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KAMYCTWH Bnagumup Muxainnosumy

3acny>XeHHbl geAtenib Haykn P®, 3aBefyoLmii

Kadeapoir "TexHonoruns nepepaboTkn Hedptn" PIY

HethTn n raza umeHn V. M. IN'ybkuHa, reHepasibHbIi

avpektop OAO BHUTMWNHedTb, npodeccop, AOK-

TOP TeXHUYEeCKUX Hayk, akageMuk PAEH, asaxabl

naypeat npemun lMpaeButensctea PP B obnactm

HayKM U TEXHUKKN, NOYETHbIN paboTHNK TIK, no-

YeTHbI PabOTHUK BbICLIEro NpodeccuoHanbHOro

o6paszoBaHuNs P®D, NoYeTHbIN HehTeXUMUK PP, na-

ypeat npemuit A. H. KocbirnHa, H. K. baitbakoBa, /. M. N'ybkuHa. AsTop 60-

nee 380 Hayu4HbIX TpyaoB, 15 y4ye6HUKOB 1 MOHOrpaduin, okono 90 naTeHTOB

N aBTOPCKMX CBUAETENbCTB, 275 Hay4HbIX cTaTeil. Mof ero pykoBoACTBOM 3a-
wuueHsbl 21 kKaHamaaTckas v Be AOKTOPCKMe gnccepTaumu.

'YPEEB Anekceit AHapeesuny

Mpodeccop, AOKTOP TEXHUYECKUX HayK, Aei-
CTBUTENbHbIN YfieH AKaeMUM NHXEHEPHBIX HayK
P®, HayuHbIW pykoBoauTens Hay4yHo-ob6pa3oBa-
TeNbHOro LeHtpa "BUTyMHble matepuanbl™ Kades-
pbl "TexHonorus nepepaboTkn HepTn" PIY HedTm
N rasa umeHun M. M. I'y6KnHa, NOYETHbIN paboTHUK
BbICLLUEro npogeccmoHanbHOro obpasosaHua P®,
MOYETHbIN HepTexMmunk P®d, naypeaT npemun
N. M. T'ybknHa.

CoasTop 60nee 150 Hay4HbIX TPYAOB, U3 HUX —ABYX MOHOrpadguin, 10y4yeob-
HUKOB U Y4ebHbIX Nocobuil, 15 aBTOPCKMX CBUAETENLCTB M NaTeHTOB, 60see
100 cTaTeil B HAy4YHO-TEXHUYECKUX XYpHanax n cbopHukax. og ero pykosog-
CTBOM 3auimueHo 15 kaHaMAaTCKMX guccepTtauni.



YBAXAEMBIE UNTATENN!

BbIXoanT B CBET yuyebHOe nocobue "TexHonorns nepepaboTkn HedTw.
B 4-x yacTtax. YacTtb BTOpas. ®n3nNKo-xmmMm4yeckmne npoueccol”. OTANYNTENb-
Has yepTa HaCTOALLEro n3fgaHns —aTo BbICOKas CTerneHb 0606l eHNA n3nara-
eMOro matepmnana n ero KOMMnaeKCHOCTb, OLeHnBaroLWw,as 3IKOHOMNYeCKne, 3KO-
NOTNYecKne U TexXHosornyeckmne npobaemMbl COBPEMEHHOW HedTenepepaboT-
Kn. MMonarat, 4To coYeTaHue B peLeH3npyeMom yye6HOM nocobum mctopu-
4YeCKOWN MH(popmaumny o Tpyaax Kopugees poCCUNCKOM M MUPOBOA HedTemne-
pepaboTKM C NepcrneKTUBamm ee pa3BuTUA 06yCNOBUT HEOOX04MMOE LONTONIeTUE
JaHHOTo yyebHOro nocobus. B gaHHOM m3gaHuy npodeccopamun B. M. Kany-
CTUHbIM 1 A. A. T'ypeeBbIM YeTKO onpefeneHo noHATUE "PU3NKo-XnMnyeckune
npoueccbl HethTenepepaboTkn”, yunTbiBarowee PuUnyeckme n XuMmnyeckune
B3aMMO/ENCTBUA B TAKMX C/IOXKHbIX CUCTeMAX, KaK HeEPTAHbIE. Takoi Noaxop
MOJIHOCTBIO YKNaAbIBAETCA B pa3BMBaeMble Hay4yHoW Wwkonon npod. 3. . Cio-
HsAeBa NPeACTaB/EHUA O NPUHLMNAX PEryinpoBaHus pasoBbiX NpespaLLeHni
B HE(PTAHbIX AUCMEPCHbIX CUCTEMAX.

HacTtoswan paboTta ABnseTcs pesynbTaToM Tpyha He TO/IbKO ABYX aBTOpPU-
TETHbIX N yBaXKaeMblX npoeccopoB PI'Y HethTu 1 raza umenn N. M. 'y6KuHa.
B Hell akKyMynnmpoBaH MHOTO/IETHUIA ONbIT paboTbl Npodeccopos 1 npenoja-
BaTenen BCEX POACTBEHHbIX BY30B He(DTerasoBoro npo@unas, Kotopble ycnew-
HO CO3Jal0T HEOOXOANMbIA A1 CErOAHALWHEro CTYAeHTa U acnupaHTa, MeHej-
Kepa v oneparopa yCTaHOBKU y4eBHO-MeTO4UYEeCKNIA MaTepnan.

CunTaro BecbMa yaavyHbIMWN 1 CBOEBPEMEHHBLIMU TPU OCHOBHbLIX OPUTUHANb-
HbIX aBTOPCKNX HOBOBBEAEHUA B PELLEH3UPYEMOM U3[aHUM — 3TO NPOU3BOA-
CTBEHHO-TEXHO/IOTNYECKME KOMN/EKChI (MPOEKTUPYEMbIE N CYLLECTBYOLLNE Ha
coBpeMeHHbIX HIM3), maTepuan 0 pasBUTUN OCHOBHbIX NPOLLECCOB NOJINMEPU-
3aumu oneMHOB W pa3fges, NOCBALEHHbIA nepepaboTke HEPTAHbLIX OCTATKOB
M NOAYepPKUBAIOLWUIA POb TEPMOTMAPOKATAIMTUYECKNX MPOLLECCOB.

Mo MoeMy MHEHMIO, 06bEM M KayeCcTBO MH(OpMaLMK, coaepaLyencs
B peueH3npyemoM y4ye6bHOM nocobuu, oTBeyatoT 3agayaM NporpaMmbl COOT-
BETCTBYIOLLEN AUCLUNANHLI. W B 3aKN0YeHNe OTMeYy yaqyHoe coveTaHue PyH-
AAMEHTa/IbHOCTU U HEOO6XOAMMOI CTENEeHU JOCTYNHOCTN MH(opMaLuK, a Tak-
YK€ XOPOLINIA CTUNb U3NOXKeHMA MaTepmnana yyebHuka. 310, 6€3ycnoBHO, No-
CNY)XXUT €ro WMpPOoKOW NonynsgpHOCTM CpeAn camoro WUPOKOro Kpyra ymrare-
nen. Bce n3N10XXKeHHOe Bbllle ABMAETCA HECOMHEHHbIM OCHOBaHMEM He06X0-
ANMOCTU ero n3gaHus.

C. H. Xapxuwes,
anpektop MHXC PAH,
akagemuk PAH



OAOQO "Ta3npomMHe(pTb —

rm Omckuin HMN3"

HE & T b

"lasnpomHedpTs — Omckuin HIM3", foyepHee npeanpuaTue KomnaHuu “rasnpom-
HedTb", ABNSAETCA OAHMM U3 CaMblX COBPEMEHHbIX HedTenepepabaTbiBaloLLMX 3aBO-
aoB Poccun. Omckuii HIM3 nepepabatbiBaeT 6onee 20 MnH T HedhTn. TNybuHa nepe-
pab6oTkn HepTn coctasnsgeT 89 % (nokasartesib ABAAETCA OAHMM U3 NydlIMX B OTpac-
nn), 3arpyska MowHOCTel BTOPUYHbIX npoueccoB 6amn3ka Kk 100 %.

Cxema Owmckoro HM3 BkatwouvaeT 6onee 40 TEXHONOIMYECKMX YCTAHOBOK, B TOM
yucne ABe YCTAHOBKM KaTa/IMTUYECKOro KpeKMHra CymMMapHOW MOLLHOCTbI 60see
3,5 M/IH T B rofl, Tpy YCTAHOBKM KaTasIMTU4ecKoro pudpopmMnHra, KpynHewmii B Poccum
KOMM/EKC No Npov3BOACTBY apoMaTUyYeCcKnx yrineBoLopoAoB, YeTblpe YyCTaHOBKU TU4-
POOYUCTKN AU3eNibHbIX hpakuuii 1 OAHY YCTaHOBKY rMApOOYMCTKM GEH3UHOB KaTasu-
TMYECKOro KpekuHra. Ha 3aBoge paboTaloT camas mMowHaa B CTpaHe yCTaHOBKa asiku-
NNPOBaHNA U KpynHelwan B EBpone ycTaHOBKa M3oMepusauumn sierkux 6eH3nHOBbIX
hpakymi.

MpepnpusaTne NpPou3BOAUT aBTOMOOWU/bHbIE, AU3efbHble, CYAOBble, KOTeJibHble
TON/MBa, apoMaTuyeckue yrnesofopo/bl, TEXHUYECKYI Cepy, MasoCEPHUCTbIN KOKC,
aBTOMOOWU/IbHbLIN N GLITOBOI ras u gpyrue BuAbl NPOAYKLNN.

OnpepgeneHbl cnefyroume npuopuUTETHbIE NoKasartesv NMPOuU3BOACTBA Ha Nepuos,
fo 2020 r., K koTopbiM cTpemuTca OHIM3:

— rnybuHa nepepaboTkm 93 %;

— nHgekc HenbcoHa 15,1;

— BbINYCK 3KO/IOTMYECKN YUCTbIX MOTOPHbIX TOM/INB, COOTBETCTBYHOLLMX Knaccy 5;

— BbIXO[, CBET/bIX HedTenpoaykros 6onee 80 %;

— 3KcnsyatayMoHHass roTOBHOCTb yCTaHOBOK 6osiee 96 %.

Omcknin HM3 BbiNyckaeT TOMIbKO aBTOMOOWU/IbHbIE GEH3MHbI 4-r0 U 5-r0 Knaccos
n gmM3enbHoe TONIMBO 5-ro kiacca.

BcemunpHasa accouunauusa no Hedprtenepepabotke (WRA) gBaxabl — B 2010
n 2012 rr. — npusHaBana Omckuii HM3 nyywwnm HedbTesaBogoMm Poccum m CHI.

Omckuii HedhTenepepabaTtbiBaOLWmMii 3aBog — eANHCTBEHHbI HIM3 B Poccuu, pa-
6oTalLnii Ha COOCTBEHHOM KaTanM3aTope KpekuHra.

Omcknin HM3 — npeanpuatve TONJMBHOIO npodunas ¢ 6710kOM Npou3BoACTBa
macna. OMckuin 3aBof cMma3ouHbix matepuanos (O3CM), pacnonoxeHHblli Ha Teppu-
Topun OHM3, Npon3BOACTBEHHbIN hmunmnan komnaHuy “rasanpomHedTb — CMa30UHble
MaTtepuans!" Ha npegnpuatMn HasaXeHo NpPou3BOACTBO MOJIHOTO UMKIA, BKAKOYalo-
Lee n3rotosneHme 6a3oBbIX Y TOBAPHbIX Macesi, pacoBKY M OTIPY3KY NMPOAYKLMN.

Ob6ecneunBaeTca aBTomaTunyeckasa hacoBka 6onee 450 HaMMeHOBaHUA NPOAYK-
uun 1 1200 ToBapHbIX MO3ULMIA.

CerogHs Omckuin HIM3 saBnsgeTca Npu3HaHHbIM NMAEPOM POCCUIACKON HedpTenepe-
paboTkn, AMHAMWYHO pa3BMBaeTCA U BHeapseT HOBelwune TexHonoruu. Mpegnpuatue
MOCTOAHHO MOBbIWAET 3(PPEKTUBHOCTbL N IKOMOTMYHOCTL MPOU3BOACTBA, a Takke Ka-
4eCcTBO BbiNyCKaemMoW nNpoaykumu, 3abotsacb 06 nHTepecax notpebutenei.



OAO "TaTHedTb"
www.tatneft.ru

OAO '"TatHeTb" — KpynHeliwaa HedTerasofobbiBalowas komnaHna B Pecny6-
nuke TatapcTaH M o4Ha 13 BeAyWmux HepTAHbIX KoMNaHuin B Poccuiickoin depepaymn.

3a 6onee yem 60-1ETHIO MCTOPUIO NPONAEH CIOXHbLIA NYyTb Pa3BUTUS OT A00bI-
BalLero npeanpusaTMs 40 COBPEMEHHOI0 BEePTUKa/IbHO-UHTErpupoOBaHHOIO XONAUH-
ra, B COCTaB KOTOPOro BXogAaT HeTe- 1 ra3ogobbiBarowme, HedoterazonepepabartbiBa-
lowmne n HedpTeXMMUYECKMe NPeanpuaTusa, opraHusauun, peanusyrouine HedTb, Npo-
OYKTbl HedpTenepepaboTkM 1 HepTeEXMMUKN, a TaKKe nNpeanpuaTus 6ypoBoro u HedTA-
Horo cepsuca. OAO "TaTHedTb" MMeeT OOLUMPHYI0 CeTb aBTO3anpaBOYHbIX CTAHLNM,
oTBeYarLWmx BCEM COBPEMEHHbIM TpeboBaHUAM.

KomnaHun B HacTosiee BpemMs NpuUHaANeXnT OCHOBHas 4acTb JIMLEH3UI Ha pas-
BeAKY 1 [00blvyy HE(DTU MeCTopoXAeHUA TaTtapcTaHa 1 nakeTbl akunin psaga HedTexu-
Muyecknx npeanpuaTnin. Kpome atoro, KomnaHusa peannsyet 6M3HeC-NPOeKTbl B CTpa-
Hax G/IMKHEro N gasibHEero 3apyoexbsl, YKPennsas cbipbeBYH N HepTenepepabartbiBa-
oWyt 6a3bl U pacwmnpsas pbiHkM cobiTa. MNepsoli B Poccun KomnaHusa npuctynunia
K pa3paboTke MecTOpPOXAEHUN GUTYMHOW, BbICOKOBA3KOW HedTw.

OAO "TaTHeTb" BeAeT CTPOUTENbCTBO KPYNHOro HedyTenepepabartbiBalowero
komnniekca B HmkHekamcke (npoekt "TAHEKO"). Ha npeanpusaTnm BO3MOXHa nepepa-
60TKa BCex COpTOB HedTn, rnybuHa nepepaboTkm coctaBuTt 96,9 %. MepBasa ovyepedb
3anyweHa B 2010 r.

Mpoun3BoACcTBEHHAA AeATeNbHOCTb KomMnaHuu oTBeyvaeT BbICOKMM CTaHAapTam
9KO/IOrMYEeCcKol 1 NpombliwieHHon 6e3onacHocTn. OAO "TaTHedTb" NPoOBOAUT couU-
a/lbHO OPWEHTUPOBAHHYID MOJINTUKY W BHOCUT BECOMbI BKIaj B pasBuTve Hauuno-
Ha/IbHbIX NporpamMm Mo 34paBoOXpaHeHnto, o6pa3oBaHuto, CnopTy, NoALEpPXKe Mano-
ro n cpegHero 6msHeca.


http://www.tatneft.ru

HALDOR TOPSOE Romnars

CATALYSING YOUR BUSINESS «Xasibgop Tornce, AO»
http://topse.ru/

Haldor Topsoe A/S (AO "Xanbgop Tonce") 1 ero govyepHmMe KOMMnaHuM — 3TO YacT-
Hoe npeanpuatTne, esTeNbHOCTb KOTOPOro NocBsLleHa reteporeHHoMy Katannsy. Kom-
naHua 3aHMMaeTCA Hay4HbIMW uccnefoBaHUAMU U pa3paboTkamu, NPoOU3BOLCTBOM
N npofaxen katanns3aTtopoB, MPOEKTUPOBAHUEM U MOCTABKOWN SINLEH3NOHHbIX KaTaiu-
TMYECKNX YCTAHOBOK 1 NPOU3BOACTB B XMMNYECKON U HEPTEXMMMNYECKON NPOMBbILLIEH-
HOCTW, a TakXe B 9HepreTM4eckoM CeKTope U NPUPOLO0OXPAaHHbIX TEXHOIOMUAX.

KomnaHusa Haldor Topsoe 6biia ocHoBaHa B 1940 r. 4OKTOpOM Xanbaopom Tonce.
LTab-kBapTMpa KOMNaHun, ee LeHTpasbHble nccnegoBarenbckue nabopaTtopum v npo-
eKTHble nofpasgeneHnsa cocpenotoyeHsl B JaHun. MNpon3BoACTBO KaTanmM3aTopoB pac-
nonaraetcd B faHun n CLA. MNpeactaBuTenbLCTBO U AOYEepHUE KOMMNAaHUW pacnonara-
toTca B XbloCTOHe, Hbto Oenwn, MeknHe, Tokno, BaxpeiiHe. ONSa yKpenneHnsa TexHu4ye-
CKOro v fenoBoro CoTpyAHU4yecTBa C POCCUICKOM NPOMbILWIEHHOCTLIO thrupma Haldor
Topsoe B 1991 r. oTKpblNa punnan B Mockse.

KomnaHus Haldor Topsoe nocTtaB/figeT CBOM TEXHO/IOTMU U KaTanusaTopbl npeg-
NMPUATUAM XUMUYECKOT0o, HEPTEXMMMNYECKOTO U IHEPreTUYECKOro CekTopa, B TOM YuC-
ne gnsa Npou3BOACTB: aMMuMaka, MmetaHona, BoAopo4a, CePHOM KUCNOTbl, TMAPO0UNCT-
Kn 6eH3nHa, KepocuHa, AM3eNbHOro Tonamea, NOAroTOBKM Cbipbst KK® 1 rmgpoKpeknH-
ra, a Takke camoro rmapokpekuHra, OYUCTKU OTXOLALLUX ra3oB OT OKCMAOB as3oTa, OT
opraHuyecknx npumeceii n CO.

MomMMmMO pasBUTUA [Ae/I0BbIX OTHOLEHUA C MPOMbIWIEHHBIMU NPeanpUaATUAMU
Poccun, komnaHunsa ygenseT 601blOe BHAMaHWE HAayYHOMY COTpPyAHUYECTBY, NpocBe-
TUTENbCKOW AeATeNbHOCTU U B3aMMOAENCTBUIO C yYEOHbIMU UHCTUTYTaMW.


http://topse.ru/

Advanced Resource Recovery
& Purification Solutions

KomnaHua Eco-Tec Inc. (KaHaga)
Poccuiickoe npeactaBuTeNbCTBO:

KomMnaHma "JlopTakc 3ko"

www.eco-tec.com

www.lortexeco.com

KomnaHua Eco-Tec Inc. 3aHMMaeTca NPOEeKTUpPOBaHWEM, KOHCTpPynpoBaHuem
“ NPOM3BOACTBOM 060pYA0BaHUA A1 OYUCTKN XUAKOCTEW M ra3oB, B TOM YUC/Ie OYU-
CTKM NMPOMBbILLU/IEHHBIX CTOYHbIX BOA.

O6nagas 6onee yem 40-1eTHUM MPOU3BOACTBEHHbLIM OMbITOM, KOMMNaHUA CTpe-
MUTCA NpefocTaBUTbL Hambosiee nepefoBble peLleHus Mo Bonpocam pecypcocbepe-
XEHWs, BOCCTAHOBJ/IEHUS Y OYUCTKN TEXHOJIOTMYECKUX NMOTOKOB AN1A NpeanpuaTuin npo-
MbILLJIEHHOCTU MO BCEMY MUPY.

Mpepnaraemoe knueHtam obopyaoBaHue, Hapsfy C BbICOKMMW nokasaTensimu
NPON3BOANTENBHOCTU, 3KOHOMUYHOCTU U HALEXHOCTKN, coveTaeT B cebe noaxon K pa-
LMOHa/IbHOMY UCMO/1b30BaHUIO NPUPOAHbLIX pecypcoB. C 1970 r. komnaHuell Eco-Tec
nocTtasneHo 6onee 2000 NpoMbILL/IEHHbIX YCTAHOBOK B 60 cTpaH mupa. Bce npoektu-
pyemoe ob6opyaoBaHue 1 npouecchl paspabdbaTbiBaldTCA B TECHOM COTPYAHMYECTBE CO
creunannctamy O4HOro U3 BeAywmx MUPOBLIX YHUBEPCUTETOB — YHuMBepcuteTa To-
POHTO — M NPOXOAAT MHOTOJ/IETHUE UCMbITAHUA Ha MUNOTHLIX YCTaHOBKaX.

Ons 63 HetbTenepepabaTbiBalOWMX 1 razonepepabaTtbiBaloLinX 3aBo40B B 18 cTpa-
HaX, B YMC/O KOTOPbIX BXOAAT Takxe poccuiickne HIMN3 B Camape u TatapcTaHe, Tex-
Honorna Amullop-MNawc® crtana XU3HEHHO BaXHbIM 3/1eMEHTOM, obecrneunsarLnum
3KOHOMWYECKN BbIrOAHOE COXpPaHeHue YMCTOro aMmHa W cokpalweHue 3arpsa3HeHui
oKpyXaruiein cpegbl.

Cucrtema O4YMCTKM OCHOBaHa Ha 3anaTeHTOBaHHbIX MOHOOOMEHHbLIX CMOax
Recoflo®, no3BonsWmnx MUHUMU3NPOBAaTL pasMepbl 060pyAoBaHNA U obecneynTb
BbICOKYI0 a(p(PEKTUBHOCTb M3B/eYeHUss TepMmocTabusnbHbiXx conen (TCC) n3 pactso-
poB amMyVHOB.

Hapsagy c cuctemamm o4MCTKA pacTBOpPOB aMUHOB, KOMnaHua Eco-Tec cneunanu-
3MPYETCH Ha OYUCTKE BOJ OT TSXKESbIX 3arpA3HEHNA HEPTbIO U HEPTAHBIMU NPoAyKTa-
MW, cneunasibHOM BOAOMNOArOTOBKE ANA NOJSTyYEHUSA 3N1EeKTPOIHEPIrUM Ha aTOMHbIX 3/1€K-
TpOCTaHUMNAX, yAANIEHUN KACMOT U3 PacTBOPOB XMMUYECKUX MPOLECCOB, M3BIEYEHUN,
MeTasI/I0B, TakuX Kak HUKesb, a/lloMUHUIA, XPOM W APYIUX, U3 BOAHbIX NOTOKOB rnapo-
MeTanyprmiyeckoro npomssoacTteBa ctaan u anwmMmumHua. O6opyaoBaHune Eco-Tec
HaL1o NpYMeHeHne B Le11I0/103H0-6YMaXKHON NPOMBbILLJIEHHOCTU, a Takke B npouec-
cax nosny4yeHus érvorasa v OYUCTKN NPOMbILL/IEHHbIX ra30B A1 NOBTOPHOIO UCMNO/b30-
BaHWs UX B 3HEPreTuyecknx uensx.

MopaynbHoe obopyposaHue, cobpaHHOE M UCMbITAHHOE A0 OTrPy3KM Ha 3aBojax
KOMNaHuWu, Mo3BONAET MUHUMU3NPOBATbL pasMepbl NOWAaAKA O/1A ero pasmeleHus
N ycunua AN NoAKMYEeHUA K TEXHONOTMYECKON UHAPaCTPYKType KIMeHTa.


http://www.eco-tec.com
http://www.lortexeco.com
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OAO — feacanbTU3MPOBAHHBIN OCTATOK;
OBC —paBuraTtenb BHYTPEHHEr0 CropaHus,
OWNTT — pensorekcaHnsatop;

ANTMS —annsonponunosblii aup;

OKO — AnCTUNNATHBLIA KPEKWMHT-0CTaToK;
OJCHC — an3enbHoe TOMIMBO CO CBEPXHU3-
KVUM COfep>kaHnem cepbl;

OT —an3ensHoe TONAUBO;

340M —3aKoH AelCTBYHOLWMX MacC;

3K —3amefeHHOe KOKCOBaHMUe;

NB —unHAeKc BA3KOCTU;

N3A —uHAeKC 3arpa3HeHns atMmocepsl;
N3MC — nHAeKc 3arpasHeHns NpupoLHON
cpefbl;

MK — nHgeKkc Koppensauuu;

MNOY —oKTaHOBOE YKNC/I0 NO UccnegoBaTesib-
CKOMY MeTogay;

NTK — MUCTUHHbIE TeMMepaTypbl KUMeHUs;
K[ — Katanntuyeckas ANCTUNNALNSA;

KAl —coBMecTHaa KaTamTmyeckasd ANCTun-
nauma v ruapupoBaHne ANeHOoBbIX Yriesoso-
POLOB;

KA3 — KaTtanuTuyeckas guctunnayuns
3(hnpoB;

KK — KaTannTU4eCKNIn KPEKUHT;



K.K. — KOHeL, KurneHus;
KK® — kaTannTuyeckuin KpekuHr gawouns
(C NCeBAOOXMKEHHbIM C/I0EM KaTann3aropa);
KN4 —KoathpununeHT NoNe3HOro 4eicTeuns;
KP; KPa; KP6 — Katanutunyeckuii pugop-
MWUHT, PUHOPMUHT "Ha apomaTuky", pugop-
MWHT 'Ha GeH3nH";

KPY — KOH[AeHCaUNOHHO-PEKTUPUKALNOH-
Has yCTaHOBKa,;

KT —KoTefibHOe TONAMBO;

KL A — KopoTKoUUK/oBasa agcopbuus;

NBIC —nerkuin BakyyMHbIli ra3omsb;

NIK —nerkuin rmipoKpeKuHr;

MH — maructpanbHbiii HepTENPOBOA;

MOUY — OKTaHOBOE 4uC/I0 MO MOTOPHOMY
MeToAy;

MTIT — MeTUNMNeHTaHsbI;

MCKK — MUNNNCEKYHAHbIN KaTanutunye-
CKUI KPEKUHT;

MTAS — meTun-/ape/n-aMmnnosblii aup;
MTB3O — meTun-/n/>e/n-6yTnnoBblii agup;
M3A — MOHO3TaHONAMMUH;

HI'C —He(TerasoBoe CbIpbe;

HW3 — HWKeneBblii 3KBUBANEHT;

H.K. —Ha4yaso KUneHus;

HIM3 —HedTenepepabaTtbiBatoLMii 3aBOA;
HPK —HenpepbiBHas pereHepauns Katanu-
3aTopa;

03X —o06ue3aBoACKOe X035ACTBO;

OW — oKTaHOBbIV MHAEKC (AOPOXKHOE OKTa-
HOBOe uucno), pasHo (MOY + N0OY)/2;

OY —O0KTaHOBOE YUCNO;

MBB — NONMMEPHO-OUTYMHbIE BSXKYLME;
MAB — npeaenbHO AONYCTUMbIEe BbIOPOCHI
B aTMocCepy;

MAOK —npegensHo gonycTtumas KOHLUeHTpa-
Lns;
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MNAC — npeaensbHO gonycTtuMble cOpoChI
B BOAY;

MMNe —nponaH-nponuneHosas ppakyms;
MTK —npoun3BoCTBEHHO-TEXHO/IOrNYECKMIA
KOMNAeKc no nepepaboTke He(hTerasoBoro
CbIpbS;

PKM — pynoHHbI KpOBeNbHbI MaTepuan;
PT —peakTnBHOE TON/INBO;

P®B — pethopMynMpOBaHHbI GEH3WH;
CBB —cepoOUTYMHbIE BAXYLLNE;

CB —cCTOu4HbIE BOAbI;

CLOA —conbBeHTHas geacthanbTusayms,
TAMO3 — /upe/v-amnnossblii agup;

TBI — TsKenblii BaKYYMHbIA Fa3oiifb;

TKK —TepMOKOHTAKTHbIN KPEKUHT;

TMA — TaXKe/fible MHOTofilepHble apomaTu-
YecKue COefMHeHns;

TY —TeXHUYeCKNin yrnepos,;

TPK —TBepgas (hochopHaa KMCNoTa;
TOKC —TpexdasHblil KNOSWNIA CNOW;

YT —yTAXKENEHHbIA yAPOH;

Y3K — ycTaHOBKa 3aMef/IeHHOro KOKCOBa-
HUS;

Y3® —ynbTpa3BykoBasa POPCYHKA,;

YTP —ynpyroctb napos no Peigy;

® XM — (PU3NKO-XMMUYECKMNIA NpoLiecc;
XMK —xumMunyeckad noTpebHOCTb B KMCNO-
POLE;

LY —ueTtaHOBOE 4nCNO;

LW P/TY — wnpokaa hpakuma nerknx yrne-
BOOPOL0B;

OBK —amynbeua GUTYMHad KaTUOHHaS;
3N0Y —anekTpoobecconmnaaroLas v 3NeKT-
poo6e3BOXMBaKOLLas YCTAaHOBKA,;

3Y —3K0N0rnYecKn YUCTbINA.



NPEANCI/IOBUE

TpyAHO NEPEOLEHNTb PONb HEPTU M rasa B XXMU3HW COBPEMEHHOro obLle-
CTBa, flaXxe HECMOTPS Ha A0CTAaTOYHO 0OOCHOBAHHbIE OLEHKM OrpaHUYEHHO-
CTW MX 3anacoB 1 6ypHOe pa3BUTNE COBPEMEHHOW MUPOBOM 3HEPTOMOAEPHM-
3aUMnM — 3HepreTMkKM Ha 6aze 6MomMacc, BETPSAHbLIX U COMHEYHbIX (Hanpumep,
eBponenckas nporpamma Desertec) anekTpocTaHUWUIA N, eCTECTBEHHO, Sep-
HOW 3HepreTukn. Kpome T0ro, COBPEMEHHOE UCMNONb30BaHNE HEPTU N raza —
He caMblil UMBUNN30BAHHBIA NYTb NPUMEHEHNS 3TOr0 YANUBUTENLHOIO K 6ec-
LLleHHoro 6oratcTBa. Beflb OCHOBHYO €ro 4acTb —ra3, MOTOPHbIE, ra3oTypOuH-
Hble, KOTe/ibHble U ApYyrne BUAblI TONNBA, KOKC — Ye/10BEeYECTBO MPOCTO CXN-
raet!!!

HecMOTpsa Ha CTPOMUTENLCTBO W BBOJ B 3KCMayaTauuio B nocnegHue rogbl
psga HehTenepepabaTbiBalOWMX NpeanpuaTMini B Poccnm, 0CHOBHOE BHUMa-
HUe YAEeNnsT PEKOHCTPYKUMUMN AeACTBYHOLWNX NPeANnPUATNIA N CTPOUTENLCTBY
Ha UX NaowanaX HoBbIX, COBPEMEHHbIX, 3PNEKTUBHbIX MPON3BOACTBEHHO-TEX-
HONOTMYECKUX KOMIMJIEKCOB, MO3BO/AKLWMNX BblMYCKaTb KOHKYPEHTOCMNOCO06-
HYI0O Ha MUPOBOM PbIHKE MPOAYKLMUIO.

B nocnegHune roabl pa3BuTe MUPOBOIA 1 OTEUYECTBEHHOW HedhTenepepaboT-
KW MPOXOAWI0 B HanpaB/ieHNUU YXXECTOUYeHNsA TpeboBaHMUN K 3KOMOTMUYECKOM
YNUCTOTE HEe(PTENPOAYKTOB, YTO MOCAYXXNMNO0 TOMYKOM K CO3aHNO0 HOBbIX MPO-
LLeccoB, TEXHOMOMMi, 060pyaoBaHUA, KaTann3aTopoB, CTaHAapTOB U T. [.

ABTOpbI aHHOTO Y4ebHOro nocobusa nocTapanncb y4ecTb COBPEMEHHbLIE
TeHAEHUNU N TpaguLMOHHbIE MPUOPUTETHI Pa3BUTUA (DYHAAMEHTaNIbHOIO YHU-
BEPCUTETCKOro 06pa3oBaHmns, POCCUMICKOro BbiCLLIEro HedhTera3oBoro 06paso-
BaHWUA, NAEONOTrMNI0 CO3[aHHbIX paHee 1 CO3[laBaeMblX CerogHs oyHaamMeHTas b-
HbIX Y4eOHWKOB, MHOIOMIETHUIA ONbIT NPenojgaBaHMa COOTBETCTBYHOLLEN AUC-
ULMUNAMHBb B PTY HedTn v rasa um. . M. TybKuHa 1 B Apyrux BefyLymx By3ax
He(pTerasoBoro NPognsa, a Takxe nocnegHne Hay4yHo-TeXHMYeckme paspaboT-
KW 1N TEHAEHUWWN pa3BUTUS POCCUMNCKOM N MUPOBOI HedhTenepepaboTKn. B Ha-
CTOALLEM Y4e6bHOM NOCOOMN NpPoaHann3MpPoBaHbl U NCMNOMb30BaHbl MPUMEHU-
Te/lbHO K COBPEMEHHOMY YPOBHIO Pa3BUTUS HedhTerazonepepaboTKn OCHOBHbIE
yyebHO-MeToAMYECKME MPUEMBI N MPUHLKNMbI, 3aN10XEHHbIE B PYyHAAMeHTa b-
HbIX yye6HUKax C. H. O6bpagumnkoBa n E. B. CMnagoBuny, KoTopble Bblaepxanu
HeoLHOKpaTHble U34aHNA N CHUCKANWN 3aCNyXXeHHOe Npu3HaHue B LWNUPOKUX
Kpyrax HeTenepepaboTUMKOB, a TaKXKe 3aMeyaHusi U NoXKenaHus ymtaTenemn
NepBoro n3gaHusa Hawen KHUrN. be3ycnoBHO, CTYAEHTbI K BCe Apyrue ynTarte-
nn, npuctynas K 03HaKOMNEHMIO C MaTepuasiom HacTOALLEro y4ebHOro naaa-
HUS, O/MKHbI 06NaaaTb HEOOXOAMMbIMU 3HAHUSAMU B 06bEME OCHOBHbIX (PYH-
JaMeHTaIbHbIX BY30BCKUX ANCLWUMN/INH eCTECTBEHHO-HAYy4YHOro 1 npogeccuno-
Ha/lbHOro LWKNOB NOArOTOBKX MO HanpaB/ieHUO "Xumunyeckaa texHonormna"
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n npounto "Xnummyeckas TeXHONOrMs NPUPOAHbLIX SIHEPTOHOCUTENIEN N YIe-
POAHbIX MaTepuanos”. ABTOPbl CTPEMUIUCHL AOOUTLCA MaKCMManbHOW cTene-
HNU 0600LWeHNA maTepuana, YTo XapakTepHO UMEHHO A4/ YHUBEPCUTETCKOrO
o6pa3oBaHNA, N O4HOBPEMEHHO He YNYCTUTb HebO/bLIME, HO 3HAYMMbIE MPUH-
LUNnanbHble TEXHOIOMMYECKMEe NI UHble 0COGEHHOCTWN MOAXOA0B, AB/IEHWNN
M NPOLLeCCOB; BO rnasy yrna 6bls10 NOCTaBNeHO MOHMMaHUE CYTU NMPOUCXOAA-
LLLero B X0fe TEXHOMOrM4YecKoro npouecca, BO3MOXXHOCTEN ero peryimpoBaHus
N TEHAEHLUWIA pa3BUTUS.

LOCTUTHYTbIN BbICOKNIA HAYHYHO-NPAKTUYECKNIA YPOBEHb PA3BUTUS POCCUIA-
CKOWM HedTenepepabaTbiBaloLEen MPOMbILLINEHHOCTU CBA3aH C NI0A0TBOPHOM
[eATeNbHOCTbI TaKMX BbIAAKLWMXCA POCCUMCKMX YUYEHbIX U Meaaroros, Kak
H. 4. 3ennHckuin, B. H. Nnatbes, H. A. HecmesaHoB, H. H. CemMeHOB,
M. A. Pebungep, C. H. Xagxunes, H. N. YepHoxykos, C. C. HaMeTKuH,
C. H. O6psaaguukos, W. /1. T'ypesnd, C. P. CeprueHko, K. K. lanok,
A. . Ckobno, E. B. Cmngosuy, 3. . CioHsaes, M. C. lesuHtep, . M. MaH-
4yeHKoB, A. A. T'ypees, 3. ®. KamunHckuin, A. K. MaHOBSIH 1 MHOTUX-MHOTUX
APYrux TafaHTnBbIX NPOgeccopoB, AOLEHTOB, Hay4YHbIX PaBOTHUKOB U UH-
YXeHeposB.

CneflyeT OTMETUTb TaKXXe 0COOY0 po/ib B CTAHOBNEHUM N (DOPMUPOBAHUY
COBPEMEHHOI0 YPOBHSA pa3BUTUA POCCUMIACKON HeTenepepabaTbiBatoLLein Npo-
MbILLU/IEHHOCTY pALa BEAYLLINX OTeYeCTBEHHbIX MPOU3BOACTBEHHMKOB 1 yMnpas-
neHues: H. K. baiibakoBa, B. C. degoposa, H. B. Jlemaesa, JI. E. 3n0THUKO-
Ba, H. M. ilopuka, E. A. PagueHko, B. A. Psa6oBsa u ap.

[ns xapakTepnuctukm ahpeKTMBHOCTN paboTbl HIM3 Mcnonb3yoT nokasa-
Tenu BennuuHbl otbopa “ceeTnbiX™ (C) n rnybuHbl nepepabotku (). 3T no-
Kasatenu [B % (mae.)] paccumMTbIBalOT Mo Cnedyowmm popmyiam:

(B+K+[ +A+XMN+Cl +P)
Hc

(H-TM-T -
Hc

rge b, K, A, A, XK, CI', P —kKonnyecTBo nonyyaemblx Ha HIM3 6eH3MHa, KEPOCUHA, AU3e/IbHOr0 TOM/MBa,
apomMaTUYeCKnX Yr1eBOAOPOAOB, XUAKNUX NapatMHOB, CKMKEHHbIX ra3oB, pacTBopuTenei, TbIC. T/rog;
Hc — konmyecTBo nepepabatbiBaeMoro Ha HIM3 cbipbs, Thic. T/rog; TM — KO/M4ecTBO BblpaboTaHHOIO TO-
MOYHOro MasyTa, TbIC. T/rog; T —TonnmBo Ha HyXabl HIM3; M —6e3B03BpaTHble MNOTEPU Cbipbs, ThIC. T/roj.

