XUMHNYECKOE PABHOBECHUE BTA3AX U PACTBOPAX
XUMHYECKOe paBHOBeCHE. YCJI0BUA XUMHUYECKOT0 PABHOBECHS

[Ipn wuccreqoBaHUM PACTBOPEHMS HANpPaBICHUE XHWMHYECKOM pEaKIMu 3aBUCUT OT
JaBJCHUS] Ta3a W KOHILICHTPAIlMM PacTBOpa U MPU OMNPEJEICHHBIX 3HAYEHUSIX 3THUX
BEJIMYMH PEaKIUs MOXET MPEeKpPaTuThCs, HE AOWAS 10 KOHIA, WIH JaXe MOWTH B
0OpaTHOM HaIpaBJICHUHU.

[TogoOHbIE XK€ ABIEHUS HAOIIONAIOTCS U B PAJIC IPYTUX XUMUYECKUX peakiuid. OTcrona
CledyeT, 4YTO XUMHYECKHE peakiuu OoOpaTUMbl: HapsAy C  XHUMHUYECKUM
B3aMMOJICICTBUEM MCXOAHBIX BEMIECTB (MpsiMas peakiusi) MPOTEKAET XUMHUYECKOE
B3aMMOJICCTBHE MEXKIYy OOpa3yromuMucs TpoaykTamu (oOparHass peakuus), B
pE3YJIbTaTe KOTOPOrO BHOBb 00Pa3yt0TCsl UCXOIHBIE BEIIECTBA.



[Ipy nporekaHuu MNpouecca CKOPOCTb MPSIMOM PEAKIUUA YMEHBIIAETCSI, a CKOPOCThb
oOpaTHOW yBennuuBaeTcs. Yepes3 HEKOTOpOoe BpeMsl MOCIE€ Hayala PEaKIUU 3TH CKOPOCTH
CPaBHUBAIOTCA U HACTYNAET COCTOSIHUE XUMUYECKOTO PABHOBECUS, IPU KOTOPOM COCTAB
CHCTEMBbl OCTAE€TCS HEU3MEHHBIM BO BPEMEHU IPU YCIOBUU IOCTOSHCTBA BHEIIHUX
YCIIOBUN.

[Ipu 3TOM peub UAET O HEU3MEHHOCTH CUCTEMBI B MAKPOCKOIIMYECKOM CMBICIIE B CaMOWU
CUCTEME MPOTEKAIOT MPSAMbIE U OOpaTHBIC PEAKIMU, HO UX CKOPOCTH OJIMHAKOBBI, T.C.
PaBHOBECHUE SABJISACTCA JUHAMHUYECKUM M TOJABUXHBIM. V3MEHEHME BHEIIHUX YCIIOBUU
CMEIIAET 3TO PABHOBECHE B Ty WM JIPYTYH0 CTOPOHY, & BOCCTAHOBJICHUE 3TUX YCIIOBUU
BO3BPAIIAET CUCTEMY B IIEPBOHAYATBHOE COCTOSIHUE PAaBHOBECHS.

Ecnn pPaBHOBCCHUC ABJISICTCA HCTHUHHBIM, TO OCCKOHEYHO MaJjlo€ HM3MEHCHHE BHEIIHHUX
YCJIOBI/Iﬁ IIPUBOAUT K OCSCKOHEYHO MaJbIM H3MCHEHHSIM B COCTOSHHU CHCTEMBI. TakmMm
O6p330M, XUMHUYCCKHUC PCAKOHUU MOI'YT IPOTCKATb BOJIM3H COCTOSHHUA PaBHOBCCHUA KaK
TCPMOIUMHAMHUYCCKHN PABHOBCCHBIC IIPOHOCCCBI W K HUM MOXHO IIPUMCHATDH O6H_II/IG
YCIO0BHUA TCPMOINHAMHUYICCKOI'O paBHOBCCHAI.



N3meHeHuE JHCPI'uu I'u66ca CHCICMLBI, B KOTOpOﬁ IIPOTCKACT XHMHYCCKas
peaKnusi, OIPCACIBICTCA YPABHCHUC M.

dG =—SdT + Vdp + Zwdn;.

Ho B xumuueckoiu PCaKIIil HU3MCHCHHA YHUC]IA MOJICH KOMIIOHCHTOB dl’li HC
ABJIIAKOTC  HC3aBUCHMBIMH, a CBiA3aHbl MCKAY coboii CTCXUOMCTPHUYCCKUMH
KoshPUIMeHTaMH. 3allilieM YpaBHCHHES IIPOH3BOJILHON XMMHUCCKOH pEakiMH B
dhopme

V1A1 + V2A2 + .= V{A’I + V’2A’2 + ..., (1)

I7e V; U V| - CTEXHOMETPHUSCKHE KO(PPUIUSHTHI HCXOHBIX BEIIECTB A; U TTPOTYKTOR
peakuun Aj.

M3MmeHenust umMciia MoOJeH  dm;, ydacTBYIONIUX B PEaKIMM  BEISCTR
IPONMOPIUOHAIBHBL  CTEXHOMETPHUYESCKUM KOX(PPUIIMCHTAM YpaBHEHHUSI PpEaKIluH,
B3SITBIM CO 3HAKOM MHHYC JUISI MCUE3aOIMX BEIISCTB M €O 3HAKOM IUIIOC — IS
00 pa3yIOIIUXCS

dnl__dn2 _dmyy dn,

f f
Vi Vo i Vo

=dy. (2)



Jlnst BceX y4YaCTHUKOB PEaKIWH OTHOUICHUS dn /v, ONMHAKOBBI M MOTYT OBITh
npeacTaBieHsl B (dopme auddepeHranra HEKOTOPOW BEJIUYUHBI y. DTa BEIUYMHA
HA3bIBAECTCS XUMUUECKOU NEPEMEHHOU, VI YUCI0M NPOHe208 XUMUYECKON peakiuu
(cmenenvio npoosudICeHUs1 PEAKIIUN ).

OHa 1OKa3bIBa€T MacCy KaKJOr0 KOMIIOHEHTA, BCTYIIUBIIETO B PEAKLIHIO K JTaHHOMY
MOMEHTY BpPEMEHM W H3MEPEHHYI0 B OKBHBAJICHTHBIX €IMHUIAX, OTBEYAIOIINX
ypaBHEHHUIO peakuuu. Hanpumep, eciv yuciio mpoOEroB peakinu paBHO €AUHUIIE, TO
3TO O3HAYAET, YTO K JaHHOMY MOMEHTY MPOPEarupoOBAIM CTEXHUOMETPHUUECKHUE
KOJIMYECTBA BEIIECCTB.

XUMHYECKas IEPEMEHHAS XAPAKTEPU3YET TOJIBKO OHY OINPEACIECHHYI0 peakuuto. Ecimn
B CUCTEME MPOTEKAET HECKOIBKO PEAKIINM, TO KaXIast U3 HUX UMEET CBOI0 XUMHUYECKYIO
IIEPEMEHHYIO.



