiyAOMHbiM cokom, mo yKa3b)Baer Ha 6.th- 
30CTb 3thx CTpyKTyp k npHpo/iHbiM SejiKaM.

Cor.iacHO H . JX. 3ejiHHCKOMy h H . W. TaBpHJioBy, c^e/iyeT pa3JiH- 
naTb MHKpo- h MaKpoMO^eKyjibi Se^KOBbix BemecTB. MHKpoMOjreKy^bi 
SejTKOBbix BemecTB hb.ihiotch nenTOHaMH c MOJieKyjiapHbiM BecoM
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1500—3000, KOTopue npeBpamaiOTCH b 6o;iee CAOxtHbie Mojieicyjibi MaK- 
poOejiKOBbix o6pa30BaHHH. riocAeAHHe noA AeficTBHeM Ae3arpernpyiomHx 
areHTOB pacnâ aioTca ao nenTOHOB, a 3aTeM ao TpnneriTHAOB (b nu- 
pô H3aTax 90—95% TpnnenTHAOB, ho hmciotch h TeTpanenTHAt-i), 
KOTOpbie HBAJHOTCH OnpeABAHIOLUHMH 3AeMeHT3MH nOAHnenTHAOB.

OAHano b nocjieAHee BpeMH HexoTopbie coBeTCKHe h 3apy6e*Hbie 
y'leHbie HauHHaioT B03BpamaTbca k nojinnenTHAHOH TeopHH 3. Onme- 
pa, Tax nan HOBeiiuiHe HccAeAOBaHHa cTpyKTyp 6cjikob Bee dojiee apry- 
MeHTHpyioT b nojib3y AHHefiHbix CTpyKTyp, cKpyueHHbix b npocTpaH- 
ctbb hah o6pa3yiomHx r^o6yjibi.

Ba>KHOCTb pa3pemeHHH cJiojKHefluieH npofijieMbi CTpyKTypbi 6eAKo- 
bhx MOjieKyji, Hepa3pbiBHO cbh33hhoh c npodJieMofi jkh3hh, acHa H3 
cjiob O. 3Hrejibca: «>KH3Hb ecTb cnocod cymecTBOBaHHa deAKOBbix 
TeA».

B. AJIKOTOJ1H3

K peaKUHHM rHApoAH3a oaeHb 6ah3kh peaKUHH pa3AOA<eHHa pa3- 
AHHHblX COeAHHeHHH nOA BJIHBHHeM CIlHpTOB, ABHCTByiOlHHX aHaAOTHM-
ho BOAe:

RCOOR' +  R"OH z £ : RCOOR" +  R'OH

3tot npouecc, hah xax ero Ha3biBaiOT q a k .o s o a u 3 , MO>KeT 6biTb Ka- 
TaJIHTHHeCKH ycnopeH A063BK3MH He60AblUHX KOAHUeCTB CHAbHbIX 
KHCAOT. CneUHtJjHHeCKHM KaT3JlH3aTOpOM HBAHCTCH aJIKOrOJIHT K3AHH 
HAH H3TpHH, ABHCTByiOlUHH 3KTHBHee, MeM KHCAOTfal.

n PH aAKoroAH3e caojkhux BcjwpoB npoHexoAHT n e p e a m e p u tp u K a tp in , 
t . e. oGiueH aAKOKCH-paAHKaAaMH Me»Ay chhptom h 3(J)HpoM. B pe- 
3yAbTaTe o6pa3yeTca paBHOBecnaa cMecb: ABa cnnpTa h ABa caojkhhx 
3<J)Hpa.

AAKoroAH3 npoTexaeT AerKO. npH B36aATbiBaHHH caojkhmx scjwpoB 
npeAeAbHbix hah HenpeAeAbHbix KapSoHOBbix khcaot npH oObiHHoft 
TeMnepaType c 10-KpaTHbiM koahmcctbom cnapTa c Ao6aBKOH MeTa.iAH- 
qecKoro KaAHa hah HaTpna. Oco6chho Aerno npoTexaeT nepe3TepH(f)H- 
K3UHH nepBHMHblX aAK0KCH-paAHK3A0B, B CAyuae Ace BTOpHHHbIX H Tpe- 
thhhhx cnnpTOB Heo6xoAHMO HarpeBaHHe. AHaAorHUHO npoBOAHTca h 
3AKOrOAH3 CAO>KHbIX 3<J)HpOB TAHKOAeH, npHUCM C a6C0AK)THbIM CnHpTOM
b npHcyTCTBHH HaTpHH noAyHaeTca 75—85% sthachtahkoah:

CH,OCOCH8 CH2OH
I +  2C2H6OH ^  I +  2CH3COOCoH5
CH2OCOCH3 ch2oh

PeaKUHH 3AKoroAH3a MoryT 6biTb HcnoAb30BaHbi aah noAyaeHHH 
3(J)HpOB BblCLUHX KapfiOHOBblX KHCAOT. B OCHOBe 3THX peaKUHH AOKHT 
CTapoe Ha6AK)AeHHe. mto npn achctbhh a6coAK>THoro sthaoboto cnHpTa C 1 % XAOpHCTOrO BOAOpOAa Ha TAHUepHAbl JKHpHUX KapfiOHOBbIX KHC
AOT noAyuaioTCH hx sthaobwc acfwpbi. B u ao  npoBeAeHO MHoro peaKUHH 
3A KOTOAH33 KOKCOBOTO, AbHHHOTO, KaCTOpOBOTO H HHblX paCTHTCA bHbIX 
MaceA c MeTHAOBbiM cnnpTOM. HarpeBaHHe c h36utkom adcoAioTHoro
35 B. H. AoJITOB
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MeTHjioBoro cnnpTa ao nojiHoro pacTBopeHHH npHBOAHjio k o6pa30Ba- 
HHKD COOTBeTCTByiOmHX MeTHJIOBbIX 3(J)HpOB pa3J!HMHbIX KHCJIOT. BMeCTO 
MeTHjioBoro cnnpTa mo>kho 6paTb h Apyrne 6e3BOAHbie cnnpTbi. CoAep- 
>K3HHe b criHpTe boah cmuKaeT nepe3Tepn4)HKauHK) BCJieACTBiie rHApo- 
jiH3a.

PeaKUHH ajiKorojiH3a HMeiOT h TexHHqecKoe 3HaqeHHe. HanpHMep, 
6opHHJiaueTaT naxTOBoro Macjia c MeTHjioBbiM cnapTOM npeBpaiuaeTCH 
b 6opHeoji h MeTHjiaueTaT. MerajiaueTaT, nojiyqeHHbia npa cyxoii ne- 
peroHKe ApeBecaHbi mctoaom nepe3TepH(})HKauHH c 6yTaHOAOM hjih neH- 
TaHOJioM, mo>kho nepeBecTH b 6vthji- hjih aMHAaueTaTbi.

PeaKUHH ajiKorojiH3a npHMeHHMbi TaK»ce a ^ h npeBpaiuemm hhtph- 
JlOB B COOTBeTCTByiOmHe 3(J)Hpbi:

RCN +  C2HBOH +  H20 zi± RCOOC2Hb +  NH3

PeaKUHIO npoBOAHT npn HarpeBaHHH sKBHMOJieKyjiapHbix kojihucctb 
HHTpHJia H CepHOH KHCJIOTbl C STHJIOBbIM CnHpTOM npH 130— 135° TaKOH 
aJiKoroAH3 npHMenHM AJia nojiyqeHHH H3 hhtphjiob jnoObix CJio>KHbix 
3tJ)HpoB, npnqeM Jiyqme npHMeHHTb HC1, a He H2SO.,.

PeaKUHH KaTajiHTHqecKoro ajiKorojiH3a h nepesTepacbHKauHH Ha- 
x o a h t  3HaqHTejibHoe npHMeHeHHe r jis i cHHTe3a TpyAHOAQcrynHbix HHbi- 
mh  MeTOAaMH sjieMeHTOopraHHqecKHx, b qacTHOCTH KpeMHeopraHHqe- 
c k h x , coeAHHeHHH. H c x o a h  H3 AOCTynHbix TeTpaMeTOKCH- (CH 30 )4Si 
h jih  TeTpasTOKCHCHjiaHOB (C2H 50 )4Si HarpeBaiiHeM c jno6biMH o a h o - 
HJIH MHOroaTOMHbIMH CnHpT3MH, ^eHOJiaMH HJIH TOMOJIOraMH (JieHOJia, 
m o>k h o  nojiyqaTb cooTBeTCTByioiuHe TeTpaaAK(ap)oKcacHJiaHbi:

(C2H60)4Si +  4ROH ^  (RO)4Si +  4C2H5OH

3 th peaKUHH KaTaAH3HpyiOTCH A06aBK3MH HeSojlbHJHX KOJIHqeCTB 
HC1, SiCl4, C H 3ONa, C2H 5ONa, Na, ochob3 hhh [40]. PeaKUHH npo- 
TeKaiOT 3HaqHTejibHO jiyquie co cnapTaMH SoAbuiero MOJieKyjiapHoro 
Beca. BbixoAbi AocraraiOT 90% h Bbitue. Jlerqe Bcero pearnpyiOT nep-
BHqHbie cnHpTbi.

AHajiorHqHO npoBOAHT h peaKUHH nepe3TepH(|)HKauHH TeipaajiK- 
OKCHCHJI3HOB CO CJIOJKHbIMH 3(|)HpaMH KapSoHOBbIX KHCJIOT no 06lU£H 
cxeMe:

(C2H60)4Si +  4CH3COOR zi^ (RO)4Si +  4CH3COOC2H5npouecc npoTenaeT npH HarpeBaHHH b npncyTCTBHH A1C13 hjih aJiKoroAHTOB Mg, A1 hjih Sb [40, 41]. ,0yiH aocthjkchhh KOJiaqecTBeHHbix bmxo^ob TeTpaajiKOKCHCHjiaHOB Heo6xoAHMO 6ojiee jierKOKHnntuHH 3(j)Hp nOCTOHHHO yAaJIHTb OTTOHKOH.
3 th peaKUHH npHjio>KHMbi h k ApyrHM 3JieMeHToopraHHqecKHM co- 

eAHHeHHHM. TaK, HanpHMep, no peaKUHH

3(CH30)4Si.+ 4B(OC4H8)3 ẑ z 3(C4H90)4Si +  4B(OCH3)3

noAyqaeTcn c npenpacHbiM bhxoaom  TpyAHOAOCTynHbift tphmctokch- 
6opaH.



TEOPMH PMHP0J1M3A 547

AHajiorHMHO mo>kho noABepraTb aAKoroAH3y hah nepesTepn̂ HKa- 
UHH pa3̂ HMHbie aAKHA3AKOKCHCHAaHbI:

R'Si(OR)3 +  3R"OH 5 *: R'Si(OR")3 +  3ROH

R2Si(OR)2 +  2R'OH ^  RjSKOR"^ +  2ROH

R'Si(OR) +  R"OH ^  RgSiCOR") +  ROH

PeaKUHH H/jyT TeM TpyAHee, qeM SoAbiue aAKHAbHbix 3aMecTHTejieH 
nMeeTCH y ueHTpaAbHoro aTOMa KpeMnnu.

J \H- H TpHaJlKOKCHnpOH3BOAHbie B pe3yAbTaTe THApOAH3a AaiOT co- 
OTBeTCTByK)LU,He AHaAKHACHAaHAHOAbI HAH ajTKHJICHJiaHTpHO/ibI, npn- 
MeiiBCMbie aah uejiefl rHApo(}x)6H3auHH pa3JiHMHbix MaiepHa.iOB.

r. TEOPHH THAPOJIH3A
YcKopeHHe npoueccoB rHApoAH3a pa3JiHMHbix opraHiiqecKHx co- 

eAHHeHHH Ao6aBKaMH khcaot hah meAoqeft hbhaocb npeAMeTOM aah- 
TejibHbix h TmaTejibHbix HccAeAOBaHHH. BbiJio ycTaHOBJieHo, hto cko- 
pocTb rHApo^H3a CHH>KaeTCH c  yMeHbiueHHeM cTeneHH AuccounauHH 
Ao6aBAneMbix khcjiot. B nocAeAHee BpeMH noAyqeH p*u AOKa3aTeAbCTB 
Toro, HTO B rOMOreHHbIX /KHAKHX CHCTCMaX HeAHCCOUHHpOBaHH3H MO.ie- 
Kyjia Beiu,ecTBa, AeficTByioiuero KaTaAHTHqecKH, oOAaAaeT onpeAejreH- 
hoh KaTaAHTHMecKoft aKTHBHOCTbio. LIeM cHJibHee KaTa.iHTHqecKoe Aeii- 
CTBHe KHCJiOTbi, TeM HHTeHCHBHee ii KaTaAHTHqecKaH cnocoSHocTb ee 
HeAHCCOUHHpOBaHHbIX MOAeKyA no CpaBHeHHK) C HOHaMH. EcAH CKOpOCTb 
peaKUHH ripeACTaBAHeT co6oh cyMMy cKopocTeft, onpeAeAueMbix aKTHB- 
HOCTbio MOAenyAbi h HOHa, AeflcTByiomHx nponopuHOHaAbHO nx koh- 
UeHTpaUHH, TO KOHCT3HT3 CKOpOCTH peaKUHH K  OnpeAOAHTCH ypaB- 
HeHHeM

A =  « h ĥ|+ n^M

TA6 ktt — KaTaAHTHHeCKaU aKTHBHOCTb HOHa BOAOpOAa, k M— K3T3AHTH- 
qecKan aKTHBHOCTb MOAeKyAbi, « h h n M— cooTBeTCTByiouine kohuch- 
TpaUHH.

AKTHBHbIM KaT3AH3aTOpOM MOHvCT 6blTb H HOH BOAOpOAa. OTKAO- 
HeHHH B K3TaAHTHqeCKOH CHAe KHCAOT B 33BHCHMOCTH OT H3MeHeHHH HX 
KOHUeHTpaUHH, p33AHqHyiO CKOpOCTb THApOAH3a CA0>KHbIX 3(j)HpOB CAa* 
OblMII H CHAbHbIMH KHCAOT3MH, AeHCTBHe HeHTpaAbHbIX COeAHHeHHli 
(coAeBOH acJxjjeKT) h t . A- CAeAyeT npnnHcaTb o6pa30BaHHio npoMewyToq- 
HbIX COeAHHeHHH.

JlHTepaTypa no niApoAH3y caowhwx scjwpoB oSuiHpHa, oAHaxo Bee 
nOnbITKH o6T>HCHHTb THAPOAH3 npOCTOH peaKUHefi 06MeHH0r0 pa3AO- 
>KeHHH HAH HOHH33UHH He npHBOAHAH K yAOBACTBOpHTeAbHblM pe3yAb- 
TaTaM II He BbIHCHHAH MexaHH3M BAHHHHH KaT3AH3aTOpOB. riepBbie HC- 
CAeAOBaHHH MexaHH3Ma peaKUHH rHApoAH3a othochtch k HaqaAy Hbl- 
HeuiHero ctoacthh. HHTepec npeACTaBAuioT HccAeAOBaHHH IIlTHTAHua 
(1908 r.), KOTopbifi cqHTaA, uto bchkhh caojkhhh 3(J)Hp MO>ueT pearw- 
poBaTb KaK CAa6o AHCcouHiipoBaHHoe oKcoHHeBoe ocHOBaHHe, cno-
35*
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co6Hoe no# AeficTBHeM khcjiot AaBaTb oKcoHHeBbie cojih:
, 0 HOHn u n  A

R -C  Z ------ ► R -C /
N dch3 ■ *-----  x o - ch3

o HC1(H2SO.i) £ >
-------- - ►  R - C f \

+  h 20
0-CH3

H' xOH H ^ X C1(HS04)TaKHe COJIH AHCCOUHHpyiOT Ha 3HH0H KHCJIOTbl H OpraHHHeCKHH K3THOH:
R - c / 0

x o - ch3
H///'XC1(HS04)

R -C y
o

K )-CH 3
H '

+ Ci-(HS04r

KaTHOHbi, KaK 6ojiee peaKUHOHHocnocodHbie (peaKUHOHHOcnocoS- 
nee Hcxo^Horo sijiHpa), Aajiee pearnpyioT c boaoh:

, 0
R - c /

x O-CH3
+  / P

h +o h ”  R—-C<f
— ^  X OH +  CH3OH +  H+

3 th nojiojKeHHH ocHOBaHbi Ha onbuax rHApojiH3a hmhaos^ hpob . HMHAo6eH30HHbiH 3(})Hp boaoh Me^jieHHo npeBpamaeTcn b hhtphji
xNH h20

C6H8C<f ----- -  C6H8-C = N  +  CH3OH
xOCH3h jiHuib He6ojibmaH qacTb rHApojiH3yeTca b 6eH30HH0MeTHji0Bbift 3(|)Hp:
/jNH h 2o .0

C6H5-C <  ----- ► C6H8-C<f +N H ,
^OCHg x OCH3FIpH6aBJieHHe MHHepajibHOH khcjioth  nojiHOCTbio noAaBjiaeT o6pa- 30B3HHe HHTpHJia, yCKOpHH peaKUHK) rHAP0JIH3a, TaK KaK KHCJlOTa cno- co6cTByeT AHCcounaimH Ha HOHbi:

6H6-C < (
NH

OCH,

HC1
c6H8- c <

/NH,

/  XOCH,
Cl-

, /NH2
.6h 8- c<

N x h 3

+ H+OH" cfiHB
/ n h 3 -

-C -OH
N x H3.

------ CfiHs y
o

och3
NH +

HJIH xNH H+OH- / NHa J O
cgh8- c<  ------ ► C6H8-C -O H  — ^ c6h8- c<  +  n h 3

-1! x och3 -*------  \ och3 och8

r v, .Hajiee cjiojkhhh stjmp rHApojiH3yeTCH no npHBeaeHHOMy Bbime Me- 
xatfH3My.
* Ho 'COBpeMCHHbIM B3TJIHAaM KHCJIOTHblH THApOJIH3 CJIOJKHMX 3<})HpOB 
MOJKHO npeACTaBHTb CJieAyiOmHM MeX3HH3MOM [42 J.
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B nepBofi craflHH npoTOH khcaoth npHcoe^HHHeTCH k Kap6oHHAb- 
HOMy KHCJiopoAHOMy aTOMy:

R—C -O -R ' R—C—O -R '
II +  H+ ^  ||
O 0 +

H
06pa30BaBLUHHCfl K3TH0H, IIO-BHAHMOMy, H3BeCTCH B TaVTOMGpHblX

(j)opMax:

R -C -O -R '
II
o+

R -C -O -R '
II I 
O H

H
I II

KaTHOH ( II)  b cjieAyiomeH ct3ahh Mo>KeT pacnaAaTbcn ah6o c pa3- 
pblBOM CBH3H 3U,HA—KHCAOpOA

R -C -O -R '

O H

R-C  +  O -R '

AH6o C pa3pbIB0M CBH3H 3AKHA— KHCAOpOA:

R -C —O - R '----- ► R—C—OH-t- R'

SHa^HTeAbHyiO HCHOCTb B nOHHMaHHe npOUeCCOB KHCAOTHOTO H me- 
AOMHOrO THAP0AH3a B TOMOreHHOH (j)a3e BHeCAH HCCAeAOBaHHH A * -  Bp3H-
CTeAa [43] h h€33bhchmo ot Hero T JIoypH c coTpyAHHKaMH [44]. 3 th
HCCAeAOBaTeAH BblABHHyAH HOBblH B3TAHA Ha KHCAOTbl H OCHOB3HH51. 
C HX TOMKH 3pe»HH KHCAOTbl HBAHIOTCH AOHOpaMH npOTOHOB, a OCHOBa- 
hhh— aKuemopaMH npOTOHOB. BoAa, HBAHiomaHCH aKTHBHtJM ynacT- 
HHKOM KaTaJIHTHMeCKHX npOUeCCOB THApOAH3a, npeACTaBAHeT co6oh 
aM<i)OTepHoe coeAHHeHHe, AeftcTByiomee npn hohh33UHH Kax khcaoth 
HAH KaK 0CH0B3HHe:

H20 H+ - f  OH" (ocHOBaHiie, thapokcha-hoh)

H+ +  HjjO ^  Hs0+ (KHC.TOTa, rHApOKCOHHfi-HOH)

CyMMapHO m o jk h o  npeACTaBHTb b TaKOM BHAe:

2H20 ^  H30+ +  OH"
CHAa khcaot  npeACTab a neT co6oh KOAHqecTBeHHoe BbipaweHHe 

SAeKTpoHOAOHopHOH ciioco6hocth, CHAa meAoqeH—SAeKTpoHoaKuen- 
TOpHOii. nOA ABHCTBHeM HOHOB H + II O H -  HAH H a0 + npH THApOAH3e 
cnepBa npoHcxoAHT hohh33uhh abohhoh cbh3h no KapdoHHAbHofl rpyn- 
ne h npHcoeAHHeHHe yKa3aHHbix hohob. IlpHHUHnHaAbHO peaKUHH 3a-
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KJiKmeTCH b npHeoeflHHeHHH Asyx MOjieKyji boam c o6pa30BaHHeM kom- 
ruieKCHoro coeAHHeHHH 34>Hp'2H20. Taxon KOMnjieKc 6biJi sxcnepH- 
MeHTajibHO ycTaHOBJieH KeHAaAAOM h B. Khhfom [45].

KucAOTa onpeAejiaeTCH, nan BetpecTBo, oSjiaAaiomee H3MepHMofl 
cnoco6HOCTbio OTmeruiHTb BOAopoAHwe hohh. C stoh tohkh 3peHHH cHJia 
khcjiot npeACTaBJineT co6oh KOJinqecTBeHHoe Bbipa>xeHHe stoh cnoco6- 
hocth. THAPOJIH3, no T, JIoypH, npoTenaeT qepe3 npeABapHTejibHyio 
HOHH33UHH3 ABOHHOH CBH3H, T. e. 06bIMHaH (})OpMa 3(|)Hpa IIOA ACHCTBHeM 
hohob H+ hjihOH” nepexoAHT b aM(|)OTepHyK) MOJieKyjiy. ripHHUHnHajib- 
ho peaKUHH 3aKAK)qaeTCH b npncoeAHHeHHH 3AeMeHT0B boah c o6pa30- 
BaHHeM npHBeAeHHoro Bbirne KOMnAeKca 34>Hp>H20.

npH KHCJIOTHOM THApOJIH3e 3(|)Hpa HaHaJIbHOH CTaAHefi HBAHCTCH 
npncoeAHHenHe HOHa H+ k ajiKOKCHJibHOMy KHCJiopoAy:

R-C<f0 +  H+ ^  R - c / °
X)R' n O*-—R'

I
H

ripn mejioqHOM THApojiH3e HMeeT MecTO npncoeAHHeHHe HOHa OH'
K KapdOHHJlbHOMy KHCJIOpOAy:

/O-
p

sOR'
R-C<f +  OH- ^  R -C '-OH

v  -
\ > R '

TlepBbiH KOMnjieKc npHcoeAHHneT k ce6e thapokcha-hoh, btopoh—  
boaopoa-hoh, npHqeM b o6ohx cjiynanx nojiynaeTCH oahh h tot xce 6h- 
nOJIHpHblH KOMITAeKC

y ° -
R—C—0+—R'

OH H
KOTopuft pacnaAaeTCH Ha cnnpT h KHCJiOTy:

R—C-40+—R' —>- R - C ^  + 0 —R'
: I I I

OH H OH H
3<[)HpbI KapSOHOBbIX KHCAOT aM(])OTepHbI H nOTOMy paCmenJIHIOTCH 

KHCAOT3MH H meJIOHaMH. KaTaJlH3 IHejIOHaMH 33KAIOMaeTCH B HHAyUH-
pOBaHHOH nojiHpH3aHHH HenoJinpHoft hjih cA.a6o nojinpHofl cbh3h .

Bojiee AeTajibHO dnoxHMHqecKHH thapoah3 npeACTaBJineTCH cjieAyio- 
iuhm o6pa30M. CnepBa nponcxoAHT coeAHHeHHe c})epMeHTa c khcaothmm 
h cnnpTOBbiM ocTaraoM MOJieKyAbi 3(})Hpa, pe3yjribTaTOM qero hbahctch 
3AeKTpOHH3H HHAyKUHH—ITpOABHJKeHHe 3JieKTpOH3 OT CnHpTOBOTO K KHC- 
AOTHOMy paAHKajiy. BcjieACTBHe nepexoAa SAeicrpoHa KapdoHHAbHaa 
rpynna 3apa>KaeTCH OTpnuaTeAbHo, s^npHan—noAoxcHTejibHo. 0 6 pa3o- 
BaHHe fiHnoAapHOH CTpyKTypbi odAerqaeT npHcoeAHHeHHe 3Ae\ieHTOB
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Bo;jbi h flajibHeHiuHH pacnan Ha KHCJiOTy h cnHpT. Ilpn cHHTe3e cjiojk- 
Horo 3(J)Hpa ajieKTpoH no# BjiHHHHeM <|)epMeHTa OTflaer rHApoKCHji cnnp- 
Ta h npHcoe^HHaeT KapSoHHJibHbiH yrjiepon, hto cnocoficTByeT odpa30- 
BaHHio npoMe>KyToqHoro KOMnjieKca, cra6HjiH3HpyiomerocH nyTeM ot- 
menjieHHH MOJieKyjibi boah.

BHOXHMHHeCKHH rHflpOJIH3 MOJKHO H306pa3HTb CX6M3MH.
I. rHflpOJlH3 3(j)Hpa

O —O
II I + I

—C—O-CH— z£: —C -O —CH—

O

H2O
- o

II. CHHTC3 3({)Hpa

0
■II

- c  +  o -
1 I
OH H

~C +  O—CH— 
I I 
OH H

I
O

i - 0

- i r k

—C—r~0—CH-

OH

O
II

- c - o -  +  h 2o

H a  OCHOB3HHH H3yMeHHH M6X3HH3Ma THflpOJIH3a CJIOJKHbIX 3(J)HpOB
ycTaHOBJieHO, hto npouecc AeftcTBHTejibHo npoTeKaeT b Aae cTa^HH: 
1) o6pa30BaHHe KOMnjieKca cjiojkhhh aijjnp— BO.ua, 2) pacna# Ha KOHeq- 
Hbie npoflyKTbi no# ^encTBHeM KaTajiH3aTopa.
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r  n a b a X

KATAJIHTHHECKAfl M30MEPM3AU,Hfl yrJIEBOflOPOflOB

OBUIME n P H H lXM lbl

npH H30MepH3aunn npoHcxoflHT nepecrpoHKa opraHnqecKHX MOJie- 
Kyji 6e3 H3MeHeHHH MOJieKy^apHoro Beca. TaKHe peanuHH oneHb pacnpo- 
CTpaHeHbi b opraHHMecKoft xhmhh h opraHHqecKOH TexHOJiorHH. Ohh 
BKJHOqaiOT MHrpaUHH ABOHHbIX H TpOHHbIX CBH3CH, CyJKeHHe H paCllIH- 
peHHe uhkjiob, nepeMemeHHe c|)yHKUHOHa.nbHbix rpynn, H30MepH3au,HK> 
yrjiepoAHoro cKejieTa h t . a . 3 th npoueccbi mo>kho npoBOAHTb HeKaTa-
JlHTHMeCKH H KaTajlHTHHeCKH. H30MepH3aUHH HBJIfleTCH AOKa3aTejib- 
ctbom AHHaMHMHOCTH aTOMOB b MOjieKyjiax. H30MepH3auHH HrpaeT orpoM- 
hvk) pojib b opraHHqecKOH TexHOJiorHH TonjiHBa, cHHTeTHqecKHX Kay- 
MyKOB, XHMHH nOBepXHOCTHO-aKTHBHbIX BemeCTB, XHMHH AyiHHCTblX 
BemecTB, 6hoxhmhh h t . a . H3-3a rpoMaAHoro MHCJia h pa3HOo6pa3H» 
peaKUHH H30M6pH3ail,HH B 3TOH TJiaBe 6yAyT paCCMOTpeHbl JIHUIb KaTa- 
jiHTHMecKHe H30MepH3au,HH yrjieBOAopoAOB c yqeTOM hx npaKTHMecKora 
3HalieHHH.

B HacToamee BpeMH npupoAHbie h TexHHqecKHe ra3bi hbjihiotch ho- 
bhm bhaom opraHHqecKoro cbipba a-hh caMbix pa3HOo6pa3Hbix npeBpa- 
meHHfl n cHHTe30B. Ta3bi He(|)TeneperoHKH coAepncaT ao 70 °o npeAejib- 
Hbix h HenpeAejibHbix yrjieBOAopoAOB, npHqeM npn rHApnpoBaHHH h«|)- 
THHblX OCTaTKOB H npH KaTaJlHTHHeCKHX KpeKHHrax o6pa3yioTCH TJiaB* 
HbiM o6pa30M nponaH h SyTaHbi. npHMepHbift cocTaB ra30B He<J)Tenepe- 
roHKH npHBeAeH b Ta6ji. 54 (b oSteMH. ?o).

Ilpoueccbi xHMHMecKOH nepepafioTKH ra30B oqeHb pa3Hoo6pa3Hbi 
h Bee B03M0>KHbie HanpaBjieHHH em,e He H3yqeHbi. Ochobhhmh HanpaB- 
jieHHHMH hbjihiotch: OKHCAeHHe, rHApnpoBaHne, rHApaTauHH, aJiKHJiH- 
pOBaHHe, nOJlHMepH3aHHH, H30MepH3aUHH.

HanpaBAeHHe h my6HHa H30MepH3auHH 33bhcbt ot xapaKTepa ynne- 
boaopoaob, oTycAOBHii npouecca, ot KaTajiH33TopoB, BpeMeHH peaKUHH, 
TeMnepaTypbi, AaBJieHHa, pacTBopmeneH h Apyrnx (jiaKTopoB.

1. H30MepM3auH5i napa())HHOBbix yrjieBOAopoAOB
H30MepH3auHH napa4)HHOBbix yr.neBOAopoAOB TepMOAHHaMHqecKH 

B03M0>KHa npn hh3khx TeMnepaTypax (Aa>Ke HHJKe komh3thoh) npn 
ycAOBHH H3AHMHH K3Ta.iH3aTopoB f 1 ]. 3Ta H30MepH3auHH npeACTaB-
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KoMnoHeHTbi >KHAKO(})a3Hb!ft

KpeKHiir
napo<J)a3Hbitt

KpeKHHr I1HPOJIH3

h 2 6,0 8,0 15,0
CO 0,5 0,0 0,5
ch4 30,5 32,0 45,0
c2h 6 18,0 14,0 7,0
c3h 8 15,0 6,0 1 ,0
c4h 10 8,0 2 ,0 0 ,2

CyMMa . . 78,0 62,0 68,7
c2h4 4,5 1 2 ,0 17,0
c3h 6 7,5 15,0 8,0
c4h 8 6,0 6,0 2 ,8
C3H10 6,0 5,0 2 ,0
c4h 6 — — 1,5

CyMMa 24,0 38,0 31,3

jineT dojibmoH npaKTHqecKHH HHTepec, TaK KaK pa3BeTBjieHHbie crpyK- 
Typbi HMeiOT 6ojiee BbicoKoe oKTaHOBoe hhcjio.

ripocTeHuiHH H3 cnocodHbix k H30MepH3auHH napacJwHOB— H -6 yTaH— 
nojiyqaeTCH b orpoMHbix KOjmqecTBax npn KpeKHHre He(J)TeH h Maceji, 
npH CTa6HjiH3auHH 6eH3HHOB. IlpeBpameHHe ero b H3o6yTaH, odjia^aio- 
m,HH no^BHHvHbiM aTOMOM Bo/topo^a y TpeTHHHoro yrjiepo^Horo aTOMa, 
oqeHb BancHO ajih  nojiyqeHHH (Mero^aMH ajiKHJiHpoBaHHH ojiec})HHaMH) 
yrjieBO^opo^OB c bhcokhm OKTaHOBbiM qHCJiOM pflfla Heonapa(J)HHOB 
{HeoreKcaH, HeorenTaH, H300KTaH).

TepMHqecKan H30MepH3auHH H -6 y T a m  b H3o6yTaH npoTexaeT He^o- 
CTaToqHO rjiydoKO— npn 527° nojiyqaeTCH pafiHOBecHaq CMecb, coflep- 
acamaH jiHiiib 13% H3o6yTaHa. OflHaKo mojkho CMecTHTb paBHOBecne 
npHMeHeHHeM KaTa<JiH3aTopoB, JiyquiHM H3 KOTopbix hbjihctch A1C13 
Ha HocHTejiHX (KaojiHHe, neM3e, cHJiHKarejie, yr.ie, peojiHTax). Tan, 
B. JT. MojiAaBCKHH h T B. HH30BKHHa [2] HarnjiH, mo Ha^ A1C13 H3 
H-6yrana npH 79° nojiyqaeTCH 79%, a npn 18°—58% H3o6yTaHa. H a^  
AlBr3 npH 27° o6pa3yeTca paBHOBecHaa CMecb, coflepacamaa 75—80% 
H3o6yTaHa. Tanan H30MepH3auHa conpa>KeHa c KpeKHHroM, TaK KaK 
Bcer^a o^HOBpeMeHHo c H3o6yTaHOM nojiyqaeTca HeMHoro C3H8, C2H6 
h  CH4. B HacTonmee BpeMH H30MepH3auHK) «-6yTaHa b H3o6yiaH npo- 
boaht b 3aB0^CK0M MacuiTade, nponycKan Ha^ 6e3B0/;HbiM A1C13 n-6y- 
TaH hjih 6oraTbie hm (J)paKUHH ra3oo6pa3Hbix yrjieBOAopo^oB npn 175— 
200° 3 a  nponycK o6pa3yeTca ao 40% H3o6yTaHa. rioBTopHbiMH npony- 
■ CK3MH CTeneHb H30MepH3aUHH AOBOABT O 90%.

AHaJIOTHqHO MOJKHO H30MepH30B3Tb H-neHTaH, W-reKeaH, H-OKTaH H 
Apyrae napa4)HHU b pa3BeTBjieHHbie H30Mepw, aBjiHiomHeca jkh^ khm 
MOTOpHbIM TOIIJIHBOM, TaK KaK C pa3BeTBJieHHOCTbK) H30Mepa nOBbILLiaeTCH
OKTaHOBoe qncjio (T a 6 n . 55).
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yr/ieBOAopojbi

TABJIHUA 55

OKTaHOBOe MHC/IO 
(6e3 T3C)

rieHTaHbi:
w-neHTan 62
2 MeTn;i6yTan 92

TeKcaHbi:
H-reKcaH 26
2- MeTHJineHTaH 74
3- MeTHJineHTaH 74
2.3-AHMermi6yTaH 94
2,2-AHMeTH^6yraH 94

I l30MepH3auHio «-neHTaHa b nph c y tctb h h  A1C13 c  AoSaBKofi CuS04- 
• 2HC1 h a h  HC1 npH 0—25° H3yqaAH B. JI.M oAAaBCKHH hT. B. Hh30b- 
KHHa. O hh ycTaHOBHjiH, m o  npouecc conpoBO>KAaeTCH no6ouHbiMH peaK- 
u h h m h  KpeKHHra, KOHAeHcauHH, h Hapn^y c H3oneHTaHaMH noAyuaeTCH 
AO 30—50% 6yT3HOB h 25—40% yrAeBOAopoAOB, KHnaiuHX Bbirne neH- 
TaHOB. K an  n paB H jio.c yBeAHqeHHeM MOJieKyjiapHoro Beca HopMajibHbix 
napa^HHOB cTeneHb H30MepH3auHH 33KOHOMepHO CHHHtaeTCH 3a cqeT 
o6pa30BaHHH npOAyKTOB KpeKHHra H BTOpHqHbIX peaKUHH nojiHMepn- 
3au,HH, conojiHMepH33UHH, cHjibHo 3aTpyAHHK>mHX onpeAeAeHHe CTene- 
HH C3MOH H30MepH3aUHH. OAHaKO CneKTpOCKOnHHeCKHM MeTOAOM aHa- 
AH3a 6bijio toh ho  ycraHOBAeHO coAep>KaHHe H30MepoB b m o a h p h m x  
npoueHTax, o6pa3yiomHXCH H3 nopMajibHbix napac|)HHOB npn pa3Hbix 
TeMnepaTypax [3].

B Ta6ji. 56 npHBeAeHO npHMepHoe coAep>KaHHe H30Mep0B b m o a h p - 
Hbix npoueHTax npn pa3Hbix TeMnepaTypax peaKUHH [3].H3 TafijlHUbl BHAHO, HTO CTeneHb H30MepH3aUHH oSpaTHO nponop- unonaAbHa TeMnepaType npouecca h MaKCHMaAbHa npH TeMnepaTypax, 6a h 3Khx k KOMHaTHOH. CAO>KHOCTb npouecca noBbimaeTCH c yBeAHue- HiieM MOAeKyAapHoro Beca yrAeBOAopoAOB.

M exaHH3M  H30Mepn3auHH napa(J)HHOB bo  m hotom  eiu e H eaceH . IlpeA - 
AO>ueHbi CAeAyiom He cxeM bi.

1. KpeKHHr h c x o a h o t o  yrAeBOAopoAa Ha napa(J)HH h 0Ae<f)HH c  no- 
CAeAyiomeH peKOMSHHauueii h x  b hobom  HanpaBAeHHH (n o  THny 3a k h - 
AnpoBaHHu):

CH3CH2CII..<:H,CH3 -► CH3CH=CH2 +  CH3CH3 -*- ch3chch2ch3
I

ch3

2. ilerHApupoBaHHe c o6pa30BaHHeM b  KaqecTBe npoMexcyTOUHoro 
COeAHHeHHH TpeXHAeHHOrO UHKAa H A^CTpyKTHBHOe THApHpOBaHHe Bbl-
Ae.THBLUHMCH BOAOpOAOM:

ch3 ch3
—h2 I h2 1

ch3ch2ch2ch3 -----► CH ■-----► CH
/  \ / \

h 2c— ch2 H3C CH;
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TABJ1HUA 86

yr̂ eBOflopoflbi

ByTaHbi:
h -6yTaH 
MeTHJinponaH 

rieHTaHbi:
H-neHTaH
2-MeTHJi6yTaH
2 .2- AHMeTĤ nponaH 

TeKcaHbi:
H-reKcaH
2- MeTHJineHTaH
3- MeTHJineHTaH
2 .2- flHMeTHJi6yiaH
2.3- flHMeTHJi6yTaH 

TenTanbi:
H-renTaH
2- MeTHJireKcaH
3- MeTHJireKcaH 
3-3THJineHTaH
2 .2- ĤMeTHJineHiaH
2.3- aHMeTHJineHTaH
2 .4- a HMemn newa h
3.3- AHMerHJi neHTaH
2.2.3- TpHMeTHJi6yTaH

CoflepwaHHe H30Mep0B (b moji. %) b paaHOBecHbix 
ciuecax napaiJiHHOB npH pa3Hbix TeMnepaTypax 

(b °K)

298° 400° 500° 600°

oooGO 1000c

28,0 44,0 54,0 60,0 68,0 72,0
72,0 56,0 46,0 40,0 32,0 28,0

3,0 44,0 18,0 24,0 32,0 37,0
44,0 65,0 69,0 67,0 63,0 59,0
53,0 24,0 13,0 8,7 4,8 3,4

1,3 6,1 13,0 19,0 26,0 31,0
7,1 16,0 24,0 27,0 28,0 27,0
2,5 7,5 12,0 15,0 18,0 20,0

84,0 61,0 41,0 29,0 18,0 13,0
5,4 8,2 10,5 10,4 '9 ,6 8,8

0,9 3,2 6,2 9,2 14,0 17,0
6,8 12,0 15,0 16,0 17,0 18,0
5,6 13,0 18,0 22,0 26,0 29,0
6,4 1,3 2,0 2,7 3,5 3,9

30,0 15,0 10,0 6.8 4,4 3,3
27,0 31,0 29,0 27,0 22,0 18,0
9,0 7,9 6,8 5,6 4,3 3,7

10,0 10,2 8,5 7,4 6,1 - 5,3
10,3 6,8 4,6 3,5 2,4 1,9

3. riepBHMHblH KpeKHHr c o6pa30BaHHeM pa^HKa^oB h noone^yiomeH 
peKOMdHHauHefl hx b hobom HanpaBJieHHH (aHajiornqHO uenHOMy Me- 
xaHH3My KpeKHHra no O . O. Pancy):

ch3ch2ch2ch3 ch3ch2ch2 +  ch3 

ch3ch2ch2 ch3 +  ch2= ch2

- ch2- ch2— >- ch3ch<

ch3c h <  +  ch3 ch3chch3

CH3CHCH3 +  CH3 (CH3)2CHCH3

4. 06pa30BaHne npoMejKyTOMHbix co6,h h h 6h h h  c K aTajiH 3aTopoM , 
^etJjopMHpyiomHM MOJieKy.ibi h cHH>KaioinHM 3HeprHH aKTHBauHH pean - 
UHH H30MepH3aUHH:

CH3CH2CH2CH3 +  K  -*■  CH3CH2CHCH3
I

H- . . . K

CH3CH2CHCH3
o6MeH
— >- CH3CHCH3

I
ch8..- k

aecop6iinfl
CH3CHCH3 +  K

I
ch3
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Hh OflHH H3 3THX MeX3HH3MOB He flOKa3aH. HanpHMep, HeH3BeCTHO, 
no k3koh npHHHHe b KaTajiHTHnecKofl cxeMe (4) nponcxo^HT odMeH Me- 
>K,uy H h CH3 (HanoMHHaiomHH neperpynnnpoBKy BexMaHa). BepoHT- 
HO, 6jlH>Ke K HCTHHe— pa^HKaJIbHblH MeX3HH3M, flOnyCXaKJIUHH nepBO- 
Hana/ibHbift xpexHHr Mojiexyji, Tax xax npn H30MepH3auHH Bceraa Ha- 
6jiK3Aax)TCH HexoTopbie xojinnecTBa h h 3u ih x  h b h c iijh x  yrjieBOAopoAOB. 
TeM He MeHee #a>xe b h o b u x  paSoTax H30MepH3auHH TpaxTyeicn b ayxe 
3t h x  ycjioBtfbix cxeM. HanpHMep, H30MepH3auHH «-rexcaHa o^BHCHneT- 
cn T Sniocjx̂ oM, T XyjiJia h B. KoMapeBcxHM [4] qepe3 npoMe>xyToq- 
Hbie TpexqjieHHbie u h x j i h :

ch2ch2ch3 ch3 - -h3c ch3 h3c ch3-
c!h <!:h \ /c \ / c

/ \ / \ / \ / \H2C —  CH2 hjih H2C CH2 z: ch3chch2ch2ch3 ^ H2C--CH hjiHch2 ch2
H2i ---CH2_

1 1 \ /
ch3 ch3 ch2 _

- h2

CH3CH2CH2CH2CH2CH3
- h 2

ch3
ICH

CH3-CH-CH3-

-CH3
4- CH 

/ \ / Ni-HC—CH-CH3 H2C-----CH2

ch3
CHs<icH2CH3 

I
ch3

\
—h2

c h 2c h 3 ch3 -
d:H d,Hs n y

H2d CH2 hjth H2C CH2
. ^ c h 2 h 2c — <!:h 2.

CH3CH2CHCH2CH3 CH3CHCHCH3
I I ICH3 HsC ch3

HsC CHS
V
/ \

H2C---CH-CH3

Oco6or0 BHHM3HHH 3aCJiy>XHBaK)T TeopHH UenHbIX MeX3HH3MOB qe- 
pe3 npoMen<yToqHoe o6pa30BaHne HOHa xapSoHnn. no oahoh H3 t3xhx 
cxeM, npe/yio>xeHHbix X. Bjioxom, X. IlaHHCOM h Jl. LIJMepjiHHroM [5], 
ii30MepH3auHH « -6yTaHa b H3o6yTaH nponcxoAHt no cjieAyKJmefl cxeMe:

a) CH3CH2CH2CH3 +  R+ CH3CH2CHCH3 +  RH 

6) CH3CH.,CHCH3 ^  CH3CHCH, CH3CCH3
I I

ch3 ch3

b) CH3CCH3 -+ CH3CH2CH2CH3

c h 3

CH3CHCH3 +  ch3ch2chch3
I
CHS

JXj\h HHHUHHpoBaHHH uenn no peaxuHH (a) HeoCxoAHMbi Jirniib He- 
Gojibiune xo^HqecTBa hohob R+. flocne^HHe, BeponTHee Bcero, o6 pa-
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3yioTCfl npHcoe/jHHeHHeM HC1 k ojiecJwHaM, Bcer^a npHcyTCTByiomuM 
b HeSojibiBHX KOJiHqecTBax b H30MepH3yeMbix napa(|)HHax b BHAe 3arpn3- 
HeHHii h jjh  b nanecTBe npoAyKTOB qacTHMHoro KpeKHHra, h jih , HanoHeu, 
b BH^e cneunajibHO BBeAeHHbix AoSaBOK. SKcnepHMeHTajibHO ycTaHOB- 
jieHO, hto H30MepH3auHH w-6yTaHa b orcyTCTBHe ojie^HHOB coBepmeH- 
HO He HAeT, HO AOCT3TOHHO AHLUb 0,6% OyTeHOB, MTOfibl 06pa30BaA0Cb 
66% H3o6yTaHa (no cxeMe X. PlaHHca h P. Y oK epa) [6]:

CH3CH2CH=CH2 +  HAICI4 ch3ch2chch3 +  A icir

B o  BpeMH BTopofl MHpoBOH BOHHbi h - 6 yTaH Hameji HlHpOKOe npHMe- 
HeHHe A^H H30MepH3aUHH B H3o6yTaH, H3 KOTOporO aJIKHJIHpOBaHHeM 
(cTp. 654) nojiynajiH BbiconooKTaHOBbie 6eH3HHbi. BbiJio pa3pa6oTaHO 
HecKOJibKO cnoco6oB H30MepH3auHH H-6yTaHa b H3o6yTaH. Tan, Hanpn-

<1 Temnepamypa'C

P hc. 56. PaBHOBecHbie KOHueHTpauHH 
6yTaHOB.'

Temepamypa, °C

2 7  127 227 327 7/27 527 S 2 7  727

Phc.

30 0  4 0 0  500 BOO 700 800 300 ’1000 
T e/nneparnypa, °H

57. PaBHOBecHbie KOHueHTpauHH 
neHTanop.

Mep, C. MaK-AjuiHCTep, B. Pocc h Apyrne [7] 6e3BOAHbiH A1C13 pacTB«- 
Phjih BMecTe c HC1 b TpexxjiopncTOH cypbMe h nponecc npoBOAHJin npii 
HenpepbiBHOM yAajienHH oTpaSoTaHHoro naTajiH3aTopa h 3aMeHe ero 
CBOKHM. YCJIOBHH TaKOH H<HAK04)a3H0H H30MepH33HHH ejieAVioiime:
TeMnepaTypa 80—90° AaBjieHHe 20 am, 9— 10% A1C13 b KaTajiH3aTo- 
pe, cpeAHee BpeMH KOHTaKTa 12 mhh. 3a nponycx b H3o6yTaH npeBpa- 
maeTca 54% H-6yiaHa.

PIpHMepHO B T3KHX >Ke yCJIOBHHX npOBOAHT H30MepH33U.HK) H-neH- 
TaHa h H-rexcaHa b pa3BeTBJieHHbie H30Mepbi. Hjih npeAOTBpameHHH 
pa3JIOH<eHHH o6blHHO npHMeHHIOT «nOA3BHTeJIH KpeKHHra», K HHM OT- 
hochtch Ao6aBKH 0,5— 10% 6eH3ojia, ajiKHJi6eH30Ji0B, HHKaoreKcaHa 
h ero roMOJioroB, AH(f)eHHjia, Ha(|)TajiHHa h hx npoH3BOAHbix.

Ha pnc. 56, 57 h 58 npHBeAeHbi paBHOBecHbie KOHueHTpauHH 6yTa- 
hob, neHTaHOB h rencaHOB, nojiyneHHbix npn H30MepH3auHH b npHCVT- 
ctbhh A1C13 npH pa3 Hbix TeMnepaTypax. flo  xapaKTepy kphbhx h no
COOTHOUieHHK) KOMnOHeHTOB B MOJIHpHbIX AOAHX BHAHO, MTO H30MepH-
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3auHH c o6pa30BaHHeM HawScviee pa3BeTBjieHHbix CTpyKTyp HMeer Me- 
cto .THixib npn hh3khx TeMnepaTypax. C noBbimeHHeM TeMnepaTypbi. 
HHTeHCHBHOCTb H30MepH33IIHH CHHJKaeTCH.

B pe3yjibTaTe conocTaBjieHHH sthx AaHHbix, nojiyqeHHbix npn H30- 
MepH3auHH napa4)HHOBbix yrAeBOAopoAOB b napoBofl 4>a3e HaA A lH a l3„ 
mo>kho c^ejiaTb cjieflyiomHe BbiBOAbi:

1) npn hh3khx TeMnepaTypax nopnAKa 25° TepMOAHHaMHHecKH HaH- 
MeHee CToeK HopMajibHbift H30Mep, noaTOMy H30Mepn3auHio Aynrne Bcero 
BecTH npn sthx TeMnepaTypax;

2) CTaSwjibHOCTb MOJieKy.i pacreT c pa3BeTBAeHHOCTbio hx CTpoeHHH;
3) H30MepH3auHH nponcxoAHT, BepoBTHee Bcero, nyTeM nepeHoca. 

hah MHrpauHH C H 3-rpynn no 
uenHOH peaKUHH;

4) npn 25° HanSojiee cTa- 
fiHAbHbl 2,2-AHMeTHJl-H30MepbI, 
ho c noBbimeHneM TeMnepaTypbi
CTOHKOCTb HX 6bICTpO CHH-
>KaeTcn;

5) npn BbicoKHx TeMnepaTy
pax (;jo 1000° K) HanSojiee yc-
TOHHHBblMH HBAHIOTCH HOpMaAb- 
Hbie H30Mepbi.

H30MepH3an,HK) H-neHTaHOB H 
H-rencaHOB npoBo^BT b 3aBOA- 
ckom MacuiTaSe [8 ]. IlapatjjHHH- 
cToe cbipbe c AoSaBKofi HC1 
KOHTaKTHpyeTca b peaicropax c 
KOMnJieKCHbIMH K3TaJIH3aTOpaMH 
H3 A1C13 c MacJioM. Cbipbe 
BBÔ HTCH CHH3y peaKTopa H no- 
^biMaeTCB BBepx; KaT3JiH3aTop 
bboahtch CBepxy. Tan nan xa- 
TajiH3aTop He pacTBopHM b yrjie- 
BO/iopoAax, oh JierKO OTAf-ABArcn 
h nocTynaeT Ha peuHKA. liojiy- 
qaeMbin b pe3yAbTaTe H30MepH3auHH npoAyKT, Ha3bmaeMbiH «H30MaT»- 
fn30M(epH3)aT], npoMbiBaeTCH mejioMbio aah yAaAeHHH HC1 h noorynaer 
Ha (JjpaKUHOHHpoBaHHe.

npeJK^e Bcero npoBOAHT Ae6yTaHH3aunio, t. e. «BbiAeAHK)T C4-̂ )paK- 
UHio, na 75% cocTonmyio H3 H3o6yTaHa. 3aTeM b A^neHTahh33to- 
pax» OTAeJiHiOT neHTaHbi c 75% coAcp>KaHHeM H3oneHT3HOB, aocth- 
raiomnx nocAe noBTopHoro 4>paKUHOHHpoBaHHH 95%-hoh hhctoth. 
BbiAPAeHHbiH H-neHTaH noABepraeTCH noBTopHoii H30MepH3auHH. OcTa- 
TOK COCTOHT H3 BbIC0K0H30MepH30B3HHbIX reKC3HOB. CMeCb H30neH- 
TaHOB c H3oreKcaH3MH o6pa3yeT 100-OKTaHOBoe aBHaTonAHBo. B no- 
CAeAHee BpeMH H3oneHT3H npHodpeA npaKTHnecKoe 3HaneHHe a«̂h noAy- 
qeHHH H3onpeHa— AerHApnpoBaHHeM h H30MepH3auHefi.

Temnepamypa, ° C

Phc. 58. PaBHOBecHbie KOHueHTpaium 
rexcaHOB.
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2. H30MepH3auHH ojiecj)HHOBbix yrjieBOflopoAOB

M30MepH3auHH 0Jie4)HH0Bbix yrjieBOAopoAOB 6buia oTMeqeHa eme
O. M. OjiaBHUKHM [9]. O h noKa3aji, hto npoAa>KHbiH aMHJieH, nojiyqae- 
Mbift H3 aMHJioBoro cnHpTa 6poHceHHH ^encTBHeM uH»Ka, coctoht rjiaB- 
HblM o6pa30M H3 TpHMeTHJI3THJieH3. C> M. OjiaBHUKHH oSbHCHHJI 3TO 
H30MepH3aiiHeft H-neHTaHa, cqHTaa, mto Boo6me ojie(J)HHOBbie yrjieBO- 
AOpOAbl CTpeMHTCH K C)6pa30BaHHK> H30Mep0B C B03M0JKH0 SoJIbHIHM HHC-
jiom CHg-rpynn.

A. n . SjibTeKOB [10] npHAep>KHBajicH Apyroro B3rjiHAa, nojiaraa, 
HTO HaHdoJiee yCTOHHHBblMH H3 BCeX H30Mep0B HBJIHIOTCH CHMMeTpHHHbie 
ABy3aMemeHHbie smneHa. TaKHM odpa30M, H3 Tpex B03M0>KHbix H30Me- 
poB SyTHjieHa HaHdojiee CTafinjibHbiM 6yAeT c«^^-AHMeTHJi3TH^eH (6y- 
tch-2 ).

FIpocTeHiiiHe cjiyqan H30MepH3au,HH oji^ hhob noApo6HO fibiJW H3y- 
qeHbi b no3AHeflmee BpeMH c pa3HbiMH jkhakhmh h TBepAbiMH KaTajiH- 
33TOpaMH. OcodeHHO ACTaJIbHO HCCJieAOBaHa , H30MepH3aU.HH HH3IHHX 
ojie(|)HHOB. npH H3yqeHHH H30MepH3auHH 6yTeHa-l b 6yTeH-2 
B. H. HnaTbeB, H. A. OpjioB h A. J\. lleTpOB Fill npHMeHHJin xjiopH- 
CTblH UHHK, 6eH30JICyJIb(|)0H0ByK) HJIH X^OpHyEO KHCJlOTy h peaKUHio npo- 
boahjih npn HopMajibHOM AaBJieHHH h TeMnepaType 21, 76 h 100° Ohh 
nojiyqajiH cMecn SyTeHOB, coAepHcamne ao 21% 6yTeHa-2. Xlpyrne aB- 
Topbi ajih 3Toro >Ke npouecca npHMeHHJin TBepAbie KaTajiH3aTopbi: 
AH3T0MHT, rjlHHbl, 4>ap(J)Op, 60KCHT, CHJIHK3TbI, neM3y, OKHOfibl TOpHH, 
THTaHa h Ap. H 3 dojibuioro MHCJia pa6oT cjieAyeT yKa3aTb Ha HccjieAo- 
B3 hhh B. H. HnaTbeBa h X . riaftHca [12], npoBOAHBUiHX H30MepH3auHK) 
byTeHa-l b 6yTeH-2  HaA pa3JiHqHbiMH khcjihmh KaTajiH3aTopaMH.

IlponycKaHHeM 6yTeHa-l HaA A120 3, nponHTaHHbiM <j}oc(J)opHOH khc- 
jiotoh, npn 427° ohh nojiyqHjiH CMecb H3 20—30% 6yTeHa-l h 70— 
80% 6yTena-2.

A btoph yTBepHCAaroT, hto noA AaBjieHHeM 3—8 a m  b HHTepBajie 
100— 250° nojiyqaeTCH ot 36 ao 100% 6yTeHa-2, npnqeM BbixoAbi nocjieA- 
Hero pacTyT c TeMnepaTypoft. ripouecc conpoBoacAaeTca BcerAa no6oq- 
HblMH peaKUHHMH nOJIHMepH3aUHH, A-flH npeAOTBpameHHH KOTOpbIX 
E. K. Cepe6paKOBa h A. B. OpocT [13] AodaB.iHJiH k cMecn ra30B He- 
KOTopoe KOJinqecTBO BOAHHoro iiapa.

Bonpoc H30MepH3auHH 6yTeHa-l TeopeTHqecKH HHTepeceH noTOMy, 
hto npH o6pa30BaHHH 6yTeHa-2 B03MO>KHa n u c -m p a n c -H30MepHa:

B. A. K hcthkobckhh ycTaHOBHji.HTo npn 350° nojiyqaeTCH paBHO- 
BecHan CMecb H3 47,3% u,uc- h 52,7% m p a H C -6 y ie vL O B -2  [14]. CocraBbi 
paBHOBecHbix CMeceft, coctohihhx H3 6yTeHa-l. u ,u c -6yTeHa-2 h m p a n c r  

6yTeHa-2 npn pa3Hbix TeMnepaTypax, npHBeAeHbi b Ta6ji. 57 (hcxoah 
H3 6yieHa-l) [15].

ch3- c- h

H—c—CH;
mpaHC-6yie»-2
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TAB/IHLIA 57

TeMrie-p a rg p a ,

CocTaB paBHOBeCHOli 
O&beMH . %

CMerH,
TeMne-

paTypa,
°C

CocTaB paBHOBecHOfi 
O&beMH. %

CMeCH,

6yren-1 m panc-
6yTeH-2 i<uc-6yTeH-2 6\TeH-l m panc-

6yTeH-2 H«c-6yTeH-2

210 12,8 54,6 32,6 450 27,4 40,5 32,1
250 15,0 49,0 36,0 495 29,0 39,4 31,6
350 21,4 44,8 33,8 553 31,9 38,5 29,6

H3 Ta6jiHUbi b h a h o , ijto  c noBbiuieHHeM TeMnepaTypw H30MepH3auHH 
6yTeHa-l b  6yteHbi-2 CHHHiaeTCH h  h to  bo  Bcex cnyqaax b TpoflHoft 
cMecH npeod/ia^aeT Han6ojiee ycTOHMHBbift mpanc-6yTeH-2. H30MepH- 

y3aitHK) J{WC-H30Mepa B mpaHC-H30Mep MO>KHO 06T>HCHHTb pa3pbIBOM 
ABOHHOfi CBH3H, nOBOpOTOM OflHOrO H3 TeTpa3AP0B Ha 180° H nOBTOpHbIM 
3aMbiKaHH6M a b o h h o h  CBH3H no cxeMe:

CH3—C—H 

C H s -i-H

CH3—C—H
I

CH3—C—H

CH3—C=H
II

h - c- ch3

BepoHTHO, Tax Hie mojkho 06'bHCHHTb o6pa30BaHHe nac- h mpanc- 
<|)opM ajm cJiynaeB H30MepH3auHH bh cu ih x  ojiet})HHOB. /T tih reTeporeH- 
hoh H30MepH3auHH 6yTeHa-l b 6yTeH-2 HaA HHKejiepbiM KaTa/iH33TopoM 
npn 133°, Kan OTMeuaeT T TBHrr [16], hco6xoahmo npncyTCTBHe boao- 
po^a, 6e3 qero npouecc He h a ct. T TBHrr npe^JiaraeT ajih o6t>hch6hhh
cjieAyiomHH MexaHH3M c npoMejKyTOHHbiM o6pa30BaHHeM nojiyrnApH- 
pOBaHHOfl (])OpMbi:

Ni Ni
ch3- ch .,-ch2—ch2 -----► CH3—CH—ch2—ch3 ------ ►

I I
Ni Ni

----- CH3—CH-CH-CH3 +  H

Ni Ni
CH3—CH-CH—CH3 ---- ► CH3—CH=CH-CH3 +~2.\i

I I 
Ni Ni

H e paccMaTpHBaa Bonpoc KaTaJiHTHqecKon H30MepH3auHH neHTeHOB, 
rexceHOB, renTeHOB h Apyrnx ojie^HHOB, cjieAyeT oTMeTHTb cneAyioiuHe
o6mHe 33K0H0MepH0CTH:

1) c yBejiHqeHHeM MOJieKyjinpHoro Beca ojietJiHHa npouecc H30Mepn- 
33Uhh ycjioxiHHeTCH, Tax KaK oAHOBpeMeHHO c nepBHUHbiM npoueccoM 
H30MepH3aUHH HapaCTaiOT BTOpHUHbie peaKUHH KpeKHHTa, UTO npHBO- 
AHT K 06pa30BaHHK) CMeceH yrjieBOAOpOAOB C MeHbUIHM H SonbUIHM MO- 
jieKyjiapHbiM bccom;

36 b. H. Awiroii
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2) o6pa3yiomHecH H30Mepbi o6jia,naioT pa3JiHHHofl crofiKocTbio: Han- 
60Jiee CTOHKHMH npH OTHOCHTejlbHO HH3KHX TCMnepaTypaX HBJIHIOTCH 
pa3BeTBJieHHbie H30Mepbi b m p a n c -fy opMax, c noBbimeHneM TeMnepaTypbi 
KOJIĤ eCTBa HX CHHJKaiOTCH B CTOpOHy npeo6jia,HaHHH HOpMaJIbHbIX H30- 
MepoB c nepeMemeHHeM ^bohhoA cbh3h BHyTpb penn;

3) HHTeHCHBHOCTb H30MepH3aPHH HOpMaJIbHbIX OJie(J)HHOB MaKCH- 
MajibHa npw hh3khx TeMnepaTypax, cyMMapHoe KOJinqecTBO npopyKTOB 
KpeKHHra pacTeT c TeMnepaTypoft.

Cbohctbo oji^ hhob npn H30MepH3au,HH nepeMemaxb ^BOHHyio CBH3b 
k ueHTpy MOJieKyjibi HBjineTcn npaKTHnecKH Ba>KHbiM, Tax KaK sto 
CHJibHO noBbimaeT aHTpueTOHapHOHHbie cbohctb3 h OKTaHOBoe mhcjio. 
Tan, HanpHMep, OKTaHOBbie qpcjia /yin H30MepHbix HOpMajibHbix OKTe- 
HOB COCTaBJIHIOT:

Oktch-1 .25
OKTeH-2 .55
OKTew-3 .73
Oktch-4 .91MexaHH3M H30MepH3au,HH ojie(J)HHOB ocTaeTca eipe He pocraTOMHO HCHbiM. P. 51. JleBHHa OTMenaeT, Kan o6ipee npaBHJio pjih  cjiynaeB ajnce- 

h o b -1, nepeMeipeHHe p b o h h o h  c b h 3h H3 nojio>KeHHH 1 b nojio>KeHHe2 [17]:
c —c - c —c = c  c —c —c = c —c

OHa cqHTaeT BepoHTHOH apryMeHTau,HK> O. O. Pafica h K. K. Pan- 
ca [18], no KOTopoft pBOHHan cBH3b 0Ka3biBaeT cnjibHoe BJiHHHHe Ha xh- 
MHqecKyio aKTHBHOCTb cMen<Hbix c Heio aTOMOB Bopopopa. Atomm bo- 
popopa y yrjiepopa c pbohhoh CBH3bio b a-nopoJKeHHH HeaKTHBHbi, ho 
aTOMbi Bopopopa b p-nojionceHHH oneHb aKTHBHbi:

H H
I I

c = c - c
* p

CjiepoBaTejibHO, C—H-cbh3H b a-nojio>KeHHH oneHb nponHU, 
b p-nopo>KeHHH JiadnjibHbi: SHeprHH |3-C—H-cbh3h Ha 6 k k u a  MeHbrne 3Hep- 
thh C—H-CBH3en b napa4>HHax, b to BpeMH Kan a-cBH3H Ha Tanyio * e  
Be/iHHHHy 6ojibme. Ecjih npHHHTb sth paHHbie, to MexaHH3M H30Mepn- 
33UHH CBOPHTCH K nOPBHJKHOCTH [3-aTOMa Bopopopa H MHTpaHHH eTO 
no cxeMe:

ch3ch2ch2ch= ch2 -*- ch3ch2c h = chch3

Tanan H30MepH3apHH mojkct 6biTb npepcraBjieHa no pynjieTHOii cxe
Me MyjibTHnjieTHOH Teopnn:

ch3ch- ch ch3c h = ch

H CH2 CH3

AHajiorHHHO pBOHHaa cBH3b MonceT 6wTb nepeMeuteHa h pajibine k  
ueHTpy MOjieKypu. 3to ocoSeHHO HarjiapHo noKa3ajia b cbohx patfoTax
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P. fl. JleBHHa Ha npHMepax Heo6paTHMoro KaTajiH3a UHKJioreKCHjiajme- 
hob, Kor^a ABOHH3H cBH3b c KOHua 6okoboh uenH nepeMemaeTCH BHyTpb 
Kojibua. Tan, HanpHMep, np« nocjieAOBaTejibHOH H30MepH3auHH aboh- 
HOH CBH3H C KOHUa MOJieKyjlbl BHyTpb H3 5-UHKJioreKCHJineHTeHa-l 
o6pa3yeTCH aMHjiuHKjioreKceH-1 [19]:

—c h 2c h 2c h 2c h = c i i . c h 2c h 2c h 2c h 2c h 3

(noApodHee cm. CTp. 443).
no MHeHHio HeKOTOpbix aBTopoB, TaKyio H30MepH3auHK) cjieuyeT 

npe^cTaB^HTb uepe3 npOMeucyTOMHoe o6pa30BaHHe TpexHJieHHoro KOJib- 
ua, hto, oAHaKo, He AQKa3aH0 :

g h 3c h 2c h = c h 2 c h 3c h = c h ,
\ /

c h 2

c h 3c h = c h c h :,

3. H30MepH3auHn aueTHjieHOBbix yrjieBOAOpoAOB

H30MepH3auHH aueTHjieHOBbix yrjieBOAOpoAOB 6biJia OTKpbiTa 
A. E. OaBOpcKHM b 1887 r. [20] h pa3BHTa AaJiee hm h ero yyeHHKaMH. 
Oh noKa3aji, hto npn ashctbhh Ha 0AH03aMemeHHbie aueTHjieHbi cnnp- 
TOBofi meAOMbio, KaK KaTajiH33TopoM, npw 140—170° nojiynaioTCfl, b 
33BHCHMOCTH ot xapaKTepa yrjieBOAopoAHoro paAHKajia, cjieAyioiuHe 
npoAyKTbi: ecJiH paAHKajibi nepBHHHbie, to npoHexoAHT H30MepH3auH» 
b ABy3aMeiueHHbie aueTHjieHbi:

R-CH2—C=CH R—c = c —G l3

b cjiynae btophhhoto paAHKajia o6pa3yiOTCH HecHMMeTpHHHo 3aMemeH- 
Hbie ajiAeHbi

R \
>CH -C=CH ^  >C=C=CH2 

W  W

HaKOHeu, b cjiyHae TpeTHHHbix paAHKajioB, no paHHHM paOoTaM 
A. E. OaBOpcKoro, H30MepH3auHH He nponcxoAHT.

A. E. OaBOpCKHH CMHT3JI, HTO CnHpTOBblH paCTBOp eAKOTO K3JIH, 
«npHcoeAHHHHCb k OAHOMy H30Mepy, BHOBb BbiAejiaeTCH b ApyroM Ha- 
npaBAeHHH» [21]. ZIaH H30MepH3aUHH M0H03aMemeHHbIX aU€THAeHOB 
THna R—C=CH hm npHBeAeHa Tauan cxeMa H30MepHbix npeBpame- 
hhh:

R R Ri
c h 2

1
Cj HjOK CM 2 c2h6oh  CH2

1
c C -O C 2Hb C—OCaHj
III II II
CH CMK c h 2

+  c2h^ k

36*
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RJ R
1

R|
R
1

ch2
1

- c2hboh CH
1

c2hbok CHI!
1

c2hboh CH

c- oc2h 5II
II

cII
C-OC2H6
1

~ II
C—OC2H 
1II

ch2 ch2 ch2k ch3
R R
I I
CH C
|| ----- *- III +  c2h 8oh
c- oc2h 5 c
I I
ch3 ch3

B cjiynae BTopnqHoro paAHKajia AencTBne C2H5OK orpaHHqHBaeTca 
HLUb nepBOH CTaAHeft, mo npHBOAHT k o6pa30BaHHio ajuieHOBoro yrjie- 

BOAopofta no cjieAyiomeH cxeMe:
R R R R
\ y  V
CH QjHbOK CH

R R
\ /

C2HBOH C

C-OC2H5
+  C2H6OK

CH CHK CH2
npn T3KHX H30MepH3aUHHX npOHCXOAHT «O0OrameHHe BOAOpOAOM 

oahhx yrjiepoAHbix aTOMOB 3a cqeT Apyrnx», t. e. AHcnponopnnoHHpoBa- 
Hwe BOAopoAa hjih BHyTpHMOJieKyjinpHaH AerHAporHAporeH«3auHH 
(ctp. 447). A. E. OaBopCKHH CMHTaeT, mo npn H30Mepn3au.HH cncieMa 
CTpeMHTCH npHHHTb 6ojiee ycTOHqHByio (JoopMy, nosTOMy, Kax h b cjiy- 
qae ojiecjoHHOB, TponHan cBH3b nepeMemae-rcn c KOHua uenn MOJieKyjibi 
BHyTpb, h Ha KOHue MOJieKyjibi b m cct o  CH o6pa3yeTcn rpynna CH3 
hjth CH2.

E. Gnne/ib [22] HauiJia, hto npn a c h c t b h h  cnnpTOBOH me^oqn Ha 
Hecŵ wAt-MeTHJi-mpem-6yTHjiAH6poM3TaH o6pa3yercH He MeTHJi-mpem-6y- 
THJiaueTHjieH, a mpem-6ymjiaju\eH no cxeMe;

(CH3)3Cv koh
>CBr—CH2B r -------►  (CH3)3C—C = C —CH3

C H / I
n.’Vl'OO/- M ' ' T

(CH3)3C-CH=C=CH 2
/  Bhahmo, b ashhom cjiyqae aueTHjieHOBbiH yrneBOAopoA He cnocoSeH 
k cym,ecTBOBaHHio h H30Mepn3yeTCH nojiHOCTbio b 6ojiee ctohkhh ajuie- 
HOBbifl H30Mep. Ha ocHOBaHHH SToro A. E. OaBopcKHH [23] pacumpneT 
cboK) o6myio cxeMy H30Mepn3aunH aueTHjieHOB c nepBHHHbiMH, BTopnq- 
HblMH H TpeTHHHblMH yiVieBOAOpOAHblMH paAHKajiaMH;

a) R R R
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6) R R
\ /

CH
I
CH,

C
III
CH

R R R R
\ /

CH CH

II 1
ch2 CH:

R R R R R R
\ l/ \ l /

C C
1

ch2
1

CH
1 II
c C
01 II
CH ch2Flo cxeMe (a) Bee M0H03aMemeHHbie aueTHJieHOBbie yrjieBOAopoflbi c nepBHMHhiMH ajiKHjibHbiMH hjih apHJibHbiMH paAHKaAaMH npeBpamaiOT- ch b MGTHjrajiKHJi(apHJi)aueTHJieHbi. n o  cxeMe (6) M0H03aMemeHHbie aueTHJieHOBbie yrjieBOflopoflbi c nepBHUHbiMH H3opa^HKajiaMH AaioT CMecb aueTHjieHOBofl h ajuieHOBofl (JiopM, b cjiyuae >xe (b)—cTa6ajibHa jiHiub ajuieHOBaa (JiopMa.AHaJIOTHUHbie H30MepH3aUHH MOJKHO OCyiUeCTBHTb B npHCyTCTBHH ii flpyrHX KaTaJiH33TOpOB. Tax, HanpHMep, reriTHH-2 npn nponycxa- hhh HaA neM30H npn 350° H30MepH3yeTCH b reriTHH-3. YcraHOBAeHO, 

mo 3-MeTHJi6yTHH-l HaA A120 3 npH 400° H30MepH3yeTCH b H3onpeH
CH=C—CH—CH3 —  CH2=CH—Cr=CH2

Tor^a KaK HaA (Jjaophahhom  nojiyHaeTCB jiauib n e c u M M - j iy \ u v i\ \ j\ a j\ n e n :

CH=C-CH(CH3)2 -► CH2=C=C(CH3)2

A. E. OaBopcKHH b cbohx KjiaccHuecKHX padoTax ycTaHOBHji, mo H30MepH3auHH aueTHjieHOBbix yrjieBOAopoAOB mojkot 6biTb oueHb pa3- HOo6pa3Ha. JteficTBHe cnapTOBoft mejiouH, neM3bi, ({viopHAHHa h Apyrnx K3TaAH3aTOpOB npHBOAHT K nepeMeiueHHIO TpOHHOH CBH3H BHyTpb MO- AeKyAbi h k o6pa30BaHHio ajiJieHOB. HaoSopoT, noA ACHCTBHeM MeTa.n- AHuecKoro HaTpHB hah aMHAa HaTpHB H30MepH3auHH npoTeuaeT b o6- paTHOM HanpaBAeHHH c nepeMemeHHeM TpoflHbix cBB3efl k KOHuy uenii MOAenyA. Tax, HanpHMep, HarpesaHHe npH 100° neHTHHa-2 c HaipiieM npHBOAHT K 06pa30BaHHK) H3TpHHneHTHH-1 :Na 1
CHS—CH2-C = C —CH3 ----- ► CH3—CH2—CH,—C=CNa +  y  H,AHaAorHMHO BeAyT ce6a renTHH-2 h renTHH-3 npH aghctbuh Ha hhx 

aMHAa HaTpHH (HarpeBaHHe npH 160° b TeweHHe 12 uac.).
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TaKHM o6pa30M, H30MepH3yioiuee AeficTBHe cnnpTOBOH mejioqn, 
naTpuH hjih aMH^a HaTpHH—-odpaTHO no HanpaBjieHHio:

Na
R—CH,—C=C—CH,—CHS < -»• R—CH2—CH2—CH,—C=CH

C2H8ONa

MexaHH3M T3KHX H30MepH33UHH OMeHb CJIOJKeH, HO B OCHOBe HX jio k h t  oGman cxeMa:
C=C—C—C 5 *: C=C=C—C C—C=C—C

A. E. OaBopcKHfi BbiCKa3biBaeTcjie^yiomHeo6o6in,eHHH: «...ecjiH npn- 
AeTCH OTK33aTbCH ot rnnoTe3bi npOMejKyTOMHbix peanuHH, to ocTaeTca 
npH3HaTb Tor^a sth  npeBpau;eHHH 3 a HHTpaMOJieKyjiapHbie, Bbi3UBae- 
Mbie KaTaJiHTHnecKHM bo3A6hctbhcm cnnpTOBOH mejioqH h TeMnepaTypbi, h Tor^a hx MexaHH3M npeACTaBHT nepeMemeHHe BHyTpn MOjieKyjibi oAHoro hjih AByx aTOMOB BOAOpOAa ot oahoto yrjiepoAHoro aTOMa k ApyroMy, b 3tom cjiyqae HaxoAHiueMycn b p-nojio>KeHHH».

FIoABHJKHOCTb BOAopoAHbix aTOMOB AonycKaeT H M. C jio6oahh . B oahoh H3 cbohx pa6oT no H30MepH3au,HH aueTHJieHOBbix yrjieBOAO- Poaob [24] oh CHHTaeT (6e3AOKa3aTejibHo), hto Ha KaTajiH3aTope npo- hcxoaht OTmenjieHHe boaopoahhx  aTOMOB, HaxoAHin,HxcH B P-nojiome- hhh k aueTHJieHOBOH cbh3h , b pe3yjibTaTe nero o6pa3yioTCH CBo6oAHbie 
paAHKaJIbl, KOTOpbie H30MepH3yi0TCH H odpaTHO npHCOeAHHHIOT BOAO- 
pOA:

- H
R—CH2—C==CH ^ = 5 :  R—CH—C=CH 1 ---- »

.  H
R—CH=C=CH ZZZ.Z+. R—CH=C=CH?

Flo MyjibTHnjieTHoft TeopHH H30MepH3au,Hio aueTHJieHOBbix yrjieBO- 
AopoAOB uepe3 npoMeJKyTOHHoe o6pa30BaHHe ajijieHOBbix yrjieBOAopo- 
AOB mo>kho npeACTaBHTb cjieAyiouieH cxeMoft:

C—CH—R C=CH—R
III I —  II

HC • H HCH

C = C —R CehC—R
J * I — I

HCH* H CH3

P. JleBHHa c coTpyAHHKaMH [25] ycTaHOBHjiH aHajiorHHHyio H30- 
wepH3auHio reKCHHa-1 HaA A120 3 npn 250° nojiyqHB ao 55% Aunpone- 
HHJia:

CH3-C H 2-C H 2—CH2-C=CH  ^  CH3—CH=CH—CH=CH—CH,

M. Cjio6oahh [26] AOKa3aji, hto Taune H30MepH3auHH npoTeuaioT 
nepe3 npoMeucyTOHHoe o6pa30BaHHe ajuieHOBbix yrjieBOAopoAOB. Tan, 
H3 STHJiaueTHjieHa HaA ([uiophahhom npH 275° nojiyqaeTCH cM ecb Me- 
THjiajiJieHa h AHBHHHjia

ch3—ch2—c= ch ^  ch3—ch= c= ch2 ch2= ch—c h = ch .
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H3 M3onponHjiaueTHJieHa—Hec/Obw-AHMeTHAaAAeH h H3onpeH:
CH.-jv CH3x

>CH—C=CH >C=C=CH2 5 *: CH2=C-CH=CH .2
ch/  c h /  I

CH3

M. Cao6oahh [27] Haiueji, mto 4-c|)eHHji6yTHH-l HaA 4>aophahhom 
Aa*e npn 250° OMeHb CToeK h jinuib He3HaMHTeAbHO npeBpamaeTCH b 
6eH3H^ajuieH:

c6h5—ch2—ch2—c= ch c„h5—ch2- ch= c= ch,
Ha 3tom ocHOBaHHH M. Cao6oahh AeAaeT Bp«A ah BepHoe npea- 

nojio>KeHHe, mto b cHcreMe
C6H5-CH 2-C H 2-C=CH 5 ±: C6H5-C H 2-CH= C =CH, 5 *:

^  C8Hb—CH=CH—CH=CH2

paBHOBecne cabhhyto bjicbo, h aueTHjieHOBaa crpyKTypa b a3hhom 
CAynae aa/ifleTCH caMoft ycTOHMHBOH.

3 th pa6oTbi yKa3bmaiOT Ha A en c y io  H30MepH3auHio aueTHAe-HOBbix 
H aJlJieHOBblX CBH3eft B 33BHCHMOCTH OT yCAOBHH peaKUHH H H36HpaTeAb- 
H oro  AeHCTBHH KaT3JlH3aTOpOB.

4. H30MepH3auHH AHeHOBbix h 6ojiee HenpeAejibHbix 
yrjieBOAOpOAOB

yrjieBOAopoAbi c KyMyjinpoBaHHbiMH cbjbhmh. AjiJieHOBbie yrjieBo- 
AOpOAbl nOA ACHCTBHeM BOAHbIX paCTBOpOB meAOMefi H30MepH3yiOTCH 
b  aueTHJieHbi. .Flo AaHHbiMfl.M. CjiodoAHHa [28], AeftcTBHe ĵjiopHAHHa 
OTAHMHO OT A6HCTBHH meAOMH, HanpHMep MeTHJiaJTJieH npeBpamaeTCH B 
CMecb 3t h jiaueTHJieHa h a h b h h h a 3 :

ch3 ch3 ch2
II1

CH CH2 CH
l ^ i  + 1
c. c CH
II III II

ch2 ch ch2

CiafinjibHOCTb ajuieHOBbix yrAeBOAopoAOB noBbimaeTCH co CTeneHbio 
h x  3 aMemeHHOCTH y a b o h h h x  C=C=C-CBH3eH. B cjiynae TeTpaMeTHA- 
aAAeHa, BepoHTHO b  cHAy c h m m 6t p h m h o c t h  MOAeKyAbi, nocAeAHHH 
HaCTOAbKO yCTOHMHBa, MTO HaA (])AOpHAHHOM npH 275° H30MepH3aUHH 
B yrAeBOAODOA c COnpHJKeHHblMH ABOHHbIMH CBH3HMH npOTCKaeT He3Ha- 
MHTeAbHO [28]:

Hsc CH,
\ /

c

h3c ch

c

CH

2
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yrjieBOftopoAM c conpa>KeHHbiMM abohhnmh cbh3hmh. H ccjie^oBa- 
hh h  H30MepHbix npeBpameHHH ^HBHHHjia, H3onpeHa h A p y rn x  y r jie -  
BO^OpOflOB C COnpHHieHHbIMH ABOHHbIMH CBH3HMH IIOKa3aAO, HTO H3 
Bcex AHeHOB OHH HBAHIOTCH HaHdOJiee yCTOHHHBbIMH. OflHaKO BBe^eHHe
3aMecTHTejiefl, Hapym aiom Hx cHMMeTpmo MOjieKyjibi a h c h o b , A^AaeT  
H HX Cn0C06»bIMH K H30MepH3aUHH.

yrjieBOAopoflbi c H30JiHpoBaHHbiMM flBOHHbiMH CBB3BMH. TaKHe y rA e - 
BO^OpOAbl HMeiOT HBHO BbipaJKeHHyiO CnOCOfiHOCTb K H30MepH33UHH B 
60Jiee yCTOHHHBbie CHCTeMbI C COnpfl>KeHHbIMH ABOHHbIMH CBH3HMH. 
A. E. OaBopcKHfl [29] ycraHOBHA, hto reKca^HeH-1,5 npn H arpeBa- 
h hh  co cnnpTOBOH meAOHbio (6 nac. npn 170°) npeBpam aeTca b  
reKcaflneH-2,4:

CH2=CH—CH2—CH2—CH=CH2 CH3—CH=CH—CH=CH—CH3

TenTaAHeHbi, oKTaAHeHbi HaA A l2Os npn 365° noABepraiOTCH aHaAO- 
THHHOH H30MepH3aUHH:

ch 2= ch—ch2—ch2—ch= c h - ch3 y

^  CH3-C H = C H -C H = C H -C H 2- C H 3 (6%)

CH2= C —CH—CH2—CH =CH 2 ^  CH3- C = C H —C H =C H —CH3 (58%)
I I

ch3 ch3

CH2=CH—CH2—CH2—CH =CH —CH3 ^
^  CH3—C H = C H -C H = C H -C H 2- C H 3 (4%)

P. f l .  JleBHHa npa H3yneHHH H30MepH3auHH AnaAAHAa h AH H 3o6y  
TeHHJia HaA nAaTHHOH h a h  naAAaAHCM ycTaHOBHAa [30], hto  s t h  yivie-
BOAOpOAbl H30MepH3yiOTCH B COOTBeTCTByjOIHHe AHeHbl C COnpJOKeHHbIMH 
ABOHHbIMH CBH3HMH:

CH2=CH-CH 2—CH2—CH=CH2 ^  CH3—CH=CH—CH=CH—CHS (39%) 

CH2=C—CH2—CH2—C=CH2 CH3—C=CH—CH=C—CH3 (75%)
I I  I I

ch3 ch3 ch3 ch3

HCCAeAOBaHHH H30MepH3aH,HH 3THX >Ke yrAeBOAOpOAOB npH pa3HblX 
TeM nepaTypax HaA A120 3 noKa3aAH, hto  AHH3o6yTeHHA npn 225° noA- 
HOCTbK) H30MepH3yeTCH B AHH30Kp0THA, a AH3AAHA AHUIb npH 300° 
o6pa3yeT 69% AunponeHHAa [31].

JXneHbl C H30AHp0B3HHbIMH ABOHHbIMH CBH3HMH B IipHCyTCTBHH KHC- 
AblX KaT3AH3aTOpOB, 6AaTOAapH BHyTpHMOAeKyAHpHOMy aAKHAHpOBa- 
hhk>, noABepraiOTCH uhkah33Uhh. Tan, HanpHMep, 2,6-AHMeTHArenTa- 
AHeH-1,5 (repaHHOAeH) c 60— 66% H2S04 npH 100° npeBpamaeTcn b 
H30MepHbie a- ( f )  h 8-uHKAorepaHHOAeHbi ( I I ) :
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CHa

HoC

CH,

/C H 3

/<CHS
CH

CH,

Z  \
HC CH2

c h 8
I

c

CH

H,C
/C H 3

\  / ^ c h 3 
c h 2
I

H,C c

< h 2
II

c h 3
i  v j 
Ho

TaKHM >Ke u,HKJiH3auH5iM noABepraioTca npa HarpeBaHHH c cepHofi, yKcycHOH, MypaBbHHOH h ^pyrHMH khcjiot3mh pa3jiH4Hbie nojiHeHbi. 
HanpHMep, ycTaHOBJieHO [32], mto a- h 3-t[)apHe3eHbi npn HarpeBaHHH 
C yKCyCHOH KHCJIOTOH C AOfiaBKOH CepHOH UHKJIH3yK)TCH B H30MepHbie 
reKcarH^poKa^a.neHbi:

c h 3 c h 3

c h 2 c c h 2 c
/  \  y  \ /  \  y  \

HC CH CHo H2C CH CH
II 1 + 1 1

J ] 3- C  c h 2 c h 2 CH2= C  CH2 CH.
. %  / W  /
CH HC CH HC

II II
c C

/ \ /  \
h 3c  c h 3 I I3C CH;

CHa
] c h 311

c h 3 _ C / 0 +

1

C H » - 0 0I
CH CH

/ \ / \
H3c c h 3 h 3c  c h 3

CKBaJieH noABepraeTCH uhkjih33uhh npH KuriHMeHHH c 98% \iypaBbn-
HOH KHCJIOTOft, o6pa3yfl H3QMepHbIH TeTpau.HKJiocKBa.neH:

h 3c  c h 3 c h , , - c h 2 h 3c  c h 2- c h 2 h 3c  c h 3
\  / \  1/ \ \  /

C HC CH C CH c
% II y

HC C HC CH C CH
\  / \ \  / l\ /

CH2- C H 2 CH;3 c h 2- c h 2 h 3c  c h 2 Cl 1,
c h 3 c h 3 c h 3 c h 3

< z x v ~ n , 1 rI
----- - ChV  H

/ \  \  
c h 3 c h 2—

/  y \
CHo c h 3
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yrJlfeBOAOpOAW c AByM« H30AHp0BaHHbIMH TpOHHbIMH CBH3HMH.
3 th coeAHHeHHH, no AaHHbiM A. E. OaBopcKoro [33], npH abhctbhh 
CnHpTOBOH meJIOHH MaCTHHHO pa3JiaraK)TCH H OCMOAHKDTCH. HanpHMep, 
^AHnponaprnji o6pa3yeT HeKOTopoe koahhcctbo AHMeTHAAHaueTHAeHa 
no cxeMe:

C H =C —CH2—CHa—C=C H  ^  CH3—C = C —C ^ C —CH3

B pe3yjibTaTe H30MepH3apHH reKcaAHHHa-1,4 noAynaeTCH renca- 
Ahhh-2,4:

C H =C —CHs—C==C—CHa ^  CH3—C = C —C = C —CH3

Tanne ace 3aKOHOMepHOCTH Ha6jnoAaiOTCH h npn H30MepH3auHH 60- 
Jiee cjio>KHbix AHaueTHJieHOBbix yrjieBOAOpOAOB H3 0 CTpoeHHH. Tan,* 
HanpHMep, npn H30MepH3auHH AaaueTHAeHOBbix yrjieBOAOpOAOB H30- 
CTpoeHHH, coAepncamHx ABe ajiKHHHjibHbie rpynnbi, nyTeM HarpeBaHHH 
co cnnpTOBOH mejionbio npn 100° HaSjnoAajiocb o6pa30BaHHe ajiJieHO- 
Bbix cBH3eft no cxeMe:

R C =C —CR2 R C = C = C R .

r c = c - c r 2 RC=C=CR .2

5. H30MepH3auHfl uhkjihmcckhx yrjieBOAOpOAOB

IlojiHMeTHJieHOBbie yrjreBOAopoAw. noAHMem/ieHOBbie yrjieBOAopo- 
Abl MOTVT nOABepraTbCH pa3AHHHbIM H30MepH3aUHHM, CBH3aHHbIM C pa3- 
pbiBOM hah H30MepH3auneH hhkaob, c MHrpauHefi hah nepecrpoiiKOH 
(jOKOBbix uenefl, c npeBpameHHeM u,uc- b m p a n c -H30Mepbi h t . A- TaKHe 
H30MepHbie npeBpameHHH nponcxoAHT ijoa achctbhcm pa3AHHHbix Ka- 
TaJIH3aTOpOB.

H3BecTHO, h to  OTHOCHTejibHaH CTa6HjibHOCTb hhkaob HapacTaeT npH 
VBejiHqeHHH b hhx qncjia yrjiepoAHbix aTOMOB c Tpex ao uiecTH. L̂ hkao- 
nponaH noABepraeTCH H30MepH3auHHM, cBH3aHHbiM c pa3pbiBOM Tpex- 
HAeHHoro HHKAa, npeBpamaacb b nponHJieH. Tan, HanpHMep, no C. Ta- 
HaTapy [34], HHKAonponaH npn o6binHOH TeMnepaType b npncyTCTBHH 
nAaTHHbi h BJiarn B03Ayxa nepe3 6 MecHneB, a npH 100° qepe3 5 cyTOK 
Ha 45% npeBpamaeTCH b nponHAeH. npH nponycKaHHH HHKAonponaHa 
HaA >Kejie3HbiMH CTpyjKKaMH npH 600° o6pa3yeTca 60— 65%, a HaA 
A120 3 npn 380°— 30% nponnjieHa. Flo He(f>y [35], MexaHH3M o6pa30Ba- 
hhh nponHAeHa 3aKAK>naeTCH b pa3pbiBe hhkab h cTa6HAH3auHH o6pa- 
30BaBuierocH dnpaAHKaAa b nponHAeH nyTeM nepeMeiueHHH oahoto 
aTOMa BOAopoAa:

CH2
/  \  —  — ch2—ch2- ch2---- ► ch3—ch= ch2

h 2c — ch2

AHaAorHHHO BeAyT ceda h aAKHAnpoH3BOAHbie uHKAonponaHa.
H30MepH3auHH UHKAo6yTaHa b fiyraAeH c pa3pbiBOM uHKAa He ycTa- 

HOBAeHa. no H. A. Po3aHOBy [36], MeTHAHHKAofiyTaH HaA Al2Os npn
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400" o6pa3yeT CMecb H30MepHbix neHTeHOB b 33b h c h m o c th  o t  M ec ia  
pa3puBa KOJibua:

H ,r— c h 2 
I : I""*

I I..CH-CH—CH3

rio A  h B

no C

Cl l3—CH=CH—CH2—CH3

ch3
I

CH2=C—CH2—CH3 h.ih

ch3
I

CHo=CH—CH—CH3

M. B. TypoBa-riojTHK [37] oTKpbiJia HHTepecHyio peaKUHio npeBpa- 
u;eHHH 3TH^u,HKJio6yTaHa HaA A1C13 b UHKJioreKcaH h MeTHJiuHKJioneH- 
TaH. OHa CMHTaeT, q-ro HMeeT Mecro paBHOBecHan H30MepH3auHH c pac- 
LLinpeHHeM UHK.na:

H
-ch ,ch3 / \

I H
\ yLlHKjioneHTaH, UHKJioreKcaH h hx roMOJiorH jierxo noABepraiOTCH H30MepH3au,HH c H3MeHeHHeM qncjia aTOMOB yrjiepo.ua b uHKJie, npnqeM jiyquiHM K3TajiH3aTopoM BBjineTCH 6e3BOAHbiH A id 3. CaM UHKjioneH- TaH He H30MepH3yeTca, ho ero ajiKHji3aMemeHHbie pearapyiOT TeM jier- qe, qe'M 6ojibiiie qHCJio 3aMemaioiuHx ajiKHjibHbix rpynn hjih qeM a-hhh- Hee SoKOBan uenb. H3BecTHO, qTO npn a 6hctbhh A1Q3 hjih AlBrs Ha MeTHjiuHKJioneHTaH o6pa3yeTCH HenoTopoe KOJinqecTBo uHKJioreKcaHa. 

H. JX. 3ejiHHCKHH h M. rianne [38] eipe b 1905 r. ycTaHOBHjin, hto 3THjiuHKJioneHTaH npeBpamaeTCH b MeTHjiuHKJioreKcaH.
Bojibuioe qHCJio pafioT no H30MepHbiM npeBpameHHHM pa3JiHqHbix 

roMOJioroB UHKJioneHTaHa npoBejiH M. B. TypoBa-riojiHK c coTpyAHH- k3mh [39]. Bbi.io ycTaHOBjieHO, hto npn 100° b npncyTCTBHH A1C13 
.iio6bie ajiKHJiuHKJioneHTaHbi H30MepH3yioTCH b cooTBeTCTByiomHe npo- 
H3BOAHbie UHKJioreKcaHa. OAHOBpeMeHHO c TaKofl H30MepH3auHeft npo- hcxoaht AHcnponopuHOHHpoBaHHe a jih h h u x  6okobh x  yrjieBOAopoAHbix 
ueneft c o6pa30BaHHeM MeTHjiHpoBaHHbix UHKJioreKcaHOB Kax Han- 
6oJiee cTafiHJibHbix npoAyKTOB peaKUHH. Tax, HanpHMep, H-nponHJi- 
UHKJioneHTaH o6pa3yeT CMecb 1,3- h 1,4-AHMeTHJiuHKJioreKcaHOB:

I H I
\ /

-CH ,r!LCH ,

I •
ch3

H-ByTHJiUHKJioneHTaH npeBpam aeTca b 1,2,4-TpHM eTHjiuHKJioreK- 
caH h A p y r n e  yrAeBO AopoAbi:

— i— 1 :i i.i .1 i2ch ..ch3
! H I
\ /

/ N - ch 3

3
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AHa/iormiHo X. IlaHHC n B. H. HnaTbeB {401, Hccjie^ya peaKU.nn 
H30MepH3aUHH pa3JIHMHbIX aJlKHJIUHKJlOneHTaHOB B npHCyTCTBHH AlClg
co cjie^aMH BOAbi (HC1 KaTajiH3HpyeT A1C13), noATBepAHJiu Bee BbiBOAbi 
M. B. TypoBOH-nojiHK, a T3K>Ke ycTaHOBHJiu AHcnponopuuoHHpoBaHHe 
SoKOBbix pa3BeTBJieHHbix ueneft b MeTHAbHbie rpynnbi: H3 btophhhmx h 
TpeTHMHbix dyTHjiuHKJioneHTaHOB 6biji nojiyneH 1,3,5-TpHMeTHJiuHKAo- 
reKcaH:

OOlUHH MexaHH3M H30MepHblX IipeBpaiUeHHH npOH3BOAHblX UHK.HO- 
neHTaHa mo>kho npeACTaBHTb cJieAyioiueH oGmeft cxeMofl [41:

/ C H 2CH3
CH

N : h 8

/
•c h 3

vI
CH3

c - c c c

c —c —c  c c —c - c

c

c —c - c

c- ~ ~ ~
c

c - c —c - c

c

AHaAorHUHO BeAyT ce6a h ABy3aMeiueHHbie uHKJioneHTaHbi. 3 th 
paSOTbl HMeiOT 6 0 AbUI0 H TeopeTHHeCKHH HHTepec, TaK KaK OHH MOryT
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6blTb npHMeHeHbl K 6eH3HH0BbIM (JjpaKUHHM Ha({)TeHHCTbIX He(J)TeH RJISl 
H30MepH33UHH npOH3BOflHbIX UHKJI0neHT3Ha B UHKJlOreKCaH, T. e. flJIH 
yBê nqeHHH noTeHunâ bHoro coflepjKaHHa b hhx apoMaTHnecKHx ynneBO- 
AOpOAOB.

O. AcxaH [41] HaOjuoAaji BnepBbie, mto UHKJioreKcaH noA AeiicTBHeM 
AlClg npn TeMnepaType KHneHHH nepe3 48 Mac. H30MepH3yeTCH b Me- 
TH^UHKJioneHTaH. X la^bH enu iH e HccjieAOBaHHH ycTaHOBHJiH, mto  t 3 k h m  
nyTeM m ojkh o  nojiyuaTb u h k  jioneHTah c b h c o k h m h  BbixoAaMH. Tax, 
HanpHMep, n. B. flyMKOB h A. 4>. HnKOJiaeBa [42] HarnjiH, mto  npn 
HarpeBaHHH UHKJioreKcaHa npw 400° c MoS2 noA AaBjieHHeM BOAopoAa 
AO 350 am o6pa3yeTCH 62% MeTHjiuHKJioneHTaHa. AHajiorHMHO ycTaHOB- 
JieHO .mto npn 500° h AaBJieHHH BOAopoAa 100 am c CoS h MoS2 u h k j io - 
reKcaH Ha 67% npeBpamaeTca b MeTHjiuHKJioneHTaH.

H3MepeHne k o h c t3 h t  paBHOBecHH peaKUHH H30MepH3auHH UHKJio
reKcaHa b  MemnuHKjioneHTaH h o6paTHO 6biJio BbinojiHeHO npw 25—77° 
b >KHAKoft (|)a3e b npHcyTCTBHH AlClg (Ta6ji. 58) [43].

TABJ1HUA 58

TeMnepaxypa,

PaBKOBecHoe coflepwaHHe mcthji- 
HHKjioneHTaHa b UHKJioreKcaHe, 

MOJI. %
CpeflHee

co^epjKaHne
MeTHJlUHKJIO-

neHTaHa,
%

%
jxjih i;HK/ioreKcaHa AJIH MeTHJI- 

UHKjioneHTaHa

25 11,70 13,30 12,5 0,143
35 13,95 15,00 14,5 0,170
45 16,15 16,15 16,2 0,193
55 18,95 19,50 19,2 0,238
65 21,10 21,70 21,4 0,272
77 25,60 25,60 25,6 0,344

riojihmcthjieHOBbie coeAHHeHHH c uHKJiaMH H3 7 hjih 8 aTOMOB yrae- 
poAa noA aohctbhcm A1C13 H30MepH3yi0TCH b roMOJiorn UHKJioreKcaHa. 
TaK, HanpHMep, uHKJiorenTaH npeBpaiuaeTca b MeTHJiuHKJioreKcaH, 
M eTHAUHKAorenTaH— b 1,3-AHMeTHJiuHKJioreKcaH, STHjiuHKJiorenTaH— 
b 1,3,5-TpHMemnuHKJioreKcaH h t . a - AHajiorHMHO uhkjiookt3h c A1C13 
c caMopa3orpeBaHHeM H30MepH3yeTCH b cMecb 1,3- h 1,4-AHMeTHjiuHK- 
AoreKcaHOB:

r « V  r ^ r CH» +  ch- J ^ t ™ 3
\ _ /  \ /  ■' \ y

CHg

.Hjlfl 06T>HCHeHHH M6X3HH3M3 H30MepH33UHH nOJIHMCTHJieHOBblX 
uhkjiob H. J \ .  3ejiHHCKHH npeAJioacHA THnoTe3y AerHAporHApHpoBaHHH 
c npoMentyTOHHbiM 0(5pa30BaHiieM TpexMjieHHbix uhkjiob. TaK, H30Me-
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pH3auHK> UHK.noreKcaHa b MeTHJiuHKjioneHTaH mo>kho npe£CTaBHTb 
CXeMOH

H30MepH3aunio >Ke 3THJiu,HKJioneHTaHa b MeTHjiu,HKJioreKCaH— cxcmoh :

CH5

Ofimyio cxeMy H30MepH3au.HH pa3JiHMHbix 3aMemeHHbix UHKJioreK- 
caHa, no T SrjioiJx^y, I\  XyjiJia h B . KoMapeBCKOMy [4], b npncyT- 
ct b h h  KaTajiH3aTopa A1C13 m o>kho  npe^cTaBHTb cJie/jyiomHMH cxeMaMH:

c

800

c

h

l i e

c
1

80-100° / X  r

A

c  c  
\ A

AlCla + HC1 (

1 111

C - C

110-115° / \

*  1 U  1

c  c

A _ c  A  
A  + A - C

1 H 1 8f)0 *  1
V

c

In
\ /

c 115-120°

A1C13

C

AlCla
«--------
130-145°

C - C
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—C—C—C AiCl3
-------- ►
135—145°

AlCl3
130-145°

C—C - C —C

c-c—c—c

C - C

150-160°

140-150°

150-160°

125°

AICI3 + +

AICI3

130—140°

M3 npHBefleHHblX CXeM BĤ HO, MTO H30MepH3aU,HH npOH3BOAHbIX UHK- 
JlOreKCaHa C GOKOBbIMH aJIKHJlbHblMH UeriBMH pa3H0H flJIHHbl H CTpoeHHH 
npHBOAHT k o6pa30BaHHio HaHCojiee cTa6njibHbix H30MepoB— mcthjih- 
pOB3HH bIX npOH3BOAHbIX uHKJioreKcaHa.

M30MepH3auHH npoTenaeT jierKO h nowTH HeoSpaTHMo c BbwejieHHeM 
Tenjia.

MeTHJiHpoBaHHbie uHKJioreKcaHbi cnocotfHbi k H30MepH3auHH, npn- 
BOAaiueft k Hanfiojiee ycTOHMHBbiM H30MepaM, H3 KOTopbix b nojiynaeMbix 
CMecHX npeofijia^aiOT 1,3-flHMeTHJi- h 1,3,5-TpHMeTHjiuHKJioreKcaH.

M HCTbiH uHKJioreKcaH cnocoSeH, KaK y>Ke yKa3aHO, H30MepH30BaTb-
CH B MeTHJIUHKJIOneHTaH.

AHa^orHWHO npoieKaeT H30Mepn3auHH h He nojiHocTbio rHflpHpo- 
BaHHbix nojiHMeTHJieHOBbix yr^eBo^opoAOB. Tan, H. /I. 3e;iHHCKHH 
[44] ycTaHOBHJi, mo UHKJioreKceH npH 400— 450° Ha/j A120 3, BeO h 
CHJiHKarejieM H30MepH3yeTCH b MemnuHK.noneHTeHbi, H3 KOTopbix ripe-
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odjiaAaeT 1 -MCTHJiUHKJioneHTeH* 1, qacTHqHO AaJiee H30MepH3yiomHHCfl
b 3-MeTHJi- h 4-MeTHJiuHKJioneHTeH-l:

B cjiyqae uHKJioreKcaAHeHa-1,3 npouecc H30Mepn3auHH npoTexaeT 
ĉ ojKHee [45, 46], c odpa30BaHHeM deH30Jia h UHKJioreKceHa, a no- 
CJiê HHH H30MepH3yeTCH B CMeCb pa3JIHMHbIX MeTHJlUHKJIOneHTeHOB. 
BjiaroAapn BbiAejiHiomeMyca BOAopoAy UHKJioreKceH h m cthjiuhkjio- 
neHTeHbi qacraqHO rHApwpyiOTCH ao UHKJioreiccaHa h MeTHJiu,HKjio- 
neHTaHa cooTBeTCTBeHHo:

AHaJiorH4HO UHKJiorenTeH H30MepH3yeTCH b MeTHJiuHKjioreKceH-1, 
KOTopbiH MacTHqHO AerHApHpyeTCH ao To^iyana, qacTHMHO >Ke npeBpa- 
maeTCH b 1,2-AHMemrmHKJioneHTeH:

/V -C H ,

—ch3 
- ch3

+  2H.2

HHTepecHbie pe3yjibTaTbi dbijin nojiyqeHbi npH HCCjieAOBaHHH «30Me- 
pH3aUHH npOH3BOAHbIX HHKJIOreKCaHa C dOKOBOH HenpeAejIbHOH CBH3bIO. 3 th padoTbi npoBOAHJiHCb P . J I cbhhoh A-na H3yqeHHH MexaHH3Ma HeodpaTHMoro KaTajiH3a 3ejiHHCKoro [47, 48]. OHa ycraHOBHjia, hto 
npH HeodpaTHMOM KaTajiH3e He33BHCHM0 ot nojio>KeHHH HenpeAejIbHOH C = C - cbh3H cnepBa npOTexaeT nocreneHHaH H30MepH3aitHH c nepeMe- 
meHHeM abohhoh cbh3h BHyTpb MOJiexyjibi HHKJia (crp. 443).

no t3koh nee cxeMe nponcxoAHT H30MepH3auHH HHKJioreKcaHa c 
aUeTHAeHOBOH CBH3bK) B dOKDBOH UenH, H30MepH3auna AeK3JIHHOB c 
HenpeAejIbHbIMH dOKOBbIMH IienHMH H T. A.
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M30MepM3au,HH apoMaTHHecKHx yrjieBOflopoflOB. ApoMaTHnecKHe 
yrjieBOAopo^bi c doKOBbiMH ajiKHJibHbiMH uenaMH MoryT noABepraTbcn 
pa3JiHMHbiM npeBpameHHBM, rjiaBHefluiHe H3 k o t o p m x  cne^yiomHe: 

1) MHrpauHH 3aMecTHTenen:
C

5
I
C

!

> c n _ (
c

2) H30MepH3auHH c yKoponeHHeM 6okoboh uenn h BBe^eHHe 3a\ie CTHTe/iH (name Bcero MeTHjinpoBaHHe) b KOJibue:
C

C-C

rS -
\ /

n _ c
V '  L 
c 
I

/ V _ r

U
c

rS
3) H30MepH3auHH 6oko bo h  uenn:

/ V - C —C—C—C % - c - c - c

c

A - c - cU '4) MHrpauHH 6okoboh uenn c oAHOBpeMeHHofi H30MepH3au.HeH:
C C

/% —r.—r —c —r. / \ —c —c. . / \ —c—c

U U
<1

+
: - U

H T. 3 .

5) MHrpauHH paAHKa^oB c o a h h x  Kcvieu, Ha Apyrwe (Ancnponopuno- 
HHpOB3HHe paAHKaJlOB):

c

'S —c
+ 2 H T. 3.

37 i, H. AwiroB
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MarpauHA paflHKajiOB 6eH30JibHoro KOJibita n3BecTHa flaBHO. Bnep- 
Bbie Tanyio H30MepH3auHK> onncaji P. Ahhuotu [49] b 1886 r. Ha npn- 
Mepe KCHjiojia noA AeftCTBHeM A1C13. npH nocjiê yiomeM noApodHOM 
H3yqeHHH stoh peaKUHH dbiJio ycTaHOBJieHO, mto rjiaBHbiM npcwyKTOM 
H30MepH3aUHH KCHJIOJIOB BCer̂ a HBJIHeTCH JW-KCHJIOJI. H30MepH3aUHH 
Tanoro THna HccjieAOBaHa Ha dojibinoM HHCJie Apyrnx AHaJiKHJideH30- 
jiob, npHMeM ycTaHOBJieHO, mto A1C13 hjih AlBr3 HanpaBJijnoT BTopoft 
3aMecTHTejib npeHMymecTBeHHO b MeTa-nojio>KeHHe. Tan, HanpHMep, 
n-flHnponHJi6eH30Ji no HCTeneHHH 2-nacoBoro HarpeBaHHH c AlBr3 Ha 
67% H30MepH3yeTCH b MeTa-H30Mep:

c 3h 7
I

I
c 3H7

c3h 7

AHajiorHHHO Bê yT cedn h Tpex3aMemeHHbie deH30Jia. 1,2,4-Tpn- 
M eTHji6eH30ji (nceB^OKyMOJi) noA  AencTBHeM A1C13 H30M epH3yeTcn b

l,3 ,5-TpHM eTH ji6eH30Ji (Me3HTHJieH), l,2 ,4 -TpH n ponH ji6eH 30J i— Ha 28% 
b  l,3 ,5 -TpH nponH jideH 30Ji h  t . a - T a n a n  CHMMeTpH3aiiHH HadJnoAaeTCH 
b  c j iy n a e  jnodb ix  Tpex3aMem,eHHbix deH30Ji0B c OAHHaKOBbiMH hjih  pa3- 
JIHHHblMH 3aMeCTHTejIHMH.

BoKOBbie uenn HopMajibHoro cTpoeHHH npH a b h c t b h h  A1C13 odjiaAaioT 
cnocoSHOCTbio npeBpamaTbcn b pa3BeTBjieHHbie, t . e. dojiee cradHjib- 
Hbie uenn. HanpnMep, K-dymjideH30ji hjih  H3odyTHjideH30Ji npeBpa- 
maiOTCH b m p e m - 6 y m ji6 e n 3 0 J i , M-nponHJideH30ji—b  H3onponHJideH- 
30JI H T. A-

PaBHOBecHbie KOHueHTpanHH npo^yKTOB b  npncyTCTBHH AIC13, 
nojiynaiom H XCH  npH H30MepH3anHH 3TH jideH30jia, npHBejjeHbi b  Tad ji. 
59 ( b  m o ji. %  o t  cocTaBa paBHOBecHOH CM ecn). H 3 AaHHbix TadjiHUbi 
BHAHa TeHAeHUHH k  o6pa30BaHHio M eTa-H30Mepa.

TABJIHUA 59

TeMne-
paTvpa,

°K
3thji-

6eH30ji o-Kchjioji jk-Kchjioji n-KcHJioji
Tewie-

paTvpa,
°K

3thji-
6eH30ji o-Kchjioji jk-Kchjioji rt-KcHJ10Jl

298 0,5 16,2 59,6 23,7 700 8,3 22,4 47,8 21,5
300 0,5 16,3 59,5 23,7 1000 15,5 23,2 42,3 19,0
400 1,8 18,6 59,8 23,8 1300 21,5 23,1 38,5 17,1
500 3,7 • 20,7 52,4 23,2 1500 24,6 22,9 36,4 16,1
600 5,9 21,6 50,1 22,4

O cod b ifl HHTepec h 3HaHeHHe h m c io t  peaKUHH MHrpauHH paAH KajioB  
c o a h h x  KOJieu Ha A p y r n e  (nepeajiKH JiH poBaH H e); npocTeftuiHM  npHM epoM  
HBjiaeTCH A^HCTBHe A1C13 Ha AHajiKHJi6eH30Jibi, b p e3y jib T aT e  q e ro  06 -
pa3yeTCH deH30Ji h cM ecb pa3JiHHHbix H30MepoB ajiKHJideH30ji0B. Tan, 
3THji6eH30Ji npeBpam aeTCH b  CMecb d£H30Jia, m o h o -, a h -, Tpn-, T e tp a -
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h neHTa3THJi6eH30JioB. Tojiyoji noA ACHCTBneM A1C13 o6pa3yer cMect 
,w-KCHJiojia h 6eH30Jia:

B CAyqae tomoaotob 6eH30Jia c a^hhhwmh ajiKHjibHbiMH rpynnaMH 
TaKHe neperpynnnpoBKH CBH3aHbi c H30MepH3aitHefl 6okobmx uenefl. 
HanpHMep, H-nponHji6eH30Ji o6pa3yeT CMecb pa3AHHHbix noAHH3onpo- 
nnji6eH30Ji0B. Ecah TaKHe nepeaAKHAHpoBaHHa npoBOAHTb b npncyT- 
ctbhh 6eH30Jia hah Apyrnx apoMaTHnecKHx yrjieBOAopoAOB, to npo- 
hcxoaht nepepacnpeAeAeHHe 3akhaob MeacAy o6ohmh BeipecTBaMH.

BepoHTHO, npH t3khx peaKUHHX o6pa3yiOTCH paBHOBecHbie cMecn, 
nOTOMy HTO HX MOJKHO npOBOAHTb H B 06paTH0M H3np3BJieHHH. TaK, 
H3 nojiH3THJi6eH30JioB npH HarpeBaHHH c 20% A1C13 h 6eH30A0M nojiy- 
qaioT xopomne bhxoah M0H03mn6eH30Aa. H. H. UlyfiKHH h 
M. C. FIpoxopoBa [50] npn nponycKaHHH napoB 6eH30Jia h KCHAOAa 
qepe3 A1C13 npn 250—300° noAyaHAH mnyoA.

H30MepH3auHio roMOAoroB 6eH30Aa c HenpeAejibHbiMH doxoBbiMH 
aAKHAbHbiMH uenaMH, nan ya<e yKa3biBaAocb, noApo6HO H3yaaAa P . 51. JleBHHa. OHa ycTaHOBHAa, hto HaA Cr20 3, nAaTHHHpoBaHHbiM 
yr^eM h ApyrHMH KaTaAH33TOpaMH HMeeT MecTO nepeMemeHHe abohhoh 
CBH3H «nOA3KOM», T. e. nOCTeneHHaa H30MepH3aUHH C npOABHJKeHHeM 
HenpeAeAbHofl cbh3h ot KOHua uenn BHyTpb ao o6pa30BaHHH conpaiKeH- Horo c C=C-CBH3bio 6eH30AbHoro KOAbua. Tax ">Ke BeAyT ce6a h 
aAKHA3aMemeHHbie 6eH30AbI C TpOHHOH CBH3bIO [51 j : 4-(])eHHA6yTHH-J 
H3QMepH3yeTCH HaA Cr20 3 b 4-({)eHHA6yTHH-3:

ripHCyTCTBHe TpOHHOH CBH3H yCAOJKHHeT peaKUHK) H3-3a noSOHHHX 
npoueccoB; oAHOBpeMeHHO noAyaaeTca 3HaHHTejibHoe KOAHqecreo no- 
AHMepHbix npoAyKTOB. 06pa30BaHHe noAHMepoB P. 5K JleBHHa o6t>hc- 
HaeT noAyqeHHeM Ha oahoh H3 npoMe*yTOHHbix ct3ahh H30MepH3auHH 
l-0eHHA6yTaAHeHa-l,3, KOTopbifi h noAHMepaSyeTca.

06uiHOCTb H30MepH3aUHH B CAyqaHX apOMaTHMeCKHX yrAeBOAOpOAOB 
c HeHacbimeHHbiMH aAKHAbHbiMH uenaMH AOKa3aHa npeBpameHaeni 
H-AHaAAHA6eH30Aa B «-AHnp0neHHA6eH30A

CH3

% —CHa—CH2—C=CH

CHa-C H = C H 2 c h = c h - c h 8

CHa—CH =CH : CH =CH —CH3
37*
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h H30MepH3auHeft p-ajuiHjiHa(})TajiHHa b p-nponeHHJiHa^TajiHH:
, ^ / N - C H 2-CH=CH2 / \ / V -C H = C H —CH3

B c jiyqae AHapHjinapa(J)HHOB sth  peaKUHH npHBOAHT k nepeapHjin- 
poBaHMK). B. B. KoprnaK h T C. KojiecHHKOB [52] yeraHOBHJiH, hto 
HarpeBaHHe l,2-An4)eHH.ji3TaHa c A1C13 npHBOAHT k o6pa30BaHHio no- 
/iHMepa c MOJieKyjinpHbiM BecoM 2480—4080 h BbiAejieHHio CBo6oAHoro 
6eH30Jia. Flpouecc, BepoHTHO, hact no cxeMe:

nC0H5CH2CH2C6H5 C6H5CH1CH2(C8HtCH,CHl)l,_1C6H6 +  (n -  1) C0HeTaKne ace pe3yjibTaTbi nojiyneHbi B. B. KopinaKOM h T C. Kojiec- IIHKOBblM [53] R J IH  AH(])eHHJIMeTaHa.CnjibHO BbipaHceHHbie H30MepH3yK>m,He cBOHCTBa A1C13 npoaBJia- iotch h Ha 6ojiee cjiojkhmx MOJieKyjiax. Tan, M. ToM6epr [54] Harneji, mto reKca4>eHHJi3TaH npH. a 6hctbhh HC1 hjih A1C13 H30MepH3yercfl, BeponTHO, qepe3 npoMeHtytohHy io AuccouHauHio Ha Asa paAHKajia TpHt^eHHJiMeTHJia no cxeMe:

A. H. JlenHHb [55] OTKpbijia HHTepecHbie H30MepH3aunH hchakhx 
m p a H C - 2 , 3 - A H < p e H H J i 6 y T a H a  (I) h mpa«c-3,4-AH(j)eHHjireKcaHa (II) b TBepAbie ^«c-(j)opMbi h o6paTHO no paBHOBecHOft peaKUHH:

0H
[ I

CHo—C— C—CH3
I I

I

235—250°

8 qac.

H
I

CH.-C-

H
I

-c—ch3

n n
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CH3—CH2—C C—CH2—ch3

II
250-275°

7 lac.

H H
I I

CH3—CH2—C---C—CH„—CH3

TOMOJIOrH Ha(J)TaJIHHa nOA ACHCTBHeM XaTaJIH3aTOpOB H30MepH3yiOTCB H3 a- b p-(j)opMbi. Tan, a-MeTHJi- hjih a-3THJiHa^)TajiHH HaA CHJiHKarejieM npn 420° npeBpamaiOTCH b 3-H30Mepbi. AHaAornqHO 1,6-AHMeTHAHa(})- TajiHH b 3thx >xe ycjiOBHHX o6pa3yeT 2,6-AHMeTH^HacJ)TajiHH. TaxaB neperpynnHpoBKa a-H30MepoB b f:i-H30Mepbi abahc-tch, BepoBTHO, 06- meft peaxunefi b HacJyraAHHOBOM pBAy. HanpHMep, a-AHHat})THA npn cnenaHKH c A1C13 h N aC l, no X .  IIIoaaio [56], noMTH nojiHOCTbio H30-MepH3yeTCH B [3-AHHa(])THA.TeHACHUMB K CTa6HJlH3aUHH MOJieKyjI nyTeM HX H30MepH3aHHH OT- qeTJiHBO npoBBJiBeTCB Ha npHMepax noAHxoHAeHCHpoBaHHbix uHxjhi- qecxnx CHCTeM. Flpn rHApnpoBaHHH aHTpaueHa noA asejichhcm  o6Hapy- >KeHo o6pa30BaHHe c u m m -  h Hecajim-oxTarHApoaHTpaueHOB:
riocjieAHHH npH dojiee b h co x h x  TeMnepaTypax (390°) npeBpamaeTCB Ha 34% b oKTarHApo^eHaHTpeH,—BepoBTHO, qepe3 npoMe>xyToqHbiH pa3pbm xpaftHero xoAbua, KOTopoe 3aTeM cHOBa UHXAH3yercB c ym e- pOAHblM aTOMOM 5:

ch2

H
\ / V

H2c f  .
\  / % /CH

^ \ / \  H
H,C

H2C
\  ^  CH

CH,

B ashhom  cAyqae HMeeT MecTo bbh3b TeHACHHHB k nepexoAy b 6o - jiee TepMOAHHaMHqecKH ycToAqHByx) (|)opMy, Tax xax H3BecTHO, hto aHryjiBpHbie cHCTeMbi ctaGHAbHee jiHHeflHbix.
6. TexHHqecKoe 3HaqeHHe npouecca H30MepH3auHHH30MepH3auHB napa(})HHOBbix h ojie^HHOBbix yrAeBOAopoAOB HMeei 6ojibiuoe npaKTHqecKoe 3HaqeHHe, Tax xax npeBpameHHe yniepoAHoro cxeAera HopMaAbHoro CTpoeHHB b yrAepoAHbifl cxejier H30CTpoeHH«
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CBH33H0 c noBbiuieHHeM OKTaHOBoro HHCJia, t. e. c yjiymueHHeM xaqe- 
CTBeHHbix noKaaaTejiefl >xuAxoro MOTopHoro TonjiHBa (cip. 187). llo- 
3T0My pa3pa6oTaHO MHoro TexHHqecxnx cnocodoB xaTaAHTHqecxofi H30- 
MepH33UBH HH3KOOKT3HOBbIX 6eH3HHOB. TaKHMH XaT3AH3aTOpaMH, npH- 
MeHaeMbiMH Ha npaxTnxe, name Bcero h b jih io t ch  civiecH A120 3 c Cr20 3 
b pa3Hbix cooTHomeHHHx, a b nocjie^Hee BpeMH noHBHjiucb oqeHb axTHB- 
Hbie h CTaSHJibHbie n-naraHOBbie KaTajiH3aTOpbi.

H30MepH3au.HK) «-6yTaHa b H3o6yTaH b npoH3BOACTBeHHou npaxTnxe  
npoBOflHT pa3JiHHHbiMH MeTO^aMH, H3 KOTopbix HanOojiee qacro npuMe- 
HHM >KHflKC>4>a3HbIH cn 0C06 C TBepAbIMH XaT3AH3aTOpaMH. FIpH >XHAXO-
<j)a3HOM cnoco6e qepe3 6e3BOAHbin A1C13, pacTBopeHHbifl BMecTe c HC1 
b TpexxjiopHCTOH cypbMe, npH 80— 90° h 20 a m  npoAyBaxrr cyxoft 
h-6yTaH, b pe3yjibTaTe qero 3a nponycK nouyqaeTCH 54% H3o6yTaHa. 
riocjie OTAejieHHH ot  H3o6yTaHa h - 6  yTaH B03BpamaeTCH b peaKTop, qeM 
AocraraeTCH nojiHoe npeBpaiueHne.

