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NMPEXHCHOBHE

Huxenep-XxuUMHK H XHMHK-TEXHOJIOT JOJXKHBI He TONBKO 3HaTh (DH3H-
KO-XHMHUeCKHe 3aKOHBl, HO H YMEeTb NPUMEHATh UX A5 PelleHHA KOHKpeT-
HBIX 3aJau. Pelliende 3ajau NoMoraer yCBOHTb U Iiy0xKe IOHSATL TeOpETH-
YyecKHe MOJIOXKEHHs Kypca. ABTOpH cTpeMH/AMCh MojoOparb 3ajaud, OX-
BaTLIBAIOIHE NMPAaKTHYECKH BCe TeOPeTHYeCKHe BOIPOChl NPOrpaMMbl Kyp-
ca (U3HYeCKOdl XHMHH H [pEJCTaBJAOLIMe HHTepec JAAst PasiHYHBIX Chie-
nuaabHocTel.

[asi npuBUTHA HaBBIKZ paboThl CO CNPABOYHOH JHTEPATypOH aBTOPhLI
HCKJIOUHAH M3 Ooabliiedl 4acTH 3ajay BeJHUHHBI, KOTOPhle MOryT ObITh
Halfilens B JOCTYNHBIX crpaBouHukax. COOpHHK 3ajau pasjiesleH Ha TpU
yacri: «Teopernueckue OCHOBbI (PM3HKO-XHMHUECKHX pacueToB», «PaBHO-
Becoe cocrositine cucrem» H «Kuneruka u karanaus». Kaxnas raasa co-
JIEPXKUT MepeueHb OCHOBHEIX YPaBHEHH H CUMBOJIOB, 3a/laUl C PeLUeHUSIMH,
3alaud JIisl caMOCTOSITE/ILHOrO PellleHHsl, MHOroBapHanTHule 3ajaud. Muo-
roBapHaHTHbIE 33/laUH COCTABJAEHbl TakK, YTOObl AaTh HHAKBHAYa/bHOE 3a-
JaHHe KaXIOMY CTYIEHTY aKaJeMH4ecKod rpynnbl. DT 331auH PEeKOMEeH-
AyIOTCst 1151 caMocTosiTe1bHOH pabothl. MHOroBapHaHTHbIe 3alaud MOLYT
6LITH HCIIOB30BaHbl H KaK OHOBApHaHTHEIE, NpHYeM HaaHune 15—25 Ba-
PHAHTOB OTKPBHIBAET BOIMOXKHOCTb 1I0A00pa 00beKTa pacuera ¢ yueroM clie-
IHaJH3auHll CTYAeHTa.

[Tpu moAroToBKe 37070 H3/aHHs OblIH YUTEHbl OCHOBHble H3MEHEHHs B
nporpamme Kypca QU3HuecKOH XUMHHM W TeHJEHUHH ee pasBuTus. Buuio
YUTEHO TaKKe CTpPeM/IeHHe YCHJIHTh OOUlyI0 TEOpPeTHYECKYI MOArOTOBKY
HHXeHepa-XUMHKa U XHMHKa-TexHosora. [loc/eoBaTenbHOCTh [1aB COOT-
BeTCTBYET Gojee CTPOroi JOrHUecKOH CTPYKTYPe Kypca: H3yuyeHHe reoMer-
pHUYECKUX [1apaMeTPOB # 3HepreTHYeCKHX XapaKTepUCTHK MOJeKya (ra.
[—V), nanee n3yuenne CBOHCTP BellleCTB B UAeATbHOM I'a3000pa3yoM COCTO-
SHUH, OT HAealbHOrO ra3o00pasHoro COCTOSIHUS CAeNaH MepeXxof K pealb-
HOMY Tra3000pa3uoMy COCTOSIHMIO H K KOHJEHCHPOBAHHOMY COCTOSIHHIO
unpuBuayansuoro BellectBa (ra. X—XII). Ilocae o3nakomienus co
CBOHCTBAMH HHAMBHAYaIbHOrO BelllecTBA CleJaH MNepexold K CHCTeMam
MHOTOKOMINIOHEHTHHIM ~ OZHODA3HBLIM H MHOTOKOMIOHEHTHBIM MHOrogas-
apiM (. XITI—XVII). Bonee cioxHble cHCTeMbl, B KOTOPBIX NPOHCXO-
JAT XUMHUECKHe TpeBpaulelidsi, paccMOTPeHbl H B YCJIOBUSAX DaBHOBeCHS
(ra. XIX—XXI) u B nuuamuke (ra. XXI11—XXX]). BHoBb BBeleHHbIE
[JIaBbl OTPAXKAIOT COBPeMeHHOe pasBHTHe (QU3UUECKOH XHMHH.



B cBsi3u ¢ o6LLeH TeHAeHIMeH yMeybILeHHs YHCIa YacoB 3aHATHH Npej-
METOM B ayJUTOPHH U NlepeHOoca LeHTPa TSKECTH MO3HAHUSA Ha CaMOCTOS-
TeJbHYIO BHEayJAHTOPHYIO DaboTy CTyJAeHT2 NMPOH3BEACHO H3MEHeHHe aK-
IIeHTOB B I'V1aBe. 3HAUNTeNbHO YMEHbIIEHb TeOpeTHUECKHE BBeleHHsI. B 3ToM
OTHOIIEHHH COOPHHK He AOJIKEH MOAMEHATh yueGHUK. [1aBHOe BHHMaHHE
o6paieHo Ha 33]auM C PellleHHSIMH, TaK KaK CTYAEHT, BBINOJHSIOUHUI ca-
MOCTOSITE/ILHO NPAKTHYECKOe 3a/iaHue, BCTPETHB 3aTPy/AHEHHS B IpHeMax
peuenus, AO/DKEH HaHTH NOMOIIb B BHJAE TaKHX 3ajau C pelleHHsIMH.

B CGOpPHHK BK/IOUEHbl 3a1aud, /ISl PelleHHs KOTODPBIX HEOGXOLUMO
NpUMEHEHHE CUETHO-pelllalomed TeXHHKU. DTH 3a/laud OTMeuYeHbl 3Be3flou-
KaMd. B KOHIle KaxJO# uYacTH NpPHBEeHbl KOMILIEKCHbIE 3a1auH, AJIs pe-
LIEHHS KOTOPHIX TpefyeTcs 3HAHHE HECKONbKHX PasienoB Kypca. ITH 3a-
Aa4H MOTYT GBITh NPEAJIOKEHH B KauecTBe KyPCOBHIX paGor.

B 3ajauax u orBerax BequudHHl AaHH B CU, a Taike B HanGoJlee pac-
IIpOCTpaHeHHHX BHECHCTEMHBIX €AHHHLAX,

Ilpu noaroroske 6-ro usjaHus 6BIA yuTeHb! 3aMEYAHHUS U TIOXKENAHUS
npenojaBsareneil Kadeapnl dusuueckoit xumun MXTH um. J1. U. MeHgene-
eBa: JI. H. Hpanosckoit, E. I1. Crapocrenko, A. M. AGoumoBa, B. B. Be-
sk, B. 1. KouerkoBa, H. M. Kysemosoii, B. B. ®enoposa, JI. b. de-
AsHunoR, H. A. TTonosoit, B. JI. )Kuryaesoii, B. A. Edppemosa, T. [1. An-
TOHOBO! ¥ 1p. Ocolyio 61arogapHoctb BhIpaxkaeM jgou. A. M. Mepet-
xomy 1 H. M. Kyapsawosy, npuHsBIINM aKTHBHOe yuacTHe B HAIHCAHUH
pdaa riaB 3ajauHHKa, COCTaBJEHHH U TOAGOpe BHOBb BKJIIOUEHHBIX B
COOPHHK 347ay. ‘

METOAHYECKHE YKA3AHHUSA K PEWUEHHIO
MHOTIOBAPHAHTHbBIX 3AJAY

MHuoroBapHaHTHEE 33ajauH ReIATCS HA ABA OCHOBHHIX THIOA:
1) 3apaus, ‘OGbenuHmomHe BeCb OCHOBHOH MaTepHasl pasjeia,
Tpefyiolne NOCTpOeHHs] rPaHKOB H HCHOMb3OBAHHS CIpaBOYHH-
KOB. DTH 3ajaYl peKOMEeHAYyeTCs BHIIOAHATH NOCAe O3HAKOMIe-
HUSL ¢ TeOpHeH H- pelleHHHIMH 3ajayaMH; 2) 3ajayW, NOCBALeH-
HHe OTAeJNbHbHIM BONpOCaM RAHHOIO pasjena, pewaiomHecs 6es
CJIOXKHBIX BHYHCJIEHHH H rpadHKoB, OHH MOTYT OHITh HCIIOMBL3O-
BaHH B KayecTBe KOHTPOJbHHIX paGor.

MnuorosapHaHTHHE 3afa4H COCTOSAT H3 25 3aganuit. Tawm, rge
OTCYTCTBYIOT 3KCHEpHMEHTaJbHbIe JaHHble, ORHOMY 3ajaHHIO
NpHOHCHBAIOT ABa-TpH Baphauta. [Js peliedss 3afay pekOMeH-
Ayercs O3HAKOMHTBCH €O CIeRYIOIIHMH  NOCOGHSMH, KOTOphle
B TeKCTe COKpalleHHO 0603Ha4aioTC HauyalbHHMH OykBaMu ¢a-
munuit asropos: [K.] — Kuapees B, A, Kypc ¢usuueckor xu-
mun. M., 1975; [I'.] — Tepacumos §I. K. u ap. Kypc dusnueckon
xumuu. T. I--II. M, 1971, 1972; [A. A.] — Nauuaasc ®., Axb-
Geptu P. Qusuueckas xumua. M., 1967; [M.] — Kpatku#i cnpa-
BOYHHK (pH3nKo-xHMHYecKHX BeaumuuH / Ilox pex. A. A. PaBpeas
1 A. M. Tonomapesoit. JI, 1983; [C. X.] — CnpaBouHHK XHMH-
ka, T. I—IV [/ Tox pea, B. Il. Hukoabckoro. M., 1965, 1966.

®usnueckas xumus /| Ilog pea. K. C. KpacxoBa. M, 1982.
Crpombepr A: T., Cemyenxo [I. Il. Ousnueckas xumus. M. 1988.



MEXXJAYHAPOJ HAS CHCTEMA EAHHHLL

MeTpuuecKas cuCTeMa efHHHUI JTHHBI, MACChl, CHJABLL U APYTrUX (u3Hye-
CKHX BeJHudH paspaborana B MepHOA (paHIy3CKOH peBoatouud 1789—
1794 rr. Baarogapd yAo6CTBY H MPOCTOTe eAHHHILI METPHUYECKOH CHCTEME
CTaJH MPUMEHATH BCIOAY. B HayuHbIX HCC/IeJOBAHHAX BMeCTO panee Cylle-
CTBYIOIUX €JMHUIl H3MEPEHHS CTA/H IPUMEHATh MEeTPHUECKHe el HHIIb U3-
MepeHus. Bo/ee WIMPOKas H yCOBepIUEHCTBOBAHHAA (POPMA METPHUECKOH
cHCTeMbl, HasbiBaemasi Mexkaynapoaxo#l cucremoi (uxoraa nmpocro CH or
dpaniysckoro saspauusi Systéme International), 6una opunuansso npu-
usita Fenepanbroil Koudepenuyeil no mepam U Becam B 1960 r.

3a equnuiy Maccel CH NpHHAT KHAOrpamM, OTpejiesieMbll KaK Mac-
ca MeXJAyHapOAHOrO 3Ta/0Ha, H3FOTOBJEHHONO H3 NJIATHHO-HPHAHEBOro
cniasa M xpassierocsi B Mexxaysapontom 6iopo mep u BecoB B [lapuxe.
(O6LIYEO B METPHUECKOil CHCTEMe NMPH 3aNUCH JPOGell JesTHUHBIENJONH He
pasfie/sioT Ha nopsAakH.) B nactosmmee Bpemst B CH ects®ona Henocaeno-
BaTeJbHOCTb, 3aKJ/IOUAKMIAACS B TOM, YTO Ha3BaHHE eJUHHIBI MacChl
MMeeT NPHUCTaBKY KHJIO» (KHJAOrpamm). 3Ta HENnocaef0BaTeJbHOCTL Oy-
JIeT COXPaHATBCSA 10 TeX MOp, NMoKa He OyJieT JOCTHLHYTO cOrJaluelHe O HO-
BOM Ha3BaHHH M CHMBOJe eIMHHIBI Macchl. [Toka ciepyeT NMOMHHTB, YTO
1 Muanurpamm, o6o3nauaembiii 1 Mr, a e 1 MKKr, paBeH OJHOH MHJJIHOH-
HOH eAMHHIB Maccol, a He OJHOH THICAYHOH, KaK MOKa3hBaeT MPHCTaBKA
MUJLJH.

Epuunueid pgaunt B CH sinsgerca metp (M). Panee meTp onpejensniu
KaK pacCTosiide MeX1y ABYMs HaceuKaMH Ha CTAHAAPTHOM MJIATHHO-HPH-
JMEBOM 3Ta/I0ke, Xpansuemcss B Mexxaysapoasom 6iopo mep u Becos B [a-
puxe; B 1960 r. no MeXIyHapOAHOMY COrJAIUIEHHIO METp MOJYYHJ olpe-
JeleHHe KaK paccrosiide, paBioe 1650763,73 nnusbl BOJHBI OpaHXKEBO-
KpacHO# JHHHH CreKTpa KpHnToHa-86.

3a equuuny Bpemenu B CH npundra cekysnnaa (c). Cekynay onpenensior
Kak HHtepBaJ Bpemerd 9 192 631 770 neproA0B H3/1yueHUs, COOTBETCTBY-
IOU(ero Mepexoay MeXAy JABYMS CBePXTOHKHMH YDOBHSIMH OCHOBHOIO CO-
CTOAKMS aroma lie3usi-133 npu JHHe BOJIHB, PaBHOH MPUOIU3UTENbHO
3,26 cm. Ipexpe cekyniy ompefensad kak 1/86 400 uacTb cpejHHX COM-
HEYHBIX CYTOK.

3a eqununy o6bema B CH npusst kyGuueckuit metp (M*). B Xumuu w-
POKO HCHOMB3YIOT equHHIy Oo6bema JHTp (1), KoTopas paBua 1/10° M.
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Mmlmmémp, 1.10-® 1, paBeH ofHOMY KyGHYecKOMy caHTHMepy: | mi1 =
= 1 cmd

Enununa cuast 8 CH — sbioton (H), onpenensiemslit kak cuaa, coobua-
ommas te1y maccoil 1 Kr yckopesue 1 M- c~% B HanpaB/eRHH AeACTBUS CHJHL.
Heuioron pasen 10° pun (ausa — epununa cuas B cucteMe CI'C, paBhad
custe, npyjamoieif macce 1 r yckopesde, paBuoe 1 cM-c~2%).

Epununa sxnepruu 8 CU — mxoyaw (k) — 310 pabora cuast 1 H mpu
nepemelleKUHU €0 Tesa Ha paccTosiHUe | M B HallpaB/aAeHUH JeHCTBHSA CHJIBL
1 Dx=1H-1m= 10" 3pr = 107 aus-cm.

Paree B XuMUH LIHPOKO HCMOJIL30BAIH KAAOPHIO KAK €HHHILY SHEpPIHH.
Tepmoxumuueckass xanopus, ompegensemas kak 4,184 Ik, npubausu-
TeJbHO PaBHA KOJHYECTBY 3HeprUH, HeoOXOAUMOH /151 HarpeBasus 1 r Bo-
ael Ha 1° C. Bosbluas kanopus (kkasi1) paBxa 10° kan. Ouelb MosesHo
3aMOMKHHUTH CJegyiomue KosbbuuuesTs nepecuera: | xan — 4,184 JIx,
1 xkan — 4,184 xJIx. ' :

3Hauenus HekoTopobix PUIULECKUX U XUMUHECKUX KOKCTART
N, =0,60229-10%¢ momp—1
¢=2,997925.108 m/c
m=0,91083-10—30 xr
3apsaa aneKTpoHa e=0,106206-10—18 Kna
[Mocrosinnan dapanes F=N, e=96490 Ka/mons
JanbToH D=1,66033-10—27 kr
IMocrosinnas Tlnanka h=0,66252-10—33% JIx-c
KBaHT MOMeHTa KoaHuecTBa ABHKEHHA hA=h/21t=0,105443.10—3% JIx.c
Macca nporona mp=1,67239.10—27 kr
Macca HefiTpoHa my=1,67470-10—27 kr
Tlocrosinnas Boabumana k=13,805-10—24 [Ix/rpan
MouspHas rasoBas nocrosiHHas =N, k=8,3146 JIx/(monsb-K)
“TasoBasi nocrosiHHas R=10,08206 x-at™-rpag—1!.momp—1
O6beM Mo HAEAJBHOrO rasa HPH HOp- 22,415-10—3 M3-moap—!
MaJIbHHIX YCJIOBHAX

Temneparypa Llembcus t°C=TK—273,15

1 atm=101,325 xH.m—?2

ArmocdepHoe RaBaeHHE
DneKTpPHUECKHHA MOMeHT AHIOMA 0,1602-10—28 Ka-m (4,8029 D)
1 3B=96,4905 xJ]x/Moab

SNEeKTPOH-BONLT

HcnonvszoBasne CH NpHBOAHT K MOABJEHHIO HENPHBBHIYHBIX eJUHHIL
JIULWB B ABYX cayuasx. Bo-nepBuiX, B KauecTBe eUHHUIBI AJIHHBI MOJIEKYJ
mpumensoT nM (mukomerp, 10-1% M uau 0,01 A); npu 3ToM pasmeprr mMoJe-
'KyJ H LAHHBL cBA3ed 6yAyT nopsaaka 100 nM, 4to yao6HO, MOCKOIbKY MpoO-
TMajgaoT fecATHYKELE APOOH, HIH KM (Kanomerp, 10~® M uau 10 A). Bo-BTO-
_ PBIX, B KaueCTBe eJMHHIILI 06beMa Henmob3yoT am® (1000 cm® uau 1 1) BMe-
cro cM® uan M®. 3aMena JHTpa Ha AM® MOXKET MOKAa3aThCH He TaK Yk HeoO-
'XOJMMOH, OJHAKO 3TO YNpOLLaeT YHCJIOBHE PACYeTH.

Huxxe npuBejieHbl HEKOTOPHlE COOTHOLICHUSI MeX/Y eIHHUIAMU:

I 1=1 am3=1000 cm3=10-3 M3,
I M=1 Moan/a=1 Mmonp/am3;
100 nMm=1,00A = 10-8 cm = 10710 u;
I arm=760 Topp=760 MM pr. cr.=1,01325.105 Ila.

TTocrosinnas ABorazpo

CkopocThb cBera
Macca anekrpona



F'TABA I

9JIEMEHTbI KBAHTOBOH XUMHH. TEOPHUS
XUMHYECKOH CBS3H, METOJI MO JIKAO

OCHOBHble YPaBHEHHS M CHMBOJIbI
(K., c. 54—67, 720—728)

CorlacHo MeTofy B NPHGMHKEHHH JIHHeHHOH KOMOHHALUH aTOMHBIX

op6uraneit (MO JIKAO) BonHOBast hyHKUUS ONHCHIBaeTCS ypaBHeHHeM
Y=Cp ¥+ Cp ¥p, (I.1)

rae Y — MoJeKy/IsipHast BOJHOBas oyukuus; Cy u Cp — Ko3dpunuen-
Thl; YA H Pp — aTOMHble BOJNHOBble (YHKIHH aToMOB A u B. [Norenuu-
albHas SHEPTHSI CHCTeMBI H3 aTOMOB A U B Bbipaxaetcs ypaBHeHuem
ZyZge? Zye Zge
Epor= —_ —_ , (1.2)
"AB ra g
rie Z — 3apsifi pa aToMa; € — 3apsi SMEKTPOHA; Fap — MeXbsilepHOe
PACCTOSHHE; 5 U rp — DACCTOSIHHS MEXAY SAPOM U 3JeKTPOHOM.
Ypasuenue Illpeaunrepa ‘

N o Hy=Ey, (1.3)
raie H=— G V2 + Epoy — onepatop  Tamusibrona; Epop — 10
TEHUHATbHAS SHEPrHs 3JEKTPOHOB M samep; \/? — omepatop Jlanaaca,
© Jlas aByxatoMHO# MoOMekyanm A — B ‘

(Haa—ESan) Ca + (Hap—ES,p) C5 =0,
(Hap—ESpp) Cp+ (Hgp —ESpp) Cp =0,

+°° —~ +en —~
rae Hap = Hpy = quAHldev = flpBHlpAdv — OOMeHHBIl HHTEerpan;

+°° —~ —tm —~

Hypn = Hpp = | paH, dv = ) b5 H{p dv — KynoHOBcKHil uHTerpas;
+ o

SaB = Spa = | Yapp dv — HHTErpaj MNepekpbIBaHHS, U — O6beM.

—c0

8

Ilsi MHOrOATOMHBIX MOJeKYJ MeToa B npubamxenun MO JIKAO naer
CHCTEMY H3 1 YPaBHEHHH (1 — YHCJIO aTOMOB B MOJIEKY.JIe):
2 (Hyjj—ES;5) Cj=0, (1.4)
rae [ — HOMep ypaBHeHHs; j — HOMep u/eHa B ypaBHeHHH.
OmHuHble OT HYJs KODHH cHCTeMbl ypaBuenuit (I.4) 6yayr npu ycio-
BHH, eC/IH OTpe/ie/IUTe/lb PaBeH HYJMO:
| Hij—ES;;]=0. (1.5)
Pacnpocrpanenne merona JIKAO Ha rOMOsIlepHbie IByXaTOMHble MO-
JIEKYJIEl BTOPOTO MepHO/A MePHOAHYECKOH CHCTeMH 31eMerToB JI. M. Men-
AeneeBa naer aroMHble opburanu (AO) 2s, 2p,, 2py ¥ 2p,. Ycaosumcs

Al M0 A0 AD Mo A0
A A Azﬁ‘ A £ A ﬁ‘AZ A
A — o= . \ —~E>—
/s O O—=.\ /4 ‘\
e, N\ A N
PRI AN AR I AN
p Z N 2 2p g0 T TN
Q00 000~ / \ \>OOO-
\\"‘\\\\ iy 7, /////// \\(/ G, :\//4
00 /// //\\) Jy ‘ v//)\\
—O— e o e =N
[ [ N
,’__O@T\ /’/V/__OF\ R
2 7 N s SN s
—O0—< —O— —O——% \
AN @ /,r/ \\\ s ///
a )

Puc. 1. OtHOCHTe/NIbHO® pacHOnOKeHHe MOJEKY/IAPHHX OpGHTaneHl 1o
9HEPrHaM rOMOANEPHHIX JBYXaTOMHEIX MOJEKYJ] Ge3 B3aUMOJEHCTBHSA
Os- # 7yN,-MO (a) u c BzaumogelictueM (6)

32 OCb X MPUHHMAThH OCh, COBMAJAIOLLYIO C OChIO MOJEKYJLl. ¥ 060HX aTo-
MOB A — A oHa HanpaB/ieHa HaBcTpeyy. ATOMHast Op6UTaNL 2S-3MeKTPOHA
HMeeT chepUUecKyl0 CHUMMETPHIO, TepeKpbiBaHHe 25- H 2p ,-AO cuMMeTpHu-
HO OTHOCHTe/NbHO OcH MoJeKyJbl. Takne MO HasblBalOTCS G-MOJMEKyJIsip-
HbIMH opGuTtasMu. [lepekpeiBanue 2p - u 2p,-AO naer nt-MO. n-Moiteky-
JstpHble OPOUTATH HECHMMETPHYHB OTHOCHTENLHO OCH MOJeKyJst. [Ipu mo-
Bopote 7-MO Bokpyr ocu MosteKyJbl Ha 180° sHak MO MeHsieTcst Ha npo-
THBONOJIOKHbIA. Pasnuuaior ceaswBaionyo 6-MO U pasphixasionyio o*-
MO, cBsispBaomyo n-MO u pasprxasiomyo n*-MO. Ilopsaok csian

u="1/y (ncg—np), (1.6)
TA€ Mg — UYHCIO 3JEKTPOHOB Ha cBssbiBalomuXx MO; n, — uHCIO 3JeKT-

poHOB Ha paspuixJasomux MO.
[TocnenoBatensHOCTb 3HEPruil MOMEKyYJIsiPHBIX Op6UTalell 0;, < 05 <

* — * e
<Oy << 025 << Ogp, << Tap, = Tap, < Top, = J";2Z<0'2px- MO Oapyr Tap,
H fyp OJHM3KHM 0 3HEPrHsiM, OHH MOTYT MEHSIThCS MeCTaMH B MOCJAeN0Ba-
&

TeJIbHOCTH BO3pacTaHusi 3Hepruu. Ha puc. 1 mpeacrasiena smepreru-

9
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Puc. 2. OtHocurtenbsoe pacmodo-

HeHHe MOJEKYJpPHHX opbura-

Jell 1m0 3HeprHH TeTepoHIepHHLX
ABYXaTOMHBIX MOJIEKYJI

yeckasi jguarpamMa 06e3 B3aUMOAEHCTBHA
(@) 1 c B3aumogeiictBueM (6) 2s- u 2p-
-AO AN roMOSepHBIX  ABYXATOMHBIX
Monekya. [Ins rereposiiepHuIX JBYXaToM-
HBEIX MOJIeKy1 AB npu ycJoBHH, uTO aTOoM
B Gostee 3/1ekTpoOTpHLATebHEIH, 3HEPrHH
AO uw MO npencrasienst Ha puc. 2.
Bxaan atomMa B B cBsissiBatomue MO 60i1b-
Lie, ueM aTtoMa A, ¥ COOTBETCTBEHHO BKJaj
B paspuixasome MO Menblue.

DNeKTPOHHEIE  COCTOSIHHSI  MOJIEKYA
KJaCCHPUUUPYIOT MO 3HAUEHHSAM MOMEHTa
KoJlyuecTBa ABHKEHUS H cOHHA. PasubiM
tHnaMm MO cooTBeTcTBYIOT OnpepeneHHbie
3HaueHHs] KBaHTOBOro uucaam; (taba. 1).

Tepm snektpouHoro cocrosHus 3anu-
CLIBAIOT TaK:

23+‘|M_L|, : (1.7)

rie S — cyMMapHOe CNHHOBOe KBaHTOBOE yucao; M; — abcontoTHoe
3HayeHWe MpPOeKUUH obuiero opGHTAJLHOTO MOMEHTa Ha OCh CHUMMeTpud

Ta6anua 1. Ksanrosme yucaa, COOTBETCTBYIOIHE onpeaeeHnbiM MO

ATtomHEBIe Op6HTaNH MonexkyaspHele op6uTanu my
S, Px, dl o . 0
Py,dxyy'dxz n +1
dyz, dp—2 8 +2

W

Montekytl. CHMBO/IEI CyMMapHOrO MOMEHTa KOJHYeCTBA JBHIKEHHS NpUBe-

AeHBl HUuXKe:

CuMBoa cocTosuus .

b3 n A
0 +1 +2

3AJJAYH C PEWUEHHAMH

1. Onpenennre snepruro MO worma Hi Ha ocuosanunm meroga MO B

npubnamxennu JIKAO.

Pewenue HWs ypasrenns (1.3) onpenenum suepruio MO:

o
ofiy [ pHypdo
Ee= 12 I
[ y2do

10

INoacraBuM B 310 ypaBHenue P us (I.1):

+o0 .
{ (Ca¥at+Cp¥yg)H(Copp-t-Cppp)dy
0

00
{ (Cava+ Cpvp)rdo
0
[Tocnte npeoGpa3oBaHusi MOA MHTErpajaMd B UHCJAHTeJe U 3HaMeHaTele W
3aMeHbl CHMBOJIAMH OGMEHHOrO, Ky/TOHOBCKOrO H HHTerpaJja NepekphiBaHHUs]
noJy4uM

E=

 CAHpa+2C, CyHpg+ CE Hpg
 CRSAA--2CACp Spp+ C3 Sgp’

Tak kax npu 06pa3oBaHHY XUMHUYECKOH CBSA3H IHEPrHs AOMKHA GbiTh MU-
HHMaJIbHOH, TO COrJacHO BapHAllHOHHOMY METO/y BO3bMeM NPOH3BOAHYIO
OE/0Cx w npupaBHsieM ee HyJio. AHANOrMYHO BO3BMEM MPOH3BOAHYIO
0E/3Cp u TaKxKe npupaBsHsieM ee HYJIO:

JE
C = 2aHaa+ 205 Hap—E (2C5 Spp-+ 205 Spp) =0,

OLCZ— =2C, Hyp+2Cg Hyp—E (2C, Spp+2Cy Spp) =0
HJIH MOJy4YHM [Ba ypPaBHEHHS:
(Han—ESpa) Ca- (Hap—ESpp) Cp=0,
(Hap+ESap) Ca+ (Hpp—ESpp) Cp=0.
Hns onpenesenus xosddpuuuento Ca u Cp B ypasuenun (1.1) peuum cu-

cTemy ypaBHeHuil. Peluennsi, KOpHH KOTOpOro He GyAyT paBHH HyJIO, MO-
JIYYUM NPH yCAOBHH, €C/H ONpEAeNHTeb PAaBeH HyJI0:

Han—E Hapg—ES|
Hpp—ES Hyp—E
Peurenne 3toro onpesenurens Gyget
(HAA_E)Z—(HAB —ES)2=0,
E?—9H, , E+-Hyy—H3 -+ 2H , 5 SE —E3 §1=0.
3anuuieM NOMyyeHHOe ypaBHEHHE B BHJe
E3 (1—8%)—2(Hyp—H,p S) E-FH y—Hig =0.
KsaapaThoe ypaBHeHue umeer apa KopHs:
Ey,= (Haa+Hpap ) + YV (Han—Hpg S)*—(1—5%) (Hian—H3s) _
2
1—-82

— (Hapn—Hpp S) £ (Hap—Hpp S)
—52 ’
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E, = HAA(I—S)+HAB (1—-8) — Hpp+Hpg

T—37 R
E, = Taa(I+S)—Hpg (148) _ Hpp—H,p
? 1—s? —s

[lonyuenst e pasubie sneprun MOJIEKyAsApHBIX opGuTaneit,
2. Onpenenute koapduuuents Cp 1 Cp B ypasuenun (1.1) pis vona
+
3
Pemenne Hs ypasuenns (1.4) c yuerom Ttoro, uto Saa = Sgg =
= I, TaK Kak BOJIHOBas GyHKUHS HOPMHPOBAHHAS, HAXOLHM

(Haa—ESpa) Ca+- (Hap— ESpp) C =0, (a)
(Hap—ESpp) Ca+- (Hpg —ESgp) Cp=0. (6)
[loncrasum sHauenue E,, nonyyeHHoe B 3ajaue 1, B ypaBHeHHe (a):

Hyp+-H Hyy+H
(HAA—*A‘IA_I_S A8 )CA +(HAB’_—"A‘1A+S AR S) Cg=0.

Pasnoctb B nepebix cko6kax pasna

H — HAA+HAB _ I HAB—HAAS
AA 148 1+38

PasHocTs BO BTOpBIX CKOGKax paBHa
Hoo Haa+Hpg \_ Hag—Hp, S
AB 1+3S 1+
Orciona koapuuuentst nepen Cp u Cp paBHbI Mexy co60H, HO oOpaTHbi
no suaky. CnepoBarenbHo, Cp = -+ Cg. Ilogcrasum E, B ypaBHeHue

{6):

Hpp+Hpg Hpp+Hpp '
(HAB—_ITI__'S—' S) Ca +(HBB’— —A—I—TS__’) Cp=0.

PasHocTh B MepBbIX cKOOKax paBHa
Hap+Hpag N\ _ Hap—HpaS
(Man— artas g} Fao—trs s

1+8 148
PasHocTh BO BTOpHIX CKOOKax pasHa
(H _ MaatHpg\ _ _ Hpg—Hpgg$
BB 1+S 1435 ’

OTKyja BhiTeKaet, uto Cy = - Cg. [loacraBum B yPaBHEHHE (a) 3HEPTHIO
E,, nonyuennyio B 3agaue 1. Pasnocts B NepBhiX CKOOKaxX paBHA

He o ”AA“”AB)= Hpp—Hpp S
AA —S I—S ‘
Pa3uoctb Bo BTOpBIX CKOGKaX paBHa

" BesinuuHbl B ckOGKaX paBHHI MeXAy CoGo#, cienoBatenbHo, C, = — CB .

[ToacraBuM suepruio £, B ypasreHue (6). PasHocts B epBbix ckoGKax pas-
Ha

| Hpp—Hpp — Hap—HpaS
(HAB“ =5 )T —i1=s —

PaszHocTh BO BTODBIX CKOOKaX paBHa

’ Hyp—Hpg\__ Hpp—Hgg$
BB— 1—38 )

Orciona cienyer Ca = — Cp. Takum o6pasoM nosayueHs ABe BOJHOBbiE
GYHKUMH:

P1=Cprpp—Car¥p

Pa=CpPp-+Cp ¥p.

4
Bonnosast ¢yHKUHs JoMKHA ObiTb HOPMHpOBaHHOH, T. e. | [P dv = I,
0
TaK KaK BO BCEM IPOCTPaHCTBe y HoHa Hy jo1keH GbiTh BCEro OfHH 3/1eKT-
pou. [loacraBuM nonyueHHbie ypaBHEHHs! BOJHOBBIX (GyHKLHMil NOJ HHTEr-

pan:

oo oo C e
_f [PPdu= I (Cava—Cpvp) do= ’£ Civido—
) )

00 00

—2 g PP Cido + g Ciyido=1.

Ho xoadpunuent Ci He paBeH HyJo:

~}-00 400 00
[ vade= [ ypdo=1; 2 [ y,9gdo=0,
0 0 0
OTKyJa
00

[ prdo=1—041=2.
0

B pesy/braTe NONyuH/IH, 4TO MONEKY A pHAs BOJHOBASI (pyHKUHS HEHOPMH-
poBaHHas. UTo6bl MoseKy/1sipHasi BOMHOBAsi HyHKIUHs Obliia HOPMHPOBAH-

HO#i, ee ciienyer pasgenuth Ha } 2. B pesyaprate NONy4HUM JIB€ HOPMHPO-
BaHHbIC MOJIEKyJ/ISpHbIE BOJHOBBIE QYHKIMH:

1 1
¢1=VT—¢A _V_T%

! 1
¥ =775 Yat 75 Ve,
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a Kospduuuentsl Ca 4 Cg GyAyT paBHbI:
Cao=—Cp=1l/Y/ T uCy=Ch=1/V2.

3. HsoGpasure rpapuuecku dbyHkuum ¥y, P,, P} u {3, NpHUHSB, YTO
Pr==€ A —eTByup,=e"ALe B rre rp U rg— paccrosiHus OT siipa A
uau B ji0 snekrpona. Hcxonst us saBucumocreii h} u \; OT r, yCTaHOBHTE,

. : Kakas H3 MOJIeKyJsIpHBIX op6HTa-

v Y Kouo% Jei P, H P, 6¥meg ycrogqnsa,

A s T. €. 006/1ajlaeT MeHblleii FHeprueii,

Peuerune B Monexyasp-

A\/" A 8 " HoW BOAHOBON yHKUHH W, 3HAKH

y Y Ya 4 hp pasHbie. ITH QyHKIHU

v % ¥, pacnosiaraiorcst o pa3Hbie CTOpO-

Y /\/\ Hbl OTHOCHTEeJBHO OCH afcuuce

8 : (puc. 3, a); P} u P3 — nAOTHOCTH

A W A B I BepOAITHOCTH HaXOXAEHHs 3JeK-

TPOHa B mpocrpaHcTBe. BeposiT-

2 ) HOCTh HaXOX/JeHHs 3JeKTpOHa B

npocTpaHcTBe MeXAy sfApamMH A

M/\ /\./\ u B paBna Hymo (pHuc. 3, a), no-

A B8 __F 2B 7 ITOMy XHUMHUeCKasi CBf3b MeX1y

atoMaMd A u B He o6Gpasyercs,

a J TaK KaK MOJIOXKHUTENbHO 3apsiKeH-

Prc. 3 Paspuxasioman (a) u cessmpapo- HPI€ S1p2 aTOMOB OTTa/NKHBAIOTCS.

Wwas (6) woMHOBHe QyHKUMH romosiepuoli 1aKasi MOJeKyaspHasi OpGHTalb

ABYXaTOMHOH MOJIEKYJIbl HasbIBaeTcs paspb[XJImOHLeﬁ.

B Mo/1exyasipHO# BOHOBO# (yHK-

UK P, 3HAKH Yy Y U Pp OAUHAKOBBlE. ITH GYHKLIHH pacnojaralotcsi 1o

OAHYy CTOpPOHY OTHOCHTe/bHO ocH abcuucc (puc. 3, 6); Y} — NJIOTHOCTD

BEpOATHOCTH HaXOXJEHUS 3JEKTPOHA B MPOCTPAHCTBE MeXAy sApamu

aroMoB A u B He paBHa Hymo. OtTcioga MOM0KHTENBHO 3apsiKeHHble

Ap2 aTOMOB MDHTATHUBAIOTCH K OTPHIATENBHO 3apfXKEeHHOMY MpOCTpaH-

CTBYy MeXJy siipamu. Takasi Monekyasipuasi opGuTaib Ha3bIBAaeTCs CBSi-

spiBajomeit. L5t nepeBojia 371eKTPOHOB cO CBsI3bIBAIOLIEH HA PA3PHLIX.IAIO-

Iyl0 MOJMEeKYIsApHYyIo OpGHTalb TpeGyercsi 3arpara sHepruu. Crenosa-

TETbHO, SHEprUsi CBf3BIBAIOmEd MOJIeKy/sipHOH OpOHTAIH MeHblle
SHEpruu pasphIXJsiomed MONeKyAsipHOH oOp6uTanH.

4. Tlocrpoiite sHepreTHueckHe ypOBHH MOIeK Y15 pHEIX OpGHTaNeH MOTe-
Kyabl Gopa B,. Onpegennre nopsaok cesiau. Monekyna Gopa oGiaagaer
MarHUTHBIMH CBOHCTBAMHU.

Pemenue ¥ kaxaoro atoma B aroMmubie opGuranu: 1s?, 2%, 2pt.
MaruuTHble cBoficTBa MOJeKyanl B, ykassiBaior Ha TO, uTO y MOJIeKy.JIbl
€CTb HecnapeHHble 3JeKTpOHbl. 3aNoNHeHHe MOJeKyasipHbIX OpGHTasel
J/IEKTpOHaMH NOAuHHSAeTcsi npaBuny Xyuaa. Torna 3/ekTpoHHyI0 KOH(DH-
rypanuio MoJaexkyabl B, MOXHO sanucath Tax:

(018)% (075)* (03s)? (035)* (1) (72).

14

DnexTpOHHEl 2s BO3JGHCTBYIOT Ha pacmpefe- AD r;n A0
JieHHe SHepruH MeXAY .-, T,- H J,-371eK- AFf B 2 g R
TpoHaMH. TOJIbKO TAaKHM pacloJOXKeHHeM O
3/1eKTPOHOB Ha 3HepreTHuYeCKHX YpOBHAX 5 L N
1 . v T JF N,
MOXHO OOBSICHUTh MarHHTHBIE CBONCTBA MO- O ¥ O
N 7
nekyasl B,. OrHocurtenbHoe pacnosnoxenue RN Ca} 7
3HepreTHYeCKHX ypOBHell [OKasaHO Ha \‘(D—@'/
puc. 1. OrHocHTe/nBbHOE pacloJOXKeHHe JeK- Ty T2
TPOHHBIX ypoBHe#l MoJieKysasl B, u 3anosne- I,_.®F
HHe WX 3JeKTPOHAMH [MOKa3aHO Ha pHc. 4. | . ,.  / 2 N\ 25
[lopsinok cBsi3sH omOpefenuM [0 ypaBHEHHIO ® /! Y ®
(1.6): \ y '
/
u=1/, (6—4)=1. N :(7}5 /
3AAYH s 7 :0}3 N s
4
1. 3anumure Moneky/sipHele OpGUTAIH —®_<\ /,’_@“
monekyanl O, U uoHoB Of u Oy . Buiuucau- | 6./
Te NMOpPSJAOK CBA3H B KaXKIoH uactuie, Pacno- —E
JIOXKHTE 3HEeprdd CBfizefl B BO3pacTaloiel
NOC/1el0BATEbHOCTH.

o Puc. 4. OTHocHTenbuoe pac-
2. Hapucy#ite 3HepreTHyeckylo AuarpaM- ogoxenne 3MEKTPOHHBIX

My Aasi MojekyJsl Li,. Pacnosnoxute 3nek- ypoeue#rt monekyast B, u 3a-
TPOHbl Ha 3HepreTHyecKux ypoBHsX. Ompe- nomnense AO u MO -anex-
JenuTe NOPSIAOK CBSI3H. YcTaHOBHTe, 06.1a- TpoHam

JaeT JH MoJey.aa Li, MarHUTHLIMH CBO#iCT-

BaMH.

3. UeM MOXHO OGBSCHHTB, YTO y MOJIeKy sl H, paBHOBecHOe MeXnbs-
AepHoe paccrosinue 0,741-10-% cM, a y Moaekysst Li, 2,672-10-8 cm?

- 4. Hapucyiite sHepreruueckyio auarpammy iasi Modekyssi O,. Onpe-
Jenute nopsaAoK cBsian. Mosexkyna O, o6aajiaeTr MarHUTHBIMH CBOHCT-
BaMH.,

5. 3anumure MO monexynwt Be,. Onpenenure nopsigok csisu. Cpe-
JNafiTe 3aK/IOUeHHe OTHOCHTENBHO MEXDbSNEPHOIO PACCTOSHHS M SHeprHH
XHMHUYECKOH CBSI3H.

6*. Hapucyiire snepreruueckyio auarpammy Monexyast BN. Onpege-
JIUTE MOPSA0K CBsI3H B MoJekyJde. Mosnekyna BN o6iafaer MarHuTHbIME
CBOHCTBaMH. D/IEKTPOOTPUIATENLHOCTh aToMa N GOJIblUe 31eKTPOOTpH-
uaTe1bHOCTH aTtoMa B.

7. 3anuunre MO nona CO* u monekyn BO u CN. Onpegenure no-
PAROK cBsisM B Kaxo# yactuue. Onpefiesnre TepM OCHOBHOTO 3JeKTDPOH-
HOrO COCTOSIHHSI BCeX YaCTHII.

8. Hcxoas us s/ekTponHbiX cTpyKTyp Modekya BN, BO u CO, pac-
MOJIOXKHUTE HUX [0 BO3PACTaHHIO 3HepPIHH XUMHUYECKOH CBSI3H.
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MHOTOBAPHAHTHAS 3AAYA

3annumte MO coenvHenHs, ONpefenuTe TePM OCHOBHONO 3/€KTPO
HOrO coctosinusA. OnpeflesiuTe MOPAJOK CBA3H. YCTaHOBHTe, 06.121a€T JH
COefiMHeHHe MAarHUTHLIMH CBOMCTBAMH?

Ne Bapuanra CoenyHenHe Ne Bapuanra Coeannenne Ne Bapuaura Coenuneune
1 BH 9 BrF 17 HI
2 BF 10 HBr 18 IBr
3 BCl 11 HBr+ 19 ICI
4 BBr 12 CO 20 HF
5 BeH 13 CIF 21 NH
6 BeF 14 HC1 22 NO
7 BeCl 15 HCl+ 23 NO+
8 BrCl 16 HF 24 OH

25 OH+
FJTABA Il

3AKOHOMEPHOCTH TEOMETPHYECKOH KOH®UTYPALIMH
ATOMOB B MOJIEKYJIAX. 3JIEMEHTbI
TEOPHH CHMMETPHH MOJIEKYIJI

OcHoBHBIE MOHATHS H CHMBOJBI
[K., c. 77—86]

['eometpruecKkas KOHQUrypalus aTOMOB B MOJeKYyJe 3aBHCHT OT Ha-
NpaBACHUH XHMHUECKHX CBsI3eHl KaX/Oro aToMa B NPOCTPAHCTBE. Hanpag-
JleHHe XK€ XHUMHUeCKHX cBsizedl onpenensercsa tunom AO u MO. Ha puc. 5
NpuBefleHbl OXHJaeMble PABHOBECHbIE FeOMeTpHUeCKHe KOHQUTYPauHH MO-
JIeKyJ1 B 3aBHCHMOCTH OT YHCJIA CBSI3bIBAIOIMX 3JeKTPOHHLIX Nap M YHcIA
HeMOAeNeHHbIX 3JeKTPOHHBIX nap. [ls onpefeseHusi paBHOBECHOH reoMert-
PHYECKOH KOHPUTYDAUHH MOMEKYJbl ClefyeT yCTaHOBHThL YHCJAO O- H It-
CBSI3eH, UHCJIO0 CBOOOAHBIX NMap 3MEKTPOHOB, He YUacTBYIOUIMX B XHMHue-
cKuX cBsA3siX. [lonbaysich puc. 5, MOXHO yCTaHOBUTL PaBHOBECHYIO FeOMeT-
pHYECKYI0 KOHUIYpALHIO aTOMOB B MOJIEKy.Jle.

ITon cumMeTpHelt MoJleKyl MOHHMAIOT CHMMETPHIO PacTONOKEHHUS sfep
€e aTOMOB B DaBHOBECHOM COCTOSIHHH. Moiflekysa cuuTaercss cHMMeTpHu-
HOM, eC/TH HMeeTCsl JMHeliHOe OPTOroHalbHOe Pe06pasoBaHHe KOOPAHHAT,
KOTOpO€e MPHBOAUT K KOHQUIypalliH, He OTJIHYMMOH OT MepPBOHAYANLHOM.

[IpeoGpasoBanye KOOpAMHAT, MPHBOASILLEE K HASHTHUHOMY DAcIIOJIONKe-
HHIO 51/Iep aTOMOB MOJICKY/bl, Ha3biBAIOT OMepalldell CHMMETDPHH. eMeH-
Thl CHMMETDHH — 3TO BCIIOMOraTe/bHblie 06passl (TOuka, npsMas JHHHS,
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Puc. 5. OxnjpaeMble paBHOBecHHe reoMeTpHuecKie KOH(GUIypalHu Mode-
KyX B 3a8BHCHMOCTH OT YHMC/A CBSSHIBAIOWMX W HEIOJENeHHHX 3/1eKTDOH-
HHIX nap

TJIOCKOCTb), C NOMOUILIO KOTOPHIX OGHApyMXHBaeTcs CHMMETPHS (UTYpHI
(u1u npoctpanctBa), Taba. 2.

[naBHas och CHMMeTPUH — 3TO OCb BpalleHHSI, HMeION[AA HAHBBICIIUH
NOpsAAOK n. I110CKOCTb CHMMETPHH, cOlepKANLYIO OCh HAHBbICLIEro nopsj-
Ka, yClOBUIHUCH 0G03HAYATh CHMBOMOM Oy I[110CKOCTb CHMMeTpHH, MepreH-
AMKYNADHYIO TJIaBHOM OCH, YC/IOBHO 0603HAYalOT CHMBOAOM Oy,

KpoMe s/1eMeHTOB cHMMeTpuH ¥ onepamuii cUMMeTpuuy, TNpUBe/leHHRIX
B Taba1. 2, cleflyeT yKasaTh Ha TOXAeCTBeHHOe NpeoGpasoBanue E. Tox-
AecTBeHHOe Npe0GpasoBaHHe PAaBHOCHABHO TOMY, UTO CHCTeMa M3 PaBHO-

Ta6anuma 2. Yenosswe samucu onepamuit CHMMETPHH
H CHMBOJIB 3/IEMEUTOB CHMMETPHH

Ycaosnas
CumBon . 3anHchL
DIeMEeHT CHMMeTPHH neMeHTa Onepanus cuMMerpHu onepanuft
CHMMEeTPHH CHMMBTDHH
Tlnockoctn o OTpaxenne B MIOCKOCTH S(o)
Ocb Bpamenus Cn Hosopor na yroa 2n/n S(Cn)
Llentp cuMMeTpuu i Orpaxenne B Touke S;
Ocb  3epKaibHO-MOBOPOT- Sn IoBopor BOKpyr. ocn u S(Sx)
Hast OTpaxeHue B ILIOCKOCTH,
NepNeHAUKYAAPHOR OCH
17



BeCHOH KOHOUTYpaluH silep aTOMOB BooOlie He mnojseprafnack npeo6pa-
30BaHHIO.

CoBOKYNHOCTb HECKOJIbKHX ONepaudil CHMMETPUH 3aMUCHIBAIOT Kak ,
«[IpOH3BeJeHHe»* COOTBETCTBYIOIHX CHMBOJIOB 3J1€MEHTOB CHMMETPHH.
CHMBOJI Omepaudy CHMMETPUH, BBLINOJHSEMOH MO3Xe, 3alHChiBaeTCA cJle-

Ba OT ollepaTtopa S TOH ONepauHH, KOTOpas BBINOJAHAETCS paHbLue.

Hapn kaxpmofl MoJieKysoH MOXHO NPOU3BECTH PJ Onepaudil cHMMeT-
pHH, Npeobpasylolux MOJeKyay A0 COCTOAHHS, HE DPA3/IHYUMOrO C TeM,
KoTopoe Obl10 10 Npeobpa3oBaHud. [ToJHas COBOKYNHOCThL TakHX olepa-
LU CHMMETpHH NpeACTaB/sieT rpynny cummerput. Uucno onepauufi cum-
METPHH B rpyfie HasblBaIOT NOpAAKOM rpynnkl. ['pynna onepaiuii, Hanpu-
Mep a, b, ¢, ..., onpefe/sieTcs Kak COBOKYNHOCTb, YAOBJETBOpAKOINAS YyC-
Jopusim: 1) mpousBejeHHe AByX onepaudil rpyNnbi 3KBHBaJeHTHO KaKoi-
60 onepauuu 31Ol Ke rpynnsl (ab = ¢); 2) cHCTeMa COIEPXKHUT TOKAECT-
BeHHyl0 onepautio £ (aE = Ea = a); 3) WA Kaxj0#l onepauud umeercs
ofpatHas onepauus, Kotopas sBjsercsd onepaudeill 3TOH »Xe TPYMNIb
(@aa~! = a~'a = E); 4) npousseleHde HeCKOJbKHUX oOnepauui obiaafaer
CBOHACTBOM accouMaTHBHOCTH g (bc) = (ab) c.

‘Bce nepeuncieHHbIe Onepaudd CHMMETPHH OCTaBJASIOT XOTS Obl OAHY
TOUKY B NpocTpaHcTBe Ge3 u3meHeHHsl. KomOHHauMio onepauui CHMMeT-
PHH, NpH KOTOPO# MO KpailHeil Mepe o/lHa TOYKa ocraercs Oe3 H3MeHeHHS,
HasbIBAIOT TOYeYHOH rpynnoH. UHCA0 BO3MOXHLIX TOUEYHBIX FPYNN Of-
paHuueHo. Jlio6asi MoJieKy.1a JOJKHA OTHOCHTbCA K KaKOH-/1M60 OAHOM
H3 3THX TOYeYHbIX rpynn. Bce ToueuHsle rpynnsl Ae/ISIT HA TPH OCHOBHBIX
tHna: 1) rpynnbl HE3eH CHUMMETPHH COJAepXaT TOALKO OCH BTOPOrO IO-
pRAKa U MJIOCKOCTH CHMMETPHH; 2) TPYNNEl cpeHeil CHMMETDHH COAEPKAT
OfHY OCh He HHXKe TpPeThero nopsaxa; 3) rpynnbl BhICLUEH CHMMeTPUH CO-
JepKat HeCKOJIbKO Oceit He HHXKe TpeThero mopsaxa. Kaxjas ToueuHas
rpYINa HMeeT CBOH BIOJIHE ONpeje/eHHbI Habop 3/1eMEHTOB M ONepaunui

Ta6nuua 3. Toueurble rpyHnnul CHMMETPHH

Toueunasa OnepagHy CHMMETPHH, ToueuHan OnepanHd CHMMETPHH,

rpynna SJAeMeHTH CHMMETPHH rpynna 3JIeMeHThl CHMMETPHH
C, E Doy E, 3C,, 30y, i
C;, |E.Cy Dap E, Cy, 3C,, 30,, o
Cav E, Cy, 20, Dy, E, Cy, 4Cy, 404, 01, C3,Sy, L.,
Cap E, C;, 30, Den E, Cg, 5Cy, 60y, 01,C3,C3,S 6,1
Coop E, Coo, o000y, Doopy E, Coo, 0Cy, 0,, Op, [ ’
Can E, C;. op, Tq E, 3C,, 4C, 60, 35S, E
Dag E, 3C,, Ss, 204 On E, 3C,, 4Cs, 38, 3Cy, 6C;, .
Dy |E, Cy, 3Cy, Se. i, 304 30, 45 ‘

i

* 31ech M HUXKe MOHATHE «POU3BECHHEY HEe AHAJOTHYHO AeHCTBHIO YMHOXEHHA '

18

.CHMMeTpuH. B Taba. 3 npuBefieHbl TOUeUHble T[PYNNE, HX CHMBOJBI H
TiepeyeHb BCeX OMepauvii CHMMETDHH, COCTaBJISIONKX FPYNNy.

[Tosbaysich Taba1. 3, MOXHO YCTaHOBHTb BCe 3/IEMEHThI CHMMETPHH, KO-
TOphIMH 006J1aflaeT MOJIeKYJ/a B PABHOBECHOM COCTOSHMH.

3ALAYH C PEINEHHSAMH

1. 3anuumure MO mostekyast O, u Honos OF u OF . Pacnosoxure yac-
THUBl B DS/ IO YBEJHYEHHIO DABHOBECHOTO MEXHbSAePHOro PaccTOsIHUSA Ha
OCHOBaHHH NOPSAAKA CBA3HU.

Pewenue. 3anuiem 31eKTPOHHBIE KOHQUTYpauud H OTpefiesTAM
HOPSAOK CBSA3H:

0, (015)% (075)* (0as)? (035) (027’x)2 (Tapy)? (ap,)* (nipy) (n5p2)2
u=1/, (10—6)=2;
Of (016)* (07)? (020)* (95:)? (92m,)® (Rom,)? (Tan)* (5, ),
u=1/, (10—5)=2,5;
07 (015)2 (0r5)2 (035)* (055)2 (‘721796)2 (“wy)2 (“ng)2 (“Epy)2 (“Epz)

u=1/, (10—7)=1,5.

?

’

3Hast NOPSIIOK CBSI3H, MOXHO CJie1aTh BHIBOX O TOM, YTO MEXbsAepHble
paccrosnus OyayT BospactaTh B psay OF, O, Os.

2. Hcxoast us 3/1ekTpoHsbX cTPYKTYp uactui, BN, BO u CO, pacno-
JIOXKHTE HX B NOPsIIKe BO3PACTAHHS PABHOBECHOIO MEXbSIIEPHOTO PaccTo-
SIHUA.

PeweHnue. 3aniuieM 3/eKTPOHHblE KOHPHIYPAaudH B HacTHLIAX H
paccuuTaem NOPSJOK CBSA3M: :

BN (044)® (0;5)2 (045)® (055)2 (nzpy)z (“21’2)2 (%2py),
u=1/, (8 —4)=2;
BO (064)2 (Qfs)2 (02s)2 (‘755)2 (“zpy)2 (‘sz;;)2 (92p,),
u=1/, (9—4)=2,5;
CO (015)* (075)* (025)* (055)% (ap))? (Map,)? (O2py)?,
u=1/, (10—4) =3, )
OnpenesuB NOpSOK CBA3H, MOXHO CAe/aTh BHIBOA O TOM, YTO PaBHO-
BeCHble MeXbslepHble PAcCTOsIHUA OyAyT Bo3pacraTh B psay CO, BO, BN.

3. Onpenennre paBHOBECHYIO eOMETPHYECKYIO KOHQHIYpPAUHIO MOJIe-
Kyasl BeH, ¢ Touku spenuss merona MO. YcraHOBHTE TOUEUHYIO rpymmy

~ CHMMETpHH.

Pewenue Bceros monexyne BeH, uerbipe anekTpoHa, yuacTsyio-
KX B 06pa3oBaHuu 0-cBsiseil. CBA3LIBAIOIMUX 3/eKTPOHHBIX nap Ase. He-
NOojie/IeHHbIX  3JIEKTPOHHBIX Nap HeT. M3 cXembl, npuBegeHHO# Ha puc. 5,
BH/IHO, YTO PABHOBECHAsl FeOMETpHYECKas KOH(UIypauus MoJiekyiinl BeH,
JHHedHasa. MoJieky/ia OTHOCHTCS K TOYeyHOH rpynne cammeTpuu C

soD*
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4. Hekoropas Touka L uMmeer KOOPIAMHATHI X, Yy, 2. 3aNHUIHTE ypaBHe-
HHUS1 1Pe06pPa3OBaHHs, OMUCHIBAIOLIHE ONepalHio CHMMETPHH S (0,).

—~
P ewenue. Onepauus cHMMETpHH S (0,) €CTb OTPaXKEHHE B MJIOCKOC-
TH Xy. M306pasuM TOuKy 10 onepauyH CHMMETPHH L H Hocje onepauuu
L' (puc. 6). YpaBHeHusiMH npeo6GpasoBaHus GyLyT:

§(oz) x=x S (0)y=y; S (07) 2= —2.

5. Hekoropas Touka HMeeT KoopAHHATH X, y W z. Hanumure ypasue-
—~
HHSI NpeoGpas3oBaHNsl, ONHCHIBAIOLIHE ONEPAIHIO CHMMETPHH S (0y).
Pemenue Onepauus cummerpuu S (o)
(cM. Taba. 2) ecTb OTpa)keHHe TOUYKH B MJIOCKO-
ctd yz (puc. 6). Touka L nocne onepauuu orpa-
xeuust 6yger L''. Orcioga ypaBHeHHs1 npeoG-
pa3oBaHHs 3aNHLIYTCS TaK:

S(ox)x=—x; S(0x)y=y n S(0x)z=2

6. IlpoBenyute aHaqu3 3/JEeMEHTOB H omNepa-
UHH cHMMeTpHH MoJiekyam NH;.

Pemenune Monekyna ammuaka NH,
HMEeT CTPYKTYPY TPEXTPaHHOH NHpaMHIH C ff-
poM aroMa a3ora B BepwnHe. Uepes siapo aroma
Puc. 6. TlpeoGpasosanue asora NPOXOAHT OCh CHMMETPHH TPETHETO Mo~
S(o:) ToukE ‘B muoCcKO- paaka Cgz, HMEIOTCS TPH IVIOCKOCTH CHMMETPHH

e o,. Otciona, corsacHo ta6n. 3, mosexkyay NH,
MOXKHO OTHECTH K TOuYeuHoH rpymne C,,.

7. Ha npumepe mosiekyan NH; nposepbre coGiojenye nepsoro yc-
JIOBUSI TPYMMbI, COTJIACHO KOTOPOMY NPOHM3BeJEHHE ABYX 3JEMEHTOB CHM-
METPHH €CTb 3JIEMEHT CHMMETpHH.

Pemwenue Orpa3uMm Bce BO3MOXKHBIE IPOH3BENEHHUS ONEPALHH CHM-
merpuu NH; B popme Tabanusl npoussefenuii. [Lis 3toro B Nepsoii crpo-
KE€ H B NEPBOM CTOJOLE 3aMHIlIEM BCEe CHMBOJBI 3J1€MEHTOB CHMMETPHH MO-
JaekyJsl NH,. Ha nepeceuenun cTpoku H cTosi6lla HOMECTHM CHMBOJ COOT-
BETCTBYIOULETO NPOU3BEJEHHS 3/1eMEHTa CHMMETPHH, CTOSLIEr0 B NEPBOM
CTosI6Ue, Ha 3JEMEHT CHMMETDHH, CTOfIUHA B TepBOH  CTPOKe,
DIeMeHTHl CHMMETPHH, CTOsllliHe BO BTOPOHl CTPOKE H BO BTOPOM
crosible, HE OTJIHYAIOTCS OT /71eMEHTOB, CTOSIIHX COOTBETCTBEHHO B Oiep-
BOH CTPOKe H B IlepBOM CTOJIGLE, TAK KaK OHH NpPEACTaBJ/SIOT NPOH3Bele-
HHE Ha 3JleMeHT ToXAectBeHHOCcTH E. [l GopMHpoBaHuS TpeThero cToa6-
Ila CHavaJla MBICJIEHHO IPOH3BEIEeM ONlepalltio, CTOSALLYIO B TIEPBOM CTOJIGIE,
3aTeM OpOH3BeleM OMepaunyio, Ccrosiliyld B HepBoii crpoke. Hanpumep,
Csoit = o). U3 Tabauim BUAHO, YTO Bee NPOU3BELECHHS ABYX 3JEMEHTOB
€CTb 3JIeMEHT CHMMETDHH.
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3AJAYH

1. Ha ocnoBannu merona MO onpegenute pasHoBechyio reoMetpuye-
CKY!0 KOHOHTypauio MoJiekybl CO,. Y CTaHOBHTE TOYEUHYIO IPYNNY CHM-
METPHH H NePEUYHC/IHTE 3/1eMEHTHl CHMMETPHH.

2. OnpenesuTe PaBHOBECHYIO T'EOMETPHYECKYIO KOH(MHIYPALMIO HOHA
NOj3. ¥YcranosuTe TOUeuHyIO IPyNNy CHMMETPHH H NEPEUHCIHTE 3JIeMEyThHI
CHMMETpHH,

3. Onpepennte paBHOBECHYIO T'€OMETPHYECKYI0 KOHGUIYPALHMIO MOJe-
Kyasl NH,. YcranoBuTe TOUEUHYIO IPyNy CHMMETPHH U NepeuHCJIHTE 3Je-
MEHTH CHMMETDHH, ‘

4. Onpepe/iute pPaBHOBECHYIO TEOMETPHUECKYIO KOH(HIYpAaLHIO Yac-
THlbl PF;. YeranoBuTe Toueunyio rpynny cHMMETpHH H NepeuHciuTe sJe-
MEHTBI CHMMETPHH,

5. OnpefennTe PaBHOBECHYIO TeOMETPHYECKYIO KoHdHrypammio IF.
YcranoHTe TOYEUHYIO TPYINNY CHMMETPHH H TEPEUHCIHTE JEMEHTHl CHM-
METPHH.

6. Kakoil nopsiiok umeer och CHMMETPHH, NpOXoAsllasl Yepes ABa aTo-
Ma yrjepoaa MoJieKyJib 6eH30/1a, HAXOASAIHKXCS B Napa-NoJoKeHHu?

7. Kakoit nopsijlok UMeeT Och CHMMETPHH, NPOXOASIAs 4yepe3 HEHTp
TAXKECTH NepHEeHAUKY/IAPHO MJIOCKOCTH MOJEKyJbl GeHzona?

8. Hanniunre ypasHenHs Npeo6pasoBaHHsi KOOPAMHAT NPH ONepauusix

CHMMETDHH §(Cn) x, S(Cly u §\(Cn)z.'

MHOTOBAPHAHTHAS 3AJIAYA

OnpegenuTte ToueUHYIO IPyNNY CHMMETPHH, PABHOBECHYIO TeOMETpHYeC-
KYI0 KOH(HTYpPAUHIO H MEPEUHCIHTEe 3JEMEHTH CHMMETDHH Y COeHHEeHHS
A.
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Ne BapHaHTa COeﬂKl;leHHe Ne BapHaHTa COeJL}l;:IeHPIe Ne BapHaHTa Coen,::iex-me
1 © H,0 10 Co3- 19 N,O
2 PtCl3- B C0%- 20 O,
3 NH, 12 SO, 21 PI,
4 SiHF, 13 SO, 92 S0;-
5 SiCl, 14 PCl, 23 SbCl,
6 HCN 15 CeHy 24 CH,
7 SiH,F 16 SbF, 25. CHCl,
8 SiH, 17 NCIO,
9 CH=CH 18 NF,

* Ecan BO3HHKaeT COMHEHHe OTHOCHTENBHO CTPYKTYPH COeaHHEeHHS, To obpartHTech K [C. X.,
T. 1, ¢. 343].

FIABA I

BPAIIATEJIbHOE NBU)KEHHE U BPAUWATEJIbHBIE
CHEKTPbI IBYXATOMHDBIX MOJIEKYJ

OcHOBHble ypaBHEHHS] H CHMBOJIbI
[K., ¢. 96—100; 1., c. 557—560]

DHepruio BpaulaTeNbHOIO JBHXKEHHS JBYXaTOMHBIX MOJIEKYJ MOXKHO
onpelennTs MO ypaBHEHHIO

Er=heByj(i+1)=

he
- 8n2 J
rae B, — Bpaulate/bHasi nocrosinHas (eM~', M~!) njs panHoro koneGa-
TEJBHOTO COCTOSAHMST U; | — MOMeHT HHeplUHH, Kr-M2%; A — mocrosHHas
[nanka; j — BpalaTe/JbHOe KBAHTOBOE UYHCJIO, NPHHHMAlOLiEe 3HAUeHHs
0,1, 2 3,4, ... Eciu npuasiTh, YTO APH BpaLIEHHH MOJIEK Y/ (1J5 Moje-
JIH 2KECTKOro poTaTopa) ee HapaMeTpbl OCTAlOTCSl MOCTOSIHHBLIMH: F, =
“= const u I, = const, to ypaBueune (I11.1) mas TepmoB BpamjarennHoit
3HEPTHH MOXKHO 3amHcaTh TakK:
. E, .
F(y=—/——=Bcj(i+1), (111.2)
he
rge B, = h/(8n%cl,) — BpaujaTe/nbHasi NOCTOSIHHASA, OTHOCALIASICS K MHHH-
MyMY NOTEHUHAJBHOH 3HEPrHH; ¢ — CKOPOCTb CBETA. .
[lo npaBuiy oT6opa A/ CHEKTPOB NOIMIOLIEHHS B MHKDOBOJIHOBOH H
nanabheit UK-o6nactn Aj = j — j" = +1. [lonoxenne HHHHA BO Bpauia-
. TEJILHOM CHEKTpe MOXKeT OBITh 3allHCaHO B BHAE

iG+1), (I11.1)

—~ El Ell -
v=F'(j")—F"(]")= h; — h; =2Be (j"-+1), (111.3)

rae v — BOJHOBoOE yHcio, eM~!, M~L.
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Pasnocrs BOJIHOBBIX 4Hcesl ABYX COCEIHHX JIHHHIL:
Av=2B,, (111.4)

rie B, — BpauaresnbHasi nocrosiuas, cM~!, M~1; ec/q¥ HOLCTABHTbL HO-
CTOSIHHBIE BEJIHUHHBI, TO HOJYYHM YHCJICHHBIC 3HAYEHHS KOHCTAHT:

2,79905. 10-44
B = — (I111.5)

=
I
MomeHT uHepLHH MOJeKyJbl B o6iiemM BHIE paBeH
[
I=Ym 7, (111.6)
1
I/ HeCHMMETPHUHBIX JBYXAaTOMHBIX MOJEKYJ
IT=myritmgri. (I11.7)
[Ipu cBOGOHOM BpAWEHHH MOJEKYJBI myry = myr,, TOrAA
Io=pr? (111.8)
rie | — IpHBeleHHasi Macca;
mym A A A A .
L7 f1fs Mo _ M g 6604.10-27 gr, (111.9)

b tmy  AtA, T8 AA,

rge A; — atoMHasi Macca i-ro aToMa; Mg — Macca aroMma yrijepoja, Kr;
mc/12=1,6604-10-2" xr;

T, TR
re=l/ e l/ _=l/———h——;— (111.10)
1) 8n2 Becp 4nfcpAv

[Tornionienre KBaHTOB cBeTa MOJIEKyJ/IaMH BellecTBa BO3MOXKHO TOJBKO TOr-
Aa, Korjga MoJsleKyJia o6/1ajaeT NOCTOSHHBIM JIEKTpHUeCKHM MOMEHTOM JH-
noJisi.

Bpaware/bHpie 3HepreTHueckHe YPOBHH BLIPOXKJEHBI. BhIpoxIeHHe
g;j ONpele/sioT N0 YPaBHEHHIO

gi=2j+1. (IT1.11)

3AJAYH C PELIEHHSAAMH

1. B pnanbuelt MK-o6nactu cnektpa 'H*Cl norsomaer usnyuenne c
BOJIHOBBIMH YHCJ/IAMH:

Ne qupwmm . . . 1 2 3 4 5 6 7
;, M—l ., ., . 8538,4 10673,0 12807,6 14942,2 17076,8 19211,4 21346,6

Onpenennte cpennee 3HaUeHHE MOMEHTA HHEPLHH H MEXKBAZIEPHOE PACCTOS-

HHe.
Pewenne Ha ocHOBaHHH BOJIHOBBIX UYHMCEN JIHHHE TNOIVIOLIEHHS,

CBSI3aHHBIX C H3MEHEHHEM 3HepPTHH BpAalaTe/]bHOIO JBHKEHHS, ONpeNess-
eM Avgp. JInst 3TOrO OnpefenuM pasHOCTb BONHOBBIX YHCEN COCENHHX JHHH
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u HaiiieM Av,, = 2134,6 m~2. [To ypaBuennsam (111.4) u (I11.5) najinem Mo-
MEHT HHEpUHH
_ 5,5981.10-4¢

Io= =2,6226-10-47 kr-m2.
2134,6

. PaBHOBecHOE MeXDbsJEPHOE DPACCTOSIHHE PacCUHTHIBaeM MO yPaBHEHHIO
(111.10); nss aTOro HEOOGXOAMMO 3HATH NPHBEAEHHYIO Maccy, KOTOPYIO OIl-
penenuM no ypaeuenuto (111.9):

w=—1% | 6604.10- = 1,6143. 10-27 kr,
1135
o=/ 2:6226- 1074 _, 9746.10-10 .
T,6143.10%7

2. Paccuuraiite BOJIHOBOE HHCJ/IO JIHHHH BO BPAIATENTbHOM CIIEKTpe IO-
rioutenus *F*Br, koropas cOOTBETCTBYET NEPEXOAy MOJEKYJBI C yPOBHS
j = 1 Ha BpaujaTe/IbHBIH KBAHTOBHH YPOBeHb j = 2, ec/li PaBHOBECHOE
MeXDbAfepHOe paccrosHue r, = 1,7555- 10710 M.

Pewenue BoaHoBoe 4HC/IO JIMHHH TIOIVIOWEHHS OINpefe/isieM MO
ypaBHenuto (111.3). s sroro no ypasaeumo (111.9) naxonum npusenen-
HYIO Maccy:

19.79

p=-——-——1,6604.10-27=15,3-1,6604.10-2 =25,4.10-27 kr,
19479

L]
a MOMEHT HHEePUHH MOJeKyJbl 110 ypaBHenuto (111.8):
I=25,4.10-27 (1,7555-10-10) =78,355-10-47 kr.mM2,

Torna
6,6256-10~34 (1 - 1)
4.3,142.3.108.78,355.10-47

V= =0,714-103-2=1,428-102 m-1,

3. Onpenenute 3Hepruio BpaliaTeabHOro ABHxkeHus *FBr na Bpaua-
TeJLHOM KBAaHTOBOM ypOBHe j = 1, ec/li PaBHOBECHOe MeXbsJlepHOe pac-
crosinue r, = 1,7555. 1010 m.

P ewenne 3Has MeXbsAjepHOE PACCTOSIHHE H ONPENENHB NPUBEJEH-

HYIO Maccy MOJIeKyJIbl, HaXOAUM MOMeHT HHepluH /. OTciofa sHeprus Bpa-
uleHHus, corjacHo ypasHexHio (I11.1), 6yner

(6,6256- 10-34)2

*1= 8?78, 355 10-4

1(1+41)=0,07096-10—22.1.2=0,1419-10-22 [Ix.

4. Ha kakyro BeJnunHy OyAyT OT/IHUATHCS BOJIHOBBIE YHC/IA JHHUE 10-
IJIOIIEHHS BO BpaiuatespHslx cnektpax H¥Cl u *H¥Cl, ecain Junus orpa-
KaeT TIepeX0J MOJIEKYJ/Ib ¢ BpalllaTeIbHOrO KBAHTOBOTO YPOBHS j = 6 Ha
BpamlaTe/bHER KBaHTOBbII ypoBeHb j = 7. PaBHOBecHOe MexbsiepHoe
paccrosinve y o6eHX MOJMeKy/ OQHHAKOBO M paBuo 1,2746-10- M. ..
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P e w e n ue. Onpenennm MoMeHTHl nHepUHH MoekyJ1 tH¥C] u TH¥C]

1.35
IH85C] [, — g |0604-10757 (1,2746.10719) 2,626 10-47 krw;
1.37
1H%CL ], T 1,6604-10-27 (1,2746.10-10)2=2,6265.10-47 kr.m2;

 5,5081.10-%
I8¢ v 22281 1077
AdA V= 2,6226. 10-47

5,5981.10-44
2,6265-10-47

Jlupusi morsomennss 'H*Cl cwmewlena OTHOCHTENBbHO JHHHH B CTOPOHY
MEHBIUMX BOJIHOBBIX 4Hces Ha 221,92 m-1,

7=14,9419-103 m-t,

s 1H%Cly = 7=14,9197-10 M-1.

3AAYH

1. Paccunraiite MomenT HHepuuH Mosexyael ‘H?* [[M.], ecin us-
BECTHO DaBHOBECHOE MEeXDBSAEPHOE PACCTOAHHE STOH MOJIEKYJIHI.

2. Onpegenute 3HepruIo Bpawienusi monekyan *H¥ [ na necaru TNepBBIX
BpAlATE/IbHBIX KBAHTOBBIX YPOBHSIX H BOJIHOBBIE YHCJA JEBATH NeEPBBIX
JIHHHH BO BPAL[ATE/ILHOM CIIEKTPE NOIVIOIEHHSI, €C/IH MOMEHT HHepIHH MO-
Jekyanl [, = 4,295-10-% kr-m2. Mosekyaa *H?*'I— xkectkuii porarop.

3. Bo Bpamare/bHOM ClieKTpe HOIVIOLEHHSI HEKOTOporo BemectBa HX
B nasibHell UK-0o6nacTh cnekTpa Ha6/I01aeTcst HeCKOIBKO JIHHHE norJoiie-
HHS C BOJIHOBBIMH YHcJaMu (M~'): 13649,4; 15355,6 u 17061,8. PaBHoBec-
HOE MeXbsAZIEpHOE paccTosiue e = 1,4146-107'° M. Onpenenute atomuyio
Mmaccy atoma X.

4. Conocrasbre 3Hepruu Bpamenus monekya HF ua gecstu nepBbIX
BpaIATeNBHBIX KBAHTOBBIX YPOBHSIX CO CPEAHEHA KHHETHYeCKOH 3Heprueil
NOCTYNAaTe/IbHOrO ABHXKEHHS! MOJIeKy.l npu Temneparypax (K):300, 500
# 1000. 3HaueHHe MOMEHTA WHEDUHH BO3bMHTE M3 cnpaBounnka [M.].

5. OnpefnesnTe BOJIHOBbIE YHCIA MePBBIX AECATH JMHHI B CIIeKTpe 110-
raouenns *H'F B nanpuet UK-o61actu. MoMeHT nHepuun MOJIEKY.IbI BO3b-
MHTe H3 crpaBouHHKa [M.].

6*. Ompenennre cootHowenue N;/N, (N; u N, — uncio moie-
KI_)I’.H Ha j-M M Ha HyJEBOM BpallaTeJbHbIX KBAHTOBHX YPOBHSIX MO.TEK yIbl
'H'F) Ha necaru MEPBLIX BpalaTeLHHX KBAHTOBLIX ypeBusix mpi 300K,

7*. Onpenenure Zo 7\/1 H, NpeHedperas 4ncjaoM Mosiekyn *HYF | sacens-
7=0Ng
IOUWHMX  Bpaware/abHple ypoBHH ¢ j > 9 mnpu 300 K, paccumraiite unciac
MOJIEKyJ1 HA AeBATH MePBbIX BPALLATe/IbHBIX KBAHTOBBIX YPOBHSIX, €C/IH B3AT
1 monp HMF.

- 8*. Ha ocHoBaHHH JaHHBIX, NOJIydeHHHX NpH pelnenuy 3anad 4,5 u 7,
HapHCy#Te SHEPreTHYECKHE YPOBHH, NePEXONLl MOJIEKY.I MPH MOrIOMEHHH
SAEKTPOMArHUTHOTO M3/YHeHHS H CHEKTP NOIVIOUIEHHS! C Y4eTOM TOro, uTo
BEPOATHOCTL NOI/IOUIEHHS HE 3ABHCHT OT 3HEPTHH KBAHTOBOTO YPOBLA, C
KOTOPOro NpOHCXOAHT NEepPeXo.
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9*. B cnektpe *C¥0, cusAtToM Ha npuGope C BHICOKOH paspeluaromiei
CHOCOGHOCTBIO, OOHAD YKEHBl JINHHUH:

i {rj cM-t ) ;. cu-! 7 v, cu-l
0 3,845 10 42 263 21 84,330
1 7,690 11 46,098 22 88,138
2 11,534 12 49,939 23 91,943
3 15,379 13 53,763 24 95,744
4 19,222 14 57,593 - 25 99,541
5 23,065 15 61,420 26 103,334
6 26,907 16 65,245 27 107,124
7 30,748 17 69,068 28 110,909
8 34,588 18 72,888 29 114,690
9 38,426 19 76,705 30 118,467
20 80,519 3

Omnpejnenute CpeHHH MOMEHT HHEDLHH H DAaBHOBECHOE MeEXBbsilepHoe
paccrosHue B Mosekyse 2C10.

10. Ha ocnoBaHuM JaHHBIX, IPUBENEHHBIX B Tabauue 3ajgauv 9, on-
penenuTe 3Hepruio BpauleHus (k) monekyunt 1*CH¥0 Ha BpawarenbHoM
KBaHTOBOM ypoBHe j = 30.

11*, Ha ocHoBaHWH JaHHBIX, NPUBEIEHHBIX B 3ajaue 9, onpenenure us-
MEHEeHHE MeXbsjiepHoro paccrosiuusi B Mosexkyie 2C¥O npu nepexoge
ee ¢ HyJeBoro Ha 30- BpawaTeJbHBIH KBAHTOBBIA ypoBeHb. [Tokaxure,
yT0 MoJsiekysa 2Cl%Q He siBJIsIeTCS] XKECTKHM POTATOPOM.

12. Omnpegennte pasHOCTb BOJHOBBIX UYHCEJ JHHHHA IOMJIOHNIEHHS BO
BpamaTesbHoM ciekTpe mMosekys *H3Cl n 2H* Cl npu nepexoze mosiexkyJisl
¢ BpalaTelbHOro KBAaHTOBOrO ypoBHSI j = 6 Ha ypoBeHb j = 7. PaBHo-
BECHOE MEXDBAJEPHOE paccTosHue y 06eHX MOJEKYJ OHHAKOBOE H PABHO
re = 1,2746-10-10 M.

MHOTOBAPHAHTHBIE 3AJJAYH

1. ITo pasHOCTH BOJHOBBIX UHCE] COCEAHHX JIHHHH HOIVIOWEHHS B JA/b-
neit MK-obnactu cnektpa paccuMTafite MOMEHT HHEPUHMH H DaBHOBECHOE
MeXbsIepHOe paccTosiHHE B MoJleKkyJie A.

Ne papHaHTa Modaexkyna A A;: cM-! Ne BapuaHnra Monexyna A Aq cm-t
1 1H3#5C} 21,35 8 *H%"Br 8,64
2 2H35C] 10,97 9 3H"Br 5,83
3 3H38C| 7,51 10 1HI9F 42,22
4 1H37Cl 21,32 11 tHI9F 42,17 .
5 2Hs37C| 10,94 12 3HIF , 15,48
6 3H3Cl 7,48 13 LH81Br 17,06
7 1H%Br 17,06 14 2HS1Br 8,64
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ITpodosxcenue

Ne BapHanra | Modexkyna A AV, cu~! Ne BapHaHTa Moekyna A AV, em~1
15 | SHS!Br 5,83 21 31CI81Br 0,187
16 3CII9F 1,03 22 1H127] 13,13
17 37CI19F 1,01 23 ZH127] 6,61
18 35C179Br 0,195 24 3H127] 4,44
19 35CI81Br 0,194 25 12ClN 3,80
20 37C17®Br 0,188

2. Ha ocHoBaHHMH DPaBHOBECHOTO MEXbSIAEPHOrO PACCTOSIHHSA B YaCTHLE
A paccunTaliTe BOMHOBBIE YUHC/IA JECSTH NEPBLIX JHHHHA BO BpalLaTe/IbHOM
CHEKTpe NOIVIOUICHH S, CUHTAS YaCTHIY XECTKHM POTATOPOM.

Ne BapHauTa Yacrurga A re-10-1*, u Ne BapuauTta Yacruga A re-10-19, u
1 12Ct H 1,120 14 3251H 1,341
2 12C160Q 1,128 15 325160 1,481
3 12C19F 1,267 16 12C2H 1,120
4 12C35C| 1,645 17 12C37C 1,645
5 12081p 1,558 18 28Si2H 1,621
6 28Sj1H 1,521 19 285i37C| - 2,058
7 285i16Q 1,509 20 1aN2H 1,038
8 28Gj19F 1,600 21 16Q3H 0,971
9 285135C] 2,058 22 3252H 1,341

10 LN H 1,038 23 12C3H 1,120
11 LaN16O 1,151 24 28§3H 1,521
12 16O'H 0,971 25 3253H 1,341
13 ’ 1602H 0,971

FJJABA IV

BPAIUATEJIbHOE ABU)XEHHE U BPAIIATEJIbHBIE
CHEKTPbI MHOTOATOMHDBIX MOJIEKYJI

OcHoBHbIe ypaBHEHHS] H CHMBOJbI
[K., c. 96—100; II., c. 557—560]

MoMmeHTH HHep LUK BpallleHHs] MOJIEKYJIbl BOKP YT IVIABHBIX OCefl, POXo-
AALIMX Yepe3 LEHTP TSAMKECTH MOJEKYJbl, PaBHEL:

’x=i2mi’?x; L= myry; L= mr, (1V.1)
i 4
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rae m; -— Maccbl SA€p aTOMOB; Iy, Iy H i, — PaABHOBECHBIC PacCTOAHHA
AA€p aTOMOB OT oceit BpalllCHHsA. 3a nauajio KOOpAHHAT NPHHHMAIOT LEHTP
TAXKECTH MOJEKYJ/Ibl, OPAHHATBI KOTOPOIrO OHPEACAAIT NO YPABHCHHSAM:

Zmir,-x=0; Zmir,-y-—:O; Zmiri,,:o, (IV.2)
i Z [

MuoroaroMusie JIMHEHAHBIC MOJICKYJIBI HMEIOT JIBE€ CTENEHH CBOGOABI Bpa-
IIATEIBbHOTO ABHXKEHHS BOKPYT Ocefl, mepneHIHKY/ISPHBIX OCH MOJIEKYJIbl.
Henunefinble MHOroaTtoMHble MOJIEKYJ/IBI HMEIOT TPH CTENEHH CBOGOJIN Bpa-
I[ATEIbHOTO [BHXKEHHS .

Paccmotpum Tpu THHA MosieKys: 1) chepuueckuii Boamuok [, = I,=
= |,. Moneky/ibl HMeIOT HEeCKOJbKO OcCeil CHMMETpHHM mopsjaxka n = 3;
2) acuMMETPHYHBIH BOMYOK [, 5% I ,5~1,. MOJNeKy/IH He HMEIOT Ocell CHM-
METpHH mopsifika n > 3; 3) cHMMeTPHYHBIA BOJIYOK. [IBa H3 TpeX MOMeEH-
TOB HHEPUHH paBHBI MeXAy cobod: [, =1,z 1, wm I,=1,=1,.
O61ell XxapakTePHCTHKON BpallaTeJbHBIX 3JHEPTETHYECKHX YPOBHEH MHO-
FOATOMHBIX MOJIEKYJ SIBJSIOTCS 3HAUCHHS] KBAHTOBBIX YHCeN | H my:

2 2 2
£, =Mos Moy | M, (I1V.3)
21, 21, 21,

rae Mp,, My, u M, — MOMEHTbl KO/IHYeCTBA JABHKeHHs. OLHOBPEMEHHO

KBaHTYeTCsl IPOEKIIHs] MOMEHTA KOJIHYECTBA JIBHXKEHHS] Ha OCh HENOJBHXK-
HOH CHCTEMBI KOODJHHAT:

h
Mpx-:__gn mj, (Iv.4)
rie mj; — KBAHTOBOE YHCJO, NPHHHMAIOI[ee 3HAYEHHsl LeJbIX YHceal OT
—j mo -+j, BKkmouas HoJib. OTciofia m; npuHuMaer 2j + 1 3navenuit. [as
chepuueckoro Bomuka [, = I, = I

MZ
E,=7(M,2,x+Mﬁy+M§z) =_27L, (IV.5)
N h .
Mp=V72E, =§]/j(j+1). (1V.6)

KBaHTOBaHHbIE 3HAYEHHS] 3HEPTHH OYAyT TaKHE e, KaK H Y ABYXaTOMHBIX
MosiekyJ1 [eM. ypasuenne (I11.1)]. Onnako MHOrOaTOMHBIE MOJIEKYJIBl THIA
cpepHUECKOTrO BOJIUKA HMEIOT TPH CTENEHH CBOGOABI, OTCIOMIA /151 TIOJIHOH Xa-
PAKTePHCTHKH ABHXKEHHS] KpoMe j H m; HeoOXOAUMO ellle OJJHO KBaHTOBOE

YHUIO k, onpeneamLiee 3HaYUCHHE NPOCKIIUH MOMEHTA KOJIHYECTBA JBHKE-.

HHSA Ha OJHY H3 HNOJABHXHBIX ocei, Bpallarouiuxcs BMECTE C MOJIeKyJIOl?l:

l

Mp, = (h/2n) k. (IV.7)

KBaHnToBoe unc/I0 R NpHHHMAET 3HAYeHHS] OT —j A0 -}j, BKJIOUAst H HOJIb.
Otcona BHIpOXKACHHE j-YPOBHS OHpENENSeTCsl BhIpaxKEeHHEM

g:=(2i+1) @2+ 1)=(2j+ 1) (1v.8)
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Pacnpenenenne mo/ieky/ 1 no Bpauate/bHBIM KBAHTOBBIM YPOBHSM

2
—— =1 —
Nj==(2j+1)2 Nye 7 kT (1v-9)
J1/151 BUTS HYTOTrO CHMMETPHUYHOTO Bosluka [, << | g = 1., cooTHOweEHHE
BpalaTe/bHbIX NOCTOSIHHBIX OyneT A > B = C. Duepruio BpauieHHus on-
penensitor u3 ypaHenus (V1.5) u 3naueHuit MOMEHTOB HHepIUH A/15 BHITA-
HYTOTO CHMMETPHYHOIO BOJIYKA:

1 2 1 2 2\
S0 =gp Mot (Mp,+Mp,) =

=_L< L1 )Mz L2

e\ put o Mes (1V.10)
h h? K2

E — ——— k2 . .

I (Snzzx 8n2l, ) +_——8n2,y iG+1. (IV.11)

[Tocnie BBefeHHs! GyKBEHHBIX OGO3HAYECHHH JJIsi BpalllaTe/JIbHBIX HO-
CTOSIHHBIX ypaBHenue (IV.11) npunumaer Bujg

Ej=(A—B)+Bj(j+1). (1V.12)

Il COVIIOMEHHOTO CHMMETPUYHOTO BoauKa [, = | g << I, coorHoue-
HHE BpallaTe/bHBIX NOCTOAHHBIX 6yaer A = B > C. B cootBercTBHH C
3THM

Ejp=(C—B)k+Bj(j+1). (IV.13)

B ypasuenuax (IV.11) u (IV.12) BTopoii ueH 3aBHCHT TOJBKO OT Bpalia-
TEJbHOTO KBAHTOBOro uicia j. [lepBulii wieHn 3aBHCHT OT KBajpara KBaH-
TOBOTO YHC/Ia R, ONpENeNSIOUIEro NPOEKIHIO MOMEHTA KOJIHYECTBA JBHKe-
HHSl HA TVIABHYIO OCb CHMMETPHH, NPOXONSAULYIO Yepe3 HEHTpP THKECTH MO-
JeKynel. Kaxppifi sHepreTHuecknii yposenb 2(2; + 1) pa3 BeipoxpeH,
32 HCKJ/IIOUCHHEM HyJIeBOrO ypoBHs, rae k = 0 u Bblpoxaenue 2j + 1.
[Ipu norvomenu KBAHTOB 3/IEKTPOMATHHTHOTO H3JYUEHHS BO BpaliaTeb-
HOM CHEKTpe HaGJ/IOAAI0T Nepexoabl MOJeKyJl Aj =4+ 1, Ak = 0.

3AJAYH C PELIEHUAMH

1. Onpenenure mexwbsgepHoe paccroauue r,._, B Mojekyae CO,,
ecd MOMEeHT uHepuud [ = 71,758-10~% kr-m?. Mosiexyna CO, umeer
CHMMETPHIO D . p.

Pemenune. Tak kak mosekyna CO, nunefina, To HMeeTCS TOMBKO [BE
CTENEHH CBOGO/BI BPAILATE/IbHOTO IBHKEHHST BOKPYT OCH, MEPHEHIHKYJIsAD-
HOH OCH MoJIeKyJIbl. O6a MOMEHTA HHEDPLHH OfHHAKOBEL. Bpamarensnoe xe
ABHXXEHHE MOJIEKYJIBl BOKPYI COGCTBEHHOH OCH HEBO3MOMKHO, OCKOJBKY
MOMEHT HHEPIHMH TAKOTO BPAIIEHHS] PABEH HYJIO, OTCIONA 3HEPTHUS Bpallle-
HHs1, onpenesienHass no ypasHenuio (I11.1), 6yner Geckoneuno Gosbiioii.

) 29



PaBHoBecHOe MeXbsiflepHOE PACCTOAHHE HAXOAUM N0 ypasHeHmo (IV.1):

2
1 =?mi rp=2-16-1,6604-10-27r2 .

71,758.10-47

- —=1,1621.10-10 y.
"ec—0) = V 216.1,6604-10-% "

2. Onpejie/inTe MOMEHT HHEPIHH W BpAILATEJIbHYIO NOCTOSHHYIO (M~1)
MosieKyJisl OCS, eciiu B MHKPOBOJIHOBOH OGJIACTH CNEKTpa B CIeKTpe Mo-
TJIOLIeHHs] HaG/IOlAlOTCA MaKCHMyMBl norsouterus (M~!): 81, 143; 121,
714; 126, 686; 202, 886. Mosieky1a OCS auueiinas, Tun cummeTpii C.o.y.

Pewmenune. Onpesernm cpelHio0 pasHOCTb BOJHOBHIX YHCET CO-
Ce/HHX JIHHUMA B CIeKTpe norJiowenus (M~Y): Av, = 40,571; Av, = 40,572;
Avg = 40,600; Ave, = 40,581. Tak kak moaekyaa OCS JuHefiHas, TO
OHAa HMEET TOJIBKO JBE CcTeleHH CBOGOABI BPAUATEJBbHOrO ABHMKEHHS .
O6a MomeHTa HHepUHMH PaBHLI MEXAY COO0H. MOMEHT MHEPIHH HAaXOLHM
N0 ypaBHEHHIO

h 5,5981-10-4

I = ~ 1= —137,949.10-47 gr.u2.
4PcAv 40,581 10747 r-m

BpamaressHas nocrosiHuas 6yaer

h

Be="%mc1

Av
=5 = 20,29 M1,

3. Onpenennre npoussefienHe MOMeHTOB uHepuuu [ Iz I MONeKyJIbl
BOILl HA OCHOBAHWH DaBHOBECHBLIX MEXDbAJAEPHBIX DACCTOSIHHH Foy . =

= 0,957-107* m u _pasuoBecHoro yria HOH 104°31’. Monekyna H,O
uMeeT cumMmeTpHio C,,.

PeumeHne 3aHauano KOOPAHHAT IpHMEM LEHTP THKECTH MOJIEKY-
JIbl, KOTOPBIi OnpeAe/nM 1o ypasHerusM (IV.2). MomenTsl nHepunu [, [,
u I, onpellensieM no ypasrexuam (IV.1). [IpousBefienye raBHbLIX MOMeH-
TOB HHEPLHH MOJIEKY.Ibl MOKET GbITh PACCUHTAHO H3 BEKOBOI'O YpaBHEHHS

+]xx_]xy""]xz
IyIglc= — Ly Tyy—1Iys |-
"‘]xz—]yz‘*‘]zz

Bennunnnt /;; BEYHCASIOT HO ypaBHEHHSM:
1 1
Iex =2 m; @ity —— (Emy)? — Ty (Emiz)?

1 1
Tyy=2 my(x} +2}) =y (Emix;)? — oy (Emizi)?,

1 1
l;=Zm (x?—{-y;r’)_—M— (2 my x;)2 0 (= m; yi)2,

1
Ly=2myxiy—— (2m x3) (E m; y;),
1
Iy =2 m; x; 2=k (2 my ;) (2m; 2;),
L
Iy =2myy; 2 — o (Emiy) (B mz),
rie M = Zm;. PelienneM BEKOBOro ypaBHeHHS

TpeTbero nopsiixa Gyaer

TpnIg Io == lux (Iyy 12— 1yy Iyz) —

- Ixy (Ixy ]zz‘_‘ ]yz Ixz) - ]xz (Ixy ]yz ‘-{- Iyy ]xz) . pHC. 7 PaBHoaecnaﬁ reo-
MeTpHUeCKasgs KOoHGHrypa-

. HA MOJIEKYJIH BOAH
ITonyuenHble pe3ysabTaThl 1eN€c006pa3HO CBECTH t 4 A

B Tabnuuy. MosieKy/ia BOJBI, KOOpAMHATHI sfiep
aTOMOB, DaBHOBECHbIE MeXDbsiJiePHbIE PACCTOSIHHSI, PABHOBECHBIH yros u
OCH KOOpJAHHAT IpeACTaBjeHbl Ha pHc. 7,

ATtom m-10%, xr x-10'°, M Y101, m 2:10', M
0 2,656 0 0 0
H, 0,166 —0,586 0,757 0
H. 0,166 —0,586 —0,757 0
2 m;=2988-10-26 gr :
Atom (o] H, H, z
x2.1020 0 « 0,343 0,343
y2- 1020 0 0,573 0,573
xy-10%° 0 —0,444 0,444
mx- 1036 0 —0,097 —0,097 —0,194
my- 1038 0 0,126 —0,126 0
mxy- 1048 0 —0,074 0,074 0
mx2-4-y?).10% 0 0,152 0,152 0,304
mx?.1046 0 0,057 0,057 0,114
my®-10% 0 0,095 0,095 0,190

Jxx=0,190-10-48,

0,038

Ty =0,114.10-46 ——= = 1046 = 0,101 10~4,

1]
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1,;=0,304-10-46—0,038 10-46=0,291.10-4¢,

2,088
Lay=0, ILy=0 1 Iy;=0.
Torna
IoIg o =0,190-1G-46.0,101.10-46.0,291.10-% =55,84-10-142 (kr-m2)3.

3AJIAYH

1. Ompenennte paBHOBECHOE DAcCTOSIHHE MexIy sapaMH aTtoMoB C H
S B monekyJe CS, no 3HaueHHio MoMeHTa HHepuuH [ = 94,507-10-%7
kr-M®. Monekyia CS, umeer cummerpuio D .p.

2. CpepHsisi pa3HocTb BOJIHOBBIX YHCe/ COCENHHX JIMHHI BO BpallaTe/b-
Hom crnektpe noromenuss HCN cocrasaser 2,977-10* m~!. Onpegnenure
MOMEHT HHEpIUMH H BpamareipHyo nocrosiHHylo B’ (M~1).

3. Onpenenute npousseneHne MoMeHTOB HHepUUH [alplc MoOneKkyJbl
SO, Ha OCHOBaHHH DPaBHOBECHONO MEXDbAJAEPHOIO PACCTOAHHUS fog_o =
= 1,432-10-' ™ u paBuoBectoro yrja OSO 119°21’. MoJekyna SO, nme-
et cummetpuio C,,,. :

4. Onpegenure npouspeieHne MoMenToB HHepuHH [alplc MoaexyJnsl
CH®Cl,, eciu paBHOBecHble MEXbsAEpHbIE PACCTOSAHHSA Tec = 1,073 %

X10- w r, __ =1,763-10 m i yron CICH 108°32". Moiexy.na CHCl,

uMeer cummeTpuio Cs,.
5. ITo momeHnTaM HHepuuH MOJeKyJbl BoAbl /4 = 0,996-10"%, [p =
=1,908.10-4 u [ = 2,981 10~*" kr-cm? onpelesnTe paBHOBECHOE MEXKb-

SilepHOe PACCTOSHHE Fo M yrod HOH.
6. Iokaxure, YTO 1Jis1 HeJHHEHHBIX TPEXATOMHBIX MOJeKYJ [ 4 5= I g~
Flculy+Ip=Ic.
7*. OnpegenuTe rjaBHbe MOMEHTHI HHEPUHH MoseKyanl 3 P'H, no pas-
HOBECHOMY MEXDbSIEPHOMY PACCTOSIHHIO re, = 1,4206-10~'°® m u yray
( A _

HPH 93°5’. ¥YcranoBure, sBJjsercsa Ju moJdekyaa PH4 crinolieHHbIM HIH
BBITSIHYTBIM CHMMETPHYHBIM BOJIYKOM.

8*. Onpexnenante 5HePruH JAECATH HEPBLIX BpamaTeJbHBIX KBAHTOBBIX
ypoBHell Mosiekyqnl 3'P'H,, ecnu riaBHble MOMEHTBl HHEPIUHH MOJIEKYJIb!
HMeloT 3Hauenus: [4 = I =6, 237-10-Y xr-mM% Ic=T7,111.10-%
Kr-m?. BbluepTHTe SHepreTHuecKHe yPOBHH B YCJOBHOM Macmrabe
H TNOKaXKHTE CTPEIKAaMH BO3MOXKHEIE NepexOlbl NpH MOIVIOMEHHH KBAHTOB
cBeta B jajbHedl MK-obaactu cnektpa.

9. MomenT uHepuun MoaekyJst NH, BOKpyr ryiaBHOH ocH CHMMETPHH
I = 1,085-10-% kr-m?. Onpegennte oTHouieHHe uucia Mogekya NHg,
HaXOsUMXCs HA BpawareJpbHOM YpOBHe j = B, K 4uHcly MOJIEKYJ, Haxo-
AsAUIMXCS HA HYJIEBOM Bpaliare/lbHOM KBaHTOBoM ypoBHe, npu 1000 K.

10. Omnpegenurte rJjaBHbleé MOMEHTBl HMHEPHMH H IpOH3BeleHHe IJaB-
HBIX MOMEHTOB HHEpIHH MOJIeKy/hl 6eH30Ja, eC/H Tee sy = 1,084 x

X 10-1e, Tee_c = 1,397-10-1 M. Mosiekysia GeH30Ja IJIOCKasi ¥ HMeeT

cummerpuio Dgy,.
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MHOTOBAPHAHTHBIE 3AJAYH

Mounekysia XY, umeer cummerpuio T;. Ha ocHOBaHHH NaHHBIX O paBHO-
BECHOM MeXbsllepHoM paccroanun X — Y BbluHC/IHTe: 1) MOMEHT HHep-
LHH MOJIEKYJIBI; 2) BpamatelbHylo TMOCTOsHHYIO B, (B AXKOYJIfX); 3)
SHEPTHIO BPAIIEHHA MOJEKYJbl HAa BpaHIaTENbHOM KBAHTOBOM YDPOBHE
j = 10; 4) orHowenue uncna MONeKyJ Ha ypoBHe j == 10 K unc/1y MosekyJ
Ha HYJIEBOM Bpaiare/bHoM KBaHTOBoM ypoBHe npu 300 K; 5*) suepruio
Bpamenus MosieKyJibl XY Ha 20 nepBHX BpalaTeNbHBIX KBAHTOBBIX ypOB-
HAX; 6%) N;/Ny aist 20 nepBbiX BpamaTeJbHBIX KBAHTOBBIX ypOBHEH npH

N; ,
300 K; 7*) Zﬁ(’) npu 300 K; 8*) unc/io MosieKyJ1, HaXOAsIHXCA HA HYJ1I€BOM

BpalllaTe/IbHOM KBAHTOBOM YpOBHE, eC/H B3ATh | Moib Bemectsa XY,,
cuntas, 4T0 N;/N, ans ypoBueit j > 20 He3HAUHTENBHO; 9*) noso Moie-
Kya, naxonsmuxcs npu 300 K, na ypopue j = 5,

N Bapuaura XY, rXy-10% M || » papuanra XY, rx—y-10t. u
! 12C1H, 1,093 14 28Sj19F, 1,540
2 CeH, 1,003 15 208j19F, 1,540
3 >C3H, 1,093 16 30G{19F, 1,540
4 28SilH, 1,480 17 12GeloF, 1,670
5 *8Si%H, 1,480 18 eSnloF, 1.840
6 *8Si3H, 1,489 19 8 TjloFa 1,740
7 GelH, 1,527 20 917110, 1.850
8 2Ge?H, 1,527 21 18 f19F, 1.890
9 2GeH, 1,527 22 207ppLOE, 2,020

10 119Sn1H, 1,701 23 20Gi1H, 1,480

1 119Sn?H, 1,701 24 20Sj2H, 1,480

12 1195n3H, 1,701 25 20GisH, 1,480

13 1CIoF, 1322 '
FIJABA V

KOJIEBATEJIbHOE NBH)XEHHE ATOMOB B MOJIEKYJIAX.
KOJIEBATEJIBHBIE U KOJIEBATEJIbHO-BPALUATEJIBHBIE
CHHEKTPbI

OCHOBHHC YpaBHEeHHS U CHMBOJIBI
[K., c. 100—104; JI., c. 567—571]

KoneGanns nByXaTOMHBIX MOJIEKYJ NPH MaJblX aMIVINTyJaX TNpHGJH-
KEHHO ONHCBHIBAIOT YpaBHEHHEM

f=—ke(r—rg), (V.1)
rae f — cuja B3aUMoelicTBHS MeXIy siapamMH aromoB, H; k., — cuioBas
nocTosHHas MoJlekyJsl, H/M; r u ro — mexbagepuoe paccrosiaue, M.

2 3ax. 767 33



s mMonenn rapMoHHYecKoro oclu/JATOpa peuenne ypasuenus (1.3)

HMeeT BHJ:
1 h P
E, =y — ) — e_, V.2
’ (v 2) 2n V W (V-2

rae E, — 3ueprus xoneGaTelIbHOro ABHIKEHHS aTOMOB; U — KoJlefaTellb-
HO€ KBaHToBoE 4YHcJ/Io, NpHHHUMalolLee 3Hauente 0,1, 2, ..., Upags b — TpH-

1 fe .
BejleHHasAg Macca. BeqnunHa o ]/}-;—’ = V,, TJe V,—uacTtoTa KoJeGaHHH,

c~1. Ecau npHHATD, YTO v, = cw,, T ypaBHenue (V.2) mpeobpasyerca K
BHLY: :

1
Ev=(v —{—?)hc We, (V.3)
rie o, — KoJjiebaTelbHass NOCTOSIHHAS HJH COOCTBEHHAs 4YacToTa, cM~t,
M1, YpaBHenue (V.]) He MOXKET yIOBJETBOPUTE/IBHO ONHCATD KoJleGaTe b
HOe JBHKeHHEe MpH O6oJbLIHX aMIiuTyiax Kosaebanusi. [loreHuuajbHas
3Heprusi Gosiee WJIH MEHee YJOBJETBOPHTEIbHO ONHCHLIBAETCH ypaBHEHHEM
Mopse

Uy=D, [1—e "* "77a]%, (V.4)

rie U, — norenunaJbuasi sHeprusi; D, U o — HOCTOSIHHBIE BEJHYHHEL,

D,=hc w,/4x,; (V.5)
a=7V 8tcpo, £ /h , (V.6)

TIe WeX, — KOIPPHUHEHT aHIaPMOHHUHOCTH KoJsebGanusa, cM™!, M~L; x, —
KOXQHUHEHT AHMaDMOHHYHOCTH KoJeGaHHsi (BeJHYHHA Ge3paswvepHas).
Il monend aHrapMOHHYECKOro OCUHJIIATOpPA HEPTHsl KosebaTelbHOro
ABHKEHHS BblpaxKaeTcsl ypaBHeHHeM

E, =(v —{——;—)hcme——(v —{——;—)2 he wg Xg; V.7)

AJIS TEPMOB

B xosie6arenbHBIX cneKTpax HaG/lofaeTcs NOIVIOUEHHE KBAaHTOB
heVe=Ey—Ey, v="0,—Gy=[we—, %o (v-+1)] v, (V.8)

Te v — BOJIHOBOE YHCJIO MaKCHMyMa MoJochl norJomenus; E, — sHep-
THs1 KoJleGaTe/IbHOro ABHKEHHS Ha v-M KoJlebaTeslbHOM KBAHTOBOM YPOBHE;
E, — sHeprusi KosebaTe/qbHOro JBHIKEHHsSI Ha HYJIEBOM KoJleGaTeabHOM
KBaHTOBOM ypoBHe. C yueToM TOro, 4To IpH KOMHATHO! TeMneparype 60Jib-
IIHHCTBO MOJIEKYJ/l HAXOJATCS Ha HYJIEBOM YPOBHE, BOJHOBBIE YHCJIA Tepe-
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XOJOB, cOIVlacHO mpaBuJaMm otGopa Av = v — v = +1, +2, 43, ...,
MOTYT OBbITh ONpefe/eHbl o GopMyaaM:

Vieo = ©g—20, X (V.9)
Vg0 =20, —6we X, (V.10)
V3. 0=30s— 120¢ xe. (V.11)

B cnexkTpe Ha6/MI0JA0TCA NMOJIOCH: V; — OCHOBHAs HoJioca (OCHOBHOH TOH);
v, — NEpBHIH 06EPTOH; v, — BTOPOH OGEpPTOH.
MakcumalibHOe 3HaueHHe KO0Je6aTe/lbHOro KBAHTOBOTO YHC/A

1 1
Umax= (1 —%) /20 = ~5 ———. (V.12)
e

MakcumanbHas sHeprusi KoJjeGare/bHOro ABHXKEHHSI — SHeprusi AUCCOLH-
anuu D,, oTcunTbIBaeMasi OT MHHHMYMa NOTEHUHAIbHOH KPHBOIL;

Ey, max="he 0e/4x,=D,. (V.13) -

JI1s nepeBojia MOJIEKYJIBI C HYJIEBOrO Ha MaKCHMAJbHBIA KoJeGaTelbHbll
KBAHTOBHIA YPOBEHb Up,, HEOOXONHMA 3HEPrHs

he 0,

Do= Ep, max—Ep,0= (1—x¢)?, (V.14)

4x,

rie D, — 3KcrnepuMeHTa/bHO ONpefenisieMasi SHeprusi JUCCOLHAIIHH .

EcJsi BeliectBO HaXofuTCs B ra3000pa3HoM COCTOSTHHH, TO BMECTE C BO3-
OyxIeHHeM KoJlieOaTe/IbHOTO [BHXKEHHs Bo30OykKIaercs TakkKe H Bpaua-
TeJIbHOE JBHXKEHHE MOJEKYJBl. DHeprus BpallaTesbHO-K0Jae6aTeBLHOrOo
IBHKEHHS paBHa

Epo=E +E,=hc By j (j--1) +Ey. (V.15)

[Ipu nepexofe MoJIEKyJIB ¢ HYJIEBOro KoseGaTebHOro Ha NepBblil KoJseda-
Te/IbHBIA KBAHTOBBIH YPOBEHb H3MEHSIETCS Bpalare/bHoe COCTOSHHE MoJle-
Kyianl. Toraa namenenue 3ueprum Gyuer

~ AE;
Vro = P
1c

=0 (1=20)+ B, [|" (j’ + D) — " (/"+ D] (V.16)

B

Ecau Aj = 4 1, To B cnekTpe nosisisiercss R-BeTBb:

V= (1 —2x,) +2B, (j-+1), (V.17

KOTOpaﬂ pachnoJioxkena co CTOPOHBI GOJIBILIHX BOJIHOBBIX UHCEJ OT Ve Ecau

Ke Aj = — 1, To B cnekTpe nosiB/sieTcsi P-BeTBb ¢ MEHBILHMH BOJIHOBBIMH
qHCJIaMH:

V=0, (1—2¢,)—2B, j. (V.18)
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Ha puc. 8 noxasausl 3Hepreruye-
CKHE YDOBHH, IHeDeXOoibl MOJIeKy.
TNpH MOIJIOWIEHHH KBAHTOB 3JIEKTPO-
MarHUTHOTO H3JIyueHHsl H BHJ CHEKT-
pa MorJiouieHust ABYXaTOMHBIX MOJie-
KyJ. ¥Ypasueuuss (V.17)u(V.18) Boi-
BeJleHbl C Y4eTOM TOro, 4TO Bpalja-
TeJbHAsI NoCTosAHHAs B, 3aBHCHT OT
SHepPruH KoJ/1e6aTelbHOro JBHKEHHS.
Bpamarenbhass  nocrosmuas B,
YMEHBIHAETCSA C POCTOM SHEPrHH KO-
JIe6ATEe/ILHOTO ABHXKEHHS, YTO BHIpa-
JKaeTcsl ypaBHeHHeM

froteend

I
—]
»

e T a0y vy S

B,,:Be.—a(v +%) (V.19)

\

C yuerom (V.19) lIJI‘ﬂ R-BerBH TnO-
Jy4HuM
V= — 20 Xo-+2B, (j+1)—
—L.5a (j41) (j42); (V.20)

-
L
<D
Al
‘
o
Rbb ooy @

P-Bemby R-Bembs

L.t

(V.21

: s P-serBu’
I’ V= 0p— 200 Xo— 2B, j— 1,50 (j—1) |.
_l L

4/=-1 4/=*1  —V  Pa3zHOCTL BOJHOBBIX UHCeN ABYX CO-

Puc. 8. Bpamarembno-koneGarebHNe  CeIHHX NOJOC BO BpalaTe/bHOH
SHEPIETHIECKHE YPOBHH, NEPEXOAM MO-  crpyKType
JeKyJbl TIpH NOTJIONIeHHH CBETa H Bpa-
NIaTeJIbHO-KONeGATe/bHEIT CIIEKTP ABYX-

ATOMHHBIX MOJIEKYJ

3AJAYH C PELIEHHAMH

1. B cnextpe norJiomennst **F**Br, pacTBopeHHOro B HEeMNoJIsi pHOM pacT-
BopuTeJle, OGHAPYKeHbl OCHOBHAsi HOJIOCA TOIVIOUIEHHs, GoJlee HHTEHCHB-
Hasl, ¥ NepBbIH 0GepTOH, MeHee WHTEHCHBHBIA. VX BOJIHOBBIE umc/a COOT-
BETCTBEHHO paBHH 663,6- 10% n 1318,2-10% M~!. Onpesesiute 4YacToTy KO-
Je6aHHs aTOMOB B MoJleKyJie ¥ KO3(XDHIHEHT aHrapMOHHYHOCTH.

Peuwenue. [logcraBum 3HaueHHs v, U v, B (V.9) u {V.10) u pewnm
0o6a ypaBHeHHS: '

663,6. 1012 = @, — 20, x, 30e— 60g Xo= 1990, 8- 102
1318,2. 102 = 20, — 6, x, 20— 6we xo = 1318,2-102
e =672,6-102 M1
20, Xo=672,6-102—663.102=9,0.102;, w,x,=4,50-102 M~1;
Xe=4,50-102/(672,6-102) =6,69-10-3,

AV=2B,. (V.22
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2. Onpenenure MakCHMa/lbHOe KoJle6aTelbHOE KBAHTOBOE UYHCJO AJIS
F"Br, ecin 0, = 672,6-10* M~! u x, = 6,69-10-3.

Pemenue [lo ypaBuenno (V.12) onpenensem vp,y:

Umax = (1 —6,69.10-3)/(2-6,69.10-3) =74,23,
Tak kak KoJie6aTe/lbHOE KBAHTOBOE UHCJO MOXKET NPHHHUMATbL 3HauyeHwus
TOJIBKO LEJIBIX YHCeJ, TO HEOOXOLMMO OKPYIJIHTb MOJyuYeHHOe 3HaueHHe [0
Uraax = 14.

3. Onpenennte SHEPrHIO KOJ1€6aTENLHOTO IBHXKEHHSI aTOMOB B MOJIEKY-
ae ¥FBr Ha Hy/1eBOM H Ha MaKCHMaJIbLHOM KoJ1e0aTe/bHBIX KBaHTO-
BbIX YpOBHsX. Onpenennre 3HEPrHI0 XHMHUECKOH CBSI3H, €CJAH W, =
= 672,6-10* M, x, = 6,69-1072% u vy, = T4.

PeweH ue SHepruio Ko/e6aTeNbHOrO ABHXEHHS BBIYHCAHM 110
ypaBHeHmO (V.7), NOACTABHB BMECTO U HOJIb:

Exon=0,5.6,62.10-%4.3.108.672,6.10~2—
—0,25-6,62.10~%4.3.108-672,6.102 =0,66-10~20 [T x.

OHEPIryI0 KoJebaTebHOro IBHKEHHS Ha MaKCHMaJbHOM KoJiebaTesbHOM
KBaHTOBOM YpDOBHE IOJy4yuM 1o ypaBHeHuwo (V.13):
Emax==6,62-10-34.3.108.672,6-10%/(4:6,69-10-%) =49,89.10-20 1.

SHeprpm XHMHYECKOH CBSA3H €CTh Pa3HOCTb 3HEPIHH KoJle6aTeJIbHOro ABH-

~ KeHHUS Ha MaKCHMaJIbHOM K0J1e6aTe/TbHOM H HYJ/JI€BOM KoJiebaTesbHOM ypoB-

HAX, YMHOXKE€HHAs] Ha IOCTOSAHHYIO ABOl‘aleOI
' Ex_cp=(49,89-10-20-—0,66-10-20) 6,02.1023 = 296,36 103 [l /mo1b.

4, Onpegennre 3HePrui0 Ko/e6aTeNbHOrO JABHKEHHS ATOMOB B MoJe-
KyJe YF*Br Ha Ko/leGaTe/IbHBIX KBaHTOBBIX ypoBHsX v = 0, 1,2, 3, 5, 8,
12, 20, 30, u 74, ecin w, = 672,6-10* M~1, x, = 6,69- 1073, vy, = 74,
¥ OlIEHHTe BKJajl BTOpOro ujexa B ypasHeHuu (V.7), xapakTtepusyiomero
OTKJ/IOHEHHE KOJ/le6aHHs peabHOH MOJEKYJ/Bl OT KoJieGaHHs rapMOHHYe-
CKOro OCLHJLISTOPA.

Pemenue 3Had o, H' 0,X, BbuHCIHM hcw, = 133,58 10-22
Ik, hewyx, = 0,89-10—2% [Ixk. [lonyueHHble pe3y/bTaThl CBefeM B TaGJlH-
1y, OTAEIbHO 3amuchiBasi NepBLIA H BTOpOH uJieHnl ypaBHenus (V.7):

1 1 \2
v (v+—2") hc(:)e - 10%, Ox (U+T) hcﬁ)exe-lo"', ik E.10%*, JIx
0 66,78 0,22 66,56
1 200,34 2,00 198,34
2 333,90 5,56 328,34
3 467,45 1090 456,55
5 734,57 . 29,92 707,65
8 1135,24 64,30 ’ 1070,94
12 1669,48 139,11 1530,37
20 2737,94 374,07 2363,87
30 4073,52 827,97 324555
74 9950,07 4939,50 5010,57
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'§ C yBesinueHneM Kosie6aTeNbHOTO KBaHTOBOTO
8 4Hc/da BKJajJ aHTapMOHMYHOCTH BO3pacraer.
b Ha nyJsieBoM n nepBom KosieGatesIbHEX KBaH-

TOBBIX YPOBHSIX KOJIeGaHHsI MOJIEK yJIbI MOKHO

b CYHTaTh NpaKTHYECKH TapMOHHYECKHMH.
5. OnpefeniTe MHHHMaJbHOE M MaKCH-
MaJlbHOE pacCTOSIHHSI MeXAy aroMamn °F

2 v ™Br Ha KosieGaTe/NbHBIX KBaHTOBBIX YPOB-
/sy HAX U TO’ 1,2,3,5,8 12, 20, 30 u 74.
f IToctpoiite rpaduk Eyon = f (7).
A PeumeHue PeminM coBMeCTHO ypaBHe-
zj ud (V.4) u (V.7):

IA I/ 1 1\2
Y 16% 2022 74 260" (v +_2_)hc me‘_(u +_2_) he g o=

Puc. 9. DHepreTnueckne ypos-
HH H aMIVIMTYAM KoJebGaHuil

- —a (r—3%))?
MOJIeKyJIs 19F7Br =D {1—e 91

OHEPTHH KOJIe6aTe/IbHOTO ABHKEHHS Ha BCeX KOJeGaTelbHBIX KBAHTOBBIX
YPOBHSIX NIpHBENEHLI B 3ajlaue 4. Boluncium KoHcranThl D, ¥ o 10 ypaBHe-
nusm (V.5) u (V.6):

De=133,58-10-22/(4.6,69-10-%) =0,5.10-18 Jix,

— 8.3,142.25,4.10-27-672,6-102.3.108.6,60.10-3 10
K- ‘/ 5 60107 =2,017.1010,
Ypasnenne (V.4) npeobpasyem K BURY | — e¥ = V E wou/D,, The y =
= —a (r—r,). 3HaueHHs] KaXKOTO COMHOXKHTEAS! B NPeo6Pa3OBaHHOM
ypaBHEHHH /Il BCeX 3aJlaHHBIX KoJieGaTe/bHHX YPOBHEH MpHBENEHHl B
Tabnuue Ha c. 39. [0 faHHBIM cTPOHM rpaduk E oy = f (r) (puc. 9).

6. Onpepnennre BOHOBbIE YKC/la N0JIOC TOTJIOHICHHS BO BpailaTelbHO-
KoJle6aTeIbHOM CreKTpe mnorjowenus F™Br, ecmn o, = 672,6-10%m~!

R-BeTBb * P-persb

! By (;4+1)-1072, w= 15 10=2, v—1| B, ;-10~2, »=1 |5.10—2, »—!
0 0,714 664,31 — —

1 1,428 665,03 0,714 662,89
2 2,142 665,74 1,428 662,17
3 2,856 666,46 2,142 661,46
4 3,570 667,17 2,856 660,74
5 4,284 667,88 3,570 660,03
6 4,998 668,60 4,284 659,32
71 5,712 669,31 4,998 658,60
8 6,426 670,03 5,712 657,89
9 7,140 670,74 6,426 657,17
10- 7,854 671,45 7,140 656,46

H ©.x, = 4,50-10* m~!. 3naueHue BpallaTeJbHOH HOCTOSSHHOH Be =
= 0,714.10* M-, 0, — 2w,x, = 663,6.10* M1,

Peuiedue BoiaHoBme umcia TOJOC HOIMIOHIEHHS B R-BeTBH OIl-
penenum no ypasHenuio (V.20), B P-BetBu — no ypasHenumo (V. 21).

3AJIAYH

1. Onpenenute cuioBywo nocrosiuuywo k, (H/M) ans moaexyqnt *HYF,
ecin o, = 4,141-10% M1,

2. Onpenenutre o, aas *H'* F, eciu ansa HYF o, = 4,141; 10° m-1.

3. Ilo BOJIHOBBIM YHCJ/IaM MaKCHMYMOB TOTJIOHMIEHHS] OCHOBHOH TOJIOCH
U TepBOro o6epToHa MoJekyiam 2C*0O (2,142-10° u 4,258-10° M~ coor-
BETCTBEHHO) OlpejienTe COGCTBEHHYIO 4acTOTy KoJsiebaHHus (M™1) H Ko3(du-
LHMEHT aHrapMOHHYHOCTH MOJIEKY/IBL.

4. Ha ocHoBaHHH 3HayeHHH YacTOTHl KO/eGaHHH H aHrapMOHHYHOCTH
0, H ©.X,, B3ITHX H3 cnpaBounuka [M.], gns mosnexkyiant CO onpenenunte
SHEPTHI0 KOJ1eGaTe/IbHOTO JABHXKEHHS Ha HyJIEBOM H NepBOM KoJebare/b-
HOM KBaHTOBLIX YPOBHSIX.

5. Onpegennte MaKcHMa/ibHOe KosieGaTe/bHOE KBAHTOBOE YHC/IO, SHEP-
THIO KOJleGaHHH Ha HYJIeBOM H MaKCHMaJ/IbHOM KoJe0aTeJbHbX KBaHTOBBIX
YPOBHSIX H SHEPTHI0O XHMHUYECKOH CBSI3H, OTHECEHHYIO X MOJIO BellecTBa
IHIQF.

6. Ha ocHOBanuH cpaBOYHHX JaHHHIX ©, H ®.X, [M.] nus H, onpe-
JeJHTe OTHOIEHHE YHc/ia MOJIEKYJ Ha NepBOM KoJsefaTelbHOM KBaHTOBOM
YPOBHE K YHCJy MOJIEKYJ/l Ha HYJIeBOM KO./le6aTelbHOM KBaHTOBOM ypOBHe
npu 300 u 1000 K.

7. Ha ocHoBaHHH clpaBOYHBIX [JaHHBIX @, H @, X, [M.] s 1, onpene-
JINT€ OTHOCHTEJIbHYIO 3aCeNeHHOCTb MOJIEKYJ Ha MepBOM KojebaTelbHOM

- KBaHTOBOM ypoBHe npu 300 n 1000 K.

8*. Ilas monexyas 'H?H Ha ocHoBanuH 3HaueHu# 7,=0,7413-101% u,
w, = 3817,1-10* M~ u o.x, = 94,96-102 M~! onpeneiure 3HEPrui0 Ko-
JebaTe/bHOTO JBHMKEHHS Ha HYJIeBOM, INSTOM, JAECATOM, ABajLaToM H
MaKCHMaJIbHOM KoJie6aTe/bHBIX KBAHTOBHX YPOBHAX. Bhunciaute r —r,
no ypasxenuto (V.4) u nocrpofite kpuyio Mopae.

v Ey- 102, Ey 104 i(l_ey) er els Ig e¥1 —lge¥r
Ax D
0 66,56 - 183,12 0.1153 | 0,8847 | 1,1153 2,9468 0,0532
1 198,34 396,68 0,1992 | 0,8008 | 1,1992 }_,9035 0,0965
2 328,34 656,68 0,2562 | 0,7438 | 1,2562 | 1,8715 | 0,1285
3 456,55 913,10 9,3022 | 0,6978 | 1,3022 | 1,8437 } 0,1563
5 707,65 1415,30 0,3762 | 0,6238 | 1,3762 I, 7951 | 0,2049
8 1070,94 2141,88 0,4628 | 9,5372 | 1,4628 | 1,7302 | 0,2698
12 1530,37 3060,74 0,5533 | 0,4467 | 1,5533 | 1,6500 | 0,3500
20 2363,87 4727,74 0,6875 | 0,3125 | 1,6875 | 1,4949 | 0,5051
30 3245,55 6491,10 0,8057 | 0,1943 | 1,8057 | 1,2885 | 0,7115
74 5010,57 10021,14 1,0000 | 0,0000 | 2,0000
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ITpodosrxcenue Taba.

v —y 1g e¥: Ys (ry=—rs) 1000 | rio 1019, M | —(rs—ro) 1019 7,. 1010, y
0} 0,1225 0,0474 0,1091 0,0607 1,8162 0,5409 1,7014
1{ 0,2222 0,0788 0,1814 0,1102 1,8657 0,0899 1,6656
2] 0,2959 0,0990 0,2280 0,1467 1,9022 0,1131 1,6424
3{ 0,3599 0,1146 0,2939 0,1784 1,9339 1,1309 0,6246
5| 0,4718 0,1386 0,3191 0,2339 1,9894 0,1583 1,6972
8! 0,6212 0,1652 0,3804 0,3080 2,0635 0,8870 1,5668
12| 0,8059 0,1913 0,4405 0,3996 2,2551 12,2185 1,5370
201 1,1630 0,2272 0,5232 0,5766 2,3321 0,2595 1,4960
30] 1,6383 0,2567 0,5911 0,8123 2,5678 0,2932 1,4623
74 0,3010 0,6931 0,3436 1,4119

9. BhiyHcnnte BOMHOBHIE YHC/A TpeX NEPBBIX JHHHI B P-BeTBH Bpa-
. IaTeNbHO-KosebaTeibHOro cnektpa noryomenus 'HYF, Heob6xonumsie
IJisl pacyeTa BeJIHYHHBHI HafiiuTe B cOpaBouHHKe [M.],

10. Onpenennre BONHOBbIE YHC/IA TPEX MEPBbIX JHHHIl B R-BeTBH Bpa-
1aTesbHO-KOJe6aTepbHOTO cnekTpa norjoumenuss ‘HY¥F. Heo6xopumbie
AJisi pacyeTa BeJHYHHB HafiiUTe B CipaBouHHKe [M,].

11. B cnekrpe nornowenns rasoo6pasuoro H3Cl npu 298 K u Hop-
Ma/JbHOM JaBJ/ieHHH B R-BETBH BpalaTeNbHO-KOJe6aTebHOH MOJ0CHL 06-
HapyxeHH 13 3aMeTHBIX MaKCHMYMOB, BOJIHOBHIE YHC/IA H ONTHYECKHE
IJIOTHOCTH KOTOPHIX MPHBEAEHDI B TaOJIHLE:

i a,, cu—! D j |y cu—! D I; o, ew1 D

0 2906,3 0,155 5 2997,8 0,362 9 3059,1 0,029
1 2925,8 0,418 6 3014,3 0,231 10 3072,8 0,011
2 2944 ,8 0,567 7 3030,9 0,129 11 3085,6 0,005
3 2963,2 0,583 8 3044,9 0,065 12 3098, 4 0,001
4 2980,9 0,497

Onpenennre 00 MOJEKYJ, HAaXOASIIMXCS HA KaXAOM BPalaTe]bHOM
KBAHTOBOM ypOBHE, eclH KO3(dHIHEHT MNOralleHHsi MOJIEKYJ He 3aBHCHT
OT SHEPTHH BPALICHHS.

12*. BbluHcaHTEe BOJIHOBBIE YHeaa 13 mosioc morsomweHHss B R-BeTBH
BpamaresnbHo-Kosne6aTtesbHoro cnektpa 'H*Cl, ¢ yuetoM u3meHnenus
BpauaTe/bHOH nocrosinHoi B, o, = 2990,95 eM~!, w,x, = 52,8185 cm~1.
Onpenenure « B ypaBHenun (V.19) mo wusBecTHOH v-JHHHH j=12 (cM.
JauHble 3ajaun 11)., ConocTaBbTe NOMyYEHHBIE 3HAYEHHS BOJIHOBBIX YHCEJ
C 3KCNEPHMEHTAbHBIMH, TPHBENEHHBIMH B 3ajaue 11 WM B cnpaBOYHH-
ke [M.]. .

13. B P-BeTBH BpawaTe/bHO-KO/IE6ATENHHOIO CIEKTPA METaHa MOJy-
YEHHl JMHHH ¢ BOJHOBHIMH yHcaamH (em~Y): 3032,30; 3043,15; 3054,00;
3064,85; 3075,70. OnpenennTe MOMEHT HHEPLHH MOJIEKYJ/IH MeTaHa. MoJe-
KyJa MeTaHa umeer cumMetpuio Ty. OnpejesuTe paBHOBECHOE MEXBSIIED-
HO€ DACCTOAHHE H COIIOCTaBbTE €ro CO CHPAaBOYHBIM 3HayeHHueM [M.].
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14. OnpenenuTe YHCJIO KoJeOaTeNbHbIX cTeneHeidl cBOGOA JHHEHHOH
MoJiekyJbsl CS, (cumMetpust Do), HeHHElHOH MosieKyabl SO, (CHMMETpHS
C,,), monexynbi NH; (cummerpus Cg,) 1 Mosiekyasl CH, (cummerpus Ty).

15. B HK-cnektpe mnorsomenuss MgF, oOHapyxeHbl TpPH MOJOCH:
240, 447 u 870 cm—!. [locnepHsis Mosoca HMEET MAKCHMAJbHYIO HHTEHCHB-
HOCTb, CPeIHSISi — MHHHUMaNbHylO. Monekyna MgF, uHmeer cummerpuio
C,,. ClenaiiTe OTHECEHHE MOJIOC MOIVIOIWEHHS K ONpPEeAeNeHHbBIM THIIAM KO-
JgebaHHH.

16. B UK-cnektpe nornowenus SnCly 06HapyXeHO TPH MOJOCH B pa3-
HBIMH MHTeHcHBHOcTAMH: 104 (ca), 129 (cp), 403 (c) cm~!. (B ckobkax cin —
ca1abasi, cp — cpelHssi M ¢ — cHabHas.) Clenafite oTHeceHHe KoJieba-
HHH K OTpe/ie/IeHHOMY THITY H ONIpeJle/THTe BBIPOXJIEHHE KaXJ0ro KoJeba-
HHS.

MHOTOBAPHAHTHBIE 3AJIAYH

1. [o co6cTBEHHBIM YacTOTaM KOJeGaHHH aTOMOB B MOJIeKyJ/e A H aH-

rapMOHHYHOCTH ©, H 0.X, ONpeAenuTe: 1) BOJHOBOE YHCIO vV M 4acToTy
v MaKCHMyMOB MOIJIOLIEHHs!, COOTBETCTBYIOIHX IIEPEXO0AaM MOJIEKYJI C yPOB-
HSl C KBaHTOBbIM YHcsIoM U == () Ha ypoBeHb v'= 1 ¥ ¢ ypoBHs v = 0 Ha
yPOBeHb U = 2 NIpH HEH3MEHHOM 3JIEKTPOHHOM COCTOSIHHH; 2) B KaKOM
y4acTKe CHeKTPa — HH(PAKPacHOM, BHIAHMOM HJH yJbTpahHONETOBOM —
pacnonoXeHsl MOJOCH MOTJIOLLEHHS, COOTBETCTBYIOLUIHE YKA3aHHbIM mepe-
XoaM; 3) MakCHMa/abHOE 3HaYyeHHe KO0.Je6aTeJbHOr0 KBAaHTOBOTO YHC/IA
Umax; 4) SHEPTHIO KOJIEOATENLHOTO ABHKEHHS HA HY/IEBOM H HA MAKCHMAJIb-
HOM KoJie6aTeNbHBIX KBAHTOBHIX ypoBHsX ([Ik); 5) SHepruio XxuMHYecko#
cBssu B Mosiekyse A ([x/Moub); 6) sHepruio KoJ1e6aTeJNbHOTO ABHUKEHHs
Ha 2—3 Kose6aTeJbHBIX KBAHTOBLIX YPOBHSIX B HHTepBaJe oT ypoBHsi ¢c v=0
10 Unmag; 7) AOJIO MOJIEKYJ, HAXOASIIHXCS HA HYJIEBOM H Ha [IEPBOM KoJ€-
6ate/bHBIX KBaHTOBHIX ypoBHsAX npH 300 u 1000 K; 8) moctpoiite rpaguk
3aBHCHMOCTH 3HEPrHMH KOJe(aTelbHOTO JABHMEHHs OT KoJsebaTelbHOro

1 Dy X Ne Ba- Mo.nzxyna

Ne Ba- |MoseryJia
A em—1 pHaHTa

en—! e &
pHaHTa

O e}

@, [

1 1H35C] 2990,95 52,82 14 | tH%Br 1884,76 22,91
2 2Hs88C] 2144,77 26,92 15 | 38H8!Br 1548,14 15,45
3 3H35Cl 1775,86 18,36 16 | 38CI19F 787,50 7,00
4 1H37Cl 2988,70 52,74 17 | 8CIeF 777,99 6,83
5 | 2H%Cl 2140,95 26,89 18 | 35CI?*Br 443,10 1,80
6 3H37C 1770,35 18,25 19 | 35CI81Br 441,42 1,79
7 |1H"Br 2649,40 45,25 20 | 3°CI**Br 434,72 1,77
8 | 2H"Br 1885,33 22,73 21 | 37CI¥!Br 433,01 1,76
9 SH"Br 1650,17 15,37 22 1H127] 2308,09 38,98

10 1HI9F 4141,03 90,44 27 2H27] 1640, 14 20,16
11 HYF 3001,01 47,97 24 3H127] 1345,50 13,57
12 3H1sF 2507,87 31,98 25 12C1N 2028,62 13,11
13 1H81Br 2649,03 45,25

41



KBAHTOBOI'O YHCJA Ha OCHOBAaHHH PacCYUTAHHBIX BHIIIE SHepFHﬁ Koseba-
T€J/IbHOI'O JBHXKEHHS,

2. Ha ocHoBaHuMM NaHHBIX, NPHBENEHHHIX B 3ajaue 1, m1s1 Mosexyssl A
onpeneure: 1) BOJHOBHE YHCJA TPeX NEPBHIX JHHHE norJoueHus B P-
BETBH BpalllaTe/IbHO-K/Ie6aTe/IbHOH MO0JIOCH; 2) BOJHOBbIE yYHC/Ia Tpex
NepBbIX JHHHA B R-BEeTBH BpalllaTeNbHO-KOMEOGATEbHON IOJIOCH,

TAABA VI
NEPBbIA 3AKOH TEPMOILHHAMHKH

OcHOBHBIE ypaBHEHHS H CHMBO.BI
(K., ¢. 237—272; T., 1. 1, c. 22—33, 49—55, 72—176]

,HJIH KOHEYHOI'0O HU3MEHEHHS COCTOSIHHUA CUCTEMDI HepBbIﬁ 3aKOH TepMo-
AHHaMHKH BbIpa)kaercsl YPaBHEHHEM

Q=AU-+W, (VI.1)

e Q — TemnoTa, MOABEAEHHAs K CHCTEME MJIM OTBENEHHAs OT CHCTEMBbI;
AU — u3menenue BHyTpeHHeil sHeprud; W — pa6ora. 3a nosoxurens-

HyI0 paGOTy NpHHSTAa paboTa paclIMPeHHs cucTeMbl. MameHemne BHYTpEH-
HeH SHEepPTHH paBHO '

AU=U,—U,, (V1.2)
rae Uy u U, — BHYTpeHHsis SHepTHs CHCTeMB B Hayane H KOHLE mpouecca;
H=U+4PV, (VI1.3)
rae H — sHTanbnus cucTeMs;
AH=AU-LA (PV). (VI.4)
HOas ujgeanpHbix rasos
AH=AU-+Av (RT), (VL.5)
rae Av — u3MeHeHHe yucaa Moveil rasoo0pasHbIX BeIecTB;
AV=3 (V;)xon—2 (Vi)ucx =2 v;. (VI.6)
Pa6ora n3obapuoro nponecca (P = const)
W=P(V,—V,), (VL.7)

rae V, u V, — o6beMBl ccTeMbl B HavaJte U KOHIe npouecca. [as upeanp-
HBIX Ta30B

- W=nR (Ty,—T), (V1.8)

rae T, u T, — Temnepatypa rasa B Hadaze u KOHUe npouecca; R —
MOJISIpDHAS Ta30Basl MOCTOSIHHASA.
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Ecnu 1 Moab HjeasbHOTO ras3a HarpeBaTh OPH MOCTOSIHHOM JaBJIEHHH
Ha 1°, To paGora mpouecca Gyjaer

W=R. (V1.9)
Pa6ora msoxopHoro mpouecca (V = const)
\ W =0. (VI1.10)

Pa6ora usorepmuueckoro npouecca (7 = const) pacmnpeHus Hueasb-
HOT'O rasa

W=Q=nRTIn (Vy/V,)=nRT In (Py/P,), (VI.11)
T n — 4YHcJIo MoJiel rasa; P; H P, — naBjeHHe rasa B HayaJjie U KOHLe
npouecea, -
PaGorta aguabatuyeckoro mpouecca (Q = 0)
W=—AU, (V1.12)
W=nCy (Ta—Ty), (V1.13)
W=(PV1—P Vy)/(y—1), (V1.14)
T Vy—1
L PR i (V1.15)
y—1 Vx—l

rae Cy — H30XOpHasi TemIoeMKocTh rasa; y = Cp/Cy; P, u P, — Ha-
YaJbHOE M KoHeyHoe jaBieHHe; Cp — H306apHasi Tenn0eMKoCTb rasa; Ty
T, — HavaJbHasi H KOHeYHasi TeMnepatypa; V; # V, — Hada/ibHHIH H KO-
HeuHblil 00beM. JlaBjeHnHe H 00beM B HayaJbHOM H KOHEYHOM COCTOSIHHAX .
CHCTeMbl CBA3aHbl ypaBHEHHEM auaGaThl

P VY=P, VY. (V1.16)

Tensiobokt 3hdeKT XHMHYECKOH peakuuH B H30XopHoM npouecce (V =
= const)

Qy =AU=U,—Uj. (VI.17)

B u306apHoM mpouecce (P = const)
Qp=AH=H,—Hj. (V1.18)

[lepBoe cnenctBHe 13 3aKoHa ['ecca onuchiBaercsi ypaBHEHHEM
] 1
0
AH: = (v AHY r)yon ——; (vi AHD Pluexs (V1.19)
1

i {
IJie vi—CTeXHOMETPHYECK Hil KOI(PHIIHEHT; IE(VIAH?.T)ROH' ‘? (viAH} 1) pox—

CYMMBl CTAHJAapPTHHIX TeMJOBHIX 3(pekTOB 06paSOuBaHHﬂ KOHEYHBIX H HC-
XO[AHBIX BelllecTB peakuuH; AH} r— tensoBoit 3pdexr obpasoBaHHs
Bell[eCTBA M3 MNpPOCTHIX BEIIECTB B CTAHJAPTHHIX YCJIOBHAX NpH TeMmepa-
type T. 3a craHjapTHBIE YCJIOBHS NPUHSATO COCTOSIHHE BEIECTBA B YHCTOM
BHAe npH jasieHHH | atM. CraHjapTHOe cOCTOSIHHE BelllecTBa OTMeYaercsl
BEPXHHUM HHAEKCOM ¢%, ’
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Bropoe crnencteue u3 3akona I'ecca OIHCBLIBAETCS ypaBHEHHEM

i i
AH?‘ =;(viAH£r,T)ncx ——; (vi AH(c)r, T)Kom (VI.20)

i i
rie I (ViAHE Thyex, S (viAHY T)xon — CYMMbl CTaHJAPTHBIX TENJIOBbIX
1 1

3pPEKTOB CropaHMsi HCXOAHBIX M KOHEYHBIX BELECTB.

3aBHCHMOCTb TENJIOEMKOCTH BEIECTB OT TEMOEPATypsl BHIpaXaercs
YDaBHEHHsIMH:

AJs1 HCTHHHOH TeIioeMKOCTH

dU dH

Cy = 7 Cp= Lk ' (Vi.21)

IJIs1 HA€AJIbHBIX Ta30B
Cp=C,+R. (V1.22)

YpaBHeHHe /15 cpefHeil TeNI0eMKOCTH Cy B MHTEpBane Temneparyp T, -
-+ T, uMeer Buj

Cy=(Us—U)(Ty—T1); CTp=(Hy—Hy)/(Ty—Ty). (VI.23)

Cpennss u MCTMHHAs TENVIOEMKOCTH CBSI3aHbI YPaBHEHHSAMH

1 Ty 1 T,
T =————fc'dr_; 5=-———j'c dT. VI.24
v Te—Ty s v ] P Ty—T, T F ( )

3aBHCHMOCTb TENJIOEMKOCTH OT TEMNEPATYPHI BhIpaXKaeTcsi ypaBHEHHSIMH:
A75l HEOPTaHHYECKHX BeIleCTB

Cl=a+bT+c'Te, (V1.25)

JJIs1 OpTraHHYECKHX COeJHHEHHH
Cl=a+bT—4cTeldTs, (VI.26)

ans a, b, ¢, ¢ n d— KospduunenTl, onpenensemse SMIIUPHYECKH HJIH
Ha OCHOBAHHMH MOJIEKYJSIPHO-CTATHCTHYECKHUX pacyetoB. JlaHHbIE K03ddu-
LHEeHTbl TNPHBOAATCS B CHPaBOYHHKAX.

3aBHCHMOCTb 3HTAJLIHH BELECTBA OT TeMNepaTypsl BuipaXkaercsi ypas-
HEeHHSIMU:

T
Hy—Hg=[C3dT, (V1.27)

1

T
HY—HYgo =2g‘8 cldr, (V1.28)
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rie H) — 3urtanpnus BewecTBa npH aGcosmoTHom Hyne; HY — Hgg —
HpHpalleHne 3HTaJAbIIHH NPH HarpeBaHHH BemectBa oT 298 o T K. Ecau
B HHTepBaJse TeMnepatyp 7T--298 npoucxonsT ¢a3oBble NpPeBpalLIEHHs, TO
ypaBHenne (VI. 28) umeer Bua:

Tnep , TIIJI 0"
H)—Hygs = | CV dT4AHyep-- [ C} dT4AHuz+
298 Tnep
TKHH " T 0’” V[ 29
+ [ CY dT+AHuen+ [ CPdT, (V1.29)
THJI THHII
rae AHp.,, AH,,, AH,, — Tenjors NepeKpHCTAN/H3aUUH, IUIaBJe-
HHsL M Hcnapenusi; Cp', C%', C%'’, C%'’’ — TeN/I0eMKOCTH BElLIECTBA B

HH3KOTEMIEPAaTYPHOM KPHCTa/VIHYECKOM COCTOSIHHHM, B BBICOKOTEMIIEpa-
TYpHOM KDHCTaJIJIHYECKOM COCTOSIHHH, B XKHJKOM H ra3oobpa3oM cog;ox-
uusix. [lonHas sHTanbNHsA BemecTBa (YC/IOBHasl) MPH TeMNeEpaType

; 0 0 f
J3=AH} 595+ (H7—H3s), (V1.30)

rae J?-— moJsHasi 3HTaNbNHsS BellecTBa Npu temneparype T u _TIpH CcTaH-
JApTHOM JaBJIEHHH AJs1 TOTo $a30BOro COCTOSIHHS, KOTOPOE YCTOHYHBO NPH
temneparype T; AH}, 205 — cTanpapTHas Tensota 06pa3oBaHHsl BEIIECTBA
npu 298 K. .

3aBHCHMOCTh TEIVIOBOTO 3pdeKTa XHMHYECKOH DeakuHH OT TeMiepa-
TYpBI BHpaXXaeTcsl ypaBHEHHEM

i i
d A HO % 0 _ 0 .
dT =>-d (Vi Cg)xou_E(Vl"CP)ucx—ACP! (VL.31)
1 1
i i .
rae 2 (ViCPuor» & (ViCB)yex — CYMMBbI TEIJIOEMKOCTEH KOHEUHBIX H HC-
1 1

XOAHHIX BelecTB; AC) — U3MeHeHHe TellJIOEMKOCTH B XOJie XHMHYecKo#
peakuuu

ACL=Aa+AbTH+AcT?+AdT3+AC /T2, (V1.32)
Ypasuenne (VI. 31) B uuterpainHoM Bujie Gyaer .
Ts -
AH%:AH%-{—i ACSdT. (V1.33)
1

[pu a3oBbIX NpeBpallleHHsX HEKOTOPHIX BEIECTB, YYaCTBYIOUIHX B XHMH-
YyeckoH peakuuH, ypasuenue (VI.33) npeobpasyercs K BHLY

Taep Tgn R
AHY, =AHY + { (ACY) dT+AHmp+ { (ACD) T+
T, Thep
Tyan Ts ’ .
FAHm+ § (ACY)" dT+AHuen+ § (ACH)7"dT. (VL34
Ton Tynn
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Ilpu pacuere Tensosbix 3(pPEKTOB XHMHYECKHX peaKuuit [IpH 3aaHHOM
TEMIIEpATyPe MOKHO BOCMOJIb30BATHCH NPHBOLHMBEIME B Ta6/IHax CpenHu-
MH 3HaYEHHSIMH TEIUIOEMKOCTel B TeMIepaTypHOM HHTepBaJe ot 298 10 T

T
AH)=AHY, + S ACRdT=AH), +ACY (T—298). (VI.35)
298

Ecnu B3agannom TEMIIEPATYPHOM HHTEPBaJle NPOMCXONHT (hasoBoe mpe-
BPAIl€HHUE ONHOTO MJIM HECKOJIbKHX BEIIECTB, TO yAOGHO TEM/IOBOML ekt
PACCUHTLIBATD HA OCHOBAHMH TaG/IHL MOMHBIX SHTANBIMI HJIH TabuHn
bynkumit (H — Higq):

i ' i
A H?‘ - ‘ST: (vi J?)xon —-g (vi J?)ncx =A Hg98+ A (HG_Hg%)T’ (VI.36)

i i
A (H'—Higg)r = 213 Vi (H*—H98)r, o ‘"213 Vi (' —Hjog ), wex.  (VL.37)

[pu nanuuun dasorix npespamennit B MHTEpBaJie TeMnepaTyp ot 298 1o
T yno6Ho BOCHONB30BATbCS 3HAYEHHSIMHU (H¥ — HY4s), npuBeneHHbIMH B
IIpHJIOKEHHH 11 TeMnepatyp ot 298 no 1000 K.

3AJIAYH C PEHIEHUSAMH

1. Onpenenure pabory H306apHOr0 06paTHMOTO paciiMpeHdst 3 MoJb
H/€aTbHOTO rasa MpH ero Harpesanuu oT 298 g0 400 K.

Pew enue. Pabory H306apHOTO PaCIUMPEHHS ONpELE/IsIEM [0 ypaB-
Henuio (V1.8):

W=3.8,3143 (400 —298) =2,544.10% [ x.

2. Onpenenure pa6ory ucnapenns 3 MoJb Meranona NpH HOPMAaJIbHOM
TeMOepaType KHINEHHs.

Peuenue Hopmaibuas TEMIIEPATypa KHIEHHS — 3TO TeMnepa-
TYPa KHINEHHs NP BHEIUHEM NaBJaeHHH, paBHoM 1,0133-10° [la. Hop-
MaJbHYIO TEMNEpaTYpy KHMIIEHHs] HAXOJHM B CHpaBoyHHKe [M.]. Tanx=
= 337,9 K. Pabory onpenenum no ypasnenuio (V1.7), tak Kak ucnapenue
IIPOHCXOQHUT NPH NOCTOSIHHOM JaBJCHHH. KOHeuHbl 06beMm NPHGIHXEHHO
MOMHO ONpENENUTH MO 3aKOHY HJEANbHOTO Ta3006Pa3HOTO COCTOSHHS

V2=n RTH.T.H/P-

B nepsoM npubamxennn o6vemom KHJIKOCTH V) MOXHO mpene6peus, Tak

KaK OGbeM XUAKOCTH [IDH TEMNepaTypax, JajeKHuxX oT KpHTHYecKo#l, 3Ha-
HHTENBHO MeHblle 00beMa napa. Torja

W=PnRTyur.x/P=nRTy1x=38,3143.337,9=8,498-10% [x.
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asi 6onee Toynoro pewenus Haxomum [C.X., T.1] g%glgenfgfpzy;f
T IJOTHOCTH XHAKOH (asel H mapa: dy = 0, , d =
—0.001222- 10 kr/m®. [10 MJIOTHOCTSIM HAXOLMM OGHEMBI Tpex MoJseil

’ .
LIECTBA B XKHAKOM H ra3o06pa3HOM COCTOSIHHSAX:

. . —3
Vie nM - 3-33-10 —0,128-10-3 M3,
1= T4, 0,7510-10°8
—3
V — nM — 3-32-10 =78,560'10'3 Ms.
LA 1,292

TocKo/IBKY MJIOTHOCTb BbipaXKeHa B KI/M®, MOJieKYJsipHasi Macca Gyaer
M-10-3, Torama
W ==1,0133-105 (78,560 —0,128) 10-3=7,9475-10% [\ =7,9475 x[Ix.
3. Onpenenute paboTy M30TEPMHYECKOTO OOpaTHMOrO pacIUHpeHHs 3

Mosb BoasiHoro mapa ot 0,5-10° n0°0,2-10° ITa mpu 330 K. Bougﬂosp-x
nap NpH TaKUX [apaMeTpax NOJYMHsETCsl 3aKOHY HIealbHOro rasoo6pa
HOTO COCTOSIHHSA. '
PemeH He Pa6ory onpererum no ypasHenuo (VI.11):
W =3-8,31431330 In [0,5-10%/(0,2-10%) ] =7,542-10% Ox=7,542 kK.

4. Onpenenute pa6oTy aanaGaTHyecKOro oGpaTHMOro pacmupezlépsmKB
moab aprona ot 0,05 no 0,50 mM®. Hauanpnas temneparypa rasa s K.
Pewenue Jas onpereleHuss paGoThl ajuabaTHYECKOrO. pac1:lx3 %
HHsl Bocmosib3yeMcsi ypasHenneM (VI.15). Beanuuny vy onpeueﬁ:rmmo,f
u Cy. AproH — OJHOAaTOMHBIH ras. CJIQILOBaTeJIbHO, ero H30Xop A Tenzo-
eMKOCTh HAa OCHOBAHHMH MOJEKYJIsipHO-KHHETHUECKOH /TeOpHH Kpm
rasoB pasia Cy=3%, R = 1,5-9,3143 = 12,4715 [x/(mo1p K):

= =20,7858 I x/(moan-K),
Cp=Cy+R=12,47154-8,3143 Ox/(
y==20,7858/12,4715=1,667,

OTCIO0Ja

8,3143-298 (~ 0,050-%°7 )—_—8,745-103 T = 8,745 K.
1,667 —1 0.500.007

5. Onpenenute TeNJIOBOH 3(heKT PeaKUHH
0
Al,04 kopyug +350s=Aly(SO) g xp+A H,

HOPMAJIbHOM JIaBJIEHHH.
Hpﬂngijlill:u el.) Onpenennm AHY no ypassenmio (VI.19). Tensosbie

adekThl 06pa3oBaHHs HCXOAHBIX H KOHEYHBIX Beme?crs B CTaHJapPTHOM G-
cTosinuu npu 298 K Haxopum B cnpaBounuke [M.]:
2A14-/,0, = Al,05+A HO
S (pom6) - 8/,0,=S05+A Hg
9A14-38 (pom6) 460, = Aly(SO4) 3 xp—+A HY
AH=A Hg'_A HY?—3A H) = —3434 4-1675-3-395,2= —573,4 kIIx.
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6. Onpenenure TennoBoll sdpdeKT peakuuu
ALOj kopynn + 380, = Aly(SO,) 4 xp+A Uy

€CJIH peaKuus NpoTekaeT pu 208 K B aBTOKJIaBe NPH NOCTOSIHHOM ofbeme,
a temoBoil spdpekt npu P = const pasen — 573,4 kJIx.

Pewmewnue. T[loremoBomy adxpekry peakuHu HPH MOCTOSIHHOM jaB-
JIEHHH ONpPELeNHM TENJOBOH 3(heKT NPH NOCTOSIHHOM O6bEMe MO ypaBHe-
o (VI.5) (n3meHenue uncna moseit ra3o06pasHbIX MPOJYKTOB PeakiHH
Av = — 3, Tak kak Al,O, u Al, (SO4); — TBepapie BewecTpa):

AUzg=A ”293 +3-8,3143-298 = — 573 ,4. 103 -
+7,433-103= —566,0-10° [x= —566,0 k1.
7. Onpenenute TemnoBoil a¢pdeKT peakuuu 06pa3oBaHus aneTaJbleru-
Aa H3 IJIHKOJISl O yDaBHEHHIO
CH,(OH)CHy(OH) = CHyCHO; + H, 0 + A H°
npu 298 K ¥ cTrannapTHOM JaB/eHHH.
Pewenne B naHHOM ciayuae yno6Hee paccuuraTh TemJIoOBOH 3d-

(exT peaknuu No TemIOBHM 3(dpexTam cropanusi. B cnpaBoynuke [M.]
HaXOIHM TeNJIoBble 3(hEKTh CropaHusl BCeX BewecTs, YYacTBYIOUIHMX B pe-

akuuu. Creayer o6paTHTh BHHMaHHe Ha (Ha30BOe COCTOSIH e NPOAYKTOB pe-
akUHH cropanus. Tak Kak s peakuuit :

CH2(0H)CH2(0H)(>K)+5/202=2co2+3H20(m)+Aﬁg
CHyCHOp+8/,0,= 2C0, - 2H,0 () 4 A H
TeIJIOBO} 3(eKT cropanus BOLbl paBeH Hymo, To AHY = 0. [To ypaBHe-
Huo (VI. 20) paccuntniBaem
AH}=AHY— AH}—AH)= —1192,86-1 192,44 — —0,42 kIx.

8. Beluncaute TensioBoit addeKT 06pasoBanus aMMuaka u3 NPOCTHIX Be-
LIECTB MpH CTaHLapTHOM AaBsiennyt u 298 K no TensosbiM sdpextam peax-
1§3128 .

2H, 40, = 2H,0 (x) +-A HO (N
4NH;+30, =6H,0 (%) +2N;+A H) (2)
AH]= —5T71,68 kIx, AH=—1530,28 kllx.

Peuwenue 3anuuem ypaBuenue peakuuH, TemnoBoi adgdert Korto-

poil Heo6XOaUMO ompenesnuTh:
1/eNp+-2/3Hy = NH, - A HO (3)

H,0 1 O, He BXOAST B ypaBHEHHe (3), no3TOMY, YTOGH HCKIOYHTD MX H3
ypaBHeHHii (1) u (2), yMHOXHM ypaBHeHHe (1) Ha 3 v BHIYTeM U3 Hero ypas-
HeHue (2):

6H, +30; —4NHa— 30, = 6H,0 () +3A H)—6H,0 () — 2N, — A HY  (4)
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Nocne npeo6pasoBanus ypasHenus (4) 1 nenenus ero Ha 4 mosmyuum
3/sHy +1/,Ny = NHy+ (3A H) — A HY) /4
AH] 395=AHY=(3AH,—AH,)/4=[3— (571,68) — _
— (—1530,28)} /4= —46,19 k[x/M0b.

9. Tensiotsl pacTBopenus | MOJIb HATPHS K OKCHJA HaTPH# B BOJIE IpH
CTAHNAPTHHIX YCJIOBHAX H 298 K' cooTBeTCTBEHHO paBHEI — 183,79 u
— 237,94 x Ix/mMonb. Bojaa B o6oux cnyyasnx 6epercsi B 60/1bIHOM H3GBITKE.
Bhiuncsinre Temiosoit addext AH}, 398 06pa3oBanus okcuia HaTpUsl H3
IIPOCTBIX BEIECTB NPH CTAHAAPTHHIX YCJAOBHSX M 298 K.

Pewenne 3anumem ypapuenue peakuuH, temnoBod apdexkT Koro-
PO# CJlefyeT Onpeae/nTh, H YpPaBHEHHS BCIOMOTaTe/bHbIX peakuui:

2Na-1/,0,=Na,0+A HY (1)
Na - H;Oxag = NaOH (p) 4-1/,H,+ A H? (2)
NagO -+ HyOng6 =2NaOH (p) - A HY (3)

HT06bI HCKJIIOYHTD H3 ypaBHEHHit (2) u (3) NaOH(p) B u3briTke Bogpl, KO-
TOPHI He y4acTByeT B peakuuH (1), U3 ypaBHeHus pakuuH (2), yMHOXeH-
HOrO Ha 2, BBIYTEM ypaBHEHHE PEaKIHH (3):

2Na+2H,0 — N2,0 —H,0 = 2NaOH (p) -+ H, -+
+2A H}—2NaOH (p) —A HY 4)
Ilocne npeo6pasosanus ypasuenus (4) nonyuum
2Na + Hy0 = Na,O + H, -1-2A HY — A 1Y

Y06kl HeKMounTb U3 ypaBHenns (4) H,0 u H, u Beecru O, cnoxum ypas-
HeHue (4) ¢ ypaBHeHHEM peakuuH 06pa3oBaHusl BOJIbl H3 NPOCTHIX BEIECTB:
H;+1/,0,=H,0+ A Hj (5)

B cnpasounnke .[M.] Haxonum AHS = — 285,84 k]Ix/mMoub,

AHY 505 =AHJ=20H)— AHO+ AHO=2 (—183,79) —

—(—237,94) + (—285,84) == — 415,48 KJIK/MOMb.

10. Onpexennre TenoBoit sdxext pas6asrenus 30,8%-uoro Bogxoro
pactsopa NaOH 1o konuentpanuu 0,442 % npu 298 K.

Peweunune B cnpasounnxe [M.] naxonum HHTErpajibHple TEHJIOThI
pacTBopeHHsi. Tak Kak B clpaBoYHHMKe KOHUEHTpaMH BBLIpaXeHb B MOJISIX
H,0 Ha 1 moas NaOH, 1o NEPECYHTaeM KOHUEHTPALHH:

30,8 ,
20.0 Moib NaOH pacrsopeno B 18.0 moap H,O
1 » NaOH » B X » H,0
69,2-40,0 '
Xy=———"—"——=35 Momb H,0 Ha | moas NaOH,

18,0-30,8
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AnaJsoruyso

0,442 99,557
20.0 Moab NaOH pacTsopeno B _F,O——
1 » NaOH ¥ B Xg » H,0

99,558-40,0

*2= 78,0.0,442

Moab H,0

=500 Moap H,O Ha 1 moas NaOH.

Hurerpanbubie tennorsl pactBopenuss NaOH nis HayanbHOM H KOHeuHO
KOHIIEHTPALMH PacTBOPOB HaXOLMM B cnpaBoynHKe [M.]:

Uncno moseit HyO Ha | Mmois NaOH . . . .. .. .. 5 500
AHS, KIK . o v v i it co ... —37,76 —42,36
AHS, ¢ = —42,36—(—37,76) = —4,6 Kk[IK/MOb.

pas

Pas6asnienne pactBopa NaOH compopoxiaercs BhbiieneHHeM TEmIOTHI.
11. Ha ocHoBanuH H306apHBIX TENJIOEMKOCTEI METaHa NPH HECKOMbKHX

TeMilepaTypax
T, K ........ . 300 400 500 600 700 800 900 1000
€3, Ix/(Mons-K) 35,80 40,74 46,56 52,50 58,07 63,27 67,27 72,06.

BLIPa3UTE 3aBHCHMOCTh ypaBHeHHeM BHia Cp = f (7).
Pewenue. Tak Kak KaXjoe ONBITHOE 3HAYEHHE TEIIOEMKOCTH CO-
HEPKHUT OLIMOKY M3MEDEHHS, TO /1S OMHCAHHA 3aBHCHMOCTH ypaBHEHHeM

Ch=a+bT+cT?,

T.e. 1JIs onpefesieHns Ko3pPHUHEHTOB @, b M ¢, BOCHO/Ib3yeMCs METOOM
HaHMEHBIUHX KBaJpaToB:

ZCh=na4bST+4c2Te,

Fle . — YHC/IO M3BECTHBHIX 3HAYEHHH TEeMNOeMKOCTH (B JAHHOH 3ajaye OHO
paBHO 8);

SCLT=aST4+b2 T2 4¢3 T3,
SC TP =aS T4 b2 T+ ST,
st ynpoueHus pelleHHs 3aJlaud BBEAEM HOBLIE II€pEMEHHBIE:

x=(T--300)/100, y=C3,
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T, K y x x* x3 x* xy x%y
300 35,80 0 0 0 0 0 0
400 40,74 1 1 1 1 40,74 40,74
500 46,56 2 4 8 16 93,12 186,24
600 52,50 3 9 27 81 157,50 472,50
700 58,07 4 16 64 256 232,28 929,12
800 63,27 5 25 125 625 316,35 1581,75
900 67,91 6 36 216 1296 407,46 2444,76
1000 72,06 7 49 343 2401 504,42 3530,94
Z 436,91 28 | 140 784 4676 1751 ,87 9186,05
y=X+Y x| Z x2, N
d3 (y—X—Y x—2Z x2)2 o3 X—y 2‘2
5% = (y—X—Y x—Zx2)=0,
dZ (y—X—Y x—Z x2)2
=28 (y—X—Y x—Z x2) x=0,
dY
d2 (y—X—Y x—Z x2)2
1z = =28 (y—X—Y x—Z x®)x2=0,

Z(y—X—Y x—Z x?) =0,
S(y—X—Y x—Zx?) x=0,
E(y—X—-Y x—Z %) x2=0,

2X=nlX,
Zy=nX+Y Tx}+Z3 2, (a)
Sxy=XZxt Y Ix2LZ3 8, (6)
Sxty=XZx24YIx3LZ3xt, (B)

[oncrasus B ypasennsi (a), (6) 1 (B) snavenns Sx2y, Sx2, Zxd u Sxt, noJsy-
YuM:

436,91 =8X 1-28Y - 140Z, (a’)
1751,87 =28X - 140Y - 784Z, (6")
9186,05 = 140X -1-784Y - 4676Z. (")

Pemuas coBmecTHo ypaBhenus (a’) — ('), naxomum X, Y u Z:

3058,37 =56X - 196Y -1-980Z
3503,74 = 56X 4-280Y - 1568Z

445,37= 84Y 1-588Z
8759,35 = 140X -1- 700Y - 39202
9186,05 = 140X - 784Y 4-4676Z

426,80 84Y =756Z
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445,37 =84Y 1-588Z
426,80 == 84Y - 756Z

—18,67 1682 Z=—0,111
o 148.37+588.0, 111
84
3058,37 —196.6,079--980.0,111
X= 56

=6,079,

=35,279,

0 T—300 T—300 \2.
Cp = 35,279+46,079 —— -0, 111 [—=—]) =

100
=35,2794-6,079.10-2T—18,237—0,111.10-4T2 10,666 1027 —
—0,999=16,043-}-67,45-10-3T —11,1.10-T2,
[Tony4yeHHass 3aBHCHMOCTb HMeET BHJ:
€% =16,043-1-67,45.10-3T—11,1.10-8 T2,
12. BbiuHCAHTE. CPEIHION TENI0EMKOCTh aMMHaKa Cp B HHTEpBaJe TeM-
neparyp ot 298 no 1000 K.

Pewenue CpeiHIOO TEIIOEMKOCTb BHIYHCASIEM 110 YDPABHEHHIO
(VI. 24). ¥YpaBneune Cp = f (T) BosbMeM H3 cnpaBoynHka [M.]:
0 1,67-108
Cp = =29,80425,48:10-3T — ———,

3T0 ypaBHeHHE CIpaBEAJHBO B HHTEpBaJje TeMHepaTyp or 298 no 1800 K:

1000 1,67~105
S (29,80—{— 95,48.10-5T —————) d

298

_ 1
Cp = 1000 —298

=0,001425 [29,80 (1000 —298) - 12,74-10~3 (10002 —2982) -+

1

—]—1,67-105( 000 ——2—95-)}=29,81—|—16,54—0,56=45,79 JUx/(Moab-K).

13. BbluHC/IHTE H3MeHeHHe 3HTaAbOHH NMpH HarpeBanHH AgCl or 298
1o 1000 K npH crangaptHoM aaBieHHH (H9g0 — H39s) H NOAHYIO 3HTAb-
nuio AgCl npu 1000 K. ITpu 728 K npoucxomut miasnenue AgCl, AH
npu TeMneparype miasieHus 13,21 xJIx/Moab. 3aBHCHMOCTD TEIIOEMKO-
cti AgCly, OT TeMnepaTyphl BO3bMHTE H3 cnipaBoyHHKa [M]. TemoemMkocTs
xuakoro AgCl B HHTepBase Temnepatyp ot 728 g0 1000 K octaercs npak-
THYECKH TOCTOSIHHOH H paBHOH 66,99 JIxk/(Moas- K).

Pemenune Ilo ypasHenuwo (VI.29) onpenesnnm rensory Harpesa-
HHs. AgCl ¢ yueToM eIHHCTBEHHOro (Pa3oBOrO NpeBpailleHHsl B 3aJaHHOM
HHTepBaJje TeMIepaTyp:

728 1000
0 0 — 0 0
Hr—Hggg = S CPTBdT'*"AH“"_'— S CrpdT:
298 728
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11,30. 108
0 . 08T L e Y
Ch  =62,26+4,18.10-°T e
728
11,30.105
H?-—-Hggs-: S (62,26+4,18-10—3T— T)dT"'

298
1000

+13,21.108 - S 66,99d T = 62,26 (728-—298) +2,09.10-3 (7282 — 2082) -\
728

+11,30.108 (

1
——— .108 — =
798 998 )—]—13,21 1034 66,99 (1000 —728) =

==56,88-10% J1x/M0Jb=56,88 K] K/MOJ®.
[onnylo sHTanbmHIO BhMHCASEM 10 ypaBHenHio (V1. 30), AH}’, 298
Haxonum B [M.]:
J2000=—126,8-56,88= —69,92 xIk/M0b.
14. Onpenenute TeN/I0BOH 3PheKT XHMHYECKO peakuuu npu 500 K
CH30H (r) +3/,0, =C0,++2H,0 (1)
TennoemkocTH BeeX BeIECTB, yYacTBYIOWHX B XHMHUECKOH peakLHH, noc-

TOsAIHHbIE H paBHbl C}, 995.
Pewewnue TennoBoit shdekT Haxonum no ypaBHeHHIO (VI1.33), rae

"ACE=ACY ,95=const.
Heo6xonumbie BeTHYHHbI TeNI0BOrO 3dxbeKTa peakiHu npu 298 K u usme-

HCHHE TECIIJIOEMKOCTH Haﬁ}leM 110 TENJ0TaM 06p330BaHHﬂ BCEX BEIIECTB H 1O
TENJIOEMKOCTSIM B ClipaBoYHHKe [M]:

BewtectBo - . . . . . . L. CO, H,0p O, CH,OH;
AHD oogr KI/Moms . . . . . —393,51  —941,84 0 —201,2
CP oog, AX/(oms-K) . . .. 37,13 33,56 29,36 43,9

A HYgg = (—393,51) 42 (— 4241,84) — (—201,2) = — 675,99 x[Ix,
, 3
ACE, 995 =37,13+2:33,56—43,9 —— 29,36=16,31 1x/K,
A HYyo = —675,99.108 416,31 (500— 298) = —672,7-10% Mx.

15. Onpenennte TensoBoit 3¢xheKT XHMHUECKOI peakiuH
CH4OH (r) +-3/,0, =CO, + 2H,0 (r)
npH 500 K # crannapTHom pasiennu. [Ipu pacuere BOCTIOJIb3YHTeCh cpel-
HHMH TEIIOEMKOCTSIMH BeILeCTB B HHTepBaJie TeMnepatyp ot 298 1o 500 K.

Pewenue Jdas onpemenenus AHS,, BOCIOJIb3yeMCsl YpaBHEHHEM
(VI.35). TensoBoit 3pexT peakuud npu 298 K pasen= —675,99 k]I x.

3uayenns cpelHux TemoeMkocrei Cp IS HHTepBada TeMIIepaTyp OT
298 no 500 Hafizem B cnpaBouHHke [M.]:

Bemecto . . . . ., P CO, H:O (r) 0, CH;0H (r)
Ce, Ox/(Moms-K) . . . . . 42,05 34,48 30,29 52,21
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Otkyna ACp = 13,365 dax/(monb-K), AH%p = — 675,99- 10%+413,365 X
X (500—298)= —673,29-10° Iox = — 673,29 k]lx.

16. BbipasuTe ypaBHEHHEM 3aBHCHMOCThH TElIOBOIO ddeKra XumHye-

2 H
CrO peaki CH3OH (r) +4-8/,0, =CO0g+-2H,0 (r)

1000 K.

eMIIepaTypsl, KOTOpOe CHpaBelJHBO AJs HHTepBada 298--1
. 11; e m% Hylg e. Jlna noayuenust ypasHenus. AH} = f(T) Bocmons3y-
emcsi BoipaxenneM (VI. 33). CHayana yeTaHOBHM 3aBHCHMOCTb H3MEHEHHS
TEIIOEMKOCTH OT TEeMIEepPaTyphl. DTa 3aBHCHMOCTh BHIPaXaercs ypaBHe-
uuem (V1. 32). Kospduuments B ypasuenusix (V1.25) u (VI.26) a, b, c 1
¢’ uaiinem B cnpapounuxe [M.]:

'C?; = }(T), Ax/[(moab-K)
TemnepaTyp-
Bemtectso .,,,}’;za,,
a b.10° et 10— | c.100
— 8—2500
co 44,14 9,04 8,54 0 29
H 5(r) 30,00 10,71 0,33 0 273_?%
CH,OH(r) 15,98 105,2 0 —31,04 2981000
0, ? ~ 31.46 3,39 —3,77 0 9273—20
TN
- Z(v; CB)xon 104,14 32,46 —7,88 0 2982500
2(v; CBucx 62,47 110,29 —5,66 | —31,04 | 208—1000

Otciofa ANs JaHHOH peaKuMH ANs MHTepBaja TeMmepaTyp oT 298 jo
1000 K ypaBHeHHe 3aBHCHMOCTH H3MEHEHHS TEMIOEMKOCTH OT TeMmepary-
pbl 6yxer

AC?,=31,67-——77,83-10’3T—{—31,04-10‘37‘3—2,22-105/7‘3;.
A C) =43,67, —77,83; —2,22; 31,04; 298 —1000.
[MoxcraBasieM noj 3HaK HHTerpana saBucHMoctb ACE = f (T) 1 npoBoAHM
HHTerpupoBsanue B npegeiax or 298 go T, T < 1000:

| r 2,22.100Y
AH%ZAHgss‘f‘ S (41,67—77,83-10“3T+31v04'10-87‘2_~ T2 aT;
) 298 T e e

A H9.= —675,99-10%4-41,67 (T —298) —0,5-77,83-10~% (T2 —2982) -+

1 1
l N P =
+ 531041078 (T“—2983)+2’22'105( T 298 )
= (675,99 —9,4443,46—0,27 —0,74) 1034-41,677 —38,91 - 10-°T2
. 108
410,35-10-8 7% "2"‘2%‘1‘0—= —682,98-10°4-41,67T —38,91.10~° T* +-

2,22.108
© 410,35-10"8 Ts—f—-'—;—-
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Takum 06pasoM, MONyyeHO ypaBHEHHE 3aBUCHMOCTH TellJIOBOIO aspdekTa
PEAKLUHUH OT TEMIEPATyphl, CNPaBEAJIMBOE B HHTEPBaJE TemnepaTyp or 298
Io 1000 K:

AH}=—682,98-108 141,677 —38,91.10-3 T24-10,36-10-8 T3 - 2,22.105/T3,.

17. Onpenennre TennoBoll sddext peakuyu SO, + Cl, = SO,Cl,
npu 800 K M cranpapTHoM naBieHHH.

Pewenune Bocnonesyemcss Tabaupeit suauenwuii (H} — Hjgs)
AJsl BEIIECTB, YYaCTBYIOIIHX B XHMHYECKOH peakuuu. TemioBoi 3¢pdexT
XMMHMYECKOH peaKunH NpH M06oil TeMnepaType MOXer GbiTh paccyHTaH no
3akony [ecca: .

AH§=AHyq+3 v (H3—Hyy),

rie AH3ss — tennioBoit apdexr peakuun npu 298 K: (H% — H3gs) — u3-
MEHEHHE SHTA/ILIMH NPH HATPEBaHHH BemecTsa ot 298 1o T K. B cnpasou-
HHKE HaXO#uM 3HayeHHss AH] ,q5: :

AHgq==(—358,74-296,9—0) 10°= —61,8-10% k= —61,8 klIx
¥ 3Havenns (H} — Hjgs) 105 BemecTs, yuacTBymoWuX B peakumuu:

(HP—H39g) 103, Ii/mons (H2—H3gg) 10— 3+ IL/moms
T. K T, K
soct, | so, | ci s0,Cly | so, | o
298 0,000 0,000 0,000 700 35,087 18,590 14,424
300 0,167 0,084 0,064 800 44,466 23,740 18,134
400 8,248 4,271 3,538 900 53,970 29,058 21,860
500 16,874 8,793 7,109 1000 63,559 34,459 25,604
600 25,834 13,566 10,748

AHgo=(—61,8-10%{-44,466 —23,740—18,134) 10° =
= —59,208-10% Dx = —59,208 kK.

18. Onpenennre 'temnosoit sddext peakumn 2NaOH + CO, =
= Na,CO; 4 H,0 npu 700 K u CTaHJapTHOM JaBJICHHH.

Pewenue Bubop meroga pemenns sanauu no pacuyery TemioBoro
appeKTa XUMHYECKOH peakuuH, B KOTOPO YYacTBYIOT KOHJEHCHPOBaHHbIe
}asbl, 3aBHCHT OT TOro, MeHsieTcsi 1M (Da30BOE COCTOSIHHE BEILIECTB B 3a-
AaHHOM HHTEpBaJie TemnepaTyp. Jlas BhisicHEHHsi (DA30BOTO COCTOSIHHS

Heo6XxoxuMO no cnpasounuky [C. X., 1. 1,2 ] ONpEAE/HTh TEMIIEPATYPhI
¢as3oBeIx npaspamienuii:

TemnepaTypa nepe-
, BemecTno KPHCTAJIIH3AIHH T. na., K|T. xun., K
a—>f, K
a-NaOH 572 593 700
-NayCOy 629 700 —

55



O6a TBepabIX BelllecTBa B HHTepBaJe Temneparyp ot 298 no 700 K mensior
tasoBoe cocTosinve. B pesysbTare storo npumenenue ypasHenus (VI.34)
CHJbHO yCJIOXHsET pacyeT. [TosToMy pacuer ue/necoo6pa3HO MpOBECTH IO
ypaBrennio (V1.36) (cMm. mpH/oxeHue):

Beweerso . . .. ... ... a-NaOH  a-Nay,COq CO, H,O(r)

AH] 999, KILK/MOTB . . . . . —426,6 —1129 —29251  —241,84

(HY00—H39g), KIxk/Moms . . 42,748 —57,612 17,782 14,226
A HYgg = —1129—241,84-1-2.426,6 393,51 = —124,13 k[Ix,

(H9o—HYgs) = 57,6124 14,226 —2.42,748—17,782= — 31,440 kI x,
AHYyo=—124,13—31,440== — 155,570 k.

19. Bouncante Af KaJiOpHMETPHYECKOro ONbita ¢ yyeToM MONpPABKH Ha
TenyooOmeH: a) rpaduyeckH; 6) aHAJHTHYECKH.
[Tpu BHUHC/IEHHH HCHOJB30BATh CJEAYIOLIHE Pe3yJabTaThl HabJONeHHH:

Hauanouniit nepuon T'nasubifi nepHon KoneunHil neprop
o - Ne - Ne o -
b czrr;qe t, °C c?rl'acqe £, °C 'l:l;:'xe £, °C
1 2,357 12 2,900 18 3,632
2 2,360 13 3,420 - 19 3,632
3 2,363 14 3,570 20 3,631
4 2,367 15 3,600 21 3,631
5 2,371 16 3,635 22 3,631
6 2,372 17 3633=tn || 23 3,630
7 2,376 24 3,630
8. 2,380 25 2,629
9 2,383 26 3,628
10 2,384 27 | - 3,628
11 9,387 =1,
IIpameuwanne TeMnepatypa Aana B YCJIOBHHX rpagycax (TepMoMerTp
Bekmana).

Pewesnue. a) I'paguueckuii memod. B npoBejeHHOM ONBITE H3-
MEHeHHe TeMIepaTyphbl COCTaBJsieT npuMepHo 1,5° yTo ocsoxusier rpadu-
yeckoe onpenenesue Af ¢ Tounoctsio o 0,001°, mostoMy npH MocTpoeHHH
rpaduka 3aBHCHMOCTH TEMIEPATypbl OT BPEMEHH HCIOJb3YeM TPH Pa3HbIX
wKaJbl opauHart (puc. 10). Macmtab no ocu aGenuce 1715 Bcex Tpex rpacgu-
KoB oaHakoB (1 mHH — 10 MM), Maciita6bl ke N0 OCH OpJHHAT pa3HbIe.
Kpusyto ABCD noctpoum B Mactuta6e ocu opaunart I (1°—100 mm). das
nocrpoenuss npsimoit AB ucnosb3ayem och opausar IlI, gjas nocrpoenus
npsimoit CD — ock opauuar I1. Maciuta6e oceit opaunar I u 111 oguna-
KoBHl (0,01°-—10 mm). [Tpoexuuu Touek B u C Ha och opauHat I 1al0T TOUKH
n u m coorBercTBento. Touky K HO/MyyHMm, pa3jelHB OTpPe3OK mn NOMO-
aam. Uepes Toky K HpOBOAMM JHHHIO, MapajjenbHyo ocH abeuuce KP.
[Tpu nepeceyennn npsivoit KP ¢ xpusoit ABCD nonyyaem Touky [, yepes
KOTOPYIO MpoBOAMM JHHMIO FE, mapas/enbHyl0 OCH OpJAHHAT. JKCTpano-
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391
3630
t°\r
3,620 by = 3,634°
I ty=2391"
i l At = 1,243°
i .

N ¢ 42390
3 )™
S I 8 12,380
S m
WV
N E 12,570
A
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Np————————
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Puc. 10. Onpexenenne H3MeHeHHs TEMIEPATYPH B XOJe KAJOPHMETPHUECKOLG OINbi-
Ta NpH GoJIbIIHX TenJoBHX 3¢ deKkTax

spyem npsimbie AB u CD 1o nepeceyenns ¢ aunueit FE. [1o Toukam nepe-
ceyeHHs ty M [y HaxoauM Af ¢ yyeTom NONPAaBKH HA TENJOOOMEH:
At=1p—14=3,634—2,391 =1,243°.
6) Anasumudeckuii memod. B sToM ciyuae MCNOMb3yeM ypaBHeEHHE
At==(ty—1,) -6, '

rje § — nonpaska Ha TenJIOOGMEH, BBIUHC/ISIETCS 10 YPaBHEHHIO PeHbo —
[1payuanepa -— ¥Ycosa

n—1
U —0 th—1 ~
8=nvy+ o 2 ( n_o -+ ; t—n 90),

n—6, 2

Tie 71— 4HCJIO OTCYETOB B IVIABHOM NIEPHOJIE ONBITA; U — CPEAHHIl XOJI TEM-
fepaTyphsl 3a OJHH OTCYET B KOHEYHOM MepUOJE OMbITA; U, — TO e, B Ha-
YaJIbHOM Nepuofe onbiTa; 0, — cpenHss TemnepaTypa KaJOpHMETpa B Ha-
yajsbHoM nepuoae (cymma 1 u II orcueros, nenennas Ha 2); 6, — 10 xe,
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AJ1d KOHEeYHOro nepHoaa; tn — HOCJIeJlHHﬁ OTCYeT IVIAaBHOTO NEpHOIA; to—
n—1

nocJeXHUl OTCYeT HayalbHOIO nepHoia, 2t — CyMMa TeMIlepaTyp BCeX
1

OTCYeTOB IJIaBHOTO IlepHOJA, KPOMe HOC/e[Hero orcyera, T. e. Iy + f,+
vt tn—g + thog.
BrlunciisieM nompaBKy Ha Telioo6MeH §:

3,633—3,628
0y = ——————1_ —0,0005°,
1 10

2,357 —2,387 o
vo="—10— = —0,0030°,
Uy 4y = 0,0005 — (—0,0030) = 0,0035°,
3,633 3,628

9n=~—2—-———=3,630°,

2,357 2,387
)

-~

6y = =2,372°,

6,—6,=3,630—2,372=1,258°,

vy—v, _ 0,0035 —0.00278
6,—8, 1,28 ' ’

tn—ty _ 3,633-2.387 .
2 2 _ ’ ¥

n—1

2 t=2,900-- 3,420 -+ 3,570 4-3,600 43,635 = 17,125°
1

n-6,=6.2,372=:14,232,
nVy=6(—0,0030) = —0,0180,
oTcoja
6= —0,0184-0,00278 (3,010-17, 125—14,232) = —0,0016°.
CiienoBaTenbHO, .
At=3,633—2,387-(—0,0016) =1,246 —0,002==1,244°.

20. Onpenenure Tensoty pactsopens (g) KCI maccoit 2 r B 100 r Bo-
AblL IO HHTErpaJbHBIM TensioTaMm pactBopenus KCI npu 298 K.

Pemenue. BouucauM MOMSUIBHYIO KOHIEHTPALMIO fm MOJyYeH-
Horo pactBopa KCl:

2/74,5— 100 r H,0
m  —1000 » H,0

= 2:10 =0,269 1000
M= —— =, .
74,5 MOJIb/ r

Haiinem B [M.] unterpanbuyio Tensory pacrsopenust KCl B Boze mpu

I2(%81 K (AH™ = 17,56 KI%/MO/Ib) 1 BHYMCJIMM TeILIOTY PAacTBOPeHHs 2 T

_gAHm _ 20756000 0 83
=T Mg 74,5 = Ax=2.83 klx.
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21. Paccuurafite Af npouecca pasfaBieHHs] 5 MJI HACHILIEHHOTO pacT-
Bopa LiCl B 200 ma1 Boxpl npu 298 K, eciiu cyMMapHasi TelJI0eMKOCTb Ka-
JlopuMeTpHYecKoH cHcreMbnl W = 1248 Ix/rpan.

Pemenne. MoasiibHOCTh pacTBopa (m,), HachieHHoro npu 298 K,
Haxonum B cnpaBounHke [M.], m; = 19,9 Moss/1000 r. Monekyaspuas
macca LiCl paBHa 42,4. Bruucisem cogepxaunue LiCl B HachimeHHOM
pactBope:

myM-100  ~ 19,9-42,4.1000
T1000+m M 100019,9.42,4

B cnpaBoyHHKe HaXOAMM IJIOTHOCTb HACHILEHHOrO pacTBopa d ==
= 1,290 r/cmd.
Konuuecrso moseli LiCl (n), comepxaumuxcsi B 5 MJA HachblieHHOTO
pacTBOpa, COCTABJSIET:
54 P-10-* _ 5.1,99.46-10-2

= =0,0697.
" M 4.4

=46 % (no macce).

MonsanpHOCTb pacTBOpa (m,), NOAYYEHHOTO B pe3yJsbTaTe pasbaBiieHHs
5 Ma1 HachueHHOro pacteopa 200 M1 BOAbl, paBHa

n-1000 ' * 0,0697-1000
my = - == =
™ 200 dy,o -+ (5dp-pan M) 2001 (5-1,29—0,0697-42,4)
=0,341 mosas/1000 r. .

Haxoxum no cnpasoynsky [M.] tennorst pacteopenuss LiCl pas pact-
BOPOB C MOJISVIBHOCTBIO my M my: AHT = — 19,35 k[Ix/Monb, AHT =
= — 36,14 kJIx/MOJb.

Boiyucasiem no 3akony I'ecca Tensiory pas6asaenus AH, Bhensiouryio-
¢ 1npH pas6aBleHHH pacTBOpa OT KOHueHTpauuu 19,9 no 0,341
Mo/1b/1000 T Ha 1 MOJIb PACTBOPEHHOrO BellecTBa:

AH=AHT —AHT = —16,79 kJ1%/M0Jb.

Tennora pas6aenenus 0,0697 moap LiCl coctasasier

—g=AHn=(—16,79) 0,0697= —1169 Hx= —1,17 k[Ix.

Onpenennm At nas 3agauuoit CYMMapHOH TelJIOeMKOCTH KaJIopHMeTpH-
YyeCKOH CHCTEMBI:

22. BuyucaHTe TensioTy 00pasoBaHHs | MoJb TBEpIOro pacrBopa
KBr-KCl u3 unamBuayanpHpix BemectB npu 298 K. Cocras TBepmoro
pacteopa: 8 moap KCI na 1 moas KBr. Tensiora pacTtBopenus 2 r TBepaoro
pacteopa B 100 Ma Boaul 460,0 Ik, a Tensiota pacTBOpeHHs 2 I' MeXaHH-
yecko#t cvecH B 100 ma Boawl 466,0 dx.

P emenue. Paccunraem temiory pacrsopenns KBr B KCl npu o6-
pa3soBaHMH 2 I TBEPAOro pacTBoOpa 3aJaHHOIO COCTABa:

g=466,0—460,0=6 Ox.
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Macca 1 mosnb pactBopa coctaBuT (cpeanss MoaekyaspHas macca M )

W= _Mksr 9+8M1<cx —70.4.

— 2 ——

Orciopa yucno moneit (Zn;) TBeprOrO pacteopa B 2T Zin- 755
= 0,0251. BbiunciuM Tennory ob6pasosands | Moub TBCpllOl‘IO paCT’Bopa

9 __ 85
Q= . 00251 =240 Ox/modn.
3AJAYHU

1. Paccunrafite usMenenue BHyTpeHHell 3HEPTHH NpH Henapenuu 20 X
X 107 kr 3THI0BOrO CIUPTA NIPH HOPMAJIbHOH TeMIIepaType KHNEeHHs, eCIH
€ro yaelbHas Tensora uenapenus 837,38-10% [Ixk/kr, a yne/bHbli 06beM
napa mpu aroit Temneparype 607-10-2 M3/kr. O6beMOM KHIKOCTH npe-
Hebpeub.

2. OnpepenuTe H3MeHeHHe BHYTpeHHe( SHEPTHH NpH HCNapeHHH | Kr
BOAbl NMPH HOPMA/bLHON TEMNEPATYPe KHIICHHS!, €C/H TeNNOTa HCNapeHHs
paBna 2258,7 Jlx/kr. CuutaTh nap uieanbHbIM ra3oM H npeneGpeub oGne-
MOM 2KHAKOCTH,

3. Ilpu 273 K u 1,0133-10° ITa narpesaior 5-10-% M3 KDHIITOHA [0
873 K npu noctostnHom o6beme. Onpejie/Te KOHEYHOE JaBJAeHHe ra3a 1 Tell-
JIOTY, 3aTPAYEHHYIO HA HATPEBaHHe.

4. B pesepsyape Bmectumoctbio 5-10~% M® mpm 200 K u 0,5 10°
I1a comepxurcs asor. Onpenennte Tensory, KOTOPYIO HeOGXOLHMO nepe-
AaTb rasy, uToGH! €ro JaBaeHHe cTano Gbl 2-10° ITa. Cuntarh a30T B yKa-
3aHHBIX YCIOBHAX HAeaNbHLIM rasoM. Heo6xoaumble 1/1s1 pelneHHs JaHHble
BO3bMHTE H3 cnpaBouHnka [M.].

5. Ilpn 298 K 1-10~2 Kr KHCIOpOJA CKHMAIOTCS ALUAGATHYECKH OT
8-10~* no 5-10-% m3. Onpenenute KOHEYHYIO TemnepaTypy, pabory npo-
IeCCa CKaTusi, H3MeHeHHe BHYTPeHHel SHeprHH W U3MeHeHHE SHTAJbIHH,
ectn Cy =%, R.

6. B pesepsyape npu 298 K HaXOAMTCS HEH3BeCTHBI ras. Ilpeanona-
Taercsl, 4YT0 3TO a30T uau aprod. IIpu BHesamHoM paciumpenuu 5-10-3
M® 3TOTo rasa 0 oGbeMa 6-10~3 M® ero TeMnepaTypa CHH3HJIACh NpHMEpPHO
Ha 20°. Kako#t ras — apron wuau asor — CONEPXKHTCS B pe3epByape?

7. Onpezenute KOHeUHyI0 TeMNepaTypy rasos Ar, H, u H,0, ecnu npu
a11a6aTHYECKOM CXKATHH JABJIEHHE YBENHYHTD (411’ 06beM yMeHBLIHTB) B
10 pas. Havanbnas temneparypa 298 K. Cuutath, uto rassl HAXOHsTCS B
HJ€aNIbHOM COCTOSIHHH,

8. Ilpu 298 K oxHOaTOMHBIH r'a3 B HAEANBHOM COCTOSTHHH H30TepMHYe-
CKH H 0Oparimo pacumpsiercst ot 1,5-10® o 10+ 10® M3, npu 3ToM norvioma-
etcsi 966- 10° [k Tensotsl. Paccuutaiite yucao Modteil rasa, YY4CTBYIOILETO
B Ipoiutecce.
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9. B cocyne npu 273 K u 1,01-10° naxogurcs 10® Moab 0AHOATOMHOTO
rasa B HJeaJbHOM COCTOsIHMH. PaccunTaiiTe KOHEUHyIO TeMIeparypy, Aas-
JieHHe rasa H paGoTy npouecca pacCluMpeHHsi rasa Jo o6bema, B 2 pasa
TNPEeBLILIAIOLIEro NePBOHAYA/NbHBIN: a) IPH MeJJIEeHHOM H30TEPMHUYECKOM pac-
INMPeHHH B IIHJIHHADE C NOPINHEM, JBHTAIOMKMCst 6e3 TpeHHst; 6) NpH aiua-
GaTHYECKOM DACINHDEHHH B aHAJIOTHUHBIX YCJOBHAX; B) NPH MIHOBEHHOM
yhaneHHH Neperopoiku MexX1y COCyJOM H BaKyyMHDOBAHHBIM IPOCTPAHCT-
BOM TOro e o6bema. OObsiCHHTE pa3/HuHE PE3y/AbTATOB, NOJYYeHHBIX
B Tpex mnpoieccax.

10. Paccuurajite Tennory, Heo6XOAUMYIO A5 HarpesaHus 3-10° Moab
ammuaka ot 273 no 473 K npu nocrosinHoM faBnenuun. Heo6xonuMble fau-
Hble BO3bMHTE H3 clpaBouHHKa [M.].

11. Paccunraiite H3MeHeHHe OSHTAJbNHH TPH HATPeBAHHH 2 KT
@-Si0, or 298 10 800 K, ecin 3aBHCHMOCTh TENIOEMKOCTH OT TeMIEparTy-
pbl BhIpaXKaeTcsi ypaBHEHHEM

Cp=46,94134,31-10-3T—11,3.105/72,

12. OnpenennTte naMeHeHHe 3HTaJIbIHH NpH HarpeBaHHH 10 Kr razoo6-
pasHoro meranosa ot 400 o 700 K npu nasaenun 1,0133-10° [Ta. 3aBucn-
MOCTb TeIIOEMKOCTH OT TeMNepaTyphl BO3bMHTE H3 CnpaBouHuKa [M.].

13*. Tlo 3aBucHMOCTH TenJIOEMKOCTH TBEPAOTO reliTaHA OT TeMIepary-
Pbl HajliTe METOAOM rpadHYecKOro HHTErPUPOBAHHS H3MeHEHHe SHTajb-

nuu (Hise,s — H{) ans TBepioro rentana. Ompenenure usmeneHHe -
Tanpnui B npouecce C;Hygra, ok = CiHigu,152,5x, €C/IH TeMOTA N1aBIE-
Hus rentana npu 182,56 K pasna 14,051 10° Ix/monb.

r K cp, T K ch, T K cp,
' Jx/ (Moab - K) ' Ax/ (Mosib - K) ! Jx/ (MOab-K)

15,14 6,28 38,43 36,55 86,56 83,02
17,52 8,83 42,96 41,95 96,20 90,35
19,74 11,43 47,87 47,56 106,25 97,22
21,80 14,25 53,18 53,59 118,55 105,05
24,00 17,22 65,25 65,69 134,28 113,67
26,68 20,66 71,86 71,34 151,11 123,68
30,44 25,45 79,18 77,58 167,88 133,81
34,34 30,85

14. Boiyucnute B ypaBuenuu JeGas Cy = AT? kospdunuent A aas
rentaua, ecan npu 15,14 Cy = 6,28 JIxx/(mons- K). Onpeneante (Hs 14 —
—H3) no ypasurenuio [le6asi. B unrtepsane temneparyp 15,15—182,5K

onpeJe/JnTe rpapUUeCKH H3MeHEeHHe SHTANbNIHH, IONb3YsCh JAHHBIMH 3aja-
yH 13. BblyHC/MTE H3MeHeHHe SHTAJNbNHH TBEPJOTO TeNTAHA B HHTepBaJe
Temneparyp 0—182,5 K. :
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15. Paccyuraiite passocts (AH® — AU% npu 1,0133—10° I1a B
CAeLYIOUHX NpoLeccax:

Hy+1/,0s 2= HyO (npn 298 K) (a)
CHyCOOC,Hs + Hy0 = CH,COOH +C,H,OH (npx 298 K) (6)
1/;N2+2/3Hy=NHj (npu 673 K) (8)
C+2Hy=CH, (npu 1073 K) (r)

16. Boly XoBenu o TeMneparyphl KHNeHHs1 NpH AaBaenuu 1 atm, Kor-
Ja 4epe3 CONPOTHB/IEHHE, HAXOAsALIEECS B TENJOBOM KOHTAaKTe C Hell, Mpo-
nyCTHJK 3/eKTpHuecKul Tok B 0,5 A oT 12-Bo/IbTOBOro HCTOUHHKA B Teue-
nue 5 MuH, GBLIO OGHApPYXKEHO, YTO OTOFHANOCH, A 3aTeM CKOHJEHCHPOBa-
jJocs 0,798 r Bomml.

Paccuutaiite u3sMeHeHHe MOJISIPHOH BHYTpeHHEH 3HEPTHH H MOJISPHYIO
SHTaNbNUO HenapeHus Bofbl (AUyen u AH ).

17. Onpeneante TenaoBoi 3¢peKT peakiHu

CH=CH +CO+H,0 (k) =CH,=CHCOOH ()

NpH CTaHAAPTHOM JaBieHHH H 298 K, ec/u H3BeCTHBI TENJIOTHl CrOpaHHS
BElIeCTB:

Bemectso . . .. ... CH=CH Co H,O(x) CH,=CHCOOH(x)
AHY. g9, KIs/Momb . —1299,63 983,18 0 —1368,03

Onpepenure TenoBolt 3dbeKT peakuun NpH NOCTOSHHOM OGBEMe.

18. Paccuuraiite Tensothl 06pa3oBaHHsi MeTaHAa M3 NPOCTHIX BEIECTB
npu 298 K 1 cTaHzapTHOM jaBieHHH W npu V = const Ha ocHoBaHHHU Cle-
Ayouix aanublx: aas H,O () AH}, 508 = — 285, 84 k[Ixk/mMonb; pas
CO,AH]}, 208 = — 393,51 kJlxk/monb; Tennora cropanusi CH, AHY:, 095 =
= - 890,31 k/x/Mosb. :

19. Tennora o6pasopanusi Fe,O; 13 NpoCTHIX BelleCTB paBHA NpH
208 K u cranjnaptHoM JaBieHuu — 821,32 k[Ixk/moab, a AlL,O4 =
= 1675,60 k/Ix/monb. Paccunraiite TennoBoil sdxpeKkT peaKkuuH BOCCTa-
nossenust 1 moap Fe,O4 MerannuueckuMm amomuuueM.

20. Onpenenure Tennory oGpasoBanusi As,O,; H3 NPOCTHIX BeLIECTB
npu 298 K u cTaH1apTHOM JaBJIEHHH, €C/IH H3BECTHLI CeAYIOlHe TEPMOXH-
MHYeCKHe YpaBHEHHS:

As,0;+43H,0 (#36) = 2HzAsO, (pacts) 31,61 xJIx (a)
As4-3/,Cly=AsClg (r) —270,3 kdx (6)

AsCly (r)+3H,0 (u36) =HyAsO; (pacts)--3HCl (pacts)—73,60 kxxk (B)
1/,H,+1/,Cly=HCI (r)—92,37 xdx (r)

HCl (r)4H,O (u36) = HCI (pacts)—72,49 xIx (z)
Hy+1/,0,==H,0 (x)— 285,84 xx (e)

21. Bouucaure Tennosoli addekT peakuun npu 298 K u cranzapTHoM
JaBJIEHHH:

CaCy (m8) +2H;0 () =Ca(OH), (t8)+C,H,
Jlannele 0 Tenorax o6pa3oBaHus BO3bMHTE H3 CIpaBouika [M.]
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22. Onpenenure TenJoTy 06pa3oBaHHs H3 NPOCTBIX BELECTB NPH CTaH-
AapTHoM jpaBieHnn u 298 K crexyiomux coeuHenuii: a) XuaKoro 6eH3ona
CgHg; 6) xuzkoro ramkonss C,HO,;, B) TBepno#i maBeneBoli KHCIOTHI
(COOH),; r) xunkoro annauna CgHy NH,. Jlas pewenns Bocnoassyiitecs
CIIPAaBOYHBIMH JAHHBIMH O TeNJoTaXx cropanus [M.].

23. Boiyncmure TensoBble 3QheKTH CrexyolHX peakuuit npu 298 K
H CTaHJAPTHOM JaBJIEHHH:

(COOH), (18) = HCOOH (x) +-CO, (a)
CgHsOH () 4O, =CH,COOH (%) +H,0 (x) (6)
2CHYCI (r) Mg (18) = C3H, (1) +-MgCl, (8)
3CqHy (r) =CeH, (k) (r)
CH,+4S0,Cl, (k) ==CCl, (k) 4450, 4HCI ()

24. Tlpu cropanun naranuHa B KalopHMeTpuuecKoil 6omGe npn 298 K
¢ o0pasoBanHeM BOJBl H JAHOKCHIA YrJepoja TemaoBoll addert paBeH
— 5152,96 kJ1x/mMonb. BhiuscanTe TENAOTYy cropanus HadTaluna npH no-
CTOAHHOM [aBJ/IeHHH, €CJH BOASHOH Nap, oGpasylouMiCs NpH Cropanuu
HapranuHa: a) KOHAEHCHpYeTcs; 6) He KOHIEHCHPYeTCs.

25. Teneparopublii ra3 wumeer obwemunift cocras (%): CO — 21,85;
C0O,~—7,12; H,—13,65; CH,—3,25; 0,—0,90 u N, — 53,23. Onpegennte
TENJIOTY, BBILE/AIOULYIOCS NpH cropannu 1 M renepatopuoro rasa, npu-
BeleHHOro K ycaosusM P = 1,0133-10° [Ta u T = 298 K, ecan cropauue
rasa NMPOHCXOXHT NOJHOCTHIO. Boasinolt map He kompeHcupyercs.

26. Onpeneanre Ttennoeot 3¢dekt pasbabienust Bogonn 100 kr
77,76 %-Holl a30THOM KHCJOTH 10 KouuenTpamuu 25,91 %. Ilas pacueTa
BOCNO/NB3YATECH CHOPABOYHBIMH JaHHBIMH [M.].

27. Onpenennte TeNJOTy, KOTOpAs BBIAENHTES TPH AOGABAEHHH K
0,3 kr Bomnl 0,1 kr 50%-Ho# cepuoil Kucaoth. JlaHHBIE 0 TemIoTax pacr-
BOpDEHHs BO3bMHTE M3 CTpaBouyHuka [M.].

.28. Paccuurafite TenjoBolt adpekT npouecca cMemenus 0,5 kr 20 % -
Hoii cepHOlt KucaoTh U | Kr 60%-Ho# cepHolt Kucothl. Jls pacuera Boc-
noJab3yHTECh JAHHBIMH CTpaBoydHKka [M.].

29. TennoBoit 3{gext pactBopennst Ge3BOJHOTO CyabdaTa JHTHA
—26,71 kJx/monb. TennoBoii sdepext pacTBopeHHs KPHCTAJJIOTHApATA
Li,SO,-H,O —14,31 k[Ix/moAb npu 298 K. Bouucaute TemoBoil -
¢exr obpasopanus Li,SO,-H,0 u3 GesponHo#i CcOH u BOMH. Omnpege-
JIUTE NPOLEHTHOe COAepHKaHHe BOJAl B YACTHYHO BHIBETPEHHOM KPHCTAMIO-
THJpaTe Cyabdara JHTHS, €C/H TeNMoBoH 3hdeKT pacTBopeHus 1 Kr 3tok
comu paBen — 0,146-10% x[Ix.

30. Boumcaute Tensopoii 3(exT peakuHH HeHTpaNH3ALHH COMSHOMN
KHC/IOTbl THAPOKCHJIOM HATPHsi B GECKOHEYHO Pa3GaBJEHHOM DACTBOpe H3
CIeAYIOIHX JAHHBIX:

HC1+46,5H,0 +NaOH. 1065,5H,0 = NaCl . 1112,0H,0 —57,903 kIx
HC1.46,5H,0 +1065,5H,0 =HCl-1112,0-H,0— 1,462 x/{x
HC1-1112,0H40 + or Hy0 = HCl- 00H,0—0,419 k[l
NaOH 1065 ,5H,0 - 00 Hy0 =NaOH- 00 Hy,0 —0,376 xIlx
NaCl-ll12,0H,O+ooH20=NaCl-ooH,0—0,'292 &x
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31. Onpenennte Tena0Ty 06pPa30BaHHs KPHCTALIHYECKOH aMHHOYKCYC-
goit kucaoth NH,CH,COOH npu 298 K u cTanjapTHOM JaBJeHHH Ha
- OCHOBAHHM ee TeIJOTH cropanusi, pasHoil — 976,72 kJx/monb. Ilony-
YeHHYIO BEJHYHHY COMNOCTABbTE CO CIPABOYHOM M.].

32. OnpejesiuTe TeMJIOTY CrOpAHHS KPHCTALIHYECKOTO n-auTpodenona
C,HsNO,; npu 298 K, ecnu Temnora o6pasoBanus AH} 998 = — 191,66
kJx/Monb. [Tonyyenuyio BEIHYHHY CONMOCTABbTE CO CNPABOYHHKOM (M.

33. Onpegenute TenoBoii ekt peakuun SO, + Cl, = SOLCl,
(k) npu 340 K, ec/1 NpHHATb, 4TO TEN/IOEMKOCTH BCEX pearHpylollux Be-
LECTB He 3aBHCAT OT TeMIepaTyphl H PaBHBl TensoemkocTsM npu 298 K.
3nauenus TEMJIOEMKOCTEll BO3bMHTE H3 crpasounuka [M.].

34. Onpenennte TensoBoii s¢xpexT peaknud Na (;I‘B) 4 1/, I, (TB) =
= Nal (18) npu 370 K. 3aBHCHMOCTb TeN/IOEMKOCTeH OT TeMIeparyphl
BO3bMHTE H3 CIPABOYHHKA. .

35. CocraBbTe ypaBHEHHE 3aBHCHMOCTH MOJSDHOH TEIIOTBI Cro-
panusi BOZOPOXA NPH TNOCTOSHHOM [aBJEHHH OT TeMIepaTyphl; o6pasy-
IOLIHHCS BOASHON Nap He KOHAEHCHPYETCs. YCTAaHOBHTE Ipefesl TeMrepa-
TYp, A5 KOTOPHIX CNpPABEAIHBO NMOJMyueHHOE ypaBHeHHe. BhiuucauTe Ten-
noBo#i a(dekt peakuun npu 800 K.

36. CocTaBbTe ypaBHeHHe 3aBHCHMOCTH TelJIOBOro 3(deKra XHMHYe-
ckoit peakuun C (rpapur) +H,0 = CO + H, or temneparyphl. Paccuu-
TakiTte AHoooo.

37. T:armoeoﬁ sdpext cropamusi rpapura mpu 298 K pa-
Ben — 393, 795 kJIx/Moab, a aAma3a NMpH TOH XKe TeMmneparype — 395,
692 kJ{xk/MOnb. YjenbHble TEIIOEMKOCTH AJs 3THX BElIECTB COOTBET-
ctBenno paBubl 720, 83 u 505,%%311}){1(/(”-}(). PaccuuTaiite TenJaoTy
nepexona rpaputa B anMa3s NpH .

p38. Temlx)ogl ucnapenus meranona npu 298 K pasua 37,5 kJx/mMonb.
Onpenennte Temjoty ucnapennsi Meranona mpu 320 K. TensoemkocTH
MHAKOrO H rasoo6pasHOrO MeTaHO/Na BO3bMHTE H3 CNpaBOYHHKA [M.].

39. BouucauTe Tenuosoi adpekt o6pasopanus AlCl; H3 mpoCThIX Be-
wecte npu 423 K u crangaptaom jaBJjenuu. TennoBoit apdeKT npH 298 K
H 3aBHMHMOCTH TellIOeMKOCTell OT TeMIlepaTyphl BO3bMHTE H3 CIPABO4HH-
Ka [M.]

40. Onpepenute TenaoBoH 3pQeKT peakUHH

20.-NaOH 4 ¢.-5i0, = a-NaySiOg + HaO (1)

npu cTanaapTHOM xaBnaeHnu H 800 K. Heo6xoauMble JanHble BO3bMHTE H3
cnpaBouynnka [M.]. Tenora nuasinenuss NaOH mnpu 595 K cocrasaser
6,36 kJlx/MONB. .

41*, Onpefiennte TemoBoit 3(xpekT peakmuu S + Op = SO, npu
390 K u crangapTaoM jaBaeHHH. Heo6XoauMble JaHHbIE BO3BMHTE H3 CIIpa-
Bounuka [M.]. Cepa npu 390 K HaXoAHTCsSI B MOHOK/ITHHHOH KPHCTaJLTHYe-
ckofi moxuprkauun. Temneparypa dasosoro npespamennus 368,6 K.

42, Bouucaute temsogoii addext peakuun SO, +Cl, = SOO2C12
npu 500 K. Jlas pelueHHs! BOCNOAb3YHTECH 3HAYEHHAMH (HY — Hb9s),
NpHBeJeHHBIMH HA C. H5.

64

43* TenmoeMKOCTH H-NIPONIAHA NPH PA3JHYHEIX TEMNEpPATYpax:

T,K .. ....... 300 400 500 600 700 800 900 1000
Cg, Ax/(mos-K) . . . 73,8 94,6 112,9 129,0 143,1 155,3 165,3 175,1

BoiBepute ananuthHyeckylo 3asucHMocth Cp = f (T) B BHie cremennoro
psza Cp =a—+ bT + cT>.

44. TlnaTtbe, B KOTOPOM Bbl BEIMOKJH, BIHTAMO | KT BOABI H XOJOAHBIH
BeTep BBICYIIHJ ero. Kakoe KOJHY4ECTBO NOTEPSIHHON TENJIOTH HEOGXOAHMO
BO3MECTHTb Oprann3My? CKOJBKO I'VIIOKO3bl HYKHO NOTPe6HTb, YTOGHI BOC-
NOMHHTD 3Ty noTepio? [IpexnonoKuM, 4To Ball OpraHu3M He BO3MECTHJI I1O-
Tepio TenyoThl. KakoBa GyzeT Bala TeMIepaTypa Nnocje BHICRIXAHHS OfeXK-
Abl (IpelnoNIOXKHTE, YTO TEIVIOEMKOCTb BAallero Te/a PaBHA TeNJIOEMKOCTH
BOJZBI).

45. OzHuM 13 GAKTOPOB, YUMTHIBAEMBIX NpPH BHIGOpE XOJOXHJbBHBIX
KHJKOCTeH, sIBJSIETCH HX 3HTAAbIHSA Hcnapenusi. HeGonblmoe KoauuecTso
¢ropoyrnepona ¢ M = 102 nomellleHO B COCYX C 3JEKTPHYECKHM HArpe-
BatesieM. [Ipu paBnennn 650 MM pT. cT. XKuzkocTh Kunut npu 351 K. ITpu
NPONYCKAHHH 4epe3 HarpeBaTe/]b, NOMEIIEHHBIH B KHISILYIO XHAKOCTD,
Toka B 0,232 A or 12-BOJNBTHOrO HCTOUHHKA B TeueHue 650 ¢ MOMyuHI0CH
1,871 r mucruaasita. OnpejenuTe MONSIPHYIO SHTAJNBIHIO H BHYTPEHHION
3HEPTHI0 HCnapeHHs (TOPOYrepoza.

46. Ilopienb, oka3biBaloIKil AaBieHHe | aT™M, HAXONHUTCS HA NOBEpX-
noctd Boapl npu 100° C. Ilpu yMenbllleHHH JaBJeHHS HA GECKOHEYHO Ma-
Ay BeruunHy ucnaphjock 10 r Bogel. Ha 3tor npouecc uapacxonosano
22,2 x]JIxx rennotel. Onpenennte Q, W, AU, AH w AH , nJist npouecca uc-
napeHus.

47. Onpesenunte rpaduuecku ¢ toynoctoio 0,001° peficTBHTEIbHOE H3-
MeHeHHe TeMNlepaTypbl NPH KaJOPHMETPHYECKOM H3MEpEHHH TeMIIepaTypbl
uepe3 Kaxable 30 ¢ no TepMoMeTpy Bekmana:

gg:e?; Temneparypa gf-&?‘:& Temnepatypa g&’;‘:& Temneparypa

0 2,299 10 2,319 20 1,683
1 2,300 1 2,050 21 1,700
2 2,303 12 1,800 22 1,708
3 2,305 13 1,658 23 1,718
4 2,307 14 1,638 24 1,727
5 2,308 15 1,639 25 1,738
6 2,311 16 1,641 26 1,747
7 2,313 17 1,653

8 2,315 18 1,662

9 2,317 19 1,671

48. BhiuuC/HTe H3MEHEHHEe TEMINIePATYphl KaJOpPHMeTPa H PacTBOpPA NpH
pacteopennn 2 r NH,NO, B 100 Ma1 Bozpl. TensioBasi KOHCTaHTa KaslopH-
metpa K = 52,3 JIx/K.
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49. TenJioTa pacTBopeHHs 2 I' CMeCH KPHCTaMJIOTHAPATOB CyJbdara
MeIH — Pa3/IHYHOTO COCTaBa pAaBHA HYJIO. YCTAaHOBHTE, KaKHe (OpMbI
KPHCTA/IVIOTH/PATOB CMellaHbl H B KaKOM MacCOBOM COOTHoOLIeHHH. Pac-
CYMTATh NPOLEHTHOE COAEpAKaHHe BOAL B CHCTEME.