Boipasus dn; yepes dy u3 ypaBHeHHS (2), MOIYYHM I HU3MCHCHHS SHEPTHH
['uGG6ca peakiuu:

dG =—8dT" + Vdp + Zv,udy. (3)

Oueprus ['u66ca cucTeMbl 37ech ABIsICTCS PYHKIHCH TIEpeMEHHBIX 7, p U ¥, a €€
U3MCHECHHE B PCAKI[UU, TMPOTEKAIONICH NMPH MOCTOSHHBIX TEMIICPATYype U JIaBICHUH,
PaBHO:

— = LVl (4)

Ecou npu p, 7 = const peakiusi mMpoTEKacT CaMOMPOHU3BOJIBHO, To dG < 0 H,
cIIeIoBaTENbHO, L v i, < 0 (Tak Kak, o ompeeieHuIo, Beeraa dy > 0). B xojae peakuuu
JOCTUTAETCS MOJIOKEHHE PaBHOBECHSL, I/ic G UMEET MUHUMAJIBHOE 3HAUCHHUE, U

o6

= 2w = 0. (5)
oy T

DTo ypaBHEHHE B 0OIIcH (popMe BHIPAKACT yClo6He XUMUHHECKOZ0 PAGHOEECUA.
Ecnu peakius mpoTeKaeT MpPH TMOCTOSHHBIX TEMIIEpaType H 00beME, YCIOBHSA
PABHOBECHS MOXXHO IIOJIYYUTH AHAJIOTUYHBIM IIYTEM, HCIIOJIB3YSI H3MECHEHHUS HSHEPTUHU
I'enpmrosnbia (M30XOPHO-H30 TEPMHYECCKOTO MMOTCHIHAIIA):

oF

— = 2vy = 0. (6)
0% v 1



3aK0H JeMCTBUA MACC

Ecmm peakims mporekacT B Ta3oBOMl  (paze, TO XUMHYCCKHC ITOTCHIIAAIIBI
pPCarupyromux BEIISCTB MOXKHO BBIPA3UTh 4YEPE3 WX MNapLHUAIbHBIC JABJACHUS WU
MApLUATBHBIC JICTYYCCTH:

w; = u +RTnp; wmm ;= u + RTInf;. (7)

[lonaras, 4to pearupyromme BEINECTBA BEAyT ceOs Kak HACAIBHBIC Tasbl,
MOACTAaBUM 3HAUCHUA WX XHMHUYCCKHUX TOTCHLMAIOB B ypaBHCHHC (5), Toraa 6
COCMOAHUU PABHOBECUS

Sviu’ +RTZvinp,=0.  (8)



OTcrona

2V y,-o
ZV;‘]I’I i:_—‘ P = 5 9
p RT AT) ©)
T.e. Xvinp; 3aBUCUT TOJBKO OT TeMIIEpaTyphl. 3aMEHHB CYMMY Jorapudgmon
JorapupMoM TIPpOM3BEJEHUS TIaplualbHbIX JapieHui, a f{I') — norapudpmom
HeKOTOPoH pyHKIMH K (7)), moayunm:
1P
lnH pri=— SVik_ InK (7) (10)
RT
15811
V7 Ve
P 1p 2.
[1p/ = ZKP(T)- (11)
i P1 :

Bemnunna K, BbIpakeHHas dYepe3 MapliHajbHble PABHOBECHBIC JABJICHHS
KOMIIOHEHTOB, 3aBUCHUT TOJBKO OT TEMIIEpaTypbl U HE 3aBUCUT OT CYMMAapHOTO
JIaBJICHHWS W MaplUaJbHbIX JIaBJICHUM KOMIIOHEHTOB B HCXOJAHOM cMmecH. llpu
[IOCTOSIHHOM TeMieparype K, = const.



Benvurta K, Ha3bIBaeTCsl KOHCIAHMOW XUMIHECKO20 pasHoeecui (WIH TIPOCTO
KOHCTAHTON paBHOBecHs), a ypaBHeHHe (11) mpencraBisieT coOoM MaTreMaTHUECKYIO
3aIIiCh 3AKOHA Oelicmens macc.

B ciayuae peanbHBIX rasoB BeiuurHa K, MEHsSETCS NMpPU W3MEHCHWH JABJICHUS,
MIOSTOMY JUJISI OIMHMCAaHWS pPaBHOBECHS B HTOM cjydae IIOJB3YIOTCS KOHCTaHTOM
paBHOBecHsl Ky BBIDOXEHHOM uepe3 paBHOBECHbIE IaplLMajbHbIE JETYUECTH f; BMECTO
MapiyaibHbIX JaBjieHud p; . BenuunHa Ky 3aBUCHT TOJILKO OT TEMIEPATYphl U HE
3aBUCHT OT JaBieHus. Ilo Mepe yMeHbINEHHS JaBJeHHs BelHuuHbl K, U K|
commkarotest U nipu p —> 0 K, = K.

KoHcTaHTy paBHOBECHSI MOKHO Tak)kKe€ BbIpakaTh Uepe3 Yhcja MoJIeH #2;, MOJISIPHBIC
KOHIIEHTPAIlUH C; UJIK MOJIbHBIE JIOJIM X; PEarupyIOIIuX BEIIECTB, UCXOMS H3 CBSI3H
MEXKAY STUMH BeJIMUMHAMHU M ITaplidaJbHBIMHU JaBlieHUSIMU (P — oOlee gaBienue, J —
o0IIHi 00BEM CUCTEMBI):

Py %RT= ¢RT=xP. (12)



[loacTtapmss 5TU 3HaYCHUS B YpaBHEHUE 3aKOHa JicicTBUAA Mace (11), momyuum:

_ (RTY" _ _ _—
K, = Hp;’* = Hn}’* v | - HC}” (RT)' = Hx}’* PYi . (13)
/ / / /

Vi Vi Vi
OGosnaunm npoussepenus [[n/', []G' u J]X' uepes K,, K, u K, KoTOphIE
] i

1™
/ /
MPCACTABJIAOT KOHCTAHTBI PABHOBCCHI, BBIPAKCHHBIC HCPC3 HUCIIA MOHCﬁ, MOJISAPHOCTH
WJIX MOJIBHBIC JAOJIM pCarupyroaniux BCHICCTB B paBHOBGCHOﬁ cucteme. Kak BUJHO U3
MpCABLAYIICTO YPaBHCHH A, CBiA3b MCKAY STUMHU KOHCTaHTaMHt PaBHOBCCHUA
OHPCACIIACTCA COOTHOIICHUAMM:

RT Y
K,=K, a = K.(RTYAV=K P, (14)

rie Av — pasHOCTb MEXJAY CYMMAapHBIM YHCJIOM MOJIEH MPOAYKTOB pPEaKIuUd M
MCXOJIHBIX BEIIECTB, T.€. ajlreOpanveckasi CyMMa CTEXHOMETPUUECKUX KOADPUITMEHTOB
B YPAaBHECHUU XUMHUUYECKON PEaKIIUH.