Flo ApyroM y cnocofiy HaA TBepAbiM KaTajiH33TopoM H3 A1C13 Ha 6ox- 
CHTe npH 120— 150° h 14—17 am  nponycxaxrr «-6yTaH (1 o6"beM >kha- 
Koro h-C4H10 Ha 1 o6i.eM 6okcht3 b 1 qac), npeBpaiuaioiHHHCH Ha 40—  
50% b H3o6yTaH. n oA aq a cBe>xero A1C13 b peaxTop ocyiuecTBJineTCH 
nponycKaHHeM neperpeToro «-6yTaHa qepe3 cocyA  c A1C13; qacTb x jio - 
pHCTOrO ajHOMHHHH HCnapHCTCH H BMeCTe C ra3006pa3HbIM H-6yTaHOM 
nocrynaeT b peaxTop.

H30MepH3apHIO 6eH3HHOB HJIH JIHrpOHHOBblX (JlpaXUHH npOBOAHT 
npw noMoin,H npopeccoB p i u p o p M u m a ,  xoTOpbie3axjnoqaioTCH b o6pa6oT- 
xe noA AaBjieHHeM 30— 70 a m  h 450—550°, b pe3yjibTaTe qero nponcxo- 
Aht H30MepH3auHH napac^HHOB, o6oram,eHHe apoMaTHqecKHMH yrueBo- 
AopoAaMH. n p H  3tom OKTaHOBoe hhcuo noBbiuiaeTca c 40— 50 aP 75— 
84. B HacTOHmee BpeMH TepMHqecxuu rHApocfiopMHHr BbiTecHeH xaTa- 
/iHTHqecKHM. B KaqecTBe KaT3AH3aTopoB name Bcero npHMeHHioT, Kan 
yace OTMeqeHO Bbiuie, cepoycToftqHBbie CMecn A120 3 c Cr20 3 h Ao6aB- 
K3mh Sb, W. V. Zr h A p yrn x MeTaunoB b bhac npoMOTepoB. Tax xax  
npn pH(})opMHHre nojiyqaeTCH MHoro K oxca, hto cHH>xaeT bhxoa 6eH3H- 
Ha, to npouecc Jiyqm e bccth noA AaBjieHneM BOAopoAa (e u d p o c p o p M u m ) 
c npHMeHeHHeM axraBHbix AerHApnpyiomHx xaTajiH3aTopoB, ofijiaAaio- 
IHHX B TO >Ke BpeMH H BbICOKOH H30MepH3yK)IUeH CnOCOdHOCTblO. r u d -  
p o ( p o p M - 6 e H 3 U H b i  coAepn<aT 6ojibuioe xojiuqecTBO apoMaTHqecKHx yrue- 
boaopoaob (ao 40% h Oojibuie), ruaBHbiM o6pa30M 6eH30A h Tojiyoji. H 30- 
MepH3aHHH napaijumoB npn rHApoiJjopMHHre npoTexaeT b MeHbinen cTe- 
neHH, BCJieACTBHe qero st o t  npouecc npHMeHHioT A-aa CHHTe3a apoMa- 
TqqecKHX yrjieBOAopoAOB.

C 1950 r. TexHHqecKH ocyui.ecTB.neH h o b u h  BapuaHT xaTaAH TH qecxo- 
r o  pn^OpM HHra HH3KOOKTaHOBbIX 6eH3HHOB, TaK Ha3bIBaeMbIH r u i a m - 

tfmpuiiHP.] npouecc BeuyT npn  TeM n ep aT ype 450° h AaBueHHH BOAupu^a 
50— 60 a n 1 HaA xaTajiH 3aTopaM H  H3 njiaTHHbi Ha ajiiOMOCHJiHKaTHOM x p e - 
KHpyiom eM  HOCHTeue, O jia roA ap n  qeM y napatfiHHbi h HacjrreHbi H30MepH- 
3yiOTCH H36HpaTeubHO. T a x ,  HanpHMep. «- re n T a H  Ha 7 5 %  npeB pam aeT- 
ch b  TOJiyoA. n p u  n jiaT^opM H H re peaxu nw  HAyT b cTopoH y apoM aTH-
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3auHH b pe3yjibTaTe AerHApupoBaHKH h H30MepH3auHH. HcoOxoahmum 
ycnoBHeM npoBê eHHH npouecca HBjiaeTCH cooTBeTCTBHe MejK̂ y cbipbeM 
h npô yKTaMH no pa3Mepy MOJieKyji h qncny yiviepoAHbix aTOMOB. Tax, 
fljiH nojiyqeHHH 6eH30Jia HeoOxoAHMbi 6eH3HHbi, OoraTbie C6, aah nojiy- 
qeHHH mnyojia—Q  h t , fl. B t3khx ycJiOBHax AocrnraiOTCH oqeHb Bbi- 
coKne Bbixô bi apoMaraqecKHx yivieBOAopoAOB. HanpnMep, jihtpohho- 
Ban (JjpaKUHH (94—107°), cocTomuan H3 5 9 ,3 %  Ha(J)TeHOB, 31,9% aji* 
KaHOB h 8,8% apoMaTHnecKHX yivieBOAopoAOB, b pe3yjibTaTe njiaixJjop- 
MHHra o6pa3yeT 94% apOMaTHqecKnx yivieBOAopoAOB. CyAH no jiHTe- 
paTypHbiM âHHbiM, yKa3aHHbie nAaTHHOBbie koht3ktm AocraToqHO cra- 
CnjibHbi, h b pe3yjibTaTe mojkho noAyqaTb 6eH3HHbi c OKTaHOBbiMH quc- 
jraMH Bbiuie 100, c h«3khm coAep>KaHHeM cepbi h noaTOMy oqeHb npneMH- 
CTbie k T3C.

njiaT(J)opMHHr OTJinqaeTCH ot oObiMHoro pncJ)opMHHra, Tax KaK AaeT 
BbixoAbi 6eH3HHa Ha 20—25% Bbiuie h c ropa3Ao OojibuiHM oKTaHOBbiM 
MHCJIOM. npH TepMHnecKOM pn<})opMHHre 60% napacJwHOB h 40% Ha(])Te- 
hob npeBpamaioTcn maBHbiM o6pa30M b ojiê HHbi h jinuib 2 %  b apo- 
MaTHnecKne ynieBOAopoAbi. ripn njiaT^opMHHre 80 % Hac])TeHOB KOHBep- 
TnpyeTCH b apoMaTHnecKHe yrvieBOAopoAbi.

B nocjie^Hee BpeMH pa3pa6oTaHbi HOBbie BapnaHTbi npouecca pu(fop- 
MHHra [57].

)K u d K u u  a u d p o c p o p M u m —flBycTaflHHHbiH npouecc, npu kotopom Ha 
nepBofi CTâ HH b peaKTopax npu 500° h 15—20 a m  npoBOAHTCH KaTajm- 
THHeCKHH KpeKHHr C nJiaBaiOIUHto K3TaJIH33TOpOM, Ha BTOpOH CT3AHH 
b pereHepaTope npn 600° KaTajiH3aTop oTAejineTCH Ha KepaMHKOBbix 
<|)HAbTpax h nepeTeuaeT b peaKTop b cnjiy co6ctb6hhoh thhcccth. 
flpouecc BeAeTCH noA AaBjieHHeM BOAopoAa; nojiyqaiOTCH MOTopHbie 6eH- 
3HHbI C OKTaHOBbiM HHCJIOM 94—100:

T e p M O tp o p -p iu p o p M u m —n p o u f ic c , aHajiorHHHbiH KaiajiHTHqecKOMy 
TepMO^op-KpeKHHry (crp. 314), ho c npHMeHeHHeM CrAl-KaTajiH3aTopa, 
KOTOpbifi pereHepnpyeTCH npn 6ojiee hh3khx TeMnepaTypax, ueM o6biq- 
Hbie ajIIOMOCHJIHKaTbl.

rydpiKpopMUHz—KaTaAHTHqecKHH pHiJiopMHHr HecJjTeu h noAyqeHHe 
apoMaTHqecKHx ynieBOAopoaob. IlpHMeHHiOTCH KaTajiH3aTopbi, ncnojib- 
3yeMue aah AerHApupoBaHHu C6-uhkaob, AerHApoH30MepH3auHH C6- 
uhkaob h H30MepH3auHH napac[)HHOB. ripn 3tom npouecce KpeKHHra He 
npOHCXOAHT, H n03TOMy KaTaAH33T0pbI He AG33KTHBHpyiOTCH.

runeptpOpM U H Z— KaTaJIHTHqeCKHH rHApO(])OpMHHr B npHCyTCTBHH 
CoMo- KaTa a H3aTopoB.

PH(|)opMHHr-npoueccbi coBepineHHO hobu; ohh yKa3biBaiOT Ha Bauc- 
HOCTb npHMeHCHHH peaKUHH KaTaJIHTHqeCKHX H30MepH3aUHH B COBpe- 
MeHHoii TexHHKe JKHAKoro MOTopHoro TonAHBa h opraHHqecKOH Tex- 
HOAOrHH.
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êBOAopofloB, H3A. Mry, 1949, CTp. 45.

48. P. 51. Jl e b  h h a, Ta.u >Ke, dp. 80.
49. R. A n s c h u t z ,  Ann., 235 , 350 (1886).
50. H. H. Ill y h k  h h , .W. C. I l p o x o p o B a ,  >KOX, 16 , 835 (1946).
51. P. H. Jl e b  a h  a, H. A. Ill e r .i o b  a, X<OX, 11, 527 (1941).
52. B. B. K o p hi a k , T C. K o ,i e c h  ii k  o  b  a. UAH CCCP, 70, 625

(1950).
53. B. B. K o p ui a k , T C. K o  .i e c h  h  k  o  b , J.AH CCCP, 76, 69 (1951).
54. M. G o m b e r g ,  Ber., 36, 376 (1903).
55. A. H. JI e n h h b, 5KP<I>XO, 44, 1190 (1912).
56. H. S c h o l l ,  T s c h i r t s c h ,  Monatsh., 32, 997 (1911).
57. V. H a e n s e 1, .M. S t e r b a ,  Ind. Eng. Chem., 44, 2073 (1952).



r  j? a b a XI 

nOJlHM EPH3AUHfl

0 B i l l ,H E  T l P H H H H n b l  H  K J I A C C H & H K A I l H f l

McvieKyjibi opraHHuecKux coeAHHeHHH c HeHacbimeHHbiMH cbh3hmh 
nyTCM B33HMHoro HacbimeHHH cnocodHbi o6pa30BbiBaTb 6ojiee cjio>KHbie 
MojieKyjibi, npeBpamancb b BbicoKOMOJieKyjiupHbie BemecTBa [1]. Flo 
onpe^ejieHHK) C . B. JleSeAeBa [2] «...nojiHMepH3auHH— sto npouecc co- 
e^HHeHHB ^Byx, Tpex h 6ojibmero uucjia MOjieKyji MOHOMepa b Beme- 
cTBa Toro jue cocTaBa, uto cxeMaTHuecKH npeACTaBJiueTCH Tax:

nA —*■  (4)„ hjih ■---- A—A— A—A--------»

npH coBMecTHofl OAHOBpeMeHHon nojiHMepu3auHH AByx hjih ke- 
cKOJibKHx BemecTB (conojiHMepHsauHH)1 o6pa3yiOTCH npoAyKTbi, He 
HBJIHK»mHeCH CMeCbK) HHAHBHAya JIbHbIX nOJIHMepOB H OTJIHMaiOIUHeCH 
ot nojiHMepoB Ka>KAoro BemecTBa b OTAejibHOCTH:

nA-j-nB — ► (AB)n hjih  ---------A—B—A—B—---
OaKTHqecKH 3aKOHOMepHoro uepeAOBaHHH b uenH A — B  He Hadjito- 

AaeTCH.
npH nOJlHMepH3aHHH, B OTJIHHHe OT KOHAeHCaUHH, 06pa30BaHHe 

6ojiee cjiojkhhx coeAHHeHHH He cBH3aHO c BbiAejieHHeM MOjieKyji H 20 ,  HC1, N H 3 H T. A. PeaKUHH nOJIHMepH3aUHH 3K30TepMHHHbI, nOSTOMy 
cKopocTb h rjiy6HHa hx CHHucaiOTCH c noBbiuieHneM TeMnepaTypbi BCJieA- 
CTBHe oSpaTHbix peaKUHH AenojiHMepH3auHH; nojiHMepbi Hanfiojibrnero 
MOJieKyjiHpHoro Beca nojiyqaiOTCH oSmuho npn hh3khx TeMnepaTypax. 
nojiHMepH3aiiHH cBH3aHa c yMeHbmeHHeM odteMa, nosTOMy BbicoKHe 
AaBjieHHH ABHCTByiOT Ha 3tot npouecc noJio>KHTejibHO. HaKOHeu, Bee 
peaKUHH nojiHMepH3auHH npoTeuaioT KaTajiHTHuecKH hjih ayroKaTajiH- 
THUeCKH C pa3JIHUHbIMH HHAyKUHOHHbIMH nepH0A3MH H BCAyT K 06pa30- 
B3HH10 60Jiee yCTOHUHBblX B AaHHbIX yCJIOBHHX (J)OpM.

n Pu nojiHMepH3auuH nyTeM nocreneHHOH h3actpohkh odpa3yiOTCH 
pHAbi noAUMepaoMOAoeoe. Taune nojiHMeproMOJiorHMecKue p«AH aHa- 
jiorHUHbi odbiuHbiM roMOJioruuecKHM phabm .

1 ConoJiHMepH3auHio Ha3biBaioT HHoraa taione KonoJiHMepH3auHeii.
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Bee oprannyecKHe coeAHHeHHH mojkho noApa3AejiHTb Ha hh3komo- 
JieKyjinpHbie h BbicoKOMOjieKyjiapHbie. K nepBbiM npHH3AJJ6>KaT co- 
eAHHeHHH, KOTopwe MoryT dbiTb BbiAejieHbi b mhctoh MOHOMOJieKyJiap- 
HOH (j)OpMe, KO BTOpbIM—COeAHHeHHH, KaJKyLUHeCH BHeiUHe OAHOpOA- 
HbiMH, ho npeAcraB/ifiiomHe co6oh cMecH nojiHMeproMOJioroB; nocjieA- 
HHe HenoTopbie aBTopw KJiaccH^HunpyioT Tan, KaK sto noKa3aHO b 
Ta6ji. 60.

TAEJIHUA 60

MhcjiO aTOMOB C 
b MO.rceKy.ne

MeiaH 16 1
HH3Ko.MoaeKyjiapHbie co2AHHeHHa 16—6000 1—500
I~Io;iHMepbi, h ji h no j iHMeproMo. iorH-  

q e c K H e  B e m e c i B a

reMHKO.ri.no nnbi 1000—10000 100— 1000
3ftK0J!̂ 0HAbI 104—10® 10s— 108
HepacTBopHMbie BbicoKOMo.neKv.napHbie cocah-

HeHHH 104—10-* 10s—10*"1

BemecTBo MojieKyjiBpHblfi
Bee

flojiHMeproMOJiorH He yAaeTCH pa3AejiHTb (JipaKLiHOHHpoBaHHeM Ha 
HHAHBHAyajibHbie BemecTBa, noaTOMy hx xapaKTepH3yiOT cpeAHHM 
MOAeKyjinpHbiM BecoM. reMHKOJiJioHAbi npeACTaBJiaioT co6oh JiHHeftHbie 
o6pa3oeaHHH H3 50—100 cTpyKTypHbix eAHHHU. Ohh oO^aAaioT bh3- 
KOCTbK), Majio 3aBHCHmeft ot TeMnepaTypbi, h hh3koh tohkoh pa3Mar- 
qeHHa; ocaAHTejin BbiAejiHioT hx b BHAe aMop(j)Hbix nopouiKOB. 9 u k o a - 
Aoudu o6pa3yioTCH npH 6onee rviyOoKOH nojiHMepH3auHH, coAepjKAT 
nojiHMeproMOJiorn c uennMH H3 3000 h dojiee CTpyKTypHbix cahhhu. 
Il3 paCTBOpOB SHKOJIJIOHAbl BblACJIHIOTCH B BHAe BOJIOKHHCTbIX MaCC, 
paCTBOpbl HX OHeHb BH3KH. npHHeM BH3KOCTb 33BHCHT OT TeMnepaTy
pbi. K a x  y>Ke yKa3biBajiocb, rjiyOiiHa nojiHMepH3auHH 33bhcht h ot 
TeMnepaTypbi h ot ckopocth peaKUHii—npn dojibiiiHx cxopocTHX ncHee 
Bbipa>KeHa CKJIOHHOCTb K 06pa30BaHHK) reMHKOJUIOHAOB.

B pe3yjibTaTe nojiHMepH3auHH MoryT nojiynaTbca BbicoKOMOJieKyjinp- 
Hbie BemecTBa, oOjiaAaiomHe njiacTHnecKHMH cbohctb3mh (cHHTeTHne- 
cKHe KaynyKH, nojiHH3o6yTHAeH hjih onnaHOA, thokoji h t . a *), ko- 
Topwe odteAUHniOT noA HA3BaHneM 9Aacm oM cpoe, hah nee TBepAbie (pac- 
TBopnMbie hjih HepacTBopHMbie, nJiaBKHe hjih HenjiaBKHe) nojiHMepbi, 
H3BecTHbie noA Ha3BaHiieM tiAacm oM epoe. K nocjieAHHM othochtch Tax 
Ha3biBaeMbie njiacTMaccw (ue.uiyAOHA, SaKejiHTbi, tahcJitbah, KopocHJi, 
nOAHCTHpOAbl, axpHAOHAbl H T. A-). HeKOTOpbie CHHT3IOT, HTO TepMO- 
nAacTHHHbie noAHMepu—anpHAaTbi h MeTaKpnAaTbi, nojiHCTHpoJibi, 
nOJIHBHHHAOBbie 3(J)HpbI H T. A-—33HHM310T npOMe>KyTOMHOe MeCTO, H Ha- 
3biBaioT hx 3 A a cm on A a cm u K a .m  [3].

BbicoK onoAH M epH bie BemecTBa noAyHHAH uinpOKoe pacnpocTpaHe- 
HHe B p a 3AHHHbIX O&iaCTHX TeXHHKH, HapOAHOfO X03HHCTBa H 6bITa.
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riepBblMH H3BeCTHbIMH nOJIHMepaMH BBJlaiOTCH: UejlJiyjlOHA, OTKpbITblH 
KaK 3aMeHHTejib cjiohoboh kocth /1>k . rHarroM b 1868 r., nojiHAHMeTHji- 
6yTaAHeHOBbiH yrjieBOAOpoA, nojiyueHHbiH BnepBbie H. JI. KoH^aKo- 
bhm b 1901 r., h SaKejiHTbi, nojiyueHHbie Jl. BeftKejieHAOM b 1909 r

B HacToam.ee BpeMa, dnarouapa TeopeTHuecKHM h npaKrauecKHM uo- 
CTHJKeHHHM XHMHH BbICOKOMOJieKyjiapHbIX COê HHeHHH, B3rjIH^bI Ha 
opraHHqecKHe nojiHMepbi pe3KO H3MeHHjiHCb. Eme HeuaBHO MHorne 
CHHTajiH hx cypporaTaMH hjih 3aMeHHTejiHMH, He HMeiomHMH oco6oh 
ueHHOCTH h nepcneKTHB. Tenepb xhmhh BbICOKOMOJieKyjiapHbIX co- 
ê HHeHHH 3aBoeBajia ce6e npouHoe MecTO b npoMbimjieHHOCTH h b 6biTy, 
TaK Kan pa3HOodpa3He cbohctb h npHMeHeHHH sthx coeuHHeHHH no cy- 
mecTBy 6e3rpaHHMHO. BJiarouapa pa3BHTHio xhmhh BbicoKOMOJieKyjiap- 
Hbix coe^HHeHHH pa3pa6oTaHbi pa3JiHUHbie njiacnmecKHe MaTepnajibi, 
pa3HOo6pa3Hbie CHHTeTHuecKHe KayuyKH, He yerynaioiuHe no CBOHCTBaM 
npnpoAHbiM KayaynaM, a no pauy cbohctb h npeBocx.oAHm.He hx. Oco- 
6oe 3HaaeHHe nojiyuHAH TaKHe nojiHMepbi, KaK nojiHSTHJieH, nojinnpo- 
nnjieH, nojiHTeTpa^TopsTHJieH (TecjwiOH), nojinaMH^Hbie cHHierauecKHe 
BOJIOKHa— HafijlOH, KanpOH, 3H3HT, pa3J!HHHbie TpejIOHbl (34)TpejIOH, 
BeTpejiOH h Ap.)> JiascaH, (JviopoH h MHorne Apyrue. Bojibiuoe pa3BHTne 
npnodpejiH npoAyKTbi nojiHKOHAeHcauHfi KpeMHeopraHHuecKHX coeAH- 
HeHHH, H3BeCTHbie nOA H33BaHHeM nOJIHCHJIOKCaHOB, HJIH CHJ1HKOHOB, 
h t . A- CjieAyeT OTMeTHTb, uto 3iiaueHHe h nepcneKTHBbi AaJibHeihuero 
pa3BHTHa xhmhh BbicoKOMOJieKyjiapHbix coe^HHeHHH pacuiHpaiOTca 
TeM, hto b HacToaiu.ee BpeMa pa3pa6oTaHbi MeTOAbi CHHTe3a npHBHTbix 
h 6jioK-conojiHMepoB c 3apaHee 3aAaHHbiMH cbohctbhmh, uero eiue He- 
AaBHO AOCTHraTb He yAaBajiocb.

riojiyueHHe hobhx BbicoKonojiHMepHbix coeAHHeHHH h yeraHOBjie- 
HHe cTpoeHHa hx npn6jiH>KaeT Hac k no3H3HHio npupoAbi h CTpyKTypbi 
mhothx oueHb cjiojKHbix npnpoAHbix coeAHHeHHH, HanpHMep 6ejiKOB, 
nojiHcaxapHAOB, cjiojkhhx np0H3B0AHbix nojiHTepneHOB, pa3JiHUHbix pacTH- 
TejibHbix npoAVKTOB eme He H3BecTHoro CTpoeHHa. H3yueHHe xhmhh 
opraHHuecKHx h sjieMeHTOopraHHuecKHX BbicoKonojiHMepHbix coeAHHeHiui 
no3BOJiHT pacuiHpHTb npeAejibi no3HaBaeMoro HaMH MHpa.

MHorouHCJieHHbie peaKUHH nojiHMepH3auHH mo>kho KjiaccH(|)HUHpo- 
BaTb cjieAyromHM o6pa30M:

A) HCTHHHaa nojiHMepH3auHa, hjih roMonojiHMepH3auHa,—npe- 
BpameHne oahopoahmx MOJieuyji b nojiHMepbi, HMeioiune tot ace npo- 
UeHTHblH COCTaB, UTO H HCXOAHbie MOjieKyjibi;

B) coBMecTHaa nojiHMepH3auHa (conojiHMepH3auHa), hjih reTepo- 
nojiHMepH3auHa,—npeBpaiueHHe pa3HopoAHbix MOJiexyji b BbicoKono- 
jiHMepHbie coeAHHeHHa;

B) TejioMepH3auHa— BHeApeHHe nojiHMepH30BaHHbix MOJiexyji Me- 
jkay (fiparMeHTaMH hcxoahoto MOHOMepa (oSopBaHHaa b Hauajie nyTH 
nojiHMepH3auHa).

HeKOTopue HCCJieAOBaTeji h paccMaTpnBaioT nojiHKOHAeHcauHio 
(CTp. .487) KaK pa3HOBHAHOCTb nOJIHMepH3aUHH.
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A. MCTHHHAfl nOJIHMEPH3AUHJT

1 . 06tu,He cBeAeHHH
HeHacbimeHHbie MOAeKynbi, cKjiOHHbie k noAHMepH3auHH, coAepacaT 

rpynnbi C=C, C^C, C=0 h t . a ., a Taione pa3AHMHbie kom 6 h h 3Uhh 
h x ; >C=C—C=C<, >C=C—C=C—, C=C—C=0, 0=C—C=0, 
C=C=C h t . A- JlerKOCTb h rjiygHHa noAHMepH3auHH 33b h c h t  o t  xa- 
paKTepa CBH3en, ycAOBHH peaKUHH, crpyKTypbi MOJieKyji, KaTajiH3a- 
Topa. C noBbiuieHHe.M CTeneHH HenpeAejibHOCTH cKJiOHHOCTb k nojiHMe- 
pH3auHH o6bmHo pacTeT, KaK, HanpnMep, b cAynae AneHOB c  conpa- 
>KeHHbIMH KpaTHbIMH CBH3HMH. /Ufl OJieijlHHOB H KHCAOpOACOAepACaiAHX 
COeAHHeHHH 3T0 MO>KHO H/lAIOCTpHpOBaTb CJieAyiOLU,HM COITOCTaBJieHHeM 
CBOHCTB (TadJI. 61) [4].

T AEJ1HUA 61

CoeAHHeiiHR CBOllCTBa

c h 2= ch2
CHINCH
CH8CH=CH—c h = chch3

ch3ch= c= chch3 
ch2= ch—ch= ch2

CH=C-CH*—CHj—C=CH

CH2=CH—CasC—CH=CHS 
CH2=CH—CH=CH—C=C—CH=CH2

CH*=CH—CH=CH—C=CH 
CH=C—C=CH

G ro a n  np n  150°

G ro a n  npH 150°

rioAHMepH3yeTca Ha 6 8 %  Mepe3 15 AHeft 
npn 150°

rioa HMepH3yeTCH qepe3 4 — 5 AHeft n p n  150°
B 3anaaHHott Tpy6K e noiHMepH3yeTCH npn  

150° nepe3 10 AHeft

BbiCTpo nojiHMepH3yeTca npn k o m h 3t h o h  
TeMnepaType

BbiCTpo nojiHMepH3yeTCH npn 8 0 °

rioA H M epH 3yacb, K H n m  npn 4 0 ° H 20 MM 
PT. CT.

riojiHMepH3yeTCH oneHb .ierno 

BbiCTpo no.TMMepn3yeTca npn 6 0 °

YBejiHqeHHe qncAa Kpambix, ocodeHHO conpaateHHbix, CBH3eS CHAb- 
ho noBbiuiaeT cnocodHoerb k noAHMepH3au.HH. noBbiiueHHe MOAeicyAHp- 
Horo Beca MOHOMepa CHHwaeT CKAOHHOcrb k noAHMepH3auHH. 3aMe- 
meHHe aTOMOB BOAopoAa y HenpeAeAbHbix CBH3eft Ha raAoreH, bhhha, 
4>eHHA, aueTHJieHH.i. 3c})HpHbie rpynnbi qacrro cTHMyAHpyeT cKopocTb 
nOAHMepH3aUHH. CoeAHHeHHH C COnpHJKCHHblMH ABOHHbIMH CBH3HMH 
nOAHMepH3yiOTCH nerKO H dbICTpO, C H30AHpOBaHHbIMH—He nOAHMe- 
pH3yiOTCH.

BBeAeHHe aTOMa ranoreHa noBbiuiaeT cKAOHHOCTb k noAHMepH3auHH, 
iipnneM b TaKoii nocAeAOBaTeAbHOCTH:

J >  Br >  Cl >  FriOMTH BO Bcex CAVMaHX npOUeccaM nOAHMepH3aUHH CHAbHO cno- codcTByioT pa3AH4Hbie KaTaAH3aTopt>i. HandoAee aiJxJieKTHBHbiMH Kata-
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jiH 33T opaM H  h b j ih io t c h : 1) KHCJiOTbi h  coeAH H eH H H  k h c j io t h o t o  x a p a K T e -  

p a  (c e p H a n  h  (JioaJiopHaH KHCJioTbi, ra jioreH O KH C JiO Tbi, r a j io r e H b i,  M y- 

paB bH H an  h  y x c y c H a n  k h c j io t m ) ;  2) c o j ih , c o A e p jx a m H e  r a j io r e H  ( x j io - 

pHCTblH aJIIOMHHHH, (|)TOpHCTbIH 3J1IOMHHHH, XJIOpHCTblH HHHK, XJIOpHOe 

* e j i e 3 0 ,  ra jio re H H A b i TH TaH a, M e^H , o jroB a , x o d a j ib T a , cyp b M b i h  t .3) pa3JiHMHbie M eTajiJ ib i, ocod eH H O  m e jioM H b ie ; 4) o k h c j im  h  o cod eH H O  
nepeKH C H  (a u e r a j ia ,  d eH 30H J ia ), a  T a io n e  axTH B H bie  cHJiHKaTbi (x a o jiH H , 

(J)JIOpHAHH, aJIIOMOCHJIHKaTbl).

2 . r io jiH M ep H 3 a u H n  ojretjjHHOB

Ojie(J)HHbi n p n  T e M n e p a T y p a x  HHXte 425° TepM OAHHaM HHecxH  H eycTO H - 

MHBbi, B b iine  425°— c k j io h h h  k  pa3JioH<eHHio. f lo s T O M y  n p n  h h 3 k h x  TeM 

n e p a T y p a x  o h h  M o ry T  nojiH M epH 30B aTbC B , n e p e x o f ln  c B b w e jieH H eM  
T e n jia  b  d o j ie e  cradH J ibH b ie  cjiopMbi.

CKJIOHHOCTb K nOJIHMepH3aUHH B 03paC TaeT  OT STHJieHa K BMHJieHaM 
h  33BHCHT o t  ’c r p y K T y p b i  H 30M epoB . H a H d o j ie e  TpyA H O  nojiH M epH 3yeTC H  

STHJieH, KOTOpblH B OTCyTCTBHe KaT3JIH3aTOpOB n pH  400° o 6 p a 3 y e T  JIHIHb 
H e fio j ib iu o e  KOJinnecTBO d y m j ie H a :

ch2= ch2 +  ch2= ch2 ch3—ch2- ch= ch2

H H T ep ecH a  He^aBHO o n n ca H H a n  X .  I l le H S  [5] peaKH H H  AH M epH 3a- 

u h h  STHJieHa b  d y m n e H b i.  JXjih s t o h  u e j in  s r a j ie H  n p o n y c x a io T  n pn  90— 100° H a#  OKHCbio K o d a jib T a  Ha ApeB ecH O M  y r j i e  n p n  50— 150 am, 
b  p e 3 y j ib T a T e  q e r o  a o  50% a m a e H a  n e p e x o ^ fa T  b  cM ecb  H30M epoB 

d yT eH -1  h  d y T e H -2  d e3  odpa30B 3H H H  H 3 o d y m jie H a . K p o M e  d y r a -  
jieH O B, n p o A y K T b i p e a K u n n  co A ep x ca T  15% rexceH O B  h  10% b h c ih h x  

ojie(J)HHOB. M ex a H H 3 M  n p o p e c c a ,  BepoH TH O , n p o T e x a e T  c n ep ex oA O M  aTOMa 
B O A op o^ a .

O d p a 3 0 B a H n e  dyTeHa-2 odtH C H neTC H  H 30M epH 3auneH  dyTeHa-1 c 
n ep eM em eH n eM  a b o h h o h  c b h 3 h  B H yT p b  M O Jiexy jib i.

T e p M H n e c K a n  n o jiH M epH 3au H H  STH jieH a  33 b h c h t , b  3HanHTejibHOH 
CTeneH H , o t  AaBJieHHH. E lp n  275° h  70 a m  od p a3 yeT C H  CM ecb B b ic innx 

ojieiJwHO B, napacJiHHOB h  H3(J)TeHOB, h t o  yK a3 b iB a eT  Ha cjio>XHOCTb Me- 

xaH H 3M a n o jiH M ep H 3 au H H . I I o a  AaBJieHHeM  Bb iu ie 1000 a m  npH  200° b  
npH cyTCTBH H  cJieAOB KH C JiopoAa STHJieH n p e B p a m a e T c n  b  noAum en  
( h j ih  a A K a m en)— n o jiH M ep  c M O jiex y jin p H b iM  B ecoM  3000—50 000, HMeio- 

ih ,h h  b h a  p o r o o d p a 3 H o r o  n p 0 3 p a n H o ro  B em ecT B a . I lo j iH T e H  AOBOJibHO 
rn d O K , H H epTeH  K KO pp03H H  H O d jia A a eT  BbICOKHMH H30JIHHHOHHbIMH 

C60HCTB3MH. B b iu ie  70° nOJIHTeH CT3H0BHTCH paCTBOpHMbIM BO MHOTHX 

o p ra H H n e c K H x  p a c r o o p H T e j in x ,  a  M e>xAy 100— 115° n p eB p am aeT C H  b 
BH3 K y io  x<HAK0CTb, h t o  y x a 3 b iB a e T  Ha e r o  jiH H e iiH o e  cT p o eH n e .

F IpH M eH eH H e x a T a jiH 3 3 T o p o B  CHHXtaeT T e M n e p a T y p y  n o jiH M epH 3a- 

U h h  S T H jieH a : b  npH cyTCTBH H  A lC lg  h j ih  BFg o h 'n p eB p am aeTC H  b  c jio >k - 

H y io  CM ecb B b icoK O M O jieK y jin p H b ix  y r jieB O A op oA O B . T a x H M  n yT eM  H3 

STHJieHa n o j iy n a io T  cM a30H H bie M a c jia .
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npommeH nojiHMepH3yeTCH KaTajummecKH, o6pa3ya CMecb ra30~ 
o6pa3Hbix h jkhakhx yrjieBOflopoflOB.

B nocjieflHHe roflbi b ycJioBHax, 0jih3khx k nojiyqeHHio nojiHSTHjieHa 
no K. Umviepy, pa3pa6oTaHbi MeTÔ bi nojiyqeHHH nojiHnponnjieHa, 
4to HMeeT fiojibinne nepcneKTHBbi. Tanne nojiHMepbi hmoot CTpyKTypv:

nCH8—CH=CH2 — ---- CH—CH2-CH—CH2-CH-----
I I I

ch3 ch3 chs

nojiHnponHjien HMeeT TeMnepaTypy njiaBJieHHH ~170°, BMecTo 
125° a j i h  nojiHSTHjieHa, h nojiyqaeMbie H3 Hero BOJiOKHa 6ojiee npoMHbu 
3to onpe/tejineT ero ^ajibHenmee npHMeHeHHe.

H3 Tpex H30MepHbix 6yTHjieHOB jierne Bcero nojiHMepH3yeTCH H30~ 
6yTHjieH (noA a ĥctbhcm cepHOH khcjiotm, TpexcjrropHCToro 6opa), mto 
BnepBbie ^0Ka33H0 A. M. ByTJiepoBbiM (1873 r.) [6], a no3AHee H3y- 
qeHO H. Jl. KoĤ aKOBbiM (1893 r.) [7] h ^pyrHMH. H3 flHMepoB h3o- 
dyTHjieHa fiojibiuoe 3HaqeHHe HMeeT 2,4,4-TpHMemnneHTeH-2, KOTopbin 
rH^pnpyiOT 3aTeM b 2,4,4-TpHMemnneHTaH (H300KTaH)—MOTopHoe
TOnJIHBO C 0KT3H0BblM MHCJIOM 100.

npH nponycKaHHH H3o6yTHJieHa c BF3 b npHcyTCTBHH A1C13 npn 
30—70° b TeqeHHe HecKOjibKHX cexyH^ o6pa3yeTCH KayqyKonoAoSHbift 
nojiHMep (nojiHH3o6yTHJieH) c MOJieKyjiapHbiM BecoM ao 200 000 cjie^MO- 
mero CTpoeHHH:

CH3 CHj. CHg" CH3
I I I I

nC=CH, *- -C—CH,—C— C1I2-C-CH 2-----
T I ' I I
ch3 ch3 ch3 ch3

MojieKy^npHbiH Bee SToro nojiHMepa TeM Bbime, qeM HH*e TeMnepa- 
Typa nojiHMepH3auHH: npn —80° oh HMeeT MOJieKyjinpHbiH Bee 70 000, 
npH—103°—#o 230 000. FIo.nHH3o6yTH.neH (ero Ha3biBaioT Taioxe e u -  
cm a n e K C O M , hjih o n n a n o A O M ) n.naBHTCH npH 200° h pa3JiaraeTca npn 
350° Ha xojiofly HCKjnoqHTejibHO CToex k fleficTBHK) KOHueHTpHpoBaH' 
Hbix pacTBopoB mejioqefi h khcjiot (3a HCK.moqeHHeM KOHHeHTpnpo- 
B3HH0H 330TH0H KHCJIOTbl), HO npH 80° pa3JiaraeTCH HMH. OKHCJIHTejIH, 
030H h rajioreHbi Ha no.nHH3o6yTH.neH He fleficTByioT. Oh ujhpoko- 
npHMeHaeTCH Ana moah4)hk3u.hh KayqynoB h noBbimeHHH ycTofiqHBo- 
CTH HX K XHMHqeCKHM areHTaM, flJIH H3rOTOBJieHHH KHCJlOTOynOpHbIX 
({jyTepOBOK, H30JlHUHOHHblX H BHJKyLUJHX MaTepHaJlOB, JiaKOB, nOKpbl- 
THH H T. fl.

AMHjieHbi no^B^praioTCH TepMHqecKofi nojiHMepH3auHH npn 500°
c o6pa30BaHHeM BbicuiHX h HH3IHHX ymeBOAopo^OB. noA AaBjieHHeM 
nojiHMepH3auHH HfleT jiyquie npH 6ojiee hh3koh TeMnepaType, hto no- 
3BOJiaeT nojiyqaTb fiojibuie >khakhx nojiHMepoB h MeHbrne ra3oo6pa3- 
Hbix npoAyKTOB pacnaaa.

H3yqeHHe nojiHMepH3au,HH HHflHBHAyaJibHbix aMHjieHOB noKa3a.no,
hto HaH6ojiee aKTHBeH 2-MeTHJi6yTeH-2, b KOTopbifl qacTO H30MepH3y-
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ic>Tca flpyrne aMHjieHbi, co/jepjKamneca b aMHjieHQBbix 4>pai<UHax. YcTa- 
HOBJieHO, HTO MHrpaUHH flBOHHOH CBH3H BHyTpH MOJieKyjIbl CTaSHJIH- 
3yeT MOjieKyjiy ojie^HHa. FIosTOMy 6yTeH-2 h 2-Memn6yTeH-2 6cwiee 
CTadHjibHbi, qeM 6yTeH-l h 2-MeTHji6yTeH-3. 3to ofi-bacHae-r, noqeMy 
b cMecH aMHjieHOB npeo6jia,naeT 2-MeTHJi6\TeH-2. TaKOMy npaBHJiy 
nOÂ HHSUOTCH H BbICIlIHe OJiê HHbl.

FIojiHMepH3auHH npHBOAHT k o6pa30BaHHK) coe^HHeHHH, 6ojiee yc- 
ToflqHBbix k AeHCTBHjo peareHTOB; nosTOMy BbicuiHe ojie^HHbi, npeflcraB- 
JiafOIUHe codofl flHMepbl H TpHMepbl HH3IUHX OJie(j)HHOB, 3H3HHTejIbHO 
6ojiee ycToflqHBbi k flencTBrno nojiHMepH3yiomHX areHTOB, b nepByK) 
oaepe^b k cepHoft KHCJiOTe. Cjie,nyeT cmieTHTb, aTO c poctom ueneft 
B03pacTaeT TeH^eHuna k npeKHHry, noaTOMy BbicuiHe ojie<})HHbi npn 
nojiHMepH3au.HH o6pa3yiOT, KpoMe nojiHMepoB, HacbimeHHbie h HeHa- 
cbim,eHHbie yrjieBOAopoAbi MeHbmero MOJieKyjiapHoro Beca, a TaK?Ke 
Ha(J)TeHbi.

B HacToamee BpeMa no.nHMepH3au.Ha h h 3iiih x  o ji^ h h o b  b npacyT- 
CTBHH pa3JIHaHbIX KaT3JlH3aTOpOB H3yaeHa flOCTaTOaHO xoporno. n p o -  
ueccbi nojiHMepH3auHH Hcnojib3yioT AJia nojiyaeHHa 6eH3HHa (nojiHMep- 
6eH3HHbi), CMa3oaHbix Maceji, cHHTeTHaecKHx KayayKOB, CHHTeraaecKHx 
b o jio k o h  h , KaK yxxe 6biJio yKa3aHO Bbirne, TBep^bix nojiHMepoB THna 
nojiHSTHJieHa. KaTajiH3aTopaMH aBJiaiorca aam,e Bcero H2S04, H3P04, 
AlClj, BF3 h HFFlo B. H. HnaTbeBy h X . FlaHHcy [8] nojiHMepH3auHeft STHjieHa b npn- 
cyTCTBHH (J)oc(J)o p h o h  KHCJiOTbi npH 150 am h 330° nojiyqaiOT CMecb H3 
nceBAo6yTHjieHa, H3o6yTHJieHa h M em nuHKjionponaHa, o6pa30BaHHe 
KOTopbix aBTopbi npe^cTaBJiaioT cjie^yiomHM o6pa30M:

/OH /OC2H6
CH2=CH2 +  0 = P -0 H  -»- 0 = P —OH 

N dH \ )H
/OC2H5

20=P—OH -*- CH3CH=CHCH3 +  2H3PO, 
x OH

CH3CH=CHCH3 +  0 = P —OH -► 0 = P -w u
X OH \ )H

/CH2CH3

H,C---- CH, +  H3POH2C---- CH,

CH3

H2C---- CH,
CHS—CH=CH,
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nponHvieHbi h SyTHJieHbi nojiHMepH3yiOTCH eiue jierqe, npHBcua k 
o6pa30BaHHH3 CHJIbHO p33BeTBJieHHbIX TCKCeHOB H OKTeHOB:

H3c ch2 h
\  /  / OH

H3C CH-,
' \  /CH -f0=P—OH CH

xOH 1
0
1 /OH

0=P<
xOH

H3c ch3 h3c ch3
\  / \  /CH h3c ch2 CH

1 + \  /  - 1 + H:jPO
0 CH C
1 /OH / ^

o= p< H3c CH,
xOH

ch3. /OH .0-C(CH3)3
>c - ch2 XO1C.IIOtI!O1a.IIO+

CH/ XOH x OH
.OH

(CH0)3C—o- p= o 
\)H

+  ch2= c/
c h 3

CH,

-*- CH3-C-CH2-C=CH2 + H3PO4
I I

ch3 ch3
nojiyqaiomHHCH H300KTeH noABepraiOT ruApHpoBaHHio b H300KTaH 

HaA HHKejieBbiM K a T a jin 3 a iop oM  npn  160° h 5 am.
CbipbeM atih noAHMepn3auHOHHbix npoueccoB hbjihiotch pa3Jinq- 

Hbie KpeKHHr-ra3bi, KOTopbie noAsepraioT npeABapHTe/ibHoft o6pa6oTKe 
BOAOH li paCTBOpOM COAbI RJlfl yABJieHHH CepOBOAOpOAa, 3MHHOB H Apy- 
rnx npHMecefl. FIpHMepHbiH cocTaB HecKOJibKHx o6pa3UOB KpeKHHr- 
ra3a h BbixoAbi nojiHMep6eH3HHOB npuBeAeHbi b Ta6ji. 62.

TA1V1HIIA 62

CocTaB, MOJI. % l 2 3 4 5

BoAOpoA . . ■ 4,1 1,8 0,3 0,1 -
napacJ)iiHbi (Q—C4) 
O.aecjaiHbi:

70,6 73,9 66,3 57,6 55,9

3TII.IOH 5,3 2,6 4.0 3,7 2,3
nponii.R’ii 15,0 17,1 17,9 23,4 17,8
fiyniAeHbi . . 4,2 5,8 11,5 14,8 23,2

BbixoA no.ii!Mep6eH3ima, .1 ,u3 ra3a 0,5 0.6 0,8 1.0 1,3

3S r h . Acwiroe



594 r ,?. XI. nOJIHMEPH3AUHHH 3 Ta6jiHUbi bhaho , hto KOJiHqecTBo ojie^HHOB b KpeKHHT-ra3ax MO>KeT KOJieSaTbCB b aoboabho umpoKHx npe^ejiax, ho BbixoAbi noJin- Mep6eH3HHOB 33KOHOMepHO pacTyT c noBbimeHneM coAepH<aHHH ojiec^H- HOB. ripHMeHHeMbie KaT3JlH3aTOpbI A0CT3T0HH0 CTa0HAbHbI H MOryT pa- SoTaTb 6ojiee 6 MecnueB, AaBan ao 1 m noAHMep6eH3HHa c OKTaHOBbiM HHCAOM 80—84 Ha 1 K S  KaTaAH33Topa [9].noAHMepH3auHio OAe(J)HHOB mojkho npOBOAHTb h TepMHqecKHM ny- tcm . H toOh  noAyHHTb noAHMep6eH3HHbi, HeoOxoAHMa A-fiHTeAbHan ob- paSoTKa OAec|)HHOB npn 500—700° h AaBAeHHnx ao HecKOAbKHx cot aTMoaJiep. KaTaAHTHMecKaH >Ke noAHMepH3auHH nponHAeHa h 6yTHAe- Ha no3BOJiaeT npn 200° h AaBAeHHH okoao 25 a m  noAynaTb non™  Teo- peTHMecKHe BbixoAbi nojiHMep6eH3HHa. 3 tot npHMep xopomo haaio- CTpnpyeT npeHMymecTBa KaTaAHTHnecKHx mctoaob.nOJ!HMepH3aUHK) OAe(|)HHOB HaA (j)OC(j)OpHOH KHCAOTOH MO>KHO npO- BOAHTb H CeAeKTHBHO, T. e. T3KHM nyTCM, HT06bI B CMeCH OJie(J)HHOB pearnpoBaAH AHuib SyTHAeHbi c H3o6yTHAeHOM, o6pa3yn 90—95"o H300KTeH0B, npeBpamaeMbix 3aTeM rHApnpoBaHHeM b H300KTaHbi.
OAe(f)HHbI B npHCyTCTBHH CepHOH KHCJIOTbl MOTyT AH6o THApaTHpO- 

B3TbCH B COOTBeTCTByK)LU,He CnnpTbl, AH0O nOAHMepH30BaTbCH, HTO 3a- 
BHCHT OT HX MOAeKyAHpHOTO Beca, CTpoeHHH, KOHUeHTpaUHH cepHOH 
KHCAOTbi h TeMnepaTypbi onbiTa. 3 thach npn TeMnepaType ao 100" 
noA A^HCTBHeM 99— 100% H 2SO^, ocoSchho b npncyTCTBHH aKTHBaTO- 
poB (coAeft cepeOpa), rHAparapyeTCH. rioBbiuieHHe AaBAeHHH, Harpe- 
BaHHe Bbime 100° h Ao6aBAeHHe k cepHOH KHCAOTe coach mcah hah 
pxyTH CnOCo6CTByK)T nOAHMepH3aUHH STHAeHa B MaCAa. AHaAOTHHHO 
BeAyT ce6n nponHAeH, «-6yTHAeHbi, H-aMHAeHbi h w-reKCHAeHbi. Tan, 
neHTeH-1 h neHTeH-2 70— 75% H 2S 04 AHuib THApaTHpyioTCH, ho He 
noAHMepH3yiOTCH, w-renTHAeH TaKHce npeBpamaeTcn AHuib BremaHOA, 
HO BbICHJHe OAetJlHHbl HOpMaAbHOTO CTpoeHHH y>Ke He THApaTHpyiOTCH,
a npeBpamaioTCH b AHMepbi.

Pa3BeTBAeHHOCTb OAe(f)HHOB CnOCOfiCTByeT nOAHMepH3aUHH. B3aH- 
MOAGHCTBHe H306yTHAeHa C cepHOH KHCAOTOH 6bIAO nOApo6HO HCCAeAO-
BaHo A. M. ByTAepoBbiM eme b 1873 r [10].H 3BeCTHO, HTO 50% H2S04 Ha XOAOAy TOAbKO THApaTHpyeT H306y- THAeH b TpHMeTHAKapOHHOA, ho npn HarpeBaHHH ao 100° npeBpamaei ero b AHH3o6yTHAeH; b Tex JKe ycAOBHHx 80% H2S04 npeBpamaeT H30- OyTHAeH b TpHH3o6yTHAeH, a SoAee KOHueHTpupoBaHHan khcaot3 o6pa3yeT Bbicinne noAHMepbi. AHaAOTHHHO BeAyT ce6n h H30MepHbie aMHAeHbi: 80—90% H2S04 AHMepH3yeT neHTeH-1 h neHTeH-2, H30Mepbi >Ke c pa3BeTBAeHHOH uenbK) noAHMepH3yioTCH y>Ke noA aohctbhcm 70— 
75% H 2S04 Ha XOAOAy hah 50—60% H2S04 npn 100°. C noBbiuieHH- eM MOAeKyAnpHoro Beca oac^ hhob cTOHKOCTb hx k aghctbhio cepHOH KHCAOTbi B03pacTaeT,oco6eHHO A-nn oaciJjhhob HopMaAbHoro CTpoeHHH. Tan, HanpHMep, C10H 32 npn 20° c 85% H2S04 coBepuieHHO He noAH- MepH3yeTCH h AHuib c 95% H2S04 o6pa3yeT CMecb noAHMepoB.FIOAHMepH3aUHeH pa3AHHHbIX KpeKHHr-AHCTHAAaTOB, COAep>KaiHHX 
3H3HHTeAbHOe KOAHHeCTBO OAe(J)HHOB, C nOMOIIlbK) KOHUeHTpHpOBaHHOH
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cepHOH KHCJioTbi npii hh3khx TeMnepaTypax (ot 0 ao —50°) noAyuaioT 
nojiHMepH3aTbi, npeACTaBjunomHe codon donee hjih MeHee B5i3KHe wac- 
Jia, 6jIH3KHe K CMa30HHbIM.

B nocjienHee BpeMH 3aMenaTejibHbie padora no noAHMepH3auHH ojie- 
(|)hhob SbiJiH npoBeneHbi K. UnrjiepoM. Oh Haineji [11], mo sthach 
nojiHMepH3yeTC5i b Bbicinne a-ojie(])HHbi npn 180—200° b npHcyTCTBHH 
L iA lH 4, pacTBopeHHoro b scĵ Hpe hjih npyroM opraHHnecKOM pacTBO- 
pHTejie. KaTajIH3aTOpOM HBJIHJ1C5T TeTpa3THAAHTHHaAI0MHHHH, odpa- 
3yiomHHCH npn 120° H3 smjieHa h AHTnftaAiOMHHHHrHApHAa:

LiAlHg + 4C2H4 —  LiAl(C2H5)4

/la.'iee dbuio noKa3aHO, mo npouecc A«MepH3auHH ojic^ hhob KaTa- 
JlH3HpyeTC51 THHPHHOM ajl!OMHHH51 H TpH3THA3AIOMHHHeM, odpa3yiO- 
ni.HMC5i H3 A1H3 h C2H 4. jlHMepH3amno aTHJieHa h npomuieHa mo>kho 
ripeHCTaBHTb ejienyiom,HM cdpa30M:

a) CH2=CH2 +  alH -*- CH3-C H 2al 

CH3—CH2al +  CH2=CH2 -*- CH3—CH2—CH2—CH2al 
CH3—CH2—CH2—CH2al ->- CH3—CH2—CH=CH2 +  alH 

6) CH3—CH=CH2 +  alH CH3—CH2-CH 2al

CH3—CH2—CH2al +  CH=CH2
I

ch3

CII3—CH2-CH 2—CH—CH2al -h 
I

CH3—CH2—CH2—CH—CH2al
I

ch3

CH3-CH 2-CH 2-C=CH 2 +  alH

CII3 CH3
r^e alH =  1/3A lH 3.

OcodbiH  HHTepec npencTaBJi5ieT m c t o a  nojiyneHHH dyTeHa-1 H3 s t h - 
jieHa nyTeM AHMepH3auHH ero npn 100— 110° h KaTaAHTnqecKOM B03Aeii- 
CTBHH TpH3THJiaJHOMHHH51 B npHCyTCTBHH 0,1— 0,2°O KOAAOHAaAbHOrO 
HHKejiH. 3 t o  OTKpbiBaeT HOBbifl nyTb H-fin nojiyneHH5i a h b h h h a 3 h no- 
niidyTaHHeHOBbix KaynyKOB H3 STHJieHa [11, 12].

AHajioruMHO dyTeH-1 odpa3yeT AHMep C4H9(C2H 5)C=CH 2. K Tanon 
AiiMepH3auHH CKJiOHHbi jiHinb a-ojie^HHbi O-ojie îHHbi He pearHpyioT). 
Flponecc npencTaBji5ieT npaKTHwecKHH HHTepec, Tan Kan AHMepHbie one-
4>HHbI MO>KHO HerHHpOUHKJIH30BaTb b apoMaTHuecKHe yrAeBOAopoAbi— 
TOJiyOJI, 3THJl6eH30Jl, O- H U-KCHJlOJlbl.

TaKHM o6pa30M, otkpwt coBepmeHHO hobhh, npocTOH h yAodHbiu 
nyTb a îh noAyneHH5i apoMaTHnecKHx yrAeBOAopoAOB H3 C2-, C3- h C4- 
OAecfnmoB. OKHCJieHHeM n-KCHAOAa noAynaioT Tepe^TaAeByio KHCJiOTy, 
np.TMeH5ieMVK)AAH CHHTe3a nOAH3(|)HpHbIX CHHTeTHMeCKHX BOAOKOH. THApa- 
Taunen a-ojiecf)HHOB h hx ABMepoB noAyuaioT cooTBeTCTByiomHe cnupTbi.

Euie doAbuiHi'i HHTepec npeACTaBAneT KOHTpoAHpyeMan noAHMepn- 
3ami5i oAe(|)HHOB b BbicoKOMOAeKyA5ipHbieoAec{)HHbi no odmen cxeMe [13]:

aCH2=CH2 —  H(C2H4)„ .j-CH=CH2

B oahoh H3 nocAeAHiix padoT K. UnrAep h X. feAAepT [14] onncbi-
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B3K3T HOBblH MeTOA rJiySOKOH nOAHMepH3aUHH STHJieHa npH HOpMajIb- 
hom AaBJieHHH. IlpHMeHHH MeTaAAopraHHuecKHe KaTajiH3aTopbi, sth 
aBTopbi pa3pa6oTajiH oneHb npocTou cnocoS a ji h  noAyneHHH nonn- 
sthachob c MOJieKyjiBpHbiM BecoM 1 000—3 000 000 H3 STHAeHa b npn- 
cvtctbhh (C2H5)3A1 c AoOaBKoft HeSoAbiuoro KOJiHqecTBa TiCl 4 b na- 
qecTBe KaTajiH3aTopa. noAHMepH3auHH npoBOAHTCH b napar|)HHOBbix 
hjih apoMaTHqecKnx yrAeBOAopoAax, CAywaiuHX pacTBopHTeAHMH. 
Jlyqrne Bcero npouecc hact b AH3eAbHOM MacAe (Kora3HH-II), noAyueH- 
hom npu CHHTe3e yrjieBO^opo^oB no Onuiepy h Tponuiy.

FIojiHMepH3auHH STHjieHa, nponycxaeMoro uepe3 KaTajiH3aTop, Ha- 
qHHaexcH yuce npn oOhuhoh TeMnepaType, Koropyio nocTeneHHO noBbi- 
rnaioT ao 70° B sthx ycAOBHHX noAHMepu3auHH npoTeuaeT Obicrpo 
(200 a  norjiomeHHoro STHJieHa b 1 nac Ha 1 a  pacTBopa). Hn3KOMOJie- 
KyjinpHbie nojinsTHJieHbi HMeioT HopMaAbHyio CTpyKTypy h no cbohm 
CBOHCTBaM noxo>KH Ha noAHaMHAbi; H3 hhx mo/kho noAynaTb xopomne 
npOHHbie CHHTeTHHeCKHe BOAOKHa.

ripnHUHnnajibHO npouecc noAHMepH3auHH sraueHa npoTeuaeT b
ABe CT3AHH:

1 ) npucoeAHHeHue MOJieKyji srnjieHa k tph3tha3AK)mhhhk)

Cam'll -r nCH2=CH2 —► C2H5(C2H4)„al

mto HMeeT MecTO npH 100— 1203 npuneM aAKHAbHbie uenn, coeAHHeH- 
Hbie c aTOMOM ajnoMHHHH, MoryT AocTnraTb npoH3BOJibHon a-̂ hhu;

2) BbiTecHeHue TpnsTHJiajnoMHHHH h o6pa30BaHHe noAH3THAeHOB

C2H5(C2H])/2al —► H(CH2—CH2)/?_1—CH=CH2 +  C2H5al 

npoucxoAHT npn 180—200°
npoBeAeHue noAHMepH3auHH STHJieHa npn 180—200° npuBOAHT cpa- 

3y k o6pa30BaHHio noAHSTHAeHOB, t . e. tph3tha3ak)mhhhh HBAueTCH
KaTaJlH33TOpOM.

AKTHBHOCTb TpH3THA3AK)MHHHH CHAbHO nOBblLUaeTCH OT AOSaBOK Ta- 
KHX KaTaJIH33TOpOB, K3K JieTyHHe XJlOpHABI HeKOTOpbIX MeiaAAOB
hjih KOJiJioHAaAbHbin HHKeub (0,1—0,2°o). noAHMepH3auHH cnoco6- 
CTByioT TaKuce HH4TO>KHbie AoSaBKH auemjieHOBbix yrjieBOAopoAOB, 
HanpuMep (JjenHAaueTHAeHa.

floAyqeHHe nojinsTHJieHOB npn HopMaAbHOM AaBjieHHH no K. U,Hr- 
jiepy cpa3y >Ke Bbi3BaAo orpoMHbin npaKTnqecKHH HHTepec. B pnAe cipaH 
coopy>KeHbi npoMbiui îeHHbie ycTaHOBKH aah nojiyneHHH noAHSTHAeHa 
L^nrAepa, KOTopbift AemeBAe, ueM noAHSTHAeH BbicoKoro AaBAeHHH.

CueAyeT oTMeraTb, hto cymecTByioT MeTOAbi CHHTe3a nOAHSTHAeHa 
h 6e3 npuMeHeHHH MeTaAAopraHHnecKHx KaTaAH3aTopoB. Tax, Hanpu- 
Mep, aMepuKaHCKau (])HpMa OnuAunc (15] pa3pa6oiaAa KaTaAH33Top 
H3 Cr20 3 Ha HOCHTeAe H3 Si02 h A120 3. npouecc noAHMepH3auuH sth- 
AeHa b noAHSTHAeH (c 100po npeBpauieHueM) npoBOAUTCH npu 135— 
190° h 35 am  b npHcyTCTBHH Taunx pacTBopureAeu, nan H-neHTaH hah
H-0KT3H. npOAyKT nOAHMepH33UHH H3BeCTen nOA MapKOH «M3pAeKC».
Oh nAaBHTcu npn 113— 117° HMeeT MOAeKVAnpHbiH Bee 5000—30 000
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h cpe^HKDio njiOTHOCTb 0,952; xapaKTepH3yeTCH bhcokoh  MexaHHqecKoft 
npOMHOCTbK) H M0p030CT0HK0CTbK).

riojiHSTHjieH U,Hrjiepa OTjiHqaeTCH bhcokoh  CTeneHbK) KpHCTaJi.inq- 
hocth h phaom Ba>KHbix npeHMymecTB nepeu nojiHSTHjieHOM, nojiyqae- 
MblM npH BblCOKOM flaBJieHHH: MexaHHMeCKOH npO^HOCTbK), THSKOCTbR), 
bhcokoh  TeMnepaTypofl pa3MHrqeHHH, cnocoOHOCTbio /jaBaTb npoMHbie 
HHTH, npenpaCHblMH 3JieKTp0H30JIHUH0HHbIMH H 3HTHK0pp03H0HHbIMH 
CB0HCTB3MH.

3HaMHTejibHbiH HHTepec npe^CTaBjiaioT KpHCTajuinqecKHe noJiHMepbi 
nponnjieHa, nojiyqeHHbie T HaTTa [16]. Flpouecc uneT b ycjioBHnx, 
pa3pa6oTaHHbix K. U,HrjiepoM, h c tcmh u<e KaTajiH3aTopaMH. FIojih- 
MepH3au,Hefl aMHjieHOB, renceHOB h renTeHOB b npHcyTCTBHH A1(CH3)3 
h T iC l4 T HaTTa [17] T3K>Ke nojiyqHJi KpncTajuiHqecKHe h aMopc])Hbie 
nojiHMepbi.

PeaKUHH U,Hrjiepa OTKpbiBaiOT coBepmeHHO HOBbie nyTH Hcnojib- 
3 OB3HHH OJiec})HHOB : CHHTC3 nOJIHSTHJICHOB H UHMepOB OJie^HHOB AJIH 
npeBpameHHB b CHHTeTHqecKHe KayqyKH h apoMaTHqecKne yrjieBO^o- 
poAbi, nojtyqeHHe nepBnqHbix cnnpTOB, CHHTeTHqecKoro BOjiOKHa h t . u .

riojiHMepH3auHB 3TH.neHa b cMa3oqHbie Macjia b TepMamiH npoBO- 
jihtch c 95—99% STHJieHOBofl ^jpaKuneH nyTeM c6pa6oTKH ee, noc.ie 
OqHCTKH OT KHCJlOpOfla H CepHHCTbIX npHMeceft, XJIOpHCTbIM aJIlOMH- 
HneM npn 180—200° h 10—25 am.  J3,aBjieHHe b aBTOKjiaBax npn stom 
npouecce npHxo^HTCH peryjinpoBaTb, Tan Kan oho HenpepbiBHO pacTeT 
H3-3a o6pa30BaHHH ra30B (MeTaHa, STaHa h apyrnx ymeBOflopoAOB). 
Cbipofl nojiHMepH33T nocne ,uera3auHH HeHTpajiH3yioT npH 80—90° 
B3BeCbKD H3BCCTH B MeT3HOJie (pa3JIO>KeHHe A lC l3-KOMnJieKCa), <])HJIbT- 
pyiOT h ueHTpH^yrnpyioT. H 3 ocTaToqHbix ra30B bhacjihiot  sth jich , ko - 
Topbift nocTynaeT oSpaTHO Ha no.iHMepH3au.HK). H jih oOecneqeHHH hh3- 
koh TeMnepaTypbi 3acTbiBaHHH h nojiorofi TeMnepaTypHofi kphboh  
BH3KOCTH K T3KHM CMa30qHbIM MaCJiaM npuSaBJIHIOT 3(|)HpbI 3AHnHHOBOH 
kh cjio th  hjih apyrne a oOaBKH [18].

Eme b 1873 r A. M. ByTjiepoB h B. T ophhhob [10] o t k p h jih , hto 
BF3 Bbi3biBaeT nojiHMepH3auHio nponnjieHa. Ho TOJibKO c 30-x toaob 
Hauiero ctojicthh  npHMeHeHHe BF3 ajih stoh uejiH nojiyqHJio iunpoKoe 
pacnpocrpaHeHHe. noHBHJincb MHoroqHc.ieHHbie naTeHTbi, penoMeH- 
.ayiomHe BF3, ero THApaTH, coe^HHeHHn c MHHepajibHbiMH khcjiot3mh 
hjih opraHHqecKHMH KHCJiopo,ncoAep>KamHMH BemecTBaMH ajih nojiy- 
qeHHH BbicoKOOKTaHOBoro TonjiHBa, CMa3oqHbix Maceji, KayqyKOoO- 
pa3Hbix npoAyKTOB.

Tan. A. B. TonqHeB 11 91. M. nayiuKHH [19] ycraHOBHjiH, hto C2H 4 
h C3H„ b npHcyTCTBHH BF3-0(C,H6)2 He nojiHMepH3yiOTC5i, ho cbo6oa- 
HbiH B F 3 npeBpamaeT hx b Macjia c bhcokoh BH3KocTbio h xopouiHMH
CM33bIBaK)mHMH CBOHCTB3MH. OcoOeHHO Ma^KO nOJl HMep H3y eTCH H30-
OyTHJieH. B npHcyTCTBHH BF3 h A1C13 oh AaeT onnaHOJi (cTp. 591).
B 33BHCHMOCTH OT TepMHqeCKHX yCJIOBHH H306yTaH B CMCCH C OJie(])H- 
h aMH hjih ^HOJie(])HHaMH b npouecce nojiH\iepH3auHH npeBpamaeTCH 
b jiiiMepbi, TpuMepbi, cHponoo6pa3Hbie jkh^ kocth., KayqyKoo6pa3Hbie
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npo^yKTbi hah, HaKOHeu, b TBepAbie noAHMepbi c t . nji. 70— 150° h 
MOjieKyviHpHbiM BecoM ao 500 000. OcoOeHHO Ba>KeH OyTHAKavuyK (co- 
nojiHMep M3o6yTHjieHa c ahbhhhaom hah H3onpeHOM), hmckuuhh 
C—C-cbh3h, KOTopbix npHMepHO b 100 pa3 MeHbme, qeM b naTypajib- 
hom KayqyKe. ByTHAKayuyK ctock npn hh3koh TeMnepaType k abhct- 
BHK) MMHepaJIbHbIX KHCAOT H KHCAOpOAa.

M. O. UIOCTaKOBCKHH C COTpyAHHK3MH 120] H3yUHAH KaTaAHTHUe- 
CKyio no/iHMepH3auHio bhhhaobmx s^npoB h ycTaHOBHAH cJieAyioiAHH 
Pha KaTajiH33TopoB no nojiHMepH3yiomeH 3kthbhocth:

BF3 >  FeCl3 > AICI3 >  SnCl2 >  SiCl4 >  PC13 >  ZnCl2 >  CuCl2 >  (C2H50)2SiCl2

H. n. JloceB, O. fl. OeAOTOBa h E. B. TpocTHHCKau [21] ycraHOBH- 
AH, HTO (J)eHOKCH3THAeH B npHCyTCTBHH BF3 (eCAH BeCTH peaKU.HK) 
npu TeMnepaTypax ot —80 ao — 10°) npeBpamaeTca b KJieu, Kayny- 
KOo6pa3Hbie coeAHHeHHH hjih TBepAbie nojiHMepbi.

3. flojlHMepH3aUHfl aJIJieHOBbIX AMOJietJjHHOB

yrjieBOAopoAfai c AByMH KpaTHbiMH cbh3hmh oSjiaAaioT euye SoAbLueft 
cKJiOHHOCTbio k nojiHMepH3auHH, ueM OAe^HHbi. PemaiomyK) pojib Hr- 
paeT 3Aecb B33HMHoe nojio>KeHHe abohhmx CBH3eft. yrjieBOAopoAbi c 
H30JlHpOB3HHbIMH ABOHH'bIMH CBH3HMH OTHOCHTeJlbHO MaJIO 3KTHBHbI, 
COeAHHeHHH C KyMyjIHpOBaHHbIMH HJIH COnpH>KeHHbIMH KpaTHbIMH CBH- 
3hmh ropa3AO aKTHBHee. EIojiHMepH3auHH, Kau h b cjiyuae ojiecjjHHOB, 
CTHMyjinpyeTCH CBeTOM, HarpeBaHHeM, KaTajiH3aTopaMH.

CaM ajuieH npu 140° iioa AaBjieHHeM npeBpamaeTcu Ha 50°o b CMecb 
nojiHMepoB, coAep>Kamyio 5% AHMepa, 15% TpHMepa, 25% TeTpaMepa, 
18% neHTaMepa, 10% reucaMepa h 25% Bbicmux nojiHMepoB b bhac 
TBepAOH CMOJibi (C. B. JleSeAeB, 1913 r.).

06pa30BaHue nojiHMepoB, no AaHHbiM C. B. JleSeAeBa, BepoHmo 
hact no cxeMe:

CH2=C=CH2 CH2=C—CH2 ch2=c=ch2 ch2= c- ch,
+  -*■  | | --------------- *■ | |  h t . a.

ch2= c= ch2 h2c—c= ch2 h2c—c—ch2

! !'
h2c—c= ch2

JX h-, TpH- h TeipaMeTHjiajiJieHbi noAHMepH3yK>TCH aHaJiorHUHO, Aa-
Ban CMecu H30MepoB.

4. riOJlHMepH3aUHH AMOJjeiJjHHOB C COnp51>KeHHbIMH ABOHHblMH
CBH3HMH

TaKHe yrjieBOAopoAbi, Kau 6yTaAueH-l,3 (ahbhhhji) h 2-MeTHJi6yTaAH- 
eH-1,3 (H3onpeH), hmciot orpoMHoe npaKTHnecKoe 3HaMeHHe aah no- 
jiyueHHH cHHTeTHuecKoro Kayqyua.



5. CHHTETHMECKHE KAy^yKH 5993 th flHeHbi MoryT nojiHMepH30BaTbca pa3JiHHHO, o6pa3ya, b 3aBH- CHMOCTH OT yCJIOBHH, UHKJl HHeCKHe HAH JIHHCHHbie nOJIHMepbl. TaK, HanpHMep, H3onpeH cnocodeH k cjie^yiomHM THnaM nojiHMepH3auHH:
a) ch3 ch3

ch2= c—ch= ch2 H2C—C=CH—CH,
+  —► | | '

ch2= ch—c= ch2 H2C—CH=C—CH.1
ch3

6) CH3

j
ch3

c
S  X ch3

H2C CH 1
II c
ch2 /  V

(3a c^et CBH3eft 1,4 h 1,4)

+
CH2

CH
I

C
/  V

h3c ch2

h2c CHA2V 
I I 

h2c ch2
\  /

CH
I
c

/  V
h3c ch2

(3a cier cBH3eft 1,4 h 1,2)

B) CH2=C—CH=CH2 +  CH2=C-CH=CH2 —
I I

ch3 ch3

-CH2—C=CH—CH2—CH2—C=CH—CH2— (3a cueT CBH3eft 1,4 n 1,4)
I I

ch3 ch3

H3 3thx THnoB nojiHMepH3auHH AHeHOB HaHSojibmee 3HaqeHHe HMeeT jiHHefiHaH (b), BeAymaa k o6pa30BaHHio KayayKonoAodHbix coeAHHeHHn; npH 3T0M UIHpOKO npHMeHHIOTCH pa3JlH9Hbie KaTajiH3aTopbi: SbCl5, 
BF3, AlClg, SnCl4, Na, CHAbHbie khcaotw, okhcjim, 030HHAW, opra- HH^ecKHe nepeKHCH, MeTajuiajiKHAbi h t . a .5. CMHTeTHHecKMe KaynyKH

B e A y m a a  poAb b pa3peuieHHH npo6jieMbi nojiyaeHHa CHHTeTHaecKO- 
ro Kayayna npHH3AAe>KHT pyccKHM xhmhk3m: H. Jl, KoHAanoBy, 
II. H. OdpoMbic^eHCKOMy, B. B. Bbi30By, C. B . JleSeAeBy, A. E. Oa- 
BOpCKOMy h AP-I ICCJieAOBaHHa B 3TOH OfijiaCTH HBHAHCb 33K0H0MepHbIM p33BHTHeM Tex HayaHbix npofijieM, KOTopbie 6biJiH nocTaBAeHbi paSoTaMH 
A. M. ByTAepoBa b ofiAacTH noAHMepn3auHH HenpeAe.ibHbix coeAHHe- HHH. YCTaHOBHB nOJlHMepH3yiOmee ACHCTBIie XJIOpHCTOrO UHHKa h cep- HOH KHCAOTbl Ha H306yTHAeH H TpeX^TOpHCTOTO 6opa Ha nponHAeH,
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A. M. BywepoB H3yqnji erpoeHHe noAyqaiomHxcH npoAyKTOB. Oh 
cnpaBeAJiHBO chht3ji, mto ycnex b oOjiacTH noAyqeHHH bhcokomojic- 
KyjiapHbix npojtyKTOB MO>KeT 6biTb o6ecneqeH Jinuib b tom cjiyqae, ecjiH 
Sy/jeT H3BecTeH MexaHH3M 0(5pa30BaHHH AHMepoB h TpHMepoB. HecKOjib- 
ko no3>Ke A. H. BbiniHerpaACKHH [22] h M . J\ . JIbBOB [23] H3yqHjin 
nojiHMepH3yiomee AeftcTBHe cepHOH KHCJiOTbi Ha H3oaMHjieH.

B KOHue X IX  b . cymecTBOBajio MHeHne, mto nayqyK mojkho chhtc- 3HpOBaTb TOJlbKO H3 H30npeHa. OAHaKO B MHOrOHHCJieHHblX pa6oTax 6hjio  noKa3aHO, hto ajih  stoh uejiH npHroAHbi jnoObie AneHbi c conpn- >KeHHbiMH cbh3hmh . Eme b 1889 r H. H. Mapnyua 124] noAyqHJi 2,3- AHMeTHji6yTaAHeH-l,3 h OTMeTHJi CKJiOHHOCTb ero k npeBpameHHK) b noAHMepbi. B 1900 r. H. J l .  KoHAaxoB [25] o t k p h ji, qTo2,3-AHMemn- 6yTaAHeH-l,3 npn HarpeBaHHH (150°) co cnnpTOBOH meAOHbio qepe3 
5 qac. npeBpamaeTCH b Sejiyio sjiacTHMHyio Maccy, oqeHb noxojKyio Ha Kayqyn. B Apyroft pa6oTe H. Jl. K ohahkob [26] coodmaeT, hto 2,3- AHMeTHA6yTaAHeH-l,3 nocjie roAHHHoro xpaHeHHH b 3ananHHOH TpyOxe npeBp'aTHjica b dejiyio rySqaTyio Maccy ayTonojiHMepa, oOjiaAaiomero SojibuiHM MOjieKyjinpHbiM BecoM.

B pe3yjibTaTe paboT H. Jl. KoHAanoBa 6bui pa3pa6oTaH cnocod no- 
.nyqeHHH 2,3-AHMeTHji6yTaAHeHa-l,3 H3 aueTOHa no cjieAyiomeH cxeMe:

2 CO
I

ch3

aMajibraMa
MarHHa

ch3 ch3 ch3 ch3
I I -2H 2o I |

ch3—c— c- ch3 ----- ► ch2= c— c= ch2
I I 
OH OHH jih nojiHMepH3auHH 2,3-AHMeTHJi6yTaAHeHa-l,3 npHMeHfljin: 

1) XOJIOAHbin MeTOA, npH KOTOpOM 2,3-AHMeTHJl6yTaAHeH-1,3 B npHCyT- 
ctbhh HedoAbmnx KOJiHnecTB nojiHMepa b TeneHne 3— 4 MecaueB npe- BpamaeTcn b KayqyKonoAodHbift npoAyKT; 2) mctoa c HarpeBaHneM ao 
70°, npn KOTopoM nojiHMepH3auHn 3aKaHMHBaeTcn qepe3 HecKOjibKo AHen.

OcoSoe 3HaneHHe npnoSpejio OTKpbiTne C. B. JleSeAeBbiM [27] no- 
jiHMepH3auHH AHBHHHJia b KayqyKOo6pa3Hbie nojiHMepu. y>Ke k 1909 r 
HaKonnjiocb CTOJibKO (|)aKTHqecKoro MaTepnaJia, hto C. B. JleSeAeB Bbi- 
CTynnji c o6o6maiomHM AOKjiaAOM, b kotopom otmcthji, hto nojin- 
Mepn30BaTbCH c npeBpameHneM b KayqyKonoAodHbie cocahhchkh cno- 
co6hh Bee AHeHbi, coAepHomne conpnmeHHbie ABOHHbie cbh3h.

BHHMaHHe XHMHKOB OCOSeHHO npHBJieK3AH CHHTC3bI AHBHHHJia, KO- 
Topbie yAajiocb pa3pa6oTaTb h noAo>KHTb b ocHOBy oAHoro H3 coBpe- 
MeHHbix MeTOAOB nojiyqeHHH cHHTeTHqecKoro Kayqyna. ElepBbie ycnexn 
b 3tom HanpaBJieHHH 6hjih AOCTHmyTbi O. T OHJiHnnoBbiM, KOTopbin 
nojiyqnji ahbhhha [28] nyTeM KaTaJiHTHqecKoro pa3Jio>KeHHH ahsthjio- 
boto 3(])Hpa HaA MeTajuiHqecKHM ajnoMHHHeM. II. H. OcTpoMbicjieHCKHft
[29] npeAJio>KHJi OAHOCTaAHHHbiH npouecc: nponycxaHHe napoB sthjio- 
Boro cnnpTa c yxcycHbiM ajibAerHAOM HaA A120 3 npn 450° OAHOBpe- 
mchho oh pa3pa6oTaji MHorocTaAHHHbiH npouecc, b kotopom cnHjn 
npeBpamaeTCH b aJibAemA, a nocJieAHHH—qepe3 ajibAOJib h S-dymneH-
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TJlHKOJlb— B flHBHHHJI. HcXOflHblH STHJlOBblH CnHpT MOJKHO nOJiyqaTb
peaKUHen KyqepoBa H3 auemneHa (o MeTOAe KyqepoBa—OcrpoMbicjieH- 
CKoro cm. cTp. 457). OAHano Handojiee npocron cnoco6 nojiyqeHHa 
AHBHHHJia nyieM KaTajiHTHqecKoro pa3ao>KeHHH STHJioBoro cnnpTa 6hji 
pa3pa6oTaH C. B. JleSe^eBbiM [30].

Kayqyn, nojiyqeHHbin H3 ahbhhhji3, oS.iaAaeT paAOM ueHHbix na- 
HecTB. npn nepBbix ncnbiTaHnax aBTOMoSnjibHbie ujhhh H3 Taxoro nay- 
qyna cboOoaho noKpbiJiH paccToaHne 6ojiee 27 000 km.

MeTOA nojiyqeHHa cnHTeTnqecKoro Kayqyna no JleOeAeBy onasajica  
HacTOJibKO coBepuieHHbiM, nTO y>ne b 1932 r (b st o m  roAy 6biJi nymeH 
nepBbin OTeMecTEeHHbin 3aBOA CHHTeTH nee koto  Kayqyna) 3Ta HOBaa 
OTpacjib npoMbimjieHHOCTH CTajia h h ic h c m b h o  pa3BHBaTbca. CnHTeTnqe- 
c k h h  nayqyK  Haqaan iunpono npnMeHaTb b HapoAHOM xo3ancTBe.

riojiyneHne noJindyTaAneHOBoro Kayqyna no MeTOAy C. B. JleSe- 
AeBa H3 STHjioBoro cnnpTa npno6pe.no orpoMHoe 3HaqeHne, ocodeHHO 
nocJie nepeBOAa npoMbiuweHHbix mctoaob cHHTe3a Ha STnjioBbin cnnpT 
H3 HennuieBoro cbipba. B HacToaiu.ee BpeMa cqnTaeTca donee 3(|xJ)eKTHB- 
HblM H SKOHOMHqeCKH BblTOAHblM 6a3HpOBaTb nO.iyueHHe AHBHHHJia Ha 
MeTô ax KaTajiHTHuecKoro AernApnpoBaHnn dyTaHa H3 ra30B HetjjTene- 
pepaOoTKH, hto conpamaeT cTOHMOCTb nonnOyTaAneHOBoro Kayqyna. 
Pecypcbi OyTaHa b Hamen cTpaHe orpoMHbi.

H3BecTHbi Tan Ha3bmaeMbie «HOMepHbie» OyTaflneHOBbie KayqyKH, 
BbinycKaBuiHeca noA MapnaMH 6yHa 85 h 6yHa 115;1 ohh T3K>Ke nony-. 
qajincb nojiHMepH3auneH H3 flHBHHHjia b npHcyTCTBHH HaTpna. Unĉ po- 
Bbie HĤ eKCbi yKa3biBaioT MOJieuyjiapHbie Beca, paBHbie 85 000 h 
115 000.

HecMOTpa Ha cpaBHHTejibHO BbicoKoe naqecTBo SyiaAneHOBoro Kay- 
qyna, nccjieAOBaTenbCKaa MbicJib npoAon>Kajia noncKH cnocodoB nojiy- 
ueHHa cHHTeTnqecKoro Kayqyna H3 H3onpeHa, HAeHTnqHoro npnpoAHO- 
My Kayqyny. CnHTe3 H3onpeHa 6e3 KaTaJiH3aTopa 6hji ocymecTBJieH 
B. H. HnaTbeBbiM b 1897 r. [31], a 3aTeM M. H. HoapeHKO [32], koto- 
pbifl nojiyqHJi H3onpeH nponycKaHueM MeTHJieHUHK.iodyTaHa HaA A1203 
npn 400— 430°:

HjjC—C=CH2
I 1

H2C—CH,
CH,=C—CH=CH,

I
ch3

Cnocod 3tot, KOHeqHO, HenpHroAeH a.ih nojiyqeHHa H3onpeHa 
b npoH3BOACTBeHHOM MacuiTaOe.

flo3H<e 6biJi pa3pa6oTaH mctoa nonyqeHna H3onpeHa 113 aueTnneHa 
no cxeMe:

H
c h e e c ii----- ► ch :)c h o ----- ► ch3chohch2c h o ------►

Cu
------► CH,CHOHCH,CH,OH —  -

ch2o
CH3COCH2CH3----- *>

1 H ; j 3 B a m i e  « 6 y n a >  c o c r a B . i e i i c '  113 n e p B b ix  c . i o r o B  c .i o b  o y t a T H e H  h  H a t p i i f t .
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----->. CH3COCHCH2OH----- ► Cl I jCHOHCHCH2O H -----►

I I
ch3 ch3

----- ► ch2= ch—c= ch2
I

ch3Kpyroft MeTOA nojiyneHHH H3onpeHa H3 aueTHjieHa 6biji OTKpbiT 
A. E. OaBopcKHM [33]. AueTHjieH KOHueHcnpyioT c aueTOHOM iioa ueft- •CTBneM nopoiuKOo6pa3Horo eflKoro KajiH. 06pa3yioiuHHCH ^HMeTHJi- aueTHjreHH^KapSHHOJi rHupHpywT b UHMeTHjiBHHHjiKapCiHHOJi, a nocjieu- hhh ^ern^paTHpyioT b H3onpeH:
ch3.

■ch3

KOH
■C=0 +  CH=CH----- ►

CH,

CH3><U.
- h 2o

-----► ch2= c- ch= ch2

ch3llojiyqeHHbiH t3khm o6pa30M H3onpeH nojiHMepH3yioT nonTH ko- jiHqecTBeHHO (Ha 99%) b xayqyK.MeTOfl A. E. OaBopcKoro b CCCP npaKTHnecKoro npHMeHeHHH He hojiyqnji BBH^y cjiojkhocth ycjioBHH. B HacTonmee BpeMH noBceMecTHO npHHHT, KaK Bojiee npocToft h SKOHOMHuecKH BbirouHbiH, MeTOA nojiy- qeHHH H3onpeHa AerH^pnpoBaHHeM neHTaH-neHTeHOBbix (})paKUHH ra- 30B KpeKHHra. H3onpeH OTuejiniOT ot Apyrnx KOMnoHeHTOB pa3roHKa- MH HaOKHCblO 6apHH, HaTpHeM HJIH HHbIMH MeTOflaMH, a nOTOM nOJlH- MepH3yK)T B npHCyTCTBHH HaTpHH, JIHTHH, THUPUUa JIHTHH, TpHSTHJI- aJHOMHHHH HJIH HHbIX areHTOB. Ilo  3apy6e>KHbIM CBe^eHHHM oco6o 3(f)- 4)eKTHBHbIMH HBJIHIOTCH aJI(|)HHOBbie KaTaJIH3aTOpbI—TpeXKOMnOHCHT- Hbie cHCTeMbi (HanpHMep, H3onponHJiOBbiH cnnpT, ajuiHjixjiopHA h HaTpHH).
Bee 3th nyTH npHBO^HT k o6pa30BaHHio nojiHMepa, HMeioiuero 3BeHbH H3onpeHa (cocTOHiuHe Ha 88% H3 3BeHbeB 1,4-, hto oqeHb 6jih 3- ko k npnpoflHOMy Kayqyxy). A. A. K opotkob h T A. FIaH(j)HJiOB npn nojiHMepH3au.HH H3onpeHa nojiynujiH npexpacHbie nojiHH3onpeHOBbie 

^wc-KayqyKH CKH [34].

6. riojiHMepH3au,HH apeTHJieHa, xjioponpeHa, tjiToponpeHa

B HacTonmee BpeMH xoporno H3yqeHbi peaKUHH nojiHMepH3auHn 
aueTHJieHOBbix yrjieBoaopoflOB h BJiHHHHe Ha hx npoTexaHHe pa3JiHHHbix 
KaTajiH3aTopoB. Bee sth npoueccbi CBH33Hbi c nojiyqeHHeM npojjyKTOB, h vjeiomHX dojibinoe npoMbiuiJieHHoe 3HaqeHne. CaM aueTHjieH TepMO- 
aHHaMHqecKH HecToeK, hto npoHBjineTCH b jierKOM pacnaue (HanpH
Mep, B3pbIB npH CJK3THH) h B CKJIOHHOCTH K nOJIHMepH3aHHH. HaBeCT-
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ho, mo npn yMepeHHOM HarpeBaHHH auenueH noAHMepH3yeTCH b 
<5eH30A h ero roMOAorn a Taione pa3AHHHbie ymeBOAopoAbi c kohach- 
CHpOB3HHbIMH KOJ1 bU,3MH (mo 6blAO H3HÂ HO M. BepTeAO B 1860 T.).

Ilpouecc nojiHMepH3auHH aueTHAeHa b apoMaTHuecKHe yrneBOAopo- 
Abi 6bui ycoBepuieHCTBOBah H. /I. 3cahhckhm [35], npoBOAHBuniM ero 
HaA aKTHBHpoBaHHbiM ymeM. PeaKUHH npoTeuaeT c yMeHbiueHHeM o6te- Ma, nosTOMy noBbuueHHbie AaBAeHiiH aoajkhh cnoco6cTBOBaTb noAii- 
MepH3aUHH. H. J J .  3eAHHCKHH 33MCHHA ASBACHHe BBeAeHHCM b npouecc 
nopncToro yrjia, yuHTbiBan, mo ra3bi b aAcopSnpoBaHHOM coctohhhh 
HMeioT b nopax aAcop6eHTa AaBAeHHe ao HecKOAbKHx aTMoaJiep. JleiicT- 
BHTejibHO, onbiTbi noKa3aJiH, mo npn 600° aueTimeH b TpySue 6e3 uaTa- 
jiH3aTopa noAHMepH3yeTca HenoAHOCTbio, HaA 6epe30BbiM >ue 3kthbh- 
poBaHHbiM yrAeM buxoa KOHAeHcaTa c 27,5 a Ha 100 a nponymeHHoro 
aueTHAeHa noBbiuiaeTcn ao 116,5 a.

OKa3ajiocb, mo Jiymue Bcero peauuHio HaA aKTHBHpoBaHHbiM ymeM 
npoBOAHTb npn 650° KorAa koahhcctbo miiAKoro KOHAeHcaTa AOCTHraer 
75/o ot nponymeHHoro aueTHAeHa (70—80 a Ha 100 a Can.,).

AueTHAeH MO>KeT noABepraTbca h 6ojiee mydoKOH noAHMepH3amiH, 
odpa3yn HenjiaBKHe TBepAbie noAHMepbi (ocoSeHHO noA AeucTBHeM pa3- 
AHHHblX MeTaAAHqeCKHX KaTaJlH3aTOpOB).

ripn nponycKaHHH aueTHJieHa HaA Cu, Cu20, CuO, Cu2Cl2 h A p y n i-  
mh KaTaJiH33TOpaMH o6pa3yeTcu TBepAbift aMopi|)HbiH noAHMep, Ha3bi- 
BaeMbin KynpenoM (cm. T3K>Ke mp. 352). OAHOBpeMeHHO o6pa3yeTca 
KynpeHOBaa CMOJia—3eAeHOBaTaa >KHAKOCTb, cocToauiaa H3 apoMaTH- 
uecKHx ymeBOAopoAOB c npHMecbio OAec])HHOBbix h napacj}HHOBbix yme- 
BOAopoAOB.

06pa30BaHwe KynpeHOB H3 roMOJioroB aueTHJieHa H3yHajni 
A. H.  AKonaH h P. C. TiojiH-KeBxaH [36]. O hh ycTaHOBHAH, mo b npn- 
cyTCTBHH CuO-KaTajiH3aTopa npn 275° H3 aueTHAeHa o6pa3yeTCH Ky- 
npeH c BbixoAOM87% .  H 3 bh h h aaueTHAeHa uynpeH, BepomHO, o6pa3\eT- 
ca AHuib npn 350°; ho ecAH bccth npouecc CHauaAa Ha aueTHAeHe, a 
iiotom nponycuaTb BHHHAaueTHAeH, to nocAeAHufi o6pa3yeT KynpeH 
npn 275° AHaAorHMHbiM odpa30M KynpeH noAyuaeTca h H3 CMecefl aue
THAeHa C BHHHAaueTHAeHOM.MexaHH3M uhkaimecKofl noAHMepH3auHH aueTHAeHa m3ao H3BecTeH, 
xoth h 6uah npeAAo>KeHbi pa3AHHHbie cxeMbi ero. M. BepTeAO, Hanpu- 
Mep, aah o6i.HCHeHHH o6pa30BaHHH apoMaTimecKiix yrAeBOAopoAOB 
npiiHHMaA noAHMepH3aumoTpex MOAeuyA aueTHAeHa b 6eH30A:

3CH=CH

CH
/ \

HC CH

HC CH
\  /

CH

B pe3yAbTaTe noAHMepmaauHH aueTHAeHa o6pa3yioTCH (KpoMe 6eH- 
30Aa) KOHAeHCHpoBaHHbie apoMaTHuecKHe yrAeBOAopoAbi, BepoHTHO,
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n o  c j ie a y io m e H  c x e M e :

^  Q S C H  || ^ | / C H E C H ’  Q B C H  P j/ V h ,  ^

x / ' V '  \ ^ \  ^ CH* V '  V '
CH

H T. a.

Chht3iot, mto np« CTyneHnaTon nojiHMepH3auHH aueTHJieHa CHanajia 
odpa3yeTC5i BHHHJiaueTHJieH. 3toh peauuHH npeAiuecTByeT ocjiaSAeHHe 
oahoh H3 C— H-CBH3eH, SjiaroAapn ueiviy ko BTopon MOAeKyjie npn- 
COeAHHHIOTCH H h C2H :

CH=CH +  H . .. ,C=CH - >- CH2=CH-C=CH

ilajiee aHajiorHHHO nojiynaeTca jih6o TpHMep—AHBHHHAaueTHjieH
CH2=CH-C=CH +  CHeeCH -► CH2=CH—C=C—CH=CH2

jih6o aKTHBHpoBaHHbin auemneH npncoeAHHHeTCH no MecTy abohhoh 
cbh3h BHHHJiaueTHjieHa c odpa30BaHHeM AHnponaprnjia (a), hjih MeTHji- 
AHaneTHJieHHJiMeTaHa (6), hjih aueTHjieHHJiAUBHHHJia (b):

CH2= ch—c= ch
CH=CH

CH=C—CH2—CH2—C=CH (a) 
CH=C—CH—C=CH (6)

CH3
-»- CH2=CH—CH=CH—C=CH ( b )H . HbiojiSHA Harneji, hto ecjiH BecTH nojiHMepH3auHio aueTHJieHa 

npH KOMH3THOH TeMnepaType, nponycKau ero qepe3 pacTBop n ojiy- 
xjiopHCToft Me^H b xjiopHCTOM aMMOHHH (b HacTonmee BpeMH 3Ty peax- 
UHK) BeAyT C AOSaBKOH MeAH), TO npH 3TOM 06pa3yJ0TCH BHHHJI-- aueTH- 
JieHHAAHBHHHJI H AHBHHHJiaueTHJieH, 3  TaiOKe TCTpaMep, BepOHTHO, 
OKTaTpHeH-l,5,7-HH-3 [37]. IlpeAnojiaraiOT, hto nepBaa c t 3Ahh  nojin- 
MepH3auHH 3aKjnonaeTCH bo  b 33h m o a6h ct b h h  aueTHJieHa c H3oaueTH- 
jic h o m :

CH=CH +  C=CH2 ^ CH2=C=C=CH2

06pa3yiom H H CH  6yTaTpHeH H 30M epH3yeTca b BHHHJiaueTHJieH:

CH2=C=:C=CH2 -► CH2=CH—C=CH

BHHHJiaueTHJieH o6pa3yeT b KauecTBe noSouHbix npoAyKTOB aue- 
THAeHHAAHBHHHJl H AHBHHHJiaueTHJieH :

CH2=CH—C=CH
-► CH2=CH-CH = CH—C=CH

---  ch2= ch—c= c—c h = ch2

TeTpaMep mojkct nojiyuHTbca npn B3aHMOAeflcTBHH oSmuhoh h an- 
THBHOH ({lOpM BHHHJiaueTHjieHa:

CH2=CH—C=CH -f H......C=C—CH=CH2 -►

CH2=CH-CH=CH—C=C—CH==CH;
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A. JI. KJie6aHCKHft, M. JL Li,iopHx h H. M. JXoAronoAbCKHH [38] 
npe^jio>KH JiH  c x e M y , yq H T b iB a jo m y io  A e ficT B H e K a T a A H 3 a T op a . O h h  
c^ H T a ioT , h t o  au eT H jieH  o 6 p a 3 y e i  coe^H H eH H e c  KO M iu ieK coM  H3 n o n y -  
XJIopHCTOH Mea,H H XJlOpHCTOrO 3MMOHHH, CaM npH  3TOM HOHH3HpyHCbI

nCu2C l2 +  «\ 'H 4C1 —► [Cu2C12-N H 4C1]„

C2H 2 +  [Cu2C12- M I4C1]„ H +- • C2H "[C u 2C l2-XH jC li,,

B c jie ^ c T B H e  s t o t o  aK TH B H ocTb M o ^ eK y .ib i a u e rn .ie H a  n oB b iu iaeTcn , 
«  OHa CT3H0BHTCH c iio c o S h o h  p e a rn p o B a T b  c  a p y r o f t  M oaeK y .ao ft, c 6 -  
p a 3 y a  b h h h j ia u eT H jieH :

C H = C H  +  H + ........ C2H " C H 2==CH— C = C H

B n H H Jiau eTH jieH  npH  H arpeB aH H H  h a h  n oA  b a h h h h c m  pa3AH H H bix 
areHTOB A e r x o  noAH M epH 3yeTC H  b BB3KHe Bb icb ixaiom ,H e M ac .ia  h TB ep - 

A b ie  cMOJibi. B e e  s t h  riOAHMepbi A a ioT  p e a K u n io  Ha aixeTHJieHOBbiH b o - 
AOpOA, T. e . B ee  OHH JIHHeHHbl. XlHBHHHJiaueTHJieH H aueTHJieHH^AHBH- 
h h a  j ie rK O  o 6 p a 3 y io T  B3pbiBHaTbie nepeKH C H .

B  npH cyTCTBH H  n o jiy x j io p H C T o fl  MeAH b h h h j iau eTH jieH  p e a F H p y e T  c 
x jio p n c T b iM  b o a o p o a o m , o 6 p a 3 y a  2 -x j io p 6 y T a A H e H -1 .3  (xAoponpeH.) [3 9 ] :

HCl
C H = C — C H = C H 2 --------► C H 2= C — C H = C H 2

I
Cl

C xop O C T b  nOJIHMepH3aHHH AHBHHHJia, e r o  npOH3BOAHbIX H HeKOTO- 
p w x  H en p eA e jib H b ix  OAecfiHHOBbix yrjieB O A O poA O B  h  h x  npoH3BOAHbix 

33BHCHT o t  x a p a K T e p a ,  HHCJia h nojio>KeHHH 3aM ecTH Tejie fl b  u e n n . JI,a h  
A iiBHHHJia h  e r o  roM O A oroB  s t h  B o n p ocb i 6 m a h  Bb iacHeHbi C. B . J le 6 e -  
A^BbiM  [40], KOTopbiH  n pH iu eA  k  c jieA yK )m H M  BbiBOAaM: 1) npH  n ep eM e- 

UteHHH 3aM eC TH TejieH  OT KpaHHHX aTOMOB COnpa>KeHHOH CHCTeMbI K 
epeAH H M  CKOpOCTb nOAHM epH33UHH B pHAaX H30M ep0B B 0 3 p acT aeT , npH 

odpaTH O M  n ep eM em eH H H — yC b m aeT ; 2 )  UHKAH3auHH u e n n , H M eiom en  

con p n > K eH H y io  cH CTeM y a b o h h h x  cB H 3eft, n oB b im aeT  C K op ocT b  noAH M e- 

pH 3auH H ; 3 ) y B e jin q e H H e  b  roM O JiornqecK O M  p « A y  M a ccw  3aM ecTH TeA en  
y  cpeA H H X  aTOMOB conpHHceHHOH c h c t c m h  n oB b iu iaeT  C K op ocT b  n oA H - 

M epH 3auH H , ecA H  H a rp eB aH H e b c c t h  n p n - cooT B eTC TB y iom H x  T eM n ep a - 
T y p a x .  3 t h  BbiBOAbi, n p oB ep eH H b ie  p h a o m  A p y rH X  H CCAeAO BaTeAefi, 

O Ka3aAH Cb npaBHAbHbIM H.

P e 3 y A b T a T b i pa6 oT W  C. B . J leS eA eB a  noK a3aH b i rp a (])H 4 ecK H  Ha 

p u c . 59 (cT p . 603).
P yK O B O A C T B yacb  s t h m h  AaHHbiMH, nojiH M epH 3aiiH K> H en p eA eA b H b ix  

COeAHHeHHH MO>KHO BCCTH CAeAyKHAHMH MCTOAaMH: 1) 6e3  paCTBOpHTeAH , 
2 )  b  p a c T B o p a x , 3 ) 3MyAbCHOHHbiM cn ocoO oM .

riO AH M epH 3aU H K ) AHBHHHA3 6e3  paCTBOpHTeACH npOBOAHT npH  50 —  

6 0 °  h 7 — 8  am, npHMeHHH b  K an ecT B e  K aTaA H 3aTopoB  m eAOHHbie Me- 

T aA A b i. n o A H M e p H 3 y io m e e  A e ftcTB H e HaTpHH 6 h a o  B n epB b ie  o t m c m c h o  

M. f  K y n ep o B b iM  [41] a a h  H 3 on p eH a . J / ih  vcneu iH O CTH  n oA H M ep H 3a-
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UHH HeoSxOAHMO, qT06bI AHBHHHJ1 6bIJI XHMĤ eCKH MHCTbIM (npH 0,05 °(I 
CO nojiHMepH3auHH He HAe-r). B pe3yjibTaTe nojiHMepH3au,HH nojiy- 
HaeTCH cnjiouiHOH KayqyKOBbift 6aok. C. C. MeABeAeB h A. J3,. A6khh 
[42] CHHTaiOT, MTO B OCHOBe T3KOH nOJIHMepH3aUHH JieJKHT uenHofi Me- 
X3HH3M C npOMOKyTOHHblM 06pa30BaHHeM HaTpHHOpraHHHeCKHX coe^H- 
HeHHH:

2Na
CH2=GH-CH=CH2 ■----- ► NaCH2—CH=CH—CH2Na
NaCHr-CH=CH—CH2Na +  CH2—CH=CH—CH2 -----►

---------► NaCH2—CH=CH—CH2—CH2—CH=CH—CH2Na h  t . a .

riOJIHMepH3aUHIO B paCTBOpaX npOBOAHT B npHCyTCTBHH pa3JIHqHbIX 
pacTBOpHTejien: CH3OH, C.2H4C12, C6H5C1, CH3COOC2H5, C6H6,
C6H5CH3, (CH3)2CO h t . a- KaTajiH3aTopaMH b stom cAyqae hbjihiotch 
030H hjih opraHHHecKHe nepeKHCH.

P hc. 59. CKopocTb nojiHMepH3aunH flHeHOBbix yrjieBOflopoflOB
npn 150°:

1— 1,2-AHMeTHjieHHjT-3,3.4,4-TeTpaMeTHjmHKjio6yTaH; 2—H3onpeH; 3—necuMM- 
pHMeTHjiajijieH; 4—«HH30nponeHHji; 5—Mnpi;eH; 6—unKjioreKcaffHeH-1,3; 7—nn 
nepHjieH; 8—reKcaflHeH-2,4; 9—l-MeTHjienHji-2-n3onponHji HfleHnji-4,4-flHMeTH.n - 
UHkjiogyTaH; 10—HeoiHmeHHbift reKca/jHeH-2,4; //-l,2-AHH3onponHjiHfleHHjuiHK- 
jio6yTaH; 12—pHKjioneHTaAHeH-1,3; 13—<J)eHHJi6yTaAHeH-l,3 (KpHBMe 12 h 13 
CJlHBaiOTCH C OCbK) OpflHHaT); 14—AHH30KPOTHJI (KPHB33 CJIHBaeTCH C OCblO

a6ci;Hcc) [40],B HacToamee BpeMH urnpoKO npHMeHfliOT SMyjibCHOHHyio nojiHMe- 
pH3auHio, BnepBbie HccjieAOBaHHyio B. H. ,H,oraAKHHbiM b 1935 r. [43]. 
npH 3tom CHanaJia nojiyqaiOT KayqyK b BĤ e SMyjibCHH, noxoJKeft Ha npH- 
pô HbiH JiaTenc, nocjie qero npoBOAHT KoaryjiHUHio. OMyjibCHOHHbift 
MeTOA oqeHb yAoSeH TeM, qro Tanoft npouecc JierKO KOHTpojiHpoBaTb, 
npnqeM mohcho npoBOAHTb nojiHMepH3auHio ao jho6oh rjiydHHbi, nojiy- 
qaa KayqyKH pa3JinqHbix cbohctb h naqecTB. SMyjibCHOHHyio nojiHMe- 
pH3auHio H3onpeHa, AHBHHHjia, xjioponpeHa Bê yT b npHMepHO aHajio- 
rnqHbix ycjioBHnx.

riOJlHMepH3aUHH npOBOAHTCH B >khakoh (|)a3e noA Â BJieHHeM 6— 
7 an b npHCVTCTBHH 60—80% qHCTOH boah h cJieAyioiiiHX areHTOB:
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1) SMyjibraTop ajih odpa30BaHHH kojijiohahoA AHcnepcHH MOHOMepa 
(Mujia KaHH(J)ojibHbie hjih odbmHbie, cojih ajiKHJicyjiwJiaTOB); 2) ct36h- 
.tH33Top a .th npe^ynpe>KAeHHH pa3pymeHHH 3My.ibCHH (3amHTHbie koji- 
jioham—>KejiaTHHa, KpaxMaJi, ^eKCTpHH, K33eHH); 3) peryjiHTop noBepx- 
HOCTHOrO H3TH>KeHHH, nOAÂ p>KHBaK)IH,HH Hy>KHyiO AHCnepCHCCTb 3Myjlb- 
chh (C„—Cs-cnHpTbi, apoMaTHMecKHe aMHHbi); 4) aKTHBaTop— areHT, 
ycKopmoinnfl o6pa30BaHHe uenefi (nepeKHCH); 5) peryjiHTop (moahc])h- 
KaTop)— BemecTBo, cnocoOciByiomee nojiHMepH3aiiHH b Hy>KHOM Ha- 
npaBjieHHn (pa3JiHMHbie opraHHnecKHe xjioponpoH3BOAHbie hjih Mepnan- 
TaHbi); 6) 6yc{)ep— peryjiHTop pH CHCTeMbi (cjjoccjjaTbi, KapdoHaTbi)
[30]. nojiyweHHbie jiaTencbi KoaryjiHpyioT AoOaBKofi khcjiot, crmpia, 
aueTOHa hjih cojiefl. HacTO, ajih npe^oTBpameHHH okhcjichhh, bboaht 
pa3JIHHHbie aHTHOKCH/jaHTbl, HanpHMep (jjeHHJl-'i-Hafjri'HJiaMHH.

n PH nojiHMepH3auHH AHBHHHjia o6pa3yiOTCH JiHHeflHbie noJiHMepbi
3a cHeT CBH3efl 1,4

----- ch2—ch= ch—ch2—ch2—ch= ch—ch2-----
ho npouecc conpoBOKAaeTC^oSpaaoBaHHeM h nonepenHbix cBH3efi 1,2 
h 2 3.

npn npeoOjiaAaHHH nojiHMepH3aunH no cbh3hm 1,2 nojiyqaiOTCH uenw c OoKOBbiMH BHHHjibHbiMH rpynnaMH:
----- ch2—ch - ch2- ch - ch2— • •

I I
CH—CHo CH=CH2

IlpH CMemaHHOH nojiHMepH3auHH no cbh3hm 1,4 h 1,2 nojiynaiOTC5* 
noJiHMepbi npHMepHoro CTpoeHHH:

----- CH2—CH=CH—CH2—CH2—CH—CH2—CH=CH—CH2-----
I

ch= ch2
B pe3yjibTaTe nojiHMepH3au,HH o6pa3yiOTCH A-anHHbie MOJieKyjibs 

cjie/iyiomero CTpoeHHH [44]:

—ch2- ch-  
1

- ( - C H 2-CH=CH-CH2-- ) y ~yn
—ch2- ch-  

1
CH CH

II
ch2ch2 Xn

H3onpeH nojiHMepH3yeTcn, rjiaBHbiM o6pa30M, 3a cneT CBH3eft 1,4. 
riosTOMy npnpoAHbift hjih CHHTeTHnecKHft H3onpeHOBbiH KaynyKH npeA- 
CTaBjiniOT co6oft JiHHeflHbie noJiHMepbi:

• - ch2- c= ch- ch, - ch2- c= c h - ch2-----
I I

ch3 ch3

Mo.neKy.nbi x.ToponpeHa T3K>Ke nojiHMepH3yioTCH, rjiaBHbiM o6pa30M, 
3a cneT cBH3efl 1,4 (a-nojinxjioponpeH, pacTBopHMbifl b 6eH30Jie):

----- CH2-C H =C -C H 2-C H 2-C H =C-CH 2-----

Cl Cl



608 fA. XI. nOJlMMEPH3AU.HU

npH AajibHeHiueH noAHMepH3au.Hn b pe3yAbTaie xpaHeHHH hah  Ha- 
rpeBa o6pa3yeTcn HepacrBopHMbift, ho HaOyxaKxuHH |i-noAHMep.

3HaMHTeAbHbift HHTepec Bbi3B3AH noAHMepbi (J)T°PonPeHa 145], KO- 
Topbift noAynaeTCH c BbixoAOM 70—8 0 %  npH b33hmoa6hctbhh  b h h h a - 
aueTHAeHa c 6e3BOAHbiM HF npn nponycKaHHH HaA HHTpaTOM p iy -  
th  Ha aKTHBHpoBaHHOM yrAe:

C H = C  —CH =CH 2 HF —►  CH2= C F -C H = C H 2

OToponpeH npn oObiHHOH TeMnepaType npeACTaBAaeT co6oh ra3 
(t . KHn. 12°). O h noAHMepH3yeTCH HecxoAbKo MeAAeHHee XAoponpeHa, 
ho b 25 pa3 dbiCTpee, hom ahbhhha, o6pa3yn noAHtJrroponpeHbi, oOAaAaio- 
UI,He CBOHCTB3MH BblCOKOKaneCTBeHHblX KaynyKOB. riOAH(j}TOponpeHOBbie 
xayqyKH, noAyneHHbie mctoaom SMyAbcnoHHOH noAHMepH3auHH, o ta h - 
MaiOTCH BbICOKOH M0p030CT0HK0CTbK) H AHSAeKTpHHeCKHMH CB0HCTB3MH, 
XOpomeH CTOHKOCTbK) K 030Hy H COAHCMHOMy CBCTy, HM6H3T npOHHOCTb
Ha pa3pbiB 200—225 ml cm2 h AaioT yAAHHeHHe 400—500 % ,  t . e.
<}AH3KH no 3THM CBOHCTB3M K GR-S.

OToponpeH AerKO conoAHMepH3yeTcn c aKpHAOHHTpuAOM, o6pa3ya 
nOCAe ByAKaHH33H,HH M0P030- H MaCAOyCTOHHHBbie KayqyKH. ConOAH- 
Mepbl (JlTOpOnpeHa C 5 %  AHMeTHABHHHA3THHHAKap6HHOAa HAH 1 0 %  
CTHpOAa oOAaAaiOT BbICOKOH SAaCTHHHOCTbK) (yAAHHeHHe 540 °o) H co- 
npoTHBAeHHeM Ha pa3pbiB 6oAee 300 kz/cm2, no oeraAbHbiM cBoftcTBaM 
6a h 3KH k noAHXAoponpeHy.

7. riOAHMepH3aUHH UHKAOOAe4)HHOB

MHorne aAHUHKAHqecKHe yrAeBOAopoAbi noABepraforcH caojkhum 
peaKUHHM pa3pbiBa KOAbua, H30MepH3auHii h noAHMepH3au.HH npn 
BbicoKHX TeMnepaiypax hah b npHcyTCTBim KaiaAH3aTopa. Tan, Me- 
THAHHKAonponaH HaA A l20 3-KaTaAH3aTopoM npn 340—360° o 6 p a 3 y e i 
Cn^,/-AHMeTHA3THAeH H H306yTHAeH, 3 T3K>Ke AHH306yTHACH [32]:

c h 2
2 /  \

h 2c — c h - c h 3

2CH3—CH =C H —CH3

CH3N c h 3X /CH3
2 >c = c h 2 —►  c h 3- c --C H = C <

C I V c h / x:H3

I^HKAonponeH npn 3 10 —350° o6pa3yei CMecb noAHMepoB, BepoHT- 
h o , b pe3yAbTaTe noAHMepn3anHH o6pa3yromerocH MeTHAaueTHAeHa:

h 2cx  
I CM 

HC^
CH3—C=CH . —C = C H —C = C H — •

!
CH3 CH3

M eT H A eH H A H H K A o6 yT aH  HaA A l 20 3-K aT aA H 3 aT op oM  n p n  4003 o 6 p a -  

3 yeT  CMecb npoAyKTOB AerH ApupoBaH H a, H30MepH3aunn h noAHM epn- 
33HHH. n p H  nOAHMepH3aUHH H AOTHApHpOBaHHH 06pa3yetCH ft-HHMOA,
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a TaiOKe KayqyKoo6pa3HaH Macca— noAHMepw H3onpeHa, nojiyqeHHoro 
b pe3yjibraTe H30Mepn3auHH [32]:

H2C—C=:CH2 H,C—C—CH, H2C = C —CH,
I I  | | —  | ' —

H„C—CH2 HjC -C H  H2C—CH

CH—
II
CH,

+
CII2

/ /
HC

I
C

/ V
H*C CH2

(—CH2—C=CH—CH2—)„ 
I

CH,

CH,CH,

° < a , . c

HC CH 
I II 

HC CH
% /

C
I

CH
/ \

HaC CH,

II

OcoSbiH HHTepec npeACTaBjineT uHKJioneHTaAneH, o6jiaAaiom,HH bh- 
COKOH CKJIOHHOCTbK) K nOJIHM6pH3aUHH. BblJIO 3aMeneHO, mo npH xpa- 
H6HHH OH o6pa3yeT ^HMep CJ0H12. npH Harp€B3HHH nOJIHMepH33UHH 
H^eT ^ajibiue c o6pa30BaHneM Henpo3paHHOH Macjioo6pa3Hoii Maccbi, 
TBepflbie KOMnoHeHTbi KOTopofl njiaBHTCH c pa3Jio*eHHeM. Tanne nojiH- 
Mepu coctoht H3 20 h 6ojiee MOJieKyji unKjioneHTaAHeHa.

OojiHM6pH3auHH UHKJioneHTaAHeHa MeAJieHHO npoTexaeT h b cnyqae 
XpaHCHHH npH OfiblHHOH TCMnepaType, OCOSeHHO B npHCyTCTBHH B03Ay- 
xa hah  KHCJiopoAa, ho HarpeBaHHe ycKopaeT npouecc. Flpn 135° 06- 
pa3yeTCH, iviaBHbiM o6pa30M, AHMep, npn AaAbHefluieM ace noBbimeHHH 
TeMnepaTypbi—TpHMep, TeTpaMep, neHTaMep h reKcaMep. FIo-bhahmo- 
My, MeX3HH3M nOAHMepH33UHH 3aKAJOHaeTCH B COeAHHeHHH MOAexyAUHKJioneHTaAneHa no CBH3HM 1,4 H 1,2:

CH ch2 CH CH2
A / \

Hc  1 HC CH HC | CH CH
ICH.2 +  Jl II •—  II CH21 II

HC 1 HC CH HC | CH— CH

S h x k
CH CH CH2 CH CH CH2

HC 1 H
\

CII HC | CH| CH CH
1 CH, + II ch , 1 | —  j[ ch2i CH2 i II

HC 1 HC I CH-— CH HC | CHI CH— CH
\ ! \ l  /  \ l /

CH CH CH CH

Flo TaKOMy MeX3HH3My nOAHMepH3aii,HH MOJKeT HATH H Aa.Tbtue: 

39 B. H. AtviroB
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8. nOJIHMepH3aUHfl 3TeH0HA0B

Coê HHeHHJi o6in,ero rana CH2=CHR (3TeH0HAbi), r^e R—rajio- 
reH, OH, CN, C6H5, CQOH, COOR, CONH2 h t. a ., oqeHb ckjiOHHbi 
k nojiHMepH3au.HH. 3to obtHCHneTCH nojiHpH3yromHM AeficTBHpeM 3a- 
MecTHTejiefl Ha abohhyio cBH3b, KOTopaa, dJiaro^apH STOMy, Jiebxo ax- 
THBHpyeTca. /lajibHenuiee 3aMem,eHHe BOAopoAa npn abohhoA cbh3h He 
cHHJKaeT cnocofiHOCTH k nojiHMepH3au,HH. Tan, HanpHMep, xjiobncTbiH 
BHHHJI CH2=CHG1, XJlOpHCTblH BHHHJIHAeH CH2=CC12, TeTpa<[)T0p3TH- 
jieH CF2=C F 2 nojiHMepH3yiOTCH Jierxo.

npH nojiHMepH3au,HH xjiopHCToro BHHHJia, Kax noxa3aji eme 
H. H. OcTpoMbicjieHCKHH (1912 r.), nojiyqawTCH TBepAbie nojiHMepbi, 
AJIH OAHOrO H3 KOTOpbIX OH yCTaHOBHJI (|)OpMyjiy C32H48C1i6. B HaCTOH- 
mee BpeMH H3 xjiopHCToro BHHHJia nojiyqaroT b npoH3BOACTBeHHOM Mac- 
njTa6e nojiHMepbi b BHAe dejioro Heropxjqero nopouiKa c bhcoxoh xh- 
MHqecKofl ctohKocTbio. Oh TepMonjiacTHqeH h Ha xojioAy He pacTBopHM 
BO MHOrHX OpraHHHeCKHX paCTBOpHTejIHX. FIOJIHMepH3aUHIO XjiopHCToro 
BHHHJia mojxho BecTH npH BbicoKoft TeMnepaType, HOJiynme h 6bicTpee— 
KaTajiHTHqecKH b npHcyTCTBHH pacTBopHTejiefi. B nanecTBe KaTajiH3a- 
Topa odbiHHO npHMeHHiOT nepexHCb 6eH30HJia.

FIpeACTaBjiHeT 3HaqHTejibHbifi HHTepec h HMeeT pa3HOo6pa3Hoe npn- 
MeHeHne TepMonjiacTHHHaa xayqyxoo6pa3Han Macca, KOTopyio nojiy- 
qaxrr njiacTH(J)HxaimeH nojiHMepoB xjiopHCToro BHHHJia c TpHxpe3HJi4>oc- 
tJiaTOM b npHcyTCTBHH CTa6HJiH3aTopoB (PbC03, PbCr04 h AP-)- ^jia- 
cthkh 3Toro rana (3a pybejKOM hx BbinycxaioT noA pa3JinqHbiMH Ha3Ba- 
hhhmh—KopocuA, XAopoHUH, E-25 h AP-) MoryT HMeTb pa3jmqHyx) rn6- 
KOCTb, SJiaCTHHHOCTb, COnpOTHBJIHeMOCTb, BOAOHenpOHHHaeMOCTb, Mac- 
JIOynOpHOCTb, XHMHqeCXyK) HHepTHOCTb, KOpp03HOHHyiO CTOHXOCTb 
H T. A- B 33BHCHMOCTH OT AOdaBJIHeMbIX nJiaCTH(J)HKaTOpOB H CTa6HJIH3a- 
TopoB. Ohh npHMeHJHOTCH r j m  (JjyTepoBXH annapaTypbi Ha xhmhhcckhx 
3aBOAax, oOmotxh hoaboahux xabejiefi, h30jihhhh, b xaqecTBe ynaxo- 
BOHHoro MaTepnajia, ajih HenpoMoxaeMbix njiameft h t. a -

XJlOpHCTblH BHHHJI paHbUie IIOJiyqajIH H3 AHXJIOpSTaHa ABHCTBHeM 
cnapTOBOH mejioHH npn 90° ho 3tot ycTapeBuiHH cnoco6 BbrrecHeH xa- 
TaJIHTHHeCKHMH MCTOAaMH. Tenepb XJlOpHCTblH BHHHJI nOJiyqaiOT H3 
AHXJiopsTaHa nyTeM nponycxaHKH ero napoB qepe3 axTHBHpoBaHHbift 
yrojib npn 300°, B nocjieAHee BpeMH 6ojiee paunoHajibHbiM cHHTaioT 
nojiyqeHHe xjiopHCToro BHHHJia B3aHMOAeficTBHeM aueTHjieHa c xjiopn- 
CTblM BOAOpOAOM:

CH=CH +  HCl CH2=CHC1

3Ty peaKHHio npeAJio>xeHo npoBOAHTb npH 20—30° HaA cHJinxare- 
jieM hjih npn 200° HaA axTHBHpoBaHHbiM yrjieM. Oahhm H3 xaTajiH3a- 
TOpOB AJIB 3T0H H,ejIH MOJXCT 6bITb CyJieMa, HaHeceHH3H Ha OKHCb THT3Ha 
HJIH TOpHH, n03BOAHK)maH nOJiyMaTb OHeHb BbICOKHe BbIXOAbI XjiopHCTo
ro BHHHJia npn 95— 100° [46]. OqeHb xopouiHMH K3TajiH3aT0paMH, 
no jiHtepaTypHbiM ashhum, hbjihiotch Tax>xe axTHBHpoBaHHbifl yrojib
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hah cHjiHKarejib, co,nep>KamHe 10% HgCl2. npe^nojiaraioT [47], hto npo- 
uecc npoTenaeT nepe3 npoMOKyTOMHoe o6pa30BaHne pTyTHOopxaHHwe- 
ckhx coeflHHeHHH no bo3mo* hoh cxeMe:

CH =CH  +  HgCl2 - ►  CHC1—CHFIgCl 
c:HCl=CHHgCl +  HC1 -*■  CHC1=CH2 +  HgClaFIoao6ho xjiopncTOMy BHHHJiy. nojiHMepH3yeTCH h xAopncTbiH bh- hhahach , o6pa3ya OecuBeTHbie TBepAbie noAHMepbi, ho name ero cono- JIHMepH3yiOT C XJTOpHCTbIM BHHHAOM (CM. CapaH , CTp. 638),

B 1946 r. 6biji oTKpbiT npoAyKT nojiHMepH3auHH TeipatfiTopsTHJieHa 
(mecpAOH ) :

c f 2= c f 2 —► --------c f 2—c f 2—c f 2—c f 2--------
TeTpat})Top3TH^eH (t. khii. —76°) 6biJi BnepBbie nojiyqeH O. Py<|)- 

(j?0M h O. BpeftTiUHeH^epoM [48] no peaKUHHM:
CHClg +  2HF - ►  CHC1F2 +  2HC1

P t - T p j  6xa
2chc1F2 CF2= C F 2 +  2HC1

TeTpa([)Top3THJieH nbiTaAHCb cnepBa npHMeHHTb b bhac xjia^oareH- 
Ta (Kan cjjpeoH), ho oOpaTHAH BHHMaHHe Ha to, mto npn stom nponcxo- 
Aht nojiHMepH3au,HH b BocKOo6pa3Hoe BemeeTBO, 0TjiH4aioui,eecH hckak> 
MHTejibHOH HHepTHOCTbio k pa3HOo6pa3HbiM xHMHHecKHM areHTaM.Te(|)jiOH He pearnpyeT c uapcKon boakoh, KOHueHTpnpoBaHHbiMH MHHepaJIbHbIMH KHCAOT3MH, BKAIOMafl XAOpHyiO H XJ10pcyjIb<})OHOByiO, co mejionaMH h He pacTBopHM b opraHHnecKHx pacTBopHTejinx. flpw 
100° Te(j)AOH 3JiacTHneH, npn 300° eme He pa3MHrqaeTCH. O h oTAHMaeTCH
T3K>Ke HCKJIIOMHTejlbHO BbICOKHM y^ejIbHblM AHSAeKTpHHeCKHM COnpO- 
THBjieHHeM (10lu o m I c m 2) .  Oco6oh ueHHOCTbio Te(|)AOHa, KpoMe ero xh-MHMeCKOH HHepTHOCTH H flH3JieKTpHHeCKHX CBOHCTB, HBAJieTCH B03M0>K- HOCTb Hcnojib30B3HHH npH BbicoKHx TeMnepaTypax, Tan nan pa3AaraTb- 
ch oh HanHHaeT JiHmb c 385° H3 TecjwioHa H3roTOBJi5HOT uuiaHrH, nAa- 
cthhu, KHCJiOToynopHbie Tpyfibi, BeHTH.nH, ^eTajin paAapoB, kohach- CaTOpbl, H30JlHT0pbI H T. A- l45].