B Poccuun nokasatenu rnybuHbl nepepaboTkn HedTn (B CpefiHEM OKONO
70-74 %) 3HaYMTENbHO HUXE, YeM B pa3BUTbIX cTpaHax (85—95 %).

3aMeHa TONoYHOro masyta (KoTe/ibHOro TonaMBa) APYrumu BUAaMU TOM-
nvBa (yrnem, rasom), passutre PU3NKO-XMMNYECKMUX (TaK HasblBaeMbIX AecCT-
PYKTUBHbIX UM BTOPUYHbLIX) NPOLECCOB, 3HAYNTE/IbHOE MOBbILEHME 0T6Opa
"CBET/IbIX" AUCTUNNATHBLIX HEPTENPOAYKTOB, YBENNYEHWNE 40N HEPTENPOAYK-
TOB B 3KCMOPTHOM MOTeHLMane cTtpaHbl —3TO NPUOPUTETHLIE 33841 POCCUIA-
CKOM TONMMBHO-3HEPTETUYECKOW OTpacnM Ha 6nmxanwme rofdbl. YrnybneHue
nepepaboTkn HedT B PO ByaeT NPONCXOANTL, O4EBUAHO, 3a CHET CTPOUTENb-
CTBa YCTaHOBOK IMApPOKpeKnHra (npouecc npegHasHavyeH Ans OMNONHUTENb-
HOro NMPOM3BOACTBA AM3E€/IbHOTO0 W PeaKTUBHOMO TOMMB), KaTalMTUYECKOro
KpekunHra (npouecc opueHTMpPoBaH Ha MakCMMasbHOe NPon3BOACTBO GeH3MHA
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N OXKUPHOTO, onenHOCOepiKallero rasa) 1 KOKCoBaHuns. BaxHellwee Hanpas-
neHune yrnybneHmsa nepepaboTkn HethTn —nepepaboTka rygapoHa (ocTaTka, Bbl-
Kunatouiero sbiwe 500—540 °C), aAna yero Heo6XoANMO CTPOUTENLCTBO YCTa-
HOBOK IMAPOKPEKNHIa OCTaTKOB, a TaKXXe KOKCOBaHWUS WM rasugukauunm ana
Mosly4yeHNsa LOMNONHUTENbHON 3HEpPruun.

[pyras BaXHas 3aja4a pocCUMCKo HethTenepepaboTKN —MOBbILLEHNE Ka-
YyecTBa HePTENPOAYKTOB. [N aBTOMOOUNbHLIX 6EH3MHOB 3TO O3Ha4yaeT yBe-
NNYEHMEe OKTAHOBOTO YMCNa U CHUXEHUE COAEpPXKAaHUA B HUX 0Nle(DUHOBbIX
[0o 14 % (mae.)] n apomaTunyeckumx yrnesogoposnos [c 40—45 go 25—30 % (mae.)],
6eH30na [c 540 1% (mae.) U HMXKE] U CEPHUCTbIX COEANHEHWIA. [0 HACTOALLErO
BpeMeHN B PoCCMMN OCHOBHbIM BbICOKOOKTAHOBbIM KOMMOHEHTOM TOBapHOIO
aBTOMOOUNLHOTO 6eH3MHA CNYXUT pudhopmat — NPoAYKT YCTaHOBOK Katanu-
TUYECKOro puOpMUHTa, BbICOKAA OKTaHOBas XapakTepmcTmkKa KOToporo ces-
3aHa C NOBbIWEHHbIM, MO CPaBHEHUIO C BEH3MHOBBLIMW PpakunaMnN ApYrux
TEXHONOTNYECKMX NPOLECCOB, COAEPXKAHMEM HEXeNaTe lbHbIX C 3KOI0TUYECKOW
TOUYKMN 3PEHMA apoOMaTUYECKUX COeAUHEHNIA. [ ero CHMXEHNS B TOBAPHbIX
6eH3MHax HeO6XO0ANUMO N3MEHUTbL POJIb NMpoLecca pupopMuHra, ysenm4ms npo-
M3BOACTBO BbICOKOOKTAHOBbLIX M30MapaUHOBbLIX KOMMOHEHTOB,

Ons ansenbHbIX TONUB LLEeCo06pa3Ho NPOoA0/HKaTb CHMXKEHNE coAepKa-
HWUA B HUX CEPHUCTbIX COeAUHEHWIA NS AOBELEHMA 3TOr0 NokKasartens A0 ypoB-
Hs eBponelickux ctaHgaptoB [0,001 % (mae.)], noBbiWaTb LEeTaHOBOE YUCO
[0 YPOBHS He HMXe 51 MyHKTa, OrpaHU4YnTb cogepaHune noNnLUKINYEeCKNX
apoMaTUYeCKUX COeAMHEHUNIN. B JOCTMXEHUN 3TUX Lefiel pewlatolias posb
MPUHAANEXUT PU3NKO-XUMUYECKOMY NPOoLEecCcy —rMapo0UYMNCTKE, C MOMOLLbIO
KOTOPOI MOXHO He TO/IbKO MOHWU3UTL COfEepPXKaHMe CEPHUCTbIX KOMMOHEHTOB,
HO U OCYLLECTBMTb 06LLee ob6naropaxknBaHme Cblpb — CHU3UTb COfAepXKaHue
a30TUCTbIX COEAUHEHWNIA, TULPUPOBATL ONe()MHOBBLIE N apoMaTUYecKue
KOMMOHEHTHI.

BaxHellwas COBpeMeHHass TEHEHLUMS POCCUNCKON HedTenepepaboTKu,
CBfi3aHHas KakK C MOCTOSAHHbIM U3MEHeHWeM KavecTBa He(hTel, NOCTynaroLwmx
Ha nepepaboTKy, TaK U HEMPEPbIBHO pacTywmMmmn TpeboBaHuAMK noTpebuTe-
Neil K YpOBHIO KayecTBa TOBApPHbIX HEPTENPOAYKTOB, — 3TO CO3[aHMe NPou3-
BOACTBEHHO-TEXHO/IOMMYECKNX KOMMIEKCOB, BKOYAOLWMX MOMUMO OCHOBHbIX
(PU3NKO-XUMUYECKNX NMPOLECCOB CTajuto NOATOTOBKU Cbipbs ANS nepepaboT-
KW 1 CTaAunio NPon3BOACTBA TOBAPHOWN MPOAYKLMMN.

Bce 60nblIyt0 posib B MUPOBOM NpakTUKe npuobpetaeT Koonepayns Hed-
TenepepabaTbiBalOWMX U HENDTEXUMUYECKUX NPOU3BOACTB. Tak, Hanpumep,
Ha HeKoTopblX HI3 CTPOAT yCTaHOBKW 4BOWHOI0 Ha3Ha4yeHUs: puopmMuHra
N KaTaIMTUYeCKOro KpekuHra. Mpouyecc puopmMmMHra MOXHO MCMNONb30BaTb
ANA NONyYeHUss BbICOKOOKTAHOBOro KOMMNoHeHTa 6eH3nHa (HedTenepepaboT-
Ka) Unn ANs nofiyvyeHUs TakMx apomaTuyeckux yrneBofopoaoB, Kak 6eH30n,
TONYON U KCUNonbl (Cbipbe 415 HepTexumumn). Katanutnyecknin KpekuHr
MO3BONAET MOMYUYNTb BbICOKOOKTAHOBbIA KOMMOHEHT 6eH3MHa M NponuseH
(cbipbe ansd HethTexummumn). CnegoBatenbHO, COBMELLEHME YCTAHOBOK HeTe-
nepepaboTKM U HepTeEXUMUKN fenlaeT BO3IMOXHbLIM 60/1ee rmbKo OCyLLecTBNATh
3arpy3Ky yCTaHOBOK W BbIMYCK KOHKYPEHTOCMOCOOHOW NPOAYKUMN. DTN TEH-
AEHLUMUMN TPebYyOT fanbHellwero pa3BuTUA, YTO MOCAYXUT, HECOMHEHHO,
MOBbIWEHNIO peHTabeNlbHOCTU NPeAnpPUATUIA.
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MpaBuTenscTBO P® onpegennno 6avxaniine Lenm pasButma 0Te4eCcTBEH-
HOMN HeTenepepaboTKM, KOTOPble 06s3aTeNbHbl ANA BbIMNOMHEHUA BCEMU,
He3aBMCMMO OT (DOPM COOCTBEHHOCTU, POCCUMCKUMUN BEPTUKANbHO-UHTETPU-
POBaHHbIMW HEPTAHBIMW KOMNaHUAMM:

—cTabunmnsaumna obvema nepepaboTkm HePTK;

— yYBeNnYeHne rnyouHbl nepepaboTKy HEPTN HE MeHee YeM A0 85 %;

— COKpaw,eHne nNpon3BoAcTBa TONOYHOro masyTa Ao 13—I14 mnH t/rof
C pe3KumM cokpal,eHunem Aonu masyTa Ans Hyxga aHepretuku (c 10 go
6,5 MnH T/rog) v yBeNMYEHUEM [0NN GYHKEPOBOYHOro (CyfoBOro) TomnamBea
(c 4 po 8 mnH T/rop);

—YMepEeHHbIN POCT NPON3BOACTBA aBTOMOOU/bHLIX GEH3VUHOB — YBE/NU-
yeHune Ha 25 % (go 41 mnH T/rop);

— 3HaYNTEeNIbHbIN POCT NMPOM3BOACTBA AN3eNbHOI0 TonnBa — Ha 40 %
(c peanmsaumneit Ha BHYTPeHHEM pblHKe J0 45 MAH T/rod) v aBMauMOHHOIO
KepocuMHa —B 2 pasa.

LN nx LOCTUXEHNSA HEO6X0ANMbI pa3paboTKa N HEYKOCHUTENbHOEe BbINO-
HeHMe COOTBETCTBYHLMNX HAYYHO-TEXHUYECKUX N MPOU3BOACTBEHHbLIX NPO-
rpaMM, MHHOBALMOHHbLIX TEXHOMOT WM.

YBepeHbl, UTO YnTaTENA MOC/E U3YUYEHNA MaTepuasa HacToALLEero n3gaHus
3aMHTepecyeT NOUCK N pa3paboTKa nepcnekTUBHbLIX CNOCO60B COBEPLLEHCTBO-
BaHUA CYLLECTBYHOLWMX TEXHONOTNIA, a TaKXKe Co3aHne HOBbIX.

ABTOpPbI BbIPaXXaT UCKPEHHIOKO MPU3HATENIbHOCTb peLeH3eHTamM KHUrm —
C. H. Xamkuesy, A. J1. CaHHUKOBY 1 B. I. PA60BY, Yeil yue6HO-MeTo4NYECKNIA
M HAYYHO-NPOM3BOACTBEHHbIV ONbIT NO3BOMUA CAeNaTb KPUTUYECKUIA N OJHO-
BPEMEHHO KOHCTPYKTUBHbIA aHan3 U3faHUAa U YbW COBETbI B 3HAUYUTENIbHOW
Mepe NOBbICU/IN ero KayecTso.

Hawa otgenbHas 6narogapHocTb — BCeM MpodgeccopamM, npenogasartesiam
N coTpyaHMKam Kadeapbl "TexHonorus nepepabotku HedpTn" PIY Hedh T 1 rasza
nmeHn N. M. I'ybKuHa 3a LLeHHble 3aMeyaHus u pekoMeHgauuy npu nogro-
TOBKE HacTosLero y4yebHoro nocobus.



[TnaBa 1

PUNSNKO-XMMNYHECKWE INMPOLIECCbI
HE®PTEINEPEPABOTKN.

NCTOPUA, KITACCNPUNKALNA

N MEPCIEKTVBbI PASBUTUA

Pa3suTune PU3NKO-XUMUYECKNX MpoL,eccoB HedTenepepaboTKm 6epeT cBOe
Hayano c npouecca KpeknHra, Hanbosnee ctapas opmMa KOTOporo — npowecc
nuponusa. MNepBble 3aBOAbI NUPoM3a 6bl1M noctpoeHol B Poccumn (B Knese
n KasaHu) ewe B 70-x rogax XIX B.

Muponunsy nogseprann nNpenMyLLecTBEHHO KepPOCMHOBbIE (PpaKkumn C Le-
Nbl0 MOJyYeHUA CBeTUNbHOTO rasa. lNosgHee, B 90-x rogax XIX B. pycckue
nccnegosatenn A. A. letHuin n A. H. HUKn$opoB BbIgeNNAN N3 CMO/bI NNPO-
Nnu3a UHAMBUAYaNbHbIEe apoMaTUyecKme yrneBofopoabl — 6eH301 1 Hah TanunH.
OfHaKo B OCHOBHOM MUPOIM3 NONYYU NPOMbILLIEHHOE pa3BUTUE BO Bpems
NMepBoil MUPOBOW BOUHLI, KOrA4a BO3HMKAA OrpOMHas NoTpebHOCTb B TONYO-
e — Cblpbe A9 NPOU3BOACTBA B3PbIBYATOrO BELLECTBA TPOTUNA.

K 1940 . 3a py6e>Kom 6bi/1 pa3paboTaH HOBbIM MPOLLECC —KaTaIMTUUYECKNIA
PUOPMUHT, KOTOPbLIA NO3BOJIAN Nony4vaTb 60/iee BbICOKME BbIXOAbl apoMaTu-
YEeCKUX yrnesoLoposoB, YeM MUPOKUS.

Pa3BuTne HehTEXMMMNYECKON NPOMbILLJIEHHOCTU BHOBb BO3POAMIO MUPO-
N3, HO Y)XXe ANS Nony4veHUsa rasa, 60oratoro HenpegenbHbIMU YINeBOLOPOAA-
M. 3a nocnegHue rogbl NMPoONU3 cTan O4HUM N3 OCHOBHbLIX NPOLECCOB NONY-
YeHUA Cbipbs ANA He(TEXMMWNYECKOTo CUHTe3a. Takum obpasom, pasButue
nMpoamn3a 3a NoYTM CTONETUE MPOLLNO CBOEro poja "UMKN" — OT NONYyUYEHUS
CBETUNbHOrO rasa A0 BbipaboTKM razoobpasHoro HehTEXMMMNYECKOTO CbipbS.

3HaYNTeNbHO MO3)Ke Hayanocb NPOMbILLIIEHHOE pa3sBUTUE MpoLecca Tep-
MUYECKOro KpekuHra nof fasneHuneM. lMpouecc KpekKnHra nsobpen pycckui
nHxeHep B. LLyxos B 1891 .

B kKoHue XIX B. nogBManChL NepBble aBTOMOOUAN. BbiCTpoe pa3BuTHe aB-
TOMOOUNBHOW NPOMbILIJIEHHOCTU, a TaKXe pPOCT NPOU3BOACTBA 3/IEKTPO3Hep-
TN N3MEHUNN POJib 6BEH3UHOBBIX Y KEPOCUHOBbLIX (hpakKLnii HA MUPOBOM PblH-
Ke: 6eH3MH M3 6annacta NPou3BOACTBA NPeBPaTU/ICA B OCHOBHOMW MPOAYKT,
a poNb KEPOCUHA, NCMOMb3YEMOI0 paHee NoYTN UCKNYNTENIbHO AN OCBeLLe-
HWA, cTasla HeYK/IOHHO nagath. Ewe 60/1ee pe3ko BO3pocia noTpebHOCTb B 6eH-
3uHe nepeq MNMepBOi MUPOBOW BOMHOM, YTO 0BYC/IOB/IEHO 6bINI0O MHTEHCUBHbIM
pasBuTMeM aBnaLmnn: 6eH3nHa, Noay4yaemMoro npsAMon NeperoHKom HeTK, cTa-
N0 YXXe HefoCTaTO4YHO.
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HavyanbHast noTpe6bHOCTb B 6eH3MHE OblNa yA0BNETBOPEHA 06bEMOM MNpPO-
AYKUMW npouecca TepMMUYECKOro KpeKmnHra, nepeas yctaHoBKa KOTOpPOro 6bina
noctpoeHa B 1913 r. B CLUA M3BECTHbIM aMeEpPUKaHCKMUM NHXeHepoM B. Bap-
TOHOM (TaK Ha3blBaeMblil "Ky6 bapToHa™). BeH3UH TepMUYECKOro KpeKuHra
nmen 6onee BbICOKOE OKTaHOBOE 4mcno (60—65) no cpaBHEHWUIO C MPSMOrOH-
HbIM 6eH3MHOM (55—60) 1 6bICTPO 3aBOeBas NONYNSAPHOCTL Y aBTOMOOGUINCTOB.

B Poccun ycTaHOBKM TepMUYECKOr0 KpekuHra nossunuck B 30-e rogbl XX B.
B 1950-x rogax BO3HUKNA TEHAEHUUA K YTAXENEHUIO CbipbA TEPMNYECKOT O
KpeKuHra. 3710 6bl/10 BbI3BAHO BO3pacTatoLWMM CMpOCOM Ha KepOCMHOras3om-
NeBY0 (hpakuuio, NUCNOMb3YEMYIO KaK AM3e/lbHOe TONINBO, a TakXe pasBuTu-
eM MPOoLEeCCOB KaTa/IMTUYECKOro KpeknHra u puopmuHra. B atux npoueccax
nony4vanu 6eH3nHbl 3Ha4YNTENbHO 60N1ee BbICOKOT0 KayecTBa, YeM B pe3y/ibTarte
TEPMUYECKOr0 KpeKuHra. 3HayeHue npoLeccoB TEPMUYECKOTO KpPeKuHra noj
faBneHneM ans nonyveHus 6eH3nmHa Obl10 yTpayveHo.

Mpouecc KOKCOBaHMUA HEPTAHbLIX OCTATKOB pa3BMBasn No ABYM Hanpas/e-
HUAM: ANA NoNyyeHUsa AOMONHUTENbHOTO0 KONMYEeCcTBa AUCTUNNATHLIX "CBeT-
NbIX" He(hTenpoAyKTOB 1 ansa nonyyeHnsa kokca (20-e rogbl XX B.), UCMO/b3Y-
eMOoro 4N U3roToBNEHNA 3NEKTPOAOB.

C koHua 1930-x rogoB B HedTenepepabaTbiBatOLLlyt0 NPOMbILLINIEHHOCTb
WHTEHCUBHO BHEAPAIOT KaTaIMTUYecKune npoueccol. N3 HUX Hanbonbluee pac-
NMpocTpaHeHne NoAyYna KaTanMTUYECKNIA KPEKUHT Ha afIloMOCUINKATHbIX Ka-
TannsaTopax.

MpPOMBbILINEHHbIA NMPOLLECC KaTaNMTUUYECKOro KPpeKNHIra paspaboTaH paH-
Ly3CKuM nHxeHepom HO. MNyapu. MepBas ycTaHoBKa MNyapy 6blna coopyXeHa
B KoHUe 30-x rogos XX B. B CLUA. HeckofbKMMUK rogamm rnosxe B Hedrene-
pepabaTbiBaloLLE NPOMbILINEHHOCTU ObINN BBEAEHbI B 3KCNyaTauuto 6onee
COBEpLUEHHbIe YCTAHOBKM C ABUXKYLLMMCS CNOeM KaTanu3aTopa.

BHeppeHMe npoLecca KaTaiMTUYeCcKOro KpekuHra nu ncnosb3oBaHue ero
MPOAYKLUMU CbIrpasno 3HaYMTEeNbHYI0 POb BO Bpems BTopoi MUPOBOW BOWMHbI:
Ha OCHOBe 6eH3MHa KaTa/IMTUYECKOIro KpeKMHra bb1f10 HanaXeHo MaccoBoe Mnpo-
M3BOACTBO BbICOKOOKTAHOBOIO aBMaLMOHHOIro 6eH3nMHa. B aTOT Xe nepuop
4yacTb YCTaHOBOK paboTana Ana nony4veHus rasa, 6oratoro 6yTuneHoM, KOTO-
pbli MCNONb30BaNN AN NPoM3BOACTBA OYTaAMeHOBOro Kayyyka. B kavecTBe
CbIpbsi KPEKUHTA MPUMEHSIN KePOCMHOrasoinnesble hpakymun. Mo oKoHYaHUK
BOMHbI, KOr4a NnoTpe6bHOCTb B aBMaLMOHHOM GeH3MHe ynana, a Cnpoc Ha Kepo-
CMHOrasoinnesble (gu3enbHble) PpakunMy BO3POC, YCTAHOBKN KaTaliUTUYECKO-
ro KpeKuHra rnepesenm B OCHOBHOM Ha MnepepaboTKy YTAXeNeHHOro cbipbs (Ba-
KYYMHOI0 ra3oins) 4na nosiy4eHuns BbICOKOOKTAHOBOIro aBTOMOBGUILHOIO 6eH-
3nHa. B HacTosuwee BpeMa npeo6nagaet MMEHHO 3TOT BapuaHT MX paboTbl.
Hauyano nepesoga MPOMbILLINEHHbLIX YCTAHOBOK KaTa/IMTUYECKOr0 KpekKuHra
B 60-x rogax XX B. Ha LeonnTcofep>Kalme KaTanm3aTopbl N0O3BOJNAO 3HAYU-
TeNbHO UHTEHCM(ULMPOBATbL 3TOT NPOLLeCC Mo BbIXoAy 6eH3nHa. BbigatoLytocs
PO/b B CTAHOB/IEHUWN POCCUMACKMUX KATa/IMTUHECKUX U TMAPOreHMU3aLNOHHbIX TeX-
HO/MIOTMIA Cbirpan pPycckuii yyeHblh B. H. natbeB (1867—1952 rr.).

MpyMepHO B O4HO BPEMSA C KaTaIMTUYECKUM KPEKUHTOM MOABU/ICA KaTa-
NUTUYECKUIA PUDOPMUHT. B oCHOBE 3TOr0 npouecca /IeXXUT OTKPbITOE pocC-
CUACKMUM yuyeHbiM H. [. 3ennHckum B 1911 r. KaTaIMTUYECKOe MpeBpaLleHmne
LIEeCTUYNEHHbIX Ha()TEHOBbLIX COEAMHEHNIA B apOMaTUYeCKne YrneBoLoposbl.
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MepBas ycTaHOBKa KaTalMTUYeCKOro puopmuHra 6olia BBefeHa B aKCnya-
Tauunto B 1940 r. Bbllwe ynomMmumHanoch, 4to B rogsl BTopoil MMpOBOI BOWHbLI Ha
TakKuX ycTaHOBKax Mosiyyanu TONyosl, BbIXOL KOTOPOro 6blf1 HAMHOIO BblLUE,
4yeM nNpu nuponunse. beH3nH KaTtanuTUyecKoro pugopMuHra nocne Bblgene-
HWUA TONyo/sia CNY>XUT KOMMOHEHTOM aBMaLMOHHOTO 6eH3MHa.

Mo mepe pa3sBUTUA NMPOMbILLINIEHHOTO HEPTEXUMNYECKOTO CMHTE3a 3Haue-
HMWe KaTaJIMTUYECKOro PUGOPMUHTa, KOTOPOe CHU3NIO0Ch HENOCPeACTBEHHO
nocsie BOMHbI, HAYMHAET 6bICTPO M HEYK/IOHHO Bo3pacTaTb. Mpouecc Mcnonb-
3YIOT AN15 MNONYYEeHUSA BaKHENLW X apoMaTUYeCcKnX yrnesofoposos — 6eH30/a,
TONyona u KCUNonoB. B TO e BpemMsi KaTanUTUUYECKUN PUBHOPMUHT OcTasncs
OLHVUM M3 BefyWMX ANd NPpOu3BOACTBA BbICOKOOKTAHOBbLIX aBTOMOOGU/IbHbIX
6eH3MHOB; ero NPoAO0/HKAKT COBEPLUEHCTBOBATb HA OCHOBE BHEPEHUSA HOBbIX
aKTUBHbIX N CeNeKTUBHbIX KaTann3aTopos.

OAWH N3 paHHMUX MPOMbILWJ/IEHHBIX NMPOLECCOB NepepaboTKM KPEKMUHT-
rasa — nosly4yeHme M300KTaHa MeTO40M KaTa/IMTUUYECKOW nonmepusanum by-
TWU/IEHOB M NOCNEAYIOLLErO r’MAPUPOBAHUA. Y CTAHOBKN 3TOr0 TUMNa CTPOUNM Ha
6a3e yCTaHOBOK TepMUYECKOro KpekuHra B cepegunHe 30-x rogos XX B.;
HECKO/IbKO Mo3aHee, Mo Mepe pa3BUTUA KaTaIMTUYECKOTO KPEKUHIa, OHW cTa-
NN yCTynaTb MECTO YCTaHOBKAaM KaTalMTUUYECKOro ankunuposaHusa. Katann-
TUYECKUM anKunmpoBaHnem n3obyTtaHa 6yTuneHamm Takxe MOXHO 6bif10 no-
ny4yatb BbICOKOOKTAHOBbLIA KOMMOHEHT aBMaLMOHHbIX 6€H3UHOB, 060raLleH-
Hbl1 N300KTAHOM; NPX 3TOM TEXHO/IOrMYECKaa CXeMa okKasasnach npouye, a pac-
X0 UEeHHbIX 0/le(PMHOB — BABOe MeHblUe. OCyLlecTB/IeHMEe aIKUNMPOoOBaHNA
Ob110 BO3MOXXHO TO/IbKO Ha 3aBOfaX C yCTaHOBKaMu KaTaMTUYeCKOr0 KPeKUH-
ra, ra3 Kotoporo o6orauieH n306yTaHOM.

3HaunTeNbHbIA CNPOC HAa aBMaLMOHHbIE BEH3MHbI BbICOKOW COPTHOCTHU
npueen K pas3paboTke npouecca KaTaJIMTUYECKOro anknanposaHnsa 6eHsona
onejuHamu, B NepByt o4vepedb nponuneHom. VsonponunbeHson (Kymon)
nony4yann aTUM crnocoboM Ha 3aBofax MPUMEPHO A0 Hadana 50-x rogos XX B.
B nocnegytouime roabl 3TOT npouecc ctanm Ncnosib3oBaTb B OCHOBHOM A1 NMO-
NyyeHUs peHoNa MU aleToHa NyTeM OKUCNEHMA KyMOsa KUCOpPOAOM BO3ayXa
N NocnefyloLero pa3noXeHua noayyaeMmoro rugponepokcmaa Kymona.

Mpouecc nsomepmrsaymmn nerkmx napagrHoOBbLIX yrneso40po40B npecrenyer
[Be Lenun: yBennyeHne pecypcosB m3obyTaHa Ans npouecca ankuinpoBaHua
nyTem n3omepusaumm «-6ytaHa v NOBbILLEHWE OKTAHOBOro ymMcna 6eH3nHa
3a CYeT M3oMepusaLnmn nerknx 6eH3NHOBbLIX hpakuuin (M-neHTaHa U «-rekca-
Ha). O6a 3Tux npouecca nosisunuce B 40-x rogax XX B. B KauecTBe Cbipbsi UC-
MOMIb3YHOT TaKXe panmHaThl NOCNE U3BNEYEHUS U3 pudopmaTa apomMaTnyecKmnx
yrnesoAoponos.

B koHue 20-x rogos XX B. B FepmaHumn, He obnagaslien He(hTAHbIMK pe-
cypcamu, CTanu BHeApSATb NPOMbILLJIEHHbIN Npouecc 4eCTPYKTUBHOW Tnapo-
reHn3aumm TBepAbIX roproUYnx nckonaembix (6yporo v KAMEHHOTO Yrns) u cMo-
Nbl, NONYyYaemMon Npu NONYKOKCOBaHUM yrnei. Mpouecc WMPOKO MCNOb30-
Ba/IN BO BpeEMSA BTOpOi MMPOBOI BOMHbLI, HECMOTPS Ha €ro JOporoBu3Hy, obyc-
NOBMIEHHYO 60MbLWINM pacXoLoM BOLOPOAA M Ype3BblYailHO BbICOKUM [aBfie-
Huem (30—0 MT1a), TpebytoWwmnmM meTanoeMKkoro o6opygosaHus. Mocne Boi-
Hbl 4eCTPYKTUBHAA TUAPOTreHN3aLmna npakTMyeckn He Hawa NpuMeHeHuns
BC/IEACTBME HU3KUX TEXHUKO-IKOHOMMYECKUX MOKasaTenen npouecca npu-
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MEHUTENbHO K TSHXKeNbiM HEPTAHbIM ocTaTkam. [ATb TaKMX YCTAHOBOK U3 Ye-
TblpHaguaTu, pabotaswmnx B M'epmaHum B nepnog BTOpo MUPOBOI BOWMHBI,
OblNM MOoNyYeHbl N0 KOHTpMOyuum CoseTckum Coto3om. OgHaKo HU ofHA U3
HUX He 3apaboTana 41 AeCTPYKTUBHOW rMApPOreHn3aulMoHHON nepepaboTKu
yrnen, npexznae Bcero, ato 6b1/10 06YC/NOBNEHO HU3KUMU LLeHaAaMW Ha HeQTb
B TOT Mepuoa W, crefoBaTte/ibHO, HE3AP(PEKTUBHOCTLIO NMPOU3BOACTBA XULKNX
AUCTUNNATOB U3 yrneid. OfHAKO B NOc/ieHME rofbl NPOUCXOANT BO3POXKAEHUE
aToro npouecca nog HassaHuem Veba Combi Cracker (pa3paboTka KomnaHui
BP 1 KBR). Mo cBOei CyTW OH CTan pa3HOBUAHOCTbLIO NpoLecca TEpMOrnapo-
KPeKMHra, onncaHHoro B pasgene 3.2.3 HACTOALLErO N3gaHua.

YBenmyeHne f0Nn CepHUCTLIX HedhTei B 06Lem o6beMe HepTeL0ObIYN NPK-
BE/I0 K LUNPOKOMY PasBUTUIO TMAPOTreHN3aLMOHHbLIX NPOLLECCOB, B MepBY 0Ye-
pefib rMAPOOYUNCTKN "CBET/bIX" He(hTeNnpPoAYKTOB.

C 1959 r. Ha He(pTenepepabaTbIBaOLNX 3aBOAAX MOSBMIACL HOBAsA MOAM-
(hmkauma npouecca AeCTPYKTUBHON rMAPOreHM3aUmnm Ha reTeporeHHbIX Kara-
nusartopax — rMAPOKPEKUHT. DTOT NpoLecc, OTANYAOLLMIACA 3HAYNTENbHO
MeHbWw KM faBneHnem (15—20 MT1a) no cpaBHEHUIO C NpeabiayLWwMMn paspa-
60TKaMu 1N YMepeHHbIM pPacxofoM BOAOPOAa, MO3BOMNA JOCTAaTOYHO 3KOHO-
MWYHO NOMyYaTb U3 HU3KOKAYeCTBEHHOIO TSHXKENOro HehTAHOIO Cblipbsi OeH-
3UH, Au3enbHOE, peakTUBHOE U Ma/IOCEPHUCTOE KOTe/IbHOe TOMN/INBO.

C Hayana 50-x rogos XX B. HayanoCb MHTEHCUBHOE pa3BUTNE NPOLLECCOB
He(hTEXMMMYECKOro CMHTe3a. B pe3ynbTate HEKOTOpPbIE NpoLuecchl HedTenepe-
paboTKN, paHee CNYXMBLUINE TONbKO ANA MNONYYEHUA KOMMTOHEHTOB MOTOPHbIX
TONNB, NPUO6GPeNn HOBOE HaszHayeHue. Tak, KaTa/IMTUYECKNIA PUDOPMUHT
B 3HAUYNTE/IbHOMW CTENEHN CTan U cNocoboM NoMyYeHUA NHAMBULYaNIbHbIX apo-
MaTUYeCKNX YIrNeBOLOPOA0B; TEPMUYECKUNIA KPEKWUHT UCMOIb30Banu Ans nony-
YeHUSA He TONbKO KOTE/IbHOro TOM/IMBA, HO TaKXe CaXXeBOro ChbipbA U a-one-
(hnHOB. ANKnnnposaHue 6eH30na oneHamMmm cTanm NPoOBOAUTL 418 NOoNyYe-
HMA Kymona (nepepabaTbiBaeMoro B )eHO/ 1 aueToH) u aTunbeHsona (ana ae-
rmgpvpoBaHus B ctupon). MNpoueccbl NOAYYeHUS TONIMBHbIX KOMMOHEHTOB
TECHO nepennenunch c npoLeccaMmu NPoOM3BOACTBA CbipbA AN HePTEXUMUN. Ponb
He(TW, rasa n ra3oKOHAEHCaToB KakK XMMWUYECKOro Cbipbd HEM3MEPUMO BO3-
pocna. CerogHa orpaHM4YeHHOCTb MUPOBLIX 3aMacoB HEPTW 3acTaBnAeT U3blIC-
KMBaTb A/14 MNONYUYEHUA MOTOPHbLIX TOM/IMB AONONMHUTE/IbHbIE PECYPCHI, TaKune
KakK NPUPOLHbINA ras v TBEpAble roptoyme NcKonaemMble — Yrosb, CnaHubl, TOpg
Nnap.

B 1970-e rr. B Poccun Havyanocb CTPOUTENLCTBO KPYMHOTOHHAXHbIX U KOM-
OUHNPOBAHHbIX TEXHONOMMYECKNX YCTaHOBOK. EcCnn B nepBble MOCNEBOEHHbIe
roAbl CTPOUAN YCTAHOBKW MEPBUYHON NEPEroHKM MOLWLHOCTbO 1—2 MAH T
B rog, 7o B 70-e rogbl XX B. Obl/M BBefeHbl B 3KCM/yaTtauuto ycTaHOBKM AT
n ABT, nepepabatbiBatowe 6—8n gaxke 10 MAH T HedhTU B rod. B aTo Xe Bpemsa
Hayanocb BHeAPEeHNe TakKnX BaXXHbIX NPoLEeccoB obnaropaxmeaHus "cBeT/bIX"
He()TENPOAYKTOB, KaK KaTaJINTUYECKUIA pUPOPMUHT BEH3UHOB N TUAPOOUMCTKA
AV3eNbHOro Tonamea. bbino opraHM3oBaHO mMacliTabHOe NMPOU3BOACTBO apo-
MaTU4eCcKnX yrnesogoponos (6eH3ona, To1yona, KCMI010B) C UCMO/b30BaHN-
eM MPOLLeCCOB KaTalMTUYECKOro pUPoOpMmMHra 1 sKcTpakunm. EgnHMYHanA
MOLLHOCTb YCTAHOBOK KaTa/IMTUYEeCKOro puopMunHra u rugpooUmncTky An3esb-
HOro TOM/MBa B NepBble rofAbl CTPOUTENbCTBA Oblna HEGONbLWONK, O4HAKO
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nosgHee oHa 6blna yBennyeHa B 2—3 pasa. B 310 e Bpems 6bI1M NOCTPOEHDI
nepBble POCCUNCKME YCTAHOBKM 3aMel/IEHHOr0 KOKCOBaHMWA U KaTaIMTUYeCcKoro
KpekuHra B Kunguiem cnoe Kataamsartopa.

B 1970—1980-x rr. Ha 3aBofax CoBeTckoro Coto3a 6bl/i MOCTPOEHbLI U BBE-
[EeHbl B 3KCNayaTtauno KPYnHOTOHHaXHbIe MPOU3BOACTBA MO NULEH3NAM Be-
AYyLWNX 3anagHblX KoMnaHuin n nHctutytos (UOP, IFP n gp.) — KombGuHupo-
BaHHan YCTaHOBKA KaTa/MTUYeCKOro pugoOpMUHra u rugpoovnCTKN AN3efNb-
Horo Tonnnea "XXEKCA" Ha HoBo-Ypumckom HI3, nepBasd ycTaHOBKaA KaTa-
NUTUYECKOTO puopmMmHra c 4smxyLnumcs crnoem katannsatopa CCR Ha HoBo-
BakmHckom HI13, yctaHoBKa rugpokpekuHra Ha HIM3 "YdaHepTexum™.
B 1983 r. 661711 BBEAEHbI B 3KCMyaTaLMi0 MOLLHbIE KOMMNAEKCHI MO NPOU3BOS-
CTBY apomaTunyeckmnx yrnesogopogos Ha Omckom HIM3 n HIM3 "YmhaHedTe-
XUM", CTPOUTENBCTBO KOTOPbLIX MO3BON/IO MOMHOCTbIO 06ecrneynTb NoTpeod-
HOCTM CTpaHbl B 6eH30/1e, TONyose U KCuUionax.

B T1e e 70—80-e rogbl XX B. Ha HECKO/IbKMX HedTenepepabatbiBatoLmnx
3aBofax Poccuu, benopyccum, KazaxctaHa U YKpanHbl ObI/I MOCTPOEHbI KOM-
OMHMPOBAHHbIE TEXHO/IOTUYECKNE YCTAHOBKM MO Hernybokoin nepepaboTtke
HeTn JIK-6y, Ha KOTOPbIX NPOBOANAN MpOLECcCbl 06eccoNnBaHns, NepBuY-
HON NeperoHKN He TN, KaTaIMTUYECKOTro pUopMMUHTra 6eH3NHOB, TMAPOOYN-
CTKW AM3e/IbHOro TOM/JIMBa N aBMALLMOHHOIO KepoCcuHa, rasopakunoHnpoBa-
HUA. B 3TOT e nepuog 6bI1n co3gaHbl KOMOUHUPOBaHHbIE CUCTEMBI Ty6o-
Ko nepepaboTkn HedTy Tna KT, B COCTaB KOTOPbIX BXOAUIN CEKLNMN BaKy-
YMHOW NeperoHkKn masyTta, rmapooyncTKyM BaKyyMHOro AUCTUNNATA, KaTaiun-
TUYECKOTro KPeKUHra n BUCOpeKnHra. 3TN CUCTEMbI ObIIN COOPYXXEHb
Ha Maxenksanckom HIM3 (/lutBa), Masnogapckom HIM3 (KasaxcTaH)
n Omckom HIM3. B cepeanHe 80-x rogos XX B. 6bin1 BBEAEH B 3KCMyaTaLUio
HOBbIV HedTenepepabaTbiBarOLWMiA 3aBOf B I. AYMHCKe (KpacHOospcKuii Kpan),
KOTOPbIA pewmnn npobnemy obecrneyeHns TONIMBOM paioHOB LLeHTpanbHOW
Cubunpun.