50. BbluucauTe HHTErpaJbHYIO TelIOoTy pactBopenus npu 298 K 1 monb
KCl B Boze npu oOpasoBaHHR HAaCHILEHHOTO pAacTBOPA, ecaH TeNJoTa
pas6apiennst 10 Ma HaceleHHoro pacteopa B 100 M1 Boam ¢ =
= — 87,86 k. Temsory pacrBopeHus AJsi ITOJYYeHHOro pacTBopa
B35ITb M3 CIIPAaBOYHHKA.

51. Paccuurafite ucTHHHYIO TelioeMKocTb Cp' KPHCTAJJIHUECKOrO
Ba (NOj,), npu 700 K no cpeauuM TenoeMKoOCTsM B HHTepBase Temilepa-
Typ or 298 K a0 T:

K . . ..« .. ... 500 600 700 800
Cr, Ix/(wons-K) . . . . . 17401 183,38 192,73 200,66

MHOIrOBAPHAHTHBIE 3AJIAYH

1. Buuncaure tensioBoit 3gdekt peakuuu A npu 298 K: a) npu P=
= const ; 6) npH V = const. TennoBbe 3dpexkTHl 06pasoBanus BEIECTB
P CTaHNAPTHHIX YCIOBHSIX BO3bMHTE M3 cnpaBouHuka [M.].

ig Peakuua A = E Peakuus A
1] 2Hy + CO = CH3zOH(x) 14| SO, Cly =S0,Cly
21 4HCl 0, = QHQO()K) +2Cl, 15| CO 4-3Hy==CH,+ HyO(x)
3| NH,Cl(rB) = NH,;+ HCl! 16| 2CO 4- SO, == S(pom6) + 2CO,
4| 2N, + 6Hy0(xk) =4NH -+ 30, 17| CO+4Cly=COCly(r)
5] 4NO 4-6H,0(x) =4NHg + 50, 18| CO4+ Hy=CO 4 HO(x%)
6| 2NOy3=2NO+4 0, 19 CO,+ 4Hy =CH, + 2H,0(x)
7| N3O, =2NO, 20| 2CO4=2C0O0 40,
8] Mg(OH)y=MgO +H,0(r) 21| CH,+ CO,=2CO+2H,
9] CaCO3=Ca0+CO, 22| CaHg=C,H,}+H,
10| Ca(OH), = CaO 4 H,0(r) 23| CuHzOH(x)=CyH,+ HyO(xk)
11| S(pom6) 4 2Ha0(x) =SO, +2H, || 24 CH3CHO(r) -Hy = CyHsOH (k)
12} S(pom6) + 2CO4 =S0, -2CO 25| CgHg(x)+3H,=CgH;,
13] 2804+ 0,=2S0,

2. Buuncnure TenioBoit 3¢peKxT o6pa3oBaHHs BeiiecTBa A M3 NPOCTHIX
BeitectB npu 298 K u crangapTHOM AaBJeHHH, €C/IM H3BECTHA €ro TeloTa
CrOpaHHUsA TIPH ITOH TemnepaTtype H crangapTHoM Aasjenuu [C. X., 1. 1].
Cropanue npoucxogur 10 CO, (r) u H,O (x).
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:avl'lanl::a Bemecteo A dopuyas Cocrosnne
1 VxcycHas KHCAOTa CyH (O, x
2 1,1-3THAEHXAOPHA CyH,Cl, x
3 STUNEHXIOPHL, CyH,Cl, r
4 STHAEHI THKOJIb CyHeO, x
5 JumerunaMux CyH;N *
6 Anteron CaHeO ®
7 TlponnaaMuy CyHsN X
8 Haonponunosuifi Cnupr CyHgO x
9 Tponnaosuifi CiHpT C3HO X

10 | Tanmepss - CaHO x
11 ByTHPOHHTPHA C,H;N x
12 Byrunosnifi cuupr C.H,;,0 x
13 | rper-Byruiosuift cuupT C¢H;,0 ®
14 | dusrunosuft sdup C,H;,0 X
15 | Tuprasu CgHgN x
16 | AwmHiosuifi cnHpT CsH,,0 ®
17 | JHuxaopOenson CeH,Cly x
18 | HurpoGenson CeHs05N x
19 ®eroa CeHeO TB
20 T BAPOXHHOH CeHeO, TB
21 ARHJHME Ce¢HsN X
22 Linkjorekcanoa CeH;,0 x
23 BeHnsofisas KHcloTa CyHgO, T8
24 | DBeHsHJioBHH CiiHpT C;HgsO *
25 Tentanon-1 C;H,60 x

3. BouncauTe BHAESIOUYIOCS HJAH TOFVIOMIAIOMIYIOCS TeIVIOTY TIpH
pa36aB/iennu a Kr BogHoro b%-Horo pacrteopa BellectBa A B ¢ KI BOJH
npu 298 K. las pacuera BOCNOJBL30BATECS CIIpABOYHBLIMH RAHHHIMH 00 HH-
Terpa/ipHBIX Telsotax pacrsopenus [M.].

\
Jpv:,a::a BemecTro A a b c 'g:,a‘,;; BemecTso A a b ¢
] HC1 i 26 2 14 KOH 4 45 3
2 HCI 2 38 3 15 KOH 5 40 1
3 HCl 3 30 4 16 KOH 1 35 2
4 | n,S0, 4 |9 | 1|17 HNO, o | 50 | 4
5 | HS0; 5 | s | 2 | 18 HNO, 3 | 10| 5
6 | HsSO, 1 [0 3 |19 NH 4 [ 30 |10
7 | Hiso, o | 60 | 3 | 2 Licl 5 |3 | 3
8 HCl 3 34 1 21 LiBr 1 45 2
9 NaOH 4 30 1 22 NaBr 2 40 6
10 NaOH 5 25 2 23 Kl 3 50 6
it NaOH i 40 3 24 NaCl 4 26 10
12 NaOH 2 35 4 25 Nal 5 30 10
13 KOH 3 50 2




4. BriseauTe aHaJHTHYECKYI0 3aBHCHMOCTh TeNJIOBOrO aqxpem? (Lx)
peakuuu A OT TeMmnepaTyphl, €C/iH H3BECTeH Ten0BoM 3¢peKT 3TOA peak-
wun npu 298 K. Ypasuenusi 3aBHCHMOCTH C% = [ (T) Bo3bMHuTE H3 cnpa-
BounyKa [M.]. Bulunc/auTe TennoBoil ekt peakuun npu remneparype T.
[MocTpoiite rpaduKH 3aBUCHMOCTH

{ i
gwmwm=nn;§wwnm=ﬂﬂnAw=un

B TOM HHTEpBaJe€ TeMNeparyp, A/Isi KOTOPOro CNpasei/iBo Bmeuezggze):
ypasuenue 3aBucumoctn AH} = f(T). Onpenenure rpapuuecku —m

npu temneparype T;. Paccuuraiite AC} npu 31Ol TemMneparype.

BapH-~
N;mf Peaxnus A , T, K T, K
1| 2H,+CO=CH,OH(r) 800 350
o | 4HCI+0,=2H,0(r) +2Cls 750 650
3 | B-NH,Cl=NHg--HCI 455 450
1 | 3N,-+6H,0(r) = 4NHg+ 30, 1300 1000
5 | 4NO 6H,0(r)=4NH, + 50, 1000 900
6 | 2NO,—=2NO-+0, 700 500
7 | N,0,=2NO, 400 350
8 | Mg(OH),=MgO+H;0(r) 500 310
9 CaCOy4==CaO+CO, 1000 700
10 | Ca(OF),=CaO+Hy0(r) 500 340
i2 | 1/3S(r)4-2C0O,=S0,+2CO 900 850
13 | 290,40y = 2§0& 700 500
14 | S0, Cly=S50,Cly(r) 400 0
15 | COt 3H,=CH,+ HyO(r) 1000 9
16 | 2O+ S0, = %8,(r)+2C0, 900 700
17 | co¥ci,=coci, 400 35
18 | CO,4 Hy=CO+HO(r) 1200 1000
19 | GO+t 4H,=CHe+2H,0(r) 1000 900
20 | 2CO,=2CO-+ 0, 700 50
91 | CHy--CO,=2CO+2H, %0 320
92 | CyHe=C,H,LH, 0 30
23 | CaHeOH(r) = CyH,+ Hy0(r) 0 300
24 CH,CHO(r) + Hp = CaHsOH(r) a0 500
95 | CeHe(r) - 3H, = CeHya(r)

i i nepa-

5. OnpesenuTe TENIOBOH aqxpexo'r XHMHUECKOH peaKunH A“nan Eejﬂgp \

type T. Ilns pacuera BOCMOJIb3YHTECh ra6auueit pyukuui (Hr 98
H3 TIPHJIOKEHHS.
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p":!a::; Peaxuus A T, K p’fa,::; ) Peaxkgua A T, K
1 | CO4Cly=COCl, 500 | 14 | CO+%0,=Co, 700
2 | CO+ %0,=CO, 500 | 15 | Hy+ %0,=H,0 700
3 | Hy+ %0,=H,0 500 | 16 | NH,+ HCI=NH,CI 600
4 | NH,+HEI=NH,CI 400 | 17 | 2NaOH-+CO,= 700
5 | 2NaOH -+ CO,= 500 = Na,CO, -+ H,0

— Nay,COj 1+ Hy0 18 | Hyt VS, =H,5 700
6 | Hyt 74Sse=H,d 500 | 19 | cO1Cy=coll, 800
7 | CO+Cl,=COCl, 600 | 20 | H,- %0, =Hs0O 800
8 | CO4 %0,y=CO, 600 | 21 | NH,+HCI=NHCI 700
9 | Hy+ %0,=H,0 600 || 22 | 2NaOH-+CO,= 800
10 | NH+ HCI=NH,CI 500 —Na,CO;+ H,0
i1 | 2NaOH--CO,=Na,COs+-| 600 | 23 | Hy-+ %S, +H,5 800

1H,0 24 | COLFCly=COCl, 900
12 | Hyf %S, =H,S 600 | 25 | CO+ %0,=CO, 900
13 | COYCly=cocy, 700

TJABA VI

BTOPOH 3AKOH TEPMOAHHAMHUKH

OcHoBHbie YPaBHEHHSI H CHMBOJIbI
(K., c. 273—281; T, 1. 1, c. 75—131]

B3anmMocBsiab MeXAy TensoToll H paGoToil B Mpolecce, OCYLIECTBASIEMOM

no uukay Kapuo, omucbiBaercst ypapHeHHeM
n= G@—Q _ -l ¥V (VIL. 1)
Ql Tl Ql

rae n — KI1 uuxnaa; @, — KOJM4eCTBO TEMJIOTH, COOOLIEHHOE TPH -TeM-
neparype T, cucreme, COBEpIUAIOLIEH JaHHBIH UMK, Qg -— KOJHYECTBO Tem-
JIOTHI, OTAaHHOe cucTemoll npu temneparype Ty, W — paGora, coBepuien-
Hasi CHCTeMOH.

OcHoBHble CBOHCTBAa 3HTPONMHH: B OGpaTHMOM Mpolecce NpH nepexoje
CHCTEMB M3 cOCTOsIHHSI 1 B cocTosiHHe 2 H3MeHeHHe SHTPONHU Onpeaesier-
csl MO ypaBHEHHIO

2

As=§J&L
1

ol (VIL.2)

rae 6Q — snementapHOe KOJNHYECTBO TEMJOTHI.

B usonuposaunoit cucreme (V, U = const) suTponusi siBasiercsi KpH-
TepHeM HamnpaB/JeHHOCTH CaMONpPOH3BOJBHOTO Mpolecca U COCTOSIHHS paB-
HOBeCHSI:

AS>0, (VIL3)
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ViameHeHHe HTPONHH [IPH HArpPeBaHHH (oxaaxnenun) ot T g0 T, npu

noCtTosiHHoM ofbeme HJIH NMOCTOSIHHOM JaBJIEHHH onpeaensdaioTr Io ypaBHe--

HHUAM:
Ty .
dT

AS:SCV_T_’ (V11.4)
T, i
T .
: dT

AS=SCP———T . (VI11.5)
Ty

ViameHeHHe SHTPONHH NPH NOTJIOWEHHH TENJIOTE! NPH NOCTOSHHbIX TEM-
neparype H AaBJeHHH HJH oObemMe pacCUHTHIBAIOT 11O dopMyI1am:

AS=QpT, (VIL.6)

AS=QyT. . (VIL.7)

VisMeHeHue SHTPONKH NPH H3OTEPMHUECKOM PACIIHPEHHH n MOJb HIEAIb:
HOTO ra3a MOXHO ONPENJHTb N0 GopMmyie
AS=nRIn(V,y/Vy) (VII.8)
HJTH
AS=nRln (Py/P,). (VI1.9)
MameHenHe SHTPONHH NPH NOTJIOUIEHHH TENJIOTH 1 MOJIb HjeaJbHOro rasa
BbLIPAXKAIOT -
npu P=const AS=nCy In (Ty/T1)+n Rin (Va/Vy), (VII.10)
npu V=const AS=nCpln(Ty/T1)—nRIn (P./Py). (VIL.11)

VsMeHeHHe 3HTPONHH NPH aAHaGaTHYeCKOM PaCIIHPEHHH HeaNbHOro
rasa onpeaesisiorT no gopmyne
. AS=nCy In(PyVY/PLVY). (VII.12)
Jlnsi XMMHYECKOH peakuud H3MeHeHHe SHTPONHH ASpeax PACCUHTHIBAIOT
no ypaBHEHHIO -

A Speax=2 (V4 8% xon—2 (Vi S naq, (VII.13)
rae 2 (ViS)xom = (ViSOxaw — CYMMH a6COMIOTHHIX 3HTPONHA KOHEYHBIX
M HCXOJHBIX BeILeCTB:

: T,

(A Speax) 7, = (A Speax)r, +S

Ty

ViameHeHHe SHTPONHH A5 (as3oBHX NepexofoB ASg.x 6yner

ATCP dr. (VII.13a)

ASg.n=AHpn/T. (VII.14)
AGCOMIOTHYIO SHTPOMHIO S PACCUUTHIBAIOT MO yPABHEHHIO
T
[1]
S%=ES-—C—P£-+2A—1;QL—RMPS, (VII.15)

0
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rie nepBas CyMMa BbipaXKaeT H3MeHeHHe 3HTPONHH B Tpoluecce Harpesa-
HHS, BTOpas CyMMa — H3MeHeHHe 3HTPONHH NPH (pasoBHX Nepexoiax;
R In P, — H3MeHeHHe SHTPONHH NIPH PacLIMPeHHH (CHATHH) HACHILEHHOrO
napa oT paBHOBECHOro JaBjeHHs 10 1 atm.

OCHOBHbIe CBOHCTBA TEPMOAHHAMHUECKHX NMOTEHLHaOB: 3Heprus ['H6-
6ca G u 3ueprus [enpmroabua A4:

P, T==const, —AG=W"', ' (VIIL.16)
V,T=const, —AA=W"', (VIL.17)

raze AG u AA — uameHenus 3Hepruil ['n66ca u ['enbMrossua B KaKoM-
nu6o nponecce; W’ — nonesuas paGora. Suepruu ['n66ca u esbmrons-
1a sIBJAIOTCS KPHTEPHSIMH HanpaBJeHHOCTH CaMONIPOM3BOMIBHOTO npouecca
M COCTOSIHUSl PABHOBECHS:

upu P u T=const AG<O, (VII.18)
npu V 1 T=const A A<O, (VIIL.19)
AA=AU—TAS, (VII.20)
AG=AH—TAS, (VIL.21)

rae AA, AU, AS, AG, AH — uameneHye COOTBETCTBYIOUHX (PYHKUHH B
n1060M (pH3HKO-XHMHYecKoM npouecce; npu T = const

AG=AA+A(PV). (VII.22)
st upeanbHbix rasoB npH T = const
AG=AA+AnRT, C(VIL23)

rae An — M3MeHeHHe YHCaa Mojed rasoo0pasHbIX BellecTB B Xone (H3H-
KO-XMMHYeCKOro mnpoiecca.

UsmeneHus 3uepruii [u66ca u TesbMronbua npH HarpeBaHHH (OXJax-
zenun) ot Ty 1o Ty NpH NOCTOSIHHOM JaBJIeHHH HIH o0beMe BhpaXKaloTcs
B AubdepernHanbHoldl dopme ypaBHEHHH:

(%GT—)P=—-S, (VII.24)
(E;To)f’"s' | (VIL.25)
(_g_‘;_}v ——s, (VIL.26)
(—%AT—A)AV:—AS (VIL.27)

H B HHTErpaibHol (opme:

G

T, Ty
T’———GT‘=£ —8dT; AGT’—AGT1=£ —ASdT;
1 1

T, Ts
Ar,—Ag, =£ —SdT; AA; —DA, =[ —ASdT.
1

1
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B neGoabiioM HHTepBasle TeMnepatyp, eciu Cp = const, To
Gy—Gy=AG=(Cp—Sy ) (Ta—T3) —Cp T5 2,3lg (Ta/T1). (VII.28)

HameHenus anepruii ['u66ca u [esbMronbna npu CXaTHH HIH paciiHpe-
uuu, korga T = const, Buipaxaiorcs B audpepenumanbHoit popme ypas-
HEHHSIMH:

(—‘2—‘4—) —_P, (VI1.29)

av /r

(__"G ) —v, (VII.30)
P Jr :

(aAG) =AV, (VIL31)
dP Jr

‘rae AV — usmeHenne ofbeMa B X0J€ (PH3HKO-XHMHYECKOTO NpOLECCa;
H B HHTErpanbHOl ¢opMme: A/ 1 Mob HaeanbHBIX Fa30B

Ay—Ay=A A=RTlu (Vi/Va), (VII.32)
Gy—Gy=RT In (Py/Py); (VI1.33)

JJIs KOHAEHCHPOBAHHBIX CHCTEM NPH YMEPEHHBbIX AaBJEHHAX
G, —Gy= Vg ¢ (Pa—P1), ‘VH.34)

rie V.o — O6beM KOHJEHCHPOBAHHOH (hasbl; A XMMHYECKHX peakuuit
(T = const)

A G; pea:c:Z (vi A Gf,1)kon— 2 (vi A Gyyi)uaws (VI1.35)
i 3

rae Y (ViAG; 1o X (ViAGy,1)uaq — CyMMbl 3Heprufi ['u66ca o6pasosa-
7 7

HUA AJI1 KOHEYHBIX NMPOAYKTOB H HCXOJHLIX BeIIIECTB,

A Ggeax = Z (a G?:i)KOH_—Z (a Gfo.i)ﬂaq’ (VI1.36)
i ’ i

AG'=AH'—TAS°, (VII.37)

rae AG?, AH°, AS® — usMeneHHe COOTBETCTBYIOIIHX (YHKIHA B CTaH-
AapTHBIX COCTOSIHHSIX NpH TeMneparype T.
Hsmenenne sneprun I'n66ca ans $Ha3oBbHIX NEPEXoa0B

A Gy q=0, (VII.38)

AJs1 HCNIApE€HHA H BO3rOHKH.
A Ap.n= —RT, (VII.39)

ILJIsl TJIaBJeHHs U TOJHMOP(HBIX NpeBpallleHui
A Ap.n=0. (VII.40)
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3AJAYH C PEIHIEHHSIMH

1. Ilpn nauyanbunoit Temneparype 373 K 1 mosp Kucaopona cosepiuaer
IHKJ B HieanbHOH Mamuue Kapuo. CHauana oH paclunpsieTcss H30TEPMH-
YecKH 0 JBYKDATHOro o0GbheMma, 3aTeM pacluHpsieTcss aanabaTHYecKH 1O
TPeXKpPaTHOro o6beMa (110 CPaBHEHHIO C NepBOHAYAMbHbIM), 3aTe€M CXKHMAeT-
Csl H30TEPMHYECKH A0 TaKOro obbema, 4Tobl B pe3yJbTare Moc/eayIolero
aaHabaTHYeCKOro CXKaTHsl BEDHYThes K ePBOHAaYaNbHOMY cocTosiHHio. [Tpu-
uas y = Cp/Cy = 1,4, paccuuraiite paGoTy, COBEpIIEHHYIO Ta3oM B
KaX[OH YacTH LHKMAA; paboTy, NPOH3BELEHHYIO 3a CYET TelJIOThl B IIHK-
ae, u KIT[ uukaa.

Pemenue. 1. Jas nepBoli craguu HHKJAA — H30TEPMHUYECKOTO
npollecca — paboTy onpezesisieM MO YPaBHEHUIO

Wr=nRT In (Va/Vy) =Qp,
OTKyJa
W, =8,314.373.2,3lg (2Va/V,;) =2146,06 [x.

2. [1ns BTOpO# CTajuu HKAa — aauaGaTHYECKOro npoiecca — padoTy
oIpejie/isieM 10 YpaBHEHHIO

T,—T
szn R —1._2’
v—1
Temneparypy T, onpejensieM 1o ypaBHEHHIO
2V, \v—1 2 \0,4
Ty=T: i Te=373{— =317,2K.
= 3, ) : ( ) K
CreoBaTenibHO,
: 373—317,2
W2=8,314——374———=1159,8 Ix.

3. Ins Tperbeli cTaiMu LHKJAA paGora GyJeT oTpHIATe]bHA, TAK KaK
npoHcxomut cxathe rasa Wy = — nRT In (V4/V,), rae no yenosuo V=
= 3Vy, a o6beM V, po/keH GbiTh NMOJIyUeH COTMIACHO YKA3AHMIO O TOM, YTO
nocje ajuabaTHYECKOTO CXKAaTHsl ra3 JOMKEH BepHYTbcS B HCXOIHOE CO-
CTOsIHHE, CJ/IeJIOBATE/NbHO, JOMKHO BBINIONHATHCS PABEHCTBO

(L)V“ -0

Vl Tc_, ’
OTKyJ1a
v 0.4/7373
V=V —=1: V,=V —__=1,5V,.
s 1 T, 1 1 "/ 379 1

Takum obpasom,
W;= —8,314.317,2.2,3lg (3V,/1,5V,) = — 1824 ,86 k.
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4. Jlns uerBepTOii CTaiuM LHKJAA paGoTa anuabaTHueCKOro mpollecca
6yaer OTpHlaTeNIbHA H YHCJIEHHO paBHa paboTe BO BTOPOH CTajfHH, TaK Kak
B peayabTaTe afHabaTH4eCKOro DAaCUIHPeHHs a3 BO3Bpalllaercst K NepBo-
HauaJbHOH TemIlepaType:

T,—T
W,=—nR—‘l—’ =1159,8 JIx.

CymmapHas pabora 3a Bech uika W = W, + W, + W, + W, Gyner
paBHa
W =2146,06— 1824,86 =321,2 [Ix.

KM wukaa: 1 = W/Q,, rae Q; = Ay;
321,2

2t 14,96 %.
1= "5146,06 %

K 3romy e pe3y/bTaTy NpHIEM, eClli onpeaenuM 1 u3 pasescrsa (VII.1):

T,—T, . 373—317,2

- = 14,96 %.
=" 373 %

2. B aByX COOGIMAIOMHXCS COCYAAX, Pa3JeJIEHHHX NeperopoiKkon, Ha-
xonsitcs 1 Moab asora i 2 Moab KHesiopoaa. [leperopoaky BEIHUMAIOT, rassl
cMmelnHBaloTes. Paccuuraiite uaMeHeHHe SHTPONHH AS yey, €CJIH HCXOX-
Hble TeMIepaTypsl W JaBJEHHSI OJHHAKOBH, a 06beMbl pasiHuHul; VN, =
=1 1; Vo, = 2 1. KoeuHoe jaB/ieHHe CMECH PaBHO HCXOJHOMY JAaBJe-
HHIO rasa.

P emewn ue. [Ipoiecc cMeureHHss rasoB HeoOpaTHM, H H3MEHEHHE

2

) o

3HTPOIHHU BLIPAXKaeTCs] HepaBeHCTBOM AS >§ TQ— Ho ecnn ueo6parumniil
1

¥ 06paTHMblil NPOLECCH NPOBOAATCA B OJHHX H TeX e rPAHHYHBIX yC/IO-
BHSIX, TO AS 6y = ASpeosp. BCAKHI HEOOPATHMBIH TPOLECC MOXHO MbIC-
JIGHHO TIpOBecTH 06paTHMO B HECKOJIbKO CTaJHil B TeX XKe rpaHHYHbIX yc-
JIOBHSAX H TNOACYHTATb SHTPONHIO AJsi KaXioH obGparuMoi cragun. Torza
CyMMa H3MeHEeHHH SHTPONHH 3THX CTajHi OyleT paBHa H3MEHEHHIO 3HT-
ponmun HeofpaTimoro mnpollecca. B nanHON 3ajnaue ofliee uaMeHeHhe
SHTPONHH MOXKHO 3aMEHHTh CYMMOH H3MEHEHHS HTPONHIl 332 CYeT pacuii-
PeHHS KaJ0ro H3 [a3oB 10 OTAEJABLHOCTH, T. €. MPHHATb, UTO ASqy.,=
= ASn, +ASo,.

Cornacuo ypasaenuio (VII1.8)

ASy,=RIn(V/Vy); ASo =RIn(V/Vq);

V=VN’+V02= l+2=3 J1
A Sepemr= —2,3-8,31 (1g1/3—21g?/3) = 15,876 IIx/(mosIb-K)
(xn, = Y, X0, = */3 — MOJISIpHBIE IOH 230Ta H KHCI0POAA).
3. Cmemanu | mosis aproHa, Basitoro npu Ta,==293 K, ¢ 2 moJb asoTa,
Basitoro npu Tn, = 323 K. McXonnsle naBiennsi KOMIOHEHTOB H KOHeY-

74

HOe NaBjeHHe CMeCH OJ\HHAKOBhl. DBrluHc/nTe TeMmepaTypHylO co-
CTaBJSIOLLYIO SHTPONHH cMenreHusi. TemoeMkocTs aproHa Cp' = 20,8
Ix/(mons-K) n asora Cp* = 29,4 JDk/(Moas- K).

Pemenue. [Tponecc cvemenns ra3oB HeO6paTHM, I03TOMY BLIYHC/IA-
eM ofliee MpupallleHHe SHTPOIHH CHCTEMBl KaK CYMMY H3MeHeHHi 3HTpo-
MK KOMIIOHEHTOB 34 CYeT YBeJHYeHHS TEMIIepaTyphl i 3a CYET YMEHbIICHH S
IaBJeHus, T. €. '

A Scmem = (A SN, +4 SAr)usM. T+ (A SN, +A SAr)nsu. P.
Cnaraemoe (ASn, + ASar)yaw.7 SIBASETCS TEMNEPAaTYPHOH  COCTABJISAIO-

uefi ofliero NpHpalleHHsT SHTPONHH B pe3ysnTate cMemenusi. Corsac-
Ho ypasuenuio (VIL.5)

(8 Sn, 8 Sar)um. 7=n, Cp*+2.31g (T/Ty,) +np, CAT 2,318 (T/Ty,), (1)
T — XoHeuyHast TeMNepaTypa CMECH, BHIYHC/SETCS 1O YPABHEHHIO TeIJIO-
Boro Gajanca “

CpF np (T—Tp,)=Ch nn, Tn,—T), (2)
Tle nar, NN, — KOJHYECTBA MoJjiell aproHa u asota. [loacraenasieM uHcia B -

ypaBHeHue (2):
20,8-1 (T—293) =29,4.2 (323—T).

[Tocne npeoGpasoBanusi ypaBuenusi (2) u BoluHC/leHHH HaXoguMm T =

= 315 K. [loacraBasiem uyucna B ypasuenue (1):
AS=29,4.2.2,3lg (315/323) 4-20,8-2,31g (315/293) =
= —1,4584-1,504 =0,033 Tx/(moab-K).

4. BrruncinTe n3MeHeHHe 3HTPONHH B Npollecce 3aTBepieBanus 1 Mospb
nepeox/axaeHnoro 6ensona mnpu 268 K, ecau npu 278 K AHpuc,n, =
= 9956 JIx/monb, (Cp)cou, = 127,3 Ix/(Moan-K), (Cp)eon, = 123,6
JLx/(moas- K); P = const = 1,01-10% [Ta.

Pemenne 3Iror npolecc HeoGpaTHM, MOITOMY MBICJAEHHO IPOBO-
IKHM ero o6paTHMO B TPH CTajHu (CM. TpuMep 2):

AS=?

C6H6()K) , 268 - CQHs (TB) ) 268
+

A S, AS,

S

{4
CQHs ()K), 278,5

Torza AS = AS; + AS; + AS,.
Boiuncasiem AS; u AS; no ypasnennio (VII.5); AS, — 1o ypasuenuio
(VI11.14). Toraa

~ CgH, (18), 278,5

278,5 AH 28
AS=C% 2,3l —_ nx C™ 9
P g 268 278,5 + ) ,3lg 278.5 ,
278,5 9956 8
AS=127,3-2,31 — 123,62, - :
€ 268 278.,5 +123,6-2,31g 278.5 35,61 Ix/(moab-K).

75



5. Paccunrtaiite CTanfapTHYI0O SHTDOMNHMIO 3THJEHA, eC/H TeMIepaTyphHl
H TennoTl (DA30BBHIX TNpeBpallleHHH# 3THIEHA COOTBETCTBEHHO pAaBHBL:
Tun = 103,9K; AHy, = 3363 xk/Monb; Tyun = 169,4 K; AHu, =
= 13595,4 Ix/Mob. 3aBHCHMOCTD TENJIOEMKOCTH OT TEMIEpaTypbl cM. B
rabJHie:

ch ch, ch cpo
T, x Il)x/(ﬁonb-l() T. K Il)x/(uﬁnb-l() T. K Jx/ (Moab- K) T. K Jx/ (moab - K)
15 2,864 70 42,756 . | 103,0 82,40 160 67,37
20 6,380 75 45,486 103,6 86,44 — —
26 10,655 — — - - 179,6 36,90
30 14,948 80 48,510 105 69,47 192,8 36,99
35 19,664 85 51,87 110 69,13 210,8 37, 51
40 23,793 90 55,82 —_ — 231,4 38,54
45 27,476 85 61,87 120 68,54 250,9 39,75
50 31,055 98,1 67,33 130 68,08 272,1 41,68
55 34.486 100 71,61 140 67,70 293,9 43,42
60 37,476 101,4 75,47 150 67,49 .= —
65 40,123 102,3 78,01 — — —_ —

Pemenue. OnpenensieM CTaHZAPTHYIO SHTPONHIO NO YPABHEHHIO

103,9 Co)\rs
™ ( P C sHy 5’ P C,H. 3363,4
S298 j d7T+ dT+ 1039 +
8 (0
+1659'4 p)c,u, ar 1354 ? (Ce)ewm,
T 169,4 T )
103.9 1694

[Tepecunras npusenennsie 3nauenus Cp ua CB/T u moctpous rpapuk
CyT=[T) (puc. 11), HaxoxuM 3HTPONHIO JJ/Is1 KAXKIOTO HHTEPBA/IA TeMIIe-

partyp:
1) meronom rpaduueckoli 3KCTpanoJsuuH WiH Mo ypasrenuio [e6as

0 T\ 3
Cp=1943,5 T =a 73,

rae 0 — xapakrepHcTHYecKasi Temneparypa:
895 o— S9=0,966 dx/(mom-K);

2) rpajuyecku Ajis HHTEp-
Bana 15,0—103,9 K

3?0?,9 - S?sr,no =
=51,28 Ox/(moap.-K);

3) ana dasoBoro nepexoja

0 —
Gis 80 10 150 200 260 J00TK A, =S105, 90— Siga 0=

Puc. 11. 3aBucamocts Cop/T ot Temneparypw . So05:4
ARS STHAEHA 103.9

=32,34 x/(moab-K);
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4) rpapuuecku Mns untepsana 103,9—169,4 K
SOg% 4 — S35 9=193,22 JIx/(moms-K);
5) nasi (asoBoro nepexona

13595,4
169,4

6) rpaduuecku aas untepsana 169,4—298 K
8298 S?ﬁrg 4 =21,50 Ix/(moas-K);

Or 0r 0x
ASyen=S169,4— Sig9.4 =

=80,26 JIx/(moab-K);

7 cymma H3MEHEHH#l 3HTPONHH BO BCeX HHTepBAaJAX TeMnepatyp Gyaer
paBna Sjgs = 219,62 [Ix/(mosb-K).

6. Briuucaute snTpOmHIO XJMopHAA cepeGpa npu 870 K.

Pemen ue. CornacHo ypaBaenuio (VII.15)

E] (C 2 AHg
0 0 1
8870, AgCl S298.AgCI + 5’ _TP_dT_‘._ —T_

Brinuceisaem u3 cnpasounnkos [M.], [C. X., 1. 2] neo6xoaumbie nanHbIE
Tan=T728 K; AH,, = 12886,7 Il)K/Mo.nb C} a1 = 66,94 JIxx/(monp - K)

Skeci.298 = 96,07 Lx/(Monb-K); C2 = 62 26 + 4,18 T — 11,30 X
X 105/T?. TloacraBnsieM 4ucaa B ypaBHEHHE
728

62,26 |, 4,18.10-% 11,30.10%
0 ’ ) 4
Sagci, 870==96,074 S ( T T = )dT—i—
298
870 12886,7
6,%-2,3lg — 4 ———.
66,94-2,3lg 728 T 728

[Tocne unTerpupoBanus mosyuaem
88,0 =196,074-55,554-1,80—5,3094 17,70+ 11,92==177,70 Jlx/(Moab-K).
Ilpupamenue sntponuu AgCl 3a cuer HarpeBaHHs COCTABHT
(S870—Sss) = 81,63 Ix/(Moab-K) 1 S3,¢; g70=177,70 I/ (Mo K).

7. OnpezennTe H3MeHEHHe 3HTANbIIHH, BHYTPEHHEH 3HEPTHH H 3HTPO-
nuu NpH nepexoze 2,7 Kr Bopwl, B3sitoil npu P, = 1,0133-10% [1a u T1 ==
=298 K, B nap npu P, = 0,50665-10°Tla u T, = 373 K, Cp ~C} =
= 4,187-10° Ix/(kr-K), yxensHas Temsora ucnapedus 2260,98- 103
JUx/kr. CunTaTh nap HAEaNbHBIM Ta30M.

- Pemenune. MaMenenne cBOHCTB CHCTEMBI HE 3aBHCHT OT NYTH Npo-
ecca, a onpefessieTcsi TOJAbKO HaUaJbHBIM H KOHEYHBIM COCTOSIHHSIMH CHC-
TeMmbl. Boi6upaem moGofi nyTh, cocTosiuuil M3 OTAENBHHX OOPATHMBIX
CTajuil, © TOrja H3MeHeHHe CBOHCTB B JAHHOM Ipoiecce GyleT paBHO CyM-
Me H3MeHeHHH CBOMCTB B KaxKJOH CTajHH. HyCTb paccMarpuBaeMeli Ipo-
ILeCC COCTOHT H3 CJIENYIONIHX 00pATHMBIX cTajuii: 1) HarpeB BoAsl pu P;=
= 1,0133-10° Mla or T, =293 K mo T, = 373 K; 2) npespailetue
Boxbl B map npu Py = 1,0133-10, ITa u T, = 373 K; 3) usorepMuueckoe
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pacuiipenne BojsHoro napa npu T, = 373 K or P; = 1,0133-10° [1a
10 P, = 0,50665-10% [Ta. PaccuutaeM usMeHeHHE SHTAJIbIHH:
AH=AH,+AH,+AH,,
373
AHy=m [ CXdT=2,7-4,187-10% (373 —293) =904,392.10% JIx,
293 -
AHy,=ml=2,7-2260,98-103=6104,646.10% OIx,
AH;=0.
Cor.siacHo 3akoHy JIXKoyJist SHTANbNUS U BHYTPEHHSS 3HEPTHS HAEaJbHOTO

rasa npH MOCTOSIHHOH TeMmepaType He 3aBHCHT OT AaBJeHHs HJH 06bema.
CaenosaresbHO,

A H=904,392-1031-6104,646-10%=7009,038.10® IIx,

Tak Kak Cp ~ CV,
AU=AU,+AU,+AUs,
TO
AUy=A Hy=904,392.10% [,
AUy=AH,—pAV=AH—P (Vy—Vs).
Ecau npeHeGpeub oGbeMoM Xufkoi ¢asw, To
 AUp,=AH,—pVy=AH,—n RV,=6104,646.103—
2,7
-—T8,315-103-373=5639‘,419~103 Ox,
AUy=0.
H3amenenue BHyTpenHeii 3Hepruu gaHxoro npouecca AU = 904,392 X
X 10°4-5639,419- 10° = 6543,811-10® [k, a usMeHeHue 3HTPONHH:
AS=AS,+-AS,+AS,,
373 .3
CpdT
ASl=m S P
293

T
_—  —m (%2 2
T =mCp ’303]gAT1

37
=2,7-4,187-10%.2,3031g Tg: 3,525.10% Ox/K,

AH, _ 6104,646.10

AS,= = 16,366-108 ,
2=, 373 Ax/K
P, 27 1,0133.108
AS;=nRIn—L = ~—8,315-103.2,303lg ———— =0,865. 10
L T 3031g 5 50665 105 — 056%-10° Ik /K,

A 8=3,525-10%416,366.1034-0,865- 103 = 20,756-103 Ix /K.

8. Ycranosure, ocymectsuMa nu npu V = const u 298 K peaknus
Ag+nCl, = AgCl (18) 4 (n — /3) Cl;, ucnoan3oBas cBoicTBa 3HTPO-
[HH. ' _

Pewedne DHTponus sIBASETCS KPHTEPHEM HANpPaBJEHHOCTH TNpPO-
11ecca ToJIbKO B TOM CJ1y4ae, eC/IH Npolece NPOTeKaer B H30MHPOBAHHOM CHC-
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TeMe, NO3TOMY MBIC/IEHHO NPOBORHM HCCJeLyeMylo peakumio npu V =
=const 1 oTCyTCTBHH TenI006MeHa ¢ OKpYyXKamollel cpefioii. Utobul paccun-
tath AS npoiiecca, IpHHHMAaeM: peaKIHs NPOXOAHT MTHOBEHHO H 10 KOH-
na npu 298 K; BbinesuBluasicsi TEIVIOTa HAeT Ha HarpeBaHHe u3bbitka Cl,
u tBepaoro AgCl; peaxkuuoHHbIH cocys TENVIOTY He IOJIOLIAeT; TOrAa 06-
llee H3MEHEeHHe SHTPONHH CKJIaJBIBAETCS H3 SHTPONHH peakinH (AS ey, 208)
u sutponuu HarpeBaHusi AgCl u Cly (ASyyrp):
A S=A SpeaR+A Sﬂapp.
Bouncisiem ASSeax npH 298 K no ypasaenmo (VII.13):
A Sgeax = SggCl - Sgg"—"l/i’sgllp
Shecr = 96,07 x/(monb-K); Shg = 42,69 [Ik/(Monb-K); S&, =
= 223,0 xk/(moab- K) (IM.], ta6a. 6; [C.X. 1. 1, 2]). Tlocse noacranos-
KH YHCEJ W BbIYHC/IEHHH nosydaeM ASeax, 208 = — 57,90 JIx/(Monb- K).
Ins Boluncaesnst AS,,., CHayala 1o ypaBHEHHIO TeMIoBOro GanaHca
onpenensiem Koueunyio Temnepatypy AgCl (%) u Cl, (r). CocraBasiem
ypaBHeHHe TeNIoBOro 6asianca, NPeATosONKHB, UTO KOHEUHasi TeMmIlepary-
pa CHCTeMbl Bhbillle TeMnepaTyphl mJasienus AgCl:

AHS . 208 = Chycy (Tan—298) + A Hun+ Chgey (T—Trm) +
+ne1,Cy, g1, (T—298). .

[Tpunumaem, uto u3bbitok Cl, cocraBasier ncy, = 5 mosb. M3 cipaBouHn-
koB [M.], [C.X., 1. 1, 2] umeeM AHp; agci = 12886, 7 Jx/(Monb- K);
Z'_X‘gc, = 66,94 k/(Monb-K); AHPeax = — 127068 [Ik/MoJib; EX‘gCI =
= 58,99 JIx/(Monb-K); Cp.ci, = 36,36 IIx/(Monb-K). Onpenensem
TEMJ0EMKOCTb NIPH TOCTOSIHHOM o6beMe:

Cy. c1, =Cp, c1, —R=36,36—8,314 lx/(monsK).
BhiuncisieM KOHEUHYIO TeMNepaTypy, a4 3aTeM pAacCUHMTbIBAeM H3MeHeHHe
3HTPONHH NPH HarpeBaHHH:
A Syarp=A4 Sagci + A S¢y,»
A S84gci=1(S320—S%ss) =81,67 Ix/(moab-K);

AS¢,, Bouncisiev no ypasHennio (VII.4) u coornowenno Cy = Cp —

870 CVdT 870 CPdT 870 R
asy, =\ = —§ —ar
. T T T
298 298 298

PaccunThbiBaeM HHTETpaJbl:

870
CpdT -
P = (8%,—S%s)=238,28 Ix/(mMonn-K);

298 T
870
R 870 870
= dT=2 == _9,3.8,3141g —— =8,895 K).
2§8 4 T=2,3Rlg— —=23-83141g 95 1/ (Moab-K)
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[TogcraBnsieM nonyuenHele uucaa B ypaBHeHHe [/ pacuera ASgparp
A Syarp =281,674-38,28-1-8,895==228,6 IIx/(Moan-K),

oTcroja 06maﬂ SHTPOINHUS npouecca
AS=—57,91-}+228,6=170,70 IIx/(Moan-K).

Takum o6pasoM, AS > 0. Peakuus B npuasiteX ycaosusx (8Q =O0;
Tuae = 298 K; V=const) ocymecreuma.
9. Onpejennre u3MEHEHHE SHTPONHH sl PeaKUHH

Cd+2AgCl = CdCl, -+ 2Ag

€CJIM MPOBOJMTHL €€ B rajibBaHHYeCKOM 3naeMenre npu 1,0133.10° [Ia u
298,2 K, J[IC aneMeHTa KOMIEHCHDYETCS NpPHJIOXKEHHOH H3BHE H DaBHOH
0,6753 B. CranpapTHbie TENIOTE 06pPa30BaHUs XJIOPHIOB KaAMHS H cepel-
pa cootBeTcTBeHHO paBHbl — 389,0 u —126,8 xJI:/MoJb.

Pewenue. Tennoso#i aheKT peakuun B COOTBETCTBHH C 3aKOHOM

Tecca paBen
At3es =(AHD g98)cact,—2 (D HY, s98)agc1 =
= —38900—2 (—126 800) = — 135400 JIx.

Tak kak peakuus HeoGparuma, 10 AS, . > — 135400/298,2.

Ias pacuera AS, . He06X0AMMO peaKiHio poBecTy o6patuMo. Ecan xe
OCYHIECTBHTDb 3Ty DE€aKUHIO B [IOMEUIEHHOM B TEPMOCTAT IaJbBaHHYECKOM
3JIEMEHTE, B KOTOPOM MOJIEPKUBAIOTCA HEH3MEHHHIMH TeMIepaTypa H JaB-
nenue, H ecid JIC snementa E xomnencupyercs IJIC, npuIoKeHHOH H3-
BHe, TO mpouecc Oyzer npakTuyeckn obpatuMeiM. [Ipu stom 6yxer npous-
Begena pa6ora W,y = nFE, a tennoBoit sdpoekt Q 6yner paBen TAS:

AU=Q—Wnix=Q—(PAVLW..),

HJIH
Q=AH++W. —AHLnFF,

max

[loncrasnss B nocnennee ypasuenue snauenuss AH3gs (M3MEHEHHe SHTANb-
IHH HE 3aBHCHT OT NyTH NPOLECCA, 03TOMY OHO GyHET OJHHAKOBBLIM KaK
B HeoGpaTHMOM, TaK H B obpaTuMoM npoueccax) u n=1, E = 0,6753 B u
F =96 487 Kn, nonyuaem

Q= —1354004-2.0,6753-96 487 = —5084,7 IIx.
Cnenosarensio, AS, . = — 5084,7/298,2=—17,05 Ix/(Monb:K). Hs-

MEHEHHE SHTPONHH H30JHPOBAHHON CHCTEMBI B IieJIoM (T. €. paGouas cucre-
Ma [JII0C TepMOCTaT) NpH (GaKTHUECKOM mpounecce 6yieT paBHO

235 400
298,2
4TO NOATBepXKAaeT HeoOpaTHMOCTL Ipolecca.

10. Hcnoawsys suepruio 'u66ca, peuwnte, ocymecrBUMa Jiu peakuus
Ag +1/,Cl, = AgCl npu P = const = 1,013-105[1a u 298 K.

ASy ¢=—17,05+4 =437,0 Ow/(Moas-K),
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Pemenune. ns orBera Ha Bompoc cieayer onpeieiuts sHak AG
peakuun. Cornacuo ypaesennsm (VII.13) u (VII. 37) ‘

AG=AH'—TAS°,

AH“:AH;’, 99 = — 127,068 xJlx/mous,
A S":Sggcr_ Sgg —1/, Sg,2= —57,97 Jx/(moas-K) (cm. nmpumep 7),
AG=—127 068 —298 (—57,91) = —109804,9 Ox/Moub =

= —109,805 xJx/mMoab, A GO <C(.

CrefoBaTe/IbHO, peaklMsi OCYILeCTBHMA.
11. Buuucaure AG8gs jnst peakunu C (rpaput) + 2H, (r) = CHy(r).
Onpenennre AH8gs U3 CIEAYIOUMX TEPMOXHMHYECKHX yPaBHEHHH:

CH, (r) +20; (r) =CO;q (1) ++2H,0 (k) + A g3 45,

€O, (r) ==C (rpadnut) + O (r) —A Hiys,

2H,0 () =2H, (r) + 04 )r) —2A Higs.
3nauenne ASSys BHIUHCIKMTE ¢ NOMOLIBIO NocTynaTa [Tnanka.

Pemedne Suepruio ['m66ca paccuuthiBaeM N0 ypaBHEHHIO
Aagsa :AHgss—TAsgsa-

M3 repmoxumuyecknx ypaBHeHHH BhuncasieM AH%9s 06pasoBaHHs MeTaHa:

AHYo=AHE +20Hfy —AHLy,

"Ecau usBectio Sfx 445 KaxkJOro KOMIOHEHTA DEaKIHH, TO NPH ab6CoJIOT-

HoM Hyne AS{x nas peakuuu Gynger paBHO
A Sg K™ S%H,_ S% (rpadut) _281912-

PaccunTbiBaeM M3MeHEHHE SHTPONHH JJsi KaXAoro KoMnoHesrta ot 0 1o
298 K ;

()
4‘ .
CHy(rs, 0 K):=CH4(TB. Toa) ASY = S - r dT;
0
A HM
= So— CH, :
CH‘(TB’ L) CH‘(’“' Tha); A S Ton
T
X (C)E
= . 0— LdT;
CH4(>«, Tn.n) CHl(m, J— AS3 S T ’
na
CH.
CH4(’K' Tyum) =CH4(F’ Thom) 5 ASE= T ot ’
298 0
(Cp)2n,

CHyp, 1, =CHuw ami AS3= [ ——0aT;

THMI]
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0K 2(00)1-5
PJH
2H2(m. Thx) =2Hy(1s, 0k); ASO‘—‘j‘ -7 ~dT;

Tl'l J1

2AH
2H2()K, Tun)=2H2("' Trm); ASY=— Ta = H
n

ICA
T Y

T

u

KU

2H2(>x, Tynn) =2H2(;K, Tnn); A Sg =

2A ann
2 To) =2Ha(n, Ty A SY= =
KU1t

Tyun r
298
Cirpadur, 298) =C(l‘padm'r,0 Ky, ASY = § _(C?’)C(*Trpmqﬂ
289
Cirpadnr, 208) -+ 2Ha(r, s98) = CHy(p, 208);
A 8%y =AShy +%Aso.
1

dT:

12. ns peaknun Ag + '/,Cl, = AgCl Buuucaure Ttemjory o6pati-
Moro npouecca. CBelid jaHHbIe CNPABOYHMKA M PE3YAbTAThl BHIUHCJIEHHH
B Ta6/uuy, nokaxure, uro AG u AH He 3aBucsar or nymH mnpouecca, a
paGora W’ 1 Kommuectso BHueJsiomeiics teriotsl Q 3apucar. Makcu-
MaJjbHass mnoJesHas  paGora W' = 109804,9 [Ix/moab = 109,805
KIK/MOJIB.

Pemenune Cornaco ypasuenuio (VII. 6) Qo5p = TAS; ucrosn-
3ys chnpaBouHbie jaHHble, NoayuaeM AS® = — 57,91 Jx/(vmoan-K),

Qoop= —57,91-298=17,963 [Ix /Mo,

O6venunus ypapuenus (VI1.37), (VIL.6) u (VI1.16), s P u T=const
noayuuM AH = Qu, — W’. IoacTaBus uucnia, Haxogum

AH=—17263—109804,9= —127 068 [ /Moap.
PaGora W’ neoGparumoro npouiecca papaa Hymo. CocraBim TabaHuLy:

AH s )
Tpouece n)g/e:';nb W, Oxmone | Q, Hx/monn
Heobparnmutil l 127 068 , 0 127 068
O6patumniit 127 068 109 805 12 263

U3 npuBeneHHrIX JaHHBIX BHAHO, uro pabota W’ u temota Q, BHjeas-
IOIASCS B XO€ PeaKUHH, 3aBHCAT OT yCJIOBHH NPOBENEHHS PEAKIHH, 4 H3-
MEHeHHE SHTAJbIIMK He 3aBHCHT.
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13. BaaronpustcrByer Ju nporekaHuio peakunu Ag+1/,Cl, = AgCl
NOBHIIIEHHE TeMIepaTyps!?

P em e ue. Temneparypumit koapbpunuedr sHeprun I'mb6ca peak-
MK Bhpaxaercs ypaBHenHeM dAGY/dT = — AS®. Msmenenune suTponuu
peakuuH HaXOZUM [0 SHTPONUSAM YYACTHHKOB peakuus, AS® = — 57,91
Jx/mons. Orciopa (dAG9/dT)p = 57,91. Takum o6pasoM, sHeprus I'n6-
6ca ¢ pOCTOM TEMIEPATyPH YBeJIHYHBAETCS, T. €. NOBBIIEHHE TeMIepaTyphl
He 6/1aronpHATCTBYET PEAKLHH.

14. Tlpu 298 K cmemanu 2 monb kucjaopona H 1 moan asora. HMcxon-
Hble JaBJeHus 1asoB Po,°, PN, M gaBieHue cMec. P OJMHAKOBH H PaBHH
1,0133- 10° ITa. [TapunanbHbie JaBiaeHHs ra3oB B cMecH Po, u Py, cocras-
asior 0,668-10° u 0,334.10° [Ia coorBercrBenHo. Bruncaure AG, AS u
AH cmewenus.

Pemenue. Tak Kak mpouecc cMellleHHs Ta30B HeOGPATHM, 3aMEHs-
€M €ro CyMMoH o6paTHMEIX [POLECCOB,. IPOTEKAIHUX B T€X XKe yC/IOBHAX
(rpaununnx): AG = AG; + AG,, rae AG, n AG, — n3MeHeHHs HEPTHH
'u66ca asora W KHCAOPOAA 3a CYET HM3MEHEHHs JaBAeHUS OT P; oy O
P; B npounecce cmeienns. CorsacHo ypaBaenuio (VII. 33)

AGy=A Gy, =RT In (Py,/PX*); AGy=AGo =RT In(Py /PGY).

HOCKOJIbe HCXOJHBIE JaBJICHHSA Tra30B PaBHBEl KOHEYHOMY JAABJICHHIO CME-
CH, COTJIACHO yPaBHEHHIO ﬂanmona MOXHO 3anucarthb:

Py, Py, Po, Po,

P p N0 el =T

[Tocne NOACTAHOBKH UHCEI H BLIYMCIEHHH noJjyyaeMm
AG=RT2,3(lng’—{—21gx02) =
=8,314.2,3.298 (lg 0,33+21g0,67) = —4800 [Lx /Mous.

Briuncinsiem AS no ypaBHeHImo (VI1.26):
0AG
oT
Jlnst Beluncaenns AH ucnosnsyem ypaBHenus (VII.21):

AH=AG+TAS=RT Inxy +2RT Inxo —RT Inxy,—2RT In xg =0.

AS= —( )p ==——Rlant—2R Inxg, =16,10 Jx /(Moab-K).
s X

15. Buuncmre AU u AA pns peakyuu
\ Ag-+0,5Cl, = AgCl _

npu 298K u 1,0133-10° Tla, ecnn AHpe,, = — 127,159 k[x/mous,
AGf = — 109,54 x[x/mMonb u An = — 0,5. ‘

Pewmedue. [logcraBuB  uucioBele 3Hauenus AH = — 127,159
kx/Monb; An = — 0,5; R = 8,314 [lx/(Moar-K) B ypaBuenue (VI.5),
N0JIyYHM

AU= —197,159+0,5.8,314.298 = — 125,92 k]I /MOb.
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IToacrasasia B ypaBuenne (VII. 23) unciopnie 3HaueHust, nogyyaem
A A= —109,54--0,5-8,314.298-10-3= 108,27 xJx/Moab.
16. Boiuncante namenenne AG® ana 1 moas NH, B npouecce uso6apu-
yeckoro Harpepanusi (P = 1,013-10° I1a) ot Ty = 300 go T, = 400 K,

ectn CB = const.
Pemenune [Jna puuncnennss AG® ucnonbdyeM — ypaBHEHHE

(VI1.29):
A GO=(C}—SYg5) (400—300) — C 400-2,31g (400/300).
[ToxcraBuB B 3To ypaBpHeHHe faHHbE 118 amMHaka npu 298 K ([M.], Ta6a. 6;
[C.X., 1.2]) S* = 192,59 [x/(mons-K); Cp = 35,65 Ix/(Monb:K),
nojyyaem
A G° = (35,65— 192,50) (400 — 300) — 35,65-400-2, 31g (400/300) =
' = — 17,467 K /MoJb.

17. Onpenennte AH, AU, AA9, AG®, AS® npu craHgapTHHX yCJIO-

Busix ¥ 298,2 K mns peaknuu
CgHj, + 2HgO (%) = CH,COOH () -+ H,

Pemenne [landee HTpONHA W TenJoT 0GPa30BaHHS BEIMIECTB,

YYaCTBYIOMIMX B DPeaKIMH, BHIIMCHBAEM U3 CIPABOYHHKA:

S%aa, 69 o6p=AHO, —
Bemecrso AH;’, 298, Ax/Monn lI)K/‘(zn?osnb-K) (e_T2A935§98, nm/zmsosnb
CyHqg(r) 226,75-10% 200,8 209,25-10%
HyO(x) —285,84.10° 69,96 —334,46- 108
CH3COOH(x) -—484,9.108 159,8 » —576,64-10°
H, 0 130,6 0

TennoBo# s(xexT peakuuH, coraacHo 3akony ['ecca, paseH
A HgQB =2z (A H?, 298)np.p~ Z (AH?, 298)ucx.s =
= (—484,9) — (—2-285,84 226, 75) 103=139,97.10% [Ix/moasb;
AUSgg=AH%9g—PAV=AHYs —AnRT.

[Ipu pacuere An yuHTHIBAaIOT CT€XHOMETPHUECKHE KOIPDUUHEHTH TOMb-
KO rasoo6pasHelX BeilectB: An = ny, — nc,u, = 1 — 1 = 0. Cnenosa-
TenbHo, AUdos = AHYes. DHeprust Tu66ca a5 peakuuu papHa

AGlos =2 (A G} 598)yp.p—Z (A Gf, 298)ucx. 5 =
= (—576,64) — (—2.334,46 -1-209,25) 103 = —116,97-10% [Ix/moab,
AALyy=AGla—PAV.

HOana nandoft peakumn PAV = 0. CnenosatenbHo, AGdgs = AAYgs.
DHTpoONHA peaKUuH paBHA

AS39s =2 (v SBes)np.p—Z (Vi SSes)uex. 5=
= (130,6+ 159,8) — (200,8-+ 2.69,96) 108= —50,32 [/ (moms-K).
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.18, Paccuuraiite AG® npu 400 K nas peakuuu Y/,N, + 3/,H, = NH,
ectn AGjgs= — 16,496 [Ix/monb. Hegocramooue HaHHHE BO3LMHTE B
cnpaBounnke [M.]. TTpunsate AS® = const.

Pewe nue Msvenenne sneprun 'u66ca peakuud pacCuHTHBaeM
no ypaesesuio (VII.25): -

T
AGP—AGlyy=—AS0 [ dT.
298

Briuncnsem AS no ypasnennio (VI1.13):
ASO:S?\JH,_I/ZSRJ,;_S/2 S&v
S%IH,=192'50; S&2=191,5; S&z=130,6 Jx/(Moas-K);

torga AS® == — 99,15 Ixk/(Monb- K). ITocne MoACTAHOBKH YHCEN H BhI-
YHCTAEHHH NosayuaeM

A GYyp= —16,496-+99,15.100- 10-3 = -—6,581 kI[%/(Moab-K).

19. Paccunraiite AG® npu 400 K nas peakunu Y/,N, + %/, H, = NH;,
YYHTHIBAsl 3aBUCHMOCTb AS OT TeMnepatypH.

Pemenue Buouncasem AG® no merony Temkuna — IlIBapumana,
COT/IACHO KoTopoMy, ofbepunsist ypauenns (VI1.37), (VII.33), (VI1.13a)
u (VI1.32), nonyuaem:

T T ACO
AGH=AHRye—T A Sy, + § S T" aT.

AC%dT—T
298 .

298

[locne nopcranoBky crenennsix psgos ACH = f (T) ypasnenue npeo6pa-

. 3YE€TCsl, MHOXHUTENHU, 3aBUCAIIIHE TONBKO OT TEMIIEPATYDHI, 0603HAYAIOT CHM-

Botamu Mg, My, My, M_, 1 HaxoAsT 1O CIPABOYHUKY:
AGl=AHYoe—T A SYyg—T (AaMy+AbMy+AcMy--Ac’ My) .

Ias pacuera 3anuceBaeM Heo6Xozumble nanHHe: AHSs = — 46,19
kk/mons [M.};  ASSes = — 99,15  JIx/(mostb- K); M, = 0,0392;
My = 13; M_, = —3,65-10-7 (IM.], ra6a. 6, 19).

w | e ] - ]

N, 27,87 4,27 — —
Ha 27,28 3,26 — 0,502
- NHa, . 29,80 25,48 — —1,67
Aa = — 25,05, Ab = 18,46-10~3; A = — 2,42-105. Ilocne noxcra-

HOBKH YHCEN NOJyYaeM
A G}y = —46 190--400 (—99, 15) — 400 (—25,05.0,0392 -+
+18,46-10-8.13+-0,502.108.3,65-10-7) = —6,819 k[ /MO7b.
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20. Buuncaute namenenve AG® a5 | Mmoas NH, B npouecce H3o06apu-
yeckoro Harpepanus (P = 1,013-10° ITa) or Ty = 300 go T, = 400 K,

ecin Cp = f(T).
PemenHne. B ofieM ciyuae 3aBUCHMOCTb TEIJIOEMKOCTH OT TeM-

nepatypH Nepejaercst ypaBHEHHEM
‘ Cl=a-+bT+cTr4c' /T2
JlnA MHIMBHAYaJbHOTO BelllecTBA 3TO ypaBHEHHe NPHHHMAeT BHJ
Ch=a+bT+cT? nan Cp=a-+bTc’' T2

I[Tonyunm ypaBHeHHe, BHpaXaiolee 3aBHCHMOCTb S = F(D)

T codr Logar 1 A oo
S%=§——TT-——+S%=X - +§ de+'§ chT—{—S AT+,
Ty ’ Ty 1 1

o N
-

¢
St=alnT—alnT,+6T—bT, —}——; T2 Y T?—

¢ s famT4bT T2 il )+
T2 T3 I 2 or2 |
9 Loy L
.+<ST‘—a1nT1—bT1—2 LR ot )
Hamenenne sneprud [n66ca ¢ TeMnepatypoit onpejensercd COOTHOLLe-
HUEM
a6 ) s
( oT Jp~ T
T, T, c T,
Gy,— 68, =—a| nTdT— 5§ rar—— | a7+
Ty . T, Ty
T, , Ty
¢’ ~ dT o, c ¢ _
+,_2_5 —Tz—(ST‘—alnTl—le—— > Tt )3 dT=
Ty T,
bT} bT} ¢ T}
=—aTyInTytaTyInTi+aTy—aT1— > -+ s T3 3 +
c T? ¢’ ¢’ . cT? c’)
—_ —(S2 —aInT;—bT; — —— | (Ty—T
t5 5T T, (STt alnTy—bTy ——o— 5 | (Te—T)

ITo cnpaBounuxky [M.] Haxonum a=29,80; b=2548-10"%; ¢=0;
¢ =—1,67-10° JIK/(Monb-K). Torza namenenue sHepruu I'mGGea or

Temnepartyphl 6yJZeT paBHO
G, — G, = —29,80-2,31g 400-+-29,80-300-2,31g 300+
2
108 25,48-10-2
25’48 0 4002 -1

-+-29,8.400—29,8.300 — 3002 —
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1,67.106  1,67.10°
- : —(192,5—29,8.2, 3lg 300-—25,48.10-3:300
2900 " 2300 g +
1,67-108
+ ~53005) (400—300) = —71341,2 50928, 2- 11 910— 8940 — 2040+ 1147 —
—209-+279— (192,5—169,5—7,44--0,928) 100 = —19 916 [l /Moub.

21. Paccunraiite gapreHud, NpH KOTOPHX TPaduT H aniMa3 HaxosATCH
B PaBHOBecHH 115 HHTepBana temneparyp 298—4000 K. Ilpu pacuere uc-
nonb3yiite caegyomue ganuse 11s paBHoBecus: C (rpagur) == C (aamas):

AH®, ASO, AGe, ACh.
T, K I /moans T/ (r-K) Tk [monb llx(/(i- K) ‘ AV, cm?
298 ; 18 967,3 -—3,364 2903,7 ‘ 2,602 ‘ —1,92
1400 — —4,853 — 0,418 —1.90

Pemenue Orpunarenbisie 3Hauenuss AS® u AV nokassiBaior, uto
H3MeHeHHe TeMIlepaTyphl He GJaroNpHATCTBYeT, a MNOBLILIEHHe JaBjeHHs
6/1arONPHATCTBYET IpeBpalleHHio rpadura B aaMas. s pacuera paBHO-
BeCHHX JaBJeHHH NPH BHICOKHX TeMIepaTypax HCIOAb3yeM 3aBHCHMOCTB
AGupesp = [ (P, T). Hns sroro npepcraBuM AGp,; Kak CyMMy Tpex cia-
raeMbx:

AGp p =AGY +AGy+AGs,

rie AGY, — u3MeHenue sHeprux ['n66ca npu nepexoje rpadpura B anMma3s
npu 1,0133-10°I1a u temneparype T,; AG, — uamenenne AG 3a cyer
noBHIIeHHs TeMnepatyps ot Ty go T, npu 1,0133- 10° I1a; AG;— u3amene-
Hue AG 3a cuer nopbiuedus gapaenus or 1,0133-10°[Mago P opu T =
= T,. IlpuBenennnie ganuue otHocsted K T < 1400 K, nosroMy npusu-
maeM T = 1400 K u BuuncaseM AGlioo. 9 310ro Henonb3yeM ypaBHe-
aue (VII. 21);
AGYyo0=AHY —1400A S8yg —1400A a M,
Aa=ACY 55, M=0,7595

A G®=1896,6— 1400 ( —3,364) -—1400.0,7595 ( — 2,602) =x9372,16 LIk /MOJb.

3nauenne AGp Bhuucasem no ypaesemmio (VII.25), ponycrus, uro
AGP = AGP,- 1400——‘COHSt. Tor,u,a

AGy = (ACH—ASY,g0) (T —1400)—ACST 2,31g (T/1400).

3navenne AG, Buiuncasem no¢ ypasaenuio (VILI.31), npuuss AV =
= const = AVyyo. Torma AG, = AV(P — 1) 0,10133-10-% u 3aBucu-
Moctb AG = f (P, T) npuHnMaer Buj

AGp, 7=04GY, 00+ (ACE~—~ASY,g0) (T —1400) —
T
—ACpT 231g oo 0,10133.10~2 AV (P— 1}
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[Tocne noxcraHoBKH uncen nosyuaem

T
AGp t =9372,164-4,435 (T—1400)+0,962 T ig Ta00 —19,20-10-2 P,

Ilpn paBuosecnu AGp,r = 0; 510 yc/10BHe Hcnonbayercs A5 pacyera pas-
HoBecHOro faB/eHuss P. O6beiHHUM pesynbrathl pacuera AGH u P:

T, K ...... 298 1400 2400 3400 4000
AGg, Ox . ... 29037 9372,2 14346,9 19501,6 22656,4
P.10—8, Tla . . . 15,3 49,35 75,7 102,90 119,57

Takum obpasom, anmas Gosiee yCTOHUMB, ueM IpaduT, B OGAACTH HU3
KHX TeMIlepaTyp H BBHICOKHX JaBJjieHHH.

3AJAYH

1. Wneanbnast mamnna Kapuo, pa6oraiomas B nutepBane temneparyp
ot 200 xo 300 K, npespamaer B pa6oTy Temiory, pasnyio 83,8 [lx. Kakoe
KOJIMYECTBO TeIJIOTH OTHAaHO pesepByapy npu 200 K?

2. Kakoe KO/MHYeCTBO TEMJIOTH GyAeT NpeBpaIeHO B paGoTy Hpeaib-
HO# MawnHO# KapHo, paGoratomedt npu temneparype mexkny 200 u 100 K,
ecii oHa mony4ut Npu 200 K cro/ibKo XKe TelsoThl, CKOJIBKO 110/1y4aeT Ma-
wrHa B 3ajgaye 1 npu 300 K? O6bsicHuTe NpHUMHY PA3JHYHON BeJHYHHbI
paboThl HAeaNbHOH MAlllUHHI. .

3. Ilpu HavanbHo# TemnepaType 348,K 1 moab H, no nukay Kapno ca-
Yaja pacirupsiercst 10 ABOHHOIO o6beMa H30TEPMHYECKH, 3aTeM DACLIHpPS-
€TCH [0 YyYeTBePEHHOTO NepBOHAYa/IbHOrO 00heMa aguabaTHUYeCKH, 3aTeM
CXKHMAETCH H30TEPMUYECKH JO TAKOro o6reMa, 4ToGbl NpH  NOCAEAYIONEM
anuabaTHyeckOM CXKaTHH BEePHYTbCS B HCXOJHOE NONOXKEHHe. BHIUHCIHTE
paboty kax o vactd nukiaa 1 KITA uukaa (y = 1,4).

4. BhiuucnuTe H3MeHeHHe SHTPONHH 0pu HarpesaHud - 16 xr O, or
273 no 373 K: 1) npu nocrosiHHOM 06beMe; 2) pH NOCTOSHHOM JABJEHHH.
CuurafiTe KHCIOPOL HI€aNbHBIM [a30M.

5. PaccunraiiTe W3MeHeHHe SHTPONHH NPH HarpeBanuH 58, 82 kr B,0,
or 298 mo 700 K, tenmoemkocts B,Og C§ = 36,5525 - 106,345-10~% T
Ix/(monb- K).

6. bpom6enson kunut npu 429,8 K, ero temsnora napoo6pasoBanius
npu 310i Temneparype 241,9-10% x/kr. Paccuutaiite u3aMeHenue 3HTpo-
nuH npH Hcnapenud 10 xr 6pomGeH3ona:

7. Tlon nasnennem 19,6-10* Ila (2 kr/cm?) Harpesaior 2-10-3 M® ap-
roHa J0 TeX 1op, mnoka obbeM ero He yseanuutcs o 12-10-3w3. Kakoso
H3MEHeHHe SHTPOINHH, eclH HayaibHas temnleparypa 373 K?

8. BuuuciuTe M3MEHeHHE SHTPONHH nNpH oXJaaxiesuu 12.10-3 xr
(12 r) xucnopoga or 290 1o 233 K 1 0gHOBPEMEHHOM NOBILIEHHH JaBJAEHHS
or 1,01-10° o 60,6-10° I1a, eciiu Cp = 32,9 JIx/(monb- K).
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9. Paccuutaiite W3MeHeHHE 3HTDONHH B NpPOIECCE CMEWEHHS .5 KT
BoAbBl npu Ty=353 K ¢ 10kr pogmt npu T, = 290 K. TemnoemkocTsb
BOABI CUHTATb NOCTOSIHHOH H paBHo#l 4,2 [lk/(Moab-K).

10. Paccuurafite obuiee Bo3pacranue 3HTPONHH NpH cMeweHHH 100 x
X 10~%M® kucnoposa ¢ 400-10~*m® asora npu 280 K u 1,01-10° [1a, V =
= const.

1. Onpenennre H3MeHeHHE SHTPONHK NPH CMEWEHUH | MOJb aproHa,
B3sAToro mpu Tar = 293 K u P%4, = 1,0133 - 10° I1a ¢ 2 mos1b a30Ta, HAXO-
Asierocst npu PR, = 1,0133-10,Tla u Tn, = 323 K. laBaenue cmecu
paBHO Py = 1,0133-10° ITa. TIpuHsATh aproH M a3oT HAeAJbHBIMH rasa-
MH, & TEIJOEMKOCTb KaXJIOro rasa — BEJIHYHHOM, NOCTOAHHON B yKa3aH-
HOM  HWHTEpBane Temneparyp H paBHo#i jia asora Cy = 20,935
Iok/(Monb-K), gas aprona Cy = 12,561 IIx/(mosib- K).

12. B omHoM M3 cOCyZOB OZMHAKOBOH BMeCTHMOCTH 3 M® HaXOLUTCH
28 kr asora, a B ApyroM 32 KT KHCJI0POA NPH OZHOH H TOH XKe Temiepary-
pe. Berunciute usMeHenne sHTponnyu npu Auddy3uu B pesysibrare CONpH-
KOCHOBEHHS COJEPHKHMOTO 3THX cocyloB. [IpHHATH KHCIOPOL M a30T Hje-
aJIbHBIMH Ta3aMH.

13. TepAblii X70pOBOJOPOA npeTeprepaer (asoBbiit Nepexof npu
98, 36 K, npu sToM suTanbnus naMensiercs Ha 1,19 kJK/Mosib. Paccunraii-
T€ MOJIIPHYIO SHTPONHIO H BHYTPEHHIOI 3HEPTHIO Nepexofa. JTor obpa-
3€1L NPHBEJEH B KOHTAKT C OPyCKOM MEIH NPH TEPMHUYECKOR H3OJISIIMH OT
OKpyxalole#t cpenbl. KakoBo uaMeHeHHe SHTPONHMH MeAH NPH (Hha3oBOM
nepexone # KakoBO H3MEHEHHE SHTPONHH OKPyHKalollel cpepl?

14. Onpesenute nsmenenue surponuu, ecin 100-10-3 kr Bogm, B3s-
tofl npu 273 K, npeppamaercs 8 nap npu 390 K. YizenbHas tennora uc-
Napenust Boxpl npu 373 K pasna 2263,8- 10% [[xk/kr; ynelbHas TemnoeM-
KocTb XujJKko# Bombl 4,2 Jk/(kr-K); yaenbHas temoeMkocth napa mpw
nocTositHHoM japaenuu 2,0-10° J[xk/(xr- K)..

15. MonsipHas TemjioeMKocTb ra3so06pasHOTO MeTaHd BBHIPAXKAETCs
ypasnennem Cp = 17,518 + 60,69-10-2 T J[x/(monb- K). Cranzapraas
SHTpOnHs MeraHa npu 298 K pasna 167,73 x/(monb- K). Onpenenure
suTponmio 11073 m® merana npu 800 K u 1,01-10° [a.

16. Paccunraiite saTponmio stiioBoro cnupra B napax npu 351 K u
5,05-10% I1a, nonaras AH = 40 950 JIK/Moab. 3aBHCHMOCTD MOJISIpHOM
TENJIOEMKOCTH OT TEMIIEPATyphl BbIpaXKaercs ypaBHEHHEM

Cp=19,071+212,7.10-3 T —108,6- 10—¢ T2+ 21,9 T3,

17. Cmewanbt 2-10-3 m® resinst u 2- 103 M3 aprona npu 300K u 1,01 x
X 10° Ia; noc/e H30TEPMHUUECKOTO CMEIIEHHS NONyYeHHAs a30Bast cMeCh
Harpera o 600 K npu nocrosinnom o6neme. Bhiuncnnre o6iee Bospacra-
HHE SHTPONHUH, yuuThiBasi, yto Cy = 12,6 [x/(Moab- K) u He 3aBHCHT OT
TEMIIEPATypHi.

18. Paccunraiite usmenenue SHTponuH B npomecce Pb 4 2AgCl =
=PbCl,+2Ag, ecin NpoBeneHHIO 5TOH peakuud B rajibBaHHUECKOM ie-
MenTe npu 298,2 K orpevaer E = 0,4900 B, a temorsl o6pasosaHus
PbCl, n AgCl cootercTBenHo paBHbsl — 357 732 4 — 126775,2 JIx/mob.
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Uemy pasHa sutponua csuHua npu 298,2 K, eciu Slgc = 96,23
Hx/(mons- K); Sgpey, = 136,4 JIx/(Monb- K); She =42,68 [Ixk/(Moab- K).
Belukciute M3MeHeHHe SHTPONMH NPH MPOBENEHHH STOf PeAKUUH B
H30JHPOBAHHOH cHCTEME.

19. Haiigute usmenenne suTponuu npu usorepmuyeckoM (7 = 353,2
K) cxkatun napos Gensosna or P; = 4,0532-10% I1a 1o P, = 1,0133.10°
[1a ¢ nocnenyomumMs KoHAeHcaMER H OXNAXKIECHHEM KHIKOTO GeHaona 10
T =333,2 K, ecm AHg,, = 30877,92 Ixk/Moms u (CP)cu, =
= 1,80 Jx/(r-K). [Tapbl 6ensona cuTaTh HiealbHHIM Ta3oM.

20. Omnpepenrite cradjapTHOE H3MeHeHHe sHTponuu npu 298 K ns cie-
AYIOIHX peakuui:

MgO -+ H, = H,0 (%) + Mg W
C--CO, =2CO )
250, -+ 0, =250, 3)

FeO+4CO=Fe--CO, 4)

Jlns peuenns BOCIO/Mb30BAaThCS JAHHBIMH cpaBouyHHKa [M.].

21. B repmuueckn H30HPOBAHHBIH COCYA, COAEPKAUIHE 5 KT BOAH MpH
303 K, BHecau 1 kr cHera npu 263 K. Onpenenute Bospactanue SHTPOMHH,
€C/IM TeMmJoTa MJaBjeHHsl cHera 334,6-10° JI/Kr, TemIoeMKOCTb cHera
2,024-10% Ix/(xr-K), a tennoemkocTs Boas 4,2-103 ILx/(xr- K).

22. X/10pHCTOBOLOPOJHEI METH/IAMHH CYILLECTBY€T B HECKOIBKHX KPHC-
TalJIHYECKHX MOAH(pUKaUMAX. Beiudcaute temnory dasosBoro mnepexoja
CH;NH,HCI, ecnu sto Bemecrso npu 220,4 K u3 P-opMbl mepexofut B

v-dopmy; npu 19,5 K C¥ = 5,989 Jlx/(Monb- K); TennoeMkocTb P-popMsl
npu 12 K C§ = 8,48 Jx/(Mons- K) u

- 220,4
ASP= [ CB din T=93,769 1x/(mons- K),
12
220,4 .
AS”=1"|Q (g};(r, din T=100,3 JIx/(Moas-K).

Ipu pacuere yuects, uro Tennoemxocrs CH;NH,HCI B unreppane tem-
nepatyp 0—20 K noxgunnsiercs ypaBHenmo [leGas Cp = 464,5 (T /0)3.

23. TensoemkocTs SO, npu pasnUYHBIX TEMIEPATYPaX HMeET CJEAyIO-
LHe 3HAYEHHSA:

T,K ...... 15,20 95,67 34,87 47,16 60,85
Cp, Ax/(Monb-K}. 3,612 12,028 20,248 29,106 36,653
T K ...... 76,98 98,30 120,37 140,92 162,03
Cp, Ox/(Mons-K) 42,462 4771 52,164 55,944 60,732
T K ...... 192,03 201,74 240,09 260,86 ‘
Cp, Ix/(Monb-K) 67,872 88.074 87,318 86,898
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Ina SO, Ty, =197,64 K, tennora nnapnenus 7,4298-10° [Ix/vonb,
Tyun = 263,08 K, rensora ucnapenns 24,9336-10° [Ix/mosib. Beluuciu-
Te 3uTponHIo rasoobpasuoro SO, npu 263,08 K u 1,01-10° I1a.

24. BeluucauTe rpaguuecku sHTponHio cepebpa npu 473 K no caeny-

IOUIUM AJaHHBIM \

T, K ...... 13,56 17,0 26,9 35,0 39,1 42,9

Cy, Ix/(monb-K) 0,462 0,882 3,617 6,657 8,039 : 9,295

T K ...... 45,5 51,4 53,8 77,0 100 200 273

Cy, HDx/(mons-K) 10,174 11,756 12,435 17,04 19,62 23,446 24,158
...... 535 589

T, K
Cy,, Ox/(Monb-K) 24,702 24,786

Cpapuute sHTpOnHio cepebpa npu 298 K ¢ BeIHUHHOH, NPHBEIEHHOH
B cnpaBounuke [M.]. \

25. Treepjoe Te10 NpH TeMNepaType NJ4BJEeHHs NPEBPAIIAETCH B KHJ-
KOCTb; MPH 5TOM HeoGpaTHMO ePEHOCHTCS HEKOTOPOE KOJIMYECTBO TEMJIOTH
g. TpaBuabHO JIM npeanosoxkenHe, uro Ajs sroro npouecca AS = q/Ty;?
Ecnu 3o npefnonoxkenHe MOpaBHJbHOE, TO NOYEMY H Ha KAKOM OCHOBa-
HHH OBl OTBEPTHYT TOT HAKT, YTO Npouecc HeobpaTHM? EciH npenosoxe-
HHe OWHGOYHO, TO KaK MOMKHO MOJIyYHTh NPaBU/IbHOE BEpaxenue Jus AS?

26. JIpa oiMHaKOBHIX cocyla (o6beM Kaxnoro cocyaa V) coeuHens
Tpy6KO# ¢ 3anopHBIM KpaHoM. Marepuas, us Kkotroporo cobpaHa annapary-
pa, SIBNSIETCS COBepLIEHHBIM TepMOH3osiTopoM. CHavasa n MoJIb OHOATOM-
Horo rasa Ban-nep-Baasbca Gelid HOMelLeHBl B OJJHH H3 COCYJ0B [IDH TeM-
neparype Ty, a Apyrofi cocyl ocraBajcs MyCTbIM, 3aT€M 3alOPHbIA KpaH
6T OTKPHIT JIO YCTAHOBJIEHHs paBHOBecHs. TenQeMKOCTh rasa NpHHSTH
pasHoii Cy = 3/, R, Kak s ujeansHoro rasa. Onpeneante Q, W u AU,
AA u AS uepes n, V, T,, nocrosinsnie BaH-nep-Baanbca a u b u yHupep-
cajbHbl€ MOCTOIHHHIE, '

27. Tlouemy npH HCNOJB30BAaHHH SHTPOMHHU B KAYECTBE KPHTEPHS CaMO-
NpPOM3BO/ILHOCTH IMpouecca HeoGXOIHMO mpelmnooxenne, uro AS, .=
= ASp.c — ASqxp. cp, @ s 3Heprud u66ca paccMaTpHBAIOT TOJNBKO
AG,.. (30 He AG = AGp,c — AGoyp.cp)?

28. BriumcauTe HaMeHenHe sHepruu ['M66ca mpu cxkatuu 0,7-1072 kr
N, mpu 300 K u naBnenns ot 5,05-10* 1o 3,031 10° [1a-(cyuTaTh asor uie-
anbHBIM Ta30M).

29. Paccuntaiite AG, ecau temneparypa kunenust 351 K (napnl cnup-
T4 CYHTATh HJEaJbHBIM Ta30M) s POLECCOB:

C,HsO (%, P=1,01.106 ITa)=C,HgO (r, P=9,09-10¢ I1a), M
C,HeO (%, P=1,01-10% Ta)=C,HeO (r, P=1,01.105I1a), @)
C,HeO (%, P=1,01.105 Ma)=C,HeO (r, P=1,11.105Ta). . 3)

Kakye BHBOJN MOMKHO CJeNaTh O HalpaBJeHHH MPOLECCOB Ha OCHOBAHHH
MOJIYYEHHBIX Pe3yJ/bTaTOB? g
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30. Boiunciure AA u AG ana 2 Mosb GeH30/a NPH CJAEAYIOUIEM H30-
TepMHYECKOM I1poLiecce McnapeHus:

CeHs (%, P=1,0133-105 ITa) = CgHs (r, Py=0,9120-105 [Ta).

HopmanpHas temneparypa kunenus Ty ... = 353,3 K.

31. Ilpu 268,2 K napjenue HachllleHHOrO napa TBEPAOro GeH3osa
2279,8 I1a, a nan nepeoxJaxaeHHbIM GeHsonom (Kuakum) 2639, 7 I1a. Bui-
YHCIMUTE HM3MeHeHHe 3Hepruv ['M66ca B npouecce 3arBepaesanus | Mosb
nepeoxJIaXKAeHHOro 6eH30/1a MPH YKa3aHHOH TeMiepaType (napel GeHsonla
CYHTATh HJ€aJbHBIM [a30M).

32. Tennora naapnenus abia npu 273 K pasua 334,7-10% JIx/Kr.
YnenbHasa TenjoeMkocTb Bomb 4,2-10% JIxk/(kr-K), yaenbHas remaoem-
KocTb sbaa 2,02 10® Iaxk/(kr-K). Onpenenure AG, AH v AS npu npeppa-
uieHuH | MOJIb nepeoxJakaeHHOH Boapl npu 268 K B Jex.

33. Ilpu 298 K surponus pom6uueckoit ceps 32,04 Jx/(monb-K), a
SHTPONHUst MOHOKMWHHOH cephl 32,68 JIk/(Moab-K). TensoTel cropanus
COOTBETCTBEHHO paBHel — 297 948 u —298 246 [Ixk/mone. Paccunraiire
AG ana peakumu S(,onm6) = S(uony- [IpeHEOpeub B NepBOM NPHOIHKEHHHU
pasauuHeM NIOTHOCTeH pOMOHYecKO# H MOHOKAMHHOM cepnl. Kakoil BHBOJ
MOXKHO c/leJ1aTb H3 NMOJNYYEHHOTO pe3yJabrara? '

34. Buouvciure W, AH, AU, AS, AA, AG 1aa w30oTepMHUECKOTO
CXKaTHa | MOJb HJeaNbHOrO OJHOATOMHOTO rasa npu 773 K u jgaBaeHusx
ot 5,06- 10 1o 1,01- 104 I1a.

35. B usomupoBaHHO# cucreMe npu 273,16 K 1 mMosb rasa o6paTuMo H
H3orepMuyecku pacmupserca or 1,01.107 go 1,01-10% I1a. Bryucaure
snayenua W, Q, AU, AH, AS, AA u AG (cuvrath ras ujeaibHpiM): 1)
AN rasa " s Bcell H30MMPOBAHHON CHCTEME B LieJioM; 2) npH CBOGOJHOM
pacmMpeHuM rasa (pacliMpeHHe B BaKyyMme ueo6paTHMO), JUISl rasa u JJis
BCE#l M30/IMPOBAHHOH CHCTEMBI B LI&NOM. Pe3y/IbTaTel pacuera NnpeicTaBbT(
B BHJle TabJIHLEbI,

36. Ilpu 298,2K u 1,01-10°% Ila monApHas sHTponusl anMasa paBHa
2,457, a rpacmra 5,73 JIx/K. Tennora cropanus anmasa387,9, a rpadura
382, x/lx/moab. IlnotHocTH anMasa M rpaduTa COOTBETCTBEHHO pPaBHbI
3,513-10% u 2,26 10® kr/m®. Paccuuraiire AH® nepexofia aamMasa B rpaduT
npu 298,2 K u 1,01.10° I[Ta. Kakas gopma — rpacur uiu aaMas — aBis-
ercsl cTaGMJIbHOH NpH STHX YCJIOBHAX? MoxKeT /M GuTh NoJyuYeHa Apyras
craGuibHas GopMa NpH NOBHIIEHHU AaBleHHA? Eciu 1a, TO KakuM JOJ/K-
HO GLITH JaBleHHe?

37. Onpenenure craHnapTHoe H3MeHeHue 3Hepruu [u66ca npu 298 K
dns peakuun ZnO -+ CO = Zn + CO,. Bemuuunsl AH$9s u ASgs
HaiiluTe no cnpasounuky [M.].

38. Brenure 3aBucumocth AGY or T 119 peakuuu

I/QHQ—{‘I/QC! == HCI

3uavenns AH3s, AG3os u 3aBHcUMOcTH Cp = f (T) HaiinuTe na cnpapoy-
Huky [M.].
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39. Onpenenute AH®, AUO, AA“, AG® u AS® npu 298,2 K nasa peak-
LHH

CyHy +2H,0 () -+CH;COOH () 4 H,

Heo6xonuMble JaHHble BO3LMHTE H3 cnpaBdanKa IM.].

40. Bouncivure AGSgs ana peakuuu C (rpadut) + 2H, (r) = CH,(r),
npuueM AH3qg onpenenute M3 CIEAYIOUIHX TEPMOXHMHYECKHX ypaeHe-
HHUH: '

CHy (1 +20, (r)=CO, (r) +2H,0 (x)+AHJgq,
CO, (r)=C (rpadut) 4Oy (1) —AHY4,,
2H,0 (%) = 2H, (r) 4 Oq (r) —2AH 4q.

3uauenust AS3gs BLIUHCIHTE C IOMOILBIO nocryaara [1nanka.
41. Boruncanre AGoo AN1s1 ceyOmHuX peakuuii:

2C0,=2CO+ 04 (1); CO+H;0=CO0, +H, (2);
2HI = Hy+ I, (3); CO+2Hy=CH,OH (4); 3H;+Ng=2NH, (5)

Bemvunbl AH3gs, S39s M Cp = f (T) waiinute no cnpapounuxy [M.].

42. Onpenenure usmenenne U, H, S, A u G u xoHeunsie 3gayenna Vu T
npu aauabaTHyeckom paclumpenuu 1o 1,013-10° ITa 1-10-% m® xucnopona,
B3storo npu 298,2 K u 5,065- 10° [Ta. MonsipHas TenoeMKocTh KHCIOpOAa
npu nocrosHHoM Jasiaenuu 20,63 [x/(monb- K), monsipuas auTponus npu
298,2 K u 1,013-10° ITa cocraBasier 206 [Ix/(monb- K).

43. Tlokaxute, 6yJeT I B3aHMOAEHCTBOBATD 3THJIeH ¢ Bofiof npH 298 K
u 1,013-10° [1a.

44. Tlokaxure, GyfeT JH B3aUMOJEHCTBOBATbL BOAOPO C KHCJIODOJOM
npu 180 K u 1,013-10° [1a.

45. Tlokaxure, GyleT Au B3auMOAEeACTBOBATL a30T ¢ BOAOPOJIOM MpH
700 K u 1,013 10° Ia. ]

46. Insa peakuun Y4 N, + 3/, H, = NH; nano:

AG§.=43540-+-29,7 1g T 4-15,87.10—3 T2.

Bhlunciure a1 sToit peakuuu AS§gs H cOnocTaBbTe MOMYYEHHOE 3HAUEHHE
¢ JaHHBIMM cnpaBoudHka [M.].
47. [lna peakuun 2H, + S, = 2H,S nano

AGY-= 168 300 30,35 Tlg T —5,07-10~3 T3,

Briunciure AS39s u conocraBbTe C JaHHHMH CHpaBouHHKa [M.].
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MHOTOBAPHAHTHBIE 3ADAYM

1. Paccuutaiite H3MeHeHHe SHTPONMH HPH HArPeBAHHH (oxnaxnenuu)
NpH NOCTOAHHOM JaBNEHHH B HHTepBaje Temneparyp ot T; 1o T, g Kr Be-
mecTBa A, eCTH H3BECTHbl €ro TEMIEepaTypH NJIABJEHHA H KHIIeHHsA, Ten-

JIOEMKOCTH B TBEPJOM, XKHJIKOM H Ta3006pa3HOM COCTOSHHAX, TEMJIOTH
IJIaBJIEHUA U HClapeHHA*.

SE
2% Bewectso A g, Kr T, K Ty, K
1 | Bry (Gpowm) 25
2 | HyO (Boxa) 45 %? :lzgg
3 Hg (pTyTD) 40 193 673
4 [ CCly (rerpaxaopun yraeponma) 80 323 373
5 | CH,0, (Mypasbunas xuciora) 10 393 273
6 | CoHCI:O5 (TpuxsopykcycHas xucaora) 15 160 350
7 | CH,0O (meranou) 80 303 473
8 | CoH3CIO, (xa0pyxcycnas kuciaora) 15 423 313
9 ) C;H, O, (ykcycHas xucsiora) 8 423 223
10 | C;H¢O (sranon) 50 373 143
11 { C3HgO (aueron) 10 173 373
12 } C4H140O (srnaosuit spup) 50 143 323
13 | CsHys (#-nenran) 35 323 133
14 | CsHs (Gensoum) 1 383 273
15 | CgH,z (unkaorexcan) 100 373 273
16 | C¢Hyy (n-rexcan) ' 19 173 373
17 | C/Hg (tonyon) 50 423 173
18 | CgHyNHCH; (n-Mernnannnnm) 40 423 303
19 | CioHs (nadranun) 25 328 523
20 | C1yHgO (a-nadron) 75 579 - 323
21 | Cel0yp (0-kcHMOM) 60 423 223

2. Onpenennre AS, AU, AH, AA, AG npu cvemenun V, M3 rasa A
u Vp M® rasa B; T = 298 K. HauanbHoe napnenne rasos paeao 1,01
X 108 ITa. Koueunniit o6beM cmecn V=V -+ V. Tass A 0 B u HX 06be-
Mbl NIDHBEIEHH B Ta6aHIue HA ¢. 95 (NPHHATH, YTO JaHHLIE BEIECTBA MOJ-
YHHAIOTCA 3aKOHAM HJealbHHX Ta3oB).

3. BbluMciinTe BoO3pacTaHHe SHTPONHH NpH cMellleHHH Va M3 rasa A
npu Temneparype Th u Vp M3 rasa B npu Temneparype Ts. [Tpouecc ocy-
mecTBaferca npH V = const. [IpuHATb, uTo JaHHHIE BemecTBa NOAUHHA-
IOTCA 3aKOHAM HJeaNbHBIX ra3oB, HauanbHoe nasiedue 1,013-10° I1a, xo-
HEYyHOoe JaBieHne cMecH P (ta6n. Ha c. 95).

* CpellHHE TEN/IOEMKOCTH BENIECTB BO BCEX arPeraTHHX COCTOSTHHAX, TENJAOTH
NJIaBJI€HHA H Henapeuus Haiiiute no cnpabounuky [C. X., 1. 1]. Tensaors nepexogocs
H3 0AHOA MOAH(HKAUKK B APYIyI0 He YUHTHBATh, [IPH OTCYTCTBHH JAHHMX NPHHATH,
YTO TENJIOEMKOCTH He 3aBHCAT OT TeMnePaTyph. 3HaueHHA TenJoeMKoCTel, OTCYTCT-

_BYIOLLHe B CIPaBOYHOM JHTEpPaTyPe, BHUHCJAKTL NPHOIHKEHHO, HCIOAB3OBAB AaHHbe
cnpaBoynuKa [M.].
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No nepH- Irag a | V4 ;“,o" Ta K Tas B VBR",‘ 0% |75 K P, Ia
1 H, 1 303 N, 2 290 101 325
2 H,O 5 388 O, 6 3i0 101 325
3 He 7 275 CO, 8 290 131 722
4 He 1 277 H, 5 303 303 975
5 CH, 7 268 CgH, 9 288 172 252
6 CH, 2 298 Ne 3 283 303975
7 CcO 3,3 268 CyH, 4 300 70927
8 CO, 6 280 N, 7 310 141 855
9 CO, 7 258 CO 9 278 40 530

10 CO, 2 303 CH, 4 289 810060
11 C,Hg 3 268 Xe 6 296 206 450
12 CyH, 8 313 CH, 9 289 151 987
13 Ny 7 280 Cly 9 299 192517
14 N,y 4 293 H,0 7 383 101 325
15 0, 6 333 N, 8 297 | 506 625
16 O, 1 333 H, 4 290 101 325
17 0O, 1 303 Ar 3 298 101 325
18 Fa 4 281 Cl, 5 292 182 385
19 Ne 1 278 Ny 8 296 50 662
20 Cl, 5 243 N, 7 278 50 662
21 Clg 1 308 Ar 7 292 253312
22 Ar 1 276 He 6 . 291 151 987
23 Kr 2 276 CO, 6 288 121 590
24 Kr 2 278 CO 7 308 40 539
25 Xe 3 263 F, 6 286 172252 -

4. Boiuucaute AS ans npolieccos nepexofa 1 Moab raza A us cocros-
aus 1 (P; = 1,013-10° [1a, T, = 298 K) B cocrosnue 2 (P,, T5).

= — = =

SgfTea Prsl0= i x Sa|Tes A Pe-1072 {7, K& 4| Taa A P:-rllg“‘Qv T,, K
5 52 s 2

1 Hg 1,33 250 10| COq 13,33 750 (18] F, 13,33 400
2] HO! 13,0 350 || 11| CyHg | 133,30 800 |[19] Ne 133,3 450
3| He | 1330 | 200 12| CHg | 1333 | 850 20| Cl, | 1333 | 500
41 He 1330 450 [[13] N, 1,33 900 (21| Cly 1,33 550
5|cH, | 1,83 | 500 [14| N; | 13.33 | 950 22| Ar | 13,33 | 600
6 | CH, 13,3 550 [[15] O, 133,3 | 1000 {23! Kr 133,3 650
71 CO 133 600 16| O, 1333 250 {124 Kr 1333 700
8 | CO, 1330 650 {[17] Oy 1,33 350 25| Xe 1,33 750
olco,| 1.3 | 700

5. Onpenenute HaMeHeHHe cleAylomnx dynkuui: 1) AS u AG npu
P = const; 2) AS u AA npu uarpepannu rasa ma 100° (V = const).
JlanHble A1 Ta30B CM. B 3ajaue 3.

6. VmeioTca ABa cocyla, H30JHMPOBAHHbE OT BHEIIHEH cpelpl. B ojHoM
HaXOAHTCA Ny MOJIb TBEPAOTO, M, MOJIb XKHJIKOTO BellecTBa A npH Temnepa-
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Type NJ4aBJ€HHUS, B APYTOM f1; MOJIb TBEPJOTO H M, MOJIb AKHJKOrO BEIIECTBA
B npu temneparype niaapnaenns. O6a cocyia NpHBOIATCS B CONPUKOCHOBE-
Hue. OnpesnennTe, B KAKOM HanpasJieHHH OYAeT NPOXOAHTb NPOLECC B CH-
creMe; Kakoe BeulecTBo — A uian B — Oyzer nnaBuTbes HJIM 3aTBeple-
BaTb. [IpH KakHX YyC/IOBHAX cHcTema npuuer B pasuoBecue (7, ny, n,)?
BbeluncaHTe H3MEHEHHE SHTPONUMHU CHCTEMBl IPH NEPEXOJE H3 HCXOIHOTO CO-
cTosiHHst B paBHOBecHoe. O6paTuM HJIH HeoOpaTuM AaHHHIH mpouecc? [das
pacueTa BOCNOJIb3YHTeCh CJELYIOMMMH JaHHHMH H crnpaBoynHkoM [C.X.].

. BewnjectBo . BeuiecTso

& &

S n nfl 8w ny | Ny
1 H,0 CH,COOH 10,7/0,3j 14 C,Hs(OH,) | CH;COOH |[0,4{0,
2 H,0 C;Hs(OH), 10,6/0,4( 15 HCOOH CyHs(OH), {0,4(0,
3 H,O (CH,)s 10,2[0,8j 16 HCOOH CH3COOH {0,3}0,
4 H,0 HCOOH ]0,4/0,6} 17 HCOOH (CHy)s  [0,7/0,
5 H,O Ce¢HsNH, '10,3/0,7 18 CH,COOH (CH,)s 10,4[0,
6 CeH, H,O 0,5(0,5[ 19 | C;H,COOH [n-CgH,(CH,),0,3]0,
7 CyHg CH,CO OH 10,7(0,3} 20 |- C;H,COOH CH,COOH (0,40,
8 CgH, (CH,)s 10,6{0,4) 2t C,H,COOH (CH,)s¢ 10,2/0,
9 CgHg C,Hs(OH); [0,3]0,7) 22 C,;H,COOH HCOOH |0,6)0,

10 CeHs HCOOH 10,4]0,6] 23 C,H,COOH CeHs 0,70,

11 { n-C¢H,(CH;), | CH,COOH [0,3|0,7]| 24 CH,COOH C,H;(OH); 10,50,

12 C;Hy(OH);  |n-CgH,(CH,),/0,2]0,8) 25 C,H,COOH CsHs;COOH {0,110,

13 C;H;5(OH), (CH,); 0.3(0,7

7. Brwuncante W, AU, AH, AS pnsa npoueccoB nepexofa HaeajbHOTO
rasa u3 cocrosuus 1 (Py, T,) B coctosiaue 2 (P,, T,):
1) npu_u3oTepMHMUECKOM pACIIHPEHHH H H306apHYECKOM HATPEBaHHH;
2) npuH H30TEPMHYECKOM paclIUPEHHH H H30XODHYECKOM HAarpeBaHWH;
3) npu agnabaTHYECKOM pAaCHIHPEHHH H H300apHYECKOM HarpeBaHHH;
4) npH axuabaTHYECKOM DACUIHPEHUH M M30XOPHUECKOM HATPEBAHHH.

Cocrtosinne 1 Cocrosine 2 Cocrosinne 1 CocTostine 2
Ne Ba- Ne ma-

pHauTa Py, Ma l 7. K| P,, Ta l Te, K pHaHTa

Py, Ta ITl’ K P,, Tla Tse K

101325 | 273 | 506625 | 540
101325 | 273 60 795 | 560

84060 | 285 40530 | 600
121590 | 298 70927 1 590
151987 [ 280 81060 | 600

202650 | 300 | 121590 | 700
243180 | 300 | 162120 ; 600
263445 | 285 | 182385 | 700
172252 | 298 | 162120 | 500
162120 | 300 81060 | 400

QU WO DN —
[e=RaXo TR Nop)
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8. Paccunraiite AH, AU, AS, AG pas caenyolluX NpOLECCOB:

N"’aﬁig"' IIpomece, YcAOBUS MpPOTEKAaHMUS

1 H,O (%, 273 K, P=1,01-10° Ila)=H;O (t8, 273 K, P=1,01-10° ITla)

P) H,0 (18, 273 K, P=1,01-10° ITa)=H;O (8, 263 K, P=1,01-10° Ia)

3 HO (x, 263 K, P=1,01-10°% ITa) =H:0 (x, 273 K, P=1,01-10° I1a)

4 H,O (B, 263 K, P=1,01-10% [1a) =H,0 (x, 263 K, P=1,01-105 Ila)

5 H,O (%, 298 K, P==1,01.10° Ila) = H,O (x, 273 K, P==1,01-105 Ila)

6 HO (%, 373 K, P=1,01-10° Ta)=H:0 (r, 373 K, P=1,01-10° [1a)

7 Hieanvuntii ras (208 K, P=1,01-10" [1a) =Haeanbunfi ras (298 K,
P=1,01-105I1a)

8 Hpeannunii raz (208 K, P==1,01-10° [Ta) =Hpeanenuit ras (298 K,
P=101-10° I1a)

9 H,0 (k. 298 K, P=1,01.10%TTa) = H,0 (r, 298 K.P =3,03.102 Ila)

10 CsHs (x, 353,1 K, P=101-10°Tla)=CgH,s (r, 353,1 K, P=1,01.105 ITa)

11 CeHe (%, 353,1 K, P=1,01-105 [Ta) =CeH; (r, 353,1 K, P=0,9-10° I1a)

12 Ce¢Hs (%, 353,1 K, P==1,01-10° ITa)=CeH; (r, 353,1 K, P=1,1.10°I1a)

13 H,O (%, 373 K, P==1,01-10° ITa) =H,O (r, 373 K, P=0,8-10° Ila)

14 HyO (%, 298 K, P=1,1.105 TTa) =H:O (r, 298 K, P=1,1-10° Ia)

M3 noayuenHeix pe3y/bTaToB cAesaire BbIBOJ O HalpaB/JeHHH INpolecca.

9. [Ipu nepexoze BeulecTBa (Nlapbl 3TOrO BellecTa MOJUHHSIOTCS 3aKO-
HaM HA€AJIBHOTO ra3a) U3 XKHUAKOro COCTOSHHSA B rasoo6pasHoe NpH TeMmIepa-
type T u paaenuu 1,01-10° [Ta pacxopyeTcsa TemaoTa napooGpasoBaHHus.
[IpuHATH, YTO TEN/IOTA HCIIAPEHHS] HE 3aBHCHT OT TeMIepaTypel. Beuncin-
Te W3MeHeHHe suTponuu, sHepruy ['n66ca, snepruu I'enbMrosnbua, BHyTpeH-
Hell SHepruH, SHTAJbNHH U paboTy pacluHpeHHs | MoJib BEIIECTBA B 3TOM
npouecce. Onpenennre u3MEHEHHE NEPEUHCTEHHBIX (QYHKUHH, €cnH napbl
1 mMonb BemectBa A marpepatotcs ot Temneparypsl T go T -+ 25°: a) uso-
xopuueckH, 6) HsoGapuueckd. Ha ckosnbko rpagycoB mogussiack Gbl TeM-
nepaTypa BellecTBa, €cu 6bl H3MEHEHHE BHYTPEHHEH SHEPTHHU IIPH Nepexo-
J€ M3 KHIKOTO COCTOSIHHS B ra3006pa3Hoe BhipaXXaJloch B NOBLILIEHHH TEM-
neparypb? Heo6xouMble faHHble BosbMHuTe H3 cnpaBouuka [C. X., T.1].

P 3 E 5E

;i T, K BeujectBo ;g T, K BeecTtBO %% T, K Bemectro
1 20,4 H, 10| 283 CS, 18] 20 Ne
2 | 283 H,O 11| 273 C,N, 19/ 4 He
3 293 HCN | |12 251 CNCI 20 262 SO,
4 | 202 H,S 130 73 N, 91| 231 Cl,
5 189 HC1 14 239,7 NH, 22 85 F,
6 190 HBr 15 121 / NO 23 210 Br,
7 236 HI 16 184 N,O 24 122 Kr
8 81 CO 17 85 O, 25 165 Xe
9 194 CO,

4 3ak. 767 97



FTJAABA VI
3JEMEHTbHI CTATUCTHYECKOH TEPMOJIHHAMHKH

OCHOBHHe YDPABHCHHA H CHMBOJADBI
[T., c. 327—343; J1. c. 582—602]

CrarHcTHuecKas MEXaHHKa OObACHSET CBONCTBA BEllecTB Ha OCHOBAHUH
CBOMCTB COCTaBJSIIOLIMX 3TH BellecTBa MOJIEKYJ aTOMOB, HOHOB, MOJIEKY/:
KOMIIIEKCOB H CBOGOJHBIX pagHKanoB. Kak TepmojiHHaMHYyeCKHE CBOHCTBa:
BellleCTB, TaK H HX PEaKLUHOHHYIO CIIOCOOHOCTb MOMKHO PACCYHTATb C NOMOw
L[BIO CTATHCTHYECKOH MeXaHHKH NPH YCIOBHH, YTO HMEIOTCS CBEJeHHA
O MOJIeKyJ/1aX BellecTBa.

CBA3b MeXJy 3HTpONHeH H TepMOAHHAMHYECKOH BEPOATHOCTHIO BHIPa:
*)aercsa ypaBHeHHeM BoabnMana

S=kInW. ' (VIIL1)

Tepmoauunamuyeckass BepPOATHOCTb CHcTeMbl W — YHC/IO MHKPOCOCTOS:.
HHH, KOTOpHIE COOTBETCTBYIOT AaHHOMY MaKDOCOCTOSIHHIO MPH HEH3MEHHOM
PaBHOBECHOM COCTOSIHMH, onpeje/seMoM napamerpami P, T u V. .

BHYTpeHHAA 3HEPrHsA BELIECTBA CK/IAALIBAETCS H3 SHEPrHH TOCTYMas:
TeNbHOT0 Uy oo, BpamiaTennsoro Usgp, BHyTpeHHero Uy, [BHKEHHS W
3HEPTHH MOJIEKYJIAPHOro B3anMomeHcTBusl Uys;

U=UDOCT+UBD+UBH +U33. (VI"-2)

Ecau xe cHcrema HaXOJJUTCA B HACA/BHOM F33006paSHOM COCTOAHHH, TO
JHEPrHA ABHIKEHHA KaxJI0Hu MOJIEKYJIbl CKJIAAbIBACTCA H3 COCTaBAAIOUIHX:

E=Enoer+Epp+ Epu.pp -+ Exon+ Eou~+Eag, (VIIL3)

rae Egoe, — 3Heprus MOCTYMATe/bHOrO IBHMKEHHS MOMeKyabl; Eg, —
*3HEPTHA BPALIATEJBHOrO ABHIKEHHS MOJNEKYJHbl;, E,, .. — 3HeprHs BHYT-
peHHero BpaileHHs (3IHEPrHus BpAalUleHHA OJHOH TPYMNBH aTOMOB OTHOCH-.
TEJBHO APYrofl BHYTPH MONEKYJH); Eyon — 3HEprHA KoneéaTe.anoro‘)
JABHXKEHHS aTOMOB B MoJeKyae; E,; — 3HeprHa JABHXKEHHS 3/1eKTPOHOB
B atomax; E,; — 3HEprus BHYTPHAJIEPHOTO ABHIKEHHS.

BHYTpeHHAA 3HEePTHA BEllecTBa MOXKeT ObITh 3aMHCaHa TakK:

U=SNE;, (VIIL4)
t

rae N; — 4yHClIO MOJEKY/ Ha i-M 3HEpPreTHYecKOM ypoBHe; E; — 3Heprus
{-FO IHEPreTHYECKOro ypoBHA. UHC/iO MONEKYJ, 3ace/IAIOHX BCe IHepre-
THYECKHE YPOBHH A1 | Mo/b BeuiecTBa, PaBHO MOCTOAHHOH ABoraapo:

SN =N, (VIIL5)
i

Onpenenenne BHyTPEHHE! IHEPTHH HAYHHAIOT C pacyeTa IHEPTHH Ha HyJIe-
BOM 3HEPreTHYeCKOM YpOBHE. BHYTDeHHSs 3HePrHsa HYJEBOTO 3HeprerH-
YeCKOT0 YPOBHSA COCTOHT H3 IHEPTHH BHYTPHAAEDHOrO ABHIKEHHS, 3JEKT-

98 -

POHHOM 3HEPTHH, 3HEPTHH KO/NeGaTeNbHOrO ABHXKEHHS Ha HYJEBOM Kole-
GarebHOM KBaHTOBOM YypOBHE:

U“‘Uo=Unoc'r+Uap+Uau.ap+(u_uo)uon- (V"LB)

3aceneHHOCTD KaXJA0ro BO3MOXKHOIO 3HEPreTHYECKOro YPOBHA HaXoAAT
o ypaBHEHHIO
N;=Ng e~ Ei/*T, (E;=E,—E,), (VIILT)

rie N, — 3ace/IeHHOCTb HYJEBOro JHepreTHuYecKoro yposHs; E; — 3Hep-
s (-TO SHEPreTHYECKOro yPOBHA; K — KOHCTaHTa Bonbimana. DHepreTu-
YeCKOMY YPOBHIO COOTBETCTBYET ONpeAe/IeHHAas 3Heprus.

+ Hekoroprie 3HepreTHuecKHe YPOBHH BHIPOXJEHE, T. €. 3HEPreTHYeCKo-
MY YDOBHIO MOXET COOTBETCTBOBaTb HECKO/IBKO PA3/THYHbIX COCTOSIHHA ¢ OA-
HOM M TOf ke 3Heprueii:

Ny= No gie ~EJRT, (VIIL8)
&o

rie go — CTeneHb BHIPOXKIEHHS HY/IEBOTO IHEPreTHYECKOTO YPOBHA; gi—
CTeNeHb BLIPOXKAEHHS (-TO IHEPreTHYeCKOro ypoBHA. [lJA ABYXaTOMHBIX
MOJIEKYJI TOCTYMaTe/bHOe ABHIKEHHE HE BHIPOXKIEHO, KaXKAHA BpaliaTe/b-
HBIf ypoBeHb BoIpOXKAeH (2f -+ 1) pas, rne j — BpalilaTe/1bHOE KBAHTOBOE
4HC/I0; KoJebaTe/IbHOE [ABHKEHHE He BHIDOMKIAEHO, KaXHAbA 3/MeKTPOHHBIH
ypoBeHb BhipoxaeH (2S - 1) pas, rae S — cymMmapHbIfi CIHH MOJIEKYJIBI.
C yuerom BHIPOXKAEHHS 3HEPTeTHYECKHX YDOBHEH

N E [kT
Ny= —2 g e ", (VIIL9)
8
rae
Q=—"2‘g¢e—£‘/“‘— (VIIL 10)

MOJIEKY/ISIPHAS] CyMMa 110 COCTOSIHHAM (MpeAcTaB/seT COG0H CyMMy MHOXKH-
resielt BonplMaHa, 3aMHCaHHRIX /19 BCEX BO3MOXKHEIX IHEPreTHYECKHX CO-
CTOAHHA MOJIEKYJIBI).

" B paspepHYTOM BHJAE CYMMa MO COCTOSHHSAM A/l OTACTBbHOA MOJEKYJIbl
(MostexynsipHasi CyMMa MO COCTOSIHHSIM) 3alTHCHIBAETCA TaK:

Q=gre BT L go—EalkT | g o= EslkT | (VIIL11)

CyMMY MO COCTOSIHHSIM MOXKHO 3alTHCATh HECKOJIbKO HHaue, eCJH MpH-
HATh COCTOSIHHE MOJIEKYJIbE ¢ HauboJiee HH3KOH 3Heprueh 3a HyJesoe, a co-
OTBETCTBYIOMLYIO 3HEPTHIO Hy/1eBofi 3HepTHH E , H BLIPOKAEHHOCTD HYJI€BOTO
ypoBHA 0003HAYHTE gy:

Q=goe Fol*T g e BT g o= Es/RT o = g, e~ Ed*T, (VIIL12)
i

TOTZa CYMMHDOBaHHE MOMET ObiTb PaclPOCTPAHEHO HA BCE BO3MONKHBIE
3HepreTHYeCKHe COCTOSIHHS MOJIEKYJIHI.
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Hajo nOMHHTH, YTO A/ pacyera TePMOAMHAMHYECKUX (PYHKUHH HeoG-
XOAUMO BBeCTH GoJsiee HIMPOKOE MOHATHE CYMMbl 10 COCTOSHHSIM CHCTEMBI
(Z). PaccMaTpuBasi COCTOSHHE CHCTEMBI B LIEIOM KaK (GYHKIIHIO COCTOSHHSA
COCTaBJSIIOMUX ee yacTHil (MONeKyJ), HeoOXORMMO pa3nyvarh Ba clyyas.

1. CBoficTBa CHCTEMBl 3aBHCAT OT TOrO, KaKie HMEHHO OTAe/bHbIe Yac-
THIB O6JAAJAI0T TEMH HJH HHBIMH XapaKTepHCTHKAMH, T. €. YAaCTHIIBI CYuTa-
I0TCS pa3/IuuKMbl OJHA OT APYrOH.

9. CpoficTBa CHCTEMBl 3aBHCAT TOJBLKO OT YHCJa 4YacCTHIl, pacupeaenes-
HBIX B PYMNIBE 110 NPH3HAKY OOJajaHusi YNOMSHYTHIMH XapaKTepHCTHKa-
mu. Camy Ke YacTHILI B 9TOM c/lyyae HepasJHYNnMBI.

s pasamuuMbix Hactul. B cucreme, cocrtosne#l 43 N OAHHAKOBBIX
MOJIEKYJ1, KaXkaasi MOJIeKYJ/ia MOXKeT o0J/ajath OAMHAKOBLIM PAAOM SHEp-
FeTHUECKUX COCTOSIHUH.

Ecau 0603HauuTh HHAEKCAMH iy, iy, ..., iy COCTOAHUSA N uHAUBHAYAND-
HBIX YACTHI, TOTPH OTCYTCTBUH B3auMOJEHCTBHsI MeXIy HHMH SHEprus
cHeTeMbl BbIPA3UTCA COOTHOLIEHHEM

Eirs g weer iy=Egy FEis oo 4-Eiy. (VI 13)

[pu sTOM Kaxk10€e 3ajaHHoe 3HaYeHHe UHIECKCOB {1, g, Lgy .-, Ly COOTBET-
CTBOBAJIO Gbl OTAEJIBLHOMY COCTOSIHHIO cHcTeMbl B 11e10M. Cymma 1o coctos-

HUAM CHCTEMbl 3anyilercsa B BUJe
7 =Sl —Ej FEy e HEGIRT o (3o EIRT)N QN (VII1.14)

rae E; — sHepreTHueckoe COCTOsIHHE MOMeKyJbl; { —- MOJeKyasipHas
CyMMa TI0 COCTOSIHHSIM.

Ipu 3anucu ypasuenus (VIIL.14) umeercst B BULY CyMMupOBaHue no
[ OTAeNbHHIM YPOBHAM. B ciyuae yuera BHIDOXJIEHHS, KOTJ2 HECKOJbKO
ypoBHe#l c6najaior OJMHAKOBOH 3Heprucii, MOXKHO 3amucaThb

—E. N N
z= (Zé’ie E"”) =Q, (VIIL15)
t

e g; — creneHb BbIPOXK/IEHHS (CTAaTHCTHUECKHH Bec).

TakuM 06pa3oM TNOAY4YEHO BbIpaXKeHHe U1 CYMMBI 110 COCTOSHUAM CH-
cTeMbl, cocTosiiledi #3 N pasnuuHbix HeB3auMOJeHCTBYIOIMUX YacTH (Kac-
cHuecKas cTaTHCTHKa Makcsenna — Donblmana).

Jlns Hepa3AHUHMbIX 4acTHL. PaccMOTpUM cHcTeMy, COCTOsiHHE KOTO-
poii onpefeasieTcss NPOCTO yKa3aHHeM YHC/a YacTHIl, HAXONAKXCS B BO3-
MOMKHBIX SHEDIeTHUeCKUX COCTOSIHUsX. B oTnuune ot cratuctuku Makcsen-
na — DonbiMaua 3aech Ge3pasNuyHe, KaKHe UMEeHHO YacTHUbl HAXOAATCA
B TOM HJIH HHOM cocTosiHuH. MHBIMU Cl0BaMH, YaCTHIB CUHTAIOTCH Hepas-
JUUEMBIME ¥ 3[€Ch NPHMeHsieTCs KBaHToBasi cratucrika (Bose — Diinm-
refina 4 Gepmy — upaka).

CyMuMy 110 COCTOSIHHSIM HEANBLHOTO rasa, CoCTosero #3 N ouHaKkoBbIX
MOJIEKYJ], MOXKHO TIPeICTaBHTh B BHJE

1 ‘;‘ —Ei/kT N 1 N
- — , = — oV, 1IL16
= (‘T‘g'e ) v ¢ (VIIL.16)
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3/eCb CYMMHpPOBaHHE NPOH3BEAEHO NO BCeM YPOBHAM 3HEPruu, a He No
KaX1OMy HHIHBHAYaJlbHOMY COCTOSIHHIO.

CpaBnuBasi BbIPAXKEHHs CYMMhI 110 COCTORHHAM A/ CHCTEM pa3JHyH-
MbIX ¥ HEpazJMYUMBIX YacTHI, BHJHM, YTO YCJOBHE HepasJuYuMOCTH yac-
THIL BeJIeT K NOABJIEHHIO B CYMME 110 COCTOSiHUAM CHCTEMBI JI0TIC/ HUTENLHOTO
muoxuTtens 1/N!. CyMMy no COCTOSSHUSM CHCTEMbl Ha3bIBAIOT Takke 6OMb-
IIOAR CYMMOH MO COCTOSIHUSAM.

Jns BbluMCNeHus BHYTPEeHHel SHepruy cucTeMsl npoaudepeHunpyem
GOMBILIYIO CYMMY 110 COCTOSSHHAM 110 TeMIlepaTtype NpH NoCTosiHHOM ofbeMe:

9ZY_ N w-i( R .
(ar)_ " Q (ar)' (VHL17)

YMHOKaeM npousBoiHyio Ha kT? u nenum Ha Z:

olnz alnQ @By —Ei/kT
kT? = kT2 N = -
\ ) ( or ) Q °© )
gE — Eq4/kT E —E. kT
LaZy —E/RT L Binl —EJRT (VIIL18)
Q Q
N e——Bi/kT
CornacHo ypasHeHHIO —-N‘— = ﬁL—Q—— AJ1s 1 Moab rasa
dinZ dlnQ dinQ
U=kT?|— = NRT? |——— |=RT2|—— | =
(ar)v (aT)R(aT)
:(ElN1+EzN2+---‘}"EiNi"i"-')=;EiNi' (VIIL.19)

BHyTpeHHIOI0 3Hepruio yaobHee pacCUMTHBAThL MO OTAENbHBLIM COCTaB-
JAIOIHM BHAAM IHEPIHH NABHIKCHHA:

Unger=1,5 RT, (V1I1.20)

Ui, up=0,5 RT, (VIIL.21)

rie U;,5p — cocraBnsiomasd BHYTPeHHeH SHEPruy BpalaTe/bHOrO JBHXKe-
HUA JJ/si ORHO# cTeneHy CBOOOALI BpAleHHA.

JByxartoMmuble 4 nuHeiiHbIE MHOTOATOMHBIE MOJIEKY/Ibl HMEIOT JIBE CTene-
HH CBOGOJBI BPAIATEILHOTO JABHKEHHS, HelHHeliHble MHOTOaTOMHbIE MOJIe-
KyJbl — TPH CTeNeHH CcBOGOABI BpailaTelbHOro ABHXeHus. Konebartenn-
Has COCTaBJSIOIlas BHYTpeHHeH 3Heprdu

hwic hw; ¢ 0,
by _ R R BT |
T )KOJ‘I th/kT___l eh(l)iC/kT__l _eG/T-—l » (VII!.22)

rle 0; — npusefleHHas TeMmneparypa.

® U—U, . .
YHKLHS | ——— AJIs onpefenenHbix 3HaueHuit 8;/T ans nunefiHoro
. ROJ

rapMOHHYECKOro OCHMJ/INATOPA PACCYHTAHA U NPHUBOAMTCA B TabiHnax Tep-
MoAuHaMHuecKuX QyHKUMH Dfipmrelina. [N MHOTOATOMHBIX MOJIEKYJN KO-
Jebate/bHYI0 COCTABJSIOLLYIO BHYTPEHHEH 3HEPrHH pacCuUuTHBAIOT A1
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KaXzaoll creneHn cBoGObl KOJIe6aTe/IbHOTO JBHMKEHHA OTAGJNBHO H CyMMH-
PYIOT 1O BCeM CTemeHaM CBOGObI KOEGATENbHOTO ABHKEHHS. HOas gByx-
ATOMHHIX M JIHHEAHBIX MHOTOATOMHBIX MOJIEKYJl 9HC/IO KOJleGaTesIbHbIX CTe-

neneit csoGOABI

fxon=3n—35, (VII1.23)
Ana HeJlHHeﬁHHX MHOrOaTOMHBIX MOJIEKYJ , .
fron =23n—6, (VI 24)

Te 7 — YHCJO aTOMOB B MojekyJe. [IpH Haanuny creneit ¢cBOGOAH BHYT-
PeHHero BPAIeHHs Y MHOTOAaTOMHBIX MOJIEKYJT /I O/IHOH CTeneHH CcBOOOAB

Usx.p=0,5RT. (VII1.25)

TennoeMKOCTb CV /i3 KaXKAOro BHJA JBHXKEHHSA pacCUMTHIBAIOT N0 ypaBHe-

HHIO
oU L 02InZ ) (aan) ]
L=\ =C.- =k —_— oT =
( T )V- Cy; Cy [T’( aT? v+ aT Jv

Nk 2InQ oInQ
- —_ |, VIII.26
R [Tz( oTe )+2T( oT )v] ( )

JIna rasos, COCTOAINMX H3 ABYXaTOMHBLIX MOJIEKYJ, H30XOPHYIO TelJo-
€MKOCTb OIpese/aloT N0 ypaBHEHHIO

Cy'= d(Ld’;U” = :T 2,5RT +——§7(*—/_qu—. (VIIL.27)
TennoeMKoCTb ynoﬁﬂee paCC'-lHTbIBaTb no OTHEAbHBIM COCTaBJAIOIHM:
Cy=Cy, nocr +Cap+Croa, (VIII.28)
Cy, nocr +Cap=2,5R, (VIII.29)

(3]
Cy. (VI11.30)

Kon = (2T —1)?

B ra6auuax TepMoxiMHamuueckux (yHKiu#l DiiHmTefina 15 JHHEAHOTO
rapMOHUYECKOrO OCLHJIIATOPA (PYHKUHH

2
(2] 2"

CE = (eG/T-I— 1)2

AQIOTCS JVisi onpefenennbix 3nauenuit 0/7. A MHOTOAaTOMHBIX MOJIEKYJ
KoJle6aTe/bHasi COCTaBJAINLAA TEJOEMKOCTH paBHa cymme Cg no BeeM
CcTerneHsM cBOGOJ! Ko/e6aTebHOTO ABHKeHH . [Ipy HaTHYHH y MHOrOaTOM-
HOM MOJIEKYJIBl CTeneHef CBOGO/b! BHYTPEHHETO BPallleHHs CJENyeT YHHTH-
Batb eme Cy, su.sp — TEIVIOEMKOCTb, MNPHUXOAALLYIOCS Ha BHYTpEHHEC
spamenue, Coraacuo (VIII1.21) u (VII1.27) nmeem

’ =0,5R. (VIIL.32)

(VIIL.31)

CV.BH.Bp
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TepMoanHamuueckasi BeDOATHOCTb CBfi3aHa C CYMMOH N0 COCTOSHHAM
_CHCTEMHl CJIEAYIOIUM YPaBHEHHEM:

InW=InZ+UJkT. (VI11.33)

Ypaszenue (VII1.33) conepuT Bce OCHOBHHE CBEAEHU A, KOTOPhIE TEPMOJIH-
HaMHKa MOXKeT J1aTh OTHOCHTEJIbHO CBOHCTB CHCTEMH H OGECIeUHTDb JIOTHYe-
CKYI0 OCHOBY JJisi BCeX TePMOJHHAMHUYECKHX aHanu30B. CyMMa COCTOSHHM
'Z onpeJensieTcsi SHePTeTHUECKHMH yPaBHEHHAMH, abGCOIOTHOH Temnepary-
-po#l M OOLIMM YHC/IOM YacTHI, COCTABJSAIOIMX CHCTeMy; BenHuuHa W om-
pezensieTcs BUAOM pacnpeeieHus HEPTHH CHCTEMbI CPEIH Pa3/IMYHBIX yac-
THIl, T. €. YHCJIOM YaCTHIl Ha KaXKJOM JUCKPETHOM 9HEPreTHUECKOM YPOBHE.
Us ypasuenus (VIII.33) cnenyer

S=klnZ+T (81nZ/3T)y). (VII1.34)

.

Hocrynarenbﬂaﬂ COCTaBJIfAOIIAA SHTPOINHUH HAeaJbHOro rasa MOXET
OBITh BLIYHUC/IEHA C MOMOIIBLIO onpeaeyCHu A Z ans Hepas3MUIUMBIX HacCTHI|
H ﬂOC’l‘yHaTEJIbHOﬁ CYMMBbI 1O COCTOSSHHUAM A/ MOJEKYJ/bl HA€aJIbHOTO
rasa. ﬂﬂﬂ HEPA3/MUYHUMBIX YaCTHL

Z=QN/n\. (VII1.35)

Hcnonbays npuGianxeHHoe coorHoimleHHe CtupauHra aas InN! npu
~6OJIbIIAX N; In N! = N In N — N, naiisem

InZ=N1nQ—NInN+N. (VIII.36)

Tloacrasnsas ypasrenue (VII1.36) B ypaBrenue (V1II. 34), nonyuaem
S=Nk[InQ—InN+1-FT (31nQ/a T)y). (VII1.37)

[MoctynarenbHyio cyMMy 1O COCTOSTHHIO /1S MOJIEKYJIbI MOXKHO paccuu-
TaTh MO YPaBHEHHIO :

Quocr = (2 mk T /h2)3/2 Y, (VIII.38)

3Has Maccy vyacTHu, JaBjieHHe H TeMIepaTypy, NonyyaeM NocTynareabHyo
COCTaBJAIOLLYIO MONAPHOR SHTPONMH HJeaNbHOrO rasa.

Ecnu o6bem Beipaxars uepe3 P u T no ypaBHeHuio MenjeneeBa — Kuna-
nefdpoHa, TO NocTynaTe/bHas COCTAB/AILAS CyMMbI COCTOSHUH GyleT

(2n k)3/2 RM3/2 T3 p—1

Quocr= /13N?\/2 (VIIL.39)

HatypanbHbiit norapudM nocrynara/ibHOH COCTaBJSIONIEH CYMMbl COCTOS-
HU#H

27 k)3/2 3
@ud) R 9302 1M+

In Qpoer =2,3026 lgW 2
5
+—2-2,3026 g T—2,3026 Ig P. (VII1.40)
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Bripaxkass Bce NOCTOSiHHHE BEITHUHHB B MeXAYHapOJHOH cHcTeMe efHHHIL
(CH), ypasHenne (VII1.40) npunuMaer BuA

In Quocr=3,4539 Ig M-1-5,7565 Ig T—2,3026 1g P+ 8,8612. (VIIL.41)

BpamatenbHasi COCTaBNAIOMAs MOJISIPHOH SHTPONHH JUISL XKeCTKOH JuHed-
HOH MOJIeKy/Ibl MOXeT ObiTh TO/NyYeHa € TNOMOWIbIO onpejeneHus Z Ans
Pa3NyuUUMHIX YACTHIL ¥ CYMMbl COCTOSSHUH /LIS JKEeCTKOro poraropa.

Has paznuuuMelx vactuil Z == QV, n03TOMy AJ5i SHTPONHH

S=Nk[InQ+T (31nQ/dT)y]. (VIII.42)

CYMMa 10 COCTOAHUAM 5 JUHEHHOI'0 XKeCTKOro poratopa uMeer BuJ

8n? [kT kT

- = , VIII.43

Qsp o h? Beo ( )

rae ] — MOMEHT HHEPLUH MOJIEKYJIH; O — YHCJI0 CHMMeTpuH; B, — Bpama-

Te/ibHas NocTosHHasAs. [oMosiiepHble IByXaTOMHBIE MOJIeKyJbl MMEIOT CTe-

neHb cuMMerpuu ¢ = 2, rereposjepusie — ¢ = 1. [locne noaciaHosku

B ypasHeHue (VII1.43) nocTosHHBIX BeNUUHH U JorapuMUpOBaHHS TONY-
UM

In Qpp=2,3026 1g /-+2,3026 g T—2,3026 1g 0+ 104,5265.  (VIII.44)

Bpamare/bHasi COCTAB/AIOMAA CYMMbl COCTOSHUH J1 MHOIOATOMHBIX
MOJIEKYJI:
AJs cepryeckd CHMMETPUYHOTO BOJIUKA

8n2 [ 2n IkT \3/2
- BLLLLI VII1.45
Qup="" ( ) ) ; ( )
JAJaa CHMMETPHUHOIO BOJIYKA
8m2 [ onl, kT \1/2 2ulg kT N
Q=" ( A ) LI (VII1.46)

ANg aCUMMETPHYUYHOIO BOJIUKA
8n2 ( i kT )1/2< onlgkT )1/2< ol kT

1/2
- . (VIIL.47
Qo= "3 h? h? h? ) ( )

Jlorapudmupys ypasnenus (VII1.45) — (VII1.47) u noacrasissa nocrosH-
Hele BennuuHbl B CH, nonyuaem

omk V32 171
In Qup=2,3026 1g[8n2( - ) -;—]41—

3
+0,5-2,3026 lg(/5 I Ic) +—5 18 T=0,6-2,3026 Ig (I T5 Ic) +

+3,4539 1g T—2,3026 1g o - 157,3621. (VIIL48)

[TpousseseHue rnaBHHX MOMEHTOB uHepuuy [alpl/c Moxer GuiTh paccuu-
TAHO M3 BEKOBOTO ypaBHeHus (cM. ra. VI)

Flxx—lay—Ixz
Indgle=| —Iey+Iyy—1Iy, |, (VIL1.49)
“Ixz'"‘lyl"i’lzz
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Jl.15 MHOrOaTOMHBIX MOJIEKYJ, B KOTOPHX HMEIOTCH TPYNIH ATOMOB, CIIO-
cOGHule cBOGOAHO BPANIAThCSA OJHA OTHOCHTEILHO JPYTOH, COCTABJSIOULYIO
CyMMbl COCTOSIHHE CBOGOLHOTO BHYTPEHHETO BDAINEHHS BHUHC/IAIOT MO
ypaBHEHHIO :

8n3 £ TI 1/2 1
an.sp=(—T""ﬂ-—) —, (VII1.50)

o
Fl€ G — YUCJIO CHMMETPHUH Tpynibsl aroMos; [p,,, — NpUBEleHHHI MO-
MeHT HHEepPIUH BHYTPEHHEro BpameHus;
Tnpus= I s/ (11 1s) - (VIIIL.51)
[Mocne noacranosky B ypasHeHue (VII1.51) nocrosinubix BenuuuH, Bhpa-
xaemulXx B CH, u norapudmMupoBaHusa nojayunm
8n3 k
lg Qone.np =0,5-2,3026 Ig —
+0,5-2,3026 1g Inps—2,3026 1g o, (VIII.52)
In QBH.Bp:1’1513 g Inpus—2,2026 lgo-1,1513 1g T--52,8366. (VIII.53)

4-2,3026-0,5 1g T -

Kosne6atenpHas coCTap1gi0llasd CyMMbl COCTOSIHHI [ BYXAaTOMHBIX MO-
NexyJ, 06jajalomiX 0HOH CTelleHbio €BOGOAB KOJMeGATENbHOTO JBHXKE-
HHsl, paBHa

1 1

Qxon= o hewt kT =0T (VII1.54)

.TAe ®, — YacTOTa KoJebarensHoro ABuXKeHus, M~1; 0 — xapakrepucru-

yeckasi TeMnepaTypa,
8= (he/k) we=1,4387.10~2 w,. (VII1.55)

KoneBarennwHas cocraBisiomas CyMMbl COCTOSHUH /11 MHOrOaTOMHBIX MO-
JeKkyJ, o6MajaouBX HecKONbKEMH CTelleHaMH CBOGOAN KOJe6aTenbHOro
JABUXKEHHS, paBHa: ‘

3n—86(3) 1
Qon= [l —F%57 (VIIL.56)
j=1 l—ei
unu
3n—6(5) 1
- ¥ _—
InQ= - In ToT (VIIL.57)
i=1 l—e ¢

TMopcTaBnss 5TO 3HaueHue B ypaBHeHue AJs KosebarelbHOH COCTABISAIO-
el SHTPONEH, NOJyYaeM

hv/kT
SHOan[(z__,/W-—ln(l—e_hV/kT)]. (VII1.58)

‘BJIEKTI)OHHaﬂ cocrasigomas CyMMbl COCTOSSHHH 114 JABYXaTOMHBIX MOJ€-

Kya
Qon=8pon=2S-+1, (VII1.59)
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TA€ go,on — BBIPOXK/EHHE HYJIEBOTO 3JIEKTPOHHOTO YPOBHS; S — cymMMap-
HBIA CHHH 3JIEKTPOHOB B MoJieKyJse. TepM 3JIeKTPOHHOIO COCTOSHUS MOoJle-
KYJIBl onpefessercsa 1no ypasHeHuio (1.7).

DHTpONHUsA 3JIeKTPOHHON COCTaBJIsIoLIel paBHa

S7, 90 =R oron- (VI11.60)

DHTpONUs rasa BHIPAKAETCH Yepe3 CYMMY COCTOSHHH:

0inZ )

Sp=kInZ4kT
Tkn+(aT

OHTPONHIO ra3a, COCTOANIETO H3 JBYXAaTOMHBIX MOJIEKYJ, C/elyeT paccui-

THIBaTb KaK CYMMY SHTPOITHI COCTaBJISIOMHUX:

. ST=Snoc'r+SBp+Skon+San- (V”I-62)

Zns pacuera nocrynatenpHolt coctaBisiomeR SHTPONUH Syo, Npen-

anQ\_ { dinQ 1,50
BAapHTE/NbHO BHIYHMCASAIOT In Q ¥ NPOH3BOAHYIO ) ( =

aT aT T
Toraa

ST, noer = #1In Zpoer 41,5000 N. . (VIII.63)

O6venunus ypasnenus (VIII. 44) u (VII1.34), nojly4aeM BHIpaXKeHHe JAJd
pac4era BpaiaTeJ]bHONA COCTAB/IAIOWEH SHTPONUH:

Sz, sp= R1InQup+-R. (VIII.64)

KoseGarenbHas cocTaBisiomas SHTPONHY HAXONUTCA TO TAGHHIAM TEPMO-
AMHaMHYECKUX QYHKUnA JiHiuTeRHa.
Oneprus eabMrosisua paBHa

A—Ay=U—TS=—kTInZ, (VIIL.65)
a 3neprua 'u66ca
dlnZ )
G—Gy=—kT|InZ— . VIII.66
’ [" (amv)r] ( )

Tak kaxk sueprus I'n66ca pasHa
G=A+PV=U—TS4PYy, . (VII1.67)

TO OJ8K 1 Moip HJleaJIbHOIO rasa l'lOJIyl[HM
G—Hy=A—Uy+RT=—kTIn z+Rr=_er—Qe. (VIIL.68)

Crienyer eme pa3 ofpatiTh BHHMaHHEe Ha TO, YTO BO BCeX ¢dopmyanax,
COACPIKAIAX ra30BYI0 IOCTOAHHYIO R, pacuer Befietcsl Ha 1 Modib, a npH ab-
CO/IIOTHOM HYyJle TepMOAHHAMHYECKHe TMOTeHuHa bl PaBHHL, T. €.

Uy==Hy= Ay=G,. (VII1.69)
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(V111.61)'

- MosiekyJ1. PyHKIHUIO

DHTaNbNHA paBHA

dlnz dinz
H—Hy=kT
o [( dlnT )+( dlnV )r] (VIIL.70)
dlnZ dinZ
P=kT i PV=kT . .
( oV ,)r (amv)r (VIIL71)

Ipu pacuere SHTPONUH MHOMOATOMHEIX MOJIEKYJI CTATHCTHUECKUM METO-
AOM TOCTYNATENbHYIO COCTABASIOILYIO SHTPONHH BHISHC/SAIOT AHAJOTHYHO
MOCTYNaTe/ibHOH cocTaBasiolelt A7 ABYXaTOMHHX MOJeKyJ1. Bpamarens-
HYIO COCTaBJISIOLLYIO SHTPONUH PACCYUTHIBAIOT B 3aBUCHMOCTH OT THIMA MO-
nexyJ1. Ko/eGaTespHylo COCTaB/SIONLYI0 SHTPONHH WIS KAKION CTENEHH
CBOGOAK KO/IEGATE/ILHONO ABHKEHHS HAaXOAST Mo TaG/IHIe T epMOJAHHAMH-
YeCKHX QYHKUHA DAHMTEAHA U CyMMHDYIOT 110 BCeM Ko/eGaTeIbHbIM CTe-
NeHsM cBOGOAH. Ilpy HaJM4HU BHYTPEHHETo BpalleHHs COCTaBJIAIOULYIO
BHTPONHH Sy 5, OMpenensioT mno ypasHenno (VII.64) pas kaxoir cre-
TeHH cBOGOIbl BHYTPEHHEro BpaIlleHHsi H 3aTeM COCTABJSIOmUe CYMMHpYIOT.

D/IEKTPOHHYIO COCTABJSAIOULYI0 SHTPONUH BHYUHC/ASIOT MO yPaBHEHHIO
(VIII. 60).

A—Uy\
PyHkuHIO (——T— PacCYMTHIBAIOT MO ypaBHEHHIO

Ap—U
( vl )=—kan. (VIIL72
A, — U,
HKIHIO | ———p— ACCYHTBHIBAIOT KaAK CYMM COCTaBJIAIOLIUX 110
Py 7 P ymmy

A, —U,
BCEM BHJaM ABHKeHHA. DyHKuuio (-—-T—T—) BHIYHCJIAIOT 1O ypaBHe-
noer

ndro (VII1.41) ans rasos, cocrosmux us JABYXaTOMHBIX H MHOTOATOMHBIX
@-%)

ypasHenuio (VII1. 44), nas MHOroaToMHBIX ra3oB B 3aBHCHMOCTH OT THINA

MoileKy/l — 1o ypasHeHusm (VII11.45), (VIII. 46) unu (V1I1.47). dyux-
A, —U

1110) (——7;—7,—0— xon AR JBYXATOMHBIX MOJIEKYJ HAXONAT MO TaG/uuaMm

AJIS 1BYXaTOMHBIX ra3oB HaXOJAT MO

. TepMopuHaMH4eckKuX QyHKIMA DAHmreRiHa. 18 MHOFOATOMHBIX MoJslexya

CIelyeT CJIOKHTH COCTaB/SAIOWHe PYHKIHH MO BCEM cTENeHAM CBOGOAL! KO-
A, —U,

Je6aTenpHoro ABrxKenus. PyHkuuio ( —LT——) BBLIYHCJIAIOT MO ypaBHe-

3N

nuio (VII1. 59). Ina MHOroaTOMHbIX MOJIEKY. NIpH Ha/IHyMH cTeneHed cBo-

60l BHYTPEHHEro BpAUIeHHs (YHKIHIO (-—A—_—g”— OMnpefeNisioT Nno

BH.BD
ypaBHenno (VIIL.53). ®Pyukuuio (—G—*THL) BHIYUCJSAIOT U3 (QYHKUHH

[452)

( G-;Ho )=( A;Uo )+R' | (VIII.73)
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3AJIAYH C PELIEHUSAMH

1. Onpeesute noCTYNATeNbHYIO COCTABASIOULYIO CYMMbI COCTOSTHHIL
CO npu 1,0133-10° ITa u 500 K.

Pewenue llocne moACTaHOBKH MOJIEKYJIAPHOH MAcchl, JaBleHUs
u TeMnepatypsl B ypasnenue (VII1. 39) nonyuum

In Qpoer=3,4539 1g 28 45,7565 1g 500 —2, 3026 1g 1,0133.10% - 8,8612 =
=4,9983-- 15,5365 — 11,5262 48,8612 =17,8669,
lg QIIOCT=7)76071 QUOCT=5’764'107'

2. OnpejenuTte BPAlATENbHYIO COCTABJISIIOULYIO CyMMBI cocTostHuft CO
npu 500 K. Moment unepuun CO paBen 14,49-10-47 kr.m2.

Pemenue Bpamareabnyio cocraBisiouyio cyMMbl COCTOSIHHA Of-

penenum no ypasuenuio (VII1.44). Mosexy.ia CO rereposinepras, ciienosa-
TeJbHO, G = |:

In Qqp=2,3026 1g 14,49.10~4742,3026 Ig 500—2,3026 Ig 1 -- 104,5265 — —

—105,5487—6,2146 - 104,5265 =5, 1924,
lg Qop=2,2550, Qup=179,9.

3. Onpegesnte KoneGatesbHylo cyMMH coctosinuil CO npu 500 K, ecan
yacToTa KoJjebarte/bHOTO ABHIKeHHs cocrasaser 2,170 105 m~1.

Pemen ue OnpetedM XapakTepHCTHUECKYIO TeMnepatypy 1o
ypasHenuio (VIII. 55):

0=1,4387.10-2.2,170.10%=3123,

0 3123
—_— =6,245,
T 500 §

KouseGate/ibHyio COCTaBISMIONLYIO CYMMBI COCTOSIHUH BHUHCIUM 110 ypaBHe-
nuto (VIIL. 57):

1 1
Qon= T =5es ~ T0,0010 = 10019

4. Onpenennre cymmy cocrosinuit CO npu 1,0133-10° [Ta u 500 K.

Pemenue DnekTpOHHAsA COCTaBJAIOMAS CYMMbl COCTOSIHUE CO
paBna equHule (go, o = 1), TaK KaK CyMMapHbI CnHH 3JeKTPOHOB pa-
BEH HYJII0. ¥ 1ByXaTOMHBIX MOJIEKYJl TO/ILKO OflHA CTeNeHb CBOGOI KOJle-
6aTe/IbHOTO JIBHXKEHHA M OTCYTCTBYeT BHyTpeHHee BpamieHue. [lo ypas-
vendio (VIII. 60) noayuum

(=~5,764-107-179,9-1,0019=1,0389. 1010,

5. Onpenenurte pomo Monekys CO, HaXOAAWIMXcCA Ha BpaliaTe, bHOM
KBAaHTOBOM YDOBHE j = 5, N0 OTHOMIEHHIO K HYJ/IEBOMY KOJeGaTeJbHOMY
yposHio npu 500 K, Qgp = 179,9.

Peuenue Uscoornomenust Bonbumana nonyunm

—B, 5(5+1)kT
e —2(541) 2" :
NA an
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B, nainem no ypasnenuo (111.5):

5,5593.10-89

14,49.10-47

Ny | e~ 30-0,3837-10712/(1,38054 .10~ 500)

Ny — 179,9 -
e=0.16679

179,9

(6,6255.10-34)2
8n? 14,49.10-%7

B, = =0,3837.10-22 J[x,

=0,0518.

6. Onpenenure gomo Mosiekys CO, uaxopsmuxcss HA KoJeGaTelbHOM
KBaHTOBOM ypoBHe v=1 npu 500 K, ecnn Zo, = 1,0019; v, = 2,170 X
X 10® M~1; o,x, = 13,37-102 M-,

Pewenue [nsd atoro paccuuTsiBaeM noKasaTelb CTENEHH 3KCNO-
HEeHTH:

Exon _ _1,5hc0,—2,25hcw,x, _ 64,6537-10-21—0,5975. 102t 0 9475
kT 1,38054-10-23.500 6,927.10-2 =% :

Homo monekyn CO wua koseBatenbHoM YPOBHE oOlpefiesifieM no
ypaBHenuto bonbumana

Ny e”9.2473  (,000096

Na " Zwoax  1,0019

=0, 0000958.

7. Oupesenure nOCTYNATebHYIO COCTABJISIONYIO BHYTPEHHEH SHepIUH
CO npu 500 K. X

Pewewnue Bnyrpenuioo sHepruio nocrynarenpHoro JBuMKeHus
onpejensieM no ypassenuio (VIII1.20):

Unoer=1,5-8,3143-500=6,2357- 103 I /Moab.
8. Onpesennte BpawaTelbHyI0 COCTABSAIONYIO BHYTPeHHell SHepruu
CO npu 500 K.
Pewe#nue BpamareibHyio cocraBasiourylo BHyTPeHHell 3HepTHH

Haxonum no ypasteunuio (VIII.21). Monekyna CO o6nanaer asyms crene-
HAMY CBOGOALI BPAUlATENLHOTO JABUXKEHHS:

Upp=2-0,5-8,3143-500 =4, 1571103 [Ix /Moab.

9. Onpenenure KoNeGaTENLHYIO COCTABJISIONLYI0 BHYTpeHHe# SHepruH
CO npu 500 K, ecnu 6/T = 6,245.
Peu enue Benyuuny —U-:T—U“—) xon HaljeM no Ttabnuue TepMo
AuHamuuecKux QyHkuui Dinmrefina kak Qynkumo 0/7 [M.]:
T .... . . 6,00 6,40

(U—_—%) ... 0,1243 0,1050
T ROJ
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JluneliHoli MHTEpNOAALMEd HaxOAUM
0,40—0,0193
’ ’ =0,0118.
0,45—x =00
( U—U,
T
(U—Ug)xon=0,1125.500 =0,0562- 10% [ /Moub.

10. Onpenenure BHyTpenniow0 shepruo CO npu 500 K.

Peurenue DiekrpoHHas cocrasisiomas BHyTpeHHell 3HEPTHUH
PaBHa HyJO, cTeneHell CBOGO/H BHYTPEHHErO BpallleHus y MoseKyas CO
HeT, oTcioia

(U~Uy)s00="6,2357-108-1-4,1571 - 108 4-0,0562- 103 = 10, 4490108 I /mous.

11. Onpenesute nocTynareabHYIO COCTaBAAIOMYIO TemioemkoctH CO
npu 500 K npu nocrosnHoM ofbeMe.

Pewenue Hsoxopuyio nocrynatenbnyo cocraBasiomylo Temsio-
emkocty CO onpenennm no ypasnenmo (VIII. 20):

CV' noer = 1,9-8,3143=12,4715 Ik p(Moas - K).

12. Onmpenenite BpallaTeNbHyI0 COCTABASIOMYIO TemaoeMkoctd CO
npu 500 K, )

Pewenue Bpamareabhyio cocTaBIsIONYIO TeNI0EMKOCTH paccdu-
TaeM no ypasnenuo (VIII.21). Monexyna CO obnagaer aByms crene-
HAMH CBOGOBI BpalllaTe/IbHOTO JBHKEHHS, OTCI0Aa

Cop=2-0,5.8,3143=8,3143 JIx/(moamb-K).

13. Onpenenure KoseGatelbHylo COCTAaBJSIONLYI0 TemaoeMkoctH CO
npu 500 K, ecnu 0/T = 6,245,

Peuwenue KonebarennHyio COCTaBAAIOMYIO TeNJIOEMKOCTH Haii-
AeM no TaGiMue TEPMOAHHAMHYECKHX OGYHKuMi OSiHmrefina a5 rap-
MOHHYECKOTO OCHHJIATOpA!

) =0,1243—0,0118=0,1125 JIx/(Moas-K),
KoJa

e/7T . ..... 6,00 6,40
Ce v v .. . 0,745 0,569
JInnefinoft unrepnonsuneii Haxopum
0,40—0,176
0,245—x
Cg =0,745—0,108=0,637 JIx/(moas-K).
14. Onpesenure rennoemxocts CP 500 CO npu 1,0133-10° [Ta u 500 K.

Pemenne. Cornacho ypasnenusm Cp = Cy + R u (V1.22) nai-
JeM

x=0,1078.

C} = 12,4715 4 8,31434- 0,637+ 8,3143=29,7371 Isk/(Moas-K).

15. YcranoBute 3aBucumocth Cp OT TeMnepaTyph. YpaBHeHHe 3a-
BHCHMOCTH npejcraBbte B BHIe Cp = a4 bT 4 ¢T? B pAUamna3oHe TeMm-
neparyp ot 298 xo 1000 K.
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Pemenue [loypaBHenuo
C3 =3,5R+ Cg = 29,1004+ Cp,

BoruncauM Cp ais Temnepatyp ot 298 1o 1000 K uepes 100. Meronom Ha-
HMEHBIINX KBaJpaToB paccuuraeM KoaddHuHeHTH a, b H c.

r o r—300 . s . .
» K p=Y Too =¥ * x x xy x%y
298 29,1297 — — — — — —_
300 29,1295 0 0 0 0 0 0
400 29,3073 ] ] ) ! 29,3073 29,3073
500 29,7369 2 4 8 16 59,4738 118,9476
600 30,3511 3 9 27 81 91,0533 273,1599
700 31,0574 4 16 64 256 124,2296 496,9184
800 31,7541 5 25 125 625 158,7705 793,8525
900 32,4170 6 36 216 1296 194,5020 1167,0120

1000 33,0056 7 49 343 2401 231,0392 1617,2744
2 246,7589 28 140 | 784 4676 888,3757 4497,0721

‘Haxonum xosduunents: X, Y u Z cnavana B ypaBHeHud tvma

y=X-+Y x4 Z x2.
W3 1abnuunl MOXCTABASEM COOTBETCTBYIOI(HE 3HAUEHHS B oty Qopmyay u
NOJIyYaeM CHCTEMY YyPaBHEHMH:
246,7589 =8X --28Y | 140Z
888,3757 = 28X - 140Y 4-784Z
4497,0721 = 140X - 784Y 4 4676Z
Peiwaem coBMecTHO 1Ba nepBHX ypaBHenus:
1727,3123 =56X 4 196Y - 980Z
1776,7514 =56 X - 280Y + 1568Z
49,4391 = - 84Y -1 588Z
Peilaem coBMecTHO [1Ba noc/IeiHuX ypaBHeHHs:
4441 ,8785 = 140X 4 700Y 4 39202
4497,0721 =140X -784Y -+-4676Z

55,1936 = 84Y 47562
49,4391 = 84Y 4 5882
55,1936 = 84Y - 756Z

5,7545 = 168Z Z=0,03425
49,4391 —588-0,03425
84

Y= = 0,3488,
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246, 7589 — 140-0,03525—28-0, 3488

X= . =29,0247,
CB = 29,0247 1-0,3488x +0,03425x2 = 29,0247
T — 300 T—300 Y2
0,3488 | ———— | -1-0,03425 | ———— | =29,0247
+0,348 ( 100 )+ * ( 100 ) +

+-0,0034887 —3-0,3488-0,034257°2. 10-4 —600-10~4T —9,
OKOHuaTe/lbHO ypaBHEHHe 3aBHCHMOCTH MMeEET BHJ!
Cp = 28,2866 11,433 1037 -4-2,426-10-672,

16. Onpenenute BHYTPEHHIOIO 9HEPrHIO MetaHona npH 1,0133-10% [1a
1 500K. :

Pewmenune Pacuer nocrynarennuoli cocrasnsiomeil BHyTpeHHef
SHEPI'HH MHOI'OATOMHBIX MOJIEKYJI HE OT/IHYAETCH OT PacyeTa Ul JABYXaTOM-
Hpix Monekyn. CornacHo ypasuenuo (VIII.20)

Unoer=1,5RT=1,5-8,3143-500==6,2357. 103 JIx/Mouab.

Mounekyna meraHona umeeT TPH CTerneHH CBOGOJbI BPAIATE/LHOIO JBHIKe-
nusi. Cnenoparensho, BpallaTeNbHAs COCTaBASIONAS BHYTpeHHeld 3Hep-
rud 6yjer |

Upp=3-0,5RT=1,5.8,3143.500 =6,2357- 103 I /mMoab.

Monekyna meranona o6najaer OfHOH CTeleHbi0 CBOGOAB BHYTPEHHEro
BpameHus. COCTaBNAONIYI0 BHYTPEHHEH SHEPLHH BHYTPEHHETO BpalleHHs
onpenensiev no ypasHeuuto (VIII.25):

Usn.sp=0,5-8,3143.500=2,0785-103 [ /Moub.

Hns onpenenenus Kone6arenbHOM COCTABSIOIEN BHYTPEHHEH SHEPTHH He-

OGXOJHMO CYMMHPOBaTh 11 claraemblX, KOTOpble HAXO[HM 1O JKCIepH-
MEHTA/bHbIM 3HAYEHHAM YacCTOT KOJeGAaHMH H BBIPOXKAEHHH KoneGaHUH B
Tabnuiax TepMoiMHaMHUecKHX (QyHKuMH DitniuteiiHa ANs rapMOHMUYeCKO-
rO OCHUIATOPA

5 =1 ; 2=t Cg
©, .107° u— BuipoxacuHe* /500 : T : ;
¢ Ax/(moas-K) A/ (mons-K)
3,683 10,598 0,0025 0,025
2,976 2 8,564 0,0145 0,118
2,845 8,187 0,0193 0,158
1,455 2 4,187 0,537 2,285
1,340 3,856 0,693 2,730
1,116 2 3,211 1,121 3,751
1,031 2,967 - 1,338 4,186

* B oranyne or ABYXaTOMHBIX MOJICKYJ, ¥ KOTOPHIX KoneGareabHoe JABH)KEHHE® aTOMOB He
BBIDOXKACHO, Y MHOTOaTOMHBIX MOJEKYJ NpH HaJMHYHH CHMMETPDHH BO3MOXHO COBNajeHHe He-
CKOJBLKHX 42cTOT nO BeJnyHHe, TakHe KOJeGaHHs HasbiBaloTed BRIDOXK ACHHLIMH:

U—u
(U~Uo)gon= <——TL‘”—) 500==6,7281.500=3,3640-10° Jix/MoJs.
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Y BellecTB, COCTOAIMUX H3 MHOFOATOMHBIX MOJIEKyJl, B OTIHYUE OT Be-
ILECTB, COCTOAIMUX H3 ABYXATOMHBIX MOJIEKYJ, KOJeBGaTe/NbHas COCTABS-
Iowas BHYTPEHHEH ‘9HEPrUHM BHOCHT 3aMeTHHIH BKJaj B o6Iy10 BeNUUHHY
BHYTpEHHEH 9HEPTHH JlaKe NPH HEBLICOKUX TeMIepaTypax:

(U—Uy)s00 == 6,2357-103 46,2357 103+ 2,0785. 105 -
+4-3,3640-10%=17,9139. 103 [Ix/moss.
17. Onpesennrte H306apHYI0 TEMIOEMKOCTL MeTaHO/A npu 1,0133.108
ITa u 500 K.
Pewenune. [locrynatensuyio COCTaB/SAIINYIO TelVIOEMKOCTH /15
MHOTOATOMHBIX MOJIEKYJl paccuuThbiBaem No ypasuenuto (VIII.26):
Cy, nocr=1,58,3143=12,4715 IIx/(mous -K).

MoneKlea METaHOJI{:l HMeeT TPH cTeneHd cBOGOAB BpamaTteNbHOro JBHKe-
HHUA, C/IICAOBATE/ILHO, BpaljaTelbHas COCTaBJIAIOIIAA TeNICEMKOCTH 6y}1€’[‘

Cy, sp =1,5-8,3143=12,4715 [Ix/(moam-K).

Monekyna meranona nmeer Oy cTenenb cBOGOBI BHYTPEHHErO BpaleHus,
CII€A0BATENBHO, COCTABNAIOMAA TENIOEMKOCTH BHYTPEHHErO BpALEHHs Gy-
Aet

Cy, wunp =0,5-8,3143=4,1571 IIx/(moan-K).
KoneGatenbnyio cocrapnsiomyio Tennoemkocry TOJIyYHM CYMMHpPOBaHHEM
11 cnaraemeix, KOTOpHe HaXOAMM 10 TabHie TEPMOIUHAMHYECKHX DYHK-
UMl JftHwTeiHa AN Kaxkaoro 3Hauenns 0/T. Benuuunst /T npH-

Be/leHbl B Tabauue Ha c. 112, B Kotopoit Takxke npuBeensl 3Hauenus Cp
Ans Beex 11 creneHelt cBOGOAH KONE6ATENLHOTO NBHIKEHHS:

11
Cy,kon = 2 651293,578 Ix /(Mo K).

i=1
Hsoxopuas Tennoemxocts Gyaer pasHa CyMMe COCTaBJISIOUIMX
Cy, 500 = 12,4715-4-12,4715 -4, 1571 -+ 23,578 =52,678 xk/(monb-K).
HMsobapuas Tennoemkocts
C?msoo = 52,678-- 8,314 =60,992 Hx/{Moas-K).

18. Onpenenute dynxumo (H° — H)., ans MeraHona, ecnu (U —
— Ugdseo = 17,9139- 10 Tk/monn.

Pewenue [ns ugeannHoro rasa, cornacho ypasuennio (VI1.3),
(Ho—H{) =17,9139-101-8,3143.500 =22, 0711-10% [T /mons .

19. Oupepenute surponmo CO npu 1,0133-10° I1a u 500 K.

Peuwenue Durponuio onperensiem no ypasuenuio (VIII.61). ITo

ypasHenuto (VII1.40) Haxonum In Q, ., OTCIONA HAXOMHM TIPOH3BOHYIO —
OHa pasHa 1,5 1/T. Toraa no ypasuenuio (VII1.61) nonyuaem

Swocr == (3,4539 1g 28--5,7565 1g 500—2,3026 Ig 1,0133- 105
+8,86124-1,5000) 8,3143=161,0472 [ /(mons-K).
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Io ypasuenmo (VIII.43) paccuuraem In Z,, n NPOHU3BOAHYIO (—a!-g%ﬂ-}v.

Toraa ,
’ Sgp= (2,3026 Ig 14,49-10-47} 2,3026 lg 500 -}- 104, 5265 —

—2,3 1g 241,0000) 8,3143=51,4854 [Ik/(momn-K).
Kone6arenbhyio COCTaBJINIOILYIO SHTPONMHH HAXOJHMM Ha OocHOBaHMH O/T

no Tab/MLe TEPMOAHHAMHYECKHX DYHKUMI DfHiTelHa 115 rapMOHHYECKO-
ro oCUMJIATOpA:

e/T....... 6,00 6,40
Skom « . . ... 0,146 0,100
JluneitHoli HHTEpHOARUMEN HaXOHM
—0,046
0,40—0,04 x=0,028.
0,245—x

CrefoBatenbHo, Syon = 0,118 JUx/(Moiib- K). DiiekTpoHHas cocTaBisio-
mas sutponiu CO paBHa HyJII0, TaK KAK CYMMapHHIH CIIHH 3JIeKTPOHOB pa-

BeH Hy/mo. HTponus CO paBHa cyMMe COCTAaBJSIOMHX MOCTYNaTeAbHOH, |

BpallaTe/bHOA H KoJieGaTebHOM SHTPOMHIA:
S800 =161,0472-1-51,4854 40,118 =212,6506 Ix/(Moas-K).

20. Onpenennre SHTpONHIO MetaHo1a npH 1,0133-108 ITa 1 500 K.

PeireH ne Durponmo meraHona onpee/nseM CyMMHDOBaHHEM co-
CTABJIRIOMMX SHTPONMHE TMOCTynaTelbHOM, BpauaTelbHON, BHYTPEHHEro
BPaluleHHss M KosieGaTe/bHOM.

z 4
Hz H_I l%‘

-, W . 2

>\ N 2,
s S MR 7~
o x ¥
oz
Hiby 5 He

Puc. 12. TIpoexknus u reomerpudeckue napaMeTpH MOJEKYJIH
CH;OH a1 BHYHCAHHSt NPOH3BeeHMA MOMEHTOB HHEDIHH

IMoctynare/1bHyiO COCTaBARIONYIO SHTPONHH BHIYHCIAEM MO YPABHEHHIO
(VIIL. 34), npensapurensho onpenenns In Qgq,, H 3aTeM Haxogum

_‘L“Qm) Torza
oT 14

Snocr==(3,4539 Ig 324 5,7565 lg 500—2,3026 Ig 1,0133.10°+
+8,861241,5000) 8,3143=162,7142 [/ (moxs-K).

NMPOH3BOJHYIO (
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Bpamarensiyio cocrasasiouryio SHTPONMHMH PacCCYHTHIBAEM MO yPaBHEHHIO
(VI11.34). Oas suuncaenns BpalaTeJbHOA CYMMBI COCTOSSHHE HEOGXOojH-
MO 3HaTh NPOH3BEJCHHe T/IaBHBHIX MOMEHTOB MHepIMH. [l onpejieseHus
NMPOH3BENCHNSA T/1ABHHIX MOMEHTOB HHEPLMH HeOGXOMMbIE BEJHUHHBI CBe-
AeM B TaGnuny. Bui6epem 3a Hauaso KOODJHHAT ApO aToMa yrJepoja.
Ocb x coBnajaer ¢ HanpaieHnem cBf3n C — O. Ha puc. 12 nokasanu
PABHOBECHEE MEXDbANCPHBIE PACCTOAHHS H YIJIb MeXiy HanpasJeHHAMH
CcBA3ell M NPe/CTaB/IeHbl Be NPOSKIMH B MIOCKOCTSX Xz H yz.

AtoM |m-10%, kr x-10%e, u y-101°, M 2.101°,
C 1,992 0 0 0
0] 2,656 1,43 0 0
H, 0,166 1,434-0,96 cos 70°=1,76 0 0,96 sin 70°=0,90
Hq 0,166 1,11 cos 109°28"=-0,37 0 1,11 sin 70°32"=1,05
H, 0,166 —0,37 . 1,11 cos 1,11 sin 240°=—0,56

240°=-—0,96,

H, | 0,166 —0,37 0,96 —0,56

6
> m;=5,312:10- xr,

i=1
s’

AToM C o] H, H, H, H, z
x2.10%0 0 2,045 3,098 0,137 0,137 0,137
y2- 1020 0 0 0 0 0,922 | 0,922
22.10% 0 0 0,810 1,103 0,314 0,314
xy- 1020 0 0 0 0 0,355 | —0,355
x2-10% 0 0 1,584 | —0,389 0,207 0,207
yz.1020 0 0 0 0 0,538 | —0,538
mx.1088 0 3,798 0,292 | —0,061 | —0,061 —0,061 3,907
my- 1036 0 0 0 0 —0,159 0,159 0
mz. 1038 0 0 0,149 0,174 | —0,093 | —0,093 | 0,137
mxy- 1048 0 0 0 0 0,069 | —0,059 0
mxz-1048 0 0 0,263 | —0,065 0,034 0,034 | 0,266
myz- 1048 0 0 0 0 0,089 | —0,089 0
m(x24-y?). 1048 0| 5,432 0,514 0,023 0,176 0,176 | 6,321
m(x24-22). 1048 0| 5,432 0,649 0,206 0,075 0,075 | 6,437
m(y?4- 22)- 1046 . 0 0 0,134 0,183 0,205 0,206 | 0,727

Peienne pexoBoro ypasnenns (cum. ra. 1IV) naer creayiomue Momentnt
HHEDIMH: '
04-0,019-10-72

=0,727.10-4¢—
Tax=0, 0 5,312.10-28

=0,727-10-46—0,004. 10— 48 = (,793. | 0~4s;

15,265.10-72 4 0,019.10-72
Iy =6,437.10-46 _ —2 : =
w 0 5,312-10-2

=6,437-10-46—2,877.104¢ = 3,560 10-%s;
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15,265.10-72--0

I,,==6,321.10-% — =6,321.10-46—2 874.10~46 = 3,447 [0-15;

5,312.10-26
R TATE TR
535.10-72
Ixz=0,2{66-10—46——50’3—::25—1—6_-26——_—.0,266.10—46—0,101-10—46=0,165.10-46;
Iy, =0 0 =
BT 5, 319-10-

IIpousBesenne riiaBHbIX MOMEHTOB HHEPLHH GyJeT PaBHO:

[AIB 1(; = Ixx (Iyy Izz‘lyz Iyz)_lxy (Ixy Izz+ Iyz Ixz)—
" Lz Iy Tyat Iyy Ixz);
Iy IB Ic =0,723-10-46 (3,560-10-46. 3 447. 10-46—0.0) —
~0,165.10-46 (0.0-- 3,560-10-46.0, 165- 10—46) =
=0,723.3,560-3,447-10-1%8—0,165-3,560.0, 165. 10-138 =8 775.10-138,

lloncraBasiem npousBesieHHe IMaBHBIX MOMEHTOB HHEPLHH B ypaBHeHHe

oT
MetpuuHas. [ToacraBus nonyuennbie suavenns B (VII1.34), nonyunm

(VIIL.43) u naxogum In Q,p u (M—-) . Montexyna CH;OH necum-
v

Syp=(1,1513 Ig 8,775.10-1%.13, 4539 1g 500— 2,3026 1g 1 -
-+ 157,3621 +- 1,5000) 8,3143 = 10,3907-8,3143 = 86,3914 I/ (voas-K).

CocTaB/ISOlLYyI0 SHTPONHH BHYTPEHHEr0 BDAIIEHHA PACCUHTHIBAEM 110 ypas-
Hennio (VII1.42). B wmonekyise meranona rpynna atomos CH, Bpalliaer -
CA OTHOCHTENbHO Tpynnsl OH. MoxHo cuntath, uro BpameHne sTuX rpyni
npoucxoaut cBoGoaHo, Tak kak C — O o6iagaer o-casbio. Otciona 9Hep-
THA BpallleHHsi NpeBblllaeT 3HEPrUIO NOTeHUHANbHOTO Gapbepa. Haiinem
NpUBEJlCHHBIH MOMEHT HHEPLHH:

oy, =3my (re g sin70°317)2 =
=3.0,166-10-26 (1,11.10-10 0,943)2 =5, 454.10-7 Kr- M2;
Iog = 1-0,166.10-26 (0,96.10-10 sin 70°)2 =
=1.0,166-10-26 (0,96.0,940- 10-10)2—1,35].10-47 Kr/m2;
5,454.10-47.1 351.10~¢7

[ —1,083-10~47 xr.y2,
PN S 454 10-97 1 1.351.10-47 Ko

UHCAO CHMMETPHH DPaBHO NPOM3BENEHHIO CTelleHH cummerpuu rpynn CH,
HOH: 0 = 3.1 = 3. Torzaa

Senep=(1,1513 Ig 1,083.10~4—2,3026 Ig 3--1,1513 Ig 500}
52,8356 -1-0,5000) 8,3143= (0, 7731 -+ 0,5000) 8,3143 =
=1,2731.8,3143=10,5849 JIx/(moab-K).
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KoiieGaTebHyl0 cOCTAaBASIONYIO SHTPONKH HAaXOAMM 1O 3HaueHuo O,T
Anst Beex 11 crenenedi cBoGoab Ko/eGaTesbHOTO ABHIKeHHs. 3HAUeHHS Ua-
CTOT KoJieGaHuii, Bupoxaenuil, /T u naiiieHHbie B Tabinie TEPMOJIUHAMH-
yecKHX QyHKuui# DAHmITedHA AJIA TapMOHHYECKOTo OCLHJLIIATOPA SHTPO-
MUK NpHBeNeHbl HUXKe:

wg - 10—5, M—1 ., | 3,683 2,976 2,845 1,455 1,340 1,166 1,034 1,031
Bolpoxjenne . , | 2 2 2

e/T....... 10,598 8,564 8,187 4,187 3,856 3,211 2,975 2,967
Skon - . . ... 0,000 0,015 0,02! 0,663 0,872 1,465 1,767 1,779

Skon= 2 Si, kon=8,725 JIx/(Moab-K).

i=1
CyMMHpOBaHHEM COCTaBJIRIOLL U X SHTPONHH NnoJIyynum SHTPONHIO NIPH 3a-
JAAHHBIX YC/JIOBHAX:
S30q=162,7142+86,3914 10,5849 8,725 = 268,416 [/ (vob+K).

DeKTPOHHAS COCTABJAIONLAS SHTPONHH paBHA HYJIIO, TaK KaK CyMMapHbIfi
CNHH 3/IEKTPOHOB DABEH HYJIIO.

21. Onpenennre dyHkuuo (Gg—“"r_‘“—ﬁs) Ans wmeranona npu 500 K u
1,0133-10% Ia.
Pewenue [is onperenenus q)yuxunn( @

AU
yaja QYHKIHIO (——ZT——") no ypasnenuio (VIII.65), cymmupys sce co-

CTaBJIsgIOlHe N0 BceM 18 creneHsiM cBOGOAN NBHIKEHHS:

— H?

) BBIYUCJ/JIUM CHa-

Ap—U,
(____) = —8,3143 (3,4539 1g 325, 7565 1g 500
T nocr

—2,3026 1g 1,0133.1054-8,8612) = —8,3143-18,0704 = — 150, 2427 Jx/(moap-K);

Ar—U,
(_A_) = —8,3143 (1,1513 1g8,775.10-138 |3, 4539 g 500 —
Bp

—2,3026 1g 1 - 157,3621) = —8,3143-8,8907= — 73,9199 JAx/(monb-K);

Ar—U
(_T__i) = —8,3143 (1,1513 g 1,083.10~47—2, 3026 1g 3
T BH.Bp

-+ 1,1513 1g 500 4-52,8356) = —8,3143.0,7731 == —6,4278 Hdx/(Moab-K) .

A — U
KonebarenbHyio COCTaBJ/ISIOIYI0 (PYHKUHH — 7 :

HaXOlMM TIO 3Haye-
Huam 0/T piia Bcex creneHeft cBOGOABEI KOJle6aTeNbHBIX NBHMKEHHH:

0,-10-5, m=1 . . 3.683 2,076 2,845 1,455 1,340 1,116 1,034 1,081
/T . . ... 10,598 8,564 8,187 4,187 3.856 3.211 2.975 2967
Bupoxgense . . ., . . . 2 2 2
AU,
(T} ..... 0,000 0,000 0,001 0,128 0,179 0,343 0,438 0,411
KoJ
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Torsa

( Ar—”“) = —2,001 JIx/(Moas-K);
T KOA .

(AmT—Uo )_: — 150, 2427— 73,9199 —6,4278 — 2,001 = — 232,591 [x/(Moxb-K):

T

22. Onpegennre ¢yHkuuio (Hlpo — H39s) AAs MeraHona.
Peum eH ne. BocnonbdyeMcs TaG/MYHRIM 3HaueHHeM BeJHMHHH
(H39s — HY) w3 cnpaBounuka [M.]: (H3ss — HY) = 11,435 x/Ix/Moab.
Torga
(H300— H39s) = (H3oo —H}) — (H9s —H}) =22,0711.10%—
—11,435-103=10,636-10% JIx/mous.

(____6300_”3 )= — 232,591 4 8,3143= — 224,277 I/ (monb-K).

23. Cucrema COCTOHT U3 JECATH HacCTHI, pacmpelieleHHHX Ha ueTeipex
SHEPTreTHYECKHX YPOBHAX, MMEIOU[HX OTHOCHTE/bHble BEIHYHHB 3HePTHH
1, 2,3 1 4 u o6uLyi0 OTHOCHTENILHYIO SHeprHio, pasHyio 20. Onpefennre,
KaxKoe H3 Pa3/inuHbIX pacnpejeneHuii MOXKeT GLITh OCYLUECTBJIEHO HaH6O0b-
HIHM YHCJIOM CTocoGoB. , '

Peuwenue OnHo Bo3MOXKHOe pacnpejesieHHe AECATH 4HacTHL, Ha
SHePreTHYeCKHX YDOBHSIX TaKoBO, 4TO BCe JeCATb 4aCTHI[ pacrnoJara-
IOTCA Ha 3HePTETHYECKOM ypoBHe 2. B 3TOM cayuae o6utas sHeprus cucre-
MHl coctaBuT 20.

CorsiacHo ypaBHeHHIO

N!

Ny! Nt Ny!.. .Nn!

- MOJIy4HM TOJIbKO OJHH CIOCOG, KOTOPHIM 3TO pacrpefe/eHHe MOXKHO ocy-
IECTBHTD, T. €. OOMEH YacTHIl Ha TOM K€ YPOBHE He JaeT HOBOTO COCTOS-
HHSl CHCTeMsI.

Bropoe pacnpejenenne Moxer GHITb NOJy4eHO mepeMeleHHeM OJHOM
4aCTHIL C YPOBHA 2 HA yPoBeHb 1 1 1P yrofi 4aCTHIH C YDOBHSA 2 HA YPOBeHb
3. O6mas sxeprus pasHa 20. Pacuer no ypaBHeHHIO faeT 3HaueHue W,
pasHoe 90.

Takum o6pasoM, 310 pacripefiesieide MOXKHO ocymecTBuTh 90 pasinu-
HBIMH crnioco6aMH.

Ecau B nepBoHada/bHOM pacnpelie/leHHH Be YaCTHIL MepeMeialoTes ¢
YPOBHs1 2 Ha ypoBeHb 1, a iBe IPyrue 4acTHUH —C YPOBHS 2 Ha yPOBeHb
3, To ofmas 3ueprus cocrasut 20. [Ipu sroM W pasno 1260. [Ipu nepe-
MelleHHH TPeX HacTHI ¢ YPOBHA 2 Ha ypoBeHb | M Tpex 4acTHu ¢ ypoBHS 2
Ha ypoBeHb 3 ofuias 3Heprus ocraHercs pasHo#t 20, Ho W Bospacrer 10

200. :

W=

Has 3ro#i cucreMsl 3HaueHuss W MOryT GHITb BHUHC/IEHH JJIs BCEX pac-
npefie/leHH, UMEIOUUX o0uLylo 3Hepriio 20. Pesy/ibTaThl npuBejieHbl B Ta6-
Juue,
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Pacnpenenenne vactan gan N =10, k=4 n obmefi sHepran E =20

YpOBHE 3HEprHH Yicao co-

Ne n/n ) ' . I 3 I P w croAniA, %
11 o 10 0 0 1 —
2 1 8|1 1]o0 90 0.2
3 5 0 5 0 252 0,6
4 2 7 0 1 360 0,8
5 6 1 0 3 840 1,9
6 | 6 0| 2] 2 1260 2,8
7 2 6 2 0 1260 2,8
8 4 2 4 0 3150 7,0
9 4 4 0 2 3150 7,0
10 3 4 3 0 4200 9,4
11 3 5 1 1 5040 11,2
12 5 1 3 1 5040 11,2
13 5 2 1} @ 7560 17,0
14 4 31211 12 600 28,1

B 3ajaue otMeueHo 44803 croco6a ocyliecTBACHHS 33aHHBIX yCJIOBHA,
M3 Hux oxosio 28 % npuHaasexHT OJHOMY KOHKPETHOMY paclpeje/ieHHIo,

3ADAYH

1. Onpenenute nocrynarensuyio COCTaBJIAIONLYIO CyMMbl cocTosiHu# F,
npu 298 K u 1,0133-10° Ia. '

2. Onpenenure BpawatebHyO COCTABJ/IAIIIYIO CYMMHl cocTosiHuit F,
npx 298 K. Heo6xonumele naHHbe BO3bMHTE H3 ClpaBouHuKa [M.].

3. Onpenenure KoneGarenbuyio COCTaBJAIOMIYIO CYMMBI COCTOSIHU npH
298 K. Heobxonumeie NaHHbIe BO3bMHTE 43 ClpaBouHHKa [M.].

4. Onpenenute 3/1eKTPOHHYIO COCTaBJASAIOUIYI0O CYMMHl cocTosinuit F,.
Heo6xoaumbre nanuke BosbMute 13 cipaBounuka [M.]. :

5. Onpenenure cymmy cocrosnuit F, npu 298 K u 1,0133- 10° [Ta. He-
06XOJHMble JaHHbIe BO3bMHTe M3 cnpaBouHuKa [M.].

6. Onpenennre cymmy cocrosinuit F, npu 2908 K u 0,5- 10° ITa. Heo6xo-
AHUMble BeJIHYMHBI BO3bMHTE H3 cnpaBouHnKka [M.].

7. Onpenenure cymmy cocrosuuit F, npn 1000 K u 1,0133-10° [a.
Heo6xonnmbie nannbie BosbMHTe 3 cnpaBoyHuka [M.].

8. Onpenennre cymmy cocrosinuit HI npu 100 K u 1,0133- 10% [Ta. He-
06XO/HMBIe JlaHHBEIe BO3bMUTE W3 CIPaBOuHUKa [M.]. /

9. Onpepenute nocrynarenpHyio COCTaBJIAIOMYI0 CYMMBI COCTOSIHHI
MertaHa npu 1000 K u 1,0133-10° [1a. HeoGxonuMsle JaHHbIe BO3bMHTE U3
cnpasouHuka [M.]. ' :

10. Onpenenute BpaumaresbHyio COCTABJAIOIYIO CYMMBI COCTOSIHUH
Merana npu 1000 K u 1,0133-10° [Ta. Heo6xoauMeie faHHBE BO3bMHTeE H3
cnpaBounuka [M.]. '

1. Onpenenute KoneGarenbRyio COCTaBJSIONYI0 CYMMbl COCTOSIHHI
Merada npu 1000 K, ecnu BbipoxkneHus KosmeGanufi v, ~ 1, Vag ~ 3
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8; == 2u §;; = 3. Heobxonumble yacToThl Ko/ie6aHUH BO3EMHTE M3 CIIpa-
poudnka [M.1.

12, Onpegennte 31eXTPOHHYIO COCTaB/ASIOUIYIO  CYMMBI COCTOSHHMH Me-
tana apu 1000 K.

13. Omperenure cymMmy cocTosHuft Merasa npu 1000 K wu 1,0133 %
X 10° T1a. Heo6x0xuMble JaHHKIe BO3EMHTE M3 CIIpaBoOuHHKa [M.].

14. Onpenennte cyvmuy cocroaunit CHBr npu 298 K u 1,0133- 105 Ta,
ecny Mexbsifieprbie paccrosuus C — H 1,09; C — Br 1,91 1078 em; yrist
MEXIY HampapaeiHaMH XHMHYeckHx cBssell << HCN 111°, << BrCH
107°57". Uneac cummerpiuy paBro 3. UacTorsl KoneBaHuil u BBIPOHJIEHH
(yxasauu B cxobkax): 618 (1), 953 {2), 1290 (1), 1453 (2), 2965 (1) n 3082
{2). Boipoxaerve HyJ1eBOTO 371€KTPOHHOIO YPOBHSI PABHO €HHMIE.

£5. Onpezenute nocrynareabHyl0 COCTABJAIOMYI0 BHYTpeHHeil 3nep-
run O, mpu 1000 K.

16. Onpezeinte BpamaTebEYI0 COCTAB/ASIOUYIO BHYTPEHHEH 3HEPrUH
G, npu 1000 K.

17. Onpenenure K01e6aTEAbHYIO COCTAB/AIOUIYIC BHYTPEHHEH 3HEPTHH
O, ripu 1000 K. Heob6xoauMmele nanHble BO3bMHTe H3 cnpaBouHuka [M.],

8. Onpenenute Buytpeumcto  suepruio (U — U,) W 3HTanbmHio
(H* — Hg) O, npu 100C K u 1,0133-10° Ia. Heo6x0iiMble JatHble BO3b-
MYTe H3 cnpapounuxa [M.].

18, Onpeteute BHYTPRHHIOW 3Hepruio 4 sutaabnuio O, npu 1000 K
¥ 1,0133-10° Tla. Paccuuraiiie (H®-— Hgg)ig0. Heobxonumble AauHsie
BO3bMHTE U3 ciippoynuxa [M.]. Feavabrater conocraBeTe co cnpaBouHOil
BeHuMHOH [M.].

20. Omnpeneaure tennoemkocts CH kucaoposa npu  1,0133-10° Ia n
n 298 u 1000 K. HeoGxoaumsie tanHbie BO3bMUTE M3 CripaBouHuMka [M.].
Pe3y.sbTaThl CONOCTABBTE CO CIOPETOUHHIMH JaHHBIMA [M.].

21. Onpenenyre BEYTPEHHIOO SHEPIHIO ¥ 3HTA/ABIIMIO MeTaHa nIpd 298 K
u 1,0133-10% I1a. Heob6xoanMble Aa:iiinie BO3BMHTE H3 CIIpaBOYHHKA [M.].
[lonyuennbie BeiMYHHBI COMOCTABBTE €O CMPABOYHBIMM AaHHBIMH [M.],

22. Onpenenute BHyTpeHHION 3Hepruio W 3utaissnumio CH,Br mpn
298 K un 1,0133- 10® [1a. Yacrorsl konebauuii (cM~1) u Buipoxaenus (yka-
3anbl B cKob6kax): 618 (1), 953 (2), 1290 (1), 1453 (2), 2965 (1), 3082 (2).

23. Omnpenenute NOCTynaTe/IbHYIO COCTABJSIOLLYIO H30XOPHOH TENI0eM-
KocTy Merana npu 1000 K,

24. Onpenennre BpalaTe/ bHYIO COCTABISIOULYIO TEMAOEMKOCTH METaHA
npu 1000 K.

25. Onpenenute Koae6aTeNBHYIO COCTAB/AIOMIYIO TeMIOEMKOCTH Mera-
Ha npu 1000 K. 3HayeHns BOJHOBBIX uuce/ KOJ/1e6aTeJbHOTO ABHKEHHS B
MOJIeKy/le MeTaHa BO3bMHTe U3 cripaBoyHkka [M.]. BeipoxaeHus koJieGa-
HHH vy ~ |5 Voo ~ 3; 8, ~ 2; §,, ~ 3.

26. Onpenenure tensoeMkocTs C merana npy 1000, K, eciu BbIpoxk-
AeHHA KOse6aHn#t vy ~1; vy, ~ 3; 8; ~ 2; §,, ~ 3. 3HaueHus BOJHOBHIX
4dcesl KoJeGaHWil B MOJNeKy/e MeraHa BO3bMHTE M3 crlpaBouHuka [M.).

27. Onpenennte TenoeMkocts Merana CP mpu 298 K. Heo6xonumbie
HacTOTsl KoJMeGaHui Bo3bMHTe M3 cripaBouynuka [M.). BeipoXnenus xoze-
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6aHull vy ~ 1; Vo, ~ 3; §; ~ 2; §,, ~ 3. [osydenuyw BeJHUHHY CONDO-
craBbTe O crnpaBoyHoil [M.]. ‘

28*, Onpenenure TtenjoeMkoctb CCly B COCTOSIHME MA€anbHOrO faza
B uHTepBate teMneparyp ot 300 go 1000 K uepes 100 K. Heob6xoxumnie
JAHHBIE O YACTOTAX KOJIeGAHHI H BBHIPOMKAEHUS BO3BMHTE M3 CIPABOUHHKA
[M.]. TTo MeTony HAKMEHBIUNX KBAJAPATOB BLIBCAMTE 3ABUCHMOCTD TEILIGEH-
kocth CCly ot Temneparypst B Bulie ypaBHenusts Cp = a -+ bT + ¢T?.

29. Briuncaure Tensoemkocts Cp BoasHoro napa npu 1000 K. Heofxo-
A¥Mble JaHHBIE O YacToTax KoJebanuil BO3bMUTE M3 clipaBouHHKa [M.].

30. Beiuucaure Tenjoemkocts Cp auokcupa yriepoxza npu 1000 K.
Heo6xoaumble JaHHbie O YacTOTaX KoJieGaHHH BOSbMITE H3 CLPABOYPHKA
M. -

31. Oupenennre, CKOJIBKHMH CIOCO6aM MOMHO DaCHOJOXHTH CHCTEMY
M3 JeBATH PA3JIMYHBIX YACTHIL B TPeX COCYAAX TaK, YTOUH B MEPBOM COCY-
ne GblIo JBe, BO BTOPOM — TPH H B TPETbeM — YETLIPE YACTHLBL.

32. BuiuncanTe, IpH KAaKOH TemIepatype aToMHAs SHTPOMUsS aproua
npu 1,0133.10° ITa Gyner paBHa 179,9 dx/(moinb- K), ecin snekTponnas
COCTaB/IfIOAsA CYyMMBI COCTOSIHMH aproua paBHa efHHHUR.

33. BoiuucnuTre, NPH KAKOM JABJIEHMH ATCMHAST SHTPOINMUST aTOMApHOTO
woja npu 2000 K pasna 208, 718 dx/(moas- K), eciu cratucTriecksii sec
HYJIEBOTO 3JIEeKTPOHHOFO YDOBHfl PABEH UYeThIPEM.

34. Oxcip yr/eposa H a30T — JABYXATOMHbIE I'a3bl ¢ CAHHAKOBLIMY MO-
NnexkyasipHeimu Maccamu. Ilpu 298 K u 1,0133-10° [1a onu umetor Tennoem-
kocty 29,15 u 29,10 JIx/(Moab- K) coorBercrBenHo. Mexbsiiepubie pac-
croankst C— O u N — N [,128-10-1 y [,098-10-1 s, Durponus CO
197,4, a N, 191,5 Tx/(mos1b-K). O6bsicHHTe CTO/b 3HAUHTENLHOE Dac-
XOXJIeHHe 3HAYeHHH 3HTPOMHH.

35. CO, u SO, — Tpexaromubie rassl. KoJseGarenpnas COCTaBJsIONIAN
tennoemkoctd CO, npu 300 K 6osbie KojeSartensHoil cocrapasiometi ren-
aoeMkocTH SO, npHu ToM e TeMnepatype Ha 1,47 Jax/(moub- K). Tensaoem-
KocTH 3THX rasoB CH npu 300 K: CO, 37,13, SO, 39, 87 dx/(moun-K).
Caenaiite BBIBOL O CTPYKTYPE MOJIEKYJl 3THX Ia30B.

36. BoluucanTe aToMHYIO TenaoeMKocTs Cy, BHYTPEHHIOIO SHEPrHio 4
suTponuio Kpuntona npd 298 K u 1,0133- 10° [1a. Saexktpounas cocrapis-
IoIasi CyMMbl COCTOSHHI KPHITOHA DABHA eJHHIE,

37. Paccuuraiite Bpamare/bHyi0 COCTaBJASIOULYIO SHTPOMHH KHCAODO-
Aa npu 500 K, ecau mexbsnepHoe paccrosiuume pasHo 1,207-10710 m,

38. CocraebTe KoJefarTeqpHY0 cocTassiiouyo sutponni CO npu 298,
1000 1 3000 K, eciiu yacrora xoneGauuit 2,170 10° m—1,

'39. Boruncaure surponuio NO nph CravAapTHOM JaBjieHuH 0 298 K,
ec/iH MexbaLepHoe paccrosnde 1,15.10-1M u yacrora xoaeSanuit
1,9165-10° m~!. JnexkTpoHHAs COCTABAAIOWAS CYMMbl COCTOSTHHI papHa
YeThIpeM,

40. Bolyucaure QYHKIHIO (——Co—;-@—) aast Cl, mpu 1,0133-10% [la u
298 K, ecin MexbsifiepHoe paccrosinue pasHo 1,988-10-1°mM, a yacro-
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ta Konebanui 0,5649-10° M~1, J/ieKTPOHHASA COCTABJAIOMAA CYMMB! COCTO-
auuii Cl, paBHa exuHuLe.

41. Buuuciute QYHKIMIO (ﬁ%ﬁ_?.’_) xjopoBojopona Tpu 298 K

n 1,0133-10° I'a, ecain mexpagepHoe paccroauue 1,2715-10-1° M, a vacro-
Ta Kosnebanuit 2,9897- 10° M—1, Diek TPOHHASA COCTAB/IAIOWIAS CYMMBI COCTOR-
Huil paBHa enunuile. Onpenenute takxe (G89s — MH99s).

42. Tlokaxure, uro npu TeMliepaType abCOJIOTHOTO HYJ/sA, KOrAa Bce
YACTUIB! HAXOJATCA HA HYJ/EBOM 3HEPreTHuecKoM YPOBHeE, MOJADHAS 3HT-
ponus onpefesserca ypaBHeHuem S,=RIln g,, rie gy — CTaTHCTHYECKHH
BeC HYJ/IeBOr0 3J1eKTPOHHOIrO YPOBHS.

43*. OmnpegnenuTe 3HTPONMIO BOASHOTO Napa, HaXOAAWEroca B Wiealb-
HOM ra3o06pasom cocrosiHuu npu 298 K n 1,0133- 10° [1a. MoaexynapHbie
KOHCTaHTb! BO3bMHTE U3 cripaBoyHuka [M.]. o = 2.

44*, Onpenenute MOJAPHYIO 3HTpOmMio 3ThieHa npu 298 K u cran-
JapTHOM JAaBJjeHuu. Mo/ieKynspHble KOHCTAHTB BO3BMUTE H3 CTIPABOYHHKA
[M.]. DnexkTpoHHAA cOCTaB/IAIOMAA CYMMB COCTOSHHH PaBHA eMHHIE.

45. Onpenenure oo modekysn NO, Haxoasmuxcs npu 300 K Ha
20-M BpamaTe/bHOM KBAHTOBOM ypOBHe. MoJieKy/ispHble KOHCTAHTH BO3b-
muTe u3 crnpaBoynuxa [M.]. '

46*. Onpeneaure nouaio mosexyn 'H3Cl, naxoasmuxca npu 300 K Ha
nepBrIX 15 BpamartesbHBIX KBAHTOBHIX YPOBHAX ¢ TowHOcTbio go 0,00001.
Ormnpenenure BpamaresbHOe KBAHTOBOE YHCJAO YPOBHS, HA KOTODOM HAXo-
JAUTCH MAKCHMMAJbHOE uucao MoJdekysn 'H*®Cl npu 3ajaHHBIX yCAOBHAX.
BeiyepTure Bpamare/ipHbiil ciektp npu 300 K.

MHOTOBAPHAHTHBIE 3AAYH

1*. J1as BeltlectBa A, HaXo4Amerocsd B COCTOAHUM WA bHOIO Fa3a lpu
temnieparypaXx Ty, T, u Ty u npu aaBaenun 1,0133-10° [1a, onpenennts:
1) cocraBnsiomue CyMMBl COCTOSHMH: TIOCTYNATEIBHYIO, BpaumjaTessHYyIo,
KonebaTesibHyl0; 2) cymmy cocrosuuil; 3) cocraB/siompe BHYTpeHHeH
3HEPruu: MNOCTYNATeNbHYIO, BPAUIATEeJIbHYI0 M KOJAe6aTesbHYIOo; 4) BHYT-
penuiolo suepruio U — Uy; B) cocraB/isiomue TelIoOeMKOCTH: NOCTyla-
TeJILHYIO, BPAMATEIbHYIO W KoJebaTelbHyio; 6) Tersioemkocts CB; 7) BHI-
BecTH ypaBHenue 3aBucumocty Cp = f (T) B Buge paga C = a + bT+
+¢T?, cnpaBennuBoe B wHTepBase temneparyp ot Ty ao Ty Has peutenus
UCTIO/Ib2YATE TPH 3HAUEHHS TeIUIOeMKOCTH NPH TPeX TemIlepaTypax;

8) cocraBigiomiMe 3HTPONMM: TOCTYNATENLHYIO, BpawaTe/bHYIO H Koseba-
A.—U
TelbHY0; 9) auTponuio St; 10) cocraBsioume QyHKIMH ( L 7

0); nocryna-
Ap — U,
TeNbHYIO, BpamarelpHyio u  KoaebarenabHylo; 11) gynkuuto —);

—HO .
12) ¢yurumo (%) Jlandsie 0 yacrorax Ko/JeGaHuH U MeXbAJEp-
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HHIX PacCTOAHHAX, HeoOXONHMbIE AJ1s1 pacuera, BO3bMHTE U3 CIIDABOYHHKA

IC, X., 1. 1]. Yurute, uyt0 OCHOBHOE 3/€KTpOHHOE cOCTOsHMe 3.

i
= i Beuectno T, T, T, ; E BeugecTBO Ty T, T,
a
1| "Br*Br 300 | 500 1000 14 1H35C] 300 | 500 1000
2| 79BrF 300 | 600 900 15 1HISF 200 | 400 800
3 12C18Q 200 | 400 800 16 1H127] 300 | 600 1200
4 13C180) 300 | 600 1000 17 LINUN 200 | 500 1000
5| 35Cl3sC} 400 | 800 1000 18 31p31p 400 | 600 1200
6 35CJI9F 300 | 600 1000 19 1271271 400 | 600 800
7 e 3d 3 200 | 500 1200 20 127185C] 300 { 500 1000
8 2H*H 200 | 400 900 21 9K 9K 600 | 800 1000
9 1HH 300 | 600 1000 22 | 23Na2Na 600 | 800 1000
10 2H3H 300 | 500 900 23 7Li7Li 500 | 700 900
11 3H3H 400 | 600 1200 24 1uBIH 600 | 800 1000
12 1H3H 300 | 500 1000 25 1B2H 500 | 700 900
13 1H?Br 400 { 600 1200

2, s BemecrBa A ompepennrte npu Temneparype T u JaBJeHHH
1,0133-10° ITa: 1) Buytpenmioio snepruio U — U, ; 2) sntansmmio HO —

—H§; 3) TelIN0eMKOCTD C3; 4) sntpormio S§; 5) dynkuHio (-f%uo—), 6)
GO — H3
byHKuIHIO (—T—"—) JlanHele 0 reoMeTpHUECKHX NapaMeTPax MOJIEKYJIbl

A, t;;lﬂo'rax KOJIEOAHUH M CTeNeHsAX BHIPOMICHHS BO3bMHTE H3 CTPABOYHH-
Ka [M.].

sf sE st

zi BemecTno A T, K ii Beutectso A T, K i Bemecrso A 7, K
1 CO, 30 [10| cH, 20 [18] H,0 1000
2| s, 400 |1| chcl 400 19| HIS 900
3 N.O 300 12| CH,Cl 300 (20| SO, 1000
4 NO, 250 (13| cCl 200 21| NH, 700
5 H,0 400 [14] Co, 1000 [22| PpCi} 1200
6 HyS 30 f15( s, 900 {23| CH 1000
7 g 0, %0 };s gbo 700 |24 cncfr 1200

1000 [2

8 N, 400 X 5| CH,C 900

3. Jlna NByXaTOMHOTO FOMOSJIEPHOIO BEIIECTBA BPAIIATENBHAA CYM-
Ma no cocrosinuaM Q = 50. Buiunciure pas i-ro ypoBHs: 1) oTHoleHue
YHCJIA MOJIEKYJI Ha [-M YPOBHE K YHCNy MOJIEKY/l HA HYJEBOM ypoBHe; 2)
HoMmo (0T O6IIEero YHC/Ia) MOJIEKYN, HAXONAMXCH HA i-M ypoBHe; 3) nouo
MOJIEKYJI, HAXOAAWMXCS Ha HYJIEBOM yPOBHe.

MeBapamra . .. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
iooo oo, 1 2 3 4 5 6 7 8 910 11 12 13 14 15
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4. YcranoBuTe XapaKTep BCeX XMMHUECKMX CBf3eil B MOJeKyJax,
Y4ACTBYIOWIMX B XHMHUUeCKO# peakuuu: 1) onpenenure reoMeTpHuecKylo
KOH(MUTYpALMIO ATOMOB B PABHOBECHOM COCTOSIHMH MOJIEKYJl, Y4aCTBYIOWHX
B XMMUUecKoll peakluH; 2) ycraHoBuTe no cnpaBounuky [M.] monexyasip-
Hble KOHCTAHTH! MOJEKYJl, yUacTBYIOUIMX B XHMHUECKOil peakuuu; 3) onpe-
nenuTe BHYTpeHHiowo 3Hepruio U — U, Beex BelecTB, YYacTBYWOWHX B pe-
akuuu, B Auanasone temneparyp ot 300 go 1000 K uyepes 100 K u npu
298 K; 4) onpeneaute tenaoemkocts Cp npu 298 K B auanasone ot 300 po
1000 K uepes 100 K a5 Bcex BewecTs, y4acTBYIOWHX B peakluy; 5) ycra-
HoBUTe ypaBHeHue 3aBucumocti Cp = f (T) B Buge

Cy=a+bT+cT?

Ha OCHOBAHMM JAHHBIX, PACCUMTAHHBIX B 1. 4 METOAOM HAUMEHBIUMX KBajpa-
TOB A8 BceX BellecTB, YYacTBYIOU[MX B peakiuu; 6) onpenenure Temjio-
ol 3bexT peakuun npu 298 K n npu nocrosHHoM JaBiendu 1,0133-10°
[la; 7) BeipasuTe ypaBHeHHEM

AH§ = A+ BT +CT*DT?

3aBHCHMOCTb TeM/I0BOro 3deKTa XUMHUECKOH peaklMu OT TeMNeparyphi,
8) BBIUEPTHTE 3ABHCUMOCTH TENIOBOIO 3(D(eKTa PeaKluu OT TeMNepaTyphl;
9) onpenenure (H® — H{) Ana BceX BEIECTB, YYACTBYIOUIMX B DEaKIHH,
npu 298 K u B ananasone temmneparyp or 300 o 1000 K uyepes 100 K; 10)
onpeneaute (H*— Higs) B nnanasoue rtemmeparyp ot 300 ao 1000 K uepes

100 K; 11) onpenesnure aGconioTHbIE SHTPONUM BCEX BEWIECTB, y4acTBYiO- -

mux B peakuuu, npu 298 K u B ananasoune temneparyp or 300 no 1000 K;
A —U
12) onpeneanre GyHKIHH (—T—T—o) VI BCeX BellecTB, Y4acTBYIOWIHX B

peakuuu, npu 298 K u B nuanasoxe temnepatyp ot 300 no 1000 K uepes
GO—H?

100 K; 13) onpenenute hyHKIHH (-———}——"—) I/ BCeX BellecTs, y4yacTBYio-
mux B peakuuu,npu 298 K u B nuanasoue remneparyp ot 300 go 1000 K ye-
pes 100 K; 14) onpenenure pyukuuu (G°— H390) Ana BceX BelecTs, yyact-
Byiomux B peakuuu, npu 298 K u B puanasone rtemmeparyp ot 300 go
1000 K uyepes 100 K; 15) onpenesnure namMeHeHHe SHTPONUU B XO€ XUMUYe-
ckoit peakuuu npu 298 K u B ananasone remtiepatyp ot 300 no 1000 K yepes
100 K; 16) onpeneaure AG} B xoae xuMuueckoll peakuuu npu 298 K u B
auanasone temneparyp ot 300 o 1000 K yepes 100 K; 17) Bo3moxHO 11
CaMOIPOM3BO/bHOE TPOTEKAHHE XHMMUECKOH PeaklMH NPH CTaHAApTHEIX
yCAOBUAX B Auanasoue Temneparyp ot 298 no 1000 K?

| .
Y a“:-,.r;n' | XHMHYECKAR Pearuus N"’af,i’a’"' XnmuuecKas peakuun
|
1 | CH,+H,0>CO+3H, 4 2CH,+ 0,222C0O +4H,
2 | CHy+2H,07"CO,+-4H, . 5 9CH,2CH=CH+}3H,
3 CO +Hy077CO, + H, 6 CH, 4~ CO,222CO--2H,
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FrNTABA IX
FA3bl

OCHOBHEIE YPAaBHEHHSI H CHMBOJIb
[ K., c. 125—129, 131—136, 149—156]

CoiicTBa ujlea/bHBIX Fa30B ONMUCHIBAIOTCA ypaBHeHueM MeHpeneeBa—

_ Kaaneiipona

PV=nRT, (1X.1)

rie Pu — JaBjenne; V — oObem, 3aHUMAeMBill 7 MOJASIMM £A33; 1 — YUCIO
MoJel rasa; R — Mo/spHas rasoBast nocrosHHas, T — a6coioTHAs TeM-
neparypa.
CBoificTBa cMecH HIeaNbHBIX Ta30B ONUCHBAIOTCS YpaBHeHueM Jla1bToHa
npu T = const:
{
P=Pi+Py+Py+...+P= 3 P, (1X.2)
i=1
P;=Pux;, (1X.3)

rae P — ofuee naB/ieHue ra3os, P; — napuuajibHoe JaBieHHe i-TO KOM-
TNIOHEHTA; X; — MOJAPHAA J10JA [-T0 KOMIIOHEHTAa, ¥ ypaBHeHHeM Amara

{
V=V VotVot . V= 3V, (1X.4)
=1
Vi=in, (IX5)

rae V — obuuil o6beM cMecH rasos; Vi —napuuaipHbiil 06neM KOMNOHEH-
Ta; X; — MOJAPHAA JROJHA [-TO KOMIIOHEHTA;

=5 ” = (1X.8)
TAe n; — YHCJAO MOJEH [-FO0 KOMIOHEHTA,
ViP=P;V. (1X.7)

Ypasuenus (1X.1) — (1X.6) npumeHuMsl K peabHbIM Ia3aM NPH BHICO-
KHX TeMIeparypax W HH3KuX L[aBjeHusnX. [Ipu pacuerax cBoiicTB rasos fo-
MYCTHMO NIPUMEHSATh 3AKOHBI MJea/bHBIX Fa30B A/8 yCJAOBHil, TIPH KOTO-
PBIX MOJIAPHBIE 00beM He MeHee 5 /1 /1S OHO- W JBYXATOMHHIX Ta30B U He
MeHee 20 a1 1as GoJee BBICOKOMOMEKYAAPHBIX Ta30B npu 298 K.

CBoiicTBa peasibHBIX Ta30B ONMUCHIBAIOTCA ypaBHenueM Bau-gep-Baasnb-
ca. as | moas rasa:

(P+—§;) (V—b)=RT; (IX.8)
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AJISL 11 MoJielt:

TeMnepaTypnl

nia S R .
(P-I- Ve )(V~nb)=nRT; (1X.9) * »5 ~ 8§83 8 3 8 gi ;g =
N, ~ AN 3 k R E
T n3 NN ~ J < g,} ]
P— ;‘R - _ V’a , (IX.lO) < 3\\‘\\\\\ . < ‘\\ \\\ \ \“ g\E E
it 9 N
' . Kya " \EE%%‘ NN AN \ N
rle a — NOCTOSIHHAS, YYHTHLIBAIOWAs B3aHMHOE NPHTSKEHHE MOJEKYJ; N YN NTS T »
A Y P y A WO R 3
7 RTy (IX.11) NROINY X RS R i
=, =5 . )
64 Py NN TINNANAVANA { =
. N N <N v Y 1 m
b — nocrosiHHas, YYHTHIBAIOMAA COOCTBEHHHIH OOBEM MOJEKYJ, \\\\‘\}\\ ANN \"\ L IR z
b=2/4m0% N; (1X.12) ,\\\ \ f‘\}}\\\\\\\ A c
= LAY Y °
1 T A A\ )\ /e
b R (IX.13) IR VTR A ARV 58
8 Py < WS A1 7y, ¢
rae Ty — KputHUecKas TeMneparypa rasa; Py — KpHTHYECKoe JaBileHHe H WV %
7,
rasa; Na — nocrosiHHasi ABOTaJipo; O — KHHETHYeCKHH nHaMeTp aTOMOB NG % « =
¥ MOJIEKYJl Ta30B. , 7 /A '/&: 5
YpaBHenue Ban-zep-Baajbca J0CTaTOYHO TOYHO ONHCHIBAET COCTOSIHHE 7 I T T~ &
rasa, ecj¥ ras HaXOJMTCA NPH TeMneparype Bhbillle KPHTHYECKOH H 1 Moab Wi/ TIVEVH 2% @ 9va =
ero saHumaer o6beM He menee 0,3 a. NN LY NG VAT §
Jpyroe mHpoKO NpHMeHseMoe YpaBHEHHE, KOTOpoe ONUChIBAaeT CBOHCT- “ / / AV ‘/// // ,2;/'/ g j, // ,'/ % £
Ba peaJjibHbIX Ia3oB, l/ HIEE I\ 7 // o AXEA AT E
' 2=PV/n RT, (IX.14) st Wi/ A ”///"’, A A 5
oy % [ Y 24,/ BV die ha
rie 2 — KO3(HIHEeHT cxxuMaeMOCTH. Jlns MjeanbHbix rasos z = 1, ®y- Svylv?s N | // / % 7 LA AL XA -
THTHBHOCTb [ MOKeT GbiTh paccuvTaHa no dopmyae: WAS /&’?/é/"% 7S / 77 ' ,//’/ L4 //,/ A ,/// A £
f=P3/Pnn, (IX.15) IS I,‘ ’§~{%§/7 4 "’// A7 /'l/'//‘/ 17 %
! ! /i P Z]

% / 77V A7V 17 7 =
rae P — JaBienHe peaibHOro rasa; P, — jaBlleHde, KOTOPHM 0Gaajia/ / / / LA s N %Vl : /,/'/,/, 7 &
6bl ra3 NpPH AAHHOM OGbeMe U Temmepartype, ec/i Gbl OH MOAYHHAJICA 3aKO- f / //%“Q//, / ANAESANA XA 1 -
HaM HjeaJbHEIX TasoB. YpaBHenue (I1X. 15) npumeHHMO TOABKO JJIS cpaB- f A 1 AT X7 Q =
HuTesbHo Hefosbuux pgaBaenuit (P < 50 arm). Kosgpduunmenr ¢pyrutus- A ,/%"3/ o A Ay A0 A7 A/ o 5

£ N b A4 L4

HOCTH Y; BHIPAXKaeTcsi COOTHOLUEHHEeM wWIATS s 4/;,,1 444 o '’ S 5
.7/ y 14 -
=f/P. 1X.16 . AL/ 02 ®
¥s f/ ( ) ////;/4;@ IYJv;v 71'/, ”l 7 ,(‘," g‘ g
Jas upeanbubix rasos vy = 1. Koadduuuents 2 1 y; st 3alaHHBIX TeM- 7 & > l”ll Ais // / a
neparyphl H JaBJieHHs BHIYHCAAIOT NpHGaviKkeHHO rpaduuecku (puc. 13,14). y'4 1Y ,// y: 8
Hanubie Ko3ppHUHEHTH NpeAcTaBisioT co00# (YHKIHH NpHBeNEeHHOTO v 77y e = §
JaBJIEHHS] T W NpHBEJEHHOH TeMNepaTyphl T 117 ///.',;, =
Y Ly ®
a=P/Py, T=T/Tx. : ST 3 5 = 177 3 @
eyl o3
YpaBHeHHe COCTOSIHHA B BHPHaJbHOH (opme: HIf'H =
PV B . C ~ ey L -
—R—T=1+—V—+—VT+..., (1X.17) = ~ RIS 83 B S S A

rae B u C — Bropofi u tperuit BupHaJbHbie KO3(DGHIHEHTH COOTBETCTBEH-

HO.
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Puc. 14. 3aBncuMocTh KoadduUMEHTa CKHMAEMOCTH 2 OT NPHBEJCHHONO AABJCHHA Ji H MPHBEACHHOH TeMmepaTyps t©

W3 Mo/1exy/IsDHO-KHHETHYEeCKOH TeopHH ras3oB C/aelAyeT 3aBUCHMOCTb
ZMamerpa ¢ aTOMOB H MOJIEKyJ OT TeMIepaTypbl:

T
o=29r, (1X.19)

rje r — KHHETHYeCKHIl pajHyc atoMOB M MOJeKy.1: O, C — KOHCTAHTH,
cpelusisi JLUIHHA ¢cBOOOAHOrO npobera

c
02:030(1 T——) (1X.18)

A=1/(V T n02N), A — (1X.20)

Jo;un;
rae N — uucio MOJIEKYJ B €JHHMIEe 0613ema;
CpelHsist apUMeTHUeCKass CKOPOCTb MOJMeKY Ibt Fasa

u=V 8RT/(a M) ; (1X.21)
KO3(pULHEHT BSA3KOCTH rasa

=M u/(3n02 N,); (1X.22)
YHCJAO CTOJAKHOBeHHH O1HOM MoAexy bl B | ¢ B efiiHuLe o6beMa
Z=VY"7 notuN, (1X.23)

YHCJAO ABOHHBIX COYJApeHUI OJHOUMEHHBIX MOJeKyJ 3a | ¢ B efHHHLE
obnema

2 -
Z' = V2 no2 N2 u, (1X.24)

rje s6? — nomepeyHoe CeyeHHe COylapeHHil aToMOB H MOJEKYJ; UYHCJIO
CTONKHOBeHHI Z'' MeXy Pa3HONMEHHBIMH MOJIEKy/1aMH B elHHHLe 06bema

salce _
010y \? MM, \ .
A =( 3 ) l/snRT(W)NIN2 , (IX.25)

rae Ny 1 N, — 4yHCIO MOJIEKysJ NepBOrG W BTOPOYO Fa30B B J1aHHOM
obrweme; M; u M, — MosleKy 1sipHbIe MacChl IEPBOr0 W BTOPOrO 'asoB; O,
H 0, — KUHEerTHyecKHe AHaMETpEI;

ofliee YUCAO yAAPOB MOJEKYJ, MPUXOASAUIMXCA Ha eIHHHUY [OBepx-
HOCTH CTEHKH Cocyha 3alc,

Z"=NV RT/(2x M) . (1X.26)

YpaBuenune Kaanefipona — MeHJeleeBa MOKHO MPHUMEHATh U 51 CH-
CTeM, B KOTOPHIX TPOMCXOAUT TepMHYeCcKasn Juccolnanus ra3oB. Ecau uncao
MOJIell Fa3a 1o AUCCOLMaluy 0603HAYMTD 1, CTENEHb JUCCOMANMH NPH JaH-
HBIX YCJAOBHSIX O, UHC/AO MOJIEKYJ HWJIM aTOMOB, HA KOTOpble pacnajaercs
OJIHA MOJIeKYJ1a HCXOAHOTO BElIecTBa, vV, TO B COCTOSTHHH JHCCOIMANHH YuC-
JIO MOJIeH HCXOJHOIO BeilecTBa, MOABEPrHYBIUMXCA pacnajy, 6yAer paBHO
an, a Yueao HepacnaBmmxcs n— o n = n (1 — a). Tax Kax Kaxkznas mo-
JeKyJa, npereprneBLIas JUCCOLMALMIO, JAeT V HOBBIX MOJEKyJ, TO NPH pac-
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najie an MoJei HCXOHOTO BeuecTBa 06pasyercs avn Mosiell IpoAyKToB pac-
nana. CrenosatesibHO, obliee YHC/IO MOJEH B COCTOSIHHH AHCCOLMALMH PaB-
HO

n(l—a)tanv=n(l—at+av)=n{lta (v—-1)I. (1X.27)

O603HayuB yepes i yHCnO, NOKasbBaiouiee, BO CKOJMbLKO pas BO3poC/IO
YUCJIO MOJIeH BCJeNCTBHE AHCCOLUHALMH, NONTYYUM

. O6mee 4HCAO MOJIeft B COCTOSHHH JHCCOUHALHH
l—qucno MOJIEHl HCXORHOTO BeIecTBa O JHCCOLHALHH
nfl4-a(v—1)]
n

Ecau Kaxkaaa MoJieKy/1a HMCXOJHOrO BellecTBAa pacuieluisiercd Ha JBe
HOBBIE (Vv = 2}, To '

i=1+a. (1X.29)

13 peipamxenus (1X.28) cnenyer, uro obuee yHcao MOJIEH B COCTOAHHH
- MCCOLMAIMH PaBHO NIEPBOHAYAJILHOMY, YMHOXEHHOMY Ha i. Ha ocHoBaHWH
storo ypasHenue (1X.1) B npHMeHeHHH K a3y, HaAXONAUEMYCA B COCTOS-
HHH JHCCOLHMAIHH, Npeobpasyercd K BHAY:

PV=inRT. (1X.30)

3AJlAYH C PEHIEHHAMH

1. Ilpu 473 K u 0,999-10° I1a 0,716 r opraHnuyeckoro BewlecTBa, McC-
napsAfcb, 3aHHMaioT o6bem 0,246 1. BHIYHCAHTE MOJIEKYJIAPHYIO MACCy CO-
eHHEeHHs U omnpenenure ero dopmyay, ecan C:H:O = 2,25: 0,375:1.

