= ¢(5 = V' 13)/12.Kopers &(5+ V13)/12 me momxomar — VIS HEro Cs =
=¢/2—22=¢(1—V13)/12<0. Tosromy z=¢(5—V13)/12, ci=
=c¢/2+ x=c(11 — V'13)/12. Taxkum oGpasom, IpE HaIMdmu B MeXa-
HII3ME pPeaknuH CTafUH C B3amMofeficTBUEM Da3MYHBIX BELIECTB 00XOJ
paBHOBecusi Bo3Moken (me sampemen). EcrecTBerHO, 9TO [Jisi KajKIoOro
KOHKPETHOr0 MeXaHH3Ma PeaKIUA MHOMKeCTBO [OOYCTUMBIX ITyTei
(N MOCTMRUMBIX COCTOAHHM) YiKe, 9eM MI0KeCTBO TepMOJHHAMAYECKA

IONYCTHMBIX ITyTeu.

¢

I'/TABA 2

YPABHEHUA XVUMNYECKON KNMHETURKN

2.1. CXEMA KBA3WPABHOBECHON TEPMOJANHAMWKHN

B sroM pasmene paccMaTpPHBAIOTCS TONBKO W30JHPOBAHHBIE CHCTe-
Mbl. VccnenmoBanrme Hem30JMPOBAHHOW CHCTEMBI C PABHOBECHBIM OKpY-
HMeHHeM CBOAUTCA K M3YyIYeHUI0 MAHMMAJILHON H30JIMPOBAHHOH CHCTEMHI,
BKJIIOYAIOIedl JaHAYI0. JTO NPOJEMOHCTPHPOBAHO HA IpHEMepax B
pasm. 2.4.

ByneM rosopmrh, 910 3afjaHo TepMoAMHAMAIECKOE ONMUCAHHME CHCTe-
MbI, ecJIM YKa3aHbl: COUCOK MAaKPOCKONMIeCKHX IepeMeHHBIX, CHCTEeMa
OajalCIbIX ypaBHEHWi, cHcTeMa (GaaHCHHIX HepaBeHCTB, SHTPOUMA KaK
DYHKOUS MaKPOCKOUMYECKUX IIePEeMEHHBIX.

Maxpocronnueckne mnepemenHble oGosHasum M; (i=1, ..., n),
BeKTOp ¢ KoMmoHeHTaMu M; — cmmBosom M. Cumraerca, 4To 3HAYCHHS
mepeMeHHBIX M; HOTHOCTBIO OHpPefeNA0T COCTOSHHE CHCTeMHL. BsiGop
OCHOBHBIX MaKPOCKONMYECKUX IepeMeHHBIX A KONKPeTHOH CHCTEeMBI —
3ajlaia JaleKo He TPHBHANbLHAA, HO €CIH OH CHeJaH HPaBHIbHO, TO
MORHO CYHTaTh JM00YI0 MaKPOCKONHMYECKYI0 BeawduHy QymEKmueir or M.
Bynem oroxmectsisaTs BekTop M M COCTOAHHE CUCTEMBEL.

CymecTBylor aBa THOA 6ATAHCHBIX ypaBHEHUIL:

2a)'M; =0, a'M =0; (2.1)

2, a;M; = b; = const, aM = b = const. (2.2)

1
Ilepras rpynma GanmaEcHbIX ypaBrenmit (2.1) BhIpa:KaeT MECTKYI CBA3D
Mexy mepemeHHbIME M; Bce ypasmenma (2.1) ommopommml. Hasmume
TaKUX COOTHOLICHMH O3HAYaeT, IT0 mepeMeHHble M; He ABIAIOTCSI He-
3aBHCUMBIMU, MoxHO OBLIO GBI MCKIIOUATH 3aBHCHMBIE IlepéMenibie, HO
HHOrJa y/ro0Hee HCHONb30BaTh M30bITOYHEIH Habop. Bropas rpymma
ypaBuenuil (2.2) BbipaskaeT IOCTOSHCTBO HEKOTOPHIX JWHEHHBIX KOMOH-
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pamuit M; 3nadeHms OpaBHX dacTed KeCTKO He (PHKCHPOBAHBI, HO B
H30JHPOBAHHOM CHCTEeMe CO BpeMeHeM He MeHAWTcA. Ecam BosaMokeH
mepexoxn ot M* x M?, 1o aM* = b = aM>.

Hna Kamoro 3HaUYeHUA BeKTopa b, mMeIOmero CBOAMH KOMIOHEH-
Tama b;, ypasrenusa (2.1), (2.2) sagaror nmmeitHoe MHOroo6pasme B R™.
Omo HasnBaeTca  6AAAHCHBIM  MHO2000pasuem, WIA  6OasancCHOU
nAO0CKOCTbIO.

Rax mpasmio, KpoMe 0ajlaHCHBIX ypaBHEHHWIl CyIIecTBYIOT eme 0a-
JaHCHble HepaBeHCTBa, HApUMeP YCJIOBHSA HEOTPHIATEIHFHOCTH KOIIeH-
TPAMMIA:

2 UM; >0, IM>0. (2.3)
1

HamomuuM, uro HepaBenctBo =0 mua Bekropa z o3Havaer: z;=>0
JUIST BCeX KOOPAUHAT Z.

Hdnsa kasxmoro 3HavYeHHmA b cmcrema 6anaHCHBIX ypaBHeHmit (2.1),
(2.2) u GamamcHEIX HepaBeHcTB (2.3) 3amaeT BHIOYKIOE MHOMECTBO
B R". 9To MHOMeCTBO eCTh IlepecedeHHe 0aJaHCHOTO MHOT000pasmsa ¢
KOHyCcOM, onucsiBaeMbiM HepaseHcTsamu (2.3). OHo HasmiBaeTcsa 6a.aakc-
HbLM MHO202DAHHUKOM W UaIlle BCErO NeHCTBHTENHLHO ABIAETCA MHOTO-
TPAaHHUKOM — BBIOYKJIOH 000JI0YKOA KOHEYHOrO MHOKECTBA.

ToBopaT, uTo cHcTeMa 6ajdaHCHBIX ypaBHEIHWil WM HepaBeHCTBA 3ada-
Ha 6 Kanowuueckom eude, ecam HepaBeHctBa (2.3) cyrs M;=0 mua
1eKoTopeiX i (me o0A3areabHO Bcex). Eciam HCXOQHBIA BHJI CHCTEMBI
(2.1)—(2.3) He ABIAETCA KAaHOHMYECKUM, TO €ro Jerko ciejlaTb TaKo-
BbIM. J[JIS1 3TOr0 BBOAATCA HOBHIE IIePeMeHHBIe

Mny; = X UM, (2.4)

a ypasmenma (2.1) momonmsioTcs BcemMu cooTHomenuamu (2.4). Ilocae
TAKOT0 PACHIMPEHUSA COUCKA TEePEeMEHHBIX M CHCTEeMbl OJHOPOMHBIX Oa-
JaHcHBIX ypasHenwmit (2.1) cumerema (2.1)—(2.3) npmoGperaer KamnoHu-
JeCKMi BUJ — Bce HepaBeHcTBa 3amucadsl kKakK M; =0 pmusa HeKoTo-
peix i (i=n-+7j).

JuTponus S — PyHKOUA MAaKPOCKONMIECKHX mepeMeHHBIX Mi:
S(M). Ilpegnomnaraercs, 9To oHa ompejeleHa B KoHyCe, 3alaBaeMOM He-
paBeHcTBaMu (2.3). Pum3auuecKmit CMBICT HMeIOT, KOHeYHO, TOJHKO 3Ha-
YeHHs SHTPONME B TepecedeHAHM 3TOr0 KOHyca € IIOAIPOCTPAHCTBOM,
ompepiensseMbiM OanaHcHBIMEH ypasHeHmsaMm (2.1). Ecaim BosHmKaer wme-
00X0AUMOCTh HPOAO/IKATH 3HTPONHIO 3a Ipefelsl 3TOro IOANPOCTPaH-
CTBA, TO MOKHO, HAIIpEMEP, HCKIIOYUThL ¢ moMombio (2.1) MakcmMasbHO
BO3MOKHOE KOJAIECTBO IEPEeMeHHBIX M HPefloJoKATH, ITO IHTPONUS
OT HHUX HEe 3aBUCUT BOBCeE.

3nauennme surponmn S(M) momer OHTH KOHEYHBIM WIM PABHEIM
—oo, W OHa IoJyHempephriBHa cBepxy: ecam S(M) <s,, To maa aroboro
M’ n3 HekoTopo# okpectHocTm M B o6macTd OIpefieleHAs TaKIKe
S(M’) < s,. llonynenpepsisuas cBepxy (QpyHKOWS TOCTHTAaeT CBOEro Mak-
CUMaJIbHOro 3Ha4YeHUS HA KakJIOM KOMIAKTHOM IIOJMHO;KecTBe 06aacTh
onpe/eleHu.
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duTponus  S(M) — ogHopofgHaA (YHKOHA [ePBOro HOPAMKA:
SAM) =AS(M) npns moboro A>0. Dyaxmus S ABaMkIs HENPEPHIBHO
nuddeperuupyema Bo BHyTpeHHOoCTH MHO:KectBa dom S = {M|S(M) >
> —oo},

Pasnosecuem HaspiBaeTCA TOYKA rio0aJbHOr0 MakcuMyMa S B 0Oa-
JaHCcHOM MHororpaHHEmKe. I[Ipemmonaraercs, 4To Takosasg cyilecTByeT H
Jekut Bo BuyTrpenHoct:n dom S. J{iaA orpanmieHusix GajJaHCHBIX MHOTO-
TPaIUKOB CYH[eCTBOBAaHME pPABHOBECUS CIEAyeT M3 TMO0JyHelpepbiBHO-
ctit S cBepxy.

Meracrabuabnvin cocTOAHUEM HA3BIBAGTCA TOYKA KOHEYIHOro JIO-
KaJbplioro Makcimyma S B 0ajJaHCHOM MHOTOrpaliHHKe, lle ABIAKINAACH
paslioBecliieM.

Yacro, HO He Bcerjia BBHINOJIIENIO CJeAYIOINee yCJIOBHE BOTHYTOCTH:
ecin M npUHANIEKUT BHYTPEHHOCTH o00JacTu oIpepexeHus, zr € R",
a’x=ax =0, S(M) > —o, 20, 10

> z; (98 (M)/OM 0M;) x; < 0. (2.5)
i,J

¥Ycnosue a’z = ax =0 o3uavaer, YT0 T NPHHAMIEKUT GATAHCHON MIIOC-
KocTH, npoxoasmeil gepes 0,— GamamcHOMY mommpocTpaHCTBY.

Bo smyrpenmocrm dom S ompefesieHbl compsskeHHBIe HepeMeHHbIE
wi(M) =—3S(M)/0M;. Ecum Ttouka paBHOBecms M* npmEaTEMHT
BHyTpeHHOCTH dom S, T0 ¢ HOMOIMBI0 METOla HeoUmpeJeJeHHBIX MHOOMKH-
Tellell yOemmaemMcd, 4T

Wi (M*) = X Mo;a + ; Mear, (2.6)
2

r7ie Aojy M — HexoTopmie umcaa. Jipyras dopma Burpamenmms (2.6) co-
CTOMT B TOM, ITO Ha JI00oM GalaHCHOM MHOroo6pasum CKaIsSpHOe Lpo-

ussemerme (M, w(M*)) = X Mn; (M*) mnocrosmmo, w(M*)— Garamc-

HBIA BEKTOP.

Bosmousl pasnudHble BADHAHTHI MOCTYAUPYEMBIX CBOMCTB 3HTPO-
nuy, Kak Goxee cuipHBEIE, Tak u Goxee ciaabble, YeM TpUBefeHHbIE, HO
BO BCeX BepCHAX KBA3WPABHOBECHOW TEPMOAMHAMUKU IPHHEMAETCS Cle-
AYIOmMUHA OCHOBHON 3aKOH: IPH CAMONPOM3BONHHLIX W3MEHEHWAX B W30-
MAPOBAaHHOM CHUCTeMe 3HTpPonmA He yOsiBaer. DopManmsamum 3TOro 3a-
KOHa CIYKUT IIOHATHE TePMOAHHAMAYECKM HOOYCTHEMOrO IYyTH.

Hemnpepsisroe oroGpaskenme @ : [0, 11 —~ R* (M = ¢(1), 1= 10, 1])
Ha3bIBAGTCA TePMOOUHAMUUECKU OORYCTUMbBIM RYTeM, €CIH BHIIONHEHBI
clieiyiolue 9eThipe YCIOBHSA:

A. Eagi(pi () =0 (r. e. a% (1) =0) masa scex 1 [0, 1];
b. zaﬁwi(r) = const (1. e. a@ (t;) = a@ (v;) AIAA BeeX T4, T, < [0, 1]);
B. X Lgi (1)=0 (r. e. lp(t)>=>0) man seex 1 & [0, 1];

I'. ¢ysknua S(p(t)) ma orpeske v< [0, 1] — meBospacraromas.
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damegaHnue. B ri1. 1 HenpepsiBHBIA nyTh GBI Ha3BaH TEPMOTH-
HAMIYECKH JOOyCTHMBIM, eciH BJoidb Hero G MOHOTOHHO YOHIBaer.
3pech MBI 3aMEHMJM CTPOryI0 MOHOTOHHOCTH Ha HECTPOTYl, MOTPedo-
BaB, BMECTO MOHOTOHHOr0 BO3pACTaHAA 3SHTPONHMM, ee HeyObIBaHHA.
C dusnyeckoit TOUKHM 3PeHNA PA3IUIMA MEKIY CTPOTHM M HECTPOrHM
HepaBeilcTBAMH HeBeJHKH, a ¢ (opMalbHOil ynoOHee Hectporoe. Bmpo-
9eM, IIpu HeoOXOIMMOCTH BO3BpAaT K CTPOrMM HepaBeHCTBAM He COCTa-
BUT TpPy/a.

Onpenmentst TepMoOAMHAMUYECKUA OpefOOPANOK M TepMOAMHaMmue-
CKyl0 3KBUBaJeHTHOCTh: M'= M?, ecium cymecTByeT TaKOH TepMOAHMHA-
Mudeckn momyctuMbiii myth @(t) : [0, 1] = R", aro @(0) =M", ¢(1) =
=M M'~M? eciu M'=M?* u M*>=M'. Byaem rosopurs, 910 M*
u M* cpaswumvl, eciu M'= M?* mwou M?* = M'. CpaBHHMBIE COCTOSHHA
M', M? Bcerpga mpupmajiieskaT oJHOMY O0aJlaHCHOMY MHOTOTPaHHAKY.

Ilycts D — mexotopsiit GajlaHCHBIA MHOTorpaHHEK., OTOMIECTBUM
Je;Rallilie B HeM TePMOMMHAMUYeCKH JKBHBAJICHTHHE cocTosHusa. [lony-
9eHHOe (DAKTOP-IPOCTPAHCTBO HABBIBAETCA TepMOJUHAMUUECKUM Oepe-
60M, VI 0epeeom IHTPONUL.

HNamee 6yayT BeTpedaTbes pasiamdasle QyHKnuE coctoanma f(M).
Oco0ywo posp cpegum HUX HUTPalT OJHOPOAHEIE MepBOM M HYJIEeBOIl cre-
nedun. Benmawnma f(M) wuassiBaercsa srcrencusnoi, ecam fAM) = Af(M)
pasa go6oro A>>0. Bemmumna f(M) HasbIBaeTCE UHTEHCUBHOU, ecan
fAM) = f(M) pgna mo6Goro A > 0. Cpenm BBefeHHHX paHee BeJMIMH WNH-
TEHCUBHHIME ABIAIOTCA Wi = —0S(M)/0M;, a skcrencusummMu — M;, b;, S.

B repMopmHaMuKe 9acTo HCIONL3YeTCA cJelylomee CBOMCTBO ONHO-
ponubix ¢yaxgui. Ilycrs f(M) — omHopogHas ¢QyHKNUA cremeHH K:
fAM) =AM (A > 0). Boramcnum aByMsa cmocobGaMu TPOH3BOJHYIO IO A
¢yarmun f(AM) B Touxke A =1:

(@f (AM)/dMpy = 2 M;0f (M)/0 M,

C IPYro#l CTOPOHBI, MCHOIB3YA ONHOPOXHOCTH, MOJIyIaeM
(dfAM)/AN)r—y = (dAMdA) s  f(M) = Ef(M).

OxoBvaTelbHO I ONHOPOMHHIX QYHKOUH cTemenu K

> M 0f (M)IOM; = kf (M). (2.7)
B gactHocTH, mIA BKCT;HCHBHHX f
2 Mof/oM; = f (M), (2.8)
a JJisi HHTeHCHUBHbBIX z
zi] M;3f/OM; = 0. (2.9)

PoBopar, ato cucrema cocrour us uacreii, ecim CymecTByeT TaKoe
pasiosienne R" B mpaAMyl0 cymMmy noampocrpadEctB R*=F, ® E,, gro
s moboro M u3 obmacta ompeneaeHUs SHTPOIAM

S(M) =S, (M*) + S,(M?) (M“*<E,, M=M'® M), (2.10)
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rae S,(M*), S,(M*) — saTponum wacreir — HeKoTopble (PyHKIMH, 3aaH-
Hble B MpoeKIuAX obmactu ompeneaeHns S Ha E, m E, cooTBeTCTBeHHO.

IIpegnomaraercs, uro S;, S, yAOBIETBOPAIOT TeM jKe YCJIOBHMAM, 4TO
¥ S: HoJyHenpephiBHBL cBepXy, muddepeHUEpyeMbl Bo BHYTPEHHOCTH
dom S, , u 1. m. Jaua xaxmoro PEKCHPOBAHIONO COCTOAHHA OJHOI dacTH
GamaucHble ypaBueHHs u HepaBeHcTBa cmcteMbl (2.1)—(2.3) mpespama-
I0TCA B OalaHcIble ypaBHeHHS W HepaBeHCTBa apyroit dactu. llpenmo-
Jaras cOCTOANUEe ONHOM 4acTH 3aJaHHBIM, MOKHO OIpeeJHTH OajlaHC-
HBIe MIIOrOIPaHHUKH M PaBHOBECHA [PYTOH.

Yactu, mias kotopelx cmpasemiauBo (2.10), Mosxmo HasBath HeB3a-
MMOJIEHCTBYIOIIIUMH, XOTA 3TO M HE COBCEM TOYIO. JHEPrusa M 3ITPO-
musi, CBA3aHHble ¢ B3aHMOJeiCTBHEM, CIHTAIOTCA IpeHeOpe:KMMO MaJibl-
MII 110 cpaBHEHHUIO ¢ SHeprumeil m >HTpPOIHMeN YacTeil, HO IpexNMOJararoT-
csl BO3MOJRHBIMII IIOTOKH BelleCTBa, DHEPTrAM W [PYTrHX SKCTEHCUBHBIX
IepeMeHHbIX U3 OJHOH JacTH B JAPYrylo, eclu 3TO He 3ampemierno 6a-
JaHCHBIMH cOOTHOIIeHMsAMH. VI3-3a MOTOKOB He Bcerma todxa M'* © M>*
ABIsIeTCA paBHOBecmeM cucTeMbl. 3pmech M'** — paBHOBecua 4dacTtell,
HaliledHble NpM (PUKCUPOBAHHOM COCTOSAHHUH Apyroid dactu. MoskHO IcC-
II0JbL30BaThL TAaKOe Ha3BaHMWE: «UacTH, B3aUMOJelcTByIOmue MOCPELCTBOM
1TOTOKOBY.

B 3axarouenne pasfesia 3aMeTdM, 9TO B M30JHPOBAHIBIX cHACTeMax
BO3MO;KHBl U3MEHEHHs COCTOAHMA, MPOXOAAIIAe He N0 TepMoAHMIIaMmde-
cKu momyctamMoMy nyTu. IIpmmep ToMy — cBA3aHHBIA ¢ QUIYKTYyaumAMH
1.epexo] u3 MeTacTaOWJIbHOro COCTOAHWA B paBuoBecme. Hac, ogHako,
HITEpecyeT AUHAMMKA IPOIECCOB, MPOXOMAIIMX IO HeNPepHIBHBIM Iy-
TAM. Bpamu or ¢a30BBIX OmepexomoB TaKoe OrpaHUYEHHEe BIOJIHE
orpaBiaHo.

2.2. CXEMA ®OPMAJIBHON KNHETHRH

DopMalbIO-KUIeTHIeCKOe ONMCAHMe CUCTEMBl 3aJaHO, eClIM yKasa-
HBI: CIHCOK MAaKpOCKOUIYeCKNX IIepeMeHIbIX, cHcTeMa OaJaHCHBIX
ypaBHeHHUII 1I HepaBelCTB, MeXaHW3M NpeBpallleHnil — CIOHCOK 3JeMeH-
TAPIbLIX IIPOMEccoB, (PYHKIMHE CKOPOCTH 3JIeMEHTAaPHBIX IPOIECcCOB.

Tak ;Ke, KAk ¥ B TepMOTHHAMHIECKOM OMMCAHUM, IpeAnojaraercs,
YTO 3HAYEHHUA MAaKPOCKOIHMUECKHX IepeMeHNbIXx M; moONHoOCTHIO Olpefe-
JAIT COCTOSTHUE CHCTEMBI.

B OGazaHCHBIX ypaBHEeHHAX K HepaBeHCTBAaX TOKe HeT HHUKAKOIo
ormrausa or (2.1)—(2.3), mostomy mpemgmomaraeMm, 4uto cuctema (2.1)—
(2.3) ormocmres u K KuHetmdecKoMy ommcaHuio. CoXpaHAM TepPMHHBI
«bamaHCHOEe MHOrOoOOpasme» M «0aJaHCHBII MHOTOIPAaHHUK», BBEIEHHEIE
B IpedsIAylIeM pasjele.

Ilaee maumnarorca otauvua. IIpegmonaraercsa, 4To B mpocTpat-
ctBe BeKTopoB M BriGpam ¢urcupoBaHHBI O6aspmc. Haskmomy Bexrtopy
6asuca e; comocrasien cuMmBoi A; Bciogy Gymem moiarars, uto M; —
i-a1 xoopauHata M B stoM 6asmce. IloguepkHeM, uTo miaa BeIGopa TaKo-
ro 0asnca MOKeT OKa3aTbCA HEOOXOAMMBIM YBeJWIHTH HCXOAHBLIA CIII-
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COK MAaKpOCKONHYECKHX IepeMeHHbIX, MOMOJHASA €ro JAHEAHBIMH KOM-
ounanuamu M; u coorBercTBeHHo pacmmpas cucremy (2.1), mubo, ma-
000pOT, MCIIONb30BAThL YacTh ypaBHenumil (2.1) A coKpameHHA YHCIA
llepeMeIroixX.

Mexanusmorn Ha3bIBAETCA CIUCOK 3IeMEHTAPHBIX ITPOIECCOB, Kaik-
OB 113 KOTOPBIX 3aJa€TCSI CBOMM CTEXMOMETPHYECKHIM YpaBHEHHEM

Ayt oo conAn > Brady . B, (2.11)

rjge r— HOMey 3JeMeHTApPHOro Mpomecca, i, Pr — IMCIa Pa3MEPHOCTH
[M.] unu (aame) [M;]/mMonb (smeMeHTapHBIX aKTOB).

HaskmoMy sieMeHTapHoMy IIpOIEcCCY COIOCTABISAETCS €ro CTeXHO-
MeTPUYECKH BEKTOP Y, ¢ KOMIOHEHTaMH Y, = B,i— a,. HKpome Tor0,
3JIeMeHTAPHOMY IIPOIlecCy COOTBETCTBYeT BKCTeHCHBHAs BejnmamHa V, =
= (0 — o6beM mpouecca U WHTEHCWBHAasg BelmImHa w,= (0 — CKOpOCTbH
nporecca.

YpaBlueHUsT KHHETUKA HMeEIOT BHJ

M = D vV w0, (2.12)
r

IIpegnonaraercs, 4To BBHINONHEHH! CIeAyIOIIlle YCIOBHA COXPaHEeHI
OaslaHCOB:
2a¥y; =0, a%,=0 mna mwoboro r; (2.13)

i

Z aivi =0, ay, =0 mua mo6oro r, (2.14)

ecitm ) liM; =0, To nus moboro rV.wr 2 v = 0. (2.19)
i T

PasencrBa (2.13), (2.14) m mepaBeHcTBa (2.15) 03HA9AIOT, YTO KAaMIbIA
slleMeHTapHBIl Tpolecc coxpaHserT OajlaHCHble ypaBHEHHS M HepaBeH-
crBa. CoramacHo (2.13), (2.14) Bce BeKTOpHI Y, JexaT B GalaHCHOM HOJ]-
IIpoCTPaHCTBe — MpoxofameM depes 0 6amancHoM MmHOroo0Opasmum. Ilpen-
nojaraeTcs TakiKe, 4To ceMeiicTBo BeKTopoB {Y,} mopommaer ato mop-
TIPOCTPaHCTBO.

JlomoMHENTeNbEAS CIOKHOCTH COCTOMT B TOM, 4YTO (QYHKIHUH W,
nHorja omnpefieineHsr He mpu Bcex M. Bymem oGosHawaTh MHOKECTBO,
rae 3aflaHbl Bce W,, depe3 dom w. IIpemmosaraercsa, 4To Bce QyHKIHH
w,(M) BenpepsiBHO nud@epeHnmpyeMsl BoO BHYTPEHHOCTH MHOKECTBA
dom w, obosmauaemoin pamee intdom w, KoTopada ABIAETCA HEIYCTOM
TOJIOKUTEIFHO HHBAPHAHTHOM 00dacThi0 Mg cmereMH (2.12): ecam Ha-
qanbHble ycaosuss M(0) mexar B intdom w, To M(¢) € intdom w u npm
Bcex £ >0. O6vemnt V, ompepenensl Bciogy. 3aMeTHM, YTO JKCTEHCHB-
Has BequmumHa V,, Xapakrepusywomias BeiundumHy o0JacTH, B KOTOpOi
npoTeKaeT mpormecc, HadbiBaercd 00beMOM yCiI0BHO. B KOHKpeTHBIX ciy-
uasix V, MoxeT GBITh m 00b€MOM, M INIOI[AfBI0 IOBEPXHOCTH, M YHCIOM
AKTUBUBIX IIeHTPOB KaTajlMsaTopa, I Jp.