C 60—0-x rogos XX B. B pe3ynbTarte Hay4YHO-TeXHMYECKOro nporpecca
N GYPHOro pasBMTUS MUPOBOI MPOMbILLIIEHHOCTU Ha NePBbIA NaH CTann Bbl-
XOAUTb NPUPOJ0OXPaHHbIe NPo6aemMbl. N ¢ 3TOro BpeMEHN UMEHHO OHUW CTanwu
onpeaensaTb fanbHeillee pa3BuTne HepTenepepaboTKn, pa3paboTKy 1 BHeLpe-
HWE HOBbIX TEXHONOIMYECKMUX pelleHmnidi. 3awnrta atmocdepsl, rugpocepsbl
N NUTOCHEepbl CTana OCHOBHbIM KpUTepuem Kak PYHKLUOHNPOBAHMA BCeX TeX-
HOIOTMYECKMX NPOLLECCOB M NPeANPUATUIA B LLESIOM, TaK U pa3paboTKn HopMa-
TUBHbIX JOKYMEHTOB MO NPUMEHEHWNIO He(pTenpoAYyKTOB.

K 1987 r. CCCP, sBndsicb BegyLeil cTpaHon Mupa no fobbiye HehTU U ra-
30KOHAeHcaTta (624,2 M/IH T B rog), nepepabartbiBan Ha 44 He(hTenepepabatbl-
BatoLWMxX npeanpuatmax 483,2 MaH T He(hTu B rof. 27 poccuincknux HM3 npu-
HAW B TO BpeMs 312 MNH T HEPTM N ra3oKoHAeHcaTa. ATO Obl/T MUK IKCTEH-
CVMBHOTO pa3BUTMA POCCUINCKON HeTenepepaboTKK, XapaKTepnu3oBaBsLUeiics ee
HWU3KOWN rnyouHon (~64 %). lonsa cbipbs, UCNOb3YeMOro B Poccun B hr3nKo-
XUMUYECKNX (BTOPUYHBIX) NpoLeccax, Mo OTHOWEHMIO K 06beMam HedTh, ne-
pepabaTblBaeMOI Ha yCTaHOBKaX MepBNUYHOM NeperoHKmn, coctasnsnna B TO BPEMS
meHbwe 40 % (B CLLUA — 168 %). BmecTe ¢ Tem, LOCTAaTOYHO MOLLHO pa3BmMBa-
nacb He()TeEXMMMA, NO3BOMABLLAA KOMMIEKCHO MCMNOMb30BaTb HedTerasosoe
Cblpbe M Mony4vaTb MHOToo6pasHble XMMUYECKNEe NPON3BOAHbIE, MOIMMEPHbIE
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mMaTepuasnbl, NOBEPXHOCTHO-aKTUBHbIe BelwlecTBa U T. 4. Tak, Ha 19-tv HI13
CoeTckoro Coto3a Bbinyckann apomaTnyeckue yrnesogopoasl, a 15 npeanpu-
ATUA UMEeNN KPYnHble HehTEXMMUYECKME NMPOU3BOLCTBA.

OfHaKo yxe Torga crana o4eBMAHON HePa3BUTOCTb POCCUICKON HedTene-
pepabaTtbiBaloLLeil MPOMbILLIEHHOCTKN, €Nabo UCNOb3yoWwen yrnyonatouime
N obnaropaxusaroLme rnpowecchbl, 60NbWNHCTBO KOTOPbLIX MO CBOEN CyTU —
(PU3NKO-XUMUYECKNE. YCYryounm CnoXxHyw cutyaynto n npovsoweplume
B KOHUe 80-x—Hauvane 90-X rofoB NpoLUIOro CToNeTnsa paguKanbHblie NOANTU-
KO-3KOHOMWYeCKMe n3meHeHnsa B ctpaHe: pacnag CCCP, nepexof K pblHOY-
HON 3KOHOMMWKeE. DTO MPUBENO K Pe3KOMY COKpalLeHNto 06beMOB J06bIUM U
nepepaboTKN He(TKM, BbiMyCKa TOBAPHOMW MPOAYKLUMN.

CepbesHble OpraHn3ayMoHHO-3KOHOMUYECKNE N3MEHEHUSA B PasBUTUM
He(pTenepepabaTbiBatOLWein NPOMbILINEHHOCTN POCCUM NPOU3OLLIN B Havane
90-x rogoB XX B. BO3HUKNK MepBble KPYNHble BEPTUKANbHO-NHTErpupPOBaH-
Hble HepTAHble KomnaHun (BUHK) — "Nlykonn", "PocHe(Tb", "TaTHe(dTL"
nap. MpakTnyecku sce poccuinckme HIM3, 3a HE60NbLWINM UCKIHOYEHMEM, BOLL -
nn B coctaB 3TuX BUHK. CtpaTernto n TakTuky gedatensHoctn HIM3, a cnepo-
BaTe/lbHO, U BCEN POCCUICKOWN HedhTenepepaboTKM cTann onpeaensite PUHaH-
COBbIE UHTEPEChl 3TUX KOMMNaHWUMN.

B 2000—2005 rr. 6b1/10 3aBEPLUEHO COOPYXXEHNE KPYMHbIX NMPOU3BO/ACTB,
CTPOMUTENLCTBO KOTOPbIX ObI/I0 HayaTo eule B Hayane 90-x rogoB XX B. bbinu
BBe/EeHbI B 3KCMyaTaumnto KOMnaeKebl rny6okon nepepaboTku HedhTn Ha Mepm-
ckom HIM3 (Ha 6a3e yctaHOBKM ruapokpeknHra T-Star) n 8 OAO "HApocnas-
He(pTeoprcmHTes" (Ha 6a3e YCTaHOBKWN FMAPOKPEKNHIA), KaTaIMTUUYECKOro pu-
(hopmMuHra ¢ asmxylimmca cnoem katanmsartopa "CCR" Ha HIM3 B 1. KcToBO.
HoBble yCTaHOBKM KaTanMTM4YeCKOro KpekmHra 6biinm noctpoeHbl Ha HIM3
B PA3aHM n HuxHekamMcke, CepHO-KUCNOTHOro ankunmposaHus — B OMCKe.
Psgom Befywmx HehTAHbIX KOMNaHuii 1 HIM3 6biin ocyuw,ecTBieHbl Meporn-
PUATUSA NO Pe3KOMY YNyULIEeHNO KavyecTBa TOBApHOW NPOAYKUUU — aBTOMO-
OUNbHbIX GEH3MHOB U AU3eNbHOI0 TOMMBA, HavyaT BbIMYCK NPOAYKLUMU, COOT-
BETCTBYIOLLLE eBpoNeckuM cTtaHgaptTam EBpo-4 n EBpo-5. OgHUM 13 3Tanos
peleHmna aToM 3afa4ym CTano CTPOUTENIbCTBO LeNoro psija HoBbIX YCTaHOBOK
n30Mepm3aLnm nerkoro 6eH3nHa.

®dun3mko-xumnyeckne npoueccobl (®XI) nepepaboTKyn HedpTErazoBoOro
CblpbA XapaKTepu3yeT nNpoTeKaHue, Hapsagy ¢ PM3nYeckumu npoveccamn (Ten-
Nno- 1 MaccoobMmeHa, cenapauunm, copoumm N T. N.) XMMMUYECKNX peakumin (KoH-
LeHcaunmn N NpUcoefuHEHNs, JeCTPYKLUUM NN KPEKUHTA, 3aMeLLLeHns, N30-
Mepu3aynmn u Ap.), YTo NO3BONSAET PerynnpoBaTb 06beMbl U KayecTBO MPOU3-
BOAMMbIX HE(pTENPOAYKTOB. OTO NPUHLUMUNNANBHO OT/IMYAET UX OT NPOLLECCOB,
OCHOBAHHbIX Ha NOMYYEHUN KOMMNOHEHTOB TOBAPHbIX HEPTENPOAYKTOB PU3N-
4yecKuMK npoueccamm (6e3 M3MeHEHUSA CTPYKTYpPbl YINeBOAOPOAHbLIX U reTepo-
aTOMHbIX MOJIEKYN CbIpbS).

Takum o6pa3om, KOMMOHEHT TOBAPHOro HepTenpoAyKTa, MosyvyaeMblil
B pe3y/bTaTe (PU3MKO-XMMUYECKOr0 rnpouecca, UMes OANHAKOBbIA (PpaKLm-
OHHbIN cOCTaB C KOMMOHEHTOM, MOMYYEHHbIM MOC/E peKTUPUKaLumn, MOXeT
CYLLECTBEHHO OT/INYATLCA MO CTPOEHUIO MOJiIeKYN (FPynnoBOMY XUMUYECKOMY
COCTaBy) M (PU3NKO-XUMUYECKUM CBOMCTBaM. MMpPOAYKTbI, MONYYEHHbIE B pe-
3ynbTate PU3NYeCKUX nNpoLeccoB nepepaboTKn HehTerasoBoro Cbipbs, CoAep-
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)KaT B CBOEM COCTaBe NMLWb NPUPOLHbIE (HATUBHbIE) COEAUHEHMUA N TOJMIbKO
B OMpeAesieHHON KOHLUEeHTpaLum, KOTOPYH MOXHO HEeCKONbKO BapbMpoBaTh
Mpun BblpaboTKe TOBAPHbIX He(hTeNPOLYKTOB.

Mcnonb3oBaHne M3NKO-XUMUYECKUX MPOLLECCOB B 3HAUYUTENILHOW Mepe
CNoco6CTBYET pacLUMPEHNIO pecypcoB 60NbLLINHCTBA TOBAPHbLIX HEPTENPOAYK-
TOB, HaNpuUMep MOTOPHbLIX TONAUB. Tak, NPUMEHEHNEe COBPEMEHHbIX TepMo-
rMapoKartaimTUYecKmMxX nNpoLeccoB Nno3BonseT BbipabaTbiBaTb U3 TPagULLUOH-
HOro HePTAHOTO Ccbipbs Ha 25—30 % (Mae.) 60/bLLIEe MOTOPHbLIX TONUB K 60Nee
BbICOKOKaYeCTBEHHbIX, YeM MpPU ero npsiMoil NeperoHKe ¢ peKTugukaumen
(dbmnamyecknii npouecc).

NTakK, Kakue >e npoueccbl MOXHO OTHECTU K (PU3NKO-XUMUYECKUM?
YCNOBHO MPUHAB 3a 0CHOBY K/lacCU(NKaL MM NPUCYTCTBUE B peaKLLMOHHON 30He
npouecca BbICOKOTEMMNePaTypHOro nons, Kataanm3aTtopos 1 BOAOPOAa, MOXHO
BbI4E/INTb TPU OCHOBHbIE TPYNMbl MPOLECCOB:

—TepMuYeckKkue;

—TepMOoKaTaInTNYecKune;

—TepMoruapokaTaintTnyeckue.

Knaccnukayms usmko-XxMmmnyeckmx NpoLeccos nepepaboTkn HeTera-
30BOr0 Cbipbs MpeAcTaB/eHa Ha CXeme, NPUBELAEHHOW HUXeE:

OT/AeNbHO LenecoobpasHO M NOTNYHO BblAeNNTb NepepaboTKy Bcex HedTe-
3aBOACKUX (CYMMbl MOMYTHbIX HEPTAHLIX, & TaKXXe TEXHOMOMMYeCcKnx) rasos,
cobupaemMbixX Ha HepTenepepabaTbiBatOLWEM NPeANPUATUM CO BCEX TEXHO/OTU-
4YeCKMX YCTaHOBOK.

HeobxoanMocTb 06ecneynTb Ka4eCTBEHHbIM CbIPbEM MPOLIECCHI HedTene-
pepaboTKM N He(hTEXUMNM, a TAKXKE NMOBbICUTb KaUeCTBO TOBAPHbIX HE(TENPO-
[LYKTOB onpefenser WUPOKoe ncnonb3osaHne Ha HIM3 kak pusnyecknx (Ha-
npumep, TEXHONOTUIA OYNCTKN, pasfeneHns, KommnayHAMpoBaHUS v Ap.), Tak
N PUNKO-XMMUYECKNX NpoLeccoB (Hanpumep, rMApupoBaHunsa, OKUCIEHUN
nnun nonumepusaunm) nepepabotkn HIC. BaxHeiwas vyacTb NPOLLECCOB Ha
coBpeMeHHbIX HIM3 — 370 npoueccbl KBanuuUUMpPoOBaHHOW MnepepaboTKu
Hed)Te3aBOACKNX ra30B B LLleHHble KOMMOHEHTbI TOBAPHbIX HE(DTENPOAYKTOB.
Kpowme Toro, copemeHHble HIM3 (C TOYKN 3peHNA peHTabeNbHOCTU U HEOBXO-
ANMOCTUN AOCTUXEHUS BbICOKUX TEXHMKO-3KOHOMUYECKMX NOKa3zaTenei) Aon-
XHbl UMETb B CBOEM COCTaBe rpynny HepTeEXMMMUYECKMUX NPOLLEeCCOB. TaKux,
HanpuMmep, Kak NPoOn3BOACTBO MONUITUNEHA U (MIN) NONUNPONUIEHA, apo-
MaTM4YeCcKUX yrnesoqopoaoB u T. M.

Tepmuyeckne npoueccbl. K TepMuyecknm npoueccam, NpoBOANMbIM NPU
BbICOKMX Temnepatypax B 30He peakynu (go 900—1000 °C), OTHOCAT: TepMu-
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YECKUI KPEKUHT NoJ AaBNeHUEeM WU BUCGPEKMHT MEYHON M C BLIHOCHOW Kame-
pOVi; TEPMOTUAPOKPEKWUHT MO AaBNEHMEM B MPUCYTCTBMM BOJOPOAA; KOKCO-
BaHWe; NMPONM3; NPOMU3BOACTBO TEXHWUYECKOrO Yriepoaa v neka; 6UTYMHOe
MNpPoM3BoACTBO. HEO6XOANMO OTMETUTh, UTO MPAKTUYECKU B XO€E BCEX TEPMMU-
YECKMX MPOLLeCCOB NPOTEKAT TEPMOOKUCNTENIbHbIE peakuun. ATO CBA3AHO
C TEM, YTO B KNACCUYECKOW XUMUKN K peaKLUsIM TaKOro TUMNa OTHOCAT He TO/b-
KO peakuuu 06pa3oBaHUs KMCMOPOACOAEPXKALLUX COeAUHEHUIA, T. €. peakLyuu
MPUCOEANHEHNS KUCMIOPOAA, HO M peakLun OTLLENeHUS NPOTOHOB OT MOfe-
Kyf, COMPOBOX/JaloLiNecs KOHAeHcalnein nocnegHux.

Knaccugukaums TepMuYecKux npoueccos nepepaboTku HedTerasoBoro
Cbipbsl MPEeACTAB/EHA HUXKE Ha CXEME.

TepMuyecKnini KpekuHr nog, fasneHnem (2—4 Mrla). D710 nepBbli TepmuYe-
CKWI npouecc, KOTOPbI MO3BO/N/ PE3KO YBEIMYNTL NMPOU3BOACTBO 6EH3NHOB
B Hayane XX B., YTO Cbirpaso OrpoOMHYI0 po/ib B pa3BuTUN MUPOBOIro aBTOMO-
bunectpoeHns. MNpouecc npefHa3HavyeH 419 NPOU3BOACTBA KOMMOHEHTa TO-
BapHbIX aBTOMOOU/IbHbIX 6EH3MHOB M3 OCTATOYHbIX NPOAYKTOB (HanpumMep, Ma-
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3yTOB), BTOPUYHbIX WU TSXKENbIX AUCTUNNATHBLIX Ppakynii, a TakKe X cMme-
cel. B HacTosiwee BpeMs NPOLECC OTHOCAT K paspsasy manodameKTUBHbIX
N HenepcnekKTUBHbIX.

BUCOpPEKMHT — npoLecc Nerkoro TepMoOKpeKnHra npu gasneHnn go 2 Mla
n Temnepatypax o 500 °C. lNpegHa3HayeH A9 NONYYEeHUS U3 TAXKENbIX
HeTAHbIX OCTAaTKOB (Hanpumep, ryapoHOB) KOMMOHEHTOB KOTE/IbHbIX TOM/INB
C YPOBHEM BA3KOCTW, COOTBETCTBYIOLLMM HOPMATUBHbLIM TpeboBaHMAM. ony-
Yyaemble B XOfe npoLecca Taxenble JUCTUNNATBI UCMOMb3YIOT KaK Cbipbe AN1A
NMPOM3BOACTBA CneynanbHbIX YrnepoHbiX maTtepuanos (HanpumMep, nekos).
Mpouecc BucbpeknHra npumMmeHatoT Ha HIM3 ana nepepaboTKM YacTn rygpo-
HOB (OcTaroWwmxca no 6anaHcy OT MCNONb30BaHUA Ty4poHa B KOKCOBaHUU,
B MPOU3BOACTBE Macen N 6UTYMOB U Ap.) — OCTATKOB BaKyyMHbIX 6/10KOB MO
NMeperoHKe mMasyToB. DTOT NPOLECC aKTyasleH TO/IbKO A8 HedTenepepabarbl-
BalOLWLMX NPeANPUATUIA C HU3KOIN rNyBunHON nepepaboTku. Mpu BBEAEHNN B TEX-
HO/IOTMYECKY0 CXeMY NMpeAnpuATUA NPOLLeCCOB rMAPOKPEKNHIa NN KOKCOBa-
HWUA TYAPOHOB YCTaHOBKM BUCOPEKMHTIa, Kak NpaBuio, BbIBOAAT U3 aKCMyaTa-
LUnu.

BeH3MHbI TepMUYECKMX MPOLECCOB A1 NCMONb30BAHUA UX B MPUTOTOB/E-
HUU CMECEBbIX TOBapPHbIX aBTOMOOU/bHbLIX GEH3MHOB LO/MKHbI 6bITh MOA4BEPT-
HYTbl TUAPOOUYNCTKE OT CEPHUCTbIX COEAMHEHNIN U KaTaIMTUYECKOMY Tuapun-
POBaHWIO 418 YAaNeHUA 0/1e()MHOBbIX Yr1eBOL0POL0B.

Mpouecc TepmMOrMapoKpeKnHra B NpuCcy TCTBUM BOLOPOAA OCYLLECTBAAIOT
no ABYM TuUMNam TEXHONOTUA — rmapoBUCOPEKMHIA U TEPMOTUAPOKPEKNHTA
noj fAaB/fieHMeEM.

"MAPOBUCOPEKMHT TAXENOro 0CTaTO4HOro Cbipbs NMPOBOAAT B TEX XKe YC/O-
BMAX, YTO U BUCOPEKWUHT, HO B MPUCYTCTBMM BOAOPOAA MU NPWN NOBbILLEHHOM
faBneHUn. NpoMbILWNEHHbIX TEXHOMOMMYECKMX YCTAHOBOK 3TOro npotecca
MokKa HeT, 04HaKOo BefyliMe KOMNaHWN aKTUBHO MX pa3pabaTbiBatOT C LEe/bio
MOSIYYNTb C BbICOKMM BbIXOAOM "CBET/ble" AUCTUNNATHbIE (PPaKLUN C HAUMMEHb-
LWUM coaepXaHnem cepbl. NpucyTcTBME BOAOPOAA, MPAKTUYECKN He yYacTBY-
loLLero B 06pasoBaHunm LeneBbiX NPOAYKTOB, NO3BONSET 06pbIBATH NMPOLECCHI
3apOoXXAeHnsA paguKanoB MONEKY/ 1 NpesoTBpawaTe TaKum 06pasom passuTme
peakumnii ynaoTHeHUA, achanbTeHoob6pasoBaHMa 1 ap. MNMpouyecc ocywecTsns-
toT nof AasneHnem BCI okono 20—25 MT1a n npu Temneparypax 400-450 °C.

TepmMOrnapoKpeKnHr nog AasneHneM — npoLecc, HanpasieHHbIA Ha nepe-
paboTKy OCTATKOB MeperoHKU TXeNblX HePTEN C Lenbio NosyvyeHMs CBET/bIX
HeTenpoaykToB. lNMpouecc npoTtekaet npu 350—550 °C, gaBneHUn Bblle
20 MMa B cpepe Bogopoda. MpeactaBnsetT co60iM 06GHOBNEHHbLIN BapuaHT Tex-
HONOTUN AECTPYKTUBHOW rMApPOreHn3aumnmn TBePAbIX rOpUYMX UCKOMAeMbIX,
paspaboTaHHOI B "'epmaHnn B 30-X rogax XX B.

KokcoBaHve — 3TO npouecc TepMUYecKon nepepaboTKn He(YTAHbIX OCTaT-
KOB M UX CMeCei C TSHXKeNbIMU ra3oniaMmu npu HeBbICOKOM M36bITOYHOM AaB-
nedun (go 0,2—0,3 MTI1a) ¢ uenbo NPON3BOACTBA CBET/IbIX He(DTENPOAYKTOB
N HEPTAHOIO KOKca.

TeHAeHUUM pa3sBUTUA MEPEYNC/IEHHbIX TEPMUYECKMX NpoLeccoB (TepmMo-
KPEKWHT, BUCOPEKUHT, KOKCOBaHWE, MUPO/IN3, NPOMU3BOACTBO BUTYMOB, TEXHU-
4ecKoro yrsiepoga v nekos v Ap.) U COOTHOLIEHNE UX MOLLHOCTEN B permoHax
MUpa pPasnyHbI.
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Hanpumep, B CLUA, npecnefyrowmx Leam makcumanabHOro npon3soAcTaa
aBTOMOOUIbHBIX 6EH3MHOB, NMPOLECC KOKCOBaHMA pa3sBmnBasm NpemmMyL,ecTBeH-
HO A5 NONYYEHUS NETKMX ANCTUINATOB U UX NOCNeAYHOLEro ruapoobnaropa-
XnBaHuA. B Poccuum npouecc KOKCOBaHMUS NMPUMEHSAOT B OCHOBHOM /151 Y/0B-
NeTBOPEeHNsA NOTPebHOCTEN B 3NEKTPOAHOM He(PTAHOM KOKce. [LOCTATOYHO
CNOXHOE NOMOXEHNE C NPON3BOACTBOM B PocCUM Hanmbonee LEHHbIX ANS anto-
MWHWNEBOW M 3NEKTPOAHON NMPOMbILINEHHOCTMN BUAOB HE(NTAHBIX KOKCOB
(KHIMC-CM, KHIMNC-KM). Oco6eHHO OCTPO CTOMUT BOMNPOC C OpraHun3aLmnen
NPON3BOACTBA MPOKaNEHHOI0 Uro/bv4aToro KokKca 19 3/1eKTPOAHON NPOMbILL -
NEHHOCTU, KOTOPbIWA CerofHs NOMHOCTbO UMMNOPTUPYIOT.

Muponn3s — TepmonepepaboTka HedhTera3oBoro cbipbs (0T raz3oo6pasHoOro
[0 Xunakoro) npu temnepatypax 700—900 °C 1 HeBbICOKOM AaBNEHUN C Lefbio
nofyyeHna oneuHOCOLEep KaLLero rasa (Cny»awlero cblpbeM A1 NpoLeccos
nonumepusalnn, ankManpoBaHUa U NPoOn3BOACTBA Pa3NMUYHONW NPOAYKL UM
HejpTexumum).

Mpoun3BoACTBO BMTYMOB — NpefgHasHayYeHO A5 MONYYEHUA LOPOXHbIX
(okono 80 % obbema NPon3BoACTBA); CTPOMTENbHbIX (0K0M0 10 %), KpOBENbHbIX
(okono 10 %) n gpyrux MapoK GUTYMOB NyTEM TEPMOOKUCIEHUS TSHKENbIX
He()TAHbIX OCTATKOB M MUX CMecen C PSAOM TEXHONOrMYECKMX NONYNpoayKTOB
(3KCTpaKTaMn CeneKTUBHOM OYUCTKM Macen, achanbTuTamm npouecca geac-
(panbTU3auMn, cMOamMu NUPONU3a, KPEKUHI-0CTaTKaMn 1 Ap.) npu Temnepa-
Typax 230—270 °C kucnopoaom Bo3ayxa (4o 100 HM3I M 3cbipbs). Mo cnocobam
MPOM3BOACTBA Pa3NNyYaroT 0CTaTOYHbIe, OKUC/EHHble (6onee 95 %) M Komna-
YHAMPOBaHHble 6UTYMbl. Hanbonee nepcrneKTUBHbI KOMNayHANPOBaHHbIe 6U-
TYMbl U MPOAYKTbI HA UX OCHOBE — NOJIMMEPHO-OUTYMHbIE BSXKYLLME N BUTYM-
Hble 3MY/NbCUKN, KAYECTBO KOTOPbIX MO3BONSET YAOBNETBOPSATb BCe BO3pacTato-
e TpeboBaHMUS NoTpebuTenen (nNpexnae BCero, AOPOXKHYH PEMOHTHO-CTPO-
UTENIbHYI0 OTpac/ib X0341CTBa).

Mpon3BoACTBO TEXHWUYECKOrOo yrnepoda v neka. MNpouecc TepmoobpaboTKm
XNAKOro UM ra3oobpasHoro cbipbs (MPOAYKTOB NUPON3a, KPEKUHIA, KOKCO-
BaHMA, IKCTpaKLUMn 1 ap.) npotekaet npu Temnepatypax 320—450 °C (o149 neka)
nnun go 2000 °C (ana TexHU4veckoro yrnepoga). Cyulectsyrouime nevyHom, aud-
(Y3MOHHBIA UM TEPMUYECKMIA cnocobbl NPOM3BOACTBA TEXHUYECKOTO yre-
pofa (Caxu) BKIKOYAKT CTaAuN Pa3noXeHus cblipbsi ¢ 06pa3oBaHUEM TEXHU-
4YeCKOro yrnepoga, OX/IaXAeHUss caXerasoBon cMecu, ynaBnuBaHUA U3 Hee
CaXKn, OUYUCTKY W rpaHynsauuio nocnegHen. M3-3a BbICOKON peHTabenbHOCTH
MPOM3BOACTBO TEXHMYECKOTO yrnepoaa eue Bo BpemeHa CCCP 6b110 opraHu-
3alMOHHO BblAeNeHO B CaMOCTOATENbHYO CTPYKTypy. Nocne pacnaga CCCP
06beM NMPOM3BOACTBA TEXHUYECKOTO yriepofa, Kak v 6utyma, ynaa novtu
B 4 pa3za. [pn 3TOM MMpOBas NPOMbILWNEHHOCTb TEXHNYECKOTIO Yriepoaa Bbl-
pabatbiBaeT cerogHa 6onee 11 MaH T/rof NpoayKunmn, HEMNPEPbIBHO COBEPLUEH-
CTBYSl TEXHO/IOTUWN NPOM3BOACTBA M MOBbILWAA KAaYeCcTBO NMPOAYKLUMN.

MonyyeHne He(PTAHbIX NEKOB OCYLLECTB/AKT B TeYeHUE HECKO/bKUX
4acoB B Kackafe peakTopOB aBTOK/MABHOrO TUMa M3 BbICOKOAPOMaTM30BaHHO-
ro Cblpbsi MPU HEMPepbLIBHOM MepeMeLllnBaHUM C MOMOLbD MHEPTHOTO UK
MPMPOAHOro rasa ¢ NOCAeAylLWMM BaKyyMUpoBaHNEM W pasrasnpoBaHneEM
NMPoAYyKTa.
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TepmokaTanMTumyeckne npoueccbl. OQHOBPEMEHHOE MCMO/Ib30BaHMe B Ne-
pepaboTKe He(hTerasoBOro cbipbs BbICOKMX Temnepatyp (o 500 °C) n katanu-
3aTOPOB XapaKTepHO AN TEPMOKaTa/IMTUYECKMUX MPOLLECCOB, K KOTOPbLIM OT-
HOCAT: KaTaIMTUYECKNIA KPEKNHT, KaTanuTUYeCKNIA pUGPOPMUHT BEH3UHOBBIX
(hpakumin 1 n3omepunsaLnio XuUaKnx «-napa@uHoBbIX yrnesogopogos Cs5—C6.

Ha cxeme, npuBefeHHON HWXKe, NpeacTaBneHa Knaccugpunkayna Tepmoka-
TaNUTUYECKNUX NpoLeccoB nepepaboTky Hed)Tera3oBoro CbipbA.

KaTanmTunyecknii KpeKUHT TsXKeNbIX ra3onsieBbiX gpakumni, HePTAHbIX OC-
TaTKOB, a TaKXe Ux cMmeceit npu Temnepartypax 470—540 °C Ha antoMoCUInKaT-
HbIX LLeonMTCcoAepXallnx KatanmsaTopax ¢ Lenbio nNofyyeHnsa BbICOKOOKTaHO-
BbIX KOMMOHEHTOB 6eH3MHa C O4HOBPeMeHHbIM 06pa3oBaHMeM rasa, obora-
LLLEHHOro NponaH-NPoONMUIEHOBON U GYTaH-0YTUIEHOBOW (hpaKUnaMu, SBNs-
eTCA O4HUM M3 BOXKHENLNX (PU3NKO-XMMMUYECKMX NPOoLEeccoB, obecneynsato-
WMX yrny6neHue nepepaboTkn HedTN M BbIpabOTKY KOMMOHEHTOB aBTOMOOU/b-
HOro 6eH3nHa 1 AM3enbHOro Tonanea. B MMPOBOI NpakKTUKe CTPOUTENLCTBO
YCTaHOBOK KaTanuTuyeckoro kpekumHra "noung” (KK®) ocyuectenstoT, Kak
npasuno, ¢ npeaBapmMTeNbHON TMAPOOYUCTKON CbipbA. B mocnefHue rofbl ata
TeHZeHUumMa nonyymnna passutume n Ha page HIM3 Poccun B BUge co3gaHusa npo-
N3BOACTBEHHO-TEXHO/IOTMYECKUX KOMMJeKcoB (pa3gen 2.4). B HacTosL,ee Bpe-
MS KaTa/IMTUYECKNA KPEKUHT paboTaeT B ABYX HanpaBneHUsAX — C NONYYEHU-
eM MaKC/MMasibHOro KO/IMYecTBa WM BbICOKOOKTAHOBOIro 6eH3MHa, Unmn npo-
MUaeHa B 3aBUCMMOCTU OT NOTPEOHOCTEN pbIHKA HEDTENPOLYKTOB.

Mpon3BOACTBO BbICOKOKAYECTBEHHbIX, 3KOIOTUYECKN YNCTbIX aBBTOMOOW/Ib-
HbIX 6eH3MHOB TpebyeT 40060PYA0BAHNSA YCTAHOBOK KaTa/INTUUYECKOTO KPEKUH-
ra (4encTByOWMX U BHOBb NPOEKTUPYEMbIX) 6/10KaMWN TMAPOOYUCTKN GEH3UN-
Ha. B cocTaB Npon3BOACTBEHHO-TEXHOMOMMYECKMX KOMMIEKCOB KaTaiuTuye-
CKOrO KpPeKMHra BXoAanT 610K anknanpoBaHua oiepMHOB N306yTaHOM, Cblpb-
eM KOTOPOro cnyxart n3obyTtaH, 6yTuUNeHbl U NponuieH KpeknHra. Monyyae-
MbllA B NpoLecce KataMTUYECKOro KpeKMHra nponuieH Ucnonb3yrT Kak ans
NMPOM3BOACTBA BbICOKOOKTAHOBOIN f06aBKWN K 6GeH3MHaM, TaK U B KayecTBe
CbIpbs AN NPOM3BOACTBA NONMMPONUIEHA, & TPeTUYHbIe N300/1euHbl LLICS—C7
(hpakynm nerkoro 6eH3nHa KpekmnHra nogeepratoT OKCManKUINpoBaHUIo.

KaTanmTunyecknii pupopmMmnHr — BaXKHenLWMin npowecc npounsBoaCcTBa M3
MPSAMOTOHHbIX 6€H3NMHOBbIX (DpaKL il BbICOKOOKTAHOBbIX KOMMOHEHTOB aBTO-
MOOUNbHBLIX BEH3NHOB N apOMaTUYECKUX YIeBOAOPOAOB (pa3fensiemMblX 3aTeM
Ha MHAMBUAYA/bHbIE), @ TaKXXe BOAOPOACOAepKaLlero rasa (419 TepMorngpo-
KaTaMTuyecknx npoueccos). KnaccuduumpoBaHume ero Kak TepMoKatanmTm-

29



4ecKoro, a He TepMOrMApoKaTaIMTUYECKOro npouecca 06yc/ioB/IeHO Npenmy-
LLLeCTBEHHbIM Hey4YacTUeM BOAOPOAA B NPOTEKAHUN OCHOBHbIX peakumnii. YcTa-
HOBKY paboTaloT npu HKU3KoMm fasneHun BCI (mo 0,35 MTI1a) n ¢ HenpepbiB-
HOW pereHepauuen katanusaTtopa. MNpuyem nx, B CUNy paga akcnayaTtaynoH-
HbIX M 3KONOTNYECKMUX MPUYNH, KOMOUHMPYIOT C npoLeccaMmy n3omMmepusannm
Nerknx 6eH3nHOBbLIX (hpakunii 1 yganeHns 6eH3ona n3 puopmaros Ha cTaguu
NMPOM3BOACTBa TOBAPHOWN NPOAYKLUWN.

B HacTosLWee BpemMs B CBSA3M C YXKECTOYEHNEM TpeboBaHMNN K 6eH3MHAM No
cofiep>XaHuto 6eH30/1a 1 apoMaTUYeCcKMX yrieso4opoaoB (UTO OTPaXeHO B eB-
ponencknx TpeboBaHMAX K TONIMBaAM MapokK eBpo-4, -5 N B pOCCUNCKUX Tpe-
6oBaHUAX TeXHMYECKOro perfameHTa K TonamMeam kKnacca-3, -4) puopMuHr
yTpayMBaeT CBOe NPUOPUTETHOE 3HAYEHMEe B MPOM3BOACTBE TOBAPHbLIX aBTOMO-
OUNbHbIX 6eH3NMHOB. CHMXeHMe fonn pudopmarta Nnpu Npons3BoLCcTee 6eH3n-
HOB Knacca 4 1 5CcBs3aHO He TOJIbKO C OrpaHNYeHNEM COAEePXKaHMA B HUX OeH-
30/1a U1 apoMaTUyecKux yrnesofoposfoB (Hapsgy ¢ HOpMaMu Mo COAEPXKAHUIO
CEPHUCTbIX, KUCNOPOACOoAepXKaWwnX N 0NePUHOBLIX COeAUHEHUI, faBNEHUIO
HaCblILLEHHbIX NapoB U Ap.), HO U C HEYA0BIeTBOPUTENIbHLIM pacnpejenieHnem
OKTAHOBbIX XapaKTepUCTUK pugopmarta no pakumam. B cBA3M ¢ 3TUM BO3pa-
CTaeT TEHAEHUMA — coyeTaTb Npouecc puPopmMmHra ¢ npoLeccamu yganeHus
6eH30/1a 1 n3omepmsaumnm nerkoro 6eHsnHa C5—C 7419 NOBbILEHNS ero OKTa-
HOBbIX XapaKTEPUCTUK U CHUXeHUA pasHuLbl mexay MOY n MOY.

CepbesHblil HeOCTATOK pudopmaTa Kak KOMMNOHEHTA COBPEMEHHbIX aB-
TOMOGW/bHbIX 6€H3NHOB — 60onbloe pa3nnuune (102 egnHunu) mexay 3Ha-
yeHUsaMun nx MOY n MOUY, 4yTo CHUXaeT OKTaHOBbIN nHAekc (ON), T. e. go-
POXXHOe OKTaHOBOe 4mncno (cpegHee apumeTmnyeckoe mexagy MO4Y n MQOU).

Ewe ogHa coBpeMeHHas TeHAeHUNA He(hTenepepaboTKM —MoepHuU3aLma
YCTaHOBOK pUOPMMHTa C LeNbio MOoBbIWEHNA Bbixoaa sogopoga (BCIY) 6e3
NMPONOPLNOHANbLHOIO YBe/IMYeHMA BbIX0A4a apoMaTUYeCKMUX YrnesoL0posL0B.

M3omepusaumsa >KUAKUX H-napauHoBbIX YrneBo40poL0B — Of4UH M3 CaMblX
peHTabeNbHbIX NPOLLECCOB NOMYYeHMA BbICOKOOKTAHOBbIX 1 3KONOTNYECKHU "Un-
CTbIX" KOMMOHEHTOB aBTOMOOW/IbHbIX 6EH3MHOB M3 HU3KOOKTAHOBbLIX 6EH3U-
HOBbIX ppakynin C5—C7npu Temnepatypax 110—280 °C Ha TBepAbIX KaTanmsa-
TOopax nNpu n3bbITOYHOM gasneHun sogopoga 1,4—4,2 Mrla.

M3omepusaymsa, n3snekas B Ka4ecTBe Cbipba M3 cocTaBa 6eH3MHOB HU3KO-
OKTaHOBble pakumm C5—-C7c¢c MOY = 65—75 1 Bo3BpalLas B 6eH3NHOBbIN
(hoHA KOMNOHeHT ¢ MOY = 82—90, obecneymBaeT CYLLECTBEHHbIN 3P EKT npu-
pocTa OKTAHOBbIX YMCEN TOBAPHOW MPOAYKLUUN.

B mupoBoi HethTenepepaboTke cymMMapHas MOLWHOCTb MPOLLECCOB M30Me-
pusauunu npesbiwaet 50 MaH T/rog.

B poccuiickoin HethTenepepaboTKe NPOU3BOACTBO M30Mepu3aTa, He06Xo-
AMMOTO 4151 BbIMYCKa COBPEMEHHbIX aBTOMOOU/IbHLIX 6EH3MHOB, pa3BMBaeTCA 0-
CTaTOYHO AMHAMMUYHO. Tak, COOTBETCTBYlOUIME TpeboBaHNA TEeXHUYECKOTro
pernameHTa P® cnocobcTBoBany TOMy, YTO 60/bWMNHCTBO KPYynHbIX HI13
Poccun cerogHs akcnayatupyroT YCTaHOBKU M30Mepu3aunm nerkmx 6eH3mHo-
BbIX pakyuin. B uenom, npowuecc naomepusaymm no3sosisgeT NoBbilWaTb OKTa-
HOBble XapaKTePUCTUKN 6eH3MHa NPU MUHUMa/IbBHON CTOMMOCTU LOCTUraemoro
pesysnbTara.
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TepmorugpokaTanMTUyeckne npoueccbl. Bece 6oee WMPoKoe BOBNeYeHME
B NepepaboTKy CEPHUCTOro M BbICOKOCEPHUCTOr0 He(hTerasoBoro Chipbs Mpu
0[JHOBPEMEHHOM NOBbILLIEHUN TPE6OBAHUI K 3KONOTMYECKMM W KCMNyaTaLn-
OHHbIM XapaKTepucTukaM HeTeNPOAYKTOB 00YC/I0BNMBAIOT LLIMPOKOE pacnpo-
CTpaHeHWe TEPMOTrMApoOKaTaNUTUUYECKMX NPOLECCOB, KOTOPble MPOTEKaloT
0[HOBPEMEHHO NpPU MOBbILIEHHbLIX TEMMEpaTypax B MPUCYTCTBUM KaTann3aTo-
POB U NPW y4yaCTUM BOJOPOa B OCHOBHbIX peakumsax. Knaccugukauymsa Tepmo-
rMApPOKaTaIMTUYECKUX NPOLLECCOB NepepaboTKM HeTU NpeacTaBieHa Ha cXe-
Me, NPUBEAEHHOW HMXe. DTN NpoLecchl pa3aeneHbl Ha TMAPOOUYNCTKY U TUA-
POKPEKWHT.