P eueuue MoNeKylspHYIO MacCcy BeliecTBa BbIYHC/]AEM [0 ypas-
HEHHIO

n=PV/[(RT) =m/M,

rae m — macca HCCNeAYEeMOro BeljecTBa, M — MOJIeKﬂy.HﬂpHaﬂ macca McC-
CJIeyeEMOro BeuiecTBa,
8,314.473.0,716

M= =116,18.
0,999.105.2,426. 10~ !

3anucas popmyny coennHenus B obuiem Buge C,H,O, u ucrnosnesys
JlaHHBIE O €ro MOJIEKYJIApHOI Macce H MacCOBOM COOTHOLIGHHH BXOAAUIMX
B HETO 3JIEMEHTOB, COCTaBJIfieM TPH YPaBHEHHSA:

216--216.0,3754+216.2,25==116, 18, )
yl=1216-0,375, (2)
x12=1216.2,25 (3)

[}
(16, 1, 12 — aromusie maccni O, H u C coorBercTBenHo). Peluenne ypaBHe-
HHH jaer: z = 2, y = 12, x = 6 u C;H O, = CgH,,0,.
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=1+4a(v—1). (I1X.28)

2. TlpuBenuTe K HOpPMANbHBIM YCJIOBHAM Tra3 (BbluMciure o6bem V,
KOTOPBIH 3aHHMaer JaHHOe KoJHuecTBo rasa rnpu 273 K u 1,0133- 10°® ITa),
ecou nipu 373 K u 1,333 10° [1a ero o6bem pasen 3 10-% m®,

Pemenue. [Ilo ypaBnenno (IX.1) onpenensiem o6bem rasa:

PV, _1,0132:108V
T, 273
1,333-108.3.10-2.273
= 373.1,0133.10°

’

=2,89-10-4 M3,

3. Bbluucsure napumajbHbie 00beMbl BOAAHOTO Nlapa, a3ora H KHCI0-
pOAa M NaplHaNbHble JABJNEHHs a30Ta W KHCIOPOJA BO BIAXKHOM BO3AYXe.
O6umuit o6neM cmecH 2-10-3m3, obmee nasnenue 1,0133-10° I1a, napuu-
anbHoe jaBjieHde mapos Boupl 1,233-10%* ITa. O6bemublii cocTaB Bo3fyXa
21 % O, u 79 % N,.

P ew e u ¥ e, Bolyncnsem napuuansHelii o6beM NapoB Boasl Vy,o 1o
ypaeHenHio (1X.7):

V0 P=VPyo,
2.10-3.1,233.104
B0 = 1,0133.100

=2,4-10-% M3,

Briyncasiem napuuanshsie o6bembl O, ¥ Ny:
Vo,+Vn, =V—Vu,o =0,002—0,00024=1,76-10-3 w2,
Vo,/Vn,=0,21/0,79.
Orciona
Vo,= 1,76-10-3.0,21 =0,37-10-3 M3,
VN’=1,76-10"3-0,79=1,39~10‘3 M3,

Boiuncasiem napuuansHoe jasiedve O, no ypasuenuam (I1X.3), (IX.5):

P0,=Px0',
xg, = VO,/V=0-37' 10-3/2.10-3=0,185,

Po, = 1,0133-10°.0,184 = 1,866-10% ITa, a Tak kak P = Po, + Pn,+
+PH=0, TO ]
Py, = 1,0133-105—1,866-104—1,233-104=7,033.104 Ila.

4, Broiuncnute o6vem | monb xJopa npu 473 K u 2,0267- 108 [1a.

P e w e 1 u e. Boiuncasem o6bem Cly, no ypaBuenuio (1X.14). Ons 3to-
O HAaXOMM NpHBeJeHHble 1aBJIeHHe U H TeMIepaTypy T, HCIOJb3Ys ypas-
nenus (X.15) u (X.16): Ty = 417K; Py =77,09-10°TIa [M]; 7=
= 473/417 = 1,13, =n = 2,0267-10%/7,709-10° = 26,3;  paccunThiBaem
KO3(XpHIMEHT C:KHMAEMOCTH 2 U3 pHC. 14 :2 = 2,7; ‘

V=2,7-8,31.473/(2,027.10%) =5,239.10-5 u3.
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5. Bolumcaure aaBienue | monb BoAOpoaa, 3aHumatomero npu 273 K
o6bem 0,448-10-3 M.
PewmeHnue Bouncisem aabienue no ypaeHenuio (IX.1):

P=8,31.273/(0,448.10-3) =50,663-10° ITa.

OznaKo 3T0T pe3y/brar HeHajexeH, Tak Kak V « 5 a. [Tosromy nosrops-
eM pacuyer, HcnoJib3ys ypaBrerue (1X.10):

RT a
T
JIina Bogopona a = 0,244 n*- arm/monv?; b = 0,027 1/moab;
0,082.273 0,244

= — =51,9 arm (52,65-10% Ia).
0,448 —0,027 (0,448)
6. Boiuuciaure 06bem | MOJIb HAchiEHHOrO BOASIHOTO napa npu 485 K
H Py,0 = 2,052 MIla (20,25 artm).
PewmeHnue Pacuer BbIMONHAEM MeTOLOM moafopa ¢ NOMOLIbIO
ypaBHenus (IX. 10): .
_RT_ __a&
TV—b V2
Ina Boasl a=>5,464 n%-amm/moab?; b = 0,03 a/Moas. OpHeHTHPOBOUHO
NpHHHMaeM

RT 0,082-485

V' = = =1,964 7.
P 20,25
[logcraBisieM nosydeHHOe 3HAYeHWe B NMPUBEJAECHHOE YPaBHEHHE:
Pl 0,082.485 5,464 —19.14 am,
1,96—0,03 1,962

BoiunciieHHOe 1aBeHHe HWKe JAaHHOTO, C1eJOBATENbHO, HCTHHHBIH 00beM
MeHblue, yeM 1,964 j/mMoub.
[Tpuaumaem V'’ = 1,75 n/moib 1 noBTOpsieM pacuer:

_0,082.485 5,464
~1,75—0,03 1,752

=21,34 atm.

Orkyna P'" > Pyu,o. Tak kKak P”' > Py,0 > P’, npeanosaraem, 4rto
obbeM V'’’’ nexur B mnpefenax 1,95--1,75 a/moab u npunumaem V'’ =
=1,851. Toraa

0,082-485 5,464

"~ 1,85—0,03 1,852
[Monyyennoe sHayenue AaBMeHUs OTJAMYAETCH OT 3aJAHHONO MeHee 4eM Ha
0,05 %, nmoatomy ocTaHaBIMBaeMcs Ha nocaenHeM pesyabrare. Orkyna
V" =V = 1,85 a/monb (1,85-10-3 M®/Monb).
7. Bbluucaurte AaBleHue | MosMb aMMuaKa, HaxXoAsmerocda B cocyje
Bmectumoctbio 100 mn, npu 500 K.

==20,26 arm.

132

Pemenne [na pannbix yeaosuit (V << 0,3 i) ypasnenns (I1X.1)
u (IX.8) HenpuMeHMMBI, TIOITOMY /Il BBIYMC/IEHMA JABJIEHHS HCNOMb3yeM
ypaBuenue (1X.17). Bupuanpuole Ko3bduIHeHTs 115 aMmMuaka npu 500 K
HAXOAHUM MHTEPNOJANHER U3 IPHBEACHHEIX HIXKe JAHHBIX:

K . ... 300 400 500 600 800 1000 2000
B ...... —15,7 0,03 8,53 13,91 20,06 23,33 28,30
cC ...... 1116 1000 954 928 894 867 758

B ...... —4,85 9,31 17,06 21,84 27,26 29,96 33,81
c . .. . 1428 1332 1288 1258 1210 1167 1000
B ...... 12,34 14,36 14,98 15,66 16,68 16,72 16,06
c .... . 29 283 271 260 242 227 181
B ...... —  —332,33 —163,47 —98,83 —47,22 —26,19 —1,47
cC ...... — — — 4650 2170 1090 319
B ...... —285 —120,11 —68,30 —45,97 —29,83 —10,19 5,37
cC ...... — 3317 237 1438 714 461 196
B ...... —94,03 —49,07 —25 9,89 7,92 17,70 34,44
c . ..... 3116 2499 2173 2005 1852 1786 1622
B . ... 11,12 10,94 10,72 10,51 10,13 9,81 8,72
c ...... 98,26 89,48 8,90 77,63 69,65 63,85 48,09
B=propoit BupuadbHbli KoappuuHEnT, cM3/MOoab; C—TpeTull BupHaAbHBIH KO3(DOH
unent, cm8/monp? (B=—68,3 cM3/moab; C= 2397 cmé/monn?),

8,31.500-10-6 ( 68,3 + 2397 93 13 MII
0,1-10-3 100 ' (100)2 ) ' a

8. Paccuurafite KMHeTHYeCKHH pajuyc r u JJAHHY CBOGOAHOro npobera
& naa0,0416 monb renus, 3aunMarongero npu 293 K ob6bem 1 4.

Pemenue. KnHernueckufi paguyc aromMOB re/iusi BbIYMC/IAEM MO
i’]\p{(]iBHeHHIO (IX.18). 3nauenns o, n C 113 renus GepeM u3 CNPaBOYHHKA

Ooo=1,82.10-10 M; C=173;

73
o%=1 ,822(1 +_;é?)=5’266' 10-20 m2;

]

: 5
0=2,295.10=10 M; r= —=1,147.10-10 .

Jnuny ceoGopnoro npoGera A Bhiunc/sieM no ypasnenwio (1X.20), ang aro-
roonpepensieMm N — uncyio Mostekya B 1 m%:

N = niy — 0,0416-6,002.1023
14 10-3

=2,506-1025 Monexya/m®

1

A — m— e . _7
V2 -3,14.5,266.10-20.2 506.102 ,706-10°7 u.

9. Briunciure AN reJiud, HaXoAdAlleroCcAa B YCJOBUAX, NMPHBEAEHHBIX

B 3anaye 8, cpenHIO apupMeTHYECKYIO CKOPOCTb MOJEKYJI i W KO3(ppHLH-
€HT BA3KOCTH 1],
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PeweHue CpeiHiolw apHPMeTHUECKYIO CKOPOCTb BBIYHC/IAEM IO
ypasuenuio (IX.21):
- ( 8.8,314.293

)l/’ 194,86 w/
= ———— = ,86 m/c.
“~\3,14.4,003. 10~

Ko3@xpuiueHT BA3KOCTH BhiuHCAseM To ypasuenuio (1X. 22):
4,003-1244,86.102

= —1,668.10~% r/(cM-c), uau 166,8 MKII.
N =3.3,14-5,266. 10-16-6,002. 102 /{ew-)

10. BBIuMC/HTE YHCIO CTONKHOBEHHH Z OJHON MOJEKyJbl Fedusi, 00-
wee yHC0 coyaapenuit Z' 3a 1 ¢ B 1 cm® ¥ uncaio yrapos Z'*', NpHXOAAMMX-
ca Ha | cM® MIOWARM CTEHKH cocyAa 3a 1 ¢, ecau 0,146 moan He npu 293 K

3aHuMaer obbeM 1 J1.
PemeHnue Uncao crofkHoBerdii Z opHOH Modeky bl 3a 1 ¢ B 1 M:

BbiuHc/igeM No ypasHeruio (I1X. 23), ucrnonib3ys paHHbIe CTIPABOYHHKA M.

4r2=0g2="5,266-10-% M2, u = 1244,86 M/c;
N=2,506.102% monekya/m3,
Z=2.5,266-10-20.1244,86.2,506-1028.10-¢=2,32. 103,

O6iee uucto cronkHoBendin Z' B 1078 m® 3a 1 ¢ BeuHC/IAEM MO YpABHEHHIO
(1X.24):

7' =(V"2 /2)3,14.5,266-10-20 (2,506)2 10%.1244,86-10-6 =9, 14-10%.

Yucno yaapos Z''' B 1-10-* M® 0 noBepXHOCTb BbIYHC/seM MO YPABHEHHIO
(1X.26):

8,314.293
2.3,14.4,003.10-3

1/
z”'=2,506.1025( ) *10-4=7,87-102,

11. Onpenennte yuC/I0 CTONKHOBEHHH MO/IEKYJs a30Ta M aproHa Apyr
¢ apyrom B ofbeme 1 M® H UHC/IO YAApOB MOJIEKY./ Tasa O CTEHKY cOCyAad
mromaasto | M2 3alc npu 373 K H napuHanbHHX JAaBJeHHAX a30Ta
1,0132-10° u apromna 2,0264- 10° [1a, ecau oy, = 3,64 u 0o, = 3,5-10"10 y,

PeweH d e BouncnseM cpefHHN KHHETHYeCKMH PajHyc CTAJIKUBA-
IOHIMXCH MOJEKYJI:

- UNg+0Ar _ 3,64+3,51 —=10-10 y:
g = 9 = 5 ’
YyHCJIO MOJIEKYJT a30Ta H aproHa B 1 m® BLIyHC/IAEM TIO YDaBHEHHIO
Ny=(P; V/RT) Ny,
1,0132.10%.1.6,022. 1023

=1,97-10%% monekyn/m3,

N; = 8,314.373
2,0264-1-6,022.10%
A= 8,314.373 =3,934.10% moxekyn/m®.
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O6uiee uucsio coyaapenuii Z'' 3a 1 ¢ B 1 M® BHuHC/AseM NO  ypaBHEHHIO
(IX. 25):
.1
MAr+MN, )JE
MAr MN, '
Z"=1,97-1028.3,93.102% (3,58-10-10)2 X

Z"=NN,NA;-°2 [Sn RT(

39,94 128,01
39,94.98,01.10-3

Uuneao yaapos ZZ''' moseKya rasa o CTEHKY cocyAa njomanmbio 1 m? 3a
1 ¢ BuluMC/AsieM TO yPaBHEHHIO
"

2 2= 2l 2y

1
X [8.3,14-8,314.373( )]2=2,7o.1035.

ZN. u Zj, BoluMcasteM no ypaeHenwuio (1X. 26):
1

”m 8 314.373 1
Zy,=1.97-10% : 2 .10%7
N ( 2.3,14.28.10-2 ) 2,61.10%,
1
8,314.373 1
Z"=3,934.10% ’ T4 381087
A0 ( 2.314.39,9-10-3 ) 4,38-10%7,

"

= Z, =(2,6144,38) 10%7=6,99.10%,

12. Mpr 945° Cu 1 amm 1,7 r H,S 3anumaer o6bem 5,384 a. Beuncnure
cTeneHb AMCCOLHAIMM CEPOBOAOPOAA, €CJH peaklHsA NMPOTeKaer N0 ypas-
HEeHHIO

HyS &= H,;+0,55, (m) .

P ew en u e. Bocnoabsopasimck ypasHenuem (I1X.30) u npuusas
i = 1 + 0,5a cornacHo ypaBHEHHIO peaklHH, Mocje NOACTAHOBKHM COOT-
BETCTBYIOUIMX YHCJOBBbIX 3HaUeHHH NOJyuHuM

PV (1+0,5a)n RT;
v 1-5,38
0,5 RT ° 0,5-0,05-0,082-1218

HaH a=15,69;.

a —2=0,156,

3AJJAYH

1. TlpuBeniite K HOPMaNbHBIM YCJIOBHAM ras, 3aHHMalomui npu 373 K
u P = 13,33-10% [1a o6nbem 3-10~2 M8, .

2. Onpepennte MOJIEKY/AAPHYIO Maccy M ycTaHOBHTe (DOPMYJY BemecT-
BAa, eCJH IIOTHOCTD ero napa npu 373 K u 1,013-10° I1a paena 2,55 r/a.
MaccoBoe COOTHOILIEHHE 3JeMeHTOB B 3ToM coefuHenuu C:H = 12:1.

3. Kakoe Ko/JHuecTBO AMOKCHAA yriepopa npH 5,066-10° [la u 323 K
3aHUMAaeT OAMHAKOBbI o6beM c | T reaus npu 1,013-10* [Ta u 273,15 K?
Uemy paBHBI MJIOTHOCTH 3THX Ta3oB?

4. Hausbicmas TemnepaTypa B rasrosbpepe jgetoM 315 K, HauHuswas
aumoil 243 K. PaccuuTailte, HACKO/NBKO GOJblLe (0 Macce) MeTaHa MOXKeT
BMeCTHTb Fasrosibaep BMecTHMocTbio 2000 mM® 3HMOM, yeM JeToM, eC/IH AaB-
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JieHue nocrosiHHo ¥ pasHo 0,104 MlITa (uamenenuem o6bema rasrosipaepa ¢
TeMIilepaTypoll npeHedpeus),

5. bapomerp naer HeBepHbe OKA3aHUS BCJAENCTBHE MpPUCYTCTBUS He-
GOIBIIOrO KONHYECTBA BO3AYyXa HaJ crol6ukoM prytd. [Ipu passienuu
755 MM pT. cT. GapoMeTp nokasbiBaer 748 MM pr. cT., a nipu 740 MM pT. CT.
UCTHHHOTO jaBneHMss— 736 MM pr. cr. KakoBo jeiictBuresnbHoe NaBienue,
ecav Gapomerp nokasoiBaer 750 mm pr.cT. npu T = const?

6. Jlas rasosoii cmecu maccoBoro cocraBa (%): Cl, — 67; Br, — 28;
O, — 5, Bbiyucaure: 1) o6beMHsll cocTas;, 2) mapuuaJjbHbe [4BJEHUs
KoMNOHeHToB; 3) o6bem | Kr cMecu. Obuee nasiaenue 1,013-10° [1a. Tem-
neparypa 373 K. :

7. W3 KucsopoaHoro 6a/1/104a BMECTHMOCTBIO 8 /1 KMC/IOPOJ, TIpY j1aBJie-
nuy 120 aT™ BbITEK B pe3epByap BMECTUMOCTbIO 7,5 M®, HAMOMHEHHbIH BO3-
AdyxoM niox aaBsenueM 740 mm pr. cr. u 298 K. Boiyucaure obuiee j1aBaeHue
B pesepByape Y Naplua/bHbie 0ObeMbl asora ¥ Kucjopoga. (OGbeMHbiH
cocras Bosnyxa (%): Oy — 21 u N, — 79.)

8. Kakoe konuuectBo CO, MOKET BMECTUTh CTAIbHOH COCYH BMECTHUMO-
ctoio 0,5-1073 M3 mpu 473 K, 162,1 MIla?

9. Boiyucaure no ypasHeHuio Ban-nep-Baansca rtemnepartypy, npd
Kotopoli o6bem | Kr ‘MeraHa craner paBHbim 0,1 M® npu 2,026 Mlla.

10. Boiuncanre aaa CO, nocrosHnyio b B ypaBHeuuu Ban-1ep-Ba-
anbca: 1) u3 Kpuruyeckux napamerpoB [M.l; 2) u3 naHHBIX O KuHeruye-
CKOM JuaMerpe MOJeKyJabl JHoKcuaa yraepopa rnpu 273 K (o =
= 3,34-1071° M). CpaBuuTe Bblyuc/eHHbIE BETHUHHBL U OOBACHUTE, MOYe-
My OHH OJIH3KH, HO MOJHOCTBIO HE COBNAJAIOT.

11. Boyucaure o6bem | Kr merana nipu 298 K u nasnenuu 3,039 Mlla.

12. Jlo Kakoil TemMmepaTypbl MOMHO HArperh CTaJbHOH COCY] BMECTH-
moctbio 0,01 M3, comepxainuit 5 kr rasa A (O,, N,, H,, H,O, NH;, CO,,
He), ecnn npenenbho gonycrumoe xabnenue 15,2 Mlla. [lo xakomy M3
YPaBHEHHI COCTOsIHUA cienyeT Bectu pacuer? QueHHTe NOTPEIHHOCTD pac-
yera Mo ypasHeruio Ban-nep-Baasbsca (0THOCHMTEIBHO pacyera Mo ypaBHe-
HUIO B BUpHaJbHOH dopme). [ToueMy BeMyUHBEI MOTPEWIHOCTH 151 pA3ANy-
HbIX TA30B He COBNAAAIOT?

13. Ilpu remneparype T | monb rasa A sanumaer o6wem 0,1-10-3 M3
Beiyucaure Ko3gpUuHEHT CUMAEMOCTH IO YpaBHEHUIO B BUPHA/IbHOH (op-
Me U 10 METO1y COOTBETCTBEHHBIX COCTOsIHMH. CpaBHUTE pe3yabTaThl H
paccuuraiite HOIpemIHOCTh pacyeTa MO METOLY COOTBETCTBEHHBIX COCTOS-
Hufi. Beiyucaure xospduunent ¢yrutuBHocty vy rasa A nmpu T K u
10 arm, ucno/p3oBaB jaHHBle puC. 13.

Ne Bapuanra 1 2 3 4 5 6 7
Fas A ., ... O N, H,  HO NH, CO, He
T, K ..... 300 300 300 700 500 400 300

14. Bpiuucaure QpyruTHBHOCTL AMMMAKA, €CIM ero MOJAPHHIH 06beM
paseH 3,109-10-* m¥/mone npu 473 K u 100 atm. JInst npubAHKEHHOTO
pacuera ucnonb3yiite ypasienue (1X. 12). Pesysabrar cpaBHHTE ¢ TOYHBIM
3HauenueM [ = 82,2 arm. Brluucaurte Ko3pdHuMeHT (YruTHBHOCTH Yy,
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15. Broiuucaure CpefHIO apUPMETHUECKYIO CKOPOCTb MOJIEKYJ KIHC0-
pona nipu 873 K. Ilpu kakoil Temiepartype Takyio x)e cKOpocTb GyAyT HMeTDb
MOJIEKY 1Bl renus?

16. ITpu 293 K u 1,013-10° [1a BA3KoCTH a30Ta M HeOHa paBHHl 175 u

311 mxlT coorBercrenHo. Bbiuucnure: 1) KMHeTHUeCKHe AHAMETPhI MoOJe-

KyJbl 9TUX [430B W CPaBHHTE C JaHHbIMH cipaBoynuka [M.]; 2) remnepary-
pY, TIp1 KOTOPQIi BSI3KOCTD a30T4 CTAHET PAaBHOK BA3KOCTH HeoHa mipu 293 K.

17. Bblyucaure cpepuee UHCIO CTOJKHOBEHHH OJHOH MOJEKYJbi, 00-
LI[ee YUC/I0 CTOJKHOBEHUH M YUC/IO YAAPOB O CTEHKY COCyja Mioliais 1 M*
3a | ¢ Moaekys Kucaopoja, Haxoasuierocsi noji jasienusamy 1,013-10° u
1,013 ITa npu 323,1:K. O6vem kucaopona 0,5 m®. Ilpu KakKix yci1oBHAX
(naBJienve) piuHa cBoGogHoro npobera mosekyid O, crawer pasnoi
1-10-2 m? ’

18. BoiyucauTe crenens jpuccounauuu docrexa, eciy 2 r gocrena, Ha-
rpersie g0 500° C, 3anumMator npi 1 arm o6bem 1,985 1.

19. ITpu 1 at™ u 250°C crenenn auccounaunyu PCl; pasna 80 %.
Briyuciure, Kakoil o6beM 3aiiver | © PCly, ecaiu ero Harpers g0 250° C npu
1 at™.

20. [Ipu 2500°C n ! arm H,0O yacruuno auccounupyer na H, u O,.
[Tpu stux yeaosusx 10 1 H,O. vactuuno pacnasinefics v Haxoasumeics B

.paBuosecun ¢ H, 11 O,, Becar 0,7757 r. Boiyucaute CreneHb JHCCOUHALHH

H,O npu yxa3aHHBIX YCJ/IOBHSIX.

21. Ilpu 627° C u 1| atm SO, yactuuno auccounupyer na SO, 1 Oy; 1 21
PaBHOBECHOH cMecu Mpu 31HX YycaoBusix BecHt 0,94 r. Buiyucanre nap-
[YaJbHbIe JaBJIeHHs Ta30B B CMECH.

22. MosiekyasipHasi Macca napos woza npu 1 atm u 800° C pasna 241, a
npu TOM Ke xasjeHuu, Ho npu 1027° C ona pasua 212, Beluncanre crenetb
JMCCOUMALMH o ¥ KO3PULHEHT { /sl pa3HbiX JABJEHHH.

23. Ilpu 70°C u armocheproM jpasienuu N,O, auccouuupyer Ha
65,6 % mo ypaBHenuio N,O, == 2 NO,. Bryucaure Kaxyuiyiocss MOJ€Ky-
asipHylo Maccy NoO, fipH 3THX YCIOBUSAX,

MHOTOBAPHUAHTHDBIE 3AJAYH

1. HeucnpasHeiil 6apoMeTp, colepkaliuii BO3JyX, NOKa3biBaeT JasJje-
nue Py MM pT. CT., B TO BpeMsl KaK JeHcTBHTe/1bHOE faBrende P, MM pr. cT.
JlnuHa BaKyyMHOTO 1pocTpaHcTsa [ MM, remneparypa T'y. Borunciure uc-
THHHOE JaBJIEHUE, ecay 6apoMeTp MOKassiBaeT P, MM pT. CT. [IpH Temie-
parype T,. ‘

2. Jlns rasoo0pasHoro Bemecrsa A, HAXOAAILErOCA B YC/IOBUAX, 61U3-
KUX K KPUTUYECKUM, BBIUHCIUTE 0GBEM H IJIOTHOCTb IpH TeMiepatype T u
BHewHeM JaaBaeHuy P. KosdduuneHT cKuMaeMoctH ONpefeinTe ¢ HOMO-
meio puc. 14.

3. B cocyne BMeCTUMOCTBIO VM® cMellnBaioTCs ga, g8, ¢ KU TasoB A,
B u C npu remneparype T. Beiyucnure napuuajbibie 0GbeMbl ¥ JaBjeHys]
KOMIMOHEHTOB U oflLiee jnaBJienue Ta30BOH CMecH,
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= . S . .
AR AL E T R A L
g8 |d8 |8 o | & |dE| & | 2E |JE|dE| | S|
1 | 745 [ 750 | 35 | 283} 760 [ 293 [ 14 | 750 | 765 | 30 | 283 | 760 | 273
2 | 745765 | 35 293|750 | 283 [ 15 | 740 | 755 | 40| 273 | 750 | 283
3 | 755 (770 | 25 288 | 760 | 298 | 16 | 735 ) 755 | 45 | 293 { 740 | 288
4 | 730 | 750 | 50 {298} 735|288 | 17 ] 735|750 | 45| 288 | 745 | 293
5 | 7451760 | 35 (291 | 755 [ 273 || 18 | 735 | 740 | 45 | 298 | 755 | 293
6 | 725 | 740 55 | 273 | 740 } 291 19 1740 | 766 | 40 | 293 | 745 | 298
7 | 7251745 § 55 | 283 | 750 | 291 20 | 730 { 745 ] 50 | 291 | 740 | 273
8 | 740 | 745 | 40 | 291 | 745 | 283 | 21 725 | 735°1 55| 273 | 730 | 291
9 | 730 | 735 | 50 {288 4750 [ 291 22 | 750 [ 755 { 30 | 288 | 755 | 291
10 | 725 1 730 [ 55 | 291 | 755 | 288 [ 23 | 730 | 740 | 50 | 291 | 745 | 282
11 1755760 | 25 | 293 | 770 | 298 | 24 | 745 [ 755 | 35 293 | 755 | 298
12 1740 [ 750 | 40 1298 [ 755 | 283 | 25 | 750 | 760 | 30 | 298 | 765 | 293
13 |.735 | 745 | 45 | 283 | 750 | 273
;I;r:la:i_a Bemectso A T, K P, Mlla g;a?,.; Bemectso A T, K P, Mlla
1 H,O 598 11,75 13 CCl, 493 2,23
2 H,O 593 11,0 14 CCl, 483 1,5
3 H,O 588 10,3 15 CH,COOH 593 5,6
4 H,O 583 9,6 16 CH,;COOH 573 3,2
5 H,0 578 8,95 17 CH,;COOH 5563 2,5
6 H,O 573 8,36 18 CH3;COOH 503 3.8
7 NH;, 345 3,2 19 CH3;COOH 483 3,0
8 NH, 335 2,5 20 CH;COOH 463 2,0
9 NH, 325 2,0 21 CeHg 558 4,3
10 NH, 523 1,5 22 CeHg 543 3,3
11 CCly™ 513 2,9 23 CgHg 533 2,5
12 CCl, 503, 2,5 24 CgHg 523 - 2,5
& A B c  lea-tor, | ggetos, | gg-toe, V. 10e,
=g Kr Kr Kr 7. K M
23
1 Ng 0O, Hg 1 2 3 290 2
2 N, H,O Hy 4 5 6 300 3
3 N, CO CO, 7 8 9 310 4
4 N, NH, H, 10 1 2 320 5
5 Og Cco N, 3 4 5 340 2
61 H,O N, O, 6 7 8 290 3
7| H,O 8] Hg 9 10 1 300 4
81 H,0 CO, CcO 2 3 4 310 5
9§ H,0 NH, O, 5 6 7 320 2
10| H,0 Co O, 8 9 10 340 3
11 CO, Na 0, 9 7 5 290 4
12| CO, N, Co 3 1 9 300 5
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N podosxenue Taba.

B . L] . L] . . L]
23

13| Co, H,O 0, 7 5 3 310 2
14| CO, H,0 N, 1 9 7 320 3
15| co, Co 0, 5 3 1 340 4
16| CO H,0 N, 10 8 6 290 5
17| co H, N, 4 2 10 300 2
18| CO 0, H, 8 6 4 310 3
19| co CO, 0, 2 10 8 320 4
20| CoO CO CO, 6 4 2 330 5
31| co CO N, 3 6 9 20 v 2
2| Co CO CO, 6 9 3 300 3
23 | NH, NH, H, 9 3 6 310 4
24 | NH, NH, N, 4 8 1 320 5
25 | NH, NH, N, 5 10 2 340 2

FNMTABA X

KOHNEHCHPOBAHHOE COCTOSIHUE BELULECTBA

OcHoBHbIE ypaBHeHHSI H CHMBOJIbI
[K, c. 167—234]

[TonapHsanus BemecTBa OMUCHIBAETCS YPaBHEHHEM

P=Pop+Par-+ Py, (X.1)
rae P,, — opHedTauHonHas nonspusaimMs; P,, — aTomMuas noaspusa-
uus; Py, — 3MeKTpOHHAS MONApH3ANNS; '
D—1 M
D+2 4’
rie Py = Py + Py, — Redopmaunyionnas noaspusauusa; D — pusnext-
pHueckas NpoHHNAeMOCTb; M — MostekynspHas macca; d — IJIOTHOCTb
BelecTBa;

P=Pop+Pr= (X.2)

P=4/5 ANy (top+aart o) =*4/3 aNya, (X.3)

rie Njy — nocrosHHass ABOrajpo; o — MONAPHU3YEMOCTh;
2

M X.4

Qop 36T ° ( )

TAe N — 3JIeKTPHUeCKHA MOMeHT Iunoss;, k — KOHcTaHTa DBonbiMaHa;
D—1 M 4 4 nN,

~— =—nN — T A X.5

D+2 P 3 N, (@ar+ o) + 9 BT W ( )
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nJiau

P=a+4-4/T, (X.8)
rue
a=“/3nNA (xar+aoyx), (X.7)
b=~g—nNA—pl-:—, (X.8)
r‘-——glr-
p=l/ e (X.9)

B emunuuax CH sieKTpHuecKH} MOMEHT JHIIONS HENOMSPHBIX HJH CJ1a6o
TNOJIAAPHBIX BEIeCTB BHIPAXKAETCsl yPaBHeHHeM
p=4,274.10-% /5, (X.10)

rie b — koadxpuiieHT, KoTophiil Belpaxkaercss B M- K/Mosib; BO BHecHc-
TEMHBIX €[(HHHIAX 3JIeKTPHYECKHH MOMEHT JHTOJs BHIPaXaiT B feGasx:

p=0,012813 V75 . (X.11)
Monspnas nonsipusanys CoBepIIEHHOTO HIEATBHOTO pacrtsopa
Dy,—1 xyM;+x. M
P, ,— Lt 1 Mi4-x M, ’ (X.12)
Dy 42 dy,

rae Py, — Monspras nonspusanus pacteopa; D, — IH3MeKTpHYeCKas
NPOHHIIAEMOCTb PACTBOPA; d; o — IJIOTHOCTb PACTBOPA; Xy H Xy — MOMSAP-
HBbI€ JI0/IH PACTBOPHTeJIsl H PACTBOPEHHOTO BelecTBa; M — MonekyasipHas
Macca. [Ins iByXKOMIOHEHTHOTO pacTBOpa noJyyaeM

P1 =Py x5 Poxy. (X.13)
Monekynspuas pebpakius paBHa 371eKTPOHHOH NOMSPH3ALMH BelIecTBA
n—1 M 4

mys a3 "Na%a=Ry, (X.14)

rae Ry — MoJleKy/aapHas peppakuus, m*/moab, d — NJOTHOCTh Belle-
CTBa; Kr/M% M — MoJleKy/ApHas Macca; n — NOKasaTesb NpeoMJIEHHS .

Yrnenvuas pebpakius r paBHa MOJIeK Y15 pHO! pebpakuyy, HeneHHOH Ha
MOJIEKY/IIDHYIO Maccy:

R 1
Mot (X.15)

r=. =

M n?4-2 d

Ecait pacTBOp coiep T m, KT pacTBOPEHHOTO BeIECTBA B 1, KT PacTBO-
pHTens1, TO

mry= nz—l -Lll—; myry= ni—! ﬂ,
nti2 d n:42 d,
m=rmy +my (X.16)
n—1 m
Tmrl 4
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OTKYJa ,
‘ _ ni—1 m | nj—1 m, _mn—=1 m (X.17)
ni+2 dy a2 d, m4+2 d
- Pebpakuiio MoXXHO paccyuTath 1O NPaBHAY aAAHTHBHOCTH:
Ry = X\ ni Rar + X1y Res+ ) 1k Ru, (X.18)
i J &
rae Rar — pebpakuus aroma; R., — pedpakiuus cas; R, — petppak-
- LHA LHKJa.
Ecnu npeneGpeus atomHoll nonspu3anued, To
4 TN,
P= —_— . X.19
Ru+ 9 Yl (X.19)
Orcrofia MOMeHT AHNONS MOJIeKYJbl Gyfer
p=4.274-10% )/ (P—R)T . (X.20).

ﬂﬂﬂ BellleCTB, HAXOJAUWHXCA B XKHIAKOM HJH TBepJOM COCTOSIHHH,

p=4,274.10"2 )/ " P—Ry) T . (X.21)

B ypapnenusx (X.20) u (X.21) nonspusaiuus H pebpakuus BhpaKeHb B
M®/Moatb. TTNOTHOCTD JKHAKOCTH JI/1s1 HELUIHPOKOrO HHTePBAJa TeMNepaTyp,
HaJleKHX OT KPHTHYECKOF, BBIPAXKaeTcsl YpaBHeHHeM

e dr — NJIOTHOCTb NpH Temneparype T; dys — naotHocts nipu 273 K;
0 — KO3(pUIIHEHT 06bEMHOrO TePMHYECKOTO PaCUIHpeHHS,
1 av
a=——] , X.23
14 ( aT )P ( )
rie V — o6bem XKHAKOCTH. EcjH NpUHATH, YTO B Y3KOM HHTEpBaJse TeM-
neparyp o = const, To
a=AV/V, . (X.24)
rie AV — usmenenue o6bema XHJKOCTH TNpH HarpeBanuu ee na 1°. Ilo-
BEPXHOCTHOE HaTsAXKeHHe XHJKOCTH G COOTBETCTBYeT H3MEeHEHHIO SHeprHH
I'n66ca AG npu o6pa3oBaHHH eIHHHUB! TJIOWAAH NOBEPXHOCTH; »
0=AG, (X.25)
0=C (dx—dn)*, (X.26)
rie C — Ko3hdHIHEHT NPONOPLUHOHANBHOCTH; d 5 — IWIOTHOCTb KHJIKO-

ctd; d — NJIOTHOCTh Mapa. 3aBHCHMOCTb MOBEDPXHOCTHONO HATsMKeHHs
KHUJIKOCTH OT TeMIlepaTypsl BbIpaxKaeTcsi- ypaBHeHHeM

do
a=AH+T(7}—)P. (X.27)
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B#13KOCTb XKHJAKOCTH BBIPaXKaeTcs Yepes COGCTBEHHBIH 06bEM MOEKY.T 1 ee
ylenbHbIH 06beM:

n=C/(v—0), (X.28)
rae 1 -— BA3KOCTbD; Cuo— NIOCTOsIHHBIE BEJHYHHBI, HE 3aBUCALLHE OT TeM-

nepaTyphl; v — yAeIbHHHA 06beM XKHAKOCTH. 3aBHCHMOCTb BA3KOCTH XKHJ-
KOCTH OT TeMIepaTypsl BbIPAXKaeTcs PaBeHCTBOM

n=heEN/RT (X.29)

rae Ey, — 3Heprus akTHBAMMH BA3KOrO TeyeHHS.

Tennora ucnapenns KuIKOCTH IS TeMNepatyp, AaleKHX OT KPHTHYe-
CKOJ, ONHCBHIBAETCS ypaBHeHHEM
: T

AHch, r=A Hycq, o98-+ J‘ ACdT, (X.30)
298

rie AHuca, 7 1 AH,ep 20s — TenIOTa ncnapeHuss npu Temmepatype T u
298 K; AC — pasHOCTb TensoeMKOCTel napa u MKHIKOCTH.
Tennoty BOSrOHKH TBepHOro Tela PAaCCYHTHIBAIOT MO ypPaBHEHHUIO
T
AHyoar, 7 =A Hpoar, ges+ J‘ ACdT, (X.31)
29g
re AHposr, 7, AHpgogr g0 — TENJIOTA BOSTOHKM TIPH Temnepatype T u
298 K; AC — pasHOCTh TemIOeMKOCTell TNapa M TBEPJOrO BellecTBa.
OHeprus Kpucrannuyeckolt pewerkn E /15 aTOMHBIX W MOJEKYJ15 PHBIX
KPHCTA/II0B MOXKeT ObITbh ONpelie/ieHa N0 yPaBHEHHIO

E=A Hyoar, (X.32)
rine AH o — Tenjora BOSTOHKH.
OHeprus KPHCTALIHYECKOH DellleTKH MeTal/oB ONpeesioT H3 COT-
HOIIEeHHS ;
E=AHyoar+1, (X.33)
rae [ — noTeHuuan HOHM3AIHHU.
JJ1s1 HOHHBIX KPHCTA1/10B

EMAZAHf.MA+Aansr.M+AHnm:c, A+]M+EA, : (X.34)

rae AHpma — Tensiora o6pasoBaHus TBePHOro Bemectsa MA H3 npocTHIX
Beiects; AHgoer, m — TeMJOTa BO3rOHKH Metanna M; [y — noreHiuan
Honusauuu M; E — cpozietso A K anextpony. Ilo ypasnenunto Kanycrun-
CKOro
{
Eya=1072,2¢-107 22 %,

ry+r,
: (X.35)
21 24 0,345-10’10)21
= 2 2 '1 ~7 1—' 1
Eua=1202,45-10 ry+ra ( ry+re ™

1
T/l 2y, 23 -— 3apAJbl HOHOB; Iy, ry — PaiHyChl HOHOB.
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3AIAYH C PELIEHHAMH

1. Onpeniesinte noAsApU3aLMIO MOJIEKY/l HUTPOGeH30]a npu 293 K na
OCHOBAHHH [H3JIEKTPHYECKOH NPOHHIAEMOCTH H NJOTHOCTH.

Pewen ue. [usnexTpuueckyio NpOHHIAeMOCTb M IJIOTHOCTh HUT-
poGensonia npu 293 K Haxozum B cnpasounuke [M.]: Dygy = 35,97; dyyy =
=1,2003- 10° kr/M®. Ilo ypaBrenuo (X.2) paccynTriBaem

35,97—1 123.10-3
P= =94,143.10-6 m3 .
35,9712 1,2033.10° : M /o
. 2. [lo 3HaueHusIM Au5/IeKTPHYECKOM IPOHULIAEMOCTH U TIOTHOCTH pac-

TBOPOB HHTPOGeH30/1a B GeH30Je NpH HEeCKOJbKHX KOHIEHTPALHAX qipu
298 K:

ZC‘H“NO’ ... 0,0312 0,0704 0,1028

...... 2,98 3,86 4,64
d.-10-3, xr/m® 0,885 0,901 0,914

onpefieNiTe NONAPH3ALUIO HHUTPOGEH30/a NPH GECKOHEYHOM pa3BelleHHH
o
Peuwenue. INonspusaumio pacreopa Py, onpenensiem mo ypaBHe-
Huo (X.12):
2,98—1 78.0,968 3-0,031 -3
Xy=0,0312, Py ,= ( 8112 0312) 10
2,982 0,885.108
=35,673.10-% m3/mob;
3,86 —1 78-0,9294 23.0,0 0-3
%3=0,0704, P, ,— ( 294+ 1 o4 1077
3,862 0,901-108
=39,614.10-% m3/Moub;
4,64—1 (78-89,72+123-0,1028) 10—3
4,642 0,914.103 o
=45,295.10—6 m3/m0ub.
IMonspusaumo HuTpoGensona npu Ka)x,nop“x'xouuempaunn onpenenseM 1o
ypaBHenuo (X.13). [IpexBapurensHo HeOGXOAHMO BBIYHCTHTD noaspusa-
uuto Py uncroro pacreoputens (Gensona), KOTODYIO OfIpefieisieM 110 ypaBsHe-
Huo (X.2). JH31eKTpHYeCKyI0 POHHIIAEeMOCTh GeH30/1a H ero MIOTHOCTh
Haxolum B cnpaBounnke [M.]: Dyye = 2,27; dpyy = 0,874 10° Kr/m?;

2,27—1  78.10-3
T 02,2742 0,874.10°
(35,673 —26,544.0,9688) 106

% =0,1928, Py, =

1 =26,544.10—8 m3/moap:

—0,0312, P,— _
%3 2 0,0312
=319,140.10—8 M3/mou1b;
39,614 — 26,544 . 0,9296) 10~6
%3=0,0704, P, =" 26 6 1070 _

0,0704
=212,197.10—% m3/mMoub;

(45,295 —26,54.0,8072) 106
=0,1028, P, =
%, =0,1028, Py 0,1028

= 208,947.10—% M3/moab.
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Tak KaK Kaxnoe 3HaueHde P, CONEpXKHT HEKOTOPYIO OWHMOKY, TO 3aBHCH-
mocTb P, = f (x,) B BHje ypaBHeHus1 P, =a -+ bx, HalileM HCTIOb3Ysl Me-
TOJl HAUMEHBIIHX KBAaJpaToB. :

X3 P,-10¢ x2 x; Py 106

0312 319,140 0,000973 9,0572

8,0704 212,197 0,004956 14,9387

0,1028 908,947 0,010568 214798

- $P,—740,284.10-6 | Sx?=0,016497 Sy, P, —
2y =0,2044 ? : — 46.3787.10~¢

Hopmanbble ypapHeHHs OyayT HMETb BHA!
3a-+0,2044 b=740,284.10—5;

0,2044 a-+0,016497 b=46,3757-10—6,

Pemenne sTux ypaBHeHHil gaer: a = 354,435-10-°, b = — 1580, 336 x
% 10-%, a ypaBHeHue 3aBHCHMOCTH Oy1eT HMETb BHJ
P, =354,435-10~¢—1580,336- 106 x,.

Ipn x, - 0 Py — P, = a; Py = 354,435-10—° M*/monb.

3. OnpenenuTe NOJASIPH3YeMOCTb HHTpoOensona npu 298 K, ecan
[OPH3AIHs IPH GECKOHEUHOM pa3BesieHHn paBHa 354,435- 10~ %/monb.
Pewenue. [lonspusyeMocTb BbUHCAsieM Mo ypasuenuio (X.3):

Oy = _3_ Pi"ﬁ _ _§_ w_ﬁ_ = 14,050-10—20 M3,
4 N, 4  4n6,02252.1023

4. OnpenenuTte MOJEKYJISPHYIO pedpakuuio Hurpobensona npu 298 K
Ha OCHOBAHHH CNIPABOYHLIX JAaHHBIX O €ro oKasarese peJToMIeHHs H TUIOT-

HOCTH . : _
Peme n ue. [Tokasaresb nperoMIeHHst H IJIOTHOCTb HaxXxOIHM B

cupasounure [M.]:np = 1,5522, dpyg = 1,1985-10° xr/m®. Montexyasip-
HYI0 pebpakluio BHUHCIAsieM 110 ypasHenHwo (X.14):

1,65222 —1 123.10—3

MT 5522211 1,1985.10

5. Onpefejute 3/EKTPOHHYIO TNOJSIDH3YEeMOCTb HHTDPOGEH30Ja IpH

298 K, ecan MonexyasipHasi peppakuusi ero pana 32,803-10~° m*/monib,
P eiu e Hu e DIeKTPOHHYIO NONAPH3YEMOCTb BBIUHCHSIEM [0 ypaBHE-

HHIO

=32,802.10—6 M3/MmOub.

3  32,802.10—°
FOTTL 716,02252- 108
6. OnpeneauTe 3JEKTPUUECKHI MOMEHT IHINOJS MOMEKYJbl HHTPOOEH-

30/1a, €cJH NoJIsipH3aIHst HUTpoGeH30/1a Npy GecKOHEeUHOM pa3Bejletiii pas-
Ha 354,435-10-% m®/mMoab, MosipHas pedpakuust — 32,802- 10~ m*/mosb.

= 1,3003.10—20 M3,
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Pemenue DnekTpuueckuii MOMEHT JMNOAS pPacCUHTHIBAEM MO
ypasuenno (X.21), npeanonaras, 4To aTOMHasi MOJsSpH3alHst Majia 10
cpaBHenuo ¢ P 1 Ry:

p:4,274-10“'291/(354,43510—6——32,802«10'6) 298 =132,099.10-31 Kj.u,
Wi B eqununax Jebas

p=0,01281 /(354,435 __32,802) 208 —3,96 JI.

7. Iloxasarenb NMpeJOM/IEHHS! H TIOTHOCTb TIPOIH/IOBOTO aupa xsop-
MypaBbHHOH KHCOTH 1ipn 298 K pasubr 1,4035 1 1,090- 10° kr/m3. Oupe-
ACTTHTE MOJNEKYASPHYIO pedpaKUHIO M CONOCTABbTE €€ C PACCUHTAHHON 10
NpaBUIY afiHTHBHOCTH.

Penrenue. Monekyaspuyio peppakumio BHUHCHSEM 1O ypaBHe-
uuo (X.14): :

. L40BE—1 1225 s
M= T 20358 Lo 1,090 =27,455.10—% m3/moub.
3nauenne (n* — 1)/(n® + 2) moxuo B3asiTh M3 cnpasouduka [C.X., 1. |
c. 398]. lnst pacuera Mo/eKyAsIpHOH pedPAKUMH 10 NPABHIAY ALIHTHB-
Hoctn (X.18) Bocriosib3yemcst TaGinuell aTOMHBIX pedparimii [M.]:

Atom . . .. .. cl 4C 7H  Oxapgomnn Oagup CICOOCH,CH,CH,
o, cm3/moab . . . 5,067 4.2,418 7.1,100 2,211  1.64 97,193

Bennuuna MonsipHO# pedpakuuy, paccudTaHHAst 10 [OKA3aTENO Tpe/IoM-
JI€HHS U IJIOTHOCTH, XOPOLIO COBNAJAET C BeTHYHHON, MOTyUYeHHON 1o npa-
BUHJIY AJIETHBHOCTH.

8. Ilpu 293 K mokasaresn mnpesoM/eHHs H [JIOTHOCTH paBHHL: XJIOPO-
dopMma np = 1,4457; d= 1488 xr/m® u xnopbensona np = 1,56248; d =
= 1110 kr/m*. ITo noxasareno upesomaeHHs pacTBOpa xJ10podopMa B XJI0p-
GeH3o/le ¥ IIOTHOCTH PACTBOpA OpENeJIHTe KOHIEHT]AILHIO xJopodopma:
np = 1,4930; d = 1260 xr/cm3,

P e e n u e O603HaunM MaccoBYIO KOHIGHTPALHIO xJaopodopma x %.
Torza xounenrpannus xsop6ensona 6yger (100 — x) %. [Mogcrapum naH-
Hele B ypasHeHue (X.17):

1,49302 —1 100 1,44572—1 X 1,52482 — 1 100—x

1,49302 2 1260  1,44572492 1488 T 1,62482-2 1110

Pelliast 310 ypaBHeHue OTHOCHTEJIbHO X, HaXoguM x = 46,8. CiefoBaresn-
HO, KOHUEeHTpauus xsopogopma 46,8 %, a xsopbensona 53,2 %.

9. Onpegennrte monexkyaspHyio peppakuuio raunepuna CzH, (OH),
B Boxe npu 293 K, eciu noxasarenb nperomaenusi 10 %-Horo pactsopa
1,34481, ero nyotHocTs 1,0221-10% kr/m®, [Tokasaress TipesoM/IeHust BOIb
1,33303, maotHocTb Bogp 1,0006- 10% kr/m3.
x 1137)6 I eHHe YielbHylo pedpakuiio ONpeesieM M0 YypaBHEHHIO

1,344812—1 1 1,333032—1 0,9
[,34481242 1,0221  1,3330324-2  1,0006.103
=0,20770.10~3—0,18503. 10-% =0,2267. 10—,

0,1Ir=
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MonekysipHyio pedpakiuio onpejelsieM no ypasHenuio (X.15):
_0,02267'10—3
M0,
10. 3aBucuMOCTh OGbeMa alleTOHa OT TeMIlepaTypsl BHIpakaeTcs ypas-
Henuem [C.X., 1.1, c. 586l
V= Var [141,3240-10-3 (T —273) +3,8090-10-¢ (T —273)2—
— 18,7983-10—2 (T — 293)3,
Mousipabtit o6bem ero npu 273 K pasen 71,3846 cm®/monb. Onpenenure
Ko3(hhHIIHEeHT 06bEeMHOr0 pacLiHpeHHst ¥ IVIOTHOCTH alletoHa npu 315 K.
P ew e n ue. OnpegensieM KosdpullieHT OO6BEMHOTO TePMHYECKOTO
paciiupenus no ypaBHenuto (X.23). Ins atoro Beryuc/sieM o6beM aleToHa
npu 315 K:
Vors=71,3846 (1 4-1,3240.10~3.42-3,8090.10~¢.422 —
— 18,7983.10—°.423) = 75,7344 cM®/MOab.

92.10—-3=20857-10—% m3/MOJb.

[TnoTHOCTH ecTh O6paTHAs BeJIMYHHA OT MOJISIPHOTO 00beMa, YMHOXKeH-
Hasi HA MOJIeKYJISIpHYIO Maccy:
58.10—3

d315="m =0,7658-10—3 Kr/cm3,

(-gl;:) = 71,3846.1,3240.10—% }-2.71,3846.10—6-3,8090 (T —273)—

P

—3-71,3846-18,7983.10—¢ (T —273)2=0,24604-2,7418.10—% T —4,0257-10—¢ T2,
dg5=3,2481.10—%-11,4038-10—3—5,2744.10—3=9,3775.10—3, _

11. [TnorHoctr xkupakoro Gensona npu 273 u 304 K cooTBercTBeHHO
paBHb 0,9001-107% 1 0,8685-10—! kr/cm®. Onpenenure IJIOTHOCTH XKHA-
koro Gensosa npu 323 K. .

P e w e H u e. Bocnosnsayemcst ypaBHeHuem (X.22):

0,8685.10—%=0,9001-10—3 (1 —a30); ae=1,1702.10—8%;
d395=0,9001.10—% (1—1,1702.10—3.50) =0,8474-10—% kr/cm3.

12. Onpegenure paboTy o6pa3oBaHusi NoBepxHocTH | MOJb GeHsona
npu NepeBOfe ero B KanejJbHO-XKHJKOe COCTOsIHHE C JHAMETPOM Kanesb
0,1 mm npu 293 K. .

P eu e Hue. OnpeiensieM cHavasna obliyio NJOMaAb NOBEPXHOCTH |
MOJb 6eH30/a B KaneabHO-KHAKOM cocTosgHuH. [I70THOCTL HaxoouMm B
cnpaBounuke [M.]: dpyy = 0,8790-10~2 kr/cm®. O6bem 1 Mosb 78/0,8790 =
= 88,7372 cm®/mosb. O6beM OJHOH KamjH

V=4%/3m (0,005)%=0,5236.10—¢ cm?.
[Mnomany oxuo#t kanau s = 4n (0,005)* = 0,314-10—* cm®. Obwas
nromaab NOBEPXHOCTH | MOJAb GeH30/1a B KanelbHO-XKHIKOM COCTOSIHHH
88,7372

=W 0,314.10—3=53,2355. 102 cm2?/moub,
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[ToBepxHOCTHOE HaTsikeHne GeH3oJa HAaXOXUM B cnpaBouHnKe [M.]: ¢ =
= 28,8810~ H/m. Ecqu npeHefpeys niomazbio NOBepXHOCTH GeH3oa
IO pacnblieHusi, TO paGoTa paclblIeHHsi GyAeT

AG=S80-=28,88.10—3.5,3236 = 153,746-10—3% Ik /Mons.

13. Onpenenute noBepxuoctroe natsikenne CgHyBr npu 323 K.

Pemenune. B cnpaBounnke [M.] Haxoaum 3Hauehne o = 35,09 X
X 10-® H/m npu 293 K. IToBepxHOCTHOE HaTsiKeHHe NpPH 3ajaHHON TeM-
neparype BbluHC/sieM No ypaBHenuio (X. 26). IlnorHocThio mapa moxHO
npeneGpeynb N0 CPaBHEHHIO C IJIOTHOCTBIO XHAKOcTH. [TnotHoeTs CgH; Br
npu 293 K naxomum B cnpasoynuke [M.]. Toraa no ypasuenuio (X.26)
paccyuteiBaem Ko3adpoduiuent C:

€=235,09.10—3/(1,4948.103)4 =7,0283. 10—15,
[Tpn 323 K mnotaocrs CgH; Br pasna 1,4546-10%. Toraa
G323 ="7,0283.10~15 (1,4546.10%)2 =31 ,46- 10—3 H/m.

14, TloBepxHOCTHO® HaTsKenue H-GyTuJaoBoro cmupra npu 273, 283
u 293 K coorBerctBenno pasuo 26,2-10-3, 25.4-103 u 24,6-10-% H/m.
OnpepesniTe H3aMeHeHne SHTPONHH NIpU 06pa3oBaHuu | M MIOMWAK TOBEPX-
HOCTH H-GyTHJIOBOTO CIHPTA M TeNJIOBOH 3(xpeKT B MHTEpBase TeMNepaTyp
ot 273 1o 293 K.

Pemen ue BocrnonsayeMcest ypasuennem (X.27). s He60bIIOrO
UHTEpBaJ1a TEMIIEPaTyp MOXKHO 3aMHCATh

(ﬂ)‘ _ Ao
oT Jp~ AT’ |

Orciona
Ao 103 — .10-3
AH=g—T 2% _95.4.10-3_ 9283 24,6-10 26,2.10 _
AT 293 —273
=48,04.10—3 Ix/M2
0AG 0o
Taxk Kax( )=( ) = —AS. 10 AS= — . 10-3
T b o I ) S 0,08 - 10
Tl (2 K). |

15. YcraHoBHTe 3aBHCHMOCTb BSI3KOCTH H-TIPOMUJIOBOTO CIHPTA OT
yAespHOrO o6beMa. Omnpenenute BS3KOCTh H-NPONHJIOBOTO CHHPTA TNpH
353 K.

Pemenue  Bocnonbayemcst ypamenuem (X. 28) B npeoGpaso-
BAHHOM BHJE:

1L_Y e

n C c

B o6wem Buje 310 ypaBHeHne Gynet y = a -+ bx, rae o/C=a u 1/C =b,
YpaBHenne suHeiiHoe, B KoOpAuHaTax Y/ = f (V). BA3KOCTb NIPH HECKOJTb-
KX TemIlepaTypax Haiijem B cnipaBounnke [M.]. Inst stux ke Temnepatyp
HAXOIHM IIOTHOCTH:
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T, K .. .......... 273 293 313 333
-10%, Heeem™* , , L, . L. 3,883 2,234 1,400 0,921
d-10-3, xr/m® . ., ... L. 0,8193 0,8035 0,7875 0,7700

[To BA3KOCTH BHIUMCJHM TEKYUYECTH, a MO IJIOTHOCTH — YJAeJbHbie 00beMH.
Tak kaxk Kaxnoe 3HaueHHe BSI3KOCTH H IJIOTHOCTH CONEPXKHT HEKOTOPYIO
ouM6Ky, To KoappHuHenTH a H b HafileM NO MeTOAYy HaHMeHbLIKX KBaJpa-

Tax kak Kakpoe 3HaYeHHe BSZKOCTH 1) CONEPKHT HEKOTOPYIO OUIHOKY, TO
OnpejleNeHne SHEPTHH aKTHBAUKMH BSI3KOTO notoka Ey nposenem no metoay
HaHMeHBUINX KBAJApaTOB. PelieHue nmpencrtaBum B BHIE TaGJHIIBI:

Lo ot 1

T - [1] Ign "7':,‘-106 ‘T—'lgn-lol
x y x* Xy

3,663 —2.9763 13,418 —10,902
35534 —3,0386 12,489 —10,738
3,413 - 310958 11,649 —10,566
3,300 —3.1500 10890 —10.395
3195 —3.1972 10.208 —10.215
3,006 —3.2418 9,585 — 10,037
3003 —3.9840 9.018 —9.862

Zx=23,204-10-% | Ty——21,9837 |3x2=77,257.10~ | Sxy=—72,715.10—0

TOB:
v 10 w/xr 1/n-10-3, u*/(H-c) ot 108 0 _"]—
X Yy x3 Xy
1,2206 0,2575 1,4899 0,3143
1,2446 0,4476 1,5490 0,5571
1,2698 0,7143 1,6124 0,9070
1,2987 1,0858 1,6866 1,4101
D x=5,0337.10~3 o L 3 2=6,3379x | 3 xy=8,1885
y X 10—8
=2,5052.103

Hopwmanenbie ypaBHenuns 6ynyr:

4q-+5,0837.10—% p==2,5052. 103,
5,0337.10~3 g+ 6,3379.10—8 b =3,1885.

Pemienne cucremMbl ypaBHeHHi naaer a = -— 12,1374-10%; b = 10,1428 X
X 10%. Orciopa C = 0,8592-10-8%; w = 4 2,1967.10-3. Hckomoe ypae-
HeHue Gyzer

9,8592.10—8
TV —1,1967-10-3

ITpu 353 K d = 0,7520-10% kr/m®, torma v = 1,3298.10-%w?®/kr, n =
= 0,7407-10~3* H.c-m~2.

16. OnpenesHTe 5Heprui0 aKTHBALMH BSI3KOrO TeueHHs! XJopGeH3oia,
Onpenennre BA3KOCTb XJa0p6ensona npu 343 K.

P e eHue OHepruio akTHBALMH BSI3KOro TeueHus E, onpenensem
no ypasHeHuo (X.29):

E"l
2,3026 RT

rae y = lgn; a = Igk u b = En/2,3026 RT. 3nauenus BA3KOCTH IPH He-
CKOJIBKHX TemIlepaTtypax Hafiiem B crpaBouHHke [M.]:

lgn=Ilgk+ HIH y=a-bx,

T,K..... 273 283 293 303 313 323 . 333
n-10%, Hec.m® 1,056 0,915 0,802 0,708 0,635 0,573 0,520
g ... .. —2,9763 —3,0386 —3,0958 —3,1500 —3,1972 —3,2418 —3,2840
(1/?‘)-10’ 3,663 3,534 3,413 3,300 3,195 3,096 3,003
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7a-+23,204-10—3 b= —21,9837;
23,204-10=% a4 77,254.10~6 b= —72,715.10-3,
a+3,315-10~3 b= —3,1405; b=485,714; a = —4,7506.

a+3,329.10-3 b= —3,1337;

YpapHeHHe 3aBHCHMOCTH BSI3KOCTH OT Temneparypsl A5 X/10pGeHsona 6y-
JeT HMeTb BHJ
Ig = —4,7506 1-485,714-1/T.
E,n:485,714-2,3()26-8,3143:9,2988-103 Ik /moa,

Bsiskoctb npu 343 K 6yner

lg = —4,7506 1-485,714-1 /343 = —3,3344,
1=0,463-10—3% H.c.m—2.

17. Onpenenme TENIOTy ucnaperus 1 mosib CCl, 1pH HOpMATBLHOH Tem-
eparype KHNEHHs Ha OCHOBAHHH AH,,0, XHAKOrO 'H rasoo6pasHoro

4-

Pemenue 3navenne AH,, Haxogum B cnpaBouHnKe [M.]:

AHyen, 598 =(—106,7 4139,3) 103=32,6.108 Jx/mous.

bes Gonbwoit omn6kH MOXHO NpHHATE, yTo AH He 3aBHCHT OT JlaBJleHus .,
Bocnonbsyelv[cn ypapHetuem (X.30). Tak Kak T,.p., 3HAUHTESBHO HHKe
KPHTHUECKOH TeMIepaTyphl, TO MOXHO NPHHATh, YTO AC He 3aBHCHT OT TeM-
nepaTypsl H paBHO ACs:

4

Ty,

AH = 'T.R
Ty rx A Hypg+ 248 ACdT.
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HopMa/ibuyio TeMnepaTypy KHNEHHS HaxoiuM B cnpaBounkke [M.] —
Tyn.x = 349,7 K:
AHy  =32,6-10%4 (83,4 —131,7) (349,7—298) =30,1.10% IIx/mox.
H.T.K

18. Temnors o6pasosanusi Lil npu 298 K B rasoo6pasHom u TBepaoM
cocTosiHUAX cocTasasoT — 67,0 u —271,3 kJk/MOnb COOTBETCTBEHHO.
3aBHCHMOCTb TemioeMkocTH TBepjoro Lil or Temneparyps! Bbipaxkaercs
ypaBHeHHeM

€} =51,504-10,22-103 T.

TennoemkocTb rasoobpastoro Lil
€% =136,684-14,24 - 10-3T.

Onpenenure Teniory Bosrouku Lil npu 680 K.
P em e ue. Teniory BO3rOHKH onpefeiseM No ypasHeHHio (X.31):
680
A Hego= ( —67,0-1084-271,3.10%) - S [(36,68—51,50) +
298
-+ (14,24~—10,22) 10-3T]d T=204,3-10%— 14,82 (680 —298) -

.10-3
4 02107 (6802 —2982) =199,39-103 Ik /Mo.b.
19. Paccyurafite 3Heprui0 HOHHOA KPHCTANMHUeCKOH pelIeTKH XJIODH-
/i@ Martus no TepMOJMHAMHYECKOMY UHK/IY H N0 ypaBHeHHAM Kanycruh-
ckoro. CpaBsHHTe NOJyYyeHHble BeJIHYHHBl CO crpaBoyHol [M.].
Pemenue. B copasoynukax [M.] u [C.X., 1. 1] Haxoaum Heo6Xo-
JMMBle JUIfi  pacyeTa BeMHYHHB: AH} 595 mgci, = 641,83 kx/moab;
AH so3rmg = 1505,5 kIk/MoJb; AHj g5, c1 = 121,38  kJk/MoOJB,
Img = 2187 x/Ix/Monb (noreHuuan uonusauuu); E = — 363 klx/monp
(cpoactBo Cl K 3/1€KTpOHY).
3 —
EMgCI, = (641,834-150,5-1-242,6-1-2187,0—726,0) 103 =
=2495,9.10% 1k /MOJb.
[To ypaBHenusm (X. 35) paccuHTaeM 5HeprHiO pelieTKH HOHHOTO KPHCTAJ-
na. Jins storo noacrasasiem B (X. 35) 3apsigel HOHOB 2y = 2; 2, =1 H
2n = 3; rmge+ = 0,74-107% m; rci- = 1,81-107% m. Toraa
2-1
(0,744-1,81) 10-10

_ . e
EMgCl,= 1072,2.10-7 =£520.10% JIx /Moas

HJTH
2.1
(0,74-+1,81) 10-10

Epger, =1202,5-10-7

< 0,345.10-10
[ T (0,744-1,81) 10-10

CnpaBoyHoe 3HaueHHe Emgci, = 2493- 10% Ix/monb.

J =2450-10% JIx/Moab.
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3AJAYH

1. Onpenenute noasipusaumuio xopodopma npu 293 K no cnpasoyHsiM
AAHHBIM O JH3EKTPHYECKOH MPOHHIAeMOCTH H MIOTHOCTH [M.].

2. Ha ocHoBaHuM 3nayeHui JAM3IEKTPHYECKOH  NPOHMIIAEMOCTH
H [UIOTHOCTeH pAacTBOPOB aHHIHHA B AMOKCAHe npu 298 K onpezenute
NOJISIPA3AIMIO AHHIHHA [PH GECKOHEYHOM Pa3BeJeHHH:

Xc,H,NH, ' 10% mon. mons . ., 0 9,77 35,67
.............. 2,6037 2,2508 2,3744
d, v/em® . .0 L. 1,0280 1,0279 1,0276

3. Ilo nonspusauuu X10podopMa npH GeCKOHEYHOM ero pasBelleHH¥ B
HENOJAPHOM DAaCTBOPHTENE NPH HECKOJIbKHX TeMIepaTypax ompeje/HTe
3/1eKTPHYECKHH MOMEHT Aunonas Monekysst CHCl,.

4*. Tlo cnpaBoynbiM fanneM [M.] o noaspusauuu anerona npu Gecko-
HEUHOM ero pa3GaB/ieHHH B HEMONAPHOM PACTBOPHTENE MPH HECKONbKHX
TeMIepaTypax Onpejie/iuTe 3NeKTPHYECKHH MOMEHT JHIOJS MOMEKYJIH alle-
TOHa.

5. Ilokasarenb npesoMIeHHs H IIOTHOCTh MPOMHAOBOIO adupa XJ0p-
MypaBbHHOM Kucaotsl npu 293 K coorserctsenno pasusl 1,4053 u 1090
1090 kr/m®. Onpenesnre MONAPHYIO PepPAKIMIO H COTOCTABETE ee ¢ pac-
CYHTAHHOH 1O MPABHUNY AJJAHTHBHOCTH.

6. Onpenenure monsipuyto pedpakuuio muppona C,H;N, ecan noxasa-
Tenb npesiomenus 1,5034 u naornoers 929 kr/M®. CpaBHuTe nonyyeHHyio
BeJTHYHHY C PACCYHTAHHOH NO NPAaBHAY AJJHTHBHOCTH.

7. YKaXHTe CTPYKTYPY COeAHHEHHS ¢ aMNHpHYecKoH dopmy.oh
GC;H,0,:

0]

i
CHy—C—0~--CH,—CH=CH,
HJIH

o) o)
CHa——gZ—CHz—- c“ —CH,
ecin mpu 298 K ero nokasarenr npenomsenns 1,4045, a miIoOTHOCTD
928 kr/me.

8. Ilo nu371eKTpHYeCKOH MNPOHHIIAEMOCTH M TVIOTHOCTH GeH3ona npu
Temneparypax 283, 293, 303 u 313 K [M.] onpenennre MOJSPHYIO MO-
JIIPH3ALHIO H €T0 3/IeKTPHYECKUH MOMEHT JAHIIOSA.

9. Omnpenenure o6bem, KoTophift Gyner sanuMarh 1500 Kr amMuI0BO-
ro cnmpta (1-nenranona) npu 390 K. Il10oTHOCTb H KOS(XpHIIHEHT 06HEMHOTO
paclimpeHnsi BO3bMHTe M3 cnpasoynuka [C.X., 1. 1 u 2].

10. 3aBrcuMocTb 06beMa AHITHAOBOTO 3UPA IABESEBOH KHCJIOTH OT
TeMnepaTypel B Auanasoue ot 273 1o 414 K Bbpaxaercs ypaBzenHeM

V=V, [1-+1,06031.10-3 (T —273) +1,0983. 10-¢ (T —273)2 +-
+2,6657.10~9 (T —273)3].
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OnpenenuTe MIOTHOCTb JAH3THJIOBOrO 3(Hpa LABEJNEBOH KHCJAOTH NpH
443 K, ecau nnotHocTh ero npu 293 K pasua 1,0785- 103 kr/m®.

11. 3nas NOBepXHOCTHOE HaTsKeHue M motHocTb CCly nipu remnepa-
Typax 273, 283, 293, 303, 313, 323 u 333 K [M.], nokaxure, uTo BeiH-
ygHa ¢'/+M/d He 3aBHCHT OT TeMIepaTypbl. BbUHC/AKTE 3Ty BeNHUMHY.

12. Cpean BO3MOXKHHX CTPYKTYD COEIHHEHHsI C SMIHPHUECKONH (hopmy-
aoit C;H,0, npeanosarawores caegyouiye:

HC——CH, 0 0
| C/ c " c " cn
HZC\O/CH— “ Hy—C—CH,—C—CP,

| 11

YcTaHOBHTE CTPYKTYDY CO€IHMHEHHs, eciH npu 298 K ero nopepxHOCTHOE
Harsikenne 0,0433 H/m, a niotHOocTb 1,1094- 10® kr/M®, nosib3ysick TaGau-
el HHKPHMEHTOB Napaxopa, NPUBEIEHHON B NMPHJIOKEHHH.

13. Omnupuueckas dopmyna coepunenust C,H;N. YcranoBurte ctpyk-
TypHYIO QOpMyJay coenuHeHUst, ecsin npH 293 K mioTHocTb ero 969 kr/m?,
a NOBEPXHOCTHOe HaTsikenue 37,52-10-3 H/m.

14*, Boipasure ypaBHeHHEM 3aBHCHMOCTH MOBEPXHOCTHOTO HATSIKEHHA
OT TeMNEePaTypbl Ha OCHOBAaHHH CNPaBOYHBLIX AaHHHX [M.] 0 noBepxHOCT-
HOM HaTSKEHHH TPH HECKOJNbKHX TeMmnepaTypax. BbiBegure ypaBHeHHe
BUla 0 = a -+ bT MeT00M HaNMEHBIIHX KBajPAaTOB.

15. Onpenenute H3MEHEHHE SHTPONKH NpH 06pazoBaHry | M? NOBEPXHO-
CTH XHJIKOTO XJop6eHs3o/ia 1Mo JaHHLIM cnpaBounuka [M.].

16. OnpenenuTe H3MeHEHHe SHTAJAbNHM NpH ob6pasoBaHuM | M® mo-
BEPXHOCTH XHUJKOr0 xjop6ensona npu 293 K. Heo6xonuMble 1aHHbBIE BO3b-
MHTe H3 cnpaBoyHHKa [M.].

17*. BoiBepure ypaBHeHHE 3aBHCHMOCTH TeKyuecTH l/m HuTpoGeH3oma
OT yZeJbHOro 06beMa METOIOM HAUMEHBIIXX KBajpartoB. Bocnoabayiitech
JaHHbIMH crpaBouHHka [M.]. Onpenendre BSASKOCTH HHTPOGEH30.1a TPH
373 K, ecau mIOTHOCTb ero mpu 3TOH Temneparype 1,1245-10® kr/m®.

18*. Omnpenennre SHEPTHIO AKTHBALMH BSI3KOTO TeueHHs GeH301a HA OC-
HOBAHHH CIPABOYHBIX JaHHBIX [M.] O BSI3KOCTH NpH HECKOMBKHX TeMIepa-
Typax. BriBeguTe ypaBHeHHe 3aBHCHMOCTH BSI3KOCTH (OeH30/1a OT TeMIepa-
TYPbl METOJIOM HAMMEHBIIHX KBAZPaTOB.

19. Onpegenure Tensory dcnapenusi cynabdypuaxaopunga SO,Cl, npn
HOpMaJbHOH Temneparype KuneHus. HeoGxonuMmele JnaHHble BO3bMHUTE H3
cnpaBounuka [M.].

20. BuiBenute ypaBHEHME 3aBHCHMOCTH TEIIOBOr0O 3dxpeKra HCRapeHHus
TiCl; or TeMnepaTyphl, CpaBeiiHBOE B AHana3oHe Temneparyp ot 298 1o
400 K. 3aBucumoctsio A OT jaBjeHust MOXHO TpeHeGpeus. Heo6xonuMble
JaHHble BO3bMUTE H3 ClipaBounuka [M.].

21. Tennora o6pa3oBaHus HadTaAHHA B TBEPJOM COCTOSIHHH H B COCTO-
SIHHH HeaabHOro rasa npu 298 K coorserctBenHo paBua 78,073 u 150,959
&/x/mMonb. Tensoemkoctd Cp TBepjoro u rasoobpa3Horo HadranuHa npu
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298 K coorBertBeHHO paBHH 693,289 u 132, 549 /Lx/(moab- K). Onpege
JHTe TenJoTy BO3rOHKH Hadraauuna npu 340 K u usmenenue sHTponuy npu
STOH TeMnepartype.

22. Ha ochoBanuu jaHublx cnpasounika [M.] onpegenute sHepruto
KpHUcTasiuyeckol peiutetrku I, npu 298 K.

23. OnpeneluTe 3HEPTHIO KPUCTALIMYECKOH pelueTkr jaudeHHsa
CioHye npu 298 K, ecnn Tensiora ofpa3oBaHisi €ro B razooGpasHOM COCTO-
anun 182,09 kx//monb. Hepocraomue aist pacuera JaHHbie BO3bMHTE
u3 cnpasounuka [M.].

24. OnpejennTe IHEPTHIO KPHCTALIHYECKOH pelueTkH Kamus npy 298 K.
Heo6xopuMele gaHHbEE Bo3bMHTE H3 cnpaBounukoB [M.] u [C.X., 1. 1].

25. OnpejennTe SHEPru0 KpUcTamiiueckoi peiwerku KBr npu 298 K,
AHYoarx = 89, 998 x/Ixk/Moib. Heo0xopumbe jaHHLC BO3bMHTE K3
cnpasounuka [M.].

MHOTOBAPHAHTHDBIE 3AJAYH

1. BoluncauTe 3/JeKTPHYECKHH MOMEHT JHNOAS MOJEKYJ BelecTBa A
Ha OCHOBaHMH JAHHBIX O NOASPH3ALMH NPH GECKOHEUHOM Pa3BeJEHUH B He-
NOJISIPHOM PacTBOPHTeEJIE NIPH HECKONBKHX Temnepatypax [M.]. Paccuunraii-
Te MOJIAPHYIO pedpakLiio MO H3BECTHOM MIOTHOCTH K MOKA3aTeMO MPENoM-
JeHHs NpH OJHOH TeMllepaType ¥ ONpejesiuTe NPHOMHKEHHO JEKTPHUE-
CKHA MOMEHT JHUIOJS 1O NOMSPH3ALUH NPH GECKOHEUHOM DPA3BEJEHHH K
MOJIIpHOH pedpaKkuuu NIPH OLHON TEMIEPATypeE.

g;al:fr; Bemectso A ::34::1:3 Bewecrso A ;:;;fa- BemecTso A
1 CHCI,4 10 CH3OCH, 18 CyHs0C, H;
2 C,H;OH 11 C,H50C;Hy 19 CeH;Br
3 CH,COCHj, 12 CgHgBr 20 CeH;Cl
4 C,H;OC,H, 13 CeHsCl 21 CeHsNO,
5 CgHgBr 14 CeHsNO, 22 CHCI,
6 CeH;sCl 15 CHCI, 23 C,H;OH
7 CeHNO, 16 C,H;OH 24 CH4COCH,
8 CHCl, 17 CH4COCH;, 25 C,H;0C,Hp
9 C,H;OH )

2. Ipu 293 K naornoctb @ %-HOro pacTBOpa BelecTBa A B pacTso-
putele B paBHa d, nokaszaTesib NPenOMJIEHHsT pacTBOpa #. BolukcauTe Mo-
AsipHYy0 pedpaknuio BeilecTBa A, ecau npu 293 K niaoTtHocTs pacTBopHTe-
Jas1 B paBHa d,, a ero nmokasaTenb NPEJOMICHHS 1.

Ne BapHaHTa a, % A B d-10-%, xr/m? n
1 20 HCI CH,0OH 0,915 1,374
2 31 HCl H,0 1,157 1,407
3 30 H,S0, H,O | 1220 1,370
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IIpodoasenue Taba.

Ne Bapuauta a, % A B d;{l{/OM—."’, n
4 40 HCIO, H,0 1,293 1,367
5 17 . LiBr H,0 1,129 1,362
6 35 LiCl : H,0 1,174 1,414
7 24 .5 NaCl H,0 1,187 1,377
8 1205 N2,50, H,0 1116 1,352
9 9 K20, H,0 1,075 1,345
10 50 SnCl, CH COOC,Hs 1,487 1,476
T 44 CO(NH,), H,0 1121 1,400
12 90 C,H,Br, C H7OH 1,866 1,603
13 22 CCI;COOLi HgO 1,128 1,365
14 29 CH4,COOH H,0 1,038 1,353
15 50 CH,,COOH CeHse 0,947 1,434
16 50 CH,COCH, CeHe 0,839 1,428
17 45 CCl4COOH H,0 1,255 1,395
18 42 CCl COONa H,0O 1,295 1,397
19 52 SCNC Hs CsH;oNH 1,075 |8 1580
20 25 SCNC 3Hs 0-CgH,(CHjy), 0,968 I 551
21 40 C5H10NH SCNGC;H; 1,085 1,682
22 37 CoH;SO,H H,0 1135 | 1406
23 66 CgHsNH, C,H;OH 0,959 1,516
24 3,6 Ce¢H;COOH CgH;CHj, 0,856 1,493
25 44 CyaHyaOnp H,0 1,191 1,406
Moxasatens mpedomAeHHs W MAOTHOCTL pacTsoputeds B
PactsopuTenp B d‘;(-rl/gx’ % o Pacteopureas B dox.rl/?ﬂ % o
H,0 1,000 1,333 SCNC,4H; 1,019 1,530
CH,OH 0,805 | 1.329 . CgHyNH 0.863 | 1,461
CyH;OH 0,808 1,364 CeHg 0,885 1,504
CH3C00C2H5 0,903 1,375 CgHsCH;, 0,867 1,497
CH4CH,CH,OH 0,807 1,386 0-C¢H,(CHj)s 0,881 1,505

3. Belyncaute napaxop semecrsa A, ec/H H3BECTHH NOBEPXHOCTHOE
HATSKeHHe H MJOTHOCTh NpH Temneparype T. [ToayueHHYIO BEJHYHHY CO-
NOCTaBbTE C PACCYHTAHHOH MO NpaBHJy ajauTHBHOCTH. CM. NpHJOKeHHEe
UM cnpaBoyHHK [M.].

LK § .

Q@

:§ BelecTBo A o-10°, H/m d-10-3, krim® T, K

Za
1 CHC1. 27,28 1,489 293
2 CH,CHO 21,2 0.783 293
3 ClCH2CH20H 42,2 1,213 293
4 CH,CH,OH 9975 0,789 © 993
5 CH,COCH;, 23,7 0,791 . 293
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Mpodosxenue Taba.

a g
L] o-103, ' .10-3,
25 BeulecTso A H/m d K?./“; T, K
6 CH,COOCH, 24,6 0,924 293
7 CH3CH,CH,0H 23,78 0,804 293
8 CH4COOC,H;s 23 9 0,901 293
9 CyHsOCyHs 16,6 0,708 298
10 CHZCOC,H; 24,6 0,810 293
1 CqHe 28,89 0,879 293
12 H'CQH,4 18 43 0,659 293
13 #-CgH,;OH 21,6 0,815 293
14 CeHsBr 36 34 1,508 283
15 CeHsCl 33,2 1,107 293
16 CgHgNH, 42,9 1,022 273
17 CeHsCH, 39,8 0,885 288
18 CH,COCgH; 38,7 1,033 293
19 CeHsCH,CH, 29,2 0,867 293
20 CyH;N 45,0 1,095 293
21 CH,OHCH,0H 46,1 1,109 293
22 CH,(CH,),CH, 24,95 0,779 293
23 CsHsCH(CHg),q 28,20 0,862 293
2 (CH,,),,C——CH(CH,,)(CH,),CH,, 31,27 0,894 293
25 CeH;COOCH, 37,3 1,088
FrJTABA XI

®A30BOE PABHOBECHE OJHOKOMIOHEHTHbBIX CHCTEM

OcHOBHBIE YypPABHEHHS H CHMBOJIbI
[K. c. 326—340; I'. 7. 1, c. 138—151]

Yenous $Ha3oBOro paBHOBECHS BBIPAXKAIOTCS PABEHCTBAMH:
nf=pf, (XI.1)
f‘?: fe, (XI1.2)

rre u?, ud — xummveckue noreﬂuuanbx i-ro KOMINOHeHTa B (hasax a H P,

HaXOJIFIHXCS B DABHOBCCHH; ffaf— (YFHTHBHOCTH,
B rereporenHofi cHcTeme CBSi3b MeXAY YHCJIOM CTeneHefl CBOGOMbI, yHC-
JoM (a3 H YHCIOM KOMIIOHEHTOB Bhipakaercsl npasuiaoM ¢a3 I'n66ca:

f=K—®+2, (X1.3)

rae K — uyucao KomnonentoB, K = R — ¢g; R —‘yuc1o seujects; ¢ —
YHCJIO HE3aBHCHMBbIX peakuuf; ¢ — yucao ¢as; f — papuantaocts cuc-
TeMbl (YHCJIO TEPMOJHHAMHYECKHX CTeNeHell cBOGOLI).

Cpsi3p MEXJAY OCHOBHBIMH TEPMONMHAMHYECKHMH NapamerpamH OIHO-
KOMITOHEHTHOH JBYX(a3HOH cHCTeMbl, HaXOJSIIEHCS B COCTOSHUH PaBHOBE-

165



cusi, Bblpaxaercsi ypaBHeHdem Kaanefipona — Knaysuyca. Hdudipepen-
uxanbHpie GOpMEI ypaBHeHHS:

dp A Hg.n dp

T TV, b0 7 AVm, (X1.4)
rae AHg , — Tennora $a3oBoro mnepexoja B yCJIOBHSIX pPaBHOBeCHS a3
(ucnapenue, nuaBleHHe, BO3rOHKA, npeBpallleHHe MORHQHKaLHi);
dP/dT — TemnepaTypHbilf KO3(XDHIHEHT JaBI€HHS HACHINEHHOTO Napa;
AV, — pa3HOCTb MOJNAIDHBIX 00BbEMOB (a3, HAXOAAUIMNXCH B paBHOBECHH,

Ilnsi paBHOBecHH: TBeploe BeILECTBO == Map H XKHAKOCTb == nap B 06-

JaCTH Temnepatyp, Aa/JeKHX OT KPHTHUECKOH, NPH YCJAOBHH, YTO Vi, =
= RTI/P,

dinP _ AHgq
=7 RT (X1.5)
[locne uuTerpupoBanns ypasHenns (X1.5) npu ycmosun AHy , = const
nojyyaem:

AHdJ.n
1gP=—T’3—-R—-7—‘—+COHSt, (XIG)
lg P=A—BJT, (X1.7)

gt AHen Ty—Ty
P, 23R T,Ty
3Hauenne AHg, , B ypaBrennax (X1.6) u (X1.8) saBasierca cpenneit Benu-
YMHOH, CnpaBe;IHBON Ans MHTepBaja Temnepatyp Ty — T,.
YpaBHenne TpyroHa (IS HemONAPHBIX BelIeCTB)

A Hyen
Ti{.T.R

rae Ty.,.—HOpPMajabHasl TeMrepaTypa KuneHusl npu Aapienuu 1,0132x
X 10 ITa.
[Ipu paBHOBecuu a3 B TPOHOI TOUKe,

P =Pl g» (XI.10)

rie P% g, Pls.o — AaBleHHe HACHIIIEHHOTO Napa BeulecTBAa Haj JKUAKOM
¥ TBepAO# dasamu. B TpofHOH TOUKe TEMJOTH BO3TOHKH, NJABJEHHA H
HCTapeHHs] CBA3aHBl YpaBHEHHEM

A Hyoar=A Hyen+A Hug. (XI.11)

3aBHCHMOCTb TeNJIOThl (Ha30BOrO Mpexofa OT TeMIepaTyphl OMHCHIBaeT-
cfl ypaBHeHHeM

(X1.8)

= 88,66, (XI1.9)

0 (A He.n)
oT

rie C® u CP — TennoeMKOCTH HaXOASAIMXCHA B paBHOBecHH (a3 o u P.
B HeGosbliom uHTepBasie temneparyp AC, , = const, Toraa

AHy gy =AH+ACouT (X1.13)

= AC¢.n =C*—Ch, (X1.12)
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WU
AHp, oa=8Hr 4. a+ACh n(Ty—T1). . (XI.14)

YpaBHeHHe 3aBHCHMOCTH AaBJIeHHSl HACHIEHHOrO Mapa OT TeMieparypbl
A% TBepAbIX M KHAKHX ¢a3) ¢ yuerom (X1.5) u (XI. 13) npuHumaer Bux

AH, AC@.H ]
= e - 1 T I.
Ig P 2.3RT + R g T +const (X1.15)
HJH
B
lgP=A—— DT, (X1.16)

rie AH, — Koucranta uHterpupoBaHusi; A, B, D — KOHCTaHTHI.

3AIAYH C PELIEHHAMH

1. [1norHOCTH TBepaoOro denona 1072 kr/m®, xuakoro 1056 kr/m®, Ten-
J10Ta ero naasiaenus 1,044-10° [Lx/kr, Temneparypa 3amep3anns 314,2 K.
Bouncaure dP/dT u temneparypy nJaabJeHus ¢erona npH 5,065-107 Ia.

Pemenue Ilo ypasuenuo Knanefipona — Knaysuyca (XI1.4)
paccuutbiBaem dP/dT:

4P __ AHm o, 1 I
T T (Vik—Vis) dy des '
dp 1,044.105
= - —9,373-107 Ma/K,
AT 314.2.0.004.10-% 2 a/k
a7

———— e .10-8
ip =4,214 j10 K/Ma.
UTo6b! BEUHC/AHTL TEMNepaTypy MJaB/leHHsl [pH 3a4aHHOM BHellHeM JaB-
nenuu, npuHumaem, uto d7/dP B unreppane Aaenenuit 1,0132.10° —
— 5,065-107 [Ta — BenuuHHa TNocTOsiHHas, paBHas 4,214-10-% K/I1a.
Torana ‘
T, P

[ dT=4,214-10- _[’ dP
T, P,

T2=314,2+4,214-10‘3-5,065-’107= 316,33 K.

2. Buuncaure cpeasiolo temnory ucnapedus CH, B uHTepBane TeM-
nepatyp ot 88,2 no 113 K, ucnois3ysa ciaeaywoue JaHHbIE:

T, K ........ 88,2 92,2 98,2 104,2
P.10-3, MMa .. ... 8 13,31 - 26,62 52,24

]

——
AT
w b

P e e nue Pacuer MOXKHO NMPOBeCTH ABYMS NYyTAMH:
1) no ypaenennto (X1.8).
112,2.88,2 1,013-108

AHyen=2,3-8,314 22882 lg =25

=8§,62 xI1:K/Moub.
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2) no ypasHenio (X1.7), n3 xotoporo cienyer, uto 3aBHCHMOCTH lgP
ot 1/T BuipaxaeTcs npsmol iuuKed (puc. 15). TensoTy HcnapeHHs MOXHO
ONpe/ieNINTh 110 TAHFEHCY YIJIa HaKJIOHa NPAMOM, KOTOpHI paBen: tga =
= — AH,4/2,3 R. BbiuHcaisieM 415 NPHBENeHHHX JaHHbLIX 1gP u 1/T:

T,K...... 88,2 92,2 98,2 104,2 1122

P-10—-3, Tla . . 8 13,31 26,62 53,24 93,40
(1/7) 108 ., . .. 11,37 10,89 10,21 9,62 8,94
lgP . ... .. 3,903 4,124 4,425 4,726 4,972

Crpoum rpadux IgP = f (1/T), u3 xoroporo ciaenyer

toge e 096 .
goa=—7 2,2.108 o

A Hy=432.2,3-8,314=28,27 k]I /Mo5.

Stot pesyabTar GoJiee TOYeH, YyeM NPeNbIAYLINI, TaK KaK BHYHCJIEH Ha oc-
HOBAHHH NSITH ONBLITOB (HCTHHHOE 3HAauYeHHe TeNJIOTH MCNIapeHHs MeTaHa

IpH HopManpHO# TeMneparype Kullenus 8,19 kJlxk/Moap).
3. BbiyHcaHTe TenIOTy HCNapeHHs JH3THJIOBOTO 3(Hpa 1o ypaBHEHHAM
Knanefipona — Knaysnyca 1 TpyTona, ecin npu HOpMasabHOH TeMmmnepa-
Type Xunenua (307,9 K) dP/dT = 3,53 X

lgp % 10® ITa/K. IlonyyenHnyio BeqHyHHY cpaB-
50t HHTe CO CIpaBOYHOH.

45-\ P e en ue Buuucasem temsory ucna-
464 - pennsi no ypaBHeHHmio (X1.5), npuuss, yrto
44} napbl NOAYHHAIOTCS 3aKOHY HJeabHBIX Ta3oB
42| HAV &= Vit

;g: Aann=3,53-103.8,314‘307,92To—llm- =

N R TR AT —2,74-10% Tz /mons.

[To ypaBuennio (X1.9) naxomum AH,, =

Puc. 15. 3asucuMocts lgR  _ . — et
nacemennoro. napa CH, g = 307,8-21,00 = 6470 xai/mMoab HIn

o6patrofi TemmepaTyph A Hyen=6470.4,187=2,72.10% Ix /Moas.

Ilo nanubmv cmpaounnka [C.X., 1. 1, c. 9601 AH,, = 2,67-10%
JLK/Monb, T. e. OTK/OHEHHe OT HCTHHHOTO 3HaveHHs npH pacyere AH
1o NpHO/IHKeHHBIM YpaBHEHHsAM cocraBaser 5,5 %.

4. 3aBHcHMOCTb NaBsieHHs napa (MM pT. CT.) OT TeMNepaTypsl AJf
XKHJKOPO META/NTHYECKOTO IIHHKA BHIPaXaeTcsl ypaBHeHHeM

uen

6697
lgP= ——-—7-:—-—1 ,2 1g T--12,247.

Beiyrenute Tensory Henapenus (AH o) IHHKa NpH Temneparype niaBJe-
uug (692,7 K).
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Pemen ue Temnory HcnapeHus UMHKA NpH 692,7 K paccuntaem
no ypasHenHio (X1.5), npeo6pa3oBaB ero x BHAY

din P
A ann=( T) RT®.

JugxpepeHuHpysi ypaBHeHHe 3aBHCHMOCTH JaB/leHHsl Napa XHIKOFO Me-
TaJJIMYECKOTO I[HHKA OT TeMIlepaTyphl
6997-2,3

inP= ———T————l,2ln T+12,247.2,3,

nosyyaem
dinP  6997.2,3 _ 1,2
dT T2 T
Briuncasiem AH ., npu 692,7 K:
A Hyon=16997-2,3-8,314 —1,2-8,314-692,7=126,887 kI1xk/MOMIb.

5. 3aBHCHMOCTH JIaBJIeHHsI HACHIIIEHHOTO Napa MYPaBbHHOH KHCJOTH
(MM pT. CT.) OT TemIlepaTyphbl BHIPa)KaeTcs ypaBHeHHeM:

3160
Ans TBepgoi dasn IgP=12,486 ~—-—7;——,

. 1860
AN XKHAKOH (aswl Ig P=7,884———77— .

BoiyncaiTe KOOpDAHHATEE TPOHHON TOUKH (TP.T). .
P ew en u e. [Tockonsky ansi paBHoBecHs (a3 B TpPOHHOH TOuke
CTpaBe;IMBO ycaoBHe Py = Pl,, NpHpaBHHBaeM JpPYyr K APYry NpHBe-

JeHHble YpaBHEHHS] H BbYHCAeM Tpp.r H Plp ot

3160 1860
12,486 — ————— =7,884 — ,» OTKyAa Typp r=282,6K;
' T'rp.'!' TP. T
1860
IgP =7,884 ———=1,302,
g Prp. 7 282, 6

OTKyJa .
Prp.r=20 MM pT. cT (2,666-10° Ila).

6. BbiumcanTe TENJIOTY BO3TOHKH META/NHYECKOTO IIMHKA, €C/IH Tell10-
ta njaBaenus (AHg,) npu Temmeparype TpoiiHol toukn (692,7 K) pas-

Ha 6,908 k[Ik/MO/b, a 3aBHCHMOCTD TeIJIOTH HCNIapeHHs OT TeMnepaTyphl
OTIHCHIBAaeTCS ypaBHEeHHeM

A Hyen=133738,66—9,972T (IIx/moab).
Pewenue. ComacHo ypaBHerHwo (XI.11)
A Hpoar=A Hucn+ A Hpy.
Boiuncnsem AH .4
A Hyep=133738,66-—9,972.692,7 — 126,825 k]IK/MoJb.
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BoiuucaseM AH gos;:
A Hyoar=126,8254-6,908=133,73 x[x/Moab.

7. Bobiuucaure TenaoTy dasosoro npespailenns ias o-FeS-» f-FeS
npu 298 K. Cuuraiire, uto AC = const B wuHTEpBaje TeMnepaTyp
Top + 298 K. Cpennas TelJNOEMKOCTh B-FeS Cp-pes = 53,845 JIX/MoNb.
Hepocratomye AanHble Bo3bMUTe U3 cripaBounuka [M.1.

Pemen ue. Cornacio ypasuenno (X1.14)

A Hup,swe=4 Hop 7 +AC (298—Tup).

Tup=411 K, Cou=54,85 Jlx/(moab-K),
AC:CB— Ca=53,84——54,85: —1,01 Jx/(Meas-K),
A Hup, 411 = 439%6,35 LK /Moab,
A Hup, s9s—4396,35—1,01 (298 —411) =4510,78 JUK /Mo,
8. Uepes meTusoBHI cnupT 62ap6OTHPYET BO3AYX H HACHIIAETCS €ro na-
pamu. [Tocne toro kak uyepes CH;OH nponycrunu 1 1 Bo3pyXxa, Macca

CH ;OH ywmenpbunaach xa 0,201 T Q6inee faBjaeHyue B CUCTEME Heusmeﬂgo i
pasno 1,0132-10° [Ta. Paccuutaiite aniieHne HaCHIIEHHOTO Napa METZHO-

na npu 2945 K.
P em e n u e. CocranrisieM fBa ypaBHeHUs:

VP=V'(P—Ply,on); 1'1=V" (1Pt on), M
m
(M)RTzv’PEHSOH, @
Men,om

rie V — obbem Bo3zyxa Ao nponyckanus ero yepes CH,OH; V' — obmu#
o6bem Bosiyxa u napos CH,OH nocie mponyckauus; P — asjenue BO3-
AyXxa no GapGorupoanuusi, P = 1 atv; (P — Plu,on) — RaBjenue BO3-
AyXa nocie 6apGOTHPOBAHUS.

Henuv ypasuenue (1) na ypapnenue (2) u pelnaeM OTHOCHTENBHO
Ply,on:

0 (m/M) RT — (0,201/32) 0,082-294,4
Penson = 1+ (m/M) RT  1+4(0,201/32) 0,082.294,4
—0,1315 atm (1,146-10% Tla).

9. Bouncaure S,o.m208, €CIH Sii,0,x)208 = 69,96 JLx/{(monb- K).

PeweHue. Jdas pacuera npeicrasum cebe npouecc npespaiienus
KHUIKOH BOAL B map nof gasienuem 1,0132-10° Ia, KOTOPBIH COCTOMT M3
ABYX cTaguil: 1) paBHOBecHOe HCIapenue NOL AaB/IeHHEM, DABHBIM KaBJje-
HUIO HACHIIEHHOTO Napa, AS,.q; 2) paBuoBecHoe cxaTHe AS, HaCHIIEH-
Horo napa o gasjenus 1 arm. Torna

AS=ASuen+ASax (1) Sho = S0 +4S-

Coraacno ypastenusam (VII.14) u (VIL.9)

AHWCH 1
———: ASsxk=—RIn
T o Pfi0

A Sycn =
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Has onpenenenus AH,,, no copasounuky [M.] naxopum rensorsl o6pa-
30BaNUS BOEH M/ DA3HBIX ArperatHeIX cocroauuil npu 298 K
A Huca =M HY o ()= & H o = —241,84 —{ —285,84) =44,00 kJLK/mom
¥ ZiaBJleHHe HachlledHoro napa Pi,o == 3,167 10 [Ta. [ocae nogcranos-
KH 2HCeN U BHIUHCJIEHHS MOAYUAEM
44 000 760
A §== ——— —38,314.23lg —2
298 28,76
H a6COMGTHA 3HTDONHA Napa COCTARUT
Sh iy == 69,96+ 118,57 168,83 JIx/(monn-K).

== 118,87 Hdx/{(mean-K)

10. ITpu 268,2 K zaprende pacHSHHOrO napa Tteepnoro OeH3osa
2279,8 1a, 2 nan nepeoxaampensniy Gensonov {(xupkum) 2639,7 [Ta. Bui-
JUCANTE U3MeHerHe 3Heprund [ufb6ca B npoliecce 3arsepaeBanus ! monmp
nepeoxJamierHOro (en3caa npyu yxasannoll reMneparype (napu GeHsosa
CYUTATh HIEaNbLHHIM Ta30M) ¥ yKaxure, oOpaTHMHIH UMY HeoODATHMBIN
npouece. i

Pemen ue [lockonbKy U3meHende sHepTud ['u66ca AG He 3asucut
Of OyT¥ npouecca, NPUHUMAeM, HTG NMPOLECC 3aTBePAEeBaHHS COCTGHT U3
Tpex craivil: 1) obparuMoe ucnapenHe XKuAKore 6eH30/1a ADH JaBjieHUHU
2639,7 Ha; 2) obpatnmoe paciuvpenue napos ko Randenus 2279,8 Ila; 3)
ofpaTuMan KOHJEHCANNA NaDOB B TREDAYI0 a3y, Torza

AG= A Gy--A Gy & Gy.

Tak kak l-1 1 3-5 craanu nporekaor npy P u T = const oSparumo, 10
AGy = AGy =0, 2

‘ A ﬁzz /_«Q‘[ 1“ (Pgﬂlpgk)
HIIH

2279,8 396,18 [Ix/
T 3%, ¥ [MOAb .
%337 "

Peayaprar yKa23sisaeT Ha HEOGDPATHMOCTD JAHHOTO BPOUECes.

11, JaBrenne RacHIEHHOTO BOZAHOTCG napa npn 428,2 K pasHo
54,3-10% ITa, a ynenpuniit o6bem napa 0,3464 m%/xr. Paccuuraiite pyrutus-
HOCTb BOBBI, HaxopgineHcs npu 428,2 K B paBHOBECHH €O CBOUM HACKI-
IEHHKIM BAPOM.

Pemenue. Cornacao ypasenuo {XI.2) QpyruHTHBHOCTE MUKKOCTH
PaBHa (PYTHTHBHOCTH €€ HACBILIEHHOrO Iapa, 4 TaK KaK JHasJjieHHe OTHO-
CUTENIHHO HEBEIHUKO, PYTHTHBHOCTh HACHIIIEHHOTO NAPA MOMNHO BBHIYHCIHTD
no ypasnenuio (1X. 15):

. pz .
4 Pug P RT
90,3464 (m®/xr) 18,02

8,315 [/ (monn- K) ] 428,2 (K)

AGy=AG=5,314.268,2.2,3 iy

= (54,3 10% Tla)ix '

=5,16-10% [la.
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SAIAUYR
1. Moxer au npu temneparype 386,5 K (TeMnepatypa npespauieHHs

$a3) HAXOAATHCA B PABHOBECHH POMGHYECKAs, MOHOKIHHHAS, XKHIKas H ra-

3000pasHasi cepa?
2. Tlpencrasbre rpaguk B KoopiHuarax P — T mas BEIIeCTBa, Cy-
IECTBYIOLLEro B ABYX TBEPALIX MOLHOHKAWUAX Q U R, XHIKOM H Ta3006-

pasHoM coctosiHUAX. O Qa3oBOM COCTOSTHHH CHCTEMB! HMEIOTCS caAepyomue
LaHHbE:

Touxka| £, °C P, atm daszm
1 10 1 Q. R, nap
2 30 10 R, xuakocts, nap
3 50 100 Q, R, XuaxocTs

3. Tennora nnasneHHs W NJIOTHOCTH KHUAKOH H TBEPAOH pPTYTH

npH Temnepatype TpoiiHOH TOukH (234, 29K) paBHM COOTBETCTBEHHO
11,8-10% x/xr, 13, 690, 14 193 kr/m®. Buqucnmg AaBJeHHe, IpH KOTO-
POM TeMniepaTypa nsaBj€HHsi CTaHer pasHoilt 235,29 K.

4. BuuncadTe aByMs cnocoGamu TENJIOTY MCHaPEHHs BoAbl npH 273,2
H 573,2 K, HCrosbays clefyiolse naHHuie:

1-i cnocob

Z', ljx/r ............... ggg’:lgﬁ 573,16

Hry /1 o o o o s ¢ 4 ¢ 4 4 e e e y ,

Uge, CM3/r L L L L L L 1,000 ?,%(1)5

dP/AT . . . . . . . ... 0,333 Mum pr. cr./K 1,201 arM/K

2-1ii cnocob
K. ... .. 273,2 274,2 572,7 - 574,3
P, . . . . . . 4379 MM pr.cr. 4924 mm pr.cr. 88,14 arm 90,17 aTtMm

O6bscuure, nouemy npu 273,2 K pesyabrats coBnapaior, a npH 573,2 K
pacxoaaTcs.

5. Onpepennre TteMneparypy KdneHus: XJopGeH3osa npH 266,6 [la,
€CJIM €rc HopMasibHasi TeMneparypa kunends 405,4 K, a npu 5,332. 104
[Ta on kunut npu 382,2 K. Buuucaure TENJOTY HCRApeHHs, H3MEHEHHe
SHTPOMHH, BHYTPEHHeH 3Hepruw, sHepruii ['u66ca u FenvMronbua npu e-
napeHdd 1 MOJb XJOPGEH30/a NMPH HOPMATbHON TeMneparype KHMeHHS.

6. Buiuncaure xospduuuentst A u B 8 ypasnenun 1gP = A — B/T,
BBIDAXKaiOUIEM 3aBHCHMOCTD 1aBJIEHHS HACHILEHHOTG apa XHAKOT0 aJioMH-
HHA OT Temneparyps. [IpoBepbTe nonyyeHHLie faHHbLe, BLYHC/HB TeMIe-
PaTypy KHneHdsi npH HOpManbHBIX ycloBHAX (T, = 2600 K), ecan us-
BECTHG MaB/eHHE napoB aMIOMUHHUSA, NpPH CAEAYIOWHX TeMnepaTypax:

LK .. ........ 1734 1974 2093 2237
PMMa . . .., , ..., 89,3 1333 3972 1,341 104
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7. BuudchuTe KONHYECTBO TeMJIOTH, HEOGXOQMMOE A/l HarpeBaHHs
1 kr TiCl; or 298 a0 423 K. [laHHbe ¢ TenIGEMKOCTH BO3bMHTE H3 ClIPaBOY-
uuka [M.]. 3asucumoctb nasneHus napa ([1a) Han xuakum TiCl, ot Tem-
neparyphl BEIpaXaercs ypaBHeHueM

lg P=8,56—1450/T.
8. Buiuucaure Tensory Hcnapenus xaopa npu P = 0,1013 Mlda, ecau

ypaBHeHHe 3aBHCHMOCTH AaBeHus (I1a) HacwileHHOro napa or reMnepary-
PBI Haj XKHIKHM XJIODOM HMeeT BiJ

P=3,58.100—3,37- 10T -}-80,1172.

9. 3asucumocTb AaBieHds ([1a) HachieHHOTo napa OT Temneparypbl
1as ¢pecna CCl,F, Buipaxaerca ypasHeHHeM

2406, 1.
lg P=34,5— ——

—9,26 1g T -+0,0037T.
Onpegnenure faBieHie HACKHIIEHHOTO Napa, TEMJIOTY HCapeHHsl, H3MeHeHHe
SHTponHH, 3Hepruu I'u66ca 1 ACy, , npu ucnapenuu | Moab ¢ppeoHa npu
298 K.

10. Has 1,4-puokcana C,HgO, onpenendre koopauHarhl TPOHHGH TOY-
KH (P u T), TenoTy BO3rOHKH, UCNApeHHs H NjaBJeHHs B 9TOH TOUYKe,
eciH

Teepaoe COCTORHUE #udKoe cocrostue

T,K . . . .. .. ... 2035 T2 298,16 307,0
P, mMmopr.er. . . . . . .. 4,18 10 41,55 60

11. BoluncadTe teMnepaTtypy njaB/eHHs, AaBieHde HACHINEHHOTC na-
pa npH 3TCH TeMneparype H TenJOTy njasieHds cepefpa no RaHHEM 3aBH-
CHMOCTH JasieHus HacbuieHHoro napa ([1a) or remneparypwm, eciu:

s TBEpporc cepebGpa

" 1g P=13,892—1,402.104/T,
151 KUAKOTO cepebpa
lg P=13,347—1,334-104/T.
12, Onpepennre MOMEKYASPHYIO MACCY YKCYCHOH KHCJOTH B fnapax no

JaHHBIM 3aBHCHMOCTH JlaB/I€HHS HACHIIEHHOTO napa OT TeMaeparyphl H no
3HayeHWiO Ha#JeHHOH KOJOpHMETPHYECKH YACNbHOH TensIoThl HCrnapeHdst

AHyen = 406,83 J/T:

K. . .... 363 383 403
P, MM pT. CT. . . 293 583 1040

13. BuuucauTe pasHOCTb MeXAy AABIEHHEM napa BOJE M AbJAa NpH
272 K. Tennora niabiedds apia pasHa 334 Ax/r, P, = P, = 610,48
IMa npu 273,16 K.

14*. Temnepatypa kunenusi Geusona npu 0,1013 MIla 353,3 K. Pac-
cuutaiite JapjeHHe npH Temneparype TpoiiHofi rouku 278,66 K, socnoan-
30BaBLIHCh ypaBHeHHeM TpPyTOHA CO CAERYIOUIMMH AONYIIEHASIMH: Ten10Ta
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HCNapeHHs He 3aBHCHT OT TeMOeparyphl; TeJ0Ta HCHADEHHS 3aBUCHT OT
TemnepaTyps, HO

AC=Cy—Cy=const, Cp=81,67 JIx/(moab.K);
Crc=136 IIx/(mons-K) (npu 278,73 K u 4,812.10° TTa).

15. Jasnenne HachilleHHOTo napa seiyectsa 1210 [Ta npu 408 K.
Jlpu xaxo# Temneparype OHO GyZer NEepercHsThCs, €CIH B CHCTEMe NoJ-
AepxuBaercs napjenHe 2,666-10° [Ta? [lpu pacyere MOXKHO HCNOAb30BATD
ypaBHedue TpyToHa W npHHATb, YTO TEN/IOTA UCHAPEHUs — BEJHYHHA
NOCTOSIHHAS.

16. Buiudcanre AH,,, XJa0pHuia Tamius 0pH TeMmnepatype TPOHHOH
toukH (704 K). Hezocramwiue gannsie Bossmure u3 [M.}. Tensora nnapie-
nus TICl npu 704 K AH,, pasua 15,564 kJIx/M0iIb.

17. 3aBHCHMOCTDb TeMnepaTyps NJaBJAeHHs] Kalus OT AaBjieHus (at™),
no bpumKMeHy, Bhipaxaercsi ypaBHeHHeM

T=2335,6541,56-10—%2 P—6,786-10~7 P24 1,55.10-11 p3,

OnpenenuTe TeMaepaTypy mJaB/eHHs U TENJOTY NJABJAEHYs NPH AaBJEHH-
ax 1,6000 12 000 at™, ecau AV = 0,0268 — 0,000174 (T — 335, 65).

18. BuiuncanTe QYrHTHBHOCTD XHAKOro ammHuaka npu 362 K. Ipwu pac-
yeTe HCHoJb3cBaTh AaHuble [M.].

19. BruluMcasTte yruTHBHOCTD MuIKOTC amMuaka npu 238 K. [lassne-
HHE HacblllleHHOTo napa ammuaka P, = 0,95 at™. YpenvHuii o6vem napa
v = 1,215 a/r.

20. Ilpu nnaenaenuu Genoro gochopa 3aBHCHMOCTh TeMIIEpaTypH nJas:
JEeHHs H H3MeHeHHs ofbeMa OT JaBJeHHsl BupaXKaercs CAeAYIOLIHMH AdH-
HBIMH , ‘

P,arm .., ... 1 1000 2000 3000 4000
Tga, °C . . . .. 44,2 73,8 101,0 126,8 151,3
AV, majgr . .. 19,3 17,9 16,6 15,4 14,2

Paccuutalite Af,, nyrem rpaduueckoil 66paGoTKH 3KCHepHMEHTaIbHbIX
AaHHBIX NpH P = 2500 at™M. MO:KHO /1 CuHTaTh 3Ty BeJIHYHHY B HHTEpBa-
jae P = 1 + 2500 neusmennofi, ecid (AHy,)p.1 = 648,52 xk?

21. Onpepnesnte pacxoy TenJoTH B npoLecce H306apHOrc HarpeBaHHs
I kr rekcana ot #; = 20 po t, = 100°C. TenaceMkocTh reKcaHa He 3aBH-
CHT OT BaBJjeuusi. s pacuyera BOCHO/JIb30OBATbCA CACKYIOLIUMH AaHHLIMH:

(Cpy&p,, (Mx/r)=2,07317+3,9170.10-2 ¢;
(Cp)o,, (K /r)=1,2254 1-4,6655.10-31;
1322,65

Ig P (MM pT. CT.)=7,1584—W.

22, 3aBacHMOCTb JaBJeHUsl napa BOAOPOZA OT TeMNeparyphl MeXay

1 at™ #H P, MOXHO BHIPA3HTb CJELYIOUUM ypaBHEHHEM:
56, 60, N
P= - —E;',——E)——}—B,SOIS—O, 104587 4 0,0033217772 4 0,043219773.
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Tipu T = 27,47 K AH, = 375, 3466 xIx/xr; d, = 0,00613 xr/m;

d . = 0,06050 kr/a. Cornacyiorcs Jd 3TH JaHHbie APYT C ZPYyroM?
23. 3aBHcuMOCTb faBaeHHs napa HHKoTHHa CyoH N, or TeMneparypmi
BbIPAXKAETCSl ZAHHBIMHU:

£, °C ... .. 170 185 190 200 209 221 228
P, mm pr.cT.. 100 160 180 240 300 400 500

[Mocrpoiire rpaguk P = f (f) u onpeneantre AH, u AS, npu 200 °C.
24. Ha ocHoBaHHH npHUBEIEHHOH TeMnepaTypHON 3aBUCHMOCTH Kaplie-
HHS apa JXKHIKOTG BHCMYyTa

L, °C ... 470 515 575 580 610 630 705
P, mm pr. cr. . .0,003158 0,003521 0,00492 0,00502 0,01203 $,0204 0,0832

BhiBEAWTe JHHeHHOe ypaBHeHHe 3aBucuMmocTH IgP = f (1/T) (noabsysico
METOIOM CPEEHHX 3HaueHuil) H BuuHcaure AH,.

25. Kakoe KoqH4ecTBO BO3AyXa HEOOXGAHMC NPOMYCTHTb yepe3 Cepo-
yriepop napd 730 My prT. c1. ¥ 313,2K ana ussnevenus 30r cepoyraepoaa,
ecid AH, cepoyraepopa npu Ty, x = 319,7 K pasno 355, 765 Ix/r?

26. [lasnende napa XHAXOro O6poMa H3MeHSIETCH C TeMnepaTypoll no
YpABHEHH)

2210
lg P (MM pT. ¢T.) = ——--7-;-——4,08lg T4 19,82.

BuiBensite ypaBHeHHe 3aBHCHMOCTH TeNJIOTH HCriapeHHs 6poma Ot temnepa-
Typhel H paccyHTaHTe H3MEHEHHEe 3HTPONHH NnpH HcnapendH | moab Gpoma
npu Temneparype kunenus (331,2 K).

27. Monasipuas rennoTa McnapeHHs TeTPaxJOpHAA YI/Iepoa H3MeHser-
ca ¢ remnepatypolt no ypasHenuio AH = 10 960—10,53 T. Onpegennre
BasJende HaceileHnoro napa CCl, npu 333,2 K, ecau CCl, kundt npu
348,2 K non paBnendeM | at™.

28. 3apdCHMOCTb AABJEHHA HACHILIEHHOTC napa 3THIGBOTG 3bHpa OT
TeMnepaTyps npejicraBaeHa AaHHLIMH:

t,°C ... .... —10 0 10 20 30
P, wmopr.cr. .. 114,8 184 ,4 286,8 432,8 634,8

Hocrpoiite rpagux sasucumoctd 1gP ot 1/T ¥ onpenenvre no vemy Mo-
JAPHYIO Ten0Ty HCnapeHHs 3PHpa H €rC HOPMAJAbHYIO TeMIIepaTypy Kirie-
HHS. )

29. 3aBHCHMOCTb JABJEHHS napa XJopoopMa OT TemnepaTtypwt npes-
CTaB/leHa JaHHLIMH:

,,°C ... 20 30 40 50 60
P,um proer. ... .. 161 248 369 535 755

MNocrpoitre rpapuk P = f (T) u paccuutalite TenaoTy HcnapeHus xa6-
podopma nipu 40 °C.
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30. 3aBHCHMOCTb AaBJIEHHS HACHIIEHHOTO Napa aJIOMHHHS OT Temlie-
patTyphl NpeACTaB/JeHa NaHHLIMH:

LK. ... .. 1734 1974 2093 2237
P, MM pr. cT. . . 0,67 10,00 29,8 100,6

[To rpaguxy sapucumoctd IgP ot 1/T onpegenure TeMmneparypy xkune-
HHfl aMOMHHHsi npH 560 MM PT. CT. H BLIBEfHTE JIHHEHHOE ypaBHEHHe 3a-
Bucumoctd IgP or 1/T.

31. Bosnyx HacoiuieH napamu Bofbl npH 25 °C. I1pu Kakoil remnepatype
NpH HEH3MEHHOM CONepPXaHHH BOJSHLIX NAPOB GTHOCHTENbHAS BJAAXKHOCTD
Bo3llyxa 6yaer pasHa 80 %, ecid npu 25 °C napaeHHe BOASHOTG napa pas-
HO 23,76 MM pT. CT. M yleJbHas Tem10Ta HcnapeHds Boasl — 280090,8

Jx/r?

MHOT'OBAPHAHTHDBIE 3AJJAYH

1. ITo 3aBHCHMOCTH JaBNeHHSl HACHILEHHOTC Napa OT TeMOepaTypsl H
NJOTHOCTH JAHHOTO BelllecTBa A ¢ MONEeKyJAspHOil Maccoli M B TBepioM H
KHAKOM COCTOAHHSX (drp H dy B Xr/M%) B TpoitHO#H TOUKE (TP.T): 1) HOCT-
poiite rpaguk 3asucumoctH Ig P ot 1/T; 2) onpefieiuTe no rpaguky Koop-
AHHATH TPOHHOH TOYKH; 3) pacCYHTaiTe CPEXHIO TEIIOTY HCHAPEHHS H
BO3rOHKH; 4) nocTpofite rpaguK 3aBHCHMOCTH JABJIEHHs HACHILEHHOro na-
pa oT TeMnepaTyphl; 5) onpeeanTe TEMIOTY IVIAB/EHHs BEIECTBA NPH TeM-
nepatype TpoiiHofi ToukH; 6) Beuucaure dT/dP aas mpouecca naabje-
HHSl NpH TEMNepaTtype TPOHHOH TOYKH; 7) BHIYHCIHTE TEeMOeparypy mjaas-
JIeHHs BellecTsa npH AasieHud P Ila; 8) BhuHC/AHTE H3MEHEHHE IHTPO-
ndH, 3Hepruil 'n66ca u I'eibMroabua, 3HTaALNHH ¥ BHYTPEHHEl SHepTHH
AJIA nipouecca BO3TOHKH | Mo/ BellecTBa B TPoiiHo# ToUKe; 9) onpezenure
YHCJIO TEPMOAHHAMHYECKHX cTereHell cBOGOL! NPH CIEAVIOUHX 3HAYEHHAX
Temneparypel M AaBieHdsi: a) Top.r, Prpr 6) Typu P =1 atm; B)
Ty.r.xs Prp.r. Heobxonumbie a1 pacuera zaHHbe BO3bMHTE H3 TaG/MIbE
(eM. c. 167). -

2. Jns BemectBa A JaHB: TensioTa HCHAPEHHs, TEMJOTA BO3TOHKH,
NJACTHOCTH TBEPEOH H XHAKOH ¢a3 dypy, d . NPH TeMneparype TpoHHOMH TCY-
KM Typ.p. Ha ocHOBAHHH 3THX JaHHBIX: 1) BuIYHCJHMTE TEMOEpaTypy Kumne-
HHs ewlectBa A no ypasueHHio TpyToHa; 2) coctasbre ypaBHeHue IgP =

a
== == -+b (@ ¥ b—KOHCTaHTHI) /151 PABHOBECHS XKHAKOCTb == nap; 3) Bbl-
YHCJHTe N0 NOJYYEHHOMY YpaBHEHHIO [aB/eHHe HACHIIEHHOro napa A B
. . a’
TPOHHOH TOUKe; 4) cocTapbTe ypasHeHHe Ig Py = -t b’ ans paBHOBecHs

TBepAan ¢asa == nap; 5) uudcaure dP/dT ans paBHoBecHs TBepAas
¢dasa == KHAKOCTb; 6) nocrpoiiTe rpaguKk 3aBHCHMOCTH PaBHOBECHOTG faB-
JIeHHs OT TemnepaTypsl $pasocBOrc nepexcfa AMNa Tpex ¢as3oBbiX COCTOAHHI
B HHTepsane fasaenuii or 0 go 1,013 10° [Ta. B pannom unrepsane gasne-
HHH 3aBHCHMOCTb JABJEHHS OT TEeMNepaTypsl AJsi paBHOBeCHs TBepAast
¢hasa == KHEKAA asza suipaXkaercsl npsMol nuuded, 1. e. dP/dT = const.
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Teepnoe COCTOARHE

X uakoe COCTOAHHE

M Bapy- Ycaosrs
akra LK | P LK | P
268,2 401,2 269,2 505 M=18
269,2 4372 272,2 533,2 P=405-10° Ila
270,2 475,9 2732 573
1 2712 517,2 275,2 656 drs =918
272,2 533,3 2782 760
283,2 982 dx==1000
288,2 1600
248,0 7 998 260,0 23327 M=27
9 2544 13300 265,0 27 199 P=800-10° Ia
258,0 17 995 270,0 31 860 drs =718
259,0 19 995 2780 40 290 w =109
260,0 23327 282,0 47 990
55 1333 60,0 12 663 M=28
58 3999 64,0 17 329 P=500-10° Ia
3 59,2 11997 66,0 22 394 drs=1026
63 14 663 67,8 27 993 d =808
64 17 329 69,0 31992
71,0 39 990
100 4132 105 17 329 M=30
104 8531 112 29 653 P=900-10% Ma
4 107 14663 114 34 738 drs=1272
109 19 995 115 38 657
110,5 25 367 116 46 435 dw=1260
112 29 653 117 53 053
229,2 133,3 273,2 4786 M=32
248,0 694,5 282,5 6665 P=300-10°% ITa
5 257,0 1333 298,2 12 697 rs =837
267,2 2966 306,7 16 396
273,2 4786 312,5 18 929 w =825
316,5 21 328
173 7 330 190 31192 M=34
178 11609 196 38 657 P=450-10% Ila
6 183 16 795 200 46 655 d-s=1010
184 19995 207 55 986 dx =980
190 31192 215 69 476
221 77 314
196 101 325 212 592751 |M=44
203 190 491 220 648480 | P=750-10% a
7 213 402 360 223 674824 |drs=1542
220 648 480 239 1005114 {d«x=1510
241 1 065 237
242 1131722
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Teeproe cocrosune

Wunkoe cocroaune

Mpodoanenue rada.

% papn-
LK | P rx | roe Yeaosus
i
276,6 1413 9772 1856 | M=—46
2782 1706 2792 2082 P==950- 19 I'a
8 2792 1876 2814 2372 [ dpy==1240
286.9 2066 2832 2625 | do==1290
281 4 2372 285.2 203y
2887 3279
|
230 26 260 236 63315 | M=52
233 31 458 246 78647 1 P=350.105 Ma
g 237 29 900 248 83979  |dyp,=3610
240 49997 249 86645 | d . — 2955
243 58 518 252,5 96 942
245 | 66650 2535 160 508
240 | 86645
1
17582 | 9265 1822 187 M=525
17882 | 6398 1873,2 300 | P==500-10° Ila
18102 | 9997 1905 387 ey ==6800
10 18352 | 11599 1938 486 d e ==B750
18732 | 30000 1956 573
D 1991 800
i 2040 873
2421 1333 203 26660 | M=—58
252.4 2666 304 37724 | P=700-10° Ma
0 963.8 5332 208 46188 | dny=822
2712 7998 311 51720 |dw=812
180.9 13 330 313 56 186
203.¢ 26 660 3i6 63317
1832 333,3 20i 16656 | M=—64
188.0 586.5 203,7 5305 Pz 1000- 10° [Ta
196.2 1850 214 7198 | dpy== 1600
12 1992 3000 216 7998 ! == 1560
2037 5308 230,2 13 328
944.0 21 728
131 1333 137 6665 | M=68
135 1999,5 141 73315 | P=300-10° Ma
" 137 2666 145 86645 | dug==1450
139,2 3999 146 00875 | gy == 1424
ii i ,g 53§§ 149 12853
i 79 1504 15 996
146 9997.,5 9%
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ITpoGoacenue Ta6A.

Ne napu-

Taepaoe cOCTOREHES

Jzproe CocTORENE

awra o LK | Pa LK b P Yeaomus
2732 | 39658 2749 3736 M=T8
974.2 l 3465.8 975.9 4000 P=900-105 ITa
14 276.2 3932.3 276.2 4160 drp==893
2779 | 43056 273,2 4530 =890
2752 L 4530 2532 6050
| 200.2 8635
|
177.3 ; 15926 180 26 660 M=8}
180 | 198 185,5 30382 | P==300-10° Ma
15 182 23 99¢ 188 37037 | don= 1626
184 28 659 191 43456  |dwm==16i0
185,5 39 992 194 41 987
196,8 59 985
99 10 675 111 i 63934 | M==833
1019 15 695 15,5 68 649 | P==800.10° Ma
16 103 17 350 i17 72782 | dra==3530
(045 | 19995 118 77980 | du = 2150
167.2 26660 119 82 646
1155 | 68649 119,6 87 711
33325 275,7 48788 | M=84
3599 1 280.2 55986 | P=120-10° Ta
17 4065.6 2817 5798.6 12 =796
45089 983,3 6198.6 = =T788
50654 285.2 6931.6
5708.6 9875 77314
353,2 29,99 3633 1866 |M=122 _
363,2 79.98 3932 679.8 | P—850-105 Ila
18 373.2 1866 395,2 7330 | dea==1105
383,2 3939 400,7 973.1 | d==1095
393,2 819,5 4037 1133
408,7 13993
2052 16796 2192 55319 | M=1275
208 19 195 2249 59983 | P==500-105 Ia
209,2 22662 2967 66650 | dys==2970
19 213,2 29 859 2909 75981 | du==2850
216.4 35951 231.2 83 970
220 45 98 3237 87475
2242 | 33985
3348 266.5 2482 | s | M=1275
3384 352,9 3537 12663 | P=180-10° Ma
343,2 533,2 358.2 1349 ep==1145
%0 3482 7331 63,3 1666 =982
353,2 1039.1 368.8 4066
353.7 1266.3 373.8 2455
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ITpodoamenue raba.

Ne Bapu- ’ Tnepnoe COCTOSIHHE X{anoe COoCTORANKHE v
T P P, Ma Kk | P m enomnz
- 423,5 23 994 446,4 47 000 M=152
433,2 31 325 448,2 47 454 P=600-105 I1a
21 4377 35324 451,2 49 987 drs =985
441,2 39323 460 55 986 dw =977
4442 43322 470 63 317
4482 47 454 480 71 345
223,2 1333 2442 1200 M=154
929 237,2 466,5 253,2 1319 P=60,8-105 a
246,2 .799,8 270,1 2465 drs=1680
252,2 1213 282,5 3865 dx=1650
253,2 1319 285,7 4398
418,0 133,3 490,5 5332,0 M=174
93 446,56 667,09 504,8 8020, P=220-10° IMa
460,2 1333,0 523,0 13 300 dr3 =954
4749 2666,0 552,0 26 600 dx =948
480,5 5332,0 583,2 53 320
612 101 308
377,2 7064 373,2 10662 M=254
381,2 8531 388,2 12397 P=200-105 Ia
9% 383,2 933! 392,2 13997 drs =23960
386,2 10 397 393,2 14 796 dx =3900
389,7 11997 397,2 16929
3922 13997 401,2 19 462
N Tennora Tenaora 3
a:::ﬂ- Bemecrso A T. K ncuﬂ)p—innﬁ BO?B?!{KK Ay 1078, dm;l 0a ,
I mons JUK fmeons Kr/m? Kr/m
111223 Zn 692,6 12,84 12,84 6,914 6,920
2113|124 Cu 1356,1 32,09 33,39 8,41 8.37
3 [14{25 Ag 1234,1 25,54 26,67 9,68 9,32
415 K' 336,65 8,77 899 0,851 0,830
5116 Bi 644,15 17,42 18,50 9,350 10,240
617 Hg 234,35 6,45 6,68 14,19 13,69
7118 KF 1159,1 18,04 20,68 2,43 1,914
8119 Iy 386,7 4,53 T 6,08 4,820 3,970
9120 Br, 266 3,22 4,27 3,14 2,93
10 121 NH, 199,15 2,41 3,18 0,810 0,664
11 |22 CH,COOH 256,4 2,97 4,12 1,266 1,053

3. BemecrBo A Hcnapsiercs npu Temnepatype T. Buuncante yaensuyo
TENJIOTY HCnapeHus npH 31ofl remneparype. CocraBbTe ypaBHEHHe 3aBHCH-
MOCTH Tef/IOThl HChiapeHHs BelecTBa A or TemnepaTypsl. TensnoeMkocT# Ha-
CHIIEHHOTO Napa H XHAKOCTH BO3bMHTE H3 ClpPaBOYHHKA, MPHHAB, YTO B
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AaHHOM HHTepBaJle TEMepaTyp OHH NOCTOAHHB. TenJsoThl, HCnapeHHs npH
HOPMaJIbHOH TemnepaType KHeHHs NpHBeleHH B Tabauie.

AHﬂcu npu
Ma:igﬂ' Bemectso A Ty K Th.p.ms T, K
X JK /MOab
11 1] TiClL, 409 35,75 309 460
2| 12 | HNO; 357 38,2 300 400
3113 |Br, 331,56 29,6 270 400
4114 | H,O 373,2 44,7 300 450
5| 16|CS; 319,5 26,8 250 370
6| 16 | CCl, 350 30,0 300 400
7117 |Hg 630 59,3 550 700
8 | 18 | CH;0, (mypaBbunas Kuc- 373,6 22,3 320 400
J0Ta)
919 | CHO (merauon) 338 35,3 300 400
10 | 20 | C;H,O, (ykcycuas xucio- 391 45,0 320 450
Ta
11 ] 2] | C;HgO (arauon) 351,5 39,5 300 400
12 | 22 | C3HgO (aueron) 329,3 98,3 280 370
13 | 23 ; CsHs (Geuson) 353,2 308 300 400
14 | 24 { C;Hg (tonyon) 384 33,2 320 450
25 | #-CgHyy (rexcau) 342 28,9 290

4. Cyxo#t Bo3yX, 3aHHMalOIMA npH Temneparype Ty H naBaeHua P
obvem V, nponyiied Haj BemectBoM A npH Temnepatrype T, H HaCHIEH
napami 3torc BeuiectBa. HackoabpKe H3MEHHTCS Mmacca BelllecTBa nocje
nponyckanusa Bo3ayxa? [laBneHde napos BeliectBa A npH Temnepatype T,
B3sTh H3 Tab6auu [M.]. [Ipu pacuere yurure, urc ofilee faBleHKe B CHCTe-
Me B TEUEHHEe BCero Npouecca OCTAeTCsl HEH3MEHHBIM H paBHIM P.

= = -
§2 v P';-[Z_" 3 Beu}\ecno Tsr K E'E T K :-l, . % | Bemectso A | T, K
23] < N 2 8 ar |~
1] 283 9,91 31 H,0 363 |147 191 9,85 | 7{ CHZOH 293
2] 285 9,97 4 H:O 353 15} 293 | 9,91 { 9| CHyOH 288
3| 287 10,05 5| H,0 343 |16] 293 10,05 | 7 CHSCOCHs 323
4| 289 11,12 6| H,0 333 171 295 10,12 | 8 CH3COCH3 318
5] 291 9,71 71 H,O 323 (18| 297 | 9,71 | 9JCH;COCH; | 313
61 299 9,78 8| CCi, 333 ||19] 299 19,78 {10 CHZCOCH, | 308
71 295 9,85 9| CCl, 318 20| 3601 9,85 ] 2 CH3COCHg | 303
81 297 9,91 16 CCI, 313 [j21] 283 19,71 2 C¢Hg 343
9] 299 9,97 2|1 CCl, 308 22| 285 19,781 3 CgH, 333
10| 301 10,05 3] ccy, 303 23] 287 | 9,85 | 4 CeHg 323
11] 285 10,12 4 CHsOH 308 {1241 289 | 9,9! 5 CgHg 313
121 287 9,71 5 CHsOH 303 f125] 291 | 9,97} 6 CgHs 303
131 289 9,78 6| CH;OH | 298

5. B cyxom Bosayxe npH T npH AHCHepTHPOBaHHH BelecTBO A ucnapu-
JIOCh, NPEBPATHJIOCH B HACBILEHHLIH Map npH HeH3MEHHOM o6lleM AaBje-
HUM 1 at™ 4 oxaaauio Bos3nyx. Ha ckonbKo rpafycoB noHH3HIach Temnepa-
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Typa Bosayxa? [Ins pacdera NpHHATB, YTO B HCC/IelyeMOM HHTEpBaJIe TeM-
neparyp: 1) N,, O,, naps A sBasiorcs HAeaNbHBMH rasamd; 2) renjo-
eMmrocte N, O, ¥ napos A nocrostuna; 3) TEMJIOTY MCMApeHHst A BbigHc-
JUTE [0 3aBHCHMOCTH AaBJIeHHS HACHILIEHHOTO Napa oT TeMneparypsl [M.].

= % &

§'E T, K Beurectso A g: T, K Beugecreo A EE T, K Bewecrro A

2§ T H

1| 303 HO |3 288 |CH,0, 5| 203 |C,HyO musr-
MypaBbHHAH J0BL 3¢hHp
KHCJIOTa

2 298 ccl, 4| 283 |{CH,O meruno- || 6 | 308 C3HgeO aueron
auﬁ CIHpT

3anaua pelaercs rpaguueckH; oTser x Bapuanty Ne I: AT = (—19+
+ 1) K.

6. Ilo 3aBHCHMOCTH NaB/EHHS HACBUIEHHOTG napa ot remneparypsl (CM.
yC/I0BHE MHoroBapHaHTHOH 3azaud Ne 1), meropoM HaWMmeHbUIHX KBazpa-
TOB OMUINMTE JKCNEPUMEHTAIbHbIE NaHHBIE C MOMOILbIO ypaBHeHHs 1gP =

[
= == -+b, cocrasbre nporpammy mas MHKDOKA/IbKY/IATOPA HJH B Caydae

3aTPYLHEHHs1 BOCMONB3YHTECh T'OTOBOMH nporpammoii, Koropasi npuBeneHa
B KOHUE nocobus.

FrTABA Xl

TEPMOAHHAMHYECKHE XAPAKTEPHCTHKH PACTBOPOB
H NPOUECCOB MX OBPASOBAHHSI

OcHoBHbIe ypaBHeHns H CHMBOALI
[T., . 1, c. 168—161, 169—178]

Cnioco6bt BEIpaMEHHS! KOHUEHTpauuit ABYXKOMIOHEHTHBIX PACTBOPOB:
MaccoBoe COCTHOUIEHHE

wi=mi/m, (Xlll)

TAe m; — macca {-ro KOMIOHEHTa B PACTBOpe; m — macca pacropa. Mac-
CoBasi J0Js1, BHIpAXKEHHAN B MpoleHTax,

w;- 100 =m, 100/m;
MOJIIPHOE COOTHOLUEHHe

ri=ny/ny, (X11.2)
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TA€ Ny — YHCJIC MOJell pacTBODHTENS; Ny,— YUCIO MOJEH PACTBOPEHHOro
ellecTBa;
MOJISIpHAs KOs

xi=ny/(ny-+ny); (X11.3)
MOJISIpHAsT AGJIs1 COOTBETCTBYIOULEr0 KOMIOHEHTA, BbIpaXKeHHasdA B MpoleH-
Tax,
ny 100

-100= .
i ny+ny

Monsabnocte m — yuco Moaedt (n,) pacTBOPEHHOrG BELLLCTBA, IIPHXOAS-
weecst Ha 1000 r pacreoputens. MoaspHasi KOHUEHTPALHS ¢— YHCIO MO-
JIel PacTBOPEHHOTO BellecTBa (n,), conepxauteecs: 8 | ;1 pactsopa.

CpenHioin MOJeKyIspHYO Maccy pactBopa M paccYHTHBAIOT 110 ypas-
HEeHHIO

M=3x; My+x, M,. (X11.4)

HapuHaJIbeIe MQJISIDHBI® BEJNHYHHBI —L-i onpeseasiorT 10 COCTHOUWIEHHID
— [ 0 Loy

i an, JpTiny

rie Logy = ofliee (cpenree) KCTEHCHBHOE CBOGIICTBO pacTBopa; iy Co-
OTBETCTBYET Ny, Mg, Ng, ..., Ny.

[TapyHanbHLIMH MOJISIPHLIMH BeJHYHHAMH MOTYT OHTb 0GBEM, SHTAIb-
nHsi, SHTponHs, 3HepruH I'nb6ea u I'enbmroabua:

= _ [V Y. ) _
Vi_“( dng )P. Tong Hi_( dny JP.T.n}
- S - dG
Si= (—‘?——) ; GZ =( ) r R
a”i P,T.nj ani P, .nj
rae Vi, H;, 8i, G; — napuuanbuuii MONApHBIA OGbeM, IHTAIbOHS, SHT-

ponus, 3Heprus I'u6fca. [NapuuanbHas monsipnas sueprus I'u66ca i-ro
KOMIIOHEHTa COOTBETCTBYST €r0 XHMHYECKOMY HOTeHHHANY:

£l

(X11.5)

Gy=p;. (X11.6)
Hp0H38011Haﬁ XHMHYECKOro rnoTeHasaa i-TO KOMIIGHEHTa To TeMaepary-
pe COOTBETCTBYST €ro MOJSIpDHOH NnapuHaJbHOH SHTPONHH:

S —( 2o ) (XIL.7)
5t ( aT Jp’

rAe 4 — XHMHYeCKHH fnoTeHuHast.

m
[Mapunanbnwie Monsphble QyHKuuu cmewenus AL{" (OTHOcHUTENbHbBIE
napuuajbHbie MOJSPHBIE BEIHYHHLY) onpepensioT no ¢opmy.e

AL =T;—L}, (XI1.8)
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rie L§ — skcrencuBHas GyHKUMA L i-ro KOMIOHeHTa B CTaHapTHOM Co-
croftuun. K napuuaibHuM MONAPHEIM dyHKUMAM cMelieHus OTHOCATCS:

=T._yo. = 3 G
AVE=Vi—Vi AHP=H,—H}; ASP=3,—s% agr= Gy —G%;
AH} — sHTanenus cmelueHus i-ro KOMIOHEHTA, HasbiBaeMas AndwpepeH-

UHaNbHOH TEMJOTOH pacTBOpeHwus. Ouepruio Tub6ca cMeieHus ofipe-
Aensior 1o dopmyse

mo__ __ 0.
AG =Ap;=pi— p; (XI1.9)
0 « .
§¢ — XUMHYECKHH NOTEHLH AN [-T0 KOMIIOHeHTa B CTaHAAPTHOM COCTOSIHHH,
4 3HTPONHIO CMEIUEHHS BRIYHCAAIOT M0 thopmye

04 p;
ASM = [ %
: ( Y )P- (X1I.10)

CootHotmente MeXAY NapuuasbHEIMU MOJSIDHEIMH BeIHYHHAMH ONUCH-
Baercs ypaBHeHusiMH 'm66ca — [Tiorema:

Logm=L; ny -+, n,, (XII.11)
L.g - -
L= =7
ot Lysi+Lyx,, (X11.12)
~ oL
o2,
! Oxs Jp,T,x, " (XI1.13)
— aL
Lo=L —
2 +( 7 n )P’T'x’ (1—x,), (XI1.14)
ALGn=ALT m+AL]n,, (XI1.15)
rre ALy, — HHTerpajpHas QYHKUMSA CMeleHUS,
m
BT ALM A lmy L ALmy,, 3
P mxy-ALmg, (X11.16)
dALm S m

Tax, Hanpumep, AJs1 SHTPONHUH CMEIIEHHUS U TelJOThi CMelleHHs ypaBHe-
HHUA HUMEIOT BHUJ '
Soﬁm
nl—,an

A Hﬂm!:r:: ny A H‘;n’!‘ 7y Angy

=38, %18, x,

rie AH™ — uHTerpanbuas sHTATLIHA CMelmeHUs (uHTerpanbHan Tennmora
PACTBODEHHS, HAH OTHOCHTeNbHAS MHTErpajbHAs 3HTaNbUA);

dAHm
AH’"=(-—————-—) , q
1 T (X11.18)

AHP=AH™_T,,
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4+ AHg — HHTErpajbHasl TelJaoTa PacTBOpeHHs AJs npeneipHo ‘pasbasien-

‘HOTG PacTBOPa (BHYHUCISIOT 3KCTPANOAALHER); L, — napunansHas Monsp-
Has TenaoTa pa3GaB/ieHHsl OT AaHHOH KOHIEHTPAUNH A0 KOHLUEHTPAUHH B
NpefesibHG  pa3baBNeHHOM pacTBOpe.

Kaxymeecs Moaspuoe cpoitictso L BTOpOro KoMnoHeHta @A, onpene-
. MIOT 1O YPaBHEHHIO

Logm—n, L}

Logm=n1 LY+n, 9, ; @, = (XI11.19)

fly
CsoitctBa HAea/bHEIX PACTBOPOB GIUCHIBAIOTCH ypaBHEHHEM Payns
Py=PY X, (X11.20)
rie P; — napuuanbHoe papJieHde HACHULEHHOTG Mapa [-rC KOMIOHEHTa B

pacTBope; P? — AaBJ/IeHHE€ HAacCBHIUEHHOTC Napa YHCTOrO [-TC KOMICHEHTa

pacTBopa; X;' — MONSIPHAA JGAS [-TO KOMIGHEHTa B MUIKOH dase.
CoorBercTBeHHO DYHKIUH CMellleHHS HIEa/bHBIX PACTBOPOB HMEIOT 3Ha-
YeHHUS:

AVI=0; AH?=0; ASP=—Rinx; (XI11.21)

AGT=Ap;=RTInx;, (X11.22)

4 XHMUYECKHH NOTEHLHA] KOMIOHEHTA HIeaNbHOrC (COBepLIeHHOro) pac-
TBOpa Oyler

pi=pu?-+-RT Inx;. ' (X11.23)

Jns HenlleaNbHLIX pacTBopoB ypapHenue Payns (X11.20) nenpumennu-

Mo, TaK KaK P; = P}x{" u OyHKuHH CMellleHHS HeHJeaJbHBIX pPacTBOpOB

He pasuel: AV{ £ 0; AHT 5£0. [as onucaHus cBoHCTS peanbHLIX
PacTBOPOB BBOAAT MOHSITHE aKTHBHOCTH

AG;":AM:RTlna,; (Xll24)
AHT
ASf=—0——Rlng> (XI1.25)

TAe a; — aKTHBHOCTb (3(peKTHBHASI KOHUEHTPALHA) i-TC KOMIOHEHTA B
pactaope. AKTHBHGCTb a; ONPeleNISIOT NO COOTHOWeHHIO a; = f;/f? (npu
P u P® < 1,0133-10° Ia).

ai=Pi/P§’ (X”.?S)
HJH

ay=xi V1, - (X11.27)
rae f;, f} — dyruTHBHOCTL {-TO KOMNOHeHTa B pacTBope U B CTaHAAPTHOM
COCTOSIHHM; Yy — DaUMOHaJBHEIH KO3QOUIHEHT AKTHBHOCTH. XHMHdYe-
CKHH MOTeHUHaJ KOMIGHEHTA HeHJealbHOTO PAcTBOPA ONpElefloT Mo
ypaBHEeHHIO -

#wy=p}--RTIn q. (X11.28)
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AKTHBHOCTb (KO3(DULUEHT AKTHBHOCTH) 3aBHCHT CT TeMnepaTypsl. ta
3aBHCHMOCTb BLIDAXAETCH YPaABHEHHAMH:

01 i ! . AH#Z
( na \ =(_m_) L _AHT (XI1.29)
oT  JPuxy éT Jp,T RTZ
a, Y AH'." TonF
I i {Ty) —1g i (Ts) i (Ty—T%) (X11.30)
4 (1) Vi(Ty) 2,3RT, Ty

TennoTs: pacreopenusi, pasbasierns H CMEIEHHAsS DACTBODA PACCUHTHI-
BAIOT NG YPABHEHHIO

g=AH™ _ L AHT

KOH Haw?

(X11.31)

rae AHow, AHpay — MHTErpabHBE TenJoTH DACTBOPEHHs] A/ KOHey-
HOTO ¥ HCXOJLHOTO pacTBopoB. [IpH pacuere yuuTHIBAIOT KonMYeCTBa pact-
BOPOB.

3ALAYH € PEIIEHAIME

1. Bbruycanre MONSAPHYIO SO0 METHIOBOTO cipTa B 60%-HOM BOLHOM
pacTBope.
Pewenue Cornacuc ypassenuio

nCH,0H _ Meu,on IMcn, on

YCHOH =

ey, ont 0 M crty onf Men, on+My,0/Mp,0

Ecau B3aro 100 r pacrsopa, rie m; — Maccosasi ZoJs (-0 KOMIOHEHTd B
PAacTBOpE, BLHIPAMEHHAS B NPOLeHTAX, TO
60/32
X T e
CHsOH ™ 60/32+40/18
g Monspuas foas CHOH 6yper x100=45,8 %.
2. BuiyncsidTe MOJAPHYI0 R0MO Xuct B 1 M BogHom pacteope HCI.
Pewenue. Cornacio ypasnesuo (XI11.3)
Prics m !

=0,458,

=0,018,

X g A

B et g0/ My, m4-1000/i8 59,35
gy =m=1; mH’0=1000 r; 1000/18=55,55.

3. fipu 293,2 K unoraocrs 60%-HOrG BOLHONG pacTBOpa METHJIOBOTG
cnupra 0,8546 r/ma. Beruncaure o6bem | Moab pactsopa.
Pewe#ue Buuucnsem obveM I r pacvopa:

BuiuncasieM cperioio Mostekyisipryio maccy pactsopa, M no ypasue-
nuio (XI1.4). Onpenensiem moaspuyio pomo CH,OH no ypasuenuio

60/32

FeHOoH = Tgraa T i0/18

={},458,

176

a xy,0 = 1—0,458 = 0,542. Torpa
M = xcy, 0m Mcp,on + 1,0 Mu,0="0,458-32+40,542. 18 = 24,41,

PaccunrniBaem o6vem 1 Moz pactsopa V/Zn; = VM,

67
‘ Vmﬁé“:f,]18h24,41=27y29 A /MO
4. OGveM pactsopa kaK PyHKHHA coctasa pis cuctemsl H,O — NaCl
oripefensercs ypaBHeHHim

| Vogm:SSYI}SS/P;30+ 16,4m -+ 2,5m2—1,2m3,

Tle m — MOJs/IbHAsT KOHUEHTpauusl pacTBOPEHHOTo Beiectsa. Onpegens-
Te NapuHaNbHLA U KaXyuluiics monspree ofsems 0,5 M pacteopa NaCl.
Pewewnue. Cornacuo ypasuenuto (XII.5) )

7 - [ aV
NaCi { @nNaCl jP, T, nHZQ’
nn,o = 1000/18 = 55,55 = const; e = m. [Mponudpepennuposas
HCXOJHO® ypaBHEHHE, BbiBEAEM ypaBHeHHe IS MapUHaIbHOTC MOJISIPHOIC
ofbema .
5"_@ Yogm
\ dm

>=V2:i6,4+5m—3,6m2.

Tak kxak m = 0,5, 10 V, = 18,0 m1/Mob.
OnpenenuM kamymuiics MONSpHbII o6bem Mo ypasuenuo (X11.19):

Py, = (Yoom— 1,0 Vi 0)/ Anacy.

U3 ypaBrends ycioBus 3a7auu BBIYHCIREM Voo = 1008, 575. Iloacras
Aas 3Havenne Vg, B (XI1.19), nonyvaem

(pVN | = (1008,575~—55,55-18) /0,5=17,35 w1 /Moab.
aC

5. BuiuuciuTe METOJOM MepeceyeHus napuHaabHble MOJIsIpHEIE ofbembt
BOA 1 METHI0BOTO cnupTa A5 60 %-ro pactsopa meranona npu 293,2 K.
Has pacuera ucnons3yiite falHpe o 3aBHCHMOCTH MJIGTHOCTH PacTBopous
METaHO/1a OT KOHIEHTPAuHH:

Cnspr, % . . . 0 20 40 60 80 90 100
d, r/ma ... 0,9982 0,9666 0,9345 0,8046 0,8465 0,8202 0,7917

Pemen # e [lepecyurriBaeM Maccosble AOJH, BHPAXEHHbE B npc-
UEHTaX, B MacCoBbie COOTHOLWEHHS, & MIGTHOCTH — B yAedbHble 05bedb
M NonyYaem

CH,OH, % .. 0 20 40 60 80 90 100

u’CH,OH Coe e G 0,2 0,4 0,6 0,8 0,9 1

V,ma/r ., .. 1,002 1,035 1,070 i,118 1,181 1,219 1,263
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Crpoum rpapux 3asucuMoctd V = f (wcn,on) (pHc. 16)."Hp03011uM
KacaTelbHyI0 K KPKBOH B TOYKe, coorsercrsyiomedl 60%-noit CH,OH.

Orpesxy Ha OCAX KOOpAMHAT AAOT MApUHANbHbE YJeNbHHE 06beMbl Vi
Venon = 1,244 ma/r; Vy,o = 0,931 mn/r. Tlapuuanphbie MonsipHbie
o6bemb V; HAXOLUM NG ypaBHeRui V; = V,M;:

Ven,on =1,244-32=29,8 ma/r;
Vh,0=0,931-18=16,78 ma/r.

v m v
6. Buuzcaure orhocurenbHeifi AVip,on H Kaxyuuics cvaH'OH

napuyalbHble MOsIpHEE 00beMBl MeTanoNa B BoAHoM 60 %-Hom pactsope.
Las pacuera ucnoabayiite 3aBHCHMOCTD yIEbHBX COBEMOB PacTBOPOB
CH ;OH or Konuentpauuu:

CH;OH, % .. 0 20 40 60 80 90 100
@enon - - - . O 0,2 0,4 0.6 . 0,8 0,9 1
Vowae ... 1,002 1,035 1,070 1,118 1,181 1,219 1,263

P e w e n u e. OthocuTenbrbifi napuuanbublii MonsApHBI 06beM Vep,on
BLIYHC/AIEM NG YPABHEHHIO

m — 37 0
AVenon = Ven, on— Yen, on M, on »

AVch,on = 39,36 — 1,263-32 =— 0,786 ma/monb. |
Kaxymuiics Monspunii o6bem @y BHIYHC/ISIEM NG YPABHEHHIO

CH,0OH
V—Vlryo
(pVCH,\OH - xCH‘OH ’
Vm=—L =27,90 mJ/monb;
2 ny

V,‘_’,’O = 18,02 ma/Mmo0nb; XCH,0H =0,458; xH’0=0,542.

Iocne HOACTAHOBKH YHCEN W  BHIUHCJASHHH noay4yaem

= 39, 60 ma/mMoab.

7. llna soasnix pactBopoB meranosa npd 298 K nonyyenw sHauenus
Napu#aibHOrC MOMSPHONC M KaXYINErocs NapuHatbHOTG GOBEMOB Mera-
Hona:

Pven,on =

KCHOH o e o e e e - .... 01123 0272 0,45 0,662 0,835
Vi(a y Ma/Modb . . . . . . 20,4 23,3 27,3 32,7 36,3
V(/;i, l()—:n?)MJ!/MOJ!b ....... 378 30,0 39,8 40,4 40,4
Pior MA/MOTS . . . . ... .. 180 17,5 16,8 154 15
Prepon® MAMOTB . ... ... 37,25 3,4 383 39,2 399
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Kaxkue BHBOIN MOXHO CIEMaTh H3 NPHBELEHHBLIX 3HAYCHUI?

Peuenue. INapunanpuue MOJISIpHBIE O0heMbl TeM GO.bille OTJIHYa-
IOTCH OT O0BEMOB KOMIIGHEHTOB B YHCTOM COCTOSHHME. eM Goree rasbasJied
pactop. Kaxyiuecss o6beMbt TeM meHbIle OTAHuATea OT HERBPE RIS
MOJSIpHBIX, ueM GoJlee pasaBieH pacTBop.

U, maf2
130
I ! i
4 o
MBS,
120 / L L
4 A e
/) -
/ L ox
®
|
10+ {/ i
/S
X |
/ 1a
5 |
st/
y .
ﬂ’ L ! i ! A ““““ 4
0 02 o4 06 08 10 b .
Hopsanste 0 5
Puc. 16.  3asucumMocTs Puc, 17. 3asucumocts  wumter-

ofbema pacrsopa CH;OH

PansBOf TemmOTH  pacTROpeHHs
B HyO or moanpuo# nonm

H,80, B sone or coornowenng
moJet BOAM H KHCIOTH

8. Buiuncaute pudxpepesiyanbime TennoTh PacTBOpEHHUs CepHOH KHC-
Aot Qu,so, ¥ Bombl Q0 s 84,5 %-uoro pacreopa. Henoassyiite
A3HHLIE O 32BHCHMOCTH RHTErPANbHON TeMJIOTH PACTBOPEHHSA OT KONIEHT-
paunr npu 298 K:

1.0

n=—t .., .. 0 0,5 1 1,5 2 3 4 6
fy,50,

—AH™, gIx/Moas . . . O 15,73 27,8 35,90 41,45 48,92 53,80 60,23

Pemenue Kounesrpauuu BLID@XeHbl TAKMM 06Pa3oM, YTO YUCAG
MONIeil pacTBOPEHHOTO BEIeCTBa 71, OCTALTCA HOCTOSIHHBIM, a YUCAG Mosel
pacTtBopuTensa usMeHsercsa. 3Hauenue AH™ COOTBETCTBYET Tennore 66pazo-
BaHRs pactsopa, copepxailero | moab H,S0, u r Moab sopy. [losromy
1enecoo6pasHe 6e3 AONCIHHTeNbHLIX Nepecueros, MOCTPOHB Trpaduk

AH™ = f(r), waith AH{jo metomoM xacarenbumx, a AHj,so, BH-

YACTUTH 10 ypaBHeHHo ['u66ca — [iorema. Bripaxaem KOHUeHTPALHIO
84,5 %-Horo pacteopa Kak MONSIpHOe COOTHOLIeHHe

__ Mo _ 1559 _
My,50, 18.84,5
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Crpoum rpadux AH™ = f (r) (puc. 17). B Touke kpuBo#l, coorBercr-
Byloilieil r = 1, npoBoauM Kacatenpnyio. CornacHo ypasHenuio AHf,o =
= {ga

a 13,56
= — = ———=4,52,
tga p 3

AHflo =_Q-H,O= —18,92 kI x/m0b,

anavenue Qu,so, paccunTLBaen 1o ypasuenuio (X11.15):
A H™ = ny 6 Q0+ 1,50, Qhi,s0,
HIH
AH™=r Qy o0+1Qy,50,,
27,8=1(—18,92) +1 (Qy,s0,),

QH,SO4 —46,72 xJIx/Moab.

9. Beruncaure audxpepeHunanpHble TENJOTH PACTBOPEHHSA CEPHOH Kuc-
JIOThE U BOJABI A1f 84,5 %-Horo pacrtBopa MeToJoM MepeceyeHui, ecau npu
298 K 3aBuCHMOCTB MHTErpa/ibHOI TENJIOTHl PAacTBOPEHHS OT KOHUEHTpa-
MY BbIpaXKeHA 3HAYEHUSIMH:

n
= o 05 1 1,5 2 3 4 5
4,50, :
—AH™, x[Ix/moms ., ., . 0 15,73 27,8 35,90 41,45 48,92 53,89 60,23

Pewenue. [Ipy ucnonb3oBaHuu Merofla nepeceueHHit KOHUEHTpA-
LMH BLIPAXKAIOT HJIH B MOJIADHBIX AONSAX X, MJAH B npoueHtrax ;. Hurer-
palbHYI0 TelmJIOTYy pPacTBOPeHHsl OTHOCAT K | Moab pacrBopa, THo-
3TOMY 3HaueHus r ¥ AH™ nepecuuTHIBAIOT HA Xyso, = 1/(r + 1) u
AH™[(ny + ny) = AH™xu,s0,. VicxonHble faHHble W pe3yabTarthl pacye-
Ta 3alullieM B BUAE:

ro e . 0,5 1 1,5 2 3 4 6
XSO, + ¢ - - P 0,666 0,5 0,4 0,33 0,25 0,20 0,15
—AH™, xlx/mome . . . 15,73 27,8 35,90 41,45 48,92 53,89 60,23
—AH™ Xy .so, » KIX/mons 10,47 13,89 13,93 13,80 12,23 10,82 9,03

m
CrtpouM rpaguk B KOOpAMHATAaX "ri?_:i{{_"n'; — xu,s0, (puc. 18). Mo-

AsipHoe cooTHouienue 84,5 % -Horo pacrBopa r = 1; MoaspHasd aoas
xu,s0, = 0,5. B Touke kpuBo#i, coorBercrByiouie#t a6euuncce 0,5, npoBoaum
KacatenbHy10. TOUKM nepeceyeHns KacaTeJbHON C OCSAMH OpPAMHAT HAIOT
3HaueHHs AuddeperNHaNbHEX TEIVIOT PAacTBOPEHHS: a— BOAB, b — cep-
HOl Kucaotel; AHfso, = — 8,87 xIx/mons, AHf,0 = — 18,91
kx/Monb.
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10. Onpenenure napuuanbHbie MosspHbe Tentoemkoct HCI u H,0O
B PACTBOpax, A KOTOPHIX MOJISIPHBIE JIOJH H TEIVIOEMKOCTH NpHMBELeHD!
HHXKe:

XHCL  * ¢+ v o o 0 v e v v 0,000 0,091 0,130 0,200 0,259
Tennoemkocte pactsopa, coxep- .
xamero 1 moab H.O, Ox/K 75,3 70,9 69,5 72,7 82,6

Pewenue Cnavana onpenesum napuuansusie MOJISIpHBIE TEIIOEM-
KocTH Broporo KommoHenta (HCl), Tak Kak NpuBefeHHbIe TeNNOEMKOCTH OT-
HOCATCA K pacTBOpaM, CORepKailluM NOCTOSHHOE KOJHUECTBO IePBOTO KOM-

795 ' :
)
_aH”
1y 25e
KAximons x 35 .
¢ 3 \
- R;
=N N\ /

e 7
oy \ (] w— A
2 J‘, \\\ %4 o

(74

0,5 1 IHzS"‘ 6‘ZJ " i
bre. 18, 3 Jd q05 g 415 020 425 430 935 n,
HC. 16. 3aBHCHMOCTH TeWIOTH pacTBo- Puc. 19. 3
. 19, 3asu
PenHst cepHOM KHCJIOTH B BOZE OT Mo- BOJIHOTO pac';s‘t:)mtawc;l%l T::Hg:MeKOJ::{TaH
MAUHOA HOJH pacTsopa HHSA Hgl B pacrsope e

v

tionenta (H,0). Takum 06pasom, HcKombiMu OyAyT npou3ofHbIe (—ag-)
’ ony Jpr

}}llJIﬂ BCeX pacTBopoB. Kaxas u3 sTX NpoH3BOAHBIX MoeT ObITh ngnng:
0;1 rpatbmequu (puc. 19) xak Taurenc YI/1a HaK/I0HA KacaTe bHOI K KpHBOi
° HCbIBajoillen 3aBucuMocts C ot n,. Paccuutaem HeOGXOMIMBIE /S TO-
Tpoer{;m rpadHKa 3HaYeHHS n, AN Beex PACTBOPOB, BOCHOJLIOBABLIHCH
BHIPAXKEHHEM, ONPEALIIOUHM MONAPHYIO JOJO:

ng
mtny

[lo ycnoBiio ny = 1, torma ny, = x,/%,, n} = 0.0: n’

H VIOBH: , , = 0,0; = (,091/0,909 =
=0.1; ny = 0,130/0,870 = 0,149:" ny"" — 00—0,250:
= 0,259/0,741 = 0,350. = 0.200/0,8000,250; ™
[To rpaduxy onpenensem npoussotusre, COOTBETCTBYIOUIHE NAPUHANBHBIM
MONAPHbIM _ TensoemKkoctaM HCL: Cf = — 12,9, C) = — 8.9 Cy' =
= — 1,50y = 11,5, T4 = 18,6. Mapwansn MHE Temo-
eMKOCT! BOJIB! BHIYHC/ISICM 110 yDPABHEHHIO PHAIEHNE Moaspie Telo-

C=n, C1+ "2 Cy nan Cy=C—n,C,, .
¢ =18;
C;=16,93+0,l82-0,1=17,75;

Xy ==
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C:’ = 16,65--0,149-1,5=16,87;
C;""=17.36—0,25-11,5=14,48;
C;’”': 18,75—0,35-18,6=12,24.

11. BrpluucnyTe aKTHBHOCTD H palHOHAJNBHBIR KO3pdHIHEHT aKTHBHOCTH
aleroHa B BOJHOM pactBope, eCid Xageron = 0,318, Paueron = 152 MM
pr.CcT., Plueron = 229 MM pr. cr. Jlaiite 3aKk/moueHne o xapakrepe OTKJIOHE-
HHS pacTBOpa OT HALAJBLHOCTH.

P e w e Hue. AxktHBHOCTB BbluHcasieM no dopmyse (X11.26):

Qageron — l52/299=0,664.

Koadduunenr aktuBHocTH — Mo ypaBHenuwo (XI11.27):
Yaneron=0,664/0,318=2,09;

Yaueron => 1. OTKJ0OHeHHS OT 3aKoHa Payas MoJoXKHTe/IbHbIE,

12. Beluncaure XUMHYECKHH NOTEHIHAN H M3MEHEHHe XUMHYECKOro Ho-
TEHIHala NpH pacTBOPeHHH aneroHa B BoOJAE, €CHH Xagerow = 0,318,
Pageron = 152 MM pT. cT., Plueron = 229 MM pr. cr. OcranbHbie jan-
Hble BO3bMHUTE U3 clpaBouHuka [M.].

P e w e Hue. M3ameHeHne XUMHYECKOTO NOTEHIHAJIA DU DACTBOPEHHH
BbluHCAsieM Ho ypasHenuio (X11.28):

A Hanemoa=}‘«aneron“—!‘«gnemﬂ =RT In tageron =
=8,31.2,3-298 1g 0,664 =0,013 x/I:x/mMoJIb.
Tak Kak paueron = AGiueron, BBUMCASEM AGlueron M0  YPaBHEHHIO

(VIL. 37), Heo6xomumble paHHbe Gepem u3 crnpapounuka [M.]. Otkyna
AG3ueron = — 155,50 k]Ixk/Monb, H no ypasHeruio (XI1.9) monyyaem

Banmeron = —1565,50--1,01 = —154,4 k/lx/moab.

13. 3asucumocts aabnenus ([1a) HaculueHHOTO napa YHCToro cepeﬁga
v cepefpa HajJ TBepAbIM pacTBopom Ag — Au ¢ Moasipuoit noneit Ag 30 %
OT TeMIepaTypbl OMNUCHIBASTCS YPABHEHHSIMH:
50
lgP°=—————-16; -+ 12,805,

IgP= ——15%5—0——+11,us.

BriBefiure ypapHeHHsI 3aBHCHMOCTH OTHOCHTENBHOTO XHMHYECKOTO NO-
TeHuuana cepebpa ana 30%-noro pacrBopa Ag—Au or TeMmneparyp,
Pewewnwne H3 ypaprennit (XI1.9), (XI1.26) u (X11.28) caenyer:

ApZ, = pag — e Ap = RT 2,3 1g Pag — RT 2,3 1g PY,. Toxcras-
JsieM B 310 ypasHeHHe lg P = f(T) u nonyuaem

250 16 350
pAg-—p.gg=RT2,3(—-l—5—5—+H,H8+ — —12,805),
R=8,314 JIx/(vMom-K) u uAg—ugg=21024—32,26T'.
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14. Briuncnnre ortHocHTENBHYIO NapUHATBHYIO MOJSIPHYIO 3SHTPOMNHIO
cepebpa ASR, aasi pacteopa Ag — Au ¢ MoJsipHOM Noneii cepebpa 30 %,
€CJ/H_3aBUCHMOCTD AaBnenus ([1a) nacenensoro napa uucroro cepebpa H
cepeGpa Haj TBEPABIM PACTBOPOM OT TEMIIEPATYpPBl BHIpAXaeTcsl ypaBHe-
HUSIMH !

16350

T

15250
g P= ————— 1 11,118.
T
Pemenue. Ornocurensuymo NapuHaTbHYI0 MOJISIPHYIO SHTPORNHIO
cepeGpa onpejieisieM N0 ypaBHEHHIO

oA pn
AsST =(——___Ag.) ,
Ag aT P,xAg

lgPl= — -+ 12,805,

Jnst 3TOTO HAXOAMM NPOHM3BOAHYIO (-‘iA?”)Px , AuddepeHunpys ypas-
g

HeHue Apg, = f N,
( dAp
oT

15. Belumenure orHocuTenbuylo NapUHaIbHYIO MOJSAPHYIO 3HTPONUIO
Boml ASH,0 anst 84,5 %-noro pactBopa cepHod KucioTe npu 25 °C.
JlaB/leHus HaCBEIGHHBIX NapoB BOAB HaJ BOXOH M HAJ PacTBOpPOM paBHbI
3,167-10% u 5,198 I1a cootBercTBeHHO. <

P ewenue Oruocurensuyio NapuHalbHYI0 MOJAPHYIO 3HTPONHIO
BOJB! BHIUHCAsiEM no ypaBHeHHio (X11.25). as pacuera akTuBHOCTH BO-
Abi ucnonbsyeMm ypapdenne (X11.26). AHf,0 = — 18,912 kIlx/monb.
[Toncrapnsiem uncna B ypapuenne (X11.25):

)p. g —32,26 lx/mwoms, A SH =32,26 [dx /Mous. ‘

18,912 5,198 i
ASR oy =——2-"_23. JBl4lg —— / .K).
H,0 298 8,34 Ig 3.167.10° 10,22 JIx/(Mone-K)

16. Buuucaure remnory pacreopenns Jpacrs HsSO,, maccoit 40 1
B 160 r Bomel. HMcnonbayiiTe faHHBE 0 3aBHCHMOCTH HHTErpaJbHbIX TEMIOT
OT KOHUEHTPaNHH, NIPUBEJEHHBIE B cNpaBoyHuKe [M.].

Pewenmne. [Ilpouecc pacteopenus moxno NpeJCTaBHTL CXeMok

m (H,0)} 4 n, (HySO,) = pactsop.

Tennory pacrBopenus Jpacrs BBIUMCAHEM 10 ypaBHenmo (XI11.31)
Gpacrs = AH™n, (TEMNOTH  pacTBOpPeHUS AAA UMCTHIX BelECTB paBHbI
Hymo), rae AH™ — uurerpaibHasi TenJora pacTBOpeHHsl, OTHECEHHas
K 1 Monb cephoit KHCloTH. 3nauenne AH™ yaxonum B cnpapoynuke [M.].
Tak KaK B CRpaBOUHHMKE KOHUEHTPANWH BHpaKeH B MOJISIDHBIX COOT-
HOILEHHSX 1, TO

r= mH.o MH’SO‘/(MH’O mH’SO‘) = 160'98/( 18'40) =21 ,77-
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Mo 3uaueHmio r Haxoawu e chpascouwnuxe [IM.] uHrerpansHyw Ttenaoty
pactopenusi, paswywo — 71,71 k[lx/mons. 3arev onpeneaseM YMCIO
moneit H,50,:

By = My o, T 40/98 =0,408

H BBIMHCJSEH Gryenp’
Jpacrs== 0,408 { — 71,71} = —29.25 xilx.

17. Onpenennre tenizoncit abbekr DasbaBAeHus  Gpagp paCTBoopa
NaCH, comepacaiiero 30,8 % NaOH, 1o cogepxanus ero 0,443 %.
Pewmwen e ECMi B YCJIOBHY 3aaud KOJMYECTBA DaCTBOPOBR He
YKa3zahibl, TO Racuet SeryT Ha 1 MOAb PaCTBOPEHHOTO BEUIECTBA NO Ypas-

2 I T, I . MO
wenno (X131 Op ICHHA MOMXHO ONHCath CXRMOH

C B
pactaop 1 (30,8%) -} n (H,0) ==pactaop 2 (0,443%).
Toraa

"

Gpnag == B i {pacteopa ?:}»A‘H;n (pacracna i).

pPOieHTax, Ha MO-

[MepecuiiraeM Maccosyo Ao Nall, BuipameHnyio B 7 ,
K,A} 7 == g, fiNa0H -

JsipHbie cooTHomienua 7, Corfiacdo vpasrenwo (Xi

69.2-40 . 59,5540 _
mm e o iy g mm T s G,
27 850, 1T 8.0,443

¥ ne cnpasouxnky [M.] Haiizem uHTerpajpHble TEIIOTH PacTBOPEHHS:
AHm = 37,76 u AH7 = — 42,36 x]lx/Moab. BuigucaaeM Gpasq

Gpase = 82,36 — ( —37,76) = —4,6 g%/ M0ib.

18. Onpegenute TenioBoil ¢xpoxT pacteopenus 0,1 Kr rasco6pazqoro
xnoposogopozia npu 298 K u 1,013-10° ITa B 3 xr 10 %-Horo BogHOro

pactopa HCI. ‘ .
Pewewnue. [Ipodecc pacTBopeHuss MOXHO MNpeICTABHTL CXeMOW
pacteop |-+ HC (r) = pactBop 2.
TenoTy pacTBOPEHHS §paeq, BbIUHCASIEM To ypaBHedmw (X11.31):

gpacrs== (A1~ n) AHT— m A Hm,

FIE N, — YHCIO MOJAEH CONSIHOH KHMCJOTHL B pacTBope |; 7, — 4uC/io MO-
neit rasoobpasuoro HCI, pacrpopennoro s 10%-HoM BOjHOM pacTBope
HCI.
‘BrivucaneMm rig,o, 7y, figt
3000-0,9 3000-0,1

ST 1505 pyem et .8 210
& 36.5

n2=-£95-"=2,739.
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Bolpaxae KGHUGHTDALMH DaCTBOPOB KaK MOJADPHoE COOTHOLICHUS ri

rz.
y.0 250 .
rys= i, = =18,26;
YT, 8,219
n, 150
R T =13,69.
m -y 8,219+4-2,739

[o cripaounuky (M.} HaXoAuM HHTerpaibabie TeNTOTH Pa&CTBOPEHUSA, & 3a-
TEM JMHEHHOR nHTeprionsuvel (npn pacuerax, TpeSYICIIMX BHCOKOH CTe-
NEHH TOUHOCTH, JyHiUe MPUMEHATL TPAPUUECKYIC JHTEPHONSANHUIO) Noay-
yaeM

AHT=T1,6;, AHB=—706 xJIx/voss.
Boiuncnaem gouors:
Tpacrs == (8,219--2,739) (—70,6) —8,212 (— 71 6= - 185,2 k/Ix.

JALAHH

L. B 1.10-® M® pacteopa Gpomuna marpus comepiurcs 0,3219 kr
NaBr. [11otHocTs pacteopa npu 293 K paena 1233,2 kr/u®. Buipasure kou-
UEHTpAUIo pacTeopa: 1) B Moaax cond 8 12102 u® pacreopa; 2) B mo-
JAX oM Ha | kr sopst; 3) B MonspHBIX foasx; 4) B npoueHTax; 5) B Mo~
JisiX BoAbI HA | Moab NaBr. :

2. Ilnotnocts 60%-Horo pacTeopa opTepochoproll kucaors ipu 293 K
paBHa 1426 kr/m®. Onpenenure komudectso moned H,PO,: 1} 81 apacr-
Bopa; 2) B 1000 r pacrsopuresns. Yemy pasua MOJSIpHAa 058 KHCJAOTH
B pacTBoOpe?

S. TlnorsocTs 5,18%-Hore pactBepa denona B goge paena 1,0042 r/cm®.
[1noTHocTs Boabt pasra 0,9991 r/em®. Bupaswte coctap pacTBOpa B MOJISIX
(peHONa Ha | monb Boibi ¥ B Moasx denona B 1 pacrBopa. Yemy pasen
YAeTbHBI 00beM (eHosA B pacTBOpE, eCTH CUHTAath, STO YASTbHBIA 00heM
BORBI HE M3MEHsieTCs n1pu 06pa3oBaHuy PacTBopa.

4. Tlpu 80°C mnorroers 12 %-woroe pacteopa deHona B BOJe pasHa
0,9775 r/cm®. Kaxoe xoau4ecTBO BOAs NPHXOZMTCA Ha | MOJb denona?
Yemy papen yaeaphbiii o6beM deHona, eciik yaAeNbitkilt 00beM BOAB PaBEH
1,029 c*/r u o6pasoBaure pacTopa NPOUCKOLUT 63 UIMEHEHUS OObEMa?

5. Ilnotnects CS, npu 293 K pasua 1,264 r/cM®, nA0THOCT C,H;OH—
0.8040 r/cv®. Yemy paBHa mioTHOCTH CMech, conepxkaiteit 80% CS,.
€CHH YIeNBHbIH 00beM ee ABIASeTCS aJHTHBHOR GVHKUMel cocTaBa?

6. ITlnotHoets 10%-noro pacreopa NH,Cl pasna 1,029 r/cw®, mnor-
Hocts TBeppore NH,CI — 1,536 r/eM®, naotHocTs Boms: — 0,9974 ricm®.
Onpenenure uamenenue obvema nipu obpasosannu 100 r 10%-Horo pacTeo-
pa.

7. [lpu 283 K nnorsocrs C,H.OH panua 0,7936 r/em®, niotsocTs Bo-
Aot — 09,9991 r/em®, naotnocts 50%-goro pacTsopa cmEpra B Boje —
0,9179 r/em®. Onpegerute BelMUMHY CRATAS npd cwmemennn 50 r CHHp-
Ta ¢ 50 T Bozbi, €C/M yJeNbHBIH OGLEM BOM P 5TOM H3MEHSLTCH. Cpas-
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HUTE YJe/bHbIA O0BEM YHCTOTO CIHPTA C ero YAEHbHBIM-O6hEeMOM B pacT-
BOpE.

8. Onpeflenre rpaduuecku NapuxaibHbiii MosApHbil obbem 0,4 m
pacteopa FeCl;, Hcrmoabsys caepyloiie JaHHbe:

Yucno moneh FeCly B 100r soq  0,0000  0,0126  0,0257  0,0394 0,0536

OO6beM pacTBopa, ComepKailero
100 r Bomm, cm?® . . . . loo,13 100,58 100,98 101,38 101,73

9. Onpesenure rpadpHyecku napuuaibHulii MOAAPHBIA ofbeM 0,3 m
pacrsopa CuSQO,, eclH U3BECTHHI CJeAYIOUIHE JaHHbIE:

CuSO, B pacrBope, % . . . . 1,912 3,187 4,462 5,737
laoTHocTs pactBopa, rfem . . 1,0190 1,0319 1,0450 1,0582

10. 3aBucuMOCTb YIe/bLHOrO 06BeMa U BOAHONO PacTBopa MepOKCHAA
BOJIOposia o1 MaccoBoit foin w H,C, Boipaxkaerca ypasHenuem

v=1,003 (I —w)+40,6935w —0,036w (1 -—-w).

Paccuuraiite napunansueie MonspHeie o6vemst H,C u H,C, i pacrBopa,
B Kotopom w == (,4.

11. Onpejienure napuuajbHblii MONSPHLIE O6BEM METHJIOBOTO CHHpTA
(CH4CH), ecan naorHocts 60%-Horo BogHoro pacreopa cnuprta npu 293 K
paeHa 0,8946 r/cM®, napuuanbHeli MOJSIPHBIH 06bEM BOIL B 3TOM PacTBOpe
16,8 cM3/Moab. )

12, Cnpenenure moaspeniii o6bem pacrsopa, ecau B 20 %-HOM BOJ-
HOM pacTBOpe MeTHJIOBOTO CIHPTA NapluualbHbie MOJSpHbIE 06beMbl BOALI U
crupra pasusl 18 u 37,8 em®/Mons cooTBeTCTBEHHO.

13. Qupenenute Maccy | moab pacTBOpa, MOJYYEHHOTO CMeIUEHHEM
I moap CCly ¢ 3 moas SnCl,.

14. Cnpenennre moJspHHi 06beM . ciaaBa, coiepxaiiero 62% Cu,
cuduras obwem  azauTHBHON (yHKuMel cocrasa. IlnorTHocrs Mexu
8,9 r/em®, a uunka 7,1 r/cmB.

16. 3aBucuMocTs o6bema pacTBOpa XJOpHAA HATPUS OT KOJIHYECTBa
MONIeH COMH ny, pacTBopenHoil B 1000 r Boawi, Bhipakaercs ypaBHeHHeM

V=10004-16,4n,+2,5n% —1,2n3.

Cnpenenure napuuansHuiii Moaspuuiii o6vem 0,5 m pacreopa NaCl (em®).
16. Cnpegenure naordocrs 40%-HOro BOAHOTO pacTBOpa METHJIOBOTO
CIIHPTA, eclH MapuHalbHbie MOJSpHbIE OOBEeMbl BOABI M CIHPTA B 3TOM
pacreope cooTBeTCTBEHHO paBHul 17,5 n 39 cmd.
17. Onpeslenure napunansuylo Moaspuywo renaoemgocts KOH B 10,
20 u 30%-HbIX pacTBOpAx, HUCHOMb3Ys CHAENYIOUIHE AAHHbE:

Yneno Moxedt Ypeavhas temnoeM- || Uueno moaeh Yaeaptas Teniioen-

VRS | ey | t0oR0 | i g
0,0000 4,176 0,5951 3,235
0,0940 3,896 0,7652 3,110
0,1985 3,699 0,9636 3,001
0,3152 3,524 1,1910 . 2905
0,4465 3,337
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18. Onpenenure napuuanbHsie MOJIApHbIe TemnoeMkoctH HNQ, u
H,C 3“0,5; 1,0; 2,0 m pacreopax. YiennHble TemIOeMKOCTH pacTBopoB
A30THOH KUCJIOTh! NPUBEJIEHBI HHIKE: :

CHNO; + % ......... 0 1 2,5 5 10 15 20 25
Y enbHas TenaoeMKocTs,
O /(r«K) ... ....... 4,18 4,117 4,034 3,908 3,712 3,545 3,373 3,219

19. Ilpu 298 K uHrerpanbuas rennora PacTBOPEHHS HEKOTOPOH KHCJO-
TH B BOJle Bblpaxaercs Gopmynoi

A H=8,36n]/?+ 12,54n3/% 1 16,723/

Tne m — uuno monedt Hy,O va | moab kucnorw. Ouenure AH, [r. e.

(dAH/dn,)p,rn,] pacteopa, MOJIIDHOR. COAEPXKAHHE KOTOPOTO COCTaBAdeT
109, KucaOTHI.

Mucno monefi a | xr HyO . . 0,0624 0,2001  0,4003 0,7504 1,0058
AH, Ox/mons . . ., . . . . 7716,3  7440,4 6897,0 6399,6 6015,0
Hucao moseft va 1 kr HO . 1,9457  3,1064 4,0012 4,9966  6,0004
AH, Dxfmons . . . .. . .  4961,7 3954,3 3206, 9587,4  1897.,7

20. Ilo uHTerpanbHeM Temnsoram pacreopenus NaCl s soge npu 275 K
paccuuTalire KONWYECTBO TeMOTH, KOTOpoe GyJleT NOTrJIOWEHO NpH 3TOl
IT_Iel\gvaparype, ecau k 100 r 10%-noro pacrsopa NaCl npHGasuau 126 r

2

21. Henonpsys nHrerpanpime u AHddepeHHaNbHBIe TENIOTH PaCTBO-
penusa 1 monb H,SC, B Boste mpu 298 K,

Uucno -
"ﬁf&“ A H, Ox AHH,Ov Jx/moanb AHH,SO o+ LXK/ Mo
0 0 —28215,0 0
0,50 —15925,8 —28173,2 —1830,8
1 —28507.6 —19771,4 —8736,2
2 —41632,8 —9697,6 —22237.6
3 —49700,2 —6186,4 —22781,0
4 —54841,6 —4347,2 —37452,8
6 —61613,2 —2382,6 —47317,6
10 —67883,2 —973,9 —581438

onpejenure: a) ofiiee KOJIMYECTBO BHASASIONIEHCH TENIOTh npH npubas-
Nednu 4 moab H,O K pacteopy, conepxaitiemy 6 moab HyO u 1 mons H,SO,;
6) ofillee KONMYECTBO TEIIOTH, BbleISIOelicsl NIPH CMellleHHH 3 MOJb
H,C ¢ 6 mons H,S0O,.

22. llpu Hcenenosanuu PacTBOpHMOCTH AMMETHJITTIHOKCHMA HUKENS B
BOL€ MpH HECKONLKHX TeMIlepaTypax MOJyuyeHb! CJAeAyioumHte pe3yJbTaTH:
PacI:(TBOpnmocn;x 298 303 308 313 318
X105, "moawfn . . 0,105+99% 0,139+£4% 0,18412% 0,2401-29% 0,307+2%
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a) OLEHHTE SHTAJBLIHIO PACTBOPEHUS JMMETHUJTIHOKCHMA HUKENs B BOAS
AH® (xIxk/Moab); 6) 4TO O3HAaeT WHIEKC «% B AH®?

23. Tlo naHHBIM O 3aBHCHMOCTH TeIIOTHI CMELeHHS MeJli C cepeGpoM oT
cocraBa npu 1428 K onpesenure rpaduueckuMm METOIOM TeIIOTH pacTBo-
PeHHSl KOMIIOHEHTOB B pacTBOpPaX CJEIYIOWEro coCTaBa: Xag = 0,10;
0,30; 0,50; 0,70; 0,90. IpencraBbTe rpaguK 3aBUCUMOCTH TeILIOTH Pact-
BOPEHHS OT COCTaBa, eCJH

Kpg oo e 0i 02 03 04 05 06 07 08 009
AH, klx/wons . 1,38 2,41 3,14 3,60 3,81 3,77 3,46 2,81  1.78

24. Tlpu cvewenun 1254 ¢ BUCMYTa ¢ 9,73 T Maruus BBIACIHAGCH
10200 dax rennorsl. Onpeienvre NapuManbHyI0 MOJIIDHYIC TENJIOTY pacT-
BODEHHS BHCMYTa, €C/IM MapuualdbHas MOJApHAs TENJIOTa PACTBOPeHHS
MarHus B 370M pacrBope — 34 900 Tk/mods.

5. TTapuranbueie MOLsipHbIE TEUIOTH PACTBOPEHIS KDEMHHS U MapraH-
ua B pacrope Si — Mn ¢ monsipHbM cogepkanem 70% Si paBust — 3800 u
-~ 83 500 [k /monb cootercrBenHo. OnpeielnTe KOJHYECTBO TEILIOTH, Bbl-
Resisioweiics Npu obpasosannu | Kr pacrBopa 3Toro cocrasa.

26. IlapunanbHast MoNspHas SHTPONUs pacTEBOpeHHs cepebpa B TBEp-
AuX pactBopax Au—Ag 3aBHCHT OT COCTABA H ONUCHLIBAETCA YpPaBHEHHEM

A E}\g: —Rn xAg"—S’onf\u A/ {sicab-K).

Boisesure 3aBucumocts AS™ or cocrapa u Berucante AS™ ana 75%-
HOro pacTBOpa 30JI0Ta.

27. 3aBMcHMOCTb NApUMaNBHON MOJAPHON TEIVIOTH M SHTDOMHH pacrt-
BopeHus y-Fe or cocraBa pacreopa y-Fe — Ni onuchisaercs ypaBHeHud-
MH:

AH, po=—2095x%; Ix/woms; A Sy.re=—RlInx, ..

Oripenie/inTe 3aBUCHMOCTb XMMUYECKHX TIOTEHUUAJOB OT COCTABA PACTBOpA-

28. Bobruucaute akTHBHOCTb BOAbl B PAaCTBOPE, C/IH JAaBJeHHE BOASHHX
napos Hag Hum 0,9333-10% [1a u 373 K.

29. Ilpn 308 K naBnenue napa auerona 0,459- 105, a paBnenne napa
xJopopopma 0,391-10° [Ta. Han pactsopom ¢ MonspHEIM cofepiaHueM
36 % xnopodopma napuuanbHoe japaeHue napos anerona 0,2677- 108, a
xnopogopya 0,0964-10° [Ta. Onpegenure aKTHBHOCTD KOMIOHEHTOB H
CPaBHHTE UX C MOJNAPHBLIMH JOMNAMH 3THX BEIUECTB.

30. Buunciure KodpduuneHT akTuBHOCTH GpoMa B pacTBOpe TeTpaxJc-
PUla yri=pona, HaJ KOTOPHM NapuuasbHoe AaBierue 6poMa COOTBETCTBYET
10,27 mm pr. cr. Cocras pactBopa (Moa. goau): Bry, — 0,0250 u CCly —
0,9750. [lasnenwe napa wuncroro Gpoma mpu Toil ke Temileparype
213 wM p7. c7. 3a cTan1apTHOE COCTOAHME GPOMA IPUMHTE YHCTBIN KUK Wil
tpom,

31. Ecan 1,046 r kagmua pacreoputh B 25,23 © pryTd, To jaBieHue
napa ofpasyouteiica amansrassl npu 305,2 K 6yner cocrasasts 0,920 or
AZBIEHVSA HaCBUEHHOTO napa wucrod prytH. Onpejennite akTHBHOCTb H
KO3qxPHIHEHT aKTHBHOCTH (MOJI. 1OJHM) PTYTH B amalbrame.
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32. Xunopun pryru Hg,Cl, pacnpenensiercs MeXKJy GEH30JI0M H BOJIOM;
npu 298 K nonyuensl caenymomue KOHUEHTPAUHUN (MOJB/JN):

BGCHs . . ., 0000155 0,000310 0,000618 0,00524 0.0210
BHO . .. . . 0001845 0,00369 0,00738 . 0,0648 0,2866

Paccunraiite akTusHOCTb COMM B BORHOM pacTBope Hpu KOHUEHTpauHuu
0,2866 monb/s1, eciu pacTeop ero B Gensode ocraercs HIeaNbHBIM JI0 ¢ =
= 0,03 mons/n.

33. Onpenenure Ko3dppUUHEHT aKTHBHOCTH caxapa B pacTBOpe, €cJH
Temneparypa samepsanus 0,8 m BogHoro pactsopa caxapa 271,4 K. Kpu-
OCKOIIMYecKas KOHCTaHTa BoAbl 1,86°, '

34. 3asucumocts Jasienus napa (I1a) or TEMIIEPATYPbl Hajl MUAKHM

H-6yTaHOM B uHTepBasie Temneparyp or 272,66 ro 348,16 K suipaxaercs
ypaBHenneM AHTyaHa

203,8 1030,3
lg P=0,813 ———to(1g pyg 1y 0203
€ T—22.9 (g T am)

Paccunraiire neryuecrs #-Gyrana npu 289,16 K, ecau NpH 3TCH Temnepary-
Pp€ INIOTHOCTD €ro HachlleHHoro napa 4,9 kr/m®. MoxHo Ju npenebpeus pas-
JHMHEM MEXIy JETYYeCTbi0 M NABNeHHEM HACHILSHHOIC Napa, eciH npej-
foJlaraeMas TOYHOCTb ONPEE/eHUs NIPHBEEHHOTO YpaBHeHHA paBHa npu-
MmepHo 1 %?

35. Onpenenure Jeryvects NH,; YCNOBUAX, eCllu NPU JaBJeHHH
4,05-10° I1a u 423 K | mons NH, 3anumaer o6bem 0,7696 a.

36. Jlapnenue napa pomsl npu 293 K cocrapnser 2337,80 Ila. Boruuc-
JuTe JaBnenne napa pacrsopa 1-10-2 kr xaopuna ammonus B 1-10-1 xr
BOJIBl H XMMHYECKHU#H MOTEHIHAN BOJ B JAHHOM pactBope, ecnd ko3adduuu-
€HT aKTUBHOCTH BOJb! ¥ = 0,976, npunsas, yro AG® sojnl B HHTepane 293—
298 K He 3aBucur or Temneparypsl, a u® paBHo AG® o6pasosanns jpau-
HOTO KOMIIOHEHTa.

37. apnenue napa sogut npu 273 K paBHo 610,48 Ta, a saBnenue napa
10%-noro pacreopa NaNO, 589,28 I1a. Onpefennre akKTUBHOCTb M XHMH-
YECKUH TIOTeHKHAN BOLb B YKA3aHHOM pactBope.

38. [lapnenue napa 6poma Haj| uucTHIM Gpomom npu 298 K cocrasasier
28371,00 ITa, a pasienue napa Gpoma B 0,1m BogHoM pacteope —1,7- 108
Ha. Onpenenute xumuveckuit norennuan 6poma npu 298 K. 3a CTaHpapr-
HOe COCTOAHHE MPHMHTE COCTOAHHE YHCTOro GpoMa.

39. Xnopux pryru Hg,Cl, pacnpenensiercs Mex 1y 6eH30J0M U BOJOH.
Ipu 298 K nonyuenn cienymomue KOHUGHTpaunH (MOJBL/N):

BGCHs . . . . 0000155 0,000319 0,000618 0,00524 0,0210
BHO . .. . . 0001845 0,00369 0,00738 0,0648 0,2866

Paccuuraiire xumnueckuit norenuuan B B 06eux dasax Kak QyHKIHIO KOH-
UCHTPALHH U TIPLIICTABbTE B BUJE TpaduKa.

40. Ilpu 1250 K nasienne uachimenHoro napa cepebpa HajJ pacTBOPOM
Ag — Au ¢ monspHBIM conepxanuem 62,0 % Ag u Hag unCTHIM cepeGpom
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pasue coorsercrBenuo 2,11-10-! u 4,83.10-! [1a. Onpenenure orHocH-
Te/IbHBbi XMMUUECKHH NOTeHUHaN cepebpa B pacTsope.

41, Jlap/ienus HaCBUUEHHBIX TAPOB HAJl YUCTHIM CBHHLOM, cepe6poM H
pactBopoM Ag — Pb ¢ monsapubiM cofepxanuem 95 % Ag mpu 1358 K
pasgust: Py = 8,67-10-! [1a; Py, = 8,40-10- I1a; PP, = 5,59- 102 Ila,
Ppp = 9,60 10 Ila.

Onpenenute usmenenue suepruu [u66ca Ana 1 Moss pacTBOpa npH o6-
PasoBaHHH PaCcTBOpPA 3aJlaHHOTO COCTaBa, CUHTAs 3TO U3MEHEHHe Ha | MoJb
pacrsopa. :

42. 3asucemocts faBnenust (I1a) HachlILEHHOro napa YMCTOM JKHIKOR
“eld OT TeMNePaTyPsl ONHCHIBACTCHA YPaBHEHHEM

lg PO= —16050/T - 10,666.

Cnpesenute napunaibHyIo MONSAPHYIO TENIOTY PAaCTBOPEHHS MEIH NPH
1823 K B pacreope Fe — Cu (konuentpauus menu 89,5 %), ecnu fasieHue
HaCHLIENHOrO 1lapa MeAM Hal JaHHHIM pactBopoM 6,73-10 [Ta.

43. Jlapaenne (ITa) HacwimenHoro napa marHus uaj pactBopoM Mg—
Pb, conepxaumum 4,2 % Maruus, 3aBHCHT OT TEMNEpaTypbl ¥ ONHCHIBA-
ercA ypasHenseM

7810
lg P= ————9,218

H HAX YHCTBIM Mar”Huem
6560
lg Po= ~—F—+9,723.

OLpefiesnTe napunasbHYI0 MOASIPHYIO TEIIOTY PAaCTBOPEHHS M SHTPOIHIO
pactsopenus maruus npu 298 K,

44. Tasopan ¢asa H,C — H,, pasnosecnas npu 1873 K ¢ pactsopom
KHC/I0pojia B xesese (oObemHast a0/ kuciopofa 0,1200 %), comepxur
72,1 % H,. Onpenenute u3meHeHHe XMMHUECKOrO NOTEHIHANA KHCAOPO/A
Iipu nepexozne u3 rasosoil ¢assl, B Kotopo# Po, = 10° [1a, B pactsop yka-
3aHHOTO coctapa. KoHcranta paeHoBecust peakuusn H, + Y, O, = H,0
+1pu 1873 K

172 _.
Kp=Py,o [Py, PO?=9,46-10%.

45. Cwmewanu 400 r poast co 100 r 100%-Hoit cepHoit KHcnOTHL. Boige-
JIMBLLAsiCSl TENJIoTa MollJa Ha oGorpes pacTsopa. BbluHCIHTe H3MeHEHHe
Temnepatypsl pactBopa AT, IONyCTHB, Y4TO COCYA, B KOTODOM HaXOJMTCH
pactBop, TeIJIOTY HE MorJoinaeT. Ten/0eMKOCTs pacTBOpa MNOCTOSHHAS
u pasua 3,427 [Ix/(r-K). Henocraiomue nanubie Bo3bMHTE H3 CNPABOYHH-
ka [M.].

MHOT'OBAPHAHTHBIE 3ARAYH

1. Pactop Bemects A H B nanHOi KOHUEHTpalHMH; NJOTHOCTh 3TOrO
pactBopa npu temneparype T paBHa d: 1) onpefiesiuTe MOJIIPHYIO KOHIEHT-
PanHio — YHCJIO MOJIEH PACTBOPEHHOrO BelllecTBa B | J1 pacTBopa; 2) onpe-
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AeUTe MOJAPHYIO KOHLUEHTPAIMIO — YHCJIO MOJNEeH PacTECPEeHHOrO Belie-
cTBa Ha 1 Kr pacrpoputens; 3) paccuuraiite MOMSPHYIO 0O BelecTsa A B
NpoleHTaX; 4) onpejenuTe UHCIO MoJiell pacTBOpHTENs, IPUXOAALIEeCs Ha
| Monb pacTBopenHOro BeilecTBa.

. Maccosoe Beuzecrso

BapH- 0, - -10-3

mrrg %ﬂﬂ’:“i A B T. K ‘fu{?m"
1 97 CBryCHO H,0 323 2,628
2 94 CBr,CHO H,0 313 2566
3 91 CBr;CHO H,O 313 2,485
4 87 CBr;CHO H,O 313 2,340
5 80 CBr,CHO H,0 313 2106
6 73 CBr,CHO H,0 313 1,938
7 63 CBr,CHO H,0 313 1,725
8 45 CBr,CHO H,0 313 1,476
9 72 CeH(SO,H) H,0 298 1,281
10 66 CeH5(SO;H) H,O 298 1,256
1 61 CeH5(SO,H) H,0 298 1,235
12 80 CeH,(OH), H,0 293 1,208
13 62 (CH,),0, H,O 293 1,041
14 57 CroHg CH,COCH, 293 0,992
15 50 CyoHg CH;COCH;, 293 0,968
16 43 CioHs CH,COCH; 293 0,945
17 37 CyoHs CH,COCH, 293 0,921
18 30 CioHsg CH,COCH;, 293 0,800
19 28 CoHs CH,3;COCH, 293 0,875
20 17 CioHs CH3COCH; 293 0,850
21 12 CroHs CH4,COCH, 293 0,835
22 80 CeHyy CH4COCH, 293 0,765
23 60 CeHye CH4COCH, 293 0,741
24 40 CeH,, CH,COCHj, 293 0,719
25 20 CeHyy CH4COCH, 293 0,692

2. Ilo 3aBHCHMOCTH HHTEIpaJIbHBIX TEIJIOT CMeLUeHUS AH gyew OT KOH-
IeHTpaIHy B XHAKOH daze x;° npu 298 K u 1,0133-10° I1a u naHHBIX O co-
cTaBe rapa x; U oblieM 1aBaeHHH upu T, K: 1) nocrpoitre rpadguk 3asucu-
MOCTH AH o, = f (xi); 2) onpenenure HHTErpaJbHYI TeILIOTY CMelte-
HHSl KOMIIOHEHTOB LA | r cMecH; 3) onpefiesinTe BceMy BOSMOMKHBIMH CIIO-
Co0amMH TapHHa/JbHbIE TeIVIOTHI CMeleHHst i-r'0 KOMIOHEHTA IpH KOHUEHT-
pauuu m; u x;*; 4) onpenenure KaxKyuylocs MONAPHYIO TENJIOTy cMe-
WeHHs {-TO KOMIIOHEHTa KOHUEHTpAUMH X;; 5) olpefeante napuuanbroe
AaBJIeHHe i-TO KOMIIOHEHTA I 3a/laHHbIX CMecel; 5) BLIUMCIHTE AKTHB-
HOCTb [-TO KOMIIOHEHTA J/11 3aaHHBIX cMeceil; 7) ONpele/HTe OTHOCHTEp-
Hbifl XHMHUECKHil NOTEHIHAN i-T0 KOMIIOHEHTa AJS 3aJaHHBIX cMecelt; 8)
onpezenute KOMPOHUMEHT aKTHBHOCTH i-rC KOMIIOHEHTa JJs 3ajJaHHBIX
cMeced; 9) onpenenuTe SHTPONHIO CMelUeHHs IPH 3aJaHHBIX KOHHEeHTpalu-
X, IIPUHAB, YTO TENJIOTA CMELUEHHS HE 3aBHCHT OT TeMIIEpaTyphi.

B kadiom BapuanTe HeOGX0MMO NPOBECTH pacuer AJs JIBYX COCTaBOB.
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FRABA Xlil
PASBABJEHHDIE PACTBOPDI

OcHoBHEe YpaBKeHHst H CHMBOJIbE
K., ¢. 352383, 406, 401, 403—-405; I., 1. 1, c. 158—248]

3aBUCHMOCTh aBJ€HKA HACHINEHHOTO Napa Haj PAcTBOPOM TBEPABIX
BEHIECTB B JIETYYHX PacTBOPHTENRX BuIPaikaeTcsi 3aKoHoM Payast (oTHocH-
Te/lbHOE [OHKMKEHHe JNABJEHHS napa pacTBOPHTeNst Hal PacTBOPOM):

Pg — Pi . A P n2
= reulis =%, (X1 1)
£ P} -1y
rae P! — nasjenve Mapa #al SRCTBIM DACTBOpHTENeM; P; — JaBjienue

napa pacTBOpuUTENs HAJ pacTBopoM NaHHOH KoHuewTtpauuu; AP/P! — or-

HOCHTE/IbHOE NOHHMKEHHe AABJIeHHS Tapa PAaCTBOPUTENS; 71, — YHCIO MO-

Jiell_PacTBOPEHHOTO BEINECTBA; 71y —— YHUCIO MOJel pacTBOpHTENS.
Ypaeuenue Payns, yuHTHIBAOLEE AMCCOHHAUHMIO (ACCOUKALMIO) pacr-

BODEHHOI'O BeLIeCTBA, HUMERT BU/J

AP iy L _in (X111.9)
P ny 47, ng e

rae i — xosppunuent Banr-Todpa;

. OOrse yiens Moiel nok IHCCOLKALMK
F . !

=1+4a(v—1); (XIIL3)

Ofoiee uncho monxell 46 AuccOnHauUMy

Yuca0 paciaBIIMXCs MOJCKYNX

G —CTeNery NUCCOHALMY =
Hexoanoe 4ucIO MOJIEKYJ

V -— YUCNC HACTHY, HA KOTOPhIE AMCCOUMMPYET MOJNEKRYyJid.

3aBUCHMOCTD MOBBILIEHUS TEMNEPATYPHl KHIIEHUS (ATyuu =T — 79
PA3GABNEHHOIO DACTBODA O7 MONLIABHCH KOHUEHTPAUMH 71t BHIpaXKaercs
YPaBEEHHEM A HEeIWCCOURMDYIOINE BEIIeCTB

AT&,,H:}(QM (X]}.I.4)
H YpaBHeHHEM HAJaH AUCCOUUMDYIOIIHX BeljecTs
A Tyup=i Ksm, (X1i1.5)

rle T°, T — temmeparypa KuNeHWs DACTBOPHTENA M PaCTBOPa; K, —
36y/THOCKONHYeCKas TNOCTOSIHHasl (MONApHOE NOBbillieHHe TeMIepaTtypst
KHIIeHHUs);

T2
_ﬁ_“_li‘, (X111.6)
10007 30m
Ty r« — HODMANbHAR TEMIEpaTYPa KHIGHHSI WUHCTOLO PACTBOPHTEINS;
lucn — YZlebHAs TENJIOTAa WCNAPEHHs PacTBOPHTENA.

Ks=
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Ilo
Monexy;g;:l;igﬂgzc’;eg;%izgu KHIICHKS DacTBOPa MOXKHO ONpee/HTh
1000K 5 m,
my A Tyyg '’
rie M, — monekynspuas Macca PacTBOpPeHHOrO BelIeCTBa; M, — Mace
pacgsopeﬂﬂoro BEIIECTBA; /71; -—— MacCa PacTBOPHTEs. L :
4BHCHMOCTD [IOHHXKCHHSI TEMIIEPATYpH 3aMep3aHus (AT, = T¢ —T)

Pa36aBJeHHOrO pacTBOpa OT MOMANBLHOR
bHOM KOHUEHTPALHH M BHPaXKAIOT A1
HEAHCCOUMHPYIOUIMX BEIIECTB ypaBHEHHEM d 8

= (XII1.7)

AT,,::KKpm, . (XI11.8)
AN THCCOUMHPYIOUIMX BEIIECTB — ypaBHEHHEM

AT3=iKKpm, (Xl”.g)

rae Kxp — KpHOCKONMYeCKas KOHCTAaHT

a pacTtsopHTens (M -
KCHHE TeMIepaTypnl 3aMep3aHHs); P (wonsproe nou
RTZ,
000 - (XI11.10)

rie T3, T — TEMIepaTypa 3aMep3aHMs YHCTOIO pacTBOPHTE/S -

pa; rlIo— YAS/bHAsH TENJIOTA [U1aBJeHHS PAacTBOPHTEMIS. i pacteo

s WoneKYTBRYIO Aoy mestecran: o PICTEOPE MOKHO onpege.
_— 1000pr my

= AT (XI11.11)

3aBHCHMOCTb OCMOTHYECKOTO JIAB/JCHHS OT MOJISIPHOH KOHUEHTpaLHH

pacteopa (Baur-Todda) onucwmpaior ypPaBHEeHHeM:
ANl HeJIMCCOUHMHPYIOMHUX BeLIECTB

Kp=~

m=cRT (XI11.12)
H A1 AHCCOUMHUP YIOIHUX

m=ic RT, (X111.12a)
Tlle % — OCMOTHYEeCKOe JaB P
(Monb/v®), A3BJICHHE, ¢ — KOHUEHTPAUMA PacTBOPA, MOJIB/J

Hurerpanbuyio e
10Ty pactBopenuss AH™ gns pa3s6
aBJICHHBI -
POB Orpee/fioT N0 paBeHcTRy P  pacto

AHm=n, A Hm, (X111.13)

XHMHYeCKHIl n1oPenIy
HaJl KOMIIOHEHTOB NPeAe/bHO pa36baBlieHH
oro -
BOpa Onpefetsior no ypaBHEHHAM d pact

pr=p{-+RT In x,, (X111.14)
pe=p3-+-RT Inm, (X1I1.15)

T, 5 — %
A€ {2 — XHMHYECKHH NOTEHUHA/ BTOPOrO KOMIIOHEHTA B FHIIOTETHYECKOM

PacTBope ¢ MONAJNIBHOCTBIO m = | M
= 1 moap Ha 1000 r u ceoiicr -
HO pa30aBJIeHHOr0 pacTBOpa. P TpEAST
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3aBHCHMOCTb PaCTBOPHMOCTH T'a30B B XKHAKOCTAX OT JaBJ/IcHHs BHIpaxa-
erca ypasHeHHeM [eHpH:
x¥ =Ky Py, (X111.16)

P, =K} xx, (XI11.17)

rfie X% — KOHIEHTpauus rada B HachimeHHom pactsope; Kb, Kr — Kou-
crantel ['enpu, K} = 1/Kr; P, — napuualibHoe faB/eHHe ra3a.

3aBHCHMOCTb paCTBOPHMOCTH T'a3a OT TeMIlepaTypPhl BHPaXKaioT ypaBHe-
HHeM B JHddepeHIHANBHON popMe

( d1n x, _ Anpm

s X1i1.18
oT )P.uac.p RT? ( )

HJIH ypaBHEHHEM B HHTErpajlbHON ¢opMe (A1 HHTEpBajla TeMIeparyp, B
koropom AH* = const)

(%)r, AHm ! ! -
- — , XHI.19
(%o)r, . R ( Ty Gt ) ( )

rie AHT — auddepennHanbias TenjaoTa pacTBOpEHHS ras3a B HachIIEH-
uom pacteope. Ypapueuds (XII1.16) u (XIII.18) npumenumsl ansi pe-
aJlbHBIX H NpelelbHO pa3GaBieHHBLIX PacTBOPOB.

s JaHHOM TeMmIepaTypsl OTHOIICHHE KOHUEHTpPAlMH TPeThero KOMIo-
HEHTa B JRYX PaBHOBECHBIX (pa3ax ecTh B&IHYHHA NOCTOSIHHAA, HE 3aBHCA-
mas or abcoMOTHLIX KOJHUYECTB BCEX BELIECTB, YYacTBYIOUIHX B pacrnpefe-
JIEHHH: i

erlea=K, (X111.20)

T/le ¢; — PaBHOBECHAas KOHUEHTpAUHs paclpe/e/Isloilero BellecTsa B nep-
BOii (a3e; ¢, — paBHOBeCHas KOHIEHTpalHs paclpell/isiolerocs Belle-
cTBa BO BTOpO# (pa3e; K— KOHCTaHTa (MM KO3(DODHIHEHT) pacnpesielieHus.

B HEKOTOpHIX CHCTeMax pacrpefe/isiioilieecs] BEUIeCTBO BCAEACTBHE JUC-
coLHamHMH ero MOJIeKy/ 006/1aJaeT HeoJHHAKOBBIM CPEJHHMM pa3MepoM yac-
THIL B pasHux pacTBoputensx. [Ipu stom coorHowenne (XI11.20) nenpu-
MeHHMO, a ypaBHEHHe 3aKOHa pacnpe/ie/ieHHs] NMPHHHMaeT BUM

e1jes=K. (XI11.21)

raen = M"/M’' (M’ — cpennss MoJeKyJIipHas Macca pacupefensiolmero-
ca BeilecTea B Neppoil (a3e; M'' — cpelHss MOJieKyJ/isipHas Macca pac-
npee/siomerocs BeiecTsa BO BTopoit ¢ase). [Ipu pacnpejeneduu Tperbe-
TO BEUIECTBA MEXAY ABYMSI HECMEIUHBAIOIIUMHCS MKHIKOCTAMH BO3MOXEH
cay4ait, Korjla cTelleHb MCCOUHAlHH Paclpefe/IfIOnerocst BEILECTBa B pas-
HBIX PacTBOpHTENAX OT/HYaeTcsd. O603HaYUM CTeNeHb AUCCOIHAIHH pacnpe-
JlesAIOIerocs BelecTBa B MEPBOM pacTBOPHTENE o, a BO BTOPOM — O,.
Torpa zakoH pacnpefeneHHs NpHMeT BHJ

¢ (1—ay) /e (1—a) =K. (X111.22)
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B ypasuenun (X1II. 20) sakona pacnpenesnenus gas KOHUEHTPHPOBaH-

HbIX P4CTBOPOB KOHIIEHTPALHH CJENYET 3aMeHUTh AKTHBHOCTSMH
ay/a,=K, (X111.23)

TA€ 4y M a; — aKTHBHOCTH DAClpe/e/siolerocs BelecTBa B Nepaoil H Bo
BTOpOH dasax. Eciu uspecrna 3@BUCHMOCTb aKTHBHOCTH OT KOHIEHTpALUH
PacnpeleIfiOIWerocs BeecTsa B OJHOM H3 PacTBOpHUTe/el: Ko3ddu -
€HT paclpeje/ieHusl, TO MOXHO YCTAaHOBHTDb Ty XKe 3aBHCHMOCTD AMf collps-
KEeHHOTO pacTeopa.

3akon pacnpejesienus wWHPOKO HCNOIBL3YETCH MPH IKCTParupoBaHUH
BewecTsa u3 pacreopa. O603HAUUM: m, — HauanbHAA Macca 3KCTparupy-
€MOro Bew(ectsa; V) — o6beM pacTBopa, B KGTOPOM HaxopHTCs 3KCTpa-
FHpyeMoe BewlecTso; V, — ofbeM pacTBoputens, ymorpebaseMmuii s
OMHOTO SKCTPArKpoBaHusfl; n — obIlee YUCJAO IKCTPArupoBaHuil; my, my,
::+y My — Macca BEINeCTBA, OCT2I0LLAsICA B IePBOHAYALHOM PACTBOPE M0C-
Je 1,2, ..., n-To 3KCTparupoBaHui; K — Kosppuunent pacnpenenenus
SKCTPArHPyeMOTo BeUleCTBA YCI0BH/IHChL 0603HAYATL OTHOLIEHHEM KOHIIeH-
TPallHH pacTBopa, U3 KOTOPCTo IKCTPparupyerca pacnpeiesiomleecs peie-
CTBO, K KOHUCHTPAUHH PACTBOPA, KOTOPBIM MPOU3BOIUTCA IKCTPArHpoBa-
nue. [lycrb nocse nepsoro skcrparuposanus B HCXOJHOM PacTBOpe OCTa-
JOCh /M, KT PacTBOPEHHOTO BemecTsa B obbeMe V), a 3KCTparupyercs
My = Mo — my KT, pHYeM 3Ta Macca 3aK/ioyaercs B obweme V,. [lo 3a-
Kony pacnpegenenus (XI11.20)

my/Vy

Ty =K, (X111.94)
OTKyJa
my=my KVy/(KVy+V,). (X111.25)
Mocne Broporo skcrparupopamus
my/Vy —K e —m KV,
BTyl G RV, (X111.26)
IIpu coemectHoM pewrenuy ypasuenuit (XTI1.25) u (XI11.26) noayuum
mzzmo(ﬂ}——)z (X111.27)
KVi+V, '

[Tocne n 3kcrparupoBaHuil B ucxoiHOM pacTpope oCTaHeTCs M KI pacrso-
PEHHOrO BellecTBa: '
[ KV, \n
ms==nm, ( —
KV1+V,

(XI11.28)

3ALAYH C PEWIEHMSAMH

1. JlaBsienue BogsHOrO Napa pacTeopa, CofiepKaiiero HejleTyyee pact-
BOPEHHOE BEmeCTBO, Ha 2 % Huxe JaBieHus Napa YucToH BOAH. Cnpegne-
JIHTe MOJSJiBHOCTD PacTBopa.
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Peuienue Hcnonssyem ypasHenue
(Py—P,) /Py ==x,.