Haa dcciaenoBanus cBoiicTs ypaBHenmit (2.12) mOme3HBIM OKa3bI-
Baerca onucannme ¢Qyrromit w.(M) ¢ moMomBIO IICEBONOTEHINAIOB.
Ha mepBhlii B3riaAf 3TOT IpmeM BHINIAAAT HPOCTO KaK yBelmdeHHe
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CIIICKAa HNTEHCHBHBIX MepeMEeHHBIX, OJJHAKO €ro HMCHOOJb30BaHHUE YacTo
nmo3BoJisgieT NMposicHUTH cutyanmuio. Ilycrts B intdom w 3amaHO 7 Hempe-

poiso muddepennupyemeix pymrmain p(M), w;(AM) = p;(M) (A>0).
Ilonosxum

wr (M) = @, exp Dyt (2.16)

IlcesmomoTeHMaNBl W; M MHOMKHATENW @, — WHTEHCHBHbIE BEJIHMIHHBI.
B kauectse NCeBIONOTEHIMANOB MOKeT OBITH 3afaH 0ol Habop He-
npepsiBHOo Auddepennmpyembix B int dom w QyEKOuii, eciy oHR OfHO-
polHble HyJIeBOUl CTEHEeHHU.

Hycres G(M) — skcrencuBHass BenwdmHa, QYHKOHA G RBasKABl He-
npepbiBHO auddepernupyeMma B intdom w. BribepeM B KauecTBe TIiCeB-
momoTeHmuanoB p; = 0G/0M; u ¢ momompio mpepcrasiesnsa (2.16) mpo-
BepuM, Oymer au G Qynxnumeir JisnynoBa cmeremst (2.12). Jlaa ompe-
NeJIeHHOCTH OyneM 3amuchIBaTh yclioBuA yOmBaHuUsA G BHOJb DpelIeHHM.

IlpousBognasa G B cuny cuctemsl® (2.12) ects

G = 2 Vpp X 1i¥ri €XP 1 Grjhl;. (2.17)
T i 7

ITpepcraBuM G Kaxk OPOU3BOJHYIO BCIIOMOraTeNIbHOW (PYHKUAUN OJHOH
nepeMeHHOX A. [l PUKCHPOBAHHOIO COCTOAHHSA IOJOKHAM

B(A) = > V., prexp 2 (Aey; + (1 — A) Bri) 1s. (2.18)
Torga G = —0'(1). Moxso momsiTaThes ocMbiciuTh O(A) Takmm obpa-

som. Jlna xampmoro A < [0, 1] paccMorpum cucTeMy crexmoMeTpHIECKHX

ypaBHEeHHI, MOJIydaeMBIX «CMeNIMBaHWEM» OPAMOro m oGpPaTHOro WpPO-
I[eCCOB:

ari(k) = Aotri (1— k)ﬁ"-, ﬁn(k) = }\tﬁri +(1— 7»)0:.,,-. (2.19)

Coxpassa sHaueHus V, u @,, BBIUHCIEM cKopocth w.(A) mo dopmyie
(2.16), moncTaBUB B Hee BMECTO o.; 3HadeHma o-:(A) (2.19):

8 (A) = 2 V., (A). (2.20)

B uacraoctn, 0 (1) = D) V,w,.

Ecan mua moboro cocrosimmsa m3 int dom w copaBeyimBo HepaBeH-
ctBo 0°(1) =0, To ¢pynxnmma G(M(t)) Ha pemeHAAX ypaBHEHAH KHHE-
tukn (2.12) — HeBospacraomad. Bepmo m ofpartmoe, HOCKOIBKY G =
=0'(1).

3ameruM Temeps, uro Beiogy 07 (1) >0, mosToMy HIA HepaBeHCTBA
0°(1) =0 mocraTtouHO cyimecTBoBaEHA Takoro A <1, gro O(A) < 6(1).

! Mpousropuas rragkod QymAxnEm f(z) B CHIY CHCTEMEI mn@:beg;ennnanbnmx
ypaBHeHmit %; = gi(z) (i = 1, ..., n) ompefelserca Kak f (z) = 2 ,ﬁ]: gi (2).
i i
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2.3. COTJJACOBAHHE CXEM

Ilycts 3amamsl MaKpOoCKOIMHMYecKHMe IepeMeHHBIe, OajlaHCHBIe ypaB-
HeHHA U HepaBEeHCTBA, ompefeseHa sHTponusa S(M) m mOCTPOEHHI ypas-
Henusn kunetuxku (2.12). Bynem roBoputh, 4T0 KUHETUUECKOE OnucaHue
cozaacoearno. ¢ Tepmodunamuroil, ecim intdom S = intdom w m sETpO-
nusi S(M(¢)) me yObiBaeT Ha pelnmeHusx ypapHeHmil kuEetmrm M(t).

ITycts 3mecy m Bciogy pmasiee intdom w =intdom S. BriGepem B
KadyecTBe IICEBIONOTEHIUANOB

m;=—R"19S/0M;= p./R, (2.21)

THe R — yHuBepcaibHaA razopas IIOCTOSHHAs, m; HMeeT Pa3MepHOCTH
LM;]/mons. iMea B Bunmy pmanpHe#NIne NPUIOKEHHA K XMMHYECKOIH Ku-
HeTHKe, OyjgeM Ha3bBIBATL M; 6€3PA3MEPHbIM NCE80ONOTEHYUANLOM.

3andumieM CKopocTh 3dJieMeHTapHOro mpomecca (2.11) ¢ momomisio
0e3pa3MepHBIX IICeBAONOTeHIIHAIOB:

Wy = @r €XPp 2 Apih;. (2.22)
i
Torna
0(0) = 3 Vrprexp 3 (hars + (1 — 1) Broma.

TIponssoacTso »HTpOonHME — mpousBofHas S B chmry cacreMmbl (2.12) —
ectb S=R0'(1), a ycioBHe COIrIacOBAHHOCTH MOKHO 3almcaTh TaK:
0’(1) = 0 gna mo6oro cocroaamsa m3 int dom S.

CopMynupyeM HECKOIBKO MTOCTATOYHHIX YCIOBHA COTIACOBAHHOCTH
KHHeTHKH ¢ TepMofuHaMuKoil. Ecinn masa mo6oro coctroaamsa m3 int dom S
BEINOJIHeHO HepasencTso 0(1) = 6(0), 1. e.

2 V.. exp 2 Qpitly = 2 V., exp 2 Brim;, (2-23)
r i r i

to 0°(1) =0. B uacrHOocTH, ecam 0(1) =0(0) mna moboro cocTOTHHEA
m3 intdom S, T. e.

2 V- exp Z ity = 2 V0, exp 2 Brims, (2.24)

1o 0°(1) >=0. Bymem mnassiBath (2.23) nepaeencT8OM C024ACO8AHUA,
a (2.24) — ycaosuem c6arancuposannocTu.

YcnoBue c0alaHCHPOBAHHOCTH MOKET PACCMATPUBATBCA KaK CIef-
CTBHE NPAMEHHMOCTH MAapKOBCKOTO OomMcaHHA MuKpokuHeTHKH. OHO AB-
afeTcsi yHTAaMEHTAJIbHBIM CBOMCTBOM ypaBHEHMA MaKpOKHHeTHKH. [le-
TAJA CM. B cJeAyIOIIed TiiaBe.

ITpomurepnpernpyem ycaosusa (2.23) u (2.24) TaK, COIIOCTaBP[M
RayKI0N cuCTeMe HIIeMEHTAPHBIX POLECCOB 00paTHYIO: Qpi = Briy Pri =

= Qpiy Ve =V, @r = @Pr, CKOPOCTH Wy BEYECISETCA TO dopmyne (2.22),
BeJIMIMHSH, IOMeYeHHbIe IITPUXOM, OTHOCATCH K oOpaTHo#t cmcreMme. He-
pPaBeHCTBO COTJIacOBaHHWA 03HAYaeT, 9T0 CyMMa HOTOKOB I oOpaTHOM
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cHCTEeMBI He IPEBOCXOMHT B KaKJOM COCTOAHHH CYMMY IOTOKOB MJA
HCXOMHOHA CHCTEMBI:

YcnoBre cOaJaHCHPOBAHHOCTH COCTOAT B TOM, UYTO ITH CyMMBI IIOTOKOB
PaBHBI MeKAy coOoi.

IloguepkneM, 4To HM HepaBEHCTBO COIJIACOBAHWs, HU YCIOBME cOa-
JAaHCUPOBAHHOCTN He ABIAITCA HEOOXOJUMBIMA [JIS MOHOTOHHOCTA H3-
MeHeHNA sHTpomm: co BpeMeHeM. OHm ToinbKO gocraTounsl. Heobxomn-
MBIM W JOCTATOYHHIM ABJsieTcsA HepaseHcTBo 6'(1) =0,

Ilycts 3agaHo pasOmeHMe MHOKECTBA 3J€MEHTAPHBIX LPOIECCOB Ha
mongMHOkecTBa K,, K,, .... Bynem momarats, 910 Kaykmoe K; mpemcras-
JIEHO KaK COBOKYIHOCTh HOMEPOB I BXOAAIMUX B Hero mpomeccos. On-
pefesmM QyHKIAA

0; (A) = r'—-ZK- Veprexp 2 (Aarim; + (1 — A) Bram;).

3amernm, ato 0(A) (2.20) ects cymma 0;(A) npm Bcex i. Ecan 0; (1) =0
IA Kaxmoro i, To, odesmpgHO, 0°(1) =0 m mNPOM3BONCTBO BHTPONHI
HeoTpunatedbHo. Yacto yJaeTcsi TaKEM CIOOCOOOM TpPOBEpPATH COTIIACO-
BAaHHOCTh TEPMOJNHAMUKHA H KUHETHKHA «II0 YacTAM», pa30mBasg COBO-
KYIHOCTH 3JIeMeHTApPHBIX IPOIECCOB Ha moAMHOKecTBa. HambOosee Ba-
AeH TOT cirydail, korga Kammoe K; coCTOMT BCero 3 ABYX IPOMECCOB —
npaMoro u odparHoro. OH 3aciy’KMBaeT OTHAEJIbHOr0 M3yIeHHA.

MexanwsM TpeBpalieHWi Ha3bIBaeTCA 06parumbvliM, €Clim B HeM Iia-
PARY ¢ KaMKABIM 3JeMEeHTapHBIM IPOIECCOM CONEP:KHATCA eMy o0paTHBIii:
A J1000r0o r CymecTByeT TaKoe p, 9TO O, = Ppi, Pri = 0lpi. B oOpatii-
MBIX MeXaHW3MaX B3aMMHO OOpaTHBIE IIPONECCHl O0BeNWHSIOT, 3ali-
CBIBASA

aad,t ... Famds =Pl + ...+ Bnd.. (2.25)

v 4
Tlapa npomeccos (2.25) masmBaetcs cradueii. O6osraunm Vi, w; o6bem

M CKOPOCTH PAMOro mpomecca, Vs, Ws — obparHoro. YpaBHeHHs KHHe-
TAKYU JJIsI 00pPaTHMOTO MEXaHM3Ma MOKHO Iepelmucarth B BHJE

M =y, (Viwt —viwy), (2.26)

Ile S — HOMEp CTaJgW’, Y, — CTeXHOMeTPHYECKHH BEeKTOp CTafguu, COBIa-
Halomuii €O CTeXHOMEeTPHIEeCKMM BEKTOPOM NIPAMOTrO IpOmecca: Yy =
== Bsi — OLsi.

JHamee B 3ToM pasjele paccMaTpmBaeM TOJNBKO oOpaTHMble MeXa-
HA3MBI. 3aMeTHM, YTO JII000M MEXaHM3M MOKeT OBITh 3alHCAaH KaK 00-
paTHMBIHA, ecim [00aBHTh K HeMy HECKONbKO 3JIeMEHTADHBIX TPOIECCOB
C HYJEeBO#H CKOPOCTHIO.

Briapn s-it ctaggu B IpoM3BOICTBO 3HTPONUH €CTh

— (w, v (ViwS —Viw?) = — Byaps (Viwd — Vow?). (2.27)
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Crenmyrolee yTBep/RAeHHEe MOKET PacCMATPHBATHCA KaK CleNCTBAE
MUKpPOOOpaTEMOLTH: BKJIA[ Ka’KIOH CcTaium B IPOM3BOACTBO JHTPOIHHA
HeoTpHUIaTeJieH. JTO 03HadaeT, YT0 KHWHETHKA COIJIacyeTCA ¢ TepPMOJH-
HAMUKOM «IQCTAfHiHO». 3aMEeTHM, 9TO MOPHCYTCTBAE MATMATHBIX HoOJeil
nmapyiiaeT MHKpPoOOOpPaTHMOCTH W HOCTajHiiHOEe corjiacoBaHme. B srtoM
cliydyae NPHXOHTCA BO3BPAIIATHCA K YCJIOBHIO COajJaHCHPOBAHHOCTH
(2.24) unu HepaBeHCTBY coriacoBaHusa (2.23), B KOTOPHIX OXHOBPEMEH-
HO yYaCTBYIOT, BCe 3JIeMeHTapHbIE MPOIECCHI.

Bes Bcsaroro ymep6a obmEoctm MoMHO mosiarats, 9to Vs = Vi
st ;rioboro s. Hacto ato oTBedaer u (PU3MUECKOH CYIIHOCTH, HO MOK-
10 MPUOUMATL TaKoe TIPeHNookeHue IACTO POPMAJIbHO, HCHONB3YS TO,
9TO BO BCe BBIPArKeIUs BeJIIYUHBI VE BXOmAT TONBKO B cocraBe npo-
II3Bee HIil V;’:w;t

Urax, nyerb Vi=V;. Ionokmm ws; =w; —w; u samamem

M= X Vaw, (V. =Vi="V7).

S
YcaoBue moctagWilHOTO COTJIACOBANHSA COCTOUT B TOM, 4YTO

(Ys, plw, <0 (2.28)

mist seex s. JocrarounsiM yexoBmeMm misi (2.28) aABisercsa BO3MOK-
HOCTHb IPEJCTaBATH W, B BHUJE

ws = Qs ( exp D) tiMm; — exp 2. ﬁsimi>, (2.29)
1 1

rme @,=0. Ilpp HeKOTOPHIX YCIOBUAX HEBBIPOKAEHHOCTH IIPEACTaBN-
MocTh W, B opme (2.29) ¢ ¢,> 0 meoOxommma i BBINOJIHEHUA BCIO-
ny uepaseHctBa (2.28). He OymeM 3mech BBIACHATH 3TH YCJIOBHAL.

Benuumaa ¢, Ha3BIBAeTCA KUHETUUECKUM MHONCUTeseM CTaduu,
a Pa3sHOCTH 3KCHOHEHT B cKoOkax (2.29) — repmodunamuuecroii Pynx-
yueil ckopocru, uina gynryueii Mapceaena — de Jownde.

Huuetuveckuit 3axom (2.29) mosBosiifAeT maTh HOBOE OIpeeeHHe
w7 ws:

w:- = (s €XP 2 Qs ws = Ps exp }3 ﬁsimi- (230)
i i

IlopguepkreM, 9To HE HepaBeHCTBO coriacoBaHma (2.23), nm ycio-
BUsI cbanamcumpoBanHocTy (2.24), HM BBIeJeHAe W3 W, TePMOTUHAMUYE-

o +
croil ¢yukumunm cropoct: (2.29), Hm, HakoHen, pa3jejieHAe W, Ha W;

u wy; (2.30) He MHBApWMAHTHE [a’ke OTHOCHTEJIBHO LIPOCTOTO MPeodpaso-

BaHOA, COXPANAIOIMEro MHOMKECTBO TePMOAMHAMHIECKH AONYCTHMBIX ITY-
o 4

refi: §’=AS (A>>0). Ilpu TaxoM mpeo6pasoBammu m; = Am;. Nupapu-

anTsl OTHOCHTEJILHO Hero yciosme coriacoBaHmsa 0°(1) =0 m ycaosue

mocTaguiHOrO corsacosanma (2.28).

HasoBeM BekTop HCEBIOMOTEHOUANIOB WP TepmoduHamuuecku Oony-
CTUMBIM, €CJIH QIA J000r0 CTeXmoMeTPHIecKOro BeKTopa v,

sign (u?, y,) = sign (p, ¥,). (2.31)
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BexTop mceBmOmOTEHOEANOB UP TePMOAHHAMEYECKH [ONYCTHM, eClIH €ro

MOKHO Hpe,T.[CTaBKTB B BHNE
u? = fu+x, (2.32)

rge  f>0 — monoxuTenbHAaA CKANApPHAA HMHTEHCHBHAH  BeJMYMHA
(f(AM) = f(M) mpm A>0), ¥ — BeKTOp WHTEHCHBHBIX BeJHYUH, OPTO-
TOHAJBHEIA BeeM Y,: (Y., %) =0. IIpeacrasnenme (2.32) — mocrarounoe,
a OPE HEKOTODHIX MONONHHTENBHBIX YCIOBHAX HEBHIPOMKIEHHOCTH —
H HeOo0XOfHMOe YCJIOBHE TePMONHHAMHYECKOH AONYCTEMOCTH WP.

IlocragmitHoe cormacoBamme (2.28) Oymer BHIIOIHEHO, eCId IJsA
1100010 $

Wy = s (exp agpf — exp X ﬁsiu?) (2.33)

Ui TePMOJMHAMHEIECKH JOMYyCTHMOTr0 BeKTOpa ICEBAOIOTEHIMAJOB WUP.
TepmommBaMwdecKas KOMyCTHEMOCTH WP COXPAHAETCA, HAIpUMep, IPH
MOHOTOHHOH HeBHIDOKAEHHO#A 3aMene sutpounmm: S = F(S), dF/dS > 0.

Hecmorpsa Ha HemmBapmamTHOCTH (2.30), 00BIYHO moONaTalOT IIOHOG-
HOe pa3/leJieHHe CKOPOCTH CTAagUA HAa CKOPOCTH NIPSAMOro 1M 00pPaTHOrO
npomeccoB HpaBuiabHbBIM. Henbssa yTBepmpmats uTo-n1mb0 0 copasemu-
BOCTH TAKOro HPEUOJOKeHHS Ha OCHOBAHHE TOJIBKO TePMONHHAMHKH.
CxasanmHOe oTHOCHTCA M K ycioBmio cGamamcmposamroct: (2.24), 1 Bo-
o0Ie Ko BCceM YTBep)KAEHHSAM, He MHBADHAHTHLIM OTHOCHTEIHHO 3aMe-
el ' =F(S), dF/dS >0 mmm xora OH JIMHEHAHOr0 OJHOPOAHOIO IIpe-
o6pazoBaEma S’ =AS, A >0. C mpyroil cTopoHB!, TaKasA HEMHBAPHAHT-
HOCTh He 03HA4aeT JOKHOCTH yTBep/KIeHHA, a TOBOPHT BCero JHIIL O
TOM, 4TO ero o00CHOBaHMe WM ONPOBEP;KeHHE cJeflyeT MCKATh Ha ApPY-
TOM, MEKPOCKOIIMIECKOM YPOBHE.

Ecin B kmHeTmIeckoM saxome (2.33) me mpemmosiarath TepMOgHHA-
MHYEeCKYI0 JONYCTHMOCTH WP, TO TeM He MeHee OJHO BayKHOe (KBa3m-
TePMOJMHAMAIECKOE» CBOHWCTBO COXPAHUTCA — OYNET BBHINOJHEH MNpHH-
IO [leTaJIbHOTO paBHOBecHA B ciefylomei ociabnerHoit gopme. Ilycth
B Touke M* cropocr:m k crammit paBHH HyNII0: Wy = W,=...= w; =0,
Ecam crexmoMeTpHIeCKHi BEKTOP Y41 €CTh JHWHEHHad KoMOMHAIHA
Y1y +- Yry TO B TOuKe M* m w,,, =0, tak Kak (y,.,, U?) ABIAeTCA
JdnHeiiHOl KoMOmHamme#l cKajApHBIX mnpomsBegeH:AA (Y, u?) (s=
=1, ..., k), pasHBIX HyTI0 B M*.

2.4. PEAJIN3ATINN

XuMAYecKHe peaKknum B TOMOT€HHOl WM30JMPOBAHHOH cucTeMe —
00’beKT, ¢ KOTOPOT'0 eCTeCTBeHHO HAYMHATH M3JI0KeHHe XMMUYEeCKON Ku-
HEeTHUKH, COTJIACOBAaHHOM ¢ TepMOJUHAMHKOH. TpaddOMOHHOE H3JIOMKEeHHe
HaYMHAeTCs OGBIYHO ¢ M30TEPMHUYECKUX CHCTEM, 9TO BBHI3BAHO BHENIHEIA
IPOCTOTO 3aKOHA [eMCTBUSA Macc, KOTopas HapyIlaerca B HEH30Tep-
MAYECKOM cliIyvae.

OrpaBMYuMcs DACCMOTPEHEMEM Me[IeHHBIX PEAKIUil — MOCTATOTHO
Me[VIeHHBIX [IA TOT0, 9YTOObI HA0Op DKCTEHCHMBHBIX MAKPOCKOIMYECKIX
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nepemennsix N, U, V 6bl1 noausiM. 3peck MBI HCIONb3yeM 06031adve-
IAA, KOTOPBIX OyleM NpPUIep;KUBATBCA U Jajee Ha IPOTAKEHHH Beel
TJIaBHI:

N; — KoauuecTBO i-ro BemecTBa (MOIb),

N — Bexrop ¢ komnonenramu N; (BeKTop cocTasa),

U — suyrpennas sueprus (),

V — o6bem.

CooTBeTCTBYIOLIME CONPs/KeHHbIe IIHTEICHBHbIE BEJIHUUHBI XODPOOIO U3~
BECTHBI:

uy = —0S(N, U, V)/oU = —4/T,

py =—0S(N, U, V)/oV = —P/T,

uy; = — S (N, U, V)/oN; = ut /T,

rie T — temmeparypa (K), P — nasueHue (Ila), p}x — XHMHYECKUH Mo~

teamaan i-ro BemecrBa ([n/Monb). UTOOR OTIMYATH BEeNIMIUHBI Ui =

= —08/0M; oT mX 9acTHOrO CiIydas —AaS/0N;, B mociegEeM maiee yIo-

TpeGisieM BepxHmit mEgeKe: W= — 0S/ON;, m' =p'/R = uyx/RT.
Wcnonnaysa oHOPOAHOCTh DHTPOIIHM, MOKHO 3aNHCATh

S =— DMy = — AN —Upy —Vp, =
1 1

— — D piNy/T + UIT + PVIT. (2.34)

NnatencuBHble BeawuuMHB W; = —0S/0M; He ABIAOTCA He3aBUCHMBIMUA
n3-3a HX ONHOPOJIHOCTM HYJeBOH cremeHu. UT0OB yCTAaHOBUTH CBA3U

MEKIy HUMHM, Ber9uciuM nuddepeHnnan Beipaxenus S + MM =0:

1
d(S + ZP«&Mij = 2 Mdy; =0,

. (2.35)
zNidpf + Udpy + Vdpy = 0.
1

Vio6HO BHIpa)KaTh WHTEHCHBHBIE BeIHMYMHEI Yepe3 HHTEHCHBHBIe IKe,
ACIONB3YSA B KAauecTBe apryMeHTOB KaKoH-HHOY[Ib He3aBUCUMBI HaOOp
BeJmumE. BoTr HeKoTOphle M3 TaKUX HAOOPOB:

(¢, u): c;=NJV, c=N/V, u=U/V;
(¢c, T): T=—1/py = (@S(N, U, V)/oU);
({u'h, T) pi=—aS(N, U, V)/éN..

Benmuman ¢; = N/V naswBalotca KowyenTpayusmu. HanbGodee momy-
aapen uabop (c, T).

OGmewnsBecTER TpymHOCcTH ompegenerus ¢ymsxmuun S(N, U, V),
oco0eHHO I KOHNeHCHPOBAaHHEIX cpem. Jlpyras ciIoKHas 3ajgada, BO3-
HUKAaoOad BCerja INpH IONOBITKE CMONEIUPOBATH PEANBHYIO CHCTEMY,
COCTOHT B ONpefieJIeHUH CIMCKA BeMeCTB, KOTOPHIA MOJIKEH COJAePHATH
I JOCTATOYHO [OJT0 JKUBYyIIHe HPOMEKYTOUYHBIE COelmHeHus. B Hero
IpHXOJATCA HHOTAA BKIIYATh, HANPHMEDP, Pa3lIuvHble BO30Y:KIeHHBIE
COCTOAHHUA ONHOA MOJEKYJbl, uMMelol(ue OoibINoe BpeMsa ;xu3Hd. Eciam
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3Ke paccMaTpUBaeMbie BellleCTBA CIOCOOHBI AaCCOHMMPOBATBCA, 00pasys
DonbliZe KIAcTephbl, TO HYKHBIA AJS [PABUIBHOTO ONMMCAHHA KUHETUKH
CIIMCOK BEIIECTB MOMeT BBIPACTH [0 ACTPOIOMUUECKHUX Da3MepoB, M LIS
paboTsl ¢ HuM moTpeGyerca chlenuajgbHasg TeXHMKA. MHOTO mpumepos
peaKnuil ¢ OTPOMHBIM CIUCKOM BEIIECTB MAIOT HPOIECCH HOMMMepH-
3aIAm.

HecMorps Ha yrasaHHBle TPYNHOCTI, MBI MONaraeM X CIHCOK Be-
mects, # Pymkmmwo S(N, U, V) sapasaeiMu. Ilpome Bcero ux ompepe-
JUTHh IS DPeaKIuil B Trasax OpH He CIMIIKOM BHICOKUX MaBJIeHHAX.