AHaAor TecfjAOHa—TpHcjjTopxAopsTHAeH CFC1=CF2 (t. nun. — 28°) noAyqaioT no cxeMe:
C I 9 Z n , F e

CF2= C F 2 -------- ►  CFjCl—CFoCl-------- ►  CFa= C F U  +  FCl
ripH noAHMepH3auHH noA AaBAeHHeM o6pa3yeTcn SeAbifi nopomoK 

noAHTpH(J)TopxAop3THJieHa— (p m o p o m c H  (eocmacpAOH ), coBepmeHHo He- 
ropiOqHH H CTOAb >Ke XHMHMeCKH HHepTHblH, KaK Te<]WIOH, HO c eme 
60AbUJHM yAeAbHbIM COnpOTHBAeHHeM (1018 O M lC M 2) .  r 0CTa(}W10H HMeeT 
nepeA TetJwiOHOM OoAbmoe npeHMymecTBo— oh TepMonjiacTHqeH. FIopo- 
moK rocTa<J)AOHa (JjopMyiOT b npecc^opMax npH 240— 280°. PeryAHpye- 
Moii noAHMepH3au.Hefl mo>kho noAyqaTb b npHcyTCTBHH CC14 (cSpbiBa- 
TeAb ueneft) rocTatjvioHbi ot MacAoo6pa3Hofi ao BocKoo6pa3HOH kohch-
CTeHUHH.

AHaAorHHHbie noAHMepu noAynaioT h h3 Apyrwx (jrropxAopoAe^HHOB. 

39*
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9. riojiHMepbi CTHpojia h flpyrwx apoMaTHnecKHx 
npOH3BOAHbIX

C p e^H  Bb icoK O M o^eKyjinpH bix  coe^HHeHHH 3H anH TejibH yio p o jib  Hr- 
paeT  c m u p O A  ((fjeH H Jiam jieH ). Oh urapoKO npHM eHneTcn ;y iH  nojiH M epn- 
33HHH B n O A U C m u p O J I b l  H JJJIH COnOJIHMCpH3aitHH C flHBHHHJIOM B 6yTaAHeH- 
CTHpojibHbie K ayqyK H  THna 6yH a S h 6yH a SS. K p o M e  Toro ,- H3BecTHbi 
A p y rw e  conojiH M epbi CTHpojia, HanpHMep c aKpHjioHHTpHJioM, (JiyMapo- 
HHTpHJlOM, n-6pOMCTHpOJIOM. HcKJHOHHTejIbHOe BHHM3HHe yflejIHCTCH 
n o^yqeH H io  npoH3Bo,HHbix CTHpojia (mcthjicthpoji, ra^oreHnpoH3BOA- 
Hbie, HHTpOnpOH3BOAHbie, aJIKOKCHCTHpOJlbl, aJIKHJICTHpOJIbl H T. £ . ) .  
BBe^eH H e 33M6CTHTejieH n03B0JIHeT H3MeHHTb CKOpOCTH nOJIHMepH3a- 
uhh h cBOHCTBa n o jiyqaeM b ix  nojiH M epoB . HHTepecH O  OTMeTHTb, hto 
BBe^eHHe 3aM ecTHTejieft bo3mo>kho TaKJKe h b MOJieKyjibi pa3JiHHHbix 
nOJIHCTHpOJIOB i[49].

B o jib m o e  3HaqeHHe hmciot nojiHCTHpojib i, o6pa3y iom H ecH  npn  nojiH - 
MepH3auHH CTHpojia b pa3JiHHHbix y c jio B H a x . PaH brne n peB pam eH H e 
CTHpojia B TBepflOe COCTOHHHe CHHT3JIH OKHCJIHTCJIbHbIM npOU,ecCOM H 
o6pa3y iom 1HHCH n p o^ yK T  HeBepHO Ha3biBajiH «oKHCbio cT H p o jia ». B n o - 
cjie^CTBHH cTpoeH H e nojiH CTH pojia  H3yHajiH M H orne H ccjie^oB aTejiH . 
YcTaHOBJieHO, hto nojiHM ep H3aitHH crapo-rca n p oT exa eT  a;mHTHBHo no 
uenHOMy MexaHH3My, npnneM  o6pa3yeTCH  nojiH M ep c j ie ^ y io m e ro  c rp oe -  
hhh:

/iCH2=CH  --------CH2—CH—CH2-C H —CH2—CH--------
I I I I

QHs C6H6 Q H , C6H6

riojiHMepbi MoryT 6biTb pa3JiH4HOH CTeneHH cjiojkhocth h c pa3JiHH- 
hoh .zyiHHOH uenen, npnneM jiHHeHHan CTpyKTypa nx ^OK33biBaeTCH 
peHTreHOCKonnqecKH, a Taioice pacTBOpHMocTbio bo MHornx opraHHne- 
CKHX paCTBOpHTejlHX.

CBOHCTBa nojiHMepoB CTHpojia npHBe^eHbi b Ta6ji. 63.

nojiHMep

AHMep
Tpmviep
r  eMHKOJIJIOHJl . .
nojiHMep npn 150° 

( b a30Te)

nojiHMep npw 100° 
( b aaore) 

floJiHMep npn 20° 
(Ha B03flyxe) . 

nojiHMep npn 0°
( b a3are)

TABJIHUA 63

4>opMyjia MojieKyjiap- 
Hblfl BSC

C/reneHb
nojiHMe-
pH3aUHH

PaCTBOpHMOCTb 
B 9<j)Hpe

TeMnepaTypa
pasMnnieHHH,

°C

•̂16̂ 16 208 2 PaCTBOpHM __
^24^24 312 3 To we —
C24oH240 3 000 20 1 105-110

1̂840̂ 1840 23 000 230 4aCTHHH0
paCTBOpHM

120— 130

C sbooH oboo 120 000 1 200 HepacTBopHM 160— 180

QsoooHiaooo 200000 2 000 To we >180

4̂8000̂ 48000 600 000 6000 » >180
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FIojiHMepH3auHH cTHpojia npoTeKaer jierKO npn HarpeBaHHH (He 
Bbirne 300° TaK KaK HHaqe HacrynaeT AenoJiHMepH3auHH), (JjOTOKaTajiH- 
THqecKH Ha CBeTy hjih iioa fleficTBHeM 3 kthbhux  jiyqefi, a TaiOKe b npH* 
CyTCTBHH pa3JIHHHbIX K3T3 JI H33TOpOB— OCOfieHHO nepeKHCH 6eH30H^a, 
qeTbipexxjiopHCToro oJiOBa, x jiopH eroro  ajiiOMHHHH h t . n. Oco6eHHO 
3KTHBHO HeTbipexXJlOpHCTOe OJIOBO (1 — 3%), KOTOpOe Bbl3bIBaeT 6bICT- 
pyio nojiHMepH3auHio CTHpojia a ante npn —10° FIojiHCTHpojibi KaTa- 
jiHTHMecKOH nojiHMepH33HHH npo3paqHbi H SeCHBCTHbl, TOr^a KaK npH 
TepMHnecKOH nojiHMepH3auHH cMOJia HMeeT 6 o jie e  TeMHbifl hbct . TBep - 
Abie IlOJIHCTHpOJIbl XHMH^eCKH CTOHKH, B paCTBOpe HX MOJKHO THApHpO- 
BaTb, CyjIb(j)HpOBaTb, HHTpOBaTb, XJJOpHpOBaTb H T. A- 3a CHeT BOAOpO- 
AOB (JieHHJIbHbIX paAHKaJIOB.C thpoji h noJiHCTHpojibi HMeioT pa3Hoodpa3Hoe npHMeHeHHe. FIojih- CTHpOJJbl IUHpOKO HCnOJlb3yiOT AHH 3JieKTp0H30JlHHHH, RJIH 06pa30BaHHH IlpOMHblX H CTOHKHX riJieHOK, AJIH IIOJiyqeHHH JiaKOB H KpaCOK (nOJlH- CTHpOJlbl xopomo OKpaiHHBaiOTCH), AHH npOnHTKH TKaHefl, AJIH H3TOTOB- jieHHH npeccoBaHHbix h jihtm x  H3AejiHH, CTeKJia TpHiuiexc h t . a . ripn- MeHHiOT CMemeHHe (KOMnayHAHpoBaHHe) CTHpojia h iiojihcthpojiob c 3(jDHpaMH 4)TaJieBOfi H APyrHX KHCJIOT, 3pHJl(J)OC(J)aTaMH, nJiaCTH(bHKaTO- paMH, HanojiHHTejiHMH. CnocodHOCTb CTHpojia BCTynaTb b  conojiHMepH- 3aUHIO n03B0J!HeT paCUeHHBaTb IIOJIHCTHpOJIbHbie CMOJIbI, KaK OAHH H3 caMbix ueHHbix MaTepnajiOB b xhmhh miacTMacc h cHHTeTHqecKHx Kay- qyKOB.rpOMaAHan noTpedHOCTb b CTHpojie cTHMyjinpoBajia iiohckh Aeme- Bbix MeTOAOB ero nojiyqeHHH. C thpoji mojkct 6biTb nojiyqeH AerHApo- xjiopnpoBaHHeM xjiop3THji6eH30Jia hjih AerHApnpoBaHHeM amnSeH- 30Jia. B 33BOACKOM Macurrafie cthpoji nojiyqaioT ajiKHJinpoBaHHeM 6eH- 30Jia STHjieHOM c nocjieAyiomHM KaTajiHTHqecKHM AcrHApnpoBaHHeM 3THJl6eH30Jia.AHajIOTHHHO CTHpOJiy, nOJIHMepH3yiOTCH a- H S^-BHHHJIHa^TaJlHHbl, a-(jiypHji3THjieH h Apyrne coeAHHeHHH.

HeKOTOpblH HHTepeC npeACTaBJIHIOT CTpyKTVpHO 6jIH3KHe K CTHpOJiy 
hha ĥ (I) h KyMapoH (II):

H.,C=CH HC=CH HC=CH
1 III I3 hiix b HacTOHin.ee BpeMH nojiyqaiOT pa3JiHHHbie cm ojih— iiojihhh- Aeiibi (III) h noJiHKyMapoHbi (IV) odiHeft cTpyKTypbi

--------HC—CH--------H C -C I I -— - H C - C H --------
ill
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IV

IlojiHKyMapoHbi npHMeHHioT ajih nojiyqeHHH jiaKOB, b KanecTBe ,no- 
6aBKH k KayqyKaM, ajih nojiyqeHHH 3aMa30K, cj)opMOBaHHbix h3A^hh 
H T. A.

H3 roMOJioroB h aHajioroB CTHpojia HHTepec npe^cTaBJineT « - bh- 
HHji6eH3aMH  ̂ n-CH2= C H —C6H 4—CONH2, KOTopbw npn 180° npe- 
BpamaeTCH b TBep^bifi npo3paqHbin nojiHMep (TeMnepaTypa ero pa3Mar- 
qeHHH—okojio 200°—ABjiHeTCH oqeHb BbicoKofi ^jih opraHHqecKHx no- 
jiHMepoB). Oh jierKO conojiHMepH3yeTCH co cthpojiom b CTeKJioo6pa3Hoe 
BemecTBO. AHajiorHHHbift BbicoKonjiaBKHH nojiHMep nojiyqaiOT H3 bhhhji- 
Kap6a30Jia (TeMnepaTypa pa3MnrqeHHH okojio 200°). Eme 6ojiee TepMO- 
CTOHKHe nojiHMepbi flaer BHHHji6eH30(j)ypaH, o6pa3yioiii,HH TBep^bie Tep- 
MonJiacTHHHbie h npo3panHbie Maccbi c t . nji. 285—290°

He^aBHo 6buio OTKpbiTo, hto npn nnpojiH3e n-KCHJiojia (1000°) no- 
jiynaiOTCH npo3paqHbie hjih npocBeqnBaiomHe nojin-n-KCHjiHJieHbi. 
npe^noJiaraiOT, mto npn nnpojiH3e b pe3yjibTaTe ^ernflpHpOBaHHH CHa- 
najia o6pa3yeTca l,4-,HHMeTeHHjiu;HKJioreKca,HHeH-2,5, HaxoflHiHHHCH b 
paBHOBecHH c 6Hpa^HKajiOM:

c h 3 c h 2 c h 2
1

n

II

■ n =

i
x /

ii Y
c h 3 c h 2 c h 2

Zlajiee dnpa^HKaji nojiHMepH3yeTcn b nojin-n-KCHjiHJieH:

FIjieHKH nojiH -n-Kcn jiH JieH a OTJinqaioTCH p h a o m  HHTepecHbix c b o h c t b : 
o h h  HMeioT oqeH b BbicoKyio T eM n ep aT yp y  njiaBjieHHH (375—475°) h 
B nJiaCTHtJlHUHpOBaHHOM COCTOHHHH CnOCOdHbl paCTHTHBaTbCH Ha 
600%.

He MeHee HHTepecHbin nojiHM ep n o jiy q eH  npn  HarpeBaHHH n-Ah - 
x jiop6eH 30Jia  c o  cnjiaBOM KajiHH h HaTpHH b  ^HOKcaHe. n p n  s t o m  
o6pa3yeTCH nojiHiJieHHji c M OjieKyjinpHbiM  BecoM 2700—2800, p a c- 
TBopHMbifl b 6eH30Jie h He njiaBHiitHHCH npK 550°.1 B uenH nojiH ijie- 
HHJI3 CO^epHCaTCH 34 6eH30JIbHbIX KOJIbHa, B03MO>KHO XHHOHflHOft 
CTpyKTypbl.
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10. BHHHJIOBbie CMOJIbl

B nocjie^Hee BpeMH rpoMaAHoe pacnpocTpaHeHHe h 3HaueHHe npn- 
oOpejin njiacTH^ecKHe BeiuecTBa, nojiyuaeMbie n0JiHMepH3auHen pa3- 
JlHHHblX BHHHJIOBbIX npOH3BOAHbIX H H3BeCTHbie nOA oOlUHM H33BaHHeM
eUHUAOBblX CMOA [50].

BHHHjiaueTaT, nojiyuaioiuHHCH npw b33hmoa6hctbhh aueTHJieHa c 
JieAHHOH yKCyCHOH KHCAOTOH (CTp. 517), npw HarpeBaHHH hjih aghctbhh 
KaTajiH33TopoB JierKo nojiHMepH3yeTcn b nojiHBHHHJiaueTaT;

CH=CH +  CHaCOOH —► CH2=CHOCOCH3 -►

- ► --------c h ,—c h —c h 2—c h —c h 2—c h -------
I I I

OCOCH3 OCOCHa OCOCH3

riOAHMepH3aUHH npOHCXOAHT HaCTOJIbKO JierKO, HTO B JieTHee BpeMH 
k BHHHjiaueTaTy hcoOxoahmo npnSaBJiHTb cTa6njiH3aTop. BHHHJiaueiaT
HBJineTCH HCXOAHbIM MaTepH3A0M A-HH nOAyHCHHH p33JIHMHbIX nOJlHBH- 
HHJIOBblX CMOJI.

rioAHBHHHJiaueTaT o6;iaAaeT HauOojibuJHM MOjieKyjinpHbiM BecoM 
80 000, odbmHbie ate TexHHuecKne cmojim 3Toro THna hmciot 6oJiee hh3- 
khh MOJieKyjiHpHbift .Bee, He npeBbiuiaiomHH 20 000, t. e. coAep>KaT He 
6ojiee 230 MOJieKyji MOHOMepa b uenn.

rioAHMepH3auHH BHHHjiaueTaTa, Kan noKa3aHO 3KcnepHMeHTajibHo, 
MO>KeT npoTexaTb AayMH nyTHMH:

1) ^noAHMepH3auHH «rojioBa k xB0CTy»
c h 2= c h  +  c h 2= c h  —►  . . — c h 2—c h —c h 2—c h —c h 2--------

I I  I I
OCOCHa OCOCH3 OCOCHa OCOCII3

2) nojiHMepH3au,HH «rojioBa k rojioBe»
CH2=CH CH=CH2 ----- CH2—CH—CH—CH2------

I +  I I I
OCOCH3 OCOCH3 CH3COO OCOCH3

HapnAy c 3thm Mo>KeT cymecrBOBaTb h OecnopHAOHHan nojiuMepn- 
33UHH.

IloAHBHHHJiaueTaTbi npn rHApojiH3e b khcjioh hjih mejiouHOH cpeAe 
npeBpamaiOTCH b nojiHBHHHjioBbifi cnnpT. XHMHuecKoe h pemreHorpa- 
(JjHHecKoe HccneAOBaHHe ero CTpoeHHH iio3bojih.ho ycTaHOBHTb, uto no- 
juiMepH3auHH BHHHjiaueTaTa hact no THny «rojioBa k xBocTy» t. e. no*
jiHBHHHAOBbin cnHpT HMeeT CTpoeHHe:

----- CHg—CH—CHj—CH—CH,—CH-----
I I I
OH OH OH

rioAHBHHHJioBbiH cnnpT npeACTaBAneT co6oh OejlblH nopomoK, CTOH- 
khA ao 140° (Bbiuie 140° oh TeMHeeT). E ro  mojkho npeccoBaTb c AoOaB- 
koh nAacTH(])HKaTopoB a îh nojiyueHHH njiacTHMHoro nojiHMepa, ctohko- 
ro npOTHB ACHCTBHH 60JlbUlHHCTBa peareHTOB. Tpy6bl H3 nOJIHBHHHJIO-
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Boro cnHpTa oueHb th6kh h hx Hcnojib3yioT b bbto- h aBHanpoMbiuiAeH- hocth . HeKOTopbie nojiHMepbi bhhhaoboto cnnpTa pacTBopHMbi b BO ê; 
TaKHe pacTBOpbi npHMeHJHOT aah noupbiTHH OyMarn, AepeBa, MeTajiJia 
H T. A-KoH^eHcauHeH c aAbAerHAaMH b khcaoh cpe^e noAHBHHHAOBbin cnHpT npeBpamaeTCH b nojiHBHHHjiaueTajin: <|x)pMBap (a) h ajibBap (6):

a ) ----- CH—CH2—CH—CH2—
I I
OH OH

ch2o
-CH—CH2—CH—CH2—  

I I
O— CH2—o

6 ) ----- CH—CH2—CH—CH2—
CH3CHO

OH OH

— CH-CH2—CH—CH.,—  
I I

0 — CH— O
I

c h 3AHajiornqHbiH npoAyKT— 6 ym ea p  (nojiHBHHHji6yTHpajib)— nojiy-
qaeTCH c MacAHHbiM aAbAerHAOM.

3th npoflyKTbi npH HarpeBaHHH c njiacTHcJjHKaTopaMH CTaHOBHTCH 
njiacTHHHbiMH. Tan, HanpHMep, npH abhctbhh TpHKpe3HJi4)occ|)aTa H3 
nojiHBHHHjiaueTajieft o6pa3yiOTCH KayqyKoodpa3Hbie ruiacTHKH.

ByTBap npHMeHHiOT ajih H3roTOBJieHHH CTeKJia TpnnAeKC, 3amHTHbix 
noKpbiTHH, AOJKABBbix nAameft, np03pauHbix nJieHOK (npa pecraBpa- 
IIHHX) H T. A-

11. IlOJIHBHHHJIOBbie npOCTbie a4>Hpu

Oco6oe 3HaqeHHe 3a nocjie^Hee BpeMH npnoOpeAH npoAyKTbi noAH- 
MepH33I],HH npOCTbIX BHHHAOBbix 3(})HpOB. 3TH 3(J)HpbI CTaAH AOCTynHbIMH, 
fijiaro^apH HccAeAOBaHHHM A. E. OaBopcnoro h M. O UlocTaKOBCKoro 
[51], KOTopbie pa3pa6oTajiH npocToft h yAoSHbifi mctoa nojiyqeHHH hx 
nyTeM b33hmoa6hctbhh cnnpTOB c aueraAchom noA bahhhhcm noporn- 
Koo6pa3Horo eAKoro k3ah :

KOH
CH =C H  +  R O H -------- ►  CH2=CHOR

BHHHAOBbie sijwpbi MoryT dbiTb noAyqeHbi aHaAorHMHbiM mbtoaom 
h noA AeficTBHeM ajiKorojiHTa npH 150°

GHHTC3 BHHHAOBbIX 3(|)HpOB no B. Penne [52] npOBOAHTCH B OOAbLUHX 
K0A0HH3X—npH HOpMaAbHOM AaBACHHH, eCJlH TCMnepaTypa KHneHHH 
3(])Hpa Bbirne TeMnepaTypbi peaKUHH (150—200°), npH noBbiineHHOM 
AaBAeHHH, ecAH TeMnepaTypa KHneHHH 3(])Hpa HH*e TeMnepaTypu pe- 
aKUHH. ripouecc BeAyT c aueraA eHOM, pa36aBAeHHbiM a30T0M: 80—95% 
aueTHAeHa npn HOpMaAbHOM asbachkh, 50% aueTHAeHa npH 25 am. 
KaTaAH3aTop (eAKoe naAH) b KOAHuecTBe 10—25% pacTBopeH b pea- 
rnpyiomeM cnnpTe. TaKHM nyTeM eaceMecHUHO noAyuaAH ao 1000 m 
BHHHAOBbix 3(])HpoB npn pacxoAe 500—600 m3 aueTHAeHa b 1 qac.
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HeHacbimeHHbie no CBoefi npnpoAe BHHHAOBbie a^Hpbi Aerno noAH- 
MepH3yiOTCJI nOA.AeHCTBHeM KHCAbIX K3T3AH3aTopoB: AICI3, BF3, S02, 
MHHepaJIbHbIX KHCAOT. CB0HCTB3 nOAHMepOB 6yTHJIBHHHJ10BbIX 3(J)HpOB
npHBeAeHbi b tb6j i. 64.

TABAHUA 64

nojiHMep CreneHb
nojiHMepHaauHH <t>H3H4eCKOe COCTOHHHe

MojieKy^ap- 
HblH Bee

[CH2=CHOCH2CH2CH2CH3k H H 3Kan T B epAoe BemecTBo 219 000

[CHj^CHOCHjCHCCHg)^ CpeAHHH BH3KaH WHflKOCTb 118 000

[CH2=CHOCH2CH(CH3)2]>, BbicoKaa Pe3HHoo6pa3Hoe
BemecTBo

545 000

[CH2=CHOCH3CH(CH3)a]2 To we T B ep A oe BemecTBo 810 000

rioAHMepbi BHHHjioBbix acJmpoB pacTBopHMbi b opraHHqecKHx pac- 
TBopHTejmx h, cjieAOBaTejibHO, HMeioT AHHeflHoe CTpoeHne:

nCH2= C H —OR - ► --------CH2—CH—CH2- C H --------
I I

OR OR
riOAHBHHHJlOBbie 3(J)HpbI BbinyCKaiOT nOA pa3AHMHbIMH yCAOBHbIMH 

H33B3HH5IMH H npHMCHHIOT A-™ nA3CTH(J)HKaUHH, MOAHt^HKaUHH CMOA, 
conoAHMepH3au,HH, TenAOBoft ceHCHdHAH3auHH 6yTaAHeHOBoro Kayqyna 
(HanpHMep, 6yHa N) h o6pa6oTKH kojkh. MHorne BHHHAOBbie s^npbi 
noAHMepH3yioTCH b npo3panHbie 6aAb3aMOo6pa3Hbie >khakocth hah creK- 
AOo6pa3Hbie Maccbi. OcoSbifl HHTepec npeACTaBAaeT BHHHAdyTHAOBbiH 
3(J)Hp, H3BecTHbiH noA Ha3B3HHeM «6aAb3aM OaBopcKoro». O h oOAaAaeT 
3aMeqaTeAbHOH Cn0C06H0CTbK> CTepHAH30B3Tb paHbl, CTHMyAHpOB3Tb 
3a*HBAeHHe h x , pereHepHpOBaTb tk3hh npn TaaceAbix oJKorax 
H T. A.

1 2 . IlOAHaKpHAaTbl

IlOAHaKpHAaTbl—npOAyKTbl nOAHMepH3aUHH aKpHAOBOH HAH MeT- 
aKpHAOBOH KHCAOT, HX 3(j)HpOB, raAOreHnpOH3BOAHbIX, HHTpHAOB H T. A- 
[50]. CnOCOfiHOCTb aKpHAOBOH KHCAOTbl n0AHMepH30B3TbCH 6buia ycra- 
HOBAeHa eme b 1843 r OAHaKo cHCTeMaTHqecKHe HCCAeAOBaHHH noAH-
MepHblX 3(})HpOB 3KpHAOBOH KHCAOTbl 6UAH OCymeCTBACHbl 3HaqHTeAb- 
ho no3«ce. floAyqeHHbie npo3paqHbie noAHMepbi ct3ah H3BecTHbi noA 
Ha3B3HHeM ClKpUAOUdoe. AKpHAOBan KHCA0T3 npH 3TepH(])HKaU,HH pa3- 
AHHHblMH CnHpT3MH AaeT pa3H006pa3Hbie CAOJKHbie 3(f)HpbI, KOTOpbie 
MoryT 6biTb 3aTeM noAHMepH30B3Hbi. CAeAyeT OTMeTHTb, hto c noBbiuie- 
HHeM MOAeKyAHpHoro Beca cnHpTOBoro paAHKaAa noAHMepu anpHAO- 
BblX 3(f)HpOB CT3HOBHTCH BCe 60Aee MHTKHMH H 3A3CTHqHbIMH.

AKpHAOByio KHCAOTy noAyqaiOT pa3AHqHhiMH MeTOAaMH. TaK, Ha
npHMep, HCXOAHbIM MaTepHaAOM MOJKeT CAyJKHTb XAOprHApHH TAHKOAH, 
KOTopbiH npeBpamaioT b sm/ieHUHaHrHApHH, a 3aTeM b 3kphaohhtpha.
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riOCJie^HHH MOJKHO rHApOAH30BaTb B aKpHAOByK) KHCAOTy, a 3aTeM 3Te- 
pH(})HII,HpOBaTb:

CH2OH NaCN CH2OH KHSO4 CH2

CH2—Cl CH2-C N  h2° CH—c n

CH2 2H20(HCi) CH2 r o h  CH2
II — II ------- II + h2o
CH—CN _NH3 CH—COOH CH—COOR

£1ah  noAyneHHa aKpnjiOHHTpHjia npHMeHaioT Taione h npaMyro pean- 
Uhkd:

ch2 HCN CH2
+  h20

ch/  Ah—cn

AKpHJioBan (a) h MeTaxpHAOBaa (6) khcaotm  MoryT 6biTb noAyneHbi
H3 aueTHjieHa no cxeMe:

a) CH
fll
CH

CH3 CH,
H20 CHs HCN I -H 20 ||

-----► | ---- ► CHOH------ ► C
CHO | |

CN CN

ch2
2H20 II

H - N ^ T ^
COOH

ch2 ch2
HCN ^ 2H20 ^

-NH3
CN

6) CH h2o CH3
I I I -------- ►  I
CH CHO

CHs\ _ /OH - h2o

ch3

H 
I

COOH

/ CHs HCN CH3 
C O ------►
N'CH3 C H 3

2H20

X c

OH

N

X <  — -  c h 2= c —c n  —-/* ■  CH2= C —COOH
/  N :n 1 nh3

Ah 3 CHS

nojmMepH3auHK) axpHAOBbix sfJmpoB b HacToamee BpeMH npoBOAHT 
no SMyjibCHOHHOMy MeTOAy. SMyAbrnpya jkha khc  MOHOMepHbie atjwphi 
c boaoh h nojiHMepH3yn hx npn HarpeBaHHH, noAynaiOT CTOHKHe jiaTeK- 
cu . H 3 nocjieAHHX, b 33bhchmocth ot ycjioBHH noAHMepH3an.HH, o6pa- 
3yioTca TBepAbie TepMonjiacra, KaynyKoo6pa3Hue npoAyKTbi hah  no- 
AyjKHAKne noAHMepbi. IloAHMepbi MemnaKpHAaTa oneHb sAacTHnHbi, 
KaynyKoo6pa3Hbi h MoryT pacTarHBaTbca Ha 100’% . IloAHMepbi s t h a - 
anpHAaTa em« Marne h SAacTHnHee, a 6yTHA3KpHAaT Aaer noAHMepu, 
noxo>KHe Ha KaynyK. Bee noAHMeTaKpHAaTbi TepMonAacTHnHH, BecbMa 
ctohkh  k  pa3AHnHbiM xHMHnecKHM areHTaM H np03panHU.

AnpHAOBbie h MeTanpHAOBbie noAHMepu— coBepmeHHO SecuBeTHbie 
h npo3panHbie— npHMeHaioT a -kh H3roTOBAeHHa CTeKAa TpanAeKC, pa3- 
AHHHbix HMHT3HHH HBeTHbix ctckoa , AparoueHHbix KaMHefi h t . A- TaKoe 
«opraHHnecKoe CTeKAo» b pa3Hbix CTpaHax BbinycxaioT noA pa3AHMHbiMH 
Ha3B3HHaMH (nAencuzAac, nepnAeKC h AP-)-
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13. Fl0JIMMepH3aUHJI KapdOHHAbHbIX COeAHHeHHH

HH3uiHe ajibAerHAfai npn xpaHeHHH hah achctbhh KaTajiH33TopoB 
JierKo noABepraioTCH noAHMepH3auHH, BeAymeii k odpa30BaHHK> noAH- 
MepOB pa3JIHMHOrO CTpOeHHH H CAOJKHOCTH. KaK H3BeCTHO, yKCyCHblH 
ajib^erHA noA AeiicTBHeM HedoAbiiinx koahhcctb xjiopncToro BOAopoAa, 
KOHUeHTpnpOBaHHOH CepHOH KHCJIOTbl, AByOKHCH Cepbl, XAOpHCTOrO 
UHHKa h Ap. npH o6bmHOH TeMnepaType npeBpamaeTCH b jkhakoctb 
c t . khii. 124° Ha3biBaeMyio n a p a A b d e e u d o M  h npeAcraBAHiomyio codoii 
UHKJIHHeCKHH TpHMep. B CAyqae A6HCTBHH Tex >Ke KaTajIH33T0p0B Ha yK- 
cycHbiH ajibAerHA npH hh3Khx TeMnepaTypax noAHMepH3apHH hast rjiy6- 
>Ke c o6pa30BaHHeM nopouiKoodpa3Horo M e m a A b d eeu d a , KOTopbift Henpa- 
BHJibHO npHHHMaioT 3a TeTpaMep (CH3CHO)4; Ha caMOM AeAe oh, BepoaT- 
ho, npeACTaBjineT codoii CMecb nojiHMepoB, OTAHqaiomHxcH no CTeneHH 
CA0>KH0CTH, TaK KaK B pa3JIHHHbIX paCTBOpHT&JIHX nOKa3bIBaeT pa3HblH 
MOAeKyjinpHbiH Bee. TaK nee BeAyT ceda h Apyrne ajibAerHAbi, Aaiomne 
>KHAKHe h TBepAbie nojiHMepbi aHajiornHHO napajibAer«Ay h MeTajibAerHAy 
(noaTOMy hm ycJioBHO npnnHCbiBaiOT CTpyKTypbi TpHMepa h TeTpaMepa). 
Odpa30BaHHe noAHMepoB npoBepeHO aah nponnoHOBoro, w-MacjiHHoro, 
3H3HTOBoro h Apyrnx aAbAerHAOB. C noBbimeHHeM MOJieKyjinpHoro 
Beca aJibAerHAOB MeTanoAHMepbi odpa3yiOTCH TpyAHee, qeM napanoAH- 
Mepbi.

FIpocTeHiiiHH H3 aJibAerHAOB— cp op M a A bd eeu d— odpa3yeT cAOJKHbie 
UHKjinqecKHe h jiHHeflHbie nojiHMepbi [1]. ToqHoecTpoeHHe ycTaHOBjieHO 
TOJIbKO AAH UHKJIHqeCKHX TpH- H TeTpaOKCHMeTHJieHOB, KOTOpbie nOAOd- 
Hbi napajibAerHAy h MeTajibAerHAy. riopoiiiKOodpa3Hbiii n a p a c p o p M , 
hah n o A U O K C U M em u A en , npeACTaBAaeT codoii BbicoKonoAHMepHoe co- 
eAHHeHHe AHHeiiHoii CTpyKTypbi. Oh noAyqaeTca nyTeM 3AAhthbhoh no- 
AHMepH3aUHH MOAeKyA (})OpMaAbAerHAa C 0dpa30BaHHeM KHCAOpOAHbIX 
mocthkob de3 nepeMemeHHH aTOMOB BOAopoAa (o KOHAeHcauHOHHOH no- 
AHMepH3auHH (JiopMaAbAerHAa cm. cTp. 623):

nCH20  - ►  n(—CH2—O—) -*■  (CHaO)„

B pe3yAbTaTe noAHMepH3auHH odpa3yioTCH AJiHHHbie noAHMepHbie 
MOAenyAbi co CBodoAHbiMH BaAeHTHOCTHMH Ha KOHuax. KoHUbi ueneii 
HacbimaiOTCH pa3AHqHbiMH rpynnaMH, b 33bhchmocth ot ycAOBHH h 
cpeAbi, hto cKa3bmaeTCH Ha CBOHCTBax noAHMepoB. Tan, npn Bbinapn- 
b3hhh BOAHoro pacTBopa (JiopMaAbAerHAa odpa3yeTCH napa<J)opM, hah 
noAHOKCHMeTHAeH-a, pacTBopHMbift b Na2S 03. 3 tot npoAyKT npeACTaB- 
AneT codoii noAHOKCHMeTHAeHAnrHApaT, kohum ueneii KOToporo Hacbi-
meHbl BOAHbIMH 0CT3TKaMH:

HOCH2—0 -C H a----------- 0 -C H a0H

ripn AeiicTBHH Ha $0pMaAbAerHA KOHUeHTpnpOBaHHOH cepHOH khc- 
AOTbl odpa3yeTCH nOAHOKCHMeTHAeH-?, HAH nOAHOKCHMeTHAeHAHCyAb- 
(})aT:

HOgS—Cl 1■>—O—CHa-----------0 -C H , -S O sH
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nocjieflHHH dojiee peaKUHOHHOcnocoSeH, neM AHTHApaT, h TaK>Ke 
pacTBOpHM b Na2S03.

npH fleftcTBHH Ha 4>opMajib^erHfl MeTaHOJia o6pa3yeTCH He pacTBOpH- 
Mbift b Na2S03 nojiHOKCHMemneH-y—Majio peaKUHOHHOcnoco6HbiS ah- 
MeTHJIOBblH 3<|)Hp nOAHOKCHMeTHACHa

CHgO—CH2—0—CHa--------O—CH2—OCHg

TaKHM  ace nyTeM  m ojkh o  n o jiy q a T b  a h s t h a o b m c , AunponHAOBbie h 
Apyrne atfmpbi, AnaueTaTbi h t . a . Bee 3t h  coeAHHeHHH npeACTaBAHioT 
C06ofi CMeCH nOJIHMepOB p33AHMHOH AJIHHbl. HcCJieAOBaHHe nOAHOKCH- 
MeTHAeHAHaueTaTOB noKa3aAO, m to  HH3uiHe noAHMepbi coAepscaT ao 
20 ocTaTKOB 4)opM aAbAerH Aa, Bb icu ine— 6 o A ee  100.

ConpnJKeHHe Kap6oHHAbHOH rpynnbi c HenpeAejibHoft cBH3bio pe3- 
ko noBbimaeT cnocodHOCTb k noAHMepH3au,HH, mto xopomo H3yneHO Ha 
npHMepe aKpoAeHHa. yCTahobaeHO, mto cymecTByioT ABa THna noAHMe- 
pH3auHH aKpoAeHHa: 1) 6bicTpaa noAHMepH3au.HH c o6pa30BaHHeM co- 
eAHHeHHH, H3BeCTHOrO nOA Ha3B3HHeM «AHCaKpHA»; 2) nOAHMepH3an.HH 
c nepexoAOM b pacTBopHMyio CMOAy. j^HcaxpHAOM Ha3biBaioT 6ecu.BeT- 
Hbifl HepacTBopHMbifl. BbicoKonoAHMepHbiH npoAyKT, o6pa30BaHHe KO- 
Toporo OCOdeHHO 33MeTHO KaT3AH3HpyeTCH ACHCTBHeM CBeTa H KHCAOpO-
Aa. XlacaKpHAbHan noAHMepH3auHH CTHMyAHpyeTca Aaxce 1/5000 khc-
AOpOAa B TeMHOTe. riOAHMepH3aAHH aKpOACHHa MOJKeT 6bITb 3aMeAAeHa 
HAH nOAHOCTbK) npeKpaUl,eHa AOSaBKaMH aHTHOKHCAHTeAeft, H3 koto- 
pbix CaMbIM aKTHBHbIM HBAHeTCH THAPOXHHOH: OH nOAHOCTbK) 3aAep- 
HCHBaeT nOAHMepH3ai],HIO npH KOHU,eHTpaUHH 1/20000 H CHAbHO CHH- 
>KaeT ee AaJKe npH 1/100000.

B HacTonmee BpeMH pa3pa6oTaH 33boackoh mctoa noAyneHHH aKpo
AeHHa yriAOTHeHHeM aueTaAbAerHAa c (JjopMaAbAerHAOM b ra30B0ft (J)a3e 
npH 300° HaA KaTaAH33TOpOM [53]. JXah 3T0H U,eAH npHMeHHIOT CHAH- 
KareAb, nponHTaHHbiH 10% pacTBopoM cHAHKaTa HaTpHH, kotopmh ne- 
pe3 xa>KAbie 150, Mac. pereHepHpyioT npn 500—550° CMecbio boahhoto 
napa h B03Ayxa. Bmxoa aKpoAeHHa cocTaBAaeT 75—80%. Ĵ ab noAaB-
AeHHH nOAHMepH3aUHH aKpOACHHa B CHCTeMy BBOAHT 0,1% THAPOXH- 
HOHa.

noAynaeMbiH aKpoAeHH mohcct 6biTb nepepa6oTaH Ha cAeAyiomne npo- 
AykTbi: 1) 3(])HpbI axpHAOBOH KHCAOTbl, 2) aAAHAOBblH CIlHpT, 3) TAHKOAH 
h noAHaMHHbi, 4) cHHTeTHMecKHe cMOAbi THna nAeKCHTAaca H T. A-

AAbAOAbHbiM ynAOTHeHHHM MoryT noABepraTbcn h KeTOHbi, Ha mcm 
ocHOBaH xopomo H3BecTHbiH MeTOA noAyneHHH AnaueTOHOBoro cnnpTa 
H3 aueTOHa noA A^hctbhcm rHApaTa okhch 6apHH Ran KaTaAH33Topa:

CH3COCH3 +  OC(CH3)2 CH3COCH2COH(CH3)2

AHaAOTHMHO, npH meAOMHOM ynAOTHCHHH 3AbAerHAOB C KeTOHaMH 
o6pa3yK)TCH p-KeTO-cnnpTbi, a H3 hhx—HenpeAeAbHbie KeTOHbi:

RCHO +  CH3COR' -► RCHOHCH2COR' -► RCH=CHCOR' +  H20
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Ajib^ojiH3auHH h pojjCTBeHHbie c Heft npoueccM nponcxoAHT nou 
AeftcTBHeM pa3JiHMHbix KaTajiH3aTopoB, HanpHMep HC1, HCN, Na2C03, 
K2C03, Na2S03, CH3COONa h a p - 154],

AjibAOJiH3apHH noABepraioTCH Bee aAH(j)aTHqecKHe aAbAerHAbi, 3a 

HCKJironeHHeM Tex, y KOTopbix a-yrjiepoAHbift aTOM He HMeeT BOAopoAa. 
npH ajibAOJiH3auHH boaopoa OAHoft MOJieKyjibi MHrpnpyeT bo BTopyio 
MOJieKyjiy BcerAa ot a-yrjiepoAHoro aTOMa, npHqeM cxopocTb peaKUHH 
H3MeHHeTCH no paAy:

CHj >  CH3 >  CH
PeaKUHH ajibAÔ H3auHH ajibAerHAOB HMeioT SoAbiuoe TexHHqecKoe 

3H?.qeHHe. AjibAOJiH3auHio yKcycHoro ajibAerHAa HcnoAb3yioT aah chh- 
Te3a AHBHHHJia (no H. H. OcTpoMbicJieHCKOMy, CTp. 457) npn noAyqe- 
hhh « -6yTaHOJia H3 aueTHJieHa (cTp. 519), a KpoTOHH3auHio (b pe3yAb 
TaTe OTiuenJieHHH boah ot aAbAOAn)—abb noAHMepH3auHH b cmoah, 
pacTBopHMbie b opraHHqecKHx pacTBOpHTejinx. JJjih stoA uejiH Ha 
ajibAOjiH AeftcTByioT HC1 hjih NaOH. AjibAOjibHbie cmoah 3aMeH9ioT
UieJlJiaK, HBAHIOTCH npeKpaCHbIMH CBH3yiOIUHMH H CKJieHBaiOmHMH 
BeiuecTBaMH b saektpoTexhhKe, Ha hx 6a3e nouyqaiOT cnHpTOBbie h 
H30JiHUH0HHbie jiaKH, noAHTypbi H T. A-

06pa3yiomHecH Bbicmne aAbAOAH AerHApaTHpyioTCH b AneHOBbie 
ajibAerHAbi, jierKO 3aTeM noAHMepH3yiomHecH:

CH3CHOHCH2CHO - ►  c h 3c h = c h c h o  +  h 2o  

c h 3c h = c h c h o  +  CH3CHO -*►  CH8CH=CHCHOHCH2CHO

c h 3c h = c h c h o h c h 2c h o  - ►  c h 8c h = c h c h = c h c h o  +  h 2o

AHajiorHqHbie peaKUHH ajibAOJiH3auHH npoHexoABT npH KOHASHca- 
Uhh ajibAerHAOB c KeTOHaMH, ajibAerHAOB c aHTHApHAaMH khcaot (peaK
UHH riepKHHa) h t . A- 3tot npouecc MOJKeT hath h rjiyGuce. IlpH ctoh-
HHH HAH nOA AeftCTBHeM K3T3AH33TOpOB oSuqHblft aAbAOAb nepeXOAHT
b napaAbAOAb^c t . nA. 80—90°; noA AeftCTBHeM ace HC1 HeH3BecTHbiM 
nyTeM o6pa3yiOTCH AnaAbAaH C8H140 3 h TeTpaAbAaH C16H280 6— 
npoAyKTbi HeBbiHCHeHHoft CTpyKTypbi, AHuieHHbie aAbAerHAHbix cboSctb.

14. MexaHH3M noAHMepH3auHH HenpeAeAbHbix coeAHHeHHft

IlpoueccaM noAHMepH3auHH nocBHiueHO OoAbuioe hhcao CTaTeft h 
khht, b KOTopbix o6cy>KAaK)TCH 3KcnepHMeHTaAbHbie MaTepnaAbi, a TaK- 
>Ke npeAAOweHHbie pa3AHqHbiMH aBTopaMH MexaHH3Mbi h Teopnn noAH-
MepH3auHH [53].

npHHUHnnaAbHO nOAHMepH33UHH 33KAKDqaeTCH BO B33HMHOM Ha- 
CbimeHHH AByx hah MHorHX HenpeAeAbHbix MOAeuyA 3a cqeT ABoftHbix 
CBH3eft. 3t0 MOJKeT npOHCXOAHTb nOA AeftCTBHeM pa3AHqHbIX KaT3AH3a- 
TopoB^qepe3 o6pa30BaHHe npoMe>KyToqHbix coeAHHeHHft hah CBodoAHbix
paAHKaAOB.

B pe3yAbTaTe noAHMepH33UHH qacTO noAyqaiOTCH cMecu pa3Hbix 
noAHMepoB—noaTOMy BbiHCHeHHe CTpyKTypbi noAHMepa h MexaHH3Ma
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Ba k roAOBe» (a), « x b o c t  k xB0CTy» (6 ), «roAOBa k xBOCTy» (b ) :

a) CH2= C H  CH =CH 2
I +  I

R R

6) CH =CH 2 CH2= C H

+  AR

B) CH2=CH  c h 2= c h  
I +  I 
R R

►  CHa= C —CH—CH3
I I
R R

►  CH3—c = c - c h 3
I I

R R
CH =CH —CH2—CH2
I I

R R

CH2—CH = GH —CH2
I I

R R
- CH2—c h 2- c = c h 2

I I
R R

• CH =CH —CH—CH3*

A R
CH3—C =C H —CH2

A A
3th 7 H30MepoB MoryT, b cboio  onepeAb, pearnpoBaTb Meat Ay co6oh 

« rOJIOBaMH», «XBOCTaMH» HAH «TOAOBOH K XBOCTy» H T. A., UTO AaeT B 
pe3yAbTaTe oueHb cAOJKHyio CMecb npoAyKTOB. .̂HeHbi MoryT noAHMepn- 
30B3TbCH B nOAOXKeHHHX 1,4 H 1,4 HAH 1,4 H 1,2 H ASBaTb AHHeHHbie HAH 
UHKAHHeCKHe nOAHMepbl. H h OAHa H3 npeAAOJKeHHbIX TeopHH He B co- 
ctohhhh npeACKa3aTb KOHtJwrypauHio mhothx noAynaioiuHxcH noAH- 
MepoB (ocoSeHHO, ecAH npouecc hact TAySoKo).

ZIah o6T>HCHeHHH n p ou ecca  noAHMepH3au,HH M H orne aBTopbi b m a b h - 
raAH  cbo h  npeAAO>KeHHH h rnnoTe3bi.

A. M. ByTAepOB, OTKpblBIHHH nOAHMepH33UHK) H306yTHAeHa H Apy- 
THX 0Ae4)HH0B Â HCTBHeM CepHOH KHCAOTbl, CHHT3A HTO peaKUHH UpOTe- 
uaeT uepe3 CTaAHK) o6pa30BaHHu aAKHiicepHbix k h c a o t :

CH<

CH,

CH,
:\ I
p>C=CH, +  IIOSOaOH - ►  CH3—C—OSO.OH

CH,
CH, CH,
I y CI-I3 | CH,

c h 3—c —oso2o h  +  c h 2= c < - ►  c i i 3—c —c h = c < +  ho so2o h
I X CH, I \C H ,

C H , C H ,



14. MEXAHH3M nOJlHMEPH3AU,HH H ER PE R E JlbH blX  COEMHHEHHR 623

CH3
I /C H  3

CHa

c h 3—c - c h = c < +  h o so 2o —c —c h 3
I x :h 3 I

c h 3 c h 3

(CH3)3|

(CH3)3C

iCk /C H 3
> C H -C <

(y  I x :h .
OSOaOH

*
—h2so4

CHo(CH3)3a  yV̂ l I
> c = c <

N : h ;(c h 3)3c '

Xlajiee TpHH3o6yTHAeHa noAHMepH3auHH He hact H3-3a otcytctbhh 
BOAopo^a y ueHTpajibHbix aTOMOB yrjiepoAa.

HecKOJibKO no3>Ke 6hah  npeAAO>xeHbi TeopHH cTyneHHaTOH noAHMe- 
pH3auHH h paAHKajibHO-uenHoft noAHMepH3anHH.

TeopHH c m y n e n n a m o u  n o A U M e p u 3 a y u u  BnepBbie 6biJia npeAAOJKeHa 
H. H. OcTpoMbicjieHCKHM [55]. B ocHOBe ee aokht noAoxceHHe, mto 
HH3KOMOjieKyjiHpH3H noAHMepH3au»H npeACTaBJiaeT co6oh pHA nocjie- 
AOBaTeAbHblX CT3AHH, HAH CTyneHCH, C 06pa30BaHHeM CTOHKHX npo- 
MejKyTOMHbix npoAyKTOB b pe3yAbTaTe nepeMemeHHH aTOMa BOAopoAa 
ot oahoh MOAeKyAbi k Apyrofi. HanpHMep:

R R R R
I I  I I

c h = ch2 +  ch= ch2 ► ch2—ch2—c= ch2
ilaAee noAyqeHHbifi AHMep pearnpyeT c hoboh MOAexyAOH MOHOMepa:

’ R—CH2—CH2—C=CH2 +  R—CH=CH2 -*■
I

R
-► R—CH2—CHa—CH—CH2—C=CH2 h t. a.

I I
R R

K 3T0My me THny othochtch KAaccHnecxaH peaxuHH ByTAepoBa 
156]—o6pa30BaHHe moho3 H3 (jjopMaAbAerHAa. ripn stoh peaKUHH mo- 
AexyAbi moho3 o6pa3yK)TCH qepe3 aAbAOAH3auHio HecKOAbKHx MOAexyA 
cj)opMaAbAerHAa nyTeM nocAeAOBaTeAbHoro nepeHoca aTOMOB BOAopoAa. 
HanpHMep, TeTpo3a noAyqaeTCH CAeAyiomHM o6pa30M:

CHj = 0  + c h 2 = 0  - c h 2 =  o  + c h 2=  o  —  c h 2o h c h o h c h o h c h  =  o

MTO xopomo ofilHCHfleT MCX3HH3M nOAHMepH3aUHH (J)opMaAbAerHAa AO 
reKC03 nepe3 ct3Ahh rAHKOAeBoro aAbAerHAa, rAHuepHHOBoro aAbAe- 
rHAa h t . a - Tax >xe o6pa3yioTCH h cAO>KHbie noAHOKCHMeTHAeHbi.

JJaH 06'bHCHeHHH MeX3HH3Ma CTyneHHaTOH nOAHMepH3aUHH OAe(j)H- 
hob h Apyrnx HenpeAeAbHbix coeAHHeHHH HaHdoAbuiHH HHTepec npeA- 
cTaBAneT KapfioHHeBO-HOHHan TeopHH YHTMopa, npeAAOweHHan hm b 
1934 r [57] h HHTepnpeTHpyioiuaH npoueccbi noAHMepH3aiiHH c 3Aex- 
TpoHHOH tohkh 3peHHH. 3ia TeopHH- o6i>HCHHeT npoTexaHHe nOAHMe-
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pH3aUHH OJiecj)HHOB nOA AeHCTBHeM KHCAOT, HBAHKDLU,HXCA AOHOpaMH npO- 
TOH3 (H+).

riepBOH CTyneHbio, no ashhmm  O . YnTMOpa, hbahctch  npncoeAHHe- 
Hne H-noHa khcao tu  (H2S04, H3P04, HF h AP-) k SAeKTpOHHOH nape 
ABOHHOH CBH3H:

:C: :C: +  H+ —►  H :C:C +

Flpn 3TOM 06pa3yeTCH HOH KapSOHHA C nOAOJKHTeAbHblM 3ap«AOM 
y Toro aTOMa yrAepoAa, KOTopuft HMeeT Anuib SAeKTpoHHbiH ceKCTeT. 
TaKOH HOH MOJKeT: 1) COeAHHHTbCH C OTpnuaTeAbHblM HOHOM KHCAOTbl 
(o6pa30BaHHe aAKHJiKHCJiOTbi), 2) noTepHTb KaKon-jinSo npoTOH, hto 
AaCT HCXOAHblH HAH H30MepHbIH OAe<J)HH, CnOCOfiHblH n0AHMepH30BaTbCH. 
B nocAeAHeM CAynae, HanpnMep, H3o6yTHAeH pearnpyeT cAeAyiomHM 
o6pa30M:

CH3—C = C H 2 +  H+ CH,—C—CH3
I I

c h 3 c h 3
noAynaromHHCH hoh mpem-H3o6yTHAKap6oHHn pearnpyeT c H3o- 

6yTHAeHOM
CH., CHS
I I +

CH3—C+ +  CH.2= C —CH., - ►  CH.,—c —CH2—C—CH3
1 1 1 I

c h 3 c h 3 c h 3 c h 3

o6pa3yn hoh H300KTHAKap6oHHH, KOTopbift MoaceT pearnpoBaTb AaAee,
A3B3H TpHMep, HAH nepeXOAHTb B H30MepHbie H300KTHAeHbI, TepHH npH
3TOM H - ho h :

c h 3 
I

- ►  CH3—C—CH2—C=C H 2 (a)
I I

c h 3 c h 3

c h 3 
I

- ►  CH3- C —C H = C —CH3 (6)
I I

c h 3 c h 3

ripaBHAbHOCTb 3T0T0 MeX3HH3Ma nOATBep>KAaeTCH TeM, HTO AHH30- 
SyTHAeH, noAyqeHHbin A. M. ByTAepoBbiM, coctoht H3 CMecn 8 0 %  no- 
AHMepa (a) c 2 0 %  noAHMepa (6). Flo cxeMe O . YHTMopa noAHMepH3a- 
U.HH H306yTHAeHa MOHCeT HATH AaAbUie 06pa30BaHHH TpHH306yTHAeHa, 
mto noATBepH<AaeTCH noAyneHHeM noAHH3o6ymneHOB.

B CAynae noAHMepH3auHH noA aghctbhcm  cJjoc^ ophoh khcaotm 
npH 330° h 50 am st h a c h , nponHAeH h SyTHAeHbi AaioT CMecn jkhakhx 
noAHMepoB, KOTopbie o6pa3yioTCH nepe3 aAKHA(J)oc4)aTbi, pa3AaraiomHe- 
ch b ycAOBHHX peaKUHH. rioAHMepH3auHH 3THAeHa b dymneHbi npo- 
TeKaeT no CAeAypomeft cxeMe:

ch3
I +

ch3—c—ch2—c—ch3 —  

(in 3 ch3
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/ 0H / 0H CH—CH3 / 0H
2CH2= C H 2 +  2 0 = P —OH —►  2 0 = P —OH || + 2 0 = P - O H

X OH X OCH2CH3 CH—CH3 \ q H

Ha OCHOB3HHH conocTaBJieHHH (J)aKTHqecKoro MaTepnajia 6biJiH AaHbi 
CXeMbI KHCJIOTHOH nOJ!HMepH3aUHH OJie(|)HHOB H BblBe^eH pHfl 3MnnpH- 
qecKHx npaBHji.

CorjiacHO sthm cxeMaM, nepBHUHbin npouecc no;iHMepH3auHH Asyx 
MOJieKyji ojiecJ)HHa 3aK.mouaeTCH b npHcoeAHHeHHH no C = C - cbh3h aTo- 
Ma Boflopofla h ajiKeHHjibHoro pa^HKajia Apyroft MOJieKyjibi. O^Ha mo- 
Jiexyjia ojiec[)HHa hbjih6tch T3khm o6pa30M aKuenTopoM, Apyran— 
AonopoM:

I I
aKUemop —C = C - —C— C—

f  ( | —► | I —>- nô HMep
AOHop —C=C-*-H —C = C  H

: ! I

J\j\n  npaBHJibHoro noHHMaHHH nepBHMHoro npouecca Heo6xoAHMo 
3HaTb, Kanan H3 MOJieKyji HBjisieTCfl anuenTopoM h Kaxan—AOHopoM. 
3 to onpeAejineTCH cjieAyiomHMH npaBHJiaMH A. BaxTepa [58].

r ip a eu A O  1. j],BOHHan cBH3b aKixenTopa HacbimaeTca aTOMOM boao- po^a H OJiecjDHHOBbIM paAHKajIOM AOHOpa. AKTHBHblH aTOM BOAOpOAa OT- pbiBaeTCH ot KOHeMHOH C = C H 2-rpynnb! hjih ot C = C - cbh3H co eropo- Hbi MeHbiuero ajiKHJibHoro paAHKajia (H *—OTpbiBaiomHHCH aTOM):
CH3—C H = C H .. H*; CH3—C=CH*—CH3; CH3—CH2—CH=CH*—CH3

I
c h 3

ripaeuAo 2. B MCJieKyjie anuenTopa aTOM BOAopoAa npHcoeAHHHeTcn: 
a)^K KOHenHOMy aTOMy yrjiepoAa c abohhoh CBH3bio hjih 6) co CTopoHbi 
MeHbiuero ajiKHjibHoro paAHKajia, a ojie^HHOBbw paAHKaji—k npHJie- 
raiomeMy aTOMy yrjiepoAa KpaTHofl cbh3h :

c h 3 c h 3
1j

c h 2
1

c h 3
1

CH,

CH
a

+ CH
|

CH—CM= C H —Cl I3
II

CH 11C ! I
|

CH,
1

c h 3 c h 3
aKUerrrop AOIlop AHMi’ P

c h 3
1

CH;; CH,|
1

CH H*C CH,
| + II — ► 1
c —c h 3 1

c - c h 3 CH3-- C — C = C —CH3

c h 3
1

c h 3
1 1 1 

CH3CH3CH3
aKueirrop Aonop SHMep

ID |. ||. ,'loaroB
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riepBHyHbie npoflyKTbi nojiHMepH3au,HH ojie(f)HHOB oqeHb qacro noA- 
BepraiOTCH H30MepH3aUHH, 0C06eHH0 B npHCyTCTBHH KaT3JIH3aTOpOB.
Tanaq H30MepH3aunq noAqh h qeTcq cneAyxjmHM 3axoHOMepHOCTqM:

1) ojiê jHHbi C....C—C=C MeHee cTafinjibHbi, qeM C...C=C—C; 
noaTOMy npn HarpeBaHHH hjih noA AeficTBHeM xaTajiH3aTopoB ABOHHaq 
CBH3b HMeeT TeĤ eHUHio MHrpHpoBaTb c xpaq uenn BHyTpb;

2) BTopnqHbie ojie<J)HHbi H30MepH3yx)Tcq b TpeTHqHbie, Kor^a Tpe- 
THqHbift aTOM yrjiepo^a HaxoAHTcq b a-nojio>xeHHH k C = C -cbb3h :

C—C—C = C  - ►  C—C = C —C
I I
c c

3) npn HajiHqHH qeTBepTHqHoro aTOMa yrjiepo^a npoHCXOAHT nepe- 
rpynnHpoBKa THna nHHaxojiHHOBOH:

C C
I I

C—C—C = C —c - ►  c = c —c —c —c
I I  I I
c c c c

3th npaBHJia noATBepjxAeHbi SojibuiHM qncjioM npHMepoB nojiHMe-
pH3au,HH ojie(J)HHOB h noKa3biBaioT, .noqeMy b Taxoro poAa npoueccax
He nojiyqaiOTcq nojiHMepbi HopMajibHoro CTpoeHHq. npaBHJia sth npn- 
MeHHMbl H K nOJIHMepH3aHHH H COnOJIHMepH3aiI,HH. 

npHBê eM HecKOjibKo npHMepoB.
1. rioji HMepH3auHq nponHjieHa:

c h 3 c h 3 c h 3
1

CH +  CHII -» -  CH—CH =CH —CH

Ah 2 H*CH
|

c h 3
2. IlojiHMepH3auHH H3o6yTHJieHa no A. M. ByTJiepoBy:

c h 2 h *c h  CH3
II II I

c h 3—c +  c—c h 3 CH3—C—C H = C —c h 3
I I  I I

c h 3 c h 3 c h 3 c h 3

c h 3 h *c h  c h 3 g h 3
I II I I

CH3—C—CH =C—CH3 +  C—CH3 CH3—C—CH2—C—C H = C —CH3
I ■ I I I I I

c h 3 c h 3 c h 3 c h 3 c h 3 c h 3

TeopHH cTyneHqaToft nojiHMepH3auHH ofijia^aeT phaom HeAOCTaTxoB, 
H3 KOTopbix ochobhhm qBJiqeTcq cnê yiomHH. KHHeTHqecxH Taxaq no- 
jiHMepH3aunq AojnxHa 6biTb npoueccoM 3aTyxaromHM h AOJincHa ocra- 
HaBJiHBaTbcq Ha o6pa30BaHHH hh3khx nojiHMepoB, Tax xax c poctom 
uenn cxopocTb npHCoê HHeHHq hobmx MOJiexyji MOHOMepa cHHJxaeTcq. 
OflHaxo (J>axTHqecxH nojiHMepH3auHq npoxoAHT c 6ojibiuHMH cxopocthmh 
BnJiOTb ao o6pa30BaHHq nojiHMepoB, cocroqmHx H3 Tbicqq MOJiexyji mo-
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HOMepOB H HMeromHX MOJieKyjISipHblH Bee AO MHJIJIHOHa H 6ojlbUie. 
B 6ojibuiHHCTBe cJiyqaeB ocTaHOBHTbcn Ha odpa30BaHHH nojiHMepoB P x c 
3apaHee npeAycMOTpeHHOH bcjihhhhoh x  Mojiexyji MOHOMepa He yAaBajiocb. 
OiiHaKO b nocjieAHne roAbi K. Unrjiep h Apyrne ocym,ecTBHJiH peryjw- 
pyeMyio nojiHMepH3auHio.

B HacTonmee BpeMH dojibuiHHCTBo HCCJieAOBaTejiefi npHAepjKHBaeTCH 
TeopHH u,enmeo MexaHU3Ma peaKuluu noAUMepu3au,uu. TeopHH 3Ta pa3pa- 
6oTaHa H. H. CeMeHOBbiM [59] h pa3BHTa b padoTax G. C. MeABeAeBa 
C COTpyAHHKaMH [60].

B ocHOBe uenHOH TeopHH jicjkht npeACTaBjieHHe, hto npouecc nojiH- 
MepH3au,HH cKJiaAbiBaeTCH, no KpaHHeft Mepe, H3 qeTbipex ct3AHh: 
1) o6pa30BaHHe HaqajibHbix aKTHBHbix ueHTpoB, 2) pocT uenH, 3) ne- 
peAana uenH, 4) ofipbiB uenH. TaKHM o6pa30M noATBepjKAaeTCH cbo6oa- 
HO-paAHKaJIbHblH MCX3HH3M, TAe CBOdOAHbie paAHKaJIbl, HHHUHHpyiOmHe 
h npoBOAHiAHe uenHbie peaKUHH, o6pa3yiOTCH nyTeM aohctbhh CBeTa, 
TenJia hjih KaTajiH33TopoB Ha pa3JiHHHbie opraHHqecKHe MOJieKyjibi. 
FIoCJieAHHMH MOryT 6bITb HCXOAHbie aKTHBHpOB3HHbie MOJieKyjibi, 
ajiKHJibi (CH3 hjih G2H5), nepeKHCH h t. a -

IlepBOH CTaAHefl nojiHMepH3auHH, HHHUHHpyeMOH nepeKHCbio, hb- 
jineTCH pa3Jio?KeHHe ee c o6pa30BaHHeM cboGoahhx paAHKajioB.

J X a jie e  cboSoahuh paAHKaji pearnpyeT c ojiciJihhom no cjieAyiomeH 
cxeMe:

Aik—CH =CH 2 +  R* -*■  A lk -C H —CH2—R 

R -C H 2- C H —Aik +  (n +  1) CH2= C H —Aik

R—CH2—CH—(CH2—CH)„_2—CH2—CH
I I I

Aik Aik Aik

IlOJlHMepHblH CB060AHbIH paAHKaji MOJKCT HaCbITHTbCH 3a CHeT BO- 
AopoAa MOHOMepa, nojiHMepa hjih pacTBopHTejin:

R—CHa— CH—(CH2—CH)„—CH2—CH +  R'—CH2—Aik -*-
I ] I

Aik Aik Aik

-► R-CHj-CH—(CH2—CH)„—CH2-CH2 +  R'—CH—Aik
I I I

Aik Aik Aik

CBodoAHbie paAHKajibi (oAHHaKOBbie hjih pa3Hbie) MoryT peKOMCn- 
HHpOBaTbCH (a) HJIH AHCnponopHHOHHpOBaTbCH (6):

a) R-CH2-CH-(CH2-CH)n-CH2-CH
I I I

Aik Aik Aik

R—CHS—Cl I—(Cl I2-CH )„-C11,-CH -CH -CH 2-(C H -C H 2)„-C H -C H 2- R  
I I I I  I I

Aik Aik RAik Aik Aik
40*
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6) R -C H 2-C H -( C H 2—CH )„-CH 2—CH
! I I

Aik Aik Aik

R -C H j—C H -(C H a—CH)ff—CH =CH  R—CH2—CH—(CH2—CH)„—CH2—CH2
I I I +  | I |

Aik Aik Aik Aik Aik Aik

A K TH B H poB aH H aa  M O JieK yjia  MO>KeT o 6 p a 3 0 B a T b  c MOHOMepoM a h - 

M ep , COXpaHHK)IU,HH CBOK) aKTHBHyiO  (])O pM y. lloC J ieAH H H  aHaAOrHUHbIM  

o6pa30M  n p eB p am aeT C H  b  TpH M ep h  t . a - Tai<H M  n yT eM  u e n b  n poA O A - 

>KaeTCH ^ a j ib in e  h  p a cT eT , n o n a  He u a c r y n u T  oOpbiB, t . e. ^ esa K T H B a u n a  
KOHeHHOH aKTH BH oft rpynnbi. npH H H H aM H  o gp b iB a  u en w  M o ry T  6b iTb : 

H30M epH3auHH b ycTOHHHByK) c ])opM y, peaKU H H  M e jK ^ y  A s y M a  p a c T y m n -  

m h  ueriHM H, peKOM fiHHauHH pa^H K a jiO B  h  t . a - JXj iH n a  u e n e ft  m o j k c t  
6b iTb pa3JiHHHofl. T a x ,  H anpH M ep , a a h  C A yu aeB  BH H H jibH oft n o jiH M ep n - 3auHH ycTaHOBJieHO, h t o  KajKAbiH c b o 6 o a h h h  pa^HKaji noAHMepH3yeT 
AO 550 M O JieKyji.

TaKHM o6pa30M, peaKUHH noAHMepH3auHH hbjijhotch ayTOKaTajin- 
THHeCKHMH.O co6mh HHTepec npeAcraBAaeT KaTajiH3Hpyiomee AeftcTBHe nepeKH- cefi Ha npoueccbi noAHMepH3auHH. Bonpoc stot 6h a  pa3pa6oTaH C . C . MeABe^eBbiM [60], KOTopbin CHHTaeT, hto, HanpHMep, nepeKHCb 6eH30Hjia, KaTajiHSHpyroman noAHMepH3aumo xjioponpeHa, pacna^aeTca, o6pa3yn cbo6oahm0 paAHKaji; stot paAHKaA HHHUHHpyeT, rjiaBHbiM o6pa30M, uenHyio peaKUHio:

CgHgCOO • •
I - ►  c 6h 5 +  C6HsCOO +  co2 

C8H5COO

c h 2= c —c h = t .h 2+  c 6h 5co o  -> -  CeH-COO—CH2—C==CH—CH2 h  t  fl

PeaKUHH nojiHKOHAeHcauHH (cTp. 487), b otahhhc ot noAHMepH3a- Uhh , npoTeuaioT qacTo no cryneHuaTOMy MexaHH3My [61]; nosTOMy hx 
CKopocTb 3HauHTejibHO MeHbuie, h ohh Tpe6yroT HarpeBa.

3HaHHTejIbHyiO HCHOCTb B CAOHCHblH MeX3HH3M nOJ!HMepH3aUHH BHO- cht HOHHO-uenHan Teopun, KOTOpan, b nepByro ouepeAb, yAauHO hh- 
TepnpeTHpyeT OyTjiepoBCKHe peaKUHH nojiyueHHH ah- h TpHH3o6yTHJieHa H3 H306yTHAeHa C nOMOUtbK) CepHOH KHCAOTbl.n o  MHeHHio A . P . TaHTMaxepa h G . C . MeABeAeBa [62] KaTajiHTH- qecKan noAHMepH3auHH, npoTeKaiomaH noA AeflcTBHeM B F 3, A1C13, 
T iC l4 h Apyrnx areHTOB, no cBoeMy MexaHH3My OTAHnaeTCH ot noAH- MepH3auHH noA AeftcTBHeM cBeTa hah nepeKHcefi, rAe aKTHBHbiMH ueH- TpaMH HBAHIOTCH CBOgOAHbie paAHK3AbI. TaAOreHHAM MeTaAAOB, KaTa- AH3HpyromHe nOAHMepH3aUHK), Cn0C06CTByK)T B036y>KAeHHK) SAeKTpO-
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hob abohhmx cBH3efi Ha CHHryjieTHbie ypoBHH; noaTOMy BHanajie npo- 
HCXOAHT 0dpa30BaHHe HOHHOrO COeAHHeHHH

m x„ - ch2- ch- r

r^e M —MeTajui, X —rajioreH, n—mhcjio aTOMOB rajioreHa.
PacnpocTpaHeHHe uenn H^eT Aa-nbine no KapdoHneBOMy MexaHH3My, 

h pacTymne uenn coAepjKaT Ha KOHue He pa^HKaji, a hoh KapdoHHH
^C+:

R
I +

MX„—CH2—CH........CH2—CH—R

Tan, HanpHMep, nojiHMepH3auHa cTHpojia b npncyTCTBHH SnCl4 
npoTenaeT cjieAyiomHM odpa30M. Ilpouecc HanHHaeTCH c HHHUHHpoBa- 
HHH peaKUHH [63]

SnCl4 +  2CH2=CH SnCl4*CH2—CH—CH2—CH
I I I
CgH6 Ce^ CeH6

nocjie qero n^eT pa3BHTne uenn:

SnCl4«CH2—CH—CH2—CH +  CH2=CH
I I I
CbHs C0H5 CgHj

SnCl4*CH2—CH—CH2—CH—CH2—CH
I I I
C6H5 C(;H5 c6h6

OSpbiB uenn MOJKeT npoH30HTH b pe3yjibTaTe nepeMemeHHH BOAopoAa:

SnCU-CHj—CH— ■ ■ -CH 2-CH  -*- 

C6H5 c6h6

CH3—CH---------CH=CH +  SnCl4
I I

C8H5 CgH5

B. COnOJlHMEPH3AUMfl

1 . 06mHe CBeaeHHH

Mo^eKyjibi AByx hjih dojiee pa3JiH4Hbix MOHOMepHbix HeHacbimeHHbix 
coeAHHeHHH, ckjiohhmx b OTAejibHOCTH k nojiHMepH3auHH, MoryT no- 
jiHMepH30B3TbCH coBMecTHO, o6pa3ya conoAUMep:

x A + y B  —► (AB)x+y
3 tot npouecc Ha3biBaiOT conoAUMepu3au,ueu, KonoAUMepu3au,ueu, 

a TaKHie eemeponoAiiMcpu3anueu.
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Hapafly c conojiHMepH3auHeft MoryT nponcxoAHTb cjieAyiomne pean- 
Uh h :

xA —  (A)x 
yB (B)y

(A)x +  {B)y (AB)x+y
Bee conojiHMepbi, coAepatainne Asa MOHOMepHbix 3BeHa A h B,  

mo>kho pa3AejiHTb Ha cJie^yiomHe rpynnbi:
1) conojiHMepbi c HeperyjinpHbiM pacnojio>KeHHeM 3BeHbeB A h B

.. .AABBBAAABAABBBBBAAABBABBB...
2) conojiHMepbi c peryjinpHbiM pacnojioateHHeM 3BeHbeB A h B

. . .ABABABABABABABABABABA . . .
3) npHBHTbie conojiHMepbi (rpacfiT-nojiHMepbi), b KOTopbix ocHOBHan 

uenb coctoht H3 MOjieKyji TOjibKO oahoto KOMnoneHTa peaKUHH, a 6o- 
KOBbie uenn—TOJibKO H3 MOjieKyji BToporo

BBBBBBBB. .
I

.. .AAAAAAAAAAAAAAAAAAAAAAAAA. . .
IBBBBBBBBB...

4) 6jioK-nojiHMepbi, iyje b uenn nepê yiOTCH ynacTKH nojiHMepoB A c 
ynacTKaMH nojiHMepoB B

.. .AAAAAABBBBBAAAAABBBBBBAAAAA. . .
H3 3THX THnOB COnOJIHMepOB HaHSoJIbUIHH HHTepeC H 3HaneHHe 

HMeiOT npHBHTbie H dJIOK-nOJIHMepbl.
H3yneHHe nponecca conojiHMepH3au,HH 6hjio  Hanaro eine C. B. Jle- 

6eAeBbiM b 1910 r [64]. B 1912 r. H. Jl. KoHAaKOB [65] onyfijiHKOBaji 
paOoTy o conoJiHMepH3auHH 6yTaAHeHa-l,3 h 2,3-AHMeTHji6yTaAHeHa-l,3; 
oh nojiyqnji KaynyKOo6pa3HbiH conojiHMep nocjie 24-nacoBoro Harpe- 
B3hhh hx npn 150°, ,fl,ajiee 6biJin npoBeAeHbi paOoTbi no conojiHMepH3a- 
U.HH BHHHJIbHbIX npOH3BOAHbIX C A^eHaMH, C BHHHJiaueTaTOM, C aKpHJIO- 
BbiMH 3(|)HpaMH h t . A- B pe3yjibTaTe 6biJiH pa3pa6oTaHbi penenTypbi 
npeBoexoAHbix CHHTeTHnecKHx KaynyKOB, npeACTaBjiaioinHX conojiH
Mepbi AHBHHHJia C aKpHJIOHHTpHJIOM H CTHpOJIOM.

BHanajie BHHMaHHe 6biJio o6pam,eHO TOjibKO Ha nojiyneHHe npo- 
MbmiJieHHbix npoAyKTOB h Teopnen nponecca conojiHMepH3anHH hhkto  
He 3aHHMajicfl, xoth HaKonjieHHbin SKcnepHMeHTajibHbift MaTepnaji co- 
Aepncaji oneHb MHoro HOBoro h TpyAHO o6i>HCHHMoro. Tax, HanpHMep, 
6biJio ycTaHOBJieHo, nro HeKOTopwe coeAHHeHHH MoryT jierKo conojiHMe- 
pH30BaTbcn, Apyrwe >xe He BCTynaior b peannHio conojiHMepH3anHii; 
OTAeJIbHbie KOMnOHeHTbl paCXOAyiOTCH C pa3JIHHHbIMH CKOpOCTHMH H 
Ha pa3Hbix cTaAHHX noJiynaiOTCH nojiHMepw c HeoAHHaKOBbiMH cootho- 
meHHHMH KOMnOHeHTOB.
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flB.ieHHe conojiHMepH3anHH HecpaBHeHHO cjioaKHee, ueM npocTaa 
noJiHMepH3auHH. Flpn cMemeHHH AByx cnocoSHbix k nojiHMepH3auHH 
KOMnOHeHTOB B npHCyTCTBHH KaKOrO-AHfiO HHHUHaTOpa (KaTaJIH3aTOpa), 
Kax yxce 6biJio yKa3aHO, b pe3yjibTaTe uenHOH peaKUHH o6pa3yiOTCH 
h nojiHMepu h conojiHMepbi. BbiHCHemie khhcthkh h MexaHH3Ma sthx 
npoueccoB hbjihctch, b SojibuiHHCTBe cJiyqaeB, oneHb cjiojkhoh 3aAa- 
Meft. Ilpn SHHapHoft conojiHMepH3auHH bmccto oahoh peaKUHH pocTa 
uenn hmciotch, no MeHbinefi Mepe, qeTbipe; bmccto AByx B03M0>KHbix 
peaKUHH odpbma uenH (uHcnponopuHOHHpoBaHHe) odHapywHBaiOTCH, 
no MeHbmeH Mepe, ceMb pa3JiHHHbix ofipbiBOB h t. a .1

B nocJie^Hee BpeMa conojiHMepbi b o6jiacTH nojiyqeHHH cHHTeTHqe- 
ckhx KayqyKOB npHodpeTaiOT dojibinee 3HaqeHHe, qeM nojiHMepbi.

2. ConojiHMepHbie KaynyKH h apyrne aHajiorHHHbie
BeipecTBaConojiHMepH3auHeH AneHOB (ahbhhhji3, xjioponpeHa) co cthpojiom, aKpHjiOHHTpnjioM hjih aHajiorHHHbiMH coeAHHeHHHMH nojiyqaiOT Kay- qyKH noBbimeHHoro KanecTBa. KpoMe «HOMepHbix» KayqyKOB 6yHa 85 

h dyHa 115, npHMeHHiOTCfl KayqyKH 6yHa S h 6yHa SS (I), 6 y n a  N h 6yHa NN ( I I )  h AP-, npeACTaBJunomne co6oh conojiHMepbi ahbhhhji3 CO CTHpOJIOM HJIH 3KpHJI0HHTpHJI0M I
’—CH,—CH =CH —CH.,— -CH,—CH = CH—CH, -CH2—CH—n 

I
CeH5 _

'—CH,—C H =C H —CH,— -CH ,—C H =C H —CH,— —CH2—CH—"
I

CN

B y H a  S n o jiy n a io T  SMyjibCHOHHOH con o jiH M ep H 3 au H e ft AHBHHHjia 

c 15% C T H p oa a , 6 y H a  SS— c 25% C T H p oaa .ByAKaHH30BaHHbie nep6yHaHbi oqeHb noxoAHT Ha npnpoAHbiH xay- qyx. O hh noayqaiOTCH b npncyTCTBHH 2% cepbi npn 125— 150° FIpH 6oAbuiOM coAepacaHHH cepbi (ao 30%) o6pa3yiOTCH TBepAbie MaTepHaJibi, 6ojiee ctohkhc k pacTBopHTejiHM h HarpeBaHHio, qeM oObmHbifl s Sohht .nojiHMepbi H3o6yTHJieHa (cTp. 591) ByjiKaHH30BaTbCH He MoryT, ho 
3 HaMHTeAbHO H3M6HHIOT CBOH CBOHCTB3 OT npHCyTCTBHH HedOAbUIHX KOJiHMecTB AHBHHHjia. Tax, npoAyKT nojiHMepH3auHH H3o6ymneHa c 2°o AHBHHHAa yx<e npHodpeTaeT cnocoSHocTb k ByjiK3HH3auHH.ConojiHMepbi H30dyTHJieHa C pa3JIH9HbIMH KOJIHUeCTBaMH AHBHHHjia Ha3 biBaioT d y m u A K a y n y K c iM u . O hh npeACTaBJiaioT co6oh Maruyio 6ejiyio

1 O TeopHii concvniMepn3auHH cm . T. A ji tp e h , H>k . B o  p e  p, T M a p i  
Cono;inM epH3am iH , IIJ1, 1953.
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Maccy, nocjie ByjiKaHH3auHH npeBpamaiomyiocH b sjiacTHHHbiH Kay- 
qyn. MojieKyjiapHbiH Bee 6yTHjiKayqyKOB 3HanHTejibHO MeHbine, qeM 
nojiHMepoB H3o6yTHjieHa (40 000—80 000 BMecTo 200 000).

X(jih nojiyqeHHa 6yTHJiKayqyKa, H3BecTHoro noA H33BaHHeM (p A e tc- 
c o h , conojiHMepH3auHio npoBO^HT npn hh3koh TeMnepaType (ot — 78 
AO —95°). ,Hjih nojiHMepH3auHH 6epyT 70—90% H3o6yTHJieHa h 30— 
10% AHBHHHJia. KaTajiH3aTopaMH hbjihiotch BF3 hjih A1C13 (5% pac- 
TBop b C2H5C1). C yBejiH^eHneM coAep>KaHHH b conojiHMepax AHBH
HHJia SJiaCTHHHOCTb H THSKOCTb HX CHHJKaiOTCH.

B y T H jiK a y q y K  HM eeT npHM epHO T a K y io  C T p y K T y p v :

-  c h 3 -  CH:j

- c - c h 2- —c h 2—c h = c h —c h 2—
1

- c - c h 2-
1

-  c h 3 _ ,
j

_ c h 3 _

nojiyqeHbi h Apyrne KayqyKoo6pa3Hbie conoJiHMepbi AHBHHHJia. 
XOTH B HaCTOHmee BpeMH H3BeCTHO MHOrO pa3JIHHHbIX COnOJIHMepOB, 
odjiaAaiomHx caMbiMH pa3HOo6pa3HbiMH cbohctb3Mh, CTpoeHHe hx H3y- 
qeHO eme oneHb Majio.

McCJieAOBaHHe COnOJIHMepa AHBHHHJia CO CTHpOJIOM MeTOAOM 030- 
HHpoBaHHH [6 6 ] noKa3aJio, hto npHMepHO nojioBHHa npoAyKTa coctoht 
H3 HepeAyioinHXCH b uenn MOJieKyji AHBHHHJia, a okojio oahoh TpeTH— 
H3 1 MOJieKyjibi AHBHHHJia Ha 2—3 MOJieKyjibi cTHpojia. AHajiorHHHoe 
HCCJieAOBaHHe conojiHMepa AHBHHHJia c MeTaKpHJiOHHTpnjiOM noKa3ajio, 
hto ero uenb coctoht, rjiaBHbiM odpa30M, H3 qepeAyiomHXCH MOjienyji 
MOHOMepOB, CBH3aHHbIX no CBH3HM 1,4 AHBHHHJia. 030HHpOB3HHe 0 6 - 
pa3ua 6yHa S c nocjieAyioui.HM oKHCJieHHeM npoAyKTOB 030H0JiH3a AaJio 
CMecb pHAa KapSoHOBbix khcjiot— MypaBbHHOH, HHTapHOH, (JieHHjiaAH- 
nHHOBOH H AP- Ha 0CH0B3HHH paCHeTa COOTHOUieHHH KHCJIOT dblJIOyCTa- 
HOBJieHO, HTO COnOJIHMep COCTOHT H3 cjieAyiomHx npoAyKTOB: 31,2% 
CTHpojia coeAHHeHbi nocJieAOBaTejibHO c ahbhhhjiom qepe3 cbh3h 1,4; 
40% CTHpojia coeAHHeHbi b uenb, rAe Aae MOJieKyjibi ero cB5i33Hbi c oa
hoh HJIH HeCKOJIbKHMH MOJieKyjiaMH AHBHHHJia; 29% CTHpojia coeAHHe
Hbi c ahbhhhjiom no cbh3hm 1,4 h 1,2. Boo6m,e 23,3% CTHpojia cono- 
jiHMepH3yiOTCH no cbh3hm 1,2, a 76,7%— no cbh3hm 1,4.

OrHpoji conojiHMepH3yiOT Tanace c xjiophcthm bhhhjiom, aKpnjiOBbi- 
MH 3(])HpaMH, XJIOpOnpeHOM, HeHaCbimeHHbIMH AByXOCHOBHbIMH KHCJIO- 
T3MH H T. A-, nOJiynan TaKHM o6pa30M CMOJIbI pa3JIHHHbIX CBOHCTB h co- 
CTaBa. Bee sto 3HaqHTejibHO pacumpneT bo3mo>khocth cneuHajibHoro 
npHMeHeHHH TaKHX COnOJIHMepOB.

B HacTonmee BpeMH a-hh conojiHMepH3 au,HH AHBHHHJia HanHHaiOT 
npHMeHHTb h a-MemncTHpoji, KOTopbift nojiyMaioT npocTbiM h yAofiHbiM 
cnocoSoM H3 H3onponHji6eH30Jia (cTp. 212). Flo jiHTepaTypHbiM AaHHbiM 
jiyqrne Bcero conojiHMepH30BaTb CMecn H3 34 Bee % a-mcthjiCTHpojia h 
66  Bec.% AHBHHHJia b npncyTCTBHH rHAponepeKHCH ii3onponHji6eH30Jia,
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nepcyjib<|)aTa Kajina hjih hhhx KaTajiH3aTopoB. nojiynaiOTCH KaynyKH 
c npoMHOCTbio 220—250 kz/cm2 h yAJiHHeHHeM a o  650%:

CH3

----------c h 2—c h = c h —c h 2—c h 2—c —c h 2—c h = c h —c h 2---------
I

CeH6

IXna conoJiHMepH3au,HH c ahbhhhjiom 6buiH npeAJiojKeHbi caMbie pa3- 
HooSpasHbie HenpeAejibHbie opraHHnecKHe coeAHHeHHn, HanpHMep Me- 
THJIBHHHJIKeTOH, MeTHJIH30np0neHHJIKeT0H, AHMeTHJIBHHHJiaiieTHJieHHJI- 
KapdHHOJi, 2-BHHHjiTHo4>eH h AP- H3 nojiynaeMbix npn stom KayqyKOB 
HeKOTopbifi HHTepec npeACTaBJiaeT conojiHMep ahbhhhji3 c MeTHjiH30- 
rtponeHHJiKeroHOM npHMepHoro cTpoeHHH

c h 2= c h —CH =C H 2 4- c h 2= c - co—c h 3 - ►
I

c h 3

I
—► --------CH2—CH =CH —CH2—CH2—C—CO-CH.J

I
c h 3npeBOCXOAHIUHH no npOHHOCTH Ha pa3pbIB AHBHHHJI-CTHpOJIbHblH Kay- 

qyK (GR-S) h oneHb jierKO ByjiKaHH3yiomHHCH.
HeKOTopoe 3HaneHne HMejiH AaKmonpeHbi, odpa3yiomHecH npn co- 

nOJIHMepH33UHH aKpHJiaTOB C XJIOpaKpHJiaTaMH, HJIH XJIOpBHHHJIOBbIMH 
3(})HpaMH.

Tan, HanpHMep, STHJiaKpHJiaT conojiHMepH3yK)T c 5% 2-xjiop3mi- 
anpHJiaTa, hjih 2-xjiop3THjiBHHHjioBoro 3(J)Hpa, a 3aTeM conojiHMep 
ByjiKaHH3yioT b npHcyTCTBHH cepu h HeKOToporo KOJinnecTBa xjiopa, 
odnernaiomero nojiHMepH3anHio. Ofipasyiomnecn conojiHMepbi oTBe- 
qaioT cjieAyiomeH CTpyKType:

CH2=C H -C O O C 2Hs + C 1C H = C H -C O O C 2H6

- ■ * -------- CH o-CH —CHC1—CH----------
I I

c o o c2h 8 co o c2h 6

H3BecTHbi JiaKTonpeHbi, He coAepncamne xjiopa, KOTopbie ByjiKaHH- 
3yioTCH c noMombio MeTacHJiHKaTa HaTpnn. B ocHOBe thkhx peaKUHH 
jieataT KAaft3eHOBCKHe KOHACHcauHH c ynacTHeM Kap63TOKcnrpynn 
oahoh MOJieKyjiu h BOAopoAa Apyron no BepoaTHon cxeMe:

— CH,—CH—CH2—CH—
I . . .1

co  ;o c 2h 5 co o c , h 8

- C I I 2- C  H —CH.,—CH—
I ' I

COOC.II, COOC.II-,

--------CH2—CH—CH.,—CH--------
I I

CO COOC2H5
I

--------CH2—C—CH,—CH—
I “ I

COOCoH, COOC2H5
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3 tot MexaHH3M OKOHnaTejibHO He ^0Ka3aH, ho b nojib3y ero roBOpHT, 
to, hto nojiHSTHJiaKpHJiaTbi, He HMeiomne a-BOAOpOAHbix aTOMOB, MeTa- 
CHAHK3T0M He ByjIKaHH3yiOTCH.

TaKHX SJiaCTHHHbIX nOJIHMepOB aKpHJIOBbIX H MeTaKpHJIOBbIX KHCJIOT 
H3BeCTHO AOBOJIbHO MHOrO nOA H33BaHHeM XailKapbl p33HbIX MapOK. 
Hx jiaTeKCbi c HanojiHHTejiHMH h ByjiK3HH3aTopaMH jierKo npeBpa- 
maK>TCH b KaynyKonoAodHbie MaTepnajibi, HHepTHbie k MacjiaM npn 
150° h odjia^aiomne bhcokoh TepMo- h 030H0CT0HK0CTbi0.

HoBan TexHHKa npeA'bHBJineT K'KayqyKaM pnA oco6bix Tpe6oBaHHH, 
KOTopbiM He yAOBJieTBopaioT HaTypajibHbie KayqyKH h 6ojibuiHHCTBO 
KayqyKOB, cHHTe3HpyeMbix Ha 6a3e ^hbhhhji3. rjiaBHeftmHMH H3 sthx 
TpedoBaHHH hbjihiotch: 1) coxpaHeHHe (J)H3HK0-MexaHHHecKHx h sjiacTH- 
qecKHX cbohctb b uiHpoKOM AHana30He TeMnepaTyp (ot — 60° ao 300° 
h Bbirne); 2) CTOHKOCTb k opraHHqecKHM pacTBopHTejiHM, MacjiaM, He- 
<J)TenpoflyKTaM, arpeccHBHbiM cpe^aM h aKTHBHbiM okhcjiht6ahm ; 3) H3-
HOCOyCTOHHHBOCTb npH ^JIHTejIbHOH SKCnJiyaTaHHH B THJKeJibIX yCJIOBHHX. 
TaKHM o6pa30M, HeodxoAHMO, HTo6bi HOBbie THnbi KayqyKOB OTJinqajiHCb 
M0P030-. TepMO-, 6eH30CT0HK0CTbK), 030H0yCT0HHHB0CTbI0 H A^WTejIb- 
HO pafiOTaJIH 6e3 H3HaiUHBaHH5I. OKa3bIBaeTCH, HTO TaKHM TpedOBaHHHM 
MoryT OTBenaTb conojiHMepbi, nojiynaeMbie Ha 6a3e ^hbhhhji3 h H30- 
npeHa.

B HacTOHin.ee BpeMH pa3pa6oTaH pHA mopo3octohkhx KayqyKOB oco- 
6oro Ha3HaqeHHH. ,Hjih stoh iicjih npHMeHHioT conojiHMepbi ^hbhhhji3 
c HeSojibuiHMH KOJiHqecTBaMH cTHpojia, a-MeTHjicTHpojia, OKTafleuHji- 
MeTaKpnjiaTa h t . a - B. A. .ZlojironjiocK [67] nojiyqnji TaKHM nyTeM 
conojiHMepbi, TeMnepaTypa cTeKjiob a h h h kotopmx chhhoctch ao — 103°

BeH30-, MaCJIO- H M0p030CT0HK0CTb 33M6THO nOBblUiaiOTCH BBeACHHeM 
b MOJieKyjibi nojiHMepa pa3JiHHHbix nojinpHbix rpynn, HanpHMep —CN, 
— OH, —COOH, aTOMOB Cl, S h AP- Oahhmh H3 Jiymmix b stom otho- 
HieHHH HBJIHIOTCH H U m pU A bH b lC  Kat/HI/KU, nOJiynaeMbie SMyAbCHOHHOH
conoAHMepH3aHHeft 10—80% aKpHJiOHHTpnjia c 90—20% ahbhhhji3 h 
BBeAeHHeM 5— 10% CTHpojia hjih aKpHJiaTOB. OAHano ohh HMeioT y3KHe 
TeMnepaTypHbie HHTepBajibi SKcnjiyaTaiiHH (ot 15— 35° ao 120— 150°).

K TepMOCTOHKHM KayqynaM othochtch b nepByio onepeAb ahmcthji- 
nojiHCHjioKcaHOBbie KayqyKH (chji3cthkh) c TeMnepaTypoft creKJioBa- 
hhh HHJKe 120° h SAacTHHHbie ao 200° O hh He cTapeioT npn HarpeBaHHH 
h xpaHeHHH. Hx 6eH30CT0HK0CTb pacTeT ot BBeAeHHH noAnpHbix rpynn 
hjih aTOMOB (})Topa. BepoHTHO, em,e 6onee ctohkh npn bhcokhx TeMne- 
paTypax (ao 500°) pa3AHHHbie HeopraHHqecKHe SAacTOMepbi, noAyqae- 
Mbie Ha ocHOBe coeAHHeHHH a30Ta, (jiocijjopa, 6opa h Apyrnx bjicmchtob, 
ho 3T0T Bonpoc eme He pa3pa6oTaH. H3 hhcto opraHHnecKHX conoJiHMe- 
poB HandoAee TepMocTadHAbHbiMH hbjihiotch, BeponTHo, onHcaHHbie 
Bbirne jiaKTonpeHbi, coxpaHHiomHe ocHOBHbie (])H3HKO-xHMHqecKHe cboh- 
CTB3 HeH3MeHHbIMH nOCJie A-flHTeAbHbIX BbIAep>KHBaHHH b Macjiax npH
170-200°

BbICTpoe pa3BHTHe XHMHH CHHTeTHMeCKHX KaynyKOB H nOBbimeHHe 
Tex HHMeCKHX Tpe60B3HHH K HHM HBHJIHCb MOIHHblMH CTHMyJI3MH AAH
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co3^aHHH HOBbix 6oAee coBepmeHHbix th iio b . CioAa cae^yeT othccth 
eyAKOAAaHU [68], nojiyqaeMbie H3 STHAeHrAHKOAH h aAHnHHOBofi k h c -
/iOTbi:

- h2o
mCH2OH—CH2OH +  mHOOC(CH2)4COOH--------►

— - ►  CH2OH— CH20[CO(CH2)4COOCH2—CH20]„C0(CH2)4C00CH2—c h 2o h

riojiyqeHHbiH noAHKOHAeHcaT o6pa6aTbiBaK>T l,5-Ha(|)THAeHAHH30- 
UHaHaTOM, b pe3yjibTaTe qero o6pa3yeTcn noAHMep c MOjieKyjinpHbiM 
BecoM okoao 15 000, HMeioLUHH c a e fly io m y io  cipyKTypy:

OCNQoHgNHCOOXOtCONHCjoH^HCOOXOLCONHCjoHeNCO
r^e

X =  CH2—CH20[C0(CH2)4C00CH2—CH20]„C0(CH2)4C00CH2—c h 2o h

KoHueBbie H30U,HaHaTHbie rpynnbi (—N=CO) pearnpyiOT c boaoA, 
b pe3yjibTaTe nero nponcxoAHT yAAHHeHHe MOJieKyji c o6pa30BaHHeM 
nonepeHHbix CBH3efl:

--------N—CO—NH--------
I

CO—NH--------
T a K  o6pa3yeTCH  KOHeuHbifi TBepAbift noAHM ep, KOTOpbifl mojkho Bajib-

peBaTb, mnpHueBaTb h t . a -
ByAKOJiJiaHbi oqeHb SAacTHHHbi: ohh AaiOT yAAHHeHHe ao 9 0 0 %  h 

HMeioT npoMHOCTb Ha pa3pbiB ao 350 kz/cm2, npeBOCXOAfliuyio npon- 
HOCTb GR-S. 3 to ofiecneqHBaeT hm pa3HOCTopoHHee npHMeHeHHe.

BoJibiuoe 3HaqeHHe nojiyqHJiH b nocjieAHee BpeMH CHAHKOHOBbie 
ajiacTOMepbi, npeACTaBJiHiom,He co6ofl noAHMepbi AHaAKHACHAOKcaHOB 
h o6pa3yiomHecH npn noAHKOHAGHcauHH no o6mefi cxeMe:

R R R R R
I h 2o  | I I I

Cl—Si—C l -------- ►  HO—Si—O H -------- -------------O—Si—O—Si—O—Si—O--------

3.naCTHqeCKHe CBOftCTBa TaKHX nOAHMepOB—CHA3CTHK0B—33BHCHT 
ot MHornx (jjaKTopoB: BeAHMHHbi ajiKHJibHbix rpynn, aahhm  uenefl, koah - qecTBa nonepenHbix cu ih bo k . B h a o  ycTaHOBjieHO, mto c yBeAHneHHeM Beca aAKHAbHbix rpynn ajiacmnecKHe CBoflcTBa sth x  noAHMepoB pe3KO CHHJKaiOTCH, nOSTOMy CHA3CTHKH nOAyUaiOT TAaBHblM Odpa30M H3 AHMeTHA- HAH AH3THAAHXAOpCHA3HOB. BOAbUIOe 3HaueHHe HMeeT HH- CT0T3 HCXOAHbIX COeAHHeHHH: npHMeCH TpnaAKHACHAaHOB AeHCTByiOT OTpHU3TeAbHO, TaK KaK OHH TOPM03HT 06pa30BaHHe AJIHHHbIX uenefl, OT KOTOpUX H 33BHCHT SAaCTHUHOCTb KpeMHeKayqyKOB. BIpHMeCH TpH-
aAKHAXAopcHAaHOB o6pbiBaiOT o6pa30BaHHe aahhhhx uenefl no cxeMe: 

2R3SiCl +  H0(SiR20)„SiR20H - ►  R3Si0(SiR20 )„ -S iR 20SiR3MoAeKyAnpHbie Beca t 3 k h x  noAHMepHbix MOAeuyA AOCTHraroT Be- 
AHMHHbi 2 000  0 0 0 — 3 000 000.
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B pe3yjibTaTe HarpeBaHHH hjih a^hctbhh ByjiK3 HH3aTopoB npoHC- 
xoaht qacTHHHan cuiHBKa nojiyMaioiHHxcfl no;iHMepHbix MOJieKyji, mto 
cnocoScTByeT noBbimeHHio sjiacTHMHOCTH, ho BbicoKan CTeneHb clhhbkh 
cHH>KaeT ajiacTHHecKne CBOHCTBa KpeMHeKayqyKOB, nepeBOAa hx b 
BbicoKOMO^eKyjinpHbie HenjiaBKHe h HeajiacTHMHbie nojiHMepbi.

B cBoen MOHorpac})HH [69] K. A. AHApnaHOB nHrneT, mto JiHHen- 
Hbie AHajiKHjicHJioKcaHbi npn HarpeBaHHH cmHBaioTCH nonepeMHbiMH 
cbh3hmh no o6men cxeMe:

CHa CH, CH,

-Si-O—Si—O—Si-----
I I I 

ch3 ch3 ch3

ch3 ch3 ch 3
I I I

----- Si—O—Si—O—Si—O—
I I I

ch3 ch2 ch3
I

ch3 ch2 ch3
I I I

----- Si—O—Si—O -S i-O —

CH3 CH, CHo

3 tot npouecc npoTexaeT noA AencTBneM KaTajiH33TopoB (HanSojiee 
3(|)(|)eKTHBHbIM H3 KOTOpbIX HBJlHeTCH nepeKHCb 6eH30HJia) no paAHKaJTb- 
HOMy MexaHH3My, npnMepHO no cjieAyiomeH cxeMe:

R (ii3 nepeKucii) +   ---- [(CH3)2Si—O—] —*■ RH + CHo—Si—O-

CH,

2
CH3Si—O— ’ 

I
ch2

ch3 
I I

CH3—Si—o —Si—O-----

CH2 ch3

CH3—Si—O—Si—O-----
I I 

ch3

YnpyrocTb nojincHJiOKcaHOBbix ajiacTOMepoB 33BHCHT ot MHCJia 3Jie- 
MeHTapHbix 3BeHbeB (CH3)2SiO— h ot nncjia nonepeMHbix CBH3en. HeM 
Bbiuie cpeAHHH MOJieKyjinpHbin Bee ajiacTOMepa, TeM 6ojibme ero 3Jia- 
CTHMHOCTb. Hajinqne Aa>ne He3HannTejibHbix kojihmcctb (CH3)3SiCL 
b (CH3)2SiCl2 jiHMHTnpyeT pocT uenen h BejiHMHHy nojiHMepoB.

B noĉ eAHee BpeMH Ha CHJiacTHKH ofipameHO dojibinoe BHHMaHHe 
noTOMy, mto ohh oSjiaAaiOT phaom ueHHbix cbohctb, kotopwmh opra- 
HHMecKHe cHHTeTHMecKHe KayqyKH nona eui,e He oCjiaAaioT. ripoMHOCTb 
cbh3H Si— O b cHJiacTHKax cocTaBJineT 89,3 kkoaIz-moa, TorAa Kan b 
oSbiMHbix KayMynax npoMHocTb cbh3h C—C .iamb 62,8 KKCUi/e-Mo.i.
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rioAHan HacbimeHHOCTb CBH3efi b cmiacTHKax ,ne.7iaeT hx hckjho^h- 
TejibHO ctohkhmh k fleftcTBHio KHCAopoAa, TeMnepaTyp h BpeMeHH.

KpeMHeopraHHMecKne aAacTOMepbi OAaroAapn CBoeft HacbimeHHOCTH 
ByjiK3HH3yK)TCH HHaqe, qeM odbiqHbie AHBHHHAOBbie hah H3onpeHO- 
Bbie nojiHMepbi h hx conoAHMepbi. JlyqiiiHMH BylinaHH33TopaMH hb- 
ahiotch opraHHMecKHe nepeKHCH, no3BOAHiomHe cuiHBaTb MOAeKyAbi no 
npHBeAeHHOMy Bbirne MexaHH3My.

KpeMHenaynyKH (cnjiacmKH) b HHTepBajie TeMnepaTyp MHHyc 80— 
njnoc 200° coxpaHHiOT cboh SAacTHqecKHe CBOHCTBa, He cTapeiOT npn 
AJiHTê ibHOM HarpeBe, o6jiaAaiOT Macjio- h 6eH30CT0HK0CTbK>, HHepTHbi 
k oKHCJiHTejiHM, yjibTpa(})HOJieTOBbiM jiyqaM n 030Hy, qeM ohh pe3Ko 
OTJiHnaiOTCH ot o6biMHbix KayqynoB. Hx uinpoKOMy BHeApeHHio npenHT- 
CTByeT eme BbicoKaa CTOHMocTb h hh3K3h MexaHHqecKan nponHOCTb Ha 
pa3pbiB. OAHaKo pa3pa6aTbiBaeMbie cefiqac nep^TopnpoBaHHbie cnjia- 
CTHKH B 3HaHHTeJIbHOH Mepe AHUieHbl H 9T0T0 HeA0CT3TKa. CHJiaCTHK3M 
deccnopHO npHHaAAe>KHT 6oAbuian 6yAym,HOCTb. B Cobbtckom Coi03e 
AHMeTHjicHJioKcaHOBbin KayqyK (CKT) noAyqaiOT nojiHKOHAeHcauneH 
OKTaMeTHJiUHKJioTeTpacHJioKcaHa [(CH3)2SiO]4 b npncyTCTBHH cyjib(|)a- 
Ta aJIIOMHHHH. HHCTbie UHKJlHMeCKHe nOJIHCHJIOKCaHbl AJI5I 3T0H iieAn
noAynaiOT no H. K. GraBHUKOMy[70] nyTeM rnApoAH3a peKTH^HKaTa a h - 
MeTHJiAHXjiopcnjiaHa b npncyTCTBHH amnoBoro cnnpTa c nocAeAyiomen 
OTrOHKOH HX H3 npOAyKTOB THAP0JIH3a.

B 3aKJHoneHHe npnBeAeHa TadA. 65 (cTp. 638, 639), 3aHMCTBOB3H- 
Han H3 CTaTbH H. n .  AnyxTHHOH [71], rAe AaHbi CBOHCTBa Byjina- 
HH33TOB cHHTeTHnecKHx KayqyKOB CneilHa^bHOrO H33HaqeHHH.

BbicoKOMOAeKyjinpHbie conoAHMepbi mojkho nojiynaTb h nyTeM B3an- 
M0A6HCTBHH XAOpHCTOrO BHHHA3 C pa3JIHHHbIMH HeHaCbimeHHbIMH MOAe-
KyAaMH. B CAynae b33hmoa6hctbhh xAopncToro bhhha3 c BHHHAaueTa- 
TOM B pa3AHHHbIX COOTHOUieHHHX npH CTpOro KOHTpOAHpyeMOH TeM- 
nepaType o6pa3yioTCH conoAHMepbi (MOAeKyAnpHbiH Bee 20 000—22 000) 
b BHAe HeropioqHX deAbix nopouiKOB, ycToftqHBbix k aghctbhio pac- 
TBOpHTeAeft, MaceA H 6AH3KHX no CBOflCTBaM K KOpOCHAy (CTp. 610). 
rioBbimeHHe coAep>KaHHH b conoAHMepe aueTaTHbix 3BeHbeB yBeAHqn- 
BaeT paCTBOpHMOCTb. EcAH K T3KHM COnOAHMepaM Ao6aBAHTb nAaCTH- 
(})HKaTOp (TpHKpe3HA(])OC(})aT, AHdyTHA<|)TaAaT), OHH npnoOpeTaiOT CBOH
CTBa, npn6AH>KaiomHe hx k KayqynaM. 3th npoAyKTbi H3BecTHbi n oa 
Ha3B3 HHeM BUHUAUtTlbl. FIpHMepaMH MOryT CAyjKHTb BHHHAHT VJNW— 
COnOAHMep, COCTOHIAHH H3 95% XAOpHCTOrO BHHHA3 H 5% BHHHA- 
aueTaTa, h bhhhaht VJHH—conoAHMep c MeHbiiiHM coAepacaHneM 
XAopncToro BHHHAa. Bhhhahtm npHMeHHKDTCH KaK caMH no ce6e, 
TaK H B CMeCH C ApyrHMH BemeCTBaMH. H3 HHX H3rOTOBAHK)T COBep- 
uieHHO npo3paqHbie, decuBeTHbie hah oKpameHHbie ahcth, Tpydbi pa3- 
AnqHoro AHaMeTpa a^h cneunaAbHux ueAeft, 3AeKTpoH30AHUHio npoBo- 
Aob h KadeAefi h t . a .

ConoAHMep, noAyqaiomHHCH H3 89% XAopHCToro BHHHAa h 11% bh- 
HHAaueTaTa B BHAe HHTefi, npHMCHHIOT B TeKCTHAbHOH npOMblUIACHHOCTH 
( b u h u o h )  aah noAyqeHHH TecbMbi, AeHT, tiohh h t . a .
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KayqyKH
ConpOTHB-

jreHHe
pa3pbiBy,

K2jcM%

Othoch-
TejibHoe

yAJiHHeHwe,
%

Mop030-
CTO/iKOCTb,

°C

TepMOCTOflKOCTb, °C

cyxoft
iiarpeB b Macjie

HHTpHJibHbie KayqyKH c
coaep*aHHeM  aKpHJioHHTpmia:

Cn 1 to o 170—280 450-750 -304- —35a 120 —
25—30»/o _ _ —20̂  —25 150 _

CHJIHKOHOBblH KayMyK 30—65 150—300 —65 275 IljioxaH
Thokoji-ST 85 300 —55 120

ByTHJiKayqyK 160—230 500—650 -504 —55 1 00— 120 —

JlaKTonpeH BN 100—135 270—380 -30 2 0 0 6 175*

ByjiKOJiJiaH 270—350® 600—700® —35 120 100

4>TopKayqyK Kejib-<1> 170—250 450—700 —15— — 2 0 2 0 0 250z
4>HJIbnpeH VP (BHHHJinHpHAH-

HOBbifl K ayqyn ) 150—200 250—320 —6 O4- -65 150 2 0 0

npHMeqaHHe. a—6e3 njiacTĤ HKaTopoB; 6— b TeqeHHe 28 nuePi; a—HeHanojiHeHHbie

BecbMa HHTepecHbiH no cbohm cbohctb3m conojiHMep xjiopncToro 
BHHHJia C XJIOpHCTbIM BHHHJIĤ eHOM H3BeCTCH nÔ  Ha3B3HH6M CapdH .  
Oh npeflCTaBJineT codon npo3panHoe hjih Henpo3paqHoe TBep^oe ee- 
mecTBO, He pacTBopHMoe b opraHHqecKHX pacTBOpHTejinx, HHepTHoe ko 
BceM KHCJIOT3M h mejioqaM, He aflcopdnpyiomee Bo,ny, coBepmeHHO 
Heropioqee, pa3MHrqaK>meecH TOJibKO npH 200—240° h He ajieKTponpo- 
BOAHoe. H3 capaHa H3roTOBJiHioT np03panHbie TpydonpoBOAbi ajih 
KoppoflHpyiomHX napoB hjih HtĤ KocTefl, CHHTeraqecKHe BOJiOKHa ;jjih 
nojiyqeHHH TKaHefl c HCKjnoHHTejibHo bhcokhm conpoTHBJieHHeM pa3pbi- 
By h H3rn6y. Tanne tk3hh uiHpOKO npHMeHHiOT b TexHHKe.

3. npHBHTbie conojiHMepu

BonpocaM ncviyqeHHH h TexHHqecKoro npHMeHeHHH conojiHMepoB 
SToro THna nocBJimeHa oduinpHan jiHTepaTypa, Tax nan MeTOflbi chhtc- 
3a npHBHTbIX COnOJIHMepOB (KaK H dJIOK-COnOJIHMepOB) B 3 HaqHTeJIbHOft 
CTeneHH no3BOJiHjm pa3peuiHTb npodJieMy KOHTpojmpoBaHHbix noJiHMe- 
pH3auHH ,hjih nojiyqeHHH BbicoKOMOJieKyjinpHbix coe^HHeHHH c 3a^aH- 
hhmh CB0HCTB3MH h 3a^aHHofl CTpyKTypu [72]. Tax, HanpHMep, npn- 
bhbk3 BOAopacTBopHMbix doKOBbix Henefi k MaKpoMOJieKyjiaM Macjiopac- 
TBopHMbix nojiHMepoB, hjih HaodopoT, no3BOJiHeT nojiyqaTb HOBbie bh- 
coKoaKTHBHbie SMyjibraTOpbi h ^eTepreHTbi. nojinaMH^Hbie BOJioKHa 
3HaqHTejibHO noBbimaiOT cboh ajiacniqecKHe CBOHCTBa nocjie npHBHBKH 
k hhm doKOBbix nojiHSTHJieHOBbix ueneft. TetJwiOH (nojiHTeTpaijjTopsTH- 
jieH), odJia^aiomnn oqeHb njioxofi anre3Heft k pa3JiHqHbiM MaTepwajiaM,
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TABJIHUA 65

CTOfiKOCTb K HaCyXailHIO CTOfiKOCTb CTOfiKOCTb
K AeftCTBHK) K 030Hy H yjibTpa-

B He(J)TBHOM B THApaBJlHMeCKHX KOHUeHTpHpOBaH- (JjHOJieTOBhlM
TonjiHBe 5KMAKOCTHX HbIX KHCJIOT JiynaM

Xopomaa

FlJioxaa
OiTmaHaa
I"I;ioxaa

Xopouiaa

OTJiHMHaa

OTJiHMHaa

Xopouiaa

nnoxaa

FLnoxaa
Xopouiaa
Xopouiaa

ŷ OBJieTBO-
pHTeAbHaad

OriiHUHaa

OTJIHUHaa

Xopouiaa

yAOBJieTBo-
pHTejibHaa
Xopouiaa
Xopouiaa
Xopouiaa

n^oxan

y  AOBJieTBO-
pHTenbHaa
OrjiHUHaa

yAOBJieTBO-
pHTejibHaa

rijioxaa

n.TOxaa
Hnoxaa

yjlOBJieTBO-
pHTe.TbHaa
nnoxaa

yjlOBJieTBO-
pHTejibHaa
OrJiHUHaa

riaoxan

IXnoxaH

Or.mi'iuaH
Xopomaa
Xopomaa

Xopomaa

OrJiHMHaa

OriiHUHaa

n^oxaa

cMeca; a— KpaTKOBpeMeuHo; d—b 3<tinpax KpeMneBOfl k no both.

CHJibHO ee noBbimaeT djiaroflapn npHBHBKe 6okobmx nojiHBHHHJiaue- 
TaTHbix uenefl h t . r .

Ilpoueccbi npHBHTOH nojiHMepH3au.HH npoTexaioT oneHb cjiojkhbim h  
nyTHMH, H3 KOTopbix ceftnac onpeAejieHO Tpn.

1. riOJlHMepH3aUHH MOHOMepa B B npHCyTCTBHH MOHOMepa A, 06- 
jia^aiomero x h m h m c c k h  aKTHBHbiMH rpynnaMH. riocjieflHHMH name 
Bcero h b jih io tc h  rHflponepeKHCHbie rpynnbi b o c h o b h o h  uenH. Tax, 
HanpHMep, o6pa3yeTCH npHBHTOH nojiHMep no^HCTHpojia h MeTHJi- 
MeTaxpHJiaTa (/l) no cxeMe:

—CH—CH2—

CH3X AICI3
+  >CHC1------►

ch/

- ch - ch2—
nepeKHcb
6eH30Hjia

/  \
h3c ch3

—CH-CH,—

0
I
C-OOH

Fe- •, HjOj

C—0 —AAAAA- -
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TaKOH MexaHH3M npHBe,n6H M. C. A kythhmm [73], ho 3. HMMepryT 
h T Mapx [74] npĤ epHiHBaiOTCH HHoro MexaHH3Ma, cqHTan, hto H3 
AByx TpeTHMHoyrjiepô Hbix rpynn okhcjihctch b nepByio oqepe^b bo- 
^opoA b cTHpojibHofl u.enH:

—CH—CH2—

/  \
HSC CH,

OOH OAAAA- ••

—c—ch2-
|

- c- ch2-
nepeKHCb 1 1
6en30Hjia * r (O l

1 " Fe- Fe
|

. H2o2
i

CH CH
/ \

h /  Xch3h3c ch 3

+  OH' +  Fe"'

2. riepe^aqa peaKHHOHHbix uenefi. PeaxuHH npoTexaeT b cpe^e mo- 
HOMepa B b npHcyTCTBHH KaTajiH3aTopa K  h nojiHMepa A.  KaTajiH3a- 
Top K  (nepeKHCH, NaHSOg, K2S208, pa3JiHqHbie opraHHqecKHe MOJie- 
Kyjibi) npeBpamaeT MOJieKyjibi MOHOMepa B b pa^HKajibi B, KOTOpwe 
npn BCTpeqe c MaKpoMOJieKyjiaMH nojiHMepa A OTpbiBaiOT ot hhx aTOM 
BOflopofla, npeBpaman hx b CBo6o^Hbie MHKpopaflHKajibi:

—c h - ch2— —C—ch2—

+ 5  — n  +BH
!

—ch2—c - —CH2—C—MMA
1 CH3 1

lO l  +  CH2=C-COOCH3 -►
% /

(MMA) 1

—CH2—C—MMA • —CH.—C—MMA —MMA«

+  MMA

3. IIojiyqeHHe nojiHMepa A c HeHacbimeHHbiMH 6okobmmh rpynnaMH 
06/terqaeT flajibHefimyio nojiHMepH3auHio c MOHOMepoM B b n̂pncyT- 
ctbhh KaTajiH3aTOpOB, HanpHMep 

CH=ch2 CH=ch2

R +  R'
I

2 nepeKHCb 
6eH30Hjia

ch= ch2

■ — (CH -CH 2—CH-CH2)-----
I I
R R'

I
—CH—CH2—CH -CH2—■ 

I
R'

CH=CH2

r ê R — OCOCH., hjih COCH3; R'—yrjieBOflopoflHaa rpynna.
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4. BjiOK-conojiHMepu

JX n n  rro/iyqeHHH 6.noK-cono.nHMepoB T3K>Ke cymecTByeT HecKo/ibKO 
nyTeft.

1. Handojiee pacnpocTpaHeH mctoa CHHTe3a noJiHMepHbix 6;iokob 
c peaKUHOHHOcnocoSHbiMH KOHueBbiMH rpynnaMH, KOTopwe 3aTeM cbh- 
3biBaioT ^encTBHeM 6n(|)yHKUHOHa.nbHbix coeAHHeHHH. IlpHMepoM t b khx 
6jiOK-conojiHMepoB HBJiaeTCH chhtc3 tiAfopow tKca, npoBeAeHHbin P XapTOM [75] H3 x-nponHjieHrjiHKOJia, okhch nponnjieHa h okhch 
STHJieHa:

ch3

—CH—CH*0— J.v 11

o ch3
/  , I

CH,—(JH—CH.+ HOCH—CH,QH -► HO

HO

CH3
I

-ch - ch2o—
/ ° \

H +  CHS—CHo

r ch ., i

-*■ HO —( ;H,—CH,oJj
|

CH-CH20—1 ch2—ch2o—.

ilpyrHM npHMepoM HBJineTCH 6jTOK-nojiHMepn3auHH TepnjieHa (rio- 
jiH3(])Hpa 3THJieHrjiHKOJia h TepecJ)Ta.neBOH KHCJioTbi) c KapdoBancoM 
(nOJIHSTHJieHOKCHilOM) :

0 0
II II

HO - ch, - ch2- o - a —CH2CHoO—c —

---
1

101:CJKJ

X - ch, - ch2o -

JX sih nojiyqeHHH TaKoro dJiOK-cono^HMepa, od-naflaromero noBbimeHHOH 
qyBCTBHTeJlbHOCTbKD K KpaCHTejIHM, HarpeBaiOT nOJIHSTHJieHOKCĤ , 
STHJieHrjiHKOJib h AHMeTHJiOBbifl 3(])Hp TepeiJrrajieBOH KHCJioTbi c Hedojib- 
u ih m  k o jiHMecTBOM PbO  npn 200° b TeqeHHe 4—5 qac. ^ jih  3aBepmeHHH 
3TepH(|)HKauHH; 3aTeM HarpeBaiOT b TeqeHne 1 qaca npn 275° b aTMOCc])e- 
pe a30Ta h eme 5 qac. npn aaBJieHHH 0,3 m m  p t . c t .2) noJiyqeHHedJioK-conojiHMepa/l c nepeKHCHbiMH rpynnaMH Ha koh- 
uax MaKpoMOJieKyjibi, KOTopbie aKTHBnpyioT nojiHMepH3auHio MOHOMepa B 
3a cqeT pacna^a nepoKCHAHbix rpynn. IlpHMepoM 3Toro mna peaKunft 
HBJiHeTCH flefiCTBHe nojiHMepHOH nepeKHcn 3<})Hpa (JrrajieBOH k h c j io t h  
Ha MOHOMepbi A n B:

— O

0  0 0 0
II II li II

—O—C C—O—O—C C—0— o — •

It

,1

41 b H. nojircm
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o o
II II B

• O -O —C C—O—AAAAA----- -------- ►

o  o
II II

—— » ----- BBBB—O —C C -0  —AAAAA-----

3) HHHUHHpoBaHHe nojiHMepH3auHH MOHOMepa A b MaKpopâ HKa-
Jibi A A A . . . . ,  a 3aTeM BBe^eHHe B, b KOTopbix pa^HKajibi A A A . . . .  Bbi3bi- 
BaioT nojiHMepH3auHK) B c o6pa30BaHHeM djioK-conojiHMepoB. TaKHM ny- 
TeM, HanpHMep, npOBOflHT COnOJIHMepH3aUHIO BHHHJIXJIOpHfla C MeTH.I- 
MeTaKpnjiaTOM. nepBofl CTa^Heft npouecca HBJineTcH ncuiyqeHHe 3kthb- 
Horo nojiHMepa, co/jepHcamero CBo6oAHbie nojiHMepHbie pa^HKajibi, no# 
neHCTBHeM yjibTpa(})HOJieTOBoro ofijiyqeHHH. 3th pa^HKajibi, Haxo^H. 
mnecH Ha creHKax peaKUHOHHoro cocy^a, HHHUHHpyioT nojiHMepH3a- 
uhk) apyrnx MOHOMepoB c o6pa30BaHHeM 6^0K-conojiHMepoB:

COOCH3"
I

CH2=C—COOCHg -»- —ch2- c—
I I

ch3 ch8

COOCH,

—ch2- c— +  2i/CH2=CHCl

ch 3

-► (—CH2—CHCl)y+„

COOCH3
I

- ch2- c—
I

ch3

—CHC1—CH2—Jy „

4) npoBe^eHHe nojiHMepH3auHH 6^ 0K -co n o jiH M e p ac JierKOOTmemijno* 
IH.HMHCH (npH 3KTHBH0M OdjiyHeHHH) TpynnaMH flJIH 06pa30BaHHH cbo6 o^- 
HoroMaKpopa^HKajia. llocjie^HHH Bbi3bmaeT nojiHMepH3auHio B h o6pa3o- 
BaHHe 6jioK-conojiHMepa. Tan, HanpHMep, cnepBa nojiHMepH3yioT cthpoji 
b npncyTCTBHH CBr4, 3aTeM pacTBop noJiyqeHHoro nojiHMepa b MeTHji- 
MeTaKpnjiaTe no^BepraiOT fleftcTBHK) yjibTpa^HOJieTOBhix jiyqen. f lp o -
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uecc o6pa30BaHHH 6^0K-conojiHMepoB npoTexaeT no pâ HKâ bHOMy Me- 
X3HH3My:

Br
- I /iv

-CH,—CH— —CH,—CH—C—B r ---- ►

f t
s /

f t
s /

Br

Br

—CH,—CH— -C H a-C II-G - +  Br 
I I

f t  Br
X

Br

—CH,—CH—

f t
V

—CH,—CH— O  -f- mohomcp B
I I

Br
f t
V '

Pr

—CH,—Cl I—

f t
% /

-CH,—CH-C—Bflflflfl-----  h t. jx.
I I

f t  Br
'V '

Br +  nB BrBBBB-
B HacTomuee BpeMH ycTaHOBJieHO, mto MHorne npnpoAHbie bhco ko - 

MOJieKyjinpHbie coeflHHeHHH (6ejiKH, )KejiaTHHa, KOJiJiareH h flp.) hmciot 
cVpyKTypy 6jioK-conojiHMepoB c MepeayiomHMHCH JiHHeHHbiMH h pa3BeT- 
B̂ eHHbiMH ynacTKaMH MOJieKyji. flpoBefleHO 3HanHTejibHoe hhcjio pa- 
6ot no nô yneHHio npHBHTbix h 6jiOK-conojiHMepoB H3 HaTypajibHoro Kay- 
nyKa, vrjieBOflOB, dejiKOB. npHHunn HexoTopbix H3 sth x  peaKUHH, 
ocymecTBjieHHbix M. Mmuee/ieM [76 ], 3aKjnonaeTCH b to m , mto cnepBa 
H3 MeTHJiH30THOMoneBHHbi h yivieBOflOB nojiynaioT cooTBeTCTByiomHe 
npoH3BOAHue, Ha KOTopbie aeficTByioT 6ejiKOBbiMH MOJieKyjiaMH. TaKHe 
conojiHMepH3auHH npoTenaiOT 3a cneT rpynn HO—, H2N—  hjih HS— 
b MOjienyjiax Ccjiko b :

(C6H10Oj).vNH—C=NH +  H,N—6e.iOK —►

SCH3

NH
II

- ► (C6H10O8)aNH—C—Nil—6e/ioi< -f CII^SII
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C. H. YrnaKOB [77] CHHTe3HpoBa,i npHBHTbie conojiHMepbi Ha ochobc
UeAAK)A03bI, nOJiŷ HB aAAHA-, STHAaAAHA- H 3THABHHHAUeAAH3A03bI.