[Tpunsas sa 100 gaBjieHHe napa YHCTOro pacTBophTels P} u noAcTaBuB
98 Bmecro Py, noayuum .

(100—98) /100==0,02 w x,=0,02.

Jns onpesneneHus MOJSJIBHOCTH m pacCuHTaeM YHCJO MOJIell pPacTBOPEH-
Horo Bemectsa Ha 1000 r BoAwl MO ypaBHEHHIO

xg==ny/(ny4ny),

rhe n; — 4YUcho MoJselt Bol; n, = 1000/18 = 55,55; ny = m. [Mocae noa-
CTAHOBKH 3HayeHHHl B ypaBHeHHe NOJydYaeM

0,02=m/(55,554+m),
oTKyjaa m == 1,134. )

2. Kak uaMeHHTCS COOTHOlLEHHE faBeHuii napa Haj pacTBOPOM H pact-
BOpHTE/IEM, eC/IH PACTBOPEHHOE BEH[ECTBO AHCCOIMHPOBaHO Ha 80% H pac-
najaeTcs Ha JBa HOHA U €CJIM 3TO BelllecTBO He AuccolHHposato. [apiienne
BOAAHONO Tapa pacTsoOpa, COAEPIKAULErO HeJleTyuee PacTBOPeHHOoe Belle-

cTBO, Ha 2 % HWXKe faBJienHs NMapa YHCTOH BOAM.
P eurenue. BuuHciseM OTHOCHTeNbHOE NOHHIKEHHE JaBJeHHs Haj

pacTBOPOM, B KOTOPOM BELECTBO AHCCOUMHMPYET, H CPAaBHHBAEM C OTHOCH-
Te/bHBIM NOHHMKEHHEeM JaBJIeHHsl NPH OTCYTCTBHHM AHccouuauuu. Corac-
Ho ypasHenuwo (XI1I1.2)

AP iny

Py m+ing '
n, = m == 1,134 moanna 1000 r; n; = 55,55. ,

Besnuuny ¢ Boiuncasiem no ypassenuio (XII11.3):
{~=14-0,8 (2—1)==1,8.

[Mocsie noncraHoBKY umMces nosydaem

AP 1,8-1,134
= . : =0,035.
( P )mlcc 55,55--1,8.1,134

- HaxonuM cOOTHOWIEHHE OTHOCHTE/IbHEIX TIOHHXKEeHHH AaBJeHUs [IpH Ha-
JHYHH H IPH OTCYTCTBHH JAHCCONHANHH PACTBOPEHHOrO BELLECTBA:

(AP) ‘(AP' =o,035_175
P% Jauce Po) 0,02

3. Bbluncsure 36yJIIHOCKONHYECKYIO NocToAHHYI0 K, a1 Boawl. Ten-
nota ucnapeust AH o, = 40,685 k[x/Monb.

Pemw e ue D6yJnocKONHYSCKYI0 KOHCTAHTY BHIUHCJISEM MO ypas-
aenuio (X111.6):

RT2 . M 8,314 (373,16)2- 18
=__ B TK = =5,12 rpa .
Ko= —10004 o 1000-40, 685 pan/uo
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4. Onpejie/inTe TEMNEPATYpPy KKNEHHs BOLHOTO PacTBOpa, COAEpIKaIle-
ro 0,01 monb neneryyero emecrsa B 200 r Bogsl. K, = 0,512 rpaia/moss.
Pewenne Bouucasem MonsabHOCTH pacrBopa

m=0,01-5=0,05 mosp na 1000 r BoxH.

[To ypasuenno (X111.4) BeuHcIsieM TemnepaTypy KuIEHHSI pacTBOpa:
A T=0,512.0,05=0,0256;
T=T'4+AT=373,1640,0256=373,186 K.

5. BbluHc/IHTE MOJIEKY/ISIDHYIO Maccy BEIlecTBa, ecli TeMmneparypa 3a-
Mep3aHKsa pacTeopa, coAepxainero 100 r 6endona u 0,2 r uccregyemoro
Bemectsa, Ha 0,17 K Hmxe TemMnepaTypsl 3amep3anus 6ensona. Kpuocko-
nygyecKkas Koucranta Kyp = 5,16 rpaa/mons.

Pewenue Monekynapuyio Maccy M BbIUKC/ISAEM [0 YPaBHEHHIO
(XIIL.LD): '

M =1000-5,16.0,2/(100-0,17) =60,23.

6. Ilonuxkenne TemnepaTypnl 3aM€p3aHHsi BOJHOTO pACTBOpA HCCJe-
Lyemoro semtectsa cocrapasier 1,395 K, a 6ensonrsoro — 1,280 K. Uem
ob6bsicuserca pasiuyue B AT, ec/iH MONAJIBHOCTH PACTBOPOB OAHHAKOBHI?
Kakne BeJIHYMHB, XapaKTepH3yIOuHe COCTOSHHE BeulecTBa B PacTBOpe,
MOXHO MOJIYYUTH M3 3THX AaHHBIX? [las Gensona Ky, = 5,16, rpag/moib;
ans oanl Kyp = 1,86 rpag/moas.

Pew enne. Pasinuusa B temneparypax 3aMep3aHusi MOXKHO OGbsic-
HHTDb TEM, YTO BEIECTBO B BOJHOM PAacTBOpE JHCCCOUMHPYET, a B G6EH30/b-
HOM He quccounupyer. Mcnoar3ys ypasnenus (X111.8) u (X111.9), moxuo
BBIYHCAHTD K03ddHIHeHT Bant-Todda i. 3uan uHcaoBoe 3nauenue i, MOXKHO
cienath, corsacHo ypapnenHio (X111.3), npeanonoxenue o uncne yacTu v,
Ha KOTOpbl€ pacrnajaercs MOJIeKy/1a PaCTBOPEHHOrO BEINECTBA, U O CTENeHH
RuccouHanuy a. COrJlacHO CHENaHHBIM NPENIONOKEHHIM:

ATey,=1,28=5,16m; ATy o =1,395=il,86m;

A TH,o 1,395 _ i1,86 . 5,16.1,395 3.0
AT, 128 5,160 ' 1,28.1,86
Ecan Monekyna, pacnajasich, Jaer Ase YacTHUb (v=2), 710 naxe
upu a = 1 { = 2. [Tonyyennoe 3nayenue ; > 2 noKa3biBaer, 4to v > 2,
Buiuncasiem crenenb aucconuanuu o no ypasuewuio (X111.3), npernoso-
XKMB, yto v=3; Torma 252=14a(3— 1), orkyrsa a = 0,76.
Ectuv =4 a=050HurT 1
7. PactBop, conepxamuit 0,8718 moab/s1 TPOCTHMKOBOTO caxapa, NpH
291 K M300cMOTHYEH C PAacTBOPOM XJIOpHAA HAaTpHsi, coiepxkaiiero 0,5
mosin/n NaCl. Cupepennre Kaxyuylocs cTenenb AMCCOLHAUNN U Ko3ddH-
uuedt Bant-Todpda ana xnopupa narpus. ’
Pewenwnue Jaa pactBopa caxapa 0cMOTHYECKOE JaBJieHHE Olpee-
asieM 1o ypaBHeHHI0 1t = ¢;RT, rie ¢; — KOHUEHTpalusa caxapa B pacr-
Bope. [l pacTBopa X/JOpHJa HAaTPHS OCMOTHYECKOE JaBICHHE PACCYHTH-
BaeM 1o ypasHeHHI0 T = (¢,RT, rne c,—Kouuenrpauus NaCl B pactsope.
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Tak xak ocmoTHyecKne HaBjleHHSl 3THX pPAcTBOPOB paBHb, 10 ¢;RT =
= [¢,RT. Ortkyna

i=c /¢y, v i=0,8718/0,5=1,743.

Ilo ypasuenmio { = | + o (v — 1) onpejiessem -Kaxyilylocs cTenens
Auccounanuu. Tak Kak Mo/eky/1a XJopHAa HATPUsl B pacTBOpe pasnara-
ercsl Ha JBa HOHA, TOV = 2 H

a=(1,743—1)/(2 — 1) =0,743.

8. Boiuucaute koucranty Tenpu K¢ ana asora npu 298 K w
760 mm pr. cr. Kospduuuenr Bynsena o = 0,0143 (@ — uHc10 06bemoB
a30Ta, NpUBENASHHBIX K HOPMA/JBLHBIM YC/IOBHAM, IOIJOUICHHBIX ONHHM
ob6bemoM Boabl). [TiotHocTs Bobl 0,997 r/cm3,

Pewenue Buuucasem uucio moneil a3ora, norjiomeHHoro 1 cm®
BOJLI, 1o ypasHenuto (XI1.3):

. 1-0,0143:100 o o
Ne =0 082.273 | roo T Moa
1.0,097
ny,0 = T =0,0554 moab.
Mouisipyio 10110 a30Ta xN, BHYHCASIeM 110 VpaBHenno (X11.3):
nn 6,38.10~7
XN, = 2 = =1,15-10-5,
NeT g0y, 5,54-10-2

3unauenue K[" [oJyqyaeM, rOJACTaBHB 3HAYCHUS JaBJACHHS H KOHUEHTpallHH
B ypaBHeHHe :
Py 760

== =6,61-107,
Ke ., Lisaos 0
2

9. Ilpu 295 K u 51 987 [Ta pacreopumocts H, B aHMAHHE cocTaBasieT
10,6 xr/m®, a npu 154 628 ITa u To#t xe Temneparype — 31,6 xr/m8. Co6-
JIOJA€TCs JIH NPH 3THX YCIO0BHAX 3akoH [enpu?

Pewenue Ecnusakon enpu cobmonaercs, TO OTHOLIEHHE AaBie-
HHSl K PAaBHOBECHOH KOHLEHTPALHH rasa B IKHIKOCTH ~— BEJIMYHHA IO~
CTOsiHHASA, NPONOpUHOHA/IbHAA KOoHcTanTe 'enpu Kr. Buiuncisiem 3uaye-
HHSl OTHOIWIEHHH JaBICHHS K KOHIEHTPaUMH:

51987/10,6=4904,4; 154628/31,6=4893,3.

CpapHeHHe NONYYEHHHIX BENUYHL TO3BOJSET OTBETHTh HA [OCTAB/EHHbIN
BOIIPOC MOJOKHTENLHO, '

10. Briyncnure tensiory pacTeopenus asora B Boje (Py, = 760 mm
PT. CT.), HCTIOH30BAB JaHHbIE O 3aBHCHMOCTH KOHCTaHTH ['€HpH OT Temne-

paTyps:

T K ..........." 273 283 293 303
Kpe10~7, mMpr. et ., .. .° 4,02 5,08 6,12 7,02
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Pewewnue Pemum ypaBHeHue' (XIII.17) otnocHTenbHe moasipuo#

AOJIH H, NOJCTABMB HAHJEHHYIO BelMYMHY B ypasuenue (XIII. 19), nony-
YHM

le Py, g Py, - AHT Ty--T1y
(Kd)r, (K)r, 2,3R T, T,
HJH
Ko)r,  AHP  T—T,
Kdr, 28R 1T

Honcrasnsem 8 ypasuenue snauenns Kp pis ABYX TeMIepaTyp

» 4,02 _ AH;" 30
T 7,02 2,3.8,314 273.303

u nosiyuaeM AH7 = 12,728 kJIx/Moib.

1. Boaumit 0,02 M pacteop nuKpHHOBON KHCAOTH HAXORUTCHA B Dan-
HoBecHH ¢ 0,07 M pactopoM MHKPHHOBON KHCIOTH B 6exs00e. Brryucnure
KO3(BHIHEHT Dacnpesesienus NUKPHHOBOH KHC/IOTH Mexny GeHsonoMm H
BOJOM, ecau B Oen HOM DacTBOPE MUXPHHOBAA KWCJOTA HMEST Hop-
Ma/lbHYIO MONCKYNA{EYIO Maccy, a2 B BOAE YaCTHUHO AHCCOLHMHPOBaHA,
NpHueM creneHb Juccounanuu pasua 0,9

Pewenae Jus onpegenenns KOIQPUUHEHT DaCHPENENery s NHi-
PHHOBOH KHCIOTH Mex1y GeH30/IoM K BOJON CACAYET XKOHUEHTPalD KHCIO-
Thi B GRH30JIE PA3JeNHTs Ha KOHUEHTPANHIG HeINCCOUMHPOBAKHOMN YacTH ee
B BOJle:

K=0,7/{0.02 (1—0,9)] =35.

12. Ips pacnpesenenuy canuuunioBoll KHCIOTL: MEXLY OeH30MoM U
Bogo# npu 298 K 6wau noayuens CAenyiolLne JanHbie:

€. . . . . . . 0,363 8,0668 0,0940 0,126 0,210
2. . . . . .. 09184 0,0504 0,0977 3,146 0,329
R (7. % 0,558 0,756 0,512
€. . . .. . . 0553 0,659 2,810 4,340

TA€ €y — KOHLEHTPallfs CA/MUMAOBOA KHC/IOTH B BOLHOM CAOE, MOJb/J
€a — KOHLEHTPalHst Ca/IMUNJIOBOK KHCJIOTH B GEH3OIBHOM cl0e, MOMB/J.
Fpaduueckn onpenenvire snavenns nu X 4 nanpupre YpaBRHEeHHE pacnpe.
HeneHus,

Peuwenune. Bruuncinm no ypasueunio (X111.20} snavenns K:K=
= 1,97; 1,33; 0,96; 0,86; 0,64; 0,53; 0,34; 0,27; 0,21. Tar Kak COOTHoO-
WIEHHKE €y/C, HE OCTAETCS NOCTOAHHBIM, TO HAGMONACTCH MaMeseH e MONEKY-
JIPHOH MacCh Pacnpenesioerocs BelecTra. ITpumensen s3akon pacnpe-

AeneHus B obuweM BHpe. [Iposorapugmupoeas Berpakenme (X111, 21);
NOJIYYHUM

nigey—lge,=IgK nam lgcy=»n lgoy—lg K.
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[locsiennee ypaBHeHHe — ypaBHeHMe NPSAMOH, TaHTEHC YIila HAKJOHA KO-
TOpO# pased n, a OTPe30K, OTCeKaeMHil oT ocu opAuuar, ectb Ig K. lipu-
BeLeHHbLIE B VOJAOBHY AAHHBIC NPOFOTADPHGMUEDYEM:

; L 14401 —1752  —10269  —0,8096  -—0,6778
ga e TI7aes i2o%e  Iolol 0836 04898
geg .o 05482  —02534  —0.1215  —0,0400
g e .. T 09738 402175 +0.4487 10,6375

Ha ocHoBanuy 3TMX ZaKHEiX CTPOMM rpadmk I1g ¢, = ,fu (1g ¢y) (puc. 20).
[To rpaduxy onpeje/isieM TaHTEHC yryia Hak/oHa npamMoi K ocu abcuuce:

Ny
0,66 N
== < :2:1,66, ﬂ=1,66, 3
BBe=T% 20t
T1.54, F 06
ig K=T1,54, K=0,219, ]
5 &:?r
3akoH pacnpefenieHHs 4aa JaHHoH 10 -08 06 -08/-02] 92 g4
CHCTEMBI BHIPAXKAETCH VpaBHEHHEM - . jom 7
! I 7‘21"
cie9% 0, == 219 sl
: ok
13. Koadpuuwerr ‘pacnpenesneHus ;’10
WCeAa MEXAy BOJOH u cepoyriaepogoM 000 p——--- -
pasen 0,0017. Boaunifi pactBop Hopa, o
cogepkatuii 1074 kr uoda B 10* w8, 7,6~
B36anTHIBaIOT ¢ cepoyraepoliom. Kakoe 6t
KORMYECTBO #04a OCTZHETCH o BOAHOM 45}

# 1074 v* BojgHoOro pacr-
pacrBope, ecau 1072« A P Puc. 20. 3aBucumocts JdorapupMa

; 5 —6 3 O
BOpa B360ma:;rb c 5-107% um® cepoyriie KOHIEHTPAIIAH ¢y GOHIOMLHOTO  pac.
poza u 10~* v® Bopuore pacTteopa B3Gon- TBOPA CAMHUROBOR KHCAOTH OT J0-
TATb NOCAEJOBATE/ILHO € NATHIO OTAE/Ib-  rapudmMa KOHUEHTPAUHH C€; CaMULM-
HBIMH HOPHHHMM Cepoympolla no JIOBOH KHUCJOTH B BOJE
10-% &® xaxpas?
Peweune Maccy, CoraBIiyiocs Nnocjie OIHOr0O 3KCTParHpoBaHHs,
onpezennM no ypapuenwio (X111.25):
0,0017.10-4
0,0017-1044-5.10-8
Macca 3KCTParnpoBaHHOrO HONA paBHA
10-4—3,3.10-1 =0,967-10~* Kkr, wau 96,7 %.

OnpenensieM Maccy MOR2, OCTABINYIOCH TIOCAE TATH IKCTPAaru pOBaHK, HO
ypasuesnio (X111, 283

my==10"% =3,3-l'0“ KT.

/ KV, \$
Me =M T
s “(Kw+n

0,0017.10-%
0,0017-30-4-- 10-¢

1

5
V,=10-9 3, m3=10"4( ) ==6,5-10-9 kr.
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Macca 3xcTpardpoOBaHHOrO HOJla HOCJ/Ie NATH KCTPAKLHIl paBHa
10-4—6,5.10-10=0,999935.10~% kr, nan 100 9%,.

3ALAYHN

1. OnpezenuTte OTHOCHTE/IbHOE NOHHKEHHE JABNEHHs Napa 1Jis PacTBo-
pa, copepxauiero 0,01 Mo/ib HesleTyYero pacTBOpeHHOro Benectsa B 0,5 Kr
BOJBI.

2. Iasnenne napa Bogu npu 313 K pasno 7375,4 ITa. Bruncaure npH
JaHHOW TeMriepaType JlaB/leHHe Napa pacteopa, cojepxatiero 0,9206. 10—2
Kr rauneprda B 0,360 Kr Bogpi.

3. Buiunciure fasiienne napa spupa Hag 3 %-HbiM PACTBOPOM aHHJIH-
Ha B 3tHn0BoM 3pHupe (C.H;),0 npu 293 K. Jdasnetive napa 3dupa npu
310H TeMneparype pasHO 5,89-10% [Ta,

4. Jlanienne napa cepHoro 3dupa npu 293 K pasno 0,589-10° [1a, a
JaBlieHHe napa pacreopa, coliepxaniero 0,0061 kr GeH30HHOH KHCIOTH B
0,05 kr aupa npu Toi He TeMneparype, pasuo 0,548 10° [1a. Paccuuraii-
T€ MOJIEKYJIAPHYIO Maccy GeH30MHOH KHCNOTH B 3dHPe H OTHOCHTENLHYIO
OWHOGKY ONbiTa B APOLEHTAX MO CPABHEHHIO C BEJIWYMHOMN, NpPHBEJEHHON
B CHPaBOYHLIX Tab/iHIAX,

5. Bonubiit 7,5% -ubifft pacTBOp XJIOPH/A Ka/Ibidsl KHIHT NPH HOPMaJib-
HOM aTtMoChepHOM Aasiiennd 1,0133-10° Ta u 374 K. Buunciure ko3dbu-
udenr {. [laBrenne napa sonsi npu 374 K pasuo 1,05-10° [Ta.

6. Onpezennrte NpoUeHTHYIO KOHUEHTPANHIO BOJHOTO PACTBOPA IJIHIE-
puHa, eCid JaBjieHHe Hapa 3TOr0 PacTBOPa PaBHO JaBJIEHHIO Napa pacT-
Bopa, cozepxauero 0,0089 r kr NaNO; B 1 kr Bogsi. Kaxymasics crenelib
Anccouranun NaNO, B ykasaunoM pacrope Boan 64,9 %.

7. llapnenve napa pacteopa, cozepamiero 2,21-10-3 kr CaCl,
u 0,1 kr Boust npu 293 K, pasno 2319,8 I1a, a gasiesne napa BOJbI NpH
Toit ke TeMmnepatype 2338,5 [Ta. Bruuc/iuTte Kaxymyiocs MOJIEKV /IS PHYIO
MacCy H Kaxyuyiocst crenedb gHcconranuu CaCl,.

8. B 0,1 xr apupa (M = 74) conepxurca 0,01 xr Heseryuero Bemmiect-
Ba. JlaB/lesye napa 310ro pacTBopa pasHG 426 MM pr. cr. npy 293 K, a 1as-
JIeHHe napa udcroro ¢upa npH 293 K—442 wm pr. cr. Paccunraiite Mo-
JIeKyNAPHYIO Maccy PACTBOPEHHOrO BellecTBa.

9. B | xr Boabt pactBopeno 0,0684 kr caxapa (M = 342). Buunciaute
AaBjieHHe napa storo pactBopa npd 373 K. Paccudrafite teMneparypy
KHIIEHHs1 €ro, ec/iH TelsioTa HCNapeHHsi BOJAbl HPH TeMilepaType KHIEHHS
paBHa 2256,7-10% Ix/kr.

" 10. Temneparypa kunenns Gensona 353,36 K. Ero monspuas tensiora
HCnapehwds npH teMneparype Kunenwus 30795 x/mons. Onpegennre
30y /IHOCKONHYECKYIO KOHCTAaHTY GeH30Jia.

11. Temnepartypa kunenns uncroroCS, 319,2 K. Pactsop, coaepxamuii
0,217-10~* kr ceput B 1,918-10~2 xr CS,, kunut npu 319,304 K. 6y.mo-
CKONHYeCKast KOHCTaHTa cepoyriepoja 2,37°. OnpefesuTe YHC/IO aTOMOB,
KOTOpOE CcoliepaHTCS B MOJIEKYJIe Cephl, PACTBOPEHHOH B CepoyrJiepose, ec-
JIH aTOMHas Macca cepsbi 32.
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12. B 0,0106 kr pacrsopa cogepxurcs 0,40+ 10~ Kr canHuuI0BOH Kuc-
JIOTH, PACTBOPEHHON B 3TH/IOBOM CIHPTe. DTOT PAaCTBOP KHIIHT IPH TEMIlepa-
type Ha 0,337° Bblllle UHCTOrO CHHPTa. Mognexynapﬂoe HOBLIILIEHHE TeM-
nepaTypbl KuiieHHs 3THoBoro crupra 1,19°. Onpepennre MoJieKyJispHYiO
MacCy CaJIHIHJIOBOH KHCJIOTHL.

13. Uucras Boga kunut npu 373,2 K u atMochepHoM pasriennu. Onpe-
Je/iTe TeMNepaTypy KHIE€HHs pacTBopa, cofepxamero 3,291-107° kr
xnopHia Kanenus B 0,1 kr Bogsl. Kaxyniasics crenens aucconsanun CaCl,
B ykasaHHOM pacTBope 68 %. D6ysHOCKONMYeCKas KOHCTaHTa JUIsi BOJBI
0,516°.

14. Onpenenute Kaxyulyiocs crenenb gucconsannn HIOg B pacrsope,
cotepxauem 0,506-10-3 kr HIO; B 2?,48-10‘3 KI' ITHJIOBOTO CIIHPTa.
Pacrop kunurt npH 351,624 K, 4HCTHIi 3THJIOBBIA CHHPT KHOHT npH
351,46 K. Monisipioe noBbilllenHe TeMiepaTtypsl KumeHus cnupra 1,19°

15. Temneparypa 3amep3anus uHcroro Gensodia 278,500 K, a remnepa-
Typa 3aMep3anus pactopa, cofepxauero 0,2242-10-% kr KaM¢opu
B 3,055- 102 kr 6en3ona, 278, 254 K. MosispHoe noHHKeHHe TeMiepaTyphi
KpHCTa/iiM3anuy Gensona 5,16°. Onpene/inte MOJIEKY/IPHYIO MacCy KaM-

Bl
(bopls. K ouens ¢/1aGbiM BOAHKIM pacTBOpaM JJisi MPefOTBPalleHHs 3aMep-
3aHHs B 3HMHee BpeMsi OOLIUHO npHOasJsioT riaHuepuH. Jlonycts, 4ro 3a-
KOH Pay/is IPHMEHHM K paCTBOPaM TaKO# KOHIEHTPaIHH, BHIUHCIHTE KOJIH-
YecTBO IJ/IHIePHHAa, KOTOpoe JO/IKHO ObiTh HpHOaBJieHo, 4To0bl pacTBop, CO-
Jepxamuit 0,1 kr Bojp, He 3amep3an 70 268,16 K.

17. Pactsop, cogepxauuit 1,632 103 kr Tpuxnopyxcycx{oil KHCJIOTHL B
0,1 xr GensoJsa, KPHCTAMLIM3YeTCsl IPH TeMiepartype Ha 0,350° nuxe, uem
uncrhiit Gensont. OnpellesuTe, NPOHCXOUT JIM JHCCOLHAIHA HJIH aCCOLHALHA
TPHXJIOPYKCYCHOH KHC/IOTH B GEH30JIbHOM pactBope H B KaKoi CTeNeHH.
MouispHoe NOHHKEHHE TeMIIepaTyphi KPHCTa/IH3anHH 6eH30/1a paBHO 5,167,

18. Pacrsop, conepxamuii 0,001 Mosib Xni0pHJa nHHKa B 1 Kr BOABI, 3a-
Mep3aaer npH 273,1545 K, a pacrsop, comepxamuii 0,0819 mosn XJiopHia
uxuka B 1 kr Bopl, — npu 272, 7746 K. Buiuncinre Ko3dpduunent {. Kpu-
OCKONHYeCKasi KOHCTaHTa JJisi Bofel 1,86°.

19. Temnepatypa nnasjenns ¢enona 314 K. PactBop, cosepkaiui
0,77-10~3 kr aneranuanga (CGH,0) N B 1,254- 102 kr deHona, kpucran-
ausyercs npu 310,25 K. BriunciinTe KpHOCKONMHYECKYIO KOHCTaHTY An1s (e-
HoJa M Tensioty nuassienns (JK/Kr) deHosa, eciH MosieKy/spHas Macca
alleTaHHJ/IMa, PAaCTBOPEHHOrO B GeH30Jle, COOTBETCTBYET ero ¢opMyiie.

20. OnpenennTe KOHUEHTPALHIO BOJHOrO PacTBOPa IVIHOKO3LI, €C/IH 3T0T
pacteop npu 291 K usoocmotHueH ¢ pactBopoM, coiepxaum 0,5 X
X 10® monin/m® CaCl,, npHueM Kaxkymiasics CTeleHb JHCCOLHALHH HOC/IE]-
Hero npH ykasaHHOH teMnepartype cocrasiser 65,4 %.

21. B 1-10~% m® mMopCKoil BOJBI B OCHOBHOM COJEp:Katcsi COJIH (Kr):
NaCl — 27,2-10-%; CaSO, — 1,3-10-%; MgCl, — 3,4-10-%; CaCl, —
0,6-10-3; MgSO, — 2,3-10~3, BeiunciHTE OCMOTHYECKOE ZaBJieHHe MOp-
ckoit Boas npH 298 K u cpaBHHTE €ro ¢ BeJIHUHHOH, PaCCUHTAHHON MO JaH-
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HEIM 06 ocMOTHYeCKOM Kosdduuyenue, cyutas, yto yKa3aHHble COJIH NoJi-
HOCTbIO JKCCOLUHPYIOT.

22. Jlavnenue mnapa pacteopa TPOCTHHKOBOIO caxapa B 1 kT Bojml coc-
Tap/isier 98,88 % ot AaBnenus napa yucToll Bomn npu TOH XKe TeMneparype.

BriuncauTe TeMnepaTypy KHIenns # 0CMOTHYECKOE AaBJIEHHE 3TOrO pacTso-

pa ggn §73 K; nnoriocrs pacrsopa 1-10° xr/m?,
- DPIUHCIIHTE TEMIepaTypy 3aMep3aHusi pacTsopa, cofepaliero
Zﬁ(}){% lg" KI XJlopHJa HATpus B 02,250 KT BOfbI, ecau npu 291 Kpocmom-
€ NasjeHHe storo pactsopa 2,1077- 108 [Ta, - 108 3
= 7 3%3,48-]0’ moro P p , niorHocth 1-10% xr/m3,

24. Temneparypa 3aMepsanHsi pasGaBJEHHOr0 BOJHOFO PACTBODPA TPO-
CTHHKOBOrO caxapa 272,171 K. Jlasnenue napa uncroft 80)113 npu apToﬁ I:Ke
Temneparype 568,6 ITa, a reniora niiaBeHus baa 6029 JUx/Monb. Beiunc-
JIITE JaBjIeHHE Kapa pacTBopa. '

25. Boizncaure TEMNEPATYpy 3aMep3aHds BOJHOTO pacTBopa, ec/iH
Alasjienye ero napa cocrasaser 90% OT naBenns napa uncTol BoAb npH
To ke Temneparype. TemnoTa nnaBaeHus Jinna 6029 JLx/monb.

26. -PaccyuralfiTe KOHLEHTPANHIO BOAHOrO pacTBopa BelllecTBa B MOJIAX
z:pla Tro?ggul g‘ rﬁunﬁpawpy KHllenus, eciw upe 373,58 K nasnienue ero

, . a. MonsipHas TenJiora ucnapenus sofw 40 193 Ix/ .
Pu,0 = 1,0264-10° ITa npu 373,58 K. P g Hcwons

27. Tlpu nasnenuu 1,01-10° [1a Temnepatypa xunenus a¢dupa 308 K.
Pactsop, conepaxamu#t 0,01094 kr anununa 80,1 r adupa, HMeeT JaBlieHHe
napa30,444n 10® Ia npu 288,46 K. Tenora ucnapenus spupa 375,70 %
X 10° Ix/kr. Bryncnte MosexyaspHyio MacCy aHHJIHHa B pacTBope.

28. Onpegennre npoueHTHHIA cocTas u MOJIEKYJIIPHYIO Maccy yIJIeBo-
AOpO1a Ha OCHOBAHHH CJENYIOUIHX AaHHEIX; u3 0,2.10-? kr BemecTsa 06-
pasyercs 0,687-10% xr COy un 0,1125-10-2 kr H,O; TeMneparypa 3aMep-
SaHud pacrsopa, cosepxamero 0,0925- 10~3 kr euiectsa B 0,01 kr Genso-
/13, HHXe TemilepaTypul 3aMep3anus Gensona na 0,354°. Kpuockonmue-
CKaf nocrosunas K ans Gensona 5,16°,

29. Bonuwilt pacTBop 3amepsaer rlx(pn 271,5 K. Onpenenute ero remnepa-
TYpY Kunenns u rasnenue npu 299 K. Kpuockonuueckas koncrauta sonsi

1,86° s6yanockonHueckas KoHcrauTa Boaw! 0,516%
npu 298 K pasuo 3168 ITa. 70 ARTICHHE flapa polt

30. [laBnenne napa soss! npu 293 K pasHo 2338,5 Ia, gasnenue napa
pactBopa 2295,8 Tla. Onpenennure ocMoTHYECKoe RasJjeHue npu 313 I%
€CJH TIOTHOCTb PacTBOpa npu SToft Temnepatype 1010 kr/m®. Mounexynsip-
Hasi Macca pacTBOPEHHOro BelllecTBa pasHa 60,

3_1_; Temneparypa samepsanus pacreopa, cofepxamero 2,6152 x
X 10~* xr adupa sThaeHrIHKONA B 0,1 BORbI, HUMce TeMMepaTyper 3aMep-
3anus sogwl Ha 0,55635°, Onpenennre MOJIEKYJISIPHYIO Maccy 3dupa, eciin
TEIJIOTa IIaBJaeHHs Boant 6029 Jlx/Moab.

32, ;{epes 2,5-10-* m® Boant mponyBaiot cyxoh Bosnyx npx 283 K u
1,01-10° I[Ta. Onpenennre KOHLEHTPaluy a30Ta M KHMCJIOPOAA B Boje M0 [0-
CTHHEHHH paBHOBECUS, CYHTasl PacTBOp HAeanbubiM. Kosdduunents [en-
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pu npu 283 K pasHn! a5 asopa 677,14 107 [1a, mns xucnopona 331,44 X
X 10° Ila.

33. Pacrsopumocts rasoofpa3Horo 6poMoBOfOpoia B OGeH3osne MNpPH
303 K xapakrepH3yercs CHERYIOUHMH TAHHLIMH:

Mounsipuas goas . . 0,000612 0,005459 0,01149  0,2335  0,02913 0,04713
P,Mla . . . . . 1016,29 8460,64 25771,00 39053,77 46832,41 75537,79

ITpencraBbTe rpadHueckH 3aBHCHMOCTb pacTBopuMoctH HBr or nasaenus
H paccudTaiiTe cpelHee 3HAYEHHE KOHCTAHTH B ypaBHeHud [eHpH.

34. Ckonbko cepoBonopona pacteoputes B 0,004 M® Boant mpu 283 K
nox gasienneM 50,66-10¢ [1a? Pactsopumoctb ceposozopoja B Boje NpH
283 K pasua 5,16 kr/m® npH HOpMaJIbHOM JaBJEHHH,

35. Bo3ayx umeer obbemubifi cocraB (%): O, — 20,96; N, — 78,1;
Ar — 0,9 1 CO, — 0,04, PacrBopaMocTb 3THX ra3oB B BOje IPH HOPMaJib-
oM pasaenud (M3/M%): O, — 0,0429; N, — 0,0209; Ar — 0,057; CO,—
1,424 (ra3 npuBegeH Kk ycaopusaM 10,132-10% ITa, 278 K). Paccuuraiite
[POLEHTHOEe COOTHOLIEHHe KOMIIOHEHTOB BO3JYyXa, PACTBOPEHHOTO B Boje
npu 278 K u pasaenun 10,132 10* Ia.

36. B cocyne BMectumoctsio 0,01 M® npu 292 K u 10° [1a Haxomurcs
kHcaopon. Kakoii o6bem Gensona cienyer 106aBUTL B cocyR, YToOb! AaBile-
HHe KHC/IopoAa noseicHsioch Ha 10,132-10* [Ta? PacTBopHMOCTb KHCJIOPO-
Ja B Gensouie npu 292 K ¥ HopMmasisnoM nasnienus 0,233 kr/md.

37. Kosdpduuuent 'enpu ans kucnopona B poxe 273,2 n 282,2 K pa-
Bex 0,04889 u 0,03802 arM~! coOTBETCTBEHHO. BHUMC/IHTE 3HTAJNBIHIO PacT-
BOPEHHOTO KHCJIOPOJa B Boje.

38. Ckoabko rpammoB CO, pactBoputcs B 1 1 Bogsl npu 293 K, ecan
HAX BOXOH HaxomuTcs BO3ayx c conepxanteM 0,03 % CO,, a o6neM rasa
(npuBenenuntfi k 273 K u 1,01-10° [1a), pacrBopensoro npu JaHHOH TeM-
neparype B 1 s Bogsi 1 P = 1,01-10° []a, pasen V = 0,878.

39. Koucrantsl ['eHpu 145 KHCJIOpOJa H a30Ta HPH pacTBOPEHHH HX B
soje npH 273,2 K pasuui coorsercreesno 1,91-107 u 4,09- 107 [1a. Paccys-
TaliTe NOHH)KEHHe TeMIepaTypbl 3aMep3aHHsA BOJB, BhI3BaHHOE pacTBOpe-
HHeM Bo3zyxa (80 % N, u 20 % O,) npu 1,0133.10% [1a. :

40. I'lpu 288 K BORHBEIA pacTBOp SHTapHOH KHCJOTHI, COREpXKauIui
12,1 r/n kHcnoTH, HaXoHTCA B paBHOBeCHH ¢ 3QHPHBIM PacTBOPOM, COAEp-
*Kauum 2,2 r/n kucnoTtel. KakoBa xoHuenTpauHs 3QUPHOTO pacrsopa fiH-
TAPHOH KHCJIOTH, KOTOPHI HaXOXUTCA B PABHOBECUH C BOIHLIM PacTBOPOM,
conepkauM 4,84 r/n kHcaoTH? SIHTapHasi KHC/IOTa HMeeT HOPMaJIbHYIO
MOJIEKYJISIPHYIO Maccy H B BOJe, H B adupe.

41. Ilpn pacnpefeneHus YKCycHOH KHCJOTH MeXAy TeTPaxJOpHAOM
yrjepoja 4 BOJOH ObIH MOJYYeHH ClENyIOIHe KOHUEHTPAlHH (Kr/M%):

BCCL . . . .. 2,92 3,63 7,25 10,7 14,1
BHO . .. .. 48,7 54,2 76,4 93,0 107,0

YKcycHasi KHC/IOTa B BORHOM PacTBOPE HMEET HOPMaJILHYIO MOJIEKYJ/ISIPHYIO
Maccy. OnpegennTe MOJIEKYASPHYIO Maccy YKCYCHOH KHCJOTH! B pacTeope
CCly ¥ ko3dxpHuHeHT pacnpene/eHus, '
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42. Tlpu pacnpefiestenuu deHona Mexay BOXOR H GeH30/IOM noNyYeHsi
CllefylomHe AaHHbie (MOJb/J):

BHO . ... . 00316 0,123 0,327 0,750
BGHs. . . . . 0077 0,159 0,253 0,380

Boiuncanre kosdpuunent pacnpenesenus K ¥ nokasatedb CTeHeHu n B
opMyie, onHcHBalowIell 3aKOH pacnpefie/leHus.

43. DeHosn HMeeT HOPMA/IBHYIO MOJIEKYJNAPHYIO Maccy H B BOJE, H B
amujiosom cnupre. flpu 298 K pactsop, conepxamuit 10,53 r r/n penona
B aMHJIOBOM CIIHPTE, HAXOZHTCA B PABHOBECHH C BOJHBIM PAaCTBOPOM, CO-
Aepxamum 0,658 r/n denona, Onpegennte Maccy (eHona, HOJYYEHHYIO H3
0,5 7 BoAHOrO pacTBOpa KoHueHTPauuH 37,6 r/n ABYKPATHBEIM 3KCTPArupo-
BaHHeM aMu/IOBbiM crHpToM. [lasi Kakporo skerparuposanus Gepercs no
0,1 n amunoBoro cupra.

44. Kosdduuuent pacnpefenenus uoga MeXJly BOJAOH H TeTpaxJ/iopH-
Aom yraepoga npu 298 K pasen 0,0117. B o6oux pactBoputessix HOx HMe-
€T OJHHAKOBYIO MOJIEKY/IAPHYI0 Maccy. Kakoii o6beM TeTpaxsiopusia yrie-
poja ciepyer B3fiTb, YTo0bl ONHOKPATHBIM 3KCTParHPOBAHHEM H3BJeUb H3
0,5 1 Bognoro pacreopa 99,9; 99,0; 90,0 % COfiePIKAIErocs B HEM HOAA?

45. Ckosbko Hozia ocraercs B | s BogHOro pactBopa, KOTOphiid 6bis1 Ha-
chiten npu 291K, nocne B3GanrbiBanus ero ¢ 0,1 51 cepoyriiepoia? Pactso-
pHmocth Hofla B Bofie 1pH 291 K cocranser 1 r na 3,616 n. Kosduument
pacnpeie/ieHns HOLA MeX1y BONOW W cepoyryiepogom 0,001695. Moneky-
JApHasA Macca HOAA B 0060HX PACTBOPHTENAX OBHHAKOBA.

46. KakoBo H0o/KHO Obith aTMOC(hepHOe HaBJjieHHe, ec/H pacteop, co-
Aepxamuit 5,35 r NH,Cl na 2 i1 Boap, kunut npu 373,2 K?

47. CkonbKO rpaMMoB HadTaiHHA HAZlO pactBopuTts B 120 r Sensoua,
uTOGH AaBsieHHe napa GeH3oua npu 323,2 K 6110 0,352- 10° [1a.

MHOTOBAPHAHTHBHIE 3AZIAYH

1. IIpu teMneparype T aaBienue napa pacTBOpa KOHUEHTPALHH C He-
H3BECTHOTO HeJIETYYero BelecTBa B JKHAKOM pacrBopHresie pasno P [la;
MJIOTHOCTb 3TOr0 PCTBOPa d. 3aBHCHMOCTL JABJEHHS HACHIUIEHHOTO Mapa
OT TeMneparypel Haj JXHAKHM H TBepJHIM YHCTHIM PACTBOPHTE/EM NpHBefe-
Ha B tabauye (c. 167—170): 1) Boiuuciure MOJIEKYJIIPHYIO MACCY PACTBOPEH-
HOTO BEleCTBa; 2) OnpejesnTe MONSAPHYIO H MOJSILHYIO KOHUEHTPAUHH
pactBopa; 3) BHIYHC/IHTE OCMOTHYECKOE JaBJiCHHe pacrtBopa; 4) nocrpofite
KpuBylo P = f (T) qjis aHHOTO pacTBOpa H PacTBOPHTESS; 5) onpegenure
rpaduyecku TeMneparypy, npH KOTopoil AasieHue napa HaJl YHCTHIM PacTBO-
puteseM Gyger pasno P [la; 6) onpegennre rpagHyecKy noBbiLIEHHe TeM-
flepaTyphl KHNEHHS NpH AaBjeHHH P pacTBopa NaHHON KOHUEHTPAUHH C;
7) BLuHC/HTe 30YJIIHOCKONHYECKYIO TOCTOSIHHYIO BCEMH BO3MOMKHHIMH
CNIOCOGaMH H CPABHHTE ITH BEJIHUHHLI MEXY cOGOf Np¥ HOPMAILHOH TeM-
neparype kunenus (Tq.,..); 8) onpesennre nouxenne TEMMeparyphl 3a-
Mep3aHHs pacTBopa; 9) BEIYHCIHTE KPHOCKOMHUECKYIO MOCTOAHHYIO.
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Maccosoe co-
by Monekyasp- d-10-3
. AepAaHHe He- " P, Ma T. K o
R | achunen e

1 0,5 18 1598 288,2 1,000
2 8 27 38714 278 0,750
3 5 28 31 740 69 0,850
4 8,5 30 33 841 114 1,300
5 5 32 16 106 306,7 1,590
6 9 34 55 000 207 1,985
7 8 44 650 000 223 1,500
8 7 46 2375 283,2 . 1,210
9 5 52 91 212 252,5 2,900
10 4,5 52,5 776 1991 6,800
11 5 58 35 896 303 3,560
12 6 64 7328 216 1,500
i3 3 68 12 420 149 1,780
14 3- 78 5807 283,2 0,750
15 6 81 49 431 194 1,210
i6 5 83,5 84 990 119,6 2,160

2. Ha ocHoBaHHH JaHHKHIX O PACTBOPHMOCTH I'a30B B BOJE NpPH Pa3/iHy-
HBIX Temneparypax H npH obuieM JaBjieHHH (rasa u napos sojw) 1,01-10°
[1a (cm. Ta6anuy na c. 208) paccuuraiite cpelHIO TENJIOTY PacTBOPeHHS
rasa B BOJie H CPABHHTE MOC/IENHIOI0 C TEN/IOTOH KOHAEGHCAUHH PACTBOPEH-
HOTO. ra3a. YcTaHOBHTe rpadHyeckH 3aBHCHMOCTb PACTBOPHMOCTH rasa B
BOJZie OT TeMilepaTypel H JaB/ieHHs. Buluuc/iNTe HHTEPBaAJ 1aBJIEHHS, B KO-
TOPOM PAcTBOPHMOCTL NOAYHHAETCS 3akouy [epH.

FrMTABA X1V

FETEPOTEHHOE PABHOBECHE B BUHAPHbIX CUCTEMAX,
COLEP)XAILUX XHUIAKYIO U MAPOBYIO ®A3bi

OcHoBHble ypasHEHHSt H CHMBOJbI
K., c. 363—394; I',, 7. 1, ¢ 185—204]

s HieanbHBIX PAcTBOPOB KOHUEHTPALHS i-TO KOMIOHEHTA B Ndpe H B
KHIKOH (a3e cBfi3aHa ypaBHEHHSAMH

no PR o«

Py
xA P x’x’ xg =

— X8 (XIV.1)

Ilie XA M XB — MOJISIpHbIE J0AH KOMNOHeHToB A u B B nape; ¥x u 1 —
MOJIsipHBIe 101 KoMioneHTOB A H B B ugkoil pase; Py u P} — xasne-
HHSA HACHII[EHHOTO napa HaJ YHCTHMH KOMIIOHeHTaMH A H B; P — o0ujee
AaBJIeHHE HAJ| PACTBOPOM.
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Tenunora HCHapeHHs CMECH ONMHChLIBaeTcs VpagHeHMem

AH"CUZE“‘HH@H.Ax)il\(_f'AHucn.Bx)li;, (X1v.2)

rae AH ., — Tennota uchnapenys 1 Moab pacysopa; AHpena — Ten-
JnoTa Henapewus 1 mosis Beiliectsa A; AHuenp — 1ef0Ta  McHapenHs
I mMone BemectBa B.

s peabHBIX paciBepOB KOHUSHTPALEA i-F0 KOMDOHEHTAa B nape.

' CBA3aHA C aKTHBHOCTLIO 5TOMO KOMIIOHEHTA B KUAKOU ('paae:

2 Py
A= 5 aa; x§=._p_aB, (X1V.3)

TAe ap M G — AKTHBHOCTH KOMIOHEHTOR B PacTBOpe.

Coorxowenre Maccs 1apa u Macchl KuIKOCTH NPH 33AHHBIX yCJIOBH-
X, ©CJIH CHCTEMa reTeporeHHasi, olpeleniercss NO NPaBUIy poiuara. Eciu
Ha JHarpaMme xMNeHHs Ha OCH aGCLHCC OTJOXHTb MaCCOBYIO OO, TO

e M n= (W w) (e By (X1V.4)

rlie m" — Mmacca napa; m — Macca CHCTeMEI, @ — MacCCOBbIil COCTaB CH-
crembl, %; w" — MaccoBas KoJs napa, %; w*— MaccoBas Jonisi XKHIKOCTH,
%. Ecau xe Ha ocy 36CHECC OTAOKATH MOAAPHYIC 100 B HPOLEHTAX, TO

n/n == (X% — g} (XK gy, (XIV.5)

Hasnenne HacumerHoro napa B o6s1acTH ¢yuieCTBOBAHHS reTeporeHHoN cu-
CTEMBI, KOMIOHEHTbI KOTOPOH OTPAHH4EHHO PACTBOPHME APYT B JpyTe, 6y-
Iet paBHO :

P=P,+ Py, (XIV.6)

rne Pp 0 Pp — napuuajbubie jasiedusn; P — obitiee  L4BheHue napa.
B rereporenoii o6;iacti Py = const, ps == const. JlaBrenHe HacHmen-
HOTO napa Haj reTeporeHHOH CHCTEMOH, KOMIOHEHTH KOTOpOfl B3aHMHO
HepacTBOpHMBI, OyeT paBHO

P=PL+PY,

rae PR W Ph — jaBiieHys HaCRIERHOTO NADa HAL YHCTHIMH KOMIOHEHTAMMN
A u B. CoctaBbl Napa M KOHAEHCATE OARHAKOBLL,

(XIV.7)

Rp[np=xp/xp==P{/P} (XIV.8)

TAE o H ng — WHCIO MoNiell Komnokentos A v B. W3 ypasuenus (X1V.8)
BHIIHO, YTO COOTHOUICHHE YnCes Mosiell KoMIloHeHTOB A # B B nape H B Kok-
A€HCaTe He3aBHCHUMO OT HX COOTHOMWIEHAN B MCXOLHON CMecH. Maccosbe co-
OTHOIISHHS, KOMIIOHEHTOB B KOHACHCHTE -
my jmp =M, PX/(ME ﬁlg (XI1v.9)
Ecan npu neperotike ¢ BoissnM HapoM oHMM 43 KOMIIOHEHTOB S/SETCH
BOjla, TO
My ,0=mg 18P o /(My, PE), (XIV.10)
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e ri,0 — Pacxoll BOASIHOTO Napa Ha NeperoHKy mp Kr BeliecTBa B.
Ecnu B ypaBuenuu (XIV. 10) mg = 1 kr, 10

my,0=18P, 0 /(Mg PR), (XIV.11)

rie mu,0 — PACXOAHbH KO3MDPHLUHEHT BOAAHOIO Napa Ha NeperoHky 1 xr
Bewecrsa B.

3AZIAYH C PEHIEHHSAMH

1. Tlpu 313 K paBnenus napos auxjiopatana u Gewsona pasHel 2,066 X
% 10%u 2,433 10% I1a coorsercrBedno. Kaxue MOXKHO cleNiaTh BLIBOAH Ha OC-
EOBaHUH CJEAVIOWUX IKCIEPHUMEHTAIbHLIX MApUUAJIbHLIX JaBieHdi Id-
XJI0p3TaHa U GeH30/1a NPH HECKOJbKUX 3HAYEHHAX KOHUESHTPALMii;

Yo, - e e - 0,130 0,257 0,560 0,695 0,972 0,875
Pepcl, 104, Tla 1,791 1,507 0,933 0,664 0,429 0,247
Poy,-10-¢, Tla . 0,293 0,648 1,347 1,663 1,933 2,140

Onpepenure cocraB cMecHd, Kotopas OyJeT kuneTs npH Jasjennu 2,267 X
% 10% [1a, 4 JaBieHue, NPH KOTOPOM 3aKUNUT CMeCh C MOJISAPHOI JoJiell Geu-
30712 40 %.

Pemenue. [locrpoum puarpaMMy 3aBUCHMOCTH JaBJEHHS OT CO-
craBa cucreMsl npu TeMnepatype 313 K (puc. 21). Ha ocu abcuuce ornio-
HuM MONAPHYIO JoJiio JuxsopataHa B %. Ha ocax opaunar orioxkuwm aae-
JIeHus MapoB YHcToro Juxsiopatana PEu, ci, ¥ uucToro Gewsona Pdy,.
3arewm coequnuM npamoit Toukd P&y, 1 P& H,c1, ¥ npoBeeM NpsMbie THHAY,
COENUHAIONINE HaYa/la KOOPIHHAT ¢ TOUKaMK Plu.c, #u Pen,. Oru au-

HHAH MOKa3biBAIOT 3aBHCHMOCTD

Pt O0Iero JaBrJeHdsl U Napuualib-
y HBIX JaBjieHUll HaCHINEHHOro
|4 o o P

20t P cpm,ct, Napa Haj OuHapHOH cucremod

OT COCTaBa HpH YCJIOBHH NOJ:
YHHEeHUs pacTBOpa 3akoHy Pay-
as. Hauxecem wa 3toT rpaduk
TOYKH, COOTBETCTBYIOLIHE 3JKC-
0+ NEepHUMEHTANILHBIM ~ 3HAYSHHAM
NapuUasibHBIX JaBJeHHH KOM-
NOHEHTOB, ¥ CYMMbI NApIHa/ib-
45t ubx fgasnewnit. M3 rpaduka
BHIHO, YTO B Npelejax OUIH-
0 A . . \ 6OK omuiTa pacTROP MOMKHO
Gells 10 08 06 04 02 0 CUUTATh MOJUMHSAIOWHAMCH 3a-
o 61 0% 9 96 10GHLl,  gowy Payas, mam coBepien-
Moaspran doss, 7, HeM pactsopom. Ilo rpaduxy
HEXOIUM, YTO NpH JABJCHUH

Puc. 21. 3aBucumocts mapilmadsubix n ofute- P = 2,967-10% I'IE kanets Gy-

FO AaBjeHHsi mapa OT COCTaBa CHCTEMH . o
CeHg—CsH,Clp mpr 313 K JeT pacTBROpP C MOJIIPHON JoJieit

S
Uy
T
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AuxJaoparana 62 %, a pacTBop ¢ MonsipHO# Kostet Gensona 40 % 3axunuT
npH aasnenuu 2,200-10* Ila.

2. HPH 323 K nonyuens ciefyiouye NapuHajibibie 1aBAeHHs HAJ
CHCTEMOH JAUXJIOPITAH — STHJIOBBIH CAUPT:

PC,HOHX | PoH,CLX P X | P X

*C;H,0H xlos—“, Ma xls—“. .Ha *C;H,0H xlco’y".mrlxa x%ﬁ‘?,“na
0,1 1,139 2,860 0,6 2155 |  o2.464
0.2 1.773 2740 07 2,260 2,949
8’3 é ,ggg g,ﬁgs 0.8 2.417 1,843
X . 652 0.9 2,672 14
05 2,085 2,585 L7

JlaBnenye HackeHHoro napa Hajl YHCTBIM 3TH/IOBBIM CIUPTOM NPH 3TOH
Temneparype 2,960-10* Ila, a wag wucreim guxnopsranom 3,113-10% Ila.
Boiuncaure obuwee fasnenne Haj cHcTeMOil NPH BCeX 3aJaHHBLIX KOHICHT-
pauusx. Ilocrpoiite nuarpammy 3aBHCHMOCTH HapuManbHuX ¥ obiero xas-
JIEHUS HACKIEHHOrO Napa OT cOcTaBa cHcTeMmbl. ClenaliTe BHIBOJL OTHOCH-
TEJIbHO XapakTepa pacTBOPOB, KOIXDHLUHEHTOB aKTHEHOCTH KOMROHEHTOR
PacTeopa, U3mMeHeHus o6beMa NPH CMEINEHAU M TLHJIOBOM 3¢dexTe cMmeitie-
HHSA.

Peuwenue. HaocioBauuu NapuyaNbHLIX JaBNAeHUH BLIYHCATEM 00-
n(ee JapjieHHe Hall CUCTeMOi !

XCHOH » « + + v o o 0,1 02 03 04 05 06 07 08 009
Pa0-4, Ta . ... .. 3,999 4,513 4,639 4,677 4,670 4,619 4,509 4,260 3,819

3nas napuuaibHOe M OOWmEe JABJNEHHE HACHILEHHOrO napa npu Bcex
SallaHHbIX KOHUEHTpAauusix, crpoum rpadux P = f (xc,m,o0n) (puc. 22).
Kaxk BHAHO u3 puc. 22, 3aBHCUMOCTH MApUMANLHBIX NABISHU C,HsOH u
C2I:I4 Cl; 1 obutero gasiienHs HeJuHelHbie. 3HAYSHHS ONBITHBIX JaBJie-
HUH J/IA BCEX COCTaBOB GOJiblile JaB/ieHHs, PACCYHTAHHOrO NO 3aKoHy Pa-
yJis. OTciolla MOMKHO CIe/1aTh 3aKJHOYSHHE, YTO pactsop cocrasa CoH,OH—
— C,H,Cly Hecoepuenusiii, nMeeT nonoXUTEILHOE OTK/IOHEHHE OT 33KO-
Ha Payns. KosduuuenTsi akTHBHOCTH KOMNOHEHTOR pacTsopa npH Bcex

- KoHUeHTpauusx Gosbwe enunnut. CrieloBaTenbHo, npu o0pa3oBanuy Ta-

XOro pacrsopa ofbem pacTBopa GoJibllie CyMMBI OGBEMOB €r0 KOMIOHEHTOB;
Tensiooit ekt AH., NOJOKUTENLHBIA, TENJIOTA NOT/IOUACTCS CHCTEMOR
npd 06pasoBaHyuy pacTBOpa. :

3. Ilpn u3yyenuu pasHOBecHS cHCTeMBI XJIOpOPOPM — NHUITHIIOBHIT

3dup npu 298 K Guii nosyyenst crenyiouse Napuya/bHbie JaBJIEHHS HACHI-
IEHHOro napa:

xC,H.OC.H. e e s e e 0 0,2 0.4 0,6 0,8 1,0
Peoc,n, 1074, Mla . 0,000 0,460 1,287 2,666 4,003 5,333
Peycy,+10-%, Ta . .. 1,933 1,480 0,920 0,460 0,165 0,000
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[Noctpoiite rpadukyu 3aBECEMOCTE HapUHAJMBHHX K OOLEro JaBJieHusA
HACKHII{EHHOTO Hapa ot cocrasa pactBopa. Clenafite 3aK/HOYEHHE OTHOCH-
TeJIbHO XapakTepa OTKJIOHEHHS OT 3akoHa Paynd, o Kosdduunenrtax ax-
THBHOCTE KOMHOHEHTOB DaCcTBOPA NMpPH BCEX KOHUEHTPALKAX, H3MEHEHHH
o6beMa NpH 06pa30BAHHK PACTBOPA H O TenJIOBOM 3(xpeKTe CMelleHHs .

Pewenue Ha ocHOBaHHE npHBeJeHHBIX NMapUHAJbHLX AaBJAEHHH
BLIYHCAMM ofliee JaaBjiedne W noctpouM rpadwkd Penc, =f (%),

Pengocem, = f (), P =[(x), raex—
mosisipHas jons sdupa (puc. 23). [o xa-
paKTepy KPUBHX BEHIHO, YTO PaCTBOPHI
. NPHE BCeX KOHIEHTPAUKAX HE MHOAYH-
HaloTCA 3aKoHy Payssa. Hab6aonaercs
OTpHLATEbHOe OTKJAOHEHH® OT 3aKOHa
Payna. Orpruarenbyoe oTKIOHeHHe OT

601

o o B
40

Jat

10, e~

Percsy
0

8 e 1 . ey
| A CHCLI0 08 06 04 02 0
CALLIO 08 g5 04 B2 40 Qg a2 g4 06 08 {0(C2H5)20
40 02 04 0F 68 1OGHM Mosapran 048 | */,
Mangpman fosn, */,

Puc. 23, 3asHcHMOCTb NapuHaJbHHX H 06-
Wiero AaBJeHHs llapa OT COCTaBa CHCTEMH
CHCl3—(C;H5) 20 npu 298 K

Pue. 22. 3aBHCHMOCT NMapuuan-

uulX ¥ oflero JasJieHus napa

ot coctasa cucreMsl C.H,Ci—
C.HsOH npu 313 K

JIHHEMHON 3aBHCHMOCTH YMEHbLIAGTCS ¥ CTPEMHTCA K HYJ/O NPH HPHOJIH-
KEeHHH KOHUEHTPallHy KOMIOHEHTa pactBopa k efnnuue. Koadpuipentsl
AKTHBHOCTH KOMIOHEHTA PAcTBOPA NPH BCEX KOHUEHTPAUHAX MeHblle efi-
Hrpbl. ClieloBaTe/ibHO, NpH 06Pa3UBaHHK PAacTBOPOB OOBEMB MX MeHIle
CyMMH OOBEMOB KOMIIOHEHTOB; NPH OOpa30BaHHK PCTBOPOB BbiJEJ/ISAETCHA
tenota (AHqy, << 0). .

4. Tlocrpoiire rpaguk 3aBHCHMOCTH COCTaBa Hapa OT COCTaBa XUAKOH
(asbi 455 cHCTeMbl ABXJOp3Tal — Gensox npu 313 K, eciiu u3BeCTHbI cJe-
JYiOIHe SKCHepHMEeHTAIbHBE JaHHbIE:
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BCH, + e 0,130 0,257 0,560 0,695 0,792 0,875
- Pepg, 104 Ma oo 1,790 1,507 0,933 0,664 0,420 0,247
Pey,-10¢, Ta . . . ., 0,292 0,648 1,347 1,663 1,933 2,140

I[Tpu 313 K nasnienns napos guxsopsrana ¥ GeHsona paBru 2,066 X
X 10* & 2,433-10* I1a coorsercrenHo. ,

Pewewnue Ilo ypaBuenno (XIV.1) Beiuncaum cocras napa, saja-
BaAcCh onpejiefieHHHM COCTABOM XKKIKOH hasni. O6liee NaBeH e Hall CHCTe-
Mo# paccuutaem no ypashenwio Jasbroua KaKk CyMMy NapuHaibHLIX JaB-
JIEHH ]!

xé‘,H. C e 0,130 0,257 0,560 0,695 0,792 0,875
xg‘H. ......... 0,152 0,290 0,598 0,727 0,816 0,89
P.10~4, Tla . .., .. . 2,083 2,155 2,280 2,327 2,362 2,387

Ha ocnosaunun NOJNYYSHHbIX JAHHHX CTpOHM—I‘pa(ﬁ)HK 3aBHCHMOCTH COCTaBa

Nnapa OT COCTaBa JKHAKOH dasm xc,u, = f (xcn,) (puc. 24). Us rpagpuka
BHIHO, YTO B N1apax KOHUEHTPaLys Gensona GoJibule, YeM B XKHUAKOH dase.
Ha pasnnuni cocrasos xmuakoft dass i napa ocoBaxo paspenente ABYX
KOMITOHEHTHBIX PACTBOPOB.

TK
J50r

. Jq
o Of
=
PR 330
[ 04
8

$

gg a4 / 20

T 51
e T oo My

020 4 67 60 0CCL
000 80 60 40 2 g *

Monsgnag  doss C}Hﬁ I
o Moaspran domm, °/,

wudkod  gase ¢/,

Puc. 24. 3asucumocts cocrasa

napa Ot coctasa Kuakofl ¢pasw

ana cucrema  CgHa—C,H,Cl,
npu 313 K

Pue. 25. uarpaMMa xunemus cacTemu
(CH3)s0—CCly npn 1,0133.105 I1a

5. Ilpoananusnpyiite pasoBoe cocTosiHKe CHCTEMN CCly — C,HzOC,H,
Ha OCHOBAHHK AHarpaMMul KuNerus (puc. 25). IlpoBegute ananns npouec-
Ca HarpeBaHus CHCTeMbi C mosipHO# goJelt CCl, 50 %.

Pemwennre Bumwe kpusoif abc cocTaBa HacmueHHOrO napa Bee cuc-
TEMbi HAXONATCA B COCTOAHWH mapa. CHCTeMBI TOMOreHHBIE, OfHO(a3-
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nbie. Huxe xpHBoi adc coctaBa kunsimel RHUIKOCTH BCe CHCTeMH HAXoaT-
ci B xuAKkoM cocrosuud. CucreMbl roMoreHssie, ofunodasnbie. Mexay
KpHUBbIMH abc U adc cucrema rereporenHas, ABe (pashl, XUAKOCTb U nap.
s onpejenenus coctaBa PaBHOBEeCHBIX (a3 yepe3 TOUKY 3aJaHHOro co-
cTOsIHUA HeoOXOJIUMO HPOBECTH H30TepMy, TaK Kaxk (asbl, HaXoJalluecs B
‘paBHOBECHH, JOJIKHBI UMeTh oIHHAKOBYI0 TemMiepatypy. [Tepeceuenue uso-
TepMBbI C KpUBOH adc cocTaBa KUNseH XHAKOCTH JlaeT COCTaB KHMAKOH (a-
36l, KOTOpBIf onpenensieTcs no ocH abeunce. [Nepeceyenre H30TEPMHI ¢ KpH-
Boll abc wacHlienHoro napa jaer cocras napa. Tax, cHcTeMa ¢ MOJISIpHBIM
cogepxanuem CCly 40% npu 338 K — rereporennas (touxa €). Ona co-
Jepxut JBe (asbl, HaXolsuHecs B paBHoBecud. Ofna dasa — xunsuas
AHUIKOCTL ¢ MOIAPHBIM cofiepxkanueM CCly 50%, Apyras — HachieHHbIH
nap ¢ MojsipueiM copepxanueM CCl, 24 %. Eciu Xuikyio cHcremy ¢ mo-
nsapHeiM cofiepxanteM CCly 50 % (touxa f) Harpetsb Mo 338 K, T0 Hauuner-
cs1 KUNeHUe cucreMs. MossipHRI cocTaB napa, HaXoAsWErocs B PaBHOBe-
CHM ¢ KUnsawed Xuaxoctsio, 6yaer 24 % CCl,. Cocras napa Gefuee Terpa-
XJIOpHJioM yriiepoa, dem Xuaxocts. M3 Xuuko# ¢pasul B nap npeumyuyect-
BeHHO yXoZuT AM3THAoBBIA 3¢pup. Orciofa Xxujkas ¢asa obennsercs
C,H;OC,H; 1 ee coctaB wmeHsieTcs, Kak 370 HOKa3aHO CTPeJIKAMH Ha
puc. 25. BMecre ¢ U3mMeHeHHeM cocTaBa KHAALIEH MUAKOCTH MeHAercH H co-
CTaB napa, HaxoJsllerocs B paBHoBecuu c HeH. M3menenue cocraBa napa
nokasaHo crpesixamMy Ha xpHBoil abe. [1pu 342 K B paBHoBecHH OyAyT Ha-
XOJUTBLCA Nap ¥ XKHAKoCTh., MoasipHbie coctaBul XKHAko# ¢pasel CCl, 65 % u
napa CCl, 35 %. HM3amenenue coctaBa MHAKOCTH H napa H TemrepaTypbl
thazoBoro paBHoBecHs1 OvJeT HPOHCXOAUTL J0 TeX Nop, foka cocTaB napa
HE CTAaHeT paBHLIM cocTaBy HcXofHoll xuikocry f. Ilpu 345,4 K wounsip-
Hulil cocraB napa 6yner 50% CCl,, Bes xuakas (asa npespartHrtes B nap.
Cucrema craner roMoresHoll. MoJisipHbI#l cocTaB NoC/NefHeH KanyH JKHIKO-
cra 84 % CCl,. [@lpu nanvHeiilieM HarpeBaHHH COCTaB Napa MEHATbCA He
6yner.

[Mpouece oxyaxpeHus cucremn ¢ monsipuoft joneft CCly 50 % Gymer
oOpaTHbiM pazobpanuomy. [Tycth HcxonHas cHcTeMa HMEET MOJISPHBIH coc-
taB 50 % CCl,. ITpu 350 K 3ta cucrema (Touka g) HaXOMUTCH B COCTOSTHHA
napa. [Ipu oxsaxnenuu ee no 345,4 K cucrema craner rereporenHofl, no-
ABUTCH NepBas Kamis Xujaxkod ¢ass. Ee monspHuit cocras 84 % CCl,.
Tak kax u3 napa B XHUIXYIO pa3y npeumyutectsento yxonur CCl,, To nap
obennsiercsi CCl, # ero coctaB U3MeHsieTcsi o KpHBoH abc. Bmecte ¢ H3me-
HEHHEM COCTaBa fapa MeHseTcs H CocTaB XUIAKoH (asm, Haxopsueiica c

napoM paBHoBecud. M3meHeHHe cocrTaBa KHOsHeH MHIKOCTH IPOUCXOJHT -

no xKpupoi adc. M3venente cocraBoB xHAKOH Y napoBoil (a3 NpHBOIHUT K
u3MeHeH Mo TeMnepatyphl XouJencauuu. [Ipu 338 K coctaB xuukoit pasbl
CTaHeT pPaBHBIM COCTaBY HcXofHoro mapa. IIpu stolt Temneparype cHcrema
craHeT romoreHHoil, HcuesHer nocjefHss nopuHsa napa. [Ipr gajnbueiiem
OXJIAXIEHHH COCTAB XHUIKOH (asbl He H3MEHAeTcs.

6. Omnpenenure Maccy CCly; u C,HOC,Hy B x)unxoit ¢ase u B mapax
(pHc. 25), ecint 1 kr cHeremsl ¢ MoJisiphbiM cofiepxatuem CCl, 50 % narpers
Jo 342 K.

214

AH .y > 0.

' porewa. B paBHoBecHM HaXxopsaTCH

Pemen 4 e. PaccuntaeM Ko/NHueCTBO BeILECTB,HAXOASIINUXCS B XKUJ-
Ko# o napoBoit pasax, no npaBuny puidara. Tak Kak Ha IuarpaMme
(pHc. 25) MonspHHIl cocTaB BhipaxeH B NPOHeHTAX, TO HeOOGXOAMMO BOC-
noJib30BaThCs ypaBuenneM (X1V. 5). Cuauana onpegesnM koJuuecTBo MO-
JIeH BElECTBA, KOTOpoe CollepkHTCs B cHCTeme Maccolt 1 xr. s 3rtoro
BbIYHC/IHM CPEHIO MOJIEKYJISIPHYIO Maccy:

Mep=154.0,5-4-74.0,5=114.
B 1 xr cucremn cogepxurcs
1000/114=8,772 CCl"H C2H5OC2H5.

MousipHnie cocTaBbi CocyiecTBYIOWMX a3 npu 342 K (%): ®unkas CCl, —
61; C,H;0C,H, — 39; napooSpasas CCl, — 35, C,H;OC,H, — 65, 'Tlo
ypasuenuio (X1V.5) naxonum
n"=8,772 (0,61 —0,50) /(0,61 —0,35) =3,711 moas,
n¥=8,772—3,711 = 5,061 Moab.

[To cocrasam (a3 onpeenum UHCIO MoeH KOMIOHEHTOB B KaxJjo# gase u
Maccy KoMnoHeHTa B 6ase:

Dasa n ncel, Il MCCler ¥* [ C,H,0C,H; | MCyH0C,H,» KT
XKunkasn ' 5,061 3,087 I 0,475 I 1,974 1,1
i ’ r ’ L 4
ITap i 37 1,299 0,200 2,412 0,178

B cymme nonyunm: 0,47540,200-4-0,146-40,179=1,000 kr.

1. Tlpoananuskpyiite pa3oBoe coOCTOSHHE CHCTEME] CS, — CH,COCH,
Ha OCHOBaHHY JUArpamMMbI KHNeHHs (puc. 26) u npoilecca HarpeBaHus CUCTe-
Mbi ¢ wmosisipuoit goneit CH,COCH,

80 %. T
Pemenue.  Cucrema CS,—
CH,COCH,; xapakrepusyerca nono- °0f e

MKHATENIbHEIM OTKJIOHEHHEM OT 3aKOHa
Payns. BstoMt cnyuae xosddumnents
AKTHBHOCTH  KOMIIOHEHTOB  pactBopa
GoJibille eNUMHUULI, NpH 0OpasoBaHHHU
PacTBopa ofbeM yBenIUYHBAETCH, Tel-
JIoTa noIVIoaeTcs, AVey >0,

Buime xpuBo#t abede cocraBa mach- 3y
LIEH:IOTO 1apa CHCTeMa roMoreHHa, (asa
oaHa — nap. Huxe xkpuBoil agefe co-
CTABOB KHHsIIeH KHUAKOCTH CHeTeMa ro-
MorenHa, dasa ofna— xujaxas. Mexny
KpUBBIMH abcde ¥ agcfe cicreMa rere- f;‘e;j 6. %nsazrz%nmacoxgﬁemn o

10133105 a =

020 4 60 B0 TICH,OL
S, @ w0 G g
Messipras Jons, ¥,
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KUAKOCTb H Map. Cocran napa onpeaeisercs NO KpuBoH abcde, cocras

XUAKOH (aswl enpenensercs no xpupoi agefe. Touka ¢ — aseorponHas.

CMECh, 3Ta TOUKA Xapax yeTcs 0IMHAKOBHIM COCTABOM KHIKOH (asbl
4 uapa. - ) .

Flpocmenuy  ppout o0 HaTDRBRHHA  CHUCTEMB  © MOJAAPHOHM  jgoneH
CHCOCH ., 80 % W g 3175 K cuctema #Maxas, roMorenuas.
Tlpn 2175 K raw 28 KHACRYE cHeteMul. Monapusii coctan napa 82 %
i LCO0H .. Tar # S0TAUE C2POYITICPOACM, HeM KUIKGCTD, TO XMHIKanA
ofepHaere: G TIEDCAOM ¥ 8 COCTAB H3MeHsiercs. Bmecte ¢ usme-
HeM cOCTaBa A4UIKoR Gasu Mensiered M Temnepartypa kunenus. Mame-
veHle COoCTaBa KUIKOR Dast BeieT U K H3MEHEHHIO COCTaBa HACKIIEHHOro
papa, HaXoRAIerocs © PARNOBECHA £ XUAKOH (a3oit. Ha nuarpamue uave-
HOHESE COCTABOE D00 0T 03Typid TOKasanu crpeaxamy. Ilon 323,7 K
GCTAD NEPE CTEUOANICA DOBIRHM CUTT2RY MCXOAHOR WuAKol cherewnt. FpH
TeMBEDATYPe Cue3aeT MocAe s Kanas Kulkod dasbl. e MoaapHbi
pan 94 % CHAOCH ;. [laaee cuctemMa CTAHOBHTCH 1OMOTEHECA ¥ IPO-
YCKCANT HApeBaKke dapa. Cocias CUCTeMbl HPH 3TOM MEHATRCH He DyIeT.

Oxaa¥ienus o W Ha EHEIAMME KUITEHHA OTDaK3eTCA U3MeleHneM
GaGBOTO  COCTOMEM  Calremul B ohparTHo  nocdegomartenwuoctd. [lpu
323,7 K uaunnasics goyiencanns cacreMpl, Monapreid cocras nepuoh Kan-
ny KoHpeucatz 94 % CH,COCH . M3 napa Npeusynectseso 3 MUKy
hasy nepexoant auetot. OTCORA BELHO, 9To Nap O0Orallizercs cepoyraspo-
1. Coctar napa M 1eMIepATYpa YOHACHCAUNH MeHaoTeR. Buecte ¢ Hame-
SEHIIeM COCTABY HApa MERseTes H COCTAIB MMAKOH dasbl, HaxoiameHca B
JABLHOBCCIH © AapnM. 115 5 W cocTaB KukKo# 9alsl CTAHOBHTCH TAKHM
WO, K8¥ B COCTAB HCxCANOTD Mapa, KoHIeHcauns 3axagnunaeTcs. CHorema
CTAHOBHTCH TOMOTLtilioH.

8, Onpeleaute, Kakofl KOMIDHEHT ¥ B KAKOM KOJHYeCTBe ¢JielyeT JO-
Sanate K cucreme (S, — CH CUOOH , ¢ monsproit noneit CH COCH, 80%,
UTOALT HOJAYYHTE a3e0TpOmIYI Cuech, MOJRpHe coctaB xotopo#t 37 %
CH ;COCH ;. Macca cucremnl 1 Kr,

P ewmenne Mexopdas cMeck GelHee CepoyryiepoIoM, YeM aseoTpoll-
ian., CaejoBareinHo, Henfixolimo J002BRATh K CHCTEME CePOYIViepO], YTO-
O8] HOAYUUTB 43 UCXDARCH CHoTeMBI a3e0TponHyio. CHavana paccyuTaem Ko-

oy

AubecTno Mosell B § ki nexonnoi cuetemsl. JLng 3TOro onpexenuM cpeiHion’

MOJICK VISPHYIO MACCy HCXDIHOTO PacTBOpa:
Mep==76-0,24-58-0,8:=61 6.

it 1 xr pacrsopa copepynres 1000/61,6 = 16,234 monb. B 1 Kr pactBopa
16,234-0,8 = 12,99 mons CH, COCH,; ¥ 16,234-0,2 = 3,247 wmonb CS,.
Tax xax J00aBisATE CAefyeT Cepovriepof, TO KOJHYUeCTBO Moviel ale-
TOHA. B CHOTeME OCTaHeTes Oe3 M3MEHEeHWR M B a3e0TPONHOM pPacTBope
12,99 wonp auerona coctaBar 37 %. Ocransuuie 63 % RoaXeH COCTaBHTL
COPUYTAepPOa;

12,99 mMoab—-37 9%

. x=12,99.63/37=22,12 mMoJn cepoyraepoia.
X MoJib-—63 8

i)
o
i=r3

CresoBatessito, B aseorpon nepeiiaer 1,907 mors an

B pacrsope umeerca 3,247 moun cepoyriepois. ClesosaTenblo, 2o8aniTh
Heofxonumo 22,12—3,247=18 873 moas, uau 1 43 ki CS,.
8. Onpenenyre, KaKo# KOMIIONEHT ¥ CKONBKS O1C MOMKeT GhTE 4aioTo-
HO #3 1KY cnurenbt ¢ MoaspHolt foneit CH ,COCH, 86 9% (nuc. 26) pexru-
$rrauned 3 YdcTOM BHIE. ) o
Pewenne KonuuecTso moreit auerona cepoyraepoa B 1 ke cu-
CTeMbi.C MONADHBIM COlepaaHpenm auerona 80 % onnegensem no pue. 26:

—3 947 . 2 G
figs, = 3,247 nom: Ren,cocy, = 12.98% moms,

JIHTE PeKTHPHKALHeH B UHCTOM BHAE MOXHC TONLXO zueTol. Bech cepoyr-

nepo] (3,247 moan) nepeiizer B ASRCTPORHYIO Ch-ECk ¢ MOJAPHBIM COILPHI-

aHeM 63 %. Ocranbuuie 37 % B aseorponHom PACTEOPE COCTABUT ALLTOH:
3,247 monb—63 ¢}

X Moms—379

Tak Kaw AanEL coeTas HAXONATCH CORARA 0T 2320THONHON TOUK Y T LIREs

L

x=3,247 37/63 =1,907 mouxn.

YOUE, @ B HHCTOM BH-
Fe MOXHC BbieaHrs 12,98—1097=1108 mcin, wau 11,08 -58. 10-5—
= 0,643 kr aueromna. ’

10. Onpejennre axkTUBHOCTL u KOs(GULKEnT 2K TUBHOCTY CePOyracpo-
Aa ¥ auerotia B pactsope CS, — CH,COCH . » woropom MOSphas Aond
CH,COCH, &G % (puc. 26) npw 317.5 K. h

Pewenne ARTHENOCTL 060HX KoMBOHOHTOR ONpeleiuM G Ypas-
nerunto (X1V.3). O6uiee naBaenue noctosues ¥ pasuo 1,0133- 10° [1a. [lan-
JICHHUE HACKILIEHHOTO AP HAJ YHCTHIMH BelIeCTBAMU ORpeIeisdeM o ypas-
renio (X11.8): ’

o Py Al { b
P 2,328 \ 1, T, )

ITo n3BecTHLIM 3HAUEHHAM AABRCHHR HAChULEH LoD napa npH ABYX TéMire-
paTypax pactunTaeM TeNJOTY HCIAPeHHs:
AHuyen _ Ty 7» Py

io =

2,3026R  T,—7, © P

JlaBrenne HacheHHOro Napa HAXONUM 1O cnpaseunney [M.]. Onpeaesnsiem

AdBJICHHE HACHISHHOTO Tapa YHCTOTO BELWECTa NPH TpeTheit TeMRepaTy-
pe: )

AH 1 1) Ty (Ty3—T I
lEP?:lgP°+“—£€L(M——~—~):11P"= U= Ty) :
Uog3026R \ 1, T, S T =Ty f Py

[lonysennsie 3Havenus coaum s TabaHLYy:

Bewecrzo  |PO.107%, Ia | 7, K !pg-m‘? Ha{ 7T, K T3, K Pg-m”"', Ia
CH,COCH, 0,5333 312,5 l 1,0132 ’ 324,2 317 6
, R ,01¢ , ,5 0,6406
CSz. 0,5333 301,0 1,0132 319,2 317,5 0,9425
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Cocrae napa onpeleisiem o Jnarpamme kunexus (puc. 26):
%cs, =038 xcn,cocn, =062
acs, = 0,38-1,0132-10°/(0,9425- 10%) = 0,409;
2
Vs, =0,409/0,200 =2, 045;
108 -108) =0,981;
acu,coch, = 0.62-1,0132-10%/(0,6406-105)
YCH COCH. :0,981/0,800-’:1,226

11. ByTHJIOBHI CHHDPT OrpaHHuEHHO PACTBOPRM B Bojle. IIpoanainsu-
pyiite asosoe coctosinne cucremn C,H,OH — H;0 na ocuosaununng_
arpammbl (asoBoro coctosigis (puc. 27) NpH NOCTOAHHOM JABJEHHH, Np
BBINIAIOIEM [aBJIeHHS HACHIIEHHOIO Mapa Haj YHCTHIMH KOMNOHEHTAMH H
uag cucremoft. I1pocneure naMenenHe GpasoBOro COCTOSIHHS NPH OXJIAXKIe-

HHM CHCTEMBbI C MACCOBBIM COJAEPHKaHHEM

L. P C,H,0H 68 %.

Pemenue Tak xak BHellHee
ol JaBJ/ieHye NPeBHLIAeT [aBJICHHE HACH-
ooy C ieHHoro Napa Haj CHcTeMoH, To He Oy-
mr | JeT HaGJI0NATHCS KHIIeHHS CHCTEMK,
ol ¢ ’ PaccMoTpuM chavana (hasoBoe Co-
Hor e ‘ \ crosHne cucTeM. Boiue xpupoi aKb
o BCE CHCTeMbI FOMOTeHHBI, OJHa (pa3a —
3o KHUIKHI PACTBOP, COCTOALHH H3 BOAM
gfg a b ¥ GyraHosia. CHCTeMbl BHYTPH KPHBOH

fu

0" 2 W60 a0 wicuow aKb reteporensbie, Ape Xuaxre (assl.

HO100 80 60 40 20 & Kpreas aK noxasuieaer cocraBbl pact-

Maccoban dons, °/, Bopoe GyTaHosia B BOJE, Kpusaﬁ bK—

. pactsopor Boasl B Oyranone. [lag on-

f:;c,;,,ﬁﬁ' c&;il;f:MglﬂjOg??HB:(S%[ coc pelenieHHsi COCTABOB COCYHISCTBYIONIMX

orpaHHueHHoll PaCTBOPHMOCTBIO KOM- B PABHOBECHM JKHIKMX PAacTBOPOB Hepe3

neRenTes TOYKY, COOTBETCTBYIOILYIO 3aJaHHOMY

COCTaBY HPH 3ajaHHON TeMneparype,

crieflyeT npoBecTH H3oTepmy. Ilepeceuenne usotepmnl ¢ kpusbiM aK  bK
JaeT CcOCTaBhHl PACTBOPOB.

pu oxXnaxjueHuu cucTeMbl ¢ maccoBeiM copepxanuem C,H,OH 68 %

Jo 370 K — cucrema romorennas. IIpu 370 K nosButcs Bropas XujiKas

(pa3a u CHCTEMa PACCHOMTCHA HA JBAa pacTBopa. MaccoBbI COCTAB NOSIBUB- -

mefics Hosoit ¢aset 10 % C,H,OH. IIpu oXaaMaeHHH CHCTEMbI PACTBOPH-
MOCTb NoHHXaeTca. COCTaBH PasHOBeCHHIX (ha3 M3MEHSOTCs, KaK 3T0 Mo-
KasaHo, cTpesxamu Ha Juarpamwme. [Tpu 350 K maccossie cocrasni da3 6%
u 74 % C,H,OH.

12. IIposepbTe NpuUMeHHMOCTh K cucTeme OyraHos — Boja (puc. 27)
npagsisia NpsMoJHHeHHOTO quaMerpa Anekceesa.

P e w1 e u ne. Ecin oTpesky, orcexaemsie ot n3orepum 350 u 370 K xpH-
BuME oK n K, pasfiesvTs nonosiaM M Yepe3 LEHTPH ¢ M f MpoBeCTH Nps-
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MYIO JIHHHIO, TO 3Ta NpaMas npoiiger dYepe3 BCe aHAJIOTHYRBIE LEHTPH e, d
HT. 1. 4 IepecedeT KPHBYIO (PA30BOr0 PABHOBECHS B KPHTHYECKOH Touke K.

13. Onpenenure Macen H,O u C,H,OH B pacrsopax 6yranona B Boje
H BoZlbl B OyTaHosie, ec/I® 1 Kr cHCTemHl ¢ MaccoBoit tosedl C,H,OH 68 %
oxnaguts Ao 350 K.

Peuwenue UYnucao cocymecrsyiomux ¢as onpenessieMm no npaBUy
poiuara, Tax kax Ha ocu aGeuuce oT/IoKeHA MaccoBas JoJis B npoleHTax,
TO NPABHJIO pbIara Buipaxaercs ypastennem (XVI. 4). Cocraewl cocymect-
Bylouix ¢as npu 350 K onpenenum no puc. 27:

my/m=(74—68) /(74 —6),
rae my; —macca 1-it ¢ase; m — o6iasi mMacca creTeMbi; m = 1 kr;

my = 0,088 kr; m, = 1 — 0,088 = 0,912 kr. Orciona Macca BoIbl H GyTa-
Hosa B I-i u 2-ii dasax Gyger:

Maccosas zoan, %

dasa Kpusble ,
' H,0 , CH,QH
1-1 l aK | 94 1 6
2-51 bK 26 74
Macca, xr
dasza I
C:H;OH | H,0
-9 0,088-0,06 =0,0053 ' 0,088.0,94=10,0827
2-5 0,912-0,74==0,6749 0,912-0,26=0,2371

O6mast-yacca cHCTeMK: 0,0053+0,0827+0,6749+0,2371=1,000 kr.

14. Hoctpoiite npuGAHMEHHO IUarpamMmy JAB/JIEHH® HACHILEHHOTO Na-
pa — cocrae cucremsl C;qHOH —H,0 npu 350 K Ha ocnoBauuu Jquarpam-
Mbl (a30BOro paBHOBeCHs (cM. puc. 27). BruHc/iMTe aKTHBHOCTD H Ko3(hdu-
urenT aktieBHocTH H,O B cocymecrsyiowux dasax npu 350 K.

Pewenune. Ilo ypapuenmio Knanefipona — Knaysuyca (X11.8)
Ha OCHOBaHHH cripaBouHbiX AanHuiX [M.] onpepensiem napnekne nacbunen-
HOro napa Haj 4hcThiM GyTanosiom npu 350 K:

T, K ... ... 343,1 357,3
P non-10-5, Ma 0,1333  0,2666
Ty (Ty—T1) ]

lg PY=1lg P —2 1 =
ST T =Ty ¢ TPy

357,3 (350—343,1) 0,2666. 105
350 (357,3—343,1) © 0,1333-10°
PY=1,5845.10 Ma.

=4,1248

=4,1999;

Hasnetne HaceleHHOro Napa BOAb onpefesieM Mo crnpaBouHHKky [M.]
npu 350 K P° = 1,5845-10% [Ta. '
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[lepecuntaem maccosbie jonu da3 reTepm;eHHoﬁ obnacty npu 350 K
Ha MOMsApHBIE JOJH: JJIsi BOAHOTO crosgs 6 % 0C4H90H COOTBETCTBYIOT
xcHon == 0,0153; gas cnuprosoro cros 74,0 % C,H,OH — Xe,H,01 =
== 0,4091. OtoxuM Ha ocu opaunar (puc. 28) xcu,on = 1, P u,on =
==1,8370-10* [Ta. CoeAMHNM 3Ty TOUKY C HAYAJIOM KOOPHMHAT XC,H,0H ==
=0 nyHKTHpPHOf JiHHMed. Dra npsAimMan BhHIpaXKaeT 3aBHCHMOCTb NapiHaJb-
HOro 1aBJieHHsi 6YyTaHOMa OT COCTaBa H NOJYHHSCTCA 3aKOHY Pay.nﬂb

AHa/IorHyHO OTJIOKHM Ha OCH OpAHHAT st XcHon = 0 Pho =
= 4,2064-10* [Ta. CoequHuM 3Ty TOUKY ¢ HayaJioM KOOPIHHAT X(,H,0H =
= | nyRKTHpHOR JMHMeH. 3ra
NPAMas ONHCLIBAETCH  3aKOHOM
Paynst ¥ Buipaxaer 3aBHCHMOCTb
NnapunaltbHOro J4aBjeHHA BOIALI OT
cocraBa. Tak kak 1o nepsomy yc-

20m: PN JIOBHIO Bbi6Opa CTaHAAPTHOrO CO-
. ST o crosHMSL Y- 1 npu x—1, TO
10008 Pougon b IS NPUOHKEHHO MOXKHO NPHHATS,

aoteec=""" . AV
"HAG Af 02 8504 0506 07 08 03 (0C,MH0H
Moaspuas dong |,

4YTO B FOMOreHHBIX 00/1acTsiX 3aBH-
cumoct P; = f (x;) coBnagaior
C 3aBHCHMOCTAMH, ONpeJesemnl-

MH 1o 3akoHy Pay.as. 310 cooT-

Puc. 28. 3aBHCHMOCTL NAPUHAALHHX H 06- BeTCTBYeT Ha piC. 28 OTpeska

iere  J1asJeHHd oOT cocraBa CHCTEMHR A P“. b TaK KaK
H;0—C,HyOH ¢ orpanuuennoii pacrsopu- Ph,o a H Peu,on b.

moctsio npx 350 K napunajbHele J3BIEHHS KOMMNO-

HEHTOB Haj] rereporeHyoi oba-

CTbIO HE 34BHCAT OT KOHHEHTPALMH, TO N3 TOYEK a U b nposelem ropu39H-

Ta/fbHble Npsambie ac u bd. [lanee 3aBucuMOCTH NapUUAbHLIX [aBJIEHHH B

FOMOr'eHHOH 06/1aCTH HOCHAT CJOXKHBIA XapakTep, HO OHH JO/KHBL GhITb Bbi-
nyK/biMH BBepX. [1poBeseM npHOAHXeHHO 3TH KpHBLIE de”u cf.

O6tuee pasaenye paBHO CyMMe NapunaibHBIX Aajennii, [Iposesem Ju-
HHIO 3aBHCHMOCTH OOILErO [aBJIEHHS HaJ CHCTEMOH OT COCTaBa CHCTEMBI
Pl,o mn- P& u,ou. Han rereporennoii cucremoii obiuee iasienue Gyzer
NOCTOAHHBIM U paBHbM 4,894 10* [Ta. Jro o3navaer, uro cocrassi ot 0,0153
a0 0,4091 C,HyOH npu nasnennn 4,894 10* I1a 6yayr kuners npu 350 K.

[pn konuentpaunn H,O 1-—0,0153 = 0,9847 axktuBHOCTH BOAH PaB-
HACGTCH KOHIEHTPALMH, T. €. ay,o = 0,9847 u pacTBOp NojuHHAETCA 3aKO-
Hy Payaa. Kosbduuuent aktuBHoctH Boasl ¥ == 0,9847/0,9847 = 1. Tak
KaK XHMHUECKHH TNOTeHUHal BOAB B DaBHOBECHBIX (ba3aX OZMHAKOB, TO

B0 = R0+ RT In X0+ RTIn Yu,0=Hf,0+RT In 2,0 RT Inyy o,

Toraa Ko3dxpHieHT aKTHBHOCTH BOABI B PacTBOpE ¢ KOHIeHTpaiueli Bobl
(1--9,4091) = 0,5909 Gyner vi,0 = 0,9847/0,5909 = 1,6664. Koadu-
HUEHT aKTHBHOCTH 6O/blie eAHHHUBI, HaGMOAAeTCs NOJOXKHTEJNbHOE OT-
KJloHeHHe OoT 3akona Payasa: AV, > 0; AH., > 0.

15. 115 OUHCTKH TOJIYO/1a €r0 NEPETOHSAIOT ¢ BOAAHLIM M12POM NPH BHELI-
nem Jassreduu 9,932-10* ITa. [Tlpu kakoi Temneparype Gyer npoHcxo-
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JHTb KHIEHHe CHCTEeMBI, ecau TOJIyOJI IPAKTHYECKH He pactBopum B BOxEe?
Ian pacuera BoCNnoJb30BaThCH CIEAYIOIUHUMH JaHHBIMH

T.K ...... 333 343 353 363 . 373
Puo10-4, Mla . 2,058 3,219 4,893 7,244 10,469
Pocn, 1074 Tla 1,860 2,698 2,862 5,394 7,429

Pewenue Crponm rpaduk saeucuMoctn nasiemus HACBIIIEHHOTC
napa sozet (/) u ronyona (2) or Temnepatypsr (puc. 29). Cymmupys aapie-
HUSL Plo v Pu,ch,, coriacho ypasHennio (XIV.6), noayuum obee
AdBJIEHHE HACBILEHHOrO Napa Haj reTepore-
HOM cuctemoii (3). Tlo rpaduKy HaXOAUM TeMm-
Neparypy, npH KOTOPO# JaBJIEHHe HachIlIeH~ o
HOrO Napa Hall reTeporeHHON CHCTeMOl cTaner o~
PaBHLIM BHelIHeMy JAaBJeHuio 9,932.10* [Ta. /00
Cuctema sakunut npn 358,3 K. 2

16. Tlo saBncumoctu pamaennst nacwimen-
HOro mnapa ot Temneparypsl (puc. 29) onpe-
ACJHTE PACXON BOAAHOIO Napa Ha [eperoHKy
| xr Tonyosa npu BuewHem  jaBjenmn
9,932-10* [1a.

Peuwenue. o rpaguky naxomum nas-
JIEHHS HAaCHILEHHOTO napa TOAY0Ja M BOAHI 400
npn 358,3 K. Onu cocrasasior s TOJYOJ1a 1081,
4,800-10%, a a21a pomm 6,200 10% [Ta. Cornac- 20
HO ypaBuenmo (XVI.11) wa neperonky | kr 100
To1yoNna Gyaer H3pacXoloBaHO 7T 7T TR

i
!
1
i

my,0 ==6,200-10%. 18/(4,800- 104.92) =0,253 r.
Pue. 29, 3asncumocrs nasae-
HA nach T a
3AIAYM }T{e:mepgr}l/gixlmgn(; %3‘35(2!?!2
(3, HO (2) mu cucremm
1. Pacreop Gensona s TOJIyOJIe MOXKHO H:0—CgH;CH; (3)
CiMTaTh cosepiieninim. [Ipu 300 K pasniedue
HACBIIEHHOrO napa Haj GeH3010M paBHO

1,603-10* ITa, a wan Toayosnom — 0,489.10* [Ta. [Toctpoiite rpapuk 3a-

. BHCHMOCTH NapuUHaibHBLIX NaBJeHUH OeH3osa W TOJiyoJsia u obulero AasJie-

HH3E HA/l CHCTeMOH GeH30J1—TOayo/1 OT COCTaBa pacTsopa, BbIpaXeHHOro
B MOJIAPHHX poifix. Onpeleante naBienne napa Hald CHCTEMOR ¢ Mo p-
HOi jonedl Gensona 30 %. Uemy Gyayt pasubl napuHajbHble AaBJaeHH S
 ofiee AaBjeHHe Haj pacTBopoM, cogepawuM no 0,1 Kr Kaxaoro se-
Iecrsa? Bulunc/nTe HaMenenne SHTPONHH, CBOOOLHOMH 3HEPTHH B Npouecce
obpasoBanua 1 Moab pactsopa ¢ MosiipHOl  joneil Gensona 30 % npu
300 K.

2. DKCIEPHMEHTALHO OUpPENeNeHbl NapHHALbHbIE 1aB/CHHA HaJ CHcTe-
MOH aueToH — xaopogopm npu 308,2 K B 3aBHCHMOCTH OT coctasa:
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XGHGL, + » - e e e e s 00 02 94 06 08 1.0
Pepcrs10-%,Ta . . .. 0 0.453 1,093 1,973 3,000 3,906
L LG,

Pcycocu, 1074 Tla . . 4,586 3,600 2,440 1,360 0,650 0

Ha ocHoBanuy 3THX JaHHHX NMOCTPOHTe IpadHK 3aBHCHMOCTH Napuuajb-
HHIX ¥ ofulero pasjenuil Haj cucreMoll or coctaBa. ConocraBbTe NOJYYEH-
Hbl€ 3aBHCHMOCTH C 3aBHCHMOCTSIMH JJI1 pacTBOPOB, NONUHHSIOUHXCA 3aKO-
ny Payas. Onpeliennte, npH KakoM o6LIEM JaBJeHHH HaYHET KHIIETb CHUC-
Tema ¢ MoaspHoil fonei xaopodopma 50 % npu 308, 2 K. I1pu kakom pas-
JIEHHH OHa Kumena 6bl, ec/in Gbl pacTBOpP OB/ COBEPIICHHBIM?

3. dkcnepuMenTanbHO OnpejeseHbl NaplUHaibHBE NaB/JACHHS HajJ CHC-
TeMOH aneron — cepoyriepox npu 308,2 K npn pasunx cocraBax:

XGs, - v e e e e 0 0,2 04 0,6 0.8 1,0
P, 10-4, Ta . . . .. 0 3,733 5,040 5,666 6,133 6,826
Pemycoct, 1074 Ta . . 4,586 3,866 3,400 3,066 2,533 0

[Tocrpofite rpaduk 3aBHCHMOCTH NApHHa/bHHX M OOLIErO JaBJAEHHsS Hal
CHCTEMOHI OT COCTaBa, BBHIPAXEHHOro B MOJspHHX jgoasx. Conocrasbre
3aBHCHMOCTb C 32BHCHMOCTBIO, MOJYyYEHHOR N0 3akony Payast aaa cosep-
uleHHRX pactBopoB. OmpesennTte, NPH KaKHX COCTaBaX CHCTeMbl ofllee
jaBienne napa Hajg nefi npu 308,2 K Gyner 8,5-10* [Ta. Kakoe naBaense
nab/mojanoch GH Haj 3THMH CHCTEMaMH, ecin OH pacTBOp ObiJ COBEpILIEH-
HBIM?

4. Bruncaure ofulee JaBJeHHE NAPOB HaJ CHCTEMOH, cojepxamei
0,078 kr 6ensona u 0,076 Kr cepoyraepoaa, NpH KaxJo# H3 teMmneparyp,
€cJIH PacTBOpP CUHTATH COBEPLICHHBIM:

T, K oo i 293 313 353

Py 104, Ma . ... ... 1,020 2,466 10,066
482 16

P 10-4, Tla . . ... ... 3,960 8,226 27,064

SxcnepUMEHTaJIbHO oNpefe/eHHHe obune AaBaenus NPH STHX TeMnepa-
Typax COOTBETCTBEHHO paBubl 2,746-10% 5,760-10* u 19,655-10° I1a. Bu-
UHCAHTC OTKJOHECHHA AaBJIEHN OT AaBJAeHHSA HaJ| HEALHBIM PaCcTBOPOM s
kaxuoi Temneparypul. Korna nosepenne pactBopa Ginxe K HieaibHO-
My — DU Gojiee BHICCKOH HJ/IM NpH Gosiee HH3KOH Temmeparype?

5. Tloctpoiite rpaduk 3aBHCHMOCTH cofiepXKanus GeH3oa B nape or co-
lepxKanus Gensona B xuuKkol dase. Onpenenute conepxanue GeHsona B
nape, ecin B xHujikoil dbase ero Moaspuas joas 40 %. Benson n Tonyon
o6pasyloT pacTBOpH, 613KHe N0 cBofcTBaM K naeaiphbM. [Ipn 293 K nas-
JeHHs NapoB GeH3oMa M TONyoJa COOTBETCTBeHHO pasubl 1,020-10* n
0,327-10* 1a.

6. JlaBnenns napos semtect8 A n B npn 323 K cooTBeTCTBEHHO PaBHH
4,666-10% u 10,132- 10* [Ta. BeuxcauTe cocTaB napa, paBHOBECHOIO ¢ pacT-
BODOM, CUHTAsi, YTO PACTBOP, NOAY4YeHHHIA mpH cmewennn 0,5 Moab A
n 0,7 moab B, uieansokniid.
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"M TeMneparypax kunmeunst [C.X., T. 1].

7. Boiuncante B MOJASPHHIX JOJAX COCTaB pacrBopa, Kumsiiero npu
373 K n 10,133 104 ITa, ecan CCl, u SnCl, 06pasyioT nieanbHble PacTBOpPhI
vﬂaBJieHHﬂ napos CCl, u SnCl, npu 373 K coorsercreento paBHbI 19,332 X
X 10* 1 6,666 10* [Ta. Onpeneante cocras B MOJIADHBIX AOJMAX nepsc;ro ny-
‘3pipbKa napa. Kaxoii coctaB 6yser uMerb nociennas kamas XKHIKOCTH elcl
71 PAcTBOp MOJIHOCTBIO MeEPeBecTH B nap? |
8. Paccunraiite cocras napa nay pacTBopoM, cogepxamnm no 0,5 MoJib
6en30.1a ¥ TOyONa, IO 3aBHCHMOCTH JIaBJAEHHS HACHILEHHOTO napa o Tem-
nepaTypei 18 GeHsona 1 Tosyo.a:

T(;K............330 350 380 420
PC'H"IO_‘,\Ha ....... 5,2 9,3 21,3 55,5
0 10—

PCucH, 104, Tla ., ., 1,6 3,8 9,3 25,8

Haiite sakmouenne o mpumennMocTH nepsoro 3akona Bpesckoro. ITpu
pachTe PaCTBOP CUHMTATH HjeadbHBIM.

9*. Cuurast pacTBOp H-renTaHa M H-OKTaHa HeaNbHbIM, NOCTPOHTE M-
arpamMmy KHNEHUA, HCMOJb3Ys CIPABOYHBIE JAHHBIE O TEMAOTax Henapenus

10. Onpenennre Maccy napa u xuakoii hasbl, Ko
AMTBCS B DaBHOBECHM, ec/iM | KT pacTBopa C?H;,OégH:ipg(ellGgl:«%;ﬂﬂa}f:ﬁ
Rozeit CCly 30 % narpers 1o 333 K. Mounsipras nons munxo% dasu 57 %
CCl,, napa 16 % CCl,. lnarpamma kunenns npusenena cripaBounuke [M ]0
11, Kakoit KOMIIOHEHT Y1 CKOJILKO ero CleAyeT n06aBUThL K | Kr CHCTeh;bl
HNO, — H,0 ¢ moaspuoit poseii HNO; 60 %, uTo6bi NOJYYHTB a3eoT-
pontyio cMech. [lnarpamma KHnewus npusesena s CIIPaBOYHHKE

12, H?puHaJinoe Aasnenne CH;OH nan pacrsopom CH.,OH B‘H Oc
MoJsipHOM nosed xcw,on = 0,25 npu 313,1 K cocrasnsier 312 5. 1052Ha
a npu 332,6 K — 30,5- 10° ITa. Onpeneanre napuHaIbLHYIO MOJIﬂ’pH 10 Ten-
Aoty ucnapesns CH;OH us pactsopa xen,on = 0,95. Y

13. Onpegennte napuna/buyo Moasipuyio Temnory pacreopenns CH,OH
B pactsope CH3;0H — H,0 ¢ xcp,on = 0,25 npn 332,6 K, ecan nasun-
aJbHan MoJasphas rtemaora ucnapenns CH,OH us pacmo;;a CH Oli{ B
H,0 ¢ moaspnoii noneit ¥ch,on = 0,25 npu 332,6 K pasua 39,6 K}lximonb
TenJOTy HCMapeHHs YHCTOrO METaHO/1a CM. B ClipaBounnke [M.] ,
B Il"/l o}loxamme, YTO B a3€OTPONHOM pacTBOpe ya = P/153 H yp =
;" P , Tae P — obuee nabaenne nag CHCTEMOH, 3HauyeHus 7y,, ¥

A M PR COOTBETCTBYIOT TeMnepaType Kumenus a3e0TPONHOro paCTB'opa’
c 15. Onpenennte Ko3dduuHEHTH aKTHBHOCTH 1 aktuenoctn CCl,
2H%OH B pactBope ¢ xcci, = 0,63 npu 337 K. O6mee napaenne 10"1§3 X

X 10* [Ta."-Heo6xoxumMue nannme BosbMuTe 13 cnpasoynuka [M.]. }lnérpaM-

Ma 1!55”“1?4}!”” cucremt CCly — C,H;OH npupesena s crnpaBouknke [M.]
o 16 Oyg]éa;sbnggg KHCJloTa 1 Bosia 06pasyior a3eoTponHsiii pacTtBop np};
KH,O , H ,8 K. OGuee nasnenne 10,133-10¢ Ma. Onpenenure

03(pHIMEHTH AKTUBHOCTH H aKTHBHOCTH MYPaBbHHON KHCJIOTH H BOJAH B
aseorponnom pacrBope. Tensora ucnapetus AHucoon = 22,24 k[1x/Mons

o
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mpn Ty.px = 373,9 K. Tennora wucnapenns Boaut npu T, ... x AHy,0 =
= 40,66 kIx/monb. Onpezenure, NOJOKHTENLHOE HJAW OTPHUATENbHOC
OTKJ/IOHEeHHe OT 3aK0oHa Pay.is uMeer 31a cucrema?

17. [Mpn neperonke 6pomGeH30/1a ¢ BOASAHBIM 1aPOM KHIleHHe HauHHaeT
cs nop pasaenuem 10,133-10* [1a npu 368,3 K. bpombGenson npakrnyeckn
He PacTBODHM B BOJE, a napluaibHble lapjieRnsl BOJp 1 6poMbensoa npn
YKa3aHHOH TeMIepaTyje coaTeeTcTBeHHO paBubt 8,519-10% n 1,613-10* Fla.
Briuncanre Macey 6poufien3cs1a, KOTopas nepexoiuT B AHCTHIIAT COBMECT-
HO ¢ 1 Kr BOMML.

18. Jlapnenue napa Hal cUCTEMOR K3 IBYX HECMEIUHBAIOMINXCS KHAKOC-
Teil aHUARK — BoL2 pasdo 9,999. 10* [Ta npu 371 K. [laBrenve napa Bojh
npu 3TOR revnepatype pasHo 9.426. 10% [1a. Cxoibko BOABI HAAO B3RT:
AJf eperouky | ¥r auujinua npy suemmeM nasnenunn 9,999-10% [a?

19. [Jasnerne HackuiieHHOro fapa Hajl CHCTEMOM H3 JBYX HECMEUINBAK-
WHXCA  KUAKOCTeR AMITHIAHMAMH — Bofa pasHo 10,133-10* [la npwu
372,4 K.Cxonbro napa norpeSyercs s neperoukn 0,1 Kr [M3THIaHHINHA,
eciy JaBreHue nana BOAW NPH yKasanuOH Temneparype 9,919-10* Ifar

20. Onperenzre Maccy BOARHOrO napa, HeoOXOIHMYIO AJISl NeperoHky
0,1 Kr HadTasiKila ¢ BOAAHKIM NAPOM NPH HOPMaJILHOM JaBjeHuH. [lpn Ka-
KOii TeMnieparype Gyjaer npOHCXOMNThH Neperodkar [ns pacyera BOCnosib30-
~ BaThed sapuckoereio Po= f(T):

T, K ....... .. 368 369 370 371 372 373

Py,o0°10-4, Ila . . .. 8,451 8,767 9.094 9,430 9,775 10,132

pg - <10~4, ta . . . . 0,203 0.211 0,221 0,233 0,245 0,260
108ly

Hadrannn npakTnueckn He pacTBOPHM B BOJE.
21. 3asucuMocth Jiasienns {(ila) HacwueHHoro napa ¢ypiypoaa ot
TeMepaTyphl BLIPakaeTcsi ypaBHelneM

lg P==10.084 —2209/T.

Onpenesnre Temnepatypy, Npe KoTopoil OyAeT NPOHCXOAHTH MeperoHKs
bypdyposia ¢ BOASHBIM TApOM NPH HOPMaAbHOM Jasjenun. Onpeenure
KOJIHYeCTBO Mapa, Heob6xonumoro aas neperotku 1 kr dypdyposa. [lau-
Hble O 3aBHCHMOCTH JIaB/ieHHsl HACBHILEHHOFO Napa BOIb OT TEMIEpaTyphl
BO3bMHUTE U3 cnpaBoynnka. ®ypdypon ouenb cnabo pacTBOPHM B BOJE.

MHOTOBAPUHAHTHBIE 3AJAYH

1. JlaHa 3aBHCHMOCTL COCTaBOB XHMAKOH (a3bl H HaXoadAuwerocsa c Heh
B PaBHOBECHM Nlapa OT TeMNepaTypsl ISl JBYXKOMIOHEHTHON XHIKO# CHCTe-
Mel A — B npu nocrosnHoM nasienun. MoJspHuii coctaB Xuiko# dasbt
X W HacHIEHHOrO Napa y BhIPaXeH B nponexrtax sewlectsa A. [lo npuse-
AeHHEIM fanusiM: 1) nocrpoiite rpaduk 3aBHCHMOCTH cOcTaBa fapa oT Co-
cTaBa XuAKOfM da3bl NPH NOCTOSHHOM AaBJjieHuH; 2) nocrpoiite Juarpar-
My Kuneuust cucreMul A— B; 3) onpenenurte teMiepaTypy KHIEHHS CHCTe-
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Monasipuas goas A, %
. p,?;',,:: CHcTeMma P-10—4%, Ia X — WuaKes T, K
¢dasa y — nap
1 A—HNO,4 10,133 0,0 0,0 373
B—H,0 8.4 0,6 379,5
. 12,3 1.8 385
22,1 6,6 391,5
30,8 16,6 394,6
38,3 38,3 3949
40,2 60,2 394,0
46,5 75,9 391,0
53,0 89,1 385
61,5 92,1 372
100,0 100,0 357
2 A—HNO, 10,79 0,0 0,0 391,1
B—CH,COOH 100 3,0 395,1
20,0 8,0 399.5
33,3 34,0 401,6
40,0 47,0 400,3
50,0 820 393,3
60,0 96,0 3780
100,0 100,0 358,3
3 A—HF 10,133 4,95 08 374,6
B—H,0 9,2 1,8 375,8
18,9 6,4 379,8
2.8 10,6 381,4
27,9 178 383,3
33,8 30,5 384,7
34,4 32,1 385,0
35,8 35,8 385,4
39,7 47,5 384,4
444 63,3 381,7
50,3 81,0 374,7
52,2 86,2 3719
56,0 92,2 365,9
58,2 95,8 359,6
61,7 98,9 352,0
79,8 99,2 318,1
87,9 99,5 306,5
100,0 100,0 292,4
4 A—H,0 10,133 0,0 0,0 435,0
B—C4H,0, 2,0 10,0 4318
(dypdypox) 40 19,0 4278
6,0 36,0 419,0
8,0 68,0 395,5
10,0 81,1 382,5
20,0 89,0 3736
30,0 90,5 3717
50,0 90,8 3709
9.8 90,8 3709
8 3ax. 767 225



Ipodosxenue Taba.

Monsapuas gons A, %
Ne Ba- —4
Cucrtema P-167%, Ila _ T, K
puaHnTa X d):;l;lau(aﬂ y — nap
96,0 90,8 3709
98,0 92,0 371,1
99,0 945 371,6
100,0 100,0 373,0
5 A—H,0 10,133 3,9 26,7 384,5
B—C,H,;,0 4,7 29,9 383,6
(n-GyTHAIOBHA CIHPT) 5,5 32,3 382,6
7.0 35,2 381,8
25,7 62,9 370,9
21,5 64,1 370,2
29,2 65,5 369,7
30,5 66,2 369,3
49,6 73,6 366,5
50,6 74,0 366,4
55,2 75,0 365,9
57,7 75,0 365,8
97,5 75,2 365,7
98,0 75,6 366,0
98,8 80,8 366,7
99,2 84,3 368,4
99,4 88,4 369,8
99,7 92,9 371,7
99,9 98,1 372,5
6 A—H,0 10,133 13,6 40,1 370,8
B—C,H;,0 15,0 42,0 370,1
(u80-6yTu0BL 15,9 437 369,6
cnupr) 17,2 446 369,0
39,7 62,6 363,3
40,5 63,3 363,2
56,4 66,0 362,56
60,6 66,7 362,4
‘ 67,0 67,0 362,2
97,5 67,2 362,5
97.8 67,3 363,1
98,6 714 364,5
99,1 782 366,4
99,8 95,7 3719
7 A—H,0 10,246 0.0 0,0 3775
B—CsH,,0 18,9 42,7 367,8
(2-meTua-3-6y THI- 34,2 55,3 365,3
2-omm) 53,8 63,4 364,3
66,7 65,7 364,1
75,7 66,9 364,2
82,4 67.5 364,25
87,5 68,1 364,3
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IIpodoaxcerue Taba.

Monapuaa aoas A, %
N Ba- —a
CucteMa P.107%, Ila _ T,
paanuta x d:::mx y— nap K
91,6 69,1 364,4
94,9 70,3 364,8
97,7 75,7 366,4
99,5 " 91,0 369,0
100,0 100,0 3733
8 A—CS, 10,133 0,0 0,0 329,2
B—CH4COCH, 1,9 8,3 3270
48 18,5 3244
13,4 35,1 319,6
18,6 443 3170
29,1 52,8 3144
38,0 57,4 3133
448 59,8 312,8
53,6 62,7 312,3
65,3 66,1 312,1
78,9 70,5 312,3
879 76,0 313,5
96,8 88,6 316,5
100,0 100,0 3193
9 A—CH;OH 10,133 0,0 0,0 349,7
B—CCl, 0,2 2,0 349,1
0,4 12,0 345,4
1,3 24,2 340,6
1,7 26,4 339,9
3,0 38,3 335,0
5,1 44,5 332,4
10,7 425 330,2
12,4 500 330,0
248 52,2 329,3
40,1 53,7 328.8
45,3 54,1 328,8
55,0 55,2 327,7
56,6 55,2 328,7
72,5 59,1 39,0
76,4 60,3 3294
81,3 63,0 329.8
83.8 64,9 330,1
883 66,8 331,2
91,8 78,3 3325
948 82,3 3339
979 91,0 335,8
99,3 96,7 337.1
100.0 100,0 337,7
10 A--CH,0OH 9,670 0,0 0,0 351,6
B—CgHg 24 17.5 3412
3,6 30,1 3369
4,7 43,5 3333

8*
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IIpodorxcenue raba.

Moaspuas noas A, %

IIpodoascerue Taba.

gna‘::'lra Cucrema P1074, Ma | ,_ KHAKAS T.K
basa ¥~ nap
59 51,1 330,7
6,3 53,4 330,3
92 54,6 329.8
24,9 59,9 329,4
64,5 64.5 329,4
78,5 66,5 3299
84,7 71,3 330,6
90,2 77,1 330,3
94,1 84,4 332,6
98,3 936 334,9
100,0 100,0 336,1
i1 A—CH,0H 10,133 0,0 0,0 363,2
B—C¢Hg 2.8 31,0 342,4
5,0 39,5 339,8
57 49, 338,7
90 48,5 3344
11,8 56,5 3320
27.0 57,5 331,0
44,0 58,6 330,8
58,6 61,0 330,7
69,5 62,5 330,6
81,7 65,5 3311
88,3 70,0 331,9
90,2 73,0 3329
94,5 82,2 333,2
96,8 90,0 335,4
98,8 94,2 336,4
12 A—CH,0CH, 10,000 0,0 0,0 352,8
B-—CgHg 40 15,1 348,2
15,9 35,3 3425
29,8 40,5 - 341,5
42,1 436 340,8
53,7 46,6 341,0
62,9 50,5 3414
71,8 54,9 342,0
79,8 60,6 3433
87,2 68,3 344,8
939 78,7 3474
100, 100,0 351,1
13 A—CH,0CH, 10,133 0,0 0,0 3377
C—CH,OH 4,8 140 3359
17,6 31,7 333,1
28,0 420 331,3
400 51,6 330,2
60,0 65, 329,1
80,0 80,0 328,6
228

Monspras zoas A, %

¢ - -4 :

gna:ﬁ'a Cuctema p-107%, Ila x_d?:::n- y—nap T, K
90,0 94,0 3088

99,0 97,0 329.1

100,0 100,0 3295

— CH,COCH 9,760 0.0 0,0 332,9

S s S 7.9 6.0 3333
143 116 3342

186 16,0 3348

26,6 235 335.2

39,4 39,4 3354

46,2 52,0 3350

53.6 59.8 3343

61.8 69.8 3333

715 70,2 3319

770 848 3312

82,1 90,1 330,2

91,5 95.4 3200

100,0 100.0 3082

--CH,COCH 10,000 0,0 0.0 3343

o A lgl?:ﬂas ? 186 10,3 336,0
34,0 318 336.8

168 515 336.4

57,8 65,2 335.2

67.3 75.7 3340

75.5 83,2 3329

82.7 89.0 3318

89,2 93,6 330.8

94,9 973 330,0

100.0 100,0 3290

—C, 10,133 0,0 0 3730

19 N 1.0 11,0 3680
: 2.0 216 365,0

40 32,0 3635

6.0 35,1 362.3
10,0 37,2 3615

20,0 39,0 3611
300 40,4 360.9

10,0 424 3608

50,0 45,2 360.9
60,0 49,2 3613
70,0 55.1 362.0
80,0 64,1 3635
86,0 70,4 3645
90,0 778 365.8
960 90,0 367.0
100,0 100.0 3703
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I1podosnenue Taba.

Moaspuas goas A, %
Ne Ba-
pHanTa CncreMa P-1074, MNa X — WHAKAS T, K
dasa ¥ — nap
17 A—C,H,,0 0,668 0,0 0,0 5,6
(ausTwaoBNH SpHp) 18,0 2.5 334:5
B—C4H,40, 28,2 32,2 324,1
(6ytunauerar) 35,5 36,3 323,8
370 37,0 323,7
43,5 41,6 3238
59,1 50,4 324,2
76,5 64,5 325,3
86,8 75,2 326,5
92,1 83,3 321,7
100,0 100,0 329,1
18 A—C,H,,0 2,200 0,0
(AM3THAO BRI 1611 2(1),8 gg?g
abup) 31,3 37,6 349,9
B-—C4H,;0, 47,4 479 3494
(6yTunauerar) 61,3 57.8 349,5
77 70,5 350,2
87,3 80,7 351,3
100,0 100,0 3563,3
19 A—C,H,,0 10,133 0,0
(au3THIOBHI 3duP) 21.9 g’g gggg
—CeH140, 37,2 48,2 3919
(6yrunanerar) 51,4 58,0 390,9
66,4 69,2 390,1
72,2 74,1 389,9
77,9 78,6 3858
84,7 84,4 390,0
89,6 88,0 390,1
100,0 100,0 390,5
20 A—CHClg 19,100 0,0 0,0 337,9
B—CH4aOH 29 83 337,1
6,3 16,1 335,4
10,3 24,0 333,7
15,2 32,3 332,1
21,2 41,2 330,5
28,7 48,8 3289
38,5 54,2 327,5
51,8 58,9 326,7
70,72 67,8 326,7
84,7 82,3 330,0
100,0 100,0 334,4
21 A—CCi, 9,930 0,0 0,0 3509
B—CH,CH,0OH 3,2 16,6 3478
70 26,56 345,4
11,4 35,4 3433
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M podoascerue Taba.

Monspnas poas A, %

Ne Ba- —4
phanTa CrcreMa P.107°% Ia x—;{:;:lxaa y—nap T. K
16,6 43,56 341,4
23,0 49,8 339,6
31,0 53,6 3383
41,1 56,9 3374
55,67 59,7 336,9
63,0 63,0 336,6
72,9 66,9 337,3
89,0 84,0 343,0
100,0 100,0 348,9
22 A—CCl, 9,140 0,0 0,0 347,1
B—C,Hs0, 0,6 08 3470
(sTunauerar) 7.3 10,0 346,3
15,9 20,2 3458
28,0 324 345,2
35,2 38,9 3449
429 45,9 344,7
51,3 52,8 344,6
57,2 57,7 344,6
58,8 48,7 344,6
61,3 61,0 344,6
69,3 67,5 3448
79,2 76,5 345,1
89,4 87,1 3456
100,0 100,0 346,4
23 A—C4HsCH, 10,133 0.0 00 3810
B—u30-C,H,,0 6,6 13,1 378,2
(180-6y THIOBHII 11,4 21,8 376,6
CTHPT) 15,0 26,7 3758
21,1 33,4 3749
333 42,1 3742
35,5 44,2 374,1
44,1 48,0 3738
55,0 53,6 3735
58,8 54,4 3736
63,8 57,0 373,4
68,2 59,8 3744
76,2 64,1 3749
80,3 674 375,56
84,4 71,2 376,3
87,0 73,6 3768
89,7 77,3 377,7
96,5 87,0 380,2
100,0 100,0 383,4
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IIpodosmenue raba.

Monapdasa aona A, %
2 Ba-~ -
gmnra Crcrema P.1074, Ma x___a,)(:;:aﬁ y—nap . K
24 A—mpanc-CgH,Cl, 10,133 0,0 0,0 337,6
(mparc- AuxA0p3TaN) 0,7 5,1 336,4
2,1 138 339,9
2,8 16,8 333,5
58 30,4 329,5
11,2 45,2 325,3
13,4 48,5 324,1
18,7 53,8 321,0
24,6 59,3 319,0
29,4 65,3 317,8
34,3 68,0 317,3
43,8 72,8 316,0
73,7 76,0 3150
76,9 76,9 314,9
88,6 79,0 315,3
95,5 830 - 316,1
98,7 90,6 3178
99,6 94,4 319,0
100,0 10,0 321,3
25 A—yuc- CgHoCly 10,133 0,0 0,0 337,6
—CH,;0H 29 89 336,3
48 13,7 3348
7,0 18,7 3336
13,6 33,1 3310
16,9 371 329,9
19,6 39,1 329,0
\ 25,9 45,4 327,5
31,4 50,4 326,7
' 36,5 53,9 326,1
40,0 55,9 . 325,6
42,6 57,6 325,4
51,3 60,9 325,0
57,1 63,4 3248
65,1 65,1 3245
70,5 65,5 3248
85,0 70,8 325,3
91,6 74,0 325,9
98,6 84,0 328,4
99,6 87,3 3293
99,8 93,9 330,8
100,0 100,0 333,3
232

ﬁ;:fn T, a b ¢ ﬁ,{fﬁa T, a b ¢
1 388 55 81 19 14 334,5 55 | 37,2 62,8
2 398 60 61,2 38,8 15 336 55 37,2 62,8
3 383 65 67,4 32,6 16 365 . 80 93 7
4 372 50 15,8 84,2 17 325 65 | 54,2 45,8
5 368 - 50 19,6 80,4 18 350,5 75 65,5 34,5
6 365 35 68,8 31,2 19 390,25 | 65 54,2 45,8
7 367 25 6,4 93,6 20 330,3 25 55,5 44.5
8 317 25 30,4 69,6 21 343 25 36,8 63,2
9 333 25 27,1 72,9 2 345,5 25 | 52,7 47.3
10 | 331 80 62,2 37.8 23 377 80 | 83,4 16,6
11 335 10 4,4 56,4 24 320 25 50,5 49,5
12 345 75 64 36 25 339 25 | 50,5 49,5
13 329,25 60 73 a7

MBI ¢ MOJIsIpHOH ftonteit a % semectBa A. Kakos cocTas nepsoro nyssipbka
napa Haj 3TO#l CHCTEMOH; npH KaKoH Temnepartype 3aKOHYMTCH KHIEHHe
CHCTEMbI; KaKoOB COCTaB NOC/e[HeR Kamin XHIKol dase? 4) onpeaenure
COCTaB napa, HaxXOAALIErocs B PaBHOBECHH C XKHIKOH (a3oil, Kunsame# npu
Temneparype Ty; 5) 1pu nOMOUH KaKoro 3KCepHMeHTa MOXKHO YCTaHOBHTD
COCTaB XHIKOA GHHAPHOA CHCTEMEI, €C/IH OHAa HAYMHAET KHIETh NpH TeM-

Nba::,‘;“. Cucrema P-10-4, Ta ro‘;,’;ﬂg?aoz ) T, K
| HNOy—H,0 10,133 53,0 385,0
9 | HNO,—C.H,0, 10,079 60,0 378,0
3 | HF—H,0 10133 617 352.0
4 | H0—C,H,0, 101133 80 395.5
5 | HiO—CHy,0 _ 10,133 95,7 370,9
6 | HyO—CiHnO 10,133 17.2 369,0
7 | Hy0—CHi 0 10,246 189 3678
8 | CS,—CHO 10133 134 3196
9 | CH,0H—CCl, 10,133 3,0 335,0

10 | CH;OH—CgHy' 9,670 59 330.7
11 | CH;OH—CgH, 10,133 90,2 3329
12 | CHeO—CoH, 10,000 4,0 3482
13 | CiH,0—CH,OH 10,133 176 3331
14 | C,HO—CHEI, 9,760 770 331.2
15 | C3Hy0—CHCI, 10,00 186 336,0
16 | CH,0—H,0 10,133 40 3635
17 | CiH;,0—C,H,,0, 0,668 289 3941
18 | CgHyoO—CeH, 30, 2.200 161 351.2
19 | CHi0—CyHyO, 10,133 21,9 3942
20 | cCl-C,H,0 10,100 6.3 3354
21 | CCli—CiH0 9,930 70 3454
922 | CCii—C;H,0, 9,140 28,0 345.2
93 | CHy—C,H,p0 10133 11.4 376.6
24 | GH,Cl,—CH,0H 10,133 28 3335
25 | C3H;Cli—CH,0H 10133 18 3348
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neparype T, NpH HaMYUH JUarpaMMbl KHNEHHs cHcrembl? 6) kKako# Kom-
MOHEHT U B KAKOM KOJIMYECTBE MOXKET ObITb BHIIENEH H3 CHCTEMBI, COCTOS-
mwefiu3 b kr pemectBa A M ¢ Kr BemecTBa B?7) Kakoro KOMNOHEHTa H
CKOJILKO Hajo 06aBHTL K YKa3aHHOH B 1. 6 cMecH, 4TOOH NOjyynaach ase-
orponHas cucreMa? 8) Kakas Macca seulectBa A Gyner B napax M B XHI-
KO# pa3e, eciii 2 KT cMecH ¢ MOJISIpHOit flonelt a % BeutecTsa A Harpers 10
temneparypsl T)? 9) onpefenntre BapHaHTHOCTb CHCTEMbl B a3€0TPOMHOH
TOUYKE.

2. Ha ocHopanuy ofmero napjieHHs U cocraBa napa, HaXOJAILEerocs B
PaBHOBECHH ¢ KHTSILER KHUAKOCTLIO, NPHBENEHHLIX Ha ¢. 225, onpenennre
aKTHBHOCTb M KO3(XPULHEHT aKTHBHOCTH B XKHJAKOH (a3e KommnoHeHta A
NpH 3aJdaHHOM CcOCTaBe XKHAKOH (a3bl W 3allaHHOH Temneparype. Paccuu-
Tafite no ypasnenuto Knanefipona — Knaysuyca Ha ocHOBaHMH cnpaBouy-
HBIX JaHHBIX JaBJ€HHE HacblllenHoro napa P} naj komnoneHtoM A. Onpe-
JenuTe H3MeHeHHe XMMMUECKOro MoTeHuHana npu obpa3oBaHHH pacTBOpa
NpH 3ajJaHHOH KOHLEHTPaUMH ¥ TeMmmeparype.

FTITABA XV

TETEPOTEHHOE PABHOBECHE B BHHAPHbIX CHCTEMAX,
COOEP)XAIHUX )KXUAKYIO H TBEPAAYIO ¢A3bl

OcHOBHBE ypaBHeHUSI U CHMBOJIBI
[K., c. 410--420, 423 —426]

3aBHCHMOCTb PacTBOPHMOCTH KOMIOHEHTA B COBEpIIEHHOM DacTBOpe
OT TeMneparypst Boipaxaercs ypasHenueM [lpenepa

AHun. i 1 1
_Mua, g (1 XV.1
g %= 7356 R (T,”,,,. T ) ' (XV.1)

THAE X; — MOJISIpHAN 0/ PacTBOPEHHOTO BEILECTBA B HACHILEHHOM pacT-
Bope (pactBopumocTb); AH,, ; — MoJApHaa TensoTa NMJiaBJeHHs P acTBO-
pennoro Bemectsa; Tp,.; — TeMneparypa N/aB/JeHHS YHCTOrO pacTBOPEH-
Horo seujecrtsa; T — TeMneparypa Hayasia KpHCTa/JIM3allHH HachilEHHO-
ro pacTsopa KOHIEHTpauHH X;.
Ypasnenune lpenepa ansa npenensHo pa3baBieHHBIX PacTBOPOB HMeEET
BHJ
AH AT
x;=____RT2____ﬂﬂ:_l ’ (XV2)
na, 1 (l—Kg)
rne AT — NOHHKEHHEe TeMnepaTypr KpHUcTalsii3auHH pacTBopa (pacnia-
Ba) KOHHEHTPAUUH X3;
AT ="Tun, —T; (XV.3)
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Ty, —Temneparypa miasienus pacrsopurens; AHy, , — tennora naas-
JIEHHA pacTBOpHTENA; K, = xIB/x¥; XxI® — KOHUEHTpalUMs PacTBOPEHHOro
BEIeCTBA B TBEPJIOM PAacTBOPE; XX — KOHHEHTPaUusi PACTBOPEHHOTO Be-
IeCTBA B JXKHJIKOM pacTBope (pacn.ase).

Jna nensoMopdHO KpHCTa/U3yIOWUXCest cHeteM xIB =0 n K, = 0.

3AIAYH C PEHIEHUAMH

1. I}o KPHBHIM OXJiaXX/IeHHS CHCTeMBbl 30J10TO — miaruHa (puc. 30, a)
NOCTpOHATE AMArpaMMy cOcTaB — CBOHCTBO 1 onpenenurte: 1) npu Kakoi
TeMnepaType HayHeT OTBep[eBaTh pacmyiaB ¢ MaccoBoil noseii Pt 75%;
2) npu Kako#l TemnepaType pacniaB 3aTBEpleBaeT MOJHOCTHIO; 3) COcTaB
NEPBHX BHINABUINX B TBEPAYIO Pa3y KpHcTamIoB; 4) Maccy 30J10Ta H nJja-
THHB! B TBEPJIOM M XKHJIKOM COCTOSIHHAIX NPH OXJaXAEHHH 3 KT CHCTEMBI C
Maccosoil foneft Pt 75 % ni0 1833 K; 5) cocras nocnenseii Kaniu paciviasa.

! 2 4
EEREE
' | ! i)
—_— — d 1 M
2000 200 ! Pt
H -+ ~- %_ 1A
1900} \ \ J%'}. i ,

‘ 7
800t \\X 1000 f
1700} 7700k
1688 /
1600} 1600}~

A\
\\m ol
mi—T

Bpems Au 100 80 &0 40 20
8 20 40 60 80m0pt
Maccobas donn, °/,

a 0

R —

Puc. 30. Kpusnle oxnaxieunst usomMopdHoii cucteMsl Au—Pt (a) u
JAMarpaMma IJ1aBKOCTH 9TOMH cHcTeMu (6)

Peurenne Ha ocHoBaHHH KDHBBIX OXJaXKAEHHS CTPOHM AHarpaM-
My miaBkocTH (puc. 30, 6). Kpusas I cooTBeTCTBYeT OX/aXKACHHIO YHCTOrO
3osniora. [Ipu 1337 K na kpusoit oxnaxenus Habiolaercs TeMneparypHas
OCTaHOBKA; OHa COOTBETCTBYET TeMNepaTtype nJjasJenus 3omora. Yucroie
BeLECTBA KPHCTAMIH3YIOTCA NPH NOCTOAHHON TeMneparype. [To npasuay
¢as I'n66ca (X1.3) uncno komnonentos K = 1, unenio ¢as @ = 2, n =I;
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TaK KaK JaBjleHHe He OKA3HBAeT BJHSHHUS HAa CUCTEMY, YHCJIO TePMOAMHA-
MHUYeCKUX cTeneHell cBOGOM fyon = 0.

Kpupasi 2 COOTBETCTBYET OXJIaX/ICHHIO CHCTeMbI, COAepKatileH 20 % Pt.
Mpu 1567 K Ha6moxaerca ymeHblleHHe CKODOCTH OXJakAeHUA. 210 06b-
SICHSIETCS TeM, YTO MPOMCXOAMT MPOIeCC, CONPOBOXKAAIOMUHCA BhilENEHH-
eM Tel10Thl. TaKiM MPOLEeccOM fB/sieTcd KPHCTalIH3alus TBePAOro pact-
Bopa. [Tpu KpuCTa//IM3alMH TENJIOTa BLAEISETCS, YTO  CHHXKAET CKOPOCTh
oxnaxaenus cuctembl. Ha stoit xe kpupoii npu 1405 K HaGnolaercsl BHOBb
yBeJMueHHE CKOPOCTH oxJaaxaenusi. [1pu 370l e Temneparype 3aKOHUU-
Jlach KPHCTa/L113al4s1 TBEPIOTO PacTBOPa, U AalbHelilee OX1axaeHHe cHc-
TeMbl He CONPOBOXKAETCA Bbijelen|eM Tem1oTh. [Tpoucxout oxaaxaenue
TBepaoro pacrsopa. Ha ocu opauHaTt, cOOTBETCTBYIOIEH COCTABY 20% Pt,
OTKJaJbiBaeM TeMmliepaTypy Hauyaia ¥ KOHUA KpHCTaliu3aund 1567 u
1405 K. AHaJOrMYHO HAXOAMM TOYKM Mayala M KOHUA KpHCTal1H3auiH
pacnjiaBoB ¢ KOHUeHTpauusmu 40, 60 u 80 % Pt. CoeauHHB Bce TOYKH Ha-
yajia KpHCTA/IM3aLlMY, I0JyYUM KPHBYIO JHKBH]YCa; COEAMHMB TOUKH KOR-
Ua KpUCTaJiu3alliu, NOJYYHM KpuBYio coluiyca. O6e KpUBLIE CXOAATCA
B TOYKaX KPUCTANLIM3aLUH YHCTHIX KoMNOHenToB Pt 1 Au.

Takum o6pa3soM, Bbilie KpuBoii NmM Bce cHcTeMB HaXOLATCA B KHUA-
koM cocTosinuu. Pasza ofHa, KOMIOHEHTOB JBa, YCJIOBHHX TepMOLMHaAMHYE-
CKHX cTeneHell cBOGOAB ABe. MOKHO MEHSITL H COCTAB U TeMllepaTypy B Or-
paHUuenHbIX Npefenax, ¥ Npy 3ToM He OYAYT MEHATHCA HM HUCIO, HU BUI
¢a3. Huxe kpupofi NRM Bce cucreMbl HaXORAATCS B COCTOAHMH TBEPAOTO
pacTBOpa, COCTaB KOTOPOTO MOXET MEHATCHA HeNpepLBHO. ®asza oxna —
TBepal, KOMIOMEHTOB JABa, YCJOBHHIX TEPMOAWHAMHMYECKHX CTENCHER CBO-
Gonnl Ase. Mexny kpusbimi NmM u NRM Bce cucteMbl reTepOreHHHE,
B paBHOBecuH HaXoasTcs Ase (dasbl — TBePAbIH pacTBOP, COCTAB KOTOPOro
onpeseasercs no kpusoit NKM, u pacnias, cOCTaB KOToporo onpepenser-
cs no kpuBoit NmM. da3spl 1Be, KOMIIOHEHTOB 183, Nl = I, uKCJI0 YC/IOBHBIX
TepMOJUHAMUYECKHX CTeneHef CBOGONb fycn = 1. MOXHO MEHSITh COCTaB.

Kpucraanusauns CHCTEMH, conepxamedt 75 % Pt, naunnaerca npu
1925 K, a 3akanuusaerca npu 1688 K. CocraBbi cocymecTyomHx ¢a3 on-
peeauM N0 TOYKaM [epeceueHus U30TepMbl C KPUBLIMH NmM u NEM.
CocraB nepeoro Kpucraia 6yzer 92 % Pt. [1pu 1833 K B paBHOBecHu Ha-
XONATCS TBePJbili pacTBOp u paciias. Macca TBepJoro pacrsopa Tak OT-
HOCHTCS K Macce JKHMAKOro paciiaBa, COrJIacHO [paBWJy phltiara (X1V.4),
KaK IJIeuo mn OTHOCHTCS K miewy nk. Ecan ofmas Macca 3 Kr, To Maccy
TBEpAOro pacrtBopa 0G03HAaUMM X, Maccy XHAKOro pacliasa — 3 —x,
Mamepsem AJMHB IU1eY MJIH OTCUMTBIBAEM COCTaBbl B NPOLEHTAX:

X 75—57
3—x  88—75

=0,l14; R=1,75 xr.

Macca tBepporo pacrsopa 1,75 kr, Macca XHAKOro pacniasa 1,25 kr.
Macca n1aTHEH B TBepAOM pactBope 6yzer 1,75-0,88=1,535 kr, 3onora—
1,75-0,12 = 0,215 kr. B pacniaBe Haxomurcs 1,25-0,57 = 0,712 kr
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miarunsl ¥ 1,25-0,43 = 0,538 kr 3o0/10ra. 15 npoBepKH NOJyYeHUBIX 3Ha-
yeHul coXuM Macen Pt u Au:
macca Au 0,215 0,538 =0,753 kr
macca Pt 1,5384-0,712==2,247 kr
Bcero 3,000 xr
2,247
=0,25, uan 25 %:; —3—6520’75' HIH 75 %.

0,753
3,000

Cocras nocsefineii Kanau pacn/iaba HaliileM N0 DepeceyeHnio H30TepMbl
KOHLA KpucTaaaudauun ¢ kpusod NEM. Ilocnepusis kKanis pacniasa
Gyner copepxare 34,5 % Pt. Ilpouece kpucraaiusauuu paciiasa, coc-
TaB Koroporo 75 % Pt, nokasan na puc. 30, 6 crpeskamu.

2. Onpepenure Teniory nijasjedus Pt Ha ocHOBaHMU JaHHBIX AUarpam-
MBI NJIaBKOCTH cucteMui Pt — Au (puc. 30).

Pewenue. das pacuera AHy,p: Bocnoab3yemes ypasnennem (XV.2).

OnpenennM MoOMApHYIO ZOMIO NJaTHHB B pacisiaBe, coiepxaileM 25 %
30J0T1a:

o 25/197,0 0.7
Pt™ (25/197,0)+ (75/195,1) '~
8/197,0
TB
- =0,085;
*Pt= "8 197.0)f (92/195.,0) — r8%

kpy=0,085/0,247=0,345; AT =2054—1833=221 K;

8,3143.20542

AH iy py =247 =

(1—0,345) = 25,679-108 [Ix/moas,

Tlonyuennas seauunHa npuGauiKeHHas!, TaK KaK pacTBOp B3AT He Npelesb-
HO pa36aB/ieHHEIM.

3. Ha ocHoBaHMM KpUBBIX OXJaXAEHUS CHCTEMbl alIOMUHHI— KpeM-
Huit (puc. 31, a) nocrpoiire auarpammy naaskoctd. [To auarpamme onpene-
Jute: 1) npu kakoli TeMmneparype HauHeTcs KPUCTaANU3aUHA CUCTEMBI,
conepxkanlei 60 % kpemnus; 2) Kakoe BellecTBO 6YAET KpHCTalIH30BaTh
cA U3 pacnjiasa, copepkKamero 60 % kpemnus; 3) Kakoe KOJIHYECTBO TBep-
Joil dasm 6yner npu 1073 K, ecan obmas macca cvcreMbl, cofepxameft
60 % xpemnus, 2 kr; 4) Npu KaKo# TeMrepaType 3aKOHUMTCA KPUCTALIH-
3aUds cHCTeMbl; D) cocTaB noc/ieRHell Kamju JXKUAKOrO pacniapa.

P e w e n ue. HaocHoBanuu kpuBbiX oxaaxaenus (puc. 31, a) crpoum
AHarpaMMy M/IaBKOCTH B KOODJAMHATaxX cOCTaB — TeMIepaTypa NJaB/eHUs
(puc. 31, 6). I1pu ox/1aMieHUM YIHCTOrO KpeMHHSA (KPUBas oXnaxaenus I)
nab/moaercs TeMneparypHas ocTaHoBka npu 1693 K. Sra temneparypras
OCT2HOBKa CBfi3aHa C BbUIETEHHeM CKPHTOA TemIOThl KPHUCTAMLIH3ANUH
KPeMHHsl IIPH €ro TeMneparype niapjeHdsi. DTy TeMNepaTtypy OTKAajbiBa-
€M Ha ocH opauHar (puc. 31, 6), orBevalonlell YUCTOMY KPEMHMUIO.
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Ha kpuso#i oxsnaxaenus cucremsl, coaepxamel 80 % Kpemuus (KpH.
Bast 2), npu 1593 K na6aiofiaerca ymeHbileHHe CKOPOCTH OXJIa)KlleHHﬂ;
Ipu 3roit TeMneparype U3 pacn/iaBa HaYMHAET KPHCTA//IH30BATHCH YHCTHIA
KpPeMHHH: Tak KaK cucreMa Al — Si HenzoMopdHasi, To pacTBOPUMOCTb KOM-
TNOHEHTOB B TBEPJOM COCTOSIHHH PaBHa HYJIO (CKOpee OHa He paBHa Hy1o,
HO npeHeOpexnmMo Masa). [Ipu BhiAeneHHH B TBepAYIO Ga3y KpEMHHS XKH]-
Kasi dasa oforalaercsi anoMUHUEM, uTO NPHBOAHT K CHHMEHHIO TeM-
neparypnl njapjeHHsi cHcteMel. Ha kpupo#l oxsaxaenus 2 nabaiogaercs

iy 234 567 7?';5

7800 1800
1600 16008 _________
1400 1271 Y
1200 /]
1000 1000y N c
Thid 5 B . |
v g X a 8 a
80 Au \ Al3 M————
BpEMA AU 80 60 4@ 0
P 0 W 4w 60 & 1o st
Maccobas dom, °/,
a J

Puc. 31. KpuBule oxaaxLenHa neHsoMopdPuofi cucremn Al—Si (a)
H JHATPaMMa IJI2BKOCTH 3Toii cHcTeMbl (6)

TeMnepaTypHaa ocranoska npu 845 K (ropusoHransHas niaomafika af),
pu nanHo# TemMneparype Bca cHCTeMa NEPEXOAMT B TBEPAOE COCTOsIHHE,
TemneparypHas ocTaHOBKa CBSi3aHa C TeM, YTO H3 pacnJaBa KpHCTa/LIH3Y-
ercq H aJIOMHHH H KpeMHUH O\HOBPEMEHHO. CocraBbl XKHAKOH U TBepjoi
¢da3 npu 3ToM He u3MeHsiorcsl. [Ipnu 3roft n;;w;uﬂne OCTalOTCsl HEeH3MEeH-
MH TeMnepaTypel IJIaBJeHHS W KPHCTANTH3AUNH,
™ Fl;pu oxnpa)xggﬂuu cucrembl, coaepxaweil 40 % kpemHus (xpupas 4),
H3MEHeHHe CKOPOCTH OXJIaxAeHHa yxe npu 1219 K, a ropusoHrasbHas
Iomaaka Habliojaercss NpH TOH JKe Temmeparype, YTO M NPH OXJaKie-
HHH pacnJaea, coaepxawero 80 % kpemaud, npu 845 K. Ipu 1219 K ua-
YHHaeTCs KPHCTal/JIH3alus KPeMHHUA W3 pacijaBa, pacmjas oboraiuaercs
aJIOMHHHWeM, TeMIlepaTypa KpHCTa/lM3aliH cHUXaercss, npu 845 K KpH-
CTa/JIH3yercs 3BTeKTHKa. [/IHHA ropH30HTa/lIbHOTO yuacTKa Ha KPHBO#
OXJaieHHs [pPONOPUHOHATbHA TeIJIOTe, BhAEMSIOWEAC NPH KpPHCTal-
JIM3alMH 3BTeKTHKH. Tak Kak cocTaB 3BTEKTHKH NOCTOSIHHBIH, TO AJHHA TO
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PH3OHTa/IbHOA IMJIOIMAKK NPONOPHHOHAAbHA Macce KpHCTamIHayomeiics
3BTEKTHKH. Ecau npoBoants oxaaxaenue ool 1 toii ke Macchl paciiaBa
PA3THUHEIX COCTABOB, TO Macca IBTEKTHKH GY/AET PaauyHa, yTo U NposBJIs-
€TCl B Pa3HOW JVIHHE rOPH3OHTAILHOTO yYacTKa Ha KDHBHIX OXJIaXJeHHs,

Ecan oxsaxaars cucremy, copepxamyio 10 % xpemuust (kpupas 5),
TO H3MEHEHUS CKOPOCTH OXJIaXKAEHHS HA KPUBOH He NPOHCXOAHUT, a Habiiio-
Aaercst JIMIbL TeMIepaTypHast 6CTaHOBKa nmpH 845 K. Cocras, copepxanguii
10 % Kpemnust 1 90 % aMOMUHUSA, SBTEKTHYECKHUIL. Jlauna ropusonrass-
HOU MJIOMAJKH Ha KDHBO# OXJIAXKIeHHS 5 MaKCHMa/ibHas, [Ipu oxaaxnennu
YHCTOTO a/MIOMUHHUA HabJonaercs TeMneépaTypHasi ocraHoBka npu 932 K,
COOTBETCTBYIOIIASl TEMNepaType IJIaBJCHHA aIOMHHHA (xpuBas 7).

ITponoskas nocrpoenue AHarpaMMbl IJIaBKOCTH MO BCEM KPHBBLIM OX-
JIaXKNEHUA, NOJYYHM ABe KPHBHIE HI H 03 H TOPH3OHTAJIbHYIO MPAMYIO AM.
Tpu aunuu nepecekaiorcs B SBTEKTHYECKOil Touke. B 310/l Touke pacmias
HAaCBllUeH KaK KPEeMHHEM, TaK M aJiOMHHHeM. Boiie KPHBbBIX #3, 03 B obJac-
TH | Bcecucremb! roMoreHnne, ofa XHAKas ¢asa. TepMoaHHaMuuecknux
crenenedl cBo6oAt ABe. B o6aacth /] chetemsy TeTePOTeHHbI®,B DABHOBECHH
HAXOMATCA KPHCTAJJIB a/lOMHHUA H PaclIaB, COCTaB KOTOPOro onpeje.is-
€rcs N0 KpuBOH H3. B o6nactu /1] Bce cHeremyr rereporennsie. B paBno-
BECHH HAXOMATCA KPUCTA/LIM KPEMHHSI H PaciLiaB, cOCTaB KOTOpOro ompe-
Aeasiercst o Kpusoit 30. TepMoaHHaMuuecKuX crenenest cBo6oab! y cHcTeM
B obsactax I/ w II] — ogna. B o6aactu JV Bee CHCTEeMb HaXoasTcs B
TBEPAOM COCTOSIHHH, CHCTEMH! reTepOreHHHE, jBe TBepabie dasbl — Kpu-
CTal/bl a/IlOMUHNS ¥ KpeMHHs. TepMoMHaMuyecKas crenens ¢BO6OAL — 0f1-
Ha. B Touke 5 B paBHOBecHH HaxoasTCs KPHCTa/LIB! aTIOMHHHS, KPHCTALIbE
KPEMHHS U pacl/iaB; cHCTeMa reTeporeHHas, daset TpH, uncao Tepmoau-
HaMHYECKHX cTeneHell cBOGOAN HOJD. :

Tak xak Ha KpuBHX OXsaMzeHus AJZIMHA TOPH3OHTANBHON MJIOIIAAKH,
COOTBETCTBYIOIEH KPUCTANLIN3alHH 3BTEKTHKH, NPONOPUHOHAJILHA KOJIH-
"€CTBY 3BTEKTHKH, TO 3T0 MOXHO HCNO/Ib30BATh s onpejeieHH st KOHUEHT-
Pally "KOMUOHEHTOB B 3BTEKTHueCKO#H Touke. [Lisi 3TOro CTPOHTCH Tpe-
yroibHuk Tammana. I iunm TOPH30HTaJIbHHIX NJIOWAAOK ab, 62, de, x3 u
uk (puc. 31, a) orkaagpBaioT BEPTHKAJILHO BHH3 OT H30TE€PMB 3BTEKTHKM
B TOUKaX, OTBEYAIOIUX COCTABAM CHCTEM (puc. 31, 6), u nepeceuenne su-
HUH, IPOBEJCHHBIX Yepe3 TouKH M, 6,2 e 3, u, 1, K, 3, laeT COCTaB BTEeK-
THKH.

IMpouecc oxsnaxaenus CHCTeMB, coctaB koTopoil 60 % KpemHus, noka-
3aH Ha auarpaMme miIaBkocTH (puc. 31, 6) cTpe/ikaMH. Kpucramiusanus
CHCTeMb! HaunHaeTcs npu 1408 K. B TBepAylo $asy nepexoauT KpeMHHil,
pacnias npu 3roM oboraimaercst aoMHHHEM. Ipu oxnaxaenun cucrembi
%o 1000 K HekoTopoe KosuyecTBo KPEMHH S BbII€/IUJIOCH B BHAE KPHCTaJl-
J70B. L5 onpenenenus xuakoi u TBEPAOH (a3, HaXoAAUHXCA B paBHOBE-
CHH, NPHMEHSIeTCSl NpaBHJIO puiyara. Macca KPHCTa/JIOB KPEMHHS TaK OT-
HOCHTCA K Macce XHAKO# (a3, Kak AiuHa OTPEe3Ka np OTHOCHTCH K JJHHE
orpeska pc. Ecan macca cucrems 2 kr, To ‘

X 60 —24

= _——_"=0, M =0, R
2—x  Too—go % ¥=0,90 xr
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Macca kpucrannos kpemuus 0,90 Kr, Macca pacniasa 1,1 kr, cocras Ko-
toporo 24 % xpemuHs. KpHCTalIH3aUHA CHCTEMBI, cofepxaueii 60 %
KPEMHHSI, 33KOHUHMTCA NPH TeMnepaType SBTEKTHKH 845 K. Cocras no-
caefHell KanjiH paciiaBa COOTBETCTBYeT 3BTEKTHUYECKOMY, 10% xpeMHHSA.
4. Onpenenure Tenory naapnenusi Afy; KpeMHHs ¢ TOMOUIBIO Ixa-
rpaMMbl NJIaBKOCTH AJMIOMUHHA — kpemuuit (puc. 31, 6).
Pewesnue Cucrema Al — Si neusomopouas. Jas Heu30MophHON

cucremsl K B ypaBuenun (XV.2) paBHO HydIio. Temneparypa Ha-
yaja KPHCTAJJH3AUHH CHCTEMBI, COAEDHKa-

T - meit 20 % Al, 1593 K. Temneparypa KpH-

i CTaJH32LHK UYHCTOrO Kpemrus 1693 K.
[Tonuxenne TeMIepaTypel KPHCTaNIH3a-
HHH

3

AT = 1693 —1593 =100 K.

™

Onpeneaum moasipryio fomo Al B cucreme:
3 VY
: \ 20/27

i
! \
W —
/ \ *a1 20/271-80/28

I}

=0,206.

7} .

o
—~—
-

|4

J 4 ! L 1 s 1

P R ITo ypasuenuio (XV.2)
9 20 40 60 8 100A 0,206-8,3143.16932

Maccobas dosn, °/, AHgp= 100
= 49,091.10%3 Ix/moab.

Puc. 32. [inarpammMa nAaBKOCTH
GunapHOll CHCTEMB C OTpaHHYeH-
HOl PaCTBOPHMOCTBIO KOMIOHEH- HOJIy‘{EHHaH Temnjaora IJaBJeHHs inIGJIPI-
TOB B TBEPLOM COCTOAHUH JKEHHAas, TAK KaK KOHUEHTPauHsa KpPeMHHA
JOCTAaTOYHO BBICOKAS.
5. Tlpoananusupyiire 1MarpamMMy IJIaBKOCTH CHCTEMH C OrpaHHYeHHOH
PacTBOPHMOCTBIO KOMINoHeHTos B — A B TBepoM cocTosiHHH (puc. 32).
[Ipocnenure 3a H3MereHHeM (pa30BOr0 COCTOAHUSA MPH OXJANICHHH cHcTe-

Ml, cogepaliteit 90 % Komnowenta A.
Pew eH i e. PaccMorpuM (pa3oBoe COCTOsIHHE CHCTEM, XapaKTepH3y-

OUHXCA TOYKAMU B Pa3HBIX 00JACTAX JHATPaMMBbI. B o6nacru [ Bce cHcTe-
MBI FOMOTeHHbIe, OjHa XKuaxaa ¢asza. Pa3a ofHa, KOMIIOHEHTOB /iBa, TEPMO-
JHHAMUUYECKEX CTeneHell cBOGOMb f ¢ yueToM TOro, UTo AaBJeHHe He BIHIACT
Ha (pa30BO€ paBHOBECHE (n = 1), 6yner

fycn=K-——<D—{—n=2__1+1___2_

MoJKHO MEHATh KaK COCTaB, TaK M TeMmneparypy. B obnactax //u 111 cuc-
TeMbl reTeporexHbie. B paBHoBecHH HaXopaTcs ape (GasHl, TBepAbli pacTBoOp
u pacnaas. CocTaB JKHIKOFO pacTsopa onpeje/fierca no BepxHell KpHBOI
JHKBHYyCa, COCTaB TBEpIOro pacTsopa — MO HIDKHe# KpHBOH coJsmayca:

fycn=2'—2+l =l.
MOIKHO MeHATb TOJIBKO COCTaB CHCTeMHl (B H3BECTHBIX npenenax). B of-
aacrax IV u V cucreMnl romoresnble. ®a3a oaxa, Tepaasd, TBep/biH pacr-
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?op. B 206.nacm IV — pacteop A u B, B obnactu V — pacrsop B B A;
yeu T &L

B ob6aacru VI cucrema rereporeriHas, e TBepbie (aski HaXOAATCA B
pashoBecuH, fy., = 1. OjHako c/lefyer YYHTHBATb, YTO paBHOBecHe B
TBEPABIX (azax ycTaHaB/IHBaeTCsl Me[JeHHO, MO3TOMY OOHIYHO KpHBbi€ CO-
CTaBOB TBEPJABIX pACTBOPOB HA JHArpaMMax NJaBKOCTH BHYEPYHBAIOT
NYHKTHPOM. B TOuKe 5 B paBHOBeCHH HaxoIATCA jBe Tpepinlie (aswl, 1Ba
TBEPABIX pacTBopa M kuJKHA pacnaas. CHcTeMa rereporentas, (basu’rpu,

yen
- [lpocienum npouecc oxJaXkaeHus cHcTeMbl, cogepxaiein 90 % A, u

H3MeHeHHe (Pa30BOro COCTOSHHS CHCTeMBl B Mpouecce oxJaxpaeHus. [Ipn
OXJIaXK/EHHH CHCTEMBI [0 TeMuepatypel T3 ¢a3za ogxa — XKHAKHH paénnas
[Ipu remneparype T, nosiBasiercsi nepBbii KPHCTANI TBEpAOrO paCTBOpa.
€ocTaB KOTOpOro onpesessercsa toukoil ¢. M3 pacnnasa B tBepayio q)asy;
IIpEHMYILIECTBEHHO YXOJIHT KOMIOHEHT A, coctaB TBepJOro pacrsopa Gora-
ue KoMroseHToM A, ueM pacnias. OTciofa coctas paciliaBa MeHsercs NO
KpHBO# ab. Bmecre ¢ H3MeHeHHeM COCTaBa XKUJKOrO PACIIaBa MeHsAETCs H
TeMIepaTypa KpHCTA H3alUHHE H COCTAB TBepAoro pacTsopa. CocTas TBep-
AOTO pacTBOpa MeHsercs Mo KpHBOH cd. KpucTaaiu3auusa 3aKOHUHTCA
KOT/la COCTaB TBEPAOro PAcTBOPa GYNET COOTBETCTBOBATEH COCTABY mum(or(;
pacnjaBa HCXOLHOTO COCTaBa CHCTEMBI TipH temneparype T,. Cocras no-
CreiHeH Kaluti XKUAKOTO PACIl/iaBa ONpe/iesisieTcsl COCTABOM TOUKY b. [lasee
NPDOHCXONHT OXJaXKjeHue TBepaoro pactsopa. [lpu temnepatype T4 no-
SIBASETCH BTOpasi TBepAas (asa, cocras KoTopoil onpejessercs TOquﬁ e
[Ipu nanbuefimeM oxsaxiueHuu chcTeMbl IPOHCXOZHT H3MeHeEHHe COCTaBOB
TBEPJBIX PACTBOPOB, KAK 3TO NOKA3aHO CTPeKaMH Ha quarpamme. HMauene-
x;(uen COCTaBOB TBEPAbIX PAacTBOPOB MPOHCXOAHUT YPE3BHIYAHHO MEMIEeHHO.
: zfu :::' Ha JiarpamMme IJIaBKOCTH COOTBETCTBYIOT PaBHOBECHHIM KOHIEHT-
IOH(:H Tlpoauan usupyfre taszoBoe COCTOAIHHE HEH30MOPGHON CHCTEMBbI, KOM-
‘ Tl KOTOPOH 06pa3syioT ycToHuHBOe XHMHUYecKoe coefHHeHue. [lua-
‘PaMMa NIaBKOCTH MpuBejeHa Ha puc. 33. [Iposenute ananus npouecca
ﬂargeaaﬂm ABYX OuHapubiX cucreM: A —A,B, u A,B, —B.
e st[gailcﬂuﬁ;é S;rlz AHArpamMmy IIABKOCTH MOXHO paccMarpuBath KakK
e  esamueH _lIB l‘3paMMbI [IABKOCTH JIBYX OHHADHBIX CHCTEM: A—
o najx agxomxu (y)T W an;p%em CHaYaJla NOJIOCKOH GyMari yactb AHarpam-
e mowoctit of AB, i H MBICJCHHO CONOCTAaBUM €e C JHArpaMMOH
O poHO# cucreMbl ¢ npoctoit 3BTeKTHKOI (cM. pHc. 31,6).
AogTopHM OnepanHIo, 3aKPbiB NOJOCKOH GYMaru 4acTh JHarpaMubl oT A 10
x+Hy-.
pacgﬂgg‘nz}cm i (gu% 32) BCe CHCTeMBbl ToMorenHbie. Pa3a ofxa, KHAKUH
pac Haxé) yen . Bo J.IaCTH Il -— cucreMbl rereporenible. B paBHoBe-
S nmlc[n ABe (hasbl: pacm/iaB U KPHCTaMibl KomnoweHta A; f = L.
q)asbrac);ﬁx ! u IV cucrembl reteporeriible, B paBHOBECHH HaXOJSITCA JiBe
] o 1}13mm pacnyaB U KpHCTal/bl XUMHYeCKOro coefinxeHus A,By;
cyﬂcnms_e (1).a ; .06.nacni V cucrembl rereporerinbie. B pasroBecuu HaXonsT-
bl XHAKHH pacnnias U xpucrtamisl B; f,., = 1. B obaacta V/
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CHCTeMHl rereporeHHnle. B paBHOBecHH HaXOAfiTCs ABe (ha3bl, KPHCTAJJbI
A u xpucraaasl xumuueckoro coefuHenus A B, fyen = 1. B obaactu
VII cucrembl reteporeHHsle. B paBHOBecHH HaxOAsTCs ABe TBepjble (a3Hl,
KPHCTa/Jbl  XHMHYeCKoro coefiuHenus A.B, u xpucramin B; fio, =
B Toukax s u 9, cucreMbl rereporeHHble. B paBHOBeCHH HAaXOAATCA TpPH
dasbi. [lBe TBep/ible M OfHA XKHAKAS; fyoq = O. '
[Ipoananusupyem mpouecc HarpeBaHHsi CHCTEMBI CocTaBa 4. [Ipu Ha-
IPeBaHHHU CHCTeMbi 0 TeMnepaTyphl T H3MeHeHHsl (a30BOro COCTOSHHSA He
Habmonaercs. HarpeBanue kpHctanioB A u A,B, otpaxeno Ha auarpam-
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Maccoban dons | °f, Maccabas doms, 7,

Puc, 33. Jluarpamma naaBkocTH

neusoMoppuOR  ABYXKOMIOHEHT-

HOM CHCTeMBI; BemlecTBa 06pa3y-

0T YCTOAYMBOE XHMHYECKOe coe-
L HHeHHe

Puc. 34. Jlnarpamma nsiaBKOCTH
HeH3OMOpP(PHOA  BYXKOMNOUEHT-
HOM CHCTeMBbl; BemlecTBa 06pa3sy-
0T HeYCTOAYMBOE XHMHUYECKOE
coenHHEHHe

Me N/1aBKOCTH CTPeIKaMu Ha. opaHHatax A u A.B,. [Ipu Temneparype T
HauyHHaeTCs NJaBJjieHHe cucreMbl. Ha KpuBoil HarpeBaHus foMxHa Ha6aio-
AaTbCsl TeMNEPATYpHasl OCTAHOBKA, TaK KaK 3BTeKTHKa naaBurcs. Coctas
TBEpOH M XKUAKOH (a3 He MeHsercs, TEeMIIEPATYPa OCTaeTCS OCTOSI HHO,
TNOKa He pacnaaBHTCS BCA 3BTeKTHKA. [la/jlee NpOHCXOAHT NJaBieHHe KpH-
CTa/JIOB XHMHuecKoro coefutienus A B,. [Ipu stoM npoucxomur uameHe-
HHE COCTaBa XKHUAKOH ¢asbl. CocTaB TBep/ioil $ha3bl OCTAETCS HEeH3MEHHBIM:
A,By. B cBai3u ¢ u3meHenueM cocraBa XKHAKOMH Gbasel MeHsieTcs Temnepaty-
pa naapnenus. Ilpu rtemnepatype T, CocTaB XKuAKof (a3bl CTAHOBHTCA
PaBHEIM @, T. €. PABHBIM COCTaBY HCXOAHOH cHcTeMbl. [1pn 310l Temnepa-
Type pacn/iaBuTCs nocleAHHH Kpuctaan A,B,. Hdajee Gyaer npoHcXoaHTh
HarpeBaHHe XHAKOro pacnjaBa G6e3 u3MeHeHHS (DA30BOTO COCTOSIHHS
CHCTEMHI.

[To xapakTepy Makcumyma, oTBeuaiowero TeMNepaType NMIaBJeHHS XH-
MUUECKOTO COEiHHEHHUS, MOXKHO CYAHTb O €r0 YCTOHUHBOCTH NPH TeMMepaTy-
pe nuaBjeHusi. CMelleHHe PaBHOBECHS PeakilHH A.B, = xA + yB Bmpa-
BO BEAET K CHHXKEHHIO TeMNepaTyphl MJaBJeHHs, H MAKCHMYM Ha JHa-
TpamMMe NIaBKOCTH CTaHOBHUTCS MeHee oCTphiM. HaoGopor, nipu yc/loBuu, Kor-
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Aa paBHOBeCHE CMEILIeHO B CTOPOHY 06pa30BaHHs X HMHUECKOTO COelHHeHH s,
MaKCHMYM Ha AHMarpamMme NJaBKOCTH MOJYUYae€TCH OCTPBIM.

7. Tlpoananusupyiite $a3oBoe COCTOsSIHHE CHCTeMBbl, coOCTOsLieH H3
ABYX HEH30MOP(HHO KPHCTANJIH3YIOUIHXCSA KOMIOHEHTOB, OGPa3yIoOHX He-
ycToiiluHBoe XHMHuecKoe coefnHeHHe (puc. 34). [Ipocienure u3meneHue pa-
30BOrO COCTOSIHHS CHCTEMEL B [IpoLlecce HarpeBaHHus.

P e enue. Onpegenum cHauana (a3oBbie COCTOSIHHSI CHCTEM B pas-
JHYHBIX of/acTaX gHarpamMmbl. B o6aactu [ Bee cucremnl roMoredtsie. Og-
Ha XKHAkas dasa, pacnaas; fy,; = 2. B ob6nacru I] cucreMsl rereporen-
Hole. B paBHOBecHH HaXOAATCA KPHCTaMJBl KOMIOHEHTa A H pachas;
fyea = 1.B obaactu 1] cucremsl rereporennsie. B paBHOBeCHH HaXoasT-
Csl pacillaB H KPHCTaJJIbl HeyCTOHUHBOTO XMMHUYECKOro coefinHeHuss A, B;
fyen = 1. B obaacti IV cucremnl rereporennbie. B paBHoBecHH -HaXoasT-
¢ Kpucraaasl B u pacnaas; fuo;, = 1. B o6nactu V Bce cucteMsl retepo-
rerHple. B paBHOBecHH HaXoNATCs JBe TBepjble (hasbl, KPHCTANIE KOMIIO-
HeHTa B u kpucTanbl XuMHYeckoro coefnenus A B, [Tpu Temneparypax
HHXKe T; XHMHuecKoe COelMHEHHe CTAHOBUTCS YCTOHUMBBIM; fyen = 1.
B o6nactu VI Bee cucremnl reteporennble, B paBHOBeCHH HAXOAATCA KpH-
craaabt A u A,By; fyon = 1. B TOuke 5 cocylliecTBYIOT B paBHOBECHH TPH
¢asbl. [iBe TBepAble, KpucTaaabl A, kpucraaas A,B, u pacnaas; fyen=0.
B touke p B paBHOBecun Tpu a3sl, KpHcTatisl B, KPHCTaJJbl COeHHe-
Hus A.B,, KOTopoe cTaHOBHTCA yCTOHUHBHIM [PH TeMIepaType MAaBieHHs
Ty, v pacnaas; fy., = 0

[Ipocneaum npouecc HarpesaHHs cHCTeMbl, cocTaB Kotopoil a;. o
Temnepatyphl T, CHCTeMa HAaXOAHTCS B KPHCTAMLJIHYECKOM COCTOSIHHH.
‘B paBHoBecuH HaXOAsATCA KPHCTAAAH A H KPHUCTANB XHMHUECKOrO COe/iH-
Henus A,B,. [Ipu temneparype T, IPOHCXOAHT /1aBJleHHE SBTeKTHKH CO-
craBa 3. CocraBbl XKHAKOH H TBepAOH (a3 OCTAOTCS HeH3MeHHBIMH, TIOKa He
pacnaasuTcs BCA 3BTekTHKa. OTCl0fa TemMmepaTypa Ha KpHBOil oxJaaxje-
HUSA He MeHsercs. [lanee HauuHaeTcs nNaBjleHHe KPHCTAJIO0B A,B,. Ilpu
STOM COCTaB KHAKOro pacnnasa MeHsercsi. CoctaB TBepoi (asnl ocraercs
HeusMeHHbIM. [Ipu Temnepatype T XHMHUECKOE COeiHHEHHE CTAHOBHTCA He-
ycroituuBeiM. OHo pasnaraercs Ha KpucTaaasl B u pacnaas. Tak Kak CH-
CTeMa CTaHOBHUTCs MpH temneparype T; Ge3BapHaHTHOMH, To Ha KpHBo#l Ha-
rpeBarHsi HaGJI0faeTcsl TeMNepatypHasi octaHoBKa. [loce Hcue3HOBeHHs
TNOCTeAHero KPHCTalla XHMUYeCKoro coefilHenus A, B, HaunHaercs nJas-
JeHde xpuctaaios Komnonenra B. CocraB pacniaBa BHOBb HauHHAeT Me-
HATbCS, MEHSIETCSl U TeMIepaTypa MiaBleHHsi cucTeMbl. [Ipu TemmnepaTtype
T4 coctaB pacrniiaBa CTaHOBHTCS TAKHM 2Ke, KAK H COCTaB HCXOAHOH CHC-
TeMbl @;. [Ipu 3101t TeMNepaType HcuesaeT MocaeHHi KPHCTAMLT KOMIIOHEHTA
B, cHcrema craHoBHTCS roMoreHHoi M NpH AafibHeilllleM HArpeBaHHH ee
(a3oBoe cocrosiHKe He MeHsieTcsi. [1poliece HarpeBaHus! H CBSI3aHHbIH C HHM
TIpoLecC H3MeHeHHs1 (Ha30BOrO COCTOSAHHS CHCTEMBI Ha AHAr paMMe M1J1aBKOCTH
[HOKa3aHbl CTPENKaMH., ,

8. Onpenennre Ha3oBoe cOCTOSIHKE CHCTEMBI M COOTHOMIEHHE Macce (a3,
eciH 1 KI cHcTeMBl cocTaBa a, (puc. 34) Harperb fo Temmnepatypsl T,. Be-
wecrBa A W B — snementhl ¢ aToMHbIMU Maccamu 197 u 121,8. Heycroii-
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ypBoe XuMHueckoe coequHeHHe AB; cozepxur 80 % B (cocras, coorset-

CTBYIOILHI TOUKE @y).
P e w e H u e. CHcreMa rereporerHasi. OHa COCTOHT H3 KPHCTAJNIOB XH-

MHYeCKOro coefjHHeHHs1 H KPHUCTAJJ0B B. CoorHoueHue macc TBEPAbIX q383
onpejeJssieM MO NPaBHIYy phryara. ﬂﬂﬂ 3TOr0 CHayaJjJa onpenensHM cocras

AB, B npoueHrax:
wABa=3-l2l,8/(197,0+3-121,8) 100 =64,97% B.

[To npaBu.1y peiuara
my/myg =nkimn= (100-—80) /(80 —64,97) =1,33.

Tak xaK o6L1as Macca CHCTeMB! | KT, TO JlaHHOe COOTHOLIeHHe Npeofpasyer-
co:

X 1,33
— = 1,33; m“=x=2—'—§§=0,57 KT; mAB,=0'43 KT.
3AJAYH

1. ITo xapaKTepHBIM TOYKaM Ha KPHBHIX OXJ/aX[eHHUsl BBIUEPTUTh [Ha-
rpamMMy MJIaBKOCTH CHCTEMbI MeJib — HHKEJb!

Ni, % . . . . . . . .. 0 20 40 60 80 100
TeMne a vayaja KpHCTaJJH-
# pa'r{é) .. p .. . 1373 1467 1554 1627 1683 1728

3aIHH, RN
Temnepatypa KOHLA KPHCTAJNIH-
2 %? e e p. ... 13713 1406 1467 1543 1629 1728

3aLiMH,
Ha auarpaMMe M/1aBKOCTH OGO3HAubTe TOYKAMH: @ — YHCTYIO TBepAyiO
MeJlb B PaBHOBECHH C PacIUIaBOM MeJH; 6 — XHIKHH pacnaas, coiepxa-
uguit 45 % Ni B paBHOBeCHH C TBepJbIM PacTBOPOM; 6 — TBepJplil pacTsop,
cogepxamuit 65 % Ni B paBHOBeCHH ¢ XKHIKHM PACI/IaBOM; & — XKHIKHH
pacnias, cofepxawuil 50 % Ni npu rtevneparype 1670 K. Onpenenure
15 cucteMnl, conepxameil 30 % Ni, remneparypy Hauasa KpHCTaJlJaH3a-
[{HH, COCTAB MePBOro KpHCTaJ/la TBepAoro pacrsopa, Maccy Ni B XKHIKOM H
TBEP/IOM COCTOSIHHAX NpH oxJaxieHun 0,24 Kr cmecH, conepxaueit 30 %
Ni, 1o 1470 K; TeMnepaTtypy KpHCTa/JIH3aLHH NOCAeqHERA Kalid KHUIKOrO
paciiasa, cocras MocjefHell Kallld XKHKOTrO paci/asa.
2. BbluepTHTe AHarpaMMy COCTaB — TeMIieparypa NjaBjeHHs JJis CHC-
TeMbl XJIOpPUJ cepe6pa — XJOPHJ HaTPH# MO XapaKTepHBIM TOYKaM Ha KpH-
BBIX OXJIaXIeHHs:

Moanspuas noas AgCl, % . . 0 20 40 €0 80 100
Temnepatypa Hayana KpHCTaIdH-
..., 1073 1004 941 869 788 728

3aluH, e
TeMmnepaTypa KoHIa KPHCTaNJIH-
2 i]g e e . p. .. . 1073 952 848 735 742 728

3aliMH,

Ha auarpamMe 0603HaubTe TOYKaMH CJIeAYIOlU[He COCTOSIHHS CHCTEMBI:
@ — YHCTHIH TBEpJBI XJOopHJ cepebpa, HAXONAUMACS B pABHOBECHH C pac-
nJaBOM XJOpHAa cepeBpa; 6 — KHAKHI pacmiae ¢ MoaspHo# Josei AgCl
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750 K.

55 % npu 1000 K; 6 — xuakuil pacnnias ¢ MosaspHoit foseir AgCl 70 %,
HaXOJISILUMACA B PABHOBECHH C TBePJIbIM PAaCTBOPOM; 2 — TBepABLH pacrtsop -
¢ mMoasipHoil noJieit AgCl 45 %, HaXoAsuiuiics B PABHOBECHH C XKHUIAKUM
pacn/iaBoM; 0 — TBepAplii pactBop ¢ MoaspHo# gosteit AgCl 30 % mnpu

3. Tlo KpuBbIM OXJaXeHHS CHCTeMbl KaAMHii — BHcMyT (pHc. 35)
nocrpoiite AuarpaMmy naasKoctH. OGO3HAubTeé TOUKAMH COCTOSIHHS CH-
CTeM; @ — YHCTB{H BUCMYT B PABHOBECHH C DACI/IaBOM BHCMYTa; 6 — XKHJ-
KHH pacinas npu 573 K, copepxamuit 30 % Cd; 6 — pacnaas, co-

Z'K/ZJ 4 5 5

s0nt \ T
i 1400
S50F
T \\ew 547 1200
s00F )
476
ool 470 1000 /
s ! 800 i L Y
_’4[70 416\ 416Y416) 418 0 20 40 60 80 10cu
Agwo 80 60 40 20 0

%0 Bpews MaccolBan dons, °f,

Puc. 35. Kpusbie oxAaxnenus
cucrems Cd—Bi:

1—0% Bi; 2—20% Bi; 3—40% Bi
4 -—60% Bi; 5«—-&9% Bi; 6 —100%
i

Puc. 36. lnarpaMMa naaBKoCTH ABYX-

KoMnoueHTHO! chcteMsl Ag—Cu ¢ or-

PaHHY€HHOR DACTBOPHMOCTBIO KOMIIO-
HEHTOB B TBEPJOM COCTOSIHHHU

Aepxaumit-15 % Cd B paBHoBecnu ¢ kpucraanamu Bi; ¢ — pasHoecHyio
cucremy, cocrosilyio u3 tBepioro Cd u pacniaea, B KOTOPOM COlepIKHTCS
4/5Cd u 1/5 Bi; 0 — xuakuil pacnias, cofiepxauuii 06a veranna B pas-
HoBecHH ¢ tBepieiMu Cd u Bi.

4. Tlo xapakTepHbIM TOUKaM Ha KPHBBIX OXJaXJeHHS NOCTPOiiTe NUa-
rpaMMy MJIaBKOCTH JJIl CHCTeMbl XJIODHJ cepebpa — xJiopuj KaJus:

AgCL % . . . . . . .. 0 20 40 60 80 100
TeMnepatypa Havala KpHCTaJJu-

aumw, K . . . . . ., . . 1055 958 837 688 630,6 728
TemnepaTypa KoHua Kpucransiu-

3alHH, .« o+« v < < . 1055 584 584 584 584 728

CKOJIBKO XJIOpH[a KaJusi HaJio f06aBuTh K 1,7 Kr XsopHuaa cepebpa, uro-
Obl MOHM3UTh TeMNepaTypy Hauaja mJasjends 1o 650 K?

5. Ilo nuarpamme NJaBKOCTH CHCTeMBI cepeGpo — Mejh OMNpeienHTe,
B KaKoM ()asoBOM COCTOSIHMM HAXOJATCS CHCTeMBbl, 0603HayeHHble Ha PHC.
36 Troukamu q, 6, 8, ¢, 0, e, x, 3.

6. Ilo xapakrepHbIM TOUKaM Ha KPHBBIX OXJAXKIEHHS MOCTPOITE IHA-
TpaMMy MJaBKOCTH JJIsl CHCTEMBI HOAHMJA HATPHS — (TOPHN HATPHsS, HC-
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XOJHTb C TBeEp-
no/1b3ys AaHHble H3 crpaBouHHka [M.]. Uro Gyaer mpouc
Joi chTeMoﬁ, koropas coepxur 0,4 kr NaF u 0,6 kr Nal, ecin ee Ha-
rpers 1o 670, 899, 950, 1033 u 1200 K?

7. Tocrpotiite AuarpamMMy ($a30BOro COCTOSHHSI CHCTEMbl (PeHOJ — BOAA

[0 MaccOBOH J0Jjie paBHOBECHHIX (a3:
1) Boza HachillieHa ()EHOJIOM 10 KOHUEHTpAuHMH ¢;, PeHos HachluleH

BOJIOH IO KOHUEHTPAILHH Cy: |
335 335 338 341,8

0 320
cT’ IO(/o L gég 3?8 11,4 15,5 18,5 22,0 gg,g
o % ... 751 705 640 58,3 54,0 49,5 !

2) TBepiAb# (QeHON B DABHOBECHH € PACTBOPOM:

T, K ...... 980 290 300 314
e % ... 84,0 91,5 95,3 100

[TepBas uHBapHaHTHas Touka okoqao 272,1 K: Jes, denoa, }I)]acmop. BTO:
pas uHBapHaHTHas touka 274,5 K: deno., ABa pacrBopa. oncn;ne H(;)u
JAydennyio quarpammy. Ornpegenute $a30Boe COCTOSHHE CHCTEM B KaXKJ n
o6sacty guarpammel. Onpesiesure cocTaB H YMCIO (a3 B CMecCH, cojepxa
we# 0,03 xr deHosa u 0,07 xr BOJIbI NIPH 300 K. O6o3HaubTe 'I:Ogl(aMPl. a—
' FOMOTeHHBl# pactBop, cofepxainuii 80 % ¢enona npu 320 K; 6 — cucre-
My, colepxalyio 50 % deHona, pasnensioulylocs Ha é}aa HeCMe%HHBalOHLHx:
ca pacrtBopa, cofiepxamux oauH 9,5, Apyro#t 69,0 % denosna; 8 — romo
reHHbiit pacTBop, cofepxauiuit 5 % denona npu 326 K. Uro 6yner npouc-
XOMUTD ¢ KXKJIOM H3 YKa3aHHHIX CHCTEM, ec/IH K HHM ROCTETIEHHO A00aBaATh
¢enoa? Pacreopsl, cofepxauiue oiuH 20, a npyro# 60 % denoaa, HMeloT
remnepatrypy 340 K. [lo xaxo# TeMHepaTDypu HaJo OXMaJHuTh KaXKAplH H3
3BaTh PACCAOEHHE CHCTEMBI? .

Hﬂxé.qg)f;;;;me qpi)cno YCJIOBHBIX TePMOJHHAM{UECKHX cTeneHel cBo6o-
Jibl CHCTEM TpH 3aflaHHBIX TeMIepaTtype u cocTaBe. /lHarpaMMul NJ1aBKOCTH
fIpHBEleHbl B cripaBouHnke [M.].

—NacC — AgCl—NaCl  Al1-Si A1-Si

?“Cée.“a. L IAg%nI\ad Agmmgl 2Cl AsCl 973 1373

Cocras, % . . . 50 50 — 30

Touka Ha pmuarpam- .
L (I

CacreMa . . . . . . .o . KBr—CuBr Na—K
T,K. . .. . . . .... — —

Cocras, % . . . . . . . . — A
Touka nHa nuarpamMme . . . . e

c

9. o guarpamMme naaskoctu cHcremsl KBr —(EuBr, npuBelleHHOH B
cnpasounuke [M.], onpenenute KosauuecTso TBepAOk U XHAKOH a3, ecau
cHcremy ¢ MoasipHot gosteit CuBr 20 % narpers o 773 IS Oo61asn Macca
cucreMnl 2 Kr. Onpefeante maccy CuBr u KBr 8 &uakofi v tBepaoi da-
3aX, ecM 2 Kr cucteMbl ¢ MossipHoii goselt CuBr 20 % narpers jo 773 K.
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Onpeznenure KOHUECTBO KOMIIOHEHTa, KOTOpBIH cliefiyer J06aBHTB K CHCTe-
Me, UTOGB OHa WU30TEPMHUYECKH PaCIIAaBH./IACD.

10. Tlpexcrasbre KpuBble oXMaxieHHs Aas cHCTeMbl Na — K, acrnoasb-
3ysl AHarpamMMbl IIaBKOCTH B crpasounuke [M.], ecau MOJIApHAA Rouas
CuCl (%): 0; 21; 40; 60; 80; 100.

MHOTOBAPHAHTHAS 3AJAYA

Ha ocuosanuu temneparyp nauana KPHCTa/UIH3AIHH JBYXKOMIIOHEHT-
HO#H cucteMbl: 1) moctpoiite AHAarpamMy ¢asoBOro COCTOSIHHS (auarpammy
M12BKOCTH) cucTeMbl A — B; 2) 06o3HaUbTE TOUKAMU® I —xuakuii pacnaas,
conepxailii a % Bemtectsa A npu temneparype Ty; /I — pacnaas, co-
Aepxawmuit a % Beulectsa A, HaxoasuwHiics B PaBHOBECHH ¢ KpHCTAMJIaMH
XUMHYECKOTrO coefiunerus; I1] — cucremy, COCTOSILLLYI0 H3 TBepAOro Be-
iecTBa A, HaXOAsWErocs B PABHOBECHH ¢ pacnaasoM, cofiepxamum b %
Betectda A; /V — pasHosecue (a3 ofHHaKoBoro cocraea; V — pasno-
BecHe TpexX (has; 3) ompegeiure cocras YCTOHUHBOTO XHMHUYECKOTO COeH-
HeHHsl; 4) onpejle/iuTe KauecTBeHHbil M KOJMUYecTBeHHb COCTABH 3BTeK-
THK; 5) BBIYEPTHTE BCe THIBl KPHBBIX OXJIaXK[IeHHU s, BO3MOXHbBIe IS faH-
HOM CHCTeMbl, YKaXHTe, KaKHM COCTaBAM Ha RMarpaMMme IJIaBKOCTH 3TH
KPHBBEIE COOTBETCTBYIOT; 6) B KaKoM ($a30BOM cOCTOSIHHU HaxosATcs cHere-
Mbl, collepxauiue c, d, e % sewecrsa A npu Temnepatype T3? Uro npo-
H30MNeT ¢ 3THMH CHCTeMaMH, eCIH KX OXnMajuTh A0 Temmneparypu T,?
7) onpefenute uucao a3z M uyHcaO YCIOBHBIX - TEDMOJHHAMHYECKHX cTe-
neHe#t CBOGOAB! CHCTEMBI IPH SBTEKTHUECKOI TeMIepaType v MoalspHoll fo-
J7ie KomnoHenra A 95 u 5 %; 8) npu Kakoit TeMIepaType HauyHeT OTBepje-
BaTb pacn.ias, cofepxamuil ¢ % semecrsa A? [lpn kakoii TeMIlepaTtype
OH OTBepjeer nosHocTbio? Kakos cocras mepsbix KpHucTannos? 9) npu xa-
KOil TeMnepartype HauHeT MAABHTbCS CHCTeMa, cofiepamas d % sellecrsa
A? Tlpu Kakoii teMmneparype oHa pacnjasuTcs nosHocTbio? Kaxos cocras
NMIEPBLIX Kanelb pacnaasa? 10) BbuHCIHTE TeNmIOTH MaBaeHHS BelllecTB
A u B; 11) Kakolt KOMNOHEHT H CKOBKO ero BbIKDHCTAJIH3yeTCss H3 CHe-

TEMBI, €CJIH 2 Xr pacnJjana, co,nep)xamero a % BellecrtBa A, OXJA4aAUTh OT
T, 1o T,?
¥

Ne papu- Monapras ﬁgﬁgﬁgagﬁ? Moaspras E?:xg;gagﬂ?
aHTa Cucremnt nons A, % cTalnH3a- noas A, % CTanaH3a-

uun, K auu, K

I A—KCI 0 512 40 460
B—SnCl, 5 507 45 481

10 496 50 497

15 479 52,5 583

20 477 55 658

25 481 70 853

30 478 80 952

35 473 100 1050
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Hpodosnenue raba. 1Tpodosscenue Taba,

] T N Bank M TeMmnepartypa M Temnepatypa
a a e - . -
Ne mapu- Momipras | womaeniP® | Momspnan | noime 24 anTh Cuerenut zomn A G | "iiada kpx nom Ay Gy | Manada kpn
‘anTa CrcTemsl noas A, % CTaJH3a- noas A, % CTaJIHaa- wnn, K i, K
uuk, K uuu, K .
, 8 A—CsCl 0 1147 50 1180
2 A—KClI 0 769 45 693 B—CsCl, 10 1124 60 1158
B—PbCl, 10 748 50 703 15 1089 70 1071
20 713 55 733 , 20 1059 80 877
25 701 65 811 25 1102 85 862
30 . ;}g s _ 1382 35 1155 95 875,8
. 713 - 6.8
33 13 o o 40 1166 100 87
9 A—CsCl 0 1147 55 696
3 A—KCI 0 923 50 769 B—SrCl, 10 1089 65 896
B—MnCl, 8 895 60 731 20 1004 70 827
15 865 65 705 30 906 | 75 853
25 815 66 701 40 964 80 879
gg ;33 gg 2,2:5; 45 975 90 960
5 9 999 °
38 735 100 - 1047 : 0 78 100
40 747
10 A—KCl 0 1043 40 1027
4 A—LiCO, 0 1133 50 788 B—CaCl, 5 1023 45 1015
B—K,CO, 9 1055 54,5 77g 10 978 55 961
20 955 62 76 18,5 911 o7 873
33 765 66,6 798 20 828 70 899
39,5 773 83,5 911 25 980 90 1021
42 778 100 983 . 35 1022 100 1049
5 A—MgSO, 0 1294 55 1048 11 A—CuCl 0 912 65 542
B— Cs,S0, 10 1241 60 1053 B—CsCl 10 868 66,6 547
20 1193 63 1098 20 814 70 541
30 1116 65 1113 35 645 75 521
40 1013 70 1163 45 571 80 541
45 923 gg }ggg 50 549 90 623
47 969 6 5
i 969 o 1503 0 533 100 69
A—Li,S0 0 1293 65 983 12 A—CdCl 0 702 50 699
6 B —Cs,50, 10 1216 75,5 903 B-—TICI 10 656 57,5 697 -
20 1113 775" 906 20 604 67,5 673
25 1063 80 910 28 572 80 754
31 953 85 905 30 . 589 85 777
35 68 35 o 36,5 645 95 823
40
1 1003 o 1055 47 694 100 841
55 1007 100 1129
‘ 13 A—SrBr 0 1003 57 832
7 A—KI 0 658 53 504 B—KBr 10 972 66,7 847
B—Cdl, 10 643 55 95 872 75 843
: 30 596 60 ggg 29 899 82 835
45 520 65 833 - 33,3 832 85 851
47 470 80 . 10 826 95 897
49 468 100 95 50 807 100 916

9
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IIpodoasxcenue raba.

Hpodosmenue raba,

M a M Temneparypa M Temneparypa
BapH- - -
Coerewss | orpup | el ibn | Mot | E
3amun, K samun, K
14 A—FeCly 0 1073 53 983
B —NaCl 13,3 1052 61,6 753
22,2 1033 66,8 680
35,8 989 74,6 641
37,6 975 80,6 622
40 983 81,6 642
47 999 84,8 697
50,6 1003 100 859
15 A—FeCl 0 702 35 525
B—TICI 10 658 37 506
22 598 45 533
26 535 52 553
29 . 549 62 560
33 563 100 585
16 A —NiF, 0 1121 23,8 1212
B—KF 49 1099 26 1224
9,2 1060 30,3 1289
13,4 1120 37,9 1359
15,2 1141 46,7 1397
18,4 1168 50,5 1403
21,8 1193 58 1391
17 A—KI 0 685 45 618
B—Pbl, 10 668 50 622
20 640 55 651
25 622 60 695
30 579 70 773
31 594 80 858
35 603 90 914
40 610 100 959
18 A—SrBry 0 825 50 768
B—LiBr 5 813 54 773
2 772 66,6 803
30 736 85 865
34 720 100 916
40 744
19 A—NiNO, 0 585 50 464
B-—RbNO, 10 535,5 60 4576
20 489 65 449
22 479 70 567
32,5 424 80 508
36 438 90 519,5
40 449,5 100 527
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N pa- TemnepaTypa
ity | coeroms | Mormag | WS | worma | IR
3anu, K ' 3carlfl:l"}:',"i(
20 AB—- Mlg'CCllz 0 708 50 767
—1i 5 698 66,6 796 ,
15 682 75 658
28 . 635 90 950
33,3 685 100 991
]
21 A —MgCl, 0 991
36,2
B—RbCl 17,5 868 375 ;gg
22,7 300 43,8 816
23,7 764 50 823
25,9 746 58,1 809
28 736 65 783
29 732 68,3 821
30,4 743 78,7 898
33,1 749 100 984
355 754
22 A—MnCl, 0 999
B —RbCI 15 879 gg :Ilgg
22 813 55 797
27 749 65 755
30 741 68 733
32 733 70 743
35 713 80 803
40 767 100 923
23 A— MgSO, 0 1349
B—K,SO, 10 1308 gg:g }ggg '
20 1236 71 1193
30 1123 75,3 1177
40 1019 82,3 1247
50 1103 100 1397
1
24 A—PbCl, 0 708
B—TICI 10 679 gg _(75(8)?)
15,6 661 66,6 708
20 675 70 707
25 680 75 700
30 676 80 720
. 36,5 650 90 752
40 658 100 773
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IIpodoaxcenue maba.

Temneparypa - Temnepatypa
Mo, a . -
i Roas A, % | Mounan ke | Momipuay | waara xbi
3agHH, K 3agun, K
25 A—NaCl 0 595 35 623
B—2ZnCl, 5 589 46 683
10 577 52,5 769
15 573 58 813
25 543 67,7 882
27 535 100 1073
30 569
L€ $E
;g To.K| a [ 6| ¢ | d] e T,,KZ_E To.K| a | b |s d | ¢ |T,, K

11493145175 | 5| 25175 463 | 14 |1033| 45|95 | 10 | 45| 75| 983
2175330 (75| 52575 7031 15 | 673130 |50 | 5|30 50| 543

- 3187340 (80| 10 | 40 {80 733 16 {12731 15 — | 5| 20 | 40 | 1113
41923} 40 [ 75 | 10 | 40 (86 768 | 17 | 773|140 | 75| 10 | 40 | 80 | 603
5 (1173} 55 [ 90 | 10 | 40 (72 | 1123 )| 18 | 873| 50 | 80 | 10 | 50 | 90 | 753
6 |1173] 40 . 85 | 10 | 40 |95 973 | 19 | 523140 | 75| 10 | 40 | 95 | 443
717231 55|75 | 10| 40 {70,5,. 503 | 20 | 92350 | 80| 10150 |8 | 703
8 |1173/ 35 190 | 10 1 50 {75 | 1093 { 21 | 87340 |90 [ 10|50 | 75| 793
971073/ 35 | 8 | 535 85 923 22 | 873|30(95({ 10| 40| 60| 733
10 1023| 25 | 75| 5| 3585 923 | 23 1273|150 {90 1 10 | 30 | 85 | 1073
11 | 773/ 55 {80 | 10 {25 |60 | 533 | 24 | 723|50 | 85 10|50 | 75| 673
12 | 773 42 1 80 | 10 | 40 |90 643 | 25 | 723|135 | 60| 10|20 | 60| 583
13 | 973{ 60 | 90 | 10 | 50 |75 833 50

FI1ABA XVI

FETEPOTEHHOE PABHOBECHE B TPEXKOMHOHEHTHle
CHCTEMAX, COLEPXAIUHX )XUXKYIO U TBEPAYIO ¢A3b!

OcHoBHbIE ypaBHEHHS H CHMBOJIbE
[K., ¢. 400—A402, 405 -— 407, 420-—423]

Touka Ha NIOCKOCTH PaBHOCTOPOHHEro TPEyroibHHKa OTpa)kaer coc-
TaB TPeXKOMIOHeHTHOH cucTeMbl. Ecau u3 touku P (puc. 37, a) onycruthb
neg eHAHKYAsIpbl Ha CTOPOHBI TPEYTONBHHKA, TO CYMMa 3THX OTPE3KOB pas-
Ha BBICOTE TPeyroJbHHMKa, Koropasi NpuHHMaercs 3a 100 % (meron I'u6-
Gca). Touka Ha MIOCKOCTH PaBHOCTOPOHHEro TPEyro/ibHHKa OTpakaer Co-
CTaB TPeXKOMNOHeHTHOH cHcreMbl. Ecau u3 touxku P (puc. 37, 6) nposectu
npsiMble, napajjie/bHble OCHOBAHHAIM TPeYrolbHHKa, TO CyMMa HX paBHa

252

CTOpOHe TPEYrolbHHKa, KOTOpasi npuHuMaercs 3a 100% (meros Posze-
OyMma). BepuuHn! TpeyronbHHKa COOTBETCTBYIOT WYHCTBIM KOMIIOHEHTaM
(xapaxTepHble TOUKH).

JIByXKOMNOHEHTHbIE CHCTeMbl OTPAXKAIOTCA Ha COOTBETCTBYIOLIUX CTOPO-
HaX paBHOCTOPOHHEro TpeyronbHUKa. JIMHUM, Napa/enbHble CTOPOHE Tpe-
YTONbHUKA, SBASAIOTCA rEOMETPHUECKHM MECTOM TOYeK, COOTBETCTBYIOUIHM
CHCTeMaM C NOCTOSAHHBIM COAepXKaHHEeM KOMNOHEHTa, IPOTHB KOTOPOTO Je-
KUT CTOPOHA TpeyroJbHHKa. [IpsiMble, npoBejeHHble M3 BepLIMHBI Tpey-
FONbHHKA 0 MepeceyeHHs C MPOTHBOMOJOKHON CTOPOHOH, ABJASAIOTCA reo-

A
c AVAVAV@VA
YAVAVAVA YAV
AVAVAVAVAVAVA
ggﬂ#ﬂﬁl

A [ A
a . J

Puc. 37. Hao6paxenne cocrasos TPEXKOMIOHEHTHOH CHCTeMbl Me-
Togom I'n66ca (a) u Meronom PoseGyma (6)

METDHYECKHM MECTOM TOYEK, COOTBETCTBYIOIIHX CHCTEMaM, B KOTOPbIX OTHO-
LietHe IByX KOMNOHEHTOB OCTaeTCs MOCTOSAHHBLIM H PABHBIM OTHOLUEHHIO OT.
PE3KOB, Ha KOTOpbie AeNHTCSi CTOPOHA TPEYroAbHHKA (XapakTepHbie JH.
HHH).

" Ilycrb ofwmit cocTaB ABYXKOMMOHeHTHOH CHCTEMBI OTpaXKaercsi TOUKOM
P (puc. 37, a), coctas nepsoii gasnl (I) orpaxaercs Touxoit M, cocras Bro-

poii (I1) dpasel — roukoit N. Toraa, eciu MaccoBhiii cocTas BbipakeH B [po-
IleHTax, TO

my/my =NP/PM, (XVLI)
TA€ m, U my — Macca nepBofi u Bropo#i ¢a3. Ecau MonsipHulil cocTas Bhl-
paXkeH B mpoleHTax, TO
" ny/ny=NP/PM, (XVL2)
TA€ 1y U My — YHCJIO MOJIeH 1lepBofi H BTOPO# (ha3.

3AIAYH C PEHIEHHAMH

1. Ilpoanasusupyiite dasosoe cocrosnue HeH30MOP(DHOH TpeXxKoMMo-
HenTHo# cucreMbl ABC (puc. 38), a Takke poliecc oxXna)xKAeHHs1 CHCTeMbl
COCTaBa, OTPAXKeHHOTrO Ha AHarpamMme TOUKoOH /.
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PemeHnue. Bume nosepxHocrell adgf, bdge u cfge Bce cHcreMul ro-
MOTreHHBIe — XKHAKHA pacnaas. [losepxHocTh adgf orpaxaer cocTas pacn-
JlaBa, HaXOJsLIErocsi B PABHOBECHH C KPHCTaJaaMH KoMnoHeHTa A. [losepx-
HocTh bdge oTpaxKaer COCTaB PacnaBa, HaXOsIIErocs B pABHOBECHH C KpPH-
cTanjaMH xomnoHeHTa B. [losepXHocTh cfge oTpakaer cocras paciniasa,
HaXOASLIEroCs B PaBHOBECHH C KPHcTallaMH KoMnoHenTaC. JIMHHU nepe-
ceueHHs nosepXHocTeil dg, fg U eg OTPAXKaIOT COCTABH PACMJIaBoB, HAXOAA-
I[HXCA B PABHOBECHH C KPHCTAJ/aMH ABYX
KOMMOOHeHToB. JIHHHS dg — B paBHOBECHH
HaXOAATCs pachjas U KpHcraaast A H B,
JHHHA eg — B PaBHOBECHH HaxojaTcs
pacriyias U Kpucraaist B u C, JuHusA
fg — B paBHOBecHH HaxOAATCA pacljias H
kpucraaan A u C. B Touke g nepeceve-
HUs NUHUN dg, eg H fg B paBHOBeCHH
HaXOAATCA Ppaciyias M KPHCTALIB Tpex
gomnoHentoB A, B u C. Touku d, e u |
3BTEKTHKH JBYXKOMIOHEHTHBIX  CHCTEM.
Huxe TOUKH g — TPOHHOH 3BTEKTHKH —
BCE CHCTeMBl reTeporeHHnle, TPH TBeplble
¢pasml.

[Tpocaeaum u3MeHeHHe (a30BOro Co-
CTOSIHHSA CHCTEMBl MOPH €e OXJaKIeHHH.
[Tpu oxNaXKAeHHH CHCTeMbl J0 TeMllepary-
put Ty cicTeMa rOMOTeHHasi, OfiHa XHAKas
¢asza. Ilpu remneparype T, HauHHaeTcs

i
k1)

oot : ' KPHCTAAJH3allHsl KOMIIOHEHTa A (Touka 2).
LARIN Tak xax u3 pacnuiasa B TBepAyl0 a3y BH-
8 AeJIfieTCsl TOJbKO KOMMOHEHT A, To COOT-

Pyc. 38, Jlnarpamma maaskocrs HOUIEHHE KOHIEHTpaluii xomrmoHentos B
neusoMoppuofi  Tpexkomncuest- H C B IKHAKOM pacliiaBe He MeHsleTcs.
HOfi CHCTeMb Ha nnmockoM TpeyrolbHHKe OCHOBanHs
NPH3MEI TAKOH HDOIECC OTPAXKAETCA JIH-
Huelt |° — 3'. CocraB pacnnasa mensiercs no aunuu 2—3. B Touke 8
¥aciilas CTAHOBHTLS HACHICHHBIM He TOJIbKO KOMIOHEHTOM A, HO H KOMIIO-
Heurom B. Touka 3 coorsercrayer temneparype T,. Ilpu aToii Ttemne-
Patype H3 pacniaBa H4UHHAeT KPHCTa/A/H30BAThbCS COBMECTHO C KOMIIO-
Heurom A Komnonent B. Cocras pacnnaBa Medsercs no JHHHH J — g.
Ha nnockoM TpeyrolpHHKe 3TOT MpOLeCC OTpAKaeTcss TaKkKe JHHHeEH
> —- g'. Tpoiluai 3BTeKTHKA (TOUKa g) HAXORUTCH TpH TeMmneparype 7.
Tipy Temneparype T, Bes cHCTeMa KpHcradiu3yercss H GyaeT rereporeH-
BOM, TpexdasHoi. {IpK nanbHelleM oXaarKiedHH CHCTEMbl OXJAXKIAOTCA
Kpdcraaiel KoMuotentos A, B u C, uro orpaxeuo wa anarpamMme Crped-
xaMy Ha pe6pas npHsMH. Bech npoliecc oxmaxgeHus cucreMst Ha prc. 39
OTpaKeH CTPEJIKaMH.
2. OnpegeJitite Maccy KomiioHeHTa A (puc. 38, Touka /), KoTopwifi Bol-
DeJUTCH B TBepAYK> a3y H3 | Kr cHCTeMb:, €cJH ee COCTaB oXJakjeH J0
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Temnepatypul T,. Ilpoexiuus H3orepMbl T, Ha OCHOBAaHHE MPH3MBI AENHT
orpesok [” — 3’ B cooTHoweHun 13:4. Maccosniil cocTaB BeIpaKeH B Mpo-
LleHTaxX.

PeweHue [ns onpeleneHns COOTHOLIEHHS MacChl XKHAKOH H TBEP-
Jo#t (a3 IPHMEHHM MPaBUIO pHYAra:

My (1—myg) =4/13=0,308; myp=0,308—0,308 m,p; My, =0,235 Kr.

Tak Kak W3 CHCTeMH cOCTaBa, H306PaXXEHHOTO TOUKol /, B TBEpAYIO (a3y
BBIJIE/IIeTCs TOJILKO KOMIIOHEHT A, TO Macca KPHCTaJlJIOB KOMIIOHEHTa A nipu
remneparype T, Gynmer 0,235 kr. Macca ‘
ocrasierocsi pacnjasa 6yer 0,765 kr. Natt

3. Cucrema  NaCl — KCl — H,0O
HeusoMoppHasi. MexAy KOMNOHeHTaMH
He ofpa3yercss XHMHUECKHX COeRHHEHH,
Hcxonnas cHcrema cocrout u3 10 kr
KCl, 20 kr NaCl u 70 kr H,0. Pacrso-
puMoctd B Bofie npu 373 K KCI — 8 QV@VAVAVA
56,2 kr, NaCl — 39,4 krs 100 kr pacr- AV AV /\
Bopa. CoBMecTHass  pacTBOpPHMOCTb AY’AVAVA‘QYAYAYA
27,39 xr NaCl + 35,16 xr KCI 8 ZXB/N/N/N/N/NJN/N
100 kr pacrBopa. 1. [Tocrpoiite aua- ENANNANNNNN
rpaMmy (a3oBOro COCTOSIHHSI cHcTeMmbi, Hel & KCt
CUHTasi JIHHUH PACTBOPHMOCTH MpSAMK-
Mu. 2. Onpejesnnre Maccy HcnapHsuUIei-
Csl BOAH H COCTAB pacTBOpa [0 Hayajna
KpHcraaausanHu. 3. Kakas cons, NaCl
Had KCl, HauHeT KPHCTaNIH30BATHCS H3 PACTBOPA NPH H3OTEPMHUYECKOM
HCTIapEeHUH BOJB H3 MCXORHOH cHCTeMbl? 4. Kakoe KOJHYeCTBO BOABI MC-
napuTcs 1o Havaja KPUCTAMIN3alUn obeux cotelt? 5. CKombKo KHIOrpaMm-
moB NaCl u KCl seizenurcs u3 cucreMbl B TBepAyio a3y, ecaH U3 CHCTe-
Mbl ucnaputb 95 % BoAw, colepaauiefics B HCXOAHOH cCHCTeMe?

PemeHue Ha ocHoBaHHH 3aaHHBIX COCTABOB HCXONHON CHCTEMHL,
ABoiiHnx 3BTeKTHK NaCl — H,0 u KCl — H,O u TpoilHoli 3BTeKTHKH
NaCl — KCl — H,0 u Ha TpeyroabHyio NJIOCKYIO AHATPaMMY HAHOCHM CO-
OTBETCTBEHHO TOUKH Py, €5, €; U €;. COElMHHM NPAMBIMH € H €,, €, B e,
(puc. 39). Tak kak M3 pacTBopa, COCTaB KOTOPOTO Ha AHArpaMMe (ha30BOro
COCTOSIHHSI OTPAXKEH TOUYKOH p;, HCIAPsIeTCs TOJABKO BOJ4, TO COOTHOLUEHHE
NaCl u KClI B cucreme ocraeTcs npu stoM 6e3 uamenenHs . [Ipouece ucnape-
HHS OTpaxaercs NPOJO/KeHHEeM JHHHH, COeHHsIOWed TOUKy p; C BepLIH-
Ho#t TpeyroabHuka H,0, 7. e. nunuedt p, — p,. B Touke p, pacrsop craHo-
BUTCs HachieHHpIM NaCl M HauHMHaeT kpHcrannusopaThes. Onpemesuw,
CKOJLKO BOIBl HCHapHTCA B MpOIECCEe, OTPAKEHHOM Ha JHArpamme
JUHHeA p; — p,. OnperesuM cocTas ToukH p,:16,5 % KCl, 33,5 % NaCl
n 50% H,O. PaccudraeM Maccy BOAB B CHCTEMe, COOTBETCTBYIOMIEH

Puc. 39. HMsorepMuyeckoe ceuenne
AHArpaMMH  (ha30BOr0  COCTOAHHMSA
cicreMd NaCl—KCl—H;0

.TOuKe p,: AaA cocrasa p, (10 -4 20) xr coau cocrasasior 50 ,

a4 X Kr BOAH COCTaBJAAOT ocTadbHeie 50 %. Otkyaa x = 30 kr.
Takum oOpasom, B cHcreme cocraBa p, nocie HCNApeHHs  Bo-

255



s ocranercs 10 xr KCI, 20 kr NaCl u 30 xr H,G. Us cucreMbl ucnapu-
Jock 40 Kr BoJpl 10 Hayada kpucramiusauuu NaCl. Tax kax U3 cHcreMH B
TBepayto (asy 6yzer BoineasThes NaCl no Mepe ucnapenus Bojbl, TO COCTaB
cucteMu Oyjer oboramarbes KCl. Jror nporecc H306pasuTes JHHHEH p,—
ps. B Touxke e; Haudercs cosMectHas kpucraanusauus u NaCl, u KCL
Onpefe/inM Maccy BoJbl, HCIIAPHBLIYIOCH H3 CHCTEMBI IO HayaJsla KpHCTaJl-
Ju3aiul obeux coseit. Tak Kak M3 pacTBOpa KPHCTALIH3YETCS TOIbKO
Na Cl (1unust p; — p,), To Becb KCl ocraercs B pactsope. B Touxe
e Maccosaa jpoas NaCl—27,39 %, KCl—35,16 % n H,0—37,45 %.
10 kr K1 B pactBope cocTaBa ez cocraBasior 35.16 %
x» 4,0 » » » e » 37,45 %
Orcrofa x == 10,65 xr H,O ocranercs B pacrBope. Hcnapures Boab
70—10,65 = 59,35 xr.

Yrobw onpeienuts Macest NaCl u KCl, Korophle BHKPHCTALIH3YIOTCS
M3 CHCTeMBl IIDH WcrnapeHuu w3 Hee 95 % BOIB!, paccyHTaeM COCTAB MOJY-
yenHnoit cierembl. O6uuii cocras Gyaer 10 xr KCI, 20 xr NaCl u 70-0,05=
= 3,50 xr H,0, a maccosas noss Gyzer (%): KCl—29,85; NaCl—59,70;
H,O0 — 10,45. Ha nuarpamMMe 3TOT cOCTaB H300pasHTCA TOYKOH p .
CoeuHMM JHHeH TOUKY €4 € pg H NPOJONKHM 3TY JHHHIO JO Ne-
peceuenusn c ocHoBanueMm tpeyroabiuka NaCl — KCl.  Tlonyuum
TOYKY r. Macca coself, BbIIeNHBLUIMXCS B TBEPAYIO a3y, Tak OTHOCHTCS
K Macce Bcell CHeTeMBl, KaK JJIHHA OTPE3Ka p 44 OTHOCHTCS K JAJHHE OTpes-
Ka re,, uro coorsercreyer 0,702, O6uias Macca cHCTeMBbl coOCTaBJsier
33,5 kr. Macca tBepnoit dasel 33,5-0,702 = 23,52 xr, Macca ocrasiierocs
pacrsopa 33,5 —23,52 = 9,98 xr.

Coctas TBepaci a3kl onpesessieTcss Ha JUarpaMMe TOYKOH 7, COOTBET-
crayroueit 73 % NaCl u 27 % KCI. B tseprioii pase Gyaer 17,17 kr NaCl
u 6,35 kr KCl. PacrBop uMeer cocraB TpoitHOH 3BTeKTHKH. Macca pacrso-
pa 9,98 xr. Ou copepxut 2,80 xr NaCl, 3,68 kr KCl u 3,50 H,0. [Ipu uc-
napeuu Beell BoAbl, cojiepKalliefcs B HCXOAHOM PacTBOpe, COCTaB CHCTEMBI
GyaeT OTpaXkaThCs HA jarpaMMe TOYKOH §.

3AJAYH
1. Cucrema cocTouT U3 conell S, u S;) ¢ ONHOMMEHHBIM HOHOM M BOJBI.
Cocras cucrembt (%): S; — 20; S;; — 25; H,O — 55. CocTaBel 3BTEKTHKH:

S, H,0, S;; HyO conepxar 60 % u 50 % S coorsercrsenno. Cocras
Tpoiinoit ssrektukd (%): S; — 50; Sy — 25; H,O — 25. Haueprure
W30TepMHYECKOe cedyeHue AuarpaMMbl ()a3oBOTO COCTOSHHA NpHU TeMInepd-
Type Bbllie TeMepaTypbl KPHCTAJIU3ALHH BOJIBI, HO HUXKE TeMIepaTyphl
KPHCTaNIH3aLUK ABOAHON 3BTEKTHKH coJ/b -— coJib. [Ipocienure mpotece
H30TEPMHYECKOrO HCHAPEHHs BOIBl U3 CHCTEMBI.

2. [Ipocnenure Ha puarpamme (asoBOTO COCTOSTHHSI CHCTEMBI, COCTOSA-
e u3 ABYX coJleii ¢ ogHouMeHHbIM HoHoM S, S;y u H,0O, uzorepmuueckoe
ucnapeHue BOJbl U3 pactBopa, coxepxaiero 15 % Sy, 256 % S;; u 60 %
H,O. Pacrtsopumoctb contu S, 8 Bozie 45%, a coan S;; 50 %. CosmecrtHast
pacTsopumocTb costeil S; u S;; 40 u 25 % coorpercrsenno. Hsobpaxas su-
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HHH DACTBOPHMOCTH MPSIMBIMH, OMpE/IeNUTE, KaKas COJAb HAUHET KPHCTaf-
JIUSOBATLCS NEDPBOH U3 CHCTEMbl MPH U3OTEPMHUECKOM HCHAPEHHH BOJbI
KaKO€ KOJIHUECTBO BOLB HAJ0 HCIAPHTD M3 | KT YKA3aHHOH CHCTEMBI 1O Ha-
tajla MOAB/IEHHS MEPBOrO KPUCTAMNA, KAKOE KONHUECTBO BOAbI HAJO HC-
TIapHTB 110 HaYa/la COBMECTHON KPUCTAMLIN3AIHH colell Sy 1 S,?