Kak pugHO u3 ypaBHeHUs (14), B o0meM ciydae YHCICHHbIC 3HAYCHHUS KOHCTAHT
paBHOBecHus K, K,,, K. 1 K, He cOBIaaroT M Juilb IIpu Av = 0, T.e. KOTJila peaKius
npoTekaeT ©Oe3 HW3MEHEHHs 4YHCiIa MOJEH, KOHCTaHThl PABHOBECHS HMEIOT
OJIMHAKOBOE 3HAUCHUE, HE3aBUCHUMO OT CIIOc00a BhIpAXKSHUS COCTABA.

CreyeT Takke UMETh B BUJY, YTO BEJIMUMHA KOHCTAHTHI PABHOBECHS 3aBUCUT OT
crioco0a 3alucy YpaBHEHHUS] XUMHUECKoH peakiuu. Hanpumep, ypaBHEHHE peaKIlun
CHHTE3a aMMHAKa MOJKHO 3aIllUCaTh B BUJIE

3H2 + N2 = 2NH3
TOI‘,[[& KOHCTAaHTA PAaBHOBCCH:I STOU PCaKIIHH PAaCCHUTBIBACTCHA KaK
2
PNH,
3 .
sz pN2
YpaBHEHHE TOM K€ peaKIMU MOKHO MPEACTABUTDH B (popMe

3/2H,+ 1/2 N, = NH;

Koncranta PAaBHOBCCH: STOU pPECaKIuu 11pH TaKOH 3alluCH

K,=

P~ 32 112

Ki= N g1
Py, PN,



YpaBHe}me H30TCPMbI XHMHYECKOH PCaAKIIHH.
XHMHYEeCKOoe CpoacCTBO

Onepruss ['mb0ca cuCTeMbl, B KOTOPOH IIPOTEKAET XHMHUECKas peaKIus,
m3Mensiercs (Zvi; < 0). O0o3HauMM maplHAIbHBIE JIaBJICHHUS KOMIIOHEHTOB B
HEPABHOBECHOU CMECH uepes ;. B COOTBETCTBHH ¢ YpaBHEHHUEM (4)

Gl sy =Sl + RTSvinP, (15)

oy o.T

0
Beanuuna ZV,; Hi HC 3aBHCHT OT TOI'O, B KAKOM COCTOAHHH — PAaBHOBCCHOM HJIH

HEPAaBHOBECHOM — HaXOJIUTCS CHCTEMa, M CBs3aHa corlacHO ypaBHeHHIO (10) ¢
KOHCTaHTOW paBHOBECHSI:

v’ =-RIn K, (16)
Torna
o6

=—RT InK, + RT ZvnP;. (17)
oy o.T



Ecimm cMmech KOMIIOHEHTOB C HapIiAaIbHBIMHU JABJIICHUSIMUA P; MMeeT HacTOJBKO
OOIIBIIYIO Maccy, 4YTO M3MEHEHHE KOJIWYecTBa KOMIIOHCHTOB Ha BEIHYHUHBI V,
[IpaKTUYEeCKH HEe M3MEHSeT MX IapIidalbHBIX JaBICHUM, TO B ypaBHEeHHH (17) MOXHO
3aMEHUTh 3HadeHue (OG/0y) Ha koHeuHble m3MeHeHUS (AG/Ay). IlomoxuB Ay = 1,
TIOJTY IHM:

AG,r=—RT InK, + RT Zv]nP; (18)

B »TtoMm ypaBHeHmH AG IpejicTaBlIeT coOoll m3MeHeHue sHeprud [ 'udbca mpu
XAMHAYECKOU peakini, B KOTOPOU MpeBpallleHUIO IOJABEPTIIUCH CTEXHOMETPHUECCKUE
KOJIMYECTBA pPEarupyrolux BeIIecTB, a caMO YpaBHCHHE Ha3bIBACTCS ypaeHeHUem
U30MEPMbL XUMUYECKOIl pearuiil.

[Io ¢m3uueckoMy cMbICTy BeaudnHa AG IIpeAcTaBIsIET coO0ON MaKCHMaJIbHYIO
none3Hyro pabdoty peakmmu (AG = A/ .. ), To3ToMy ypaBHeHHe (18) Ha3bIBaloOT elrne

ypaeHeHueM MAKCUMAAbHOIL ROE3HOIL PAOOmbl XUMIICCKON PEaKIliy.



AHATOTMYHO MOXKHO TMOJNYYUTHh BBIPAKCHUE UIT M3MCHEHHUS OHCPIUH
['enbmromnsia (C; — HEPaBHOBECHBIC KOHLICHTPALIUU):

AFV.T = — RHI’IKC + RTZVI'IHCI', (19)

npudeM AG, 7 = AFy 7, Tak Kak Kakaas U3 3TUX BEJTMYUH paBHa Ay, .

Ecau maprmanbHbIC JaBICHUA BCEX YYACTHUKOB PSAKLIMKM B HCPABHOBESCHOUM CMECH
paBubI eaunuie (P; = 1), To uz ypasuenus (18) cneayer, uro

AGp 1 =-RTInK,, (20)

19i (S AGB 7 TIPEICTaBIACT COOOM M3MEHEHHE CTaHAApTHOM sHeprum I'nbdOca mpu

PCaKLIUIL.



Benmnunnel AG,r u AG g T SBJSIIOTCS KOJHMYECTBEHHOM MEPOH XUMUHECKO20

cpoocmea (CMaHOapmHO20 XUMUHECKO20 CPOOCMEA) PEATUPYIOLIUX BEILLECTB, T.€.

CIIOCOOHOCTH BEILECTB BCTYNATh B XMMHUYECKOE B3aNMOJIEHCTBHE APYT C JIPYTOM.

Kax BugHO m3 ypaBHeHHs (20), yeM Oojiee OTpHIATENIEHOE 3HAUYECHHE MPHOOpETaeT
0

BennunHa AGpp, Tem Oomblie CTaHOBATCS Benu4MHa K, T.e. paBHOBECHE

CMEIAETCS B CTOPOHY OOpa30BaHUs MPOTYKTOB PEAKIIHH.



BiusiHrMe BHEIIHUX YCJIOBHUI HA MOJI0OKEHHE PABHOBECHS.
IIpyHIMI NOABUKHOIO PABHOBECHA

V3MeHeHHEe BHEIIHUX YCIOBUM (M3MEHEHHE TeMIlepaTyphl, AaBJICHHS, BBEJCHHE B
CUCTEMY JOIOJHUTEIIBHOTO KOJIWYECTBA OJHOIO W3 KOMIIOHEHTOB WJIM €ro BBIBOJA U3
PEAKIIMOHHOM CMECH, BBEJICHUE WHEPTHBIX BEIIECTB W T.J.) MNPUBOAUT K HAPYIICHUIO
YCTAHOBUBIIETOCS PABHOBECHUS U NIEPEXOAY CUCTEMbI K HOBOMY COCTOSIHUIO PAaBHOBECHS.