*K gUCcTUNNsATaM BTOPUUHOIO MPOUCXOXKAEHUSI 0THOCAT 6eH3MHOBbLIE, KEPOCUHOBbIE, AN3e/bHbIE U Ba-
KYYyMHble (PpaKLMy MPOoLEeccoB TEPMUUYECKOr0 KpPeKMHra noj AaBfieHneM, BUCGPEKMHra, KOKCOBaHMsl,
NUPOSN3a, KaTa/IMTUYECKOTO KPEKUHTa, T. €. TeX MPOLLECCOB, MPOAYKTbl KOTOPbIX COAePXKaT 3HAUUTE b-
HOe KO/IMYECTBO HenpeaesibHbIX U apoMaTUUeCKUX COefMHEHUI

B Hay4YHO-TexXHMYeCcKOoI NnuTepaType TepMornapoKaTanmTuyeckume npouec-
Cbl YAacTO Ha3blBalT "rMAPOreHM3auMoHHbIMKN". CneunannucTbl cUMTALOT,
OiHAKO, YTO FMAPOKPEKNHT U TMAPOOYNCTKA OTNYAKOTCS NO CTENEHU KOHBEP-
cun cbipbsi. Ecnm KoHBepcua cbipbs cocTaBnsieT meHee 10 % (mae.), TO TaKoi
TepMOrnapoKaTaMTUYECKNn NPOLLECC Ha3bliBalOT rMAPOOUMNCTKONM, ecnm oT 10
00 50 % (mae.), —3T0 Nerknini rMApPoKpeKnHr, ecnu 6onee 50 % (mae.) —rny6o-
KU TUAPOKPEKMHT.

fMapoouncTKa — TEPMOTMAPOKATAIMTUYECKMUIA NpoLEecC yaaneHns u3
HEPTAHbIX hpaKUWA N OCTaTKOB HeXenaTeNbHbIX Cepo-, a3oT-, KMCNOPOa-
N MeTannocoaepaliux coeMHEeHNA, CONPOBOXAAKLLINIACA YaCTUYHbIM TUA-
pupoBaHmem 0neMHOBbLIX coeanHeHNA. MpoBOAAT NpK AaBNeHUM BOAOPOAA
oT 2,5 5o 6,0 MIMa n Temnepatypax 270—360 °C.

Mpouecchl TMAPOOYNCTKM B CBOK 04Yepe/b pa3aensitoT Ha TEXHONOTUKN Tnuj-
POOYUCTKUN AUCTUNNATOB, HEDTAHbLIX OCTAaTKOB U TMAPUPOBAHNS ANCTUNNATOB
BTOPUYHOIO MPOUCXOXAEHMUS.
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TexHONOrn rMMAPOOUNCTKN HEPTAHbIX OCTATKOB OT/IMYAET OT TEXHONOTr U
rMAPOOUYUCTKN AUCTUNNATOB B OCHOBHOM TO, YTO Hapajy C yaaneHuem CepHu-
CTbIX, @30TUCTbIX U KUCMOPOACOAepXKaLlMX COeANHEHNIN N3 Cbipbsi MPOUCXO-
AWUT ero rugpogemertannnsayms, 1. e. 04MCTKA OT COeQUHEHUIA, COoAepXKallnx
Takue MeTanbl, KaK HUKeNb, BaHaAWNI, XXeneso u ap.

["MapvpoBaHne AUCTUNNATOB BTOPUYHOIO NPOUCXOXKAEHNA, ABNAIOLLeecq va-
CTHbIM C/ly4aeM rmapooYUCTKN AUCTUINATOB, OT/IMYAET rMaBHbIM 06pasom To,
4YTO OHW cofepxart 6osee 3HAYUTENbHOE KOMMYECTBO ON1e(PUHOBLIX COefNHe-
HUW, TOPMO3ALLMX peakunn B3aMMoAencTBNS ¢ BOLOPOAOM BCEX retepoopra-
HNYECKMX KOMMOHEHTOB. MpK 3TOM pe3Ko BO3pacTaroT TensoBoin ahhekT pe-
akunm (peakumns rugpupoBaHusa HenpepenbHbIX MOJSIEKY/ ABNAETCA 3K30Tep-
MMYECKOI) 1 nepenag TemnepaTypbl B C/ioe Katanusartopa. Moatomy B nepsyto
o4yepefb NMPOTEKAKT peakumm rmapnupoBaHns onenHOB.

B nocnegHue rofbl nosiBMnack MHpopmaumsa, cemietenscreytowas ob yc-
MewHOM MCNob30BaHUM 3TOro npolecca U AN rMapooYNCTKU OCTATKOB, CO-
JepxXawimx 3HaunTenbHble KONYecTBa METAN/IOPraHUYecKnx n Apyrux rete-
POCOEANHEHWIA.

"MAPOKPEKUHT — TepMOrnapokaTanMTnyeckunii npowecc nepepaboTkm guc-
TUNNATHOIO N OCTATOYHOTO ChipbA. NpoBoaaT npu fasneHun 8—20 MTla B npu-
CYTCTBUM BOAOPOACOAEPXKALLEro rasau Katanm3aTopos npu Temmnepatypax 350—
450 °C c o6pa3oBaHMeEM LUMPOKOIro acCOPTUMEHTA MPOAYKTOB (OT 6€H3NHOBbLIX
[0 BaKyyMHbIX ANCTUANATOB). M03BONSET TMOKO M3MEHATb B 3aBUCUMOCTU OT
Crnpoca BbIX04 OTAeNbHbIX ANCTUNNATOB.

JNerknin rmapoKpeKVHr HepTera3oBoro Cblipbs NPOBOAAT C Lie/Iblo NOAr0TOB-
KW Cbipba And nocnegyrowmnx TeXHON0rMyecknx npoueccoB U Kak camMoCcTos-
TeNbHbIN, OCHOBHOWN (hM3NKO-XUMMNYECKNIA NpoLecc AN NMOBbIWEHNA BbIXoga
"cBeTNbIX" He(hTenpoayKToB B o6uem 6anaHce HIM3. JIerknini rupoKPeKnNHT
MOXHO NPOBOANTL C UCNONb30BAHWEM B KayeCTBE CbipbA AUCTUNNATOB
N HEe(PTAHbIX OCTATKOB. K NerkoMy rupoKpeKuHry cnefyeTt TakXe OTHECTU
npouecc rugpogenapauHunsaumnm atMocepHbIX U BaKyyMHbIX ra3onneBblX
(hpakumnii.

["Ny6OKWIA TMAPOKPEKUHT MPOBOAAT C Le/blo 60/1ee 3HaUMTeNIbHOTO MOBbILWe-
HMA BblIxoAaa "cBeT/bIX" HepTenpoaykToB. Mpu gasneHnax BCI sbiwe 15 MTla
Takue npoueccbl No3BonsT otéupatb 4o 80 % (Mae.) "cBeT/bIX" HedTenpo-
AYKTOB, YTO CBMAETE/IbCTBYET O NPenMyLL,eCTBEHHOM MPOTEKAHUN peaKLmnii pac-
WwenneHns Monekyn colpbsi No C—C-cBA3AM. yO60KOMY r'MAPOKPEKMHTY Nofa-
BEprawT n AUCTUNNATHOE, N OCTaTOYHOE Cbipbe. TeXHOM0rnm npouecca rny6o-
KOro rmpoKpeKnHra no COCTOAHMIO KaTanmsaTtopa B peakTope noapasgensatoT
Ha rT’MAPOKPEKUHT B CTaLlMOHapHOM HENOABMXHOM C/I0€ KaTtanu3aTopa, BO B3Be-
LWEeHHOM "KundawemM" cnoe n Ha ABMXKYLLLEMCA BMECTE C CbIpbeM C/loe KaTanunsa-
TOpa.

Mpouecc ruapoKpeKnHra nonyymn HambonbLlee pacnpoctpaHeHune 8 CLUA,
AnoHnn n 3anagHoin EBpone. PeweHne NpUopuTeTHON npobnembl B Poc-
cun —yrnybneHve nepepaboTKn He(hTU —CBA3AHO CO CTPOUTENLCTBOM HOBbIX
YCTAHOBOK IMAPOKPEKMHIa BaKyyMHbIX rasonnein v ryipoHos.

TepmuH "rugpoobnaropaxnsaHue” cbipba CBA3aH, Mpexae BCero, ¢ nepe-
paboTKOM AUCTUNNATOB BTOPUYHOTO NPOUCXOXKAEHNS, KOrha He06X0AMMO CHa-
Yyasia UX rTMApPMPoOBaTh, 0CBOOBOXAAACHh OT U3OLITOYHOrO KOMMYEeCTBa 0/1e(PUHO-
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BbIX KOMIMOHEHTOB, a 3aTeM NPOBOAUTbL TMAPOOUYUCTKY AN CHUXEHUA Konnye-
CTBa reTepocoeMHEHNIA B NPOAYKTE.

TepMuUH "TAPOKOHBepPCKUA" CBA3AH C MPOLECCOM I/Ty60KOro rmapoKpPeKNHra
HEe(DTAHOrO CbipbsA, TaK Kak HE0O6X04MMO CHayasa noslyunuTb BbICOKUIA BbIXOA
AUCTUNNATOB, & 3aTEM B MpoLecce rMapoo0UYNUCTKM CHU3UTL coflepXaHue rete-
pPOCOEeAUHEHUI B NPOAYKTAX.

MepepaboTka HehTe3aBOACKMX rasoB. B npoueccax nepepaboTkn HedTA-
HOro cbipbs Ha HIM3 obpasyetcs B cpefHeM 5—20 % (Mae.) TEXHONOTUMYEeCKNX
rasos (npegesibHbIX U HenpeaesbHbIX, CYXUX U XUPHbIX, HOPMa/ibHOro N N30-
CTpOeHMA). IX KONNYECTBO HaMPsAMYH CBA3AHO C CYLLECTBYHOLWNUM Ha KaXA0M
KOHKPETHOM NpeanpuAaTUM HabopoM TEXHONOTMYECKUX NPOLECCOB, KOTOPbIN
XapaKTepusyeT, B CBOK o4epefb, rNyouHy nepepaboTKNU HEPTU U aCCOPTUMEHT
BbINyCKaeMoun NpoayKuuu.

Kaxbli KOMMOHEHT 3TUX ra3oB HaXo4WUT CBOE paLlMOHanbHOe MCMNOoMb30-
BaHMe MO0 KaK Cbipbe ANA APYrnX TEXHONOTMYECKUX NPOLECCOB HedTeraso-
nepepaboTKn UM HePTEXUMUU, NMOO KaK KOMMNOHEHT MOTOPHOI0, ObITOBOIO
NN TEXHONOTMYECKOro TONaMBa, NM60 Kak 3KCTpareHT Uan xnagoareHT U T. 4.

MepepaboTka HethTe3aBOACKMX (CYMMbl MONYTHBIX HENTAHbLIX U TEXHOO-
rMYeckux) rasoB Ha coBpemeHHOM HT13 BKIOYaeT pag pusnyecknx (0UnCTKa,
ocyliKa, ppakymoHnpoBaHue) n GUnKo-xmMmmnyeckmnx npoweccos (Npon3Boa-
cTBO MTBED 1 3TB3, cepbl N CEPHOM KUCNOTbI, BOAOPOAA; anKUInpoBaHue
n3o0byTaHa oneuHaMmn, onMroMepusanmsa n NnoaMMmepusaumns onenHoOB, nN3o-
Mepusaumnsa H-6yTaHa).

®dpakunoHnposaHue. Pa3feneHune rasa Ha oTAe/lbHble UHANBUAYANbHbIE YT-
NeBOAOPOAbI N Y3KKe YreBOAOPOAHbIE (DPaKLUK OCYLLLECTBAAKOT Ha rasopak-
unoHupyrwmnx (FeY) nnn abcopbUNOHHO-ra3o@pakyMOHNPYOLWMX YCTaHOB-
Kax (Ar®Y). Mpu Hannumy Ha NpesnpuaTUN 3HAYNTENIbHbIX MOLLLHOCTEN Tep-
mMonpoLeccos, BbipabarbiBalOWmMxX razoobpasHblie 0/ie)UHbI, 06bIYHO UMEETCH
He MeHee ABYyX DY, ogHa 13 KOTOPbIX NpefHa3HayeHa 414 nepepaboTku npe-
[eNbHbIX YrneBoAopoAOB, Apyrad — HenpeaenbHbIX.

MpoussoacTeo MTE3 n 3Tb3. MTED fABNAETCS BbICOKOOKTAHOBOMW KMUC-
nopoacoaepxatler 1o06aBKo K aBTOMO6GUNbHBLIM 6eH3MHaM. Ero oktaHoBoe
4yncno No MoTopHomy MmeTtogy cocTaBnseT 102 nyHkKTa, a No uccnegoBaTesb-
CKoMy metoay — 118.

Mocne 3anpeta ucnonb3oBaHna MTBES B CLUA B 2006 I. KAK TOKCUYHOTO
BelllecTBa, OTPaB/AKOLLENO TPYHTOBbLIE MUTLEBbIE BOAbI JaXe B KOMMYECTBAX
MeHee 1 ppm, ycTaHOBKK No npoussofctsy MTBE3 Havyanm 4acTUYHO Mnepe-
npouAnpoBaThb Ha BbIMYCK 3TUN-a"eT-6yTnNoBOro agupa (3TE3). OaHako
Takad PeKOHCTPYKLMSA He Bcerfga onpaBgaHa 3KOHOMUYeECKU M3-3a 6onee
BbICOKO CTOMMOCTW 3TaHO/Na N0 CPABHEHWUIO C METaHOJIOM.

Mpown3soacTBO BogopoAa. LLnpokoe pa3BuTMe TEPMOTMAPOKATANIUTUYECKUX
npoueccoB nepepaboTKN He()TU HEBO3MOXHO 6€3 HanM4yms JOCTaTOYHbIX pe-
cypcos Bogopoga. OCHOBHOe KO/IMYEeCTBO BOAOPOAA Ha HeTenepepabaTbiBa-
IO MX 3aBOJaxX NMOAyYalT B NPOLECcCe KaTaIMTUYeCKOro puopmmHra. TexHu-
YeCKWin BOAOPO/ KaTanMTUUYeCKoro puopMuHra 6eH3nHa cogepxut ot 70 ao
92 % H2, a Bogopog cneunanbHoro npoussoactea — ot 90 Ao 99,99 % H2
B 3aBMCMMOCTM OT crnocoba ero nony4veHus. Bogopos MoxeT ObiTb NMONy4eH
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crneynanbHbIMM MeTOAaMu: KaTalMTUYEeCKOW KOHBepCUen YyrneBofopoaHbIX
rasoBs C BOAAHbLIM MapoM, TepMUYECKUM pPa3NoXeHUEM YIr1eBoA0POHbIX ra3os,
rasugpukalmnent TKenoro HeTAHOro ChbipbA.

AnkunnpoBanue. Npouecc anknampoBaHma nsobyTtaHa onepuHamy C3—€5
ocyuwecTBnaT npu temneparypax 5—40 °C Ha KUCNOTHLIX XXUAKUX UIN TBEp-
AblX KaTanusatopax ¢ Lefbio NonyyvyeHus ankunata (anknnbeHsnHa) — LeHHo-
ro BbICOKOOKTAHOBOIr0 KOMMNOHEHTAa aBTOMOOU/IbHbIX GEH3MHOB.

MoTpebHOCTb B ankuiate — Hambonee LEHHOM KOMMOHEHTE COBPEMEH-
HbIX aBTOMOOW/IbHbIX 6EH3MHOB —BO BCEX CTpaHax Mupa CyL,eCTBEHHO BO3pac-
TaeT. OTO CBA3AaHO C OrpaHMYeHMEM U Y)KecToUueHrem TpeboBaHMin Mo psagy no-
KasaTtesieil 6eH3MHa (4aBNeHNI0 HaCbILWEeHHbIX NapoB, PpakLuMOHHOMY coCcTa-
BY, COLEPXKaHMUIO apoMaTMyeCKUX yrnesofopoaos, 6eH3ona, ofehMHOB, cep-
HUCTbIX U KACNOPOACOAEPXKALLNX COeAUHEHNIA, MOKOLWNX Npucagok). Pasnuny-
Hble Mapky 6eH3nHoB CLUA n 3anagHoit EBponbl cogepxatr 18—24 % (mae.)
ankunara.

N3omepusaums H-6yTaHa. B cBA3M ¢ emunTtom n3obyTtaHa, ABMAOLLErocs
O4HVUM N3 KOMMNOHEHTOB CbipbA MpoLecca alKUINpPoBaHna, B paje Cny4vaes
BO3HMKaeT Heo6X04MMOCTb B NPOBEAEHMN NpoLecca n3oMepusaynm «-oyTta-
Ha. Ero ocyuw,ecTsndalT npu Temnepatypax B peaktope 150—200 °C n pasne-
HUn 1,4—,8 MI1a Ha nnaTUHOCOAEPXKaLLLEM KaTanu3aTope B NpUCYyTCTBUN BO-
fopoga ¢ nonyvyeHMem n3obyTtaHa BbICOKOW YMCTOTHI.

Onuromepusayms (noimmepusaunsa) aTueHa, NponuieHa n 6y TUNeHoB Npes-
Ha3HayeHa Ha HI13 ana nony4vyeHns BbICOKOOKTAHOBOI0 KOMMOHEHTa 6eH3u-
Ha. OfHaKo cnegyet OTMETUTL, YTO B 3TOM KOMMOHEHTE BEH3MHOB COAEPXUT-
c 60NbLIOEe KOMMYECTBO O/IE)MHOB, YTO YXyALIaeT UX TEPMOOKUCTUTENbHYIO
CTabunbHOCTb. B HacToslee BpeMa NPoAyKLMA 3TUX YCTAHOBOK He COOTBET-
CTBYET COBPEMEHHbIM TpeboBaHUAM K 6eH3MHaM Mo 3aTOMY rnokasatento. Mpo-
LlecC OCYLeCTBNAOT B MPUCYTCTBUM KaTanmnsatopa (pocdopHasa Kucnota Ha
KM3enbrype, Xxnopug antoMuHUs nnm ap.) npu temnepatypax 160—230 °C u gas-
neHun oo 6 MMMa.

[MepeymncneHHble NMPOLECChl COCTaBNAT OCHOBHOW MPOU3BOLCTBEHHbIN
MoTeHUnan COBPEMEHHON MUPOBO HedTenepepaboTKN, KOTOPYH MpeacTas-
nAT okosio 700 HedpTenepepabaTtbiBalOWMX NPeAnpPUATUA.

Y [OenbHbl BEC PETMOHOB B (DOPMUPOBAHNMN TEXHOOTUYECKOW CTPYKTYPbI
MUPOBON HedTenepepaboTKM MOXHO OUEHWUTb MO AaHHbIM, NPUBELEHHBIM
B Tabn. 1.1. B nocnefgHue rodbl HehTenepepabartbiBatoLyt0 NMPOMbILLIEHHOCTb
B 60/IbLUMHCTBE PETMOHOB MUPa pa3BMBaOT MO/ AaBIeHWEM 3KOMOMMUYECKOro
(pakTOpa. 3HaYMTEeNbHbIE KanuTanosarpaTbl Ha co3jaHue W pa3BuTME NPOU3-
BOZCTB BbICOKOKa4YeCTBEHHbIX "3KOMOrMYeCKnN YACTbIX" HEPTENPOAYKTOB ObIN
CBAA3aHbl MMEHHO C peanun3aynein NPUPOLOOXPaHHbIX MPOEKTOB. B uenom, npu
poCTe MOLHOCTEW NepBUYHON NepepaboTkn 3a nocnegHue 101et Ha 7 %, MmoLy -
HOCTW MPOLECCOB MMAPOOYUNCTKN HEPTENPOAYKTOB BO3pocau Ha 18,3 %, rug-
pokpeknHra — Ha 31 %, Heo6Xxo4MMOro AN 3TUX NPoLeccoB NPou3BOACTBa
BoJopoja — Ha 54 %.

TeHAeHLMA pocTa MOLLHOCTEN NPOL,EeCCOB rMAPOOYUCTKN (B TOM YUCe TUA-
pogeapomaTtm3aumm U easoTUpoBaHMA) MOTOPHbLIX TOMIMB TECHO CBA3aHa
c yrnybneHvem nepepaboTku HepTn. Hapagy ¢ rmapOKPEKMHIOM BO MHOIUX
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Tabnmmua 1.1. Tpon3BoACTBEHHbIA MOTEHLMAN COBPEMEHHOM MMPOBOI HedhTenepepaboTKm

no npoveccam (1toru 2013 r.)

(B ckobkax —umucno HIM3 no gaHHbIM areHTcTBa MHpo TOK-KOHCAJT, 6e3 yyeta MUHU-
3aB0OJ0B)

MOLLHOCTb MPOLLECCOB, M/H T

Mpouecchbl HedpTenepepaboTKM CeBepHas 3anagHas CHI" 11 cTpaHb VIBJC-I:E):;HMVIMIZ

Amepuka (148)  Espona (110) Bantum (55) BocToK (50)

MepBnUHaa nepepaboTka 1078,1 679,1 416,4 373,2
KaTanuTnyecknin KpekuHr 327,7 103,6 34,7 17,9
TMOPOKPEKNHT 97,4 59,3 11,6 29,8
TepMUYECKNIN KPEKUHT 7,2 70,9 30,6 27,0
N BUCOPEKUHT

KokcoBaHue 1444 17,2 12,4 45
Katanutmyecknin puchopmmHr 206,8 101,9 53,7 33,6
mppoouncTka* 832,6 476,4 142,3 105,1
AnKunnmposaHune 68,4 11,8 14 19
M3omepusauma 35,9 23,1 79 3,6
Mpon3BoACcTBO Macen 10,6 59 3,7 1,6
Mpoun3sofCcTBO BUTYMA 30,7 13,6 12,4 51
Mpoun3BoACTBO KOKCa 51,1 4,6 3,4 1,2

*B ruapooYnCTKY BK/IHOUEHbI: TMAPOOYMNCTKA BCEX ANCTUNNATOB, TSXXENOro ra3oins KokcoBa-
HWUSA, Macen n 6eH3MHa KaTaIMTUYECKOTO KPEKMHTra.

pernoHax U cTpaHax mupa HabnpaeTcs pocT MOLLHOCTEN KaTta/IMTUUYeCcKoro
KpeKuHra c 1nT-peakTopom. MOLHOCTN KaTa/IMTUYECKOTrO KPeKUHra B co-
cTaBe MUPoOBO HedTenepepaboTky ¢ 2005 . BbIpoc/n 60/ee YyeM Ha 20 %.

B cBA3M C nepexofoM 60MbLWNHCTBA CTPaH MMpa Ha HOBblE OrpaHNyYeHUs
Mo COoAepXaHuto arikeHOB N apeHOB B CTPYKTYpe MUPOBOM HehTenepepaboTKu
yBe/INYeHbl MOLLHOCTN MPOLEeCcCcCoB n3oMepmsaummnm Ha 25 % 1 Npon3BOACTBA
kucnopogcogepxawmx BOK (BbICOKOOKTaHOBbIX KOMMOHEHTOB) Ha 32 %. Pas-
BMTMe npouecca puopmMuHra npu aToM ocyLecTsnanu, énarogaps ucnosb-
30BaHUI0 YCTAaHOBOK HMU3KOTO [laB/IeHNA C HEMPEePbIBHON CXEMOW pereHepaymmu
KaTanusatopa.

Mpofo/mKarT HAMETUBLLYIOCA paHee B MUPOBOI He(hTenepepaboTKe TeH-
LEHUMIO YKPYMHEHUA AeNCTBYOWUX N CTPOALWMXCS HepTenepepabaTbiBatoLLLmMX
3aB0/lI0B, 0COOEHHO B pa3suBatoLmxcs cTpaHax ATP (A3naTcko-TUX0OKeaH-
CKOro PervoHa).

Bo MHOrnx ctpaHax CyL,eCTBEHHO BO3POC/0 MOTpebneHne KayeCTBEHHbIX
He(hTENPOAYKTOB U NMPOM30LLEeN 3HaYNTENbHbIA CABUT B CTPYKTYpe (hM3NKO-
XUMWYECKNX MPOLLECCOB B CTOPOHY yrnybneHns HedTenepepaboTKn 1 nonyye-
HUA NPOAYKLMWN C yNYULEHHbIMWU NOTPeObUTENLCKMMN CBOMCTBaMM (Tabn. 1.2).

Bbi6op nyTtn passutua HI3 opueHTMpoBaH Ha TpeboBaHUA pblIHKA.
Hanbosnee TeEXHONOTMYECKN Pa3BUTON, IKONOTNYECKM N 3KOHOMUYECKHU COBEp-
LWEeHHON ABNAeTCA He(pTenepepabaTbiBaroL,as NPOMbILWIEHHOCTL CeBepHON
Amepuku, B4yacTtHocTn CoegmHeHHbIX LLTaToB. HIM3 CLUA MMeT camblii Bbl-
COKUI KOA(P(MUMEHT pa3BUTUA TEXHOIOMNIA: 061,25 MOLLHOCTb OCHOBHbIX () 1-
3UKO-XMMMUYECKMX MPOLLECCOB OTHOCUTE/IbHO MOLWHOCTY NEPBUYHON nepepa-
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Tabnmua 1.2. CTpyKTypa (hM3MKO-XUMNYECKNX NPOLIECCOB 3apyBeXKHOM 1 POCCUINCKON
HethTenepepaboTKKM (B % 0T 06beMa MepBUYHON NepepaboTKM HeqTH)

3anagHas
OCHOBHble BTOPUYHbIE MPOLECCHI EB?)%I‘I& CLWA Poccus AnoHus
Katanutuyecknii KpeKnHr 15,2 31,5 7,7 20,6
"MAPOKPEeKNHT 8,7 9,6 3,5 aa
TepMOKPEKMHT 1 BUCOPEKMHT 10,4 0,1 8,0 0,5
KokcoBaHue 2,5 14,6 2,1 2,8
PuthopmuHr, Bcero 15,0 194 11,5 17,3
B TOM uncne ¢ HenpepbIBHOA 5,2 8,2 12 9,0
pereHepaymen
MmagpoouncTka, BCero* 70,2 79,4 36,3 105,1
B TOoMm yucne:
6EeH3NHOB 26,5 33,0 12,0 25,9
ANCTUNNATOB 32,3 27,4 24,3 47,4
He()TAHbIX OCTATKOB 11,4 19,0 — 31,7
AnNKunnpoBaHue 1,7 6,5 0,5 15
M3omepu3sayuma 3,4 3,7 2,4 0,5
MpounssoacTBo MTE3 un gpyrux BOK 0,4 0,2 0,4 01}
lMpoussoacTBo “apomarukmn" 17 2,0 0,5 4,5
Mpon3BOACTBO CMA30UHbIX Macen 0,9 11 0,8 0,0
Mpon3BoACTBO KOKCa 0,7 5,6 0,6 0,3
Mpon3soacTBO BUTYMA 2,0 2,7 3,7 19

*B rnapooyYncTKy BKIOYEHbI: TMAPO0UNCTKA BCEX ANCTUNNATOB, TSXKENOr0 ra3oiins KoKcoBa-
HUSA, Macen 1 6eH3nHa KaTaIMTUUYECKOro KPpeKUHra.

60TKM Hed T cocTaBndeT 6onee 160 % (B AnoHuu ata gons 140 %, B 3anagHoMu
Espone —okono 130 %, B Poccun — 75 %).

OCHOBHasi TEHAEHUMS nocneHMX net B HedtenepepaboTtke CLUA — pas-
BMTME NPOU3BOACTB 3KOJIOTMYECKN YACTbIX aBTOMOOW/IbHBIX 6EH3UHOB, KEPOCHK-
Ha 1 An3enbHbIX TONAUB. 10 Mepe paclMpeHna NCnonb3oBaHUA B TEM03HEP-
retnke CLUA npupofHOro 1 cnaHueBoro rasos najaeTt cpoc Ha KOTe/lbHOe ToM-
nuBo. PocT aBTONapka 06ycnoBnvBaeT yBe/MyYeHne noTpebHOCTM B BbICOKOOK-
TaHOBbIX 3KONOTMYECKMN YNCTbIX aBTOMOOUbHbLIX 6eH3nHax Ha 1—1,2 % B rog,.

B 3anagHoi EBpone npeMMyLecTBEHHbIM CTUMY/IOM pa3BUTUSA HeTene-
pepaboTKM CNYXWUT yBe/IMYEeHMNE PbIHOYHOIO Crpoca Ha Au3e/ibHOe TOMNBO
EBpo-5 (npumepHO Ha 2—3 % B rof).

LOna ATP cerofiHa XxapakTepHbl BbiCOYalLLe TeMMbl pocTa noTpeb1eHns Bcex
BMA0B HEPTENPOALYKTOB 1 COOTBETCTBYHOLLMIA POCT MOLLLHOCTEN NEPBUYHON Ne-
pepaboTKN 1 COBPEMEHHbIX (IU3NKO-XUMUYECKNX NMPOLECCOB. BbICOKUMYU TeM-
namu passuBaroT HedpTenepepaboTky KOXKHasa Kopes, Kutain n NHaus.

HecmoTps Ha pa3nnymsa B KOHKPETHOW OPUEHTUPOBKE PernoHanbHbIX PblH-
KOB, pa3suTue HeTenepepaboTKM BO BCeX CTpaHax M1pa UAeT B YCIOBUAX 3HA-
YATENbHOI0 Y>XecTouyeHUs TpeboBaHMn 3KONOrMYECKOro 3aKoHoAaTebCTBa.

TepMornapokaTanmTUYecKyo nepepaboTKy TAXKeNbIX ras3oisien u masyToB
(B ncnonb3oBaHUM 3TUX MPOLLECCOB NNANPYET ANOHUA) B NocnefHee AeCATU-
netue npumeHsaOT 1 passmsaloT CLUA, KOXxHaa Kopesa n pag gpyrux cTpaH.

BaxkHellwee 3HaYeHne Ana HeTenepepaboTkn Poccum nmeet passutme
npouecca rmapoKpeKknHra, no3eosatoLero obecneymTb BbipaboTKy KepoCUHa,
AV3eNbHOro TONMBa Kfacca 5, 6eH3nHa 4ns ganbHelwen nepepaboTky B COB-
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MeLLeHHbIX NpoLeccax KaTaJIMTUYecKoro puopMumnHra c nsomepusaunen, dec-
CEPHUCTOro ocTaTKa ANs MeYHbIX U KOTe/IbHbIX TOMN/IMB U BCe 3TO — 6e3 npu-
B/IeYEHUA LOMOMHUTENbHBIX PECYpPCcOB HETH.

O[LHOW 13 APKO BbIpaXXeHHbIX TEHAEHLU WA COBPEMEHHOTO pa3BUTUA MUPO-
BOW HedTenepepaboTku, npucylieil 60bWNHCTBY PErMOHOB U CTpaH Mupa,
cTana Bce 60/ee TecHasd Koonepauus HehtenepepaboTKn ¢ HehTEXUMUEN.

B cocTaB BepTMKaNbHO-UHTErPUPOBaHHbIX HE(TAHLIX KOMMNaHui Poccum
BXOAUT 28 KPYMHbIX He(hTenepepabaTbiBatoLWw X 3aBoaoB. [nybuHa nepepaboT-
KU He(pTn Ha npegnpusatnax Poccun 70—72 %. B CLU A rny6uHa nepepaboTku
HedTn cocTaBnsieT 95 %, B EBpone — 85 %. Takoe pa3nuune nokasartenemn cBs-
3aHO C HM3KOW [0M1eil MOWHOCTeN npoueccos yrnyb6neHHon HedhTenepepaboT-
KW Ha POCCUMINCKMX 3aBOAaX.

[ns NoBbIWEHNA KavyecTBa NPOAYKTOB, a TakXe 0340pPOBJIEHMA 3KOJIOTU-
Yyeckon o6cTaHOBKM B Poccum TpeboBanoch ynyudlwnTb CBOMCTBA NPOU3BOAM-
MbIX TOM/INB U NPUBECTUN UX B COOTBETCTBME C eBponeinckumm (tabn. 1.3 n 1.4).

Tabnmua 1.3. Tpe6oBaHna ESC K KayeCcTBY aBTOMOOWU/IbHBLIX GEH3MHOB

[NokasaTtenb EBpo-3 EBpo-4 EBpo-5 EBpo-6

mou 95 95 95 95
CogpepxxaHue, % (mae.), Makc.:

6eH30/a 1,0 1,0 1,0 1,0

cepsbl, 10-4 150 50 10 10

apomaTu4yeckux yrnesoLoponoB 42 35 35 35

0/1e()MHOBbIX YrNeBOL4OPOLOB 18 14 14 14

Kucnopoga 2,3 2,7 2,7 3,7

dpaKUMOHHbIN cocTaB (MeperoHseTcs),
% (06.), He MeHee:

fo 100 °C 46 46 46 46

fo 50 °C 75 75 75 75
JlaBfieHne HacbILlWeHHbIX Napos , Kla, 60 60 60 60
He 6onee
Hannumne mowoLWwmx npmucagok ObsizatenibHo  Obs3aTeibHO  O6si3aTeNibHO  OBs3aTeNbHO

Tabnmua 1.4. Tpe6oBaHuA EQC K KayeCTBY AM3eNbHOM0 TOMNMBa

MNokasaTesib EBpo-3 EBpo-4 EBpo-5
LleTaHOBOE 4MCNO, HE MEHee 51 51 54-58
MnotHoctb npu 15 °C, kr/m3 820-845 825-845 825-830
CogeprkaHne NOANLMKNNYECKUX apoMaTunye- n n 2
CKMX YrneBofopogoB, % (mae.), He 6onee
Lonsa cepbl, % (mae.), He 6onee 0,035 0,005-0,001 0,001
OkucnnTensHas cTabunbHOCTh, /M3, He 6onee 25 25 25
CwmasblBatoLLas cnoco6HOCTb*, MKM, He 6onee 460 460 460
KnHemaTunyeckasa BA3KocTb npu 40 °C, mm2c 2,0-4,5 2,0-4,5 2,0-4,5
®pakKuMoHHbIN cocTas: 95 % (06.) nepero- 360 340-360 340-360
HAaeTca go, °C
CTaHfapT No orpaHMYeHunto cofep>kaHus EBpo-3 EBpo-4 EBpo-5
BPeAHbIX BELLECTB B OTPAOOTaHHbIX rasax
fBuraresnen

+CMa3sblBatoLLas cnoco6HOCTb — CKOPPEKTMPOBAHHbIN AnameTp NATHA M3HOCA.
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MoaTomy B Poccum 6b11 NPUHAT TEXHUYECKUIA periaMeHT, onpegenstowui
KayeCTBO BbIMyCKaeMbIX HEPTENPOAYKTOB M MpeAycMaTpuBaloUnMii NoBbILLe-
Hue TpeboBaHUI K TonaMBam 40 HOPM eBPOMNenckux ctaHgaptos (tabn. 1.5
n 1.6).

[na obecrneyeHns Takux TpeboBaHWIA K TOMMBaM, raBHbIMWU Hanpas/e-
HUAMW Pa3BUTMUA POCCUINCKON HedTenepepabaTbiBatoLein MPOMbILLIEHHOCTHU
CTAHOBATCH: KOPEHHasA PEKOHCTPYKLMA U ModepHu3auma HIM3, co3paHne Mol -
HOCTEeW No yrny6neHnto nepepaboTKM He(TU, NOBbILWEHNE KayecTBa He(Te-
NMPOAYKTOB U NMPOU3BOACTBO COBPEMEHHbIX KaTasn3aTopos.