ITo ussecrHOit saBmcmmoctm S(N, U, V) nerko ompefeaurs PyHKIAH
wi(c, u). Ilma atoro BBemeM ILIOTHOCTH sHTpommH: s(c, u) = S/V. Bexen-
cTBHe OTHOPORHOCTH .S miIoTHOCTH S{¢, &) PaBHA 3HAYEHUI0 IHTPOMUI
npn eguEmgHOM obbeMe, N=c, U=u: s(c, u) =S(c, u, 1). Orcopa
MoaydaeM

wc, u) = —as(c, u)/dc;, pvlc, u) =—as(c, u)/ou. (2.36)

Basucumocts uyvlc, u) =—P/T or ¢, u oupenemum ucxoma mn3 (2.34):

py (¢, u) = — s (¢, u) — D ple; —upy = — s (¢, u) +
+ De;0s (¢, u)/dc; + uds (c, u)/du. (2.37)
i

ITepexom k koopammaraMm (c, 7') Gomee cioxer u TpeGyeT pelleHH:A
OTHOCHTENILHO U YPaBHEeHHS ,
ds(c, u)/ou =1/T. (2.38)

Ecam xe ¢pyurxnua u(c, ') usBecTHa, TO Hajee BCe IMPOCTO — CIeRyeT
TOJNBKO OOACTAaBHTHL 3aBmcuMocth u(c, 7') B BBIpasKeHUsd, IONYYCHHbIE
¢ momomeio (2.36), (2.37).

BajaHcHBIe COOTHONIEHHSA B paccMaTpPHMBAaeMOM CJydae 3alliChIBa-
I0TCA CPa3y B KAHOHUYECKOM BHE

a) U = const,
6) V =const =0, (2.39)

Q)
B) };,_J aiN; — b; = const,
3

I‘) N1>O

Onpnopopubix Ganamcuplx ypaBueHuit Her. CoormHomenus (2.39 B) co-
DepsKaT 3aKOHBI COXPAHEHHA KOMWUYECTBA AaTOMOB KAMKAOTO JIEMEHTA.
Ecnu B comcke ects «BemecrBa», He ABIAOUINECH JJIEKTPAYECKH Hei-
TPaXbHBIMH, TO H0GABIsieTCS 3aKOH COXpaHeHUA 3apAna. BosMOKHH emre
I MOIOJHATEJIbHBIE 3aKOHBI COXpAaHEHUs, CBA3AaHHAHE C TeM, YTO HEKO-
TOpHIe IpeBpallleHus, He 3ampelleHHBIE CTPOrOo, MPH NAaHHHX YCIOBHAX
IPaKTAYECKH He HOYT.
. Bynem mpemmosnaraTh BeIDOJHEHME CHOeYyIOMero HepaBeHCTBa, obec-
IeYNBAIOMEr0 OrpaHAYeHHOCTh OAJaHCHBIX MHOTOrPAHHUKOB: A TH060-
roi=1, ... n

a;> 0. (2.40)
2
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ITpu manuyuu GaJIaHCHLI\' ypaBHeNHil, coepKaluX OTPHUIaTeJbible Ku-

apumuenTsl @}, guaa Belmontenus (2.40) Mosser moTpeGoBaTBCA «IIepe-
HOPMHUPOBRa» — yMHOKeH¥e KOIPEPUIHUEHTOB HEKOTOPHX 6GamancHBIX
YpaBHEHUI HA OHO I TO Ke TOJOKUTeIbHOE YHCIO.

ycts A4,, ..., A, — cuucok Bemects. Mexanusmom pearxyuu Ha3bi--
BaeTCA CIHCOK JJIEMEHTAPUbIX peaKI(imii:
oard, oot and, = 34 T Bradn, (2.41)

Ile r — HOMEp Pearill, G, Dr;i — HEOTPULATEJbHLIE IEjble YHucaa —
crexuoMeTpuueckue KodQdunuentsi. [das roMOreHHHIX CHCTEM MOMKHO
mpejmoxaraTs, uro Bce V,=V.

B 3aBHCMMOCTH OT BEIHUYHMHBI CYMMBI Q. PEAKIIMH HA3HIBAIOT: MO-

HOMOAEEYAADHBIMU, ecmrzJ ar; = 1; 6umosexyaaproimu, ecnnz A = 2;

k-moaerysaproimu, ecin Zan =/k.O0bIYHO ITpeAIoiaTaeTcA OTCYTCTBUE
i

Oosee ueM TPUMOJEKYJAAPHHIX DEAKIIHA.

Peaxunua massBaerca agrokaraautTuueckoli, eciap i HEKOTOPOro i
OHOBPEMEHHO M Q.,;, U P,; He PABHH HYN0. ABTOKAaTAIUTHYECKHE DPeak-
OUY B XUMHUU — CKOpee HUCKIouyeHume, ueM npasuwiao. Criemyer, ommaxo,
HOMYEPKHEYTh, YTO OTCYTCTBHE ABTOKATANUTHIECKMX U MHOTOMOJEKYJISP-
HBEIX peakuuil He ABIsgeTcHA 00A3aTENbHBHIM — B IPUHIUIIE OHNA BO3MOJK-
HbI, XOTA M PeJKH.

MexaHuU3M pearOUM MHTePIpeTHpyerca TBOAKO. Ero ¢uaumxo-xummye-
CKMIl CMBICII HpEJIIONAraeTcsa CAeAyOIuM: KasKlad dJlieMeHTapHAfA pe-
AKIUA UAeT B OOUH JJIeMeHTApHBIE akT (4acTo — coyaapeHue), B KOTO-
POM YYACTBYIOT TOJNBKO Te YACTHMIBI I B TeX KOJIMYECTBAX, UYTO yKasa-
HHl B CTEXMOMeTPHYECKOM ypaBHeHHH (2.41); MINTEIBHOCTH diIeMeHTap-
HOTO aKTa 3HAUYUTEJbHO MEHbIIe WHTEpPBAJA MeXIYy HUMH — GONBIIYIO
YacTh BpPeMeHHM YaCcTHII ITPOBOAAT, He BCTYNAd B XUMHYECKHE B3aUMO-
AeiicTBusA. De3oroBopouHo NPUHATH TAKYI0 TUNOTE3y 00 3JIeMEHTAPHBIX
aKTaX MOKHO TONBKO [JIs JOCTATOYHO paspesKeHHBIX raszos. Tem He
MeHee, eclIu OBl MBI FKeJaJu OliepeThCA B HCCHEOBAHUYM KUHETHKH XU-
MHYeCKOH peaxkOuu Ha KBAaHTOBO-XUMHYECKHE PACUYeTHl M MUKPOKHHE-
THKY, TO 0e3 TaKoidl uIM OJIU3KOH THIOTe3sl O000HTHUCH OBLIO OB He
1poCTO.

C cdeHOMEHOTIOrMUECKOli TOYKH 3peHHA MeXaHH3M — TaKag COBO-
KYIHOCTbL 3JIeMEeHTADHBIX PeaKIuil, KOTOPasA MO3BOJIAET OMMUCATh HAOII0-
maeMylo KHHeTHKY ypaBHeHueM (2.12) rme QyHKOUEH w, IDOCTPOEHHI B
COOTBETCTBUH C BHIODAHHBIM KMHETHYECKMM 33KOHOM M TepMOTMHAME-
YeCKUMHI OrpaHHIeHUAMH. Ocobyo ponb mpu 3TOM HUIparOT WHTEPIOJA-
NUOHHBIE CBOMCTBA KWHETHYECKOTO 3aKOHA — TO, HACKOJBLKO GoraTslil
Hab60p QYHRIWA W, MOKHO IONYYUTH C €T0 IOMOIIBIO.

Bpsag am crour abGCOMIOTH3UPOBATH KAKYIO-TO OJHY MHTEPIpPETAIHIO
MEXaHN3MA pPeaKknuu: (QU3MKO-XUMHUYECKYI0 MM (PeHOMEHOIOTHYECKYIO.
3agava COCTOMT, CKOpee, B TOM, UTOOBI YCIIEIIHO WX KOMOHMHMPOBATS,
IOffiepRUBas (benouenonomqecmne MeXaHM3MBl MOJENAMHA 3IeMeHTap-
HOT'O aKTa H H3yYeHneM MHUKpokmHeTHKH. IIpoiitu ke Bech myTh oT aie-
MEHTapHOTO aKTa N0 MAKPOKHHETUKH JJiA JOCTATOYHO CJIOKHBIX DPeaK-
Wil He MPejCTaBIAETCA BO3MOMKHBIM.,
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IlepeynciuM KHHeTAYEeCKHe 3aKOHBI, BhIpaKaiolide CKOPOCTH pe-
AKNUil 4epe3 ICEBIOMOTEHIHUA]B M 11POU3BOJBHBIE (DYHKIUM:

A. w, = @, exp D\ aymi, (2.42)
i

(- — HeoTpUIaTeNbHAA WHTeHCHBHAA Beluumua @.(c, T) = 0. Oyrrnuu
@, VI Pa3IMYHHIX I' He HE3aBHCHMEI, a CBA3AHEL MeTy CO00M yCiIoBU:A-
MH COTIAcOBAHUA ¢ TepMofuwHAMmkoir, Hanpmmep (2.23) umm (2.24).
Basxms! yacTHEE CIYyYad 3TOTO 3aKOHA:

B. ¢, =q.(I) =0,

B. ¢, =const > 0.

B mociemgHeM cilydae CKOPOCTh PeaKIUH ¢ TOYHOCTHIO [0 e[UHCTBEHHOIL
KOHCTAHTHL OIpefiefsAercs TepMonmHaMukoid. K coskamenmio, nisa Mexa-
HA3MOB (2.41), B KOTOPBHIX YYacTBYIOT TOJIBKO CHMBOJIBL BeIECTB, CIy-
yait B peamusyerca pengxo. MHorga ero MoKHO OCYIIECTBHTH, BKIIOYAA
B CXeMy IpeBpallleHHii sHepreTmuyeckue cuaraembie. Ilpumep cm. mmxe,
B pasm. 2.6.

Iaa o6paTEMBIX MeXaHM3MOB PEAaKIMU B NPENONOKeHHH I0CTa-
MERHOTO COTJIACOBAHHA YHOOHO O0BEIMHUTH DPEAKIMH IIONapHO — Ipd-
MBle ¢ OGDATHHIMH — M 3amuCaTh Crafmiubiii MexaHusM (2.25). s
Hero IpejIojaraeTca KAHETHYECKNA 3aKOH

A. Wy =@, ( exp 2 agmi — exp ﬁﬁmi), (2.43)
1 1

@. — HEOTPUIlaTebEAA MHTEeHCUBHasg BenmumHa: @,(c, T) = 0. Kurern-
yeckmit 3ak0H (2.43) obecmeymBaeT mocTajuifHOEe COIVIACOBAHNE KUHETH-
KM ¢ TePMOLUHAMHMKOM, [ HEro BeIMYMHH ¢, MOKHO 33JaBaTh He-
saBucuMo. Tax e, kak ¥ miaa (2.42), BayKHBl YacTHBIE CIydYau:
B. 9. = @.(T) =0,
B. @, =const > 0.

OcuoBnble mepeMeHHble xUMUyecKofl kuHeTHKZE — N;. [ug usonu-
POBAHHBIX CHCTeM HETPYLHO BBHIPA3HTh BCe BeJHMYMHEI uepe3s N; u Io-
croaunsie (U, V) u sanucats ¢, = @.(N, U, V),

N =V Y 7,9, exp dami(N, U, V), (2.44)

WIM B IPeJIoJo/KeHuM HOCTAAUNHOrO COTJIACOBAHUA C WCHOIb30BAHUEM
KuHeTHYeCKOro 3axkona (2.43)

N =73 v [exp S ami (N, U, V) — exp 3 Bumé (N, U, V)]
(s = s (N, U, V)). (2.45)

Beuny mocrogmcrBa U, V cucremsr (2.44), (2.45) ABnAKOTCA 3aMKHYTHI-
MI KHHETHYeCKHMH MOJeIgMH — aBTOHOMHBIMHM cHUCTeMaMu nuddepeH-
NAAILHBIX YPABHEHHH, B KOTOPHIX [PaBbie YACTH BHIPAKeHH depes N
7 HOCTOAHHHEIE B XOfle IPOMEcca BeIHYUHEL.

Iis coxpamemma co BpeMeHeM HepaseucTB N; =0 momaraior cyme-
CTBOBaHHE Yy m' ocoGeHHOCTeili Ha TPaHHNE: eCIH IIOCIeX0BATEIbHOCTH
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Nt U* VF k=1, 2 ...) rakoBa, uto N;—0, a V,>V*>V,>0,
Uy>U*>U,, S(N', UF, V%) >5,> —oo, N3> N¥>0 (i i), NE>0,
1o mi(N*, U*, VF) > — oo.

Tepmodunamuueckoii pynryueii Janyrnosa Ha3oBeM TaKyl (QYHK-
muio G(N, const) BekTopa cocrasa N M DIOCTOSHHBIX B XOfie Ipoiecca
seanpume, uro OG(N, const)/ON;=m'. [lna M30IMPOBAHHHX CHCTEM
(U, V=const) nomyuum G{N, const) = —S(N, U, V)/R. OGosgauaum
ary ¢ymknmio Gyy. Ilpoussogmas Gyv B cmay cucreMsr (2.45) ectb

Guy = —V w, In (wi/w;) <0, (2.46)

rme wy, w;y onpenenensl B coorserctBum c¢ (2.30). PaseHcTso HyIIO B
(2.46) pocturaeTcs TONBKO TOrfja, Korjga sce w,=0 (V>0).

Ilpoussoguas Gy B cuixy (2.44) yske He uMeeT CTOIb IIPOCTOTrO
BHJA, HQ, KOHEYHO, TOME HENOJORUTENbHA, eciu KodPPUIUeBTH ¢,
NPaBUJIBHEO COTACOBAHBL.

Ilepexons k oOCYK[EHWIO HEU30IMPOBABHEIX CHCTEM, 3aMETHUM, 4YTO
dyrrnmu mi(c, u), m'(c, T) me sasucar or ycaosmit. Hua Pysxmmi
m'(N, const), KoTopble HYKIO0 HAWTH, 4TO0H 3aMKHYTH YPAaBHEHUA KH-
HETIRH, 3T0 yiKe HE TaK.

Bzaumopeiicreue ¢ Oe3bIHEPIMOHHON MEXAHWYECKOH CHCTEMOI —
OpPOCTEAUA BUJ HapymieHnsa usoxupoBamHoctu. Ilycts o0meM V ecthb
B TO e BpeMa 0000IIeHHAg KOOPAWHATA MEXAaHHYECKOH CHCTEME,
U,(V) — norenunanbEas pHeprug 3TOH cuCTeMbl, BBuUIY mpemmoaarae-
Moii Oe3bIHEePIHOHHOCTH KUHETHYECKAH IHEePrus — HYdb, JHTPONUA Me-
XaHHYECKON CHCTeMBI PaBHA HYITIO.

Ob6bemuHeHEHAg CHUCTEMa COCTOMT M3 ABYX YacTeid: M3ydyaeMoil Xu-
MHYECKOi M MeXaHm4YecKo# cucteM. Habop MaKpOCKONMUYECKHX IepeMeH-
HbIX ocraercd TteMm e: N, U, V. Onrponusa me MeHAeTca, S =
= S(N, U, V) — rakaa me (QPyHKUMA, KAK U IJId H30JIUPOBAHHOE CH-
creMbl. I3MenAloTca 6anaHcHEe cooTHOmeHUA. BMecto mepsoro Garanca
(2.39—a) U = const teneps

U+ U (V) = const. (2.47)

Hemas wMerp memo ¢ MUHEAHBIMM GallaHCHBIME COOTHOIIEHUSAMH, BBe-
JeM HOBYI0 Makpockomumuyeckyio nepemenryo H = U+ U,(V). Bennun-
Ha H — cyMMapHas 3Heprud Bceii 00BeUHEHHOM CHCTEMEL.

Barascaoe coorHomenue (2.39—6) V =const raxsxe HapyImmaer-
cd — nepemerssie N, U, V 3aBucuMbl m 00beM y:Ke He MOMKeT OBITh
OPOM3BOJBHOH KOHCTaHTOH. Ero HyXHO HaxoguTh H3 YCJIOBHA PaBHO-
BEeCHs, KOTOpPOoe MOKHO HAaIHUCATh CPasy MCXOAd M3 (PU3UIECKOTO CMEIC-
aa: P=dU,(V)/dV, naBnenne ypaBHOBemmBaeTcA cmioii. BriBemeM 3TO

ycioBue (POpMATBHO MCXONA M3 YCIOBMA MAKCHMyMa SHTDONMHU IpH 3a-
masERIX NV, H:

dS(N, H—-U\V), V)/aV =0,

wodU,(V)/dV — py =0 (po = —1/T, pv =—P/T), (2.48)
P=dU/(V)/dV.



3mece S(N, H~U,(V), V)— suavenune ¢yuruun S(N, U, V) npn
U=H — U,(V). Ilycrs ypaBuerue (2.48) paspemnmo orHOCHTedbHO V.
OGosuauum ero pemenue V(N, H). Bemem tarke (yHKIOHIO yCIOBHOTO

Maxcumyma S:
S(N, Hy=S(N, H-U,(V(N, H)), V(N, H)). (2.49)

He 6ymem paccMaTpuBaTh BOOPOCH: [eNCTBUTENIBHO JH DeHleHne
(2.48) — Touka MaKcUMyMa, €JUHCTBEHHO JIU OHO M T. I. OTH BOIPOCHI
BaJKHBI, a OTBETHl HE BCEI[a TPUBHAJIBHEI, HO pDa3yMHee HCCIeNOBATh WX
B KOHKPeTHHIX CIyuasx, 3agasasack pymxuumeir SV, U, V) uan, no xpaii-
Heif Mepe, paccMaTpuBasg MOCTATOYHO Y3KUU KiIace QyHKIMIA.

Oyarnua S(N, H) naer tepMoguHaMUYecKoe ONHCAHHE O0BHeNuHEeH-
HOi1 cucreMsl. DanaHcHble ypaBHEeHHS M HEpPaBeICTBA MMEIOT BUJ

Il = const,
D ajN; = b; = const, (2.50)
i
N;=0.
Caenmyer ormetuth, uto S(N, H) yixe Mosker He ObITh OZHOPOALOI PYHE-

nueii N, H. '
@yuxouu m'(V, const), mHeobxomMble 1A 3aMbIKAHUA ypaBHEHMHI
kuneturu (2.44), (2.45), onpejcasaorca Tak:

mi = — R798 (N, H)/ON; =
= — R3S (N, U, V)ION)y=v(nmu=m-U (vNnm)-  (2.51)

IMogueprkuem emie pas, uro m’ ocrawrca TeMm ke Qyurmuamu (¢, u),
(¢, T), uTo M [OAd M3O0MMPOBAHHOU CUCTEMbI, MEHAETCA TONBKO WUX BBI-
paskenne uepes N ¥ IOCTOSHHBIE B XO[g€ HPOMECCA BEeJIMYUHEL

YpaBHeHHA KHUHETHKHM HMeEIOT TOT Ke BUA, uro m (2.44), (2.453),
troasko BmMecro m'(N, U, V) B gux Bxogar m'(N, H):

N =V (N, H) 2y, exp Daemt (N, H), (2.44")

N =V (N, H) S v.o [exp gasimi (N, H)— exp 2 famt (N, H)].
(2.45")

VuTencuBEbIe BEIMYNHE @, @, TaKKe IIPEIIOJAraioTcs BhHIPa’KeHHBI-

mu qepes N, H.
Hak m mnA W30MMpOBAHHOW CHCTEMBI, OIpeNeIuM TePMOJUHAMUYE-

ckyo dyuarnuio Jlanysosa
Gau, (N, H) = — S (N, H)/R. (2.52)

IIpoussonmas GHU1 B cuny cucremsr (2.45") cosmamaer ¢ (2.46).

Bce ycioBua cormacoBaEMA KHHETHKH M TePMOTHHAMUKU OCHOBAHBI
Ha CBA3U m' ¢ sHTponmei: m'= —R~'0S/GN; nna u30ampoBamIoil CH-
cTeMBl. JTa CBA3b COXpAamUiach U IA o0beuHEHHOK cucreMul. Hpome
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TOro, YCIOBHA COIfaCOBAHIA MCIOIb3YIOT TONBKO BO3MOKHBIE HAOODHI
3HAYEHHd ,, #¥. MHOMKecTBO 3THX HAa0OpPOB He U3MeHAETCA HPU Iepe-
Xofe OT H30AMPOBAHHOR CHCTEMBI K paccMarpuBaeMoit 00beAWHEHHOI.
JpyraM cTaHOBHTCA TOJNBKO BHIDAJKEHVE ITHX BeJIudywH deped N u mo-
CTOsHHEIE.

Taxum o6pazoM, eCaqu KUIIETHYECKOe OIICAHHE I30JMPOBAHHOU CH-
CTeMBI COTJIACOBAHO C TEePMONWHAMHUKOII, TO OCIIOBAHHOE HAa HeM KUHe-
THYECKoe ONMCAHUEe CHCTeMB!, MOMYyUeHHOK U3 JaHHON ee o0BegUHEHHEM
¢ 0e3pIHEPIHOHNION MEeXaHHYeCKROIi CHCTeMOH, TaK:Ke COrJacoBaHO C Tep-
MOJUHAMHUKOM.

Ha nepBsii B3TIAL, B pe3ysabrare oO0'beIMHEHUS YHCIO0 MAKPOCKO-
MIYecKUX IapaMeTpPoB YMeHBIIILIOCh. B0o3MoKHA m Jpyras TOYKa 3pe-
HuA — Kpome N, f B onucamme cuctreMur Bxogur gymxmua U,(V). Ee
MOKHO PACCMATPIUBAThL KAK HOBBII MAKPOCRONMMYECKII IIapaMerp -—
UMeHHO (PYHKIO, odeMeHT (yHKIMOHAIBHGTO ITPOCTPAHCTBA, a He ee
smavenud. Jusg Pysxmum S(N, H, U,) cyimectByer aHAJIOr OXHOPOTHO-
cru: S(AN, AH, U) =4SN, H, U,), rope U (V) =AU (V/A). HauGosee
Bajken TOT cayuait, xorga ¢yrurnus U, upexmonaraeTcA JIMHEHHON u
BBHJly CYIECTBYIOLIEro B oIpefedeHil IOTeHIUAJbHON 9HEprum MpoIs3-
Bona opmopoxmoii: U,(V) =P, V. Torma ycnosue pasmoBecma (2.47)
npespaimaerca B P =P, m cucrema saBigerca usobapmueckoir. Ilpm
stoM H=U+ PV — suransuns, S(N, H) — ogHOpomHaa QyHKOusa mep-
BOTO MOPAKA mpH JIwooMm P,.

HoHTakT ¢ TenuoBBIM pe3epBYapoM paccMOTpPUM B dYeTHIpeX Ba-
PHMAHTAaX, pa3iauyasd CIyyan KOHEUHOTO MM OeCKOHEYHOro pe3epByapa,
MTHOBEHHOTO MJIM TIOCTENIeHHOTO YCTAHOBJIEHHA TEILIOBOTO PABHOBECHS.

Cocrosinue Temi0OBOro pesepByapa OymeM ONMUCHIBATH MBYMA HKCTEH-
CUBHBIMHI BeJIMUWHAMU — BHYTpeuHeit ageprueir U, u o6pemom V., npen-
mojiarag MOCTOAHCTBO o0beMa: V,=const > (. Kro sHTpomma — ojHO-
poxuasa ¢ysroua nepsoro mopanka S.(U,, V).

Ecan usyvaemas XuMuyecKasd CHcTeMa B3amMOJeMCTByeT € Temjio-
BBIM PE3epPBYapoM U 10JBKO C HUM, TO COCTOSiHUe O0BeJUHEHHOH cucTe-
MBI Xapaktepuayerca mepememssiMu N, U, V, U, V., a ee 3rrpo-
ovsa ecTh

S=8(N, U, V)+8.(U,, V). (2.53)
Bamancusle cooTHOIEHASN:

U+ U, = U = const,

V =const >0, V,= const > Q, (2.54)

2 aiN; = b; = const, N;>0.

Ilycts TemsoBoe paBHOBecHe Me:RAy H3ydaeMOil CHCTEMOH M pesep-
BYapoM YCTaHABJIUBAETCA MIHOBEHHO. ¥ CIOBHUe PAaBHOBECHS — PaBEHCTBO

TeMIePaTyp — MOJYYUM KaK Heo0XOANMOe YCIOBHE MAKCHMyMa 3JHTPO-
rmuy upn 3agaamaeix N, U, V, V,:

ALS(N, U, V) + 8.0 — U, V.)I/aU = 0,

0S (N, U, V)IoU = (88x (Us, Va)/0Us)y__ty_y» (2.55)
T=T,
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rie I, — TeMmeparypa pesepByapa. B cmny 3TuXx ypaBHEHHH mepeMeH-
weie N, U, V, U,, V., He gBudaoorcsa He3aBUCUMBIMHU, U MOKHO BHIDA3UTh
U, U, wepes N, V, U, V,. UWN, V, G, V,), U,=0--U. Paccmorpum
QYHKIMIO YCIOBHOTO MakcuMyMa S:

(N, V,0, V,)=SWN, UN, V, T, V), V) +
+S(O~UW, Vv, T, V), V). (2.56)

Ucnonssysa (2.55), ybe:xmaemcs, uTo

mi (N, const) = — R~ (dS (N, U, V)/aN‘i)U=U(N,V,~U,VT) =

—~ —R%S(N,V,U, V.)/oN,. (2.57)

QOyexmua S(N, V, U, V,) Bupamkaer 3HTPONAI0 00beIuHeNHO CHCTeMbL
yepes N u mnocrosmasle Bequunusl. OHA He 0053aTelIbHO OXHOPOTHA.
Kakx u BbIIle, MOKHO 3anuCATL ypPaBHEHHg KUHETHKH B BHJe

N=V > 20, (N, const) exp D, a;mi (N, const), (2.58)
r i

MM, IpeAmojiaras NOCTafuiiHOe COTJIACOBaHHME C TEePMOJUHAMUKOI,

N=V D 7595 (V, const) [exp dlagmi (N, const) —
s i

— exp 2 Bs; mi (N, const)], (2.59)

riae const oGoszraven madop Bemuwuun V, U, V..

MosxHo BBecTH TepMogMHAMHYeCKyi0 QyHKouio JlamyHoBa, paBHYIO
—S8/R. Ee npouspoguag B cuiry cucreMsul (2.59) Buoss umeer Bup (2.46),
a dYacTHble Ipou3BogHBIe MO N; mpH (UKCHPOBAHHBIX IOCTOAHHBIX V,
U, V. ectb m'(N, const).