HaKOHeu, HHTepecHa pa6oTa M. MnineeAa h JXm . 3Bepca [78] no 
noAyaeHHio npHBHTbix conoAHMepoB c ochobhoh uenbio H3 neAAK)A03bi, ho 
c 6ejiKOBbiMH 6oKOBbiMH uenaMH. Tanaa peanuna HMeeT wecTO, ecAH 
cnepBa noAyuHTb a3HA OKCHnoAncaxapHAa, KOTopbifi mo>kct pearnpo- 
BaTb c aMHHorpynnaMH SejiKOBbix MOJieKyji, co3AaBaa HOBbie nenrHA- 
Hbie CBH3H:

KMn04 CH.jOH; HC1 N2H4
U.ejuiiojTosa — — *■  ue.rui. — COOH---- ------- ► ue.nji. — COOCH3-----►

peaKTHB
IllBeftuepa

----- ► ue.ri.ri. — CON3
ue.ri.ji. — CON3 H2N — 6ejiOK —► uejui. — CONH — 6ejioK

AHaJiornnHbix pa6oT npoBe^eHo 3HanHTeAbHoe KOAHaecTBo. O hh 
OTKpbiBaioT uinpoKHe nepcneKTHBbi r ji h  co3AaHHa hobhx noAHMepHbix 
COeflHHeHHH H n03H3HHH npHpOAHblX BbICOKOMOJieKyjIHpHbIX COeAHHeHHH, 
b aacTHOCTH 6e;iKOB, aBAaromHxca ochoboh >KH3HeHHbix npoueccoB.

B. TEJIOMEPM3AUMH

PeaKUHH TejiOMepH3au.HH npeACTaBAaiOT co6oh oco6mh mn noAH- 
MepH3auHH, Kor^a noAHMepH3yiomHecH MOAeuyAbi BHeAP«rOTca Me>KAy 
qaCTHMH KaKOH-TO HCXOAHOH MOAeKyAbI, C03AaBaa HOBblH THn nOJlHMe- 
poB. 3Ta peaKuna xapaKTepHa A-aa MHornx opraHuaecKHx coeAHHehiii:, 
coAep*am.Hx aKTHBHbifi aTOM BOAopoAa hah aTOMbi raAoreHa. JI. Po- 
a3ha h JI. PnnapAC [79] HauiAH, mto npn noAHMepH3auHH STHAeHa 
B npKCVTCTBHH nOAHBHHHA3UeTaTa npH nOBblUieHHOM AaBAeHHH H TeM- 
nepaType noA aghctbh6m nepeKHCH STHAa o6pa3yeTca npoAVKT, KOTopuft 
COAep>KHT hOAHSTHAeHOBbie SOKOBbie uenn, 3aMeHHIOmHe aTOMbi BOAOpO- 
Aa hah aueTHAbHbie rpynnbi, b pe3yAbtaTe cAeAyiomHX peaKUHH:

-CH2-C H -C H 2—CH-----
I I
ococh3 ococh3

QlHi

(CH2CH2),H (CH2CH2)xH
I I

• - ch2—c — ch2—  c------
I I

ococh3 OCOCHj

• —CH2—CH—CH2--- CH------
I I

(CH2CH2)xH (CH2CH,)vH

JI.aAee 6 m a o  noKa3aHO, mto  aHaAorHMHbiM n y ie M  m ojkho  n oA yn a rb  
H3 STHAeHa HH3KOMOAeKyAapHbie noAHMepbi, coAepacamHe 3BeHba A p y -  

TOH XHMHH6CK0H npnpOABI. THnHHHblM npHMepOM HBAHeTCH BblLUe OnH-
caHHaa peaKUHH K. l],HrAepa (cTp. 595) no noAyaeHHK) noAHSTHAeHOB
npH B3 aHM0 AeftCTBHH TpHSTHAaAIOMHHHH C 3THACHOM. IlO  peaKUHH

C2H4
alC2H6 -----► al(C2H4)„C2HI
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(r ê a ! = ‘ /3A l) o6pa3yiOTCHTejionojiHMepbi Bpe3yjibTaTe BHeApeHHH mo- 
JieKyji aTHjieHa Mea<Ay Al- h C2H5-rpynnaMH. TaKHM nyTeM npn Hop- 
MajibHOM âBJieHHH 6biJi nocTaBjieH npoMbimJieHHbiH chhtc3 nojiHsmneHa.

TejioMepw STHJieHa mo>kho npeAcraBHTb odmefi (JiopMyjioH b bhac 
X(C2H 4)„y rAe X  h Y —3BeHba hcxoahoh MOJieKyjibi X Y  B KauecrBe 
npHMepoB mojkho npHBecTH cjieflyiomHe peaKUHH.

npH TejiOMepH3auHH xjiopocJjopMa c STHjieHOM o6pa3yioTCH TejiOMe- 
pw cocTaBa: H(CH2CH 2)/ICC13, rAe n —hhcjio smieHOBbix rpynn, ao- 
xoAHiuee ao 40. Tanne peaKUHH npHofipeiaioT cefiMac Sojibiuoe 3Hane- 
HHe, Tan Kan ohh flaioT B03M0>KH0CTb nojiyuaTb HOBbie nojiHMepbi c 3a- 
paHee 3aAaHHbIMH CBOHCTB3MH H K0HTp0JIHp0B3HH0H BeJIHMHKbl.

ripeBocxo^HbiM npHMepoM peaKUHH TejioMepH3auHH abjihctch chh- 
Te3 HOBoro BOJiOKHa BHaHtna  (nejiaproHa, yHAexaHa), pa3pa6oTaHHbiH 
A. H. HecMenHOBbiM c coTpyAHHKaMH. npouecc npoTeuaeT no ofimefl 
cxeMe:

3CH2=CH2 +  CC14 — -► Cl(CH2CIl2)3CCi3
THAPOJIH3

Cl(CH2CH2)3CCl3 --------- ► C1(CH2CH2)3CCX)H
a MHimpoBaHHe

Cl(CH2CH2)3COOH-------------► H2N(CH2CH2)3COOH
nojiMKOHAeHrauHS

I I,,N(CH2CH2)3COOH------------------► ■---- HN(CH2CH2)3CONH(CH2CH2)3COO-----

HoBoe bojiokho 3 H3ht no cbohm CBOHCTB3M h KanecTBy npeBOCXOAHT 
HafljioH h KanpoH.

AHajiorHMHO, no A. M. C.naAKOBy, A. A. BepjiHHy, n. T CepreeBy 
h T. A. CjiaAKOBOH [80J npoTenaeT TejioMepH3auHH nponHJieHa c CC14, 
A-HH HHHUHHpOBaHHH KOTOpOH aBTOpbl npHMeHHJIH nepeKHCb 6eH30HJia 
h Apyrne aHajiorHUHbie KaTaJiH3aTopbi b KOJinnecTBe 1 %  ot B3HToro 
b peaKUHH) CC14. ABTopaM yAajiocb nojiy'nHTb npoAyKT TejioMepH3a- 
Uhh Tpex MOJienŷ  nponHjieHa c CC14 n HeKOTopbie ero npoHSBOÂ  
Hbie.

PeaKUim TejiOMepH3auHH npeACTaBjunoT no cymeCTBy npepBaHHyio 
b Hanajie nytH nojiHMepH3auHK>, HMeiomyio SoAbiuyio SyAyuiHOCTb.
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f  ji a b a X II

KATAJIHTHHECKOE AJIKHJIHPOBAHHE 
H APHJ1HPOBAHHE

1. 06mne CBeAeHHH

PeaKUHJIMH aJIKHJIHpOBaHHH H apHJIHpOBaHHH npHHHTO Ha3bIBaTb XH- 
MH^ecKHe npoueccbi, BeAymne k BHeApeHHio ajiKHjibHbix hjih apHJibHbix 
rpynn b pa3JiHHHbie opraHHnecKHe MOJieKyjibi. AjiKHJinpoBaHHeM mojk- 
ho Hapam,HBaTb yrjieBOAopoAHbie uenn nyTeM 3aMeHbi aTOMOB boao- 
poAa Ha pa3Hbie paAHKajibi, bboahtb 3aMecTHTejiH b apoMaTHuecKHe 
MOJieKyjibi h pa3JiHHHbie rpynnbi no KpaTHbiM cbh3hm. PeaKUHH 3jikh- 
jiHpoBaHHH oneHb pa3HOo6pa3Hbi. Hx npHMeHHioT r j ih  noJiyneHHH pa3- 
BeTBjieHHbix yrjieBOAopoAOB Ha 6a3e ajiKHJinpoBaHHH napatJiHHOB ojie^n- 
HaMH, a TaiOKe ajih nojiyneHHH apoMaTHnecKHX yrjieBOAopoAOB c 6oko- 
bmmh uenHMH h pHAa ApyrHx npoH3BOAHbix Ha 6a3e peaKUHH c xjio- 
pHCTblM aJHOMHHHeM H APyrHMH K3TaJIH3aTOpaMH.

OcHOBHbie peaKUHH ajiKHJiHpoBaHHH mojkho KJiaccncJjHUHpoBaTb no 
xapaKTepy nojiynaioiuHXCH CBH3eft:

1) aJiKHJiHpoBaHne yrjieBOAopoAOB (o6pa30BaHHe CBH3t$ C—R);
2) aJiKHJiHpoBaHne KHCJiopoACOAepacaiuHX coeAHHeHHH (o6pa30Ba- 

HHe CBH3efl jC—O—R);
3) aJiKHJiHpoBaHne a30TC0Aep>KaiuHX coeAHHeHHH (odpa30BaHHe cbh- 

3eft C—N—R);
4) aJiKHJiHpoBaHne KpeMHeopraHHnecKHx coeAHHeHHH (o6pa30Ba- 

HHe CBH3eft Si— R) h t . a .

2. AjiKHjiHpoBaHHe yrjieBOAopoAOB

PeaKUHHM ajiKHJiHpoBaHHH MoryT 6biTb noABeprHyTbi caMbie pa3HO- 
o6pa3Hbie yrjieBOAOpOAbi no cjieAyioiUHM ochobhhm HanpaBJieHHHM: 
1) B33HMOA6HCTBHe apoMaTHqecKHx yrjieBOAopoAOB c ajiKHjirajioreHHAa- 
mh no peaKUHH OpHAejia— KpacfiTca; 2) npHMoe B3aHMOAeficTBHe napa- 
4)Hhob hjih apOMaTHnecKHX yrjieBOAopoAOB c 0Jie<})HHaMH (npn bhcokoh 
TeMnepaType hjih b npncyTCTBHH KaTaJiH33TopoB); 3) B3aHMOAeflcTBHe 
OJie<j)HHOB C OJietJlHHaMH.

AjiKHjiHpoBaHHe apoMaTimecKHx yrjieBOAopoAOB rajioreHajiKHJiaMH 
H3yqajiH T T fycTaBcoH [1], III. OpHA^b h /1>k . KpaiJiTC [2], npHMe-



2. AJ1K.HJ1 HPOBAHHE yr j lEBOAOPOMOB 649

HHH AJIH 3T0H UeJIH XAOpHCTblH HJ1H SpOMHCTblH 3JHOMHHHH (6e3BOAHblfi). 
PeaKUHH npoTenaiOT n o  o6 inen  cxeM e:

ArH +  RX —  ArR +  HXi\ne A r—apoMaTnnecKHH paAHKan; R —ajincJjaTHnecKHH paAHKan; X  — rajioreH.HecMOTpn Ha Kamymyiocfl npocTOTy stoh cxeMbi, anKHAHpoBaHHe b npHcyTCTBHH A1C13 npoTenaeT 3Ha9HTejibHo cjio>KHee 6naroAapH bto- pHMHblM peaKUHHM: MHrpaUHH pa^HKaJIOB H H30MepH3aUHH 60K0BbIX uenen. Tan, HanpHMep, B3aHMOAeHCTBHe C H 3£1 hah C 2H 5C1 c 6eH3o- jiom b npHcyTCTBHH A1C13 Bcer^a cbh33ho c o6pa30BaHHeM He TOJibKO M0H0ajiKHji6eH30Ji0B, ho h nojiHajiKHji3aMeuj,eHHbix, BnjioTb ao rencaan- 
KHJl6eH30JI0B!

C6H6 +  RC1 ->• CbH5R +  HC1 

2C„H5R —  C,H, +  C6H4R2 

C6H6R +  C„H4R2 C«H6 +  C6H3R3 h t. a-B cjiywae 6onee ajihhhmx yrjieBOAopoAHbix paAHKanoB, xpoMe MHrpa- 
u.hh, npoHcxo^HT H30MepH3au,HH ajiKHjibHbix neneft. Tan, M. H. Koho-
BajIOB C COTpy^HHKaMH [3] yCTaHOBHJIH, MTO 6eH30JI C XJlOpHCTblM H30- aMHJiOM AaeT CMecb H30MepHbix H3oaMHJi6eH30JioB:

C6Hc +  (CH3)2CHCH2CH,C1

C6H5CH2CH2CH (CH,),
ch3
I

Cr,H5CHCH (CH3)2

—  C6H5C (CH3)2
I

CaH6

Ilpouecc ajiKHJinpoBaHHH conpoBomAaeTCH TaiOKe MHrpauHefi vr.ie- 
boaopoahwx pa^HKaAOB H3 6oKOBbix nenefi b KOJibno:

C„H0:+  (CH3)3CC1 —  C6H5C (CH3)3 +  1,3, 5-C6H3(CH3)3

06pa30BaHHe nOJlHaJIKHAHpOBaHHblX npOH3BOAHbIX He3HaHHTeAbHO— 
BblXOAbl HX 3aBHCHT OT KOAHMeCTB AlClg, BBeACHHblX B peaKUHIO, H OT 
xapaKTepa anKHnranoreHHAOB (c noBbimeHneM MoneKynapHoro Beca 
KOJinnecTBa H30MepOB h nojiH3aMemeHHbix yBejiHHHBaioTCH).

AAKHjiHpOBaHne 6eH30Jia b M0H0ajiKHJi6eH30Jibi HMeeT b HacTomn.ee 
BpeMH 6ojibuioe TexHHnecKoe 3H3HeHHe. TaKHM nyTeM H3 6eH30Jia h 
xjiopncToro STHJia hjih H3 6eH3ona h aTHjieHa nonyHaioT 3THJi6eH30Ji, 
KOTopbiii 3areM AerHApnpyioT b cthpoji. AHanornnHO nonyaaioT TOJiyoji 
h H3onponHn6eH30Ji, npHMeHHewbie KaK BbicoKOOKTaHOBoe TonjiHBO 
hjih npHca^KH ajih noBbiinemia KanecTBa 6eH3HHOB, a-nh nonyneHHH 
(JieHOAa h t . a .
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C  nOMOIU,bIO A lC lg  MO>KHO aJIKHJlHpOB3Tb H T3KHe yrAesoAopoAbi, KaK ^H(J)eHHJI, ^H4)eHHJlMeTaH, H3(j)TaAHH H T. A. H HX npOH3BOAHbie. AAKHAHpoBaHHe c noMoiu,bio AHrajioreHnpoH3BOAHbix npoTenaeT 3Ha- MHTeAbHO r j iy d m e —ao  o6pa30BaHHH 6h- hah noAHUHKAHqecKHx coeAH- HeHHH H Aa>Ke cmoa.
B. B. KoprnaK c coTpyAHHKaMH, A. O. ,Ho6phhckhh h 10. H. Kop- HHAOB3 [4] nOApoSHO H3yHHAH B33HMOACHCTBHe AHXA0p3T3H3 C 6eH30- AOM B npHCyTCTBHH A lC lg . BblAO yCT3H0BAeH0, HTO npH 3T0M noAy- qaeTCH TAaBHbiM o6pa30M ah6ch3h a , ho oAHOBpeMeHHO npoTenaiOT h 6oAee TAySoKHe peaKUHH KOHACHcauHH:

ch2ci ch2- c6h 5
I +  2C6Hg —  I +  2HC1
CHjCl CH2-C 6H5

CH2C1
2 | +  3CeHf) -► C6H5CH2CH2C6H4CH2CH2C6H5 +  4HC1

CH2C1

CH2C1
n | +  (n +  1) C6H6 -► C6H5CH2CH2 (C^CH ^H ,)*., C6H5 +  2*HC1

CH2C1

BbixoAbi An6eH3HAa pacTyT c yMeHbmeHHeM KOAHqecTBa A1C13 h 
chhhoiotch c yMeHbmeHHeM KOAHqecTBa 6eH30Aa 3a cqeT o6pa30BaHHH 
CMOA, KOTOpbie MOryT CTaTb eAHHCTBeHHblMH npOAyKT3MH peaKUHH. npH 
OKHCAeHHH npoAyKTOB KOHAeHcauHH noAyqaeTcu Tepe(|)TaAeBa5i khcaot3 , 
hto HBAueTCH AOKa33TeAbCTBOM HaAHqHH 33MecTHTeAeH b napa-noAO- 
>KeHHH. O6pa30BaBiuaHC5i CMOAa HMeeT CAeuyioiuee CTpoeHHe

(-C ,H 4-C H 1-C H 2—)„

nosTOMy h Ha3biBaioT ee noAuipeH UAsm uAenoM .
AHaAorHqHO pearnpyioT c AHXAopsTaHOM TOAyoA h kchaoa. 
AAKHAHpOBaHHe MOJKeT npHBOAHTb H K 06pa30BaHHK> HOBbIX UHKAOB. 

Tax, HanpHMep, 2,5-AHXAopreKcaH c 6eH30A0M noA BAHHHHeM A1C13 
npeBpamaeTCH b l,4-AHMeTHA-l,2,3,4-TeTparHApoHa<})TaAHH:

CH3

/ S  cich- ch2
I +  I

V 7 C1CH-CH2 
I

CHg

CH,

CH
/ \ /  \ ch 2 
I II ' H +  2HC1 
V ' N  / CHz

CH

CH,

Ha HanpaBAeHHe peaKUHH aAKHAHpOBaHHH CHAbHO BAHHeT He TOAb- 
ko cooTHOuieHHe peareHTOB, ho h TeMnepaiypa.AAKHAHpOBaHHe noAHraAoreHnpoH3BOAHbix 6eH30A0B b npncyT- 
ctbhh A1C13 hah AlBr„ npoTeKaeT oqeHb cao>kho c o6pa30BaHHeM CMecu npoAyKTOB. BcTpeqaioiuancH b pyKOBOACTBax no opraHHqecKOH xhmhh
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peaKUHH cHHTe3a aHTpaueHa H3 cn.u.vf-TeTpaxAopsTaHa h 6eH30Jia b npn- 
CyTCTBHH AlClg

Cl Cl
\  / 

Cl I

CH % As A  J
+  4HC1

H êT h b Apyrnx HanpaBAeHHHX, TaK KaK aHTpaueHa noAyqaeTCH He- 
MHoro, a npo^yKTaMH peaKUHH hbahiotch cmoah. HanpHMep, npH B3an- 
Mo^eucTBHH l,2,3,4-TeTpa6poM6yTaHa c 6eH30AOM o6pa3yioTCH TeTpa- 
jihh h 2-(J)eHHJi-l;2,3,4-TeTparHApoHa(})Tâ HH, BeponTHO, b pe3yAbTaTe 
CAO>KHbIX AHCnponOpUHOHHpOBaHHH aTOMOB BOAOpOAa. TaK Hie CAO>K- 
ho npoxoAHT h peaKUHH ajiKnpoBaHHH rajioreHajiKeHOB.

H.  n. JloceB, O. B. CMHpHOBa h T A. n<J)eH(f>ep [5] H3 npoAyktob 
B3aHMOAeHCTBHH XAOpHCTOrO aAAHAa C 6eH30JI0M H XJlOpHCTbIM aAio- 
MHHHeM BbiAejiHJiH aAAHA6eH30A, H30MepHbie AHaji.Tnn6eH30Jibi, a TaK>Ke 
xjiopnponHJi6eH30Ji, rnApHHACH, l,2-AHfj)eHHAnponaH h 9-mctha-9, 10- 
AHrnApoaHTpaueH. O hh npeAAaraioT cAeAyioiuyK) cxeMy peaKUHH:

—HCl
c0h6 +  ch2= chcii,c i ----- ► c6h6ch.,c h - ch2

C0HsCH2CH =CI I*

C,H-,CH,CHC1CH3 —

C0H5CH,CH,CI I2C1 -^1-

ch3

CsHe A - C H 2-  CH—

V '

„ S \ r -CH,
! 1 .

^ / \  /  CH*
CH,

H ah peaKUHH aAKHAnpoBaHHH oObiHHO OepeTCH b sKBHMOJieKyjiap- 
Hbix (hah eme SoAbuinx) KOAHMecTBax roTOBbifi AlClg, hto He BcerAa 
yAo6HO BCAeACTBHe ero rurpocKoriHHHOCTH. 3th HeyAoScTBa HCue3aiOT 
npn pa6oTe c A1C13, noAyneHHbiM no MeTOAy PaA3HB3HOBCKoro [6 ]. 
He6oAbmoe koahhcctbo aAioMHHHeBOH cTpyjKKH noA CAoeM 6eH30Aa hah 
Apyroro pacTBopHTeAH o6pa6aTbiBaioT xaophcthm boaopoaom npn 
KOMH3THOH TeMnepaType. ITpii stom BbiAeAneTCH boaopoa h crpyaiKa 
npeBpamaeTCH nepe3 HecKOAbKo MacoB b A1C13, H30AHpoBaHHbiH ot 
BJiaru B03Ayxa h nosTOMy BbicoKoaKTHBHbift. H ah npoBeAeHHH aAKHAH- 
poBaHHH HeoOxoAHMO AHUib 2—3% A1C13, noAyueHHoro no MeTOAy PaA- 
3HB3HOBCKoro. AKTHBHOCTb ero 6biAa npoBepeHa Ha npHMepe cHHTe3a 
3THA6eH30Aa H3 fipOMHCTOTO 3THA3 H 6eH30Aa, a TaKHie AH(|>eHHAMeTaHa. 
Bo Bcex cAyuanx noAynaAHCb BbicoKne bmxoau npoAyKTOB peaKUHH.

3T0T IipOCTOH 11 yAOfiHblH MeTOA 3AKHAHpOBaHHH 6bIA He3aCAy>KeH- 
h o  3a6uT, noKa b 1948 r. B. H. H o a t o b  c coTpyAHHKaMH He HauaAH npn- 
MeHHTb ero a*nh peaKUHH a.iKHAnpoBaHHH [7]. B CAyuae koha6hc3Uhh 6eH-
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30Jia C SpOMHCTbIM 3THA0M B npHCyTCTBHH 2—3% aAIOMHHHeBOft CTpyjK- 
KH,. oSpadOTaHHOH XJIOpHCTbIM BOAOpÔ OM, BbIXOAbI 3THJl6eH30Jia npH 
KOMHaTHOH TeMnepaType AocTHraioT 73%. B t3khx >Ke ycAOBHnx H3 
H3onponHji-, H3o6yTHji- h H3oaMHjixjiopHAOB noAyuaeTCH COOTBCTCT- 
BeHHO 45, 41 h 40—42% H3onponHA-, H3o6yTHA- h H30aMHJi6eH30Ji0B. 
IlpHMeHeHHe 6pomhaob CHHmaeT BbixoAbi Ha 2— 8 %.

3th peanijHH mojkho pekoMeHAOBaTb r j i h  npenapaTHBHoro nojiyne- 
hhh ajiKHji6eH30ji0B. PeaKUHH conpoBOJKAaiOTCH o6pa30BaHHeM ncviHaji- 
KHJIHpOBaHHblX npOH3BOAHbIX, KOAHUeCTBO KOTOpbIX 33BHCHT OT VCAO- 
bhh CHHTe3a. HanpHMep, npH b33hmoachctbhh CH3J c 6eH30Ji0M no- 
jiyqaiOTCH 3HauHTeAbHbie KOAHnecTBa neHTa- h reKcaMemn6eH30Aa. 
OneHb JiiodonbiTHO npoTexaeT aAKHAHpoBaHHe xjiopO(J)OpMa 6eH30A0M— 
rjiaBHbiM npoAyKTOM peaKUHH hbahctch AH(J)eHHJiMeTaH (ao 40%), TorAa 
Kax TpHcJjeHHJiMeTaHa o6pa3yeTCH jinuib 3—4%. 3thm see mctoaom 
mo>kho ycneuiHO npoBOAHTb MHoroHHCJieHHbie peaKUHH aAKHAHpOBaHHH 
HenpeAejibHbiMH rajioreHnpoH3BOAHbiMH h nojiHrajioreHnpoH3BOAHbi- 
mh. BoAbmoe npaKTHHecKoe 3HaueHHe HMeiOT peaKUHH aAKHAHpOBaHHH 
napa(|)HHOBbix yrjieBOAopoAOB ojiec[)HHaMH, hto AaeT B03M0>KH0CTb no- 
jiyqaTb BbicoKOOKTaHOBoe HHAHBHAyajibHoe TonJiHBO (aAKUAambt).

PeaKUHH aJiKHjiHpOBaHHH mojkho ocymecTBAHTb npH bhcokoh TeM
nepaType (m ep M m ecK o e aA KU A upoeanue) hah b npHCyTCTBHH K3T3AH3a- 
TOpa (K a m a A u m m ecK o e a A K U A u poea n u e).

npH TepMHUeCKOM aAKHAHpOB3HHH OAe(j)HHa HaAO OpaTb HeMHOTO, 
HToObi H36eucaTb noAHMepH3auHH. Elpouecc TepMHuecKoro aAKHAHpO
BaHHH HMeeT npaKTHuecKoe 3HaueHHe a^h noAyueHHH HeoreucaHa H3 
H3o6yTaHa h STHAeHa npu 500° h 320 a m .

npH KaTaAHTHHeCKOM aAKHAHpOBaHHH B KaneCTBe KaT3AH3aTOpOB 
npHMeHHKDT H2S04, AlClg, BFg, HF H T. A- B03MO>KHOCTb T3KHX peaK
UHH 6buia ycTaHOBAeHa CHanaAa TepMHnecKHM nyTeM. ripn HarpeBaHHH 
noA AaBAeHHeM nponaHa c 5% amneHa 6biAa noAyueHa CMecb neHTaHOB 
HOpMaAbHOrO H H30CTpoeHHH, o6pa3yiOIUHXCH B 33BHCHMOCTH OT TOTO, 
KOTOpbiH H3 aTOMOB BOAOpoAa nponaHa yqacTByeT b peaKUHH:

ch2= ch2 +  ch ,ch2ch3 -► ch3ch2ch,ch2ch3 

ch3 ch3

ch 2= ch2 +  ch2 -► ch3ch .,ch
\  X

ch3 ch3

OaKTHnecKH npouecc npoTeuaeT ropa3AO CAO>KHee. riepBHMHbiM 
peaKUHHM aAKHAHpOBaHHH COnyTCTByiOT npoueccbl H30MepH3aUHH.

AAKHAHpoBaHHe npH ynacTHH STHAeHa aoato He yAaBaAocb ocyiue- 
CTBHTb KaTaAHTHnecKH. 3aTeM 6hao ycTaHOBAeHO, mto npeKpaciinM Ka-
T3AH3aTOpOM RJlft npOBeACHHH >KHAKO(j)a3HOrO aAKHAHpOBaHHH HBAHCT- 
ch KOHUCHTpnpoBaHHaH cepHan KiicAOTa [8].

FIapa(|)HHbi, noABepraeMbie KaTaAHTHnecKOMy aAKHAHpoBaHmo, 
AOAJKHbl HMeTb TpeTHHHblH aTOM yTAepOAa: H30dyTaH, H30neHT3H, 2-Me-
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THJineHTaH aaKHanpyiOTCH xopoiuo; h - 6 yTaH h w-neHTaH noum He 
aJiKHJinpyioTca. YivieBOflopoAbi THna H3o6yTaHa xopoiuo ajiKHJiHpy- 
iotch BceMH oaecj)HHaMH, 3a HCKjnoueHHeM STHjieHa, npuueM o6pa3\- 
k )tch pa3BeTBjieHHbie napa(|)HHbi, KHnamne b HHTepBajie 27— 185° n 
HMeiomue oKTaHOBoe qucao Bbime 90. Tau, HanpuMep, HeoreKcaH kh- 
nHT npu 58° h HMeeT OKTaHOBoe mhcjio 94. Oh o6 jia^aeT bmcokoh 
npHeMHCTOCTbio k T3C; nosTOMy H3  cMecefi 6 eH3 HHa c HeorencaHOM h 
^ pyruMH pa3BeTBaeHHbiMH napaiJiHHaMH mo>kho noayqaTb jkhakoc mo- 
TopHoe ToruiHBO c OKTaHOBbiM qucjioM 115 h flaJKe 125.

MexaHH3M KaTaaHTHqecKoro ajiKHjiupoBaHHa H3onapat|)HHOB oae- 
<|)HHaMH OKOHqaTeabHO He BbiacHeH. OflHaKo b o6iuhx qepTax oh, no- 
au^HMOMy, 3aKJiioqaeTCB b caeAyiomeM [8a].

B nepBOH CTaflHH o6pa3yeTca hoh KapdoHHa
HC1 +  A1C13 -► H+ +  A1CU

R—CH=CH—R + H +  -► R—CH2—CH—R 

KOTopbift npHcoeflHHaeTca ko BTopoft Moaeuyae oaeiJjHHa:
+ R—CH-CH,-R

R—CH=CH—R R—CH2—CH—R —̂  I +
R -C H -C H -R

06pa30BaBUiHHca hobmh hoh KapOoHHH mojkct no^BepraTbca c.ne- 
^yioiuHM npeBpameHHHM:

H—CH —CH*—R
I *

B-CH--CH  — R
(C;-I,),CHCHj

R— CH —CH*— R
I

R— C — CH*—R

R— CH — CH*-R
| + (CHj)* CCHj

R — CH — CH*— R

K noHy KapOoHHH c qeTBepTHqHHM yraepoAHbiM aTOMOM mojkct mht- 
pupoBaTb aaKHjibHaa rpynna c aaeKTpoHHOH napoft ot 3-yraepoAHoro 
aroMa:

R —

R —
CH2-R

\
CH*- R

riOMHMO MIirpaUHH, MOJKeT npOHCXOAHTb AHCCOUHaUHH C 06pa30' 
BaHHeM HOHa KapCoHHH h oaeiJjHHa:

R—CH—CH2—R 

R—c— CHa- R

CH—CH2—R
+  R+

R—C— CH2—R
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KoHAeHcau.HKD o.ie(|)HHOB c napa(})HHaMH c.ie^yeT Becm npn hh3koh 
TeMnepaType (Me>KAy — 10 h 30 ) c nocieneHHbiM npndaBAeHHeM oAe(})H- 
Ha k cHJibHO pa3MemnBaeMOH peaKUHOHHOH ciuecH (napacfiHHa c 97°o H 2S 0 4). Iljioxoe pa3MeuiHBaHHe (HeAocxaToqHoe sMyAbrnpoBaHHe) npn- 
BOAHT K nOJIHMepH3aU,HH OAe(j)HHOB, HO He K aAKHAHpOB3HHIO. PeaKUHH 
npOTeKaeT 3K30TepMHqHO, n03T0My AAA AOCTH>KeHHH BbICOKHX BbIXOAOB 
HeodxOAHMO OTBOAHTb TenAO. npH padOTe C H30dyTaH0M, BBHAy HH3KOH 
TeMnepaTypbi ero KHneHHA, npouecc cjieayeT BecTH b aBTOKJiaBe npH 
20° XOTA aJlKHJlHpOB3HHH CTeXHOMeTpHMeCKH TpedyeTca MOAAp-
Hoe cooTHOiueHHe ojiecJ)HHa h napacjiHHa, noBbimeHHe KOAHqecTBa nocAeA- 
Hero b 4— 8 pa3 CKa3biBaeTcn oqeHb dJiaronpHHTHO—npw 3tom CHH>KaeT- 
ch TeMnepaTypa noAHoro BbiKHnaHHA, 3HaMHTejibHO noBbimaiOTCfl bmxoa 
h OKTaHOBoe hhcao. Odpa3yiomHecfl aAKHAbHbie npoH3BOAHbie coBep- 
meHHO decuBeTHbi, odAaAaiOT xapaKTepHbiM aah H3onapa(f>HHOB npHHT- 
hhm 3anaxoM h oqeHb hh3khm dpoMHbiM hhcaom (<10 ).

CepHOKHCJiOTHoe aJiKHJiHpoBaHHe dyTHjieHa hah H3o6yTHjieHa npw 
noMomn H3odyTaHa AaeT b KaqecTBe rjiaBHoro npoAyKTa 2,2,4-TpnMe- 
THjineHTaH h CMecb ApyrHx H30MepHbix OKTaHOB (t . KHn. 108— 115c)
c npHMecbio HH3HJHX H3onapa(|)HHOB. FIponHJieH c H3o6yTaHOM odpa- 
3yeT cMecb H30MepHbix remaHOB, cpeAH KOTopbix npeodAaAaioT 2.3- 
h 2,4-AHMeTHJineHTaHbi. riponHjieH c H3oneHT3HOM AaeT cMecb H3o- 
oKTaHOB c npeodJiaAaHHeM 2,3-. 2,4- h 2,5-AHMeTHAreKcaHOB. ByTeH-2 
c rH3oneHTaHOM odpa3yeT H30H0HaHbi c npeodJiaAaHHeM 2,2,5-TpHMe- 
THjireKcaHa. FIpn ajiKHjinpoBaHHH aaa CHHKeHHH ao MHHHMyMa no- 
JlHMepH33U,HH OAe(})HHOB npHMeHHIOT OTHOUieHHH aJIKeH : aJIKaĤ Si

: 4— 1 : 8 .
AjIKHJIHpOBaHHIO MO>KHO nOABepraTb He TOAbKO HHAHBHAyaJlbHbie 

ojie(J)HHbi, ho h TexHHnecKHe cMecH, H3 KOTopbix HandoAbiuee npaKTH- 
qecKoe 3HaqeHHe HiweioT dyTHAeHOBbie (fipaKUHH aah noAyqeHHA H3ook- 
TaHa.

KpoMe cepHOH khcaoth, aah aAKHAHpoBaHHH npHTOAHbi h APyrwe 
KaTajiH3aTopbi, HanpHMep A1G13, BF3, HF h Ap. HaA de3BOAHbiM 
AlClg, dJiaroAapn ero HCKAioqHTeAbHOH peaKHHOHHOH cnocodHOCTH, 
npoxoAHT aAKHAHpoBaHHe napa(J)HHOB h H3onapa(j)HH0B sthachom, ko- 
Topoe npn cepHOKHCAOTHOM npouecce hcbo3mo>kho. Tan, HanpHMep, 
3THAeH xoporno 3AKHAHpyeT H-reKC3H C 10% AlClg H HC1 npH 50— 
60° TaK>Ke, nan h w-rexcaH, pearHpyioT c STHAeHOM h Apyrne napatJiHHbi:

C/iH2„+2 +  QH4 —► CnH2n4 iC2H5 
CnH2n+2 +  2C2H4 C„H2„(C2H5)2

OAHaKO Bee 3th peaKUHH conpqjKeHbi c TAydoKHMii nepecrpoiiKaMH 
hcxoahmx MOAeKyA— H30MepH3auHeH, noAHMepH3auHeH, MHrpauHefl pa- 
AHK3A0B, pa3AO>KeHHeM, — npHBOAHIAHMH qaCTO K 0dpa30BaHIHO UHKAH- 
qecKHX yrAeBOAopoAOB.

KpoMe AlClg, b KaqecTBe aAKHAHpyiomero peareHTa b nocAeAHee BpeMH npHMeHJHOT pa3AHqHbie npoH3BOAHbie aAioMHHHH. npenpacHbie 
pe3yAbTaTbi noAyqaioTCH npw HcnoAb30BaHHH >khakhx «otctocb» AlClg,
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pacTBopeHHoro hah AncneprHpoBaHHoro b KOMnAexcax xAopHCToro 
ajuoMHHHH c ojioJjHHaMH (om cm ouHbie m m aA U 3am opbi). 3th KaTajiH3a- 
Topbi nojiynaiOT, HanpnMep, npn ajiKHJinpoBaHHH H3o6yTaHa sthachom 
HAH fleHCTBHeM A1C13 Ha H300KTaH, napatflHHbl HJIH OJie(})HHbI. OTCTOHHbie 
KaTajiH3aTopbi He pacTBopHMbi b AHCTHAAaTax, noaTOMy hx mo>kho Aerno 
OTAejiHTb h cHOBa Hcnojib30BaTb. AKTHBHOCTb KaTajiH33TopoB noAAep- 
>KHBaeTCH nocTOHHHOH floSaBKOH He6ojibuiHX KOJiHMecTB AICI3 hjih Aa>ne
HC1. npH T3KHX yCJIOBHHX aJIKHJlHpOB3HHe, HanpHMep, H306yTHJieHa 
STHJieHOM npn HenpepbiBHOM 54-ahcbhom npouecce AaBaAo bmxoa bakh- 
jiaTa 753 a  Ha 1 k z  A1C13. riojiyqeHHbiH ajiKHJiaT coaep>Kaji 80,7% renca- 
HOB, H3 KOTOpbIX 92% COCTaBAHA 2,3-flHMeTHJl6yTaH [9].

IlpHMeHHM T3KH<e KpHCTaJIJIHHeCKHH KOMnJieKC XJIOpHCTOrO 3AIOMH- 
hhh c MeTaHOJiOM (A1C1 g-CHgOH); oh He pa3JiaraeTCH npH TeMnepaType 
AO 70° h JierKo ajiKHJinpyeT 6eH30A, b kotopom pacTBopaeTCH. Xa- 
paKTepHO, MTO Apyrofl KOMnJieKC XJIOpHCTOrO aAIOMHHHH C MeTaHOJiOM 
(A1C13-2CH30H) aah aJiKHjinpoBaHHH coBepuieHHO HenpHro^eH. Ha- 
KOHeu, HexoTopoe npHMeHeHHe hmciot pacTBopbi A1C13 b HHTponapatJiH- 
Hax, HBJ15HOIU,HXCH K3TaJlH3aTOpaMH AAH aAKHAHpOB3HHH H306yTaHa. 
B AaHHOM cjiynae aKTHBHbiM KOMruieKCOM hbahctch A1C13-RN02 [10].

MeTOA npHMoro aJiKHjinpoBaHHH HMeeT npenMymecTBo nepeA npo- 
ueccaMH nojiHMepH3auHH oji^ hhob c nocjieAyiomHM rHApnpoBaHHeM, 
Tax xax npn aJiKHjinpoBaHHH noAynaeTCH cpa3y H3o6eH3HH. Bo BpeMH 
BTOpOH MHpOBOH BOHHbl CyTOMHOe npOH3BOACTBO aJlKHJI3T0B B CIIIA 
AOCTHraAO noMTH 19 000 000 a  [11].

B nocAeAHee BpeMH Cojibiuoe BHHMaHHe yAeAHioT aAKHAHpoBaHHio 
npH noMomH (JiTOpHCToro BOAopoAa, KOTopbiii, Kan h cepHan khcaot3, 
AerKO K3T3AH3HpyeT peaKUHIO B33HMOAeHCTBHH H30napa<])HHOB C pa3- 
AHMHblMH H300Ae4)HHaMH. Oh OTAHMaeTCH, OAHaKO, OT CepHOH KHCAOTbl 
TeM, hto He AaeT nodoMHbix peaKUHH, 6AaroAapn neMy AocTHraiOTCH 
BbICOKHe BbIXOAbI npOAyKTOB. 0TOpHCTblH BOAOpOA npeACTaBAHCT C060H
Aerno OKHJKaeMbiH ra3 c t. khii. 19,5° >Khakhh (Jitophctuh BOAopoA 
hbahctch npenpacHbiM pacTBopHTeAeM aah 6oabiiiHHCTBa opraHHHe- 
CKHX COeAHHeHHH. YCTOHHHBOCTb ero n03BOAHeT npOBOAHTb npoueccbi 
npn bhcokhx TeMnepaTypax h AaBAeHHHX. IlpoMbiuiAeHHbiM mctoaom 
noAyMeHHH (jrropHCToro BOAopoAa hbahctch odpafioTKa HHCToro nAaBH- 
KOBoro rnnaTa KOHueHTpnpoBaHHOH cepHofl khcaotoh npH 300—800° 
0TOpHCTbIH BOAopoA (KaK >KHAKHH, TaK H ra3006pa3Hblfi) CHAbHO HAOBHT, 
h npH pa6oTe c hhm HaAo codAioAaTb pnA npeAocTopoKHocTeii.

H3 Bcex aAKHAHpyiOmHX KaTaAH33TOpOB (|)TOpHCTbIH BOAOpOA HB- 
AaeTCH HaHfioAee aKTHBHbiM h AaeT BbixoAbi 80% h Bbirne. Flpouecc qame 
Bcero npoBOAHT npH TeMnepaType ot —20 ao 30° noA AaBAeHHeM 7— 
10 a m  npn BpeMeHH KOHTaKTa 1—3 mhh.

ripH  K3TaAHTHMeCKOM (KHCAOTHOM) 3AKHAHpOB3HHH OyTHACHbl H 
nponHAeH pearnpyiOT Aerno, a sthach c 6oamiihm TpyAOM, npn TepMH- 
qecKOM,—Hao6opoT, Aeme Bcero pearnpyeT sthach, TpyAHee—6yTH- 
AeHbi. KncAOTHoe aAKHAHpoBaHHe npoTenaeT H36HpaTeAbHo: HanpH
Mep, pearnpyioT TOAbKo H3onapa<{>HHbi c TpeTHHHbiM yrAepoAHbiM aTO-
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MOM. n PH TepMHqecKOM ajiKHJinpoBaHHH oAHHaKOBO jierKO pearHpyio\ 
HopMa.TbHbie SyTaHbi h H3oneHTaHbi; nponaH pearnpyeT HecKOJibKO TpyA- 
Hee, 3T3H— c TpyAOM. TaKHM o6pa30M, KaTajiHTHMecKoe h TepMuqecKoe 
aJiKHviHpoBaHHe AonoJiHHiOT Apyr APyra h hbjihkttch  m cto a o m  a a h  no- 
jiyqeHHH HHAHBHAyajibHoro MOTopHoro ToriAHBa. TaK, HanpHMep, Tep- 
MHqecKHM nyTeM H3 STHAeHa h H3d6yTaHa noAyqaiOT n e o zeK ca n , t . e. 
2,2-AHMeTHA(5yTaH— yrAeBOAopoA c t . KHn. 49,7° h OKTaHOBbiM hhcaom 
94. BepoHTHO, TaKHM nyieM nojiyqaioT H3 nponnjieHa h H3o6yiaHa 
m p u n m a n  (2,3,3-TpHMeTHji6yTaH)—yrneBOAopoA c OKTaHOBbiM mhcaom  
116:

CH3
I

CH,—CH=CH2 +  CH-CH3
I

ch 3

ch3
I

CH3—CH--- C—CHg
I I

CH, CH3

TepMOAHHaMHqecKHe pacqeTbi TepMHqecKoro ajiKHJinpoBaHHH H3o- 
6yiaHa pa3JinqHbiMH ojiê HHaMH npoBeAeHbi A. A. Bbcachckhm [12]. 

B Ta6n. 66 h Ha pn c. 60 (cip . *657) npHBeAeHO BbiqncjieHHoe co-
AGp>K3HHe (b MOA. %) npOAyKTOB aAKHAHpOBaHHH B paBHOBeCHbIX CMe- 
c h x  a a b  cAeAyKAHHx peaKUHH:

ch2= ch , —  

ch 3- c h = ch2 —

CH3—C=CH, —
I

ch3

CH3—C=CH—CH3 —
I

ch3

(CH3)2CHCH3

ch3 ch3

CH3—CH—CH—CH3 (a)
CHg CH3
1 I

■ CH3-C H -C H -C H 2-C H 3 (6)
CHg
I

(CH3)3C-CH2-C H —CH3 (b)
CHg
I

■ (CH3)3C—CH2—CH2—CH—CH3 (r)

TACJIHLIA 66

PeaKUHH 300° K 400° K 500° K 600° I< 700° K 800° K 900° K

a 100 97 89 46 8
6 100 96 70 18 2 — —
B 100 78 12 1 — — —
r 97 40 3,5 — — — —

H3 TaOAHUbi b h a h o , qTO TeMnepaTypa aAKHAnpoBaHHa H3o6yTHAeHa 
AOJi>KHa 6biTb TeM HH>Ke, qeM 6oAbine MOJieKyAHpHbiH sec OAe^HHa, H 
qTO caMbie b m c o k h c  TeMnepaTypbi HeoSxoAHMbi jiHiub a a h  noAyqeHHH 
HeorencaHa. IlpaKTHqecKH ajiKHAHpoBaHHe cMecH 95% H3o6yTaHa c 
5% STHAeHa npoBOAHT npw 250—300 am.
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B nocjieflHee BpeMn 6o;ibii]oe BHHMaHHe yAenuiOT no.iyneHHio Bbico- 
KOapOMaTH3HpOB3HHbIX 6eH30JI0B, KOTOpbie CTaJlH KOHKypnpOBaTb c 
TeXHHMeCKHM H300KT3H0M H BbICOKOOKT3HOBbIMH 6eH3HHaMH. H3MeHe- 
HHe b CBB3H c 3TH.M pe>KHMa KaTajTHTHMecKoro KpeKHHra h pa3pa6oTKa 
H30MepH3yK)mHX H UHK.1H3YKXUHX K0HT3KT0B nOpOAH.Ii! HOBbie npO- 
ueccbi—KaTajiHTfmecKyK) apoMaTH3auHio, rn,npo4)opMHHr h aHa^orHM- 
Hbie npoueccbi, CBH3aHHbie c H30Me- 
pH3auHeft (cTp. 582).

C nOMOIUbK) KHHeTHMeCKOrO HC- 
cjie^oBaHHB peaKUHft ajiKHJiHpoBa- 
hhji 6eH30Jia ojie^HHaM H HaA A1C13 
ycTaHOBjieHO, mto npouecc h a c t  j ih - 
6 o  Mepe3 CTa^Hio o6pa30BaHHH ajiKHJi- 
x^opHAOB, jih6o nyTeM npnMoro npn- 
COeAHHCHHH. HH31UHe OJie(f)HHbI H 
apoMaTHqecKHe ymeBOAopoAb' h b jih - 
kxtch TexHHMecjKH BnojiHe AccrynHbi- 
m h , nosTOMy npoueccbi npflMoro aji- 
KHJUipOBaHHH 6eH30.Ha OJie(J)HHaMH 
HMeioT oqeHb 6ojibmoe npaKTHyecKoe 
snaMeHHe cHHTe3a 3t h .ji-, npo-
nHji- h H3onponHji6eH30JioB, a TaK- 
>Ke ApyrHx m o h o - h nojiHajiKHJiHpo-
B3HHbIX 6eH30/10B H HX npOH3BOAHbIX.

H3yMeHHe B3aHMOAeftcTBHH 6eH- 
sojia c STHjieHOM noKa3ajib, mto npn 

cooTHomeHHH C6H6 : A1C13=1 : 1 H3 
nepBoro mojih BBe^eHHoro sth- 
jieHa jiHuib 27 °o ha6t Ha o6pa30Ba- 
HHe 3THJi6eH30Jia h 18 °o— Ha o6pa- 
30B3HHe reKca3THji6eH30Jia h ApyrHx 
C TpeMH MOJIHMH 3THJieH3 TJiaBHblMH npOAyKTaMH HBJ1HIOTCH TpH- H Te- 
Tpa3THji6eH30^bi, c nHTbK)— neHTa- h reKca3THji6eH30Jibi. ripHcyTCTBHe 
cJieAOB BOflbi ao HeKOTopoft CTeneHH ycKopaeT npouecc: o6pa3yioiuaHCH 
co.hnhah KHCJioTa KaT3JiH3HpyeT peaKUHio, HO.y>Ke 2 °< H20  nouaBjiaiOT 
ee. Bo H36e>KaHHe bjihhhhh boam peuoMeHAyeTCH npn no.iyMeHHH sthji- 
6eH30Jia no peaKunn

Phc. 60. CoAepjKaHHe napac[)HHOB b 
paBHOBecHbix CMecax, noJiyMaioiuHx- 
ch no peaKUHBM (a), (6), (b) ,  (r).

3THJIHpOB3HHbIX npOH3BOAHbIX;

QiHfl +  C2H4 CgH8C2Hb

npCABapHTeJIbHO HaCbimaTb 6eH30.H XJIOpHCTbIM BOAOpOAOM, MeM AOCTH- 
raeTcn HenpepbiBHOCTb npouecca. 3Ta peauuHH HMeeT oco6o Ba>KHoe 
3H3MeHHe ajim Aa^BHefiuiero CHHTe3a CTHpoAa nyTeM AerHApnpoBaHHH.

Ujia  no^yneHUH H3onponn.n6eH30.na H3 nponnAeHa h 6eH30Jia b 
npncyTCTBHH A1C13 npouecc peKOMeHAyeTcp bccth npn 50°

no AaHHbiM C. II. Jlvpbe h ,71. H. rojioBaMeBoft [13] ajiKHJiHpoBaHne
/i-KC!l.nOAa H306yTH.ieH0M B npncyTCTBHH A!Cl s OMeHb aKTHBHpyiOT AO- 

42 B. H. AcwiroB
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6aBKH CC14. B pe3yjibTaTe nojiyuaeTCH l,3-AHMeTH.n-5-mpem-6yTHji6ehJ
30A C BbIXOAOM 60%:

ch3 ch3

A /CH2 /CH3 

^CH3 CH3— C— CH3
x ch3

ch , - U +C H i=C<

AHajiorHqHO mojk-ho ajiKHJinpoBaTb OAe(j)HHaMH h Apyrue apoMaTHMe- 
CKHe yrjieBOAopoAbi, ho sth peaKUHH npoieKaiOT cjio>KHee h conpoBOJK- 
AaiOTCH BTOpHMHbIMH npOUeCCaMH AHCnponOpiXHOHHpOBaHHH BOflOpoaa. 
HanpHMep, l,4-flnrHApOHa(|)Ta.JiHH h 6eH30A o6pa3yiOT HeSojibiuoe ko- 
jiHMecTBo 2-(})eHHji-l,2,3,4-TeTpajiHHa, ochobhoh JKe peaKuneft HBJiaeT- 
CH HeodpaTHMblH K3T3AH3 AHrHAP0 Ha(})TaJIHHa B TeTpaJIHH H Ha4)TaJIHH.

FIpoBeAeHbi HccjieAOBaHHH h b o6;iacTH ajiKHJiupoBaHHH aueTHjieHa 
6eH30Ji0M. 3th peaKUHH npoTeuaiOT oueHb cjiojkho. H3 npoAyKTOB peaK
UHH H30JIHp0B3HbI 3THJl6eH30JI, AH6eH3HJI, 6yTHJI.6eH30JI, AUMCTHJIAH- 
THApoaHTpaueH, H30MepHbie Au-(a-3THji(J)eHHJi)-6eH30jibi.

XBk . KejuiH h P. JIh [14] pa3pa6oTajiH hobhh npouecc ajiKHjiHpo- 
b3hhh 6eH30Jia h ero roMOJioroB H3o6yTaHOM h ApyrHMH napa(])HHaMH 
c TpeTHUHbiM yrjiepoAHbiM aTOMOM. Ohh H33B3J1H 3tot npouecc deeudpo- 
aAKUAupoeaHueM, tbk Kau aah npoTeuaHHu ero hcoSxoahmo npucyT- 
CTBHe aKUenTOpOB BOAOpOAa, KOTOpbIMH HBJ1HK3TCH OJie(])HHbI. PeaKUHH 
CBH33Hbi c nepepacnpeAejieHHeM BOAopoAa hc H30MepH3auHen, b pe3yjib- 
TaTe uero nouTH kojihucctbchho nojiyuaiOTCu mpem-ajiKHJi6eu30J\h\ h 
pa3BeTBjieHHbie napacjjHHOBbie yrjieBOAopoAbi. npouecc npoBOAHTcn np 
10—20° 4—5 am h H36biTKe H3o6yTaHa. B KauecTBe KaTaAH3aTopoB 
npHMeHHKDT H2S04, AlClg, HF BF3, H20. PeaKUHH npoTeuaiOT no 
cjieAyioiueH npHMepHOH cxeMe:

CH3

ch3- c- h
I

ch3

ch3
I

ch3—c h - c h = ch - ch3

ch3
lx CH3

iT 'l  +  CH3-CH -CH a-*CHo-CH.
\ A

I
ch3—c- ch3

ch3

AjiKH^HpoBaHHe apoMajHMecKHx ymeBOAopoAOB mo>kho npoBOAHTb He TOAbKO HenOCpeACTBeHHbIM AeUCTBHeM OAecjUIHOB, HO H CnHpTaMII, 
KaK 3T0 noKa3aA H. n. IJyKepBaHHK c coTpyAHHKaMH (cTp. 4 7 ':,).
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K  ajiKH.iHpoBaHHio othochtcm  Tauwe peaKUHH Llmviepa (cTp. 595)
no nOJiyneHHK) AHMepOB a-OAe(})HHOB nOA ACHCTBHeM TpH3THAaAK)MHHHH, 
coAepwamero cacam KOAAOHAaAbHoro hhkcah:

c h 2= c h 2 +  CH 2= C H 2 -  [CH2= C H — +  —CH2—CH3] —  c h 2= c h - c h 2- c h 3

c h 3- c h = c h 2 +  c h = c h 2 c h 3—c h 2- c h  — +  —c = c h 2

c h 3 c h 3

CH3-CH2-C H ,-C =C H 2 h t. a.I
c h 3

3 th peaKUHH hbahiotch npHMepaMH aAKHAHpoBaHHH oac^ hhob ojie- 
cf)HH3MH.

3. MexaHH3M ajiKHjiHpoBaHHn yraeBOAopoAOB

PeaKUHH ajiKHjiHpoBaHHu yrjieBOAopoAOB hpoTeuaioT pa3AiiHHO, 
b 33BHCHMOCTH ot npHpoAbi KaTajiH3aTopoB h ycAOBHH npouecca.

AjiKH.iHpoBaHne b npHcyTCTBHH cepHOH KHCJiOTbi npoTeuaeT, conaac- 
ho npaBHAy MapKOBHHKOBa, no cxeMe:

c h 3c h 2X
CH3CH2CH=CH, +  H0S020H -► >CHOSOiOH

c h /

c h 3c h 2V
>CHOSO,OH +  (CH3)3CH - ►  (CH3)3CCH(CH3)CH2CH 3 +  h o s o 2o h  

c h /

no 3toh cxeMe, BepouTHo, pearnpyioT h Apyrne yrAeBOAopoAbi. 
AjiKHJinpoBaHHe b npncyTCTBHH AlClg npoTeuaeT 3HauHTejibH0 caojk- 

Hee. He npHBOAH Bcex cymecTByioiuHx mhchhh no noBOAy peaKUHH, 
CBH33HHOH C 06pa30BaHHeM MHOTOHHCAeHHblX nodOHHbIX npOAyKTOB, CAe- 
AyeT \'Ka3aTb Ha padoTbi T T TycTaBCOHa [1], kotophh ycTaHOBHA, hto 
npH B33HMOA6HCTBHH AlBr, C 6eH30A0M 06pa3yi0TCH CACAyiOIUHe KOMnAeK-
cbi: AlBr3-3C6H6; AlBr3-3C„H5C H 3; A l2Br6-6C6H6; A l2Br6-6C6H5CH 3.

AHaAorHMHbie KOMnAeKCbi noAyuaiOTCH npH b33hmoachctbhh OAe- 
(])HHOB C AlClg. H i. OpHAeAb H Jim. Kpa<J)TC [2], He33BHCHMO OT 
r  r  TycTaBcoHa, H3ynaBmHe AeiicTBHe A1C13, CMHTaAH, uto K3TaAH3a- 
Top o6p*a3yeT c yrAeBOAopoAaMH aAioMHHHHopraHHuecKHe coeAHHeHHH— 
npoMe>KyTOHHbie npoAyKTbi peaKUHH cAeAyiomero CTpoeHHu:

C 6H„ +  A1C13 -»■  C„H5-A1CI, 4- HC1

C flHJ MCI, t- RCl -► C6HsR -  A i d ,

B ja.ibHeHuieM 6biA0 tomho yeraHOBAeHo o6pa30BaHHe KOMnAeucoB. 
OnycKaa Muorne hcc.i eAOBaHHH, npoBeAeHHbie b stom  HanpaBAeHHH 
(niupofiHee c m . paGoTbi H. H. JleGeAeBa [15] h M. ToMaca [16]), mo>k - 

npHBecTii AaHHbie B. B. Kopmaxa.
47*
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B pa6oTax B. B. KopmaKa h H. H. JleOeAeBa [17 18] BbicKa3aHO 
npeAnoAo>KeHHe 06 oOpaaoBaHHH KOMnjieKcoB THna.

A1C12 +  X- -f R+ AlCi., • X...R
A12C10—

-**AlClr 4- H+ +  C#Hg- A1C!4-H ...C gH5

—  CcH5R +  A12C1c +  HX
B nocjieAHee BpeMa B. B. Kopinan Hauieji, mto A1C13 c apowaTHwe- 

ckhmh yrjieBOAopoAaMH o6pa3yeT TponHbie KOMn.ieKCHbie coeAHHeHHa—
Al2ClG-6ArH-HC1, a c rajioreHnpoH3BOAHbiMH — A1.2C16-RC1 A1C14.
TaKHe KOMnjieKCbi AHnoAbHbi, mto npHBOAHT k noAapH3auHH C—C-cbh- 
3en. b pe3yjibraTe aero B3aHMOAeftcTBne apoMaTHaecKoro yrjieBOAopoAa 
c rajioreHnpoH3BOAHbiMH npoTeKaeT no cxeMe:

C12A1...C1-...R ~

C14A1...H+... Ar
A12C1G -f- HCl A  ArR

Hah oStHCHeHna peaKUHH aAKHAHpoBaHna napa(|:>HHOB ojiec])HHaMH 
6biJio npeAJio>KeHO mhoto pa3AHMHbix cxeM. Tan, HanpnMep, C. Max- 
AjuincTep, >K. AHAepcoH, C. BaAAapA h B. P occ [19] npeAAO>KHAH 
fAeAyiOLUHH MexaHI53M aAKHAHpOBaHHH H306yTaHa STHJieHOM:

CH*

CH:!

ch3x

ch3- ch

ch/

CH;

CH.
CH +  CH3

•CH +  CH3 +  CH,=CHa CH3-C H 2—ch2- ch - ch3
I

ch 3

MexaHH3M 3tot npeACTaBJiaeTca He coBceM npaBHAbHbiM. Pacmen- 
AeHHH H3o6yTHJieHa Ha MeTHAbHbie h H3onponHAbHbie paAHKaAbi npn 
peaKUHH He nponcxoAHT, peKOMSHHauna b 2-MeTHAneHTaH nyTeM Tpoft- 
Horo coyAapeHHa ciaTHCTHMecKH oaeHb m3ao BepoaTHa, npn 3akhah- 
poBaHHH H3o6yTaHa sthachom o6pa3yeTca b KaaecTBe TAaBHoro npoAyn- 
Ta He 2 -MeTHAneHTaH, a 2 ,2 - h 2,3-AHMeTHA6yTaHbi.

HecKOAbKO doaee 6ah3Kh k hcthhc cBo6oAHO-paAHKaAbHbie uenHbie 
MeX3HH3MbI, B OCHOBe KOTOpbIX Ae>KHT THnOTe3a B33HMOAeHCTBHH C Ka- 
T3AH3aTopoM, b pe3yAbTaTe aero hcxoahhh H3onapac|)HH npeBpaiuaeTca 
b TpeTHMHoe aAKHAbHoe npoH3BOAHoe. Tan, HanpHMep, no Jl. UlMep- 
AHHry [20] H3o6yTaH b npncyTCTBHH HCl (hah A1C13) pearnpyeT c sth- 
AeHOM b Tpn ct3ahh c MHrpauHeu MeTHAbHoft rpynnbi:

a) (CH3)3CH +  CH2=CH2 +  HCl -► (CH3)3CCl -f CH3-C H 3 

6) (CH3)3CC1 +  CH2=CH2 -► (CH3)3C-CH2-C H 2Cl
b) (CH3)3C-CH,-CH 2C1+ (CH3)3C-H  - * •  CH3—CH-CH— CH3 +  (CH3)3CC1 h t. a.

I I
ch 3 ch3

0 6 p a3 y iom H H ca  b nocneAH eft ct3Ahh m p e m -x n opHCTbifi 6yTHA pe- 
arnpyeT AaAee c sthachom no uenHOMy MexaHH3MV. Jlyauie B cero  o 0
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/Ikdt o6pa30BaH H e pa3JinqHbix npoAyKTOB ajiKHjinpoBaHHH b  n pn exT -  

CTBHH KHCJIbIX K3T3 JI H33TOpOB Te MeX3HH3MbI, B OCHOBy KOTOpbIX nOJIO1 
>KeHbI npHHUHnbl KapSOHHH-HOHHOH TeOpHH YHTMOpa [2 1 ] .  n o  3TOH 
TeopHH b nepBOH (J)a3e n p o u e c c a  npoHcxoAHT OTin,enjieHHe BOAopoAHoro  

aTOMa c o6pa30BaHHeM HOHa KapdoHHH (c r p .  623). Bo BTopoft (})a3e hoh 
KapSoHHH npH coeAH H aeTca k o j ie^H H y (k aTOMy y r j ie p o A a  abohhoh cbh- 
3H C Ck'JlbUJHM HHCJIOM BOAOpOAHbIX aTOMOB), 06pa3yfl n0J10>KHTejIbHbIH 

hoh OoJibiuero MOJieKyjmpHoro Beca . n p o H c x o ^ a m n e  3aTeM MOJieKyjiap- 
Hbie neperpyn riH poB K H  hbjihiotch pe3yjibTaTOM: a) OTpbiBa h MHrpauHH  
rp y n n b i  CH3, KOTopbie 33bhcht ot nojio>KeHHH ee b MOJieKy.ie: 
(CH3)3C— >  (CH3)2CH— >  CH3CH2—; 6) OTpbiBa h MHrpauHH aTOMa 
BOAopoAa ot r p y n n  — CH2— hjih — CH< (b c j iyn ae  rp y n n b i  CH3 cko- 
pocTb BbwejieHHn BOAopo^a  HHHTOJKHa h eio mo>kho npeH eSpenb ).

npHMepaMH ajiKHjinpoBaHHH hbjihiotch cHHTe3bi HeoreKcaHa H Tpnn- 
TaHa npn B3aHMOAeficTBHH cooTBeTCTBeHHO smneHa hjih nponHJieHa 
c H3odyTaHOM. AjiKHJinpoBaHne hact xopoino npn 20 am h 300° b npH- 
cyTCTBHH 1—2% xjiopa, xjiopoijiopMa, (jjpeoHa (CC12F2), xjiopncToro 
aneTHJia hjih xjiopncToro 6eH30Hjia.

MexaHH3M o6pa30BaHHH HeoreKcana (no O YHTMopy):
CH3N̂  CH3X + CH3N
ch3- c+ +  ch2= ch2 ----- ► CH3-C -C H 2-C H 2 _ h-+- ch3- c- ch2- ch3

ch/  ch/  ch/

OAHOBpeMeHHO npoTenaiOT npoueccbi, cBH3aHHbie c MHrpauHeii
« n 3-rpynnbi h aTOMa BOAopoAa:

CH3

ch3- c- ch2- ch2
I

ch3

ch3—c — ch2— ch2—ch3

ch3 Jh

CH3—CH—CH2—CH2—CH,

ch3
ch3

MHrpamm H j, ^  MiirpauHH CH3----------- ► L1I3—L—LH—LH3 ------------>■

ch3

CH3—C—CH—ch3 _ h- ^  ch3- ch- ch- ch3 
! I I

ch3ch3 ch3 ch3

MexaHH3M ajiKHjinpoBaHHH H3o6yTHjieHa H3o6yTaHOM no O Mwa- 
neTTa [22] npeACTaBAneTCH aHajiorHHHbiM cxeMe YHTMopa:

ch3 ch3 ch3 ch3

ch3—c f  -  c ii2= c- ch3

ch3

ch3—C—ch2 —C—ch3
i +

CH,
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H-.C
ch3

ch3 
/ 

c 
I

ch2

H

H,(X XCH

CH3X y C U ,
CH3-C-CH2—CH 
CH, 7  ^CHc

CHo‘3\  + / 
MHrpauHH CH3—C-CH-CH
3apaAa

CH,

ch/ x ch3
1 MHrpauHH
\  CH3

ch3X +/ CH3 ch3n /CH3
>CH--CH-C H >CH—CH-CH

ch/
ch3 ^ CH3

------ CH/ 1 \ th 
ch3 XjM3

AHajiorHMHO pearnpyioT h a p y rn e  napa(J)HHbi c OAe<J)HHaMH, npHyeivi 
MHrpauHH H h CH3 Bcerua nponcxoAHT b HanpaBJieHHH k  noAO>KHTeAb- 
HOMy Hony KapSoHHa (C+), hto  h oSycAOBAHBaeT H30MepH3auHio.

4. AjiKHjiHpOBaHHe KHCJiopoACOAepMaiUHx opraHHwecKHx
COeAHHeHHH

AjiKHJinpoBaHHeM nepBHqHbix cnHpTOB OAe(J)HHaMH npn HopMaAbHOM 
HAH HeCKOAbKO nOBblUieHHOM AaBACHHH MOJKHO nOAyuaTb BblCIHHe cnnp- 
Tbi. B. FOppn h O. Ctsch [23] yKa3biBaroT, hto sth peaKUHH KaTaAHTH- 
qecKH npoTeicaiOT noA BAHHHHeM CBeia hah nepeKHcen. PeaKUHH ha6£ 
no uenHOMy CBo6oAHO-paAHKaAbHOMy MexaHH3My, npnueM c oahoh 
AeKyAofl cnnpTa mojkct coeAHHHTbcn HecKOAbKO MOAeayA OAe(])HHa. 
AaTHBaTOpOM T3K0H peaKUHH hbahiotch nepeKHCb m p e m -C y m n a , Torua 
Kaa nepeKHCb 6eH30HAa coBepmeHHO HeaKTHBHa.HanpHMep, npn 125° b npucyTCTBHH oueHb HeSoAbiunx koahmcctb nepeKHCH m p e m -G y m n a  aAKHAHpoBaHne sthaoboix) cnnpTa sthachom npoTeKaeT no cAeAyioiueMy uenHOMy MexaHH3My:

(CH3)3C -0 -0 -C  (CH3)2 ^  2 (CH3)3C - 0 -  (a)

(CH3)3C—o -  +  ch3ch2oh —

ch3choh +  ch2= ch2

ch3chohch2ch2

CH3CH2OH

c h 2=c h 2

► (CH3)3C-OH +  CH3CHOH 

- CH3COCH3 +  CH4.+ CHjCHOH 

-► CH3CHOHCH2CH2

ch3chohch2ch3 +  ch3choh 

ch3chohch2ch2ch2ch2

rAe

CH3CHOH +  X 
X— aauenTop BOAopoua.

oSpbIB
uen h

CHgCHO +  HX

('))

(b)

(r)

(A)

(e)
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B 3t o h  cxeMe peaKUHH (a) h (6) npeucTaBjiHioT codon Hanano uenH, 
(b ), (r) h (a )—pa3BHTHe iieneft, (e)—B03M0>KHbiH odpbiB uenH.

HeKOTopbie pe3yjibTaTbi peaKUHH aJiKminpoBaHHH cnHpTOB npn- 
BeAeHbi b  TadJi. 67.

TABJ1HUA o 7

McXOflHblfi cnHpT Ojie<J)HHbl KOHtMHble npOAJKTbl

MeTaiioA Oktch-1
Othhoa OTH.ieH
To we TeKceH-1

» OxTeH-1
fIpo.iaHo/i-2 3rH.ieH

To >Ke IlponeH
» OKTeH-1
» AoAeneH- 1

Byrano.i-1 0)<TeH-l
6yTaHOA-2 Oktch-1
HHKioreKcaHon TeKcen-1

HoHaHo.i- 1
ByTaHo.i-2, reKcaHo.i-2
OKTaHo.i-2
/leKaHo.i-2
2-A\eT m.i6v Ta ho.i -2 , 2-veT n,i renca

ho 1-2. 2-.\ieTH ae:<aHo i-2 
2-MeTiuneHTaKo.i-2 
2-MeTH.iAeKaHo.i-2
2- MeTH.iTeTpajeKaHoi-2 
ZTueKaHo.i-4
3- MeTH.iyHAeKanoi-3 
f  eKCH.mHK.ioreKcano i

K  rp y n n e  a^KHJiHpoBaHHH KHCJiopoucouepjKam Hx coeuHHeHiui ot- 
HOCHTCH T3KHe H3BeCTHbie peaKUHH, KaK O0pa3OBaHHe npOCTbIX H C.10/K- 
Hbix 3(J)HpoB, ru e  aTOM Bouopoua b rnupoKCHJibHOH rp y n n e  cnnpia hjih 
KHCJioTbi 33MeHHeTCH Ha ajiKHJibHbift hjih apHJibHbifi paunK aji:

ROH +  ROH -► ROR + H20

ROH +  R'COOH ^  R'COOR -p H20

K 3T0My u<e THny peaKUHH o t h o c h t c h  nojiyueHiie apoMaTĤ ecKHX h 
jKHpHO-apoMaTHwe:KHX KeTOHOB no OpHuejno—Kpa(|)Tcy

ArH +  RC0C1 RCOAr +  HC1

a TaK>Ke upyrne peaKUHH, xopoiuo H3BecTHbie H3 odiuero Kypca opraHH- 
necKOH XHMHH.

ripeucTaB^HiOT HHTepec KaTajiHTHnecKHe peaKUHH npuM oro ajiKH.iH- 
poBaHHH rH upoK CH ^couepH tam ux opraHHnecKHx coeuHHeHHH o jie ^ n -  
HaMH. Taune npoueccbi eiue He n o jiy u n .™  TexHHnecKoro 0(J)opM^eHHH, 
h o  o h h  oneHb nepcneKTHBHbi, x o t h  h Mauo ocBeiueHbi b JiH TepaType. 
Ho naTeHTHbiM uaHHbiM cnHpTbi c ojiecJ)HHaMH npn 250° h noBbiuieHHOM 
uaBueHHH M oryT odpa30BbiBaTb npocTbie 3(J)Hpbi. B KaqecTBe KaTaAH3a- 
TOpOB npHMeHHIOT OKHCb 3J1IOMHHHH, (J)OC(J)aTbI HJIH CHJlHK3TbI THJKe.lbIX
MeTajuioB. ripouecc npoieKaei no cneuyioiueH cxeMe:

— ROCH2CH2R'
ROH +  R'CH=CHa ---- ;

ROCHCH3
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BepOHTHO, T3KHM >Ke nVTCM H3 HH3LUHX KeTOHOB MO>KHO nOAYHHTb 
BbicuiHe. HanpHMep, H3 aueTOHa c sthachom o6pa3yeTca MeTHJinponHji- 
KeTOH:

CH3COCH3 +  CH2= C H 2 -►  CH3COCHaCH2CH3

/lodaTOMHO noApodHO HccjieaoBaHbi peaKUHH npsiMoro noAyneHHH 
3(|)HpoB H3 KapSoHOBbix khcaot h ojie^HHOB. 3 th peaKUHH 6biJiH npeA- 
CKa3aHbi H. A. MeHuiyTKHHbiM [24] h BnepBbie ocymecTBAeHbi 
J \ .  n . KOHOBaJIOBbIM [25] AAH aAKHAHpOBaHHH yKCyCHOH KHCAOTbl OAe- 
4)HHaMH C TpeTHMHblMH aTOM3MH VITiepOfla. H. J l .  KoHAaKOB [26] Bnep
Bbie npe/yicuKHji Hcnojib30BaTb aah bthx npoueccoB ZnCl2 b KanecTBe 
KaTajiH3aTopa. HecMOTpn Ha npocTOTy, yKa3aHHbie peaKUHH npaKTH- 
qecKH ao chx nop He HcnoAb3yiOTCH, Tan nau He HafiAeHbi cooTBeTCTByio- 
mne ycAOBHH h aKTHBHbie KaTajiH3aTopbi. IlponHjieH hah dyTHAeH c 
yKCyCHOH KHCAOTOH B npHCyTCTBHH XAOpHCTOrO UHHK3 npH 50 ( M l H
150° o6pa3yeT 25— 27% nponHA- hah dyTHAaueTaTa [27]. H 3  renTeHa 
c yncycHOH khcaotoh npn 300° b sthx ycAOBHnx o6pa3yeTCH renmn- 
aueTaT. A mhach c yncycHOH khcaotoh b npncyTCTBHH ZnCl2 odpa3yeT 
npH oSbiHHOH TeMnepaType aMHAaueTaT, ho bmxoa nocAeAHero hcbcahk, 
TaK KaK 3HaHHTeAbHaH HaCTb aMHAeHOB nOAHMepH3yeTCH. BbIXOAbI 3(J)H- 
POB 33BHCHT OT KOHCT3HT AHCCOUHaUHH KapSOHOBbIX KHCAOT. CpaBHH-
TeAbHO CHAbHan TpHXAopyKcycHan khcaot3 CC l3COOH HacTOAbKO 
aKTHBHa, hto 6e3 K3TaAH3aTopa b aBTOKAaBe npn 100° nepe3 1 uac odpa- 
3yeT 88 % cooTBeTCTByioiuero 3(})Hpa.

CHCTeMaTHHeCKHe HCCAeAOBaHHfl npHMOrO CHHTe33 CAOHCHbIX 3(|)HpOB 
b- npncyTCTBHH B F3 b KanecTBe K3TaAH3aTopa npoBOAHA C. B. 3aBro. 
Poahhh [28]. O h HarneA, hto b npncyTCTBHH KOMnAenca B F3-0(C2H5), 
OAe(])HHbi npn HopMaAbHOM AaBAeHHH h mhtkhx TeMnepaTypHbix yCAO- 
bhhx (ot K0MH3TH0H TeMnepaTypbi ao 150°) pearnpyiOT c KapdoHOBbiMH 
KHCAOT3MH, o6pa3yn (npHMepHO nepe3 cyTKH) ao 40—90% cooTBeT- 
CTByiom,HX caojkhhx 3(])HpoB. B pe3yAbTaTe SoAbmoro hhcah npoBeAeH- 
HblX OnbITOB 6bIAO yCT3HOBAeHO, HTO BbIXOAbI H CKOpOCTb peaKUHH 3a- 
bhcht ot CTpyKTypbi OAecJiHHOB, H3 KOTopbix MeAAeHHee Bcex pearnpyeT 
3THAeu. CKOpOCTb peaKUHH HapaCTaeT TOAbKO AO 6yTHAeHOB HOpMaAb- 
HOTO CTpoeHHH. Bo MHCTHX CAyHaHX CpaBHHTeAbHO HH3KHe BbIXOAbI 3C])H- 
pCB OdbHCHJUOTCH H3AHHHeM nodouHbix napaAAeAbHbix peaKUHH.

Bhxoa cao>KHbix scJwpoB 33BHCHT TaKXKe ot xapaKTepa KapfiOHOBblX 
KHCAOT, HanpHMep, yBeAHHeHHe KOHCTaHTbl AHCCOUHaUHH KHCAOTbl 06- 
AernaeT npncoeAHHeHHe ee no C —C-cbh3h . Jlerne Bcero HAyT peaKUHH 
C MypaBbHHOH H yKCyCHOH KHCA0T3MH. ^ByXOCHOBHbie KapdoHOBbie 
KHCAOTbl MeHee aKTHBHbl B peaKUHHX 06pa30BaHHH HOpM3AbHbIX 3([)H- 
pOB, new OAHOOCHOBHbie, npHHeM aKTHBHOCTb HX CHHH<aeTCH C yAAHHe- 
HneM yrAepoAHofl uenH. ApoMaTHHecKHe khcaotm aKTHBHee, neM aAH- 
(jiaTHHeCKHe. CKOpOCTb peaKUHH B3aHMOAeHCTBHH KapdOHOBbIX KHCAOT 
C p3 3 AHHHbIMH OAet[)HHaMH 33BHCHT nOMHMO CTpoeHHH KHCAOTbl OT Bpe- 
MeHH, CKOpOCTH pa3MeiUHBaHHH, B33HMHOH paCTBOpHMOCTH, paCTBOpH- 
tcah, MaTepnaAa annapaTypbi h t . a .
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Pe3y.ibTaTbi onbiTOB, npoBefleHHbix C. B. 3aBropoAHHM. jaHbi b 
Ta6/i. 68.

TABJ1HUA 6S
PeareHTbi

npOAOJlJKHTejlb- 
HcxTb oribiTa, 

MaobiOJie<J)HHbl KMCJIOTb!
TtMnepaTypa,

‘■ C 3<t>HpbI Bbixoj,
%

STHJieH BpoMyKcyc- KoMnaTnaa L 3mi6poMaueTaT 8

IlcCBAoSyTH-
Haa

yKcycnaa 97 24 emop-ByrniaueTaT 66
.ien 

To we TIponHOHOBaa 97 24 etrioo-B y m i npomioHaT 57
» Mac.iHHaa 97 24 OTHop-BvTH.l6yTHpaT 40
» H30Bajiepna- 97 24 e/flop-B\THJJH30Ba.nepaT 40

»
HOBaa

IHaBeJieBaa 150 2 Hn-emop-6yTH.noKca.iaT 40
» JlHTapHaa 150 4 ' a,H-ef«op-6yTn.icyaun- 46

» d-BnHHaa 150 2
HaT

JX n -e m o p -CyTH^TapTpai 42
BeH3oftHaa 97 24 emop-Bymi6eH3oaT 89

» <J>TajieBaa 150 4 /I h -e m o p -6ymi(J)Ta.i aT 61
» X/iopyKcyc- 1 6 -2 5 128 AHefi emop-ByTH.nxjiopau.eTaT 86-

»
Haa

TpaxjiopyK- 52 4 emo/’-ByTH.iTpux.iop- 92

ByTii/icH
cycHaa

yKcycaaa 97 8
aueTaT

em o p - ByTH.iaueTaT 51
To we XjiopyKcyc- 50 24 emop-Bymix.iopaueTar 75

M3o6yTHJieH
Haa

yncycHaa 12— 16 2 m p e in -ByTH.iau.eTaT 59
To we maBe.ieBaa 12— 16 24 JIii -m p em -6yT hjiokc a.i aT 13

» BeH3oftHaa 50 24 mpem - By THJi6eH3oaT 14
Amhjich yacycHaa 97 24 emop-AMH.iaueTaT 40
To we maBê ieBaa 97 24 ilH-emop-aMHJioaca.iaT 27

» BeH3oiiHaa 97 24 emop-AMn.i6eH3oaT 53
» Xjiopyacyc- 50 24 e m o p - Am h.i x.nopaueTaT 63

»
Haa

Tpnx.iopyi<- 50 24 emop-AMH.iTpHX.nop- 86

TeKciLieH
cycHaa

X.iopyacyc- 97 2
aueTaT

e m o p -Y  eacu.ix.iopaue- 6

UiiK.ioreKceH
Haa

yacycH aa 97 72
TaT

UiiKaoreKCH.iaueTaT 61
To we BpoMyacyc- 50 6 UuK.ioreKcii.iSpoMaue- 78

»
Haa

Tpnxjiopya- 50 34
TaT

U,h K.ioreKcii.iTpu xjiop- 88

CTlipo.I
cycnaa

Bpowyacyc- KoMHatHaa 23 Ana
aueTaT

<I>eHn.i3TH.i6poMaueTaT 15
naa

Bo^biiiOH TeopeTimecKHii h npaKTHqecKHfi Hrnepec npeACTaBJiaer 
KOH^eHcaunH a^bflerw flOB c ojie(])HHaMH noA a c h c tb h c m  pa3^HHHbix na- 
Ta.TH3aTopoB Knc.iOTHoro THna. Tanaa KOHAeHcauHa BnepBbie 6bi.na 
onwcaHa O. KpuBiiTueM [29], KOTopbift npn HarpeBaHHH nHHeHa hjih 
^uneHTeHa c napatfiopMajibAeniAOM b 3anaflHHOH TpySne no.iyqH.i Henpe-
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^ejibHbie TepneHOBbie cnupTbi. B 1917 r. T llpHHC [30] Harneji, mto s r a  
peaKUHH HMeeT o6mee 3HaqeHHe, h m o  Bee ojiecjDHHbi h A pyrue HeHacbi- 
iueHHbie coeAHHeHHH npn b 33h m o a6h ct b h h  c  (|)opMajibAerHAOM b b o a h h x  
(h jih  HeBOAHbix) pacTBopax b npncyTCTBHH cepHoft k h c jio t m  o6pa3yiOT 
npOH3BOAHbie ^-AHOKCaHa, KOTOpbie MO>KHO JierKO rHAp0AH30B3Tb B 
cooTBeTCTByiomHe t jih k o jih  h jih  nepeBecTH b A pyrne npoH3BOAHbie. 
KoHAeHcauHH ojie<|)HHOB c (JxjpMajibAerHAOM H3BecTHa b xHMHMecKoft 
jiHTepaType Kan^ e a K t ^ u a  n p u n c a .  T an n e peaKUHH Jieruo npoTeuaiOT npn 
K0MH3TH0H h jih  noBbimeHHOH a o  30—100° TeMnepaType b npHcyTCTBHH 
H2S04 (npHroAHbi h A pyrne KaTajiH3aTopbi— H3P04, HC1, ZnCl2, 
KOMnjieKCbi B F3 c b o a o h ). B nocjieAHHe roAbi noKa3aHo, mto x o p o u jh m h  
KaT3JlH3aTOpaMH A^H peaKUHH FlpHHCa HBAHIOTCH HOHOOSMeHHbie cyjib- 

4>OCMOJTbI.
Il'yTb KOHAeHcauHH nceH H3 cJieAyiomero KOHKpeTHoro npHMepa:

ch3V
. >c= ch2 +  ch2o

25% H2S04

CH KtMHaTHaa TeMnepaTypa

ch3
i

ch3—c- ch2
I I

ch2
I
o

CH,

ch3—c- ch2 
I I 

ch2
I
o

c h 2o

rjiaBHbifi npOflyKT
H , c  CH,

h 2o

c

/ ’ \
O CH,

I
H2C CH,

\  /  ‘ 
o

ch3
I

CH3—C—CH2—CH,OH
I
OH

ApHJiajiKeHbi, TepneHbi, AHOJieiJwHbi, HenpeAejibHbie cnnpTbi h Apy- 
rne coeAHHeHHH b npHcyTCTBHH cepHofi khcjiotm o6pa3yiOT c (jx>pMajib- 
AterHAOM cooTBeTCTByiomHe npoH3BOAHbie jw-AHOKcaHOB, HHorAa oueHb 
CJIOJKHOH CTpyKTypbl.

J \ j i n  06'bHCHeHHH MexaHH3Ma peaKUHH ripHHca 6h a o  npeAAOJKeHO 
HecKOJibKO BapHaHTOB. B HacTOHui.ee BpeMH CMHTaiOT, mto npouecc npo- 
TeuaeT uepe3 o6pa30BaHHe KapSoHHH-HOHa H3 cjjopMajibAerHAa h k h c - 
jio r a :

—  CH*—OHCH*0 +  H+
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CH3CH=CH2 +  CH2OH ch3chch2ch2oh
h2o

ch2 
-•/ \

CH3—CH CH2
I

+  OH

f
O 0

CH,

ch3chch2ch ,oh
I
OH

4- H * H T. .1.

CH2 
/  \

CH3—CH CH2

o
\

0 +H

CH.,

ch2
/ \

CH3—CH CH2 -  H+
l i

o o
\  /

CH2

H3 3T0H CXeMbI BHAHO, MTO ,11-AHOKCaHbI H,1 H S-PAHKOJIH 06pa3yiOTCH
Mepe3 npOMOKyTOMHblH CnHpT C HOHOM KapSOHHH [CH3CHCH2CH,OH|.

^W-ZlHOKCaHbl npHMeHHFOT KaK paCTBOpHTeJIH JI3KOB H CMO/1, B Ka- 
qecTBe aHTH êTOHauHOHHbix AoOaBbK, a TaK>Ke a-th AenapacJwHHaauHH 
CMa304Hbix Maceji. Flo CBoeft xHMHqecKOH npwpoAe ,w-AHOKcaHbi r b j ir - 
k )tc h  UHKJiHqecKHMH au.eTa/iBMH  ̂ rjiHKOJiefl, b KOTopbie jierKo npe- 
BpamaiOTCH KHnnqeHHeM c 2% H2S04, mo HB/iHeTCH yAoSHbiM npena- 
paTHBHbiM MeTOAOM ajih nojiyqeHHH nocjieAHHX. Ilpw TepMnqecKOM 
pacmenJieHHH HaA k h c jim m h  (})oc$aTaMH î-AHOKcaHbi Ha 50—60% npe- 
BpamaiOTCH b cooTBeTCTByiomHe AHeHbi c conpa>KeHHbiMii c b h 3h m h :

CH3
I

CH

HgC^ ^C H -C H .,
| i _____ ► c h 2 =  c h — c = c h 2+  CH20 -i -H 20
O O |
\  /  CHS

CH,

r HAporeHOJiH30M HaA Ni, Co, Cu hjih Pd npn 120—2003 ajiKHJi-.vt- 
AHOKcaHbi npeBpamaiOTCH b nojiya^Hpu -̂r.iHKOJiefl (a), a HaA 
Cu2Cr04 npn 150 am  h 200°—b nepBHHHbie cnHpibi (6):

H3C CH,
\  /  

c

/  \
I I,C CH,

i i
o o
\  /

CH,

H>
CH3

CH30-CH 2-C -C H 20H (a)

CH,

CH,

CH3—C-CH2OH +  CH3OH (6) 
I

CM,
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Cyan no hobmm aMepHKaHCKHM naTCHTaM [31], ojie^HHbi npn B3an- 
MoaeHCTBHH c ajib^erH^aMH b npHcyTCTBHH opraHHnecKHx nepeKHcen 
npeBpamaioTCH b KeTOHbi:

R' O R' O
I II I II

R—C=CH2 +  H—C—R" -► R—CH—CH2—C—R"

M. Kaparn, B. lOppn h B. KyAepHa [32], H3yqaBimie 3 Ty HHTepec- 
HyK) peaKUHio, npHAaiOT eft CBo6 oAHO-paAHKajibHbifi uenHoft MexaHH3M;

CHgCO—O-O-COCHg----- ► CH3CO +  CH3

RCHO f  CH3 ------► RCO +CH4

/lv <
RCHO----- ► RCO +  H-

R'CH—CH2 +  RCO------► R'CHCH2COR

RCHO

R'CHCH,COR —

R'CH2CH2CR +  RCO 

O 

R'
R'CH=CH2 . I
--------- ► R'CHCH2CHCH2COR

RCO R +  CO

R +  RCHO------► RCO +  RH (pa3BeTB/ieHHe uenn)

2RCO----- ► RCOCOR (oSpbiB uenn)

5. PeaKRHH ajiKHjiHpoBaHHA ajisi nojiyqeHHH a30TC0Aep%amHx
COeAHHeHHH

K 3T0My THny peaKunfi othochtch 3aMemeHHH aTOMOB BOAopoAa Ha 
a.TKHJibHbie rpynnbi b aMMHane h aMHHax, a Tanace nepexoAbi ot TpeTHH- 
HblX 3MHHOB K HeTBepTHHHblM OCHOB3HHHM. KjiaCCHMeCKHM npHMepOM 
HeKaTaJiHTHnecKoro nocjieAOBaTejibHoro aJiKHJiHpoBaHHH hbjihctch 
peaKUHH nojiyqeHHa 3 mhhob no TocjDMaHy:

RJ +  2NH3 -► RNH2 +  NH4J 
RJ +  RNH2 +  NH3 -► R2NH +  NH4J 
RJ +  R2NH +  NH3 -► R3N +  NH4J 

RJ +  R3N -► R4NJ

K peaKUHHM aJIKHJlHpOB3HHH OTHOCHTCH T3KH<e B33HMOAOHCTBHe 
aMMHana c OKHCbio STHjieHa, N-MeTHJinpoBaHHe b reTepouHKJinnecKHx 
CCeAHHeHHHX H T. A-
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B noaneAHee BpeMH 3HaqHTe,nbHoe BHHMaHHe yAe.ifleTCH npaMOMv 
KaTajiHTHqecKOMy cHBTe3y 3mhhob h3 aMMHana c ojie^HHaMH. SmieH 
c aMMHaKOM pearnpyeT Aa>Ke noA AaBJieHHeM c 6ojibuiHM TpyAOM h hh- 
MTO>KHbiMH Bbixo,naMH cMecH aMHHOB, ho nponnueH h Apyrae aMHHbi pea- 
rnpyioT Jierwe. no AaHHbiM A. CTHBeHCOHa [33] napa(])HHbi c 3Mmh3kom 
npn 450—475° Ha a t3khmh KaTajTH33TopaMH, ksk V,05 A1.,03 (2 : 8 ) 
hjth (MoO.,%-W03)/A120 3, o6pa3yiOT .iHuib 3—3,5% cooTBeTCTByiomux 
HHTpHJioB. PeaKHHH o6;ierqaeTCH npn 3aMeHe napadpana Ha o/iecfniH.

PeaKUHH B3aHMO^eHCTBHH 3MMH3K3 C 3TH.1CHOM npHBOAHT K 06pa30- 
B3HHK) aiieTOHHTpH/ia:

AHajiorHHHO pearnpyioT nponHJieH h ahbhhiu. npomiueH c aM\ina- 
kom o6pa3yeT aueTOHHTpHJi (bhxoa Bbime 30%) c npuMecbio Ma.ibix 
KÔ iHMecTB nponHOHHTpHjia b pe3y^btaTe cjieAyioiuHx peaKunii:

B cjiyqae ahbhhhji3 rviaBHbiM npoAyKTOM peaKHHH T3K>Ke ABJiaeTCH 
aueTOHHTpHJi b CMe:H c nponno- h SyTHpoHHTpiuioM. noBbiuieHHe couep- 
>K3HHH 3MMH3Ka BO BCeX CJiyMaHX yBe.flHHHBaeT BbIXOAbI aueTOHHTpH.ia: 
npn OTHomeHHH C3Hb : NH3=1 :3 h450—500° nojiyqaeTca 32 % aueTOHH- 
Tpnjia. no HeBbiacHeHHbiM npHMHHaM c,ieubi BJiarH pe3KO noBbimaioT 
BbixoA HHTpnjia, aoboah ero Aaa<e ao TeopeTHuecKoro. H.ih sthx peau- 
uin'i oco6o peKOMeHAyeTcn KaTajiH33Top Zn0-Cr03/Al20 3.

AHajiorHMHO Be^yT ce6a c aMMHaKOM n apoMaTHuecKiie yrueBOAopo- 
Abi, AaiouiHe HenoTopbie KOJiHMecTBa hhtphjiob. H3 To.iyojia, kchjiojiob 
HJIH Me3HTHJieH3 C aMMHaKOM (2:1)  npH 500° Hau K3TaJIH3aTOpOM 
Mo03-P20 5/A120 3 o6pa3yeTCH cootbctctbchho 9—10% 6eH30HHTpHJia, 
TO.iyHHTpHJia HJIH KCHJIOHHTpHJia. npH aMHHHpOB3HHH napa(j)HHOB HJIH 
ojiecjwHOB, coAep>KauiHx 6ojiee 6 aTOMOB ymepoua b uenH, HMeeT MecTo 
AeniApouHKJiH3auHH, b pe3yjibTaTe uero nojiyqaiOTCH apoMaTHuecKHe 
HHTpHJibi. H3 H-renTaHa c aMMHaKOM o6pa3yeTca ao 3°o 6eH30HHTpnjia no cJieAyiomeft BepouTHoft cxeMe:

AHajioruMHO oktch-I c aMMHaKOM o6pa3yeT 6eH30HHTpiui h HeMHoro 
aueTOHHTpnjia:

(A I2=CH2 +  NH3 -► CH ,C\ - 2H

c ii,<j i = ch2 + nh3

CH.,CH,CN +  H, 
CH3CH=CH2 + H2

—  CHsCH2CN +  2H.
CH;CN +CH4

-► ch3ch2ch3

N/'
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TaKHM o6pa30M, npo6;ieMa npjiMoro cHHTe3a 3mhhob MeTÔ OM a.i- 
KHJinpoBaHHH aMMHaKa noKa He pa3pemeHa.

3HaHHTejibHoe KOJinqecTBo pa6oT nocBameHO B33HMo êHCTBHio aue- 
THJieH3 C 3MMH3KOM HJ1H 3MHH3MH. B 33BHCHMOCTH OT K3T3JIH33T0p0B H
vcjiobhh peaKUHH auemneH c 3mmh3kom o6pa3yeT aueTOHHTpHji:

CH=CH +  NH3 -*■ CH3CN +  H2
h HeSojibuine KOjiHHecTBa nnppojia, nHpH^HHa h ero roMOJioroB (nHKo-
JIHHbl, KOJIJIĤ HHbl).

C nepBHMHbIMH aJ!H(J)aTHqeCKHMH 3MHH3MH aueTHJieH Ha A neM30H 
hjih ZnBr2 npH 300° o6pa3yeT nHpHflHHOBbie npoH3BÔ Hbie, a Ha,n A120 3 
hjih apyrnMH flerH^paTHpyrouiHMH KOHTaKTaMH npn 130— 150°—,no 
70—80% HHTpnjioB. C apoMaTHqecKHMH aMHHaMH aueTHJieH K3T3J1HTH- 
qecKH o6pa3yeT xhhojihh, hh/jojih, XHHajib^HH h ^pyrne reTepounkjih- 
qecKHe coeflHHeHHJi.

J1.JIH aJlKHJIHpOB3HHH aMMHaKa HJIH 3MHHOB B HeKOTOpbIX CJiyqaHX 
yAo6HO nojib30BaTbca cnnpTaMH, ajib,nerH,naMH hjih KeTOHaMH. 
O. Mepu h K. r 33HopoBCKHH b 1884 r. BnepBbie HaOjiio^aJiH [34], hto 
npn HarpeBaHHH cnHpTa c aMMHaqHbiM pacTBopoM xjiopHCToro hkhkh 
nojiyqaeTCH bmhh:

ZnCl2
c2h5oh +  nh3 — -► C2HsNH2 +  H,0

B flajibHefimeM n . Ca6aTbe pa3pa6oTaji KaTajiHTHqecKHH MeTOfl nojiy- 
qeHHH aMHHOB H3 cnHpTOB nyTeM coBMecTHoro nponycKaHHH napoB 
cnHpia h aMMHana Ha a A120 3 hjih Th02 npH 300— 350° [35]. B pe3yjib- 
TaTe nojiyqaeTCH CMecb nepBHqHbix, BTopnqHbix h TpeTHHHbix aMHHOB:

rch2qh +  n h 3 -► rch2nh2 +  h 2o
RCH2NH2 +  RCH2OH -► (RCH2)2NH +  h2o 
(RCH2)2NH +  RCH2OH -*► (RCH2)3N +  HsO

B HacTOjmi.ee BpeMH cymecTByioT MeTOjjbi ,hjiji nojiyqeHHH npeiiMy- 
mecTBeHHO nepBHHHbix 3mhhob.

B nocjieflHHe ro^bi pa3pa6oTaH mctoa nojiyqeHHH 3mhhob H3 cnup- 
tob AeftcTBHeM aMMHana npn 50 am  h 380° Ha  ̂A120 3 hjih THApoaMHHH- 
poBaHHeM ajib^erHAOB npn 200 a m  h 320* Ha  ̂ NiCr-KaTajiH3aTopoM.

/Xjih cHHTe3a aMHHOB y,no6eH Tanme MeTOA MHHbOHaKa [36]—boc- 
CTaHOBjieHHe ajib/iernflOB hjih kctohob BOflopo^oM b npHcyTCTBHH aM
MHaKa HaA KaTajiH3aTopaMH:

RCHO +  H2 -► RCH2OH 
RCH2OH +  NH3 -*■ RCH2NH2 +  h2o

RCHO +  H2 +  NH3 -► RCH2NH2 +  H20
BoccTaHOBJieHHeM ajibAerH^OB 3mmh3kom, nepBHHHUMH hjih BTopnq- 

hhmh aMHHaMH nojiyqaiOT cooTBeTCTBeHHO nepBHqHbie, BTopnqHbie hjih 
TpeTHqHbie aMHHbi. KeTOHbi b Tex me ycjiOBHHX o6pa3yiOT npeHMymecTBeH- 
ho BTopnqHbie aMHHbi. JlyquiHM K3TajiH3aTopoM b jiaHHOM cjiyqae HB- 
juieTCJi, bhahmo, HHKejib PeHeji, Haji KOTopbiM peaKUHH mo>kho bccth
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rtpH 40— 100 MTO n03B0JJHeT flOCTHraTb BHCOKHX BbIXOAOB 3a CHeT CHH- 
weHHH noOoHHbix npoueccoB.

R n n  no/iyqeHHH AHSTHAaMHHa H3 yKcycHoro aAbAerHAa cMecb napoB 
noc.iejHero c boaopoaom h aiMMHaKOM (1:1)  nponycxaioT HaA NiCr- 
KaTaAH33TopoM npw 130— 140° (bwxoa 90—95°o). TaKHM >Ke nyTeM H3 
H-MacjiHHoro aAbAerHAa noAynaiOT «-6yTHjiaMHH. Ilpn noBbimeHHH tcm- 
nepaTypbi BMecTO 3mhhob o6pa3yiOTCH hhtphah, HBAHiomnecH hcxoa- 
hhm MaiepHajioM aah AajibHeHiuHx npeBpameHHft.

no K. JlaBpoBCKOMy, A. Mhxhobckoh h Jl. OjieHbMeHKO [37] mo>kho 
ajiKHjmpoBaTb apoMaTHHecKne aMHHbi. HaA ajnoMOCHJiHKaTHbiM xaTa- 
AH33TopoM nponycKaioT cMecb aHHAHHa c «-6yTHAeHOM npn 397' h 
15 a m , b pe3yAbTaTe Hero noAynaeTCH ao 57°o n-6\THAaHHAHHa:

C„H5NH2 +  «-C4Hg -*■ n-C4H0C6H4NH3

OAHOBpeMeHHO o6pa3yeicH h HenoTopoe koahmcctbo MOHoSyTHA- 
aHHAHHa C,.H5NHC4H9.

C^eAyeT OTMeTHTb, hto b pe3yAbTaTe AerHApounKAH3auHH noAynaeT- 
cn h st-Haĉ THAaMHH:

H3C

nh2 ch2 nh 2
' I

CH,
/
;

6. KaTajiHTimecKOe aAKHAHpOBaHHe b KpeMHeopraHHHecKofl
XHMHH

KpeMHeopraHHqecKHe coeAHHeHHH noAynHAH b HacTOHmee BpeMH 
orpoMHoe 3HaqeHHe aah noAyneHHH BbicoKonoAHMepHbix npoAyKTOB— 
v p e a H o n o A iic u A O K c a H o e . OpraHonoAHCHAOKcaHbi npHMeHHiOT Kax HHepT- 
Hbie MacAa (c o'qeHb MaAbiM H3MeHeH«eM hhagkc3 bh3kocth npn Harpe- 
Be), TenAOHOCHTeAH, H30AHHHOHHbie MaTepHaAbI, TepMOCTOHKHe H 3HTH- 
KOpp03HGHHbie nOKpbITHH, rHAp0(])06H3aT0pbI AAH CaMbIX pa3H006pa3- 
Hbix MaTepwaAOB, orHeynopHbie noKpbiTHH h nponmKH, AaKH, ueMeHTbi, 
KpeMHeKaynyKH (cha3Cthkh) h t . a -

KpeMHeopraHHnecKHe coeAHHeHHH noAynaioT thapoah30m pa3AHH- 
HblX 3AKHA- HAH apHAXAOpCHA3HOB THna R4_*SiCl,, (rAe/?=2HAH 3) 
c nocAeAyiomeft MVAbTHKOHACHcauHeH o6pa3yiomHxcH aAKHACHAaHAHo- 
AOB HAH TpHOAOB B AHHCHHbie IIAH CUIHTbie nOAHMepbl. PaHbUje HCXOA* 
Hbie aAKHAXAOpCHA3HbI nOAVMaAH H3 SiCl 4 MaTHHHOpraHHMeCKHM CHH- 
Te30M, HTO HBHAOCb SHaHHTCAbHblM T0pM030M npn nepeXOAe Ha SOAbUIHe 
npOH3BOACTBeHHbie MaCHITaObl. AAKHAXAOpCHAaHbl mo>kho noAyqaTb 
T3K>Ke HenocpeACTBeHHO H3 KpeMHHH h aAKHAXAopHAOB no cxeMe

2RC1 +  Si —► R2SiCl2
I RSiCl- +  R3SiCl

4RCl +  2Si -
1 -► 2R.,SiUo

m
' W '

U s
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ho 3tot npouecc Tpe6yeT bmcokhx TeMnepaTyp h conpanceH c o6pa3o 
BaHHeM MHoroqucjieHHbix noSo^Hbix npo^yKTOB.

B 1945 r. JX. XepA [38] HameA, hto npn nponycKaHHH napoB S iQ 4 
hah R4_„SiCl/! b cMecH c aJiKHJixjiopHAaMH qepe3 MeAKOAncneprHpoBaH-
Hbie UHHK HAH 3AIOMHHHH 06pa3yeTCH CMeCb pa3AHHHbIX aAKHAXAOpCH- 
a 3hob b pe3yAbTaTe 3aMeHbi aTOMOB Cl Ha R. 06pa30BaHHe aAKHAXAop- 
CHA3H0B TeM BblUie, MeM SOAbllie COAep>KHTCH RC1 B HCXOAHOH CMeCH. 
llpouecc npoTexaeT qepe3 npoMencyToqHoe o6pa30BaHHe MeiaAAopra- 
HHqecKHX coeAHHeHHH, pearHpyiomHX c KpeMHexAopHAaMH. HanpHMep:

RC1 +  Zn RZnCl

RZnCl - f SiCl4 —► RSiCl3 +  ZnCl2 h t . a.

9 r a  peaKUHH nocAyncHAa cTHMyAOM r jis i pa3pa6oTKH KaiaAHTHqe- 
CKOrO npouecca aAKHAHpOBaHHH KpeMHHH, KOTOpblH H3BeCTeH nOA Ha- 
3B3HHeM npHMoao cuH m e3a. IlepBbie AaHHbie no 3TOMy Bonpocy oriy6- 
AHKOB3HbI E. PoXOBbIM [39] h J\ . XepAOM [38].

llpHMOH CHHTe3 33KAK)qaeTCH B nponyCKaHHH napOB 3AKHAXAOpH- 
Aob nepe3 HarpeTyio CMecb hah cnAaB KpeMHHH c MeAbio (pence c cepe6- 
pOM), b pe3yAbTaTe qero noAyqaeTCH CMecb aAKHAXAopcHAaHOB, koto 
pyK) (JjpaKUHOHHpyFOT.

KoHTaKTHyio Maccy npnroTOBAHiOT pa3AHMHbiMH MeTOAaMH: cnAaB- 
AeHHeM nopOUIK006pa3HbIX KpeMHHH H MeAH B BOCCTaHOBHTeAbHOH 
cpeAe h pa3MeAbneHHeM b KycKH (10— 15 m m ) hah nbiAb; npeccoBaHHeM 
nopouiKOB KpeMHHH h MeAH noA AasAeHHeM ao 5000 am  c nocAeAyiomHM 
B0CCT3H0BAeHHeM BOAOpOAOM npH 1000° H BblUie («MeAHOKpeMHeB3H 
Macca»); CMeuieHHeM nopouiKOB KpeMHHH h noAyxAopHCToft MeAH 
nocAeAyiOLHHM BoccTaHOBAeHHeM npn 300°:

Si +  2Cu2C12 —1► SiCl4 +  4Cu

CoAepncaHHe MeAH b t3khx Maccax MeHHeTCH ot 2 ao 45°o, ho name 
Bcero cocTaBAneT 20—25%. Elpouecc BeAyT npHMepHO npn 300° npn- 
qeM b peaKUHK) BCTynaeT 60—70% Si.

MexaHH3M aAKHAHpOB3HHH KpeMHHH H 06pa30BaHHH R4_„SiCl„ 
eme HeAocraToqHO nceH, ho 6eccnopHO npeAcraBAneT co6oh cbo6oaho- 
paAHKaAbHbifl uenHOH npouecc c npoMencyToqHbiM o6pa30BaHHeM MaAO- 
CTOHKHX aAKHAMeAHbIX COeAHHCHHH. E. P O X O B  [40] nOApoSHO HCCAeAO- 
BaA MeX3HH3M H KHHeTHKy 06pa30BaHHH MeTHAXA0pCHA3H0B. Oh CHH- 
TaeT, ato MeAb AaeT HecTOHKyio MeTHAMeAb, KOTopan AHCCOUHHpyeT 
Ha MeTHAbHblH paAHK3A H aTOM MeAH:

2CH3C1 +  4Cu -►  2CH3Cu 4- Cu2Cl2 

CH3Cu -►  CH3 +  Cu

06pa3yiom aH C H  Cu2Cl., BocciaHaBAHBaeTCH KpeMHHeM:

\
-► 2Cu +  2 —  SiCI

/
Cu,Ci., +  2Si
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TaKHM o6pa30M, npn s t o m  aenHOM npouecce aTOMbi xpeMHHa b  pa3- 
ubix k o m 6 h h 3 ix h b x  HacbimaioTCH MeTHJibHbiMH rp yn n aM H  h  xjiopoM, 06- 
pa3yH MeTHjixjiopcHJiaHbi. Me^b aBJiaeTca reHepaTopoM c b o S o a h h x  

MeTHJibHbix r p y n n  h  Bee BpeMH pereHepupyeTca, t . e. npeAcraBJiaeT 
c o 6 o h  THnHMHbiH KaTajiH33Top. CocTaB nojiyqaxxueroca xoHAeHcaTa 
HecKOJibKO KOJied̂ ercH b  3 3 b h c h m o c t h  o t  xapaKTepa h  cocraBa npw- 
MeHaeMOH Mê HOKpeMHeBOH Maccbi h  pejKHMa npouecca. • HanpnMep, 
IX- XepA H E. POXOB B OflHOH H3 CBOHX pa60T [41] npHBOflHTL T3K0H CO- 
cTaB KOĤ eHcaTa: 42,1 % AHMeTHJiAHXJiopcHjiaHa, 36,8% MeTHjiTpHXJiop- 
CHJiaHa h 1 1 ,8 % MeTHji^HXJiopcHjiaHa.

Bjiaro^apa no6oMHbiM peaxunaM, xoHAeHcaT nojiyqaeTca oqeHb 
cJio>KHbiM no cocTaBy n TpyAHbiM (J)paxuHOHHpoBaHHa, mto  m ojkho  
HJunocTpHpoBaTb cjiê yioLu,HM npHMepoM (Ta6ji. 69).

TABJ1HUA

XoMnoneiiTbi KOHACHcaTa
1j <I>opMyJia TeMnepaTypa 

KHnemiH, °C Bhxoa, %

TpHXAOpCHJiaH HSiCl, ‘ 32 3-5
MeTHAA H Xjiopc H A 3 H CH,SiHCl2 40,6 5
TeipaxjiopcHJian SiCl4 57,6 CneAbi
T  pHMeTHJIXAOpCHJiaH (CH3)3SiCl 57,7 3—5
MeTHJITpHXJIOpCHJiail CH3SiCl2 66,1 10—40
ZlHMeTHJIAHXAOpCHAaH (CH3)2SiCl2 70,2 30—70
2-MeTHAneHTaH (CH3)2CHC3H7 60,4 0,2—0,3
2-MeTHAreKcaH (CH3)2CHC4Hb 90,1 0,1
X.AOpHCThjft 9THJIHAeH ch3chci2 57,4 Cjie.ibi

Ô HOBpeMeHHO npn npaMOM cHHTe3e nojiyqaxvrca boaopoa h yr.ne- 
POA (6— 10% Ca>XH B 0Tpa60T3HH0M KOHT3KTe).

FIpHMOH CHHTe3 npoBOAHT b  npoTOMHbix KomaKTHbix annaparax 
(pnc. 61); xpoMe Toro, ecTb yK33aHHH Ha ocymecrBJieHHe ero c pacnbi- 
JieHHOH X0HT3XTH0H MaCCOH no THny peaKUHH «B KHnameM CJIOe» ((JwiIOHA- 
npouecc) peuHKJiaMH xjiopHCToro MeTHjia h  KOHTaKTHoro nopomKa 
npn 3—4 am h 330—370° (pnc. 62) [42].

B 33BOACKOM MacuiTa6e npaMbiM CHHTe30M nojiynaioT m c t h j i - h  s t h j i - 

xjiopcHJiaHbi. FIojiyqeHHe c])eHHJixjiopcHjiaHOB npoTexaeT TpyAHee. Peax- 
Uhh XAop6eH30Jia c MeAHOKpeMHeBOH Maccofl HAeT xopoino JiHixib npw 
430° c o6pa30BaHneM KOHACHcaTa, coAep>xaiuero 9—10% cJjeHHjiTpn- 
xjiopcHJiaHa h  20—24% AH(])eHHjiAHXJiopcHjiaHa. FIoApo6Hbix JiHTepaTyp- 
h m x  AaHHbix 06 3 t o m  b 3>k h o m  npouecce noxa HeT.

ripaMOH cHHTe3 npeACTaBjiaeT c o 6 o h  oqeHb t h 6 x h h  npouecc, h  B ee  

b o 3m o >x h o c t h  ero em,e He pa3pa6oTaHbi. Pa36aBJieHHe pearupyxnueH 
CMeCH a30TOM 3HaHHTeAbHO nOBbimaeT BbIXOAbI AHMeTHJIAHXJIOpCHJiaHa, 
m t o  oqeHb cymecTBeHHO, Tax xax nocJieAHHH aBJiaeTca noxa eAHHCTBeH- 
h h m  h c t o m h h x o m  A-aa CHHTe3a xpeMHexayqyxoB. Pa3daBAeHHe pearn- 
pyiomefl cMecH b o a o p o a o m  npuBOAHT x noBuuieHHK) BbixoAa h  nojiyqe- 
HHK) aAXHArHApOXAOpCHAaHOB, JipeACTaBJIHK>IU,HX npaXTHqeCXHH HH- 
Tepec. JX- XepA [43] onHcaJi mctoa npaMoro CHHTe3a pa3JinqHbix ajiAH.i-
43 B. H. AoJirOB
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xjfopcHJiaHOB H3 xjiopHCToro ajumjia HaA MeAHoxpeMHeBoft MaccoH. 
IlpHMeHeHHe Bbicuinx ajiKHJixjiopHAOB ajih npHMoro CHHTe3a He AaeT 
nojiox<HTejibHbix pe3yjibTaTOB, Tax xax o h h  noABepraiOTCH xpexHHry.

ripHMbiM cHHTe30M m ojkho  n cv iy q a T b  COeAHHeHHH, BKJIK)MaK)m,He 
A Ba aTOMa xp e M H H H ,— n p o H 3 BOAHbie AHCHjiM eTaHa H3SiCH2SiH3 h 
cuMM-Rncnji3Taiia H3SiCH2CH2SiH3. T a x ,  H a n p H M e p , A. B. T o n q H e B ,

Phc. 61. KoHTaKTHbifi annapaT ajih 
npoBefleHHH npHMoro CHHTe3a:

1—peaKTop; 2—TpyfiKa ajib noAaBu koht3kt- 
hoA Maccbi; 3 —jieHTOMHaa MemajiKa; 4— 
motop; 5 — uiTypep ajib noAauH xjiopHCToro 
MeTHjia; 6—(fmjibTp; 7—xojioAHjibHHK; 8— 
uiTyuep ajih OTBOfla ra30B; 9—npneMHHK; 
10—  iHTyuep ajib Bbirpy3KH OTpa6oTaHHOft 

KOHTaKTHOfl MaCCbl.

Phc. 62. CxeMa yciaHOBKH AJia npoBeAeHHH 
npHM oro CHHTe33 MeTHJIXJlOpCHJiaHOB (JWIIOHA- 

HblM MeTOAOM:
/—uiTyuep AJiH nouauH xjiopHCToro MeTHaa; 3— Tpy6Ka 
AJiH nouauH KOHTaKTHOfl Maccw; 3 —  peaKTop; 4 — KaMe- 
pa oxjiajKAeHHH- 5—neperopoAKa; 6—TpyfiKa ajib bos- 
BpaTa KOHTaKTHOfl Maccbi; 7—lirryuepbi ajib aoiiojihh- 
TejibHoft noAaMH xjiopHCToro MeTHjia; 8 —TpyCna ajih 
noAaBH CBeweft KOHTaKTHOfl Maccbi; 9—uhkjioh; 10—  
c6opHHK AJIB OTpadOTaHHOfl KOHTaKTHOfl Maccbi; 

11— (J)HJIbTp; 12—  XOJIOAHJIbHHK; 13—npHeMHHK.

C. C. HaMeTXHH h B. H. 3eTXHH [44] nponycxaHHeM AHXjiopMexaHa, 
pa36aBJieHHoro a30T0M, qepe3 10% MeAHOXpeMHeBuft cnjiaB npn 300° 
nOJiyHHJIH X0HA6HC3T, H3 XOTOporO BblAeJIH/IH CJieAyK)LU,He COeAHHeHHH: 
Cl 3SiCH2SiCl 3— rexcaxjiopAHCHJiMeTaH, Cl 3SiCH2SiHCl2 — neHTaxjiop- 
AHCHjiMeTafH h (Cl2SiCH2)3—unxjiHqecxHH l,3,5-TpHC-(AHXJiopcHJia)- 
UHXJiorexcaH. AHajiornqHO pearwpyeT h AHXJiopsTaH, H3 xoToporo 
npH npHMOM CHHTe3e 6mji nojiyqeH b xaqecTBe rjiaBHoro npoAyxTa 
Cl 3Si (CH2)2SiCl 3— rexcaxjiopAHCH jiSTa h .



JIHTEPATVPA 675

JIHTEPATyPA
1. r. r. r y c TaBc oH,  >KP<t>XO, to, 296. 390 (1878).
2. Ch. F r i e d  el, J. C r a f t s ,  C. f., 100, 692 (1885).
3. M. H. Ko HOB a a o B  h ap-. ^P^XO. 30, 1031 (1898).
4. B. B. K o p m a k h AP-, JIAH CCCP, 56, 169 (1947); A. <J>. Ao6psH- 

ckh  W, K ) . H. KopHHJioBa, C6. c r a r e H  no o6meft xhmhh, PISA- AH. CCCP, 
t . 1, 315 (1953).

5. H. n. JI oceB h AP-, }KOX, 21, 668 (1951).
6. K. PaA3HBaHOBCKHH,  Ber., 28. 1135 (1895).
7. B. H . ^ o j i r o B ,  H. A. JI a p h h, >KOX, 20, 450 (1950); B. H. JX  o .i- 

r o b7 H. H. C o p o k h h a, A. C. 4 e p k a c o b, >KOX, 21, 509 (1951).
8. F. B i r c h .  A. D u n s t a n, Ind. Eng. Chem., 31, 884 (1939).

'8a. O. A. P e y t o b, TeopeTimecKHe npo6AeMbi opraHHHecKoii xhmhh, H.ia. 
Mry, 1956.

9. C6. KaTaAH3 b opraHHnecKoft xhmhh. MJI, 1953, cip. 146.
10. TaM we, CTp. 147.
11. TaM we, CTp. 123.

” 12. A- A. BBeAeHCKHH,  TepMOAHHaMnnecKHe pacneTbi nponeccoB -ron- 
AHBHoft npoMbinjjienHOCTH, TocTonTexH3AaT, 1949, CTp. 371.

13. C. H. J1 y p b e, JI. JI. T o a o b a h e b a, >KOX, 13, 189 (1943).
14. J. K e l l  y, R. Lee ,  Ind. Eng. Chem., 47, 757 (1955).
15. H. H. JI e 6 e a e b, yen. xhm.. XXI, 1455 (1952).
16. 4. T O M a C, Be3BOAHblfl XAOpHCTblH aAlOMHHHH B OpraH. XHMHH. HJI, 1949.
17. B. B. K o p ui a k. H. H. JI e 6 e a e b. >KOX. 20. 226 (1950).
18. B. B. K o p in a k, H. H. JI e 6 e a e b, C. JL O e a o c e e b, >KOX,

17, 575 (1947).
19. S. M c A l l i s t e r ,  J. A n d e r s o n n  AP-. J- Org. Chem., 6, 647 (1941).
20. L. S c h m e r 1 i n g, J. Am. Chem. Soc., 66, 1422 (1944).
21. F. W h i t m o r e ,  J. Am. Chem. Soc., 54, 3274 (1932).
22. F. C i a p e t t a, Ind. Eng. Chem., 37, 1210 (1945).
23. W. U r r y, F S t a c e y  h ap-, J. Am. Chem. Soc., 76, 450 (1954).
24. H. A. M e h in y-T k h h, X<P«DXO, 10, 367 (1878); 14, 292 (1882).
25. JI. n. K o h o b b a o b , >KPcPXO, 17, 459 (1885); 19, 616 (1887).
26. H. JI. K o h a a k o b, JKPOXO, 24, 309 (1892); 25, 439 (1893).
27. A. R .  II e t p o b, OpraHHHecKnii CHHTe3, H3A- AH CCCP, 1933, crp. 46.
28. C. B. 3 a b r o p o a h h ii, yen. xhm., XVIII, 302 (1949).
29. O. K r i e w i t z, Ber., 32, 57 (1899); J. Chem. Soc., 76. 298 (1899).
30. H. P r i n s, Proc. Acad. Sci., Amsterdam, 22, 51 (1919), J. Chem. 

Soc., 118, 42 (1920); Chem. Weekbl., 14.667,932 (1917);
31. E. La dd ,  aM. naT. 2517684, 1950: 2533944. 1951; 2577133 h 2560770, 

1952; C. S t i t e 1 e r, J. L i t t 1 e, aM. naT. 2517732 h aHTA. naT. 640479. 1950.
32. M. K h a r a s h ,  W. U r r y, B- K u d e r n a, J. Org. Chem., 14, J248 

(1949).
33. A. S t e v e n s o n ,  Ind. Eng. Chem.. 41, 1846 (1949).
34. V. M e r z, K. G a s i o r o w s k y, Ber., 17 , 623 (1884).
35. n. C a 6 a t b e, KaTaAHS b opraHHHecKofl xhmhh, Tocxhmh3A3t, 1932.
36. G. M i g n o n a c, C. r., 169, 239 (1919).
37. K. J l aBpoBCKHi i ,  A. M h x h o b c k a a, JI. OJ i e Hb i e u  xo, 

UAH CCCP, 64 , 345 (1949).
38. D. Hur d ,  J. Am. Chem. Soc., 67, 1545 (1945).
39. E. R och  ow, J. Am. Chem. Soc., 67, 963 (1945).
40. E. R o c h o w, An Introduction to the Chemistry of the Silicones, 2 H3A-, 

N. Y., 1951.
41. D. Hur d ,  E. R o c h o w ,  J. Am. Chem. Soc., 67, 1057 (1945).
42. K. A. A h a P h a h o b, KpeMHHftopraHHqecKHe coeAHHeHHH, Tocxhmh3 - 

A3t, 1955, CTp. 255.
43. D. Hur d ,  J. Am. Chem. Soc., 67, 1813 (1945).
44. A. B. T o n i H e B H  Ap., JIAH CCCP. 82, 327 (1952).

13



r ji a b a XIII

CHHTE3bI HA OCHOBE yrJ lE PO A C O flE PW Am H X

TA30B

YcnexH reTeporeHHoro KaTajiH3a no3BOJiHjiH npnMeHHTb xh_
MimecKHX npoueccoB orpoMHbie KOJinqecTBa ra30o6pa3Hbix napac})H- 
hob, ojiecJ)HHOB, aueTHjieHa, okhcjiob yrjiepoAa, npHpoAHbix h Apyrnx 
ra30B. MHorHe H3 hhx eme Hê aBHO npHMeHHJincb TOJibKO b KaqecTBe 
cBeTHJibHoro ra3a; b HacTonmee >Ke BpeMH Bee sth ra3bi mojkho paccMa- 
TpHB3Tb KaK HOBblH EHA XHMHHeCKOTO CblpbH.