3. Ha ocnoBanuu usorepmuueckoro ceyenus AHarpamMsl as3oBoro coc-
TostHig cucreMsl T1,Cl, — Ti (NO,), — T1,S0,? KOTOpasi NpHBeJeHa B
cnpasounuke [M.], onpenennre maccy T1,SO,, BBIK P HCTA/IJIH30BABLIYIOCS
u3. cucreMl, cocrosimeit us 20 % T1,Cly, 20% Tl, (NOy), 1 60% TI1,SO
NpH OXJaXkAaHuu ee 1o 400° C. v e

MHOTOBAPHAHTHAS 3AJJAYA

Tpexxomnonentnas cucrema HyO — A — B, rae A 1 B — coan He
- b
obpasyouiie XUMHYECKHX COeHHEeHU T MeXxJy co6od U ¢ BOLOH.

I. Tlo 3amannbIM 3HAUEHHSAM KOHIEHTpALHH SBTEKTHK COb — BOJA H
CPOHHOH SBTEKTHKH BBIYEPTHTE [HATPAMMY H3OTEPMHUYECKOrO CEYeHHs!
THCTEMBLL DU TEMNEPATYpe BbILUE TEMNEPATYPH MJIABJCHUS BOLBI, HO HUIKe
TEMINIEPATYPBl 3BTEKTHKH COJb — BOJA.

2. Hanecure na puarpammy :

.. aMMy TOUYKY p, COOTBETCTBYIOIULYIO COCTABY He-
XOIHOH CHCTEMBI. yomy y

3. Kakas cob i B KaKOM KoJIHyecTBe BHAETUTCH H3 1 KI CHCTeMb npH
H30TEPMHYECKOM HCNAPeHHH BOJABI B YHCTOM BHIE? :

b 4. Onpenenure Maccy coseit A u B, koropas OYIeT BblieJ/IeHa B TBEPLYIO

a3y TpH HCHapeHUH U3 cucreMbl 90 % i i
0 BOJIBI, cofepiaileiics B UC

cucreme? Y Pt Homot

5. Paccuuraiite cooTHomenue coseii A: B s TBEPAOH ¢ase noc/e ucna-
peHus u3 cucreMnl 90 % Bomwl.

Maccosas go. !
. cncreM: st b}/l\glc”clog:ﬂ Maigggiz#onﬁ‘ P Maccosas goas| Maccosasn Maccosas gons
3 - CHCTEMH B ROJS 3B- TpoHHON
&«| B TOYKe p, © 9 AN LS
st P, %| Tekruk, %| sBTEKTHKH, Y S TOyKe p, % | TeKTHK, %| sBrexTHKH, %
=z =
2 A B |a | Bfa 2 S
BlmoE3| a | B [a| B | a] 8o

30 10 |70 | 50 (4030 |30/14] 20 | 20 | 8| 60 3

20 10 (80 60 {4030/ 30|15| 20 10 eg 88 48 38 gg
10 10 1 60| 80 |30]|30|40f16] 10 | 30 {50 | 70 | 40 | 20 | 40
20 f 30 150 70 2015030[17| 10 | 20 | 70| 50| 40 | 40 | 20
20 | 20 170 | 50|20 (305018 10 | 40 [ 80| 60 40 | 40 | 20
20 10 140 ) 50 1 40 | 30 | 30 {19 30 |- 10 [ 60| 80 | 30 | 40 | 30
10 | 30 |60 8030304020 20 10 {50 70 | 40 | 40 [ 20
20 150 70| 30|40 30f21| 10 10 | 70 50 [ 50 | 30 | 20
10 + 40 | 70| 50 130 |30[40(22| 20 | 30 |80 [ 6050/ 30] 20
30 | 10 |80 ) 60[30|40|30]24| 20 | 20 {60 80|30 30| 40
%8 }8 6538 gg 38 gg go 2g 30 10 |50 70 [ 50 | 20 { 30

02 7 ¢
30 | a0 |30 1040330 10 | 20 {70 50|50 201 30

bt ottt
WN— O @~ UId WK —
—
<

9
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FIABA XV
XUMHYECKOE PABHOBECHE

OcHOBHble YPAaBHEHHS W CHMBOJIbI
[K., ¢. 429—437, 446—451; T., 1. 1, c. 261—326]

3akoH JeHCTBYIOIHX Mace /15 PeaknHH, 3alHCaHHON B oOLIEM BHIe
VaA+vg B 2 vpD+vg E (a)

H NpoTeKaiolell B ra3oBoii ¢pase, NpH YCJAOBHAX, /151 KOTOPHIX IPUMEHHMBI
3aKOHBI H[ealbHOro Fa3po0pa3HOr0 COCTOSHHA:

—cVD ¢VE vB
Ke=c}Dc} /CXA c}B, (XVIL1)

rje ¢; — paBHOBeCHasi MOJIIPHAsA KOHILEHTPALHs i-TO0 KOMNOHEHTa;

¢;=P;/RT, (XVIL2)
rjge P,- — PaBHOBECHOE NapuHanbHOE 1aBJjieHHe {-TO KOMIIOHEHTa:
—pP'op’E;p¥A p¥s
Kp PD PE /PA PB , (XVIL.3)
Py=x; P, (XVII.4)
V...V v v
x Dx E — — x Dy E
Kp——DE p B8 _ "o e Ly (XVIL.5)
v k% k% v
Ax B Ay B
xA xB xA xB

TJie X; — PaBHOBECHAs MOJIApHASA L0/ {-TO KOMIIOHEHTA B HeaJbHOM ra3o-
obpasHoM cocTosiHHH; P — ofluee japjeHHe paBHOBecHOH cmecH; Av—
Pa3HOCTb CTeXHOMeTPHYeCKHX Ko3huiHeHTOB Belecrs;

v =2 (v:im—z (Vi)uas, (XVIL. 6)
i

Flie v; — CTeXHOMeTpHUYeCKHH KOxdbHIHeHT KOMNOHEHTa XUMHuecKol pe-
aKUHH;

ny n;
zni N +ngt+ng-Fnptnuy ’

i

X = (XVILT)

TAe 7; — KOJIHYECTBO MOJIeHl {-TO KOMIIOHEHTa B PaBHOBECHOM CMeCH; 1, —
KOJIMYECTBO MOJIell MHePTHOT O rasa (rasa, He Y4YacTBYIOLETO B XHMHYe-
CKOH peakiuH).

Cps13b MeXJy KOHCTAHTOH PaBHOBECHs, BBIpaXKEHHON uepe3 MapuHab-
Hble JaBleHHs, H KOHCTAHTOH PaBHOBeCHs, BHIpa)KeHHOIH uepe3 KOHIEH-
TPAlHH, ONMHCHIBAETCS yPaBHeHHEM

Kp=Kc (RT) 2V, (XVIL8)
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KoHcranty paBHOBecHs] MOXKHO BHIPAa3HTh Uepe3 cTelleHb NpespallleHHs
o. Tak, HanpuMep, AJasi peakuHH

A-}2B=2D . (6)
Kp=[a? B—a)]/(1—a)® P, (XVILY)
oy =Any /nd; ag=Ang/n}, (XVI1IL.10)

rie o, op — J0Jd HCXOTHOTO BelllecTsa, NpeTepnesllero npeppaiieHde
(cremenn npespainenus); Ana, Anp — KoiaudectBa MoJjell KOMIIOHEHTOB
A u B, nperepneBlinX npeppallieHHe;

Any=n{—n,; Ang=ng—ng; (XVIL.11)
n}, n} — Koauuecrsa Moseil seliects A H B B HCXOTHOM COCTOSIHHH CHC-
TeMBI; Na, Ny — KoJHYecTBa MoJsiell Bellectsa A H B B paBHOBECHOM cocTo-
SIHMH cHcTeMbl. Ecau seiectsa A v B B3ATH B CTeXHOMETPHUECKOM COOTHO-
LIEHHH, TO

nd =2n} (XVIL12)
H
ag=2(Any)/2n} =a,. (XVIL13)
Mepa nporekaHus peakuuu (rJyGHHAa peaKuHH)
E= —Ani/v;. (XVII.14)
Ias peakuuu (6)
E=Any/l=Ang2, (XVII.15)
orciona
t=a. (XVII.16)
YpapHenHe H30TepMbl XHMHUeCKO# peakuud Bant-Tobda gis peakuuu (a) -
PDP'E _
AG, ; =RTIn—2 E _RTInK,, (XVII.17)
v v
Ap's
PPy
¢'D ¢'E
AAy ;=RTn—2 E . RTInK., (XVI1.18)
A 'B
A "B

rie Pa, Py, Pp, Pg — npoussoibHble NapuuajbHble [aBJIEHUS HCXON-
HBIX BELIECTB H NPOLYKTOB PeaKuHH; Ca, Cp, Cp, CE — MOJISIPHblE KOHLEHT-
palHH HAayaJbHBIX BEllecTB H NPOAYKTOB PeaKuHH;

AAy 1 =AGp ¢ (XVI11.19)
— AGr = — Zw;p; — XUMHYECKOe CpPOACTBO.
IIJIH CTAHJAAPTHOI0 COCTOSAHHS CHCTEMbI
AG°=-—RTanP, (XVII1.20)
A A= —RTInkK., _ (XVIL.21)
A Ao AGo, (XVII.22)
g* 259



rae — AG} = — Zv;u} — crangaprtHoe xﬁMuqe‘cxoe cpoacreo. B CHU
ypasHenue (XVII1.20) npunumaer sug

AGY iy =AG} (oryy -+ AV RT In 1,0133-105, (XVIL.23)

rae unlekcot (CH) u (aT™) yKasbiBaioT, uto paBHOBecHbie JaBJEHHS BbIpa-
JEHBl B NACKaJIsIX H atMocdepax COOTBETCTBEHHO.

Pacuer snepruu I'u66ca AGSgg 445 peakiuuil npi CTaHZapTHOM COCTOSI-
Hun 1 298 K

AGYgg =2 H9gs —298 A S35, (XVIL24)

rie AH3os—3HTaNbNHs PeaKLHK NPH CTAHAAPTHBIX YCNOBHSX K npu 298 K
AS3¢s — SHTDONHS XMMHYECKOH DeakuHd NpPH CTAHZAPTHBIX YCIOBHMSIX
u 298 K.

Pacuer sneprun I'u66ca AGS 11151 peakiin KBaHTOBOCTATHCTHUECKHM Mé-
TOAOM
AHY
2 ) -+ T“ , (XVI1.25)

G3—HQ
rxe ( TT 0) — npuBeleHHas 3Heprusi ['u66ca; AHY — runoreruue-

cKuil Tenopoil apeKT peakuuu npu aGCOTIOTHOM HyJIe B HAEATLHOM ra-
3000pa3HOM COCTOSIHHH; .

AHS = AHY—A (HR—H?). (XV11.26)

Benuuunnt (H} — H{) BHIUKCASIOTCS KBAHTOBOCTATHCTHUECKUM. Me-
TOAOM.

Pacuer snepruu I'm66ca AG} Ans peakuun TepMOIHHAMHUECKHM METO-
Aom (merogoM Temkuna — IlIBapumana):

()] T. ACP
A(;g=AH298_TAngS+29fS ACLdT--T 2j8 —- 4T (XVIL2))
9

[locne noacranosku sasucuMoctu ACP oT Temneparyphi, BbIPaXKeHHOI
ypaBHeHHeM

’

A
ACg:Aa+AbT+AcT2+AdT3+——T%~, (XVII.28)
B ypaBHenue (XVII. 27) nonyuum
AGI=AH34s—TASYys—T (MgAa-+MgAb--
L MyAc-MyAd+M_,Ac"). (XVII.29)

Kosdpunnentst My, My, My, My u M_, BoluHC/IeHB! U NPUBOJSATCS B CHpa-
BOUHMKAX /I psiia TeMneparyp.
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34BHCHMOCTb KOHCTAHTHI PABHOBECHS PEaKIHH OT TeMIeparypbl BhIpa-
Haercs ypasHeHHeM H300apel (u30xopet) Baur-I'odpda B quddepenuuann-
HOM BHJE!

dinKp _ AHO

T R (XVI1.30)
dInk, AU®
ch =2 (XVIL. 31

Ypasuenusi (XVIL.30) u (XVII.31) M0KHO npOHHTErpupOBaTb A5 Clle-
AYIOIHX YCIOBHA:
A HO

1) AHe=const; AC)=0; ngP=__mR—T-+const; (XVI1.32)

A
2) A H® £ const; A C} = censt; ACp=Aa; Ig Kp =-T—+B lgT+C (XVII.33)

HJIU X
AHYgs—Aays . Aa

1 = IgT ; 1.
gKp 9 3026RT T R g +const. (XVII.34)
3) A HO =~ const; ACh=Aa+-AbT,
A
lgKp=~—-+BlgT+DT+C (XVII.35)
HJIH
Ab
Aa?98+72982 A
1 = . 2 19T
g Kp 5,3026RT T kT
-+ Ab_ o, t XVII.36
— (0] 5 F; .
2.2,3006R | T const; ¢ )
A ’
4) AHO const; ACH =AatAbTAACTE o
A B
ngP=F+—T—+C—i—DIgT+ET+FT2. (XVI1.37)

PaBnosecue B rasoBoil (asze npu cpeiHHX HaBJeHHsX PAcCCUHTHIBAIOT CJle-
AYIOIHM 06pa3oM,
Koncranra pasHoBecust ans1 peakuuu (a) Gyaer

v v v Vv, N

Ky=FP [ B/ A FB=Ke K, P2V, (XVII.38)
rae
— 'VD v VA v .

x=x xEE/xA xBB, (XVII.39)

v v v v
KV=YDDYEE/YAAVBB; ’ (XV11.40)
Yi=Fi/P; (XVI1.41)
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f; — pyruTUBHOCTb {-TO KOMIOHEHTA B paBHoBecHoil cMecH. Bes Gosblion
NOrpelHoCTH MOXKHO NPHHSTD

fi=f"vi %, (XVII.42)

raef§ — GYTHTHBHOCTb UMCTOIO (-0 KOMMOHEHTA NPH AaBJleHHH DpaBHOBEC-
HOH cMmecH, HJHU

fi—;—PYi X (XVII43)

K03(ULHEHT AKTHBHOCTH Y; ONPENESIOT N0 METOAY COOTBETCTBEHHBIX CO-
CTOSIHUH.

3AJAYH C PELIEHHAMHU

{. BoluucauTe crenenb NPEBPAIIEHHsT G MCXOAHBIX BEILECTB PEaKIMH
A + 4B = D, rny6uny peakuu# § u paBHOBECHBIH BHIXOX KOHEYHOrO Npo-
aykra peakuuu D (xp 100), ecnmu nayasnbHbie KONHYECTBA HCXOLHBIX Be-
mects: ni = 1,000 moab, ng = 12,000 monb. Ilpu poctuxkenud pasHo-
pecus na = 0,025; ng = 8,100; np = 0,975 mMob.

P ew e u u e. CornacHo ypastenuio (XVII.10) crenens npespauienus
6yaer
12,000 —8, 100

LO00—0,025 75, gy oot 0,395,

p= 1 12

Iny6uny peaknuu BbiuucauM no ypasuenuwo (XVII.14):

n§—ny _ nf—np _ 1,000—0,025 _ 12,008,100 —0,975.

E=— ) ! 4

PaBHoBecHBIH BBIXOA BellecTsa D onpegenuM no MoJspHOH foJ€ 3TOro Be-
UIECTBA B PABHOBECHOM COCTOSIHHH CHCTEMBI:

np 0,975

X = = =0,107.
D= nydngtnp . 0,025-48,1004-0,975

PasHosecHHlil Beixoa setlectsa D cocrasut 0,107-100=10,7 %. '

2. Paccuutaiite KoHcranTy pasHosecusi K, peakuuu A + 4B =D,
ecau o6beM peakiuonnoro cocyaa V = 0,05 m>.

Pemenue. Cornacno ypasnenuto (XVII.1)

‘p oV _0,975:508

K=o e~ naV(ng/V)* 0,058,100

=5,66-10% (monb/n)~%.

3. Koucranta pasHoBecuss peakuun H, + I, = 2HI npu 693 K
K. = 50,25. Bpiuucaure Maccy ofbpasylollerocsi HOAKAA 3Bo;lopo;la,
eciu B cocyx Bmectumoctbio 10~% m® Beegeno 0,846-107% kr I, u
0,0212.10-% kr H,.
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Pemenue . Onpegenum KoNHYECTBO MOJIEH HCXOAHBIX BEILECTB:

0,0212.10-3
gy, :-%L- 103=0,0106 moxs H,,
0,846.10-3 |
n?: = T 103=10,00333 moas I,,
H, -+ I, = 2HI

10,6-10-2 3,33-10-3

10,6-10-3-—x 3,33.10-3—x 2x —4YHCNO MoJiell B PABHOBECHOM COCTOSIHHH CH-
- CTeMbl

0 —unca0 Mosefl B HCXOAHOM COCTOSIHHH CHCTeMBl

x=nl—n;.
[To ypasnenuto (XVII.1) naxogum K,:

(VP 4x2/(10-%)2
(m,/V) (r,/V)  [(10,6-109—x)/10~3] [(3,33-10-3—x) /10-9]

=50,25.

Pewienue storo ypaeHerus gaer

46,25x2—0,70154 -+ 1,7737.10-3=0.

OTryna
v o 0,7015 4 1/ 0, 70158 —4-1,7737-10-5-46,25
1.2 2.46,2
0,7015 - 0,4049
92,50 ’

xy=11,961-10-3; x,=3,206-10-3.
[lepsbifi KopeHb Xx; He UMeeT (DU3KHUECKOrO CMbICIA, TAK KAK BEJTHUHHA X
He MOXeT GbiTh Gonbuie nfy,; x, = 3,206-10~3 monb. Macca HI, nonyuen-
Hasi B pe3yJbTaTe yCTAHOBJICHUS COCTOSIHHA DABHOBECHS, COCTABHT My =
=2x My = 2-3,206-10-3 . 128.10-3 = 0,821-10-3 kr.

4. B sakpbitoM cocyne BMectumoctbio 0,05 M® HaxoguTest 1 Mob Berme-
ctBa A 1 12 mosib Bemecrsa B. B pesyabrare peakuun A + 4B = D yc-
TaHOBUJIOCH paBHoBecue. ObLiee faBleHHE B PABHOBECHOM COCTOSIHHH CHC-
TeMbi cocrasaser 4,51.10° [1a. BbuciuTe pasHOBecHbIE KOHIEHTpaLuu
Bcex peareHToB npu 298 K. CucreMa nofudH siercs 3aKoHaM HA€aJbHOrO
rasoo6pasHoro COCTOSIHUSA. ) )

Peuwenue. CornacHo ypaBHeHHIO peakllMH NpuBEIeM KOJIHUYECTBO
MoJieil B HaUaNbHbIi MOMEHT U B COCTOSIHHH DaBHOBECHSI:

AL 4B =D
| 12

I —x12—4x x —KOJHYECTBO MoJell B PABHOBECHOM COCTOSHHH CHCTEMBI

0 —KkoauyecTBO MoOJeH B HCXOAHOM COCTOSIHHH CHCTeMbl

By=l—x 12— 4x L x =13 —4x.
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[lo ypasnennio Meneneesa — Knaneiipona PV = 3n,RT:

S = 13— dam 4,51.105.0,05 9 10
e 1 = 8,3143.298 v MO,
13—9-10
X =——4———_—.0,975 MOJIb.

PaBHoBecHblE KOHUEHTPALHH ONpENENHM O yPABHEHHIO

1—0,975

cp = T:O,S Mok /M3,
g = _.1_2_—4'()'£5__= 162 Moan /M3
0,05 !
Cp= —0—’-97—5=19 5 moap /M3
0,05 ’ ’

5. Ilpu 693 K Bogopox u oz Haxoparcs B 3akpuTOM cocyje. B ncxon-
HOM COCTOSIHHH CHCTeMbl napuuajibHbie gasineHus Py, = 0,4521-10° u
P, = 0,1682.10° [1a. PaBHoBecHoe napuuanbHoe aasienue HI Py =
= 0,3222-10° Ila. Boiuucnure paBHOBeCHBle napuuanbHble gaBieHus H,
u I, M KOHCTaHTy paBHOBecHs.

PemweHue YOuib napuuanbHeix aaBieHuil BOJOPOAA U HOXA PaB-
Ha Mex1y coGoil (APy, u AP),):

Py, =Py, —APy,; Pi,=P,,—AP,

rae P, u P/, — paBHOBecHHE napiHaibHbie 1aBJICHHS BOJOPOAA H HOAA.
[lapunanbuoe napsenue oGpasoraswerocs HI pasHo ynsoeHHo# yGbiiu
NauuanLHOro AaBJieHHs BOAOPOAA:
P =2A PH,=2A 'P,z; A P=0,3222-105/2=0,1611-108 Ila.

Toraa

Pé: =0,4221.105—0,1611.105=0,2910. 105 Ia,

P{2 =0,1682-105—0,1611.105=0,0071.105 [Ia,

Boiuucium Kp no ypasnenuno (X VI1.3):
(Pin)? (0,3222. 10%)2

=3 = N 5.
Py P; 0,2910-105:0,0071- 105~ 2072
2 2

6. IIpouecc nonyueHus XJ10pa OKHC/IEHHEM XJOPOBOAOPOAA NPOTEKAET
N0 ypaBHEHHIO peaKIHH

4HC1-+ 0, =2H,0--2Cl,

Ipu cmewennu 1,000 mons HCI ¢ 0,480 mosns O, o6pasyercs 0,402 monb
Clzsgl?é)mucnme Kp, ecnu cucreMa Haxojaurcs npu P = 1,0133.10° [la
H 6 .
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Pemenue. Ha o6pazopanue 0,402 moap Cl, pacxogyercs
0,804 moap HC! u 0,201 moar O,. B paBHoBecHOM CocrositHHH Oyaer:

”CI,=”H.O=O’4O2 MOJIb,
fiygey = 1,000—0,804 =0, 196 Mo,
no, = 0,480 —0,201 =0,279 moJb,
2 n;=0,196+0,279-+0,4024-0,402=1,279 mousb.
OtHeceMm paHOBeCHbIE napruajbHHeE RABIEHHs K RaBJeHHIO | aTM:
Py,0 = 0,402/1,219=0,314,
PCI, =0,402/1,279=0,314,
Py = 0,196/1,279=0, 153,
PO, =0,279/1,279=0,218,
Torjaa
0,3142.0,3142
0.1534.0,218
7. Tpu 823 K u 1,0133-10° [1a crenenn auccoudanuy ¢ocreHa Ha OK-

cua yraepoja # xjaop pasHa 77 %. Onpenenure Kp u K.
Pewenue. Ilpouecc aucconumanuu MmoxHo 3anucarb: COCl, =

Kp = = 81,376 [aTM~1].

= CO + Cl,. PaBHoBecHOe napuuajbHoe JaBjeHHe paBHO o6uieMy AasJe-

HUIO, YMHOXXEHHOMY Ha PABHOBECHYIO MOJIAPDHYKO ROJIO!

Peo="Pxco; Pg,=P xc,; Pcocr,=P *cocy,
CoCl, = CO 4 Cl,
1 0 0 —HCXOAHOE KOJHYECTBO MoJel
@ — paBHOBECHOE KOJIHUEeCTBO MoJsei

Sn=l—atata=I1+ta.

| —a o

OTCIOLla paBHOBECHBIE NNADHHATBbHBIE AAaBJIeHHA, OTHeCEHHBIE K J1aBJE€HHIO
1 at™, 6yayt:
o | —a
Pco=ch,=Pm? Pcoc1,=Pm;
_ Pla?(l—a) _p o« 0,772
T (l—a)?P(l—a) l—a2 1—0,772
Ke=Kp (RT)™AV=1,456 (8,3143.823)-1=0,02157 moa /1,

Ky =1,456 atM,

8. B peaxuuy, nporexamuieii no ypaBHeHHIO
3Fe -1 4H,0 = Fe,0,-- 4H,

NpH HCXOJHOM JaBJeHuu BogstHoro napa 1,3325-10° I1a nocre pocruixke-
Hust paBHoBecus npH 473 K paHoBecHoe NapuuannHoe fasjeHHe oGpasyio-
tlerocsi Bogopoaa cocrasasier 1,2717-10° [1a. Onpenenure BbiXoa BoA0OpoO-
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Aa, ecnu B cocyl BMecTuMocTbio 2-10-3 M3, cosepkamuii Meraniuueckoe
Kesle30, BBEleH BOAAHOM nap noj aasnexuem 3,0399-10° INa npu 473 K

Pewenue Tak Kak KOHUEHTDPAIHH METAITHIECKOTO JKEI€3a U OK-
cupa xenesa Fe O, B ra30Boii pase npakTHUECKH NOCTOAHHBI, TO KOHCTAHTA

paBHOBeCI/lﬂ peakIluu MoXKer ObiTb 3anucaHa Tak:

Kp="Ph,|Ph,o win Kp="Py [Py o,

L 0.25
tae Kp = Kp*®. Peakuus ujer 6es uaMeHeHus o6Gbema, NO3TOMY TpH f0-

CTHXKeHHH paBHOBeCHA Py.,o = 1,3325.105— 105 = . o-
*=0,0600 ary. o 1,2717-10°= 0,0608- 10°T1a =

1,2550
0,0600

Kosuuectso Moneil o6pasopasuierocs Bojoposa ompenenuM 1o ypasHe-
Hulo MenseneeBa — Kaaneiipona

PH, = 1,2717-10% Tla=1,2550 aru; Kp = =20,917.

ny, =Py, V/RT,
Py, =Py 0 Kp = (3,039 105— Py ) K,
3,0399-105  3,0399.105.20,916

P = 7 =
H, I+Kp 21,916

=2,9012.10% Ia.

Koaunyecrso Bogoposna Gyser

2,9012.10%.2.10-3
8,3143-473

Gy, =2ny, = =0,205 r=0,295.10—3 xr.

9. BhiuuciuTte paBHOBeCHBIH

. Buixod NO, no peakuun N,O, = 2

npu 1,0133-10° Ma u 298 K. P 007 2N,
Pewenue Jlna onperenends paBHOBECHOTO BbIX0a HEOGXONMMO

3HATh KOHCTAHTY PaBHOBECHs peakuuu. Bocnonbayemes naHHBIMH cnipaBoy-

nuka [M.] u paccuuraem suepruio I'u66ca no yPaBHEHHUIO

AGlgg=A H}yg—298A Sly,.

Bemecrso . . NO
.......... . ] N204

A(’)’?, 008, KIK/MOMb . . . . . . .. 33809 9,37

Soggs Ax/(Monb-K) . . . .. ... 240,45 304,3

A Hlos =58,41 Ilk; A S9ys=176,6 IIx;
AGyy=>58,41.103—298.176,6=5,78.10% [Ix.

TTo ypasenuto (XVI1.20) otuncaum Kp
5780
2,3026-8,3143.298

P x}
Kp — NO,
I —xNO,

IgKp = — = —1,0131=2,9869; Kp=0,0970;

=0,0970; x§o, =0,0970—0,0070xy ;
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o, -0,0970xy5,—0,0970=0,

Pemenue ypaBHeHHst BTOPO# CTell€HH €T BA KODHSA, OJMH M3 HUX HE
HMeeT (pH3HUECKOro cMbicia. Torda Xnog = 0,2667; MonapHas loas B pas-
HOBECHH COCTaBJsieT Xnogp - 100 = 26,67 %.

10. Onpegenute KoucraHty pasHosechs Kp npu 1000 K peakuuu
OKHUCJIEHUSt aMMHAKa:

NH3+3/402=1/2N2+3/2H20
Jlnst pacuera HCNOJL30BaTh KOHCTAHThI PABHOBECHS PeaKLHil 06pasoBaHus
amMMuaka H BOJIbI u3 mpocThix eutects npu 1000 K:

1/;Ng+3/yH,=NHs,  Kp =35,69-1074,
1/,0,4+H,=H,0 (r) Kp, =1,16.101

(naBienue poipaxkeHo B aT™ocdepax).
P eum e H u e. BoiBeqeM ypaBHEHHe, CBA3bIBAIOUIEE HCKOMYKO BEJHUH-
Hy Kp ¢ M3BECTHBIMH 3HaueHuamu Kp, u Kp,:

3
A Go=—2— A G?' H,O_A G?_ NH, »

rae AG}; — cranjapTHoe u3MeHeHue 3HepTun I'uGGca npu obpa3oBaHHH
JlaHHOTO BelllecTBa M3 NMPOCTHX BellecTs; AG® — cTaHAapTHOE H3MEHeHue
snepruu ['ub66ca peaklHH OKHCJIEHHsi aMMHaKa,

3
-RT]nKP=——;RTIHKP2+RTIHKP1
HJHU
K 16. 1010)3/2
Kp = p. _ (1,16-10%) =2,196- 1018,
Kp, 5,69+ 10~

11. Koucrauta pasHosecus peakuuu H, + I, = 2HI mpu 693 K
paBHa 50. O6pasyercs Jiu HOAM] BOAOPO/A NPHU HIEAIBHO obaTuMOM Nnpose-
JIeHHH npouecca, eclu HCXOHbe KoHleHTpauun (Monb/n): Hy — 2; 1,5;
1,0; 1, — 5; 0,25; 2,0; HI —10; 5; 10. Bewecrsa 8B peaKLHOHHBIH cocyll
MOCTYNAIOT 3 GECKOHEYHO GOJIBLIMX eMKOCTeH. Hoaua sosoposa BbIBOJHT-
€Sl M3 PEaKIHOHHOTO COCY/la B eMKOCThb 6eckoHeuHo GoJblioro obbeMa, TAe
€ro KOHIEHTPaLHsA CHI.

Pemwenue. BocnolbsyeMmcs YypaBHeHHEM H30TepPMbl Banr-T'odpa

[HIP
[Hy] TL]

u soiuucaum AG unu AA. YcranosuM 3Hak 3Toil BenuunHbl. [las Toro pac-
HIz
cCUYHTaeM —[——]i— U CONMOCTAaBUM 3TH BEJHYHUHLI C Kc:
- [Hallk]

AG=AA=RT(]n —anc)

1) 4% nepBBIX NPOM3BOJBHBIX KOHHEHTDALHH

1®  lo<50, AG<O;
2.5 ’ '

peaknus GyJer HpOTeKaTh CaMONPOM3BOJBHO B NPAMOM HanpasJeHHH;
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2) AN% BTOPBIX NPOM3BOJBLHBIX KOHIlEHpaluii
52
1,5.0,25
PEaKUHs B NPAMOM HaNpap/eHUH CaMONPOM3BOJILHO NPOTEKATh He Gynert;
3) M TPETBUX NPOH3EOABHBIX KOHueHTpanuil
102

—— =50; AG =0;
2.1

=66,66>50, AG>0;

CHCTeMa HaxoJuTcst B COCTOSIHU U paBHOBeCHSA.
12. BoipasuTe KoHCTaHTy paBHoRecus Kp-peakuun H, +1, 0, =

= H,0 (r) uepes oGuee nasnenue P u crenens NHCCONMAIIHE BOJAHOTrO
napa a.
Pewen ue Ecrtu ucxoputs us 1 mosib H,0 (r) (nf,0 = 1), To npu
1
CTEMCHH MUCCOUHALMH O B PABHOBECHOH cMecH octaHercs (I — o) Mot
H,0 (n4,0) 1 obpasyerca @/2 mons O, (n0,) u @ Momb H, (nn,). O6mee
HCJIO MOJIEH B PaBHOBECHOH CMECH ra30B COCTABHT

2 nj=a-to/2-+4+1—a=(a-t+2)/2.
i

PaBHoBecHble napuuanbHble faBieHus Torna Oynyr:

o 2a
Py =P =P )
Ha (a-+2)/2 a2
/2 o
P, = =P ,
0. (@-+2)/2 o2
1— 2(1—
d (@+2)/2 a2
a KOHCTaHTa PaBHOBECHS PeaKuHH
K Pao  _ P2(l—a) (@42) (at2)!/2 __(—a)(at)!/?
P= PH,Pé)/,2 (a-{—2)P2aPl/2al/2 P1jsad/?

13. Onpepennute crangaptHoe cpoAcTBo OKcuAa Kaibuus K JRHOKCHIY
YII€poAa, Haxoasmeroca noi Aasnenuem 1,0133-10° IMa mpu 1130 K,
€C/H labhienne quccounayud CaCO, npu stoii Temneparype 0,560+ 10° ITa.

Pemenue. Bomuucium KOHCTaHTy paBHoBecust peakyuu CaO -+
-+ CO, = CaCO; no coorHowwenuo

AGi150=—RTInKp = —8,3143.1130.2,3026lg K .

KoHcTrauty pasHoBecus paccuutaem u3 napuuajpHoro nasnenust COyPco,,:

BbIPaX€HHOTO B aTMOC(epaXx, TaK KakK 3a CTaHJAPTHOE COCTOSHHE NPHHATO
AaBJsieHde 1 atm:
K 1 1
P= " Pg, 0,560. 105

A GY,5,=8,3143-1130-2,3026lg 1,8095== — 5,5718- 103 Ix.

1,0133-105=1,8095;

14, OnpefieninTe KOHCTAaHTY PaBHOBECHSI PEAKIMH
Al,03+ 3505 = Aly(SO4)s

npu 298 K. 5 ]

Peu e ue Bouucium rennopoil 3ppeKr peaku# H3MEHEHHE 3HT
ponuu npu cTaHAapTHoM AasieHud H 298 K, ucnonbsys cnpasouHblie Aa-
uoie [M.] o Tensiosbix adxpekTax o6pasoBaHus H 06 a6COMIOTHBIX SHTPOMHUAX:

BemectBo . . . . . . .. 0 e e e AL (SO4)3 AlLOs SO;
AH? og, kIK/MOAL . . . . ... ... —3434 —1675 —395,2
s°,"11>x8/(monb.x) ............ 2392 50,94 256,23

Jlns peakuuu nosyyaeMm
 AHY,=—573,4 xllx; AS%,s=—580,43 lx/K.
INo ypaBuenunio (XVI1.24) onpesesisieM cTangapTHoe CPOACTBO:

A G§ys = —573,4.109— 298 (—580,43) = —400,43-10% [lx.

KoHcranTy paBHoBecus onpefiensem no ypasHenuio (XVII.20):

AGYes  _ 400,43 108
18 Kp =3 3026 R298 2,3026-8,3143.-298

=70,1885; Kp = 1,54-10%.

' 1,0, =
15. OnpeslesiuTe KOHCTaHTy pasHosecist peakuuu SO, + 1,0,
= SO, npplx) 700 K, ecan npu 500 K K = 588,9 (nasfieHue BbHIpaXKeHO B
Ia), a rensoBoii 3peKr peakuun B 3TOM JHanasoHe TeMmmeparyp paseH
—99,48 k[Ix. _
Pe IﬂeﬂH u e. Bocnoibsyemcs ypasuenuem (XVII.32) npu AHr=
= const:

A HY
p— B’
Ig Kp, 500 = — 2,3026.8,3143. 500 *
AHY
B,
'8 Kp. 700 = — 3355 g 313700 T
AHY ! __‘_> .
lg Kp, 700 =g Kp, 500 "9 3026.8,3143 \ 700 500
99,48-108 [ 1 1 )
~ , — =—0,199,
=18988,9 + 15 Tuas (700 500
Kp, 700 =0,632.

16. Boipasute 3asucumocts IgKp peaknuu CO--H,0 =C02—I-H?
OT TeMnepaTypbl. YCTaHOBHTE, B KaKOM HHTepBaje TeMIeparyp 3aBHCH
MocTb Gyler cnpasepnuBoii. Beaucaure Kp npu 700 K.

Pewenue. Ycranosum sasucumocts Ig Kp = f (T). JLasa 3toro Bbi-
pasum 3aBucuMocTh ACP or Temmepatypsl. PeiieHne yao6HO NPOBECTH B
¢dopme TabAHUBI:
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0
0 0 Cp=KT), -
BemectBo AHi, 298’ s298' p=HD), Jlx/(woxs K) T::&‘?:S;
gk /mons | Ak /(moab-K) — Ban, K
¢ | betor | er10-s

CO, —393,51 213,6 44,14 9,04 | -—8,53 | 298—2500
H, 0 130,6 27,28 3,26 0,502 298—3000
CO —110,5 197,4 28,41 4,10 —0,46 | 208—2500
H,O(r) —241,84 188,74 30,00 | 10,71 0,33 | 298—2500

Ins peakuuu noayuaem
A HYgg=—41,17-103 IIx; A S%ys=41,94 Ix/K,
Aa=13,01; Ab=—2,51.10"3; Ac’=—7,90.10%,

Temneparypublit uHTepBal, B KOTOPOM CHpABELTHBB! BHIUHC/ACHHBIE
3Havenus, 298—2500 K. Paccuuraem Ig Kp npu 298 K no ypasHenno
(XVI1.20):

—41,17.103—298.41,94
2,3026.8,3143-298

g Kp = — =5,0257 .

YcraHoBuM 3aBHCHMOCTH TemsoBoro 3dxpekTa or TeMneparypel no 3a-
kony Kupxropa (VI1.31):

d A Ho 7,90- 108
———=AC} =13,01—2,51. 103 T —————
7 9 — 13,0 1102 T — ==
2,51.10-3

A Hp=A Hoy+13,01 (T —208) ——==

(T2 —2082) +

1 1
-+7,90-10°% (?_%)= —41,17-103—13,01-208 -

2,51.10-3 7,90. 105 7,90- 108
+ Ty 29—~ 13,017—1,255. 10 L

2 29
AHY = 47,586-103413,01T—1,255.10-3 T2+7,90.105/T.

TloacTarum nonyueHHyIo 3aBUCHMOCTD B ypaBHeHHe H306apbi Banr-T'odxpa
(XVII.30) n unrerpupyem or 298 K 10 T ‘

—47,586-10%--13,01T—1,255. 10-3T2

dl = a7,
nKp 7

7,90.10%
T

T
‘ 5,723.108 1,565
InKp, r =InKp 595 + S ('— T2 +—
208

—0,151.10-5

0,950-10%

1 1
—————— |dT=11,572+45,723.108 (— ———} 11, T—
-+ s )d 5724-5,7 (T 598 )+ 5651n
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—1,5651n 298 —0,151.10-3 (T —298) —

0,950-105( 1 1 )=

2 T* 998
5,723
=11,572—19,205--8,916-+0,045-}- 0,535 -+ T +
' o 0,475.108
-+1,565in T—0,151-10-37 — ——oc——
T2
OxoHuaTenbHO NONYYHM ypaBHeHHE BUfA lg Kp = f(T):
5,723-103 . 0,47-10%
In Kp, 7 = — 15,969 +-—=-—r——41,565In 70, 151.10-3 T — —=——
HJIH ’
-10% 2,485.10% .
InKp r = — 0’20;; 0 + T —6,935+1,565lg T--0,066-1073 T

3710 ypaBHeHHe CnpaBeMBO B HHTepBane Temneparyp ot 298 no 2500 K.
Ins onpenenenns lg Kp npu moGoit Temnepatype B uHTepBate oT 298
Ao 2500 K nopcrasisem TeMmneparypy B ypaBHeHHe
0,206.105 | 2,485-10%
7000 | 700
—0,066-10-3.700 = 0,042+ 3,550 — 6,935 1- 4,453 — 0,046 == 0, 980;
Kp, 700 =9.55.

1g Kp 790 = — —6,9351-1,5651g 700 —

17. 3aBHCUMOCTb KOHCTaHTbl DABHOBECHS OT TeMIEparyphl A1 peak-
uuu Hy, + Cly; = 2 HCI Bolpakaercs ypaBHeHuem

9411,7 , 0,11.10%
Ig Ka'=——T— —1,3121g T+0,128-10-3 T At

Ypasuenue npuseseno B cnpasounuke [M.]. Onpenenure Tennoso#t 3¢dexT
peakuun npu 1000 K. , .
Pemenue. [lpeoGpasyem fecsTuyHbIl Jorapud™ B HaTypaibHbIfi:

14,9.

671.108 : 0,253. 105
In Ka=——-—21'; 0 —1,312In T+0,295-10-3T+——?——+11,28.
ITo ypasuenuo (XVII.26)
din K
= RT? ———,
A Hp=RT*——
21,671-103 1,312 0,506-10%
L —_ — 2 O ———— =
AH _RT‘~’( = —— +0,295-10 = )
4,207.10%
=——180,179-103—10,908T+2,453-10’37‘2—'———7,—_',

A HYy90=—180,179.10% — 10,908 103 2,453-105— 0,421 . 103 = — 189,055 103 [Ix.

18. Onpenenure npu 800 K koHCTaHTY paBHOBecHSI peakiuu
#-CyHyo=1,3-C,Hq -+ 2H,
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G9—H¢

[ns pemenns Bocnoab3yiitech JaHHBIMH (LT—) ¥ AHY, npuseneHHbl-
MH B cnpasouHHKe [M.].

P ewewnue Paccunraem Gioo no ypasuenuio (XVII.25) u no cranu-

[13 _Hﬂ .
. 80 o
A3apTHOMY CPOJACTBY BbIUMCIAMM K p. Beauuunnt -——OT . 0) H HY nafinem

B cripaBounuKe [M.]:

BeﬂleCTBO ................ 1 ,3-C4H5 H2 H-Cq lO]o
G go0—HY

—T——) Ig/(MoaseK) . . . . . . .. —298,07 130,482 —333.17
AHY, xIx-mom . . . .. ..., e 125,95 0 —97,981

Jas peaknu¥ HaxonuM

[ — HO
A( Gioo—H} )=_225,864 Ik /K, A H$=223,931 x]lx,

T

1 Goo—HY AHY T

1gKP(m):“'2,30261e [A( T )+ T ]_
| 293,931 . 108

——————( —225,864 —————— ) — _ 2 8933, =0,0015.

19,1445( + 800 ) Kp 001

19. Onpenenure pasuosecusiil Bixog CH ,OH npu 523 K v nasnenuu
1,0133-107 I1a ana peakuun CO -+ 2H, = CH,OH (r), ecan ucxoauas
CMECh  CTeXHOMeTpHuecKasi; Kp 505 = 2,235-10~3 (napenue sbipare-
HO B armoctepax).

Pemenwue. [lo ypasuenumo (XVII.38) paccuntaem K,:

f X Y
Kum Kj = cuao:a _ *en, 02H CH.C;H s,
fco Th, Xco *f1, Yco VA,

3HaueHHs y; HAaXOZHM NO METONY COOTBETCTBEHHBIX COCTOSHHII. 3aeH-
CHMOCTb Y = f (%, T) npuBelena B BUJe rpadHKoB B cnpasouHuke [M.]:

BemecTao P"p.lo—s’ 7 Typ» K T v
CH,0H 79,54 1,27 5132 1,02 0,55
CcO 34,96 2,90 132,9 3,94 1,05
H 12,96 7.82 33,3 15,71 1,06

0,55
Ky =T 51,00 =045 ,

X
Ka=2,235-10-8 =—1:2 ¢ 456 1002,
*co *4,
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OTKYyJa
X,
_—CH,OH 47,96.
Xco ¥,

CorJ1acHO ypaBHEHHIO PeaKLHH KONHYECTBO MOIefi B HAUANbHEL MOMEHT
H B COCTOSIHMH DaBHOBECHS COCTaBJISieT:

CO 4 92H, 2CH,0H

1 2 0  —HCXOAHOE KOJIHYECTBO MoJ/IeR
l—x 2—2 X -—PpaBHOBeCHOE KOJHYECTBO MoJek
X (3—2x)3 x (3—2x)2
( ) = *L ) = 47,96.

(3—2x) (1—x)34  4(1—x)?

Jnst onpenenienus X HEOGXOMMO PEILUTh YpaBHeHHe TPeTbeil creneHH,
Haiigem x MerogoM nop6opa. Bemuuuna x He Moxer 6bith 6oblie
CAMHHLBl W OTpHuATeNdbHOH: 1> x>0. M3 cooTHOmeEHHs HaXORUM

X (3—2x)2
= = 191,84. Ecnn BMecTo x noscraBuTh Kopensb ypasHenus, 1o
NeBas uacTb Oyjer pasHa 191,84. Ecau e BMeCTO X NOACTABHTH NpOHU3-
BOJIbHOE 3HAYEHHE, TO JIeBast 4acTb 6yJer oTaiMyaThest or 191,84, O6o3Ha-
X (3—2x)?

(I—x)3 .
HEHHEM X, NOJYuMM pasiu9Hble 3Hauenus A. Tak, HanpuMep, eciu x =
= 0,900, T0 A = 1296; ecnn x = 0,950, To A = 9196. Orciona cnenyer,
UTO yBeTHYCHHE 3HAUeHUs X Bejer K pocry A. Ecan x = 0,800, 10 A =
= 196,0, a ecniu x = 0,790, To A = 172,0. Jluneiino#i unrepnoasnmeit
MEXAY NOCMENHMMH GJH3KHMH 3HaueHHsMH A HaiiieM KopeHb ypasHe-
HHS:

Uas BBIpa>keHHe yepes An 3a]aBasiCb MNPOH3BOJILHBIM 3Ha-

196,0—172,0) —0, 01 :
(19 ) y=0,0017.

(196,0— 191,84) —y
Has x = 0,7983
0,7983.1,4034?
20 LA o9 6,

0,20173
HTO OTBeuaeT BHIXOAY MeraHosa H3 | Moab CO U 2 Moss H,:
0,7983/(3—2-0,7983) = 0,57
20. OnpegenuTe COCTaB PaBHOBECHOH CMecCH IPH YCJIOBHH NPOTEKAHH S
CJIOXKHOH peaKuuH B rasosoil pase npu 600 K:

CH{Cl 4 Hy0 = CH40H + HCI (1
2CH;0H = CH;OCH, -+ H,0 (11

_ KOH\CTaHTbl pasHoBecHs peakudit Kpqy = 0,00154, Kpuy = 10,6.
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P em e H u e. Meranon, obpasymwouiuiica B pesyabrare peakuud (I),
Bcrynaer B peakuuto (I1) ¢ o6pasoBaHueM NHMETHIOBOTO 3(hHPA H BOMHI.
O6e peaknHH nporeKaT (Ge3 U3MeHEeHHS KOJHUYeCTBa MoJeil, oTcio1a

XCH,OH *HC]

Kp, (1= =0,00154,

XCH,C1 *H,0

*CH,OCH, *H,0
Kp,an=—"_o5—— —=10,6.

*¢u, on

O6osnaunM uepe3 x koauuecrBo Moseii HCI, ecan ucxonnas cmech cocro-
ur 43 1 moab CH4Cl u 1 monp H,O. OG6osHauum y KoJHuecTBO Mouei
CH ;OCH . Toraa B paBHOBeCHOM COCTOSIHHH B cHcTeMe OY/IeT COlepKaThCs
CH,CI (1 — x); H;O (1 — x + y); CH;0H (x — 2y); HCI x; CH3;0CH gy.
Tak KaK KOMHYECTBO MOJiell Ta3000pa3HbIX NMPOJYKTOB PEAKIMH He H3MeHs-
€TCsl, TO KOJIHUECTBO MOJiell PaBHO MOJISIPHOH jlone:

x(x—2) ' y(Il—x+y
Ko =Ty gy~ Kean =TT

=10,6.

ﬂ.ﬂﬂ HaXOXJAeHHA X H Y HeOéXO}IHMO COBMECTHO PEILIHTDb 3TH /[BA YPABHEHHSE.

Jnsa obJlerueHus pelieHHsl BHPa3sHM U3 BTOPOTO Yy PaBHEHHs —(—l—%—) =
. —x-t+y
y .
= ——Z Y MOACTAaBHM B NepBOe ypaBHEHHe:
10,6(c—2g) o A peoe yp
0,00154 = 4 ; = Y — —0,016324.
l—x 10,6 (x—2¢) l—x x—2y
Pemtense ypaBHeHH#H
—2
ACant ) BTV (a)
(1—x)(1—x+y) ‘
xy
=0,0016324 (6)
(1—x) (x—2)

npoBefieM MerofioM nmonbopa, HalinemM cHauana npenenbl JONYCTHMBHIX 3HA
veHui x U : 0 << x << |; 2y < x; y << 0,Bx; y << 0,5. 3apaBasich 3Haue-
HHSIMH X, NIOJYUHM 3HAUEHHS Y NO ypaBHeHHsM (a) H (0):

y(6) ‘ Buisoj

x l y(a)

0,1 0,04346 0,02060 y (a) 3HaunTeAbHO OT/MHYaercs oT y (6)
0,05 0,01094 0,00957 y (a) 6muskoe K y (6)

9,04 0,00222 0,008786 y (a) 3naunTesbHO OTMIHYaercs oT y (6)

Tounoe pelueHHe MOXHO NOJYYHTb, NOCTPOHB TpadukH y (a) = f (x) u
Y (6) = f (x). KoopanuaThl TOUKHM nepecedeHdsi JUHHE Oy1yT pellieHUSAMH
ypaBuenuit x = 0,048, y = 0,009. Cocra paBHoBecHoil cMecu Toraa Gy-
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aer (moaw): CH4C1—0,952; H,0—0,961; CH3;OH—0,030; CH;OCH, —
— 0,009; HC1 — 0,048.

21. Onpenenure KOHCTAaHTY paBHOBeCHS Kp peakilHi JUCCOLMAIIHH MO-
JekyJaspHoro Bojopoaa npu T = 5000 K, ucnonbsys MojekyasipHbie no-
CTosiHHble MoJleKynnl Hy: 0, = 4396, 55 cm~!, I, = 0,459-10-47 kr-m2.
Sueprus nuccounauud npu T = 0 pasna D = 431,9 x/Dx/Monb. Ochop-
HOE 3/1eKTPOHHOe COCTOsiHHE MoJlekyJinl H, u aromoB H HeBripoxenHoe,
YHCJI0 CHMMeTpHH aia H, paBao 0 = 2.

P ewenue 3anumem ypasuenne peakuuu H, = 2H. Ina sroit pe-
akuun AH§ = 431,9 x/Ixx/Monb.

ATomapHuIi BOJOPO He COBepLIAET KOJIeGATELHOrO H BPALLATENBHONO
ABHXKeHHH. Ecu He npunumarte B pacuer BO3GyXKIeHHble 3JeKTPOHHBIE
COCTOsIHUS, TO /11 aTOMapHOro BOAOPO/ia

3/2
Q0 — (2 My kT2
H BB N3/2 ’

AJIft MOJIeKYJSIPHOTO BOOPO/ia

3/2
(2 My kT)*? 8r2 Iy kT 1

o h? l——exp(h:;?e)'

Qu, = TP

CnenoBarenbHo, otHomenHe Qf & Qu, cocraasier

Qh, _ (2n k T)3/2 My \3/2 oh? cw,
o wNE \ My, g iy kT || TP (_ kT )}

OTKYJa

2 kT)3/2 Mg \3/2 oh?
Kp =k —2ED i ) %
: h3 N312 My, | 83 Iy kT
. he o, —A HO/RT
Xlt— — ¢ o/RT __
[ exp( BT )]e

ET32) o M§ \3/2 [ hco
- 172 ) 3 ( - I—exp [ ———) e~ "8/RT =
2 (2m)l/2 R N3/2 Iy, My, kT

1,438.4396,55 __431,9.102
(1,381-10—2’-5000)3/22( 1—e 500 )e 8.314500

2 (2m)'/2+6,626- 1024 (6,02-102¢)3/2.0, 459. [ 0-47

1 \3/2
X (—2—) =12,5737-10° [[1a],

HIH
12,5737.108

Kp = 1,01325. 105

=12,41 arm.
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22. Onpefiennte KOHCTAHTY DAaBHOBECHS PEAKIHH H30TOMHOTO 06Meﬂla
npu T = 300 K, ecnu u3BectHa yacrora KoseGaHusi wyp = 3770 cm—1,
Paccrosinue MeXny aTtomamu u 3HepTHiO CBfisH Ast MoJeKyn H,, D, u
hcw . .
P > 1, oy, =2, op, =2, opp = 1.
Pemwewnue. B pacemarpuaemom cayuae

HD cuurare ofiuHaKOBbLIMH H

Zvi=2—1—1=0,

TOraa B COOTBETCTBHH C COOTHOILI€H UEM

Qb —amgper
Kp=——e¢ 0/,
Qu, o,
OHeprus CBA3H NPEACTaB/IfET SHEPIHI0 MOJEKYJ B PABHOBECHON KOH(HIY-
panuu. MuHAMaNbHas 3HepPrus MOJIeKYJIbl 6yfer Gosblle SHepTHY CBA3H Ha
Be/luuHHy 3HepTHH HyJeBOro KoJie6aTtenbHOTO YPOBHSA, T. €.
N he

A Hy=—— (20yp— oy, —op,).

CooTHoleHHe MEX/Y YaCTHLAMH HaﬁlleM U3 yC/jioBusd, 4TO NpH 3aJaHHOH

CHJIOBO# NOCTOSHHOM YaCTOTH! OTHOCATCA KaK 01/0, = V /g, T1€ py —
npuseneHHasi Macca. CreloBaTelbHo,

oy, =I/‘ Mup =l/ 1.2.2 :

OHp Iy, (1+2)1
_fo&__-:l/- “Hp =l/ 1.2.2 =l/-_2_
@yp © Mp, (14+2)2 3

H Torja
AHY _ Nheoyp (2__2___ V—g‘\ _
R 2R 3 3 )
_ 6,02.1023.6,626-10-34.3.102.3770. 102 . ( _ 2__ —T—)=78,15K.
2.8,314 V3 3
2 M2 3/2 12
Qip ( fip ) HD
Qu,@p, \ My, Mp, Iy, Ip,
—hco., (BT —hco BT
w 91,00, (1—e7"O/*T) (1—T™D,/*T)
oyp (1 _ehc(x)HD/k T)2
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hew i

—hew, tk
IMockoabky > 1, MOXHO cuMTath | — ¢ /T ~, 1, u nocaen-

HUA MHOXHTeJb NPUPABHATbL efuHHuIE. TaK Kak MEXDbsiIepHbIE paccTos-
HHA NPUHATHI OJMHAKOBBLIMH, OTHOLIEHHE MOMEHTOB HHEPIHH MOXKHO 3aMe-
HHTb OTHOLIEHHEM NPHUBEIEHHbIX MACC U TOTa

Q#p f32 \3/2 22.9.9 2.9
=( ) =4,243,
Qu,Qp, | 24 (1+2)2.1.2 1 '
Ilpu T = 300K, K, = 4,342 ¢—78.15/300 — 3,270.
3ANAYH

1. Tlpu cmewenun | Monp YKCYCHOH KHCJIOTHL 4 | MOIb 3TWJI0BOFO

CRHPTA PeAKIMsl NPOTEKAaeT NO ypaBHEHHIO

CH3COOH - C,H;0OH = CHyCOOC,H, - H,0

Ilpu poctukenun paBHoBecust B peakuuoHHO# cMecu Haxopures /3 monb
KHCIOTHI, /3 Moaib cnupta, %5 moab 3pupa u */; Moib Boabl. Boiumciny-
T€ KOJMYECTBO MoJeit 3upa, KOTopoe GY/er B PeaKIHOHHON CMeCH npu jo-
CTHXKCHHH DABHOBECHS, NPH CEAYIOIHX yCA0BUAX: 1) 1 MOMb KHCIOTH H
2 Monb cnupra; 2) 1 Moab Kucaors, 1 Moab cnuprta U | Moib Bofbt; 3)
1 Montb aupa u 3 monb Boakt; 4) 1 Monb KrcaOTHL 1 Monh cnupra, | Moab
3dupa u 1 Mob BoOARL.

2. KoHcranra paBHoBecusi peakuun CO -- HyO =CO, + H, npu
800 K pasna 4,12. Cmecs, conepxawas 20 % CO u 80 % H;0, Harpera 10
800 K. Onpenenure cocras cMecu NpH NOCTH:IXEHHH DABHOBECHA M BHIXO]
BOAOpOAa, ecan B3AT | Kr BoAsiHOro napa.

3. KoHcraHTa paBHOBecHst peakunu Hy, + I, = 2HI npu 717 K paB-
Ha 46,7. OnpenenyuTte KoauuecTso pasnoxusiierocss HI npu narpeanuu
1 monp HI 1o 717 K. ‘

4. Onpenenure KOHCTaHTHI paBHoBecust Kp u K, peakuuu pucconua-
uuk I, npu narpesanuu 1,513- 102 Monb Hoga 10 1073 K, eciu ero naput
3afiMyT oGbeM, paBumii 249,3.10-fu3 npu pasnexud 5,81-10¢ [la.

5. Buunciute paBieHue u creneHb Auccounaunu N,O,, ecau npu 323
K 1 mons N,O, naxogutes B cocyne BMectimoctbio 0,075 m®. Onpenenure
HexonHoe nasnenne N,O, (N,O, pasnaraercs no ypasueHuio peakunuu
N,O, = 2NO,), ecu 1 Moab N,O, npu 323 K naxogurcs B cocyjie BMeCTu-
Moctbio 0,125 m®. Tlpu focTuKeHuu pasHoBecHs B cocy/le YCTaHOBHJIOCH
AasneHue 3,485- 104 [1a.

6. Bbruucinte KoHcTaHTh paBHOBecusi Kp u K. peakuunu Y/, N,O, =
= NO,, ectu a = 0,533, a gasjeHue 5,49-10* ITa npu T = 323 K.

7. Tlpu 500 K KoHuctaHTa paBHOBecHs peakuun PCl; = Cl, + PCl,
Kp = 3,374-10* Ila. Onpegenute crenenp Aucconuanuu PCl; npu sroii
TEMREpaType, €ciu NpH AOCTHKEHHH PABHOBECHS YCTAHABIHBAETCH [aBJie-
Hue 8,0106-10* ITa. IIpu Kakom o0lLieM [aBJEHHHU B CHCTeMe CTeneHp JHC-
counanuu PCl; 6yner pasna 70 %?

8. Ilpr 900 K KoHcranta paBHoBecus peakuuu H, -+ Cl, = 2HCI
K. = 10!1.5!  Crenenp AHCCOLMAILH BOASIHOTO Napa Npu 3Toil TeMnepa-
Type u naBneduu 10,133-10*I1a paBuna 10-7:575 Paccuuraiite nas 3Toi
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TeMneparyphl KoHcrauTh papHoecus Kp u K, peakuun 4HCI + O,
= 2H,0 + 2Cl,.

9. Ipu 767 K 1 9,899- 10* [1a qxoKcny asora uccouunupyer Ha 56,5%
no ypasuenuio 2NO, = 2NO4-O,. Onpenennre Kp u K, 1 1aBjeHue, NpH
xotopom NO, npu 3ol TeMneparype fuccouuupyer Ha 80 %.

10. TTpu 375 K koucranTa pasHosecus peakuuu SO, + Cly = SO.Cl,
K. == 9,27. Onpeneanre kouuentpanuio SO,Cl, npH pasHOBECHH, €C/IH HC-
xXofHbte KoHuentpanuk SO, u Cl, uMeioT clefyiouue 3fauenus: 1) ¢so, =
=¢c, = | kmoap/M®;, 2) ¢so, = ca, = 2 kMoab/M®;,  3) ¢so, =
= 1 KMoab/M3; cc1, = 2 KMOMB/M®.

11, TIpu 525 K aas peaxknun PClp = PCly + Cl; Kp = 1,780. Ilon
KaKHM J1aBJeHHeM HYXKHO B3ATb 3kBuMosekyaspHylo cmech Cl, u PClg,
4ToGH B COCTOSIHHE paBHoBecus Aasnenue PCl Oblro 6u 5,00-10* Ila,
V' = const?

12. Ecau B cocyn BMecTHMocThio 1 M3 BBecTH 0,03 Moab Bogoposa 1 0,01
Moub asora, To np# 1000 K B HeM ycranosutcs Aasienue 18,127-10 Ia.
Onpenennre Kp u K, peakuun 3H, + N, = 2NH,, koropas Gyaer npo-
TeKaTb B PEAKLHOHHOM cocyje.

13. Cmech | moap 3tunosoro cnupra u 0,091 Monp aneranbaeruia B
paBHOBecHOM cocTosiHuu npu 298 K 3anumaer oovem 6310~ »*. Ilpn
ToM Berynaer B peakuuto 90,72 % aneranbaernia:

2C,HsOH -+ CH;CHO = CH,CH(OC,Hs), -- HyO

PaccuuraiiTe KOHCTaHTY paBHoBecHst K, 3TOH peakiluu.

14. Onpenenure KOHCTaHTy paBHoBecus peakuun I, = 21 u crenens
qucconnaunu npu 973 K, ecau nomectuts m KT nojpa B oobeM 1072 M3, B
KOTOPOM YCTaHABJHBAaeTCsi PaBHOBECHOE JaBJIeHHe:

m.103, kr . . .. 0,1835 0914 1,515 1,900
P.10~5, Tla . ., . 0,0632 0,3021 0,4963 0,6209

15. Bannmon smectumocthio 3,4-10-3 M®, B KOTOpOM HaxoaurTCs

5. 1073 kr docrena, Harper go 673 K. Jlasnenue B 6anj1oHe nPH ITOM ycTa-
nosujoch 10,133-10* [1a. Paccuurafite crenenp auccouuanuu docresa no
ypasuenuio peakuuu COCl, = CO+Cl, u koHcTaHTy paBHoBechss Kp H
K, npu 3THX ycioBHAX.

16. Buiuucaure creneHp Aucconmaudu ¢ocrena npu 673 K, ecan
2,5-10~3 kr ero noMectuTh B 6aJ1J10H BMeCTHMOCTBIO 3,4+ 10® M® u 106aBHTD
1-10-3 kr xnopa. Kakoe nasienue npu 3toMm 6yaer B Gannone? Koncran-
Ta pasHoBecust Kp = 4,99-10~% (arm).

17. Paccuurafite fqasjedde rasa nocje J[AHCCONHAIHH (POCreHa NpH
673 K, ecau 2,5-10~% xr ero nomMecTHTb B 6a//IOH BMECTHMOCTHIO 3,4 X
X 103 m® u g06aButh 1-10~3 asora. Koucranra pasnosecus Kp = 4,99 X
x 102 (arm).

18. Onpeaenure cTeneHb AHCCONHANNH JHOKCHAA yraepoaa Mo ypaBHe-
Huto peakuuu 2C0O, = 2CO+0, npu 2273 K u 10,133-10* Ila, ecau
KOHCTAaHTa paBHOBECUS NpH Takux ycaosusax Kp = 24,93 Ia.
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19. )Keneso u soasmoit nap pearnpyior no ypasmenmio
Fe+HyO=FeO--H,
Mpu 1000 K u 1,0133-10° I1a na HHaAbHOE JaBJeH =
:6é%26(-)104 INa. Bobluncaurte KOHIC)TaHTy pasﬁosecu:.e Ronopona P,
. Onpenenure crangaptHoe cpoacTso- =
ecam np 873 K Kp = 2,8(15)- 10~4 81;1_1) peakyuu C2H4 -+ Hz CzHo)
21. HPH 633 K # 10,133- 10* I1a crenenn gucconunanun HI pasHa 20 %.
Paccuuraiite cranpapthoe cpogerso rasoo0pasHoro Hoja K BOJOpPOAY.
22." Byaer au npoucxonuts pasnoxenne PCl; 8 rasosoit cMecu, conep-
Kaweit PClg, PCl; u Cl, npu 298 K, NpH CAEAYIOUHX RapHHaNbHLIX 1aB-
JICHUAAX (Ha): Ppc[a—1,0133"104; Ppcu —-0,5066 104; Ppcl —2,0266- 10%.
K0H2c3TafFl)m PABHOBECHA BhUHCHHTE U3 AGP 295 [M.]. 2 T4
J. TACCUHTAHTE CPOACTBO JKeJe3a K KHCJAOPOAY BO3ayXa Po =
== 2,0266-10*T1a npu 1000 K, ecau KOHCTaHTappa)E;HOBeCl:dyﬂ peagﬁuu
2Fe + O, = 2FeO npu 3roit Temneparype pasHa 2,450. 1020 [Ta—1,
2;1. lasur UCO, Cl; n COCl, naxomarcs B pesepByapax BMECTHMOCTBIO
10 m Ksamnbm nox nasnenuem 2-10% 3-10% u 0,5-10% [1a cooTBercTBEHHO.
Mo 10~ Mok CO 1 Cl, nepeseseno B cocys TaKoii e BMECTHMOCTH C pas-
HOBECHOH CMECHIO H M3 COCY/la ¢ PABHOBECHOH CMeCHiO BHIBENeHo 10~5 Moub
COCl,. Bee nponeccs nposeneHs ueaibro o6patumo npu 700 K. Koucran-
Ta PaBHOBECHsI pEaKUHH NPHU 3Tl Temnepartype paBHa 10,826, Onpenenure
usMeHeHue suepruu I'n66ea npu nporexanun peakyuu CO + Cly = COCl,.
25. Onpenennte usmenenne suepruu 'uG6ea B npouecce CO-+Cl, z
= COCl,, onucanHom B 3ajaue 24, ecqiut U3 cocypa ¢ PaBHOBECHOH CMeChIo
docren ne BhBoguTes. Obuiee napaenue paBHosecHo#H cMecu 105 [1a.

26, Koncranra pasHoBecus
peakunu 2H = H, moxer 6bTb BH -
Ha ypaBHeHueM ? PHpAE

22570 '
lg Kp (Tha) =——"— —1,5041¢ T—0,767.

(A);lipZIe.fn?;;Tennosoﬁ sipekT peakuuu npu 800 K u suBequTe ypaBHeHue

27. KoucraHra paBHoBecus
peakuun 2H, + O, = 2H,0 Moxe
BbIpaXkeHa ypaBHEHHEM : ? T o

| 24 900
g Ke=———"—1,3351gT9,65.10- T—1,37.10~ T* 1,08,
4 Ans peakuuu oGpasosanus XJoposogopoga H, -+ Cl, = 2HCI
9586
Ig Ko =———0,441g T2, 16.

T
Paccuyraiite .K aiaa peakuuun 4HCI4-0Q, = 2
800218(, a TamxecAU npu 800 K. O H:0 21, npw 700 »
. Ilpu 369 K nasienue aucconunanuu Py i
H, coequHenuss LiCl-NH, =~
pasHo 4,893-10%, a npu 382,2 K — 8,613 10% Ila. Briyucaure Tennosox‘z

appexT peaknuuu LiCl-NH, = LiCl NH
A¥anasoHe Temneparyp 365—.’—382,2 —iIE * IPH HOCTORHHON Aapaett »
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29. JlaBneune napa Hax cucremoit CuSO,-5H,0 — CuSO,-3H,0
npu 303,2 K paBno 1,453-102, a npu 299,3 K — 1,076-10° I1a. Bruncau-
Te TersioBoH 3bhdeKT peakuuu

CuSO,-3H,;0 - 2H,0 = CuSO,-5H,0

30. TenaoBo#t agxpekr peakuun 2C + H, = C,H, B 3aBucumoctu ot
TeMIepaTyphl MeHsieTca npuMepHo auHneiuno # upu 700 K pasen 225,20 103
Jx/Monb. TemnepaTypHbili KO3(HUHUEHT TensnoBoro 3¢xpekTa 310 peax-
udn pasen — 6.573 JIx/(Monb: K). Onpenenure KOHCTaHTy paBHOBECHS
-peakuud npu 1500 K, ectu Kp 700 = 1,353-10~2,

31. Creneub muccounauun PCly; upy 473 K u 1,0133-103 ITa paBua
0,485, a npu 523 K u ToM ke RaBnennu —0,800. Paccuuraiite cpennuii en-
. oot adpekt peakuuu PCl; + Cl, = PCl; npu P = const B uurepnane
TeMnepatyp 473523 K.

32. [dasnenne auccounauun MgCO, npu 813 K pasno 9,959-10% a
.npH 843 K — 17,865-10* [Ta. Boiyucaure Tem/oBoH 3¢xpekT peakuuu
MgCO,; = MgO + CO,. Paccuuraiite, IpH Kakoi TeMnepaType AaBJeHHe
. mcconnanun MgCO, craner paBueiM 1,0133-10° Ila.

33. Koncranra paBHoBecHs peakuus H,+I, = 2HI npu 633 K pas-
Ha 61,6, a npu 718 K ona paBHa 41,7. CpaBHHTe cpefHee 3UaueHHe TeIIo-
Boro agdexkra peakuuu H cpoActBo npu 718 K. Brluuciaure uamenenue
. SHTPOMHUH. :

34*. CocraBbre ypaBHenue Bufa Ig Kp = f (T) ans peakuuu oxkucie-
HHS aMMHakKa

4NH,; 450, =2NO --6H,0
ecau npu 1000 K Kp = 44,351. BhluHC/IHTE KOHCTaHYTY paBHOBECHS pe-
akuud npu 1400 K. .

35. Onpenenure Temneparypy, npu Koropoii Aassenue CO, Hag CaCO,
Gynet 1-10° I1a, ecan npu 1035 K passrenne 13 332 Ma. TensoBoli adpeKT
peakuun CaCO, = CaO+CO, npu 1035 K pasen 167,91-10® J{x/Monb.
. CunraiiTe, YTO B Y3KOM TeMIlepaTypHOM HHTepBaJe TeNJ0BOH 3PPeKT peak-
IlHH He 33aBHCHT OT TEMIePaTypHl.

36*. Hamuuwure ypaBHeHHe 3aBHCHMOCTH KOHCTaHTH PaBHOBECHS peak-
unu CaCOjy (kanbuut) = CaO + CO, or reMneparypel. Onpenenure AaB-
nedue CO,, Hagn CaCO, ripu 1200 K, ecnu npu 1035 K paBnenue CO,
13,332 I'a. Ins onpenesnenusi 3aBUCHMOCTH TEIJIOBOro 3PpeKTa peaKidu oT
TeMNepaTypbl BOCHO/b3YiiTeCh NaHHBIMH crnpaBodHuKa [M.].

37. Bocnonb3oBaBLIMCh RaHHBIMH cripaBoyHHKa [M.], Beiuucaure KoH-
CTanTy paBHoBecHs peakuuu H, + Cl, = 2HCI npu crangaprHom jpaBie-
nun 1 298 K. Paccuntaiite uamenenue snepruu ['u66ca ans 3Toll peakuuu
npu 298 K, ecau wuauyanbunie naBaenns ([Ta): H, — 2,026-10°Cl, —
— 1,013-10%; HCI — 0,103-10%. ¥Yurure, uTO mpolecC NPOBOAUTCSA
HJleaJIbHO OGPATHMO.

38. s peakuuu 1, =21 npuBORATCSA KOHCTAHTHl paBHOBeCHS NPH He-
CKOJIbKHX TeMmIeparypax:

T, K ... 950 1050 1150 1250
Kp-103 . . 1,134 7,316 33,833 127,122
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[Toctpoiite rpadux IgKp = f (T-1), onpeaenute rpaduuecku Tenopoi
3((eKT peaklHH B H3YUEHHOM Auana3oHe TeMnepatyp. CocTaBbTe ypaBHe-
Hue Bufa Ig Kp = [ (T-!) B TemnepaTypuoM wuuTepBase 9501250 K.-

39. Ompenenure KoHcTanty paBHoBecHss peakuun 2CH,CH, =
= #-C,H, (CH;); + CgHy u cocraB paBnoBecHo#l cMecH B MOJISIPHBIX
poasix npu 298 K u 1,0133-10° [1a. Jln pacuera Bocnosib3yiiTech RaHHHBI-
MH crpaBouyHHKa [M.].

40. Ilo metony Temknna — lllpapumana a1 peakuuu B rasoBoii daze
2C4H;CH 3=m-CgH, (CH ), + C4H, paccuutaiite AG, Kp # cocTaB B Mo-
JSAPHLIX R0NAX paHoBecHOi cMecH npu 800 K u 1,0133-10° [1a.

41. OnpefienuTe KOHCTaHTY paBHOBecHs peakuuu A + 2B = AB,,
€C/IH NpH HEKOTOPOH AJIHHE BOJIHbI KO3(DHIHEHTH MOralleHHS BeleCTB
A u B pasubl Hymo. Onrtuyeckue NJOTHOCTH pPaBHOBECHBIX CMeceil npu
3TOH JJIHHE BOJIHE! PABHHI:

€y MOJIB/L . . . . . .. .. 6,1 0,2 0,3 0,4 06 0,8 1,2 2,0
D.............. 0,165 0,385 0,533 0,608 0,682 0,712 0,750 0,750

Konuenrpauuu entectBa A Bo Bcex ombitax 0,01 Monb/1. JIvHa KioBeTbI
5-10~2 M.

42. OnpesieTe KOHCTaHTY paHOBecus peakuuu A + 3B = AB,,
€C/TH IPH HEKOTOPOH AJIMHE BOMHbI KO3(XpHIHEeHTH moramenus A u B pas-
HBI Hy/0. HIHTEHCHBHOCTL CBeTa, NMpOILEIEro Yepes KIOBETY C pacTBOPH-
TeJeM @; HHUTEHCHBHOCTb CBETa, NPOLLUEILIEro Yepe3 KIOBETY C pacTBOPOM
b, npu 3TOH A/HHe BOJHBEI AJs PaBHOBECHBIX cMeceil:

¢g, MOAB/T . ... .... 01 0,2 03 0,4 0,6 0,77 1,2 2,0
a oL e e, 2t,3 21,3 21,3 21,3 21,3 21,30 21,3 21,3
b ... 14,4 5,36 3,15 2,50 2,23 2,18 2,13 2,13

Kouuenrpauus Beutectsa A Bo Bcex onbitax 0,01 MOJIB/J1, JJIHHA KIOBe-
™ 1.10~% M, )

43. Hekoropoe konuuectBo SO; Harpero B 3aKpbiToM cocyfie fo 727 K.
B peay.ibrate Tepmuueckoii muccounannu o6pasosanuck SO, u O,. Bbiunc-
sute: 1) HexonHoe nabienue SO,; 2) obulee AaBneHHe paBHOBECHOH CMecH,
eciu Kp peakun SO; = SO, + Y/,0, pasna 0,539. PaBuoBecnoe AapJie-
Hue SO, 4,05-10% Ia.

44. BoiuucauTe KOHCTaHTY Auccounanud BaO mo ypaBHenHio peakimu
BaO Sr) = Ba (r) + %/, O, npu 4000 K, ec/t KOHCTaHTbI paBHOBECHS pe-
aKuHuit:

BaO (r)=Ba (r)4+0, Ky=0,0156;

0,=20, - Ky=2,1842.

45. BbiuHC/IHTe KOHCTaHTY paBHOBecHs peakuun S + O, = SO, npH
4000 K, ecan usBecTHsl Kp Ansl peakuit
S0,=5420, K,;=0,63;

0,=20, Ky=2,184.
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46. Ias peakunn C;H;C,H; (r) + 3H, = C,H,,C,H, (r) B uHTepBa-
Je Temnepatyp 485--565 K nonyueno ypapHenue

9620
lg Ky (Ma) = - —33,058.

Paccunraiite TemnepaTypy, pH KOTOPOil 3Ta peaKuusi CTAHeT OCYLIECTBH-
MO#, ec/iM NepBOHayaJ/bHas ra3oBasi cMech COCTOHMT H3 10 MoJIb 3THI6eH30-
na, 50 Mosb Bojopoia ¥ 40 MOJb STHAUHKJIOTEKCaHa. O6uiee AaBjeHHe
nepBOHayaabHOH cMecH rasos 1,0133-10° I1a.

47*. BpiuMcnTe KOHCTaHTY paBHOBecHs peakuuu Y, H, + 1/, Cl,=
= HCIl npu 900 K u 1,0133- 10° Ia, Hcnionbays 3HaueHHs] MOMEHTOB HHep-
HHH BpalleHHSA MOJIEKYJ H YacTOT KosneGaHui:

Bewecrso . . . . HCl Cl, H.
1.104, kr-M2 , ., 2612 116,3 0,459
®e-10—-5, m—1 | | 209894 0,5649 4,3966

TennoBoii adxpekT peakuuu B HIeasbHOM Ia3000pa3HOM COCTOSIHHH NpH
abcomotHoM HyJe paBeH — 92,140 10° [Ix/Monb.

48*. BpluucanTe KOHCTAaHTY paBHOBecHs Kp PeakuHH TepMHUYECKOM
Axccounauuu uofa I, = 21 npu 1274 K u 1,0133-10° Ia, ecan AH§ pe-
akUuH pasen 148,766-10° Jx/Mosb, uacToTa KoJeGaHHsi MOJIEKYJb I,
w, = 214,25-10* v~', Moment unepuun 750, 1.10-% kr.m2. Crarucru-
YeCKHil Bec HYJIEBOrO 3/EKTPOHHOTO YpPOBHsl aToMa HOAa 4, a HYJIeBOro
3JIEKTPOHHOTO YPOBHS MOJIEKY bl I, efuHHua.

49*. Paccuntaiite KOHCTaHTy paBHoBecHsi Kp peakuun NO = 1/,N,+
+*/3 O, npu 1000 K u 1,0133- 10° ITa, ecitd MOMEHTE HHEpUHUH MOJEKY.T,
YacTOThl KONMeGaHHH M CTaTHCTHYECKHE BECa HY/NEBBIX 3JEKTPOHHBIX YpPOB-
HeH HMeloT caefyiollue 3HaYeHHs:

Bewecto , . . . NO N 0O,

1104, xrem? | | 16,43 14701 19,34
©e-10-5, m=1 . . 1,9165 2,3564 1,5798
o201 o ¢ o .. 4 1 3

Tensnopoit 3dxpext peakuuu, nmporekaiouleli B HAeaJbHOM Ta3006pa3HOM
COCTOSIHHH TIpH abcosmoTHOM Hyse, —90,761-10% Lx/Moab.

50*. Paccuuraiite koncTanty paBHoBecus Kp peakuuu H, + 1/,S,=
= H,S, nporexatomeit npu 1000 K #u 1,0133- 10° ITa, ecsit MOMEHTHI HHep-
UHH MOJIEKYJI, YacTOThI KoJIleOaHHH H CTATHCTHYECKHE BECa HYJIEBBIX 3JIEKT-
POHHBIX YDOBHEH UMEIOT 3HAYEHHS:

Bemecrso . . . . H, H,S, S, H, S,
I-1047, kr.M® |, °  2,6674 3,1513 0,7187 0,459 94,88
We+10—5, »—1 | | 2,7219 2,7394 1,2145 4,3966 0,7257
oot o+ - .. . 1 1 1 1 3

Monekyna H,S nenuueiinas, cummerpus Cs,p, 06 =2. lnsa H,S AH} =
= —82,061 x/Ix/MoJb. :
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51*. Onpenenute koHcTaHTy paBHoBecuss peakuun CO 4 H,0 =
= H, + CO, npu 1000 K u 1,0133- 108 [1a, ecsiu H3BeCTHBI MOMEHTHI HHep-
LHH MOJIEKYJI, YacTOThl Kosie6aHHH H TeNJIOThl 06pa30BaHUA TPH abCoMOT-
HOM HyJle B H/lea/IbHOM ra3006pa3HOM COCTOSIHHH:

BewecTso 1107, krn? | we-10-5, m—~! AHS, k]Lx.Mons
CO, 67,8336 1,3512
2,3964 393,229
0,6722
H, 0,459 4,3966 0
H,0 1,0296 3,8354
1,9674 3,9387 —238,906
2,9970 1,6476
CO, 14,49 2,1700 —113,880

Y monekyast CO, konebanue ¢ yacroroii 0,6722- 105 m—! JABaXK/bl BEIPOXK-
A€HO,

52. Onpenenure Kp peakunn H, + I, = 2HI npu 1000 K, ecan cra-
THCTHYECKHE CYMMBI cocTosiHuit Qu, = 3,5539.107; Q, = 3,2346- 104
Qur = 3,6320- 10" u AH§ = — 8,292 k]Ix.

53*. B peakTope, paGoTaiouieM NpH MOCTOSHHOM AaBJeHHH, HAXOMAT-
csi | Moab CH,oCl, u | Moab H,. Tlpu 600 K nporekaloT peakiuu

CHyCly+ Hy=CHyCI4+HCI (1); CH,Cl4-H,=CH,-HCl (2)

KoHcranThl paBHoBecus peakuun npu 600 K pasnel Kp, = 1,156- 108,
Kp, = 8,8716-10% Onpegnenure coctaB paBHOBECHOH cMecH.

54. Ilpu 3500 K u nasienuu 1,013-10° ITa B cucTeMe mpoTeKaioT pe-
aKuuu:

1/3Ng+COy=CO4NO N
CO;=CO+1/,0, {2)
NO=1/3N2+1/203 (3)

Hcxoanas cmech cocrout u3 0,5 MoJib azora u | MoJb yriekucioro rasa,
Hcnosnpsys cnpaBounbie Aauubie [M.], paccunrafite cocTas cmecH B cocTo-
fIHHH paBHOBeCHH.

MHOTOBAPHAHTHDBIE 3AJAYH

* 1. T'azoo6pasuble BemectBa A 1 B pearupyior ¢ 06pa3oBaHHeM ra3oo6-
pasHoro npoaykra C: a) Bulpasute Kp U K, 4epe3 paBHOBECHOE KOJIHUYECTBO
Beitectsa C, paBHOe X, ec/IH HCXOAHbIE BelllecTBa A H B B3fITH B cTeXHOMeT™
pHYECKHX KOJHYECTBaX npH OOIEM NaBJEHHH PaBHOBECHOH CHCTeMbl P u
temneparype T, K; 2) paccuuraiite Kp u K, npu 300 K, ectu P =
= 7,5-10* Ila, x = 0,45; 3) BbluMCIMTE paBHOBECHOE KOJHUYECTBO Bellle-
crBa C npu JaB/iennd B paBHOBecHoH cucTeMe 3-10* ITa u 300 K; 4) pac-
CUHTaliTe CTeneHb NpeBpallenus Bemlectsa A u B npu 300 K.
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pﬁba::; VpaBHenHe peakurH i J;‘:aﬁ;—a YpaBrenue peakunu pﬁz::; Ypasrenne peakunn

1 A+ B="%C 10 ¥%2AB=3C 19 A4-2B=2C

2 Y%eA--B=C 18! 2A+4%B=3C 20 A-2B=3C
3 3A+-B=2C 12 2A 4+-3B=2C 21 A4+B=2C

4 2A+43B=3C 13 3A+ %B=3C 22 2A+2B=C

5 2A 4 %B=2C 14 3A--¥%:B=2C 23 2A -2B=3C
6 3AL%B=C 15 YeAL- B =3C 24 3A4-3B=2C
7 A-2B=C 16 Y%A 12B=C 25 Y%A 4-B=1%C
8 A4B=3C 17 A--3B=3C

9 BA+B=2C 18 3A+B=C

2. Tereporennas peakuus NpoTeKaeT NpH NOCTOSHHOMN Temnepatype T

3. BeuectBo A Maccoit g K- moMelleHO B 3aKPHITHIH COCYN BMECTHMO-
croio V M® Ipu Temnepatype T, K, uacTb KpHCTa/JIH3aLHOHHOH BOABI Bhi-
Aenuach B ra3oByio $asy ¥ B cocyle ycTaHOBHJIOCH Aasienue P, IMa: 1)
OonpelenuTe Maccy BOAbL, CBSI3@HHYIO C BeulecTBoM A; 2) paccuuraiite a6-
COJIIOTHOE KOJIHYECTBO TBepAoi (a3bl B PABHOBECHOM COCTOSIHHH CHCTEMb
3) meiuucaure Kp, K., AA} u AG} peakuun npu temmneparype T, K.

1) onpenennure cranaaptHoe cpoicTBo Bewects A v B npu 298 K; 2) Bhi-
YHCJIUTE KOHCTAHTHI paBHoBecusi peakuud Kp u K,; 3) onpemenure mac-
Cy NIpopearipoBasluero TBEPAOro BeulecTBa A, ecsiH 06beM cHCTeMbl V M3,
4 HCXOMHOe NaBJieHHe rasa B pasHo P, 06beMoM TBepO# haskl MOXKHO mpe-
HeOpeub; a) onpeleaHTe U3MeHeHHe sHeprud 'u66ca, oTHeceHHOe K Haua-
JIy PeaKilHH, €CJIH HCXOAHbie AaBJ/ieHHA razoo06pasHbiX BeulectB B # C co-

OTBETCTBEHHO paBHbl P, H P4, peakuus nporekaer npu Temneparype T, K
HleasbHO 06paTHMO.

:ﬁa::; g, Kr A V., M3 T. K P, Na
] 0,047 LiBr.2H,0 6 130 1333
2 0,659 Lil-H,0 7 403 866,5
3 0,068 Na,HPO,-12H,0 5 273 354,6
4 0,258 Na,HPO, - 12H,0 6 288 1190,4
5 0,057 NaCOOCH,.3H,0 3 298 851.8
6 0,128 Na,CO;-10H,0 7 273 358,6
7 0,019 NaCOOCH,-3H,0 6 273 120,0
8 0,890 NayCOy- 10H,0 8 298 2399,4
9 0’500 Naz(:Oa' 10H20 9 288 1 161,0

10 0,210 NaCOOCH,-3H,0 4 313 2492,7
11 0,612 NazHPO, - 12H,0 7 298 2538,0
12 0,035 NaySO,-10H,0 8 273 373.2
13 0,254 Na,S0,- 10H,0 9 293 1767.6
14 0,018 NagS0,:-7TH,0 4 297 2439,4
15 0,856 MgCl,-6H,0 10 343 1999.5
16 0,081 FeSO,-7H,0 4 208 1940,8
17 3,010 CoS0,-7H;0 10 298 2210,4
18 0,622  |CoCly-6H,0 8 313 2826,0
19 1,495 NiCl,-6H,0 9 309 2999,3
20 0,416 CuS0,-5H,0 3 298 1037,1
21 1,174 ZnS0,.TH,0 8 303 2852,6
22 0,183 SrCl,-6H,0 5 298 11357
23 0,208 BaCl,-2H,0 4 288 377.2
24 0,257 BaCl,-2H,0 3 298 7332
25 1,190 BaCl,-2H,0 5 313 2103,5

4. 3aBucHMOCTb KOHCTAaHTH paBHOBecHsi peakuuH (A) oT TemmepaTyphl

BhipaXaercsl ypaBHEHHeM

Ko3(buuuenTsl a, b, ¢ u d npuBesennl B Tabanue Ha c. 287, naBnenue Bhipa-

lg Kp =—— 4-blg T--cT+d;

T

Drana Peaxuns TR | P07 Py 107, Py 1072, [V 10%
1 C--2H,=CH, 600 600 186 100 8
2 C-+2H,=CH, 700 700 84 50 10
3 C-+2H,=CH, 800 700 37 25 3
4 C--2H,=CH, 500 600 250 200 5
5 2C--2H, =C,H, 1000 68 400 480 300 7
6 | 2C--2H,=C,H, 2000 68400 ( 2050 1000 11
7 2C+-"Hy=C,H, 1800 68 400 1290 800 9
8 2C-+0,=2CO 773 10 705 800 2
9 | 2C40,=2C0 873 100 572 500 4

10 2C- 0,=2CO 973 300 293 300 6
11 2CuCl+-Hy =92HCl +2Cu 673 500 361 500 4
12 2CuCl4- H, = 2HCI 4 2Cu 773 500 215 400 6
12 Sn-{2H;0'=2H, - SnO, 1073 50 690 800 3
14 Sn0, +-2H, == 2H,0+ Sn 1073 500 152 200 8
15 $n0, 4-2H; = 2H,0--Sn 973 400 167 200 6
16 Sn0, - 2CO =2C0,+-Sn 1173 700 580 100 2
17 SnS+Hy;=H,S-+Sn 783 10 745 900 5
18 | SnS-+H;=H,S--Sn 1196 50 670 700 7
19 PbS+H,= H,S-1-Pb 783 5 755 900 8
20 PbS - Hy =H,S--Pb 973 10 745 800 3
21 PbS-|- H, = H,S4- Pb 1273 50 654 700 5
22 PbS--CO=COS--Pb 1081 2 758 800 7
23 PbS +CO=COS--Pb 1370 10 747 800 9
24 PbC 1, Hy = 2HCI 4 Pb 873 200 284 400 1
25 PbCl, - H, = 2HCI +4-Pb 1073 300 350 500 2
284

xKeHo B [la: 1) onpenenure koucranty pasnosecus peaxuuu (A) npu T,
K; 2) nocrpoiite rpaguk lg K = f (T-!) B npemenax TemnepaTyp oT
(T — 100) no (T + 100) K; 3) ykaxute, Kak u3MeHsieTcsi KOHCTaHTa pap-
HOBECHs TNIpH TIOBBIIIEHHH TeMileparyphl; 4) onpegenute TetiioBoit 3pdexT
peakuuu (A)AH? npu T K; 5) conocrasbTe TensoBoit 3¢xpeKT, BRIUHCAEH-
HBH B 1. 4, C TenJoBEIM 3(xpeKTOM, BHIYHUCJIEHHBIM N0 3aKoHy Kupxroga
npu Temneparype T, K; 6) onpenennre cranfapTHoe CpOACTBO pearupyio-
LHX BenlecTs npu Temneparype T, K.
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g:m:‘;; Peakuns (A) K T. K
— p 800
1 2H,+-CO*CH,0OH CH,OH )
Kp= T
. Pii, Pco
P& o PE 750
2 4HC1+4- 0, 22H,04-2Cl, __ Pa,0Pc,
phci Péi,
3 | B-NH,CIzNH,+ HCl K p="Pnn, Puci 455
4 | 2N,--6H,04NH,+ 30, PN, 3, 1300
P= o &
PN, PH,0
5 | 4NO-6N,0:=4NH,+50, P, P8, 1000
P phorh0
32 700
6 | 2NO,==2NO--0, _ PhoPo,
P Po,
7 | N;O=2NO, Pio, 400
P=
Pns0,
Kp= 400
8 | Mg(OH),=MgO+H,0 P=P0
9 | Ca(COpCa0-CO, Kp=pco, 1000
10 | Ca(OH),—CaO-H,0 Kp=pu,0 503
1T | S,+4H,02250,+-4H, _ Po, pi1,0 100
P Ps, Phi,0
12 | S,44C0,250,+-4CO _ Pdo, Plo 900
d Ps, Péo.
13 | 250,40,72250, k. o 700
P po, Po,
400
14 | SO,+Cl,z=S0,LCl, Pso, ct,
Pso, Po,
1000
15 | CO+-3H,2CH,4-H;0 PcH, Pu,0
P= T
Pco Pu,
— 900
16 | 4CO-280,45S,--4CO, b5, Pbo,
péo Péo,
17 | COClz=CO-Cl, k.- Peoral, 400
P peo,
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ITpodosxncenue raba.

;{:(;:r.a Peakuus (A) K T, K
18 | COy+4H,=CO4-H,0 Pco Pu,0 1200
P= T —
Pco, Py,
19 | CO,+ 4H,z=CH, +2H,0 ket P0 1000
P Pco, P,
20 | 2C0,=2C0+-0, [COJ2[0,] 700
= |CO,j2
21| 9c04-2H,=>CH, +-Co, PcH. Peo, 900
P pdo g,
# | GH2CH, 41, k.- JGHIH | 400
¢ [CoHq]
B | GHOHZICH, +H,0 g LGt PO 400
o
Pc,H,0H
2 | CHyCHO 4 Hy—C,H,0H K. _Peion 500
P= T
PcH,cHO PH,
% | CeHg-t-3H,CoHy Koe —Pod 600
P 3
Pc,H, P,
N papHanTa a ] b ¢ d
1 3724 —9,1298 0,00308 3,401
2 - 5750 —2136 —0,000857 —4710
3 —9,650 1.83 —0,00324 28,239
4 —66 250 —~1.75 0 —10206
5 —47500 —175 0 —13,706
6 —5749 175 —0,0005 7.809
7 —2692 175 —0,00483 1,944
8 —4600 0,623 —0,00102 17,776
9 —9680 —1.385 —0,000219 17,756
10 —5650 0.67 0,000414 9,616
11 —13810 —0.877 000267 8.386
12 —2300 434 —0,00162 2,567
13 10373 1,222 0 — 18,806
14 2 950 —1.75 0,000455 —7.206
15 9874 —714 0,00188 —1.371
16 2300 —434 0,0000002 —2576
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ITpodoaxenue raba.

Ne BapHanTa a b c d

17 5020 1,75 0 —3,748
18 —2203 0 —0,0000516 2,3
19 7674 —6,23 0,000906 —1,291
20 —29 500 1,75 —0,001215 —3,29
21 11088 3,113 —0,0028524 —1,483
22 —6 365 2,961 —0,000766 2,344
23 —1485 7,54 —0,00425 . 7,006
24 1522 5,42 —0,00229 —2.810
25 9 590 —9,9194 0,002285 —6,452

5. Jlns naHHOM peakuHH, HCIOJIb3ys CIPABOYHBIE NAHHbIE [M.], onpe-
Aenute: 1) cranpapthoe cpoactso mpH Temneparype T, K; 2) paBHoBec-
HbIil BBIXOX BeutectBa D npu obuieM AaBnenuu 1,0133-105[1a u 7, K, ecan
razooGpasHble BeulectBa A u B BBelleHB B peakiHOHHBI COCYA B CTEXHO-
METPHYECKHX KOMHYecTBax; 3) M3aMeHeHHe 3Hepruu [u66ca Ana HauasbHO-
'O MOMEHTA PeaKIHH, ec/ii HCXOXHbIE NapliaNbHble AaBJIeHHs Ta30B B pe-
aKIHOHHOH CMecH paBHbi Py, Pp, Pc, Pp H peaKHHSA TIPOTEKaeT UAeanbHO
ob6patumo npH temneparype T, K.

& P.1074, I

oS Peakuus A B [ D 7 1 7. K
23 als|c|o

l H2+ %Ozszo H2 02 A Hzo 7 6 _— 3 1000
2 | Hy+ %0,c=H,0 Hy | 0, | — | H,0 | 2| 1] —]2{700
3 | Hy+ Cl,=>eud H, [ Cl, | — | HCa | 4] 3] —{i5| 900
4 | 2HCI+0,=Cl, + H,0 HCi [ O, | i, | H,0 | 4| 31,51'511000
5 | 2HCI 4 0,—Cl, 1 H,0 HCl | o, | Cly | H,0 | 1] 4| "2/ 1| 700
6 | %N, 3/, H,==NH, N, | Ho | — | NH, [10]15] Z|10 | 600
7 | %N;4-3/3H, < NH, N, | H, NH; [20]20] —]10 | 800
8 | %N, 1 %0,==NO N, | 0. | — | NO° |2 1| —o.3l2000
9 [ N, £0,55N0 N, | 0, | — | No | af 1] 1000
10 | NO,:22NO 4 %0, NO; [ — NO 0, 6— 21 3] 460
11 | NO,Z2NO 4140, NO, | — NO 0O, 31— 3 3| 400
12 | N,0,==2NO, N,O,| — | — | NG, | 5] 2] 22340
13 | N;0,~=2NO, NO, | — | — | No, | 2]=| 2] 320
14 | SO, & %0,=7S0, o so, | o, | = | so. | 3] 1| —|i 5| 900
15 | SO,--NO,=S0, -+ NO SO, | NO, | SO, | NO | 6[ 3|1,501.2] 700
16 | PCl, 4-Cl,==PCl, PCi, | ci, | — | pCls | 3| 6] = 57| 500
17 [ CO+H,0:=C0, + H, co | H,0[co, | H, | 5] 2/0,71 61000
18 | COCl,=—=C0Cl, co|cl, | — | coty| 2| 3] —{o’s| 900
19 | CO - 2H,—CH,0H co | H, | — |cn,0f] 4| 3| —|i 6| 570
20 | CO4 %0,=CO, co| 0o, | — | co, | 4| 6] — 3 000
21 | CH, +H,0=CO+ 3H, CH, | H,0 | co | H, | 2| 30,8l0.7] 500
22 3C2H42C3H3+ 3H2 C2H4 — CQHG H2 21— 0,7 3 700
23 | CH, 4 Hy=C,H, CHy| H, | — | ¢, | 7] 8] {3780
24 | C,H, 4 Hy0=C,H,0H CH, | H,0 | — [CH:0H| 3| 2| —|1 2 480
25 C6H6+3H2:C3H12 CQHQ H2 ha C6H12 6 41 —! 2| 600
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6. Ha ocHOBaHUM CIPABOYHBIX AAHHBIX (

—G"—;—”i> i AHS [M.] onpe-

ACNHTE KOHCTaHTY paBHOBecHs Kp peakuuu npu temneparype T, K.

o &= & E

;é Peakuuns T, K ;g Peakuus T, K
1| Hy+F,=2HF 600 | 14| Hy+ %S,=H,S 500
2 | Hy-Cly=2HCI 800 15| PCly-- Cly=PCls 1000
3 H,--Bry=2HBr 800 116| C(rp)+2H,=CH, 1500
4 | Hyt1l,=2HI 1000 17| CyH,+ H, = C,H, 500
5| Hy+ %0,=H,0 1500 [ 18| CyHg-+ Hy=CyHs 800
6| CO-+1%0,=CO, 1000 (19| C,Hg=C,Hq--H, 1500
7| CO+Cl,=COCl, 800 [ 20| C,Hs++H,=C,Hy, 1000
8| Clrp)4-S=CS, 1000 || 21| CyHg-L 3H,— Cobly 500
9 Ny 4 0y =2NO 500 122 CO-+2H, =CH,0OH 800

10 | NO,z=NO+ %0, 800 | 23| HCHO+ H,=CH,OH 500
11 | N,+3H,=2NH, 1200 (124 | CHCly+ Cl, = CCI, +HCl 1000
12 | S,+20,=250, 800 || 25| CH4Cl +2Cl,=CHCl,--2HCI | 800
13 | SO,-+-%0,=S50, 1000

7. Ilpumensis npunuun Jle Mlareave u ypaBuenua (XVIL.3) u

(XVI1.30), onpenenure, kak 6yaer MensiTbes pAaBHOBECHBIH B

bIXOJ KOHey-

HBIX NIPOAYKTOB PEAKUMH NpH: a) TOBBILIEHHH TeMIeparypbl; 6) NMOHHXKe-
HHH TEMIEPATYPEI; B) MOBBILIEHHH AABNEHHS; T') NOHHKEHHH NABJCHUS; 1)

RoGaBNEHHH HHEPTHOTO rasa.

gﬁazara Peakuus J::gaza';a Peakuus
I | N,-+3H,=3NH, 14 | 250,41 0,=250,
2 | C40,=C0, 15 | CyH,+ H,0 = C,HsOH(x)
3 2CO2 = 2CO + 02 l 6 Csz =‘C2H4 + 2
4 | CroH,=CH, 17 | 2H,-- CO=CH,OH(x)
5 | 4H,4250,=4H,0(%)--Sy(r) | 18 | CH,0H(%)= C.H, - H,0(r)
6 | 2C12H,=C,H, 19 | 4HCI - O, = 2H,0(r) - 2Cl,
7 | COCl,=co4-Cl, 20 | 2CO 4-2H, =CH, --CO,
8 | 2HI=H,+1, 21 | 2NO-+0,=2NO,
9 | 2C0+0,=2C0, 22 | C,H,-- H,—C,H,
10 | 2H,0(%)=2H,4.0, 23 | 2H,0(r) £ 2CI, = 4HCI 40,
1l | CO-Cl,=COCl, 24 | NH,Cl(1)=NH, 4-HCI
12 | N,0,=2No, 25 | CHyCHO(r)+ H, — C,HsOH
13 | 2NO,=2NO40, ~

8. Bbluuc/HTE KOHCTAHTY paBHOBecHs Kp peakiuu NpH 34]aHHOH TeM-
neparype T. Jlnsl pacueta BOCNO/Nb30BAThCS MeronoM TemkuHa — IIBapu-
MaHa [M.].

10 3a&. 767
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[.]

é: [¥4 é; ¥
z:g Peakuus & ;g Peakuus w
1 | 2C,H;OH=CH,;COCH+3H,+CO| 400| 14 | C,Hq = C,H,+H, 800
9 | CH,+2PCly=2PCly+CH,Cl,+2HCI| 500| 15| CoHg — C.Ho+- H. 700
3 | CH}- CO,— CH,COOH 00} 16| Chy’t 47, = CH, + 2,0 | 500
4 2H2+C02=HCHO+H20 500 17 CH‘+C02=2C +2H2 700
5 C02+H2=HCOOH 400 18 C3H3+3H2=C3H12 ‘408
6 | COL H,0 = HCOOH 400 | 19 | 280; - Og = 250, 50
7| CO,4-3H,—CH,OH4+H,0  |500]20|CO-2H,—CH,0H 60
8 | CoHet CO=CH,COCH, 400 21 | Ca(OH), = CaO - H,0

9 | C3H, - H,0=CH,CH,OH 400|221 CaCO, =CaO+.CO, 900
10 | CH+4PCls = CCI,+4PCl,+4HCI | 400 23 | NH,C1=NH, --HCI 500
11 | SO;+Cl=SO,cl, - 500 | 24 | Mg(OH), = MgO - H,0 500
12 | CO4-Cl,=COCl, 600 25 | S - 2C05 = SO,+ 2CO 700
13 | Si0,-+4HF = SiF, 4 2H,0 900

9.. Onpenenure paBHOBeCHHIe MapliHaJjbHble XaBJeHHs BCeX KOMIIOHEH-
TOB peaKqu H HCXOAHOG JAaBJI€eHHEe BellecTBa A, €CJIH UH3BE€CTHA KOHCTAaHTa
paBHOBecHs TEPMHUYECKOH JHCCOLHAlHH BelllecTBa A npH TeMmneparype
T, K u ofutee paBHOBecHOe JaBjieHHe cMecH P. Peakuus nporekaer B 3a-
KpHITOM cocyle npu Temneparype T, K.

N::;pu- BewecTso Peaknus Kp P.10~4, Tla T, K
1 H,0 Hy,0=2H+40 2,096-10° | 11,0133 4000
2 H,O H,0=2H+0 0,991 - 1010 2,0266 3900
3 H,0 H,O=2H4-O 4,271-1010 3,0399 4100
4 SO, S0y =5+-30 0,257- 101 4,0532 3300
5 SOq S03=5+-30 1,200- 1015 5,0665 3400
6 SO4 SOy=5--30 5,119-101 6,0800 3500
7 FNO FNO=F+4N40 | 0720-101 7,0031 3500
8 FNO FNO=F-+N-+0O| 1.715-10% 8,1064 3600
9 FNO FNO=F+4N+40 | 8266101 9,1197 3800 .
10 SOF, SOF,=S-4-0+-2F| 1,031-10% | 10,133 3500
11 SOF, SOF,=S- O-}-2F| 13,632 10! 10133 3700
12 SOF, SOF, =S+ 0-}-2F| 3,82.10% 92,0266 3600
13 SOF, SOF,=S--0--2F| 0,478-1015 3,0399 4200
14 SOF, SOF, =S+ 0J-2F| 4.235-10' 4,0532 4400
15 SOF, SOF, =S-- O-4-2F| 11,726-10% 5,0665 4500
16 C,H, CoH, =2C(r)+-2H | 0,477-10 6,0798 4300
17 C,H, C.H; =2C(r)--2H | . 3,808-1015 7,0931 4500
18 CgH, H, =2C(r)-}-2H | 25,596-101 8,1064 4700
19 SiF, iF,=Si(r)4-4F | 2,699-10% 9,1197 4400
20 . SIiF, SIF, =Si(r)-4F | 11,281-10% | 10,133 4500
21 " SiF, SiF, =Si(r)-}-4F | 44,281-10% 1,0133 4600
22 B,0, B,0,=2B+-30 | 0,542.10% 92,0266 4900
23 B;0, B,03=2B 30 | 2,066-10% 3,0399 5000
2 B,O, B,0;=2B-30 | 7,486-10% 4,0532 5100
25 B,O; B,0;=2B 30 | 25,830-10% 5,0665 5200
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FMABA XVII

AJNEKTPHYECKAS MPOBOAUMOCTb. PABHOBECHE
B PACTBOPAX 3JIEKTPOJIUTOB

OCHOBHBIE yDABHEHHS! H CHMBOJLI
[K., c¢. 508—557; I'., 1. 2, 389—517]

DNeKTpUYeCKas MPOBOAUMOCTh — BEJHUHHA, obpaThasi 3JeKTPHUECKO-
My comnportuBiend0 //R. DneKTpHUeCKas npoBOAHMOCTb BhipaXaercsl ye-
pe3 yJelbHOoe CONpOTHBJIEHHE P:

1 !
=—_— —, XVIIL.1
RS ( )
rae

——, (XVI11.2)
rae [ — AMMHa npoBOAHHKE; S — CeueHHe NpOBOAHUKA; ¥ — yAelbHas
3JIeKTPHUECKAs [POBOAHMOCTb.
OKBUBa/eHTHasl 3/EKTpHUecKas NPOBOXUMOCTb A Bhipaxkaercsi uyepes
YACIbHYIO NPOBOXHMOCTS:
A=y V=yrec, (XV111.3)

rae V — passenenne (uau pasbapienue) pacTBopa; ¢ — KOHLEHTpauus,

r-3KB/s1. PasBefienne — 06beM, B KOTOPOM COJlepXKHTCSA | I-3KB pacTso-
PEHHOTO 3JIEKTDPOJIHTA.

Ypapuenne Konbpaylia (3aKOH HE3aBHCHMOCTH JBHKEHHsI HOHOB)

A=Ay +A_, (XV111.4)
TAe Ay — SKBUBA/NEHTHAsl 3J€KTPHYECKAsds NPOBOXHMOCTb npu GecKouey-
HOM pa3BeleHHH; A, A_ — 31eKTpHUECKHE NPOBORMMOCTH (anextponu-

THUECKHE MOABHXKHOCTH) KaTHOHA H aHHOHA:
he=F0%, A =Fo0; (XVIIL1.5)
rae v}, v — aGCOMOTHbIE CKOPOCTH JABHXKEHHs HOHOB, cM?/(c-B); F —
nocrosnnaa Papanes.
CkopocTH /BHXKEHHS HOHOB Uy, U_ 3aBHCST OT MOTEHIHAN3 MOJS:

v =0% /1, v_=0% P/, (XV111.6)

rae Y/l — HanpsiKEHHOCTb NOJs.
ABcomoTneie CKOPOCTH ABHXKEHUS HOHOB PasMHuHbL. JLoMf KOMHYECTBA

SJEKTPHYECTBA, EPEHOCHMOTO HOHAMH XaHHOTO 3HAKa, PaBHA UAC/Y repe-
HOCa ¢, unu f_:

Li4t=1;
vs Ay Ay vy A
= - S b= = 1.
+ v9 400 Ay A A 0 400 " (XVIIL.7)
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Yueno nepeHoca HOHa BbIpaXkaercsl yepe3 H3MEHEHHE KOHUEHTPauuH
3/7€KTPOJIHTa B KaTOAHOM Acy MM aHOAHOM Ac, MpocTpaHCTBax:

ACH t__ACa

= Ac

rae Ac — obuasi y6blib KOHUEHTPAUHH 3JIE€KTPOJIHTA.
Ypasneune Kosbpayllia ONHCHBAaeT 3aBHCHMOCTb 3JIEKTPHYECKOH TPO-
BOAHMOCTH OT KOHUEHTpPALHH:

A=h—AV C, (XVI11.8)

. (XV111.7a)

rae A — KoHcraHTa.
IMpu puccounauny GMHapHOro c1aboro 1 -— 1-BaJeHTHOrO 3JIEKTPOJIHTA
AB = A+ -+ B~ KoHcTaHTa paBHOBecHsl Gyzer

c=w_l_ (XVII1.9)
[AB]
Ecau crenenp auccounauud pasHa
+ —
c c Ao
TO KOHCTaHTa AHCCOLHAuuH Oyaer
Ko=atc/(l—a). (XVIIL11)

s K, << 10~® umn a < 1 Moxuo npunste K, = o’c.
IMoacranoBka B ypaBHenne (XVIII.11) o us ypaBnenus (XVIII.10)
TPHUBOAHT K BHIPAXKEHHIO

Ac
Ao (hg—R)

3aBHCHMOCTb KOHCTAHTBI AUCCOHHAHHH OT TeMINEepaTyphbl ONTHCBIBAETCS YpaB-
HeHHeM

Ke= (XVI1I1.12)

dinK,  AHpuee

= , (XVI11.13)
dr RT?
HHTePpHpOBaHHe KOTOPOFO HPHBO}.IHT K COOTHOILUEHHIO
K AH 1 1
g —1 = R — ) (XVI11.14)
KT‘ 213R Tz Tl Vi

rae AHp,.. -— Temniora aucconnaunn. Paboty auccounaunu W onpenensi-
10T 10 ypaBHeHHI0 u3otepMel Bant-Todda ’

W=—AG=RTInK, (XVI11.15)

rae AG® — uamenenne 3nepruu I'n66ca npu AMccouHauHH. ‘

s CUIBHBIX 3JIEKTPOJIHTOB BMECTO KOHUEHTPauHH B TEPMOAMHAMHYe-
CKHe ypaBHEHHsl CJeLyeT NMOACTABJATbh aKTHBHOCTH. AKTHBHOCTH 3/1€KTpo-
JINTOB BbIPAXKalOT uepe3 MOJISIbHOCTH H CPEJHEHOHHBIE KOI(MXDUIHEHTH aK-
THBHOCTH (Tabna. 4).
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TaG6auua 4. CooTHowieHHe MeXAy MOJSAILHOCTBIO M1,
. cpensefi HOHHOR MOJNSABHOCTBIO M+, AKTHBHOCTBIO G
# CPEAHHM HOHHLIM KO3((ULUHEHTOM AKTHBHOCTH yi AJS PAAHYHBIX

SJIEKTPOJHTOB
Cpenuss
Tun BaneurnocTu 3 AKTUBHOCTS aKTHBHOCTb
3JIeKTPOJNHTa 1eKTPONHT 3NEKTPONUTA v
HOMA a4.=y' g
-1, 22, KCl, ZnSQO,, LaFe(CN)q m? y2 my,,
3—3
3
2—1, 1—2 } CaCl,, Na,SO, 4m3 p3, VT mys
. ‘ p——
3—1, 1-3 AlCl,, KyFe(CN)g 27m4 yfb V27mv:b
5
3--2 Aly(SOy4)4 108 ms y"’i Y 108m Vo

3aBHCHMOCTDb CpefHeil HOHHOH MOJISIIBHOCTH /11y OT MOJAJBHOCTH 3JI€KT-
poJiMTa BHpa)kaeTcs ypaBHEHHEM

me=m (virv'-)1Y, (XVI111.16)

rI€ Vi, V. — YHCJO KaTHOHOB H UHCJIO aHHOHOB, V — o0liee YHCAO HO-
HOB; v = v, -+ v_.

Cpennuii HOHHBIA KO3(XPUUHEHT aKTHBHOCTH Y. BhIpaxaercs yepes
HOHHBIE KO3(XDHUHEHTHl aKTHBHOCTH:

ve=(pit i) (XVII1.17)
Cpennss HOHHAsi aKTHBHOCTb GygHeT
Ay =mst V. (XVI11.18)

OO6u1as aKTHBHOCTDb 3JIEKTPOJIHTA CO CPEJHEH HOHHOH AKTHBHOCTDBIO CBS3d-
Ha COOTHOLIEHHEM

a=(azx) =a,*a’" (XVII1.19)

rpe a;, a_ -—— AaKTHBHOCTH HOHOB;

QL =9Y4 My, a_=y_m-. (XVI11.20)

I/IOHHble MOJIAJIbHOCTH CBfI3dHEI C MOJISIJIBHOCTBIO SﬂeKTpOﬂHTa COOTHOLLEe-
HHSMH:
m,=mvy, m_.=mv._. (XVIL1.21)

{IpenenbHoe ypasnenue Jle6ass u T'lOKKensi 3aBHCHMOCTH CPEIHEHOHHOTO
KO3(XpHLIMEHTa OT HOHHOH cHJbl | pacTBOpa HMeeT BHJ

lgye=—0,509z, 2.V 1, (XVI111.22)

‘TA€ 24, 2 — 3apAAbl KATHOHA H aHHOHA;
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[=1/y 2 my 2t (XV111.23)

M: — MOJISIIBHOCTD {-TO MOHAa B PacTBOpe; 2; — 3apsij i-ro HOHa.
l Jlns 1 —1-BanenTHoro sJaektposuta ypasHenue (XVIII.22) 6yner
lgyps=—0,509 m . (XVI11.24)

Ypasuenue (XVIII1.22) npuMeHumMO NpH 3HaYEHHAX I <0,001. Ecan uon-
Hasi cHa pacTBopa He mpesocxoauT 0,1, To KO(PHIHMEHTH AKTHBHOCTH
OTJAeNbHBIX HOHOB OJMHAKOBOTO 3apsiia MPHGJIM3HTE/NBHO OXHHAKOBH (CM.
taba. 5).

Ta6auuna 5 Kosdpduusentsi aKTHBHOCTH HOHOB

Koot dpHuneuTs! aKTHBHOCTH HOHOB NPH HOHHOR cHAe pacTBopos [ -

Honet 0,001 0,005 ‘ 0,01 0,02 0,05 0,10
Opamopaspsanbie 0,98 0,95 0,92 8 gg 823 8,838
I ByxpaspajHble 0,77 0,65 0,58 0.2 9.40 9.0
Tpexpaspsnbie 0,73 0,55 0,47 . \ ,

AKTHBHOCTH BElIECTB, PACTBOPEHHHIX B HEBOAHBIX PACTBOPHTE/IAX
(aMaJbraMbl, C/IaBbl), PaCCYHTBIBAIOT N0 YPaBHEHHM:
' a;=%; Vi (XVI1I1.95)
ai=*—13PoL-(Pi, P 1 arm), (XVI111.26)
i

rAe XxX; — MoJidpHas XoJd {-ro BellecTBa; YV; — pauuonanbﬂblﬁ Ko3(hpu-
HHEHT aKTHBHOCTH; P; — JAaBJIeHHE HAaCBILEHHOTO (-TO BEIECTBA HaA pacT-
BOpoM (PacnJiaBoM aMaJ/braMoi); P! — xamJienHe HACBIIEHHOTO Mapa Haj
- TBOM.
qﬂcﬁ’% lph:aaiil:ﬁc rugpomuza  Met -+ H,0 = MeOH + H* xoucranra
paBHOBeCHS
@MeOH OH +

Ko=
ApMe+ 1,0

HIM (Tak Kak au,0 = const)

@MeOH H +

K= =Ka ay,0.

OMe+

HHaue MOXHO 3aMHCaThb
x2
V(l—x)

Kr=

rIe X — YaCTb PacCmaBIUHXCs MOJEKYJ COJH; (I — x) — uaCTb MOJIEKYJ
HeruAPONM30BaHHON coqH; V — oGbeM pacTBopa B JHTpaXx.
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Hns BblUHCNEHUS KOHCTaHTR THAPOJH3a COJMH, 00pa3oBaHHOM CiJa-
ObIM OCHOBaHHEM H CHJBHOH KHCJIOTOH HCNOJIB3YIOT COOTHOLIEHHE
—Kw

Kocr
rae K,, — voHHOe npou3BejeHHe BOABl; Kooy — KOHCTAHTa JHUCCOUHMAIHUH,
o0pasyoerocsi NpH THAPONH3E OCHOBAHHSA.

Crenenb ruapo/u3a, T. €. OTHOLIEHHE YHC/A THAPOJIH30BAHHBIX MOJeH
CoMH K ofleMy YHCAy PacTBOPEHHBIX MOJIEH COJIH,

YHCJIO THAPOJH3IOBAHHLIX MoJeil
Ap =
oflee 4yuca0 MoJeit

Kr

100%].

3AIAYH C PELIEHHAMH

I. Ina 0,01 n. KCI yneabHoe conporupaenue p = 709,22 Om~1.cM.
BbiuHcuTe yAeabHYIO ¥ H 3KBHBAJEHTHYIO 3/IEKTPHYECKHE TPOBOXHMOCTH.

Peuwenue YIeIbHYIO 3MEKTPHUECKYIO NPOBOAUMOCTb BHIUHC/ISEM
no ypasHeHmio (XVIII1.2):

1
= —1.41.10-3 -l.em—1=0), -1.y-1,
% 709,22 1,41.10-3 Om~1l.cm 0,141 Om—1.m

OKBHBaJI€HTHAs 3JEKTPHYECKash NMPOBOAMMOCTb, coraacho (XVIII.3),
BBIPAXKaercsl ypaBHEHHEM
0,141.10-3
lz-—O-BT—'-:-O,OMl Om~1.r-3xB-1.M2,

2. BbluHC/HTE 3KBHBA/IEHTHYIO 3JEKTPHUECKYIO NPOBOXMMOCTh YKCYC-

' HOM KHCJIOTbI, IPH GECKOHEYHOM Da3BejeHHH, npu 298, K, ecau anekrpu-

yeckne nposogumoctd HCl, NaCOOCH,, NaCl pasun 0,0426; 0,0091;
0,0126 OmM—1.r-3kB~1-M? COOTBETCTBEHHO.

Peweunue CocraasieM cucremy ypaBHeHHi corsiacHo (XVIIL.4):

A'().HCI=A’(),H+’{_A'0.c[— = 0,0426, (I)
2.0, CH,COONa =A‘0. Na+ ‘I‘A-o, CH,CO0— = 0,0091 R (2)
Ao, Nac1=Mg, Nat+ + g, cj— =0,0126. (3)

Cornacno (XVII1.4) cknansiBaem ypasnenus (1) u (2), BeluMTaeM M3 HHX
ypaBHenHe (3) H nomyyaem
Ao, ner 4o, cHy,coona —ho, Nact =P+ Thcu,coo- =
=hy, cH, coon = 0,0426--0,0091 —0,0126=0,0391 Om~1.r-3kB~1.M2.

3. [lns 6eckoneuno pasbas.ienHoro pactsopa NH,CI npu 298,2 K umuc-
/710 NepeHoca KaTHoHa fy = 0,491, BpiuncaHTe 3/1€KTPOMMTHYECKYIO NOZ-
BHXXKHOCTb H  aGcomoTHYI0  cKopocTh  aHHoHa Cl=; Ao, nu,a =
= 0,0150 OM~'.r-3kB~1. M2,

Pew e nue CornacHo ypasHenuio (XVIII.7)

A=Ay (1 —£,)=0,015(1—0,491) =0,00763 Om~1.,-3xB~1.M2,
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A6comoTHyo ckopocTb v paccuuThiBaeM no ypaBHeHuwo (XVIIL.5):

o 000763 L ol10-s w2/(coB
=T Tg.65.100 M/ (c-B).

4. [Ipu »3nektponuse pacteopa AgNO,; Ha KaTofe BbIAETHIOCH
0,5831 r cepebpa, y6bitb AgNO, B KaTOAHOM MPOCTPaHCTBE COCTAaBUIa
2,85- 1072 moab. Onpegsennte uncsaa nepenoca f— H fy ansa AgNO,.

PeweHnue Y6uib cepebpa B KATOAHOM NpocTpaHcTBe Acy # 06-
asa y6eitb AgNO, B pactBope AC, cooTBeTCTBYIOUIAs1 KOTHUECTBY cepeb-
pa, BblieJIUBLIErocsl Ha KaTOfe, AOJ/KHb ObITh BRIPaXXEHbl B OQHHX H TeX
xe efuHunax. Haxoaum ynciio MoJteil cepeGpa, BbiAeNUBIIErocs Ha KaToje:

m 0,5831
Ac=An =— = —————~ =5 4.10~% mosib.
M 107,9
IMoacraBnsiem B ypaBHenue (XVII1.7a) u nonyuaem
2,85.10-8
fo=— 0,528, {,—=1—{_ =0,472.
5,4-10-3 ’

5. s 0,1 M pacrsopa Cry (SO,); BHIUHCIHTE CPEIHIO HOHHYIO MO-
JSIJIBHOCTD, aKTHBHOCTb, OGLLYI0 aKTHBHOCTb 3J1€KTPOJHTA H AKTHBHOCTH
gonoB SO~ u Cr*+ npu 298 K.

Peuren#e CpelHion HOHHYIO MOJMANBHOCTb BBIYHCIHM 1O ypaBHe-
nuto (XVIII.16): '

my=(22.3%)1/%.0,1=0,255,
CpeaHI00 HOHHYIO aKTHBHOCTb BbIYHC/sieM mo ypasHenuio (XVIIL.18):
v+=0,0458 [M], a4 =0,255.0,0458=0,0177.

Oéﬂlyl() AKTHBHOCTBb aneKTponma Q BblYHCJ/IAeM 110 ypaBHEHHlO
(XVIIL.19): |
a=(0,0177)5=2,17-10%0,

HMoHHble MOJNAJABHOCTH Mcrs+ H M

paccuuTaeM 10 YpaBHEHHSIM
(XVIIL2]):

sOf~
M a4 ==0,1.3==0,3; mSOi_ =0,1.2=0,2;

aKTUBHOCTH aHHOHA H KaTHOHa onpejensieM no ypasHeHusam (X VIII.20):
acr3_+=0,3-0,0458:-—0,013‘7; aso§_=0,2-0,0458=0,0092.
6. Onpenendre HoHHywo cuny / pacrBopa, coaepxautero 0,001 Moab

H,S0, u 0,002 mons MgSO, Ha 1000 r Boam npu 298 K.
P ew e nue. CornacHo ypasHenuwo (XVIII.23)

1=1/, (mH+ 2% +msoi_ z2 —}-mMgﬂ_ 2% +mso24‘ 22_)_ N

MonsiibHOCTH HOHOB onpefensieM mo ypaBHenusaMm (XVII1.21). Toraa
HOHHas cusia Oyzer

I=1/,(2.0,001-12+0,001.2240,002.22-1-0,002-22) =0,011.
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7. BoiyucauTe cpefHHe HOHHbie KO3(XpHIHEHTbl AKTHBHOCTH Y. AJs
0,01 10,0001 M pacrsopoB NaCl, cpaBHHTe NOJyUeHHbiE BEJAHHHBI C ONBIT-
HeiMH [M.]. :

Pem e nne. BouhcasgeMm cpeiHyne HOHHble KOIXDUIHEHTBI aKTHBHO-
ctd no ypasHeruo (XVII1.24):

lgye=—0,509 10,01 = —0,0509; y.==0,888;
lg y+= —0,509 /0,001 = —0,016; y4=0,963.
mo 0,01 0,001
Vipaew - - - - - 0,888 0,963
Yion - - v e - - 0,903 0,965

[lonyuenupie JaHHble IIOKasbiBAOT, 4YTO TpejelbHOe YpaBHeHHe
(XVI11.22) naer HanexHble pesyabrarbl Auuib npu [ < 1073,

8. BpiuncauTe cTeneHp Auccolyaudd BoAwpl ApH 298 K, icnonn3ys
YIeNbHYIO 3JeKTPHUYECKYIO TPOBOJHMOCTb BOfbl, IJIOTHOCTE H NOABHXK-
HOCTH HOHOB.

Pewen ue ¥YaelpHyio 31eKTPHUECKYIO NPOBOLHMOCTb BOABI H 3KBHU-
BaJIeHTHble 3J1eKTpHueckde nposoaumoctd HoHOB HT u OH- npu Gecko-
HEUHOM pa3BejieHuH HaXoAWM B cnpaBounHke [M.]:

¥ =6,33-10"8 Om~1.cm71;

- -1, —1. o2 — -1, 1,002
AH+_394,8 Om~1.mogbp—1. cMm?; AOH_ 198 Om~1.moab~1-cM2,

KoHueHnTpaumio BoAbl onpejensieM mo miaotHoctd [M.}:
d- 1000 0,997

CH,0 = ” = 3 =55,39 moab/a.
CreneHb AuCCOLHANNH BORBI ONpejeNsieM 10 ypaBHEHUIO
% 6,33-10-8

_ = =2,09.10-9.
“ ¢ (g o) 55,39.10-3 (349,84 198, 3)

9. Boiuxcanre crenenb Auccoudands 4 pH 1,6-10~* M CH ;COOH npu
298 K. Koncrauta auccondaunn CH,COOH K, = 1,75-1075,

P euren ue. Crenenp gucconnauus CH;COOH paccuutaem no ypas-
nenuto (XVIIL.11):

a?l,6-10—4
(1—a)
CocraBJisieM KBaApaTHOE ypaBHEHHE
' 1,6a2-+0,1750—0,175=0,

1,75.10-6==

peluB Kotopoe, noiyuaem o = 0,28, KoHueHnTpaudio HoHa BOZopoja Ha-
xoxuM no ypasHenuwo (XVIII.10):

[H¥]=coa=1,6-10-4.0,28 =4,48.10-5,
OTKYJAa
pH=—1g4,48-10-5=4,34,
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10. Koucranta AuccotHauud THApoKcuAa amMMonus nmpu 298 K pas-
Ha 1,77-10-5, Boiuncaure Kouuenrpauuto vonos OH-, H+ u pH 0,1 M
NH,OH. )

P e w e H u e. KoHuenrpauuio HoHoB OH~ paccuntaeM mo ypaBHEHHIO
(XVII1.9). Ipunumaem, uro koHuentpauus NH,OH npaktuuecku pasHa
ucxoxno#t (nmpu K, < 107%). Toraa

[OH-]=[NH} |=ac=VY Kec =V 1,77-1075:0,1 =1,33-10-% Mo/

KoHuenTpaluio HOHOB BOXOPOAA ONpefesasieM H3 HOHHOTO NpOH3BeNe-
HUS BOIpL:

Kw=a _=1,008-10-14 [M],

u* %on

[IpunumaeM, uto aktuBHocTH HOHOB H+ u OH~™ paBHBI HX KOHIIEHT-.

pauusaM:
1,008-10-14

- L bt AN .10-11
yt = O+ = [ 33.103 0,76-10-11 moab/a,

a
Buiuucisem pH:
pH= —lgc ,=—Ig7,6-10-°=11,12.

11. Boiuucnure KoHuentpaiumo vonos OH- B 0,1 M pacrsope NH,OH,
copepxamem 1 moan/n NH,Cl. Tlokaxure, kak uamenutca pH pacrsopa
NH,OH npu no6asnennu Kk Hemy NH,Cl. Conp NH,Cl nonnoctsio aucco-
uupyer. '

PeweHue Bouncnisem Konuentpauuiwo uoHos OH™ mo ypaBhe-
umo (XVII1.9). INpunumaem, uro Konuentpauuss NH,OH npakruuecku
paBHa ucxomuoit [NH,OH| = 0,1 Moan/n u Konuentpanus uoua NH
paBHa Konuentpauuun NH,Cl, Tak Kak any,c = 1. Orcoma [NHE] =
= 1 moab/n. Koncraury puccounauun NH,OH uaiinem us [M.]. [loxcras-
JsieM uHcJoBble 3Hauenus B ypasHenue (XVII1.9):

%l—]—l—; [OH-]=1,77-10-¢,

’

1,77-10-5 =

B pesyabrare po6aBnenuss NH,Cl konuentpauus uonos OH~ ymens-
IUHJACh H, clefoBaTeJbHO, 3HaueHue pH pacTBopa Takxke YMEHBLIHJIOCH.

12. Jlas 0,005 4 0,05 M BofHBIX pacTBOpOB CepHOM KucaO0Th NpH 298 K
onpenenensl 3Hayenus pH 2,10 u 1,2 coorsercrsenno. Breiuncaure BOA0OpOA-
HbI} MOKa3aTe/b 3TOr0 PAcTBOPA, HCNOAb3YS JaHHBIE O CPEIHAX HOHHBIX H
HOHHBIX KO3({xpHIlHEHTaX aKTHBHOCTH.

CpaBHuTEe pacyeTHbie BeTHYHHEl ¥ ONBITHBIMH H Clle/laiTe BbIBOAbI.

Pewenue. [Ins soiuncienuss pH HeoOGXoauMo oNpeReSHTb aKTHB-
HOCTb HOHA BOAOPOAA. Beiuuc/sieM HOHHYIO CHJy pacTBOpa 110 ypaBHEHHIO
(XVII1.23): = Y, (2-0,005-1% 4 0,005-2%) = 0,015. Haxomum 7v:
B cnpaBouHuKe [M.]. Buuuc/nsieM akTHBHOCTH @i H a@u+ 110 YpaBHEHUSM
(XVIII.18) u (XVII1.20). Mcxonnble nanHbie H pe3yabTaThl pacuera CBO-
AHM B TabJuLLy:

298

, l PHpuy
MoJ!br/nIOOO r PHon l Y+ ! ‘ TH+ l —lgvy my | —lgv,ym,
0,005 ‘ 2,1 ‘ 0,639 ‘ 0,015 0,905 2,19 20,04
0,05 1,2 0,34 0,1 — 1,10 —

ConocraBiieHue BbIYHCAEHHHX 3HaueHHH pH ¢ ONBITHEIMH TOKa3biBaer,
YTO pacyer Aaert JHIUb NPHOMHKEHHBIE BeMHYHHBI. JIyuluee copnaaenue Bbi-
YHC/IEHHOH H ONBITHOH BeJHYHH Ha6moaaercs AaA Gosee pa3bGaBjeHHOIO
pacrtBopa.

13. Boiuncaure mpoussenenne pacrsopumoctd Ca (OH), npu 298 K.
PactBopumocTtb rufpookcuaa kanbius 0,155 r/100 r Boget.

Pewenue  AKTHBHOCTH HOHOB BBIYUHC/SiEM 10 YPaBHEHHIO
(XVII1.20). MonsinbHOCTb HACHIIIEHHOTO PAacTBOpa

0,155-10 1,55

m=—— = 30 =0,0209 mos1b/1000 r.

Cpennue voHHble KO3(XpHIHEHTH AKTHBHOCTH BBIYHC/ISEM MO ypaBHe-
nuto (XVIIL.22). [Ias atoro no ypasrenuo (XVII1.23) naxoaum noHnyto
CHJly pacTBopa:

=1/, (0,0209.22 4 2.0,0209- 1) =6, 27.10-2,
[NoacraBasieM nosyueHHyl BeNTHUHHY B ypaBHeHue (XVI111.22):
lgys=—0,509-1.2/6,27-10-2= —0,255 1 y+=0,556.
BbiuncnsieM npou3BeACHHE PACTBOPHMOCTH:
MP=m g, v (2m, - V)2 =4m? 3% =4 (0,0200)30,5169=6,28-10~¢ (momm /).

14. Boiuucaure pactBopumoctb CuCl npu 298 K B uncrofi Boje u B
0,025 M pacrsope MgSO,. Hcnoab3yiiTe JaHHbE O TPOU3BEJCHUH PACTBO-
pumocta CuCl.

P eweH ue. PactBopumocts CuCl B Bome BblUHCAfieM, NONYCTHB,
YTO KOHIEHTpALHsA 3JEKTPOJHTa oueHb Masna, Tak kak CuCl mosHocTbio
JUCCOLLUHPOBAaHa H KO3(D(PHIHEHTH AKTHBHOCTH HOHOB paBHbi €XHHHIE.
Orciona

[CuClj=[Cu+]="V TIP ,
P =3,2-10~7 (moan/a)? [M.],
[CuCl]=TV 3,2-10-7 =5,65-10"% Mosb/ .
[Ipu pacuere pactBopumoctu CuCl B pactBope MgSO, Hesnb3s NpUHHUMATD

KO3(pHIIHEHTbl AKTHBHOCTH PaBHHIMH exuHHLe, Tak Kak [MgSO,] =
= 0,025. Toraa

[CuCl] = V NP/ (Ve Vi)
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KoaxpHIIHEeHTH! aKTHBHOCTH BBIYKC/seM N0 ypaBHeHmio (XVill.22).
Hounyio cuny pacrBopa sbiuucasiem no (XVIII.23):

I=1/,(0,025-220,025.22) =0,1.

KosddullHeHThi aKTHBHOCTH [/ JABYX3apsJHbIX HOHOB HAaXOAHM B
Taba. 5: Yyt = Yso3— = 0,3. Paccuuraem pacrsopumoctb CuCl:

[CuCl]="/ 3,2-10-7/0,3.0,3 = 5,96-10~% mosn/a.

15. Buunciure Teniory Heiltpanusauuu npu 298 K, ucnonb3ys Aau-
Hble Ta6JHLBl CTAHAAPTHHX TEPMOAHHAMHYECKHX BEJHYHH /11 HOHOB B BOA-
HBIX pacTBopax 3/1ekTposuToB [M.].

Pewenue Tewiora HefiTpaniu3alH¥ paBHAa TemjoTe peakuun
H (aq) -+ OH (aq) = H,0 (k), nporexaiouieii B TrHNOTETHYECKOM [pe-
Je/ibHO pa36asiieHHoM pactBope. 3Hauenne AH, ., paccuuraem no ypas-
HEHHUsIM:

A Hyenrp=AH] y,0—AH] e —AH] o5 AH[ yr =05
AH] o= —229,94 x[lx/Moan; A H{ y o= —285,84 k[lk/moms [M.];
A Hierp == — 985,84 — (—229,94) = — 55,94 xJIK/MOb.

16. BoludcinTe HOHHOe mpou3BeieHde Boabi K, = @y+ don- HpH
208 K, ucrnonb3ys AaHHbie TaGJaHObl CTAHAAPTHBIX TEPMOJHHAMHYECKHX
BeJMYHH /I MOHOB B BOAHHX pacTBOpax 3/eKTpoautoB AGH,o ==
= — 237,25 kxk/M0JIb.

Pemenue. [Jaa peakuud auccounaunu soist H,O (k) = H* +
-- OH~ KoucranTa paBHOBeCcHS BBIpa)KeTCfl Yepe3 aKTHBHOCTH

Ko = “u+ Yon- - Kuw
4,0 ay,0
Tak kakK KouueHtpauusi HonoB H* u OH™ B Boae Hcuesarouie mMana, 10
xn,0 = 1 = an,0o v K, = K,. KoHcTanTy JAHCCOLHAUMH HaXOAHUM
10 YPaBHEHUSAM:

AG = —RTInKq; AGY, . = AGy+-+ AGh-— A G o5

AHCC Ancc

AGy+=0; AGQy-=— 157,30 k[lk/moas [M.],
A Guge = — 157,30 — (—237,25) =79,950 x Lx /moab;
lg Kg= —79,95-103/2,3-8,314-298,15= —14,023;
Ko=Kyp=0,95-10-14,

17. Jns peakumu auccousandd MypasbuHoil Kucnotet (HCOOH),q =
= H+ -+ HCOO~ gaHa 3aBHCHMOCTb KOHCTAHTHI AHCCOLMALMH OT Temnepa-
TYpHhi:

1342,85
lg Ko= ——'T—- -4-5,2743—0,0152T.

Buiync/ante TensotTy auccouHandd AHp,.. ¥ TENoTy HeHTpanHsauuy
AH etirp MYPaBbHHOH KHC/IOTB B Pa30aB/eHHOM BOJHOM pactBope.
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Peurenune Tennora auccouHauHH MoXeT ObiTh pPaccyHTaHa Mo
yPaBHEHHIO

Aﬂnucc=( d(liﬂTKa

YMHOXKas o6e 4acTH MCXOJHOTO YPaBHeHHs Ha 2,3, noayuaem:
In Kg=—2,3-1342,85/T -1-2,3-5,2743 —2,3.0,0152T
H BO3bMeM IPOU3BOJHYIO
dln Kq
dT
YMHOXHM HPOH3BOAHYIO HA RT? v nosyyum

A Hyypee==2,3R-1342,85—2,3R.0,015272,

)RTz. .

=2,3-1342,85/T%—2,3.0,0152.

OTKyJa
A Hypee= —133,15 JIx/moasb.

TepMoxumuyeckoe ypaBHeHHe peakudHd HeHTpa/iH3auuH MYpaBbHHON KuC-
JIOThI

HCOOH -4 OH~- =HCOO-+H,0--AH n
MOXKHO [IPeICTAaBHTb KaK CyMMY ABYX YPaBHEHU I peaKUHii:

peakunn AuccouHauus HCOOH==H+ -+ HCOO-+ A Hpyee (2)

peakunu reitrpanusaund H* -+ OH-=H,0+ A Hyejirp (3)

CymmupoBaHue ypaBHeHui peakuuii (2) v (3) naer peakuuio (1) u
nokaspisaer, uro AH = AH .. -+ AHyg.,, nockonbky AH .. =
= —133, 15 Jlx/mMonb, AHe;.p = — 55,94 x[xx/Monb. Otcrona Tensio-

‘Ta HefiTpasn3alHH MYPABbHHOH KHCJOTHI B pa3baB/eHHOM BOJAHOM PaCTBO-

pe 6yner AH = — 56, 072 k[Ix/Monb.

18. BbluHC/IHTE 3HTPONHIO peakuuH Axccouuaun AS;,.. npu 298 K
u sutponuto nora HCOO-, ecnu surponuss HCOOH B pas6as/ieHHOM BOA-
HoM pacTtBope Sticoo(aqy = 163, 8 Ixk/Monb, a 3aCHCHMOCTb KOHCTaH-
Thi AUCCOLHALIME MYPaBbHHOI KHCJIOTHI OT TeMIepaTyphl BoipaXkaercst ypas-
HEHHEeM

1342,85
Ig Kq= -—-—T———O,0152T+5,2743.

Peweunune [loypasueano (XVIIL.15) Bouncasem AG .
A Gryee== +1342,85-2,3R—5,2745-2,3RT +0,0152.2,3RT? =
=2560492—100,57T + 0,29172.

3arem, B3fiB POM3BOJHYIO N0 TemilepaType, Haxogum AS;, .

0AG
—A Snwcc=<_'—'

= —100,57 4-2.0,
o7 )P 574-2.0,291T
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u npy 298 K
A Spyce = 100,57 —2.0,291.298 = —72,87 [k /(vmoms-K).

Aurponuio uoHa HCOO~- suiyucasiem no gopmyne
A Syuce=Sticoo - S+ — SHicooH (aq)-
Tak kak Sti+ = 0, 10
Shicoo- = Sucoon + A Sguce = 163,29— 72,87 =90,42 JIx/(Moab-K).

19. Omnpenenure TemnepaTypy, NpH KOTOpPOH AHCCOLHALHS MypaBbH-
HOHl KMCJIOTHl B BOJAHOM PACTBOpE MaKCHMa/jbHA. ¥ paBHeHHe 3aBHCHMOCTH
koHcrauTh aucconuauud HCOOH or Temneparypel HMeer BUA

1342,85
lg Ko=———-——+5,2743—0,0150T.

Pewmenune  Haxomum KOOpAHHATBl 3KCTpeMyMa Ha KpHBOH
18K guee = f(T),
dIn Ka '
———— =3098,55/7%—0,035.
dT 95/

2InK,
Otciona cenyer, 4To B TOUKE 3KCTpeMyMa (MakCHMYM, TaK Kak — <

< 0)
Tmax= 1 3098,55/0,035 = 297K.

Juccounanus MypaBbHHONH KHCNIOTH MakcumanbHa npu 297 K.

20. Buiuucnure npousBeaenue pacrBopumoctd [1P ana Ag,CO4. Has
pacuera HCHONb3yHTe 3HAYEHHe CTAHAAPTHBIX TEPMOAHHAMHYECKHX CBOHCTB
HEOpraHHYecKHMX BellecTB, NpPHBeJeHHbX B cnpaBounHke [M.].

Pemenue  COrnacHo YC/IOBHIO TFeTePOTEHHOrO PaBHOBECHS
(XVIII. 19),

G 0
AG ag,co, (wac. p-p) =8 Gag,co, (1) (1)
W3 cnpasounuka [M.] naxoanm:
A GYy.co, (1) =—437,79 xJIx /Mo,
- R .

A Gag,co, (nac. p-p)= A Oag,co, (p-p), =T RT INasg.co,5 (2)

0 0 0 .
A Gag,co, (p-p). =24 Oag++-4 Geog s (3)

2 .
@ag,co, =@ag+ dcoj~ =TP; (4)

A Gao+=T7,21 xJlx/mMoab; A Geoy— = —528,48 x[x/moe [M.].

[MoacraBnss yucna B ypaBHenus (1) — (3), nonyyaem:
—437,79=2.77,21 —528,48 - 2,3.8,314-298lg IP,
—63,73.10%
=———’———‘=—11,16;
e P = 8,314.298

MP=6,92.10-12 (MoJs/x)3,
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21. Bhiuucnure napuuanbHoe JaBieHHe 6M COMHON KMCIOTH npH
298 K, uCnosib3ys JaHHblE O CTAHAAPTHHIX 3HAYEHHFX 3Heprud ['u66ca u
CPeHEHOHHH X KO3(xpHI{HEHTAX AKTHBHOCTH.

Peuenue. CornacHo yc/oOBHIO TeTepOreHHOr0 PaBHOBECHS

BHcl (r) = MHCL (p)s (N

BHct (r) = Mict (o TRT Inaye (), (2)
BHEL (p) = Bfict (p) 0 T RT Inayey (o), 3)
et (r) = Puar/1, 4)

ayel (py =mi. (%)

Cornacno ypasnenusim (1) — (5)
Bfict (ry) T+ RT In Pyey = Bic) (pp), oo -~ RT Inm2y2

0
Yucl (p-p) oo—I'RT In m? Yi: - “lqlCI (r)

Ig Pyct = 2 3RT

0 — 0
PHcl (p-p), o0 A GHCI (p-p), o A G:{*’ + 4 Ggl— =
=0 (—131,5) = — 131,35 &k /mMoas [M.],
e m = A G (r)=—95,36 xIx/mMoan [M.],

v£=3,22 [M.].
g Py  131,35-+2,3-8,314.2081g6%.3, 21— 95 36
HCl = 2,3.8,314.298 = —3.715;

Pycr=1,93-10-% arm, uan 1,93-10-*.760=0, 147 mm pr. cr.

22. Buuncaure Ky, don—, au+, pH u crenens rugponusa 80,1 M pacr-
Bope Na,COy npu T = 298 K. Bropas KOHCTaHTa AMCCOLMALMH yrl‘)onb-
HO# Kucaoth K, = 5,61-10-1, K, = 1,27-10-14,

PemeHue. PHPEAEJIHEM K. Tuaponns Na,CO, npaktHueckH uger
10 peakuMH MepBoii CTyMeHH

CO2-+ H,0 = HCOj3 -+ OH-
CorJ1acHO 3TOMY ypaBHEHHIO

a - a _ a _a
Kn— —HCOF OH™ _ “Hcoj “on- Gy Ky
r = —

a —
co3 fcoz— Oyt K,

rie K, — BTOpasi KOHCTAHTA JHCCOUMANHH YTONbHON KHCAOTHI

HCO7 =H+ -+ CO3~
Takum o6pasom,
1,27.10-14

=" oo — 226107
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OnpegensieM aoy—. Tak Kak K. = 2,265-10~*, To BbiuHcasts [OH-]
HEOOXO/JHMO 0 YpaBHEHHIO e

Kr /7K — Ku
[oH = ———"+], O
2 Vi
Ki K
Tak Kak —2- H _F_ MaJbi [0 cpaBHeHHIO ¢ K ¢. TO NOCJe]Hee ypaBHe-

Vi
HHE YMPOCTHM:

K
[OH-1= — 2’ 4V Kee s
OTKYJa
2,265.10-* -
[OH )= ————— +1/2,265-10%.0,1 =
— —1,13-10-44-4,76.10-3=4,65-10-3 r-Hon/a.
Onpenensiem
i
1:—2—(12-0,2+22.0,1):0,3, p+=0,66,
a_ _—=0,66-4,656.10-3==3,07.10-3,
OH
OTKyjJa

pH=p Ky—pOH-=13,901g (3,07-10-3) = 11,383,

OnpepensieM an+:
Ko=ayagy-,

Ku 1,27.10-14

HY T g _ T 3,07-10-3

a —=4,14.10-12,

OH™

CreneHb I'HAPOJH3A

ay ,—;]/ Ku _ 100=4,76 9%.
Kxuca Ceomy

3ALAYH

{. Paccuutaiite 37eKTpHueckylo mnposogumocts (1/r) 1M pactsopa
AgNO, npH 291 K, ec/iH paccTOstHHE MEX]Y 3J1€KTPOJaMH 5 oM, nulouiaib
Kaj0ro 3iekTpona 2 cM?. OKBHBAJNEHTHAA 3JIEKTPHYECKAas IPOBOJAH-
MocTh 3Toro pacteopa A = 94,3 Om~'-cM?/r-3KB.

2. Moasipuasi 3nekrpuueckas nposofumocts 0,5 M pacrsopa K,SO,
nph 298 K papua 162,7 Ou~'-cM*/Moab. Onpejennre yAe/AbHYIO i SKBHBA-
JEHTHYIO 3JeKTPHYECKYIO MPOBOJAHMOCTD [IpH 3TOH TeMmeparype.

3. Tlpu snextposnse pattsopa AgNO; cepeGpAHBIMH 3TEKTPONAMH YBe-
AHYEHHe Macchl COTH B aHOAHOM MpocTpaHcte coctaBhio 0,0625 r. Hemy
pagHa yOblib COJH (B rpaMMax) B KaTOJHOM fIpOCTPAHCTBE?
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4. Pactsop HHTpara cepe6pa, cofepxamui 0,18475 r AgNO, Ha 25r
BOJIb!, I0/ABEPTA/H 3/7IEKTPOJIH3Y C cepeGpsHbiM aHojoM. [Tocie anexTposiH3a
aHOJHOe NPOCTPAHCTBO cofiepxkano 0,2361 r wuTpara cepeGpa Ha 23 r BO-
Ibl. 3a JaHHbI POMEXKYTOK BPEMEHH Ha 3JIEKTPOJE BbIACTHJIOCH 0,0780 r
cepe6pa. Onpenennte yncia neperoca Agt u NO3 . ,

5. AGCOJIOTHblE CKOpOCTH ABHKeHHst HoHoB Sr*t n Cl™ B pas6apien-
Hom pacteope npH 291 K paBHbl COOTBETCTBEHHO 5,2-10-% u 6,8-10-®
m%/(c+B). OnpejesHTe 3KBHBAJNEHTHblE 3/eKTPHUYECKHE [POBOJHMOCTH H
yHcaa nepeHoca HOHOB B pacteope SrCl,.

6. DKBHBaJEHTHS 3/ekTpHuecKas nposoauMoctb KCIO, npH GeckoHey-
HoM pa3GapjienHH npH 291 K paBHa 122,8 Om~" - cm?-r-3kB~". UHcno nepe-
noca Hona ClO7 0,481, OmnpegennTe MOABHXHOCTH HOHOB K+ u ClOy.

7. PaccyuraiiTe 3KBMBAJEHTHYIO  3JEKTPHUECKYI0  NPOBOJHMOCTb
0,001 u. pacteopa LiCl H cpaBHHTE C  OMNBITHOH BeJIHYHHOR
96,6 Om~'-cM®-r-3kB~!. DKBHBA/NEHTHble 3JIEKTpHUYECKHE MPOBOAHMOCTH
0,001 H. pactBopos LiNO,, NaNO, u NaCl npn 291 K pashbl coor-
percteHHO 92,9 102,9; 106,5 Om~! -cm?-r-3KkB™1

8. IloctpoHB rpaHK 3aBHCHMOCTH A or)/ ¢, paccunraiite Ay st KCl 1
cpaBHHTe ¢ TabanuHbiMH AauHbiMH [M.]. [las 291 K gaHa 3aBHCHMOCTb

¢, MOIB/T . . . .. 0,0001 0,0002 0,001 0,002 0,0t 0,02 0, 0,2 i
A, Om—l.cm?.r-3x8—! 129,1 128 8 127,3 126,3 122,4 120,0 112,0 108,8 98,3

9. YcraHoBHTe 06J1acTh KOHUEHTPALUHH, 1151 KOTOPOi.[IpHMEHHMO ypaB-
Henne Konbpayuia (1151 pacteopos KCI), ecan gast 291 K nana  3aBHcH-
MocTb A == [ (¢):

¢, MOIB/M . . . . . 0,000t 0,0002 0,001 0,00

2 0,0t 0,02 0,l! 0,2 !
%, Om—l.cm2.r-3x8~! 129,1 128,8 27,3 126,3 122

99,4 120,0 112,0 108,8 98,3

10. OnpenesHTe MOJSPHOCTb PACTBOPA COJISHOH KHCJOTBI, €C/IH MpH

KoHpyKToMeTpHueckom THTpoBaHHH 100 M pacrBopa HCI 8 H. pacTBopom
NaOH nonyuens! ciefyioliHe pe3yJbTaTht:

ViaOH: MI o o o 0,32 0,60 0,92 1,56 2,00 2,34
4102, On=locw=1 . . . 3,20 2,56 1,86 1,64 2,38 2096

11. Paccuuraiite 3KBHBAJEHTHYIO 3JEeKTPHYEeCKYylO NPOBOJAHMOCTb MpPH

298 K H GeckoHeuHoM pa36GaBJeHHH AJsi MOHOX/IOPYKCYCHOH KHCJIOTH, ec-

JAH KOHCTaHTa AHccouHauHH K,==1,55-10"% (Monb/a), a 3KBHBa/eHTHas
5/]eKTPHYeCKas NPOBOAHMOCTh MpH pa3sbaeienHH V = 32 n/monb paBHa
77.2 Om~1-cM?-r-3KB "1, '

12. DKBHBa/leHTHas 3MeKTpHuecKas mposoanmocth 1,59-107* M yk-
cycHoii kHcsioThl TipH 298 K pasna 109, 78 Om~'-cm®-r-3KB™". BhiuHC/IHTE
KOHTAHTY AHCcouHauuH H pH pactBopa, AaHHbie O NOABHXKHOCTAX HOHOB
BO3bMHTE M3 cnpaBoyHHKa [M.].

13. BbiunciHTe KoHcrtanTy aHccounaunH NH,OH, ecan npu panxoi
temneparype 0,1 H. pacrBop Hmeer pH 11,27, Honnoe npousseserHe BOAbl
npu 3Toit Temneparype K,, = 0,71.10~",
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14. PaccuuraiiTe KOHIIEHTPaLHIO HOHOB BOACPOAa B pactBope, ¢oiep-
kaueM B 1 71 0,1 moab ykeycHolt u 0,1 Moib  XJIOpYKCYcHOH  KHCIOTH
npu 298 K. KoHcraHTH AHCCOHHANMH 3THX KHCJIOT BO3bMHTE M3 Chipa-
BouHHka [M.].

15. Tlpu 291 K yaenbHas 3jeKTpHUYecKass npoBOAHMOCTD Y, HacChillleH-
HOro pacTBopa xJopuAa cepebpa paBHa 1,374-10-* Om~'-m~' (Cm - M7Y),
yAelbHas 3JeKTpHYecKast NPOBOJAHMOCTb BOJB, OfpeJefieHHas B TeX e
yeaoBusx, 4-1078 Om~1-em~t. Beruncnure monsipHyto Kounentpanuo AgCl
B HachillleHHOM pacTBope. 3HayeHUs NOABHXHOCTER BO3bMHTE B CIpaBOY-
nuke [M.1.

16*. PacrBopumocts Ba (10,), npu 25° C pasua 8-10—* moan/n. On-
pefeauTe pacrBopuMmoctb 31oft conu: 1) B 0,1 M pactsope KNOj; 2) B
0,03 M pacrBopa Ba (NO,),. 3aBHcHMOCTb KO3(XpHLHEHTOB AKTHBHOCTH
HOHOB OT HOHHOM CHJIbI pacTBOpa NpHBejieHa B Taba. 5.

17*. Paccuuraiite 3KBUBaJeHTHbie 3JEKTpHYeCKHE [POBOJHMOCTH
5-10~* u 0,1 M pacrBopoB NaCl no ypaBuenuio Konbpayma — Ousarepa
ans 298 K. CpaBHuTe noJyYeHHbie BEJTHYHHBI ¢ TaGnHyHbIMH. JlaHHble O
1OABHXHOCTAX HOHOB MpH GecKoHeyHoM pa36aB/ieHHH, Bf3KOCTH H JH-
37eKTPHUeCKOH TIOCTOSHHOM BoAbI BO3bMHTE H3 cnpaBoyHuKa [M.].

18. Bouiuncante aktuBHocth Na,SO,, HCI, Pb (NO,), B pacrBopax c
KOHIEHTpalHeil faHHoro ajekrpoiura m = | monb/1000 r no gaHHBIM O
cpenHeM KoaddHIHEHTe aKTHBHOCTH, B3siTOM H3 cnpaBouHuka [M.].

19. Boiyxcante yoHHyIO cuny, Ko3hHIHeHTH aKTHBHOCTH OTAE/bHBIX
HOHOB M cpeHeHOoHHbie K0o3hbHUHEeHTH A5 PacTBOPOB CMeCH 3J1eKTPOJH-
108 npH 298 K, ecan B pactBope cofepxatcst (Monb Ha 1000 r Boawi)
creayomme coad: Ip.p: MgSO, — 0,005, LaCl, — 0,010; Na,SO, —
0,006; II,.,: MgSO, — 0,01; LaCl, — 0,002; Na,SO, — 0,005.

20. Beiynciaute no ypaBHenuto Jle6as — IlokKess 4 1o AaHHbIM, MPH-
BeJeHHBbIM B Taba. 5, cpefinuii Kos(hHIHeHT aKTHBHOCTH HOHOB cosn BaCl,,
ecn [ = 0,02 npu 298 K.

21. OrHpLIeHHe NapUHaibHBIX AaBJjeHHH XJOpHCTOBOAOPOAHOIO Trasa
1pn 298 K Han pactBopaMH coiisfiHON KHCJaOTHL ¢ my =4 u m, =8
pasHo 0,02253. Onpefenure OTHOLIEHHE CPEIHEHOHHBIX AKTHBHOCTEH azt-
3THX pactBopos. ConocTaBbTe pe3y/ibTaT C AaHHBIMH cnpaBouHHKa [M.].

22, Ilo pauHbiM 3aBucuMocTH K,, oT TemmepaTyph [M.] Bbiuncaure
temsiory peakuud Ht 4 OH- = H,0. CpaBHuTe nosiyueHHbiit pesy/brar
C TenJoToH HefATpaivsaluu, HaiiileHHOR KasjopHMeTpHYecKH: AH gy . =
= 5,60-10% dx/Moib.

23. Tensiota HeiliTpainsaudu ykcycHol kuciotet 0,005 H. pactBopom
NaOH npu 18°C pasua — 56105,8 [xx/monb, a Al CONAHONH KHCIOTH
oHa coctaBasier — 57571,25 Dk/monb. Uemy paBHa Temjiotra peakuHH

CH4COONa - HCl = NaCl -+ CH;COOH
24. las peakiiiu
HNOQ,-+-NH, (r) =NH,NO, (aq) +A'H
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nporekatouefl npu 298 K B pasbaieHHoM pacTBope, onpefesieHa TenjoTa
peakuud AH = — 86, 671 x[Ix/Monb.  Belunciure AH;’ Nptr  €CTH
’ 4

AHj Ny, = — 46,224 k[lx/monb. :

25. KoucraHta  JHccouuauud  caaboit  kuejaorst HA = Ht +
-+ A~ B 3aBHCHMOCTH OT TeMIepaTypbl H3MEHSETCS B COOTBETCTBHH CO cJle-
AYIOLUM ypaBHEHHeM:

lg KI(HCC: ____%(7)‘&_ +2lg T+2.
Onpepenure npu temnepatype 300 K AS, AH®, AG® aucconnanuu.

26. Onpegenure AG®, AH®, AS® u AC} mpu 298 K ans peakuuu
HSO, = H+ + SO}~ 1o sapucumocrs Ig K= — 2 4 5,0435—0,0182 T
M CpaBHHTe [OJYYeHHbie pe3y/abTaThl ¢ AaHHBIMH Tab/aHL CTaHAAPTHBIX
TepMOAHHAMHYeCKHX Beauuus [M.].

27. Boiuncnure npousBefenue pactsopumoctd Ca (OH), npu 298 K,
HCIONb30BaB JaHHblE O TePMOJAHHAMHYECKHX CBOHCTBAX HMHIMBHAYaJbHbIX
BeleCTB H HOHOB B BOJHBIX PacTBOpaXx.

28. Iinsa pactBopa, cogepxawero 0,9 monp KCI u 0,01 monp HCI Ha,
1000 r Boapl, BhiuHCAHTE BoaopoAHbili noKasatenb pH. OnbitHoe 3naueHHe
pH 2,078.

29. Paccuuraiite cpepnue HOHHHE KO3(PPUIHEHTH AKTHBHOCTH KOM-
MJeKCHOH COMH JIHAMHHOAMHHUTPOOKCANaTKoGa bTHaTa TeTpaaMHHOOKCA-
Jata kobanbra (III)

[Co(NHg),C,0,]+{Co(NHz)3(NO3),Cy04]~
B BOJHBIX — pacTBOpax XJopHia Hatpus mpu 15°C:

CNagl» MOAB/A . . . L. 0 0,0003 0,001 0,006 0,01 0,02
PacTBopumocTb COJH,
MOJIB/T L . L L L ... 0,4900 0,4935 0,500 0,5220 0,5936 0,5646

30. Beruucaure pacrBopuMmocTh HoAMAa cepeGpa B Boje npu 25° C uc-
XOfl M3 BeJIHYMH CTaHAAPTHBIX 3Hepruil ['n66ca Ans obpazoBanus Agl(kp),
Ag+ u I~ 43 npoctbix BeuecTs.

31. Bruiuuciaure cTOKCOBBIH pafHyC HOHA JIUTHSI B BOAHOM pacTBope npH
GeckoHeuHoM pasBefeHud npu 298 K. CpaBHuTte nonyueHHoe 3HaueHue C
KpHcrasjiorpabudeckum paanycom Lit, no boxuro, 0,68 108 um,

32. BoiunciinTe Ko3hdHUMEHTH aKTHBHOCTH HojaTa cepe6pa B pacTBo-
paX HMTpaTa KaJusl pa3sHOH KOHUEHTpauuH, ecliu

cxNo, - 107, Moas/a 0 0,1301 0,3552 0,6503 11,4100 7,0500 19,9800
PactBopuMocTs
Ag 104104, m00b/a 1,771 1,828 1,870 1,914 1,999 2,301 2,665

PactBopumocts HojaTa cepeGpa npuefieHa npH 25°C B uucroil Boje H B
IPHCYTCTBUH PA3JIHYHBIX KOJAHYECTB HHUTpaTa Kasusl.

[Toctpoiite rpaduk saBucuMocTH Jorapudma KodpduuHenTa akTHBHO-
CTH OT KOpHSI KBaJpaTHOrO H3 HOHHOH CuJbl pacrBopa. Omnpegenure,
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B KaKoil Mepe ro/jyyeHHbie pe3yJbTaThl COTJIACYIOTCS C MpeJeibHbIM 3a-
KoHoMm [leGas —— Tokkens.

33. Paccunraiire pH 10~ M HBr B Boge npu 25° C. Ilpu pacuere yu-
THTE JHCCOLMALHIO BOAK HA HOHHI.

34. 3aBHCHMOCTb HOHHOTO MpOHM3BeAeHHs Boibi K, oT Temmepatypbl

OMHCbIBAETCA YypaBHEHHEM

5242,39
lg K= N --35,3944 —0,008537 —11,82611g T.

BriBeuTe ypaBHeHHe 3aBHCHMOCTH TeMJOThi AHCCOUMAHMM BOAbBI OT TEM-
nepaTyphi. [IpH Kakoi TemnepaType HOHHOE [POM3BeleHHe BOJIbl AOCTHI-
HeT MAKCHMAJbHOTO 3HAYeHHS?

35. YienbHbie 3/eKTpHYECKHE IPOBOJUMOCTH X PacTBOPOB TPYAHOpacT-
BOpHMO¥ 0HOOCHOBHOM KHCJIoTeE HA npu pa3/iHuHbIX KOHUEHTPALHAX paB-
bt 1151 8,1-1073 M HA % = 3,24 10~ Om~*-cM™1, a 1715l HaCBILEHHOTO Pa-
ctBopa % = 6,00- 10~%Om-cm~!. DKBHBa/IEHTHbIE 3JIEKTPHUECKHE MPOBOAH-
MocTH Ag (OM~'.cM~2-1-3KB™!) npu GECKOHEYHOM pa3BeleHHH L5 Kalue-
Boil coan KA, XJopHaa Kajius H COISHOM KHCJOTbI COOTBETCTBEHHO paB-
HBL: Ag.ka = 124; Ao ka1 == 150; Ao,nc1 = 426. BbiyHC/IHTE KOHCTAHTY AHC-
COUMAllMH H PACTBOPHMOCTb KHCJIOTHI.

36. Onpenenute pactBopumoctb GpomHaa cepebpa B 0,001 M npu
25°C. TMpousBenenne pacrBopumocTH 6pomuaa cepefpa BO3bMHTE U3 Crpa-
Bounuka [M.]. Bocnosb3yiitech npene/ibHbiM 3aKoHoM TeopuH [leGasi —
lNokkens.

37. PaccuuraiiTe pacTBopHMOCTb XJopuia cepebpa B 0,0l M BoaHoMm
pactBope NHO, npu 25°C. Bocnonbsyiitech CnpaBOYHbIMH 3HAYEHHAMH
[1P xJaopuaa cepebpa u npenelibHuiM 3aKoHoM Jleas — [okkess. Baus-
HHeM KOHHEHTPAaLHH XJopHia cepebpa Ha HOHHYIO CHJy pacTBOpa MOXHO
npexHe6peub.

38. CpaBHuTe TalJHYHOE 3HauYeHHE CPeHEero HOHHOro Ko3dpuunenTa
aKTHBHOCTH XJopuaa Kaapius B 0,01 MCaCl, npu 25°C ¢ BenuuHHaMH,
paccuUTaHHBIMH [0 NEPBOMY H BTOPOMY NpHGaHxenHsm Teopuu [lebas —
Iokkens.

39. Onpenennrte Tennosoit apdext peakuud H,0 (k) - H* + OH-
(nown H* u OH- ruapatnpoBaHbl) npd 298 K Ha OCHOBAHHH TEMIOT
obpasoBanusi Ca (OH),, CaCl,, HCI, tensior pacrBoperHsi H AHZy npu
GeckoneuroM passenednn; AHL nas Ca (OH), paBHo—7,5 KILX.

40. Onpenenute pactBopumoctb CaSO, npu 298 K B 0,1 M BoaHoMm pacr-
Bope Ca (NO,),. ConocraBbte ¢ pactBopumoctbio CaSO, B UHCTOH Bose.

41. Onpegenure MOJAPHYIO 3/EKTPHYECKYIO HPOBOAMMOCTb BOJHOTO
pacrBopa KCl npu Geckoneurom pasenennu npu 323 K. [las pacuera Boc-
Mo/b3yHTeCh 3aBHCHMOCTHIO BA3KOCTH BOAbl OT TeMIlepaTyphbi M.1.

42 Oupefennte MOJAPHYIO 3/eKTpHueckyio mnposoaumocts 0,01 M
KClnpu 323 K, &, = 244,0 0m~1-r-3kB™ 1+ cM®.

43. Ha ocHOBaHHH JaHHHX 06 HHTErpajbHOH TEIJOTE PacTBOPEHHS
H,S0, B H,0 npu 298 K u craupapTHom jasienuu 1,0132- 10°® ITa npH He-
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CKO/IBKHX KOHUEHTPAUHsiX ONpeje]HTe NapUHaIbHYI0 MOJNSAPHYIO TENJIOTY
pacrBopenus 35 M H,SO, (AHwu,s0,). Onpeneinre napuuaibHylo MOJAsp-
HYIO TeIJIOTy PacTBOPeHHs BOJbI B 3ToM pactBope AHy 0.

44, Ha ocHoBaHHH TemJoThi Hcnapenus Boan npu 298 K [M.] H nap-
uHa/AbHOH MOJipHON TensoTh pacTBopeHHs Boabl B 35 M pactBope H,SO,
onpefe/uTe HAPUHATbHYIO MOJSIPHYIO TEMJIOTY HCnapeHus Boin H3 35 M
pactBopa H,SO,.

45. Onpenenure aktuBHocth H,O npu 298, K, ecin aaBieHHe Hachi-
IeHHoro napa Haja yucroi Bojoit [M.] u wag 35M pactBopom H,SO,
npH 3ToH TeMmnepatype paBHo 32,4 []a.

46. Onpenenure H3MeHeHHE XHMHueckoro notenuHana H,O (up,0 —
—ud,0) npH obpasoBaruu pacrsopa H,0 B 35 M H,SO, npu 298 K, ecau
napuuaJgbHoe JaBJjeHHe napa Boas!l 32,4 [1a, a naBieHHe napoB Haa YHCTOM
Bojo# BosbMHTE H3 [M.].

47. Onpenenure K., apy+, pH u a, 0,05 M pactBopa CH,COONH,
npu 298 K. Jlanuble a1 pacyera B3fTb H3 TabJaHI.

48. Onpenenute crefieHb rujaposausa coad 0,2 H. pacrsopa NH,CI
npu 298 K. K, = 1,27-10~"; Knp,on = 1,79-10-5.

49. Bpiuucnure crenedb ruapoausa 0,2 H. YKCYCHOKHCJAOTO aMMOHHUS
npu T = 298 K, ecau Knu,oum = 1,79-107%, Kecu,coon = 1,76-10-%,
K, = 1,27-10-'4. Cko1bKo CBOGOAHBIX YKCYCHOH KHC/IOTH H aMMHaka
cogepxurcs B 1 J pacrBopa?

50. OnpenesnuTe KOHUEHTPALHIO BOJOPOJHBIX HOHOB JIeHHHOPMA/ib-
noro pactBopa NH,Cl, eciu koHcTaHTh! AHCCOUMAHH paBHBl: Knp,on =
= 1,79 - 10 u K, = 1,27 - 1014

MHOTOBAPHATHDBIE 3AJJAHYH

1. Mcnonb3ys naHHble O cBoficTBax pacTBOpoB BellecTBa A B Boje:
1) noctpoiite TpadMKH 3aBHCHMOCTH yAe/lbHOH H 3KBHBaJeHTHOH 3JeKT-
pHYECKHX MNpOBOAHMOCTeH pacTBOpOB BellecTBa A or pasBeaeHHs V:
2) npoBepbTe, MOAYMHAKOTCS JH PacTBOphbl BellecTBa A B BOje 3aKOHY
pasBenenusn OctBanbja; 3) BeiUHCAWTE s BeuiectBa A no jaHHbBIM 3aBH-
CHMOCTSIM 3KBHBAJEHTHOH 3JIEKTPHYECKOi NPOBOAMMOCTH OT KOHHEHTPAIHH
3KBHBAEHTHYI0 3JEKTPHUYECKYI0 NPOBOAUMOCTh NMpPH OGECKOHEYHOM pa3Be-
JLEeHHH H COMoCTaBbTe Pe3y/JbTaT €O CHPABOYHBIMH AaHHBIMH.

Ne Bapuanta . . . 1 2 3 4 5
Bemectso A . . . HCI HNO, HOCI HCOOH CH4COOH
Ne Bapuamta . . . 6 7 8 9

Bemecteo A . . . (CHg);AsOOH C¢HsOH CgHsCOOH NH,OH

3aBHCHMOCTb CONPOTHBJIEHHS r pacTBopa BellectBa A OT KOHHEHTpa-
uuun ¢ npu 298 K:

'

309



r, OM.M, ans metlectsa A
c,

Moab /1 HCN HNO, | HOC! |HCOOH| cH,cooH | Sl c,m.on | B8h [NH.oH
0.1 3,10.108 4,32 | 927 | 6,06 19,6 131 | 7,46-103] 9,75 | 2,55
0.05 4,37-108 5,7 1390 | 8,91 27,6 280 110,80-103| 14,1 ¢ 10,3
0,03 5,84.108 7,5 180 | 10,3 34,8 235 {14, 50-103| 18,5 | 14,5
0,01 10,1.103 13,4 | 3120 | 18,2 61,0 402 | 23,5-103%) 31,4 | 25,8
0,005 14,3.103 20,4 | 4560 | 25,9 87,0 582 | 32,7-10%| 48,8 | 100
0,003 18,3.108 26,8 | 5560 | 35,8 103 796 141,50.10%f 57,9 | 143
0,001 31,9-108 52,7 (10000 | 68,5 185 1310 (74,60.103) 10,4 | 251

2. Paccyuraiimte MOJSPHYIO 3JIEKTPHYECKYIO NPOBOAMMOCTb A, Be-
utecTBa A, HCNOJb3Yysl SKBHBAJEHTHbiE 3/IEKTPHYECKHe MPOBOAUMOCTH A,
npH 6eCKOHEYHOM DasBelleHHH 11 cieaylouux Beuniect8 npu 298 K:

Ae- 1072, RAe-102, Ao-10%,
BeuiecTBO Om—1.m%% Beutectso Om—1.M*X Betntectso Om—1.m*X

Xr.3kB—1 Xr-3Kks—1 X T-3KB—1
AgCNS 1,285 PbCly 1,46 Mg(CNS), 1,19
Ag,S0, 1,419 PbC,0, 1,43 MgF, 1,08
BaCl, 1,40 Pb(CNS), 1,36 Mgl, 1,30
CaCl, 1,36 PbSO, 1,10 SiCl, 1,36
LaCl, 1,46 Lay(S0,)q 1,50 TINO, 1,51
La(CNS); 1,36 gBr, 1,31 T1,80, 1,55
La(10s)s 1,10 Mg(BrO,), 1,08
MgSO, 1,33 MgCl, 1,29
Ne BapHaHTa . . 1 2 3 4 5 6
BemectBo A . StC,y0, AgCl AglO; BaSO, TIBr PbSO,
Ne BapuauTa . . 7 8 9 10 11 12
Bewecrso A . . CaC,0, CaF, BaC,O, TIC! PbF, Pb(10,),
Ne Bapuauta . . 13 14 15 16 17 18 19
Bemecrso A . . MgC,O, AgBr AgBrO; TICNC TIBrOy TH T O,

3. YjgennHoe CONPOTHBIEHHE HACHIIIEHHOTO PacTBOpa TPYAHOPACTBO-
pumoii con A (cm. Tabauuy Ha c. 311) npu 298 K paBuo p. Yaeabuoe
CONPOTHBJ/IEHHE BOAB MpPH TOM Ke Temieparype pu,o = | - 10 Om « M.
Buiuncaure: 1) pactBopumocth coiid A B uHcTOH Boje; 2) npou3BeneHHe
pacTBOpUMOCTH BeliectBa A, NpPUHAB, YTO KO3(DDHUMEHTH AKTHBHOCTH
HOHOB y; = | (pacTBopbl CH/IBbHO pa36aBieHH); 3) pacTBOPUMOCTb Be-
mectBa A B pacrBope, conepxauiem 0,01 Monb BemjectBa B; 4) pacrBopu-
MOcTh Bemjectsa A B pacrtBope, coaepxKamiem 0,01 monb BemiectBa C. Be-
mectsa A, B, C MOJHOCTBIO IMCCOUHHPOBAHMI.
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Y nenpHoe CONPOTHBJIEHHE

pactBopoB BelectBa A npu 298 K:

Beutectso
Ne BaphanTa o 10~%, Om-m
A B l c
1 0,0l4l SrC2O4 H2C2O4 N32304
) 0,333 AgCl HC Na,SO,
3 0,0550 AglO, HIO, Na,SO,
4 0,330 BaSO, NaySO, KBr - . .,
5 0,0038 TIBr KBr Na,SO, .
6 0,0248 PbSO, Li,SO, KBr

\

4. o 1aHHBIM O MOJISIIBHOCTH /M W CPEJHEM HOHHOM Ko3(ppuumeHTe
AKTHBHOCTH Y 3JIEKTPOJIHTA A BHIYMC/HTE CPEJHIO HOHHYIO KOHLEHTpa-
LLHIO /114, CPEJHIO HOHHYIO AKTHBHOCTb @i ¥ AKTHBHOCTDL 4.

s £ g g
. E Beuiectso A K 8‘8”:/ Vi . E BewecTtno A "ib(')“gn:/ Vi
Za < &

. 1| CaCl, 1 0,500 | 14| Th(NOy), 4,5 0,722
2 | Ca(NOy), 2 0,347 |15 | Cd(C10y), 5,5 41,3
3| Mgl 3 7,81 16| KgFe(CN)g | 0,128
4| MgBr, 4 12 17| Znl, .2 1,0i2
5 1 Sr{ClIO,), 5 10,09 118 Cry(SO,)4 0,3 0,0238
6, COl, 6 1,99 |119] Th(NOQ,), 0,4 0,192
7! HCi 7 4,37 [120| Ba(ClO,), 5 213
8 | HCIO, 8 11,83 121 | Aly(SO,), 0,6 0,014
9 ! LiBr 9 12,92 22| K,Fe(CN)g 0,7 0,051

10 | NaOH 10 3,46 {23| Na,HPO, 0,8 0,217
11 ¢ AICly 0,5 0,331 {24 | K,HAsO, 0,9 0,301
12 | LaCly 1,5 0,515 ||25| H,S0, 10 0,559
13 | SnCl, 3,5 1,504

5. BbiyciiuTe XHMHYECKHH NOTeHUHAN 3/eKTpoiuTa A B BogHOM pacT-
sope npu 298 K u koHuentpauuu m.

Ne Ba. m, . m, - mn,
pHanTa | DMEKTPOJHT A ‘w;’oonob/r plﬁ,::a D7eKTPOJHT A ‘l}i’%ltl’b/r pra::a DneKTPOAHT A ln{i’%.r;’b/r

1 NaOH I 10 CH4NOOCs | 1 18 AICI, 0,5
2 H,SO, |1 11 Ba(NOy), | | 19 InSO, 0.1
3 H, S0, [o0,1 | 12 Ca(NOg); | 0,5 | 20 | Pb(NO,), | 0.1
4 LiF 1 13 HCI 0,5 | 2 H,SO, 0.5
5 Ba(OH), | 0,1 | 14 Al(SO,), | 0.1 || 22 HNO, 0,5
6 Ba(OH), | 0,05 15 Aly(SOq)s | 1 23 HN O, 0,1
7 NH,NO; | 1 16 Csl 1 24 MgSO, 1

8 | UO,CIO,), | 0,1 | 17 AIClg 1 25 NH,Cl 1

9 | UOCIO), | 1
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6. Pas6aBiennbiii Boaubiil pactsop MeCl, Hachillien ra3oo6pa3HbiM Bo-
nopogom nipu 298 K u | atm. Onpegednte ans peakuus
H, (r) - MeCly = Me - 2HE, +4-2CL7
1) renniopoit addekt npu P = const; 2) usMeHeHue SHTPONUH; 3) CTaHAAPT-
Hoe u3MeHeHue 3Hepruu I'n66Gca; 4) sorapudM KOHCTAHTBI paBHOBECHS,
5) ycraHouTe, GyleT Jii4 NPOTeKaTh PeaKUHA CaMONPOU3BOJNBHO IIPH yKa-
3aHHBIX YCJOBHAX:

Ne Bapuanta . . . ! 2 3 4 5 6
MeCl, . . . . . FeCl NiCl, SrCl, CuCl, MgCl, CdCl,

7. Ha ocHoBaHuMM CNPaBOYHBIX AAaHHBIX O 3aBHCHMOCTH 3JIEKTPUYECKOH
IPOBOAMMOCTH cJ1aboro sjekTposnuta A ot pasBenenus npu 298 K [M.],
nocrpoiite rpaduK 3aBucuMocTd A = f(¢) ¥ onpegenute A npu ¢ = 6 X
% 1073 Moab/a. Paccuuraiime cTemeHb auccouMauud o 3JeKTpoauta A
npu KoHuentpauuy 6 - 10~® monb/n. CpaBHUTE HalRJEHHYIO BeNHYHHY C
paccuuTaHHOM Mo 3aKoHy pasBelendsi OcTBajbja (KOHCTaHTY AMCCOLHa-
uMH 31ektpoiuTa A Bo3bmute 43 [M.]1). Onpenenure KoHUEHTPALHIO HOHOB
H+ u pH B pactBope snekTpoiuTa A npu KouueHtpauuu 6 - 103 moab/a:

Ne Bapu-

aHTa . . Sl 2 3 4 5 6
DaekTpo-
aur A ... u30-CgHsCOOH n-C4H,COON* HCOOH C,H;COOH CHsCOOH NH,OH
* Mot —=cym,c00- = 32.6.
FJABA XIX
SJNEKTPOLABHUXYILLIHUE CUJbIL. 3NEKTPOIAHDIE
NMMOTEHL UAJbI

OcHOBHblE YPAaBHEHHS H CHMBOJbI
[K., c. 560—626; I'., T. 2, c. 517—561]

3JIC ranpBaHMYecKOTo 37eMeHTa £ paBHA pa3HOCTH YCJOBHBIX 3JIEKT-
POAHBIX MOTEHUHANOB ero nonysiementoB E; u E,, ecid BeluddHON Aud-
(Y3HOHHOTO TNOTEHIHaNa MOXKHO TpeHeOpeyb:

F=FE,—E, (XIX.1)

(unaekc «2» oTHOCHTCS K Goslee MOJIGHKHTEJIBHOMY 3JEKTPOAHOMY MOTeH-
Hany).

D/leKTPOXHMHUYECKHe peaKlMH, MpOTEKAlOHe Ha 3J1eKTpPoAaX, H
3JIEKTPOJbl PasfAeNaloT Ha clleAyIOUHe THIbL.

DnexkTpodbt 1-ro poga, obpaTHmbie o KatuoHy, Me™ -+ ne = Me?,
rle Me"t u Me® — OKucleHHas. W BOCCTaHOBJIeHHasi (OpMbI BeleCTBa;
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e — anektpoH. [ToreHunan sfekrpofa 1-ro poja paccuiThiBAIOT N0 ypaB-
Henuio HepHcra: '

RT
In (80x/@Rea) WM E=Epmen+ )/ me +~ﬁ— Ina, ny, (XIX.2)

E=Fo L

rae E — norenuuan snekrpoaa; E° — craHiapTHLIH MOTEHLHAN 3JIEKTPO-

Ja; N — YUC/IO 3JEKTPOHOB, YYaCTBYIOUMX B 3/JEMEHTapHOH DeaKuHy;

F — noctosinnas Dapafies; Gred ¥ Qox — AKTHBHOCTH BOCCTaHOBJIEHHOM

H OKHCJIeHHOi (opM BelliecTBa, BCTYNAMOLEro B peakiuio. MHOXuTeb

2,3RT/F npu T = 298 K u R = 8,31 Ixx/(mMoab - K) pasen 0,059 B.

dnekTposa 1-TO poja MOXKHO cXeMaTHyecKd NpeAcTaBUTh B Bije Me"+/Me.
K snektpopaM 1-ro poja oTHocATCS: a) cepeOpsiHbIA 3MEKTPOJ,

Agt|Ag; Agnte=Ag% n=1; agy=0pg.,; GReq=0ag+ =1, (X1X.3)
E o Fo | 0,059 |
“Cagtlae T 1 g
6) aManbraMHbIH 3J1€KTPOJ
Men+ | Mep,, Hg; m Mett4-nme=Mep (Hg)
Cd?+ [ (Cd)Hg | Cd*+ +-2¢= (Cd)ay; n=2; agx=0a 4}
Pcy
OReq = @ (Cd)am =~
cd
0,059 a
— o ‘ cat X1X.4
E—ECd2+l(Cd)Hg+ 9 lg acq » ( . )
rae Eggey | (Cdyng — TOTeHIHaN aMaJIbTaMHOTO 3JIeKTpoja NpH aKTHBHOCTH
KaIiMud B aMmajblaMe; dcd = |;
B) rasoBBIil 3JEKTPOJ]
H+|[H,|Pt; Ht4e=1/H,; n=1; Aoy =0y + ) aRed:asz.-PH’;
0,059 Gy +
=FE¢ — . XIX.5
£ H+IH.+ 1 ¢ P/ ( )
2

JteKTponsl 2-ro poia 06paTUMbL N0 aHHOHY. OHH NPEACTaBAAIOT CO6OH
MeTaJlll, MOKPbIThIN TPYAHOPACTBOPUMOH COJBIO STOTO MeTaN1a, NOrpyXKeH-
Hbill B PACTBODP COJM, COAEPXKALUMA aHHOH OJHOUMEHHbIH ¢ aHHOHOM TPYA-
HopacTBopuMoil co/ii. CXeMaTHYeCKH 3JIeKTPOJL 2-T0 pOjia MOXKHO Npejcra-
BuTh A"~ |MeA|Me, a npoTekaioliyio B Hem peakuuio MeA + ne = Me +
-+ A7, Hanpumep:

AgCl+e=Ag+--Cl7; n=1; agy==p5c1 =1 Qpeq=0acI—;
0,059
E=Fj}— l lgaC}_, (X1X.6)
E§=ES y , +0.0891g [Py, : (XIX.7)
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rape E?\g"’IAg — CTAHAAPTHBLIA HOTeHHHaJ Cep36pHHOF0 3JieKTpoaa, 06pa-
THMOTI'O 1O KaTHOHY; npAgC] = aAg+ aC]_ — NpOM3Be/leHHe pacTBOPH-

MOCTH XJiopHAa cepebpa. K ajsektpoiam 2-ro poja OTHOCHTCSH:
a) rasoBbill 3/1EKTPOJ

1Cla+e=Cl-; n=1; an=PC],; AReg=ac1~:
0,059 -
E=EQ-1q,~7 I8 (%c1-/PEy2)s (XIX.8)

6) kanomenpHpiil 3nektpos Cl- [Hg,Cl,, Hg, Ha kotopom uaer snexrpos-
Hag peakuus Hg,Cl, + 2¢- = 2Hg + 2Cl-;

0,059
Ecr-1meg,1 o1y e =E&1~ 1 Hey 1, vg ™5 18 aci—;

B) XJopHjcepeOpsnbiil snexTpoa Cl-|AgCl|Ag, Ha KoTopoM HjeT 3/1eKT~
poanas peakuus AgCl 4+ e = Ag + Cl-:

0,059
Eci— | agcl 1 ag =E&1~ | agcr | ag— " lRag—.

OKHCIUTEIbHO-BOCCTAHOBHTE/bHbIE  3MeKTPOAB  (PeAOKCH-3/1eKTPOJbL)
NpeACcTaBJsIOT coGoil MHEPTHHIH Meras, OmylieHHbil B pacTBop, cojep-
XKalH OKHCICHHYIO H BOCCTAHOBJIEHHYIO (Gopmbl. Ypasnenue Hepucra
NSl JaHHBIX 3JIeKTPOJIOB HMEET BHJ

0,059 lg 20x
n ORed
Ile dox — AKTHBHOCTb OKHC/JEHHOTO HOHA; (Req — AKTHBHOCTH BOCCTA-
HOBJIGHHOTO HOHA.

[lpocroii pesokcen-anexrpos sanuchisaercs B Bujge cxembi: Red, Ox [Pt

peakuus Ox - ne = Red. Hanpuwmep:

Fedt+ - e=Fe+; n=1;

ERed, 0x = EReq, Ox + (XIX.9)

aRed = aFe2+; ox = aFe3+;

0,059 Ap 3+

E=ERs+, pe2+ L lg = (X1X.10)
Ope *
MrOF +e=MnOj~; n=1; ag.q=amno0;; %0x=Mn0}";
Ee EY ,059
=EMnO[ Mnog—-}-*l lg (aMno‘—/aMnog—), (XIX.11)
A cAOKHOTO peNOKCH-3TEKTPOLA CXeMa 3aMHChIBAETCH B Buje Red, Ox, H+|[Pt:
MnO7 --8H+|-5e=Mn2+-4H,0; n=5; ORed™=Tmu2+; 80x=%Mn0;5 ;
0,059 Apmno=
E=Efn**| Mnoy - Ig MnGy (X1X.12)
Appn2+

XHHTHAPOHHB 3.1eKTpPOJ
CoHy O, - 2H +- 26=C¢H, (OH),

XHHOH THAPOXHHOH
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n=2, Opeq = arx=1; agy=a,=1;
0,059
2

CB#13b KOHCTaHTH PaBHOBECHS XHMHYECKOH peakiHH H CTaHAAPTHHIX
9JIEKTPOAHBIX TIOTEHIIHAJIOB BBIPAXKAETCH COOTHOLLEHHEM

E=E%, xF 1g afr+ = Ex, rx—0,059 pH. (X1X.13)

(E3—ED)a
1 =——— (T=298 K), : X1X.14
gK 0,059 ( K) ( )
rape £E§ > E%.
J1s KoHueHTpauHOHHHX neneii ypasHeHue Hepucra (mpH ycIoBHM
OTCYTCTBHA JH(PY3HOHHOTO MOTEHHHANa) AJMA 3JEKTPOAOB THIA

Cu | Cu2+ || Cut+ | Cu; Ag, AgCl|HCI|IHCl|Ag, AgCl

a as a as
a; > o a > a
HMeeT BUJ
0,059
E=—n— Ig (as/a,), (X1X.15)

rae a; ¥ a, — akrupHocrd HoHoB Cu?t u Ci— coorsercrsenHo.
Jas rasoBoro asemeHTa THHa

Pt Hy | HCI| Hy | Pt

ypaBuenue (XI1X.15) npeoGpasyercs:
E= _Qig’ﬁ Ig (Py/P,), (XIX.16)

rae Py u P, — naenenus Bomopona; P, > P,.
Jins amanbramHoro sjemeHTa THia

Hg (Cd)Cdz+ | (Cd) Hg
a, as

9>,y
ypaBHeHne Hephcra Gyper
0,059 a,
E=———Ilg—, XI1X.17
5y e ( )

rfe ay U dy — AKTHBHOCTH META/VIHYECKOro KaAMHA B aMaJibrame.
Jns snemeHTa THna

Cd (xkapxnit, unctuifi)| CdCly B pacnnase | (pacnsias) Cd—Sn | Cd
a;=1 WEJOYHBIX XJOPHJOB a,

ypaBHeHune (X1X.17) npunumaer Bup
E= 0'259 Ig ay, (XI1X.18)

rae a, — aKTHBHOCTb KagMus B paciyiase Cd — Sn.
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Ecnu Au(pdysHOHHBM MOTEHHHANOM B KOHLEHTPALHOHHOMN LeNH mpe-
HeGpeub Henb3s, To IJAC uenu

Ag| Agyos i A%NO3 | Ag
1 2

PacCCHHTBIBAIOT HO YpAaBHEHHIO

210 No“ a
E=— 28 0,059 [g—, (XIX.19)
0. Ag*+*0, Nog a
TA€ a; M a; — aKTHBHOCTH HOHOB cepeGpa; a, > ay; A, NOF? Ay Agt —

MOABHXXHOCTH AHHOHA M KaTHOHA.
Tepmonunamuueckue dyukuuu AG, AS, AH pas 3/IeKTPOXUMHYECKHX
PeakuHid pacCuUMTHIBAIOT MO YPaBHEHHAM:

AG= —nFE, (XIX.20)
dE
AS=nF|{—]| , .
n (dT)P ‘ (XIX.21)
. dE
AH = —nFE +nTF(-ﬁ-)P, (XIX.22)
ACp=|nFT @£
P= q72 (XIX.23)
AH dE
E= - —
nF+T( i )P’ (XIX.24)
nFE®
In Kq = RT (XIX.25)

Tle n — YHC/IO 3JIeKTPOHOB, YYacTBYIOUHX B peakuu; F — mocTosiHHas
®apagesn; E — 3JIC.

3AJAYH C PEIUEHHSAMH

1. Ilo AAHHBIM O CTaHJAaPTHBIX 3JIEKTPOAHHIX NOTEHHHaMaX MeIH U [HHH-
Ka paccyHTauTte SIIC 3JieMeHTa, COCTaBJIeHHOrO M3 0J1y3J/ieMeHTOB:

Zn| Zn2+ (azn2+ =0,02) 1 Cu?t | Cu (acu2+ =0,3)_

Pewenue Paccunraem 3[C no ypasHeHuio

E=F,—F,,
RT a
Ey=EQ | —— g —2—
nf Red
2,3RT _ 2,3.8,314.298 0.050 B
F 96 487 - :
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3HaueHHsq CTaHJapTHHIX 3J€KTPOAHLIX NOTEHILHA/I0B HAXOAHM B CHpa

pounnke [M.}: EQ o4, = 0,337 B; Ej etz = —0,763 B. Tak kak
MeJHBIl MoJiy3/ieMeHT GoJiee 3/eKTPONOIOKHTENeH, TO
0,069  agz+
— R0 P I
E=Elp2+ | cu—Ezp2t zat 5 lg agot
0,059 0,3
E=0,3374-0,763 lg ———; E=1,135B.

2 0,02

2. Inn peakuuu Zn -+ 2HCIi(p-p) = H, + ZuCly(p-p) ycraHosute
HanpaB/ieHHe peaklHH B CTaHAAPTHHIX YCJOBHSIX MO AaHHBIM O CTaHAapT-
HbIX 3/IeKTPOJHBIX MOTEHUHANaX H JaliTe CXeMy COOTBETCTBYIOIErO 3JeKT-
POXHMHYECKOTrO 3JleMeHTa.

Pewenue 3anuceiBaeM ypaBHeHHe OfHOH H3 MpeAlo/iaraeMbiX
3JIeKTPOJAHBIX peaKLHil

2H+ 1-2¢=H, H

H BBIYHTAEM ero H3 of6lero ypaBHeHHsl, 3alHCAHHOTO B HOHHOR ¢opMe:
Zn--2H+==Zn%*+|-H,

9H*+4-2e=H,

Zn2+ | 2e=2n

(2)

CraHfapTHbie 3/71€KTPOIHbIE NOTEHIHAMB 3JeKTPOAHBX peakuui (1) u (2)
HaxopuM B cnpaBounuke [M.]: E; = 0; E, = —0,763 B. Tak kak E} >
> E3, 1o, cornacno (XI1X.1), u3 ypasHenus peakuuu (1) BhiyuTaeMm ypas-
HeHHe peakuuH (2) u nonyuaem: 2H* + Zn = H, -+ Zn?>t, 3anuchiBaeM
CXeMy 3JleMeHTa COIVIaCHO 3HAYeHHAM 3JeKTPOAHBIX MOTEHI{HAJIOB:

Pt, Zn|ZnCl,|| HCI | H, | Pt
3. IlaHa cXeMa raJibBaHH4YeCKOoro 3JieMeHTa
Pt | H, | NaOH [ PbO, Pb

Hanuwunre ypaBHeHHe cOOTBETCTBYIONUeH peaKuHH.

Pemenne M3 cxemb ciegyer, yro noreHuHab 3Jjekrpoaos E,
COCTaBJ/ISIOUIMX 3/IEMEHT, OlipeAesIoTCs clefyIolHMH BeltectBamu: 1) Pb,
PbO, OH-, 2) H,, OH~. BuinuceiBaem u3 [M.] ypasueuns coorsercrayio-
U[MX 3/eKTPOAHBIX peakiMil H CTAHJAPTHHX MOTEHIHAJIOB:

PbO+Hy0--2e=Pb-}-20H~; E{=—0,758 B (34ekrpoa 2-ro poxa), (1)
2H,0-+2e=H,--20H-; E}=—0,828 B (peAoKkcH-3/1eKTpon). (2)
Tak xak EY > E}, u3 ypasHeHus peakuuu (l) BbiuuTaeM ypaBHeHHe

peaknuu (2) u nonyuaem PbO 4 H, = Pb 4 H,0.
4. laHa cxema rasoBOro 3/eMeHTa

Pt|H,| HCl|Cl,|Pt

Py,=latm m=0,1 P¢c|,=2atm
¥,.=0,796
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Bbiuncanre npu 298 K norenuman xnopHoro 3siektpoaa E1~1c1, ¥
2
SMAC anemenra B neaoM.

Pewewnue [lorenuuan Ecmcr BbIUHCASEM [0 YPaBHEHHIO
(XI1X.8):

Eci, ) c1m=E& 1 c1,—0.059 (Igag-—Y% 1g Pgy ) Ecy-¢), =1,358B [M];
Ec), ) ci-=1,358—0,059 (1 0,1.0,796— 1% 1g2)=1,440B.
Paccyuraem nortenuwan BojopoaHoro snektpopa no (XIX.5):
Ey+ | H,:Eﬁ*‘ | H,+0’059 (lgay++Ye g PH,) ,

Ef+ | j,=0; Ey+ |y, =0,059 (1g 0,1-0,796)=—0,0658.

[Tocne noacranoBku nonyuennbix Benvunn B (XIX.1) sbiuncnsem 3AC

3neMeHTa: ~

E=1,440—(—0,065)=1,505B.
5. Boiuncanre 3C ranbBaHHYeCKOro sjeMeHTa
Pt | Hy | NaOH || H;SO, | H,, Pt
m=0,1 m=]|
npu T = 298 K, Py, = | amm.
Peuw eHue 3anuchiBaeM ypaBHeHHs! 3J1€KTPOIHHWX peaKiuHii W Ha-

XONHM [0 CIPABOYHHKY COOTBETCTBYIOU(HE CTAHAAPTHHE HOTeHUHANH E°,
H Ccpe/iHHe HOHHBbiE KO3(XPUIIHEHTH AKTHBHOCTH !

9H;0+-2e=Hy{-20H, E?--—0,828B: (N
H* -e=Y%H,, E}=0 B. (2)

[To cpeanenonubiM KoadpULHEHTAM AKTHBHOCTH H KOHUEHTpALHAM HOHOB
paccuMTaeM MX AKTHBHOCTH:

aoy-=a =my =0,1.0,766=0,0766, 0=

ans pacrsopa NaOH m = 0,1; v+ = 0,766; ans pacrsopa H,S0, m =
= 1; v+ = 0,132;

aH+%ai=V4—myi;
a,=y4-1.0,32=0,21,

Buiuncnsiem noreduuans anekrponos E, u E; no ypasuenusm (X1X.5)
u(XI1X.2):

0,059
E2=E&+ 'Ha+_1_ (lg aH+——Vz g Pﬁz);
Efy 1, =0; Ey=0,059 (Ig 0,21)=0,04 B;
. 0,059 _
Ey=Eoy- 1,0 11, = Edn~ 1,0 11, [ (gaoy—rk g Py );

EQy 1,0 1,=—0,828 B [M.];
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E;= —0,828—0,059 Ig 0,0766= —0,762 B.

[MoacraBnss nonyuernnie 3vauenuss E, u E, B ypashenue (XIX.1),
nosyyaem
E=—0,044-0,762=0,758 B,

6. Paccunrafite 9[IC u HanuumuTe cXxeMy rajibBaHHYECKOro 3JIEMEHTa,
B KOTOPOM 00paTHMO NPOTEKaeT peaKUHsi [0 YPaBHEHHIO

2Fe3+ +-HAsO,+2H,0==2Fe2+ {-H;AsO,4-2H+

npu | arm u 298 K. AKTHBHOCTH MOHOB, YYacTBYIOIUHX B PeaKUHsX:
Ape2+ — 0,005; aFea+ = 0,02; aH,As0, — 0,2; AHAsO, = 0,1; ay+ =
:0,01; aH,o:l ay,0 = 1.

Pemenue OnpeienuM ypaBHeHHS 3/MeKTPOAHBIX peakuuii. Oas
3TOro M3 YpaBHEHHS DeaKlUHH, NPHUBEJEHHON B YCNOBHH, BHIYHTAEM ypaB-
HeHHe ofHOH W3 MpearoNaraeMbix 3JeKTPOJHBIX PeakLHil:

2Fe3+1-HAsO,4-2H,0==2Fe2* | HyAsQ,--2H+
2Fe3+ - 2e=9Fe?+
HyAsO,4-+-2H+ - 2e=HAsO,--2H,0

B cnpaBounuke [M.] HaXoiuM COOTBETCTBYIOUIHE CTAHAAPTHHE 3JEKTPOM-
Hbie noreHuMans: Ef = E}:,ASO‘JH"’HASO, = 0,560 B; E} = Epa+ pet =
= 0,771 B.

Boiyncasiem 3nektpopHbie noteHuHans no ypasHenuio (X1X.2):

0,059 o —HaAO, af+

E,= E? + ; n=2;
1 H,As0,,2HY, HAsO, n ayaso, 3R o
0,059 0,2.0,012
E;=0,560 Ig =0,451 B;
2 0,1
0,059  aps+ 0,059 0,02
E,= EY 1 =0,771 4 ——— lg——=0,789 B.
2= Sk, Rty I8 2 €0,005

[lTopcrasnas suaveuus E; u E, B ypaBHenue (XIX.l), nonyuaem E =
= 0,789 — 0,451 = 0,338 B.
Cxema 3nemenTa

Pt|H+, H;AsO,, HAsO, || Fe3+, Fe?+, H,O|Pt.
7. JlaHa cxema ra/nbBaHHYECKOro 3JeMeHTa
Pt (T1) Hg| TICIO, || KCI | Hg,Cl; | Hg | Pt
ar)=0,0628 m=0,1 m=0,1
npu 298 K 3C snementa E = 0,610 B. Buiuncnute HopManbHEI Mo-

0
TeHl{Ha/l aManbraMHoOro 3JeKTpojaa ETI+. [T!]1(Hg)"

P ew e v u e. Cornacro ypaBuenuio (X1X.1) ans KanoMeNbHOTo 3JeK-
tpopa E, = 0,282 B [M.]. Toraa

am+
El=E’?‘l+-[TI]Hg-}-0,0591g ne .

a[T]’
ay=my, =0,1.0,73=0,073,
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oacrasasieM noiyyeHHbie 3HayeHus B ypasHenue (XIX.1):

0,073
0,61=0281—E+ [ (TD), Hg——0,059 lg(-)“’?)'é—m—3

U BbIYHCJSAEM

0,073 :
—— =—0,333 B.

=0,281—0,61—0,059 1g—
%0, 0628

ETI*I(TI), Hg

8. HopmanbHbiii MOTEHLHA aMajblaMHOIO HATPHEBOTO 3JEKTPOAA
298 K E? =—1,86 B.H 7
npu Na+l(Na), Hg , . HopmanbHbiil noteH1nan HaTpHeBoro

anektpoga EQ +n. = —2,714 B. Hem moxHo 06BbACHATL TaKoe 6oJbLIoE

pasnHyHe 3THX BEJTHUHH?
Pemenne O603HAUUM Pa3HOCTH MOTEHIHAJOB
E{a+ | (Na), Hg—ERat | Na=E®> (1

Es = —0,85 B. Hcnoab3syem auarpammy cocrosiuna Hg — Na, u3 korto-
poit BHAHO, YTO Pa3GaB/eHHbIE aMaIbIaMbl HATPHs (KULKHE) IPEICTABISIOT
coGoil pacTBOp HHTepMeTasiHyecKoro coeaunends Hg,Na s pryrh. Ha
OCHOBAHHH 3TOTO COCTABASieM YpaBHeHHe 31eKTpoAHoM peakuuu Nat +
+ e = (Hg,Na)Hg. 3amensem 3Ty peakuuio CIeAyIOUNMHA NPOLECCAMH:
Na++4-e=Na (a); Na+4}Hg:Hg4Na (6);
Hg,Na+-nHg-~[Hg,Na] (Hg) (B)

Tak Kak H3MeHeHHe 3Heprud I'm66ca Ha 3aBHCHT OT NMyTH Iipolecca,

a TOJBLKO OT HAayajbHBIX H KQHEYHBIX COCTOSHHH CHCTEMBI, TO

AGpear = AG(p) + AG(6) + AG(a). (2}

[Tonenus ypasHenue (1) Ha nF, noayynm
Efat | (Na) Hg=ERat | NaTE2+ES. (3)

Conocras/enne ypasnenuil (1) u (3) naer
Es=EJ-+E3,

rie F0 — Mepa XMMHYECKOTO B3aHMOAEHCTBHSI M€Tajsia ¥ PTYTH.
9. Ias aaekrpoaa

OH-, H,0|H, | Pt
Py,=1 atv

cranfapTHeii noreHunan E} = —0,828 B. Beiuncanre, ucnonb3osas
3Ty BeMUYHHY, HOHHOE NpOH3BejeHHe BOAB! Ky, NpH 298 K, ec/iu ypasHe-
nve Hepcra umeer BHA
Ey=E9—0,059 lgagy—. M
Pemenue B moGom BogHOM pacTBope coiepxarcsi HoHnl Ht n
/ISl BOAOPOJHOTO 37eKkTpoja ypasHenue Hepcra uMeer BHA

Ey=E0y+ 1y, 40,059 Ig ay+, @
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Ho nockonbky cxema npuBeaeHHOro sjekTpoja nokassisaer, uro JIC
3aBHUCUT OT KOHUEHTpaunu HoHoB OH~, To BbIipasuM au+ uepes aoy- U
HOHHOE npou3BefieHHe Bofpl K):

aH+=Kw/a()H—. 3)
Torna, nocie obwveanHenns ypasHeHnil (2) u (3), noayunum
Ey=E}+ |y, +0,0591g Ky — 0,059 1g agy~. )

M3 conocrasienns ypasnenuit (1) u (4) caenyer
E} =EY. |y, +0,0591g K,y = —0,825B.

Taxk xax EH+IH, =0, 10

0,825
]g Kw:_’ — = 14.014: K —1.03.10—1¢
0'0592 ? ’ w ’ .

10. s snexktpopa Cl- |CuCl, Cu cranpapTHelii norteHunan @3 =
= 0,137 B. Buiyncante npoussenenne pacropumoct [Pcycy npu 298 K.
Pewenue. CoraacHo ypaBHeHHIO

E§=E§+0,0591g P,
rae E} — HOpMa/IbHBIH NOTEHIHAN MELHOrO 3/eKTpoia, O6PATHMOrO Mo
kationy Cut|Cu, E} = 0,521 B, nosayuaem
_0,13]—0,521

1gTIP = —0:‘0—59—‘—- —6,486; HP=3,]9-10"7 (moab /)2,

11. Paccuurafite KOHCTaHTy paBHoBecHs peakuun Cd*+ + Zp =
= Zn*" + Cd, ecan 'E?:d“lca = —0,403 B; Ej; 245, = —0,763 B.

(XII;(eIT)eH i e. Koncranty paBHOBecHsl BBIYHC/AHM [10 yPABHEHHIO

[—0,403 —(—0,763)] 2
0,059

lg K= =12,16;

K=1,45-10—12,

12. Paccunraiite KoHcTaHTy paBHOBecusi Aas peakuud Cd** -+ Zn =
= Zn** 4+ Cd 1o craugapTHbIM TepMOIMHAMHYECKHM BeJIHYMHAM A5
HOHOB, NpHBEJEHHBIM B clipaBoyHHKe [M.].

Pemenne PaccunraeM KOHCTaHTYy PaBHOBECHSI JAHHOM PeaKUHH

N0 ypaBHeHUSAM
lg K= —AG2, /2,3 RT 1 OGS, =AGY 5, — Gy .

peak

Haxoanm ns cnpaBounuka [M.] AG aas wonoB Zn®*t n Cd**:

AGY,q . = — 147,30 k[Jlx/Moab; AGLy, = —77,794 K[k /MOMb.
Torna
AGS,.. = —147,30—(77,794) = 69,504 kXK /moub,

peak
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OTClo1a
60 504
g K= ——— 1217,
e K=" 8314208

13. Boiuncaure 3JIC 3nemeHnTa

Pb| PbSO, || Pbl, | Pb
HacHI{. p-p. HacHil. p-p

npu 298 K, ucrnonap3dys naHHbBle O Npou3BefeHHH pactBopumoctH PbSQ,
u Pbl, IM.].
PemeHnue Bouncaum 3JC no ypasHeHuo

0,059 =~ (app2+)e
E= g .
2 (apb2 + )l

CpepHue HOHHblE AKTHBHOCTH HAaXOAUM H3 TIPOH3BEJEHHs aKTHBHOCTEH:

3 ————————
(ax)y = VPpy,, + @h=TMPp 50"
nppr. =8.10—9 (MOJIb/JI)s; inbSO¢ =1 ,6. 10—8 (MOJIB/JI)z;

3
0,0 |/ 8.10—9
E=~—2 % g =0,019 B.
2 V16-10-5
14. Jlana cxema 3jeMeHTa
KCl, LiCl, CdCly; | Cd—Bi (pacnaas)

Cd (x)
pacnJaas xcq=0,423
T =713 K; 3IC sanementra E = 0,0329 B. Bniuncaure mia KaiMHf:
AKTHBHOCTb dcgd; KO3(PPHUHEHT aKTHBHOCTH Ycd; NapuuajbHOe AaBleHHE
P_,. Hasienue HaCHIIEHHOTO Mapa YHCTOTO KaiMH$ Pg, = 14,84 mm

pr. cr. (LiCl — 310 nOGaBKa A/ NOHHMKEHHS TeMIlepaTyphl IJIaBJCHHS).
Peill e Hue. DileMeHT —— KOHUEHTPALHOHHbIA, AKTHBHOCTb KaJMHs
B pacmiaBe Cd — Bi Haxoaum no ypasHeHHio
2,3.8,314.773

E=— = g 8 %t

0,0329.2-96487

e S R 0,430
lgaca= —5 35 312.773
lgacy=1,57; agq=0,372.

Koa(ppuuneHT akTHBHOCTH KaJMHsl B pACIlJiaBe BHIYHC/ASIEM 110 ypaBHe-
HHIO
Yod =8ca/%Xcq=0,372/0,423 =0,879.
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[MapunanbHoe NaBieHWe KagMHSI PAacCUHTHIBAEM 110 yPaBHEHHIO
Pog=acq Py,

Pcq = 14,84 - 0,372 = 5,22 mm pr. ct. (7,36 - 102 [Ta).

15. Bbiuncaure nonesnyio pabory W' peaxkunn Ag + Y,Cl, = AgCl,
HCTIONb3YS CTAaHAAPTHBIE /EKTPOAHbIE MOTeHuHansl, eciu Pci, = 1 amm,
T =298 K.

Peurenue [lonesnas pabora peakumn npu P u T = const Gy-
Aet W = —AG. [Ina 3MeKTPOXHMHUYECKOH DeakuHH B CTaHAAPTHBIX ye-
noBusAX AG® = —nEoF. 3/IC snementa pasHa E® = E{ — E3, rae Ejn
EY — cranpaprabie TOTEHUHAJbl 3J1€KTPONOB, COCTABJSIOLMX 3JEMEHT.
Paccvmarpusaemasi peakunsi ocyllecTsisiercss B /JeMeHTE 10 CXeMme

Ag|AgCl| CI- | Cl,, Pt
aci— =i Pcl,=1

E§=EQ;~ | c;,=1,360B; E4~ | pgcy | ap=0,220B;
E°=1,360—0,220=1,14B; u W =nEoF =1,14.96 487 = 109,99 K1k /MoJIB.

16. Jlana cxema sjeMmeHTa

Pb, PbSO, | Na,SO, | Hg,SO,| Hg
Hachlil. p-p

YpaBHenne ofluell peakudd 3JeKTPOXHMHYECKOH CHCTEMBI
Hg,S0, 4 Pb == PbSO, 4 2Hg

Boiyncanre 3/IC npu 298 K n Temneparyprbiit Kosdpuunent (g?.—)P, He-

NoJb3ys [aHHbpie TaONHL CTAHJAPTHHIX TEPMOAMHAMHYECKHX BeJUYHH.
Pewewnue [lna pacuyera ncnospsyeMm cledyioliue ypaBHEHHS:

JE
AS=nF|—] -
" (OT)P'

AS=Z2vS; won—2Vv;S;, nan;

H
b M (2E)
P

nF aT
AHY=Zv; AH? fron —2Vi AH) f, wau-

M3 cnpasounnka [M.] naxoguM 3HaueHuss SHTPONHH U TelJOT 0Gpaso-
BaHHUA /ISl YYaCTHHKOB PEaKLHH:

CoexnHenne . . . . . , Hg(x) PbSO, Hg,SO, Pb |
Se, HOx/(Momb-K) . . . 76,1 148,67 100,83 64,85
AH? . kIlk/voms . . . 0 —918,1  —742,0 0

DHTponUs peakuHH
AS® =28+ Sprso, —Shg,s0, —Sho
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6yzer paBHa
AS®=235,19 Hx/(mMoab.K);

TemneparypHbiii koadpduunent dAC
oE 35,19 :
—_—) =———=1,85-10—*B.K;
( oT )p 2.96487 K
TENJIOTA 3JEKTPOXHMHYECKOH peaKuHH
AHO=AH? ppso, —AH} yg,s0,=
= —918,1 —(—742,0)= —176,11 k]I /Moab.
Torga 3C ranbBaHnyeckoro sjemeHnra Oyger
(—176,1-10~3)
2.96487
17. Ilo pannbIM 0 3aBiucumocTH DJIC snementa Becrona or Temnepary-
phl

E=— +298-1,85-10—4=0,968 B.

E=1,018—0,041.10~3 ({ —20)—9,5. 107 ({ —20)2|- 108 ({—20)3
sl peakuuu
Cd 4-Hg,S0, (1) +8/3H,0 = 2Hg () 4- CdSO,-8/3H,0 (1)
shiyncaute ACH mpu 298 K.

PemweHue Bouncasem (0°E/0T)p, nBaxap AB(HEpeHunpys ypas-
Henne E = f(T). Odnn 298 K (0*E/0T?p = —16 - 10-7 B/K. Tlo ypas-
nenuio (X1X.23) paccunrbiBaem

ACY = —16-10—¢.2.9,65.10%.298==92,1 1k /Mo0ab.