Ocobyio ponp urpaer ciydaii 6eCKOEEYHO GOJBIIOr0 pe3epByapa —
tepMmocrata, OH IOXYYaeTCA U3 PACCMOTPEHHOTO NPENEIbHBIM IEepexo-
gom U — oo V,— oo, U/V,=const. [lonaraas U <K U, B srom mpepeie
moxy4um, 9to U ompepesnsaercsa W3 ypaBHEHHA

08/0U =1/T,, T=T, (T,=const), (2.60)

rge  T.=(dS.(A, 1)/d)\)~', A=0U0/V,. O6o3mauum pemenue (2.58)
UWN,V,T,).

Mpepgen ¢pyarmun S (2.56) 00biuHO He cymecTByer. ITY TPYHHOCTH
MOJKHO 000MTH, 3aMETHB, 4TO BCIONY MCIOAL3YIOTCA He a0CONIOTHBIE 3HAa-
yeHns S, a WX PA3HOCTH NiA [ABYX COCTABOB NPX AAHHHBIX 3HAYCHEAAX
nocroaEHENX (cM., HampuMmep, (2.57)) uax onmpepmeneEMe TePMOAMHAMM-
HYecKH pomyctuMoro Imytu. Beramcaumm mpemenr gymrmuum S — S (T, V.):

SN, V, O, V,)— 8.0, V,) ~
- SN, UWN, vV, T), VY —-UWN, V, TH)/T,. (2.61)
IJToT mpefes B TepMOOUHAMUKe HasbiBawT PyHryueldl Maccve n 0603HA-

gafor J. EcrectBemHsiMm mnepeMeEHBIMH ¢QyHKmuu Macche cumraoTcg
N, V, 1/T,. C Tounoctsio Ao moctosmroro ciaraemoro S.(T, V), B npe-
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flese — Geckore¥no Oonpmoro, gymxuma Macche ecTh HTpPONEA 00%B-
eqUWHeHUA «Hu3ydaeMad cucreMa + repmocrar». Ilpm xramkmoM sHaveHum
T. dynxoma Maccove J(N, V, 1/T.) — onsopopHasg ¢QyHKOUA mepeMeH-
geix N, V mepBoil cTemenu.

HamoMHMM, d9TO KajKI®lii IOar: pellelive ypaBHEHHWI, Iepexon K
npenelny,.. IejlaeTcsa UPH NOMOJHHUTENBIIOM IIPEIION0KeHAA €ro Oocy-
IeCTBUMOCTI, KOTOpasg MOKeT ObITh MpoBepeHa I KOHKPETHBIX (PyHK-
Ml HJIM HX KJIACCOB.

Tax ke, kag u B (2.57), moiydaem

m'(N, const) = —R-*9J(N, V, 1/T,)/0N..

CooTBeTCTBYIOL[aA W30TEPMUYECKUM H30XOPHIECKAM YCJIOBHAM TEepPMO-
JunamMudeckaa gyukiusa JIamyHoBa ecTh

Gv(N, T, V)=—-J(N, V, 1/T)/R,
(2.62)
m (N, T, V) =0G (N, T, V)/ONx

IIpennonoskuM Teneps, 4YTO TEIJIOBOE PAaBHOBECHE YCTAHABIMBAETCH

e Mriosenno. Torjga MeXxaHusM peakumym Hajo AONOANUTL IJIEMEHTap-

HBIM TipomeccoM o0MeHa 3Heprueil Meskay CHCTeMOHl M TemJIOBBIM pesep-

pyapoM. [l atoro BBegeM cuMBOJAB A, u Ay, H 3aIuUIeM CTeXHOMET-
pHUUeCKOe ypaBHeIlne

EA, = EAy,, (2.63)

rie E — meroropas womcranra pasmepmoctu [[:x/monn. MaTencusubie
BEJIMUMHBL WUy, Wur, CONps:ReHHBbIe 3xcTeHcuBabiME U, U,, onpepesiuM ¢
IMOMOILIO BHTpONun S 00beNUHeHHOII CHCTeMBI

we = =98N, U, V, U,, V.)/oU = —/T,

(2.64)
we,=—08N, U, V, U,, V.)/OU,= —1/T..
Cropocts craguu (2.63) zamnmem Kak
wy = @ulexp (—E/RT) — exp (—E/RT,)), (2.65)

rae @y = 0 — HeKoTopad MHTEHCHMBHAA BeJUYHHA.
3anuce (2.65) B meiicTBUTENBHOCTH JKBUBAajJeHTHA 3axony dDypse,
COIJIACHO KOTOPOMY

wy =ko(T —-T,), (2.66)

rie ko =0 — HeKoTOpasg UHTeHCUBHAA Beianuymua. UtoOsl ybequThca B
aToM, moctarouno paspenuth exp(—E/RT)—exp(—E/RT,) ma T —-T,,
mojiarasg 10 HempepbIBHOCTH, uro Iipu 71 =7, 4acTHOe paBHO
(E/RT?) exp (—E/RT). 310 wacruoe noxomureasno npu I' >0, T,>0,
u, ciefoBarenbuo, mepexod ot (2.65) k (2.66) cocTouT B yMHOMEHHE Qu
Ha MOJOEHNTeNbHY0 PpyHKkuuio tremmeparyp I, 7.

CrexuoMeTpuyeckuil BeKTop crajun temroooMeHa (2.63) mmeer nBe
HellyleBsle KOMIOHeUTH: Yy = —E, yy,==E.YpaBHeHus KUHETHKH IJIA

o0’beJUHEHHOH CHCTEMBI MOJKHO 3allMCATh B BUJE
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N =V 3 v¢, (N, U, V)exp Dami(N, U, V),
r 1

(2.67)

* \
(ZT) =Vy ( g) ¢y [exp (— E/RT) — exp (— E/RT4)],
rae Vy — aKCTeHCUBHAA BeNIMuUNIa, «00BeM» 00JacTH KOHTAKTa CUCTe-
MLI i pesepByapa Vy =0,

= (dS(N, U, V)/oU) —T(N U, v,
T —(6S(UT,V)/6U) 1—T(U,,V)
Qv =(PU(N, u,v,u,V,=0.

banancasie ypasoenus u mepasernicTsa miua (2.67):

a) U+ U,=U=const, 6) V=const=0, (2.68)
B) V.=const=0, 1) E a;:Ni = 0; = const, n) N;=0

i
Tepmonunamwueckana dynxnua Jisnyrosa G(N, U, U, const), mpo-
E3BOJIBIe KOTOpoir mo N; U, U, cyrn COOTRETCTBEHHO mt, my,my,,

crpourcs BHOBH Kak — S/R, rie 8 — anTponns o0beInHEHHOH CHCTEMEI

Gyu, (N, U, Un, V, Vo) = —[S(N, U, V) + S;(Us, Vo))/R. (2.69)

Ee mpoumsBommas B ciuty cricreMbl ypaBHenuil (2.67) ueiosno:KuTenbua,
eCJII KIIHeTHKA COIJIACOBAaHA ¢ TepMOAIIHAMIIKOIL.

B mpemene Gecromeuio OOJBLIOro TEIIOBOrO pesepByapa (Tepmo-
crata) U o, V,— o, [/V,=const, u B cucreme (2.67) MOKHO OT-
opocurh ypasuHenwe i U,, 3aMeHsiga Gamauncuoe coornomenue (2.68—a)
na I, = const. JHTpOMMA OGBeIUHEHIION cuCTeMB S e MMeeT mpejeia
npu U — o, V,— o, opHako MOKIO BBIUECTh U3 Hee IMOCTOAHHYIO B
xome uponecca sexnumny S.(0, V.), a pasmocts S — S, (T, V,), raxr
IIPaBUJIO, HMEET IIpeJe:

SN, U, V)+ 8.0 —U, Va) — ST, Vo) ~ SN, U, V) —U/T, (2.70)

— ecrtecTBeEHOe 0600umienne Pyrkmum Maccoe (2.61). Ompemeanm Tep-
MOJIHHAMITIECKYI0 (DYHKIIIO JIATYHOBA B pacCMaTpUBaeMoOM ITpefielie Kak

Gyr, (N, U, V, Ta) = [— S(N,U, V) + UIT.J/R.  (2.70)

Ilpepmonoskum cripaBeIlBOCTh THIOTE3HI IOCTAJIMIIIIOTO COINIACO-
BAaHWA TePMOAMHAMUKH M KwHeTHKHU, [lna cmcreMsl, B3auMOJeicTBY10-
hieil ¢ TepMOCTATOM, B 3TOM CJIyuae 3arumieM

N=VY V595 | exp D oggmi — exp D) Bsimi],
S i i

(2.72)

U= VU(pUElEXp (—E/RT,) —exp (—E/RT)},
rae T. = const, ((’J’S(N, U, VY/oU)-*=T(N, U, V), @c=
eu(N, U, V, T) m'=—R"'9S(N, U, V)/ON;=m'(N, U, V), ¢, =

—cp,.,(N U, V). Beraucam HPOU3BOJHYI0 TePMOXHHAMUIECKOM (i)ym{mm

58



Jlaoynosa (2.71) B cuny cucrems: (2.72):
+ +

. w w
Gyr, = —V Qw,In—-=—Vywyln 2, (2.73)
8 W YUy
rme Wy = @ulexp (—E/RT) —exp (—E/RT,)], wr = euexp (— E/RT),
wy = @p exp (— E/RT,). W3 popmyan (2.73) cpasy BupHo, 910 Gy,
= (0 Torga W TOJBKO TOrAA, KOra Wy M BCe W, paBubl Iymwo, eciu V,
Ve >0.
Hna apuoii aamuen zaroua Dypoe (2.26) mpowsBogHAT TEPMOIH-

HamMuvyeckoi yurmum Jlanymosa TarsKe uMeeT IIPOCTOH BH:

U == Lkaq;.E( 7YT - T).,
. w;*' (T
Gyr,=—V g ws In—~ — VyEko

s

T T)2
“RIT, (2.74)

OngnoBpemMennoe p3amMojeiicTBHe ¢ TEHJIOBBHIM pe3epByapoM H Me-
XaHMYecKoi cucreMoif paccMarpuBaercs Tak sxe. IIpuBemeMm 3mech TOJBb-
Ko oTBersl mias uocrogruoro nasiewta (U, (V)=PV) un Geckomeunoro
pesepByapa — TepMOCTaTa.

Ilycts paBHOBecme 1 ¢ MeXaHIYeCKOH CHCTEMOil, 1 C TEPMOCTAaTOM
Jocturaerca MrHosedHo. Axanoruumno (2.61) maxogum

SN, U, V)+ 8,0 —U—PV, V,) — 8;(T, V.) -
~ SN, G, V) — (U -+ PV)/T, (2.75)

apu U — oo, V,— oo, U'/V,=const. 3necs U =U+ PV + U, — nocrosau-
Hag B Xome npouecca semmuuna. Ilpemen (2.75) S — (U+PV)/T, na-
3piBaerca Pynkyuct Ilaanka u obosuauaerca Y. EcrecrBenusiMu apry-
mernramn ¢ysExumn Ilmnauxa cuuraworca N, P, 1/T; T = T,, nocroasry
TEPMOCTAT M M3y4aeMasg CHUCTeMa HANOAATCA B TEINIOBOM PaBHOBECIII,
OcranpEsie Bequmuumbl: U, V Moryr ObITL BeIpakensl uepes N, P, T
£ MOMOINbBIO YCIOBMII

dS(N, U, V)/dU = 1/T = 1/T, = const,

(2.76)
dS(N, U, V)/dV = P/T = const.

Tepmonmnammuecras ¢ynruma Jlanymosa fas  TIX  yCJOBIi
ecth — Y/R:

G.»(N,T,P)=[-S(N, U, V)+ (U+ PV)/T1/R. (2.77)

B npennonomenml IIOCT&III’IﬁIIOTO COTiacCOBaInAaA TGpMOI{KH&MIIKH n ru-
HEeTHUKI ee IIpOH3BOIIIIaH 110 BpeMellll uMeeT BCE Ty TRe HpOCTYIO (bOp-
My (2.46).

ECJII/I paBHOBeCue C TepMOCTAaTOM YCTaHAaBIIIBaelrcd HEMTHOBEHHO,
TO ypaBHeHHH KHHEeTHKIL IIpUHAMAalOT BU

N = ngtpr exp‘;arimi (N, H, P), (2.78)

H = ViguElexp (—E/RT,) —exp (—E/RT)],
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Tabnmna 2.1. OcHopHbe YHKIUM XHMHYECKOH TEPMOIMHAMHMEKH /IS KNACCH

N /o Yeaosne XapakTrepucTnieckaAa GYHRINA SHTPOIMHUHOrO pARA
1 U, V= const S(N, U, V) — surponns
T, V = const J(N,1/T, V)= S — U/T — ¢pyaruus Maccre
3 H, P = const S(N, H, P)= S(N, U, V)U—-H—PV — SHTPOIMIIA
4 T, P = const Y(N, 1/T, P)= S — H/T — pyurnus IlmaHRa
5) S, V= const —
6 S, P = const — },

rge H = U+ PV —suranenua, T'=T(N, H, P), ¢.=@.(N, H, P) =0,
V)= V(N, H P)>0, Vyo=Vu N, H,Z P, T.) =0, ¢v=qu(N, I, P,
T,)=0.
Ilocnennee ypasmenuwe (2.78) MmoHO 3ammcaTh B BuJe 33KOHA
QDypse:
H = I/Uk(pE'(va - T). (2.79)

Brruncnenue mpepmena (2.75) naer To Ke BbIpajkellie, TOJIBKO Telephb
T,.# T. Takum 06pasoM, ¢ TOUHOCTBI0 JO HOCTOSAHHOIO B XO7ie Jipolecca
cilaraeMoro, B Ipefeie — OeCKOHEUHO GOJBIIOTO, DHTPOTIHA O00'beHIIIIeI-
HO# CHCTeMEI eCTh

S(N,H,P, T,)=SN, H—PV(N, H, P), V(N, H, P))—H/T,. (2.80)
@®yexnus V(N, H, P) maxopurca us ypasHeuusa (2.48):
oS(N, H— PV, V)/oV =0 (N, I, P= const).

Tepmomuramuuecky oyakmuo JanymoBa cucrembr (2.78) ompe-
HAeluM Kak

Gpr, (N, H,P,T,) = — (S — H/T,)/R. (2.81)

Ee nponssonnasa mo Bpemenu B cuiry cucreMsl (2.78) cosnagaer ¢ (2.73),
(2.74) B mpeamoNOKeHUH NMOCTAIIIIIOF0 COTJacOBAHIIA.

Yeroipe KAACCHMUCCKUX YCAOBMA Xmmmuueckoli Kunermru: U, ==
=const, T, V =const, H, P = const, T, P = const Haubdo1ee 1nomymnsap-
Hbl. 1A HUX MOKHO BBIPA3UTh BCe BEIHUYUHBI UepPE3 BEKTOp cocraBa N
U IOCTOSHHBIEe, B H3yueHunm cucreM DpH KIACCHYECKHX YCIOBHUAX 0CO-
6yi0o posb UrpaloT XapakTtepucriueckue QYHKINH — CM. Tadm. 2.1.
B tabn. 2.2 ocHOBHBIe BENWYMHBI INPEACTAaBJEHH C MOMOIUIbI0 XapaKTe-
pucTudeckux ¢pyHKuui. [{isa momrHOTHI B TAaOAUOBI BKJIIYEHHI [Ba aama-
farmuecrux yciaosusa: S, V =const u S, P = const.

Xapaxrepuctuueckie QYHRIIN DHTPOUNHHOTO PAAa OBLIN IIOJyYe-
Hbl Bblme, OHU COBUAMAKT C BUTPONUEA MUHAMAIBIOU H30JIUPOBAHHON
CHCTeMBI, BKIoYaomeid mamayio (Ne 1, 3), mwim momydens u3 dT0i
9HTPONNK B pesylbTaTe BHIYATAUMA IIOCTOSHHOII B XOfe Iipolecca I1IpH
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YECKNX YCIOBHIl

XapaKTepncTuuecKaA GYHKIMA DHEPreTHIeCKoro pana Tepmomnaﬁﬁzﬁgg byHRIUIA
— Gyy = — S(N, U, V)/R
F(N, T, V)= U — TS — cBoboHas dHepris Gy N, T, V)= —J/R=
(sameprus 'eapMroanna) — FIRT
— Gyp= — S(N, H, P)/R
G(N, T, P)= H — TS — cBobofiHasi 3HTAABINA Gpp (N, T, P)= —Y/R=
(ameprusi I'u66ca) — G/RT
U(N, S, V) — BHyTpeHHsA 3Heprus U me BoapacTaer
H(N, S, P) — 3ATansnasa H He Bospacraer

N3HHBIX YCJOBUAX BeJIMUYMIB H IOCHEeAYIOIEero nepexofa K upenery
(Ne 2, 4).

XapakrepucTuyeckue (PYHKILUH 3HEPreTHYeCKOr0 pAfa CBA3AHBI C
agmabarnuecknmu npomeccamu (S = const). Oyrxoua U (Ne 5) — BBYT-
pennsas sHeprusa cucteMbi, H (Ne 6) — cymma BEHyTpeHHe# sHepruu Cu-
CTEeMHl ¢ 3Heprueidl B3amMmojelicTByouie#i ¢ Heil Oe3bIHEPOIHOHHOM MeXa-
HHUecKoil cucteMbl. OyHknua F MoeT OBITH MOJyuyeHa M3 BHYTpellHeN
9Heprud o0’beMHEHUs «cHUCTeMa T TepMocTaT» aHAJOIMYHO TOMY, Kar J
Obljia MOJy4YeHa M3 JHTPONHMHU 3T0ro o0benuHeHHUs. Ilycts TemmoBoi pe-
3epByap KoHeYeH. JamumieM

O=UWN,S, V)+UlS;, V). (2.82)

ITapamerpur N, S, V, S;, V., He ABIAITCA HE3aBICUMBIMU — OHHU CBf3a-
HBL YCIOBHEM TeIIOBOr0 PABHOBECHS

AU(N, S, V)/8S = U (S,, V.)/dS,. (2.83)

Ecau BBectu smTponmio oGbenuHeHHoii cuctembl S =S + S;, 10 ypasB-
meHre (2.83) MOKHO 3anucaTh Tak:

LUWN, S, V) + U8 -8, V)1/aS =0, (2.84)

rge mpousBogHag Gepercs mpu N, V, S, V,=consl. PaccmaTrpuBaem
amuabaTuuyecKue Tpomeccsl B o0befuHEHHOH cucTeMe. DanancHbpie ypaB-
HeHUS s 3TUX yclIoBuii oramuaiorca or (2.68) — smecro (2.68 — a)
U = const umeem S =S+ S, =const. Ilepeitmem x npegery Geckomeu-
HOI0 pesepByapa — TepMocTaTa, ycTpeMjsag 3HadeHus Gajamcos S u V,
K oo, COXpaHsAs TP DTOM NOCTOSHHHM mXx orHomenme S/V,=const.
BryTpenEAs ameprus He MMeeT KOHEYHOro Ipejesia, HO €ClH BHIYECTDH
n3 Hee IOCTOAHHYI0O B Xofe aanabaTMyecKoro mnpomecca BeIWUHHY
U.(S, V.), To npenen pasHoCTH GyHeT yiKe KOHEYeH:

C—-U8, V)=UWN,S, V)+U,(§-8, V,)—US, V,) ~
- U—-TS=F. (2.85)
Anpanornyso Haugem G Kar upegen mnpu S, V,—> o, §/V,=const

pasmoctu U — U,(S, V,). Ilpu nocrosmmom pasmeuumu U = U+ PV +
+ UL(S,, V).
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Tabanuma 2.2 IlpexcrapieHne OCHOBHBIX TEPMOMAAMMYECKAX BEINYIH C MO
s TICKOM He
2| voomme | Spmaser. |7 - I o o
4
1|10, V= | SN, U, V) | Xapaxrep. | Hesapucnm. HesaBicuMm. as %
== const, dyERUEA mepeMex. nepemer. | U + au
aS\
X Fiij I
2|H, P= aS/aS\1| aS;0S\! | HesaBiicaM
= const | S(N, H, P) | To xe H+P 5};(371) _lﬁ;(a—f_]) mepeMex.
3|T, V= aF aF He3zaBucuM. OF
= const | FN, T, V) | —37 F—THg mepesex. | £ — 137~
_yor
1%
4|T,P=
= const | GWV, T, P) = G — Tfa,g - aG oG
Qg
<y —P3p
5 —const | YW, S, V) | HesaBncmym. |  Xapawrep. He 3aBlCHM. Vg—U
nepeMeH. PynrIuN mepeMes. U—Vv
6[S,P= oH oH XapaxkTrep.
= const | Z(N, S, P) | To e H—P5p B3P dysxoua

IlprMevyaHue. IIpousBofHsle GEPyTCA NpPM COOTBETCTBYIOIMX YCJOBHAX.

PaccMoTpennme peakmuii mpH HeKIaCCHYECKUX YCHOBHAX HE CJIOA-
Hee, ueM npd KiaccuuecKux. OCHOBHas XapaKTepHCTHYECKAS BeIUYUIIA
DHTPOIMMITHOI'0 pANA — PHTPOLMA MHHHMAJBIONA H30JUPOBAHHOU CHCTC-
MBI, BRJIOuafomeil pmammoyro. Hak Bcerma, Hajgo co0ai07jaTh HEKOTOPYIO
OCTOPOKIOCTH IPH Ilepexofax K Ipefely OeCKoHeYHBIX cHcTeM. Brimre
OBLIO Pa300paHO HECKOJHKO IIPHMEPOB HEKJIACCHYECKUX YCIOBHI.

Npeansnpiii Ta3 — OCEOBHAA MOJEJIbHAA CHCTEMa XHUMUYECKOH Tep-
MONMHAMUKY U KMHeTHKHU. ’aspaGoTammbie NI HEro KIHETHYECKHE M0-
Aelu MHOrLJa YCHeIrHO «paboTaloT» B COBEpPHIEHHO IICOKUJAHIIBIX 00-
JacTAX — TaM, I'/le Ha MepBbii B3rusAn oHH paborath He AOMKHHL. Ilpi-
Mep TOMY [al0T KHHeTWYeCKHe MOJeJu reTeporeHHOro KaTajmsa.

B xauecTBe OCHOBHEIX IIPERIOJIOMKEHHHA 00 NAEATBHOCTH IIPUMEM
aIUTHBHOCT, BHYTPeHHEHl 3HEPTUM I YpaBleHile COCTOSHUA Igealb-
HOTO rasa:

U=U(N,T)= 2 Nu(T), (2.86)

rae u4;(I') — smeprua oguoro Mmons BemectBa A; mpm Temmepatype I,
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MOLIBI0 XAPAKTEPUCTHYECKNX (PYHKNIMI

BeJImunHb!

P= == F= G= uix
85(88\ 89S\ 38\ aS 38 (9S\"*
6V(0U) (6U) U—>= (5["]) u "L( Vov ’S) X _57"1-(5(7)

as\1
(]
HeszaBrcuM. s\ aS aS)\ 2 S [aS\*
mepeMes. (HH) H+(P ap—S | X H—S§ (ﬁl) '_;?TVi(aH
()
X\ oH
oF HesaBacam. | Xapakrep. pyEk- | F — yoF oF
oV mepeMeH. nus oV aN,
G
HeszaBncuM. To xe ¢ — pdG Xapakrep. QyHK- <N
mepeMeH. ap s i
aU aU

oy U Y o0_ U

— 7 aS U— 555 U—Vav—5%s oN;
HesaBncuM. oH OH  oH oH oH
nepeMeH. aS H—Pap—55% H— S35 oN;
IPeIoJaraeTcA MOHOTOHHO BospacTalomeii ¢ynrnuei T
PV == RT D\ N,. (2.87)
i

Co6na3HnTEIBHO BOCHOIB30BaThcA opMmynoir (2.86), coormomeHEEM
dS(N, U, V)/oU =1/T u upunnunom Hepucra: S=0 npr ' =0 mix
OTBICKAHUs JHTPOOMH, HO 3TO NPHBOAMT K abcypay. [leficTBHTEnbHO,
eciid 3amucaTh

T T

(LU WN, T 3 T du (T) o,
S_j LWWT) gy =2Ni577 A, (289)
t 0

0

TO, BHUHMCHsAa pmaBuenne P =ToS(N, U, V)/9V, nonyuum P =0. Or-
ciofa Cciaegyer, 4ro ajAATHBHOCT, BHyTpeHHeil sHeprum (2.86) mesos-
MOKHa Ha BceM uHTepBajde temmepatyp [0, T1. 3to cBg3aHO ¢ AByMsA
06CTOATETBCTBAME: BO-NEPBBIX, LPM HHU3KAX TeMIEPATypax CKAa3hiBa-
I01cA KBaHTOBEIe 3(deKTH; BO-BTOPHIX, Aaske ciadoe B3aUMOJICCTBLE
MeXAy JacTHIAMIL, 9HEprus KOTePOro Masja II0 CPaBHEHHMIO ¢ 3Hepruei
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TEIUIOBOrO0 MBIKEHHS NpU JaHHOM I', MOKeT BHOCHTH 3aMeTHBIM BKJIAJ
B sutponuto. Cease Qyurmui S(V, T, V) u U(N, T, V) uHenoxaibua —
T

B Bolpajgiennme = S(UT')(&U (N, T',V)/oT")dT’ sxomar 3HAUCHHA

0
QUN, T', V)/0T’ npu scex T' < T.

Hetrpynuo npudnuseHHO yvecTh KBAaHTOBbie 3(Q(eKTH NIpH BHICO-
KUX TeMIepaTypax, KOrga cpefHee YUCJIO YaCTUI B KAaMKIOM COCTOAHUHU
MIIOTO MeHbIIe eAUHHNBI. B 3ToM ciyvae pasiuuus Me;KIy CTaTHCTUKA-
M Qepmm — [lupaka m Bose — Jitrmreiina mecymectsednbl. IIpamoii
pacuer 6e3 oOpallleHHA [JIA NMOCTYNATeIBHOI0 NABUIKEHUS K MHTETPHPO-
Banmio 1o teMmmeparype naer ¢opmyrny Carypa — Terponme. IlpmBemem
37ech ee BMecTe ¢ OMMyKaAIIAMI CIeRCTBUAMH:

U(N,T, V)= N;[3RT/2 + ipay(T)], (2.89)
S(N,T,V)= 2 N;[—RIn(c;Vq;) + 5R/2 + Sizay<(T)], (2.90)
F(N,T,V)= X N; [RT(In(c;Vqi) — 1) + Fiuye (T),  (2.91)

wx = RT In (¢:Vq1) + Finuys (T), (2.92)
mi =|n (CiVQi) + Fi Bg,T(T)/RT, (2.93)
a;, = exp mi = CiVQi exp (Fl BH,-;(T)/RT), (2.94)

e Vi = No(2nh2/M;kT)** — kBauToBHII 06DBEM OLHOTO MOJAA i-TO
BeI(eCTBa,

Ny — uncao ABoraspo — 4mCIIO 4acTHI[ B MOJe,

L — nocroaunan Ilnanxka,

M; — macca onHOM yacTHOBI (-TO BeILECTBA,

k — nocroaanaa boasnmana, k= R/N,,

Ui suyr(T) — cpefiHsia oHeprusg BHYTDPEHHHUX CTeleHell CBOGONBL B OIHOM
MOJIe i-TO BeI[eCTBa, BKJIIOUYAA 3HEPrui0 BpallleHUd, XHMHYECKUX CB3€H,
KoJe0aHui u np.f npejmojiaraeTcaA MOHOTOHHO Bo3pacramoileil ¢QyHK-

. 1 du, (1) ,
onueun T, Sinny’r = 5' 7‘;‘_‘%3‘;%— dT 9F1'Buy'r = uinﬁy'r - TSinny'r,
0

a; = exp m' — Tax Ha3bIBaeMas aKTHBHOCTH i-I'0 BEIEeCTBA.
IToscaum npuBegeHHOe BhIpaskeHue misg V. CpenmHsAsa sHeprusa Immo-
CTYIIAaTeJbHOTrO0 ABUKEeHHs onqHOi yactumsl coriaacHo (2.89) ecrs 3kT/2.