Bonpocbi XHMHqecKofl nepepadoTKH ra30B BbiAeJieHbi b oco6yio rjia-
By, r^e OKaro paccMaTpHBaiOTCH:

1) Hcnojib30BaHHe npupo/mbix ra30B h ra30B HecJrrenepepaOoTKH;
2) cHHTe3bi Ha ocHOBe okhcjiob yrjiepofla;
3) Hcnojib30BaHHe aueTHjieHa.

A. HCn0JIb30BAHHE FlPHPOAHblX TA30B 
M TA30B HEcpTEnEPEPABOTKH

IlpHpoAHbie ra3bi oneHb pacnpocTpaHeHbi Ha 3cmhoh noBepxHocTH. 
HanOojiee doraTbi pecypcaMH npnpoAHbix ra30B CCCP h ClllA. Hctom- 
hhkh npnpoAHbix ra30B HMeioTCH T3KH<e h b Apyrnx CTpaHax, HanpHMep 
b KaHa^e, Flojibme, PyMbiHHH, BeHrpHH.

TjiaBHbiM KOMnoHeHTOM npHpoAHbix ra30B HBjineTCH MeTaH, kojih- 
qecTBa KOTOporo KOJieOjnoTcn b npe^ejiax 10— 100%. Ta3bi c bmcokhm 
coAepH<aHHeM MeTaHa Ha3biBaioT qacTO cyxHMH npiipoAHbiMH ra3aM)i. 
ripHMepaMH T3KHX Ta30B HBJIHIOTCH ra3bi XUrecTaHCKoft ACGP (86 
90% CH4) h CTaBponojibCKoro Kpaa (okojio 98% CHJ. HeKOTopbie npn- 
poAHbie ra3bi HecJ)THHbix MecTopontAeHHH C0Aep>KaT CBbiuie 50% tomojio- 
TOB MeTaHa (AO C5H 12 BKJHOMHTejIbHO) H Ha3bIBaiOTCH BJI3>KHbIMH, HJI 11 
>KHpHbIMH, ra3aMH.

B Tad-ri. 70 npHBeAeHbi cociaBbi ra30B HeKOTopbix npHpoAHbix Me- 
CTOpO>KAeHHH CCCP [1],

H3 TaOjlHUbl BHAHO, HTO ra3bl rp03HeHCKOrO paHOHa HB.THIOTOH THnHM- 
HblMH >KHpHbIMH ra33MH, COAep>KaLU,HMH 40—50% TOMOJJOrOB MeTaHa.

MeTaH qacTO BbiAejineTca b yrojibHbix rnaxTax (pyAHHMHbiH ra3, 
rpH3y), o6pa3yfl B3pbiBoonacHbie cMecw c B03AyxoM. B pe3y.TbTaTe
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aHaspodHoro okhcachhh KAeTqaTKH pacTeHHH TaKHce odpa3yioTCH 3Ha- 
MHTejibHbie KOJiH^ecTBa MeTaHa (6ojiothmh ra3). MeTaH coabp>khtch 
b 3HaqHTejibHbix KOAHqecTBax h b pa3AHqHbix TexHHqecKHX ra3ax—  
BOflflHOM, KOAOIHHHKOBOM, TeHepaTOpHOM, KOKCOBOM, C^eTHJIbHOM, B Ta- 
3ax cyxofl neperoHKH ApeBecHHbi, ra3ax KpeKHHra h t . a .

npHpo^Hbie ra3bi npeACTaBAHiOT codoft HeHcqepnaeMbift hctomhhk 
Aah noAyqeHHH pa3AHqHbix opraHHqecxHx coeAHHeHHH, npnqeM xaTa- 
ah3 b 3thx npoixeccax nrpaeT nepBocTeneHHyio pojib. Ha da3e npnpoA- 
h u x  ra30B h ra30B HecJrrenepepadoTKH npoMbiimieHHOCTb noAyqaeT Ton- 
ahbo, pacTBopHTejiH, xAop- h HHTpocoe^HHeHHH, xayqyKH, nAacraqe- 
cKHe Maccbi, cHHTeraqecKHe BJjioKua h t . n. HexoTopbie npnpoAHbie ra3bi 
coAep>KaT, xpoMe yrAeBOAOpoAOB, C02, N2, H 2S, He. flpHpoAHbie ra- 
3bi h ra3bi HecjDTenepepaSoTKH, doraTbie C02, Hcnojib3yiOT A-aa noAyqe
HHH cyxoro jibAa, doraTbie H2S — A-aa noAyqeHHH sjieMeHTapHofi ce- 
pbi. Ocodoe 3HaqeHHe HMeioT ra3bi, coAep>KamHe He (ao 3—4%), ko- 
TOpblH npHMeHBIOT A-̂ H C03A3HHH HCKyCCTBeHHOH aTMOC(]iepbI npH 
padoTax noA.AaBAeHHeM, b KaqecTBe npHMeceft k aHecTe3Hpyioiii,HM Be- 
mecTBaM, A.aa 3aMeHbi B03Ayxa npn aAeierponjiaBKe MarHHH h t . a -

3HaqHTejibHbie KOAHqecTBa npnpoAHoro MeTaHa nepepadaTbiBaioT Ha 
ca>Ky h boaopoa, hto hbahctch cTapefluiHM cnocodoM HcnoAb30BaHHH 
MeTaHa. OKa3aJiocb BbiroAHO TepMHqecKH nepepadaraBaTb MeTaH b aixe- 
THJieH no peaKUHH:

2CH4 ► C,Ho +  3H2
OrpoMHoe 3HaqeHHe HMeeT KOHBepcHH MeTaHa b ra3bi, npnroAHbie 

Aah pa3JiHqHbix CHHTe30B: 1) npnMan KOHBepcHH MeTaHa b CMecb CO-J- 
-f-3H2 nponycnaHHeM MeTaHa c  boahhhm napoM npH 600—700° HaA 
HHKejieBbIMH K3TaAH3aTOpaMH HAH 2) OKHCACHHe MeTaHa B CMecb 
CO-}-2H2 npH aghctbhh paccqHTaHHbix koahhcctb KHCAopoAa (xaK npn 
raflApoKOA-npouecce).

B HacTonmee BpeMH MeTaH HcnoAb3yeTCH h b Apyrnx npoueccax—  
OKHCAeHHe b MeTaHOA hah (|)opMaAbAerHA, CTyneHqaToe xAopHpoBaHne 
H T. A-

npHpoAHbie ra3bi h ra3bi HecJyrenepepadoTKH coAep>xamHe roMOAorn 
MeTaHa (ot G2H6 ao C5H12), noABepraiOT OKHCAeHHio A*aa noAyqeHHH 
cnHpTOB, aAbAerHAOB, kctohob h khcaot. HexaTaAHTHqecKOH napo^m- 
hoh HHTpauHefl 0KHCA3MH a30Ta npH 400—420° H3 ra30odpa3Hbix napa- 
<j)HHOB noAyqaiOT CMecn pa3AHqHbix MOHOHHTponapa(J)HHOB [2]. 3 tot 
npopecc hbahctch, no cymecTBy, AaAbHenuiHM pa3BHTHeM peaxuHH 
KoHOBaAOBa [3].

neHTaHOByio (JipaKUHio BAa>KHoro He^THHoro ra3a, BbiAeAeHHyio 
r.iydoKHM oxAa>KAeHHeM, npHMeHHiOT .indo HenocpeACTBeHHO xax deH- 
3hh, AHdo nocAe xAopHpoBaHHH npeBpamaiOT b nenm a30A (cTp. 766). 
B HacToamee BpeMH ocodbiH HHTepec npnodpeTaeT AerHApHpoBaHHe 
neHTaHOBOH (JipaKHHH A-aa npeBpameHHH b H3onpeH (ncxoAHoe cwpbe 
Aah noAyqeHHH cHHTeTHqecKoro H3onpeHOBoro Kayqyxa).

npeACTaBAHeT HHTepec Taioxe npeBpameHHe dyTaHOBbix (ppaKUHii 
B AHBHHHA HAH BbICOKOOKTaHOBOe TOnAHBO MeTOAaMH aAKHAHpOBaHHH
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(d p . 656). OflHH h3 MeTÔ OB nojiyqeHHH H300kt3H3 6a3HpyeTCH noji- 
nocTbK) Ha Hcnojib30BaHHH npHpoAHoro ra3a. AHajiorHHHO pa3peuiaeT- 
ch npodjieMa nojiyqeHHH Apyrnx BHCOKOOKTaHOBbix toiijihb. 3thjich, 
Heo6xoAHMbiH ^jih CHHTe3a HeorexcaHa (2,2-AHMeTHJi6yTaHa), HHOiyia 
nojiyqaioT KpeKHHroM npHpoAHoro nponaHa, a H3o6yTaH—H30MepH3a- 
uneft « -6yTaHa. Ojie(J)HHbi, nojiyqaeMbie H3 npHpoAHoro ra3a, jih6o ne- 
pepa6aTbmaK)T rHApaTauHeii b cnHpra, jih6o ajiKHJinpyioT c napacJ)H- 
h3mh hjih apoMaTHMecKHMH yrneBOAopoAaMH.

npH 250—300° Ha,a CuSe03 hjih AgSe03 ojiecJiHHbi c A03HpoBaHHbiMH 
KOJinqecTBaMH B03Ayxa hjih KHCJiopo.ua npeBpamaiOTCH b cootbct- 
cTByiomHe Henpe^ejibHbie ajibAerHAbi hjih kctohm [4]. Okhcjichhio b 
3thx cjiynanx noABepraiOTCH yrjiepoAHbie aTOMbi, CTonmHe b a-nojio>Ke- 
HHH K C=C-CBH3H:

O
CH2=CHCH3 ----- ► CH2=CHCHO +  H.,0

, o
ch2= chch2ch3 ----- ► ch2= chcoch3 +  h2o

3tot MeTOA npeACTaBJineT 3HaHHTejibHbiH HHTepec a-nh nojiyqeHHH 
BbicoKonojiHMepHbix coeAHHeHHH H3 npnpoAHbix ra30B h ra30B Hecjyre- 
nepepaOoTKH.

E. CHHTE3bI HA OCHOBE OKHCJIOB yrJIEPOflA
ra3bi, coAepH<amHe oKHCb yrjiepoAa h boaopoa, npH HajiHHHH co- 

OTBeTCTByiom,HX KaTajiH33TopoB h ycJioBHH MoryT 6biTb nepepaOoTaHbi 
b pa3HOodpa3Hbie opraHHnecKHe coeAHHeHHH (cm. cxeMy, CTp. 680).

I. CHHTE3 yrJlEBO^OPO^OB 

1 . Chhtc3 MeTaHa

KaTajiHTHMecKoe BoccTaHOBJieHHe okhch yrjiepoAa b MeTaH 6wjio 
ocymecTBJieHO n. CaOaTbe b 1902 r. c noMombio hhkcjih:

CO +  3H2 ^  CH4 4- H20

CTexHOMeTpHMecKaH CMecb ra30B HaMHHaeT pearnpoBaTb npH 180°I 
npH 250° KOMnoHeHTbi peaKUHOHHOH cMecu noHTH nojiHOCTbio nepexoAHT 
b MeTaH. ripn MHCTbix ra3ax h OTcyTCTBHH neperpeBOB Ni-KaTajiH3aTop 
coxpaHneT aKTHBHocTb AOCTaTOHHO AOJiro. IloBbiuieHHe TeMnepaTypbi 
(>250°) cHHJKaeT bmxoa MeTaHa, b KOHenHbix ra3ax noHBJineTCH Asy- 
oKHCb yrjiepoAa, a Ha KaTajiH3aTope OTJiaraeTCH yrojib BCJieACTBHe 
ycKopeHHH peaKUHH pa3Jio*eHHH okhch yrjiepoAa:

2CO ->► C +  C02

TaKHM ace nyTeM HaA Ni-KaTajiH3aTopoM npn 300—350" mo>kho boc- 
craHOBHTb b MeTaH h OKHCb yrjiepoAa:

COgA- 4H2 -*» CH4 +  2HjO
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H n K e jib  fljia  3t h x  peaKUHH h b a h c t c h  H an6ojiee noAxoAHLUHM KaTa- ;iH3aTopoM . K o d a jib T  MeHee aKTHBeH h TpeOyeT H arpeBa a o  370— 400° BbiJiH Hcnpo6oBaHbi h A p y rn e  KaTaAH3aTOpbi, KOTopbie no aKTHBHOCTH p acno.iaraioT C H  CAeAyiomHM o6pa30M :
Ru >  Ir >  Rh >  N i >  Co >  Os >  Pt >  Fe >  A\o >  Pd >  AgM aKCHM ajibHO aKTHBeH R u -K aT aA H 3aTop c a o 63b k o h  15°o A120 3,OTAHMaK)m,HHCH BbICOKHM nOCTOHHCTBOM H MaAOH MyBCTBHTeJlbHOCTbK)

k KOHTaKTHbiM hasm; cHHTe3 MeTaHa hast oqeHb r.naAKO name Ha HeonnmeHHOM ra 3 e , h aKTHBHOCTb R u-K aT ajiH 3aTopa HanHHaeT cHHH<aTb- 
ch JiHuib nepe3 MHoro qacoB . B o A a , o6pa3yioiuaHCH npw cHHTe3e MeTaHa HaA 3THM KaTaAH33TOpOM, BCeTAa COAepHCHT 3aMeTHbie KOJlHHeCTBa aMMHaxa ( R u — xopouiHH KaTaAH33Top a *™  CHHTe3a aM M uana, KOTopbni b  a 3 h h o m  c A y q a e  o 6 p a 3 y e ic n  3a cqeT a30Ta, coAepJKam erocH  b h c x o a - HOM ra3 e). BbICOKOH aKTHBHOCTblO OTAHHaeTCH HHKeAb C AoOaBKOH 15% 
A120 3, KOTopan noBbimaeT cxop o cT b  peaKUHH b 14,5 p a3 . CHHTe3 MeTaH a, n a n  p eaK u m o , CBH3aHHyio c  yMeHbmeHHeM oS'beMa, m o>k h o  ycKO- pHTb npHMeHeHHeM BbICOKHX AaBAeHHH.M e xa H H 3M cuHTe3a MeTaHa H3y q aA cn  m h o t h m h  HccAeAOBaTeAHMH. O pnrH H aAbH yK ) cxeM y n p o u e cca  p a 3p a 6oTaAH T h T B a p  (1931 r.), KOTopbie HaujAH, HTO Ha N i-K aTaA H 3aTope peaKUHH h a c t  qepe3 npoMe- >KyToqHoe o6pa30BaHne K apSuA a h h k c a h :

2Ni +  CO —► NiC+ NiO 
NiO +  H, -► Ni +  H20 
NiC +  H2 -► Ni +CH2 

CH2 +  Ho -*- CH43 T a  cxeM a oqeHb 6AH3Ka k  MexaHH3My cHHTe3a Co.iee c a o jk h h x  yrAe- b o a o p o a o b  H3 b o a h h o t o  ra3a (CTp. 702).H 3 ra30B , coAepH cam nx OKHCb h a h  AeyoKHCb y rA ep o A a, MeTaH m o>k - h o  noA yuaT b OaKTepnaAbHbiM nyTeM — nponycuaH H eM  s t h x  ra30B qe- pe3 BOAHyio cycneH 3H io BOAonpoBOAHoro HAa, TAe h m o o t c h  MeTaHooO- p a 3yiom H e OaKTepnn Plocamobacteria [4a].JlerK O C T b  npeBpam eHHH h a o b h t o h  o k h c h  yrA ep o A a h a h  HeroproqeH AByoKHCH y rA ep o A a  b  6e3BpeAHbiH h BbicoKOKaAopuftHbifl MeTaH b  cBoe BpeMH BbI3BaAa 3H3qHTeAbHbIH HHTepeC H KaK B03M0>KH0CTb «o6e3Bpe- >k h b 3 h h h » CBeTHAbHoro h a h  BOAHHoro ra 3 a . T a n , HanpHM ep, A^H o dec- neqeHHH HaceAeHHH 6e3BpeAHbiM ObiTOBbiM ra30M 6h a  pa3pa6oTaH cAeAyiouiHH MeTOA (ced(popd-npoi{ecc). B o a h h o h  ra3 , o 6oram,eHHbiH b o - AopoAOM b pe3yAbTaTe BbiAeAeHHH qacTH o k h c h  yrA ep o A a m c t o a o m  rA y - OOKOrO OXA3JKA6HHH H HMeBUIHH CpeAHHH COCTaB 17% CO, 79% H2, 
4% N2, n p o n ycK aA H  qepe3 Ni+15% A l 20 3-KaTaAH3aTop npn 250° B  p e3yAbTaTe noAyqaACH  r a 3 cocTaBa 28— 32% CH4, 61— 65% H,, 
2—7% N2 c TenAOTBOpHOH cnocoOHOCTbK) 4200—4700 ko a/m3. n p o u e c c  
3T0T OK33aACH CBH33HHbIM C pHAOM TeXHHHeCKHX TpVAHOCTeH H n03T0- My He noAyqHA A aA bH eniuero pa3BHTHH.
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2. CHHTe3 >KHflKOrO TOIlJIHBa (CHHTHHa)

CHHTe3 MeTaHa HaBeji HCCJie^oBaTejieH Ha MbicAb o bo3mojkhocth 
TiojiyneHHH thkhm >Ke nyTeM h ero roMOAoroB. BHanajie paGora b stom 
HanpaBJieHHH 6mah HeyAanHbi, xoth KOCBeHHbie AaHHbie yKa3biBajiH 
Ha B03M0>KH0CTb TaKoro npouecca: Ha AJiHTeAbHO paSoTaBiunx npH chh- 
Te3e MeTaHa KaTajiH3aT0pax HaKanjiHBajincb yrAeBOAOpoAHbie Macjia, 
CHHJKaBLUHe HX 3KTHBH0CTb.Bo3MOJKHOCTb cHHTe3a yrAeBOAopoAOB H3 boahhoto ra3 a  BnepBbie obiJia AOKa3aHa E. W .  OpjioBbiM  [5], KOTOpbift b 1908 r . Harneji, hto H3 
okhch y rjie p o A a  h BOAopoAa HaA Ni-f-Pd Ha KOKce npH 100° o6pa3yioTCH H edojibuine KOJinnecTBa STHAeHa. FIo3AHee pafioTa E .  M . O p A O B a 6biJia noBTOpeHa T O o e re p o M  16], KOTopbiH noATBepAHji e ro  AaHHbie, noKa- 3aB, hto n p n  3toh peaKUHH odpa3yiOTCH roMOJiorH s m iie H a .

B 1913 r. 6mao noKa3aHO, hto H3 CO-|-H2 b npncyTCTBHH pa3AHHHbix 
■KaTajiH3aTopoB noA AaBAeHHeM o6pa3yiOTCH ojiec{)HHOBbie h napa<])HHO- 
Bbie yrjieBOAOpoAbi. FIpaKTHHecKH cHHTe3 yrjieBOAopoAOB Ha 6a3e okh- 
cii yrjiepoAa h BOAopoAa 6ma ocymecTBAeH b 1926 r. B stom roAy 
<I> Onmep h T Tponrn onydAHKOBaAH peayAbTara cbohx HccjieAOBa- 
hhh  [7] no cHHTe3y yrjieBOAopoAOB HaA Fe20 3-Zn0- h CoOCr20 3-KaTa- 
,iH3aT0paMH npn HOpMaAbHOM AaBjieHHH h 250°, noAyHHB cyMMapHO 
AO 100 m a/m 3 ra30o6pa3Hbix, >khakhx h TBepAbix yrjieBOAopoAOB 3a 
nponycK.

nojiyneHHbra npoAyKT 6ha H33B3H Kosa3UHOM (ot Kohle—Gas— 
Bensin). Tan bo3hhk cHHTe3 yrjieBOAopoAOB H3 BOAflHoro ra3a—oaho 
h3 3aMenaTejibHbix AocTHaceHHH reTeporeHHoro KaTaAH3a. Pa6o™ 
O Onrnepa h T Tponuia HBHAHCb CTHMyjiOM aah MHoronHCJieHHbix 
HCCJieAOBaHHH B 3T0H o6A3CTH. B AaAbHefillieM CHHTe3 yrjieBOAopoAOB
nojiyqnji 3aBOACKoe ô opMJieHne. B CCCP npodjieMe cHHTe3a yrAeBo- 
AopoAOB H3 BOAHHoro ra3a TaKHce 6biJio yAejieHO mhoto BHHMaHHH. 3th- 
mh BonpocaMH 33HHMajiHCb H. J\. 3eAHHCKHH h £1. T SftAyc, H. B. Pan- 
nonopT, B. H. XloJiroB c coTpyAHHKaMH h AP-

KaTajiH3aTopbi A^a cnHTe3a. Bujio yeraHOBAeHO, mto a a h  cHHTe3a 
yrjieBOAopoAOB H3 BOAHHoro ra3a nparoAHM b KanecTBe KaT3AH3aTopoB 
.iam b  sjieMeHTbi noArpyruibi >Kejie3a— HHKeAb, Ko6ajibT h JKejie3o— b 
AHcneprapoBaHHofl (})0pMe c AodaBKaMH aKTHBaTopoB, HaHeceHHbie Ha 
nOpHCTbie HOCHTeAH.

HeCKOAbKO n03>Ke r  FlHXAepOM 6bIAH OTKpbITbl KaTaAHTHHeCKHe 
CBOHCTB3 pyTeHHH.

Pa3AHHHbIMH 3BT0paMH HCCAeA0B3H0 dOAblUOe KOAHHeCTBO CaMbIX 
pa3HOo6pa3Hbix K3TaAH3aTopoB Ha 6a3e hhkcah, KoSaAbTa h AP- [8— 
11] (Ta6A. 71).

H3 T36a HUbI BHAHO, HTO MeTaAAHHeCKHe HHKeAb H K06aAbT 6e3 AO- 6aBOK M3A0 aKTHBHbl. JJodaBKH aKTHB3T0p0B, CTa6HAH3aTOpOB H OCaAC- AeHHe Ha hochtcah no3BOAHK)T noA ynaTb aKTHBHbie KaTaAH3aTopw aah 
cHHTe3a yrAeBOAopoAOB. Ha stoh 6a3e pa3pa6oTaHbi coBpeMeHHbie
OMeHb aKTHBHbie KaTaAH33TOpbI, COACpACamHe B OCHOBe HHKeAb HAH
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KaTajiH3aT0p

TABAHUA 71

Cnocofi nojiyMeHHH Texnepa- JKHflKHe
T\pa onbi- npOflyKTbi,

Ta.°C jk.i/*3 easa

06>KHr HHTpaia 200 0
OcajKfleHHe c coaoh 200 4
OSwiir HHTpaia 210 44
Ocaw/ieHHe c noiauioM 210 47,5
OcajKAeHHe Ha Knae/ibrype 195 142

To we 200 144,5
» 205 118

175 113
220 100
185 17
190 130

CoBMecTHoe ocawAemie 290 63
To we 265 92

» 235 121,5
» 210 141

Bbime.ia'iHBaHHC 170 160
To we 195 75

» 205 0
» 205 43
» 205 54
» 200 90

>KeAe3Hofl ocHOBe cqnTaAHCb CHaqaAa oqeHb

Ni
Ni
Co
Co

Th02
Mn
Mn +  5%Cu 
Th02
ai2o3
A1203+  18% ThO. 
A1203

Co -j- 18%
Co -j- 18%
Co +  15%
Ni +  18%
Ni 15%
Ni +  15%
Ni +  10%
Fe — Co — Cu 
Co — Cu — Mn 
i Jo — Cr— U 
Co — Cr — Th — U 
Ni - -Co — Si 
Ni -  A1 (1:1)
Ni — A1 (1:1) +  10% Cu 
Co — A1 (1:1)
Ni —Si (1:1)
Co —Si (1:1)

MaJIO aKTHBHbIMH H Majio ctohkhmh).
H3 HHKejieBbIX KaTaJIH33TOpOB JiyqillHM OKa3aJICH «HOpMaJIbHbIH 

Ni-KOHTaKT» cocTaBa (Ni +  18%Mn +  1 0 % Al2O 3)/KH3eAbryp.
AKTHBHOCTb KaTaJIH3aTOpa 33BHCHT He TOAbKO OT erO COCTaBa, HO 

T3K>Ke ot MeTOfla nojiyneHHH h BoccTaHOBJieHHH.
KaTajiH3aTopbi npHTOTOBAHtOT ah6o od>KHroM cojieft, ah6o coBMecT- 

HbiM oca>K^ehheM H3 pacTBopa c noMoutbio coAbi hah noTama Ha KaKOH- 
ah6o nopncTbift HOCHTejib—KH3ejibryp, kaoahh h t . a - Oca>KAeHHbie 
KaTaJiH3aTopbi noAsepratOT OTMbiBKe ot mejioHH c t3khm pacqeTOM. 
MToCbi HeSojibiuoe KOJiHqecTBO ee (He 6oj\bme 0,5%) ocraAocb, Tan nan 
oHa AeflcTByeT aKTHBHpyiome. BoccTaHOBJieHHe npoMbirax h ccj)opMH- 
pOB3HHbIX Ni- H Co-KaT3AH3aTOpOB npOBOAHTCH odblMHO BOAOpOAOM C 
npHMecbio aMMHaxa, Tan nan npncyTCTBHe nocjieAHero ycKopneT npo- 
uecc h AaeT doAee aKTHBHbie h cTadHAbHbie KOHTaKTbi. Tan, HanpHMep, 
HopMaAbHbiii Ni-KaTa^H3aTop, BOCCTaHOBJieHHbiH b TeqeHHe 4 Mac. 
npn 450° 6e3 aMMHana, AaBa.n 138 m a /m 3 h qepe3 619 Mac. A633kthbhpo- 
Ba.icH Ha 22 °o; tot we KaTaAH3aTop, BOCCTaHOBJieHHbiH b aHajiorHHHbix 
yc.ioBHHX cMecbio BOAopoAa h aMMHana, AaBaA 150 m a /m 3 h qepe3 
619 qac. AB3aKTHBHpoBaACH .niuib Ha 8,5%.

Tan Ha3biBaeMbie cKejieTHbie KaTajiH3aTopbi (cTp. 57), nojiyqae- 
Mbie cnAaBAeHHeM Ni c Si, Co c Si hah Ni c Co h Si, nocAeBbimeAaqHBa-
HHH HaTpHeBOH LU,eAOqbIO It npOMbIBKH BOAOH BOCCTaHOBAeHHH He Tpe- 
dvioT. HaHdoAee aKTHBHbiii H3 stoh cepnn NiCoSi-KaTaAH3aTop
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( 1 : 1 :  2) o6pa3yeT ao 160 m a  yrjieBOAopoAOB Ha 1 m u ra3a 3a nponycK. 
OAHano Ha npaKTHKe sth KaTajiH3aTOpbi ce6a He onpaBAajiH.

MHorne KaTajiH3aTOpbi, coAepjKamne HHKejib h KoSajibT, nocjie boc- 
CTaHOBJieHHH He cpa3y eraHOBHTca aKTHBHbiMH. ripH cHH>KeHHH TeMnepa- 
Typbi nocjie BoccraHOBjieHHH ao 180— 190° t. e. ao onTHMajibHOH TeM- 
nepaTypbi CHHTe3a, sth KaTajiH3aTopbi He asiot bhcllihx yrjieBOAopoAOB, 
a jiHiiib CH4 COa h H 20. JIjih B036y>KAeHHfl 3kthbhocth HeodxoAHMO 
CHH3HTb TeMnepaTypy ao 150° He npepbmaa TOKa peaKUHOHHoro ra3a, 
BbiAepncaTb 1— 3 naca, a 3aTeM nocTeneHHO noAHHTb ao 180° TojibKo 
nocjie TaKOH o6pa6oTKH KaTajiH3aTopa HaHHHaioT o6pa30BbiBaTbca 
yrjieBOAopoAbi. IlpHHHHa SToro HBjieHHa 6yAeT yKa33Ha HH>Ke (cTp. 704).

HeCMOTpa Ha 6oJlbUiyiO Ae^HUHTHOCTb H BblCOKyiO CTOHMOCTb KO- 
6ajibTa, repMaHCKHe 3aBOAbi npHMeHHJiH h KoSajibTOBbie KaTaAH3aTopbi. 
3aBOACKHe CHHTe3bI npOBOAHJIHCb KaK HaA CTaHAapTHbIM K3TaAH3aTO- 
poM (C o+Th0 2 Ha KH3ejibrype— 100 : 18 : 100), Tan h HaA H3MeHeH- 
hhm (C o+Th02+M gO  Ha KH3fejibrype— 100 : 5 : 8 : 200). FIocJieAHHH 
OTJiHHaJicH BbicoKofi cTadHJibHOCTbio b TeneHHe 8 MecaueB HenpepbiBHoft 
pafioTbi. BbixoA HaA t3khmh KaTajiH3aTOpaMH Aocraraji 180 a yrjieBo- 
AopoAOB Ha 1 m 3 ra3a, t . e. 90% ot TeopeTHnecKoro.

OcoSbiH HHTepec npeACTaBJiaiOT >Kejie3Hbie KaTajiH3aTopbi, Tan nan 
ohh BecbMa AOCTynHbi h npn A63aKTHBauHH hx Aa>Ke He pereHepnpyioT, 
a npOCTO 33MeH5HOT HOBbIMH nopUHHMH. TaKHe KaTaJIH3aTOpbI AaiOT 
npOAyKTbl C BbICOKHM COAep>KaHHeM OJie(J)HHOB (ao 80%).

FIoKa3aHO, hto Hcejie3Hbie KaTajiH3aTopbi no3BOJiaiOT npoBOAHTb 
cHHTe3bi noA AaBjieHHeM c o6i>eMHbiMH ckopocthmh ao 1000 h 6ojiee, 
t. e. b HecKOjibKO AecHTKOB pa3 6ojibniHMH, HeM b cjiynae HHKejieBbix 
hjih Ko6ajibTOBbix KaTajiH33TopoB. HecMOTpa Ha to, hto BHanajie Ka- 
TajiH3aTopbi Ha >KeJie3Hoft ocHOBe He onpaBAajm ce6a, BHHMaHHe k hhm 
He ocJiadeBaJio h b HacToamee BpeMa ohh noJiHOCTbio BbrrecHHAH 6ojiee 
Aoporne HHKejieBbie h Ko6ajibTOBbie KaTajiH3aTopbi.

>KeAe3Hbie KaTajiH3aTopbi noJiyaaiOT b pa3HOo6pa3Hbix ycjiOBHax. 
OqeHb aKTHBHbie KaTajiH3aTopbi o6pa3yiOTca, HanpHMep, HarpeBaHHeiu 
>Kejie3Horo nopouiKa, noJiyaeHHoro pa3AonceHHeM neHT3Kap6oHHji>Kej]e- 
3a c Ao6aBKoft 1— 1,5% NaB02, b Tone BOAopoAa npn 850° 3tot KaTa- 
jiH3aTop npn 330° h 15 a m  Ha cMecH CO : H2= l  : 1,2 AaeT 130 a >kha- 
khx h TBepAbix yrjieBOAopoAOB Ha 1 m 3 ra3a. ripeABapHTejibHaa o6pa- 
6oTKa CHHTra30M (ra30Baa CMecb, HAymaa Ha chhtc3) noBbiuiaeT 3kthb- 
HOCTb h AJiHTejibHOCTb pa6oTbi KaTa.TH3aTopoB. Hjih raftApoKOJi-npo- 
uecca (cTp. 698) KaTajiH3aTopbi npHroTOBjiaiOT H3 AemeBbix npnpoAHbix 
>KeJie3Hbix pyA c npacaAKaMH mejioaeH. J(octatohho aKTHBHbi A-aa chh- 
Te3a yrAeBOAopoAOB h >Kejie3Hbie KaTa.iH3aTopbi Tuna aMMHaHHbix.

Xopomne pe3yjibTaTbi AaeT T3K>Ke npHMeHeHHe hhtphaob >Kejie3a 
(Fe2N, Fe3N, Fe4N), cymecTByiomHX b pa3JiHMHbix (})a30Bbix coctohhhhx. 
TaKHe KaTajiH3aTopbi npn cHHTe3ax H3 okhch yrviepoAa h BOAopoAa
npn 20__25 am  h 250—260° o6pa3yiOT cMecn yrjieBOAopoAOB h khcjio-
poACOAepjKautHX opraHHHecKHx coeAHHeHHH (npHMepHO 60 h 40 °o co- 
OTBeTCTBeHHo). HHTpHAHbie KaTajiH3aTopbi oco6o npnroAHbi b mcjikoahc-
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nepCHOM HAH B3BeLLieHHOM B MaCJie COCTOHHHH H HeCOMHeHHO HaflAyT 
iiJHpoKoe npHMeHeHHe [12].

XapaK Tep  KOHAeHcaTa, noAynaeM oro b npncyTCTBHH >xeAe3Hbix xa- 
TaJIH3aTOpOB, MaCTO 33BHCHT OT IUCAOMHblX AOdaBOX, yBeAHHeHHe co^ep- 
>k 3hhh  KOTopbix noBbituaeT BbixoA cnHpTOB h HenpeAeAbHbix ym eBOflo-
POaob:

BbixoA
cnHpTa 
ROH, %

Buxcu ojie  
4>hhob

CnH2n’ %
KaTa.iH3aiop c 5% K2C03 6 73

» 10% K2co3 11 80
» 13% K2C03 14 76

Xl^H'CHHTe3a yrjieBOAopoAOB npn 300 am  h doAbinnx (Bbiuie 1000) 
oO'beMHbix cKopocTBX oMeHb xopouiHe pe3yAbTaTbi AaeT onjiaBjieHHbift 
>Kejie3Hbifl K3TajiH3aTop c 1 °o dypbi.

ycjroBHB cnHTe3a. Chhtc3 yrjieBOAopoAOB H3 Bo^HHoro ra3a npHH- 
UHnnajibHO HCXAionnTeAbHO npocT, ho aah ycneuiHoro npoBe^eHHH ero 
Heo6xOAHMO yHHTbIB3Tb pafl (jjaXTOpOB, OT H3MCHeHHH KOTOpbIX 33BHCHT 
BbixoA h xapaKTep noAynaxAUHXCH npoAyxTOB.

CHHTe3bI Ha A HHKejieBblMH HAH KOOaJIbTOBbIMH KaTaJIH33TOpaMH npo- 
boahtch Ha CMecH CO : H., =  l : 2,2. ripouecc hact no cxeMe:

CO +  2H., -► [CH,1 +  H20

R j ih  H<eAe3Hbix KaiaJiH3aTopoB TpeOyiOTCH odpaTHbie no cocraBy 
CMecH CO : H2= 2  : 1 h a h  1: 1.  llpH stom npouecc npoTexaeT no Apy- 
rofl cxeMe:

2CO +  Ho -► [CH*J +  C02

Kojie6aHHH b cooTHOuieHHH KOMnoHeHTOB 0Ka3biBaiOTCH Ha xapax- 
Tepe KOHeHHbix npoAyKTOB. IloBbimeHHe coAep>xaHHH H 2 b cMecn yBe- 
.THMHBaeT BbixoA napa(|)HHQBbix yrjieBOAopoAOB, cnocodcTByeT MeTaHH- 
poBaHHK) h o6pa30BaHHio doAee JieTynnx yrjieBOAopoAOB. ripn H3dbiTxe 
CO HadjnoAaioTCH odpaTHbie hbjichhh: noBbiuieHHe npoueHTa BbixoAa 
oJiê JHHOB, yrjiydAeHHe npouecca c odpa30BaHHeM dojiee THHcejibix npo- 
AyKTOB. OdbiHHO AonycxaiOTCH AHiub Hedojibiune xoAedaHHH b ctcxho- 
MeTpHqecKHX cMecnx (±10% ). Tax xax KaTaAH3aTopu nyBCTBHTejibHbi
K OTpaBJieHHK) CepHHCTbIMH COCAHHeHHHMH, HMeKHUHMHCH B TeXHHUe- 
ckhx ra3ax, nocAeAHHe noABepraioT cepoouHcrxe ao CTaHAapTHofl Hop- 
Mbi 0,1— 0,2 e Ha 100 m 3 ra3a. Koahmcctbo HHepTHbix npHMecefl (C02, 
CH4, N o). AeftcTByiomux pa3daBAHK)iue h noHH>xax)iuHX napuHajibHoe 
AaB^eHne CO h H2, He aoa>xho npeBbiiuaTb 10— 15 ?6, Tax xax b npo- 
thbhom cAynae bhxoau AHHefiHO naAaiOT. B pe3yAbTaTe cHHTe3a yrjie- 
boaopoaob KOHenHbin ra3 BcerAa odoramaeTCH HHepTHbiMH npHMecHMH; 
noaTOMy cHHTe3 npoBOAHT de3 UHpxyAHUHH, xoth aah Aynmero hc- 
no.ib30B3HHH ra30B0u CMecn npHMeHHioT abvx- h TpexcTyneHnaTbiii 
npouecc.
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PemaiomuM (J)aKTopoM hbahctch b ashhom  cAyqae TeMnepaTypa. 
I\a>K,m>iH K3TajiH3aTop paSoTaeT npn cbohctbchhoh eMy onTHMajibHoii 
TeMnepaType, KOTOpan TeM HHA<e, ueM aKTHBHee KaTaAH3aTop. H aA  h h - 
KeJieBblMH H KOdaJIbTOBbIMH KaTaAH33TOpaMH CHHTe3bI npOBOABT npn 
170— 200° BcHKoe yBeAHueHHe TeMnepaTypu Bbirne onTHMajibHOH (aah  
A3HH0T0 npOMOKyTKa BpeMeHH) CBH33HO CO CHHJKeHHeM BbIXOAa H c 
HeoOpaTHMofl AesaKTHBauHefl KaTajiH3aTopa.

n pou ecc  CHHTe33 yrjieBOAOpOAOB CHAbHO 3K30TepMHHeH, TaK KaK 
TenjiOTa o(5pa30BaHHH napa(|)HHOB B03pacTaeT c yBeAHueHHeM hx MOJie- 
KyjiHpHoro Beca. XIah  npaBHjibHoro ocymecTBAeHHA chht633 Heo6xoAHM 
SblCTpblH H COBepmeHHblH OTBOA TenAa peaKUHH H3 K3JKAOH TOHKH KaTa- 
AH3aTOpa, MTO HBAHAOCb OMCHb TpyAHOH 3aAaueH npH npoeKTHpOBaHHH 
33BOACKHX peaKTOpOB.

BoAbmyio poAb HrparoT Taione oObeMHan cnopocTb npouecca h co- 
npHJKeHHaa c Hero BeAHMHHa BpeMeHH KOHTaKTa. G noBbimeHHeM
oSbeMHOH CKOpOCTH H, CAeAOBaTeAbHO, C yMeHbUieHHeM BpeMeHH 
KOHTaKTa BbixoAbi h npoueHT KOHTpaKUHH (yMenbiueHHe ofibeMa ra3a) 
CHH>KaroTCH (noaTOMy qaiu,e Bcero npHMeHHioT HedoAbmne oSbeMHbie 
ckopocth  nopHAKa 80— 120).

XlaHHbie O BAHHHHH p33AHHHbIX (|)aKTOpOB Ha CHHTC3 yTAeBOAOpOAOB
npHBeAeHbi b Ta6A. 72.

TABAHUA 71

OaKTop BjiH îine Ha chht63 yrjieBo^opofloB

noBbimeHHe coAep>KaHHH CO b ra3e

noBbimeHHe coflepjKaHHa H2 b ra3e

noBbimeHHe TeMnepaTypbi 

noBbimeHHe 06l.eMH0H CKOPOCTH

yBe^H<ieHHecoAep*aHHH HHepTHbix 
npHMecefl

npoAO-HjkHTeJibHOCTb pafioibi KaTa- 
Ĥ3aiopa

npnpoAa KaiajiH3aTopa

rijIOXOH TeiUIOOTBOA

CHHjKeHne BbixoAa ymeBOAopoAOB, 3aMeAneHHe cko
pocth peaKUHH, noBbimeHHe BbixoAa one^HHOB

CHHxceHHe BbixoAa yrneboaopoAOB, ycKoperoie pe
aKUHH, noBbimeHHe BbixoAa MeraHa h napaiJiHHOB

ycKopeHHe peaKUHH, noBbimeHHe BbixoAa MeiaHa

CHHjKeHHe BbixoAa ymeBOAopoAOB, noBbimeHHe .ie- 
TyuecTH npoAyKTOB

H o  15% ocofioro a^eKTa h c t ; Bbirne 15% —  jih- 
HeHHoe CHHHceHne BbixoAa, noBbimeHHe jieTyue- 
cth npoAyKTOB

yTOMJieHHe. cHHiKenne oSlucto BbixoAa vrueBOAo- 
poAOB (6oJiee 6biCTpo —  r j i h  Kora3HHa I I ,  MeA- 

u eH H ee—  a ^ h Kora3HHa I ) ,  HaKon^eHiie napa- 
(Juma Ha KOHiaKTe

no p«Ay Fe, Co, Ni cooTBeTCTBeHHo noBbimenue 
BbixoAa napa<})HHOB, CHH>KeHHe oKTaHOBoro HHCJia

CmibHoe MeTaHoo6pa30BaHHe, CH/ibiibifl pa3orpeB Ka- 
Ta.iH3aTopa, cHHweHHe BbixoAa y me boao poaob 
AO Hyna; ca*eo6pa30BaHHe no peaKumi
2CO — C0.2 -f C



2. CHHTE3 XH M KO rO  TOflJIHBA (CHHTHHA)

BjiHHHHe AaBjieHHH. M ojkho 6h a o  OKH^aTb, mto noBbimeHHe ^aBJie- 
hhh 6y^eT cnoco6cTBOBaTb o6pa30BaHHio yrAeBOAopoAOB, TaK KaK npo- 
uecc H^eT c yMeHbiueHHeM o6T>eMa. OAHaKO yace nepBOHaqaAbHbie pa' 
6cm>i noKa3ajiH oOpaTHoe: noBbimeHHe AaBAeHHH cnocodcTByeT odpa3o 
BaHHio KHCJiopo^co^ep^KamHx coeflHHeHHH. FIpH 7— 10 a m  hba FeCu 
KaT3JiH3aTopoM ( 4 : 1 )  6biJia nojiyqeHa CMecb CHHTOjia (cTp. 708) h yrjie- 
BÔ OpOAOB B pa3JIH4HbIX COOTHOHieHHHX. CHHTe3bI C N i-KaTaAH3aTO- 
paMH npHBejiH k HeoxHAaHHbiM pe3yjibTaTaM: npH 150 a m  BbixoAbi 
ynaJiH ao  Hyjia, Tan nan HHKejib H3 KaTaAH3aTopa npeBpaTHAcn b 
Ni(CO)4. O^HaKO 6biJio Hafi^eHO, mto Co-KaTaAH3aTopbi Be^yT ce6a 
HHaqe. KaTajiH3aTop Co+18% ThOz Ha KH3ejibrype paOoTaA no# AaB- 
jieHHeM jiyqrne: npH 1 am  b h x o a  npoAyKTOB coeraBAHA 117 m a / m 3 ra3a. 
npn 15 a m — 150 m a / m 3 ra3a; npn 150 am  nojiyqajica TOJibKo c h h to a .

noBbimeHHe AaBAeHHH yBejiHMHBaeT o6ihhh bhxoa h CTa6HAH3ii- 
pyeT KajajiH3aTOp: Tan, npn HopMaAbHOM AaBAeHHH HaA Co+ThO.,- 
KaT3JlH3aTOpOM BbIXOAbI Mepe3 Mecau CHH3HAHCb CO 130 AO 100 z /m ''' 
a npn 10— 15 am  cocraBHAH okoao 115— 120 z / m 3

H3MeHHH AaBJieHHe, mo>kho nojiyqaTb pa3AH4Hbie no xapaKTep> 
npoAyKTbi: npn 1,5 a m  o6pa3yeTca HCKAioMHTeAbHO 6eH3HH, npn 5 a m — 
Macjioo6pa3Hbie npoAyKTbi, npn 15 a m —TBepAbifi napatJiHH. Tan bo3hhk 
npouecc, H3BecTHbiH noA iia3B3HneM cunm e3 n p u  c p e d n u x  d a eA en u n x: b 
33BOACKOM MacuiTaOe npn TpexcryneHqaTOM MeTOAe HaA Co-KaTa;iH3a- 
TopaMH mojkho noAyqaTb ao 180 z  npoAyKTOB Ha 1 m 3 ra3a.

HaA cneuHajibHbiMH KaTajiH33TopaMH cHHTe3bi yrjieBOAopoAOB mo>k- 
ho npoBOAHTb h npn oneHb bhcokhx AaBJieHHax. Tan, HanpHMep, HaA 
Ru-KaTaAH3aTopoM mojkho noAyqaTb TBepAbie napacJwHbi c MOAeKyAHp 
HbiM BecoM ao 23 000 h t . nA. ao 133° (crp. 692). Tanne napac{)HHbi 
AH6o npHMeHJHOT KaK OHeHb XOpOIHHH H30AHpyiOIII,HH MaTepHaA, ah6o 
nyTeM oKHCAHTeAbHoro KpeKHHra npeBpamaioT b TBepAbie jKHpHbie Kap- 
dOHOBbie KHCAOTbl AAH MbIA. TaK Ha3bIBaeMbIH H30CHHTC3 (CTp. 694) 
npoBOAHT npn 450° h 300 a m . HeKOTOpbie Fe-KaTaAH3aTopbi TaKJKe 
paOoTaioT npn 100—300 a m .

IlpoAyKTbi CHHTe3a. B pe3yAbTaTe cHHTe3a H3 BOAHHoro ra3a noAy- 
qaKDTCH ra30o6pa3Hbie, jkhakhc (chhthh) h TBepAbie yivieBOAopoAbi, a 
raiOKe BOAa (npH Ni- hah Co-K3TaAH3aTopax) hah AByoKHCb yrAepoAa 
(npn Fe-KaTaAH3aTopax). npoAyKTu cHHTe3a coctoht H3 npeAeAbHbix 
yrAeBOAOpOAOB C pa3AHHHblM COAepHOHHeM OAe<J)HHOB, HTO 33BHCHT OT 
KaT3AH3aTOpa h pe>KHMa npouecca. Ni-KaTaAH3aTopbi, KaK HaH6oAee 
rHApnpyioiuHe, o6pa3yiOT KOHAeHcaTbi c 10— 15% oac^ hhob, Co-KaTa- 
AH33Topbi—c 30—40% OAeiJiHHOB, Fe-KaTaAH3aTopbi—c 60—80% OAe- 
4>hhob.

B pe3yAbTaTe cHHTe3a noAynaioT cAeAyiomne TexHHnecKHe npoAyK- 
Tbi: ra30o6pa3Hbie yrAeBOAopoAbi (ra30Ab), 6eH3HH (Kora3HH I), MacAo- 
(Kora3HH II ) h napatfiHH.

ra so A b  (He nyTaTb c ra30HAeM) npeAcraBAaeT CMecb ra3oo6pa3Hhix 
naDatbHHOB n oac^ hhob (ao  50%) h o6pa3yeTCH c bhxoaom  5— 12%'.

oh o d A a A a eT  TenAO TBopH oii cno co SH O CT b io  ao 2 3  0 0 0  k o a / m 3 ,
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nosTOMy ero npHMeHHiOT b cacaTOM BH ê KaK TonjiHBo a>hh rpy30Bbix 
MaiuHH. HenpeAejibHbie KOMnoHemrbi rHAparapyiOT b cnapra hjih npn- 
MeHHiOT A-an nojiyqeHHH BbicoKooKTaHOBoro ToruiHBa, ahbhhhji3 h t . a .

EeH 3UH  (K02a3UH /) npeACTaBJineT co6oh 6ecuBeTHyio npo3pauHyio 
ACHAKocTb npHHTHoro 3anaxa, BbiKHnaiomyio nojmocTbio ao 150—200°; 
oh coAep>KHT nepeMeHHbie KOJiHnecTBa ojieifiHHOB h HBjineTCH MOTop- 
HblM TOnJIHBOM. HH3KOe OKTaHOBOe HHCJIO TaKOrO 6eH3HHa (40—45 
b cjiynae Ni-KaTajiH3aTopoB, 60—62 b cjiynae Co-KaTajiH3aTopoB) 
o6ycjioBjieHO TeM, hto KOMnoHeHTbi ero (ao HOHaHOB BKjnonHTejibHo) hmciot 
HopMajibHoe CTpoeHHe. YmeBOAopoAOB H3ocTpoeHHH b HeMoneHb Majio. 
X(o6aBKH T3C aoboaht OKTaHOBOe hhcjio 6eH3HHa ao 80 h Bbirne. BeH- 
3HHbi, nojiyqeHHbie Ha HOBbix Fe-KaTajiH3aTopax (cTp. 684), hmckdt 
OKTaHOBOe hhcjio 88—90.

M a cA O  (K,oza3UH I I )  npeACTaBJiner co6oh decuBeTHbifl npo3paqHbiH 
npoAyKT, coAepncamHH 5— 30% ojiec})HHOB, BbiKHnaiomHH b HHTepBajie 
180—340° h Ha 30— 40% coctohlahh H3 napacfiHHOB ot w-C10H 22 ao 
h-C18H38. Kora3HH II npHMeHHiOT KaK xopouiee AH3ejibHoe TonjiHBo.

fla p a fy u H  npeACTaBJineT co6oh 3acTbiBarc>mHH ocTaTOK ot neperoHKH 
Kora3HHa II c TeMnepaTypoft njiaBjieHHH nocjie nepeKpHCTajijiH3au.Hn 
50—60° Bojiee BbicoKOMOJieKyjinpHbie napa^HHbi (TBepAbie) SKCTpa- 
THpyiOT H3 A-flHTejIbHO paSOTaBUIHX KaT3JIH3aTOpOB.

B Ta6ji. 73 noKa3aHO o6pa30BaHHe napaiJwHa Ha Tpex K3TajiH3aTO- 
pax.

TABJIHUA 7 3

KaTajiH3aTop
nPOAOJlHCHTejlb- 
HOCTb paSOTbl,

Hacbl
EeH3HH + Mac- 

jio, e

TBepAwft napa-
SKCTparH- 

pOBaHHbiii H3 Ka- 
Tâ H3aTopa, a

Buxoa napa(J)H- 
Ha, Bee. % ot 
CyMMbl 6eiI3HH 

h Macjia

Co +  18% T h 0 2 1600 540 11,6 2,1
CoNi +  18% ThOa 590 122 10,2 8,3
Ni +  18% T h 0 2 166 57,2 8,8 15,3

TBepAbie napacj)HHbi noxojKH Ha uepe3HH h HMeioi t . n.i. 78—85 
rioAdopoM pacTBopHTejieft mojkho H3 napat^HHa BbiAejiHTb (JipaKHHH c 
t . nji. 90—110° h Bbiine. TaK, 6hjih BbiAejieHbi napaiJwHbi c t . nji. 130 
h MOJieKyjinpHbiM BecoM ao 8500 (ao 600 yrjiepoAHbix aTOMOB b uenH) 
h c t . nji. ao 150° h MOJieKyjinpHbiM BecoM ao 23 000 (ao 1640 yrjiepOA- 
hhx aTOMOB). Tanne napai^HHbi b npnpoAe He BCTpenaiOTCH.

B peaKHHOHHOH BOAe, cocTaBJiHiomeft nonTH 50% ot >khakhx yrjie- 
BOAOpOAOB, COAepHiHTCH 1,5—2% KHCJIOpOACOAepHCaiUHX COeAHHeHHH: 
cnnpTbi, ajibAerHAbi h KeTOHbi, a TaKHte >KHpHbie KapSoHOBbie khcjiotbi 
(ot yKcycHOH ao yHAeuHJioBOH).

TeopeTHnecKH H3 hhctoh cmcch CO+2H., (6e36ajuiacrHbiH ra3) 
mo>kho nojiyuHTb 208 a yrjieBOAopoAOB Ha 1 m 3 ra3a, a H3 ra3a c 15% 
6ajiJiacTa (C02, CH4, N2)—177 z /m 3 FIpaKTHqecKH AocTHTHyraH bhxoa 
AJiH Co- hjih Fe-KaTajiH3aTopoB b cjiynae qncToro ra3a cocraBJineT
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170— 180 e /m 3 t . e. ao 90% ot TeopenmecKoro. CooTHomeHHe npoAyK- 
tob cHHTe3a Ko îeSjieTCH b uiHpoKHx npe^e^ax ajih pa3AHHHbix KaTa- 
jiH33TopoB. B KaqecTBe npnMepa mojkho npHBecTH cpeAHHH bmxoa 
npo^yKTOB, KOTopbift, no jiHTepaTypHbiM AaHHbiM, yflaBajiocb nojiynaTb 
Hafl CTaHAapTHbiM Co-KaTajiH3aTopoM (Ta6ji. 74).

Kan yace 6mjio OTMeueHO, npoAyKTbi CHHTe3a odJia^aioT HH3KHM 
OKTaHOBbIM MHCAOM. IlOBblCHTb KaMeCTBO 6eH3HHa MOJKHO, HanpHMep, 
cJieAyiomHMH MeTOAaMH: 1) cMeineHneM c 6eH30A0M hah c a6cojnoTHbiM 
CnnpTOM, MTO AaeT MOTOTOnAHBO c 
OKTaHOBbIM mhcaom ao 77; 2) AodaB- 
AeHneM T3C, mo noBbimaeT OKTa- 
HOBoe mhcao ao 80; 3) AerHApouHK- 
jiH3auneH HaA Co-KaT3AH3aTopaMH 
h t . A- U n a  noBbiiueHHH BbixoAa 
6eH3HHa nacTb MacAa (Kora3HHa II) 
noABepraiOT KpeKHHry, mto AaeT 
6eH3HHbI C OKTaHOBbIM .MHCJIOM
66—70. 3HaMHTejibHbiM AetfreKTOM 
AaHHoro npouecca HBJineTCH oTcyTCTBHe npoAyKTOB T H n a cMa30M- 
hwx Maceji. BbiJin, oAHaKo, pa3pa6oTaHbi mctoah CHHTe3a cMa30MHbix 
MaceA Kora3HHa II, KOTopbift aah stoto cnepBa xAopupyioT, a 3aTeM 
KOHAGHCHpyiOT C apOM3THMeCKHMH yrAeBOAopoAaMH B npHCyTCTBHH 
AlClg. Tanne cHHTeTHMecKne cMa30MHbie MacAa otahm3K)tch xopouiHM 
KaqecTBOM.

B HacTonmee BpeMH npHMeHeHHeM Fe-KaTaAH3aTopoB yAaeTCH noAy- 
M3Tb 6 eH 3 H H b I, HMeiOIUHe OKT3HOBbie MHCA3 80 H B blU ie.

ripn cHHTe3ax noA AaBAeHHeM (cTp. 695, 708, 715) o6hmho noAy- 
MaioTCH KOHAeHcaTbi, cocTonmne H3 yrAeBOAopoAOB h KHCAopoAcoAep- 
>Kam,Hx opraHHMecKHx coeAHHeHHfi c npeo6AaAaHHeM cnHpTOB HOp- 
MaAbHoro hah H30CTpoeHHH. Tan, HanpHMep, npn CHHTe3ax HaA hht- 
pHAHblMH H<eAe3HbIMH KaT3AH3aT0paMH nOAyMaeMblH KOHAeHCaT COCTOHT 
Ha 60% H3 pa3AHHHbIX OpraHHMeCKHX KHCAOpOAHbIX npOH3BOAHbIX; H3 
hhx 34% npnxoAHTCH Ha HopMaAbHbie nepBHMHbie cnnpTbi, cpeAH koto- 
pbix npeBaAHpyeT 3T3hoa.

Ha puc. 63 npHBeAeHbi THnHMHbie BbixoAbi napa^HHOB h OAe<J)H' 
hob, noAyqaeMbie HaA Co-KaTaAH33TopoM Ha KH3eAbrype npn HopMaAb- 
hom AaBAeHHH h noA AaBAeHHeM 7 a m . Ha pnc. 64 A-na cpaBHeHHH npn- 
BeAeHbi BbixoAbi yivieBOAOpoAOB h khcaopoahhx coeAHHeHHH HaA oa- 
hhm H3 >KeAe30C0Aep>KamHx K3TaAH3aTopoB (F e+ G u + K 2SiOs— 
— 10 : 10 : 3). Cm. TaK>Ke pnc. 70 (H30CHHTe3) h pnc. 71 (cHHOA-npo- 
uecc).

3. TexHHMecKoe pa3BHTHe npouecca CHHTe3a
yrAeBOAopoAOB

CaMbiM TpyAHbiM npn pa3pa6oTKe npouecca cHHTe3a yrAeBOAopoAOB 
B 6o4lbIUOM npOH3BOACTBeHHOM MaCIUTaGe 6bIAa KOHCTpyKUHH peaKTOpOB. 
CHHTe3 HAeT npn TeMnepaType 180— 190° h TenAOTa peaKUHH AerKO mo-

44 e. H. Awiron

T A B A H U A  74

npOflyKT CHHTe3 npH[cHHTe3 npn 
1 am, % 15 am, %

T  a30.Tb 13 7
BeH3HH 52 38
Macjio 26 30
napat}>HH 9 25
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>KeT neperpeTb KOHTaKTHyio Maccy Ha HecxojibKo c o t  rpa^ycoB ( tc m  
6ojiee, h t o  HaHOCHbie KaTajiH3aTopbi oqeHb Majio TenjionpoBOAHbi). 
IlosTOMy octoOBHbiM ycJioBHeM HOpMajibHOH pa6oTbi peaKTopa abjihctch 
E03M0>KH0CTb 6bICTpOTO OTBOA3 TenJia C JIK>60H TOMKH KaTajIH3aTOpa.

rioCJie HCnbIT3HHH HCCKOJIbKHX
7 a m

•\)

180-

m -

140-

120-

100-

I  s o - i

£  60A

4 0 -

2 0 -

0 -

1 a m

C4-C.

_ _ M

C5C6
I
I

i tJ
>C<8

□  On ¥2

^  On ^ 2 n

O r

C3-O 4

0s~06 ^

C42 1̂8

> C18

AeCHTKOB peaKTOpOB 6bIJlH 
pa3pa6oTaHbi pau,HOHajibHbie 
KOHCTpyKUHH HX.

□ riapaqpuH bi
QjiecpU H b!

KuG/topodHbie
co e a u H e H U R

Phc. 63. Bbixô bi yrjieBOAopoflOB HaA 
Co-KaTajiH3aTopoM npn pa3JiHmibix 

AaBJieHHHX.

P hc. 64. npo^yKTu chh- 
Te3a Haa Fe-KaTajiH3aTo- 

poM:
a—cnHpTbi; b—6eH3HH; c—ah- 

3ejibHoe Macjio.

npH H UH n pa^OTbi peaK T op a  3aKjnoqaeTCH b t o m , h to  K3TajiH 3aTop 
pacnpeAejineTC H  t o h k h m h  cjioh m h  (H e d o jie e  20 m m ) ,  q ep e3  K O Topue 
n p oxoA H T  CHCTeMa T p y 6  c u n p K y jiH p y iom eH  b o a o h , H a rp eT o fi a o  t c m - 
n ep aT yp b i cHHTe3a (1 8 0 — 190° noA  AaBjieHHeM 16— 18 am ) h n o iv iom a io - 
mefi H36biTOMHoe T en jio  peaKHHH. Ha p n c . 65 h 66  H3o6pa>xeHbi c x e -  
MaTHqecKH p eaxT op b i H opM ajibH oro  h cp eA H ero  AaBjieHHH. T a io ie  p e a x -  
Topbi npeACTaBJiHiOT co6 oh  n p xM oyro jib H b ie  hiu,h x h  (5 ,7 x 2,6x 1,7 m ) ,  
pacnojioxceH H bie daTapeftHO. M e>xA y njiacTHHaMH p eaK T op a  3 a rp y jx a x )T  
1 —2 m KaTajiH3aTopa.

C xeM a oAHOCTyneHMaToro 0HHTe3a 6eH3HHa H3 o k h c h  yrjiepoAa h 
BOAop oA a  noKa3aH a Ha p n c . 67

F l o c j i e  cep o o M H CT K H  ra3  n o c T y n a e T  b  p e a x T o p b i, r A e  n p o x o A H T  c h h - 
Te3 b  H a A Jie x t a m n x  y c j i o B H n x . T a 3 , B b ix o A n m H fi H3 p e a x T o p a , noABep-
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raeTCH boahhomy oxji3>kaghhk); odpa3yioinHHCH npn stom MacJiHHbiH 
KOHAencaT npeACTaB̂ ineT co6oh Kora3HH II. Bojiee JierKOJieTyHHe kom- 
noHeHTbi, yBJieKaeMbie ra30M, aACopdHpyiOTCH b  yrojibHbix aAcopdepax. 
npH odpadoTKe yrAfl napoM (npw 150°) aAcopdHpoBaHHbie yr;ieBOAopoAbi

Phc. 65. PeaKTop HopMaJibHoro
AaBJieHHH:

/— KaTajiH3aTop; 2— oxjiawAaioiuHe 
Tpy6bi.

P hc. 66. PeaKTop cpeAHero AaB-
JieHHn:

/—naTâH3aTop; 2—  x-n ;ioartHT.

AeCOpdHpyiOTCH. npOAyKT, KOHAeHCHpyiOIAHHCH B XOJIOAHJlbHHKaX, r:peA- 
CTaBJlBeT COdOH 6eH3HH HJ1H KOra3HH I, a He KOHACHCHpyiOIHHH h co6h- 
paeMbift b ra3ro^bAepax—ra30Jib.

Phc. 67. CxeMa oAHOCTyneH'iaToro CHme3a 6eH3HHa H3 okhch yiviepoAa h BOAopoAa:
/—raaoreiiepatop; 2—  cbp\66ep; 3—(WHCTKa ot HjS; 4 —  KOHTahTitaa oqHCTKa; r5— peauTop; 6—  uhkji 
Tonjionoi htc^»; 7—napoBoft TenjiooCMemiHK; 8 — xojiofliuibHHK; 9 —  npiteMiuiK Kora3mia II; 10—  yrcuniibifl 

a«cop6ep; //—npneMHHK Kora3mia I; 12—  ra3rojibAep ajih ra30jm.

KaTajni3aTopbJ, npuMeHHeMbie b npoH3BOACTBeHHbix’ ycAOBHH.x. mo- 
ryT padoTaTb 6e3 pereHepauHH HecKOJibKO MecnueB, ho ajih yAajieHHB 
napacfjHHa HeodxoAHMO npoBOAHTb nepnoAHnecKHe npoAyBKH BOAopo- 
AOM.
44*
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O c T a T o q H b ift  r a 3 , o 6 o r a m ,e H H b iH 'C H 4, C02 h  N2, c o x p a H Ji e T  c o o T H o in e -  
HHe CO : H2 noqTH HeH3MeHHbiM; noaTOMy A-an noBbimeHHJi buxoaob  
cH H T e3 n p o B O A H T  A B y x -  h T p e x c T y n e H q a T b iM  c n o c o S o M , t . e. n o c jie  ot- 
A e jie H H H  n p o A y ktob n p o n y c u a iO T  r a 3  q e p e 3  2 - io , a  3 a ie M  q e p e 3  3 -io  c e -  
p H io  p e a K T o p o B . n p «  cp e A H e M  a b b j i c h h h  h  T p e x c T y n e H q a T O M  c n o c o d e  
n p o B e A e H H A  chht63ob mo>kho A o c T n q b  B b ix o A a  ao  180 e Ha 1 m 3 r a 3 a .

CHHTe3bi c UHpKyjiHUHefl ra3a 6biJin ocymecTBJieHbi A-an Co-KaTajin- 
3aTopoB Ha CMecH CO : H2= l,2 5  : 1 npn 200— 225° 15 am  h 6ojib- 
uihx 06'beMHbix cKopocTax. rio.nyqeHHbie npoAyKTbi 6mah oqeHb 6ora-
Tbi OAe^HHaMn:

XlpyroH CHHTe3 c unpKyjiHUHeH 6bui pa3pa6oTaH A-aji KaTajiH3aTopa 
H3 >Kejie3a c 1% 6ypbi npH 300—325°, 30 am  h BpeMeHH koht3k t3 0,5— 
1 cen. B 3thx  ycAOBHax nojiyqajiocb 30% ra30o6pa3Hbix yrjieBOAopoAOB, 
62% 6eH3HHa h AH3ejibHoro Macjia, 1% napatJiHHa h 7% cnHpTOB.

OcymecTBJieHHe otboa3 H36biToqHoro Tenjia peaKunn H3 30Hbi Ka- 
TajiH3aTopa npeACTaBHJio 6oJibmne KOHCTpyKTHBHbie 33TpyAHeHHji npw 
nepexoAe ot jia6opaTopHbix Tpy6oK k annapaType OoAbinnx pa3MepoB. 
B HacTOjmi.ee BpeMH otboa Tenjra AOcraraeTCJi npome Bcero c noMombio 
unpuyAJUtHH HarpeToft ao onpeAeAeHHOH TeMnepaTypbi boam  noA AaB- 
jieHueM. BoAa jiBJUieTCJi b stom  cjiyqae h HarpeBaTejieM, h peryjiuTopoM 
TeMnepaTypbi peaKunu, h xjiaAoareHTOM.

npHHUHnnajibHaji cxeMa unpuyAJiunH boam b peaKTopax no 
H. B. PannonopTy nouasaHa Ha pnc. 68.

H3 3TOH CXeMbI BHAHO, HTO BOAa npOXOAHT no pHAy BepTHKaAbHbIX H 
ropu30HTajibHbix Tpy6, coeAHHeHHbix KOJijieKTOpaMH. TeMnepaTypa bo- 
Abi, t . e . AaBJieHHe boajihoto napa, peryjinpyeTCH MaHOMeTpnqecKH— 
T3KHM nyTeM AOCTuraeTCH KOHTpojib TeMnepaTypbi b paAnyce 10 mm 
KaTajiH3aTopa [9].

BbiCTpoepa3BHTHecuHTe3a yrAeBOAopoAOB no O . <t>nmepy h T Tponm y 
no3BOAHJio C03AaTb pa3AHqHbie BapnaHTbi npouecca (MHorocTyneHqa- 
TbiH cHHTe3 , CHHTe3bi noA AaBJieHneM c nnpKyjiHUHen, ciiHTe3bi c KaTa- 
JIH3aTOpaMH, B3BemeHHbIMH B HHepTHOM MaCJie, H T. A.) H pa3pa60TaTb 
pnA npHHnnnnaJibHO Ba>KHbix hobux HanpaBAeHHH.

Chhtc3 TBepAbix napa(J)HHOB noA AaBJieHHeM ( chhtc3 flHXAepa). 
iI,jiH CHHTe3a yrAeBOAopoAOB H3 okhch yruepOAa h BOAOpoAa oqeHb 
aKTHBHbIM OKa3aJICH MeTaJIJIHqeCKHH pyTeHHH, OTJIHqaiOUIHHCJI BblCOKOft 
ct36habHOCTbio h He TpedyiomHH hh aKTHBaTopoB, hh HocHTejien. Ka- 
Ta/iH3aTop npHTOTOBJUiiOT CMemeHueM nopouiKoo6pa3Horo pyTeHHH

yrjieBOAopoAbi C3 — C4
BeH3HH
Macjio
Ilapâ HH

8 60 — 65
30 60 — 65
28 40 — 65
34 CneAbi

4. Pa3JiHqHbie HanpaBAeHHH cHHTe3a yrAeBOAopoAOB 
H3 okhch yrAepoAa h BOAopoAa
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C ê KHM K3./IH H HHTpaTOM K3J1HH. flOJiyHeHHblH pyTeH3T K3J1HH p3CTB0- 
pjiioT b BOfle h nepeBO^BT b AayoKHCb pyxeHHH BOccraHOBJieHHeM (MeTa- 
hojiom), nocjie Mero BbicyuiHBaiOT ee npn 110°. B  cjiynae HopMajibHoro 
AaBJienHH KaTajiH33Top HeaKTHBeH, h npouecc HaMHHaeTca .iamb npH 
100 a m  h Bbime. T a n , npn 100 a m  h 180— 190° o6pa3yeTca ao 190 z h i 3 
yivieBOAopoAOB (t. e . 9 2 %  ot TeopeTHnecKoro KOJiHaecTBa), H3 KOTopbix 
6 o n e e  100 a TBepAbix napa(|)HHOB c  t. rui. 130— 132° h MOJieKyjiapHbiM 
BecoM ao 9 00 0  (ao 6 00  ymepoAHbix aTOMOB b HopMajibHbix hjih Majiopa3- 
BeTBJieHHbix uenax). noBbiiueHHe AaBjieHHH cnocodcTByeT o6pa30Ba-

P h c . 68. CxeM a UHpKy^iHUHH b o a h  b pebK Topax, pa6oTaio- 
LU.HX npH HOpMajlbHOM AaBJieHHH.

hhk) BbicoKOMO^eKyjiBpHbix napa(|)HHOB. Flpn 140° h  1000 a m  o 6 p a 3 y -  
kjtch napa4)HHbi c t . rui. 132— 133° h MOJieKyjinpHbiM B ecoM , aoxoah - 
uu,hm ao  23 000 (ao  1600 yiv ie p o A H b ix  aTOMOB). Tanne napac[)HHbi hb-
JIHIOTCH npeBOCXOAHbIMH 3AeKTpOH30JIBTOpaMH C OMCHb BbICOKOH AHSJieK- 
TpHMeCKOH nOCTOBHHOH H 06jiaAaK)T 60JIblllOH BH3KOCTbIO H npH TeM-
nepaTypax Bbime tohkh miaBJieHHH (ao 35 000 c3hthctokcob npH 150°).

H a  puc. 69 noKa3aHbi BejiHMHHbi KOHBepcHH C O  npn cHHTe3e I I h x- 
.nepa [13] b 3 3BHCHMOCTH ot TeMnepaTypbi h AaBJieHHB. Ilpn  TeMnepa- 
Typax 120— 180° yBejiHMHBaeTCH kojimmcctbo BbicoKoruiaBKHX yrjieBO- 
AopoAOB, npw TeMnepaTypax 180— 240°— HH3KoruiaBKHX.

B  T a C n .  75 npHBeAeHbi BbixoAbi yrjieB O A op oA O B  HaA R u -K a T a ;iH 3 a- 
TOpOM npH 180° H pa3J!HMHbIX AaBAeHHBX.

3 a  8 M ecH ueB H enpepbiBH ofi pafioTbi KaTajiH 33Top He chh3Hji 3kthb- 
hocth, oAHaKO cjieAbi cepH H CTbix coeAHHeHHH b ra3e MoryT ac33kthbh- 
poBan> ero oiieHb 6biCTpo.
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TABAHUA 75

am
KoiiBepciia 

CO, %

IlpoueHT CO, npeBpameHHOfl b

TBepAbie yme- >KHAKne yrjie- ra3006pa3Hbie
BÔ OpOAU BOAOpOAbI yrjieBOAOpoAbi

i 0 ______ — —
50 48 46 33 21

100 68 55 31 16
1000 92 59 26 15

JX j \H CHHT630B H3 OKHCH yrJiepOAa H BOAOpOAa nOA BbICOKHMH AaBJie- 
hhhmh 6biJiH HcribiTaHbi h Apyrne MeTajuibi nAaraHOBOH rpynnbi, ho Bee 
ohh 0Ka3ajiHCb MeHee npnroAHbiMH, ueM pyTeHHH. Poahh AaeT 3aMeTHoe

KOAHUeCTBO JKHAKHX H TBepAbIX 
npoAyKTOB, ho ropa3AO MeHbmee, 
mom pyTeHHH; cpe^H npoAyktob 
peaKUHH MHoro KHCAopoAcoAepwa- 
LUHX COeAHHeHHH. OcMHH 3KTHBeH 
anuib Bbime 220° ho o6pa3yeT mho- 
ro ra30o6pa3Hbix npoAyKTOB. Fljia- 
thh3, najuiaAHH h hphahh  Majio
aKTHBHbl.

B naTeHTHOH AHTepaType [14] 
HMeeTCH onHcaHHe CHHTe3a BbicoKO- 
MojieKyjinpHoro noAHSTHAeHa H3 
okhch yrjiepoAa h BOAopoAa b npn-
CyTCTBHH KIICAOT H COACH pyTeHHH 
(BapnaHT CHHTe3a nHXAfpa) 
npn 180—225° h 200— 800 a m . 
IlpoAyKT HMeeT t . nA. 130— 132° 
noHTH He pacTHTHBaeTCH h xpynoK, 
neM HeBbiroAHO OTAHuaeTCH ot 

npo.vibiuiAeHHoro noAH3THAeHa, noAyqaeMoro noAHM3pH3auHefi smieHa 
npn BbICOKOM HAH HH3KOM A3BA6HHH.

M30CHHTe3. f lo A y q a e M b ie  HaA N i -  hah  Co-KaTaAH3aropaMH 6eH3H- 
Hbl -oSAaAaiOr HeBbICOKHMH OKTaHOBbIMH HHCA3MH, HTO- 3aCT3BAHeT nOA' 
BepraTb hx AonoAHHTeAbHbiM o6pa6oTKaM (KpeKHHr, pn(|)opMHHr apo-
M3TH3aUH H {I T. A-)- K KOH i.y  BTOpO ii MIipOBOH BOHHbl B TepMaHHH 6bIA
pa3pa6oTaH Hoabifl npouecc H30CHHTe3a [15], c noMombio KOToporo b 
JKeCTKHX yCAOBHHX nOAy M3IOTCH HH3KOMOAeKyA H p Hbie H30napa([)HHbI.
npouecc npoBOAHT HaA KaTaAH3aT0paMH H3 Th02 hah Al20 3 (HHorAa 
c Ao6aBKaMH 1,0 — 1,5% K?COs) npa 450°, 300— 1000 am  h oGueMHOH 
CKopocTH 500— 1000. B pe3yAbTaie noAyqaeTCH 120— 130 e /m s ra30- 
o6pa3Hbix yrAeBOAopoAOB cpeAHero cociaBa:

C3 15, : -16,6%
C4 38,5 —67,5% ( a o  90% H3o6yTaHa)
C5 . 23,0 — 50,0% ( a o  97% H3onenTana''
C6, C7 H 'Oo.lbLUOc KOAHHeCTBO

PHC. 69. 3aBHCHMOCTb BeAHHHHbl KOH - 
BepcHH CO ot TeMnepaiypbi h Aan.ne- 

h h a  npw CHHTe3e r i a x A e p a .
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B Ta6ji. 76 npHBe^eHbi pe3 yjibTaTbi H3ocHHTe3 a HaA Th02-Kaia^H- 
3aTopoM npn 450° h pa3JiHqHbix ^aB^eHHHX.

TABJ1HUA .6

JXdBJieune,
a m

06lIi,Hfi BU
XOM,

npoMyKTbi peaKUHH, Bee. %

ra3O06pa3Hbie
HUlAKHe

C i-C a «-C3 — C4 ujo-Ci c h 3—O—ch3

i CJieAbl __

30 30,1 13,3 16,9 17,3 0 52,5
150 79,2 12,9 10,4 20,7 0 56,0
300 109,1 10,5 12,4 20,6 --- 56,5
600 153,7 18,2 14,7 29,3 3,3 34,5

1000 200,7 33,5 6,0 16,5 24,5 19,5

,M3 TaS^HUbi bhaho , mto onTHMajibHoe AaBjieHne cocTaBJineT 600 am. 
npn Aa-abHenuieM noBbimeHHH AaBjieHHH BbixoAbi yrjieBOAopoAOB na^a- 
K)T H3-3a 06pa30BaHHB 3Ha4HTeJIbHbIX KOJIHqeCTB 3Cj)Hpa.

HeKOTopoe cHHHceHHe AaBJieHHH H reMnepaTypbi npHBOAHT k o6pa- 
30BaHHH3 cnHpTOB. Tan, npn 345— 400° h 300 am npoTeKaeT nouTH hc- 
KJIKJMHTeJIbHO CHHTC3 BblCUlHX CnHpTOB, npHHeM nOJiyuaeTCH KOHAeHCaT, 
COCTOHIH.HH Ha 50% H3 Q — CyCnHpTOB (H3 HHX 13— 30% MeTaHOJia). 
HapnAy co cnnpTaMH, npn yKa3aHHbix TeMnepaTypax h AaBjieHHnx 06- 
pa3yioTCH TaK>Ke 3Ha9HTe^bHbie KOjiHqecTBa HatJrreHOB (pnc. 70).

H3o6yTaH h H3oneHTaH, o6pa3yioiuHecH npn H3ocHHTe3e, hbjihiotch 
npenpacHbiM cbipbeM A-an npeBpaiueHHH hx MeTOAaMH a^KH înpoBaHHa 
c ojie({)HHaMH b HeoreKcaH, HeorenTaH, ahbhhhji, H3onpeH h t . a - 

MexaHH3M 3Toro HHTepecHoro npouecca Majio H3yueH. M ojkho npeA- 
nojiaraTb, mto o6pa30BaHHe H3onapa(|)HHOB npoTeuaeT qepe3 npeABapn- 
TeAbHbift cHHTe3 cnHpTOB no cjieAyfomefl cxeMe:

H
CO + H2 -► CH20 CH2OHCHO----- ► CH3CHO +  H ,0

H
CH3CHO + CH20 CH3CHOHCHO----- ► ch3ch2ch2oh +  h2o

ch3ch2ch2oh -► ch3ch= ch2 +  h2o

CH3CH=CH2 CO+Ha ch3ch2ch2cho

(CH3)2CHCHO

H —H20 H
(Cl I3)2CHCHO —  —  (CH3)2CHCH2O H ----- *- (CH3)2C=CH. -----*» (CH3)2CHCHi

CwHOJi-npouecc. CwHOJi-npouecc npeACTaBjineT, no cymecTBy, oa-
HOBpeMeHHblH CHHTe3 BblCUlHX CnHpTOB H OJie^HHpB HaA >KeJie3HbIMH
KaTajiH3aTopaMH THna aMMnaMHbix npn 10—25 am n 180—200° [161. 
MexaHH3M 3Toro npouecca eiue He coBceM nceH.

Ta3 A-â  CHHTe3a nojiyqaiOT CMeuieHHeM boahhoto (40% CO h 48% 
H.2) h KOAOUiHHKOBoro (68% CO n 22% H2) ra30B, KOTopbie noc.ae
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COOTBeTCTByiOmeH OMHCTKH OT CepHHCTbIX 
coe^HHeHHH nponycnaiOT HaA KaTajiH33TO- 
poM. nocJie^HHft npe^BapHTejibHO BoecTa- 
HaBjiHBaioT b TeqeHH6 50 Mac. boaopoaom 
npn 450—600° a fljia «3anycKa» odpadaTbi- 
B3K)T C02, O^HOBpeMeHHO BblTCCHHH BeCb 
ra3 H3 annapaTypbi, bo H3de>KaHHe OTpaB- 
jieHHH KaTajiH3aTopa khcjiopoaom . KaTa- 
jiH3aTop, npn ycjiOBHH nojm oro yAajieHHH 
KHCJiopofla B03,nyxa, coxpaHneT aKTHBHOCTb 
b TeqeHHe 3 MecnueB, nepnoAHMecKH noA- 
Bepraacb sKcrpaKUHH deH3HHOM AJifl omhct- 
kh ot napatJjHHOB.

>Khakhc  npoAyKTbi cHHTe3a AByxcjioflHbi: 
HHJKHHH (BOAHblfl) CJIOH COACpjKHT paCTBO- 
peHHbie HH3mne cnnpTbi h khcjioth , Bepx- 
HHH (MaCJIBHblfl) CJIOH COCTOHT Ha 50% H3 
nepBHMHblX CIIHpTOB HOpMaJIbHOTO CTpoeHHH
h 15—25% ojietfwHOB. CnHpTbi eoAepH<aT 
Ci—C20 c npeoOjiaAaHHeM C6—C14, ojie(})H- 
hh  coctoht H3 C2—C18. PacnpeAejieHHe 
hx b KOHAeHcaTe noKa3aHO Ha pnc. 71.

OOpadoTKoft MacjiHHoro cjioh mejioMbio 
THApOJIH3yiOT CJIOJKHbie 3(f)HpbI B K0HACHC3-
Te h nepeBOAHT khcjioth b cojih. nojiyqejw- 
Hoe HeftTpajibHoe Macjio (JipaKUHOHHpyiOT 
Ao 360°

ripaKTHMecKoe Hcnojib30BaHHe oTAejib- 
Hbix (JjpaKUHH cHHOJibHoro Macjia npHMepHo 
mojkho npeACTaBHTb cjieAyiom,HM odpa30M:

n p h m e h e h h e cnnpTOB I lpHMeHeH He OJietJlHHOB

C2 — Ce b KaMecTBe pac- 
TBopHTejiefl

C2 C4 AJiH nojiyHeHHH. 
nOJlHMep6eH3HHOB, 
nOJlHO.ie(J)HHOB H AP-

c7 — Cj2 Ajih nô yMeHHa 
CJIOJKHblX 9<l)HpOB

Cg — c10 A-TCH ajIKHJlHpOBa- 
HHH

C„ Qg 

C20 Cgg

AJiH nojiyneHHH 
MOtOIUHX CpeACTB 

b KanecTBe bockob

Qi  — Qs AJIH OKCOCHHTe3a

H 3MeHeHne pe>KHMa CHHOJibHoro npouecca npHBOAHT k APyroM y co- 
CTaBy npOAyKTOB— C II0HH>KeHHeM AaBJieHHH KOJIHMeCTBO OJie(J)HHOB B03- 
pacTaeT ao 30— 50% , noBbimeHHe abbjichhh dJiaronpHHTCTByeT yBejiH- 
qeHHio BbixoAa. ciiHpTOB.

Chhtc3 uHKJiHHecKHX yrjieBOAopoAOB. O. Onmep h T Tponui b 
cbohx padoTax OTMeqajiH, mto bo (JipaKUHHx Kora3HHa coAepwaTcn He- 
dojibLune KOAHMecTBa apoMaTHqecKHX yrjieBOAopoAOB (1—2%),  nyTb 
odpa30BaHHH KOTOpbIX HeH3BeCTeH. npH H30CHHTe3e odpa3yiOTCH Me-

□  Vz/ieSodopodbi 
( n a p a cp u H ti 

u  on ecp u H b i)

K u c/ io p o d H b te  
c o e d u H e H u tr

Phc. 71. CnHOJi-npouecc (pac- 
npeAeJieHHe npoAyktob 6e3 
yqeTa Ci- h Cs-yrjieBOAopo- 

Aob):
a — BOAopacTBopuMbie cnHpTbi; b—  
6eH3HH; c—  AH3ejibH0e Macjio: d—  

napatfiHHbi.
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t h ji- h ^HMeTHJiUHKJioneHTaH, MeTHjiuHKJioreKcaH h Cd:Ha(J)TeHbi (pnc. 70), 
npwqeM KO^H^ecxBa hx pacTyT c TeMnepaTypon. EcTb yK33aHHH, 
mto npHMeHeHHe Cr20 3-KaTajiH3aTopoB b cMecn c A120 3 Majio 3(J>cJ)eK- 
th bh o  A-aa H30CHHTe3a, ho KOH êHcaTbi, nojiyqaeMbie npn 500° coctoht 
noHTH nojiHOCTbK) H3 apoMaTHqecKHX yrjieBOAopoAOB. KaTajiH3aTopbi
H3 okhcjiob Cr, Mg h Th c AodaBKaMH 5—10% K2C03 npH 30 am h 475— 
500° AaioT Ha 1 m 3 ra3a ao 10 m a  jkhakofo KOHA^HcaTa, cocTonmero H3 
50 %  TOJiyOJia H KCHJIOJIOB H 50'% pa3JIH9HbIX H3(J)TeH0B.

Phc. 72. CxeMa CHHTe3a ynneBOAopoAOB h cnnpTOR H3 ripHpoAHoro 
ra3a HaA nceBAOo>KHJKeHHUM KaTajiH33TopoM (raftAPOKo;i-npo-

uecc):
/— reHepaTop; 2—xojioflHjibHHK; 3— peaKTop.

TaHAPOKOJi-npouecc [17]. B CUJA b 1946 r 6biJi pa3padoTaH h o bh h  
npouecc CHHTe3a yrjieBOAopoAOB h c iih pto b  Ha 6a3e npnpoAHoro ra3a 
c npHMeHeHHeM nceBAoojKHHceHHbix >Kejie3Hbix KaTajiH3axopoB. H 3 
npnpoAHoro ra3a npeABapHTejibHO H3BJieKaiOT C4 h Bbiciune yrjieBOAO- 
pOAbi, nocjie qero c>KHraiOT ero paccqHTaHHbiM KOJinqecTBOM KHCJiopoAa:

CH4 +  v A  -► CO +  2H2

llo jiyqeH H yio ra30Byro cMecb, He Tpedyiomyio cepooqncTKH, KOHBep* 
THpyiOT b 6eH3HH h Apyrne npOAyKTbl HaA nceBAOOHCHHieHHblM KaTa;iH- 
3aTopoM, no^yqaeMbiM H3 AemeBbix *ejie3Hbix pyA (jihmohht, reMaTHT. 
nnpHT, MarHeTHT), a Taione H3 OKajiHHbi hjih njiaBjieHoro }Kejie3a. B na* 
qecTBe aKTHBHpyiomeH AoGaBKH npHMeHHiOT K2C03 (0,5—1,5%). n p o - 
uecc BeAyT npn 300—350° h 25—30 am b 6ojibuiHx UHJiHHApHqecKHX k o h *
BepTOpaX, B KOTOpbIX >Kejie3HbIH KaTaJIH33TOp BO B3BeuieHHOM COCTOH- 
hhh jpearnpyeT c peaKUHOHHOH cMecbio, npnqeM ox^a>KAaeTca boaoh, 
UHpKyjiHpyiomeH b Tpydax. CxeMa TaKOH ycTaHOBKH noxasaHa Ha 
pnc. 72. Ta3, nojiyqeHHMH H3 MeTaHa c khcjiopoaom b reHepaTope 1 
(CO+2H2), oxjiaa<AaeTCH b xojiOAHJibHHKe 2 h HanpaBJiaeTCH b hhhchiok)
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4acTb peaKTopa 3 , r^e ripn 315° KOHTaKTHpyeTca c nceB̂ oojKĤ KeHHbiM 
KaTajiH3aTopoM, npnqeM TeMnepaiypa peaKUHH peryjiHpyeTCH TeMne- 
parypofl napa H3 napoBoro KOTAa noA AaBAeHHeM. flpo^yKTU, npoxoAfl 
Mepe3 pHA U.HKAOHOB, OTACAHIOTCH OT KaTaAH3aTOpa H H^yT Ha pa3rOH- 
Ky. TaKHM nyTeM mo>kho nepepadaibiBaTb Ha yrAeBOAopoAbi ropKWie 
cjiaHUbi h Hê reHOCHbie necKH.

B pe3yjibTaie raftApoKOA-npouecca noAynaeTCH KOHAeHcaT, coctoh- 
ihhh H3 napacJ)HHOBbix, ojie(J)HHOBbix h nojiHMeTH^eHOBbix yrAeBOAopo- 
Aob h coAepjKamHH 10—20% cnapTOB. TnnHMHbiH cocTaB yrjieBOAopoA- 
Hbix c{)paKUHH npHBeAeH b Ta6ji. 77 h 78.

TAbAHUA 77

KoMn̂ iieHTbi Bee. % KOMnOHeHTbl Bee. %

OpaKUHH C3 
IlponaH 20,2

Opaanaa  C6
H3onenTaH 3,5

riponHJieH 79,8 H-n̂ HTaH 7,9
O p a k u h a C4 rieHTeH-1 67,2

H3o6yTan 1,9 rieHTeH-2 5,8
K-ByiaH 13,6 2-MeTH;i6yTeH-l 3,5
ByTeH -1 64,3 3-MeTHa6yTeH-l H,1
ByieH-2 11,5 2-MeTH/i6yTCH-2 0,7
H3o6ymieH 8,7 U,HKjToneiiTan 0,1

U,nii.noneHTeH 0,2

KOMIIOHeilTbl
OpaKUHH, bc. . %

Q> C7

TABjIHUA 78

C8

napat})HHbi n 07ie<j)uiibi c Hepa3BeTB.ien- 
ho0 uenbio . . . 75,9 60,2 55,4

riapailaHHbi h ojie(})HHbi c oahoA 6okoboh 
ueribio (mohomctha) 20,0 29,3 36,6

napatjjHHbl H OJietJjHHbl C AByMH 6oKOBbI- 
MH'uenaMH (ahmctha) 0,4 1,7 2,4

riOJlHMeTHAeHbl . . 3,7 8,8 5,5
CoAepjKaHne oaeiJjHHOB b Kaaciofl (JjpaK- 

U.HH 85,2 89,2 89,8

ripeHMymecTBOM raiiApoKOA-npouecca nepeA ApyrHMH MeTOAaMH 
CHHTe33 HBAHIOTCH CpaBHHTCAbHO BbICOKHe BblXOAbl OAe<})HHOB, 4T0 BHA"
Ho H3 Ta6A. 79.

KHCAOpOAHaa MaCTb (})paKUHH COCTOHT H3 CnHpTOB (okoao 50%), 
a,ribAerHAOB (okoao 10%), kctohob (okoao 11%) h KapOoHOBbix khcaot 
(okoao 27%), pacTBopHMbix BBOAe hah MacAe. H3 cnHpTOB npeoGAaAaeT 
3THAOBbIH, COCTaBA5HOUI,HH AO 75'% OT BOAOpaCTBOpHMbIX CnHpTOB, 4T0 
HBABeTCB XapaKTepHbIM OTAHHHeM TaHApOKOA-npOUeCCa OT CHHTe33 
CimpTOB H3 OKHCH yTAepOAS H BOAOpOAa.
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npoAyKTbi cHHTesa

npH cpe^HeM flaBjieiiHH ripn raftApOKOji-npo- 
H ecce

cyMMapHUil 
B b ixo fl y r -
JlCBOAOpO-

flOB,
Bee. %

coA epH ea im e 

OJie(J)HHOB, 

06T>eMH. %

C\MMapilbIH
BbixoA  y r -  
jieB O flopo- 

fiOB,
Bee. %

coflepacamie 
OJ]e(j)HHOB . 

ofi-bPMH. %

C3 H C4 10 40 32 82
<tpaKUHH 6eH3HHa 30 26 56 AO 90
(DpaKUHa AH3ejibHoro ToruiHBa 33 8 8 AO 85
O C T aT O K 27 — 4 —

raHApoKOJi-6eH3HHbi co^epjKaT 6ojibuiHe rnnHuecTBa ojicĉ hhob h 
HMeioT OKTaHOBoe mhcjio n op n ^K a  80. ^ n a e jib H o e  TonjiHBO o d jia ^ aeT  
ueTeHOBbiM hhcjiom 45—50. OpaKUHH C3 h C4 npnroAHbi a -nh nojiyueHHH 
nojiHMep6eH3HHOB c oKTaHOBbiM hhcjiom ao 95—99, a TaKHte ajih chh-
Te3a BbicoKOMOJieKyjiapHbix coeAHHeHHH.

r Ĥ poKOHACHcau,HJi okhch yr-JiepoAa h BOAopofla c ’ ojietjoHHaMH. 3 tot 
npouecc OTKpbiT fl. T. SftAycoM [18]. H3yuau cHHTe3 ymeBOAopoAOB 
no O . Ornnepy h F. Tponrny, T. 3&Ayc CAejiaJi npeAnojio>KeHHe, 
mto STHjieH AOJOKeH BKjnonaTbCH b 3tot npouecc; npeAnoJiOHceHHe sto 
6biJio noATBepxcAeHO SKcnepHMeHTajibHO [19]. FIoKa3aHO, hto boahhoh 
ra3 hjih cMecn okhch yrjiepoAa c boaopoaom pa3Hbix cocTaBOB kohach- 
cnpyioTca c ojiê HHaMH, o6pa3yn Macjia c oueHb bhcokhmh BbixoAaMH— 
AO 700 m a / m s [20]. ripn 9tom ycTaHOBJieHO, hto OTAejibHO CO h H2 He 
pearnpyioT c ojiecjDHHaMH, ho cMecn CO+H2+C 2H4 Jierxo noABepra- 
iotch AerHAponojiHMepH3auHH.

BbixoAbi yrjieBOAopoAQB 33bhcht ot KOJiHuecTBa CO b hcxoahoh ra-
30BOH CMeCH (Ta6ji. 80).

TABJ1HUA 80

BblXOfl, ma/m3
CoAepaiaHHe CO KOHTpaK- cyMMaB HCXOflHOft AHH, % jierKoe TH>Kejioe jierKoro nCMeCH, % ra30Jib Macjio Macjio TjOKejioro

Maceji

0,0 49,2 0 , 0 0 , 0 0 , 0 0 , 0

0,06 50,7 2 1 , 5 17,0 0 , 0 17,0
0 , 1 50,5 3 5 , 0 46,4 0 , 0 46,4
0,5 57,0 81,1 84,1 0 , 0 84,1
1,5 56,5 153,9 146,1 1 0 , 7 156; 8
4,0 57,3 68,8 193,5 3 5 , 1 228,6
6,1 66,3 77,3 184,3 61,3 245,6

H3  Ta6jIHUbI BHAHO, MTO THApOKOHAeHcauHH yrjiySjiaeTCH c yBejiH-
qeHHeM KOJinuecTBa CO b hcxoahoh ra30BOH CMecn. MaxcHMajibHbie Bbi- 
xoah yrjieBOAopoAOB o6pa3yiOTCH npn cooTHomeHHH C2H4 : H2=  
=2,5 : 3. JIio6bie Apyrne cooTHomeHHH CBfl33Hbi c yMeHbmeHHeM Bbi- 
xoaob. Flpouecc npoxoAHT npH 06'beMHbix cxopocTax ao 500. Bojiee
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fleTajibHO yCAOBHH TĤ pOKOHAeHCaUHH He OnHCaHbl. O MeX3HH3Me npo- 
uecca cm. HH>Ke (cTp. 705).

H. JX . 3cahhckhh h fl. T. SftAyc c coTpyAHHKaMH [21, 22] yciaHo- 
BHAH, HTO B Onpe^ejieHHblX yCAOBHHX OJiê JHHbl MOryT KaTaAHTHqeCKH 
pearnpoBaTb c CO, o6pa3yn npHMepHO Te >Ke npoAyKTbi, mto h npw tha- 
pOKOHAeHCaUHH.

Chhtc3 yrjieBO/jopoflOB H3 okhch yrjiepoAa h boam. B 1952 r. T KoAb- 
6eAb h O. 3HreAbrapAT [23] pa3pa6oTajin hobmh npouecc CHHTe3a yne- 
boaopoaob H3 okhch yrAepoAa h boah no cxeMe:

3CO +  H,0 CH2 +  2C02
ripouecc npoTeKaeT npH HopMajibHOM hah -noBbimeHHOM AaBAeHHH 

HaA KaTajiH33TopaMH VIII rpynnbi nepnoAHMecKofi CHCTeMbi. JlyquiHMH 
HBAflfOTCH >KeAe3Hbie KaTaAH3aTOpbl C AOSaBKaMH OKHCH aAIOMHHHH, Ha- 
HeceHHbie Ha aoaomht hah KH3ejibryp h BoccTaHOBAeHHbie boaopoaom, 
OKHCbK) yrAepoAa hah k3khmh-ah6o hhwmh ra3aMH. KaiaAH3aTopbi ao- 
CTaTOHHO cTadHAbHbi h npH HenpepbiBHOH padoTe b TeneHHe 1000 qac. 
cnocoOHbi KOHBepTHpoBaTb CO 6oAee qeM Ha 90°i> (npn og-beMHoft cko- 
Pocth nopaAKa 1000).

FIpaKTHqecKH OKHCb yrAepoAa hah coAep>Kam,HH ee ra3 nponycKaior 
qepe3 noAorpeBaTeAb c boaoh, a noAyqeHHyio cMecb C04-H20 nap— HaA 
KaT3AH3aTOpOM. IlpOUecC OHeHb TH6oK H H3MeHeHHeM COOTHOLHeHHH 
CO : H 2Onap mo>kho nanpaBHTb ero Ha noAyqeHHe cnnpTOB. Tan, Ha- 
npHMep:

6CO +  3H*0 C2H5OH +  4CO,
C nOBblUieHHeM AaBAeHHH OT HOpMaAbHOrO AO 100 am  33KOHOMepHO 

yBeAHqHBaiOTCH BbixoAbi npoAyKTOB o t  163 a o  216 z/m 3 c oAHOBpeMeH-
HblM pOCTOM KHCAOpOACOAep>KamHX COeAHHeHHH OT 7 AO 30% H OAe- 
(fiHHOB ot 39 ao 56%. BoAbinoe 3HaqeHHe HMeeT TeMnepaTypa npouec- 
ca. /Jo 200° npoTeKaeT AHUib peaKUHH o6pa30BaHHH C02+ H 20. B hh- 
TepBaAe 210—220° npn KOHBepcHH CO ao 90% noAyqaeTca 185 a 
yrAeBOAopoAOB Ha 1 m 3 CO (MeTaHa o6pa3yeTCH AHiiib 4 a, hah 3%), 
npn 230°— 200 a yrAeBOAopoAOB Ha 1 m 3 CO (96% ot TeopeTHqecKoro 
KOAHqecTBa). C noBbimeHHeM TeMnepaTypbi HapacTaeT o6pa30BaHHe 
MeTaHa (Bbiuie 300° npaKTHqecKH noAyqaeTCH TOAbKO MeTaH). Ecah Be- 
cth npouecc npH AaBAeHHnx Bbiuie 30 a m , noAyqaiOTCH KHCAopoACOAep- 
waiune coeAHHeHHH— TAaBHbiM o6pa30M cnnpTbi, cpeAH KOTopbix npe- 
o6AaAaeT sthaobhh cnnpT. rioAyqaioiuHecH yrAeBOAopoAbi npeACTaB- 
ahiot co6oh CMecb OAe<|)HHOB h napac])HHOB (ot ra30o6pa3Hbix ao TBep- 
Abix napacJwHOB).

B Ta6A. 81 npHBeAeHbi pe3yAbTaTbi chhtc3ob npn HopMaAbHOM h no- 
BbimeHHOM AaBAeHHHX h TeMnepaType 235—238°

5. Teopwa npouecca cHHTe3a yrAeBOAopoAOB
,Uah o6-bHCHeHHH o6pa30BaHHH yrAeBOAopoAOB 6hao npeAAO>KeHO 

HecKOAbKo TeopHH. OAHa H3 hhx AonycKaAa (SAbBHHC h Ham, 1926 r.), 
hto yrAeBOAopoAbi noAyqaiOTCH qepe3 npoMe>KyToqHoe o6pa30BaHHe
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p —  lnm,?=235°,d=0,7455
p —100 a m ,  <=238°, 

rf=0, ,682

OpaKUHH BbtXO# BbIXOfl

Bee. % ?/ju3 CO* Bee. % ?/*3 CO*

C j h C2-yrjieBOAopoflbi 16 ,2 2 6 ,6 10 ,7 23,1
C3 h C4-yrjieBOAopoAH • • 15 ,2 2 5 ,0 17 ,6 3 8 ,0
OpaKUHH, KHnamaa b .HHTepBajie 30— 200° 4 0 ,7 6 6 ,8 2 7 ,8 6 0 ,0
cppaKUHH, KHnsmaB Bbirne 200° 19 ,4 31 ,9 5 ,7 12 ,4
napa<J)HHbi 8 ,5 12,9 8 ,7 18 ,8
CnHptbi 0 ,0 0 ,0 2 9 ,5 6 3 ,7

CyMMa 100,0 •163,2 100,0 216 ,0

• TpaMMbi npopearnpoBaBiuefl CO na I mA CO.

criHpTOB, KOTopbie 3aTeM ^erH^paTHpyioTCH b ojle^HHbi, rHApHpyiomHe- 
ca b napa(})HHbi. Taxon MexaHH3M TepMOAHHaMHqecKH MaJioBeponTeH.

Bojibiuofl HCTOpnqecKHH HHTepec npe^CTaBJiaeT K ap6udH cw  m eo p u n , 
npe ĵioHceHHaH O. OnniepoM h T TpomueM [24]. KaTajiH3aTopaMH ajih 
CHHTe3a yrjieBO^opoAOB jibjihiotch sjieMeHTbi no^rpynnbi >xejie3a (Ni, 
Co, Fe), jierxo o6pa3yiomHe Kap6n^bi. Abtoph npeAJiojKHJiH rnnoTe3y, 
corjiacHO KOTopofi npn cHHTe3e ymeBOAOpOAOB b KaqfCTBe npoMewyToq- 
Horo npoayKTa o6pa3yiOTca HecTOHKHe xapdHAbi. HanpHMep, b cjiyqae 
Ni npouecc npoTexaeT no cjie^yiomeH cxeMe:

2Ni +JCO NiO  +  NiC 

NiO +  H2—► Ni +  H 20  

NiC +  H 2 —► Ni +SCH,

aiCH2 ► C,jH2„ ► C/jH

KnHeTHqecKH AajibHeftiiiHe npeBpameHHH MemjieHa MoryT 6biTb 
pa3JinqHbiMH b 33bhchmocth ot ycJioBHH peaKBHH. ripn 6ojibiiiHX kojih- 
qecTBax BOAopoAa h noBbiineHHbix TeMnepaTypax CKopocTb rHApnpOBa- 
hhh npeBocxoflHT CKopocTb nojiHMepH3auHH,— noaTOMy rjiaBHbiM npo- 
AyKTOM peaKUHH 6yAeT MeTaH (a), ripn CTexHOMeTpnqecKOM hjih eme 
MeHbiueM KOJinqecTBe BOAopoAa, HaodopoT, CKopocTb nojiHMepH3auHH 
CTaHeT Sojibinen n o6pa3yiOTCH HenpeAejibHbie ynieBOAopoAbi (6). 
CnopocTb cjieAyromeH 3a nojiHMepH3auHeH era ah h H30MepH3aunH hjih 
rHApnpoBaHHH CH2 AOJi>KHa 6biTb dojibrneft, qeM CKopocTb uhkjiooC- 
pa30B3HHH (b):

KapfiHfl -f H* c h 2-

n  CH2

c h 4
(a)

C nH 2n
(6)

H
c „ h 2,'jta

UHKjionapa-
4)111 Ibl
(a)
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H3 sthx Tpex B03M0>KHbix HanpaBJieHHH aojijkho npeo6.naAaTb Ha- 
npaBJieHHe (6).

OTcyTCTBHe SKcnepHMeHTajibHbix ashhux AOJiroe BpeMH craBH.no 
KapSHflHyK) Teoprno noA coMHeHHe h Bbi3biBajio KpHTHKy co CTopoHbi 
p«,na Hccjie^oBaTejieH. Bojibmoe 3HaneHHe ajih o6ochob3hhh stoh Teo- 
pnH HMejia paSoTa C. KpsKccJjopAa [25], KOTopbift H3ynaji KHHeTHKy 
npouecca HaA C o + T h 0 2-KaTajiH3aTopoM Ha KH3ejibrype (100 : 18) 
npH 200°

BbWH H3yqeHbi a/ieAyioiHHe npoueccu:
1) KHHeTHKa peaKUHH o6pa30BaHHH Kap6H^a

2Co +  2CO —► Co2C +  C02
2) peaKUHH BoccTaHOBjieHHH Kap6H^a

Co2C -f 2H2 -► 2Co +  CH4
3) KHHeTHKa peaKUHH o6pa30BaHHH C H 2-rpynnbi

CO +  2H2 CH2 +  H20
Ha 0CH0B3HHH OJlblTOB 6bIJIO CAeJiaHO 3aKJHOHeHHe, MTO nepBHMHOH

CTaAHefl HBJineTCH o6pa30BaHHe KapdHAa no peaKUHH:
2Co -f CO +  H2 -► Co2C +  H20

TaK KaK C O  xeMocopfinpoBaHa noBepxHOCTbio KOHTaKTa, 3Ty peaK- 
UHio mo>kho npeACTaBHTb cjieAyioiuHM o6pa30M:

C—o — c •
I 4- h 2 ►  +  h 2o

Co—Co—Co Co—Co—Co
PeaKUHH npoTeuaeT c BoccraHOBJieHHbiM KaTajw3aT0p0M, noBepx- 

HOCTb KOToporo coctoht H3 MeTajiJiHnecKoro Ko6ajibTa; TaK KaK no- 
cjieAHHH HBjineTCH THApHpyioui,HM KaTajiH33TopoM, to b nepBbix (})a3ax 
npouecca o6pa3yeTCH mhoto MeTaHa.

JIjIH BbIHCHeHHH KHHCTHKH H MeX3HH3M3 npOUeCCa 6bIJ10 npHMCHeHO 
opTO-napa-BOAopoAHoe npeBpameHHe, KOTopoe H3ynajiocb b pa3Hbix 
CT3AHHX CHHTe3a. MHTeHCHBHOCTb stoto npeBpaiueHHH nocjiyH<HJia OCHO- 
BaHHeM A*UH COOTBeTCTByiOmHX BbIBOAOB. OKa3aJIOCb, HTO BO Bcex CJiy- 
nanx, KorAa HaA K3TajiH3aTopoM hact o6pa30BaHHe MeTaHa,— b Hana- 
jie npouecca, npn TeMnepaTypax Bbime 250°, npn ra30Bbix cMecnx-, oneHb 
CoraTbix boaopoaom (HanpHMep CO  : H 2= l  : 2,4), hjih oneHb HH3KHX 
TeMnepaTypax— opTO-napa-KOHBepcHH BOAopoAa nponcxoAHT 6ojiee hh- 
TeHCHBHO, TaK KaK Ha KaTajiH3aTope cymecTByeT aAcop6HpoBaHHbin 
boaopoa. Hao6opoT, npn HopMajibHOM npoTeKaHHH CHHTe3a, KorAa Ha 
KaTajiH3aTope Ma.no aAcopOnpoBaHHoro BOAopoAa, KOHBepcHH o - t i - bo- 
AOpoAa HAeT cJia6o.

OpTO-napa-npeBpameHHe BOAopoAa c MaKCHMajibHOH jierKOCTbio 
nponcxoAHT Ha coBepuieHHO mhctoh MeTajuinnecKOH noeepxHOCTH, ho 3a- 
MeAJineTCH, ecjiH KaTajiH33Top Kap6nAHpoBaH, t . e . noBepxHocTb ero 
noKpbiTa ynacTKaMH H3 KapfiHAa.

flepBOH CTaAHeft BoccTaHOBjieHHH Kap6HAa hb^ hctch, TaKHM o6pa- 
30M, o6pa30BaHHe C H 2-rp ynn, xeMocopOHpoBaHHbix noBepxHOCTbio
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Ko6a/ibTa. npH HajiHHHH a^cop6HpoBaHHoro BOAopoAa CH2-rpynnbi 
jierKO npeBpamaioTCH b MeTaH; b OTcyTCTBHe aAcopdnpoBaHHoro boao- 
poAa ohh coeAHHHioTCB b A^^HHbie uenn, o6pa3yK>mHe OAHy «rnraHT- 
cKyio MOJieKyjiy» Ha noBepxHocTH. OaxT o6pa30BaHHH t3khx MOJieKyji 
AOK33biBaeTCH BbiAejieHHeM yrjieBOAopoAOB H3 xapSnAa npn o6pa6oTKe 
ero KHCJIOTOH.

THraHCKHe MOjieKy/ibi noA AeHCTBHeM BOAopoAa npn 200° noABep- 
raiOTCH AecTpyKTHBHOMy rHApupoBaHHK), b pe3yjibTaTe Hero o6pa3y- 
k)tch yrjieBOAopoAU, KaK KOHenHbie npoAyKTbi. XapaKTep npoAyKTOB, 
Kax y>Ke OTMenajiocb Bbirne, 33bhcht ot MHorHx- (JiaKTOpOB, b tom HHCJie 
ot TeMnepaTypbi h KOJinnecTBa BOAopoAa. npH bhcokhx TeMnepaTypax 
HJIH H36bITKe BOAopoAa CHHHtaeTCH HHCJIO KapdHAHblX peHTpOB (b pe- 
3y/ibTaTe hx AHCCOitHapHH) h yBejiHHHBaeTCH kojikhcctbo xeMOCOpSn- 
poBaHHoro BOAopoAa, noaTOMy b sthx yc/ioBHHX o6pa3yeTCH TOJibKo 
MeTaH. B ycjioBHHX cHHTe3a h npH HOpMajibHOM coAepacaHHH BOAopoAa 
hhcjio KapSHAHbix peHTpoB 6ojibine, a kojikhcctbo xeMocopdapoBaHHoro 
BOAopoAa MeHbrne, noaTOMy nponcxoAHT o6pa30BaHHe yrjieBOAopoAOB 
C AJIHHHbIMH UenHMH.

CHHHteHHe TeMnepaTypbi cBexceBoccTaHOB/ieHHoro KaTajiH3aTopa ao 
150° Heo6xoAHMO a/ih cosashkh Ha ero noBepxHocTH xapOHAa, Tax xax 
b npoTHBHOM cjiynae HMeeT MecTO o6pa30BaHne jminb C02, CH4 h H20:

co + ;3h2 ch4 +  h2o
CO +  H20 CO, +  H2’

C. Kp3KC(J)opA AonycxaeT, hto Ha paOoTaiomeM KaTajiH3aTope HMe- 
Krrcfl Asa THna aKTHBHbix ueHTpoB: 1) xapdHAHbie neHTpbi,. cnoco6cTByio- 
mne o6pa30BaHHio CH2-rpynn, h 2) MeTajuinnecKHe ueHTpu, cnoco6cT- 
Byromne Aecop6uHH npoAyKTOB peaKHHH noA abhctbhcm aACOpdnpOBaH- 
Horo BOAopoAa. U,eHTpbi nepBoro rana o6pa3yiOTCH npHMepHO npn 150°, 
HTO H odlHCHHeT Heo6xOAHMOCTb 06pa60TKH KaTaJIH3aTOpa npH HH3KOH 
TeMnepaType. Ecjih HaA KaT3JiH3aTopoM Aa>xe npn 300—350° npony- 
cxaTb CMecb C O +H 2 c Ao6aBKaMH H2S hjih CS2, to sth aHTHK3TajiH3a- 
Topbi aACopSHpyioTCH npencAe Bcero Ha MeTajiJiHnecKHX ueHTpax, hto 
3aTpyAHneT Aecop6u,Hio npoAyKTOB. XteftcTBHTejibHO, b stom cjiynae 
BMecTO CH4 nojiynaiOTCH Tnacejibie Macjia b 6ojibmoM KOJinnecTBe.

OSmyio cxeMy CHHTe3a yrjieBOAopoAOB no KpaxaJiopAy nepe3 npo- 
MeHtyTOHHoe o6pa30BaHHe xapdHAOB mo>kho npeACTaBHTb cjieAyiomHM 
o6pa30M:
CO CO CO CO CO CO c c

__̂  | I I H
-------------- ---- ------- - h2o --- -

noBepxHOCTb â copOuHn Kap6nAHbje a«cop6HpoBaHHbie
KaTajiH3aTopa CO neHTpbi CH2-rpynnu

• CH2 CH2... CH2 —CH2—(CH^-CH.,—

ch2 ch2 ch.
H

rn ra H T C K H e  a ,ncop6H pO B aH -
Hbie Mô eKvjibi
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P o c t  MaKpoMOJieKyji h a c t  a o  T ex  n op , n oxa  He H acTynaeT  p acm e- 
n^ieHHH, b p e3 y jib T aT e  H ero AecopSnpyioTCH  ojiecJjHHbi h napa(|)HHbi:

H2
—ch2—ch2- ch2— ch2—cu., -  c:h2—ch2—

- ch2- ch2- ch3
i
- ch2- ch2—ch2- ch2-

1
1

1

CH3 CH2=CH-CH2-CH3

Me>KAy poctom uenefl h hx rHApoKpeKHHroM cymecTByeT paBHOBe- 
cwe, npnqeM ckopocth THApoKpeKHHra cnoco6cTByeT KOHueHTpauna 
xeMOcepdHpoBaHHoro BOAopoAa.

PaSoTbi C. Kp3KC(J)opAa hbhjihcb cTHMyjioM a îh AajibHefiinero skc- 
nepHMeHTa/ibHoro H3yneHHH MexaHH&ia cHHTe3a yrjieBOAopoAOB, hto 
npHBe.no k KpymeHHK) Kap6«AHOH TeopHH, Tan nan 6bijio AOK333HO, hto 
npouecc npoTexaeT 6e3 yqacTHH KapSHAHbix ueHTpoB.

npe>KAe Bcero 6bi.no ycTaHOBjieHO, hto Kap6HAHbie ueHTpbi o6pa3yiOT-
CH CJIHLHKOM MeATieHHO, HTOdbl nOHBJieHHeM H HCqe3HOBeHHCM HX MO>KHO
6bino oSbHCHHTb cyMMapHyio cKopocTb npouecca cHHTe3a. fl. T SfiAyc 
n H. J\ . 3e^HHCKHH [26, 27] noKa3a.nH, hto o6pa30BaHHe KapSHAa HMeeT 
MecTO jiHinb b cjiynae >Kejie3Hbix KaTajiH3aTopoB, h hto a.tb Ko6a;ibTo- 
BblX K3TaJlH3aTOpOB Kap6HAbI He HBJIHKDTCH npOMOKyTOHHblMH COeAH-
HeHiiHMH. 3to 6hjio noATBep>KAeHO paSoTofl M. Xep6cra [28], ycTaHO- 
BHBLuero HajiHMne b >Kejie3Hbix KaTajiH3aTopax KapdHAa Fe2C c reKca- 
TOHaJIbHOH peUieTKOH, KOTOpblH HeCKOJlbKO nOBbimaeT aKTHBHOCTb Ka- 
Ta;iH3aTopa.

Bonpoc o peajibHOCTH cymecTBOBaHHH MemneHOBoro paAHKajia CH2 
B CB060AH0M COCTOHHHH HMeeT nOMTH CTOJieTHKMO AaBHOCTb. B 1859 H 
1861 i t . A. M. ByTAepoB [29] nbiTajica nojiyqHTb ero b33hmoachct- 
BHeM CH2C12 h Cu, ho nojiyqnji Tinuib sthjich. E. H. Op.noB, nojiyquB- 
uihh BnepBbie b 1907 r .  sthjich H3 CO h H2, cnHTaji, hto peaxuHH npo- 
TexaeT qepe3 AHMepH3au,HK) o6pa3yioiuerocH MeTHjieHa. B 1938 r npn 
4>OTOXHMHqecKOM pacnaAe Ana30MeTaHa Bejibqeu no.nyqH.n cbo6oahmh 
CH2 h ycTaHOBHA, hto AJiHTejibHOCTb ero cymecTBOBaHHH, b 33bhchmo- 
CTH OT yCJIOBHH, AOCTHTaeT 0,5 • 10—3 CeK. H. 71. 3eJIHHCKHH h 
H. H. UJyHKHH [301 HaiHJiH, qTo npH KaTajiHTHqecKOM A r̂HApnpoBaHHH 
UHK.ioreKcaHa o6pa3yiOTCH MeTHjiuHKjioreKcaH h mnyoA b pe3y.ibTaTe 
peaKUHH c MeTHjieHOBbiMH rpynnaMH CH2:

C6H1 2 -----► 6CH2

— C6HuCH3
QBia —■ CH2

-----► CjHjCHj -f 3H2

45 b . H. A ojtob
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B 1940 r. fl. T 3n,nyc h H. J l .  3ejwHCKHH [31] BnepBbie 3KcnepH- 
MeHTajibHO ^OKa3ajiH, mto npn cHHTe3e yrjieBO,nopoflOB H3 CO h H 2 
o6pa3yioTCH CH 2-paflHKajibi. 3th pa/jHKajibi o6Hapy>KHBaiOTCH npH chh- 
Te3e c /joSaBKaMH 6eH30Jia, aBjunomeroca aKuenTopoM; b pe3yjibTaTe 
peaKUHH o6pa3yeTca TOJiyoji.

Bee 3th ^aHHbie no3BOjiHJin fl. T. 3H<nyQynH.,II>.3e.nHHCKOMynpe,n- 
noM UTh HOByio m eoputo M em uAenoebix paduKciAoe L32]. Ohh chht3iot, hto 
H3 CO h H, nepe3 npoMe>KyTOHHoe o6pa30BaHHe CHOH no aynJieTHOH 
cxeMe nojiynaiOTca MeTHjieHOBbie pa^HKajibi, KOTopbie ^ajiee CTyneHna- 
to npeBpamaioTCH b Sojiee cJiOHtHbie yrvieBO,nopoAbi nyTeM flern/ipoKOH- 
AeHcauHH Ha aynjieTax H3 ^eyx aKTHBHbix ueHTpoB KaTajiH3aTopa 6e3 
BCHKoro ynacTHH Kap6H£OB. 06mHe cxeMbi hmckjt cjie^yiomHH bha:

H . O H—O
! !! —► I
H - C H—C

H—O • H HOH

H -C  - H CH2

2CH2- - ► CH2=CH2

06pa30BaHne 6ojiee cjiojkhwx ymeBo^opoflOB npoTenaeT nepe3 CTy- 
neHMatyK) rnflpOKOHfleHcauHio no flynnetHOMy MexaHH3My:

ch2 . CH, CH, . CH3 ch3

i f ,
4-

H\  1 -► X CH -v C
F

H\ cn  - ^  ch2
1

ch2 ch2 g!h 2 CH

ch2

CH

ch2

06pa30BaHHe KHCJiopo^coAepHcamnx coeflHHeHHH npn rH^poKOHfleH- 
cannax T Sflflyc od'bHCHaeT cjiejjyiomHM MexaHH3MOM:

H2C H h 3c

h 2c h H2C H II T. A.

c
I!
o

c
II

o

B nojib3y npaBHjibHOCTH npe/jCTaBjieHHH f l .  T 3fi,nyca roBopaT no- 
cjie^yiom He p a S o ra  [33] no nccjie^oBaHHK) MexaHH3Ma peaKUHH Onrne- 
pa h Tponrna c noMombio pajjHoaKTHBHoro C14 Ha pa3JiHHHbix KaTajin- 
3aTopax (Fe30 4, Fe4-Al20 3+ S i0 2+ Z r0 2, C o+T h 0 2 Ha KH 3ejibrype). 
C140  nojiyna jiacb  nyTeM oSMeHa CO c C140 2. FIponycKaHHeM C140  Ha^ 
K3TajiH3aTopaMH 6h ji nojiyneH cjtoh pa/jnoaKTHBHoro KapSH^a, Ha^ ko- 
TOpblM H3 CO +  H 2 CHHTe3HpOBaJIH CH4. FIOCJieAHHH OKHTaJIH B CO, h onpe^ejiHJin ee pa/nioaKTHBHocTb, KOTopaa bo Bcex c jiy a a a x  6buia 
MaJia. 3 to noKa3biBaeT, mto CH4 o6pa3yeTca He H3 Kap6n;jHoro C14 
a H3 oSbiHHOH CMecH CO h H,. H3 Kap6n,HHoro C14 o6pa3yeTca He 6o jiee



5 TEOPHH TJPOUECCA CHHTE3A VrJIEBOROPOROB 70710% C H 4. AHajiorHMHbie pe3yjibTaTbi SbiJiH nojiyqeHbi nponycnaHHeM 
HaA KapdHAOM CMecH C 140  c boaopoaom; npn stom o6pa30BbiBajica pa- 
AHOaKTHBHblH C 14H 4.

TeopHH MeTHjieHOBbix pa^HKajioB h pafioTbi c pa^HoaKTHBHbiM yr^e- 
pÔ OM y6e^HTeJIbHO CBHAeTejIbCTByiOT O HeCOCTOHTejIbHOCTH KapSu^HOH 
TeopHH.

CoBpeMeHHbie HccjieAOBaTejih kphthhcckh othochtch k MexaHH3My CHHTe3a yrAeBOAopoAOB, npeflJio>KeHHOMy C . KpsKoJjopAOM, CMHTaa, mto 
nocjieAHHe o6pa3yiOTCH He nyTeM THApoKpeKHHra rnraHTCKHx MOJieKyji, 
a CTyneHHaTbiM HapamHBaHHeM yrjiepoAHoii nenn.

