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BCTyHI/ITeJIbHaH CTaThbA

TepmonnnaMuyueckasa Teopud HeoGpaTHUMBIX IIPOIleCCOB ABIAETCA pas3-
JelloM TepMOJUHAMUKH, GLICTPO pa3BUBaIOIIUMCA 3a NocieqHee BpeMa. Uu-
Tepec ¥ BHUMaHUe, IPOABIAEeMble K 3TOI 0Tpaciu HayKH, BIOJHE IOHATHDI,
eclii y4ecTb, UTO NPAKTHUUYECKU BCe MPOIEeCcChl, IPOTEeKaloIINe B IpUpPoOJe U
TeXHUKe, ABIAIOTCA HeoO6GpaTUMBIMU MPOIEeCCaMHU.

Iepexox ot TepMopnHamMuku (MpaBUibHEE OT TEPMOCTATUKH) PaBHO-
BECHBIX COCTOAHMII K TepMOAMHAMUKE HePaBHOBECHBIX MPOIECCOB, HECO-
MHEHHO, 3HaMeHYeT cepbe3HbIil Mporpecc B pa3BUTHM pAna obGiacTeil Ha-
YKH. DTOT Ipollecc B 3HAUNUTENbHON Mepe cBA3aH ¢ paGoTaMH ToIaHJCKUX
1 GeNbrUiCKUX YUYeHbIX, B TOM YHCIE U ¢ paboTaMy aBTOpa KHUT'U, IEPEBO]I
KOTOpO# IpejiaraeTcs YUTaTeNo.

[lepBriit pUHIUN TepMOJAUHAMUKY NPUMEHUM, KaK U3BECTHO, U K 00-
paTuMbIM (PaBHOBECHBIM), I K HeOGPAaTUMbIM (HEPABHOBECHBIM) COCTOAHU-
AM. To e camoe MOHO cKa3aTh U 0 BTOPOM INPUHIIUIE, eClIU AlNA NMpUpa-
IIeHUA SHTPOIUU B CHCTEMe MUCATh

S > 0. 1)

TepmoanHaMuKka o6paTUMBIX IPOIECCOB OTPAHUUYMBAETCA PaccMoOTpe-
HUEM cllyuyafd paBeHCTBa IpUpalleHNA SHTPONUH HYIIO; B 3TOM CIIy4ae Ipo-
IleCC MO#KeT MPOTeKaTh ¢ GECKOHEUHO Malloif CKOPOCThIO KaK B IPAMOM, TaK
U B o6paTHOM HalpaBleHUU NMPU GECKOHEUHO MajloM M3MeHeHHH TNapamer-
POB, OT KOTODPBIX 3aBUCUT paBHOBecue. K uncny Takux mapameTpoB a MOTYT
OTHOCUTBbCA JaBieHue p U o0veM V, Temnepatypa 1, HaMarHuueHHocThb [
U 3leKTpUYecKad moiApusanua P, KoauyecTBO JaHHOTO KOMIIOHEHTa, CTe-
NeHb YHOPAJOYEHHOCTH U T. 1.

dieMeHTapHy0 paboTy, COBEpPIIaeMYI0 Ipu GECKOHEYHO MajloM H3Me-
HEHUU TaKUX [apaMeTpOB (v;, MOKHO NPEACTABUThL B BUJE

(SAi = Xl' (5041'

(rme, nanpumep, X = p u da; = §V).
TepmoanHaMuKa 06paTUMBIX POLECCOB M03BOJNAET HANTH 3HAUEHUA (u;
1iA 3afaHHo coBOKymHOocTH 3Hauenuit X; (1 = 1,2, ...,n). Bmecte ¢ Tem
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OKa3bIBaeTCA BO3MOKHBIM HANTH 3HAYEHHA DHEPIUU CUCTEMbBI WIU TEPMO-
JUHAMHUYecKUX moTeHnuanoB ¢ kar ynrumii X;, o;.

IIpu npubnuseHUn K paBHOBECHIO MbI MMe€M, BO-NIEPBHIX, CUCTEMY
yCJI0BUH da;

dt

U, KpoOMe TOI'o, IOCKOJbRY 9HTPOINIUA U NIOTEeHUAaJbl B YCJIOBUAX PaBHOBECUA
JKCTpeMallbHbI, UMeeM A no6oro NoTeHnuasma, a Takme A IHTPOIIUU
0P

D0 — 0. (3)

50  (i=1,2,...,n) 2)

Ipu HapyuleHny paBHOBecUA NPOU3BOAHbIE Oy /0t CTAHOBATCA OTINY-
HBIMHU OT Hylf, QyHKIMOHaIbHO 3aBHcA oT 0®/0a;. Bonmusu paBHOBecus
MO#HO OrPaHHUUTLCA UX MEPBLIMHU cTeneHAME'. OTciofa cienyeT cymecT-
BOBaHUe JUHEHHbIX COOTHOIIEHUH TUIa

Ja; 0P
=L;i— 4
(?t K (?O(j ’ ( )
rjae npeamnoJjaraeTca CyMMUpOBaHHe M0 ABam bl BCTpevarleMyCca HHIEeRK-

cy j.
OcofGeHHO MMUPOKOe IPUMEHEHNEe UMeeT clIydail AByX ¢as, XxapakTepu-
3yeMbIX NTapamMeTpaMu q; U g, CBA3aHHBIMHU COOTHOLIEHUAMU

_ o P Qa3
_Oél-f-az’ a_a1+a2’ (5)
T. €.
a; +as =1; (6)
TOrza Mbl MoeM ypaBHeHue (4) 3anucaTb B BUje
Jda 0d
g 2=, 7
dt Jda (7)
31echb %—? = J — o6o01eHHan CKOpOCTh, a g—z = X — o00600611eHHad cuia.

Takoro Tuna ypaBHeHHe GbLIO MPUMEHEHO I pacuyeTa ABJIEHUI THC-
Tepesyca IpU yIOPAAOYeHUH roMoreHHsix cmiaBoB [1]. [lpu npuMmeneHnu
IBYX(}a3HbIM I'eTepOTeHHbIM CIIaBaM MOKHO 3alucaTh

<I>:<I>1a+<I>2(1—a), (8)

rae ®; u ®, — moTeHnUAaNBI NEPBOIT U BTOPOIi das.

1,HJ'IH 60AbIMKMHCTBA ABJEHUU OHU OOBIYHO OJHOTO nopAgkKa MaJjaoCTH.
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W3 ypasuenunii (7) u (8) caepyer

o — 1(@; - ). (9)

Ha 9TOM IIYyTH MOMHO C 06meﬁ TOYKH 3pEeHUA paccMaTpuBaTb U3BeCT-

HbIe COOTHOIIEHUA TEIIONPOBOAHOCTHU, TUPDY3UU U ApP. U MOIydaTh HOBbIE

COOTHOILIEHNA. TaH, Hampumep, ObIJIO IIOKa3aHo [2], YTO eClIi MbI UMeeM [1Be

¢asbl, HaXoAAlIMeCA B paBHOBECHH IpuU TeMmepaType , To CKOpOCTb mpe-
BpallleHVd Npu u3MeHeHnu Temmnepatypsl 1o T (cM. [2]) paBHa

o — p(r - 9), (10)
rue
p = poe”B/RT

(E — sHeprus akTUBaLNH).

Ypaeuenue (10) mo3BoifeT paccuuTaTh HabII018EMOE CMEIEHIE TOYKH
paBHOBecHA, €ClIM OXJam/JeHie cucTeMbl BOIN3U 6§ MIET O CKOPOCTHIO w.
IIpu sTOM mONLyYaeTca

36 = av/w. (11)

[IpyuMeHeHre BTOT0 COOTHOIIEHHA AeT BO3MOMHOCTH TOYHO ONpEIeNUuThb
TOYKY paBHOBecud ¢as 6.

OcobeHHO WHTepecHble NMPUMEHEHUA TepMOJUHAMHKHN HeoGpaTHMBIX
IpolieccoB MolyyvaloTcA, eclin BMecTo ypaBHeHusA HKuaneiipona-—HKaaysuy-
ca, OTHoCAIlerocAd K paBHOBecHIO ABYX (a3, HCKaTh NPUHIUNKAILHO HOBOE
yPaBHeHUe I CKOPOCTHU Iepexoja oJHOi ¢asbl B APYTYIO IPU U3MEHEHUH
KaK TeMIepaTypbl, Tak u aaBiexud. [lpu atom nmomyudaeres [2]

Oa + —B/RT |nT =0
= = — - (Vo -V . 12
9t = Poc Q== — (Vo =V1)p (12)
3nechb %—Ct' — CKOpPOCTb Ilepexofa mepBoil ¢asbl, uMeloleii o6beM Vi, BO
BTOpYI0, 00beM KoTopoii Va; () — TemioTa npeBpaiienus; § — TemnepaTypa
npeBpauieHua npu p = 0; E — sHeprua akTUBauuu; pj — Kod3pULUEHT
NPONOPIMOHANTBHOCTH.
®opmyna (12) nokasbiBaeT, Kak GyJeT MEHATLCA CKOPOCTb (asoBOro
npeBpaileHua npu uamenenuu T u p. Ilpu 9o _ )y ypaBHenus (12)

BbITeKaeT dopmyna Riaysuyca—Ruaneiipona.
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YpaBuenue (12) oTkpbIBaeT, HampuMep, MyTh [UIA PacuyeTa CKOPOCTH
npeBpalleHua rpadguTa B aIMa3 NpU BbICOKUX JaBlIeHHAX U TeMIepaTypax,
a Take JPYTUX aHAIOTUYHBIX IpeBpaljeHuil.

TepmonnHaMuKEa HeoOpaTUMBIX MPOIECCOB ABIAETCA BeCbMa Ba#HbIM
paszienioM obieil Teopuu HeoOpaTUMBbIX nponeccoB. OCHOBHOIT deHOMEHOII0-
THYECKUIl MeTOM, KOTOPbIM MOKHO B pfAJle clydaeB I0Jb30BaTbCA, 3aKJIIO-
YyaeTcA B CleAYIOIIeM:

Hanurem ycioBua paBHOBecus

0 _
QO(Cll- 9 Xi) - 07 (13)
rge a? — 3HayeHUe «; B COCTOAHHMH paBHOBECHA. TOF,E[a BOIU3U paBHOBecC-
HOI'0 COCTOAHHA, ROT'la «; 75 a?, nMmeeM

% = wop(ai, X;). (14)

B pamEkax 3TOro aaropuTMa MO#HO paccMaTpUBaTh GeppoMarHUTHbIE
ABIEHUA B IMHaAMU4YeCcKOM pexuMe. Hanpumep, ypaBHeHue ApkaabeBa 1A
CKOPOCTU H3MEHEHHWA WHTEHCHBHOCTH HaMarHWYeHUA MOJ BIMAHUEM IO-
18 H nmeet Bup

O — wo(xoH — ), (15)
rue
H = Hye™?, (16)

a Y — BOCIPUUMYNBOCTb. Ero MoskHO paccMaTpuUBaTh Kak YacTHbIM ClIydaii
ypaBHenus (14).

InA MexaHocTpuKUUM (T.e. A YMIIMHEHUA (eppoMarHeTHKOB MOJ
BIMAHNEM YIpPYTOro HalPAMKEHUA 0, BbI3BAHHOI'O MePecTPOiiKoil JOMEHOB),
aHaJIOFMYHO MOKHO 3alucarth [3, 4]

B = whxho = ). (17)

IIpumenenne ypaBHeHus (17) maeT BO3MOMKHOCTb NOCTPOUTH TEOPHUIO AHUC-
nepcuu yabTpasByKa. Ero Takse MO#HO paccMaTpUBaTh KaK YacTHbI ClIy-
yait ypaBHenusa (14).
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N3BecTHOE B TEeOpHUH HpHMoyFOHbHOﬁ IeTJIU rucrepe3rca COOTHOIIEHNE

oA CKOPOCTHU HepeMaI‘HI/I'*II/IBaHI/IH1

& = 3~ Hy) (18)
ABJAETCA YaCTHBIM Clly4dyaeM YypaBHEHHA (9) JTO COOTHOIIEHHE UMEET Ty
0co6eHHOCThb, uT0 npu H = Hy Mbl UMeeM He yCTOWYHMBOE, HO YCJIOBHO
Oespasauynoe paBHoBecue (nus mo6oro I). Tak, HanpuMep, B ciydae ABYX
AJOMEHOB C aHTulapaJjlelIbHbIMU ClIMHaMU I'paHulla Me:x 1y HUMU HaXOQUTCA
B YClIOBHO 0e3pa3iuyHOM paBHOBecuu, a uMeHHo npu H — H, rpanuna
nepeMemaeTcsa ¢ 0eCKOHeYHO Malloil CROPOCTBIO.

Tarum 06[)330M, OTRKpbIBaeTCA BOBMOMHOCTb 060011eHNA COOTHOLIEHU
TepMOOIUHaMHUKH HeOﬁpaTI/IMLIX IIpoueccoB He TOJbKO HA UCTHUHHLIE PABHO-
BeCHA, HO U Ha 6e3p83JII/I‘~IHbIe paBHOBeCHA C BHYTPEHHHUM TpPEHHEM.

YrazaHHbIe IpocCcThbie MeTOoAbl JaJX BO3MOMHOCTDL B pAlde BaHLIX CIlIy-
yaeB IOJYYUTHb o6mmuii BUI COOTHOIIEHU Oad HepaBHOBECHBIX COCTOAHMIA.
H.TIH cllydyad, Korga M3MeHeHHA B CUCTeMe ollpeaelIAl0oTCA COOTHOIIEeHHUA-
mu (4), nononHUTENbHO BBOAAT ycioBua Ousarepa. B sTom ciyuae cBA3b
Mey NOTOKaMU U 0000lIeHHbIMU CUIaMU MOHO 3anucaTh B BUJe

Ji = Lij X (4)

O606mennbie cuibl X; 00bIUHO ONpeeNAIOTCA U3 Pa3o#eHHA CKOPOCTHU
HapacTaHUA 3HTPONUH BOIU3U COCTOAHUA paBHOBecus [cp. popmyiy (4.23)
Ha cTP. 62 5Toit KHUTH]:

% = L XiX; > 0, (19)
rie S — surponuAa. [JomonHutenbHo, coriacHo Ousarepy [cp. dopmy-

1y (4.26)], BBOAAT yci0BUA
Lyj = L. (20)

ITHU COOTHOIIEHUA MUMEIT MHOrOUYHCIeHHbIE IpUMEHEeHUuA B qJI/ISI/IHe u
TexHuKe. B cBA3M ¢ ux [IpUMEHEeHHueEM B 61/10(131/1314}{6 He00X0A1MMO 3aMe€TUTDb,

1TepmoanHamuueckne MeTobl, 061a4ad MPOCTOTOM M OGIIHOCTLIO, HE AAIOT BO3MOM-
HOCTH TEOPETHUUYECKH OMNpefeNUTb BEIMUYNHY BXOAAMMUX napameTpoB. Tak, HanpuMep, Sy,
MO3keT ObITb ONpefelieHa TOJbKO Ha OCHOBE TEOPUU [ABUKEHUA NOMEHHON TpaHHUIbI MO
Jlangay u JluBmuny.
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YTO TeYeHHe XUMHUYECKON peakilny HapyliaeT paBHOBECHOE paclipe/elieHue
MoJIeKy 1 1o ckopocTAM. [loABUBIIMECH «TOpAYME» WU aKTUBHbBIE MONEKYJIbI
MOTryT 06ycClIOBIMBAThH HOBbIE PEaKI[UU, KOTOPbIE MPU OTCYTCTBUHM B3aUMO-
nedcTBHUA GbLIN Gbl HEBO3MOMHBI («compszeHHbley peakuuu). [Ipu crabom
B3aUMO/IeICTBUU 3TH CONPAKEHHbIE PeaKIIMi MO#HO pacCMaTpPUBaTh METO-
JaM{ TePMOJAMHAMHUKYN HEOOPaTUMBIX MPOIECCOB.

B #uBoit kineTke depMeHThI 06y CIOBINBAIOT CUIbHOE B3aUMO/IENCTBIE,
KOI'/la aKkTUBHbIE MOJIEKY/bl BCTYMAIOT B PEARIUIO0 B CTPOr0 ONpeieleHHOM
HalpaBleHWH, He YCIeB OTJaTh CBOIO IHEPTUIO CIydYaliHbIM COCEJHUM MO-
ndekyinaMm. B aTom ciyuae pacder 3Hepro- U mMaccooGMeHa cliefyeT BecTU
MeTO/IaMH TEOPUU IENMHBIX MPOLECCOB.

Oco6eHHOCTh MeNMHbIX MPOIECCOB 3aKII0YaeTCA B TOM, UTO CHIbl X;
3pechb [cM. ypaBHeHHe (4')] mpomopuyoHanbHbI KOHUEHTPALUAM n; [IPOMe-
JKYTOYHBIX aKTUBHBIX NPOAYKTOB. [l03TOMY 3TH NPOAYKTHI MOTYT U Hapac-
TaTb U AU IYHIUPOBATb BHYTPU cUCTeMbI. B HaYalbHbBI MOMEHT BpeMeHU
cUCTeMa MOMKET HaXOAUTbCA B HEYCTOMYMBOM PaBHOBECHUH, a 3aTeM yanf-
eTCA OT HEero co BCe HapacTarlleil CKopocThio (10 Tex mop, MoKa yCIOBUA
B Hell CyIeCTBEHHO He U3MEHATCH).

R Takum cucremam ycnoBua Ouzarepa HenpuMeHUMbI. OfHaKoO mocie
U3MeHeHUA YCIOBUN U YMEHbIIEHUA CKOpOoCTell cucTeMa HayMHaeT NpubiIn-
JKRATbCA K YCTOWUYMBOMY PaBHOBECUIO, U TOT[a MOMHO NMPUMEHATH COOTHO-
uexue (20).

JTU 3aMevyaHMA IMOKA3bIBAIOT, YTO B HACTOAIlee BpeMA MOCTaBleHa
npo6ieMa co3jaHusA o01leli TeOpun HepaBHOBECHBIX mponeccoB. TepMoauHa-
MUKa HeoOpaTHMBIX MPOIECCOB U TeOPUA LEMHBIX NPOLECCOB ABIAIOTCA €€
BamHEHIIUMU pa3felaMu, HAXOMANUMY TPUIOHKEHNEe B pa3inuyHbiXx obiac-
TAX Gu3nku, Xumun u 6uonoruu. lloABneHe HOBBIX UCCIEOBAHUI U MOHO-
rpaduii o 3TUM pasjieiaM Teopuu HeoGPAaTUMBIX MPOLECCOB MPeACTaBIAET
M03TOMY 3HAYUTENbHbIA UHTEpec.

. Ipurosus MUPOKO U3BECTEH Kak aBTOp GyHIaMeHTalbHBIX paGoT
B 06JacTU TepMOJUHAMUKU HEOOPATHUMBIX MPOIECCOB, a TaK #e KaK coaB-
Top KanuTanbHoro Tpyaa «Thermodynamique chimique conformément aux
methodes de Gibbs et de Dondery, Boinyiennoro coBmecTHo ¢ P. [ledsem B
Tpex Tomax c¢ 1944 mo 1951 r.

[Ipennaraemana BHUMaHUIO yuTaTeld KHUra Ilpurosuta, oTianyaooiia-
AICA AICHOCThIO, CTPOTOCTHIO U AOCTATOYHOM OGIIHOCTHIO U3NOMHEHUA, TPe-
CTaBlNAET CYNIeCTBEHHbI MHTepec, TAaK Kak B Hell paccMaTpPUBAIOTCA CO-
OTHOIIIEHU A, TPUMEHUMbIEe K Pa3inu4HbIM pasfelamM GU3UEH, OMODUBUKU U
XUMUH.
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B cBoeit kHure [Ipurosun ¢ 6onb1IOH ACHOCTBIO U TOYHOCTHIO U3Jjara-
€T OCHOBHbBIE TOJNOMEHUA TEePMOJUHAMHUKU HeoGpaTHMMBIX NMPOLECCOB U IO-
clle[JoBaTeILHO Pa3BUBaeT MeTO[, OCHOBAaHHbIH Ha NPEeCTaBIEHUU OJHOTO
npupocTta 3HTponuu dS B BUIe CyMMbI ABYX uleHOB — d S u d;S, rae d.S
o6yclioBlIeHO MaccooGMeHOM ¢ OKpy:kartomleil cpefoii, a d;S — u3MeHeHUA-
MU BHYTPH CUCTeMbI. ITO N03BOJAET PACCUNTHIBATE OTKPBIThIEY CUCTEMBI,
KOTOpble BCTpeyaloTcA B caMbIX Pa3iNYHbIX 00gacTAX GU3UKU M XUMUU,
anA ciaydas, korga deS # 0.

He meHee BamHOe 3HaueHUe UMeeT TaKe NpuHaLIexaman [Ipuromku-
HY «IOKaibHaA GopMyIMpPOBKa» BTOPOro MPUHIHUNA TEPMOAUHAMUKH (CM.
cTp. 34), cocTaBiAONAA TaKHe OfUH U3 HEHTPATIbHBIX BOMPOCOB KHUTH.

IlepeBon ¥ penakTupoBaHHMe HacTOAIled KHUTHU ObLIN CBA3AHBI C W3-
BECTHBIMU TPYJHOCTAMU, B OCHOBHOM OGYCJIOBIEHHLIMU HEYCTaHOBUBIIEH-
cA U HeJOCTaTOUHO pa3paboTaHHOIl TepMHUHOJOrHUeil B 3Toil ob6nacTu Hay-
Kd. MbI cTapaiuch GbITh BO3MOMHO 00jiee OCTOPOMHBLIMM TPU BBEJIEHUU
HOBBIX TEPMHUHOB M NMPEUMYIIECTBEHHO CleI0BAaTb TEPMUHOJIOTUU, UCHONb-
30BaHHOI1 B Jpyroii kHure Ha 3Ty TeMy — C.ge I'poor «Tepmoaunamu-
Ka Heob6paTuMbix npoueccoy (I'ocrexuspgat, 1956), u B MeHbLIell cTeneHn
TepMHUHOJOTMH, npuMeHeHHoit B KHuUre K. [Jenbura «Tepmoaunamuka cta-
[MOHAPHBIX HeoOpaTUMbIX mponeccoBy (M3naTenbcTBO MHOCTPAHHON JUTE-
parypsl, 1954).

lInsa o61eryeHua MoNb30BaHUA KHUTOW OCHOBHOMY TeKCTY IpejnociaH
CIIMCOK MPUMeHAEMbIX 0603HaUYeHUIl ¢ ONpe/leJIeHNeM HX COJIepKaHuA.

IlepeBo/l OCHOBHOrO TeKCTa KHUT'U C AHTIUHCKOT'O A3bIKA BHINOJHEH
KaHa. xuM. Hayk B.B.MuxaiinoBsiMm, a pasgen 6 raaBel V u raasa VII,
crenuanbHO noOaBleHHble aBTOPOM /1A COBETCKOTO W3[aHuf, lepeBeJeHbl
¢ ¢paniysckoro A. A. benoBbim.

H. Axyaoe

Jlutepatypa
[1] duuuknonenusa Metamnopusnku, OHTHU, 1934.
2] Akynos H.C., JAH CCCP, 39, No7 (1943).
3] Akyaos H.C., Kpuuuur I'.C., JAH CCCP, 81, No2 (1951).
[4 Asyaos H.C., Kpunuux I'.C., Hse. AH CCCP, cep. dus., 16,
N5 (1952).



IIpenucioBue aBTOpa K pPyCCKOMY HU3aHUIO

EnuHcTBeHHOe HM3MeHeHUe, cllellaHHOe A COBETCKOI'0 M3JaHUA 3Toit
KHUT'H, — fAobaBieHue pasfena 6 K raaBe V u riaaBel VII o HequHelHBbIX
3aJjavax, 3aMeHAWIell ObIBIIee NPUIOHKEHHE.

B obnacTu HenuHelHBIX 3aJay ellle OYeHb MHOrOoe OCTaeTcA CHelaThb,
U ecly i BRIIOYWI UX B 3Ty paboTy B UX COBPeMEHHOM, BeCchMa HecoBep-
MIEHHOM BHJIe, TO TOJIhKO UCXO[A U3 CIeIYIONUX cooGparmeHuil.

Xopomo U3BECTHO, YTO TepMOAMHAMUKA HEOGPAaTHMBIX IIPOIECCOB —
cTporo ¢heHOMeHONOTHUeCKasA HayKa. ITOT XapakTep oHa yHacjlegoBana, pa-
3yMeeTcA, OT Klaccuueckoil TepMoquHaMuku. OHa cTaBUT mepen co6oii cie-
IyIolliie JBe OCHOBHBIE 3aayu:

1) ycTaHOBUTHL B3aMMHYIO CBA3b Pa3iMyYHbIX HEOGPATUMBIX ABIEHUI U

2) uccnenoBaThb NOBeleHHE MaKPOCKONMYECKMX CHCTEM IPU MeHee
YacTHBIX yCIOBHAX, YeM B KIACCUUYECKON TepMOAMHAMUKE.

C Touku 3peHud BTOporo nyHkTa raaBa VII npencraBideT HEeKOTOPBIi
nporpecc.

B KoHeuHOM cueTe, 3BOJIONUA B CUCTEME OMNpPeeNAeTCA €€ «KUHETH-
Koity. OJHAKO ypaBHEHUA 3TOM KMHETUKU CTOIb MHOTO0OpAa3HbI, YTO HElb-
3A PacCUUTHIBATH NMPUATH TAKUM IIyTEeM K CYyIIeCTBEHHBIM pe3yibTaTaM,
KacalouuMcs o6IKUX 3aKoHOMepHocCTe}l.

Bopouem, MecTo U 3HaueHHe TepMOAMHAMUUYECKHX MeToI0OB B obJjac-
TU HeoOpaTUMBIX ABIEHUI MOKHO MO-HACTOAIIEMY OLEHUTH TOIBKO IIYTEM
cpaBHeHUA ¢ Gojlee pyHIaMeHTaIbHBIMU CTaTUCTHYeCKUMH MeToAamu. Ha
HNPOTAMEHUHN OCIeHUX JeT MbI ABIAeMCcH CBUAETENAMU TOro, Kak 3aHOBO
GhopMyIupYIOTCA 3alaud CTATUCTHKM, YTO, BeCbhbMa BO3MOKHO, NMPUBEIET
K Gollee yIOBIETBOPUTEIbHO! MOJERYJIAPHOU TeOpUU HEOGPATHMBIX MpO-
neccoB. be3 comHeHus, 3TU N3MeHeHNA OTPA3ATCA HA TEPMOAMHAMUYECKHUX
MeToJax U NPUBEIYT K HOBBIM M MJIOAOTBOPHBIM HAEAM B 3TOH 06aacTH.

Bpioccenn, nekabpb 1958 r. H. IIpuzorcun



IIpenucioBue aBTOpa
K aHrIUuiicKoMy HU30aHUIo

Cepbe3Has orpaHUYeHHOCThb KJIacCUYeCKOH TepMOJMHAMUKHU Kak o01e-
ro amnmnapaTa MakKpOCKOIMHUYECKOr0o onucaHuA (U3UKO-XUMHUYECKHX TMpOoIlec-
COB 3aKjI0yaeTcA B TOM, YTO €€ MeTO/l OCHOBAH Ha TaKUX MOHATHUAX, Kak
«obpaTuMble NPOLECChI» U «UCTUHHbIE PABHOBECHBIE COCTOAHUAN.

Teneps ye ABAAeTCcA 06UIENPU3HAHHBIM, YTO BO MHOTHX BamHbIX 06-
JacTAX HCCleoBaHUA COCTOAHNE UCTUHHOTO TEPMOAMHAMHUUECKOT0 paBHO-
BecHUf JOCTUraeTcAd TOJIbKO NMPU UCHKIIOUUTENbHBIX yciloBuax. Tak, Hanpu-
MEp, ONBITHI C MEUEHBIMU aTOMaMHU MOKAa3alH, YTO HYKJIENHOBbIE KUCJIOTHI,
cojJiep;KRal(iecA B #MUBBIX KJIeTKaX, HEPePbIBHO 0OMEHNBAIOTCA BENECTBOM
¢ OKpYy:Karolieii cpefoii. XopoIllo U3BECTHO TaK#Ke, YTO HENPEPBLIBHBIN MOTOK
sHepruu, ucxoaAmuii or ConHua u 3Be3[, He M0O3BoAAEeT aTMochepe 3eMiu
U 3Be3]l JOCTUTHYTh COCTOAHUA TEPMOJMHAMUYECKOI'0 paBHOBECHA.

Takum o6pazom, OUeBUHO, YTO OOJBIIMHCTBO ABIEHUI, U3ydaeMbIX
6uoJorueii, MeTeopoJorueit, acTpohU3NKON U IpyruMu HayKaMu, peacTaB-
nAeT coboli HeoOpaTUMble NPOlleCChl, KOTOPble pa3BUBAIOTCA, MUHYA COCTO-
AHUA PaBHOBECUA.

Yike 3TU HeMHOrHWe INpPUMepbl WUUTIOCTPUPYIOT HACTOATEIbHYIO TIO-
TpeGHOCTh B pacnpocTpaHeHUHd MeTOAOB TepPMOJMHAMUKM U Ha Heobpa-
TuMble mnporecchl. [lomob6Hoe 06GoOmIeHHe Tem 6oJjiee Ba#HO, 4YTO o0OIaA
MOJIERYIAIpDHO-KMHETUUYeCKaA TEeOPUA HeoOpPaTUMBIX MPOIECCOB HaXOqUTCA
ele JUIIbL B 3a4YaTOYHOM COCTOAHMU.

B 3T0i1 HeGonbIIOH KHUTe Al MONBITAIOCH TPEACTAaBUTh KPAaTKU U Mpoc-
TOi1 0630p COBPEMEHHOr0 pa3BUTUA TEPMOAMHAMUKU HEOOPATUMBIX Npolec-
coB. [lina Toro 4ToObI U3J0MKEHNE OBIIO0 JOCTATOYHO HeJNbHBIM, 3[l6Ch BKpaTIle
(hopMyIupyIOTCA MHOT'ME BbIBOJbI KJIacCUYeCKOil TepMOAWHAMHUKM, UMEIO-
1ye HerlocpeJCTBEHHOe OTHOIIEHNE K U3jJaraeMoMy MaTepualny; B yacTHOC-
TH, 3TO OTHOCUTCA K JBYM HauajlaM TepMoguHaMUKU. [loaTomMy oT ynTaTens
He TpebyeTcA MOJpOOHOr0 3HAKOMCTBA C KJacCUYecKoil TepMOJUHAMUKOM,
XOTA HECOMHEHHO, YTO HEKOTOPOe 3HaHHEe ee MeTO/I0B 00JIerYuT NMoHUMaHue
TeKcTa.
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Bynyuu eme moiofoii Haykoil, TepMojuHAMUYECKAA Teopus Heobpa-
TUMBIX MPOIECCOB y3#e Hallla MHOIO0 MPUMEHEHUH, 0 KOTOPhIX HET BO3-
MOMHOCTHU MOAPOGHO pacckasaTh B 3Toit HeGoubIioii kuure. [loaTomy A mo-
nbiTancAa oTo6paTh Haubojee XapaKTepHble W MOYYUTeNbHbIe IPUMEpPI, HO
He CTPeMUICA JaThb MCYEpNbIBAIONIEro W3lNoxmeHuA npeagMera. Takum my-
TeM, Al HaJlel0Ch, MO#HO JOCTUYb LIeld, IOCTABIEHHO epe/ 3TOH KHUTOI,
a UMEHHO — O3HAaKOMUThL YUTATelA C MOCHeHUMU NOCTUMEHUAMU B DTOMH
ob6mupHoii 06acTu TepMOJAMHAMUKY U OOy AUTH ero 6oJiee ITy00KOo 3aHATh-
CAl TUM IPEJMETOM.

Jlna Gonee MOMHOrO O3HAKOMIIEHUA C MPEAMETOM UYUTATENb MO#eT 06-
paTuThbcA K Moeil paHee onyoaukoBanHoi KHure «Etude Thermodynamique
des Phénoménes Irréversibles» (1947) unu & npeBocxoHO# MOoHOTrpaduu me
I'poota (¢Thermodynamics of Irréversible Processes», 1951)*. lloanyo 6u6-
auorpaduio Mo 3TOMY BONPOCY MOKHO HaiiTU B 3THX KHHUrax. Kpome To-
ro, B HacToAIllee BpeMA fl 3aHAT MOATOTOBKOiN Gojiee 0CHOBATEILHOTO TPY-
[a 1Mo Teopuu HeoGpaTHMbBIX MPOIECCOB, KOTOPbIH GyaeT onmyGIMKOBaH Kak
TpPeTUil TOM PYKOBOJCTBA MO TepMOJMHAMHUKE, HAMKMCAHHOTO MHOIO B CO-
TpyoHUYeCcTBe ¢ MouM Koiuteroif, mpod. P. Jedsit. Ouenn xopormuii 0630p
0 NPUJIOHEHUAM TEePMOJUHAMUKU HEOOPATHUMBIX IPOLECCOB COJIEPHKUTCA B
cratbe P.Taasze (Ergebnisse der exakten Naturwissenschaften, B. 26, 1952,
S. 56).

Bpioccens, 1955. H. IIpuzorcun

1Pyccruit mepeson cM. fe I'pooT C., TepMoaMHAMUKA HEOGPATUMBIX TPOIIECCOB,
TFoctexusgat, 1956 r. — I[Ipum. ped.
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Cnucok o6o3uauenmiil

XUMHYecKoe cponcTBo (3.26)—(3.27), cTp. 40;
XUMHUYeCKoe cpoACTBO pearuuu p (3.34), ctp. 42;
3IIEKTPOXUMHUecKoe cpoacTBo (3.58)—(3.59), cTp. 48;
noaBuHOCTE (5.69), cTp. 87;

TeMI0eMKOCTh CUCTEMbI MPU MOCTOAHHOM AaBIEHUU

¥ IOCTOAHHOM cocTaBe (2.8), cTp. 28;

MoJfipHaA KOHIeHTpauud Komnonenta v (5.9), ctp. 73;
TeMI0eMKOCTh CUCTEMbI PU MOCTOAHHOM 0GbeMe U
nocTOAHHOM coctaBe (2.4), cTp. 27;

ko3 unment audboysuu (5.71), cTp. 87;

Cpe/HAA YHEPruA, MepejjaBaeMas Ha eIMHULY NMepeHeceHHO
maccsl (5.54), cTp. 83;

nosnHas sueprusa (2.1), crp. 26;

GbYHKIMA paclpeleleHUA CKOPOCTeit, cTp. 84;
KO3(hGUIMEHT aKTUBHOCTH KOoMIOHeHTa v (3.25), cTp. 40;
cBoGoaHas sHeprud ['enbMronbua (H30X0PHO-U30TEPMUYEC-
kuit notennuan); F' = E — TS, ctp. 39;

dapapeit (3.55), cTp. 48;

cuia (OTHeCeHHafl K elUHUIE Macchl), JeicTByoman

Ha KOMIOHEHT v (3.72), cTp. 52;

cBoGoaHas sHepruda ['n66ca (n306apHO-N30TEPMUYECKHIA
noreunuan); G = E —TS+pV = H — TS, ctp. 39;
napuuainbuaf (UIM yjelbHaf) SHTAIbIUA, OTHECEHHAA

K e[MHUIle Macchl, JuiA KoMnoHenta vy (2.12), ctp. 29;
napuuainbHad (WIM yjelbHada) MOJAPHAA IHTANbIUA
KoMmnonenta vy (2.11), ctp. 28;

CKpBbITafA TEIIOTa U3MEHEHUA JaBIeHUA NPU MOCTOAHHOM
TeMIepaType U HOCTOAHHOM cocTaBe (2.8), cTp. 28;
sHTanbnuA (Temnocogepkanue) (2.6), crp. 28;

1II0cne IMofACHeHUA CHUMBOJA IIpUBeJdeHbl HOMED CpOpMy.T[bI u cTpaHula, rage omnpeneis-
€TCA UJIU BIIepBble BBOAUTCA yKa3aHHaA BeIWYHHA.
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anekTpuyeckuil Tor (3.55), cTp. 48;

CKOpPOCTb, U1K 00001IeHHbII TOTOK HeoOpaTUMOro
npouecca k (4.1), ctp. 57;

yHUBepcalbHad noctogHHaa Boabimana, cTp. 84;
KOHCTaHThI cKopocTeit (5.13), cTp. 74;

KoHcTaHTa paBHoBecud (5.10), cTp. 73;

KOHCTaHTa paBHoBecud (3.40), cTp. 43;

CKPBITaf TEIIOTa U3MEeHeHUA o0bemMa IPU MOCTOAHHON
TeMIeparype U HOCTOAHHOM cocTase (2.4), cTp. 27;
¢beHomeHonornyeckue koadduurentsr (4.22), ctp. 62;
Macca kommonenTa 7y (1.1), ctp. 22;

MOJIERY IApHBIH Bec kKoMmnonenTta v (1.1), cTp. 22;
qucino Monelt kommnoHenta vy (1.3), cTp. 22;

IUIOTHOCTh MOJIERYN B cocToAnuu v (3.76), cTp. 53;
MoiApHas fois KommoHeHTa vy (Ny = ny/n), ctp. 40;
naBieHue, cTp. 21;

BepoATHOCTh (4.33), cTp. 66;

npupalieHie SHTPONUY B eAUHHUILY BpeMeHH (esKeceKyHIHbIN
npupoct 3uTponuu) (6.26), ctp. 95;

KOIMYECTBO TeIllla, MolyYeHHoe cucteMoii (2.2), cTp. 27;
Temnota nepenoca (5.50), cTp. 82;

TeIIoTa peaklMy IPU MOCTOAHHON TeMmepaType

U NOCTOAHHOM JaBienuu (2.8), cTp. 28;

TeIIoTa peakiuy TPU NOCTOAHHON TeMmepaType

U noctofiHHoM o6beme (2.4), cTp. 27T;

yHHUBepcailbHag rasoBas nocroanHas (3.23), ctp. 40;
napuuanbHas (Mid yaeabHasa) MOJApPHad SHTPONUA
KommoHeHTa vy (3.22), ctp. 40;

SHTpONKA eAuHULBI 06beMa (3.69), cTp. 51;

sutpomnua (3.3), ctp. 33;

BpeMH, CTp. 22;

abcoloTHaA TeMIiepaTypa, cTp. 21;

cropocTh (5.58), cTp. 84;

napuuanbHblii MONAPHLIA (MK yIeldbHbIi) 00beM
KommoHeHTa vy (3.22), ctp. 40;

cropocth peaknuu (1.4), ctp. 23;

cropocth pearkuuu p (1.7), ctp. 23;

CKOPOCTh XMMHUYECKOH peakIiy, OTHECEHHAA K eJUHUIIe
o6bema (3.66), cTp. 51;
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cropocth pearuuu (3.78), ctp. 54;

napuuanbHag CKOPOCTh ¥ B COCTOAHHU PaBHOBECHUS, CTP. T4;
napuuaibHble ckopocty peakuuu (5.13), cTp. 74;

o6wem, cTp. 21;

noTok Temna (kommnoneHTol Wi, i = z,y, 2 (3.72), cTp. 52;
o6o01leHHan cuia, Wik cpoicTBo B mponecce k (4.1), ctp. 57;
OTHKJIOHEeHUe 0T TepMoJUHaMHYecKoro paBHoBecus, cTp. 64;
cropocTh auddysun koMmnonenta vy (3.67), ctp. 53;

He 3aBHCALIAA OT COCTAaBa YacTb XUMHYECKOI0

noreHnuaia komnonenta vy (3.23), crp. 40;

He 3aBHCALIaA 0T cocTaBa U JaBleHUA YacThb XMMHUYECKOTO
noreHnuaia Kommnonenta vy (3.24), crp. 40;

ko3 dunueHT Temnonposoanoctu (5.3), cTp. 72;
MHO#uTenb Jarpanma (6.18), cTp. 94;

XUMHUYECKUI ToTeHIaln KomnonenTa vy (3.18), ctp. 39;
XUMHUYECKHH MOTEHIMal KOMIIOHEHTA Y, OTHECEHHBI

K equHuue Maccel (3.72), cTp. 52;

XUMHUYeCKUl MOTeHIuan MoleKkyl B cocToAHnu vy (3.76),
cTp. 53;

CTeXHoMeTpHUYecKuil ko3 dunuent kommnonenra v (1.1),
cTp. 22;

cTeXuoMeTpUUYeCKU Ko3pGUIMeHT KOMIIOHEHTa 7y

B pearuuu p (1.5), cTp. 23;

cTeneHb MONHOTHI peaknuu (1.1), crp. 22;

cTeneHb MOMHOTHI peakuuu p (1.5), cTp. 23;

INIOTHOCTB, CTP. 50;

IIIOTHOCTb KOMIOHeHTa 7 (3.66), cTp. 51;

npupaiieHyie SHTPONUU, OTHECEHHOE K elUHUIle 00beMa

1 K equHuie Bpemenu (3.69), ctp. 51;

npupaileHyie SHTPONUHU, OTHECEHHOE K elUHUIle 00heMa
BHYTDPEHHEro mpocTpaHcTBa Konurypauuit (3.81), crp. 55;
3aBUCAINAA 0T TEMIEpaTyphbl YyacTh suTponuu (6.48), crp.101;
BpeMA penakcauuu (5.24), ctp. 77;

aneKTpUuyeckuit moteHuuan (3.56), crp. 48;

nauHa cBoGonHoro npoGera (5.4), erp. 73;
pesyiabTupyomuit notok suepruu (2.13), cTp. 29

notok sutponuu (3.69), crp. 51;

cropocthb (3.63), cTp. 50;

CKOpoCTh KommoHeHTa 7 (3.65), cTp. 50.



I'maBa 1

CoxpaHeHHe MacchbI B 3aKPbIThIX U OTRKPBITHIX
cucremMmax

1. I/ISOJII/IPOBaHHbIe, 3aRKRpPbIThIe 1 OTKPLITHIE CHICTE€MBbI

Me1 Gynem mpuiaraTh METOAbI TEPMOJUHAMHUKHU K CHCTEMaM, 3aRIIO-
YeHHBIM B CTPOr0 ONpeJeleHHOM 'eOMeTPHUYEeCKOM 00beMe MaKpOCKOIU-
yecKUX pa3MepoB. I'panureit Takoro oobeMa CIy:xUT MaTeMaTH4ecKas Io-
BEPXHOCTb, KOTOpasA OT/AeJAeT CUCTEMY OT OKpY:Kalollero Mupa, Wiu Kak
MbI Gy/IeM FOBOPUTD, OT «BHEIIHEN CPelbI».