Tabnuua 1.5. TpeboBaHUs TeXHUYECKOro pernamMeHTa PP K xapaKTepucTnkam aBToOMOOUIBHOrO
GeH31Ha pasINYHbIX K/1accoB

EanHuua

XapakTepuctuka n3MepeHms Knacc 2 Knacc 3 Knacc 4 Knacc 5
MaccoBast 1ons cepsbl, Mr/Kr 500 150 50 10
He 6onee
O6bemHas fons (% 06.)  TMpoueHThI 5 1 1 1
6eH3ona, He 6onee
KoHUeHTpaumsa xenesa mr/am3  OtcytctBue OtcyTctBne OTcyTcTBre OTCyTCTBME

KoHLUeHTpaunsa mapraHua mr/gm3  OtcytctBue OtcytctBne OteyTtcTBue OTCyTCTBUE
KoHueHTpaumnsa cemMHua mr/gm3  Otcytcteue OtcytctBue OTcyTcTBME OTCyTCTBUME

Maccosas fons (% mae.)  TpouUeHTbl — 2,7 2,7 2,7
Kucnopoga, He 6osnee

O6bemHas fons (% 06.) MpoueHTbI
yrneBofopofoB, He 6osee:

apomMaTUYECKNX — 42 35 35

0/1e(PUHOBbLIX — 18 18 18
[asneHve napos, He 6oree: KMa

B NETHWIA Nepnog — 45-80 45-80 45-80

B 3UMHWIA Nepunoj — 50-100 50-100 50-100

O6bvemHasn gona (% 06.) MpOLUEHTbI
OKCUreHaToB, He 60nee:

mMeTaHona — OtcyTtctBue OTcyTCTBME  OTCYTCTBME
aTaHona — 5 5 5
nsonponaHona — 10 10 10
hpe/a-6yTaHona — 7 7 7
n3o06yTaHona — 10 10 10
a(hupos, cogepkaLmx - 15 15 15

5 nnn 6onee aTomoB
yrnepoga B Mosekyne

OPYTVX OKCMTeHaToB - 10 10 10
(c Temnepatypoi
KOHL,a KUneHus
He BbiLwe 210 °C)
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Tabnmmua 1.6. TpeboBaHMst TEXHNYECKOro perfiaMeHTa PP K XxapaKTepuCTUKam An3e/1bHOro
TOM/IMBA Pa3/INYHbIX K/1accoB

XapakTepuctmka I/IEI\F/'I'QS(;/II-IIJ'V?FI Knacc 2 Knacc 3 Knacc 4 Knacc 5

MaccoBas 0N Cepbl, Mr/Kr 500 350 50 10
He 6onee

Temnepatypa BCMbILWKN
B 3aKPbITOM TUT/IE, HE HUXKE: °C
[AV3eNbLHOro TOMNuBaA, 40 40 40 40
3a UCKJII0YeHNEM
[VN3ebHOro TOMNNBa
4Ns apKTUYecKoro
KnumMata

[AN3eNbHOro Tonanea 30 30 30 30
NS apKTMYecKoro
KnmMaTta

Maccosas gons (% mae.) TlpoueHThl - n n n
MONNLMNKINYECKNX

apoMaTn4ecKmnx yreso-

[lopofoB, He 6osnee

LleTtaHoBOE umchno, - 45 51 51 51
He MeHee

LleTaHoBOe uuncno gns 47 47 47
[AN3eNbHOro TonauMea ans

XONOLHOI0 N apKTuYe-

CKOro Knmmara, He MeHee

MpegenbHaa TemnepaTypa °C

(hMNbTPYEMOCTH, HE BbILLE:
AN3eNbHOro TonaMBa MwuHyc 20 MwuHyc 20 MwuHyc 20 MuHyc 20
4Ns X0/04HOro
KnumaTta

[AN3eNbHOro Tonanea MwuHyc 38 MwuHyc 38 MwuHyc 38  MuHyc 38
NS apKTUYEeCcKoro
Knmmara

Cwmas3blBatolas cnocob- MKM 460 460 460 460
HOCTb, He bonee



[FnaBa 2

OCHOBbIl PUNINKO-XNMNHECKUNX
NPOLUECCOB INEPEPABOTKN
HEDTEI ASOBOI O CbIPb4

DU3NKO-XMNYECKMIA MPOLECC — 3TO MPOLEeCcC NOoNyYeHUs LeneBoro npo-
[YKTa, OCHOBaHHbIMA Ha UCMOMb30BaHUN (DU3NYECKUX SBNEHUNA U XUMUYECKUX
peakLmnin, HauMHaKLWKNIACA C 3Tana NOAroTOBKU CbIpbS U 3aKaHUYMBaKO W MIACA
Bbl€/IeHMeM 3TOro LLeNeBoro nNpoaykra.

Mo TEXHONOrMEN B LUMPOKOM 3HAYEHMWN MOHMMAKOT Hay4yHOe onmncaHue
MeTOZ0B M CPefiCTB NPOM3BOACTBA NPOAYKLMN B KaKON-N1M60 0Tpac/iv NpoMblLL -
NEHHOCTW. T. e. 3TO 060CHOBaHHaA NocsefoBaTeNbHOCTL Onepaynin nnn aein-
CTBUI, NPMUBOAALLNX K AOCTMXKEHWUIO NMOCTaB/IEHHOWN LeNwn.

Ona athheKTUBHOI0 BeAeHUA PU3NKO-XMMNYECKOTO npoLecca nepepaboT-
K HeTerazoBoro cbipbs (HIFC) Heo6XoAMMO paLMoOHanbHOe coveTaHue Le-
Noro pAga pasfIMyHbIX TEXHOMOTMYECKMX NapameTpoB — Temnepartypsbl, AaBne-
HWA, aKTUBHOCTW KaTanm3aTopoB 1 peareHToB, pacXooB Cbipbs, 0TOMPaEMbIX
NPOAYyKTOB K T. A. Kpome TOro, MHOrOKOMMOHEHTHOCTb M C/TIOXKHOCTb COCTaBa
HIC TpebyloT creymanbHbIX METO40B €ro NoAroToBKK, yyeTa (Pa3oBoro co-
CTOSAHMSA N TENNOBbIX 3NMEKTOB B 30HAX peakuMn n pasfaeneHns NpoayKTos,
BO3MOXHOCTU MPOTEKaHMA NOO6OYHbIX peakuni u T. 4.

Pan ocobeHHOCTeN (hM3MKO-XMMUUYECKMUX NPOLLECCOB NepepaboTKu Hed-
TerasoBoro Cblpbs TpebyeT HaNMYNSA CNeLnanbHOro TeXHONOrn4yeckoro obopy-
foBaHUA (peaKTopoB, Meyei, cenapaTopoB U Ap.) C YeTKO onpeaeneHHbIMK
HanpaBneHNAMN U 06beMamMu TeNa0- U MacconoToKoB. [10CTaTOYHO XKECTKMe
TpeboBaHMS NPeabABNAT K nepepaboTke He(h)Tera3oBoro Cbipba C 3KONOrmye-
CKUX MO3ULMIA, YYNUTbIBASA NPU 3TOM PEKOMEHAALMN M MOMOXKEHUS NpaBuUn no-
)Kapo- 1 B3pbIBO6E30MacHOCTN, HEO6XOAUMOCTb 3HEPrO- U PecypcocoepexxeHus.

2.1. Hay4yHO-TEXHO/IOMMYECKE OCHOBbI
PU3NKO-XMMNYECKUX MPOLIECCOB

Mpouecchl NepepaboTKM He(MTEra3oBoro Cbipbs NoApasaenstoT Ha Gusn-
Yeckne —npoTeKaroT 6e3 N3MEHEHUS CTPYKTYPbl MONEKYN Cbipbsa (MeperoHka,
3KCTpaKUuus, Kpuctannmsauus, copbumns m ap.) n GuU3NKo-XxMMUYecKue,
CONPOBOXAaK LW Mecs MONEKYNAPHO-CTPYKTYPHbIMU U3MEHEHUAMM cOCTaBa
Cbipbsl W, CNeA0BaTENbHO, ero CBOMNCTB (TEPMMUUYECKUIA U KATaNnUTUYECKUN
KPEKUHT, pUOPMUHT, n3omepusauus v ap.).
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Bcem m3nko-xmmmuecknum npoueccam nepepabotkm HICC npucyule ga-
3006pa3oBaHue. PerynnpoBaHue pazoobpa3oBaHmns MO3BOMAET UHTEHCU(ULN-
poBaTb Mpouecchbl NepepaboTKN HePTH M NONyYaTb NPOAYKTbI TPeOyeMoro Ka-
yecTBa.

BaxkHeilwee 3HayeHne 4014 npoueccoB (ha3oobpa3oBaHNs B HEPTErasosom
Cbipbe MMeeT COOTHOLWEHNE HU3KO- U BbICOKOMOJEKYNAPHbIX KOMMNOHEHTOB.
OnTUMKU3aLmMa 3TOr0 COOTHOLIEHNS — OAWNH U3 BaXKHEWLLNX PblYaroB perynu-
pOBaHMA MapamMeTpoB TEXHOMOFMYECKMX MPOLECCOB M KayecTBa NPoAyKUUN.
Takoe perynvMpoBaHue OCYLeCTBAAKT NyTeM KOMNayHAMpOBaHMA uan obpa-
60TKol HITC 3sHepreTuyeckumu nonsiMn (ynbTpasByKOBbIM, 31EKTPOMArHUT-
HbIM, MEXaHWUYECKUM 1 ap.).

B npoueccax pazoobpaszoBaHNs OYeHb BaXKHa po/sib TeMmnepartypbl. Ee n3-
MEHEHMeE BbI3blBAET CTPYKTYPHbIE NMPeBpaLLeHNs B Cbipbe: Nepexo n3 csob6oj-
HOAMUCMNEPCHOTO B CBA3HOAMCMEPCHOE COCTOSAHUE (MM MHOrAa HaobopoT).
V3meHeHne faBneHnsa B CUCTEME CYLLECTBEHHO BAMAET Ha rMAPOANHaAMUYe-
CKMe XapaKTepUCTUKN MacCOOOMEHHbIX MPOLECCOB B pe3y/nbTaTte M3MeHEHUS
MeXX(asHOol NOBEPXHOCTH.

Hay4yHo o60CcHOBaHa Leecoob6pa3HOCTb PerynMpoBaHma AUCNEePCHOCTY
He()TerasoBOro Cbipbs 415 €ro nepepaboTKn B aKTUBMPOBAHHOM COCTOSHMMU,
T. €. B COCTOSAHUWN ONTUMaNbHOM AUCNEPCHOCTH.

TeopeTUYeCKN YCTAHOB/IEHO M 3KCNEPUMEHTANbHO NOATBEPXKAEHO, UTO M3-
MEHEeHNEe ANCNEPCHOCTN HeTerasoBoOro Cbipbsi B 3aBUCUMOCTM OT CTEMEHMU
BO3AENCTBUSA (BENMUMNHbBI TOrO WU MHOTO 3HEPTeTUYECKOro Nons, KoNnMyecTsa
W NPUPOAbLI aKTUBMPYtOLLE A06aBKM U Ap.) HOCUT NOANIKCTPEMasbHbIN Xa-
pakTep, a 3KCTPEMYMbl 3HaYEeHWIA AUCMEPCHOCTM ONPeaensitoT U COOTBETCTBY-
0T COCTOSIHUIO aKTUBWUPOBAHHOW cucTeMbI. [MpnyemM ans 60/bLINHCTBA (U3M-
KO-XMMMYECKMX npoueccoB nepepaboTkn HIC Takol 3KCTPEMYM 3HAYeHUS
AVNCNEPCHOCTM CBA3aH C MUHUMMK3ALMEN pasMepoB AWCNEPCHbIX YacTul, co-
MPOBOXAaloLWencs pocTom MexhasHON NOBEPXHOCTH, YCKOPSAIOLWMM npouec-
Cbl TENNO- 1 MacconepeHoca (KPEKMHI, TEPMOOKUCAEHNE 1 Ap.). MaKcumanb-
HbI )Xe pasMep AUCMEePCHbIX YacTUL, CUCTEMbI CMOCO6GCTBYET NPOBEAEHUIOD
60NbLWNHCTBA (DU3NYECKMX NPOLECCOB cenapayuu.

CyMMapHbIA PU3NKO-XUMUYECKNIA NPOLLecC MOXeT ObiTb YC/IOBHO pasje-
NEeH Ha cnegylol e B3anMOCBSA3aHHbIe 3fleMeHTapHble cTaguun: 1) nogsog pea-
rMPYHOLWMX KOMMOHEHTOB B 30HY peakuuu; 2) npoTeKaHne CO6CTBEHHO XUMU-
4yecKoi peakumu; 3) OTBOA NOMYYEHHbIX NPOAYKTOB M3 30HbI peakuum n nx
pasfeneHue.

MoaBoA pearvpyroLMx KOMNOHEHTOB B 30HY peakLnn NPOMCXOANT B pesyb-
TaTe MONEKYNAPHON AN hY3Un UM KOHBEKUUK. TTpU MHTEHCMBHOM MNepemMe-
LUMBAHUM KOMMOHEHTOB KOHBEKTMBHbI/ NEPEHOC Ha3blBalOT TypOYNEeHTHOA
o dysunen.

MoABoOA pearnpyroLwWwmx KOMMNOHEHTOB OCYLLLECTBNAT: abcopbuuneit, agcop-
bumnen nnun gecopbumein napos UK ras3os, KOHAeHcaLMeln Napos, NnaBneHNEM
TBEPAbIX BELLeCTB, PaCTBOPEHNEM WX B XUAKOCTWU, UCMApPEHNEM, BO3FOHKO
nT. 4. Mepexop pearMpyroLLero KOMNOHEHTa M3 04HOM thasbl B 4PYry BO MHO-
rMx cnydaax npeacraBnseT co6oir Hanbonee MeaneHHYO CTaauto PU3NKO-XN-
MMWYECKOro npouecca n onpegensiet o6y ero ckopoctb. MexdasHblil nepe-
X04, NO CYLECTBY, SABNSETCA CAOXHbLIM ANPNY3MOHHBIM NPOLLECCOM.
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K uncny urankKo-XxnmMmnyecknx npoLeccoB 0THOCAT 6ONbLWIMHCTBO TEPMU-
YeCKMUX, TEPMOKaTaMUTUYECKNUX N TEPMOTrMapoKaTanuTUYECKUX NPOLECCOB
nepepabotkn HIC.

XUMUYecKne peakuun CoCcTaBnsOT OCHOBY (hM3MKO-XMMUYECKOro npoLec-
ca. XIMU4YecKoe npeBpalleHmne BelecTBa NPOXoAnT Yepes psg nocnefoBartesib-
HbIX (a MHOTAA U NapannenbHblX) XUMUYECKMUX peakunil, B peaynbtaTte KOTO-
PbIX 06Pa3yrTCA OCHOBHON NPOAYKT, NOOOYHbIE MPOAYKTbI (MaTepuanbl, UMeH-
e HapOAHO-X03ANCTBEHHOE 3HAYEHME) U 0TX0Abl NPon3BoacTBa. OObIYHO
Npu pacCMOTPEHUMN MPOM3BOACTBEHHbLIX NPOLECCOB YUMUTHIBAOT HE BCE peak-
U1K, a NALWLb Te N3 HUX, KOTOPble OKa3bliBalOT ONpedenstollee BAUSAHME Ha Ka-
4eCTBO M KO/IMYECTBO MOMYy4YaeMblX OCHOBHbIX MPOAYKTOB.

OTBO/ NONYYeHHbIX NPOAYKTOB 13 30HbI peakLMM OCYLLLECTBAAIOT TaK Xe, KakK
1 NOABO/A pearnpytoLnx KOMMOHEHTOB, T. e. ANMdY3Meil NN KOHBEKLIMENR, KO-
TOpble B OCHOBHOM OMNpeAenstoT Nepexoq BewecTsa U3 0HON hasbl B APYrYIO.

CymMMapHy0 CKOpoCTb (DU3NKO-XMMMUYECKOTO npouecca onpeaensitoT CKo-
POCTbO MEPeUYnCNeHHbIX 3NeMeHTapHbIX cTaauid. Kak npaBuno, 3aTu 3anemeH-
TapHble MPOLECChI MPOTEKAKT C Pa3/IMYHON CKOPOCTbID, NO3TOMY 06l as CKO-
POCTb NpoLeccaNMMUTPOBaHA CKOPOCTbIO Hanbonee MeANeHHON cTagun. Ecnm
Hanbonee MeANeHHO MPOMCXOAMUT camMa XMMMUYEecKas peakumns n oHa NTMMUTHK-
pYeT CyMMapHYK CKOpPOCTb, TO MPOLECC NPOTEKAeT B KMHETUYECKON 06nacTw.
[ns yCKOpeHMsa TaKux MpoLeccoB TEXHOMNOIN U3MEHAKT Te PaKTopbl, KOTO-
pble 60/1ee BCEro BAMUSIKOT Ha CKOPOCTb XMMWYECKOW peakuuu, yBenunumeas,
HanpuMep, KOHLEHTPaL N NCXOAHbIX KOMMOHEHTOB, TEMNEPATYPY, AaBNeHNE,
NMPUMEeHSA KaTanm3aTopbl. Ecnm o6ulyto cKOpocTb Npouecca TIMMUTUPYET NOoA-
BO/ pearvpyrowmx KOMNOHEHTOB UK OTBOA NPOAYKTOB peakLuu, TO npouecc
npoTekaeT B AN y3noHHO obnacTun. Ang yCKOPeHUs TaKux NpoueccoB cTpe-
MSATCS YBENNMUYNTb CKOPOCTb AUG(Y3nn ycuneHnem nepemelinsaHusa (Typoy-
nu3auuen pearnpyroLlen cucTemsl), AucneprmposaHnem a3, MoBbllLIEHNEM
TemnepaTypbl U KOHLEHTpaLun, romoreHm3aluen CUCTeMbI, T. €. NEPEBOJOM
MHOroMasHoW cucTeMbl B 0gHOMa3Hy0, 1 T. 4. ECAn CKOpOCTU BCcex cTaauii
(hM3NKO-XMMMNYECKOrO npoLecca COM3MepuMbl — MPOLECC NPOTEKaeT B Tak
Ha3blBaeMOW NepexofHoi obnactu. Ans yBennyeHUs CKOPOCTM TaKoro npo-
Lilecca He0oO6X0AMMO MpeX/e BCero Bo3AeicTBOBATb Ha CMCTEMY TeMU (haKTopa-
MU, KOTOPble YBENNUYMBAIOT KaK ANDPADY3nt0, TaK U CKOPOCTb XMMUYECKO
peakuUmnn, Hanpumep MOBbIWEHNEM KOHLEHTpaLUM pearnpyrolinx BeLlecTs
N TeMnepaTypbi.

3HaHMEe OCHOBHbIX 3aKOHOMEPHOCTe (PU3NKO-XUMMUYECKUX NPOLIECCOB
AaeT BO3MOXHOCTb YCTaHOBUTb ONTMMa/bHbIE YCNOBUS UX MPOBEAEHUS, T. €.
NPOBOANTL MX Hanbonee aPHEKTUBHO C MaKCMMasbHbIM BbIX0A0M, 06ecneYu-
Bas MoNy4YyeHMe NPOAYKTOB BbICOKOr0 KayecTBa.

TexXHONOrMYECKMiA PeXKNM — COBOKYMHOCTb OCHOBHbIX (PakToOpoB (MapameT-
POB), BAMAKLLNX Ha CKOPOCTb MpoOLEecca, BbIXO4 U KayeCcTBO nNpoAaykTa. [Ans
60NbLWIMHCTBA (PU3NKO-XMMUUYECKMX NMPOLLECCOB OCHOBHbIE NMapameTpbl TEXHO-
NOrNYEeCKOro pexkmma — 370 TemnepaTtypa, AaBleHne, NpuMeHseMble KaTanu-
3aTOpbl U CTeNeHb UX aKTUBHOCTU, KOHLIEHTPaUMN B3aMMOAENCTBYIOLLINX Be-
LLeCTB, CNOCOO U CTeMeHb NepeMeLlBaHNs peareHToB U ap.

MapaMeTpbl TEXHONOrMYECKOrO pexxmma onpeaenstoT NPUHLNMAbI KOHCT-
PyMpoBaHMNS COOTBETCTBYHOLIMX peakTopoB. ONTUManbHOMY 3Ha4YeHUHO napa-
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METPOB TEXHO/IOTUYECKOr0 pexknma COOTBETCTBYHT MaKCUManbHas Npou3Bo-
AUTENbHOCTL annapaToB M Haubonbwas NPoOn3BOAUTENLHOCTb TpyAa Mepco-
Hana, o6cnyXmBaroLwero npouecc.

Ha KOHCTpYKUUIO annapatoB Y CKOPOCTb NPOL,ECCOB CU/IbHO BAUAKOT CMO-
cob6 M CTeneHb CMeLWeHNsa peareHToB. B cBOK o4yepefb, cNoco6 M MHTEHCUB-
HOCTb NepeMeLlnBaHUA pearnpyroLwmx Macc 3aBUCAT OT arperaTtHoOro coctos-
HMA nocnegHuX. MIMeHHO arperaTHoe COCTOfHME pearnpyroLwmnx BeLecTs on-
pefenseT crnocobbl UX TEXHOMNOTMYECKOW nepepaboTKy U MPUHLMMbI KOHCTPY-
MpoBaHMA annapaToB. 10 3TOMY NPU3HAKY BCE CUCTEMbI B3aUMOLENCTBYOLLLNX
BELLECTB U COOTBETCTBYHOLLME TEXHOOTMYECKNE NPOLECCHI AeNAT HA TOMOTreH-
Hble (O4HOPOAHbIE) M reTeporeHHble (HEOA4HOPOAHbIE).

B roMoreHHbIx cucTemMax Bce pearvpytouine BelecTsa HaxoaaTca B 04HOM
Kakoin-nn6o tase: rasosoit (IN) nnnxxkmakon (XK); B TBepA0it —B AAHHON KHN-
re He paccmaTpuBaeTcs.

eTeporeHHble CUCTEMbI BKIOYAKOT ABe UM 60/bluee KONMYecTBO (has.
Hanpumep, aByXxdasHblie cucTembl: ras—kunakoctb (IM->XK), ras—ssepfoe Teno
(F—), HecmelwmnBaOLWMeCH XNUAKOCTb—KNAKOCTL (XK-XK), XXUAKOCTb-TBEP-
noe teno (OK—) n tBepaoe teno—¥Bepaoe 1eno (T—). B npon3BOACTBEHHOM
npakTuKe Hanbonee 4yacTo BCTpeyvatoTca cuctembl [-XK, T, XK—. Hepepgko
NPUXOAUTCA UMEeTb AeN0 C MHOTrogasHbIMU TeTeporeHHbIMM CUCTEMAMK, Ha-
npumep M=K— (TepmoKaTtaiMTUUYECKNe NPoLeccol).

B npoMbllWNeHHON NpakTUKe reTeporeHHble npoueccbl 60nee pacnpocT-
paHeHbl, YeM romMoreHHble. Mpu 3TOM, Kak NpaBuio, reTeporeHHbI atan npo-
uecca (macconepegayva) nmeeT aAMQQY3NOHHbIA XapaKTep, a XMMUYecKas pe-
aKLMsa NMPOUCXOAUT rOMOTeHHO B ra3oBOM WKW XunAKoi cpefe. OfHAKO B paje
NPON3BOACTB MNPOTEKAIT FeTeporeHHble peakynu Ha rpaHuue I->X, ',
XK—T, KoTopble 1 onpegensatoT o6Ly0 CKOPOCTb npouecca (Hanpumep, Tep-
MOKaTanmMTuyeckme npoLiecchol).

Mo 3HaYeHMAM ApYyrux napameTpoB TEXHOOMMYECKOr0 peXxxnma npoLeccsl
MOXHO pa3fennTb Ha HU3KO- M BbICOKOTEMMEpPATYPHble, KaTainTuyeckne
N HeKaTaIMTUYECKNE, MPOUCXOLALLME NOJ BaKYYMOM, NPUY HOPMaibHOM W Bbl-
COKOM AaB/leHUN UCXOLHbIX BELLEeCTB U ap.

B cBA3M C TeM 4YTO TepMoOKata/MTUYECKMe MPOLECCbl UMEKT Lenbli pag
cneynmuyecknx nNpmM3HaKoB, C y4eTOM MexaHM3Ma NPOTEKAHUA U KOHCTPYK-
TUBHOTO O(hOpM/IEHUA LLenecoobpasHo paccmaTpmBaTb UX OTAe/IbHO. DTOMY
Knaccy TeXHO/IOrMYeCKMX MpPoLEeccoB COOTBETCTBYET U CBOM XapaKTepHbIA TUN
peakTopOB.

XnUMunyeckne npespaLleHna BeLLecTB CONPOBOXAAKOT TensioBble npouec-
Cbl. Tenno06MeHHble YCTPOMCTBA COCTABMAKT 3HAYUTE/IbHYHO YacTb TEXHO/O-
rMYecKMX CXeM MPOU3BOACTBA M BO MHOIMX Cny4vasaX MMEKT 60/blIOe 3HaYe-
HUe B KOHCTPYKUMUKN peakTopa. MoaTtoMy npu ganbHenwemM onncaHmum obwmx
3aKOHOMEPHOCTEN LenecoobpasHO pasfefibHO paccMaTpuBaTb 3K30TepMuYe-
CKMVe npouecchbl, NpoTeKalLne ¢ BblgefieHWeM TennoTbl, N 3HAOTEPMUYECKME,
npoTekaroLwme ¢ NOrnoLeHemM TennoThl.

PaBHOBecue peakumii. TeopeTnyeckn Bce peakumm obpaTuMebl, T. €. B 3aBU-
CMMOCTK OT YC/IOBUIA MOTYT NPOTeKaTb Kak B NPAMOM, TaKk U B 06paTHOM Ha-
npasneHnax. OgHaKo BO MHOTMX M3 HUX paBHOBECKE CMELLEHO MOSIHOCTbIO
B CTOPOHY NPOAYKTOB peakuuu, n obpatHas peakumns npakTMYeckn He npoTe-
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KaeT, N03TOMY TEXHO/IOTMYECKME MPOLECChl AeNSAT Ha 06paTMble U HEOGpPaTH-
Mble. Heob6paTuMble MPOLIECChl NPOTEKAOT ML b B OAHOM HanpaBneHuun. Bee
06paTUMbIE NMPOLIECChI CTPEMATCS K PABHOBECUIO, NPV KOTOPOM CKOPOCTU Nps-
MOro 1 06paTHOro MPOLLECCOB YPaBHUBAIOTCS, B pe3ynbTaTe Yero COOTHOLIEe-
HWE KOMMOHEHTOB BO B3aMMO/EICTBYIOLLMX CUCTEMAX OCTAETCA HEM3MEHHbIM
[0 TEX Mop, MoKa He U3MEHATCA YCNOBUA NPOTeKaHUs npouecca. Mpu n3meHe-
HUW TaKnX TEXHOMOMMYECKMX NapaMeTpoB, Kak TeMnepaTtypa, AaBfeHnNe, KOH-
LeHTpaLIUa pearvpyoLinx BeLWwecTB, PaBHOBECME HApYLLAETCs, U NMPOLLecc Mo-
)KeT NpoTeKaTb B TOM WU UHOM HanpaBNeHUU BHOBb 10 HACTYMNEHUS PaBHO-
BeCHs.

KonnyecTBEHHO COCTOSAHME PaBHOBECUS OMMUCHLIBAKOT B COOTBETCTBUMU
C 3aKOHOM feiicTByowWwmx Macc (34M): npu NOCTOSHHON TemnepaType U Hanu-
YN PABHOBECMUS OTHOLLIEHME NPOU3BEAEHNS AeliCTBYHOLMX MAacC NPOAYKTOB peak-
UMM K NPOM3BEAEHNIO [EACTBYIOLLMX MACC UCXOAHbIX BELLECTB €CTh BENNYMHA MO-
CTOSIHHAs, Ha3blBaeMasi KOHCTAHTOW paBHoBecus K.

B/iMsiHME OCHOBHbIX NMapamMeTPOB TEXHO/IOMMYECKOr0 peXxMmMa Ha paBHOBE-
cve onpeaenstoT no npuHuuny Jle LWatenbe—bpayHa, cornacHo KoTopomy
B CUCTEME, BbIBEAEHHOI BHELUHIM BO3[E/CTBIEM U3 COCTOSIHWASI paBHOBECUS], Ca-
MOMNPOW3BO/bHO NPOUCXOAST U3MEHEHUS, CTPEMSALLMECS BEPHY Th CUCTEMY K HOBO-
MY COCTOSIHUIO PABHOBECHSI.

2.2. Kputepumn atppeKTUBHOCTN
PU3NKO-XMMNYECKUX MPOLIECCOB

Bbixog npogykTa. Hanbosiee npocTo XapaKTePUCTUKON CKOPOCTU U ry-
OUHbI NpOTEeKaHUA npouecca CYMTAKT BbIX0O4 NpoaykKTa (MPUMEHUTENbHO
K reTeporeHHbIM npoLeccamM ero HasblBatOT TaKXe CTerneHbl MnpeBpaLleHuns,
CTENeHb KOHBEPCUM NN KO3 (PULMEHTOM nonesHoro geicrtema (KMAa) re-
TEpOreHHoro npotecca").

CTeneHblo NpeBpaLLeHuns, WU CTeNeHbo KOHBEPCUM X, HA3blBAKOT OTHOLUe-
HMe (PaKTU4YecKM NonyyeHHOro npoaykra (h K MakcumanbHomy (UM Teope-
TMYeCcKoMy) KonmyecTBsy GM KOTOpoe MOXHO 6b1/10 6bl NONYYUTH U3 JAHHOTO
MCXOLHOTO BeLLecTBa, T. €.

1= Ch/GM

ANa XMMUYeCKUX peakuuii MakKCMManbHOe KONMYECTBO NPOAYyKTa — CTe-
XMOMETPUYECKOE, T. €. OMpPefesIeHHOe MO YPaBHEHUIO peakLun ¢ y4eToM Konu-
YecTBa TOFO MCXO/JHOrO BELLECTBA, KOTOPOE UMeeTCst B HefgocTaTke. MpuMeHK-
TeNlbHO K XMMMWYECKMM peakuusM CTerneHb NpeBpalleHns 4acTo onpeaenstoT
KaK OTHOLUEHMEe KO/MMYyecTBa OCHOBHOTO MCXO[HOrO BellecTBa, PaKTUYeCKH
NpeBpaLLeHHOro B NPOAYKT, K 06LLEMY ero KONMYecTBy.

Bbixog npoyKTa (CTeNeHb NpeBpaLleHNs) MOXHO YUNTbIBaTb KakK Mo BCEM
MCXO[HbIM BellecTBaM, NpeTepneBalolW MM Te UM UHble NPeBpalleHns, Tak
M N0 OHOMY KaKOMY-Nn60 pearvpyolLlemMy BeLLecTBY.

Ans psaga TEXHONOTMYECKMUX NPOLLECCOB, KMHETMKA KOTOPbIX €llle HeaocTa-
TOYHO M3yYeHa, BbIXOA NPOAYKTA ABNSETCA eJMHCTBEHHO MEpPO OLEHKMN CKO-
POCTU 1 MOMHOThLI MPOTEKaHUs NpoLecca.
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BonbLYH YacTb XMMUYECKUX MpeBpaLLeHnin HepTerasoBoro cbipbs CONpo-
BOXAAKT NO60YHbIE peakuunun. Mpu aTom ¢ yraybneHnem npouecca BAMAHUE
MOGOYHbIX peakLnii BO3pacTaeT M, COOTBETCTBEHHO, NnajaeT BbIXOA LeneBoro
npoAykKra.

"ny6brHa npeBpaLleHnsa cbipbsa (YCnoBHasA rnybmHa npe.paeHns). nyonHy
npouecca 06bIYHO XapaKTepU3YyHT A0/el NpeBpaLLeHHOro cbipbs. MpuMeHn-
Te/IbHO K He(TerasoBOMY CbIPbl C/IOXKHOTO XMMUYECKOr0 cocTaBa MoHATUE
rnyouHbl NpesBpaLeHns, Kak npasuio, ycnoBHo. Tak, Npu KpekuHre (Tepmu-
4YeCKOM N KaTanMTUYeCKOM) 3a HernpeBpaleHHOe Cbipbe 00bIYHO MPUHUMAIOT
TY 4acTb XUAKUX NPOLYKTOB, KOTOpas BbIKMNAeT B npefeniax ncnapeHusa nc-
XO[HOro cbipbsi. OfHaKO Takoe AonyLeHne YCNO0BHO, TaK Kak Nno XMMuU4yecKo-
MYy COCTaBy NPOAYKT KPeKUHra 3Ha4nTeIbHO OT/INYAETCS OT CbiPbS, U CXOACTBO
OrpaHM4YeHo TONIbKO NpejenamMmun BblKMNaHusa. ITo pasinyme TeM 60/bLUe, YeM
rny6xe npowen npouecc.

B HeKoTOpbIX cnyyasax NOHATME rNyOuHbI NpeBpalLeHns CTAHOBUTCA eLle
6onee ycnosHbIM. Hanpumep, npu nuponmse 6eH3nHa C Le/bio NonyyYeHuns ra-
3006pa3HbIX 0/1ehMHOB BbIX04 rasa goxogut Ao 80 % (cumtad Ha GeH3UH);
Mpu aTOM Hapsagy ¢ ra3oobpasoBaHMeEM NMPOUCXOAAT CTOMb ry6oKas apomaTu-
3auMs M YNNOTHEHUE MOJIEKY, YTO COCTaB XXMAKOro npoAyKTa nuponmsa (CMo-
na) COBepLEHHO OT/IMYEH OT cocTaBa MCXOAHOro 6eH3nHa. Mpu nuponnse
3a rNyouHy npespaLLeHns NPUHMMAKOT BbIX0A rasa, Ho ¢ O4UHaKOBbIM OCHOBa-
HUEM MOXXHO NMPUHATb U BbIXOA LeNeBoro npoAykKra —aTuseHa u nponuneHa.

B page cnyyaeB npouecc npeBpalLeHns Cbipbs LenecoobpasHo NpoBOAUTD
C onpeAenieHHO, 3apaHee 3aaHHON rNyouHONM, Bo3BpaLlas "yCnoBHO HENpPEB-
palleHHY" 4acTb Cbipbs B 30HY peakuyun. O4YeBUAHO, YTO €C/IM COCTaB 3TOW
BO3Bpallaemon pakymnm 611M30K K COCTaBY Cbipbs, TO (hpakumMio nepeq nogja-
Yyeil B cuCTeMy LienecoobpasHo cmellaTh C COOTBETCTBYIOLLLE NOpLMEN CBeXe-
ro CbipbA.

Ecnn nepBnyHOE npeBpalleHne UAeT rny6boko, To "yCNOBHO HemnpeBpaLleH-
HYH" YacTb Cbipbsi MOXHO NIN60 OTAE/NIbHO NojBepraTb BTOPUYHOMY NpeBpaLLe-
HUIO, NM60 BOOOLLE BbIBOAUTL U3 CUCTEMbI B Ka4eCTBe NOGOYHOro NPoAyKra.

Mpy TEPMUYECKOM KPEKUHTe He(pTAHbIX PpaKLmnii 4NA YBENNYEHUS BbIXO-
na 6eH3MHa LenecoobpasHo HanpaBnATb Ha MOBTOPHbLIN KPEKUHT (60NbLLEN
4acTbl B CMECW CO CBEXUM CbIpbeM) MPOMEXYTOUYHbIe rasoinesble pakumu,
KOTOpPble OTHOCUTE/IbHO IErKO MOABepratoTca KPeKuHry.

Mpouecc, cConpoBOXAaemMblil BO3BpaLLeHNEM HenpeBpalLeHHOW (Mam "yc-
NOBHO HenpeBpaLleHHOMN") YacTu Cbipbs B 30HY peakuumn, HOCUT Ha3BaHMe Nnpo-
Lecc ¢ peuympkynaumein. MpuHUMN peunpKynaunum WUpPoKo UCNosb3yoT B (hu-
3UKO-XMMUYECKNX Nnpoueccax.

PaccmMoTpuM TepMUHOIOTUIO M pacyeTHble NoKasaTenn npoLecca c peyunp-
Kynauuein. HenpespalweHHYO Uan "yCNOBHO HeMpeBpaLleHHY™" YacTb Cblpbs
Ha3blBalOT PeLMPKYNATOM (MHOT4a pucankiiom), Tak Kak ee BO3BpaLLaloT B 30HY
peakynn. OTHOLWEHME KOMMYECTBA pPeuupKyaTa K KOIMYECTBY CBEXEro Cbl-
pbs (NPpUHMMas CyMMapHyto 3arpy3ky peaktopa 3a 100 %) Ha3biBalOT KO3hu-
LUMEHTOM peunpKynaumnuM, a oTHoLWeEeHMe 06LLe 3arpy3kn peaktopa K Konunye-
CTBY CBEXEro Cblpbs — KO3(PULUMEHTOM 3arpy3kun. Ecnm KoagppuyneHT peynp-
Kynaumm 0603HaumnTh Yepes K, a KoapuumeHT 3arpyskun vyepes Kh HeTpyaHO
yCTaHOBUTHb, 4TO K\ = K+ 1
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MprvMeHeHWe peuupKynsuMmM No3BONSET 3HAYNTENbHO YBENIMUYUTL BbIXO[,
LLe/1eBOr0 NPOAYKTa, HO YMeHbLIAeT MPOMYCKHY CMOCO6HOCTb peakTopa Mo
CBEXEMY CbIpblo. MM03TOMY AONYCTUMYIO FNYyOUHY NPeBpaLLeHNs Cbipba 3a 0f-
HOKPATHbIN NPONYCK HY>XXHO BblGMpPaTh MaKCMMaibHO BO3MOXHOW ANs flaHHO-
ro Cbipbsi U pexuma. JonycTumas rnyomuHa npespalleHUs orpaHuyeHa obpa-
30BaHMeM NOBOYHbIX NPOAYKTOB — rasa UM KOKCOBbIX OTN0XeHWIA (NpoayK-
Tbl YNJOTHEHNS).

CKopocTb npoLieccoB. 18 BbI6opa yCNoBUiA NPOBEAEHUS TEXHONOTNYECKINX
npoLeccoB, TUMNa peakUMOHHOTo annapaTa U ero pa3MepoB HE06X0AMMbl 3Ha-
HUS KWNHETUYECKMX 3aKOHOMEPHOCTEN, MO3BONAIOLLNX PACCUMTbLIBATL CKOPOCTb
P M3NKO-XMMmUYeckoro npouecca. CKOpoCTb FOMOTeHHbIX peakuunii w, onpege-
NAT MO YPaBHEHUIO

rie ¥, — KO/IMYECTBO OJJHOTO M3 peareHToB WM MPOAYKTOB, MPOPearvpoBaBLUEro B eAVHULY BPEMEHU
B eANHMLE PeaKLMOHHOro NPOoCTPaHCTBa V.

Mpeobnagatoliee 60bWNHCTBO peakunii B PU3NKO-XMMNYECKNX NpoLec-
cax MpoTeKaeT C y4yacTMEM BeLLEeCTB, HaxOAAWMXCS B pasHbIX (asax. O6uwmum
AN5i BCEX HUX MOXHO CUMTaTb TO, YTO peakuma Ha4YMHAETCA MW b NOcne nepe-
X0fa peareHTOB K NOBEPXHOCTW pasjena (a3 uam B o6beme Apyroi asbl. Ta-
KMe NpoLecChl, Ha3blBaeMble reTeporeHHbIMI, KaK npaBuao, MHOFOCTagNAHbI.

CKOpOCTb FeTeporeHHOro npolecca ONpefenstoT No ypaBHEHWIO

.\ 11dnA
~asS dt

rie wA — CKOPOCTb Mpouecca Mo peareHTy A; a — CTEXMOMETPUUECKUIA KOS(ULMEHT peareHTa A;
S — nowagb NonngasHon (peakLMoHHOW) NOBEPXHOCTU; NA — KOMMYECTBO peareHTa A.

WA =

Ecnyn B roMOreHHbIX npoueccax nNpu Xopolluem nepemewinBaHun andagy-
3Us NPOTEKAET OYEHb ObICTPO M MPAKTUYECKN He BAMSAET Ha CyMMapHYH CKO-
POCTb, TO B FeTEPOreHHbIX cucTemax anddysns, Kak npasmno, — camas mea-
NeHHas cTagus, onpegenstowas o6y CKOPOCTb BCEro npotiecca.