Tanoe no;io>KeHHe BnepBbie 6biJio npeA-noweHo fl. T SfiAycoM [32] 
h E . r epHHTTOHOM [34]. C . YsjiJiep, P . Opw^ejib [35], n .  AHAepcoH, P OpHAeAb h T C/ropq [36] HauiJiH, hto HapamHBaHHe uenH nponcxo- 
Aht nyieM npncoeAHHeHHH yrviepoAHoro aTOMa k nepBOMy Hjm.BTopoMy 
aTOMy yrAepoAa, CMHTan c KOHua uenH. 3to mojkho npeACTaBHTb c.ie- 
Ay tomeS o6meft cxeMoft:

cc — ccc - -  - * cccc ccccc---- ► cccccc

— ------   ccccc
I
c

3 * a **---- I---- ► CCCC - ccccc
I I

* c c
CCC--------- ► CCCC--------- ► ccccc

I I I
c c c

3 *
— ► CCCCI 1I I

cc

TAe a —  KOHCT3HTa CKOpOCTH npHCOeAHHCHHH VIViepOAHOrO aTOMa K KO- HeMHOMy aTOMy yrjiepoAa; 3—to >Ke a îh BToporo ot KOHua aTOMa yr.ie- poAa; * — aTOMbi yrjiepoAa, k KOTopbiM bo3mo>kho npucoeAHHeHHe.113 CXeMbI BHAHO, MTO yTJiepOA CnOCOSeH npHCOeAHHHTbCH TOJIbKO K nepBHHHblM H BTOpHMHblM yrjiepOAHbIM aTOMaM; TpcTHMHbie npKCO- eAHHHTb yrAepoA He MoryT (b noJiyqaeMbix KOHAeHcaTax ynieBOAopoAbi C MeTBepTHHHblMH yr.iepOAHbIMH aTOMaMH AeHCTBHTe.IbHO OTCyTCTByiOT).ynoMHHyTbie Bbirne aBTopw bmboaht MaTeMaTHqecKHe (JjopMyAbi, no KOTOpbIM MOJKHO paCCHHTblBaTb KOHUCHTpaUHH H30MepHbIX ymeBOAo- poAOB b npoAVKTax ciiHTe3a. 113 Ta6ji. 82 bhaho . mto SKcnepHMeHTajib- ho HanAeHHbie h pacqeTHbie BeAHqHHbi KOHueHTpauHH (b mo.t .% ) H30 - MepoB ymeBOAopoAOB b npoAVKTax cnHTe3a Ha i<o6ajibTOBbix KaTajiH- 
3aTopax xopomo coBnaAaioT.
5*
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T A B J1 H U A  82

H30MepbI HafifleHO, 
MOJI. %

PaccmitaHO, Mo.n. %

[35] [36]

H-ByiaH 98,0 96,6
MeTHAnponaH — 2 ,0 3,4
h-fleHTaH 95,5 94,2 93,4
2-MeTHJi6yTaH 5,0 5,8 6, 6
H-reKcaH 89,6 90,5 90,2
2-MeTHJineHTaH 5,7 5,6 6,4
3-MeTHjmeHTaH 4,7 3,8 3,2
Xlpyrne H30Mepbi (C6) 0 0 , 1 0 , 1
«-reriTaH 87,7 87,0 87,3
2-MeTHjireKcaH . 4,6 5,4 6 , 2
3-MeTHJireKcaH 7,7 7,3 6 , 2
JI,pyrne H30Mepw (C7) 0 0,25 0,3
H-Ol(TaH 84,5 83,6 84,4
2-MeTHJirenTaH 3,9 5,2 6 , 0
3-MeTHJirenTaH 7,2 7,1 6 , 0
4-Me.THJirenTaH 4,4 3,5 3,0
iTpyrne H30Mepu (C8) 0 0,25 0,4

II. CHHTE3 KHC^OPOJlCOZIEP^CAmHX COEflHHEHHH

1. CHHTe3 CHHTOJiaIlepBbie ^aHHbie o bo3mo>khocth TexHHnecKoro nojiyneHHH opraHH- qecKHx coe^HHeHHH H3 CMecH C O + H 2 noA AaBjieHHeM othochtch k 1913 r. [8, 37]. Ilo  bthm AaHHbiM ra30Byio cMecb HaAo nponycnaTb npn 360—420° h 120— 150 am m a t3khmh KaTajiH3aTopaMH, k b k  okhcjih Ce, Cr, Co, Mn, Mo, O s, Pd h AP- npnroAHbi Taione KapdHAbi MeTajiJioB 
h qyryH. KaTajiH3aTOpbi, npHMeHHeMbie Ha hochtcjihx, hco6xoahmo aKTHBHpoBaTb AodaBKaMH mejioneH. FIpoHecc CHHTe3a oneHb 3K30Tep- MHHeH, noaTOMy TenjionpoBOAHOCTb KaTajiH33TopoB cjieAyeT noBbimaTb HaHeceHHeM hx Ha MeTajiJiHqecKHe ceTKH, AodaBKOH MeAH h t . n.

n p H  peaKUHH n ojiyna jiH C b AayxcjiO H H bie KOHACHcaTbi: BepxHHft Mac- 
JIHHblH CJIOH COCTOHJI nOHTH HCKJIIOHHTeJIbHO H3 CMeCH yrjieBOAOpOAOB 
( a/3 HacbimeHHbix h V 3 HeHacbim eHHbix), hh>khhh boahhh cjioh npeA- 
CTaBJIHJI C06oft CMecb KHCJIOpOACOAep>KamHX CO eAH H CH H H CnH pTO B, 
ajibAerHAOB, kctohob, khcjiot (c npeoSjiaA.aHHeM M eTaHOjia).B HacroHmee BpeMH sth AaHHbie hmciot jiwmb HCTopnqecKoe 3Hane- 
HHe, HO OHH nOKa3aJIH, HTO C O  MOJKeT CJiy>KHTb TeXHHHeCKHM CbipbeM 
AJiH pa3JiHHHbix opraHHHecKHX CHHTe30B. B 1923 r. O . Onuiep h T Tponm ycTaHOBHjiH, hto noA AaBjieHHeM H3 cMecefl C O + H 2 mojkho 
nojiynaTb JiHiiib KHCJiopoAcoAepHCamne coeAHHeHHH [38]. CnHTe3bi npo- 
boahjih Ha cMecHX C O  : H 2= l  : 2 npH 100— 150 am h 400—450° CHa- 
qajia b npoTOHHbix, a 3aTeM b unpKyjiHUHOHHbix annapaTax HaA KaTa- 
JIH33TOpOM H3 >Kejie3HOH CTpy>KKH, 06pa60TaHH0H p33JIHMHbIMH THApO- 
OKHCHMH meJIOHHbIX MeTajIJIOB. AKTHBHOCTb T3KHX K3TaJIH3aTOpOB OKa-
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3a jia cb  nponopuH O H ajibH oft cHJie menoM en, B3HTbix b 3KBHBaAeHTHbix 
KOJIHMeCTBaX.B UHpKy/iBUHOHHbix ann ap aiax  noAynaAocb b cpeAHeM 220— 300 ma KOHAeHcaTa (H3 hhx  100— 120 ma Macjia) Ha 1 m 3 ra3a. MacAH- HblH CAOH COCTaBAHA odblHHO OKOAO 30% OT BCerO KOH^eHCaTa. 3 to MaCJlO dblAO H33B3HO CUHmOAOM. OHO npe/JCTaBJIJUlO COdOH np03paHHyK) HcejiTyro >KHAKOCTb c  npHHTHbiM 3anaxoM, neperoHHJiocb Ha 80% ao 200° h HMejio cne/iyiomHe KOHCTaHTbi: d f = 0,829, TeMnepaTypa 3acTbi- B3HHH— 87° CoCTaB HCCACAOBaHHOTO CHHTOJia OKa3aJICH OHeHb CAOJKHbIM: 25% ajibAerHAOB, 29% cnnpTOB, 4% CAOJKHbix 3(})HpoB, 2,5%  yrjieBO- AopoAOB c hhcjiom  yrAepoAHbix aTOMOB ao  8, TaK nan b ycjioBHHX ch h - Te3a Sojiee AAHHHbie ixenH h ccto h k h . B boahom  cjioe cHHTOJia h3xo ah t- ch npHMepHO Te >Ke KOMnoHeHTbi (npoMe yrjieBOAopoAOB h cao jkh m x  acj)HpoB), ho MeHbiuero MOJieKyjiapHoro Beca.E cJIH CHHTe3 CHHTOJia BeCTH npH MeHbLUHX AaBJieHHHX, TO BbIXOAbI MacjiHHoro caoh  CHHJKawTCH, a coAep>KaHHe b hcm yrAeBOAOpoAOB no- BbimaeTCH. 06pa30BaHHe nocAeAHHX npn 10— 15 a m  h HaTOAKHyAO Ha MbICAb, HTO CHHTC3 yTACBOAOpOAOB HaAO BeCTH nOA HOpM3AbHblM A3B- AeHneM.O  B03MO>KHOM MeX3HH3Me 0dpa30BaHHH CHHT0A3 CM. CTp. 720.C h h to a , OTMbiTbifl ot k h c a o t , HMeeT cpeAHioio TenAOTBopHyKD cno- COdHOCTb 7800 KKOAIk Z, MTO, BMeCTe C ApyrHMH IIOAO>KHTeAbHbIMH noKa3aTeAHMH, iio3boah ao  peKOMeHAOBaTb ero b KanecTBe TonAHBa 

(B CM6CH C 6eH30A0M HAH CnHpTOM). OAHaKO OCymeCTBACHHe CHHTe33 CHHTOAa B dOAblHOM npOH3BOACTBeHHOM MaCLUTade H3-3a MaAbIX BblXO- AOB ero h bh co k o h  ctohmocth 0Ka3aA0Cb HepeHTadeAbHbiM. CHanaAa CHHTOA IHHpOKO peKA3MHpOBaAH B KaneCTBe CUHTeTHMeCKOTO TOnAHBa, ho BCKope nepecTaAH npHAaBaTb eMy Tanoe doAbiuoe 3HaneHHe h odpa- THAH BHHMaHHe Ha CHHTC3 yTACBOAOpOAOB npH HOpMaAbHOM A3BA6HHH. TeM He MeHee, padora no cHHTe3y ch h to a3 He npoiiiAH He3aMeneHHbiMH; Ha ocHOBe st h x  padoT pa3BHAOCb HOBoe nAOAOTBopHoe HanpaBAeHne— CHHTC3 MeT3HOAa H BblCIUHX cnnpTOB.
2 . Chhtc3 MeTaHOAaB pe3yAbTaTe pnAa HccAeAOBaHHH dbiAo ycTaHOBAeHo, h to  TAaBHbiM 

ripoAyKTOM ciiHTe3a H3 BOAHHoro ra3a noA AaBAeHHeM HBAneTcn MeTa- 
HOA. ZtaAbHeHUJHMH padOTaMH B 3T0M HanpaBACHHH B pa3AHHHbIX crpa- 
nax dbiAo ocymecTBAeHO 3aBOACKoe noAyqeHHe CHHTeTHnecKoro MeTaHOAa. 
B CCC.P nepBbifi 33b o a  CHHTeTHnecKoro MeTaHOAa H3 b o a h h o t o  ra3a Ha- 
qaA padoTaTb b 1933 r. [39].

PaHbine MeTaHOA noAynaACH npn cyxoii neperoHKe ApeBecHHbi; 
OAHaKO 3TOT cnocod HeAb3H CHHTaTb paUHOHaAbHbIM, TaK KaK H3 1 M 3 
depe3bi m o>k h o  noAynHTb Aiimb 5— 6 k z  MeTaHOAa. TaKOH « a c c o x h m h - 
MeCKHH MeTIIAOBblH CnHpT» 3arpH3HeH aueTOHOM H ApyrHMH npHMeCHMH, 
o t  KOTopbix ero a o b o a b h o  t p v a h o  oHHCTHTb. Cnpoc >Ke Ha MeTaHOA no-



710 I~a . X I I I .  C IIHTE3bI HA OCHOBE yrJ IEPO nCOREPM AIITHX fA 30BBbimaeTCH c Ka>K,nbiM roflOM, Tan nan ero nepepaSaTbiBaioT Ha (JiopMaAb- AerHA, hbahkmahhch ochoboh MHorHx nAacTMacc.IlpocTbiM MeTOflOM noAyqeHHH MeTaHOJia HBAneTCH cHHTe3 ero H3 C O + H 2:
CO +  2H, ^  CH3OH +  26540 kqaTepMOAHHaMH^ecKH paceqHTaHO, mto npn HopMajibHOM /jaBJieHHH mo* ho nojiyHHTb jiHuib 2% C H gO H , ho BbixoAbi CHJibHO pacTyT C flaB- jieHHeM h npH 68 am h 300° noAvqaeTCH 100°o C H 3O H . OaKTHMecKHeBbIXOAbI, K0H6MH0, CHJibHO OTAHMaiOTCH OT paCMCTHblX,- nOSTOMy npO- uecc npoBOAHT npn 100— 1000 am. >KeJiaTejibHO npHMCHeHHe HaHSojiee BbicoKHX ^aBjieHHH, Tax xaK 3to ycKopneT npouecc h nojiHOCTbio no^aB- jineT Bee noSoMHbie peaKUHH.Hccjie^OBaHHio paBHOBecHH CHHTe3a MeTaHOJia nocBnmeHO mhoto pa6oT, ho HanSojibniero BHHMaHHH 3acJiy>KHBaiOT Te, b KOTopbix aBTopw noAxoAHT k Bonpocy, c oahoh CTOpOHbi, H3ynaH chhtc3 MeTaHOAa noA AaBJieHHeM, c Apyron,— pa3Jio>KeHHe ero npn HopMajibHOM AaBAeHHH (HaA TeMH xce KaTajiH33TopaMH). T ax, HanpHMep, npn cHHTe3e HaA C u + T h O 2+ U O 2-KaTaAH3aT0p0M h pa3AO>KeHHii MeTaHOAa HaA hum >Ke noAyneHbi KOHCTaHTbi paBHOBecHH Kp:

T ,  °C K  ciiHTe3a
P --5

K  pa3Jio>KeHi]a 
—5320 6,7-10

— 5
6,4-10

5
330 5,5-10 5,2-10
338 4,3-10—5 4,6-10~ 5

XI,AH BbIHHCAeHHH BeAHMHHbl CBOSOAHOH SHepTHH A F  H KOHCTaHTbi 
paBHOBecHH CHHTe3a yAodHO nQAb30BaTbcn CAeAyiomHM ypaBHeHHeM [40]:

A F 3925
■4 573r = K P — - j .— — 9,840 lg T' +  0,00347 7 + 1 4 ,8 0C«HTe3 MeTaHOAa npeACTaBAneT co6oh MacTHbift cAyqaft oSmeft cxe- 

Mbl CHHTe33 ennpTOB
n CO +  2«H2 -*- iOH +  (n — 1 )H20

ripHHHTO cHHTaTb, mto npouecc npoTexaeT b ABe ctbahh:
CO.+ h 2 -► ch2o 

ch2o +■ H2 -H- ch3ohOAHano OTcyTCTBHe 3aMeTHbix KOAHqecTB (JiopMaAbAerHAa b iiOAyqae- MOM KOHAeHCaTe BbI3B3AO COMHCHHe B IipaBHAbHOCTH 3T0T0 MeX3HH3Ma. HeKOTopbie HCCAeAOBaTeAH cMHTaiOT, mto npn B3aHMOAeftcTBHH CO c 
H,2 o6pa3yeTCH He CH20, a ero aKTHBuan eHOAbHan (JiopMa H—C—OH, KOTOpan ceflqac >Ke rnApHpyeTCH b MeTaHOA. Xlpyrne noAaraioT, mto 
b KaqecTBe npoMe>KyTOHHoro npoAyKTa CH20 BOo6me He o6pa3yeTCH, ii mto CHHTe3 MeTaHOAa npeACTaBAneT co6oh TpiiMOAeKyAnpHyio peax-11.IIIO.

C hhtc3 MeTaHOAa noA AaBAeHHeM npoTexaeT oqeHb rAaAKO, npHMe.M 
o6pa3yeTCH koha6hc3t, coAep>xain,HH 95—99% CH3OH. TeM He MeHee
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ra30Ban $a3a nocreneHHO H3MeHaeT cboh cocTaB, oSoramancb npHMe- 
CBMH, BHOCHMbIMH c ra30M (N2, CH4, C02) hjih o6pa3yiomHMHCH npn 
cHHTe3e (C02, CH4, CH3OCH3). Ilpn neperpeBax hjih naAeHHax AaBJie- 
hhh ycKopaiOTCH peaKUHH, o6biMHO noHTH nojiHOCTbK) no^aBjiaeMbie 
rjiaBHOH peaKuneft MeTaHOJioo6pa30BaHHH. H3 ochobhux peaKUHH

a) CO +  H2 CH20 -f- 2000 kcia 
6) CO +  2H2 i f :  CHaOH -j- 24680 kqa 
b) CO +  3H2 i f  CH4 +  H20 +  50000 kua 

r) 2CO +  2H2 i f :  CH4 +  C02 +  60280 k o a

HaHdojibiiiHM yMeHbmeHHeM o6beMa conpoBO>KAaeTCH BTopan (6), no- 
3roMy npn BbicoKHx AaBJieHHux OHa npoTexaeT c MaKCHMajibHOH cko- 
pocTbro, noAaBjiHH apyrne peakuHH. CHH>KeHHe AaBjieHHH b cncTeMe 
yMeHbiuaeT cxopocTb peaKUHH (6) h ycKopaeT peaKUHH (b) h (r), noaTO- 
My CHHTe3 MeTaHOJia hcoSxoahmo BecTH npn iioctohhhom bhcokom AaB
jieHHH. YcKopeHMe peaKUHH (b) h (r) Ha6jiK>AaeTCH Taione npn yTOM.ie- 
HHH MeTaHOJIbHbIX KaT3AH3aTOpOB, HTO Bbipa>KaeTCH CHHHteHHeM o6me- 
ro Bbixo^a MeTaHOJia, noBbiiueHHeM hjiothocth npoAyKTa h B03pacia- 
HHeM co^epjKaHHH C02 h CH4 b ra30Boii $a3e.

Macro KOHAGHcaT co^epjKHT npHMecH cHHTOJibHoro xapaKTepa. 3 to 
oco6eHHO 33MeTHO b CAyuae npHMeHeHHH oca>KAeHHbix KaTajiH3aTopoB, 
ocTaTOHHaH me/ioHb KOTopbix ^eftcTByeT KOHAGHCHpyioLue.

KaTaJiH3aTopw ajib CHHTe3a MeTaHOJia. KaTajiH3aTopbi, npejyio>KeH- 
Hbie aah CHHTe3a MeTaHOJia, qpe3BbmaftHO pa3HOo6pa3Hbi, ho HanSojiee 
aKTHBHbl: 1) UHHKOBbie H aKTHBHpOB3HHbie UHHKOBbie KaTajiH3aTopbi, 
2) Me^Hbie KaTaJiH3aTopbi.

nepBbIM MeTaHOJIbHbIM KaT3JIH3aTOpOM 6bIJia OKHCb UHHK3. OueHb 
3KTHBeH AAH 3TOH UejIH CMHTCOHHT (rajIMefl, HJIH npHpOAHbin Kap60H3T 
UHHKa). AKTHBHOCTb ZnO cHjibHO noBbimaeTCH AoSaBKaMH Cr20 3. Ta- 
KHe «HHHKXpOM3TbI» HBJIHIOTCH LHIipOKO paCnpOCTpaHeHHbIMH TeXHH- 
MeCKHMH KaT3JIH3aTOpaMH AJIfl CHHTe33 MeTaHOJia. Mah'CHMa.lbHO 3KTHB- 
Hbi cMecii 8Zn0+Cr20 3. OueHb aKTHBHbift h HeqyBCTBHTejibHbift k ot- 
paBjieHHio K3TajiH3aTop (8Zn0+Cr20 3+ C r0 3) 6bui pa3pa6oTaH
5. H. ZlojiroBbiM 11 A. 3. KapnoBbiM [8, 39]. PeKOMeHAyioTCH h apyrne 
Ao6aBKH aKTHBaTopoB okhch UHHKa, HanpHMep Mn,03, Fe20 3, Cu, pe^KHe MeTajiJibi h t . a -

ripHMeHHJIHCb ATH CHHTe33 MeTaHOJia II MeAHbie KaTajIH3aTOpbI. CyAH 
no JIHTepaTypHbIM AaHHbIM, OH!! 6bIAH aKTHBHpOBaHbl AoSaBKaMH 
Cr.,03, ZnO, V20 5 h t . a - Boo6me m e  uHHKxpoMaTbi HMeioT 6ojiee ihh- 
pOKoe npHMeHeHHe, ueM MeAHbie KaTajiH3aTopbi. riocjieAHHe, xoth h 
aKTHBHee UHHKXpOMaTOB, HO 3aTO OHeHb KanpiI3HbI 11 HyBCTBHTe.lbHbl 
K HAaM.

ConOCT3BAeHHe KaueCTB MeAHbIX H UHHKXpOMaTHbIX KaTa.iH3aTopoB
AaHO b Ta6.T. 83.
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C u - K a T a j iH 3 a io p u

TABJ1HUA 83

Z n -  h j ih  Z n C r - K a T a jiH 3 a T o p b i

Meiofl npHroTOB -ie-
HHH

y c .io B H H  p a f i o r a  
HyBCTBTTejIbHOCTb K' 

OTpaB.ieHHfO H 
n e p e r p e B y  

BbIXOAbI

r a 3 0 B a a  c.\iecb  
P e r e H e p a u H H

WHCTOTa npô yKta

OcajKfleHHe c nocjie,nyioinnM 
BOCCTaHOBJieHHeM 

FIpHMepHO 300° h 150 am 
OMeHb jieri<o orpaB.iaioTCH, ae3- 

aKTHBiipyiOTCH ot neperpe-
BOB

B cpe^HeM 1,5—2 a CH3OH 
b nac Ha 1 a KaTa.tiH3aTopa 

CO : H2 — 1 : 3—  1 : 5 
He pereHepapyioTCH hjih pe- 

reHepnpyioTCH c 6ojibiUHM 
TpyAOM

H3-3a nofioHHbix peaKUHH b 
oTxo^ameM ra3e mhoto C02 
h CH4, b KOĤ eHcaTe—chh- 
TO.nbHbie npHMecH

OcaacneHiie; cMemeHHe okhc- 
jiob

370—400° h 250—300 am 
Ma.no nyBCTBHTejibHbi k koh- 

TaKTHbiM Hfl'aM; nepenocax 
neperpeBbi Ha 100° h BUiue 

B cpeAHew 1,2— 1,6 a CH3OH 
b Yiac Ha 1 a KaTajiH3aTopa 

CO: H, =  l : 1,5 4- 1 : 2,5
P e r e H e p n p y io T C H  J ie r x o

npoayKT oneHb hhct h co- 
AepjKHT jiHiiib 0,2—0,4%
CHHTOJIbHbIX npHMecefl

B j i h h h h c  p a 3 j i H H H b i x  ^ a K T o p o B  H a  c H H T e 3  M e T a H O J i a .  Z I ,j i h  n p a B H j i b -  
H oro  npoBe^eHHH cHHTesa MeTaHOJia h coS x o a h m o  yqHTbiBaTb p a ^  $ aK -

TOpOB.Kan y>Ke 6 m jio  oTMeqeHO, npoueH T KOHBepcHH CMecH C O + 2 H 2 
b  MeTaHOJi ( t 36j i. 8 4 ) pacTeT  c yBejinqeH HeM  ^aBJieHHH h  naflaeT  c yBe- 
jinqeHHeM  TeM nepaTypb i, Tan  k b k  peaKUHH 3K30TepMHqHa.

TABJIHUA 84

Bjnmmie flaBJienna (npn t = 350°) BjiHHune TeMnepaTj pu (npn p =  IGOff am)

am KOHBepCHH CO, % ° C KOHBepcliH CO, %

200 6 300 75
400 13 330 37
800 30 360 31

1000 37 400 0TaKHM o6pa30M, MaKCHMajibHbie Bbixo^bi MeTaHOJia nojiyqaiOTCH npn bo3mo>kho 66jibiuHx ^aBjieHHHX h bo3mo>kho MeHbuiHX TeMnepa- Typax, oSycjioBjiHBaeMbix xapaKTepoM KaTajiH3aTopa.B Ta6ji. 85 npHBefleHbi BejiHMHHbi TeopeTHqecKH aocthjkhmhx npe- 
BpameHHH ra3a b MeTaHOJi (x) h npaKTHqecKoe co^ep>KaHHe MeTaHOJia 
(y) b npo^yKTax peaKUHH npn pa3JinqHbix TeM nepaTypax h ^aBjieHHax (b oSteMH. %).

TABJIHUA 85

°c
am

300 325 350 315 400

X y -V y X y X y X y

100 83,9 63,6 76,7 52,3 67,2 40,5 54,8 28,8 44,4 21,3
200 90,5 76,1 86,3 67,6 80,5 57,9 73,0 47.4 65,8 39,1
300 92,8 80,4 89,6 74,2 82,5 66 ,2 80,3 57,5 71,6 49,5
400 94,2 84,1 91,6 78,4 85,5 71,3 84,0 63,5 74,6 56,6



2 CHHTE3 MET A HO J1A 715ZlpyrHM B3>KHbIM (JjaKTOpOM HBJlfleTCH oSteMHan CKOpOCTb H CBH33H- Hoe c Hen BpeMH KOHTaKTa. Ilpn conpHKOcHOBeHHH HenoABHJKHoro ra3a c noBepxHOCTbio KaTajiH3aTopa qepe3 HeKOTopoe BpeMH AocTHraeTCH paBHOBecHan KOHueHTpauHn MeTaHOJia. E cjih ra3 HaA Kaia.iH3aTopoM UHpKyjinpyeT, to npoueHT KOHBepcHH okhch yrjiepoAa b MeAaHOJi dyAeT TeM AaJibiue ot paBHOBecHH, qeM dojibiue cKopocTb ra30Boro noTona. flpH oqeHb dojibuiHX CKopocrux npoueHT KOHBepcHH acHMnTOTHne- CKH CTpeMHTCH K HyjIIO. OAHaKO OnbITbl nOKa3aJ!H, MTO npH CHHTe33X b UHpKyTiHUHOHHOH cHCTeMe odmne BbixoAbi MeTaHOJia pacTyT ua>Ke b cjiyqae odteMHoft ckopocth 190000, HecMOTpa Ha to , hto npoueHT KOHBepcHH CT3HOBHTCH OHeHb MaJIbIM.B TadJi. 86 npHBeAeHbi BbixoAbi MeTaHOJia npH pa3JiuqHbix odTjeMHbix 
CKopocTux h pa3JiHHHOM BpeMeHH KOHTaKTa Ha a  4Zn0+Cr20 3-KaTajiH- 3aTopoM [39],

TAEJIHUA 86 TABJ1HUA 87

OĜ eMHaH cko-
pOCTb

BpeMH KOHTaK
Ta, ceK.

Bbixofl MeTanoJia, 
cm?/.i Kamajiu3cimo- 

pa-nac
CXSTjeMHaa cko-

pOCTb
KOHBepcHH 
CO, %2400 150 170 4700 18,06000 60 310 18900 14,19000 40 327 45700 9,518000 20 375 92000 7,724000 15 365 101500 7,235000 10 750 190000 4,9B TadJi. 87 [41] noKa3aHO bahhhhc odteMHux CKopocTeu (TaKHe dojibuiHe ckopocth  Ha npaKTHKe He npHMeHHiOTCH) Ha npoueHT KOHBepcHH okhch yrjiepoAa b MeTaHOJi HaA ZnCr-KaTajiH3aTopoM (58 : 42).YBeJlHUeHne BbIXOAOB Od^HCHHeTCH TeM, uto odteMHaH CKOpOCTb HapacTaeT dbicTpee, qeM cHHH<aeTCH npoueHT KOHBepcHH. 3 to mo>kho HJi/nocTpnpoBaTb cjieAyioiuHM npuMepoM.HaflAeHO, qTO npn 400° 250 am n odteMHOH ckopocth  u =  15000 odteMHan aojih  MeTaHOJia b ra3e n = 0 ,0 7 , a npH l'=60000 77=0,04. FIpii 3tom BbixoA MeTaHOJia cocTaBJineT:

G  =  d i'tirAe G—BbixoA, KamaAU3amopa-nac\ d— nJiOTHOCTb npoAyKTa peaK-UHH.
BbixoAbi pacTyT cjieAyioiuHM odpa30M:

G, =  1,10-1.15000.0,07 =  1162 eU 
G2=  1,104-60000.0,4 =  2650 b/at . e. npu yBeAHqeHHH od"beMHOii ckopocth b 4 pa3a b h xo a  B03pacTaeT doAee qeM b 2 pa3a. OdbiqHO CHHTe3bi npoBOAHT npH odneMHoft CKopo- cth 10000—30000.CooTHOUieHne ra30B b hcxoahoh CMecu a^ h chhtc30b HaA ZnCr- K3 T3A ll33TOpaMH AOAJKHO dbITb dJIH3KO K CTeXHOMCTpHqeCKOMy(CO : H 2= l  : 2-El : 3), ho mojkho padoTaTb n Ha odbiKHOBeHHOM bo-
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A h h o m  ra3e. C  Me^HbiMH KaTaAH33TopaMH jxjih cmmeHHH Tenjia peaK- 
u h h  paSoTaioT Ha cMecnx C O  : H 2= l  : 5. IlpH HHpKyjiHHHOHHbix c h h - Te3ax qacTb unpKyjiHpyiomero ra3a (100o) Heo6xoAHMO OTAysaTb, Tan KaK b npoTHBHOM cjiyqae HaKonjieHne C 0 2, C H 4 h N 2 b ra30B0H c})a3e 33MeTHO yfiteHbmaeT CKopocTb CHHTe3a MeTaHOJia, c h h h o h  napunajibHoe AaBJieHHe C O  h H 2.IlojiyqaeMbiH k o h a 6h c3t  noHTH Bceiyia npo3paqeH h SecHBeTeH, ho  HMeeT cneuH(|)HqecKHH HenpHHTHbift 3anax H3-3a coAepwaHHH 0 ,2— 0,4% npHMecefi pa3JiHqHbix opraHHqecKHX coeAHHeHHH. OSbiqHO Me- TaHOJi-cbipeu coAep^HT TaK>Ke 1—4% b o a h . TnnHqHbiH cocTaB cbipua 
cjieAyiom ,HH ( b % ) :MeTaHo.n 96 — 99Bofla . 1 — 4AueTOH 0,02 — 0,06 A.nbflerHflbi 0,1 — 0,2Henpeae.abHbie vr.ieBOAopoAbi 0,05 — 0,09 Fe(CO)5 " 0,07— 0,015K ax bhaho H3 Ta6ji. 88 , BbixoAbi MeTaHOJia, b 3 3Bhchmocth ot Me- TOAa CHHTe33 H npHMeHeHHOTO KaTaJIH3aTOpa, MOryT HeCKOJlbKO KO- .jieOaTbca.

TAEJ1HUA 88

Ka TajiH3aiop CH3OH, z /m 3 CMeui CO+H2, M Z jm  
CH3OH Abt opbi

ZnO
ZnO
Cu . .
ZnO -f- Cr203

410357330400 — 410
2400280025002420 — 2500

IlaTap
Ka3a.ne 
OAn6ep 
Jlo.nroB h 
KapnoBTeopeTHqecKH Ha 1 m  MeTaHOJia HaAO 3aTpaTHTb 700 m 3 C O  h 1400 m 3 H 2, t . e. 2100 m 3 CMecH. TaKHM o6pa30M, nojie3Haa KOHBepcHH cwecn b MeTaHOJi cocTaBjiaeT 80—85%.MeTaHOJi mo>kho nojiyqaTb cHHTeTHqecKH h H3 CMecen C 0 2 c H 2:

C02 +  3H2 -*- CH3OH +  H,0Cnocod 3tot MeHee pacnpocrpaHeH, Tax Kan Tpe6yeT Ha 33 % 6ojib- -uie BOAopoAa, a MeTaHOJi npn s Tom nojiyqaeTCH boahmh (64%). Tew He MeHee, t3koh cnoco6 cHHTe3a Harneji npHMeHeHHe A-aa yTHJiH3auHH ra30o6pa3Hbix otxoaob aueTOHO-6\THJiOBoro 6po>KeHiiH. flo  HeKOTO- pbiM AaHHbiM npn t3kom 6po>KeHHH noA AGHCTBHeM Clostrydium aceto- 
butylicum H3 3 kb KpaxMajia noAyqaeTCH 1 kb CMecH: 60 °o 6yTaHOJia, 30% aueTOHa, 10 % STaHOJia c oAHOBpeMeHHbiM BbwejieHHeM 85 a  ra3a, cocToamero H3 60% C 0 2 h 40?o H 2. 06pa6oTKoft boaoh noA AaBjieHiie.M qacTb C 0 2 pactBopneTCH, b pe3yjibTaTe qero o6pa3yeTCH ra3 C 0 2 : H .,=  =  1 : 3, KOTopbift KOMnpHMHpyeTCH h HAeT Ha cHHTe3 MeTaHOJia, hto AaeT AonojiHHTejibHO 15 m C H 3O H  b cyTKH [42J.C hhtc3 MeTaHOJia H3 C 0 2+ H 2 noA AaBJieHHeM b CC CP  6bi.n pa3pa6o- TaH B . H . jlojiroBbiM h M . H . KapnHHCKHM f43].



3. CHHTE3 BbICUJHX CflHPTOB 715

CHHTC3 MeTaHOJia M0>KH0 KOMSHHHpOBaTb C CHHTe30M aMMH3Ka AAH 
y^aJieHHH H3 a30T0-B0A0p0AH0H cMecH okhch vrnepoAa, HBAHiomeiicH 
aHOM. no OflHOMy H3 MeTOAOB a30T0-B0A0p0AHaH CMeCb C 4—5/6 CO 
noABepraeTCH c>KaTHio ao 1000 am  pa6onero AaBAeHHH h npn 300—400° 
npoxoAHT qepe3 2—3 peaKTopa c MeTaHOAbHbiMH koht3kt3mh, rAe 
80 — 85% CO npeBpamaeTCH b MeiaHOJi. OcTaTOHHan OKHCb yrjiepoAa (okoao 1%) b ApyroM peaKTope koahmcctbchho npeBpamaeTCH 3a cneT 
BOAOpOAa a30TO-BOAOpOAHOH CMeCH B MeTaH, a BOAa BbIMOpa>KHBaeTCH. B pe3yjibTaTe coBepmeHHO nncTan a30T0-B0A0p0AHaH cwecb nocTynaeT 
Ha CHHre3 aMMHana.npocTOTa nojiyqeHHH, nucTOTa h h h 3K3h ceSectoHMOCTb cnocoGci- BOBajiH TOMy, hto pa3Mepbi npoH3BOACTBa CHHTeTHnecKoro MeiaHo/ia AaBHO npeB30inJiH npoii3BOACTBO AecoxHMimecKoro MenuioBoro cnupia OcHOBHoe KOJiHnecTBO MeTaHOJia nepepadaTbmaiOT b cJ)opMa;ibAenu- KpoMe toto, ero npHMeHHiOT KaK aHTH(J)pH3 ajih aBTOMoOnjibHbix paAiia- TopoB, b KaqecTBe Ao6aBOK-K 6eH3HHaM, KaK pacTBopnTeAb h t . a - O  no- ./iyqeHHH MeTaHOJia OKHCJieHneM MeTaHa cm . CTp. 194.

3. CHHTe3 BbICLUHX CnHpTOB

npoBeAeHHeM cHHTe3a CHHTOJia SbiJio ycTaHOBJieHO, hto 113 CO +H , noA AaBAeHHeM b npucyTCTBHH cneuucjmqecKHX K3TajiH3aTopoB nojiy- 
naiOTCH KHCJiopoACOAep>Kam,He coeAHHeHHH, 3HauHTeAbHbiH npoueHT 
KOTopbix C0CT3BAH10T BbiciiiHe cnnpTbi, HannHan c nponHJioBoro. Pa6o- 
Tbl B 3TOM HanpaBJieHHH nOKa3aAH, HTO AJIH CHHT633 BblCUIHX CnHpTOB 
npHroAHbi KaTajiH3aTopbi THna MeTaHOjibHbix, ho c o6H3aTejibHOft Ao6aB- 
koh meJiOHH. n p o u e c c  oneHb 6a h 30k k CHHTe3y MeTaHOJia h npoBOAHTCH 
noA AaBJieHHeM b uupKyAHUHOHHOH annapaType, ho b HecKOJibKo H3- 
MeHeHHblX yCJIOBHHX: npH 3HanHTeAbHO MeHbIHHX od'beMHbIX CKOpOCTHX 
(nopnAKa 8000— 10000) h 6oJiee bhcokiix  TeMnepaTypax (425—450°).MHorne HCCAeAOBaTejm cuuTaAH, hto ajih AaHHoro cHHTe3a Heo6xo- 
ahmo npHMeHeHHe CMecn cocTaBa CO : H2= l  :2^-l : 2,5, ho E. M . Bo- MapoBa ii B. H. HoAroB [44] AOKa3aJin, uto npouecc hact jiymne Ha CMecn CO : H 2= l  : 1. KpuTepueM ycneuiHOCTH CHHTe3a hbjihctch kojih- necTBO MacJiHHoro cjioh, coAepmaiuero 60— 70°o cnupTOB. B h x o a  sto- ro caoh OKa3biBaeTCH MaKCHMaAbHbiM npu CO : H2= l  : 1 h 33KOHOMep- 
ho CHH>KaeTCH c yBeAuneHueM coAepmaHHH BOAopoAa b CMecn. Pe3y.ib- TaTbi, nojiyueHHbie, HanpHMep, npn CHHTe3ax HaA 4Zn0+V 20 5-i-K0H- KaTa.nit3aTopoM npn 250 am  h 425° npuBeAeHbi b Ta6A. 89.npn H36biTKe BOAopoAa MacAHHoro caoh Boodme He o6pa3yeTCH, H K0HACHC3T COAep>KHT MHOrO MeT3HOAa.

ZlpyriiM KpuTepueM ycneuiHOCTH cHHTe3a hbahctch , no E. M. Bo- 
qapoBOH h B. H. ZIpAroBy, coAepjKamie CO, b ra30B0H c|)a3e, npo- 
nopunoHaAbHoe KOAimecTBy MacAHHoro caoh . C02 o6pa3yeTCH Bpe3\\nb- 
TaTe BTopuMHoft peaKUHii Me*Ay peaKUHOHHOH boaoh ii CO:

nCO +  2nH2 -► C„H.,,,+1OH +  m -l)H ,0  
CO +  H20 C02 +  H,
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CoAep>KaHneCO
B HCXOflHOM 

ra3e, %

Bmxoa Mac- jia, m .i /m 3 raaa CocTaB KOHAeHcaTa, % Coflep>KaHHe CC>2 B
KOHeMHOM 
ra3e, %

MaCJJflHblft
CJIOH

BOflHblilcjioii
45,8 225 47,0 53,0 5,439,6 190 35,7 64,3 5,831 ,4 184 45,0 55,0 3,830,6 168 39,5 60,5 1,823,2 107 20,0 80,0 0,918,6 23 17,0 83,0 0,6OqeBH^no, neivi HHTeHCHBHee npoieKaeT cHHTe3 cnapTOB, TeM 6ojibiue 

o6pa3yeTCB bo^bi h, cooTBeTCTBeHHO, C02.
HjiH CHHTe33 BblCUIHX CnHpTOB npeA./IO>KeHO OUeHb MHOrO pa3JIHM- 

Hbix KaTajiH33TopoB, ho flajieKO He Bee ohh npnroAHbi A-flfl btoh uejin. 
Tan, HanpHMep, >Kejie30-meji0HHbie KaTajiH3aTopbi THna cHHmnbHbix 
flaiOT Tanyio cjio>KHyio cMecb ajiHcfjaraqecKHx coeAHHeHHii, pa3AejieHHe 
KOTopoft npaKTHnecKH oqeHb cjio>kho. Jlymune pe3yjibTaTbi nojiyqeHbi 
npn Hcnojib30BaHHH okhcjiob MeiajuioB, npHMeHaeMbix jx jir  CHHTe3a Me- 
TaHOJia, c Ao6aBKaMii mejioueH. 3 to h onpeAejiHJio HanpaBJieHHe nonc- 
KOB KaTaJlH3aTOpOB—H3 OrpOMHOrO KOJIHHeCTBa H3yqeHHbIX KOHT3KTOB 
HanSojibuiHH 3(j3(j)eKT AaJin MnCr-KaTajiH3aTOpbi c AobaBKofi 9,8% Rb, 
CMHTCOHHT (CTp. 711) CO meJIOHHblMH AoSaBKaMH, UIIHKBaHaAaTbl, U.HHK- 
a.iioMOBaHaAaTbi h UHHKajnoMOMOjiHbAaTbi. B KauecTBe mejiouHOH ao- 
baBKH cjieAyeT npHMeHHTb KOH, Tax k b k  NaOH pe3KO Ae3aKTHBHpyer 
KaTajiH3aTopbi.

Pe3y^bTaTbl HCnbITaHHH pa3JIHUHbIX KaT3JlH3aT0p0B A-HH CHHTC33 
BbicuiHx cnaptoB npHBeAeHbi b Tabji. 90.

TABJ1HUA 90

KaTajiH3aTop
06pa30Ba- 

HHe MacjiH-
06pa30Ba- 

HHe BÔHOrO
06pa30Ba- 

ime cmipTOB ABTOpblHoro CJIOH, 
%

CJIOH,
%

(BblUie 
CH3OH), %

Fe 4- K2C03 . , 33 67 20 <t>nuiep
Cr203 -4“ MnO -1- K2CO3 — 100 28 MopraH h Ap.
Cmhtcohht +  22% KOH 16,7 88,3 20 Hana
Cmhtcohht +  13,7% CH3COOK 44 50 22-32 HaTTa h Crpa.ua
8ZnO +  V205 +  KOH 34,5 65,5 34,5 EoMapoBa h JXqa- 

tob
8ZnO +  Al(OK)3 +  0,lV2O5 47 53 34-37 To Hie
8ZnO+Al(OK)3 +  0,lMoO3 17 83 50 » »nojiyqaioiuHHca kohachc3t name Bcero coctoht h3 Asyx cjiocb, npn- ueM b MacJiHHOM cjioe HaxoAHTca r;iaBHoe kojiuhcctbo cmipTOB (6yTa- HOJIbl H BblCIUHe CnHpTbl). BoAHblH CJIOH COACp>KHT BOAOpaCTBOpHMblfc 
cnapTbi, a T3K>Ke ajibAerHAbi, KeTOHbi h KapCoHOBbie kmc/ioth. CyMMap- 
Hbiu cocTaB KOHAGHcaTa oueHb c.io>KeH: KpoMe nepeqHc^eHHbix KJiaccoe



3. CHHTE3 BbICUlHX CT1HPT0B

coeAHHeHHfl, b HeM Bceraa coAepncaTcn aneTajin, cjurnHwe scpnpbi, r.in- 
kojih h t . A- 3HayHTejibHaH nacrb KOH^eHcaTa, KHnaman Bbirne 140 
nô TH He HccJieAOBaHa. ripn HopMajibHO HAymeM npouecce KOJinnecTBo 
HecnHpTOBbix npHMecefl He npeBbiiuaeT 10— 15%. CoAepncaHne cnnpTOB 
b MacjiHHOM cjioe aoxoaht ao 60—65%. Ilpn cHHTe3e o6pa3yioTCH rjiaB- 
hhm o6pa30M nepBHMHbie cnapra; BTOpnnHbie cnnpTbi npncyTCTByioT 
B He3HaHHTeJlbHbIX KOJIHHeCTBaX, TpeTHMHbie OTCy TCTB y K)T.

AHa/iH3bi KOHAeHcaTOB npHBeAeHbr b Ta6ji. 91.
t ab ; ih u a  9i

CocTaB KOHAeHcaTa

HaTTa h PHraMOHTH EonapoBa h Aojitob

CoAepwaHne, % CoAepwaHne, %

B BOAHOM 
C JI06

B MaCJIHHOM 
c jToe

B c e ro  B KOH- 
A eH ca Te

B BOAHOM
cjioe

B MaCJIHHOM 
cjioe

B c e ro  B KOH- 
A e n c a T e

Bona 54,62 8,14 46,86
YlVieBOAOpOAbl — 3,41 0,57 — 1,0
MeTaHOA 30,62 9,70 26,80

BbicuiHe cnnpTbi
Bcero 10,40 66,36 19,17 14,0 68,8 34,55

nepBHMHbie 8,66 40,29 13,94 11,3 55,2 25,35
BTOpHVHbie 1,74 26,07 5,23 2,7 13,6 9,20

■CBoSoAHbie KHCJIOTbl 1 ,57 6,17 2,34 0,6 4,7 2,25
OioxcHbie atpapbi 2,25 4,30 2,59 7,25 2,90
AAbflerHAbi 0,94 1,92 1,10 4,5 ^ 5 4,70

CocrraB KOHAeHcaTa 33bhcht b 6ojibmoft CTeneHH ot xapaKTepa na- 
TajiH3aTopa. npncyTCTBHe Ko6ajibTa noBbimaeT bhxoa cfihptob Hop- 
MaJIbHOrO CTpoeHHH, UtejIOHHblX KaT3JIH3aTOpOB— cnnpTOB H30CTpoeHHH. 
KaTajiH3aTopbi c V205 cnocoScTByiOT o6pa30BaHnio SyTHJioBbix h aMH- 
jiobhx cnnpTOB, c Mo03— o6pa30BaHHio Bcex cnnpTOB OAHOBpeMeHHO 
(AO 82,5% cnnpTOB b boahom cjioe n 75°o b MacJiHHOM). KpoMe MeTaHO- 
jia, rjiaBHbiMH cnnpTOBbiMn KOMnoHeHTaMH KOHAeHcaTa hbjihiotch 
h-C3H7OH n n30-C4H9OH; ocTajibHbie cnnpTbi o6pa3yiOTCH b He3Haqn- 
Tê ibHbix Ko.anqecTBax. Ilo othouichhio k cyMMe Bcex cnnpTOB nepBnn- 
Hbie cocTaBJimoT 85— 90%.

ripnMepHbin aHaJiH3 cnnpTOBoro KOHAOHcaTa npnBeAeH b t b 6 j i . 92.

TABJ1HL1A 92

CoAepwamie b CoAepwamie
Cnvipr K O H A e H c a ie ,0-0

CnupT b K O H A en caT e .0,0

3 t 3 H O A 3,3 — 4,2 ByTaHo.i-1 1,8— 2
riponaHO.i-1 11,5— 13 IleHTaHOA-1 0,4
riponaHOA-2 2 , 6 - 3 , 7 2-MeTii.ineHTaHoi-l 2,5
2-MeniAnponaHOA-l 47 - 51 2-MeTn.TreKcaHo.i-l 1 ,6
2-McTii.i6yTaHOT-l 4,8— 4.9
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Oie/iyeT oTMeTHTb o6pa30BaHHe cnnpTOB H3ocTpoeHHH c CH3-rpyn- 
riOH b a-nojiomeHHH k  KapSHHOJibHOH rpynne:

rchch2oh
I

ch3

B h x o a h  KOH^eHcaTa cocraBJiniOT cyMMapHO a o  300—400 ma Ha 
1 m 3 HcxoAHoro ra3a hjih  b nepecueTe Ha cnupTbi: 150—200 ma Meia- 
HOJia H CTOJIbKO H<e BbICIIIHX CnHpTOB (COOTHOUieHHH MOryT KOJie6aTbCH 
b OMeHb uiHpoKHx npeAejiax).

4. CHHTe3 HHAHBHAyaJIbHbIX BbICIIIHX CIlHpTOB
Cjio>KHOCTb cocTaBa KOH^eHcaTa, nojiynaiomerocH npn cHHTe3ax

BblCIHHX CnHpTOB, H TpyAHOCTH, CBH33HHHe C pa3ACJieHHeM HX, H3BejIH 
HccJieAOBaTejien Ha Mbicjib noAoSpaTb TaKHe ycJiOBHH h KaTajiH3aTopbi, 
h to6 h  nojiynaTb H3 C O +H 2 npenMymecTBeHHO HHAHBHAyajibHbie cnnp- 
Tbi (Bbirne MeTaHOJia). TeoperHHecKH s t o  Bnojrne BepoHTHO, tbk KaK 
npouecc CHHTe3a cnHpTOB npoTeuaeT eryneHnaTO.

O c o 6 o e  BHHMaHHe 6biJio y^ e jieH o  cHHTe3y STaHOJia, nan  H M eiom ero 
H anSojibrnee TexH H necK oe 3HaneHHe.

HopMaJIbHO KOHA6HC3T npH CHHT63e BbICIIIHX cnHpTOB CÔ epHCHT JIHLUb 
Manbie KOJiHHecTBa 3TaH0Jia. T MopraHOM [45] 6 h ji npHMeHeH m c a h o - 
MapraHUOBbiH K3TajiH3aTop, noATpaBjieHHbiH AoSaBKOH 0,1 m ojih  cep- 
h iic t o t o  KoSajinra, npH b h c o k h x  oSbeMHbix c k o p o c t h x  ( okojio  200 000). 
npH 3to m  y^anocb nonyHHTb KOH êHcaT c 20% STaHOJia. O^HaKO npn- 
MeHeHHe t 3 k h x  b h c o k h x  o6beMHbix cKopoereH jiHinaeT npouecc t c x h h - 
necKoro cMbicjia.

H jih  nojiyneHHH b h c ih h x  cnnpTOB H3 h h 3ih h x  b JiHTepaType npeu- jiomeHbi pa3JiHHHbie m c t o a h , b o ch o bc  KOTopbix j io k h t  j ih 6o o6pa6oTKa HH3UIHX cnnpTOB CO HJIH C 0 2, JIh6 o KOHUeHCaUHH CnHpTOB C BOAOpO- 
a o m . 3 th  npoueccbi npoBOAHT npn b h c o k h x  AaBjieHHnx h TeiunepaTypax HaA pa3JlHHHbIMH CJIOJKHbIMH KATaJIH3aTOpaMH. HanpHMep, H3 CMeCH 
CO +2H 2 npH 200 am h 500° HaA CdCuV-KaTajiH3aTopoM nojiyuaiOT Me- TaHOJi, h napbi ero BMecTe c ocraTOHHbiM ra30M nponycKawT b TaKHX me ycnoBHHX HaA Th20 3+ K M n 0 4-KaTaJiH3aTopoM; t 3 k h m  cnoco6oM no- jiynaioT rjiaBHbiM o6pa30M H3o6yTHjiOBbiH cnnpT ( o k c o c h h t63, CTp. 726).B nocjieAHee BpeMH noHBHJicn pnA pa6oT, coiyiacHO k o t o p h m  STaHOJi 
m ojkho  nojiynaTb H3 MeTaHOJia npH KOHAeHcamm eroc CO h H 2 noA AaB- jieHneM b npncyTCTBHH cneuHajibHbix K3TajiH3aTOpoB [46]. Tan, HanpH
Mep, nponycKaHHeM cMecn CH3OH c CO h H2 HaA Co-K3TajiH3aTopoM npn TeMnepaType 180— 185° h AaBjieHHH oko jio  200 am nojiynaiOT a o  
38% STaHOJia, h to  npeACTaBJineT 3HauHTejibHbiH HHTepec. PeaKUHH npoTenaeT no cJieAyiomeH cxene:

CHaOH +  CO +  2H2 -► CH3CH2OH +  H20

n o  r  K o jib S e jn o  h O. S H re jib ra p A T y  [23] H3 CO c b o a h h h m  napoM  
Hu a  aKTHBHpoUaHHbiM Fe-KOHTaKTOM npn  TeM nepaType 250° h AaB .ie-
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h h h x  Bbiuie 30 am  nojiyqaercfl CMecb yivieBOAopoAOB c 30 °o crmpTOB,. 
H3 KOTopbix npeod^a^aeT STaHOJi.

3HaqHTejibHbiH HHTepec npeAcraBAneT HccJieAOBaHHe )K. BepTH, 
JI. Mapne h J \ . Kajmo [47] no KaTajiHTnqecKOMy cnmeay H3 MeTaHOJia 
h okhch ymepoAa C2-npoH3BOAHbix yKcycHoro ajibAernAa, yKcycHoft 
KHCJioTbi h STHjioBoro cnnpTa. Tan k z k  Bee sth npoAyKTbi HMeioT Tex- 
HHnecKyio ueHHOCTb, to aBTopbi cnmaiOT 6e3pa3JinqHbiM, KOTopbifl h»  
hhx OyaeT nojiynaTbcn npenMymecTBeHHO. OAHaKO, hcxoah H3 MeTa- 
HOjia, aBTopbi CTpeMHJincb nojiyq«Tb rjiaBHbiM o6pa30M STaHOji no 
cxeMe:

CH3OH +  CO +  2H2 —► ch3ch.2oh 4 - h2o

B onTHMajibHbix ycJiOBHnx (180—250 a m , 195—205°) b npncyT- 
c t b h h  aueTaia KodajibTa KaK KaTajiH3aTopa, pacTBopnMoro b MeTaHOJie,. 
c ^oSaBKaMH Hedojibinnx KOJinqecTB no^a, cnjibHO ycKoptnomero npo- 
necc, dbiJin nojiyqenbi KOHAeHcaTbi, coAepatamne:

YKcycHoro anbaerHAa no 10%
3THJioBoro cnnpTa 30 — 43%
Y kCVCHOH KHCJlOTbl 28— 37%
BbICLUHX CniipTOB no 18%

TaKHM o6pa30M, cyMMapHbifi bmxoa C2-npoAyKTOB cociaBJineT 68—
80 ?o.

HccjieAOBaHne Apyrnx K3TajiH3aTopoB noKa3ajio, qTO HHKejib it 
>Kejie30 HeaKTHBHbi, a 6poM Kan npoMOTep He AewcTByeT.

MexaHH3M 3t h x  npeBpameHHH HenceH. ABTopbi noKa3ajin, qTO k o - 
6ajibT aKTHBeH Jinnib b  BHAe aHHOHa Ko6ajibTTeTpaKap6oHH/ia Co(CO)r 
nojiyqaiomerocH b  pe3yjibTaTe h o h h o h  AHCconnannH:

HCo(CO)4 ^  Co(CO)7 +  H+

MeTaHOJi cnocoSeH AaBaTb c h h m  KoivinJieKc:

CH3OH —>► CH+ +  OH- 

Co(CO)4 +CH+ Co(CO)4CH3
HAH

Co(CO)4 +  CH3OH -► CH3Co(CO), 4 - OH-

H o a  KaT3AH3HpyeT peaKunio Me>KAy Ko6ajibTOM n OKHCbio yrjiepoAa, 
Tan naK o6pa3yeT h c c t o h k h h  Ko6aAbTKap’6oHHAHOAHA, AaiomHH npn 
pa3AO>KeHHH aKTHBHyK) OKHCb yrAepoAa. 3 t o  oStncHneT, a o  HeKOTopoft. 
CTeneHH, o6pa30BaHHe yncycHOH k h c a o t m  no uenHbiM peaKUHHM:

CH3Co(CO)4 +.CoJ2(CO) +  HOH —► CH3COOH +  HCo(CO)4 +  CoJ2

MexaHH3M o6pa30BaHHH siaHOJia Hen3BecTeH, h o  o6pa3yeTcn o h , 
b o  b c h k o m  cjiyqae, He qepe3 BoccTaHOBJieHne yKcycHon k h c a o t m .

BbicuiHe iiHAHBHAyajibHbie cnnpTbi yAoSHO nojiyqaTb H3 hh3uihx 
cnnpTOB h hx aAKoro,THTOB b npHcyTCTBHH HHKejiH PeHen no peaKIXHH 
Tep6e (cTp. 291).
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5. M exaH H 3M  cHHTe3a b m c u ih x  cnwpTOB

F lp o u e c c  CHHTe3a b m c u ih x  cnnpTOB H3 o k h c h  y r jie p o A a  h BOAopoAa 
BbipaxcaiOT o6m eft cxeMOH

n C O  +  2«H2 C„H2/!+1OH +  ( n  — 1)H20
H3 KOTOpOH, npHHHMan n =  1, 2, 3, 4 H T. A-, MTOKHO BbIBeCTH o6pa30- 
BaHne jnodoro h h a h b h a y ajibHoro cnnpTa. OAHaKo cxeMa 3Ta He AaeT 
npeACTaBAeHHH 06 h c t h h h o m  MexaHH3Me npouecca. OdpaaoBaHHe cnnp- 
t o b  npoTeKaeT, BepoHTHO, uepe3 npoMeJKyTOHHbie c t3Ah h  nyTeM nocre- 
neHHOH HaACTpOHKH. CxeMa He AaeT Taione OTBeTa Ha Bonpoc o  npHHH- 
Hax npeHMymecTBeHHoro o6pa30BaHHH nepBHHHbix cnnpTOB H30CTpoe- 
h h h  THna R C H (R ')C H 2O H , HecnnpTOBbix npHMecefi h t . a -

C ym ecTB yroT  pa3JiHHHbie TeopHH o6pa30BaHHH cnnpTOB: 1) TeopHH 
npoM eacyTOHHoro odpa30BaHHH k h c j io t , 2) TeopHH ajibAOJibHbix ynJiOT- 
HeHHH H 3) TeopHH MeJKMOJieKyJIHpHOTO OTmenJieHHH BOAbl.

B  1923 r .  O .  O H iu ep  h T  T p o n u i [3 7 ] a ^ h 06'bHCHeHHH MexaHH3Ma 
o6pa30BaHHH cHHTOJia npeAJio>KHJiH TeopH io npoMe>KyTOHHoro o6pa30- 
B3HHH KHCJIOT. COTJiaCHO 3T0H TeopHH, B nepBOH CT3AHH 06pa3yeTCH 

<|)opMajibAerHA

CO +  H2 -► CH20
KOTOpbifl HaA m ejioH b io  nojiHOCTbio n epexoA H T  b MeTaHOJi:

2CH20 CH3OH +  CO
X la jibH en m ee o6pa30BaH H e 6 o jie e  c jio jkh m x  coeAHHeHHH o6"bHCHHeTCH 

KOHAeHcauHeH MeTaHOJia c  OKHCbio y r j ie p o A a  b yK cy cH y io  k h c j io t y , 
KOTOpan BOCCT3HaBJlHBaeTCH 3aTCM B STaHOJi:

H H
CH3 OH +  CO---- ► CH3COOH — ■ CH3CHO---- ► CH3CH2OH— H20

Ilo c jieA H H H  c OKHCbio y r j ie p o A a  o6 p a 3 yeT  nponHOHOByro k h c j io t v , 
BOCCTaHaBjiHBaiomyKDCH a o  H -nponH JioBoro cn n p T a :

co  H
ch3ch2o h ----- ► ch3ch2c o o h ----- ► ch3ch2ch2oh +  h2o

no TaKOH cxeMe HAeT o6pa30BaHHe Bcex b m c u ih x  cnupTOB HopManb- 
h o to  CTpoeHHH. CnHpTbi H30CTpoeHHH nojiyuaiOTCH nyTeM KeTOHHoro 
paciuenjieHHH k h c j io t :

- co2; —h 2o h
2CH3COOH-------------► CH3COCH3 ----- ► CH3CHOHCH3

co CH3N̂ CH3v
CH3CHOHCH3 ___ ► >CHCOOH-----)CHCH2OH

c h /  ch3/

TaKHM  nyTeM  H3 h h 3ojhx BOAopacTBopHMbix coeAHHeHHH o6pa- 
3yIOTCH BbICIHHe CnHpTbi HOpMaJIbHOTO H30CTpoeHHH, aJIbAerHAbl, KeTO- 
Hbl, KHCJIOTbl H CJlOJKHbie 3Cj)HpbI.

H eK O Topb ie HCCJieAOBaTejiH o6bHCHHioT n p ou ecc  CHHTe3a no aH a jio - 
t h h h o h  cxeM e, HecKOJibKO H3MeHHH ee : cnnpTbi c m e jiou b io  KaTajiH3a-
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Topa o6pa3yioT aAKoroAHTbi, hto o6AerqaeT KOHAeHcaiiHio c OKHCbio 
yrjiepojia b coAb khcaotm:

KOH
CH3OH---- ► CH3OK +  H,o

co
CH3OK---- ► CH3COOK

06pa3yK)iu,aaca npn CHHTe3e BOAa rnApOAH3yeT aAKoroAHT h coah 
KHCAOT B CnHpT H KHCAOTy floCAeAHHH BOCCTaHaBJIHBaeTCH BOflOpOflOM 
qepe3 aAbAerHA b cnnpT, KaK b cHHTOJibHOH cxeMe.

ZlonycKaiOT Tanace, hto cnnpTbi noAyqaioTCH H3 ajib̂ erĤ oB no peax- 
UHH pa3JIOJKeHHB (J)OpMHaTa K3AHH K3AHHHbIMH COAHMH 0(5pa3yiOmHX- 
ch roMOJioroB MypaBbHHOH khcaoth:

HCOOK H
RCOOK - - r T  RCHO---- ► RCH2OH—K2CU3

TeopnB npoMejKyTonHoro o6pa30BaHHH khcaot 0Ka3aAacb HecocToa- 
TejibHOH no cjieAyiomHM npHHHHaM: 1) MeTaHOA c OKHCbio yrAepoAa HaA 
meJionHbiMH KaTajiH33T0paMH odpa3yeT He yncycHyio KHCAOTy, a H3 0 - 
MepHbifl efi MeTHAiJiopMHaT (Tax xce Bê yT ce6n h Apyrne cnnpTbi); 2) boc- 
CTaHOBAeHHe hh3uihx khcaot b cnnpTbi HeocymecTBHMo; 3) npHHHTbift 
MeX3HH3M He MOJKeT o6'bHCHHTb 06pa30BaHHH nepBHMHblX CnHpTOB H30-
CTpoeHHH c CH3-rpynnoH y a-yrjiepoAHoro aTOMa.

3HaMHTeAbH0 MeHbUje HeAOCTaTKOB B TeOpHH aAbAOAbHbIX ynAOT- 
HeHHft, npeAAO>KeHHOH I\ MopraHOM [45]. CorAacHO stoh Teopnn, cnnpTbi 
pa3AHHHoro CTpoeHHH o6pa3yK»TCH H3 aAbAerHAOB b pe3yAbTaTe mhoto- 
KpaTHblX aAbAOAH3aUHH H THApHpOBaHHH.

3Ta TeopHH xopouio corAacyeTcn co CTpoeHHeM noAyqaeMbix cnnp- 
tob. B nepByio $a3y npouecca o6pa3yeTcn (JiopMaAbAerHA, KOTopbin 
aAbAOAH3HpyeTcn b rAHKOAeBbift aAbAerHA:

CO +  H2 —► CH20

2CHaO -► CH2OHCHO
riocAeAHHii BoccTaHaBAHBaeTcn boaopoaom ao yncycHoro aAbAe

rHAa, a 3aTeM ao STaHOAa:
H H

CHsOHCHO — -?■ CH3CHO---- ► CH3CH2OH—H oO
H3  yncycHoro aAbAerHAa nocAe npeEpameHHH ero b aAbAOAb h tha- 

pnpoBaHHH noAynaeTCH «-6yTHAOBbiH cnHpT.
Jlio6bie cnnpTbi o6pa3yiOTCH qepe3 OKcnaAbAernAbi, noAyqaiomHe- 

ch H3 HH3IHHX aAbAemAOB no npaBHAaM aAbAOAbHoro ynAOTHeHHa; 
ABe MOAenyAbi aAbAerHAa (oAHHaKOBbie hah pa3Hbie) KOHAeHcnpyiOTCH, 
npHneM b peaKunn yqacTByeT boaopoa a-yrAepoAHoro aTOMa toh hah 
Apyron MOAenyAbi. CxopocTb stoh peaKUHH naAaeT b TaKOii no- 
CAeAOBaTeAbHOCTH:

CH2 >CH3 >CH
46 li. H. AcuiroB
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Tan, HanpHMep, npn ajibA0JiH3auHH yKcycHoro ajibAerHAa c nponno- HOBbiM ajib^erH^OM bo3mojkhh ABa HanpaBJieHHH peaKUHH:
CH3CHO +  ch3ch2cho

noCoMHoe
| HanpaBJieHHe HanpaBjieHHe |

CH:iCH2CHOHCH2CHO CH3CHOHCHCHO

H

CH3CH2CH2CH2CH2OH

ch3i H
ch3ch2chch2oh

I
ch306pa30BaHHe btophhhhx  cnapTOB mojkct npoTenaTb uepe3 ynJiOT- 

HeHHe KeTOHOB:
ch3N ch3S ch3.

>co+ >co--- ►
ch3/ ch3/ ch3>

cohch2coch. H- h2o
CH3v

---- ► >CHCH2CHOHCH3
CH/TaKHe peaKUHH npoTenaioT Me^jieHHee, ueM h 06'bHCHHeTCH Majioe CO^epHCaHHe BTOpHHHblX CIlHpTOB B KOHfleHCaTaX.

B TeopHH ajib^ojibHbix ymiOTHeHHH HaH6ojiee coMHHTejibHofl hbjihct- 
ch CTâ HH BOccTaHOBjieHHH a-OKCHajibAerHAOB h rjiHKOJieBoro ajib^e- 
rHAa, TaK^KaK npn stom aojihcch nojiyuHTbca He yncycHbiH anbAerHA, a 
rjiHKOjib (rpynna CHO BoccTaHaBjiHBaeTcn ropa3Ao jierue, ueM CH2OH). 
OAHaKO H3BecTHO, UTO rjiHKOJib npn HarpeBaHHH co iuejiouaMH OTiuenjineT 
BOAy h npeBpaiuaeTCH b yucycHbiH ajibAerHA:

ch2oh  h ch2oh  , ^ ch2 ch3
I ----- - I II — -  I

CHO CH2OH CHOH CHO

TaKHM odpa30M, TeopHH ajibAOJibHbix ynJiOTHeHHH HBJineTCH BecbMa 
BepOHTHOH.

TeopHH Me>KMOjieKyjiHpHoro BbmejieHHH boah ocHOBaHa Ha peaK- 
Uhhx (cTp. 294), no KOTopbiM ABe MOjieKyjibi hh3uihx cnnpTOB kohach- 
CHpyiOTCH C BblAejieHHeM BOAbI B «AHCnHpT». MexaHH3M TaKHX KOHA6H- 
cauHH 6hji npeAJio>KeH T  Tp.9HB30M [48], KOTopbift nbiTajicH AOKa3aTb, 
HTO CHHTC3 BblCUIHX CnHpTOB OCHOBaH Ha CJieAyKMUHX nOJIOJKeHHHX :

1) Bbicuine cnapTbi o6pa3yraTCH H3 HH3IHHX nyTeM MejKMOJieKyjinp- 
Horo BblASJieHHH BOAbi;

2) AerHApaTauHH mojkct npoHcxoAHTb 3a cneT oahoto H3 boaopoa- 
hhx aTOMOB CHg-rpynnbi MeTaHOJia, ho hact ropa3AO Jierue, ec^H ecTb 
cnnpTbi c CH2-rpynnofl b a-nojio*eHHH k rnApoKCHJiy;



5. MEXAHH3M CHHTE3A BbICUJHX CHHPTOB 7233) KOHAeHcauHH nporeKaeT TpyAHO c CH-j-rpynnoii, JierKO c CH., rpynnoft h coBceM He hact c CH-rpynnoft.BbIBOAbI 3TH 6bIJIH CAejiaHbl Ha OCHOBaHHH HCC^eAOBaHHH CTpoeHHH H30MepHbIX rc KCHJIOBbIX, TenTHJIOBblX H OKTHJIOBbIX CnHpTOB, BblAeJieH- Hbix H3 ocTaTKOB ot neperoHKH CHHTeTHHecKoro MeTaHOJia, h AaioT bo3 MO>KHOCTb o6l>HCHHTb OTHOCHTeJIbHyiO JierKOCTb HX noJiyueHHH. Tan, HanpHMep, H-nponHJiOBbift cnHpT MO>KeT noJiynaTbcn no AByM HanpaB- jieHHHM:
ch3oh +  ch3ch ,oh  ch3ch2ch2oh +  h2o
CH3CII2OH +  CHaOH CH3CH2CH2OH +  H20flepBoe H3 3thx HanpaBJieHHH 6yAeT npeodJiaAaTb, TaK nan b aofha- paTauHH ynacTByeT BOAopoAHbin aTOM a-MeTHjibHofi rpynnbi.M3 peaKUHH:

ch3ch ,oh +  ch3ch2oh -*- ch3ch2ch2ch2oh +  h2o 
ci i3oh +  ch 2ch ,oh ch3chcHoOh +  h2o

I ‘ I
ch3 ch3

ch 3c ii2ch2oh +  ch2ch2oh ch3ch2ch2chch2oh +  h2o
I I

ch3 ch3zierne npoTenaiOT ABe nocjieAHHe, TpyAHee—nepBaH.06iuan cxeMa B3aHMOAeficTBHH cnHpTOB MO>KeT 6biTb npeACTaBJieHaCTieAyroiAHM o6pa30M:
rch2ch2oh +  ch2ch2oh rch2ch2chch2oh  +  h2oR'HJIH

R'CH2CH2OH -f- CH2CII2OH R'CH2CH2CHCH2OH h2o

ripouecc HanHHaeTCH, t3khm o6pa30M, c kohachc3Uhh MeTaHOJia, H3 KOToporo o6pa3yeTCH STaHOJi:
ch3oh +  c ii3oh —  ch3ch2oh +  h2o Tojibko b nocJieAHee BpeMH 6biJio A°Ka3aHO, hto MeiaHOJi MO>KeTHBJIHTbCH HCT04HHK0M A-HH nOJiyqeilHH BbICUJHX CnHpTOB. TaK, HanpHMep, HaA Co-KaTajiH3aTopaMH MeTaHOJi c C O + H 2 npeBpamaeTCH b 3TaHOJi ( d p . 718), CMecn C 0 2 c boaoh HaA Fe-KaTaJiH3aTopaMH 06- pa3yioT ao 30% cnupTOB c npeoSjiaAanHeM STaHOAa (cTp. 718). OAHano Ha ocHOBaHHH TiuaTejibHoro liccJieAOBaHHH MexaHH3Ma o6pa30BaHHH BbicuiHx cnnpTOB H3 HH3LUHX (peaKUHH Tep6e), ycTaHOBJieHO, hto peaKUHH

RCH.,CH2OH +  RCH2CHoOH -► RCH2CHoCHCH2OH +  HnO
IRnpoTCKaeT He npocTO qepe3 Me>KMOJieKyjiHpHoe BbiAeJieHHe b o ah , a ropa3AO CAO>KHee—qepe3 At'rnApHpoBaHHe b ajibAerHA, ajibA0.riH3auiiK), BbiAeJieHHe boau  b pe3yjibTaTe KpoTOHH3aunH h KOHenHoe mApupoBa-



724 fA . X I I I .  CHHTE3U HA OCHOBE yrJIEPOACOMEPJKAWHX rA 30BHue Henpe^ejibHoro ajib^ern^a b cnnpT c yABoeHHbiM mhcjiom aTOMOB yrjiepo^a:
RCH2CH2OH +  RCH2CH2O H ----- ► RCH2CHO -f- RCHjCHO +  2H2

RCHoCHO +  RCH,CHO----- ► RCH2CHOHCHCHO

4
RCHjCHOHCHCHO----- >- RCH2CH=CCHO +  H20

I I
R R

H
rch2ch= c c h o ----- ► RCH2CH2CHCH2OH

4 A
TaKHM o6pa30M, Teopna MewMOjieKyjinpHoro BbiAejieHHH boam cbo- 

AHTCH K TeopHH aJIbAOJIbHblX ynJIOTHeHHH.
06pa30BaHHe cnupTOB, bxoahui.hx b cocTaB «H3o6yTHjioBoro Macjia», 

nojiy^awmerocH npn cHHTe3ax H3 C O + H 2 HaA mejioMHbiMH ZnCr-KaTa- 
jiH33TopaMH, npoTexaeT Mepe3 ^erH^pnpoBaHHe hx b ajibAernAbi, ajibAo- 
jiH3auHio, KpoTOHH3aitHK) h rHApHpoBaHHe ao «AHcrmpTa» [49], «JXh- 
cnnpTbi» Mame Bcero coAepHtaT MeTHjibHbie rpynnbiB nojio^eHHax 2, 4, 6 
HJIH 8, HTO BHAHO H3 CJieAyK>III,HX CXeM.

CnnpTbi HopMajibHoro crpoeHHH:
fi

RCHO +  CH3CHO — *■ RCH2CH2CH2OH -f H20
OAHOKpaTHO pa3BeTBjieHHbie cnnpTbi:

H
RCHO +  CH2CHO----- ► RCH2CHCH2OH ■+■ HoO

i I
ch3 ch3

iXBaHCAu pa3BeTBjieHHbie cnHpTbi:

RCHCHO +  CH2CHO — -► RCHCH2CHCH2OH +  H20
I I I '

ch 3 ch? ch3 ch,

Tpn^Abi pa3BeTBJieHHbie cnapTbi:

rchch2chcho +  ch2c h o ----- ► rchch2chch2chch2oh  +  h2o
I I  I I I '

ch3 ch3 r ch3 ch 3 rB 3aHMOAeHCTBHeM ajibAerHAOB c xeTOHaMH o6pa3yioTCH BTopHMHbie cnHpTbi. HanpHMep:
RCHO +.CH3COCH, -*• RCH2CH2CHOHCHs 

HCHO +  RCH2COCH, CH3CHCHOHCH3

R
RCO +  CHsCOCH2CH3 -*■ RCHCH2CHOHCH,CH3 h t. a.

I
ch3 CH3
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nojiyqeHHe BTopHMHbix crmpTOB ofitHCHBioT TaiOKe TpyAHO HAymeii 
peaKUHeft koha6hc3uhh crmpTOB 3a cneT BOAOpOAa Kap6HH0JibH0fl 
rpynnbi:

CHg CHg CHg CHg
I + 1  -► | I + h2o

ch2oh CH2OH CH2—CHOH
OAHaKO AocTOBepHOCTb TaKoro MexaHH3Ma em,e He ycTaHOBJieHa.
TeopHH ajibAOJibHbix ynjiOTHeHHH h MeHiMOJieKyjiapHoro BbiAeAe- hhh boam oneHb 6jih3kh Apyr k Apyry; hx oSteAHHaeT o6iuhh npHH- 

HHn—KOHAeHcauHH nepe3 boaopoa a-yrjiepoAHoro aTOMa. 3 thx  TeopHH 
ripHAepjKHBaeTCH SojibuiHHCTBO HccjieAOBaTejiefl, Tan KaK o6e ohh yAo- 
BjieTBopHTejibHo o6tjhchhkdt CTpyKTypbi nojiyqaiomHxcH cnapTOB. O a - 
HaKO H 3TH TeopHH He JIHUieHbl PHA2 HeAOCTaTKOB. H h OAHa H3 HHX He b coctohhhh, HanpHMep, 06'bHCHHTb, noqeMy rjiaBHbiM npoAyKTOM npn
CHHTe3e BblCUIHX CITHpTOB H3 BOAHHOTO Ta3a HBAfleTCH H30<5yTHA0BbIH
cnnpT.

CjieAyeT CHHTaTb ycTaHOBjieHHbiM, mto npH peaKUHHx cHHTe3a cnnp- 
TOB HMeFOT MeCTO H peaKHHH OKCOCHHTe33.

6. Chhtc3 aJibAerHAOB h kctohob

.Uah okhcaob yrjiepoAa TeopeTHwecKH B03M0>KHbi cjieAyiomHe peaK
HHH:

CO +  H2 -► CH20 
CO 4- RH RCHO 
CO+ RR' —  RCOR'

C02 +  2RH -► RCOR +  H20 h t. a .
HaHSoAbuiHH HHTepec n p eACTa ba h eT nepBan peaKUHH—npaMOH 

cHHTe3 (JjopMaAbAerHAa H3 boahhoto ra3a. CHHTe3 stot nbiTajiHCb 
ocyipecTBHTb MHorne HccTieAOBaTejiH. OAHaKO npHMeHeHHe KaTaAH3a- 
TopoB, HarpeBaHHH, AaBAeHHH, MOHOxpoMaTHMecKoro CBeTa, ajieK- 
Tpopa3pHAOB h np. He npHBeAO k o>KHAaeMbiM pe3yjibTaTaM, Tan 
KaK nojiyqajiHCb AHinb cjieAbi (J)opMajibAerHAa. TaK >Ke BejiH
ce6 a civiecH C 0 2+ H 2, C 0 2+ H 20, C0 2+ H 2-fH 20  h t . a . FIpoBepKa naTeHTHbix AaHHbix, no KOTopbiM H3 t3khx cMeceft hko6h  yAaBaAOCb nojiyqaTb BbicoKHe BbixoAbi (JjopMajibAerHAa, noKa3ajia, mto bo Bcex 
cAynanx o6 pa3yeTCH He dojiee 1 %  CH 20.

H3 pa6oT, nocBnmeHHbix 3T0My Bonpocy, ocoOeHHoro BHHMaHHH 3a- 
cjiy>KHBaeT HccAeAOBaHHe, KOTopoe npoBeAH B . HeflMaH h n . BHAeBHH 
[50]. 3th aBTOpbl npOBepHAH MHOTO KaTaAH33TOpOB B pa3AHMHbIX ycjio- 
BHflX II CA6A3AH TepMOAHHaMHHeCKHH paCMCT peaKUHH. Ilo HX A3HHbIM
cHHTe3 cj)opMaAbAerHAa conpoBo>KAaeTCH oTpnuaTeAbHbiM TenjioBUM 
3(}x})eKTOM:

CO +  Ho — CH20 —22,1 KKaA/'a-Mo.i
nosTOMy (JjopMaAbAerHA HecToeK h npH o6pa30BaHHH aoajkch  pa3Aa- 

raTbCH hah npeBpamaTbcn b APyrne npoAyKTbi.
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B pe3yjibTaTe cbohx HccAeAOBaHHii aBTopbi npHiiiAH k 3aKAKUieHHK), 
1ito b HHTepBajie npHMeHneMbix TeMnepaTyp h AaBAeHHH o>KHAaTb cKOAb- K0-HH6yA£> xopouiHx BbixoAOB (j)opMaAbAerHAa Hejib3H. OAHauo TepMo- AHHaMH^ecKHe pacneTbi kohct3ht paBHOBecHa peaKUHH npaMoro chh- re3a (bopMaAbAerHAa, a T3 K>Ke paCoTa E. M. BouapoBofi h B. H . J X o j i - roBa [51], b pe3yjibTaTe KOTopofl 6uao nojiyqeHO ao 2% CHzO, 3acTaB- 
ahiot OTHecTHCb KpHTHqecKH k 3aKJiio4eHHio B. HefiMaHa H n. BHJie-BH43.

3Ha4HTejibHbiH HHTepec npeACTaBjineT cHHTe3 (jjopMaAbAeniAa noA 
AeflcTBHeM HOHH3Hpyioui,eH paAnauHH. CorjiacHO C . JlHHAy h ZE Bapysji- 
/iy [52], cMecb C O +H 2 noA bahhhhcm a-uacTHU paAOHa hah, no ZE j \ yr- 
/iacy [53], CMecb C O +H 2 noA bahhhhcm a-H3JiyqeHHn tphthh o6pa3yeT 
He TOJibKO (|)opMajibAerHA, ho h npoAyKTbi AaAbHefimeH noAHMepH3auHH 
e ro — pa3AH4Hbie MOHOcaxapHAbi.

O CHHTe3e Apyrnx ajibAernAOB c noMombio okhch yrjiepoAa b ahtC- 
paType HMeerca Majio CBeAeHHft. B 1897 r 6biJio onyfijiHKOBaHO coo6- 
m,eHHe o tom, 4to H3 cMecH CH4+CO nojiyqaeTca yKcycHbift aAbAerHA(Jl033HHq H HOBH4H4):

CH4 -j- CO —+■  ch3choOAHaKO BnocjieACTBHH 3to coo6ui,eHHe He noATBepAHAocb. Boo6in,e peaKUHH C O + R H -» * R C H O  H3yneHa MaAO.
B 1939 r. 6mao yeraHOBAeHO, hto OAecf)HHbi c boahhhm  ra30M noA 

AaBAeHneM b npHcyTCTBHH KaT3AH3aTopoB np« 200° o6pa3yioT aAbAe- 
rHAbi no peaKUHH:

RCH=CH*+ CO 3̂  H2
RCH2CH2CHO
rchch3

I
CHO3 tot npouecc noAyuHA AaAbHenmee pa3BHTne noA Ha3BaHiieM o k c o - 

c u n m e 3  (npHMeHHeTca TaK>Ke TepMHH K a p d o H U A u p o e a n u e )  [54, 55]. 
Oh 6wa pa3pa6oTaH Ha ochob3hhh npocieHLueft peaKUHH B3aHMOAeHCT- 
bhh STHAeHa c BOAHHbiM T330M noA AaBAeHHeM 160 a m  HaA CoTh-KaTa-AH33TOpOM:

CH2=CH2 +  CO +  H2 -► CH3CH2CHOHcCAeAOBaHHH 6bIAH npOAOAHCeHbl C ApyrHMH OAe(})HHaMH, KOTOpbie, 
Kan OKaaajiocb, npH B3aHMOAencTBHH c boahhum  ra30M Aeruo npeBpa- maiOTCH b cooTBeTCTByioiuHe aAbAernAbi. OAe([)HHbi, noAynaeMue AernA- 
pnpoBaHHeM HenoTopbix (fipaKUHH cHHTeTHuecKoro 6eH3HHa (Cu—C18- OAetJjHHbi), cMeuiHBaAHCb c boahhmm ra30M (39% CO, 54% H.) h np H 
135° h 150 a m  nponycKaAHCb HaA CoThMg- hah FeCuCa-KaTaAH3aTO- poM. B pe3yAbTaTe noAyqaAHCb aAbAerHAbi, KOTOpbie 3aTeM HaA Ni- KaTaAH33TOpOM B0CCT3 H3BA HB3A HC b B CnHpTbl. ZterHAPHpOB3HHe CHH- TeTHMecKoro 6eH3HHa a^ h noAyueHHH hcxoahhx  oac(J)hhob npoBOAH- 
AOCb npn 1 a m  h 590° HaA AlCr-KaTaAH3aTopoM, aKTHBHpoBaHHbiM a o - 
6aBKOH 0,2% Co. fIo 3AHee stot KaTaAH33Top 6ma 3aMeHeH CoTh-KOH-
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TaKTOM Ha KapSopyHfle; nocjie^HHH npH 560° b TeneHne 3 MecaueB ,ne- 
rHApnpoBa^ Cn—-C18-napa(J)HHbi b ojie<J)HHbi Ha 24—40% 3a nponycK.Flocjie B3aHMOAeHCTBHH c BOflHHbiM ra30M nojiyneHHbie a;ib,nerH,nbi ot- roHHTiHCb np« ^aBjieHHH 2—5 m m  pt . ct . h rn^papoBajiHCb b cnnpTbi, npHMeHHBUJHeCH flJIH H3rOTOBJieHHH CyjIbtjjaTOB.Flpoueccbi, npoTeKaiomHe npn 0 KC0CHHTe3e, Macro ycno>KHHK)TCH BTopHMHbiMH peaKUHHMH. Tan, HanpHMep, n a m e  b cjiynae STHJieHa 06- pa3yiOTCH (KpoMe nponnoHOBoro ajibflerHfla): nponHJioBbifi cnHpT, ah- 3THJiKeron, ^HSTHJiKapOHHOJi, 2-MeTHJineHTaHCVi-l h 3T3h (flo 25%):

CO+Hj! H
ch2= ch2 ----- ► ch3ch2cho — CH,CH2CH2OH

co+h2 h
2CHs=CH2 ----- ► (CH3CH2)2C O ----- ► (CH3CH2)2CHOH

2CH3CH2CHO CH3CH2CHOHCHCHO
I
CH,

H
CH3CH2CH2CHCH2OH +  I i,U 

I
ch3

H
ch2= ch2 ----- ► ch3ch3B CJiyMae 0.7ie({)HH0B H30CTpoeHHH CTpeTHMHbIMH H MeTBepTHMHbIMH aTO- MaMH yrjiepo^a peaKUHH OKC0CHHTe3a 3HanHTejibHO yc.no>KHHeTCH npoueccaMH H30MepH3aUHH. TaK, HanpHMep, npn B3aHMOAeHCTBHH TpHMeTH.JI3THJieHa c C O  h H 2 oJKH^aeMbiH 2,2-,HHMeTHJi6yTaHa./ib (a) He nojiynaeroH. BMecro Hero o6pa3yiOTCH 3-Mem/ineHTaHajib (6) h 4-MeTHJineHTaHajib (b), 06- pa30BaHne sthx  aTibAerH^OB mojkct 6biTb odtHCHeHO jiHiiib npeflBapn- TejibHOH H30MepH3auHeH HcxoAHoro ojie(J)HHa c nepeMemeHHeM abohhoh C  —C-CBH3H Ha KOHeu MOJieKyjibi:

:o+h2

CH3C=CHCH3
I
CHS

(CH3)2CCH2CHs (a)
I

CHO

>I3-Mep— CHj=CCH2CH3 — CH3CH2CHCH2CHO (6)

ch 3 ch3

j H3uiiepHimH» CH3CHCH=CH2 ^ -+-^  CH3CHCH2CH.,CHO;b;

ch:! ch3BjunepaType HMeiotCH yKa3aHHH, mtoh3 6yTH7ieHa h flHBHHHJia nyTeM 0KC0CHHTe3a nojiynaioT aflHnmioByK) KMC-noty:
ch 3ch2cii -ch2 

cm2= c h c h = ch2
— ^  OIIC(CH2)4CHO HOOC(CH2)4COOH



728 rA. X I I I .  CHHTE3bI HA CCHOBE yrJIEPOMCOAEPJKAlUHX rA 30B

MeroflOM 0KC0CHHTe3a, hcxoah H3 aueTHJieHa, nojiynaioT aAnnHHO- 
Byio KHCJiOTy h no HecKOJifaKO hhoh cxeMe:

CH CO+H, C - C H 2OH „  CH2- C H 2OH Hao  CH2- C H 2\III “ t f l i  III _ H_ ^  I — 2—  I ; o
CH c — c h 2o h  c h 2— c h 2o h  c h 2- c h 2/

c h 2

CH2- C H 2\  co / C H 2- c h 2x  CHa C 00H

I , 0 -------V CH2 O — - j .  |
CH2- C H 2/  \ c h  CQ/ c h 2 c o o h\ h 2

BMecTO BOAopoAa rjih OKcocnHTe3a m o>k h o  6paTb jiioObie MOJieKyjibi, 
ABjiaiomHecH ^OHopaMH BOAopoAa, h to  3HanHTejibHo pacu in pH eT  xpyr 
peaKUHH h nojiynaeMbix npoAyKTOB:

rch= ch 2

c o + h 2

CO+2H2

C0i-H20

CO+R'OH

CO+NH3

CO+R'NH2

CO+HC1

RCH2CH2CHO

rch2ch2ch2oh

rch2ch2cooh

RCH2CH2COOR'

rch2ch2conh2

RCH2CH2CONHR' 

RCH2CH2C0C1 h A-Tanne peaKUHH npoBOAHT npn  100— 400 am h 100— 200° b npncyT- 
CTBHH KapfiOHHJIOB K06aJlbTa, HHKeJIH HJIH A P yrH X  Kap6OHHJI06pa3yiO- mnx MeTajuioB.

C OKHCbio y m e p o A a  M o ryT  p ea rn p oB aT b , BepoaTHO, MHorne H enpe- 
AenbHbie coe^HHeHHH h o p ra H n n ecK n e  MOJieKyjibi, BB jiB iom HecB a o h o - 
paMH BOAopoAa ( A H ) :

rch= ch2 +  CO +  a h  RCH2CH2COA

B h j io  ycTaHOBJieHO, b to  peaKUHH 0KC0CHHTe3a h m c io t  o6 m ee  3HaBe- 
HHe. C  OKHCbio y r j ie p o A a  noA  AaBjieHHeM, b npncyTCTBHH KaTajiH 3aTopoB, 
M o ryT  p ea rn p o B a T b  He m n b K o  ojie(J)HHbi h AHOJie(J)HHbi, ho  TaK>Ke He- 
npeAejibH b ie KeTOHbi, cnHpTbi, cjioJKHbie at^Hpbi h t . a .

MeTHJIBHHHJIKeTOH C BOABHbIM r330M nOA A3BJieHHeM 06pa3yeT CMeCb 
neHTaH0H-2-0Ji-5 h 3-MeTHJi6yTaHOH-2-OJi-4:

CH3COCH=CH2
co+ h2 ch3coch2ch2ch2oh

ch3cochch2oh



6. CHHTE3 AJIbUETHaOB H KETOHOB 72 >3(J)Hpbi ({jyMapoBOH hjih  MajieHHOBOH k h c jio t  c C O  h H 2 npeBpam aKrr- 
CH B 3<f)HpbI MemnOJlHHTapHOH KHCJIOTbl:

c o + h 2
ROOCCH—CHCOOR — -*- ROOCCH2CHCOOR

CH2OHB KaqecTBe npHMepoB 0KC0CHHTe3a mojkho npHBecTH cjieAyioiuHe 
peaKUHH.AKpmioBaa KHCJiOTa c C O  h H 20  npn 115° h 100 am o6pa3yeT a o  40% HHTapHOH KHCJIOTbl:

c o + h 2o
CH2=CHCOOH---------► HOOCCH2CH2COOH

LIjHKJioreKceH c C O  h C 2H 5O H  o6 p a 3 yeT  a o  40% reKcarnApo6eH-
30HH03THJI0B0T0 3(J)Hpa:

c o + c2h soh  COOC2H6
-------- --------► | H / 6

JJ,HKAoreKceH c C O  h H 20  o6pa3yeT reKcarHApo6eH30HHyio KHCJiOTy a c C O  h N H g — aMHA s t o h  k h c j io t h .
OKCOCHHTe3 bo  m h o t h x  cjiynanx conpoBO>KAaeTCH BTopHHHbiMH peaK- 

Uh h m h . BbiJio BbiCKa3aHO npeAnojio>KeHHe, hto  npouecc s t o t  npoTe- 
KaeT b ABe c t3Ah h  qepe3 npHcoeAHHeHHe o k h c h  yrjiepoAa no a b o h h o h

CBH3H:

RCH=CH2
CO RCH—CHo

\  /
CO

RCH2CH2CHO

RCHCHO
I

ch3

OAHaKO stot npocroii MexaHH3M Majio BepoHTeH no CAeAyiomHM npn-
MHH3M:1) oKHCb yrjiepoAa h HenpeAejibHbie coeAHHeHHH He o6pa3yioT Tpex-
MJieHHblX uhkjiob;

2 ) peaKUHH 6e3 BOAopoAa He hact.
Bojiee BepoHTHbiM npeACTaBJineTCH KapfioHHJibHbiH MexaHH3M, ynn- 

TblB3K)LUHH yMaCTHe KaTaJIH33TOpa B peaKUHH:

(CO)4Ni hjih (CO)sNiCO----- ►(CO)3NiC^
0

A
H

0
(CO)3NiC<f +  RCH=CH2

■*\a
H

(CO)3NiC^
O

I XA 
CHaCH2R

I NA
ch2ch2r

RCH,CH2c/  +'(CO)4Ni 
XA
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CjiaSbIM MeCTOM 3T0r0 MeX3HH3M3 HBJIHeTCH npoMOKy-rouHoe CymeCT- 
B0B3HHe EfHTHBajieHTHOrO HHKejlH.

O k c o c h h t63 H axoflH T Bee d o jie e  u iH poK oe npnM eHeHHe. O K a 3 a jio cb , 
u t o  H3 STHjieHa KOHAeHfcauHeft c C O  h  H 2 npn  T eM n ep aT yp a x  100—200° 
h AaBjieHHHX a o  1500 am HaA C o-K aTajiH 3aTopaM H  m o>k h o  no/iyuHTb 
A o  95% npon n oH O B oro  a jibA erH A a , H3 uH KJioreKceH a— a o  60% re x c a -  rHApo6eH3ajibAerHAa h t . a * 3 t o t  cnoco6, b h a h m o , npHMeHHM k  jnoObiM HeHacumeHHbiM coeAHHeHHHM. T a x, HanpHM ep, H3 neH TeH -l-O H -4 o6 p a - 
3 y e T c a  reK caH O H -5-a jib  (69 %):

CO t-H2
CH3COCHsCH=CHj ► CH3COCH2CH2CH2CHOB nocjieAHee BpeMfl B . Penne [56] Ha OojibmoM HHCJie npHMepoB no- 

Ka3aji, mto  aueTHJieH, Kan h ojie(})HHbi, m ojkh o  jierKO KapGoHHjiHpoBaTb 
b cooTBeTCTByK)m,He npOH3BOAHbie c a b o h h o h  CBH3bio. flpH o6pa6oTKe 
o k h c h  yrjiepoAa b cmcch  c opraHHnecKHMH AOHopaMH BOAopoAa aueTH- 
jieHOM, b npHcyTCTBHH TeTpaKap6oHHJia hjih  rajioreHHAOB HHKejiu, npo- 
TenaioT c-neAyioiuHe peaKUHH:

h 2o
---------— ch2= chcooh

ROH
ch2= chcoor

RSH
ch2= chcosr

r c o n h 2
ch2= chconhcorB . Penne ycraHOBHJi TaKJKe, hto OAHoaTOMHbie cnnpTbi b ycJiOBHax 

Kap6oHHjinpoBaHHH npeBpaiuaiOTCH b cooTBeTCTByioiuHe khc/iotu 
(ctp. 738).

CnHTe3 apoMaTHnecKHx ajibAernAOB H3 yrjieBOAopoAOB 6eH30jibHoro 
pnAa, Kax noKa3ajiH J I . rarrepMaH h O  Kox [57], npoTenaeT jierno h 
c BbicoKHMH BbixoAaMH noA AeficTBHeM okhch yrjiepoAa h cyxoro xjio- 
pncToro BOAopoAa b npncyTCTBHH xjiopncToro ajnoMHHHH c aKTHBHpyio- 
iuhmh Ao6aBKaMH (Cu2Cl2)-. Flpouecc HAeT nepe3 npoMejKyTOHHoe o6pa- 
30B3HHe HeCTOHKOrO 4)OpMHJIXJIOpHAa:

CO +  HCl HGf 
XC1

3 thm cnocodoM yAo6HO nojiynaTb n-mnyHJioBbiH ajibAerHA h Apyrne 
apoMaTHnecKHe ajibAerHAbi.BeH3ajibAerHA CHanajia nojiynHTb He yAajiocb. 3Ta peaKUHH 6biJia BnepBbie ocymecTBJieHa A . H . Pe^opMaTCKHM [58], npHMeHHBuiHM b KanecTBe KaTajiH3aTopa dpoMHCTbifi ajnoMHHHH, pacTBopHMbift b 6eH- 
30Jie.

CneunajibHoe H3yneHHe peaKUHH cHHTe3a apoMaTHHecKHx a/ibAe- 
thaob noKa3ajio, mto Ao6aBKH Cu2Cl2 pe3KO noBbimaiOT ee cxopocTb. 
PeaKUHH oco6eHHO xopouio hact c roMOJioraMH 6eH30Jia, npnneM a/ib- 
AernAHan rpynna BCTynaeT BcerAa b napa-no/ionceHne (bwxoa ao 90%
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o t  reopeiHqecKoro). B m ccto  cmcch  AlClg c Cu,Cl2 m o>k h o  6paTb A1C13 
c  NiCl 4. A x t h b h o c t b  A1C13 noBbimaeTCH Tax^xe ot AodaBox 1— 1,5% 
T iCI 4 Mjw FeCl3.

PeaKUHH B3aHMOAeHCTBHH CO c apoMaTHqecKHMH yr.ieBOAopo^aMH 
6;iaronpHHTCTByeT noBbimeHHe AaBJieHHH. ripn 30—35° h 60 am  peax- 
UHh HAer xopouio Aa>ne c 6eH30/i0M, ripnqeM b h x o a  6eH3a.fi bAernAa aocth- 
raeT 85—90%.

B.TaroAapa npocTOTe npouecca, cHHTe3 6eH3a;ibAerHAa H3 6eH30.na 
H CO  B npHCyTCTBHH A1C13 y^a^OCb OCymeCTBHTb B npOH3BOACTBeHHOM 
MacuiTaSe [59]. JlymuHM cooTHomeHueM C 6H r>: C O  aBJiaeica 1 : 1. C  Han- 
6ojibuieH CKopocTbio npouecc H/jeT. npn 25° h bhcoxom  AaB-rieHHH C O , 
3aKaHMHB3HCb b 15 mhh. (65—67% KOHBepcHH 6eH30Jia b 6eH3ajiba,e- 
tha). He6ojibuwe npuMCCH b o a h x  A lC lg  pe3KO noBbiuiaioT BbixoAH 6eH3- 
ajibAerH^a. CoBepineHHO cyxne KOMnoHeHTbi nomn' He pearnpyxyr. 
OnTHMajibuo BjinaeT A°6aBxa l ma H 20  k 60 z A lC lg . 3 to He abjihctch 
napa^OKcaJibHbiM, Tax xax xopouio H3BecTHO, hto b peaxurni Opw^ejia—, 
Kpacfrrca xjjopncTbiH boaopoa urpaeT po;ib axTHBHoro xaTa;iH3aTopa.Ha peaxmiH rarrepMaHa ocHOBaH h hobuh npouecc nojiyqeHHH to- 
Jiyojia H3 6eH307ia: o6pa30BaBuiHHCH H3 6eH30Jia h CO 6eH3ajibAerHA boc- 
cTaHaBjiHBaioT b Tojiyoji. npnroAeH h TexHHqecxnn 6eH3o.n, ecTin boc- 
CTaHOBJieHne ajibAerHAa nponoAHTb HaA MoS2-xaTa;iH3aTopoM noA AaB- 
JieHHeM. flpH 90 am  AaB/ieHHH BOAopoAa h 300—350° 6eH3ajibAerHA 
qepe3 2 qaca npeBpaiuaeTcn Ha 65—66% b To^yoji. Becb npouecc mo>k - ho npeACTaBHTb cTieAyioiuen cxeMon:co H

C0Hf i ----- *- C6H8CHO----- ► C«H6CH34 -HaO
KoHAeHcauHeH ajiH(j)aTHqecxnx yrjieBOAopoAOB c CO b npncyAcTBHH 

AlClg mo>kho nojiyqaTb pa3 JinqHbie KeTOHbi [60]. napatfiHHbi, HaqnHaa 
c dyiaHa (CH4, C2H6 n C3HS ne pearnpyroi), b cmcch c CO HaA A1C13 
11ph 20—40° h 300 am  qepe3 cyTKH o6pa3yx)T doAbmoe xo;iHqecTBO 
MacJia cjio>KHoro cocTaBa, H3 xoToporo mo>kho BbiAe/iHTb 20—30 % xe- 
tohob. ByTaH b sthx ycTioBnax AaeT Macjio c 20% MeTHJiH3onponHJixe- 
toh3, «-neHTaH—AByxcjiOHHbin npoAyKT, H3 xoToporo BbiAeAeHbi sthji- 

/ H3onponH7ixeTOH h a-MeTHJiBajiepnaHOBaH xucTiOTa. H 3  npoAyktob 
KOHAeHcauHH «-rexcaHa yAajiocb BbiAe-fiHTb nponH^H3onponHJixeTOH 
1 1 CMecb pa3JiHqHbix >xnpHbix xapdoHOBbix khcjiot. THApoapoMaTHqe- 
cxHe h apOMaTHqecxne yrjieBOAopoAbi pearnpyiOT HHaqe, AaBan jiHuib 
cooTBeTCTByx)iuHe aTibAerHAbi.

Ha OCHOB3HHH 3thx Hcc/ieAOBaHHH dbiJi HaMeqeH o6iuhh nyTb atih 
BBeAeHHH CO-rpynnbi b opraHHqecxne coeAHHeHna (xapdoHHjiHpoBa- 
HHe). CMecb cyxHx CO-f-HCl b npncyTCTBHH axBHBaAeHTHbix xoAnqecTB 
AlClg h Cu o6pa3yeT oqeHb axTHBHbift xoMnAexc HCOC1-AlClg. no- 
cjieAHHH Jierxo BbiAejineT axTHBHyio CO atih  nojiyqeHHH ajibAernAOB, 
xeTOHOB h 4>opMHaTOB. 3Ta peaxuHH HMeeT o6uj.ee 3HaqeHne atih nojiy- 
qeHHH KHCJiopoACOAep>xamHx xoHAeHcaTOB H3 napacjjHHOB, 6eH3HHa, 
xepocHHa, Ba3e^HHa, MiiHepa^bHbix MaceJi, npoAyKTOB 6eprHHH3aunn 
n  t . A- BMecro AlClg mo>xho npHMeHHTb A lBr3, ZnCl2, BFS, HF h t . a .
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KoHAeHcauHH c C O  npoxoAHT no oqeHb cjio>KHOMy MexaHH3My: bo Bcex cJiyqanx nojiynaeTCH k oh a6h c3t , cocTaB KOToporo H3yqeH eme HeAOCTaTOMHO. YcTaHOBJieHO, HTO KOHAeHCaT 3T0T COAep>KHT 3Ha4HTejlb- HOe KOJIHqeCTBO KeTOHOB H >KHpHbIX OAHOOCHOBHbIX KapGOHOBbIX KHCJIOT PeaKUHH 3th , OAHaKO, noAJiemaT AaJiBHenmeMy nccJieAOBaHHio, Tan Kax TeopeTHqecKHx bmboaob h o6o6in,eHHH nona He HMeeica.
B o6meM BHAe peaKuna h ast  no cxeMe:

co
RCH2CH2CH3 ----- ► RCOCH(CH3)2npHMHHbi BHeApeHHH C O  HMeHHO Me>KAy 3 h 4 yrJiepoAHbiMH aTOMa- mh, KaK H npnqHHbi H30Mepn3auHH h-C 3H 7 b ?/30-C3H 7, nona He Bbinc- 

HeHbi.06pa30BaHHe khcjiot b stom npouecce mo>kho npeACTaBHTb cjieAyio- 
meft cxeMon:

co c
ch3ch2ch2ch2ch3 ------*- ch3ch2ch2chch 3 ----- *-

CHO

— -► ch 3ch2ch2chch3

COOHMcKjnoqHTejibHbiH HHTepec npeACTaBjiaioT peaKUHH conojiHMepH3a- uhh 3THAeHa c C O  b npHcyTCTBHH nepeKHCH mpem-6yTHAa npH 135° 
h 200— 1000 am [61]. B pe3yAbTaTe noJiyqaeTca CMecb noAHKeTOHOB 
(OT >KHAKHX AO KpHCTaJIJIHqeCKHX) C MOAeKyjIflpHbIM BeCOM OT 280 AO 4300. Tanne nojiHKeTOHbi cnocodHbi ko bccm peaKitHHM odbiqHbix xe- tohob. CTpoeHne hx em,e He coBceM hcho; BepoHTHO, ohh hmciot cjieAyio- myio cTpyKTypy:

----- (C2H4) x—CO—(C2H4)y—CO —(C2H4)̂ —CO------

npH BoccTaHOBAeHHH H3ACuCr-KaTajiH3aTopoM noA AaBAeHHeM nojiyqa- 
KDTCH COOTBeTCTByiOmHe nOJIHCnHpTbl 6e3 pa3pbIBa OCHOBHOH yrAepOAHOHuenH. ripn AeflcTBHH Ha noAHKeTOHbi H C N  b npHcyTCTBHH TBepAoro KCN 
nojiyqaeTcri >KeATbiH TBepAbifi nojiHMep, 3H3AH3 KOToporo noKa3biBaeT, hto 80% Kap6oHHAbHbix rpynn npeBpamaeTCH b OKCHHHTpnjibHbie. ripn OKHCAeHHH 330THOH KHCJIOTOH nOAyqaeTCH CMCCb AByXOCHOBHbIX Kap- OoHOBbix khcjiot , noKa3biBaiomaH, hto b noAHKeTOHHOH uenn KeTo-rpyn- 
nbi pacnpeAeAeHbi HeynopnAoqeHHo.3 tot HHTepecHbin npouecc no3BOjiaeT nojiyqaTb coBepuieHHO HOBbie 
coeAHHeHHa:

----- (CH2-C H 2).v—C-----

O

_ H-> ------ (CH2—CH2).V—CHOH-----

— ----- (CH2—CH2X*—C(OH) (CN)------

• — (CH2—CH2)_r—C(NOH)-----

HOOC(CH2—CH2)>,COOH
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7. CHHTe3 KapSoHOBblX KHCJIOT H HX npOH3BOAHMX

IlojiyqeHHe Kap6oHOBbix k h cjio t  h h x  ripoH3BOAHbix Ha ocHOBe C O  
HJ1H C 0 2 TeopeTHMeCKH B03M0>KH0 no CJie/tyiOIUHM OCHOBHbIM HanpaB- 
jieHHHM:

CO +  H20 HCOOH

C02+  H2 HCOOH

CO +  RX RCOX

CO +  ROH RCOOH h;i h HCOOR

CO +  ROR' RCOOR' HJIH R'COOR

C02+  RH RCOOH HJIH HCOOR

C02+  RR' RCOOR' HJIH R'COOR

H 3 3THX HanpaBJieHHH OoJIbLUHHCTBO IipaKTHMeCKH em e He OCVLUeCT- BJieHO. ripHMOH CHHTe3 MypaBbHHOH KHCJIOTbl, KaK H npHMOH CHHTe3 
({jopM ajibAerH Aa, npeACTaBJineT 6ojib iuoH  npaKTunecKHH HHTepec, ho 
B onpoc 3t o t  noKa a o  KOHua He pa3pem eH .

CHHTeTHMecKoe nojiyqeHHe MypaBbHHOH KHCJiOTbi H3 C O  a o  chx 
nop ocymecTBjTneTcn nepe3 (J)opMHaTbi:

CO +  NaOH HCOONa
ZI,JIH CHHTe33 >KHpHbIX KapfiOHOBbIX KHCJIOT MO>KHO npHMeHHTb 

peaKHHIO B3aHMOAeHCTBHH C O  C pa3JIHMHbIMH CnHpT3MH. B 33BHCHMO- 
cth  o t  v c jio b h h  npouecca B03M0>KHbi A sa  HanpaBJieHHH peaKUHH:

ROH
RCOOH

HCOOR

(а)

(б)B nepBOM cjiynae (a) o6pa3yioTCH OAHOOcHOBHbie KapSoHOBbie khc- 
JlOTbl, BO BTOpOM (6) — H30MepHbie HM ajIKHJItJlOpMHaTbl, T. e. CJlOJKHbie 
3(})Hpbi. PeaKUHH (a) no TeopHii npoMOKyTOHHoro o6pa30BaHHH khcjiot 
HBJIHeTCH OCHOBHOH B CHHTC3e CHHTOJia (CTp. 708).

riepBbie nonbiTKH CHHTe3a yKcycHOH khcjiotm H3 C H 3O H  h CO  OKa- 
3aJiHCb HeyAanHbiMH, ho TepMOAHHaMimecKHe pacneTbi, npoBeAeHHbie 
He33BHCHMO APyT OT Apyra E . A . IIlHJlOBblM [62] H H . XpHCTHaHCe- hom [63], n oK a3ajin , hto 3Ta peaKUHH BnoJiHe ocym ecTBHM a h noAHHHneT- 
CH TeM >Ke 3 3 KOHOMepHOCTHM, MTO H CHHTC3 aMMH3Ka HJ1H MeTaHOJia—c noBbiuieHHeM AaBjieHHH h CHHHteHHeM TeMnepaTypbi 3HaueHHH koh- 
daHTbi paBHOBecHH pacTyT.OTOMy npoueccy, KOTopbiii npeACTaBJineT HHTepec KaK hobuh  hctoh- hhk nojiynemiH yKcycHOH kh cjiotu , 6bijio yAejieHO 3HanHTejibHoe bhh- Mamie. B JiiiTepaType hmciotch yKa3amiH Ha caMbie pa3HOodpa3Hbie Ka- TajiH3aTopbi, KOTopbie mo>kho pa36HTb Ha ABe rpynnbi: 1) ocHOBHbie Ka- TaJin33T0pbi, 2) KHCJibie Karaji H3aTopbi. PlepBbie BeAyT jiHuib k o6pa30-
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BaHHK) MeTHJi4>opMHaTa h , cjieAOBaTejibHO, He npeACTaBJiaiOT HHTepeca. 
Kncjibie KaTajiH3aTopw 6ojiee npnroAHbi. K hhm othochtch cHJiHKOBo.ib- 
4>paMOBaH, cHJiHKOMOJiHŜ eHOBaa, c[)oa|)opHbie h Apyrne aHajiorHMHbie 
KHCJlOTbl C pa3JIHHHbIMH 3KTHBHpyK)mHMH AC>6aBKaMH.

A. CHHr h H. Kpeft3 [64] npoBOAHjm npouecc n a n  K3TajiH3aTopoM 113 aKTHBHpoBaHHoro yrjia , nponHTaHHoro opTocJioaJiopHOH khcjiotoh , ko- Topaa npn 350—400° npeBpamaeica b MeTacjjoaJiopHyio. Ohh ycT3HOBH- JIH, UTO npH OnTHMaJIbHbIX yCJIOBHBX—odteMHaa CKOpOCTb OKOJIO
30 000, TeMnepaTypa 300—500°, AaBJieHHe 200— 300 a m  — H3 MeTaHOJia h CO o6pa3yeTca KOH^eHcaT, coAepacaiuHii ao 20% CH3COOH. CnopocTb 
peaKUHH pacTeT ao 475° nocjie aero K3TajiH3aTop 6bicrpo Ae3aKTHBH- 
pyeTca. npouecc conpoBoacAaeTcn caeAyioiuHMH no6oiiHbiMH peaKUHHMii;

2CH3OH CH3OCH3 +  h20co
CHgOH — ->■ HCOOCH3co
CH3O H ----- »C H t +  C02

CHgCOOH----- ► CH4 +  C02

KoH^eHcauHa MeTaHOJia c CO MoaceT npoTexaTb oaeHb rjiySowo. 
Tan nan npn stom o6pa3yeTca okojio 25% Macjioo6pa3Horo npoAyKTa 
c t . KHn. Bbirne 300°.E cjih cMecb CHgOH h CO unpKyjiHpyeT npn 300° h 200 am  Ha# 
(J)oc(})opHOH khcjiotoh c 2% (J)oc(|)aTa Me^H,to MCTaHOJi Ha 50% npeBpa- 
maeTca b yKcycHyio KHCJiOTy h MeTHjiaueTaT. JIioSonbiTHO OTMeTHTb, mto b MHCJie npoAyKTOB peaKUHH HaflueH reKcaMeTHJi6eH30Ji.

YKcycHaa KHCJiOTa H3 MeTaHOJia h okhch yrjiepoAa nojiyaaeTca TaK- 
ace npn nponycKaHHH cMecn hx Ha a  K3TajiH3aTopoM H3 MeTa4)occ[)aTa 
xpoMa npn 100—200 a m  h 200—250° [65]. 3a nponycK o6pa3yeTca koh- 
A6HcaT, coAepacaiuHH 13% CH3COOH.

OAHOBpeMeHHO nojiyaaiOTca MeTHjiaueTaT h MemjKjiopMHaT. CoAep- 
JKaHne yKcycHofl khcjiotm  b KOHACHcaTe 3HauHTejibHO noBbiuiaeTca 
npu UHpuyjiauHH peareuroB.

Bo3MOHCHOCTb CHHT633 yKCyCHOH KHCJIOTM H3 MeTaHOJia H OKHCH 
yrjiepoAa aBHJiacb CTHMyjioM ajih nojiyaeHHa sthm ace mctoaom tomojio- 
tob yKcycHOH khcjiotm [66]. IlpoBeAeHHbie padOTbi noKa3aAH, OAHaKo. 
a to ajih cnnpTOB, HaaHHaa c STaHOjia, npouecc hact no aP>thm HanpaB- 
jieHHaM. HaA 87% H 3P 0 4 c 2% Cu npH 250—400° h 200 am
STaHOJi c BOAaHbiM ra30M o6pa3yeT nojiHMepHbie ojiet[)HHbi, boav, 
HeMHoro nponHOHOBOH khcjiotm h ee acjaipa (3—7%). KoHAeHcauwa b 
Tex ace ycjiOBHux HopMajibHoro h H3onponHJiOBoro cnnpTOB npHBOAHT 
K Odpa30BaHHIO 35% KHCJIpT, TJiaBHblM o6pa30M H30M3CJIHHOH. IlpH KOH- 
AeHcauHH dyTHJiOBbix cnnpTOB HopMajibHoro h H30CTpoeHHH nojiyaaioTCii 
TpHMeTHJiyKcycHan h MeTHjisTHjiyKcycHan khcjiotm BMecTe c bmcuihmh 
KHCJI0T3MH. 3 tH HeoaCHAaHHbie pe3yJlbTaTM o6bHCHHIOT TeM, MTO CnHpTbl 
pearnpyiOT C okhcmo yrjiepoAa He cpa3y, a npeABapHTejibHO pa3Jiaraacb
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Ha boay h ojie(J)HHbi; nocjie^HHe ace, corjiacHO peaKnnaM 0KC0CHHTe3a„ 
npncoeAHHHiOT OKHCb yrAepoAa h BOAy no MecTy abohhoh cbh3H.

ZIjih nponnjioBbix cnnpTOB peaKuna HjjeT no cxeMe
h2o co+h2o

ch3ch2ch2o h -----► ch3ch= ch2 ---------► ch3chch3
I
COOHa AAa 6yTHjiOBbix cnnpTOB no cxeMaM:

- h 2o  c o + h 2o
ch3ch2ch2ch2o h ----- ► ch3ch2ch= ch2 ---------► ch3ch2chch3

I
COOH

- h 2o  c o + h 2o
(CHs)2CHCH*OH-----► (CH3)2C=CH2 ---------► (CH3)2CCH3

I
COOH

—h 2o  c o+ h 2o
CHjCHjCHOHCH,----- ► CH3CH=CHCH3 ---------► CH3CHCH2CH2

COOH
KoHAeHcanna cnnpTOB c OKncbio yrjiepoAa b meAOHHOH cpe^e hah 

B npHCVTCTBHH meAOMHbIX KaT3AH3aTOpOB Bcerfla npHBOAHT K o6pa30- 
BaHHto jiHinb cooTBeTCTByroiunx 4)0PMHaT0B:

co
ROH----- ► HCOOR

Bwao noKa3aHO, hto Tanaa KOHAeHcauna Aerno ripoxoAHT b npncyT- 
ctbhh He6oAbLUHX KOAHnecTB HaTpHH, Tan Kan o6pa3yiomHeca HaTpne- 
Bbie npoH3BOAHbie AeficTByroT KaTaAHTHnecKH. A. [HreAep noAb30BaAca 
CAeAyfomen cxeMOH [67]:

RONa Roc/ 0
x Na

ROC<f° — ° ^  ROc/° +  RONa 
XNa XH

OAHaao 3Ta cxeMa m3ao Bepoama. Cnopee mo>kho AonycTHTb, mto 
peaKuna noA AencTBHeM He6oAbmnx KOAHqecTB boah, BcerAa HMeromefi- 
ca b cHCTeMe, hact no ofimeMy HanpaBAeHHio:

c o + h 2o
RONa---------► HCOOR +  NaOH

HacTb aAKoroAaTa npn stom npeBpamaeTca b N aO H , nepexoAwnyio 
33T6M B 3AKHA(J)OpMHaT:

h 2o
RONa----- ► ROH +  NaOH

CO
NaOH----- ► HCOONa

ROH
HCOONa HCOOR +  NaOH h t. a.
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B ashhom cjiyuae K3TajiH3aTopoM HBJiaeTCH CBo6oAHaa ui,ejioHb. 
BblXOAH aJIKHJI(j)OpMHaTOB HeBeJIHKH, HO CHJIbHO nOBbHUaiOTCH npw
bhcokhx âBjieHHHx (100—300 am), AocniraH 80—90%.