Ilenecoo6pasHo KiaaccupuupoBaTh TEPMOJUHAMUYECKUE CUCTEMBI CO-
OTBETCTBEHHO XapakTepy o6MeHa SHepruu (TemIoThl U paGoThl) U Macchl de-
pe3 ux rpaHunel. Me1 6yieM pa3nuuaTh U30AUPOBAHHblE CUCTMEMbl, KOTOPBIE
He 0OMeHHNBAIOTCA C BHEIIHEH cpe/ioii HU 3Heprueil, HU Maccoii, 3axpslmble
cucmembl, KOTOpble 0OMEHUBAIOTCA BHEPTHeli, HO He Maccoil, U omKpbLmble
cucmembl, KOTOpble 0GOMEHUBAIOTCA U SHEPTHeEl, U Maccoii.

Knaccuyeckad TepMoauMHaMHUKa B OCHOBHOM 3aHMMalach H3y4eHHEM
3aKrphIThIX cucTeM. ONHUM U3 3aMedyaTelbHBIX MOCTHMEHHUIl IOCieJHEero
BpeMeHH ABWJICA OTKa3 OT 3TOr0 OrpaHUYEHUA U pacnpocTpaHeHUe TepMo-
JUHAMHYECKUX METOJI0B Ha OTKPBITHIE CUCTEMBI, UMeONINe GolbIIoe 3Ha-
yeHHe B OUOJIOTMUYECKONl TepMOJUHAMUKe, a TaK#e M BO MHOT'UX IPYTHX
o6nacTAX, HaIPUMEpP, B METEOPOJOTHH U T'€0JOTHU.

2. JKcTeHCHBHbIe U HHTEHCUBHBIE CBOlicTBa

CBoiicTBa (mapameTphl CUCTEMBI), Mof0GHbIe Macce m U 06veMy V', xa-
paKkTepU3yIOT CUCTEeMY KaK 1leloe U Ha3bIBAIOTCA 9KCMEHCUBHbLMU CBOHCT-
BaMU WU SKCTEHCUBHBIMU NepeMeHHbIMU. OUeBUAHO, YTO 3TU MepeMeHHbIe
UMeIOT aJJUTUBHBIA XapaKTep; Halpumep, obiiad Macca CUCTeMbI paBHA
CyMMe Macc ee OTAeIbHbIX YacTeil.

C mpyroii cTOpoOHBI, AaBleHHe p WiIu TeMmepatrypa 1 MoryT mpuobpe-
TaTh BIIOJHE ONpe/eleHHbIe 3HaUeHUA B KaMI0i TOUKe CUCTEMBI U MO3TOMY
Ha3bIBAIOTCA UHIMEHCUBHBLMU CBOMCTBAMU UM UHTEHCUBHBIMU NEPEMEHHBI-
MH.



22 TI'nasa I
3. CoxpaHeHMe Macchbl B 3aKpPbITBIX CHMCcTeMax

PaccmoTpuM 3aKphITYIO cuCTEMY, COJEpKAIIYI0 ¢ KOMIOHEHTOB
(y=1,...,¢), Mesmay KOTOPHIMHU BO3MOsHA O[JHA IPOCTaA XUMHUUYECKaA pe-
arnuA. B 3aKpbITOil cUcTeMe U3MeHEeHNe Macc MOKET ObITh BBI3BBAHO TOJNbKO
xuMunyeckoit peaknueil. Takum o6pasom, U3MeHeHUe Macchl M., KOMIIOHEH-
Ta -y 3a IPOMEKYTOK BpeMeHU di MozKeT ObITb 3alUCaHO B BUJE

dm, = v, M,d¢, (1.1)

rge M, — macca 0JIHOr0 MoJld KOMIIOHEHTa 7, a I/, — ero cTeXuoMmeTpuyec-
KUt Ko3PPUIUEHT B XUMHUYECKON peakIuu. ITOT KO3DEPHUIUEHT cUUTAeTCA
MOJIOAUTENbHBIM, €CIM KOMIIOHEHT 7y NOABJIAETCHA B IPaBOil 4yacTU ypaBHe-
HUA peaklWu, U OTpUIATelbHbIM, €C/IM OH HaXOJUTCA B JIeBOIl 4acTU ypas-
HeHuA. CuMBosoM £ 0603HAUYAETCA Cmenens NOAHOMbL peakyuu — MOHATHE,
BBefieHHoe ae Jlonze [1-5].

PaccmoTpuM B KauecTBe mpuMepa peaKIUIo

N2 + 3Hy — 2NH3.
B coorBeTcTBUU ¢ ypaBHeHueM (1.1),

Cl’l”I’LN2 N dez _ dmNH3 _df
— ]‘4N2 - 3MH2 2AlNHg '

O6man Macca cHCTeMbI JaeTcAl BbIpaseHneM m = »_ m.,. Cymmupys ypas-
¥
Henue (1.1) mo v, monyyaeMm 3aKOH COXpaHEHUA Macchl A 3aKPHITON CHcC-

TeMbI
dm = (Z I/,YMFY) d¢ = 0. (1.2)
Y

YpaBHeHUe

ZV,,M,, =0
¥

Haa3bIBaeTCA ypaeHeHuem TUMUYLECKOL pearyuu Ui, Kopoyde, cmexuomempu-
Yecrum ypaeHenHuem.

BmecTo MOJIERYJ/JAPDHBIX Be€COB KOMIIOHEHTOB 4YacTo HEHGC006p83H0
M0JIb30BaThCA YUCIOM MOJIEH 717 . . . s Nee Torua nMeemM

dn, = v, d§. (1.3)
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B ypaBuenus (1.1) n (1.3) BXoguT BelnvuHa CTENEHU MOIHOTHI Peak-
unn ¢. U3MeHeHNe 3TOl BeNWYUHBI B €JMHNLY BPEMeHH

dg
v=— (1.4)
dt
onpeJelfeT CKOPOCMb pedkyuu, KOTopas NpelcTaBifeT co60i OTHOLIEHHe

npupaiieHua d K npoMe:KyTKy BpeMeHU dt. B cooTBeTcTBUU ¢ ypaBHEHHU-
avu (1.3) u (1.4), yBennyeHue uucia Monel 1., paBHO

—— = U4V, (1.4")

YpaBuenus (1.1)—(1.4) merko pacnpocTpaHUTh Ha clIydail 7 OJHOBpe-
MEHHO IIPOTeKaloIuX peakuuii. Mpl 6y1eM 0603HauaTh pasinyHble peakinn
uHgexcamu p (p = 1, ...,r). Obuee uameHeHue maccbl dm., Toraa Gyner
pPaBHO CyMMe M3MeHeHUil, BbI3BAaHHBIX Pa3in4YHLIMM PeaklUuAMU:

dmy, = My Y vy, dé,, (1.5)

p=1

WU Ui 4ucia Modjei T~

dny = vy, dé,, (1.6)

p=1

rie yepes V., 0003HaUeH CTEXUOMETPUUYECKUIl KO3 PUINEHT KOMIIOHEHTa Y
B peaknuu. fIcHO, UTO CKOPOCTH p-ii peakuuu GymeT paBHa

vy = Bo.
dt
B kauecTBe mpumepa paccCMOTPUM OJHOBPEMEHHO UAYIINE peaKklUuU
2C+ 02 — 2CO (p=1),
C+ 0y — CO» (p=2).

(1.7)

Nmeem
dnc = —2d& — d&s,
dno, = —d& — d&s,
dnco = 2dé&,
dnco, = d&s.
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YpaBuenus (1.1)—(1.2) B paBHOil Mepe IPUMEHUMBI U K IPOCTHIM (a-
30BbIM NpeBpalleHMAM, KOTOPbIe MO#HO paccMaTpUBaTh KaKk XUMHYECKHE
peakuuu. Tak, 3aTBepjeBaHue BOJIbI MO#HO BbIPa3uTh yPaBHEHUEM

H,O(sunrasa) — H,O(rBepaan).

XoTA onpefelneHye cTeleHU MOAHOTHI Ipolecca ObII0 AaHO TOMLKO A
XAMHUYECKOH peaKkl UM C BIIOJHE ONpeJeleHHbIMUA CTeXUOMEeTPUUECKUMHU KO-
3¢ duLreHTaMu, 3TUM NapaMeTpPOM MO#HO XapaKkTepu3oBaTb U (PUIUKO-
XUMUUeCcKHe MpeBpalieHud 6oiee obinero xapakrepa. Tak, Hanpumep, npe-
BpallleHUA (MOPAJOK — GecrnopAnoky, HabaoaaeMble B cinaBe Au—Cu sKBu-
MOJIAPHOI'0 cocTaBa IIPU NOBBILIEHUU TeMIepaTypbl, MOI'YyT ObIThb OXapak-
TepU30BaHbl 6HYMPEHHUM napamempom, OTHOCALUMCA K CpefHEeMY 4ucCly
atomoB Cu, okpy:atomiux oaua atoM Au. OqHaKo B 3THX CIy4aAX OKAa3bl-
BaeTCA HEBO3MOKHBIM HanucaTb «<XMMHUUYECKOe» ypaBHEHUE CO CTEeXHOMeT-
pudecKUMU KO3 pULlMeHTaMU.

4. COXpaHeHI/Ie Macchbl B OTKPBITBIX CHCcTeMax

1A OTKpBITON cUCTeMbl MO#HO pa3feluTb HW3MeHeHHEe Macchl KOM-
NIOHEHTa <y Ha JIBe YacTH — BHEUIHIOI0 4acTh dem., NOIYyUeHHYIO U3BHe,
U BHYTPEHHIOIO 4acThb d;mM., 00yCIOBIeHHY10 U3MEHEeHUAMU BHY TPU CHUCTe-
MBI,

dmy = demy + dim,. (1.8)

punnmasn Bo BHuMaHue ypaBHeHnue (1.5), umeem

dm~y = dem, + M, ZV’YP d¢,

p=1
niun
dny = deny + Y vy, dé,. (1.8
p=1

Cymmupys ypaBaenue (1.8) mo v U yYUThIBaf CTeXMOMETPUUYECKUE ypPaB-
HEHUA

Z VypMy =0,
¥
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nojyyaeM [Jifl MOMHOT0 U3MEHEHNA Macchl PABEHCTBO
dm = dem. (1.9)

JTO COOTHOILIEHHNE BhIpa#aeT 3aKOH COXPaHEHHA Macchl B OTKPBITHIX
cucTeMax U IOKa3blBaeT, YTO M3MeEHEHNe II0JHOH Macchl CUCTEMbI PaBHO
Macce, oOMeHeHHOI ¢ BHelllHell cpeoii.

IIpouenypa pasjeneHua NOJHOIO U3MEHEHUA Macchl dm., KOMIIOHEHTa vy
Ha BHEIIHIOIO 4YacTb, 00yCJI0OBIeHHY0 0OMEHOM C BHeIlHeill cpeloii, U BHYT-
PEHHIOIO YacTh, NOJAYyYalollylOcA B pe3yJbTaTe peaklluii BHYTPU CUCTEMBI,
MO:eT ObITh pacnpocTpaHeHa Ha /n1000e 3KCTeHCUBHOe cBoiicTBo. Tak, Ha-
npuMep, popMyaUpoBKa BTOPOro 3aKOHa TepMOJWHaMUKM, IIPUBOAUMAA B
rnaBe III, ocHoBaHa Ha MoJOOGHOM pa3feleHUU MOJHOI'O W3MeHEHUS BHTPO-
NUH.
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CoxpaHeHUe 3HEPrUuu B 3aKPbIThIX U
OTKPBITBHIX cucTteMax. IlepBbiii 3aKoH
TepMOJUHaAMHUKU

1. ®yHKIUH COCTOAHUA

TepmonnHaMuUeckoe cOCTOAHNE CUCTEMBI MO3KeT ObITh ONpeeNeHo He-
KOTOPBIM YHCJIOM He3aBUCHUMBbIX EPEMEHHBIX, TAKKX, Kak V', p U uucia mMo-
neit ny, ...,n.. Jliobagd QyHKIUA, KOTOpad MOMeT ObITh BhIpasieHa depes
3TU NepeMeHHble, Ha3bIBaeTcA PyHKyuell cocmoanHusa cucmemsl. B ravect-
Be MpUMepa MO#HO YKa3aTh Ha NoKas3aTelb NpeloMIeHNA, KOTOPbIil MOMKET
ObITH BhIpaeH Yepe3 cocTaB, 00beM U JIaBIE€HUE U KOTOPBIi ABIAETCA, Clle-
IoBaTelbHO, QYHKINEH COCTOAHNA.

2. CoxpaHeHue sHepruu. llepBbiii 3akoH
TepMOJAUHaMUKU

[lepBrrit 3aK0H TepMoaUHAMUKY OyJEeT U3M0KEH 3[]eCh B CAaMOM 00IIeM
Bujie. B o61ieit hopMynupoBKe nepBbIil 3aKOH NOCTYNUPYET CyIlecTBOBaHUE
GYHKIIUU COCTOAHNA, Ha3bIBaeMol 3HepTHeil cucTeMbl. U3MeHeHne 9Hepruu
CUCTEMbI B €JUHUIy BpeMeHH paBHO HEKOTOPOMY IMOTOKY — IOTOKY 3Hep-
T'UY U3 OKpY:aloleil cpedbll. ITo yTBepHiJeHHe MOHHO CUMBOIMYECKHU Bbl-
pasuTh ypaBHEeHHeM, aHalIOTHUYHbIM ypaBHeHuo (1.9):

dE =d.E, wm d;F=0. (2.1)

1Bosee TOYHO, M3MeHeHUe BeTMYNHbLI BHEPTUH B €MHUIly BPEMEHH JOMMHO OLITH paB-
HO WMHTerpaily IO NOBEPXHOCTH, B3ATOMY II0 Bcell I'DaHMYHOI MOBEPXHOCTH CHCTEMBI.
IlopbIHTerpasbHOE BhIpaskeHUe B 3TOM HHTerpaie IpeJcTaBifaeT co6oil ckajlApHOe IPou3-
BeJleHHe eJUHUUHOTO BEeKTOpa, HOpMalbHOr0 K MOBEPXHOCTH, Ha MOTOK dHepruu. Becbma
noapo6Hoe obcyJeHNe NepBoOro 3akoHa TepMOAMHAMUKHU coJep#uTcA B KHUre [Jiorema
«dHeprerukay, T. I [6]. Kuura Bpupxmena «Ilpupona TepMoanHaMukuy [7] Takske cofmep-
JKUT MHOI'0 HHTepecHOro MaTepuaia. OTHOCHTENbHO ONpefel]eHUA IOHATHUA «TeIuloTay B
TepMoAMHaMKKe cM. cTaTbio BopHa [8].
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B 3akpsIToii cucTeMe U B oTCyTCTBHE BHemHero mouas (cm. raasy II
pasgen 9) sHeprus, MoJydyeHHad M3 BHENIHeH CPeAbl 38 HPOMEMKYTOK Bpe-
MeHU dt, paBHa cymMMe TemioTel d() U MexaHudeckoit paGoTel d1', mpous-
BeJIeHHOI Ha rpaHunax cucteMbl. TemIoTy CYUTalOT MOJOMKUTENbHOM, ecnu
oHa npuo6peTtaercAa cuctemoil. Eciu naBieHue HanpaBieHO HOPMalbHO K
II0OBEPXHOCTH, TO MexaHH4ecKasa pabora paBHa — pdV u ypaBuenue (2.1)
NpUHUMaeT O0ObIYHYIO GOpMY

dE = dQ — pdV. (2.2)

3uak guddepennuana d ykaspiBaeT Ha 6ECKOHEYHO Malible U3MEHEHHUH, IPo-
HCXOIAIIe 38 TPOMEHYTOK BpeMeHu dt.

PaccMoTpuM cucTemy, mpeTepreBaoNlyi0 HEKOTOPOe BHYTpeHHee W3-
MeHeHMe, XapakTepuayeMoe napameTpoM £. Jueprua E ABngerca pyHKRUMEH
COCTOAHUA W MOKET ObITh IpeICTaBlIeHa Kak QyHKIUA He3aBUCUMBIX Tepe-
MeHHBIX: o6beMa V, Temnepatypsl T u uncia moneit ny, . ..,n.. B 3akpbl-
TOM CHCTeMe YHCI0 MoJeil MoeT GbITh BBIPAMEHO Yepes CTENeHb MOJHOThI
peaknuu ¢ [cMm. ypaBaenue (1.3)]. MosHO n03TOMY HamucaThb HOXHBIA AUD-
¢epennuan ot E no nepemensusiM V, T u &:

_ (9E OE JE
dE_(aV)TEdV+<8T>V£d:r+(a£>wdg. (2.3)

C moMolbio 3TOT0 ypaBHEHUA MOMHO MONYUYUTh BbIpazkeHue aiud d@)
yepe3 U3MeHeHNA He3aBUCUMBIX nepeMeHHbIX d1', dV, d¢ 3a mpomemyToR
Bpemenu dt. [Ipunuman Bo BHUMaHue ypaBHeHue (2.2), noiaydyaem

dQ = CV& dT +lp¢ dV — vy, dE, (2.4)

JE — . (9E —J — . [ 9OE - _
(8T>V£—Cv§a ( V)Tg_lT€ D; (aé)vg rry. (2.5)

3neck Cly¢ — TelN0eMKOCTb NPU NMOCTOAHHOM o6beMe U NPHU NaHHOM 3Ha-
vyeHuu &, lrg — TemwnoBol 3¢ deKT csraTuA (CKpPbITAsA TeIIOTa U3MeHeHU A
o6bema) npu nocToAHHbIX T u € (1A cMecu ugeanbHbix rasoB OE/JV =0

onaTue «abcomoTHasA TeMmepaTypayr GyaeT ompefeieHo B riaase III. B HacTosmeit
riaee noA cuMmBoioM T’ moapasyMeBaeTcA 3MIUPHYECKaA TeMIlepaTypa, yCTaHOBIEHHAA
NMyTeM U3MepeHUA M3MeHEeHHA KaKoro-iu60 MPOU3BOJILHO BbIGPAHHOTO CBONCTBA, HAMpPH-
Mep, 3JEeKTPUUECKOTO COMPOTUBIECHUA.
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u lr¢ = p), a rpy, — TemIoBO# 30 (eKrT peaklUuy, cONPoOBOHJAIONIENCA U3-
MeHeHHeM ¢ npu NOcTOAHHBIX T u V (rpy NONOMKUTENbHO IPH 3K30TEp-
Muveckoit peakuun). C momMouibio ypaBHeHus (2.4) MOMKHO MOACYUTATHL KO-
JUYECTBO Tema d(), MOIYy4YeHHOTO0 CUCTEMOIl 3a MPOMEKYTOK BpeMeHU di.
CreflyeT mofuepKHYTh, YTO BbipaeHnue (2.4) He ABIAETCHA MOMHBIM Aubbe-
peHnuanom no nepemenssiM T, V u £ B oTaudue oT BeipameHus (2.3).

3. DHTaALNUA

BBenem Tenepb Opyryio GpyHRIUIO COCTOAHUA — BHTanbnuio H, onpe-
JenfgeMyl0 ypaBHEeHHEM

H=FE+pV. (2.6)

IIpu moMomy 5Tolt GyHKIMH 3aKOH COXPAHEHHA SHEPTUH MOKeT GbIThb 3a-
nucaH B Bugel

dH = dQ +V dp. (2.7)

IIpeacraBndaa dH kark noaHelél nuddepeHnuan no nepeMeHusiM p, T u &,
MOJy4YlM BMecTo ypaBHeHuA (2.4) coOoTHoLIeHNe

dQ = Cpg dT + th dp — Tp d¢, (2.8)

rue

8H> OH OH
— = Cpg; (—) = th +V; (—) = —TTp- (2.9)
( oT ” Op e o0& Tp

CMbICa 3THX K03 (PUIUEHTOB aHaIOTMYeH CMbICIY K03 (dUIMEHTOB B ypaB-

HeHuu (2.4). Ucnons3ysa nepemennsie p, T u nq, . .., N, noaydaem mid dQ)
BbIpaseHue

dQ = Cpny,. .. AT + 1y, e dp+ Y hoydny. (2.10)
Y

B sTom ypaBHeHuu h., npejcrabsiseT co6oii napnuaqbHy0 MOJAPHYIO 3H-
TalbIHNIO0 KOMIIOHEHTa ¥

H
h, = 28 , (2.11)
on.
v Tn!
p Y
! o
rge n,y O3HavaeT BCe 4ucCjIa MOJIeH Ny, ...,N., KPOME n,y.

1310 BeITekaeT u3 ypaBHenus (2.2) mocine auddepenuuposanus dopmyist (2.6). —
IIpum. ped.
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B nanbHeilimem Mbl 6yeM M0Jb30BaThCA TaK:ie YAelbHON dHTalbuei
KOMIIOHEHTAa, OTHECEHHOH ¥ eduHuue maccol

H 1
Wty = | 25 =Lp. (2.12)
omy M,
U
Tpm,Y
B HaCTOHLHeﬁ KHUI'e 3HAUOK + Bcerjga GyHET YRasbiBaTb, 4TO BeJIUYUHAa
OTHeCeHa K eJMHUIle MaccChI.
B ,HaJIbHeP'IIJ.IHe HOHpOﬁHOCTH, OTHOCAINHEeCA K 3aKpPbITbIM CUCTeMaM,
MbI He Oy/ileM BlaBaThCA, OTChLIAA YnMTaTend K pabote [9al.

4. OTKpBIThIE CUCTEMBI

[IpuMeHAA K OTKPBITHIM cHCTeMaM ypaBHeHUe (2.2), BoIpamaloliee 3a-
KOH COXPaHEHUfl SHEPTUHU, ClieflyeT YUUThIBaTh 06MEH BeI[eCTBOM C BHeIl-
Heil cpenoit. Bmecto ypaBHenus (2.2) Mbl I0JKHBI HANKUCATh

dE = d® — pdV. (2.13)

dTo ypaBHeHue 10 cBoeii ob1eit hopme aHaroruyHo ypasuenuio (2.2). Onna-
KO BMECTO IIPOCTOr'0 KOJMYecTBa Temna d(), Noly4yaeMoro CUCTEMO, 3/1eCh
Tenepb CTOUT CyMMapHBIN NOTOK »Hepruu dP 3a Bpemsa dt, oGycioBieH-
HBIIl KaKk Teljonepejaadeil, TaKk U MepeHOCOM BelllecTBa. B manbHeiimem Mbl
HoACYNTaeM AelCTBUTEIbHYIO BeluuuHy d® n1f HEKOTOPHIX KOHKPETHBIX
cayydaeB (cM. ri1. V). JIng sHTanbIuKM HANWIIEM BbIpaeHUe

dH = d® + Vdp. (2.14)

O6b19HO YcTaHaBJIuMBarwT, YTO BeJIMUYMHa 3HEePruu Ujau dHTaJIbIINUU MO0J-
HOCTBIO ompeeljieHa ¢ TOYHOCTbIO OO IIpOI/ISBOJIbHOf/'I aJAAUTUBHON MOCTOAH-
HOIA. HOSTOMy BMecTo H Mo HO TaKie HalucaThb

H =H+a, (2.15)

rie a — aAJuTuBHaA noctogHHad. OJHaKO AJA TOMOIeHHOH CHCTeMbl 3KC-
TeHCUBHafA nepeMeHHada H mpomnoplioHaibHa Macce CUCTEMbI, UYTO ClpaBeji-
auBo, KoHeuHo, U A H'. CremoBaTelbHo, o Tak#e NMPOIOPHMOHANLHA M
U B OTKPBITBIX CHCTeMaX y#e He ABIAETCHA NMOCTOAHHOMN; MO3TOMY MOMHO
HanucaTh

H =H+pfm nm ht'=ht+3, (2.16)

rge ,8 — Tellepb yi#e «HacToAllad» IMoOCTOAHHaA.
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N3 ypaBuenus (2.16) cpasy e ciegyeT, 4TO M3MEHEHHE DHTAIbIUU
WUV BHYTPEHHe! DHePrUH B OTKPBITBIX CUCTEMaX MOKET ObITh ONpeeleHo
¢ ToyHocTbio 0 uieHa 3 dm. To #e camoe oTHocUTCA U K Benuuunte dP.

5. IIpumepsnl

Pacecmotpum cuctemy, coctosamyio us asyx ¢as (I u II). Cucrema B
1eJIOM ABJAETCA 3aKPbITOH, XOTA Kaxpaafd ¢a3za oOMEHUBAETCHA BeleCTBOM
c gpyroit ¢asoii u cama no cebe MO3TOMY ABIAETCA OTKPbITON CHUCTEMOIA.
[punaras ypaBuenue (2.14) & Kamgoit dase, monydaem

dH! = d'® + viap!; dH' =d'1e 4 viigy'l, (2.17)

Ms1 numem d! @, a e d®!, Tar kak oueBHAHO, uTO dP He ecTh MOMHBI AUD-
depennuan. Bernuuna d!® npegcrapngeT coboii cyMMapHbIi MOTOK dHEp-
T'UU, KOTOpblii (hasa I monydaeT 3a MPOMEKYTOK BpeMeHU dt.

Monaras p! = p!! = p, Momno us ypapnenua (2.17) NoMy4uTh BbIpaA-
#eHUe A U3MEeHEeHUA MONHOU SHTalbIUU

dH = d'® + d"® + Vdp, (2.18)

rpe V =VI4 VI,

IockonbKy cucTeMa ABIAETCH 3aKPBITOH, 9TO ypaBHEHHe COBIanaeT
¢ o6bIuHON (HOPMYIMPOBKO} NEPBOro 3aKOHA TePMOJMHAMMKH, 1aBaeMOro
ypaBHeHueM (2.7)

dH = dQ +V dp, (2.19)
OTRYyJa
dQ = d'® + d'’®. (2.20)

Urto6e! My4llle NOHATH CIEACTBUA U3 DTOr'0 ypaBHEHUA, OTMETUM, UTO
cyMMapHbIii oToK 3Hepruu d! ®, monyyenHoit hasoii I 3a npoMeskyTOK Bpe-
MeHH dt, paBeH cyMMe 00bIYHOT0 KOJIMYeCTBa Tela, 0y YaeMoro oT BHeII-
Heii cpenpl dXQ, u noroka sueprun df®, nocrynaromero ot dazwr I1:

d'® =dlQ + dle; d''e =dlQ + d' . (2.21)
O4eBUgHO, UYTO

dQ = d;Q + d;' Q, (2:22)
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OTKyJa ¢ y4yeToM ypaBHenud (2.20) noaydaem
Ao +d'e =0. (2.23)

JTO BbIpasieHUe IMOKAa3bIBaeT, UTO NOTOK dHEPruu, MoNy4daeMbIil ¢a-
306t I ot ¢daswr 1, paBeH Mo BeauuyuHe, HO 0OpaTeH M0 3HAKY MOTOKY dHep-
ruu, norydaeMoMmy (aszoit 11 ot dassr I. Ina 3aKphIThIX cCTEM ypaBHEHUE
(2.23) cBOAMTCA K KJIAaCCHYECKOMY COOTHOLIEHUIO

diQ +d'Q =0, (2.24)

KOTOpO€ BhIpamaeT 3aKOH COXpPaHEeHUA 3HePruu nJiAd TaKUuX CHCTEM.



I'maBa II1

Bo3pacTanue 3aaTponuu. Bropoii 3akoH
TepMoJUHaAMUKU

1. O6paTumMbie U HeoGpaTUMBbIe IIpoliecchl

PacemoTpuM ypaBHeHMA, ONMCHIBAIOI[ME TeYeHUe IPOLEeCcCoB, UAYIINX
Bo BpeMeHu. Eciu 9TH ypaBHeHUA MHBapUaHTHBI [0 OTHOIIEHHUIO K (anre6pa-
MYECKOMY) 3HAKY y IIePEMEHHOI «BpeMsy, TO NPOIeCC HAa3bIBAETCA 00pamiL-
MblM, B IPOTUBHOM cllydyae OH HasbIBaeTCA Heofpamumbim. B ypaBHeHUAX,
ONHUCHIBAIOIUX 0GpaTHMbIe MPolecchl, BpeMA BXOAUT TOJbKO 4Yepe3 CBOIO
apupMeTHUECKYIO BEIUUUHY.

B kauecTBe mpuMepa paccMOTPUM BOJIHOBOE ypaBHeHUe, ONUChIBAIOIIEe
pacnpocTpaHeHde BOJIH B Hellorioliaioleii cpeje,

1 0% _ 0%u , Pu , O%u
—2—2——2+—2+—2. (31)
¢ ot ox Jy 0z
OueBUIHO, YTO 3TO ypaBHEHUE He MU3MeHAeTCA IpU 3aMeHe ¢ Ha —t, U, clle-
JI0BaTeNbHO, pacupocTpaHeHue BONH, ONKCcbhiBaeMoe ypaBHeHueM (3.1), fAB-
afeTcA 06paTUMBIM TIPOLECCOM.

C apyroit cTopoHsl, ypaBHenue Oypbe A1 TEIIONPOBOJHOCTH

10T _ 0°T |, §*°T , O°T

aﬁ—ﬁ‘i‘a—yz'f'ﬁ. (3.2)
He ABJAETCA WHBAPUAHTHBIM [0 OTHOIIEHUIO K MOAOGHON 3aMeHe UM, TAaKUM
06pa3oM, onucbIBaeT HeOGpPaTUMBbIi Tpolece, a HUMEHHO, HeoOpaTUMoe MpH-
OnMAKEeHUe K TellJIOBOMY PaBHOBECHIO. B 3TOM paBHOBECHOM COCTOAHUU TE€M-
neparypa OyJeT OJMHAKOBON BO BCEX TOUKAX CHCTEMbI, €CIM TOIbKO CHCTe-
Ma U30JUpOBaHa.

BoabmuHCTBO 06LIYHBIX (PU3UKO-XUMUUECKUX IPOLECCOB, TAKUX, KaK
ndysua, TEMIONPOBOAHOCTL U 3JIEKTPOINPOBOAHOCTL, XMMUYECKHE peak-
LUK U T. [., ABIAIOTCA HeobpaTuMbIMK nponeccamu. Hauboabmuii mporpece
TepMOJUMHAMUKH 34 NocjleHNe NBajlaTh JeT CBA3aH ¢ pacnpocTpaHeHueM
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MaKpPOCKOIMUYECKUX METO/IOB Ha MOI06HbIE MpOoIlecchl. 3HAUYEHUE TAKOT0 pas-
BUTUA TEPMOANHAMUKY BbITEKaeT U3 UYPEe3BbIYANHOU CI0MHOCTU HeoGpaTH-
MBIX IPOIECCOB B MOJIEKYIAPHOM Macuitabe, YTO JO CHX IOP IPEeNATCTBOBA-
710 CO3/JaHMIO CTATHCTHYECKOi Teopuu® TaKuX IPOIeCccoB, 3a UCKIIOUeHNeM
clydas HeoGpaTHUMBIX IIPOIeccoB B raszax>.

OnHako u mocie Toro, kKak GyneT paspaGoTaHa JeTanbHad TeOpUA He-
o6paTHMBIX MPOIleCCOB, TEPMOJUHAMMKA 3TUX IIPOIECCOB COXPAHUT GOJb-
oe 3HayeHHe, KOTOPOe MOMHO CPaBHUThL CO 3HAUEHUEM TepMOAMHAMUKU
0o6paTHMBIX TpoIlleccoB, H60 OHA MO3BOJUT pellaTh, KaKue pPe3ylbTaThl 3a-
BHUCAT OT KOHKDPETHBIX NPEIION0MEeHUI 0 MeXaHN3Me MUKPOCKONUYECKHX
HpOLIEeCCOB, HAPUMEP, OT IPEANOJI0KEHHUI 0 XapaKkTepe MOJEKYIAPHBIX B3a-
UMOJielicTBUIl, U KaKkue BbIBOABI UMEIOT yHUBepcalbHOe 3HaUeHUe.

Btopoit 3akoH TepMoAMHaMUKM Mbl BBelJeM B JBa sTana. CHauana,
B pa3gene 2, GyleT BBeJeHO NMOHATHE SHTPONUU NMyTeM NepedylCIeHUd ee
OCHOBHBIX CBOHCTB, HO 6€3 BBIYNCIEHUA ee JeHCTBUTEeNbHON BennunHbl. Ha
BTOPOM 3Tale, 0XBaThIBalOLIeM IOCIeAYIOMNUe pa3fenbl, OyIyT BbIBeJeHbI
(hopMybl 1A BbIUUCIEHUA SHTPONUY B ABHOM BHU/IE.

2. JdHTponuAa

BTopoit 3akoH TepMOoAWHAMUKM MOCTYIUpYeT cyllecTBoBaHUEe (DYHK-
IUU COCTOAHUA, HA3bIBAEMOW «IHTpONUA» (OT IPEYECKOT0 EVTPWTT), UYTO
03HAYaeT «IBOMIOLKAY) U 06Iafaolel ciefyONMMY CBORCTBaMU:

a) JHTPONHUA CUCTEMbBI ABIAETCA SKCTEHCHUBHBIM CBocTBOM. Ecnu cuc-
TeMa COCTOUT U3 HEeCKOJbKUX 4YacTell, TO MOJHaA SHTPONUA CUCTeMbl paBHa
cyMMe 3HTPONUI KamI0oi JacTu.

6) Usmenenue sutponuu dS coctout us AByx uacrteil. OGo3navan de-
pe3 d.S noToK sHTponuU, 00yCIOBIEHHBIN B3auUMO/eiiCTBUEM C OKpY:KaIO-
meit cpenoit, a yepes d;S — yacTb B3HTPONUH, 00YCIOBIEHHYIO U3MEHEHUA-
MU BHYTPU CUCTEMBI, UMeeM

S = d.S + d;S. (3.3)

[Ipupamenue suTponuu d;S, o6GycloBIeHHOEe U3MEHEHUAMH BHYTPHU CUCTe-
Mbl, HUKOT[Ja He MMeeT OTpHullaTelbHoro 3HavyenudA. Benuuwna d;S paBHa
HYJIO TOJNBKO TOT[a, KOTJa CUCTeMa NpeTepleBaeT o6paTUMble U3BMEHEHNA,

lOrHocuTebHO Gollee COBPeMEHHBIX MOMBLITOK B 3TOM HalpaBleHuH cM. paboTsl Kup-
kByna [10], Bopua u 'puna [11], Kneiina u Ipuroxunua [58].
2Cwm. pabory Usnmena u Koynunra [12].
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HO OHAa BCerja IOJIOKUTENIhHA, eClIU B CUCTEME UIYT TaKie HeoOpaTUMbIe
npoueccel. TakuMm o6pazom,

d;S =0 (oGpaTUMble MPOLECChI), (3.4)
d;S >0 (HeoGpaTUMbIe IPOLECCHI). 3.5)

B sTolt rnaBe Mbl BbIBeJleM fIBHble BbIpameHHA A NpPUpALleHUA 3H-
TPONUU NPU HEKOTOPLIX BazKHbIX HeoOpaTHMBIX Ipolleccax, a Takke NJA
[I0TOKA SHTPOINHU, CBA3AHHOIO ¢ 0GMEHOM BELIeCTBOM U JHEpPrueii ¢ OKpy-
#amleit cpefoit. OQHaKo mpe#sifie clelaeM HECKOIbKO NMpPefBapUTElbHBIX
3aMedaHuii.

Jlnsa M3011MpoOBaHHOlN CHCTEMBI OTOK SHTPOINMU PaBeH HYIIO U BbIpa-
menud (3.3) u (3.5) cBomATCA K

dS =d;S > 0 (usonupoBaHHaA cucTema). (3.6)

1A M30MMpPOBAHHBIX CHUCTEM 3TO COOTHOIIEHHE DPABHOIIEHHO KJaccCu-
YyecKol (GopMyJIHUpOBKEe, UTO DHTPONUA HUKOIJa He MOeT yMeHbIIaThCH,
TaKk UTO B TOM clyyae CBOMCTBA 3HTPONUNAHON GYHKIUU AalOT KPUTEPUId,
no3BoAAIOLUI 00HAPYKUTh Haluuve HeoOpaTUMbIX HpoleccoB. IlofoGHbIe
KPUTEPUHU CYLIECTBYIOT U [JA HEKOTOPBIX APYTUX 4YacTHBIX ciyydaeB. Tak,
HanpuMep, B Kypcax TeEPMOJMHAMUKU OKa3bIBaeTCA, YTO B 3aKPbITHIX CUC-
TeMax MpH MOCTOAHHBIX TeMNEepaType U 00beMe relbMTIolbleBcKasa ¢80600-
Has sHepeus (M30XOPHO-U30TEPMHUYECKUI MOTEHIIUAN)

F=FE-TS

yMeHblIaeTcA, Korja IPOUCXOAAT HeoOpaTUMble N3MEHEHUA; B OCTAIbHBIX
#e cayvaAx BeanunHa F' He usamensercA. OpHako ¢yHKRUMH, NOfoGHBIE S
v F, IpUMEHAIOTCA TONLKO [PU OYEHb OTPAHMUYEHHOM YKCie NpeBpalieHuii,
HanpyMep, B ciyyae M3MeHEHUi MpPY NOCTOAHHBIX TeMieparype U oGbeme
WM [PU NOCTOAHHBIX TeMIeparype M NaBIeHHH, a Tak#e B HEKOTOPBIX
Apyrux ciydaax. Ho eMHCTBEHHBIM o0wum Kpumepuem HeOOGPAaTUMOCTH
ABJIAiETCA BO3pacTaHUe SHTPONUH B COOTBETCTBUH C BbIpaeHHAMHU (3.4)
u (3.5).

I[IpeanonoskuM, 4To cucTeMa, KOTOPYIO Mbl Gy/1eM 0603HAYaTh CUMBO-
nom I, Haxoautesa BHyTpH cucTeMbl 11 Goabliero pazmepa, U 4To obiias
cucTeMa, cocrosiman us cucreM I u I, aBasercsa usonuposanHoii. Kaacen-
yeckas (OPMYIMPOBKA BTOPOro 3aKOHA TEPMOAMHAMUKM TOTJa MMeeT BHI

dS = dST +ds™ > o.
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Mpunarasa ypaBuenus (3.4) u (3.5) B 0TAeIbHOCTH K Kam IOl YacTH 3TOrO
BbIpaeHNA, OCTYINPYeM, YTO

;ST >0, d4;8T>o0.
CuTyanus, Ipu KOTOPOii
d;ST>0 u d;8" <o,

8 (s’ + Sy > o,
¢usndecku HeocymecTBUMa. [[03TOMy MOMHO yTBepsKJaTh, YTO YMeHbIIIe-
HU€e DHTPOIUU B OTJEIbHOH 4YacTU CUCTeMbl, KOMIIEHCHUpyeMoe [JOCTaToy-
HbIM BO3pacTaHUWeM 3HTPONHUHU B JPYroil 4acTU CUCTEMbl, ABIAETCH 3alpe-
IMIeHHBIM IponeccoM. I3 Takoii ¢opMyJIMpPOBKU BbITEKAeT, YTO B J110G0M
MaKpOCKOIIMYECKOM y4YacTKe CUCTeMbl IpUpalleHre 3HTPONUH, 00y CI0BIEeH-
HOe TeueHMeM HeoOpaTHUMBIX MpolleccoB, ABIAETCA MojoxkuTenbHbIM. [log
NOHATHEM «MaKPOCKONMYECKUH yuyacTOK» CHUCTEMbI NoJpa3yMeBaeTcA JIO-
6oif y4yacTOK, B KOTOPOM COJEp:KUTCA J0CTAaTOYHO OO0JbIIOE YKUCIO MoJle-
KYJ, 4TOObI MOHO ObLIO NpeHeOpeyb MUKPOCKONMYECKUMU (IyKTyalud-
Mu. B3anmopeiicTBre Heo6paTUMBIX NPOLlECCOB BO3MO#HO MUIIbL TOTJa, KOT-
Jla 3TU IPOLlecChl IPOUCXOJAT B TeX e caMbIX ydyacTKaX CUCTEMBI.
Taryo ¢opMyIUpOBKY BTOPOro 3aKOHa MOKHO Obli10 Obl Ha3BaTh «JIO-
KalbHON» (GOPMYJINPOBKON B NIPOTUBOIOJIOAHOCTD «rl106albHONY (popmMynn-
POBKEe KJIacCUYeCKoil TepMOAMHAMHKU. 3HaUeHUeE MOA00HOM HOBOH dopMy-
JUPOBKHU COCTOUT B TOM, UTO Ha ee OCHOBe BO3MO#€EH ropasao 6oinee riy-
OOKMIi aHaIu3 HeoOpaTUMBIX IIPOLIECCOB, U OHA ABJIAETCA OCHOBHBIM IIOCTY-
J1aToM, Ha KOTopoM 0a3upyeTcA HacToAllag KHUra. ITOT MNOCTYNaT MOMHO
060CHOBATh € [OMOIIbIO METO/IOB CTATUCTUYECKONH MexaHuku [34].
HNHTepecHO OTMeTUTB, YTO pasjielieHre BeIUUUHbI U3MEHEHUA DHTPO-
nuu Ha ABe coctaBiafwmue d;S u d.S mo3Bonder 6e3 Tpyda yCTaHOBUTb
pasinuue MemAy OTKPBITBIMU U 3aKPbITBIMU CUCTEMaMU, 4To OyJeT IoKa-
3aHOo Hu#e. OYeBUIHO, UTO BTO pa3inyue TONMKHO NPOABUTHLCA B uleHe d S,
KOTOPBIN JJ1A OTKPBITHIX CUCTEM yUMTbIBaeT U3MEHEeHHe SHTPOIUHU, IPOUC-
XoJfAllee BelecTBUe oOMeHa BellecTBOM.

3. dHTponHA OJTHOKOMIIOHEHTHOI CHCTEMBI.
AGcoaloTHaAa TeMnepaTypa

PaccMoTpuM cHauana 3aKpBITYIO CUCTEMY, COJEPKAIIYIO OJJUH KOMIIO-
HenT. [Ipeamonosum, 4To HeoGpaTUMbIe Mpolecchl uekaovaoTed (d; S = 0).
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Tor,z(a MO HO OIllpeJe/IUTh 9HTPOIMUIO HENNOCPEACTBEHHO N3 YPaBHEHUA

ds = ?, (3.7)
rie T — mnonomuTelbHad BelUUUdHA, Ha3blBaeMafa abco0mHol memnepa-
mypoil, KoTopas A0/KHA yIOBIETBOPAThH CleJyIOUUM TpeboBaHUAM:

a) T — BenuuMHa MONOMUTENbHASA.

6) T— yHuBepcaibHaa QYHKIMA TeMIepaTypbll cUCTeMbl, ONpeena-
emaf NIyTeM H3MepeHHUA NPOU3BOJBLHO BbIOMPAeMoOro CBOHCTBA CUCTEMBI,
HalpuMep, ee 3IeKTPUUECKOro conpoTUBIeHuA. 1’ ABIAeTCA NHTEHCUBHBIM
CBOHCTBOM.

B) T ABIfeTcA Bo3pacTamomeil GyHKINeNH (IMINPHIECKOI» TeMIepaTy-
PbI CUCTEMBI.