CooTBeTCTBYOIIEe CpeAHEKBAJpPAaTHYIHOe 3HAuYeHHEe uMOyabca V{p?) =
= V3kTM;. C auM cBf3aHa AaEHA BOJHH Ae-Bpoimaa A; = h/ VZF;=
=% /V 3kTM,;. KpanuroBbit o6meM Ha OJHY 4YaCTHOY i-T0 BeIIecTBa
C TOYHOCTBIO N0 MHOMKuTexs (6:)*/% cosumapmaer ¢ KyGoM 3TOI AAMHBL
BomHEL:  Vgi/ N, (67)%%A3.

Heo6xomumoe ycaopue npumenamoctu (2.89)—{2.94) cocromr B
Majoctu BerwunH ¢;Voir ¢:Voi <1 mua Beex i.
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B cuny agmurusHOCTH BHyTpeHHed smepruu (2.86), (2.89) mpm 3a-
JaHEHOM cocTaBe N TeMIepaTypa ofHo3HauHo cBfsaHa ¢ U m m3 (2.90)
noJgydaeM

S (N,U,V) S (N,T,V) RT
p_r LD _ T——(ﬁ,—-——=RT;ci =—‘7—ZNi (2.95)

— YpaBHeHUe COCTOAHNs HUEaJIbHOIO rasa.

BmaueHde Wi npnm egmEMUHOM KoHmeHTpanmu c; =1 HasmeBarT
CTAHOAPTHLIM TUMUYECKUM TOTeHyuasom. JJA cHCTeMBl, SHTPONMA KO-
TOpoit Moyker OHITL Haiimema mo (opmyie Caxypa — Terpome (2.90),
CTAHHAPTHHII XMMAYECKHH TIOTEeHOHAJN sABIAeTcA QYHKOHEH TOIBKO
TeMIepaTypsl ® IIOCTOAHHBIX, XapPaKTEePH3YOIOHX YaCTHNE JaHHOIO
BEII[eCTBa.

Momxu0 momsiTatrscad ucuoib3oBath dQopMmyiay Caxypa — Terpopme
U 77 OTHICKAHHS YHTPONMM HEHJEeAJbHBIX Ia30oB II0 M3BEeCTHHIM (QYHK-
nuam P(N, T, V), UN, T, V), sapausseim npr O0<<I,<T<T, V=
=V,>0 u N us gHeroropoit obmactu. [asa sroro HeoOXoAuMo, UYTOOHI
npu V — oo pymxmum P(N, T, V) u U(N, T, V) ymoBaerBopsaau (2.86),
(2.87): cymecTBOBaJH IpeHeNsl

%fim UWN,T,Vy=U(N,T)=2Nu;(T),
—» 00 1

lim [P (N, T,V) V/ (RT )Y Ni)] =1.
i

V00

(2.96)

B xauecTBe OCHOBHBIX HCHOJIb3yloTcsa koopguHatel N, T, V, moaromy
ynoOHee cHauyasia Beiumcautbh F(N, 7, V), a moroM HAWTE 3HTPONUIO
S = (U—F)/T. PaccmoTpuM mnzorepMuueckoe pacmupeHue mupu N =
= const. VMcnonpayem pasemcrso P = —0dF(N, T, V)/oV. llonyumm

VO
F(N,T,V)= lim [P, r,v)dV' + Fug(NV, T, Vo) |, (2.97)
0LV

rae Fu (N, T, V) seaucasercsa no gopmyae (2.91) ¢ u,(7), onpenenen-
peivu u3 mpefeaa U (2.96), v guy = u; — 3RT/2.

Ecix mcxopHO 3ajaHa Kakas-ToO XapaKkTepACTHYECKas (YHKOUA B
CBOLIX E€CTECTBEHHBIX IIePeMEHHBIX, TO TepPMOAMHAMHUYECKHE BeJUIIHBI
oaa rajkporo Habopa 3HAYeAM 3THX IepeMeHHBIX MOKHO Haité. Bce
BHIIIOMIHAEMEIe NPH 3TOM OIIEPallHU JOKAIbHBI — A IOHCKA 3HAYEHUS
BeJIMYUHLL B JAHHOH TouKe TpefyercA 3HATh 3HAa4YeHUs MCXOIHOH Xa-
pPaKTepUCTHYECKOM (YHKOUM TONBKO B CKOJL YrOgHO MAJIOf ee Oxpe-
cruoctu (cM. Taba. 2.2). Umoe pesno, ecau 3amaHpl HEKOTOPHIE BEJIUIMHEI
He B CBOUX NepeMeHHBIX — Torja 0es HEJOKAIbLHBIX Onepanwil, HampH-
Mep WHTEerPUPOBAHUA, W [JONOJHHTEJILHBIX yciaosBmii He o6oftmch. Oc-
HOBHBIE IpejamoixosKeHEus o0 upgeanpHoctu (2.86), (2.87) Hamomenms! Ha
¢yuxkmun U(N, T, V), P(N, T, V). Jlaree Gyuer noiyyeH oOIumii BHT,
saTpontn S(N, T, V), cornacoBaHHBIA ¢ HTHMH NpPEANOIOREHUAMH.

IIperBapuTenbHO pemIMM TaKo# BOOpoc: NycTh Hpu pammoMm N
B obnmactn O0<T,<T<T, V=V,>0 zamana ofiHa u3 (yHKIHIT
UN, T, V), S(N, T, V), P(N, T, V). RakuMu OpH 3TOoM MOryT OBITH
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Tabaunuwga 2.3. HenokajibHbIE CBA3H MEHTY

HcroMant ¢pyux- 3ana”HHan
han U(N,T.V)
UN, T, V)= —
c 1 8U(N,T',V)
S(N, T, V)= S(N’ToaV)-Fj"fr‘———aTr—"dT’
Ty
p T aU(N,T’,V)
P(N, T, V)= P (N, Ty, V) T/T, + S -5 gyl
Ty
o T
F(N, T, V)= F(N'To’V)T/To"‘S}EU(N’T"V)‘”'
Ty

Ase ocraBmmecs? OTBerni HA TPH BO3MOKHBIX BapWaHTa 3TOTO BOMpOca
npuBenensl B 1a0n. 2.3. Tam ke BoImuCaHBI BHIPAYKEHHA [JA BO3MOK-
HOro BHJa Xxapakrtepucruueckod ¢ynxuuu F(N, T, V). Ee ecrecrBen-
Hble nmepemMeEHble — N, T, V. BrBemeM pansa mpEMepa ONHH CTOJOeI
dopmyn m3 taba. 2.3. Ilycrs samama ¢ymxmuas U=U(N, T, V). Ilo-
cxkoasky upn I < T, oHa He oIpejieleHa, HEIb3s BOCIOIb30BATHCA MPHH-

T
numoM Hepmcra (S=0 mpu T=0) m dopmymoir S = S 1/T") x
0

X (U (N, T', V)/oT'") dT’ IS TONCKA  JHTPONHH. OJHTDOIHIO
S(N, T, V) onsosnauno no ¢pyaxknour U(N, T, V), saganHoir B obmacTu
TeMOepaTyp, OTHEeNeHHOM OT HyNfA, ONpefelnTs HeBo3MokuHO. Ilpw ka-
roM-T0 opfHoM 3Hauemmm I,<I[T,, T,] wmoxmo BmGpars QyEROUIO
S(N, T,, V) coBepmenHo HpPOM3BOIBHO, Torna mpu apyrux I'eIT,, T,]
0HA HAXOAUTCH ONHO3HAYHO:

aU (N, T,'! V) dTI

SN, T,V)= S, To, V) + | = L (2.98)

B cooTBeTcTBME ¢ 3THM ompefeiseTcad W CBOOOXHAA DHEPruA

F(N,T,V)=UN,T,V)—TS(N, T, V) = - F(N, To, V) +
0
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dynxgmsman U(N, T, V), S(N, T, V), P(N, T, V)

dyaxmma
S(N, T, V) P(N, T, V)
U(N, Ty V)+ 7S (N, T, V) Ty, — "8 (P(N.T,V
o T g (M
— f S(N,T’,V)dr’ Yo
Ty
_ S (N, T, V°)+J'§£M_)dy,
'V
T
F(N, T, V) — | S (.1, ) a1 F(N.T,V)— | PN, T, V") aV’
T, Yo
T
+UW, T, V)= U (N, To, V) — fTamﬁf”dr (2.99)
0

rge F(N, T,, V) =U(N, Ty, V) —T,S(N, T,, V) momer 3anaBaThCs He-
sapucumo ot U. ]Ian.nenne P(N, T, V) mmem wax — oF(N, T, V)/oV:

HMﬂW=ﬂPWJ@m~ﬂ%#ﬂ+

T
7 OU(N,T, V) S T PUW,T,U) m
+ T, av + J T avoT’ ar’. (2-100)

I/ICHOJI1>3Y}! dopMynsr TaGa. 2.3, BBIACHMM HEKOTOpHIe CJIENCTBHA
TpeRuoiIoKenmia 00 nreaabHOCTH (2. 86) (2.87). Ecu BHYTpeHHAA 3HEp-
tua aggarusHa (2.86), TO

PN, T, V)=PWN, T, V)T/T, (2.101)

— JaBlIeHMe LPONOPIUMOHAJLHO TeMueparype. Ecaum BHIOIHeHO ypas-
HeHHe COCTOAHMA HaeaJbHoOro rasa (2.87), to

UWN,T, V)=UNN,T) (2.102)
— 3HEePrusA He 3aBUCAT OT 00'beMa.
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Ecau Bommomnens! o6a mpepmono:kenns ((2.86), (2.87), 1o saTponnsa
viIpefielAeTC € TOTHOCTHIO, [0 IIPOLU3BOJIBHOI ONHODOAHOM (PyUKIUE
COCTaBa MEePBOM CTeMeHU:

T

1 dug (T

"1'77——!_'
TO

S(N,T,V)=RS,(N) + X N;| —Rlne; + dT’ |, (2.103)

rae S,(N) (S,(AN) =AS,(N)) — npoussonbHas OFHOPOAAS (DYHKIMS.
Ecau S,(N) — auneiinnag pyurmus S,y (V) = Z O;N;, o

T

g’ i_dui (T
- T d4ar’

0

S(N,T,Vy= X N;| R(8; —Inc;) + ar’ |. (2.104)

W3 Beipamennsa puaa sarponuu (2.103) wmosker OBITHL HOXyueH oOMIUM
BH 3aBHCHMOCTH XIMI[YECKOro IioTelinama ot ¢, 1, cOrjacoBalHBIH
C IIpejmoNoKeHUAMH 06 npeanbnocru (2.86), (2.87):

wi = RT (Inc; + 1 — 8S, (N)/AN;) + F;(T), (2.105)
T
du. (T’
rze F,(T) = ui(T)—j TL_“%) dr’,
T

Ecan So(N) — auneiinas ¢yusniz: So (V) = 2 8;N;, o
i

ur = RT (Inc; + 1 —.8;) + Fi (),
mi =In Ci+ 1 — 6;’ +- Fl(T)/RT, (2106)
a;=expm' = c;exp (4 —&;+ F(T)/RT).

ViMeEHO B 3TOM ciIy4ae TepMOMUHAMHYECKas (PYHKOHA CHOPOCTH —
dysrnus Mapcenena — me [omme (2.29) — coorseTcTByeT 3aKOHY Jeii-
CTBHS Mace.

duTponua onpeneneHa gopmyroir (2.103) ¢ TouHOCTBIO [0 IpoOU3-
BONLHOH ofHoponmmoi PyExuuu cocrasa S(N). OGbYHO mpegmONATaIOT
S, JauneiiHoi ¢QyHKIHeidl # Ioay4yaioT O6ojlee NPUBBIYAYI0 QOPMYITy
(2.104). IloguepkueM, ojHAKO0, 4TO JuHEitHOCTH So(N) He BBITEKaeT u3
HCXOMHBIX Hpeamono:enuii 06 upeamasnoctu (2.86), (2.87). MoskHo mo-
NOJHUTEJbHO IIPeANONOKUTh, 4TO Ipu V — o, N =const ¢ BEICOKOIi
TOYHOCTBIO CIPABEIMBO HPUOIMIKEHAe MHOAHOCTHI0 HEB3aWMOJECTBY-
jomux gactun — gopmyaa Caxypa — Terpoge (2.90). Ecau opu V — >,
N = const pasHOCTH MeskAy dHTponuei, sruncienHoi mo (2.4103), u aut-
ponueii, Hajimennoii mo gopmyne Caxypa — Terpome (2.90), crpemurca
K HYII0, TO 3TH JHTPONHH COBUAJAIOT M OpH KOHeYHHIX V m S (N) —
auHelinag ¢ynxomsa. Crexyer TeM He MeHee HOAIEPKHYTH, 9TO BOIPOC
o JuHeiHOocTH S, M 000CHOBaHHE TAaKOro IPEeHEeJIbHOTO IEpPexofla BHIXO-
AT 3a paMiu (peHOMeHoJormyeckoii rtepmoguHaMmru. Crpororo pac-
CMOTpPEHIS 3THX Npo0JeM TIA CUCTEM ¢ HeYUDPYTIMH B3auMOJEHCTBIIA-
MU ITOKa HerT.
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Hasinem rtepmommBaMumueckue ¢QymErmum JlaoyHOBa A deTsIpex
KiIaccuueckux ycaosmit m sHTpomuu S (2.103). UroObl BIpasuTh TEp-
MoguHaMu4Yeckne pyHKIHU JIATyHOBA B HX €CTeCTBEHHLIX IePeMeIHBIX:
Guv(N, U, V), Gup(N, H, P), Gzv(N, T, V), Grx(N, T, P), neo6xozumo
3HATh 3aBUCUMOCTH T(N U V) m T(N, H P). OrpaannMc;{ JTMHeITHBIM
npudnm:KeHueM A (i)ynhn;nn ui(T) B oxpecrHOCTH HEeKoTOporo I = T

u; (T) = u;i (To) + (T — To) (duy/dT)r=1, = uio + (T — To) cvs,
Y =2Ni(uio + (T — To) evi)
H = ‘i‘_]Ni (wio + RTy + (T — Ty) (cv; + R)), (2.107)
T(N,U)= [U — DN (i0 — cwro)] / 2 Nicyi,

T'(N, H)=[H—;Ni(uio“‘cV'iTo)]/ZiMi(CVi + R),

O6oszgauuMm cy; + R = cp;. Benuumubl Cyi, Cp; — TEIJIOBMKOCTH OJHOTO
Mous BemecTBa A; npu mocrosEHOM o0Beme (cv;) m maBmeruu (cp;)
coorBercTBeHHO. X C€BA3B Cp; — Cyv;==R 00ycioBIeHAa ypaBHEHHEM CO-
CTOSHUA MEaJbHOrO rasa.

C yuerom BeiOpaBHOro mpubmkeHHs miaA (1) zanmmeMm dopmy-
ay (2.103):

SN, T, V)_RSO(N)-{-RS‘N [——]n——l- lnT] (2.108)

rie So(N) — mpomsBoJbHAA OAHOPOAHAA (PYHKIOHA I[EpBOro NOPsAXKA.
Mopcrasnaa B (2.108) sBmpaxewua (N, U), TN, H), V =

= (RT/PYD\N;, wnonyuuM Habop HOpPMYI, BHIPAKAIOIUIX S B pasiud-
i
HBIX IepeMEeHHBIX:

S(N,U, V)= RS, (N) + 12; N, [— In (N,;/V) +
+(evi/R)In ( (U — ; N; (usp — cV,-TO)) / by chNk)], (2.109)
S(N, T, P) = RS,(N) + RIN, [_ In (Ni/Z N,-) —

— In(P/R) + (eps/R) In T}, (2.110)
S (N, H, P) = RS, (N) + R3 N, [— In (N,-/ Zij — In(P/R) +

+ ¢pi/R) In (( Z N;(ujo — cv;T /2. CPkaﬂ (2.111)

W vakomem, mosyyaeMm SBHBIA BUJ Te€PMOGMHAMHYECKUX (QyHKIMiT JIsa-
IYHOBA NpHU 9YeThIPeX KIACCUYECKHX YCIOBHUAX:
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Guy = — SIR = — Sy (N) + S N, [ln (N,/V) — (cvi/R) In ((U _

_ Zj]N,- (150 — cV,-To)) / ) chNk)], (2.112)
Gup = — S/R = — 8, (N) + 2 Ni[ln(Ni/; N,-) + In (P/R) —

— (ep/R) In ((H — S (s — cV,-To)) / > oV ) ] (2.113)
Grv = (U — T'S)/RT = — 8,(N) + X N;[In(N;/V) —

— (ey/ AV T + (usy + cvi (T — To))/RTY, (2.114)
Grp = (H — T'S)/RT = — S, (N) + 2 N;[In (Ny/V) + In(P/R) —

— (coi/ B)In T + (wig + RTo + cps (T — To))/RT).  (2.115)

Oyraemuun m(N, const) ompejensTcA Kak 4YacTHHIE IIPOUIBOAHEIE;
m'(N, const) =9dG (N, consl)/ON;. 3necy TouKaM#A 0003HAUEHHl WPOIY-
meHHbe UHAEKCH G, COOTBETCTBYIOINME JAHHOMY YCJIOBIIO.

Ecim ocrasurh KBafgpartudHble uiessi B pasuomenmu ui(l) mo T,
TO TaK/Ke MOMKHO HAMTH ABHBIA BUJ TepMOAWHAMHUYECKUX (QYHKUmM#E JIsi-
OyHOBa JJIA BceX KIacCUYecKHX yciaoBmit, B o0mem ciayuae mis moiry-
genug n3 (2.103) ssmoro Buma Gyv um Gup Ey:REHH Qyuknmu T(N, U)
u T(N, H). Ecan ucxogao 3agarsr pyaxoum u{7T), ro T(N, U), T(N, H)

oupeneasores 13 ypasrernit 2N u; (T) = U mmn XN; (ui (T) + RT) =
i i

= H, KoTophle 9alle Bcero He paspertaMsl B asaoM Bujae. Oyakouu Gy
U Gyp TIPE 3TOM MOTYT OBITH MOCTPOEHHI TONBKO HpHOAW:KeHHO. B Tarmx
ciydadx IoJe3Ho cHayala mocTpoduth Gyy, Gup, a IOTOM OIPENEIHTH
m'(N, const) = 3G (N, const)/ON; u 3amucarh ypaBHeHUA KHHETUKH.
JT0 MMeeT CMbICH cJeiaTh, YTOOB He TIONYYHTH JIOKHHIX d¢derTos,
HaIpuMep 3aTyXalomuX KojdeOaHMil nph OpPUGIUKEeHMH K TOYKe [eTalb-
HOr0 pPaBHOBECHfA, B KOTOPOHl CKOpPOCTH BCeX CTaguil PaBHBI HYIIO.

Qyurmuu  Grv, Grp nDo wusBecteiM 3aBucmmoctam U(N, T),
P(c, T)=TP,(c) crpoarca Bcerga B ABHOM BHJe C HCIIOJb30BaHHEM
KBafipaTyp. X MOKHO ompemeauTh 10 3TUM 3aBHCUMOCTAM € TOYHOCTBHIO
JI0 IIPOM3BOJIbHOH ONHOpPOAHOM QYHKIUHN cocTaBa HepBoil cremeHu. O0bIu-
HO mpousBoibHaa ¢yarmusa S,(N) npeamonaraercda JIHHEHAHONM.

Yacto BMectTo TepMopumHaMmueckux QyHKRmui Jisonynosa Grv, Grp
HCIONB3YIOT JPYIHe, KOTOphle OTJAMYAIOTCA OT HHUX IPU 3aMAHHOM TeM-
neparype T'* TOJBKO Ha COXPAHAIOIIYI0 CBOE 3HAYEHWE B XO0Jle PEaKOUH
nuneitaylo ¢gysrmuo. IIycrs (c*, T*) — rouxa paBHOBecHs, Bce ¢; > 0.
JTo o3Hauaer, 4T0 BeKTOop m* ¢ xommomeHATamm m'(c*, T*) gpnasercs
GanaBECHBIM — CKAJsApHOe IpomsBeneHue (m*, N) coxpaHsAeTcA NpH M3-
MeleHHHM cocTaBa B xofe peaxnud. CienoBaTenbHO, NCEBIOIIOTEHIMAILI
ui (¢, T) = mi(c, T) — m? (c*, T¥) TePMOAMHAMUYECKH  JOIYCTHMEI
(2.31), (2.32) u ypaBHeHHa KUHETHKH MOKHO IepemmcaTh B (hopMe
(2.33) ¢ arumm mcespgomoreEnuaiamu. Ilonoskum GX =G, — (m*, N).
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Ecxa npomsBonbHas ¢pynrnasa S,(N) B (2.114), (2.145) aunreitna, To mpm
RaHHOW Temmeparype I'*

Grv (N, T*, V) = ;Ni [In (NV;/N}) — 1] (2.114")
Gro (N, T*, P* = S N, [ln (NJN?)—1n (2 N,-I 3 N;:)], (2.115')

* *V* *
rme N; =c¢; — PpaBHOBeCHHE 3HAa4YeHUA COCTaBa HpH JaHHOM I'*
 J
P* = RT* 3¢} — naBienne B paBHOBeCHH, V¥ — ofbeM B aBHOBECHH,
. P )

1

s Grv, pasymeerca, V* = V = const.

3amerum, uto  9Gry (N, T*, V)/ON; = dG1p (N, T*, P¥)/0N; =
= In (¢;/c3).

Ilpu HeoGxomuMocTH YYATHBATH HpPONEcCHl TEImIO0OMeHA KAaK BHYT-
PH CHCTEMBI, TaK ¥ MEKIy CHCTeMOH ¥ DPaBHOBECHHIM OKpYKeHUeM 3TO
MOKHO CJ[ieJIaTh, BKJIIOYASA B CIHCOK «BEHIECTB» JHEPreTHYECKHEe KOMIIO-
HeHTH Ay; M paccMaTpHBasg CTeXHOMETPUYECKHEe ypaBHEHHS, COMepiKa-
IMAe dHePreTHYeCKHe CJaraeMele.

25. INHENHOE IPUBJIWKEHWE

IlpogosmskuM mW3yueHMe TOMOreHHOU XWMMUYECKO# cucreMbl. Bceiony
B 9TOM pasjese IpeJIONaraercA NOCTAUAHOE COTJacOBAHAE KUHETHKM
¢ TepMojuHaMUKOH. Ero MOMKHO paccMaTpHBaTh KaK CIeJACTBHE MUKPO-
obpatumocru. Ilpurar kuseTmyeckwi 3axom (2.29). Hccaemgyercs orpe-
CTHOCTH NOJOKHTENbHOM TOYKH paBHOBECHA, B KOTOpoil Bce w,= (.
B cwry mpmHATHIX NPERNON0KEHHWH paBHOBECHE [eTAJbHO — B HEM BCe
CKOpOCTH CTagMil PaBHBI HYJIIO.

Ilycts 3amansbI:

a) cumcox BemecTs A, ..., A,

0) MexXaHW3M peaKIUH — COMCOK CTeXHOMETPHYEeCKHX ypaBHEHHH 3ie-
MeHTapHBIX CTAaJ(Hi;

B) Habop Ge3pasmepHHIX mcepRonoreRnuanos m(c, I') — pyuxnuii xom-
OeHTPanu#l ¥ TeMIepaTypsl;

T) YCIOBMs IPOTEKAHHSA PEaKNdH, B CHIY KOTOPHIX ¢, I MOKHO BBIpa-
3HTh 4epe3 N W IOCTOSAHHHIE.

ITpepnonaraeM cymiecTBOBaHHE TAKOM TepMONHHAMUYECKOH QYHKIHE JIs-

nysoBa G, wro m' = 0G/ON, nipu 3agaHHEHX YCIOBHMAX.