3Ta peaKUHH HMeeT, BeponTHO, 6ojiee o6mee 3HaueHHe. Kohach- 
cauneH cnHpTOB, (JieHOJioB, khcjiot hjih bmuhob c OKHCbio yrjiepoAa 
noA AaBJieHHeM npa TeMnepaType 150—200° b npucyTCTBHH sthjioboto 
cnHpTa h ajiKorojiHTa HaTpna nojiyuaiOT cooTBeTCTByiomHe acjmpbi hjih 
TpeTHHHbie aMHHbi [68]. CxeMy npouecca mohcho npeAeraBHTb cjieayio- 
iuhm o6pa30M: cHauajia cnnpT KOHAeHCHpyeTca c OKHCbio yrjiepoAa b 
3THJI(|)0pMHaT (I); OflHOBpeMeHHO CIlHpT, 4>eHOJI, KHCJI0T3 HJIH BTOpHH- 
HblH 3MHH, B3aHMOAeftCTByH C 3THJI3TOM H3TpHH, 06pa3yi0T HaTpHeBbie 
npoH3BOflHbie (II), KOTopbie 3aTeM npeBpaiuaiOTca c 3THJi(f)0pMHaT0M b 
KOHeHHbie npoflyKTbi (III):

co
c2h8o h -----► HCOOCaH5

(I)

ROH RONa
c8h5oh C2HBONa CfiHfiONa
RCOOH RCOONa
r2nh R2NNa

(II)

RONa ROC2H6
C6H6ONa HCOOC2H5 c*hroc2hb

RCOONa RCOOC2Hb

R2NNa r2nc2h8

+  c,hboh

+  HCOONa

(III)

FIpHHHHa ctoJib pa3JiHHHoro noBeAeHHH CHCTeMbi ROH-fCO b 3a- 
BHCHMOCTH OT peaKUHH CpeAbI HJIH KaTaJIH3aTOpa OCTaeTCH HeHCHOH. 
ZI.JIH o6'bHCHeHHH ee 6hji npeAJio>KeH hohhmh MexaHH3M [65], no koto- 
poMy, HanpHMep, MeTaHOJi MOJKeT 6biTb noABeprHyT AByM THnaM ho- 
HH33UHH:

CHgOH
^ = * 1  CH3+ •■•■OH- 

CH30“ •

(а)

(б)

KaJKAOMy H3 3thx THnoB cooTBeTCTByiOT] onpeAeJieHHbie rpynnbi 
peaKUHH, HanpHMep:

CH3OH +  HBr CH+ +  OH" +  H+ +Br" -► CHsBr +  H20 (a)

CH3OH +  Na CH30" +  H+ +  Na -► CH3ONa +  H+ (6)

Kucjibie areHTbi HOHH3HpyioT MeTaHOJi Ha CH* h OH- , ochobhuc 
Ha CH30-  h H+ OTCioua noHHTHO H36HpaTejibHoe AeficTBue khcjimx
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H OCHOBHbIX KaT3JIH3aTOpOB npH K0HA6HC3II.HH MCTaHOJia C OKHCblO yrjie-
pofla:

C H 3OH
ch 3+ + o h -

OH_-KaTajiH3aTop CO
-----------------► CH30 +  H+----- *-

C H 3COOH

C H 3OCH O

Ziê HUHTHOCTb yKCyCHOH KHCJIOTH HBHJiaCb CTHMyjIOM RJ1SI nonbiTCK 
nojiyqeHHH ee c noMombio okhch h AByoKHCH yrjiepoAa, a T3K>Ke pa3- 
jihmhhmh ApyrHMH KaTajiHTHqecKHMH cnocodaMH. CorjiacHO jiHTepaTyp- 
hhm âHHbiM, 6 wjih npeAJio>KeHbi cjie^yiomHe cnoco6bi:

1. CHHTe3 yKcycHoro aHrHApHAa hjih yKcycHOH khcjioth H3 aueio 
Ha h AByoKHCH yrjiepofla:

CH 3CO CH 3 +  C 0 2 - ►  (CH3C0)20

CH 3CO CH 3 -f- C 0 2 +  H 20  2 CH 3COOH

2. CHHTe3 MeTHJiaueTaTa hjih yncycHOH khcjioth H3 AHMeTHjiOBoru 
3(J)Hpa h okhch yrjiepoAa:

CH3OCH3 +  CO CH3COOCH3

CH3OCH3 +  CO +  H2o 2 CH3COOH

3. Chhtc3 yncycHOH khcjioth H3 MeTaHa h AByoKHCH yrjiepoAa:
C H 4 +  c o 2 —  CH 3COOH

4. Chhtc3 yKcycHOH khcjioth H3 xjiopHCToro MeTHjia h okhch yrjie- 
poAa Mepe3 aueTHjixjiopHA:

CH 3CI +  CO  —►  CH 3COCI

5. ripaMOH CHHTe3 yKcycHOH khcjioth H3 boahhoto ra3a qepe3 
KeTeH:

2CO +  2 H 2 - ►  CH 2= C = 0  +  H20

CH 2= C = 0  +  H20  - ►  CH 3COOH

IlpeAejibHbie h HenpeAejibHbie khcjioth mo>kho nojiyqaTb TaiOKe koh- 
AeHcauneH okhch hjih AsyoKHCH yrjiepoAa c ojietJiHHaMH b npHcyTCTBHH 
P33JIH4HHX KaTaJIH33T0p0B H BOAH (0KC0CHHTC3, CTp. 728). TaK, Ha- 
npHMep, CMecb ojie(J)HHa, okhch yrjiepoAa h boah nponycKaiOT npH 
300—500° h 500—800 am HaA K3TajiH3aTopaMH H3 4>oc<J)opHOKHCJioro 
6opa, xjiopHCToro 3MMOhhji h (JioccJiopHO-BaHaAHeBOH khcjioth, npn- 
qeM npoTenaeT peaKUHH:

r c h = c h 2 +  CO  +  h 2o  RCH 2CH 2COOH

CHHTC3 MO>KHO BeCTH, HCXOAH H3 XJIOpaJIKHJIOB, C npOMeJKyTOHHblM
o6pa30BaHHeM xjiopaHrnApHAOB khcjiot:

c 2h 5c i  +  c o  -* •  c 2h 5c o c i

C oHjCOCI -t- H20  -*■  C 2H6COOH +  HC1

47 b H- AoTiroB
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XIjih 3thx peaKUHH b KauecTBe KaTajiH3aTopa npuroAeH aKTHBHpo- 
B3HHHH yrojlb. FIpHMeHHH BMeCTO BOAbI pa3JIHMHbie CnHpTbl, MO>KHO 
nojiyqaTb cjio>KHbie s^npbi:

RCH=CH2 +  CO +  R'OH -*► RCH2CH2COOR'

Oco6hh HHTepec npeAeraBjineT CHHTe3 aKpmioBoft khcjioth, hbjihio- 
unencH ochoboh pa3JiHMHbix BbicoKOMOJieKyjiapHbix coê HHeHHH. Hapbi 
STHjioBoro cnnpTa c AoSaBKOH C02 CHaqajia AerHApaTHpyiOT HaA A120 3, 
a 3aTeM k nojiyneHHOH CMecn 3THJieHa c C02 AoOaBJiJiiOT HeOojibniHe 
KOJiHMecTBa S02 hjih N02 h nponycnaiOT ee iioa bhcokhm AaBjieHneM 
Hepe3 KaTajiH3aTopbi H3 khcjihx cojieft hjih okhcjiob. B pe3yjibTaTe 
noJiynaeTCH aKpHjioBaa KHCJioTa:

CH2=CH2 +  co2 -► ch2= ciicooh

O nojiyMeHHH aKpnjioBOH khcjioth h3 auerajieHa cm. CTp. 730.
PeaKUHH B3aHMOAeHCTBHH okhch yrjiepoAa c ojie^HHaMH, cnnpTaMH 

H 3(J)HpaMH MOHCHO npOBOAHTb nOA AaBJieHHeM B npHCyTCTBHH BFg KaK 
KaTajiH3aTopa (b BHAe ero THApaTHbix (JiopM hjih cceAHHeHHH c MHHe- 
pajibHbiMH KHCjiOTaMH). PeaKUHH 9TH oueHb nepcneKTHBHbi a îh nojiyneHHH 
HH3UIHX KapdOHOBblX KHCJIOT—yKCyCHOH H npOnHOHOBOH. KoMriJieKC- 
Hbie coeAHHeHHH BF3 c MHHepajibHbiMH KHCjiOTaMH nojiyuaiOT Hacbiiue- 
HHeM Fi3P04 (|)TOpHCTbIM 6opOM AO 06pa30BaHHH BH3KOH JKHAKOCTH HJIH 
nponycKaHHeM ero nepe3 KOHueHTpHpoBaHHyio H2S04 c nocjieAyioiuHM 
nponHTHBaHHeM nopncTbix MaTepnajioB (KH3ejibryp, neM3a, yrojib). 
OAHOaTOMHbie cnHpTbi npeBpaiuaiOTCH npn 150^400° h 100—900 am
B COOTBeTCTByiOIUHe KHCJIOTH:

RCH2OH +  CO —► RCH2COOHMHoroaTOMHbie cnHpTbi npeBpamaiOTCH b MHoroocHOBHbie khcjioth :
c h 2o h  c h 2c o o h

1 I
CHOH +  3CO CHCOOH
I I

c h 2o h  c h 2c o o h

F Ip o c T b ie  scJiHpH c O K H Cbio y r j i e p o A a  o 6 p a 3 y io T  b npncyTCTBHH boah k h cjio th :
ROR 4- 2CO +  H20  2RCOOH

B. Penne [69] Harneji, uto cnupTbi c OKHCbio yrAepoAa b npn- 
CyTCTBHH Kap60HHJI06pa3yiOIUHX MeTaJIJIOB AaiOT C XOpOUIHMH Bbl- 
XOA3MH COOTBeTCTByiOIUHe KHCJIOTH HOpMaJlbHOrO H H30CTpoeHHH. JlyH- 
UIHMH K3TajIH3aTOpaMH HBJIHIOTCH Ni C CuJ2 H J2 HJIH Ni(CO)4 C N1J 2. 
CKOpOCTb 06pa30BaHHH KHCJIOT H3 CnHpTOB 66jIbUiaH, MeM npH CHHTe3e 
yKcycHoft khcjioth  H3 MeTaHOJia h okhch yrjiepoAa. M cthjiobhh h sth- 
jioBbift cnHpTbi o6pa3yioT Jinuib yKcycHyio h nponHOHOByio khcjioth , 
6ojiee BbicoKOMOJieKyjiHpHbie cnHpTbi—khcjioth  HopMajibHoro h H30- 
CTpoeHHH:

r c h 2o h  +  CO r c h 2c o o h
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AHajiorHMHO AByxaTOMHbie crmpTbi npeBpamaioTca b AByxocHOBHbie 
KHCJiOTbi. Tax, HanpnMep, 6yTaHAHOJi-l,4 c OKHCbio yrjiepoAa o6pa3yeT 
cMecb aAHnHHOBofi h MeTH/irjiyTapoBOH khcjiot:

c h 2c o o h
c h 2c h 2o h  CH 2CH 2CO O H  I
I - f  2CO —►  | +  C H CH 3

c h 2c h 2o h  c h „c h 2c o o h  I
c h 2c o o h

IlpocTbie 3(j)Hpbi c OKHCbio yrjiepoAa b yKa3aHHbix ycjiOBHHx o6pa- 
3yiOT B npHCyTCTBHH BOAbI CJIO>KHbie 3(J)HpbI KapSOHOBblX KHCJIOT. TaK, 
AHMeTHJioBbift 3(|)Hp c OKHCbio yrjiepoAa h boaoh npeBpamaeTca b \ieTHji- 
aueTaT:

C H 3O CH 3 +  CO C H 3CO O CH 3

3th npoueccw npoBOAHTca npH 250—350° h 250—300 a m  (hcxoa- noe AaBJieHHe 100 a m ).
B. Penne cHHTaeT, mto peaKu,HHM KOHAGHcauHH npeAmecTByeT npe- 

BpameHHe cnnpTa b hoaha, KOTopbifi AaJiee pearnpyeT c boaoh h 
OKHCbio yrjiepoAa:

r c h 2o h  +  H J - ►  r c h 2j  +  h 2o  
r c h 2j  +  CO +  h 2o  - ►  RCH 2COOH +  H J

Hoahctwh boaopoa nojiynaeTCH npn o6pa30BaHHH Ni(CO)4 no cxeMe: 

N iJ2 +  H 20  +  5CO —  N i(CO)4 +  C 0 2 +  2HJ

06pa30BaHHe KHCJIOT H30CTp0CHHfl npOHCXOAHT, BepOHTHO, BCJieA- 
CTBHe neperpynnupoBOK nepBHHHbi.x hoahaob bo BTopHMHbie hjih Tpe- 
THHHbie.

III. CHHTE3 A30T- H CEPOCO/lEPJKAmHX COEAHHEHHH 

1 . Chhtc3 a30TCOAep>KamHx cocahhchhA

H3 peaKHHH nojiyqeHHH a30TCOAep>KamHX cocahhchhh c noMombio 
CO HaHSoJlblHHH HHTepeC npeACTaBJlHIOT CHHTC3 CHHHJIbHOH khcjiot tw

CO  +  NH 3 - ►  HCN +  H20

II CHHTG3 C})OpMaMHAa:
CO  f  n h 3 -> - h c o n h 2

HanpaBJieHHe peaKHHH nojiHOCTbio onpeAeAneTCH npHpoAofi KaTa- 
AH33TopoB h ycjioBHHMH npouecca.

Chhtc3 (JiopMaMHAa 170J mo>kct 6biTb ocymecTBjieH nyTeM nponycKa- 
hhh cmcch NH3-fCO-rH2On:ip HaA KycKaMH neM3bi npn 180° TaKHM 
o6pa30M nojiynaeTCH CMecb (jiopMHaTa 3mmohhh h (^opMaMHAa:

h2o
CO  -H NH 3 ------- *- H G O N H ,------- ►  H COONH ,

47*
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npH  nponycKaHHH sth x  npoAyKTOB HaA neM3ofi o6pa3yeTca c h h h ai>~ 
Han KHCJiOTa:

HCONH2 HCN +  H20  
H COONH 4 —> HCN +  2H20

CnHTe3 (|)opMaMHAa H3 CO h NHg noA AaBAeHHeM npoBOAHT b npn- 
cyTCTBHH KaTaAH33TopoB, CHH>Kaiom,Hx TeMnepaiypy npouecca, Tax 
Kax (|)opMaMHA npH 200° yoxe nojmocTbio pa3AaraeTca Ha ncxoAHbie kom- 
nOHeHjbl. TaKHMH KaTaAH33TOpaMH HBAHIOTCH OKHCAbI >KeAe3a, KaAb- 
U.HH, MeAH, aAIOMHHHH, KyCKH TAHHbl HAH OiaMOTa H T. A-

C>opMaMHA oneHb ueHeH bo MHornx OTHomeHHax. Kax y>xe yxa3bi- 
BaAOCb, OH HBAAeTCH npOMe>KyTOHHbIM npOAyKTOM npH nOAyneHHH CH- 
IIHJlbHOH H MypaBbHHOH KHCAOT:

h c o n h 4

hconh 2 -h2o
HCN

HCOOH

niApOJIH3 |

OopMaMHA npeACTaBAaeT co6oh 6ecuBeTHyio rarpocKonHAecxyio 
>KHAK0CTb 6e3 3anaxa h aBAae-rca npeBoexoAHbiM pacTBopHTeAeM. Hh3- 
xan TeMnepaTypa nAaBAeHHa no3BOAaeT npHMeHHTb ero ajih KpHoexo- 
nHnecKHX onpeAeAeHHH MOAexyAapHoro Beca. B Hacroamee BpeMa 
(|)OpMaMHA HaxoAHT TaKHte TexHHHecKoe npHMeHeHHe, HanpHMep aah 
noAyHeHHH ycKopHTeAefi noAHMepH3auHH KayqyxoB.

H3 Apyrnx peaxuHH noAyqeHHa a30TC0AepjKamHx coeAHHeHHH c 
noMombio CO He H3yqeH3 peaxuHa o6pa30BaHHa roMOAoroB (JjopMaMHAa:

co
R N H 2 ------- ►  R CO N H ,

Pa3HOo6pa3He xaTaAHTHqecKHx peaxuHH c npHMeHeHneM CO mojkho 
HAAiocTpHpoBaTb cAeAyiomHMH npHMepaMH. MarHHftopraHHqecKHe co- 
eAHHeHHa HaqHHaioT ObicTpo aOcopfinpoBaTb CO, ecAH k rpHHbapoBcxo- 
My peareHTy AoOaBHTb KOAAOHAHbie pacTBopbi Kap6oHHAo6pa3yiomHx 
3AeMeHTOB (Fe, Co, Ni h AP-) hah CrCl3. B stom CAyqae H3 MarHHfi6poM- 
4>eHHAa h CO noAyqaeTca 33% 6eH3nHHaKOHa, 14% AH êHHAa, 10% 
AH<j)eHHAaHeTO(|)eHOHa, 2% TpH(J)eHHAKap6HHOAa h Apyrne npoAyKTbi 
[8 ]. Kc»HAeHcau,HeH CO c apHAaMHHaMH HaMeqeH hobhh nyTb ajih chh- 
Te3a TpncjjeHHAMeTaHOBbix xpacHTeAefl. FIpH KOHAeHcaiiHH AHMemn- 
aHHAHHa cCO B XA0p6eH30AbH0M paCTBOpe B npHCyTCTBHH AlClg, CuCl2 
hah FeClg (20°, 250—300 am) noAyqaeTca ao 80% AeftKOocHOBaHna 
KpHCTaAAHqecKoro <})HOAeTOBoro:

1 / C 6H 4N (CH3)2CO /
3C6H 5N (CH3)2 — ►  H O - C —C ,H 4N (CH3)2 +  h 2

^ C a ^ N  (CH3V,
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2. CnHTe3 cepoco,nep>KamHx coeAHHeHHfi

Pa3JiHHHbie KaTajiHTHqecKne peaKUHH ojie(j)HHOB 6bu w  onHcaHbi b 
cooTBeTCTByiomi-ix rviaBax. Hn>Ke paccMaTpHBaiOTCH peaKUHH npnco- 
eAHHeHHH cepoBOAOpoaa k ojie^HHaM 
iioa AeftcTBHeM pa3Hbix KaTaJiH3a- 
TOpOB [71].

HH3uiHe ojiecjiHHbi c H2S (2,5—
5%) b npHcyTCTBHH cepbi o6pa3yiOT 
npH HarpeBaHHH h noA AaBJieHHeM 
MepKaniaHbi. riocaeAHHe npn B3an- 
MOAeflcTBHH c ojie<|)HHaMH npeBpa- 
maiOTCfl B CyJIb̂ Ĥ bl. BbIXOAbI OT- 
AejibHbix KOMnoHeHTOB npHBeAeHbi
b Ta6ji. 93.

KoHKypHpyiomHe peaKUHH o6pa30BaHHa MepaanTaHOB n cy-zib̂ HAOB
mo>kho npeacTaBHTb cjieayiomeH cxeMofi:

„  11>S R\RCH=CHj — >CHSH
ch 3

R\ Rx  / R
>CHSH 4- RCH=CH > — —► >CHSCH

C H / CH» ^CHCy/ib(|)HAbi ocoSeuHO .ierKO o6pa3yioTCH H3 hh3uihx ojiecjniHOB. 
«HeHopMajibHbifl» nopaAOK npHcoeAHHeHHH H2S k o.iie(f)HHaM HMeeT

O
Mecro npn odJiyueHHH CMecu hx cbctom c /. =2800 A npn KOMHaTHofi TeM- 
nepaType. Upouecc HAer, BepoHTHO, no uenHOH peaKUHH [71]:

/lv , ,
I I,S ----- *• H +  HS

H +C H ,=C H R ----- *■ CH3CHR

Cl I.,('hr +  HsS - —  CH3CH2R +  HS

1*1+1 US ----- *- II.. +  HS

Cl I,, CHR -r H S ----- *- HSCH2CHR

1 1SCII .CUR +  H .S ----- - HSC11,CH2R +  I IS

Bee am peaKUHH 3Ha4HrejibHO ofijierqaiOTCH i<aTajiH3aiopaMH, 
KOTOpbIMH HBJI5UOTCH XJlOp- H (|)TOpnpOH3BOAHbie: HF, BF3, A1C13,
ZnCl2, PF5, SbCl5. TiC l4 h a p -PeaKUHH npucoeAHHeHHH H2S k 0Jie4)HHaM Ayuuie Bcero npoBOAHTb npH —30° b aBTOK.aaBax. B sthx vc.hubhhx Jierue pearHpyiOT BbicuiHe

TABJIHUA 93

Ojie<l)HHbi MepKama-
Hbl, °o

Cvjlb4>HflbI
%

3mieH 11 80
nponHJieH / 90
H3o5yTHJieH 23 6
Okthjich 9 35
II,nK.ioreKceH 7 5
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ojie<J)HHbi. Tan, HanpHMep, TpHH3o6yTHJieH npn 18° b npHcyTCTBHH HF 
c 6e3BÔ HbiM H2S odpa3yer mpm-dymnMepKanTaH h m pem -ROReu.nji- 
MepKanTaH, npHMeHneMbie Kan MOAH(|)HKaTopbi npn H3roTOBJieHHH 
ajiacTOMepoB.

FIpeKpacHbiMH KaTajiH33TopaMH A-an npHcoê HHeHHH H2S k ojie(J)H- 
HaM hbahiotch NiS Ha cHJiHKare.ae h H 3P 0 4 Ha ApesecHOM yrjie npH 
280—300°:

c h 3c h = c h 2

CaM cHJiHKarejib npeBpamaeT CMecn amneHa, nponnjieHa, dyTH- 
jieHa h aMHJieHOB c H2S npn 650—725c b cooTBeTCTByiomHe MepxanTa- 
Hbi. PeaKUHH npoTeKaiOT oneHb cjio>kho. conpoBOJKAancb KpeKHHroM 
h nepepacnpe^ejieHHeM BOAopoAa.

AHajiorHMHO npHCoeAHHHioTCH k o-iecJjHHaM h MepKanTaHbi, odpa3ya 
AHcyjib(J)HAbi:

R C H = C H 2 +  R 'SH  - ►  RCH 2C H 2SR '

HanpHMep, odAyneHHe cMecH |3-xjiopMeTHJiMepKanTaHa c xjiopn- 
CTblM BHHHJIOM (1 : 1) K0JlHH6CTBeHH0 AaeT HnpHT:

C1CH2C H 2SH  +  C H 2=CHC1 C1CH2C H 2SC H 2C H 2C1

npoTeKaHHio peaKUHH npoTHB npaBHJia MapKOBHHKOBa, Kan h b 
Apyrnx cjiynanx, djiaronpHHTCTByiOT nepeKHCH. H. H. Ha3apoB c co- 
TpyAHHKaMH [72] HarnjiH, hto npHcoeAHHeHHio MepKanTaHOB k ojiejfw- 
HaM cnocodcTByeT cejieH. CoeAHHeHHH, nojiynaeMbie b pe3yjibTaTe npn- 
coeAHHeHHH H2S hjih MepKanTaHOB k 0Jie(J)HHaM, npHMeHHiOTCH KaK 
ycKopHTejin ByjiKaHH3anHH KaynyKa, (JviOTOpeareHTbi, omhcthtcah 
HetflTH H T. A-

B. HEKOTOPblE nyTH XMMHHECKOrO HCn0Jlb30BAHHfl
AU.ETHJIEHA

BbicoKan peaKUHOHHan cnocodHOCTb aueTHAeHa, no3BOAHK>m,aH no- 
AynaTb c ero noMombio pa3HOodpa3Hbie XHMHHecKne coeAHHeHHH, dbina 
OTMeneHa ywe oneHb asbho.

X hmhh aueTHAeHa bo3hhka3 b Pocchh djiaroAapn padoTaM 
M. T KynepoBa, A. E . OaBopcKoro, >K. H. Hounna, A. E. MHHHda- 
dHHa, H. J3,. 3eAHHCKoro, K). C. 3ajibKHHAa h AP- BoAbuioft HHTepec 
npeACTaBJiaioT padoTbi, npoBeAeHHbie b stom HanpaBAeHHH b nocAeAHee 
BpeMH B CCCP H. H. Ha3apOBbIM, M. O. IIIOCTaKOBCKHM h AP , 3a 
pyde>KOM—HbiOASHACOM, B. Kapo3epcoM, B. Penne h AP-

B COBpeMeHHOH npOMblUIAeHHOCTH aUeTHAeH HBJlHeTCH OAHHM H3 
BawHeHHiHX hctohhhkob aah noAyneHHH MHoroHHCAeHHbix opraHHqe- 
CKHX coeAHHeHHH pa3AHHHbIX KJI3CC0B, dOAbUIHHCTBO KOTOpbIX eilje He-

c h 3c h 2c h , s h

c h 3 

c h 3
N c HSH



n y T H  XHMHHECKOrO H C nO Jlb30B A H H fl AUETHJIEHA 743AaBHO 6buio hjih oneHb Tpy^HO /jocTyrmo, hjih Aa>Ke coBepmeHHO HeH3- 
BecTHO. npoAyKUHH aueTHjieHa cocTaBJineT cothh tmchm tohh e>ueroAHO.

B TepMaHHH Ha 6a3e aueTHjieHa b roAbi BOHHbi nojiynajiH Becb chh- TeTHHeCKHH KayqyK, BHHHJIHTbl, XJIOpopaCTBOpHTeJIH, STHJieH H npoayK- Tbi ero nepepaSoTKH, aueTajibAerHA h ero npoH3BOAHbie h t . a- [73].
riepBbiM CHHTe30M Ha 6a3e aueTHjieHa, HMeiomHM 6ojibuioe TexHHHe- 

cKoe 3HaMeHHe, 6biJia peaKunn KyuepoBa [74], jioKaiuan b ocho- 
Be no^yqeHHH yucycHOH KHCJiOTbi H3 aueTHjieHa. 3Ta peauuHH OKa3a- 
jiacb HCKJHOMHTejibHO nepcneKTHBHOH; ee ^ajibHefliHHM pa3BHTHeM hbh- 
jiHCb TaKHe npoueccbi, nan cHHTe3bi BHHHJiaueTaTa h 3THJiHAeHaueTaTa, 
UHBHHHJia, «-6yTaHOJia, bhhhjihtobmx njiacTHKOB, xjioponpeHa H T. A-

B Hanajie XX b . A. E. OaBopcKHH OTKpbiJi cnoco6 CHHTe3a aueTH- JieHHJIOBblX CnHpTOB H3 aueTHjieHa H KeTOHOB B npHCyTCTBHH nopouiKO- 
o6pa3Horo eAKoro KajiH [75]. Cnoco6 stot 6ojiee npocT h SKOHOMHneH, 
MeM H3BecTHbie cHHTe3bi )K. H. Hounna [76] nepe3 MarHHftopraHHHe- 
cKHe coeAHHeHHH. flpouecc hact no cjieAyioiueft cxeMe:

Ha atom npHHunne ocHOBaH MeTOA CHHTe3a H3onpeHa H3 aueTHjieHa 
no A. E. OaBopcKOMy:

AaJibHeHiueH pa3pa6oTKOH stoto MeTOAa hbhjich cHHTe3 BHHHJioBbix 
3C])HpOB, OTKpbITblH A. E. OaBOpCKHM H M. O. IUoCTaKOBCKHM [77], 

iljiH nojiyueHHH bhhhjiobmx 3({)HpoB cnnpTbi KOHAeHCHpyiOT c aueTH- 
jieHOM b CMecH c a30T0M (1 : 3) npn 20 a m  h 150— 180° b npncyTCTBHH 
5% TBepuoH mejiouH (KOH). TaKHM nyTeM CHHTe3HpoBaHbi BHHHJioBbie 
3<|)Hpbi c mhcjiom yrjiepoAHbix aTOMOB ao 18 no odmeft cxeM e:

BbicoKOM OJieKyAnpHbie cnnpTbi ajih sthx chhtc30b nojiynaiOT boc- CTaHOBJieHHeM COOTBeTCTByiOIUHX KHCJIOT HJIH MeTOAOM 0KC0CHHTe33(cTp. 726).
BHHHAOBbie 3(J)Hpbi nepepa6aTbiBaiOT b nojiHMepbi atih TeKCTHAbHbix 

bojiokoh, b aAre3HBbi, JiaKH, noupbiTHH, npHMeHHiOT a îh nponHTKH Ae- 
peBa H BOAOKHHCTbIX MaTepH3JIOB, A^H nJI3CTH([)HKaUHH njiaCTMaCC H T. A.

B jiH T e p a T y p e  iiM eeTCH  o n n c a H H e  chhtc33 bhhhjiobhx scjmpoB n o  
B. P e n n e  [78]. A u e T H jie H , p a 3 6 a B A e H H b ift  a 30 T 0 M  (1 : 1), U H p K y j w p y e T  
n o A  A a s A e H H e M  25 a m  u e p e 3  peaKUHOHHbie koaohhh, b koto-

c h = c h

ROH +  C H = C H  —  R O C H = C H :
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pbie bboahtch cnnpT c 10—25% pacTBOpeHHoro b HeM e^Koro naan. TaKHM nyTeM Ha AByx KOjiOHHax nojiyaajin ao 1000 m b Mecan, bhhhjio- 
Bbix 3(f>HpoB npw pacxo^e 500—600 m 3 auemneHa b Mac.

PeaKUHH nojiyaeHHa bhhhjiobhx  stJjnpoB Ha3biBaiOT Taione e iw u -  
. lu p o e a n u e M  cnnpTOB. nepBHHHbie cnnpTbi BHHHjinpyioTca TeM Jierae, 
aeM Bbirne hx  MOJieKyjiapHbiH Bee. Tpy/jHee Bcero noJiyaaiOTca bhhhjio- 
Bbie 3(j)Hpbi H3 MeTaHOJia n STaHOJia. AHajiorHHHO pearnpyioT c auem- 
jieHOM h MHoroaTOMHbie cnnpTbi, o6pa3ya, HapaAy c Henpe/jejibHbiMH 
3(J)HpaMH, aueTajiH UHKJiHaecKoro CTpoeHHa. HanpnMep, 3THJieHrjiH- 
KOJib pearnpyeT c aueTHjieHOM no cjieAyiomeH cxeMe:

CH ch2oh ch2och= ch2 ch2och= ch2 CH2Ov
III +  I I +1 +1 >CH-CH3
ch ch2oh ch2oh ch2och= ch2 ch2o'

H3 rencHTa c aueTHjieHOM mo>kho nojiyaHTb uhkjihh6ckhh TpHaue- 
Tajib:

CH —C H ,
c h 2o h c h 2o .

| +  C H = C H 1 \
CHOH
| CH O  /

CH O H 1
| +  C H = C H CH O  \

CH O H 1
1

CHOH
1 /  

CH O  x
I +  C H = C H |

C H 2OH CH O  ^

1 / ( C H .O 7

C H - C H ,

C H —CH 3nojiHMepH3au,Hio BHHHJiOBbix 3(|)HpoB Jiyunie npoBOAHTb b npucyT- ctbhh BF3 hjih nepeKHcen.
H 3 paHHHx padoT OojibmoH HHTepec npeACTaBjiaiOT CHCTeMaTHaecKne 

uccjie^OBaHHa A. E. MHHH6a6HHa no k o h a 6h c3u h h  auemneHa c aMMHa- 
k o m  h cepoBo^opOAOM HaA A120 3 b  nnppoji h THO(|)eH. B o a h o h  H3 cbohx  
nepBbix paOoT A. E. HnHn6a6mi [79] yKa3biBaeT, h to  H3 aueTHjieHa 
h aMMHana, n pon ym eH H b ix  HaA A120 3 npu 300°, o6pa3yeTca jk h ak h h  
KOHAeHcaT, KHnamnn Bbirne 200° n coAep>KaiuHH nnppoji (a), nHKOJiHH(6) H KOJIJIHAHH (b):

CH=CHX
a) 2CH=CH | ^NH

CH=CH/

6 ) 3CH^CH J I 1̂ .
^CH-CH

HC N

b) 4CI I = C H
n h 3
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FIojiyqeHHe npn stoh peaKUHH HenoTopbix KOjmqecTB ajib^ernA- 
aMMHana iio3boahao npeAnoAOJKHTb, hto npouecc npoTenaeT uepe3 cia- 
AHio o6pa30BaHHH yKcycHoro a.ib^erH^a, KOTopbifl 3aTeM AaeT c aMMua- 
kom nnppoji:

CH 3CH O

ch3cho
nh3 C H = C H n

c h = ch/
' X l i -  H ,0  +  H ,

ripaBHJibHOCTb 3Toro npê nojioHieHHB noATBep>KAaeTCH TeM, mto 
npn nponycKaHHH cmcch ajib̂ ern ôB c- 3mmh3kom HaA A120 3 Bbiuie 
300° o6pa3yiOTCH nnpHAHHOBbie ochob3hhh.

AHajiorHMHO, auefn/ieH c cepoBOAopoAOM o6pa3yeT THCx|)eH, a c 
BOflofi—He6ojibuiHe KOAHuecTBa (JjypaHa.

npH 100—300° apeTHjieH pearnpyeT c MepKanTaHaMH, o6pa3yn
COOTBeTCTBy KDUI, H e BHHHJICyjl b(])HAbI :

C H = C H  +  RSH - ►  C H ,= C H S R3 toh peaKUHH cnocoScTByiOT okh ch , thapookhch , aAKoroAHTbi h 
MepuanTHAbi meAOMHbix MeTaAAOB, a Tau>Ke cojih uhhk3 h m cah . Tan, 
HanpHMep, (J)eHHABHHHACyAb(])HA nOJiyqaiOT npH B33HMOA6HCTBHH THO- 
4)eHOJia h cMecH aueTHjieHa c a30TOM b npncyTCTBHH KOH npn 15 am h 160° A. E. MHHH6a6HH h O. C. BarAacapbHHU [80] HaiiiAH, mto H3 
aueTHAeHa c H2S HaA A120 3 o6pa3yeTca iiomth hhcthh THexjjeH. Ho 
50% nocAeAHero mo>kho noAyMHTb nponycuaHHeM TaKoft >Ke CMecH HaA 
nnpHTOM npn 300° CepoBOAopoA hah MepKanTaHbi pearnpyiOT T3K>Ke C MOHO- HAH AHBHHHAaueTHAeHOM npH HarpeB3HHH B aBT0KA3Be co iue- 
Aoubio. H 3 n-THOKpe30Aa h BHHHAaueTHAeHa noAyqeH, b uHCAe Apy- THX npOAyKTOB, 6yTHH-l-HA-4-«-TOAHACVAb(|)HA:

CH=C—ch= ch 2 +  h s - « Q - ch 3 CH=C— ch 2- ch 2— s - < ^ ^ - ch 3

A. E. OaBOpCKHM 6bIA H3HA6H HOBblH MdOA CHHTe33 3-OKCHKap6o- 
HOBblX KHCAOT HAH HeHaCbILUeHHbIX Kap60HOBbIX KHCAOT H3 BHHHAO- 
Bbix 3(])HpoB uepe3 aueTHAeHHAOBbie atjmpbi:

C H 2 Br2 C H 2Br K0H CH R'MgX CMgX R2CO 
CH O R CHBrOR ~ ^ C O R  COR

R"

R
V / 0H R\ c / 0H
'  x;=c—or ^  R " '  x :h2—1

R".—HaO

COOR R

H2o

R".
RX L

^ > C = C H —COOR

HaO

R".
a— COOH

i

> = CH- coon
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Meio/j nojiyqeHHH Tpy/tfio ^ocTynHbix /jo chx nop aueTHJieHHjiOBbix 
3(J)HpoB HecoMHeHHO HMeeT 6ojibiuoe TeoperHHecKoe 3HaneHHe.

MoHoajiKHJi3aMein,eHHbie (})eHOJibi jierKO pearnpyioT c aueTHjieHOM b 
npncyTCTBHH HacfrreHaTa uhhk3 npn 15—20 am  h 150° 06pa3yK)m,HecH 
BHHHjioBbie 3(J)Hpbi nojiHMepH3yiOTCH b cMOJibi (iKope3U H ) cjie;jyiomero 
CTpoeHHH:

B pe3yjibTaTe B3anMOAeflcTBHH aueTHJieHa c a30TC0Aep>KainHMH 
reTepOUHKJIHHeCKHMH COeflHHeHHHMH MO)KHO nOJiynHTb nO^HMepbl, HMeHD- 
m n e, TexHHM ecKoe npHMeHeHne. Tan no/iynaeTCH N-BHHHJiKap6a30Ji, 
^aK)in,HH npn  nojiHM epn3auHH CMOTiy c HCKJitOHHTejibHO b h c o k o h  a h - 
3JieKTpHMeCK0H nOCTOBHHOH (UOAeKmpOH ) :

+
CH
III

CH

C H = C H , X

AHajiornqHO nojiyqaeTCfl N-BHHH^nnppojiH^oH, no;iHMep KOToporo 
npHMeHHercH nan • cHHTeTHqecKaq KpoBHHan n/ia3Ma:

h 2g -
1

- c h 2
1

h 2c -
1

— CH-
CH I

h 2c CO + III H2c CO
\  /  CH \  /

NH N
I

C H = C H ,

H2C
I

h 2c

-c h 2 h , c — c h 2

CO  H2C CO
\  /  \  /

N N

• • —CH — C H ,— C H —C H ,— ■

OneHb HHTepecHbi h nepcneKTHBHbi peanunH KOHfleHcauHH auem- 
jieHa c (JjopMajibAerHAOM [81], npoTeKaiomne KaTajiHTHqecKH b npn- 
CyTCTBHH aueTH^eHH^OB Mê H HJ1H £pyrHX MeTajIJlOB, Kap60HH.TC0B h t . j\. B HacTOHin,ee BpeMn sthm  cnocoSoM mohcho ocymecTBHTb cHHTe-
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3bl T3KHX UeHHbIX npOflyKTOB, KaK AHBHHHJ1, TJlHUepHH, TJIHKOJIH, AByX- 
OCHOBHbie KapdoHOBbie KHCJIOTbl, nJiaCTHKH, CHHTeTĤ eCKHe BOJIOKHa 
H T. A-

npH B33HMOA6HCTBHH aueTHJieHa C OAHOH MOJieKyjlOH (J)0pMaJIbAe- 
rn;ia nojiyqaeTca c npenpacHbiMH BbixoAaMH nponaprnjioBbiH cnnpr

CH=CH —► CH=C—CH2OH

KOTopbift eme He/jaBHo 6bui TpyAHO Aoerynen Aawe b Majibix KOJiHHecT- 
Bax. Ha 6a3e nponaprnjioBoro cnnpTa pa3pa6oTaH cpaBHHTejibHO npo- 
ctoh MeTOA nojiyqeHHH rjinuepHHa no cxeivie:

CH ch 2 ch2oh
III
C

H II 
—— >- CH — % ■  CHOH|

ch2oh ch2oh ch2oh

OcTopo>KHbiM oKHCJieHHeM nponaprnjioBoro cnnpTa HaA MeAHbiM 
KaTajiH3aTOpOM noAynaiOT reKcaAHHHAHOJi-1,6, KOTopbift rHApnpyiOT 
b reKcaHAHo/i-1,6, nBjunomnHCH cupbeM ajih cHHTe3a HafljiOHa h xan- 
poHa:

CH=CtH2OII 0 C=CCH2OH h CH2CH2CH2OH 

CH=CCH2OH -HaO i=CCH2OH CH2CH2CH2OH

JXjih noJiyneHHH HafijioHa reKcaHAHO.A-1,6 okhcjihkdt b aAnnHHOByio 
KHCJiOTy (AaJibHenmHH nyTb npeBpameHHH b HaftjiOH yKa3aH Ha CTp. 504). 
Ajih nojiyneHHH KanpojiaKTaMa, HBjiHK>merocH ochoboh atih nojiHMepn- 
33UHH b nepjioHOByio CMOJiy (xanpoH), reKcaHAHOJi-1,6 AerHApaTauneH 
h oKHC/ieHHeM npeBpamaiOT b s-Kanpo.TaKTOH, a nocjieAHHfi AencTBHeM 
aMMHaxa nepeBOAHT b e-KanpOviaKTaM. Becb npouecc mo>kho npeACTa- 
BHTb cAeAyiomeH cxeMofi:

CH., C H 2

/  \ / \
CH «CH ,CH ,O H —h2o o H2C  C H 2 nh3
| — I * .  1 1 ----- ► -----►

Cl CCHoCHoOI I h 2c  c h 2 
1 1

H 2C  CO
1 1

- h2o
1 1 

H oC— 0
1 I 

H 2C — 0

ch 2

/  \  
H2C CH2

HoC CO
"I I 

H,C— NH
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n PH KOHfleHcauHH aueTHjieHa c AsyMH MOJienyjiaMH ^opMajitAerH^a 
HaA aueTHjieHHAOM MeAH o6pa3yeTca 6yTHHAHOJi-l,4. Ha 6a3e 6yTHH- 
AHOJia-1,4 nojiynaiOT paA oneHb neHHbix npoAyKTOB ajih pa3HOo6pa3- 
HblX CHHTC30B. ByTHHAHOJI-1,4 THApHpoBaHHeM nepeBOAHT B 6yTan- 
Ahoji-1,4, H3 KOTOporo npH AerHApaTaunn o6pa3yeTca TeTparHApcx])y-

P hc. 73. TpexcTyneH^aTbifl npouecc cnmesa AHBHHHJia no
B. Penne:

/— ra3rojibflep Rjia aueTHjiena; 2 — KOMnpeccop; 3 —cCophhk jua (JjopMajiHHa; 
4 — Hacoc AJia (JiopMajiHHa; 5—noAorpeBaTtjib; 6— neab; 7—Hacoc ajih papKyjiH- 
Uhh ra3a; 8—peKTmjwKauHOHnaa KOjionHa I; 9— cCophhk juia cuporo 6yTHH- 

HHOJia; 10—peKTH(J>HKauiioHHaa xojiOHna II.

paH; nocaeAHHH, b cbo io  oaepeA b , jierK O  A erH A paTH p yeTca  b a h b h h h j i. 
3  TOT HOBblH MeTOA CHHTe33 AHBHHHJia H3 aiieTHJieHa MOIKHO npeACTa- 
HHTb cAeAyicm H M  o6pa30M :

CH  c h 2o  c —c h , o h  h c h 2—c h 2o h
III +  — -  III I
CH  c h 2o  c - c h 2o h  c h 2- c h 2o h

C H 2- C H 2O H  u  C H 2- C H 2V C H = :C H 2

I — I ) o ----- ► I +  H„0
c h 2- c h 2o h  c h 2- c h /  c h = c h 2

n p o H 3BOACTBO AHBHHHJia ocym ecTBJieHO B. Penne [81] b BHAe T p ex  
C TyneH naToro  n p ou ecca : 1) ynjiOTHeHHe au era jieH a  c tjiopMajibAerHAOM
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b 6yTHHAHOJi-l,4; 2) rHApnpoBaHHe 6yTHHAHOAa-l,4 b 6yTaHAHOA-l,4;
3) Aern^paTauHa 6yTaHAHOAa-l,4 b  a h b h h h a . CxeMa npouecca noKa3a- 
Ha Ha pnc. 73. PeaKunjo Me>KAy aueTHjieHOM h 4)opMajibAerHAOM npo- boaht b KOjiOHHax (1,5x18 m ) ,  HanojiHeHHbix KaT3AH3aTopoM. B Ka>K- 
Ayio KOJiOHHy 3arpy>KaK)T 25 m 3 cwjiHKarejiH h 2 m  aueTHJieHHAa MeAH.KaTajiH3aTop npnroTOBAHiOT cAeAyiomHM o6pa30M. najioHKH H3 CHJiHKarejiH nponHTbmaiOT pacTBopoM HHTpaTOB MeAH h BHCMyTa (4 : 1) AO norAomeHHH 12°o Cu, nocAe qero npoKaAHBaiOT aah  nepeBOAa HHTpaTOB B OKHCH. npeBpameHHe OKHCH MeAH B aiieTHAeHHA npOH3BOAHT
npn 75° opouieHHeM 8 % pacTBopoM $opMaAHHa, OAHOBpeMeHHo npony- 
cKan CMecb a30Ta c aueTHAeHOM b TeneHHe 24 nac. h nocTeneHHO H3Me- hhh ee cocTaB ot 10 : 90 ao 90 : 10; nocjie 3Toro npoBOAHT peaKUHio Me>KAy aueTH^eHOM h (JiopMaAbAorHAOM.

Hepe3 Ka>KAyio KOAOHHy npn 5 a m  h 90—95° nponycKaioT b Mac ao 
1800 m 3 aueTHjieHa h 10 m 3 8 % pacTBopa (J)opMajiHHa, noAyqan npn 3tom 2 0 ^2 5  m 6yTHHAHO.ia-l,4 b cyTKH. OAHOBpeMeHHo nojiynaeTca 
AO 5% nponaprHJiOBoro cnnpTa, KOTopbin otacajhot npn pa3roHKax. 
IloAyHeHHbiH 35% pacTBop 6yTHHAHOJia-l,4 THApnpyiOT HaA mcahohh- 
Ke/ieBbiM K3TajiH3aTopoM bo BTopofl cepHH koaohh (0,8x18 M) npH 
AaBJieHHH BOAopoAa He MeHee 300 a m  h TeMnepaType 70— 140°

IlojiyHeHHe ahbhhha3 H3 6yTaHAHo;ia-l,4 npoBOAHT b oahom h tom 
>Ke annapaTe AsyxcTyneHMaTbiM cnocoOoM npn 280— 300° HaA CAO>KHbiM 
KaT3JIH3aTOpOM H3 cj)OC(|)aTa H3TpHH, 4)Oc4)OpHOH KHCAOTbl H 6yTHA- aMHH(})oc(|)aTa. PeaKUna cHJibHO aHAOTepMHMHa, noaTOMy TenJio noA- boaht napoM npn 100 a m .  Ilpouecc BeAyT Tan, hto6h  6yTaHAHOA-l,4 
npeBpamaJiCH b ahbhhha AHUJb nacTHHHO, a ocraAbHasi nacTb ero Aa- 
Bajia 6bi TeTparHApo^ypaH. IlocjieAHHH cMemHBaiOT 3aTeM co c b o k c h  

nopuneft AHo/ia h BHOBb nponycKaiOT HaA K3TaJiH3aTopoM.. TaKOH Me- 
TOAAaeTAo96% ahbhhha3 ,chht3h Ha 6yTHHAHOA-l,4. M o>kho npeBpaTHTb AHOa KOAHHecTBeHHO b TeTparHApo(j)ypaH, ecAH noAKHCAHTb ero (J>octJ)op- hoh khcaotoh h nponycTHTb CMecb qepe3 KOAOHHy npn 300° h 100 a m .

ripoMOKyTOHHbie npoAyKTbi cHHTe3a AHBHHHAa H3 aueTHAeHa no 
B. Penne Taione hmciot Ba>KHoe TexHHnecKoe 3HaneHHe (ocoOchho tct- 
parHApo^ypaH). I I oa bahahhcm  THHteAbix MeTaAAOB TeTparHApo<J)ypaH npeBpamaeTCH b nAacTHnecKHe noAHMepbi:

n PH AeflcTBHH HC1 TeTparHApo(J)ypaH Aerno o6pa3yeT 1,4-AHXAop- 
6yTaH— HCXoAHbifl MaTepHaA aah noAHoro CHHTe3a HaflAOHa no cxeMe:

H.C---- CH,
H,C CH, —►  OCHoCHaCHjCH.,------

‘ \ /
O

CHa—CH,V HC1 CH,—CH2CI
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c h 2c i c h 2c n
1j

c h 2
I

1
KCN

c h 2 - H O  C H 2
1

c h 2c i c h 2c n

------- ►  H 2N C H 2(CH 2)4C H 2N H 2 -

— HOOC  (CH2)4COOH  
- n h 3

- H 20

<io

NH
I

(CH2)6
I ’

NH
I

CO
I

(CH2)4
I

CO

NH

A^HnnHOByio khcjioty mo>kho noJiyqaTb KapSoHHjinpOBaHHeM tct- 
parHApcxJjypaHa c OKHCbro yrjiepo^a b npucyTCTBHH TeTpaKapSoHimiH- 
KejiH noA AaBjieHHeM:

h 2c -
I

h 2c

-c h 2

c h 2

\ /
o

c o  +  h 2o

c h 2- c h 2
I I

c h 2 c h 2
I I

HOOC COOH

U o jx AencTBHeM oahoh MOjieKyjibi okhch yrjiepo^a TeTparHApo^ypaB  KapdoHHJiHpyeTCH b BajiepojiaKTOH, H3 KOToporo nojiyqaioT unaBOBa- 
jiepHaHOByio KHCJiOTy. Thapojih3 nocJieAHeft npHBOAHT k aMHHOKanpo- hoboh KHCJiOTe, /ierKO npeBpamaromeftcH 3aTeM b e-xanpoJiaKTaM, ko- 
TopbiH nojiHMepH3yiOT b nepjioHOByio CMOJiy:

c h 2

h 2c -
I

h 2c

-c h 2 co

\ /  
o

h 2c

h 2c

c h 2
I

CO

HCN

c h 2
/ \

h 2c  c h . H

o

h 2c
I

CN

COOH

c h 2 c h 2

/  \ /  \
h 2c  c h 2 —H20 H 2C  C H 2

1 1 --------►
H2C  COOH H2C CO

h 2c — n h 2

1
H2C NH

npn rHApnpoBaHHH HaA MeAHbiM KaTajiH3aTopoM TeTparHApô vpaHnpeBpamaeTCH noBTH KOjiHqecTBeHHO b 6yTHjiOBbifl cnapT.
HHTepecHbi HOBbie peaKUHH nojiyqeHHH HeKOTopbix khcjiot H3 aue- 

THJieHa. npH HenojiHOM THApHpoBaHHH 6yTHHAHo^-l,4 npeBpamaeTCH
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ch b 6yTeHAHOJi-l,4, Jieruo AerHApaTHpyioiuHHCH b AnrHApcx^ypaH, 113 
KOToporo oKHCJieHHeM nojiyqaiOT MajieHHOBHH aHrHApHA:

c—c h 2o h  
c — c h 2o h

H c h - c h 2o h —h2o
C H —C H 2OH

H C —CH.

H C—CH

\
/

o
o

H C - C O
\

/

H C—CO

O

H 3 MajieHHOBoro aHrHApHAa mojkho nojiyuHTb pan khcviot h hx npo- 
H3Bo ah m x— MajieHHOByio, (JjyMapoByio, HHTapHyio, adJiOMHyio h a P- 

H 3 HOBbix peaKUHH Ha da3e aueTHjieHa dojibiuofi HHTepec npeAcraB- 
jihk)t .ynjioTHeHHH auerHjieHa c aueTajibAerHAOM. Flpn SKBHMOJieKyjiap- 
hom cooTHomeHHH peareHTOB oTKpbmaeTCH npocTofl nyTb A-aa CHHTe3a 
BHHHJiaUeTHJieHa HJIH MeTHJIBHHHJIKeTOHa:

CH3CHO +  CH=CH c h 3c h o h c = c h  -

- h2oh2o ---—»• CH2 =CH—C=CH 

CH3CHOHCOCH3 ! - h2o
I

C H 2= C H C O C H 3

npH  H36biTKe aueTajibAerHAa, no aHajiornH c AeficTBHeM (JjopMaJibAe- 
rHAa, o6pa3yioTCH aue-nuieHOBbie iv ih k o ; ih , H3 KOTopbix m o>k h o  noJiy- 
HHTb y-TAHKOJIH, y-AHKCTOHbl H Ap- IlOAoSHbie peaKUHH MOHCHO npOBO- 
A«Tb c b h h h a - h AUBHHHjiaueTHAeHOM h BMecTO aueTajibAerHAa npHMe- 
HHTb juofibie aAbAerHAbi h KeTOHbi:

CH3CHO +  CH=CH +  OHCCH3

1 '
[ C H 3C H O H C = C C H O H C H 3

c h 3c h o h c h 2c h , c h o h c h 3

c h 3c o c h 2c h 2c o c h 3

MHoroqHCAeHHbie h oueHb HHTepecHbie nccjieAOBaHHH b o6.nacTH x h - 
mhh aueTHAeHa h BHHHjiauemneHa npoBeAeHbi H. H. Ha3apoBbiM, 
B. Kapo3epcoM h ApyrHMH.

B. Kapo3epc nojiyuaji OKCHnpoH3BOAHbie BHHHJiauemneHa MarHHH- 
opraHHuecKHM CHHTe30M, a H . H. Ha3apoB pa3pa6oTaA mctoa kohach - 
cauHH BHHHJiaueTHJieHa c Ke-roHaMH b npHcyTCTBHH nopouiKoo6pa3Horo 
KOH (ycAOBHH peaKUHH OaBopcuoro), HafiAfl TeM caMbiM yAodHbifi
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nyTb flJIH CHHTC33 BHHHJiaUeTHJieHHJIOBbIX CnnpTOB H H3yHeHHB HX Aajlb-
HeftuiHX npeBpameHHH [82]:

R
CH2=CH—C=CH +  N co  -*■ ch 2 = ch- ceec- coh 

R'/ \ R,

BHHHJiaiteTHJieHHJioBbie cnKpra jierKo nojiHMepH3yioTCH b npoflyx-
Tbl p33JIHMHOH KOHCHCTeHUHH, H3 KOTOpbIX OCOdblH HHTepeC npê CTaB- 
jineT KJiefi (KapSHHOjibHbin) ajih MeTajiJioB, (J)ap4)opa, MpaMopa h t . 
Tanan nojiHMepH3au,HH npcrreKaeT, no âHHbiM H. H. Ha3apoBa, c o6pa- 
30B3HHeM uHKJiodyTeHOB no cxeMe:

/ R
«CH2=CH—C e e C —  COH

\ r '

R
\ ,R'

ch„=ch—

COH
I

—c = c —
I I_h2c- ch2

/ R
—Ĉ CCOH 

X R'

HcKJiionHTejibHbie nepcneKTHBbi Hcnojib30BaHHH aueTHJieHa mojkho 
HJunocTpnpoBaTb padoTaMH H. H. Ha3apoBa no c«HTe3y reTeponnK/in- 
neCKHX COe^HHeHHH, CTepHHOB H nOJIOBbIX ropMOHOB.

J^HBHHHJiKeTOHbi, n o jiynaeM b ie  rH ApaTaunen  BHHHji3THHHJiKap6H- 
hojiob  b  npncyTCTBHH co jie n  p T y m

/R / R
CH2=CHC=C—COH — CH2=CHCOCH2COH —?

\ r ' \ r'
/R

— ► ch 2 = chcoch= c<
XR'

HBJIJHOTCH HCTOMHHKOM ,HJIH CHHTe33 pa3JIHnHbIX. reTepOUHKJIHMeCKHX 
coe^HHeHHfl nnpaHOBoro, THonnpaHOBoro h nnnepHflHHOBoro paflOB. 
riOA BJIHHHHeM CepHOH KHCJIOTbl H pTyTHbIX COJiefl flHBHHHJIKeTOHbl jjerKO 
npncoe^HHniOT Bo^y c o6pa30BaHneM TeTparH^po-y-nnpoHOB:

CO CO CO
/ \ / \ / \

H C CH h 2o  H2C CH h2c ch2
II II /R ---- ► 1 II /R - 1 1 /R

h2c c< h2c c< h2c c<
X R' \ > H  X r ' \ / Vo

noA AencTBHeM cepoBo,nopo,na b npHcyTCTBHH aueTaTa HaTpnn no- 
jiynaiOTCH t eTparn^po-y-THonHpOHbi:

CO CO CO

HC

n i

CH h2s wd: Xch2 /  \
h2c ch2

II R II 1 /R :i 1 /R 
h2c c<c/ h2c c<

\R' / \ r ' 
HS/  K \  /  XR'
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HaKOHeu, noA AeficTBHeM aMMHana hjih 3mhhob noayqaiOTCH \-3a- 
MemeHHbie y-nnnepHAOHbi:

CO CO
/  \

HC
II

CH
II /

R"NH2 ^C  C^ 2 R KNH2_ ( | D
h2c c < h 2c c<

VR' \  /  X R'
N

iI,HBHHHjiaueTHjieHbi, no H. H. HaaapoBy, npn rnaparaunH npe- 
BpaiUaiOTCH B BHHHJiaJIJIHJIKeTOHbi:

h2o
ch2= chc= cc=chr -► CH2=CHCH2COC=CĤ  

k' R'
nocjieAHHe noA AeftcTBHeM H2S04> HC1, HCOOH, H3P04 h Apyrnx

KHCJIOT HCKJIIOMHTejlbHO JierKO UHKJlH3yK)TCH!
OH

:— C 50% h2so4 R—C —C  90% h2so4 R—C - C O R C  CO

jl.1 - h2o II I I I ------- -
h2c c

:i 1 “H,C C H 2 
1

---  ̂ II 1
HC CH.

1 1 \  /
CH CH CH CH
II II II 1
ch2 ch2 C H , ch3

3Ta peaKUHH 6buia nojio>KeHa b ocHOBy cHHTe3a erepoHAHbix coeAH- 
HeHHH. TaK, HanpHMep, 6bU10 CHHTe3HpOB3HO BemeCTBO C XapaKTepHbIM 
UHKJioneHTaHtjjeHaHTpeHOBbiM yrnepoAHbiM CKejieTOM, cneuncJjHMHbiM 
ajih CTepoHAOB (mna aHApocTaHa H3 paAa nojiOBbix ropMOHOB):

/CH2 O
CH H',C "

(b
+

200° / \  /■
H I f  I H

h3c
\

o

CH=CH

h3c
/ \

\ h2

C=CH
H

H Pd

HoC CH- CH* H3c
KHSOi / \

CH=CH,

+ h20

•18 B. H, AcwiroB
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MHorae H3 BemecTB, CHHTe3HpOB3HHbix BnepBbie H. H. Ha3apoBbiM, 
ofijia^aioT cHjibHbiM (|)H3HOjiorHuecKHM AeftcTBHeM h, 6eccnopHO, Hafl̂ yT 
npHMSHeHHe b MeAHUHHe.

flpuo Bupa>KeHHaH cnoco6HOCTb aueTHJieHa h ero roMOjioroB k  no- 
jiHMepH3aitHH b  apoMaTHuecKHe yrjieBOAopoAbi 6biJia H3BecTHa oueHb 
A3bho (M. BepTejio, 1867 r.). HccjieAOBaHHH H. J\. 3ejiHHCKoro h 
B. A. Ka3aHCKoro b  s t o h  odnacTH 6buw onacaHbi Bbirne (cTp. 603). 
B nocjieAHee BpeMH ycTaHOBjieHO, h t o  aueTHjieH b  oco6bix ycjiOBHax 
MOXCeT AaBaTb He TOJIbKO UHKJIHUeCKHH TpHMep (6eH30Jl), HO TaKHCe HHK- 
jiHaecKHe TeTpa- h neHTaMepbi. Tan, b  npneyTCTBHH HHaHHCToro HHKe/iH 
no# AaejieHHeM 15—20 am a30Ta npH TeMnepaType 60—70° aueTHJieH 
o6pa3yeT c b h c o k h m  b h x o a o m  UHKJiooKTaTeTpaeH (TeTpaMep), oxpa- 
meHHbift b >KejiTbiH ubct [83]:

^OpaaoBaHHe UHKJiooKTaTeTpaeHa H3 aueTHJieHa HaA unaHHCTbiM HHKe- 
jieM b  pacTBope TeTparHApoijiypaHa mo>kho odbHCHHTb npoMe>KyToq- HblM 06pa30BaHHeM KOMnJieKCOB

b  KOTopbix MOJieKyjibi (CH2)40 h jih  C2H2 jie>KaT b  o a h o h  njiocitocTH, 
a CN-rpynnbi—nepneHAHKyjiapHO k  h h m . BjiaroAapn c6jm>KeHHK) m o - 
jieuyji aueTHJieHa b  KOMnjieKce, o h h  pearnpyioT c pa3pbiBOM TpofiHbix 
cBH3efi h o6pa30BaHHeM 8-ujieHHoro UHKjia. T.aKofl MexaHH3M BnojiHe 
BepouTeH h  noATBepJK̂ aeTCH TeM, h t o  HedojibiuHe KOJinuecTBa b o a u  h jih  
(JiopMajibAerHAa coBepmeHHO npeicpaiuaioT peaKUHio o6pa30BaHHH u h k - 
jiooKTaTeTpaeHa, Tax Kan a s io t  dojiee npouHbie KOMnjieKCbi c uuaHHAOM 
HHKejiH, ueM c aueTHjieHOM.

H3 roMOjioroB aueTHJieHa AHMeTHJiaueTHjieH b  t b k h x  >xe ycjiO BH ax o 6 p a3 yeT  OKTaMeTHJiUHKJiooKTaTeTpaeH:

C H  H C = C H —C H = C H

C H , CH s

C H , C H ,

C H SC = C C H ,
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B HeCKOJlbKO H3MeHeHHbIX yCJIOBHHX MO>KHO nOJiyHHTb H UHKJIOAB- KaneHTaeH (neHTaMep):
CH CH=CH—CH=CH—CH

3 III —  I II
CH CH=CH—CH=CH—CH

OKHCJieHHeM UHKJiooKTaTerpaeHa h uHKJioAeKaneHTaeHa nojiyqaiOT C XOpOIUHMH BblXÔ aMH npoSKOByiO H CeSaUHHOByiO KHCJIOTbl, KOTOpbie 
npH nÔ HKOĤ eHCaUHH C AHaMHHaMH A3K)T nOJIHMepHbie BOAOKH3 THna 
HaftjiOH:'

CH=CH—CH=CH

(!:h = ch—ch=(!h
H CH2—CH2—Cl Ig—ch5 

d;H,—ch2—ch.1—ch2

o COOH
I

(CH2)6
I
COOH

CH=CH—CH=CH—CH H CH2-C H 2-CH 2—CH2-CH 2 Q 

<!:h= ch—CH=c H - iH  —  d:Ha—ch2—CHa—ch,-(!:h2

COOH
/

(CH2)8
\

COOH

B cjiyqae rHApnpoBaHHH UHKAOOKTaieTpaeHa HaA Pd Ha KapfioHaTe 
KaAbUHH npH 30° oh npeBpamaeTca noqTH KOAHMecTBeHHO b uhkjiook- 
TeH, a HaA CrNi-KaTaAH3aT0p0M npn 100°—b uhkjiookt3h. U,HKjiono- 
</iHM6pH33UHH aueTHJieHa HAeT, BepoHTHO, eine rjiy6>Ke, TaK KaK npw 
noAyqeHHH UHKJiooKTaTeTpaeHa o6pa3yiOTCH, KpoMe uHKJioAeKaneHTae- 
Ha, HeSoAbiune KOJinqecTBa yrjieBOAopoAa JKejiToro UBeTa, OTBeqaio- 
mero (})opMyjie C12H12. 3tot yrjieBOAopOA, bhahmo, npeACTaBjiaeT co- 
6oh UHKAOAOACKareKcaeH (reKcaMep), npeBpamaiomHHCH HaA Pd Ha yrjie 
npH TeMnepaType 225° h a^bjichhh 10 m m  pT. c t . b 1,2-AHMeTHA- 
H3(})TaJlHH:

CH=CH—CH=CH-CH=CH
I I
CH=CH-CH=CH-CH=CH

OAHOBpeMeHHO c 3thm yrAeBOAopoAOM o6Hapy«teHbi HeSojibiune KojiHvecTBa a3yAeHa cHHero UBeTa, ajieMeHTapHbin cocTaB koToporo, Tan we io k  h HacJjTaAHHa, Bupa>KaeTCH SMnHpnqecKOH <J)opMyjioH C10H„:

HccAeAOBaHHA, npoBeAeHHbie c UHKAOOKTaTeipaeHOM [84], noica- 
3aAH, hto oh Aaer MHoroHHCAeHHbie peaKUHH. TaK, HanpHMep, 6bi/io- 
ycraHOBJieHO, hto uHKAOOKTaTeTpaeH, KaK yrneBOAopoA c conpaJKeH-
HblMH ABOHHbIMH CBH3HMH, AerKO pearHpyeT C M3A6HHOBbIM 3HrHApHA0M, 
48*
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XHHOHOM, aKpHJIOBOH KHCJIOTOH H T. A- IlpH 3THX peaKUHHX OH CHauaJia 
npeBpamaeTca b 6HUHKJio-(4,2,0)-OKTaTpHeH-2,4,7:

CH=CH—CH=CH
I I
CH=CH—CH=CH

CH=CH—CH—CH
I i  IICH=CH—CH—CH

CH

HC CH—CH
I I II.

HC CH-CH
w

CH

B pe3yjibTaTe nojiyuaioTCH cjio>KHbie Tpn- h TeTpauHKjiuuecKHe coê n- 
HeHHH:

/c \

HT
HC C

C -C H
II
CH

CH

HC — CO
ii \
N / HC—CO

O

O
II

HC CH
II IIHC CH\ /C

II
o

CHi = CH — COOH

C H ^_
h c - c h  xch  <*~C P

o
H C -C H  XCH ch-CO

CH
O

_/C^ .  ̂ / C\ HC —CH CH CH CH 
II I II I II 

HC—CH CH CH CH
\ / \  /CH  ̂ C

O

HC CH CH — COOH 
II

HC—CH CH CH2 
C H ^

B Ta6jl. 94 npHBeAeHbl OCHOBHbie 4)H3HKO-XHMHMeCKHe KOHCTaHTbl 
TpH-, TeTpa- h neHTaMepoB aueTHJieHa.

TABJ1HUA 94

UHKjlHHeCkHft
nojiHMep UBeT TeMnepaTypa 

KHnGHHB, °C
TeMnepaTy
pa njiaBJie- 

HHfl, °C

riJlOTHOCTb0
noKa3aTe^b

npejioMjieHHH20
nD

TpHMep (6en30.i) BecuBeTHbift 80 5,4 0,87902o 1,5011
TerpaMep >KejiTbift 142— 143 — 7 0,9382 1,5290
IleHTaMep OpaH}KeBO-}Ke.iTbiH 189—190 —31 0,931 1,5783
TeKcaMep ^KeJiTbifi 240— 241 — 1,0227 1,5885
A3y^eH C hhhh — 99 — —

HOBbie COeAHHeHHH C flBOHHOH H TpOHHOH CBH3bIO 6bIJIH nOJiyqeHbl 
nyTeM B3aHMO,a,eHCTBHH aueTHJieHa h ero roMOJioroB c aMMHaKOM b npn- 
cyrcTBHH CaC2 hjih Ag2C2 Ha HOCHTejiax. CaM auemneH o6pa3yeT b
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3THX yCJIOBHHX HJIH B npHCyTCTBHH IHejIOHHblX aJI KOrOJlHTOB BHHH.l- 
3MHH:

CH=CH------► CH2=CHNH2
roMOJiorn aueTHjieHa pearnpyioT no o6mefi cxeMe:

n h 3
RC=CH----- ► RCH=CHNH2

B cjiyqae H36biTKa aueTHjieHa o6pa3yiOTCH AHaMHHonpoH3BOAHbie. 
AHajiornnHO pearnpyeT auemjieH c MeTHJiojiaMHHaMH:

CH=CH +  (CH3)2NCH2OH -► CHs CCH2N(CH3)2 +  h2o ; 
(CH3)2NCH2C=CH +  HOCH2N(CH3)2 —► (CH3)2NCH2C=CCH2N(CH3)2 +  h2o 
ZlHMeTHJiojiMOMeBHHa AaeT c auetnjieHOM cjie^yiomee coe^HHeHne:

^NHCHjOH /NHCH2OH
CH=CH +  CO -► CO

^NHCHaOH \ nhch2c= ch

OneHb HHTepecHa eme Majio H3yneHHaH peaKUHH B3aHMOAeikTBHJi 
aueTHjieHa c OKHCbio yrjiepo/ja b npncyTCTBHH rHAPHAa KapSoHHJia ko- 
6ajibTa, BeAyman k o6pa30BaHHio ruApoxHHOHa:

2CH=CH CO + Hi$ . HO—<^J^>-OH

H3 npHBeACHHbix Bbirne npHMepoB bhaho, hto nepcneKTHBbi pa3BH- 
thh xhmhh aueTHjieHa HeoSbmaHHO innpoKH. AueTHJieH, no cjioBaM 
II. H. Ha3apoBa, hbahctch CHJibHO SHAOTepMnnecKHM coeAHHeHneM, 
na ero o6pa30BaHne H3 sjieMeHTOB 3aTpanHBaeTcn noHTH 55 kkoa, mto 
oSycjiOBjiHBaeT ero HCKJUOHHTejibHO Bbicoxyio peaKunoHHyio cnoco6- 
HOCTb, no3BOJiHK>myio 6yKBajibHO jienHTb H3 Hero KaK H3 njiacnme- 
CKoro MaTepna^a caMbie pa3Hoodpa3Hbie opraHHuecKHe coeAHHeHHa.
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r ji aB a XIV

KATAJ1HTHHECK0E rA J IO rE H H P O B A H M E

npou,eccbi rajioreHHpoBaHHH pa3jmqHbix opraHHqecKHX coe^HHeHHH, 
ocoSeHHO yrjieBOAopo^OB, HMeioT 6ojibmoe npaKTHqecKoe 3Haqeme 
b coBpeMeHHofi cHHTejraqecKOH xhmhh h opraHHqecKoft TexHOJio- 
thh. BBe^eHMe aKTHBHbix aTOMOB rajioreHa ccraflaeT noBbimeH- 
Hyio peaKUHOHHOcnocofiHOCTb, qTO oSjierqaeT flajibHefiurae pe- 
aKUHH KOHAeHCaUHH, nOJIHMepH3ail,HH, -rHflpOJlH3a H ^p. M3 3K0- 
HOMHqecKHX coo6pa»:eHHH npHMeHHeTCH rjiaBHbiM o6pa30M x j i o - 
pnpoBaHHe, ho b cnyjejibHbix cjiyqaax npH6eraiOT k 6poMH-
poBaHHio h Ho^npoBaHHio. B nocjieflHee BpeMH npaKTHqecKHH HHTepec 
npHodpeTawT peaKUHH 4>TopHpoBaHHH. CbipbeM ,hjih rajioreHHpOBaHHH 
HBjiHioTCH pa3jmqHbie npHpoflHbie h TexHHqecKHe rasbi.

n p H M e p H b ifl c o c T a B  ra30B H e 4 )T e n e p e p a 6 o T K H  (b o6T>eMH. % ) n p n -  
Be,neH b Ta6ji. 95 11 ].

. TABJIHUA 96

KoM noHeHTbl
X « A K 04)a3Hblft

KpeKHHr
n a p o 4>a3Hbiri

KpeKHHr IIHPOJ1H3

h 2 6,0 8 ,0 15,0
CO 0,5 0,5

napadjH Hbi:
c h 4 30,5 32,0 45,0

c 2h 6 18,0 14,0 7,0
c 3h 8 15,0 6,0 1 , 0
c 4h 10 8,0 2,0 0,2

Bcero napacbHHOB 71,5 54,0 53,2
OjietbHHbi:

C 2H 4 4,5 12,0 17,U
c 3h 6 7,5 15,0 8,0
c 4h 8
c bh 10

6,0 6.0 2,8
6,0 6,0 2,0

Bcero cwiec^HHOB 24,0 39,0 29,8

1. rajioreHHpoBaHHe napa^HHOB

raJioreHHpoBaHne mojkho npoBO^HTb *5e3 naTajiH3aTopoB (npHeoeAH- 
neHHe, 3aMem,eHHe, TepMHqecKoe rajioreHHpoBaHHe), ho npennoqTH- 
TejibHO BecTH npouecc b npHcyTCTBHH KaT3JiH3a TopoB—nepeHocqHKOB 
rajioreHa. Hnate paccMaTpHBaioTCH Bonpocbi KaTajiHTHqecKoro rajiore-
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HHpoBaHHH riapa<|)HHOB, HenpeflejibHbix h HHKJinqecKHx yrjieBOflopoflOB, 
a TaKnce peaKunn npHCoeflHHeHHH rajioreHOBOflopoflHbix khcjiot.

BnepBbie 3aMemeHHe aTOMOB BOflopofla Ha xjiop b opraHHqecKHx 
coe^HHeHHHX odHapyjKHji >K. ZlioMa [2], KOTopbifi Ha3Baji 3Ty peaKUHio 
«MerajiencHeH» hjih OMnnpHnecKHM 33kohom 3aMem,eHHH», ccjiopMyjiH- 
poBaB eroTaK: «...ecjiH Tejio, coflepHcam.ee Boflopofl, noflBepraeTcn flernfl- 
poreHH3HpyiomeMy fleiiCTBHio xjiopa, 6poMa, HOfla hjih KHCJiopofla, to 
Ha KaxcflbiH noTepHHHbifl aTOM BOflopofla oho npHcoeflHHneT oahh aTOM 
xjiopa, 6poMa hjih HOfla, hjih 1/2 aTOMa KHCJiopofla». JlajibHeHiHHe pa- 
6otw b 3tom HanpaBJieHHH 6hjih npOBefleHbi A. JIopaHOM [3] h K. IUop- 
.jeMMepoM [4]. ilocjieflHHH H3ynaji xjiopHpOBaHHe w-neHTaHa h h -ren- 
caHa b pa3JiHMHbix ycjiOBHHX h OTMeTHJi KaTajiH3HpyioiHee fleflcTBiie 
HOfla npn 3tom npouecce. A. M. ByTjiepoB [5] noflpodHO HCCJieflOBa.i 
cJioTOXHMHHecKyio peaKUHio 6yTaHa c  xjiopOM.

CncTeMaTHHecKHe HccjieflOBaHHH no xjiopHpoBaHHio napacfiHHOBbix 
yrjieBOflopoflOB b pa3JiHHHbix ycjioBHnx BnepBbie npoBeji B. B. MapnoB- 
HHKOB, OTMeTHBIHHH, HTO BJiaJKHblH XJIOp CnOCOSCTByeT 06pa30BaHHHD 
MOHOXJIOpHflOB, cyxofl—flH- H nOJIHXJIOpnpOH3BOflHbIX. Ha 0CH0B3HHH 
6ojibinoro HHCjia onbiTOB B. B. MapKOBHHKOB ycTaHOBHji npaBHJia tha- 
poxjiopHpoBaHHH h nopuflKa 33MeiHeHHH BOflopofla Haxjiop. «ByrjieBo- 
Aopoflax Boflopoflbi, npHHaflJiexcaiHHe yrjiepoflHbiM nanM, HaHMeHee 
HCTpaTHBuiHM cBoe cpoflCTBO Ha CBH3b c  flpyrHMH yrjiepoflaMii, jierqe 
noflBepraiOTCH 3aMem,eHHio cpaBHHTejibHO c  flpyrHMH.... E c j i h  xjiop 
3aMem,aeT nacTb BOflopofla, npHHaflJiejKamero oflHOMy yrjiepoflHOMy 
naio b cocTaBe yrjieBOflopofla, to ocrajibHbie sftBHBajieHTbi Toro >Ke 
yrjiepofla, CBH3aHHbie BOflopoflHbiM cpoflCTBOM, nojiynaiOT oco6oe CTpeM- 
jieHHe BCTynHTb bo B3aHM0fleftCTBHe c  xjiopoM.... Boflopofl yrjiepoflHoro 
nan, CBH3aHHoro c  OKiicjieHHbiM yrjiepoflOM, nojiynaeT npeHMymecTBeH- 
ho nepefl flpyrHMH BOflopoflaMH cnocofiHOCTb 3aMecTHTbcn rajiOHflOM» [6].

B. B. MapKOBHHKOB BnepBbie otmbthji [7], nTocKopocTb 3aMeHbi BO
flopofla na xjiop npn 300° noBbiinaeTcn b raxon nocjieflOBaTe/ib-
HOCTH:

C H 3 <  C H 2 <  CH

3th KJiaccHnecKiie pa6oTbi qepe3 mhoto JieT 6buin noBTopeHbi h nofl- 
TBepHCfleHbi HCCJieflOBaHHHMH aMepHKaHCKnx yneHbix [8], KOTopbie H3y- 
naJIH 33K0H0MepH0CTH XJIOp HpOB3HHH HH3LUHX napaiJiHHOB. BblJIO 
HaflfleHO, MTO. B nOJIHOM COmaCHH C H3BeCTHbIMH npaBHJiaMH MapKOB- 
iiHKOBa, npn 300J nepBimHO-. btophhho- h TpeTHMH03aMemeHHbie moho- 
rajioreHnpoii3BOflHbie nojivnaiOTCH b eJieflyiomeM coothouichhii:

(,H 2C1 < C H C 1 < C C 1
1,00 3.25 4,43

n PH nOMOLHH 3TI1X SMnupHMeCKH nOJiyqeHHbIX KOHCTaHT MOHCHO Bbl- 
HHCJIHTb KOJIHMeCTBO (B % ) nepBHHHblX, BTOpHHHblX H TpeTHMHbIX MOHO- 
rajioreHnpoH3BOflHbix. nojiyqaioiHHxcH H3 pa3Hbix napatJiHHOBbix j r j i e -  
BOflOpOflOB.
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npHBOflHM cTaHAapTHbifl npHMep TaKoro pacneTa ajh o6pa30BaHHH 
xionoxjiopHAOB 2-MeTHjidyTaHa, b kotopom HMewTCH nepBHqHbie, bto- 
pHMHbie h TpeTH^Hbie yrjiepoAHbie aTOMbi:

H\
H—C1

M
C1—H

«  C2—H H
!

H—C3,—H
r

H -C 4—H
I
H

6-1,00 =  6,00

1.4,43= 4,43

2-3,25 =  6,50

3-1,00 =  3,00

6.00- 100:19,93 =  30,1%
1- xjiop-2-MeTH.i6vTaH
4,43-100:19,93 =  22,2%
2- XJiop-2-MeTHji6yraH
6,50-100:19,93 =  32,6%
3- xJiop-2-MeTHJi6vTaH
3.00- 100:19,93?= 15,1%
4-xjiop -2 -MeTHJi6 yTaH

CyMMapHO 19,93 CyMMapHO 100%

B MOJieKyjie 2-MeTHJi6yTaHa yrjiepoAbi, o6o3HaneHHbie hhackcom C1, 
paBHOUeHHbl H CÔ epHCaT CyMMapHO 6 BOAOpOAHblX aTOMOB, 4T0 o603Ha- 
4aeT 6-1=6. y  C3 HMeeTcn 2 boaopoahhx aTOMa, t . e. 2-3,25=6,5. 
y  G2 HMeeTCH jiHinb 1 boaopoahwh aTOM, t . e. 1-4,43=4,43. CyMMap
HO hhcjio hhackcob 6,00+4,43+6,50+3,00= 19,93, OTKy/ja Jierno pac-
CMHTaTb COOTHOUieHHe nOJiyHaiOIUHXCH MOHOXJIOpnpOH3BOAHbIX B CMeCH. 
Haft/ieHHbie H paccnHTaHHbie KOjmqecTBa xoporno corjiacyiOTCH.

rioBbimeHHe TeMnepaTypbi cdjinmaeT yKa3aHHbie Bbiuie ckopocth 
xjiopapoBaHHH, b 3aBHCHMOCTH ot xapaKTepa yrjiepo^Hbix aTOMOB, 
jo  1 : 1 : 1 .  Bbiuie HeKOToporo TeMnepaTypHoro ypoBHH nponcxojHT 
nHpojiH3 mohoxjiophjob b cjiejyiomeH nocjiejoBaTejbHOCTH:

CH2C1 <  CHC1 <  CCi

C noBbimeHHeM TeMnepaTypbi B03pacTaeT KOJinnecTBO ah- h nojw- 
xjiopnjoB, o6pa30BaHne KOTopbix MomeT npOTexaTb no jByM ochobhmm 
HanpaBjieHHHM:

1) nyTeM BbijejieHHH HC1 c nocjiejyiomHM npncoejHHeHHeM Cl2 
k o6pa3yiomeMycH ojiecjiHHy;

2) nyTeM jaJibHenmeH MeTajiencnn.
06pa30BaHHio ah- h nojmxjiopHAOB cnocoScTByeT TaKme yBejinqe- 

Hne KOJinnecTBa xjiopa (hjih Apyrnx rajioreHOB). ,II,eTajibHoe H3yneHHe 
npouecca noKa3ajio, hto npn AaJibHeftmeM xjiopnpoBaHHH 3aMemaiOTCH 
aTOMbi BOAopoAay yrjiepoAOB, yme CBH3aHHbix c xjiopoM. J \ .  B . TnmeH- 
ko [9 ] noKa3aji, hto npH xjiopnpoBaHHH nponaHa o6pa3yeTca 45% 
1,1- H 2,2-AHXJIOpnpOnaHOB OT CyMMbI MOHOXJIOpnpOH3BOAHbIX.

CxopocTb B3aHMOAencTBHH rajioreHOB c yrjieBOAopoAaMH (c TeM me 
mhcjiom yrjiepoAOB) naAaeT b TaKOH nocjieAOBaTejibHOCTH:

F >  cl >  Br >  J

AKTHBHOCTb (|)TOpa B peaKHHH C MCT3H0M CTOJIb BeJIHK3, MTO A3>Ke
TBepAbin MeTaH c hchakhm (JiTopoM pearwpyeT co B3pbiBOM. MeTaH c 
xjiopoM Ha cojiHenHOM cBeTy hjih Ha paccenHHOM cBeTy npn 500° Taxme 
B3pbiBaeTcn:

CH4 +  2CI2 C +  4HCI
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FIpH odbiHHOH TeMnepaType Ha pacceaHHOM CBeTy MeTaH pearnpyeT 
c xjiopoM cnoKOHHO, AaBaa Bee npoAyKTbi 3aMemeHHH (CH,C1, CH,C1„ 
CHC13>CC14).K a n  yace 6 b i n o yKa3aHO, dpoM p ea rn p y e T  HecKOjibKO TpyAHee, h o a —  oqeHb Me^JieHHO. XleHCTBHe h x  m o jk h o  ycKopHTb npHMeHeHHeM KaTa,iH- 3aTopoB: Fe h jih  AlBr3 b  CA yqae dpOMHpoBaHHH, HgO h a h  HJOs b  cjiy- 
liae HPflnpoBaHHH (pa3pyiueH H e HJ, o6pa3yiom,erocH npH peaKUHH).YM eHbm eHHe peaKUHOHHOH c iio c o 6 h o c t h  rajioreH OB c  yBejinqeHHeM h x  M O JieK yjiapH oro Beca od'bHCHneTCH CHHHceHHeM SHeprnH c b h 3H 
C—X  (b  K a n / e - M O A ) :

CKopocTb rajioreHHpoBaHHH HopMaAbHbix napa<|)HHOB yMeHbmaeTca 
c noBbimeHHeM h x  M O JieKyjiapH pro Beca. Tan, HanpHM ep, (JrropHpoBa- 
HHe w-^eKaHa n poT eK aeT  cnoKOHHO c odpa30BaHneM  CMecn (f)TopA6KaHOB; 
x jiopnpoB aH H e b w c iu h x  HopMaAbHbix napacJniHOB h a c t  m c a a c h h o , Tpe- 
6yeT  ocBemeHHH, HarpeBaHHH h a h  npHMeHeHHH KaT3AH 3aTopoB.
B c jiy n a e  y r jieB o ^ o p o^ o B  H30crpoeHHH j ie r q e  B cero  3aMem,aeTCH b o a o - 
poA y TpeTHHHbix aTOMOB y r j ie p o ^ a .

XjiopnpoBaHHe MeTaHa MOJKeT HMeTb doAbiuoe npaKTHMecKoe 3Ha- 
HeHHe AAH nOJiyMeHHH COOTBeTCTByiOmHX 3aMemeHHbIX. OCTaHOBHTb
npouecc Ha noAyqeHHH HHAHBHAyaAbHbix raAoreHnpoH3BOAHbix a o a - 
roe BpeMH He y^aBajiocb, TaK KaK o h  npoTexaeT qepe3 npoMOKy-roqHbie 
cTaAHH c TeHAeHUHeft k HapacTaHHio TepMHqecKoro schem a:

FlpHMeHeHHeM K3TajiH3aTopoB m o jk h o  3HaMHTejibHO ycKopHTb npo- ueccbi xjiopnpoBaH H H  napa(J)HHOBbix yrAeBOAopoAOB h , h t o  HaHdoAee LieHHO npaKTHHeCKH, OCTaHOBHTb HX Ha OnpeAeJieHHOH CTaAHH. XIjih  xjiopnpoBaH H H  b  t o m o - h a h  reTeporeHHoft $ a 3 e  npeAAOJKeHO orpOMHoe KOAHMeCTBO KaT3AH3aTOpOB.
roMoreHHoro XAopHpoBaHHH pa3AHHHbix napac})HHOB npHMe- 

HHIOT XAOpHCTblH HHTp03HA, XAOpHCTblH CyAbtJ)ypHA, napbl reKCaXAOp- 
3TaHa, CMecn cepHHCToro ra3a c XAopoM (qacro c A©6aBKaMH 0,05— 
0,1% opraHHqecKHX nepeKHcefi, odAerqaioiuHX uenHbie npoueccu xao- 
pnpoBaHHH). HeAaBHO 6mao ycraHOBAeHO, mo HedoAbiiiHe ao63bkh 
OAe(J)HHOB TaK*e AeftCTBytOT KaTaAHTHqeCKH. 3tO 06l)HCHHeTCH HHfH-

C — F 
C — Cl 
C— Br 
C — J

107.0
66.5
54.0
45.5

C H 4 +  cl.2 -*■  C H 3C 1 +  H C 1 +  33 kkcia 

C H 3CI +  Clo - ►  C H 2C12 +  HC1 +  27 » 
CH 2C12 - f  C l2 - * -  CH CI3 +  HC1 +  34 »

CHCI3 -f Cl2 CC14 +  HC1 +  43 >



764 fA. x iv .  k a t a j ih t h h e c k o e  r  AJior e h  h p o b  a h  he

SHpyiomHM BJiHHHHeM ojioJihhob Ha xjiopHpoBaHHe napa^HHOB no uen- 
HOMy pa^HKa.TbHOMy MexaHH3My:

Cl2 2C1*

CH2=CH2 +  Cl* CH2-CH2Cl 

CH2—CH2C1 +  C bH 12 CsHn +  CH2=CH2 +  HC1

C5Hn +  Cl2 — C6HuC1 +  Cl* H T.

MexaHH3M ueriHoft peaKUHH xjiopHpoBaHHH napacfwHOB b OTcyTCTBne 
ojie(|)HHOB b roMoreHHofl c[)a3e npeAJiomeH H. H. CeMeHOBbiM [10]. Tan, 
HanpHMep, xjiopHpoBaHHe nponaHa oh npe^cTaBjineT cJieAyiomeH cxe- 
moh:

Cl2 ->* 2C1*

C3H8 +  C1* -»- C3H7 +  HC1 

C 3H v +  C12 C3H,C1 +  C1*

C 3H vC1 +  Cl* - ►  C3H6C1 +  HC1 

C3H6C1 +  Cl2 CH3H6C12 +  Cl* h T. fl.

C TOHKH 3peHHH uenHbix MexaHH3MOB T3KHe npoueccbi BnoJiHe Be- 
poHTHbi, ho SKcnepHMeHTajibHO npoMe^yTOHHbie CTâ HH eme He yera-
HOBJieHbl.

3HaHHTejibHbifl HHTepec npeAcraBjiaioT HexoTopbie MeTajuiopraHH- 
necKne coe^HHeHHH, AuccoUHHpyiomHe npn rajioreHHpoBaHHH Ha mc- 
TajiJi h cBodo^Hbie paAHKajibi. lloKa3aHO [ 1 1 ], hto Ao6aBKH 0,002% 
TeTpasTHJicBHHua cnocoScTBytoT xjiopHpOBaHHio HH3IHHX napacJwHOB. 
HanpHMep, 3T3h c xjiopoM pearnpyeT npn stom Ha 95% yme npn 130— 
135° t . e. Ha 150° HHme, neM b cjiynae oSbiHHoro TepMHnecKoro xjiopn- 
poBaHHH. B pe3yjibTaTe o6pa3yeTCH CMecb, coAepmaman 80% xjiopn- 
CToro STHJia h 20% AHXJiopsTaHa. nponaH b sthx me ycjioBHnx o6pa- 
3yeT 33% xjiopncToro H3onponnJia, 45% xjiopHCToro nponnjia h 24% 
CMecn AHXjiopnponaHOB.

no naTeHTHbiM h jiHTepaiypHbiM AaHHbiM HanjiynuiHe pe3yjibTaTbi 
nojiyqaroTCH npn xjiopHpoBaHHH HaA TBepAbiMH KaTajiH33TopaMH b re- 
•TeporeHHofl cf)a3e. PeKOMeHAOBaHO oneHb dojibmoe KojinnecTBo pa3HOo6- 
pa3Hbix KaTajiH3aTopoB hjih KOHTaKTHbix cMeceft: MeTaJIJIHHeCKHe Cu, 
Sn, Bi, Ti, Ce, A l, Fe, hx xjiopnAbi, a Taxme aKTHBHpoBaHHbifl yronb, 
S, J, P, As, Sb h t . A-

CnjibHO KaTajiH3Hpyiom,ee AeflcTBHe HOAa npn xjiopHpoBaHHH ot- 
MeneHO oneHb a3bho [3]. Po^ib ero cboahtch k npoMemyTOHHOMy o6pa30- 
BaHHio JiabHJibHoro HOATpnxjiopHAa:

J2 +  3C12 -► 2JC13 
2JC13 2JCI +  4C1

TaKHM o6pa30M, hoa HBjineTCH nepeHOcmiKOM xjiopa, npeBpamaa 
ero H3 MOJieKy.TnpHoro b 6ojiee aKTHBHoe aTOMapHoe coctohhhc.
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M3 SoAbiuoro KOAHqecTBa KaiajiH3aTopoB ocoSoro BHHMaHHH 3acAy- 
>KHBaeT xAopHan Me^b.

TaK, KD. T MaMe^ajineB, B. B. AeMeHTbeBa h Ap. [121 H3 cMecefl 
cocTaBa CH4 : Cl2=9,4 : 1,8 npn 450° HaA CuCl2, neM30H,>Kejie3HbiMH 
hah ajnoMHHHeBbiMH CTpy>KKaMH noAyqaAH 6ojiee 75% CH3C1. AHajio- 
rHMHbie pe3yjibTaTbi 6m ah  noAyqeHbi h ApyrHMH aBTopaMH. HanpHMep, 
HaACuCl2 cMecbB/ia>KHbix N, :CH4: Cl2=7 : 7 ; 1 AaBajia 75—80% CH3C1, 
CMecbN2 : CH4 : C12=7 : 1 : 4— 80% CC14. HaA ApyrHMH KaTaAH3aT0- 
paMH (aKTHBHpOB3HHbIH yTOAb, CaCl2, Si02) BbIXOAbI CHgCl 3H3MHTejIb- 
ho CHHa<ajiHCb 3a cqeT o6pa30BaHHH CH2C12.

HecMOTpa Ha to , hto noAyqeHHe XAopo4>opMa npn MeiajienTHqe- 
ckom xjiopnpoBaHHH MeTaHa npê CTaBJiaeT OoAbmoH HHTepec, npouecc 
3tot He Haiueji eme npaKTHqecKoro npHMeHeHHH, TaK KaK noAyqaiomHH- 
ca CHClg no MHCTOTe He OTBeqaeT (JjapMaKonefiHbiM TpeOoBaHHHM.

Cjie^yeT OTMeTHTb, qTO npn XAopupoBaHHH MeTaHa Bcer^a o6pa3y- 
k)tch roMOjiorn MeTaHa h hx XAopnpoH3BOAHbie;

CH3CI +  CH4 -► CH3CH3 +  MCI
CH3CH3 +  Cl, CH3CH2CI +  HC1 11 T. a

O6pa30BaHHe b sthx ycAOBHnx TeTpaxAopamneHa h reKcaxAopaTa- 
Ha HBjiHeTcn, bo3mo>kho , pe3yAbTaTOM KpeKHHra:

CC14 +  CC14 CC12 =CC12 +  2CI,
CC12=CC12 +  Cl2 ->- CCI3-CCI3

XjiopHpoBaHHe roMOJioroB MeTaHa npoTenaeT caoJKHee, Tan KaK 
aroMbi xjiopa MoryT BCTynaTb b pa3AHqHbie noAO>KeHHH. nopaAOK 
3aMemeHHH 33bhcht ot ycjioBHH npouecca h KaTaAH3aTopa. HanpHMep, 
G2H5C1 npn AaAbHeHineM XAopnpoBaHHH AaeT cMecb CH3CHC12 h 
CH2G1CH2C1, ho b npncyTCTBHH SbCl5 noAyqaeTCH TOAbKO CH2C1CH2C1.

K0. T MaMeAaAHeB n M. ScfxJjeHAneBa [131, xAopnpyH 3T3h HaA aK- 
THBnpoBaHHbiM yrAeM npn 350—.400° nojiyqnjiH ao 70% reKcaxAop- 
3TaHa. IlponaH Ayqrne Bcero xjiopnpyeTca HaA CuCl2 Ha HocHTeAe H3 
SiOa hah  A120 3. Flo AaHHbiM IO. T MaMeAaAHeBa h M. 3([x{)eHAHeB0H 
peaKUHH npoTenaeT, BeponTHO, no uenHOMy paAHKaAbHOMy MexaHH3My:

CuCl2 - »  CuCl +  Cl*

C3 H3 +  CuCl +  Cl* -*■ C3 H7 +  HCuCl 

HCuCla -*- CuCl +  HC1 

CuCl +  Cl2 CuCl, +  Cl*

C3 H ,+  C1« —  c3h 7c i*

3HaqHTeAbHbiH HHTepec npeACTaBAneT XAopupoBaHne napacfwHOBbix 
\ TAeBOAOpOAOB B paCnA3BAeHHbIX COAHX HAH SBTeKTHqeCKHX CMeCHX, 
HanpHMep Cu,Cl,+KCl +GuCl, npn 400—500' f 14], TaKHe npoueccbi
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oqeHb nepcneKTHBHbi, nocm/ibny cojih AeficTByioT KaTajiHTHqecKH, 
OAHOBpeMeHHO KOMneHCHpyn 9K30TepMHqH0CTb peaKUHH h cBH3biBan 
06pa3yK>mHHCB XJlOpHCTblH BOAOpOA:

RH +  2CuC12 -*■ RC1 +  Cu2Cl2 +  HC1 
Cu2Cl2 +  2HC1 -f V202 -► 2CuC12 +  H20

SHeprHMHoe xjiopHpoBaHHe napâ HHOB BeAeT k KpeKHHry h odpa- 
30B3HHIO nojiHXjiopĤ OB. Tan, HanpHMep, 6yTaH npn HcqepnbreaiomeM 
xjiopHpoBaHHH npeBpamaeTCH b CMecb CC14, C2C16, C3C18 h *He6ojibmo- 
ro KOJiHqecTBa C4C110.

B HeKOTOpbix cjiyqanx mo>kho ocTaHOBHTbca Ha nojiyqeHHH moho- 
XJ!OpnpOH3BÔ HbIX napa(J)HHOB H npH OCTOpOJKHOM HeKaTaJIHTHqeCKOM 
XJI0pHp0B3HHH. 3 t 0 npHMeHHeTCH, HanpHMep, npH HCn0JIb30B3HHH neH- 
TaHOB, BXOAHIHHX B COCTaB BJiaJKHOrO 3eMJIHHOrO ra3a, B KOTOpOM OHH 
cô epHcaTCH HHor̂ a b 3HaqHTejibHOM KOJiHnecTBe. IlyTeM BbiMopaacH- 
b3hhh ra3a nojiyqaiOT cJ)paKUHio c TeMnepaTypofi KHneHHH 24—40° 
KOTopyio h noABepraiOT xjiopnpOBaHHio. Ilpn 9tom hco6xoahmo nojmoe 
OTcyTCTBHe BJiarn, cnoco6cTByiom,eH o6pa30BaHHio nojmxjiopnAOB, 6o;ib- 
uian odteMHaH cxopocTb (BpeMH KOHTaKTa 2—3 cen.), H36biTOK neHTa- 
hob. B pe3yjibTaTe nojiyqaeTCH CMecb H30MepHbix MOHOxjiopneHTaHOB, 
cocTaB KOTopon npHBeAeH b Ta6ji. 96.

TAEJMUA 96

TeMnepa- Bbixofl,
%HasBaHHe <X>opMyjia Typa KHne- 

HHH, °G

1-XjiopneHTaH CH2C1CH2CH2CH2CH3 107 24
2-XjiopneHTaH ch3chcich2ch2ch8 97 8
3-XaopneHTaH ch2ch2chcich2ch2 96 18
4-Xjiop-2-MeTHji6yTaH (CH3)2CHCH2CH2C1 101 15
l-Xjiop-2-MeTHji6yTaH CH2C1CH(CHs)CH2CH3 99 30
2-Xaop-2-MetHa6yTaH (CH3)2CC1CH2CH3 86 5

KoJIHHeCTBO 06pa3yK)mHXCH B 9THX yCJIOBHHX %n- h nojinxjiopnpo- 
h3boahhx He npeBbiuiaeT 3—5%.

CMecb MOHOxjiopneHTaHOB rHApojiH30M npeBpamaioT b aMHJioBbie 
cnapTbi [15].

XjiopnpOBaHHio mo>kho noABepraTb h Bbicuine napa(])HHbi. 3thm nojib- 
3yiOTCH npH nojiyqeHHH cHHTeTHnecKHx CMa30MHbix Maceji.

B HacTonmee BpeMH Gojimhoh TeopeTHqecKHH h npaKTHnecKHH hh - 
Tepec npê CTaBJineT nojiyneHne pa3JiHHHbix 4)TO.pxjiopMeTaHOB H 3Ta* 
HOB, o6be,AHHHK)mHXCH nOA o6lH,HM H33BaHHeM (p p e O H b t  (OT frio—3aMO- 
pajKHBaio). OpeoHbi npe^cTaBJinioT co6oft ra30o6pa3Hbie hjih jkhakhc 
BemecTBa, OTJwqaiomHecH xHMnqecKOH HHepTHOCTbio, HeropioqecTbK), 
HeHAOBHTOCTbK) H BbICOKHMH (J)pHropH(j)epHbIMH (oXJiaJKAaiOmHMH) CBOfi- 
CTB3MH. riOSTOMy (j)peOHbI HaiHJIH npHMeHeHHe B XOAOAHJIbHOH TeXHHKe 
a TaKHce a j i h  CHHTe3a Apyrnx (JrropcoAepjKamHX coeAHHeHHH, ajih no*y- 
qeHHH (])ToponaacTOB, (jjmipKayqyKOB h t . a • [16— 18].
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B npoMbuujieHHOCTH npHHHTa ycjioBHaa cHCTeMa o6o3HaqeHHH pa3- 
.iHHHbix (jjpeoHOB c noMomwo flsyx- h Tpex3HaqHHx im(J)p: nocjieAHHH 
(e^HHHUbi) noKa3biBaeT mhcjio aTOMOB (J)Topa b Mojienyjie, BTopaa (fle- 
chtkh)—qncjio aTOMOB BOAopoAa, yBejiHqeHHoe Ha eAHHHuy, TpeTba 
(cothh)—qncjio aTOMOB yrjiepo^a, yMeHbmeHHoe Ha ê HHHuy (Ta&n. 97).

TABJ1HUA 97

OpeoHhi C>opu>\na
TeMnepaTypa, °C

KHnenwa njiaB/iemifl

^peon-11 CC1,F 23,77 — 111,0
4>peoH-l2 cci2f2 — 29,8 — 155
4>peoH-13 CClFg — 81,5 —180
4>peoH-14 cf4 — 127,9 — 184
4>peoH-21 chci2f 8,92 — 135 .
4>peoH-22 chcif2 — 40,8 — 160
4>peoH-23 CHF3 — 82,2 — 163
OpeoH-112 C2C14F 2 92,8 24,6
4>peoH-113 c2ci3f3 47,6 — 36,5
cf>peoH-114 c2ci2f4 3,6 — 93,9
OpeoH-142 • c.2h3cif2 —9,80 — 130,8
<J>peoH-143 c2h3f3 - 4 7 ,6 — 111,3

O p e o H b i n o jiyq a iO T  AencTBHeM  SbF3 h j ih  SbF6 Ha CC14 h j ih  Ha pa3- 
jm qH bie xjiopM eTaH bi h  x jio p a Ta H b i.

B nocjieAHee BpeMH npHodpeTaioT Bee dojibiuee 3HaqeHHe nepcfrrop- 
napa(})HHbi o6m,eH (JiopM yjibi C „ F 2,i + 2, h j ih  nojiHocTbio (J)TopHpoBaHHbie 
napacj)HHbi.

B 33BHCHMOCTH o t  qHCJia aTOMOB yrjiepoAa o h h  SbiBaiOT ra30o6pa3~ 
HbIMH, JKHAKHMH HJIH B0CK006pa3HbIMH. Ilep(])TOpnapa(|)HHbl MO>KHO 
nojiyqHTb B3aHM0^eflcTBHeM napa(J)HHOB c CoF3 b npncyTCTBHH pa3Jinq- 
Hbix K3TajiH3aTopoB. npH 3t o m  npouecce CoF3 nepexo^HT b  CoF,, a 
nocjieAHHH n p eB p a m a e TC H  b  CoF3 noA AeHCTBHeM 4>Topa (1 9 ].

B nep(])Topnapa(])HHbi M o ry T  6biTb npeBpameHbi, BepoHTHO, Bee npe- 
AejibHbie yrjieBOAopoAbi. Ilona (JjTopnpoBaHHe ocymecTBJieHO ao C16H34. 
IlojiyqeH C16F34 c t . nJi. 115° h  t . k h i i . 240° (7 6 0  mm p t . c t . ) .

Ilep<j)Topnapa<f>HHbi HMeioT TeMnepaTypu KHneHHH5 3HaqnTejibH0 
MeHbuiHe, qeM cooTBeTCTByiomHe napa(j)HHbi, a h j i o t h o c t h  3HaqHTejibHO 
dojiee BbicoKHe. Tan, HanpiiMep, w-nepcjjToprenTaH k h i i h t  npn 82° h  ob- 
jiaAaeT nJiOTHOCTbio d f =  1,7 3 3 , TorAa nan H-renTaH HMeer t . k h i i . 98a 
ii njioTHOCTb d2o=0,684. IlpHMeHHioTCH nept|)Topnapa4)HHbi nan Macjia 
II CM33KH AJ1H nOAUIHIlHIIKOB IipH BbICOKHX TeMnepaTypaX H AaBJieHHHX, 
nan xjiaAoareHTbi, pacTBopHTejiH, sKcrparnpyiomHe BemecTBa, Tenjio- 
HOCHTejIH, 3HTHK0pp03H0HHbie nOKpbITHH H T. A-

2 . rajioreHHpoBaHHe ojiet{)HHOB
HenpeAejibHue yrjieBOAopoAbi rajioreHHpyioTCH 3HaqHTe;ibHO jier- 

qe, qeM napa(])HHbi, npncoeAHiiHH rajioreHbi no npaTHbiM cbh3hm h o6- 
pa3yn rajioreHnpoH3BOAHbie c qeTHbiM qncjioM aTOMOB rajioreHa..
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Xlaa  HenpeAejibHbix yrjieBO^opo^OB HopMaAbHoro cTpoeHHH xapaKTep- 
Ha peaKUHH npncoe/tHHeHHH. JXjih yrjieBO^opo/toB n30dpoeHHH peaK
UHH qac ro  npoTeKaeT cjioiKHee c o6pa30BaHHeM Henpe^ejibHbix MOHora- 
JioreHnpoH3BOAHbix. Ilocjie^HHe noAyqaiOTCH h npn BbicoKOTeMnepaTyp- 
HOM raJIOreHHpOBaHHH HOpMaAbHbIX OAe<|)HHOB.

ripn B3aHMO^eHCTBHH C Henpe^ejlbHblMH yrjieBOAOpO^aMH aKTHBHOCTb 
rajioreHOB TaioKe noHH>KaeTCH c noBbimeHHeM hx  MOAeuyAnpHoro Beca: 
Aerqe  Bcex pearnpyeT  (|)Top, TpyAHee Bcex— h o a .

B3aHMÔ eftcTBHe STHjieHa c ra30o6pa3HbiM cfrropOM n/jeT Tax 3Hep- 
rĤ HO, uto  C2H4F2 m o>k h o  nojiyqHTb jinuib npn npoBe/jeHHH peaKUHH 
b  pacTBope h npn h h 3koh  TeMnepaType. Bo Bcex cAyqanx oAHoppeMeH- 
ho npoTenaeT peaKUHH yABoeHHH MOjieKyjibi STHAeHa. npnqeivi aTOMbi 
(J)TOpa CT3HOBHTCH B 0)-nOAO>KeHHH, HT® MO>KHO npeACTaBHTb cjie- 
Ayiomefl cxeMoft:

CH2=CH2 +  F2 cu 2= ch2 -f .

ch 2= ch 2 f 2

ch 2 fch2f

ch 2fch 2ch 2ch2f

BepoHTHO, npouecc haot ayTOKaTaAHTHqecKH, TaK KaK (|)Top CTHMy- 
jinpyeT peaKUHio KOHAeHcauHH. rio TaKOMy HanpaBAeHHio c (})TopoM 
pearnpyiOT h Bee ojiec})HHbi, ho  b o6meM 33KOHOMepHOCTH s t h x  npouec- 
cob HsyqeHbi eu;e Hê ocTaTOMHO.

FIpBMoe xjiopHpoBaHne STHJieHa npoTenaeT oqeHb mcaachho, oAHa- 
ko  peaKUHH cnocoScTByioT pa3JiHHHbie KaTajiH3aTopbi. 06pa3yioiuHHCH npn nepBHHHOH peaKUHH AHXAopaTaH xopouio pacTBopneT xjiop h yace Aerqe noABepraeTCH AaAbHeftuiHM MeiaAeriTHqecKHM peaKUHHM (o6pa30- BaHHe TpH-, TeTpa-. neHTa- h reKcaxAopsTaHa). IlocjieAHHM cnocobcT- ByeT 3K30TepMHqHocTb peaKUHH:

CH2=CH2 +  Cl 2 CH2C1CH2C1 +  58 k k q a

X(a h  noAyqeHHH qHCToro AHXAopsTaHa peaKUHio CAeuyeT BecTH npn 
h h 3k h x  TeMnepaTypax, b  npncyTCTBHH HeSojibuinx KOAHqecTB k h c a o - 
poua, TopM03Hm,ero o6pa30BaHHe noAHXAopnAOB, h KaTaAH3aTopoB—  
ApeBecHoro yrAH, FeCl3, SbCl5, Cu2Cl2 h t . a- E. B. AAeKceeBCKHH 
(.1928 r.) noAyqaA h h c th h  AHXAopaTaH (c b h x o a o m  80 °o ot  TeopeTHqe- 
CKoro KOAHqecTBa), nponycKan CMecb C2H4+C12 HaA aKTHBHpOBaHHbiiu 

yr^eM npn 120°
XI,HXJiop3TaH noAyqaioT b 33bo a ck o m  MacuiTaOe, TaK KaK oh h b a h c t - 

ch ueHHbiM pacTBopHTejieM h 33MeHHTeAeM orHeonacHoro 6eH3HHa npn 
SKCTpaKUHH pacTHTeAbHbix MaceA. B nocAeAHee BpeMH AaxAopsTaH 
HarneA AOBOAbHO uinpoKoe npHMeHeHHe A-aa nepepafioTKH b 3<})Hpbi t a h - 
k o a h , A-na noAyqeHHH 3THAeHAHaMHHa, Aa6eH3HAa h Ap. Oco6bift h h - 
Tepec npeACTaBAaeT HcnoAb30B3HHe AHXAopsTaHa a a h  noAyqeHHH t h o - 
nAacTOB.
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Tan, HanpHMep, npn B33HM0A6HCTBHH AHXAopaTaHa c nojiHcyjib(J)H- 
Aom HaTpHH nojiyqaioT m u o K O A :

CH2C1CH2C1 +  N’agŜ  - * ■ ----- CH2CH2—S—S-CH 2CH2—S-S—CH2CH2-----
II I
s  s  s  s

TaKHe coeAHHeHHH no cbohctb3m oqeHb 6ah3kh k KayqyKy Thokoa 
h aHajiornqHbie eMy monJiacTbi hmgkdt npaKTHqecKoe npHMeHeHHe.

HeM Bbiine MOAeKyAnpHbin Bee OAe<])HHa, TeM Jierqe hact xjiopnpo- 
B3HHe, HO OflHOBp3MeHHO npOUeCC yCJIOJKHHeTCH BTOpHqHbIMH peaKUHH- 
MH, AaK)IU,HMH CJIO>KHyiO CMeCb npÔ yKTOB 3aMemeHHH.

ripHcoeAHHeHne dpoMa k Henpê ejibHbiM yrjieBOflopô aM b SoAbinHH- 
CTBe cJiyqaeB npoTexaeT oqeHb jierKO Ha xoAOAy h h b a h c t c h  npeBocxoA- 
hoh  KaqecTBeHHOH peaKunen Ha ABofiHyio CBH3b. OAHaKO cKopocTb 
6pOMHpOBaHHH 33BHCHT OT nOAOJKeHHH C=C-CBH3H B MOACKyAe H OT 
HajinqHH pa3Ji«qHbix 3aMecTHTejiefl. HaKonAeHne 3AeKTpooTpHuaTenb- 
Hbix rpynn h a h  aTOMOB raAoreHa y a b o h h o h  c b h 3h Â AaeT ee HecnocoS- 
hoh  k npncoeAHHeHHK) 6poMa. TaKHe coeAHHeHHH, KaK TpnxAopaTH- 
AeH CHC1=CHC12, AHXJiopcTHJibSeH C„H5CG1 =CC1C6H5, l,l-AH<£e- 
HHJl6pOM3THJieH (C6H5)2C =  CHBr, 1, l-AH(j)eHHAMeTHA6pOM3THAeH
(C0H5)2G=CBrCH3, TeTpa^eHHJisTHjieH (C6H5)2C=C(CBH5)2 h t . a .. 
He npHeoeAHHHiOT 6poMa b odbiqHbix ycAOBHax. TIpHCoeAHHeHHe 6poMa 
ycKopaeTCH HarpeBaHHeM, AencTBHeM CBeTa, npHcyTCTBneM no^a, B.ia- 
t h , rajioreHOBOAopoAOB. PeaKUHH 6poMHpoBaHHH npoTeKaeT ayTOKa-
TajiHTHqecKH, npnqeM  y c K o p e H n e  ee  Bbi3biBaeTCH Sp o m h c t h m  b o a o p o a o m , 
BbweAHiomHMCH b pe3yAbTaTe  qacTHqHOH Meia jiencHH.

Hoa Majio cnocoSeH k npHcoeAHHeHHio no abomhum cbh3hm. XIh- 
HOAnpOH3BOAHbie o6pa3yK5TCH AHLUb H3 CTHpOAa, aAAIIAOBOrO CnHpTa 
h HeKOTopbix Apyrnx coeAHHeHHH. Jlerxo npHcoeAHHaeTCH no KpaTHbiM 
cbh3hm JC1, qeM nojib3yiOTCH aah onpeAejieHHH qHCJia t3khx CBH3eH 
(noAHbie qncjia).

3. riojiyqeHHe rajioreHHpoBaHHbix OAecfiHHOB

H3BecTHO, hto npncoeAHHeHHe rajioreHa no abohhoh cbh3h npoHcxo- 
Aht oqeHb JierKO, Ha qeM ocHOBaH odbiqHbin mctoa OTKpbiTHH C=C- 
CBH3H B OpraHHqeCKHX COeAHHeHHHX. TIOKa3aHO, OAHaKO, qTO B 33BHCH- 
mocth ot ycJiOBHH npouecca h CTpyKTypbi ojiciJjhhob MoryT 6biTb nojiy- 
qeHbi HenpeAeJibHbie rajioreHnpon3BOAHbie nyTeM 3aMemenH aTOMOB 
BOAopoAa Ha rajioreH.

H 3yqeHHe xAopnpoBaHHH (a oiqa cth h 6poMHpoBaHHH) pa3JiHqHbix 
ojie(J)HHOB [20] noKa3ajio, hto 3th npoueccbi npoTeKaiOT oqHeb caojkho. 
TaK KaK c peaKUHHMH HopMaAbHoro npncoeAHHeHHH KOHKypwpyioT peaK- 
UHH 3aMemeHHH, npHBOABUlHe K 06pa30BaHHK) nOAHXAOpHAOB H HeHa- 
CbimeHHblX MOHOXAOpHAOB. CKOpOCTb H HanpaBACHHe XAOpHpOBaHHH 3a- 
BHCHT OT MOAeKyAHpHOrO Beca H CTpoeHHH OAe([)HHOB. OAe(J)HHbI HOp- 
MaAbHOrO CTpoeHHH B ra30B0H (J)a3e XAOpHpyiOTCH C 60AbIHHM TpyAOM
•J9 B. H. AanroB
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Aa>i<e npn 125— 150° ho  Ta >Ke peaKHHH b >k h a k o h  (|Da3e h a c t  oneHb 6bi- 
CTpo. XjiopiipoBaHHe ycKopneTcn KaTaAHTHnecKHM AeficTBiieM Bbico- 
KoxjiopnpoBaHHbix npoAyKTOB, ocaJKAaiomHxeH Ha CTeHKax peaKTOpa. 
npn HH3KHX TeMnepaTypax nponcxoAHT t 3 k h m  o6pa30M AHiub npn- 
coeAHHeHHe (xjiopa h a h  6poMa), ho  c noBbiuieHHeM TeMnepaTypbi paB- 
HOBecHe Bee OoAbine CABHraeTCH b dopoHy peaKHHH 3aMemeHHH, BeAy- 
mefi k o6pa30BaHHio HenpeAeAbHbix m o h o x a o p h a o b  aAAHAbHoro THna. 
BbIXOAbI nOCAeAHHX MaKCHMaAbHbl npH 300—450° H 33BHCHT OT npH- 
poAbi OAecĵ HHa. B cjiynae nponHJieHa cMecb cociaBa C3Hr) : C12=2 : 1 
o6pa3yex 96—97% 1-xAopnponeHa c npiiMecbio 3(lo 2-xAopnponeHa:

2CH3CH=CH2 +  Cl2 CH2 = CHCH2C1 +  ch2= ccich3

3 i a  peaKHHH a o k h t  b o ch o bc  nojiyneHHH rAHuepHHa H3 nponHAeHa.
Pa3/iHHHbie nyra noAyneHHH 99% rAHuepHHa H3 nponHJieHa nona- 

3aHbi Ha cAeAyromeft oOmefl cxeMe [2 1 ]:

CHoCICHClCHo

—HC1

CH,

CH
II
CH,

Cl2
500° '

ch2oh ch2oh
NaOH HOC1 I I

-------► CH2=C H C H „O H ------ *- CHC1 +  CHOH
I I

ch2oh ch,ci

ch , = chch2ci —

NaOH

-f.1.2-*. CH2C1CHC1CH2C1 — ^  |ch2ohchohch2oh
20°

CH,=CClCHo

HOP1 —HC1 NaOH
CH2C1CH0HCH2C1 — -► ch2- chch2ci -------

\  /
0

h ,o

T
CH2OHCHOHCH2Cl

! NaOH
\

_^ 2_£i; (CH2=CHCH2)20 CH-OHCH-CH, NaOH
\  /

o

BoAee BbicoKHe TeMnepaTypbi BeAyT k pa3AO>KeHHio. CnopocTb peaK
HHH 3aMemeHHH pa3AHMHbIX OJiec})HHOB 33BHCHT H OT HX MOACKyAHpHOTO 
geca— c noBbimeHHeM ero TepMHnecKHH nopor peaKHHH cHH>KaeTCH.

Oco6o BeAyT ce6n 0Aec[)HHbi THna R2C=CH2, t . e. coAep>KamHe 
C =  C-CBH3b C TpeTHHHbIM VTAepOAHblM aTOMOM. IlpH XAOpHpOBaHHH 
T3 KHX OAC(J)HHOB TAaBHblM HanpaBAeHHeM HBAHeTCH He peaKHHH npH- 
coeAHHeHHH raAoreHa, a peaKHHH 3aMemeHHH.
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M . M . LUeuiyKOB [22J BnepBbie ycTaHOBHji, hto H30KpoTn.ix.iopni, 
o6pa3yiomHHCH npn xjiopHpoBaHHH H3o6yTHJieHa, npn HarpeBaHHH 
c b o aoh  npeBpauiaeTCH b H30MacjiHHbift ajib^erHA:

CH3v Cli H9O CH3\
X C =C H 2 >C=CHC1 >c h c h o

CH3 HCl C H /  -HCl C H /

H. Jl. KoH^aKOB [23] Harneji, hto bmccto HopMajibHoro npncoeflH- 
HeHHH xjiopa no abohhoh cbh3h H3o6yTHjieH npn xjiopnpoBaHHH o6pa- 
3yeT H30KpoTHJixjiopna (l-xjiop-2-MeTH/inponeH-l) h H3odyTeHH^xjiopH^ 
(1 -xjiop-2-MeTHjinponeH-2) :

ch3N

CH- 7
>C=CHC1;

ch3x

C1CH,/
C=CH

Pa6oTy M. H. lUemyKOBa noBTopnji C. A. norop>KejibCKHH [24]. 
CorjiacHO ero flaHHbiM, npoAyKTOM xjiopnpoBaHHH H3o6yTHJieHa HBJiaeT- 
ch CMecb, cocTomuan H3 l-xjiop-2-M eTHjinponeHa-l, l-x/iop-2-MeTHJi- 
nponeHa-2 h l,2-,HHXJiop-2-MeTHJinponaHa. T a K n e a te  npoAyKTbi nojiyqnji 
no3>Ke T TpojiJi [20] B3aHMO^eHCTBHeM H3o6yTHJieHa c xjiopoM npn t c m - 
nepaType o t  — 40 ,no — 60° O h noKa3aji, mto npouecc H^eT ayTOKaTa- 
jiHTHnecKH. TaKHM o6pa30M, x.TopHpoBaHne H3o6yTHJieHa npoTenaeT 
no cjieAyiomeH cxeMe:

CICH2
>C=CH2 +  HCl 

CH/

ch3
>C=CHC1+ HCl 

CH/

CH3.
>CC1CH2C1

ch/

OaHOBpeMeHHo o6pa3yeTCH  a o  4 " o a p y r n x  npo^yKTOB x jiopn poB aH H H . 
no ^aHHbiM JX. B. THmeHKO 125], npn  xjiopHpOBaHHH «T p e iH q H o ro  

aM HjieHa», npeflCTaBjiHKDmero co6 oh  CMecb 2-M eTH ji6yTeHa-2 c 2 -M e in .i-  
6 y ieH O M -l, o6pa3yioTCH  HeHacbimeHHbie MOHOXJiopnpoH3BO,HHbie. B s t o m  
c . iy q a e  n p on cx o ^ H T  He npH coe^H H eH ne x ^ o p a  n o  M ecry  ^ b o h h o h  c b h 3h , 
a jiHLUb 3aMem,eHHe n o  cxeM e:

CH;

CH,

\  ci2
^ c= ch2 ----

CH3\
> c= chch3

C H /

Cl2 cich2.

ch3-
’C=CHCH3 +  HCl

CH3CH2. cl 2 CH3CHC1v
>C =  CHa ----- ► >C=CHa +  HCl

CH/ CH3

O ^ H a n o  paSoTaMH ZL  B .  THmeHKO, T  T p o . i . ia  h ^ p y r n x  (5bi;io no- 
Ka3aHO, mto  npH BbicoKOTeMnepaTypHOM x.iopnpoBaHHH rjiaBHbiM  Ha-

49*
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npaBjieHHeM peaKUHH h b jih 6tch o6pa30BaHHe Henpe^e^bHbix xaophaob  «aAAHAOBoro Tnna» (btom rajioreHa He y abohhoh  cbh3h). rioAyqeHHe coe^HHeHHH «BHHHJiOBoro THna» (aTOM raJioreHa y abohhoh  cbh3h) H^eT 3HaqHTejibHO TpyAHee. T an , HanpHMep, atih nojiyqeHHH bhhh a- XJlOpHfla npn B3aHMOAeHCTBiIH 3THJieH3 C XJIOpOM TpegyiOTCH BbICOKHe TeMnepaTypbi.B HacTonmee BpeMH 6oAbinoe npaKTHqecKoe 3HaqeHHe nojiyqwjiH pa3^HHHbie (J)TOpOJie(J}HHbI, MOHOMepbl KOTOpbIX OTJlHHaiOTCH XHMHqe- CKOH HHepTHOCTblO H CHAbHOH CKAOHHOCTbK) K nepexOAy B BblCOKOnOAH- MepHbie coe^HHeHHH. XapaKTepHbiM npHMepoM hbahctch  bhhhac[)toph a , KOTopbifl mo>kho  nojiyqHTb oahhm  H3 CAeAyiomHX ciiocoGo b :
CH2Br—CH2F -Z-n-(nb'^ . CH2=CHF +  HBr

Hg2Cl2

CH=CH — ^  CH2=CHF

ch 2 f—ch2f ch2= chf +  hf
725°B h h hji(J)to p h ^ npe^cTaB^HeT co6oh ra3 c TeMnepaTypoft KHneHHH — 90° KOTOpblH nOJlHMepH3yeTCH B XHMHqeCKH HHepTHblH nOAHBHHHA- (J)TOpHA (nBO), npHMeHHKJLUHHCH AAH H3rOTOBJieHHH nACHOK, nOKpbl- THH, C|)yTepOBOK H T. A-

npaKTHqecKoe 3HaqeHHe HMeiOT T3K>Ke BHHHAHAeHCjrTOpXAOpHA 
CH.2=CC1F AHXJ10pAH(|)T0p3THJieH CC12=CF2, BHHHJIHAeH(|)TOpHA 
CH2=CF2 h Apyrne coeAHHeHHH, noAyqaiomHecH cjrropHpoBaHHeM sth- 
AeHa HAH XAOpHpOBaHHbIX STHAeHOB AeHCTBHeM SbFg HAH SbF5 npH 130—150° Bee 3th COCAHHeHHH B nOAHMepHOH (J)OpMe XHMHqeCKH HHepT- Hbl H TepMOyCTOHHHBbl.OcoObift HHTepec npeACTaBAaeT TeTpacJrropaTHAeH [26], noAyqaio- iuh h ch  H3 (})peoHa-22:

2CHC1F2 CF2=CF2 +  2HC1

M3 (f)peoHa-113 b aHaAorHMHbix ycAOBHax o6pa3yeTca c uhh k oeo h  
nbiAbio (|)TopoTeH:

7n
CC12F—CC12F ----- *- CC1F=CC1F +  ZnCI2O  4)TopnoAHMepax h h x  TexHHqecKOM 3HaqeHHH [27] cm . c ip . 608.T . M aK-Bn c coTpyAHHKaMH [28] noAyqHAH paA 4)TopaAKeHOB h (J)Top- aAKaAneHOB, a Taione npoAyKTbi npncoeAHHeHHH k hhm xAopa hah 6poMa. O hh h cxo ah ah  H3 reKcacfnoprAyTapoBofi, OKTac[)TopaAHnHHOBOH h renTa(|)TopMacAHHOH k h c a o t , noAyqeHHbix ^TopnpoBaHHeM c Tpex- (JnopHCTbiM Ko6aAbTOM. CxeMbi npeBpameHHH hchh  H3 CAeAyiomero npHMepa:

CH2CH2COOH C0F3 CF2CF2COOH r c h 2oh  cf2cf2cooch2r

ch 2ch2cooh cf2cf2cooh cf2cf2cooch2r

cf 2cf2cooch2r cf2cf2chohch2r cf2cf2ch= chr

cf2cfscooch8r cf2cf2chohch2r cf2cf2ch= chr
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4. TajioreHHpoBaHHe aueTHJieHa

AueTHjieH rajioreHHpyeTca jierKo, npaneM, b 33bhchmocth ot ycjio- 
BHH peaKUHH H KaTaj]H33TOpOB, MO>KHO riOJiynaTb pa3JIHHHbie npOAyKTbl 
rajioreHHpoBaHHH. HncTbie C2H2 h Cl2 b cmcch pearnpyioT MeAJieHHO 
c o6pa30BaHHeM AnxjiopsTHjieHa h TeTpaxjiopaTaHa:

CH=CH S \ .  CHC1=CHCI — CHC12—CHC12

ripn CHjibHOM ocBemeHHH peaKUHH Ĥ eT co B3pbiBOM h nojiHbiM pac- 
nâ oM aueTHJieHa:

CH=CH li*. 2C +  2HC1

Bo H3de>KaHHe B3pbiBa npouecc npoBOAHT b pacTBope hjih b npHcyT- 
CTBHH nOpHCTbIX MaTepH3J10B. CKOpOCTb peaKUHH nOBblUJaiOT K3T3JIH-
THnecKH ,no6aBKaMH FeGl3, SbCl5, S02C12, BaCl2 h Ap.

TeTpaxjiopaTaH, o6pa3yiomHHCH npu xjiopnpoBaHHH aueTHJieHa, 
npHMeHneTCH A-na noJiyHeHHH pa3JiHHHbix xjiopopacTBopHTejieu
(C2H2C12, C2HC13, C2HC15, C2C14, C2C16).

AHajiorHMHO aueTHjieHy xjiopnpyiOTCH hjih SpoMHpyioTCH ero ro- 
Mojiorn. IlojiyqaioiuHecH rajioreHHpoBaHHbie ojiecjiHHbi odJia^aioT pe3- 
ko Bbipa>KeHHOH TeHAeHUHefi k nojiHMepH3auHH (cTp. 610).

5. XjiopnpoBaHHe KaynyKaXJiopHpoBaHHbie KaynyKH ofijiaAaiOT cbohctb3mh napaiJiHHOB h npeACTaBJiHKDT co6oh HacbimeHHbie BeiuecTBa, HHepTHbie k KHCJioTaM, uiejioqaM, CBeTy, BJiare, KHCJiopoAy h ApyruM areHTaM. O hh jihiuchm S.iaCTHHHOCTH H XOpOlUO paCTBOpHIOTCH B 6eH3HHe. KayMyKH 3Til MO>KHO nJiaCTH(J)HUHpOBaTb A06aBKaMH pa3JIHHHbIX BeuieCTB (chhtcth- vecKHe CMOJibi, AH6yTHA(jrrajiaT, TpHKpe3Hji(j)oc(})aT), npHneM nojiyMaioT- C5i CTOHKHe sjiacTHMHbie MaTepnajibi.
XjiopHpoBaHHe KayqyKa npoBOAHT npH 25—'0  ̂ b SMyjibCHH. FIpH 3tom o6pa3yeTCH Macca KpeMOBoro hjih KopHHHeBoro UBeTa, pa3MHrna- 

lomancH npn 94— 124° xopoujo pacTBopHMan b HenojinpHbix pacTBO- 
pHTejTHX H nOMTH HacbimeHHan.