B panbHeiimux pasgenax 3Toii riaBbl GyJeT MOKa3aHo, YTO BelMYHHA,
onpejelsfemMas ypaBHenueM (3.7), nelicTBUTENbHO o6nafaeT 0OIUMHU CBOW-
CTBaMHU, NepevyCcIeHHbIMU B pa3jeie 2.

flcHo, uTo ypaBHenue (3.7), ompejenstomee’ NOHATUA «IHTPOMUA» U
«abcoloTHAA TeMIlepaTypay, COXpPaHAeT CUIY ¥ B TOM clyyae, Koraa S yMm-
HOeHa Ha HeKOTOpYIo OCTOAHHYIO a, a T — Ha a~ 1.3 CrenoBarennHo, aia
3aBepllieHuA onpejeneHusa nouATuit T' 1 S He06X0JUMO MPUNKUCATH HEKOTO-
poe yc/I0BHOe 3HaueHUe BearunHe 1' B KaKOI-TO BIIOJIHE OINlpe/le]leHHOH T0Y-
Ke 3MIUpuUecKoil mKajibl. B KauecTBe Takoro GUKCHpPOBaHHOT'O0 3HAUEHUA
B HacToslllee BpeMf NOBceMeCTHO NpuHUMaOT Bennuuny T = 273,16 rpa-
IycoB, IPUINIMChIBaeMYyIO TeMIlepaType paBHOBeCUA MemAYy #UJKOU BoJoMH
U IbJIOM Ipu AaBieHuu 1 amms. B nogpob6HOCTH OTHOCUTENLHO TeMIlepaTyp-
HBIX IIKal Mbl 3[lecb BlaBaThcA He OyleM.

OTMeTHM, YTO HA OCHOBAHWU ypaBHeHUA (2.2) moiydaem

_dE +pdV

das T

(3.8)

B pasnene 5 aTo ypaBHeHue 6yaeT 06001meHO HA MHOTOKOMIIOHEHTHbBIE CHUC-
TEeMBI.

1YimeeTcsa B BUAY «3MIUpHUYeckas» TemnepaTypa. — Ilpum. ped.

2CTporo roBopA, cooTHomeHue (3.7) ycTaHaBAWBaeT JMIIb CBA3bL MeMLYy BelWUHHa-
Mu S u T, Ho He onpegenaseT ux (10 KpaiiHell Mepe MOJHOCTLIO); d() He ABIAETCA MOMHBIM
nuddepeHunansom Kakoi-n116o ¢yHkuuU, a 1/T ABIAETCA MHTErPUPYIOMMM MHOMKUTE-
JeM, KOTODBIl ompefeldeT Mepexoj K NolHOMY AuddepenHuunany dS GyHELUUM cocTof-
Hua S. — Ilpum. ped.

30THOCUTeNbHO NanbHelimux moapoGHocTel cM. kHury I'yrredreitma [13], cTp. 12.
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Mokasem Tenepb, uTo ypaBHeHnue (3.7), 6yayduu NprMMeHeHO K HeoGpa-
THUMOMY IpoOILiecCy Nepexofia Tella MeK /1y CUCTeMaMU, UMEIOIMU pa3iuy-
Hble TeMIIepaTyphbl, JaeT pe3yIbTaThl COTNACYIONIUECH C OCHOBHBIMU CBOIi-
CTBaMU YHTPONUU, OCTYINPOBAHHBIMU B pazjene 2 HacTOAIIeN I'aBbl.

4. BospacTaHue 3HTponuu, o6yc/JOBJIeHHOE MIOTOKOM
Teniaa

PaccmoTpum cHOBa cUCTEMY, COCTOANIYO U3 IBY X 3aKpbIThIX ha3 I u I1,
UMeWIUX KamaaA oJMHAKOBbIe TeMIlepaTypbl BO BCEX CBOUX Yy4YacTKaXx,
paBuble coorBeTcTBenHo T1 u T . lpumenan ypasnenue (3.7) umu (3.8)
K Kamaoil dase, NoIy4yuM AJd Beeil cucTeMbl B 11eJ0M

ds = dst + ds™!, (3.9)

IOCKOJbKY PHTPONMA ABIAETCA CBOHCTBOM DKCTEHCUBHBIM.
KonnuectBo Temia, noryyaemoe Kax o0l u3 ¢has, MOMKHO pasfelnThb HA
IBe 4acTu [cM. ypaBHeHue (2.22)]:

d'Q=d{Q +d,Q, d"Q=d{'Q+d]Q, (3.10)

rae df () — ronuuecTBo Temua, nonyuennoe dazoit I ot daswr I1, a d1Q —
KOJNIMYECTBO Tellla, nonyuyenHoe ¢aszoii I oT BHemHeil cpeabl. [Ipunuman Bo
BHUMaHNe ypaBHeHue (2.24), uMeeM [ UBMEHEHUA SHTPONUY BCEl CUCTe-
MBI

dI dII
ds = T—? + TI?’ (3.11)
nin
Q  d'Q ;. (1 1

B coorBercTBUM ¢ ypaBHeHueMm (3.3), M3MeHEHUE SHTPONUU COCTOUT W3
nByx yacteii. [lepBas yacTh

_d  diQ

deS TI TII

(3.13)
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ofyclioBlleHa TeMI000MEHOM C BHEIIHell cpefoil, B TO BpeMA Kak BTopad
4yacTh

_ I 1 1
d;S =d;Q (F — ﬁ) (3.14)

co3/laeTcA 3a cYeT HeoOpaTHUMOro Ilepexojia Tellsla BHYTpHU cucTeMbl. B coot-
BETCTBUU C ypaBHeHUeM (3.5), MOMHO IPUHATH, YTO MPUPALIEHUE SHTPOMUN
Bcer/a MoJoKUTeNbHO. [leficTBUTENbHO,

1 1
dlIQ > 0, eciin I ﬁ > 0,
n
1 1
dfQ <0, ecmn 1 T Il <0.

HpI/IPOCT QHTPOMNMUU MOKET ObITH pPaBe€H HY/IIO TOJIbKO II0C/I€e YCTaHOBJII€EHUA
TeIllJIOBOI'o0 paBHOBeCUA, T. €. IIPpU

7! =711, (3.15)

B najlbHelIeM U3JI0#EeHNU MbI 4acTo 6y}1€M M0JIb30BaThCA BEJIUUYUHOMN
HpOI/I3BO)1HOI71 OT SHTpPONHUHU 110 BpeMEeHH

d;S dzIQ 1 1
a - di ITI - ﬁ > 0. (316)

dTo mpocToe ypaBHEHME MMeeT OYeHb Go/blloe 3HauyeHWe. BoipameHue B
IpaBoil 4acTu IpejcTaBiAeT coboli Mpou3BeJeHne CKOPOCTH HeoOPaTUMOro
npouecca (d!Q/dt) na dynrumio cocroanua (1/T! — 1/T1). Hanpasne-
HMe TI0TOKA TeIla ONpeleldeTcA 3HaAKOM 3TOH (GyHKIMH, KOTOPYIO O3TOMY
MO#HO PACCMaTPUBATh KaK MAaKPOCKOMMYECKY IO «IIPUUYUHY», BbI3bIBAIOILY IO
3TOT MOTOK.

5. BHTPOHI/IH MHOT'OKOMIIOHEHTHbBIX CHCTEM.
XuMnuueckme IIoTeHI1aJabl

YpaBuenue (3.8) maer noaHblii guddepeHnuan 3HTponun B GYHKUUU
nepemMeHHbIX F u V. 0606muM Tenepb 3TO ypaBHeHUE, YUNTHIBad BCe BO3-
MOsHbIe U3MEHEHUA Yucel MOJeH Ny, ..., Ne.
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Bmecrto ypaBuenus (3.8) nanumem Golee oliee ypaBHeHHE

as=19E 1 Pay - Z % dn,,. (3.17)

BennuuHel p, Ha3bIBAlIOTCA TUMUECKUMU NOMEHUUAAAMU U OTIPEeNAIOTCA
ypaBHEHUAMU

fy = —T(ﬁ)Em, (3.18)

on.,

rae nl, o6o3HayaeT, Kak M paHbile [cM. ypaBHenue (2.11)], Bce uyuciaa
Monel ny, ...,N¢, Kpome n.. [logo6HO ApYTMM 4YacTHBIM IPOU3BOJHBIM
or S(1/T = dS/0E, p/T = 05/0V), xumudeckue NOTeHLHANb] ABIAIOTCA
UHTEHCUBHBIMU CBOICTBaMHu.

Coornouenue (3.17) BoiBegeHo ['nu66com u, Kak Mbl yGeAuMcA B Jalb-
HeiillleM, UTPAeT OCHOBHYIO POJb NIPY ONpe/ieJeHUU BeIUUUHbI TPUPOCTA DH-
Tponud. B cienyioniem pasaeine 6yaeT Takiie MOKa3aHo, 0 KAKOH MpUYMHE
XUMHUUYECKHUe TMOTEHIUATbl UMEIOT CTONb GOJbIloe 3HAYeHWe B TepMOJuHa-
MUKe PU3NKO-XUMUYECKOT'0 PABHOBECHA.

XUMHUYecKUe MOTEHI[UANbI MOKHO BbIPa3UTh Pa3iIUYHBIMU criocobamu,
KOTOpbIe Bce BKBUBaneHTHbI ypaBHenuio (3.18). llpexse Bcero, pacematpu-
Baf ypaBHenue (3.17) kar noaublii nuddepennuan ot E no nepemeHHbiM S,
V u n,, umeem

oF )
== . 3.19

Hoy (8n7 SVn! (3.19)
BBoaa sutanbnuio H = FE + pV, u30XopHO-U30TepMUYeCKUl TOTEHIIHA
(cBo6oanyto snepruto leabmronsua) F' = E — T'S u usobapHo-u3oTepMu-
yeckuil motennuan (cBobogHyio 3Hepruio ['u66ca) G = H — T'S, netpynHo
HoKasaTh, YTO

By = (g—i)spn; - (g—i)wn; - (g—gy)Tpn;' (3.20)

B Kypcax xuMuyeckoif TepMOJAMHAMUKU yKa3bIBalOTCA U MHOTHE IpY-
rue CBOMCTBa XMMHUUYECKMX MOTeHIHanoB. OTMeTUM MOMYyTHO Cleyloliue
COOTHOIIIEHUA:

(5= (G v (0, =0 020
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rjge sy, vy, U h, COOTBETCTBEHHO NMpeACTaBIAIOT co6oil nmapuualbHble MO-
JApHbIE BEIUUYNHbI — NapUUalbHYI0 MOJAPHYIO DHTPONUIO, HapUHalbHbIi
MOJIAPHBIA 060beM M NapHUalbHYI0 MOJIAPHYIO SHTAIbIHNIO KOMIIOHEHTA 7,
Kak 3TOo cleqyeT U3 ypaBHEHUil

= (85), = (20, = (2

(3.22)

I[J'Iﬂ O4Y€Hb MHOI'MX CHUCTeM, U3BECTHBIX IO HadBaHHEM udeaibHblL (CMECI/I
HaealibHbIX ra3doB; Tak Ha3bIBaeMble «HJeajibHbI€» PacTBOPbl, KOMIIOHEHTbI
KOTOPBIX COCTOAT M3 MOYTU OJUMHAKOBLIX MOJIERYJ, HAIIpUMep, 06pa3OBaHLI
N3 M30TOIIOB TeX #e aTOMOB; CHJIbHO pa3ﬁaBHeHHbIe paCTBOpr), XUMuHuyec-
KHe MoTeHnualabl MOTYT ObITH BhIPpaMeHbI B cpopme

ty =C@, T)+ RTInN,, (3.23)

rie (y(p,T) He saBHCUT OT cocTaBa, a N, 0003HauyaeT MOJAPHYIO JO-
1o (Ny = ny/n).

PasnuuHble WieanbHble CHCTEMbI MOTYT Pas3iuyaThCA [0 XapakTepy
dyuruun ¢, (p,T). laa uieanbHbIX ra3oB 3aBUCHMOCTb 3TOH (GYHKLIUM OT
JlaBleHUs UMeeT BUJ

G, T) = RT'Inp + ny(T), (3.24)

rie 7,(T) He 3aBUCUT HH OT cocTaBa, HU OT jaBileHus. [if uieanbHbIX
CHCTEM CTPEMATCH M0 BO3MOKHOCTH COXPAaHUTHL (HopMy ypaBHenus (3.23)
U 3allChIBAlOT

Hy = G (p,T) + RT In fyN,, (3.25)

rae f, — roagduyuenm axmusenocmu, BBenenHslii I. JIstoncom.

6. BospacTaHue 3HTponuu, 06ycjI0BIeHHOE
XxuMH4yeckuMHu peakinuamMu. Cpoacro. CoBMecTHOE
JelicTBHe XMMHUYECKUX peaRIUii

BriBenem u3 ypaBuenusa (3.17) BblpameHue [iIA MOTOKA 3HTPONUU

Y IPUPOCTa IHTPONUU, 06y CIOBIEHHBIX XMMUUYECKMMHY PEAKIUAMU B 3aKPbI-

ThIX cucTemax. [[punumas Bo BuuMaHnue ypasaenue (1.3) u (2.2), nonyyaem
dQ  Ade

ds = T + T, (326)
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rage A— cpoacmeo XUMHUUYECKOU pearknouu, CBA3aHHOE€ C XUMHUYECKUMU II0-
TeHouallaMiu COOTHOIIEeHHueM

A=— Z T (3.27)
B!

Taroe onpenenenue cpoacta 6110 npeanoxkeno e Tonne [2—7, 9].
N3meHeHre SHTPOMUM CHOBA COCTOMT U3 JBYX WJIEHOB:
1) U3menenue sHTponun, 06yCloBIEHHOE B3aUMOIeHCTBUEM C BHEITHEeN
cpenoit

_dQ

d.S T

(3.28)
[lna vccnenyeMoii 3lechb 3aKPBITON CHCTEMBI 3TOT W/]EH, pa3yMeeTcH, TOM-
IecTBeH Bblpasenuwo (3.7).

2) TlpupalieHye 3HTPONUY

Ad
di5 = 2% g, (3.29)
T
B pPaBHOBECHOM COCTOAHUU
A== vypy =0. (3.30)
Y

B uacTHOCTH, eciu NpeBpallleHhe COCTOUT B Iepexojle KOMIIOHEHTa 7 W3
¢aser I B pasy I1, To ycioBus paBHoBecus [ypaBHenue (3.30)] ynpomaiores,
U MbI MMEEM

,u,IY = M,IYI. (3.31)

YpaBrenus (3.30) u (3.31) AcHO NOKa3bIBAIOT, KAKYIO BasKHYIO pOIb
UrpaloT XUMHYECKHe MOTEeHNHalbl B TePMOAHHAMUKE PaBHOBECHBIX COCTO-
AHUA. Kpome Toro, cpoicTBO TECHO CBA3aHO €O CKOPOCTBHIO y XUMHUYECKOI
pearuny, MOCKOIbKY HJA NPOU3BOJHON OT IPUPOCTA IHTPONHMHU IO BPEMEHH
[cMm. ypaBHenue (1.4)] umeem

d;S
dt

= %Av > 0. (3.32)

Benuuunnr A u v Bcerga MMerT OJIHMHaKOBLBIE 3HaKHW, U ITO o6cToA-
TeJbCTBO ollpaBAbIBaeT IMPHUCBOEHUE ¢yHRHHH A HazBaHUA «CpoacTBO», KaK
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aTo caenan ge Joupe. OTMeruMm cxoncTBO Gopmyis! (3.32) ¢ cooTHOmEHH-
eM (3.16); pasauyue UX COCTOMT JHUILIb B TOM, 4TO B (3.32) BeauuuHa pas-
HocTU o6paTHbix TemnepaTyp (1/T7 —1/T1F) zamenena cpoactsom. Hepa-
BeHCTBO (3.32), npuHajneskamee ae JloHze, BbIpaaeT caMoe XapaKTepHOe
CBOMCTBO XUMHYeCKoro cpoictsa. Heo6xoquMo Takie MOJUYEPKHYThb, YTO
OCHOBHAfl LIEHHOCTb ONpeNeNeHNA MOHATHA XUMHUUYECKOTo CPOACTBA IO [e
JloHze cOCTOUT B TOM, YTO [P TAKOM OIpeJeleHHH CPOACTBO TECHO CBA3a-
HO CO CKOPOCTHIO POCTa IHTPOMHUH.

lIpuBeneHHble Bbllle ypaBHEHHA JeTKO PAcHpOCTPAHUTL Ha ClIydvai
HECKOJbKMX COBMECTHO MpOTeKamowWux pearuuil. Torza BMecTo ypaBHe-
Hud (3.32) nonyuaem

1
diS = D Aydg, >0, (3.33)
P

rage Ap — CPOACTBO p-I7I peaknuu. Benunuuna Ap — CBfl3daHa ¢ XUMHWYECKUMHU
InoTeHuuailraMu COOTHOIIEHUuEM

Ap=— Z VypHry- (3.34)
B!

B paBHOBECHOM COCTOAHMY BETMYUHBI CPOJACTBA BCEX PeaKIUil paBHbI HYIIO:
A=A =... =A,=0. (3.35)
[Ipupamenue sHTponuM, OTHECEHHOE K eJUHHUIle BPEMEHU, PABHO

;S 1
=T ; A,v, > 0. (3.36)

JTo OGunuHeiiHad ¢opMa BbIpameHUA CPOACTBA U CKOPOCTEH XMMUYECKHX
pearnuii. C Takoii ¢opmoii HaM elle NpUAeTCA BCTPETUThCA NMPU U3YyuUe-
HUU HeoOpaTUMBbIX HporeccoB. OTMETUM TakK#e, YTO NpHpaljeHHe 3HTPO-
OUU B eIMHUIY BPEMEHU PABHO CyMMe INpUpAIIeHUil SHTPONUU, 00YCIOB-
JIEHHBIX Pa3IUYHBIMU peaKIUAMU.

Bropoii 3akoH TepMmoanHamMuku TpeGyeT, YTOGLI NpuUpalleHde SHTPO-
MUY, BbI3BAHHOE BCEMU OJHOBPEMEHHO NMPOTEKAIOIUMHU peakUuAMU, GbLIO0
noNokKUTeNbHbIM. OTHAKO MOMKET CIYYUThCA, YTO B CHUCTEME IPOTEKAIOT
OJTHOBPEMEHHO [[BE PeaKluu, MPpUYeM

A1V1 < 0, A2V2 > 0, (337)
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HO IPU YCJIOBUH, YTO CyMMa
Aivy + Aave > 0. (338)

Takye IBe peakUNU Ha3bIBAIOTCA (CONPAXCeHHbLMU PearuuaMU. Tepmoan-
HaMHUYeCKoe CONpAMeHUe Deaklyil NMO3BONAET OXHON U3 peaKkUUil HUATH B
CTOPOHY, 0GPaTHYIO TOM, B KOTOPYIO OHA [0JI#HA UATH HAa OCHOBAHUU CBOE-
ro co6cTBenHoro cpogcraa. llonoGHoe 63aumodeiicmeue HeOOGPATUMBIX TPO-
neccos Gonee MoApo6HO GyneT paccMoTpeHo B caenyiomeii raase!. Tak, Ha-
npumep, npu Tepmoauddysuu nuddys3us BenecTBa HABCTPeUy TPajiueHTy
KOHIIEHTPALWHI CONPOBOKIaeTCA OTPULATENbHBIM NPUPAIIEHHEM SHTPOIUH,
HO 3TOT 3 (PERT KOMIEHCUPYETCH MONOHUTENbHBIM IPUPOCTOM SHTPOIUH,
00y CIOBIEHHBIM OTOKOM TeIlIa.

Xopolo U3BECTHO, YTO CONPAMEHHbIe Peaklny UMeIT 6oiblioe 3Ha-
yeHne B Ouonoruveckux mpoueccax'. [lpu 3ToM 3KCIEpHMEHTATLHO GbLIO
I0Ka3aHo, YTO CyMMapHaf BelMUYKHa NPHPAIEHNUA SHTPOIUHU MON0KUTENb-
Ha (cMm. [14]).

7. XuMHuuyeckKoe CpoJacTBO

[lnsa ayuuiero yAcHeHWA GU3MYECKOr0 CMbICIA MOHATUA (XUMHUUYECKOE
CPOICTBOY» BbIBeJeM HEKOTOpbIe (OPMYJibl, KOTOPbIe YCTAHABIMBAIOT CBA3b
CPOJCTBA C 3aKOHOM [EeHCTBYIOUIUX Mace, C M306apHO-M30TEPMUIECKUM M0~
TeHnuanoM G ¥ ¢ TemmoBbIM 3¢ HeKToM peakiuu (JalbHeimue moapo6HoC-
TH cM. [9a]).

Ucnoabsys ypaBuenus (3.25) u (3.27), noayuyaeM jgid ujgeaibHoR cuc-
Tembl (fy = 1)

A== 1,6, T)-RTY vylnN,. (3.39)
Y vy
Beens roucrauty paBuoBecus K (T, p), onpeienseMyio COOTHOMIEHHEM
RTInK (p,T) == vyG(p,T), (3.40)
Y
MO HO HamucaThb BbIpa:KeHue OJIA CpoJACTBa B BUJe
K(p,T)
A=RTln —————. 3.41
YN N (3-41)

1Cm. Takme H. C. Ak y 10 B, Teopua uenusix npoueccon, ['octexusaar, 1951. —
IIpum. ped.
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CocToanne paBHOBecus onpefeifaercd yciosueM A = (; moaTomy
K(p,T) = N;{*...NZ. (3.42)

10 — 0o6bIuHaA GpopMa 3aKOHa JeHCcTBYIOLINX Mace. B ciiyyae HenpeanbHbIX
CHCTEM B 3TOT 3aKOH ClIefyeT BHECTH NONpPaBKY MyTeM BBeleHUA K03 u-
LIMEHTOB aKTHBHOCTU B COOTBETCTBUMU ¢ ypaBHeHUeM (3.25). [lpyroe BbIpa-
#eHue A aKTMBHOCTH MOMHO NOJNYYHTh, UCHOJNb3YA TPeTbe ypaBHEHUe
cuctemsl (3.20), uTo maeT

oG
A== v, oy : (3.43)
pTnl,

[Ipumensas ypaBuenue (1.3), IpUXoAUM K BbIpameHHIO

a_G> v (o6 I _§(oc) .
(35 oT ; Ony T d¢ ; ony 7 v

cjlegoBaTelibHO, CPOACTBO MO HO BbIPa3uThb COOTHOUIEHUEM

A=— (%—?)ﬂ, (3.44)

KOTOpOe olpejelifeT CPOJCTBO KaKk YacTHYIO IPOU3BOAHYIO OT KM306apHO-
M30TepMHUYECKOro NOTeH[uala Mo CTelleH! MOJHOThI peakuuu. 113 Beipae-
HUA 114 u306apHo-u3oTepMuueckoro norennuana G = H—T'S u u3 ypaBHe-
HuA (2.9) noiyuaercA HeMoCpeJCTBEHHOE COOTHOIIEHHE MEHIY CPOJCTBOM
U TeNJ0BbIM 3 (HEKTOM peaklUu:

— _(9oH 95y _ a5
A= (ag)pT-i—T(aé_)pT T'pT+T<3€>pT. (3.45)

B yueGHuKax KiaccuuecKoil TepMOAUHAMUKY [OKA3bIBAETCA, YTO HHOT-
#a B ypaBHeHMHU (3.45) MoKHO IpeHeOpeub WIEHOM, cOJep:KalluM H3Me-
HEHUEe DHTPONUM B 3aBUCHMOCTH OT CTEMEHHU MOJHOTHI peakuuu. B Takmx
clydafX NPUPOCT SHTPONUHU, 0GYCIOBIEHHBIH XUMUUYECKOH peaKiuei, Oy-
[eT IPOCTO MPONOPLHOHANEH TEIIOBOMY 3((heKTy peakuuy [cM. ypaBHe-
Hue (2.8)]:

diS TprV d
—4dv r :—%( Q)pT. (3.46)

i T =T at
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B Clly4dyae OOJHOBPEMEHHO IMMPOTEeKalmunuX peaﬂum‘/‘l nMeemM

diS ~ 1 ., __1 @ '
dt =T 2TV T T( di )pT’ (3.46)

p

() - - =
rae rpp TpeicTaBiAeT co0oii TemioBod spdekt p-ii pearkunn. B rarom

OpUGIUMEHUN NPUPOCT SHTPONUU NMPU JEeATEIbHOCTH KUBBIX OPraHN3MOB
MoO#eT ObITb M3MepeH N0 o6MeHy BellecTB, peTHCTPHUPYeMOMY Kalopu-
MeTpuuecku. CilegoBaTelbHO, B 3TOM NPUGIMMEHUM CONpPAMEHHAA peak-
uuda (Av < 0) 5KBUBaleHTHA 3HIOTEPMUYECKOH peakuuu (ryrv < 0) u Te-
yeHHe NOA0OHOI CONPAMKEHHO! peaKINy NPOABUTCA B YMeHbIIeHUH 0011ero
KOoJNYecTBa Telllla, KOTOPOe CHCTeMa OTJaeT BHeLIHell cpejie.

MHorue uccieioBaTenu NbITATNCH YKCIEPUMEHTANBHO ONPEJEIUTh Ta-
KOe YMeHbllleHHe TellIoBoro 3g¢deKTa B TeUeHUH SMOPUOHAIBLHOTO epHUo/ia
pasBuTua [15], Korga BeieACTBHE NPEMMYIIECTBEHHOTO MPOTEKAHUA MpPO-
1IecCOB opraHusanuu (ymopAAOYNBaHMA) COMPAMEHHbIE PEAKUUU TOMHHBI
urpatb oco6eHHO BamHYy0O poiab. OgHAKO 3TH TelloBble 3QPEKTHl Haale-
JKUT HUCTONKOBBIBATH BECbMa OCTOPOMKHO, TaK KaK yCIOBUE

as
|rpr| > T (—)
p 85 o7

BO MHOT'UX clly4yafaX npejacraBiifdeT co6oii naoxoe l'lpI/I6J'II/IPREHI/Ie.

8. B03paCTaHI/Ie QHTPOIINHN U IIOTOK 3HTPOIINHU B
OTHKPLBITBIX CcHUCTeMax

TeM e myTeM, Kak U B pasjeie 6, paccyuTaeM BelMUYMHY IIOTOKA JH-
TPONKH B OTKPHITHIX cucTeMax. OTIpaBHOI TOYKON cHOBa OyzeT ypaBHeHHe
I'n66ca (3.17), Ho oHO Tenepb GyneT NPUMEHATLCA B COYETAHUU C ypaBHe-
nuamu (1.8) u (2.13). Bmecto ypaBuenus (3.26) numeem

Ade¢

_d® My 44
ds = ;Tden.,+ - (3.47)

Kar u moskHO ObLTO 03KHMJaTh, U3MEHAETCA TOJIbKO 4leH ypaBHeHHud, 00y-
CIIOBJIeHHbINI 060MeHOM BHTPONUEN ¢ OKpY:Kalollleii cpenoii,

_ do Hy
deS = 77 — ; 7 deny. (3.48)
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[punosxum Ttemepb ypaBHenue (3.47) K cucTeme, KOTOpas yie pac-
cMaTpuBanach B pasfene 4 ruaasbl II. 9Ta cucTema cOCTOMT U3 OBYX OT-
KPBITHIX (a3, HO B 11eJIOM ABJIAETCA 3aKpbITOi. Kpome Toro, mpenmnonosum,
yTO KamJaa (pasza MMeeT BIOJHE onpeleleHHyI0 TeMneparypy. CyMmupys
ypaBHenus (3.47) mia ramjoit ¢asbl, HAXOAUM BbIpAMEHUE A IOJHOTO
HW3MEHEHUA SHTPONUM CHUCTEMBI:

ul I
a'e dI 1y Hry r, Alagh  AMlge!!
s = T T” Z TI T deny + 71 + T (3.49)

rne AT u Al — penuuuHbl cpojcTBa peakuuii, IPOTEKAIOMWHUX COOTBET-
cTBeHHO B ¢dasax I u II. Ucnons3ys paspeneHne cyMMapHOro [OTOKa SHep-
TUM B COOTBETCTBMU ¢ ypaBHeHMeM (2.21), MOMKHO NepenucaTh ypaBHe-
uue (3.49) B dpopme

dI dII
dg = 2@ | de Q+d{q>(L_L)_

TI TII TI TII
I 11 I el IT g¢I1
_ Z (F - %) den? + ATdf + AT‘ff . (3.50)

O‘leBI/IHHO, YTO 9TO U3MEHEeHHe SHTPOMNUU COOTBETCTBYET IMMIOTOKY SHTPOMNUU

#Q , d'Q

d.S = T T (3.51)
U IPUPOCTY SHTPONUU
I II
(1 1 I Hy Hy I
d;S = (F_F> T EDY T~ it denl +
v
AId I AIId II
+ ¢ 3 >0. (3.52)

TI TII

dTa BeluUWHa pUpPAIeHUA SHTPONUY NONyYaeTCA B pe3ynbTaTe Iepe-
HOca TeIlla U BellleCTBa Mex1y NByMA (pa3aMu CUCTEMBI, a TaK:Ke B pe3yilb-
TaTe XMMUYECKOIl peakIuu, NpoTeKawileil B Kamaoii u3 ¢as. HekoTopsrie
NpUMEHEHUA 3TOT0 Ba#HOro ypaBHeHUA GYAYT pacCMOTPEHbI B clefyloleit
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riiaBe. 3}.‘{er e ciieqyeT CHOBa 06paTI/ITb BHHMaHKe Ha MPOCTOe BhbIpaisie-
HHEe OJI BEJIMYHMHBI IpHUpAalleHUuA B eJUHUIY BPEeMEHU

d;S 11\ d® pho ptt dent
=\71 7o - IT

dt Tl dt T I gt
AIVI AIIVII
TI TII

+ >0. (3.53)
Mbl cHOBa HaxoguM, YTO CKOPOCTh NpUpallleHUA SHTPONUU IpeAcTaBiAeT
co60il OUINHENHYIO PYHKIUIO CKOpOCTell HeoOpaTUMbIX IIPOLECCOB U HEKO-
TOpPbIX (GYHKLUMI COCTOAHUA, KOTOpPble MOMHO Ha3BaTb «CPOACTBaMU» WU
«0000OI[eHHBIMU CHJIaMUy.

OTMeTuM pasiuuve B BbIPaMEHUAX [JIA BEIMYNHBI IIOTOKA SHTPONUU
B ypaBHenusx (3.48) u (3.51). Bo BTopoMm ciyuyae cucTema B LjelOM ABIfA-
eTcd 3aKpbITOH, U MOATOMY B ypaBHEHUU He MOABIAIOTCA UlIeHbI, 00YyCIOB-
JeHHble HaluuueM obOMeHa BellecTBa. OOMeH BellleCTBOM BHYTPHU CUCTEMBbI
NpoABJIAeTCA Telleph B BO3pacTaHUU 3HTPONUU B COOTBETCTBUU C ypaBHe-
HueM (3.53).

9. BospacTaHue 3HTPOINHH, 06ycCI0BIeHHOE
3JIEeKTPOXHMUHUUYECKUMU peaKkluAMU

MeToabl, U3N0#eHHbIE B MPEJbIAYIIUX pasfielax, Jerko MOTYT ObITb
0600611eHbI TAKUM 00pa3oM, YTOObI OHU PACIpPOCTPAHAINCH U Ha BIEKTPO-
XUMHYecKHe U poToXuMHUecKke peakii. EquHCTBeHHOE JONMOTHUTENbHOE
TpeGoBaHKMe COCTOMT B TOM, 4TO B ypaBHeHusax (2.1) u (2.2), BbIpamaio-
MUX 3aKOH COXPaHEHUA YHEPrUuU, Tenepb HeOOXOAUMO YUUTHIBATH HalUUKe
3JIEKTPUYECKOr0 TOJA UM NO0JA U3TYUYeHHA.

PaccMoTpuM KOHKpeTHBII pUMep — MepeHOC HEKOTOPBIX AJIEeRTpUYec-
KU 3apAKEHHbIX KOMIIOHEHTOB U3 MOJIOMKEHNA, I'Ie DIeKTPUYeCKHil MOTeHIIN-
an paBeH ¢!, B monokenue, rae o paseH !, [lng npocToTHI NpeanOTOKUM,
YTO Halla CUCTeMAa COCTOUT U3 JABYX yacTeil, KamJaAd U3 KOTOPBIX UMeET
onpeJelNeHHY0 BelMUUHY MOTeHIMala, IpUUeM CUCTeMa B 1eJIOM ABIAETCA
3aKkpbITOil. BBOJA cTemeHb MOTHOTHI (a30BOro MpeBpalleHud, oIy YaemM

—dn} = dnll = d¢,. (3.54)

0603HauUM CHMBOJIOM Z,y BJIEKTPOBaJeHTHOCTh MOHHOTO KOMIIOHEHTa,
KOTOpbIi MojBepraeTcd NMepeHocy, a CUMBOJIOM § — dapadeil, T.e. anek-
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TpUYeCKUil 3apAl, CBA3AHHBLINA C OJHUM I'PAMM-HOHOM YacCTHIl, UMEIOUINX
3IeKTPOBaleHTHOCTh, paBHyIo equnuie (§ = 0,9649-10° xyaon). Toraa cu-
Ja 3IeKTPUUecKoro Toka Oy/eT CBA3aHa CO CTeleHbIO NOJHOThI peakuuu &,
U CKOPOCThIO (ha30BOr0 MpeBpalleHUA clIelYIOIUM COOTHOUIEHUEM:

d
I= zA,S% = 2,3 (3.55)

YpaBHeHue (2.2) comepUT Telepb TONOIHUTENbHBIN YiIeH, BbIpaar-
Uil IpeBpalnieHre 3IeKTPUIYECKOil SHEPTUH BO BHYTPEHHIOIO 3HEPTHUIO:

dE = dQ — pdV + (T — o) I dt. (3.56)

Ipeanonomxum, uto ypaBuenue ['u66ca (3.17) ocTaeTcA crnpaBeqTuBbIM.
dTO 3KBHUBANEHTHO [OMYINEHWIO, YTO IHTPONUA MOMHOCTHIO MOMET ObITh
BbIpajieHa Kak (QyHKIMA 3Hepruu, oObemMa U cocTaBa, [ame NMPU HATUUUU
aneKkTpuyeckoro nonA. Takasa runoresa HAXOAUTCA B COMNIACHH CO CTATHCTU-
YeCKUM TONKOBaHUEM SHTPONUU B DIEKTPUUECKOM MOJEe MPU YCIOBUH, UTO
He NMPUHUMAIOTCA BO BHUMaHHE BO3MOKHble U3MEHEHUA MONAPU3ALUU Be-
mectBa. [lonApusanuda B OCHOBHOM CBA3aHa ¢ OpueHTanueit MojeKky, a opu-
eHTaluA MOJEKYI B BIEKTPUYECKOM I0Jie COMPOBO#AAeTCA YMEHbIIeHUeM
SHTPONUH’ .

Jlna Hameit aByXdasHoi cucTeMbl ypaBHeHre ['nG6ca MoxeT ObIThH 3a-
nycaHo B BUle

II
"

Fodnl |, (3.57)

1
—Llap 4 Pay By it
dS = dE + 7V ; 7 dnt, +

eclii IPUHATD, 4TO TeMIlepaTypa ofuHaKoBa Bo Bceii cucreMe. Ilogcrabisas
ypaBuenus (3.54)—(3.56) B ypaBuenue (3.57), moiydyaeM BblpaxseHue A
GanaHca BHTPOINKUU

A.d
_@+ 757

ds = = - (3.58)

rjge Beiu4ynHa A’Y nMeeT clegyloiiee 3HauyeHue:

Ay = Ay + 230" — o) = (1] + 2,507 — (2T + 2,30™). (3.59)

106muit cryuait 6b11 HelaBHO paccMOTpeH aBTopoM, MasypoM u Jledsem [59].
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CrnegoBaTenbHO, Beln4MHa A, NpelcTaBiIfeT co00H 3IEKTPOXMMHUYECKOe
CPOZICTBO, COOTBETCTBYIOIIEe Tepexoy KoMIoHeHTa v u3 ¢asnt I B dasy I1.
Bennuuna

Py = iy + 248 (3.60)

Ha3bIBAETCA DIEKTPOXUMHUUYECKUM noTeHnuantoM [13]. B Hee BxoaAT Benn-
4iHa 0GBIYHOI0 XMMHUYECKOr0 MOTEHINANA [, U JIEKTPUUECKAsA COCTABIIA-
oman z,§¢ (0 M0APOGHOCTAX, OTHOCAINXCA K BO3MOMKHOCTH OTAEIbLHOIO
U3MepeHHA 3THX JBYX COCTaBIAIONIUX, CM. cTaThio Ae I'poota u Toabxy-
Ka [16]).

[pupamienrie SHTPONKMH, COOTBETCTBYIOIEe MpolLeccy, BhIpamaeMoMy
ypaBHeHueMm (3.58), naerca dpopmynoii

_ Aydg,

d;S E

(3.61)
JTOT 3aMeuaTelbHBIl pe3yabTaT BhIpa;aeT BeIWUUHY IPHUPOCTA BHTPO-
nuu, oGyCNOBIEHHOI'0 eJUHUYHLIM HEOGPATHUMBIM MPOIECCOM, M BBITEKAET
M3 COOTHOILIEHHA MEMIY CHIOH TOKa8 U CKOPOCTHIO peaKkUyH [CM. ypaBHe-
Hue (3.55)]. Takum o6pasoM, HaIn4Ke BIEKTPUIECKUX TOTEHIIUANOB IPOAB-
JAETCA TONbKO B U3MEHEHUHU BEJIUUUHBI CPOicTBa. B cocToAaHNYU paBHOBecUA

Z,y =0 wum pf/ - ,ufYI = —2,8(" — o). (3.62)

Knaccuyeckan 3MeKTpOXMMUA, OTHOCAIIAACA K PAaBHOBECHBIM INpoLec-
caM, I[leJINKOM OCHOBaHa Ha ypaBHenuu (3.62) (cm. [13, 17, 18]).

10. BospacTaHue HTPONUU B HENPEPBIBHBIX cHCTEMAaXx

Jlo cux mop MbI paccMaTpPUBAIM TOILKO CUCTEMBI, COCTOAI[ME U3 KOHEeU-
HOT'0 4Yucla OJlHOPOJAHbIX o6nacTeil. BHyTpu rampmoit oqHoponHoi obiacTu
MHTEHCUBHbIE CBOWCTBA (IapaMeTphl COCTOAHNA) UMEIOT OHO U TO #e 3Ha-
YyeHHe, HO B Pa3lUYHbIX 06IaCTAX OHU UMEIOT pa3Hble 3HaueHudA. B pesyib-
TaTe, MHTEHCUBHbBIE CBOIICTBA Ha I'paHuIle OJTHOPOAHBIX 00JacTeil MEHAIOTCA
CKauyKoM, T.e. IPeTepneBaloT pa3phiB, U TaKUe CUCTEMbI MOMHO Ha3bIBaTh
«NPEPLIBHBIMU CUCTIEMAMUY.

B aTom paspene 6yayT BKpaTIile pacCMOTPEHbI CUCTEMbI, B KOTOPBIX UH-
TeHCHBHbIE TApaMeTpPhI COCTOAHNUA ABIAITCA HE TOIbKO GYHKIUAMU BpeMe-
HU, HO TaK#e M HempepbIBHBIMM QYHKIMAMU NPOCTPAHCTBEHHBIX KOOPIH-
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uat. Iogo6HbIe cMcTeMbl MOT'YT ObITh HA3BaHbI «HENPEPLLEHbLMU CUCTIEMA-
muw. Kycok Meraiia, HarpeBaeMblil ¢ OHOI0 KOHLA ¥ OXJIa# JaeMblii ¢ Jpy-
roro, Wiu cMech JuGyHIMPYIOMUX APYT B APYTra BelleCTB MOTY T CIYHUTh
npYMepaMM HelPEepPbIBHLIX CHCTEM.

PacnpocTpaHenne HallUX pe3ylbTAaTOB Ha HelpepbIBHbIE CUCTEMbI HE
TpebyeT BBeJEeHUA KaKUX-TUO0 HOBBIX (U3UYECKUX NPUHIUNOB. OpHaKo
0JIHOE ONMUCAHMe TAKUX CHCTEM CBAI3aHO C JOBONLHO CIOHBIMU MaTema-
THYeCKMMM BHIKJIaJKaMHU, U3J0AEHNe KOTOPbIX BBIXOJUT 34 PAMKM HAcTOA-
meit kauru'. loaToMy orpaHUYUMCA 3/lech TOAbLKO yKa3aHUAMU HA HEKOTO-
pble BamHble pe3yabTaThl. [loMHOE U3/0MeHe 3TOr0 BONpoca MO#HO HAlTH
B Apyrux paGorax [9s, 17, 18].

3aKOH COXpaHeHMA Macchl B HENPEPBLIBHON cHCTeMe BhIpamaeTcA Tak
Ha3bIBAEMbBIM YPAGHEHUEM HEenpepbleHOCMU JUIA INIOTHOCTH p

9p = —div pw, (3.63)
dt

rie w — MaKpOCKONMYeCKasa CKOPOCTh. YpaBHeHue (3.63) mokasbiBaeT, 4To
MEeCTHOe U3MeHeHHe IUNIOTHOCTH (4IeH B JIeBOH 4acTd ypaBHeHWs) PABHO
OTPULATENbHOM AMBEPreHUMH [OTOKA BellleCTBa pw. BhipameHue muA ou-
BepreHIMH B IPAMOYTOJbHBIX KOOPAUHATAX UMEET BUJ

Dpw, | Opw,  Dpw.
pwz  Opwy  Opws

oz Oy 0z (3.64)

div pw =

JuBepreHnna nNoToka UMeeT NMPOCTOi pusdnveckuii cMbica. OHA BhIpaMKaeT
OTHECEHHYIO K eJlUHUIle 06'beMa Pa3HOCTh MeMIY NOTOKOM, BBIXOAAMIUM U3
3JeMeHTa 00beMa, U MOTOKOM, BXOAANIUM BHYTPb 3TOro o6bema.

Ypasuenue (3.63) paBHbIM 06pa30M MPUIOKUMO U K CMECH; BEJIUYMHA W
TOT'/la CBAi3aHa C MAKPOCKOMUYECKUMHU CKOPOCTAMU Pa3IUUYHBIX KOMIOHEH-
TOB COOTHOIIEHUEM

1
w=3 Y pywy. (3.65)
Y

Takum o6pa3om, w ABIAETCA NPOCTO CKOPOCTHIO IIEHTPA TAHECTHU dIEeMEHTA
o6beMa.