UcnonpayeMm sTu JaHHBE AAA HCCIAENOBAHAA JWHEIHOTO HIpHOIH-
eHHS YPaBHeHHHA KHHETHKH BOIM3M IOJOKHTENHHOH TOYKH paBHOBe-
CHJA, B KOTODOif JiIg BCeX CTaJWil BLIMOAHEHO YCJIOBUE DPABHOBECHS
(Ys, m(c*, T%)) =0. Boipasum m' uepes N u DNOCTOmHHBIE M=
=m'(N, const), rge const o6osmauen HaGOp BeIMUYMH, TOCTOAHHEIX B
XOfle PeaKIMH NPH JAHHBIX ycaoBUAX. [lIa H30TMPOBAHHEIX M30XOpPH-
9YeCKHX CHCTeM, HampuMep, ClefyeT HOJIYy4dTh BRIpaskemme m'(N, U, V).
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QO003HaUNM IOJIOMKUTENLHYI0O TOURY paBHoBecua N*. B aroii Touke
D ysim* (N*, const) =0 (2.116)
i

VIS BCEX S.

Ilpu ¢urcupoBaHHBIX 3HAYEeHHAX NOCTOAHHBIX YpaBHEHUS KUHETH-
KH TIpefCcTaBJAI0T Cco00H cHCTeMy aBTOHOMHBIX pA@@epeRnuaIbabIX
YpaBHEHUHA

N=V D1 v:®s (N, const) [exp 2 Qs;mi — exp 2 ﬁsimi], (2.117)
m' = m'(N, const) = dG(N, const)/oN.,.

3aunmenm angeiimoe npubmm:kerne pas (2.117) BGauan touru N*
d(N — N*)/dt = — V*szwi[expﬁasimi*] X
s i

X 35 (m/ON;)y—ns (N; — N), (2.118)
1,7
tne V* = V(N* const), ¢; = @, (N*, const), mi* = mi (N*, const).
B ¢opumyny (2.118) sxogur BEHIpaKeHHe

> Vsi (0mi (N, const)/dN ;) y—ne(N; — N3). (2.119)
i,j

OGozmauum (M);; = (Omi (N, const)/ON;)n=ns, [Is5 MOOLIX n-Mep-
HBIX BEKTOPOB X, Y IOJORAM

(x|y) = iZ;xi (M) y; = (x, My), (2.120)

rae (, ) obo3uayeno oGbIyHOE CRaJApPHOE Npomssejenue: (T, y) = > zy;.

1
C momomsio (2.120) mMoskmo 3ammcarb Beipaskenne (2.119) rax
(Y, IN — N*>,
Beenem emne ogHO 0GosHaueHnue:

ws = wy (N*, const) = w; (N*, const) = ¢, (N*, const) exp Z ag;mt (V*,
const) = @; (V*, const) exp X, Bs;mt (N*, const). (2.121)
*

Ecnn w;- npupgaercs cMbBICH cKOpocTeil mpAMOH u 00paTHOH peak-

UM, TO ws — PaBHOBECHBIH IIOTOK, PaBIBII CKOPOCTAM KaK TPAMOI,
TaK ¥ 00paTHO PeaKmuM B TOYKE JeTaJLHOr0 PABHOBECHS.

B o6osmavenuax (2.120), (2.121) nuueiinoe nputmuskenune (2.118)
Anst ypapHeHuit KuHetuxu (2.117) MoKHo mepemucaTh B BHJe

d(N — N*
_<._dt___> — —V* X wip, (vs| N — N*». (2.122)

Koappummenter B (2.122) umeror npoctoii cMmeicnr: V* = V(N*,
const) — paBHoBecHblit 06beM cuctemsr mpd N = N* u pamabIx 3Haue-

* —
HASX TOCTOAHHEINX BeIHYIH w; = wT (N*, const) = w; (N*, const
b $
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MO;KeT IHTepIpPeTHPOBATHCA KAaR PABHOBECHBIN MOTOK. ’aBHOBeCHEIE IIO-
TOKM (HX~JIUHeHHBle KOMOWHAIUH) H3MEPAIOTCH, B 9aCTHOCTH, B JKcIe-
pHMEIITaX 10 H30TOHLIOMY 0OMeHY.

Yacro mpejiosiaralor, 4YTo peaabHOe pasjesieHNe W, Ha CKOPOCTH
npAMoil u obparHOi peakuuit coorsercrayer (2.30). B wacrmOCTH, Tak
HOOCTYIIAI0T TPH HCIOJh30BaHUHU 3aKOHA JeicTBHA Macc. Eme pas moj-
YepKHEM, 4TO C TOYKYU 3PEHHsH TEePMOMHAMUKH 3TO BCEro JUIMb TIUIOTE-
3a, KoTopad MOJKHA OBITh 060CcHOBaHA Ha JAPYroM — MHUKPOCKOIHYECKOM
YpOBHE.

IIpepcraBuenue (2.122) snumeitHoro npubnauskeHuA IIA ypaBHEHH
XUMHYECKOH KUHETUKN BOJM3U WOJOKATEIBHON TOYKM [ETANBHOTO PAB-
HOBecHsa N* ymo0HO s KaueCTBEHHOI0 HMCCIEJOBAHUS.

3aMeTuM, 4TO cOIjJacHO ypaBHeHuaM KuHeTuru (2.117) mo6oe us-
MeHeHUe BeKTopa cocraBa N B XoJe PeaKIWd ecTh JHHEHHasg KoMOuHa-
IEA BEKTOPOB Y,:

iy

N(t)=N(@t) + 27\ V@ w (@), T @) de. (2.123)

4

EcrectBenHo, 3T0 BEepHO W A CHCTEMBl JIHHEHAHOro NpHUOIMKeHNA
(2.122). OGo3mauum L nuHeiiHY10 0GOIOYKY BEKTOPOB Y, — COBORYII-
HOCTL BCeX JHHEHHBIX KOMOMHAOMWi 3THX BEKTOPOB, dim L < n, Tak Kak
CYIIeCTBYIOT JIMHElHble 3aKOHBEI coxpaHeHud. Pasmeprocts L ecTh panr
cucTeMsl BeKTopoB Y,. CBoitctBa cHcremmr (2.122) ompepeasiorcs CBoii-
CTBAMH KBajpaTHuyHO# ¢opmbi <z|x> ma L. Ecam 3Ta KBagparmunas
¢dopMa modoxkuTETLHO ompenedena ({ziz> >0 gua awdoro r< L, x % 0),
10 TOuYKa /N* Ha WHBAPDHAHTHOM JuHeiiHOM MHorooOpasum L + N* apna-
eTcA YCTOMYUBHIM Y3JOM: COOCTBeHHBIE dUCiA orpaHWYeHHms Ha L mat-
punsl Ko3@guuueHrToB (2.122) HeACTBUTENBHEI W OTPHIATENBHHBL, CY-
INEeCTBYeT TaKas OKPEeCTHOCTH TOYKH N* B L + N*, gro moGoe pemenie
N(t) ypaBmenmit (2.117) ¢ mavansHeiME ycaoBuamm N(0) u3 3roii OK-
pecTHOCTH CcTpeMutcd K N* mpm {— o, a mpuOam:KeHHme K paBHOBECIIO
npoucxoguT Oe3 saryxaromux nomebammid, [oxamem asto. O0o3HAUUM
K wmatpuny woagdunuenro (2.122). Ymo6mo zammcatrs K B 6pa-rer
0003HaYEeHUAX:

K= _V* 2 ws | e) <V |- (2.124)

3nece K mpencrasieHa kKak cymma Mmarpmm |yY,><Y,| ¢ orpmmarexbEBIMA

* (Y
rooppunuenramu — V¥w,.  [leiicrue marpumer |v,><y,| Ba BexTOp Z
HO OUPeJeIeEHI0O COCTOUT B CIELYIOLIeM:

a2 <Yl = y <y,iad. (2.125)

Hanbueiimag mocieToBaTeIbHOCTD OPOCTEIX pAacCyKACHUI NOKa3bI-
BaeT c(OpMyrHpOBaHHHEE CBoiicTBa MaTpuOsl K.
A. Hoxmmpoctpascreo L K-wusapmamtHo. JleficTBUTENBHO, M060H Bexk-
T0p z & L mpencraBiusiercs B Bufle IJMHEHHOH KOMOMHAIMH Ys: T =

=§%w

Kz = gx,Kys = — V* X wipezs Vs | VsD- (2.126)

5,8/
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Kak Bugno u3 (2.128), Kxr — TaxKe JuHEHHaA KoMOMHAOHUA Y,.

b. Marpuma K caMocOonpsaMeHA OTHOCUTENBHO OunuseiHOi QOpMH
(xly>, 1. e. <Kz|y> =<ziKy> nua mwobux z, y. JloctatouHO NpPOBEPHTH
CaMOCONPAKeHHOCTH OfHOTO ciaraemoro us (2.124):

Uy <y Dely? = <xly < ly> = <zl Uy <y Dy>. (2.427)

3nech MBI HCIOXB30BAJAN CHMMETPHYHOCTH OmiuHeiHO# Popmer {x|y>:
{zly> = <ylz>, BHITEKAIOIIYI0 M3 CHAMMETPHIHOCTH MAaTpPHUOLl dm'/ON;=
= 0°G/ON,ON; — GespasMepHble IICEBAONOTEHOUANb CYTh IPOU3BOHbIE
TepMOAMHaAMUYECKo PyHKNuuU JIsmyHosa.

B. Ecau <(zlz> — monosxurenbHo ompefeleHHas Ha L KBajparnuHas
dopma, To coOcTBeHHBIE 3HAUYeHAA OorpaHuYeHHsa K Ha L peiicTBHTENH-
HH — 3T0 chaeayer u3 K-mwaBapmamTHocTH L, caMoconpsskeEHOCTH K
OTHOCHTENbHO OunmHeiHOH opMbl {x|y> W Xopoumo u3BeCTHOI TeopeMnl
JHHETHOi ajre6psl 0 COOCTBEHHBIX 3HAYEHUAX CAMOCOMPAMKEHHBIX oOlle-
PaTopOB.

I'' Eciu <{xl|z> — monoKuteabHO ompefeileHHas Ha L KBajgparuyHas
¢opma, To orpanuyeHue MaTpuisi K Ha L oTpmmaTtesnbHO ompejeseHo —
Bce ero coOCTBEHHBIe 3HA4YEHHA OTpuUIlaTedbHBI. [lNA MOKa3zaTexncTBa
5TOro MOCTAaTOYHO IOKas3aTh, 4to {x|Kz> << 0 pusa awboro x = L, z+*0:

(x| Kzy = — V* D w; (x| 7:)2 < 0. (2.128)

Eciu x=L, x#0, to xora G6el jgua omgHoro s <xly,> ¥ 0, Tak Kaxk
dopma {zlz> meBniposigeHHAa Ha L, a BexTopnl Yy, moposkmaor L. Cie-
nosarenasno, {x|Kz> <0 u orpammuenne matpunsi K na L oTpumareis-
HO OIpefeNeHo.

Keagparnuras gopma <N — N*¥|N — N*) gpnserca ¢ymkmumeir Jla-
OyHOBa [UIA ypaBHeHHii JuHEHHOro wpubiammenma (2.122): mo (2.128)

d{N — N*|N — N*)/dt = (N — N*|K(N — N*)) < 0. (2.129)

910 ue ynuBureabnHo: (N — N*|N — N*)/2 — gpanparuunoe mpubiam:ie-
HUe TepMoamHaMUuyecKoid PYHKOuM JIanyHOBa B OKpecTHOCTH TO4YKu N¥,

B KavectBe mpmMepa HCHONIB30BaHHA YHOOHOI (DOPMBI 3amuch
(2.122), (2.124) nuneiiHoro mpubIMKeHMSA IJIA yPaBHEHUA XHMUYECKOIX
KUHETHKH IpuBefeM (DOPMYIbI, CBA3BIBAIOIINEe PENAKCANUOHHBIA CHOEKTD
(cmexktp Marpmmei K) ¢ paBHOBeCHBIMEH TNOTOKaMu (Ha0OpoM BeIHYHH

w; ). IlepBas opmysna ciefyeT m3 ompeleleHHs Clefa MAaTPHILL U TO-

ro, d9TO
sp (aly><y’]) = alyly". (2.130)

O6o3mauuM ¥, ..., (; HEHyJeBHe COOCTBEHHBIE umciIa MaTpumsl K.
Nx uwmcao [ ¢ yuerom KparHOCTM paBHO dim L <7, Tak Kak CyIIeCTBY-
IOT JUHEWHHIe 33aKOHBI COXpaHeHHA — OaJaHCHBIe cooTHomeHus. Ilycrs
k — marypansmoe umcmo, k<<Il. Cymma k-x crememeii y: ects cieg K*:

Dk =spK*=(—V¥* 3w ... wh sP[| Vs Vs, | Vs, .-
i $1v.0008p
s Qg |V Ol = (V" B w0k <y ) X
X Vs | Vsy) - -« KVap| Vs, (2.131)
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3nech cyMMHpoBaHHe HPOM3BOAMUTCH IO BceM HabopaM sy, ..., S, AX ¢*
eCJIm G — YHUCIO CTajui.

Bropas ¢opmyaa 0ollee mHTEpEeCHA M HECKOIBKO CIOMKHee IUIA
HOKAa3aTéIhCTBA, oOila CBA3BIBAeT KOI(PHOUEHTH XapaKTepHUCTHIECKOTO
MHOTOwIeHa K ¢ OJHODORHBIMH MHOTOWJIEHAMH OT PAaBHOBECHHIX IIOTOKOB.
Xapamepncmqecnun MBEOrouwlen K|, orpammuenusa K mHa L uMmeer Bupg
() = (x— ) ... (x— ). Koopdummerr opm y'~* nas Hero pamen

(=" X i xy= X V0L wh GE (Ve e s V)

1<, <...<ip <l §;<...<sp
(2.132)

rae Gr(vs; ..., Vs, ) —onpenenurens I'pama:
Gr(Vsla SR Vsk) = det (&3;), 8ij = <Vsi ‘ YsJ')'

CyMMmupoBanue B (2.132) mpoBoguTca mo BceM HaGopaM §; < 8, <...<s,.
Mx gmncio pasuo CE, ecanm 6 — wmcno cranmii.

HMoxamenm (2.132). IIpennonoskum cBagana, 4To KBagpaTuyHasm (op-
ma < |> momourensso ompenenena 8 L. Bynem mpoBopuTh moxasartens-
CTBO WHAYKNUe#r mo umcry craguit. Ilycrs maa umeaa crammit o — 1
¢opmyna (2.132) cupasepnusa (npu 0 = 1 ee cupaBe IMBOCTE OUEBHIHA:
x—a(‘yl‘{) mra K= aly><yl). OGosnauum L, oproroHainHOE HOMOIHE-
HOEe K Y, B L OTHOCI/ITBJII:HO ckaxaproro npousseferus < | > : (y,|L,> =

= (. Iloxosmum K = — 2 V*w, | vs> {vs|- Beibepem B L Gasmc e, ... e,
s=1

OPTOHOPMHDOBAHHbII OTHOCHTEIHHO CKAJIAPHOro mpoussefmenna <|)> n
TaKoil, 110 e, = y,/V<Y:|v,>. IIpencrasum marpmmy K|. B atom Gasmce:

— V*w; V1| v + <e| Kyey) | (es| Kqep) ...

K| = <ez | [:{131> ,» (2.133)
K,
< * ’
rme Ky = —V* D wg [ <{7s], K1 — orpaEwuyenne mHa L, wMmarpuns
- |€1><61|K1,
o
K =—v* Sy <Yslvl>>< Ve | Y1)
' gz TG/ N\ TG s |

Bripasum xapakTepucrmueckmii MHOTOWIeH p(x) marpummt K|, qe-

pe3 XapaKTepHCTHIeCKAEe MHOTOWIEHBI py(y), p1 (x) marpun, K|, u K,
A Kortopeix opmyna (2.132) yske chpaBeqamsBa mo IPeNIONOMEHHIO
gEIyKOun: 3 (2.133) momxyyaem

Ip (x) =Idet (K |0 —px-1) =]py (x) — V*wi <vi | 72D Po (x)- 1(2.134)

Hoaggunuerr npm ¥ 8 p(x) cormacmo (2.132), (2.134) m mpegmoumo-
HeHHI0O WHIYKOUHA PaBeH
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2 VW o wh, Gr (Vs e V) F

1<Sl<...<8h
T V*w: Vil Yo 2 V*k_lw:l . e w:k_l Gr (V;Ia cee 'Y.;k_l),
1<Sl<. <<Sp—1
(2.135)

THe Vs = Y5 — V1 {Ps | VO/<V1 | Vads <VilVi> = (il ¥id — ] vad <vlvp/
/<¥1|¥1y. Toxamenm, 110 GT(Vis Vo - - o» Vop_g) = GT (Ves - - +» Vepy)-
3annmem

SARDNARCAROE

GI'('Vl, 'Ysl, ) Ysk—l) = <Y1 I.V81> . (2.136)
: SR,

VMuomuM s Kamgoro i=1, ..., k—1 mepssii croaGer B (2.136)
Ha (V1| 7Vs;>/{¥1| V1> u BBuTeM 3TO TpousBegenue m3 i+ 1-ro croud-

ma. PasioskuB mocse 3TOro orpegenuTelh 10 NEPBOM CTPOKE, MONYYHUM
TpebyeMoe COOTHOIIEIINE.

Takum oOpasoM, gopmyaa (2.132) BepHaA [IJIA HOJOKUTEIHBHO OIpe-
nenennoir Ha L ¢opmer < | >. Ilpasaa m nmeBas wacru (2.132) — MHOrO-
yieHsl oT Koa@dunuenros Ouiauneinoii gopmer < | >. Ilockoasry moio-
RATENbHO onpejeneHHble (OPMBLI 00pa3ylOT HEIYCTOEe OTKPHITOe II0[-
MHOKECTBO IPOCTPAHCTBA CHMMETPHYHBIX OMIMHEWHHIX (OpM, paBeH-
CTBO MHOTOYJIEHOB, JJOKa3aHHOE IJIA TOYeK OTKPBITOrO MHOKECTBA, Ilepe-
HOCHTCA Ha BCe IIPOCTPAHCTBO CHAMMETPHUYHBIX OGHIWHEUHBIX (POPM — OHO
BEPHO BHE 3aBHCHUMOCTH OT 3Haroompeaerennoctu < | ).

3aMeTuM, UYTO XdpaKTepuUCTIrYecKuit MHoOrowieH K oraudaerca OT
Xapakrepucruieckoro MHorowiena K|, Tombko MHO;KHTEdeM ¥

Bce mocrpoesns mCmonb3oBaJiM TOABKO KHHeTUvecKHil 3axom (2.29)
M [eTATHBHOCTH pPAaBHOBECHA, IMODTOMY OHM JIETKO INEepeloCATCA I Ha
HEKJIACCHYECKHe YCJIOBUS.

2.6. 3AKOH JTENCTBHA MACC
N TEPMOIUHAMHYECKHNE OTPAHMYEHWA

Hua kpaTkocTH coxpaHAeM NpeauoJo;KeHHe TOMOTeHHOCTH. JTO He-
OPHHIANAAJIHFHO — PACCMOTPEHNE TeTepPOreHHBIX CHCTEM MOMKeT OBITh

IIPOBEJIEHO AHAJOTHYHO.
T'oBopAT, 4TO KEHHETHKA XUMHYECKOH CHUCTEMBl NOOUUHAETCA 3aAKOMY

delicTeus, macc, eclii CKOPOCTh KasKIOil 37MeMeHTapHOH peaKmuu W, OI-
pefenserca mo ee cTexmoMerpudyecKoMy ypasHeHmio (2.41) Kax

— K, (T)I]c"‘", ko (T) > 0. (2.137)

B raxoMm cirysae cucTeMy HA3BIBAIOT KUHETUXECKU UOeaabHOU.
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Nuorma saxom jieiicTBHA Macc TPAKTYIOT IIHpE, OTOMKIECTBIAA €T0
CJeAYIOLIMM BBIPayKeHUeM I CKOPOCTH PeaKIyuu:

n
wy = ke (T) [ a3, (2.138)
i=1
7€ 4; — akTEBHOCT: @; = exp mi = exp (ui/RT) =exp(— R3S (N,
U, V)/aN;).
Tepmun «3akoH nedcTBEA Maccy OyjaeM ymoTpeOIATH B y3KOM CMBIC-

ae (2.137) m upamenars coxpamenue 3[AM. Illmpoko mcmonbayercs Tak-
e Ma3BaHWE «3aKOH JAEHCTBYIOIUX MAacch.

Ecan nna u3ydaeMoii XMMUIECKON CHCTEMBI
mi(c, T) = — R79S (N, U, V)/oN; = pi/RT = In¢; + md(T), (2.139)

TO 3aKoH peiicrBug Macc (2.137) sBiseTcs BapHaHTOM OOLIEro KuUHe-
THYECKOro 3akoHa (2.42 — B).

IIycTs 3agaH MexaHHM3M peaKmud M usBecTHH QyHKuunm m'(c, T),
uMeomue Bupx (2.139). IlpennonomxuM, yTo KHEETHKA UAealbHA — PYHK-
UM CKOPOCTH 3JIeMeHTapHBIX peakmuit ymposiaersopsaior 3AM (2.137).
HUccnemyeM Bompoc: Kakme OrpaHWYEHAA CIEAyeT HAJOKHTD HAa «KOH-
cranTel» ckopoctn k.(T), 4roOn KuHeTMKa OBLIa COINIacoBaHA C TEPMO-
IUHAMUKOU? BeImumeM ceMeACTBO HOCTATOYHBIX YCJIOBUA B IMOPAMKS
yculeHuss TpeOOBaHHUII, MPeXbABIAEMEIX K COBOKYIHOCTH KOHCTAHT.

IlpencraBum cropocts peakmumu w, (2.137) B ¢opme (2.42):

n
wy =k (T) [ ¢;™ = @r (T) exp N apymi, (2.140)
i=1 1

rae ¢y (T) =k, (T) exp(— > ot (T)), mi(c, T) = In¢; + mi(T)
cornacHo (2.139). '

Heo6xoguMbiM # [JOCTATOYHHIM YCJIOBHEM COTJIACOBAHHA C TEPMO-
JUHAMUKOH ABJIAETCA HEOTPHIATEIBHOCTh IPOU3BOACTBA SHTPOIMH:

% Wwryri0S;/0N; =0, 2 wyyrimt < 0,

2.141
2 miy;. @, exp > anmi < 0, ( )
i,r j

The Yri = Pri— ;. 3aMeTHM, YTO mpPU AaHHOHK Temmepartype I MHOKe-
CTBO BCeX BO3MOKHBIX 3HayeHHH BeKTopa 0Oe3pa3MepHBIX IICeBJONOTEH-
nuanoB m ectb corxacHo (2.139) Bce n-mepmoe mpocrparcrso R™. Hycts
g — 9YHCI0 3JEeMEHTapHHIX peaknuii. PaccMoTrpEM ¢-MepHOe IIpocTpaHs-
crBo R? ¢ BoijmeneHHbIM 6asucoM. Bexropn: R? 6ymem 0003HA4aTh @, KO-
OpAUHATHL (@ B BBIIeIeHHOM 6asmce — @, (r=1, ..., ¢). Cuxexgymwoimee
MHOKecTBO K < R? ompepensercs MexaHH3MoM peakmuu: @ € K rorpma

¥ TOXBKO TOIJa, Korjga Bce @, == (0 m muaA mo6oro n-MepHOro BeKTopa m
€ KoopauHaTamMu m'

Zr] @r (Yr, m) exp (o, m) < 0, (2.142)
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rae (Y., m) u (o, M) — cRaAApPHBIE TpOA3Be/leHAA:

(Vr, m) = 2 Primtt, (%r, M) = 2 %yt
1 1

Mnao:xecTBo K 3apmaerca cucreMoii duHeiiEbIXx HepaBeHcts (2.142),
BooOmie roBops, OeckoHeyHOi. HamKmoMy n-MepHOMY BEKTOPY M COOT-
BETCTByer ofHO HepaBeHcTBo. DyHpameHTanbHOe 3HaueHme K 1A xu-
MHYECKOH KHHETHKM CBA3aHO C TEM, YTO IPHHAIEIKHOCTH IPH JIIO00M
T Bexropa ¢(T) ¢ KoopauHATAMH

@+ (T) = &, (T) exp (— S} (1)) (2.443)

MHOKecTBYy K ecTh HeoOXomuMoe W JTOCTATOYHOE YCIIOBHE COTJIACOBAHMSI
krperuku 3M (2.137) ¢ TepMoguHAMUKOM.

3aMeTnM, uTo npm moctpoennu K He MCHOOIL30BAJCA CHCIHUATBIBIN
Bag m' (2.139). Baxkumo Tomsko, uroGel kKodddmmuent B (2.140) ObLa
ofHO3HA4YHOU QyHKOUed TeMueparypsi: @.(c, T) = @.(T). Takum odpa-
30M, MHOMKecTBO K coxpaHserT CBoe 3Ha4YeHMe WM A OOINEro KHHETH-
geckoro s3axoHa (2.42 — B). Iloguepkuem, uro K ompepenserca Mexa-
HA3MOM PEaKIHMH H BIOOPOM B KHHETHYECKOM 3aKoHE (2.42) BKCIIOHEHTHI
or (a,, m), a He Kaxkod-HUOYAH [APYroii (PYyHKIIIN OMHOTO0 IEePEMEHIIOro
(ar, m).

ITpurannesxaocTs Bekropa @ (7) (r=1, ..., q) (2.143) muoKectBy
K — meo0xonuMoe W [OCTATOYHOE YCIAOBUE COTIACOBAHHOCTH KUHETHKI
3IM u tepmommHamuiku. Cienyilomiee ycjioBUEe — HEPABEHCTBO COIJIACO-
BaEnA (2.23) — TOABKO [OCTATOYHO:

gfpr(T) exp (atr, m) = X ¢, (T) exp (Br, m) (2.144)

r

s Bcex BekTopoB m € R™ 3pecs ¢.(I') ompenmeneHo Takike B COOT-
BercTBum ¢ (2.143).