B npouecce xjiopHpoBaHHH nponcxoAHT uhkjih33Uhh MOJieuyji Kay- wyKa, hto mojkho npeACTaBHTb cjieAyioiuen cxeMofi:

I y C H ,

/CH2-
iic civ

; l

II.,C c—ch3
\  /

CH,

Cl 2 
—HC1

i

x

-----ch2
cu ! ,ch3 

'
H\ x />C CHX
CK

CH*—

H2C C-Cll, 
X /
CH* x
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B

Cl

— ch2 -  ----- ch2
l/CH3

0 /
/  \  /CH,-----

C Cx

1 /

V xc
CK! H

C C+—CH-, h2c c
\  / \  >

ch2 X CH

,CH3

, ch2—

ripOflyKT XJIOpHpOBaHHH nAHOAHTOB H3BeCTeH noA H33BaHH0M t l A U O -  

X A o p .  O h CMemiiBaeicH c njiacTH(J)HKaTopaMH h coBepmeHHO CToeK ko
BCeM KHCAOT3M.

npHCoe^HHeHHeM H C1 k KayqyKy mo>kho nojiym-iTb TaK Ha3biBae- 
MbiH n A u cx p iiA b M  cocTaBa (C10H 1KC l 2)r c 3 3 ,9 7 °o C l.

6. TajioreHHpoBaHHe apoMaTHnecKHx yrAeBOAopoaoBrajioreHHpoBaHHe apoMaTHHecKHX yrjieBOflopo^OB mojkct npoTexaTb BecbMa pa3HOo6pa3HO b 3aBncHMOCTH ot hx xapaKTepa, vcaobhh npo- uecca h cbohctb ra/ioreHa. CbopocTb peaKHHH, KaK h b npeAHAymHx cjiyqanx, na^aeT ot $Topa k HOAy.B3aHMOfl,eftcTBHe (j)Topa c 6eH30A0M npoTenaeT oneHb 6ypHo—c boc- njiaMeHeHHeM h noAHbiM pa3pymeHHeM KOAbua; b pe3yjibTaie o6pa- 
3yn3TCH ca>Ka, ([rropHCTbiH boaopoa , (|)TopHAbi h c[)TopcoAep>KamHe CMO- jibi. E cah pa36aBHTb cjrrop a30T0M h BecTH peaKHHio npn —7° OHa npo- TeKaeT cnoKOHHO, ho h b stom cjiynae (|)Top6eH30Ji hjih noAH(|)TopHAbi 6eH30Jia He noJiynaioTCH, a o6pa3yiOTCH jinuib cm o ah . AHajiorHHHO Be- AyT ce6 a c (JrropoM tomoaoth h npOH3BOAHbie 6eH30Aa. B nocAeAHHe roAbi npaKTHnecKoe 3HaHeHHe npno6peAO nojiyneHHe nep4rropnpoH3BOA- 
Hbix reKcarHApoKCHAOAOB C 6F I0(C F 3)2 npaMbiM (|)TopHpoBaHHeM kch- 
AOAa.HoBbift MeTOA BBeAeHHH c|)Topa b apoMaTHnecKoe KOAbuo pa3pa6o- TaH A. H. T htobmm h A. H. BapbiuiHHKOBOH [29]. H mh yciaHOBAeHO, HTO npH A6HCTBHH 6e3 BOAHOTO (})TOpHCTOrO BOAOpOAa H3 (|)eHHArHApOKCHA- 3mhh o6pa3yeTCH n-(J)TopaHHAHH:

NHOH NH2

V '  'V '
I
F

n p H  AeflCTBHH Cl., HAH B 1"., Ha KHnHLHHH (5eH30A Ha COAHCMHOM CBeTY 
o6pa3yK)TCH, KaK H3BecTHO, r e K c a x A o p -  hah reKcadpoMHHKAoreKcaHbi. 
3 aMemeHHe BOAopoAa b 6eH30Ae c o6pa30BaHHeM m ohoxaop- hah moho-
6p0M6eH30Aa B03M0>KH0 B npHCyTCTBIIH KaT3AH3aTOpOB nepeHOCHU-
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kob rajioreHa (Fe, J?, SbCl3, MoC15, SnCl4 h AP-)- -I-151 bpoMiipoBaHHH 
ocoSeHHO peKOMeĤ yiOTCH Be h BeBr2. FIoBbimeHHe TeMnepaTypbi h 
yBejiwqeHHe KOjinnecTBa rajioreHa cnocodcTByioT o6pa30BaHHio nojni- 
raJioreH3aMemeHHbix 6eH30Jia.

JXnn HOAnpoBaHHH 6eH30Jia, KOTopoe nponcxoAHT TpyAHO, Heobxo- 
Ahmo y^ajieHHe o6pa3yiomerocH HJ, ajih qero peaKunio HaAo bccth 
b npncyTCTBHH H J03, HHTpaTOB, HgO, nepcyjibcJjaTOB. TaKHM nyiexi 
npn npaMOM noAnpoBaHnn H3 6eH30Jia mojkho nojiyMHTb ao 70 °o C6H5J 
h 5—8% CpH 4J2.

KaTajiH TH M ecKoe fleftcTBHe nepeHoeqnKOB ra jio reH a  c b o a h t c h , b 
KcmewHOM H Tore, k nepeBOAy M O JieKyjinpH oro ra jio reH a  b h o h h o c  co- 
CTOHHne. H a n p n M ep , MexaHH3M a c h c t b h h  >Kejie3a 3aKJiioqaeTCH b c/ie- 
AyiomeM:

2Fe +  3C12 -►  2FeCl3 

2FeCl3 — 2FeCl2 +  2C1"

HJIH
2FeCI2 +  Cl2 -►  2FeCI3 

2Fe +  3C12 2FeCl3

FeCl3 +  Cl2 -►  F eC lf +  C1+

B nojib3y BToporo MexaHH3Ma roBopnT tot (fiaier, mto K3TajiH3aTO- paMH rajioreHHpoBaHHH h b jih io tch  ajieMeHTbi c nepeMeHHon BajieHT- 
HOCTbio; o6pa30BaHHe >ne FeCl., npn xjiopnpoBaHnn 6eH30Jia AOKa3aHo.

H oh xjiop a, no-BHAHMOMy, pearnpyeT c apoMaTnqecKHMH coeAHHe- 
hhhm h  no cjieAyiomeH cxeMe:

CH
/? \  

HC CH
I II

HC CH
^  /  

CH

Cl

CH
/ /  \  /H 

HC C<
I H >  Cl

HC CH
^  /

CH

CH
+  \

HC CC1
I II 

HC CH
V  /

CH

+  H+

JXaJiee npoTOH pearnpyeT  c 3 hhohom  F e C U  pereHepnpvn co jib  

F e C l 3 :

_  H +
FeCl 4 ------ ► FeCl3 +  HC1

E cjih conocTaBHTb TenjioBbie acfx^eKTbi ( b k k c u ) peaKunn npncoeAH- 
HeHHH aTOMOB raAoreH a k apoMaTnqecKHM yrjieBOAopoAaM (a ) c Ten.io- 
BbiMH 3(jxJ)eKTaMH peaKunii 3aMem,eHHH b hhx  BOAopoAa (6 ), pa3Jinqiie 
Mea<Ay sth m h  npoueccaMn c t3hobhtch  oqeBHAHbiM:

F2 Cl> Br> J2
а) +107.2 +33.1 +  18.8 — 1,2
б) +102,3 +22 ,9  + 6 .2  - 1 3 ,7



776 Fa . X IV . KATAJ1HTHVECK0E rAJlOTEH HPOBA HUEH 3 3thx AaHHbix cjieAyei, hto TenjiOBOH secern  peaKUHH c (jrropoM 3HaMHTejibHO Bbime sHeprHH pa3pbiBa apoMaTHqecKofi C —C-cbh3h, paBHOH 5 8 ,6  kkcia; nosTOMy npn cjyropHpoBaHHH nponcxoAHT pacnaA MOJieKyji. Tenepb CTaHOBHTCH noHHTHbiM, noqeiviy npn peaKUHH c (frro- poM Tan jierKO pa3pymaeTCH apoMaTHqecKoe KOJibuo. ApoMaTHqecKHe COe^HHeHHH He npOHBJlHIOT no OTHOUieHHK) k cfiTopy «apoMaTHqecKHX» CBOHCTB. OTOp He TOJlbKO npHCOe^HHHeTCH K C—C-CBH3HM apOMaTH- qecKoro Kojibua, ho h o6pa3yeT npn stom npoAyKTbi pacmenjieHHH h KOHAeHCaUHH. ripH XJI0pHp0B3HHH H 6pOMHpOB3HHH TenJIOBbie 3(|x})eKTbI peaKUHH 3HaqHTejibHO MeHbrne— nosTOMy pa3pbiB Kojibua He nponc- xoflHT, h peaKUHH (a) h (6) H^yT rjia^KO. TpyAHoerb HOAHpoBaHHa oStHCHHeTCH SHAOTepMHqHOCTbK) 3T0H peaKUHH.ripH x^opnpoBaHHH hjih 6poMHpoBaHHH roMOJioroB 6eH30jia raJioreH MoweT SbiTb BBe^eH jih 6o b KOJibuo, jih6o b SoKOByio uenb.PadoTbi b 3toh o^JiacTH, npoBe^eHHbie M . KapameM c coTpy/jHH- KaMH [30], noKa3ajiH, m o onpeAejieHHoe bjihhhhc Ha HanpaBjieHHe ra- jioreHHpoBaHHH 0Ka3biBai0T nepeKHCH (n e p e K u cn u u . 3(pdpeKtri)\ sto oco- 6eHHO 33MeTHO npu npoBe^eHHH peaKUHH b TeMHOTe. Tan, OpoMHpoBa- HHe Tojiyojia b TeMHOTe npu 25° b npncyTCTBHH 3°6 nepeKHCH 6eH30Hjia AaeT 98% 6poMHCToro 6eH3iuia; b OTcyTCTBue nepeKHCH SpoMHCTbiu 6eH- 3Hji He o6pa3yeTCH.XjiopnpoBaHHe hjih OpoMupoBaHne Ookoboh uenn, ycKopneMoe Aeft- CTBHeM cBeTa, npucyTCTBueM KHCJiopoAa hjih nepeKHceft, npe^ciaBJiaeT co6oh THnHHHyio uenHyio peaKUHK), CKOpOCTb KOTOpOH 33BHCHT ot MHCJia o6pa3yioiuHxcH paAUKajiOB xjiopa hjih 6poMa:
C6H5CH3 +  Br —  C6H5CH2 +  HBr 

Cr,HftCH2 +  Br2 —► C6H5CH2Br +  Br h t . a .

hjih

C6H5CH3 +  Br C6H5CH2Br +  H 

H +  Br2 —►  HBr +  Br h t. a -3aMemeHHe aTOMOB BOAopoAa b KOjibue oSjierqaeTca npHMeHeHHeM BbicoKHX KOHueHTpauHH raAoreHOB h cneuncjiHqecKHM KaiajiHTHqecKHM ^eftcTBueM nepeHOCMHKOB.
AHajiorHHHO npoBOAHTCH raJioreHHpoBaHne npoH3BOAHbix 6eH30Jia.Yr,ieBOAopoAbi c KOHAeHCHpoBaHHbiMH KOJibuaMH raJioreHHpyioT o6biHHO b npHcyTCTBHH pacTBopHTejien. HanpHMep, xjiopHpoBaHHe H3(|)TajlHHa npOBOAHT B 6eH30JIbH0M paCTBOpe 6e3 K3TaJlH3aTOpOB, OAHa- ko npncyTCTBHe J2 3HaqHTejibHO ycKopaeT peaKUHio. B pe3yjibTaTe nojiyqaeTCH cMecb H3 90°o a-xjiopHac})TajiHHa h 10'% [3-xJiopHa4>Ta- 

jihh3. XjiopnpoBaHHe we b npncyTCTBHH Fe hjih F e C l3 ycKopaeT 06- pa30BaHHe nojiHXJiopHat}rrajiHHOB.
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nojiHXjiopHflbi Hadprram m a npê CTaBJunoT co6oii OecuBeTHyio h a h  
HiejiTOBaTyio BocKOo6pa3Hyio Maccy, coAepjKamyio 3—8 aTOMOB x.iopa. 
Ohh nojiyqaKDTCB XAopHpoBaHHeM HatJrrajiHHa b npHcyTCTBHH Fe, Se, 
P. S, Sb h a h  h x  npoH3Bô Hbix h npHMeHHioTCH no# Ha3BaHHeM ea/ioeaKc 
Aa b  nporiHTKH TKaHen, 6yMarH h Apyrnx MaTepHaAOB (a a h  npnjaHHH 
HM OrHeCTOHKOCTH). JX jIB nOAVAeHHH 60Jiee BbICOKOXAOpHpOBaHHbIX Hacf)- 
TajiHHOB, BnJiOTb r o  nepxAopHacJrraAHHa (oKTaxAopHacjn'aAHHa), peax- 
UHK) Be^yT npw 200° b npncyTCTBHH A1C13 h a h  FeCl3. 06pa30BaHHe 
nepxjiopHa(j3TajiHHa conpnJKeHO c pacnaAOM Ha HeTbipexxAopHCTbiH yne- 
poA h nepxAoprHApHHACH:

Cl Cl
I I

Cl— Cl

Cl

CI
SC),

V ' V
i i

Cl Cl

-C l

Cl-

Cl-

C1
-Cl
,C1 +  cci4

V 'x / ^ a
l
Cl Cl Cl

TajioBaKCbi nojiywaioTCH npH XAopnpoBaHHH h HeKOTopbix Apyrux 
apOM3THMeCKHX COeAHHCHHH. ZlHCfjeiiHA B npHCyTCTBHH FeCl3 npn npo- 
nycKaHHH Cl2 (100—200°) o6pa3yoT BOCKOo6pa3Hbifl npoAyKT, coAep-. 
JKamHH 65—66 "0 XAopa. H3 6eH3oc{)eHOHa aHajiorHHHo no.iyqaioT neHTa- 
h reKcaxjiop6eH3oc})eHOH—HeflTpajibHbie \iacjia, npeAAO>xeHHbie a a h  
npHMeHCHHH B TpaHC(|)OpMaTOpaX H BbICOKOBOAbTHbIX BblKJHOHaie.THX. 
I~IOAHXAOpHAbI apOM3THqeCKHX yrjlt’BOAOpOflOB COBepuieHHO HHepTHbl, 
He OKHCAJUOTCH, HBAHIOTCH XOpOLUHMH H30AHTOpaMH H nOSTOMy HaXO- 
A h t  npaKTHnecKoe npHMeHeHHe b KawecTBe AHSAexTpHKOB.

AHTpaxHHOH npn XAopnpoBaHHH na CBeTy b npHcyTCTBHH 2° «  J 2 
b pacTBOpe o/ieyMa AaeT 1,4,5,8-TeTpaxAopaHTpaxHHOH, hbjihiouuihch HcxoAHbiM MaTepHajioM aah noJiyqeHHH aHTpaxHHOHOBbix KpacHTejiefl. 
AHajrorHMHO b pacTBopax cepHofi KHCAOTbi hah o.neyMa npoBOAHT xao- 
pnpoBaHHe 6eH3aHTpoHa, nHpanipoHa, nepHJieHa h t. n. aah noAyqe- 
hhh cooTBeTCTByiomHX KpacHTe.Tefi.

7. n pucoeAHHeHHe rajioreHOBOflopoAHwx khcjiotSm.neHOBbie h aueTHJieHOPbie ymeBOAopoAbi h Apyrne HenpeAeAb- Hbie opraHHMecKHe coeAHHemiH enocoSHbi npHeoeAHHHTb no xiecTy
ABOMHblX H TpOHHbIX CBH3CH SAeMeHTbl raAOreHOBOAOpOAHbIX KHCAOT,o6pa3yn cooTBeTCTBeHHO moho- hah AiiraAoreHnpoH3BOAHbie. H3BecT- ho, mto HaH6oAee Aerxo npHCoeAHHneTCH no Merry abohhmx CBH3eft HJ, 
Han6oAee TpyAHO—HC1.

ripHMoe npucoeAHHeHne HC1 k s t h a c h y  6e3ycneuiHO npoOoBaA ocy- 
mecTBHTb euie M. BepTeAO (1857 r.). 3Ta peaxmiH xoporno npoTexaeT
B npHcyTCTBHH COOTBeTCTByiOmHX K3TaAH3aTOpOB, H3 KOTOpbIX AyqillH-
Mii hbahkvtch A1C13. FeCl 3, BiCI 3- B HacTonmee BpeMH TaKHM nyiew 
OCymeCTBAeH npHMOH CHHTe3 XAOpHCTOrO 3THA3, KOTOpblH npHMeHBlOT.
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b qacTHOCTH, npn nojiyqeHHH TeTpasTHJicBHHua no o6meft cxeMe:
HCl

c h 2= c h 2 ------ ► CH3CH2C1
PbNa

4CH3CH2C 1 ------ ► (CH3CH2)4Pb +  4\aC!

B3aHMOfleftcTBHe ojiecfwHOB c HCl oOjierqaeTCH no Mepe yBejinqeHHH 
hx MOjieKyjinpHoro Beca, ho 6ojibiuoe 3HaqeHHe HMeeT n cipoeHne yrjie- 
BOAOpOAOB. CKOpOCTb peaKUHH THApOXJIOpHpOBaHHH Tpex H30MepHbIX 
•6yTHJieHOB, HaxoAHiuHxcn b cMecn, HacTOJibKO pa3JinqHa, qTO sthm mo>k- 
ho nojib30BaTbcn /yin nx pa3AeJieHHH. npn —78° H3o6yTHJieH non -  

HOCTbio npeBpamaeTCH b (CH3)3CC1, a 06a OyTHJieHa HopMajibHoro erpoe- 
hhh b 3thx ycjioBHHx noqTH He pearnpyioT. Oco6an jierKocTb b33hmo- 
AeHCTBHH H3o6yTHJieHa c HCl 6bma yeraHOBjieHa A. E. OaBopcKHM 
(1907 r.) AMHJieHbi xopomo pearnpyioT c HCl b npHcyTCTBHH A1C13.

PeaKUHH npHcoeAHHeHHH HBr npoT eu a ioT  3HaqHTejibH0 jie rq e , qeM 
HCl. S m n e H  npn  HarpeBaHHH c HBr (100°) A aeT  xopou iH H  bhxoa 
€ 2H5Br, b npncyTCTBHH >Ke A1C13 hjih A1Br3 3Ta peaKUHH HAeT A aw e 
npn  0° (r T TycTaBCOH, 1886 r.). B oSbiHHbix ycjiO BH nx npHcoeAHHe- 
HHe HBr n p oT eu aeT  no n paB H jiy  B. B. MapKOBHHKOBa h, HanpHMep, 
H3 nponHJieHa o6pa3yeTCH  dpoMHCTbifl H3onponHJi. OuHaKO OKa3ajiocb, 
qTO nOpHAOK npHCOeAHHeHHH aTOMa 6pOMa MO>KHO H3MeHHTb B 33BHCH- 
MOCTH OT yCJlOBHH peaKUHH: B OTCyTCTBHe KHCJlOpOAa HJIH B03Ayxa, 
a Tauxce b npncyTCTBHH aHTHOKHCJiHTejien (aHHJiHH, AH^eHHJiaMHH) 
npH coeAH H eH ne HAeT HOpMajibHO c o6pa30BaHHeM uso-C3H7Br, ho ne- 
peKHCH (H anpH M ep, nepeKHCb 6eH30HJia) cnocoO cTByioT  KOjinqecTBeH- 
HOMy o6pa30BaH H io «-C3H7Br. T a n o e  abhctbhc nepeK H cen  h b a3hhom 
c j iy q a e  Ha3biBaioT nepeKHCHbiM 3(J4>eKTOM.

JXj m  o6T.HCHeHHH 3Toro HBjieHHH 6 biJio BbiCKa3aHO npeAnojioateHHe, 
'Hto b npncyTCTBHH nepeKHcefl HMeeT MecTO uenHan paAHKajibHan peaK
UHH, b KOTopoft yqacTByiOT He hohh, a paAHKajibi 6poMa. HosTOMy, 
eeJIH MeX3HH3M «HOpMaJIbHOH» peaKUHH npeACTaBHTb B BHAe

HBr +
CH3CH=CH2 -------►CH3CHCH3 +  B r

+ Br”
CH3CHCH3 ------ ►CH3CHCH3

I
Br

to  «HeHopMajibH3H» peaKUHH b npncyTCTBHH nepeKHceft Ao.i>KHa hath 
.no cjieAyiomeH cxeMe:

RCOO
a) | -------► R* -j- C02 RCOO*

RCOO
HBr

6) R . ------ *- RH +  Br*
b) CH3CH=CH2 — CH3CHCH2Br

HBr *
r) CH3CHCH2B r ------ ► CH3CH2CH2Br -j- Br h t . j .
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llepeKHCb aaeT Hanario ueriHofi pauuKajibHOH peaKUHH (a), o6pa30- 
BaBiiiHHCH a/iKH.TbHbiH paAHKan BCTynaeT b peaKUHio (6). Zla.iee ojiecJiHH 
pearHpyeT c paAHKajioM ranoreHa, o6pa3yn ranoreHajiKH.ibHbiH paun- 
KaJi (b). n p a  B3aHMO^eftcTBHH rajioreHanKH.ibHoro paAHKajia c H B r
noHBjiaeTCH HOBbift paunKan (r). KOTopbiH npoaojiaiaei uenb. C ie jy e T  
oTMeTHTb, mo H3 Bcex rajioreHOBOAopo^Hbix khcjiot TaKoe «HeHopMa.ib- 
Hoe» npucoeAHHeHiie uaeT npeHMymecTBeHHO H B r.

PeaKUHH npHCOeUHHCHHH HOAHCTOBOAOpOAHOH KHCJIOTbl npoienaiOT 
erne Jierue, ocoSeHHO b cjiyuae SyTHjieHOB h Bbicuinx ojic^ hhob. Eme 
M. H. HlemyKOB Harneji, hto H3o6yTH^eH c H J npu 03 o6pa3yer Tpeinm
HblH HOAHCTblH 6yTHA.

AHajiornuHO BeuyT ceSa no OTHomeHiuo k rajioreHOBOAopoAHbiM k h c - 
loraM auemneH h ero roMOJiorn. npHcoeAHHeHHe H C1 k aueTH/ieHy 

npoTeuaeT rjiaAKO b npncyTCTBHH okhcahhdluhx Kaia/iH3aTopoB npH 
c6biHH0H TeMnepaiype:

HCl
C H = C H ------ ► CH2=CHC1

npH noc/ieAyioiueM rHApoxnopHpoBaHHH o6pa3yeTca xjiopucTbiH
STHAHAeH:

HCl
CH2=C H C 1------ *- CH3CHC12

Ilpouecc KaiajiH3HpyeTCH npucyTCTBueM B03Ayxa, O ,, NO.,, C H 20 ,  
H CO O H  h t . a .

AHa^ornHHO npoTeuaer npouecc ruApoopoMiipoBaHHA h ruAponoAH- 
pOBaHHH.
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3AKJIKDHEHHEKaTajiHTHqecKHe peaKUHH ncwiyqaioT Bee Sojibiuee pa3BHTHe h nep- cneKTHBbi. B 3toh KHHre npHBeneHO 3HaqHTejibHoe mhcjio npHMepoB rjraBHbiM c6pa30M reTeporeHHO-KaTajiHTHqecKHX peaKUHH. K ohchho, a .th cy>K,neHHfl o KaTajiHTHqecKHx npoueccax Bbi6paHbi Jimiib Handojiee xapaKTepHbie hjih npaKTHqeeKH ueHHbie npHMepbi. A btop He ct3bhji ee6e HenocHJibHOH 3auaqH onucaHHH Bcex KaTajiHTHqecKHX peaKUHH.H 3 H3JioH<eHHoro MaTepnajia bhaho , qio npaKTHqecKHe jjocTHJKeHHH KaTaJiH3a 3HaqHTejibHO onepeuHJiH Hamn TeopeTHqecKHe npencTaBjieHHH 
o cyTH KaTajiH3a, o 3HaqeHHH CTpyKTypbi noBepxHOCTH TBepnoro fejia h XHMHqecKHx npeBpameHHHx peareHTOB. 3a nocjieAHHe roflbi b stom HanpaBjieHHH HMeioTCH, oah3ko , 3HaqHTejibHbie ^octhhvChhh , no3BOJi5no- mue onpeuejiHTb aSpncbi yqeHHH o KaTajiH3e h KaiajiH3aTOpax.riepcneKTHBbi KaTajiH3a Heo6o3pHMbi. Bjiaro^apn tohkoh H3fiHpa- TeJIbHOCTH HeKOTOpbIX KaTaJIH33T0p0B OCymeCTBJieHbl H OCyLHeCTBJlBIOTCq pa3JinqHbie MHorocrraAHHHbie npouecew, He^ocTynHbie MeTo^aM KJiaccn- qecKOH opraHHqecKoft xhmhh h ocyiuecTBjijnoiuHecH KaK 6bi b o^Hy era- AHK) (CHHTC3 yrjieBOAOpOAOB, nOJIHKOHAeHCaUHH, nOJIHMepH3aUHH, chh- Te3bi Ha 6a3e ojiecJiHHOB h auemneHOB h t . a .). MnKporeTeporeHHbie HJIH (JjepMeHTaTHBHbie peaKUHH, npOHCXOAHlUHe B OpraHH3MaX JKHBOTHbIX h pacTeHHH, npoTeuaiOT oqeHb cjio>KHbiMH h qacTO eme He AocraToqHO HCHbiMH nyTHMH. BepoHTHO, b HejiajieKOM 6y^ymeM HacTaHeT BpeMa, Korua h 3th npoueccbi 6yuyT ocymecTBjieHbi o6biqHbiMH KaTajiHTHqe-CKHMH nyTHMH, HTO HBHTCfl HOBOH noCeAHOH TJiaBOH B 3BOJHOUHH KaTa- jj H3a.KaTajiH3 HMeeT orpoMHoe npaKTHqecKoe 3HaqeHHe, h HOBefluiaq xh- MHqecKan TexHOJiorHH ctpoht cboh npoueccbi rjiaBHbiM o6pa30M Ha 
npHMeHeHHH KaTajiHTHqecKHX MeTOAOB, KaK HaH6o;iee npocTbix h sko-HOMHHHblX.
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cnupTOB ojiec}3HHaMH 662, 663 
TepMHnecjcoe 652, 656 
Teopna KapSoHHH-noHHaa YnTMopa 

661
yrjieBOAopoflOB 648 cji.

MexaHH3M 649—662 
o6pa30BaHHe KOMnJieKCOB 659, 660 

yKcycHoii KHCJioTbi ojie<J)HHaMH 664 
aTHJieHa

H3o6yTaHOM 655, 656 
H3o6yTHJieHOM 655 
MexaHH3M 660, 662 
STnaoBbiM cnnpTOM, MexaHH3M 662 

AjiKorô H3 510 cji., 523, 545 
KpeMHeopraHnnecKHx coeAHHeHHH 546 
HHTpHJIOB 546
TexHHnecKoe npHMeHeHHe 546
3<J)HpOB

r̂ HKOJiefl .545 
KapfiOHOBbIX KHCJIOT 545 

AjibgepTOJi 498 
AjibBap 616
A;ib,aojiH3auHH ajibuerHflOB 620, 621
AjibflOJibHaH KOHfleHcauHH ajibflernfla c 

aHrnflpHflOM khcjiotm (peaKUHH 
riepKHHa) 482 

Ajibflyp 501
AMHJiOBbie cnHpTbi 524, 525 
a-AMHHOKHCaoTa 484 
AMHHOnJiacTbi 499 
Amhhh

noayaeHHe no foĉ MaHy 668

AMHHbl
CHHTe3 H3 yiyieBoaopoflOB h aMMHana 

299
AHTHflpH3au,Ha 154 

ranm/ien 462 
yKcycHoii KHCJioTbi 464 

Ahhjihh 213, 246, 377, 406—408 
AHHJIHHOBblH 3KBHB3JieHT 188, 189, 192 
AHHOHOo6MeHHbie CMoau 483 
AHcaMfijiH Ko6o3eBa 146 
AHTH,ueTOHaTopbi 190, 191, 481

MeX3HH3M fleiiCTBHH 190 
AHTĤ eTOHaiiHOHHbie floSaBKH 667 
AHTHKaTajIH3aTOpbI (KOHTaKTHbie â bl) 

61, 62, 81, 82 
3KTHBaTOpbI H HHTH6HTOpbI 78 
MeX3HH3M fleHCTBHa 70 

Ahthokhĉ htcjih 239, 620 
AHTpaueH 367, 369, 390, 479, 651 
Apaxjiop 260 
ApHJiHpoBaHne 648 
ApoMaTH3anHa 270 

ajiH(})aTHaecKHX ymeBOflopoAOB 270, 
274-

6eH3HHOB 281 
KaT3JIH30M 254 
KaTâ HTnaecKaa 270, 657
KHCJiopoflcoflepaiamHX ajiHtJiaTHae- 

ckhx coeflHHeHHH 296—298 
HecJ)Tn 270 
TepMnaecKaa 270

ApoMaTHaecKHe yivieBOUopoabi, chh- 
Te3 H3 ajiH(J)aTHaecKHX 270, 271, 
275, 276, 278 

ATOMHbie aHcaM6aH 146 
AyTOKaTajiHTHaecKHe peaKUHH 21
AyTOKCHflauHH 175, 232 cji . 

aabflerHflOB 237
apoMaTHaecKHX 3Mhhob 245—247 
KpacHTê efl 245—247 
CKopodb peaKUHH 236, 237 
yraeft 247, 248 
3({)HpOB 237

AueTHJieH 202, 261, 270, 351, 352, 
457 , 478 , 479, 485 , 516—520, 
601—608, 618, 621, 670, 743— 
749, 754—757, 773 778 

raaoreHHpoBaHHe 773
UJia CHHTe3a

aueTHJienoBbix rjiHKOjrefl 751 
6eH3o;ia 754 
6yTaHÔ a 743 
GyTHJiOBoro cmipTa 519, 750 
BHHHJiaMHHa 756, 757 
BHHHJiaueTaTa 743 
BHHHjiaueTnjieHa 751, 752 
BHHHJIHTOBbIX nJiaCTHKOB 743 
BHHHJIOBbIX 3(|)HpOB 743, 744
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AueTHJien 
AJlH CHHTe33

reiepouHK^HHecKHX coenHHeHHH 752 
753

AHBHHlIJia 743
AHBHHHJia no Penne 748, 749 
n3onpeHa no OaBopcnoMy 743 
e-KanpojiaKTaMa 750
KHCJlOTbl

aflnnHHOBOH 750 
Ma^enHOBofl 751 
npoGnoBofl 755 
cefiauHHOBon 755 
t|jyMapoBOH 751 
h6jiohhoh 751 
HHTapHOH 750, 751 

MajienHOBoro aHribupujia 751 
MeTHJIBHHHJ] KeTOHa 751 
cTepoHflHbix coeflHHeHHH 752, 753 
yKcycHon KHCjioTbi 743 

xjioponpeHa 743 
3THJiHABHaueTaia 743

KOHfleHCaUHH
C 3MMH3KOM 744, 745 
c cepoBOflopo^oM 744, 745 
c cjiopMajib/ierHflOM 746—748 

KpeKHHr MeTaHa 678 
nojuiMepH3auHH 602, 754— 757 

b apoMaTimecKne yrjieBOflopoflbi no 
3eJinncKOMy 603 i

MexaHH3M 603— 605 
CTyneHnaTan 604 

nym ncnojib30BaHHH 742 cji. 
ynJioTHeHiie c aueTajibflernflOM 751 

AueTHJmejunojio3a 518 
AueTOH 210— 212, 458, 492 
AueTOHHTpHJi 669, 670

BanejiHT 494, 496— 498, 588, 710 
«Ba;ib3aM <I>aBopcKoro» 617 
BejiKH 502, 507, 539, 543— 545, 643 

pacmenjieHne 
({jepMeHTaTHBHoe 541 
xiiMimecKoe 541 

pecnHTe3 507 
dpoeHHe 539, 540 

BeH3iiflaM (aHHJiHH) 406 
BeH3HH(bi) 281, 287, 582, 691, 692, 

698— 700
BbicoKooKTaHOBbie 191, 192, 558, 657 
fleCTpy KTHBHOTO THflpHpOBaHHB 421 
>KiuKoc{)a3Horo KpeKiiHra 312 
onhctk3 ot cepbi 382, 383 
napoi}ia3Horo KpeKiiHra 312 
noBbimeHne OKTaHOBoro nncjia 312, 

688, 689 
noJiyneHiie

ns C O + H 5 691, 692 
MeTojoM 6epniHii3amin 420

BeH3HH(bl)
CHHTeTHHeCKHH 685 
TepMH nee koto KpeKiiHra 421 

EeH30Ji 207, 208, 260, 262, 270, 327, 
361, 363, 364, 369, 370, 429, 
435, 474, 478— 480, 578, 579, 
613, 649, 652, 730, 731 

ajiKHjinpoBaHHe 651, 652, 657, 658 
6poMiipoBaHiie 774— 776 
HOflHpoBaHHe 775 
nojiyneHiie H3 aueTHJieHa 754 
xjiopnpoBaHne 776 

BeprnHH3auHH 420, 421 
B.noK-cono,iHMepbi 630, 638, 641—644 

H3 6ejiKOB 643
H3 HaTypajibHoro KayqyKa 643 
H3 yrjieBO^OB 643 

«BoM6a» HnaTbeBa 16, 346 
BopHeoji 284, 445, 446 
BpoMiipoBaHne 769 

6eH30Jia h roMOJioroB 774—776 
Tojiyojia 776

ByTaH 266— 268, 315, 554, 557, 558, 
582, 761 

ByTaHOJi 743
nojiyneHHe H3 aueTHJieHa 621 

ByTBap 616
ByTHJieH 267, 268, 593, 594, 624, 625, 

727, 779
ByTUJiKayqyK 598, 631, 632, 638

BaxaHTHbie MecTa 144 
BajieHTHOcTb CBofiô Haa 

oTpHuaTejibHaa 161 
nojio>KHTejibHaH 161 

BaHHJiHH 480, 481 
BnHHJiaMHH 756, 757 
BHHHJiaueTaT 517, 615, 743 
BiiHHjiaueTHJieH 751, 752 
Bhhhoh 637
BHHHJinpoBaHHe cnnpTOB 744 
BHHHJIHTbJ 637
BiiHHJioBbifl cnnpT, nojiyneHne 615 
BnojiaHTpoH 263 
BHCTaHenc 591
Boahhoh ra3 228, 229, 695, 709 

oCorameHHe rjiy6oKHM oxjiaiKAeHiieM 
681

Boflopô
noJiyneHHe

H3 BOflHHoro ra3a 230 
H3 npupo^Horo ra3a, K3TajiH3aTO- 

pu 231
BojiOKHa

Ka3eiiHOBbie 507 
nojiHaMHflHbie 502— 505 

BoccTaHOBvieHiie 396 
ajibaenuoB. 396—399 
aMllflOB khc.iot 405



790 nPEH M ETH b in  yKA3ATEJIb

BoccTaHOBJieHHe
6e3 BbiaejieHHH boau 396— 399 
flHKeTonHnepa3HHOB 543, 544 
Kap6oHHJicoflep>KamHX coeAHHeHnft 

409, 410
Kap6oHOBbix khcaot b aAbAerHAu 

401, 402 
xapBOHa 400 
KeTOHOB 396— 399 
KHCJIOT B CnHpTbl 402— 405 
HHTpo6eH30Jia B 3HHJIHH 40s7 
HHTpOCOeAHHeHHH 406— 411 
c BbiflejieHHeM 

a30Ta 399 
aMMnaxa 399 
BOAbi 399
XAopHCToro BOAopoAa 399 

cnHpTOB b yrjieBOAopoAbi 401 
(JieHOJiOB b yrjieBOAopoAbi 401 

BpeMH KOHTaKTa (b. k .) 266, 686, 713 
ByjiKOJiJiaHbi 635, 638 
BbicoKooKTaHOBoe TonjiHBO 597, 649, 

652
CHHTe3 H3 npnpoAHoro ra3a 678, 679 

BbicoKOOKTaHOBbiii 6eH3HH 191, 192, 
558, 657 

BbiCbixaHHe 
jkhpob 239— 241 
Maceji 239— 245 

MexaHH3M 241— 245 
CHKKaTHBbI 243 
ycKopeHiie 243, 244

ra3H(J)HKauHH 231 
TBepAoro TonJiHBa 231 
yrjieft, noA3eMHaa 232 

Ta30HJib 687 
ra30JiHH 524 
ra30jib 687, 689, 691 
ra3(bi)

KpeKHHra 312, 513, 593, 594 
npHpoAHbift 524 

BAajKHbift 524, 676 
cyxofl 524, 676

Hecjn-eneperoHKH, cociaB 553, 554 
Heif)Tenepepa6oTKH 676 cji . , 760 
napo(})a3Horo KpeKHHra 513 
nonyTHbie 194

raflApoKOJi-npouecc 698— 700 
rajiajIHT (KpHHOHA, MHJIbKCTOH) 506 
TaAOBaKC 777 
TajioreHHpoBaHHe 760 

apoMaTHHecKHX yrjieBOAopoAOB 774— 
777

aueTHJieHa 773 
KaTajiHTHMecKoe 760 ca.
OAecJiHHOB 767 
napacjiHHOB 760— 767

raAoreHHpoBaHHe 
CKopocTb 762, 763 

TBaypHH 480 
TBaHKOJi 480, 481 
reKcaAHH 372 
TeKcaH 761 
r  eMHKOAAOHAbl 587 
reTepoKOHACHcau.HH 450, 461, 466 
r  eTeponoAHMepH3aiiHH 629 reTepouHKAbi, B3aHMHoe npeBpaiuemie 

485— 487 
rHApaiauHH 510

aueTHAeHa
b aueTaAbAerHA no KynepoBy 516— 

518
b aueTOH 519
b KeTOHbi no <I>aBopcKOMy 518— 

520
b napoBofl 4>a3e 518, 519 

aueTHJieHOBHX yrAeBOAopoAOB 516—
520

roMoreHHan 518
roMOAoroB aueTHAeHa b kctohu 518— 

520
AHeHHHOB (AHBHHHAaueTHAeHOB) 521,

753
H3o6yTHAeHa 512 
KHCAOTH3H 510 
oKHceft OAeipHHOB 523 
OAe^HHOB 510— 516, 595 

KHCAOTH3H 510—514 
napo(j)a3HaH 514— 515
noAyneHHe AHH3onponHAOBoro 3<Jih-

pa 513
no UnrAepy 515 
npHMaa 510, 514 

STHAeHa 510, 514, 515 
B STHAOBblfl cnnpT 514 
ycAOBHH 511, 512

THApHpOBaHHe
aACopSuHOHHbie TeopHH 426—431 
axpHAHHa 387 
aAbAerHAOB 354 
aHHAHHa 376, 377 
aHTpaueHa 367, 369, 390
apOMaTHMeCKHX 

3MHHOB 376, 377 
HHTpHAOB 377, 378 
yrAeBOAopoAOB 361—369

C KOHAeHCHpOBaHHUMH KOAbUa
MH 365—369, 422—424

aueTHAeHa 351, 352 
6eH30Aa 361, 369, 370 

roMOAoroB 363, 364 
KaTaAH3aTopbi 363, 364 

BAHHHHe 3aMecTHTeAefl 416, 417 
reKCHTOB 414 
reKcaoKCn6eH30Aa 373 
tah uepiiAOB 358, 359
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THflpHpOBaHHe 
rjiioK03bi 414 
ryTTanepqn 353, 354 
êKauHKJieHa 368 

flecTpyKTHBHoe 401, 411 cji. 
flHBHHHJIKeTOHOB 356 
ApeBecHHbi 419, 420 
jiyuincTbix BemecTB 391 
wnpoB 358—360
33KOHOMepHocTH npouecca 369—371 
H36HpaTe^bHoe 354, 388—396
H30XHH0JIHH3 386
H30UHKJIHHeCKHX CoeAHHeHHH 361 — 

371
HHflOJia 388
Kap6a30Jia 388
napBOHa 379, 380, 390
KapOTHHOB 381
Kayqyxa 353, 354
KHHeTHKa 431—435
KOHxypHpyiomee 388—396
KOHCTaHTa ckopocth peaKUHii 395
JlHTHHHa 419
Maceji 358—360
MeTHJiUHKjionponeHa b H3o6yTaH 415, 

416
weTOfl Kn>KHepa 399—401 
HacjrraJiHHa 365, 366, 369 
HacjiTOJiOB 374
HenpeAejibHbix xapfioHOBbix khcjiot

356, 357
HHTpHJIOB 360, 361 
OJieHHOBOH KHCJIOTbl 345 
ojiecj)HHOB 350, 351, 353, 378 
nepHJieHa 368 
nHpa30Jia 385
niipHflHHa h npon3BoaHbix 385, 386 
nuppojia h npoH3BOflHbix 384 
nojuieHOB 353npn HopMa/ibHOM flaBJieHHH, cxeMa 

ycTaHOBKH 344 
pacTHTejibHbix Maceji 391 
COeflHHeHlIH

a.THĈ aTmiecKHX 350—361 ajniiuiKJiimecKHX 378—381 
apoMaTHnecKH x 346 

a30Tcoflep>KamHX 376—378 
KHCJiopoflcoflep>KamHX 371—378 

reTepouHjunmecKnx 381—385
Henpeae^bHbix

a30Tcoflep>KamHX 360, 361 
KHCjiopoflcoflepjKamux 354—358 

cmipTOB 355 
CTiipojia 364
cryneHnaToe 355, 356, 365—367
Teopim 424—431
TepneHOB 378—381
THMO.H a 373
THOcj)eHa 382, 383

rHflpnpoBaHHe 
(JieHaHTpeHa 367, 369, 370 
cj>eHo.fi a 371—373 

b BaxyyMe 372 
KHHeTHKa 373 

(JiTajieBbix khcjiot 376 
cjiypaHa 382 
cjiyp^ypafia 392
XHHOJIHH3 H rOMOJIOrOB 386, 387 
xpH3eHa (nofl flaBJieHHeM) 367, 368 
UHTpa.iH 354, 355 
BTHJieHa 166

b 3T3H no BajiaHflHHy 435 
3(J)HpOB Kap60H0BbIX KHCJIOT 356 

THapHpyiomaH aKTHBHOCTb 427 
rHflporeHOJiH3 411, 413, cm. /JecTpyK-

THBHoe niflpupoBaHHe 
ajiKHJiflHOKcaHOB 667 
ajiKHJiuHKJionponaHa 416 
roMOJioroB HHKJio6yTaHa 416, 417
MeTHJiiiHKJioneHTaHa 419 
cnnpTOB 398
UHKJioneHTaHa h roMojioroB 417, 418 
UHKJioneHTHJTHâ iTajiHHa 418 
UHKJionponaHa 416 

riwpoKayqyK 353 
T HflpOKOHfleHCaHHH

C O -fH , c o.fiec})HHaMH 700, 701 
CTyneHHaTaH, flynJieTHbifi MexaHH3M 

706
rHflpoKpeKHHr 705 
r  HflpojiH3 510, 524 c ji. 

a30Tcoflep>KamHX coeflHHeHiifi 528 
ajuiHJixjiopHfla, no.fiyneHHe rjiHue- 

pHHa 526 
3MHHOB 528
apoMaTHnecKHX ra^oreHnpoH3BoaHux 

527
6e3 pacna/ia MOJieKyji 524 
6e.fi kob 507

3BTOKJI 3BHbIH 542 
MexaHH3M 542, 543
(JiepMeHTaTHBH bIH 541 
XlIMHHeCKHH 541

6e^KOBbix BemecTB 539—541 
6HOXHMHMeCKHH, CXeMbI 550, 551
Ba.nepnaHOBoro acfinpa 530 
BJ1HHH116 K3TajIH3aTOpOB 547 
bockob 533, 534
BpeMH nOJIOBHHHOTO I"HflpOJIH3a 535 
BbICOKOMOJieKyjIHpHbIX COeflHHeHHH

534—545
rajioreHajiKHjiOB 524 
rjiHuepHflOB 531, 532
flu- h no^HTajioreHnpoH3BOflHbix >KHp-

Horo pnfla 525— 527 
flHXJiop6eH3o.fia 527 
AHXjiopaTaHa 525, 526 
flHSTHJiOBoro acjinpa 529
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r  HAP0AH3
apeBecHHbi 536, 538, 539 
>KHp0B 531, 532 

aBTOK^aBHbiii 533 
KHCAOTHblH 530, 531 
no TBHMejno 532 
uiejionHofi, CKopocTb 531, 532 

HCTHHHblli 528 
KHCAOTHblH 542 
npaxMajia 536, 537 
MOHOXjiop nemaHOB 766 
MypaBbHHoro 3<})Hpa 530 
nojiHBHHHjraneTaTOB 533, 615 
c pacnaflOM MOAenyA 528 ca. 
caxapo3bi, HHBepCHH (no BnAbreAb- 

mh) 534, 535 
Topeka 539 
yrvieBOflOB 534—539xjiop6eH30Jia, noAyqeHHe tlieHOAa 

527
xjiopnpoBaHHbix yr êBOflopoAOB 524 
xjiopncToro Memjia 524 
XAopucToro 3THJia 524 
xjiopneHTaHOB 524, 525 
ueAjnojio3bi (KJiemaTKH) 536—538 
3CTOAHAOB 533
3t|)Hp0B

nojniMepHbix 533 
npocTsix 528, 529 
caowhmx 529—534

KHCAOTHblH MeX3HH3M 547—549 
Mexami3M, MeTOA MeneHbix aTo- 

mob 530
CKopocTb peaxunn 529, 530 

CMeuiaHHbix 529
THApo^opMUHr-npouecc 281, 582, 583, 

657
rnApou,eAAiojio3a 537 
rnnepc{)opMHHr-nponecc 583 
TAHKOAb 455, 457, 462—464, 467, 

470, 488, 525, 526, 545 
rjimJvraAH 489
DiHuepHH 284, 459, 463, 464, 470, 

484—491
H3 nponnAeHa 770 
H3 HetJlTH 526 

rjinueporeH 414
roMOKOHAeHcamiH 450, 460 ca. 
roMonoAHMepn3amiH 588 ca. 
r  onxaAHT 176, 177 
TopeHne yrAefl 192, 193 
rOCTa(})AOH 611, CM. OTOpOTCH 
TyApH(j)opwHHr-npouecc 583

flerHApaTauna 450
BHyTpuMOAeKyAflpHaH 450, 451 

aMHAOB KHCAOT 459 
TAHKOAeft 455, 457

/XeniApaTamifl
BHyTpHMOAeKyAHpHaa

TAHKOAH B flHBHHHA 457 
TAHuepHHa 459
KapfioKCHAbHbix coeAHHemin 458 
Kap6oHHAbHbIX COeAHHeHHH 458 
MHoroaTOMHbix cnnpTOB 459 
OKCHKHCAOT 459 
nHHaKOHOB 456 
nOAyneHne OAetjniHOB 461, 514 
cnnpTOB 451—456 

apoMaTnnecKHX 455 
auemAeHOBbix 454 
H3(})THA3THAOBOrO 455 
OAetJ)HHOBbix 454 
TpemAHbix 454, 455 

KaTaAH3aTopbi 450, 451 
Mex<MOAeKyAHpHaH 350, 534

BblCUIHX MHOTOaTOMHblX cnnpTOB
462—464

reTepoKOHAeHcauna 450, 466 
TAHKOAen 462—464 
rAimepnHa 463, 464 
roMOKOHfleHcaunfl 459, 469
KapSOHOBbIX KHCAOT 464 
KaTaAHTnqecKaa KOHAeHcamia 

466KOHAeHcauHOHHan noAHMepn3anna 
(noAHKOHAGHcaunH) 450 

noAyqemie 
aueTaAen 474 
AHOKcaHa 463 
«AncnnpTOB» 462 
AH3THA0B0T0 3(})Hpa 460 KeTaAen 474
KeTOHOB H3 KHCAOT 464—466 
MopcJjoAHHa 463
npocTbix n CMeuiaHHbix acjmpoB 

460 ca.
CAOJKHbix 3<J»npoB 467—473 
3THAeHTAHKOAH 462 
3(})HpOB H3 (|)eHOAOB 461, 462 

yKCyCHOH KHCAOTbl 464 
MypaBbHHOH KHCAOTbl 464

ZlerHApHpoBaHHe 250 ca. 
a6HeTHHOBOH KHCAOTbl 258 
a30TC0Aep>KamHX coeAHHeHHH 298— 

300
aAKHAbHbix ueneft apoMaTnqecKHX 

yrAeBOAopoAOB 264—266 
3MHHOB B HHTpiIAbl 298 
6opHeoAa b KaMtJiopy 284 
6yTaHa b 6yTHAeHbi 266—268 
6yTHAeHa b ahbhhha 267, 268 
BHyTpHMOAeKyAHpHoe 439, 447—449 
tanuepiiHa 284 
1, 1 -AHMeTHATeTp BAHH3 255 
1,1-AHMeTHAuiiKAoreKcaHa 254
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AerHflpHpoBaHHe
H3oaMHJieHOB 270
H3oneHTaHa b H3onpeH 266, 559
KaflHHeHa 257
KHĈOpOACOflep>KamHX COeflHWeHHH 

281
jieAOJia 254
MOKMOjieKyjiHpHoe 439 
oKHC-nmejibHoe 299 ojietf)HHOB 268 
neHTaHOB 269 
conpH>KeHHoe 327 cmipTOB 281— 286 

MexaHH3M 284— 286 HH3KOTeMnepaTypHoe 282
1,3,3-TpHMeTHJiunK^oreKcaHa 254 
ynieBOAopoflOB 252 c.n. 

c oTKpbiToft uenbio 266—270 
nojiHMeTHJieHOBbix 252— 258 UHKJioreKcaHa 253, 258, 259, 705 

UHKJiorenTaHa 255 
UHKJiooKTaHa 256 
UHKJioneHTaHa 258 5TaHO.ua b yKcycHbiii ajibAernA 283 5TH.n6eH3o.ria b CTiipoji 264 
7-5Tii îHa(J)TaJiHHa 265 

HeriiflpoajiKH^HpoBaHne 658
/lerHflporeHH3aunH BHyTpHMOJieKyjinp-

Han 564
.HerHflpoKOHfleHcauHH 259, 301, 302, 

306, 316
apoMaTHHecKiix coeAHHeHHH 259— 

264
aueHacJvreHa 261 
6eH3o.ua 260, 262 
KpeMHeopraHimecKiix coeAHHeHufi

301, 302
CHHTe3

6eH3aHTpoHa 262 
6eH30Jia H3 aueTHJieHa 270 
BtiojiaHTpoHa 263 
AH6eH3aHTpaueHa 263
AH6eH3nHpeHXHHOHa 262 
AĤ eHHJia 260 
nepHJieHa 262 

TOJiyojia h KCH.uojia 260 
TpHajiKHJiCHJiaHOB 301, 302 

ZLeniApoHHKJiH3aunH 270, 271, 296
apOMaTHMeCKHX 3MHHOB 299 
KaTâ H3aTopbi 271, 274— 278 
MexaHH3M 272, 274 
TepMOAHHaMHKa npouecca 278— 280 

/JerHApouHK^OAerHApupoBaHiie, cm. Zle-niApOU.HKJlH3amiH AeaaKTiiBamiH KaTa.uH3aTopa 425 
ZleHTepuft 426, 428

06MeH C BOAOpOAOM 
b 6eH30Jie 429

.HeftTepHH
o6mch c BOAOpOAOM 

b ojieipHHax 430 
B 5THJieHe 428—430 

,HeKa;iHH 365—367, 369 
/leMeTHJi h poB a h h e 412 

ii36HpaTe.ubHoe 412 
npeaejibHux yraeBOAopoAOB 412, 413 

Jlecop6uHH 177
ZlecTpyKTHBHoe ajiKH.UHpoBaHHe 331 
iXecTpy KTiiBHoe niApupoBaHHe 383, 

411 cji .
ajiHtjiaTHuecKHX coeAHHeHHH 413 
AJiH nojiyqeHHH vkhakoto ropiouero 

420, 421
MeTa.ujiopraHHuecKHX coeAiiHeHHH 413 
MHoroaTOMHbix cnupTOB 413 
nojiHMeTHJieHOBbix yrjieBOAopoAOB 

415—420
TeopHH npouecca 421—424 
TenJiOBofi a^eKT 422 
yrjiH 423

/XecTpyKTHBHoe pacuienJieHiie 252 
/XeTOKCHKauHH 74, 75 
ZleTOHauHH 187, 188

33BHCHMOCTb OT
Ao6aBOK (npuMeceu) 190 
cTpoeHHH yrjieBOAopoAOB 188, 189 

ZleiJieKTbi KpucTa.ujioB 160 
jletfiopMauHH Mô exyji 122 
JXwzh 492, 493
Zlll6eH3H.U, CHHTe3 650 
A hbhhh.u 457, 605—607. 612, 621, 

631—634, 727
noayqeHHe AerHApaTauneft MacjiHHO- 

ro ajibAerHAa 458
CHHTe3 H3

aueTHJieHa 743
aueTHjieHa no Penne 748, 749 
6yTaHOBbix (ppaKunft HetpTHHux ra- 

3ob 678
5THJ10BOTO CnHpTa

no OcTpoMbicjieHCKOMy 286 
no JIe6eAeBy 287 

/XiiBHHHJiKeTOHbi, nojiyqeHHe 520 
ZlHeHOBue yrjieBOAopoAbi, CHHTe3 ue- 

THApupoBaHHeM cnupTOB 286— 
288

ilHeHOHbl
nojiyqeHHe 521 
UHKJ1H33UHH 522 

HH3eJibHoe TonjniBO 700 
ilHMepH3auHH 3THJieHa 590
HHCaKpHJi 620
«XU(cnnpTbi» 294—296, 722, 724 
ZlHcnponopuHOHiipoBaHHe 631 

BOAopoAa 564, 651 
paAHKajiOB 577, 627, 628 

Hnt})eHHJi 260, 479

51 B. H. Aojitob
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^HXJiopaTaH 525, 526, 768 
ZlH3THJIOBbIH 3Cj)Hp 13, 529 
Ay6Hi*ejTn CHHTeTuqecKHe 499 
jlyuiHCTbiH minepoHaji 479

^<HflKOe TOn.HHBO 682, cm. CHHTe33aKOH aeiicTBHH Macc 18 
3eMJiHHofi ra3 766

H3o6apa aAcop6umi 118, 119 
H3o6yTaH 415, 416, 582 
M3o6yTn;ieH 412, 413, 512, 591, 594, 

622— 624, 626, 632, 771 
«H3o6yTHJioBoe Macjio» 724 
Msan hh 245
H30Mepii3amia

aJiKHJibHbix uenefl 649 
6eH3HHOB HH3KOOKT3HOBbIX 582
H-6yTaHa b H3o6yTaH 554, 557, 582 
GyTeHa 560, 561
BHHHJ13TIIHHJlKap6lIHOJ]OB B flHBIIHHJl- 

KeTOHbi 520 
H-rencaHa 557— 559 roMOJioroB 6eH30Jia 578, 579 
juiajiJiHJia 568 
AHapnjinapac})HHOB 580 
flueHOBbix yrjieBO^opOAOB 567—569 
AHH3o6yTeHHJia 568 
>KHflKO(jia3Haa 558 
D3oneHTaHa 559
HacJjTajiiiHa h roMOJioroB 580, 581 
H-nemaHa 555, 556, 559 
TexHHaecKoe 3Haqewie 581— 583
yraeBOjopoflOB

apoMaTuqecKiix 577— 581 
aueTHJieHOBbix

KaTajiH3aTopbi 555, 556 
no OaBopcKOMy 563—566 

AiieHOBbix 567, 568, 570 o.ie(f)HHOBbix 560—562 
napacjniHOBbix 553—559 
nojinMeTHJieHOBbix 570— 576 

MexaHH3M no 3ejiHHCKOMy 573— 
576

UHKJinqecKHX 570—581 
UHK.noreKcaHa h roMOJioroB 571, 

573— 576
miKjioneHTaHa h roMo.noroB 571—574 
miKJionponaHa 570 
3TnjiuHKJio6yTaHa 571 
SHeprna aKTHBannn 556 

H3ooKTaH, noJiyqeHwe H3 npupo^Horo 
ra3a 679

I43oneHTan 266, 559 
I43onpeH 268, 269, 599, 600, 604—609 

nojiyneHne
fleniApaTannen BajiepnaHOBoro ajib-

flernaa 453

143onpen
nc.iyMeHne

AerHflpaTaunefl MeTnjiH3onponna- 
KeTOHa 458

flern^pupOBaHiieM H3oneHTaHa 559
H3 neHTaHOBOH cjjpaKUHH Hecjmi- 

Hbix ra30B 678 
CHHTC3

6e3 KaTajin3aTopa no HnaTbeBy 601 
H3 auemjieHa no OaBopcxoMy 269, 

602, 743
H3 ra30B KpeKHHra 602 
H3 MeTHJmnKJio6yTaHa 601 

H30CHHTe3 687 
>khakhx ynaeBOflopoflOB 696 
napa^niHOB 694, 695 

H30TepMa(bi) 
aflcop6nnn 42 

BOAopofla MnO 118 
JlsHTMiopa 96, 107 
Heo6paTnMon 117 
OfipaTHMOH 117 
okhch ymepoaa yraeM 96 
<t>pefiH;ymxa 95, 96, 105 

IdHBepCHH 
MeTana 132
caxapo3bi, cKopocTb 535 

HHmfinTopbi 62 
Hh^ch 613 
Hhaoji 388Ho^HpcBaHiie 6eH30Jia 775
Ka3enHOBbie Bo.iOKHa 507 
KaMeHHbifl yrojib, CTpyKTypa^422 
KaMtJiopa 284
KaHueporeHHbie yr.ieBoaopoflbi 263, 2t?4 
s-KanpojiaKTaM 505, 747, 750 
KanpoH 505, 506, 588, 645, 747 
Kap6a30Ji 388
Kap6nflHbie uempbi 704, 705 
Kap6iiHOJibHbift KJieii 752 
Kap6nTOJibi 470 
KapSojiiiTbi 498
KapSbHHJinpoBaHne 726, cm. Okco-

CHHTC3
KapBOH 379, 380, 390, 400 
KaTajiH3 21 BJlHBHHe

BpeMeHH KomaKTa (b. k .) 46, 47 
jiaB.ieHHH 44—46 
06beMHOH CKOpOCTH (o. c.) 46 
TeMnepaTvpbi 42—44 

reoMeTpnqecKHH cJiaKTop (cooTBeTCT- 
BJie) 137, 138 

reTeporeHHbin 120, 167, 17 
flecJjopMauHOHHbin 122— 128 0 
KaTIIOHHblH 171 
KHCJioTHbiii 549, 550 
Kore3noHHbifi 172
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KaTa.Tii3
MexaHHa.M 86 c.i.
HeofipaTHMbifi 439—444 
06teMH0-BpeMeHH0fl BbIXOfl (o. B. B.) 

47
OTpuuaTejibHbiH 21 
nOJIO/KHTejIbHblH 21 
nojiynpoBOflHHKOBbifi 171 
c noMombio napaMarHHTHbix BeiuecTB 

172
mejioqHOH 549, 550 

KaTajiH3aTop (koht3kt)
Bara 57
rpe\iyaaa ruiaTHHa 178 
ry6aaTaa ruiaTHHa 178 
AByoKHCb n^aTHHbi (AflaMca) 341, 410 
Ka3aHCKoro h I"IjiaT3 271 
KOJuionflajibHaa njiaTima (Flaajia, 

CKHTa) 341, 342 
JleOeaeBa 287, 288 
HHKejib PeHea 57, 340 
najuiaflueBaa aepHb 342 
FleTpoBa 41, 498, 532 
miaBaiomHH 421 
nJiaTHHOBaa aepHb 341 
cmhtcohht 711, 716 
XpOMHT MeflH (AflKHHCa) 342 
UHHK-XpOMHTHblft 343 

KaTajiii3aTopbi
aKTHBiipoBaHHbie 28, 29, 62 

MeflHbie 291
aKTHBupyramee fleircTBHe aflOB 75—81 
aKTHBHoeTb 29, 60— 68, 711

BejIHHHHa 61
33BHCHMOCTb OT flHCnepCHOCTH 39 —

42, 150
CHii/KeHne (cHHTepHHr) 65 

aKTiiBHbie 57, 58, 431, 547 
ajnoMOCHJiHKaTHbie 311, 319, 321 — 

325, 336
noBbiiueHHe 3kthbhocth 321 

B3BeuieHHbie (pacnbuieHHbie) 58—60 
BJIHHHHe fl06aBOK 81 
BoccTaHOBJieHHe 52, 53 
ronKajuiTOBbie 176, 177
^ByxKOMnoHeHTHbie 176 
fle3aKTiiBamia 56, 425, 518, 684, 

686
KaTajiH3aTopbi flfla 

ajiKHJiiipoBainia 3mhhob aueTHjieHOM 
670

BOCCTaHOB/ieHIIH HHTpo6eH30^a B 3HH- 
jihh 407, 408 

niflpHpoBaHiia 339—343 
apoMaTHaecKHX hmiihob 377 
0eH3o^a 363, 364 
flpeBeciiHbi 419, 420 
>KnpoB h wace^ 359

KaTa.TH3aTopbi j.ia 
JlHTHHHa 419 
HHTpHflOB 361 
TepneHOB 379, 380 

rHflpojiH3a HiwpoB 532 
fleruflpaTauHH 450, 451 

aMHflOB KHCJIOT 459 
MypaBbHHOH KHCJIOTbl 464 

H30MepH33U.HH
h -SyTaHa b H3o6yTaH 582 
HH3KOOKT3HOBbIX 6eH3HHOB 582 

H30CHHTe33
ikhakhx yrjieBOflopoflOB 696 
napac[)HHOB 694

KeTOHHoro pacmenJieHHa khcjiot465 KOHfleHcau.Hn MypaBbiiHoro ajibflerH- 
fla c 6eH3o.iOM 478 

KpeKHHra 309— 311 
napa<j)HHOB 325 

nojiHMepn3amiH 
auenuieHa 603 
ojieijaiHOB 309 
XflOpHCTorO BHHHJia 610 
sTHfleHa 596

nojiyaeHHa acjjHpoB H3 cnnpTOB 461 
pa3flo>KeHHa anuiOBoro cnnpTa b 

3Tnjien 451
peaKuiin Opuflefla — Kpatfrrca 334 
ciiHTe3a

6eH3HHa H3 C O + H 2 691, 692 
BHHHJIOBbIX 3t|)HpOB 616, 617 
Bbicmux cnupTOB 715, 716 
AHBHHii.na ii3 aueTHJieHa 749 
iKHflKoro TonflHBa 682—685 
MeTaHa 679, 681 
MeiaHOfla H3 C O + H 2 711, 712 
cepocoflep>Kamnx coeflHHeHHft 741, 

742
CHHTOJia 708 
CJIOJKHbIX 3(f)HpOB 664 
TBepflbix napatJniHOB 692, 693 
yr.ieooflopoflOB H3 CO+H., 692.

693
yKcycHofi KHCJioTbi H3 CH3OH 

h CO 733, 734 
sTaHoua 719

xflopupoBaHHH napatjiHHOB 763— 765 

KaTa.iH3aTopbi
flono.iHHTejibHbie ((JiopKOHTaKTbi) 69 
>Kefle3Hbie 684, 685, 705 
H36HpaTejibHoe fleficTBHe (cejieKTHB- 

HOCTb) 26— 30, 209, 283, 388— 
394, 404, 461 

KHCflOTHbie 319 
KHCJibie 495, 617, 661, 733 
KoaKTHBiipoB3hhue (CMemaHHue) 629, 

63
KoGaflbTOBbie 684— 686
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KaTajiH3aTopu 
KOAAOHAHbie 58
KOMnJieKCoo6pa3yiomHe 310 
KOHTaKTHbie 310 
MeflHue 64, 711, 712, 714, 750 
HaHOCHbie (TperepHbie) 82, 690 
HepTyTHbie 518, 519 
HHKê eBbie 339, 340, 377 
HHTpHflHbie 684 
OKHCHbie 404 
ocHOBHbie 733
OTpaBJieHHe 66, 71, 402, 685 

6jiaronpHHTCTByiomee 68, 69, 11033BHCHMOCTb OT
aaB̂ eHHH 72 
MeTOfla H3roTOBJieHHH 72 
TeMnepaTypbi 72 

KyMyjiHTHBHoe 68, 69
MeX3HH3M 67 
Heo6paTHMoe 67—69 
o6paTHMoe 67—69 

OTCTOHHbie 655 
nepeKHCb 6eH30HAa 628 
nepHOA nOCTOHHHOH 3KTHBHOCTH 53, 

54
nô Sop 170—172 
npuroTOBAeHne 339—343 

BJia>KHbiM nyTeM 50—52 
cyxHM nyTeM 50 

nceBAOO)Kii>KeHHoe cocTOHHne 314 
pea^bHbie 27
pereHepauHH 56, 57, 75, 177, 319 
cnHO.n-npou.ecca 695, 697 
cueneTHbie 154, 384, 389, 408, 410, 

683
«C03peBaHHe» 53 
cnJiaBHbie 57
TBepAbie 49, 169, 764, 765 
yAejibHaa noBepxHOCTb 40 
«yTOMJieHHe» 54, 56, 345 
(jjHKcnpoBaHHe 421
(jjjnoHAHbie 60 xpoMHTHbie 342, 343, 404 UHHK-xpoMaTHbie 711, 712 qyBCTBHTeJIbHOCTb K OTpaBJieHHIO 72 —

74
meAOHHbie 495
SJieKTpHqecKne CBOHCTBa 160

KaTaAMTHnecKaa aKTHBHOCTb 76, 114, 
154

KaTaAHTHuecKan ruApaTauHn 510 ca. 
KaTaAHTHMecKan AerHApaTauna 450 ca., 

485—487KaTaAHTnnecKaH H30Mepn3auHa yrAe- BOAOpOAOB 553 CA. 
KaTaABTHMecKne peaKUHH 

BAHBHne npHMecen 162 
KAaccH4>HKauHH 170—172
SAeKTpOHHblH MeX3HH3M 160

KaTaAHTHqecKHft KpeKHHr, cm. Kpe-
KHHT KaTaAHTHHeCKHH 

KaTaAHTnqecKoe aAKHAHpoBaHiie 
648 ca.

KaTaAHTnqecKoe apuAnpoBaHHe 648 ca. 
KaTaAHTHuecKoe BoccTaHOBAeHHe 338, 

396, 484, 485
CHHTe33MHHOKHCAOT H3 33AaKTOHOB 4 

AefluHHa H3 H30MacAHHoro aAbAe-
THAa 485

TpunTocjjaHa H3 HHAOA-p-aAbAern- 
Aa 485

cjjeHHAaAaHHHa 484 
KaTaAHTnqecKoe raAoreHupoBaHHe 

760 ca.
KaTaAHTHnecKoe THApupoBaHne 338 ca. 

b BauyyMe 348, 349 
b jkhakoh 4>a3e 344 
b napoBon 4>a3e 344 
K3TaAH3aTopbi 339— 343 
MdOAbi 344— 349 
npH BbICOKHX AaBAeHHHX 348 
npH HOpMaAbHOM AaBAeHHH 345, 

346
npn CBepxBbicoKHx AaBAeHnax 348 
npn cpeAHHX asbachhux 348 

KaTaAHTHnecKoe AerHApuposaHne 
439 ca.

KaTaAHTHuecKoe okhcachhc CO b CO> 
176, 177

KaTaAHTHqecKoe oTBepACHHe 494 
KayqyK(n)

nAacTH(})HKauHH (Ao6aBKH) 773 
npupoAHbin 607, 631 
CHHTe3 H3 H3onpeHa 600 
CHHTeTHuecKHe 597, 599—602 

SyTaAHeHOBbift 601, 617 
6yTaAHeH-cTnpoAbHbie 612 
6yTHAKayqyK 598, 632 
BHHHAnnpHAHHOBblH 638, CM. <J>HAb- 

npeH
AHBHHHA-CTHpOAbHblH 633 
AHMeTHACHAOKcaHOBbie (CKT) 634, 

637
H3onpeHOBbiH (CKH) 600, 602 

607, 678
MacAoycToftqnBbie 608 
Mopo3oycTOHHHBbie 608, 634 
HHTpnAbHbie 634, 638 
«HOMepHbie» 601, 631
no JIe6eAeBy 529, 538, 601 
noAH6yTaAHeHOBbift 601 
noAH(J)ToponpeHOBbiH 608 
chahkohobhh 638 

conoAHMepHbie 631 
CTpoeHne 353, 354 
TepMOCTOHKHe 634 
XAopHpoBaHHe 773



nPERM ETH b lfl VK A 3A TE lb 797

Kayqyi<onoflc6Hbie BemecTBa 489 
KeporeH 335 
KepocHH

KpeKHHr 331, 333 
pat})HHauHH 532 

KeTeH 458
KeTOHH3auHH nepBHqHbix ciihptob 

290— 294
eTOHHoe pacmen^eHHe khcjiot 464, 

465
MexaHH3M 465, 466 

KeTOHbi
nojiyqemie no 4>pHAejno— Kpatjvrcy 

663
CHHTC3 H3 CnHpTOB

3aBHCHM0CTb ot TeMnepaTypu 
291, 292

KaTa^H3aTopbi 290, 291, 293, 294 
KiiHeTHHa rHflpnpoBaHHH 431—435 

6eH30Jia h Tojiyojia 435 
OJ1CHHOBOH KHCJlOTbl 432 
CTHpojia 432 ^ a K T o p  flH(J)({)y3HH 432 
STHJieHa 433

«KnnHmHii cjioh» 59, 673 
KHCJioTa(w)

a6HeTHHOBa» 258
aflHnHHOBan 502, 503, 727, 728, 750 
flKpHJiOBaa 617, 669—671, 729, 738 
aMHHOKanpoHOBan 750 
reKcarHflpo6eH30HHaH 729 
KopnqHaH 481, 482 
Ma^enHOBan 751 
MajioHOBasi 483
MeTaKpnjiOBaa 618
MypaBbHHaa 464, 733 H H K O T H H O B aH  227, 228 
HHTpOKopnqHbie 481 o .n e n H O B a a  345, 432 n p o 6 K O B a a  755 
cefiauHHOBaa 755 
CHHHJibHafl 739, 740 
Tepe4)Ta^eBasi 506y K c y c H a s  202, 205, 206, 458, 464, 

719, 733, 734, 737. 743 
cJ)Tâ eBbie 376 
4>yMapoBaH 751 
x;iopKopHqHbie 481 
UHaHOBajiepHaHOBan 750 H H T a p H a a  488, 729, 750, 751 

Kora3HH 682, 687, 688, 691 
Ko^ouiHHKOBbifl r a 3  695 
KoMn^exc TycTaBCOHa 332, 333 
KoMnoHeHThi 488

6H4»yHKUHOHa.abHbie 488, 489, 492
TpH^yHKUHOHajIbHbie 488 

KoHBepCliH 
MeTana

b CO+Hj 678

KOHBepCHH
MeiaHa

Kaia^H3aTopbi 195, 229, 230 
n-H2̂ ±:o-H2 126, 133, 428 
CO npn CHHTe3e nnxjiepa 693, 694 
STHJieHa b 3TaHOJi 514

KoHfleHcauHH
ajibflerHflOB apoMaTnqecKHX 

c 3JiH(})aTHqecKHMH 482 
c KeTOHaMH 483 
c yncycHbiM aHrHApHAOM 482 
c (})eHOJiaMH 480 
CO CJIOWHblMH 3(})HpaMH 482—484 

a^bflernAOB c ajiH ĵaTnqecKHMH hh- 
TpOCOeflHHeH HHMH 478 

ajibflo^bHaH 482
3MHHOB

apoMaTHqecKHX c tfopMajibAern- 
AOM 499

C Kap60HOBbIMH KHCJIOT3MH 502 
aueTHJieHa

C 3MMH3KOM 744, 745 
c cepoBOflopoflOM 744, 745 
c 4)opMa;ibAerHAOM 746—748 

6eH3rHflpojia 
c 6eH30ji0M 474 
c TojiyojioM 474

6eH3oiiHoro h yncycHoro ajibAerHAOB 
482, 483 

6eH3ojia
C 6eH3HJ10BbIM cnnpTOM 475 
C AHTpeTHqHbIMH rjIHKOJIBMH 476 
C TpĤ jeHHJIKapfiHHOJIOM 476 

TBaflKO^a C B3HHJTHHOM 480, 481 
xa3eHHa c (JjopMajibAernAOM 506 
KanmumpHaa 93 
KJiafl3eHa 633
MajiOHOBbix a^npoB (khcjiot) c ajib- 

AerHAaMH 483 
MeTaHOJia c CO 136 
MoqeBHHbi c 4>opMa^bAernAOM 499— 

502
MypaBbHHoro ajibAerHAa c 6eH30Ji0M 

478
Ha<j)TaJIHJICyjIb(j)OKHCJIOT C (J)OpMaJlH-

hom 499
HHTpOTO ŷOJia C AHXJIOpMeTHJIOBbIM 

3(j)HpOM 481 
OJie<})HHOB

c ajibAerHAaMH 665, 666, 668 
c napac|>HHaMH 654 
c (JjopMajibAerHAOM 666 

nojiHBHHHJioBoro cnnpTa c ajibAern- 
A3MH 616 

nojiyqeHHe
KopHqHoro ajibAernaa 483 
MeTHJIHpOBaHHbIX npOH3BOAHbIX 

THApoaHTpaueHa 477
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KoHAeHcaunH
nojiyHeHHe

MeTHJIHpOBaHHbIX npOH3BOAHbIX HH-
flaHa 477

Henpe;ieJibHbix oahoochobhux khc- 
jiot 483

nojiHeHajieft 483
npoH3BOAHbix flH4>eHHJiMeTaHa 477. 

478
cnnpTOB c CO 735, 736 
cyjibcJwpoBaHHoro Kpe3ojia c 4>opM-

ajibflerHAOM 499
cyjib^npoBaHHbix (j>eHOAOB c (j)opMa- 

ahhom 498
Tepe<})TajieBOH khcaoth c aTHjieHOM 

506
yrjieBOAopoflOB aAH^aTHHecKHX c CO, 

M6X3HH3M 731, 732 
apoMara'iecKHX 

c ajibAerHAaMH 477, 478 
c apoMaTH^ecKHMH cniipTaMH 475 
c KeTOHaMH 477, 478

UHKAHHeCKHX
c (JjeHOJiaMH 474 
co cnHpTaMH 474 

(jjeHOjia
c aueTOHOM 492 
c (J)opMajiHHOM 494 
c (JjyptJjypo^oM 498

3THAeHrAHKOAH C (J)TaJieBbIM aHTHA-
pHAOM 489

KoHAeHcauHOHHaa noAHMepH3auuH 
487 ca.

KoHTaKT FleTpoBa 498, 532 
KOHTaKTHbie HAbI, cm. Taxwe A hth- 

KaTajiH3aTopbi 67—74 
KonojiHMepH3auHH, cm. ConoAHMepH-

33U,HH
Kope3HH 746 
KopocHJi 610, 637
KoatJxĵ HUHeHT

aACopOuHH 157 
aKKOMOAauHH 104 
pHcaflK/ia 308 

KpeKHHr 
BAHHHHe

AaBAeHHH 308
npoAO/UKHTê ibHOCTH npouecca 307 
TeMnepaTypbi 306— 308 

KOKCOB3HHe 308 
«MrHOBeHHoe paBHOBecne» 307 
MHoroKpaTHbiii 308 
OKHCAHTeAbHblH 195— 197 
«.noA a b h Te a h » 558 
peaKu,HH

BTOpHMHbie 306 
nepBHWHbie 306, 315

c nOBTopHbiM nponycKOM pucaiiKia
308

KpeKHHr
C XAOpHCTbIM HAIOMHHHeM 330— 334 

KpeKHHr-ra3bi 312, 593, 594 
KpeKHHr KaTaAHTHHecKHH 138, 172,

305 ca., 657 
H-renTaHa 323 
roMOAoroB 6eH30Aa 327 
AHH3o6yTHAeHa 324, 325 
H3onponHA6eH30Aa (KyMOAa) 320 
K3TaAH3aTOpbI 309— 311 
KepocHHa 331— 333 
MeTQA

CTaTHAeCKHH 313
TeKyHHH (<J)AioHA-npouecc) 313, 314 

MexaHH3M 319— 325 
HatJjTeHOB 326— 328 
0Ae(j)HH0B 326
napa^HHOB 324, 325, 331, 766 
nefeBAOKyMOAa 328 
XKopocTb 328
C HenOABHHCHHM K3TaAH3aTOpOM 313 
C nCeBAOOHiHJKeHHUM K3TaAH3aTO-

poM 315
TepMO(})op-npouecc 313, 314 
y ra eB oao p oao b 325— 334 
UHKAonapa(J)HHOB 332 

KpeKHHr TepMHHecKHH 306, 325, 329, 
411

3AH(|>aTHHecKHX ueneft 306 
H-6yTaHa 315 
6yTHAeHa 268
}KHAKO(J)a3HbiH 311, 554, 760 
M6X3HH3M 315— 318 
OAe(j)HHOB 316
napc4>a3HbiS 309, 311, 554, 760 
w-neHTaHa 317, 318 
cxeMa npouecca 316 
uenHoii MexaHH3M Paiica 323, 324 

KpeMHeKaynyKH 634—637, 673 
KpeMHeopraHHHecKne coeAHHeHHH 301, 

302, 546, 547, 648, 671—674 
K phhoha 506
KpHCTaAAHuecKHe peuieTKH 151 — 155 
«KpHCTaAAOXHMHneCKOe COOTBeTCTBHe*

64
KpHCTaAAbI

MHKpOAe(J)eKTbI 160 
cTpyKTypHbie AecjieKTbi 152 
SAeKTpOHHblH H AHPOHHHH ra3bl 161. 

162
KpOTOHH3aUHH 621 
Kchahahh 411, 481 
Kchaoa 260, 614 
KyMapoH 613
KyMOAOBbift npouecc, cxeMa 211 
KynpeH 352, 603

JlaBcaH 588
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JlaKTonpeHbi 633, 634, 638 
JlaTeKc(u) 606 , 607 , 634
■Hcao.-i 254
JlHHeftHbie ncwiHMepbi 487, 488, 495, 496 

«Map^eKC» 596
Macjia CMa304Hbie CHHTeTnqecKHe 766 
Mea HCKyccTBeHHbiii 535 
Me>KMô eKŷ HpHoe B03AeficTBHe 102 
MeTa^^opraHHnecKHe coeAHHeHHH 413,

764
MeTajibAer-HA 619
MeraH 132, 184, 194, 198, 525, 763,

765
CHHTe3

6aKTepHajibHbiii 681 
Ha ocHOBe C O + H 2 681 
Ha ocHOBe CO h C02 679 

x^opnpoBaHHe 166, 524

MeTaHO.fi (MeTH^oBbiii cnnpT) 194, 198, 
718, 719, 733, 734 

KOHAeHcauHH c CO 136 
OKHCjieHHe b c})opMa^bAerHA 15, 203 
nô yneHHe

THAPOAH30M ApSBeCHHbl 539 
x^opHCToro MeTHJia 524 

OKHCJieHHeM MeTaHa 194, 198 
cyxofl neperoHKoii ApeBecHHbi 709 

CHHTe3 709— 715 
H3 CO +  H2 55 
BpeMH KOHT3KTa 713 
KaTa^H3aTopbi 711, 712 
MeX3HH3M 710, 711 
oOlieMHaH CKOpOCTb 713 
TeMnepaTypa 712 

MeTOA
KaTaAHTHMeCKOrO OTBepABHHH 494 
Kn>KHepa 400, 401 
KynepoBa—OcTpoMbicjieHCKoro 457 
Me^aMHAa 309 
MeneHbix aTOMOB 580 
KOHTpojiHpyromeft nojiocbi 159 
rmaTcjiopMHHra 309 
npHMoro ajiKHJinpoBaHHH 655 
PaA3HB3HOBCKOrO 651 
cTyneHHaTofl nojiHMepn3auHH 493 
<I>eHTOHa 205 

MHrpauHH 
fioKOBofl uenH 577 
BOAopoAa 488, 661, 662 
paAHKajiOB 577, 578, 654, 661, 662 

MiiKporHApiipoBaHHe 344, 349 
MH^bKCTOH 506 
Mo/ieKyAHpHbie nAeHKH 99 
MopcJiojiHH 463 |
MoTopHoe Ton̂ iiiBO 554, 582, 653, 688, j

689 j
Mo'ieBHHa 499— 502 i

MyjibTHn.ieTHaH TeopHH Ba^aHAiiHa
111, 126, 131, 139— 143, 148,
169, 170, 435, 562, 566 

MyabTHoiieTHbiH Ko\in.ieKC 140, cm. 
A kthbhhh KOMn.ieKC

HafijiOH 373, 502—505, 588, 645, 747, 
749, 755

Ha^TajiHH 225, 226, 365, 366, 369, 
479, 580, 581 

xjiopHpoBaHHe 776, 777 
HacjjTH^aMHH (HatJjTajiHAaM) 406 
Heo6paTHMbift K a r a n m  439— 441 
HeorexcaH 656 
HepaAo^ 499 
He(j)THHofl ra3 678

neHTaHOBaa tjjpaKUHH, BUAe^eHHe 
rjiy6oKHM ox^a>KAeHHeM 678 

Hhkothh 227, 228
Hhtph^u , noJiyneHHe H3 bmhaob kiic- 

jiot 459, 460 
HHTpo6eH30ji 407, 408 
Hhtpoh 505, 506 
HHTpoTOJiyoA 481 
HoBo^aKH 495, 496 
HocHTejiH (Tperepw) 82—84

«06ec(j)eHO.fiHpoBaHHe» 401, 415 
06 ’beMHaa cxopocTb (0 . c.) 266, 686, 713 
OKHCJieHHe

ajlHlUIKJIHMeCKHX COeAHHeHHH 227 
a^bAernAOB

no BoAeiuTefiHy 185 
B KHCJIOTbl 205, 206 

aMHHOB b a^bAernAbi 206, 207 
aMMHaxa b a30THyio KHCJioTy 15 
aHHJiHHa 213, 246 
apoMaTnnecKnx coeAHHeHnft 224—226 

6e3 pa3puBa m/ibna 207—215 
ayTOKaiaAHTHnecKoe 197 
aueTH^eHa

B TAHOKCaJIb 202 
b yxcycHyio KHCJioTy 202 

6eH30Aa b $eHo./i 207, 208 
reiepouHKAimecKHX coeAHHeHiiii 227, 

228
THAponepeKHCHoe 210—212
AecTpyKTHBHoe 175, 217, 223, 240
KaTajinTHMecKoe 175
KepocHHa 219
khcjiot 222— 224
MeTaHa

b MeTaHO/i 194, 195, 198 
b CO, KaTa;iH3aTopbi 198 
b (^opMa.ibAeniA, KaTa.m3aTopbi 

194, 196, 198 
no CeMeHOBy 184 
xoAOAHon.iaMeHHoe 196 

MeTaHo.ia b c})opManbAernA 15, 203
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OKHCjieHHe
3-MeTHJieHOBbIH MCX3HH3M 235 
MHKp00praHH3M3MH 193 
Ha4>TajiHHa b o  (Jua^eBuft aHrHApHA 

225, 226
HHKO THH3 B HHKOTHHOByiO KHCJIOTV

227, 228
ojiet})HHOB 198—202 
napatjpHHOB 194— 202, 218— 222 
napo<f)a3Hoe 213— 215 
n p n p o flH b ix  yrjie B O A o p o flO B  228— 232 
n p o n a H a  b  a x p o jie H H  197 
cn H p TO B  202— 205
xojioflHonjiaMeHHoe, MexaHH3M 186, 

196, 197
3THJ1CH3 B OKHCb 3THJieH3 199— 201 
S02 b  SO* 15

OKHCJiHTejibHan rnflpaTauHH 215— 217
OKHCjiHTejibHbifi KpeKHHr ynneBOAO- 

poflOB 219, 221 
OKHCb 3THJieH3 199— 201 
O kchboahhoh ra3 232 
OxCHKHCJIOTbl 219, 220 
OKCHJlHpOBaHHe, CM. OxHCJIKTejIbHaH 

rHflpaTaiiHH
O k ch h u  240
OxcH^yKcoHOBbie KpacHTejiH 480 
O kcochhtc3 726, 730, 737, 743 

reKcarHApo6eH30HH03THJiOBoro sc})h-
pa 729

Kap6 0 HHJlbHbIH, MeX3HH3M 729 
KHCJTOTbl

aflHnHHOBOH 727, 728 
reKcani;ipo6eH30HHOH 729 
HHTapHOH 729

OnTaHOBoe hhcjio (o . h.) 191, 305, 
312, 313, 333, 421, 555, 558, 583, 
653, 656, 694, 700 

noBbiiueHHe 513, 582, 688, 689 
OMblJieHHe 524, CM. fHApOJIH3 
OnnaHOJi 591
OpraHHHecKHfi aHa;iH3 MeTOAaMH 

THflpHpOBaHHH 349, 350 
OpraHHnecKoe crex.no 501, 618 
OpraHonô HCHJiOKcaHbi, npHMeHeHHe

671
OpHeHTaiiHH Mo.nexy.n Ha noBepxHO- 

cthx 96— 102 
OpjIOH (HHTpOH) 507

napaxoHbi 489 
napajibflerHA 619
napa({)HH, nojiyHeHHe, xaTajin3aTopbi 

687
FIapa(J)HHbi TBepAbie, chhtc3 692, 693, 

c m . Tax>xe C hhtc3 rinxjiepa 
flapa^opM 619 
napo(j)a3HbiH xpexHHr 513 
rieHTa30Ji 525, 678

IleHTaH 317, 318, 761 
FlenTHAHbie cbh3h 502, 503, 540, 643 
nepexHCHaa Teopna Baxa—OHiviepa 

180— 182, 199
nepexHCHbift atfxjjexT 776, 778 
flepepacnpeAe^eHHe BOAopoAa 439 c ji. 
riepe3TepH(})HKai;HH 545, 546

cHHTe3 xpeMHeopraHHHecxHX coeAH- 
hchhh 546, 547 

IlepH^eH 262, 368 
FlepJioH 747, cm. KanpoH 
nepoxcHAHaa TeopHH Baxa 220, 233 
nep<}3Topnapa(J)HHbi 767 
neHH 420 ,

6eH3HHOBue 420 
yrojibUbie 420

nHHaxoJiHHOBaa neperpynnHpoBxa 456 
riHpojiH3 554, 760 

aueTOHa 458 
rt'-xcHJio.na 614 
34>npa 457, 458 

nnnepHAHH 487 
riHpa30Ji 385
FlHpHAHH 385, 386, 670 
IlHppo^ 384, 485, 487, 670 
rijiaftByA 498 
IljiacKOH 501 
Il^acTeHHbi 507 
rijiacTHKH 506 

xa3eHHOBbie 506 
no^HypeTaHOBue 506 
npoTeHHOBbie, MexaHH3M npouecca 

506, 507
rijiacTH(})HKaTopbi 637 
IljiacTOMepbi 587 
FIjiaT^opMHHr-npouecc 582, 583 
rijiexcHrjiac (neproiexcy 6T? 
FIjIHOCflHJlbM 774 
IljiHOXjiop 774 
rijnopoHH xc 641
rioBepxHOCTHo-axTHBHbie BemecTBa 405, 

406
rioBepxHocTHoe cropaHHe 177— 179 
IloBepxHOCTb xaTa^H3aTopa 146, 147 
FIojieKTpoH 746 
no^HaxpH^aTbi 617 
riOJlHaMHAHbie BOJIOKHa 502

xanpoH 505, 506, 588, 645, 747 
JiaBcaH (TepHJieH) 505, 506, 588, 641 
HaHJioH 502— 505, 588, 647, 747 
opjiOH 505, 506 
TetJuioH 588, 611, 638 
TpejiOHbi 588 
3H3HT 505, 588, 645 

riojiHBHHHJiaueTajiH 616 
rioJiHB HHHJiaueTaT 615 
riOJIHBHHHJlOBbie 3<})HpbI, npocTbie 616, 

617
nOJIHBllHH^TOpHA (nB«I>) 772
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Ilo.iH H 3o6yTH .TeH  (BHCTaHewc, o n n a - 
h o ji) 591

FIojihKOHfleHcauHH 487 c j i. ,  588
reKcaMeTH^eHflHaMHHa c aflHnHHO- 

BOfi KHC.lOTOfl 5 0 2 , 503 
rjiHuepHHa

c KHCjioTaMH 489, 490 
c 4>TajieBbiM aHTHflpHflOM 490, 491 

HOBO^ana c (bopMa^bflerHflOM 496, 
497

cjjeHOjia c ^opM a^bflerHflOM  494 
<fieHOJio-(})opMa/ibflerHflHbix cm o ; i , n a - 

Ta^H 3aT o p b i 495
cjrrajieB oro a H rH M H fla  co cnnpTaM H 

490
annx̂ oprHApHHa

C BTOpHHHbIMH aMHH3MH 49 2 
c ^ByxaTOMHbiMH cjjeHOJiaMii 4 9 2 
c flHaHOM 4 9 2 , 493 

HHTapHOfi KHCJIOTbl C TJlHKOJieM 488 
rio jiH M epro M o ^iorH , pnflbi 5 8 6 , 58 7 
FIo^H M epH 3auH H  586 c j i . 

aKpHJIOBOH KHCJIOTbl 6 1 7  
a K p o jie H H a  620
aueT H ^eH a 6 0 2 — 608, 7 5 4 — 7 5 7  
6 y T H ^ e H a  5 9 3 , 594 
B H H H jiaueTaTa 5 1 7 ,  6 1 5  
BHHHJIHa(})TajIHHa 6 1 3  
BHHHJIOBbIX 3(})HpOB 74 4 , 746 
B HHHJHj)T0pH^a 7 7 2  
AHBHHHJia no JIe 6 e a e B y 605 
jlHOJie(J)HHOB 5 8 9, 599 

a ju ieH O Bbix 598 
CKOpOCTb 606
C COnp JDKCHHblMH flBOHHblMH CBH-

3 h m h  5 98 , 599
A H ca K p u ^ b H aB  620
H 3o 6 yT iiJ ieH a  5 9 1 ,  594 I

no B y T ^ e p o B y  4 1 2 ,  4 1 3 ,  6 2 2 —  i
6 2 4 , 6 26  j

H3onpeHa 599
HaTpHeM no K y n e p o B y  604, 605 

IICTHHH3H 588
K3p60HHJIbHbIX COeflHHeHHH 6 1 9 — 6 21
KaTajIH THH eCKaH BIIHH.lOBblX 3<JjH-

poB 598
KOHfleHcauHOHHaH 487 c j i ., 6 19  
M eTH JieH H ^m iK ^o 6yTaH a 608, 609
M eTH JiuH Kjio nponaH a 608 
H en p eae^b H b ix  co eA H H em iii, M exa- 

h i i 3 m 6 2 1 — 629 
HII3KO M O /ieKyjlHpHaH 6 23  
o j iecjiiiHOB 30 9, 5 8 9 — 598 ;

KHCJIOTH35I 6 2 5  !
no U n r . ie p y  5 95  
CKOpOCTb 5 1 2 ,  5 1 3  

n p iiB U T a n , MexaHH3M 588, 6 39 , 640 
n p o n n .ie H a  5 9 1 ,  5 9 3 , 594 , 5 9 7 , 626

no.iHMepH3auHH
pa^H K ajibH O -uenH aH  6 23  
p e ry jiH p y e M a a  (U n r ^ e p )  6 27  
coBMecTHan 5 8 8 , c m . ConoJiHMepH3a~

U.HH
cT H p o jia  2 4 3 , 6 1 2 ,  6 1 3 ,  629  

UenHOH MeX3HH3M 6 1 2
CTyneHHaTan 4 9 3, 623
TepMHwecKaH

aM H.ieHOB 5 9 1 , 592 
3THJieHa 590 

TeTpa(j)Top3THJieHa 6 1 1  
TpH(|)TOpXJ10p3THJieHa 6 1 1  
y n c y c H o ro  a jib flerH fla  6 19  
4>opM ajibflerHfla 6 19  
(frroponpeHa 608 
tjjyp H JisTm ie H a 6 13
XJIOpHCTorO BHHHJia no O d p O M b lC - 

.leHCKOMy 6 10  
uenH ofl MexaHH3M 6 27  
UHK^oo^e(j)HHOB 608, 609 
uH K ^o neH TaaneH a, MexaHH3M 609 
U HKJionponeHa 608 
3MyjIbCHOHH3H 606, 607 

aKpHJlOBblX 3(})HpOB 6 18  
AHBHHHJia 606, 607 
H3onpeHa 606, 607 
x jio p o n p e H a  606, 607 

3TeHOHflOB, fleiicTBH e 3aM ecTH Te.itii 
6 10 , 6 1 1

STHJieHa 5 90 , 5 9 2 , 5 9 5 , 5 97 
b 6 yT H .ie H b i 6 24 , 6 25 
noa AaB.neHHeM 596 

rio jiH M epbi 
jiH H eiiH bie 6 19  
npHBHTbie 6 3 8 — 640 

H3 6ejiKOB 643
H3 H a T y p a jib H o ro  K a y q y n a  643 
H3 yrjieB o jjO B  643 
H3 u e jijn o jio 3 b i 644 

TepMonJiacTHHHbie 587 

nojlHMOp<j)H3M Al.,Os 15 4  
rioJiHOKCHMeTHJieHbi, n o jiyq eH H e 6 1 9 , 

620
rio jiH n e n T H flb i 5 0 2  
FIo jiH npo nH JieH  588
rio jiH C T H p o jib i, npHMeHeHHe 6 1 2 ,  6 1 3  
no^HTeTpa({)Top3THJieH 6 38 , c m . TeiJviOH 
rio^H4)eHH^3TH ^eH 650 
n o ^ H ^ o p M H H r-n p o u e cc  28 1 
Ilo jiH STH JieH  (nojiHTeH) 34 8 , 588, 5 9 0 , 

5 9 1 ,  644, 6 4 5, 694 
CHHTe3 596 , 597 

r io ji^ o n a 3 b i 501
rio ^ yrH flp H p o B a H H o e  c o c t o h h h c  2 7 2  

2 7 3
n o jiyn p o B O U H H K ii 160, 16 2 , 164 
n p ^ B im a  B a x T e p a  6 2 5 , 626
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MapKOBHHKOBa 416, 510, 518, 659, 
761, 778 

Ŝ bTeKOBa 516
npeBpamemie eHHHOBbix coeuHHeHHH

520—523
riporopKaHne jkhpob 238, 239 
ripHHUHn Jle-UlaTejibe 42, 44, 308, 

346
FIpHpoflHbie ra3bi 769

ajiK H Jinp o B aH H e 6yTaHO Bbix tbpaK- 
uhh 678

BAaacHbie (>KnpHbie) 676, 678 
MeiaH 676—678 
Hcnojib30BaHHe 767—769 
nojiyqeHne OAetjniHOB 679 
codaB 676, 677 

npucoeAHHeHHe
HBr k aTHJieHy 778 
HBr «HeHopMâ bHoe» 778 
HBr no npaBHJiy MapKOBHHKOBa 778 
HC1 k aMHJieHaM 778 
HC1 k aueTHJieHy 779 
HC1 k 6yTH JieH y 778 
HC1 k 3THJieHy 777 

FIpoAeTOHaTopbi (yC K opm e jiH ) 190 
HpoMe»<yTOHHbie KOMnAeKCbi 37
npoMe>KyTonHbie coeflHHeHHH 24—26, 

37, 164
n p n  ayTOKCHAauHH 233 

ripoMOTupoBaHHe 80 
FlpoM OTepbi (aKTHBaTopbi) 60—62, 67 
f lp o n a H  197, 764
nponHJieH 591, 593, 594, 597, 626, 645 
Tlpouecc

rafiApoKOjr 698—700 
ciiHTe3 6eH3HHa 698—700 
cocTaB yaieBOAopoAHbix cbpaKunft 

699, 700
niApocjjopMHHr 281, 582, 583. 657 
rnnepipopMHHr 583 
ryApucjjopMHHr 583 
KyMOAOBblfi 211 
nJiaTfJjopMHHr 582, 583
nojiĤ opMHHr 281
pnt})opMHHr 312, 582, 583, 694
ceAtjjopA 681
chhoji 695, 697 
TepMOcj)o.p 311, 313, 314, 336 
TepMO(jiop-pncl)opMHHr 583
4)aioha 311, 313, 336, 673

UpHMOft CHHTe3
KOHTaKTHbiH a n n a p a T  674 
KpeMHeopraHHnecKHX coeAHHeauft 

672—674
MeTHJIXJlOpCHJl 3H0B 674 

riceBAOKyMOJi 328
riCeBAOO>KH>KeHHblH CAOH, nOABHJK-

HOCTb 59, 60

Pa^HHaunH nepocHHa 532 
PeaKTopu

HopMajibHoro AaBAeHHB 690—693 
cpeAHero uaBAeHHA 690— 692 

PeaKUHH
ajiKHAnpoBaHHH 668— 671 
ayTOKaiaAHTHnecKne 21 
b «KHnameM CAoe» 59, 673 
BOCCT 3HOBAeHH H 14 
reieporeHHbie 26 
THApHpOBaHHB 14
niApHpoBaHHH sTHJieHa b 3Taa 14 
AerHApaTamrn 13 
AerHApnpOBAHHH 14 
KOHTaKTHbie 16 
MHKporeTeporeHHbie 22 
HenoAHoro okhcachhh 175, 194 ca. 
nOAHOrO OKHCAeHHB 175 CA. 
cJ)epMBHTaTHBHbie 33 
U,nrAepa 597, 659 

PeaKu.nA 
BAaHa 478 
ByTAepoBa 15, 623 
BnAbHMcoHa 465 
TaTTepMaHa 731 
Tepge 294— 296, 723 
3nHHHa 406, 407 
KaHHHuapo 295 
Kw>KHepa 399 
KAeMeHceHa 399 
KouoBaAOBa 407, 678 
KyuepoBa 15, 203, 457, 516—518, 

520, 601, 743 
MHHbOHaKa 409, 410 
PlepKHHa 481— 483, 488, 621 
nnHaKOAHHOBaa 456 
noAyqemie

MeTHAaMiiHa 14 
XAopa 15
scjjupa H3 cniipTa 16 

npiiHca 666 
PetJjopMaTCKoro 730 
TuiueHKo— KaHHimapo 390, 398 
y nAOTHeHHH OAetj)HHO B 15 
OaBopcKoro 751 
Onmepa—Tponiua 706 
OoTOXiiMHqecKaH 6yTaHa c XAopoM 

(ByTAepoB) 761
OpuueAH— Kpa^Tca 311, 321, 333, 

334, 648, 663 
LIIoaah 262 
3Ab6ca 263
3TepHc})HKaunn 467— 469

BAHAHue 3aMecTHTeAeii 468, 469 
3aKOHOMepHOCTH 467, 468 
KaTaAH3aTopbi 467— 469 
.MexaHII3M, H30T0nHblii MeTOA 4/3
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PereHepauHH KaTajiH3aTopoB 56, 57, 
75, 177, 319 

Pe3HHOHflbi 495, 496 
PecHHTe3 SejiKOB 507, 508 
PeTponHHaKOjiHHOBaB neperpynniipoB- 

Ka 452, 456
PncjjopMHHr 312, 582, 583, 694 
Py6po4>eH (py6poKOJi) 480

CajiiireHHH 494, 495 
Ca^npeTHH 495
CaMOOKHCJieHHe 175, cm . AyTOKCHAa-

UHH
CapaH 611, 638
CBo6oAHaH SHeprHH peaKU.nn 394 
CeAcJiopA-npouecc 681 
CepocoAepacamHe coeAHHeHHH 741, 742 
CHByuiHbie Macjia 513 
OiKKaTHBbl, MeX3HH3M AeHCTBHH 243, 

244
CHJiacTHKH 634—637, cm. KpeMHe- 

KayqyKH
CHHOJi-npouecc 695, 697 
CHHTaHbi 498, 499 
CHHTT33 684 
CHHTC3

a3jiaKTOHHbifl (OpjieHMeaepa) 484 
a30TC0Aep>KaLUHX coeAHHeHiiil 739, 
aKpHJIOBOft KHCJIOTbl 738 
ajibAernflOB 725 
3MHH0B 669—671 
aMHHOKHCJlOT 484 
apHJiaKpHJIOBbIX KHCJIOT 481 —485
apoMaTHMecKHX aabflerHAOB 730, 731 
6eH3ajibAerHAa ii3 6eH30Jia h CO 731 
6eH3HHa H3 C O + H 2 690—692 
6AOK-conoaHMepoB 588, 641
BHHHJIOBbIX 3(})HpOB 743, 744 

no Penne 616, 617 
BbicuiHX cnupTOB 715— 725 
rBaypHHa 480 
/ U T  478
ACKajnma 365— 367 
AHBHHHJia 743, cm . A hbhhha 

h 3 aueTHAeHa no K y^ ep o B y—  
OcTpoMbicjieHCKOMy 457, 621 

3i3 sthjioboto cnupTa no Jle6eAeBy  
268, 457

no Penne 748, 740 
(jjepMeHTaTiiBHbift MeTOA 457 

>i<nAKoro Ton.niiBa 682—689 
BAnnune

AaBAeHHH 687, 689
TeMnepaTypbi 686 

cocTaB ra30Boft CMecn 685 
KaTa^ii3aTopbi 682—687 
KitHeTiiKa npouecca 686 
npoAyKTbi 687

CHHTe3
H3onpeHa no OaBopcKOMy 743 
KaMepHOH cepHoft k h c jio t m  13 
KanpoHa 505
Kap6oHOBhix k h c j io t  733— 739 
KayqyxoB 268, 269 
KeTOHOB 725
KHCJIOpOACOAep*aiUHX COeAHHeHHH

708
KOpHBHOH KHCJIOTbl (peaKUHH Ilep- 

KHHa) 481, 482
KpeMHeopraHHnecKHX coeAHHeHHH 

546
KCHJIHAHHa 411, 481
MajieHHOBoro aHTHApHAa 224, 225
MeTaHa 679—681
MeTaHojia 55, 709—715, 718
MypaBbHHOH KHCJIOTbl H3 CO  733
HafljioHa, cxeMbi 502—504
Ha ocHOBe

aueTHJieHa (nHTHqjieHHbix reTe- 
POUHKJIOB) 485 

okhcjiob yrjiepoAa 679 cji. 
yrjiepoACOAepjKamHX ra30B 676 cji. 
npupoAHbix ra30B 524, 676—679 

HeoreKcaHa 661 
HHTpoHa 506
ojiec|)HHOfi H3 npHpoAHoro ra3a 679 
riepKHHa 482 
riH.xjiepa 692—694 
nojniMepoB npHBHTbix 588 
nOJI H3THJieH3

H3 C O + H 2 694
no L^Hiviepy 348, 596, 597, 645,

CM. riOJIH3THJieH
cepocoAepjKamnx coeAHHeHHH 741, 

742
CHHH.IbHOH KHCJIOTbl 739, 740 
CHHTojia, KaTaaii3aTopbi 708, 709, 

715
cjioiKHbix aijiHpoB 664, 665 
cTHpojia 264, 266, 649, 657 
TepiuieHa 506 
TeTpajiHHa 365, 366 
TiiocjieHa 485 
TOAyoAa 731
TpnnTaHa 412, 413, 661 
vrvieBOAopoAOB H3 C O + H 2 680, 682, 

692—702
KHHeTHKa npouecca 702, 703 
no KpaKCtjiopAy 704, 705 
npn cpeAHHX AaBAeHHHX 687 
CTyneHqaTan niApoKOHACHcauHh 706 
TeopnH npouecca 701—707 

yKcvcHoro ajibAerHAa H3 MeTaHOAa 
h CO  719

yKcycHoii KHCJIOTbl 205, 206, 453, 
719, 733, 734. 737, 743
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ClIHTe3
cJjenojia ii aueTOHa H3 Kyiviojia, cxeMa 

npouecca 210— 212 
4>op MajibAerH.ua

H3 BOflHHoro ra3a 725, 726 
H3 MeraHOJia, KaTauH3aTopbi 204 
KaiajiH3aTopbi 203 

4>opMaMHfla 739, 740 
$ypaHa 485 
xjioponpeHa 605, 743 
xjiopucToro sTHJia 777, 778 
UHKJIHHeCKHX y rueBOAOpOAOB 697, 

698
3TaHOJia 69, 601, 651, 652, 718, 719 
3THji6eH3ojia 651, 652 

CHHTeTHqecKHe KayqyKH 529, 538,
587—602, 630, 631 

Chhthh 682
Chhtoji 687, 708, 709, 715 
CnopocTb

AerHflpHpoBaHHH 306
KaT3JlHTH4eCKHX peaKUHH, BJIHHHHe

pacTBOpHTe^eft 47— 49 
KpeKHHra 306
cropamiH yrjieBOAopoflOB 186— 192
peaKUHH

BJIHHHHe
uncnepcHocTH KaTajiH3aTopa 39 
KOjinuecTBa KaTajiH3aTopa 37—
39

Ha HeOUHOpOUHbIX nOBepXHOCTHX
158

CJio>KH03(J)HpHaH KOHueHcauHH nep- 
BHMHbix cnnpTO B 288— 290 

CMOJioo6pa3cmaHHe b 6eH3HHax 237 
CMOJia(bi)

ajibUOJibHbie 621
ajiKHaHbie 488, 491, 492 
BHHHJioBbie 615, 616 
rjiHtjjTajieBbie 489, 491 
KapOojiHTOBbie 498 
KynpeHOBan 603
MoueBHHO-^opMajibflerHUHbie 501 
HeBbicbixaiomHe 491 
HOBOJiaKOBbie 495 
nepjioHOBaH 747, 750 
nojinaMH^Hbie 502 
nojiHHHfleHOBbie 613 
nojiHKyMapoHOBbie 613, 614 
CHHTeTHvecKHe 494 
(J)eHo;io-4)opMajibuerHflHbie 495 
anoKCHflHbie 488, 492 

ConojiHMepH3auHH 586, 629 cjt. 
SHHapHaH 631
6yTauHeHOB (KoHAaKOB) 630
flHBHHHJia

C aKpHJIOHHTpHJIOM 631
c H3o6yTHJieHOM 631, 632 
co cmpojioM 631—634

ConojiHMepH3auHH
AHBHHHA3

3MyjIbCHOHH3H CO CTupOJIOM 631,
634

3THJieHa c CO 732 
ConojiHMepw, CTpoeHHe 632 
ConpH>KeHHoe rnupupoBaHHe 444—447 

CopHeojia 445, 446
BJIHHHHe 3KTHBHOCTH KaTaJIH3a- 

Topa 446
H36HpaTejibHOCTb KaTa/iH3aTopoB 446 
pacTHTejibHbix Maceji cnnpTaMH 447 
yrjiH  423

ConpHJKeHHoe AerHAporHApnpoBaHHe 
444

Cop6uHH 40, 93 
Cocyflbl flJIH THApHpOBaHHH 345 
CpoflCTBO KaTajiH3aTopoB k peareHTaM. 

23
C re K J io  opraH H uecKO e 501, 618 
CrepoHUbi 752, 753 
C t h p o j i  243, 264— 266, 364, 432, 623, 

629
nojiHMepbi 612— 614 
n o jiyu eH H e 613 
CHHTe3 657 

H3 6eH30Jia 649 
COnOJIHMepH3aUHH

C BHHHJl6eH3aMHUOM 614 
C AHBHHHAOM 612, 631—634 

CyjibiJiaTbi 405 
CyjibtjioKynpeH 352 
«CujHTbie MOJieKy.ibi» 243
TejioMepH3auHH 588, 644 

nponHjieHa c CC1- 645
CHHTe3

nojuisTHJieHOB no U,Hrjiepy 644, 
645

3H 3H T3 H3 XJIOpO^IOpMa H 3THJieH3
no H ecM enH O By 645 

TeopH H
THApHpOBaHHH 424—431 

aAcop6uHOHHbie 426—431 
rHApojiH3a 547—551

SejiKOB
aMHflHHHan raBpujioBa 543, 544 
flHKeTonnnepa3HHOBaH 3ejiHH- 

CKoro—CauHKOBa 543 
nojiHnenTHflHan 3. Onuiepa 543 

ropeHHH yrjie fi 192, 193 
KaTajiH3a

aACop6uHOHHbie 16, 86, 89—92
(})H3HMeCKHe 86 
xHMHnecKne 86 
uenHbie 86
ajieKTpoHHbie 86, H59— 163

KaTajiHTHMecKoro KpeKHHra 319—
325
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TcopHH
noAHoro cropaHiia, MexaHH3Mbi 179— 

186
npoMewyTOMHbix coeAHHeHHii npa 

THApHpOBaHHH 424—426 
1 eopua

a6COAK)THbIX CKOpOCTeft peanuHH
45, 128-137

arpaBaiiHOHHoro a^eKTa 149 
aKTHBHpoBaHHOfi a;jcop6uHH Teft- 

jiopa 169
aKTHBHpOB3HHbIX KOMITAeKCOB 128 —

137
aKTHBHbix aHcaM6^eft Ko6o3eBa 

145— 151, 169
aKTHBHbix ueHTpoB TeftAopa 113 
ajibflOJibHbix ynJioTHeHHft MopraHa 

721, 722, 724, 725'
5e.zi.naHH h Oapaaea 16 
rene3Hca K3TajiH3aTopoB 114— 116
rHflpOKCHJIHpOBaHIia (fHApOKCHAb- 

Haa) 180, 181 
AeCTpyKTUBHOTO

rn/ipHpoBaHHH 421—424 
oKHCJieHna 185 

aetJiopMauHH 169
AHCJioKamiH (Be3eKeH) 126 
HCKaJKaiomero h pa3pyiHaiomero 

aeiicTBHa KaTaAH3aTopa 19 
Kap6nflHaa Ontuepa—Tpomua 700, 

702
Karajiii3a 86 ca.

aacop6mioHHaa Oapa^ea 91
BeAAami 91
npoMe*yTOHHbix coeAHHeHHii 87—

89
XoflHeBa 91, 92
a^eKTpoHHaa BoAbKeHurreiiHa 160, 

163, 165, 169
Me>KMOJieKyaapHoro BbmeAeHHH bo- 

Abi 295, 722—725 
MeTHJieHOBbix paAHKaAOB O iiA yca—  

3e^HHCKoro 700, 706, 707 
MoamJjHunpoBaHna KaTaAH3aTopoB 

75-81
My-abTHWieTHaa BaAaHAHHa 272, 

435
HeoAHopoflHbix noBepxHocTeft Po- 

ruHCKoro 155— 159, 169
o6pa30BaHHH CBo6oflHbix paflHKa- 

aob 164
nepeKHCHaa Baxa—OHTAepa 180— 

182, 199
nepecbimeHHH PoniH CKoro 114— 116, 

169
nepexoAHoro cocToaHHa 169 
nepoKCHAHaa Baxa 220, 233 
noAHMepiiaamiH

HOHHO-uenHaa 628, 629

Teopna
no.iHMepH3amiH

Kap6oHHeBO-HOHHaa YHTMopa 623, 
624

CTy neHaaToft OcTpoM ucneHCKoro
623, 626

uenHofi MexaHH3M CeMeHOBa 627 
npoHCxo>KAeHHa He^Teii 334—336 
npoMe>KyToqHbix coeAHHeHHii Ca- 

6aTbe 29, 125, 168 
coyAapeHHH 131
CTpoeHHa ByT.nepoBa 124. 168
TepMHMecKoro K p e x iiH ra  <P. Paflca 

ii K- Paftca 316—318 
Y iiT M o p a  472, 661 
xeMocopSuHH 169
uenHbix MexaHH3MOB CevieHOBa 

163— 167, 169, 180, 182— 186 
Ten-noTa(bi)

aACop6uHii 70, 157, 158
aKTHBauHii 122
niApupOBaHHa 343 
peaxuHH 204, 689 

Tepn jieH  507, 641, c m . JlaBcan 
TepMHaecKiiii  KpeK im r, cxopocTb 328 
TepMOtjjop-npouecc 311, 313, 314, 336 
TepMO(j)op-pH(J)opMHHr-npouecc 583 
TeprieHbi 378—381 
T eTp a n iA p o 4 )yp a H  749, 750 
TeTp a A H H  365, 366 
TeTpaMiiH 369 
TeTpaXjiopaTaH 773 
TeTpac})Top3TH.neH 611, 772 

l Te<})AOH 588, 611, 638 
T h m o a  373 
T h o k o a  638, 769 
T u o n ^ a c T b i  768, 769 
TiioiJieH 382, 383, 485— 487 
T iiTpoBaHiie  BOAopoAo.M 346 
ToAyoA 260, 435, 474, 480 

6poMiipoBaHHe 776 
ciiHTe3 H3 6eH3o^a 173 

TpeAOHbi 588 
Tpiin Ae K C  354, 517, 618 
T p i i m a H  412, 413, 656, 661

yxcycHaa KHC.noTa 2J5, 206 
aAKHAHpoBaHiie o.ne(})HHaMH 664 
AerHApaTauHH Me>KMOAeKy.napHaa 

464
noAyaeHHe

rHApaTauHeft aueTHAeHa 517
oKiicjieHiieM aueTHAeHa 202 

CIIHTC3
ii3  aueTHAeHa 743
H3 MeTaHOAa h  CO 719, 733, 734
H3 KeTeHa 458 

I cnoco6bi 737
I YKCycHbiH aAbAernA 482, 483, 619, 719
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yn.noTHeHHe ajib,aojibHoe 620 
YpaBHeHMe

AppeHHyca 30, 32, 42, 78, 79, 307 
!I30TepMbI aflCOpfiUHH 41

J la H T M io p a  104— 107, 151, 157, 158 
J la H T M io p a — O p e H K e jiH  156 
OpeiiHfl^Hxa 95, 106 

H3oxopbi BaHT-Toc^a 30 
/bHTMtopa 433— 435 

y c K o p e H iie  p e a x m iH  36, 37

OaxTop
BepOHTHOCTH 32 
npOM OTHpOB3HHH 63 
n p o c T p a H C T B e H H b ifi 32 
qacTOTbi 30

fpenaHTpeH 367, 369, 370, 479 
OeHOJi 207, 208, 210— 212, 371— 373, 

492, 494, 498, 527 
OeHOjionJiaerbi (cJjeHoruiacTbi) 494, 499 
OeHOJibi ii3 xeTOHOB 297, 298 
OnjibnpeH 638 
OjiexcoH 632 
OjiopoH 588
O jn o iif l -n p o u e c c  311, 313, 336, 673 
«<I>opaM iiH aTttb ie» x o H T a x T b i 359 
OopxoHTaxTbi 69 
<C>opMajiHH 494, 498, 499 
OopMajibAeriijx 15, 196, 198, 203, 204, 

494, 496, 497, 499— 502, 506, 
619, 666, 746— 748 

xoHfleHcauHH c aueTHJieHOM 746— 748 
ncuiyiieHne H3 MeiaHa 194, 525
CHHTe3

H3 BOflHHoro ra3a 725 
iiOHii3HpyiomeH pafliiauneH 726 

OopMBap 616
OopMyjia CMOJiyxoBCxoro 146 
OpeoHbi 611, 766, 767, 772 
4>Ta.neBbiH aHrHflpiw 225, 226, 489— 491 
OTopiipoBamie aTHJieHa 768 
OTopxayqyx 638 
OToponpeH 608
<t»TopoTeH, no.nyqeHHe H3 cjipeoHa 611, 

772
OyHxmiH pacnpeAejieHHH (noBepx- 

hocth) 155— 158 
<J>ypaH 382, 485 
OypcJiypoji 392, 459, 498 

nojjyqeHHe niApojiH30M 539

Xafixapbi 634 
XjiafloareHTbi 611
XeMOCop6miH 93, 103, 1j04, 116, 120, 

121, 160— 162, 177, 323 
X hhojihh 386, 387 
XjiopHpoBaHxe 

6eH30Jia h roMOJioroB 776 
w-rexcaHa 761

X.iopHpcBaHHe 
H3o6yTHJieHa 771 
xayqyxa 773 
MeiaHa 763, 765.
HatjjTajiHHa 776, 777 
ojiecj)HHOB 769, 770 
napâ HHOB 761, 763 

b pacnjiaBjieHHbix co.thx 765 
xaTajni3aTopbi 763—765 
uenHoft MexaHH3M 764 

H-neHTaHa 761
njiHOJiHTOB (nJinoxyiopa; 774 
nponaHa 764 
3TaHa 765 
BTiiJieHa 768

X JIOpHCTbLU BHHHJIHAeH 611 
X j iopiicijdH bhhhji, no.nyqeHHe 610, 611 
X JIOpHCTblH MeTHJT 524 
XJiopiiCTbiH 3thji 524, 777, 778 
XjiopMeTHJiHpoBaHHe 478—481 

aHTpaueHa 479
6eH30Jia h roMOJioroB 479, 480 
6eH30HHoro ajib^erHfla c rBaaxo- 

jiom 480
BjiHHHHe 3aMecTHTejien 479 
AH(j)eHHJia 479 
HacjjTajiHHa 479 
nxpoxaTexHHa 479 
exopocTb peaxuHH 479 
cj)eHaHTpeHa 479 

XjlOpOHHH 610 
XjioponpeH 605—607 

CHHTe3 H3 aueTHJieHa 743 
Xpx3eH 367—368

Ue ĵio3o^bBbi 470
UenHbie peaxuHH CeMeHOBa 235, 236 
IlHx.nH3aiiqg nupHnn 568, 569 
D,Hx.noGyTaH 416, 417 
U,nxjiorexcaH 253, 258, 259, 571, 573— 

576, 705
Unxjio^erHAp aTaiiHH 296 
U,HXJiorenTaH 255 
U,HXJioneHTâ HeH 609 
UHxjioneHTan 258, 417, 418, 571—574 
U,HxjionponaH 570 
UHXJionponeH 608 
UnTpajib 354, 355 
ll,HTpoHejijia^b 354

Mhcjio
aKTHBHbIX CTÔ XHOBeHHH 471 
coyaapeHiifl 30

SflxojuioiiAbi 587 
3jiacT0Mepbi 587, 635 

xpeMHeopraHHqecxne 637 
n o jiH C H Jio x ca H O B b ie  636 
c n jiu x o H O B b ie  635
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SjiacTon.iacTHKH 587 
3My^bCHOHHaH nô HMepH3auHfl 606, cm. 

TaK>Ke riojiHMepH3amiH
3naHT 505, 588,. 645 
SHeprnH aKTHBauHH 30, 31, 112, 117— 

119, 128, 129, 133, 156, 158,
194, 307, 396, 488, 556

H3MeneHHe 80 
CHHweHHe 30, 33, 34 

3nnxjioprnflpnH 492, 493 
3noKCHJiHpoBaHne 217 
ScTojinflbi 533 
3TaH 435, 765 .
STaHOJi 268, 286, 287, 289, 451, 457,

514, 651, 652, 662
AerH ApH poBaHH e b yK cycH b ifl a ^ b - 

Aeraa, KaTajiH3aTopCi 718, 719 
nojiyqeHHe rHApojiH30M 524, 529
CHHTe3

ii3  aueTH jieH a no KynepoBy 601 
H3 BOflBHoro ra 3 a  69 
H3 MeTaHOjia 718, 719

STeHOHflbi 610, 611
3Tepnc})HKaunH 13, 292 

6ecKHC^oTHaH 289, 290 
BJiHHHHe 3aMecTiiTe^efl 468, 469 
KHHeTHKa 468, 472 
khcjiot 467—469, 472, 473 
M exam i3M  471—473 
CKopocTb peaKumt 467 
cmipTOB 460, 467, 469, 473 

KaTa^H3aTopbi 467, 469, 470 
aiaHOJia 289

3Tii."6eH3o.i 613, 651, 652 
STH^eH 199—201, 356, 430, 433,̂ 45 1̂, 

506, 590 , 592 , 595-^97; 613, 
624, 625, 732,/77f; 778 

(})Top hpoB a h he -798 
xjiopHpo^airtie 768 

SmieacAtuTojib 462, 489 
3THJinaeH^HaueTaT 517, 743 
3({>Hp(bl)

anpĤ OBbie, no.nnMepH3amiB 618 
a.iKorô H3 545 
ayTOKCHflauHH 237
BHHHJlfiyTHJlOBUH («6ajib3aM 0a- 

BopcKoro») 617 
bhh HjioBbie 598, 743—746
reKCarn^po6eH30flH03TBJ10BbIH, OKCO-

cHHTe3 729 
ri!flpô H3 529—533 
KapOoHOBbix kiicjiot , n u p H p c m a -  

Hiie 356
MajioHOBbie, KOH,neHcamiH 483 
nOJIHBHHHJIOBbie 617 
ncviyqeHHe H3 (JieHOJioB 461, 462 
npocTbie 616 
cjio>KHbie 467 cji.

BbicoKOMOJieKŷ apHbie 473 
r.iHuepiiHa 470 
npuMeHeHiie 473 
rjiiiKO.nefi 467, 470 

3(J)(f)eKT
o^iirojiiHaMimecKHii 101 
npoMOTiipoBamifl 77
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