B o6mieM ciryyae MecTHOe u3MeHeHNe GU3UvecKoil BeTUYUHbI 00y CIOB-
JIEHO He TOJbKO JUBePreHnuell cBA3aHHOIO ¢ Hell NMOTOKAa, HO U C HaluuheM

1CMm., HanpuMep, nuTHpoBaHHyIo Bhime kuury H.C. Axynosa. — IIpum. ped.
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«ucmounuray. Tak, Hanpumep, ypaBHeHHe HENPEPBIBHOCTH A IIOTHOC-
TH p, KOMIIOHEHTA 7y, Y4acTBYIOLEr0 B XUMUYECKOH PeaKIui, UMeeT BH[
[cm. ypaBHenus (1.1) u (1.4)]

Opy

T div pyw + vy M,yv,, (3.66)

rfie v, — CKOPOCTh XMMUYECKOIl peaKlUU, OTHECEHHAA K eduHuye 06seMd.
IloTok KOMIIOHEHTA ¥ MOeT ObITh pa3ioeH Ha IIOTOK CO cpe/lHell MaccoBoi
CROPOCTBIO w [ypaBHeHue (3.65)] u Ha A1 bY3MOHHBIN OTOK, OTHOCALIMHCAH
K w:

Prwy = pyw + py(Wy — w) = paw + py Ay, (3.67)

rae A, o3HauaeT «CKOPOCThb AUPY3NM 110 OTHOLIEHUIO K wy. OTMeTUM, 4TO

> Ay =0. (3.68)

YpaBHeHue, nofgo6Hoe ypaBHeHuIo (3.66), MOKHO MONYYUTH QA Kam-
[loif mepeMeHHO1, o6agatonieil cBoiicTBaMu 06001IE€HHOMN «NA0MmHOoCMUY, TI0-
0OHO p uiau P~s T.€. IJIA Ka# 10l 9KCTEHCUBHOW NMepeMeHHON, OTHeCeHHO
K enguHuIle oobemMa. Tak, 1JIf SHTPONKUHU, OTHECEHHOH K eJUHUIE 00beMa, S,
MOKHO HamucaThb ypaBHEHHE HENPepPbIBHOCTH

0Os .
= —divd + o, (3.69)
ot
roe & — mOTOK PHTpONUM, & ¢ — IpUpAlleHNe SHTPONUH, OTHECEHHOE K

eluHUIe 00beMa U K eIMHNIe BPeMeHHU.

dTo ypaBHeHUe AIBIAETCA PaclpocTpaHeHWeM ypaBHeHus (3.3) Ha He-
npepbiBHbIE cucTeMbl. BMecTo ypaBHenuii (3.4) u (3.5) MoxHO Temepsb moc-
TYJNUpPOBATh CIPABeIMBOCTh COOTHOIIEHN

o =0 (o6paTuMslii mpouecc), (3.70)
o >0 (HeoGpaTuMslii mpomuecc). (3.71)

@DaKTHUUeCKOe BbIYNCIEHNE BEIUYUHBI JOKAIbHOT'0 IPHPOCTA SHTPONUHU
BeJleTCA B TOUHOCTU TAKUM e cnoco6oM, Kak M B clyuyae MPepbIBHLIX CUC-
TEM, U OCHOBBIBAETCA Ha IpUMeHeHuH ypaBHenus ['u66ca (3.17). Hockoabry
BBIULCJIEHUA JOBOJILHO KPOMOTINBLI, IPUBEJEM JMUIIL Pe3yIAbTaThl AJIA CUC-
TeMbl, B KOTOPO#l MPOTEKAalOT Mpollecchl TEMJIONPOBOAHOCTH U AU bY3uu,
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a TaKkme XUMHU4YeCKue pearluu. IIIIH Taroro ciyydas ObLIO Haﬁ,HEHO, 4To

i i a:u’ / i AVv
g =" : ?w/zgf ZZT 85— — PyAL + T >0,
i (3.72)

rje §, — cHla, OTHeCeHHaA K elIMHHIe Macchl U fAeficTBylolad Ha KOM-
nosedt y. CymMMupoBaHue 10 v B ypaBHeHuu (3.72) ABnAeTcA, KaKk 0ObIYU-
HO, CYMMHUpPOBaHHeM 110 BceM KoMmmnoHeHtam (y = 1,...,¢); cymMMupoBa-

uue 10 i (i = 1,2,3) OTHOCUTCA K reoMeTpuYeckuM KoopauHatam (z! = x;

2=y 2 =2).

1o ypaBHeHUe aHanoruyHo ypasHenuio (3.53). Cienyer, oaHako, mom-
HUTh, YTO B ypaBHeHuu (3.53) mpenmnonaraercd, YTO NPUPOCT BHTPOMNUU
BbI3BaH 06MEHOM BCEMHM ¢ KOMIIOHEHTaMy MemIy AByMsA daszamu, u geifct-
BHTEIbLHO, BCE ¢ IPOU3BOAHBIX den./dt BXOAAT B ypaBHeHue (3.53).

IIpu onucaHuy HeMpephIBHBIX CHCTEM HEOGXOAUMO Pa3inyaTh ABHIKE-
HU€ CHCTEeMbI KaK LeJoro co CKopocThio w [ypaBHenue (3.65)] u ¢ nuddy-
3UOHHBIX NOTOKOB p,A, [ypaBHeHue (3.67)], u3 KoTopbIX ToibKO (c — 1)
JUHeHHO He3aBUCHUMBI [cM. ypaBHeHHe (3.68)]. [lnA HeBASKUX cHCTEM CKO-
pPOCTh LEHTPOB TAMKECTH He MOABIAETCH B ypaBHEHUU HMCTOYHUKA (3.72),
U [I03TOMY TeuyeHHe B ITOM CIydae ClledyeT pacCMaTpUBaTh KaK ABIEHUE 06-
parumoe. HeobpaTumocThb cBA3aHa TONLKO ¢ Aubby3ueil, 1 0YEBUIHO, YTO
B [IBYXKOMIIOHEHTHON CHCTeMe B OTCYTCTBUE TeMIEPaTypPHOTo rpajreHTa
HIY XHMHYECKON peakuuu GyJeT MPOTEKaTb TOIbKO OJUH HE3aBHCHMBIN
HeoGpaTUMBIH Mpolecc.

JlnA NBYXKOMIOHEHTHON cHcTeMbl Ge3 TeMIepaTypHOro rpagueHTa u
XUMUYeCKO! peakuuu ypaBHeHue (3.72) cBOAUTCA K COOTHOLIEHUIO

9 pus
o= 111< - %)plAl + = (32 - —>P2A2 >0, (3.73)

riae nuddy3uoHHble NIOTOKU cBA3aHbl cooTHoleHneM (3.68). [lna ynoGeTBa
IpUMEM 3[ech, YTO CHJIBI ¥ TPaAUeHTh! KOHIEHTpaUuu JefcTBYIOT TOIBKO
10 TeOMETPUYECKOIl KOOpIUHATE Z.

[lns MHOTHX cHCTEM MOHO IPUHATH, YTO MeXaHMYeCKoe paBHOBeCHe
yae gocTuruyrto. Torga MoxHo nokasaTh (cMm. [17, 18]), uTo

o iz \
P1 (31 - W) + pz( - W) =0. (3.74)
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N3 sToro ypaBHeHHA BBITEKAIOT BamHble cieicTBuA. BmecTo cpen-
Hell MacCcOBOH CKOPOCTH w B ONpENeNeHHN BEKTOPOB Aubdysuu [ypaBHe-
uue (3.68)] MoxHO HCHOAB30BaTh MIOGYI0 OPYTYIO (DUKCHPOBAHHYIO CKO-
POCTh w,. Ilpu A106BIX TaKUX 3aMeHaX BeJWMYMHA NPUpPOCTa DHTPONUU MO
ypaBHenuto (3.73) ocraercA HeusmeHHoi. Tak, Hampumep, MOMKHO B Ka-
yecTBe Takoll (PUKCUPOBAHHOM CKOPOCTH I0JAb30BaThCA MaKPOCKOMUYECKOM
cKopocThio KoMmnonenTta I1. Torpa ypaBHenue (3.73) npUHUMAET MPOCTYIO

hopmy:
0 =0 31—8— p1(wr —wa) > 0. (3.75)

HeroTopble npuMeHeHUA 3TOr0 ypaBHeHUA GyAYyT onucaHbl B riaBe V.

11. BuyTpeHHUe cTelleHU cBO6GOObI'

TepMoanHaMuueckrie ypaBHeHHfl, BbIBeleHHble B HacToAlleil riaBe,
MOr'yT ObIThb pacnpocTpaHeHbl Ha HeoOpaTUMble IIPOLlECChl, CBA3aHHbIE C
BHYTPEHHUMU cTelleHAMH cB06oAbl MojeKyn. TakoBel npoueccsl aedopMa-
LMY IIpU T€UYEeHUHU, OPUEHTalluHU 1107 ieficTBUEeM BHEIIHUX NIePEMEeHHbBIX JIeK-
TPUYECKUX I0Jeil U T.A. ABieHUA moJOGHOrO poja COCTaBIAIT Haubolee
aKTyalbHbIl MaTepual COBpPeMEHHbIX UCCIeJOBaHUI MaKkpOMOJIeKYJl, a TaK-
#e MOTYT IpefcTaBUTh OOJbIION MHTepec OJA U3y4YeHUA OMOJIOTMYEeCKUX
NIPOIIECCOB.

IlocmoTpum, Kakoe pacmiupeHue gpopman3Ma TepMOJUHAMUKYU TOTPe-
OyeTcA [IJ1A HaUIUX Heleil. 3a UCXOIHBIN MYHKT Mbl CHOBa BO3bMeM ypaBHe-
uue 'n66ea (3.17).

PacecmoTpuM 0JHOKOMIIOHEHTHYO CUCTEMY, MOJNERYIIbI KOTOPOi MOTYT
HaXoAUThCA B Pa3lUUYHBIX BHYTPEHHUX cocToAHuAX. UHaeke vy Tenepsb Gy-
IeT XapaKTepH30BaTb 3TH COCTOAHHA (Y MOMKET 03HAa4aTh Yroj, KOTOPBIH
JUNOJbHbIe MOMEHThI 00pa3yloT ¢ BHEIIHUM MoJieM, WIH JIUHY IedhOopMu-
pyeMmoii Moneryibl). BMecTo TOro, 4To6bl NPUHUMATH PAJ] IPEPHIBHBIX 3HA-
4YeHMii, BeJIMYMHA 7y Tellepb OyleT, KaK NpaBuio, NpoberaTb HENPEepPhIBHYIO
COBOKYIHOCTb 3HA4yeHMii, Tak 4TO ypaBHeHue (3.17) MoxeT ObITH Nepenu-
caHO B HellpepbIBHOHU (opme:

dS _ 1dE

pdv 1 on(y)
& T d T Td T / r() =gy dr- (3.76)
vy

1MaTepHan HacToAIllero pasgeja agajnee B KHUTIe He UCIIOJIb3YeTCAH.
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B sTom ypaBHeHuu n(7y) — IIOTHOCTb MOJEKYJI B COCTOAHUU 7y; Clie-
moBartenbHo, n(vy)dy npeacraBifger co6oil YKCIO MOJEKYJ, BHY TPEHHUI ma-
paMeTp KOTOPBIX JIEKUT B UHTEepBale oT y 00 v + dvy.

YpaBuenue (3.76) Momer ObITh MpeoOGpa3oBaHO IyTeM IMPUMEHEHHA
K BeanuuHe On(vy)/0t ypaBHeHUA HENPePHIBHOCTH, aHATOTUYHOTO ypaBHe-
auo (3.63). Ipeanonoxum cHavaia, 4TO Y MPUHUMAET TOIbKO JUCKPETHBIE
3HAUeHNA, ¥ YTO YHCIO MOJNEKYJ] B COCTOAHHUM Y MOMeT ObITh U3MEHEHO
TONBKO B pe3ylnbTaTe Nepexoa UX U3 COCETHUX COCTOAHUI UM B COCEHUE
cocroanus (y — 1) unu (y + 1). Toraa umeem

dn
- + (V‘Y - V'y—l) =0, (377)
dt
rie v, — CKOpPOCTb peakuuu vy — (y + 1), a v,—1 — CKOpOCTb peakuuu

(y = 1) —» v. Ecau v — HenpepbiBHbIII napamerp, To ypaBHenue (3.77)
MO#HO 3alucaTh B GopMe

+ =0, (3.78)

rje v(y) — CKOpOCTb peakluu, BbIpaarolan Yucio MOJNEeKyll, KOTopbie B
eIUHUIly BPEMEHHU MePexXoJAT U3 COCTOAHUA -y B cCOCTOAHME Y+ d7y. ITO ypas-
HeHMe aHaJoruyHo ypaBHeHuio (3.63) u npexacrasifer co6oil ypaBHeHUE
HENPEePLIBHOCTH Il «BHYTPEHHEro KOOPAUHATHOr'0 MpocTpaHcTBay 7. Cro-
POCTb peaRIIUU BbIpamaeT NOTOK MOJEKYJ «BI0JIb KOOPAUHATEI y». YpaBHe-
Hue (3.78) B BEKTOPHBIX 0603HAYEHUAX MOMKET ObITh NMEPENUCAHO B BHJE

on(y)
ot

= —divv(y) (3.78")
[cp. ypaBHeHus (3.63) u (3.64)].

C nomomeio (3.78) ypaBHenue (3.76) myTeM MHTErpHpOBaHMA MO Yac-
TAM NpeoGpasyercA K BUIY

ds _1dE  pdV 1
at T dt T dt T/ )dy- (3.79)
Y

Ilocnegnuit uneH »Toro ypaBHeHUA [OaeT MpUpalleHUe SHTPONUU, o0y-
CIOBJIEHHOE HeoOpaTUMBIMU MPOIeCCaMM, COOTBETCTBYIOMKMMU N3MEHEHH-
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AM BHyTpEHHero napamerpa v,
diS _ ()

N Y
dt T 0y
v

v(y)dy > 0. (3.80)

Ha aTom sTame Mbl MOeM BBECTH HOMOIHUTEILHOE YTOUHEHHE B (op-
MYJIHPOBRY BTOPOI0 3aKOHA TEPMOJMHAMUKY, IOCTYINPOBAB, YTO HE TOMb-
KO CyMMapHoe NpHpaleHyue SHTPONUU, 00YCIOBIEHHOE BHYTPEHHUMHU He-
06paTUMBIMH TIPOIlECCaMHt, MONOUTENLHO, HO U B Kam/I0i 4acTd BHYTPEH-
HEro KOOPAMHATHOTO MPOCTPAHCTBA HeOGpaTHMbIe MPOUECCHl UAYT B TAKOM
HanpaBleHUH, YTO MPOMCXOAUT TOMbKO MOIOMUTElbHOE IPUpaLIeHIe SHTPO-
nuu. Taraa dopMynrpoBKa TpeGyeT, YTOGHI MOTOKUTENbHLIM GbLT HE TOMb-
ko uHTerpan (3.80), HO U BelUUUHA

.« 10u(y)
ot = 1My

g, V() > 0. (3.81)

Bennuuna o* npeacTapisfeT co6oii npupalleHue SHTPONUU HA eJUHUIY 06b-
eMa BHyTpPEeHHEro npocTpaHcTBa KOHGUTypaluii, cCOBepllieHHO aHAlIOTMYHO
TOMY, KaKk o NpeAcTaBiasAeT co00il npupaljeHye 3HTPONUU Ha eJUHULY 00b-
eMa 06bIYHOTO r'eoMeTpHrUecKoro npoctpanctna. [Ipuparienue suTponuu o*
19p(y)

uMeeT 00bIuHYI0 popmy. OHO NoNTyYaeTcHd YMHOMKEHUEM CPOACTBA — T 8
Y

Ha CKOpOocThb v(7y) HeoGpaTUMOro mpouecca.
Ecau cymecTByeT moTeHIualbHaA 3HEPTUA, KOTOpaA U3MeHAETCH C 7y
(BHYTpeHHAA KOOPIMHATA 7y MOMET GbITh yrioM § Memay AUIOIEM U Ha-
npaBileHleM 3JIeKTPUUYECKOro MoJA HAalPAMEHHOCThIO e; TOT/la NoTeHNalb-
Hafd sHepruA aunond 6yaeT paBHa Fyor. = —me cosf, rjie m — OUNONbHBIN
MOMEHT), TO B BbIpasKeHUH JIA NPUPOCTA IHTPONUU MNOABIAETCA U COOT-
BeTcTByIomasn «cuiay — OJFy,,. /07, COBEpLIEHHO aHAIOTUYHO TOMY, Kak
CUIIBI § MOABNAIOTCA B ypaBHeHuH (3.72). CiefloBaTelbHO, MBI UMeeM

d
e _1 (08 | OB,

T v Iy

Q

v(y) > 0. (3.82)

Bocrnonb3oBaBuinch JHHEHHBIM COOTHOIIEHHEM Mexay CRODPOCTBhbIO V(’)/)
U CPOACTBOM

1 all/(fy) aEHOT.

T\ 0Oy oy ’
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Kak 3T0 o6bAcHeHO B raaBax IV u V, nerko nony4uTh TepMOJUHAMUUYECKY IO
¢opmynupoBry Teopuu [lebas, Kacamuylocd opieHTauyl OUIONEN B mepe-
MEHHOM 3JIeKTPUUYECKOM IIOJIe.

Monyyennoe Hamu ypaBHenue (3.81) moraspIiBaeT, 4TO IPUPOCT IHTPO-
NUU Ha eIVHHUIY oObeMa BO BHYTPEHHEM KOH(GUTYpalMOHHOM MpPOCTpaH-
CTBe BCerjla CyLIeCTBEHHO INOJOMUTeNeH. 3lecb Mbl CHOBA UMeeM IpUMeEp
JoKanbHON (HOPMYJIUPOBKU BTOPOI0 3aKOHAa TepMOJUHAMHMKHU, O UeM Yike
TOBOPUJIOCH B pasjene 2 HaCTOAIIelH I'aBbl.

Bo3momHOCTb Takoil JoKanbHOI GOPMYIUPOBKHU, OYEBUIHO, 3aBUCUT
OT MeXaHH3Ma H3y4YaeMbIX HeoOpaTHMBIX HpoleccoB. Eciu cTonkHOBeHUA
Me Iy OUIONBHBIMU MOJNEKYlIaMHU MU3MEHAIOT yroji § Ha KOHEUHYIO Belu-
4YHHY, TO HElb3fl OKUAATh, uTo ypaBHenue (3.81) ocraHerca cmpaBemnu-
BBIM, TaK Kak B 3TOM clIy4yae HeoOpaTHUMoOe Bo3pacTaHue INIOTHOCTH SHTPO-
nuu o*(f) onpenenseTcA YUCIOM JUMONEN ¢ Pa3NUYHBIMU 3HAYEHUAMU yT-
na 6. Ho ecnu cTONKHOBEHUA U3MEHAIOT Yroa f Ha BecbMa He3HAYUTENbHY IO
BEIIUUUHY ¥ CyMMapHbIil 3¢ peKkT 06yclioBlIeH KyMYJIATUBHLIM JeiCTBUEM
60NbIIOro YKcia CTONKHOBEHUH, TO Takad JoKalbHaA ¢opMyaupoBKa GyneT
TOYHOi. ITOT IpUMep NOYYHTeleH B TOM OTHOIIEHUH, YTO OH NOKa3bIBaeT
OrpaHUYeHUA JNOKalbHO GOpPMYIMPOBKH BTOporo 3akoHa. (OTHOCHUTENbHO
noapoOHOCTel U CBA3U ¢ OGBIYHBIM TOJIKOBAaHWEM HeOOpPATUMBIX NMPOIECCOB,
HanpuMep, ¢ BA3KOYIPYTUM MOBeJeHHeM MOIUMEPOB, cM. paboty [19].)

Ha sToM MbI 3aBepiiaeM H3J0:KE€HUE BOMPOCA O BhIYMCIEHUU BEIMYM-
HbI NPUPOCTA BHTPONUHU [JIA HEKOTOPBIX BamHBIX M TUIUYHBIX CIyuaeB.
OcranbHad yacTh KHUTU TMOCBAIIEHa JalbHeiIIeMy aHalu3y BO3pacTaHUA
SHTPONUU ¥ COOTBETCTBYIOUINM NPUIOHEHUAM.



I'maBa IV
OO611Mie moJjoKeHUuA o Bo3pacTaHUU SHTPOIIUU
U 0 CKOPOCTAX HeoOpaTUMBIX IIPOLEeCCOB

1. IIpeoGpa3oBaHue BbIpaxieHUM A BeJIUUYHH
CKOpoOCTeil U cpoAcTBa. JKBUBaJeHTHbIE CUCTEMBI

B raase III 6b110 MOKa3aHO, YTO CKOPOCTh MpHUpAalleHUud SHTPONUU MO-
#eT ObITb BbIpameHa CyMMO Mpou3BefeHUH 0GOGIEHHBIX CUJ WM Belu-
YUH CPOJCTBA HA COOTBETCTBYIONINE CKOPOCTH (UIU 0606IIEHHBIE (IIOTOKMY)
HeoOGpaTHMBIX IPOLECCOB:

d;S
o = > I Xy =0. (4.1)
k

Mb1 Bocmodib30Baluch 3[eCh CTaHJAPTHBIMU 0603HAYEHUAMMY, BhIpasad 06-
o6lIeHHbIe CUIbI CUMBOJOM Xj, a cKkopocTn — cuMBoioM Ji. CumBoa A
coxpaHAeTcA 1A 0003HaUYeHNA XUMHUUECKOr0 CPOJCTBA, ONpeIelaeMoro 1o
ypaBHeHuio (3.22). B aTux HoBbIX 0603HAaYEHHAX HpUpAIlEHHe DHTPOMNUU
IIpU XUMHYECKOH peaklMu MOKHO 3anucaTh B Gopmel

dé_ts = JXPIM.XXHM.? rae JXI/IM. =V Hu -XXPIM. = A/T (42)

Heckonbko cineaymoomux pasjgenoB OyJeT MOCBALIEHO U3YYEHUIO KOJIU-
YeCTBEHHBIX COOTHOIIEHUN MeMIy BeIMYMHAMU CPOJCTBA M CKOPOCTAMU
HeoOpaTUMBIX mponeccoB. OHAKO MpeaBapUTENbHO HEOOXOAMMO HCCIEN0-
BaTh, B KaKO#l cTeleHU olpeJeneHbl caMU 3TU NMOHATHUA.

PaccMoTpuM YacTHBIN ciydaill cHCTeMbI, B KOTOpPO#l MpPOTeKaloT JABa
npolecca «<M30Mepu3anumy,

(1) A-B; (2) B—C. (4.3)

1B coorBercTBUU ¢ NPUHATON o6mell cucTeMoii 0603HaueHuil ciegoBalo 6bl cuuTaTh
XMMHUUYECKUM CPOACTBOM BeanuuHy A /T, Ho 10 UCTOPUUECKUM cO0BparkeHUAM Mbl 6yaeM
MPOJOaTh Ha3bIBATb XUMHUUYECKUM CPOJCTBOM BeIMUMHY A.
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CooTBeTCTBYIOILIME BeTHYNHbI CPOACTBA 3aNUUIyTCA [cM. ypaBHeHHe (3.27)]
B BHJIE

Ay = pa —pB; A2 = pB — pc (4.4)

¥ M3MEHEeHNe Yucia Molleil B eIMHUIy BPeMeHHU B pedyiabrare pearuuii (1)
u (2) 6ymer BoipameHo cooTHomeHueM (1.4'), 3anucaHHbBIM [JA TaHHOTO
ciyyas B BUJe

LD dng dng

a = —Vi; W = V1 — V23 = Va. (45)

COOTBETCTBy}OIIIaH BeJIMYMHA CKOPOCTH MPHUPOCTa 3HTPOIIUU paBHAa

d;S
dt

T = Ayvy + Aave > 0. (46)

CoBepIlleHHO 0YEeBUHO, YTO C MAKPOCKONMYECKON TOUKU 3peHUA XU-
MHYecKle U3MeHEHUA BIIOJIHE YAOBIETBOPUTEILHO MOTYT ObITh ONMCAHbI
OByMA ypaBHEHUAMHU peariuii

1) A—>C; (2) B, (4.7)

KOTOpble MPENCTABIAIOT CO6ON NUHelHble KOMOUHALMU YPaBHEHUH pear-
unit (1) u (2) [cm. ypaBHenus (4.3)]. HoBble Be1HuuHbI CPOACTBA, COOTBET-
cTBYlolIMe ypaBHeHUAM (4.7), cBA3aHbI ¢ NPEKHUMU BeIMYMHAMU COOTHO-
LIEHUAMH

1= pa — pc = A1 + As, (4.8)
5 = B — pic = As.
JdTo mpaBuio MpeoOpa3oBaHMA NOKA3bIBAET, YTO BEIMYMHBI XMMHUYECKOTO
cpoicTBa NpeoGpasyioTcA M0Z0GHO COOTBETCTBYIOIIUM CTeXHOMETpHYec-
KUM ypaBHEHUSAM.
[lns BBIBOJA COOTBETCTBYIOWIEr0 IpaByia Npeo6pasoBaHufA, OTHOCHILIe-
rocfi K CKOPOCTAM peaKUuii, IpMMeHNM K ypaBHeHuio (4.7) dopmyny us-
MeHeHud yucna mouneii (1.4)

dna ’ dnp ’ dnC

+v (4.9)

o~

i L et L i
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CpaBHuBas ypaBHenus (4.5) u (4.9), Haxoqum, 4To0

— !
Vi =V,

(4.10)

Vo = V] + V).
JTo mpaBuio NpeoGpasoBaHuA JJIA CKOPOCTEH peakuuil ABIACTCA NONOJHU-
TelbHbIM K IPaBUILy peoGpasoBaHA BeINYUH CPOACTBA B TOM CMBICIE, YTO
Ipy M0A0GHBIX TPeo6pa3oBaHUAX BeIMUYUHA CKOPOCTH MPUPOCTA IHTPONUM
ocTaeTcA WHBAPUAHTHOM

d;S
dt

T = Aivy + Aovy = Allvll + AIZVIZ (411)
CrnpaBeJIUBOCTh 3TOI'0 YpaBHEHUA JerKo MoeT ObITh IIpOoBepeHa MojcTa-
HOBKOIf HOBBIX BEIMYUH CPOJICTBA U CKOPOCTell peakliuit u3 ypaBHenuit (4.8)
u (4.10).

C Hameil TepMOJUHAMHUUYECKOH TOYKH 3PEeHHUA ONHCAHHE CHCTEMBI C
IOMOIIBIO ypaBHeHNA (4.3) SKBUBaNEHTHO ONUCAHUIO C NMOMOLIbIO ypaBHe-
uuA (4.7), Tak 4TO NOZOGHBIE CHCTEMBI MOMHO Ha3BaTh (IKBUBAAEHITIHbLMU
cucmemanuy [20-22].

[IpuBeneHHbIe BbINIE paccy:KJE€HUA JTerKO MOTYT ObITb 0000IIEHBI.
[IpenmonoxumM, 4To mpupalleHne SHTPONMM BbIpameHo ypaBHeHueMm (4.1)
C UCIOJb30BaHHEM JaHHOTO Habopa BeJlUYUH cpoicTBa Xy U COOTBETCTBY-
Iolux ckopocreit Ji. BBeaeM HOBbIit Ha6op BeIU4uH cpoicTBa X}, KOTOpbIe
npeacTaBiIAOT co60il TuHeliHble KOMOMHALNY NPEeHHUX BeIUUYUH CPOJACTBA,
U BblOepeM HOBbIN Habop CKopocTeil J,’c TakuM o0pa3oM, 4ToObl Belu4nHa

IpUpOCTa 3HTPONUU He H3MeHMAach';

N I Xy =Y i X (4.12)
k k

Omnucanue cuctembl yepes Ha60p (Jy, X) MAKPOCKOMUYECKH SKBUBAIEHTHO
onucaHuio ee depe3 Habop (J, X} ). Ipyroit Bo3aMoHOl Impolexypoil Gbl-
70 Gbl BBeleHHe cliepBa HOBOTO HaGopa ckopocTeil J}, KOTOpble ABIAIOTCA

10aHOro TOALKO YCIOBHA WHBAPUAHTHOCTH CKOPOCTH TPUPAIIEHUA SHTPONHU MOMET
OKa3aThbCA HE0CTATOYHO, YTO6bI 06eCeunTh SKBUBANEHTHOCTb OMMCAHUA CHCTEMbI ue-
pes Habop 3uauennit (Jy, X) u yepes na6op (J},, X} ). B nanHomM npumepe MbI BOCTIONb-
30BalUCh ellle M MOCTOAHCTBOM CKOPOCTH M3MeHeHHA umciaa Moleil ny, np, ng [ypas-
HeHua (4.5) u (4.9)]. 3To HeoGxoAUMO, UTOGHI M36eKAaThb HEKOTOPLIX OCIOKHEHUH, Ha
KoTopble o6paTua BHUMaHue Bepmaddens [60]. Cm. Tarme [61].



60 T'nasa IV

JAUHEHHBIMU KOMOMHALMAMHU NPEHHNX BelIUYUH CKOPOCTeH, a 3aTeM HOBBIX
3HaueHHil X, KOTOpbIe IO/KHBI yJOBIETBOPAThL ypaBHeHuo (4.12).

B kauecTBe npuMepa NpOBelIeM BBIYHCIEHHE NPHPOCTA JHTPONUH
no ypaBHeHHio (3.53), HO ymoGcTBa paiay OMYCTHM YIEHbBI, yYHUTHIBAIO-
mMe XUMUYecKHe peakuuu. Hcnonb3ya 06o3HauyeHUs, NPUHATHIE B ypaB-
HeHuu (4.1), MoxHO HamucaThb

;S
=X+ XW:JA,XW, (4.13)
rie
de  dlle den),  den)!
T=—w =@’ " @ T & (4.14)
u
11 1
=~ 71 = (1)
4.15
P N (419)
R TII TI - T)®
BBe,HeM Telnepb HOBLIE BbIpameHUA OJIA IIOTOKOB
J' =0 - hyJy,
Y (4.16)
I = .
Hcnonb3ysa ypaBHeHWEe WHBapUAHTHOCTHU
IX+Y Xy =JX +> J X, (4.17)
Y Y

JIETKO yﬁeHI/ITI:CH, YTO OJIA HOBBIX BE€JIUMYUH CPOACTBAa Heo0Xoa1MMO npume-

HUTDb BbIpameHUuA
X'=X=A (%) ,

w 1
X =X, +h,X=-A (%) + hyA (T) : (4.18)

Ecau yuecThb, yTO

9 A
A ("T—”> = ('l;}{T)AT-l- ( ’;”)T, (4.19)
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U UCIHOIb30BaTh TPEThbe U3 cooTHomeHui (3.21), noayuum

Apy)r
X! = —%. (4.20)
[lns onucanuA HeoGpaTUMOTO TepeHoca BellecTBa U DHEPT UM MeHAY JBYMA
(azaMu BMeCTO MepPBOHAYANbHBIX BEIUUYUH cleJyeT NPUMEHATb BelUYNHbI
cpoactBa X' u X,’y.
3HAKOMCTBO ¢ MpaBuiaMu MpeoGpa3oBaHuA [JifA BEIMYUH CPOACTBA
U CKOpocCTeil BecbMa BamHO, TaK Kak pa3Hble aBTOPbI, U3yYafd OAMH U TOT
e HeoGpaTUMBbIH MpOIlEeCC, YacTO UCIOIb30Ball pa3iuyHble YKBHUBAJIEHT-
HbIe CHCTEMbI, U MO3TOMY OJUHAKOBOCTDH IMOJYYEHHbIX MMHU pPe3yJIbTATOB
He cpa3y CTaHOBUTCA o4eBUAHOI. (OYeHb TIIAaTelbHOE PACCMOTPEHUE ITOr0
Bornpoca jgaer e I'poor [18].) UacTo GbiBaeT Take, YTO BHIGOP AaHHOMN
YacTHON SKBUBANEHTHON CUCTEMBI NMpPEANOYTHTENbHEe, YeM BbIOOP HHBIX
cuctem!. Taxr, HanpuMep, HaGop BelduduH X' U X! WMeeT nmpeuMyIiecTBo
nepen Ha6opoM X u X, B TOM OTHOIIEHUH, YTO BeIHUMHBI X' U Xiy ume-
IOT OIpefelleHHble YHUCIeHHble 3HAYeHHA, B TO BpeMA KaKk BeIUYHHbI X.,
cofepskaimiue eme h, [cMm. ypaBHenusa (4.19) u (4.21)], kak sT0o BuAHO U3
ypaBHeHus (2.16), BRIIOYAIOT aIJUTUBHYIO OCTOAHHYIO.

2. BeaunuuHbl cKopocTeii U cpoacTBa

Bepuemca Tenmepr K 00meMy BbIpaMeHHIO I HpUpOCTa 3HTPO-
nuu (4.1). lIpn TepMogrHAMUYECKOM PABHOBECHM AJIA BCeX HEOGPAaTUMBIX
HPOIECCOB OTHOBPEMEHHO UMeEeEM

Je=0 u Xp=0. (4.21)

BrnonHe ecTecTBEHHO NMPeNONOMKUThL, YTO MeMAY BeIMUMHAMU CKOPOCTel
U CPOJICTBA CYIIECTBYET JUHEHHAA 3aBUCUMOCTD, [0 KpaiiHell Mepe B Helo-
cpelCcTBeHHOI 0/MM30CTH OT paBHOBECHOro cocTodgHHA. Takoe mpencTasie-
HUe aBTOMaTUYeCKU NPUBOIUT K SMIUPUUECKUM 3aKoHaM, MOJOOHBIM 3aKO-
Hy Dypbe Aid TeNJIONPOBOAHOCTU UIU 3akoHY Pura niaa quddysuu. B cae-
noytouieil riaBe 6yoyT pacCMOTPEHbI HEKOTOPbIE IPUMePHI NOZOGHBIX THUHET-
HBIX 3aBHCHMOCTell U o6JacTu UX NpUMeHUMOCTH. JIMHeiiHble 3aKOHOMEp-
HOCTHU TaKOro pojJa Ha3bIBalOTCA (feHOMeHO0.L02UYeCKUMU COOMHOULEHUAMU.

1Ouenb MoyuMTeNbHBINH NPUMep NaeT TePMOAUHAMUUECKOE H3YUeHHe TepMOMAarHUT-
HOT0 U rajbBaHOMarHuTHoOro sddexToB. Mcnonbsysa ygauyHo nogo6paHHYIO CUCTEMY Be-
JMYMH CPOJICTBA U CKOPOCTEeH, MO#{HO JIErKO MOJYy4YUTh TePMOAUHAMUYECKUEe ypaBHEHUH,
cBA3bIBaOmYe 3TH 3¢ (heKThI, 4ero 66110 6bI TPYAHO HOGUTHCA APYTAMH MeTonamu [23].
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OueBUIHO, YTO CYIIeCTBOBAaHUE TAKUX COOTHOIIEHWI He MOMeET ObITh BbI-
Be[leHO MyTeM TepPMOAMHAMHUYECKUX MmocTpoeHuit. BronHe Bo3aMosHO Tak-
K€, YTO B HEKOTOPBIX YACTHBIX CIydyafdX CBA3b MeEMAY BEIUUYUHOH MOTO-
Ka U CPOJCTBOM MOieT ObITh HenuHeiiHoi!. OfHAKO, KOJb CKOPO BBeJeHbI
JAvHeNHble ypaBHEHUA, TePMOAMHAMIYECKHE MEeTOIbl Nal0T Ba#HbIe CBeje-
HUA 0 K03 (UINEeHTaX, KOTOPbIe COJepaTcA B 3TUX ypaBHEHUAX, MpU-
yeM He TpeOyeTcA NPUHUMATH KaKYO-1M00 ONpeJeleHHYI0 MOJERYJIAPHO-
KHHETUYECKYIO MOJelb Ipoliecca.

Jlna unnocTpanuy 3TOTO MONOMEHUA PACCMOTPUM ciayuail BYX OJIHO-
BPEMEHHO MPOTEKAIONMX HeoOpaTHUMbIX MpPolleccoB, GeHOMEHOIOrHYeCKre
YpaBHEHHA KOTOPBIX 3alucaHbl B BUJE

J1 = L11 X1 + L12 X, (4.22)
Jo = L1 X1 + Laa Xo. .

Roadpunuentsr L;;, Ha3bIBalOTCA @eHomeHoa02udeckumu KodPduyuenma-
nu. KRospounuentsl L;; MOTYT NpeacTaBIATh COO0H TEMIONPOBOJHOCTD,
3J1€KTPONPOBOAHOCTb, KO3 PUIUEHT «XUMHUUYECKONl NPOBOAUMOCTH», B TO
BpeMA Kak Ko3duuuentol L;; (i # k) XxapakTepusylOT B3auMoIelCTBHUe
OBYX HeoGpaTHMBbIX mpolieccoB ¢ u k. Eciu aBymMA HeoGpaTMMBIMHU MpO-
1eccaMu AIBIAIOTCA TEMJIONPOBOAHOCTEL U AP GY3uA, To KoadduuueHT Ly
(B cnemyromeM pasjene Oyaer nokasaHo, uto L;; = Lg;) cBAsaH ¢ Tep-
Moauddysueil, T.e. ¢ BOSBHUKHOBEHNEM IpaJlieHTa KOHLEHTpaluu B Iep-
BOHAaYalbHO OJHOPOJHOH cMecU NOJ JelcTBUEM IpajueHTa TeMIlepaTyphl.
B »Toit rnaBe MbI 6ygemM 3aHUMAThCA OOUIMMHU CBOMCTBaAMH TAKUX «K03pPu-
ueHTOB B3aumojeiicTBuA». Ho cnepBa paccMOTpUM HEKOTOpbIE OrpaHUye-
HUA, HaKJaJblBaeMble Ha CBOICTBA 3TUX K03 (PULHEHTOB BTOPbIM 3aKOHOM
TepMOJANHAMUKU.

3aMeHsiA OTOKKM UX 3HAYEHUAMHU N0 ypaBHeHuAM (4.22) u nojgcTaBasAd
B ypaBHeHue (4.1), moayyaemM KBagpaTHUHYIO GopMy

d;
Zl—tS = L11X12 + (L12 + L21)X1X2 + L22X22 > 0 (423)

1Hanpumep, TpeHHe, KOTopoe AeiicTBYeT Ha JerKylO YacTHIly, IPMHUMAIOMYIO y4Jac-
THe B GPOYHOBCKOM [IBUKEHUU B pa3peKeHHOM rase, MOKET HEJIMHEHHO 3aBHCETh OT CKO-
pocty yactuusl [24]. Toraa B o6meM ciydae NpU MeXaHUUYeCKOM paBHOBecuH (ycKopeHUe
pPaBHO HYII0) Takse He GyneT MMeTb MecTa JHHeHHafA 3aBUCHMMOCTb MEMAY CKOPOCTbIO
yacTHULBbl U JeficTBylomeil Ha Hee BHemHell cuiaoii. OgQHAKO NMPU MalbIX CKOPOCTAX 5TO
COOTHOILIEHHE CTAaHOBUTCA JTUHENHBIM.
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dTa KBagpaTuyHaa ¢Gopma N0/ HA ObITh MOJOMUTENbHOM MpPU BCeX MOJO0-
JRUTENbHBIX UM OTPULATENbHBIX 3HAUYEHUAX nepeMeHHbIX X1 u Xo, KpOMe
ciayyvas, korga X; = Xo = 0; ecin e X; = X, = 0, To U npupaiieHue 3H-
TPONMUU PaBHO HYJTIO. B aneMeHTapHbIX yueGHUKaX anreGpbl JoKa3biBaeTCA,
yTo KO3 PunueHTh L;; MOM#HBI B 3TOM cilydae yIOBIETBOPATH Clelylo-
UM HepaBeHCTBaM:

Li1 > 0; Ly >0, (424)
(L1a + La1)? < 4L15Lss. (4.25)

[osToMy «co6cTBeHHbIEY (eHOMeHomornvyeckne koddduuredtsbl (L1, Las)
nosomuTelnbHbl. C [pyroii cTOpoHbI, «B3auMHble k03¢ unnenTo» (Lis, La1)
MOT'yT ObITh OO UTEIbHBIMU UM OTPULIATENbHBIMU, U UX BeJIUUYNHA Ollpe-
IeifAeTcA TONbKO ypaBHeHueM (4.25). To HAXOAUTCA B COrIIACUH C JAHHBIMU
OTbITa, MOKA3bIBAIOIIUMHU, UTO KO3(PDULMEHTDI, T0A00HbIe KO3} PUeHTaM
TEIIONPOBOJHOCTH U 3JIEKTPONPOBOJHOCTU, BCerjAa MOJOMUTENbHbI, B TO
BpeMsA KaK, HalpuMep, Ko3ppuuueHT TepMoAu(P(Py3uu He UMeeT olpefe-
JIEHHOTI'0 3HaKa.

CdopMynupyem Tenepb Ba:kHYIO TeopeMy, npeiioxeHHyio B 1931 r.
Ousarepom [62], KoTopas ycTaHaBINBaeT, YTO

Lik = Lk, (i, k= 1, cee 'I’L) (426)

JT0 coomHowenue szaumrocmu OH3arepa nokasbiBaeT, UTO €CJIU NOTOK, CO-
OTBeTCTBYIOUUI HeoOpaTUMOMY IpOLECCY ¢, UCHbIThIBAET BIAUAHUE CPOJ-
cTBa (cuabl) X HeoGpaTuMoro npoiuecca k, To U MOTOK mpolecca k Tak#ie
UCIBIThIBAET BIMAHUE cpojcTBa X; Uepe3 MOCPEACTBO TOTO e CaMoro Ko-
s dunurenHta B3aumoaeiicTBua Ly

Mpex e yeM NPUCTYNUTD K BbIBOAY TeopeMsl (4.26), HaM He0GX0AUMO
OyIeT MpoBecTU HEKOTOPbIe IpeBapuTelNbHble paccy#aeHusa. CHavana HaM
npujercsa BKpaTlie I03HAKOMUTHLCA C Teopuel ¢GuyKTyaluil B «Bblep:KaH-
HOI» cucTeMe, ocTaBaBllleficA M30JIMPOBAHHON JOCTAaTOYHO [0Jroe BpeMf,
410Gl 06ECNeYuTh JOCTUMEHNE TEePMOAMHAMHUYECKOro paBHOBecus (pas-
nen 3). 3aTeM MbI 3aiiMeMCA MUKPOCKOIMYECKOIT 06PaTUMOCTEIO, T. €. CUM-
MeTpHUeil BceXx MexaHuUeCcKUX YpaBHeHU! [IBUKeHHUA OTAeNbHbIX YacTUIl BO
Bpemenu (pasgen 4). UnraTelb, UHTepeCyOMUNCH TOIbKO MPUMEHEHUEM
cooTHouleHuit B3auMHocTu OH3arepa, MoeT NPUHAThL UX Kak HEKOTOpoOe
JOMOJNHUTEIbHOE TIPAaBUIO U MPOJOMKUThL UTEHUe ¢ pa3fiena 5.
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3. Teopusa payrryanuii

PaccmoTpumMm cuctemy, xapakTepusyeMylo 1 CTeeHAMHU MOJHOTHI peak-
uuu: &1, - .., & OTRIOHEHHe BeInYHbI §, OT ee PaBHOBECHOI0 3Ha4eHUA &
6yneT o6o3HauaThcA uepes a,. BMecTo cTeneHr NOMHOTHI B KayecTBe napa-
MEeTPOB, HCNILITHIBAIOIUX GIYKTYalUU, MOHO ObLI0 ObI IPUHATH MECTHYIO
TeMIepaTypy, MecTHoe JaBineHue u T. 1. OfHako 1A yno6cTBa U3N0KEHNA
Mbl B KauecTBe IapaMeTPOB BOCOIb3yeMcA BeIMUYNHAMU CTelleHU NOJHOThI
pearkuuu. O6001eHe cielaTh OyIeT 04eHb HETPYIHO.