KadecTBEeHHO BIIMSIHME BHEIIHUX YCJIOBHM Ha IIOJIOKCHHUE PABHOBECHS OLICHUBACTCS C
IIOMOIIBIO HPUHUUNA NOOBUIHCHO20 pashoesecusn (npunyuna Jle-Illamenve).

Ilpu eHewnem 6030eiicmeuu Ha cucmemy, HAXO00AUWYIOC 6 pPABHOBeCUU, 6 Hell
NPOUCXO00SIM USMEHEHUS, HANPABIIEHHblE NPOMUB DMUX GHEULHUX 8030eUCBULL.

Hanpumep, npu NMOBBIIIEHUHA BHEUIHETO AABJICHHUS B CUCTEME MPOUCXOMST U3MEHEHMUS,
KOTOpbIC JIOJKHBI TMPUBOAWTHL K YMEHBIICHHUIO JaBJICHHS, YTO BO3MOXHO 3a CYET
YMEHBIICHUS 00bemMa CcHUCTEMBI. Takum 00pa3oM, noevliuieHue 6HeuiHe2o O0asieHus
cMmeujaem pagrosecue 6 CHOpOHy YMEHbUICHU YUC1a MOJ1ell Peazupylouiux 6eulecma.



KoanuecTBEeHHO 3TO BJIMSHHE MOKHO OLICHUTL Ha OCHOBAHHH ypaBHCHI/Iﬁ CBA3U

MeKy KOHCTaHTamMu paBHOBecus (14). CormacHo sToMy ypaBHeHHIO K, = KxPAV

uin K, = KPP_AV . [Iponorapudmupyem 310 ypaBHeHue u npoauddepeHiupyem mno
P (ipu yenosum 1" = const):
InK, = InK, — AvInP,
(OInK, /OP)r= (0InK,/0P)r — Av (OlnP/OP)r.

Tak kak KOHCTaHTa PABHOBCCHS, BBIPA)KCHHAA HCPC3 IapPLHUAJIBHBIC JJaBJICHUA K s
3aBUCUT TOJIBKO OT TEMIICPATypbl, HO HC 3aBUCUT OT 06]].161“0 AaBJICHHUA, TO
OKOHYATCJIBHO ITOJIYHACM:

(OInK,./0P)r= — AV/P. 21)

[lockoabKy BelWUWHA JaBJICHHUS BcerJla TMOJOKUTENIbHA, TO 3HAK IMPOW3BOIHOM
3aBUCUT OT 3Haka Av: mpu Av < 0 peqmumHa (OlnK, /OP)r > 0, T.. paBHOBecHe
cMeIaeTcsl B CTOPOHY YMEHBINICHUsI YKClia MOJISH pearupyloldx BellecTB, KaKk H
pe/ICKa3bIBAETCS TTPUHITUTIOM MOJIBUKHOTO PAaBHOBECHSI.



Ecnau Av = 0, T.e. peakuus mpoTeKaeT 0€3 U3MEHEHHMS YUCIia MOJICH, JIaBJICHHUE HE BIUSET Ha
MOJOKEHUE paBHOBecHs. OpHAKO, MPAKTHYECKHM HTO YCIOBHUE BBINOJHICTCS IPH
CpPaBHUTEJIHLHO HEBBICOKHX AaBiieHUSX (1o 30 — 50 aTtM), Korja ras3 emie MOXKHO CUUTATh
uaeanbHbIM. [Ipu 00IBIIMX JABJICHUSIX KOHCTAHTHI PABHOBECHS CIIEAYET BbIpakKaTh depe3
JETY4YeCTH, a TTOCKOJIBKY JIETY4eCTh SABIsEeTCA DyHKIMEH TaBICHUS, TO JaXe B ciaydae Ay =
0 TpOMCXOUT CMEIIEHUE PABHOBECHS.

BBeneHne Kakoro-iu00 M3 KOMIIOHEHTOB B PAaBHOBECHYIO CHUCTEMY TOBBIIIAET €ro
MAPIUAAIBLHOE JIABJICHUE M B CHUCTEME JOJDKHBI MPOTEKATh IPOLIECCHI, IMPUBOIAIIME K
CHIDKCHUIO MapIUAILHOTO JIaBJICHUS BBEICHHOIO KOMIOHEHTA. Eciu, Hanpumep, 100aBUTH
B PaBHOBECHYIO cucteMy (1) BemecTBo A |, TO €ro mapiualibHOE TABICHHUE YBCIUYUTCS, &
KOHCTAHTa PaBHOBECHUS B COOTBETCTBUM C ypaBHEHHUEM (1) yMEHBIIUTCS.

Ho BenmuuHa Kp HE 3aBUCHUT OT JABJICHUS, CJIEIOBATEIILHO, B CUCTEME JIOJKHBI POU30UTH
TaKWe W3MEHEHHSI, KOTOPbIE BO3BPAIIAIOT CUCTEMY B HOBOE PAaBHOBECHOE COCTOSIHUE C TOM
K€ KOHCTAHTOW PaBHOBECHS. ITO BO3MOXKHO, €CJIM BBEICHHOE BEILIECTBO Oy/IeT BCTYIATh B
PEAKIMIO U €ro KOJMYECTBO B PEAKIMOHHOM CMeCH OyJeT yMEHBIIAThCs, a KOJIMYECTBO
MPOAYKTOB YBEIWUYUTCS. Takum 00pa3oM, 66edeHue Kaxkozo-iubdo u3 peazupyroujux
geuecme cmeuwiaem pagHoeecue 6 CHMoOpPoOHy RO2I0UWEHUA IMO20 6EULECEA.



Ecnu B paBHOBECHYIO Ta30BYI0 CMECh BBOAUTH MHEPTHBIN I'a3 MPH ITOCTOSHHOM O00BbEeMe,
TO oOlllee JaBicHUE OyAeT BO3pacTaTh, T.€. MHEPTHas J00OaBKa BIWSICT HA CMEICHHUE
paBHOBECHs TaK JKe, KaK ITOBBINICHUC [aBJICHUS. BBeaeHne WHEpTHOM M00aBKH IIpU
MIOCTOSSHHOM JIaBJICHUM CMEIIAeT PaBHOBECHE B CTOPOHY YBEIIMYCHUS 4YHCIIa MOJeH
pearupyroImx BemecTs.

Konu4ecTBEHHO OILICHUTh BJIWSHUE HEUMHEPTHBIX W MHEPTHBIX J00aBOK MOXKHO,
UCIIONB3Ysl ypaBHeHUE (21).

Kak crnenyer w3 mnpuHIMOA TOABWKHOTO PAaBHOBECHUS, HArpeBaHUE pPaBHOBECHOM
CHUCTEMBI JIOJDKHO TPHUBECTH K MporeccaM, NP KOTOPBIX IOABOAMMOE TEILIO
MOITIONIACTCS, T.€. MOGbIUIEHUE MEeMNepPamypvl cmeuiaem pagHogecue 6 CHmoOpOHYy
IHOOmepmuyeckoil peakyuu. bonee MoapoOHO BIUSHHE TEMIEPATYpPhl HA PAaBHOBECHE
pPacCMOTPUM HUKE.