18. TemnepatypHbii KOXppHUHEHT 3I7€eMeHTa, paboTarollero 3a cuer

peakunu

Pb-- Hg,Cl, =PbCl, + 2Hg
(OE/dT)p = 1,45 - 10~* B/K. Onpegenure KOJHYECTBO TEIJIOTH, Bbl-
Jensioueficss (nornowawoteficsa) npu pabore 3JjemeHTa, U COMNOCTaBbTE
NOJyYEHHYI0 BETHYHHY C TensoBbIM 3dpexroM peakunn npu 298 K.

Pewenue. Cornacio ypaBHenuio Q = nFT(0E/0T)p Tennora 06-
paTuMoro  mpouecca  paBHa Q = 2 - 96487 . 298 - 1,45 - 10~ =
= 8,338 kJIx/MOJb.

Tennora HeoOpaTiuMoro mponecca paBHa TENOBOMY 3PeKTy Xumuyec-
KOH peakuuu

AHB oo =AH] pyci,—AHP pgclys

snp,

=264,85 x1x/mMoab 1 AH? = —94,25 x[1x/Moab,

peak

PbCl, = —359, 1 Kﬂ)K/MOJIb; AH,‘: HgsCl, =

ComnocraBjieHHe TENJOTH 00paTHMOro mnpouecca ¢ TENJoToH HeoGpa-
tuMOro mnpouecca gaer 8,338 - 100/94,25 = 8,85%.

Takum o6pasom, Tennora, BhiAeJsiollasics IPH pabore 3/eMeHTa, Co-
craBjsier 8,85% or obuteii yOblH 3HTANBIHH. :
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19. Jlana cxema KOHUEHTPAlHOHHOI'O 3JIEeMEHTa

Tl | TICIO, | (Tl) Hg | Pt
m=0,1" xy)=0,085
3J1C sroro saemenra npu 298 K paena 0,071 B. TemneparypHbiii Ko3ddu-
uuedr snemenra (OE/0T)p = 1,8 - 10-* B/K. Boiuncinre oTHOCHTENbHYIO
MOJSIPHYIO 3HTaablmio AHT; pacTBOpeHHsl Talids B aMmalbrame, €ciu
x1; == 0,085.
P ew e H u e. Buiuncasem AHT| 1o ypaBHeHHIO
a

£ :
AHT = 96487 | T|——| —E |=96487(298-1,8.-10—4—0,071)=
Tl oT Jp

== — 1686 I /mM01b-

20. BbiyucnuTe nmapuuajbHylo MOJSIpHYIO TemJoty pasbaBnenns HCI
,AHyci or xoHuentpauun my; = 0,1 O KOHUEHTpPAuHH B NpEeAeNbHO pas-
0aBJIEHHOM pacTBOpe m,. JIas pacuyera Hclo/b3yiTe AaHHBIE 3aBHCHMOCTH
CpeJHEeHOHHOro Ko3dduiieHTa aKTHBHOCTH COJITHOH KHCJIOTHI OT TemIepa-

TYPBHI.

s pacrsopa ¢ m = 0,1: -
T, K .. .... 293,16 303,16
Vg e 0,7985 0,7940

P euweHue. [logcraBasisi YHCJIOBHIE 3HAYEHUs] B YpaBHEHHS

ayc (Ta)  BHyey (Ta—Ty) \ -
= , a == my,
gaHCl ) 2,3R T, T, HCI ™= VM2
| Vi (Ts) ) AHHCI : T2“T1>
E\y. Ty ) T 23R ( 7.7, )’
Jlosryuaem
| (0,794)2 AHyc; 10 _
®lo,7985) ~ 2,3-8,3!4( 293,15.303,15 )
Ay = — 832,62 Jlx/moab.

21. Bobrucaure 3JIC ans cBHHuOBOro akkymyJasropa npu 298 K,
MaccoBasi Joasi cepHoit kucaothl 21,4%; mp,so, = 2,78 monp/1000 r.
YpapHeHne peakudu, Nporekaiouteil B 3JeMeHTe,

PbO, +2 H3S0,+Pb =2 PbSO, (1) +2 H,0

Aneprun 'n66ca obpasoBaHHs BeUleCTB, YUaCTBYIOUIHX B peakuuu, OYRyT
AG! (xdx/mosb): H,O(k) — 234,40; PbSO, — 814,38; PbO, — 218,
H,SO4(p-p)oe — 746,15.

CpeaHeHoHHBIH KOapuuAeHT cepHON KucaoThl: vy = 0,138, nasneunne
napa Bogbl Haj pactBopoM 21,35 mm pT. cT.

Pewenue IC BuuucasieM No ypapHeHmo E = —AG/nF.
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Has storo paccuuraeM AG no ypaBHEHHIO
AG=2 AGf. H20+ 2 AG;" PbSO‘_AG?, PbO,_QAGf, H,S0,"
Boiuncasiem AEH,O H Aaﬂ,so, o ypaBHeHHSAM:
AGy,o=AGY o+RT Inay,o
Py,o0 21,35

- - —0,897;
M,0= pe 7 23,76

3
AG_HgO: —234,404+8,314.298 In 0,897 = — 237,67 xJIk/MOJb.

ITpu pacuere AG,s0,(p-p) 3@ CTAHJAPTHOE COCTOSIHAE NMPHHHMAEM COCTOS-
HHe TpefelbHO pasGasienHoro pacrsopa (m = 1). Torma [M.]

aHgSOA =4 (mvj:)"' aHzSOq=4 (2v780v 138)3=0’226v

AGy s0,= AGf,s0,, o+ RT 1IN 4 (my )=
=—746,154-8,314-298 In 4 (0, 138.3,78)3 = —749,84 k]JIx/MOADL.

Haxomim AG = 2( — 237,67) + 2 (—814,38) -+ 218 -+ 2 - 749,84 =
= —386,42 xJI>x/Moab. Bbiuncnsem E:

— 386 42
Ee=— —u=2,oo2 B.
2.96 487

22. BhiuncauTe TeMmnepaTypHbiil koapduunent (0E/0T)p Anst CBHHUO-
BOTO aKkymyasrtopa, ecan Maccosas goas H,SO, 21,4%; mu,so, =
= 2,78 mosb/1000 r.

YpaBHeHHe peaKkuUHH, NpoTeKaloliel B dJIeMeHTe,

PbO, 2 H,80,4 Pb =2 PbSO, (1) + 2 H;0

SuTponun yuacTHuKoB peakumd pasubl S° [[Dx/(monb - K): H,O(k) —
1 69,96; PbSO, — 148,67; PbO, — 71,92; Pb — 64,80; H,SO4(p)e —
18+1.

[TapuuanbHass MoJMsipHas TEMJIOTA PACTBOPEHHsi BOJBI AHY,0 =
= 196,65 [lx/monb. [TapuuanibHas MONApHAs TeMoTa pasbaBneHust cep-
Hoil kucnorbi Afyso, = —2824,5 lk/Monb. CpeaHenoHubiii KOMPPH-
unent akrtusaoctd H,SO, v+ = 0,138, naBjenue napa Boapl Hajy pacr-

BopoM Py,0 = 21,35 MM pr. cT.
PemeHue. PaccuurniBaem (0E/0T), 1O ypaBHEHHIO

oF AS
(—) rae n=2.

oT |p~ n 96487

‘BoruncnsieM AS 10 ypaBHEHHIO

AS=28%;50, +251,0— SBro, —Sh —2Su,s0, -
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Cor/iacHO ypaBHEHHIO

- Ao
Su,0=Sh,0 + T —Rlnay,,
AH
- H,SO,
SH2504=S?'12504 (p-p) 29; —RIn astoc’
= 195,65
SH20=69,96+ 298 —8,314-2,31g 0,897 =72,27 [Ix/(Moab- K},
= 28245
St,50,= 18+ 5p~ —8.314-2,31g 4 (0,138-2,78)° = 80,87 Jlx/ (Mo K)
H TOraa

AS=2-148,69+2-72,27—71,92— 64,80 —2. 80,87 =
= 143,42 [T/ (Mons-K),

(—'25-) — B8 0B
aT Jp— 2,9487 ' /K

23. Onpepennre npu T = 298 K E° uenu
Pt} Hs (r) :: HBr | AgBr (1) | Ag

P=1arm
aia KOTOpOl':l MOJNy4Y€Hbl CjaeAyrollue 3HayeHHs MOTeHUHaJ 08B!

m. . . . . . , 00056125 0,01002] 0,015158 0,02533 0,03006
E. . ., .. . 034594 0,31265 0,29225 0,26718 0,25901

PemenHe B rarbBanHyecKoM 3JeMeHTe MNpOTeKaeT peaKlHs
%2 H,(r)+-Ag Br(r)=Ag (1)+-H+--Br-
YpaBHenHe Hepucra ana npHeesesnoil uenn

2RT 2RT
F "V p

Inm,

E=Fo—

In (a.a,)=FE°— In (y m)2=E®—

F

TaK Kak m— 0, a y, — 1, To?;;tlnvi—+0u

T
Eo =1im[E+ 2[; lnm].
}/E—»O

HepecquTaeM NIpUBEJAECHHbIC NaHHbie B YCJOBHH 3aJda4YH H 3allHileM B BHJE:

m . ....... 0,0056125 0,19021 0,015158 0,02533 0,03006

!/ m . ... 0,07159 0,1001] 0,12312 0,15915 0,17338

+(@2RTF)Inm . . 00749 0,0762 0,0771 0,0782 0,0790
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ITocrponm rpagux sasucumoctn E + (2RT/F)Inmor ¥V m n, 3KCTPATIONHU-
pysa k V'm = 0, nonyuyaem mis gaHHOM nermn E° = 0,0722 B. MoxHo ro-
CTPOHTHL TaKXKe T'papuK 3aBUCHMOCTH

2RT 2RT
In m4- F

EO=E -+ Iy,

rle Y4 BBIUHCJSIOT W3 mpenensHoro ypasHeHus [eGaa — l'okkens. B
JdanHom BapuaHre E® — E” £ 0, nostomy HaG/ojaercss OTKJOHEHHE OT
npeleJibHOTO 34KOHa. B 3TOoM ciryyae ctpodT rpaduk 3aBHCHMOCTH OT 111, &
He or }/'m, Tak xak Iny’ (u, clenosareipHo, E® — E') npu6ansnTensHo
JINHEAHO 3aBHCHT OT M.

3AIAYH

1. Hanuuwpre ypaBHeHHsi peakudH, NMPOTEKAIOWHX B CACAYIOUWUX 3Je-
MEHTaXx:

Cu, Zn|ZnSO,::CuSO, | Cu (1)

CulCuCl, :: AICHAIC! (1) [ Ag, Cu 2)

Pt | Cd | CdSO; :: Hg,SO, ) HgSO,(1) | Hg | Pt . (3)
Pt | H, | HySO,:: HepSO, } HgeSO,(1) | He | Pt

Cu, Cu (OH),(1) | ﬁfgﬂ(p-p) | Hy | Pt (4)

2. Kak Jo/KHBI GbiTh COCTABJIEHBI 3M€MEHTHl H TIOJY3JIE€MEHTH, YTOOH
B HHX TNpOTeKaJH peaKkuHH: ‘

Cd+CuS0,=CdSO,+-Cu (1)
2Ag+4-H,=2Ag--2H+ , (2)
Agt+TI-=Agl(r) (3)
Ag(t)-+1(r)=Agl(p-p) (4)
H,-+Cl,=2HCI (5)
Zn-2Fe3+=2Zn?+- Fe?+ (6)
H+++OH-=H,0 (7
Li-% Fy=Li*-FF- (8)
Hy+-10,==H,0 9)

3. Paccuurafire 3JC 3nemeHra

Zn) Zn2+::Cd2+ | Cd
a=5-10"%* a=0,2

4, Hanumure ypaBHeHHe peakuuu AJs 3JeMeHTa

Pb | Pb(NQg),:i AgNO, | Ag
app2+=1 apgt=I .

Boiuncanre 3JIC. HeoGxolumbie JaHHBIE BO3bMHTE H3 crpaBoyHuka [M.].
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5. Tlo naHHRIM CTaHAApPTHBIX 3JNEKTPOAHBIX MOTEHIHANIOB YCTAHOBHTE,
OCYIIeCTBUMA JIH NP4KTHYeCKH B CTaHAapTHBIX ycnaosBusx npu 298 K s
BOJHOM pacTBOpe peakLHs

Ag(r)+Fes*=Fet* - Agr

Paccyurafite KOHCTaHTY paBHOBECHS peaKLHH.
6. Boiuncaure 3/C snementa
Pt| Tis+, Tid3* ::Sn*+, Sn2+|Pt
aTi4+;—_] aTi3+=l asn4+=1 asn2+=1
Hanunmure ypaBHeHHe peakuHH 3/eMeHTa; YyCTAHOBHTE, CaAMOMPO-
H3BOMbHA HJH HeT JaHHas peakuHs, ecad Els: ;34 = 0,04 B, a
] —
bSn4+, sn?t T 0’15 B.
7. D7IeMEHT COCTaBJ/ieH U3 HOPMAJbHOTrO KaJoMelbHOro H peppodepput-
HOTO 3JIEKTPOJOB:
Pt, Hg, Hg,Cly | KCl:: FeCly, FeCly, HCI | Pt

mgey=0.1  mpeCl,=mFeCl,=0.01
myc=0.1

SJIC sroro anemenTa npu 298 K pasHa 0,446 B. (Coasnas xucnora fo-
GaBsieHa i NpeNOTBpaulenust ruapoansa.) [IpuHuMas KoadduunesThi
akTuBHOCTH HOHOB Fe*™ u Fe’t+ pasHbiMu coorsercrsenHo 0,75 u 0,87, pac-
cyuTaiire £ s deppodeppurHoro snektpoaa, conepxaiero 0,1 M HCI.

8. Onpefenyre NMOTEHUHAN 3J1eKTPoAa

Pt Hy)  H*
PH2=I at™ ap+=0,1

9. [To naHHBIM O CTaHAAPTHBIX 3MEKTPOAHBIX NoOTeHyuanax [M.] pas

3/lemenTa

Mn | MnCl, [Cl,, Pt
PC12=1 a™™

BblyrcanTe SJC a/lemeHTa B CTAHAAPTHBIX YCJIOBHAX: YCTAHOBHTE, KaKOW
U3 10Y3JIEMEHTOB 3JEKTPOOTPULATENEH; ONPeENeauTe, MOKHO JH 3a cuer
H3MEHeHHs] KOHUEHTPaLHi HOHOB HJH JaBJeHHs ra3a U3meHnTh 3Hak JJIC
NMOJy3/IeMEHTOB, OMNpeAe/HTe, YeM XapaKTepH3YIOTCsl TMOJY3JIEMEHTHI, Ha-
npasaetine JJ1C KOTOPLIX 3aBUCHT OT KOHLEHTPALMH PACTBOPA H AaBJIEHHs
rasa, Hachilllaiollero 3JeKTPoL.

10. Onpenenure 3JC npu 298 K:

JJIs1 3JeMeHTa

Pt{H,| H* : xuyruapou, H*|Pt
PH2=2 at™M ay+=¢,l (Hacwul. p-p) ay+=2

AJid 3JeMeHTa

Pt| xunruzpon, CH,COOH :i KCl |HgCly(t), Hg|Pt
(Hacelug. p-p) CCHgCOOl"l:O‘l acp-=1

CraHAapTHBIA SJEKTPOAHBIA NOTEHUHA XHHTHAPOHHOTO MOJy3/eMeHTa
pasen 0,6994 B. KoncraHra ancconnanuu ykeycHo# kueaorst K = 1,75 X
X 1078,
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Onpenenute pH consiHofl KHCJOTBI, ec/u AJS 37eMeHTa

Pt|Hg, Hg,Cl,] KCl :: xuurugpos | Pt
m=0,1 (Hacuug. p-p)
HCI ¢=0,1 Mo.nb/.n

E = 0,301 B; T = 298 K.

11, Paccunrafite cTaHAAPTHBIN 3NE€KTPOAHBIA NOTEHIIHAN nonyanemema

Ag|Ag(m)IKI
a[—=1 B

10 JaHHbIM O Npou3BefeHHH pactBopuMocTd Agl [M.] n craHaapTHOM 3neKT-
poaHoM moteHuuane Ag, Agt.

12. [To 3AC snemeHTa

Cd|Cdl, | Agl(r)] Ag

npu 298 K onpegennre akTHBHOCTb Hoauia Kaamus B pacrBope (E =
= 0,286 B).

13. Craupapruaa DJC anemenra

Pt, Hy| HCI|HgCl, (r)| Hg| Pt
PH2 m, 'Vd:

npu 298 K pasna 0,2680 B. Beiuncaure 3JC npu caenyoouux ycaosH-
ax:Py, (atm) — 0,01; 0,1; m — 1 - 10-® (Monb/1000 r); y. — 0,809;
0,966 cooTBeTCTBEHHO.

14. Tlo craHpapTHBIM 3JeKTPOAHBIM TMOTEHIHANaM paccyuTaiTe MpH

298 K KoHCTaHTBI paBHOBecHS! peaKIHi:
Pu3+4-3Li+==Pu04-3Li+; Fe?*.S2-=Fe0}-S0

15. Bolypcaure npu 298 K craHpapTHbie 3J€KTpOfHbie MOTEHIHAJbE
NoJy3/eMEeHTOB
Fe3+ | Fe, TI3*+|Tl, Cu*|Cu

ecain ussectHbl [M.] cTanaapTHBIE 3/1eKTPOHBIE MOTEHIHAJbE 4151 STEKTPO-
Jos Fe?t |Fe; Fe?t [Fe?+; TI3+|Ti+; TI+ |Tl; Cu?t|Cu u XoHcTaHTa pasHO-
Becusi peakuun Cu -+ Cu*t = 2Cut

Ko=a}, +/ap2+=6,31.10—7,

16. 2]IC snemenTa
Zn | ZnSO, i ZnSO, | Zn
my=0,01 Monb/lOOO r my=0,1 MOJ[b/lOOO r

npu 298 K pasHa 0,0235 B. MoxxHo /i1 B JaHHOM c/Tyyae TpeHeGpeub And-
¢ysHoHHBIM NoreHHasoM? (Cpasaure Bbiyucaennyio JIC ¢ npuseaeHHo
H cfenaiiTe COOTBETCTBYIOUINA BbIBOL.)

17. lns snemenTa

Zn} ZnSO, i ZnSO, |Zn
my=0,05 m,=0,005

npu 298 K E = 0,0185 B. Boluucinure y. B KOHLEHTPHPOBAHHOM pacT-
BOpe, ec/i B pasfaBjeHHOM pactBope vy = 0,47
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18. Paccunraiite ans 298 K 3JIC snementa
Pt| H, | CH, COOH | NH,OH, H,0| H, | Pt

Py,=1 atm ¢=0,1 moav/n ¢=0,01 mons/n Py, =1 arm

JlaiHbple 0 KOHCTAHTaX AMCCOLMALMH YKCYCHOM KHCJ/IOTBI H THAPOKCHAA
AMMOHHsSI BO3bMHTE H3 cllpaBoyHHKka [M.].

19. Onpeneante xoadpuupenT akrtugHoctd Aasa 1 M H,SO,, ecnn
ans 0,05 M H,SO, cpennnit koadbuiuuenT akTiBHOCTH HOHOB paseH 0,34,
nyorHoctb 1 M pacrsopa pasHa 1,060 r/em® u 3JIC snemenra

Pt | H; | H;SO,, HgyPt | Hg,SO, (1),

Py,=1amm ¢=0,05 monb /a1
uMeer chenytomye 3nayens: aas 0,06 M H,SO, E = 0,7546 B; aia 1 M
H,S0, E = 0,6744 B. ‘

20. DneMeHT COCTaBJIeH H3 aMaJbraM IIMHKA pasHbIX KOHLEHTpalHi.
Boiyncnure 3JC, npunas, uYTO az, = Czn. Y KaxKuTe HallpaBJieHHe Tepe-
MerieHusi HoHoB Zn** B pacrsope, ecau npu 298 K ¢, = 0,00337 Mosb/o1 u
¢y = 0,00011 mmonb/a.

21. [Jns sneMeHTa

Pt| Hg (Pb), PbSO, | HySO, | H, | Pt
xpp=0,0192 ~ m=0,02 Py =1 atm
npu 298 K 3JIC pasHa 0, 1238 B. CranpapTHbiil oTeHIHa/ aMaJtblraMHOTO
anextposa Eg,: ~|PbsO., (PbYHE —0,353 B. Bbiuucsaute akTHBHOCTb H KO-
3dbUIHeHT aKTHBHOCTH CBHHLIA B aMaJibraMe.

22. lnsa snemeHra

Pt (T1}Hg | T1C104 it KCl | Hg(Cl,, Hg, Pt

X11=0,085 m=0, m=0,1
npu 298 K I/IC pasna 0,61 B. AKTUBHOCTb Taiufl B aMainbrame dy ==
= 0,0628. Boiuncanre cTaHaapTHHIN NOTEHHAA aMaJbraMHOTO JIEKTPOAA.

23. Ina anemeHTta

Ag|Zn) ZnCl | AgCl (1), Ag
m=0,555 monb/1000 r H,O
HCTI0Ab3YH CTAHAAPTHBIC 3JMEKTPOAHble NoTeHIa/bi, HATIHIIIHTE ypaBHeHHe
peakuud u BbiyycauTe npH 273 K usmenenne sntanbinuu AH, KonuuecTBo
TEeIJIoTH Q, BbieJsiomeecs NpH o6pATHMOM NpPOTEKAHHH PeakUHH B rajb-
BAHUYECKOM 3JemeHte, H E® snemenrta, ecniu mnpu 273 K E = 1,125 B,
(OE/0T)p = —0,0004 B/K.
24. [Ina rajbBAHHYECKOTO 3JeMeHTa
Ag (1) | AgCI (1) | HCI | Cly, Pt

ci=1 at™
DJC kak ¢YHKUHS TeMllepaTyphl olpefe/isieTcs ypaBHEHHEM
E=0,9774.5,7-10—% (350 —f)—1,48-10—7 (350 —£)2,

Boiuncanre ACH, cpaBHHUTE NONYYEHHYIO BeJHYHHY ¢ HalijeHHOH B clpa-
Bounnke [M.].
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25. Hanumute ypaBHeHHe peakuuH, NpoTekawlledl B rajlb3dHHUecKOM
371eMeHTe

Ag | AgBr (1)] KBr | Hg, Bry | Hg | Pt
p-p

Hachilug
ITo panHbIM

T, K ...... 293 298 303
E,B ...... 0,0663 0,0684 0,0705

M CTaHIapTHHIM TEPMOAMHaMHYeCKUM BejuyuHaM [M.] Bbluucnure tennory
npH o6paTHMOM H HeoGPaTHMOM [IPOTEKAHHH 3JIEKTPOXHMHYECKOH peaKiHH.
26. [Ina snemeHTa, B KOTOPOM IIpoTeKaeT peakuHs 10 ypaBHEHHIO

t/y Hy(r)+- AgCl (1) = Ag (1) +HCI (p-p)
cyutectByet cienytouas 3apucumocts JJIC or remneparypsi:

T K. . . . . .2713 28 293 298 303 313 323 333
E.B. ... . .0,23 0,231 0,225 0,222 0,219 0,212 0,204 0,196

Ilpeacrasbre Cxemy 9neMeHTa; BblYHc/AHTe TpaduyeckuM audepeH-
uuposanuem npu 298 K (0E/dT)p; AG® AH®, AS®% AA, AU°, W u Q
obpaTHMoil peakuHH; CBeAMTe ToJlyueHHble NaHHble B TaGJHULY; NpoBepbTe
NoJIyYeHHBIH Pe3yJbTaT C NOMOILbIO YPaBHEHHS

E=0,2224 —645.10—¢ (T —298) —3,284.10—% (T —298)2.
27. [lana cxema@ KOHLEHTPAlLMOHHOTO 3JIeMeHTa

Ti | TICIO, | (T1) Hg
m=0,1 xp;=0,085

S/IC aroro anemenrta npu 298 K pasna 0,071 B. Temneparypubiii koaddu-
uHeHT anementa (QE/0T)p = 1,8 - 10~* B/K. Bbluucaure ais Tanius,
PacTBOPEHHOro B PTYTH, acth), Y¢rn, AGH, AST u naiite 3axmouenue o
THIIe oTkJMoHeHus pactBopa Tl — Hg or 3akona Payas.

28. [lana cxema KOHueHTpauuormoro 3JIeMeHTa

| Hg (T, | TsSO, | (Tl) Hg | Pt
MoJasIpHas no.nn Tl 10,02% pactBop moaspHas goas Tl 4,93%

Mpu T, =298 K E; = 0,02948 B, npu T, = 303 K E, = 0,02997 B.
Briuncaute audpepenuuanpuyio tenyiory paséasnenus AHr; tanaus npu
293 K.

29. B rajipBaHHYeCKOM 3JeMeHTe

Cd (1) | CdCl, (pacnnas), KC!, NaCl,LiCl |(pacnnaﬂa)2 Cd—Sn | Cd
*cd=

npu 756 K 3/1C pasna 0,0324 B, Pgy = 9,2 mm pr. cr. Beiuucaure:
a) aKTHBHOCTb KajiMHs B paciase; 6) AaB/jeHue lapa KajMHusl Hajx pac-
N/aBOM; B) YCTaHOBHTE XapaKTep OTKJOHEHHH oT 3akoHa Payns.

30. Co6paH 31eKTPOXHMHYECKHH 3JEMEHT, B KOTOPOM OHHM M3 3JIeKT-
POIOB CJYKHT XKUAKHA TANJIUHA, IPYTUM — CIIAB TaNJHA U CBHHUA. DNeKT-
ponuToM siBJsleTcs cmech paciasieHHbix conefi LiCl — KCl — TIC].
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[Ipu 711 K, xoraa monsipuas fonsi Tanius B chjase gocruruer 0,20,
SJIC snementa crauer pasHoil 0,115 B. Belunciute akTHBHOCTD, Ko3dxpu-
IIHEHT aKTHBHOCTH M J@BJIeHHe napa 1) claBa. JlaBJeHHe HaChIUeHHOTO
napa uucroro tamaua P = 5. 10-% MM pr. cr.
31. Ina snemeHta
Pb (k) | PbCl, (LiCl, KCly | (®uakuii pacnaas) Pb--Bi | Pb
pacnJjas
npu 700 K nonyueno xpp, = 0,23; E = 59,76 - 10~2 B; dE/dT = 64,4 X
X 10~% B/K; P8, = 5,1.10-% at™. Bbiuncaure AKTHBHOCTDb, KO3(XDULHEHT

@KTHBHOCTH, AaBJIeHHEe 1lapa Haj, PacIliaBoM AJIf CBUHLA, @ TAKKe Apr,

AHpb, ASpb.
. Boruucaure 3JC snementa
Pt| Hy, | HCl  KCl | HgCl, | Hg | Pt
Py,=1arm m=1  naceuu, p-p

aas 298 K ¢ yuerom audysnoHHoro norenuuana. Heo6xonumbie faHHbIe
Bo3bMHuTe K3 clipaBoyHHKa [M.] u rabnuubl B [Ipuiokenun.
33. Paccuuraiite KOHCTaHTbl PABHOBECHS CJEAYIOWHUX PEAKLMI:

Sn + CuSO, = Cu --SnSO,
2H, + 0y =2H,0 (%)
Cuz+ J-Cu=2Cu+
npu 298 K Ha OCHOBaHMHM CTaHAAPTHBIX 3JEKTPOAHBIX MOTEHIHAJIOB.

34. 3[IC ranbpBaHuyeckoro snemedta npu 298 K
PLI H, | HCl | Cla | Pt

1 at™

3aBucur or aaegenusn Cl,

P,atm |, ., . . 1 50 100
E,B., . . . . . 1592 1,6419 1,6451

Onpenenure ¢yruruBHocTs Cly, M KodppUuUHEHT (GYrHTHBHOCTH NpH
50 u 100 arm.
35. B TonsuBHOM 3/MeMeHTe NPOTEKAET XHMHYECKasi peaxuus H, +
+ %0, = H,0(x). Kakoe makcuMa/nbHoe 3HaueHHe SJIEKTPHYECKOil IHep-
ruu Gyznet nosnyuyeHo Ha 1 Monb H, M KakoBo 3HaueHHe MaKCHMaJbHOH
4C?
36. I[Ipu T = 298 K ans uenu
Zn (1) | Zn so. :* PbSOq (1) | Pb

p-p H
OblTH NoJyueHbl Cleyloluye 1aHHbIe;
RT ’
m Vm - Inm, B E, B
0,001000 0,03162 —0,17745 0,59714
0,005000 0,07071 —0,13611 0,56598
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1) HanumMTe XMMHYeCKHe yPaBHEHHsl peakuH#, NPOTEKAIOMWHX B LEMH;
2) nanummre ypasHenne Hepera ana uenw, BkiMouaomee m W CpefHHil
Kos(prumeHt aktusHoctH ZnSO, ¥, (npumure, yto PbSO, HepactBopuM);
3) suHeitHOM 3KcTpanonsuMeli, rpapUUECKH HJH YHCJEHHO, OIpeNeNHTe
E° nenu; 4) onpenenure y. B 0,005 M pacrsope no uzsecrHoii JC.

37. Yxaxure ycnosusi, IpH KOTOPHIX CIPAaBENJIHBO KaX/A0€ U3 CAeLyio-
wux ypasHeHuit: 1) E = 0; 2) E° = 0; 3) A = A, + const c%; 4) Ig y¢ =
=—0509V'T, 5) ty = Up/(Uy + U-); 6) o =dm¥yi; 7) ¢ =
= 1000 (x/hp); 8 AH = —nFIE —T(3) 1; 9) t_ = EyE.

38. Ilpn morenuuomerpuueckom turpoBaHun 10 Ma pacrBopa ypaHna
(IT1) 0,09064 n. K,Cr,0, noiyuens crepyioline aaHHHE: ,

VKeCry0q0 M7 E, uB VKyCrs0,, Ma E, uB VK,Cr,0,> ¥4 E, MB
0,0 —570 0,50 65 10,5 170
0,05 —565 2,5 90 10,6 350
0,15 —560 4,4 110 10,8 370
0,25 —490 6,5 120 10,9 390
0,30 —440 8,7 130 11,1 420
0,35 —70 10,3 140 11,55 440
0,40 50 10,4 150

IMoctpoiite rpaduku 3asucumoctu E ot V u 2—5 ot V (cpennee Mexay 1o-

CAeAYIOWHMH o6beMamMu) 1 olipefennTe obmuil o6bem K,Cr,O,, npubas-
JieHHoro B Toukax 3ksupasnedtHoctd U (IV) u U (VI).

MHOTOBAPHAHTHBIE 3AJAYH
1. Jina KOHLEHTPAUHOHHOrO 3JIeMeHTa, COCTABJIEHHOTO M3 MeTalia A
B pacTBopax 3JekTpoauta B ¢ KoHueHTpauusmu my; u m, moan/1000 r,
paccunraiite JIC npu 298 K. AKTHBHOCTH BBIYHCIHTE 1O CpEAHEMY KO-
3(pHUHEHTY AKTHBHOCTH, B3ATOMY U3 clipaBounuka [M.], uan (ana pas-
GaB/IeHHBIX PAacTBOPOB) N0 HOHHON cuie. JIs 3JeMeHTa, COCTaBJIEHHOro
13 BOJIOPOJHOrO 3/JeKTpoAa B pacTBope ajekTpoiura C ¢ KoHUEeHTpauueit
mz Mosn/1000 v 1 KaJOMENbHOro moJysiementa c¢ KonueHntpauueit KCl
my MoJb/1000 r, Bbiyncaute JIC u pH pactsopa, conepkamero snexrpo-
aur C. Nnpdysuonnyio IJIC ne yyurnisaiire. Ilpu 298 K cranpaprsiil
NMOTEHUHAN Ka/lloMelbHOro aJiekTpoia (a,- = 1) pasen 0,2812 B, a
HOHHOE INpoussefenne Bofpl 1,008 - 10-14, KoHcraHThE AMCCOMMALHH cla-

ObIX 3/MEKTPONUTOB HaliinTe B cnpaBoyHHke [M.].
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o BeugectBO
: ‘E my me C mg e, PH!'
28 | a | B aTm
1 Co CO(NOy), 0,1 0,7 NH,OH 0,5 10,35{ 0,50
2 Co CO(NOy), 0,02 10,7 NH,OH 1,0 10,4 | 1,00
3 Ni NiSO, 0,1 0,7 HCOOH 0,3 |0,03}0,50
4 Ni NiSO, 1,5 10,2 NH,OH 1 0,3 0,50
5 Cu CuCl, 1 2 HCl1 0,01 10,1 0,20
6 Cu CuCl, 0,2 10,05 HCl 3 0,5 | 2,00
7 Cu CuCl, - 2 0,06 NaOH 2 1 2,00
8 Cu CuCl, 0,02 10,6 NaOH 8 1,5 12,00
9 Cu CuSQ, 0,1 0,5 HBr 0,9 | 4 0,20
10 Cu CuSO, 0,01 |1 HBr 1 0,451 0,20
11 Zn ZnCl, 0,005]1 CgHsOH 0,9 (0,2 {0,50
12 Zn ZnCl, 0,5 0,01 CgH;OH 0,1 0,25 | 1,00
13 Zn ZnCli, 0,5 10,02 H,0 — 13 1,00
14 Zn ZnCl, 1 3 H,0 — 13,5 1,00
15 Zn ZnSO, 0,01 {0,1 CgHzOH 0,3 |1 0,50
16 Zn ZnSO, 3 0,002 CgHzOH 0,7 | 1,5 10,50
17 Ag AgNO, 0,1 1 CH,COOH 0,1 4 0,10
18 Ag AgNO, 0,2 |2 CH,COOH 1 0,2 | 0,10
19 Ag AgNO, 0,1 3 CH,COOH 0,3 10,3 |2,00
20 Ag AgNO, 1 0,5 HCOOH 0,1 0,7 12,00
21 Cd Cd(NOy), 0,2 |[0,6 NaOH 1,4 | 2 3,00
22 Cd Cd(NO,), 2 0,7 NaOH 0,1 2,5 | 3,00
23 Cd CdSO, 0,005]2 H,S0, 0,5 {3 3,00
24 Cd CdSO, 1 0,2 H,SO, 17 3,5 10,10
25 Pb Pb(NO,), 0,002(0,02 HCOOH 1 2,5 | 2,00

2. ﬂﬂﬂ OKHCJAHUTE/BHO-BOCCTAHOBHUTEJBHOTO 3JIEMEHTA THIla
Pt|A, B||C,D|Pt

MO CTAHA4APTHHIM 3JIEKTPOAHLIM TOTEHLUHANaM ToJaysaeMenToB [M.] nanu-
IIHTE ypPaBHEHHE H BBIYHCJHTE KOHCTAHTHl PAaBHOBECHS peaKUHUH OKHC-
JieHHs1 — BoccTaHos/eHHs. Boluncanre IJIC anemenra npu 298 K. Yka-
KHTE, MOXKHO JIH NIPAKTHYECKH H3MEHHTb HallpaBJeHHe PeaKuHH 3a CYeT H3-
MeHeHud KdHueHTpauHﬁ KomnoHeHntoB. CuMtaiite, 4T0 an,0 = 1, ay, =
= 0,2.

pi,"‘;;;:' A B C D aa ag | ¢ ep
1* | MnO; | Mn2+ Cr3+ crz+ 10,10 10,02 {001 | 0,01
9* | MnO; | Mn2* | H,AsO, | HAsO, | 0,005 | 0,015 | 0001 | 003
3* | MnO; | Mn2+ MnO, Mn2+ | 0.009 | 0.014 | 0,001 | 007
4* | MnOy Mn2+ Snt+ Sn2+ 0,02 0,01 |0,08 | 0,15
5 MnO; Mn2+ Va+ Vi+ 0,018 | 0,005 | 0,1 0,15
6 Fes+ Fe?+ Cr3+ Cr2+ 0,005 | 0,15 | 0,1 0,001
7 |Fe(CN)3~|Fe(CN)i-|  Cos+ Co** 10,06 | 0,06 [0,04 | 0005
8 Cr3+ Cr,O7 T8+ Ti+ 0,006 | 0,1 0,08 0,002
9 | Cos+ Co?+ | Fe(CN)2- |Fe(CN)4~| 0,04 |0.009|0.06 | 0001

)
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M podoaxenue raba. 4. JInaa 3nemeHTa

Cd (1) | CdCly, ZnCly | (xuaxui) Cd—Sb | (Cd)
p::;ﬂn:; A B C D aA ap ac ap pacnnian
npu 753 K nosnyuenst snauenns JC A7 pasiuunpix KoHueHTpauni Cd
B criase. Boiunc/iuTe aktuBHOCTS, KO3dduunenT aktusnoctn Cd u nase-
2
%?: Eﬁ:f Sgii Mcr;g)f g‘z‘f 8’(1)1? 8’8?6 88(1)5 8’827 HHE €ro napos HajJ pacniaBoM. /lasieHHe napa umcroro Kaammsa PO —-
12 | Cuz+ Cu+ Uog+ Us+ | 0,007 | 0,016 | 0,002 | 0.05 = 9,01 Mm pr. er.
13* Cu2t Cut Sn4+ Sn2+ 0,i4 {0,009, 0.002| 0,08
14 | HAsO, | HAsO, | MnO, Mn7+ | 0,08 | 0,04 |002 | 0,007 N
15* | HyAsO4 | HAsO, V3+ V2+ 0,15 | 0,005 {0,005 0,01 Ne BapmanTa *Cd E-10%, B b BapHaHTa Xcd E-10%, B
16 Vi+ Va+ T3+ T+ 0,016 | 0,007 | 0,001 0,1
17+ | Sns+ Snz+ H;AsO, | HAsO, | 0,06 | 0,008 0,04 .| 0,003 :
18 | Sndt | Sp2+ Put+ Pus+ | 0,08 [0,06 | 0,007 | 0,005 o2 0,796 3,31 6 16 0,559 33,85
19 | Snt+ | Spz+ TI3+ TI+ 10,0 [0,05 [0,02 | 0,01 2 12 22 1,818 7,20 7 17 0,434 52,00
2 | Cet+ | Ces* Cot+ Co2+ 0,08 | 0.007|0.02 | 0,005 3 13 93 0,750 11,56 8 18 0,401 56,51
21 Cot+ Ced+ Cod+ Co?+ [ 0,01 |0,02 |001 [ 004 4 14 94 0,676 18,96 9 19 0,375 59,90
22 T3+ Ti+ Cet + Ce3t 0,009 | 0,04 0,02 0,02 5 15 95 0,588 29,69 10 20 0,344 63,95
23* U+ Us+ Fed+ Fe2+ 0,012 | 0,1 0,01 0,1 :
24+ | UO3~ | Us+ Fes+ Fez+ 10,04 |0,08 {006 | 0,003 5. J1A9 radbBaHHYecKol meru
25% Pus+ Pu3+ Uo3+ Us+ 0,02 | 0,10 0,08 0,001 X
Me | MeCl, | Cly, Pt

Boiyncanre DIC npu remneparype T'. Ilpu pacuere HCTO/Ib3YyHTE JaH-

*B peaknuu ydactsyior H+ u H,0.
: HbI€ Taﬁ.HHLI CTaHAAPTHBIX TEePMOXHMHYECKHX BeJHYHH [M]

3. Ilna peakKuuu, nporteKawomell o6paTHMO B rajbBaHHUYECKOM /ieMeH- % oo % o

T€, 1aHO YypaBHeHHe 3aBucuMocTH IJJIC or Temneparypei. [Ipu 3agaHHO# puanta|  Me MeCl, T, K pnanta | Me MeCl, T, K

temnepatype T Beruucanre JIC E, usmeneHue sHeprun ['m66ca AG, us-

MeHeHHe 3HTaapNuu Afl, u3amenenne 3HTponuu AS, H3MeHeHHe 3HEPrUH . Ag AgCl 700 9 Mg MgCl, 900

leabmrosbua AA  u Temory Q, BeiiedsiOmylOc HAH TOIJIOWAIOLLYIOCS 9 Ca CdCl, 800 10 Na NACl 1000

B 3TOM npouecce. Pacyer npoussoaure aisa | moan pearupyomero Be- 3 Ca CaCl, 1000 11 Pb PbCi, 700

1ecTBa. 4 Co CoCl, 1000 12 Sn SnCl, 500
5 Cs CsCl 900 13 Cr CrCl, 1300
8 Ba BaCl, 1200 14 Ti TICl 700

& L 7 K K_CI 1000 15 La LaCl, 1100

:?.m - §2 v Peaknus YpasHenne E==f(T) 8 Li LiCl 800

25| < 23] <

1273 2 {393 CeH,0,+ 2H+ = CgH,(OH), - 2 | £=0,6990—7,4.10~4(T—298) :

3|343| 4363  Zn-+2AgCl=ZnCl, - 2Ag E=1,195—4,02.10—T TAABA XX

51278 61313 Zn--HgySO, = ZnSO,+2Hg | £=1,4328—1,19-10—3(T—298)

7 |273| 8 |298 AgkCl—=AgCl+e E=0,2224—6.4-10—4T—298) : AILLCOPBILHSA

91273110 [363] Cd-- Hg,SO, = CdSO, + 2Hg E=1,0183—4,06.10—5T—293)

11 1303| 13 1273|  Cd 2AgCl =CdCl, 2 2Ag E=0,869—5,5.10—4T

%g 293 ;4 g23 Cd+Pbglz=CdClz+Pb EE=0,331—4,8~10_;£{8) OcHoBHbIE ypaBHEHHS H CHMBOJbI

273| 16 |363|  2Hg -+ZnCly = Hg,Cl, 4 Zn =149,4-10-5T— Py o

17 |273| 18 1353| '2HgLSO3~ =Hg,S0, +2¢ | E=0,6151-8,02.10—4(T—298) (K., c. 504—508; T., 7. I, c. 443—446, 484]

19 1333] 20 | 353 Pb--2Agl==Pbl; -} 2Ag E=0,259—1,38.10—4T

21 1273| 22 1298  2Hg-- 2Ci— = Hg,Cly 1 3e £=0,2438—6,5-10—4(T—298) Ancop6uns rasa npu T = const omnucsiBaercs ypaBHeHHeM H30Tep-

23 | 363 2Ag -1 Hg,Cl, = 2AgCl L 2Hg E=0,556-+3,388-10—4T Mbl afcopOuyu JIsHrmiopa

24 {353 Hg,Cly-+2KOH=Hg,0--2KCI+ | E=-0,0947}-8,37.10—4T o

+H, = oo T
25 1298 Pb -+ Hg,Cl, = PbCl, - 2Hg E=0,535311,45-10—4T ad=aw 1o . (XX.1)

336 337



rle @ — KOJMYecTBO rasa, aacop6upoBanHoro 1 r ancop6benta wnu | cm?
€ro NOBEPXHOCTH; @, — MAKCHMaJIbHOE KOJHYECTBO Ia3a, KOTOPOe MOXKeT
ajcop6upoBathb 1 r ancopbenta (unu 1 cM? ero noBepxXHOCTH) NpH JaHHOH
TemnepaType; b — KOHCTaHTa aAcOpPOLHOHHOIO paBHOBecHs; P — paBHoO-
BecHOe JaBJeHue rasa. YpaBHeHue (XX.l1), BbipaxKeHHOe uepe3 cTelleHb
3anonHeHHs 0, uMeer BuUI

0==bP/(1-+bP). (XX.2)

Crenenb 3alloJIHEeH U onpe)_lenmoT M0 COOTHOLUEHUIO
0=a/deo. (XX.3)

H3orepma aacopbuuu JIsHrMmiopa Moxer GbiThb BbIpaXeHa depe3 oGbeM I110-
IVIOleHHOTO Tra3sa:

V=VbP (14+bP). (XX.4)
KOHCTaHTbI B ypaBHeHHH JISH[‘M!Opa BBIUUCIAAOT 110 COOTHOLUCHUAM
1 1
L_ 1,1, (XX.5)
a aboo oo
HIay
L1, b (XX.6)
Vo V| VP

rie V — o6beM aacopGHpoBaHHOrO rasa; V,, — o6beM afcopOupOBaHHOIO
rasa, TOJIHOCTBIO MOKPHLIBAIONLETr0 NMOBepXHOCTh 1 I aacopGeHTa; OGbeMbl
V, V.. npuBenennl K HopManbHbIM ycnoBuHsM (T = 273 K, P =1 atM).
[Tnomanp nosepxHocty S | r aacopOGenra
_ VmW,
23,414

rae s — IJollaab, KOTOPYIO Ha TOBEPXHOCTH aficopGeHTa 3aHHMaeT OfHa
MOJIeEXYJia ajcopGarta.
Ancop6uus u3 pacTBopa oNHChiBaeTcsi ypaBHeHHeM JI3HrMmiopa Bula

(XX.7)

a=awbc/ (1} bc), (XX.8)
rje ¢ — paBHOBecCHas KOHIEHTpauHusa aILCOpﬁPIpOBaHHOl‘O BellecTBa B pacr-
BOpeE.

Bosee crporum ypaBHen#eM alcOpOLHMH CAYXKHT ypaBHeHHe
0

b= e axm (XX9)
rie b — KOHCTaHTa, YYATHIBAOLIAs CHJIbl NIPUTSIKEHHSI MEXIY MoJIeKyJa-
MH ajcopbara.
JInsi cpefHuX 3aloJHEeHHH IOBEPXHOCTH aACcOpPGeHTa HCIoNb3YIOT ypaB-
HeHHe H3orepmbl Ppefinannxa
x/m=bc" (XX.10)
HJH

lgx/m=lgb=nlgc, (XX.11)
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A€ X —— KO/IHYECTBO ajCOPGHPOBAHHOIO BelleCTBa; M — Macca afAcopGeH-
Ta; b ¥ N — KOHCTAHTHI. :
[Ipennonaras mHoroc/iofiHyio aacop6uuio, Bpynayasp, dvmer u Tesep
BBIBENTH ypaBHeHHe H3oTepMbi aicopbuuu (B3IT):
P i (C—1) P
V(Ps—P) — Vp,C VimCPs
rae V — obuuit o6beM afcopGHPOBaHHOTO rasa; V,, — o6beM ajacop6u-
POBaHHOTO rasa, ec/iu BCA TOBEPXHOCTb aJCOPGEHTA NMOKPBITA CILIOLIHBIM
MOHOMOJICKY/ISIPHBIM C/I0eM; P — paBHOBecHOe JlaBJieHue aACOpPGHPOBaH-
HOro rasa; P, — JaBlieHHe HaCbillleHHOro Mapa; C — KOHCTAaHTa npu
AaHHO# TemNlepatype. CorlacHo ypaBHeHHIO (XX.12) 3aBucumocTb
P

Vep.—py OT p- Ha rpadiiKe Aaet NPAMYIO JIHHHIO ¢ TAHTEHCOM YIVIa HAKJO-
viP,—P) °T B,

(XX.12)

Ha +—=.
VmC —
Huddepenunanbuyio tennory agcopbuny Q, Beiyucaure 1o ypaBHEHHIO

- din P

=RT2|{ ——— 13

a=R ( oT )e. (XX.13)
= T\T, Py

=R ——In— XX.14
Qz=R Tl—T2 n Py y ( )

rae Py, P, — paBHOBecHbie AaBJICHHS MV ABYX COCTOSIHHi IpH IBYX TeM-
neparypax Ty u T, Ipu OHOM M TOM e KONHYecTBe aicopGHPOBaHHOTO
BEUECTBA a HJIH IIPH OLHOH H TOH XKe CTENeHH 3allOHEHH .

3AJAYH C PELHEHUSIMH

1. Tlpu ancopGumn aprona KoKcoBbiM yriem npu 194,7 K nonyyenni
CIeNYIoUulHe pe3yNbTaThi:

Pla . . .. . ... .. 3,910 130,5.103 290- 103
P,mmopr.er. . . . . . . . 24 98 4 218
a mofr .o L L. L L., 5 15,4 24

Paccunraiite nocrosnnse B ypaBHenun JIsHrmiopa.
Peuwenue. CornacHo ypaBHenmio JIsurmiopa a/a, sBasercs yr-
JI0BbIM KOS(pHILHEHTOM NPAMO#H 3aBHCHMOCTH Mexay Pla u P, a lba, —

OTPE3KOM. OTCEKaeMbiM 3TOM NpAMOM Ha OCH OpAUHAT. BoluncasieM BeHuH-
Huol Pla:

PMa . ... ... .,,., 8,910 130,5- 103

290- 103
Pla. . . ... . ..,.. 64-10° 8,7-108

12,1-103

{lo monyyeHHbIM AaHHBIM cTpOHM rpaduK, OTNOXKHMB Ha ocH abeuuce P,
a Ha ocu opauHaT — PJ/a. Kaxk BuaHO u3 rpaduka (puc. 40),

1/a=(11—7)/(240— 60) = 0,0222.

Orciopa a = 45,1/ba, = 5,7 - 108, CnenoBarenbHo, b = 1/5,7 « 45 =
= 0,004.
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Puc. 40. 3asucumocts Pla ot P Puc. 41. 3aencamocts P/[V(P.,—P)]

or P/Ps

2. O6vem rasoo6passoro asora V,, npu 1,04 - 10° [Ta (750 MM pr. cT)
H 273 K, Heo6XoauMbIit AJIsi NMOKpPLITHS 00pasua CHJIMKAre/s MOHOMOJe-
KyJasipHbIM cjoeM, 129 ma/r. Beiuucaurte miowagp nosepxHoctdH 1 r
CHJIHKaAre/s, ec/H MoJeKyJa as3oTa 3aHHMaer miowanp 16,2 - 10-20 m2,
P euw enune. [lnomanp BbYHCASAEM IO YPABHEHHIO

(0,129 1.r—1) (6,02.1023 moap—1) (16,2.10—20 m2)
- 22,4 1+ mosib—1

3. Ilpu 77,5 K Ha cepeGpsiHoM KaTa/H3aTope Gblia CHATA H30TepMa aj-
COpOUHH KPHNTOHA, KOTOpPAast XapaKTepu3yercsi CJAeAyOUIHMH JaHHBIMH:

S

=560 m2.r—1,

P,mmoproer. . . . . . ., . 0,092 0,1800 0,3686 0,5680 0,6843
O6bem azcopbupoBanmoro rasa
I kr KaTaJll)naai:'opa, eM¥r . . 0,0127 0,0150 0,0176 0,0190 0,198

Paccuutaiite nocrosinusle B ypaBHenun B3IT, yaenbHylo nosepxHOCTb
Karaau3atopa, NPHHAB [JIoUadb OAHOH MoJeKyJbl KpuntoHa Sk, ==
== 19,5 . 10-% M2, motHOCTb KpunToHa dgoc = 3,739 r/a, paBiaeHHe
HacblileHHoro napa KpunroHa P, = 2,57 MM. pT. cr.

Peuenue. DKkcnepumeHTa/]bHbie JAHHBIE CBEIeM B Tab/IHuy:

P, MM pT. CT. V. emM®/r P[Ps p—p
0,0992 0,0127 0,0385 0,4708
0,1800 0,0150 0,0700 2,3900
0,3686 0,0176 0,143 2,2014
0,5680 0,0190 0,220 2,0020
0,6843 0,0198 0,2660 1,8857

Ha ocHoBanuH no/JyYeHHBIX JaHHBIX CTPOHM rpaduK B KOOpAHHATAX

17'(_}3PTP) —; (puc. 41). Y3 rpaduka HaxonuMm tg a:

Cc—1
= ————— =68; a
tga v (a)
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OTpPE30K, OTCeKaeMblii Ha OCH OpAHHAT, paBeH
1

——=0,5.
v.c=0 ()

Pewas cosmectHo ypaBuenns (a) u (6), nonyyaem C = 136; V,, =
= 0,0146 cM®/r. UTo6LI BBLIYHCJAHTD YAEJNbHYIO [OBEPXHOCTb, OTHECeM
Vi K 1 MOJB:

0,0147.3,739.10-2
83,6

Vin=0,0146 cM?/r = =6,5.10—7 moab/r;

TOTJA yJesuiiasi MoBepxHoCtb Gyjler paBHa

Syx=6,5.10-7.6,02.1022.19,5.10-16 == 763 05 cM?/r.

3AZIAYMH

1. Koanuecrso V asora (oruecennoe 273 K u 1,01 - 108 [Ta), ancop-

6upoBanHOe | r aKTHBHPOBaHHOTO yras npu 273 K u Pa3/IHYHOM JaBJIEHHH,
crepyiouiee:

P,fa ... .. 5]8-102 16,0-10° 33,0-108 45,3-10° 74,2-10°
V, emd.r—t 0,987 3,04 5,08 7,04 10,31

[To npHBefeHHEIM JaHHBIM NOCTpOiiTE H30TEPMY JIsurmiopa u BbluHCIHTE
KOHCTaHTHI. ,

2. Kakolt o6bem (/1) amvuaka npu 298 K u 1,01 - 10° [1a moxer aa-
COPGHPOBATLCH HA NMOBEPXHOCTH 45 I aKTHBHOFO YIS, €C/AH BCs 1noBepx-
HOCTb MOJIHOCTBIO NOKpbita NH,? [loBepxnocts | r akTHBHpOBanHOrO
Apesectoro yris 1000 m®. [1iamerp mosekyint NH, pasen 3 - 10-8 cum.
Mouiekysbl KacaloTest ApyF Apyra B MJIOCKOCTH TaK, YTo LEHTPBl YeThipex
CoceAHHX chep pacnosioxXeHbl B yrjiax Kpaaparta.

3. Berunciinre niomans noBepxHoCTH KaTanusaropa, | r KOTOPOrO NpH
06pa3oBaHHH MOHOC/IOA ajcopbupyer 103 cm® asora (npu 1,01 - 10°[1a
1 273 K). Ancop6uus usmepsierca nphu 78 K, adeKkTHBHAA MIIOUAab, 3a-
HATAA MOJIEKYJ/IOH a30Tda Ha noBepxHocTH, 16,2 . 10-20 M2, «

4. BbiunciauTe KOHCTaHThl B ypaBHenuu JIsurmiopa u x/m npu 23,8 X
X 10* I'la (onbiTHOE 3Hauenue x/m — 30,8 MM®), ec/TH 3aBHCHMOCTD ajcop6-
UHH a30Ta Ha CJIOJe OT JAaBJEHHs CJelylouas:

PMa . .. ., 2810 6,1.10-! 17,310
xm . ..., 12,0 19,0 28,2

COOTHOLIGHHE x/m Bbipaxeno B Mm® rasa npu 293 K u 1,01 - 105 [Ta;
ras ancopGupoBan 24,3 r cmoAbl, [UIOUAAb NOBEPXHOCTH KOTOpO#i
5750 cm?).

5. YaenbHas TMOBEPXHOCTb AKTHBHPOBAHHOTO yras 400 m%/r. Ilaor-
HocTb MeraHoJa npu 288 K 0,7958 r/cm®. Onpesesinte MakcHMa/bHOe KO-
JTHUECTBO METaHONA, aAcOopGHpoBaHHOe | T yrusa mpu 288 K, ecau cmupr
a1COPOHPYeTCsi ¢ 06Pa30BAHHEM MOHOMOJIEKYJIAPHOTO CJIOS.
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6. OnpefennTe NOCTOSIHHBIE B ypaBHEHHH JIIHTMIOpA, €C/H H3BECTHHI
3navenus P u a npu 273 K:

PMa . . .. .. ..., L3510 2,63- 104 3,98- 104 5,30- 104
@ MombfT . . . . . . . . . 0,150 0,275 0,380 0,470
PMa . .. .. . ... . 66310 7,94.10¢ 9,25-10* 1,06 105
a, MOJB/T . . . . . . . . . 0,550 0,620 0,685 0,745

7. OnpejenuTte MoCTOsiHHble B ypaBHeHUuHd JIsHrmiopa H aacop6uuio CO,
Ha cJiofe npu 7 [1a, ecau npu 155 K P u @ HMeloT 3HaYeHHA:

-

P, Ita ., . ... 4,8.10-! 11,9.10-! 20,6-10-! 41,0-10! 98,0-10-!
a-10'0, mone/cm3 | 1,22 1,95 2,55 3,24 3,62

8. Okcug yriepoga CO aacop6upyercs Ha caoge npu 90 K. assnenue
H o6beM aacopGHpPOBAHHOrO ra3a NpH HOPMaJIbHbIX YCJIOBHAX HMEIOT 3HA-

YCHH A

P,Ma . ........ 75 139 600 727 1050 1400
a-10%, em® . . . .. .. 10,82 13,39 17,17 17,60 18,80 19,60

[lromaap nosepxHocT caiogpl paBHa 6,24 - 10® cm®. Omnpegenure nio-
uanb, NpHXoAslnylocs Ha ofry moJnekyay CO.

9. Okcull Marius ajacop6upyer KpemHesem H3 Bojpl. ITocTtpoiiTe rpa-
¢$UK B JorapHpMHYECKHX KOOpJAHHATax MO JaHHBIM:

MgO, v.va |l M, . . . . . 0 75 100 200
SiO; ocratok, u. na 1 man. . . 26,2 9,2 6,2 1,0
SiO; (yremvunift), u. Ha 1 Mam. 0 17,0 20,0 25,2

Bolyucaute Kouctantsl B ypaBHenuu Ppefinaiuxa. Onpegesute KoJH-
YecTBG OKCHJAA MarHus (4acTH Ha | MJIH.), KOTOpoe HEO6XOAHMO, YTOGHI
YMeHbIIHTb OCTATOK KpeMmHesema a0 2,9 u. Ha | MJaH.

10. BuiuHc/iHTE KOJHYECTBO BOAOPOAa (H3MEPEHHOro NMPH CTAHAAPTHBIX
ycioBHsiX), KoTtopoe aacopGupyercs 100 ma aiacopGeHTta, eciH ero Iio-
iaap nosepxsocti 850 Mm%, npuyem 95% noOBepXHOCTH fBJISETCH AKTHB-
voil. JluaMerp Mosekynsi Bogopoaa 27 HM. AjacopGupoBaHHble MOJEKYyJlbl
Kacalorcsl APYr Apyra B IJIOCKOCTH TaK, YTO LEHTPb! YeTbIpeX COCeIHHX
chep pacnoJiokeHsl B yr/ax KBajpara.

11. Taset A u B crpemsTcsi 3aHaTb MecTa Ha INOBEPXHOCTH ajacopOeH-
Ta. [Tokaxure, yro /15 NOBepXHOCTH, 3aHATOH MOJIEKy/laMH rasa, CTeleHb

3anoJiHeHHs paBHa
‘ Op=kpPa/(L-+k\Py+ kpPp).
12, Paccuurafite yaenbHylO NTOBepXHOCTb KaTajau3aropa, ec/in aicopo6-
UMA KpHUNTOHA npu 77,5 K xapakrtepusyercs clepyiolHMH AaHHbIMH:
P, MM pr. cT. . /. . . . 0,447 0,645 0,159 0,450

O6bem ancop6nponaﬂno'ro rasa
1 r karaausaropa, cM¥r . . 0,418 0,4619 0,5234 0,6313
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Ma“cca Katajnsaropa 13,03 r. [lnomans, sanuMaeMas oaHoOH MOJIeKy-
JIOH KpuntoHa, Sk, = 19,2-10-2 M2 njoTHOCTD KPHNTOHAa dgoq =
= 3,739 r/n, jaB/jieHHe HACBIIEHHOTO napa KpuntoHa P, = 2,57 mm

PT. cT. = 342,65 Ila.

13. Tlpu remneparype 298 K Ha aKTHBHDOBAHHOM yrJe 6bla CHATA
H3oTepma ajcopOuuu Gensona. [Tosyyenb aaHHbie:

L 0,1 0,2 0,3 0,4 0,5 0,6
...... 0,19 0,23 0,35 0,42 0,5 0,6

[lnotHocTh Gensonta dypoc = 0,878 r/y, niowagb, 3aHHMaeMmas OHOMH
MOJIEKYJIOH GeH30/la B MOHOCJIOe, Sc,n, = 30,3-10~20 cm2. Paccunraiite
YACJIbHYIO TIOBEPXHOCTb aKTHBHPOBAHHOIO YIVIf.

14. TIpu 77,5 K Ha niarHHoBom Kara/jn3atope Oblia CHATa H30Tep-
Ma aacopOuMu KpunToHa. [losiyueHb! JaHHbie:

Pommoproer. . . . ... 0,149 9,200
O6uem afcop6uposannoro rasa ' ' 0.508 049!
I r katamusatopa, cM¥r . . 02763 0,3040 0,3524 0,4098

Paccuuraiite nocrosinubie B ypasuenun BIT u yAeJIbHYIO TOBEPXHOCTb
KaTajqnsaropa, eciu TJolajb, 3aHHMaeMas: OQHOH MoJIeKyJofl KPHNTOHa,
Skr = 19,2-107% M2, moTHOCTe KpHNTOHA dgoc = 3,739 r/n, naBnenue
HACBILIEHHOrO TMapa KpHNTOHa Py == 2,57 MM pr. cr. = 342,65 [la.

15. [laBnienne npu aJCopOuUHH HEKOTOPOro KOJHYEeCTBa NH,; oauum
Tpammom yras coctasiser 1,4- 10 [1a npu 303 K n 7,44- 10* [Ta npu 353 K.
Boiuucaute tensory aacop6uunn NpH AaHHOH CTeNeHH 3aIoJIHeHHS.

16. Ilpu HopMasbHBIX ycaoBHsIX 40 cM? CO, aacop6upytorcsa 1 r yr-
Ja HpH4 303 K noa naenenuem 8-10* I1a u npu 273 K nog pasjeHuem
2,27-10* Ia. Onpegenure TEIVIOTY afcCopOIHH.

17. Onpenesnure TeNVIOTy aACOpOUHH OKCHAa a30Ta Ha (ropHae Gaphus
N0 CHEAYIOL{HM JAaHHBIM:

233 K 273 K

P, Ia I a, cm? P, Ia l a, cm®
3,53-10% 3,17 7,51-108 1,81
4,65- 103 3,70 11,15-103 2,40
6,70- 103 4,40 17,3-103 3,01
8,55-108 5,09 239-10% 3,73
12,5-103% 6,14 33,9-108 4,24
17,3- 103 6,70 440.103 5,30
18,6103 7,35 53,0-108 5,86
30,3-103 8,48 59,0-10% 6,16
35,3-108 9,07 60,7-103 6,34
47,3-108 9,92 82,0-10° 7,30
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18. Onpegeaure tennory aacop6uun N,, CO, CH,, CO, u NH, na
JpeBecHOM YyIJie, ecJH remJora aiacopbunu Bojopoaa pasHa 10,46-10°
JIx/mMonb. TeMrnepatypa KHTEHHS YKAa3aHHBIX BELIECTB:

BemectBo . . . . Hy Ny CO CH, CO, NH,4
K. . . .. .20,4 77,3 83,1 11,7 194,6 240,0

s peweHHa  BoCMoJb3yHTECh — NPHO/IHXKEHHOH 3aKOHOMEPHOCTBIO
AH/Ty 4., = const.

MHOTOBAPHAHTHAS 3AJAYA

O6wem V sewecrsa [otHecennsiit k 273 K u 1,01-10° ITa (1 am)l ax-
cop6uposannoro | r agcopbenta npu 273 K u pasnuyHoM gaBJieHHH, MDH-
BelleH B TabJaHue: 1) nocrpoiite usorepMy agcopbuuu V = f (Pyu P/V =
= f (P); 2) onuwuTe H30TEPMY AACOPOLHH C NIOMOLUIbIO YpaBHEHHS JIFHT-
Miopa; 3) onpegesure ajcopouHio (M*/r) NpU MaKCHMAaJbHOM 3aNOJIHEHHH
ajgcopbenTa; 4) onpejenuTe creneHb 3anoNHeHHs aicopbeHTa NpH jJasJe-
Huu Py; 5) onpegenute, NpH KakoM JAaBJIEHHH ra3a CTeneHb 3aMoJHEeHHs

ITpodorscenue Taba.

ajgcop6enra cocrasur 0,4.

?xia:i?ra 7, K AncopBent Apcop6aTt P,. 10“‘, Mal P.10-3%, Na V108, M3/r
6 273 Yroab H, 2,0 27,60 0,447
43,30 0,698
57,40 0915
72,20 1,142
86,10 1,352
7 194,5 » N, 2,7 1,67 347
8,83 13,83
20,00 23,00
36,30 27,94
52,00 33,43
8 194,5 » CH, 5,0 25,6 15,2
36,7 19,1
478 223
60,5 25,3
77,0 28,4
9 194,5 » CO 0,5 4,00 15,8
5,34 19,05
9,65 27,7
16,65 34,1
19,80 39,95
10 194,5 » Ar 3,0 3,22 5,09
7,25 10,02
13,15 156,56
17,25 18,81
. 39,50 29,14
11 273 » C,H, 5,0 9,35 39,5
: 12,45 42,8
225 49,9
42,6 56,5
82,5 64,5
12 293 » CoH, 2,0 20 10,4
4,27 20,8
10,57 30,5
29,5 424
91,5 55,2

KOMINIEKCHBIE 3ABAYH

I. Onpeneasrte Koucranty pasHoBecHsi Kp peakuuu (A) npu 298 K
u B Auanasone temneparyp or 300 go 1000 K uepes 100 rpan.

gﬁaii; T, K AncopGent ARcop6ar py.107%, Mal P10, Ma V108, mM3/r

1 273 * Yroas N, 2,0 1,62 0,31
5,30 0,99

17,30 3,04

30,70 5,10

44,50 6,90

2 273 » CO, 2,0 4,20 12,73
8,10 21,20

11,70 26,40

16,50 32,20

24,00 38,60

3 273 » CO 5,0 9,80 2,53
24,20 5,57

41,30 8,43

60,00 11,20

72,50 12,85

4 273 » NHg 5,0 10,50 60,40
21,60 90,30

42,70 115,70

65,60 127,00

85,20 132,40

5 273 BaF, Cco 5,0 11,30 2,04
24,40 3,72

44,50 5,30

61,00 6,34

82,50 7,30
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Nea:;a;m- Xumuyeckas peakuua (A) N:::f". XumudecKas peakuus (A)
! CH, + H,0 =C0 + 3H, 4 2CH,+0,=2C0+4H,
2 CH, -+ 2H,0 == CO, + 4H, 5 9CH, = CH = CH +3H,
3 CO-- Hy0 = CO, --H, 6 CH, +CO, = 2CO + 2H,
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2. Havueprure rpadpuk Kp = f (T) B nuanasone or 198 go 1000 K.

3. Haueprure rpadux B koopaunarax Ig Kp— (1/T) an1a 1uanasona
temneparyp or 298 go 1000 K.

4. Jlns 3ajaHHOM peakLHH HayepTHTE IPadHK 3aBHCHMOCTH BhIXOAa
KOHEYHOrO MNPOAYKTa X -OT KOHCTAHTbl PaBHOBECHSI NIPH YCJOBHH, YTO HC-
XOjHas CMeCb CTexHOMeTpHyecKas. :

5. Onpeje/iuTe BHIXOJ NMPOAYKTA PEAKLUHH B JHANA30HE TEMMEPATYp OT
298 no 1000 K, ecnu passenue pasHosecHol cmec 1,0133-10° [1a, u no-
cTpoiiTe rpadHK 3aBHCHMOCTH BBIXOJa NPOAYKTa PEaKIHH OT TeMIeparyphi
NpH yKa3aHHOM JaBJIEHHH.

6. Cnenaiite 3aK/IOYeHHe O CMelIEHHH PABHOBECHS, €CJH K HCXOAHOM
CMecH J06aBJ/IeH a30T, KOTOPHIH He yyacTByeT B XHMHYECKOH peakIHH.

7. Onpenenute Ko3DOHUHEHTH AKTHBHOCTH BCEX BELIECTB, YJacTBYlO-
LIHX B peakuuH, npu aasjaenuu 2,0- 107 [1a u Temneparype MakCHMa/lbHO-
o BbIX0/1@ IPOJIYKTOB PeakiliH, ecii paBHOBecHoe gasJenue |,0133. 108 [1a.

8. Bobiyucaure Ky npH TeMneparype MakCHMaJbHOTO BBIXOAA NMPOAYK-
TOB peakUHH H AasjienuH 2,0-107 [Ia.

9. BblyHc/IHTE paBHOBECHBIH BbIXOL NMPOAYKTOB PeaKuHH NPH I1aBJIEHHH
2,0-107 I1a.

10. Omupegennre TenjaoBoll 3dxpeKT npouecca nepexoja H3 HCXOJHOIO
B PaBHOBECHOE COCTOAIHHE NPH TeMneparype B AHanasoxe ot 300 go 1000 K
u nocrpoiite rpadpux Qp = f (7).

11. Onpefenure napuHajbHble A4BIEHHs T'a30B B PAaBHOBECHOM CO-
CTOSiHHH CHCTEMbl MPH YCJOBHAX MAKCHMaJNbHOTO BbiXOAa MPOAYKTOB pe-
aKllHH [pH paBHOBeCHOM jamJieHud 2.0-10° Ila.

12. Onpenenunre TemMneparypy, 10 KOTOpoil HEO6XOIHMO OXJIAIHTb PaB-
HOBECHYIO CHCTeMY, C TeM yToObl H3 Hee Hayalo KOHAEHCHPOBATbCA OJHO
H3 pearupyloU{HX BEU{ECTB.

rf1ABA XXI
®OPMAJIbHAS KHHETHKA

OcHoBHble ypaBHEHHSI U CHMBOJbI
[K., c. 626—637; T., 1. 2, c.13—25, 38—41]

XHMHUECKas KHHETHKA PacCMaTPHBAET CKOPOCTH XHMHYECKHX peak-
UM H napaveTpbl, OT KOTOPbIX 3TH CKOPOCTH 3aBHcAT. HanboJiee BaXHbI-
MH napameTpaMH sIBJASIOTCSA KOHLUEHTpaLHs, TeMneparypa H Aasjenue. [Ipu
KHHETHUECKOM HCC/IeIOBAHHH [IPAMBIM HJH KOCBEHHBIM CIIOCOGOM H3Me-
PAIOT H3MEHEHHe KOHLIEHTPallHH BELIECTB BO BpeMeHH. [10ps10K peakiuH —
CTPOTrO IKCNEPHMEHTa/NbHAA BeJHYHHA, MOKa3blBAIOU[AA XaPAKTEP 3aBHCH-
MOCTH CKOPOCTH PEaKLHH OT KOHUEHTPALHH.

346

Jns peaxuuii, ONHCHIBAEMBIX CTEXHOMETPHYECKHM YpaBHEHHEM
vA,A1+vA2A2+vA’A3+ e — vBlBl—l—szBz-{_vBsB;;,

HCTHHHAsA CKODOCTb W BbIpaXaeTCsi COOTHOLLUEHHEM

1 dCA, 1 dcy,
w=——— = - = =
Va, df Vp, di
1 dc 1 de
_ L La L S (XXL1)
vg, df vg, .

A€ Va, VB, — CTEXHOMETPHYeCKHe KOIp(HUUHEHTB; A — HCXolnbie Be-
uecrsa; B — npoaykThl peakuuu.

3aBHCHMOCTb CKOPOCTH PEAaKLHH OT KOHUEHTPAUHH HCXOMHBIX BEILeCTH:
(kuHeTHyeckoe ypaBHeHHe B AH(epeHUHaIbHON (OpPME) BhIpaXkaercs 3a-
KOHOM JE€HCTBYIOL{HX MAacC

w=key. che, (XX1.2)

rie R -— KOHCTAHTAa CKOPOCTH peaxmm: ny, Ny, ... — 4YUCJA, YKa3biBalO-
UlHe YaCTHHH NOPSAJOK peakLuu Mo KOMIOHEHTY A;, A,, COOTBETCTBEHHO.
[onnbii nopsgoK peakuHw n paseH

n=n;--n,. (XX1.3)

CpenHssi CKOPOCTb peakuHH w

W =cy—y/(fa—1y), (XX1.4)
rae (f, — t;) — HHTEpBa/N BpeMeHH, 3a KOTOPOe B TEYeHHE PeaKlHH KOH-
LEHTPallHs pearema U3MEHSIeTCA OT €1 10 Cp. JI/A pasiiHyHOro tHma pe-
aKUHH 3aKOH JeHCTBYIOUHX Mace GyeT BbipaXKaTbCsi PasIHYHBIM 06Pa30M.

Jlis peakuuH HyJeBoro nopsigka AHpdepeHuuanbhas ¢gopMa KHHeTHYe-
CKOTO ypaBHEHHs HMeeT BHJ

_ k XXL5

dt Ry ( .D)

e k XX1.6

u —k (XX1.6)

a HHTerpa/bHbie (OPMbI KHHETHYECKOTo: YDPaBHEHHs OyayT:
k=(cy, o, —Cp M1, (XX1.7)
i i

k=x/t, _ (XXL1.8)

Cp,=Cy A.—kE, (XX1.9)
i At 4

tya =0.5¢, 4, /ki, (XXI.10)

A€ Co,a, — HCXOQHasi KOHUEHTPaUHs pearenta A €A, — KOHLEHTpa.
A pearema A; B MOMEHT BpeMeHH [; X — YHCJIO MoJek Bemecraa A, npo-
pearupoBsaslliee K MOMEHTY BpeMeHH [, x = = Co,A; — €A lij2 -— Bpewms
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noJsypacnaja (Bpems, B TeYeHHe KOTOPOrO HCXOJHAS KOHIEHTPaLHA Belie-
CTBAa yMeHblIaeTcs BJBOe).

st peakuuit nepsoro nopsaka (A — npoaykTsl) aHdxpepeHuHaNbHAS
¢opMa KHHETHYECKOrO ypaBHEHHsI HMeeT BHJ

dcy

3 =kea. (XXI,11)
dx
o koA ), (XX1.12)

a MHTerpajibHble (OPMbl KHHETHUECKOTO YpaBHEHHS:

2,3 c
hm g —2 A (XX1.13)
t CA
2,3 c
fe lg —=2 (XXI. 14)
t Co, A%
—kt
CA=Cy, a€ (XX1.15)
t,/z:0,693/k. (XXI1.16)

Hast peakunit BToporo nopsaka (A; + A, — npoaykThl), eciin Havasub-
Hple KOHUEHTPALHH PeareHTOB OAHHAKOBH Co,A, == Co,A,. AH(DEPeHLHAb-
Hble (OPMbl KHHETHYECKOrO ypaBHEHHS MPHHHMAIOT BHJ

decy .
— =ke}, (XXTI.17)
dx
Y =k (cy, A—¥)?, (XXI.18)

a HHTerpajbHble (GOpMbI KHHETHYECKOrO ypaBHEHMS:

L1 !
hem——__ ,

t (CA CO’A) (XXI.19)
p L x
SR e (XXI.20)
Cym O A XXI.21

Con k1 (AXL.21)

t !

=T (XX1.22)
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Jna peakuuit Broporo nopsiiaka (A; -+ A, — npoAyKThl), eciH Hayalb-
Hble KOHLEHTPALUHH peareHTOB HEeOAMHAKOBBI: Cj A, F= Co,A, TO AUdpepen-
uHanbHble (POPMBl KHHETHYECKOrO ypaBHEHHS NPHHHMAIOT BHA

dCA
-3 :kcAchz, (XX1.23)
dx
vy =R (co, A,— %) (0, A,— %) (XXI1.24)

a HHTerpaibHble (OpMbl KHHETHYECKOro ypaBHeHHs GyayT:

2,3 1 Cy €
, A, 0, A
k== lg : . (XX1.25)
t o, A, —%0, A, Ca, 0, A,
2,3 ! Co A, —¥)
- g oM T 0. A (XXI.26)
! €y, a7 C0, A, (Co, A,— %) 0, A,

Hns peakuuit Tperbero mnopsiaka (A, + A, + Ay — npoaykrhl), eciu
HaYa/lbHble KOHLEHTPALHH PeareHToB OAMHAKOBBI: Cg A, = Co,A, =Cg A,» TO
LuddepeniHanbHble (HOPMBI KHHETHYECKOrO ypaBHEHHS MPHHHUMAIOT BHJ

dCA
Ak}, (XX1.27)
dx
'—d-;—-——k(c‘o' A——x)”, (XXI.28)
a HHTerpajibHble (OPMBI KHHETHYECKOrO ypaBHeHHs GyAyT:

k : ( S ) (XX1.29)
94 Cﬁt Cg.Ax ! b
. [ : ! ] (XX1.30)
"~ o2t [ (Co, A, ) o L '

3
t%:'?—kcm. (XX1I1.31)

Onpegenenne nopsaika peakuud merogom Ocrtajibga—Holeca (uHTe-
rpaJbHbIH MeTon):

lg (0, /1!
LI CAL7 Y (XX1.32)
Ig (¢o, 2/C0,1)

rae 1,2 — NepHOA nosypachaja, COOTBETCTBYIOIHH Haya/bHOH KOHLEH-
TPaUMH Cy,, li/2 — NEpHOA MoJypacnaja, COOTBETCTBYIOWIHH HayaJbHOM
KOHLEHTPALHH Cy o (BMECTO BpPeMeHHM, 3a KOTOpOe pearipyer NoJloBHHe Be-
wecrsa, 6paTb BpeMs, 3a Kortopoe pearupyet 1/3 (¢y,3), 1/5 (t:,,) ucxoa-
HOro BelltecTBa ¥ T. ).

* Huorna navaibHble KOHUEHTPALHH ¢, A, o6o3navaior 6ykBoha, a ¢, A —
6ykBod b.
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Onpenenende nopsiaka peakuuu MeroioMm Baut-Todda (anddepennn-
albHBI MeTol):

ni=(lgwi—lgw,)/(lgco, 1—1g ¢y, ), (XXI.33)
TA€ Wy, Wy — MCTHHHBIE CKOPOCTH PEaKIHH, COOTBETCTBYIOLLHE HAYabHbIM
KOHUCHTDPALHAM Co,1 M Co,5; N; — YACTHBIA MOPAIOK 110 KOMMOHEHTY, Ha-

Ha/lbHaA KOHUEHTpauus KOTOpOoro ¢,.

3AJAYH C PELIEHHSAMHY

1. Tlpespamenne nepokcuaa GeH3ousla B AHITHIOBBIN apup (peakumus
nepsoro nopsaka) npu 333 K npomio 3a 10 Mun Ha 75,2 %. BbiuncinTe
KOHCTAHTY CKOPOCTH peakuHH.

Pewenne Hannwem ypasnenue nepsoro nopsiika u NOACTABHM
B HEro COOTBeTCTBYIOULHE 3HAYEHHH:

2,303 1 g 2’3031 100 0,.303 g 4,03 0,2303 . 0,606
tg< T 10 Cagg T et B0 =0,2305-0.606 =
=0,140 mun-1,

2. TpocTHHKOBBIN caxap (61O03a) B MpHCYTCTBUH HOHOB H+ THAPOJIH-
3yerca BOJAOM, pacnajasch Ha JBe MOHO3bI (rimoko3y u dpykTO3y) no
yPaBHeHHIO

k=
a—xX

C12H22011+H20=C6H1206+C6H1206

PacTBop TpocTHHKoBOro caxapa Bpaumaer mI0CKOCTb noJisipu3aniu
CBETA BIIPABO, & CMECb IVIIOKO3bl H (PPYKTO3B — BNEBO. Yros BpaileHHs
B 060HX Cyyasix nponopuHoHaleH KOHUEHTPAIHH PACTBOPEHHDIX BELLeCTs .
Ilpu 298 K B 0,5 1. pacteope HCI npu Gonbiiom H3GbITKe BOJIbl H3MEHEHH &
yria BpalleHHsi o [JIOCKOCTH MOJIAPH3AUHH DACTBOPA TPOCTHHKOBOTIO
caxapa Bo BpemeHu { Gbl10 ClledyioLiee:

t,Mvan ., . . .0 176 o0
@ rpag. . . . .25,6 5,46 —8,38

Paccynraiite KOHCTAHTY CKOPOCTH peakiiH U KOJIHYECTBO caxapa (%,)
KoTopoe HHBEPTHPyeTCs B TeueHHe 236 muH. OnpeaesnTe yroJ Bpauienus
K MOMeHTY BpeMeHH [ = 236 MuH.

Pewenne OGo3naunm yron BpaimieHnss B HayajibHbI MOMEHT Qg
10C/JIe OKOHYAHHS HHBEPCHH @&, W HaG/I0faeMblit B JAHHBIH MOMEHT oy.
Tak- Kak OT HaYaJIbHOTO O KOHEYHOI'O MOMeHTa yroJl BpaieHusi H3MEeHHT-
€A Ha oy — %, TO 3T BEJIHYHHA MPONOPUHOHANbHA HAYAJIbHOH KOHIEH-
TPALHH CaXapa Co,a. KOHUEHTPALHS Ke Caxapa B JaHHbI MOMEHT Cp p — X
PONOPUHOHA/IbHA H3MEHEHHIO YIV1a BPAIIEHHS OT JaHHOTO MOMEHTa Q; /10
KOHUA WHBEPCH Gy, T. €. NPONOPUHOHA/IBHA Oy — @, Peakuns HHBepcHH
caxapa B MPHCYTCTBHH GOJbIOro H30bITKA BOABI HAET M0 NEpBOMY NOPSiA-
Ky. PaccynTblBaeM KOHCTaHTY CKOPOCTH PeakUHH Mo ypasrenuto (XX1.14),
3aMeHHB Co,A H Co,o — X MNPONOPUHOHATBHBIMH BEJHUHHAMH Gy — Oy
oo, —o:

2,3 Qp—

k1= lg
t ar—a

o
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[ToicTaBHB B 3TO ypaBHeHHe 3aJaHHble 3HAUEHHS f, Cg, Oy, H O, 1O
JAYYHM .
2,3 25,16—(—8,38) 2,3 33,54
176 ¢ 5,46—(—8.38) 176 °© 13,84

OnpenessieM KOJHYECTBO caxapa, KOTOpOe HHBEPTHPYETCs B TeUeHHe
236 mun. dua storo, noacrasus B ypaBHeHHe (X X1.14) Bmecto &, # £ co-
oreetctBeHHo 0,005028 u 236 MHH, NONYYHM :

o A 0,005028-236

| - =0,5152,
PR 2,3

==0,005028.

k1=

OTKy}la nonyyaeM KoJIHYECTBO THAPOJIH30BAHHOIO caxapa

S0 A 3975w x=0,6948 co , nam x=0,6048.100=69, 48 %.
CO, A——x
OnpenensieM yronl BpauieHHs, COOTBETCTBYIOUHH [ = 236 MHuH.
Korga Bce Haua/lbHOE KOJHYECTBO caxapa NPOHHBEPTHDYET, H3MeHeHHe
O

yrua Bpaiesns coctaput 25,16° — (— 8,38°) = 33,54°. Tak kak npu
t = 236 mun ocraerca 30,52 % caxapa, He nojBepruierocsi THAPONH3Y,
TO M3MEHeHHe yIJa BpallieHHs, BbI3BAHHOE [PeBpallleHHeM 3TOro KoJluye-
ctBa, GyAeT COOTBETCTBEHHO MeHbiie. OGO3HAYHM €ro yepes .z, Toria

2 _ 3052 33,54:3052 o0
33,54 100 ’ 100
Tak kak 2z = a, — (8,38°), T0 a; =z — 8,38° = 10,23° — 8,38° =
= -+ 1,85° T. e. pearupylouias cmechb cnycta 236 MHH 1I0C/Ie Hayana pe-
akunu GyleT uMeTb NpaBoe BpalieHHe, paBHoe 1,85; )

3. dna peakunu A = B 4 C + D, nporexaiouieii B rasoeoit (ase
nupu V = const, onpelenedo obuee JaBNeHHe B HAYA/IbHbIA MOMEHT
t = 0 P = P,y no npouecTBiu Bpemenn ¢ = t' P = P’. Buipasure KoH-
CTaHTY CKODOCTH uepes oflliee AaBJeHHe, NPHHSAB, YTO PEAKUHS MepBOro
nopgﬂ:; e H u e. [lo ypaBHeHHIO HIeaNbHbIX ra3oB ca = PA/RT, toraa

k=(2,3/t) 1g (Py, a/P4).

Buipakaem napuuanbHele JaBjeHHs P, Bemectsa A uepes ofliee
nasjeHHe P. Ilas sToro 3anuchiBaeM, COrVIaCHO ypaBHeHHIO [anbToHa,
P = P, + P + Pc + Pp; BBoguM BenuuHHy x (yObilb JaBJeHHS Be-
uecTBa A B xojle peakuuu), Toria P, = Pg a — x. HavanbHoe naBnenue
B CHCTEMe paBHO JaBJeHuio BeimiectBa A: Pg a = P,. O6osHauuMm Pp =
= Pc = Pp = x. Torga ofuiee JaBJeHHE B MOMEHT BpemeHH ! OyZer
P =P, —x + 3x = P, + 2x. Bulpaxkaem x uyepes P H P, X =
= (P — P,)/2. TloAcTaBnsieM 3HaueHHe X B ypaBHeHue Pp = P, —x u
BhIpaXKaeM NapuHa/pbHOe AaBJeHHe peareHTa A yepes ofilee AaBjeHHe:

3Py—P 0,3 2P,

k= I .
2 i % 3p,—pP

Py—
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4. B reuenne peakuun CH3;COOCH(r) - C,H, + H, + CO o6ee
JlaB/IEHHE H3MEHSeTCs CJAEAYIOU(HM O6pPa3oM:

{, MuH ., . ., 0 6,5 13,0 19,9
P, Tla . . . . . 415896 54386,4 65050,4 74914,6

[TokaxuTte, yT0 peakL s ABJIAETCS peaKlHel IepBOro NOPAAKa, H BbIYHCIH-
T€ CpeJHee 3HAYeHHe KOHCTAHTbl CKOPOCTH TpPH TeMMNepaType OIMblTa
298 K (V = const).

Pewmenue Eciu peakuus OTHOCHTCS K peakisiM 1epBOro nopsii-
Ka, TO KOHCTaHTa CKOPOCTH, BBIYHC/IEHHAs N0 ypaBHeHHIO k = 1/tIn (c,—c¢)
AJs MO60ro MOMEHTa BpPeMeHH, JOJIKHA OCTABAThCS TNOCTOAHHOI. B MaTe-
MaTHYeCKOM ypaBHEHHH KOHUEHTPaUHH HCXOJHOTO BellecTBa B HAYAMbHbIH
M JaHHbIFI MOMEHTHl MOXKHO 3aMEHHTb NaplUHaIbHBIMH J4BJEHHSMH 3TOrO
BEILLECTBA B T€ )K€ MOMEHTbl BPEMEHH, TdK KaK JaB/eHHe rasa nponopuxo-
Ha1bHO ero KoHueHtpaunu (npu T = const). [Ipusejennsle faBnenus (3a
HCKJ/IIOYEHHEM M1epPBOro) — 3TO CyMMapHOe [4B/eHHe BCeX YeTbipeX rasos,
a 17 BbIYHC/IEHHS KOHCTAHTbI CKOPOCTH HEOGXOAMMO 3HATh TOJNLKO JaB-
JeHHe alueToHa.

[Tycts B moment ¢ Pc,u, = x, toraa Py, = Pco = x u Pcu,y,coo =
= P, — x, rae P, — HavanbHOe jaBsieHue auerona. O6imee 1aBJieHue B
Mmool momenr P = P, — x - 3x = P, -+ 2x, oTKyaa

P—P, 3Py— P

K= Py =

2

3ameHsieM COOTHOLIeHHe KOHUEHTPAUHMH COOTHOLIEHHEeM JaBJeHHI:

o _ Py 2P
c Py—x 3P,—p
TOorjaa
2,3 2P
b= —— g ——2—
t 3P,—P

HOACTaBJIfiEM 3HAYeHHAd AaBJIEHHS B CUCTEMe /1A JaHHOIO BpeMeHH H pac-
CUYHTbIBAEM KOHCTAHTY CKOPOCTH:

b 2,3 ¢ 2.41589,6 0025986
6,5 3-41589,6--54386, 4 ’ ’
23 g 2.41589,6 —0.02569-
13,0 3.41589,6 —65050,4 ’ ’
b 23 I 2.41598,6 —0.095%.:
19,9 3.41589,6 —74914,6 ’
kep=0,02586.

KoncranTa cKOPOCTH MOCTOSIHHA B Npefie1ax HEeH3OEXKHbIX OMIHGOK OmbiTa
CnejoBare/ibHO, 3Ta PeakiHs ABJIAETCH peaKiHeil nepBoro nopsijgKa.
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5. Ckopoctb peakuun (CoHy) N -+ CH,l — [(C,Hy);CH NI 1 B nut-
poGen3one onpegeasaack npu 298 K, npuueM nosyuess! ciepyioliHe AaH-
Hble:

tbc . .. . . ... 120 1800 2400 3600 4500 5400
X, Moabfa . . . .. . .0,00876 0,01065 0,01208 0,01392 0,01476 0,01538

rie ! — BpeMsa; X — KOJIHYECTBO TPHITHJIAMHHA H METH/JHOAHARZ, TpOpe-
arupoBaslIMX 3a Bpems {. HauanbHule KOHUEHTPAUHH aMHHA H HOAHCTOrO
ankuaa pasHbl 0,0198 mousin/1. PaccmarpuBaeMasi peakuusi — BTOPOro 1o-
paaka. Omnpegesnure KOHCTAHTYy CKOPOCTH.

Pemwenne. [aa peakuuu BTOpOro nopsiika, B KOTOpoil pearHpyior
JBa BelecTBa € OJAHHAKOBBIMH KOHUEHTPAalHAMH,

X C p= 0,00876 —0,0334;
1cq (Co—x) 1200.0,0198-0,01104
0,0334; 0,0327; 0,0329; 0,0332; 0,0328; 0,0325. Cpeanee 3HayeHHe
0,0329 n.moap~t.c-t,

6. KoHcTaHTa CKODOCTH peakLHH OMblJIEHHS 3ITHJAleETAaTa eJKHM Ha-
tpom npu 283 K paBna 2,38, ec/iu KOHUEHTPAILHIO BhIPaXartb B MOJIb/J,
a BpeMsa — B MHHYTax. BolUHC/IHTE Bpems, HeOOXOAHMOE 151 OMblJIEHHH
50 % stuaauerara, ecau cmewars npu 289 K: I m® 0,05 u. pacrBopa 3t-
JoBOro pupa ykcycHot kucaorsl ¢ 1) I M® 0,05 u. NaOH; 2) ¢ I »®
0,1 1. NaOH; 3) ¢ 1 »® 0,04 . NaOH. Peakuus — Broporo nopsjka.

Pemenue KonuedTpauun spupa H IeJOYH paBHbl, NO3TOMY HC-
nonnsyeMm ypasHeHne (XX1.20):

1 X
keg Ay (Co.a,—%)

Tak kak o6bem cmecH paBed 2 M?, 10 ca, = 0,025 r-3kB/21, a x = 0,0125
r-skB/j1. TlogcTaBUB 3TH BEJHYHHBI H K B BbIPKEHHE /A f, MOJYYHM
! 0,0125 1 0,019
2,38 0,025 (0,025-0,0125) 2,38 0,025.0,0125

I

k
k

t = = 16,8 muH.

Konuenrpauus sdupa He paBHa KOHLUEHTPALHH LIEJOYH, T. €. Pear-
pyloliHe BeulecTBA B3fATbl HE B SKBHBAJEHTHbIX KOJHYECTBaX, MOITOMY
BOCHO/Ib3yeMca cooTHoweHueM (X X1.26): \

2,3 1 (CO,A_x)CO,A,

(co,a,—%) €0, A,

f =
ky €y, A, —C0, A,

OGo3naunB uyepes co A, HauaJbHyI0 KOHLEHTpPaUMIO 3DHpa, a yepes
Co,A, — HAYaJIbHYIO KOHUEHTDALHIO LIEJOYH, MONAYYHM Co, A, = 0,025
r-3KB/J1, ¢o,a, = 0,05 r-3xB/4a, x = 0,0125 r-3x8/a. [logcTaBHB 3TH JaH-
Hple. B BbIpaxKeHHe, MOJy4YeHHOe /s f, HAXOAHUM

2,3 1 (0,025—0,0125) 0,05
~ 2,38 0,025—0,05 (0,05—0,0125) 0,025

ty =6,81 mnH.
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Konuentpauust adupa co,a, = 0,025 r-sks/n, x = 0,0125 r-sxe/n,
@ KOHUEHTpauus WEAoYH Co,a, = 0,02 r-sks/n, Toraa
2,3 t (0,025—0,0125) 0,02
2,38 0,025—0,02 °  (0,02—0,0125) 0,025

ts =24,2 mun,

7. Ilna xumuyeckoit peakuun A — B KoHcraHra CKOpoCTH £ = 0,5,
HCXOJHasi KOHUEHTPAuHus Co,a = | monb/s. Bhluncaure crenens mpespa-
weHHs BellecTBa A 3a Bpemst ! = | Y, ecIM peaKuus WAET 10 HYJIEBOMY,
TepBOMY, BTOPOMY NOpsiAKY. Kak 3aBHCHT cTeneHb NpeBpaiieHHsi oT 10-
psillka peakuHu?

Pewenne [Ins peakuuu, nporexaiouwei o HyJeBOMY NOPSIAKY,
corjiacHio ypasHennio (XXI1.7)

,(U,)gx; Iplels:;muu, TnpoTeKaiouleil Mo nepBoMy HOPSAKY, COIJIaCHO yPaBHEHHIO

05_2d 1 . 03
[ l—a’ 2,3

=—Ilg(l—a); «=0,39.

Ins peakuud, npotekawomeli 10 BTOPOMY MOPSAKY, COIVIACHO ypaB-
Henuio (XXI1.20) ,

I I I I
0,5 =— — i 0= = .
1 ( to (1 —a) C ) g 270,38

Yem phillle TOPSANOK, TeM MeHblIe CTENeHb NMPEeBPaIleHHs, TeM MelJeHHee
HAET peaKiHs.

8. PactBop yKcycHo3THJIOBOrO 3dupa HpH ¢o,= 0,01 r-ske/n 293 K
ompinsierca 0,002 r-3KkB/J1 (cp,3) PACTBOPOM €AKOTO HaTpa 3a f; = 23 MHH
Ha 10 %. 3a Kakoe Bpems (1, f, H T. A.) TOT e pacTBOp 3pHPa OMbINsET-
csi Ha 10 % pacteopamu NaOH konnentpaumu ¢ 3 = 0,004, ¢, . = 0,006,
o5 = 0,008 u ¢4 = 0,1 r-sxs/n? '

Pewenwue OGo3HaUMB a = 4y, b = ¢4 4, ¥ = 0,1¢y, H BOCTIOND-
3oBaBluKch ypasHeHHem (X X1.26), noayunm

k =__l__ 2,3 1 (00,1—0,100,1) Co,g =
t (Co,1—Cosa) ~ (€o,2—0,165,1) Co,1
2,3 (0,01 —0,1.0,001) 0,002

T T23(0,01—0,002) € (0,002—0,1.0,001) 0,01 —or19 A/(r-okz-mAn).

Moncrapasis B ypaBHenne 1isi & ero 3HaYeHHe, a BMECTO Cq o 3HAUYECHHA
Co,3s Co4» Co5» M Cgq, BHIMHCISIEM [y, g, [y W Iy:
2,3 (0,01—0,1.0,01) 0,004
t2(0,01—0,04) € (0,004—0,1-0,01)0,01 ’
t,=9,5 MHH H T. A. '

3,19 =

9. Kuseruky peakuuM B3aWMOJeHCTBH THOCYJbPHTa ¢ H-MPOHHJI-
6pomugom S,03~ + RBr-— RSSO37 + Br~ usyvaau npu 310,5 K. Kon-
uenrpaumio Hona S,03~ ompenenssd yepe3 pas/HuHble HHTEPBaJbl Bpe-
MeHH ¢ TuTpoBaHneM. [lisi TuTpoBauHs Hcmosb3oBaad V ma 0,02572 n.
pactBopa 1, Ha oany nopuuio (10,02 ms1) peakunonHon cmecH. HayanpHas
KOHIIEHTPalUHs THOCY/bdara, NPHCYTCTBYIOLLEIO B H30OLITKE, COCTaB/sJa
0,100 moab/n. TlosyyeHn! chefylolHe AaHHbE:

te . ... . 000 2010 3192 5052 7380 11232 78840
V, vn . . . . .35,20 33,63 31.00 29,86 28,04 26,01 22,24

Bhiunc/iuTe KOHCTAHTY CKODOCTH peaKUHH BTOpOro nopsika.
Pewenue. [Ind peakuuH BTOpOro mopsjaka
2,3 CO. A, (CO, Al——x)

fo.n—C.A)  Co.a(C0a,)

rie Co,a, — KoHueHrpauus S,0%3 npu ¢ = 0;
v 0,02572 37,62.0,02572
o, A, = v = 10.02 =0,0967 moab/Ja.

S; 03~ ’
K momenry Bpemenn { = 0 HeKoTopoe KosuuecTBO S,035” yxke 6blIo H3-
pacXxofoBaHo, TaK yro KoHueHrpauHs S,03~ craHer MeHbllie HCXOZHOH
koHueHntpauud (0,100 mosb/n). PaccynTaem Haya/lbHYIO KOHIEHTPAILHIO
#-C4H,Br, npuaaB, yro npu { = 78 840 ¢ JOCTHrHYTO paBHOBeCHE:

O6uee KoanvecrBo S,03—, uspacxonoBannoe Ha #-CgH,Br

C =
0, Ay V u-C.H,Br

37,63 —22,24) 0,02572
= ( 10,02) =0,0395 mosb/a.
Paccunraem KoHueHTpauHIiO peareHToB B MoMeHT Bpemenu { = 1110 ¢:

KonnuecrBo S,02—, m3pacxonoannoe na #-CyH,Br

(o.A,—%) = VcotioBr -
(35,20 —22,24) 0,02572 12,96-0,02572
B 10,02 T T 002 MO
% L Koxuyecrso Houna, H3pacxonoawnoe Ha S,05~
0,A, %)= v
S,03

_35,20-0,02572 _ )
10,02 MO
(¢o,a, — X) — Kounuenrpauus #-CgH,Br B momeHT BpemenH ¢; (co,a,— X) —
KoHueHtTpauus S,03~ B moment Bpemend f. Toraa
0.a,(f0.A—%) _
%, A, (0. 4,7 %)
__0,0395 (35,20.0,02572) /10,02
0,0967 (12,96-0,02572) /10,02

__0,0395-35,20 L 110
0,0967.10,96 '
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Pa3HoCTb Haya/lbHBIX KOHLEHTPAuMH peareHToB 6yjer

o, A, — %0, A, =0,0967—0,0395=0,0572 moab/x.

Orclona KoHcCTaHTa CKOPOCTH peakuuu G6yger
k=0,03631g1,110=0,0363.0,0453 =0,001644;
ky=0,001644; k,=0,001644; ky=0,001649, k,=0,001536;
ky==0,001618; kg==0,001618.

Cpeanee 3nauenne k = 0,001635 .1-moap—1-c-l.

10. Tlepokcun Bomopona B BOJAHOM -pacTBOpe pasJ/iaraercs 1o ypaBHe-
o 2H,0, — 2H,0 + O,. Kuueruky 31oil peakuun Hcc/iegoBajdu TH-
TPOBaHHeM NpO6 OAHHAKOBOro o0beMa lepMaHraHatoM Kajaus. Onpejedu-
TE MOPAJOK peaKUUH BCEMH BO3MOXHBIMH CNoOcoOGaMH H BLIYHC/IHTE CPef-
Hee 3HaUYeHHe KOHCTAHThI CKODOCTH 3TOHM peaKuuH, 1o/b3ysicb NpUBEJEH-
HbIMH JIaHHBIMH:

Bpemsa oT Hayana onmra, MHH 0 5 10 25 20 30 40
Q6vem 0,0015 M KMnO,, uspac-

XONOBaHHWH Ha THTPOBAHHE
2.10—¢ m® nmpobu, cM® . . . . 23,6 18,1 14,8 12,1 9.4 5.8 3,7

Pewenue. OnpegensieM nopsigok peakuHH H BHIUHC/IAEM KOHCTaH-
TY CKOPOCTH HHTErpa/ibHbiM TrpaHyecKHM METOAOM, MNpEeAIoJIOXKHB, UYTO
3JeCb BO3MOXKEH MepBbii HJM BTOpPOK mopsjgok. O6bem pacrBopa nepMad-
rasara, H3pacxoJOBaHHbIH Ha THTPOBaHHe, NPAMO MpPONOPLUHOHANEH KOH-
LEHTPALNH ‘IEPOKCHIA BOAOPOAA CH,0, = VKmno,. lanubie gis nocrpoe-
HHSl I'paUKOB:

f, MHH . . . . L . L .. 0 5 10 15 20 30 40
Voemd3 . . 000, 23,6 18,1 14,8 12,1 9,4 5,8 3,7
(r/vy-102 L. 4,3 5,5 6,7 8,3 10,6 17,0 27,0
lg (Vo/V)-10 . . . . . . 1,15 2,03 2,90 3,99 6,09 8,05

Ha puc. 42, a npeacraBnenst 3aBucumoct# (1/V) = f (f) (kpusaa 2)
u lg (Vo/V) = f (t) (kpuBas I). To, uro Ig (Vo/V) = f (f) Bmipaxaercs
NpsiMO¥, JaeT OCHOBAHHE 3aKJIOYHMTb, YTO HCC/IELyeMble peakuuu — fep-
BOrO MOpsijKa.

KoHcranty cKopoctH BbiYMC/AsieM [0 ypaBHeHuio k = 2,303 tg a. =
= 1-2,3/50 = 0,046 mun-'. [lonoJIHHTEJbHO MOATBEPXKIAEM DE3yJbTar,
Hailas npoussoanyio dV/df na rpaduke (puc. 42, 6) V = f (f) u Bbiunc/auB
KOHCTaHTY cKopoctH no ypasHenmio (XXI.1) dV/di =kV. Has t=
= 20 MuH o6bem mepMaHraHara KaJus cocrasiser V = 9,4 cm®. Ilo Ku-
HETHYECKOH KDHBOH 1/ 3TOro o6bemMa HaXOAHM MPOH3BOAHYIO:

dVv 0,439

o —tga=0,439, a k=
d: 8 orcioa 9.4

=4,64.10-1 mun-1,
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Puc. 42. 3aBHcHMOCTh KOJHYeCTBA NMepMaHraHaTa KaJiHs, H3pacxo-
JIOBEHHOTO Ha THTPOBAHHE, OT BPeMeHH peakUuH

11. [Inst M3yYeHHsi DA3JIONKEHHs IaBe/eBOH KHCJIOTbl B KOHIEHTPH-
poBaHHOH cepHoi Kuciore npu 323 K npurorosuau 1/40 M pacrsop wa-
BesieBodl KHenoTel B 99,5%-Hol ceproll kuciaore. Uepes onpegesieHHbe
TIPOMEXKYTKH BPEMEHH [ H3 CMecH OTGHpaJ/IH NpPoGbl U onpefensn obbem
pacrBopa nepMaHraHata Kajus V, Heo6XoauMblil A/ THTpoBanus 10 ma
H,C,04. Tonyuenn! chaenywomue aanHble:

L, v ., . . . O 120 240 . 420 600 900 1440
Vown . . . . 11,45 9,63 8,11 6,22 4,79 2,97 1,44

Onpenenure MOPSAOK PEAKUMH H KOHCTAHTY CKOPOCTH.
Pemwenue. [Ipeinosoxum, Yro peakuHsi MMeeT NepBhill NOPSAOK:
1
—=— In i;
t
k=0,00144; k,==0,00144; ky=0,00145; k,=0,00145; k;=0,00150; k,=0,00140.

Cpenunee 3nayenue: 0,00145 mun—'.

12. [las usyuyenns B3auMogelicrBus Mexay uoHamu Br— u ClO-:
CIO- + Br~— BrO~ + CI~ npu 298 K cmemmBaan 100 ma 0,1 H.
NaClO, 48 M1 0,5 1. NaOH u 21 ma aucruiiupoBanHoit Boas. K cMme-
CH no6asasisiii 81 ma 1 %-noro pacrBopa Gpomuna kanaus. YUepes onpese-
JIEHHbIE POMEXKYTKH BPeMEHH ¢ oTOHpaJ/H NpoGbl U ONpeesisaifi B HHX CO-
Aepxkanue uona BrO-. Pesyubrarel aHa/nu3oB:

£y MEH . . L oL L L L. 0 3,56 7,65 15,05 26,00 47,60 90,60
KoHuentpanus
BrO—.10-2%, moas/n . . 0  0,0560 0,0953 0,1420 0,1800 0,2117 0,2360

Kouuentpauun NaClO u KBr B peakuHoHHO# cMecu npu ¢ = O 6blin pas-
upt 0,003230 u 0,002508 mousib/n1 coorBercrBenHo, pH pacrsopa 11,28.
Onpenennre NOPANOK peakuMH H KOHCTAHTY CKOPOCTH.
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Pemenue. [peanonoxuM, YTo peakuds HMeeT BTOPOH MOPANOK:

2,3 ~ Cp,a, (co,'A‘—x) )
t(co,A,— 0, A,) co, a, (C0,A,—%)
¢o, a, = [NaClO]o=-0,003230; ¢ » = [KBr]y=0,003230;
o, A, %0, A, =0,000722;
2,3 2,508-10-3 (0,003230—0,000560) _
~ 3,56-7,92-10-* ° 3,230.10-3 (0,002508—0,000560)
=23,42 n-moab~1l.MuH-1;
ky=23,42; k,=23,30; kg=23,59; k,=23,90; ky—23,80; k,=23,80.

Cpentee 3Hauenne 23,62 i-moup—'-Mua—!, Kak nokassiBaet BblYHC/IEHHE
KOHCTAaHT k, peakuHus HMeeT BTOPOHl MOpSALOK.
13. 1 H3yyeHHs KHHETHKH pEaKLHH

. HY .
HZL\-——/CH2 + H,0 — H,C—CH,
‘ HO OH

FOTOBHJIH PACTBOpP ¢ HCXOAHBIMH KoHueHTpauusamu 0,007574 Molib/r XJop-
Holl KucsoThl ¥ 0,12 MOJIb/N OKHCH ITHJIEHA. XOJ PeakuHH KOHTPOJIHPO-
Ba/lH JHUJIaTOMETPHYECKH (M3MepeHHe o0beMa pacTBopa Kak (hyHKLHSA Bpe-
menu). Tlpu 293 K noJsiyyennl ciefyoinue JaHHbE:

(L, MEH . . . . . 0 30 60 135 300 00
[Tokasauua punarto-
merpa ., . . . 18,48 18,06 17,62 16,71 15,22 12,29

Onpegenure NOPAAOK PEAKLHH 110 STHJIEHY H KOHCTAHTY CKOPOCTH PeaKIHH.
P emweHue. [IpeAnonoxHM, YTO peakiHs .HMeeT NepBblil NOpsIOK:
Co,a, = 18,48—12,29=6,19;
co,A‘_xzl8,05——l2,29=5,76;
\ 2,3 , €o. A, 2.3 6,19
= : = t =2,40-10-3 man-1;
t Y pa—x 30 ° 57 M
ky=2,40; k,=2,46; kg=2,49; k,=2,49.
Cpennee snauenue 2,46- 10~ muu—!. Otcioga cefyer, Yro peakiinsi HMeeT
nepBbiil MOPsLOK.
14. Ilpu B3aumoeiicTBHH GpOMa H STHJIOBOTO CIUPTA GbLIH NONYYEHbl
clefyolHe JaHHbe:

A i T | 4
coMoeft . L . . . ., , 000814 0,00610
Co, MOMIB/R . . . . . . . . 000424 0,00314

Onpepennre nopsilok peakuHH.
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Pemenue OnpeleiseM NOpsfoK peaKUHH COrMAcHO ypaBHEHHIO

_ lg(Aa/A—lg(Ag/AY)

o lg(.’l—lg Cy )
TMoxcrasnsiem Heo6xonuMble fanuble. Tak Kak Ac/At = w — cpensis cKo-
POCTb peaKuMH, TO M KOHLEHTPauHH ¢ H €y TaKXKe HEOOXOAUMO B3STb
CpeAHHe: :
. 0,0081410,00610

= o =0,00712;
0,00424 +0,00314
Co = ;_ :0,00369;
0,00814-—0,00610 0,00424—0,00314
lg 3 —lg 7
n= =0,964 ~ |.

1g 0,00712 —1g 0,00369

CaenoBartenbHo, H3yuaemas peakuus [epBoro MopsjKa.

15. Boiuncnure ROpPANOK peakiUH A1s CTafHH, onpejensiowleil CKo-
poctb nHpoau3a auGopana ByH, (r) npu 373 K u3 caenyowux AaHHbIX 10
CKODOCTH YBeNHYEHHS JaBJeHHS B CHCTeME KaK (PYHKUHH KOHLEHTpauHH
AuGopana:

CB'H" 1021 MOJILbJt ., . . . . . 2,‘53 0,433
CkopocTs  yBeJiHUeHHS JaBJie-
nas - 104, mon/(t-9) . . . . 7.4 0,73

Peiwen ue 3anumem AJdd peakuHH n-ro rnopsiika

de
dt

d
= ke lg(-—ﬁ):lgk—l—n!gc.

OTkyna
L _le(—de/dn),—lg(—de/dn),
- lg ey —lge, '

CKopocTb yBeIMYeHHs1 HaBjeHHsi nponopuuoHansHa dc/d¢f. Torma

1g7,4—1g0,73 3
. 1,44 x—

" =g 2,153—1g 0,433

16. [Ipn 298 K B3anMopeficTBYIOT SKBHBANEHTHbIE KONTHYECTBA HOAA H
HaTpHeBo# cosn denuanponuioBoit Kucnotel CgH;C = CCOONa no ypas-
HEHHIO

CeHsC=COONa+I, — C¢HglC=CICOONa

3a XofOM peaKuUHH CJeAHJH N0 YObIBAHHIO KOHIEHTPAalHH HOAA, OTTHTPO-
BbIBasf ero MepHOJHYECKH pAacTBOPOM THIOCYJbPHTAa HATPHSA.
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Bein NpOBeAEHbI ABa oOnbiTa H NOJYYEHBbl CJAEAYIOLIHEe De3yJabTathbl:

B Onvim 1 Onoumn 2
peMs, € . . . . . . . . . 0 29 0 34,5
O0vem NayS,0;, nH3pacxomoBan-

HElft Ha THTpoBaHHe 250 com?®

npobu, cM® |, . . . . . ., 24,96 8,32 21,00 7,00

Ounpenenure nopsaioK peakuMH W KOHCTAHTY CKOPOCTH PeaKIlHH.
Pewenune. [lockonbky peakuus nporekana Mexiy 3KBHBAJIEHT-
HbIMH KOJIHYECTBaMH HCXOJIHBIX BELIECTB H K KOHIY OG0KX OMNBITOB KOHIEH-
TpauKs Hola yMEHbIIHAACh POBHO B 3 pa3a, NOPALOK 3TOH peaxilii MOXHO
- onpeneauts no merony OctBanpia—Hoileca:

Ig (12/4)

n=—TF—r" 1.
lg (ca/ca) +
nO}lCTaBJIﬂﬂ B 3TO ypaBHEHHE YHQJOBBLIE 3HAYEHUS, nojgydaem
g (34,5/29 0,0754
n——S34029) 007 L,
1g (24,96/21,00) 0,0751

Takum 00pasoM, peaklHsi MEXLy HOOM H HaTPHEBOH COJBI (eHHI-
[IPOTIHJIOBOM KHCJIOTHl — peakKilusi BTOPOTO NOPsijfiKa. PaccUuThIBAEM KOH-

CTAHTY CKOpOCTH 3TOH peakuuu no ypasHeHuio (XX1.20). dns nepsoro
OIBITa

fy e 16,64 2,756-10-3
129 92496.8,32 T

Has Broporo omneita

by = 1 14 2,761-10-3
7 34,5 21.00.7,00 O

[lonyuennsie pe3yabraTsl NOATBEPKAAIOT NOPSAOK PeaklMH, TaK Kak
COBNajeHHe 3HAYEHHH KOHCTAHT nOJHOe.

3AIAYH

i. lKormem"paum; 4TOMOB  TPHTHA B BO3AyXe NPHOGIH3UTENLHO
5-10~"% monp/n. [lepnog nonypacnana Tputust okosto 12 ser. Uepes ckodb-
Ko ner pacnagaercst 90 % rtpurHs, cofepxaiuerocsi B Bo3fyxe? [lonosnne-
HHe COACPKaHHUSA TPHTHS B BO3yXe 3a CUET peaKIHH CHHTe3a He YYHTHIBATD.

2. PactBop (20 %-Hblft) TPOCTHHKOBOI'O Caxapa, HMEBIIKIl N1paBoe Bpa-
wenne 34,50°, uuBeprupyercs B 0,5 H. MosouHO#H Kkucaore npu 298 K.
Bpamenue pacropa no ucreuennn 1435 mun pocruraer -+31,10°, nocae
11 360 muH oHo cocraBasier +13,98° u, HakoHew, Nocjae MOJHOM HHBep-
cui paBuo —10,77°. PactBop TPOCTHHKOBOIO caxapa BpallaeT NI0CKOCTb
NO/IIPHU3ALMH BIIPABO, & CMECh NPOAYKTOB HHBEPCHH BJIeBO. YroJ Bpalle-
HHSL B OOOHX cNyyasix NPONOPLHOHANEH KOHUEHTPANUH PAcTBOPEHHBIX
Beu(ecTB. Peakuus npoTeKkaer no ypaBHEHHIO NEePBOro NOPSAKA, BbIYHCIIH-
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Te€ KOHCTAHTY CKODOCTH HHBEPCHHM M OIpeeTHTe, CKOJbKO BPEMEHH I10-
Tpebyercst, uToGbl HHBepcHH noasepranocs 90 % caxapa.

3. Ilepokcui BOZOPOJa B BOJNHOM pacTBOpe pasfjaraercst 10 ypaBHe-
nao 2H,0, - 2H,0 + O,. KuHerHKy 310 peakuud HCCNeNoBalH TH-
TpoBaHHeM Npo6 OAMHAKOBOro ofbeMa IepMaHraHaToM Kanus. Onpejenu-
Te NOPSAAOK PeakUHH BCEMH BO3MOXKHBIMH CIOCOGAMH H BBIYMC/IHTE CPeA-
Hee 3HAYeHHEe KOHCTAHTHl CKOPOCTH 3TOH peakllHHd, IN0Jb3YysCh NPUBEAEH-
HBIMH [AHHBIMH:

Bpems oT Haua/a onnTa, MHH 0 5 10 15 20 30 40
O6wem 0,0015 M KMnO,, us-

pacxoJOBaHHbBII Ha THTPOBa-

Hre 2 cm® mpobm, cM® . . . 23,6 18,1 14,8 12,1 9,4 5,8 3,7

4. [lpu HarpeBaHHH PacTBOp AMGPOMSHTAPHOM KHCJOTHI pacrapaercs
Ha GpoMManerHoByl Kucaory H HBr no ypasueuuo

COOH — CHBr —CHBr—COOH — COOHCH —CBrCOOH -+ HBr

ITpu TUTpOBaHMH pacTBOpa CTaHAAPTHLIM PACTBODOM LIENOYH 4epe3 !
MUH THTD ee B o6bemMe DacTBOpa H3MEHACA CJAEeAYIOHMM 00pasom:

foMHE . . . . 0 214 380
Va, o . . . . 1211 12,44 12,68

BrIuHcauTe KOHCTAHTY CKOPOCTH peakudH. Yepes CKOMbKO BpeMeHH pas-
NOXKHTCH /3 RHOPOMSIHTApHOH KHCIOTHI? '

5. Onpegenure nopsisok peakuud A (r) - B (r) + C(r) + D (r) no
H3MEHEeHHIO JaBJieHHsi B XOAe peakUnd. Bpluncinre cpenHee 3HaueHHe
KOHCTAHTHl cKopocTH peakuud (V = const, 298 K), ecau

t,MuB . . . L. 0 6,5 13,0 19,9
P-10-8 ITa . . . 41,6 54,5 63,7 74,2

6. DumonekynsipHast peakuus, AJIsi KOTOPOH ¢cp = cp, INpOTEKaer 3a
10 Muna Ha 25 %. Ckoabko norpeGyercst BpeMeHH, 4TOOb! peaklus npola
Ha 50 % npu Tol Xe TeMmeparype

7. KoHcraHra ckopocTd pexomMOuHauud uoHoB HT u ®I'— (denun-
raukcnat) B Mosiekyae HOT npu 298,2 K pasia k = 100 ¢=1.monp—1- 1.
PaccuuraiiTe BpeMd, B TedelHe KOTOPOro peakuus npowsa Ha 99,999 %,
ecMd KoHUeHTpauud HoHoB H* = @I~ = 0,001 moan/x.

8. CKOpOCTb OKHCJIEHHst GyTHIOBOrO CIHMPTAa XJOPHOBATHCTOM KHCJO-
TOH He 3aBUCHT OT KOHLEHTPALHH OKHCJISEeMOro BeleCTBa M I1POTNOpIHO-
HanbHa wonuentpauuu HCIO Bo BTopo# crenenu. Boiuncaute Bpewms, B Te-
yeHHe KOTOPOTO peakiHsi OKHCJIeHHst OYTHIOBOrO CIIHPTA XJOPHOBATHCTOH
kucaoToit npoiiner ta 90 % B pacrsope, copepxauem 0,1 mons/n HCIO
1 1 mosip/n ciupra npu 298,2 K. KoHcraHTa ckopocTH peakuuh npi 298,2 K
paBHa 24 wmHH~!-MoNb-a~l.

6. KolictaHTa CKOPOCTH peakuuu

CH,COOC,H; +NaOH —» CH,COONa--C,H,OH
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pasua 5,4 Muu~'-monb=1. 1. Buuncante Konnyectso (%) adupa, KOTOpOe
npopearupyer 3a 10 muH: 1) ec/lH HCXOJAHBE KOMUEHTpALMH ILENOYH M
apupa 0,02 mosib/; 2) ecin KoHUeHTpawus menoun 0,02 Monb/a, a sdupa
0,01 moaw/a. N

10. Tpu onpenenennoit temneparype 0,01 u. pacreop YKCYCHO-3TIJIO-
Boro 3¢upa omuasercs 0,002 u. pacreopom NaOH 3a 23 muu ua 10 %. Ye-
pe3 CKOJIbKO MHHYT OH OyAeT OMBbi/ieH JIo Tako# xe crenenu 0,005 u. pacr-
sopom NaOH, ecan peakumus oMbiieHHsi 3PHPa — PeaKUHS BTOPOro To-
pAlKa, a WENOYH JHCCOUHHPOBAHBI MOAHOCTHIO? -

1. Paccunrafite koucranty ckopoctH [cM®/(Moab-c); a/{(Moab-c) H
A/(Monb-MHH)], ecllE CKOPOCTb peakuMM BTOPOro nopsiaka 4,5- 10-7
MO/b/(cM?-c) NMpPH KOHIEHTpPAaUHH ofHoro pearenta 1,5-10~2 moab/n H
Apyroro 2,5-10-3 monb/a.

12. Cxopoctb peakuun pacnaja (A — NpoAyKT) NOAUHHSETCS ypas-
HeHHio BToporo nopsinka —d [A] df = & [A]®. TTpu u3yuenun usmeHenusn
KOHUEHTPALHH BO BPEMEHH MOJyYeHbl CAEAYIOUIHE Pe3yAbTAThHI: -
t(xlec)y,c ... 0 200 400 600 800
A (£1%), mr/cmd 16,4 15,0 13,4 12,8 11,5
Jnst kaxpo#t napel TOYEK PacCUHTAMTE KOHCTAHTY CKOPOCTH PeaKIMH BTO-
poro nopsiika M OUEHHTE TOYHOCTb KaXIOro onpefeneHnsi. Kakue u3 pe-
JHYHH OlpeJie/ieHbl C HaHMeHblleHdl M KakHe C HauGOJblell TOYHOCTHIO?

13. B pesyabrare peakunu (OpManblersa ¢ nepoKCHAOM BOJOpPOJia
o0pa3syercsi MypaBbHHasi KHCIOTA (peaKuus BToporo nopsiaka): HCHO -
+ H,0, = HCOOH + H,0. Ecin cmemath paBume o6beMbl MOJSPHEX
pacraopos H,;0, 1 HCHO, 10 yepe3 2 u npu 333,2 K xouuentpauus My-
paBbHHOH KHCOTH CTAHOBHTCA paBHOM 0,215 MOAB/1. BRYHC/AHTE KOHCTAH-
Ty CKOPOCTH DEaKUHH H ONpEJENHTe, Yepe3 CKOJLKO BPeMeHH NPOpear-
pyer 90 % ucxoaubix Bemects. CKOJBKO BpeMeHH NotpeGyercs, 4To6H
peakuus jnowna A0 TOH ke rayGuHbl, eciu Hcxopupe pactsopsl H,0, u
HCHO pas6asutb B 10 pa3, a 3areM cmelat. ‘

14. Peakuus pumepHusanuu GyTajuHeHa B ra3osoil dpaze — peakuus Bro-
poro nopsijka no 6yraiueny. Kuneruxa sroro npouecca Moxer GuTh H3y-
YeHa NIPH IOMOLILH H3MEPEeHHS! B ONlpefe/ieHHbe MOMEHThI BpeMeHH AABJICHHS'
pearupyiomiefi cucreMsl Npu nocTosinnom obbeme. I1pu 599,2 K aan peax-
UHH JHMEPH3aUHH GyTajHeHa MO ypPaBHEHHIO

CH,—CH,—CH,
l
CH,

2H,C=HC—CH=CH,; — CH,=C
|
CH,—CH,
6bIJlH HOlequbI CJlelllel[lHe JAdHHbIE:
LmMEe . . L . L L L. L . 0 3,25 6,12 10,08 , 20,78
P.10-3, Tla .. 84,2 82,4 80,9 78,9 , 74,2
t, Mup .. 29,18 36,38 49,50 60,87 ’
P.10-3 Ta . . 71,4 69,5 66,4 64,4
t, MuH . . 17,57 90,05 103,58 119,00
P-10-3 Tla . . 62,0 60,4 59,0 57,7

I'paduyeckn H aHAAHTHYECKH BBIYHCJIHMTE KOHCTAHTY CKOPOCTH.

"15. Okucaenue FeCl, npu nomomu KCIO, B npucyrersun HC1 — pe-
aKUUst TpEThero nopsijka. Ecan BpeMs BHIpaXKaThb B MHHYTAX, @ KOHLEHTpa-
LHH — B MOJIb/J, TO KOHCTAHTa CKOPOCTH 3TOi peakUHH paBHa npu6aH3H-
TenbHO ennHnle. Boiuncaure kounenrtpanuio FeCl, yepes 1,5 u nocae Ha-
Yana peakluH, €C/H Haya/bHble KOHLUEHTPAIHH BCEX pearHpyiollhx Be-

mects paBun 0,2 Moab/a.
16. BemectBo A cMelaHO B paBHBIX KOJHYeCTBaxX ¢ BellecTBamu B

i C, ¢y = 1 moab/a. Ilo ucrevennn 1000 ¢ nososuHa Bemectsa A npo-
pearuposana. OnpejeauTe KOAHYECTBO BelllecTBa A, KOTOpOe ocraercst 110
nereyenny 2000 ¢, ec COOTBETCTBYIOLIAs peaKiHusi: 1) nepsoro Nopsiika;
2) sroporo nopsjka; 3) Tperbero nopsjxa; 4) Hyaesoro nopsiaka. Ka-
KOe KO/JIHYecTBO BellecTBa npopearupyer 3a 1000 ¢ Bo Bcex cayuasx, ecau
KOHCTAHTA CKOPOCTH peakuuu k = 1?

17. ®enunauasoxnopui pasjaraercsi N0 ypaBHEHHIO

CeHsN,Cl = CeHyCl+N,

IMpu 323 K u uayaabuO Kouuentpauuu 10 r/n Gblin nojayyeHbl CAeRyio-
I[He pe3yabTaTbl:

Bpewms, may . . . 6 9 12 14 18 22 24 26 30

00
Buaeneuo Np, cM® 19,3 26,0 32,6 36,0 41,3 45,0 46,5 48,3 50,4 58,3

O6paGotaiiTe npHBejeHHbe AaHHBE AH(QMEpEHHANBHBIM B HHTErpPasib-
HBIM METOAAMHK H OMpejie/nTe NOPAJOK H KOHCTAHTY CKOPOCTH peaKlHH.

18. Peakuus pasnaoxKeHHsi aMMHaKa Ha ropsivell Boab(ppaMoBOH NpoOBO-
NIOKe TIpoTeKaeT N0 crexuomerpuyeckoMy ypasuernio 2NH; = N, +- 3H,.
Bo Bpemsl peakiMH B pasiHyHble MOMEHTEl BpEMEHH JaBjieHHe NOBHIIAA0Ch
cleAyomum obpasoM:

Bpems, ¢c. . . . . . . .. 100 200 400 600 800 1000
H%:::uenne naBaeuns, Ila 1466,3 2945,9 5865,2 8837,8 11717,0 14663,0

Boipa3ute 3TH pe3yabTaThl rpadHuyecKH H onpefeliHTe N0 rpaguky no-
psagok peakund. Ecan Hayanabhoe jasineHne pasHsaoch 200 mm pr. cr.,
paccyMTaifiTe KOHCTAHTY CKOPOCTH (KOHLEHTPAlMH BbIpAa3HTe uepe3 naB-
Jenue B [la) 1 ykaKHTe pa3MepHOCTb KOHCTAHTH CKOPOCTH.

19. HMccnenoBann KHHETHKY KaTaJHTHYECKOIO paclaja aMMHaKa Ha
npocrbie BemectBa npu 1373 K. Bpewmsi, HeoOxonnmoe st pasJiOXKeHH st
NOJIOBHHBI BCEI'0 KOJMYECTBA aMMHAKa (NpHYeM BHayaje a30T H BOJAOPOX
OTCYTCTBYIOT), 3aBUCHT OT Haya/JbHOTO JaB/ICHHsI aMMHaKa CJIeAyiolHM 00-
pasom:

Py, T. CTe o v o o v & 265 130 58
o . 17,6 3,7 1,7

Onpenpenute NOPSJOK H KOHCTAHTY CKODOCTH peaKIHH.
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20. Onpenennre nopsinox peakuuu 2CO = CO, + C npu 583,2 K,
ecau nasnenHe 32 30 MHH ymeHblwHaoch ¢ 1,049-10% no 0,924-10° [Ta, a
3arem 3?)1‘01' e npomexyToK BpemenH ¢ 0,714-10° 0 0,624-10° I1a (V =
== const).

21. Tlpu B3aHMONENCTBHH 3KBHBAMEHTHBIX KOIHYECTB oKkcuia yraepo-
Aa (II) u xnopa cornacHo ypasnenuio CO + Cl, — COCl, npu 300 K B

NPHCYTCTBHH Karajausaropa Hab/10a10Ch cjeayoulee yMeHblUeHHe obire-
TO JaBJEHHSA CHCTEeMbI:

Lomun ., L, . 0 5 10 15 21
P.10-5 MMa . . . 0,965 0,900 0,829 0,779 0,735

Onpenennre nopsinok peaxuuu (V = const).

22. Onpenenute NOPAAOK AISi PeaKIHH KOHBEPCHH napa-BOAOPOAA
B opmo-Bofopox npu 923 K, noab3ysicb 3aBHCHMOCTBIO MEXJy BpeMeHeM
NOJynpeBpauieHis 1 fas/ieHneM. [lapnenne P u Bpemsi NoaynpeBpameHnst
napa-sojopoja B opmo-sonopon npu 923 K caenywompue:

P-10-5, Ta ... 0067 . 0133 0,267 0,533
o © L 648 450 318 222

23. Onpenennre NOPAAOK peakuHH Pa3oKeHUs] OKHCH 3TH/EHa

CHZ—Cﬂz (T) = CH4 (r) + CO (r)

V.

H BHIYHC/IHTE KOHCTAHTY CKOPOCTH (V = const), ecau npu 687,7 K obmee
A2B/ICHHE PEAKIHOHHOH CMECH H3MEHSIeTCS CO BpeMEHeM CeyIOmHM
o6pasom:

t,wmn . . . .. O 4 7 9 12 18
P.-10%Tla . . . 0,155 0,163 0,168 0,172 0,178 0,188

024. CKOpOCTb HHBEPCHH TPOCTHHKOBOIO caxapa B PHUCYTCTBHH COJA-
HOH KHC/IOTBI H3MEHSAJAch CAEAYIOUIUM 06Pa3oM:

Bpemn, c . . . . 0 1035 3113 4857 9231 12834 18520 26320
@ rpag . . . . 11,20 10,35 8,87 7.64 5.19 3.6 =
Bpems, ¢ . . . . 32640 76969 toLeo 016
@ rpag . . . .—I,10 —3,% —3,37

Onpenennre NOPANOK peakuuH M KOHCTaHTY CKOPOCTH.
25. Ilpu 583,2 K AsH, (r) pasnaraercs ¢ 00pasoBaHHEM TBEPAOro
MHIIBSIKA H ra3o00pa3sHOro BoaopoAa. Bo Bpems peakuuu nasnenue us-

MEH5/I0Ch CAEAYIOHM 00pa3oM (AaB/ieHHe NApOB MBILBLAKA BO BHAMAHHE
He TpHHHMaeTCH):

Ly oL, 0 5,5 6,5
P-10-5MMa . . . 0,978 1 !
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Onpenesute NOPSJAOK peakuuH pasnoxenns AsH, (r) ¥ puuucaure
Kouctanry ckopoctH (V = const).

26. MonoxJopykcycHass kucaora npu 298 K Bsaumopneicrsyer ¢ Bo-
Hofl (Boga B GOAbLIOM H3OBITKE):

CH,CICOOH -+ H,0 = CH,(OH)COOH + HCl

3a xon0M peakuHH CA€IUIH TOCPeACTBOM OT6Opa 1pob, KOTOPbiE€ OTTHT-
POBBIBAJIH L1e0YbI0. Pe3ynbTaThl THTPOBAHHS NPO6 OAHHAKOBOro 00bema
PACTBOPOM ILEJIOYH:

[, MHH . . . . . 0 600 780 2070
V,em® . . . . . 12,9 15,8 16,4 20,5

Onpepenure NOPSIAOK peakilMH, BHYHCJAHTE KOHCTAHTY CKODOCTH H pac-
CyuTafiTe, CKOJbKO BPEMEHH MOC/AE HAYala PeakUUH HEOOXOAHMO, YTOOH
BCe TPH KHCJOTbl NPHCYTCTBOBAJH B 3KBHBAJCHTHBIX KOJHYeCTBaX.

27. Peakuusi ruppo/in3a METHAYKCYCHOrO 3pupa NnpoTrekaer Mo ypas-
HEHHIO

CH,COOCH; + H,0 = CH,COOH + CH,0H

KunHerHky 37Ol peakuHH HCCefOBalH THTPOBaHHEM NPOO CMECH OJHHAKO-
BOro oGbema uienoybio. Onpejesute NOpAAOK peaki(HH BCEMH BO3MOXKHbBIMH
CNoco6aMd M BBIYMCAHTE CPefHee 3HAaueHHe KOHCTAHTBI CKOPOCTH 3TOH
pPeakuHH Ha OCHOBAHHH CJIEAYIOUHX JAHHBIX:

BpeMms oT Hadana onbiTa, MHH 0 30 60 90 120 150
O6vem 0,05 u. mwenouH, H3pac-
XOJOBauHHE Ha  THTPOBaHHe

2 cm® npoGH, cMm? 12,70 13,81 16,73 15,52 16,80 20,22

28. Boccranosienne okcupa asora (II) somoposom mnporekaer npu
298 K 1o crexHOMETPHYECKOMY YPaBHEHHIO

ONO-++2H, —» Np-+2H,0

Ecnu ucxoiHble raspl B3fiThl B 3KBHBAJEHTHBIX KOJHYECTBaxX MpH
0,454- 10° [Ta, To KaBieHHEe HX YMEHBLIHJAOCh BABOe B TeyeHHe 102 c, ecan
e HayanpHOe JaBjeHHe Obuio 0,384-10°% I1a, To OHO yMeHDIIHIOCH BABOE
no ucreyenun 140 c. Onpengenure nopsifok peakuuu (V' = const), noab-
3ySiCb 3aBHCHMOCTBIO MEXJy BpeMeHeM pacxoja MOJOBHHb HCXOJHOro Be-
IecTBa H HAyaJAbHOH KOHUEHTpalHed.

29. Peakiusi OMbJIEHHSI METHAYKCYCHOrO 3dupa menoubio npu 298 K
NpoTeKaeT MO yPaBHEHHIO

CH,COOCH, + NaOH = CH,COONa -+ CH,0H

Ias atoit peakuuu npu 298 K nonyuens ciepyioline pesyabTaThl:

A {1 ’ 3 5 7
CNaOH® T-3KB/A . . . . ... .. .. .. 0,00740 0,00634 0,00550
O T 10 15. 25
CNaOH:® T-9KB/X . . . . .. . ... ... 0,00464 0,00363 0,00254
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HMcxopnbie Konuentpaumn menoun u 3(pHpPa OAHHAKOBBI H paBHM
0,01 r-3x8/n. Onpenenure NOPANIOK peaKkuHH OMblieHHst DUpa H ycpen-
HEHHYIO KOHCTAHTY CKOPOCTH. -

30. Peakuus oMmbiienus STHAYKCYCHOTO 3pupa menoysio npu 298 K
BPOTEKaeT 10 YPaBHEHHIO

CHaCOOC,H; ++NaOH = CH,COONa + C,H,0H

Kunernky sroit peakuuu HCC/IENIOBA/IH THTPOBAHHEM NIPOG CMECH OAHHAKO-
BOro o6bema kHca0Toil. Onpenennte OPSAAOK PEAKIHH BCEMH BO3MOKHbI-
MH CIIOCOGAMH H BHIYHC/HTE CDejHEee 3HAYEHHE KOHCTAHTHI CKOPOCTH 3TOH
PEAKUHH HA OCHOBAHHH CIEAYIOWMX AAHHBIX:

Lvum .0 0 4,9 10,4 28,2 o0
O6wem 0,01 u. HC!, napacxogo-
BaHHHI Ha THTpPOBaHHe 0,1 cmd

cMecH, cm? 61,95 50,59 42,40 29,35 14,9

31. B uekortopoit peakuuu TpH H3MEHEHHH HAYa/NbHON KOHLEHTPALHHU
or 0,502 no 1,007 moan/n TIepHOJ, ToJlypacniafa ymeHbillaercs oT 51 o
26 c. Bouncaute nopsgox 37oif P€aKuHH H KOHCTAHTY CKOpPOCTH.

32. Peakumus pasnoxenus nentaoKcuna asora NPOTEKAEeT N0 ypaBHEHHIO
N,O; — 0,50, + N,O,. Kunernky storo npounecca nayyanu IpH TIOMOIIH
H3MEPEHHS B ONpeNeNeHHBIE MOMEHTH BPEMEHH AAB/IEHHS pearupywomen
CHCTEMBI TpH TIoCTOsiHHOM O6beMe. [Tpu 328,1 K nas stoil peakuHH Obiin
NONYYeHbl CleAYIOUIHe NaHHbIE:

t, Mun . - e e v e . .. 3 4 5 6 7 8 9 10
YBeanuenne Rasienns-10-3, Ila 8,7 12,7 15,5 18,1 20,1 22,4 244 26,3
t, Mun , . 2 14 16 I8 22 26 30 38

VBennuenne AaBnenua-10-3, Ila 29,1 '31,4 33,6 35,5 38.5 39,9 41,2 42,6

Bbiuncaure nopsgok stoit peakyun, CpeaHee 3HAYEHHE KOHCTAHTHI CKO
POCTH peakuHH © mnepHop nonypacnaja.

33. Koucranra ckopoctu peakuun, umeoueii nopsajok ¥/, npu 303 K,
paBua 3,0-10-% a%.moap-% .c-T, Onpenennte koucraury CKOPOCTH:
a) B (cM®)%-Moap%- mun-! 6) B (cM®)% - mMonekyna% - ¢c-!. Paccunrali-
T€ HaYalbHYI0 CKOPOCTb DACXOJOBAHHS M BpeMs noaypacnaga B ce-
KYHA3X JAs HAYaJdbHOMN KOHUEHTPAaHH BeulecTBa ¢, = 0,042 wmoub/J.
Onpenennte Bpems, 3a koropoe KOHUEHTPALHS PearHpyiolero BemecTsa
nocruraer 0,002 moan/a.

34. Peakuus pasnoxenns HEKOTOPOro rasa MOJAYHHSIETCS YpaBHEHHIO
nopsiika %/, B Hayase onbTa KOHUEHTPAUMS peareHTa Oplia 5,2. 104
Moab/n. Ecau 55 % ero npopearupyer 3a 50 MuH, T0 KakoBa 6yjer pas-
MEPHOCTb KOHCTAHTBl CKOpOCTH?

MHOTOBAPHAHTHAS 3AJIAYA

Onpenenure nopsigok u KoHcranty CKOPOCTH peakuHH, NpoTeKaomei
NIpH 3anauHOH TeMnepatype T, K, noap3ysich RaHHBIMH o X0Je npouecca
BO BpeMeHH ! (C Hayana peakiHH).
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Ne mapn-

Bpewms,

PesyabTatr Konrpoan

‘atiTa Peaxmm MHH 8a XOIOM pEeaKnuM T' K
a
a—o6beM Ng-10—6  M3; 32 26
Cly norJsoinaercs o0 28,5
a b
2 '2HgCly -+ HCOONa—sHg,Cl, -~ 0 0,1034 0,1734 | 298,2
Rk 1 HCl+ €O, 3 | o069
0 0,0503 0,1734
3 0,0316
@ — KOHUEHTpaLHA l-({: 281;\,‘ Mom/:/.n; (l) 0,1028 (1) gg%
— H a, MOAb/A — s
b — KouuenTpanHa . 0.1028 03790
2,2 — 0,3279
3 CoHsC=CCOONa+ 1, — 0 94,99 298,2
—,CsHgIC = CICOON: 29 832
Hcxonune koumenTpammi 9kBHBajeHT-| 0 21,00
Hb:
a —o6bem 0,1 n. NagS;0s, Hapacxomo-| 34,5 7
BaHHHA Ha THTPOBaHHe 25-10~7 M8
npo6u, cM®
4 Ru—sRaA 0 0,102 293,2
70 0,062
110 0,044
a — oGbem rasa Ra-10-6, M8 140 0,033
165 0,025
200 0,019
250 0,016
360 0,007
450 0,003
600 0,002
750 I
"5 2C2H50H-4‘ 2Br2——-> 0 4,24 298,2
—»CH,COOC,H; + 4HBr 4 314
CnupT B GosbllloM HAGHTKE 6 2,49
10 2,24
15 1,78
a — KoHuenTpauua Gpoma-10°, Moan/n 2 g=3
10 4,45
15 3,73
6 2H;09==0,4-2H;0 303,2,
BOAHOM pac‘rnoge: 0 23.89
a —o6bem KMnO,, uspacxogopanumft| 11,5 19,30
Ha THTpoBaHHe Npobu-10-0, u3 27,1 14,50
42,6 10,95
7 KsS,0 +2KY—>2K,SO.+’2 a
a —ogum 0,01 &. 9 4,52 298,2
Na;8,0s, na3pacxonosannuift wa tutpo-| 16 7,80
Banne 25-10-% M® npobu, cm? 52 14,19
o0 20,05
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M podorxenue Taba.

N Peaxnus B | Py oo peaxinn | T K
8 PactBop N;Os B CCl; pasnaraerca c¢| 20 11,4 313,2
BoigeeHHeM Og; . ‘ég ég,g
a — o6peM Oy, cM ,
? 80 97,2
100 29’5
0o 34,75
9 HyO, B MpHCYTCTBHM KOJTOHAAAbHOH 10 3,3 303,2
niaThubl pasiaraetcs c Bbigesensem| 30 8,1
Oy; 0 15,6
a — o6bem Oy, cM®
10 CH,COOC,Hs+ NaOH = 0| a—x b—x
=8H3C(§(2)NZ_}-LC2H50H 178 | 0,00980 0,00486 | 291 2
@ ¥ b-— unavanbhme Kouuentpaumn| 273 0»88323 0,00398
CH;COOC,Hs; u NaOH moan/m; x — ggé 8»0 ooy 888%2
y6BLIb HCXOJHMBX BelIECTB, MOJb/J | Soe 0°00724 0’ 00230
1918 | 0,00646 0,00151
2401 { 0,00603 0,00109
0,00574 0,00080
CofC
11 C12Hy099 -+ HO = 0 1 298,2
= CgHy306 -+ CeH1504 1435 ! ’2%8l
¢ — kouuenTpauus caxapa B aamubii| 4315 1’466
MOMEHT, MOJb/J; 7070 1’838
€y, — HayanbHas KOHUEHTPALUS — {4';:13(738 %1“7
0,65 Mosb/a s 2:466
19 815 2,857
29 925 4,962
i2 a—x
CH4COOC,H;z 4+ NaOH =
— &H,COONa -+ C,H;0H 0 0.0200 203,7
a=>b  HauaibHble koHuenrpauun| 300 000766
CH3sCOOC,H;s ¥ NaOH, wmoanfn; x—| 900 000540
y6LIb MCXOJUBIX BEIIECTB, MOJb/J 1380 g
2100 0,00422
3300 0,00289
2200 0,00138
13 a
N 05_*N204+ 1/202 y
02*~K0HueHTpauHﬁ N:Os, Moab/a 182 g‘gg 298,2
319 1,91
526 1,67
867 1,36
1198 (1);5
1877 0’55
2315 0’34
3144 '
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FrdABA XXl
“CJIO)KHBIE PEAKLLHH

OcHoBHbBIE ypaBHeHHﬂ H CHMBOJDI
[K., c. 637—643; T., 1. 2, c. 27—38]

B ra. XXI 6binn paccMoTpeHbl TOJBKO NPOCTHIE KHHETHUYECKHE peak-
LMK, B KOTOPHIX peareHTbl MepPeXoiHJH HEeNOCPeACTBEHHO B MNPOAYKTHI.
OnHako uaie BCTpeyarTes peakuxy, npotekau e 6onee yeM B OfHY Cra-

AHKIO0.
by

Has moHOMOJEKyASIpHBIX OOpaTHMBbIX peakuHil THna Af_’ B nudode-
1

peHuHaNbHble (OPMBI KHHETHYECKOIO YpaBHEHHA:

— by (Al ) e (Bl t-x), (XXIL1)
—%—?—:-kl[AHk_l (B]. (XXII.2)

[Ipu paBHOBecHH d—lg =0, u ecniw npu t =0 [B] =0, 10
[[i]]‘:;:: = kk_‘l =K, (XX11.3)
[Blpasn=[Aly— [Alpasn- (XXII.4)
Apagn= kl—kk__;e-l [Al,, (XXI11.5)

rae [A], [B] — rekymue konuentpaunu Bemects A u B; [A], — xoH-
neHtpauxsa A npu f =0; 4 &y k_,—KOHCTaHTH CKOPOCTH NPsSMOH H o0pat-
Ho#t peakukit; [Alpagy ¥ [Blpagy — KoHueHnTpauuu A u B npu paBHoBecun;
K — xkoHcraHTa paBHOBecHs.

Huterpanbupie ¢dopMbl KHHETHYECKOrO YpaBHEHHS!

2,3 | [ Alo—k-1[B],

by ko= . , XXIL.6
k= e Al — %) — - i (1Bl ) (229
_. 23 kafAlo—k_4[B],
btk =22 g D] (XX11.6a)
[lpn ycnosuu, uro B moMent Bpemenn ! = 0 [B], = 0,
2’3 [A]O—[A]pam{
by -k = I ) XXI1.7
e T T e ) ATy (RXILD
Ilnsi MOHOMOJIEKYJSIDHBIX MapasJieNbHBIX peakukit THna
f'—»B(l)
krcm
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auddepenimaibipie GopMbl  KHHETHYUECKOro yPaBHEHHA
dx

dt

d[A]

— == (k) [ALL (XX11.9)

Hurerpansuble ¢GopMbl KHHETHYECKOrO ypaBHEHHA:

= (ky+k-1) ([Aly—2), : (XX11.8)

23 [Alo XX11.10

byt kg = Ig AL —x ( .10)
2, A

k1+.k2=——t—‘°’-|gi[-;%"-, (XXIL.11)

rae ky, k, -—— KOHCTAHTBl CKOPOCTH nepsoit u Bropoft peakuuit. Koucran-
Tl CKOpOCTell OTAETbHBIX CTafuA Ans peakuu#i 1aHHOIO THNA ONpeAensoT
0 COOTHOUIEHHIO

X9/ 2y =Ry [ky, (XXI11.12)

e X, M X, — KOJHYeCTBa MOJIEH BElleCTB B u C, o6pa3oBaBIIHXCH K MO~
MEHTY BpeMeHH {, HIH IpupalleHHe kounentpauuft pemecrs B u C. Texy-
1gas KOHIEHTPAlMs HCXOLHOro BEIeCTBA BHIPAXKAETCH topmy.ioit

Jlns MOHOMOJIEKYJ/SIPHBIX MOC/EN0BATENbHBIX peaklHil THna
atyp i
(1 @
anddepernsanbibie GOPMbl KHHETHYECKOro yPaBHEHHS HMEIOT BHA
4t b ([Al— ), (XX11.13)
dt
LE)y ([Aly—0) ks (x—3). (XXIL 14)
__—d—ﬂ]«—_——-k,m], (XX11.15)
dt

%—L—_-k, [A]—k,[B], (XX11.16)
—d—d—(t:]-—.:k, [BI. (XX11.17)

Unterpanbibie (OPMbl KHHETHYECKOrO ypaBHEHHS:

(Al —x=[Alye ™", (XX11.18)

ky —-k.t__e——k,t

e Al — XX11.19)
x—y=[Aly P— e (
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— . _L —k t ___kl__ —kyt
y-—[Alo( & ¢ T a-n ° ) (XX11.20)
[A]=]Alpe ", (XX11.21)
[B]=-—£‘—L&’~(e"k‘t—e_k* t), (XX11.22)
ky—ky
[Cl=[A}y—[A}—[B], (XX11.23)

rae [Al, [B], [C] — rekym#ue konuentpauuu semecrs A, B, C; [Al, —
KOoHUeHTpauHa BemwecrBa A npu £ = 0; k, U k, — KOHCTAaHTH CKOPOCTH
nepsoil U Bropoit peakunit: [A] = ([Al, — x); [B]l =x —y; [C] = ¥.

6
a —

Puc. 43. 3aBuciMOCTb KOHUEHTpa-

IHH HCXOAHOro BelllecTBa A, npome-

KYTOYHOro BeniecTBa B # KOHeYHO- X-y a-x

ro BemecTsa C OT BpeMeHH AJ# NO-

c/ieA0BaTebHON peaKkuHH nepBoOro
nopHiaKa

t

Touxa Makcumym Ha Kpusoit [B] = f (f) xapakrepusyercs ypasnenus-
MH (puc. 43):

d[B
(—[—[) =0, (XX11.2¢4)
d? /max
[B]max kl
- , XX11.25
Almax ks ( )
2,3 (lgk,—lg &
max=—EA—lgh) (XX11.26)
by —k,

Tie lpmay — BPEMs, COOTBETCTBYIOLIEE MAKCHMAJbHOM KOHIEHTPAlHH Be-
mecrsa B.

3AJAYH C PELIEHHSIMH

1. y-Oxcumacnsuasi kucaora npu 293 K B BogHOM pacTBOpe B npH-
cyrcreuu Kucor (Hanpumep, HCI) pacnanaerca ¢ obpasoBanuem 1aKTo-

‘Ha H BOfbl MO YPABHEHHIO

CH, (OH)CH,CH,COOH—CH,CH,CH,CO--H,0
—0
[Tpurorosaen 0,176 H. pacTBOp y-OKCHMAcAAHOH KHCaOTH. B Hauane onml-

ta Ha 10 cM® KHC/IOTHI NPH THTPOBAHHH C (eHOMPTAaTEHHOM H3PacXOAOBa-
1o 18,23 cm® 0,1 H. pacteopa Ba (OH),: uepes 21 muH nocne Hayajia ofisi-
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Ta Ha TO )K€ KOJHYECTBO KHCIOTH H3pacxopoBaHo 15,84 cm?, a uepes
45 u — 4,95 cM® “6apura. [locaenusis BeJMYHHA OCTAETCH HOCTOSHHON H
npu AajdbHeilwieM tutpoBaHHH. Uepes kakoe Bpemst nocse Hayana ofbi-
Ta Ha THTPOBaHHE KHCIOTH Oyjer uspacxoioBaHo 6,67 cm® Gapura?

P eweHue O6G03HAUHNM Yepe3 o HAYaAbHYIO KOHIEHTPALHIO KHCIO-
Tbl, 4 Yyepe3 a' — HaYaJbHYI0 KOHUEHTPAUMIO JIAKTOHA H Yepe3 X — Ko-
JKYECTBO J1aKTOHA, oOpasoBaBulerocsi 3a Bpemst {. Toraa

dx
dt

=Ry (@—x)—ky (@' —x),

rae Ry B k, — KOHCTAHTBl CKOPOCTH PeaKIHH;

dx .
(kg —koa') — (ky4-kg) x

d#t;

I
-—m In[(kia—kya')— (k4 ky) x] = f+const.

Has HayanbHOro MoMeHta peakuud t =0 u x = 0, OTKyAa

I
const = ?_-’;2— In (Ria—kya’),

1 kia—kya’
(ByFhy) =—1 L 22

¢ " (tre—kya')— (k1 +4y) x° A

YMHOXast YHCTUTeNb M 3HaMeHaTelb ypaBHeHus (1) na k,, mnepeBos
HAaTypa/bHbIA JOrapudM B JeCATHYHbIA U 3aMeHsist ky/k, KOHCTAaHTO! paB-
HoBecHsl K,, NOJyuyuM

ky-Lk, RE | Keca—a’

2,308 1 ¢ (Ka—a)—(ITK)x

Beanunna (k, -+ k,)/2,303 nonxHa GbiTh NOCTOSAHHON NpPH AaHHOM TeMIie-
paTtype B TeueHHe peakuud. Tak Kak a’ = 0, 10 -

1
R T el @)
’ 1<Ca—“(1'_'1(c) X

BbipasuM HauanbHyI0 KOHUEHTPAUMIO KHCIOTH a B cM® pacTBopa 6apura.
Torna a = 18,23 cm®; KonuuecTBo 06pa30BaBIIErocs JaKTOHA X 33 Bpems
t = 21 MuH, Takxe BbipaxkeHHoe B cM® pacTBopa O6apuTa, COCTABHT
x = 18,23 — 15,84 = 2,39 cMm3.

k& )
Yrobbl paccuutath -—;ﬁ, HEOOXOMMO OMpeNeHTh KOHCTAaHTY paB-

CﬂaKTOHa

HoBecust K, = . KoHuentpanuio naktona onpeje-

cv-oxcnmacnnnoﬁ KMCNOTH
JIIEM 110 PA3HOCTH MeXAy o0beMamu pacTBopa 6apma, H3pacXxoAaoBaHHbI-
MH Ha THUTpOBAHHE Y-OKCHMaCJlﬂHOfl KHCJOTbI B Hayaje peakudd 4 no-
Cle NOCTHXKEHHsI paBHOBECHS. Koauempaumo Y—OKCHMaCJIHHOﬁ KHCJAOThI
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onpejensieM no obbeMy pactBopa Gapurta, H3pacXONOBAHHOMY Ha THTpO-
BaHHE TOIO e KOJHYeCTBa pacmopa NpH NOCTUXKEHHH paBHOBECHS . OTClO-
Aa

_(18,23—4,95) 13,38
- 4,95 4,95

K. =2,68.

[oncrasnsis B ypasHenue (2) 3naueHus K., t, a u x, nonyyaem

ky - ky 1 (2,68-18,23)
TR g =0,0041 .
2,303 91 2,68-18,23— (1--2,68) 2,39

3Havenust K, W a B Xolle peakuuu He MEHSIOTCS; BEJIHYHHA X H3Me-
HuTest: x = 18,23 — 6,67 = 11,56, orciona

jo 1 | 2,68.18,23 o
= 0,004] g 216818)23—(1+2,68)11,56 =217 muH.

2. Peakuusi passioXeHHsi H3ONPONUIOBOTO CNUPTA NMpPOTEKaeT B MpH-
CYTCTBHH KaTan¥3aTopa TPHOKCHAA BaHanusi npu 588 K mno cxeme
—>C4H4O - H,
C3}17()}1——'-_+(:3}16—+‘}12()
-——)(:3}18 4‘()2
KoHuenTpaunu Bemects peakuuu, H3MepeHHble Yepe3 4,3 ¢ mnocne Haya-
Ja ONHTa, CAeAylomHe (MMOJb): ¢c,H,on = 27,4; ¢cH0 = 1,5; ccn, =
= 8,1; cc,n, = 1,7. Onpenenure KOHCTAHTY CKOPOCTH KaxKIOH peaKuuu,

€C/IH B HAYa/bHbIl MOMEHT B CHCTEME NPHCYTCTBOBAJA TOMBKO C4H,OH.
Pewenne Onperenr™ HauaiabHoe KOJAHYECTBO C,H,OH:

[AdJ=c1+Co+c3+€4==27,447,518,1 +1,7=44,7 Mmoas/n,

BblyncanM cymmy KoHcTaHT ckopocreit peakuHui:
dx d x d x, d
— 1 + 2 “!‘ X3 )
dt dt dt d¢

dx

dt

W= =1y ([Alg—x)+kq ([A}y—x) = (R1+ky+-kg) ([A]—x),

1 [A]0
Bk e Iy —ie
(Ry+ kg1 R3) y In Al—x '
2.3 44,7

Sh=—"""lg —" _0, 115 c-1,
43 B g7 ~O0M5e

Onpenenum KoHCTauTy cKopoctu (c™') Kaxno# peakuuu:
Xy kl d Xo

dxy X k
=Y A —_ y = N ———" == —_— == 2.
qt v ([Alg—x) x2 "kz', P & (JA}g—x), xs By

d
T =k (AL —x); k=3 k— (hytby);

373



X Z k— (ky-|ky) . 7.5 _ -0,115— (ky+ k)

X3 kg R ky ’
0,935—8, 1
7,5k, =0,935—8,1k,—8,1k5; 15,6 2, ==0,935—8,1 ky; kzz—’——Ts—:'—k?
Tak Kak Xx3/x; = ky/k,;, TO
8,1 _ 0,935—8,lk,
1,7 15,6k, ’
74,3k3=0,935—8 lky; 82,64ky=0,035; ky=1,135.10-2;
0,935—0,01135-8,1 0,935>—0,092 0,843
p = = = =5,42.10"2 ¢-1;
15,6 15,6 15,6

ky=0,115—1,135-10-2—5,42.10-2=4,95.10~2 c-1,

3. MNocnenosaTenbHass peakUHsi MNepBOro NOpPsiika MNPOTEKAeT MO
cxeme:

IMpu 298 K &, = 0,1 u™%; k, = 0,05 y-1; HauanbHAst KOHUEHTPALHS HCXOA-
Horo BeuwiecrBa [Al, == 1 Moab/n. Beiuncaute: 1) KOOpAHHATH MaKCHMY-
ma kpusoii [Pl = f (f); 2) Bpems nocruxeHHsi xoHueHtpauuu [A] <
< 0,001 MoJb/21, IPOROMKHTENLHOCTD £a peakuud A — P; 3) xoHueHtpa-
wiu [P] 1 [B] B MomeHT okoHYaHHs peakunn A — P; 4) Bpems, 3a KOTOpoe
koHuentpauHsi B crater 0,01 MOAb/A, NMPOROAKHTEABHOCTE HHIYKIHOH-
HOFO NEPHOAA lyy,; 5) KOOPAHHATH TOUKH niepernba kpusoii [B] = [ (f); 6)
TOYKy nepeceuenust kpusbix [A] = f () u [P] = [ (¥).

Ha ocHoBaHHH TONyYeHHBIX AAHHBIX nocrpoiite rpaduk [B] = f (¢).

P e w e H u e. Paccuntaem BpeMsi, KOTOpOMY OyjeT COOTBETCTBOBATb
MaKCHMa/IbHAasi KOHUEHTPALHS [POMEXYTOYHOIO MPOAYKTA:

Ink,—Ink,  2,303—2,997
t = = =13,6 4.
max PRrS —0.05 o

OGo3naunM KOHUeHTpauuio A npu fp,. uepes [Aly,,. Toraa
. [A!max=[A]oe—k‘t =e~0:1-13.6_0 959 moab/a,
MAaKCHMaJbHasi KOHUEHTPAUHsi [POMEXYTOYHOIO MNPOAYyKTa Oyner
[Plumax= (& /%5) Appax=(0,1/0,05) 0,249=0,498 moab/x.
IMpumem [Al, = 0,001 moas/n; Toraa 0,001 = [Ale™*1'A;

—0,1¢
0,00l =e A, £, =69 u,

Paccuntaem xonuenrpaunuio P npu ¢ = 69 u:

0,1 h
Pl=—T"0 50 (e—0-1-69__p—0.05-69) = 061 moab/a.
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Paccunraem konnentpauuio npopyxra [B] uepes 69 u:
[B] =[A)y—[P] —[A]=1—0,061—0,00 =0,938 Mosb/1.
Buiunciiim BpeMs £, 3a KOTOpOe ycraHaBniuBaeTcs KOHUeHTpauus B,
paBHas 0,01 mons/n, mo ypasHeHHIO

1 - -
(B1= 18l |1+ (ke gy o)
17 Ra

[B]=1——0T0—5 (0,0e 7% mun _ ¢, 170 "un);
0,990-0,05=0,05¢ %" Mz g1 ¢~ ®5hmuz, (1)
Ypasuenue (1) pewaem oTHOCHTEAbHO taux MeTonoM noabopa:
I S 1 2 2,5 3 4
[B], Mmoab/a . . . . 6,000 0,008 0,014 0,018 0,032
[Ipunumaem t,,, :a%[g]. Touxy nepern6a xpusoil [B] = f (f) naxonum,

HCIIONB3YS YCIIOBHE ~— o= = 0. TIocne puddepeHunpoBaHust U npeobpa-
30BaHUA ypaBHeHHs

1
[B]0=[A]0[1 (kg e~ _p e Rt (2)
ky—ky '
NOJYYHM 1/ TOYKH NeperuGa
. — Ryt kst 0,1ty e-—0.05tn_0

kye T kye” 7 0=0 uan 2¢

[1e !y — KOOpAHHATA TOUKH lepern6a, KOTOPYIO HAXOAHM METONOM MOA-
6opa anist 3HaueHHH HHAYKUHOHHHX NEPHONOB fyyy 5, 15, 10, 20 u. Cpoum
rpaguK 3aBHCHMOCTH X = f (#):

x=2e= 0 1¢_,—0,05¢ oTkyaa x==0,00 mpn f=13,6 u.

Konuentpaunio [Bl B touke nepern6a Haxopum n0 ypasHeHuio (2):
[B] = 0,243 wmouns/n,

4. Ycradosiieno, 4t0 cKOPOCTb peakiiH AeOPMHAHPOBAHHA 2,6-mH-
XJI0p6eH3anbaeruia;

! C1 Cl
- Ho -
QCHO + HOT — Q + HCOO
Cl

He COOTBETCTBYET OKHJAEMOMY HA OCHOBAHHH CTEXHOMETDHH ypaBHEHHIO
d[A] -
— —;— =k [Al [HPO"], 1o npu metbluell KOHUEHTpAKH HOHOB FHAPO-

dt
kcuna (no cpasHennio ¢ [Al) Bupakaercs ypasHeHnem
I =k [A] [HO-)? ‘
at ‘
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HecoorBercTBHE CTeXHOMETPHYECKOr0 ypaBHEHHA 3KCIEeDHMEHTaJbHO Oll-
peneseHHOMY INOPSAKY peakUHH CBHACTEJNbCTBYET O MHOIOCTYII€HYaTOM

POTEKaHUH ‘DeaxunH:

O_
ky GBICTPO ]
1) Ar—CHO4-HO- T ~ Ar—C—OH
(A) ky |
H
(B)
O- O~
l |
9) Ar—C—OH - HO- 2 MMM - e | HC-L H,0
| I
H (0]
(B) » (©

3) Ar---H,0 %™ ArH--HO-

JlokaxuTe, 4TO CKOPOCTb PEakUHH onpeaenseT crafka 2. BoiBepure ypas-
HeHHst CKOPOCTH peakLHH AJIs1 cjydaeB, KOIJa caMoil MeIeHHOH crajneH

apasiercqa cragus 1, 2 uau 3. .
Pewenue 1) EcanckopocTb peakiih onpejensiercs crajuest 2, 1o

w=k, [B] [OH]
Ha ocHoBaHKH Yc/JOBHSI paBHoBecHst Haxoaum [Bl:
ky [A] [OH"]
ky [A] [OH] = k- [B]; [B]:;[%_;
Torjaa

R B AMHOTE 4 ) o2,
by .
2) Ecan ckopOCTb peakunu onpegessiercs crapued 1, to
| w==tky [A] [OH-]—k_y [B], HO k_y < ky ¥ w=k, [A] [OH"].
3) Ecau ckopocTb DeakuHH ompejessiercs crajuedl 3, To
w = kg [Ar~] [HO] 1 ks << by < ks,

W3 ycaosuit pastoBechst &y [A] [HO-] = k_, [B]. Merogom crauuonap-
Hoil KoHueHTpauun onpepensem [Cl:

dd[ ?"] = ky [A} [OH"]— k- [B]— %, [B] [OH"} =0; (@)
ﬁd[% = k, | B] [OH"] — ks [C] [H;0] =0. (©)
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Cnoxus ypaBHeHHst (a) u (6), nonydaem:

fe [A] —k_y [B] —k, [B] [OH-] + b, [B] [OH-] — &, [C] [H,0] =0,
k3 [C] [HyOl =k [A] [OH-] —k, [B,
_ ki IAJ[OH-]—k, [B]
k3 [H,0]
ka (& [A][OH-]— k., [B]) [H,0]
ks [HO]

(C] ) (8)

w= ks [C] [Hy0] = =ky [A] [OH"]—&_, |B].

3ameHuB B ypaBHeHHH (a) BewectBo B Ha A, nonyunm

~ _ k'[A] [OH-]
ky [A] [OH-1=Fy [B]-+ &, [B ; =
1 [AT ] }="Fy [B] -k, [B}[OH-]; [B] ky+ ky [OH-]
ky [A}|OH-
w=k, [A][OH‘]wk_l—kfi—’zgﬁ: % [A][OH-) (1 _..__k +kk—[IOH—_] )
1Ry

5. MeraHo/M3auHsa AUSTHAALETANS SBASETCS ABYXCTAXMAHBLIM Npolec-
COM, B KOTOPOM JiB€ 3TOKCHFDYIIIbl 3aMelIAlOTCsl METOKCHLPYIIIAMH cO-
I/1acHO ypaBHeHHsM:

CH;CH(OEt),-}- MeOH = CHyCH(OMe) (OEt) 4 EtOH (I
CHsCH(OMe) (OEt) - MeOH = CH,CH(OMe),+EtOH (11)

rae Me u Et — mernn- u stwarpynnei.

Beegem o6Gosnavenns: CH,CH (Me) (OEt) — merunatunanerans

(Me—Et—Ac); CH,CH(OEt), — ausruaauerans; CH,CH(OMe), — 1u-
MeTH/aLeTanb.
MetunsTinaueraip B 310/ peakuuh ABASETCS NPOMENKYTOUHBIM NPOLYK-
TOM, COJISIHAsl KHC/IOTA CJAYXHT Karain3aTopoM. XpOMartorpaduyeckum
aHa,/1M30M yCTAaHOBJ/IEHO, YTO NpAMasi H o6paTHasi peakUHK KaXAOH CTaiuu
HMEIOT NepBbli NOPAJOK 10 AUETATIO H [10 KHCJIOTE W He 3aBHCAT OT KOHIeH-
Tpauuu cnupra. Pedyabratel aHanusa craauu | npu T = 298 K u kou-
ueHtpauud HCl = 17,3-10-% wmosb/n npuBegeHbl HuxXe:

t, mMun . .. L L, 0 10 20 30 40 50 60 0o
hyem oL L. 17,7 9,74 6,3 4,77 4,16 3,86 3,72 3,65

h — Bpicora xpoMaTorpagHyeckoro NHKa, NPONOPUHOHANBHAS KOHIEH-

tpausd Du—Et—Ac.

Onpenenvte 3PheKTHBHYIO KOHCTAHTY CKOPOCTH 3TOH peakuuh (k, 2 =

= Ry - k_y). ) ’
IPpdrexTHBHAST KOHCTAHTA CKODOCTH CTaAHB 2 (R,.,g) NPH TEX XKe yc-

JoBusx pasHa 1,07-10-2 mun~'. Ha ocHOBaHHH 3THX JaHHBIX paccyHTail-

' Te MAaKCHManbHyio KoHueHtpaunio Me—Et—Ac u Bpems ee pocrrkenus.

Hcxoanoe conepxanue Bemectsa Du—Et—Ac B npo6e 0,03 r.
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Pewenue:

2,3 1 Xoo _
kl,s¢=k1+k—1= P g Xoo—X
2,3 ho"—‘hw 2,3 ho—hoo .
t ho—hoo—ho+ht t ht—hoo

2,3 17,7—3,65 _ 2,3 14,05

_ == =0,0835 Mun1;
k1, 0p= 10 le 9,74—3,65 10 § 6,09
. _ 2,3 lg 17,7—3,65 — 2,3 Ig 14,05 =0,0834 Mun-1;
2, o 20 6,3—3,65 20 2,65
by g g 05 23 1405 0843 wnn-t;
3 207 T3, 4,77-3,65 30 1,12
L _ 2,3 Ig 14,05 y= 2,3 lg 14,05 =0,0829 muu-Y;
4, 20 40 4,16—3,65 40 0,51
PR S A ¢ U RPN L Y Y—
5, o 50 3,86—3,65 ,50 0,21
PR 2T Ig 1406 _ 2.3 Ig 14,05 =0,0824 muu"1;
8. 20 "¢p 3,75--3,65 60 0,16
0,035 +0,0834 10,0843 0,0820-+0,08440.084 _ (oo
Ry, o, cp= 6 '
.10-2
oo R, s 1,07:107 10_2—_-0,128;
ky, ob 8,34.10
_In(ky/ky) _ In0,128 2,053 =28,24 muH.
Tmax="g "%, (1,07—8,34) 10—2 7,27.10-2
rinr Inr
1 ( - —1 __])_.__
[Me-—Et-—AC]max=[B]max=a 1—r e r —e7 =
0,128In 0,128 __Ino0,128
1 ( T o 1281 0 128—1)—
= * - e i -
0.8 51 ¢ F
0,2631328 _2.0557251\’
1
~0,08 - (e 0872, 0872 =
1 —0,30176 _ ,—2,3575) __ 3M6_=0 0292 1.
=008 5y ¢ ) =008 e~
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6. T'HAPONH3 MeTHArajoreHHOB B BOAHBIX IIENOYHBIX PACTBOPAX IPOTe-
KaeT OJHOBpPEMEHHO C BOJOH N0 MOHOMOJEKY/spHOMY, a8 ¢ HOHAMH — [0
OHMO/IEKYNAPHOMY MEXaHH3MaM B COOTBETCTBHH CO CXeMOM:

k
CH,Cl+ H,0-%CH,0H + H+ - CI—

@—x)

CH,C1+ oH-11,CH;OH +CI-
(a—x) (b—x)
Hanuwnre nuddepennnanpuoe ypasHenne rupposnsa METHJIXJIOpHAA.
Paccuuraiite crenenp npespamenns CH,Cl uepes 65 muu or nauana
peakuuH, a Takxe koanyectso CH4Cl (B % MoabH. OT HCXOLHOTrO KOMHue-
CTBA), TpereplieBiliee NpeBpallenHe 3a cueT B3aumoseiicteus ¢ OH-. das
pellleHHs HCNOAb3yHTE CJ/EAYIOUIHE 3KCllepHMEHTa/bHbBlE JaHHBIE:

Ton=2333,05K; k; =2,16-10-9c1; ky=4,88.10-4 1 (MOJb/ )L,

t, MHH 0 2 30 65 109 214 1160 oo

’

(a—x)-10%, moms/n| 35,3 | 35,1 | 32,0 29,4( 95,5 18,9 2,1 0

(b—x)-10%, wons/n| 102,5 | 102,3 | 99,2 | 96,6 | 92,7 | 86,1 69,3 | 67,2

Pemwenue:
dx
1) Y =k (@—x)+ky (a—x) (b—x);
2) a=35,3"10-3 Moab/a; a—x=29,4.10-8;

35,3.10-3—x=29,4.10-4%; x==35,3-10-3—29,4.10~3=<5 9.10-3 moan/a.

Crenenp npespamenusi CH,CI
B 5,9.10-3

= T 0166, 1. €. 16,69,
o = 35,3108 1066, T e 16,69

3) Ecau 6bl uMena MeCTO TOIBKO NepBasi peakuHs, 10 By = 0, k; =

1 a
— J—— — — ~kt.
; In Ty @— X = aeH,

35,3-10-3— x =35,3.10~8 =2+ 16-107°-3900;
35,3.10~3— x=35,3. 10-3 g8-424: 107,
35,3.10-3— x=35,3-10-%.0,9916;
%=35,3-10-3—3,5.10-2=0,3.10-3=3.10-4 moub/ux;
a—x=35,3-10-3—0,3.10-3==35.10-3 mosb/a.

Cronbko Mosieit OCTanoch Gbi HENpOpearupoBaBIIHMH yepe3 65 MHH, eC/IH
Obl W3 TOJABLKO NepBasi peaKiHus.
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U3 3KclepUMeHTANbHBLIX JaHHBIX BHAHO, YTO BO BTOPOi peakiHH Npo-
pearupoBajio x, = 35-10-% — 29,4.10-3% = 5,6-10-% moJb/n, uau
5,6.10-3
35,3-10-3

T. €. BO BTOpOH peakuuu pearupyer 15,9 % oT HCXOHHOro KosMuecTa,
a Bcero uepe3 65 mun npopearupyer 16,6 % Beuiectsa.
7. PaBnoBecre peakuun H,0 == H* 4 OH™ penaxcupyer 3a 37 MKc
npu 298 K. Haklante KoHCTaHTBHI CKOPOCTH NPAMOH H OGpaTHOM peakuH#.
Pemen ne Haxonum BbipakeHHe W1 BpeMeHH peakcauuu* T,
3Has Rk, (MpsAMas peaxkuHs NepBoro nopsanka) u k_, (oGpaTHas peakuus
BTOPOTrO NnopsiKa):

100=0,159,

k
H,0 <= H+ + OH-
k_y
Ckopocte H3MeHeHHs KoHuentpauun H,O
d[H,0]
dt
rae [H;Ol,, {H*], u [OH-], — konuentpauuun H,0, Ht+ u OH- npu
paBHoBecHd. Eciin cHcreMa HaXOQWTCA B PaBHOBECHH, TO

d [H,0
[dzt ) _ow ki [HOle=k_; [H*]e [OH ],. ()

= —#kj [H;0]+ &, [Ht], [OH ],

[1pyn namenennn cocrofnus CHCTEMBI (HanpUMep, NOBLILIEHHE TEMIIEPATY PHI)
KOHCTaHTBl CKOpOCTel n3MeHsioTes. HoBble paBHOBecHBle YCJIOBAA Onpefe-
JIFIOTCA  CJIeAylol UM 06pasoM:

ky [HpOle=/k_; [H*], [OH"],. (2)
OG6o3naunm otksonenne [H,0] oT HOBOro nosoKeHHs paBHOBECHS uepes
X, TOrza
|Hy0)s = %y + [Hy0]e.

IlIpn ¢ =0 (cpasy xe nocne usmenenus yciaosuit) [H,0l, = [H,0l,,
ciefioBaTesbHO, KoHuenTpaunss H,O u3Mensierca caenyiouum oGpa3om:

d[HeO)/d t=dx/d t= —k-y (x¢+[H0le) +k-1 (—xt +[Ble) (—ar¢-+ [Cle) -

P
CunTasl OTK/IOHEHHE OT DAaBHOBECHsl OYeHb MaJlbiM, NpeHe(peraem x; H,
yudThiBasgs ypaBHenHe (2), nosydaeMm

dx

-:j—t- = ""kl x;—k_l Xt ([H+] + [OH_]

* Bpems penakcauuy (t) — 3TO BpeMs BO3BPAIIEHHS CHCTEMB K COCTOSIHHIO paB-
HOBECHS NOC/Ie CMellleHHsl PaBHOBECHS NOJ AeACTBHEM HEKOTODOTO BHEUIHEro BO3jeil-
CTBHS (HanpHMep, H3MEHeHHe TeMNepaTyph). 3To Bpems, B TeyeHHe KOTODOI'O KOH-
LeHTPaLHs H3MeHseTCs B e pas,
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WK 10cjie pasfieyieHdsl MepeMeHHbIX H HHTEerpDHPOBAHHUA HMeEeM.

b4
=% °""( PRE ([H+1,..+[0H-1e)
HJIH

t 1
xy =1, exp(-——t—), Pae — = k1 £y (IH+],+[OH-T,).

Koncranta paBHOBecHsi peakuuH paBHa
. [H*]1[OH7)

=1,0-1014/55,5=1,8.10-19,
H,0 /

K

[Ipu paBroBecun k, [H,0l, = k_, [Ht], [OH-],, u nostomy & = k_,K
(Mosb/am®). Orcrona ‘
1/t=4k_y (K+[H*]e+[OH)e) = by (K+ V'Ky + Kip) =2:10-7 k4.

[Mostomy
k_y=1/(37-10-%) 2.10~7=1,4-1011 moab~*.gm3.c71,

H3 srtoro caegyer, uto
ky=1,4.1011.1,8.10-16=-2 4.10-5¢c-1,

3ARRAYH

1. Ilpespamenne ponanuga ammonns NH,CNS B THOMOUeBHHY
(NH,),CS — o6paTtumas MoHOMOJIeKysipHas peakuns. PaccuuTtaiite KOH-
CTaHTY CKOPOCTH NpAMOA H 00paTHOH peaKuHii npu 425 K, ucnosbsys cie-
AyloLiHe JaHHble: \

t,Mmug ., O 5 12 19 28 38 48 60 78 80 00
% ... .. 2,0 38 6,2 6,1 8,2 10,4 12,3 13,5 14,5 21,2 21,2

[Tpn poctuKennu coctosinua papHoBecHs 21,2 % pojaunia aMMOHHSA
npespaiaercss B THOMOYEBHHY. )

2. Ilpn cmemenun pacrBop comepxkan 73,2 % 3THJIOBOrO CHHpTA,
0,677 mons HCOOH 1 0,0261 % HCI (Bona ue yunthiBaercs). Jas uccae-
AOBaHHsl KHHETHKH peakuun obpa3oBaHus 3TH/opmHara npH 298 K or-
6upanu B pasianyHOoe BpeMs INpOGH OGBEMOM D M M OTTHTPOBHIBAIH
Ba(OH),. Pesyabtatl THTpOBaHHS:

£, MHE . . . 0 50 100 160 290 / 0
V, Mma. .. 43,52 40,40 37,75 35,10 31,09 24,28

Belunciinte KoHcTauTH 06pa3oBaHHS k, W pasiiokeHds R_, 3TH/IGOp-
MHAaTa B 5TOM PacTBOPE H KOHCTaHTY paBHOBecHsi oOpatHMol peakuuu K,
ec/ld KOHLEeHTpauuu Bozwl, stanoja # HCl nocrosiumus. .
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3. O6pasoBanne 3THJIOBOTO 3hHpa MypaBbHHOK KHCJOTH npn 303 K
NpoTeKaeT M0 YpaBHEHHIO PeaKUHH NepBOro mopsaka

(0] (0]
I i
HC+-C,HgOZ=>H,0 4 HC
| |
OH O0—C,H;
Boin TIOJIYYeHBl CJIeAyIOllHe pPe3yJIbTathl:
{, MHH . . . . . 0 1700 10000 14000 20000 40000 ..
O6beM KHCJIOTH B
JaHHBHA MOMEHT,
eMd .., . . 29,44 28,59 24,77 23,05 21,28 16,80‘

KoHueHTpaLuI0O KHCIOTH onpefiedsiin THTpoBanHeM. KoHlcranta o6-
paTHo# peakuud R_; = 1,15-10~® Muu~!. KoHnuenrpauus npopykra mps-
MOH peakudd B HavaJbHbE MmoMeHT paBha 0. Onpese/nnte KOHCTaHTY
NpsIMO# peaxiHH.

4. Ilpn 300 K mporekaer peakuusi N0 ypaBHEHHIO

CHy—C=CH—COOC,H;—~CH;—C—CH,—COOC,H,
| .
OH

[Monyuensl ciepyiouide pesyJibTarhi:
{, MHH ., . , . . 0 4,25 6,50 9,17 12,0 14,17
Koapdpunuenr npe-

JIOMJIEHHS CHCTe-

ML ., . . . 11,4450 1,4440 1,4430 1,4420 1,4410 1,4400
Enonsnas  dopwma, .

% . . ... 88 84 80 76,3 72,5 69
L, Mmys . ., . . 17,5 20,83 24,25 27,5 31,5 00
Koaddpuuuenr npe-

JNOMJIEHHS] CHCTe-

MH ... 1,439 1,4380 1,4370 1,4370 1,4360 1,4230

Enonbnas .QJopMa,
e, 61 57 53 49 2

Ioxaxute, uto npepauienne enosbHOM GOPMB B KETOHHYIO NPEICTaB-
JSIET Co60# 00paTHMyI0 MOHOMOJIEKYJISIDHYIO PeaKiHio. BHUHC/IHTE KOH-
CTaHTBl CKOpOCTeH NpsIMOi W oOpaTHO# peaxuHii.

‘ HiCHiC_ cHy
CH3C6H4N(CH3)2 + CH3[ — N~—CH,4

7N\
I CH,

5. Jlns peakuuu mexay MEeTHIHOXHAOM H PacTBOPOM AHMeTHJINaparo-
JYHIHHA B HHTPOOEH30J/ie NOJy4yeHbl CleAyiOllHe HaHHbIE:

L MEH , . ., , 10,2 26,6 36,0 78,0
xfco . . . . s . 0,175 0,343 0,402 0,523
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Koncranra paBHosecHs peakunn paBHa 69,8. Havasbhnie KOHUEHTpaldH
o6onx pearentos pasHbi 0,05 MOJB/JI, IPOAYKT B NpouecCe PeakLu OTBO-
autcst. OnpefesinTe KHHETHUECKOE ypaBHEHHe, ONHCHIBAIOLlee KHHETHYe-
CKyl0 KDHBYIO, H PacCUHTaiTe KOHCTaHTY CKOPOCTH peaKilHH.

6. Peakuun

ky

~5CIC,H,OH-+HCI (N
CeH,+HCI-+HCIO—
o HC 1';;*C2HAC|2+H20 (2)
npu teMmneparype T MpoTekaloT NapaJliesbHO. JTHJEH BINT B H3GbiTKe.
BhiuHC/IHTE  KOHCTAaHTY CKODOCTH KaX[OH peaKiuH. Konueurtpauun
(MOJ1b/JT) HCXOXHBIX BELIECTB B OAHOM H3 OMBITOB H3MEHS/IHCDH CTIeAYIOUHM
o6pasoM:

. HasaAo oneira KOHey onvira
[HCIO)®-103%, Moab/at . . . ., . 8,675 3,695
[HCI]- 108, mMoan/a . . . , . . 0,612 © 0,632

7. PeakuMsi TepMHYeCKOro KPEKHHra HeTH OTHOCHTCH K KOHCeKy-
THBHOH DeakuHH, MpHueM GeH3HH SIBJIAETCS NPOMEXKYTOYHBIM IPOAYKTOM,
pacnajatouuMcsl Ha razoo6pasHnle BeulectBa. Onpeaennte MaKCHMaJIbHYIO
KOHILeHTpauHio GeH3HHA H BPEMs! ee JOCTHXKEHHsl IpH KpekuHre | T He-
¢tH, ecan npu 673 K koHcraHTa ob6pasoBanusi GeHsHHa k, = 0,283 gq-1
a KOHCTaHTa pacnajga OeHsuna R, = 0,102 u-1,

" 8. Tlokaxnre, uyro M peaxuuit

& ky
A—B; A—C

BpeMsi, 3a KOTOpOe o0pasyercsi MOJOBHHA KOJIHuECTBa B (mo cpaBHeHuio
C ero KO/IHYECTBOM MpH ¢ = 00), H BpeMs1, 32 KOTOpoe 06pa3yercs NOMOBH-
Ha KonnyecTBa C, ONMHAKOBHI, XOTSI KOHCTAHTHl Ry H Ry HMEIOT pasHbie 3Ha-
YeHHs1.

9. AsKHIHpOBaHHe H3ONMPOMHIGEH30Na H-GyTHIEHOM OCyuLlecTBJIsIeT-
csi B nmpucyrerBud HF no ypasuenuio

H . 34
m,——é-—-cu, Hs cu,——Z—CH, clu, CH;—C-—CH; cHy
T X i VR
+ LI + “H i N B 3
CH, CH, "

CHy—ClH—CH,—CHy P
? s TH;—CH,

HIIH
‘ ky ky
A+B—B C+B3D



rie A — usonponunbenson; B — u-Gyrnaen; C — H30NpONHJI-6mop-6y-
tunen; D — Koneunnii npoaykt. CooTHouleHHe CKOpocTeH oép:isonaﬂnﬂ
NPOMEXKYTOUHBIX KOHEUHbIX NPOAYKTOB paBHO 1,665. MaccoBnlit cocTaB
cmecH K aanxomy Momenty (%): A 11,7, B 68,6. OnpesesnTe OTHOIIEHHE
ky, u ks _

' 10. 6npe11e.mne nepuoxsl nosypacnaga RaB(Pb*) u RaC(Bi*), cs-
3aHHbie TEHETHYECKHM DALOM

Ty, 'l.’l2
( /2)-1>RaC ( /)-ERaC

RaB

e/l CYLIECTBYET 3aBHCHMOCTb H3MEHEHHs KOHUEHTPALHA pajHOaKTHBHBIX
agep RaB or Bpemennu:

Yucao sgep Np,p 100 70 50 34 17 5 4 2,56
T, MHH . . . . . 0 10 20 40 50 8 90 100

!
W BpeMs, NPH KOTOPOM KOHUEHTpauHH HAKOMJIEHHBIX RaC, RaC’ 6yayr
MaKCHMaJIbHbl, Tpax = 3D MHH. (OnbIT NPOBOAMJIH C YHCTHIMH AApaMH

RaB).

1. Jlna nocieoBaTeNbHHIX peaKuHi MNepBoro nopsaxa

ky=0,15¢"1  k,=0,1c71

-»B -

BhYEPTHTE KpHBble 3aBHCHMOCTH KoHuentpauui A, B C ot BpeMeHH.
12. Peakuus 2A + B — 2D nporekaeT yepes o0pasoBaHHe NPOMEXY-

TOYHOI'0O BelleCTBa C no MEXaHH3MY
by . ks
A-B—5; C+A-32D

OG6e peakuuH CMelIaHHOTO Broporo nopsika. Hamummnre ypaBhenne Ljd
pemectBa C Kak (yHKUMHM BellecTBa B (BbipasnTe KOHUEHTPAUHIO Bellle-
ctBa C yepes KOHUEHTpauMio B), HCnosb3ysl rpaHHuHbE YCJIOBHS ¢ = 0
npu ¢ = 0 u ypasuenne aas d[B]/df, B xoropoe 0/ KHbI BOHTH KOHLEH-
tpaun [Aly, [Bl, [Bl, # KoHcrautel k; # Ry. .

13. Jlaa peakuun 2A + B — D, nporekaioluen no cxemam 2A + B —
—C; C + A— D, paccuuraiite CTallMOHAPHYIO KOHUEHTPAUHIO BEILECT-
Ba C. CoBrnagaer Ji1 3Ta KOHUEHTpalHA C MaKCHMMaJIbHOH KOHUEHTpailHeH
pemectBa C? Paccunraiite Maccy BemectBa B, pacxoayemoro B MOMEHT,
Korza KoHuenTpauns pemecrsa C focruruer 95 % OT CTallHOHapHOH, ec/H
[Al, = [Bl,, ¢ = 0 n k, = 25k;. CxoabKo BewectBa D oGpasyercs k s10-
My Bpemenn? Onpefejnre Bpems, 3a Kotopoe GyieT NOJNyueHO 95 % Be-
mecra C oTF craunonapsoro, ecan [Al, = 0,02 monv/n 1 &y = 3,0
X 10~* Mosb/c.

14. CocTaBbTe KHHETHYECKHE ypaBHeHHs, eC/H peaKilHs NpOTeKaer no
C/efylolUeMy MeXaHH3MY:

ky ky
A>B; B4+C—D
k2
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[Tokaxure, yTo NpH BBICOKHX JAaBJEHHAX peaKiuHsi MOXKeT NpoTeKaTb
0 NepBOMY HOPAAKY, a IPH HH3KUX AABJEHHSIX — IO BTOPOMY [OPSAKY.

15. B repmeruueckdil cocys sMecruMoctbio 1 cm® 3axioued 1 r pa-
ausa. Kakoso Gyaer paBrewne pagona npu 0 °C npH HacTyMJIEHHH BeKOBO-
ro papsosecHs, ecad k, = 1,37-10- ¢!, k, = 2,1-107% ¢7L

16. Panor, pacnapasicb, npeppamaercsi B RaA, KOTOpBIH HCHBITHI-
Baet a-paciiaf. Paccuuraiite BpeMs f,,, 10 HCTEYEHHH KOTOPOrO HaKONHT-
¢ MaKCHMaJbHOe KoautiecTBo RaA, ecin BHayaJsle Obl YHCTBIH pPajcH.
Paccunraiite MakcuMmasbHOe KouiuecTBO RaA (B rpavmax), ecid Hayaib-
HOC KOJMYeCTBO pajOHa 3aHuMaeT NpPH HOPMAJbLHBIX YCJIOBHSIX o0beM
0,65 cm® u Tqy9 = 3,82 anst 4 1{; = 3,05 mun. Onpejenite YHCIO aTOMOB
pagona u RaA uepes 5 u. :

17. Papuonsoron 8Cd ucnbiThiBaeT mnpeBpallesuss MO cXeMe

1:%=30 MHH Tiy,=4,5 MHH
hsCd -118 [n ~118 Sn (cratuJen)

Cunrasi, yTo B HaYaJbHbLIH MOMEHT mpenapar cojepxain 0,1 r ToJbKO nep-
BOr0 DagHOH30TONa, ONpefesure: a) Maccy craGuJIBHOrO H30TONA yepes
1 4; 6) BO CKOJIBKO pa3 yMeHBUIUTCS aKTHBHOCTb JaHHOTO npenapara ye-
pes 1 u,

18. HU3oron 13Sb ucnmirbiBaer P-paaHoakTHBHBIE NpEeBpAIlEHUsT [O
cxeme

T, =50 ¢ Ty, =44 MK Ty, =54 Mun
134 Sy +133 Te -+134 | ~134 Xe (cTabusen)

Onpezendre OTHOCHTEIbHOE YHCHO Anep %4Te u 34 uepes 1 u, nosaras,
YTO B HayaJbHBIH MOMEHT Npenapar cojepxkall ToJbKO NepBblil H30TOIMN.
19. Onpefeiute KOHCTAaHTHI CKOpOCTed NpPsMOM M oOpaTHOH peakKuui

mparnc-CHC1=CHCIZ>yuc-CHCl=CHCI

npa 573 K Ha ocHoBanHu aawnbX 0 KoHueHtpauud mpauc-CHCI = CHCI
K MOMEHTY BpemMeHH {:

R 0 600 1080 oo
&% ..o ... 95 82,88 75,24 41,89

20. Peakuus H30MepH3alUHH KHCJIOTH B mpauc-HopMy nporeKaer uepes
obpasoBanHe npoMexxyrounoro npoaykra C. 3a KHHETHKOH peakuHu cJe-
IWJIM MO M3MEeHEHHIO onTHueckod mJjotHoctd D pacTtBopa:

1072, ¢ L. L L., 0 5,88 11,58 20,88 38,88 91,50
D ... ... ... 0,126 0,128 0,133 0,142 0,172 0,230
t-10—2, ¢ .. ... L. 132,60 177,60 266,80 )

D ......... .. 0,263 0,300 0,340 0,421

. k
21. Jlna ofparumoii peakumn A > B HauasibHbie KOHIEHTpaUMH

e
semtectd A 1 B: [A]l, = 1,33-10*[1a u [B]‘0 = (0. Uepes 10 mMau nocJse Ha-
yana peakuud [A] = 5,3-10% [1a u [B] = 8,0-10° [1a. Onpenennre [A]
uepe3 20 ¥ 40 MHH nocsie HayaJla peakidd, ecad R/k_; = 3.
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22. B.cucreme HiyT ABe nMapaJjiie/bHbi€ PEAKUHH N0 YPaBHEHHUAM:

A+BXAsc: B

Hcxoaubie koHuentpauuu Bemects A u B pasue [A], = [Bl, =
= 1,33-10* T[la. Huxe npuBeieHa 3aBHCHMOCTb AaBJIEHHs] OT BPEMEHH:

Bpema, ¢ . ... O 20 40 60 90 120
AP, Tla . . ... 0 213 427 640 960 1226

B MomeHT Bpemenu, Korga AP = 5,2.10°% [1a, peakuus 6b1a NPHOCTaHOB-
nena. Ilpu stom [B] = 3,7-10° ITa. Onpenenure k; U k,.

23. T'mapat JaKTO3bl B PUCYTCTBHH BO/BI NPEBpALIAETCs B JIAKTOH CO-
rJIacHO YpaBHEHHIO

C.H 24012:C12H22011"}‘H20

3Has 3aBHCHMMOCTb YIJIa BpAIIEHHs OT BpeMeHH

tmug . . . . . O 15 60 120 180 240 300 oo
a, rpax . . . .8,98 8,77 8,23 7,67 7,18 6,63 6,58 5,65

NoKaXKMTe, YTO NpeBpaLleHHe rujpaTa JIaKTo3bl B JIAKTOH B NMPUCYTCTBHH
136bITKa BOAb NpeACTaB/sier co6oi o6paTHMYIO MOHOMOJEKYJSPHYIO pe-
aKIHIO.

24. Tuaposu3 MeTUJArajoreHHA0B B BOJAHBIX IIENOYHBIX pacTBopax
NPOTEKAET OJHOBPEMEHHO C BOJOH N0 MOHOMOJIEKYJISIPHOMY, @ C HOHAMH —
no 6MMOJIEKyJIAPHOMY MeXaHH3MaM B COOTBETCTBHH CO CXEMOH: '

CHayiCH,0-45CH,;OH- H* +-Cl-

(a—x)

CH, +OH-£4CH,0H--Cl
(a—x) (b—x)
- Hanummté KuHeTHUeCKOE YpaBHEHHE OTHOCHTENBHO ! W paccumTaiite Bpe*
ma noaynpeBpamenus CH,Cl (B Mun). T
25. [Tosyunre ypaBHeHHe AJIA pacyera CTeNeHH NpeBpalleHHs CH,Br
¥ onpenenure no HeMy gono MoJexkya CHgBr, npopearnpoBaBlIMX 1o
ucreuerny 900 MHH OT Hada/a peaKuuu. [ToJyueHHbIH Pe3y/bTaT CPaBHUTE
C 3KCHEpUMEHTa/IbHBIMH JaHHBIMH. -
IIpu pacueTe WCHOJIB3yiTe SKCIEPHMEHTAJIbHBEIE JAHHbIE, [OJNyYeHHpIe
npu 297,62 K (k4 = 3,21-10~7 c~1, k, = 1,373-10~* (monn/m)™¢):

t, MUH . . . . . . . v ... 0 290 500 900 1400 2000 3000 oo
(@—x)-10—3, monn/a . . . . . 57,2 48,438,5 29,0 21,1 15,2 8,9 O
(b—x)-10—3, moan/nt . . . . . 105,0 96,2 86,3 76,8 68,9 63,0 56,7 47,8

[Ipn pacuere KuHETHKH uiesouHoro ruapousa CH;Br HCnoJb3yiTe
BHIpaXkeHue :

1 [ a 'k1+k2(b~x)]
in s

t_.
a—z k1+k2b

T ky—ky (b—a)
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TAe k; — KOHCTaHTa CKOPOCTH peaKuuu B3auMmojeiicteus ¢ H,0O (peak-
uHs l-ro nopsnka); k, — KOHCTaHTa CKOPOCTH peaKuHH B3aHMOAEHCTBHA
CH;Br ¢ OH™; b — ucxognas Konuenrpauus OH-; a — ucxoguas
kouuentpauus CH,Br.

26. ducenunxsopmeran B3aUMOAEHCTBYET C 3THJIOBHIM CNIUPTOM C 06-
pasoBaHneM XJIOPOBOACPOAHOH KHC/IOTH M 3Hpa no cxeme:

ll'*l H
|
(CeHy) g C+-CyHsOHZHCI - (CgHy )y C—O—C,Hg

1
A+B2C+D
[A], = 0,09966 Mmonb; [Bl, = 21 wmoss.
[TpoBepbre npeanosaraeMyio cxeMy peaKiu H oNpefeNHTe KOHCTAHTI
CKopocTeii HpsAMOA M 06paTHON peaKiuil, HCHOb3ys clenylomHe SKCnepu-
MeHTaJIbHble JaHHble:

Ly MEH .. L. L L L. 13 119 142 162 182 212
HCl, moms . . . . . .. 0,00346 0,02680 0,0309 0,0343 0,0375 0,0418

MHOIrOBAPHAHTHAS 3AHAYA
ITocnenoBatenbnas peakuus mnepBoro MopsAKa NpPoTeKaeT N0 cXeMe

Alyp ks

ITpu 298 K ynenvnas ckopocTs peakuun A — P paBua k;, a peakuun
P — B — k, Hauanpnas KoHuenrpauus ucxofmoro pemectsa [Al,. Bu-
unciaTe: 1) Kos(pduuments Makcumyma Kpusoit [Pl = f (f) (Makcumaip-
HYIO KOHUEHTPAUHIO NPOMEXyTouHoro npoaykra P u Bpems ee noctuxe-
HHf); 2) BpeMs LOCTHXKeHHsA ¢, KOHUEHTPaUMH HCXOjHoro Bemiectsa [Aly;
3) xonuentpaunu [P] u [B] B MoMent Bpemenn t; 4) Bpems, 3a Kompoé
KOHIEHTpAIHA NPOMERKYTOUHOro BeulectBa craner pastoii [Ply; 5) koop-
AMHATHL TOUKH Nepern6a kpusoi [B] = f(f); 6) Touky nepeceuenns kpu-
BuiX [A] = f (f) u [P] = f (#); 7) Ha oCHOBaHWH NOJyYEHHBIX JAHHBIX IO-
crpoiite rpapuk [Pl = f (f).

i% [A].. ' (AL, | [P1e.{ & k $5 | 1a

25 MOab/} MoJb /ot MOJl]b/JI mun— ! Mm:—l 2% ME)n]be/'n ME)?I{:/’JI MEEI:L:/’JI M::"— MI::P;—I
1 {1 o000 {000 0,1]005]13]1 0,001 { 0,01 |0,12

2 |1 {002 [o001 |01]005] 1411 0,001 | 0,02 |0.12 88;
301 |o0015/001 [01}005] 15] 1 0,001 | 0,015 {0.12 | 0,07
4 |1 {0002 001 [0/1]005( 16| 1 0,001 | 0,10 [0.1 | 0.07
51 1,5 0,000 |00l {01005/ 17 ] 2 0,002 | 0,02 |012| 0,05
6|2 10,000 002 |0,1]005]18|¢2 [0002]002 |012]005
712 {0,001 [0,015]0,1({005]19]2 |0002]|00 [012]005
8 {2 o000 [0 012|01]005/2 |2 0,002 | 0,01 {01 | 007
9 1,510,015 {0,02 [0,1/005]2 |1,2]0015|00 |01 |008
10 | 1,5 {0,015 | 0,01 {0,1]0,05/ 22 | 1.2 {0.015] 001 {01 |008
11 | 1,5 10,0156 {0,015{0,1|0,05] 23| 1.2 {0.015|001 |01 |008
12 | 1,5 [0,015 | 0,012 | 0,1 {005 24 | 1,3 | 0.015|0.01 |01 | 008
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FrTABA XXII
3ABHCHUMOCTb CKOPOCTH PEAKHHHU OT TEMNEPATYPbBI

OcHOBHbIE ypaBHEHHSI H CHMBOJIbI
[K, c. 644—654; T, 1. 2, c. 41—45]

HM3yuenne 3apucHMOCTH CKOpoCTel peakiMH OT TeMIepaTyphl ocobe-
HO Ba)XKHO NOTOMY, YTC Te€MIeparypHas 3aBHCHMOCTb JIEKHT B OCHOBE Te€o-
perHyeckoro o6OCHOBAHHSI BHIBOAA A/l BBIYHC/IEHHUs] CKOPOCTH XHMHYe-
CKOro mpoiecca, OCKOJIbKY TeMIepaTypa sBJseTCs] MOJIEKYJspHBIM CBOM-
'CTBOM pearupyioueil cucreMbl. Kmenuo no 3tofi npuurHe Takol mopxop
K H3YYeHHIO CKOPOCTH peakUHH Ha3biBAlOT MOJIEKYJISPHOM KHHETHKOH.

3aBHCHMOCTb CKOPOCTH PEaKUHH OT TEMNepPaTyphi NPUGTHKEHHO BhIpa-
Kaercsa npasusaoM Bawt-Todxpa

—Lt—y 10, (XX111.1)

TAe Rr, U ky, — KOHCTaHTB CKopocTH npu temnepatypax T; U Ty v —
TeMiepaTypHbud Kod(ppUUHEeHT CKOPOCTH peakiuud (Kosdduuuent Bawt-
Fobda); v = 2 + 4.

Ecnu temneparypa peakuun uameHnsiercs B apu¢MervuecKoll nporpec-
¢ Ty — Ty= 10n, To cKopocTh peakuiu GyAeT U3MeHsTbCs B FeOMeTpH-
YecKoM nporpeccud Rr, = kry", nanpumep npu y = 2 Ry, = kr,2".

3aBUCHMOCTb CKOPOCTH P@aKUHH OT TeMIepaTyphl BhPAaXaercs ypas-
HendeM Appennyca, kortopoe B AMddepeHuHanbHOl (popMe HMeeT BHL

dlnk _ Lon XXII1.2
dT — RT®’ ( 2)
a B HuTerpanbHolh dopme
' ky Eon To—Th
1 — , XX1I.3
Tl (RAIL9)
E
Lk:___.L , .
g 5.3 RT --cons t (XXTII1.4)
E
on
T XXIII.
k=kye RT (XXT11.5)

Ry — mocTosiHHast (NPefKCHOHeHUHaNbHbi MHOXHTeND); E,; — 3Heprus
aKTHBaUMH (3KcHepHMeHTalbHasl 3HepPrusi akTHBAUHH). DHeprusi akTHBa-
UHH U TeMIeparypHblil Ko3(pHIUHEHT CBA3aubl ypaBHEHHEM

E=2,3 RT (T+10) Ig y4/10, (XXIII.6)
rae yr — Kosppuurent Baut-T'ofpda npu tremneparype T.
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Puc. 44. 3aBucumocts Igk or /T aaa 1gk
peakliun OKHCIEHHA MelH 2

3asucuMocts g k = f (1/T) wmoxer 18
ObITh MNpejcTraBneda npsiMoll (puc. 44), =
TOr A4 i

E=_—23Rtga, (XXI11.7)
TAe o — YroJ HaKJoHa npsaMmoil.

1 1 1 1 1
30 31 32 33 J44TI°

3AJA4YH C PEIHEHUAMH

1. B npucyrcreun HotoB CN— Gensanbpaerup npeppaumaercsi B 6eH3so-
ui. Onpepenure 3Hepruio akTHBALMH 3TOrC NpEBPaIEHHs, ecJud H3BecT-
HBl CJIEAYIOUIHE JaHHbIe:

I K . .. . . 3132 323,1 333,2
k, vun—t , . . . 0,026 0,048 0,089

Pewewnye HaxoauMm 3vepruio aktHpauMH MO YDABHEHHIO

lgviz La LT
by T 2,303.8,314 T, T,
OTKYJa
‘. 2,303.8,314 T, T, . k,
a= T. T lg—;;-
Ona 313,2 u 323,1 K
Eq= 2’30?'8’3131213’2'323’1 g g:g;gzsms,z JLK /MO,
HOna 333,2 u 323,1 K
o= 2’303'8’3;;:?33'2'323’1 lg. S:SZ§=54643,04 JIXK /MO,

Hna 313,2 u 333,2 K
_ 2,3038,314.313,2.333,2 0,089
o= 20 ¢ 70,029

58785,2-1-54643,04 + 60040, 1
cp =
3

=60040,4 Jx/Monb,

=57822,88 JIx/mMoJb.

2. Onpepennte 3HEPrul0 aKTHBAUHM peaKUHH
Cu-- (NH,); S;04—CuSO,+(NH,), SO,
3HaueHHuss KOHCTAHT CKOpPOCTeH peakuHH A5 pas3/HyHBIX TeMnepartyp:

T,K . . . . .. .. . .29,2 3132 333,2
k108, nf(Monb-Muu) . . . . 9,6 18,16 39,96
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P ew e n ue. OnpenensieM 3uepruio aktuBauud E, rpaguueckam Mme-
TOAOM, HCNOJIB3YSl YpaBHEHHE
Eq

lg belg by .
R Ty 303.8. 314 T

npe)ICTaBHM 3KcnepyUMeHTaJlbHbi€ NAaHHBIE B CJeLYiOlleM BHAE:

i
e PN 3,41 3,195 3,005
gk . ... —2018  —1,74 —1,475

¥ Ha X OCHOBaHHH CTPoHM rpaduk (puc. 44). Orkyna
" —2,02—1,50
Q=
2 3,41—3,02

OnpenensieM 3Hepruio akTuBauMu no ypasnenuio (XXIIL.7):
—2,02—1,50

-103=25522,4 .
3.41—3.02 ) 1 255 JIx/Monb

Eq=—2,303-8,314 tg a:—2,303-8,314(

'3. PactBop yKcycHo-3THJOBoro 3bupa npu ¢ = 0,01 r-3xB/n1 H
293 K ombinsierca 0,002 u. pactBopom NaOH (c,) B Teuenne 23 MuH HA
10 %. Peaxkunsa — Broporo nopsigka. Kak H3MEHHTCA 3TO BpeMmsi, €CJH
YMEHbIUHTh KOHUEHTPAlUUH pearupymomux semects 8 10 pas; yBeaHuuTsb

temnepatypy Ha 15°? :
Pewenne Bocnonblyemcss KUHETHYECKHM YpaBHEHHEM

0 (a—x) b
= )" (b—r)a

W, nogcTaBuB ¢ = 23 MuH, a = ¢; = 0,01 r-3k8/n1, b = ¢, = 0,002 -3kB/1,
x =10 % or ¢;, T. e. x = 0,001 r-3kB/n, nonyunm
I i (0,01—0,001) 0,002

k= 31 =3,19.
23 0,01—0.002 2" 70,002—0,001) 0,01

Ipu ymenbliieHHH BceX KoHueHTpauu#i B 10 pas Oyaem HMmeTb ¢; =
= 0,001 r-sks/a, ¢, = 0,0002 r-3xs/a, x == 0,0001 r-3kB/n. [ToacTaBasas
3TH 3HauyeHHsA B KHHeTHUecKoe ypaBHenue jns k = 3,19, nonyuaem

> ] {0,00;—0,0001) 0,002

1
b= — 2,3 lg .
t 0,001—0,0002 (0,0002—0,0001) 0,00t

Orciona ¢ = 230 muu. [lonaraem, yto npH HOBHILEHHH TeMneparypol Ha
10° cKopocTh peakuHH yBeqHuYHBaeTcsl BiBoe: Ryyjo = 2kr. CnenoBatens-
HO, krpis = kr 298 = 3,19 V8 = 3,19-2,83 = 9,04. B cayuae ombI-
neuus 10 % s¢pupa npu T u T + 15 kt = kit;. Orciona Bpemsa 6yner

-33—19—23 8,1 486
9.6 =8,1 MEH= c.
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3ALAUYH

1. Il peakuHH TEPMHYECKOTO Pa3JoKEHUA 3TaHa NOJYYeHbl CIeAylo:
IHe KOHCTAHThl CKOPOCTH peaKuUHH M[epBOro NopAjiKa:
K. . ... .83 833 843 853 863 873 883 893 903
k-10-5, ¢t . . . 2,5 4,7 8,2 12,3 23,1 35,3 57,6 92,4 141,5
IMoctpoiite rpadguk 3aBucumoctd k ot T 4 Ig k ot 1/T. Paccunraiite suep-
FHIO aKTHBAUMH H [peiIKCHOHEHUHANbHbIH MHOXKHTE/b.

2. KoHCTaHTHl CKOPOCTH DEaKUHH Pa3noXKeHHs OPraHHUYECKOH KHCIo-
Thl B BOJHOM pacTBope CJelyIoLHe:

T,K. . . . ..« 2732 2932 313,2 333,2
k-105, mup—' . . 2,46 47,5 576 5480

[Toctpoitte rpaguk 3aBHcumoctd Ig £ ot 1/T M onpegennte 3HEpruio ak-
THBAUHMH. BBIUMCIHTE KOHCTAHTY k, B YPaBHEHHH k = ke o/*" " nepuon
noJypacnazna gns 3toil peakuud npu 373,2 K, ecnu 3ta peakuus nepeoro
NopsAAKa.

3. JlBe peakuuH OfMHAKOBOro NMOPsAJKa HMEIOT paBHbIE NMPEISKCHOHEeH-
UMaNbHLIE MHOXHTENH, HO HX 3HeprHH aKTHBauu{ pasnuyaloTcest Ha
41,9 xJIx/monpb. PaccuuTaiiTe COOTHOIUIEHHS] KOHCTAaHT CKOPOCTEH 3THX
peakuuit npu 600 K.

4. Ulenounoe ombinenHe 3THI0BOrO 3hHpa YKCYCHOH KHC/IOThI XapaKTe-
pH3yeTcsl cleyIomHUMH KOHCTaHTaMH CKOpOCTel NPH pasjIMYHBIX TeMmnepa-
Typax:

T, K . . . . . . . ..., 273 293 298
k, mMup—l.g.mMomp—! . . . . . 1,17 5,08 6,56

BbluncaiTe 3HEPrHI0 aKTHBALUHU 1 BPeMs NPOTEKaHHs NOJIOBHHB peaKIHH
npu 298 K, ecnu: 1) Bsaumopeictyior 0,025 monw/a, 2) 0,0125 monw/n
pacTBopa 3pHpa M LIEJOYH.
5. B cnupToBoM pacTBope Al peaKlHH
CH X-+OH-= C,H;OH-+H+
rie X — Cl, Br uan I, XoHCTaHTB CKOPOCTH MOTYT OBbITH PAaCCYMTaHbl MO

ypaBHEHHUSAM:!
st XJopHja:

k;=0,793-1010 T%—96236/RT;
ans GpomHja
ky=1,28-1010 7% e—87868/RT;
AJig HojpHjaa
ky=2,70-1010 7% e—87868 /RT
Paccuntafite KOHCTaHTHl CKOPOCTH H COOTHOLUIEHHE KOHCTAHT CKOPOCTeH

npu 298 K, xapakrepusyioiee 3aBHCHMOCTb MOJBHXKHOCTH lajloresa ot
€ro npHPOAHI.
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6. Pasnoxenne HEKOTOPOro BeWECTBA SIBJSETCA peaKlneidl NepBoro
nopsiaka ¢ sdepruedl akrtupauuu 231 xJx/monb. [pu 300 K pasnoxenne
3TOTO BEIECTBA POXOAUT CO cKOPocThio 95% B 1 u. Buuncaure remnepary-
Py, OpPH KOTOPO#l 3TC BEECTBO pasnaraercst co ckopocthio 0,1 % B
1 muy,

7. Conb [MA30HMS PA3NATAETCA 1[0 yPABHEHHIO

CHyCgH,NyCl-+Hy0=CHyCgH,OH--N, L HCI

IIpouecc pasnoxenns npescTapasier peakuuio nepporo nopsigka. Kou-
CTaHThl CKopoctd peakuuu npu 297,9 u 303,2 K coorsercreendo pasubl
9-107% u 13-10-® muu~!. Buiuucanre KOHCTAHTY cKopoctd hpH 308,2 K
1 BpeMsl, B TeuenHe KoToporo pacnagaerca 99 % conn LHA30HHA NPH 3TOH
Temneparype.

8. KoucranTa CKOPOCTH Da3/IOXKeHHS = AUETOHAUKAPGOHOBOH  KHC-
JIOTHI

CO (CH,COOH),—~CO (CH,),--2CO,

(peakuusi nepporo nopsiika) npu T, = 273,2 K pasua k; = 2,46-10-5
mua~t, npu T, = 313,2K k, = 5,76-107% mun~!. Buuncaure pems,
B TeyeHHe KOTOporo peakuusi npoiijer Ha 70 % npu T = 323,2 K.