N3MeHeHUe 3HTpoONUU, 00yCIOBIeHHOe GIYKTyanueil o, paBHO

3 13
AiS = / 4;S = / %dé’. (4.27)
e 13

Bennunna A moseT 6bITh pasinoena B pan Teitnopa; nockonbky A(E¢) = 0,
TO, YUUThIBaA TONbKO JUHEHHBIN YieH B pasiomeHuu 1o  — £°, moiaydyaem

4= (%)e(s—m,

u ypaBHenue (4.27) npuobperaeT Buz

g_1(04) o ’
ss=1(a) 2 )
e
wiu
g = 1lAa
A;S = 5T
Kospduunent Y, mnosBisercAa B pesyinbraTe MHTerpHpOBAHUA ypaBHe-
uua (4.27).

Benuuuna A;S Bcerna ompuyameavna. JeficTBUTENbHO, ecian 6b1 A;S
ObLIO MOIIOKHUTENbHO, TO NpeBpauenue {f — &, ObLI0 Gbl CAMONPOU3BOIb-
HbIM HeoOpaTHMbIM H3MeHEeHHeM, YTO HECOBMECTUMO C HaIlUM HpeArnoio-
#EHUeM, UTO UCXOJHOE COCTOAHUe ABJIAETCA paBHOBeCHbIM. [nd ogHOBpe-

MeHHbIX QuyKTyauuit (p =1, ...,r) aHaloruyHo norydaem
1 94,
AS = — T : . 4.2
S 5T Z’ 78, apa, <0 (4.28)
PP e

Moppo6ree cMm. [9a], ra. XV.
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HpI/IMeHHH COKpallleHHoe o0o03HayeHue

1 (94,
gy = —% , (4.29)
pp T agp, .
MoO:KHO ypaBHeHUe (4.28) mepenucath B BHje
AS = —% ng,,:apap: <0. (4.30)
pp’
3aMeTUM TaKike, UTO
Aﬂ 1 8Aﬂ 0A;S
= _ 1 _—°* ;= . 4.31
T TZ 9, ) “ " Toa, (4.31)
P e
CHoBa, ucnonab3ys o6osHauvenus (4.2), umeeM
0A;S
Xp = - ngplapl = W' (4.31’)
0 14
Pemas 5Tu ypaBHeHUA OTHOCUTENLHO (i), HOdYyYaeM
Qp = — Zg;plep’, (4.32)
pl

-1
e g,, — Tak HasblBaeMas (00PAMHAA) MAMMPULA OT gy

Ypasuenue (4.30) umeeT camblii 06muit xapartep. TolbKo ABHbIE 3Ha-
4eHNA K03(pULUEHTOB g, 3aBUCAT OT IIPUPOJbI NapaMeTpPOB, IOJABEePKeH-
HBIX QuayKTyauuu. B paccmaTpuBaemoii cucTeMe BepoATHOCTh P puayRTy-
anuit A, nponopuuoHalbHa YjleHy, coflepalieMy B JKCIOHeHTe COOTBeT-
cTByIOIIee OTKIOHeHUe 3HTponuu A;S (1o Teopun GnyKTyauuit InHIITEH-
Hal, JeleHHOMY Ha HocTOAHHYIO BonbiMmana k.

106cymnenne Teopun duysTyanuit ditHmTelina cM. B xHurax Tonmana [25] u da-
yaepa [26] u ocobeHHo B craTbe I'puna u Kannena [27]. B Hameil ¢popmyanpoBke sToit
TeopeMbl BBOJUTCA BelMUMHA NpUpalleHUuA SHTPONUU, 06yCIOBIEHHOr0 QIyKTyaluAMU.
dTa popMynUpoBKa UMeeT HeCKOJbKO Ooisee o6muii xapakTep, 4yeM 06bIyHaA GoOpMyJIu-
POBKa, KOTOpafA MPUJIOKHUMa TOJIbKO K HEKOTOPBIM UaCTHBIM MpeBpalleHuAM, TaKUM, KaKk
afnabaTHyecKHe W M30TePMUYECKUe MpoLecchl; cM. Takie [Ja], ra. XV.
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OTCIOI[a CleqyeT, 4YTO BEPOATHOCTb COCTOAHKA, B KOTOPOM 3HAYEHUA (p
JlexaT B MHTepBale &y, U ) + dOép, naeTcCAd BbIpameHueM

AiS/K]day .. . da,
Pdoy ... da, = —PIBiS/kldo ... da

[ [explAiS/k]day .. . da, (4.33)

3HaMeHaTelb npaBoﬁ YacTHU 3TOro ypaBHeHHUA MO#HO HOpDMHUPOBaThb K equ-

HUIlE, NOJOKUB
/---/Pdal...darzl. (4.34)

HO}IC‘JI/ITaEM Temnepb ClieAyYylO CpeIHIOIO BEeJIUYNHY:

X,a, = /~-~/Xpap/Pda1 coodag. (4.35)
[punnmas Bo BuuMaHnue ypaBuenus (4.31) u (4.33), MosHO HamucaThb

X,a, :k/---/aplaggfpdal...dar =

(4.36)
:k/---/doq...dap_ldapH...dar/ap:a—Pda,,.
Oa,
HHTerpupoBaHue 1m0 yacTAM IO NepeMeHHO «, AaeT
+o0 +oo 9
opP +oo Qp!
1 5—da, = [ay P — | Po—da,. 4.37
/ Gp da, ap = [ap PIT3 / da, Gp (4.37)
— 00 — 00

Bemnunna P paBHa Hymio npu o, = =Fo0o. Kpome Toro, mockolbKy o,

M @, NPEICTaBIAIOT co0O0/ He3aBHCHMbIe IlepeMeHHble, BO BTOPOM MHTer-
paiie uMeem
Oay 1 mpu p'=
0 pu p =p
—— =08y, THE Oy, = ’ (4.38)
a P> p'p 0 '
o npu p' # p.

Takum obpaszom,

Xpa, = —k/~--/da1...dap_1 da,,+1...dar/P5p/,, da,. (4.39)
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C yueToM yci10BHA HOPMUPOBKH [ypaBHeHue (4.34)], nonyuaem
Xpa, = —kdyp. (4.40)

dToT pe3yabTaT Ham nmoTpebyeTcA B HaibHeiimem. C moMoubio ypas-
HeHua (4.40) MOKHO MOACYMTATL U Apyrue cpeinue BeauuuHsl. Takw, uc-
noib3yd ypaBuenue (4.31), moayuyaem

Xpo/ = — ngp“ap”Xp’ = kgpp’7 (4.41)
pll

a Take Ha OCHOBaHWUHM ypaBHeHus (4.32)

@y = — Z g Xy = kg . (4.42)

ITH COOTHOIICHNA MOKA3bIBAIOT, YTO KO3 GULHUEHTBI gy, UK gp_pl, nMe-
10T BajKHbBI (DU3NUECKUN CMBICI: OHY CBA3AHBI ¢ QIYKTYaUUAMU B CHCTe-
Me, HaXOAAIIeHCA B HENOCPEACTBEHHOH GIU30CTH K TEPMOIUHAMUYECKOMY
paBHOBecHio. [[1fl OJHOrO OT/EILHO B3ATOr0 HEOGPATHMOro Ipoliecca ypas-
Henus (4.40)—(4.43) npuobperaioT BiA

Xa=-k X2=kg o2="% (4.43)

NHTepecHO Takke OTMETUTD, YTO ABIeHUA QIyKTyauuil conpoBoia-
IOTCA YMeHbIIeHHEM CPefHeil BeIUUYNHbI SHTPONNHU, TaK KaK 9Ta BelU4KHa,
B cooTBeTcTBUM ¢ ypaBHeHuaMH (4.28)—(4.31) u (4.40), naetcA BbIpameHU-
eM

1 1
AiS =35 Xpa,=—grk. (4.44)

JTOT pe3ylbTaT, BeCbMa CXOJHBII ¢ TeopeMoil 0 paBHOMEpPHOM pacirpeje-
JIEeHUY HEPrUM B KIacCUUECKOM cTaTUCTUYECKON MeXaHUKe, BbIpaskaeT TOT
dhaKT, YTO Kamablii HeoOpaTUMBI TpollecCc BHOCUT OJHY U TY e JOIIO,

pPaBHYIO — ¢, B YMeHbllleHUe cpeJHell BeIMYMHbI SHTPONUU, 00YCIOBIEHHOE

k
5?
pryKTyanuaMu.

@opMydsl 04 BeluncieHnd GIyKTyalnuii BEIMYUH CPOJCTBA U CTENeH!

IOMHOTHI peaklny MOMHO HajiTu B paGote [28].
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4. MI/IHPOCHOHI/I‘-IGCP{HH OﬁpaTI/IMOCTb M COOTHOIII€eHHA
B3aMMMHOCTHU OH3arepa

OcHoBHOI1 pU3HAK MUKPOCKONMYECKONl 06paTUMOCTH 3aKIl04yaeTcA B
VHBAapUAaHTHOCTU BCEX MeXaHWUYEeCKUX YpaBHEHUH ABHUMEHUA 10 OTHOLIe-
HUIO K npeobpazoBanuio t — —t.*

PaccmoTpuM BednunHy QIyKTyaluud «; B MOMEHT BpeMeHU ¢ U Belu-
yuHy (IyKTyaluM «; 4yepes NpoMe#yTok BpemeHu 7. CpeHee 3HaueHue
NpOU3BeleHUA ITUX [JBYX BeJIMUYMH 3a A0CTAaTOYHO OOJbLIONH NPOMEKYTOK
BpeMeHH onpejendeTcd U3 ypaBHeHUA

T
aifa;(t +7) = Jim L / ai(T)ay (t + 7) dt. (4.45)

T—o0
0

Ha ocHoBaHuu o6muXx 3aKOHOB CTATHUCTUYECKON MeXaHHKU MOKHO IOKa-
3aTh, YTO CpejHee 10 BpeMeHH, onpenendeMoe ypaBHeHueMm (4.45), paBHO-
[IEeHHO CpeJIHeMY MO COBOKYMHOCTH, ONpPEJeleHHOMY C MOMOIIbI0 QYHRIUU
BepoaTHocTH P 1o ypaBHenuio (4.33). 3To — Tar Ha3bIBaeMasn (IProgudec-
kas Teopemay [30].

IlepeitmeM K pacCMOTPEHHUIO CpeJHEro 3HAUeHUA M[POU3BEIeHUA
a;(t)a;(t + 7), B KOTOpoe BXOAAT uaykTyauun o;(t) u a;(t + 7), npudem
nocieqHAAd GAYKTYyaluA MPOUCXOAUT depe3 MPOMEKYTOK BPeMeHH T IOC-
7e neppoii. CpelHAA BenuunHa npousBeleHuA oj(t)a;(t + 7) oTaMvaeTcA
OT BeNUYMHbI, JaBaeMoil ypaBHeHueM (4.45), TOIbKO MOPAJKOM 3TUX JBYX
¢bayKkTyanuii Bo BpeMeHU WM, Kopoue, 3aMeHoil ¢t Ha —t. CiegoBaTelnbHO,
MbI BhIpa3uUM MHKPOCKONMUYECKYIO 06paTMOCTh (opMyIoit

ai(t)aj(t—f—'r) = aj(t)ai(t—i—r). (446)

Beruntaa oiHy M Ty e BelMuuHy «;(t)a(t) U3 060MX WIEHOB ypaBHe-
HuA (4.46) v fens Ha T, Mody4yaeM

(1) [ (t + 77)_ — a;(t)] — o;(t) [ (t + 7'2 + ai(t)]. (4.47)

lCornacopanne Makpockonuyeckoii HeoBpPaTHMOCTH ¢ MHUKDPOCKOIHMYecKo# o6paTu-
MOCTBIO MpeJcTaB/IAeT BeCbMa Ba#HYyIO 3ajlauy cTaTUCTHYecKolt MexaHuku. lIpeBocxoa-
Hoe ofcysKeHre 3TOro BOIpoca MPUMeHUTeNbHO K 6POYHOBCKOMY JIBUKEHUIO CM. B CTa-
Tbe YaHpapacekxapa [29]. O6mee o6cyskeHe 5Toro Bompoca cM. B KHure XuHunHa [30].
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Korpa 7 cTpemuTea K HY1I0, UMEEM

ai(t)ay(t) = a;(t)aq(t). (4.48)

Ctporo roBops, Npou3BOJIHASA 110 BpeMeHU, 0003HaueHHAA TOYKON B ypaBHe-
uuu (4.48), DoakHa paccMaTpPUBAaThCA KaK OTHOLIEHWE KOHEYHBIX pa3HOC-
Tell, TAK KaKk BeJUYMHA T BCET/Ia O HA ObITh G0lbIlle HEKOTOPOH XapaKTe-
PUCTHUUECKON BEIMUYUHBI Ty, UMEIOIIeH TOT #e MOPAJOK, YTO U IPOMEHKY TOK
BpeMeHM Me 1y ABYMA CTOJIKHOBEHUAMU MOJNEKYII.

IpumeM, 4To 3aTyxaHue QIYKTyaluuu ¢; cleqyeT 0ObIYHOMY MaKpo-
CKOMMUYECKOMY JMHEHHOMY 3aKOHY [cM. ypaBHeHHe (4.22)], 1 Hanuuiem

Ji=&; = Y LiyXy. (4.49)
k

HMoncraBaas (4.49) B ypaBrenue (4.48), nonyuaem
Z Ljo; Xy = Z Lo Xy, (4.50)
k k

a ecll IPUHATHL BO BHUMaHue ypaBHeHue (4.40), To 3TH COOTHOLIEHHA CBO-
IATCA K paBeHCTBY

Lji = Lij, (4.51)

T.e. K cooTHomenunto OHszarepa, 4to u TpebGoBanoCh NOKa3aTb. XOTA cHpa-
BeIJIMBOCTh 3THX COOTHOIIEHUH 3/[eCh N0OKA3aHa TOIbKO JUIA MallbIX caMo-
MPOU3BOJIBLHBIX GIYKTyanuil BOAM3U COCTOAHUA TEPMOAUHAMUYECKOTO PaB-
HOBeCHA, MbI OyJeM CYNTaTh COOTHONIeHUA B3auMHocTu OHzarepa mpuio-
KUMBIMU Jlake K CHCTeMaM C CUCTeMAaTUUYECKUMHU OTKJIOHEHUAMH OT paB-
HOBecHA (HampUMep, K CHCTeMaM, B KOTOPBIX MOJJIEpPHUBAETCA I'PAJUEHT
TeMIepaTyphbl), IPU YCIOBUU, YTO CBA3L Me#/Jy MOTOKAMU M BEIUIMHAMU
cpojJicTBa OocTaeTcd JIUHEHHOM.

PacnpocTpanenne cooTHomeHui BzaumHocTd OH3zarepa Ha cayyaii
IeHCTBHUA BHEIIHEro MarHUTHOTO ITOJA 3[eCh paccMaTpuBaThcA He GymeT
(cp. [62]). Mb1 He Gynem Takske BHaBaTbcA B Te (opMalbHble TPYIHOC-
TH, KOTOPble BOBHUKAIOT TPH MOMBITKE paclpocTpaduTh npunnun Ousarepa
Ha HelpepbIBHbIE CHCTEMBI U KOTOpbIe ObLIM pasbAcHeHbl Kasumupom [31].
dTU BONPOCHI PEKPACHO UBJIOMEHBI B yIIOMUHaBIIecA MoHorpaduu ae I'po-
ota [18].
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5. Tpe6oBaHUA CUMMETPUU NPU B3aUMOJeCTBUU
HeoOpaTUMBIX IPOI[ECCOB

B pasgene 2 Obliu BBegeHbI (deHOMeHoJorndyeckue KoadohunmreH-
Tl L; (i # k), KoTOpble YUNTHIBAIOT B3auMOAeiicTBYE ABYyX HEOGPATUMBIX
npoueccoB i u k. CooTHomenune Bzanmuoctu Ousarepa [ypaBnenue (4.51)]
nokasbiBaeT, 4To KoadunuenTsl Ly, u Ly;, Bolpamaronire 3To B3auMoieii-
CTBHe, paBHbI APYT IPYTY, T.e. L;p = Ly;.

BeificHuM Teneph, Kakie HeoGpaTUMBbIE TPOLECCHI CIIOCOGHBI K B3aUMO-
AeiicTBHUIO ApyT ¢ ApyroMm. Jasa yno6¢cTBa pacCMOTPUM HENpPEPLIBHYIO CHUC-
TeMmy 6e3 quddy3un, HO ¢ MOTOKOM Telia BIOJIb MreoMeTPUUeCKoit Koopau-
HaThl & U C OJIHOBPEMEHHO NpOTeKalolleil XUMUYeCcKoii peakuueii. B coot-
BETCTBUU C ypaBHeHHeM (3.72) mpupaiieHie 3HTPOIUN PABHO

_Waor  Avy

208 T

> 0. (4.52)

®eHOMeHOJOorn4YecKrue COOTHOIIEHUA IoJIA 3TOro ciiyyasa 6y}1yT HUMeTb BU]

L.
W, = __28_T leéy
T? Oz r (4.53)
v T2 61: XHM.T'

IlepBoe ymeHbIeHUe yncia peHOMEHOJIOTHYecKUX K03GhpUIHeHTOB J0-
cTUTaeTcA NpUMeHeHUeM COOTHolleHuit B3auMHocTu OH3arepa, KOTophble Io-
Ka3bIBalOT, YTO L1y = Lo;. B 1anHOM ciyuae, olHaKO, MOHO JONOJHUTENb-
HO TO0Ka3aThb, 4TO

Lis = Ly = 0. (4.54)

Mpeanonomus, yrto 0T /0x = 0, nonydaem u3 ypaBHeHus (4.53)
W, = L12Aa (4.55)

U, TAaKUM 06pa3oM, ckainfpHas «npuuuday A/T GynerT BbI3bIBATh BEKTOD-
Hoe «aeiicTBre» W,. Ho 3To npoTuBopednT o6muM TpeGOBAaHUAM MPUHIIU-
noB cuMMeTpru (MMer0TeA B BUufy npuHuuns! cummetpun II. Kiopu [32]). B
COOTBETCTBUM C 3TUMHU NPHUHIUIAMHM MaKpPOCKONMYECKUe MPUYKMHBI Beeraa
006/1a1a10T MEHbIIUM YKCJIOM 3JeMEHTOB CUMMETPHUH, 4eM IeHCTBUA, KOTO-
phle OHM BBI3BIBAIOT. XMMHUYECKOE CPOACTBO MO3TOMY HE MOMeT co3[aTh
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HaNpaBIEHHOT0 MOTOKa TeIla, U Ko3(pGhUIUEeHT B3aUMOAEHCTBUA 10 HeOO-
XoauMocTHU Gy/leT paBeH HYIIO.

B cayuae, nogo6HOM JaHHOMY, He TOJIBKO CyMMapHOe IpUpalleHyne 3H-
Tponuu, o0ycJIoBIeHHOe BceMH HeoGpaTUMbIMU MPOIECCaMU, MOJOMKUTENb-
HO, HO UMEIOTCA TaK#e HeoOGpaTUMble MPOIECCH UK T'PYNIIbI HeoOpaTUMBIX
IpOILIECCOB, KOTOPble BHOCAT CBOU OT/AeIbHbIE MOJOMUTENbHbIE 101U B CYyM-
MapHYI0 BelIMUYHHY IpUpocTa sHTponuu. B ypaBHenuu (4.52) Kamablil dieH
B OT[IeTbHOCTHU GOJbllle HYIA

Weor o, A (4.56)
T2 Oz T
B BennuuHe npupocTa SHTPONKH, BEIYUCIAEMON [0 ypaBHeHUO (3.53),
MO3#HO pa3inyaTh TPU COCTABIAOINX, Kam/1asa U3 KOTOPBIX NON0KUTeNbHA.
IlepBas 13 3TUX cocTaBaAIONMKX 06ycloBlIeHa HallpaBlIeHHbIM MEPEHOCOM U3
¢daswr I B pazy I1:

d1¢ I IrI an
(Z- ) - -m) >0 @
T T dt - T T dt

Bropasa u TpeThd cocraBidomne 06yCIOBIEHb XUMIUYECKUMH peakUAMH,
NPOTEKAIOIIUMU B Pa3HbIX dasax:

. AIIVII
> 05 711 > 0. (4.58)

Alvy!
TI

Tawroe pacuneHeHNe BecbMa 0J€3HO, TaK KaK OHO [103BOJIAET BbIACHUTD, Ka-
Kue HeoOpaTUMbIe NPOLecChl MOI'YyT ObITh HENOCPeACTBEHHO CBA3aHbl MEH-
Iy coboii yepe3 K03 PULMEHTHI B3aUMOJeicTBUA.



I'mABA V
deHOMEHoOJorHU4YecKkye 3aKoHbI.
B3aunmopaeiicTBue
Heo6paTHUMBbIX ITPOIIECCOB

1. O6aacTb getficTBUA peHOMEHOJOTHYECKUX 3aKOHOB.
XumMuuyecKkre peakiiui B6GJU3N COCTOAHUA paBHOBecHUA

B npenrigyeit riaBe 65114 BBeJeHbl (DeHOMEHOJIOrNUeCcKUe JMHeHbIe
COOTHOIIEHUA Me#Jy BelMUYMHaMU IOTOKOB UM CKOPOCTell HeoGpaTHMBIX
IPOIIECCOB ¥ BelWYnHaMM cpofcTBa. PaccMoTpuM aBa mpuMepa, [OMOraro-
1€ BBIACHUTH 06/lacTh NPUMEHUMOCTH TAKMX JMHEHHBIX 3aBUCHMOCTEH.

PaccmoTpuM criepBa pocToli npouece nepeHoca, a MMEeHHO MOTOK TelJia
B HeNpephiBHOW crcTeMe. BelrunHa IpUpoCTa 3HTPONMU B €IMHUIy Bpe-
MeHHU, OTHEeCeHHafA K efuHule o6bema, gaercA ypaBHenueMm (3.72). Ecan
npeneGpeub IpoueccaMu AUPPY3UM U XUMUYECKMMHU peaklUuAMM, MbI IO~
JyvaeM NPOCTOE COOTHoLIeHHUe [cp. ypaBHeHHe (4.52)]

=——22 > (5.1)

U COOTBETCTBYlOIee (peHOMeHOJIOFI/I‘-IeCHOe COOTHOIIIeHue

L oT
W, = —=—==>=. 5.2
z T2 O ( )
ITockonbry mocinefHee ypaBHeHUe BbIpakaeT 3akoH Pypbe, T'ie TeMJIONpo-
BOJHOCTH

L

A= -, (5.3)
T2

TO 00JacTb NPUMEHUMOCTHU (I)BHOMEHOJ'IOFI/I‘{eCKOFO 3aKOHa, BLIPpaxKeHHOI'o

ypaBHeHueM (5.2), TakoBa e, Kak U 06IACTh NPUMEHMMOCTH CAMOIO 3a-
KoHa Dypbe; 3T0 MO#HO MOJPOOHO MOKA3aTh B Cllyyae ra3oB, AJIA KOTOPBIX
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nMeeTcA paspaboTaHHad craTHcTH4eckada Teopus [12, 34]. Momuo moka-
3aTh, 4TO ypaBHeHue (5.2) COXpaHAET CUIY, €Cli OTHOCHTEIbHOE M3MeHe-
HUe TeMIlepaTypbl Malo Ha ydacTKe, paBHOM cpeJHell 1juHe cBOOOZHOIO
npobera @, T.e. eclu

¥ oT

ol <L (5.4)

10 ycioBue cobGmofaeTca B GONBIIMHCTBE NPAKTHYECKUX ciydvaeB [12],
U B 00IIeM MOKHO CUMTaTh, UTO (PEHOMEHOJIOTNYeCKIe 3aKOHbI ABIAIOTCH
JOCTATOYHO XOPOUIUM NpPUOIUKEHUEM B CIydae IIPOLECCOB MepeHoca.

PaccmoTpuMm Tenephb ciayuait XuMudeckoit peakuuu. [lnf ofHoi 0T aeNb-
HO B3ATOI XUMHYECKOI peaklny (eHOMEHOJIOTNYECKOe COOTHOIIIEHNE UMEET
BUJ

v:L%, (5.5)
a CooTBeTCTBYMOIIAad BeJMUYUHaA €HECERYHIHOI0 IpUpocTa 3HTPOIINHU
2
—r(4) . 5.6
i = (7 56)

lInsa cpaBHeHUA (HEHOMEHONOTMYECKOTO 3aKOHA, BbIPAMaeMOro YypaBHEHU-
eM (5.5), ¢ OGBIYHBIM KHHETUYECKMM YDaBHEHHEM DacCMOTPHUM MPOCTOMN
ciydail cHHTe3a HOAUCTOBOAOPOJHON KUCIOTHI B rasoobpasHoii dase (opy-
rie NpruMepbl XUMUYECKUX peakuuii 6yayT paccMmorpensl B riaaBe VI). Pac-
cMaTpuBaeMas XUMUUYeCKasa peaklA 3alUIIeTCA B BUJE

Hy + J2 = 2HJ. (5.7)
CooTBeTcTBYIOLIAA BelMYNHA CPOACTBA [cM. ypaBHeHue (3.27)]
A= py, + By, — 2pm;- (5.8)

CornacHo ypaBHeHuaM (3.23) u (3.24), xuMHUYeCcKHi OTEHIMAT CMeCH Ue-
anbHbBIX [a30B MOMET GbITh 3allUCaH B BUJE

ty =1y(T)+ RTInC,. (5.9)

BBoas KoHcTaHTy paBHOBecus peakunu K [cm. ypaBrenue (3.40)], ume-
eM

RTInK(T) == vyny(T) (5.10)
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U, ¢ yuetoMm ypaBHeHus (3.41), noaydyaem [JiA BelIMYHHBI CPOACTBA

K(T)

A= —;I/W’I]’y(T) —RTXW:V7 InC, = RTan. (5.11)
Mpumenenve ypaBHenus (5.11) k cunrtesy HJ naer
K(T
A=RTIn (T) (5.12)

—1,—1p/2 °
CJ2 CH2 CHJ
OGbIuHOE KMHETHYECKOe BblpajeHue IJA CKopocTd pearuuu (5.7) umeer
BU]

- 2
- o - t Chs
V= V—V =k 0320H2 — k CI%IJ =k Cf‘]ZC'H2 (1 — ?m> . (5.13)

L
N3BecTHO, UTO OTHOILIIEHNE KOHCTAHT cKkopocTell k : k paBHO KOHCTaH-
Te paBHoBecud. IloaTomy ypaBHenue (5.13) MomHO, C y4YeTOM ypaBHe-
uuA (5.12), nepenucats B Gopme

v = 7>(1 — exp [—%]) (5.14)

JTo YpaBHEHHE B 10CTAaTOYHO ob1ieM Buje BbhIpamaeT CBA3b Me# Ay CROPOC-
TbIO peaKlIUU U CPOACTBOM. Ecau pearnnouAa 0J113Ka K paBHOBeCHIO, TO

A
—— 1 1
‘ T < (5.15)
u dopmyna (5.14) cBoauTea K
veA
= 1
V=g (5.16)
rie V'® — 3HauyeHHe CKOPOCTH NpPAMOH peakHMH V' TpPH pPaBHOBECHU

(V¢ =5°npu A =0). Tenepb AcHo, uTo HepaBeHcTBo (5.15) maeT ycio-
BUfl IPUMEHMMOCTHU JIMHEHHOr0 3aKOHa, BbIpamaeMoro ypasHeHueM (5.5),
B KOTOpPOM K03 duuueHT L MMeeT BecbMa IPOCTOH (pU3MUECKUH CMbICI

Ve
L = ?, (5.17)
npuyeM ero BeJrW4YWHa 3aBUCUT TOJBKO OT BEJINYHUHBI V Ipru OOCTUMEHHUH

paBHOBeCHA.
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PacemoTpum apyroit KpaiiHuii ciydail, COOTBETCTBYIONIUM yCIOBUIO

A
7T (5.18)

B Gomee ABHON (opme 3TO ycloBHe O3HAYAET, YTO [CM. TaKKe ypaBHe-
Hue (5.12)]

Cj,Cu
—2—=2 =00, umu Cg; — 0; (5.19)
Ch
IUIA 3aKPLITON CHCTEMBI 3TO COOTBETCTBYET HayalbHOMY 3Tally peaklyH.
CooTBeTcTByIOIlee 3HaueHue v [cM. ypaBHeHue (5.14)] Gyaet npocto

v="TV, (5.20)

M, TAKUM 006pa3oM, CKOPOCThb MEPECTaeT 3aBUCETb OT CPOACTBa. Takomy
YCJIOBHIO OTBEYAeT CBOEro poja adifiekm HacvlujeHus Mo OTHOMEHHIO K CPOA-
CTBY, U B TOii 061acTH, rjie 3TOT 3)HeKT UMeeT MecTo, IpUpalleHue SHTPO-
IINM CTAHOBUTCH AUHelHoU GYyHKIHe! cpoicTBa.

B npoTHBONOI0MHOCTE MpolieccaM NepeHoca ¢ X CPaBHUTEIbHO Mpoc-
TBIM INOBEJEHHEM BO MHOIMX APYTHX CIy4YafaX JHHEHHbIE COOTHOIIEHWA
Me/y BeIMYMHaMI CKOPOCTeil M CPOJCTBA OKA3bIBAIOTCH HELOCTATOYHbBI-
MH, ¥ MHOIJia IPUXOANTCA NPUHUMATh BO BHUMaHHe HelWHEHbIe COOTHO-
wenud tuna (5.14).

OzxHnakro, Korja cpoACTBO JAHHOH XMMHUYECKON pPeaklUy HACTOIbKO Be-
JUKO, YTO HepaBeHCTBO (5.15) y#e He YAOBIETBOPHETCH, PEAKLHUIO YaCTO
OKa3bIBAETCA BO3MOMHBIM Pa3/IelTh HAa HEKOTOPOE UUCIO JNeMEeHTaPHBIX
pearuuii, y Kammoi U3 KOTOPHIX CPOACTBO JOCTATOUHO Maio, YTOObI MOH-
HO GbLIO MPUMEHATDH JUHeHHble (PeHOMEHONOrnYecKre 3aKoHbl. B KauecTBe
npuMepa pacCMOTPUM PEaKLHUIO

M — F,
IIpoTerammyo yepe3d pAOd IPOMeMyTOUHBIX 3TaloB

1) M—N,
(2) N -0,

(r)y P>F
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Bennuuna IIpUpocCTa 3HTPONHNHU Ha BCEX ITHUX IOCIeJoBaTebHBIX 3dTamnax
JaeTCA ypaBHEHHEM

d;S
T dt = A1V1 +A2V2 + ...+ A,-VT.
Ecnu IIpoMeryTOUHBbIE BellecTBa N, O, ceey P asnaworca HeCTOﬁHHMH, TO

y#e uepe3 KOPOTHKMII POMEKYTOK BPEMEHU yCTaHABIMBAaeTCA CTalllOHAp-
HOE CcOoCTOoAHUE

Vi=Va = ... =V, =V,
a BeJIMUMHa NMpUupocTa SHTPOIIMU B eJUHUIlY BpEeMeHU CTaHOBUTCA paBHOVI

d;S

Tdt

= Av,

rue
A=>"4,
P

npeacTaBifeT co60il MaKPOCKONMIYECKOe CPOCTBO, COOTBETCTBYOLEe CYyM-
MapHoMy nponeccy. Ho ecau
4|
p
<1 5.21
2l <, (5.21)
TO MBI 8Ce euje HaroduMca 8 00AACmU NPUMEHUMOCTNU AUHETHBLT HeHoMeHO-
A02UHECKUT 3AKOHO08, C6AILIBAIOULUT BeAULUNbL CKOpOcMel U cpodcmea, dace
ecau 0as CYMMAPHOL BeAUtUHbL cpodcmea
My (5.22)
RT
HeroTopble mpuMepsI cHCTEM ¢ XUMUYECKUMH peakuuaAMU GyIyT pac-
cMoTpeHb! B riaBe VI. B cBA3M ¢ NpuBeleHHBIMH Bblllle cOOOpasKeHUAMU
HeGe3bIHTEPECHO OTMETUTh, YTO MPH PACCMOTPEHUH MPOLECCOB B GUOIOTHU-
YeCKHX CHCTEeMax 4acTo HeoGXOAMMO yUNTHIBATh IPOTEKAHNE UX B HECKOIIb-
KO 9TalloB, KaIblii M3 KOTOPBIX IOYTH obpaTuM. B sTom ciyuae ypaBHe-
uue (5.21) yaosrerBopserca (cMm. [35]).
B6nusu cocTofHMA paBHOBecHA (popMalbHble KHHETHUYECKHE ypaBHe-
HUA CTAHOBATCA OYeHb MPOCTHLIMHU Iame A CUCTEM, B KOTOPBIX IPOTEKa-
0T CJIOHbIE PEaKIUy, U 3TO MO3BOJAET IPUMEHATh TAKUe YPaBHEHUA A
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pellleHNA HEKOTOPBIX MHTEPECHBIX BompocoB [36—-39]. lnA 3akpeITOil cucTe-
MBI ypaBHeHHe (eHOMEHONOrn4Yeckoro 3akoHa (5.5) MomeT GbITh HaMKUCAHO
B Buze [cp. (1.4)]

d L, L(dA
dt — TA_ T(Of)e(£ e)- (5-23)
BBO,E[H BpeMA pellakcainuu
T
rT=—— 5.24
ot ) .
U uHTerpupys ypasHenue (5.23), momrydaem BbIpameHue
E—E&=({— fe)Oe_t/T~ (5.25)

CrefyeT OTMETHThb, 4TO BpeMA pejlaKkcalMd T ABIAETCA IOJOMUTelbHON
BennunHoit (0A/0¢ < 0, cm. ranaBy IV, pasgen 3).

B o6mem ciyuae IByX 0JHOBPEMEHHO NPOTEKAIOMIUX PeaKklyii cTelneHb
3aBepIIeHHOCTH Kam [0/ 13 HUX MOeT ObITh NpecTaBleHa B BUAe CyMMEI T
BKCNOHEHIIHAIbHBIX QYHKIWH BpeMeHu

b= Epe =D appe . (5.26)
pl

Ob1iee moKa3aTenbCTBO MOMHO HaiiTu B pabore MeiikcHepa [39].

YpaBuenue (5.26) m03BONAET MOIYYMTh HEKOTODbIE OOIIME CBelEHMA
6e3 3HaHUA Bcex NoApoOHOCTell KMHeTUYeCKOro npoliecca. Tak, HanpuMep,
MOHO MOKa3aTb, YT0, KAKMMU Obl HM GbLIM HUCXOAHbBIE YCIOBUA, BEIUYU-
Ha £, MOMeT JOCTHYb CBOETO PaBHOBECHOro 3HauyeHus ¢, . He Gonee (r —1)
pas, ¥ 03TOMY IpY KOHEYHOM UHCie peaKklUil cucTeMa He MOKeT o6ragaThb
CBOICTBaMH, IEPUOJNYECKH MEHAIOMIMUCH CO BPEMEHEM.

2. dIeKTpPOKHHETUYECKUEe ABJIEHUA.
Cootnoumienue CarkceHa

Pacemotpum ¢ momombio cooTHomenuit B3aumuoctu Ousarepa (4.26)
HECKOJbKO IPUMEPOB B3auMOIeficCTBUA HeO6GPaTUMBIX TpolleccoB. B kauect-
Be IepBOro mpuMepa o6CcyauM CBA3L MEMAY Pa3NUUYHBIMHU DIEKTPOKUHE-
THYECKUMH ABIEHHAMH, KoTopad usydainach Masypom u OBepGekom [40].
IIycTh cucTeMa cocTOUT U3 ABYX cocynoB I u I1, KoTopble cOeIMHEHbBI JPYT
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¢ IPYTroM MOPUCTOU TeperopoaKkoil Win KanwuiApHoi Tpy6roii. [Ipeamona-
raercd, 4YTo TeMIepaTypa U KOHIEHTpalufA BO Bcell cucTeMe ONWHAaKOBBI,
u obe (daspl oTIMYaAOTCA JpPYr OT Apyra TOJbKO BeJWYMHAMHU [aBJeHUA U
3JeKTpuyecKoro noteHuuana. [lpupamienue suTponuu, o6ycioBieHHOe epe-
HOCOM KOMIIOHeHTOB u3 cocyna I B cocyn I, naetcs ypaBHeHHEM [cp. ypas-
HeHue (3.61)]:

_1 T _ 1 T g1
diS = 7 ;A7 déy =~ ;A7 dn?, (5.27)

rie A, — 5IeKTPOXUMHUUeCKOe CPOACTBO, ONpeelfaeMoe ypaBHeHUeM (3.59):

Ay = (pd — 2D + 2,3 (0" = ™), (5.28)

WJIn 1mpoime

Ay = Ay + 2,3 Ay, (5.29)

rie A o3HauyaeT PasHOCTh 3HAUEHWH JAHHOI MepeMeHHOM B cocyne I u B co-
cyne II. IlockonbKy TeMIepaTypa M COCTAB OJMHAKOBBI B 0GOMX COCyIax,
MMeeM [cM. BTOpoe cooTHoueHue (3.21)]:

Apy = vy Ap, (5.29")

rie v, — napluuajibHbIi MOJIAPHBIA 06beM KOMIIOHEHTa Y. YpaBHeHHUe (5.27)
MoeT ObITh IlepenucaHo B O6oiee yqoOHOU dopme:

I I
diS _ 1§, Wy, 1 dny
% =T 27: Uyt Ap T ; 248 i Ap. (5.30)
BBeneM Tenepb BeIMUMHLI IOTOKOB
dnl dnl
_ ¥ _ ¥
J——;U’YW, I__;z'YSW’ (531)

rae I — aneKTpuYecKUil TOK, BRI3BaHHBII IepEHOCOM 3apAA0B U3 cocyna I B
cocyn I, a J — cymMMapHbIit MOTOK Bell[eCTBa (3TY BEIMUYUHY MO#HO ObLIO
Obl Ha3BaTb M CYMMapHBIM MIOTOKOM «00beMay). Bennunna emeceryHIHOr0
IpUpPOCTa SHTPONUU ONpefielAeTCA Telepb M0 ypPaBHEHUIO

d;S JAp  IAyp

T T +—T ) (5.32)
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a QJeHOMeHOJIOFI/I‘{eCP{I/IB YpaBHEHHUA UMEKT BUO

A A
I= L11%+L12—p7

5.33)
A A (
J = L21T(p + Ly 2L,
npuyeM, B COOTBETCTBHUHU ¢ ypaBHeHueMm OHzarepa,
Lis = Los. (534)

3/lech HaluIo JBa HeOGPaTUMbIX ABIEHUA — IMEepPeHOC BellecTBa Moj
JelficTBHEM Pa3HOCTH JaBJleHUIl U 3IeKTPUUYeCKuil TOK, 06yClIOBIEeHHbIH pa3-
HOCTBIO DIIeKTPUUECKUX NoTeHNKanoB. Kpome Toro, Ha6nogaercd u apdert
B3auMoJeiicTBHsA, BblpaskaeMblil koaddunuedToM L1y = Ly U 06ycioBieH-
HBIIl B3aUMOJIeliCTBUEM JBYX HeoOpaTUMBIX HPOIECCOB.

ObGpaTtuMcsA Tenepb K ONpeJeNeHUI0 3IeKTPOKMHETUUECKUX ABIEHUI.
IIpexpe Bcero ompegenum nomeHyuaa meveHus Kak pa3HOCTb NMOTEHIHMA-
JIOB, COOTBETCTBYIOIIYIO e[UHUIlE PA3HOCTHU NaBlIeHUil B COCTOAHUU, KOraa
3IIEKTPUYECKUIl TOK paBeH HyIo. U3 ypaBHenus (5.33) monyuaem

(%) = L (moTeHIMaN TeueHUH). (5.35)
Ap ) Ly

BTopoe sneKTpoKNHEeTHYECKOE ABIEHUE HA3bIBAETCA IAEKMPOOCMOCOM
U olnpeleindeTcAd KaKk IOTOK BellecTBa Ha eAMHHUIY 3JIEeKTPUYECKOr0 TOKA
B COCTOAHUH, KOTJia JaBieHue oauHakoBo. Ucnonb3ysa ypaBaenue (5.33),
HOPUXOJUM K BhIPaKeHUIO

(%) = é—ﬁ (snmerTpoocmoc). (5.36)
Ap=0

TpeTbe JJIEKTPOKNMHETHYECKOE fIBJIEHHE Ha3dbIBaA€TCA 9AEKIMpooCMomu-
Yecrum JaBJ€HUEM U olipenenfaeTCAa Kak pa3dHoCThb ,HaBJIeHl/If/'I, npuxogdamanaca
Ha eJUHHULY Pa3HOCTHU IIOTEeHIHal/loB, Korjga IoToR J paBeH HYIIO. Nmeem

Ap) L21
- = - JJIEKTPOOCMOTHYECKOEe aBiieHue). 5.37
(£2) =12 Guerny RENCEL

UeTBepToe ABIeHUE NpecTaBisgeT coboil mok neperoca, npuyeM

(L) _ L (Tok mepeHoca). (5.38)
J ) Ap=0 L2,
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Memny 9TUMHU YeTbIPbMA ABJIEHUAMH, KOTOpPbIe MOI'yT ObITH He3aBU-
CHUMO HM3Y4Y€HbI ONBITHBIM IIyTeM, COOTHOIIEHUE Oﬂsarepa JaeT aBa CBA3bI-

BaloOUiuX ypaBHEHHUA
5, (1)
k2 I () , (5.39)
(Ap I=0 I Ap=0

<§_Z> o == (§) . (5.40)

RKapoe u3 3TUX ABYX ypaBHeHHI1 CBA3bIBAET OCMOTHUYECKOEe AABIEHUE C fAB-
JeHueM nepeHoca. Ypasuenue (5.39), u3BecTHOe MO/ HA3BAHMEM COOTHOLIE-
HuA CakceHa, GbLIO0 BBIBEJIEHO €llle paHee ¢ MOMOIIbI0 KMHETUUECKUX CO006-
pameHuil. OoHAKO HCIONb30BATh Takue KMHETUUECKUE COOOpaxeHHA BO3-
MOHO JHUIIL B TOM clydyae, €cli NMPUHUMaeTcA KakafA-Iubo yTpolleHHasd
Mojielib IEPEropoKH, pasfielfwileil 1Be (asbl, HampuMep, eciu Auadpar-
MY YHOJOGNAIT KalWIIApPY C MOCTOAHHLIM ceyeHHeM. CMBICI TepMoauHa-
MHYeCKOT'0 BBIBOJIa COCTOUT B TOM, UTO OH COXPaHAET CUIY He3aBHCHMO OT
OpUpoabl AuadparMbl WM MOPUCTON CTEHKMU.