Baunsinne TEMIEPATYPbI HA XHMHYCCKO€ PaBHOBCCHE

KonudecTBeHHYIO  3aBUCUMOCThL  KOHCTaHTBI XMMHYECKOTO  pPaBHOBECHUS  OT
TEMIEPATYPbl MOXKHO TOJYUYHTh, UCXOJd W3 ypaBHeHUs ['nO6ca — ['enbmroisibiia u
ypaBHEHHMS CBSI3M KOHCTAHTBLI PAaBHOBECHS C U3MEHEHUEM CTaHlapTHOM »Hepruu 1 uboca
(20):

AG® = AH + T (9AG°/0T),, (22)
AG® =~ RT InkK,, (23)

[IponuddepenimpyemM BTOpoe YpaBHEHUE 110 TEMIIEPATYPE:
(OAG®°/0T), = - RT InK,, — RT(CInK,,/0T), (24)

1 [TOICTABMM 5TO 3HaueHHe u 3Havenue AG’ B ypaBuenue (22):
—RT InK,, = AH — RT InK,, —Rﬁ(aanp/aDp. (25)



C‘II/ITaﬁ, qTo Kp HC 3aBHCHUT OT AABJICHW, OKOHYATCIIbHO IIOJIYYHUM.
dinK, /dT = AH/RT". (26)

YpaBHeHUE (26), omnpeacisrolnee TeMIepaTypHble HW3MEHEHUS KOHCTAHTHI
PaBHOBECHSI, Ha3bIBACTCs ypaeHeHuem uzovapot Banm-I'ohghpa. ABaIOTUIHO MOXKHO
IIOJYYUTh YPaBHEHUE U30x0pvt Banm-I'opgha:

dnK JdT = AUIRT". (27)

B ypaBrenmsax (26) u (27) Benuuunbl AH u AU 1ipecTaBISIIOT cOOOM TEIUIOBOM
spdekT peakimu IIPU IIOCTOSHHOM JABICHUW WX [PU IIOCTOSHHOM OObeMe
COOTBETCTBEHHO.

Kak BUHO U3 3TUX YPAaBHEHUM, UL SHAOTEpMUAUECKUX peakiuid (AH > 0 unmu AU >
0) Bemmuuna dinkK,/dT’ > 0, T.e. IpA MOBLIIICHAN TEMIIEPATYPHI BO3pacTaeT KOHCTaHTa
paBHOBECHUS U DHIOTEPMUUYECKOU pPEakIiu, 4YTO COIJIacyercd ¢ MIPUHITUIIOM
IIOIBUXKHOTO PABHOBECHSL.



[Ipy uHTErpUpPOBAHUM YpaBHEHUA (26) B IIMPOKOM HHTEPBAIIE TEMIIEPATyP,
TIOJTY YU M:

j WdT (28)
1

rje K 1 K; — KOHCTaHTBI paBHOBECUS IIpH Temriepatypax 77 u 75 COOTBETCTBEHHO.

TouHoe perieHre PTOTO YpaBHEHUS BO3MOXKHO JIMIIB IIPU YCIOBUH, YTO U3BECTHA
TeMIIEpaTypHas 3aBUCUMOCTD TEIUIOBOTO (P dekTa peakiimu. Ee MoKHO paccuuTarth 110
ypaBHeHHI0 Kupxrodda

Ty
AH, = AHy + [Ac,dT, (29)
h

3Has TeIw1oBor >ddekT AH, npHu Kakou-mOo TemrepaType 77 U TeMIlepaTypHYIO
3aBUCUMOCTD TEINIOEMKOCTEH pearupyrouX BEIIECTB.



B HebOonbIIOM TEMIIEpaTyPHOM HHTEPBAIE MOXHO CUUTAaTh Benuuuny AH

IIOCTOSIHHOM, TOT/1a UHTETPUPOBAHUE VPAaBHEHHUS (26) IPUBOJUT K 3aBUCUMOCTH:

AH
InK,=-—— +C, 30
T (30)

e C — mocrossHHAas HHTCITPHUPOBAHUA.

Taxum oOpazoM, Jorapud™M KOHCTAHTHI PABHOBECHS SBISACTCS JIMHEUHOU

dbyukmuent 1/7.
Eciam mpoBecTr HHTEIPUPOBAHUE B HEKOTOPOM MHTEpBaJIe TeMIiepaTyp ot 77 10 75,

TO, cuutas AH = const, moaydum:
Ky AH T,-T,

31
Ki R T, G

In



FeTeporeHHbIe XHMHYICCKHE PAaBHOBCCHA

Ecim xummueckoe PaBHOBCCHUC YCTAHABJIIMBACTCI B CHUCTCMC, B KOTOpOfI
pPearupyviomme BCIICCTBA HAXOJATCA B PaA3HBIX cpa?,ax, TO TdKOC PABHOBCCHUC
Ha3BIBACTCA I'€TCPOI'CHHBIM.

DT0, HAIIpUMEP, peaKIiuu
FeO(tB) + CO(1a3) = Fe(tB) + CO,(1as),
NH,CI(tB) = NHs(raz) + HCl(ra3),
Fe(paciuiaB) + H,S(ra3) = FeS(pactBop B FFe) + Hy(ras)

U MHOZKCCTBO JIPYT'HX.

YCIIOBHE XMMHYECKOI'O PaBHOBECHS (5) CIIpaBeJIMBO U JUISL T€TEPOTEHHOTO
PaBHOBECHSI U TIO3BOJISIET HAMTH BBIpaXKCHHE 3aKOHaA JCUCTBUS MacC JJIS DTOrO
CIIyyasl.



JanuineM ypaBHCHHE TETEPOrSHHOM XUMHUECKOM  peaklMH, B  KOTOPOHU
KOMIIOHEHTBHI A; HaXOHISTCId B Ta30BOH (paze, a KOMIOHEHTHI Bj — B KHIKOH WIH
TBEpHOH (azax:

IViA;+ ZpBr = ZviA; + 2 py By (32)

[IpenicTaBuUM CYMMY XHUMHUYSCKUX MIOTSHIIUAJIOB YpaBHEHHS (5) B BUJE ABYX CYMM -
XUMHUSCKUX MOTCHIHAJIOB Ta3000pa3HbIX KOMIIOHCHTOB (MHJCKC i) M KOMIIOHSHTOB
KUJIKUX U TBEPIBIX paCTBOPOB (MHJCKC £):

Lt + Zpgite = 0. (33)

IlojicTaBUB B 5T0 ypaBHEHMe 3HaueHHS i = i (7) + RT Inf (s rasoB) U Ly =

,u,? (p,T) + RT Ina;, (11 KOMIIOHSHTOB >KUIKHUX H TBEPIbIX PACTBOPOB), IOJYUHM:
v, u’ (1) + Zpp g (p.T) + RT Zvinf; + RT Tplna; = 0 (34)

HJIH

140 0
ln fiv,- +11’1 a;,?k:_ EV:M (T)"‘Zpkﬂk(p,T) (35)
e K RT




O0603HAYMB IIPOU3BEICHHE JIETYUECTEH H aKTUBHOCTEHN Yepes Ky, MOIyUnM:

10 0
lﬂH fina})(Ok — ln-Kfa:_ Zv““’! (T)_;\)Z_I“_pkuk(pa_r) :ln(p(]),n, (36)
i,k

rac @ (p,T) — HCKOTOpaida IIOCTOAHHAM I1PU 3aJaHHBIX JAaBJICHHUHU U TCMIICPATYPC.