Hepasencrea (2.144), nomoiHenHBIe YCIOBHAMH HEOTPHIATENBHO-
ctu @, =0, ompegeadioT MHOKECTBO BEKTOPOB ¢ €7 ¢ KoopmuHATaMHI
¢-. O603ragmm ero K,. OQuesngno, K, < K. [Ipunagnemuocts @(7) npu
raskgoM I MHOoKecTBY K, mocTaTtoyHa OIS COTIACOBAHUA KHUHETHKH
31IM c repmommuamukoii. Iloctpoerne K, MoKeT ObITH HECKOJBKO IPO-
me, uem K, HO Bce ke TpeOyeT HCCIeOBaHMA OCCKOHEYHOU CUCTEMBI
HepaseHcTB (2.144). Eme Gomee ycuimpasa orpaHH4eHHs, HOIYYUM KO-
HeYHble CHCTeMBI JWHEHHHIX ypaBHeHuii. IlpemBapmTessbHO BBemeM Ho-
Bhle o0o3HaueHuA. PaccMoTpmM ceMmeiicTBO m3 2¢ n-MeDHBIX BEKTODOB
Q1y ooy gy B1, ..., Bg. BexrTopsr a,, B, cocraBieHBI U3 CTeXuoMeTpIye-
CKUX KO03()(PUOHEHTOB r-ii 3JIeMeHTAPHOM pPeaKnud ., B,i COOTBETCTBEH-
HO. JacTto cpemu 3THX 2¢ BEKTOPOB ecTh oguHakKoBbie. Ilycrn umciao

PAa3IAYHEIX BEKTOPOB B CEMEHCTBE i, ..., Og, D1, - - v, Pg PaBHO p. O6O3-
HAYMM OTH DPa3ndYHBEIE BEKTODBl Ly, ... Zp. LJA KaKIOro HOMepa j =
=1, ..., p IONOMKEM

Rj+ = {rlar = xj}, R,'_ = {rlﬁr = xj}. (2.145)
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Hepasenctso cormacosanua (2.144) mMoMHO mepemmcaTh, HCIOIBL3YH 3TH
0003HaYeHNA:

P
2 (exp@pm) X o (T)— X q>r(T)]>0 (2.146)
7=1 rER;, rER;_

oA Bcex m < R™

Ycaosue cbaraHcupoBamHOCTH (2.24) B 3THX 0003HAYEeHHAX IPH-
oOperaer BHJ,

2 (exp (x;, m)) { E ¢r (T) — 2 Pr (T)] =0 (2.147)
i=1 TSRj4 TER;_
Iid Bcex me< R,

Jis pasnauusEsix BeKTOpoB z; HaGop ¢yEKmui exp (z;, m) or me
< R™ nuHeiiHO HEe3aBUCHM, MOITOMY paBeHCTBO (2.147) sKBHBaJeHTHO
KOHEYHOH cucTeMe JWHEHHBIX YpaBHeHHI

> o (T)— 2 ¢ (T)=0 (j=1,...,D). (2.148)

f:R]_l_ r=R j_

3mecy @.(T) ompenereno B coorBercteud ¢ (2.143). Ilpu sammem ycio-
BUA c0aJaHCHPOBAHHOCTH MBI HCIOJB3OBAXM TOT (PAKT, YTO MHOKECTBO
BO3MOKHbIX 3HaueHmit m (2.139) — Bce R™.

YcnoBue cOanamcmpoBarmocTE (2.148) coBMecTHO ¢ OYeBHIHBIMA
YCIOBUAMK HeoTpHIaTelbHOCTH ¢,=0 onpenenawT MHOMKecTBO K,
K,cK, K.

3aMeTuM, uTO HEOTPHUIATENBHOCTH KOI(@UIEEHTOB NIPH BCEX IKC-
TIOHEHTax B HepaBeHCTBe coriiacoBamua (2.146) Baeuer yciaosme cOanaH~
cupoBamEOCTHE (2.148). JleficTBHTENBbHO, Y KayKIO# peaKIUdU ecThb OLHH
BEKTODP G,, OMUH BEKTOp P,, W OHH pAa3JIUYHLEl — B IPOTUBHOM CIyduae
Y»=0 E peaknma He MaeT BOoOINe HAKAKOro BKiIaga B KuHeTuky. OT-
cIofia clefyer, 9TO JUIA KaJKmoro r=1, ..., ¢ cymecTByeT [Ba M TOJBLKO
MBa DA3NTEYHEIX HOMEDpA Ji, j,, obnamaromux cpoicreom reR; ., re

& R; _. CaepoBarensso,

Zp‘;( 2 er— X (Pr)=0 (2.149)

j=1 r=R i+ reR J_

mia aoboro mabopa uucen ¢,. Ecam pug HeRoTOporo ¢ mpu KamaoMm j
BEIpayKeHne B ckoOkax (2.149) meorpumarTeibHO, TO BCe 3TH BHIPAKEHHA
PaBHE HYJII0 — BHIIOJHEHO YycioBHe cGamaHcmpoBamHoctr (2.148). He-
TPYRHO HOKa3aTh M TaKOe yTBEepKAGHHWE: eciadM HH s Kaxoro z; (j =

=1, ..., p) He cyllecTByer Takoro Ha0opa HEOTPHOATENBHBIX YMCEN
M U<E<p, k+j), uto
DAz =125 D=1, (2.150)
k] hj

T0 HepaBeHCTBO coriacoBaBma (2.146) sKkBuBajdeHTHO yCIOBHIO cOalaHCH-
posamrocTH (2.148). Oramama mexngy K, u K, BO3HMKAOT TOrjga, KOorpa
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AIA HekoToporo r; Beimoimemo (2.150). Ilpocreimmii mpuMep gaer Me-
XaHH3M PeaKnuM ¢ TpeMs PasTH4YHBIME Z;:

1 2
24, = A, + A,, 24,=A4, + A,,
- - (2.151)

3 2 0 1
onzans am(2) nm (Y ()
1__3 25 o1 0 2 9 3 1

Ri+={1, 3}, R1—={'—1, —3}, Rz+=={2, '—3}, R2—={'—2, 3}, R3+=
= {—1, —2}, R;- ={1, 2}. 3uech MBI HCHOIB3yeM YaCTO NPUMEHAEMBIii
cIloco6 HyMepanuu pjeMEHTapHBIX peakIdii: B3auMHO o0OpaTHBIE peax-
oMY IOJYy4aloT HOPOTHBONONOKHEEe HoMepa. HepaBencrBo cormacoBaHus
mas cucreMsl (2.151) ects

(s + @s — @1 — @-3) exp 2m' + (@, + @5 — @-» — ¢;) exp 2m* +
+ (@, + 92— @1 — ;) exp (m' +m?) =0 (2.152)

opu Bcex m', m®. PaccMaTpuBas moBejenue mpaBoii wacTu (2.152) mpm
m?*—> o m!=0 u npa m'— o, m* =0, y6exgaemcs, 410

Py = Qs+ Qs — @y — @5 = (@ — p_1) + (@3 — p_3) =0,
(2.153)
\Pz == (pz+ Q-s— Q22— P3= ((pz— (p-z) — (q)3 — (p_.s) =0,

Hccuenys mepaBeHCTBO
Py exp 2m! + P, exp 2m? = (P, + ,) exp (m' + m?),

oJXy9aeM, 4YTO I €ro BHIOOJHEHUs1 NpH Bcex m', m’ HeoGXOomIMO
H AOCTAaTOYHO PaBEHCTBO HEOTPHHATENBHBIX dUCEd Vi, Po: Py = Py,

(qji — (P-g) + 2(([)3 — q:—s) = Q2 — P-2. (2.154)

CosmecrtHo ¢ HepaBeHcTBOM (2.153) (@ — ¢—,) + (@s — @—3) =0 moary-
4eHHOE ypPaBHEHHE DKBHBAJEHTHO HEPABEHCTBY COIIACOBAHUA.

YcaoBue cbGanamcmpoBarHOocTH (2.148) B paccmarpmBaemMoM mpm-
Mepe (2.151) BHITIAAMT TaK:

{(cpl — @) + (P3 — 9—3) = 0,

(@2 — P—2) — (95— Ps) = 0. (2.155)
Ono o3mauaer, uro B (2.152) KoappumueHT mpm KaKIOU BKCIO-
HeHTe paBeH HYJII0 u, KOHEYHO, Hajaraer 0ojiee CHIbHBIE OTpaHUYe-
HAA Ha ¢, 9eM HepaBeHCTBO cordacoBamua (2.153), (2.154).
IlpuBemesHBI IpuMep CONEP/KUT AaBTOKATANHTUYECKUE pEaKIUuH.
IIpu sKemaHMM IOIYYATH HIpHMep 0€3 aBTOKATAJAM3a MOKHO pPaccMOT-
peTh, CKasKeM, MexaHu3aM peakmum A, = A,+ A4;, A =24, A,=24,
mian 11000f [mpyroii, MIS KOTOPOTO CPefd o, Pr €CTh TAKOW BEKTOP ;j,
uyro mpu HekoTophlx A,=0 (U <k<p, k+j) sumoameno (2.150).
Hambosnee cmiIbHEIM H3 paccMAaTPUBAEMEIX YCIOBWii COTIacoBAHMA
TePMOJHHAMAKA W KUHETHKH ABIAETCA NPEANoJOo:KeHHE 0 IOCTaXuilHOM
cornracopaimu. llycts peaknmuu oObeguHeHHI MONAPHO — mpaMasg ¢ 06-
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paTHO — ¥ B3alMHO OGPATHBIM pPeaxLHAM NPUCBOEH o0LMii HOMED S
r + -—
(2.25) — momep cramum. 3anumenm 3[M: w; = wy — ws,

n
wf = A;F (T) U ci-"“ = (pj (T')exp Zasimi,
1

=1

- — - Bs; - mi
wy =I5 (T) [] ¢i** = @z (T) exp 2 fsim?, (2.156).

i=1

(pf =k (T)exp [——- gasimg (T)],
o7 = ki (T)exp [— 3 o (7).

YelloBue IOCTANIIIHOTO COrIACOBAHUSA WMeeT O4YeHb NPOCTOH BHI:
+ —
@s (T) = o5 (T) (2.197)

A Beex s, 1.

Vitax, npuBejeHbl pa3iHyHbie YCAOBUA COTJACOBAHHWA: OT CaMOIO
06I1lero — HeoTPHIATEeIBHOCTH IIPOU3BOJCTBA DHTPOIVH (2.141) — nmo ye-
JoBuA mocraaumiiHOro corsiacoBamnA (2.157). llocaennee MokeT paccMar-
puBaTbcAd KaK CJIeqcTBHE MHKPooOparuMocTd. B orcyTcTBHE MarHMTHBIX
moJeil ¥ BpAallleHWA OHO, KaKk IIpaBWJIO, BHIIONHAETCA. ¥ ClIOBHe cOaslaH-
cuposagHOCcTH (2.148) MoKeT paccMaTpuBaThCA KaK CHeJICTBHE IIpLMe-
HIMOCTY MapKOBCKoro mumikpoouucanus (cM. ria. 3). HeorpunareabHocTs
npouspopcTea saTponuu (2.141) He cBA3aHA HeMocpeACTBEHHO HH C Ka-
KAME MHKPOCKOOUYECKHUMH LPEHNON0KeHuAMY, 1O YCJIOBHE eCTh Clefi-
CTBUE IPUMMENMMOCTH KBa3upaBHOBeCHOH TepMmopuHaMuku. Hepasencrtso
cormacoBannsa (2.144), (2.146) ectp npsamoe o0000ImeHue ycioBua cba-
aancupoBauHoctu. [lo cBoeit 00IMHOCTH 0HO 3aHMMAaET NPOMEHYTOYHOE
[OJOMKeHHe Me;KIy HeOTpUIATeJbHOCTHI0 ITPOM3BOJCTBA  DHTPOINU
(2.141) u ycaosuem cOamaucuposanuoctu (2.148).

OcoOb1it HHTEpEC MIA TPUWIOMKEHUU MIPEACTABIAAST TAKOW BOIIPOC:
nycTh 3agana kumHetuka 3JM, ompejenensl MeXaHM3M peakmuir u Ha-
6op KOHCTAHT CKOPOCTH; CYILIECTBYeT JU TEePMOAWHAMHKA, COTJIAcOBaH-
Hasg ¢ oToii KuHeTHKo#? VicxofHaA KyMHeTHMKA MOKET MMeTh NAJeKo He
«TepMOJMHAMUYECKOe» IIPOUCXOKEeHHEe, a OTHOCHTBLCH, HaIpuMep, K OT-
KPBITHIM CHCTEMAaM WU, BOOOIe, He K (PUIMKO-XUMHYECKUM O0BEKTaM,
a K 9KOJOTHYeCKHM, JKOHOMIiluecKuM u nap. B cBasm ¢ srum ecian ynaa-
eTcA IOCTPOUTH TEePMOAMHAMHUECKHE BeJUUYWHBI, COTJIaCOBaHHbIE C 3a-
HaHHOH KUHETHKOHM, TO FOBOPAT O «KBA3UTEPMOAMHAMHYECKOM» IIOBeje-
Huu cuctemsl. Ilapamerp 7' manee omnyckaem. [lias ero BoccraHOBIeHHSA
nepeq KaKObIM H3 IOCAEAYIOMUX YCAOBUU KBAa3UTEPMOAWHAMMYECKOro
MmoBeieHUA CjlefyeT MOCTaBUTH «IId a000ro 7'».

Mexanusm peaxnmm (2.41) 11 ma6op Komcramr cropoct# mia 3AM
(2.137) obecmeuuBaT KBasHTEpPMONMHAMUYECKOe IOBefleHHE ¢ Gespas-

MepHHM OCeBJomoTennuaioM suma mi= lne¢; + mg(2.139), rorma, wor-

Ja CYyLI[eCTBYeT TaKoii n-MepPHBI BEKTOp M, ¢ KOOpAHHATAMU Mg, YTO -
BeJIHYUHBI
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@r = k, exp (— Sy ) = ky exp (— (e, ma))

YAOBIETBOPAIOT HEPABEHCTBY
2 (m, ¥r) @, exp (m, ay) < O (2.158)

Jna mioboro BekTopa m < R". 3pech Y, — CTeXHOMETPHUIECKHMIA BEKTOP
r-ii 3IeMeETapHON PeaKmuH C KOOpDAMHATAMHU Yr; = Pri — Gri. MOIKHO BBe-

, ;
crx uncaa c; = exp (— mi) u sanmcars

n *0L -«
Pr = k’ II cia‘",
i=1
n oz
wy = @ [ (ei/ei) .
i=1
Bce yrBeppmennmsa o cymecTBOBaHME M, MOKHO pacCMaTpHBaTh Kak
BBICKA3bIBAHMA O CYNECTBOBAHHUM IIOJOKATENLHOTO BEKTOpa C* — «TodY-
KU PaBHOBECHA» C 3af[@HHLIMH CBOHCTBaMH.

Arsanormgso (2.158) moirryyaeM [qoCTAaTOYHBIE YCHOBHA KBA3HTEPMO-
AMHAMUYIECKOr0 ITOBeJieHUs, COOTBETCTBYIOINME HepaBeHCTBY COIJIAcOBa-
HuA (2.146), ycaosuio cOamancuposannoctu (2.148), ycaosuio mocrammii-
Horo coriaacoBamda (2.157): cymiecTByeT TaKoii BeKTOp M, YTO A

BeIMIME ¢, BBHIIONHEHO COOTBeTcTByMomee yciaoBme (2.146), (2.148)
mnx (2.157).

Takyo Touxy c*, WTo A BeXWYWH @r, COOTBETCTBYIOIMUX Mg =

—Inc;, BHIIONHEeHO ycioBHe cGanamcEpoBaEHOCTE (2.148), HasmBawT
KOMIJIeKCHO-cOamancEpoBanHoii. Eciam ke BBHINOIHEHO He TOJBLKO Y-
JoBme cOajaHCHPOBAHHOCTH, HO H Oojllee cmiabHOe pasenctso (2.157),
TO ¢* — TOYKA feTAJBLHOr0 pasHOBecud. JlelicTBUTEIHLHO, CKOPOCTH 060
peaKkmun B TOUKe c* paBHa ckopoctu obparHoit B cuay (2.159) u cnpa-
Begausoctu (2.157).

CymecTBoBaHMEe NOMOKUTENBHOI KOMIIEKCHO-cOalaBHCUPOBAHHON
TOUKN U TeM OoJiee IOJOMUTENBHOH TOYKU METAJIBHOTO pPAaBHOBECHA —
AOCTATOYHOE YCIOBHE KBa3UTEepPMOJMHAMUUYECKOro moBeneHnA. Iloumck Ta-
KHX TOYeK M Jaske TOJBKO NPOBEPKa HMX CYyIHeCTBOBaHHA TpPeOyT mHC-
ClIe0OBaHNA CHCTeMbi HeJIWHEWHBIX ypaBHeHU# ¥ Moryr OBITH BechbMa
CIOKHOM 3amavei. BcrpeuaroTrcs, ofHAKO, CUTyamum, KOrfa CyHIECTBO-
BaHWE KOMIITEKCHO-COQJIAHCHPOBAHHBIX TOUEK M TOUEK NETAIHLHOTO paB-
HOBeCHsA MQ:KeT OBITh JOKa3aHO Ha OCHOBAHMH aHa/Im3a MeXaHH3Ma pe-
aKO¥M C OPHBJIEYCHUEM TOJIBKO JUHENHOH aareOphl.

Ilycts Bce peakmmu OOpaTUMBI: eCIud kFX> 0, 10 m k. > 0. Ecin
€eMeiiCTBO CTeXHOMEeTPHYeCKAX BeKTOpoB {Y,} JUHEHHO HE3aBUCHMO, TO
BCAKAA HENOABIKHAA TOUKA ypaBHeHHH KWHETHKH €CTh, 0YeBUIHO, TO9-
Ka JerajbHOro paBHoBecusa. CymecTBoBaHHe HENONBHMKHOH TOYKH B OF-
paEdmYenHOM O0alaHCHOM MHOTOTpAaHHUKe CiIe[AyeT Cpady W3 TeOpeMbL
Bpayspa o memogsm:xHO# TOure. MOiKHO /OKa3aTh, YTO B IIPEANOJIOKe-
HAE 0o0paTEMOCTH BCerja CYIeCTBYeT NOJOMATeNbHAA HeNOABHKHAA
TOYKA HE3aBHCEMO OT OrDAaHMYEHHOCTH OaJaHCHBHIX MHOIOIDaHHHUKOB,
Idro mokasaHo B. H. Opaosrim.
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Tar e Momer OBITH NIONy4YeH ajredpaMdecKHil Kpurepmii cymie—
CTBOBaHHA KOMILIEKCHO-cOasaHcupoBaHHbIx Touek. Om moxaszan @. Xop-
oM u M. DeitaGeprom. Ilycts zy, ..., Zp — COBOKyOHOCTH BCEX pas-
JUYHBIX BEKTOpPOB M3 Habopa a, ..., dq, By, ..., Pg. O003HAUMM A «BeK-
TOp» ¢ KoopmuHaramu — cumBosiaMu A;. CramspHoe Ipon3BefieHHE

(z;, A) — popManbHas cymMa X, Zj;A;. DTH CKaXgpHBE NpOU3BEJeHHA
i

HAa3BIBAIOTCA Komhaekcaml. CTexuomeTpuyeckoe ypaBHeHUE KamKIoN 3ie-
MEHTAPHO@ DPeaKIuy ecrb (z;, A) - (z;, A) pIAg HEKOTOPHX HOMEpOB
i, je{l, ..., p}, i¥j. Eciz crexumoMerpmduecKoe ypaBHEHHE I'-i peak-
nuu ects (z;, A) — (z;, A), 10 ar=2z;, Br=1z;, r<R;. N R;-. Paccmor-
pEM OpPHeHTHPOBAHHEIH rpaq;, BePHIMHBL KOTOPOTO OTOKIECTBIAIOTCA C.
Komiuiekcamu. Bepmuan (z;, A), (z;, A) coegunrsaoTca peGpom, opues-
TUPOBAaBHEIM OT (z;, A) K (z;, A), ecid KOHCTAaHTA CKOPOCTH pPeaKOUH
(z;, A) = (z;, A) Gompme myxasa. IloayyenHBLI OpEHeHTHPOBaHHEIA rpad.
Ha3BIBACTCA 2paom npespaujeruli KOMRAEKCOos.

HamomBuM Hexorophle noHATHA. IIycTh 3amaH OpUEHTHMPOBAHHBIA
rpad (oprpad) ¢ BepmuHAMH Y, ..., Yp. 1l0CHEOBATENHHOCTh BEPIIME
Yiy -+« Y4, HasblBaeTCA Yenvio, ecau Io0ble JBe IIOCTE0BaTeNbHBIE-

BePIIAHB! Vi, Yip,, COENHHEHH pe6poM HeBaKHO KaKOi OpMEHTAIHY.

dra MOCAENOBATEILHOCThL HA3HIBAETCA OPUEHTUPOGAHHOU UYendvio, ecilIun
masa mioboro k=1, ..., [—1 BepmnHBIY;,, ¥;, , CoelwHEHH peGpoM,

OPMEHTHDPOBAHHBIM OT Y;, K ¥;, .. I'pad HaswiBaeTcs Cc6a3HbIM, eclH
i JA00BIX [BYX BepmUEH Yy, Y CYyImecTByer TakKasd IeNb Yijr oo o Yipo
qTO0 Y =Y; , Yy = Y, I'padp maswiBaerca opueHTUPOBAHHO CEA3HbIM, eCIA

A M00BX ABYX BepHIMH Y, Y HaleTCA TAKaA OPUEHTHPOBAHHAA HEIlb.
Yijr « o2 Yipp 910 Y =VY;, Y" = yi,- MHOXecTBO BepmuEE Y BMeCTe CO BCe-

MM pe0pamu, COeUHAIONMMMYA BEPIIUHELI M3 Y HA3HBaeTCA KOMNOHEHTOW
epaga, ecim m00EIe IOBe BEepHIMHBEI U3 Y MOMKHO COeNUHHTH IeIbI0 U3
pebep ¥ HUKaKasg BepIIuHA M3 Y He CoeJuHeHA peOpoM C BepIIWHOM,,
He Je:kameit B Y. Hampgan rommoHenTa rpada — cBA3HBIA rpad.

AinrredpamdecKkoe YCHAOBUME CYIIECTBOBAHUS NIOJOKHTEILHONM KOMI-~
JeKCHO-COAJTaHCUPOBAHHOM TOYKH COCTOMT W3 JBYX HYHKTOB.

1. Rammpaa kommomeHTa rpada mpeBpameHHMil KOMIJIEKCOB OpHEeH-
THPOBAHHO CBA3HA.

2. p—l=2, Tme p— YHWCIO PA3IATIHAEIX KOMIJEKCOB, [ — dHCIO
KOMIIOHEHT rpad)a DpeBpameHH KOMIJIEKCOB, Z — PAHT CHCTEMBI CTe-
XAOMETPHYECKAX BEKTOPOB, COOTBETCTBYIOIMMX peaKkmuaM C HEHYJeBOR
KOHCTAHTOH ckKopocTtH. Beawumma z coBmajgaeTr TakKMe ¢ Pa3HOCTHIO
YHUCJIa BemecTB 7 W YHCJIa HEe3aBHCHMBIX JHHEHHBIX 3aKOHOB COXpaHe-
ansA (6amancos).

Ecnan BoimosHeHH 00a MyHKTAa yCHOBHA, TO y CHCTeMBl CyMIeCTBYeT
DOJIOKHTEeIbHAA KOMILIeKCHO-cOajaHcmpoBaHHaA Ttouka. CienoBareinb-
HO, NIpHEBEJleHHOe YCJOBHE o0ecmeumBaeT KBasUTepPMOJAHAMWIECKOE IIO-
Be[leHHE CHCTEeMBEI.

IlocTpoerre xKpuTepmeB KBa3UTEPMONWHAMHYECKOTO MOBe[eHHA,
OCHOBAaHHBIX Ha MeXaHH3Me peaKOuW,— OfHA W3 OCHOBHBEIX 3ajad (op-
MajbHOM KHHeTHMKHN. Eme oimE Taxkoil KpmrTepwil — OTCYTCTBHE B3aHMO-
RMedCTBHA Pa3IHIHBEIX BeHIeCTB — IPHUBEIeH B pasfi.
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Temiiepatypras 3aBHCMMOCTL KoncTaHThl ckopoctn k.(T) B (2.137)
O0BIYHO IpefmoaaraeTcsa MPOCTOH, AMeIome BuJ

ke (T) = kpoT" " exp (— E,/RT), (2.160)

rae kro, %-, E, = const.

OrpammumMmca fmamee B 3TOM pasfielle PacCMOTPEHHEM XHMHYECKOH
KHHEeTHKH, IIOCTaJUAHO COIVIACOBAHHOH C TepMoguHaMHUKOi. Bocmoiasn-
3yeMcs KuHeTmdecKUM 3akKoHOM (2.29) M pasgeammM CKOpOCTH CTagud
Ha TepMOJHHAMAYECKYI0 (DYHKNHUIO CKOPOCTH M KHHETHYECKUHA MHOMKH-
TeIb Q,:

w, = k() [T et — k7 (D) et = o4 (T) [exp > cgimi — expd) ﬁsimi]
i i i i .