JTOT NpUMep NOYUYHUTeNeH B TOM OTHOIIEHUH, UTO OH AACHO NMOKA3bIBaeT,
KaKoro pojia pe3ylbTaThl MOT'YT GbITh MOJAYYeHbl METOAaMU TePMOJUHAMU-
KU HeoOpaTUMBbIX TpolleccoB. XOTA 3TU METOAbl U HENOCTAaTOUYHbI IJA He-
MOCPEICTBEHHOT'0 BHIUKCIEHUA TEPMOIUHAMUYECKUX K03 (HUIIUEHTOB, OHU
MO3BOJAIOT YCTAHOBUTh CBA3b MEMAY ABIEHUAMU, Ha NMEPBBbIH B3TIAL CO-
BEpILIEHHO HE3aBUCHUMBIMU APYT OT JApyra. ITo MOJ0eHNe aHaTOrMyHO I0-
JIOKEHUIO B TePMOAMHAMUKE PABHOBECHBIX COCTOAHUM, Ile TepMOAMHAMU-
YecKHe MeTOMbI MO3BOJAIT YCTAHOBUTh CBA3L MEMAY TAaKMMU MaKpOCKO-
NUYECKUMM ABIEHUAMHU, KaK OCMOTHUYECKOe [aBleHUEe U [aBleHUEe HachI-
IEeHHOro Tmapa.

3. TepmomoaekynApHad pa3HOCTb JaBJdeHUI
U TepMoMeXxaHuuyecKHuil apderT

B rauecTBe BTOpPOro npuMepa pacCMOTPUM CHOBA CHCTEMY, COCTOAIIY IO
u3 aByx cocynoB I u I, coequHEeHHBIX KaNlW/UIAPOM, MaleHbKUM OTBEpPCTH-
eM, MeMOpaHoii WK MopUCTOil meperopojkoii. Temepb Mexay AByMA cocy-
JaMH HoJiepUBaeTCA Pa3HOCTh TeMIepatyp. 14 IpocToThl OrpaHUYUMCA
cllydyaeM OJHOKOMIIOHEHTHO!H cHUCTeMbl U He OyJeM NPUHUMATh BO BHUMa-
HUe BIeKTpuYeckue mpoiecchl. 1A Takoil cucTeMbl BelMYMHA NMPUPOCTA
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SHTpONUM y:e Oblia mogcuutaHa [cM. ypaBHeHue (3.53)]. Mbl Bocnoab3y-
eMcH BelUYMHaMU [OTOKOB U cpojicTBa B ¢hopme ypaBuenuil (4.16)—(4.20),
HO ymo6cTBa pagu oTGPOCUM MITPUXH MpU cuMBoaax X u J.

JlnA 0MHOKOMIOHEHTHOH CHUCTeMbl BEIUYMHBLI CPOACTBA HAXOMATCA U3
ypaBHeHUM

_ 1Y _ 1
X:=A (T_) = AT (5.41)
! (Ap)
__\\gr g
Xy = T = —TAp (5.42)

[cp. ypaBHeHus (3.21)], a BeIn4YKMHBI IOTOKOB SHEPTUU U BelllecTBa MOLY Ya-
IOTCA U3 ypaBHeHUii

aj'® dn't
I = = —h= (5.43)
anI
L= A 44
J; il (5.44)
Torna BE&JINYNHA €KEeCERYHIHOI'o NMpupocTa 3HTPOIIMU CTAaHOBUTCAHA paBHOﬁ
ddf J AT Jus T Ap. (5.45)

B kauectBe Clﬁ)eHOMeHOIIOFI/I‘IeCKI/IX ypaBHEHI/Iﬁ HCIIOJIb3yeM COOTHOIIe-
HUe

vd,

Jr= Lok — Lin gL,
g (5.46)

Ju = —Ln AL 1,2

™M T2 T

npUyeM CHoBa MpHMeHsAeM cooTHollenne OHzarepa
Lis = Lo;. (547)
TlepBoe ABIeHHUE, C KOTOPBIM Cle/yeT GiH#e M03HAKOMHUThLCA, — mep-

MOMOAEKYAAPHAA PA3HOCMb dasaeHull, onpefieliAeMad KaKk Pa3HOCTh JaBlle-
HUl, KoTopafd BO3HUKaeT MekAYy ABYMA ¢a3aMHu B CTallUOHAaDHOM COCTO-
auuu Jy, = 0, Korga mojglep;xuBaeTcA PasHOCTh TeMmIepaTyp. B cooTBet-
cTBuM ¢ ypaBHeHueM (5.46), 3Ta pasHOCTb DaBIEHH BbIPAMKAETCHA COOTHO-
IeHueM

(ﬂ) = — L21 (TepMOMOJ’IeHyJ’IHpHaH Pa3HoCTb IlaBJ'IeHPIﬁ).
AT 0 L22’UT

(5.48)
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dTO ecTh fiBIeHUE B3aMMOMAENHCTBHUA NBYX HEPABHOBECHBIX MPOIECCOB
nepeHoca 3Hepruy U BemecTBa. B craunonapuom cocrosuuu (Jy, = 0) ma-
paMeTpbl COCTOAHHMA CHUCTEMbI He 3aBHCAT OT BPEMEHM, XOTH, OYEBHJIHO,
cyucTeMa He HaXOAMTCA B PABHOBECHH, MOCKOJIbKY MOTOK Temia J, U COOT-
BETCTBYIOIafd BeIMUYMHA €#eCeKyHJHOr0 MPUPOCTa SHTPONUHU, BbIUYUCIAE-
Maf 1o ypaBHeHuo (5.45), orau4nel oT Hyad. Takue cTanuoHapHble HepaB-
HOBECHBIE COCTOAHUA NOJpoOHee OyNyT U3YyYeHbI B cleayiolleil ria,e.

TepMoMoneKkyJfipHasA pasHOCTb JaBleHUi HaGalogaeTcA, Korja cucTe-
Ma COCTOMT U3 rasa, a CoCy[bl pa3eleHbl Y3KUMHU KalWIIApaMu UId Ma-
JeHbKUMHU OTBePCTUAMU. B TaroMm ciydae 3TO fIBNEeHHE Ha3bIBaeTCA «ag-
dexmom Knydcenar, u B cienyiomem pasgene a¢dest KHyncena 6yaet pac-
CMOTPEH C MOJEKYIAPHO-KMHETUYECKOU TOUYKM 3peHuA. TepMoMoleRryIfap-
Hafl pPa3HOCTh JlaBleHU BO3HUKAET TaK#e B MUJKOM Tellid HUMeE A-TOUKHU
(2,19°K); B aTOM ciiyuae fiBleHIe HAa3bIBAIOT «POHMAHHbLM dPdermony.

Roraa takoe #e ABlIeHUe HabM0JaeTCcAd B ra3ax WM B MUIKOCTAX IPU
Hanuyuu MeMOpaHbl, pasfeidolneil 1Be (a3bl, OHO HA3bIBAETCA «TEPMOOC-
Mocom» [41, 42]. B takom ciyuae 3Hak Ap npu 3agaHHoil Beanunse AT
B OCHOBHOM 3aBHCHUT OT NPUPOABI MeMOpaHbI.

O6paTuM Teneph BHUMaHHUe Ha JPYroe fIBIeHNe, IPOUCXOMAIIEE B CHC-
TeMe, onpejielieHrde KOTOpoii 6bLI0 1aHO B Havale 3Toro pasaena. Eciu noa-
JepUBaTh HEKOTOPYIO PA3HOCTHb JABIEHUI MeMmAy ABYMA COCyJaMH IpU
YCIOBHMH, YTO TeMIepaTypa oJMHaKoBa BO Bceil crucTeMe, TO BelecTBO Oy eT
nepeMenaTbCcA U3 OJHOTO COCyAa B APYrod, U BO3HMKHET MOTOK SHEPrHUH,
MPOMOPIMOHAILHBIA MOTORY BeiecTBa. [I0TOK HEPruU MOHHO U3MEDPUTH,
omnpejieifid KOAUYECTBO Tel1a, He0OXOAUMOE JUIA MO/JepKaHUA TOCTOAHHOM
TeMIIepaTypbl CUCTEMBI. JTO fIBIEHHE Ha3bIBAETCA (IMEPMOMETAHULECKUM
afiermomy; oHO MOueT ObITh BBIPAMEHO C MOMOIIbI0 (HEHOMEHONOrnYec-
KUX K03 dunueHToB [cM. ypaBHeHue (5.46)] cooTHoueHHEM

(ﬁ) = L (TepmomexaHnyeckuil 3G PeKT). (5.49)
JM AT=0 L22
YactHoe L13/Loe uMeeT GpU3MUeCKUil CMBICH NepeHOCa SHEPTUH, MPUXOAA-
HerocA Ha eIMHUIYy TepeHoca Macchl. Ero yacTo Ha3biBalOT menaomoi ne-
peHoca

* L12
= —. 5.50
Q=1 (5.50)

CooTHotenne B3aumuocty Ousarepa (5.47) ycraHaBIuBaeT CBA3b Mek-
Iy TepMOMOIEeRYNAPHOl pa3HOCThIO [aBleHUIl M TepMoMeXaHHYeCKUM
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Ap _ 1 (]
<AT>JM=0 o7 <JM>AT:O. (55D

Takum o6paszom oueBU[HO, YTO 00a fABIeHUA OyAyT MMeTb MecTO B ONHOH
U Toii e cucteme. [leficTBUTeNbHO, TepMOMeXaHUUecKUuil 3ppeKrT Habiaro-
naicA B raze KHy[ceHa U B KRUJIKOM TellUU HUME A-TOUKU.

IMockoabky 06a 3hperTa 3aBUCAT OT BEIMUYMHBI TEIIOTHI epeHoca Q*,
HeOe3bIHTEPECHO TIy0se BHUKHYTb B QU3UUYECKUN CMbICH TEMJIOThI mepe-
Hoca. 3aKOH COXpaHeHHUA sHepruu [ypaBHeHue (2.13)], 6yayun OpuioeH K
daze 11, npuBOANT K COOTHOUIEHUIO

dETT 4o
dt  dt

addperTOM

(5.52)

Pasnenaa sennunny d!/® ma yacTh, NMONyuYeHHYIO U3 BHeNIHeil cpebl,
U 4YacTh, MOny4eHHYIO oT ¢assl I [cMm. ypaBHenue (2.21)], u npuHEMas BoO
BHUMaHHe ypaBHeHud (5.42), (5.44), (5.49) u (5.50), noayuaem

dET  dl'Q
dt — dt

Q" + h)dZ—:I. (5.53)

Otciofa BUHO, 4TO cyMMa Q* + h npejacTaBinfeT co6oil CpeHIOI SHEPTHUIO,
nepenaBaeMyio ¢ase I Ha eqUHUIY TlepeHeceHHOH Macchl. 0603HAYUM Ty
BEJIMYMHY CUMBOJOM e*. BoipameHnue

e =Q" +h,
U

QF =e* —h, (5.54)

OTKpbIBaeT NyTb MJA MOJIERYJIAPHO-KMHETHYECKOI0 TOJKOBAHHA TEIJOTHI
epeHoca, Kar 3To 6y;1eT IIOKa3aHo B cjiefyromeM paspgelie.

4. MoneryaApHO-KUHETUYECKOE TOJKOBaHUE TemJOThI
nepeHoca. I'az Kuynacena

B canyuae raza Kuyncena, T.e. B ciyuyae, Koraa aBe ¢asbl coobmaroTca
IPYT ¢ OpyroM uyepe3 OTBepCTHe, JUaMeTP KOTOPOro Majl N0 CpaBHEHUIO
cO cpefHeil JIuHOIM cBoGogHOrO Mpo6era, HETPYIHO HEMOCPeJACTBEHHO pac-
CUUTATh TEPMOMOIEKYNAPHYIO Pa3HOCTh AaBieHuil. C JOCTATOYHBIM OCHO-
BaHNEM MOKHO MpPEANONOKUTb, UYTO KamaaA MoJeRyIa, MOJX0AAMAasA K OT-
BEPCTUIO, CBOGOJHO MpOiileT 4Yepe3 Hero. B coOOTBETCTBUU C OCHOBHBIMU
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YPaBHEHHAMHU KUHETUUYECKOU TEOPUU ra3oB, YUCIO MOJERYI, IPUXOIAINX
u3 ¢aspl I ¥ NpOXOAANMNX Yepe3 OTBEPCTHE, IPOINOPIUOHAILHO OTHOIIE-
nuio p! : VTT; aHamoruuHo cooTBETCTBYIOIIEe YHCA0 MOIEKY U3 dasbr 11
nponopuuonanbio orsomenuo p!! : v/TTI, Torga nuA cTaqUOHAPHOTO CO-
CTOAHUA, IPU KOTOPOM CyMMAapHBIH MOTOK BellleCTBa PaBeH HYIO, HMeeM

pt_ |1t

£ _ ) 5.55
e 11 (5.55)
JTo0 1 ecThb cooTHOWeHNe KHyIceHa A TepMOMOIIeRY IAPHOI Pa3HOCTH AaB-
nennit'. B quddepennuanbHoii popme 3T0 cOOTHOLIEHUE CleflyeT HAUCATD
B BHIe

Ap _ 1P _ R (5.56)

AT 2T  2v° )
BeanuuHa TemnoThl mepeHoca 1A rasa KHyjceHa monyuaerca cpaBHeHUeM
ypaBHenuit (5.48) u (5.50):

Q* = —%. (5.57)
STO e BbIpasieHue OJA TeIJIOThbI IepeHoca MOHHO TaKMe IMOJYYHUTb Helo-
CPE/ICTBEHHBIM CTATHCTUUYECKHM pPacyeToM, UCHoNb3yd ypaBHeHue (5.54).
Takum nyTeM MOMHO BBEIYUCIHUTL CPEIHIOIO S9HEPT U0 6*, NNepeHocCuMyo Mo-
JIeKYJIOi, IPOoXojAlle yepe3 orBepcTre. [IpumeM, UyTo HanpaBieHue KOOp-
HHHaTHOﬁ OCH I NEepIeHIURYJIAPHO K IIJIOCKOCTHU OTBEPCTUA, U 0003HaYUM
CUMBOJIOM vz COCTaBJIAKOIMYIO CROPOCTU MOJIERYJIBI B 3TOM HallpaBJIEHUU,
a CUMBOIIOM f — COOTBETCTBYIONIYIO GYHKIMIO pacnpeeleHud CKopocTeii.
Xopomo u3BeCTHO (3aKOH pacmpeleneHus ckopocTeit Makcsemna), uto f

IIPONOPUIHOHATIBbHO
2

exp(—;’:;‘f). (5.58)

CyMMaprIﬁ IMOTOR MOJIERYJ 4Yepe3d eIUHUIY IlJolagu OTBEPCTHUA B €JUHHU-
oy BpeMeHH JaeTCA BbIpameHHneM

Cv, = —/fvz dv,. (5.59)
0

Mpumep skcnmepuMeHTanbHON NpoBepkM ypasHeHua (5.55) Ha razoo6pasHOM remuu
npuBeeH B pabore Bebepa u [lImuara [43].
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Kasxpaa MoseKyna MepeHOCUT KUHETUUECKYIO SHEPTUI0, PaBHYIO

1 2 1 2 1 2 1 2
gmv” = 2mvm+ 2mvy+ 5 M-

HOHC‘II/ITHGM CliepBa cpeiHee 3HadyeHune %mvi oJIA TeX MOJIERYJ, KOTO-

pble NPOXOAAT 4epe3 oTBepcrue. CyMMapHbIil MOTOK 3Hepruu (B eIUHUILLY
BPEMEHH U Ha eIMHUIY [UI0IIaA1 OTBEPCTHA) 10 KOOPAMHATE X JAeTCA IPOC-
ThIM BbIpameHUeM:

Cs mv%w = %/fvg dvg. (5.60)
0

CpeHAA BelIMYMHA DHEPTUU %mvi, nepeHoCUMO# MoNeKyIo#, naeTcAa oT-

HOIIeHrWeM CyMMAapHOro noTora 3Heprun K CyMMapHOMY IIOTORY MOJIERYJ U
MO#KeT ObITb ornpenejneHa 00BIYHBIMHU MeTOJaMH UHTEerpupoBaHUuA:

fod du,
= kT. (5.61)
[ dvug

m
2

JTa BeAMYMHA POBHO B JiBa pasza Ooabuie Toit Benmuuunsl (Y,kT), KoTOpyIO
ycTaHaBIMBaeT NPUHLIMUI PaBHOMEPHOTO pacnpefeineHud sHepruu. Taroii
pe3yabTaT ABlAeTcA NPAMBIM clleICTBUEM TOI'0, YTO MOJEKYJIbI ¢ 6OMbITUMU
CKOPOCTAMH UMEIOT 00JblIle AHCOB IPOUTHU Yepe3 OTBEPCTHE, YeM Me[JIeH-

HbI€ MOJIERYJIbI.

CpenHue 3HauyeHUA %mvz u %mvg KaJoe paBHbBI I<:T/2 B corjlacuu

c NMPUHIUINOM paBHOMepDHOro pacnpefjeieHusa. Takum obpa3oM, cpeiHAA
cyMMapHaf 3Heprud nepeHoca Ha Mo.4b paBHA
* = 2RT. (5.62)

Tennora nepeHoca, Beipaxaemas ypaBHenueM (5.54), paBHa

Q*=2RT - SRr = -£L, (5.63)

B corjacuu ¢ ypaBHenuem (5.57).



86 T'nasa V

Mo:Ho MOKa3aTh, YTO BBINIEM3NOKEHHDBIH KMHETUYECKUIl BBIBOJ MpHU-
JOMUM U K ciydvaio MeMGpad [42].

Bo Bcex ciyuasx, Koria cpeHAA SHEPrUA MONEKY I, lepeceKarouX no-
IPaHUYHBIH cloi Mem Ay AByMA dasaMu, OTIANYaeTCA 0T SHTAIbINY, BO3HU-
KalOT TeIUIOTa NepeHoca, a TaK#Ke TEPMOMOIIEKYIAPHaA Pa3HOCThb AaBlIeHHUi
U TepMoMexaHu4ecKuil 3¢ dert. OueBUAHO, YTO B HEKOTOPbIX OTHOLIEHUAX
NOTPaHUYHBIN pa3feNAOUINN cloll NeficTByeT Kak CUTO, 61aronpUATCTBYA
Iepexofy 4epe3 HEro MONEKYI ONpeeleHHOr0 pojia, HalpuMep, MOIEKY ¢
60NbIIOH PHEpPrUeil.

Ecnu nBe asbl coeJMHAIOTCA OTBEPCTHEM, JOCTATOYHO LIMPOKUM, UTO-
Obl ra3 JBUralcH yepe3 Hero 0GbeMHBIM IOTOKOM, TO B BEeIHYUHY e*, Io-
MEMO YZAelIbHON SHEPruM e, BXOAUT ellle WieH pu, BbIpamarmomuil paGoTy;
Toraa

ef=e+pv=h; Q" =e" —h=0. (5.64)

CnenoBaTenbHO, B 3TOM Clydae TellJoTa lepeHoca paBHa Hymo. [Ipomeny-
TOYHbIE Cly4yan BecbMa 00CTOATENbHO u3ydeHbl BeGepom (cMm. quaA remus
0630p Keeszoma [44]). OgHako npuiiTH K NPOCTHIM OPMYIaM B 3TOM ClIydae
He ynaeTcA. BennuuHa TeMIOThI epeHoca 3aBUCUT OT OTHOINEHUA CpeaHei
AnuHBI cBoGOHOTO TTpo6era Kk pasMepaM OTBEPCTUA WU KalWIApa, Coeau-
HAOIIEro iBe (asbl.

5. Iudbodysua. Popmyia JHHIITEHHA

JTOT pasfiel MNOCBAIleH KPaTKOMY paccMOTpPeHHIO ABYX Aupdy3HOH-
HBIX 3agay. HcxomHbIM myHKETOM GyaeT cooTHoueHue (3.75). CooTBeTcTBY-
Iomuil heHoMeHoNorn4YecKuil 3aK0H JaeTcA ypaBHeHUeM

+
oy

§1- o |- (5.65)

L

pr(wr —ws) = T

I[JIH njgeajlbHOro ra3a uiu pa363BJIeHHOI‘O pacTtBopa XUMUUYECKUH II0-
TEeHIIMaJl BbIpamalmT B BUJe

(cm. raasy II1, pasnen 5), uTo mocjie NOACTAHOBEU B ypaBHeHue (5.65) naer

L) = L _O9m\ _ _LRT (0C MG
Ci(w—w2) = T (31M1 E)x) =TTG (8:0 BT ) (5.67)
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PacemoTpum aBa yacTHbIX ciydad. [lnfA odnopodnoti cucmemol
(w1 —ws) = L §1Ma; (5.68)
TC,

K03 PUIUEHT NPONOPLUOHAILHOCTU MeMJy OTHOCUTEIbHOH CKOPOCTBIO
w1 — we ¥ cuioit §1M; (Ha 1 monb)
L
= = 5.69
TC, ( )
HasblBaeTcA NoJdeUNCHOCTMbI0 KOMIOHeHTa 1.
Bropoii ciyuail oTHOCMTCA K cucTeMe, Ha KOTOPYIO He NeHCTBYIOT

BHeIIHUE CUJIbL: 8c
L RT 0Cy

Ci(wy —wa) = == —. 5.70

1o =) = 50 o (5.70)

KosppunmrenT mpomopuuoHATbLHOCTH  MemAY MOTOKOM  Audy3un

C1 (w1 — w2) ¥ rpaiueHTOM KOHUEHTPAIUY 10 ONpeleleHUIO ABIAETCH KO-

afduyuenmom duddysuu
L RT
D === 5.71
TC, (5.71)
CpaBuuBasa ypasuenusa (5.69) u (5.71), noaydyaem ¢dopmyny DiiHmTeiina,
CBA3bIBAIOIIY IO MOJABUMHOCTDL C KO3pdpuunenToM auddy3uun:

D = RTB. (5.72)

JTO COOTHOIIEHUe UMeeT COBepIIeHHO O6IIUil XapaKkTep U moixyvaeTcA Oe3
KaKKUX-1u0o crenyalbHbIX KUHETUYECKUX JONYyLIeHuM.

B rayecTBe BTOporo mpumMepa paccMOTpUM oblilee onpejelneHue MOHA-
TUA «K03bunueHT auddysuuny. [ad cuctembl 6e3 BHENIHUX CUJI ypaBHe-
Hue (5.65) MoxHO HamucaTb B Gpopme

Cl(wl — (4)2) = =T e (573)

C dhbeHOMEHONOTHUECKOI TOUKU 3peHUuA KoddpunueHT audys3uu onpeaeis-
eTcA U3 BbIpaskeHUA
0N,

Cl(wl — (4)2) = —DC a{E 5

(5.74)

" MIO9TOMY

_ 1 ;9m
D = TCL8N1' (5.75)
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lIna mpeanbHoro rasza uiau pa3GaBleHHOr0 pacTBOpa 3TO ONpejeleHue
sKBUBaleHTHO ypaBHeHuo (5.71). Kosddunuent nuddysun npeacrasifer
coboii mpousBeeHrne GpeHOMeHOIOrN4YecKoro Koadduunenta L Ha Tepmoau-
Hamuueckyto Beanuuny (1/TC)(0p1/ONy). Roadpdunuent L Bceraa noio-
MUTENEH, Tak e Kak U npousBogHaa Jui/0N; [1A Bcex ujealbHbIX CHC-
TeM (MAeanbHBIX ra3oB, HaealbHbIX pacTBopoB). Torga us ypasuenud (5.75)
cilejyeT, 4To Ko3(pduureHT AUbPY3Un MOJNOMUTENEH U B COOTBETCTBUU C
ypaBHenueM (5.74) motok auddys3uu HanpaBieH TaK, YTO HAIUYHbIe rpa-
JUEHThbl KOHLEHTpaluuili yMeHbLIaloTCA.

B HeroTOpBIX cucTemMax, HaIpUMep, B CUCTEMaX, COJepPHKAaI[UX JBe «He-
cMellMBaloIIiecA» MUAKOCTH, Takhe, Kak 0eH30J U BoJa, MOMeT OKa3aTb-
cA, 4yTo nmpousBogHaa Oui/ON; orpunarenbHa. Torga MuUAKOCTh pasnend-
eTcAd Ha ABe ¢a3bl, NpuyeM ofHa U3 ¢a3 Goraye NepBbIM KOMIIOHEHTOM,
a 1pyraf — BTOpbIM. [l TaKuX ABYX UAKOCTell KoadpunueHT quddysun
oTpullaTeleH B 00JacTU paccioeHUA, COOTBETCTBYIOIEN TepMoJuHaMUyec-
KOl HeycToiunBocTH [9a]. Bo3MOMKHOCTh CylIeCTBOBAHUA OTPULATENbHBIX
K03 puuuenToB auddy3un, B IPOTUBONOIOMKHOCTh KO3(PPUIUEHTY TEIJo-
IIPOBOJHOCTH, KOTOPBI Bcerja NoJokuTeleH, 00ycloBleHa TeM, UTO KO3 (-
¢unueHT auddys3uu npeacrasisgeT coboi NpousBeleHre IByX QYHKIUHA, U3
KOTOPBIX TOJbLKO OJJHA UMeeT ollpe[eeHHbIl 3HaK.

Briniu paccMoTpeHBI M Ipyrue mpuMephbl IPUMeHEHUA TePMOIUHAMU-
YeCKUX MeTOoJOoB K ABJIeHUAM Juddy3uu, HO 3/ecb HeT BO3MOMHOCTU
BlaBaThcA B JalbHeiilive noapo6HocTu. Ilo 3ToMy Bompocy cM. ocobeH-
Ho [18, 45, 46].

6. HenpepsiBHbIII U NpepbIBHLIN ¢opMaain3mM

B 3akamouenue ykameMm MeTO/I, KOTOPBIi IIO3BOJIAET JIETKO PacIpoCTpa-
HUTh Ha HempepbIBHbIE cucTeMbl (cM. raaBy III, pasgen 10) «mpepbIBHbBIN»
(dopManuaM, NpeuMyllecTBEHHO UCIONb3yeMblil B 3TOH KHure. BosbMeM mia
KOHKPETHOCTH CJIy4dail TelIoNpOBOAHOCTH. B 3TOM cilyuae emeceryHIHbIN
npupoct sHTponuu Gyner paBeH [cM. ypaBHeHue (5.1)]

i —/Jda T2 3a a. (5.76)

Mbi MoxeM TpeAcTaBUTh 3TO BbIpaxkeHue B ¢opme, UASHTUUHON ypaBHe-
uuio (4.1). Ina atoro pasnoxum W u T B pang Pypbe (onyckaem HHAEKC &
y Wa):
W= Wpelo, T =3 Tyele (5.77)
f
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Moacrasaas B (5.76), momryyaem ¢ TOYHOCTBIO O YIEHOB Gollee BBHICOKOTO
nopanka (To = Ty gaa f = 0)

d(}f = TLOzZ/Tfifo,ez(Hf Jagq = —TL&, ifTyW_y.  (5.78)
If 7

dta popmyina coBeplileHHO aHanoruyHa ypasHeHuio (4.1). Paznuunsie
noroku Ji B dopmyine (4.1) 3mech GyayT cocTaBIAIUME pasioxenua W
B pan @ypbe, a cpoacTBa &) npeicrasieHbl B Buge ¢fTy.

Hexoma w3 3TOro BbIpameHUfA UIA €ECeKYHJHOr0 MPUpPOCTa 3HTPO-
MK, MbI MO€EM Jjanee MoCTYNaTh TOYHO TaK e, KaK B ClIyJae MPepbIBHBIX
cuctem. OT™MeTuMm, 1A npumepa, uto 3akoH Dypoe (5.2)—(5.3) npunumaer

31ech hopMy
Wy = —ifATy. (5.79)

JTo BhIpaiieHrne aHaJlOTrU4YHO JIMHENHBIM 3aKOHaM B OUCKPETHBIX CUCTeMax.



I'maBa VI
CTaI_II/IOHaprIe HepaBHOBeCHbIe COCTOAHUA

1. TepMO,E[I/IHaMI/I‘-IeCROE 3dJHaAUeHue cTalrmoHapHBbIX
HepaBHOBECHBIX COCTOAHUMN

B pasnene 3 raaBbl V MbI yie MO3HAKOMMIUCH ¢ TUIHUYHBIM CTalHO0-
HapHbIM HEPABHOBECHBIM COCTOAHHEM — TEePMOMOIEKYIAPHOIl pPa3HOCThIO
naBieHuil. B aTom coctogHuu nepeHoc BemecTBa .J, paBeH HYIIO, a mepe-
HOC DHEpruu Mexay AByMA ¢dasaMH ¢ pa3HbBIMH TeMIepaTypaMu U Belu-
YHHa TpUpalleHUA SHTPONUU He paBHbI Hydwo. Ho mapamerpsl cocToAHUA
CUCTeMbI He U3MEHAIOTCA CO BpeMeHeM, TaKk UTO JaHHOe COCTOAHUE BIIOJ-
He MOeT paccMaTpHuBaTbCA Kak cTalllloHapHOe HepaBHOBECHOE COCTOAHUE
UM, Kopoue, KaKk cTallloHapHoe cocToAHUe. Takue cocToAHUA He clegyeT
NyTaTh C PaBHOBECHBIMU COCTOAHUAMU, XapaKTepU3YIOUIUMHUCA TeM, 4YTO
CKOPOCTBb MPHPOCTa SHTPONUU pPaBHA HYIIO.

JpyruMm mnpuMepoM CTAlMOHAPHOTO COCTOAHHUA MOMKET CIY#UTH CHUC-
Tema, NoJyvalollasd U3 OKpYy:;kaiolleil cpeibl BemecTBo M u mpeBpamalo-
man ero yepes pAA NPOMeKYTOUHBIX COeUHEHNI B KOHEUHbIH NpoayKT F,
KOTODBIil BO3BpalllaeTcA B OKpy:Kamomyio cpeny. CTanmoHapHOe COCTOAHUE
BO3HHKAaET TOr/la, KOr/la KOHIIEHTPAaUU NPOMEKYTOUHBIX HIPOAYKTOB Mepe-
CTalOT U3MEHATLCA CO BpeMeHeM. B 3ToM ciyuyae ycloBUA BO3HUKHOBEHHA
CTallIOHAPHOTO COCTOAHUA BhIPaalOTCA HEKOTOPLIMU ONpedeNeHHbIMU CO-
OTHOIIEHUAMH MeHAY CKOPOCTAMU Pa3iUYHbIX XUMHUYECKUX MPOIEeccoB 06-
pas3oBaHUA U JalbHeiilllero npeBpanieHUA TPOMeKYTOUHBIX COeINMHEHUI.

Huske 6yneT nokasaHo, UTo cTallHOHAPHbIE COCTOAHUA MOTYT GbITh 0Xa-
paKTepu30BaHbl 3KCTPeMalbHBIM MPUHIUIOM, KOTOPBI YTBEp#IaeT, YTO
B CTAal[MOHAPHOM COCTOAHUH €eCEeKyHIHOe MpHUpalleHrue SHTPONUU UMeeT
MHUHUMAaIbHYIO BEINYNHY, COBMECTHUMYIO C HEKOTOPHIMH [JONOJTHUTEIbHBI-
MM YCIOBUAMHU, KOTODPbIE JOJHHBI ObIThH CHOPMYIUPOBAHBI ANA KaxkJOr0
KOHKPETHOro ciydyad. B HamieMm mepBoM NpuMepe C TepMOMOJeKYIApPHOi
PasHOCTBLIO [aBI€HUN TaKUM J[ONOJHUTENbHBIM YCIOBUEM SABIAETCA pas-
HOCTb TemmepaTyp Memxay ¢asamu I u II. Bo BropoMm npumepe Takum
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yCJI0BUEM MOKeT GbITh 3aJaHHUe OIpe/eleHHbIX 3HAaUeHUi KOHIEeHTpaluu
ucxopHoro BemecTBa M u kKoHeuHoro npoaykra F Bo BHemHeil cpefe.

Bompoc o Tom, Kakad mepeMeHHas XapaKTepu3yeT CTalNOHapHbBIE CO-
cToAHNUA, YacTo obcymaanca kak ¢usuramu (II. u T.dpendecr [47], Pyr-
repc [48], lIBurku [49]), Tar u 6uonoramu (Jotka [50], I'npon [51]). OTBer
Ha 3TOT BONPOC JaeTcAd TepMOJUHAMUKON HeoGpaTUMBIX mpoieccos [17, 18,
52, 53].

2. CocToAHUA ¢ MUHUMAaJALHOH BeJUUYUHON
ejKeCeKyH/JHOTro NpupocTa 3HTPOINUU

PaccmoTpuM HapacTaHue 3HTpPONUU KaK IIpollecc, COOTBETCTBYIOMIUIA
nepeHoCy BelllecTBa U 3HEPruu Mexay ABYMA (aszamu ¢ pasHoil TeMIepa-
Typoii. [IpupaiiieHrie SHTPONUHU, OTHECEHHOE K eIMHUIle BPeMEHHU, B 3TOM
cliydyae aeTcd BbIpameHueM [cp. ypaBHenue (5.45)]

d;S
dt

a ¢GeHOMEeHOJIOTMYeCKUMU ypaBHEHUAMHU Gy Iy T

= Jo Xz + JuXy > 0, (6.1)

Jr = L1 X: + L2 Xy,

(6.2)
Ju = La1 Xy + L2z X
[eMm. ypaBHenue (5.46)]. Jna cTanuoHapHOro COCTOAHUA
Ju = Lo1 Xt + Lo X\, = 0. (63)

BriBenem Temepn ypaBHeHue (6.3) Kak yclIoBHe MUHHMAIbHOIO 3Ha-
YeHHUA emeCeKyHIHOT0 IPUpoCcTa SHTPONUY 1A JaHHoU Beaunuunel X,. Hc-
noib3y ypaBHenue (6.2) u cooTHomenue Baumuoctu Ousarepa Lis = Lo,
noJy4yaeM, B COOTBETCTBUU ¢ ypaBHeHueM (6.1), HOBoe BbIpakeHue A Be-
JUYUHBI IPUPAIIEHUA SHTPONUU B €ANHUIY BPEMEHU:

diS 2 2

W = LllXT + 2001 X Xy + L22XM > 0. (64)
B3aaB npousBogHyio oT ypaBHenus (6.4) no X, npu nocToAHHOM X, MOIY-
yaeM

d;S
a)a(M < dt > = 9(Loy Xs + LonXy) = 2Jy = 0. (6.5)
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lIBa ycioBus

_ 9 (diSY\ _
Ju=0 n BXM(dt)_O (6.6)

IIOJIHOCTHIO SKBUBAIEHTHDI, €CIIH TOILKO COXPAHAIOT CHIY JUHEHHBIE COOT-
HomeHud (6.2).

JTOT BBIBOJ MOMET ObITh cpady o6o0lieH Ha ciydail n He3aBHUCH-
MbIX BeauuyuH cpojgctBa Xi,...,X,, U3 KOTOpbIX k BeIMYUH CPOACT-
Ba X1, ..., X} OCTaloTCA MOCTOAHHBIMU. TOra A CTAMOHAPHOTO COCTO-
AHUA MMeeM

TEE— —) (6.7)

dtu ycioBufa 9KBHBaJE€HTHDBI YyCIOBUAM MUHUMAaJbHOW BEIUUYUHBI exie-
CEKYHIHOIr'o NprupocTa dHTPONUUN

o (S
ax; \dt

):0 (G=k+1,...,n). (6.8)

3aMeTHM, 4TO, OCKOIbKY pou3BoaHasA d;S/dt ABAAeTCA CyLIeCTBEHHO M0-
JOMUTENbHBIM KBaJIpaTUYHLIM BbIpaeHUEM, YCIOBUA DKCTPEMyMa, ompe-
mensfeMble ypaBHeHHeM (6.8), oTHOCATCA K MUHUMYMY.

B cienpyromem pasgene Mbl paccCMOTPUM NMPUMEPhI CTAllMOHAPHBIX CO-
CTOAAHUI1, COOTBETCTBYIOUINX ONpeleleHHbIM 3HaUeHUAM HEKOTOPBIX JHHEl-
HbIX KOMOMHANUII BeJUYUH CPOACTBA.

3. IlocaenoBaTenbHble (KOHCEKYTHBHbIE) XUMHUYECKHE
peakiuu

PaccMoTpuM OTEPBITYIO cUCTEMY, B KOTOPOIl MPOUCXOAUT PAX MOcie-
JOBaTelbHBIX peaKIUii, BbIpasaeMbIX CXeMoi

(1) M—N,
(2) N—O, (6.9)
(r) P—F.

O6MeH ¢ BHeIIHel cpeoil MoeT MPOUCXOAUTDb ToNbKO BemecTBaMu M u F,
U [03TOMY, B COOTBETCTBUU ¢ ypaBHeHueM (1.8),

an_denM_v' dn_N_v v .dﬂ_denp
dt —  dt Leomge — PR Ty T dt

+v,. (6.10)
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B CTalMOHApHOM COCTOAHHH

denM:V = Vo = =V :—denF
dt 1 2 oo r dt .

Bennuunna NpupameHua 3HTPOIINH C y4eTOM ABYX IIPOLI€CCOB IIepeHoca

(6.11)

M (BHewnas cpena) — M (cuctema)

1 F (Buemnss cpega) — F (cucrema)

JaeTcHd BhIpameHueM
d;S
dt

. deny d deny
= Au— +’;Apvp+AF >0, (6.12)

T

rae Ay 1 Ay npencTaBaAiOT co6oil BeIUYMHBI CPOACTBA, COOTBETCTBYIOI[HE
nponeccaM nepeHoca BemectB M u F, a A, — cpozncTBo p-it peakuuu B paALy
peakIuii, BeipazkaeMoM cxemoit (6.9).

Ecau BenmnuuHbl, OTHOCAIIHECA K CaMoii cucTeMe, 0603HAYUTh UHEK-
coMm I, a BeMYnHbI, OTHOCAIMECA K BHellHel cpexe, — uniaexcom I, to,
B COOTBETCTBUU ¢ ypaBHeHueM (3.27),

Av = iy — gt Ar = pp — pi (6.12')
B craunonapHoMm cocTofHNM, XapakTepudyemoM ypaBHeHueM (6.11),

d;S

Tdt

= (4m+ 3" 4, — Ar)v = 4v >0, (6.13)
p

rie v — oOlllee 3HaUeHHNe BceX NaplUalbHbIX CKOpOCTell MpOMe#yTOUHbIX
pearuuii no ypasaenuto (6.11), a A — cymMmapHoe cpoACTBO

A=Au+ ) A, - Ar, (6.14)

p

COOTBETCTBYIOIIEE CYMMAapHOMY («rl06aibHOMYY) mpoleccy.
M (Buewnsas cpena) — F (BHemHAA cpena). (6.15)

JdTa BelMuMHa CPOACTBA YACTO MOKeT ObITh BhIpa)eHa B Golee MPOCTON
tdopme [cM. ypaBHenue (5.11)]
K(T)

(6.16)
Cif Cr

U onpefenfeTcA IaBHbIM o0pa3oM KoHueHTpanuaMu Cy u Cr BO BHelHel
cpepe.
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Tenepb HeTPYAHO MOKa3aTh, YTO cooTHomeHus (6.11) ABaAOTCA TOY-
HBIMHU yCJIOBUAMU MUHUMYMa €K€CEKYHHOI0 IPUPOCTa SHTPONUY IPU JaH-
HoU 6eauduHe cymmaprozo cpodcmea. Ucnonb3yda ¢eHOMeHOJIOrnYecKue 3a-
KOHBI, MO#HO Bbipamsenue (6.12) npeacTaBuThb B BUje KBaJpaTHUYHON BDYHK-
WU BEeIUYUH CPOJCTBA

r+2 r+2

ZZL,,,, 7 T > 0. (6.17)

p=1p'=1

CymmupoBanue B ypaBuenuu (6.17) npousBogures no (r+2) HeoGpaTUMbIM
npoieccaM, KOTopble YYUThIBalOTCA B ypaBHeHuu (6.12).

Tenepb HeOGXOAMMO OIpeAeNUTh MUHMUMYM (GYHKIMM, BbIpaxaeMoil
ypaBHenueMm (6.17), npu naHHON BeluyuHe CPOACTBA N0 ypaBHenuio (6.14).
JTo MOMHO clelaTh MeETOIOM HeolpeleleHHbIX MHomuTenel Jlarpamn:xa;
Ipy 3TOM ycCiIoBUe, Hazaraemoe ypaBHeHueM (6.14), yunTeiBaeTcA myTeM
HaXO#IeHUA 3KCTpeMyMa (pyHKIMH

@:ZZLW%%—%Z%, (6.18)
p 4

rge A — MHoxuTenb Jlarpanma. YeaoBusa skctpemyma (yHruun (6.18)
onpeJenAaTcA PaBeHCTBOM

0P Ay
_092 __ _oN 2P _g9n—, (6.19)
aa, M~ 2T
e v=A  (p=12...,r+2), (6.20)

4YTO B TOYHOCTH BhIpasiaeT Halle yC/JioBrUe CTalMOHApHOI'0 COCTOAHUA (611)

4. BoJjee cilosiHbIe cUCTeMbl XMMMHNUYECKUX peamum'/'l

Paccymaenns, uslomeHHble B NpeAbIAylileM pasiene, JIerKO MOTYT
ObITh pPACIpPOCTPaHEeHbl Ha ciydail Golee CIOHHONW CHCTEMbl XMMUYECKUX
pearuuii. B kauecTBe npyMepa BO3bMeM CHHTE3 GPOMICTOBOJOPOIHON KIC-
a0ThI [54]:

(1) Br, — 2Br,
(2)  Br+H, - HBr+H, (6.21)
3) Bry + H — HBr + Br.
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CyMMapHOe CTeXHoOMeTpHYeCKOe ypaBHeHUue uMeeT BUI
Brs + Hy, — 2HBr. (622)

Peaxnusa (1) e BxoauT B ypaBHenue (6.22).! Eciu npocToTsl paau npene6-
peub BelMUUMHAMHU CPOJCTBA IPOLECCOB llepeHoca, TO CTAallHOHAPHOEe COCTO-
AHUe OyIeT COOTBETCTBOBATh KCTPEMYMY BEIWYMHBI IPUPOCTA BHTPOINKMU
IJIAl JaHHOT'0 3HAYEHKMA CYMMAapHOrO CPOJICTBA, BLIYUCIEHHOIO 110 ypaBHe-
Huio (6.14)

A=Ay + As. (6.23)

Orcioa HaiileM, 4TO YCIOBUA 3KCTPeMyMa IPUPOCTAa IHTPONUU JAIOTCA
ypaBHEHUAMHU

vi=0; vy =vs. (6.24)

OquI/II[HO, YTO Torga mnmpou3BogHad OT KOHLOEHTpalnuu 110 BpeME€HU BHYTDPU
CUCTEeMbI paBHa HYJIO:

ddﬂ =vy—v3 =0,
dntB (6.25)
dtr :2V1 — Vy + V3 =0.