Koncranra IFETCPOrcHHOIO XUMHUYCCKOI'O paBHOBCCHUA

fYLEV: g'PighPe
=L 2R o) (37)

Vi £V £14P2
f1 f2 .ajtab? ..

TaK>Ke SIBJISIETCS IIOCTOSIHHOM BEJIMUHMHOMN IIpH 3aJaHHbIX p U T.

K

Eciun rasopas (1)333 IIPCACTaABIISACT coboli  cMech HACAJIBHBIX T'a30B, a
KOHACHCHUPOBAHHBIC (I)&Bbl TAKGKC ABJIKOTCA HUACAJIBHBIMU JKUAKHUMH HJIK TBCPAbBIMH
pacTBOpaMy, TO IapOnUaJbHBIC PAaBHOBCCHBIC JICTYUCCTH Ta30B j; MOXHO 3aMCHHUTDL

COOTBETCTBYIOIIMMHU JIABJICHUSIMU p;, & PABHOBECHbIE aKTUBHOCTH KOMIIOHEHTOB @) B
JKUJIKOM U TBepioH ¢azax — UX MOJBbHBIMHU JIOJSIMH X, TOT/Ia Kfa = pr.



B psaje ciiyyaeB re TepOreHHbIX XHMHUECKHX PEaKIHH TBEPAbIC WIIH KU JAKHE (pa3bl
COCTOSIT M3 HMHJIHBHIYaJIbHBIX BCINECTB, AKTHBHOCTH KOTOPBIX IPH IMOCTOSHHOU
Temnepartype a; = const (x; = 1) 1 MOTYT OBITh BKJIFOUCHBI B KOHCTAHTHI PABHOBECHUH.

Torna B ypaBHEHUHM KOCTaHTHI paBHOBecHs (37) OyayT UTypHpPOBaTh TOIBKO
napiydaibHbICc JICTYYeCTH (MapUHaJbHbIE JaBJICHUS I HJACAJIbHBIX Ta30B)
KOMIIOHEHTOB B Ta3oBod ¢aze. Hampumep, mpu pasimoxeHHH KapOoHaTa KaJIbIIHS
TBEPAbIMH (pazamu gaBisroTes uHAuBUAYaIbHbIEe CaCO3 u CaO, mosToMy A1 peaKkiUuu

CaCO; = CaO + CO,

KOHCTaHTa paBHOBCCHA
Kp= Pco,- (33)

9’[‘}/ BCJIMYHUHY HAa3bIBarOT CUIC YRpPY2OCHIBIO dnccouuauuu; OHa YBCJIHYHBAcCTCH
ITPH IIOBLIIMICHHH TCMIICPpATYPhI. Kor,ua Kp CTAHOBHUTCA paBHOﬁ BHCIIIHCMY HaBJICHHIO,
IMPOUCXOAHUT 6ypH0€ Pa3JIOKCHHC BCIICCTBA.

Kouncrtanra PaBHOBCCHA FC’DGpOl“GHHOf[ PCaAKIHH ITOJIVUCHH S I'CHCPATOPHOI'O Irasa
C+CO,=2C0O
Ky = péo/ Peo,= X P/l —x), (39)

r1ae x — MoJibHas noJist CO B raszoBoi ¢cMecH, a F° — oOlI1jee JaBJICHHE.



KoMOnnupoBanue paBHoBecHii

KoHcTanTta paBHOBecHsl peakiMd K, ONHO3HAYHO CBs3aHA C H3MEHEHHEM
craHapTHoM sHepruu ['u66ca AG® ypasaenueM (23). Ilopsanok ¥ 3HAK BEJIMUMHEI
AG® TO3BOJSIIOT KAUeCTBEHHO MPEeIBHIETh IIOJOKEHHEe PpaBHOBeCHs. boibImas
moJioKuTeIbHast BeauunHa AG® o03HAuaeT, UYTO KOHEUHBLIE IIPOAYKTHI HMEIOT
3HAUMTEJILHO OOJIBIINH MOTEHIIMAN, YeM MCXO/IHbIE BEIeCTBa, U PABHOBECHE CHUIILHO
CMEIIEHO B CTOPOHY MCXOJHBIX BEIECTB, KOHCTAHTa PABHOBECHUSI MHOT'O MEHBIIE
€JIMHHUIIBI, BBIXOJI IPOYKTOB MaJL.

Hanpumep, 1ig peakimu %Nz + %OZ = NO npu 2675 K AG® = 64,5 x]Jx, K, =
3,510 u Bbxox NO paBeH 2,88%.

boinbias oTpuOartcJibHadA BCJIIMYKMHA AG° YKa3blBa€T Ha TO, YTO PABHOBCCHC
CHUJIbBHO CMCIICHO B CTOPOHY 06pa303aHH$1 IMPOAYKTOB PCAaKIIMH, HX BbIXO/J]

v 1
SHAYUTCJIbHBIM, a4 KOHCTaHTA PaBHOBCCHA BGHI/IKa.TaK, AJET pCaKIIin CO + 502 -

CO, mpu 1396K AG® = — 158 kJDK, KOHCTaHTa PaBHOBECHs Kp = 82'10°, a
cogepxkanre CO u O, B paBHOBECHOM CMECH COCTABJIAIOT COThIE JOJIM IIPOIICHTA.



Tak kak sHeprus ['mo6o6ca G siBisieTcst PyHKIMEH COCTOSHUSI CUCTEMBI, TO €€ U3MEHEHUS
AG B KakoM-IMOO Ipoliecce He 3aBUCAT OT NMyTH mporecca. [loatomy AG peakuum,
MPOTEKAOIIECH B HECKOJIBKO CTaJINM, MIPEJICTABIISIET CyMMY M3MEeHEHNN AG BCEX CTauM.

DTO AaeT BO3MOKHOCTh KOMOMHHUPOBAHUSI PABHOBECUN U pacueTa KOHCTAHT PAaBHOBECHUS
IUISL TEX PEAKIUi, KOTOPBIE SKCIIEPUMEHTAIBLHO HE U3YYaATUCh.

Jl1st Takoro pacyeTa, aHaJIOTUYHOIO pacyeTaM TEIJIOBBIX 3(P(EKTOB PEaKIHil MO 3aKOHY
I'ecca, HeoOXomuMoO, YTOOBI KOHEUHBIC MPOIYKTHI OJHOW peakiuu (repBasi cTagus
CyMMapHOW pe€akiMy) HAaXOJWJINCh B TOM JK€ COCTOSIHUM, B KAaKOM OHM SIBJISIFOTCS
MCXOJHBIMM BEILIECTBAMHU JJIs1 IPYTOM peakluu (BTopast CTaaus).

DTO NOCTUTraeTCsl UCIIOIB30BAaHUEM CTAaHJIAPTHBIX U3MEeHEHHH sHeprun [ mooca AG®, nis
KOTOPBIX TMPUHUMAETCS, YTO KaXKAbIM W3 KOMIIOHCHTOB HAaXOJUTCS MPHU JaBJICHUH,
paBHOM | aTM, TBepAble M KHUJKUE BEHISCTBA SBISAIOTCS YUCTBIMH (da3zamu, a
ra3000pa3HbI€ BEIIECTBA — UJCATbHBIMU T'a3aMH.



PaccMoTpuM, HanpuMep, pacueT KOHCTAHThI PABHOBECUS PEaKLIUU
2H, + O, = 2H,0(1) (1)
npu 1396 K o nanneiM o AG® peakuuii (Iipu ToH Ke TEMIIEpaType):
CO +H,0=CO, +H, AG"=9570 JTxx (2)
2CO + 0, =2C0O, AG’=-315800 Jx (3)

Kak BuaHO W3 3amucell, ypaBHeHHE peakiuu (1) MOKHO MOJYYUTh, BBIUUTAS U3
ypaBHEHUS (3) yIBOGHHOE BbIpaxkeHUe peakiuu (2). Torpa

AGY = AGS —2AG3 =—315800 — 29570 = — 334940 JIx,
OTKyJa
InK, = —AG{’/RT = 334940/8,31'1396 = 28,87

1012
M KOHCTaHTa paBHOBecHs peakuuu (1) K, = 3,510
IIpu HemocpeICTBEHHOM HCTIONb30BAHUH BeJIMUUH K, BCe JICUCTBHS CIIOKEHUS U

BbIUUTaHHUA BCJIWMUHNH AGO IIpHu KOM6I/IHI/Ip0BaHI/II/I paBHOBeCI/Iffi 3aAMCHAIOTCA
JICUCTBUSIMU YMHOZKCHHUA U ACJICHHUS BCJIMUUH Kp.



XuMuavecKkoe PABHOBECHC " TEIIOBOM 3aK0H HepHCTa

KoncTanTa XMMHYECKOTO pPaBHOBECHS OJHO3HAYHO CBsS3aHa CO CTaHJAPTHBIM
n3MeHeHreM »Heprun [ mb0ca npu peakiuyu U pacuer K, npu MOOBIX TeMIlepaTypax
MOKHO CBecTH K pacdery BenmmauH AG°. CoracHo ypaBHeHmio ['mbb6ca —
['expMronnna

AG*=-T | AT—I;dT+IT. (40)

Onnaxko, o ypaBHeHHIO (40) MokHO paccuutaTh AG’ (a, ciiegoBatesibHo U K,) mpu
moboit TeMuepaType IpH YCIOBHM, 4To BenmduHa AG® ompejelneHa XOTS ObI IIpH
OJIHOM TeMmIepaType, TaK KaK 3HAUYCHUE IIOCTOSHHOW HWHTErpupoBaHUS [ HEIb3d
BBIUUCIIUTL 3apaHee — OyJydd He3aBUCUMOMN OT TeMIlepaTyphl, OHa paszjIMdHa Il
pa3HbIX pEaKITui.



Bennuuael AH 1ipu pa3HbIX TeMreparypax MOXXHO BBIYHCIMTBH 110 IKCIEPHMEHTAIbHBIM
JAHHBIM O TEIJIOBOM J((dEKTe peakiuu MNpu KaKoW-Iubo TeMmmeparype (Harmpumep,
Ha4YMHas ¢ OYEHb HU3KUX TEMIIEpaTyp) U TEINIOEMKOCTSIX PearupyrolinX BeIleCTB.

[Tockonbky AG = AH — TAS, 1o npu T— 0 AG — AH. Ho npu npyrux temmeparypax
KOKI0MY 3Ha4€HUIO AH COOTBETCTBYET MHOXKECTBO 3Ha4YeHHM AG° B 3aBUCUMOCTH OT OT
BeJIMUMHBI [ (pUcC.], MyHKTUPHBIC JINHUN).

Tak kak AG° sBnsgeTcss ogHO3HAYHOM (YHKUIMEH TeMmeparypbl, TO M3 BCEro Habopa
3apucuMoctel AG® = f(T) ciemyer BbIOpaTh JUIb OAHY KPUBYIO, COOTBETCTBYIOILYIO
CTPOTO ONPEACICHHOMY 3HAQUEHUIO TOCTOSSHHOM [. PemnTh 3Ty 3a1ady C IMOMOIIBIO
IIEPBOTO U BTOPOTO 3aKOHOB TEPMOJIUHAMUKH HEIIb3SI.

Puc. 1 3aBucumocts AH u AG oT TeMneparypsl



Hepuer (1906) BbIcKa3zan mpeanosoKeHue, YTO B KOHIEHCUPOBAHHBIX CUCTEMAX IIPU
TeMIreparype abCOTIOTHOTO HYJISI KPHBHIC TeMiepaTypHoil 3aBucumoctu AH® = A1) n
AG® = f(T) mMeroT o0IMyIO KacaTeIbHYIO, T.€.

. (OAH . (OAG
lim| —— | = lim| — | . (41)
T—o\ oT D T—o\ oT D
Hujieke p MOXHO OIYCTUThH, TaK KaK B KOHJECHCHPOBAHHBIX cucreMax AH m AG
IMPAKTHUYCCKH HC 3aBUCAT OT J{ABJICHHA.

W13 ypaBrenust ' m66¢a — I'enbmroneuna AG = A + T(OAG/OT), cnenyer, uro npu 7' =
0 mpomsBoHast OAG/OT mpeBpaImaeTcsi B HEOIPEACICHHOCTD, TaK Kak

(OAGIOT )1y o = AGT 0 ; Ay _ 8 . (42)




B3gB 11 pacKphbITHS HeEoNpeaesIeHHOCTeH OTHOIINEHHE IIPe/ieoB ITPOU3BOIHBIX
YHUCJIMTEI W 3HAMEHaTellsd 110 TeMIepaType, HalijieM B COOTBETCTBHH C YpaBHEHHEM
(41), uro BeIMUMHA

(0AG /0T )y o —(0AH /0T )r o _ O _

OAG/OT )70 = 0. 43
( Do (0T /0T _yg 1 (43)
ITosTomy ypaBHeHHE (41) MO3KeT ObITH OKOHUATEJILHO 3alIMCaHO B BHJIE

YpaBaenune (44) mnpeacTaBiSIOT IIepBOHaYalbHYIO (opMy TaK Ha3bIBA€MOTO
mennoeozo 3axona (mennoeoii meopemst) Hepucma, v mpemwvezo 3aKonad
mepmoounamuxi e hopmynupoexe Heprcma.

W3 ypaBHeHHsa cleayeT, uTo IpaBujbHa Ta KpuBai AG = A7), kotopas
TOPU30HTAJILHO JocTUraeT ocd opauHar. Ilostomy kpusble AH = f{T) u AG® = {T) He
IIPOCTO COEAUHSIOTCS B TOUKE aO0COJIIOTHOTO HYJISI, HO KacalTes APYr Apyra yxKe IpHu
NpUOJMKEHUH K HeH, B COOTBETCTBUM ¢ YypaBHeHHEM (43) OHM HMEIOT OOIIYIO
TOPH30HTANBHYIO KacaTeJIbHYIO ab.



YpaHenue (44) Taxxe 03HAUAET, UTO

lim Ac,= lim AS =0, (45)
T'—0 7'—=0

T.C. TCIIJIOCMKOCTDb KOHI[CHCI/IpOBaHHOI\;I CHUCTCMBI IIPH I'— 0 He AOJKHA MCHATBHCA TIPHU
peaKiiiu, a TaKiKE€ 4YTO IIpHU abCOJIOTHOM HYJIC H BOJIU3U HETO I[IpoHecc B
KOHJACHCHPOBAHHBIX CUCTCMaX IIPOTCKACT 0e3 U3MEHEHHUS SHTPOIINH.

TennoBas Tteopema Hepcra maeTr BO3MOXKHOCTb OINPEACIUTH ITOCTOSHHYIO
uHTerpupoBanus [. Eciu TemiepaTypHylo 3aBUCUMOCTb TeruioBoro s¢dpdexra B
TeMmnepaTypHoMm unrepnalie ot 0 1o 7 mpeactaBuTh ypaBHeHuem Kupxroda

.
AH7=AH, + [Ac,dT (46)
TO ypaBHeHHUe (40) MOKHO 3amdcarh Kak

AG = AHO—TJ' jAc dr +1IT. 47)



HNurerpuposanue ypasuenus (47) B mpeaenax temueparyp ot 7y kK 7 1aeT:

AGr AGy, AH; AHy ¢

— | Ac,dT 48
T T T T, 1{’3 (48)
HJIH
AGy — AH Lar &
AGr =AHy+T| —2—2L |-T [ = [Ac,dT. (49)
0 To" To

DTO ypaBHECHHE COBIIAJAcT ¢ YypaBHEHHUEM (47), eciiu IPUHATH, YTO 1 j— O H
AGy—AH,
T,

[ =

(50)

Ho u3 tennosoro 3akoHa HepHcTa BHITEKAET, UTO I KOHJACHCHPOBAHHBIX CHCTEM
5Ta BEJIMUMHA PABHACTCS HYIIO, CJICJOBATCIIBHO, TMOCTOSHHAS HHTESTPHPOBAHHSI B
ypaBHeHuu (47) 1= 0.

TemnoBol 3akOH HE OTHOCHTCSI HEMOCPEJACTBEHHO K rasaM. OpHaxo HepHet
oKa3aj, 4YTO ¢ IIOMOINBIO CIIEHAJIBHOTO IIPHEMA HTHM 3aKOHOM MOYKHO
BOCIIOJIB30BATECS M JUIA pacyeTa TEPMOJHHAMHUYECKHX XapaKTCPUCTHK Ta30BBIX H
TETCPOTECHHBIX cHeTeM. J[JI4 3TOTO HaJ0 MPOBECTH MPOIECC ¢ MOMOINBIO I[HKIIA,
KOTOPBIH BKJIFOUACT KOHJCHCAI[HIO HMCXOJHBIX BEIIECTB, PEaKIUIO MEKIY HUMHU B
KOH JICHCHPOBaHHOM (pa3e U OOpaTHYIO BO3TOHKY MMPOAYKTOB PEaKI[HH.



PaccMOTpHUM HEKOTOPYIO peakivio B ra3oBoi dase

XVvA; = XviB
H IIpecacTaBuUM AJII HCC ITHUKJL
2LViA; = 2viBg (rasopag daza)
HCTIAPEHUE I lKOH,ZIGHC&I[I/IH
2ViA; = 2vi B (KOHJcHCHpOBaHHAA dasa)

BerecTBa B3ITHI IPH IMPOU3BOJIBHLIX JIaBJIeHUAX Tapa P; u P, a mocjie OKOHUYaHUS
peakiMi YCTaHABJIMBAIOTCS PABHOBECHBIC JaBJIeHUS p; U p, OOIee H3MeHEHHE
sHepruM [ m60ca I peakiyu B razoBoii dase

AGr=RT SviInP% _RT sv,inPL = RT svin P + RT Svintk -
P R p; A

P

f

= —RTInK,+RT LvlIn-X (51)



3aBUCMMOCTL  JIaBJICHHUSI  HACBIIIEHHOrO Iapa OT  TeMIeparypbl  Haj
KOHJICHCHU POBaHHbIMU (azamu onuchiBaeTcsl ypaBHeHreM Kiaysmyca — Knanelipona.
HHTerpupoBaHus 3TOr0 ypaBHEHUS 1aeT:

InP = —j—dT +j wm RT InP=
ORT

7€ TIOCTOSTHHASI UHTET PUPOBAHUSI j HA3bIBACTCS U CHIULHHOU XUMHYECKOU
ROCMOAHHOIL.

Lz dl +RIj (52)

3aBUCHUMOCTh TeTUIOTHl HcTapeHus (KOHJISHCAITUH) OIpeesieTcsl ypaBHEHHEM
Kupxroda:

.
A= 20+ [AcydT. (53)

ITopcranoBka 3TOorO YypaBHEeHUs B (52) naer:

dT

RTInP = A — Tj jAch+RT] (54)



IloacTaBuM ATH 3HAUYE€HMS B IPABYIO UacTh ypaBHEHMS (J1), a B JIeBYIO €ro 4acTh —
ypaBHeHHS (34 ):

T T
Ao onn—T | 30 [AC,dT = RTInK, + v~ Tvi, -
’ TOT T,
T T T
—T dT A pkdT + Tde Ac,;dT + RT Zvj. (55)

Pazimune Mexay TEeIUIOBLIMU 3(1)(1)eKTaMH peaklMM MeEXy BeEIleCTBaMH B
KOHJICHCUPOBAaHHOM COCTOSIHUM W B Ta30BoOM (aze ompenaesieTcs, Mo 3akoHy I'ecca,
pazIMuueM TEILIOT UCTIAPEHUSI UCXOHBIX BEIIECTB U MIPOJYKTOB PEaKIIUH:

AHFaB = AHKOHI[ - (Z Vk)no,k - Evu/‘lo’u). (56)
Hrak,
1 LdT ¥
_ ra3
[nk, + RgngAcpdnzw (57)

DT0 ypaBHEHHE MOXKHO HCIOJb30BaTh JJII pPacueTOB KOHCTAHT PAaBHOBECHM
peakiiuii B ra3oBoi ¢ase 1o TePMHUUECKUM JTaHHBIM.