(2.161)

Ecan npegmonarats ¢, PyHKOWed TOJBKO TeMIepaTypsl, TO AJIA CIpa-
Bemausoctu (2.161) Gespasmeprrie ncesmonmorenmuaisl mi(c, T) momx-
Hel mMeTh BuR (2.139). BeigcHUM, KaKkaMHE KOMKHBL OBITH TEPMOIMHA-
mmdeckne (YHKOUHU IS TOro, YTOOB 00eCHeYUTh TAKyI0 3aBHCHMOCTH
mi(c, T). Ilockonsky ucxomso m'(e, T) sagansl kaxk Qyrrnum ¢ = N/V
n T, wcoomxs3yeM omnpejieieHEe m' ¢ NOMOINLI0 XapaKTepPHCTAYIECKHX
PyHKOME OIA K30X0PAYECKHX M30TEpPMUAYECKAX YCJIOBHI:

mi(c, T) = 8G.v(N, T, V)/oN;= (8F(N, T, V)/8N,)/RT,

rae Grv — repMonmmamMmdeckas ¢Qymknma Jlamyrosa, F — cBoGommas
sHeprua l'eabmrombma, Grvy =F/RT. W3 (2.139) m ounpenenemmsa m'
moJIy9aeM

Grv = 2 N;[In (Ny/V) — 1 + mg(T)] + f (T, V)/RT,

F = RT ZN;[In (V;/V) — 1 + mi(D)] + £(T, V), (2.162)

rge f(T, V) — npoussonbnaa ¢pyurnus. C momomsio (2.162) ompem®anm
BHTPOIINIO:

§=—0F (N, T,V)dT = — 8f (T, V)/oT — RI N;[In(N;/V) — 1 +

+ mi (T) + Tdml(T)/dT]. (2.163)
Brytpeunioio saeprmo U naiigem xak F + 7'S:
U = RT? 3 Nydmg/dT + f(T,V)— Tof (T, V)/oT. (2.164)

Hasnenme P ompepneseHo Takie ¢ TOYHOCTHI0 N0 HOPOM3BOJLHON (PYHK-
man T, V:
P—=—9F (N, T,V)/dV = RT D, N,/V —af(T, V)/aV. (2.165)
i
Eciu cnmeok BemecTB COJEpPKAT Bce KOMIOHEHTH CACTEMEI, TO IIpH

N=0, womewmo, F(0, T, V)=const, S0, T, V)=0, U, T, V)=
= const, P(0, T, V) =0. Cuexyer, ogHaKo, 3aMeTATh, YTO B COHCOK
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BemiecTs OOLIYHO He BKJIKYAOT XUMHYECKH WHEePTHHIE B [JaHHBIX YCJO-
RISIX KOMIOHeHTHl cMmecu. B rtakom cayuae f(T, V) — csoGogmas smep-
I'Us 1IIHePTHBIX KOMIQNEHTOB, KOTHYECTBA KOTODHIX B XO/ie PeaKIum He
N3MeHAIOTCA W IpejIoJaranTca OfHOo3MauHo (urcuposanHbIME. Dusm-

geckmit cMbict Mg (7]) sced u3 BhIpasKeHHs AJAS BHYTPEHHEH 3HEpPrum
(2.164), cm. Taxswe (2.93). Beegem dyurnuu

u; (T) = RT*dm} (T)/dT. (2.166)

u(T) — BUyTpPEHHAS BHEPTrUA OFUOT0 MOJA i-ro BellecTBa. Kciaum pmusa
Pyurmuit u,(7) BOmMM3u nexoroporo sHadenug I = T, DIPUHATO TUHEH-
T10e TpUOJMIKEHNe, TO

ull) =up+cevilT—T,),
my (T) = 8; — (wio — cviTo)/RT + (cvi/R) InT,  (2.167)

rre O;=const. Komcraura ui, — cvil, MOKeT OBITH HHTEPIpPETHPOBAHA
KaK BHYTDPEHHAS JSHEpPrus OXHOTO MOJA i-ro BelecTBa IOpH abCONIOTHOM
HyJde, KaKkoil ona Oblia OBI B TOM ciaydae, ecjud Obl JIMHEHHYI0 3aBUCH-
MocTh u(7) Moskmo ObLIO TpoAOKUTH M0 Hyasa. HaszoseM sty Beauqnm-
ny aferTu8HOlU IHepauell OCHOBHOTO COCTOAHMA Ha MOJL BelNecTBa.
Ecau wemonszosarh nuHeitnoe npubamkenme (2.167), To TepMoamHaMu-
JecKyl0 (PYHUKIUI0O CKOPOCTH MOKHO TPEICTAaBUTHh KaK

Zagicy /R
oxp D agmi — exp X Pymi = T [exp > s (8 — (a0 —
i i i
o ZBsicV'i/R \_
—cViT(,)/BT)\II T (0 20 (5 —
1 1
— (3 — cviTo) /RT)} I] e, (2.168)

B mnonyuennoe Bwipaskenue BXOmsAT cyMMbl 3QeKTHBHBIX 3Heprumil oc-
IIOBHIOTO COCTOSIHWS, YMHOKeHHBIe Ha cTeXmoMmeTrpAuecKme Ko3pdumm-

enrsl. O6osnauum nx Ef m E;, coorsercTBeHNo. AHAJOIEYHO BBe-
leM BeJHTIHBI Cys B Cys B O, O :

so - 2 Asi (uzo - cViT 80 - 2 ﬁsz (uzo CViTO)’
C~Vl-s == 2 QAsiCyiy Cys = 2 Bsicvi (2.169)
6+ = Zasi&i’ 63— = 2 ﬁsi‘si
i i

B srmx o6o3HaueHuUAX TepMopunaMuuecKasd (PYHKOHA CKOPOCTH mpef-
CTaBJIAETCH KaK

1/ [exp (6% — B /RO L& — 77/ [oxp (67 —

— E5/RT)] II cit (2.170)
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Cropocty cragmu moxydaercas u3 (2.170) yMuO:KeHmeM Ha QYHKIAI
¢.(T) =0, ¢ TepMogUHAMAIECKOH TOYKH 3PEHHS — IPOU3BOIBHYIO.

Ecan upepmonaraercsa, aro @.(T) =k, exp (—E,/RT), k,= const,
TO TIPEJCTABJIAETCA BO3MOMKHBIM 3alUCaTh CTeXHOMeTpHYecKOe ypaBHe-
HEe CTafHH TakK, 94To0B ee CKOPOCTh OTJIMYajach OT TepMOAWHaMmUe-
CKOHi (YHKIMHM CKOpPOCTH TOJBKO IIOCTOSHHBIM MHOKHTeNIeM. Baemem
I 3TOr0 «3HEPreTHIeCKyl0 KOMIOOHEHTY» Ay H 3amdlieM CTeXHOMeT-
pHYeCKOe ypaBHEHHE CTaJIHH B BHUJE

asiAi +...+ ocs,.An + EsAU = B‘iAi +...+ BanAn + EsAu.
(2.171)

«Bespasmepusiii» mncesgomorermuaid my = —1/RT, u TtepmommEaMmde-
ckag dyurmusa ckopoctu craguu (2.171) ectn

1V [oxp (6 — (B, + E5)/RT)] IT 2 — 77/ ™ [exp (57 —
— (B, + E5)/RT) T 3. (2.172)

Cropocers cragum oraumdaerca ot (2,172) TONBKO INOCTOAHHBIM HEOTPH-

maTeJqbHBIM MHO)KHMTedeM. Bemwmuunnr E; + Es't a E, + E;,, mnasbBa-
I0TCA  JHep2UAMU AKTUBAYUU Nnpamolii u o06parholl pearyull CoOT-
BETCTBEIIHO.

IToguepxuem, uro Bce dopmyast (2.168)—(2.172) ormocATca K ToMy
cily4al0, KOrjla UPUMEHHMO JHUHeiHoe npudmmsaende [Id QyHRIUK
ui(T) (2.167). CropocTh CTafii@m C TOYHOCTHIO MO INOCTOAHHOTO HEOT-
PHIATeNbHOT0O MHOJKUTENSA ompefelnseTcsi BeIpaykenmem (2.172) mnpm
JOIONHATEIBHOM mpenuosio:kennn o Bage @.(7). Ecan He orpanMImBaTh-

ca nuHeHHHIM upmbamxenmeM, To Mgy (T) mommo HaiiTH, HCHOIB3YS
cBsa3p ormx ¢ymkmuii ¢ u(7T) (2.166). Bamkaitmee o6o6menme 3]IM
COCTOMT B PAacCMOTPeHHN KHHETHIECKMX MHOKHTened @,=0, 3aBmcsa-
IMUX OT KoHmeurpaomia: ¢.(c, T').

Beipasxernsa (2.162)—(2.165) gna cosmecramseix ¢ 3[IM tepmonmma-
MUYeCKEX (PYHKOUH MO3BOJAIOT YTBEPMIAaTh: 3aKOH [eACTBHS Macc M
yKazaHHOe OamKaiimee 000OINeHHE 3TOr0 3aKOHA MOTYT IPHEMEHATHCS
IJIsI OIHUCAHHS peaKkmui B «HUJeaJblOM Trasze» XHMHYECKHI AaKTHBHBIX
BemectB. IIpm sToM pomyckaeTrcst mpmcyTCTBME B CMECH APYTHX KOMIIO-
HEHTOB, He y49acTBywmux B peaknuum. Haszosem mx naccusweimu. Coot-
momenna (2.162)—(2.165) zammcaEH HJNA KaKoro-HEOYAh OXHOTO CO-
cTaBa 9TMX KOoMHOHeHTOB. Hak f, Tak M XMMuUYecKme DOTEHIHANBI aK-
TABHBIX BEINECTB MOTYT OBITh (PYHKIAAMHE COCTAaBa HACCHBHHBIX KOMIO-
HeHTOB, H B 3TOM CMBIC/Ié IIaCCHBHOCTH BechMa YCIOBHA — OHa O3Hada-
eT TOAbKO HeW3MeHHOCTHb cocTaBa B Xofe peakuun. llaccmBHBIe KoMmo-
HeHTH He 00sA3aTelbHO HAEANbHBI, a CHCTEMa B IIeJIOM MOMKeT H He
OHTH ra3oMm, TeM 0Ooiee HIealbHEIM.

3ameganmume. CymecTByer Tpagumms oUNyCKaTh CTeleHHBIE MHO-
cs/R
swatemn T B 3aBHCHMOCTSX KOHCTAHT CKOPOCTH OT TeMIepaTyphl.

MOTHBHPYIOT 3TO TeM, 4YTO O0BIYHO OHM MEHAIOTCH HaMHOIO MeJdJjIeHHee-
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ercnopenquanbubix exp (—E/RT). IloguepkueMm, omHAaKo, 4TO OTOpPACH-
BaHHe YTHX MHOMKHTeNedl MOKeT NMPHBECTH K HapYLIEHWIO COIIacOBAaHWS
TePMOAMHAMAKHA M KUBETHKH, KOTOpOe MOJKHO COOMIONAaThCA BO BCeX
NPHOIMIKeHAAX.

2.7. IPAMEYAHNA W BABJIUHOTPADHAA

CymecTByeT HECKOJIbKO NONBITOK AaKCHOMAaTH3aldd XAMHAIECKOR
xanematuku (cM., Hanpumep, pabory [Ia. ¥Yaa [1]). ITogxom, ocHoBaH-
HBII Ha PacCMOTPEHHHU IICeBHONOTeHNUAoB, npeniaoxer M. DeitaGep-
rom [2]. Hame m3moxenne orimdaercd, B 9aCTHOCTH, TeM, 4TO C CAMOTO
HavaJla pacCMaTpPUBAIOTCH PEaKIM¥ OPH PA3IMYHBIX YCIOBHAX.

HKunreruuecknit 3axom (2.43) saBaserca npaAMEIM 0006meHEEeM
wuuetukd Mapcenena — ae Jloume [2—5]. Buepssie B TakoM Bmme OH
OblI BBEMEH, BEpOATHO, NPH HCCIEHOBAHMM KaTaIUTHIECKAX peaKkmui
Ha HEOTHOPOAHBIX mosepxHoctax [6, 7], a mma obmjero cryvas — B pa-
6orax [8—10] u momorpagum [11].

B 1mexoTopeIX ciydasx, HapsAQy CO «CTPOTMMH» 3aKOHAMH COXpa-
HEHWsI: 3JIeMEHTHOTO COCTaBa, 3apsAfa M [P., BOSHUKAIOT M HECTPOTHEY,
CBsA3AIIHBIE C TEeM, YTO OPH MAHHBIX YCIOBUAX OTHeJbHBEIE BO3MOKHBIE
peakud OpPaKTHIeCKH He HAYT. JTO TAK Ha3blBaeMble KWHeTHYeCKUe
saxonsl coxpauenus [12]. IIpusenem mopmennmbiit mpuMep. Ilpm KomHaT-
HOWl TeMmepaType M aTMoc(epHOM [aBJeHHH B CMecH BOJOPOMa, KHC-
JIOpOAa ¥ BOMSHOrO Mapa OKUCJIeHHe BONOPOfa MPAKTUYECKHA He HJeT.
Ecnu opemeGpeub BceMm crafusgMu, KpoMe [AHCCONUHANMM, TO MOMKHO
sanucarh takoi mexammsm: H, = 2H, 0,=20, H,O=H+OH. aa
Hero KpoMe coXpallemus KOJHYecTBa aTOMOB BONOPOAA H KOJIAYECTBA
aTOMOB KHCIODOfa ecTh eme onno OamancHoe coorHomenme Vg0 +

+ Noy = const. OHo, KOHeYHO, HECTPOTOE, W eCiHm TONOKAATH NOCTATOY-
HO JI0JIT0, TO BOXOPOX OKHCJIHTCHA, 1O 3TO «HOCTATOYHO MHOJr0O» IIPEBOC-
XOMHT HA MHOTO HOPAAKOB HJIATENLHOCTH JI060T0 3KCIEPEMEHTA.

C ¢opManbHOH TOYKH 3peHHA HOTNOTHHUTENbHbe KUHETHIECKHe 3a-
KOHBI COXDAaHEHHSA TPYMHOCTEH He BHI3LIBAIOT — X IIPOCTO HYHKHO
BKJIIOYATh B OOIEH cOMCOK HAapsALy ¢ APYrUME GallaHCaMM.

W3znomeHne XuMAYECKOH TePMONMHAMEKE CMECH pearapylommx
H[eaJbHBIX ra30B B pasl. 2.4 OTAHYAaeTCS OT TPANENUOHHOTO TOJBKO
NOBBINIeHHBIM BHEMAaHMEM K NPOH3BONbHON (pyHKmmE S, KOTOpas dame
BCero, BePOATHO, JHHeHA, KaK 5T0 OGBIYHO W IIPeIoIaraiorT.

Onucanme auneiinoro npmbiammenns ocHoBaHO Ha paborax [13, 14,
rae MaHBI emlle OMEHKHM TOYHOCTH JHHEHHOro mpmOImKeHWs, KaK 3aBH-
ciAllye, TaK W He 3aBHCAIMe OT KOHCTAHT cKopoctd. CBA3D Memmy

PEJIAKCAlHOHHEIM CHOeKTPOM M pPABHOBECHHIMH IIOTOKAMH ONWMCaHa B
npenpzaTe [15].

Tepmommramuaeckne gynxmun JIanyHoBa 4amie BCEr0 BBIMYKIBI —
B IOJIOKHTENbHBIX TOYKAX MATPHOBl BTOPHIX MPOU3BOXHEIX §°G/AN.ON;
'HEOTPUIATENABHO ompefeldeHHl. 3aech G — repMoAMHAMUYecKaa (PyHK-
nusA JlanyHOBa [Jjif HEKOTOPHX yCJIOBUil, H NPOM3BOJHEIE GepyTcd IpH
3THX ycaopusax. bonee rtoro, 3*G/9N:ON; (N >0) o6biaHo mopoxpgaer
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110JI0KUTEILHO OIpeHesIeHIlyl0 KBafpatniHyo ¢opMy Ha mioboil rumep-
NJIOCKOCTH C TOJOKHUTENLIIOH HOPMAILIO: NMYCThL T — N-MepPHBI BERTOp
¢ ROOpPAAHATAMM Z;, CPeIH KOTOPHIX €CTh KAaK NOJO;KHTEJIbHBIE, TaK H
OTpHLIATEJLHEBIE, TOT/IA

3% (9°G/dN ;0N ;) z; > . (2.173)
1,7

Boinyrmocts ¢pyunkmuit G ue sapiadgercA, Boobiie ropopsd, pyHAaMeHTalb-
HBIM 3aKOHOM, OJHAKO MJIS MX HEBBIIYKJIOCTH TpedyloTcs 0COo0bie IipHh-
uuMHbI, Hampumep ¢a3oBelii mepexon. B Oamambioit curyaium, KOTrAa
sprofguueckass KoHeyHas, MycTh gajke OvYeHb Ooiabluasg, mens MaproBa
ABIAETCA XOPOIeil MOAENLI0 MHKPOONMCAHMSA, cIicTeMa o00jagaeT BBI-
NYRIOIA TepMoAuiiaMuyeckoii ¢ynrnmneil Jianynosa (cM. craegymoigyo
II3aBY).

Ecaum npumeuum saxou (2.43), ¢, >0 u cmpasemanBo (2.173), to
eIUHCTBEHHOCTH IIQJIOKUTENbHOII TOYKUM paBHOBECHA NpPH HAalHBIX 3HA-
JeHNAX OaJaHCHBIX COOTHONIEHWI MoKasbiBaercda Tak. Mcmoabays BbIpa-
xenne (2.46) maa G, momydaeMm: 10038 MONOMRHUTENbIAA IENOABHRHAS
TOYKa ecTh TOYKa [eTajbHOr0 paBHOBecuss — B Heil Bce w,=0. U3z
(2.173) BbiTeKaeTr acHMNOTOTHYECKAs YCTOMYMBOCTH IOJIORHTEIHHOR
TOYKH DaBIIOBeCHS B WHBAPUAHTHOH ILIOCKOCTH, BBIIEJIsAeMOl 3HaUeNHA-
mu GamancoB (cM. pasg. 2.5). Orcroma cieayer, 4YTO MOJORUTEIbHASA
TOYKa pPaBHOBECHA €CTh TOUYKA JIOKAJBIOr0 MUHMMYyMa TepMOaMHaMmie-
ckoil ¢yurmmu Jlanywmosa. Beumy serrykmoctn m (2.173) rakas moso-
JKUTeJbHAA TOYKA eNWHCTBeHHa, eciau cymecrByer. CymecTBoBaHHe
MOJIORATENBIOH TOYKM MHHAMYMa MOKHO NOJIYYHTH, MpeRmojaras Ha-
Au4ue 0Co0eHnocTeil XMMITYECKIIX HOTENIMANOB IPH HYyJeBBHIX KOHIEH-
TpaLIIAX.

Ilocnenunue »rTamsl IPIIBEIEHHON CXE€MBI [I0Ka3aTeNbCTBA: BHITYK-
aoctb G = e HIICTBENIHOCTh MHUHHMyMa M OCO0EHHOCTL Iia TpaHHUIE =
NOJIOKUTENLHOCTh TOYKH MuUHUMyMa — ObLIu mpemioskensl fI. B. 3eas-
mosuueM [16]. O gpyrnx sramax cm. [11, 17].

B upegnpuHATOM KpaTKOM H3JIOMKEHIIM XAMUYECKON KHUIIETHKH IIPO-
nynieHsl MHOTMe ee pasfessl. Ilepeumcianm te M3 HHX, KOTOPBIE KamKyT-
cA Haubosee BaKHBIMH. MomensiM 3JeMEHTAapHOr0 aKTa M Teopuu abco-
JIOTHBIX CKOpPOCTEe#l peaKIIN TIOCBsALIeHBI Hambosee «pusmieckue» pa-
OGOTHI 110 XMMHWYECKOW KIeTinKe. XOpOIUIIM BBeleHHEeM B 3Ty 00gacrs
aeagerca kuura [18], cm. tarme [19—21]. Hamnumem MarHuTHBIX IIO-
Jeil MCKakaeT CBOWCTBO MHUKPOOOPAaTHMOCTH H COOTBETCTBEHHO Iapy-
maeT OPHHIENO AeTajbHoro pasuoBecua. O BIHAHHM MAarHuTHOTO IIOJA
Ha KHHETAKY XHMIYECKHX peakmuii cMm. B [22].

Xopomio M3BECTHO, 9TO B OTKPBITHIX CHUCTEMAaX OJHOBPEMEHHOEe IIPOo-
TeKaHMe peaknuil u auddysuum HHOTAA NPUBOMIT K HOBBIM 3Pdek-
TaM — MOABJENHI0 [UCCHIIATHBHBIX CTPYKTYP, ITPOCTPAHCTBENHO-IIE0/-
HOPOANBIX cTamuonapnsix cocrosani [23]. B 3akpeiThix cumcreMax mHa-
amuue audoysun m uayrryanuii OxassiBaeT CyI[ecTBeHHOE BIIHAAINE
Ha Ipomecc mpuOIMKeHNMA K paBHOBecmio. B sToM ciydae crpeMieHme
K PaBHOBeCHI0 He OKCIIOHEHOUAJHHO, a HMMeeT CTEIeHHOH XapaKTep:

(£=%2) [24].
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Hanmgme xapaKTepHBIX OCOOEHHOCTeH y pa3jMYHBIX TPynn XUMH-
9eCKHX PEeaKmuil NpHBeJ0 K MOABIEHAIO Pa3jMYHEIX HAIPABICHHM: KH-
HeTHKM rasodasubix peaxmmit [25], rereporemmo-kaTammTHYECKAX
[26—28, 11], 6moxummaecknx [29—30], romoxmmmueckux [31], pear-
nuit monmmepusanun [32] m nmp. Irtm mampaBieHmA He HM30MEPOBAHEL
APYyr OT fApyra, Ha MX CTHIKaX BPeMS OT BpeMeNHM MOSBIAIOTCA WMHTE-
pecHble paboTHI — CM., HallpuMep, HCCAeHoBaliAA IO IOMOTe€HHO-TeTepo-
redEBIM peakmusam [33—35].

CymiecTByIoT HampaBleHUsI HCCIAefoBanusA, TPyNOAPYIOIINecs BO-
Kpyr merojioB. IIpumMep ToMy — M3ydenme KHHETHKH CIOMHBIX peaKIHi
MerogaMu Teopum rpadoB. 3mech MORHO BEINEJIUTH ABe IPyOnbl padorT.
B opHoit usyuarorca rpadsl JHHEHDBIX MexalM3MOB peaKI(Uil: BepIIH-
HBI — IPOME;KYTOYHble Bel[ecTBa, pebOpa — sgeMeHTapHBIe pPEAKIHM,
B CTeXHOMETPHYECKOe ypaBHEHME Ka)KA0i 3JIeMEeHTAPHOU pPeakmuhu CIpa-
Ba M cJ€Ba BXOAHT TOJABKO IO OJHOMY IIPOME;KYyTOYIIOMY BeI[eCTBY,
a COOTBETCTBYIOIIHE CTeXHOMETPUYECKHe KOI(P@PUIAEeHTHl PaBHBI
{36—38, 11]. Ipyraa rpynna paboT IOCBAL{eHAa M3yYEHHIO IBYHOJBHO-
ro rpada pearnuum — rpada Boasmepra [39—41]. Iror mopxom mpume-
HUM I K HeJIMHefAHbIM MeXaHu3MaM peaKilun.

JIOBOABHO 9acTO MPUXOMHUTCA MMETh HeJ0 ¢ OBICTPHIMEH pPeaKIWIMH,
JUIA KOTOPHIX 3aMeTHBIE M3MEHEHHS COCTaBa IPOHMCXOOAT OBICTpee, 4eM
yrTaHABIMBAETCA PAaBHOBECHE «BCEr0 OCTAJIHHOrO», B YaCTHOCTH, pac-
npegenelsi YacTHI[ IO CKOPOCTAM. B aTOM ciiydae sHaueHWs IepeMeH-
neix NV, U, V He ompegeindioT COCTOSHHE CHCTeMBI M COOTHOIIEHUS
(2.33), (2.36) ysxe uempuMenumbi. OG30p HEKOTOPHIX MOAXOMOB K OIHA-
calIi0 KHHeTHKN GBICTPHIX peaknuil mad B [42].

HauGomee nonynspHoe B HacTosiiiee BpeMs HaNpaBjeHHE HCCIENO-
BallA — II3y9eHne O0COOEHHOCTeH HTUHAMHKU OTKPHITHIX cucreM. Miio-
JReCTBEHHOCTh CTaIHOHAPHBIX COCTOAHHI, Me[JIeHHbBle peJaKcalud,
ABTOKOJe0aHNA, CTOXacTHYECKHe  aBTOKOJeOaHWsd, JUCCIIIIATUBHBIE
CTPYKTYPHI, aBTOBOJHHI — Bce 3TH 3¢deKTsr Moryr HaOJII0OgaThcA B CH-
cTeMax, 00MeHHBAaIOMAXCA BEIIECTBOM MU 3HEprueil ¢ HepaBHOBECHBIM
OKpV:;KeHNeM. B cucreMax ¢ paBHOBECHBIM OKpy:aieHHeM momoGusie -
(eKThl, CTPOr0 TOBOps, HEBO3MO;KHBL VICKIIOYeHHWEM ABJIAETCS TOJBKO
CyIlleCTBOBaHMEe MeTAacTaOWJIBbHBIX COCTOAHUE B cHcTeMaX ¢ (ha30BBIMH
nepexonamu. TeM He MeHee Ha HPOTSIKENHAH KOIEYIIOr0 BpeMeHH «TIIO
Jjopore» K PaBHOBECHI0 CHCTEMBI C PaBHOBECHBIM OKPY}KEHIeM MOTYT
BecTH ce0s JOCTATOYHO CIOMKHO, MMHUTHPYA Bce NepednciaeHHsie 3Pdek-
Thl. 9TO OTHOCHTCSI, B YaCTHOCTH, K 3aKPHITHIM CIICTeMaM IIpH Kiaccl-
qeckux ycaoBusax. OTkpsitme BenoycoBriM KmHeTHMYecKHX aBTOKOJe0a-
nnid uMeer gpaMarHueckyl cynbly [43], m ecaim 6Bl me aKTHBHOCTH
C. 9. Ilnons, nemssectHo, y3Haanm ad MBI 00 3roit paGore. MccaemoBa-
mug A. M. aGoruackoro, E. E. Ceankosa, B. . HKpmrcxkoro,
I'. P. WBaumnkoro, yueHbix BpiocceabcKoll mMIKOME m [p. OpHWBeId K
CO3MAHMIO IEJOro «3oomapka» mopeneir m sgdexro. B rereporemmom
rkaranuse B. . BrikoBeim u I'. C. fA6monckuM c¢ coaBTopamu OBLia
Tpe/iCKa3aHa MHOKeCTBEHHOCTh CTAMHOHAPHBIX COCTOSAHAN B pPEaKIHA
okucienna CO ma Pt npm mmskmx nasaenmsax [44]. OxcmepmmerTanb-
Hoe HmOATBep;KIeHHe cM. B paGore [45]. B. B. Bapeako ¢ corpynmrnkaMm
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O00HAPY;RHIUM W oNmcaanm pAx mHTepeciibix 3ddexton [46]. Maremarn-
9ecKoe NCCIe0BaHME ABTOBOJIIOBHIX IMPONECCOB OBLIO HauaTo B padoTe

A.

H. Honmoroposa, M. T'. Ilerposckoro, U. C. Iluckynosa [47]. OG-

30D coBpeMeHIoro cocrosuus npobiaemsl man A. WM. Bombneprom [48].
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