SHGCB CHOBa yYCJIOBHA CTalMOHApPHOro mpouecca oKa3dblBalOTCA IKBHUBaJE€HT-
HbIMH YCJIOBUAM MHHHMYMa IIpUPOCTa 3HTPOIIHUH.

5. NU3meHneHue Bo3pacTaHUA 3HTPOIIMHM BO BpeMeEHH.
YcToiUMBOCTD cTanrvoHapHbIX COCTOAHUMN

3aiiMeMcA Tenepb Golee MOAPOOHBIM H3yuUeHHEM U3MeHEeHHA Bo3pac-
TaHUA SHTPONUU BO BpEeMeHM U [OKaskeM, UTO HeoGpaTHMble INPOLECCHI,
HIpoTeKalllle BHYTPU TepPMOAMHAMUYECKOI CHUCTEMBI, Bcerja IMOHUMKAIOT
BEIIMUMHY eReceKyHIHOro mpupocta sHTponuu. 1A BelnunHbl IpUpoCTa
SHTPONUU B eIUHUILY BPEMEHU NPUMeEM cllefiyiollee 0603HaUeHUE:

d;S
= . 6.26
3= (6.26)
IMer umeem 3nech uens Hephera: peanuus (1) — sapospgenue uenu, (2), (3) — ee

pasButue. — Ilpum. ped.



96 TI'nasa VI

IIpu 3TOM /1718 yH06CTBA paccMOTPHUM ClIydail CHCTeMbl, B KOTOPOH OJHOBpe-
MEHHO NPOTEKAI0T TONbKO IBE XMMHUUYECKHe peakilud, XOTA A0Ka3aTelbCTBO
MO3€eT ObITh JIErKO paclpocTpaHeHo Ha ofumuii ciydail. Bennunna npupoc-
Ta SHTPONUM B €IMHUIy BpeMeHM Oy/eT, Kak U 0ObIYHO, B COOTBETCTBHUHU C
ypaBHenueMm (6.4), paBHa

A A; A, 4,)°
PB =L (—) +2L4o T + L2 <T> > 0. (6.27)

[lonaras, 4To deHoMeHoNoruueckne Ko3dpduunueHTs! L;; He MeHAOTCA coO
BpeMeHeM, NMeeM

M (1) AT

N)l»—t

T dt

oA A d(Az/T)_V d(Al/T)+V d(Az/T)
12T 2 ' dt Tar

PaccmoTpum cnepBa 3akpbiTyio cucteMmy. Torga Benuumnubl A; u As
MOTyT GbITh BbIPAKEHbI Yepe3 JBe He3aBUCHMble NepeMeHHble (HampuMep,
uyepe3 p u T'), KOTOpbIE MOKHO HPUHATH MOCTOAHHBIMU, U Yepe3 3HAYEHUA
CTEeNeHU MONHOTHI peakiuu & U &. B aToM ciyuae umeem:

(6.28)

148 _ w1 | (04 94,
) oo (8) o]
ST ! 9 ) r ?
Ho u3 ypaBuenus (3.44) cienyer, 4to
%), (%), -~ ()
i’ 3 = === =— , 6.30
(% o \oe ) .~ \eaoe ), (6.30)
nosTomy ypaBHeHue (6.29) MomHO 3anucaTh B BUJE
1 dgp (9A1 2 % 3142 2
2dr ((95 +26£ 12+a£ ><0 (6.31)

HanomuuMm, 4To mpu paccMOTpeHUW mpobiaeMbl GayKkTyauuii (cm. ria-
By IV, paspen 3) y:e Gbli10 ycTaHoBI€HO [cM. ypaBHeHue (4.28)], uTo npous-
BogHble 0A,/0, ABAAIOTCA KO3(GUIMEHTaMU CYIECTBEHHO OTPULATeNb-
HOil KBajapaTuuHoil dopmbl. OTCIOfa OUEBUIHO, UTO B 3aKpPbITOH cHCTEME
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npupainieHie SHTPONUU B €IMHUIY BPEMEHH MOMKET CO BpPeMeHeM TOJIbKO
YMeHbIIaThCA.

ITo 0KA3aTeNbCTBO Jerko PaclpoCTPAHUTh HAa OTKPBITHIE CHCTeMbI .
B sToMm cnyyae BelMYWHBI CPOACTBa ABIAIOTCA (QYHKUUAMM 4YHCIA MO-
aeit ny, ...,n.. Ucnonbsys ypaBuenue (1.8), monyvaem

dAl z 04, 8”7 Z %dzn'y Z 0A; den'y _

on., ot on, dt On, dt
I R
ST >
Moacrasaas 3To cooTHoumeHue B ypaBHenue (6.28), Haxogum
%'2—? == (%?1 T+ 2%—?21vm + %—?ﬁv%) +
ar (i)

N3menenune IpupameHnua 3HTPOIINHU BO BpEMEHHN MOMEeT ObITH pasiejeHo Ha
AB€ 4JaCTHU — BHYTPEHHIOIO 4aCTb, KOTOpad BcCerga orTpuuaTelbHa,

1diP _ 0A1 »  ,0A; 04, V2
5 d (85 I+2— 96 1V2+a€ <0 (6.34)
1 BHEIIHIOIO 4YacThb, HEe UMEIOIIYIO oIllpeJeJIeHHOI'0 3HaKa,

1d ‘B % 0A, den'y

274 T Z( v 3n,,> it (6.35)

TakuM o6pa3oM, Mbl MPUXOAMM K 3aKJIIOUEHUIO, UYTO BHYTPEHHHE He-
paBHOBECHbIE TPOIlecChl Bcerjia AeificTBYIOT B HampaBleHUH, BbI3bIBAIOIIEM

1B ypaBuenun (6.26) He yuuThIBaeTCA BelMUMHA TPUPOCTA BHTPOMMH 3a CUET Mpollec-
COB IlepeHoca, UYTo MPOTHBOPEYUT TOJKOBaHHUIO, JaHHOMY B pa3sfeile 3 HacTOAMelH riaBbl.
Ecau e BriaouuTh B ypaBHeHue (6.26) u mpoueccsl mepeHoca, TO MpupamieHHe SHTPO-
nuu Bcerga GyneT yMeHbmaTbcA co BpeMeHeM. K Bompocy 06 M3MeHeHUU NpHUpamieHUA
SHTPONHMY CO BpeMeHeM Mbl ellle BEPHEMCA HUe.
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NOHUKEHUE BEINYUHBI €KeCEeKYHJHOr'0 MPHUPOCTa SHTPONUU. JTO yCIOBHE
OKa3bIBaeT HENMOCPEeJCTBEHHOE BINAHNME HAa yCTONYMBOCThL CTAlMOHADPHBIX
coctoguuii. Koraga cucremMa HaXoguTcA B COCTOAHHUH, COOTBETCTBYIOUIEM
MHUHUMAaIbHOM BeIMYNHE eeCeKYHJHOro MPUpOCTa BHTPONHM, OHA, B CO-
OTBETCTBHHU ¢ HepaBeHCTBOM (6.34), He MoKeM BBIATH M3 3TOr0 COCTOAHUA
IyTeM caMoOIIpOU3BOJLHOr0 Heo6paTuMoro usMeHenus. Eciu B pe3ynbTrate
GIAYKTyaluu oHa He3HAYUTENbHO YAalUTCA OT 3TOr0 COCTOAHUA, TO HpO-
U30iIyT BHYTpPEHHUE U3MeHEHHA M BO3BPAaTAT CUCTEMY B ee HavalbHOe
COCTOAHNE, KOTOPOe T03TOMY MOMHO Ha3BaTb YCMOUYUBHLLM COCMOAHUEM.
[IpeBpamenud, npoTekamiye B cucTeMe, KOTOpagd HaXOAUTCA B M0J0GHOM
cocTOAHUU, GyIeM Ha3bIBaTh ycmouiusslm (CmabuibHbLMUL) NPEBPAULEHU-
MU.

[Ipo6aema ycToitunBoCTH cTalllOHAPHBIX COCTOAHUN MO3KeT ObITh U3Y-
yeHa TaK:ke IIyTeM paclpocTpaHeHUA Ha 3TU COCTOAHUA TaK Ha3bIBaeMoro
npunnuna Je-llartense. ITOT MeTo] U3NOMEH B APyrux KHurax [17, 18].

6. IloToxr QHTPOIIMMX B CTallMOHApPHbBIX COCTOAHUAX

B CTalUOHapHOM COCTOAHUHU BCe MapaMeTpbl COCTOAHUA He 3aBUCAT OT
BPEMEHHU. JTo BEPHO TaK#e U II0 OTHOIIEHUIO K dHTPOIIMH. OquHI[HO, 4yTo
MOJIO}KUTEJNbHaA BeJIMYMHA MPHUPOCTA IHTPOIMUU OOJMHaA B TaKkol CTeleHU
KOMIIEHCUPOBaThbCA OTpULAaTCJIbHBIM INOTOKOM 3HTPOIINH, 4yTOoOBI 00lllee U3-
MEeHeHHe 9HTPOIIUU BO BpeMEeHHU ObLI0 pPaBHO HYI/IIO:

ds _ deS+ d;S

at = at Tar " (6.36)
Ho Tak kar
d;S
gt > 0, (6.37)
TO [0 HEOGXOIUMOCTHU
d.S
7 < 0. (6.38)

CranuoHapHble HEPABHOBECHbLIE COCTOAHUA He MO2YM B03HUKHYMb 8
U30AUPOBAHHBIT cucMeMax, TAK KaK IJIA MOAJepKaHUA CTAlMOHAPHOTO CO-
CTOAHUA He00XOJUMO HalMuue NOTOKa 3HTponuu. B KauecTBe mpuMepa cHo-
Ba pacCMOTPUM cucTeMy, usydennyio B riase III (pasmen 8), u HamoMHUM,
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4TO OHA cocTOMT U3 ABYX das ¢ Temneparypamu T u T1!. Kampas B ot-
IelIbHOCTH ABIAETCHA OTKPLITON CHCTEMOMN, HO BCA CHCTEMA B LEIOM NpPEJ-
craBaAeT co6oil 3arpbITyI0 cucTeMy. IIOTOK 3HTPONUM ONpexeNfeTcH MO0
ypaBHeHuio (3.51):

S 1dQ 1 dQ

dt — 7l dt ' T dt

(6.39)

Temepb HeTpyAHO NpoBepuTb HepaBeHcTBO (6.38). IIpemmonomum,
uro T1 > T torma d1Q > 0, dX1Q < 0. Kpome Toro, o6uee KonmuyecTBo
TeIla, NoJMyYeHHOe CHCTEeMOl B CTalMOHAPDHOM COCTOAHUU, PAaBHO HYIIO:

dQ = dtQ + d*'Q (6.40)
u ypaBHeHue (6.39) naet
dS _diQ (1 1
a - di F - ﬁ < 0. (641)

OrpuuareibHad BelMYMHA NOTOKA BHTPONUMU 0GycClOBIeHa 3lech TeM, UTO
TemoTa, NolydyeHHasa npu TemnepaType T, BosBpamaeTcsa okpysaionuieit
cpefie pu Gonee HU3Koil Temneparype T11.

B kauecTBe BTOpOro mpumepa BO3bMeM OTKpPBITYIO cuctemy. IloTok
SHTPONUHU BbIpaaerca ypaBHeHuneM (3.48). Bmecto Beauuunsr d®/dt, wo-
TOpas onpefelfAeTcA ¢ TOUHOCThIO 10 uneHa 3(dm/dt), rae  — npousBodb-
HaA nocrofnnas (cM. raasy 11, paznen 4), yno6Hee M01b30BaThCA BEIMYNHON
noroka J., KoTopslit BBoauTcA ypaBHenueM (4.16). Torja noTok sHTponuu
MoOs€eT ObITh BbIpazk€eH B BHU[E

deS—lJ'—Ej—’”_h”de"”—lJ’+§js ety (6.42)
dt T"" T dt T Todt '

¥
rje Me 1y XMMUYeCKHM N0TeHIUaloM [Ly, HapIualbHOi MOJIAPHON SHTaNb-
nueii h., U napuuaibHO MONAPHOIN BHTpPONHEl S, UMeeTcA TePMOJUHAMHU-
Yyeckaf CBfI3b, Bbipajkaemaf ypaBHeHUEM

py = hy —Tsy (6.43)

[cp. mocnennee ypaBHerue (3.20) ¢ ypaBHenuem G = H — T'S].
B cranuonapHoMm coctosinuu Bbipaxenue (6.42) cTaHOBUTCA OTpuUlla-
TenbHbIM. MHTepecHbIi NpelenbHblil cayvail noxydaeres, korga J. = 0,
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T.e. Korga o6MeH SHTPONHUEll ¢ OKpy#amwlleil cpeoil 06ycCIOBIEH TOILKO
o6MeHOM BellecTBOM. Torjga noTok sHTponuu OyJeT paBeH

de
deS _ 5, 200 (6.44)
.

dt dt

HepaBenctBo (6.38) 1A cTanuoHapHBIX COCTOAHWN NPUBOAUT K BbI-
BOJy, UTO 3HTPONUA BelleCTBa, MOCTYMAIOIIero B CUCTEMY, IOJ#Ha GbITh
MeHbllle SHTPONUU BellecTBa, OTJaBaeMOr0 CUCTEMOU BO BHEIIHIOI cpeay.
C TepMoaAMHAMMYECKON TOYKM 3peHMA BellecTBO, MOCTYIMalolllee B OTKPbI-
TYIO CHUCTeMYy, «JerpagupyeT». dTa Aerpajanufa U HoAdep:UBaeT CTaluo-
HapHOE COCTOAHUE.

7. 3MeHeHUe 3HTPONUU BO BpeMeHU

B npeabigyinem pasgene 6bLI0 MOKa3aHO, YTO SHTPONUA TEUYET U3 CHC-
TeMbl, HaXOJAIleHCA B CTAallMOHAPHOM COCTOAHWH, BO BHENIHIOIO Cpeay W,
TakuM o6pa3oM, yBelnUnBaeT SHTPONUIO BHeIIHel cpelbl. Brlio Takie 1o-
Ka3aHo, UYTO 10 Mepe Iepexojia K cTalllOHapHO-HEPAaBHOBECHOMY COCTOA-
HUIO BelNYNHa eeceKyHAHOro IpUpocTa SHTPOIUY YMeHbIIaeTcd U, KOTia
CTallllOHAaPHO-HEPABHOBECHOE COCTOAHNUE IOCTUTHYTO, 3Ta BelUYNHA IPUHU-
MaeT HanMeHblllee 3HaYeHNe, COBMECTHMOE C BHEITHUMHU OT'PaHUUEHUAMU.

PaccmoTpuMm mogpoGHee, UTO IPOUCXOJUT C SHTPOIMEH CUCTEMBI B IPO-
1ecce 3TOil 3BOJMIONUU, ¥ MOKAa#eM, YTO MPU 3TOM YacTO YMeHbIIaeTcHd U
BeJNIMYMHA caMoil SHTPOMUU.

BosbMmeMm cHoBa B KauecTBe o0bekTa ra3 Kuyncena (cm. raaBy V, pas-
men 4), B KOTOPOM pacipejielieHde BelllecTBa B CTAHOHAPHOM COCTOAHWUU
naeTcd, KaK U3BecTHO, ypaBHeHueM (5.55). [logcuntaem Tenepb 3HTPONMUIO
CUCTEeMBbI B HayalbHOM COCTOAHUU M B CTAlIOHAPDHOM COCTOAHHUH U HOKa-
KeM TaKNM INyTeM, YTO B Ipoliecce NOCTENeHHON 3BOJIONUU CHUCTEMBI K
CTallIOHAPHOMY COCTOAHHIO €€ SHTPONUA YMeHbIIaeTCH.

[Ipeamonosxum, uto o6e da3bl UMEIOT OAMHAKOBLIN 06beM. B Hauamb-
HOM COCTOAHUU MMeeM II0 OJHOMY MOJIO ra3a B KamJoi dase:

nly=nll =1, nf +nll =2 (6.45)
Jlna cTanuMoHApHOro cocToAHMA ypaBHeHue (5.55) mpu yciopuu VI =

=V =V paer
I TII 1/2 AT 1/2
nl_ (F) _ (1+ T) . (6.46)
n
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Hcnoabsys Bropoe ypaBaeHue (6.45) u ypaBuenue (6.46) nasa pacmnpeneie-
HMA BelllecTBa B CTAlMOHAPHOM COCTOAHUM, HAXOAUM

ol — 2[1+(AT/T)]1/2 - 2

T4+ AT/T)R T - L+ (11 (AT/T) % (6.47)

(4

B Kypcax TepMoJuHaMUKU JOKa3bIBaeTCA, UYTO SHTPOINUA HJealbHOIr0o
rasa BbIpamaeTcA ypaBHeHHeM!

S=n [a(T) —RIn %] (6.48)

u 4TO

Cy
05 —nlz =21, (6.48")

HOSTOMy BCJIIMYHUHY 9HTPOIINHN Hallleil cucTeMbl MOKHO 3anucaTb B BUE

I
S =814 =p! [U(T) —Rln ”7] +
(6.49)

II
+nft [U(T +AT) - Rln "7] .

[IpuMeHUM 3TO ypaBHeHHe K HAaYalbHOMY U CTAlUOHAPHOMY COCTOA-
HuAM. Jlerko HaiiTu, pasnarasa o(T + AT) no crenenam AT/T, uro [17]

2
1 AT
Ser. = Sua. = — 2 (4C, + ) ( Y ) <. (6.50)

JTO 03HAyaeT, YTO SHTPONUA CUCTEMbI B CTAlNOHAPHOM COCTOAHUU
MeHbllle, YeM B HayalbHOM COCTOAHUU. To #e caMoe clipaBeAlNBO 1A IPO-
neccoB TepMo3odysuu u tepmoauddysuu. IIpoucxonsmee Bo Bcex 3THUX
mpoleccax pas/ielleHre BEe[eCTB COOTBETCTBYET YMEHbIIEHUIO SHTPONUHU 110
CPaBHEHUIO ¢ HAYalbHBIM COCTOAHHEM.

OnHako B JpYyTUX clydadX SHTPONHUA Bo3pacTaeT. ITO BcCerjaa MMelo
Obl MECTO B M30JIMPOBAHHBIX CUCTEMAaX, eclii Obl He TO 0OCTOATENbLCTBO, UTO
TaKkWe CUCTEeMbl He MOTYT HaXOAUTbCA B CTAlMOHAPHBIX HEPaBHOBECHBIX
COCTOAHUAX, KaK 3TO GbLIO MOKa3aHO B NpeJbIAYIeM pasjele.

106osnauenue o(T), npumeHAeMoe B mocledylomux ypasHeHuax (6.48)—(6.50), ne
clleflyeT CMeMMBaTh ¢ BEIMUHHON o, onpefenseMoii mo ypasHeHuio (3.69).
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8. BzaumopeiicTBre HeoO6paTUMBbIX IIPOIECCOB B
cTaliOHapPHOM COCTOAHUU

Ilo cux mop Mbl BhbIpamalu B3auMogeiicTBue (compsskeHue) HeoGpa-
THUMBIX IPOIECCOB TOJBKO Yepe3 Hanuuue Ko3(pUINEeHTOB B3auMoOAelcT-
Bufl L;;, (i # k) B peHOMEHOIOrnYeCKUX COOTHOLIEHUAX [cM. raaBy IV, pas-
men 2]. PaccMoTpuM Tenepb HECKOIbKO IPUMEPOB B3aMOAEHCTBYA, IPOUC-
XOJAIIero B CTallHOHAPHOM COCTOAHUU Me1y HePaBHOBECHBIMHU Mpolecca-
MM, HENOCPEJCTBEHHO He CBA3aHHBIMU MeMm Iy co6oil peHoOMeHOoIornuecKu-
MU KO3 (puuMeHTamMu, T. €., Hanpumep, IUPPy3uio U XUuMUUYECKUe peaklUu.

Bosbmem oTkphiTyiO cuctemy (dasa I), KoTopas mojiydaeT BellecT-
Bo M u3 BHemHeit cpensl (dasa 1) u npespamaer ero B BemecTBo N, Ko-
TOpoe 3aTeM Bo3BpaljaeTcA Bo BHelIHIoo cpeny. IlycTh, kpoMe BemecTB M
u N, cucrema nonyuaet eimie BemecTBo O, KOTOpoe He NMPUHUMAET yuyac-
THA B XUMHUUYECKUX peaKUHUAX U KOTOpoe MbI GyJeM Ha3blBaTb MHEPTHBIM
KOMIIOHEHTOM.

1A mpupanieHUA SHTPoONUU, 00YCIOBIEHHOr0 3TUMH HeoGpaTHUMbIMU
npoleccaMu, B COOTBETCTBUY ¢ ypaBHeHuamu (6.12) u (6.12'), 6ynem umeTn

d,‘S denM deTLN deno
dt dt dt dt
rae Am, AN, Ao TPeaCcTaBIAIOT CO60M BEIUYMHBI CPOJCTBA, COOTBETCTBY-
Iolue ABIGHUAM MepeHoca [cp. ypaBHenue (6.12')]. Bymem ucxonuth us
clleyIomuX (peHOMEHOIOTMUECKUX COOTHOIIEHU:

T = Aym + AN + Ao + Axun. Vxum. > 0, (6.51)

(d. A A

i =gt e
detio _ L21A—M + L22@7

dt T T (6 52)
denn _ Ax )

dt T’

AX[/]M

Uxum. = anM. T

Ms1, cinegoBaTelbHO, AlA yNpPOIIeHUA NMPUHUMaeM, YTO B3aUMOJeHCTBYIOT
ToNnbKo npolecchl epenoca BemecTB M u O. [locMoTpuMm, K UeMy NpUBOIUT
TaKkoe B3aUMOJelHCTBHe B CTAllMOHAPHOM COCTOAHUH.

YcnoBuA CTaIMOHAPHOCTH BBIPAMKAIOTCA COOTHOUIEHHUAMU

an _ denM 07 an — denN + Vaun, = 0’

dt  dr e T di di (6.53)
dno _ deno __ 0 :
- 9

dt dt
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uiau

v _ denM _ _denN‘ de’n,o
WM g dt dt

=0. (6.54)

Ucnoabsysa ¢enomeHnonorndeckne ypaBHeHus (6.52) ¥ cOOTHOLIEHMA
B3aumHocTu Ousarepa (Li2 = Lo1), 1erko HAXOAUM, YTO

1 1
AM = 5 - . Vxum.; AN = — 7 Vxum.;
L1y — (L%,/L22) ’ Ly ’

= (La1/La22)
© Lu — (L3y/La)

(6.55)
Ao

XHUM. *

Ilocnennee ypaBHeHUEe BechMa MHTEPECHO, TaK KaKk OHO NOKa3bIBAET,
YTO AJNA CTAallUOHAPDHOTO COCTOAHUA MOABIAETCA Pa3HOCTb KOHIEHTpauuii
BemecTBa O. [IpuMeHAA oO6bIUuHOE BbIpaseHUe AMA XUMHUUYECKUX MOTEHIIU-
anoB, HamuileM ypaBHeHHe B Golee ABHON (opme [cp. ypaBaenusa (5.11)
u (6.16)]:

K(T Ly /L
Ao =RTh H( 1) - = ( 21/222) Venw.  (6.56)
(C5)7C6 Lyy — (Liy/L22)

HKonuenTtpainuda BemectBa O B OTKPBITOI CUCTEME MOKET GbITh GONbIlE UIH
MeHbllle, YeM B cpejle, B 3aBUCUMOCTH OT 3HaKa (eHOMEeHOJIOTMYeCKOro Ko-
spodunmenta Loi. ITOT 3d(PeKT nmponopluuoHaleH CKOPOCTH XUMUYECKOUH
pearnuu. CiegoBaTenbHO, MOKeT IPOUCXOIUTh B3auUMO/ielicTBYE MeK Y fAB-
JeHUAMH IlepeHoca U XUMHYECKO#l peakiueill, XOTA OHU He CBA3aHbl He-
HOCpeICTBEHHO (PeHOMEHOIOTMYeCKIMHU 3aKoHaMu. Bynem HasbiBaTh Takoe
B3aUMOJEICTBIE CMAYUOHAPHbLM 83auMOdelicmeue.

Kak crnencTBue MoNOMUTENbHON BEIMYHHBI €EeCEKYHIHOTO MPUPOCTa
SHTpPONMU N0 ypaBHeHUto (6.51), B KOTOPOM CKOPOCTH HEOGPATUMBIX IPO-
116CCOB 3aMeHEHbI UX ABHBIMHU BbIPAMEHUAMHU, COTIACHO ypaBHeHUAM (6.52)
[cMm. Takme HepaBeHcTBO (4.25)], BhpameHue

Ly — 22 >0 (6.57)

TaK#e BCerja MoloMUTEeNbHO, U MO3TOMY BelnduHa cpojacTBa Ay Bcerma
UMEeeT TOT e 3HAK, YTO U CKOPOCTb PEAKIUU Vyuy. ECIN KOMIOHeHT M
3 (}EeKTUBHO pacxoiyeTcd B TeueHue peaklud (Vyuy, > 0), TO 3TO 03HaUaeT,
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YTO €ro KOHIIEHTpaluA BHYTPU cucTeMbl noHuxaercA. Ho Ha ocHOBe Gonee
o6Imux (eHOMEeHOJOrnYeCKUX 3aKOHOB MOKHO T0Ka3aTh, UTO 3TO He Bcerja
6ynet uMmeTb Mecto. Hanumem BMecTo ypaBHeHUit (6.52) ypaBHeHUA

( d,
(ZLM —L11—+L12 T +L13 T )
de Ao A
‘ZO = L21_ + Laa T +L23?N7
dunx . . Ao . Ax (6.58)
at 31 Mo L322 T + 337
AXI/lM‘
\VXV[M. = LxuM.T;
Torja BMecTo ypaBHeHus (6.56) naiizem, uto
Am = %(L22L33 — LiaLa3 — L35 + L13L22) V. (6.59)
rge D — onpepenuTenb, cocTaplieHHbIH U3 Koddduuuenton L;;:
Ly Lz Lys
D = L21 ng L23 > 0. (660)
L3y L3> Lss

Ilockonbry mpupalleHde 3HTPONUU B COOTBETCTBHU € YpaBHEHHU-
eM (6.51) HOIOKUTENLHO, 3TOT ONPeNeIUTeNb TAKMKE JOIHEH ObITh MOJIOMHU-
TelleH; CUTyalldfl B 3TOM Cllyyae aHaJorM4YHa Toil, KOTOpana BhIpasaeTcA He-
paBeHcTBOM (4.25). MoseT okaszaTbes, 4TO YUCIUTENb B ypaBHeHuu (6.59)
O6ymeT oTpuinateibHbIM. Torga B cTalOHAPHOM COCTOAHUM OyAeT MpOUC-
XOOUTDb TlepeHoC pearupylolero BellecTBa HABCTPeUy T'pagUueHTy ero KOH-
[eHTpaluu B pe3ylbTaTe B3auMOJeHCTBUA ABIEHUI MepeHoca U XUMUYec-
KOM peaKIlid B CTAllMOHAPHOM COCTOAHUH.

Henasno I'upou [55] 0co00 OTMETHJI BaxHOe 3HayeHle 0Jo0HOoI0 B3au-
MojeicTBUA MexaAy Auddysueil U XUMUYECKUMU PeakUAMU A GUOJOTH-
YeCKUX MPOIIECCOB; B YKa3aHHOI paboTe NpUBeJieH pA MPUMEPOB OA0OHOT0
pona. Kak cieacTBre Takoro cBoeoOpa3HOro IMOJOMEHUA MOMET OKa3aThCA,
YTO B KUBOM KIETKe MMeeTCA CTallioHapHOe HepaBHOBeCHOe pacrpejelie-
HUe BelllecTBa, KoTopoe 0ojiee WU MeHee OTJIUYaeTCA OT pacnpejeleHu BO
BHellIHel cpeje, B 3aBUCUMOCTH OT CKOpPOCTH o6MeHa BellleCTB B KieTKe.

9. IlpuaosxeHua Kk 6uoJjoruu

TepMOHI/IHaMI/IHa HeoﬁpaTI/IMBIX IIpoueccoB 3aHUMaeTCA MOYTU HUCRKIIO-
YUTEJbHO aHa/In30M IIponecca Bo3paCcTaHUA DHTPOINUU U U3yUYEHHEeM COOT-
HOIIEHU I Mex oy CROPOCTAMU U BeJIMUYMHaMHU CpoACTBa. HOHOﬁHLIﬁ aHalu3
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HeoOX0OMM [JIA PEelleHUA BONpoca O TOM, KaKkhe Mpolecchl BO3MOKHBI B
pesynbTaTe B3auMOJEHCTBUA (CONPAMEHNA), T.€. B Pe3ylbTaTe HCIONb30-
BaHUA NPUPOCTA IHMPONUL, NPOUCTO0AULe20 8 Ipy20M npoyecce’.

B kauecTBe mpuMepa paccMOTPUM IlepeHoC BellecTBa IPOTUB I'paiu-
€HTa ero KOHIEHTpauuu. ITOT Npolece MOMET NPOUCXOAUTL PasiuYHbIMU
crnoco6amu, KOTOPbIe MOMHO KIacCUPUIMPOBATD CIEAYIOMKUM 06pasoM:

a) Hanuuue cuinbl, KOTOpas KOMIIEHCUPYET FPagieHT XMMUUYECKOro I0-
TeHnuana [cM. ypaBaenue (3.75)]. 3To 0coGeHHO BaiHO B Clydae 3apfKeH-
HBIX YacTHll, TaK Kak Torga aup(ysusA HABCTpedy rpagueHTy KOHIEHTpa-
MU MOeT ObITh KOMIEHCHPOBaHa PA3HOCTHIO HIEKTPUUYECKUX MOTEHIUa-
108 (cm. raasy 111, pazgen 9).

6) BsaumopeiicTBre, BhipaxaeMoe (HEHOMEHOIOrMYECKUMU COOTHOMIE-
uuaMu. TakoB ciyuail TepMOMONEKYIAPHON PA3HOCTHU JaBieHuil (cM. ria-
By V, pasmen 3), a Tarme Tepmoauddysun, Korja B3aMMOIeNHCTBHE BO3-
MOHO TONbKO C HEKOTOPBIMU orpanuueHusamMu (cM. raasy IV, paspen 5).

B) BszauMopeiicTBUe B CTalMOHAPHBIX COCTOAHMAX, PACCMOTPEHHOE
B pasjienie 8 HaCTOAIIEH TiIaBbl.

Makpockonnueckas KiaccuUKaNMA TAKOTO THIA IPEJCTaBIAET 3Ha-
YMTENbHBINH MHTEpeC NPU NPUMEHEHUH ee K CIO#HBIM fABJICHUAM IepeHoca,
NIPOUCXOJAIIMM B KUBOM OpraHusme. Bo3aMo#HO, 0OJHAKO, YTO PACCMOTpe-
HMe HeoOpaTUMbIX ABJIEHUH, CBA3AHHBIX C BHYTPEHHUMHU CTENeHAMU CBO6O-
ab1 (em. raasy 11, pazgen 11), Takske npuobpeTeT BamHOe 3HAYEHME, U TI0-
BTOMY BechbMa #elaTelbHo Gojlee TIlaTelbHoe U3y dYeHHne 3TOro BoIpoca.

B cBo10 ouepenb U TeopuaA CTAlMOHAPHBIX HEPABHOBECHBLIX COCTOAHMIA,
pasBuBaeMas B HacTOAIEH riaBe, MOMET CIOCOOCTBOBATD JIydlIeMy MOHU-
MaHHIO 00LIero XxapaKTepa MOBeIeHUA AUBbIX OPraHu3MoB [56)].

Mo#HO CUMTATh, YTO 3BOJIONUA #MBOTO OPraHM3Ma K CTalMOHapHO-
MY COCTOAHHUIO MPOUCXOJUT NpPU HAIMUUK PAJA OrPaHMUYEHUil, HalaraeMbIX
BHEIIHel cpefioil, KOTOpbIe N0A00HbI TapaMeTpaM, MOAAeP#KUBAEMbIM 0CTO-
AHHBIMU B IIPUMEpax, PacCMOTPEHHBIX B pasjienax 2—4 HacToALIeld riaBbl.
ToyYHBIl XapaKTep 3TUX OrpaHMUYEHUI MOKeT ObITh yCTaHOBJIEH, KOHEUYHO,
TOJBKO IIyTeM THIATeNbHOr0 U3YUYeHUA CAMUX NPOLECCOB.

Tak¥MM OrpaHUYeHMAMEU MOTYT, HallpUMep, CIY#HUTb ONpeleleHHbIe
KOHIIEHTpaliK HEKOTOPBIX BelleCTB B OKpY#Marouleil cpelle, MoJBepralIX-
cA IpeBpalleHuAM BHYTPH #MBOro opranusma. lakoBa Gbl HU ObLla IpHU-
poja 3THX NOCTOAHHBIX MAPaMeTPOB, CTAIMOHAPHOE COCTOAHME MOMHO, MO~

13neck uMeeTcAa B BUIY dHepreTHueckoe compsenue. O6muil aHanus ABNeHHUit co-
npsaeHua naH B kHure: AkyanoB H.C., Ilenubie mpoueccs:, I'octexuspar, 1951. —
IIpum. ped.
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BUAUMOMY, C XOPOIIMM NPUOINKEHHEeM PaccMaTpUBaTh KaK COCTOAHME, Xa-
pakTepusyioneeci MUHUMAaIbHON BEIMYNHON IPUPOCTA SHTPONUHU B €JUHU-
1y Bpemenu. Takoe TOIKOBaHHe IPEBOCXOJHO COTACYETCHA C HEKOTOPBIMU
CYLeCTBEHHBIMU XapAKTEPUCTUKAMHU #UBbIX OPTAHU3MOB.

[Ipesje Bcero, XOpoUIO H3BECTHAA YCTOHYUBOCTL MO OTHOIIEHHUIO
K BHELIHUM BO3MYIIEHHAM aHAIOTHYHA YCTOHYMBOCTU CTALIOHAPHBIX CO-
CTOAHUH, COOTBETCTBYIOINX MUHUMYMY BO3pacTaHUA SHTPONUH (CM. pas-
men 5 Hacrosmeil raasbl). Jalee, B UBbIX OPraHU3Max B Ipolecce pocTa,
T.e. IPU NOCTENEHHOM INIepexofie K CTAlMOHAPHOMY COCTOAHMIO, AefCTBU-
TeJbHO POUCXOJUT yMeHblIeHHe eeceKyHIHOro npupocra sutponuu. Ha-
KOHell, TOT (aKT, 4To B Ipolecce PasBUTHA OPraHU3alUA HKUBbIX CYLIECTB
B 00lIeM MOBbIIIAETCA, COOTBETCTBYET YMEHbIIEHUIO SHTPONUK ¢ TeYeHHeM
BPEMEHH, paCCMOTPEHHOMY B pasjiele 7 HacToAllel rnabbl. [ pyrue 1oxasa-
TelbCcTBa MOMHO HaiiTu B paGote [56].

[loBefieHe KMBBIX OPTAHM3MOB BCer/la Ka3aloCh HACTOIBKO CTPAHHbIM
C TOYKM 3pPEHUA KIaCCHYeCKOH TepMOAMHAMUKHU, YTO MPUMEHUMOCTh Tep-
MOAMHAMHMKM K TaKUM CHCTEMaM 4acTo CTaBHiach I0J COMHeHHe. B pe-
3yJbTaTe MPOBEIEHHOTO MCCIEJOBaHMA MOMKHO YTBEPHKAATh, YTO IiaBHbIE
4epThl NOBEIEHNA FKUBbIX OPraHU3MOB ropas/io J1y4ile 0GbACHAIOTCA Ha OC-
HOBE TePMOJMHAMHMKU OTKPBITHIX U CTALMOHAPHBIX CHCTEM.



I'maBa VII
HeauHeiinble 3amayu

1. BBegenue

OcHOBHOI1 4yepToil TEPMOANHAMHUKY He0OpaTUMbIX IPOLECCOB ABIAETCA
olpeie/ieHUe BeJUUYUHbI IPAPOCTA SHTPONMHU U NOTOKA SHTPOIMU HA OCHOBE
ypaBHenusa ['n66ca (3.17). TOT MeTOa AoneH ObITh B dalbHeineM 060-
CHOBAH C MOMOULIbIO CTATUCTUYECKOH MeXaHUKU HeoOpaTHUMbIX IPOLECCOB.
lleiicTBUTENBHO, ypaBHeHue ['u66ca (3.17) nepBoHayanbHo 6bL10 chOPMYIH-
POBAHO [/ PaBHOBECHBLIX YCJOBUil, U NPUJIOMEHNUE ero K yCIOBUAM, Korja
paBHOBecHe OTCYTCTBYeT, COCTaBIAET CBOEro poja HOBbIl OCTyJaT, Ha KO-
TopoM 6Ga3upyeTcA BcA TepMoJUHAMUKa HeoGpaTUMBIX IIPOLECCOB.

Qdusnyeckoe HCTOIKOBaHHE 3TOr0 OCHOBHOTO YypaBHEHUA COCTOUT
B TOM, UTO 3HTPONUA U BHE COCTOAHNA PaBHOBECHUA ONpefiesfeTCA TEMHU e
He3aBHCUMbIMM NEepPeMEHHLIMU, UTO U B YCIOBUAX paBHOBecHUA. JTO OIpe-
NeJleHHO He UMeeT MecTa A COCTOAHUIl, BechMa JlaleKUuX OT PaBHOBECHUA.

Brino npoBeneHo TmaTenbHoe conocTaBneHue ypaBHeHud ['u66ca ¢ Tpe-
GoBaHMAMY KHHeTHYecKoil Teopuu rasoB [34]. HegoctaTtor mecra He mos-
BOJfAeT HaM BXOJUTb 3[e€Cb B AeTald 3TOT0 BONpOCA, HO MbI XOTedHu Obl
OTMETUTb HEKOTOpble pe3yiabTatThl. 1A mpoleccoB nepeHoca o6aacTh Mpu-
MEHUMOCTU TepMOAWHAMUKM HeoGpaTHMbIX MPOlLlecCOB OrpaHuyeHa obJiac-
ThIO CHPaBeIUBOCTH TMHENHBIX HEHOMEHOTOrHYECKUX 3aKOHOB (ITOJOGHBIX
3arony @ypbe, cM. raaBy V, pasaen 1). B ciayvae XuMuUuecKUX peaknuii CKo-
POCTh peaKlUU AoJN#HA ObITh JOCTATOYHO Maioil, YTOObl MaKCBENJIOBCKOE
paBHOBECHOE paclipejlejileHye CKOpocTell He Hapyllajloch B 3aMeTHOM cTelle-
HU HU AJA OJHOI'O0 U3 KOMIIOHEHTOB. JTo TpeGoBaHUe HCKIIOYAeT TOJIbKO
peaklyy ¢ aHOMalbHO HU3KOI 3Heprueil akTUBaLUM.

CpaBHUM Tenepsb obmue TpeGOBaHUA, KOTOPbIE NONKHBI ObITh yIOBIe-
TBOpEeHbl, UT00bI BOOOI[e ObLI0O BO3MOKHO NPUMEHATh MaKpPOCKOIKUYECKOe
paccMOTpeHUe ¢ TeEMU JAOMYIIeHUAMU, KOTopble ObLIN cllelaHbl IPU U3Y4Ye-
HUU CTalMOHAPHBIX HepaBHOBeCHbIX cocToAHuil (rnasa VI). Hame usnosxe-
uue (Ha crp. 101, 101 u 104) ocHOBBIBalOCh Ha CleIYIOMUX MPEANOI0Ke-
HUAX:
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1) Hanuuue nTUHEHHBIX HEHOMEHOJIOINYECKUX 3aKOHOB;

2) cnpaBeIMBOCTb COOTHOLIEHNI B3aumHocTu OH3arepa;

3) ycaoBre MOCTOAHCTBA (EHOMEHOIOTnYeCKHX K03()DUIUEHTOB.

JTH TpH yCIOBHA HAKJIAAbIBAIOT ropasfio 6ojiee #eCcTKUE OrpaHuYeH N,
YyeM OTMeUeHHbIe BhbIIle YCIOBUA IPpUMeHUMOCTU ypaBHeHuAa ['u66ca. B cay-
yae XUMHYECKUX peaKUuil nuHeliHble peHOMEeHOJIOrnYecKie 3aKOHbI MOTYT
W He [aTh [JOCTATOYHO Xopoinero mpubiauxenusa (cM. raaBy V, pasgern 1).
B mporeccax nepeHoca Takie clieyeT NPpUHUMAaTh BO BHUMaHUE BO3MO3-
Hble U3MeHeHUA (HEeHOMEHONOrnYecKUuX Ko3(hGUIUeHTOB (HapuMmep, U3Me-
HeHMe K03((HUIUeHTa TEMIONpoBOJHOCTH ¢ Temmeparypoii). Rakum o6pa-
30M MOKHO Y4ecThb 3TU 3 (deKThl IpU NPUHATOM HaMu Metoje?

9T 3(pPeKTh MONHO paccMaTpPUBaTh KaK HENIUHEHHbIE, MOCKOIbKY
OHU HapyIIalT JuHeliHbIe PeHOMEHOJIOTNYeCKe YPaBHEHNA U IPEBpalialoT
MaKpOCKONMYeCKIe YpaBHEHUA MpolieccoB, (Hanpumep, ypaBHeHne Oypne
IUIAl TeMIepaTypbl) B HelUHENHbIe ypaBHeHNA. JIUllb HelaBHO GbLIM Omy6-
JUKOBaHbl HEKOTOPbIE Pe3YIbTaThl, OTHOCANINECA K UHTEPIpPeTAUd TaKUX
3¢ derTOB, 1 MHOroe elle ocTaeTcA cAelaTh B dTOM HampaBieHuu. Tem
He MeHee INpeJcTaBifAeTcA Llellecoo0pa3HbIM JaTh 3/ech NpeJBapUTeIbHYIO
CBOJIKY IIOJYYeHHBIX pPe3ylIbTaToB, TAK KaKk OHU yKa3bIBalOT HalpaBleHNA,
B KOTODPBIX BO3MOMHO JOCTHUKEHUE JalbHEHIINX YCIEXOB.