B reTteporeHHbIX HedTerazoBbiX CUCTEMAX TEXHONOIN CTPeMATCA NO BO3-
MOXXHOCTM MepeBecTn npoueccbl U3 AU dy3noHHOW Unm nepexonHoin obnac-
TV B KMHETUYECKYHD, NPUMEHSS UHTEHCUBHOE NMepeMellnBaHNe peareHToB.

YBemMyeHs KOHCTaHTbl CKOPOCTUY npouecca (KoadguumeHta macconepe-
Aayn) 0OoCTUratoT B OCHOBHOM Tpemsi cnocobamu: 1) noBbiWEHNEM TeMMepaTy-
pbl; 2) NPUMEHEHNEM KaTanu3aTopoB; 3) yCUeHMEM NepeMellnBaHns pearu-
pytowmx macc (Typbynusaumnein cMctemsl) B npoueccax, TMMUTUPYEMbIX MeX-
(ha3HbIM MepeHOCOoM.

YBeNnueHns1 ABU>KYLLEA CUMbl Npolecca gocTuratoT: 1) noBblleHWEM KOH-
LleHTpauum B3aMMoaeiCcTBYHOLWMX KOMMOHEHTOB B UCXOAHbIX MaTepuanax (Cbl-
pbe); 2) yBenuuyeHnem gasneHns; 3) oTBOAOM MPOAYKTOB peakUunm M3 peakuu-
OHHOro o6bema; 4) cMelleHNeM paBHOBECUSA NPU U3MEHEHUWU TeMmMepaTypbl
N OaBNEHUS.

[BWXKYLLYIO CUY NpoLecca BO BCEX CyyasX BblpaxatoT yepes3 pa3HOCTU fAeit-
CTBUTENbHBLIX C1 paBHOBECHLIX C" KOHLEHTpaLunii pearmpyoLmx sewects (C—C ).
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MoaToMy yBeNnYeHne ABVXKYLLEA CUbl NpoLecca OCYLW,ecTBAAKT UK NOBbI-
weHuem C, unn ymeHbweHnem C*, unv ogHOBPEMEHHbLIM COOTBETCTBYHOLLUM
N3MEHEHNEM 06enx BeINYNH.

YBennyeHne NoBepxXHOCTW COMPUKOCHOBEHUS (pa3 B reTepOreHHbIX cucTemMax
TaKXXe LWNPOKO NPUMEHSAIOT A1 NOBbILWEHWNSA CKOPOCTU TEXHONOTNYECKUX NPO-
LeccoB. B 3aBuCMMOCTM OT Bufa reteporeHHon cuctemsol (IM->XK, I, X—,
XK—K, T—I) noBepxXHOCTb COMPUKOCHOBEHMA (Pa3 MOXHO YBENNYUTb CaMbl-
MW pa3HO06pasHbIMK CNOCo6aMn, KOTOPbIe OMPeAeNatoT TUM U KOHCTPYKLMIO
annapara.

Ana yBennyeHnsa NoBepxXHOCTM COMPUKOCHOBEHMA (Pas BO BCeX CUCTeMax
CTPEMATCH Pa3BUTb MOBEPXHOCTb TSHKENOW hasbl (TBephoi) B cuctemax —,
X—T nxunakon B cucteme IN-XX, uto focTUraeTcs B NepByto ovepeb N3Mefb-
YeHNEeM CblpbsA UIW YBEIUYEHEM NMOPUCTOCTU KYCKOB UK rpaHyn (3epeH) Teep-
[loro martepuana.

Heob6xo4Mmo Takxe nepemelunBatb TBepAbIA MaTtepuan ¢ ra3om Uan XXung-
KOCTbO, A/19 Yero UCnonb3yrT MeXaHN4YecKue U NHEBMATUUYECKUE MeLlanku,
conna nav PoOpPCyHKN ansa pacnbleHNs MeIK0O3epHUCTbIX MaTepunanos, npume-
HAKOT NPOBefeHne peakyuin B (OUNbTPYIOLLEM M B3BELLEHHOM (KMMALLEM) CIOe.

[na pasBuTUA NOBEPXHOCTU XMAKOMW (ha3bl B cuctemax [ ->K mMcnonb3yroT
HacafKu, OpoLIaeMble XXNUAKOCTbO, pa3bpbli3rMBaHne XXnMAKoCTu B NOTOKe rasa,
b6apboTax rasa yepes XULKOCTb M CO3[4aHMe B3BELWEHHOTO CMN0sA XWUAKOCTM
B MOTOKe rasa B BUAe MOABUXHOW MeHbl. CXofHble Cnocobbl MPUMEHAOT
M 4N co3faHusa 601bLWON MOBEPXHOCTU COMPUKOCHOBEHMA B cucTeme XXK—XK.

K ocHOBHbIM cnocobam, obecrneynBaloWMM XOpoLmMe YCNOBUSA KOHTaKTa
(a3 B reTeporeHHbIX npoueccax ¢ yyactuem TBepPAON (hasbl, MOXHO OTHECTMW:
nepemellnBaHne TBepAOro Marepuana MexaHMYeCcCKMMWN MellankKaMu U OMbl-
BaHWe ero cBepxy rasoM WUan XXNAKOCTbIO; NPONYyCKaHWe NOTOKa rasa unm Xxua-
KOCTW Yepe3 HENOABWKHbIW C/IOM KYCKOB WU TpaHy TBEPAOro matepuana, ne-
Xallero Ha KoMoOCHUKax UNu peLleTKax; nepeMeLlnBaHue marepuana Bo B3Be-
LWEHHOM (KMNALLEM, NCEBAOOXMKEHHOM) cnoe. B3BelleHHbIN Coi 06pasyeT-
CA NPV NPONYCKaHUM CHU3Y BBEPX MOTOKA rasa nuiamn XXnaKocTn Yepes cnom Tep-
[0r0 3epHUCTOr0 MaTepuana ¢ Tako CKOPOCTbHO, MPXU KOTOPOI YacTuMubl Ha-
YMHaKOT NepemewaTbCs, NyNbCUPOBaTL UM NNaBaTb B NOTOKe 60/iee /1IErKom
(hasbl, Kak 6bl "kuneTb". MoaToMy B cuctemax M—I TaKoW CNoOM Ha3bIBAKOT elle
n knnawmm. CKOpoCcTb Nerkon gasbl nogbmparoT TakKMm o6pa3omM, YTOObI
4acTuLbl TAXENON (Pasbl He MOKMUAANN NpeaenoB peakyMOHHOro annapara.

B cnyyae Kunawero cnos noBepxXHoCTb B3aMMOAencTema a3 MakCcMmalb-
Ha 414 LaHHOW CTerneHW U3MeNbYeHUss matepmana, CKOPoCcTb ANDEY3UOHHbIX
MPoLEeccoB Pe3Ko BO3pacTaeT, NO3TOMY B3BELUEHHbIN CNON 04YeHb 3 eKTn-
BEH BO MHOTUX reTeporeHHbIX TEXHON0rMYecKMxX npoueccax.

TennoBble aQdeKkTbl. 415 60MbWINMHCTBA pacCMaTPMBaAEMbIX NPOLECCOB
XapakTepeH Ten10BON aPdPeKT CyMMapHbIX peakuynin. Tennosoi apdekT Mmo-
XeT ObITb OTpuLaTeNbHbIM (B 3TOM Cnyyae AN OCYLLeCTBAEHMA npouecca
Heo6X0A4MMO 3aTpavynBaTb HEKOTOPOE KOMIMYECTBO TEMNNOThI) UN NONOXMUTE b-
HbIM (KOrja nponucxXoAuT BblAe/ieHne TenaoThbl, U A4NA COXPaHEHNA N30TepMUY-
HOCTK npouecca He06X04MMO OTBOANTL €e U3 PeaKLMOHHOWM 30HbI).

Peakunu pasnoxeHus, JerngpnupoBaHnd n genonmmepusalnm, conpoBox-
parouimeca obpasoBaHMeM 13 UCXOAHOW MONEKY /bl Cbipbs ABYX U 60nee mone-
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Kyn NpoAYyKTOB pPa3fioXXeHUs, UMeKT, KaK NpaBuo, oTpuuaTenbHbI TENI0BON
a(hekT, T. €. TPeOYIOT 3aTpaT TeMI0Tbl. Peakynn npucoegmHeHns BoAOpoOAa,
NoAMMepusaLmnm n KOHAeHcaLmn, ConpoBoXaatoLnecs o6pasoBaHem n3 4Byx
1 60see MOJIeEKYN O4HON MONEKY bl 60/bLLIEN MOMIEKYIAPHOW MaccChl, NpoTekKa-
0T C BblAeNieHneM TennoTbl. OTpuLaTeNbHbIA TENN0BON 3h(eKT peakuuin pas-
NOXXEHNSA CBMAETENbCTBYET O TOM, YTO UM 61aronpuATCTBYIOT BbICOKME TEMME-
paTtypbl; rNy6MHa 3K30TEPMUYECKNX peaKLnii BO3pacTaeT C MOHMKEHNEM TEM-
nepaTypbl. Takum 06pa3oM, Yem CefleKTUBHEE MPOTEKaeT NPOLECC, TEM Bbille
ero CyMMapHblii Tena0BON aPGeKT, Ha KOTOPbIA B JaHHOM C/lyYae He BUAKOT
Apyrue peakuun, npoTtekatolime napannenbHo n obnagatoume nHorga Tenno-
BbIM 3(P(HEKTOM, NMPOTUBONOMOXHBLIM MO 3HAKY.

CornacHo 3akKoHy lecca, TennoBoM 3hheKT XUMMMUYECKON peaKkLmMmn 3aBu-
CUT He OT NyTK Nepexoja OAHOro BeLecTBa B ApYyroe, a TO/IbKO OT HavyanbHOro
M KOHEYHOr0 COCTOSIHMA BellecTBa. Tak, eCnu Yrnepof CropaeTt noaHOCTbHO,
TO KO/IMYECTBO BblAeNnBLLElCcS TennoTbl OyaeT O4MHAKOBbLIM HE3aBUCUMO
0T TOro, NPOM30MNAET NN CropaHne Mo ypaBHEHUIO

C+02—C02+ Q
nnn nocnepoBatesibHO NO ABYM YpPaBHEHUAM:
C+0502->CO+ Q" CO+0502>C02+ Q'

NTorosas TennoTa cropaHus 6yaeT paBHa:

Q=Q'+Q’

Hanunuune TennoBbIX 3((HeKTOB TPebyeT COOTBETCTBYIOLEr0 KOHCTPYKTUB-
HOro othopMm/IeHNs peakTopa. pu OCYLECTBNEHNM TEPMMUYECKOTO UK KaTa-
NNTUYECKOTO KPEKNHTa, pUOPMUHTA 1 APYTUX MPOLLECCOB, CONPOBOX A0 LLLNX-
Ccs 3aTpaToli TENMOThbl HA peakUuto, He06X0ANMMO BHOCUTbL TEN/OTY B peakuu-
OHHYI0 30HY. DTOr0 AOCTUraldT NMGO NOABOAOM TENMOThbl Yepes CTEHKY TPy6
HarpeBaTe/IbHO-PEaKLMOHHOIO 3MeeBMKa NeUn, NM60 HEKOTOPLIM NEPErpeBoM
NCXOAHOTO Cbipbs, MM60 NPUMeEHeHNeM TBEPAOro UnM rasoo6pasHoro Tenso-
HocuTens. B npoueccax, NPOTEKalOWMX C BblAeNeHWeM TeNN0Thl, A8 NoaAep-
)XaHWUs1 NOCTOSHHOI TemnepaTypbl HEOGXOAMM OTBOZ TeNOThI; C 3TON LeNblo
NPUMEHSAIOT NPSMOL BBOJ OXNaXJalOLLEro areHTa B peakTop WA co34aloT TaMm
peXuM, cnoco6CTBYOWMIA TennooTBoAy (Y4epe3 Tennoo0TBOAsALYO NOBEPX-
HOCTb). Hanpumep, B peakTopbl r'MApPOKPEKMHTA BO 136eXaHUe NogbeMa Tem-
nepaTypbl BBOAAT XONOAHbI/i BOAOPOA, a MPU aNKUAUPOBaHUU M306yTaHa ra-
3006pasHbIMU OnedMHaAMM BblAENAOLLYOCS TeNn0Ty OTBOAAT NyTeM ucnape-
HUS YyacTu u306yTaHa, HaXOAsLLEroCs B CUCTEME.

2.3. KaTtanns n KatanmsaTopsbl

KaTanna —mHoroctagnitHblii hn3nKo-xMMunyeckmnii npouecc n3dupartenb-
HOrO U3MeHeHUs MexaHM3Ma M CKOPOCTM TePMOAMHAMUYECKN Pa3pelleHHbIX
XVMUYECKNX peaKLuii KaTann3aTtopoM, 06pas3yoLLMM ¢ y4acTHUKaMMK peakLui
MPOMEXYTOUHbIE XUMUYECKME COEAUHEHNS, HO HE YUYACTBYIOLMM B KOHEUHbIX
NpoAyKTax.
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Pa3nnuatoT NOMIOXKUTE/NbHbIA KaTann3 — yBe/IMYEeHNEe CKOPOCTU peakuunm
noj BAUAHMEM KaTanmsatopa v OTpuUaTebHbIN KaTanni, NPUBOAALLNIA
K YMEHbLUEHMNIO CKOPOCTN XUMUYECKOTro npespateHuns. FNpyu NoN0XNTEIbHOM
Katasinse NPpoOMeXyTOYHOE B3aMMOEeNCTBUE pearmpyrowmnx BewwecTs ¢ Katanm-
3aTOPOM OTKpbIBaeT HOBbIW, 3HepPreTu4eckn 6onee BbIFrOAHbIN (T. €. C MeHb-
el BbICOTOW aHepreTnyeckoro 6apbepa) peakyMoHHbIM NyTb (MapwpyT). Mpw
oTpuuaTenbHOM KaTanm3e, Ha060poT, nogasnseTca (MHrMbupyertcs) GbicTpas
N 3HepreTnyeckn 60nee nerkad cragmsd XMMMYecKOro B3aMMofLencTBUA.
Cnepyet OTMeTUTb, YTO MO TEPMUHOM "KaTanm3" nogpasymeBatoT npenmyule-
CTBEHHO TOJIbKO MOJIOXKNTENbHbIA KaTanns.

Ba)kHasd 0CO6eHHOCTb KaTanm3a — HeM3MeHHOCTb COCTaBa KaTanmsatopa
nocsie NPOTeKaHMA MPOMEXYTOUYHbIX XUMUYECKMX B3aMMOAENCTBUIA C pearun-
pyrowmnmu sewectsamun. Katanmsatop He pacxofyeTtca B mpouecce Karanmsa
N He BXOAUT B CTEXMOMETPUYECKOE YypaBHEHME CYMMAapPHOMN KaTtainTu4ecKomn
peakumn. OTO 03HA4aeT, YTO KaTanm3 He CBA3aH C M3MEHEHWEM CBOOGOAHOWA
3Heprumn Kartanmsartopa u, cfefgoBaTeslbHO, KaTtanm3aTop He MOXET BAMATb Ha
TEpMOANHAMNYECKOE paBHOBECUE XUMUYECKUX peakLuia.

KatanusaTop He y4yacTBYeT B CTEXMOMETPUYECKOM YpaBHEHUUN peakuuid.
OfHaKo noj BAMSAHWUEM peareHTOB, NMPUMECEN, OCHOBHbLIX M NOBGOYHBLIX NpPO-
AYKTOB peakuunii, ULMPKyNauum n temnepatypbl KatannsaTop Bcerga npetepne-
BaeT PU3NKO-XUMMNYEeCKMNe n3MeHeHns. Mo3aToMy B NPOMbILLJIEHHBIX KaTaiu-
TUYEeCKMX npoueccax npegycmatpmBaloT Nepuoanyeckyto Uam HenpepbiBHYHO
pereHepayuio KatanmsaTopa WUan ero 3ameHy.

MHorune peakynm 6e3 katanmsatopa He NPOTeKarT BOO6LLE, HaNpumep N3o-
mMepusaumnsa ankaHos. OfHaKO TepMOAMHAMUYECKM 3TN peakuumn BO3MOXHHbI,
M NPUMEHEHMe KaTanmM3aTopa No3BosSeT OCYLeCTBUTL MX. KaTanusaTtop obpa-
3yeT NMPOMeXYTOUYHble XMMUYECKME COEANHEHMNA C pearnpyowMMmn BeLecTBa-
MU, B pe3y/ibTaTe BO3HMKaeT HOBbI, HE BO3MOXHbI 6e3 KaTtanmsaTtopa, nyTb
peakuuun, cOCTOAWMI, KaK NpaBuio, U3 60/bLLIEr0 YMCNa 31eMEHTapPHbIX CTa-
AW, 4eM B OTCYTCTBME KaTanusartopa.

Knaccnpmkauuysa KatanmsaTtopoB U KaTa/IMTUYECKMX MPOLLECCOB HedTenepe-
paboTKn. KaTannsatopbl 1 NPOLECCHI, B KOTOPbIX OHWN YYacTBYHOT, MOXHO K/lac-
cuuumnposaTb No 1) arperaTHOMY COCTOSAHMIO; 2) TUMY XMMUYECKOT0 B3auMO-
fencTBuna; 3) HazHavyeHMuto.

Mo arperaTHOMY COCTOSHUIO pearnpyroLnx BewecTs U Katanmsaropa pas-
NAYaAOT TOMOTEHHbIW (peareHTbl U KaTan3aTop HaxoAaTcAs B OA4HOWN (hase)
M reTeporeHHbIn Katanma (Korga kataimtuyeckas cucteMa BKatoYaeT HeCKO/b-
KO (ha3). B HethTenepepaboTKe reTeporeHHbI Kataams, 0CO6EHHO C TBepAbIM
Katanms3aTopoM, pacnpocTpaHeH 3HauYnTeNlbHO 60/bLUe, YEM FTOMOTEHHbIN.

Mo Ha3HaYeHUo pasnMyarT KaTaIMTUYECKUIA KPEKUHT, PUHOPMUHT, N30-
Mepu3aumnio, ankunmpoBaHue, rmMapooYnCTKyY, MMAPOKPEKMHT, NONNMepun3aLmio,
Npon3BOACTBO Bogopoda, cepbl, MTBE3 u ap.

Mo xapakTepy XMMUYECKOro B3auMOenCcTBUA KaTanmsatopa c pearnpyroLn-
MU BellecTBaMM U NMPOMEXYTOYHbIMU NPOAYKTaMU pas3inyardT KNUCNOTHO-
OCHOBHbIE U OKUC/INTENbHO-BOCCTAHOBUTE/IbHbIE KaTalMTUYECKNE peakumn
N, COOTBETCTBEHHO, KaTanm3atopbl. B KNCNOTHO-OCHOBHbIX peakuusax npomMe-
XYTOYHbIe aKTUBHbIE YAaCTULbl — MOHbI, U KaTanu3aTtop MHULUMPYET nX obpa-
30BaHMe B pe3yfibTaTe nepefaym NpOTOHOB OT KaTasnmsatopa K peareHTy uam ot
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peareHTa K Katanusatopy. KatanusaTopamu B 3TOM Clydae CayXaT KMCNOTbl
M OCHOBaHMUS.

B 0KMCNNTENbHO-BOCCTAHOBUTENbHbIX peakLmsaX MPOMeXyTOUYHble YacTu-
bl —pagnKanonogo6Hble HelTpanbHble 06pa3oBaHNSA CBA3aHbl C aKTUBHbIMMU
LleHTpaMu KaTanusaTopa nonspHbIMMK CBA3AMM 1 KaTaNMTUYeCKOoe BO3AeiicTBUE
BO3HMKaeT C NepexoAoM 371eKTPOHa 0T aKTUBHOTO LieHTpa KaTanmsatopa K Mo-
NeKyrne peareHTa 1 06paTHO. B KayecTBe KaTann3aTopoB UCMOMb3YHOT METaN bl
M NONYMNPOBOAHUKN — OKCUAbI, CYyNbMUAbI 1 KOMMNNEKCHbIE COeAUHEHMS,
AKTUBHbIMUN LEHTPaMM 3TUX KaTannm3aTopoB CMYXaT 06bIYHO He MONHOCTbLHO
KOOPAUHUPOBAHHbIE aTOMbl UM KaTMOHbI NepexoaHblX MeTannos. Mpu o6pa-
30BaHMM KOMIM/EKCa peareHTa ¢ KaTannm3aTtopom MPOUCXOAMT Monsapusaums
WU NOHM3ALIUA pearnpyroLLeit cBA3n 3a cYeT Nos MoHa MeTaina — KOMMekK-
coobpa3oBaTensi, KOTOPbIA MOXET KaTa/IM3npoBaTh peakuuu Kak KUCMOTHO-
OCHOBHOFO, TaK U OKUCANTENbHO-BOCCTAHOBUTEILHOTO TUMOB.

Cynbtunabl U OKCUAbl MeTanoB, Kak NpaBuno, 061afatoT U OKUCANTENb-
HO-BOCCTAHOBUTENbHOW, U KMCMOTHO-OCHOBHOW aKTUBHOCTbIO, T. €. ABASIOT-
¢l GUYHKLMOHANBHBIMUW KaTanusaTopamu.

KaTtanutuyeckune peakuum (tabn. 2.1), ocyuiecTsnsemble B HedTenepepa-
6aTblBaOLLE NPOMbILINEHHOCTW, OTHOCATCS K OKUCNNTENbHO-BOCCTAHOBM-

Tabnvua 2.1. Katanntuyeckre peakumm

Peakuus Mpouecc OCHOBHbIE KaTanm3aTopbl

OKMCIINTENbHO-BOCC TAHOBUTE/bHbIE PeakLiyi

mapuposaHue:
RS + H2-» RH + H2S OuncTKa OT CEPHUCTbIX Okcugbl n cynsthungsl Co, Ni
COeVHEeHUN n Mo Ha okcuae antoMUHKA
CeH6+ 3H2->C6H 12 [JeapomaTunsaymsa Ni, Co, Pb, Pt Ha okcuae
antoMmnHnA
JervgpunposaHue: PudopmMmuHr Pt, Re Ha okcuae antoMnHuA
C6H122—»4H2+ C6H6
OkucneHue: OumncTka rasos pereHepaumm Pt Ha OKCuae antOMUHUA
CO + 1/202 CO02 o1 CO
KWCNOTHO-OCHOBHbIE peakL
PacwenneHune yrnesogopofos: KpekuposaHue AMOpP(HbIE N KPpUCTANIN-
SCH Co»—>SC6CI2 yeckue antoMOoCUINKaTbI
V3omepusanuns: M3omepusayuns Pt Ha x/lopnpoBaHHOM
N-C4H10 —» /-C4H10 oKcufe antoMUHNA UK
n-CoHY —/-CeH,4 Pt Ha cynbaTMpoOBaHHOM
oKcuie LMPKOHMA U antoMu-
HUA
ANKWINpoBaHue: AnKunuposaHue H2504; HF; ueonutHble
/-C4H10 + C4H8—/-CgHig KaTanmsatopsl
CwmeLLiaHHble OKUCNNTENbHO-BOCCTAHOBUTE/IbHbIE W KACIOTHO-OCHOBHbIE peakLimu
V3omepusaumsa, paspoiB uenun, [MOPOKPEKUHT, Co, Ni, Mo Ha ueonuTtax,
pacKpbiTUe HaTEHOBbLIX rmapvpoBaHue, oKCufe aNtoMUHUA 1 ap.
N apoMaTnUYeckux Konetw, rMapofeankunmpoBaHue
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TenbHOMY (TMAPOreHN3aLmns U AernaporeHnsanns) unm K KUCnoTHomy (kata-
NUTUYECKUI KPEKUHT, ankKMnnpoBaHue n3obytaHa 6yTeHaMu, NovmMepu3aLmus
ankeHoB) Tvnam. LLIMPOKO NpUMeHSOT 6UPYHKUMOHaNbHbIA KaTanu3 (M30-
Mepu3auus ankaHos, pUAQOPMUHT, TUAPOKPEKMNHT).

LLeHHOCTb 3TOW KnaccudukaLuy cocTOUT B TOM, YTO MMEHHO MpUpoAa
MPOMEXYTOUHOr0 XMMMYECKOro B3aMOAeincTBUS, a He arperaTHoe COCTOsHME
PEaKLNOHHOW cUCTEMbI ONpeaensieT Heo6X0AMMble CBOMCTBA aKTUBHOIO KaTa-
nusaTopa.

CBoIAiCcTBa M TUMbI KaTanm3aTopoB. KaTtanusatopbl 061a4aloT cnegyoumm
OCHOBHbIMW CBOWCTBaMMU.

1. B 06paTuUMbIX peakLuax KaTann3aTopbl YCKOPAT A0CTU>KEHUE PaBHO-
BECWSI, HO He CMELLLA0T ero, Tak Kak CBO60/Has 3Heprusa Katanmsaropa 4o peak-
UMKU 1 nocne HensameHHa. Ecnm 6bl KaTanmsaTop cmellan nonoXeHne paBHO-
BECUS, TO MOXHO ObI10 6bl MONYYNThL Pe3ynbTaT 6e3 HaNMuMs PpasHOCTM TeMMe-
paTyp B CUCTeMEe.

2. YcKopsiollee AeicTBNe KaTanm3aTOopoB 3HAUNTEeNbHO OTAMYaeTCs no ad-
(heKTUBHOCTMN W MeXaHU3My BO3AENCTBUS OT BAUSHUS APYrUX napaMeTpoB
npovecca.

MpuMeHeHNe KaTannm3aTopoB — Hanmbonee aPHeKTUBHbIA NPUEM UHTEH-
CUMKaLMM XUMUYECKMUX NPOLLECCOB, CMOCOOHbIN YCKOPATb peakuuto B MU-
NNOHbI pas.

3. KaTanusaTop xapakTepusylT aKkTUBHOCTbI0. B KauecTBe Mepbl aKTUB-
HOCTMW MPUMEHSIOT Pa3HOCTb CKOPOCTEN XMMUYECKUX peakL it B MPUCYTCTBUM
KaTanmsatopa VKu 6e3 KaTanmsatopa Vv ¢ y4eTOM A0/1 06beMa peakLMOHHOTO
MPOCTPaHCTBA QK, 3aHNMAeMOro Katanu3aTopoM W HeAoCTYNHOro Ans pearu-
PYIOL X BELLECTB:

q; = VK- v(l - ¢K).

B kaTanmsaTopax aKTMBHA He BCS MOBEPXHOCTb, a TONIbKO OTAeNbHble ee
YUYaCTKN — aKTUBHbIE LLeHTPHbI.

4. KaTanusaTopbl 06naaaloT cenekTUBHbIMI CBOMCTBaMuW. Mo cenekTms-
HOCTbIO (M36MPaTENbHOCTLIO) KaTannsaTopa NOHNMaOT COCOBHOCTb YCKOPSTh
TONbKO OflHY LieNIeBYI0 peakL Mo N3 HECKONbKUX BO3MOXHbIX. CeNeKTUBHOCTb
KaTanun3atopa MOXXHO OMpeAennTb N0 YPaBHEHUIO

*Ac _ 6u4.n/ (6u.M 6n.p)a

rae <in, Gn, — KO/IMYeCTBO UCXO4HOIO BELLECTBA, NMPEeBPATUBLLErOCS B Lie/IeBOI MPOAYKT U BCTYMNMBLUETO
B NM060YHbIE PeaKLMM COOTBETCTBEHHO.

CeneKTMBHOCTb HapAAy C akTUBHOCTbIO — r/laBHadA XapakKTepucTmkKa Karta-
nmsartopa. Ansg TeXHONOrnM4yecKoro npuMeHeHns paspabaTtbiBalOT KaTtanmsarto-
Pbl C CENIEKTUBHOCTbLIO He HuXe 96 %.

5. Ba>KHOe CBOCTBO KaTanm3aTopa — ero cnocobHoCTb NPOTUBOAECTBO-
BaTb O0Tpas/neHuto. o oTpaB/ieHNeM KaTanm3aTopa NOHUMAKT CHUXeHWe Uan
NoSIHOE MnofjaBfieHWe ero akTUMBHOCTU B MPUCYTCTBUUN HEKOTOPbIX BELLECTB,
NpPMYeM 4acTo B MasibiX Konn4yecTsax. Takue BellecTBa Obl/I Ha3BaHbl KaTain-
TUYeCcKUMn agamn. TUNUYHbIE A4bl: 414 KaTanM3aToOpoB KPpeKnHra — Taxesnble
MeTanbl, HANPUMEP HUKENb U BaHAAWUI, ONS NNATUHOBbLIX KaTasnM3aTopoB pu-
(hOpPMUHIa — COeAMHEHNA Cepbl U T. .
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OTpaBneHne Katanmsatopa NPOUCXOAUT BCMeACTBUE TOr0, YTO aKTUBHbIE
y4acTKM MOBEPXHOCTW KaTanmsartopa afcopoupyroT MONEKY bl A48 U B pe3y/b-
TaTe 3aTPYAHAETCA LOCTYN pearnpyroLwmMx BeWEeCTB K aKTUBHbIM yyacTKaM. Tak
KaK copbumnsa MoxXeT 6bITb 06paTUMOil U HeOBpaTUMOW, TO pa3nnmyaroT ob6paTu-
Mble N HeobpaTumble oTpaBneHus. MpumMep o6paTMMOro oTpaBfeHUss — KOK-
coobpasoBaHue Ha KaTanmsatope. OTpaBfistoLLee AeNCTBME KOKCA U KaTanu-
TUYECKNX AL0B HAa KaTanm3aTtopbl KaTaIMTUYECKOro KpeKuHra, pu)opmuHra,
rMAPOKPEKNHIa, TMAPOOUYNCTKM, U30MEPM3aLUM N Ap. YCTPAHAOT C MOMOLLbIO
X OKUCNUTENIbHOW pereHepauum.

6. MpomMoTMpOBaHMe ¥ MOAUGMLMPOBaHE KaTann3aTopos. Katanusatopsl
MOTYT M3MEHATb CBOK aKTUBHOCTb NOJ AENCTBMEM pas3IMUHbIX BELLEeCTB.
BellecTBa KataIMTUYECKN HEaKTUBHbIE, HO MOBbILLAOLW e aKTUBHOCTb KaTa-
nu3artopa, HasblBalOT MPOMOTOPaMK, a camMo ABfieHNne — NPOMOTUPOBAHUEM.
Ecnn npu manbix gob6aBkax BellecTa B KaTasim3aTop akTUBHOCTb KaTtanm3arto-
pa pacTeT, JOCTMrasg MakCMMyMa, a 3aTem najaet, TO TaKOe BELLeCTBO Ha3blBa-
0T MOANGNKATOPOM, a ABJIeHNe — MOAU(ULNPOBAHUEM.

BnusaHne fo6aBkKn Ha aKTUBHOCTb Katasmsatopa MOXXHO OnpeaennTb Mo
YpaBHEHNIO

R = (coj + AcdQ/co0= «0 = JTlooMb

rie R — KpuTepuii MoanmMLMpoBaHns; o) — CKOPOCTb peakuuy Ha KaTasimsatope 6e3 Ao6aBKU; JEBO —
npuéaBKa K CKOPOCTYW B pe3y/bTaTe AeCTBUS Ha KaTanm3aTop 406aBKMU.

Mpn R = a&0KaTannsaTtop He COAEPXMUT A0O6ABKN MU COAEPXKUT UHEPTHYIO
pobasky, npn R> W, Habnwopgaetcd moanduumposaHme (NMPOMOTMPOBaHME)
Katanusatopa, npu R< W, — oTpaB/ieHMe KaTanm3aTtopa.

YMeCTHO 3aMeTUTb, YTO NOAJ/IMHHYIO PEBOJIIOLUUIO B Katasnie COBepLUNIO
OTKPbITUE N UCMO/Ib30BaHNE B MPOMbILLJIEHHOCTM B 60-X rogax XX B. LLe0onu-
TOB. LleonnTamu HasbiBalOT NPUPOAHbLIE U UCKYCCTBEHHbIE KPUCTaNIMYecKne
antmocunnKaTtbl, obnagarolime 4pe3Bbl4anHO TOHKONOPUCTON CTPYKTYPON.
OHM NpeacTaBNAT coO60i BOAHbIE PACTBOPLI aIIOMOCU/INKATOB HAaTPUA, Kaslb-
LMa 1 4pyrux MeTannos, T. €. 3TO COMN alOMOKPEMHUEBbIX KUCNOT. Bce ueo-
NNUTbl UMEKT KPUCTAN/INYECKOe CTPOEHME C YETKO BbIPaXXEHHON CTPYKTYPOM.
Mx obLiee CBOMCTBO —HanMume MebyanlX NosocTen, cCoobLaroLWnxXcs Mmex-
Ay cobou yepes "okHa" (nopbl). KonnyecTBo NoN0OCTeN B KpUCTansie Leonmta
OYeHb BeINKO, UX 06LWMIA 06BEM MOXET AOCTMUraTb NONOBUHbLI BCEro o6bema
Kpuctanna. ViImMeHHO 6narogaps 3TOMy 06€3BOXEHHbIE LLe0o/IMThl ABMAKOTCA
npekpacHbIMK agcopbeHTamMn. Ho B oTAmume OT Apyrux agcopbeHToB (aKTUB-
HbI Yronb, CUNNKareb, OKCU aloMUHUA U 4p.) pasmMep Nopy LeoMTOB OUYEHb
man n konebnetcd ot 0,3 4o 1,3 HM, T. €. MOPbI LEONNTa UMEKOT MONEKYIAPHbIE
pasmepbl, 6narogapsa 4emy LeonuTbl 061aaT Kak 6bl MpocenBakLWMmMmm CBOW-
cTBaMu, T. €. MOTYT aficopbupoBaTb MONEKY/Ibl TO/ILKO ONpPefesIeHHOro pasme-
pa, He npesblWakoLWwme guameTpa nop AaHHOro ueonuta. Noatomy oHu nony-
YNNN TaKXKe Ha3BaHWe MONEKY/APHbIX CUT.

Pa3paboTKa HOBbIX KaTa/sm3aTopoB. Ha coBpeMeHHOe COCTOSAHWE U nepc-
MeKTUBHbIE HanpaBneHUs nccnefoBaHnii B 061acTy Co3f4aHMA HOBbIX KaTain-
3aTOPOB 0Ka3blBalOT CYLLECTBEHHOE B/IMSAHWE PACCMOTPEHHbIE Bbllle OCHOB-
Hble (PakTopbl pa3BUTMA HedpTenepepaboTKKM, rnaBHbLIM 06pa3oMm:
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— CHMXeHNe KayecTBa He(pTAHOIO CbIpbA, T. €. YBE/IMYEHNE ero nJaOTHO-
CTW, a TakKXe COAepXXaHus CEPHUCTbIX, NapaMHOBbLIX, MeTannocoaepxxatlimx
COeMHEHWNIA, CMON N ac(anbTeHOB;

— MOBbILWEHNE IKONOTNYECKMX TPebOBaHUI K KavyecTBY He)TenpoayKTOB
1 6e30MacHOCTM BeAeHNSA TEXHONOrMMYeCKNX NpoLeccos;

— KOHKYpPEHLNA CO CTOPOHbI anbTepHaTUBHbLIX BUAOB TOMNINB: rasa, yrng
nT. N,

— paclmpeHne Ncrnob3oBaHNA NPOLLECCOB NEPepaboTKM TAXKENbIX HEPTS-
HblIX OCTaTKOB;

— Heob6X0ANMOCTb aNibHENLLIEN MHTEHCU(UKALLMN TEXHONOTMYECKMX MPO-
LLeCCOB.

3TN n apyrue hakTopbl pa3BUTUA HeTenepepabdbaTbiBatOLLEN NPOMbILLINEH-
HOCTM 00YCNOBNMBAIOT CErOAHA pacwmnpeHne paboT NO CO3[aHUD HOBbIX
NepcneKTUBHbLIX KaTann3aTopos.

B o6nactu npon3BoAcTBa COBPEMEHHbIX aBTOMOOU/bHbIX 6EH3MHOB TEH-
JeHUUN pasBnUTUA NPOMbILLNIEHHOCTM KaTaZiM3aTopoB Ha MMPOBOM PbIHKE Xa-
pPakTepu3yT creaytolwme OCHOBHbIE HanpaB/eHUS.

KaTanMTn4eCcKNin KPEKUHI: BHEAPEHWNE U pacllupeHne NCcnonb30BaHuUS
KaTanmsatopoB (KatanusaTtopbl kKnaccos USY, ZSM-5, Matrix GSR n 1. n.),
NO3BONAKUWMNX YBENUUYNUTb BbIXO4 6eH3MHA, Nerkoro rasonnsd, nponuneHa
N 6YTUNEHOB, YMEHbLUINTb NX 3aKOKCOBAHHOCTb, NMNOBbLICUTbL OKTAHOBOE YMUC/O
O6EeH3UHa U CHU3UTb COAEPXXaHNE CEPHUCTbIX COEANHEHWNIA.

KaTanMTuyeckKnini KpeKUHr 0CTaTKOB: MCNOMb30BaHMe MOAUGULIMPOBAH-
HbIX LeonnToB (Knacca USY) c noByLLIKaMn MeTannoB, maccMpaTtopamm n C K-
POKOMNOPUCTLIMU MaTpULAMMN. DTN KaTanm3aTopbl NOABEPXEHbI MEHbLUEN KOK-
CYEMOCTM, UMEIOT BbICOKYH CTOMKOCTb MPOTUB MeTannuveckux sgos (Ni, V,
Na), NoBbIWEHHYK aKTUBHYI MOBEPXHOCTb MOP, BbICOKWNIA YPOBEHb NpeBpa-
LLEHMS OCTATOYHbIX NMPOAYKTOB U BbICOKYH CENEKTUBHOCTb K BbIXody 6EH3M-
HOB.

KaTanuTnyeckunii pudpOpMUHr: BHEAPEHNE W pPacCLUMPEHME UCNO/b30BaHMUA
HOBbIX GUMETANIMYECKUX KaTaNm3aTopPoB MOBbIWEHHON CTabuNbHOCTM Ha OC-
HOBe OKCcuAa antoMUHUA, MO3BONAKLWNX YMEHLLINTL laBNeHne npouecca, CHU-
3UTb KOKCOOOpa3oBaHue, MOBbICUTb BbIX0OA pUdopmata U ero OKTaHOBOe Yuc-
N0, a TakXXe BbIX0[ apoMaTU4YeCcKuUX yrnesogopoLoB, eciiv 370 LefeBble npo-
OYKTbI.

ANKnnnpoBaHue: paspaboTka 60nee aPHEKTUBHBLIX U 3KONOrMYecKn 6e3o-
MacHbIX TEXHOMOrMiA Ha ocHoBe HF n H2S04, a TakXXe HOBbIX TBEPAOKUCIOT-
HbIX KaTa/nn3aTopoB, ABNAKLLIMXCA MEHEe KOPPO3MOHHO-aKTUBHbIMU, 60/ee
6e3onacHbIMKU B 06paLLeHn N obecnevymnBatoLLMMM HEMPEPbIBHOE NPOBeAEHNE
npoueccoB. Kak npaBuio, cBoOMcTBa U 3PHPEKTUBHOCTb MHOTUX TBEPAOKMC-
NOTHbIX KaTann3aTopoB OCHOBaHbl Ha 0COBEHHOCTAX XMMMUYECKOro cCoCTaBa
LL,e0NNTOB.

N3omepunsayms: cosgaHne TBepAOKUCNOTHbIX KaTannsaTtopos (Hanpumep, Ha
6ase cynbaTMpPOBaHHOIO LMPKOHUSA), NO3BONAKLWLIMX CHU3NTL TeMMepaTypy
npotecca, NoBbICUTb YPOBEHb NPEBPALLEHNA peareHToB, T. €. BbIX04 N30MepPU-
3aTa M 04HOBPEMEHHO €ro OKTaHOBOE YK1C/O.

MnaopooyncTKa 6eH3nHa, AN3eNbHOro TON/AMBa U BaAKYYMHOro ra3onns:
paclmnpeHne NPUMEHEHMNS aNntOMOKO6anbTMONMNGAEHOBbIX N atOMOHUKENbMO-
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NMBEHOBbLIX KaTann3aTopoB ¢ MOANGMULMPOBAHHON CTPYKTYPOi HOCUTENS,
MO3BONAKOLWMX NPOBOANTL FNy6boKoe obeccepuBaHme.

MnapofeapoMaTm3aLma CPeaHUX ANCTUANATOB: pacllnpeHne NpuMeHeHns
KOMOUHMPOBAHHbIX KaTann3atopoB "61aropofHblil MeTann—teonnTbl™ 4na
ABYXCTYMNeH4aTbIX NPOLEeccoB rnyo60Kon rmaporeHnsaymm ¢ Lenbio yMmeHblLUe-
HUA CofepXaHusa apoMaTUyecKMxX yrnesofopoAoB A0 Tpebyemoro ypoBHS.

MAPOOYMCTKA OCTATKOB: NPUMeEHEHNE MOANDULMPOBAHHbIX KaTannsaTop-
HbIX cncteM Co—Mo/A1D 3u Ni—Mo/AlD 3co cneumnanbHON CTPYKTYPOit nop
HOCUTENA U C YNIyUYLWEHHbIMN PYHKLMAMYK 0beccepmBaHma 1 fea3oTUPOBaHNS,
MCMOMb3yA MHOTOMOMIOYHbIE pPeakTopbl. TN KaTanmsaTopbl 60/siee CTONKMK
K MeTaN/IMYecKUM famM, UMEKT YANMHEHHbIN XU3HEHHBIA LUK, obecneyn-
BalOT MOBbILIEHHYIO CTENEHb KOHBEPCUM OCTaTKOB B AUCTUNATBI, CNOCOOCTBY-
0T 60nee rNy60KOMY yaaneHuto cepbl, a3ota, MeTasoB.

MMAPOKPEKUHT ra3oifieil: paclunpeHne UCNoib30BaHUA KaTanm3aTopos
Ha ocHoBe [Ni—W + moauduuymnpoBaHHbliii Al 3]; [Ni—W /Si02-Al1D 3;
[Ni-W/yeonutbl + amopHbiii Si02-A1D 3. 3TK KaTannsaTopbl UMeKT Mo-
BbILUEHHYIO N36MpaTeNlbHOCTb K CPeAHUM AUCTUNNATAM U YA/MHEHHBIA CPOK
CnyX6bl, NOBbILWAsA 0J4HOBPEMEHHO KavyeCTBO NPOAYKTOB.

TMOPOKPEKMHI OCTAaTKOB: pacliMpeHne UCNoNb30BaHUA KaTanm3aTopoB
C YNIYYLIEHHbIM COOTHOLLIEHNEM KOMIMOHEHTOB M C Pa3BUTOM NOPUCTON CTPYK-
TYPOW HOCUTeNs. OTU KaTannsaTopbl 06ecneymBatoT BbICOKYH CTeMNeHb Mnpe-
Bpal,eHns N HU3KNA YPOBEHb OT/IOXKEHWA, CNOCOOCTBYIOT 60/1ee rny6oKomy
YAANeHNo a3oTa U cepbl, UMEKT YA/IMHEHHbIN CPOK CNYX0bl M 06ecrneyumBatoT
CcTabunbHOe KayecTBO MPOAYKTOB.

2.4. T1pon3BOACTBEHHO-TEXHOIOINYECKNE
Komnnekcbl (MTK) no nepepaboTke HepTerasoBoro
CbIpbS

B cBA3M CO 3HAYMTENbHO BO3POCLIMMY TPe6OBAHMSIMU K 3KCM/yaTalMOH-
HbIM U 3KONOTMYECKUM CBOWCTBAM TOBapHbIX HeTenpoaykToB Ha HIM3
Ha 6a3e 60/bLINHCTBA PU3NKO-XUMUYECKIX MPOLIECCOB NepepaboTKn HedTera-
30BOr0 Cblpbsi 06pa3oBaHbl NMPOU3BO/ACTBEHHO-TEXHONOTMYECKNE KOMMEKCHI
(MTK). Taknme KOMMNEKCbl BKAKOYAOT CTaANO0 MOATOTOBKN Chipbsl, OCHOBHOM
(P M3NKO-XUMMNUYECKNIA NPOLLECC U CTaAMIO MPON3BOACTBA TOBAPHOW NPOAYKLNN:

OCHOBHOI (DU3NKO-XMMUYECKUI npolLecc — 3TO TaKOW npouecc
B TEXHO/MIOFMYECKOl CTPYKType HedhTenepepabaTbiBaloLLEro NpeaAnpuaTus, Le-
NeBbIM Ha3HaYeHMeM KOTOPOro ABAsSeTCs obecrneyeHne MaKCUMaNbHOMO Bbl-
X0/la TOr0 UM MHOTO TOBAPHOTO HeTEMPOAYKTA UMM ero KOMMOHeHTa. Tak,
KaTa/IMTMYECKUI KPEKMHT, KOKCOBaHMWE, MPOM3BOACTBO GUTYMOB, TEXHNUYECKOTO
yrnepoga u ap. —aT0, Kak NpaBuio, OCHOBHbIE (hM3MKO-XUMUYECKNE NpoLiec-
cbl. OfHaKO ANna UX 3PEKTUBHOIo 1 peHTabenbHoOro yHKLUMOHMPOBAHMUSA
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Heo6X04MMbI Cbipbe N KOHeYHas NPoAYKLUA BNOJHe ONpefe/ieHHOro KayecTsa.
PaunoHanbHOe BefleHWe OCHOBHbIX PU3NKO-XUMNYECKUX MPOLLEeCCOB HedTe-
nepepaboTKM HEBO3MOXHO 6e3 npoBefeHMA CTagun NOATOTOBKU Cbipbs (hu-
3NYECKUMUN NN (DU3NKO-XUMUYECKUMU MeTodammn) U npounssoactea (B 60/b-
LUMHCTBE CNy4YyaeB — (PU3MYECKMMU npoLeccaMmn KOMNayHAMPOBaHUA NN ce-
napayun) ToBapHou npoaykumn. Ctagma NOATOTOBKM CbipbsA AO/MKHA
obecne4ynTb HEOOXOAMMBIA 419 HOPMa/IbHOTO BeAEHUS OCHOBHOIO (PU3NKO-
XWMWYECKOro npouecca rpynnosoi U )pakyMOHHbIA COCTaB He(hTerasoBoro
cbipbsi. CTagns Npon3BoACTBA TOBAPHOMW NPOAYKLMUM NO3BONAETYYECTb
TpeboBaHNA LEACTBYIOLLMX HOPMaTUBHbBIX 4OKYMEHTOB ((hefepanbHbIX, peru-
OHaNIbHbIX W Ap.) K Ka4eCTBY He()TENPOAYKTOB.

MpakTyeckn Ha Bcex HIM3 BO3HMKaeT HEO6XOAMMOCTbL B MOArOTOBKE
cbipbs. Hanpumep, ANg npoLecca KataMTUYECKOro KpeKUHIra Ucnosb3yrT rna-
POOYUCTKY Cbipbs. [ 15 npouecca KaTaIMTU4ecKoro puopMmmHra 6eH3nHoOBbIX
(hpakynii NPUMEHAOT BTOPUYHYIO NEPErOHKY GEH3MHA U TUAPOOUNCTKY.

MoTpebHOCTL B CTafuUM cTabuIbHOro NPON3BOACTBA TOBAPHOW MPOAYKLUM
obycnosneHa TpeboBaHUAMM TexXHUYECKOro pernameHTa P®, ocobeHHO npu
NPON3BOACTBE TOBAPHbIX MOTOPHbLIX TONIUB Knacca 4 unm 5 NN nNpu opraHn-
3aumMmn Npom3BoACTBA KOMMayHANMPOBaHHbIX GUTYMOB.

[MpumMepbl coyeTaHUa NPOLLECCOB B CTPYKTYpe NPOU3BOACTBEHHO-TEXHO-
NOTNYECKNX KOMMNNEKCOB NpeAcTaB/eHbl B Tabn. 2.2. BaXXHO NOAYEPKHYTb, YTO
Ha KaXXA0WN N3 yKasaHHbIX CTaAWnin NPOMU3BOACTBEHHO-TEXHO/IOMMYECKOTO KOM-
naekca MoXeT 6bITb MCNO/b30BaH HE OA4NH, @ HECKO/TbKO TEXHO/IOMMYECKUX Npo-
Lieccos (nocnepoBaTenbHO UM napanienbHo) ANd NPou3BOACTBA HETenpo-
AYKTOB C 3af@HHbIM NOTPE6MUTENIbCKMM YPOBHEM KayecTsa.

Takum o6pasomM, NMTK —3To CTpPYyKTypa, No3Bonstowas o6ecnevynTb Tex-
HONOTMYecKy Koonepauuto B HehTenepepaboTKe C Lie/ibi0 BblMyCKa HepTe-
NMPOAYKTOB 3afjaHHOro KayectBa. Q(PMeKTUBHOE (PYHKLUMOHUPOBaHNE TaKnUX
MPOM3BOACTBEHHO-TEXHONOTMYECKUX KOMMMIEKCOB B OnnKawem 6yayLiem
OyfeT onpefenAaTb HanpasB/feHUs MOAEPHU3aUMN U pa3BUTUA HedTenepe-
paboTKu.

24.1. CTAOVA NOAIrOTOBKW CbIPbA

Ota cTtagua MTK BkAoYaeT (pr3nMyeckne n pru3nKo-xMMmyeckmne npowec-
Cbl, MpefHa3HaAYeHHble ANS:

—obecneyeHns ahPeKTUBHOCTM (HaNpMMep, NOBbILEHNSA CPOKaA CYXObI
KaTanu3aTtopa, BbixoAa LefeBoin npogykumu n ap.) nepepabotkn HIFC ¢ nomo-
b0 OCHOBHOTO (PU3NKO-XUMUYECKOTO NPOLECCa;

— NpPoOn3BOACTBa NPOAYKLMN TpebyeMoro KayecTBa NyTem perynnpoBaHus
3N1EMEHTHOr0, FPYNMOBOro XMMmU4eckoro n (Mnm) pakyMoHHOIro cocTaBa
CbIpbS;

—nepeBoja nepepabaTblBAEMOro Cbipbs B aKTUBMPOBAHHOE COCTOSIHUE,
T. €. B COCTOAHME ONTUMaNbHON AUCMNEePCHOCTU, NO3BOAOLLLEE, HANPUMep, pe-
rynupoBaTb NapaMeTpbl pexxnma n3nKo-XxMmMmM4ecKoro npoLecca ero ganbHeni-
Wen nepepaboTKKU, NOBbIWATL KAYECTBO M(MIN) BbIXOA LLeNeBoi NPoayKLUmWN.

B ngeansHom cnyyvae He06X04MMO LOCTMIXKEHME BCEX BblllenepeymncrieH-
HbIX Lenen.
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24.11. ®N3INYECKWME MPOUECCbHI CTAOUWN MNOAITOTOBKW CbIPbA.
COJIbBEHTHAA JEACOPANBTN3ALUNA TYAPOHOB

B coBpemeHHOW HedTenepepaboTke (uU3nyveckne NPoLEecchl CTagum nof-
rOTOBKW He()TerasoBoro Cbipbs LWNPOKO UCMONb3YIOT ANA ero nocrefytoLen
nepepaboTKn B OCHOBHbIX (DU3MKO-XUMUYECKNX Mpoueccax. K yucny takmx
NMpoueccoB cTagnMy NOATOTOBKW Cbipbsi OTHOCAT, Hanpumep, obecconmMBaHue
N o6e3BoXnBaHme HepTn (I/10Y), hpakymnoHnposaHue Heptn (ABT) u ap.
MpakTuyecku Bce hpakumn, nonyyaemole Ha ABT, cnyxaT CbipbeM gns nocne-
AYHOLWMUX OCHOBHbLIX (DU3NMKO-XMMMUYECKUX npoueccos. Copbunio n ppakymo-
HUPOBaHME rasoB NMPUMEHAT MPU NOATOTOBKE CbipbsA AN OCHOBHbIX
(PU3NKO-XMMNYECKMNX NPOLLECCOB: NUPONM3a, ankKuUanpoBaHus, noanmMmepusa-
unm n gp. Knaccudurkauma @usmyeckmx npoLeccos CTagnmn noLroToBKN Chbl-
pbs aHa Ha CXeme, NMPUBEAEHHOIN HUXeE.

*XC — rpynnoBoi XMMUYECKUNI cocTaB

3/10Y n ABT 6bII pacCMOTPEHbI B y4ebHOM nocobun "TexHonorus nepe-
paboTKn HethTn. YacTsb I". Mpoueccol geacdhanbTusaymmn, CeNIEKTUBHOM OUUCT-
Ku, genapapuHusaymm n agcopoLUMOHHON OYUCTKIN ByLyT N3yyeHbl B y4eOHOM
nocobun "TexHonorun nepepaboTkn HedTu. Yactb Ill. MponsBoacTBo cMma-
304HbIX MaTepuanos” KomnayHaupoBaHWe pa3nnyHbIX BUAOB Cbipba OyaeT
pacCMOTPEHO B pasfefniax, MOCBAWEHHbIX OCHOBHbIM (PU3UKO-XUMUYECKUM
npoueccam.

B faHHOM pasfene B KayecTBe nmpumepa (u3Myeckoro npouecca, npmme-
HAEMOro Ha cTagun NoAroTOBKM CbipbsA, ByAyT pacCMOTPEHbI pas/inyHble Tex-
HOMIOTUW COJIbBEHTHOW AeacdasnbTm3aunm rygpoHoB ¢ NoayyYeHUEM Cbipbs 4N
TMAPO- M KaTaIMTNUYEeCKOro KpeKuHra.
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CenapauNOHHbIA (DM3NYECKMNIN NPOLLECC COMbBEHTHOM AeactanbTuU3alnm
(COA) HedTerasoBoro cbipba UCNOMb3YKT Ha CTaAnM ero NoAroTOBKM Ans OcC-
HOBHbIX (PU3NKO-XMMUYECKUX MPOLLECCOB.

VicTopuyeckun npouecc geactpanbtnsaymm rygpoHa pacTBopuTesieM cHavyana
OblN BBEAEH KaK CNoco6 OUMCTKM ryapoHa ans nonyyvyeHns octaTouHbIX 6a30BbIX
macesn. B KayecTBe pacTBOpUTENSA UCMO/b30Bann nponaH. Mogpo6bHo aTOT nNpo-
Liecc byaeT pacCMOTPeEH B KHUre "TexHonorus nepepaboTkn HedhTu. YacTb Tpe-
TbA. [1PpOM3BOACTBO CMa304HbIX MaTepunanos".

OH npepHasHayeH 4N15 yAaneHUs U3 HePTAHbIX OCTaTKOB CMOJINCTO-ac-
(hanbTeHoBbIX BewecTB (CAB) 1 NOAUUMKANYECKUX apeHOB C NOBbILIEHHOW
KOKCYEeMOCTbO MYTEM WUCNOMb30BaHUA pacTBOpuTeNein. LleneBbiM NpoAyKTOM
npouecca sensetcs geactpanbtmsar. Mo60UYHbIA NPOAYKT —ac{anbT —UCMOb-
3YHOT B KQYeCTBE Cblpbsi TEPMNYECKMX NpPOLLeccoB (Hanpumep, B NPOU3BOACTBE
OUTYMOB) Y OH MOXET ABNATLCA KOMMOHEHTOM KOTE/IbHOro TOM/uMBa.

B kauyecTBe pacTBOpuTeNns A1 NONYyYeHUsA BbICOKUX BbIXOA0B AeacanbTu-
3aTa MCMO/b3YIOT NponaH-6yTaHOBY CMeCb, 6YTaH, MeHTaHbl U UX CMECHU.
UeM Bbllle BbIXOA LENeBOro NpoayKTa, TeM XyXXe ero KayecTtso.

[naBHbIMW (haKTOpamMu, BAMAKOLWMUMM Ha Mpouecc, ABAAKTCA KPaTHOCTb
pacTBOPUTENS K Cbipblo, TEMNepartypa, AaB/eHne, TUMN PaCTBOPUTENA U €ro Yn-
cToTa. KpaTHOCTb pacTtBopuTens konebnetca or 340 10 : 1 no obbemy, Temne-
patypa coctasngetr 50—85 °C, gnaBneHne — HeMHOro MpeBbiWaeT gaB/ieHne
HaCblILLEHHbIX NapoB XNAKOro pacTBOpPUTENS.

MpomblWNeHHas ycTaHOBKa AeacthanbTmsaynmn rygpoHa pactsoputesnieM
COCTOMT M3 TPeX CEKLMIA: IKCTpakynmn, pasgeneHms geachanstmsara u pacTso-
puTens n BblgeneHuns actpansta. Ha puc. 2.1 npeacrasneHa B 06Lem Buae Tex-
HONOrMYyeckas cxema mpolecca feacanbTusaunm ryapoHa pacTtBOpUTenem
C NONYYEHMEM Cbipbs AN TMAPO- N KaTaIMTUYECKOr0 KPeKnHra.

MopjorpeToli B naponogorpesatene 2 rygpoH nojatT B 3KCTPAKLMOHHYIHO
KONOHHY 3. TemnepaTypy 3KCTpaKUUW PerynmpyroT, U3MeHAs pacxon pacTBo-
puTena n BoasHoro napa. C BepxaaKCTPaKLMOHHON KOMOHHbI 3 BbIBOASAT CMECH
fieacthanbTm3ara c paCTBOPUTENEM B UCMAPUTENDb 5, re pacTBOPUTESb YaCTHY-
HO yaanseTcs. [lanee ¢ HM3a ucrnapmuTensd 5cmecb NOCTyNaeT B TeN/JI000MEHHUK
19, KONIOHHY 20, rae pacTBopuTe/b YAANAETCs 3a CHEeT CHUXXEHUS JaBNeHUs,
N KONIOHHY 21 AN OTNapKn pacTBopuTens BoAgAHbIM napoM. C HM3a KOMOHHbI 3
YX0AMT achanbT C YBNEYEHHbIM pacTBOpuUTesieM, nogorpesaetcsd B neyn 16
N nofaeTca B KONTOHHbI 151 14 ana n3sneyvyeHusa pactsoputens. apbl pacTso-
puTena n3 ncnaputend 5 U KONOHHbI 15 KOHAEHCUPYIOTCA B X0N04AUNbLHUKE 8
N cobuparoTca B eMKOCTK 9.

Mapbl pacTBOpUTENs U3 KOJTOHHbI 20 KOHAEHCUPYHOTCA B X0N0AUNbHUKe 11
M cobumparoTcs B eMKOCTM 12, 0TKYyAa NepekaynBaroTcs B eMKOCTb 9. PacTBopu-
TeNb N BOAAHbIe Napbl U3 KOMOHH 14, 21 noABeprarTCa OXMaXAEHUIO B KOH-
feHcaTope cMeleHMa 6, M3 KOTOPOro napbl 3abuparoTcsd KOMNpPeccopom 7,
CXXMMAlOTCA, 3aTeM KOHLEHCUPYKTCA B X0N0A4UNbHUKE 11 1 yepe3 eMKOCTb 12
BO3BpaLlaloTCsa B CUCTEMY XXNAKOr0 pacTBOPUTENS.

KomnaHuna nOPaaa geactpanstnsaymm ryapoHOB UCNOSb3YeT OANH U3 OMK-
CaHHbIX BblLLEe PacTBOPUTENIER, Noyyas Npu 3Tom feacthanbTusaT CoO CPpaBHU-
Te/IbHO HU3KUM COLepXKaHMeM MeTalopraHukKnM 1 acdanbTeHoB. Mpu o4nUCTKe
KYBEMTCKOro ryapoHa n-neHTaHoM BbIXoA aeacanbtusata coctasun 80 % (06.)
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Puc. 2.1. TexHonorndeckas cxema feacanstusaumm ryapoHa pacTBOpUTESIEM:

1, 10, 13, 17, 22 — Hacocbl; 2 — MaponojorpesBaTtesib; 3 — 3KCTPaAKLUOHHAS KOMTOHHA; 5 — ncnaputens;
6 — KOHAEHCaTOp CMeLLEeHNs; 7— KOMMpeccop; 8, 11, 18 —X0N0AUNbHUKN; 9, 12 — eMKOCTU; 15, 20 —
KOJTIOHHbI; 16— neyb; 19 —Tenn000MeHHUK; 14, 21 — 0TNapHble KOMNOHHbI; | — CbIpbe; | 1 — pacTBopU-
Tenb; 111 — geacpanbTmsar; 1V — acanbT; V— Boga; VI— BoAsHOM nap

Ha CbIpbe NPU COAEPXaHUM B HEM COeAMHEHMIA MmeTannoB 0kono 15 % (mae.) ot
NUCXOLHOro Konmyectsa. MNMonyyeHHbIn geacanbTn3atr UCNONb3YIOT KaK Cbipbe
KaTta/IMTUYeCKOro KpekKnHra unmn rugpokpekmHra. o 1akoin TeXHONOrmm aKc-
nnyaTupyeTca ofHa yCTaHOBKa M CTPOATCA 4YeTblpe MolwHOCTLO OT 2070 Ao
6360 m3cyT.

KomnaHuna KBR paspaboTtana TexHosornio ROSE ans XWAKOCTHOW 3KCT-
pakunMn B 3aKpUTUYECKUX ycnoBuax. Mo cyuiecTtsy, 310 feacanbTu3aums
HEePTAHbLIX OCTATKOB GyTaHaMW M NEHTAHOM B CBEPXKPUTUYECKOM pexume.
Mpun 3ToM N3 octatka BblgensatoT 70—90 % (mae.) coeanHeHnn meTannos. OT-
nMunTenbHas 0CO6EHHOCTb TEXHO/IOMMU COCTOUT B 601ee 3IKOHOMWUYHO pere-
Hepauumn pacTBOPUTENSA B CBEPXKPUTUYECKMX YCNOBUAX NO CPaBHEHUIO C 00ObIY-
HbIMW YCNOBUAMW NCNAPEHUA. DTO NO3BONAET CHU3UTL 3aTpaTbl Ha 3HEPTUIo
N BCOMOTraTe/ibHO-TeXHNYeckue cpeacteac 4,2 no 1,8 fonn, Ha 1m3cbipbs No
CpaBHeHUIO ¢ 0ObIYHOIN AeachanbTm3aynert NponaHoM, KanuTanoBIOXKEHUS —
npumMepHo Ha 20 %. TexHonorna ROSE no3BoNAeT ynyyLllnUTb KAYeCTBO BbICOKO-
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CePHUCTBIX U MeTannocoaepXalinx ppakyuii nyTem yaaneHusa n3 HuXx acganb-
TEHOBOW hpakuuu, 60NbLIEIA YaCcTW CEPHUCTLIX M MeTano0praHNYecKnx coean-
HeHWIA. B pe3ynbTaTe 06pasytoTcs acdanbT U Cbipbe A5 KaTaIMTUUYECKOr0 Kpe-
KWMHTa U rMapokpeknHra. B Tabn. 2.3. npuBeAeHbl JaHHble O BbIXOAe
M KayecTBe MPOAYKTOB, MONYyUYeHHbIX No TexHonorun ROSE.

Tabnmua 2.3. XapaKTepucTrKa feacasibTm3ara ryapoHa rnpu Ucnosib3oBaHNM Pas/inyHbIX
pacTBopuTeneit nNo TexHonorun ROSE

PactBopuTenb
MokasaTesnb Chblpbe
nso-byTtaH H-ByTaH H-MeHTaH

Bbixog, % (mae.) - 58,2 70,0 79,1
MnoTHOCTb, r/cm3 1,036 0,985 0,999 1,009
KokcyemocTb no KoHpafacoHy, % (mae.) 22,9 8,5 11,7 14,9
BaskocTb, Mmm2c 1,82 144 205 315
CopepxaHve coevHEHNA:

cepsbl, % (Mae.) 4,6 3,6 3,9 4,2

BaHaausa, Mr/kr 78 5 12,5 25,0

HUKeNns, Mr/kr 26,0 2,8 6,0 11,0

KomnaHusa Foster Wheeller paspa6oTana TexHO/0rno rnyookon geacdasib-
TU3aunuv rygpoHoB, rfe B Ka4ecTBe pacTBOPUTENA UCNOJL3YHT reKcaH uan ner-
KU 6eH3UH. B npoMbllwieHHOCTN paboTaloT 6onee 40 TaKMX TeXHONOrnye-
CKUX YCTaHOBOK.

Mpouecc NPoBOAAT B KOMIOHHE C BpaljalowmnmMmcs gUCKoM, 4To obecneyn-
BaeT 60/blUe CTyneHel sKCTpakunu. Takas KOJIOHHA MO3BOMISET Mosy4vaTb
BbICOKWI BbIXO4 AeacanbTm3ara U ynyyllatb ero kKa4ecTBO — CHMXKaTb BbICO-
Ky napaHUCTOCTb, COOTHOLLUEHWE YINepos : BOLOPOA, CodepXaHue cepbl,
asoTa n metannos. Temnepatypa npouecca 50—230 °C, nasneHue 2,1—3,5 MTla,
COOTHOLUEHME pacTBopuUTeNb : ryapoH 4,1—13,1. TexHonornyeckaa cxema coot-
BETCTBYET puc. 2.1, BbIX0f4 AeacanbTuniara coctaBnset 53—65 % (06.) Ha cbipbe.

Ewe ognH npumep npouecca geachanbtnsaumnm, Ucnosib3yemoro B npo-
MbILL/IEHHOCTU, — 3TO TEXHO/0rnA feacasibTmsaumm KomnaHum Axens. yapoH
nofABepralT 3KCTPaKUMOHHON cenapauun npu temneparypax 150—180 °C
N naBneHnn okono 4 Mlla (pacteoputenb —rentaH). KOHCTPYKLNA 3KCTpakK-
TOpa 1 peXxunm npouecca obecrnevynBadT MakCMasbHbIA BXOA AeacdanbTuia-
Ta, Cofepalero MMHUManbHOe KONIMYECTBO HeXeNlaTe/lbHbIX MPUMeCei, B TOM
yncne meHee 0,05 % (mae.) He paCTBOPUMbIX B renTtaHe npumecein. Pactesopu-
TeNlb OTAENAT OT AeacanbTuiarta 1 acgasbTa B UCNAPUTENbHBIX U OTMapHbIX
KOJIOHHaX.

24.1.2. PN3NKO-XUMUNYHECKWE MPOUECCbHI CTAOUWN MOATOTOBKN
CbIPb4

Huxe npeacTaBneHa Knaccudukaumns huUNKo-XxuMmnyecknx npoLeccos
CTafiv NOATrOTOBKM ChIPbSi.

B ux uncno BXoasT TepMUYEcKMe npouecchl (415 NOBbILIEHUS apoOMaTN30-
BAHHOCTM Cblpbsi MPOU3BO/CTBA TEXHUYECKOTO Yrnepoaa, Ana nonyyeHns 6eH-
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3MHOBbIX U AN3eNbHbIX PPaKUmnii B 3amMe1IEHHOM KOKCOBaHUN U T. 4.), TEpMO-
KatannTuyeckune [M3omepusayns «-6ytaHa — NoAroToBKa Cbipbs ANA ankuim-
poBaHunsA, ART-npouecc —noAroToBKa Cblpba A1 KaTaIMTUYECKOTr0 KPEeKUH-
ra (cm. pasgen 4.1.3) u 1. 4.], TepmorngpokartanmuTmyeckme (rmapooyvmcrka
AUCTUNNATHBIX U OCTaTOYHbIX (DpaKuMil — NOAroTOBKA CbipbsA A1 OCHOBHbIX
MPOLECCOB KaTa/IMTUYECKOr0 KPeKnUHra, puopmMuHra n T. 4.), KNCNOTHO-
LLLes104Han OYNCTKa.

2.4.2. CTAOVS NMPOV3BOACTBA TOBAPHOW MPOAYKLN

STa cTaAna —HeoTbem/ieMas YaCTb COBPEMEHHOT0 NPOM3BO/ACTBEHHO-TEX-
HOMIOrMYecKOro KoMnnekca — npefHasHauveHa Ans BbiNnyckKa HehTeNnpPoAYKTOB,
MOMHOCTbIO COOTBETCTBYHOLINX TEXHUUYECKUM YCNOBUSIM UAN TEXHUYECKOMY
pernameHTy P®. OT6MpaemMble Ha TEXHONOTMYECKMX YCTAHOBKAX MOTOKM, KOM-
MOHEHTbI ¥ NONYNPOAYKTbI B NOAABAAIOLEM GONbLWNHCTBE CMy4YaeB He COOT-
BETCTBYIOT BbllLeyKa3aHHbIM HOPMam Mo OfHOMY WM HECKO/IbKMM MoKa3aTe-
nam. Takum 06pa3om, OCHOBHas LeNb CTaAuu NPoM3BOACTBA TOBAPHOW Mpo-
OYKUUN —3TO [OBEfIEHME BCEX MOKa3aTeNei KauecTsa TOro UaM UHOFO TeXHO-
NOrnYeckKoro NPoAyKTa A0 YPOBHS TPeOGOBaHUI YNOMSHYTbIX HOPMAaTUBHbIX
AOKYMeHTOB. Knaccudukaumsa TeXHONoruidi aToi cTaguy npeacTaBieHa HUXe
Ha CXeMe.

ANCTUANATBI, NONyYaeMble B pe3ynbTaTe PU3NKO-XUMUYECKMX MPOLIECCOB
nepepaboTKyM HepTEra3oBoro Chipbsi, NPEACTAaBNAAOT COGOM CNOXHYIO CMECH
OpPraHMYecKUX 1 reTepoaToMHbIX COeMHEHUI. YacTb coeiUHEHNIA 3aMETHO
yXYAlWaeT 3KcnayaTalyMOHHble CBOWNCTBA TOBApPHbIX HE(TENPOAYKTOB U UX
HeobX0AMMO yAanuTb. BbigeneHne Unn yaaneHne U3 HePTAHbIX (PaKLmnii
HeXxenaTeNbHbIX KOMMNOHEHTOB OCYLULECTBAAKT B (hM3MUecknx (cenapawLnoH-
HbIX) UK QU3NKO-XUMMNYECKMX (COMPOBOXAMLLMXCA NPOTEKAHUEM XUMUYe-
CKMX peakLUWil) npoueccax. B pe3ynbrate Takoli KOMMNAEKCHOW NepepaboTKu
MO/yYatoT BbICOKOKAYECTBEHHbIE KOMMOHEHTbI, U3 KOTOPbIX 3aTEM NyTeM KOM-
nayHAWPOBaHUA FOTOBSAT TOBAPHbIE HE(TENPOAYKThI.

®U3NKO-XMMMYECKNE NPOLECChl CTaauM NPOn3BOACTBA TOBAPHbIX HedTe-
NPOAYyKTOB, HanpumMep NPOLECC FMAPOOYMUCTKMU, NOAPOGHO OnmMcaHbl B COOT-
BETCTBYHOLLMX pa3fienax HacToSALWEero n3gaHuns. ST1 NPoLecchl JOCTaTOUYHO YHU-
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BepcasibHbl, HO, KaK NPaBuW/o, KanuTaso0eMKu1 1 yA0p0XatoT No/lyYaemble B Npo-
LLecCe OYMCTKMW TOBApHble HE(TENPOAYKTbI, TaK KakK TPEOYHT UCNO/b30BaHUA
BOZ0PO/a, KaTanmnsaTopa v JoporocTosLlero 060pyg0BaHNs, pa6oTatoLLEero nog
BbICOKMUM []aBNEHNEM.

2.4.271. PU3NYECKWE NMPOLECCHI CTAAVV MPOU3BOACTBA
TOBAPHOW MPOAYKLUN

Cpean hm3nyeckmx NpoLeccoB Ha CTagMm NPon3BOLCTBA TOBAPHOW Npo-
aykumm MTK Hanbonee WNPOKO NMPUMEHSAIOT MPOLECCHl KOMMNAayHAMPOBaHMA
(Hanpumep, AUCTUNNATHLIX HEPTENPOAYKTOB C NMpucagkamun) un agcopouyum
(Hanpumep, OCTaTOUHbIX HE(DTENPOAYKTOB C MOMOLLbIO agcopbunmn n/mnun ge-
napaguHunsaumnmn). CyLecTByoT HEKOTOPbIE pasinyma B hn3nyecknx npowec-
cax cemapaumn nerkmx "cBetnbIX" He()TENPOAYKTOB U TSXKeNbIX OCTATOYHbIX,
MO3TOMY pPacCMOTPUM OTAE/IbHO TEXHO/IOTMU NPUTOTOB/IEHUA 6EH3NHOB, AU-
3€/IbHbIX U KOTeNbHbIX TOM/INB.

24.2.1.1. TIONYYEHNME TOBAPHbIX BEH3VNHOB KOMMAYHANPOBAHVNEM

dun3nyecknini npouecc KoMnayHaAMpoBaHUS GeH3MHOBbLIX pakunii npea-
Has3HayeH AN NoJiy4YeHUsa BCEro acCoOpTUMEHTA BblIMYCKaeMbIX Ha npeanpusa-
TUN TOBaPHbIX aBTOMOOU/IbHLIX GEH3UHOB CMELLEHNEM BCeX KOMMOHEHTOB,
BKNKOYas pa3nnyHble fo6aBku U npucagku. CtaHuMm cmeweHns 6eH3NHOB
(CCB) pasnuyarT KakK Nno KOM4yecTBy KOMMOHEHTOB U npucagok (ot 2—3
A0 15—18), TaK 1 MO CTeneHn aBTomMaTn3aLmm n KOHTPONA 3a NPOLLECCOM KOM-
nayHAMPOBaHMA M YCTPOMCTBaMU A5 €ro OCYLLECTBEHNS.

Knaccuyeckasa cxema opraHusaumnmy npouecca KomnayHAMpoBaHUA Ha Hed-
TenepepabaTbiBaloLLLEM MPeANPUATAN BKIOYAET TPU OCHOBHbIX 3Tana: TeXHO-
NOTNYEeCKMn pacyeT peuenTypbl CMecu MO OCHOBHbLIM (PU3NKO-XUMUYECKUM
nokasaTesiiM KOMMNOHEHTOB (M/0THOCTU, OKTAHOBOMY YuCNy, (PPaKLMOHHOMY
COCTaBy, COAEPXaHM CMON U T. N.), MPUrOTOB/IEHNE U aHANMU3 CHavana KOHT-
PONbHOro nabopaTtopHoro o6pasua, a 3aTem M TOBapHOW NapTUM aBTOMOOU/Ib-
HOro 6eH3unHa.
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PacnpocTpaHeHa TeXHOMOrM4yeckas cxema nepuoamMveckoro 4encTtemsa co
CMelleHneM BCEX KOMMOHEHTOB B 06LLEM pe3epByape C Mocneayrowen romo-
reHm3aumnen cmecun nyTem ee UMpKynaumn. [pyras cxema — npegsapuTenibHoe
CMellMBaHMe KOMMNOHEHTOB B TPYO6ONpPOBOAe nepes 3akavykon CMecu B pesep-
Byap. CoBpeMeHHble TEXHOM0rMYecKme CXeMbl C MOMOLLbIO CreymasnbHbIX NPo-
rpamm ynpasfieHUa NO3BONAKOT A03MpoBaTh (Yepes KnanaHbl-perynatopbl no
CUrHanam oT aBTOMaTUYeCKMX aHaNM3aToOpPOoB KavyecTBa Ha NOTOKe) nogavy Kom-
MOHEHTOB.

B KayecTBe KOMMOHEHTOB CMELUEHNSA TOBAPHOro 6eH3MHa Ha COBPEMEH-
HOM HTI13 moryT 6bITb UCMO/Ib30BaHbI, B 00LEM C/lyyae, KaK BbICOKOOKTAHO-
Bble KOMMOHEHTbI cMmeweHus: Ttonyon (MOY/MOY = 115/103), anknnbeH3on
(107/100), nnupob6eH3on (102/88), nsobyrtaHosas ppakumsa (101/97), 6yTaHo-
Bas hpakuyma (94/89), ankmnnat (93/90), nsoneHtaHosas ppakums (93/90), neH-
TaHoBasA (pakuma (90/87), putopmaT, 6EH3UHbI TMAPO- U KaTaIMTUYECKOro
KPEKUHIOB, TaK N paf APYrMxX TEXHONOTMYECKUX NONynpoayKTOB: NPAMOroH-
Hble 6eH3MHOBbIe (Ppakynu, 6eH3NHOBbLIE hpaKuMn TeEPMUYECKNX MPOLLeCCOB
nocne ux COOTBETCTBYIOLLEro obnaropaxuBaHus, ra3oBblii 6€H3UH U Ap.

Ba)KHeNLW NN KOMMOHEHT CMeLLleHNs — BbICOKOOKTaHOBbIE f06aBKMN (Ha-
npumep, 3TaHOM) U NPUCAAKKU, MOBbIWAaKLWMe 40 HOPM TpeboBaHWIA cTaHAap-
TOB pAA BaXXKHEMLINX 3KCMyaTauMOHHbIX XapaKTepuUCcTUK TOBapHOro aBTOMO-
6unbHoro 6eH3nHa. Ha CCB B Poccum m 3a py6exxom Ux BBOAAT B NPOAYKT
pasfgensHo unu B BUAE cneymanbHoro "naketa” aHTUAETOHALWOHHBIX, aHTU-
OKUCNUTENbHBIX, MPOTUBOKOPPO3UOHHLIX, aHTUOBGNEeAEHUTENbHBIX N aHTUCTa-
TUYeCKUX npucagok. bonee nogpo6bHO 0 NONYYEHUN TOBAPHbIX 6EH3NHOB OY-
[leT paccKasaHO B KHuUre "TexHonorus nepepabotku Hedptn. Yactb IV. Obuie-
3aBO/CKOE X03AMCTBO™.

24.21.2. KOMNAYHONPOBAHWE CPEOHEONCTUNNNATHbBIX
N OCTATOUHbIX TOMMB

STOT PM3MYECKMiA NpoLecc OTHOCAT K CTaAun NPUrOTOBNEHUSA TOBaPHbIX
NMPOAYKTOB — KEPOCUHA, AN3e/IbHbIX N KOTE/IbHbIX TOM/INB, OTBEYatOLLMX BCEM
nokasaTesiaiM COOTBETCTBYHOLNX TEXHUYECKNX YCI0BUIA, HA 6a3e NoslyyaeMblx
Ha JaHHOM He(TenepepabaTbiBalOWEM NPeLNPUATUM KOMMNOHEHTOB MepBuY-
HOFO0 U BTOPUYHOTO NPOUCXOXAEHUS. Ero cyLHOCTb COCTOMT B CMELLUEHUN OT-
AeNbHbIX KOMMOHEHTOB MO 3aJaHHO peuenType ¢ HE0O6X0AUMbIMU NpUcagKa-
MWU. TeXHOoNnorusa cmeweHunsa (KomnayHamposaHus) obnagaet B cnyyvae Heo6Xxo-
AVMOW CTeneHW aBToOMaTu3aumy TpebyeMor rmbKoCTblo, MO3BONAIOLWEN NpK
Hen3beXHbIX KosiebaHMAX cocTaBa nepepabaTbiBaeMblX He(pTeCMecei, napa-
METPOB PEeXMMOB PaboTbl TEXHONOTMYECKMX YCTAHOBOK 1 06bEMOB 3anpallu-
BaeMoi noTpebuTenem NPoAyKLUMN BbiMyCKaTb TONAMBA, NOIHOCTbHO COOTBET-
CTBYHOLME TpebOOBaHMAM pernaMmeHTa.

Mpouecc cMeWweHNUs KePOCKHA, AN3eNbHbIX U KOTENbHbLIX TOMINB Ha Hed-
TenepepabaTbiBaloLUeM NPeANnpPUATAMA BKIKOYAET TPU OCHOBHbIX 3Tana, Kak
M NPU NPUroTOBNEHNN TOBAPHbIX GEH3NHOB.

KoMnoHeHTaMn TOBApHOTO AN3e/IbHOI0 TOMAMBA CNYXAT NPAMOTrOHHbIE
AV3eNbHble (hpakunn, nerkne rasonnm TepMMUYECKOro U KataamTUYecKoro
KPEKWHIOB NOCNe TMAPOOYNCTKN, TUAPOKPEKNHIA, TSXKENbIA ankunat n ap.
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KoTenbHble TOMMBA NONYYaOT CMELIEHNEM PA3NNYHbIX HEPTSAHbLIX OCTaTKOB
(Ma3yToB, rypoHOB, KPEKWHI-0CTaTKOB, CMO/ NMPonmn3a, achanbTUTOB), 3K-
CTPaKTOB U ra3onnent TepMUYECKNX N TEPMOKATaIMTUUYECKNX MPOLECCOB.

Mo paccumMTaHHOW B nabopaTtopum peuenType TONAnBa TOM NI MHOW Map-
KN roToBAT NnabopaTopHbI o6pasel, KOTOPbIWA, KaKk NpaBui0, aHaMn3npyrT
Mo cnefyloLnm noKasaTenam:

— NS AN3eNbHbIX TONNUB —(PaKLUMOHHbIN COCTaB, KNHEMATUYeCKas BS3-
KOCTb, COflep>XXaHune cepbl, Temneparypa 3acTblBaHUS U LeTaHOBOE YUCIO;

— 151 KOTeNbHbIX TOM/INB — BA3KOCTb, TEMMNEPaTypa BCMNbIWKK WU cOaep-
XaHune cepbl.

Mocne NOATBEPXAEHUS COOTBETCTBUA KavecTBa nabopaTopHOro obpasua
TEXHMYECKUM YCNOBUSM PeLLenTYpy CMeLweHns nepedatoT B uex HIM3 ans Bbl-
nycka ToBapHou npoaykumun. K ansensHbiM TONAMBaM, Kpome Toro, gob6asns-
0T LleTaHOMOoBbIWaWme, NPOTUBOU3HOCHbIE, aHTUKOPPO3NOHHbIE, Aenpec-
COpHbIe 1 Apyrue npucagku.

B cocTaB KOTe/NbHbIX TONMMB TakXXe BBOAAT AeNPECCOPHble, aHTUKOPPO3N-
OHHble W Apyrue npucagku. TONOYHbIN Ma3yT, NPUMEHAEMbIA B KOTENbHbIX
yCTaHOBKaX, He 060pya0BaHHbIX YCTPOUCTBAMU A1 OUMCTKU AbIMOBbIX ra3os,
AONXEH COOTBETCTBOBATb TPeOOBAHMSAM NO COAEPXaHUK CEepPHUCTbIX Coeaun-
HEHWIn —OHO He A0/MKHO npeBbiwaTh 3 % (Mae.). TONOYHbIV Ma3yT He A0/MKEH
TakxXxe cogep)xaTb IeTyune mepKanTaHbl, CEPOBOAOPOA AOMYCKAETCA B KONMYe-
CTBE 10 2 MI/KT.

Cop6UNOHHbIE MPOLECCHI A5 NONYYEHUSA rOTOBbIX HEPTENPOAYKTOB LLIN-
POKO MPUMEHANUCHL B NATUAECATbIe—BOCbMMAECATbIE rofgbl XX B. 3TO 3KCT-
pakUMOHHAA 1 afcopbUMOHHAas OUYMCTKA MACNsHbIX )paKkUmMin, HU3KOTEeMMe-
paTypHas genapauMHu3auns, ceNeKTUBHas 04MCTKa, geactanbTnlaumns, HM3-
KoTemnepaTypHasa genapauHn3auma n KOHTaKTHasa 4OOYNCTKa.

2.4.2.1.3. AACOPBUMNOHHAA OYNCTKA HEPTEINPOAYKTOB

ALCOPOUMOHHY OUYMCTKY NPUMEHSAT AN OYUCTKN CBET/NbIX HEPTENPO-
NYKTOB U TSXKENbIX ra3onfieBblX (MacnsHbIX) ppakumin oT HenpeaenbHbIX yrie-
BOAOPOAO0B, MOMNLUKINYECKUX apeHOB, CMOJIUCTLIX U CepocofepiKalinx co-
eINHEHN, a TaKXe OT OpraHMYecKMX KWUCIOT U OCTaTKOB pacTBOPUTENEN.
B kauecTBe afcoOp6EeHTOB MCMNO/b3YIOT MPUPOAHLIE FNUHbI (0T6eNnBaroLLNE 3eM-
NN), NCKYCCTBEHHbIE a/TlOMOCU/INKATbI, aKTUBUPOBAHHbIN Yro/nb 1 Apyrue TBep-
Able BewlecTBa. AACOP6EHTbI MCNOML3YIOT B BUAE MOPOLLKA UK rpaHyn. PaHee
(cerogHsa NPakTUYECKN He MPUMEHSIOT) B MPOMbILLINEHHOCTU MUCMNO/b30BaNu
cnefytouine TeXHONOTMM aacopObLNOHHON OUNCTKI: HenpepbIBHYK afcopOLUMOH-
HYI0 OUMCTKY U KOHTaKTHYH A00YUCTKY. [LOOUMCTKOW npouecc HadblBaeTcs
MOTOMY, YTO MPOLecC NPOUCXOAUT MOC/Ee CEIEKTUBHON OUYUCTKN Macen.

Mpouecc HenpepbIBHON aacoPOLMOHHON OYUCTKM OCHOBaH Ha M3bupartenb-
HOM BbleNeHNN NONSAPHbIX NOBEPXHOCTHO-aKTUBHbIX KOMMOHEHTOB Cblpbsi —
MONNUUKNNYECKUX apeHOB, KUCNOPOAL- M cepocojepXawmnx coeguHeHnn —
Ha Pa3BMTON NOPUCTON NOBEPXHOCTU. CbIpbeM YCTaHOBOK 3TOr0 TuUNa cnyxart
MasioBsA3KMe ra3oinesble ANCTUNNATBI, a NPOAYKUNEN — TOBapHbIe Macna pas-
NNYHOI BA3KOCTM (TpaHChopMaTOpHbIE, CneunanbHble 3NEKTPOU30NALNOH-
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Hble). OpraHM4Yeckne COeMHEHNS U CMONIUCTbIE BELLECTBA, OCTalLuecs
Ha afcOPOEHTE, BbKUTAKOT MPU pereHepawuu.

MpU KOHTAKTHO! AO0YNCTKE AUCTUANATBI CMELLMBAIOT C TOHKO M3ME/lb-
YEHHbIM a]COPOEHTOM — NPUPOAHON FANHOW UAN UCKYCCTBEHHbLIM a/IloMOCHK-
nnkKaToM. MocKoNbKY aKTUBHOCTb afcop6eHTa 3aBMCUT OT CTEMEHN U3MENbYe-
HUS, NPUMEHSIOT aAcop6EHT TOHKOTO NOMOAA, a YT06bl CHU3UThL BA3KOCTb ra-
30iNna 1 obecneunTb 6onee NONHOE ero NPOHWKHOBEHMWE B MOPbI aAcop6eHTa,
ero HarpeBatoT.

[lOCTOMHCTBO NPOLecCca KOHTAKTHOW A00YNCTKM —BO3MOXHOCTb IEFKO pe-
rYNMpPoBaTh CTEMEHb OYMUCTKM, OLLEHMBAEMYIO MO LBETY FOTOBOI0 NPOAYKTa, My-
TeM W3MEHEHMUs COOTHOLWIEHMUS aACcOPBEHT : AUCTUANAT U TeMnepaTypbl Npo-
Lecca. K HegocTaTkaM NpoLecca OTHOCAT TPYAHOCTb pereHepauun agcop6eH-
Ta, 3aMeTHble MOTEPU NPOAYKTA C afiCOPOEHTOM, YaCTUUHOE Pa3NoXeHue Hed-
TenpoaykKTa, BbI3BaHHOE TEM, YTO afCOP6GEHTLI NPOSBASAIOT KaTaMTUUYECKYHO
aKTMBHOCTb MPW BbICOKMX TeMMepaTypax, 1 HEBO3MOXHOCTb B psifie Cly4yaes
MONYUYNTb MAcfsiHYl0 OCHOBY Tpe6yemMoro LBeTa. OTW HeAOCTAaTKU NPUBENY
K TOMY, Y4TO JaHHbIi MPOLLECC B MEHbLLIEN CTEMEHMN CTan UCNob3oBaTbes Ha HIM3.

24.21.4. OENAPAOVHN3AUVNA HEPTEMPOAYKTOB

[enapagunHunsayna He)TeNPoOAYKTOB NpefHasHayeHa 419 yaaneHns napa-
(MHOB M Lepe3nHa 13 UCTUANATHBLIX U OCTaTOYHbIX (hpakuuin HedTn. nas-
HOe Ha3HayeHue npoLecca —CHUXeHMe TeMnepaTypbl 3aCTbiBaHUA HedTenpo-
AYKTOB. HuXe npuBefeHO onucaHue npouecca HU3KOTeMnepaTypHOW fgena-
pauHM3aLmMmn CBeTNbIX He(PTENPOAYKTOB (rmapogenapauHusaumna n rugpo-
n3omepusaunsa LU3eNbHbIX U MaciaHbIX ()pakuMin pacCMOTPEHbI B pasgene 5
N TPeTben yacTn yyebHOro nocobus "TexHonorns nepepaboTkn HePTM". ITO
(hU3NKO-XMMUYECKME NPOLECCHl NMPON3BOACTBA TOBAPHOW NpoayKuum). PaHee
MCNnonb30Banv KapbaMuaHyo genapaurHmsaumio An3efbHbIX TOMNINB, Hanpas-
NIEHHYI0 Ha NPOU3BOACTBO 3UMHUX U apKTUYECKUX MapoK.

OCHOBHbIe 3Tanbl 3TON TEXHONOrMNM — obpasoBaHe KapbamMuULHOro KOM-
nnekca, oTAaefieHe ero, NPoMbIBKa, paspyweHne komnnaekca. ObpasoBaHue
KOMMeKca CBA3aHO C BblfeNeHeM TenaoTbl, KOIMYECTBO KOTOPOI BO3pacTa-
eT C yBe/IMYEHNEM MONEKYIAPHOW MaccChl YrneBogopoaos. Ans Kaxgoro napa-
(hMHOBOrO YrneBoopoa CyLLeCTBYET BEPXHUIA TeMMepaTypHbIA Npesen, Bbile
KOTOPOro ero KomnJsekc ¢ kapbammgom pasnaraem. Moatomy gns 6onee non-
HOrO U3BJIEYEHUNS aikaHOB NpPOoLecC KOMMeKcoobpa3oBaHMUA BeayT Mpu no-
HUXEHHbIX TemnepaTypax. B HacToswee Bpemsa kapbamumiHyo genapaguHn-
3aUMl0 NpakTUyecKU He NMPUMEHAIT M3-3a HEBLICOKOTO BbiXo4a TOM/MBA
N aKcnayaTaynoHHbIX TPYAHOCTEN.

AacopbumnoHHan genapauHmsanyms KepoCUHOBBIX U AN3eNbHbIX (hpakuuin Tak-
Xe npefHasHavyeHa And NonyyYeHusa XNAKMX napa@rHoOB U HM3KO3aCTblBalo-
WKX MapoOK AM3eNbHOro Tonamea. 3TOT NPOLECC OCHOBaH Ha MCMNOb30BaHUM
MPOMbILL/IEHHbIX a4COPOEHTOB — CUHTETUYECKUX LeonnToB. [Ans agcopbumn-
OHHOTO M3BJ/IeYEHUSA «-aNIKaHOB NPUMEHAKT ueonnTel CaA n MgA, y KOTOpbIX
AVaMeTp BXOAHbIX "oKOH" (nop) cocTtasngeT 0koo 0,5 HM. Yepes "oKHa" TakuxX
pa3mMepoB B LLeO/INT MPOHNKAOT MONEKY/bl «-a/IKAHOB, KPUTUYECKUI anameTp
KOTOpbIX He npesBbiwaeT 0,49 HM. Y MONeKyn M3oankaHoB, LWUKNOanKaHOB
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N apeHOB KPUTUYECKUI anameTp cocTasnseT 0,57—0,72 HM, 1 MO3TOMY OHU He
MOFYT MPOHUKHYTb B NONOCTN LLEO/IUTOB.

Apcopbumsa «-asikaHOB CMHTETUYECKMMU LeonnTaMmn ob6ycnoBfieHa cuna-
MU MEXMONEKYNAPHOIro B3aMMOAENCTBUSA: «-aflKaHbl, KOTOPbIEe UMEKT B CBO-
el CTPYKType TO/MbKO a-CBA3KN, afcopbupyroTcs B NOMOCTAX LLeOSIMTOB 3a CYET
BbICOKMX afiCOPOLMOHHBIX MOTEHLNAOB, CO34aBaeMblX NepekpbITUEM afcop6b-
LMOHHbIX NONE NPOTUBOMOMIOXKHbBIX CTEHOK MOJIOCTEN LeonuTa.

TexXHONOrM4yecKUin npouecc BKAYaeT cnegytouime cragun: agcopouns
«-a/IKaHOB LLe0/INTOM MPU €ro KOHTaKTe C CbipbeM; MPOMbIBKA — YAaneHune u3
aacopbLUMOHHOro o6bema He aAcopoUpPYEMbIX LLEOTMTOM KOMMNOHEHTOB CbIpbS;
fecopbuma — BblgeneHne n-ankaHoB M3 MOJIOCTEN LeonnTa ¢ NOMOLLbIO Bbl-
TEeCHUTENEN.

B mupe pa3paboTaHO HECKONbKO TEXHONOTNIA aacopbuMOHHOM aenapadu-
Hu3auum —"Monekc", "3ocmB™, "3Hcop6" 1 "Mapekc"”. B HacTosweM pasje-
Nne paccMoTpeHa TexHonorusa “Mapekc”, pabotatowas Ha Kupuwckom HIM3.

CbipbeM ycTaHOBKM "llapekc': cnyxut gpakuymna 200—320 °C, KoTopyto
npeABapuUTe/IbHO BbIAENSAOT U3 LUMPOKOWN AU3eNIbHOM PpakumMmn Ha 6/10Kax BTO-
PUYHOWN NePeroHKN 1 noasepratoT rnyo60oKoin rmapooUncTKe ¢ Lenbio npegoTs-
paTUTb NPOTEKaHMe Ha LLeonunTax peakumini KpeKuHra n nonumepmusaumn. B ka-
4yecTBe BbITECHUTENS UCNOML3YIOT aMMMak; npoLecc NpoBoaAT B MPUCYTCTBUM
BOLOPOACOAEPKALLero rasa 414 ynyyweHns ycnoBui TennoobmMeHa n nogas-
NEHNA peakunin KpeKnHra n nonmepusaLunm.

HenpepbIBHOCTb NpoLuecca 4OCTUTalOT NOCAefoBaTe/IbHbIM BK/IKOYEHUEM
Tpex aacopbepoB C LeoMTaMn, B KOTOPbLIX NOMEPEMEHHO OCYLLECTBNAKOT BCe
cTaauu npouecca. lMepeknroyeHne agcopbepoB NPOUCXOAUT aBTOMaTMUYECKNU
C MOMOLLbIO 3anporpaMmMmnpoBaHHbIX 6bICTPOAENCTBYIOLLMX 3aMOPHbIX Knana-
HOB. Bpems gecop6bummn 6onblue, 4em agcopbummn, NosToMy, Kak npasuno,
agcopbuns nposoamTca B 0AHOM afcopbepe, a gecopbuma m nNpoMbiBKa —
B ABYX Apyrux. MNMpuHuunuanbHas cxema yctaHOBKM "lMapekc” npeacrasneHa
Ha puc. 2.3. Cbipbe HacocoM 1nogatoT B TENNO0OMEHHNKM 2, 3 WL Harpesa,
3aTemM 06beANHAKOT C NPOAYKTAMU MPOMbIBKU M CMELUNBAKOT CO CBEXUM N LUp-
KYNMpyroLwmm BoAOPOACOAepKaLLMM ra3om. 3aTemM CMeCb HarpeearoT B Temnso-
0OMeHHUKe 4, a TaKXKe B Neun 51 B BUAeE Napa HanpasnstoT B TOT U3 TPeX afcop-
6epoB 6, KOTOPLIV B flaHHbI MOMEHT HaxXo4MTCA B CTagum agcopounn.

B agcopbepe LeonnT NOrioLWaeT U3 Cbipbs N-anKaHbl, MPY 3TOM BblAeNseT-
cA aMMumak, afcopbupoBaHHbIN LLEeOIMTOM B cTaguu gecopbumn. Cmech gena-
paMHUpoBaHHOro NpoAykTa (aeHopmanusara), BCIT 1 ammmnaka, BbIXOA4ALLYO
n3 agcopbepa, OXNaxaarT B TENN00OMEHHUKE 4 1 NOAAKOT B KONOHHY 7. YXO-
AALWMIA C HU3A KONOHHbI 74eHOpManm3at 4yacTUYHO BO3BpaLLaloT vyepes Tenso-
0O6MEHHUK 2 1 XONOANNBHUK 8 B KONOHHY 7, a 6anaHCcoBOe KOIMYeCTBO NOAO0-
rpeearoT B TeN1006MeHHMKe 9 1 nogatoT B cTabunuiatop 10. CTabunbHbIN ae-
HOpManun3at yepes TEMN00OMEHHUKN 91 751 XONOAUNBHUK 16 BbIBOASIT C YC-
TaHOBKM.

C Bepxa cTtabununsatopa 10 BbIXOAUT CMECH /IETKOro ieHopManunsaTa, aMmu-
aka n BCrI'. NMocne KOHAEHCALNN N OXNaXAEHNA MPOAYKT cO6UpatoT B eMKOCTH
12. )KMAKyH 4acTb NOTOKa BO3BpaLatoT HACOCOM 13 Ha opoLleHune cTabunmnsa-
TOpa, a ras 3abmparoT Komnpeccopom 17. B TO BpeMs Kak OAMH 13 afcopbepos
paboTaeT B cTagum agcopbunmn, BTOPoin npodyBatoT aMmmakomM. B ctagum npo-
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Puc. 2.3. MpuHumnuanbHasa cxema yCcTaHOBKW afjcOpOLMOHHONM AenapamHmnzaumm 'Tapekc':

1, 13, 14, 22, 26, 28, 34, 36— Hacocbl; 2-4, 9, 15, 19, 24, 30, 37 — Ten/1006MeHHUKN; 5, 39— neun; 6 —
aacopbepsbl; 7, 10, 25, 31 — KOMOHHbI; 8, 11, 16, 20, 27, 29, 32, 38 — X0N0AUNLHUKNK; 12, 21, 33 — eMKO-

cTh; 17, 23 — KOMNpeccopbl; 18, 35 — KUNATUIbHUKNK; | — CbIpbe; |1 — CBEXWIA BOAOPOACOAEpXKaLL i
ras; 111 — cBexXxuin ammmak; 1V — napauHbl (gecop6at); V— fjeHopmanmsart; VI— KoHgeHcat; VII—
nap; VIII — o6opoTHaa Bofa; A — 6/10K NOArOTOBKM rasos

LYBKW C MOBEPXHOCTM LE0NMTa U3 Cbipbd OTAYBaKOT YrNeBOAOPOAbl, KOTOPbIe
MOTYT 3arpsA3HUTbL aAcopbupoBaHHbIE askaHbl. CMeCcb MPOMbIBOYHOTO NPOAYK-
Ta, ammumaka n BCI oxnaxpgatoT B TensoobmeHHUKe 19 n xonoaunbHuke 20,
a 3aTeM cenapupyrT B eMKOCTM 21. XXMAKWIA NPOMbIBOYHbIA NPOAYKT M3 21
nojalT HACOCOM 22 Ha CMeLUeHMe C CbipbeM, a ras 3abuparT KOMMpecco-
poM 23 1 TakXXe Hanpas/sAOT Ha CMeLWeHWe C CbIpbeM.

B TpeTbem aacopbepe (Ha cxeme — 6/3) NpoBOAAT CTaguio gecopbunu.
Bo Bpema gecopbumm n3 nop LeonnTa amMnMakoMm BbITECHAKOT anikaHbl (aecop-
6ar). Cmecb gecopbarta, aMmumaka u raza-HoCUTENA OX1aXK4al0T B TENI00O6MEH-
HUKe 24 1 3aKauynBaloT B OXNaX4atoLLyt0 KOJIOHHY fecopbaTa 25, rae nponcxo-
AAT OXNaXAeHne N KoHaeHcauusa gecopbarta, oTAeneHne ero ot rasoB. Oxnax-
[leHVe OCYLLEeCTBNAOT 3@ CHET ABYX LLIMPKYIMPYHOLLMX OPOLUEHWUIA: HUXKHEE OpO-
LLEeHNEe HaCOCOM “MpoKavyMBat T yepes TeNN00O6MEHHUK Cbipbs 3 U XON04U/b-
HUK 27, a BepXHee — yepe3 X0NoAuNbHUK 29. lecopbaT ¢ HM3a oXNTaxKatoLLen
KONOHHbI 25 nofatoT vepes TensioobmeHHnK 30 B ctabunnsatop gecopbata 31.
CTabunbHbIn aecopbaTt ¢ HM3a 31 yepe3 TennoobmeHHUK 30, TENNOYTUNN3N-
pytoLwnin annapaTt 37u X0NOAUNbHUK  BbIBOAAT B OTAENEHNE CEPHO-KUC/TOTHOW
oumncTku. Cmech fecopbarta, amMmmaka U BoAbl, yX0AsLWYHO ¢ Bepxa 31, oxnax-
[al0T B X0N0AUNbHUKe 32 1 HanpasnaT B eMKoCTb 33. XKuakyto ¢asy ns 33 uc-
MONb3YKOT B KaUeCTBe OpOLLeHNs, a ra3 (aMmmumak) oTka4ymBaroT KOMMIpeccopom 23.
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C Bepxa oxnaxgaroLieli KONOHHbI ;leHOpManm3aTta 7BbIXOAUT ra3-HOCUTENb
B CMecu C aMMmakoM. Mocne 0TMbIBKM OT aMMMaKa B 6/10Ke NOAroTOBKM rasos
ras-HocuTenb 06beAMHAKT co cBeXXUM BCI u HanpaBnsitOT Ha CMELLEHME
C CbipbeM yCTaHOBKMK. C BepXa oxnaxaatolleil KoNoHHbI AecopbaTa 25 BbIBOAAT
aMMMUaK C HEKOTOPbIM coAepXXaHneM aecopb6arta v BoAbl. [locne oUNCTKM
aMMMaK nogatT Ha cxKaTue Komnpeccopom 17. CxaTblii aMMmMaK Noaorpesa-
0T B TeNI006MeHHMKe 191 neun 39, a 3aTeM NOAalOT B KayecTBe AecopbeHTa
B agcopbepsbl 6.

Mpouecc ocyLWecTBAAT NPU Cneayowmx napameTpax:

Temnepatypa, °C:

aacopb6ummn 380—390

1Y =T ot o1 1 1 S . .380
[asneHune agcopbunn, MMa. e e 1,2
MpoLO/MKUTENBHOCTb CTAANIA, MUH:

ALCOPOLUUM..oeiiieeeeeee e 5

MPOMBIBKWU... e . 1

JECOPOLUNN e, 10

Mpouecc aacopbLMOHHOT0 N3BNEYEHUSA afIKaHOB NO3BONAET NOMyYaTb XU -
Kue napaguMHbl BbICOKO YACTOTbI [C copepXXaHneM «-ankaHoB A0 99 % mae.)].
Bbixoa «-ankaHoB coctaBnfetr 95—98 % (mae.), YTO 3HAYUTENbHO BbILUE,
4yem nNpu KapbamunpgHoun genapauHusaumnn. Hmxke npusefeH MaTepuanbHbIii
6anaHc ycTaHOBKU [% (Mae.)], nepepabaTbiBalolLEN Cbipbe C COAEPXKAHUEM
21 % (mae.) ankaHoB:

MocTynuno
Cblpbe —rugpoouuneHHas gppakuyma 200—320 °C . 100,0
BCETO ovvveeeeeees 100,0
MonyuyeHo
Xngkuii napatuH ... 18,0
Hun3ko3acTbiBaloLLee AM3e/bHOE TOMNIMBO 81,0
[TOTEPU e . 10
Bcero. .

[Ona nanbHenwero ncnonb30BaHUA WMPOKON ppakumMmn XNaKnux napapu-
HOB HEe06X0A4MMO CHU3UTb COfEpPXaHWe apomMaTUyYeCKUX yrnesooposoB
[0 0,01 % (mae.), noatomy Ha psge HIM3, B Tom uncne 8 OAO "KupuwmnHedre-
OpPrcuHTE3", XUaKne napauHbl NOABEPrardT OUNCTKE CEPHON KUCTOTON.

24.2.2. PUNINKO-XNMNYECKWE INMPOUECCHI CTAOUN TNMPON3BOACTBA
HE®TENPOAYKTOB

2.4.2.2.1. CEPHO-KVCJ/IOTHAA O4YCTKA

Mpn o06paboTKe HEePTENPOAYKTOB CEPHON KUCNOTOW M3 HUX YAaNsAwT
HenpenaenbHble COeAUHEHNSA, HAPTEHOBbIE KUCNOTbI, NOMNLNKINYECKNE ape-
Hbl 1 CAB. Mpu cmewleHnn HeTENPOAYKTa C CEPHOI KUCNOTON 1 nocneayo-
LLleM OTCTaMBaHMM MNONYyYaroT ABa CN0SA: BEPXHUN —OUULLLEHHbIA NMPOAYKT, HUX-
HUA — KUCNbIA TyapoH, npeacTaBnsoWmMin coboin cMecb 0TpaboTaHHOW KuUC-
NoTbl U NPOAYKTOB peakunn. C ankeHaMmn U ankagueHaMu cepHasi Kucnorta
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o6pasyeT Kucnble n cpegHune agunpbl. Kpome 3TUX peakunini B NpUCyTCTBUKN CEpP-
HOW KUCNOTbl NPOTEKaeT peakums NofnMMepmnsaunm ankeHos. MonyyeHHble
NONIMMEPBI OCTAKTCA B OUMLLEHHOM MPOAYKTE, WU AN UX yAaneHus NpoBoasT
BTOPUYHYIO MeperoHKy. B pesynbTaTe nonnMepusaumm ankagueHos U LUKIO-
aNnKaHOB NOMy4YaroT BbICOKOMONEKYNSAPHbIE CM0ON006Pa3HbIe BellecTBa, nepe-
xoasiwme B KUCNbIA ryapoH. B cBA3M € TPYAHOCTSMWU NO YTUAU3ALUN KUCNOTO
ryapoHa CEPHO-KUCMOTHYH OUYMCTKY CBET/bIX HedhTenpoayKToB Ha HIM3 npo-
BOAAT B OrpaHM4YeHHOM MacluTabe. MNMpouecc KMCNOTHOM OUYNUCTKM HedTenpo-
AYKTOB UMEET psAf 04EBU/AHbIX HEJOCTATKOB —ra30ineBble Ppakumumn, OUNLLEH-
Hble CEPHOW KUCMOTON, UMeKT 60M1ee HU3KMIA N0 CPaBHEHUIO C CENEKTUBHOWN
OYNCTKOM MHAEKC BA3KOCTKU (Ha 10—12 egnHuny), ah(HEeKTUBHO UCNONb3YHOT
nwb 40—50 % KUCNOTbl, KUCNbIA TYAPOH HE HaXoAWUT NpuMeHeHus. B cBa3u
C 3TUM B HacToslLLee BPeMA AaHHbIA NPOLECC UMEET COMHUTE/bHbIE MPOMBbILL -
NeHHble NEePCNeKTUBBI.

24.2.2.2. WENOYHAA OYNCTKA

LLlenoyHyto o4nCTKY (3allenaymMBaHune) CBET/bIX HETENPOAYKTOB Npume-
HAKOT B TOM cnydae, ecnyM Ha HIT3 OoTCYyTCTBYHOT Npouecchbl TMAPOOUYNCTKM
N KaTaNiMTUUYECKON AemepKanTaHu3auuu.

LLleno4yHyro o4unCTKY (3awenaymBaHue) NpoBoAAT ¢ nNpumMeHeHnem 10—
15%-Horo BogHoro pactsopa NaOH npu Temnepartype 40—50 °C. CepoBojo0-
PO/ pearvpyeT CO Leno4vbto ¢ obpasoBaHUeM ruapocynbduia n éucynshuaa
HaTpPMs N0 YpPaBHEHUAM:

2NaOH + H2S = Na2S + 2H2D;

NaOH + H2S = NaHS + HD
MepKanTaHbl, pearupys co Lenoybto, 06pas3ytoT MepKanTuabl:

RSH + NaOH = RSNa + HD

MepKanTu/bl XOpOLLO PacTBOPUMbI B LLLEN0YM 1 NOITOMY MOTYT ObITb Ner-
KO yJaneHbl, 0AHAaKO peaKkuus MepKanTaHOB CO LUEeN0Yb0 HOCMT 06paTUMbIiA
XapakTep, 4To NPensaTCTBYET MOMHOMY WX YAANeHUo U3 AUCTUNNATOB Mpu
3alienadynBaHum.

HedTaHble KUCNOTbI pearvpytoT CO LWEeNoYbto, 06pasys conm HePTAHbIX
KUCNOT — MblNa:

RCOOH + NaOH = RCOONa + HD

Conn HeMTAHBbIX KUCMOT MepexoaaT B BOAHbLIN pacTBOP LLENOYM U NIETKO
OTLENsATCA OT He(hTenpoyKToB. Crefbl Wenoun yaanaT U3 HepTenpoLyk-
TOB BOAHOW MPOMbIBKOW. AnnapaTtypy 418 WeN0YHON 0YMCTKU 06bIYHO pas-
MeLLatoT HenocpeACcTBEHHO Ha TEXHOMOIMMYeCKMX ycTaHOBKax. K uucny cepb-
e3HbIX HEO0CTATKOB TEXHO/IOT MY LEI0YHOW 0YNCTKM cnefyeT OTHeCTU 6e3B03-
BpaTHble MOTepu LOPOroro peareHTa 1 obpaszoBaHune 3aMeTHbIX KONIMYECTB TPy A-
HOYTWUN3NPYEMbIX CEPHUCTO-LLENOYHbIX CTOKOB.

LLLenoYHy0 04NCTKY ra3oinneBbiX (MacisHbIX) ppaKLuMin MOXXHO MPOBOAUT,
eC/IM OHW cofiep>KaTt CYyNb(OKNCNOTbI, Cefbl CEPHOW KUCNOTbI, HEPTAHbIE KUC-
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NOTbl. TN NPOAYKTbI MOTYT ObITb YAaneHbl U3 AUCTUNNATHLIX Ppakynii HenT-
panunsaymnein 3—10%-HbIM pacTBOPOM LLENOYN, Yalle BCEro FMAPOKCUAOM
HaTpusa. Cofepxxawmecs B ra3onieBbIX (hpakumax Kucnble NPoAyKTbl 06pasy-
IOT COIN N NepPexoadaT B LeN0YHOW pacTBop. locne oTAeNeHNs L enoYHbIX
OTXO00B HE(PTENPOAYKT NPOMbIBAIOT rOPAYNM NapoBbIM KOHAEHCATOM ANd yaa-
NeHNs 0CTaTKOB coner HeTAHbIX KMCNOT (MblN1) M NOACYLINBAIOT BO3AYXOM.
Pacxog wenoumn coctaenset 0,2—1,5 % (mae.) Ha o6pabaTbiBaeMyto hpakyuto,
4YbM NOTEPU NPW 3TOM COCTaBAAKT A0 5 % (mae.). HeTpanusaums Wwenoybto
HenpuMeHnMma 415 BbICOKOBA3KUX AUCTUNNATHBLIX U AN OCTaTOUYHbIX MPOAYK-
TOB BC/leICTBME 06pa3oBaHMUA CTOMKMX aMyNbCUil. Kucnble BA3KNE HepTenpo-
AYKTbl HEATPaANN3YIOT B NPOLECCE UX KOHTAKTHON OYMCTKK afcopbeHTamu.

TexHo0rns Weno4YHOn OYNCTKM MOXKET ObITb NEPUOLANYECKON UK HeNpe-
PbIBHOW. TepnoanyYecKnii nNpoLecc OCyLeCcTBAKOT B LWENOYHON MeLlaskKe.
B oT/inume OT KUCNOTHbLIX, LWEN0YHble MeLlanKu UMeT BHYTPEHHUI 3alUT-
HblA CNOI N3 BUHUMNIAcTa MK Anaba3oBbIX MNINTOK, TaK Kak cnabokucnas cpe-
[ila Macna Bbl3blBAET NMOBbILUEHHY KOPPO3MIO.

HenpepbIBHbLIN npouecc BeayT npu gasneHun 0,6—1,0 MMa. Mpenmyuye-
CTBa HENPEPbLIBHOIO NpoLecca no CpaBHEHUIO C NepuoaNYeCKUM —3HaunTeNb-
HOe ynyJlleHne oTCTanBaHUA HePTENPOAYKTOB OT LLLETOYHbIX CTOKOB U YMEHb-
LWeHne NPON3BOLACTBEHHbIX NMOTepb.

Ha puc. 2.4 npuBefeHa npuHUMNManbHas cxema TEXHONOMNMM HENpPepbIB-
HOW WEeN0YHOM OYUCTKWN rasonnesbix pakynii. Colpbe HacocoMm 1 noparoT
B TeNN006MEHHUK 2, HarpeBatoT 40 50 °C 1 HanpaBNSAT B Meyb 5, 0TKyAa OHO
yXxoamuT ¢ Temnepatypoinr 150—170 °C. danee cMewmnBarT B cmecutene 7
€ 2,5%-HbIM pacTBopoOM LLeNoYun, nofaBaemMbiM Hacocom 6. CMecb HanpaBnsa-
0T B OTCTOMHMK 8, Ile Macno oTcTanmBatoT OT Mbl/1 U Wwenoyun. L enoyHble oT-
xoAbl nocne xonoaunsHnka 9 npm 70 °C nocTynarT B pe3epByapbl 414 nocne-
LAYIOLLEro BblAeneHna He)TAHbIX KUCAOT.

C Bepxa OTCTOMHUKA <BbILLENOYEHHbIN ra3oinnb ¢ Temnepatypoin 130—
140 °C nocTtynaeT B cmecuTenb 10, Kyga Hacocom 11 nogatoT Bogy npu 60 °C.

Puc. 2.4. MpuHUMnmasnibHas cxeMa HernpepbIBHOM LLESIOYHOM OUUCTKM Fa30i1eBbIX (paKLmii:

7,4, 6, 11 — HacoCbl; 2 — Ten/1006MeHHUK; 3 — KOJ/IOHHA; 5 —neub; 7, 10 — cMecuTenn; < 12— oTCTOM-
HUKW; 9, 13 — X0NOAUNBHUKW; | — cbipbe; // — 2,5%-HbIli pacTBop NaOH; 111 — WIeNoYHble 0TX0fbI;
ry— Boga; V—B03ayX; VI —0uuLleHHbIV rasoiinb
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Cmecb BOAbl M HETENPOAYKTA Pa3fenstoT B OTCTOMHUKE 12, ¢ HM3a KOTOPOro
NPOMbIBHAA Bofa Yepe3 xonoAnnbHUK 13 npu 70 °C noctynaet B pe3epsyap
ANA NOoCfeAytoLWero BblaeneHNs HePTAHbIX KUCNOT.

BblLLEeN0YEHHbIA U NPOMbITbIA HE