9. Ilepuon nonynpespaiiesus BelleCTBA B PeaKiuMH NepPBOro Nopsijka
npu 323,2 K cocraBasier 100 mun, a npu 353,2 K — 15 mud. Buiunc-
JUTE TeMnepaTypHblil KO3(pQHUUEHT KOHCTAHTHI CKOPOCTH 3TOH peak-
{HH.

10. Koucranta CKOpocTH OMbiIeHHs yKCYCHO-3THIOBOTO 3(pHpA €AKHM
Harpom npu 282,6 K pasua 2,37, a npu 287,6 K — 3,204. I1pu xako# tem-
fieparype KOHCTaHTa cKopoctd Gyner papua 4?

11. B pacreope comepxurcs 0,1 monb stunanerara 1 0,1 monp NaOH.
IIpu 283,2 K B tevenne 15 muu ommsercs 10 % spupa, a npu 298,2 K
3a TOT e npomexyrtok speMeny — 20 %. Buiuncanre Konnuectso 3hupa,
KOTOpO€ OMBIIUTCS B Teuedue 5 muu npu 313,2 K.

12. Pasnoxenne mnepGopata HaTpHs

NaBO;-+H,0-»NaH,B0,+ %0,

peakuusi nepporo nopsiaka. Koscrantel ckopoctu peakuuu npu T, =
= 303,2 K u T, = 308,2 K coorsercrsenno papam 2,2-10-% u 4,1.10-3
MHH™!. BbIYHCIHTE 3HEPrHI0 aKTHBAUMM pPEAKUMM M BpeMs, B Teye-
npe Koroporo npu Ty = 313,2 K pasnoxurca 99,99 % nepGopara
HaTpHsl.

13. Hsonponunosniilt apup B 1apooGpasHOM COCTOSHHH H30OMEPH3YeTCsi
B QJTHJIALETOH, H CKOPOCTDb PedKIMH IOJYHHSETCS] yPABHEHHIO 1ePBOro 110~
psiiKa. 3aBHCHMOCTb KOHCTAHTHI CKOPOCTH (C1) OT TeMnepaTyphl OmHChLiBA-
ercs ypapHenuem k = 54.101e—122397/RT = 33 xakoe Bpems npu
423 K napuuanbuoe napnesue annunaperosa gocruraer 300 Mm pT. CT.,
€CJIM HadanbHOE AaBJieHHe H3omponusaoporo sgupa 760 mm pr. cT.?

14. KoHcrauth ckopocreli peakuud BTOporo nopsiika npu 328,2 u
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298,2 K cootsercrpento papuul 1072 u 10~3 mun—!-monb~1.n. Buiunciu-
Te CKOPOCTb 31Ol peakuud npu 343,2 K B HauanbHHWIE MOMEHT peakuuu,
ecaM HayaJbHbie KOHUEHTPAuUMH OGOHX BelleCTB OAHHAKOBH H pPaBHbLI
0,01 mousb/n.

15. Peakuus proporo nopsiaka (A, + A, — NpOAyKTH) npoTekaeT Ha
90 % npu [Ajly = [Asly, = 0,1 Moan/n n 300,2 K 3a 200 muu, a npu
320,2 K — 32 40 Mud. Bruuciaurte ppeMs, KOTAAa peakuus npoijer Ha
99 % npu 330 K u [Al, = [A,]l, = 0,01 moab/n.

16. O6paruMasi pedkuusi NPOTEKdeT MO CTeXHOMETPHYECKOMY ypaB-
HEHHIO

k
2A,+ A, :_i’ 2C — 84 xJIxk/Monb (3K30TEpMHYeCKas peaklus)
ks

ITpu 473 K upsMasi peakuuss NOJYMHAGTCS  33KOHY CKOPOCTH
— d [A,l/dt = k; [A4]?, a 3aBHCHMOCTb CKOPOCTH OT TeMIepaTyphl Bhl-
pajkaerca TaK:

Ig ky==10,42—19700,T

[k, umeer paamepHocTb J/(Mosb-c)]. BuiBepuTe 3aKoH, KOTOPOMY NOAUH-
HSETCS CKOPOCTb oGpartwol peakuud. Onpejendre 3HEPruio akTHBALHH
06paTHOH peaKuuH. Bhlupcaurte H3MEHeHHe SHTPOTHH peakuuH W k, npH
temneparypax 473 u 573 K, ecnn kosctanthl pasyosecus npu 473 K Kp =
= 6,2-10% arm~!. CKopoCcTb peakuuy HyJNeBoro Nopsiika 3aBUCHT OT KOH-
ueHTpauMu pemectsa A,. s BCeX nM KOHueHTPauMil Bemlects A; u A,
Gyaer cOOGMIORATLCS TAKAs 33aBHCHMOCTB?

" 17. CKopocTb PACXOf0BaHHA HHMBHAYAJLHOrO BelllecTBa A HO}L‘-IHHF[;
erca ypapuenuio — d [Al/dt = k [APB. Tlpu T, == 333 K & = 4,20- 10~
(KoHueHTpanus BelllecTBa A BbIpaxkewa B MM pT. cT.), a npu Ty = 473u K
k= 1,4-10"* (KoHueHdTpauus BHIPAXKEHAZ B MM pT. CT.). Paccqx:n‘ame
3HEPIHI0 AKTHBALUMHU U hakTop Appenxyca (npei3KCrHoHeHHHAIbHBIA MHO-
XKHUTENb), KOHCTadTH £ npH 333 u 473 K, ecnu KodHueHTpauus Bewiecrsa
A Bhipaxkeda B MOJIb/J1. BBIUHCIHTE 3HEPrHIO AKTHBAUMH M NPeJ3KCNoHeH-
LHATbHLIH MHOXHTENb, €CJH CKOPOCTh Peakildd BHPAXKeHa B MOJL/(n1-C).
O6bsicuuTe, 6yer M JAHHAS 3HEPIHsl AKTHBAUMHY HCTHHHON 3HEprHe# ak-
THBALHH DPeAKLHH.

18. Peaknus usomepusauun A = B npoxoaut fo koxua npu 338 K.
J/isi ABYX HayaJbHHIX KOHUEHTpALMH BellecTBa A Co,1 H Co, = 2¢4,1 GbIN
u3Meped MepHof MOJYyNPeBpalle st AN peakuut U Hal/ieHo, 4To peaKkuus
nmeeT nopsiaok 4/3 no Komnouenty A. ToudocThb onpejienennst KOHUEHTPa-
unu A cocrapnsier +2 %, olunGKa B onpefesieHHH BPEMEHH npeHeGpexu-
MO Mana, TeMmepatypa NojiepxkuBaercd ¢ tousocThio 0,1°, 3Heprus
aktupauuy 840 k1x/mosb. KakoBa TouHOCTDh onpejieNieHdst BpeMeHd noJay-
npeppaienns? JloctaTouda JM TOYHOCTh H3MEPEHHH, 4TOOKl OTTHYHTDL pe-
aKnuio nopsiika 3/2 or peakuMH nopsiaka 4/3?
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19. Jlaa aumepusanuu 6yraauena lg k=7,673 — 5680/T, rae k ume-
eT pasMepHOCTh /- Mosip~1-¢~1. Kakast 1oa151 Mo/IeKyJ1 6yTajueHa, IpUCyTCcT-
BYIOHIHX B CHCTeMe, HMeeT 3HEpruld, JAOCTAaTOUHYIO /I B3aHMONEHCTBHs
nmpu 573 u 723 K?

20. [as pasnoxeHnus docduHa, NpoTeKaioulero Mo ypaBHEHHIO peak-
uun 4PH; — P, + 6H,, nmeercs caenywoliass 3aBUCHMOCTb KOHCTaHThI

CKOPOCTH OT TeMmmeparypnl: gk = — l8T953 4 21g T + 12,130.

[To 3TMM AaHHBIM OlNpefesHTe 3aBUCHMOCTD SHEPTHH aKTHBALMH OT TeM-
nepatrypsi u 3Hepruio axkrusauuu npu 800 K.

21. KuHeTHKy nupoiu3a 3THIGPOMHIA HCCI€NOBand B rasoBoi dase
IpH MCHOJB30BAHHHM TOJNYOJa KAk [a30HOCHTeNs MPH PasMuHBIX TeMIe-
parypax. Bui1o ycTaHOBIeHO, 4TO MHPOJH NPOTEKAET KaK peakuus nep-
BOro mopsigka. JIns KOHCTAaHT CKOpOCTH OblIH HaHAeHH C/epyiollie 3Ha-
YeHHA:

T, K ...... 800 833 877 900
By, c1 . . ... 00361 0,141 0,662 1,410
T, K ...... 794 806 855 881
E_qy, et ... 0110 0,192 1,126 2,708

rfe k; — KOHCTaHTa NpsMOA peakuuH; K, — KOHCTaHTa oGpaTHOH pe-
aKuuH. M3 npupeneHuHX JaHHbIX ONpENENHTe IpapUiecKu: a) Hepruio
AKTHBAUMH H [PEIIKCHOHEHUUANbHbIA MHOXHUTENb OGeHX peakuui;
6) BHIBEJUTE 3aBUCHMOCTh KOHCTaHThl CKOPOCTH OT TeMIepaTyphl B aHalH-
THYECKOH Qopme.

k1
22, Jlaa peakuuu 2HI 1, + Hy KOHCTaHThl CKOpPOCTH HMEIOT

k_
clelylollHe 3HAYEHHUS: TIPH 666,613 K ky = 0,259; npu 698,6 K &,"= 1,242;
npu 666,8 K k_; = 15,59; npu 698,6 K k_; = 67,0 cm®*-moap~t-c1. Ha
OCHOBaHHM 3THX JAHHBLIX ONpeje]HTe: a) TeMNepaTypHyi0 3aBHCHMOCTb
KOHCTaHTH CKOPOCTH NpsMO# M OOpaTHOM peakuuil; 6) TemneparypHyo
3aBHCHMOCTb KOHCTaHTHI pasnoBecust auccouraunuu HI; B) Koucrauty pas-
Hopecuss npu 553 u 763 K, a pesyabrathl cpaBHHTE C 3KClepHMeH-
tanpuniMu: K, = 1,173-10-2 npu 553 K, K, = 2,182-10~* npu
763 K.

MHOTOBAPHAHTHASA 3ALAYA

ITo 3HaYeHHsIM KOHCTAHT CKOpPOCTeH peaKUHH IIpH JByX TeMnepaTypax
onpeje/nHTe 3HEPrui0 aKTHBAlMH, KOHCTaHTY CKOPOCTH NpH TeMmiepatype
T4, TemneparypHbif Kos(phULHEHT CKOPOCTH H KOJHYECTBO BellecTsa, U3-
pacxoioBaHHOe 3a BpeMs f, €ciH HayajbHble KOHUEHTPAUMH PaBHH C,.
YuTdTe, UTO HOPSIAOK PEaKUUH U MOJIEKYJSIPHOCTH COBMAJAIOT.
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'JTABA XXIV

TEOPETHYECKHWE OCHOBbBI PACYETA KOHCTAHThI
CKOPOCTH PEAKLLUH

OcHOBHblE ypaBHEHHS H CHMBOJIbI
[K., 654—658; I, 1. 2, c. 119—130, 139—155]

CKOpOCTh B3aHMOJEHCTBUS © OMHAKOBHIX ra3006pasHbiX MOJIEKY.J1 pac-
CUHTHIBAIOT MO YpaBHEHHIO :

w —E__JRT
— Hi
wW=Zy,e © .

(XXIV.1)
eciii  E,; — 3Heprus akTHBAWMH, Zia — YHCAO CTOJKHOBEHHUil MeXJy
MoJieKyJlamu rasa A B 1 em® 3a | ¢;

’

1 - _
Zys= s V% no*ny; (XX1V.2)

E n/RT

VAV — YHC/IO aKTHBHBIX CTOJIKHOBeHHH B 1 cm® 3a 1 c;

n — 4uc/I0 MOJleKys B 1 cm®; u — cpexpneapudmernyeckas CKOpOCTb JIBH-
KEHHSI MOJIEKYJI.
Hna peakunu tuna

A-4-B —TIpoayxTu
CKOpDOCTh B3aHMOAEHCTBHA @ HEOAUHAKOBBHIX Moiekyn A u B Gyger

" —E T
w=Zype oA (XXIV.3)

#  —E _/RT .
rae Zag e Eon/RT _ yyeno aKTHBHBIX CTOJIKHOBeHHEA A U B B 1 cm®
3a 1 c;

2
» [ 9at0p 8RT | My +My
ZAB = n, ng

2 n MMy T

TAe Oa, Op — rasOKHHETHYECKHe AHaMeTphl MoJieKya A u B; M, Mp —
MOJIeKyJ/IIpHble MaccHl BeulecTB A ¥ B; ZAp — 4HC/I0 CTONKHOBEHHI MO-
Ga+0g \2 o
——5— | lceuenne coynapenuit

B (XXIV.4)I'n17 rasos onpesensiior no BA3KOCTH Beinectsa. I/ HHIUBH-
IyanbHOro rasa ceuedde coyjapeHuit Gyjer paBHO:

(XXIV.4)

.neky.n AuBB1cm 3alc. Bernunny nt (

Mu
no’= —3:"]— . (XX1V.5)
na

Orciona guamerp Moslekyn 6yger

0= Mu XXIV. 6
© 3mmn, ( +9)
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Hns GuHapHO cMecH rasoB ceuenue coyjapeHuir Gyger:

v p——
n(o,+opl=n [ _ﬂ{\.ui_ l _ﬂB_”B__ ] (XXIV.7)
RETTON 3nnpng

Jli1f XMMHYeCKOR KHHETHKH JOCTAaTOYHO TOYHO MOXKHO OUEHHTH BENHUHHY
CEUEHHs COylNapeHHH, CUMTas, UTO B XKHAKOCTH HJIM B TBEPIOM TeJle Npo-
HCXOJIMT IVIOTHAasA ynakoBKa MoJjiekyJs. O6beM, 3aHHMaeMblil 1 Mo/b (Mo-
AApHEIE o6beM), pased M/d, rme d — nuotHocTh BewectBa, r/cm®. Ilpu
IIOTHOH YMaKOBKe APHK pajauycoM r 3anuMmaer obbeM 873/} 2. Caepo-
BaTeJIbHO,

1 3 M M\1/3
r=-—— 1,41 .1,66.10—2% — = 0,665 - 10—8 | —
2 d a

M, \1/3 Mo \1/312
(04 +0p)?=1,39-10-18 | [_A +(_E .
da dp

Jns B3aumMoneHCTBHA ONMHAKOBHIX H HEOJAWHAKOBBIX MOJIEKYJ KOHCTAHTA
CKOPOCTH BbIpaxKaeTcsl ypaBHEHHAMH: .

(XXIV.8)

Wa , —E__-/RT
k= 3 (mm ”A”B) = Zye OO , (XX1V.9)
rae B Wmeer pasMepHOCTb cM?®/(Mosiekyna-c);
k=2,-108 g, Fon/RT (XXIV.10)

rae Z, — daktop coynapenu#t; k B (XXIV.10) umeer pasmepuocTs
a/(montb-c). PaKTOp COyAapeHHii NpH CTONKHOBEHHH OXHOMMEHHBIX MOJle-
KyJ PacCUMTHIBAIOT MO YpaBHEHHIO

(XXIV.11)

rae Z, MMeeT pPa3MepHOCTb CM?/(MoJleKyna-c). |
PakTOp coyrapentii NpH CTOJKHOBEHHH Pa3HOHMEHHBIX MOJIEKYJI Omipe-
IeJIAIOT [0 YpaBHEHHIO

/ 9 ————
Op-to0 M, 4-M
ZO=J'[ ( A t B ) 8RT 1‘\—i B , (XX!VIQ)
2 n MpMp
rie Z, HUMeer pasMepHOCTb cM®/(MoJleKyaa-c).
YTOUHEHHOE ypaBHeHHe AJI PacyeTa KOHCTAaHTHl CKOPOCTH

—Eon/RT (XXIV.13)

. k=pZye
rje p — cTepHuecKHH akrop.
[Ipenskcnonenunabhbii MHOXKHTENb B ypaBuenuu (X X111.5), cormac-

HO TeOpHH GHHApHBIX CTOJKHOBEHHH, BbIpaXkaeTcsl TaK:

ko= pZ,. (XXIV.14)
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CornracHo TeopHu aKTHBHPOBAHHOTO KOMILIEKca (IepeXOiHOro COCTOSIHHSA)
KOHCTaHTy CKOPOCTH peaKUHH ONpeAeNsioT Mo ypaBHeHHI0 DiipuHra (s
6MMOJIEKYNIAPHBIX peaKuui)

kT ——QdK e=Eo/RT’

W 0y (XX1V.15)

rae E, — 3Heprusi akTHBauuy npu abCOTIOTHOM nyne; Qax, Qa, Qp —

MOJIEKY/IApHBIe CTATHCTHYECKHE CYMMBI (MOJIEKyIsipHble CYMMBI 10 COCTOS-

HHUAM) LIS aKTHBHPOBAHHOTO KOMIUIEKCa H HCXOXHBIX BewlecTs A U B.
KBasu-tepmonnnamiyeckas ¢opma ypaesHenus Dipuura

kT +* —E T
k=uex"h—eAS IR ;~Eon/RT (XXIV.16)

TA€e X — TPAHCMHCCHOHHbIA KO3(pUIHEHT, ANA MOHOMOJNEKYJISAPHBIX pe-
aKUM# X = 1; ajna GUMONEKYpHBIX peakuuit x = 2; AS* — 3HTPONUA aK-
THBauuu; E 5 — 3KcnepHMeHTanbHAas 3HEPruA AaKTHBAIMH;

Eon=RT+ AH7, (XX1V.17)

rae AH# — suTanbnus akTHBAaUMM. PasMepHOCTH KOHCTAHT: AJIS MOHO-
MOJIEKYJIAPHBIX peakuui — BpeMA~!, 11 GUMOJEKYNAPHHX Peakiuii —
o6beM: Macca~'-Bpema~'. IIpendKcIOHEHIHANBHbIN MHOXUTENb B YpaBHE-
wuu (XXIIL.5), cornacio Teopun NepexOAHOTO COCTOAHHS, BhpaXaeTcs
ypaBHeHHeM

AT '
ho=re® "= BSTIR, (XXIV.18)

e k uMeer pasMepHOCTh OGbem-macca™!-Bpems—!.

3AIAYH C PEHIEHHAMHU -

1. Pasnoxenne noiuza BOIOpoia siB/sieTcA GHMONEKYIAPHON peaKiH-
eil, sHeprua aKkTHBauuH kKoTopoir E = 1848-10® Jx/mosib. Peaxuus
npotekaer npu 566,2 K, nuamerp momexynn HI, Bbluncaenuslii no ssis-
KocTd, papen 3,5-107'° M, KoHueHTpauus HOAMAa BOXOpoxa 1 Moub/n.
-Onpegenute KoHcTanty ckopoctd npu 566,2 K.

P e enue Koncranry ckopocts npu 566,2 K BruncaseMm uepes

YHCa0 coypapenuit. Onpenesnsem CpelHIOId CKOPOCTh U, MO yPaBHEHHIO

8RT _ 7,/88,314-107-566,2
P 3,14.128/2

Ug =

=4,33-10* cm/c=4,33/10% m/c.

Paccuntaem uncno monekysn HI B 1 cm®. Tak kax KOHIEHTpau g HOAHU-
Aa Boxopozpa | Moab/J1, TO yuCaAO MosieKysn n B 1 cM® cocTaBHT

6,02.1023
n = —————

100 =6,02- 1020 mosexyJ.
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Torga uACIO coylapenuii GyieT paBHO

V2

Z:T n (2fA)2 En'z,

L]

1,41 :
=-—'2- 3,14 (3,5-10-8)2.4,33- 104 X

X (6,02-1023)2 =4,25.1031,

OnpenensieM yHcJO MOJeKy., Haxons- i :
LHXCST B aKTHBHOM COCTOSIHHH: —

i

' Jaol___||;
1848.10¢ Tt -y
Zakr . —E/RT _ ,F,314-566 __ 310 Y20 330\_340 /T
Zo6m Puc. 45. 3psucumocts lg & or I/T
=8,42.10—18. VI8 peakIHH CgHsN +CH;l =

= [CsHsNCHs] +-

Uncno CTanKUBAOLIMXCS MONeKy N pZ, B 2 pa3a GoJibilie YHCIa CTOJIKHO-
BeHU#l Z, nostomy

pZy=4,25-1031.2 =8,5.10%1 monekyn/cm®.
Uto6bl BbIpPa3HTh YHCJO CTOJNIKHOBEHHH MOJeKyJs 4Yepe3 YHCJIO MoJeil B
1 cm® 3a | ¢, pazgenum nosnyueHHyIO BeMYHHY Ha NOCTOSHHYIO ABoOrazgpo:
pZy=8,5-1091/(6,02-10%3) = 1,41-107.

[TopctaBasis paccUMTaHHYIO BeJIHYMHY B YypaBHeHue R = pZe E/RT,
nosyyaem
k=1,41-107.8,42.10—18 = 11,9.10—11 cm3/(MOsb - ).

2. Ilpu uccnegoBaHHM KHHETHKM peaklMH B3aHMOAeHCTBUS METHJHO-
Auja ¢ NUPUAMHOM B TeTpaxJjopsTaHe

CsHsN +-CH 31 — [CHsNCH,J+1-
Ghisin noayyeHHl clefyiouie IaHHblE:

T, K ... . ... 293,3 - 303,1 313,1 323,2
k-10%, n-momp—tl.mun—1 ., . 0,713 1,50 3.5 5,89

Peaxuys Heo6paTHMa, OTHOCHTCA K peakunaM BTOpOro nopsijaka. Bel-
YHCJHTE 3HepPTHIO aKTHBAlMKH H cTepHyecKuil GakTop, ecnu IVIOTHOCTb MH-
piuguta d; = 0,98 u Metmmuonuaa dy = 2,28 r/cm.

PeweHue BopasuMm rpapuyecky 3aBHCHMOCTb R OT TeMnepaTypbl
T B appeHnycoBCKHX KoopauHaTax (puc. 45). [To Tanrency yrsia nak/aoHa
NOJIyYeHHOH [PAMOH ONpefeNHM 3HEPrul aKTUBAUUH:

E=2,3R tga=2,3.8,314.1,43.2000 = 54689 x,

tae tg o -— coOTHOWeHHe NpUpalleHUil Mo ocH abcuuce M OCH OpAMHAT C
yyetoM MaciutaGoB. 3anuileM ypaBHeHHe NMPAMONR JIHHHH:

lgk=Ig(pZ)—|tga |t 1/T-108=1g (pZ,) —2,86/T-103,
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Orciofia Mo KOOpAHHATaM JI000H TOUKHM, B3STOH HA MPIMOH, HANpUMep
lgk=23,88 mnpu 1/T-10*° = 3,40, paccuuthiBaeM

1g (pZy) =3,8812,86-8,40 =388--9,73=7.61,

4,1-107

pZo=4,1 2107 p-moab— 1. MUH— 1= BO'GW cMmd/ec=1 ,13.10—15¢cmd/c.

ITo ypasuennio

p , ( 8 £T )1/2
= (r r
=" (ra+7g) o
BoiuncaseM Z,. PaccuutaB U3 ONBITHBLIX AAaHHBIX 3HAUCHHSA pZ,, OMpeleIuM
crepuueckuil (aktop peaknun. Tak, Moseky/sipHas Macca NHPHHHA
M, =79, maoruocrs dy, = 0,98 r/cv®; MosekyJaspHas macca HOAMAA
nupuauea M, = 142, nnordoers d, = 2,28 r/em®. [lpuselennas macca
M*  6yaer

MMy 79.142
T Mp+Mg 2101

M =50,7.

C KOCTATOYHOH TOYHOCTHIO MOXCHO OUEHHTb BEJHUHHY CeYeHHsl COyAapeHus
B XHIKOCTH HJI¥ B TBEDJOM TeJle, €C/IH CYIECTBYeT IVIOTHAs YNaKOBKAa MO-
nekyn. O6beM, saHuMaempiit | Moab (MonsipHulii ofbem), pasen M/d.
Ha ofMH mIapHK PAAMYCOM I MPH MJIOTHOH YNaKOBKE NPHUXOAUTCS O6beM

8r3/V2, caepnoBareinto,

3
’:% VT AT1,66-10-2 Mjd =0,665.10-% (M/a)'/?

H CeuyeHHE COYAapeHHs pAaBHO
Oy On My\1/3 (Mn)l/slz
—AT 1,39 10— | [ — -~ ,
e R X (P M
Orciofla noJayuaeMm :

ut- O \2 79 )1/3 142)1/3]2 ~
Ot On \*_ ag jo-ts | (=] T+ [— —9,5.10-15 c2,
“( 9 ) 91 [(0,98, " 12,28

Cpennsisi OTHOCHTEbHAs CKOPOCTb MOJEKYa 1as Temmeparypsl 308 K
6yner :

i l/wz 3,58- 104 cm/c.
3,14-50,7

Torga

2_
zo—n(—i‘i"l) 7=3,58.100.9,5.10-15 =3 4.10—10 cu¥/c.

CnenoBare/bHO, crepuuecKuil (akTop
p=1,13.10-15/(3,4-10-10) =3,3.10-¢.
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3. Ha ocnoBauun Teopuy coynapenusi U TeOpPHH NEPEXOLHOTO COCTOS-
HUS TIOK2XHTe, uTO R, = Z,. Mcnoabzys cnpapovnsle faHHbE, paccud-
TauTe NO YKA3AHHLIM TEOPHAM MNPEASKCIOHEHIUANbNLIE MHOKHTEb s
peakuuy H + Cl—> HCl npu 298 K.

Pewenwue [lngpeakuuu ABYX aTOMOB Y HCXOQHWX YaCTHU Bpalla-
Te/bHAsl COCTABJAIONIAsA CTATHCTHYECKON CYMMbI OTCYTCTBYT, a aKTWBH-
POBaHHBLIH KOMII'IEKC NPEACTABAAET COBO0M IBYXaTOMHYIO HacTHLy., MomeHT
HHepuMH | aKTHBHPOBAHHOTO KOMILJIEKCA OTHOCHTE/IBHO LEHTPA THKECTH
paBex

I=mpxpy 4-mex2y,
TAe Xy H Xy — paccrosiive oT uentpa aromoB H u Cl 0 uenrpa raxectu

MoJIekyabl (puc. 46). CornacHO ONpee/IeHHIO HEHTPA THKECTH MuXy =
= McyXc1. YuuTthBag, u4t0 Xy -+ X1 = ru+ + re,

nocie nPeoBGpas’oBaHUA MOJMYUAEM: H Cl
m ,
cl
_— X X
Xy = ” A 8
H Mgy Mgy (rutra),
a*rs
m R
Xy~ £ 4 :
al (rn+ra),
my My Puc. 46. Onpezene-
HHe KOODASHAT
; My me s \ HeHTPa  THXeCTH
= ——————(rp e = m* (ry -1 Moneryan HCl
H .
. (rmtra) (ru+re) y

,él.)’[ﬂ ABYXaTOMHOHM YacTHIIB, HMEIOIIeH JBe BpaillaTe/bHbI€ CTENEHH CBO-
OJIBL,

8n2 kT 8n2 kT 8xn kT
* —
27 gp== n I= h2 m* (,H_rm)z.:_. pr m* ('H+’Cl)2-

Orciona 10 TeOpHH NEPEXOAHOrO COCTOSIHUA TNPH YCJAOBHH, YTO LJIS 3TOf
peakuuy KkojeGaTesbHas CTAaTHCTHYECKAsh CyMMa paBHA eQUHMIE,

P h? z;;
’ 2n)'7 2 B2 (m*)' e T% (Z)ep (Zep)ep
A3 .
(2m) " 2 k% (m*)* : T% Zp=
h? 8n kT . 2
@) T ey s e o )=
8kT \%
= 2| —
(rn+rcy) ( po )
Eciu p=1, ro0
8kT \%
ko=“(’H+'c1)2( po )
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TakuM ofpasom, Ljas Peakuud MexAy ABYMS aTOMaMu TNpPEL3KCHOHEHLH-
aJIbHBIH MHOXHTE/b, BHIYMCIEHHBIH 11O METOlY AKTHBHPOBAHHOI'O KOMILJIEK-
ca,.cosragaer ¢ $akTopoM coyAapeund. M3 cnpaBouHuKa HAXOLMM, YTO
ri=2,08-10-8 cM u ror = 1,81-10-% cm u, caenoBareibHO,

Zij=3,14 (1.814-2,08)2.10-18 ]/ ﬁ%%__%=l,36‘~10—° cm3/c.

_ 4. PaccuutaiiTe npef3KCNOHEHIMANBHbIH MHOMHTENb M CTEPHYECKUH
¢axrop aas peakuun C,H, + Cl— C,H,Cl, nporexaomeit npu 298 K,
HETOb3Ysl MOAENb AKTHBHPOBAHHOTO KOMIJIEKCa H HMCXOXHBIX 4acTHil,
NpHBeAeHHBIX Ha pHC. 47 n 48.

Pewenne Jlaa pacuera NpPeRIKCNOHEHIMAJIBHOTO MHOXHTEIS H
CIepHYecKOro (pakTopa HeOOXORHUMO OTNPENENUTb MOJIEKyJIsiPHbIe CTATHCTH-
yecKHe CyMMBbl NOCTYNaTelbHOTO, BPallaTeJbHOrO H KO/eGaTe]bHOro ABH-
XKeHuii [/ pearupyloiluX BEIecTB 1 aKTHBHPOBaHHOrO KoMIiekca. Onpe-
ReIeHHE BpallaTe/IbHBX CTATHCTHYECKHX CYMM TpefyeT 3HaHHMs MOMEHTOB
MHEPUMH, 1A Yero HEOGXOZUMO MMeTh HpeACTaB/eHue O KOH(UIypauuH
MCXOJHBIX YacTHIl M aKTUBHPOBAHHOTO KOMIIekca. Bpaiare/ibHbie CTaTH-
CTHHECKHE CYMMB! A/l aKTHBHPOBAHHOIO KOMIJIEKCA MOXHO BBIYHC/IHTD
JHIIb TIPH OTNpPEeleTeHHBIX NPEANONOKEHHAX O €ro CTPOEHUH. ITO MOKHO

HOCTBIO, TOCKOIBKY aKTHBHPO-
BaHHBIH KOMNJEKC ABJAsETCA fpo-
MEXYTOUHBM COCTOSIHHEM MeX1y
MCXOZHBIMH YacTHUAMH H 4YacTH-
UaMH TPOXYKTOB pEeaKIHH. _
[Mpu rnocTpoenun MOAENH aK-
THBHPOBAHHOIO KOMILJIEKCa fONy-
CKaeM CJeAyIoHIHe NPERIoNoKe-
y S nus: 1) ceaap C—C umeer fiauny,

CPEfHIO MEXAY JJHHOH CBS3H

Puc. 47. Onpenenenne -xoopaunar meurpa C-—C B 3TmJeHe H B ofpa3yolem-
TaxecTd MoAeKyan CH,=CH, ca ceobonuom pasukane C,H,Cl;

2) yrJibl chlcz, Hzclcz, H1C1H2
(pac. 48) paBHBI H COCTaBJAIOT
115° (cpenuee mexny 120° B 37H-

- geneun 109° 8 C,H,Cl); 3) arom
Cl nopxoant K MoJeKkyJe ITHIEHA
B HANpaB/JeHUH, NepRAeHfUKYJaap-
HOM TJIOCKOCTH MOJEKY/bl, H B
AaKTUBUPOBAaHHOM KOMIJIEKCe Yrod
CIC,C, (puc. 48) paBen 100° (cpex-
HUIl MEXAY NPsSIMbIM yrJom H 109°
B ofpasyiollleMcsi cBOOOAHOM pa-
Aukane). Paccrosinne or aroma
Cl no C; rnpussato  paBHhHIM
2-10-® uM (Hecko/dbkO GoJblue,

Puc. 48. Ilpexnonaraemas crpykTypa ak-
THBHIPOBAaHHOTO KOMIJIEKCa ‘
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crenaTb € AOCTaTOYHOH  TOY-

yem B C,H,Cl). INpeanonaraemas kondpurypanus AKTHBHPOBAHHOIO KOM-
nJekca NpuseleHa Ha puc. 48.

Jn5 BHIYHCIEHHST MOMEHTOB MHEPIHH STHIEHA U aKTHBHPOBaHHOI'O KOM-
neKkca yAOGHO BHIGHPATh CHCTEMY KOOPAHMHAT ¢ ocbio O, HanpasJeHHOMH
1o cBasu C—C; ocuio Oy, nexauei B JOCKOCTH MOJIEKYJIbl 3THJIEHa H Tep-
nenaukyaspro#t cessn C—C; ocpio 0z, MepneHEHKYIAPUON MJIOCKOCTH
MOJIEKY/IBl STHJ€Ha W Hayaly KOOPAMHAT, NPOXOASIIEMY Yepe3 cepeluHy
cBsian C—C. Jlas 3tH/eHa Hauajo KOOpJHHAT HAXOAUTCA B HEHTpPE TsXKe-
CTH MOJIEKYJIbl, 3 OCH KOOPAMMAT HANpPABJEHBl 10 OCSM CHMMETPHH MOJie-
KyJbl. Tak Kak 3TH/IEH HMEET TPH B3aUMHO NepueHiUKYAaApHbIE OCH CHM-
METpPHH, TO OHH XKe ABAAITCA INIABHBIMU OCAIMH HHEPIUH H, TAKUM 06Pa3oM,
Sajaya CBOZMTCH K BLIYMC/ICHHIO MOMEHTOB HHEPUMH OTHOCHTENbHO TpeX
KOOpJIHHATHBIX OCel:

A
IN =SM;r2, =3M; (23 +43),
A
IV = X Myry, =3 M; (x3 4-23),
IN <3 Mirk =2 M; (x3+03),

Koopaunatsl atomMoB paBHbi:

¢, G H, H, H, Ha
Xp o .. .. 067  —0,67 —1,20 —1,40 1,20  1.20
Yi.....0 0 0,93 —0,93 —0,93 0,93
Zi ... 0 0 0 0 0 0

MH = l, Mc = 12. OTCIOJIa

1N = 4.1.0,9303,46;
I =4.1.1,2004-2.12.0,672 = 16,56,
IM = 4.1 (1,200 4-0,93) +-2.12.0,672 = 90,0:

RIGIA =12 1A 1A,

[Tpu BRYHCICHHH TPOU3BEACHHS MOMEHTOB MHEPIHH OTHOCHTENbHO I/aB-
HBIX OCCH HHEpUHM A/ aKTHBMPOBAHHOTO KOMIVIEKCA BOCMO/b3yeMcst
dopmy.oil

lx —lxy _Ixz
Iplgle={ —1I Iy ~Iy |,
— 1y, — 1y, -1,

rae Iy, Iy, I, — MOMeHTH WHEPUHH OTHOCHTENBHO JIOBHIX TPeX B3auM-
HO NEPMEHHKYIAPHBIX OCel, NPOXOASUHX Yepe3 LEHTP TANKECTH Mode-
Kyael; Ioy, I, w1y, — tak HasmBaeMbie niponssencnus HHepLHHu;

Tay=2 Mixgy;; lyz=32 Mx;z;; Iyy =2 Myy;z;.
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Koopaunarsi aromoe Cl, Hj, Hy, C; n C,; BbuHCIsIEM 1O NPHHATHIM
Anunam cBssell M yriaMm. Koopaunarst H, (¥, ¥, 2) u H, (x, — ¢, 2) pac-
cuutbiBaeM caenyomum nyrem. [Ianna [ orpeska MeXny To4kaMH ¢ KoOp-
AMHATAMM X,, Yo, 2o M Xy, Y1, 21 PaBHA

h=VY =%+ (n—p)+(21—2)*>
a yroj @ MeXAy ABYyMsl OTPesKaMu ¢ OGHIUM HAyaloM B TOYKE (Xg, Yo» o)
M KOHHAMH B TOYKAX (X, Uy, 2) ¥ (X3, Ya, 2Zs) MOXET ObITH OMpejesen 10
dopmyne
(33— %o) (¥a—Xo) -+ (y1—Yo) (Y2—Ho) + (21— 2¢) (22—20) =11 [3C08 @.
Ipumenss 3to supaxenue k orpeskam CiH,;, CiH, u C,0, nonyyaem
A8 HCKOMBIX Kooppumar X, y, z aromoB H, u H,
(x—0,72)2 + 2+ 22=1,07%
(x—0,7 )2—y+22=1,07-0,72 cos 115°;
—(x—0,72) 0,72==1,07-0,72 cos 115°.

Pelenye 3tux ypapHenuil saer koopaunarst Hy u H,. Takum obpasom

KOOPAMHATHI aTOMOB DaBHBI:

H, Hs H, He C, Cs Cl
X e e 117 1,17 —1,25 —1,2%5 0,72 —0,72 1,07
9o —0.8 0,86 0,93 -093 0 0 0
2 ... 0,45 0,45 0 0 0 0 —1,97
Koopaunarhl UEHTPa TAXKECTH HAXOAAT NMPH MOMOWM COOTHOUICHHH
g EMin oo EMiy
" Tz M, T M;
Z,,_____z__!’_i_z_i_:_l'og.
M,
Orclofia B CHCTEME KOOPZHMHAT, CBfI3aHHOH C LEHTPOM TSKECTH,
H, Hs \ Ha H, Cy Cl
Koo e 057 0,57 —1,85 —1,85 —1,32 0,47
Y o -0.86 .86 0,93 —0,03 0 0
2 155 1.5 1.09 1.9 10,9 —0,88

Orciona nonywaem [¥ = 66,3; [7 =99,4; [7 =395 I7, =2 =0;

66,3 0 32,7
IFIgIE=1] 0 99,4 0 |=1,54.108.
32,7 0 39,5

nO}!CTaBPIB 3HauYeHHne IJa BpallaTeJIbHbIX CTAaTHCTHYECKHX CyMM B ypas-
HeHHA

h? z*
fo= (@n)3/ 2k (m)3/2T1 12 (ZA)BD (ZB)nD ,
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noc/je COKpailenus MoayqyuM
e (If 13 12)'

ko=
(2“)3/2 kl/?(’n*)S/Q Tl/? ](AA) ](BA) IEA)

orciona ko = 4,8-10-1% cmd/c.

Urobbl onpeneiuth crepuyecKuii GakTop, HYXHO 3HATh (AKTOpP CO-
yrapeunit. JLns BolyMC/ICHHA CeUeHUs COYRAPEHHI MOXHO BOCIO/b30BATh-
cs paunpiMu Baskocth Cl, u CoH,: ng, = 1,33.10-2 [a-c, NeH, =
= 1,01-10-* Tla-c. [To dopmyne (XXIV.6) paccuuraem paguyc:

I " Mu

o=

2 3nnN,

' Vg, =2,63.10-8; o, =2.4:1078 cm.

Ecan npexnonoxurs, 4to o6beM, npuxopsawmmiics Ha oxpuu atom Cl. pa-
BeH o6bemy MoJekyasl Cl,, To anHeilinbie pasmeps atoMa Cl ZOMKHB! 6bITD
3

B}/ 2 pasa MeHbine, uem mosekyast Cly;

a_
rcy=2,63:10-8/2 =2,08.10-8 cm,
H, C¢JefoBaTeNbHO,

8-8,31.107-298
Zy=3,14 (2,43 4-2,08)2.10—1¢ —_ T = -10—10 cm3/¢c,
0 ( - ) 314156 4. 45 cM3/c

Orciona crepuuecknit gaxkrop pasen p = ko/Z, = 1,08-10-2,

5. Jlns peakuun pasnoxenus okcupa asora 2NO = N, -+ O, xou-
CTaHTh ckopoctu ky = 0,0108 wmonw/(n-c-atm) npu 1620 K u k, =
= 0,030 mosip/(n1-c-at™) npn 1572 K. Paccunraiire AH* u AS# npu tem-
neparype 1572 K.

Pewenue DHTPONMIO M TENJOTY AKTHBAUMHM BHIYMC/IAEM NO ypaB-
HEHHIO TEOPHH aBCOTIOTHBIX CKODOCTell peakHMH, BhPaXKEHHOMY B Jora-
pupMHYecKOl (opme:

k I #
e h=tegg +337 (157 )
1,3805. 1023 vty AHF
le k=g 55938 10-97.0, 08906 2,385,314 (AS#"_{")'
1,3805. 10~23

1g(2,5398+ 1011) = 11 4048.
B G.6238.10-39.0.08006  B(2:5398-10M) =11,4048

3anuceiBaeM ypaBHenue pas lg k mpu T = 1620 K:

AS* AH*
Ig 0,0108=—1,96658= 11,4048+ {5175 — To 137 TE30 * (1)
ata T = 1525 K
AS* AR
tg 0,0030 = —2,52288 = 11,4048+ 15157 — g 137 1555 - ?
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IOas onpenenenns AS” u AH#, pemas coBMecTHo ypaBHeHust (1) u (2),

AHT AST
’ 31018,4 {9,147 — 13, 37138;
AHT AS#

99199,17 19, 147 — 13,92768.

Orkypa AH# = 276993,62 Ix/moap;, AS+# = — 85,038 Ix/(moas- K).
[Tonaraem, uro snauenns AS* u AH+ ana cpepHeil TeMnepaTypsl peakuuu
(1572 K) ocratorcs Temu ke, 4to u pas 1620 u 1525 K.

3ADAYH

1. Asor Haxopurcsa B cocyne npu 1,01-10° [Ta u 298 K. Paccuyuraiite:
1) uncj0 yAapoB O CTEHKH cocyla B | ¢/cM?; 2) 4HC/IO coynapeHHil Mexay
MoJlekyaamu 3a 1 ¢ B 1 cv®; 3) cpefHuit cBOGOAHBIN NPoGer MOJIEKYI.

2. TepMuueckoe pasjioxeHue Tras3oo6pasHOro aueraibierujga — O6u-
MOJIeKyJsipHas peakuus. Jueprus aktusausu E pasHa 1911- 10% x/moab,
a MOJIEKYJISPHBIA AMaMeTp MOJeKyJnl aueTanbieruia 5-10-8 cm. Paccun-
TafiTe YHCJIO MOJeKyJ, pearupywowux B 1-107% v® 3a | ¢ npu 800 K u
1,01-10° [1a, u cpaBHHTe ¢ 3KCNepuMeHTaNbHOH BeauyuHo 7,3- 108,
a Takxe MepHoJ mnoaypacflaia AJA 3TOH peakuuu.

3. Tepmuueckoe pasnoxkenue pHokcuza asora 2NO; — ZNO 4 O,
ABJIAETCA FOMOreHHOH GuMoOJexkyasapuod peaxuuei. Ilpu 627 K xoncrau-
Ta CKOpocTH peakuuu pasHa 1,81-10% cm®.moab~'-c~1l. Crepuueckui
mHoXuteab paBed 0,019. Boiuncaure sHeprmo akruBauuu E, npusgs Au-
ameTp MoJeky/asl NO, pasteiM 3,55- 1078 cm. Onpesienure f0/0 MOJEKY,
obaajgaomux npu 627 K 3sHeprueit, Gonbwuein E.

4. KoHcraHTa CKOPOCTH MOHOMOJEKYJSPHOH peakuHH pasjoxeHHs
asousonponana CzH;N = NCgH, - N, + C;H;, Beipaxaerca cielyio-
UM ypaBHeHueM: Fk; = 5,71.10%e—40900/RT  [lopcyurafite MaKcH-
MaJIbHO BO3MOXXHO€ C TOYKH 3PeHHS TEOPHH CTOJNIKHOBEHUH 3HaYeHHe MNpel-
3KCMOHEHUHAJNBHOTO MHOXHTeAsA, MNPHHAB Oc,H,N—=NCH, = O-107% oM,
CC,H,N=NC,H, = | MoJab Ha 22,4 .1. Temneparypa ombita 563 K. Cpas-
HHTe MOJy4YeHHOE 3HAYEHHE C ONBITHBIMH.

5. Dueprus axkTHBauUMM /I peakuMH Da3JOXKeHHs  aleToHa
CHCOCH; = C,H, + CO + H, papna 286,6 x/lx/Moab. [Ipunsas an-
aMerp MOJeKyJsl aieroHa paBHbiM 5,0-10~® cMm, BBIUHCAHTE KOHCTaHTY
ckopocTH 3Tol peakiuu npu 835 K u 760 MM pr. cr. Boiunc/ienHoe 3nave-
HU€e CPaBHUTE C ONMTHON Beauuunoil k, = 1,5-10~3 ¢-1,

6. OnniTHOE 3HAYEHHE KOHCTAHTBI CKOPOCTH pPeaKUHH MEXAy METHJ-
woauiom u stuaatroM Harpua CH,I + C,H;ONa — CH,0OC,H; + Nal,
ApoTtekaoueil B pacTBope 3THAoBoro cmupra npu 291,K 4,96-10°4
Jd-moap~t-c7l. [IpuHAB pajuychl MOJEKY] pPaBHBIMM COOTBETCTBEH-
HO 2,64-10~8 i 2,74-107% cM, BhIYHC/IHTE C NOMOILBIO YPABHEHHS TeOPHH
CTOJIKHOBEHHH 3Hepruio akTHBauMu 310i peakunu (p = 0,8).
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7. s peakunn H, 4- I, - 2HI nosiyueHo 3Hauenue B ypaBHeHHH
Appennyca:

k=1,6.101¢~E/RT,

Bbiunciute crepuuecknii paktop p n 3Hepruio aktupaumu E, cpaBHuTe
¢ TaGnuyHbiMu faHHbMU (p = 0,14; E = 162,758 x][Ixk/Moab), ecin npu
700 K cpentss koHCTaHTa ckopocTu paeHa 6,4-107% a/(Moab-c) ¥ BA3-
KocTh My, = 1,83-10-3 Ha-c, wy, = 3,6-10~3 [la-c.

8. [lpu uccllenoBaHMM KHHETHKY B3aUMOREHCTBHS TPUITHJAMHHA C
sTHAGpOMuIOM B Gensodte (C,H;)sN+-CoHyBr — 6b11n nosyuens caenyio-
e faHHbiE:

T, K . ... ....... * 273,12 283,2 293,2 303,2
k-10%, cm3 .mos—t.c-1 | |, . 0,28 0,558 1,17 2,22

Peakuus HeofparuMasi B OTHOCHTCS K PEAKUMAM BTOPOro MOPsAKa. Bbi-
YHC/HTE 3HEPTHI0 aKTHUBAUMM W CTepHYeCKUH (aKTop, €clIn MIOTHOCTH
d(C.Hb):N = 0,723 H dC,H,Br = 1,456 I‘/CMa.

9. [Ipu nccnepoBaHuy KMHETHKM B3aUMOAEHCTBHS RUMETHJGEH3HIAMU-
Ha ¢ MeTu/aHORMAOM B HUTpoGeH3ode CgHy(CH )N + CH,I 6b11n nosyue-
HBl CJeAYIOIHe AaHHBIE:

T, K ........... 273,2 283.2 293,3 303
k-103, cm3.Mmomp—1.c—! | | . . 0,922 1,64 4,615 9,65

Peaxuuna neo6patiMa i OTHOCHTCS K peakuusiM BTOPOro nopsAAKa. Beiuuc-
JIUTE SHEPTUI0 aKTHBAUMH M CTepUUeCKHH (akKTOp, ecau mMiaaTHOCTH dy ==
=0,956 u d, = 2,28 r/cm, . '

10. Tlpu uccienoBaHuy KHHETHKH B3aMMOAEHCTBHSA 3THJMONMAA C JH-
MernaGensuiamuiom B auerone CgH;N(CH;), + C,H;I - 6b11n nosyuenst
Clelyiomue JaHHbIE:

T, K ... ......... 273,2  283,2  293,2 303,2
k103, cM3-monp—t.c—1, .+ - 0,27 0,677 1,518 3,398

Peakuna Heo6paTiMa 1 OTHOCHTCS K PeakuuaM BTOPOro mopsiaka. Bbiuuc-
JUTe SHEPIUI0 aKTHBAUMM M CTepuueckuit dakrop, eciam d; = 0,956;
d, = 1,933 r/cM3.

11. Paccunraiite cyMMy cOCTOSIHUE A/ JMHEHHOTO aKTHBHPOBAHHOIO
xommiekca H---H---Br, eciu: a) paccrosuue H---H pasno 1,50-10-8
oM, paccrosiune H---Br . 1,42-10-% cv; 6) MoJdekysaa umeer Tpu kode-
Gareabubie yacTotel: 2340, 460 n 460 cM~! (uerBepras yactoTa COOTBETCT-
ByeT KoJefaHuio BROJb 6apbepa H He TpefyeTca ajs pacuera).

12. Ha ocnoBe teopuu aGCOMOTHBIX CKOPOCTEil PEaKHHH onpeleiute
TeMNEPaTypPHyO 3aBUCHMOCTb MpPEJIKCNOHEHUHAJbHOTO MHOXHUTENA /s
C/IelyIoWMX THNOB MpeBpallleHHA: a) GUMOJEKYJsApHAs peakuus MEeXRy
aTOMOM U JBYXaTOMHOH MOJ/IeKYyJIOH, NPUBOAALIAA K OGPA30BAHHUIO JHMHEH-
HOTO aKTHBHPOBAHHOTO KOMIJIeKca; 6) TPHUMOJEKYAApHas peaKuus MeXAy
AByMsi aTOMaMH M ABYXATOMHOH MOJIEKYJ/IOH, NPHBOAAWIAA K 00pPa3oBaHHIO
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HeJIHHEHOTO aKTHBHPOBAHHOTO KOMILJIEKCA, JHIIEHHOTO CTenenell cBOGOAHI,
Konefarenbnas cyMma cOCTOSIHHI He 3aBHCHT OT TeMIlepaTyphl.

13. [lna snemenrapuoil peakuu H + O, = OH + O usBecrun cae-
Ryloulne JaHHBe: a) PA3HOCTb HYJEBbIX 3HEPTHil B AKTHBHPOBAHHOM Y HC-
XOZHOM cOCTOSIHUAAX paBHa 62,76 JIX; 6) ro—o = 0,12 uM; akruBupo-
BaHublt KoMmmiieke H—O—O umeer snunefiHoe cTpOeHHe ¢ mapaMeTpamH
rm—o =0,1 .M 4 ro—o = 0,14 HM;, B) yacTOTHl KoJeGaHMH [IA
O, v = 1580 em~', mna H—O—O BaneHTHble KO/MeGaHHS OTCYTCTBYIOT,
KPOMEe [BaXKAbl BbLIDOXACHHOTO JehOpPMALMOHHOIO KOJAeHaHUA ¢ v =
= 300 cM~'; r) TPaHCMHCCHOHHBIN KO3PhUUHEHT % = 1. DIeKTPOHHbIE
CYMMbI IO COCTOSIHUAM HE YYHTHIBalOTCA. PaccuuraiiTe KOHCTaHTY cKOpoO-
ctH peakunu npu 800 K.

14. IIns peakuun H + HCI = H, +- Cl usBectun caepyiowue naH-
Hbi€! ) Pa3HOCTb HYJIeBHIX YPOBHeil 3Hepruy B UCXOAHOM H aKTHBUDOBaH-
HOM cocrosinuax 18,828 k[lX; 6) kOHPUrypauuu MOMeKya ry_py =
= 0,13 uM; B) Bce 4acTOTBI KOJMe6aHMI AOCTATOMHO BeAHKH U Qo = 1;
I) TPAHCMHMCCHOHHBIA KO(UIHEHT X = 1. DNEKTPOHHBIE CYyMMbI MO CO-
CTOSTHUSIM He paccMaTtpuBaioTes. PaccuuraiiTe KOHCTAHTY CKOPOCTH peak-
uuu npu 600 K.

15. Onsa peakunn O +CO > O --- C -+ O — CO, u3BectHn cae-
AYIOIIHE [AHHBIC: a) PA3HOCTL HYJNEBBIX YPOBHEH 3HEPTHil B MCXORHOM
U akTHBUpOBaHHOM cocToanuax 83,68 kx, 6) rc_o = 0,112 aM; ak-
THBUPOBAHHBIA KOMIVIEKC ro_c—o = 0,12 HM HMmeeT JuHefiHOe CTpOeHHe
C YKa3aHHbIMH pa3MepaMy; B) BCe YacTOThl KOJeGaHH JOCTATOUYHO BEMHKU
(Qos = 1), KpoMe IBaXbl BEIDOXKAEHHOTO AePOPMANMOHHOrO KoseGa-
HHSl AKTHBHPOBAHHOrO KoMIIekca ¢ v = 200 cM~1; I) TpaHCMHCCHOHHBIH
KO3(UUMEHT ¥ = 1, DIEKTPOHHBIE CYMMbI 10 COCTOSIHUAM HE paccMarpH-
BaoTCsl. BbludeanTe KOHCTaHTy ckopocTH 3Toi peakuun npu 500 K.

16. Boiyucaure KOHCTaHTY ckopoctH npu 600 K s peakuuu
H. . .H

H, +1,=. . = 2HI, ecnu: a) akTUBHPOBAHHBIH KOMIJIEKS HME-
.. .1 -
eT MI0CKOe CTPOeHHe, ero TPH IVIABHBIX MOMEHTA HHEPUHH COOTBETCTBEHHO
paBubl: [5 = 920-10% r.cem?, [g = 7-107% r-cM?, Jc = 930-10740
r-cm?, 6) AAs MOMEKYJ HCXOZHBIX BewecTB ry—p = 0,07 uM, r_; =
.= 0,25 uM; B) AnA Bcex Kojebare/bHbIX cTeneHed cBoboabl Qyon = 1,
—— -1.
KPOMe OJHOrO KO.Ie6aHHsi B aKTHBMDOBAHHOM KoMmiekce v = 100 cm~1;
r) TPaHCMHCCHOHHBIH KO3OHUMEHT x = 1. DNeKTPOHHbIE CyMMb! 1O CO-
CTOSIHMSIM HE PacCMATPHBAIOTCH, J) SHeprus  akTHBauuu E,; =
= 167,36 kx/MOab.
17. [IBe peakuuM OZMHAKOBOIO MOPSALKA MMEIOT DABHBIC 3Hepruy ax-

THBAlMY, HO HX SHTPONHH aKTHBAUUM pasmuyaiorcs Ha 42 [/ (Moasb- K).
Paccuurafite cooTHolnenust uX KoHcraHt ckopocteit mpu 300 K.

408

18. BBIUKC/IMTE KOHCTAHTY CKOPOCTH AMMepu3auuu 3Tunena 2C,H, —
— C4H; npu 673 K, ecan ana 1-6yrena AH = 147 466 [Ix/moap; AS* =
= — 147 Ix/(Moab- K),

19. Ias peakuMn NHpHAMHA C STUIHOZHAOM

CeHs N+ CoHyl — C;H NI

npu 303 K k& = 1,72:10~% a/(monb-c), AS* = — 1185 Hox/(Moab- K).
Paccuuraiite rensory aktuBauun AH* u 3Heprmo akrupamun E.

20. Ins peakunu 6poMupoBaHus 6yren-2-1ucyasdonara-1,4

CH__CHZ-SOJ Na

+8r:h..~..

H,0 Bf-fH—TH-—CH;—sosNa

CH~—CH,—$0,Na HCe O + Nabr
AP
80,
Ha OCHOBAaHUU CJALAYIOIIUX JaHiibiX:
T,K. ... .. 293 298 303
k<1073, mmg—! . . 89 11,0 13,7

paccyuraiite TENJIOTY ¥ 3HEPIrHI0 akTHBauuu npu 298 K, ecau Ko3thdu-
UMEHT TpanchopMauuy paBeH efuHuue 4 AS* u AH# He 3aBUCAT OT TeM-
neparyphl.

21. Koucranra ckopoctu & paas peakuun 2NO + O, = 2NO, npu
600 K paeuna 6,63-105, a npu 645 K — 6,52-10° moab, a. Jlns ofpaTiioi
peakuuH R npy 3THX XKe TeMNepaTypax PABHA COOTBETCTBEHHO 83,9 u 407.
Bolyncnure: 1) KOHCTaHTH PaBHOBECHS /IS 3TUX TeMreparyp; 2) IHEPTHIO
aKTHBaUMH £ npaMoit H obpaTHOW peakuuil; 3) TEILIOTY aKTHUBALHY
AH” npsimolt 1 OGpaTHONl peakumii.

22. Jlna peakuHH pa3IomeHHst OKcHaa azoTa 2NO — N, -+ 0O, kou-
cTaHTht ckopoctu: npu T, —= 1620 K k, — 0,0108 MO/ (s1-c-atm?); T, =
= 1525 K k = 0,0030 moab/(1-c-at™?). Paccuuraiite AH* u AS* npu
Temneparype 1527 K, ucnosbsys ypasuedne Teopiit aGeo l0THEIX CKOpO-
CTeH peakuui.

23. Jlas roMOreHHbIX ra3oBBIX PeakuMil HepBOro Mopsika 3HTPONUS
aKTHBALHH YaCTO GhIBACT HE3HAYMTEIbHOH H €0 MONHO mpenebpeun. [lo-
JAaras, 4ro AS* = 0, onpefenuTe KOHCTAHTy CKOPOCTi H BpeMsa noaynpe-
BpallleH sl HCXOLHOTO BEIeCTBA IPH KOMHATHO Temiepaiype (300 K), ecan
ANd peaKuMy Temaora - akruauuu: a) 63-10° IDx'mons; 6) 84107
Ix/Monb; B) 105-10° Txk/moas. A

24. Msyyanach cKoOpocTh peakuuu

R
S0, 10,5 0, = SO,
X

[Tonyuens koucrauThi cKopocreit npsivoll u o6paTHOH peaKiili pH pas-
JHYHBIX TeMilepaTtypax:

T, K ......873 879 898 933 938 947
Py, mun—t . . . 82,5 92,0 132,0 196,0 209,0 279
ky, Mun—1 9,95 11.8 23,8 52,3 58,25 85,60
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BuluucuTe TEMJIOTY aKTHBAUMH H SHTPONHMIO aKTHBALUMH IS NMPAMOH H
ofpatnoil peakumii. [IpoBepbTe NMPHMEHHMOCTh TEOPHH MEPEXOJHOTO CO-
CTOSIHMSl B 3THX TeMIeparypHuIX INpefenax.

25. Onpenenute KOHCTaHTY CKOPOCTH fuMepu3auuu sruiena 2C,H, —
-+ CH, = CH — CH,; — CH; npu 300 K, eciu cranjaprueie 3HTPONUH
3TH/EHA M AKTHBHPOBAHHOTO KOMMJeKca (npu P == 1 arm), onpeneise-
Mble NOCTYNATeJbHBIM, BpalaTeJbHBIM H KoJebaTe/]bHbIM JBHIKEHHAMH

MOJIeKyJ, RaHbl B TafJHLe:

Burponans, Jx/(moas-K) AS#, Ox/{(Monb:-K)
Bemectao Shocs I S3pam S%on P=const V=const
2C,H. 302,63 ‘ 132,92 \ 5,52 —125,82 ’
CuHs l 160,094 136,60 18,39 —41,80

OnuTHas 3Heprusi akTuBauuu paeHa E,;, = 146,30 x/Ix.

26. YacrorHblfl (paktop RIS AHCCOUMALMH JMMepa HLUKJIONEHTaZHEeHA
B rasoBoil (ase pasen 1,3-10'3 ¢!, sneprus akrubayuy 146,30 xIX. Bbi-
yucauTe: a) KoHcTaHty ckopocrd npu 373 K; 6) 3HTponuIO akTHBALHUH.

27. 118 ruApoaH3a cyJlbhaMHIHON KHCAOTH KOHCTaHTA CKOPOCTH pe-
akuun k= 1,16-10-3 a/(moap-c) npun 363 K, 3Heprus akruBauHH
E = 127,49 xJIxk/moab. Paccuuraiire AA+#, AH#* n AS* peakuun.

28. CoenvHeHue IByX MOJeKY.1 6yTaaueHa MPHBOJHMT K 06pa30BaHHUIO
3-BHHHJIIHKJIOTEKCaHa!

& ai, ¢ CHy— CH=CH,
l CH |C|H CH
CH CH—CH==CH,
X i
CH, 2

[1peanonaraercsi, 4o aKTUBHPOBAHHEIA KOMILIEKC HMEET CTPYKTYpY 6u-
papukana CH,—CH = CH—CH,—CH,—CH—CH = CH,, KOTOpHIt 3a-
MBbIKaeTcsl B KOJbHO COeIHHEeHHEeM RBYX cBOGOZHHIX BaneHTHocTel. Bbiunc-
AHTE KOHCTAHTY CKOPOCTH JuMepu3auuu Oyrapuena [cv®/(Moab:c)l npu
600 K, ecaid ONbITHOE 3HAYEGHHE 3HEPrHM aKTHBAaUMH paBHo E,; = 99,024
kIx/vMons. CraHjapTHble 3HTPONHHM JAaHH B Tabjuue:

urponus, Mx/(moasK) AS7, HOx/(MOab:K)

Bemeetao Slocr ‘ Sapam S%on P=const V=const
9C,H 339,42 l 270,86 ‘ 132,00 \ —119,13
CoHyg ’ 182,67 214,85 183,92 —71,06
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29. [lokaxure, uro npu pacuere ckopoctu RUMepU3auUu 3THJEHa
2C,H, — C,H; sHTpONUiiHbI YieH 6IH30K K 3HAYCHHIO CTEPHUUECKOro MHO-
KUTENA B TEOPUM CTONKHOBeHHHA. ONbITHOE 3HAYEHHE SHEPIUHM AKTUBALMH
paBro E,; = 146,30 k[Ix/MoJb, 3dxpeKTHBHBIH RUHaMeTP MOJIEKYJbl ITH-
Jena npu 300 K 0=4,9:10"% cM, a onbiTHOE 3HAYEHHe KOHCTAHTHI CKO-
poctu pumepnsauun k = 1,08- 107 cm®/(Moab- ¢). Cranzapruas surponus
STHJIEHA H AKTHBHPOBAHHOIO KOMILIEKCA [PH JaBJeHHsX, PABHbIX eAHHHIE,
npuBeseHa B tabnuue:

3urponus, M /(Mons-K) | AS#*, fx/(voms-K)
B
CHIeCTRO S%cr I SSpam S%on P=const V=const
2C,H, l 302,63 l 132,92 ‘ 5,52 | —125,82 l —41,80
C,Hs 139,20 136,69 18,39

30. Paccunraiite KOHCTAHTY CKOPOCTH A/ peakuum pexoMGunanuu
METH/IBHBIX papukanoB npu 473 K (peakuus Broporo nopszka), ecau
SHEprus aKTHBALMM PaBHA HYJIO, fUAMeTP CTOJKHOBeHHA — 2 03-10-8 oM
MO TEOPUH CTOJKHOBEHHH HeyNpyrux WAPOB, SHTPONHA AKTHBALUH —
8,4 JIx/(Monb-K) no reopun a6cooTHEIX ckopocreil peaknuil. 3a craH-
AapTHOE COCTOSIHHE MNPUHATH | MOJB/CM3.

31. Peakunss A + B 4 C— D nporekaer 1m0 Mexaunsmy

A+B = AB (I AB1C =D (Il

Crapus (1) npexcraeasier co6oit o6parumyio peakuumo. [Tokaxure, yro 3a-
BACHMOCTb KOHCTAHTBl CKOPOCTH OT TeMIIepaTyphl BHIPAXKaeTcs ypaBHeHHeM

—(E A T
hm by e Eat AR

rie AH — uavenenne suraapnuu B craguu (I).

MHOI'OBAPHAHTHDIE 3ABAYH

I. XuMmuyeckasi peakuus NPOTEKAET B yCIOBUSX, YKa3aHHBIX B Ta6-
auye (cM. ¢. 412). Onpeneante ¢ NOMOIIBIO TEOPHH CTOJIKHOBEHHUS TY KH-
HETHYECKYIO XaPAKTEPHCTHKY PEAKUUH, KOTOPasi OTCYTCTBYeT B COOTBETCT-
BYIOIIEM BapHaHTe.

2. Onpepennre sueprmo akrtuBauuu E, peakumn, pis KOTOpO# 10
OnbITHBIM faHHbM npu T, K u napunaibuoM pasaennn 1,01-108 [Ta us-
BECTHA KOHCTaHTa CKOPOCTH peakuuu k. Crepuueckuit $akTtop npuusarh
paBubiM 1. [Tosyyennyo 3Hepruio akTUBaUUK 1 KHaMeTp MOJIEKYJI CPaBHH-
T€ CO SHaueHHSIMH, NPHBEJCHHLIMU B cnipaBouynukax. (Cumraiire nuamerp
aTOMOB PABHBIM JHAMETPY MOJEKYJIbl, JHAMETP MOJIEKYJ CYHTAilTe HCXOAs
U3 KPHTHYECKMX HJM KHHETHYeCKHX JaHHBIX.)
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) )
a8 7oK = % B Ne pa-
© 3 % R % b=y % @ S} T 9 = puanTa Peaknus T.K %
(=] : e .
e 189 ¢ % &3 %3 &:% f8i 2 :
E 123 e 28 o $r 2 gdgagsll
o «E = T3 ~ - 3 . <z =82 = 1 H-+HD-—HD+H 1000,2 0,68-10-2 a1/ (c- Moab)
=5 g = S 8 X GEN L,NF ¥ 2 H-+HD—H,-+D 1000,2 0,95-10~° s (/c- Moab)
r:og_ v aQ ~ s i gﬁl)lg——»l;HDI +D 1000,2 1,2- 10-‘; af (¢ MOJIb)
~ ol 2T lg—> 647,2 0,0140 a/(Mun - Mosb)
7 5 H; -+ 1,—2HI 629,2 0,00676 a1/ (MuH - MOJB)
af & TTTT 17 .77 7 7T 1T O1E 6 1 Hi+Br,—2Hbr 847.7 8,56:10% a1/ (Mun - Moath)
2, | ao22s = 2 llees = § S S 22 c2 . I By TV | o Dass uan mare)
z ;T SeT T o 5 ; B Hl— \ ,11-10-5 af (MK - MOJIB
égg “ c:gg z WoaeEeg g : g_ :: :.‘! 9 2HI—>H:+ 122 556,2 0,942-10-8 Jl/(Mﬂﬂ-Mo.ul)
P¥: NN - NNy @ o3 o~ 10 2HI—H,+ 1, 666,2 0,588-10—3 af (MuH- MOb)
i1 2H.—H,; -1, 683,2 0,00137 a1/ (MuH- MOJIb)
E N o ., e s T e }g B—}— Hy;—DH+D 1000,2 1,0- 10:§ af (¢ MoJib)
Ya - o I o< & o S o +H,—DH+H 1000,2 2,5-10-% 1/ (c- MoJb)
2o S w® =g = S A= = =z = == 14 | DLDH—D,+H 1000,2 0,79-10-° a/(c- Moab)
iz c co -~ 5 o c w S 5% 15 T+4H;—HT+H 1000,2 2,2-10~° a/(c- Moab)
56 o - o~ - o 16 T4-Dy—DT--D 1000,2 1,2-10~% a/(c- Moib) o1
. ©ReNTe | ) mewlichn
x B - o =) 22} [ [-Xyr] o —>Ny 5 , 40 - J/ (C- MOJib
§ §m§ B SV VP --JP S e BT aa 3 19 | 2NO~—N,+ 0, 14732 62,46 103 4/ (c- MOJb)
gE9% = 8. £ 54 o 8 g & @ ® 20 2NO—N, -+ 0O, 1235,2 39,82-10% a/(c- Mosb)
&g g b~ 21 2NO—»N,; + O, y 1259,2 6,72-10% a/(c- Moab)
X 22 N,O5—>2NO, -+ 120, 571,2 2,03-1072 a1/ (MuH- MOJIb)
= - ie 23 N03—N0, -+ %0, 611,4 286103 a/ (MuH- MOJB)
8 - - T = —_ = ZTTT 24 NyO5;~—N,0, + 120, 581,4 7,9 a/(Muu- MOaIb)
g 29 17 © TTE L 979 P $xbo 2% | 2N,0-—2N, 0, 1351.2 110,9-10° 2/ (MuH - MoB)
o T8 . L . S8 7 28 . T8aa 127 i 26 | 2N,0—2N,+ O, . 1441,2 977,0 2/ (MuK- MOJIb)
£ o2 ©f = tgs = we 02 255~
g —e g N _ " = —_a o ] .
5 = ¥R b} 52 & V% =z RS g8 3. Ina peakuuu (A), nporekaiouiel 110 n-My NMOPAJAKY, U3BECTHB KOH-
S 2 Nl CTaHTBl CKOPOCTH NpH pasnuuHbiX Temneparypax. [[ns peakuuu n = |
) Yy k uMeet pasMepHOCTh ¢~1, a 1as n = 2 pa3mepHOCTH k Gyaer cv®/(c-Monb).]
g 5 83 B 3838 %2888 §4§ 32 8% % Paccuuraitre: a) 3Heprui0 akTHBauud; 6) NpeIdKCNOHEHUHANbHLINH MHO-
- © =« s *° = S ° X L o wa ® XHTeNb;, B) TENJIOTY aKTHBAUMH; T) SHTPONHIO aKTHBAUMH; ) TeMieparyp-
+ o HbIE KO3(DPHIMEHT CKOPOCTH peakuu.
L o + ‘
8+ 8 3 S o Peaxuas (A) T, K k
2 g+ & 2
oo O « = +
= ey T 18 4. 1 3 « L ! o
BEREE i - T j
& + ._% ) 2_5 g_fgd‘ Lf 59 g%§-5+ + * a td' m{;;_ Tugpoans (CHy)eC B 80%-HoM sTanone 273 1,06- 10—2
° &7 zlz1:92] »:t28837 2 9% 91 B2 & 308 588, 10-+
N w [ = ”z‘+?« I = NEQ:QN 8 N o U= .86
i [k gggn:ck:ﬂ: %.\Zo_kng i T Ti_fi CID8 n=1 : 318 2,92-10-3
=y - < w ™ 0 — =
5 TLEETeRA0t 2212880 & ol gi §F 2 | N,O—N.O,+ %0, 273, 787107
Z ST raBdTIETE T | BTz 2 QL g = | n=1 288, 1 1,05. 103
N TOTROAUVAJ IO O/RZAUIEN 8§ &8 AU ON 283,1 1,76-10-5
: %98J &gg-lg‘i
08,1 1,35- 10~
ey | O T W e~ e e 3 BT 22 E 313,1 2,47-10-*
- 318,1 4,98. 10—+
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IIpodoancenue maba. - ) ' Hpodormenue maba.

Ne Ba-
;?m::r; Peaknus (4) . T, K k puanTa Peaxnns (4) T.:K k
323,1 7,59-10~4 1 ”'+CH31—>CH4+12 400 9,954.10-5
3281 1,50-10-* - n=2 410 2,780-10-+
338,1 4,87-10-3 420 7,396- 10—+
3 | PaanokenHe aueTOAUKapGOKCH/IBHOR KHC- %gg %742 {8—: : 5 2.28 ol iggg 10-3
HOM pacrBOpe, n=1 ,0° 10~ : o o 4,092-10-8
7OTel B BOAHOM pacTsop 3332 5480-10~5 : 450 5,370 10~
2732 7,67-10-7 2 | 2 460 2.427. [0~2
4 C2H53r~—>C2H4 4-HBr 298,2 3,46-10-5 . Hi—H, -1, - 500. 2,938. 10-¢
n=1 308,2 1,46-10—¢ n=2 510 © 7,096 19-5
3182 4,98-10-4 - 520 1,652-10-3
328,2 1,50-10-8 530 3,732.10-5
3382 4,87-10-3 540 8,185.10-5
5 | C,HsBr—C,H, --HBr 750 4,539-10-% 550 1,742. 10+
n=1 760 7,194.10-8 13 560 3,606. 10—+
770 1,125-10-2 - 2NO;~—2NO+- 0, 350 1,119. 10—+
780 1,741-10-2 n=2 360 4,130- 104
790 2,667-10-2 370 1,119.10~3
800 4,140-10-2 380 2,999. 10-3
6 | NyO—2NO, 300 3,288.10° 390 ©7,499-10-*
n=1 310 6,652- 105 400 1,786. 10-2
320 1,259 107 14| CH.COOC.He -+ NaOH 410 4,083.10-2
330 2,398 107 ‘ RS S 280 24
340 4995107 ”3C00N3+2Cz”50” 290 48’3%?
350 7.447.107 n= 300 93,54
7 | yurao-(CHyCHO),~—>3CH,CHO 500 5,175-10-5 (pactBoputens  H,0) 310 122j458
n=1 510 ;gigig—: ' ‘ 320 - 216,272
2238 6 458. 10~ 15 CHsBr + NaI~—>CH -+ NaBr ggg 82319%?75_2
540 1.404-10-8 ( =2 290 2.075. 10~1
550 2,994. 10~ pactsoputeat, 1;0) . . 300 7,55. 10~1
8 | CHyCH=CHCH;--HBr—> 300 7,638-10-7 I IR 17, "9 032
~»cnscmcm;rcm 310 zg(s)g-lo—: 1 - 32 - 5159
n=2 320 6,309- 10— ' ’
. 330 1,888.10-5 16 | 9H,C—HC—HC= CHZ———> ggg (1)'233
340 188-10-¢ : GH—CHy—CH 513 0751
350 902 10—+ _ X
o | mrcscn | | T |
Hg - CoHy—> 600 41310~ o ' '
PR 610 1/343. 102 CHy~CH=CH, 53 ¥
620 . 2,38']0_2 I = 555 4’18
630 4,149.10-2 : '
640 7,145.10~2 — - 578 9,85
650 7,586-10-! 606 25,4
660 1,995- 10! 232 445
500 7,834-10-+ | CHy-+H,0= co 3H, 2 84,4
10 | Hy+I,—s2HI 510 1,714-10-8 17 ok H, =9 T3t 973 0,14-10-+
n=2 520 0,243-10-2 1023 0,28. 10—+
530 7,48-10-° 1073« 0,14-10-3
540 1,503-10-2 : 1221 0,012
550 2,930-10-2 1273 0,018
560 5,610-10-2 1323 0,024
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"THABA XXV
KHHETHKA ¢OTOXHMHYECKHX Y HEMHbIX PEAKILHH

CcHOEHBIE YPABHCHHA H CHMBOJ
[K., c. €58—68); I, 1. 2, c. 183—254]

M3meHcHue Hu1CHCHBHOCTH CBETOBOTO MOTOKZ, MPOLUEAUIETO uepes
CIOH puCTBOP2 TONMUMNOH [, BeIparuercsi 3akonoM JlamGepra—Dbyrepa—
Bepa

[ =gk, (XXV.1)

rre [ — MHTEHCHBHOCTb CBETOBOTO MIOTOKA [10CJ]I€ MOIJIOUIEHUS B €10€ PaCT-
BOpa TOJLMHOMN [ cM; [y — MHTEHCHBHOCTb CBETOBOFO MOTOKA 4O MPOXOXK-
JeHHUS MOTNOUIAICIUIETO CNOSl; B — MOJEKYASPHBIH KO3(phHUIUHEHT NOrJole-
HHS; N — YHCJO MOIVIOUWAIOUIHX MOJeKy.a B 1 cmd.

3ueprus, MNOrJOUIeHHAs cpefoi, BhIpaxKaercs 3akonom Baur-Todda

E=1Iy(1—e™ "), ' (XXV.2)

rae £ — KOnMuYecTBO 3HEPrHH, MOIVIOUIEHHOH 3a €AUHHUUY BpEeMeHH.
KonnuecTBeHHON XapaKTepHCTHKOH (POTOXMMHYECKHX pPEAKUHH ABJsI-
eTCsl KBAHTOBLI BBIXOA Y peaKUMH, T. €. YHCJO NpPOPEardpOBABILHX MOJIE-
KyJ Ha OI{H TNOIJIOU[EHHBI KBaHT CBETOBOro noroxa (sakoH Ilrapka—
Siuwrefina). ITOT 3aKOH MOCTYJAUPYET, YTO HA ORHH MOIVIOUICHHBIH KBaHT
CcBeTa NPHUXORHTCA OJlHA MNpeTepneBlIas NpeBpalleHHE MOJeKy/a, T. e.
C TOYKH 3peHHsl 3TOro 3akoHa y = 1. OfHaKo y yYHTBIBaeT YUCJIO MpeBpa-
IEHHBIX YaCTHIl, MONYYEHHBIX W BO BTODHYHBIX, YHCTO XHUMHUYECKHX aKTax
npeBpaileHHs:
Y:np/na, (XXV3)

TA€ Y — KBAHTOBBIA BBIXOR, N, — YHCIO MOJIEKYJ B €RMHHIE ofbeMa,
KOTOpble MpOpearupoBaju B pe3yJbTare MNOIJIOUICHHA KBAaHTa CBETOBOrO
NOTOKA 32 €MHHUY BpPeMeHH; N, — YHCJIO KBAHTOB CBETOBOTO MOTOKA, MO-
TJIOUIEHHBIX B e[MHHIly BPEMEHH TeM Xe eJHHHYHHIM OGBeMOM DacTBOpa,
n, = E/hv.
Kunernueckoe ypaBHeHHe (n/s NepBHYHOTO (HOTOXHUMHYECKOTO AaKTa
HAH 1S HEUenHoro (oTOXMMHYECKOro Impoiecca)
dn Iy

— =" (Iy—e=*y. (XXV.4)

CKOpOCTb LENHO#l peaKuMH M0 KaKOMY-JH60 KOMIOHEHTY paBHA CKO-
POCTH TOI1 CTafMH NPOROKEHHS LEMH, B KOTOPOH 06pasyercsl HJIH PacXony-
eTcHa paCCManPlBaeMblﬁ KOMIIOHEHT, TaK, eCJIM 3BefHO lienu COCTOHT H3
LBYX 3JIeMEHTapHBIX PeakuMil, B KaXJ0H H3 KOTOPHX PACXORYIOTCS HCXOR-
HBl€ BEUIECTBA M 06Pa3ylOTCA MPORYKTH PEaKIMH

Ri+A; — B, +R;; Ry+A; — By4-R;,
416

rie Ri — cBOGOAHBIC PajHKaJbl, TO CKOPOCTh LEMHOH HEpa3BeTBJEHHOM
PEaKUMH ONUCHIBAETCH ypaBHeHHEM

d[A,] d[B ) '
——Eit%]= SO i al, (XXV.5)
d [As] d[B .
— ol SO i

[Ipy nanucannn auddepeHuHanbubix ypaBHeHHH Aas KOHLUIEHTpauUi cBO-
GOZHBIX D2JHKAOB CENYeT YUYHTHIBATH CKOPOCTH NMpOLECCOB 3aPOXKACHHS
u ofpuiBa ueneil. Kak npaBuio, B pesyiprare 3apoXpeHust ofpasyercs
KaKOH-/TH60 OfHH M3 CBOOOAHBIX PafHKAJIOB, YYACTBYIOUHX B LETHOM MpoO-
uecce, Hanpumep Ri. OG03HaunB CKOPOCTb 3apOX/IeHUs YEPE3 W, CKO-
POCTH ruenn CBOGOLHBIX DAfMKANOB — Y€PE3 W, M W,, MOXHO HaMH:
cartb

B

d [R;
[dtll =wy—ky [R]] [A1] + k2 IR;] [Ag]——w,‘, (XXV.6)
d[R
R A~k Ril A =, (XXV.7)

TAe W, NpeacTaBasieT cOGOH QYHKIMIO KOHUEHTPAUUH MCXOKHBIX BEIECTB
WIH KaKUX-JTHGO MHHUMHDYIOUIHX KOGABOK H HE 3aBHCHT OT KOHUEHTpa-
UHH CBOGOXHBIX DAAHKANOB; W, M W, — OYHKUMH KOHUEHTDALHl CBO-
6onHBIX panuKanoB. [TocKo/IbKY CBOGORHBIE PARUKA/Ib ABJSIOTCH BHCOKO-
AKTHBHBIMH TIDOMEXYTOYHBIMH YACTHI[AMH, MX KOHUEHTDPALMIO NpaKTHye-
CKHM Ha BCEM MPOTSKEHHH MPOLECCAa MOXHO CYMTATh CTAUHOHADHON, T. €.

w=w, +w, . (XXV.8)

B crannonapromM pexmme CKOpOCTh 3apOMIEHHS UENH PaBHAa CKOPOCTH
ra6ean uenu. Ecau npuuaTh, 4T0 OGPLIB UENH HAET TOMLKO Ha OLHOM H3
CBOGOAHBIX PAfMKaIOB MPH JAOCTATOYHO AMMHHBIX KMHETHUECKHX UEMNsX,
T. e. v> 10, 10 coornomenne (XXV.8) npeoGpasyercs:

Wy =wr; (XXV.9)
A5l JIMHEHHOrO OGpHIBA LEnH
we=ky [Rs]. (XXV.10)

CkOpoCTh UENHOM HepasBeTBIEHHON pPeaKUHH AAS JHHEHHOrO ofpoiBa
uenu 6Gyrer

w=4k; (Wo/ks) [Ai],
a AJA KBajparHYHOTO OOPHIBA LENH

w=k; Vw2 [A],
Irae k3 — KOHCTaHTa CKOPOCTH DEAKUMH OGphIBA e .
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Cragusa NPOROKEHHS LENH, NPOTeKAas ¢ yYyacTHeM CBOGOZHOTO
papnKana, Ha KOTOPOM MPOHUCXOLHT OCHOBHOI OGDHIB 1lenu, SBJsETCA Ju-
MUTHp yIOLIle# cTafuel 3BeHa LefIH H HHAEKC [ OTHOCHTCS K JIMMHTHPyIOLLel
CTaJHH NMPOROIKeHHA Uenu. [nnHa el v enHOi HEePA3BETBACHHON pe-
aKUMH paBHAETCA CKOPOCTH LeNHOH peakuuH, feleHHOH Ha CKOpPOCTh 06-
peiBa uenu (MM HA CKOPOCThb 3apoKaeHHs uenu). [Tostomy pnsa auneiino-
ro ofippiBa ueNH

v=(k;/ks) [A;], (XXV.12)
a 15 KBAafpaTHYHOIO OGpHLIBA LEMNH
v —tL Ayl (XXV.13)
V2kw,

TMopanok uenubiX peakuuil N0 OTALABHBIM KOMIOHEHTaM H 3(peKTHB-
HYI0O KOHCTAHTY CKOPOCTH MOMHO ONpPeJe/]UTb N0 NAHHBIM KMHETHKH Ha-
KONJIeHHA NPOLAYKTOB HJH 110 PACXOJOBAHHIO HCXORHBIX BElECTB . SPdeKTHB-
Has KOHCTaHTa INpeLCTaBiaser COO0H KOMOHUHAILMUIO KOHCTAHTHI cKOPOCTEH
3apoXaeHHsl, NPOROMKEHUs H o6pbiBa uenell. 3aBUCHMOCTb 3(xpeKTHBHOM
KOHCTAHTBl CKODOCTH OT TeMieparypbl ONMuChiBaeTcsl ypaBHeHneM Appe-
unyca. [Ipu stoM pas nuueilnoro o6pniBa ueneit usmepsieMas 3hpeKTHB-
Hasi SHEPTHA aKTHBALMH ONpenensiercs M0 YPaBHEHHIO

Eopp=E,+E,—~Es, (XXV.14)

rae £, — 3Heprus aktuBauuu 3apoxpenusi uenu; E, — 3Heprus akTu-
BaUUH PEAKIMH NMPOROIKEHHS LeNu, NPOTeKaoulell C yyacTueM MeHee aK-
THBHOI'O CBOGORHOTO pajukana; Ej — 3Heprus akTHBauuu OGpbiBa LEMH.
Ananoruuyno pas KBajapaTHYyHOTO OOGpbIBa ueneil Gygper

Eopp=1/2 Eg+E1—1/2 E,. (XXV.15)

CxopocTb pasBeTBIEHHON UENHON PEAKUMH MOXKeT GBITh ONUCAHA  YPaB-
HeHHeM

(=9

n
t

= w,49n, (XXV.16

(=9

Ife n — cyMMapHas KOHUEHTpAauusi CBOGOJHBEIX BaJEHTHOCTeH;, W, —
CKOpOCTb 3apOXKICHHSA LeNH; ¢ — PA3HOCTh CKOPOCTEil pa3BeTBJIeHus U 06-
peiBa uenu. Ecan o6a 3tu npoilecca nepBoro nopsifka Mo KOHUEHTPALUH
CBOGOAHBIX PajMKaJOB, TO CKOPOCTH HX MOTYT GbiTh 3aNUcaHbl B BHAE
fn u gn, rtorga »

LA =wy—(g—f) n. (XXV.17)

dt

B rakoMm Bupe ypasuenne (XXV.17) onucsiBaer pasBeTBJeHHbIC PEAKLHH.
Ecau ¢ > f, 10 B cuCTeMe ycranaB/IMBaeTcsl CTALMOHAPHAS KOHUEHTPALHs
CBOGORHBIX PafHKaJIOB:

n=w,/(q—f). (XXV.18)
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Hannune peakuumn pasBerBJeHus NPUBOAMT JHIIb K YBEIHUYEHHIO CTAIHO-
HAPHOH KOHUEHTPAUMH, YTO 3KBHUBAJEHTHO YMEHBIICHHIO CKOPOCTH OGpHI-
Ba npu f = 0. Torna B cucTeMe NPOTEKaeT CTalMOHAPHAA UeNHAs peak-
UMsl, 710 CBOHM KHMHETHYECKMM 3aKOHOMEPHOCTSIM He OTJHYAUIAfCH OT
UeNHbIX Hepa3BeTBAeHHBIX peakuuil. Ecan f>¢q, f—¢g=9>0, 10
HHTerpuposanne ypaBnenus (XXV.16) paer

n=2L (ot—1) (XXV.19)
?

nan npu ¢f > 1

n="2 ot =A% (XXV.20)
P

W3 ypaBuenns (XXV.20) Bugno nporpeccuBHOe HapacTanue KOHLEHTpa-
UMK CBOGOAHBIX PAjMKalOB, a CNEfOBATeIbHO, H CKOPOCTH LENMHOH peaK-
unn. Yepes xaxapie 1/@ ¢ KOHUEHTpAUUS CBOGORHBIX PARHKANOB, a CJELO-
BaTe/JbHO, H CKOPOCTh LeNIHOH PeakiluK BO3PACTaloT B € Pa3 U 3a BpeMs He-
CKOJIBKHX HHTEPBANOB 1/ IPAKTHYECKH NOJIHOE OTCYTCTBHE PEAKIHH cMe-
HAIETCS B3PBIBHLIM TPOTeKaHHeM NpoileccoB. [Ina pa3BeTBAEHHBIX UeNHBIX
peakuui XapakTepHO Ha/HYHe NBYX PEe3KO DPAa3/HYAOILHUXCH PeKHMOB
nporekanusi npouecca. Ecan ckopoctb o6pbiBa 60JbllIe CKOPOCTH pasBer-
BJIeHHs 1enelt, TO ofeclieudBaercs CTALHOHAPHBIA PEXHM npouecca, npH-
yeM CKOPOCTh Mpoiecca Heuamepumo Mana. Ecan ckopocTh ofiphiBa MeHb-
l1e CKOPOCTH Pa3sBETBJEHHS, TO PA3BHBaeTCA HECTAlUHOHAPHLIH aBTOYCKO-
pssouuiicsl Npolece, 3aKaHYHBAOUIMACH ULMHLIM BOCH/IaMeHeHHeM CMECH.
Ilepexon or yca0Bus ¢ > f K yC/AOBHIO f > g MOXET NPOH30HTH 1pH He-
3HAYUTENBHOM H3MEHEHHH OIHOTO H3 NapaMerpoB, ONPEREISIOUHX CKO-
POCTH OOGpbIBA /1M PA3BETBACHHSA LENH: NABJEHHS, TEMIEPaTyphi, COCTaBA
CMeCH, pas3Mepa PeakilMOHHOTO COCY/a, COCTOSIHMSI CTEHOK cOocyha. Takum
06pa3oM, He3HAYHTe/bHOe H3MEHEHHE OJHOTO U3 1apPaMeTPOB MOXKET Bhbl-
3BaTh NMEPEXO] OT HEU3MEPHUMO MeJJIeHHOH CTAlHOHAPHON peakKiuuH K Gbl-
CTPOMY B3PHIBHOMY MIpouleccy HJu HaoGopor. Takue siBJieHuS B XUMHYye-
CKOH KHHETHKe Ha3blBalOT NpeJle/IbHBIMH MM KpuTHYeckumu, [lapamerp,
NIpH KOTOPOM NPOHCXOAHUT NEPEXOf OT OJHOTO PEXHUMA K APYrOMY, Ha3bl-
BalOT 1NpenenoM BOCH/IaMEHeHHUS.
3A1AYH C PEMIEHUAMHU !
1. Ha ocroBe c/lenyioliHX JaHHBX OUEHHTE KBAHTOBHIH BHIXOJ PasJio-
XEHUSl YPAHMJIOKcANaTa AISl KaXpoil MAJIWHBI BOJIHEL

Hauna Hoas pasnoxus- Uncao pasno- Yucao norao-

BOJIHBL, HM merocs KHBUWIHXCS MOJIe- nrernbix $oto-

* OKcanata Kya-10-18 HOB-10-18
365,56 0,0592 6,18 10,58
365,5 0,0498 4,32 8,93
435,8 0,0242 2,10 3,64
4358 0,0208 1,79 3,10
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P emeH ue PaccunraeM KBaHTOBbI BHIXOX N0 ypaBHenuio (XXV.3)
npu 365,3 HM:

y= Uncao pasnoxuBIIMXCH MOJIEKYJ1 6,18.1018 0.584
Uncao noraomwennnx goronos  10,58.-1018

Ins ocranbHbiX uamepenuit y pasen 0,483; 0,576; 0,577 COOTBETCTBEH-
HO.

2. Qoroxumuyeckoe GPOMHPOBAHHE TONYOJa TNPOTEKAET MO CJIEAyIO-
ueMy OpyTTO ypaBHEHHIO:

Bry -+ CgHyCH;—CyH;CH,CH,CgHs - HBr - C;H,CH,Br

Peaxuust nmporekaer no uenHoMy MeXaHM3My, Ha YTO YKa3biBaeT Bbi-
COKHil KBAaHTOBbI# Bbixoj). Hamuuure cxemy mexanusma uenuoit peakumuu,
ec/ii oOpbiB LENMH MPOHCXOANT HAa CBOGOJHOM pajguKasle GeH3uaa, a CBO-
GonHele paauKansl oGpasyioTcst npu doToXMMHUeckoM pacnage Br,. Ha-
MHIIATE CTEXHOMETPUYECKOE ypaBHEHHE HENHOH peakluH, ecld JJIHHA
uenu v. Onpexenure, CcKoabko Mostekyn Br,, C;H,CH, pacxonyercs u
ckosbko Monekyn CgH;CH,CH,CiH;, HBr u C,H,CH,Br o6pasyercs B
OXHO#N Uend, ecad ee JJUHA v = 50, ’

Peuwenue lennse peakunu sBasioTCS CAOMHBIMH peaKkUHSIMH H,
CTPOro roBopPsi, He MOTYT GHITh ONMUCAHBI OJHMM CTEXHOMETPHUYECKHM ypaB-
HeHHeM. 310 obbsICHSeTCS TeM, YTO YacTo OGpLIB Leneil MPUBOAUT K TO-
SIBJICHHIO HEKOTOPBIX NMOGOYHBIX BellecTB. Peakuusi 6poOMHpOBaKUs TOJNY-
012 NpPOTEKAeT MO CJENYIOHIEMy MeXaHH3MYy:

By + hv —=— 2Br’ (peaxumn sapoxaenun )

@—CH, + Br' — @—‘éﬂz + HBr
Q_Cﬂz + Bry —= QCHZBX + Br

Corslacho  yc/ioBHIO OOGpBIB  Li€NH TNPOUCXOAMT HA pajgvkane Oensuna

@—én, + Qéﬂ, —_ @»cu,—wz@ (oBpbip weru)

Tak kak nauna uenu v, 10 (v + 1)-e 3BeHO OKaxercst HemosHbIM. B pe-
3yJbTaTe 3TOrO Ha IfloC/efiHEM 3BeHe H3PacXOAyercsi MOJIeKyJsa TOJyosa,
obpasyercss Mosnekysna HBr, Ho He oGpasyercst GeHsausn OpoMuza U He
u3pacxofyercs Mojekysaa Br,. Eciu emie yuyecTsb, 4TO NoNOBHHA MOJIEKYJIbI

(npoponxkeHue uenu)
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Br, Grniia M3pacXoXOBaHa B IPOLECCEe 3APOXKAEHHA LeNH, TO NOJHOE ypaBs-
HeHHe Mpouecca MOXHO 3aNucaTb B BHAE
(v-+1/,) Bry+(v-+1) CgH;CHy — 1/, CgH;CH,CH,CeHs
-+ (v+1) HBr--vCgHzCH,Br
O10 ypaBHEHHE MOXXHO PacCMAaTpPHBATH KAK CTEXHOMETPHYECKOoe ypaBHEeHHe
HenHoi peakuvu. B oTsnune oT OGHIUMBIX CTEXHOMETPHUECKHUX YPaBHEHHi
BeJHUYHHA V 3aBUCHT OT YCJOBHH NPOTEKAHHS DEAKLHH.

OnpenensieM 4HCIO MOJIEKyJ, OGpa3oBaBIUMXCA H H3PACXONOBaHHBIX
npu v = 5H0:

501, Bry;  SICGHsCHy; 1y, @—cnz—m,@

SIHBr; 50 CgHsCHBr

3. Kuneruka (OTOXHMMHYECKOTO XJIOPHPOBAHHSI MypPaBbHHOH KHCIOTHI
B rasoBoii (ase onuceiBaercst AudbepeHIHATLHBIM YpaBHEHHEM

_ 4G Eﬁ"] — k[Cl,] [HCOOH].

Peakuus uenHas, Ha YTO yKa3biBaeT BBICOKMH KBaHTOBbiH Bbixoj. Co-
craBbTe AHpDEpeHIMalbHOe ypaBHEHHE, eC/H peaKuus HJer 1o clexyio-
el cxeme:

Clz—}—hvﬁ 2Cl* (sapoxjenne uemu),

Cl- 4+ HCOOH %% HCl---COOH

. (npoposKenHe 1elH)
Cl,+4 .COOH = HC1 +CO,+CI-

Cl* -+ crenxka ik Cl (oépua uemnu).

ajac
P ew e v n e. CkopocTb JaHHO# 1ENHOM peaKudH ONpexensieM Io
dopmyJe

w=k; ’z:To (Al
Tak kak uenb o6pbiBaercst Ha aTroMe Cl, To MOXHO CUHTATh, YTO k; = ky,
[A;] = [HCOOH]. Tak kak w, = k, [Cl;], T0

w= [Cls] [HCOOH].

Orciona
k= koky /kg.
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4. doroxumuueckoe okucieHye 5 M quGensunosoro agupa (C;H;CH,),0
B KHJKOH (dase MONEKY/sIPHBIM KHCIOPOXOM Pa3BHBAeTCs MO cnenyxomeu
cxeme:

RH- +hawv LN R* (3apoxpuenue uemu),
ROy

R+02 (npofoiKenne yenu),
RO",-RH 2% ROOH-R-

RO, 4+ RO, iR (oOpHB Lemu).

Peakuust uner ¢ sHeprueft aktuBauuu E = 28,5 kK ApH HHTEHCHBHO-
ctd cBerosoro notoka 10-7 E-a-l.c-! u co ckopocthio w = 9,5-10-°
Mosb-n-t.c~!.  CkopocTb 3aPONICHHS LENH, UIMEPEHHAS METOIOM WH-
ruGuTopoB, wy = 9-10-% moab-s~1.c~l. Peakuusi OKHCIeHHs NUGEH3H-
JIOBOro 3pupa NpH HHHLUHHPOBAHHHU 30-130- GyTHDOHUTPHJIOM HMeeT
3Hepruio aktuBauMu E = 93,6 kK, 3Heprus akTHBauuu pacnajga aso-
u3o-6yruponutpuaa 128,9 xIx. PaccunTtaiite 1MHY HENH ¥ 3HEPIHIO AKTH-
BaUMHY KaXJO# CTajuH.

Pewenue KuHernka yenHoii Hepa3BeTBJEHHOH DPeaKUMH ONHCHI-
BaeTcst ypaBHEHHEM

w="ky Vwy/2%k; [A;].
Tak kak [A;] = [RHI, k; = k,, TO w =

2} w, [RHI. Orciona
2k,
ks V2 -9,5-10-¢
Vi, V9-10-8.5
Hnuna uenu peaxupm O6yner v = w/w, = 105. SHeprus axKTUBALHUH
E=1Y,E,+ E, — /2E3 Tak kak Q)OToxuMqucxoe MHHUIMUPOBAHUE

ABJAECTCA anemeHTapHou Q)OTOXHMH‘{GCKOH peaxuueﬂ TO €€ 3HEprusa axKTH-
BallHH paBHA HYJO. CJIeJlOBaTeJIbHO

_1/2 E9+28,5 kLK.

=8,9.10—3 moap —'/z.a'/2-Cc— /2.

Tak kak
E;—0,5 E;=E—0,5 E,—99,6—0,5-128 ,9 =28,9 k[Ix.

[TockonbKy 3HEprHst aKTHBAUMH MPOUECCOB PEKOMGUHAUMH H AUCIPOINOp-
[{HOHMPOBaHHst CBOGOIHBIX PaJHKaJOB OJH3Ka K HYMO, TO NOJyYeHHas
penmunna E, — 0,5E,; = E,.

5. B uunuHIpUyeckoM KBapueBOM COCYAe AMaMeTpPoM 4 cM, 3amoJiHeH-
HOM creXHoMeTpHuecKoit cmechio 2H, + O,, nox nasnenuem 10 MM pr. cT.
u npu Temneparype 788 K nporekaer uennas peakuusi. PaccuuraiiTe KoH-
CTaHTy CKOpPocTH ruGenu atoMoB H, ecnu adpeKTHBHOCTH 3aXBaTa aTOMOB
H kpapuem cocraBrer &n = 1,3-10-3. luamerp artoMoB BOjJOpOjZa
oy + 1,90-10-% cm, Monekyn Bojoposa oy, = 2,40-107% cm, monexyn
Kucaopopa Go, + 2,98-10-% cm.
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PemeHdue Jas uMIMHIPHYECKOrO COCYINAa KOHCTAHTA CKOPOCTH
o6pbiBa 1eneit pasHa
1

(r2/8D) -+ (2r/'u)

rae r — paguyc cocyna; D — xospduuneHt auddysud; & — sdbexTus-

HOCTb 3aXBaTa; 4 — OTHOCHTENbHAsi CKOPOCTb JABHXKEHHS aTOMOB.
Koaddpuuuent audpysun paccuuthiBaem fno (opMYyJe MOJNEKYJsipHO-

KHHETHYECKOH TeopHH ra3os .

kp=

D=1/, u A,

‘Tl€ U — CKOPOCTb JBHXKEHHUs YacTull, A — JJIHHA CBOGOJHOro npoGera; .

}v:E/Z g; ;l ni,
i
TIe 0; — cedeHHe coyjpapeHu#t cBoGOLHOro pajpukana ¢ i-ii yacTuueit U3
YHC/12 BCEX YAaCTHH, OPHCYTCTBYIOIHX B PEAKIHOHHOM COCYIE; N; — YHUCJIO
{-yacTuu B | cM®; u — OTHOCHTeNbHAst CKOPOCTb ABHXKEHHSI CBOGOXHLIX pa-
IMKaNoB H [-X vacTHy. [as JaHHOH CHCTEMBbl

1 el

D=

]

3 o1 Uy ﬂ1+02u2 ng

OTHOCHTeNbLHbIe cKopoctd jasuxenuss H u H,

8RT _ 1/ 8-8,31-107-788
—5,05.106 ,
l o ¥ T3.14.0.66 ou/je

OTHOCHTeNbHasi cKopocTh apuxkeHus H u O,

Hy = 8-8,31. 107788_42105
3,14.0,97

cM/c.

Yucno monexyn H, u O, B 1 eM® Gyner:
2 0,97.10!°

ny=P 5 T =8.2108p

1 0,97-10%
my= P o =5, 1101 P,

OTHocHTeNbHAsE CKOPOCTh OJHOH MOJIEKYJIb

u= VS -8, 331 11407 788 =4,15.10% cM/c.

Ceuennst coynapenuit atomos H ¢ H, u O, pasuni;

n( _0____112+0u2 ):n(o,95+1,20)21o—w=1,45-1o—ls ene,
n (L’;"O_z)m; (0,95 1,49)2 10-16=1,89.10-15 cue.
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CJlefloBaTe/NbHO,
b (4,15-10%)2 _
3 l,45-10—15-5,05-105-8,2-10‘15P+l,89-10‘15-4,l-10‘5-4,?-10"P
| 17,22.108 6,2.108
= — == cmd/e;
3 60PL61,51P P
TOrja
r2  4.p

8D 8.6.2 100 O 10PPe=810""c,

2r o 4
Su 1,3-10-2.4,15.105

=7,4-10"3c.

Orciona

! I
kp == = =122¢1.
F 81041 7,410 8,2.10-3¢ ¢

3AJIAYH

l. Ksapuepniit peakrop, comepxauiuit Gensos, HachiieHHbit 10 %
XJ10pa, 06/1yuanu cBeToBbM NOTOKOM (A = 313 HM). [Ipofo/KUTeTbHOCTL
o6.1yyenus 35 MHH. B pesysbraTe peakiuu Gbli NoJy4eH reKcaxJopiuHKJ/Io-
rekcad. Omnpeje/nuTe KBaHTOBbIHl BLIXOL PEAKIHH, €C/TH SHEPTHs, NPOLIEL-
L1as 4epes KBapueBbi peakTop ¢ uMcThiM 6ensosiom, 46,81 [k, a sneprus,
Tpouiefulas Yepes peakrop BO Bpems peakuud, 4,25 k. Buixox C;H,CI
cocrasun 1,8 r.

2. Tlpu npoxoxeHHH CBETOBOro Nnotoka ¢ A = 400 HM yepes peakTop,
B KOTOpOM TIpoTeKasa peakilus no ypasnenio CO 4 Cl, = COCl,, 6bi10
nostyyero 100 r ocreHa; KosMuecTBoO MOIJIOWEHHOH ra3om 3HEePTHH 3JeK-
TPOMAarHHTHOTO H3Jy4yeHHs E,q. = 3-10® k. Paccuurailite KBaHTOBBI
BBIXO]l.

3. Onpenenute a1s o6pasosaHus | MoJb 030HA NpH KBAaHTOBOM Bhi-
XOle y = 2 KOJIHYECTBO 3HEPTHH 3JIEKTPOMATHUTHOTO HW3JyYeHHs A =
= 207 HM, KOTOpOE NOTJIOTHT KHCIOPOA, Pespariiasich B 03oH: 30, = 20,.

4. TepMuueckoe pas/oxeHHE alLLTOHA NPOUCXOAMT npu 578 K Ha
25 % 3a 90,9 ¢, npu 601 K — 3a 31 c¢. QoToxumuyeckoe pas;oxeHue
OCYLIECTBJII€TCA NPH AJHHE BOJHB 313 HM C KBAHTOBBIM BBLIXOAOM } = 2.
Paccunraiite KOHCTaHTY CKOPOCTH MOHOMOJIEKY/SIPHOTO TEPMHYECKOTO
pasoxeHHs aueroHa, 3HEPTHI0 aKTMBALUMH 3TOIO NPOUECccA U PACXOf
SHEPTHH 3/IEKTPOMATHUTHOrO H3/yueHus (JIk/MoJb) B ‘hOTOXMMHUECKOM
npouecce. Byzner su o6liuil pacX0j 3HEPrUH 3/1€KTPOMAr HUTHOTO H3nyyYe-
HHSl COOTBETCTBOBATb BBIYHCJIEHHOMY?

5. BblYHCIMTE 3HEPTHIO aKTHBALMH [/ PeaKiMH, NpOTeKamllell 1o
yPaBHeHHIO

CH,CICOOH 4 Hy0 = CH,(OH)COOH - HCl
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Mo Rssax = 2,22-107% u kyo3x = 2,37-1072 Mun—! u cpasuure C 3Hep-
rHeit, KOTOpyiO MosyyaeT CHcTeMa NpH (HOTOXHMHUYECKOM aKTHBHPOBAHHMH
OT OCBEllleHHs C AMTHHOA BOJIHBI 253,7 HM, NpH KBAHTOBOM BHIXOJE P = 1.
Kak usMensierca Ba/leHTHOCTb X/1opa B 3Toit peakuuu? Kak u nouemy Gyzer
H3MEHATLCA 3JIEKTPHYECcKasa NpPOBOAHMOCTL BO BpeMeHH?

6. CocraBbTe cHCTEMY ypaBHEHMH 3apOXKAEHHUs M Pa3BUTHA LeNH B ra-
3osoit cmect H, + Cl, npu ¢oroxumuueckom npouecce. Jlocratouno su
CBETOBOrO MOTOKA OT MCTOYHHMKA € AJIHHON BOJHBI A = O 475,8 um s
MHHIHMPOBAHHUs Uenu? KakoBbl TenJoBbie 3((heKThl B ITeMEHTAP HbIX aKTaX?
Paccuuraitre Ko/MyecTBo NMOr/IOUIEHHOM JTYUHCTOR SHEPrHH NPH 0Gpa3oBa-
Huu 1 Mosb HCI u kBantoBoM Bhixoze y = 10°. CBoGOAHbIE PALHKAJIBL OT-
MeTbT€ TOYKOIl. '

7. KvHeruka (OTOX .MHUYECKOTO XJIOPHPOBAHHS TETPAXJOPITHIEHa B
pacreope CCl, omucbib.eTca  ypaBHeHHeM

&
3 d [C,Cl
S0 (Cl, 2.
d¢
Peakuusa uenHas, Ha 4TO yKa3biBaeT BbICOKHMI KBAHTOBBIl BBIXOJ, a TakK-
XKe 1poOHbI NopsAloK peakuuH. [losnyunre npusesenHoe Audpepenunann-
HOe ypaBHEHHWE, €C/H peaKuus HieT Mo ciepyiolilell cxeMe:

ko

Cly4-hv ~ 2Cl* (3apoxnaenHe lenu),

Cl-+G,Cl, -._k‘._. *CyCly (mpoponxenne uenu),

‘CClg+Cly 22, Cl-4-C,Cl
'CyClet"CCls — o CyCle+C,Cly (06pbin menn).

8. Kuneruka rtepmuyeckoro pacnaja AMXJIOp3TaHa B ra3oBoil (ase
ONUCHIBAETCA YPaBHEHHEM NepBOro NopsiaKa

__ dIGHCL

T = k [CuH,Cl,].

[lomryunre npusenenHoe audxbepeHiHaIbHOE ypaBHeHHe, eclM peaKius
poTeKaeT MO CJeAYIOLUleMy MeXaHU3MYy:

CHCl, £, “CH,CI4Cl* (sapoxaenne uen),

CHCl,+-Clr —FL . «C,H,Cl,--HCI (npogomxenne nemn),
‘CHCly —22, CHCl+Cl-

C,H,Cl, +-cTenka P (o6poiB LEOH).
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9. [Oas TepMHYECKOro Pa3JOMEHHs OKHCH 3THJIeHa Obl1 TNpeAIoXeH
CJCAYIOIHA MeXaHU3M:

k . .
CH;—CH; — ' CH,—CH + H (3apoxaetue uenu)
(0] (0]
B k; .
CH,—CH —2= CH, + (O
0

. ky . (npoaoxenue UenH)

CH,—CH, + CH, ——— CH,—CH + CH,
(0] (0]

~ . . ky \

CH,—CH + CH; ——— (ycroiiyussie MpORYK Tht)

[Ipeanonarasi, 4T0 KOHUEHTPAllMH DPalAHKa/JOB CTAHUOHADHBI, TOKaMKHTE
YTO peakuusi Pas3/ioKeHHsi HMeeT IMepBblil MOPSAOK 1O OKHCH 3TH/IeHa.

10. [Ipu 300 K pacnan uuk/onponana (C) ¢ o6pasoBaHueM NpomnuJie-
Ha (P) umer uepe3 mpoMexyTouHoe oGpa3oBaHHe TPHMeTHJIEHOBoro Gupa-
aukana (T):

ky

——~ T-+226,8 xlIx; AS® =~ 42,0 /x/(Modb-K);
ks

T _F . P—258,2 kilw; ASO=8,4 lxk/(Moab-K);

C — P—31,4 gllx/mMoab; A S®=33,6 Ix/(Moab-K).

C

-

BripasuTe cKopocTh H30MepH3allii Yepe3 KOHCTaHTH &y, k,, k5 (u3Me
HeHueM JaBJleHUst TIpeHeOpeub). BriuucaiuTe OOGLLYI0 3HEPTHIO AKTHBALHH
H30MepH3alHy, ecIu AJst k5 3HEeprust akTHBauMH paBHa 46,2 KJIK/Moab,
a E, = 16,8 kJx/Moan. Paccuuraiite cpeiHee BpeMsi MHU3HH YacCTHUBI
T B cucTeMme, ecu Ry, = 1-10 ¢~1, BpiuucjauTe KOHCTAHTY CKOPOCTH AJIst
CYMMAapHOro pacnaja, ecJH TNpeIN3KCNOHeHUHANbHbli MHOXHTEIb Ry; ==
= 2.101® ¢

11. Peakuuio okucnenuss CH, kuc/oponom

CHq-+ 0, —s CO,-L H,0

NPOBOJAHJIH NpH TOMOMH (OTOCEHCHOHIU3AUHH:

Hg hv.. Hg*

CH,---Hg* — Hg*--*CH,--*H
Pagukamn °‘CH; pearupyior ¢ O, ¢ obpasoBaHHeM CMeCH NpPOAYKTOB
0O

CO,, CO, HC: OcHnosHo#t npoAyKT peakuuu auokcua yriepoaa CO,. Ko-

I
H

426

nuyecTBo npopearuposasuiero CH, 6,1.10* monexy./c. Dxeprust anekTpo-
MarHuTHOro wu3ayuyenus 8,7-10— JIx/c, Temnepatypa omnnita 298 K,
A = 253,7 M. Onpenenute KBaHTOBBIl BHIXOJ peaKiHH.

12. ®oroceHcHGuIM3HpOBaHHAsl peakuuss 6poMa ¢ BOJOPOAOM B W3-
ornitke H, npu 423 K npepcrasisier coGoil ueNHoH npouece, NPoTeKaoHil
no cxeme:

Bry--hv —> 2Br (3apoxjenHe LenH),
1

Br{-H : HBr+H (peakuusi cMellanHOro BTOpOro NOpsiiKa),
2 )

2
3 .
H{-Br, _, HBr4-Br (peakums cMellaHHOTo BTOPOTO MOPSAKA)s

4
Br--Br4-H Bry,--H, (peakiiisi cMeIIaHHOTO TPETHETO MOPSAKA) .
2 — 2 2 (P p p

[To/b3ysich METOAOM CTaHOHAPHBIX KOHUEHTpAuHu#, BHIpA3HUTE CTAUHO-
HapHble KoHueHTpauuu atoMoB H ¥ Br uepes KoHueHTpauuu Apyrux npo-
JYKTOB, KOHCTAHTHI CKOPOCTe# H CKOPOCTb peakuuH HHHuuHpoBaHusi. Ha-
nuuuTe AnddepeHuHalbHoe ypaBHeHHe AJIs CTalHOHAPHOH CKOPOCTH 06-
pasoBanusi HBr. Bbluncaure KBaHTOBbI BbIXOA obGpasoBanus HBr. [Ipu
KaKHX YC/IOBHfAIX KBaHTOBBIi BbiXxoj Gyaer HauGonbmnM? Kakos ¢usuue-
CKHUH CMBbICJ 3TOTO SIBJIEHHS?

13. llennas peakuus pacnapi O, B rasosoil dase, KaTalusupyemas
N,O;, nporekaer mo MexaHH3MYy

&y

N;Os —— NOy--NOj £y, < 1 (1,2)
ks
ka'
NO,+0; —2. NO,+0, 3)
2NO, . 2NO,-+0, (4)

[Ipeanonarasi, yto peakuust (1) nepsoro IOp#AJKa, a BCE OCTaJbHbIE
peakuuu — peakuuu BTOPOro NOpsiKa, HANHIIMTE ypaBHEHHs st CKO-
POCTH PacXOJ0BaHUSI MCXOIHBIX BEIECTB H HAKOIJIEHHS] KOHEUHHIX H Mmpo-
MEXYTOUHBIX MPOAYKTOB. [IpUMEHHTE MeTO/ CTaHOHAPHBIX KOHUEHTPauHi
K yactTuuaMm NO, u NO, u mnojcudTaiiTe HX cCTauHOHAPHYIO KOHUEHTPALHIO.
Buipasute ckopocTb pacxogoBahus O;uepes kKoHuentpauun O, u N,Oj
(N,O; B peakuuu He pacxoayercst). Hanumure ypaBHeHue /st CKOPOCTH
pacxofoBanusi O, ecli B CXeMy BMECTO peakuHH (4) BBECTH peaKuHio

0, + N03—3> 20, + NO,. MoXHO JIH 3KCIEpHMEHTAJIbHO YCTAHOBHTb
pasJ/MyHe MEXJAy NO/yYeHHHIMH YpaBHEHUSIMH CKOpDOCTei?
14. Peaxuusi TEpMHYECKOrO Pa3JloKeHHs O30HA NpoTeKaeT No MeXa-

HU3MY

&y

O3+M 2 0,40+4M
ky
ks
0-+0, —*. 20,
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rie M -— BajieHTHOHACKILEHHAS MOsleKy 1a. Hcnonbays meton craumonap- -

u:lx aKouueHTpauuﬁ, No/ly4aeM ypaBHEHHE IJii CKOPOCTH PasJoKeHHs
030Ha:

_ 405l _ _ 2, kg [04]2 [M]
d¢ kg [Og] [M] + &4 [Og]

go STOMY YPaBHEHHI0O M 3Heprusm aktuBauud E, = 103,0 k/Ix/Monb:
- ) b b
2 = 0 klbx/Monb; E, = 12,6 k[Ix/Moab BBuHCIHTE adppexTHBHYIO
SHEPTHIO aKTUBALUMH 15l PEAKI MU PA3JIOKEHHS! O30HA: a) IIPU MOJHOM OT-
CYTCTBHH Kuc/iopoaa;, 6) B u3GbITKe Kucaopoza.
15. [Ipu noMomu Merona CTAIHOHAPHBIX KOHUEHTPALHil BBIBENUTE Bbi-
PaXeHHue LIt CKOPOCTH PeaKuHil XJiopa ¢ BOJOPOXOM M0 cXeMe
k
Cl+M 2, oCciem
R
Cl4+-H, —X, HClI+H

H+Cl, —*., HCl+Cl-
H+0, -, Ho,
Cl+0, —®., cio,

c+x M, ax

rze M — HexkoTopoe BewecTBo (KOTOpBIM MOMET GbiTb M MOBEPXHOCTb Pe-
aKUHOHHOrO COCYNa), BJMSIONIEE HA AUCCOLHALMIO Monekya xnopa; X —
HEKOTOpoe BellecTBO, CB#3bIBAIOIIEE ATOMEI XJ10pa. CKOPOCTh obpaszoBanus
X/I0pOBOAOPONA MOXHO NPHHATb paBHOl kg [HIICL,]; tak xak k, < k5, To
MOXHO npeneGpeub unenamu c [H] [O,]2. Y

[Tonyuure Bhipaxenue gas CKOPOCTH: ) NIPH MOJHOM OTCYTCTBHH KHc-
n0poxa; 6) B NMPHCYTCTBHH KHCJOPOAA. Hcnonb3yst suavenus E, =
= 117,4 xx/Mons; E, = 25,2 kx/Monb; E, = 84 x]J{x/Monb; E, =
== 0 kIx/Momb; Ej5 == 0 KIIx/Monb, BBYHCIHTE 30(EKTUBHYIO 3HEPTHIO
aKTHBaUHH B OGOHMX CJyyasx.

16. Mexanusm peakuun H, -+ Br, = 2HBr:

Br, ~ 2Br
Br+Hy — , HBrtH
H4-Br, — . HBr--Br

H-+HBr —* , H, . Br

9Br . Br,
[lepenocurkamu ueneit ciyxar aromw Bojopoxa u 6poMa. CKopocTs
oBpasoBaHust GpoMoBOOPOXA BBIPAXKAETCH YpaBHEHHEM
d [HBr]

m = ky [Br] {Ha]+ kg [H] [Br,] — k, [H] [HBr].
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[Tlocne nekoropbix npeoGpa3oBaHMit M 3aMeH TOJy4yaeM YpaBHeHHe

d[HBr] 2k, (ki/ks)'/* [Hgl [Brs]'/®
df = T (RJks) / ((HBr] / [Brs])

Hcnoneayst 310 ypaBHeHHe W cleiyioliHe 3HaYeHHsi SHEPrHH aKTHBALWH:
E, = 189,5 xIx/mons, E, = 740 xJdx/moab, E, = 5,04 K lx/Moib,
E, = 5,04 xIx/Monb, E;=0 k/xk/Monb, paccuutaiiTe 3¢peKTHBHYIO
SHEPTrHI0 aKTHBAIMH peakuuu 6poMa ¢ BOJOPOAOM: a) B Hauyaje mpouecca
u 6) B NpuCyTCTBHHM GOJbIIOr0 M36biTKa GPOMHA2 BOXOPOXAA.

17. BbluucnuTe 3Hepri0 aKTHUBAUMH JJsl PeaKuUH 3apOMIeHHs UenH
NPH OKHc/ieHHH GyTaHa, ecsd no ucredenuu 100 ¢ oT Havala peakuuH Ho-

JYYeHbl CJAEAYIOLIHE JNaHHBbIE!

T K .......... .. 540 543 553
@, c=t L L 2,5-10-2 2,3-10-2 2,0-10-2
n, eMd.c—t L L, 2,16-10° 1,98-10° 1,86-10°

Peakuust okucienust 6yTaHa — UenHas, pasBeTBJIEHHAd.

18. [Ipu u3yyeHHH uenHOfi peaKUHWH OKHCJIEHHst H3ONponujbeHsona

(ItH, ?H3 CH,
Z "r—CH  +0, C' +o0,
N | — | —
™ CH, CH,4
e [ e
COOH CO" +RH COH
CH3 CH3 ' CH3

6b111 NMoJyuyeHbl CJAEAYIOLIHE IaHHbIE:

éoo' +RH
| —
CH,

o, ©g, J
t, 4 MOJIb/ (J1- 4) MOJIb /(J1-4) V__[.Ro.—oﬁ]_ [RH]- MONb/J
1,00 0,20 0,106 0,630 10
2,00 0,417 — — -
2,83 0,556 — — —
3,67 0,750° - - i

OnpenenuTte JNMHY LENH U BbIBEAUTE BHIPAXKEHHE CKOPOCTH Pa3BETBJIEHHUs
Hemnw,

19. Ha puc. 49 mnpusegena o6JjacTb BocNJaMeHEHHsl JJsi CHCTEMb
CO + 0,. OnuwuTre 3aBHCHMMOCTL HHTEpPBaja BOCIJIAMEHEHHA OT TemIe-
paTyphl ¥ COCTaBa ra30BOil cMeCH U OGBACHHTE HHXKHHII H BepXHUH Npexeibl
BOCIIJIaMeHeHHs1. KaKHe pajguMKanbl MOTYT CHH3HTb TeMIepaTypy BoOCILIa-
MeHeHHs! IPM HAJMYHU BJard B 9TOH rasoBoil CMecH?
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20. Cepuyeckuil KBapuesblit co-

E & cyA auamerpom 10 cMm 3anonueH cre-
£ 40 XHomerpuueckoit cMmecoio 2H, + O,
S ! 2 nox nasnexueM 20 MM PT. CT. H
T 515 K, rae npotekaer penuas peak-
Q-

: uHsi. PaccuuTaiiTe KOHCTaHTy CKOpO-
A A A i A H

560 600 620 640 - 660 K  CTM ruGenwn atomoB H, ecnu adek-

THBHOCTb 3aXBaTa aToMoB H xBapuem
— . -3

pasaHYHOM colepkanun Oy: cocranasier Sy 1,3- 102, ﬂHaMe_’rsp

I —90%; 2 33% aToMoB  (cM): H — 1,90-10-8,

H, — 2,40 . 10-%, O, — 298-10-8.

21. Onpenenute 3Hepruio TOTJOLIEHHOrO cBeTa | kJx/mMonb mpw

NPOTeKaHHH (OTOXHMHYECKOH peakuuu Br, 4+ CH,, - C,H,,Br + HBr,

€C/IH 3a BpeMsl OCBelleHHs npopearuposan | monb Br,. Jiuna BoaHB Mo-
Hoxpomaruyeckoro cpera 470 uM. KpauToBbli BRIXOL y = I.

22. Onpenenute 3HEprui0 TOrJIomEHHOTO cBera | kIx/Monb npu

NPOTeKaHHH (HPOTOXHUMHYECKOH peakuuu CH ;COOH ﬂ CH, + CO,, ecan
32 BpeMs OCBELEHHst TpopearuposBan 1 Moab yKcycHO# KHcaoTh. Jlnuna
BOJIHbI MOHOXpomaruyeckoro csera 230 uM. KBaHTOBBI BbIxoj y = 0,5.

23. Onpenenute, moMb3ysich CHPABOYHBIMH AAHHBIMH [M.], snepruio
TOTJIOIEHHOTO MOHOXPOMATHYECKOTO CBeTa NpPH pa3joKeHHH | Moub

CH3;COCH; no ypasuenmio peaxuuu CI—L,COCI—Is-’zCzH6 + CO, mnpo-
Tekaiomed B rasopoit ¢ase mpu 333 K.

24. Kakoit KO3DOUUMEHT NOr/oMmeHust uMmeer 0,25 M pacrsop ¢ mo-
riowawmum croeM 10 cM u mponyckanuem 90 %?

25. CkonbKo JyuyHcTO#t 3Hepruu HeoGxouMo, 4TOGH N, MoJIeKy.
a11eTOHA BO3GYXUTb CBETOM C JJIHMHOIl BOJIHBI 2563,7 uM? CpaBHHMMO JIK 3TO
Koau4yecTBo ¢ sHeprHeit cBszu C — C?

26. Ilpu obnyuenun napos HI Yd-ceerom ¢ gaunolt Bodus 207 HM
o6pasyiotest H, u I,. [Tpu sneprun uanyyenus 1 Jx pacnagaerca 0,00044r
HI. Onpenenure xBanToBHil BHIXOJ.

27. B peakunonHom cocyne BMECTUMOCTbIO 1 11 HaxonsiTest Bogopon H,
(napuuanbhoe nabnenue Y/, at™) u Cl, (mapuuanbHoe nassenue 1/, atm).
Ira rasosas cmecb 0GnMyuaeTcs NPM KOMHATHOG TeMIepaType CBETOM ¢
AnuHoi Bonubl 400 uM. [1pu atom noraowaercst 6,28 Ik 3HEepPruu M Jas-
Jienue ysennuuBaeTcss Ha 9013 atM. KakoB KBaHTOBBI BbIXOR?

28. Harpuesas namna (1000 BT) uanyuaer GOMIbLIYI0 YACTb JHEPTHU
NpH piHHe BoaHbl 589 HM (D-nunus). Kak ponro ciegyer ob1yuaTb npoby
U3 Na/1000 moneKyn 310#t Namnoit, ¢ Tem yToGHl NO KpaiiHe# Mepe MoJoBH-
Ha MoJlekysn mnpopearuposasa ?

Puc. 49. O6aacts BocniaMenerus npH

MHOTOBAPHAHTHAS 3AJIAYA

Peakunss A, + A, = B, + B, nporekaer mo HEeNTHOMY He pa3sBer-
BJICHHOMY MeXaHH3My. 3apOX/eHHe Held NPOUCXONMT B Pe3yJbTaTe B3a-
WMOJIGHCTBUsI KBAHTA CBETAa C OJHMM M3 PEATHPYIOIUX KOMIIOHEHTOB HJIH
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NOCPeACTBOM TEPMHYECKOro Bo3jeicTBH. [Ipeamnosaras, 4To peakuus npo-
AOJKEHHs uelH HIeT 4epes JBe 3JeMEHTADHbIE CTajuH, a THOeIb HelH
NPOUCXOAHT HA OJHOM H3 YYaCTBYIOWIMX B Npollecce cBOOOAHOM pajHKane,
3anHuIHTe:

1) cxemy mnpeanonaraeMoro MeXaHW3Ma UENMHOH peakuuH; 2) crexmo-
METpHYECKOe yPaBHEHHE IENMHOH peakuHH ¢ HCIOJb30BAHHEM 3HAYEHH$
IJIMHBL LeMH Vv; 3) KHHeTHYeCKoe ypaBHeHHe AJs H3yuydaeMoH peaKu#H Ha
OCHOBaHHH NPEJJIOKEHHOro MeXaHH3Ma. [JoKaKHTe, YTO B 3aBHCHMOCTH OT
NPHPOAbI CBOGOAHONO paJHKadd, Ha KOTOPOM IIPOHCXOAMT rubeib IenH,
peaxuys ONHCHIBAETCS Pa3JHUHBIMH KHHETHUYECKHMH ypaBHeHUsiMH, 4) Ka-
Koe Ko/MMYecTBo MOJIEKY/M A; pacxoflyercst i KaKOe KOJHYECTBO MOJIEKYJ
B, o6pasyercst B uend, ecid Anuna uenH v {cMm. Ta6a. Ha c. 431).

FrTABA XXVi
AHddY3HUA. KHHETHKA TETEPOTEHHbBIX MPOLLECCOB

OCHOBHblE YPABHEHHSI H CHMBOJIbI
[K., c. 681—684; I'., . 2, c. 295, 296]

ITpouecc auddysvr onucbiBaercst ypaBueHusmMu Duka. Jduddepenuu-
aJbHple (GopMbl 1-rO ypaBHEHHst :
dn de
£ _pLs, XXVLI)
dt dx (XXVLL
2-ro0 ypaBHeHH$
EANINT
\ ot }x__,_, kﬁx?'/f ’
rae dn — KoMHYeCTBO BelleCTBd, NpoXxojsiiee 3a Bpems df yepes mJiolanb
noBepxHocTH S, Moab: (dc/dx) (grad ¢) — rpaguent KoHuentpauuu. I'pa-
AHEeHT KOHUEHTPAUHH 34BHCHT OT KoHueHTpauHH [de/dx = f (¢)]. {Ipu cra-
HHOHADHOM MOTOKE

(XXVI.2)

de Ckon — Cucx
— = const = —2L X
dx Ax

(0c/0t), — u3MeHeHHe KOHUEHTPauHH AHGOYHAHpYIOUEro BeliecTBa B
naHHOH Touxke cHcTembl OT BpemeHH; D — koadduunent andeysuu;

D =Dy,e—Eo/RT, (XXVL3)

rae D, — xoucranta; E, — 3Heprust akTHBauWH Aucddy3uu. YpaBHeHHs
duxa B uHTErpaJbHBIX (OPMax HMEIOT BHL!
I-e ypaBHeHHe ANl CTAlHOHAPHOTO MNOTOKA

'Ii (x)="t—= —D —§; (XXVI4)
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2-e ypaBHEHHE [/l HECTAIHOHAPHOTO NOTOKA, ecH AHMDY3Hs B GecKoHey-

- HO-TIPOTSKEHHOM Te/le (X H3MEHAETCS OT — oo A0 -+ 00), HMEET pelleHue

Co
(?::—é- (1-—erf 2). (XXVIL,5)

e T (e = —2 D _n xxvxe.
I {x=0j VR t - t i ( ')

Eciin quddysust B nonybeckoneunom (monyorpanuuennoM) Tene (x uzMe-
HaeTes oT 0 A0 -~ o0), TO pelleHHe NPHOOPETAET BHA:

Torna

c=¢o (1 —erf 2), (XXVL7)
2 D
Jite=0y= V‘i_ l/t— = % , (XXVI1.8)
n

rae erf Z — rayccoBckuii unterpan omm6ok. 3uauvenue erf Z NpUBOIUT-
CA B CNp4BOYHHMKAX KdK GYHKUHA 3HadeHust Z:

X

Z= — .
2 ¥V Dt

(XXVL9)

: leexompble npeje/bHble 3HAYEHHSt Z H COOTBETCTBYIOIIHE HM 3HAYEHHSA
erl Z:

ecf Z ... 0
Ypapuenus (XXVI.5)—(XXVI.8) npumennms NpH  YCJOBHH
| > 5,6VDf, ‘ (XXVLI.10)

rae | = Xy, — TO/MUHHA CJIOS BEIecTBA, B KOTOPOM TNPOHCXOAUT AU(-
tbysus; ’
56V Di—L, © (XXVL10a)

L — paccronnue, na xotopoe 3a BpeMmsl ! npojsuraercs GpoHT AHQDy3UH
Kosppuunent audpysun moxuo BbIPA3UTb 4epe3 Koa(pHUHEHT Tpe-
HUf Ao ypaBHenHio Crokca—JlHuITeHA

RT
b= N, 6anr

TA€ M — KO3DOHUMEHT BHASKOCTH, r — pajHyc AMPOYHAUPYIOUIMX Ya-
CTHL, HMeIHX chepuyeckyio ¢Gopmy.

CKopoCTh pacTBOpeHHst NPH MOCTOSIHHOM NepeMelIHBAHHH OMHCHIBAET-
csi ypasHennem ®uxa, audepepeHunanbHas (opMa KOTOPOro MMeeT BHj

dn DS
&~ Ve (co—¢), » (XXVI.12)

(XXVLI1)
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rae D — rkoapduuvent aupdy3uH pacTBopsollerocss BellecTBa; S —
mjolaab MOBEPXHOCTH PACTBOPAIOLLErocs BellectBa; V — o6beM pacTBo-
" pHuTens; 8 — ToMUHMHA NPHIOBEPXHOCTHOIO CJIOS; € — KOHLEHTPALHs
HACBIIEHHOTO PacTBOPA, MOJb/JI; ¢ — KOHUEHTPALHs PacTBOpa;

DS/V8=kpacra. (XXVI.13)

Ecou ¢ = const, To npouecc pacTBOpeHHS CTAHOBHUTCH CTALHOHAPHBIM,
NpH 3TOM (¢, — ¢)/6 = const u unTerpanbHan popma ypasuenus (X XVI.12)
NpHHUMAeT BHUJ

An=DS/VS (co—c) ¢, (XXVI.14)

rie An — KOJIM4YeCTBO BelllecTBAa, PacTBOPHBLIEECS 3a BpeMms f.
Ec/u npu pacTBOpeHHH KOHIEHTPALUH ¢ MEHSAercs, To

2,3 Co—0Cy
= — g ——= . XXVI.15
kpacra tg—1t; =~ Co—Cy (A )

J1 CKOPOCTH rereporeHHON MOHOMOJIEKYJISIDHOH peakuHH THNA

Arg+ B(ras uam suwocrs) — PacTBop

(cKopocTb NepemeLIHBAHUA NOCTOAHHA) 3(PPEKTHBHAA KOHCTAHTA CKOPOCTH
k* =Pk/(k-+B), (XXVL16)

TA€ k — KOHCTaHTa CKOPOCTH COGCTBEHHO XHMHYECKOH peakiMH NepBoro
nopsaKa; f — KOHCTaHTa CKOPOCTH ZHPPY3HH (CKOPOCTb NepeHoca Belile-
CTBA B 30HY Pe€akUHH HA eAHHHLY NJIOIAJAH NOBEPXHOCTH),

p=D/S, (XXVLI7)

8 — paccrosnue, Ha 10TOpO€ NEPEHOCHTCS peareHT.
JOna peakunu, nporekawined B nupPysnonHoit obnactu (k* = f),
KHHETHYeCKHe ypaBHEHHs IMPHHHMAIOT BHI!

JudpepenuuansvHan  dopma

_ s =BS (c—cp), (XXVI.18)
d¢
rie ¢, ¢, — KOHUEeHTPauuu pearedta B e o6beMe pacTBopa H y NoBepX-
HocTH pearenta A cootserctBenno. [Ipu ¢, = 0
de S
—— =B — ¢ XXV1 19
T p v o ,( )

HHTerpajsbHasa ¢opma
pe DS 23 a0 (XXV1.20)
GV t2—tl Cy

Hdas peakuuit tvna Agsy + By = AB(s, Korma cioit npogyk-
Ta peakuud AB NOpHCTHI M He 3aTPYyAHNET KOHTAKTa HCXOXHBIX BEIIECTB
A u B ¥ peakuus npoTekaer B KMHETHYECKOH OGJNACTH, NMOPSAJOK MOXKET
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ObITb HY/EBBIM, TIEPBLIM, BTOPLIM H APOGHbIM. IS peakuuit HyJaeBoro mo-
PAKA KMHETHYECKOE ypaBHEHHe B HHTerpaibHO#l (opMmMe HMeeT BHA

A
< =kt (XXVL.21y

rae Am — mpupailleHHe MacChl HCXOXHOTO peareHTa A 3a cuer obpasopa-
HUs Ha Hem cmos AB; S — peaKuHoHHAA IJIoLAAb TOBEPXHOCTH,
S = const; k — KoHcraHTa ckopocTH.

Ecnu kontakT pearentoB A u B ocyiuectBisiercs uepes mIoTHbI cioi
AB, peakuusi, Kak MpPaBUJIO, NTUMHTHpPYeTCs AUQPDY3Hel, Torga KUHeTHYe-
CKOe ypaBHEHHE B MHTErPaIbHOR (opMe ABJSeTCS ypaBHEHHEM NapaGosbi:

Am \2
(—— = k", (XXV1.22)
S
rae k” — KOHCTaHTa CKOPOCTH, KOTOPas NPONOPUHOHATbHA KOI(PHIHEH-
Ty audpdysun D pearenta A uau B uepes cioft koeunoro npoxykta AB.
CkopocTb HcTapeHHsi ONUCHIBAETCA ypaBHEHHeM
Ps
Joen= ——— > _ (XXV1.23)
VonMRT

rie Jyep — YHMCHIO MoOMedl XHIKOCTH, HCNIAPUBLIMXCS B €UHHIY BpPeMeHH
C €IMHHIBI MJIOLIAXH NOBEPXHOCTH (CKOPOCTb HcnapeHus); Ps — napnedune
HACBIIIEHHOTO napa.

3AJAYH C PELUEHHAMH

1. O6pasey cnasa Metaana A u B anuuoit 0,5 oM u ofpasey Meran-
na B xnunoit 0,5 e cnasusl apyr ¢ apyrom. Onpenenute Bpemsi, 3a KOTo-
poe B pesynbrate auddysuu A u3 craBa B uucThiif ciuToK B Ha paccros-
HuW ot cnas 0,01 u 0,2 cM yCTaHOBHTCS OTHOCHTENbHAS KOHUEHTpAiHs
A (calcy), paBHas 0,2, u D = const = 2-10-? cm¥/c.

Pewmenmne Jas onpenenenus Bpemend xuddysuu HCHonb3yem
ypaBuenus Puka (XXVI5) u (XXVI.9). Buauane Bbiuncasem f mis
x == 0,01 cM, npeasapuTenbHo ompeneauB Z N0 ypaBHeHHIO

c/cozlﬂ(]—erfl); 0,2:”2(1—erf2); erfZ=0,6~2.
3areM BwIYMCIsieM BpeMs 10 yPaBHEHHIO

X - X 0,01

7= — { = — =
2 V' Di z2VD 0,6.2Y2.10—

; 1=9,6u4.

[TpoBepsieM HaneKHOCTH NONYYEHHBIX PE3YJILTATOB U IPUMEHUMOCTh yPAaB
Henust (XXVL.5). Jlna atoro nojcrabisieM HaiigeHHble BETHYHHH B ypaB-
Henve (XXVI.10):

0,5>5,67/2-10-°-9,6-3600 >> 0,046.
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Ycnosus npumenumocty ypapHenust (X XVI1.5) suinonusiiorest, Tak Kak

{ (Xmay) = 5,6V Dt.
[loBTOpsieM pacuer W BbiuucasieM ! aast x = 0,2 cM:

0,2
2 V2 10—
[IpoBepsiem npumenumoctb ypaeuenus (XXVL.5) pis x = 0,2 cm:
0,5>>5,6)2-10—*-3875.3600 > 0,93.

Z=0’6= M t=38751y4,

YenoBue NpMMEHMMOCTH yPABHEHHS He BHNOMHSETCS: [ (Xmay,) << 5,6 DE.
[Tocnepnuii pe3ysnbTaT He HajexKeH.

2. PaccuntaiiTe Bpemsi, 3a KoTopoe WHMpPHHA IAM(DY3HOHHOH pasMbl-
Toil 30HB MexAy cniaBoM AB u Meranmnom B craner pasnoit 0,1 cM u
D = const = 2-10-% cm¥c.

P ew enue. lllupuna aguddysuonnoit pasmbitoil monocsl 6 npu xug-
(y3uu B 6eCKOHEYHO NPOTSKEHHOM TeJie (PacCTOsi HHE MeXAY (ppoHTaMu Jud-
¢y3uu) paBHa 2L wuam

6=2L=2.56V Df; 2,56 V2-10-°¢ =0,1; t=11 u.

3. Ha nHo uuMJMHApHYECcKOro cocyaa, 3aJHTOrO BOAOH, MOMEIUEH CIOoH
caxapa. Caxap, pacrBopsisicb, auddyHaupyer B obbeM pactBopa. Han
€axapoM pacTBOp HacbillleH M KOHHEHTpalusi ero ¢, NocTosiiHa. BricoTa
cron6a xupkoctd 20 cM. BoluMcanTe, Ha KAKOM PAacTOSIHUH X OT IpaHulb!
paspena caxap—pacTBOP OTHOCHTE/bHAst KOHUEHTpalHus ¢/c, CTaHEeT pas-
Ho#t 0,8 uepes 16 cyt; D = 0,25 cM?/cyT. YuTHTe, 4TO /151 JAHHBIX YCIOBHIt
(¢, D), cornacHo ypasHenuio (XXVI.10), / = 11,2 cm npu 298 K.

Peuenue. [lockonbKy NpOHCXOOHMT HecTauuoHapHasi AH(dYy3Hs
B noJ1y6ecKOHEeYHOM [IPOCTPAHCTBE, TO JJIsi PACyeTa HCIOJIb3yeM YpaBHeHHs
(XXVL.7) u (XXVL.9): :

0,8=(l—eriZ); eriZ=0,2 Z2=0,2;

0,2=1x/2710,25-16; x=0,8cM.

Ypasnenne (XXVI.7) npumeHHMO A5t NaHHBIX yCNOBHit, Tak Kak [ > x
(11,2 >0,8).

4. Ha jpHo UMJIMHAPHYECKOrO cocyia, 3aJHTOro BOXOH, MOMeleH coi
caxapa. Caxap, pacrtBopsisicb, AuppyHIHpyeT B ob6beM pactBopa. Han
caxapoM pacTBOp HachllleH W KOHHEHTpauHsi ero ¢, nocrosiHHa. Beicota
cton6a xugkocti 20 cM u D = 0,25 cm?¥/cyT. PaccunTaiite KoauuecTso ca-
xapa, Kotopoe nepeizer B pactBop ¢ | cm? nosepxHoctu 3a 16 cyT, ecnu
o = 2,565 Moaw/n.

Pemenwne Yucro Monell caxapa, pactBopusuierocs 3a 16 cyr,
paccunuThiBaeM no ypaBHeHu0 (XXVI.8):

2¢, Vﬁ 2.2,565 0.95
J = e e 220 —=9,61-10-* moab/(cyT: cM?),
V= t 1000 716 /(eyr-en)
An=Jt=2,61.10~%.16=5,776-10—3 moab-cM?,
Moaxapa =5,776-10—3.342,3=1,977 r/cM?.
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5. Paccuurailte paguyc MoseKybl GeKka, €cid ero KosphuuHenT qug-
¢ysuu B pactBope caxapa D = 6,39-10~7 em¥/c, T = 298 K. Cuuraiire,
YTO MOJIEKYJIbl Genka uMmeloT cdepuueckylo Gopmy.

Pewenue Pamuyc monekynn 6eqka paccuMThiBaeM Mo dopmyse

RT
r ~DN, 6ny °

rae v = 1,227-10-3 [Ta-c [M.];

{8,314 Jx/(Moan-K)) (298 K)
= —11 52 — -=2,79-10"9 M.
(6,39-10—11 m%/c) (6,02-10%3 mon—1) 6.3, 14 (1,227.10—3 Ma-.c)

6. Tabnerka GeH3OHHOH KHCIOTH ¢ MOWAXLIO NOBEPXHOCTH S == -
= 2 cM® noMeliieHa B pacTBOp GeH30iHHOH KucaoTl, O6bem pacrtsopa 20 a1,
KoHuentpauus 0,003 mons/s1. PacTBop pasmelunBany, B pesysibTaTe 4ero
3a 5 muH pactsopuiocsk 0,001 mons C¢H;COOH. MoxHo NpUHATH, YTO
NpaKTHYECKH KOHUEHTpAauHusi pacTBOpa NPH 3TOM He H3MeHHJach. KoH-
UEHTpalHsl KUCJIOTH B HACHILEHHOM pacTBope ¢, = 0,024 monn/n (298 K).
Kosppuunent nuddysun Gensoitroi kucnorsl D = 0,75 em?/cyT. Boiunc-
JIMTE KOHCTAHTY CKOPOCTH PACTBOpEHHst R, CKOPOCTb Aupy3uu P, ToMiH-
HY TNpPHTOBEPXHOCTHOTO Closi .

Pewenue Ha rpanune npunoBepXHOCTHOro closi u [IOBEPXHOCTH
TaGJIeTKH KOHUEHTPAUMsi NOCTOSIHHA W paBHa c,. KOHUEHTpauus B Macce
pacTBopa B TeyeHHe paccMaTPUBAEMOTO BpPEMEHH TOXe NOCTOSIHHA, M03TO-
My MOTOK BelLlleCTBA yepe3 NPHIIOBEP XHOCTHBI CJ10# MOXKHO CYUTATH CTALHO-
HAPHBIM H

dx  Ax ]
Hnst craumonaproro noroka ypassenue (XXVI.12) npunumaer Bun
dn _An_ DS
a7 T e

KoncranToi ckopoct paccuntsiBaem no ypasrennio (XXVI.13), a1s uero
Haxogum DS/6:

DS An 0,001 -60-24

8  t(cs—c) 5 (8,024—0,003)

= 13714 cM¥/cyT.

[loxcraBnsiem wucna B (XXVI.13):

13714 D 13714
f= :;:0’685 "1; Lo e Il eee—— / .
20.10° 7 cyT B 5 5 6857 cm/cyT;
b= DS 0TS 0 ot e
T13714 13714 T M

7. KOHUEHTpauusi KHCJIOTHI B HACKILEHHOM pacTBope ¢, = 0,024 Mostb/ 1
(298 K). Koadpduument aupdysun CH,COOH D = 0,75 cm?/cyr. KoHuen-
TPauus pacTBopa B XOJ€ pacTBOpeHHs U3MeHslach. TabGnerka GeusoitHoil
KHCJIOTHI C MIOIAAbIO MOBEPXHOCTH S = 2 cM® noMmeleHa B pacTBop GeH-
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" 30AHOH KHcnoTel. O6bem pacrBopa 20 j, konuentpauus 0,003 Moab/a.
PacrBop pasMewuBand, B pe3yJbTare 4Yero 3a 5 MHH PacTBOPHJOCH
0,001 monp CH;COOH. Onpegenure Bpemsi, 3a KOTOpPO€ KOHUEHTPaUUs
pacrBopa craner pasuoit 0,012 mouab/a. '

P ew e nue. [NockonbKy KoHHeHTpalusi pacTBopa B paccMarpuBae-
MOM OTpe3Ke MEHsIeTCsl, MEHsieTCsl H rpajHeHT KOHUEHTPauui B MpUIO-
BEPXHOCTHOM cJIoe, T. €. npotecc Anddy3uu He craunoHaped. Mcnonbayem
ypaBuenne (XXVI.15). Tak kak
s 0

2,3 [
tlzo; (,‘1::0,003. T0 h=—— lg .
t2 Cg—C2

[ToacraBasieM uMcaa M peliaeM OTHOCHTENBHO f:
2,3 0,024 —0,003
70,6857 ° 0,024—0,012
8. Meramtnyeckuii uMHK maowaasio 20 cM? npu 298 K pacrBopsiu
B 700 cm® cepHOM KHCHNOTH MO ypaBHEHHIO
Zn 4+ H,SO,=ZnSO, - H,
Boruncaure ckopocth AHddY3HH  H COOTHOLIEHHE TOJILUHBL AU(DY3HOH-

HbiX choes (8,/8,) B onmrax | u 3, Hcnonb3ys caelyioliie 1aHHbIE:
CkopocTb nepemeunpanus 400 06/MHH.

=0,815 cyr, uan 19,55 4.

Omer . . . ... 1 2
L 0 0,5 1
CH,s0,0 T-3KB/A . 0,153 0,118 0,090
Cxopoctb nepemeurnpanust 216 o6/MuH.
Omwr . ... ..... 3
S 0 0,5
(,‘sto‘ y T- SKB/,JI e e . 0‘080 0,069

Peuwenue OnpegensieM KOHCTAHTY CKOPOCTH pPacTBOPeHHst N0
ypaBuentio (XXVI.20). Tlpu ¢t =0

2,3 Ci—
ly ¢t
OnpegensieM ckopocTb aupdysuu P ans onwra 1:
k 2‘31 0.153 0,519 y-1
= —— —_— y—1,
=05 B0
Vv 00-0,519
Br= —k=7————218,27 cMm/u;
S 20
Aist oNbiTa 3:
. 2,3 0,080
ky==—— lg ——==0,296 u~L;
70,5 £ 0,069 ’
_700:0,296 0

T 9
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[To monyyenHsiM 3HaveHHsM f paccuuTaeM TOMIHMHY AHGDY3HOHHOTO
cnon &
D D 8, 10,32
Sy=—— nd=—"; ° >
By i VR 18,27
Tonuna aupdysuonHoro cioss npH H3MEHEHHH YHC/IAa OGOPOTOB yMEHb-
HIHJIACh TOYTH JBOE.

9. Hap yrnem nponyckaioT Bo3AyX MOJ NMOCTOSIHHHIM AaBJEHUEM, B pe-
3yJaprare yero npoucxoiur peakuus C 4+ O, = CO,. JlanHble H3MepeHH i
TIO3BOJIMJIH ONIPENeNUTh 3QdeKTHBHYIO KOHCTAHTY ¥ NIDH PasiHYHLIX TeM-
neparypax. PesysnbraThl H3MepeHH#t M BBLIUHCIEHHH:

T K ...... 777 873 973 1073 1173 1273 1373 1573
(1/Ty-102 . . .. 1,290 1,145 1,026 0,930 0,8 0,78 0,728 0,636
k¥, em/c ... L 0,073 0,447 2,15 6,81 13,72 19,49 23,40 26,90
lg & . . .. .. -—1,137 —0,35 0,332 0,832 1,137 1,29 1,369 1,429

YcraHoBHTE, B KaKOH 0O6GMACTM NPOTeKaeT peakuMsi, M BHYHCIHTE
3HEPrui0 AaKTHBAUMH.

Peue nue. Crpoum rpapuk B Koopaunarax lg k* — 1/T (puc. 50).
Orpesok dc cooTBeTCTBYeT KHHETHUECKOH 06J1aCTH, T. €. CKOPOCTb PeaKIuH
JUMUTHDYETCS]  COGCTBEHHO  KHHETHKOH TMPH .
T<INOOK, k&P, k==~k* IpuT>1100K 19k

OTPe30K cb — nepexoiHast o6nacTb, T. €. KOH- & x}b
CTAHTB CKOPOCTH JAH(PHY3HH P U COGCTBEHHO | ‘x\
KHHETHKH R cousmepumbl. CBsi3b Mex1y k*, X
ku P onuceBaercs ypaBuenuem (XXVI.16). \x

Ouepruio akTHBauMH E, HaxoAMM N0 ypaBHe-

HUIO 05 1\(1/1)10°
Fq=—23Rtga, \

rge tg oo onpepensiercs no puc. 50, | \

=
-
(]

x
tg o —35,573. 109, .
Bbl‘{HCJIﬂeM 3Heprmo dKTHBAUHH
Eq=5,573.108.2,3.8,314 = 106,97 [{x/Moab. Pue. 50.  3asHcuMocTh

Igk ot /T nas peaxuuu
10. Han yrnem nponyckaioT BOSAyX NPH  oxucsenns yras KHCTOpo-

P = const. B pesysnbrare nporekaer peakuus AOM BO3AYXa

C + 0, = CO,. OpdekTnBHYyIO KOHCTAHTYy k*

ONpPEeNeJHJH NPH PA3NHYHBIX Temneparypax. PesyabraTel U3MepeHH# H
BbIYHCIEHHH:

T, K ...... 77 873 973 1073 1173 1273 1373 1673
(/1)1 . . .. 1,290 1,145 1,026 0,930 0,8 0,785 0,728 0,636
k*, em/c ... -, 0,073. 0,447 2,15 6,8 13,72 19,49 24,40 26,90
lg k* .. .. L. —1,137 —0,35 0,332 0,832 1,137 1,29 1,369 1,429

CocraBbre ypaBHeHHe THNA
Igk=A/T 4 const.
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P euw enue. ConocraBuB ypaBueune Ig k = A/T + const ¢ ypas-
Hendem (XXII1.4), noayunm

B E_ —25,47.10°
T 23R 2,3.8,31

= —1,33-103.

Has Bbluncaenns const nopcras/isieM B Hec/leflyeMoe ypaBHeHHe 3Hauenusi
lg k n /T, otHoCsitnecs: K KMHETHYeCKOH 06MacTH NPOTEKaHHsl peaKiluH
ansa 973 K:

0,332 = —1,33.103/973- const,

otkyaa const = 0,244. [locne noacTaHOBKM 4uCes IMOJTYYAM
lg k=0,244 —5573/T.

11. Hap yraeM nponyckaloT BO3AYyX IOJ MOCTOSIHHBIM JaBjeHueM.
B pesyabrate nporekaer peakuns C + O, = CO,. DbdekTHBHAA KOH-
cTaHTa k* onpejeneHa NpH pasiuyHbBIX TeMreparypax:

T, K ...... 777 873 973 1073 1173 1273 1373 1573
R*, emjfe . oL L. 0,073 0,447 2,45 6,81 13,73 19,49 23,40 26,90

3aBHCHMOCTb KOHETAHTHl CKOPOCTH XHMHYECKOH peaKiHH Bblpa)kaercs
ypaBHeHueM

Ig k=6,06—5573/T.

Boluncintb KoHctauty ckopoctd auddysuu p npn 1373 K.
Peweunue Koucraury P Boiuucasiem no ypasuennio (XXVI.16).

Ias storo ucnonsayem k* = 23,40 cm/c npu 1373 K. Knnernueckyio KoH-

CTaHTy BbIYHC/ASIEM IO ypaBHEHHIO :

1g k=6,06—(5573/1373) =2,00; £=100 cm/c.

[Mocne nopcranosky uucen B ypasuenue (XXVI.16) u Buuucaennit
nojayvyaem

93,40:=$-100/(100--B); $=30,8 cm/c,

12. [Ipu uccnenoBaHuM KHHETHKH peakuun OGpoMupoBaHus cepebpa
Ag + Y,Br, = AgBr noayveun cienyioute paauusie (500 K, Pg,,=
= 170 mm pr. cr.):

O 1000 2000 3000 4000 6000
(Am/8)-10%, rjem2 . . . .. .. 1 1,34 1,61 1,84 2,24
(Am/8)2-10%, r2jemd . . . . . .. 1 1,8 2,6 3,4 5

Kaxkue BoIBOZbI O THIIE peaKI[HH MOXKHO ClelaTh Ha OCHOBaHHH Pe3yJ/ibTaToB
onpiTa? BHYHCAHTE KOHCTAHTY CKOPOCTH peaKuuH.

P eur e uu e [locKonbKy Ha MeTaninyeckoM cepebpe B XOfie peaKkiiu
ofpa3yercs 6poMuA cepebpa, MOKHO MpPEAoJ0XKHTb, YTO CKOPOCTb pe-
aKkuuy JUMHTHpYeTcs ckopocThio anddysun Ag uan Br uepes crnoit AgBr.
Jl1s npoBepKH NpeanosoxeHus: crpoum rpaduku 3aBucumocteit Am/'S =
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A Am)\2 4
Puc. 51. 3asucaMocts —g i (_m) _5/1"70.2
S S
2/em?

OT ! AN PeaKkmHH OKHCACHHS TODHA

=f@ 1) n (Am/SP = f(t) (2).
[Tpsamas B koopaunatax (Am/S)? — ¢
NOATBePKAaeT 1NpenrnosiokeHHe o
TOM, 4TO peaKlHs nporeKaer B Aud-
¢ysnonHoit obaactu. Koncraury cko- /
poctu k* Haxonaum M3 rpaduka Kak g
TaHTeHC yrJa HaKJoHa NPAMOi:

tg a=k=8,0.10"8 r2/(cm*.c).
13. das peakunu okucnenns ropusa Th + O, = ThO, nonyuens cie-
Ayioune Aaxuble npu 598 K:

L, MEHH . . L L L. L L. 1 4 9 16 25 36 64
(Am-S8)-10%, rjem2 . . . . ... 3 5,5 9 12 15,5 19 25
(Am/S8)2-10'2, r2/emt . . . . . 9 18,28 8l 144 240,25 361 625

Kakue cBefienns 0 Mexanusme peaKliHH MOXCHO NONYYHTb U3 3THX AaHHLIX?
BeluncanTe KOHCTAHTH CKOPOCTH.

P eu e nne. [lockonbKy Ha yacTHUaX TOpPHS B XOJAe peaKuuH obpa-
ayercsi o OKCHla, MOXKHO TIPeNfloNIOXKATb, YTO peakuns GyleT onpefe-
TATbCH CKOpPOCTbiO AnGMGbY3uH. [N npoBepKH NPEANOsONKeHHs CTPOHM
Apaduky B Koopauuatax Am/S — t n (Am/S)? — t (puc. 51). 3aBucumoctb
(Am/S)* = f (f) Bolpaxkaercs npsiMOi, T. €. peakUHst JUMHTHPYeTCs AHG-
¢ysueit. Otciofa KOHCTaHTa CKOpocTH Gy jeT

625—9
kttg o= m 10—12 I‘z/(CM';-MHH).

3AJAYH

1. Ipu uccienoBannit ckopoct# pacrsopenns anebactpa CaSO, B Bo-
Jde npu 298 K 6buin nonayuyeHbl clefyloufie JaHHbIE:

Kouienrpa- KoHiteHTpa-
womma | Bownpmer | KIEROC | g omra | BROAST | NS
pacraopa, r pacTBopa, r
0 0,004 0, 43,0270
I 0,083 0,0274 11 0,083 0,0480
0,167 0,0492 0,167 0,0632
0,200 0,0566 0,250 0,0736

Cropocth nepemewnBanns 2235 o6/Mun. O6beM Kuaxkod (aswl pasen 1 a;
B 50 cM® HacblurenHoro pactsopa npu 298 K coaepxutcs 0,1047 r CaSOy;
nomaae nosepxnoctd Kycka CaSO, 31,55 cv®. TosimkHa nOBEPXHOCTHO-
IO CJI0s, OKP YXKAIOILEero TBepAblit KycoK, 5-107% M nMeeT KOHUEHTPailHio
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PaBHYIO KOHIEHTPAlHH HacbilileHHOTOo pactBopa. Onpefenute KOHCTAHTY

pacTBOpeHUss H KO3(xpHLIHEHT MacconepeHoca.
2. B kioBere, 3anosiHeHHOH BOJOH, HaxoAuTcs TabJjieTka OeH30HHOH

KHCJIOTE. B BepxHeil yacTn cocyfia BoJa Bce Bpems TeueT ¥ KOHUeHTpanus
CeH;COOH B noroke paBua 0. KoHueHTpaunsi B HachillleHHOM PacTBOpe
¢s = 0,024 monv/n. CH;COOH pactBopsietcs u AuddyHANPYET K npoTe-
Kawoureil Boge. Temnepatypa onbita 298 K, naomanb Sygpers = 2 ¢M?, pac-
CTOsiHME OT Tab/eTKy A0 NOTOKa 5 ¢m ¥ Macca TabaeTkd m = 1 T, Ko3(pdu-
unent D == 0,75 cM*/cyt. O6bsAcHUTE, ABAAETCA /M 3TOT NPOLECC CTALHO-
HapHbiM? KaKoe Ko.1u4ecTBO 6eH30HHOH KHC/IOTHl B YKa3aHHBIX YCAOBMAX
pacTBopsieTcsi 3a CYTKH?

3. Kycok MpaMopa ¢ NMOCTOSSHHOH IVIOIAAbIO TIOBEPXHOCTH PacTBOpA-
ercs B 1 11 u. HCI, npuueM B Teyenue nepBoii MUHYTH CKOPOCTb PAaCTBO-
peuusi paBuHa 5 r/mun. PacTBop nepeMeninBaioT ¢ NOCTOSIHHOH CKOPOCTHIO.
Onpenenure o6bem CO, (M3MePeHHBIH MNpH H.Y.), BbAETSIOLIMIACH B Te-
yenue 20 MuH, a TaKXKe Bpemsi, HEOGXOANMOe Ha Bbile/leHne TaAKOTo Ke o0be-
Ma rasa NpH Norpy’KeHHH WAEHTHYHOTO KycKa Mpamopa B 2 J1 TOH ke KMc-
JOTHI. :

4. CKopocTb pacTBopeHHst KycKa Mpamopa ¢ [IOCTOSiHHOH IJIOU{a AbIO
nosepxuoct B 1 n. HCI paBna 0,091 mMr-ske/c B TOT MOMEHT, KOT4a THTD
KHC/IOTHI TIOHM3M/ICA HA Y/, eTo nepBOHaYabHOTO 3HayeHHs. CKOJNbKO Bpe-
MeHM NOTpPe60OBasoCh, YTOObI NPOU3OLLTO TaKoe NajieHHe KOHLEHTPauun?

5. Tunc CaSO,-2H,0 pacrBopsiercs B Boge npu 298 K. Ckopoctb
nepemeliMpanus nocroanHas. O6veM xuiaxkoi ¢asw | a. [lnowanp no-
BepXHOCTH S Hensmenna u paBua 31,55 cm®. Koadpuument auddysun
D = 1,45 cm®/cyr. Pesynbrarthl ONbITOB:

LEMHH . . . . . . . . ¢ . O 5 10
Kounuentpauns pacrBopa
B50cemd, r ., . . . . ., . .0,027 0,048 0,063

YcraHoBuTe THI NIOTOKA. Belunc/iuTe KOHUEHTPALMIO HACHIIEHHOTO PACTBO-
pa (r) B 50 cM® k == DS/8V. :

6. Mejubiii ulap BpalalOT B a30THOH KHCJAOTE U Bpemsi OT BpeMeHH
B3BeuIBalOT. B Teuenue nepBoil CeKyHAb Macca yMeHbluuaach oT 4,3465
10 4,0463 r, B Teuenue BTOpoil — ot 4,0463 10 3,7673 r. Cpelnssa niouiaib
NOBEPXHOCTH 3a 3TH WHTEPBasJbi BPeMeHH Obifla COOTBETCTBEHHO paBHA
289,93 u 276,40 cm?. onaras, yto o6HeM KHCIOTh OUeHb BEIUK H KOHIEH-
TPAuus ee 0CTaercs NPaxTHUECKH NOCTOSHHOMN, PaccUuTaiTe, CKOTbKO MeAH
pPacTBOPHTCH B TeUEHUE WIeCTOH CeKYH/BI, ec/IH CPeAHsas MJ10IaAb NMoBepX-
HOCTH 3a 3TO BpeMms Oyjaer paBa 225,15 cM®.

7. CnaaBnedHas GeusoliHas KHMCJ/JIOTa, HMewlas IJOU{aib fOBepXHO~
ctv 18 cM?, norpy»«eHa B BOAY, TNepemelivBaeMylo ¢ NOCTOSHHOH CKOpo-
ctoio. Uepes M3BecTHHE NPOMEXKYTKH BPEMEHH N3 PacTBOpa OTOHMpaIH
20 cm® npo6el ¥ THTPOBaHMEM ONpPeAe/siii KOHUEHTPALUIo GeH30iHON Kuc-
n0Tei. TonmuHa noBepXHOCTHOM NyeHKH & ocraBanach nocTosHHOH. Kou-
LUeHTPALMA  HACHILIEHHOTO  pacTBopa  OeH30HHOH KHC/IOTHl  paBHa
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24,3 mmonb/1. Kosppuument andpysun D = 0,5-10-3 cm?/mun. Peaynb-
TaT THTPOBAaHHS MPUBEEH HUIXKE:

Bpemss mexay orGopoM npo6,

L 12 15 13,3
Kouuenrpauust pacteopa nxo H

nocjie or6opa npobu, mmoan/a 0,75 2,05 3,05 5,05
OGbem xKuakol dasw, cM3 . | 1020 1000 980

Onpenenyte cpefHiol0 KOHCTaHTY CKOPOCTH NpOLecca PACTBOPEHHs U
TOJIIHHY [OBEPXHOCTHOTO CJIOS,

8. [Ipo6upka ¢ BoJO#H BHeceHa B NoMelleHHe C HALATBHO CYXUM BO3LY-
XoM, Temneparypa koroporo 293 K. Boaa ucnapsercsi, HO ypoBeHb ee
NojJlepKuBaeTcs IMOCTOSHHBIM. B npobupke OTCYTCTByeT KOHBEKTHUBHOE
nepemewnsanue. Cedenne npoGupku S = 0,05 cm?. JlaBnenue HachlueHHoO-
ro napa Py,c = 0,023 atm. Bbiuncaute Kosdduument auddysnn BOAsHbIX
NapoB B BO3AyX, €CJAH paccTosiHue A0 Kpast npoGupku 1,85 cm, 3a 87,5 u
Henapuioch 1,94-107% mosb Bombl. [IpoBepbre nomyyeHnyio Bemuuuuy
D, ucnonbays cooTBercTByloltee ypaBHEHHE MOMEKYJsPHO-KHHETHYECKOM
TeopuH. :

9. B npo6upKy c BofoH, ypoBeHb KOTOPOi NOAAEPIKHBAETCS MOCTOS H-
HbIM, Ha paccTosHuu 20 cM OT NOBEPXHOCTH BOABI NOMEIAIOT HA CeTKe
npokanenublt cynbar menan. Ceuenne npo6upku 0,05 cm®. [lape Bobl
AudpdyHaupyloT oT BoAH K cyabdaty. Temnepatypa cucremsl 293 K. [las-
JIeH1e HacbI{eHHbIX NapoB Boabl Py,0 = 0,023 atm. Kosdduument aud-
dysun Bomsl B Bo3ayx Du,o = 0,24] cm*/c. Ilpn paBiendu napos Bomsl y
noBepxHocT cyabdara 6-10-% MM PT. cT. HauMHaeTcs peaKuus

CuSO4+ Hy0=CuS0,4-H,0 (P =const)

Beiuncnute: a) Bpems, B TeueHHe KOTOPOTO KOHLEHTPAlMs NapoB BOAbI
Ha paccrosiiui 10 cM OT NOBEPXHOCTH CTaHeT PABHOH KOHLEHTPALMM Haj
NOBEPXHOCTBIO cynbdara; 6) maccy BoAbl, KOTOPYIO NOTJIOTHT cyabdar 3a
10 muH.

10. Peakunonnbii cocyd pasgenes AunadparMoii-KataamsaTopoM Ha
Ase yacta. [lo o6e ctopoHsl Anadparmbl-KaTaansaTopa nocTynan npu of-
HOM M TOM 3Ke JaBJIeHHH Ta3 pa3Horo cocrasa. Tak Kak AaBJjenye B o6enx
4acTAX COCYa NOCTOSIHHO, TO OOMeH BellleCTB MeXAy YacTHUAMH coBep-
l1a/1cs ToAbKO nyTeMm Auxpysnu uepes auadparmy. C ofHOH CTOPOHBI Aua-
Q)puarbe nojaBanyn ra3, coflepxaunit B 1 cm® 0,008 cm® ayernnena, ¢ apy-
ToH CTOPOHBI — YHCTBIH BO3AVX. Hudpynanpyromuit ckosb auadparmy
aUeTH/IeH BBIMBIBAJICH YUCTHIM BO3LYXOM H €ro Onpefensyn aHaJuTHYeCKH.
Onpenennrte s¢dekTuBublit Kosdduunent Ancddysun D*, eclu ToMmuua
Anadparmbl 8 = 1,34 cm, ceyenne ee S = 4,52 cm2, CKOPOCTD TIOTOKa YycC-
TOro Bo3fyxa v = 10 cm®/c, ckopoctb auddysun 2,6-10-3 cm¥/c.

11. Onpenenute ananutnyecKu u rpaduyeckd 3aBHCHMOCTb Kodddu-
uuenta andpysnn BOAOPOLA B a30T OT TeMmnepaTyphl, HCHOb3Ys CJAeAyio-
H(He JaHHbIE:

T,K..... 273 288 289,2 293 373 435 483
D, em?*/c . . . 0,647 0,743 0,737 0,80 1,05 161 1,92
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12, rusoBblA CNUPT HCnapsiercss B BO3AYX, KOPMHIHEHT 1npdyaun
npu 303 K paseu 0,4673 cm¥/c, a npn 323 K—0,5465 cv?/c. Onpegenute
Kodduunent anddysun stHIoBoro cnmpra B Bo3nyX npu 313 K.

MHOTOBAPHAHTHAA 3ALAYA

Pactsopumocts Bemectsa A B H,O npu T, = 298,2 K paBua c,,
a npu T, = 333,2 K — ¢,,. B Teuenue Bpemenu npu nocrosixoil CKOpO-
cti nepemellendss (400 06/MHH) M NOCTOSIHHOM NJIOWAAH NOBEPXHOCTH
(ropusenTalbuasi MOBEPXHOCTb) B NOCTOSIHHOM o6beme V pactsopaau n,
MOJ/Ib BellecTBA A 3a BpeMs f;, a 3@ BpeMsi I, B TeX XKe CaMBIX YCJIOBUSAX —
ny MoJib. I1pu Temneparype T; onpenennTe CPEAHIO KOHCTAHTY CKOPOCTH
pacTopeHusi colin A; BpeMmsi, HeOGXOIUMOE, YTOGhI HACHILEHHE PACTBOpA
BemectBoM A nocturiao 35, 70 u 90 %. Buiyncaure NPHOMKEHHO TENJIOTY
PacTBopeHys Mo NaHHBIM PACTBOPUMOCTH NMPH ABYX TeMNepaTtypax, NpH-
HAB @ = I,

. PacTBOpUMOCTD
= = =
E': Bemectso A ’;Z;“ 2r9/81'(§20Kr "‘{:“ '333;13,1( 2| n, moms ?i ny, MOab =
=3 H,0 /1000 r H,O | T - ~
1 NaCl 35,92 6,33 201 5,39 65 6,15 1
2 NaCl : 35,82 6,33 20| 26,9 65} 30,3 5
3 MgS0,-7H,0 38,3 4,50 15 5,94 351 10,1 10
4 KCl 36,32 6,15 151 17,3 55] 19,5 4
5 KBr 67,75 7,24 10} 9,3 40] 11,4 2
6 KI 146,45 10,35 51 15,6 151 25 3
7 K250, 12,04 1,04 20| 3 401 3.4 5
8 | K ,Fe(CN)q-3H,0 32,0 1,498 15f 1,6 351 2,5 4
9 CaS0,-2H,0 0,210 — 45] 0,015 |75] 0,0193 20
10 CaSQ, -2H,0 0,21 — 451 0,0746 | 75| 0,0965 | 100
11 FeBr, 0,257 0,0072 91 0,0084 {15] 0,0114 6
12 FeBr, 0,257 0,0072 9] 0,0224 |15] 0,0302 16
13 FeCl, 0,385 0,0436 30| 0,080 |12] 0,065 5
14 FeSO,.7H,0 29,7 3,69 41 0,38 10| 0,9 2
15 CoS0,-7H,0 37,8 3,32 15] 10,8 45| 20,2 15
16 NiSO,-7H,0 39,6 3,65 10] 1,2 1401 3,0 3
17 CuSQ,-5H,0 22.29 2,38 9] 4,96 271 10,4 12
18 ZnSO,-7TH,0 57,9 5,27 12| 7,3 481 17,0 11
19 ZnSO,-TH,0 57,9 5,27 121 4,5 24| 8,08 8
20 CdS0,-8/4H,0 77,0 3,92 17] 11,60 51| 24,6 14
21 BaCl,-2H,0 36,9 1,94 251 14,5 50] 15,7 19
22 PbBr, 0,947 0,0642 |35( 0,247 |70| 0,264 10
23 PpBr, 0,974 0,0642 |35] 0,0247 {70 0,0264 1
24 PbBr, 0,974 0,0642 [35| 0,173 {70| 0,185 7
25 PbBr, 1,08 0,0697 |35] 0,25 70§ 0,268 7
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FATABA XXVl

KHHETHKA PEAKHHA B PACTBOPAX. TOMOTEHHbIH
H FETEPOTEHHDBIHA KATAJIU3

OCHOBHHe YPABHEHHAA H CHMBOJIbN
(K., c. 671—699; T., T. 1, c. 170—183, 255—346, T. 2, c. 276—346]

3aBHCHMOCTb KOHCTAHTHI CKOPOCTH peakKLHH B pasﬁaBJIeHHOM pactBope
OT HMOHHOH CHJIBl pacTBopa BHIPAXKAeTCs YPaBHEHHeM
1g k=1g ko+2 Az, 2, VT, (XXVIL1)

A=1/e"T"/s, (XXVIL.2)

rae

npu 298 K ans BogHoro pacrBopa A = 0,509; 2a H 25 — uncJa 3apsjoB
pearupyiounXx HOHOB; kg — KOHCTAHTA CKOPOCTH NPH GECKOHEYHOM pa3Be-
Aewnn (y = 1); | — vonuas cuaa pacrsopa; & — JU3JIEKTpHYecKas Mo-
CTOSIHHASI.

3aBUCHMOCTb KOHCTAHTBl CKOPOCTH DPEAKLHH OT 3/MeKTPOCTATHYECKOH
cocrapsiomed suepruu I'n66ca akTHBH3NPOBAHHOTO KOMIJIEKca BhIpaXM<a-
ercsi ypaBHEHHEM

zsezpe 2 pzpe®N
Ink=Inky—————, Ink=Ink] ————— XXvil.3
T ed kT ! * T ed,yRT (XXVil.3)
rae k, — KoHcTaurta CKOPOCTH B cpefe, B KOTOpoH & = oo;
z2,6zpe
AGH  =—2B (XXVIL4)
9. C. edAB

AG}... — snexTpoctaTnyeckas cocraBJsiiomiass suepruu ['m66ca akTusu-
POBAHHOTO KOMIUIEKca; dap — PACCTOSIHHE MEXKAY LEHTPAMH HOHOB ce-
pHYeCKo#l (OpMBI, COCTaBJISIOUWIMX AKTHBHPOBAHHBIA KOMILIEKC, 2ae,
2pe — 3apsiibl HOHOB.

S/IeKTPOCTaTHYECKYIO COCTABIISIOULYIO SHTPONMHH aKTHBHPOBAH HOFO KOM-
NJIeKca ONpEAeJsiOT MO YpPaBHEHHIO

Z,2pe
ASE  — A%B dlng ‘
3. ¢ 2d,pe oT Jv

CKopocTb GHMOJIEKY/ISIPHBIX FOMOT€HHO-KATAJTHTHYECKHX PEaKLHH Bbi-
paxaercss ypaBHEHHeM

_ kb, [A] [B]
‘ k_14-k; [B]
TAe ky ¥ k—; — KOHCTaHTH CKOPOCTH NPSIMOHl ¥ 06paTHON peakuyit 06paso-

BaHHsl NPOMEXYTOUHOTO KOMIJIEKCA MEXAY HCXOAHBIM BellecTBOM A M Ka-
TaJ/IH3aTOPOM; K, — KOHCTAHT4 CKOPOCTH pacfiaja NPOMENYTOUHOTO KOM-

[K1, : {(XXVIL5)
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nnekca o npoaykros peakunuu; [Al, [Bl, [K] — konuentpaunn ncxopnsix
BeutectB A, B n Karaiusatopa.
s k_y > ky—- cayyait Appennyca

Ry k.
~W=T [A][B] [K]=KcK, [A] [B] [K]. (XXVIL6)
Ins k_y & ky — cayyait Bant-Todda
w=~k, [A} [K]. (XXVIL7)

B cunbHOKHCIBIX pacTBopax HEKOTOpHIe peaKuuH KaTaanu3upylorcs
TOJIbKO MOHAMH THAPOKCOHHS, M BbIpaXkKeHHe LIS CKOPOCTH MOXeT GbiTb
3alMcano B chefywouteil gopme:

w=ky, [HOF][S], . (XXVIL8)

TAe ky+ — KOHCTaHTa CKOPOCTH KHcIOTHOTO Katanusa; [H,0*] — kon-
UEeHTpauHs Katanusdatopa; (S| — konuentpauus cy6erpata. Katamutuue-
CKYIO KOHCTAaHTY Ry+ A5l 3THX MOHOB OMNPENeNsiioT M3MeHeHHeM CKOpo-
CTeH peaKuuil B KUC/IbIX PACTBOPAX NPH Pa3/IMUHBIX KOHUEHTPAHsX H,0
u S.

B cunpsomenounslx pacrBopax
w= kg [OH-][S]. (XXVILY)

Karamntuueckyio KOHCTAaHTY Kon- ONpEReNsIOT H3MepeHHeM CKopocTeit
PeakuMil B L(eJOYHBIX PACTBOPAX NPH Pa3HUHBIX KoHuesTpauusix OH-
u S. Ecu KaTa/u3 MOKeT ocyuiecTBAsThCH 060UMH Monamu H+ u OH-
W eC/IM peaKuus OJHOBPEMEHHO HJeT No ABYM HaipaB/eHHAM, CKOPOCTb
peakid MoxeT ObITh 3anHfcaHa Tak:

w= ko [S]- kyy 4 [HsO*] [S]+ ko~ [OH-][S], (XXVIL10)

rAe k, — KOHCTaHTa CKOPOCTH HEKaTalu3upyeMoH peaKiu#H. [losTomy
KOHCTAaHTy CKOPOCTH [1€PBOTO MNOPSAKA MOXHO BbIPa3uTb B BHJE

k= kot by 4 [HyO+] ko [OH-]. (XXVILI1)

Kucnotnas KaTamuTiyecKast KOHCTaHTa CKOPOCTH peaKuuu k cBsizaHa
C KoHCTaHTOH Auccomaunn K, ypaBuennem Bpeucrena

k=G,K?, (XXVIL12)

rie G, W 0 — KOHCTaHTEI, 3HAYEHHS KOTOPHIX OOLIUHO MEHbILe eHHHILbI.
Jlnsi ocnoBHOro KaTanusa ypaBhenne Dpencrela sanuceiBaeTcs B Buje

k=GpKB =GiKE, (XXVIL13)

rae G, Gi, P — KOHCTaHTHI. A

JlioGasi peakuus Mexny razoo6pasHbIMH BelecTBaMH, KOTopas nporte-
KaeT na TNOBEPXHOCTH KaTaausaTtopa, MOXeT GbITb pacusieHeHa Ha MSITb
noc/ienoBateNbHbIX CTaqui: 1) noaBOL BellecTBa K NOBEPXHOCTH KaTajn3a-
Topa; 2) aacopbuusi BemiecTBa; 3) peaKuus Ha NOBEPXHOCTH KaTalu3ato-
Pa; 4) necopbums NPOAYKTa peaKUWH ¢ NOBEPXHOCTH KaTajlH3aTopa;
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5) OTBOA NPOAYKTOB Peakuud 01 NOBEPXHOCTH B 06beM ra30Boi (pasbl.
OGutas ckopocTh fpoilecca ofnpefensiercd Haubojee MeNTeHHOH ero
cTajuen.

Jlns rereporesHo-KaTalHTHYeCKHX peaKkuuil IPOMEXYTOUHOe coenu-
HeHHe pearHpyIolLero BeltecTBa ¢ KaTa/13aTopoM obpasyercs Ha NOBepX-
HOCTH TBepAOTO KaTajausaTopa BeiaeldcTBHe XemocopGunu. Ecau peakuus
HE HMeeT TPAHCIOPTHBIX OrpaHuyendil U ajcopbuns NpoTeKaeT GLICTPO,
TO MeXaHH3M peakuuu obbacusier Teopusi JIsurmiopa—XunwensByaa u
CKOPOCTh peakiii MOXeT ObITh INpeAcTaBjJeHa ypaBHenHueM

X
PV =f (ks, K;, Pj), (XXVIL.14)
TA€ w — CKOPOCTb pPeakuHH [popearnpoBaBILEro BelEeCTBAa Ha MOBepX-
HOCTH 3a Bpemsi f, MO/b; Ry — KOHCTaHTa CKOPOCTH NIOBEPXHOCTHOMH peak-
und; K; — Koncranta ajacopOuHOHHOTO PABHOBECHS {-TO KOMIOHEHTA;
P; — napuuanbhoe [aBieHHe pearHpyYiOUEro KOMIIOHEHTa.

Ilnsi NOBepXHOCTHOH peakuMH NepBOro MOPSAKA CKOPOCThb ONpejensi-
€TCcs  ypaBHeHHeM -

kAPA
w=ksCp = Rs0c0 l—m . (XXVIL15)
[Ipny KaPa < 1
Ww=ksakaPa, (XXVIL16)

kopp = ksa Ka, THe a, — MaKcuManbHOE KOMMUECTBO aACcopGHpOBaH-
HOTO pearenTa; K — KOHCTaHTa aiCOpPGIHOHHOTO PaBHOBECHS 3TOTO KOM-
nonenta; P — ero napuuannHoe faBjeHye; kapp — KOHCTAHTa CKOPOCTH
KaTaJH3upyeMOil peaKkiuu,

15t peakuyy nepBoro NOPsiAKa 3aBHCHMOCTD Kygg OT TEMNEPATYPbI Bbi-
paxaercsi ypaBheHHeM

EH.H.D/RTE —AHanc./RT’

kg =Ae (XXVILI7)

rae Ey .. p — 3Heprus aKTHBALMH HeKaTaqn3upyeMoll peakuun; AH, ;. —
Tenjiota ajcopbuuyu pearupyiowero BeutectBa, A — nocrosinnas, 4
= [ (T);

Ex.p==Ey.x. p-- AHage. (XXVIL18)

CornacHo npuHUMNY 3HepreTHyeckoro cootBerctBus A. A. DBananpguna
reTeporenHasi KaTaJUTHUYeCKasl peakuusi MOXKeT GuITb NpeacTaB/ieHa CX eMoil

Auwex + K — AK — P 4K,
KaTtaJusarop MYJbTUOETHR
KOMNJeKc

Ep, ak=0—2E,,
Epacn. Ak =2p—¢, (XXVIL19)
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rae E; ax— 3Heprid o6pa3oBaHusi MYJIbTHIICTHOTG KOMIEKCA; Epacn. Ak —
JHeprusi ero pactiafa; ¢ -— aAcOpOLHOHHBIH TNOTEHHHAJ], PaBHBIH CymMe
sHepruil B3auMOERCTBYIOIHX aTOMOB. COCTaBJ/IAIOWMX MOJIEKYJbl pearu-
PVIOIHX BEUIECTB C KaTajlM3aTOPOM. ‘

DHeprus aKTHBaUMH Tfipollecca papHa

E=—— E ax. (XXVI1.20)

H3mensst aacopOLUHOHKBIA NMOTEHUHAN (T. €. NPHMeHAA Pa3jIHuHble KaTaJlu-
3aTopbi), MOXHO JOCTHTHYTb paBeHCTBA '

Ei,AK = Epacn. AK.

Karanusatop, Ha KOTOpOM JOCTHTHYTO 3TO PaBeHCTBO, GYAeT cambiM 3¢r-

(beKTHBHBIM.
Coraacno H. M. Ko6Go3eBy HocuTelleM KaTaJMTHUECKOH aKTHBHOCTH aj-

COpPOLMOHHOrO KaTaJqu3aropa sBJSercss aToMHas (ROKpHCTaJlJIHUecKas)

tdasa karaausatopa. s Kaxaoro npouecca aKTHBHBIM HEHTPOM fBJIAET-

ca aHcamb/Ib M3 ONpee/eHHOTO YKCJa aToMOB ()
Ny

=M (XXVIL21)
A
NA N

A
rie Ny, N§ — unc/o MoJleKysl KaTajusatopa, TpH KOTOPOM AOCTHIaeT-
cSl MaKcuMalibHasi oblasi U yaelpHast akTHBHOCTH. COOTBETCTBEHHO YHCJIO
ofnactel MMrpauuii pasHO

Zy=NA —NZ. (XXVI1.22)

AGconoTHas aKTHBHOCTb- 7'y OGHOTO n-aTOMHOro aucam0Jis Onpejessercs
N0 YypaBHEeHHIO NpsAMOH

A
Ty : lg—- =/ V), (XXVIL23)
HJIH
“ A | N
lg =g (rn-Zl—n - ) ~ 537
0zt (XXVIL.24)

Jlns MOHOMOMEKYJNAPHBIX peak-
IKH B NOTOKE MNPH NOCTOSHHOM 1aB-
aenus  ypasHenwe  (XXVII.14)

o1
HMeeT BHJ
— 1 _
s 1 L — v In :a+ﬁ vy, (XXV”.QS
7] 0z 05Ty 1—g )

rae v — CKOpPOCTb 1NOAa4YH HCXOAHO-

Puc. 52. 3aBucumocrs #ln or Ty
M peaKUMH KaTaiHTHYUecKoft gernapa- 1O BEUIECTBA B MOJAX Ha €AHHHLY
TalHH 3THAOBOTO COHpTA BpeMeHH, OTHeceHHada K equHuIe
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ofbema KaTanusatopd; Y — CTeneHb NpeBpallleHHs; o — MOCTOAHHAd,
NpAMO NpONOPUHOHANbHAsA oflied NJIOLaK NOBEPXHOCTH KaTannsatopa
¥ KOHCTaHTe CKOPOCTH IOBEPXHOCTHOH peakuuy; P -— nocrosinuas, xa-
pakTepusyiouias ajcopOLHOHHbIE KOI(hHIUHEHTH BELIeCTBa. Koatpdunuen-
Thl @ U P ABJAAIOTCS KHHETHYECKHMH XaPAaKTePHCTHKAMH peaKlHH.

Ypasuenne ®pocra—Dbananausa (XXVIL.25) Moxuo npeacrasuth
rpapuuecky (puc. 52). OTKnanpiBas Ha ocu aGCcuHCe vy, a Ha OCH OpAHHAT
v ln (1/1 — y), noayunm npsimyio Jrnnio. Taurenc yriia HaKkJ/oHa NpsAMOH
K ocH abcuuce onpenelisier 3HaueHue B, a oTPe30K Ha OCH Op/AHHAT, OTCEeKae-
Mbifi Tpamoil npu 3uavenuu y = 0, — BeIHUHHY O

3AXAYH C PEIUEHHAMH

1. [Ipu u3yuenHH KHHETHKH peakUHH
Co (NHy)s NOZ+ -OH-—» Co (NHy)s OH?¥ NOG

noJjiyueHa cjeayrolas 3aBHCHMOCTH KOHCTaHThl CKOPOCTH k oT HOHHOH CH-

Jab! pacteopa [:
oo 00 2,34 5,61 8,10 11,22 11,73 16,90
GF+lgky ... 0. 1,7640 1,7130 11,6800 11,6467 1,6418 11,5990

BhiuKCIHTE KOHCTAHTY CKOPOCTH By NPH HOHHOH CHJIe, PaBHOH HYJIO.
Peuenue [loctpoum rpadHk 3aBHCHMOCTH Ig R OT V'T u npose-

nem skcrpanoasuuio K 1 = 0 (puc. 53):
GHegky ... 1,7640 1,7130 11,6800 11,6467 11,6418 11,5990

Voo 1,53 2,37 2,85 3,35 3,42 4,11

3navenue, nojydennoe sKcrpanonsuuer: (5 + lg ko) = 1,858, k, =
=17,21-10-%

2. Hcnonbsyss merop cTalHOHapHOH KOHLEHTPALMH, BbIBEAMTE ypaB-
HeHue, ONpeAeNsiiouiee CKOPOCTb TOMOPEHHO-KaTalMTHYECKOH peaKuHH
A + B 4+ K— C 4 K. l'omorenno-KaTaJHTHUECKasl peaKLusa fpoTeKaeT
no cjepyiouieMy MexaHusmy: 1) ob6paso-

BaHue npomexyTtounoro npoaykra AK (5+1K)
B pe3yJsibTate O6GpaTHMOTO B3aMMOJEH-

CTBHAl MeXJy KaTaJH3aToOpOM H OJHHM 19
H3 HCXO/JHBIX BEUIECTB: TN
ky o
A4-K = AK, 17
k_y
16
2) ob6pazoBanue AKTHBHPOBAHHOTO
KOMIJIeKca B pe3yJbTaTe B3aumoneli- 15 L
o 1 2 5 4 sy

CTBHA 0O6pa3oBaBiuerocs IpPOMeXYTOU-
HOrO T1POAYKTa CO BTOPbIM KOMIIOHEH-
TOM peaKlHH:

AK+B *3 (AB%) K,

Puc. 53. 3asucumocts Igk ot YT
ana peakmun Co(NHj)sNOZ+ -+
+OH- ""CO(NH3)5OH2++NO;
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3) obpasoBaHHe KOHEYHHX NPOAYKTOB H perexepaiHsi KaTajHsaropa:
(AB® K * CHK.

P ewen ue CornacHo TeopHH aKTHBHPOBAHHOIO KoMIlIeKca cKo-
POCTb peaKIMH ONpefeNsieTcss CKOPOCTBIO €ro pacnaja Ha KOHeuHbie 1po-
LYKTbi:

d [C]

'y = ky [(AB*) K]. n
OnpegesisieM METOAOM CTallMOHAPHOM KOHIEHTPAUHH COAEpIKAHHE AKTH-
BHpoBannoro Komnaekca (AB*)K. Uepes nekoTopoe Bpemsi nocJjie Hayalsa
upoilecca CKOPOCTb HAKOIJIEHHsl AKTHBHPOBAHHOTO Komijiekca Oyaer

' d [(AB%) K

_-_E_t_)_ — ky [AK] [B]—k, [(AB¥) K] =0, )
OTKyJa
ki
[(AB*) K1=—k“ [AK] [B]. (3
3

KouienTpaumio npoMexxyTousoro npOAayKTa BbipakaeMm uyepe3 KOHLEHTpa-
unio Hexoanbix BeurectB. COrslacHo paccMaTpHBaeMoll cXxeMme peaKius Ha-
KOIJIEHHsi NpoMexyToyHoro npoaykra AK o6patuma, Toraa

d [A
..__Ei tK] —ky [A] [K] — &y [AK] —kg [AK] [B]=0. 4)
Orkyna naxoanm |
ky [A] [K]
AK]= - 5
= S 18] i

INoacrasasa (5) B (3) ¥ nosyueHnoe BoipaXenue B (1), nojydyaem
d[C] Rk [A] [B]
dt 7 keyhky[B]

[K].

U3 nonyyennoro ypaBHeHHs BHAHO, YTO CKOPOCTb P€AKIHH NPSMO NPOIOp-
UHOHAJbHA KOHIIEHTPAIHH KaTajn3aTopa.

3. Pasnoxenne C,H;OH na stusen u Bopy npoucxoaut npu 653 K
Ha 10 cm® karaqusaropa Al,O;. Pacxop 64 %-woro pacrsopa cnupra
n u o6bveMm V,, rasa, obpasoBaBiierocsi 3a 3 MHH, B pe3yJ/ibTaTe peaKlHu
6ynyT CJeAylOuHMHU: :

n,emd L., 0,144 0,65 0,937 1,15 2,37
Vonr» cM® . . . 30,3 85,7 119 131,5 217

Bapomerpuueckoe xasnenne 100121,63 Ila, komnatnas temnepartypa
300 K. Boiuncante ko3pduunentl & u p B ypaBueunn (XXVII.25) u na-
MHIIATE SMIMPHYECKOE YpaBHEHHe.

Pewenune Kodxppuunentt o u f B ypaBaennn @Ppocra
vin[1/(1 — y)] = Pvy 4+ o nonyuum rpaduueckn. Ina 3Toro BYHCIAM
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fHa‘{erm v, ¥y, vy, In /(1 —y) u NOCTPOUM TPadHK B KOOPAHHATAX

vlin T— W (cM. puc. 52). las opnoro omnmita paccuntaem

M ¢,H;OH
tVKaT

Tae {)nch,OH = ndb/M100 — macca cnupra; b — cofep:KaHue Cnup-
1a, %; dcmon = 0,9 r/em® — nioTHoCTs cnmpra; f — Bpems MoAayH;
Viar — 06bem Katanusatopa. Toraa

0,144-0,9-64
my= ——
46-100
0,0018
3-10
[IpuBenem o6bem Bbime/uBIIETOCS Ta3a K H. y.:
Vou (Pap—Pyy,0) To
PO (T0+1K0MH)

(Pr,0 = 3212,63 [1a — naBllenne machleHHOrO Napa BOAH npy  AanHOH
Temineparype.)

Hasi pansoro onbita nomyuum o6wvem C,H, npu H.Yy.
30,3-10012.273

V: e ———— 3
760.296.133,3 2107 oM.

Otkyna uucio moneil stunena Gyner
m,CHy  27,7-10-3
224 224

=

’

=0,0018 monb;

v = =0,006 mMmoub/(cM3- MuH).

m CzH‘:

=0,0012 mous.
Toraa

o GH,  0,0012
my, C,H;OH ~ 0,0018

=0,667; u o y=0,060.66,7-10—2=0,040;

2
20,0060 In ————— —0,0060 In

vin :
l—y 1—0,663 0,33

==0,0060 In 3=0,0060-1,0986 = 0,0066.

Jlnst Bcex OnbITOB CKOPOCTb NOJauM M CTeNeHb NpeBpaiiesus GynyT:

U - e e e e 0,0060 0,0272 0,0392 0,0482 0,0995
y-10=2 L 66,7 41,7 40,2 36,5 26,6

vy .., 0,0040 0,0114 0,0157 0,0176 0,0264
vin —y 0,0066 0,0146 0,0200 0,0218 0,0306

[Toctpous rpaduk, Haxoanm o = 0,012, f =~ 1. Ypasuenne Gyper
umetb Bua v in /(1 — y) = vy + 0,012,
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SAHAYH

1. Onpegenute Koucranty ckopoctd peakuus CHyBr + KI =
== CH,l 4+ KBr B Boge npu 298 K, ecsu npeasKcnoHeHIHANbHBIH MHOXKH-
tenb 1,7-10' cm®/(Monb-c) u sueprusi aktuBaumu 76,6 kJk/Monb.

2. Omnpepennre koncranty ckopocti peakunn CHyBr 4+ KI = CH,I
B CH,OH npn 298 K, ecin npenskcnoHeHuatbHbi MHOXATEND 2,3 1013
cm®/(Moutb- ¢) 1 sueprust aktuBauuy 76,2 kJk/moib. ConocrabbTe cKOpPOCTb
peakuuH, npotekawolell B BoJe, ecs NPeA3KCIOHEHIHANBHBIH MHOXH-
tenb 1,7-10'% cM3/(Monb-c) ¥ 3Heprusi aktupaunu 76,6 k/Ik/MOab, u B
‘MeTaHone.

3. Onpefennre KOHCTaHTY CKOPOCTH peaKU{H, MpOTeKaowel 1o
YPaBHEHHUIO,

Cg Hs (CHp)y N-+CH; I —> [Cg Hy (CHg)g Nj+-1-

B HUTpOGeH3o/ie, auxjopsrane u Genannosom cnupre npu 353 K, ncnosp-
3ysi 3HaYeHHs NPENIKCIIOHEHIIHAbHBIX MHOXHTENeH | SHepTuil, aKTHBALHH
u3 cnpapounnka [M.]. B KakoM n3 pacTBOpuTenell peakuus nporekaer ¢
Hanbosbluell cKOpoCThio?

4. Ha ocHoBaunn AauHBIX O CKOPOCTSX OMBLIEHHSI 3(HPOB B BOAHBIX
pacteopax [M.] cpenafite BBIBOA, OMBlIEHHE KaKOro u3 3QHPOB npH
323 K CH4CO0C;H; nm CH,COOC,H,, nan CH,COOCH,, npo-
HCXOANT ObicTpee. B KakOM COOTHOUIEHHH HAXOASTCH KOHCTAHTHl CKOpO-
CTH OMBIIEHHS] 3THX 3¢upOB?

5. Onpenennte Bpemsi nosynpespautenus npH omsliennn 0,05 M srun-
aperata npu 298 K 0,05 M poaubm pactsopom LiOH Ha ocHoBanuu
JaHHBIX O KOHCTaHTE CKOpOCTH OmblieHusi [M.].

6. Omnpeflenute BpemMs NOAYNPEBPAEHAs NPH OMBITEHHH 3THJ-
auerata npu 298 K soaubiv pactBopom NaOH, copepxamum NaOH
0,0500; 0,0250 n 0,0125 Mosb/1 ¥ OmMHAKOBbHIE KOHUEHTPALHH 3THI-
ayerara. Koncrantbl cKopocTH BO3bMHTE M3 crpaBounuka [M.].

7. ConocraBbTe HayaNbHble CKOpPOCTH peakuuu omblienns 0,05 M
stananerata npu 298 K 0,05 M Bopubimu pacrBopamn LiOH, NaOH u
KOH.

8. Ompegennte, BO CKONBLKO pa3 M3MEHHTCS KOHCTAaHTAa CKOPOCTH
peakuuu

' Cy Hy Br COO-4-8,03- —»> C,H, S, 05 COO?~ L Br—

€C/IM HOHHYIO cuay pacTtBOpa u3menutbh ot 0,01 go 0,04.

9. Koucranta ckopocTH peakuuu MeXAy nepcynbhatom HATpHA H
HOJIOM 3aBUCHT OT HOHHOH CHJIB cjleqyoliim 06pasom:

I, moap/nn . . . . . .. 0,00245 0,00365 0,00445 0,00645 0,00845 0,01124
k, a/(monb-c) . . . .. 1,05 1,12 1,16 1,18 1,26 1,39

[IpeacraBbre 3TH aanHble rpagmuecku, WCNONBL3YS  ypaBHeHUe
(XXVIL1), n paccunrafite z,25. Kaxoit 3apsn mmeer Hon nepcyabdara,
€C/H CTajluel, KOHTPOMHDYIOWEH CKOPOCTb peaKuuH, sBJsieTcs peaKius
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MEXNy noHamu nepcynabpata u woma? OGbscHHTe, 110YeMy NPOH3BeleHHe
3apsillOB Za2p HE PABHO LIEOMY YHCHY.
10. [lpu u3yyeHHH KHHETHKH peaKuuH

Co (NHg)s NO3*4OH- —» Co (NHy); OH2+--NO;

O/Iy4eHo, UTo NpH HOHHOH cuJie pacrBopa 5,61 KoHcraHTa CKOpocTH 3TOM
peakunu pasua 5,164-10-*. Onpenennte KOHCTaHTY CKOpOCTH 3TO pe-
aKUWH TIPY HOHHOW CHJIe, PABHOH HYJHO. :

11. Kakoe Bansinne Ha CKOpOCTb peaKuuil

S, 03~21- —» 1,4-280%-
Co (NHg)s Br2+-NO; —» Co (NHg); NO2+--Br-
CHy Br4-2 H,0 — CH;OH-H,0+--Br-
CH;Br+OH- —s CH;OH--Br-

OKajeT MOBbIlIeHHe: a) AW3/IEKTPHYECKOH NpoHnLaeMocT; 6) HOHHON cH-
Jbl PacTBOpa; B) THAPOCTATHYECKOTO Aapienns. Onpenennte 3Hak 3H-
TPOTNY Il KaX/JO0H peakluy.

12. Paccunraiite saekrpocratuuecknii BKaag B AG*, AH* u TAS*
(kLk/monb), ecan  ZpZp = — 2, &= 80; (dln &/0T)p = — 0,0046;
dag = 25 um, npn T = 298 K.

13. Koncranra ckopoctd peakuud ruaponnsa AHa30yKCyCHOTO 3¢upa

N,CH COOC,Hs+H,0 — HOCH, COOC,H;-LN,
u3MeHsieTcs ¢ KOHueHTpauuedl HooB HT caenyiouum obpasom:

H;O*, moas/n . . 0,00046 0,00087 0,00158 0,00323
k, n/(monb-c) . .  0,0168 0,0320 0,0578 0,1218

[Npencrasbre 3TH nanHble rpaduuecKu U onpejenure KOHCTaHTy KaTajusa
peakuu¥ HOHaMH BOIOPOAA Ky .

14. Peakuus MyrapoTauns IJHOKO3B MMeeT fepBblil NOPSIOK N0 KOH-
UEHTPANHH TVHOKO3bl H Kataslusyercs Kucaoramu (A) u ocropanusmu (B).
Koucrauty ckopoctn nepBoro nopsiika MOXHO BBHIPA3UTL C  [IOMOUIBIO
YPaBHEHHS TAKOTO Xe THIa, KaKHe BCTPeyaioTcs AJIsi peaKkuuil, npoTeKao-
X 10 napanjeJbHbIM TyTaM:

k=ky4-ky+ [H+]+kA [AH’kB [B],
TAe ko -— KOHCTaHTa CKOPOCTH MepPBOrO NOPsiAKa B OTCYTCTBHE KAKHX-
60 KHCIOT M OcHOBaHUA (Kpome BoAbl). [lasi s1oil peakuun npu 291 K

B cpefie, cofepxauteil 0,02 Mo/ anerata HaTPUS U pasNHyHbIE KOHLEH-
TPauHH YKCYCHOH KHCJIOTHI, NOJy4YeHbl CJEAyloliHe AaHHbIE:

CHZOO0H, moms/a . . . ... 0,020 0,105 9,199
Ro108, mun= . . .. .. .. 1,36 1,40 1,46

Paccuuraiire ko u ka. Unen, copepxaumit ky+, npn sTHX ycnosusax mpe-
HeOpeXHMO MaJl.
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15. KoHcraHTa cKopocTH peaKuuH THApONH3a AHa30yKcycHoro adupa
H3MeHseTcsl ¢ KoHueHTpauyed uoHoB HY crienyiomum obpasom:

Cyy+» MOJB/A ., . . . . .. . 0,00046 0,00087 0,00158 0,00323
k, n/(moab:c)y . . .. .... 00168 0,0320 0,0578 0,1218

(peakuysa no 3pupy nmeer nepebiii NopsifoK). Onpenenure cpeaHion KoH-
CTaHTy CKOPOCTH Kara/in3a noHamu H¥,

16. Myrtaporauusi r/ioKo3si Kataiudnupyercs KHCJIOTaMH H OCHOBa-
HASMH ¥ HMeeT MNepBhLiil NopsAoK N0 KOHUEHTpauui rokKossl, Ecau B Ka-
HecTBe KaTann3aropa HCNoNb3yeTcs XJIOpHAsi KHCIOT, TO KOHUEHTPauHio
HoHoB HT moXHO cuntaTth paBHON KOHUEHTPauHu XJOPHOM KHCJOTH, a
BJIHsIHHE TIePXJIopaT-HOHAa MOXKHO He YYHTBIBaTh, TaK KaK OH sBJseTcH
OYeHb CnaGblM OcHOBaHHeM. DBbliM nosyyeHbl ciaefyiouine 3HaueHHsi KOH-
CTaHT CKOPOCTH NepBOro INopsifKa:

[H(‘104]. moan/a . . . 0,0010 0,048 0,0099 0,0192 0,0300 0,040
k-10—4, vun—t ., ., . ., 1,25 1,38 1,53 1,90 2,15 2,59

Onpenennte KOHCTaHTH k¢ H Ry+.

17. [lpurortosien pactBop, cofepxamuii' 0,5 Moab/1 yKCycHOll K-
ciotel ¥ 0,3 Moab a1 auerara Harpusi. KoncraHta anccoumannn yKeycHol
kucaothl 1,8-107%, a nokasarenb crenenn o B ypaBHennu BpeHcrepa aas
peakuu# Kuc/loTHOro Kataausa pasen 0,9. Paccunraiite riyGuHy peakuuu
B MPOLEHTAaX Mo HOHaM BOJAOPOAA, YKCYCHOH KHCOTE ¥ BOJE.

18. Huxe npuBefeHbl 3HaueHHs] KOHCTaHT ANUCCOMMANHMH KHCAOT H
KaTaJuTHYeCKNX KOHCTAHT AJIS peaKuHH pasjioKeHHs HUTPOAMHAA HeKo-
TOPbHIMH OCHOBHBIMH HOHaMH.

Hoxu Ka k Hou Ka k
Tuapokcan 1,1.10-18 1.108 | Bensoar 6,5-10-5 0.189
Tpumernaanerar 9,4.10-8 0,822 | dopmuar 2,1-10—* 0,082
Iponnouar 1,4.10-5 0,649 | MoHoxnopanerar 1,4-10-3 0,016
Anerar 1,0.10-5 0,504 || o-Hurpobensoar 7,3-10-3 0,0042
®Pennnanerar 5,3 105 0.232 || qnxaopanerar 5,0-10-2 0,0007

[IpeficraBbTe 5TH RaHHble rpaduuecKu TaKuM 06pa3oM, UToOwl NOKa3arhb
NPHUMEHHMOCTb cooTHOlWeHnst Bpencrena, n onpenennte KoHCTaHThl ypas-
HeHHsl.

19. Peakuus mexay aueroHoM H HOHOM IIPOTEKaeT cOIJIacHO ypaB-
HeHHIO

CHy COCHg+1, —s CHy COCH, 1-+-H1

Peakuus moxer paccmatpuBartbesi KaK HAyLiasi yepes NpefBapUTENbHYIO
€HOJIH3aLHI0  aneToHa
OH
I
CH4COCH; —» CHy—C=CH,

+
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¢ NOCJENYIOUMM NIPHCOeNHeHHeM HOAa H OTLeIIeHHeM MOJIeKy bl HOAHAA.
BOJOPOJA:

OH OH
|
H3—|C=CH2+12 —+ CH;—C—CH, I —» CHy COCH, I+HI
|
I

[MoarBepxKaeHHEM 3TOrO MeXaHW3Ma CJAYMXHT TO, UTO CKOPOCTb PeaKuuH
He 3aBHCHT OT KOHiEHTPauuu HoAa N He U3MeHsieTcsl NPH 3aMeHe Hoja Ha
6pom. [lostomy enoin3audsi siBjisieTcsi CTaaued, onpeaensiouen cKopocTb
peaKuu#, a nocjenyiollee npHcoeiu HeHne rajoreHa NPOUCXoauT B GbICTPOH
cragui. Mcnonb3ys KOHCTAHTBI CKOPOCTH HOJAMPOBAHMS aueToHa, npHBe-
JIeHHble B TabaHie

K k100, K k109,

Karaausarop a a/(MoaBb-c) Karanusarop a 71/ (Moab-¢)

HNuxnopykcychas | 5,7-10=2| 220 a-Xaopnponuoso- | 1,01-10—4 5.9

KHCJIOT & Basg KHCJIOTA

a, B-In6pomnponu-| 6,7-10—3 63 VkcycHas kucqora | 1,75.10-8 2.4
OHOBas KHCJIOTa MponnoHosas kue-| 1,34.10—3 1,7
MoHoxa0pyKcye- 1,41-10-3} 34 JoTa
Has KucJoTa Tpumernaykcycuan | 9,1.10-3 1,9
Cankonesas kucao- | 1,54-10—4 8,4 KHCJI0TA

Ta

paccuHraiite ycpeaHeHHbie Kosdduunentsl B ypaBHenun bpelcrena u Ka-
TaJMuTHYECKHE KOHCTaHTBI BCeX KHCJOT.

20. Jlna peakud HOAMPOBAHUS alETOHA B NMPHCYTCTBHH KHCJOT, y KO-
TOpHX p = ¢ = | (¢ — unC/I0 NoJNOKeHHH B KaTaiH3HupyiollleM OCHOBA-
HUH, crocOGHOM NPHCOEAHHSATH NPOTOH, a P — UHCJIO TNPOTOHOB, CNOCOG-
HBIX OTUENJIATBCS B CONPsiKEeHHOH OCHOBaHMIO KHcJ/OTe), ypaBHenue Dpen-
crena umeer BuA: k = 7,90-107*KJ-®*. Paccunraiite KaranutHyecKyio
KOHCTAHTY CKOPOCTH K B NPHCYTCTBHH MOHOXJIOPYKCYCHOH KHCJIOTHI # CPaB-
HHTE ee C ONbITHOM kg, = 34 J1/(Monib-c). KoHcranTa AnccounanHy MOHO-
XJopyKcycHoit Kuciotet K, = 1,41.1073,

Bo CKOJIbKO pa3 yBeNHUHTCS CKOPOCTb (BooGparkaemoil) ruasoBoﬁ
peakuun npu 400 K, ecit B KHHeTHYECKYIO CHCTEMY BBECTH TBepAbIH Kara-
Au3aTop. DHeprus aKTHBauuu peakuun Oe3 KaTanusaTopa E, paBHa
29 824 JIx/MoJb, a ¢ Kataiusatopom (Er—g) — 26 000 [Lx/mouns. [pen-
3KCNOHeHUHabHbBIe MHOXKHTENH ypaBHeHusi AppeHuyca B o60HX Cirydasix
ONMHAKOBBI: Ryp = Ror—x.

22. Kartanutuueckuil o6MeH MexJy AeHTepHeM H aMMHAKOM HJeT 10
ypaBHEeHHI0 peakiiu

1/, Dy NHy—e — NH, D--1/,H,
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Huxe NpHBEACHbl 3HAYEHUS 3HEPTHH aKTHUBaUHH p€akiuHH Ha pa3HbIX Ka-
Ta/Mu3aropax H paﬁoTbI BbIXOAa 3JIEKTpOHA H3 Me€TaJl/la-KaTaJsn3artopa:

Merama . . . . . . ., . . Pt Ni Pd Fe Ag Cu
Dueprus aKTHBaLHH E.,

kIx/mMors . . . . . . . 21,6 39,0 38,0 51,0 60,0 58,0
Pafora BhiXoja 3JeKTpoHa H3

Meraina ¢, kdx/Moms . . . 518 483 481 456 438 437

BoiBenure ypaBuenue, cBa3biBalolllee SHEPIHIO AKTHBAIHMH NpPHBEICHHOH
peakuuu ¢ paGoToli BbIXOAa 3/IEKTPOHA U3 MeTalia, 1 NOKaKHTe, BO CKOJIb-
KO pa3 u3MeHseTcsl CKOpOCTb peaKiuMH Ha NpPHBENeHHBIX MeTasliaXx Ilo
CpaBHeHMio ¢ niatuHoi. [IpepsKcionenHaNbHBIi MHOXKUTENb YpAaBHEHHS
Appennyca s Bcex MeTasioB OJHHAKOB.

23. Peakumus pasnoxenns ammuaxka 2NH; — N, - 3H, Ge3 karanu-
3aTopa nportekaer ¢ sHepruedl aktuBaumm E, = 326 k[LK/moib, a npu
TO# ke TemrepaType Ha Karanusatopax W, Mo, Fe, Os ¢ sueprusmu ak-
taBaunn  Ew = 163 k[lk/mMoab, Emo = 121,3 k[Ik/Moab, Fpe —
= 125,5 k[Lk/Monb u Eos = 197 x[Ix/Monb. [lokaxkure, Kak cBsiaHa
«UCTHHHAf» 3HEPrusl aKTHBAUMH TETEPOTEHHOH peaKuuu ¢ TemnoToH aj-
COpOUHH MCXOAHBIX BEIECTB M YeMy PaBHA TeT/IOTa aAcopGuuH aKTHBHPO-
BAHHOTO KOMIJIeKca Ha KaTajiusatope.

24. Pasnoxkenne sTunoBoro cnupra Ha Kartanusatope Al,Og npore-
kaer no ypasuenuio C,H,OH — C,H, + H,O. Ipu 650 K sdxpekTupnas
KOHCTaHTa cKopocTd paBHa 0,234 c¢~'. 3aBHCHMOCTb KOHCTAaHTbI CKOPOCTH
NOBEPXHOCTHOH PeaKUHH OT TeMinepaTypbl BbIPAXKaeTCsi ypaBHEHHeM
Ig k = 6,06 — 4230/T. Onpenenute 5HePruio aKTHBAUWH NOBEPXHOCTHOM
PeaKunH H KOHCTaHTY CKOPOCTH Au(dy3uu.

25. Kunernka pasnoxennsi Mypasbunoit kuciorst HCOOH — H,0 +
+ CO Ha pasauumbix Katanusaropax npu 473 K xapaktepuayercs cie-
AYIOWUMH  aHHBIMH:

1

Karammsatop . . . . . . .Crekno Au Ag Pt Rh
OHeprus akTHBanuy, KIK/Moab 103 . 98 130 92 146
OTHocuTedbHas CKOPOCTE . . . 1 40 40 2000 10000

CKopocTH iponecca OTHeceHbl K PaBHbIM NJIOUAAAM NOBEPXHOCTH KaTasin-
satopa. O6bsicHHTe pasnuuue B CKOPOCTAX.

26. OsiennoBass KHC/IOTA, PAacTBOPEHHAS B YKCYCHOH KHCJOTe B NpH-
CYTCTBUM NIATHHOBOTO KaTtasinsatopa npu 320 K, ruapupyercs. CKopocTb
THADHPOBAHMS B 3aBHCHMOCTH OT Macchl KaTaju3aTopa u3MeHsercs cle-
ayiomum obpasom:

w. mr/mpe . . . ., . . . 3,7 7.4 11,3 14,9
Macca xartannsaropa, r. . . . 0,025 0,05 0,0625 0,10

MurencnBrocts BerpsixuBanus 600 Kauanuit/mun. Onpegenute, K Kakoi
06MacTH THAPHPOBAHHSI OTHOCHTCH NPOTeKalowas peaKiusi.

27. 3aBHCHMOCTb CKODOCTH peakuMH TMAPHPOBAHHS CIHPTa B MNPH-
CYTCTBMH N/IaTHHOBOrO KaTa/iu3aTopa B JIEfHOH YKCYCHOH KHcJoTe MpH
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HATEHCHBHOM BeTpsixuBanun (500—600 kauauuit/mun) npu 290 K ot mac-
cbl KaTa/nu3aTopa uMeer JHHEHHbI# XapaKTep, YTO CBOHCTBEHHO KHHETHUe-
cKoil obsnactn. Ha ocHoBanum HaHHBIX

Macca karasusaropa, r ., 0,03 0,06 0,06 0,09 0,15 0,23 0,30 0,40 0,50
w,eM3c L L L. L, 1,66 3,83 3,75 6,04 9,75 13,5 18,2 22,7 37,6

Bbipasute rpaduvyecky 3aBHCHMOCTb KOHCTAHTBI CKOPOCTH PeakUHH OT mac-
cbl KaTanH3atopa (B pacueTe Ha MeTa/llIM4ecKyio IJIaTHHY B rpammax).
Conepxanre Pt B Karanusarope 6 %.

28. Peaxuuns C,H;Br - C,H, + HBr npu 693 K nporexaer na Al,0,.
CreneHb 3anosiHeHnsl KaTannu3aTopa MCXOAHBIM BeleCTBOM B 3aBHCHMOCTH
OT JaBJieHHS TpHBeleHa HHXKe:

CreneHb 3amnoJHe-

Hug . ., . . . 00715 0,1334 0,1876 0,235 0,278
IlaBaenne, '

MM pr.cer.. . . 01 0,2 0,3 0,4 0,5
Crenenb 3anoJiue-

HHA . ., . . . 0,316 9,350 0,381 0,409 0,435
Hasnenne,

MM PT. CT.. . . 0,6 0,7 0,8 0,9 1,0

Paccunraiite 3peKTHBHYI0O H MCTHHHYIO KOHCTaHTBI CKOPOCTH peaKiluy,
€C/IM TNIPOAYKTbl peaKiidd He TOPMO3SAT Mpoiecc.
29. B pesysabTate ucciefloBaHHs KHHETHKI FOMOMOJIEKYJ/ISIPHOTO obMe-

Ha KHC/IOpoJa Ha OKCHAe Tafo/iMHHsl B HHTepBase Temieparyp 78—
500 °C 6buiu onpepesneHbl KOHCTAHTBI CKOPOCTH PEaKuMH NMPH PasiTHYHbIX
TeMIleparypax:

T, K........ 223 273 300 473 673

k108, ¢ 0,177 0,0224 0,9055 4,48 27,16

Ioctpoitte rpabuk 3aBucuMoctd gk = f (1/T), onpemenute sHEpruio
aKTHBauuu B obnxactu TeMneparyp 573 — 300 u 300—223 K. Ob6wscHu-
T€ CMBIC OTPHUATEJbHOH SHEPrHH aKTHBaUHH.

30. BbiBeaute ypasHenue a5 Aeruipartalii 3THJIOBOTO CIUpPTaA (B 10-
TOKe) HaJ OKCHJOM aJHOMHHHsS, KoTopas nporekaer npu 653,2 K, ecan

v 0,060 0,152 0,272 0,331 0,392
g-102 .. ... 66,7 55,0 41,7 42,8 40,2
UL 0,423 0,482 0,542 0,995 1,464
108 . L, 40,1 36,5 37,1 26,6 22,1

31. Ilpun pmerupparammu stunosoro cnupra C,H,OH — C,H, 4 H,O
Ha Kataausatope Al,O, npu 653 K uepes Kaxzabie 3 MuH H3MEpAIH pac-
Xoa 75 %-HOro BOJHO-CIUPTOBOTO pacTBopa n ¥ o6beM o6pa3oBaBILErocs
rasa V,, B rasoBoil Gloperke:

n108, w8 . ... 0,2 0,31 0,41 0,62 0,82
Von-108, m® . . . 6] 84,2 107,5 143 177
n-108, w8 . ... 10,6 1,37 1,66 1,95
Vor-108, M3 | . 218 9263 283 302
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Beruncaute o 1 -8 ypanenun dpocra juisi JaHHOM PeaKiuy B yKasaHHBIX
yc/IoBHAX, ecan 00beM KaTtain3aTopa 15 cm®, Temneparypa onwita 293,2 K,
Gapomerpuyeckoe Aasnenue 99641,7 IMa (747,5 mm pT. cT.).

32. Peakuusi OKHC/eHus THOCY/Ib()aTa NEPOKCHAOM BOJXOPOAA KaTallH-
3UpYeTcs HOHOM I~ M mpoTekaeT no c/eAyiouEeMy MexaHuaMy:

I-4+H,0; 2% 10-4H,0
2 5,03~ +10--+2H+ 23 5,08~ L H,0+1-

Brisennte xuuernueckoe ypaBuenue Ads 310fi peakumu. OnpemenuTe,
BO CKOJIbKO pa3 H3MEHHTCS CKOPOCTb PeaKUHH, eC/id KOHUEHTPaUHIo yBe-
JHYHTE B 3 pasa.

33. Tomorenno-KaTanuTHYeCKasl peakuus NPOTEKAET MO cXeMe

ky ke
E+K == EK —> K4P.
) . ~1
B KauecTBe karta/nu3aTopa HCNO/b3yeTcs BeltecTBO [RhCI(PRh;),l. On-
penesnte 3PeKTHBHYIO KOHCTAHTY CKOPOCTH M 3HEPTHIO aKTHBAWWH NPo-
uecca, ecnu Ce = 1,5 MosIb/a1, a KoHueHTpauuu KaTanusaTtopa H CKOpo-
CTH peakuud npusefeHbl B Tabnuue:

Cx-10-3, Moab/a w-10-5, Moaw/(a-c) T.K

22 288

1 M ¥ 4 298

44 303

25,5 288

2 42 298

. 48 303

30 . 288

3 47 298

52 303

34. Peaxuus peruapartaiid H30MPOMHI0BOroO CMHpTa NpOTEKaeT Ha
aAIOMOCH/IHKATHOM KaTaju3aTope Mo cxeme:
A ki L+
+(+) — AallC9
k
A;nc-l-('—) — ——A;nc,
+ Kk
—Aaze = (-)+(—)+P.

3aece A — usomponuioswit cnupT; (+), (—) — nonoxurtenbuule H OT-
pHuaTe/Hbe aACOPOUHOHHbIE IEHTPEl HA NOBEPXHOCTH KaTasnusaTopa. On-
PENEANTE CKOPOCTb peakuuH, ecaun gy = 2,7-10~* Moseky.s/akTHBHOrO
uentpa, c-Ila; Pgpune, = 0,01 ITa.

458

. 35. Peakuusi KaTaJHUTHYECKOro npeBpauieHusi OYTHIOBOTO 3dupa npo
TeKaeT MO cxeme:

k R
CH; OC (CHg)s anc - CHj; OHape+-i-Cy Hg ape

—i-Cg H,,+CH, OH

. —i-Cy He--CH; OH
OnpefennTe ceneKTHBHOCTb KaTaju3atopa ortuocutenbuo i(-CsH;o, ecan
ckopocTb obpa3oBauus {-C; Hyy B 2 pa3za Gosbuie ckopoctn o6pasoBanisi
i'CSHs.

36. Ilpu u3yuenun peakuitn anKuinpoBaHus GeH30/1a STHIEHOM Ha 6u-
(YyHKUNOHANBHBIX KaTa/iu3aTopax Ha OCHOBE 1eOJUTOB OblJIO TOKa3aHo:
—_ Ce Ha“—cd H9
Ce Hg+C; Hy |— Cy Hs—Cy Hy+-Co H3—Cy H;

- Ca HE_CI H9+C4 Hs

CHa OCH3 anc+i‘c4 Hs ajac |

Onpefenrute ceneKTHBHOCTb KaTaausatopa oTHocHTenbno CyHg, ecnn B
pe3y.abtate KouBepcuu C,H, uepes 0,6 u nonyueno C;Hy — 8,7 % stun-
6ensona — 1,6 %, emop-Gytunbensona — 48,7 %.

37. [lpn n3yuyenun KaTaJMTHYECKOTO OKHCJ/EHHS BOJOPOAA Ha OKcHI-
HBIX KaTa/jnsaTopax ObIM TMOJYYeHbl TENJOThl cOpOLUUMH KHcJIOpoda B 3a-
BUCHMOCTH OT KOJIHYECTBAa JecOPGHPOBAHHOTO KHCJAOPOAA:

% IecopGHPOBaHHOTO
O; oT MOHOCJIOs

0 0,5 1 i,5 3 5

—AH 56,

I 3%/Monb
Crg04 26 2 | 26 | 26 | 26 | 2
Coy04 . 15,3 19 23 26 34 40
NiO 19,5 [ 21 23 26 30 H

[lo noJyyeHHHIM JaHHBIM: NOCTPOHTH: 1) rpaguk  3aBHCHMOCTH
AHgpe = f (8), rme 8 — crenenb 3anonunennus; 2) rpaduK 3aBHCHMOCTH
3HEPruH aKTHBAUMH KaTaJHTHYECKOH peakunH OT CTeNeHH 3anoJHeHus,
ecin Ey p = 11 k[Lk/Monb npn MOHOCJOHHOM 3alOJTHEHHH MOBEPXHOCTH
na Co;0,. .

38. Hcnonb3ys teopuio MyabTunieroB A. A. Bananauuna, onpejenure
3Hepruio o6pa3oBaHyus W pacrnaja MyJIbTHIJIETHOTO KOMIJIeKca, ajcopOiu-
OHHOTO MOTEHLHANA, SHEPIUI0 AKTHBALMH IJs peakuuH THAPHPOBaHHs
cBsisi C—C, C—N Haa Ni-KaTain3aTOpOM, ec/d SHeprusf CBSA3H gy-N =
=229 4 kI1xk; gc—ni = 58,4 kIX; gn—ni = 112,6 xIX; gc—c =
= 344,4 /. CpaBuuTe 3TH 3HEPruu CBSA3H C NPHBEAECHHBIMH B CNIPABOY-
Huke [M.].

459



39. INpu uccnenoBaHUM KUHETHKH peakluuu CUHTE3a aMMHakxa Ha XKe-
J1€3€, HAHECEHHOM Ha aJlIOMOreJib, MOJYYeHO, YTO MaKCUMaJbHas yaeabHas
KaTaquTHYeCKass aKTHBHOCTb MMEeT MeCTO npH Npae = 6,1-1018, a mak-
cHMajibHast ofulas aKTHBHOCTb MpPH Nty = 8,8- 108, Onpenenute yuca0
aTOMOB, BXOMAIIKX B aKTUBHbIA aHcaMGilb, H YHCJO O6JacTeil MHTpaUMH

MHOTOBAPUAHTHAS 3AJAYA

IIpu vccenoBanny KHHETHKH KOHBEPCHHM OKCHAA YIJIepoja CTATHYeCKH
LMPKYJIALUHOHHBIM METOJOM GBlJIO NOJTYYeHO KHHETHUECKOE ypaBHEHHe JJ1fi
CKOPOCTH NPAMOTO Mpopecca:

val: s (n—a)0: s

2
(i—a) (n—a) ———

k]:

Tlle v — CKOpPOCTb BXOJA B UMPKYJSAUMOHHBIA KOHTYp NMaporasoBoH cMe-
cu, cM*/(r-c); o — cTeneHb npeBpaulefins; 1) — COOTHOLIEHWE nap/ras
B HCKOMO# CMecH; k; — KoHCTaHTa paBHOBecus. OmpelesnTe yAEAbHYIO
KaTaJUTHYECKYIO aKTUBHOCTb KaTaJM3aTOPa, SHEPTHI0O AKTHBALMH KaTaJjH-
THYECKOH peakuuH. [locrpofite 3aBHCHMOCTBL yheibHAs KaTaJHTHueCKas
AKTHBHOCTb — MOPAJKOBBIA HOMEp MeTaslla OKCHAA, €C/H M3BECTHO, 4TO

- é‘: Vm' cm?
© Xy
= Okcup T, K| v, em¥/(rc) ) a g8 (KoanyecTBO
: SER |t
X e

1 2 3 4 5 6 7 8

1 TiO, 713 0,08 4,0 | 0,0005 2 0,73
773 0,08 4,0 0,0016
798 0,08 4,0 0,0024

2 TiO, 823 0,08 4,0 0,0042 2 0,73
848 0,08 4,0 0,0061
798 0,08 4,0 0,0024

3 V,0, 713 0,37 4,8 0,021 3 1,33
748 0,066
773 0,141

4 V,0, 798 0,37 4,8 0,294 3 1,33
823 4,8 0,456 ‘
848 0,35 4,4 0,597

5 Cry04 623 0,26 4,7 0,1 3 17
648 0,164
673 0,250

6 Crg0,4 673 0,26 4,7 0,250 3 17
713 0,27 4,8 0,504
748 0,27 4,8 0,695
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11 podoaxcenue
f-a;h. Vm' cM?
E T. K 3/(r.c) o SES (KoAnuecTBO
= Oxcujg . v, cM3/(r.c un oE 2 | aacop6uposannoro
2 = 29 | Kr Ha monocJioft)
7 MnO 773 0,37 5,0 0,161 2 2,61
748 0,107
773 0,173
8 MnO 798 0,34 5,0 0,259 2 2,61
823 0,360
848 0,458
9 Fe,0, 623 1,39 5,0 0,140 4 10,4
648 1,39 5,0 0,275
673 1.37 4,9.] 0,39
10 Fe,O, 673 1,37 4,9 0,396 4 10,4
713 1,39 5,0 0,613
748 1,43 5,2 0,748
11 ZnO 713 0,29 5,0 0,037 3 0,98
748 0,29 5,0 0,075
773 0,28 4,8 0,111
12 ZnO 798 0,28 4,9 0,195 3 0,98
823 0,30 5,2 0,372
773 0,28 4,8 0,111

FrdABA XXVII
KHHETHUKA 3JIEKTPOXUMHUYECKHX PEAKLLUHA

OcHOBHble YpaBHEHHSI H CHMBOJbI
K., ¢ 602—625, TI., 1. 2, c. 572—619]

KonuuecTBo 3/1eKTpHyecTBa, HEOOXOAMMOE AJast passoxkeHns 1 r-sks
snektposuTa, pasioe 96 450 Ka, naswiBaior nocrosunoit dapages. Mac-
Cy BelllecTBa 11, MOABEPTIIETOCH Pa3NOKEHUIO, BbIAEAUBLIErOCH Ha 3J/eK-
Tpojax WM O6pa3oBaBlLErocsi B PacTBOPe B pe3yabTaTe 3JeKTPOJaHU3a,
BBIYUC/AAIOT 0 YpaBHEHHIO

2t

. ‘ XXVIII.1
m F ( )

rjie z — 3KBUBaJeHTHas Mmacca, r;, [ — cujaa ToKa, A; {— Bpems, c;
F — nocrosnHas Papages.
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[Ipu npoBeleHHH 3J€KTPO/H3A YACTb TOKA YXONUT HA MOGOUHBIE NPO-
LLeCCHI U TIO3TOMY CTeNeHb MOJHOTH 3JIEKTPOJIH3a BCErJa MeHbIE TEOPETH-
yeckodi. OOBIYHO BBIYHC/IAIOT BENHYHHY BHIXOAA MO TOKY:

Macca BugenuBmerocs npH 3JeKTpoJH3e BellecTBa

™ .
Paccuyurannas Macca Bewecrsa, KoTOpad JOJIKHA BLIJEJHTbCA NPH 3J1€KTpoJu3e

MHorse peakuuu 3JeKTpo/H3a He ABAAIOTCA o6GpaTHMbIMH. Hab6io-
RaeMblii MOTEHIHAJ PA3/IOXKEHHA MNMpEBHIIA] BeJHUHHY, BHUHCIAEMYIO H3
TEPMOAMHAMHYECKHX JAHHBIX. JTOT H3OLITOYUHBIA MOTEHUHAJN, HA3LIBAEMbIH
NOTEHHA/IOM TNepeHANPAXKEHHA, 3aBHCHT OT MJIOWAAH 3JeKTPOAOB H CO-
CTOSIHHA HX MOBEPXHOCTH, HaJMYHA NPHMecedl B pacTBOpe M MJOTHOCTH
TOKA, MNPOTEKAIOWEro 4Yepe3 pacTBOp.

Jla1s MHOTHX 3/IEKTPOXHMHYECKHX POLECCOB NOTHOCTb TOKA { H Tepe-
HalpsXeHHe 1 CBA3aHH Mex1y co00H ypaBHeHHeM Tadens

n=at+blgi, (XXVI1II.2)

rae @ i b — HeKoTopble napamMeTpsl, XapaKTePH3YIOUHe TAHHYIO CHCTEMY.

Bo/bLIMHCTBO  3/1EKTPOXHMHYECKHX — peaKuil ¢ yyacTHeM OpraHH-
YeCKHX BELIeCTB MPOTEKAaeT Yepe3 CTAfHIO NpPeBAPHTEJIbHOH afcopOUHH
HX Ha MOBEPXHOCTH 3JeKTpoaa. CKopocTb afcopOLUM OpraHHYECKHX Be-
IECTB ONHCHLIBAETCS ypaBHeHHeM PoruaHckoro—3ennaoBuua

w:kcexp(—af’B,’Q), (XXVIIIL.3)

Tie k — KOHCTaHTa CKOPOCTH afcOpOLMH; ¢ — KOHUEHTPALUNA OpraHHye-
cKoro BemecTBa; & — KOHCTAHTa; [ — KO3(MpHIUEHT HEONHOPOAHOCTH MO-
BEPXHOCTH 3JEKTPOJA. .
3aBucHMOCTb afcoOpOUHH OT BPeMeHH NMORYHHAETCH YpaBHEHHIO

1
af’
rae Og — cremeHb 3anoJHEHHS NOBEPXHOCTH 3JEKTPOJA OpPraHHUECKHM
BeLlECTBOM.

8y =B+ Int, (XXVIIL.4)

3AJIAYH C PEWIEHHAMHU

1. Yepes. pactop CuSO, nponymeno 5 A-u snektpuuectsa. [Tpu
3TOM Ha 3JeKTpofe (Katope) BHAeTHIOCH 5,6 T Mean (my, = 5,6). Ompe-
AeJHTe BHIXOA MO TOKY.

Peuw eHue Ixkpupanentvas macca mean 63,57/2 = 31,785; uspac-
xoposano 5/26,8 = 0,1865 F (96 540-0,1865 = 18000 K.1). Caezoaresin-
HO, TEOPETHYECKH, COrJIacHO 3aKoHy dapajes, AOJKHO BbIIEAUTHCA MELH:

Maeop=31,785.0,1865=5,92 r Cu.

OTCIOﬂa BBIXOX Me€xd 10 TOKy COCTaBHUT
By=—""0 _100=5,6/5,92.100=94,7 9.

Mreop
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-2. Ilpu mponycKkaH1H 3JIEKTPHYECKOTO TOKA Yepes c1abopa3baBieHnylo
CepHYIO KHCJIOTY BbIAe/IsieTCs Ha KaTofie B Teyenue 5 mun 40 cM® Bogopoza,
H3mepeHHbIX MpH 288 K u 748 mm pT. cr. Onpesennre CUy TOKA, MPOXOAS -
Iero yepes 3JeKTPOJIUT.

Pewenue Onpeneinsiem maccy BhieNHBIIErOCS BOAOPOAa (HA Ka-
toae) no ypaBHeHuto m = MPV/RT. Umeem: M = 2,016; P = 748/760
atM; V =0,04 1 (40 cM®); R = 0,082 sa/atm/(Mon-K); T = 288 K.
Orciona

2,016-748.0,04
= —————————— =), 00336 r H,.
™= "760-0,082- 288 36T H,
Cuay ToKa onpegenseM no ypasHenuio (m = 0,00336 r, z =.1,008,
t =5.60 = 300 ¢)
m-96 540 0,00336-96 540

= — =1, .
! zt 1,008-300 08 A

3. JKenesuniit uct, ofwas NOMAAb NOBEPXHOCTH Kotoporo 1000 cm?,
MCMO/IB3YIOT B KayecTBe KaToja NPH 3JeKTpPoJu3e conu uuxka. Kaxoit
TOJILIMHBI BOCTHTAET CAOH IHHKA, BHIAENUBLIETOCH HA KAToAe, 3a 25 MHH, ec-
JI¥ CPeAHAS IJIOTHOCTb TOKA pasHa 2,5 A/am?. [TnorHocTs nuuka 7,15 r/cmd.

Pewenue. Onpegersem Maccy BHjenuBuwerocs Ha Fe-anektpoge
LUHMHKA M0 YpaBHEHHIO

OnpepensieM cuny Toka no ypasHewHio | = iS:
1=2,5.10=2,5A

H TNPOAOKHUTENBHOCTE 3JEKTPOJH3a

t=25-60=1500c.

Macca BHIIeIUBLIETOCH ILHHKA COCTABHT

32,69.25-1500
m=—————————

=12,7r.
96 500 2,7r

3uasn MacCy W IJIOTHOCTb BBIJENMBLIETOCS LHHKA, HAXOJHM €ro o6beM:

12,7
== ,776 em3.
7,15
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Paccuuraem TOJNUHHY CJIOS UHHKA, BBIJEJHBIIEroCsa Ha 3JIEKTpPOJE:

1,776
§=—""——=1,776-10-3 cm3,
1000
4. [lpu nccnenoBaHHH KHHETHKH afcOPOUMH MaJeHHOBOH KHCJIOTH Ha
TJaJkOM poaHeBOM 3JiekTpose npH 293 K u moreHunate ¢p = 0,2 B ¢
MOMOLLLBIO 3JIEKTPOX HMHYECKHX HMIYJIbCHBIX METOJIOB GBI MOJyUYeHs! cJle-
AYyIOU[He JaHHBIE:

Ok npu xonuentpauum, Moab/n

Bpems, ¢
10-2 l 5.10—* 2:10-2 10-3
5 0,06 0,03 0,01 0,01
10 0,13 0,06 0,02 0,01
20 0,19 0,12 0,03 0,02
30 0,23 0,17 0,07 0,02
50 0,27 0,21 0,14 0,04
100 0,34 0,28 0,20 0,11
200 0,42 0,34 0,26 0,18
300 0,43 0,37 0,30 0,23
500 0,44 0,39 0,33 0,28
1000 0,45 0,39 0,32 0,30

TMocTpoiite KHHeTHYeckHe KpuBble afcopbuuu (Or—Ig £), mpopepnTe
NPHMEHHMOCTb ypaBHeHHs @ = k¢ exp (— of Og) Ana onucaHus KHHeTH-
P KH aicopOudH H omnpegejuTe KOHCTAHTY

04k CKOpOCTH aacopOuHi.

’ s Peweunue Ha puc. 54 npencras-

43t JieHa 3aBHCHMOCTb CTENeHH 3anoJHeHHs

2t (Or) mOBEpPXHOCTH XeMOCOpPGHpPOBAHHBIMH
OpraHMYecKHMH YacTHIAMH MaJleHHOBOM

arr KHCJIOTH OT JlorapHdMa BpeMeHd ajcopl-

) uuu lg ¢, Jlna pacTBOpOB BceX KOHIEH-
1 2 J gt TpauMi HabJIOfAaeTCHA XOPOLIO BHIPAIKEH-
Puc. 54, 3 HplH JIHHeAHBI YYaCTOK, T. €. 3aBHCH-
Huc. . ABUCHMOCTh cTeneuu
3QNOAHEUHA NOBEPXHOCTH MaJeH- MOCTb aJCOPOLHH OT BpeMeHH MOXKET GHITh
HOBOR KHcJoTol pasmuumofi kou- OIHCaHa YypaBHEHHEM
LEeHTpanHud OT BpeMeHH aacopl-
IHH, MOJB/J: .
I—c=10-% 2—c=510-% 3—c= =B + af’
=2110-% 4 — c=10-3

N -

Int,

rjie nocrosiHHasi af' ecTb GyHKuHs KOHueHTpauuu. Besnunny af’ onpene-
JIIEM Kak TaHTeHC Yrja Haxk/aOHa MpPAMOH, KOTopwiil pased l/af’. Ias
KOHUEHTPAUHH MasleHHOBOH Kuciaotel ¢ = 5-10~% nosyuaem

2,3(lgt,— IgTy) 2,3.1

&pr = ; 7 = =10,7.
78Ry —8R (1) 0,275—0, 06

464

AHaJloryHo paccyuTtaeMm af JUis BCeX KOHUEHTpPauMi MaJeHHOBOH KHCJIO
Tel. BesurHa of MpakTHYECKH He 3aBHCHT OT KOHUEHTPAUMH H ABIsETCH
XapaKkTepUCTHKOH Tmpouecca ajcopOLHH JaHHOrO BeUlecTBA Ha DOJIMH:

B 10,24-10,7-+10,4--9,6
A fep =+ 9 =

10, 2.

PaccuntsiBaeM CKOPOCTH aJCOPOUMH MaJleHHOBOH KHCJIOTHI Ha DOJAMH A/
pACTBOPOB Pa3/IMYHON KOHLeHTpauuu (Hanpumep, aas ¢ = 10-* Moab/n
a Or = 0.09):

0,13—0,06

AbBR_ Br(2)—BR (1) _ —1.4.10-2¢-1

W=
At ta—1 5

i CBOJMM TNOJydYeHHble AaHHbE: Aas ¢ -= 10~2 moab/n

B .o 0,00 0,16 0,21 0,25 0,30 0,38
W oL 1,4-10-2 6.10-3 4.10—3 2.10-3 1,4.10-3 8.10—4
—lgw ... 1,84 2,22 2.4 2,7 2,86 3,1

anst ¢ = 5-10-3 moaw/a

B .. 0,09 0,05 0,09 02 032 0,35
W o 7.10-3  5.10-3  2.10—% 1,4-10-% 6.10-4 3.10—4
—lgw ... 2,15 2,3 2,7 2,86 3,2 3.5

Mg ¢ = 2-103 moas/n

BR ....... 0,05 0,11 0,17 0,23 0,28
w o, ... 4.10—3 3,5-103 1,2.10—3 6-10—4 4.10—4
—lgw . ... .. 2.4 2,45 2,92 3,2 3,4
g ¢ = 1073 Moab/a

Bé G e e e 0,03 0,07 0,14 0,20 0,26
W o, .. e 10—3 1,4.10-3 , 7.10—4 5.10—4 2,5-10—4
—lgw ... .. 3 2,86 3,15 3,3 3,6

Ha ocHOBaHHM paccUMTaHHBIX BEeJHYMH CTPOMM 3aBHCHMOCTH lg w =
= [ (B)) pJs PacTBOPOB yKa3aHHBIX KOHUeHTpauui (puc. 55). M3 mony-
YeHHBIX 3aBHCHMOCTeH paccuHThiBaeM of’:

, 2.3(gw,—lgwy)

af’' = ,
B —Ore)

a[c'pleA.

Ha ocHopaHuu nosyueHHnX 3aBucumocteit lg w = f (Og) crponm rpa-
¢uk B KoopanHatax lg w — lg ¢ npu Og = const (puc. 55, a). Jlorapug-
MHpYsi ypaBHeHHe w = k" exp (-— afrOg), monyuaem

Inw=Ink+4-nlnc—af’ by,
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Puc. 55. 3aBUCHMOCTb CKOPOCTH aAcopOUHH MaJeHHOBOH KHCJIOTH
" Ha POJAMH OT KOHHEHTDAUMH (a) H CTeNeHH 3amOJHEHHT MoBepx-
nocty (6)

orkyaa npu Bg = const
n=(lgwy—lgw)/(Ig c;—l1gcr);
ny=94; n,=1,01; ng=0,99; ny=1 ,05; ny=0,97;
ncp=0,99i0,05.
TakuM o6pa3oM, NMOKa3aTelb CTEMEHH MPH KOHUEHTPALHH B KHHETHUECKOM
ypaBHEHHH CKOPOCTH ajAcOpOUHH NPHMEPHO paBeH 1. PaccuuraeM KOH-
CTaHTBl CKOPOCTH ajacopOHuH

k=

npu O =0 u n=1.

OnpepnenisieM CKOPOCTb aJCOPOLHH We o sKcTpanoasiusell 3aBHCHMOCTEH
Ig w ot By (puc. 55, 6) o O = 0. CBesieM noJyyeHHbIE 3KCTpanonsaiuen
3HAYEHHR CKOPOCTH ancopOUMH, KOHCTaHTHI cKopocTe afcopOuHH NPH
Pa3HYHBIX KOHUEHTPAUMAX MAaJeHHOBOH KHCJIOTHI:

¢, MOAB/A . . . « . ., ... 1-10-2 5.10—3 2.10-3 10—3
W o e e e e e e e e e s 3,16-10—2 1,7-10—2 6,3-10-3 3,6-10-3
9R=

k, 1/(mosb-C) . . . . . ... 3,16 3,40 3,15 3,16

kop=3,25+0,15.

TakuM 0o6pasom, oflilee KHHETHYECKOE ypaBHEHHE upouecca afcop6-
HH MAaJIeHHOBOM KHCJOTHI Ha POAHH HMeeT BHA

w=13,25 cexp(—10,28p).

5. Ipu HcceloBaHHH ancopOuxy MajeHHOBOH KHUCJIOTH HAa PORHEBOM
3/1eKTpOJie MPH Da3JHYHBIX TeMmlepaTypax OblIH TMOJMYYEHH CJIEAyHOUIHE
RaHHBIE:
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8 npu Temneparype, °C

Bpewms, ¢
60 50 40 30 20
10 0,07 0,06 0,04 0,03 0,02
20 0,17 0,12 0,09 0,06 0,03
30 0,20 0,16 0,14 0,12 0,07
50 027 0,25 0,19 0,17 0,14
100 0,27 0,25 0,19 0,17 0,20
200 0,42 0,39 0,35 0,33 0,27
300 0,42 0,39 0,38 0,34 0,31
500 0,44 0,41 0,38 0,36 0,32

OnpeneinTe 3HEPTHI0 aKTHBALUMH Npolecca ajcopOuUHH ManeHHOBOH KH-
CJOTHl HA POAHHM MPH Pa3NHUHOM 3aMOJHEHHH TOBEPXHOCTH ajacopGHpO-
BAHHBIM BOJOPOJOM H YCTaHOBHTE 3aBH-
CHMOCTb 3HEpPrHH aKTHBaUHH afacopOuuH Be
OT CTeMeHH 3allOJHeHHs MOBEPXHOCTH. [y

Peweunune CTPOHM 3aBHCHMOCTDb
Or = f(lgf) npu pa3nuyHBHIX TeMIlepa-
Typax (puc. 56). 3atem omnpepensieM cko-
poCTb afAcOpPOUHH: ’

8,=0,2; 1=60°C,

L
1 7 7 igt
-—0, 1

w:—(—)-l?—?—’7=4,68-10‘3, Puc. 56. Kuuernueckue KpuBhe
34,7—21,9 ajgcopGuuH MaJjeuuoBoff KHCJO-
TH NpY Pa3fuyHHX TEMIepaTy-

lg w—3,67= — 2,33 pax; °C;
gw=2,bl= —<£,33. 1—60; 2—50; 3—40; 4—230;

5--20

Pe3ysbraThl pacuera CBOAMM B TaGjuLy:

Temmepa- lg w npH 8‘;
TYpa, °C
o0 | es | ew | oz | em

60 —1,98 —2,17 —2,33 —2,49 —2,65
50 —2,14 —2,30 —2,47 —2,65 —2,79
40 —2,25 —2,43 —2,62 —2,80 —2,99
30 —2,41 —2,60 —2,78 -—298 —3.21
20 —2,55 —2,76 —3,00 —3,18 —3,40

Crpoum 3aBucumoctb g w ot 1/T npu 6O = const (puc. 57), ucnons-
3yfl NOJy4eHHbIE Pe3y/bTaThl, H3 KOTOPbIX ONpejesieM SHEePrHio aKTHBA-
UMM npouecca aacopouMH:

Algw

Eq=2,3Rtga, rae tga = AT

’
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Puc. 57. 3aBucuMocTb cKopocTH al- Puc. 58. H3aMeHenHe sneprum akrtH-
cop6uuu or ofparHofi TeMnepaTrypH BalMM OT CTeNneHH 3anoJHEHHs §o-
npH pasiMYHHX CTeNeHsAX 3anoJjue- BEPXHOCTH

HUS

[TocTpouTh 3aBUCHMOCTb 3HEPTHH aKTHBAUMH OT CTeNeHH 3anoJIHeHHA
nosepxHoctu Og (puc. 58). IJra 3aBHCHMOCTb HOCHT JIHHEHHBIH XapaxTep
W onuchiBaercs ypasuehuem E, = E, + af'RTOg, rae E, = 23,9 x[Ix.

3AAYH

1. Uepes pacteop cynbdara Meas MpOXofuT Tok cuioft 1,5 A. Onpe-
AeNUTE TeOpeTHUeCKHil BBIXOJ MeM B TeyeHue | u.

2. TIpu nomouy 3/eKTpo/u3a Boasl Tpebyercs noayuuts 0,6 a1 rpemy-
yero rasa npu 293 K u 740 mm pr. cr. CkoMbKO A/ 3TOro norpedyercs
BPEMEHH, €c/H cuja Toka 2 A?

3. Merannuueckuil npegMer TpeOyercsi MOKPBITb C/IOEM HHKeAA TOJ-
uHo# 0,3 mMM. [Tnoillags MOBepXHOCTH TOKPHIBAEMOro lpejaMera paBHA
100 cm?. ITnotHocTs Hukeas 9,0 r/cm®. CKonbKO BpeMeHH Tpefyercs npo-
nycKaTh TOK cHjoft 3 A, ecan BLIXOX no ToKy cocrabiser 90 %?

4. OnpenenuTe pacxoj 3JeKTPOSHEPTHH Ha MojyyeHHe | T MeaH npH

BoIXofe Mo Toky 96 %.
5. ITpu snextposnn3e 20 %-Horo pacteopa anerata kanus npu 290 K

Hapajy C APYrMMH MPOLYKTAMH HA aHOJe ToJy4aercsi 3TaH 10 ypaBHEHUIO
peaKkuHu

9 CHy COO-=C,H¢+2C0O,+2 e.

OTHOlWEHHE YHCIa MOJIEKYJl 3TAHA, TOJNYYEHHOro Ha aHOJe, K YHCIy MoJe-
KyJ1 BOJOpoja, MoJyyeHHOro Ha xatope, pasHo 0,8. Ompepenute BHXOX

3TaHa MO TOKY.
6. Has BoccraHoBJeHHA HUTpOGeH3Osa JO aHHJIMHA B KAaTojpHOE IpO-

crpancrBo nomectian 20 r CgH;NO, 30 cv® cnmpra, 250 cm® Boml, 11 T
HCl u 1 r SnCl,- 2H,0. Iocne nponyckanus 26,5 A-u uepe3 3JeKTpOJIH-
3¢p CO CBHHIOBLIM KaTofioM 6blio nosyyexo 12,76 r anununa. Onpenenu-
Te BBIXOA MO TOKY.
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7. Tok nocnenoBaTte/NbHO MPOXONUT YEPE3 COCYAbl ¢ BOAHBIMH PacTBO-
pamu AgNO,, CuSO,, KI u HCIO,. Kakue BeliecTBa 1 B KaKHX Ko/JHue-
CTBAaX BbIAEJAIOTCA . HA TIIATHHOBBIX 3JieKTpogax B pacteopax CuSO,,
KI u HCIO,, ecnu B cocyne ¢ pactBopom AgNO,; Ha Kartone OCaguaoCh
0,1079 r cepebpa?

8. Ilpu npoxoxkneHHH TOKa Yepe3 pacTBOp Cyabdara HHKENS HA KaTo-
J€ BBIIENSAIOTCA HHKeIb H Bofopoa. OnpenenuTte BHIXOJ 10 TOKY HHKeJs,
ecaid nocie nponyckanus 0,5 A.u Boigenunoch 17,4 cm® H, (npu . y.).

9. Ecin npu 3nexkrtposu3e pacTBopa OBapeHHOH COJNH OTAEAHTb Ka-
TOJHOE NPOCTPAHCTBO OT AHOJHOTO, TO B KATOLHOM IIPOCTPAHCTBE NMOMYYaIOT
€1KHi HATp, a Ha aHOR. — XJop. Hanuiunre ypaBHeHHs peakuui, npore-
KaollliX Ha 3JeKTPOnax, H Olpele/]HTe BbIXOJ IO TOKY LIEJNOYH, €clH B
70,5 /i KaTORHOrO pacTBopa Moc/e 3/eKTPOIH3a B TeUeHHe 6 U rIpu cuie To-
ka 1000 A comepxanoch 118 r efroro HaTpa Ha Kaxjblil JUTP pacTsopa.

10. TIpu snexTpoJ3e KOHUEHTPHPOBAHHOrO KHCJOrO pacTBopa cyJb-
(pata aMMOHHSI Ha aHOJe NMPH HH3KOH TeMmnepaType ofpa3yercs MepcyJib-
¢dat ammonusi. Hanuwure ypaBHeHHe nporekaioilell Ha aHOje peakiuHH H
OfIpeje/IHTe KOJHYECTBO 3JEKTPUYeCTBa, H3PACXOJOBAHHOE Ha TMOay-
yeHue | kr nepcynndaTa aMMOHHS, €C/IH BBIXOJ IIPOAYKTA 10 TOKY COCTAB-
aser 75 %. Kakoit noGouHbIil NPOAYKT H B KAKOM KOJHYECTBE BBIAEIHUTCS
Ha aHope?

11. Tloctpo#ite rpagux 3aBHCHMOCTH CABHra MOTEHLHANA OT ILIOTHO-
CTH MOJAPH3IYIOUIErO TOKa IIPH 3JEKTPOJIH3e pPacTBOpa, COJEpKallero
0,01 monb/n CuSO, u 1 Moawn/n H,SO,. Kospbuunent andbdy3un HOHOB
Cu** pasen 1-10-° m/c, TonumuHa paudppy3uonHoro ciosi & = 10 MxM,
298 K.

12. TIpu BbIGpaHHBIX yCJOBUAX NEpeMeldBAHHA PACTBOpA IJIOTHOCTb
TpeleNbHOr0 TOKa ocaxXjeHua Mead iy, u3 0,02 M CuSO, cocrasaser
20 mA/cM?. Paccunraiite moteHusad MeLHOrO 3JEKTPOja (OTHOCHTENBLHO
H. B. 3.) IpH KaTOAHHIX IJIOTHOCTAX Toka b, 10, 15, 18 u 19 mMA/cM?, ecnu
Hab/ioJaeTcs YHCTO KOHUEHTPAlHOHHAs MOJsipH3auus (Yicuso, = 0,317
npu 298 K). :

13. Tlorenunan kaamuesoro kKartona (¢, = — 0,535 B) uamepeHn B
0,01 M pacrBope CdSO, (y+ =0,399). Omnpenenurte, Kaxkyi0 AOMO OT
TNpeNeNbHOrO TOKAa COCTABASET TOK NPH JaHHOM TOTeHUHaNe, eCly MOJsAPH-
3aUHA MPH OCaXJEHHH KaJAMHs 4UCTO KOHUEeHTpaudoHHas. Hafigure ot-
HOWleHHE TOKa K MNpeNeJIbHOMY TOKy IJf TnoTeHuuanos ¢x = —0,5605;
— 0,490; — 0,485; — 0,480 B (298 K).

14, Cninas cepe6po—Meab OCaXKAAIOT HA IHAHHCTBIX 3JIEKTPOJNHUTAX,
copepxawuxcs B Buxe Hotos Cu (CN); u Ag (CN)7 8 r/n mean u 2 r/n
cepe6pa (B nepecuere Ha Meta/ibl). OnpenennTe MaccoBolil COCTaB CriaBa
(%), ecan ocaxnenHe 060HX METAJIJIOB BEleTCA NPH MpefebHBIX TOKAX H
KOHCTaHTBl JU(py3HH HOHOB OJHHAKOBHI.

15. dnexrpoaut copepkiT 10 r/n HUKenss ¥ B r/1 KoGanbTa B BHJIE
cyabdaroB. Onpenennte BBIXOA 10 TOKY ClJlaBa, Maccy ocajka H €ro co-
CTaB, €C/H JEKTPOJIH3 BEJETCH MPH IJIOTHOCTH Toka 20 A/am® B TeuenHe
20 MuH Ha 3JeKTPOJE C MJIOLLaAbio noBepxHoctH 10 cM? H 06a MeTas1a Bbl-
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JeAI0TCA Ha npefeabHoM Toke. Kosdduuuentsl macconeperoca D/8 uo-
HoB Ni%t u Co*t cuMTaTh OflMHAKOBbIMH H paBHbiMHu 1,6- 10-3 cM/c.

16. Ha monokpucraare Ni ¢ rpanbio (I1T) B 0,1 M KOH, pH 13,15,
npu 293 K H3yyand KHHETHKY BBIJeJeHHsi Bojopoja. DBbM mMosyueHH
cleaylouiHe AaHHBE:

wwB ..... 0,075 0,114 0,150 0,190 . 0,225 0,265 0,300
lg i, AJem® . . —4,00 —3,80 —-3,60 -—-3,40 —3,20 —3,00 —2,80

Paccuuraiite nocrosiuHsle a, b B ypaBHenud Tacdens.
17. TlpH u3yyeHHH KHMHETHKH BBIJIEJIEHHs BOJOPOJA HA MOHOKpHCTAJ-
Jax B CHJBHOKHCJIOM pacTBope ObUIH NOJYYEHB CJAENYIOUIHE NaHHbIE:

w“wB ..o o 0,3 0,35 0,40 0,45 0,50 0,55 0,60 0,65
iggocs AJeM® . L L L L. 0,0115 0,0190 0,044 0,11 0,305 0,77 1,65 3,0
fagec, Alem® . . .. L. 0,0162 0,29 0,073 0,195 0,535 1,28 2,55 4,25
Lygegs AJem® . . .. . 0,022 0,044 0,11 0,29 0,75 1,72 3,15 5.2
igpoc, Alem . ... .. 0,037 0,072 0,19 0,51, 1,15 2,5 4,3 6,6

Onpeneniite nocrosiHuble ¢ H b B ypaBHeHuu Tadens npu Bcex temiie-
patypax. [IpencraBbre 9KcrepHMeHTaNbHbIE JaHHbIE HA rpaduKe B KOOPAU-
Hatax lg i — /T npu m = const. Onpenennre 3pPeKTHBHYIO 3HEPTHIO
aKTHBAUHH.

18. Paccuuraiite BHXOH 10 TOKY HHKEIf NMpPH 3JEKTPOJIH3€ pacTBOpa
cyandara Hukeds ¢ anjz+ = 0.1 npu pH 3 u pH 6, ecan norenunan karona
OTHOCHTENBHO CTaHJAPTHOrO BOJAOPOAHOro 3jaekTpoja ¢ == — 0,80 B.
dxbekTHl AenoJsipu3allid 1 CBEpXINOJSPU3alHH B CHCTEME HHKENb — BO-
JOpOJl OTCYTCTBYIOT; KOHCTAaHTa @ B ypaBHeHnd Tadens nepeHanpskeHus
BhIeIeHHsT Bojopoja Ha HHKene npd pH O paBna 0,62 B; cranpapTHbIi
TOK 06MeHa HHKEJNeBOro 3JeKtpoa ig,ni = 3+ 1078 Alem?; KosdHiHeHTs
nepeHoca AJsi npoueccos paspsaga uowos Ht u Ni*t pasub: ap+ = 0,5;
ANj2+ 0,29; bN52+ = 2,3RT/(CZZF) = 0,100 B; (p&i‘H/Ni - - 0,25 B;
T = 303 K.

19. Tlpx u3yyeHud afcopOLUHH MaJeHHOBOH KHCJOTH HA ILI1aTHHE TpH
293 K # ¢p = 0,4 B 6bl10 ycTaHOBJIEHO, YTO CTEMEHDb 3allONIHEHH s MOBEpX-
HOCTH afcopGipoBaHHLIM BetectBoM Og = 0,3 1A pacTBOPOB C KOHIEH-
tpauueit ¢ = 10~% 5-10-%; 2,5.10~* Monb/21 AOCTHraeTCH COOTBETCTBEHHO
yepes 10, 25, 47 u 170 ¢, a crenedb 3anosnxenus g = 0,35 — 3a Bpems
16, 37, 74 u 107 c. Onpepennre nokasaresp cTeleHd NPH KOHUEHTPAUUH
B KHHETHYECKOM YypaBHeHuH PoruHckoro—3enbjioBHua.

20. ITpu uccaenoBanun aacop6uuu 0,1 M pactsopa MeraHona Ha mJja-
tHHe 1nipx 293,2 K 60 nosyuyeHo

lLage» € « v v v L 0,5 1 2 5 10 20 50 100 200
R 0,09 0,2-0,32 0,44 0,56 0,69 0,77 0,8 0,82

[Iposepbre BbINONHUMOCTD ypaBHeHHsi Og = f + [l/(af)] In ¢, ans
OlIHCAHHsi KHHETHKH aacopOuHH MeTaHosa NocTpofite rpaduK 3aBHCHMO-
cru Og = f (Ig ¢)] Ha nnatuHe H paccuHTaliTe KOHCTAHTY CKOPOCTH TpoLec-
ca, ecad aacopOuHsi NMONYHHAETCS YpaBHEeHHI0 PoruHckoro—3enbaoBuya.

21. Tlpu HccenoBanKH a/ICOPGIHH METAHONMA HA MIATHHOBOM 3JEKTPO-
Ie npH reMmnepatypax 284, 296, 308, 319 u 345 K 6buio HaiineHo, uto
yBesiHueHHe CTeNeHH 3aMoNHeHus noBepxHocTh ot Oy = 0,35 no 03 = 0,4
NpOHCXOAUT cooTBercTBeHHO 3a 5,0; 3,0; 2,0; 1,3 u 0,6 c. Paccudraijite
CPEIHIO0 3HEPTHIO AKTHBAUMH aNcOpOLMH METaHoNAa HAa IJATHHe npH
Or =< 0,375.

MHOTOBAPHAHTHDBIE 3AAYH

4. Onpenennrte KoucTautsl a u b B ypaBHenuu Tadens, ecnu 1pH U3-
MEPEHHH MOTeHIHala Karoja H3 JaHHOrO MeTa/sa MPOTHB KaJoMenbHO-
ro sjektpoaa (¢ = 0,281 B) B pacTBope 3ajaHHOTO COCTaBa IIpH NJIOTHO-
CTSIX TOKa i’ W i" TOJyYeHbl COOTBETCTBEHHO BENHUMHBl ¢’ H ¢'.

Ne Ba- MarTepnaa i, i,

pHauTa snexTpond SnexTposHT wA/cm? MA/cm? ¢’ B ¢”, B
i Huuk 2,0 u. H,SO, 3 0,2 1,325 1,157
2 Kanmuit 1,3 1. H,SO, 0,4 8,0 1,372 1,528
3 Cauuern 1,0 1. H,SO, 0,2 0,8 1,360 1,432
4 KoGansr 1,0 u. HCl1 0,1 1,5 0,356 0,533
5 Hukens 1,0 n. HCl1 0,05 2,5 0,476 0,646
6 Tauran 1,0 1. H,S0, 0,02 5,0 0,753 1,065
7 Poauit 2,0 5. H,SO, 5,0 34,0 0,380 0,478
8 OuaoBo 2,0 u. Hy,SO, 0,1 5,0 1,097 1.294

2. Onpepennte KOHCTaHTH @ W b B ypaBHenuu Tadens ans nepena-
NpsiXKEHHs BblEJI€HHS BOJOPOJA HAa LHHKOBOM 3JEKTPOJE C IJIOWAfbIO
noBepXHOCTH S = 4 cM® u3 2 H. pactBopa H,SO,. Ilpu notenuuane yuu-
KOBOTO 3/IEKTPOJIa ¢ OTHOCHTENBHO | H. KaJIOMeJILHOTO 3/1eKTPOaa, paBHOM
— 1,267 B, Ha Karoge MeQHOTO KyJOHOMETpa 3a 60 MHH BbIIETHIOCH
9,5 Mr Meau, a npu norenuxane — 1,279 B 3a 30 Mun — 5,94 Mr menu.

B ycnioBuu 3ajaun naH nepBslii BapuaHT, ApyrHe cBelieHsl B TaGaHLY:

N‘.a::;)u g}laeﬁ%ﬁ;g Pacteop S, cm? f, Mud m, Mr ¢, B
2  |Kagmuit 1,3 1. HySO, 5 50 9,90 1,453
) 20 11,88 1,511
3 |Onopo 2,0 u. Hy,SO, 2 100 4,76 1,223

10 9,90 1,375

4 CBuner 1,0 u. H,SO, 3 10 5,94 1,554
6 5,35 1,576

5 Hukesn 1,0 . HCI 5 50 9,50 0,635
60 57,01 | 0,705

6 |Tauran 1,0 u. H,SO, 1,6 60 4,76 1,026
10 7,92 1,156
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KOMIIJIEKCHBIE 3AJAYH

1. Ipespawenne C,H, no ypasuennio peakuuu C,H; = C,H, + H,
NPOHCXOAHUT €O cKopocThio 50 % 3a 104 npu 1073,2 K. Paccuuraiite sHep-
FHIO AKTHBALHM TPAMOH peakuud (KOHeYHble IMPOAYKTH YHaJAloTCs H3
chepbl peakiHH).

2. Jlns peakuud C,H, = C,H, + H, aueprus axtuBaunn E, =
—252.10% /. Boiuncaure Temneparypy, npu Koropo# Beixoa C,H, 3a 14
papeH T0JIOBHHE TEOPETHYECKH BO3MOXKHOTO TMpH JOCTHMXEHHH paBHOBe-
cusi. Paccunraiite Bpems, 3a KOTOpO€ YKa3aHHasi KOHUeHTpauus Oymer
pocturnyta npu 1573 K.

3. Paccuntaiite paBHoBecubiii Bbixoa B peakunn C,H, + H, = C,H,
npu 1,01-10° ITa, 673,2 K u Bpems, 3a Kotopoe MOXeT ObiTb JOCTHTHYT
Boixoa CyH,, paBneiit 90 % or paBHOoBecHoro. Jueprus akrupauuu E, =
= 182,7-10% Ik, koHuenrpauuun C,H, u H, 1 Moan/a.

4. Bojopox H Hoj B3auMoOjeficTBYlOT MeXay COGOH COrJIacHO ypas-
Henuio H, + I, = 2HI. llocrynalomuil Ha cHHTE3 ra3 UMeeT MacCOBYIO
qomo (%): Hy, — 32; 1, — 48, uneprupiii ras — 20. Onpenennre, npH Ka-
KO TeMilepatype B paBHOBecHO# cmecH Gyner comepxarbcs 30 % H,
npu AaBaenuu 1,01-10° [1a, ecin M3BecTHa 3aBHCHMOCTD AG® = 246,0 —
— 2,30 1g T + 10,7 T. Boiucanre BpeMs 1oc/1€ CMEUIEHHs, €C/H CTeleHb
npespautenns H, npu paccunranHoli Temneparype Gyaer pasna 30 1 18 %,
peaKiHs BTOPOro MOPSiAKA, KOHCTAHTA CKOPOCTH NMPAMOH peakudH k 1pH
T, = 556,2 K pasua 0,000119, a npu T, = 781,2 K k& = 3,58. [loxaxu-
Te rpadHUecKH, KaK MEHSAIOTCA PaBHOBECHbIH BBIXOJ H CKOPOCTb ITOH peak-
LUHHM OT TEMIEepaTyphl.

NMPUJIO)XEHHE

TaGauua 1. Mapaxops aTomos, cBA3ed K LMKJI0B

P.107 P. 197
Aronn ﬂm%-m“lex HuxpeMenthl casseft, k' a.m®/ax
xmodab— 1 Hka0n Xmoap™1

Yraepox 16,36 Cpsi3b:

Bopaopona npu: npocras 0
yraepoae 27,39 IBofinas romeonoJsp- 33,78
KucJI0poae . 17,79 Had
asoTe 99,93 Tpoitnas 67,56

ceMunoasipHas 0
Huxa:

Kucaopoa 35,56 TpeXUNeHHHH 22,23
> nepekUcHHi 37,87 YeTHpeXuJeHHHH 10,67

Asor 31,11 NATHYAeHH B’ 5,33

Pocdop 72,01 llecTHYJIeHHH # 1,42

Muibsx 96,01 CceMHUJeHH N -7,11

Cypbma 120,90

Cepa : 88,01

Cenen 112,01

PTop 45,34

Xaop 97,79

Bpom 122,68

Hop 160,02

Bop . 3823

Kpemunii 55,12

OaoBo 114,68

Pryrs 122,68

Mpumeuanne T[pucoexunennie xByx HAH Goflee OTpH X
COOR, OR u T. I.) K OfiHOMY H TOMY XKe aToMy C, N, § Tnenemact napara s i o
CX, ua 5,33-10-7; naa CX, ua 10,67-10-7 u pan CXZ' Ha YHCHPIIACT NAPAXOD B CPeanen Jonn
16,00-10-7 epuuun.
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Ta 6\11 unna 2. dynkuun (H°r—Hjy) ans uexoropsix semects, kJlx/Moab

11 podoascenue maba. 4

Monekyna o, em~ 1 x,-10° B, em™ 1 Te, A Kﬂg?ﬁ.onb
DF 2998,19 15,3 11,00 0,818 273,2
DI 1639,6 12,1 32,84 1,61 298.5
Fy 917.55 12,9 0,89 1,41 159,0
FO 1060 14,6 1,104 1,32 2157
H, 4400,4 27,4 60,86 0,741 4359

HBr 2648,97 17,1 8,465 1,414 366,5
HCI 2990,9 17,65 10,59 1,274 4314
HF 4138,7 21,7 20,95 0917 566,1
HI 2309,01 17,2 65,11 1,61 2984
Iy 214,55 2,87 0,037) 2,66 151,0
10 681,47 6.3 0,340 1,868 222
K, 92,96 3,82 0,056 3,92 53,14
N, 2358,03 6,00 1,998 1,098 945,6
NO 1904,4 7,45 1,704 1,151 631,0
O, 1580,19 0,76 1,445 1,207 4987
OH 37379 29,7 18,895 0,969 4928,0
P, 780,69 3,61 0,303 1,893 489,1

!
T. K H.0 H, 0, CO, co COCl, HCI
300 0,084 | 0,054 | 0,054 | 0084 | 0,08 | 0126 | 0,084
400 3,743 2,958 3,025 4 017 3,012 6,234 2,971
500 6,945 5,883 6,084 8,326 5,941 12,845 8,889
600 10,544 8,812 9,242 12,929 8,953 19,790 8,870
700 14,226 11,749 12,502 17,782 12,050 | 27,029 11,841
800 18,033 14,703 15,841 22,803 15,188 | 34,434 14,853
. 900 21,966 17,673 19,246 | 28,033 18,410 | 42,007 17,949
1000 | 26,024 20,677 22,707 33,388 21,714 | 49,706 | 21,046
ITpodoaxcenue Taba. 2
T, K NH; HN,CI Na,CO, NaOH S, H,S
300 0,084 0,159 0,205 0,109 0,042 0,084
400 3,807 9,68 11,996 6,350 4,640 3,556
500 7,824 23,47 26,295 13,300 8,665 7,196
600 12,217 33,09 40,593 34,200 12,150 11,046
700 16,862 43,82 57,612 42,748 15,498 15,021
800 21,840 — 74,630 51,296 73,341 19,205
900 27,112 — 91,251 59,727 75174 23,614
1000 32,635 —_ 107,872 68,157 77,019 28,033
Ta6auna 3. Nuddysnounbiit norenunaa npi 298 K
SNeKTPOJNUT ¢-10®, B DJIeKTPOJIHT @103, B
1M HC1. KClyacpim 14,1 0,1 M KCI/KClgacrpm 1,8
0,1 M HCI-KClyacpim 4,6 0,01 M HCI1/0,1 M KCI 26,9
0,01M HCI-KClyacpim 3,0 0,01 M HCI1/0,1 M KCi 9,1
0,01M HCI0,09M 2,1 0,1 M NaOH/0,1 M KCI —19,2
NaOH - KClyacsu 0,01 M NaOH/0,1 M KCI —45

Ta6auna 4. Monexyaspusie KOHCTAHTH ABYXaTOMHRX MoJeKyd
®, — co6cTBEHHOE BOJIHOBOE YHCJO; Xe — KO3 dulueuT aurapMoHuuHoCTY;
B. -— Bpamarenbuie noCTOAHHKE, ro — paBHOBeCHOE MEX'bAJEPHOe PACCTOSHHE, .
Dygs — 3Heprus mucconuanmum

Moekyna ®,. cu! xg-10° B, en~ ! Ter A K]I).i('/.:i;)nb
Br, 326,3 3,31 0,0821 2,28 192,9
BrCl 444,27 4,15 0,152 2,13 215
Cl, 559,75 4,81 0,244 1,987 242,3
CIF 786,15 7,84 0,516 1,63 262,5
Co 2169,81 6,11 . 1,931 1,128 1075
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MporpamMmbl pas peureHHsl HeKOTOPHX 3apay
HA MHKPOKaJbKYJAATOpPax «3JjiekTpoHuka MK-54» . «3Jjexrponuka
MK-46», «3nextponuka MK-61»

IOnst nepeposa MHKPOKANLKYJIATOPA B PEXUM NPOrPaMMHDOBAHMA CJAelyeT B
yKasauHOf 1oc/ef0BaTeIbHOCTH uaxars Kaasuiwy: B/o F [TPT. Tlpu atom Ha tabao
crpaBa 3aroputca 00 — azpec nepBoii onepauuy nporpammsl. ITocae BBoaa nporpam-
MH He0GXO01MMO nepeiTH B PexXUM aBToMaruyeckolt paboTH, AAd Yero ciaelyer HaxaTh
xknapumu F ABT.

3areM BBOAAT UCXOAHKE NAUHKE CAEAVIOWUM 06pa3oM: HabUPAIOT 3HAYEHHEe KAKO-
ro-nu6o napamerpa, HaAXXHMalOT KJAaBUIY X — [T ¥ 3aTeM HaXUMAIOT adeiixy na-
MATH, COOTBETCTBYIOLLYIO N0 IPOrpaMMe 3TOMY napaMmerpy.

IMpusenenune HuXKe NPOrpaMMb MOTYT OHTh TakKe HCIOJb30BAHBI A MHKDO-
KaapKyaaTopa «nekrporuka B3-3K» ¢ cOOTBercTBYIOI UM nepeBogoM:

Bt=1% tg-l=arctg
—->x=HIl a=A
x—>11=1 b=B.
sin~l=arcsin c=C
cos~1= arccos d=D
«>=XYy

1. MporpaMma pji pacdeTa SHEPTHH BPAR(EHHA ABYXATOMHOR MOJEKY/H KAK Ke-
CTKOTO poTaTopa:

E __.___Ii_- ; 1.1__._'.".L'_n2_m re
BD — Bn?l ](]+ )y - ’"1+m3 aloy
myt+m) B2
Eop=—t Bl 1),

8a%m, mgmgrd

(my - my) h?

Be=—— e
8mimymymgr
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BBeante B suefikn naMsATH HeoGXOAUMBIE A5 PAGOTH BeJHUHHHL:

Breaute B sueliky nmaMHTH HeOGXOAHMHE AJH pacieTa BEeJHYHHH!

Anpec Onepastusa Koa || Aapec Onepuuus Koa | Anpec Onepauus Kogx
00 IT—>x1 61 10 = 13 19 = 13
01 IT—>x? 62 11 IT—x1 61 20 x—>ITb 41
02 10 12 - 13 21 [T—>x5 65
03 I1—>x3 63 13 11— x? 62 22 1 01
04 Fx? 22 14 = 13 23 + 10
05 X 12 15 [T—>x° 60 24 X 12
06 8 08 16 + 13 25 11— x5 65
07 = 13 17 I1—>x4 64 26 x 12
08 Fn 20 18 Fx? 22 27 c/n 50
09 Fx?

Ne sidefikH Mamatu ' 0 l 1 ‘ 2 3 4 5
Beaunuuun ‘ mg my my h r )

rle j — KBaHTOBOE UMCIAO; r — MexbsigepHoe paccTosame [M.]; A — mocTosuuas
[nauka, 6,62-10-% IIk-c; m; u m, — aroMube MaceH B y.e.; m, — aToOMHas

exnuuua Maccw, 1,66-10—27 kr.

Tlycr nporpamMmut na cuer peanusyercs KaasuilaMu: B/o c/n. Ha HHAMKATOpe —
suHavenne Egp; Aas noaydenus B, RaxaTe Kaasuwy 1 — xb.

IIpoBepka nporpammut: j = 10; r = 10~ m; m, = 5; m, = 10.

IMpaBuabnoe 3Hauenue:

KBAHTOBOM yposue:

Egp = 1,10339-10-2°IIx, B, = 1,003-10—22 [Ix
2. TlporpamMMa pan onpepenenus ROJAH Mosekya N;/N, ua j-M spawaTeabnom

N;

0

=@j+1)e

h2

—EjIkT

’

Ei’—_—S—nTI—j(H_l)'

Anpec Onepauns Koa || Anpec Onepauus Koa [}Aapec Onepauns Kog
00 11— x1 61 09 I1—>x5 65 18 1—1 OL
01 Fxz 22 10 i 01 19 Fex 16
02 —>x3 63 13 -+ 10 20 I1—>x5 65
03 - 13 12 X 12 21 2 02
04 8 08 13 I1—x5 65 22 X 12
05 =+ 13 14 X 12 23 i 01
06 Fn 20 15 I1—>x2? 62 24 4 10
07 Fx? 22 16 -+ 13 25 X 12
08 - 13 17 I x3 -+ 26 c/n 50

Ne sueRtkH

Bearuuna

&
&
~
~
-

T — Temnepatypa, K; I — vomenT uuepuus, Kr-m?

j — BO€ YHCJO; a
rae j — KBaHTO 1,38:10-% Nx/K; h — nocroaunas [lianka,

k — nocrosauuas boabnMawua,
6,6262-10—3¢ Ix-c.
TMposepka nporpammu: | = 0,459-10~47 xr-m?; j= 5, T = 300 K.
Ipasuabuoe 3Havenne: N;/Ny = 1,69-10-3.
H TennoeMKOCTH H
3. NporpaMMa a8 BHYMCIeHHA KoaefaTeabHOH CoCTaBaswoue d
usoGapngﬁ I"ren.uoelmmc'm ABYXATOMHOrO BEleCTBA B MAEAALHOM razoobpasHoM o

CTOSAHHU:
0 \? o/r
R( T |°¢ 7
Cp=——(pm—1  Cpr= R+Cg.
e )
Axapec Onepauus Kon || Aapec Onepeauns Koa || Aapec Onepanus Koa
4 44
00 H—sx° 60 09 x—I15 45 18 x—T
01 17——-:;3 63 10 X 12 19 [1—xt 817
02 X 12 11 T—>x % g(l) Z 12
62 12 x
82 n_sz 13 13 [1—> x5 65 | 22 2 (l)g
05 x—>114 44 14 1 01 23 =+ 10
06 Fx? 22 15 — 11 24 + 50
07 M—x4 64 16 Fx? 22 25 c/n
08 Fex 16 17 = 13

Beeaute B syeiiky naMsaTH Heo6xoiMMBle s pacyeTa BeJHYHHH:

No AueRKH MaMatH 0 1 2

Beanuuna - We

BRE

rae hf% 1,43879 cm-K; R = 8,3143 x; T — Temnepatypa, K; ®, — yacTulla
eM-1. Ha nunukaTop BHBOLHTCs 3uauenne CY. Jlas BHBORA HA HHAHKATOD 3HAUCHHS
Cg HaXaTb KJaBHIY - x4,

IMposepka nporpaMmb: @, = 214,248 em—1; T = 298 K.

TpaBuasine oTseth: Cgp = 7,61096; C; = 36,71101.

477



i acyeTa BeJIHUHUH:
4. Tporpamma pas BHYHCACHHA KoaebaTeabHoHl cocTaBaHIOmel SHTPONHH BeepnTte B AuefiKH naMAaTH HeoGXOAHMBIE AJs P

ABYX4ATOMHOH MOJEKYAH HJAH OAHOH Koae6aTenbHOMH CTeNeHH cBOGOAB MHOroATOMH Ol ‘
MOJIEKYJ B : Ne suyelku

namMsaTH 0 1 2 3 \ 4
RO/T 0T
— _ ,—8/T —_—_— -
Swon=—R1n (1—e~1) + = 77577 Beauunna 10,3612 | R ‘ T P | M
= ST — i P — fa; M — nsip-
Appec | Onepanns Koa || Axpec| Onepauus Kon | Ampec| Onepauus Kox :{1;2 Ii{;cg,slfls Ix; T — remneparypa, K; P — nasneune, [la; MOJIeKYJISI D
. [posepka nporpammut: 7 = 298 K; P == 1,0132-10% I1a; M = 143.
00 H—x 0 60 10 12 | 90 1 ol Bepuoe suauenne: S8 = 170, 6274 Ix/(mons- K).
01 MM—x 3 63 11 17——+xx 1 61 21 - 14 6. Mporpamma pacueTa CyMMBbI COCTOAHHIL
02 X 12 | 12 X 12 | 22 — 11 L z=uzyy,
83 M—x 2 62 13 I-—x 5 65 23 F In 18 5
Og x—:H 4 ‘112 ;g 4-1- (l)zli g?, H—;x l ?é Inz;=1,51n M—l—-;—ln T—In P+ 19,222,
06 Y—A 16 — 11 26 7 4 64
07 Fex 16 17 - 13 27 —:x 14 Inz,=1in/4+1nT—Ino- 104,52712;
08 x—>lI5 45 18 x—>IT 4 44 28 — 11 1
09 I—x 4 64 19 M—sx 5 65 29 c/n 50 2y =————g77 -
l—e
hc
TRe &= 1,43879 cm-K; R = 8,3143 Ix; T — Temnepatypa, K; w, — uactora, Appec | Onepauns Koa | Aapec| Omnepauusn Koa | Aaxpec | Onepauns KoR
cm-1,
BreanTe B A4eAKH NaMATH HEOGXONHMbIe IS PacyeTa BeJHUHHH: 00 H—ox C | 6 93 X 10 46 X 12
0t F In 18 24 Fl/x %2 37 H;—;xb flié.
o 02 3 03 25 MT—x 4 8 e
Ne sayefku namsrtH 0 1 2 3 03 " 12 2 . 12 49 b 13
04 2 02 27 {1—x 5 ?g g(l) ;:——xl ?é.
he 05 - 13 28 X e
Beawsuia Y l R l T e 06 | m—xb { 6L | 29| m—x3 | 63| 5 I—1 | oL
07 F In 18 30° x 12 53 _]l (I)(l)
HUa um;jnxa’rop BHBOJAHTCH 3HaueHHe Sy,;. [ BbBOJA Ma HMAHKATOP 3MadeHHA 88 x——’é’ b ?)é‘ gé ”'F_’;gd gé‘ :5?(; F f;/lx i?
— U, ' 10 X 12 33 x 1 x—I1 7
(-—-—-—T on 1AKATH KIaBHWH [T — x 4 1 9 02 3 Fln 18 57 II—sx 8 68
[Mposepka nporpaMmu: ®, = 214,248 cm~1; T = 298 K. 12 = 13 35 H—x b 6 58 I—x 9 69
U—U, 13 4 10 36 + 10 59 X 12
[paBuabvunie snavenns: Syo; = 8,3939657 xk/(Moan- K); — = 14 D—oxa | 6— | 37 H—x 1 61 60 X 12
= 4,7425372. ot 15 F In 18 || 38 Fln 18 | 61 | x—IT6 gg
5. Tlporpamma Aasi BBUHCAEHHS MOCTYRATeabHONH cocTapasiomefl SHTponuu :(75 17——_>x 9 éé zg H—:x 8 (lié 62 c/m
BeeCTBA B HACAJbHOM ra3oo6pa3HoM COCTOSHHH: 18 B 10 4l 7 10
19 Fex 16 42 Fe* 16
Anpec | Onepauus Kox fAapec | Onepauus Kon || Aapec| Onepauns Koxn 3(1) ;C_l—_:lz 2 ‘(152 ﬁ )167:1; g ‘ég
22 M—x 5 65 45 I—x 2 | 62
8? ”;’—*lx 4 ?‘é gg 5 (l)g ig T 0 é(l) BBeauTe B s4e#iKH NaMATH HeoGXONHMBE I PacieTa 3HAYEHHS:
n X —>X
02 ' 3 03 10 2 02 17 + 10 N a
03 x 12 | 11 = 13 i 18 | M—sx 1 61 g |albleclalt|2 3 415 6 7 ]
04 2 02 12 + 10 19 X 12
05 -+ 13 13 M—sx 3 63 20 ¢/n 50
06 n—-»lx 2 ?2 14 Fin 18 Beanunna | P l T lM‘ d | o | well,6610~21| m,| myl 43879-10—2[104,52712[19,222
07 F in 8

‘
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rge P — pasiende, [la; T — Temneparypa, K; M — monekynspuas macca; d —
MexbsilePHOE PACCTOsiHHME, M; O — CTeneHb CHMMETPHH; ©, — YacroTa, cM=1; m, u
my, — OTHOCHTEJIbHbIE MacChl ATOMOB. B siuefiky 3 3aHOCHTCS aTOMHas eAMHHIA MacCe
cH, B aueilky 7 — (hc/k).

ITocae okoHYaHUs cueTa AJsi BHIBOAA Pe3y/abTaTa NpojesaTs CeAyioUlHe onepa-
HHH:

nocrynateabHasi coctaBasiiomas Zy = [ — x9;

BpamaTteJbHas coctaBasiiomas Z, = [1 — x8;
mas Zy, =M1 —>x7,

cyMMa cocTosHHd Z = [1 — x 6.

ITposepka nporpammb: P = 1,0132-10-5[la; T = 400 K; M = 80.10-3;
d=1,414-10" m; 0 = |; @, = 2649,683-10* m~1; m, = 1; m, = 79,

[lpaBuabubie 3navenus: Zp = 1,5925-108; Z, = 32, 59536; Z, = 1,0000726;
Z = 5,1914.109, .

7. BuBop [ko3dduunuentos ypasueHus CP=a+ bT +cT? pas Tpex H3BeCTHMX
3HAYEHHIH TENJI0EMKOCTH H TEMMepaTypH. .

Has pacueTa KOIQOHUHEHTOB HCNOJb3YIOT TPH NPOTPAMMBI, KOTOPble CJeiyer
BBOAHTb B MAlUHHY B NPHBEAEHHOH IOCJAENOBATENBHOCTH He BHKJIoOHas (!) U3 ceTH
MHKDPOKAaJNBKYJSATOP.

Mpoecpamma 1

KoJsiebaTenbHasi COCTABJSIO-

Anpec Onepauust Koa || Aapec Onepauus Kon Anpec Onepauus Kox
00 {1-——x 1 6! 26 T-—x 3 63 52 IT—xb 6L
01 H—sx 2 62 27 X 12 53 X 12
02 —x 3 63 28 - 10 54 -+ 10
03 - 10 29 x—I1 6 46 55 II-——x 3 63
04 -4 10 30 T—x 1 61 56 [I—x ¢ 6L
05 x—I1 4 44 31 Fx? 22 57 x 12
06 [I—x 1 61 32 Fx? 22 58 - 10
07 Fx? 22 33 II—x 2 62 59 x—i1 8 48
08 [1—x2 62 34 Fx? 22 60 T-—x |1 61
09 Fx? 22 35 Fx? 22 61 Fx? 22
10 -} 10 36 -+ 10 62 M—x a | 6—
B [I-——x 3 63 37 [T—x 3 63 63 X 12
12 Fx? 22 38 Fx? 22 64 [I-—x? 62
13 - 10 39 Fx? 22 65 Fx? 22
14 x—115 45 40 - 10 66 H-—x 6 6L
15 [T—x 1 61 41 x—>I1 7 47 67 x 12
16 Fx1 22 42 [l—x a 6— 68 -+ 10
17 I-—x 1 61 43 I1-—x b 6L 69 I—x 3 63
18 X 12 44 [I—sx ¢ 6] 70 Fx? 22
19 H—x 2 62 45 -+ 10 71 I—x ¢ 6]
20 Fx? 22 46 -+ 10 72 X 12
21 x? 62 47 x—1 0 40 73 -4 10
22 X 12 48 T—x a 6— (| 74 x—I1 9 49
23 -4 10 49 [I—x 1 61 75 c/n 50
24 H-—x 3 63 50 X 12
25 Fx? 22 51 [l—sx 2 62

Beeaute B sAuelikH naMsiTH HeOGXOAHMEIE AN PACYETA BEJHUHHD:
v BT IR B PR B c
Bennunna T , T, I Ts ' Cp l Cpy I Cps
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ITocne HaGopa mporpaMMel 1 BBOAA AaHHEIX HaXaTh KJAaBHIH B/0 U ¢/n. TToc/e oKoH-
YaHHA pacueTa NepeiTH B pexHM NPOrPAMMHUPOBAHMSA, AJs YelO HAXKATb KJABHUIH
8/o Frpr ¥ BBECTH B MHKPOKaJIbKYJIATOP nporpammy Il.

[TpoBepka nporpamumur I
Beectu: T, = 400; T, = 600; 7, = 1200; Cp, = 29,154; Cpy = 29, 685;
Cp; = 32,911,
Npumeyanue. Tlocie oKOHuanMs pacyeTa no nporpaMme I B gueiikax namsTH
3

3 3
4,5, 6,7 6yRYT HAXOAUTHCH COOTBETCTBEHHO 3 T ZTHEZT Z TE v B aveitkax
f=1 {=1 i=1"1{=1-

3 3 3
0,8,9 cooTBeTCTBeHHoilePi;iEl(CPiTi);i:Zl(CPiT,?).

Ilpu npaBuabHO#M paGoTe nporpaMMbl B sueliKax NMaMATH RO/MMKHb HAXOLHTHLCS
CIeAyiouIHe 3HAYEHHA:

N’n‘;;;’?,'f," 4 5 6 J 7 ) 0 8 ' 9
Beanuuna| 2200] 1,96-108 2,008.100 | 2,2288.1012| 91,75| 68965,8 | 62743080
ITpozpamma 11 '

Axapec Onepauus Koa (| Aapec Onepauusi Koa | Arpec Onepauns Kon
00 I—x 7 67 30 T—x 7 67 59 x 12
01 T—x 5 65 31 X 12 60 -—x 5 65
02 3 03 32 II—x 6 66 61 Fx? 22
03 x 12 33 Fx? 22 62 — 3]
04 x 12 34 — 1 63 H—x d 6
05 II-—5x 4 64 35 I-—x d 6 64 = 13
06 —x 6 66 36 -+ 13 65 x—I1 a 4—
07 I-—x 5 65 37 x—{1 1 41 66 [I-—x 6 66
08 X 12 38 I1-—x 4 64 67 3 03
09 x 12 39 [-—x 7 67 68 X 12
10 + 10 | 40 x 12 )| 68 | M—x5 | 65
It FBx 0 41 II—sx 6 66 70 I—x 4 64
12 -+ 10 42 II-—x 5 65 71 2 12
13 II-—-x 5 65 43 x 12 72 — 3
14 Fx? 22 44 — 3 73 [—x d eI
15 II-—-x5 | 65 45 I—x d 6 74 -+ 13
16 X 12 46 = 13 75 x—1I1 b 4
17 —_ It 47 x—I1 2 42 76 II—x 5 65
18 [I-»x 6 66 48 T-—x 4 64 77 3 03
19 Fx? 22 49 II-—x 6 66 78 X 12
20 3 03 50 X 12 79 [I—x 4 64
21 X 12 51 II-—»x 5 65 80 Fx? 22
22 — 3 52 Fx? 22 81 — 3
23 x4 | 64 53 — 1 82 n—x d 6r
24 Fx1 22 54 M—xd 6I 83 - 13
25 M-—x 7 67 55 =+ 13 84 x—11C 4
26 X 12 56 x—T 3 43 85 c/n 50
27 — It 57 [I-——x 7 67
28 x—I1 d 4ar 58 3 03
29 II-—5x 5 65

16 3ak. 767 481



I1a npoBepRA MPAaBUILHOCTH NPOrpaMMbl HCNO/Nb3OBATD namu;e nporpamlng;xmlé
[Moc/le oXoHuaHHs pacuera B Aueiikax 1, 2, 3, a, b, ¢, d ponxub OHTL Caely
SHAYEHHUA: )

N’,,::g?:" 1 ‘ 2 3 I a l b l c d
Beawunia 36,5}0,105 6,25-10-5 | 3,087-10-¢ | 1,867-10~7 I 1,128-10-10 |9,216.1018
Hpoepanma 111
Apnpec .Onepamm Kox | Aapec| Onepauus Koa || Aapec] Onepauns Kon
0 60

00 IH—-x 1 61 14 Y—A 0 28 [1—+x
01 H:x 0 60 15 MT-+x 0 60 29 X (lig
02 x 12 16 x 12 30 I+x 8 3
03 M—+x 2 624 17 I-+x a 6—f 31 T—+x b gL
04 Y—A 0 18 [T—x 8 68 32 Y—A 2
05 M—->x 8 68 19 X 12 33 x 12
06 x 12 § 20 + 10 | 34 + 0
07 -+ 10 21 Hsx 9 69 35 [I—x ¢ 69
08 1—+x 3 63 22 [Tx b 6 36 I+x 9 o
09 T>x9 69 23 Y—A 0 37 X it
10 x 12 24 X 12 38 + i
1 + 10 | 25 + 10 | 39 x—11 6
12 x—+I1 4 44 26 l1—+x 5 4? 40 c/n 50
13 I—+x 2 62 27 I+x 3 63

KoadpuuneHTs ypaBHEHH CP=a+bT+cI'2, a, b ¥ XxpaHATCA COOTBETCTBEH-
Ho B 4, 5,6, sAueifixax nmaMAaTH.
HJ,Iﬂ W3BJeUeHHs U3 MAMATH HAXKaTh Kaasuwy /1 — X 4 HOMep HYXKHOH suedKH.
posepka nporpammbi ITI. _ s
ﬂgasu&bﬂue 3HaYeHHs Ko(ppuuuentoB: a = 28,9085; b = 4,602-10-% ¢ =
T orras sapaHee, 4To
8. NMporpamma swuucienss ¢paxropwasa nl = 1. Ecau npuuate sap )
n % 0, To n! MOXHO BHIYHCAMTDL 10 clejylouell nporpamme;

Anpec Oneparop Koa || Anpec Queparop Koz ji ARpec] Onepatop Koa
01
1 0t 02 X 12 04 01
g(l) l1—x O 60 03 FLO 5r 05 c/n 50

3uavenne n BBoANTe B Avedxy 0. Has mwoboro n 2 0 BRUHCAAT #! no npo-
rpamme:

Appec| Onepatop Kon | Aapec]  Omecparop | Koa | Aapec| Oneparop Kor
00 | B o[ 04 X 12
0l x~[00 | 40 | 05 FLO 5T
02 1 01 | 06 03 03
03 O->x0 | 60 | 07 c/n 50
482

[TpoBepxa nporpammu: n = 6; nl== 720; n = 0; n! = 1. .

9. Tfporpamma /s BWYMC/IEHHS KOpHeil KBaJpaTHBX YypasHeHuil suja ax?--
+bx -+ c= 0.

B fAveiiky «a» BBORHTCS a, B «b» — 3HAYEHHE b, B «c» — 3HaveHHe c.

Ecau xopHu ypaBHeHHs ReficTBUTeNpHbIE, TO IO OKOHYAHHH pacuera Ha HHAHKATO-
D€ BLICBEUHBAETCS 3HAUEHHE X; U B AYEHKAX NaMATH | U 2 XPaHATCA COOTBETCTBEHHO
X; H X;. EC/IH KOpHH ypaBHEHHA MHHMblE, TO N0 OKOHYAHHH pacuera Ha HHAMKATOpE

BbhicBeynBaercs [0]. B saueiixax namatu O u 9 XPaHATCA COOTBETCTBEHHO AeHCTBHTEb-
Hasg U MHHMAas 49acTH KOpHeil,

Axnpec Onepauus Koa || Anpec Onepauus Koa | Aapec| Onepauus Kon
00 [I-x b 6L 1t — H 22 x>l 2 42
01 I>x a 6— | 12 Fx>0 59 23 BIT 51
02 - 13 13 25 25 24 29 29
03 2 02 14 Fy— 21 25 I—1 0
04 - 13 15 x—II d 4T 26 Fv™— 21
05 I—1 01 16 +x 0 60 27 x> 9 49
06 x—>[10 40 17 - 10 28 Cx or
07 Fx? 22 18 x—II 1 41 29 c/n 50
08 . [I-x C 6] 19 I-x 0 60
09 [I+x a 6— 20 [l-+x d 6
10 -+ 13 21 — 1t

ITposepxa nporpammur: 1) 5x% 4 2x—3=0; x, = 0,6; X = —1; 2) x2

— 2+ 10=0;% = 1 + i3; x, =1 — i3.

CraTtucTHyeckas 0GPaGOTKA HeNMOCPeACTBEHHLIX H3MepeHu i

INocsie BBOAA MpOrpaMMbl H NMepexoaa B pexxHM aBTOMATHYECK O paGoThl BBECTH B
AueliKH naMaTH 1, 2 3 cooTBeTCTBEHHO 1,, 1, H n3. B aueifiky a BBoAUTCA KpHTEpUH
Crolozenta ty (1), rae o — NOBepHTENLHAA BEPOATHOCTH, I — YHCAO H3MepeHHH.
B sueiixy d BBOgMTCA TOUHOCTH npubopa. ’

Npunyun pa6otw nporpammu. CHAYaMa BLIYHCAAIOT cpefHee 3HAYeHHe 71, 3a-
TeM (n — n). Ecan (1 — n) <d, 10 (7 — n) oT6packBAIOT H B AanbHefilen pac-

CHHTLIBAIOT AOBepHTEbHbIA uHTepsaa d. Ecau (n — n) d, 1o pacyeTr ROBepHTEJb-
HOro HHTepBa/a HAeT 3To 3HAYeHHe,

To oxonuanumu pacuera n xpauutca B fueiixe 0, An — B suelixe c.

Bce BbillleykasanHoe OTHOCHTCS KO BeeM NpOrpaMMaM CTaTHCTHYeCKOH 06paboTKu
HENOCpPEACTBEHHLIX U3MEPEHHH, ¢ Toll AL pasHuyell, 4T0 aas 4, 5,6, 7, 8 U 9-r0 H3-
MepeHHH COOTBETCTBEHHO 1, — 4, 1y — 5, ng—6,n; — 7,ny — 8, ng — 9 sAueiixu.

3Havenus xputepua CTviogenta ans AROBEPUTENbHON BEPOATHOCTH NPH O =

= 0,96:
5 , 6 l 7 8 , 9

n ' 3 ' 4
to(n) , 4,303 | 3,18 ) 2,776 | 2,571 ' 2,447 ‘ 2,365 ’ 2,306
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I pozpamma daz i=3

Anpec Oneparop Koa || Aapecj Omepatop Koa | Aapec| Onepatop Kon
00 H—x 1 61 16 25 25 31 — 11
01 I-+x 2 62 17 6 06 32 Fx<0 5(
02 M-+x 3 63 18 + 13 33 36 36
03 -+ 10 19 Fv— 21 34 IN-»x d 6r
04 4 10 20 M>x 6—|f 35 x=>11 b 6L
05 3 03 21 X 12 36 Dsx b 6L
06 - 13 22 x—=IIC 4 37 Fx? 22
07 x—110 40 23 oll 51 38 I->x C 6{
08 I>x 1 61 24 42 42 39 4 10
09 man 53 25 I—-x 0 60 40 x—11C 4
10 25 25 26 — 11 41 B/o 52
I I—x 2 62 27 Fx? 22 42 c/n 50
12 nn 53 28 Fv— 21
13 25 25 29 x—I1b 4L
14 I—>x 3 63 30 D>x d 6
15 mnmn 53

Iposepka nporpammui: n; = 6,3; ny = 6,7, ny = 5,9.
Tounocts npubopa d = 0,25.

IMpasuabubit orser: n+An; n= 6,3; An = 1,08645.
[Tpozpamma 0as i=4

Anpec Onepatop Koa || Aapec| Omneparop Koa || Aapec| Oneparop Kor
00 Dsx 1 61 17 i 53 33 Fx 22
01 I—x 2 62 18 31 31 34 Fy— 21
02 I-+x 3 63 19 I-x 4 64 35 x—I b 41
03 I-+x 4 64 20 mn 53 36 N>x d 6F
04 4+ 10 21 31 31 37 — 11
05 4 10 22 1 0t 38 Fx<<0 5(
06 + 10 23 2 02 39 42 42
07 4 04 24 =+ 13 40 H—x d 6F
08 + 13 25 Fy— 21 41 x—I b 4L
09 x—110 40 26 M—x a 6— | 42 D>x b 6L
10 I—-x 1 61 27 X 12 43 Fx? 22
It man 53 28 x—1C 4 4 O—-x C 6[
12 31 31 29 ol 51 45 . 10
13 N—>x 2 62 30 48 48 46 x—~1C 4
14 i 53 31 I—>x 0 60 47 B/0 52
15 31 31 32 — 11 48 c/m 50
16 I-+x 3 63

[Tposepka nporpamMmui: n; = 5,2; ny = 5,3; ny = 5,4; ng = 5,9.
TouuocTs npubopa d = 0,25.
IMpaeuasubii oTBeT: n+ An; n=5,45; An = 0,57364.
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ITpoepamma drs i=>5

Anpec] Onepatop Koa | Aapec| Onepatop Koa | Ampec! Oneparop Kon
00 H-x 1 61 19 an 53
01 T—-x 2 62 20 36 36 gg I{‘: x;_ g?
02 I—-x 3 63 21 I+x 4 64 40 x—[1b 41
03 I>x 4 64 22 mmn 53 41 I—x d 6F
8; _;; :8 33 0 36 36 42 -— I
- 4 —x 5 65 43 Fx<<0
06 - 10 25 amn 53 44 47< 2!1
07 I—-x 5 64 26 36 36 45 d—x d 6
08 -+ 10 |f. 27 2 02 46 x—I1 b 4L
09 5 05 28 0 00 47 I>x b 6L
10 = 13 29 = 13 48 Fx? 22
It x—+110 40 30 Fyv™ 21 49 I—-x C 6
12 H>x 1 61 31 [I+x a 6— || 50 -+ 10
13 mn 53 32 x 12 51 x—[1C 4
14 36 36 33 x-+1IC 4] 52 B/O 52
15 I—-x 2 62 34 1214 51 53 c/n 50
16 an 53 || 35 53 53 '
17 36 36 | 36 O—x 0 60 '
18 I>x 3 63 37 —_ It
ITposepka nmporpamme: n, = 3,3; n, = 3,8; = ; Mg = ; =
Tounocts npnﬁcfpa d = 01,25. ? "o = 90 M= 815 g = 3,85,
[TpaBunbHEl OTBeT: n +An; n = 3,42, An = 0,39493.
[Tpozpamna d4n i=6
Anpec OnepaTop Kom || Ampec Oneparop Koa Aapec! Onepatop Kog
00 I-x 1 61 21 an 53 41
01 I>x 2 62 22 41 41 42 17-:x 0 (lxl)
02 I-+x 3 63 23 >x 4 64 43 Fx2 22
03 IT-x 4 64 24 i 53 44 Fy™ 21
04 -+ 10 25 41 41 45 x—IT b 4]
05 4 10 26 I—>x 8 65 46 I—-x d 6I"
06 -+ 10 27 man 53 47 — 1t
07 I+x 5 65 28 41 4] 48 Fx<<0 5[
08 [Isx 6 66 29 I—+x 6 66 49 52 52
(l)g -+ 10 30 an 53 50 I-+x d 6r
‘ -+ 10 31 41 41 51 xI1 b 41
H 6 06 32 3 03 52 Ix b 6L
12 - 13 33 0 00 53 Fx? 22
13 x—[10 40 34 - 13 54 I+x C 6]
14 I>x 1 61 35 Fy— 21 55 4 10
15 an 53 36 I—->x a 6— || 56 x=[1C 4
16 41 41 37 X 12 57 8/o 52
17 —>x 2 62 38 x=>1IC 4] 58 c/n 50
18 an 53 39 b1 51
19 41 41 40 58 58
20 I>x 3 63
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[Mposepka mporpammbi: n; = 2,13 ny= 2,2; ny = 2,3; ny= 2,8; ng = 3,0

ng = 2,35
Tounocrs npubopa d = 0,25,

[paBuAbubil oTBeT: n + An; n = 2,45833; An = 0,40113.

IIpoepanma Oasn i=7

Appec Oneparop Koa || Aapec| OnepaTtop Koa || Aapec Oneparop Koxa
00 H>x 1 61 22 I-x 3 63 43 x—1IC 4
0t l—x 2 62 23 an 53 44 bll 51
02 -x 3 63 24 46 46 45 63 63
03 I—x 4 64 25 I>x 4 64 46 [I->x 0 60
04 4 10- 26 an 53 47 — 11
05 + 10 27 46 46 || '48 Fx? 22
06 -+ 10 28 [I-x 5 65 49 Fv— 21
07 I-+x 5 65 29 I 53 50 x—1Ib 4L
08 I-+x 6 66 30 46 46 51 H—x d 6I"
09 M—ex 7 67 31 I>x 6 66 52 — I
10 + 10 32 I 53 53 Fx<<0 5]
I + 10 33 46 46 54 57 57
12 + 10 34 sx 7 67 55 I-x d 6F
13 7 07 35 man 53 56 x—[1b 4L
14 - 13 36 46 46 57 d—-x b 6L
15 x—I10 40 37 4 04 58 Fx? 22
16 H—x 1 61 38 2 02 59 I—-xC 6{
17 an 53 || 39 = 13 || 60 + 10
18 46 46 40 Fvyv— 21 61 x—I1C 4
19 I->x 2 62 41 I-+x a 6— 62 B/0O 52
20 I 53 42 X 12 63 ¢/n 50
21 46 46

ITpoBepka nporpaMmbl:
ng= 1,5, 1,= 1,6

n= 1,3 ny= 1,7, ng=1,5; ng= 1,4; ny = L,7;

TouHocts npuGopa d = 0,25.
IpaBunbhoe peilenue: n + An; n = 1,52857; An = 0,24974.

I pozpamma 0an i=8

Appec Onepayss Koa || Aapec Onepayus Koa || Ampec{ Onepanus Koa
" 00 lI-x 1 61 24 I-x 3 63 48 x—=1IC 4]
01 [Isx 2 62 25 mnn 53 49 sl 51
02 I-x 3 63 26 © 51 51 50 68 68
03 [I>x 4 64 27 I—-x 4 64 51 d—x 0 60
04 -4 10 28 nn 53 52 -— 11
05 + 10 | 29 51 51 53 Fx? 22
06 4 10 30 [I—-x 5 65 54 Fvy™— 21
07 I-x 5 65 31 i 53 55 x—ITb 4L
08 I—>x 6 66 32 51 51 56 I—-xd -| 6F
09 I-x 7 67 33 >x 6 66 57 — i
10 -4 10 34 nmn 53 58 F x<<0 5[
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Hpodoasmenue npoepammo

Anpec Onepayus Kon | Aapec Onepauus Koa | Aapec Onepayus Koa
It -+ 10 35 51 51 59 62
12 + 10 36 -x7 67 60 sx d 312_
13 T-+x 8 68 37 nn 53 61 x—=>IT b 4L
14 + 10 | 38 51 51 62 O>x b 6L
15 8 08 39 [—-x 8 68 63 Fx2 22
16 = 13 40 an 53 64 M-x C 6]
17 x=170 40 41 51 51 65 -+ 10
18 I—-x 1 61 42 5 05 66 x=1IC 4
19 amn 53 43 6 06 67 B/0O 52
20 51 51 44 -+ 13 68 c/n 50
21 I—-x 2 62 45 Fv— 21
22 mn 53 46 I-+x a 6-—
23 51 51 47 x 12
ITpoBepka mporpammbl: nmy = 1; ny=2; ng= 3, n,=5; nyg= 2,5 n; =

sty

ny =

Tounocte npubopa d = 0,25.
[Mpasuashbil oTBeT: n4An; n = 2,575; An = 1,3360484.

Ilpozpamma dan =9

Anpec ‘OnepaTop Koa | ARpec Oneparop Koa || Aapec{ Onepatop Koa
00 T—x 1 61 25 56 56 50 B
01 I-x2 62 26 +x 3 63 51 17F—>];a 621-
02 I-x 3 63 27 I 53 52 x 12
03 x4 64 28 56 56 53 x=1IC 4
04 -+ 10 29 I->x 4 64 54 b 51
05 —+ 10 30 i 53 55 73 73
06 -4 10 3t 56 56 56 T-+x0 60
07 [I-x 5 65 32 IT—-+x 5 65 57 — 11
08 [I-+x 6 66 33 an 53 58 F x? 22
09 H>x 7 67 34 56 56 59 Fyv— 21
10 -4 10 35 [I—>x 6 66 60 x—+[1b 4L
11 —+ 10 36 mamn 53 61 [T—>xd 6F
12 -4 10 37 56 56 62 — i
13 [I->x 8 68 38 T—x 7 67 63 Fx<0 5]
14 I-+x 9 69 39 an 53 64 67 67
15 -+ 10 40 56 56 65 [I—xd 6F
16 -+ 10 41 I—-x 8 68 66 x—[1b 4L
17 9 09 42 I 53 67 [I->xb 6L
18 - 13 43 56 56 68 Fx? 22
19 x—[10 40 44 I—-x 9 69 69 T—-xC 6{
20 T>x 1 61 45 an 53 | 70 4 10
21 mn 53 46 56 56 71 x=>1IC 4
22 56 56 47 7 07 72 B/0O 52
23 [I—>x 2 62 48 2 02 73 c/H 50
24 nn 53 49 -~ 13 :
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{IpoBepka nporpammsbr: n; = 1,2; ny = 1,3; nz3= 1,4; ng= 13; ny = 1,2;
ng — l,4; neq = 1,0; ng = 1,35; ng — 1,6.

Tounocts npubopa d == 0,25.

[IpaBuabHbiii orBeT: n4An; n = 1,30555; An = 0,213566. .

Hns cratucTHyeckoil o6paBoTKH HenoCPeACTBEHHBIX H3MepEeHHH AJst JIO60TO {
MOXHO HCMOJIb30BaTb NPOrPpaMMy, COCTOALLYIO M3 ABYX HacTed.

Koadpuuuenr pacnpepenenus CToiofiedTa AJs pa3/HYHLIX ypPOBHell 3HAUHMOCTH
(RoBepHTE/NbHBIX BepoATHOCTEN) MOXKHO B3ATH U3 KHuTH B.E. 'Mmypman «PykoBoactso
K petleHHi0 3a%a4 0 TeOPHH BEPOSATHOCTeH M MaTeMaTHUeCKOil CTaTHCTHKe», NPHJO-
xende 6, ¢..393. Cneayer yuects, 4TO 4HCJ/I0 cTeneHell cBoGoabl k = | — 2.

ITocaie BEORa mporpaMmel B Ayeliky 0 — unciao H3Mepenuil, B Aueitky 9—7,(n),

B sAveliky d — TouHocTh npubopa. I[To okOHYaHHH pacyeTa B suelike a — n B AyeliKe
¢ — An.

[Tpaeuaa paGoTwm c¢c nporpammodit. Ilocne BBoAa Bcex 3Ha-
ueHHil HaXaTb Ha KJAaBHIH B/0, ¢/n. Ha unAuKarope 3aroputcs 1. 3To 3Hauur, 4TO
Heo6X0AHMMO BBECTH NepByio TOuKYy. HabpaTs Ha kJiaBHaType 3HaYeHHe NepBOH TOUKH H
HaxkaTp kJaBHlly c/n. Uepe3d HeCKOJbKO CEKyHJ 3aropHTCS UHDPa 2, C1eA0BATENbHO,
HeoGXOAMMO BBECTH BTOPYIO TOuKY H T. A. [Tocse BBOAA nmoc/lenHell TOUKH HA HHAHKA-
Tope BHOBb 3aropurcs uudpa !. 3To 3HAUHT, YTC CpejlHee 3HauYeHHe PACCUYHTAHO H
AJs BBLIYHCJEHHS ROBEPHTELHOIO HHTepBaJla HeO6XOAHMO BHOBb BBECTH BCe TOUKH,
HaXKuMas nocie BBOAA KaXAOH TOUKH KJaBHIly c/m.

Korxa Bce ToukM BBefeHb — Ha WHAMKATOpPe M B fveiike ¢ — 3HaueHHe An,

B fAdeiike a — 3HaueHHe n.

HApoepamna dan a1060zo i

Axpec Onepatop Koa | Aapec Oneparop Kon || Anpec OnepaTop Kon
00 1 0t 21 Hsxa 6— 42 1 0t
01 x—[16 46 22 — 11 43 — It
02 [I-+x6 66 23 Fx? 22 44 T—-x5 65
03 ¢/n 50 24 Fv™ 21 45 X 12
04 [T—-xa 6— 25 x—IIb 4L 46 - 13
05 —+ 10 26 I->xd 6F 47 Fy— 21
06 x—Ila 4— 1| 27 — 1 48 I->x9 69
07 Kll—>x6 Ireé 28 Fx<<0 5 49 X 12
08 Kll—»x 5 I's 29 32 32 50 x-—IIC 4{
09 FLO 5r 30 I—xd 6F 51 c/m 50
10 02 02 31 x>Ab 4L 52 Cux OF
It I-xa 6— | 32 I—>xb 6L 53 x—[la 4—
12 x5 65 33 Fx? 22 54 X115 45
13 = 13 34 H—>xC 6] 55 x—[1C 4{
14 - x—[la 4— 35 -+ 10 56 bl 51
15 I>x5 65 36 x—[I1C 4] 57 00 00
16 x—>[10 60 37 KIT—+>x6 F6
17 1 0t 38 FLO 5F
18 x—J16 46 39 19 19
19 [T—+x6 66 40 [T—-xC 6
20 c/n 50 41 [T-+x5 65

[Tposepka nporpaMMbl no JiOGLIM NPEALAYIIHM 3HAYEHHAM.

Nporpamma auneiinoil HuTepnossunu. Yacto ciyvaercs Tak,uTo HeOGXOAUMO
onpeaeNuTy TaGJNHYHLIA napaMeTp, HaXOAALHACA MeXXAy H3BeCTHLIMH TouKamu. Ha-
npuMep, NycTh JaHa 3aBHCHMOCTb JABJIEHHS OT TeMIepaTyphi:
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P, Mlla o1 |02 03] 04 0,5 lo,6|0,7| 08 | o9

T, K 271,5 | 280 | 289 | 298,5 308,5 , 319 [ 330 I 341,5 | 353,5

HaM Heo6X0AHMO onpeleJHTb TeMnepaTypy npH Aaedenuu 0,417 MIla, Ias
3TOro, Y4HTHIBas, 4TO 3aBHCHMoCTb P={ (T) HeJuHeliHas, NpegnosaraeM, 4To HH-
TepecylomHit HaC y4acToK OCH — JHHelHbi. BBoxum nporpammy:

Anpec OnepaTtop Koa | Aapec Onepatop Koxn |l Aapec Onepatop Kon
00 x—[14 44 08 x—[I5 45 16 [I->x5 65
01 FO 25 09 T->x2 62 17 T—>x3 63
02 x—>[13 43 10 T—-x1 61 18 —_— 11
03 Fo 25 3] — 11 19 X 12
04 x—I12 42 12 I—>x4 64 20 [I+x1 61
05 Fo 25 13 T-x3 63 21 —+ 10
06 x> JT1 41 14 — 11 22 c/n 40
07 c/n 50 15 = 13

[TpeanosoXuM, 4TO ecTh Hekad o6mas 3asucumocTs [ == [ (Y). B sToM cayyae, ecau
neo6X 0 HMO onpeRe/HTb ¥y, Nexallee MeXAy Y, u YV ,, KoTopoMy cooTBeTCTBYeT H3-
BECTHBIH napaMeTp /”, BBOX NPOU3BOAHTCA B CleAyioleM NOpALKe:

Yi; BotiYes Bt Iy Bt s
HaxumaoT kaasumu /o u ¢/n. [locse octanoku nporpammer [ BBOAATCA B pe-

rdctp X (1. e. npocTo HaGHPAIOT 3HaueHHe) H HaXKHMAIOT KJaBHuwy ¢/n. ITo okoHua-
HHH pacyeTa Ha HHAMKATOpPe TOPHT 3HaueHHe Y,

1”
L ... I,
¥y LY,
Vs
B obumem cayuae pacueT NpoH3BORUTCSA NO popMyJe
I"—1
Va=Yi4———— (Y—V3).
T |
B Hamem npuMepe npH NpaBUILHOM
BBOAE NPOTPAMMbI H HCXOAHBIX RaHHBIX LaB-
nennio 0,417 MIla coorsercTByer Temnepary- [} N
pa T = 300,2 K. \Q‘

Nporpamma BuuYHC/IeHHS WHTerpaJa (njo-
HAJH NOALHTerpajbHOd KpHBOA) C HCMoO/b- |
3osaunem cymm Jlap6y. [Iycts ects HekoTo- Fxju -
paa kpusas f (x) (puc. 59), HeoBxoanumo on- ot ——-+
peneauts f (x) dx, T. e. paccuuTaTh NJOHWARDL "
NOAbIHTEr paibHOR KPUBOH OT TOYKH 4 RO TOY-

KH b. OTpesok ab paaGuBaem 1o n paBUBIX Ya-
creit. Benuunny h — war paaGuenuns u | — a I
UHCIO pa3GHeHuil BBexeM B sAYefKH NaMATH
coorBeTcTBeHHO h — d, { — 0. Tlocae BBoga
nporpaMMbl HaXKHMaeM Kiasuuln 8/o u ¢/n. Ha  Puc. 59. 3asucumocts y=b(x)
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Mpoepamna 1

f(x)l ::Jf:ﬂk:?og{gog:ropaerm uudpa !, caeposa-
’ ’ OAHMO BBeCTH 3HaueHusa [ (X Appec
«ItO HejOCTATKYy» M «NO H3OLITKY» AJs ne;{n(og Anpec Onepartop | Kon I Anpec| OnepaTop Koz AD! Oneparop Kon
23 k- _— ToukH (a). Bmox mpouseopuTca ciaepyomuM
! obpasom: f (x) HepoctraToK B} [ (x) u3buitok 00 1 01 33 M->x3 63 65 -+ 10
) c¢/n. Hanee aaropaercss uudpa 2 4 T. L., npH- ) x—>I16 46 34 x 12 66 M—>x2 62
55 - == yeM WA KaXJAOro 3jemMeHTa paslHeHHdA He- 02 T-+x6 66 35 — 11 67 — it
06XOAMMO BBOAHTb CHayasJa HeRoCTaTok, Mo- 03 c/n 50 36 I—-x8 68 68 Fx? 22
Ir- TOM H3OLITOK. JT0 CcAeAyeT MOMHHTb, €CJaH 04 x>T4 41 37 T->x5 65 69 -+x7 67
] bYHKUHA HMeeT 3KCTPeMyM Ha HCCAelyeMoM 05 FO 25 38 X 12 70 -+ 10
OoTpe3Ke, ecJqu (yHKIUA MOHOTOMHas — 3a- 06 x—112 42 39 T—-+x3 63 71 x—I17 47
jasa ynpouiaercs- 07 I1+x4 64 40 Fx? 22 72 KII—+x6 F6
1 4 7 0x Ilepen mauaiom paGotel B Auellky 6 Be- 08 -+ 10 41 — 11 73 FLO 5F
ctd uncao 1. Ilocse okouuauus pacuera B 09 x—I14 44 42 -+ 13 74 56 56
Puc. 60. 3aBucuMocTs b(x) ot X . n n 10 T->x1 61 43 x—ITb 4 75 Hx7 67
aveilke A —> X S 3 B—+>Z S8 .. 11 I-x3 63 44 I—-x3 63 76 M—->x5 65
, {=1 ‘Henot i=1 o 12 + 10 || 45 x 12 77 2 02
13 x->I13 43 46 x4 64 78 — 11
C~{ F 14 Trx1 61 | 47 - 14 | 79 - 13
- 15 Fx? 22 48 . — 11 80 x->d 4F
16 T->x8 68 49 [1—-x5 65 81 x5 65
17 + 10 50 = 13 82 X 19
Anpec Onepatop Koa || Aapec OnepaTop Koz | Aapec | Onepatop Ko 18 x-118 48 51 x—[Ta 4— {1 83 I1->x8 68
19 II>x1 61 52 T-+x5 65 84 x5 65
) 20 M->x2 62 53 x—I10 40 85 X 12
00 n—>x6 66 12 x 2 24 M->xa 6— 21 x 12 54 1 01 86 M—>x3 63
0t c/m 50 13 H-»xb 6L 25 4 10 22 n->x9 69 55 x->I16 46 87 Fx? 29
02 x—112 42 14 - 10 2 x—TIC 4 23 -} 10 56 M—+x6 66 88 - 11
03 FO 25 15 x—>1b 4L 27 c/n 50 24 x-+I19 49 57 c/m 50 89 + 13
04 x> 41 || 16 KI1—~x6 F6 | 28 Cx OF 25 | KII-xb 6 58 x—>1 41 | 90 111 41
05 M-»xd 6r 17 FLO 5F 29 x—[la 4— 26 KT->x5 5 59 FO 25 91 M->x8 68
06 x 12 18 00 00 30 —ITb 4L 27 FLO 5 60 x—>112 42 92 x 12
07 M>xa 6 || 19 M->xb 6L | 31 BI1 o 28 02 02 | 6l M—>xl 61 | 93 M>x5 65
08 -+ 10 20 MI->xa 6— | 32 x—I16 46 29 1->x9 69 62 O->xb 6L 94 - 13
09 x—+1la 4— | 21 —_ 11 33 bl1 51 30 I—>x5 65 63 x 12 95 x->I12 49
10 T->xb 6F || 22 2 02 | 34 00 00 31 x 12 | 64 M->xa 6— || 96 c/n 50
1t I>x2 62 23 =+ 13 32 | M-x4 64

¢/n. Ha nugukatope saroputcsa uudpa 1. Beecru y;tx; ¢/n, Ha nuaukatope 3aropurcs
2. Beectu BTOpyIO TOuKy H T. A. [focse Toro kak Bce TOUKH BBEJCHHI, Ha HHIHKATOpE
BHOBL 3aroputcs uudpa 1. TTosroputs BBOA Beex Touek. ITo okonyaHuu pacyera B

[Tnowans BuyuCAAIOT no popmye (puc. 60)

n n
. adelikax maMATH GyAyT COAEpPKaTbCA Clefyloliie 3HaieHus:
b‘ n 2 S’MBG - 2 lHelIOGT
(Fey=Y% s; i=1 i=1 Auefika 3uavente d _ S2
2 i-‘l ‘HeloCT + D) , A — a aa
- B — b 1 - S
rge S; — maowags OAHOTO NPAMOYTOJAbHHKA. 4 — gyi g1
[MpoBepka nporpamumni: g - gxzi 2 - “
— X
ljp 3_‘ 3 9 - Ex, Y2
f (x) =239,45; Sy =28,5; ¥ 8§, =504 7 —  (kBamparui- .
l i~_2—-’l HeIoCT ’izdl tus6 ’ Hbll:4 KpuTe-
puii pacco-
flporpamma merosa naumenbwuX xpajparos. [Ipepsaraembie mporpammser MHK T/1acoBaHHil)
28;?::;2;;?&??:28? :;pax'repnc-mqecxne napameTphl MuHeRHOR perpecchou- BhinucaTh BCe 3uaueHus, TaK KaK OHH MPHIOAATCS B RaibHelmel o6paborke, ¥ oun-
[Mocsie BBOAA NpoOrpaMMmbi H NMepexola B PeXH B CTUTb BCe AuefiKW MaMsTH H PerHCTpH CTeKa. [lepeliTy k mporpamme 2, 4TOGH olie-
pop pexox P M ABTOMATHUECKHX BLMHCIeHUR HUTb CTATHCTHYECKYIO 3HAYHMOCTD.

BBECTH UHCJIO IKCHEPUMEHTANbHBIX ToueK (i) B sueflky O, maxars kiasumu Bfo;
491
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ﬁpoepamua 2

Appec Onepatop Kon Wl Agpec | Omneparop Koa i Arpec| Oneparop Koa
00 T—+x4 64 08 1 (1] 16 Fx>=0 59
01 I—xC 6] 09 c/n 50 17 20 20
02 X 12 10 T->x4 64 18 2 02
03 x—{1C 4 1 1->xd 6F || 19 c/n 50
04 I->xb 6L 12 X 12 20 I--+x9 69
05 - 1 13 x—>Ild 4F 21 c/n 50
06 Fx>0 59 14 Isxa 6—

07 10 10 15 — 11
BBecTH B siuefiKH NaMATH Cleayiouye 3HaAYeHHA:
3HadeHHe Ayeiika

S,f — c

s2 — D

a — A

b . B

10BIT99BI16B 9

tqg (m) = 4, rae tg (m) — kputepuii CTpiofenta; d — AOBepHTeJIbHAA BEpOATHOCTb
(ypoBeHn 3HAYUMOCTH) AJIsl OAUOCTOPOHHEH KpHTHUecKo# 06JaacT; m—-yHc/io IKche-
pHMEHTaJbHLIX ToUueK (m == i).

HaxaTs kaasuwy B/o, ¢/n. Eciu Ha uHauKaTope 3aropaercs 1, To b < Ab, cie-
J0BaTe/NbHO, ero Heo6X0AHMO OTGpocHTb. Ecau 3aropurca 2, 10 a << Aa. Ecau 3a-
roputes E 000000, to 06a KoadodHuHeHTa MMEIOT CTATHCTHYECKYIO 3HATHMOCTD; Ab
paxoautcs B suefike C, a — B Avefike D. .

Il npoBefeHus AajqbHeAUIMX PAcUeTOB BHOBb OUHLIAKT PETHCTPH NaMATH H
cTeka. '

TporpaMmy 3 HCNOJB3YIOT AJIA PerpecCHOMHOro aHaIu3a.

BeecTH B PEruCTpbl NaMATH CJAeAYyIOLUIHe 3HaYeHus:

sAveilka — 3HayeHHe
A —_— a
B — b
0 — m
i —_ n
7 —_— 10BI199BI11
4 —_ 10BI199BI16
,2 - Szn
c —  EB. i fa)
A —  F(B. fa £,

rae F — Kputepuit ®umepa — CuegeKopa; B — noBepuTebHAs BEpOATHOCTh; f;=
=n—2 f=m—2; m — 4ucio To4eK B 3KCNEPHMEHTe; I — UHCJO NApalae/b-
HBIX OTK/IHKOB Y;; OT X;.

Tlocne BBOAA nporpaMmbl ¥ BCex 3HAYeHHi HaXKaTh KJasuumH B/o, ¢/n. Ha uuau-
KaTope 3aropuTcs 1, BBeCTH X;, HaxaTb KJAaBHmy ¢/m, HA HHAMKaTope 3aropurcs 2,
HBECTH Y13, ¢/l ¥ TaK jajee A0 yyn; Nocie BBOAA Yyn, ¢/N, HA HHAUKATOpPE 3arOPHT-
s 2, BBECTH X5, ¢/, 3aroputcs 1, BBECTH yyy, ¢/, 2—Y, 41, ¢/l ¥ TAK Aa/ee NO BCeM
HHKJIaM. ’

{locsie BBOAA mOC/exHero 3HAYEHHA NPOrpaMMa BHAAeT oTBer, Eciu Ha MHAHKa-
tope saroputca E 00 — 3HauuT ypaBueHuHe nealeKBaTHo, ecidu E 000000 — agek-
BaTHO. B peructpe 8 xpaHsarcs snaueuns Sy?. B perucrpe 2 — Fskc. 1.

Ta6nuna 3navenn®t Kpurepuii ®umepa — CHezeKopa ecTh B  yueOGHHKe
B. E. rMmeaH «PyKoBogcTBO K pemtenuio 3agau no TeopHH BepOSTHOCTell M mare-
MaTuyecKoil cTatHcTHKey (c. 394, npuioxenue 7).

HOnsa JaJabHeRmux pacueToB BHOBb NPOBOXHTCA OUYHCTKA pETrHCTPOB MAMATH H
CcTeKa.

{Ipozpamma packera exopudopa owiubor»

Anpec Oneparop ' Kon ” Anpec’ Oneparop , Kon lAnpecl Oneparop Kon

Hpoepanna 3

Agpec Oneparop Kop || Anpec Oneparop Kon || ARpec| Onepatop Koa
00 1 01 20 FL1 5L 40 - 13
ot x—=I16 46 21 11 11 41 x-»112 42
02 T->x6 66 22 [I->x5 65 42 1 01
03 c/n 50 | 23 1 01 43 — i
04 I—-xb 6L 24 —_ 11 44 Fx<0 5]
05 x 12 25 x0Tl 41 45 51 51
06 Hoxa 6— 1| 26 KiI—>x6 F6 46 I—x2 62
07 -+ 10 27 FLO 5F 47 Fl/x 23
08 x+[19 49 28 02 02 48 x->012 42
09 1 01 29 [I->x8 68 49 I->xC 6]
10 x-+I15 45 30 I—x6 66 50 x—IId 4F
i I—-x5 65 3t 1 01 51 I-+xd 6F
12 c/n 50 | 32 — 11 52 1—>x2 62
13 I-»x9 69 33 + 13 53 — 11
14 — 11 34 I-sx1 61 54 Fx>0 59
15 Fx? 22 35 1 01 55 58 58
16 I->x8 68 36 — 11 56 I->x4 64
17 4 10 37 -+ 13 57 c/n 50
18 x> 118 48 38 x— [18 48 58 I->x7 67
19 Kl — x5 F5 39 - x2 62 59 - ¢/n 50
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00 x-»[15 45 10 T-x2 62 19 T-x2 62
01 FO 25 11 X 12 20 Fl/x 23
02 x-»[16 46 12 T->x3 63 21 -+ 10
03 Isxqa 6— 13 I-x2 62 22 Fy— 21
04 — 11 14 X 12 23 I—>x1 61
05 I->xb 6L 15 x4 64 24 X 12
06 -+ 13 16 - Fx? 22 25 I-+x0 60
8; [I-x5 (li? 17 — 11 26 x 12
— 18 =
09 Fx? 22 13 2 e/m %0

Tocae BBOAA NpoOrpaMMbl BBECTH cleaylomye 3HaYeHUA:

siyefika

W N =S W

3HaueHHe

— a
— b
— t,(n)

— SanzV%
m

— Ix?
—_— in
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BeecTH Ysuen, BT, Xagen» B/0, ¢/n. Ha un-
AHKaTope nosABHTCA 3uauenue Ay. Pacuer
NOBTOPUTh N0 BCeM 3KcnepHMeHTaabHbIM
ToukaM. [To nosyuennsim pesyantaram cr-
posiTcs ABe runepbobt, o6pasyioimne «Ko-
PHAOP CIMHGOK», T. e. ¥ + Ay.

Ay{~---———— Noscuenne x nporpamme MHK. TIpo-
U e cTeiilllee ypaBHenHe JHHeRHON 3aBUCHMO-

CTH y OT QaKTOopa X:

y=a-tbx.

Kosddpuunentsr perpeccun MoxHo BHYHC-
JHTb N0 GopMyJIaMm:

. m m m
Xy X mz xi!/i—z XiZ Yi
b— i=1 =1 i=1 R
m 2
._( 2 xi
i=

\ 1

m
i

2
X

I¥E

B 3TuX BHIpaxkeHHAX Ko3GbHLHEUTH PerpeCcCHH ONpefeNsioT Ha OCHOBAHHHM H3Mepe-
uHi, NPOBEJEHHBIX B /M IKCIEePHMEHTANbUBIX TOUKAX (M = 2), T. e: N0 M ypaBHeHH-
M.
2
Encnepcnﬂ a1eKBaTHOCTH MOAeNH S} XapaKTepH3yeT Mepy OTK/JOHEHHS Aau-

ubix y; (puc. 61), pacCYUTAHHLIX NO YPABHEHHIO PerpecCHH, OT IKCIEePHUMEHTANbHBIX
peayJbTaToB Y; ANA i-aCT TOYKH, B KOTOPOH NpoBefeHO H3MePeHHe:

m
~1\2
;; (yi—y)
2 =—
an m—2
npu 4ucsae creneHed ceoGoan f = m — 2

2
mSi,

JIoseputensuble uHTepBadL Aa u Ab:
Aa=x+t, (HY Si:Ab==xt, () S}.

~~
Koa(duurenThl ypaBHeHHs 3HAYMMEI, eCJAH BhNoJusercs yclosHe 8 > Ag u
~~
b > Ab.
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Bri6opounas aucnepcus S? onpenensercs no gpopmyae

2 3 (yy—v)

i=1/=1
NS : )
m(n—1)
rae i=1,2,3, ..., m—uHCNO TOYeK HAa AUUHM perpeccuu; j=1, 2, 3, ..., n — 4HC-

0 napajfedpHbIX H3MepPeHHH B KaXaoH TouKe,
«Kopuaopbl omHG0K» CTPOAT HA OCHOBAHUH BHIYHCAeHHH no Gopmysie

g _— — + by
A Yn= =+ ta (,) V Sﬁ?ll " m i x} ( % * )
: i — !

i=I NE=1

2

Pacyer csoficts snexrpoantos ua muxpo-3BM RBK-3M2
(AHanOro-BLIYHCIHTENBHOM KOMILTEXCe)

B HacTosiiee speMs s yBelHYeHUs 3¢heKTHBHOCTH yueGHOro npolecca sce ya-
e HCNOMb3YIOT KOMNbIOTePUYI0 TeXHUKY. B 4acTHocTH, MIHPOKOE NPUMEHeHMe Ha-
wan MUxpodBM, ¢ noMouibio KOTOPHIX MOXHO OCYWECTBHTbL AHaJOT yuamuitces —
KoMnbioTep: Ha aucnJgell BLIZAIOTCA BONPOCH, a KJAABHATYpa HCMOJAb3YeTCH yuauluM-
cd ANA BBOAA OTBeTOB. B 3aBHCHMOCTH OT noJyYyeHHOTO OTBeTa NMporpamma, KOTopyio
BRINOJHSAET KOMNbIOTEP, NMepeK/MiouaeTcsl Ha OAHY H3 HecKOJhKHX BO3MOXKHLIX afb-
TepHaTHB, oBecneunBas NOAXojdlllee pearHpoBaHHe HA JaHHBIX OTBeT H JajbHell-
Iee NpojoJdXKeHHe Auanora.

Hduanor yuamerocs ¢ KOMnbioTepoM noayyaercs npeieNbUo NPOCTHM H JAKOHHY-
HeM. Ha npoBegeuse auanora yvaumuics 3aTpauuBaeT MHHHMYM BPEMEHH.

Yye6ubli MaTepHaN OPraHH3o0BaH B BHAE MOCAEA0BATeJbROCTH NPOHYMEPOBAH-
HBIX pa3feNoB (CeKuuit). lgax npaBuio, CeKUHH NocBsamena orpaboTKe onpenee-
HOTO BONPOCca M MAYHMHAETCHA ero CKAaThiM H3JoXKeHHeM (TeKcT), Mocje Hero cJraeayer
pAA ynpaxHeHHl H, eclH 3TO HEO6XOAMMO, CNPABOYHO- HANIOCTPATHBULIA MaTepHall.
Yyamuiica B Xofe AMatdoTa MOXKeT MCNONb30BATH HHGOPMALHIO C AHCILIEs HJIH NOJY-
yaTb pacneyaTKy AauHbLIX H pe3yabTaTos ua neyaTaiomes ycrpoRcrse. CrefoBarenn-
HO, C NMOMONLBI0 KOMNbIOTEPA MOXHO yNpPasAAThb yueGHON AeATeNLHOCTHIO yyamuxcs
H NMPOTOKOMHPOBATHL Npouecc obyueHwus.

PaccMoTpHM npuMep MpuUMeHeHHs KOMNbIOTepa B yueGHOM Npouecce As BHNOA-
HeHHs pacyeToB no Teme «PacTBOpH 3MeKTPONUTOB» B RHAJOTOBOM pexuMe.

[TporpamMma uanucaua na assike QUASIC, npepguasHaueHHOM A MHHH- H MHKDO-
3BM B Manbix koudurypauuax. Slask QUASIC npumeunsiercs ua 3BM, nporpammuo
COBMeCTHMBIX ¢ MHKPoIBM «3nextpounka-60», umeiomux namsite 8—28K caos u
Heo6513aTeIbHO HMeIOmHX MAarHHTHBE AMCKH WAH JeHTw. Taxne 3BM moayuuau wu-
poKoe pacrnpocTpaHeunHte, a CpeACTBa NPorpaMMHPOBaHHs QM HHX HELOCTAaTOUHO pas-
BuTh, QUASIC coememaer B cefe npeuMymiecTBa si3biKa HH3KOro yposHs —Ac-
ceMbaepa (Gosbioe ObicTpoAeHCTBHE) M 3bIKA BHICOKOTO YpOBHA — B3ANCHUKA
(yRo6CcTBO NpOrpaMMHpoOBaHHS H AHANOTOBLI peX<HM paGoTh).

Bce granul pa3apa6oTKH NporpaMMbi: pefaxTHpoBaHHe TeKCTa, TPAHCAAUHS, Bhi-
noJiHeHHe H OTJajAKa OCYWecTBAAIOTCA 6e3 ofpamenuit K BHEMIHHM HOCHTeNAM HH-
dopmauuu. CHCTeMa MOXKeT HCIIONb30BATHCA aBTOHOMHO (Ma Mamuue 0e3 onepauuou-
uog CHCTeMH) HAW B paMKax CTauaapTuolt onepauuouuoii cucrembl (RT-11/SF)-
PA®OC uaun RSX -11M (OCPB).

IMporpaMma, npuBefennan uHKe, cocraBiaena nas mMukpodBM [IBK-3M2 gas
BLINONHEHHSA 3ajaHuA No TeMe «PacTBopbl 3AeXTPONHUTOBY B AMA/NOTOBOM peEXHMeE.

1. Mocranoska 3agaun. B pa6oTe paccMaTpuBalT Kpyr 3agay, HOTOPbie OTHO-
CATCA K pasfeny Kypca «®usuueckas xHMHsA» ¢ HazBanueM «PacTBOpHI 3J1€KTPONHTOBY.
Bboigefledo TP THNa 3afaqy: CHAbHBIC 3JEKTPOJHTH; cilabble 3/MeKTPOMHTHI; THAPO-
Au3 cogeit,
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3apauu chopMysupoBaHH chaeayiomUM obpasom: a) pactBop cogepxuT KOH c
KoHIeHTpauueh ¢-1 Moan/n u Na,SO, ¢ kKonuentpauueit ¢-2 monn/a. Beruucante pH u
pOH pactBopa, kKo3ddHLHEHT aKTHBHOCTH [, cojiecofiepikaHHe STOTO PacTBOpa H on-
pefe/uTe BAHSHHE H3MEHEHHUS KOHUEHTPALUMH 3/1€KTPOJIHTOB Ha STH NapaMeTphi;

6) pactsop copepxHT NH,;OH ¢ Kounuentpauuest ¢-3 moan/na. Buuucaute pH,
pOH M CTelleHb JHUCCOUMAUMH pPacTBOPa &, ecJH KOHCTaHTa AHccouManuy K =

1,75-10—%;

B) pacraop coaepxkut conp CH3COONa ¢ konuentpauueil ¢c==4 Mouas/n. Bouuc-
aute pH, pOH u creneus ruaposnnsa, ecnu koucranta guccounauuun CHCOOH pas-
Ha 4,5-10—7,

2. dopmaiusanua 3afauu. a) PacTBOpbl CHABHBIX 3JIEKTPOJHTOB AHCCOUHUHUPY-
10T Ha HOHLI:

KOH—K*--OH-
Nay SO,—»2 Na+--S03 =

s onpepenenus akTHBHOCTH HoHa OH— Heo6X0aMMO paccuHTaTh HOHHYIO CHJY
pacTtBopa:

1
1=—2—Zcizf,

Hounasa cuna pacTBOpa CBfi3dHa C KOSQ)Q)HHHQHTOM AKTHBHOCTH CJEAYIOIIHM COOTHO-
MeHHeM:

Az, VT
G=Igfa= ————4—6-1/_:—%-0,1 I,
I+V1
rae zy, 23 — 3apaaH Houos; A — koapduuuent, paBumi 0,514; f, = 108

Onpeaenum akTuBHOCTs HoHOB OH—:
op~ = fa fon=
Onpegenum pOH u pH pacrBopa:
p OH=—Ig aqgy~-,
pH=—Ig (10-14)—pOH=14—pOH.
CopepxaHHe coJH PacTBOpa pPaBHO
m=Mxou ckon+ Mna, 50, Na, S0

rae Mygoy = 39 - 16 4 | = 56 — mosexyaspHas Macca THAPOKCHAA KaJlud;
MNe:zSO‘ = 2-23+4+32--4-16 = 142 — Mosleky/nsipHas Macca cyidbdara HaTpHA.
6) Idna pacTRopa c/aGoro 3JeKTpo/uTa

NH,NH{ +OH-

'

CreneHp AHUCCOUHALHH PaBHA
o=} kn/tNn,0H

Konuenrtpauus uonos OH~ B pactBope cocraBisier

C*
o =", C - = .
nmon 0 OH NH,OH

496

Tak kak and cnaGblX 3JeKTPONHTOB f, = 1, TO o~ = €O~ = CNH, OH @
4
TOrja

pOH=—Ilgagy-: p H=14—pOH.
B) ITpu ruapoanse conu

CH,COONa}-HOHZ==CH, COOH-Na+--OH-

cTeneHb THAPOJIH3a onpejenseTca no ypaBHeHHIO

4 Kuw
b=V Krclccu, coona = l/

Kn ¢CH, COONa

Konuenrpauus nonos OH— B pacreope paBua

con= == B ¢cu, coona-

Tak kak crenesp THApOJH3a —— MaJafd BeJHYHHA, KOIPPHUIUHEHT aKTHBHO-
CTH fa= 1 H

Aoy~ = Con— =B ¢cH, cooNa,

pH = — Igay,; pOH = — lgagy-; pH = 14 — pOH,

3. Texcr auanora. [locne samycka nporpaMmbl Ha BbiIOJHEHHe Ha 3Kpaue
AMCNJIes MOABJAAETCH TEKCT:

Hauano pa6orw nporpamMmumi «PacTsopw 3anexTposutoss. Bw paboraere ¢ npo-
rpamMoii suvuciaenks pH u F 8 pacTBOpax CHJBHBIX 9/EKTPOJHTOB, CTefleHH THApO-
qu3a u pH B pacrsopax coseil.

A. CuibHBIE ieKTPOIHTH.
3apanre noay4yHTh y npenogasatens. IJeKTPOJHT 1 — IMesouMb HJIH KHC/IOTA,
3/IeKTPOJIHT 2 — COJIb.

Bseanure damuiHio ¥ HOMep rpynnul. Bseaute ucxoauvle favHme:

Mosiexynapias mMacca 1-r0 a/leXTpoJHTA, HAYA/IbHAS KOHIEHTPAUHA 1-TO 3/MeKT-
ponura. 3apsaj xaTHoHa AJs 1-ro 3jexTposvTa, 3apsajaHHOHA Aas 1-ro 3nex’rponma
YHCJO0 H3MeHeHHH KOHUeHTPauuH Jid 1-ro ajexTponuTa.

Mosiexyspras mMacca 2-r0 3/1eXTPO/IHTA, HAYA/IbHAA KOHIEHTPALHA 2-TO 3JeKT-
poauTa, H3MeHeHHe KOHUEHTPALHH 2-TO IMEKTPOJIHTA, 3APAJ KATHOHA 2-r0 3jeK-
TPOJINTA, 3apsij AHHOHA JJiA 2-r0 3JeXTPOJIHTA, YHCIAO H3IMeHeHHA KOHueHTpPALHH
Aif 2-r0 3JeXTPOJIHTA.

I'Io.nbsoaare.ub nocneaoBareJibHO BBOJAHT Tpe6yeMbIe AaHHbIE Yepe3 KJaBHa-
TYPY.

3aTeM cucTeMa 3anpali¥paeTr NOJb30OBaTeNd:

JKenaeTe JIH NOBTOPHTL HJINW HCNPABHTHL BBOJA?

Ortser nonbsosateas AA uau HET.

Ecau otser 1A, To cHCcTeMa Bo3Bpamaercd K Hayaay saganus, ecau orser HET,
TO NPOM3BOAUTCA pacyeT M nevaraiouiee yCTPOHCTBO BbijaeT CleAyiolylo TabJaHLy
pe3yJbTaToB:
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Ta6anua HCMONAB3YEMBX NAHHBX H BHUMCACHHMX PEIYALTATOB

MaTtemaTH4yecKas -
RestHuHHA Hnst C-:%: Onsuecknft eMuica Haganwnoe | Ipumeuaune
Myon | MCl hg‘;l::a'ﬂ M%légmpuaﬁﬂ Macca 56 Hcxonnwe
‘RaHHbIe
Mya,s0, MC2| To xe |Monexyanpnas Macca 142 uaﬁlanbnux
NapSO, 3HauenHit
2 ZK1 3apap katHona +K 1 38 14I0TCH
Ay zAl 3apsan anvoua OH- 1 nyrem
22 K2 3apan xatmona Na+ 1 BBOJA
2 zA2 3apsapn amnona SO~ 2
o cl » | Konuentpauns KOH C10
cy c2 Kouuenrpauus NagsSO, C20
Cs c3 Kouuewnrpauns NH,OH C30
Cy c4 Kounenrpauus NaHCO, C40
Acy AcCt Hamelﬁuue KOMLEHTPaLHK
Acy JC2 Hamenenue KoHueHTpalHn
Na,SO‘
Acg 4C3 Hamenenne xomUeHTpauuH
NH,OH
Acy NC4 HaMenenne Kouuentpanuu
NaHCO,
K pill Koucranra auccounaumn | 1,75-10-3
; NH,OH
K n2 Koucraura puccourauun 4,5-10-7
CH3COONa
N N Kousnuecrso mosei Cl
M M } Konnuectso Moneir C2
pOH cuaphHoro} P1 » XapaKkTtepucTuka cpein B
3/IEKTPOJIHTA pacrsope
pH cuJbHoro| P2 »  |To xe
3JIEKTPOIHTA
La /F Koadduumeur akrusmoctu
HoHa
cC cc Cosecopepxanne 8 pact-
BopE
o STA Crenens  puccoudauuu
. KHCJIOTHI
pH caagoit xuc-| P11 XapaKTepHCTHKa cpeabl B
JIOTH pacrsope
pOH caa6oitt P2 To xe
KHCJOTHI
p STG Crenenb ruaposin3a
pOH coun PG! XapakTepucTHKA CpeamW B
pacrBope
pH coan PG2 To xe

Ilerpos U. H. H-22
Mouexyniapuas Macca 1-ro sJekrpoanra 56.000

HadasnbHas xouueutpaunst 1-ro sjexrpoanmra (.005
M3amenenne xouuenTpaunn ansa 1-ro 3lekrpoaura 0.005
3apaa KatHoHa AJs l-ro snexrposnra |
3apay auuoHa Ajas 1-ro 3jexTposivra 1
Uneno uameHenuii KoHueHTpaluuu Js 1-ro sjaexTponura 5
Mouviekyanpras Macca 2-ro anekrpoJura 142.000
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Hayaspnas koHeuHTpauHs 2-ro sjexkrpouaura 0.000
Hamenente KoHueHTpauuu /s 2-ro anekrpouauta 0.050
3apaa KaTHOHA AJA 2-r0 3JeKTposmTa |

3apsan aHHOHA AJad 2-TO 3JEKTPoJHTa 2

Uncsio H3MeHeHH!T KOHUEHTPaUHH AJIA 2-70 3JeKTpoJuTa 4

HTDA- . .
ng;‘el-:%a K:ﬁ;{;egﬂ:)a pOH cuasno- pH cuabroro | Koadbdumu- Co;l(:c:#: P
9NEKTPOJH- 9JEK TPOJIH- TO 3JEKTPO- anextpoanta | SHT AKTHBHO- | j pacrmope,
Ta, MOJAb/N Ta, MOJB/A JHTE CTH HOHa r/n

0,005 0,000 2,334 11,666 0,926 0,280
0,005 0,050 2,424 11,576 0,753 7,380
0,005 0,100 2,448 11,552 0,713 14,480
0,005 0,150 2,459 11,541 0,695 21,580
0,010 0,000 2,046 11,954 0,900 0,560
0,010 0,050 2,125 11,875 0,751 7,660
0,010 0,100 2,148 11,852 0,712 14,760
0,010 0,150 2,158 11,842 0,695 21,860
0,015 0,000 1,878 12,122 0,882 0,840
0,015 0,050 1,950 12,050 0,748 7,940
0,015 0,100 1,972 12,028 0,711 15,040
0,015 0,150 1,983 12,017 0,694 22,140
0,020 0,000 1,761 12,239 0,868 1,120
0,020 0,050 1,826 12,174 0,746 8,220
0,020 0,100 1,848 12,152 0,710 15,320
0,020 0,150 1,858 12,142 0,694 22,420
0,025 0,000 1,670 12,330 0,856 1,400
0,025 0,050 1,731 12,269 0,744 8,500
0,025 0,100 1,751 12,249 0,709 15,600
0,025 0,150 1,761 12,239 0,693 22,700

Jlajiee Ha akpaHe AUCILIes MOABAAETCS TEKCT:

Mepexogum k pasneny caabuie eKTpoanTw. HMeem pacrsop 3/€KTPOIHTA 3.
3apanme nNonysuth y npenogasartens. Bmegure ncxopHwe pamuuie: Hawanbnas xom-
HeHTPAUHUA 3-TO EKTPOJHTA, H3MEHEHHe KOHHEHTPAUHM AJA 3-T0 3JeKTPOINTA,
KOHCTAHTA JHCCOHHMALHH Aaf 3-r0 INEKTPOJNHTA.

[Moce BBeaeHHs TpeGyeMBIX AaHHBIX CHCTEMa 3alpallHBaeT TOJb30OBATENH:

)Kenaere Jiu NMOBTOPHTH HJlM HCIPABHTH BBOA?

EcJaH nodb3oBaTedb orBedaer JIA, cucTema BO3BpalllaeTcs K Havany 3ajaHHA nio
paaneay «Cna6uie anekrpoantery. Eciu orser HET, ro 9BM nepexoadr B pexan ce-
Ta ¥ 110 OKOHYAHM H CUETA [euaTaionee yeTPoilcTBO BhilaeT CJleiyiolnyio Tabiuiuy pesy-
JIbTATOR:

HauasnbHas koHuentpauds 3-ro anekrpoanta 0,050
M3Menente KoHHeHTpauuu Ajas 3-ro saekrposura 0,010
KoncranTa aMccouHauum ans 3-ro saekrpoanta 0,18E-04

KoHneHTpanns cia- CreneHb pH cna6oft pOH caa6o#t
60ro 3JEeKTPONHTA AMCCONHATHH KHCAOTHI KHCAOTHI
0,0500 0,0190 3,0229 10,9771
0,0600 00173 2,9833 11,0167
0,0700 0,0160 2,9498 11,0502
0,0800 0,0150 2,9208 11,0792
0,0900 0,0141 2,8952 11,1048
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3areM na 3KpaHe NMOABJACTCA TEKCT:

MNepexoanm K paaneny «Iuapoans conefis. Hmeem pacrsop anexrpoanra 4. 3ana-
MMe NonyuHTs y Npenopasarens. Beeanre mcxoanue pannne. Hauanonag komuent-
paunst 4-T0 3IACKTPOJANTA, HIMEACHHE KOMUCHTPAKMN AAS 4-r0 JACKTPOAMTA, KOH-
CTAHTR, ANCCOUMRUNH AAA 4-T0 SACKTPOJANTA, HHCAO MIMEHEHHMR KOHUCHTPAUNM
ANA 4-T0 INCKTPOANTA.

[Mocae BBOJA MCXOAHBIX AaHHBIX CHCTEMA 3aNpaliNBaeT MOJL30BaTesd:

enaeTe aH NOBTOPHTHL HAN HCMPABHTL BBOA?

Ecau noan3osarens orsevaeT 1A, To CHCTeMa BOo3BpalulaeTcst K Haually pasgena
«Funponns conefts, ecan orBer HET, To npoH3BOAMTCH cHET H. MO €ro OKOHYAHHHK
nevaTtaloulee ycTPofCTBO BuIZAeT CJERYIOIMYIO TaGJHIy:

Havanbuas kouuentpauns 4-ro snekrposura 0.050
Hamenenue xouttentpauuu aas 4-ro anexrpounta 0.0500
Kouctauta puccounauru s 4-ro snextpoaura 0,45E-06
Yucsio H3MeHEeHHTt KOHUEHTpauuu Aas 4-ro aaektposmra 10

Kosnenrpanns coan | Cremenb rmgpoausa "agg’ﬁ"a paczx:opa
0,050 0,000667 4,477 9,523
0,100 0,000471 4,327 9,673
0,150 0,000385 4,239 9,761
0,200 0,000333 4,176 9,824
0,250 0,000298 4,128 9,872
0,300 0,000272 4,088 9,912
0,360 0,000252 4,055 9,945
0,400 0,000236 4,026 9,974
0,450 . 0,000222 4,000 10,000
0,500 0,000211 3,977 10,023

Tlocne 3TOoro cucrema BO3BpallaeTcss K Havaay nepsBoro pasgeta «CraLHbBe
3JEKTPOJHTHI®» H TOTOBA K paGo’re CO CHeRYIOUHM [OJb30BaTe/IeM.

10,

4. CTpyKTypHas cXeMa A/rOpPHTMA pacueTa K 3aManHio 1Mo TeMe
«PacTBOpH 9NEKTPONHTOB»

Bron: MC1,MC2, ZKl1, ZAl1,ZK2, ZA2, M, N, Ci4,
C20, C30,C468, nCL, AC2, AC3, AC4, Ot, A2

pa N

1=05#(Cl*ZK1% +C1 * ZAI? +C2 *» ZK2? +C2* ZAY !
G=1gf=01%1-0514 « ZK1 * ZAL * VI/(1 + VT )

F=10%+G
CV=F-Cl

Pi=—-lgcU
P2 =14 - Pi

CC=MCl *Ci+ MC2=*C2

Buson: C1,C2,P1,P2, F, CC

1=1+1
C2=C2+ [C2
<M
OA HET
I=1+1
Cl=Cl+aCl
I<N
IA NC HET
L=1
C3 =C3¢
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12.

14.

a=vIIjC3
PolI=—1lg(axC3)
P12 =14 —PI!

!
[Bbmou: C3,a,P0O1,PI2 /
i

L=1L+I
C3=C3+1C3

L=
C4=C4g

p=vIB3/(A2*C4)
PG1=-Ig (B * C4)
PG2= 14 ~ PGl

!
/ Buison: C4, B, PG1,PG2 /
1

L=L+1
C4=C4+0C4

OA HET

STOP

1w
20
308
49
100
110
120

138

140
150
180
178
180
100
200
210
220
239
240
250
3ze
330
340
350
380
379
400
410
500
5108
520
530
540
550
560
576
580
590
800
618
820
890
902
9308
940
850

BYTE RGD:177566\RGD=16B\INT XXX(6),NAME(20)\OPEN 5 "LP*

REAL MC1,MC2,C10,C20,C30,C4,D18,DC1,DC2,DC3,DC4
REAL C1,C2,C8,Q,H,6G,F,CU,P1,P2,CC,X1,X2,D1,D2,D3
REAL STD,CD,PD1,PD2,C48,5TG,CG,PG1,F32

PUT ////.,"PACYET RH PACTBOPOB SAEETPOAHTOB V744
PUT" A CH/NBHHE SAEETPOJHTH

PUT" 3ANAHKE NOJYYHTH ¥ NPENOLOBATEAS

PUT" SABKTPOJHT 1 HESCYb HJK KHCJOTA

PUT" SAEKTPOJHT 2 CONb

PUT -L " HCKONHHE RAHHHE: MCABKYASPHAA MACCA 3NEKTPOIMTA,”

PUT" HAYAJNBHAR FOHUEHTPALHS, "

PUT" H3MEHEHHE KOHUEHTPALHH, 3APIl KATHOHA, 3APAIR AHHOHA. "

PUT" YHCJO H3MBHEHKR KOHUEHTPAIHA SJEKTPOJHTA 1 H 2

PUT" BBEAHTE SANHJIMK H HOMEP PPYNNH "\ GET NAME'A:S5U

I=1\WWODM\GET MC1
WWODC\GET C18
WWODD\GET DC1
WWODK\GET ZK1
WWODA\GET ZAl
WWODN\GET N
PUTA\I=2\WWODM\GET MCZ -
WWODC\GET C20
WWOPDAGET DC2
WWODK\GET 2K2
WWODA\GET ZA2
WWODH\GET M

PUT -L"XEJAETE JI{f NOBTOPHTH HNH HCNPABHTHL BBOR™
DANET\IF PR=1 THEN GOTO 20@\ENDI
PUT 5/,HAME:A:SU
I=1\WYWM\PUT 5§ MC1:F7.3
WYWC\PUT 5 C1@:F6.3
WYWD\PUT 5 DC1:F6.3
WYWK\PUT 5 ZK1:12
WYWA\PUT 5 ZAl:12
WYWN\PUT 5 N:12,//
I=2\WYWM\PUT 5 MC2:F7.3
WYNC\PUT 5 C20:F6.3
WYWD\PUT 5 DC2:F6.3
WYNK\PUT 5 ZK2:12
WYWA\PUT 5 2A2:12
WYWN\PUT 5 M:12

PUT 5 //

IL=73\LIKE

PUT -L 5 ":KOHUEHTPA-: KOHUEHTPA-: POH CHABHO-: PH
PUT § * KOSSHUHEHT: CONECONRP-:"

PUT -L 5 ":UHA 1 SA-TA:UK% 2 3A-TA: [0 SA-TA: SA-TA

S

CHJBHOrO: ™
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960

980
990
1000
1010
1020
1939
1949
1969
1079
1039
1999
1109
1119
1120
1130
1140
1150
1160
1179
1200
1210
1230
1240
1250
1260
1270
1260
1290
1309
13190
1320
1330
1340
1350
1360
1370
1360
1390
1409
1410
1420
1430

1440
1450

1460

AXTHBHOCTH: X&H. B P-PE:”
MONb/N
r/n ”

PUT 5
PUT -L 5 ":MOAbL/N
PUT 5 " HOHA
LINE

C1=Ci@

FOR J=1 TQO N
Cc2=C20

FOR I=1 TO M
Q=0. 5% (C1%xZK1%ZK1+C1*ZA1*ZA1+C2%xZK2%xZK2+C2%ZA2%ZA2)

H=SQRT(Q)

G=-0.514%xZK1*xZA1*H/(1+H)+0.1%Q

F=EXP (G*LOG (10.0))

CU=C1%F

P1=-(LOG(CU))/LOG(10.8)

P2=14-P1

CC=MC1xC1+MC2%C2

PUT -L 5°:,C1:Fi1.3,":", C2:F11.3,":", P1:F11.3,":",P2:¥i1.3,":"
PUT 5 F:F11.3,":", CC:F11.3,":",

C2=C2+DC2

ENDF\LINE\C1=C1+DC1

ENDF

PUT 5 ///

VEL

IF PR=@ THEN GOTO 1Q9\ENDI

PUT /," MEPEXOAMM K PA3SDEAY CAABHE SMEKTPONHTH

PUT -L" HNEEM PACTBOP 3NEXTPOJHTA 3. 3ANAHHE MONYYHTDL ¥ "

PUT " NPENORABATEAR.™

PUT -L" HCKXOOHNE JAHHHE: KOHUEHTPALNS 3NEKTPOAHTA, HIMEHEHHE
PUT" KOHUEHTPALHH."

PUT"KOHCTAHTA INCCOUHALHH, YHCAO H3IMEHEHHA KOHUEHTPALMH.

PUT /," SANHUWHTE YPABHEHHE JHCCOUMALHH SAEXTPOJHTA",/
I1=3\WWODC\GET C3@

WWODD\GET DC3

PUT -L"BBEAHTE KOHCTAHTY AMCC OUMALMH"\GET D1

PUT -L"XEJAETE JH NOBTOPHTH HJIH HCNPABHTH BBOA” \ DANET

IF PR=1 THEN GOTO 131@\ENDI

WYWC\PUT § C3@2:F6.3

. WYWD\PUT § DC3:F6.3

WYWKD\PUT 5 D1:E8.2
PUT 5\IL=62\LINE

PUT -L 5" :KOHUEHTPAOHA : CTENEHb POH CIABOR :~
PUT 5* PH CNABOR:"

PUT -L 5":CHABOTO : AHCCOLMALMS : KHCAOTH

PUT 5~ KHCHOTH

PUT -L 5" :3JEKTPOJAHTA: H
PUT 5~

LINE

1510
1520
15308
1540
1550
1569
1570
1580

1810
1620
1630
1649
1850
1660
1670
1662
1692
1709
1782
1704
1710
1720
1730
1740
1758
1760
1778
1782
1782
1800
1819
1820
163¢
1840
1650
1860
1870
1880
1890
1900
8999
19000
10010
10020
10030
10040

C3=C3P\FOR L=1 T0 N

STD=SQRT(D1/C3)

CD=STD*C3

PD1=-(LOG(CD))/LOG(12.2))

PD2=14-PD1

PUT 5°:,C3:F13.4,":",STD:F14.4,":" ,PD1:F14.4,":" ,PD2:F14.4,":°
C3=Ca3+DC3

ENDF

LIME\FUT &

VEL\IF FR=@ THEN GOTO 1@@\ENDI

PUT"  OEPEXOAMM K PASEAY THAPOAH3 COAER™

PUT" HMEEM PACTBOP SJEKTPOAHTA 4. HCKOLHHE [AHHNE: "

PUT" KOHUEHTPAUMS CONH,H3MEHEHHE KOHUEHTPALMH COMK.,"

PUT" CTENEHL AMCCOLUHALMH,

PUT" YHCNO HIMEHEHHR KOHUEHTPAUMA .~

PUT/,"SANHEHTE YPABHEHKE THAPOAK3A MO 1-R CTYNEHH *,/
I=4\WWODC\GET C4@

WWODD\GET DC4

WWODKD\GET D2

WWODN\GET N

PUT -L "XEBAAETE MM NOBTOPHTb HNH HCHPABHTH BBOM' \DANEY

IF PR=1 THEN GOTO 1878\ENDI
WYWC\PUT 5 C48:F6.3
WYWD\PUT 5 DC4:F6.4
WYWKD\PUT 5 D2:ES.2
WYWN\PUT 5 N:12

IL=68\LINE

PUT -L 5":KOHUEHTPALHA :
PUT 5° PH PACTBOPA: -
PUT -L 5°:COMH

PUT 5"

C4=C4@\FOR Li1 TO N
STG=SQRT(1E-14/(D2%C4) )
CG=5TG*C4
PG1=-(LOG(CG) ) /(LOG(10.9))

PG2=14-PG1 .

PUT 5":",C4:F13.3,":",8TG:F14.6,":" PG1:F14.3,":“, PG2:F14.3,":"
C4=C4+4DC4

ENDF

LINE

PUT 5 ////

PUT ////\GOTO 100

STOP ’

PROG DANET

PUT -L"(RA HAH HET) \GET XXX:A:NN\XXX(®)=XXX(®).BIC.177600B

IF XXX(®)=144B THEN PR=1\RETURN\ENDI

IF XXX(@)=156B THEN PR=@\RETURN\ENDI

PUT" ONHBKA"\GOTO 18812\ENDP

CTENEHb POH PACTBOPA :*

: THAPOAH3A
:"\LINE
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11000
11818
110208
11100
11118
11128
11200
11210
11220
11300
11310
11320
11400
11410
11420
11500
11519
11600
11610
11700
11718
11800
11810
11900
11810
119208
12000
12010
12020
12100
12119
12120

12200

12210
12300
12318
12320
12400
124198
12420
12500
12510
12520

PROC WWODM
PUT -L"BBEAHTE MOAEKYASPHYN MACCY",I:11,"-IO SABKTPOAHTA"
ENDP ’

PROG WWODC

PUT -L"BBEAMTE HAYANBHYKW KORIUEHTPALMN",I:I1,"-IO SAEKTPORHTA™

ENDP

PROG WWODD

PUT -L"BBEAMTE H3MEHEHHE KOHLEHTPALMK IN9",I:11,"

PUT -L"-TO SNEKTPOJHTA" \ENDP

PROG WWODK

PUT -L"BBEAMTE 3APAA KATHOHA AAS",1:11,"-I0 SAEKTPOAHTA"
ENDP

PROG WWODA

PUT -L"BBEAMTE 3APAR AHHOHA ANA",1:11,"-IO SABKTPOJHTA"
ENDP

PROG WYWM

PUT -L 5"MONEKYAAPHAS MACCA",I:I1,"-IO SJEKTPONHTA"\ENDF
PROG WYWC

PUT -L.5"HAYAJIBHAS KOHUEHTPALUMS,I:11,"-TO SAEKTPOJHTA \ENDP
PROG WYWK

PUT -L 5"3APAN KATHOHA ANA",I:11,"-r0 SAEKTPOAHTA"\ENDP
PROG WYWA

PUT -L 5"3APANl AHHOHA ANA",1:11,"-TO SAEKTPOJNHTA"\ENDP
PROG WYWD

PUT -L 5" M3MEHEHHE KOHUERHTPALUHMK RAR",I:11,"-TO SAEKTPOAHTA"
ENDP

PROG WWODN

PUT -L " BBEAMTE YHCAO MIMEHEHHR KOHUEHTPAUMH AAA”,1:12
PUT -L"-TO SAEKTPOJHTA"\ENDP

PROG WYWN

PUT -L " YHCJAO H3MEHEHHR KOHLEHTPALUMH AAS",I:12

PUT -L"-I'0 SAEKTPOJHTA"\ERDP

PROG LINE

FO¥ II=1 TO IL\PUT -L 5 "-" \ ENDF\PUT 5\ENDP

PROC VEL

PUT" XENAETE 1AM NPONOARHTD PABOTY C PA3AEJIOM AJAA NOAYYRHHA™
PUT -L" HOBHX AAHHHN ?"\DANET\ENDP

FROG WWODKD

PUT -L" BBEINMTE KOHCTAHTY AMCCOLMALHH IAA",I:12

PUT -L"~I'0 SJEKTPOAHTA"\ENDP

PROG WYWKD

PUT -L § "KOHCTAHTA AMCCOUHAUMH HAA",1:12."-T'O SAEKTPONHTA™
ENDP

OTBETbI HA 3AJIAYH

Faasa |
L. O, (015)2 (67 ,)2 (025)2 (035)? (Oapx)? (Mapy)? (Mapz)? (72py)t (Map2)ts u=2;
Of (615)? 61;)2 (636)2 (055)2 (O2px)? (Mapy)? (Tapz)? (n{py)llv u=2,5; O (04,)?
(o'l"s)fl (025)% (0 55) (Gapx)? (7t2py)? (Tgpz)? (n,jpy) ("3,;2)2; u=1,5. 2. 1, ne o6nagaer.
4. 2. 5. (01)%(07;)® (035)2 (035)%; u=0; re=00, €=0. 6. 2. 7. CO*, BO u CN;
(015)2 (015)® (03s)? (035)? (Tapy)? (Mapz)? (Mgpy)t; u=2,5;2 . 8. BN, BO, CO.

Faasa 11

1. Jluuettnan D, (E, C,. ,Cr, ,0p. On, i). 2. [liocku#l TpeyroneHHK,
Dgp, (E, Cq, 3Cy, 30,, 0n). 3. TpuroHaabHas nupamusa, Cyy (E, Cy, 36,)"
4. Tpurouanbras Gunupamuna, Cg, (E, Cg, 30,). 5. KBanparnas mupamupa, Cyp
2n

(Ce» C3y 05, 0g). 6. 2. 7, 6. 8. S (Cn) x=x cos 2: —I—ysinT; SCy=
= —xsin 2n —+ y cos 2: ;.§(C,,)z=z.
Faasa III
1. 4,265.10~47 kr.m2.
2.
7 e-10%%, Ox Y, ul 7 e-10%2, IOx v, u1 i e-1022, x| v, m~1
0 0 1312,1 4 26,072 6562,8 8 93,858 | 11813,1
1 2,607 2625, 1 5 39,108 7875,4 9 117,323 | 13125,7
2 7,822 3937,7 5 39,108 7875,4 [ 10 143,395 | 14438,3
3 15,643 5250,3 6 54,751 9188,0

3. 79.
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e .-10t2, e .10, .
/ BPJI)K i Bpn)x / anu)lxolh
0 0 4 83,870 7 234,836
; 2%:;3;/ g 125,805 8 301,932
, 176,127 9
2 ] 377,415
T, K l 300 ] 500 ’ 1000
ggoer- 1022, Tk ’ 62,12 108,54 207,10
5.
i v, ! i v.u? 7 v, u?
0 42924 4 21112,2 7 33779,5
é lggg;g g 25334.6 8 38001.9
s 29557.0 9 42294,
3 16889.7 2240
6.
i N;/Ne i N;/No I N;/Ne
0 1 4 1,1877 7 0,0517
; g,;g% g 0,5375 8 0,0116
\ 0,1849 9
2 27240 0,0021
7.
] Nj-lo—" i Nj-lo—" I Nj-lo—“
0 0,5902 4 0,7010 7 0,0305
é % 38?} g 03113 8 0,0068
0,1091 9
3 1,2257 0.0012

"X 1010 N,

14,652- 104 xr-n3;
12. 43,580-10°

l 1344 10-29 x, 10, 352,96-10—22 Ix. 11. 0,2787x

Taasa 1V

1,540-10—1° n. 2, 18,80-10—47 kr-n3; 297,7 Mm—1. 3. 107, 155- 10~1%8 (xr-n?)3.

4. 3,093-10—13 (xr-nM3)3. 5. 09433 10-19 u; 106°29'. 7. IA—IB—G 237-10—% kr- u’

I = 7,111-10-%.

CHMMETPHYHLA BONYOK CHAIOMEHHBI R,

8.
i R e-10%2, Ix i k e-10%, Jx i k e-10%, x
0 0 C 2 1 5,235 3 1 10,581
1 0 1,782 2 2 4,902 3 2 10,248
| 1 1,671 3 0 10,692 3 3 9,694
2 0 5,346

9. 39,16. 10. /, = Ig = 147,317-10—% xr-n3%; Ic= 294,634-10-97 kr.n%;
6,394-10-22% " (xr-mM2)3.

Taasa V

1. 9,597-10—1 H/m. 2. 3,0004-10° x—1. 3. 0,0060. 4. e; = 2,148.10~% [x;

e, = 6,406.10%

. 5. 22; 4,0677-10-8 [ mgy = 94, 164- 103 [l Ey.cp =
-—542 54.10% Ix/monb. 8. 5,9.-10-%; 5,334.10-4. 7, 0,359; 0,736.
8.
b e 10, Ex (r—re)-10%,
0 3,744 0,6368 0,8706
5 35,9956 0,4714 1,3411
10 58,796 0,4160 1,8288
20 76,098 0,3839 4,5689

9. 3915,93; 3837,71; 3831,49 cu—1. 10. 4000,37, 4042,59, 4084,81 cu—1.

i Ny/Np i NiIN 5 i NyIN g
0 0,051 5 0,119 9 0,009
1 0,137 6 0,076 10 0,004
2 0,186 7 0,042 11 - 0,002 -
.3 0,191 8 0,021 12 0,0003
4 0,163
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12.
! v, em! i v, eml 7 v, cu!
0 2906,01 5 2998,76 9 3060,00
1 9996,00 6 3015.15 10 3075,51
% ggggg; 7 3030,82 1 3086,30

, 3045.77 12
4 9981.65 3098,37

13. 5,2595-10::’7 kr-m%; 1,079-10%m. 14. 4; 6; 9. 15. v, = 870; vy = 447;
6 = 240 cM—1. 16. v, = 403 (3); 8, = 129 (3); 6, = 104 cm—1 (2).

Fnasa V1

1, 15,52.10° Ox. 2, 2085,4 g dx/xr. 3, 3,24-10° I1a; 1670,2 Ox. 4. 18,7498
kx; 5. 359, 637 K; — 400,37 Ox; 400,34 Ox; 1,335 xdAx. 6. N,. 7. Ar; l3'89,19
K: H,—748,42 K; H,O — 637,11 K. 8.205,51. 9. a)273 K; 0,505-10° I1a; 1573,3
KH)KG; 6) 172 K; 0,636 10° ITa; 1259.9 xx; a) 273 K; 0,505-10° ITa; 0. 10, 98X
X10° Oxk. 11. 1,0212-10% JIx. 12. 5,9547-10° JIx. 13. (H{s5,5 — Ho)ep =
= 14,375 Kl})K/MOJIb; (H{gs,5— HY) i = 28,426 xx/Motn. 14. A = 0,0018095
o/ (monn- K*), (Hf,,,q — HY) = 23,8 dxk/Moan; (H{gy,;— HY) = 14,356 kJIw/
/moas. 15. a) — 3,716 kAx; 6) 0; B) — 5,596 kJIx; r) — 8,921 xJIx. 16.
AH%y = —214,78 kllk AlUys = — 209,82 x[Ix. 17. AHS,s =214,87 x][Ix;
AUgg = — 209, 82 xIxk. 18. AHY% o0 = — 74,88 x/Ix; AUyj 395= —T72,40 xIIx.
19. — 854,28 k/Ix. 20. — 1070,07 xJIx. 21. — 125,07 xOx. 22. a) 83,01 kJIx;
6) — 451,68 Ik, B) — 826,84 x[Jix; r)v34,70 klIx. 23. a) 10,49 xJ[x; 6)
— 493,14 xlIx; 8) — 562,50 xIix; r) — 631, 21 xOx; 1) — 64,85x/lx; 24.
a) —5156,78 xIx/Mosb; 6) —5149,14 kIx/Mons. 25, —5061,06 x Ix. 26, — 231,18
Kok, 27. —6.98 x k. 29. — 12,40 xDx/Mo1b; 14,70%. 30. — 55,938 & Ix/Modb.
31. — 524,90 xIdx/moan. 32, — 2884,0 xDx/mMoin. 33, — 89,76 «xlx. 34.
—643,06 kIx. 35. AH{ = —237,644-10°—13,01 T+-2,883-10-3T2— (1,713 10%)/5;
— 246, 421 xlx; or 298 xo 2500 K. 38, AH$ = 131,99-10% + 8,54T — 3,81%
10-372 — (8,502-10°)/T; 135,87 x[Ix. 37. 1,962 kldx/Moan. 38. 36,70 kJ[i/Moas.

39 — 694,91 k/Ix//moan. 40. —78,87 k. 41. —298,26 kIx. 42, — 60,826 xJIx.

43. OIO’ = 2,08--269,27-10-3 T — 36,61-10—°%T2, 47. AT = — 0,732°. 48. AT =
= — 1,348, 49. 32 % H,0. 50. Q = — 15447.3 Ox/moab. 51, 226,65 JIx/MoJb.

MuorosapHaHTHas 3afiaya N 1

Mo Ba- AH;’", AUg",

Ne pa- AHg”, AU‘2J08 Ne Ba- AHg»8 AUS,
! ; PHAHTA |k Tk [ monb | kK] MoAb

» 1
PHAHTA | ¢ s [monb | k[ /Moab |[PHAHTA | ¢ N fMonb | k1K /MO

—128,04 | —120,01 7 57,27 54,79 13 |—197,9 | —195,42
—202,42 | —194,99 8 81,36 78,88 14 —66,27] —63,79
175,97 171,01 9 178,23 175,75 15 | —260,15| —242,72
1531,22 | 1518,87 | 10 108,22 105,74 16 |-—269,06]| —266,58
1166,18 | 1153,79 | 11 274,76 267,33 17 | —108,97| —106,49
114,14 I11,66 || 12 260,06 266,58 18 | —2,85 —0,37

DT DN —
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TFaass Vil

1. — 167,6 JIx. 2, — 125,7 Jdx. 3. 2005,5; 1752,0; 1519,8; —1752,0 .
4, 3242,46: 4539, 40 Ix/K. 5. 62369,9 Hx/K. 6. 5628 Ix/K. 7. 2,44 dx/(moab X
X K). 8 — 15,16 Ox/(Moas-K). 9, 15,340. 10. 9,0-10-2 [dx/(moas-K). I1. °
15,341 Iw/moas. 12, 11525,65 Ix/mons. 13. 12,1 JIx/xmMoan; — 12,1 Ix/kMoab;
0.'14. 142 Dx/(Moab-K). 16. 3,52 ixk/(Moab- K). 18, 302 IIx/(Moas-K). 17. 1,2
Jw/(Moan- K). 18, 1) AS=—32,56 [Ix/(moas-K); 2) S=61,55 I/ (Moas - K);
3) AS = 317,10 HOx/(Monn-K). 19. AS = — 103,182, 20. 1) —54,96 x/
(Moan-K); 2) 175, 7 dxk/(Moab-K); 3) — 187, 8 IIx/(moas-K); 4)—17, 49 T/
/(moas-K). 21. 1038 Iw/(Mons-K). 22. ASP = 93,769 [iw/moan; ASY =
= 100, 3 HOx/monb. 28. 246,6 IIwx/(Moan-K). 24. 56,87 Hx/(Moas- K). 28. Hzo-

V —
TepMHuecKoe paciuHpenwe AS; = nR In 2V ) ; H30XOpHueCKoe oXxJaxkieHne
2V —nb 3 na
=A8;+ = —1 — . 28. 1116,7 Ox/Moas. 29.
AS=AS;+AS,+nRin oy -+ 3 n(l 3RVT, 2 b
1) 307, 46 Jx/moan; 2) 0; 3) 275,5. 30. — 619,72 JIx; 5875,38 Ix; 6495,1 IIx.
3. AG, = 0; AGy = — 328,02 Ix/mMoab. 82. AG = = — 108 Iix/monp;, AH=
= — 5840 IIw/mons; AS = — 21,3 JDk/(moas-K). 33. 107,28 Ix/(moan- K).
4. W= — 4454,66 Idx; AU = 0; AH = 0; AS = = — 5,76 Lx/(moab-K};
AG = 4454,66 JIw/Monb; AA = 445466 IIx/mMonn. 85, W = 5229, 29 JIx;
AU =0, AH = 0; AG= — 5229.29 Ilx/Moib; AS = = 19,14 Ix/(mons - K);

AA = —5299,29 JIx/Moas. 36. a) AS = 3,27 IIx/mone; AH = 5700 Ix/Moab;
AG = 4724 JIx/monn; 6) rpadut; B) aa, NMPH AaBJeHHH He MeHee HeM 2500 at™.

37. AG® = — 535,3 klla/Moan; AH%=631 kdk/Moas; AS® = 14,23 [lx/(Mons - K).
38, A} = — 21 75564074 In T —7,5T — 7-10~% T2 39, AH*'= —
— 139,18 x[Jx/Moan; AH = AU; AS = — 50,37 IIx/moab; AG® = AA® =

= — 1241 lx/woab; ACp = 42,27 k. 40. 1) 890,31 kMIw/Moas; 2)
393,51 klla/mMoan; 3) 571,66 xIx/moan; 4) 105, 358; ©5) 55, 168 kJIx/MoMIb.

41. 1) AG® = 443,899 x[Dx/moan; 2) AG® = — 24,366 k[x/Moab; 3) AG'=
=57 650 Ix/mMob, 42. AU = — 469 JIx/moas. 43. Ja; —5,06 kIu/monn; — 7,49
k[i/moas. 44. Ja. — 521,064 x[Ix. 45. AGSy, = — 60,7 k[Ixk/mMoab; xa, GyneT.

46. ASggs = 96,588 Jik/(Moab-K). 47. AS§ee = 80,2 Jhw//(Moas: K).

Fnasa VI

1. 2,4993.107. 2. 1,1733-10%. 8. 1,0117. 4. 2.5. 5,9335.10%, 6. 1,2025.10°
7. 5,5216- 10, 8, 6,5424-10°. 9. 1,4086-10°. 10. 220,4288. 11, 2,1926. 12. 1. 13.
680,7935- 108, 14. 2,5857-1011, 15. 12,4715 kJIx/moae. 16. 8,3143 xJIx/Mons. 17.
2,173 kllk/Moab. 18. (Uygee — Ug) = 22,959 KILi/Moab; (H{geo — HY) = 31,273
kJx/Monb; (HO g0 — Hgs)= 22,591 KIlk/Monb. 20. C8 995 = 29,3368 [{k/(Moa1b X
X K); CB, 1900 = 34,6000 Ix/(Moas- K). 21. 7,5534 k[Ix/Mons; 10,0311 kDx/
Moab. 22.'8,1233 kIDx/moas; 10,6010 xIk/monn. 23. 12,4715 Jhx/(moas-K).
24. 12,4715 [JIx/(moas- K). 25. 38, 819 IIxk/(moan- K). 26. 72,076 dx/(Moab: K).
27. 35,639 IIx/(Moas-K). 28. Cp = 60,356-1-97,754-10-3 T — 54,09-10-% T2
20. 40,524 [Ix/(Moas-K). 30. 53,909 Iix/(Moas-K). 31, 1260. 32. 9996.
33. 1,0135-10% [1a. 35. CO; moteky/1a Tuueinas, SO; MOIeKyla welHHeHHAS.
38. Cy, = 12,4715 Iw/(Moab-K);  (Uggs — Uo) = 3,7166 xIx/Moan; S8 =
= 163,962 IIx/(Motb-K). 37. 48,1261 ILxk/(Moas-K).

38, T.K o .. ... 208 1000 8000
Swom - - .. . 00014 1,572 8,363

30. 210,884 TIx/(Moas- K). 40, — 192,1023 JIx/(Mons-K). 41. — 157,1403 [/
/(oas- K); — 4,683 kIIx/Moab. 43. 188, 721 Ilxk/(Moan- K). 44. 219,4. 45. 0,0108.
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46.

i NjINy i NiIN, i NEIN o
0 0,05119 6 0,07752 11 0,00137
1 0,13862 7 0,04369 12 0,00044
2 0,18826 8 0,02183" 13 ~0,00012
3 0,19386 9 0,00971 14 0,00003
4 0,16550 10 0,00385 15 0,00000
5 0,12124
47. 1260.
Fnasa IX

1. 0,288 1. 2. 78, C4H,. 3.0,465 xr; 8,3 xr/m3; 0,0179 xr/m3. 4. Ha 376,7 xr
5. 757 MM pT.ct. 6. Cl, 74,1 %; Br, 13,7 %, O,, 12,2 %, Pg.. = 0,137 atm
Peyp = 0,74, P02 = 0,123 arm, V= 0,39 M3 7. 0,987 artm; Voz = 16,56 M3;
VN,: 58,44 wm®. 8. 453 xr. 9.396 K. 10. b= 469,7-10~7 m3/moan; b=
=427,7-10-7 m3/moan. 11, V = 47 8 1. 14. ys = 0,801. 15. 7,6-10%m/c. 18. On, =
=3,64-10—10 m; 750 K. 17. Z=8,05-101; Z' =9,1.10%; Z"=1,18.1025; 0,261 arm.
18. 55 %. 19. 0,37 1. 20. 4.4 %. 21. 0,4986; 0,2676; 0,1338 atm. 22. 5,4 %;
19,8%: 1,054; 1,198, 23, 55, 55,

Fnasa X

1. 18,22-10—% m3/moan, 2. 96,3576-10—° m3/moab. 3. 1,17 D. 4.2,77 D; 0,92x
X 10—20 K-m. 5. 27, 453-10—% wm3/moan; 27,193-10—% m3/mouan. 6. 21,334~i0‘“;
21,140-10-% m¥/moas. 7. CHyCOOCH,—CH=CH,. 8. 0. 9. 2,018, 10. 0,8995 x

CH=CH\

MR
CH=cH”

X103 xr/ew®. 11. 0,0390 xr'/*.ad.c=12 kmonn-1. 12. 1. 13.

(muppon). 14. o; = 0,6988 — 0,12377-10~3 T; —0,12377-10~-3 [Lk/(m?-K). 15.—
1
—12377-10~% k/(M2-K). 16. 69,76-10—% TLw/m?. 17. —=16,5-10%/d— 13,226 X

|
X103, 7= 0,1877-10-3. 18, E, = 10,4895 x[ix/monn;, m = 9,8145-10-%x

x el0489.5/RT 19 98,074 x[Ix/Mob. 20. Hyon=51,87-105—50,4 T-0,5-10-3X
X T2 4 (9,87-10%/T. 21. AHyy, = 49,335 xk/Monn; AS gy, =145 Hx/(mods- K).

1 22. 62, 24 xIw/momb. 23. 85, 44 x[Iw/modb. 24. 508,690 xIw/monb. 25.

440,718 x/Ix/Monb.

Fnasa X1 .

1. Her. 3. 1,947-107 Tla. 4. AHu,,, = 44,991 KJIx/Mob; AHygpq,0 =
= 94,326 x[Ix/moNn; AHy, o = 46,312 xIx/Monn; AHgqy 2 = 36,727 xJIx/Moab.
5. AHycp = 35,82 x/Ix/Mosb; AS = 88,36 Im/(Moan-K); AA=-—3,369 xJIx/
Molb; AG = 0; AU = 32,452 x/Ix/monb; T = 260,2 K. 6. 4 = 11,628; B =
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=16,78-10% T = 2537 K. 7. AH = 239,119 xllw/kr. 8. AH, o = 21,706
KIk/monb. 9. Pygg = 4,159-10°Tla;  AH o = 29,337 kJIm/mos: = AGuey —
= 0; ACpy = — 34 Iw/(moan-K); AS = 98,446 [Ix/monn. 10. Tromp =
=276, 46 K; Pgyrp = 1,73:10Tla; AHggsr = 45,250  k]JIx/Moib; AHyen =
= 33,894 kJIx/monb; AHyy = 11,356 xw/moan. 11, Ty, = 1247,7 K: P, p =
= 452,9 Tla, AHucn = 12,997 xJIx/mosib. 12. 95 — ucTHuHA® MOJCKYJARApHAs
macca CH,;COOH 100, 24. Tloayuennasn BenHuHHA YKa3biBaeT, uTo B mapax
CH,COOH uactuuno accouunposana. 13, 5,998, M. 1) P = 7,13-10% [la; 2)
P =33, 56-10° Ma. 15. T = 430,65 K. 16. AHzg yon = 113.303 x/Lk/Mois.
17. Tpna,e = 335,67 Tyupoage0 = 451,9 K; AH,,; = 476, 67 Ox/mons; AH,, =
= 497, 2 Jik/moan. 19. [, = 9,76-10°. 21. AH = 519,068 x[x/kr. 22. He co-
racywores. 23. AHyuen = 43,367 xx/moas;  AS,.n = 91,68 dx/(moan-K).
24, InP = 17,55—1,484-10%/T; AHp,, = 120,873 x[x/moin. 25. V = 0,88 x1;
(1,79-10-2 ). 26. AH,oq = 42240—39,9 T Hx/Moan: ASgs;.ermen = 93,64 [k/
/monib. 27. P=1606,5 mum pr.cT. 28, AH o = 28,67 xIxk/Mosb; Ty o = 307,6 K.
£ = 34,6°C. 29. AHyucp = 33,02 k[li/Monb. 30. Tiun se0 sy pr.cr, = 2475 K;
P = 10,86 — 1685/T. 31. ¢ = 28,8° C.

Fnasa XI1

1. 3,128 moxns/a; 3,414 moan/kr; 0,058; 26 %. 2, 8,732 moain kr; 15,31 moas/kr,
0,216. 3, 0,0105 mosin/moss Hy0; 0,5534 mosin/a; 0,9016 cm3/r. 4. 789,3 r:'0,98 cm3/r,
5. 1,134 r/em®. 6, 0,44 cM®. 7. 4,16 om3; 1,17 cM3/r; 1,260 cm3/r. 8. 27,3 cm3/modb.
9, 8,75 m®/monn. 10. 19, 93; 23,14 cm3/moan. 11, 39,72 cm?/moanb, 12. 20, 44 cm3/
/moab, 13, 234 r. 14. 7,918 cm®/mosn. 15, 18 cm3/moab. 17, — 0,421; — 0,231: —
— 0,148; — 1,730; —0,986:—0,619. &—0,0765; —0,052; —0,0;47; —0,3198;
—0,217;—0,196. 19. 4430, 86 [x; AH, = 1188, 26 lI)K_/MOJlb; AH, = 6263 45
Ix/monn. 20. 6351,31 T/monn; AH = 230,96 k. 21. AH, = — 28200, 16 [Ix/
/moap; AH, = — 183259 IOx/monn; AH = — 95596,03 k. 22.AH = 41798,16
Ik /monb. 24. 3740 IOx/monn. 25.— 718 x/Ix. 26. AS,, = R (xagtXaylnny,) —

— 5,03 Xpexp; 4,34 Iw/(woan-K). 27, pp = pf + RTxp, — 2095 x;
Byi = B - RT In xy; = 2095 x%,. 28. 0,903. 29, 0,583; 0,246. 30. 1,93. 31. a =
= 0,920; y = 0,989. 32. 0,2499. 33. 1,52. 34. 161. 35. 35,41. 36. 16,89 Ix/moub.
38.. 1903,72 Ix. 40.—8600 Tx/moan. 41. — 1330 dx/moan. 42. 660 Ix/moJsb.
43, 9,68 Ix/(Moan-K). 44. Ap = — 157500 Idx/monn 45. AT = 42°C.

Faasa XIMH

1. 0,00036. 2. 7330 [la. 3. 5,75-10% [a. 4. 123; 0,82 %. 5. 1,87. 6. 0,6 %.
7.61 % . 8. 198, 9.1,0096-10° [Ma. 10.2, 637. 11. 8 atomos. 12. 138,8. 13. 373,56,
14, 0,08, 15. 153, 8. 16. 24,0 17. { = 0,324; accounauus. 18. i = 2,52, 18, K=
= 8,245; 99,37 xdx/moab. 20. 1,154-10° moas/m3. 21. 27, 25-10° [Ta. 22. 373,
295 K; 1,94-108 [Ta. 23, 271, 39. 24, 564 INa. 25. 271,963 K. 26. 0,936 wmoas/.a.
27. 62, 9. 28, 6,25 %; M = 128; 93,7. 29. 3122,4 I1a. 30. 2,56-10% [1a. 31. 72,3.
32. XN2 = 1,49-10—%; Xo,= 3,0-10—%; no, = 0,0165 mosan/s. 33. 15,8-10% [a.
34, 0,1032 kr. 35. 0,=2,7%, N.= 1,35 %, Ar=3, 69 %, CO,= 92,2 %.
36. 0,00233 kr. 37. 16192,08 Ix/moab. 38. 5,16-10°r; 4,81-10° r. 39. AT, =
=0,48. 40, 0,88 r/nn. 41. 117, 0,03558. 42. K = ¢} ;,:/c,=2,192; 0,515. 43. 17,27.
44. 5,85 1. 44. 5,85, 0,579; 0,0527 1. 45. 4,61-10—-3 r. 46. 1,008.10° ITa. 47. 2,973 r.
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Muorosaprantas 3agaua Ne 1

g o oy €. <1078
i z P, Tla T, K P°, Ia M, Mosb/1000 r Monb/n i1 a ’
23
I 1 598 288 2 1 600 72,27 0,07 0,07 1,677
2 38714 278 40 290 57,67 1,56 1,04 23,344
3 31 740 69 31 992 185,6 0,28 0,23 1,319
4 33 841 114 34738 105,14 0,88 1,05 9,95
5 16 108 306,7 16 396 94 2 0,558 0,84 21,419
6 55 000 207 55 986 187,57 0,527 0,952 16,384
7 1 ' 650000 223 674 824 100,18 0,86 1,197 22,192
8 2375 283,2 2 626 32,76 | 2,29 2,58 60,747
9 91912 252,5 96 942 50 1,05 2,9 60,879
10 776 1991 800 80 0,589 4,82 632,331
11 35 896 303 37724 60 0,877 2,96 74,566
12 7328 216 7998 44,36 1,428 2,13 38,251
13 12 420 149 12 663 107,5 0,287 0,496 6,144
14 5807 283,2 6 050 57,65 0,536 0,39 9,183
15 4943} 194 51 987 100 0,638 0,726 1,710
16 84 990 119,6 87 711 137,27 0,38 0,786 7,815
Faasa X1V

1. 0,823-10%; 0,867-10%, 0,224-10% 1,092.-10° [la; AS — 12,88 x/Moib;
Ap = 4408,9 Ox/mons. 2.3,38-10%; 4,24.10* ITa. 3. 0,43 u 0,85 % CS,; 5,5-10% u
6,5-10* Ila.

4. T, K ....."- 293 313 353
(AP/P) 100,% . --932 —719 . -—559

5. 67,6 % 6. 0,248. 7. x0p), = 0,521; x%, = 0,143.
T,K ...... 3% 350 380 420
XEH, e 0,765 0,710 0,696 ° 0,682

10. Tlap 0,295 xr; xmuakocts 0,05 kr. 11. H,0 0,223 «r. 12 39,6 k/Ix/mMoab.
13. — 3,4 klIx/Moan. 15. Yeel, = 1,555; ey, = 0,9799: YC,HyOH = 1,876;
ac,a,on= 0.6940. 16. 3y =0,6990; ay o= 0,3204] yg 4 0 =0.8777; aycooy =

= 0,4716; orpHuate.bnoe oTKJioHenne. 17. 0,84 xr. 18. 3,18 kr. 19. 0,567 kr. 20.
0,555 xr. 21. 1,29 kr

Fnasa XV
1515 K; 53 % Ni; m, = 0,024 kr; mpg=0,048; 1435 K. 4. 0,348 «kr.

1.
8,8 %; 70,5; 0,066 kr; 0,034 kr; 336,5 K; 327,6 K. 9. n:5;=6,92 Mosib; n, =
9,22 moab; ybuaeii 3,72 moJb,

7.
Fnasa XVIil

1. 0,845; 0,543; 0,465; 1,333. 2. CO—1,447% H,0—59,858 % C0,—37,013%;
H,—1,68 %. 3. 0,2264 moan. 4. 0,01113; 0,1264. 5. 5.496.-10* MMa; 0,535. 6.

514

. .7.0,542: 3,516-10% [a. 8. 1,014: 1,871.10~2. 9. 0,363; 5,768 mosn/m?,
8'2331?693151%. 10 0,721; 1,586; 0,910. 11. 28, 99-10% Ma. 12. 2527.5; 17,02. 13.
72,35.10-3. 14. 0,00164. 13, 0,219; 0,0504; 0,912. 16. 0,148; 7,0866-104[Ta. 17.
1 1255105 TTa. 18. 0,083 19. 1,809, 20. —24,436 x[Ix. 21. — 21,888 x[Ix. 22.
He 6yzer. 23.—472,77 x[lxk. 24. — 148,48 Ilk. 25. — 27,02 Ik '26. —442,005
kIIx: AHp = — 432,092—12,505-10~3 T (x[x). 27. 4454,08 M/MOJllb(; 0:;87,38‘1

3 p;, —114,19 klx. 28. 50,232 kIIx. 29. —116,226 x/Ix. 30. [,0402. .
M—/h;??HO kJx. 32. 110, 997 klx; 813,9 K. 33. — 17,345 kllx; — 22,270 kI x;

0,6568-105 47,9576-108
0,859 IIx/K. 34. Ig Kp = — 52,3444t —"——— 12,6244 Ig T —
—1,0241-10-3 T; 7,614-10°. 35. 1154,25 K. 36. lg K, = (0,273.108)/T% —
— (9,6356 - 10%)/T — 1,205 lg T -+ 12,5205 —0,2183 - 10~% T; 1,879, 37.
77455 b.463 10, 38, 73633 xln: lgK, = — (3,846-10%)/T--0,3904.
39. ~ —200 kMK Xep, = XeH,(CHy, = 0,086 o cn, = 0,828. 40,

8 3
= Xpr = : = 42. 247.5.
5,2518; xc 11, = XCH,(CHy, = 08217 Ae,mcn, =0,1783. 41, 20,97, ,
43. 3.36. 10 Ta: 9',4‘1(- 10V Ha. 44. 1,059- 10~2. 45. 3.293. 46. 492.2 K. 47. 8,357 X
X 105. 48. 0,173. 49. 2,532-105. 50. 4,116-10° 51. 1,2787. 52. 31,109, 53. CH,Cl,—
Z0,090: Cl,—0,001; CHCl;—0,320; HCI — 0,499; CCl, — 0,090. 54. Brixox NO~

~3,5%.

MuorosapranTHas 3axaya N 1

Ne Ba-

.pHauTa
1 Kp= XI(/:_(;V_)?;;ZZ ’ Ke=Kp (RT) /%
2 T Kpe (:_(i)—afglif/z Ke=Kp (RT)!%;
3. sz%%%%z—; Ke=Kp (RT)?;
' Kp= 4(3—x)58(ll;i2x)2P2 Ke==Kp (RTY
S A
S
7 Kp:—;%; K.=Kp (RT)?;
8 Kp 9P Ke=Kp (RT)™

= (3—x)2 (64x)
17+ 515
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13

14

17

18

19

20

21

22
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Kp=

Kp=

K

~8 2 pl/2
P="_ S o
2—x)3/2 (6+x)

61/2'3'23/2-P3/2 x3

Kp.-.

p=

Kp

KP:;

Kp—

Kp-—

Kp—

(3—x)3/% (34x)3/2

20,78 x3 p3/2
(9—x2)3/2

27 x3 pl/2

2 (3—x)%2 (152.x)1/2 ;

x? (10—-3x)3
(2—x)39p3 °

B8 21—x'?
P (3—x)7/2 p1/2’

2x2 (J4—3x)3/2
27 (2—x)7/2 p3/2 ’

. sep
T (3—x) (3+2x)?

2x
[—x

Kp:

s

X3 (12—x)
(3—x)tpP ’

X (4—3x)3

PE a7 (1—xyt po

12 (6—x)
(2—x)2 P

27 x3
4 (3—x)3

4 x2 )
(2—x)2 '

x(4—3x)3%
16 (I—y)tp

Ke=Kp (RT)™!/2;

Ke=Kp (RT)™3/2;

Ke=Kp (RT)™!/2;
Ke=Kp (RT)3;
Ke=Kp (RT)'/2;
Ke=Kp (RT)*/2;
Ke=Kp (RT)2
Ke=Kp;
K.= K, RT;
Ke=Kp (RT)?;
Ke= K, RT;
Ke=Kp;
Ke=Kp;

Ke=Kp (RT)3.

Mubronapuamuan 3apaua M 6

s | Ke | pra | Ke A hem | Ke |  Ke
1 1,928 1048 6 1,656- 100 11 3,726-10-7 17 1,654-1012
2 9,757-10'2 7 0912 12 4,196-10% 18 | 3,152-10¢
3 5,657 -107 8 7,896 13 2,217 19 1,268 10-2
4 42.127 9 2,24-1018 14 5,65- 105 20 2,028
5 1,157- 10 10 1,43 16 9,74-10-2

i
Muorosapsanthas 3agaua Ne 7

Ne ba-| INosbiuenue | Moumwweune | JlaBaenne | Ny pa! Mossiuenne | INonnwenne | AaBaenne

pHanTa P uuerpa'g:oro puauTa P P Huer;;'l:;oro
1 yBeJHY, yMEHBIU, | yMeHbI. 11 yBeJHY. yMeHbw. | yMeHbiu,
2 yMeHblll. yBeJIHY. yBeJIHy. 12 yMeHbll, yBeJiHY, yBeqny,
3 » » » 13 » » »
4 | yBeanu. yMeHbI. | yMenbi. 14 yBesHy. yMeHbll, | yMeHbu,
5 » » » 15 » » »
6 » » » 16 yMeHbIL. yBeJsuy. yBeJHY,
7 yMeHs1L. yBeJHy, yBeJIHY, 17 yBeJIHY. yMeHbIll, | yMeHbil
8 He H3M, He H3M. He H3M, 18 yMeHbI, | = yBeJHu, yBeJIHY,
9 yBeJHY, yMeHblll, | yMenbul 19 yBeJIHY. yMeHbll. | yMEHbUIL
10 yMeHbIU. yBEJHY. yBeJuy, 20 » » »

Fnasa X Vi

1. I/R = 0,0377 Cm. 2. x=8,135 Cml-M—!. 3. 2,28-10-2r. 4, {1 = 0,418;

t. = 0,582. 5. Ay= 5,02-10—3 Cm-m2/moan; A; = 6,56-10—3 Cm-M%/moan; £ =

= 0,185; f_ = 0,815. 6.h¢)-=59,07 Cm-M2. 7. A=96,5 (coBmanaer
4

31 auenneM 96,6). 8.h ) = 129,56 Cm.cw®. 9. 0,22, 10. 0,101 Moan/a. 11, Ao =

= 390 Cm—1.cm?; a=0,198. 12. 4,35; K, = 0,173-10—%, 13. 1,74-10-5.

C OIbITHBIM

14. [H+]=

- 1,175-10-2, [H+] = 1,324-10-3, 15. 9,939-10—%. 16. L,=0,87-10—3; L,—7,81 X

X 10—* moawv/a. 17. A, = 112,9; A, = — 65,26. 18. 3,25-10—2; 0,654; 5,32 10—2.
19.
I Coab MOJle/’l 000 I Y + ” l Coab Monbc/,l 000 ! v:t
MgSO, | 0,005 0,230 MgSO, 0,01 0,320
I LaCly 0,010 | 0,098 | 0,333 It LaCl, 0,002 | 0,059 | 0,426
Na,SO, | 0,006 0,484 Na,SO, | 0,005 ,565
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20. y+ = 0,718. 21. ay /as, =0,15. 22. AH = — 574 92 [D/moas. 23. 1465,45
JDx/Monb. 24, AHf NH+——-—1329K11)K/MOJH: 25. AGY,,= —97, 382 x I xk; AH300
1

= — 52, 453 «kJx; AS = 149,76 k. 26. AG° = 11, 227 x/Ix; AS°=

— 110, 8 Ox. 27. [P = 5,07 10-4. " 28. pH = 2,16. 29. 0,980; 0,964; 0,920;
0,889; 0,847. 30. 1IP = 7, 33, 31. 238-10-10 M. 32, 0,865; 0,845; 0,826; 0.791:
0.687: 0,593. 33. pH = 69. 3. T — 353,3 K. 35. K —0072 10-3; c=
*27010— 36. a-—733 1o-7. 37. L = 1,48-10— 38. 'y:t-—0707 39.
56,94 xJIx. 40. C = 7,9-10-2. 41. 250,7. 42. 211 (136 3). 43 AH 2SO, =
= 18,57 x/bx/mons; AH o=14.7. 44. 56, 5 xLx/moan. 45. 0,01023. 46. Ap—“1132l

Hox/moas. 47. ap = 5, 16 10—3 48. 6.10—5. 49. ap = 0,00633; ap= 0,00122. 50,
0,74-10-3.

Faasa X1X

1. Zn + CuSO, = Cu + ZnSO,; Cu®+ + 2Ag+2CI- =2 AgCl-+Cu: Cd-t-

-+ Hg,S0, = 2Hg+-SO3 ~ +Cd?+; Hy Hg,SO,=Hg--2H* - SO3-; Cu (OH), -
+H = Cu-+2 H,0. 2. Cd|Cd?+: Cu2+|Cu Pt|Hy H+ ii Ag+ | Ag; Ag|Ag u AgIl
g "PtH,| HCI [Cly| Pt;  Zn |Zn¥+ i FeS+ [Fe+|Pt: Pt|HaJOH- 5 H+ |H, Pt
1H]OH |0,/Pt. 3.°0,43648 B. 4.0,925 B. 5. 2,65. 6. 0,11 B, 7. 0763B 8.
—0,059 B. 9. 2,54 B. 10. E, =0,7846; E,— —0,2479 B; pH=1,083. 11.—0,15 B,
12.0,065. 18. £,=0,337 B; £,~0,594 B. 14. K; = 6,8-10%; K,=1,313. 15, E{=
= —0,0363 B; E? = 0,731 B; £9 = 0,519B. 16.0,01735 B’ 17. v, = 0,202,
18. 0,459 B. 19. 0,1317. 20. 0,0438 B. 21. apy, = 5,7-10~%; yp, =0,297. 2. 0,336

B. 23, AH = — 238,175 x/lk/moab; ¢ = 21,07 xlIk/monn; Ef,, = 0,985 B,
24. AC} 595 =12,59 lI)K/(Mo.nb K). 25. g = 94,153 KkDk. 26. 6,45-10~4. 27.
Iy =0,0626; y = 0,736, AG™ = — 6,865 [Ix/moaw; AS™ = 17,36 [Ix/
/(moan- K). 28. AHp = —1,459 x1x/moas. 29. a(Cd)Sn:0,0797; P(m)s":?,37 MM
pT. cr. 30. ap; =0,0112; y=0,0562. 3t. ar,—0,00432; y=0,0188; AG™ =—13,489
Kll)K/Monb AH™ = — 2,832 x[lx/moas; AS™= 12,43 Ix/(moas-K). 32, E=
0,261 B. 33. K, = 1,98-101%; K, = 1,645-1024; K, = 2.78-10-8. 34, for, =
=35,41 arM; y = 0,708; fc1 45,45 arM; y = 0,4545. 35. 237 xll)K/Mo.nb
1,229 B. 36. E® = 0,41146 B; y. = 0,488. 37. 1) Pamuosecue; 2) Kp=1 uu

K¢ = 1 B 3aBHCHMOCTH OT Toro, Kax onpejeiasocs £°. JIpyroi otseT: KoHUeHTpa-
HLHOHHAA Uemnb; 3) oueHb paaﬁaaneuﬂuﬁ pacTBOp CHJbLHOLO 3/EKTPO/IHTA; 4) OueHs
pasbasiiednntit pactBop; 5) Ges orpaHuuenuit; 6) Tosnko ans conu 1:2 M 2:1; 7).
OyeHb pasbaBlieHHLI pacTsop; 8) obpaTumas peakuus B uenu; 9) E; = 3I]IC Todk
xe uenu Ge3 nepenoca. Unco nepeHOCa 3aBHCHT OT KOHLEHTPALIHH.

F1asa XX

I.a= 7,1-10-3 MM pr. cT.; K = 36 ma-r-l. 2. a= 18,6. 3. S = 449 um2.
5. a= 0,129 1. 6. g0 = 1,706, K = 9,56-10—%. 7. aeo = 4,33-10-10; K=0,07:
a=3-10-1° poan/cm?. 8. S = 12,22 A% 12. S, va = 021 wir. 13. Sy,
== 199,56 m¥r. 16. AH = 28,510 [Ix/mons. 17. AH = 22.9.10% Ix/moas.

Fnapa XX1

. 43,2 roga. 2. 5,3-10-5 4,35-10* mua. 3. 0,0515 wuu—1. 4. 2,65-10—%;
1530 MHH 5. IMepantit 2,7-10-3 mun—1. 6. 30 MHuH, 7. 2 55.-10-% ¢. 8. 3,75 mun. 9.
52 % 10. 7,36 muu. 13. 0,7544; 23,8 4; 238,5 4. 14. 0 86 wMouab—1.mun—1.a. 15,
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0,07 moan/a. 16. 25 %; 33,3%; 38 %; 100%. 20, Iepsutit. 21. PBH" 22, Tloay-
TopHuili. 23. [llepawit; 0,0123 wmun—!, 25. [lepsumii; 0,040 uy—!. 26. IlepBui;
4,19.10-% mun~1. 27. 531-10~3 muu—1.r-sks—1.1. 28. Tperuii. 29. Bropo#;
11,6 wmua—1.r-sxs—1.1. 30. Bropoit; 2,35 wmun—1l.r-sxa—1.;n. 31. Bropoii;
0 0383 lc—l.r-3xs-J. 32. [lepsuit; 1,5-10-2 c—1; 460 c.

Fnapa XXI1

1. ky = 0,00314 mun~1; k_;=0,0104; K, = 0,302. 2. Kpupy = 0,79242; k;=
= 0,0017045; k_, = 0,002151. 3. k, = 1,495.10~5 (1 84 18 3 wnnt. 4. ky =
= 0,01637 MHH—L; k_;=0,000334 mua—1; » K pann= 49 2: K=0, 412 Mosb—1 X

% MHE-1.1. 6. ky = 0,035 wmun—l; Ry, = 2 10— ‘MHH—L. k —7‘1—: ax =
1 a a X k
=5,67 u; {Blyay =595 kr. 8. Ti/2 = k,_—{—? In 7 —In (2—___4 _P T Ry )
HO ki/ky = x;/x5. 9. ki/ky = 6,94, 10, Kep = 0,0346995 Mun—1 (qepes 35 MHH
I a
_ _ 1 ) e kit -
Crac’ = Crag ncx)' H. &, ; In p— ) a— x= ae ; 2) B}
. — eyt —kyt ky — Ryt Ry
= — ; 3) [Cl=all — o X
akz—kl (e ) ) )[]k la dk—ke ky — Ry
—tyt [B] [B] \¢~ Bj
xceht | rz e = B (BLL B ey a2 e ma-
- 0
[Al[B]

— [B]) — & [B]). 13. {Clcray
We k(A [B]
L N

= _2_5'—§ Tmax ="7,45 MuH; [C)éran=[Clmax;

~1= oo —1 npu 1 0; [A] = [Ae); [B]=[Bok; [C] — O no-

[Ao] — [Bo] — (B} ky (AT €]
. 14 W=k, ;Y
: k3 kg [C]’ ) e

G6oabuux P k_; > ka[C] W= Kaq, [A}ICI; 2) Mpu wmanwmix P k_; << ky[C]. W=
=k [A]; n=1. 15. P=66,73 [la. 16, hy=23,79-10-3¢c—1; T,y ==1979,51 c:
By =2,1.10~0¢—1; [RaA]max_7 22.10~11 r; [Rn)y_ 5, =3,41.101%; [RaA])=1,93x
X 101 arm. 17. Sn1‘8=0,07' r. 18. Ny /Ng,=0,396; N;/Ng, =0,6. 19. &y =
=2,41.10~4c~1; k_;=1,9.10—%c—1. 20, b;=4,74. 10~5c—1; k=570 10—5c—ll. 22, by=

=3,6-10~8 [la=1; k,=—3,2.10~4 c—1. 23. &y ky=0,00187. 24. {—

" a ky-+ky (b—x
X In
a—x ki-Lky b

caelosatedbHble; A=

e X
ky+-Ry(b—a)
a

)
. 236,9 wun. 5. i= In X
' uan. 25 byt kg (b—a)  a—x

. at__l
ﬁ%k?f:—b—")—; i-_«.e,at—; @=3,5-10-5¢c—1; B=0,33; x/a = 0,459.
1 2 a e

26. k_,=9,47.10~3;

)

k) =2,659-10—3.

Faasa XXI11HI

1. 311,8 xIx/monn (308,8 Kﬂ)K/MOJIb), ky = 1,029-10%. 2, 97,95 Kﬂ;(/MOJlb
(96,9 kIIx/moab), ko =8,21-109; T, , = 0,308 MuR. 3. ky/k, — 4444,78 (0,0002)

4. 46,65 xIDk/Moab; T{,y = 6,1 Muu; Tie = 12,2 MHE. 5. ki Ryt h=1:47,3:99,7,

6. 291,3 K. 7. 18,2-10-3 MHH—‘ t = 253 MHH. 8. 65 MHH. 9. y = 1,882,
10. T, = 2914 K. 1L Kogs,p = 7,05:10~%, Kyigp = 29103 Kypp y =
= 14,9-10-3; = 12,477 % = 0 01248 MoJlb SQ)Hpa 12. 96 747 kJDK/MOb;
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ky=7,49-10-3 mun—!; = 1230 mun. 13. 122,597 x/x/moab; {= 1274 c. 14
Wigs,2 = 2,72:10~% Kyys,, = 0,0272 wmuu—!-modp—1-n. 15. (= 2147,5 Muu;
k3=4,61 man—1-monp-t.o1. 17, 32,805 kIok/MoNb; kg==0,587 c-1-MM pT. cT."2; K¢, g5=
=1811,32 c—1-Monb=2-71%; Kipype=121 871 c=1-monp—2-51%; 39,37 xIx/MoNb; ko=
=2,71-10* c—! mosnb—2.22. 18. To4UHOCTb OMpefeJeHHS BPEMEHH MOJIYIIpeBpPalleH A
3aBHCHT OT TOYHOCTH TePMOCTATHPOBAHHS. TOYHOCTH H3MepeHHH HEAOCTaTOUHO, YTO-
6bi OTVIHUHTL PeaKUHH nopslka 3/2 or peakuun nopsijxa 4/3; (At/11/2)- 100=4-8,46%.

19. 573 K—»1,22.10-1%; 723 K--»1,39.10-8, 20. E, = 362895,78+16,628 T Hx/
/Monb; E = 376, 198 xIx/Monbs. 21. 217, 73 x/Ix/Monb; kp,1=6,08-10'2 c—1; 213,
223 xJx/Monb; ko ,=1,18-101% c=1; Igk=12, 784—(11371,4/T); Igk,=13,073—
(11136/T) 22, 1gh,=14,37—(9973/T); Igk,—15,104 — (9276/T); Ke, 698, 6
= 0,018573; K¢, ges, s x — 0,01661132; AH = 13348, 846 [Ix/moub; K, 533K
= [,013-10-2; K. 713 = 2,25-10—2,

MuoroBapuaHTHas 3amaya Ne 1

1. 16,8 xx/monb; ks =+1,108-10% mun—'-monp—t.;; yp= 2,029; ¢, ;=
= 0,537-10—* moab/a.

2. 166,672 xdw/Monb; ky = 0,0488 mun—'. Moab—1l.n; vy = 2,001; Cx, =
= 0,00465 moau/a.

3. 167,87 kdx/Monb; ky=0,0188 mun—1-momp—t.s1; y= 1,65; cx, = 1,695
MOJIb/JI.

4, 214,267 k[x/Monb; ky=0,1148 munr—1-momp~'.n; y = 1,69; Cx, = 1,556
Moab/a. ‘

5. 88,213 kIx/monb; ky = 0,1209 mun—1-moab—t.o1; y = 1,39; Cx, = 1,976
MOJb/J1.

6. 192,549 k[x/monb; k3=40,699 wmun—1.mons—l.a; y= 1,603; Cy, =
= 1,868 MoJb/a.

7. 219,168 x[x/monb; k,;=13638,6 wmun—t-moap—l.q; 7y = 1,148; cx, =
= 2,83 moab/a.

8. 265,714 k/Ix/Moab; ky3=53,138 mMun—1!-moab—1.x; y=1,32; Cx, = 1,7497
Modb/J.

9. 103,8 k[Ix/mons; kg=0,287 mun—1-monb—1.1; y=4,274; cx,=0,832 MoJb/ o,

10. 326, 864 xdx/Monb; ky;=0,0788 wmun—l-momp—1-a; y = 1,567, cx, =
= 0,7359 Mmoub/a.

11. E = 204,366 x[x/Monb; ky3=0,402 mun—1-moap—1t.a1; 7= 2,117; Cx, =
=2,431 moas/a.

12, 64,265 x[x/monb; ks = 1238,09 wmun—l-m; y= 2,445, ¢, = ¢y =
= 1,67 moab/a.

13. 98,153 kIlx/Monb; kg = 0,00235 wmmr—l.moap—1l.1; y = 3,697; Cp, =
= 1,718 moab/a.

14. 218,6 xIx/Moab; k= 0,0635 wmun—'-momp—l-a;. y= 1,714; ¢, =
= 0,673 mousb/a.

150 95,570 x[Ix/monb; kg = 0,295 mun—t-moab—1-; 1y = 4,003; cx, =
= 0,626 moab/a.
16. 83,765 xkx/Moab; ky3=1,256 wmuu—1.wmoab—1-ua; y= 2,910; Cx, =
0,918 wmoas/a. :
17. 110,618 k[lx/monb; kg = 0,011 muu—'-momp—t.m; y = 2 545; Cy, =
= 0,064 moan/a.

I
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18. 47,148 x[x/Monb; kg = 79,724 muu—1-monb—1.1; y=1,88; cx, = 0,949
MoJib/a.

19, 71,441 x[x/Monb; ky = 0,00259- mun=1.-momab—1.u; Y= 2547, ¢, -

0,150 moap/a. ‘

20. 65,355 x[x/monb; ky=0,123 wmuu—l-moap—l.m1; = 2 352 Cx, =
= 2,862 MoJb/a.

21. 70,694 xIx/Monp; ky; = 0,000289 mur—1.moap—1.u; v = 2,701; Cx, =
= 0,221 moun/a. '

22. 109,439 k[lx/monb: ks = 0,0335 mun—l-momp—1.m; y = 3,117; ¢y -
= 0,0386 mo.b/.1. -

23. 97,002 k[x/morb; ky = 0,190 mun—l-mom—1-1; y= 4,186 ¢
= 3,838 monab/a.

24. 6,992 x[x/monb; ky= 1,719 wmuu—t.moap—t.n; y= [,087: . =
== 2,66 Moab/J. ‘

25. 104,1 x[x/Monb; ky = 5,713 muu—1-momb—1.5; y = 3,593. Cx, = 1,838

f

MOJIb/JI.

rasa XXI1V

1 Zy=29,4-10%; Z,=0,58-10%; [=61,4-10~7 cm. 2. Zar = 184-10%; £, =
= 0,00104 mun. 3. £, = 128030,4 dx/moib. 4. Zg=4,78-10°. 5. k = 7,8-10% c—1.
7. p= 0,205, E,= 165953,9 [x/mosb. 8. p = 53.10-1°% E, = 46818,96
Hx/Moas 9. p = 53-10~%; E, = 54475,68 I:x/monn. 10, p= 63-10-% E, =
=57237,12 Ix/moap. 13. k= 9,3-10-? cm® modexyaa—1-c—1. 14. k==1,25.10—12
eM?® - modekyra~l.—l. 15, k= 4,12.10-2 cM® - mosexyaa—l-c—1. 16. k=

*

== 0,298 cm¥-moan—l.c—t. 17, 152,9. 18. 7-10~3u—1, 19. AHT — 72174
Hdw/monn; E, = 74709,5 [x/moan. 20, AH™ = 36149,76 x/moab; AS™ —

- 68,032 Tx/(momb-K). 21. Ky = 7,76-10-3; E, = 1112,9 dx/monb; Kp =
= 1,63-10% AH™ = —10794,7 Ji/monb. 22. AH™ = 10836 [I/Moab; AS™ —
= 84,010 Jlw/Moan; AHT = — 2801963 [lk/mons. 23. a) k= 74 c=1; £, =

= 9,4:10% ¢; 6) k=1,7-10—2¢c-1; 1‘,/2 = 4lc; B) k= 3,8-10—8—1; t, = 50 4. 24
AH7= 121336 Ox/moab;, E,=233467,2 [Ix/moab. 25. k=1,28-10-1 cm3. momp—L.
26, k= 4,0-10~8-1; AS* = — 3347 Ix/(monb- K). 27. 1105457, 6 Ix/mons
124683,2 [x/Moab: 39,33 Hx/(moab-K). 28, k=453 cm3-momp—1.c—1, 29,
p = 0,5-10-3.
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Muorosapuantnas sagava M 3

£ E, AHY, kon T ASE, v
N § K0/ Moab K 1%/ MO M3 /(C-Moab) UK/ Moab cp
R
1 88,875 T-298; 86,399 1,27- 108 T-298; —155,26 3,09
2 103,000 298.1; 100,523 4,25-107 298,1; —107,01 3,22
3 98,195 293,2; 95,759 1,512-108 293,2; —96,341 4,39
4 1n3,592 298,2; 101,114 5,19-107 298,2; —105,36 3,47
5 228,343 750, 222,111 3,855- 197 750; —115,481 1,55
6 54,95 300; 52,457 1,259- 1010 300; —59,826 1,87
7 187,556 500; 183,401 8,03.108 500; —86,913 2,27
8 89,621 300 K; 84,635 3,258- 108 300 K; —194,04 2,88
9 172,985 600 K; 163,013 8,99-10# 600 K; —172,254 1,86
10 175,464 500 K; 167,154 1,799- 100 500 K; —88,53 2,02
i 133,791 400 K; 127,143 3,147 107 400; —120,263 2,61
12 191,13 500 K; 182,82 2,938-10% 500 K; —103,57 2,23
13 113,168 350 K; 107,351 9,243 108 350; —129,32 2,71
14 42,373 280 K; 37,719 2,014-10° | 280 K; —197,458 1,74
15 77,541 280 K; 72,887 2,588-107 | 280 K; —118,925 2,84
16 98,461 503 K; 90, 101 9,27- 108 503 K; —189,649 1,47
17 242,496 973 K; 226,325 2,534-10% | 973 K; —229,167

napa XXV

1. 55,35. 2.10%. 3. 2819 k[x/moasb. 4.E, = 287,7 xk[Ix. 5. 105,6 kIxk.X
Xmoap=?: | dithwrestn = 112,5 kxaa/modan., 6. Hocratouno; 8 onnom ssene — 46,2;
Bo BTOpoM --186,06 x/Ix; na moap HCI norjomaercs npu oroumnyince 2,5 J{xk/
/moms. 7. w = ky (ko/2k;) CI3/2. 8. w = ky(ky/ks) CoH,Cly. 11. y=0,55. 17. 24,6
kllx/monb. 18. y== 7,5; k = 6,3-10~3c—1, 21. 254,7 k [I/monb. 22. 1041 K J/ MO,
23. 1912 xdx/Moab.

napa XXVI

L kep == 3,86, D = 610~ cM?/u. 2. 7,2-10~% Mostb mam 8,8-10-4 1. 3. V ==

984 o; t= 10,98 mum. 4. = 39 Mun 38 c. 5. cg == 0,1031 r/50 cm3; kb =
== 6.45-10—2 mun—1; 8 = 4.95-10~* cm. 6. 0,23r. 7. kep = 5,0:10~3 Man—1; § =
=191

- 19-10—% M. 8. D = 0,24 cm¥c. 9. r=24; m=6,2-10-3 r. 10. D — 0,10 cm?/c.
12. D = 0,545 cutle,

-Fnasa XXVII

1. 0,636 cM’/(Monb-c). 2. 1,012 cm¥/(mMoab-c). 3. £y=2,32-10—* cud/(Moab-c);
Ry==1,18-10—%cm3/(monb - c); ky= 8,65-10~3 cm¥/(Moan-c). 4. 1:1,17:1,11. 5. 3130 c.
6. 3145; 6329; 12882 c. 7 1,60-10~5; 1,59.10—5; 1,66-10—5 moas/(a-c). 8, 1,585.
M. 2e=134-10~* muu—1; k,=5-10~5 Monp—1-mun—1. 19..G, = 7,90- 10—*; a=0,62.
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20. 32 g-mom—1.c—L. 21. 2,72 pasa. 22. E,=161—0,284 ¢. 23. AHy, = 163 k[Ix;
AHZ, = 205 xllx; AHg, = 200,9 xllx; AHZ, — 129 x[Ix. 24.. kp = 3,1 c=L;
Eq=35,2 k[lx/monb. 28. kypy = 0,0025 c=1; kyon = 0,0032 c—1. 29. E, = 41,8

xJIx/Momb: E,= 20,9 xdx/Monb. 30. vy In L'(1 —y) =0y y + 0,012, 31. B=1;
o = 0,048, :

Fnasa XXVIII

L 1,779 1. 2. £ = 1560 ¢ (26 mun). 3. { = 32906 ¢ (84 8 mMun 25¢). 4. 6,34 x
X 10° Ix. 5. 80 %. 6. 83, 25 Y% . 7. 5.6 cm® O, 31,77 Mr Cu; 126,9 mr 1,; 11,2 ca®
H,. 8. 92,7%. 9. 92,9%. 10. 313 A-u; 21,8 a1 O,.

1L i, Ajem® L., 0,01 0,015 0,018 0,019 0,0193
Ap, B . . .. .. 0,0092 0,0189 0,0340 0,0524 —
12, i, Ajem?® . . . .. 5 10 15 18 19
Ag, B . . .. .. 0,269 0,264 0,255 0,244 0,235
13. 9, B . . . . .. —0,535 —0,505 —0,490 —0,485 —0,480
ifigp .+« . ... 0,99 0,92 0,74 0,62 0,42

4. 70,2 % Cu; 29,8 A. 15. 66,6 % Ni; 33.4 % Co. 16. «a
0,190 B; @ = 0,305. 19. n == 1,0. 20. /' = 64; A4 = 0,2; k= 2 n/(monb-c). 21.
E,= 42 xlIx.
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