2. N3mMmeHeHNe BeJHUYHHBI IpupameHrsa 3HTPOIIMU BO
BpeMeHU

B sToM pa3gene MbI paccMOTpPUM IpUpalleHHe 3HTPONNU Kak QYHK-
1o BpeMeHU Golee mogpo6Ho, yeM 3To 6bliI0 cienaHo B raaBe VI. Ucnonb-
3yf 0603HaYeHNA, IPUHAThHIE B ypaBHeHuu (6.26), 3anuiieM execeryHIHbIH
HOPUPOCT SHTPONUU B BUJIE

d;S
P="r= ZJiX,- > 0. (7.1)
1
Paszo6bem m3menenue npupocta surpornnu dP (3a Bpema df) Ha nBe vac-
TH — OJHY, CBA3AHHYIO ¢ M3MeHeHHeM O06GOOMIeHHbIX cuid X, U Apyryio,
CBA3AHHYIO C U3MeHeHueM J:
AP =dxP+d;P=Y JidX;+ Y X;dJ;. (7.2)
i i

HoxrameM cienylolue IBe TEOPEMbI [63]:
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a) Ilpu cobGmofeHun ycloBuil, mepevncieHHbIX B paseie 1 3Toil rnassl,
UMeeM

dxP = dsF = 5 P, (7.3)

T.€. J0JfA, BHOCUMad M3MeHeHUueM 0606IeHHbIX cul X B mpupalleHue 3H-
TPONNH, paBHA Aoje, 00ycoBlIeHHON n3MeHeHueM ckopocteit J. [leficTBu-
TeJNbHO, B COOTBETCTBUHU C ypaBHeHueM (4.22)

dxP = JidX; = Li;jX;;dX;. (7.4)

1]

I/ICHOHBSyH COOTHOIIeHHuA B3aUMHOCTHU 0H3arepa " noJiaraf, 4To q)eHO-
MEHOJIOTH4YeCHKHe KOS(I)(I)I/ILII/IGHTLI MOMHO CYUTaTb NOCTOAHHBIMU, IIOJYyYaeM

dxP =Y X;(LijdX;) = Y X;dJ; = dsp. (7.5)
4 j

tJ

6) Bo Bceit oGmacTy MPUMEHMMOCTU TEPMOJMHAMHKU HeOOPATUMBIX
MpPOIECCOB MBI UMEeM

eClli TOJILKO I'PaHMUHEIE YCIOBHA, HaJOAEeHHbIe Ha CUCTEMY, He3aBUCUMEI OT
spemenu. (Eciu ucmonb3yioTea 3aBucAnlde OT BPEeMEHU KpaeBble YCIOBHA,
TO JOIHO GbITh U3MEHEHO CaMo MOHATHE CTAIUOHAPHOI0 COCTOAHMUA. )

HepaBenctBo (7.6) BhipaskaeT HauGoiee oOIuii pe3yibTaT, MOLYYeH-
HBIA JI0 Cero BpeMeHU B TepMOJAMHAMMEKEe HeoGpaTMMbIX mpoleccoB. Bea
oCTalbHAafA YacTh 3TOH TiaBbl (HCKIOYAA pasfgen 7) GyJeT OCHOBLIBATHCA
Ha 3TOM HepaBeHCTBe.

He naBas 3nech obuiero joxasaTeibcTBa HepaBeHcTBa (7.6), Mbl orpa-
HMUUMCA I0Ka3aTelbCTBOM CIPaBelIMBOCTH 3TOT0 COOTHOLIEHUA B Cllydae
xuMuueckux peakuuii (cMm. [63, 64]). B sTom ciyuae 0606IIEHHBIME CHIIa-
Mu X; ABIAIOTCA BeIUYUHBI cpoAcTBa A,, a NOTOKaMU J; — CKOPOCTH v,
XUMHUYECKUX peakluii B cucTeMe. Ta NOCIEIHAA OTKPbITA U coOGIIAeT-
cA ¢ BHeIIHell cpeoil, HaXolAlleiicA B HE3aBUCHMOM OT BPEMEeHU COCTOA-
HWMHU, XapaKkTepu3yeMoM 3aJaHHbIMK 3HAYeHMAMU TeMIIepaTyphbl, daBlIeHUA
Y BHEIIHMX XMMHMUYECKUX MOTEHIHAI0B.

Ipeanosnoxum, 4To NaBieHre U TeMIlepaTypa OIMHAKOBBLI [0 BCeil cpe-
Ie, T.e. NIPUMeM KMX 38 KOHCTAHTHI. YCJIOBHMA €, HAIO#EHHbIe HA XUMHU-
YecKkKe MOTEHLUAalbl, He Ial0T CUCTeMe JOCTHYb COCTOAHMA DABHOBECHA,
N03BOJIAA eii B JIyullleM ciydae MepeiiTH B CTAallHOHAPHOE COCTOAHME.
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3anuurem 6anaHc Mace A1A KoMioHeHTa v [cM. (1.8')]:

dn den.
7 = i + ;I/.ypvp. (77)

YMmHOmUM 06e yacTu ypaBHeHus (7.7) Ha IPOU3BOAHYIO COOTBETCTBYIOLIEr0
XMMHUYeCKOro NMoTeHI1aa o BpeMeHHU [i,; TOrAa MolyYuM

dn . den
fiy dt7 = Py dtﬂy + ZV’YIHU”YVP‘ (7.8)

YuTeM, UTO NepBhHIll UleH NpaBoil YacTH ypaBHEHUA Bcerja paBeH HYJIO,
TaKk KaKk M3-3a HaJOMEeHHbIX I'PAaHUYHBIX YCIOBUIl NepBbIil ero COMHOKU-
Tellb BCerja paBeH HYJIO, KOTJla BTOPOil OT/IMYeH oT HydA. [IpocymMmupyem
3TO ypaBHeHUe N0 BceM KommnoHeHTaM 7. [lockonbky ™Mbl monomuan 1 u p
HOCTOAHHBIMU, UMEEM

. dn, Opy dn. dn.y .
S =S (o) i = S (19)
v P ve

el

BBegem BennuuHbI cpojcTBa A,
A, =— Z Vyply- (7.10)
v

Torpa coorHomierue (7.9) npuHUMaeT B

Opy dn.y dny dA,
2wy @ @ (7.11)

Ho ycroitunBocTh paBHOBecKA TpeOyeT BbINOJIHEHUHA HepaBeHCTBa (CM., Ha-
npumep, [9a])

> op
y
(% (671871 2 0, (712)
’ v T
7Y p
KaKkoBbI Obl HU ObIIM 3HAUEHUA ¢ BeIHWUYUH A1y 0.y, JAto TeopeMa RJiac-

CUYECKON TepMOAMHAMWKW, aHAIOTUYHAfA Toi, KoTopad TpebyeT, 4TOObBI
ylenbHad TEIMOEMKOCTb MPHU TMOCTOAHHOM o0beMe 6blia MOJOMUTENbHA.
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MockonbKy MBI 31ech NpeAIONAaraeM CIpaBelINBOCTbL ypaBHeHHA ['n66-
ca (3.17), Mbl MomeM CHOBa NMPUMEHHUThb HepaBeHcTBO (7.12), mcxoas us
TOro, 4TO XMMHYECKHe [OTEHNHAlbl B 3TOM Clydyae ABIAIOTCA TEMH e
GYHRUMAMHU 4YMcaa Mollei, Kak ¥ B COCTOAHMU PaBHOBECHA.

Hcnoabsys (7.12), nonyuyaem us ypasuenud (7.11)

Td, P = v,dA, <0. (7.13)
p

Kom6unupys (7.3) u (7.6), npuxoaum & TeopeMe 0 MUHUMYMe [PUpaIeHU
SHTPONUU B «IMHEHHOI» o61acTU TepMOAMHAMHUKM HeoOpaTUMBIX IIpolec-
COB, pacCMOTPEHHO# B NpeJbIAYyIKUX IaBaX. B 1aHHOIl r1aBe MbI paccMoOT-
pUM ciyyau, e CIpaBeJIiBO TOJbKO HepaBeHCTBO (7.6).

3. IloTeHmnamn cropocTeii

C nepaBeHcTBOM (7.3) cBA3aHO 3aTpyJHeHMe, KOTOPOe 3aKIIOYaeTCA
B TOM, YTO OHO BBOAHUT IpupalieHue d,P, He ABIAIOLEeCH MOIHBIM AUG-
¢epennuanom. OfHako B clydyae OJHOI WM ABYX He3aBUCHMBIX [€peMeH-
HBIX 3TO 3aTpyIHEHHe MOKeT ObITh JIerKo ycTpaHeHo (moapoGHee 06 3TOM
cM. [65]).

Tak, eciu uMeeTcA TONLKO OfjHA He3aBUCHMafA XMMHYECKafd peariuf,
To HepaBeHcTBO (7.13) 3anuceiBaeTcA B BUje

Td,P = v(A)dA = dD <0, (7.14)
rae
_ 0D
v=57. (7.15)

®yuruua D(A) urpaet poib noTeHuuana ckopocteii. B cranquonaphom co-
CTOAHUY CNPaBeAINBO YCIOBUE

_ 0D _
V=94~

a ycjioBue TepMO,III/IHaMI/I‘{eCHOﬁ yCTOI'/'I‘{I/IBOCTI/I 9TOro COCTOoAHUA COCTOUT
B TOM, 4TO D IIpyu 3TOM MHUHHUMAJIBHO:

0, (7.16)

2
% >0, (7.17)



112 I'nasa VII

WHaye Majelmnana QuyKTyanua GyaeT BbIBOAUTb CUCTEMY M3 3TOIO COCTOA-
HUA, COrNIacHO HepaBeHCTBY (7.14).
B kauecTBe mpuMepa pacCMOTPUM peakinu

1 2
A= X 2 B. (7.18)

[Ipennonoxum, 4yTo KoHIeHTpanuu A u B noagep#uBaioTcA MOCTOAHHBIMU;
Torga oblee CPOACTBO ABYX pearIuii

A=A+ A=l m¥ (7.19)
X B

take Gyner koHcranToi. ([lnA ynpomenus sanucu Mol nonaraeM RT = 1,

NpUHUMAaA 3a €IUHUIy TaKH#e Bce PAaBHOBECHbIE U KMHETHYeCKNe KOHCTaH-

ThI; KOHIeHTpaluu BemecTB A, B, X MbI 0603HauaeM COOTBETCTBEHHO Uepes

A, B, X))

Hpe}lHO.TIO}‘KI/IM, 4YTO yYpaBHEHHUA KMHETHUKHU peammﬁ HUMeEIOT BUJ

vi=X"(A-X); vo=X"(X-B). (7.20)
Torga MbI UMeeM
0A
deP = (Vg - Vl) dAz = (V2 - Vl)a—X.-2 dX = (7 21)

= X""}(2X - A - B)dX = dD,

" noTeHgual CHOpOCTefI 6y,E[ET BhIpamaTbCA COOTHOLIEHHNEM

D= ni—i-anH - %(A + B)X" + koncranra, ne 3aBucAman ot X (7.22)

BoaMoHbI ABa CTalMOHapHbIX COCTOAHUA:

(7.23)

O[IHAKO JIErKO TPOBEPHUTh, YTO NIEPBOE COOTBETCTBYET MakcumyMy D, a mo-
ToMy HeycToiiunBo. [lofo6HOe ke MoNoMeHHe MbI MMeeM B ciydae ABYX
HEe3aBHCHUMBbIX IepeMeHHBIX. B 9ToM ciiyyae MbI MOeM BBeCTH MHTErPHPY-
ot MHOMmHUTeNb A(A1, As)

AdxP = dD < 0. (7.24)
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K coskanenuro, B o6iiemM ciydae 3agauu A 6ojiee 4YeM JBYX He3aBHUCU-
MBIX NepeMeHHbIX npupameHue da’ld He UMeeT UHTEerpUpyIoUero MHOMU-
Tensa. Hanpumep, MoxHO y6eauThCA, UTO CUCTEME

i// X
A
&Yz

w

V1:A—X, VzZX—B,...,

cooTBeTcTByeT npupamenne dq98, Koto-
poe He UMeeT MHTErPUPYIOUEro MHOKUTE-
ada [cM. (65)]. Hanporus, B oueHb moxoseii
cucTeMe peakuuii

X

2
A B
N

CKOpPOCTH ABIAIOTCA MPOU3BOAHBIMY MOTEH-
nuana D.

NHTepecHo TpeACTaBUTL rpaduyecku
mojie CKOpPOCTedl B MPOCTPAHCTBE CPOICTBa
IJIA BTUX OBYX cucTeM. B oboux ciyudasax
Mbl nonoxmuan A = 2, B = 1 u Hauep-
TUIM TIPOEKIUIO JMHUH CKOpOCTel B Iep-
BOM IpuMepe B miockoctu Ay, Az (puc. 1),
a BO BTOPOM IpuMepe — B MIOCKOCTH Aj,
As (puc. 2).

B ciyuae oTcyTCTBHMA MHTErpUpYyIOLIe-
ro MHOMHUTENIA MOMHO 3aMeTUTb Bpalle-
HU€e TUHUI CKOpOCTel BOKPYT CTallHOHapHO-
ro coctoAnuA. B6ausu 3Toro cramuoHapHo-
r'0 COCTOAHMA Kam oMy 3HaYeHuto As coor-
BETCTBYIOT [Ba BO3MOMHBIX 3HaueHuA As.

(7.27)

N
Z'/(B

V5:Y—A

(7.25)

(7.26)

Puc. 1

Puc. 2
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I/ITaH, IJIA cucTeM ¢ Oollee yeM OBYMA He3aBUCHMbIMHU II€pEeMEeHHbIMHA
noTeHunuailn D CymecTByeT TOJbKO B UCRIIOYUTEJIbHBIX ClIydafaX.

4. O6maAa xapakTepUCTUKa cTallMOHAPHBIX
HepaBHOBECHBIX COCTOAHMUIA

Jlaxe B Tex ciaydasx, Korja He cyllecTByeT IOTeHIHala CKoOpocTeil,
MOHO BBeCTH HEKOTOPYIO GYHKIMIO, KOTOpasA XapakTepu3yeT IOBeJleHHe
cHCTeMbl B CTAallUOHAPHOM HepaBHOBECHOM COCTOAHHH.

HleficTBuTENBHO, HEpaBeHCTBO (7.6) HaM daeT

= _qus ZJX (7.28)

dTa QYyHRIUA HMCUYe3aeT B CTAl[MOHAPHOM COCTOAHUU (Xi = 0) u noJiomu-
TelbHa Bciogy BHe ero. [IpousBonnas XZ CUJI 110 BpEMeHU fIBIAeTCA JINHEN-
HOIl ¢yHKIUell noTokoB. TakuM obpaszoM, pyHKIUA N — KauyecTBeHHaAA
dhopMa noToKa;

M = Z mg;J;J; = 0. (7.29)
ij

Paccuntaem B kauecTBe npuMepa 91 HiA IPOCTOH CHCTEMbI peak-
unit (7.25). B sTom cayuae numeem

T = — va (A - X)jt(lné>+...+(Y—A)%<ln%):

() vt (s vl )

3ameTuM, uTo I mpejcTaeT 3hech N0 CYLIeCTBY KaK «YCKOpeHUe» 3H-
Tponuu (pasMepHocThb S/cer?), 3HAK KOTOPOrO ONpelelNfAeTcA U3 YCIOBUM
TepMOAMHAMUYECKOH YCTOHUYNBOCTH.

5. BpameHne BOKpYr cTal[IOHApPHOTO COCTOAHUA.
IMukanyecKkue npoiecchl

Mbz1 yie Buagean B pasaene 3, 4YTOo cuctremMa MoOxeT JOCTHYb CBOEro
CTalluOHapHOIro COCTOAHUA, YYaCcTByA BO BpallaTeJlbHOM ABHUMEHHUHU B IPO-
CTpaHCTBe CcpoJcTBa.
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Hpennonomnm, HanmpuMep, 4TO MbI UMeeM [1B€ He3aBHUCUMbI€ peaKlluu,
U pasiiosiuM CKOPOCTHU KaRk (I)yHHLII/II/I cpoacTBa OKOJIO CTalMOHapHOrIro (HO
He paBHOBECHOFO) COCTOAHUA:

Vo = Laa0As + Layp (5Aba

7.31
vy = Lpa 0Aq + Lpp 6 Ap. ( )

B rkauectBe npuMepa MbI MO#eM pacCMOTpPeThb CUCTEeMY
A2X2Y 2B. (7.32)

Vi V2 V3

Ecau ronuentpanuu A u B noamep#uBaioTcA NOCTOAHHBIMY, Gy1eM UMETh
IBa He3aBHCHUMbIX cpoicTBa (Hampumep, A; u As); CKOPOCTU V, U Vp,
B (7.31) 6ymyT Toria paBHBI COOTBETCTBEHHO Vi — Vo M Va — V3, CTAHOBAChH
PaBHBIMU HYJIO B CTAIIOHAPHOM COCTOIHUM Vi = Vs = V3.

Eciu crannonapHoe coCTOAHME HAXOAUTCA NAJ€KO OT COCTOAHUA pPaB-
HoBecuA (4To cooTBeTcTByeT B (7.32) ciyuaio, KOrfa MOJHOE CPOACTBO
A; + Ay + A3 Benuko no cpaBHenuio ¢ RT), To koadduuunenTsr Ly, - . .
B (7.31) He noguuHAoTCA Gonee cooTHomeHuamM OHzarepa, T.e.

Lu,b 7£ Lba~ (732’)

BecbMma GonbInoit nHTepec npeacTaBifeT clydail YMCTO aHTUCUMMET-
PUYHON MaTpHIIbI

Vo = Lab 6Ab7
7.33
Vp = _Lab 5Ab. ( )
B stom cllydyae MEI IIoJyYaeM
kB Ao, ddy
T = -TE = ~Ly, (5A,, o AL ) > 0. (7.34)

BBenem monsApHble KoopanHaThl , p B miockoctu A,, Ap BOKpPYT cTa-
uuonapHoro cocroanud. Torna Beipamenue (7.34) NpMHUMAET UHTEPECHBIH
BU]I:

M = —La,,,ﬁ% > 0. (7.35)

JTo HepaBeHCTBO ONpefleNAeT HaNpaBleHUe BpalleHHs BOKDPYT CTallloHAap-
Horo coctofinuA d4, = §A, = 0 (cm. [65, 66]).
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CxopHbIe Pe3yNbTATHI OMYYAIOTCA B ClIy4ae NPOU3BOILHOIO Yncia pe-
aknuit (cM. [66, 67]). To 06cTOATENLCTBO, YTO BpallleHHe 0Ka3bIBaeTCH BO3-
MO{HBIM BOKDPYT CTAMOHAPHOIO HEPABHOBECHOT'O COCTOAHMKA, & HE BOKPYT
COCTOAHMA PaBHOBECHSA, CBA3AHO C T€M, UTO B [IEPBOM Clydae MpHpalieHue
SHTPONUY MPOUCXOAUT TIABHBIM 06PA30M B CAMOM CTALMOHAPHOM COCTOA-
Huy. Bpalenne Torga NpUBOAUT TOMBKO K M3MEHEHHIO M3MEHEeHHf 3HTPO-
IIHH, KOTOPOEe MOKeT GbIThb KaK MOJOMUTENIbHbIM, TaK U OTPULATENbHbIM,
HE M3MEHfA CTPOTO MONOMKUTENLHOrO XapaKkTepa obliero NpUpaileHus 3H-
TPOIUH.

WHuTepecHbIfl NpuMep BpalleHUA BOKPYT CTALHOHAPHOIO COCTOAHUA
6b11 paccMoTpeH BoabTeppa [68]. MblI mpeanountaeM paccMOTPETh 3TOT
HECKOJbKO MPo6IeMaTHUHbIH puMep! BMecTo 06Cy#/IeHUA Clyyas OCIHII-
JUPYIOMNX XUMHYECKHX peaKluil, 00bACHEHNE KOTOPBIX JOBOJIbLHO COMHHU-
TeabHO (eM. [67]).

BonbTeppa paccMaTpuBaeT COCYIeCTBOBa-

HUe HECKONbKUX BHIOB JKUBOTHBIX B GHOJOTHU-

YecKM MOCTOAHHOI cpefe. B Hanbonee mpocTom

cllyvae MMeeTCAl TOIbKO [Ba BUAA JKUBOTHBIX A

----- o u B, npuuem B nuraerca RUBOTHBIME Buia A.

Torga aTa MaremaTHyeckas 3ajada GOpbObI 3a

CYLIeCTBOBaHUE, BbIpajKeHHAA Yepe3 ypaBHEHUA
KUHETHKHU, IPUHAMAET BUJ>

dA _ _Am. dB _ B
Puc. 3 G T A AB; P =AB-eB, (7.36)

rae A u B — uunciao unauBugyymos BugoB A u B, a €1, €2 — KOHCTaHTBHI.
CyliecTByeT HEKOE CTal[MOHAPHOE COCTOfIHUE, ONpejeiAeMoe yCIOBUAMU

A= €2, B = €1. (737)

Ho ecnu cucTeMa HaXogUTCA He TOUHO B TOM COCTOAHUM, TO OHA OTMKICHIBAET
BOKpPYT Hero 3aMKHYyTble TpaeKTopuu (puc. 3), OpUYeM 3TH TPAeKTOPUU
Bcerjia npoberaioTca B OHOM HalpaBJeHUU.

Ipo6rema BonbTeppa, KacalomascA cOCYIIECTBOBAHUA BUJIOB, €CTECTBEHHO, BBIXO-
JUT 3a paMKHM T€PMOAWHAMUKN HeoOpaTHMBIX IPOLIECCOB M OTHOCUTCA CKOpee K o6mei
TEOPUU HEJIUHENHBIX HUKINYECKUX MpoueccoB. [IpuMeHeHNe MOHATUA CPOACTBA, a TaK#e
JPYTHUX TePMOAMHAMHUUYECKMX T€PMHHOB 3[ech YNCTO ycioBHo. [losTomy nyume usberaTh
3/lecb Noab30BaTbcA UMHU. — [lpum. ped.

2HenaBHo 6bUIO TOKA3aHO, UTO C HUKIMYECKUMM ABJIEHUAMH Mbl BCTPEUaeMCA MPU
YCTal0CTHOM paspylIeHMH MeTaluIoB, KOrja JUCIOKAaLM{ OJNHOr0 BHAA NOTIIOMAITCA U
reHepUpYIOTCA AUCIOKalUuAME Apyrux BuaoB; cM. Axynaos H. C., ®paxokr B. A., Joka. AH
BCCP. — IIpun. peo.
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B HemocpencTBeHHOM 6IM30CTH OT CTALMOHAPHOTO COCTOAHHA 3TH pe-
3yJAbTaThl JIErKO NOKAa3bIBAlOTCA NMHeapusaluell ypaBHenuil (7.36) B6au-
3u (7.37) (noapoGHee 06 sToM cM. [66]).

MsbI MoseM HeNocpefCTBEHHO CBA3ATh ITO paccMOTpeHHe ¢ (Gopmy-
aoit (7.35). leficTBUTENbHO, BO3bMEM XMMUYECKYIO CUCTEMY

A+M— 24,
A +B — 2B, (7.38)
B+M - IT,

rae M u I’ oTHOCATCA K BHEIHEe# cpejie U MOAePHUBAIOTCA MOCTOAHHBIMHU.
CooTBeTcTByIOI[KE cPOJCTBA GyAYT paBHbI

Ay = BM (7.39)

M A
Alzan, AQZIH— T

B’

[Ipene6peran B (7.38) ckopocTAMH 06paTHBIX peakuuii, MO#eM 3anucaTh

vy = MA, Vo = AB, V3 = MB. (740)
Torpa nonyuyaem
TW:—(B—M)%—(M—A)‘Q—?:w}O, (7.41)

rje w — yrioBafd CKOPOCTh BpalleHUs BOKPYT CTAIMOHAPHOIO COCTOAHMA,
cooTBeTCTBYIOIIEro, coriacto (7.40), ycmosuio A = B =1IT'.

6. CTaHI/IOHaprIe COCTOAHUA U MaciuTabsbl BpeMeHUu

PaccmoTpenHblit B npeasigyniem pasjene npumep BoabTeppa BoiABIA-
eT oOUIyIO UepTy, IPUCYIYIO HepaBHOBECHBIM CTAllUOHAPHBIM COCTOAHUAM:
TaKkue COCTOAHUA NMOABIAIOTCA TOIbKO TOr[a, KOrJa B CUCTEME CYI[ECTBY-
eT ABa Maciuitaba BpeMenu. Tak, B ypaBHeHUAX (7.38) MbI monjepuBaeM
roHueHTpanu M u II' mocTOAHHBLIMU, MHAYE IBOMIONKUA CUCTEMbI TIPUBOIM-
Ja O6bI ee MPOCTO K COCTOAHUIO MOJTHOTO paBHOBecuA. OqHaKo mojaepxaHue
noctoauubiMU M u II' 3acTaBiseT Hac NpUGErHyTh K MaciiTabaM BpeMeHU
(B maHHOM cilyuyae — TeoJOrHUYECKUM), KOTOpbIe BECbMa BEIUKHU 110 CpaBHe-
HUIO ¢ MacuiTabaMu BpeMeHH, cBA3aHHbIMU ¢ A u B (B manHoM ciyyae —
Guonornveckie MacuTabbl BpeMeHH ).
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Jlaske B paccMOTpeHHOM B riaBax V
u VI npumepe c Tepmonuddysueit Mbl
uMeeM [Ba Maciitaba BpemeHHu (puc. 4):
a) KOpOTKUi MacuiTab, oTBeYalouuil Bpe-
MeHU, KOTOpoe Heo6X0JUMO JIfl TOT0, UTO-

Puc. 4 Ob1 TepMoaUGPy3UA NOCTUTIA CTALLMOHAD-

HOT'0 COCTOAHUA, COOTBETCTBYIOLIETO TEM-

neparypam tepmoctatoB Ty u To, u 6) OJMHHBIA MaciiTab, COOTBETCTBY-

IOl BpeMeHH, Heo6X0AUMOMY I TOro, YTo6bI BCA CHCTEMa [JOCTUIJA
TepMOANHAMUYECKOTr0 PABHOBECHHA.

Korpa BrinonHAeTcA ycloBHe [OBOIiHOro MacuiTaba BpeMeHHU, Hepexo[
CUCTeMBI K paBHOBecHIO caM co6oil pacmajaeTcA Ha [Ba dTama: MOABIEHUE
CTallllOHAPHBIX HEPaBHOBECHBIX COCTOAHMI U 3BOJIONUA CTAlIOHAPHBIX CO-
CTOAHUM K yCIOBUAM INOJHOI'0 PaBHOBeCHA.

JTO 1aeT OCHOBaHKE B KOHEUHOM CUeTe CUMTATh CTallMOHapHbIE COCTO-
AHUA 3TANoM B 3BOJIOINY CUCTEMBI K PAaBHOBECHUIO.

7. Ipyrue BapualnuoHHble GOpPMYJINPOBKHU

B 3ariaioueHne Mbl KOPOTKO paccMOTPUM ApYyTrHe BapualloHHbIe (op-
MYJIHPOBKY 3alauyd HepaBHOBECHBIX CTalMOHApHBIX cocToAHui [69, 70].
BosbmeM pnAa KoHKpeTHocTH ciyuvait TemnonpoBogHocTu. Iloctapaemcs
OTBICKaTh TAKOH narpaHsuan £, 4ToObl MHTErpal

L= / Ldv (7.42)
o61agan cBOWCTBOM
dL
T <0,
T.e. UHTerpan L JoN#eH B YCTOHYMBOM CTallMOHAPHOM COCTOSHUHM UMeTh

MUHUMYM.
Jrta 3amaua peniaeTcda OUeHb IIPOCTO. Hanumem

¥ = %(gradgo)2, (7.43)
rie r
gradep = AgradT; ¢ = /)\(T) dT (7.44)

(A — K03(D(HULKEHT TEemIONPOBOIHOCTH ).
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Bapuanuonnasa npousBofHas oT £ 10 @ 0o onpejeneHuio 6yaeT paBHa

0 _ 0L — _di
il i Z da;z W = —div(grad ¢). (7.45)
1=1,2,3 0 3
T

YpaBHeHUe COXPaHEHUA SHepPruu

Cv‘z—f +divW =0 (7.46)
NpUuHUMAaeT IIpU 3TOM BUJ
T _ oL
¢, 90 = 4L, (7.47)
CranuoHapHoe COCTOAHUE (%—1; = 0) XapaKTepu3yeTcs, TakuM 06pasoM,

SKCTpeMyMoM uHTerpana (7.42). MoskHO nerko AokasaTb, YTO peyb HUAET
UMEHHO 0 MUHUMYMe, U 4T0o L MOKeT TOJThbKO yMEHbIIAThCA C TeUEeHUEM
BpeMeHH.

Jlarpaumuan £ umeeT BecbMa MpocToit cMbich. JleficTBuTenbHO,

L= % / (grad p)2d / W2dy _% (7.48)

B CTalMOHapHOM COCTOAHHM CpeJHee 3HaueHHe IIOTOKAa TelJjla MUHHUMaJlbHO.
Ecau mb1 ¢ MIOMOIIbBIO 'PaAaHUYHBIX yCJIOBI/Iﬁ NpenaTcTByeM cucreMe 10CTHYb
COCTOAHUA paBHOBeCHUA W = 0, TO OHa AJoCTUraeT TaKkoro craguoHapHOro
COCTOAHUA, OJA KOTOPOI'o m IIpyuHUMaeT HanMeHblllee BO3MO#IHOe 3Have-
HUe.

OTmeTuUM HaRroHel, 4TO

2
=2 (7.49)

rie o — TpuUpalleHue SHTPONUH.

B crnyuae, eciu MbI MokeM cuuTaTh AT? MOCTOAHHON BeIMuMHOH, J0-
Ka3aHHad BhIIE BapHalllOHHaA TeopeMa ePeXOAUT B TEOPEMY 0 MUHUMYMe
npupainieHua SHTPOIUN.
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8. 3akJjamoueHue

Bo Bcex paccMOTpeHHBIX B 3TOii I'laBe clIydafX cTalOHapHOe COCTOA-
HUE XapaKTepu3oBaloCch MUHUMYMOM KBaJpaTHU4YHON QYHKIUU CKOpOCTei
HeoOpaTUMBIX MPOIECCOB; 3Ta (PYHKUUA MepeXoAUT B NpHUpalleHue 3HTPO-
1Y BO3lle HEPAaBHOBECHOr'0 CTAIlIOHAPHOTO COCTOAHUA.

Mo:zkHo Tar:ke yTBep#JaTh, YTO HepAaBHOBECHOE CTalllOHAPHOE COCTOA-
HUe OIpeJleNfAeTCA onMuMaabHoll dfdermusHocmoio, BeIpazkalouleiicd yepes
3Ty QYHKIIMIO, HO BO BCAKOM Cllyuae He CTaTUCTUUYECKUM BECOM Pas3iuUHbIX
COCTOAHMII, KaK 3TO XapaKTEePHO [JIA PaBHOBECHA.
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BpeMA, cTPYKTYpa U QIyKTyamuu

HobGeaneBckasa dekuAa mo xumMmuu 1977 r.

PaccmoTpeHnbl ¢yHIaMeHTanbHbIe NPOGIeMbl, BO3HUKAIOMNe DU IPUMeHe-
HUU BTOPOr0 3aKOHa TePMOJMHAMHMKM K aHalIM3y CHCTEM Ha MaKpOCKONUYECKOM
U MHKpOCKONUYecKoM ypoBHAX. [loka3aHo, 4To HepaBHOBECHOCThb COCTOAHUA CHC-
TeMbl MOeT CTaTb NPUYMHOM BO3HMKHOBEHHA B Heil NMOpAAKa U YTO HeoGpaTu-
Mbl€ IIPoIecCchl MOTYT NPUBOAUTb K BOSHUKHOBEHHIO HOBOTO THUIIA JUHAMHUYECKUX
COCTOAHMI MaTepuU, Ha3BaHHBIX «IUCCUNATUBHBIMU CTPYKTypaMu». KpaTko us-
J0jieHa TepMOAMHaMUKa JUCCUNATUBHBIX CTPYKTYp. laHo ompeneneHue Heobpa-
TUMBIX NIPOLECCOB, B OCHOBE KOTOPOTO JekaT CBOWCTBa CHCTeM, NPOABIAIONINeECS
Ha MHKDPOCKONNYECKOM yPOBHe, U pa3paboTaHa Teopuf NpeoOpa30BaHUIi, T03BO-
JAI0IIasA BBECTU HeyHUTapHble ypaBHEeHUA ABUEHNA, B ABHOI (hopMe oGHapyKU-
Balolllie HeoOpaTUMOCTb CHUCTeMbl U ee NMPUGIMMEeHUe K TepMOJUHaMHYeCcKOMY
paBHOBecuIo. [laH kpaTkuii 0630p Hccile0BaHUIA, IPOBeeHHBIX B JaHHO 061acTH
rpynnoii uccienoBareieii, pabotaomux B Bpioccensckom yHuBepcurtere. Ilo mepe
Pa3BUTHUA TeOPETHYECKON XUMHUHM U QU3UKHU B JaHHOM HallpaBleHUM TepPMOAMHA-
MHYeCcKHe KOHIENIHH, Mo-BUAUMOMY, OyOyT UrpaTb B HHUX Bce Oojee BasKHYIO
poib.

IIpoGnema Bpemenu (t) B GU3UKe U XMMUU TECHO CBA3aHA CO BTOPHIM
3akOHOM TepMoguHaMHUKH. [loaToMy JaHHOIl TeKIUU MOMHO JaTh U IpyTroe
Ha3BaHMe «ACMEKThI BTOPOr0 3aKOHA TePMOJWHAMHKM, BO3HUKAIOIIUE MPU
aHalu3e CUCTeM Ha MaKpPOCKONMUYECKOM M MUKPOCKONUYECKOM YPOBHAX).

B ucTopun Hayku BTOpPOIl 3aKOH TE€PMOJUHAMHKU ChIr'pajl BbIAAIONIY-
I0CA POlib, JalleKo BLIXOAANIYIO 3a paMKM ABIEHUU, A 0ObACHEHUA CYII-
HOCTU KOTOPBIX OH ObL1 mpeaHa3HaueH. [locTaToyHO YNOMAHYThH PaboOThI
Bonbimana B o61acTu KMHETUYeCKOil Teopuu, pa3paboTky IlnaHKoM KBaH-
TOBOIt TeopuU U JNHIITEIHOM T€OPUU CIIOHTAHHON BMUCCUY; B OCHOBE BCexX
STUX JOCTUMEHU JEeHUT BTOPOil 3aKOH TepMOAMHAMUKH.

OcHoBHafA ujied 3TOH JeKIUN CBOAUTCA K ClIelYIOIeMy: B TeopeTHUYec-
KON XMMUU U (pU3UKe BO3HUKIO HOBOE HalpaBleHNe, HaXoJAlleecA B CAMOM
Hayajle CBOero pa3BUTHA, B KOTOPOM TepMoOJUWHaMHYecKue KoHIennuu 6y-
OyT UTpaTh ellle Oojlee BamHYyl0 poiab. M3-3a closHOCTU Bompoca B 3TOi

*Prigogine I. Time, Structure, and Fluctuation. — Science, 1978, v. 201.
N& 4358, pp. 777-785. — IlepeBop JI. B. Meraepa. Ilox penakiueit JI. A. Batomendenbaa.
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JEeKIUU A BBIHYMJEH OTPaHUYUTHLCA U3NOMEHHEM TJIaBHbIM 00pa3oM KOH-
HenTyalbHbIX MpoOieM, UMeIOIUX KaKk MaKpOCKONUYECKHUE, TAK U MUKPO-
CKONMYecKUe acneKThl. Tak, HanpuMep, MaKPOCKONMUYECKUI MOAX0 KJjac-
CUYECKON TepMOAMHAMMKHU CYIIECTBEHHO YTOUYHMJ HaIIU NMpeACTaBIeHUA O
PaABHOBECHBIX CTPYKTYpax THUIA KPUCTAJJIOB.

TepmoanHamMuyeckoe paBHOBecHe MOM¥HO 0XapaKTepPU30BaTb MUHUMY-
MOM TeJIbMI0JIblIeBCKOI CBOOOJHOM 3Hepruu, 00bIYHO 3allUCbIBAEMON B BUie

F=E-TS, (1)
roie E — BHyTpeHHAA sHeprus cucTeMbl, T — ee abGcoloTHad TeMmepa-
Typa, a S — sHTponua. CnpamuBaeTcd, OJHAKO, NefICTBUTEIbLHO U BCe

OKpY:Kaloll[ie HaC «OPraHu30BaHHbIe CTPYKTYPhI» OTHOCATCA K 3TOMY TUMY !
NocTaTouHo 3agaTh JaHHBIN BONPOC, YTOGHI CTAIO0 ACHO, UTO OTBET Ha He-
ro oTpunaTeibHbiii. OYeBUIHO, YTO QYHKIMOHANbHbBIN MOPAJOK, UMEIOMIH
MeCTO B Iopojie WK B KMBOM OpraHu3Me, MpeJCcTaBIAeT co6oii MOPAIOK Co-
BceM jipyroro tuna. YTo6s1 pazpa6oTaTb TEPMOJUHAMUKY CTPYKTYD AaHHO-
ro Tuma, Heo6Xo0aMMO MoKas3aTh, YTO HepaBHOBecHe MOMeET GbITh NMPUUYNUHOMN
nopajgka. Orasanock, 4yTo HeoOpaTHUMbIe Npollecchl MOI'YT IPUBOJUTH K BO3-
HUKHOBEHUIO HOBOTO THUIA JUHAMUYECKUX COCTOAHNI MaTepuu, Ha3BaHHBIX
MHO «JUCCUNATUBHLIMU CTPYKTypaMuy. TepMoarHAMUEA ANCCUNIATHUBHBIX
CTPYKTYp o6GcysaaeTcA B pa3jielaX JaHHOU JEeKIUH, IOCBANIEHHBIX IIPOU3-
BOJICTBY SHTPOINUU, TEOPUU TEPMOJAUHAMUUECKONU YCTOHUYUBOCTU U MpUMe-
HEHUIO JaHHOIO MOJX0Ja K U3YyUEHUIO TUHAMUKN XUMUUYECKUX peaKIuil.

1A xuMuu u 6MOJOrUK Hallero BpeMeHH JUCCHUIaTUBHbIE CTPYKTYPhI
npeAcTaBIAIOT 0cobblit UHTepec. X noABleHUe B cUcTeMe CBUIETENbCTBY-
€T 0 KOI'epeHTHBIX Npoleccax, UAYIIUX Ha HAJMOJEKYJIAPHOM ypPOBHe, OT-
paskeHHeM Yero ABJIAIOTCA COBEPIIEHHO cBOeoOpa3Hble HX CBOMCTBA, IIPOAB-
JAIIMecH, HaIpUMep, B GHOXMMHYECKUX HUKIaX, KOMIOHEHTaMH KOTOPBIX
cnyxaT paboTalolniue B KolebaTelbHOM pe:kuMe (pepMeHTHI.

KakuMm e obpa3oM u moyemy B pe3ylbTaTe pealu3yIOUIUXCA B XU-
MHYeCcKOll peakIuU coydapeHuil MojleRyJ] BO3HUKAIOT TaKUe KOrepeHTHbIe
CTPYKTYpPBI? ITOT BOMPOC KpaTKo o0Cy#aaeTcA B pasjeie, MOCBAINIEHHOM
3aKoHy Oonbmux 4duced. fl mocraparch NOAYEPKHYTH TO 06CTOATENLCTBO,
YTo 00BIYHAA XUMHYecKaA KUHETHKA COOTBETCTBYET TEOPHH «yCpeJHEHHO-
ro moiaf», OYeHb IoXoxell Ha Teopuio Ban-nep-Baanbca, BbipamkeHueM Ko-
TOPOi ABINAIOTCA YpaBHEHHA COCTOAHUA, U Ha Teopuio deppoMarHeTusMa,
paspa6otannylo Beiiccom. CoBeplleHHO TaK ke, KaKk U 3TU TEOPHUH, Teo-
pPHUA YCPeIHEHHOTo ToJA nepecTaeT ObITh CIPaBEIIUBOI NPU MPUOIUKEHUU
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CHUCTEMBI K COCTOAHUIO HEYCTONYMUBOCTH, KOT'Ja BOSHUKAIOT HOBBIE [JUCCHU-
HaTUBHbIE CTPYKTYPhl. Kak U B Teopuu paBHOBECHBIX MPOIECCOB, CYIIECT-
BEHHYIO POJIb IIPU 3TOM UrparoT paykryanuu. B qByx mociegnux pasigenax
A paccMOTPIO 0COGEHHOCTH TOJAX0Ja K aHalIM3y 3THX MNpoOleM Ha MHUKPO-
CKOMMYECKOM YDPOBHE U JJaM 0630p pe3yIbTaTOB HcCieJOBaHU, BhIMOIHEH-
HBIX B JaHHOM HallpaBJeHUU Hallell rpynmnoii, pa6oTarouieii B Bpioccenbckom
yHUBepcuteTe. Pe3ynbTaToM 3THX MccleloBaHU ABUJCA BbIBOJ ypaBHEHUI
NI aHanu3a HeoOpaTHUMbBIX MPOIECCOB Ha MUKPOCKOMUYEeCKOM ypoBHe. He-
06X0JUMO, OJTHAKO, NOAYEPKHYTb, UTO JAOCTHYhL TOH Ielu yAaloch JIHUIIb
6i1arogapsa NpUMeHEHUIO TeOpuU NpeoOpa3oBaHUil, YTO HO3BOJIUIO BEIBECTH
HOBble HEyHUTapHble YPABHEHUA JBUMEHNA, B ABHOH (opMe yUHThIBaIONINE
HeoOpaTUMOCTDb U NpUOIUMEHUEe K TePMOJUHAMUYECKOMY PABHOBECHIO.
BBeneHue B 3Ty TeopHIO 3IeMEeHTOB TEPMOJUHAMUKYU MIPUBOJUT K MHOI
(hOpMyIUpPOBKE 3aKOHOB AUHAMUKM (KJIacCHMYECKON WUIM KBAaHTOBOIM). TOT
darT ABIAETCA Haubonee HeOKUTAaHHON 0cOGEHHOCTDIO TaHHO# Teopuu. