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}KYPHAJI (/lff3ffIJECKOft Xff,Uffff T. Xl, Bbln • .5 

.uOKA3ATEJIbCTBO E1U1HCTBEHHOCTH PElllEHH51 YPABHEHHI1 

3AKOHA .llEI1CTBYIOlIlHX MACC 

fl. 3e.U008U't 

E)l.HHCTBeHHOCTb COCTOHHHH XHMHqeCKOrO paBHOBeCHH CMeCHpearH
pyiOI1J.HX ra30B HHTyHTHBHO 60JIee HJIH MeHee Oq·eBH)l.Ha. BhlTb MO)KeT, 

O.ll.BaKO, npe)l.CTas.1HeT HeKOTopblH HBTepec CTporoe )101<a3aTeJlbCTBO Toro, 
'ITO CHCTeMa ypaBHeHHA 3a1<OHa )l.efiCTBYIOIIl.HX Macc (3.llM) BMeCTe C HaJlO
lKeHHblMH YCJlOBHHMH coxpaHeHHH BemeCTBa npH )l.aHHblX T H V HJlH T 
1\ P HMeeT BCer)l.a O)l.HO H TOJIb1<O O.ll.HO BemeCTBeHHoe H nOJIO)KHTeJIbHOe 

. peweHHe. 
.llJISl npOBe.ll.eHHH .lI.OKa3aTeJIbCTBa 3aMeTHM, 'ITO ypaBHeHHSl 3.llM 

3KBHBaJIeHTHhI Tpe60BaHHIO SKCTpeMYMa He1<OTOpOH CPYHKUHH OT KOHueu
TP8UHA - CB060.ll.HOA aHeprHH F npH V = const HJlH TepMO.ll.HHaMH'IeCKOrO 
nOTeHUHaJIa <I> npHp = const. HMeHHO TaKHM 06pa30M, KaK H3BeCTHO, MO)KeT 
6b1Tb BhlBe)l.eH 3LlM H3 06lIl.HX npHHl~HnOB TepMO.ll.HHaMHKH. MbI peIllHM 
saJl.8'1Y, eCJIH 1l0KalKeM, 'ITO nOBepXHocTb F HJIH <I> npH HaJIO)KeHHhlX Ha 
KOHueHTpaUHH YCJIOBIHIX H IIOCTOHHHOM V HJlH P HMeeT BCer.ll.a O.ll.HH H 
TOJlbKO O.ll.HH MHHHMyM H He HMeeT HH MaKCHMYUOB, HH .Il.pyrHx CTaUHO
HapHhlX TOqeK (TaK Ha3h1BaeMblX MHHHMaKCOB,' Ce.ll.JIOBHH). 

PacCMOTpHM cnepBa cJlYIJaA V = const. 

B H.lI.eaJIbHOii CHCTeMe, - a TOJIbKO .Il.JIfI TaKoA CHCTeMbI HMeeT MeCTO 
3JlM, - MO)KeT 6blTb npOBe.ll.eHO HaIlle .Il.OKa3aTeJIbCTBO 

f= k~ = ~Nj)g ~i +a;'-Nj = ~Ni)gNj+ aiN/, (1) 
;=1. .. m 1=I...m 

rJl.e N/- nOJIHhle KOJIHqeCTBa pa3JIHqHblX KOMIIOHeHTOB, a ai = a; -Ig V. 
YCJlOBHSl coxpaHeHHfI Bell~eCTBa nHIllYTcSl B cpopMe 

~ B ij N/ = Cj , j -= I ... n (2) 
i=I. .. m 

no IJHCJIY 3JIeMeHTOB B CIiCTeMe n; npH aTOM Bee Bij> O. TaK, np" .Il.HC
COIJ,HaUHH Bo,nflHoro napa npH BhlCOKOa TeMIIepaType Mbl HMeeM B CIiCTeMe 
BelUeCTBa H 20, H 2• O2 , OH, H, O. 

CoxpaHeHHe BemeCTBa .Il.aeT .lI.Ba YCJIOBHH: 

2HsO+2H~+OH+H= HO, 

H20+20~+OH+0=O°, 
(2a) 

rAe HO H Oc - nOJIHOe KOJlHlJeCTBO aTOMOB H HOB CHCTeMe. npH n 
JlHHe1iHbIX ypaBHeHHHX (2), CB5I3hlBalOlIl.HX m nepeMeHHblx N 1 ••• Nm• MbI 
i40lKeM Bbl6paTb m-n He33BHCHM h1X nepeMeHHhlx;l'" ~m - IV Qepe3 KO-
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Topble Bee KOHl.\eHTpal.\~Hi N j 0Y.llYT Bblpa>KeHbI JIHHerfHO 

N;= ~ Dik~k+d;, i = L.rn 
k=1.. ,",-1/ 

(3) 

(Dill MorYT 6h1Tb H nOJlO>KHTeJJbHbI H OTpHUaTe.1bHbl). Hait.n.eM nOCJIe. 
AOBaTeJlbHO 

iJt "'" a~l =~ Djl(lgNi+ai + I). 

npHpaBHHBaH ~{I = 0, MbI TIOJIyqHM I<aI< pa3 tn-n ypaBHeHHfI 3.llM 

~ Du(lg N1+ai + I) = 0, 

19ii NPil =-~Dil(ai+ 1) = Ig k/, 
j 

r.lle k/ eCTb KOHCTaHTa paBHoBecHH peaKUHH, cooTseTcTByrow.elf H3 

(4) 

(5) 

HHro OAHOf! nepeMeHHoi% ~I npH Bcex ApyrHx m - n - 1 nepeMeHHblX ~j' 
nOCTOHHHblX, 

BTopble npoH3Bo.zr.Hble 

nOTOMY ttTO, OqeBH.zr.Ho, Bce KOJlHtteCTBa N j > O. nOBepxHocTb f B nepe; 
MeHHblX ~ o6paw.eHa BblOIYKJIOCTbro BHH3 BO BceR 06J1aCTH ~, B KOTOpoA 
Bee N j > O. OTclO.zr.a cpa3Y BHARa e.zr.HHCTBeHHOCTb MHHHMYMa, eCJlH OK 
eeTb 1). . 

CymecTBoBaHHe MHHHUYMa BH)l.HO H3 Toro, ttTO Y Beex KpaeB OOJIaeTI 
onpe.zr.eJIeHHH f nOCJIellHHH Be.zr.eT ceOH npH npH6JIHlKeHHIO K KpaIO, 
xlg x UpH npHOJlH)KeHHH x K HYJlIO. 

n03TOMY f He MO)KeT )lOCTHraTb CBoero HaHMeHbwero 3Ha 
H8 caMOM Kparo OO.llaC1'H, KaK Y ca~wro Kpaa: OHa npH no.zr.XOAe K 
HaBepHHKa patTeT. CJIe)lOBaTeJIbHO, HaHMeHbwee 3HalJeHHe f )lOCT 
BHyTP" 00Jl8CTH. E.l(HHCTBeHHOCTb MHHHMYMa 1l0Ka3aHa Bblwe. 

HewHorHM CJIOlKHee Ii .llOKa3aTeJIbCTBO npH p = const. 
3.zr.eCb 

ell "'" N, + 'N <l> = kT = ~ N j 19 -t a j' 

Ho v Oo.1ee HenOCTOHHHO, H Ig'V He NO>KeT cO)lep>KaTbCSI B a'. 

V= kT ~Nj' 
p 

1) J!erKO nOKalaTb, 'ITO B nepeMeHllblX:; o6.,aCTb onpeae.neSHR f (Bce Ni>O) 
nyKlla. 
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(3) 

nocne· 

M 

(4) 

(5) 

(6) 

H311eHe· 

HHhlX ~" 

(7) 

(8) 

B nepe
(OTopoA 
~CJ1l{ OH 

:>6JIaCTH 
llO, KaK 

:fa'leHHII 
K KpalO 
HraeTCJI 

i 
itoK333TenbCTBO eIlIIHCTBeHHO:TlI pewe:1I1H ypasHelHiH 33KOH3 Mace 637 

nO,llCT3B.1SlSl, HaH.J.eM 

(1) = -(~Nj) \g ~Nj-i- ~Ni\g Ni+aiNi (11) 

[a
i 

H a/ He Te, \ITO B (1)]. YCJIOBHH (2) )l.~H N He H3MeHHJUfCb, H60 haK 

y'A<e CKa3aHo, Ni CYTb He KOHueHTpaUHH, HO nOJlHble KOJIHlJeCTBa Bem.eCTBa 
B CHCTeMe, lJTO CYlll.eCTB~HHO npH nepeMeHHOM - nponopUHOHaJIbllOM 
~Nj-06'beMe. . 

, BBO)lH COBepweHHO TaK )Ke, KaK paHbwe, HOBble nepeMeHHble ~1 •• • em- n 
dIP a2 <t> 

H COCTaBJIHSI :>;- Ii 3"~ .l:, Mbl nOJIYlJHM 3.llM B cpopMe 
V.,k U·.,k U"l 

- ~ D/I,lg (~Nj) + ~ Dill Ig N; = \g r:r (_~i ) Dill = 
I I .... Nj 

i 

= Ig II ( ~i tik + A = B, (12) 

rJle A H B - nOCTOHHHhle. TaK l<aK 06'beM nepeMeHHblH, cYlll.eCTBeHHo 
N · 

'ITO B 3,UM AOJl}KHbl BXO.zr.HTb HMeHHO KOHueHTpaUHH....1., a tie caMH KOJIHv 
qeCTBa N j • 1-13 BTOPblX npOH3Bo.zr.HblX nOJIY·lIHI( 

~~a~3~E ZItZI=~ (~DlkZIr)2(~. - ~N ) > 0, 
It I ~k l I l: ' .... j 

T3K KaK Bee 

~ 1 1 
N; > 0, N; < .... N j , N-; > ~ Nj • (13) 

Te~l caMhi!.! YCTaHaBJIHBaeTCH e)lHHCTBeHHoc.:Tb peweHHH ypaBHeHHA 
3,UM TaK>Ke )lJISI H)leaJIbHOA CHCTeMbi npH nOCTOHHHOM .zr.aBJIeHHH. 

nOHHTHO, 'ITO HCCJleJlOBaHHe OTpHuaTeJlbHblX H ROMnJIeKCHbIX pe'we
RHA ypaBHeHHA 3,UM, HX TO'leK pa3BeTB.1eHHH H T. n.1) JIHUIeHO CPH'3H

lJeCKOrO CMblCJla. 

neH)lUrpa.:x 
~H3HICO-XHW)lqeCK811 na60puopHR 

AK8.!I.eIlHH Hayk .eCC? 

1) C Ten a HOB, YcneXH ltHMHU, 5, 972,1935. 

nOCTynHJlo B pei\:aK\.lHIO 
13 RHBapli 1938 r. 


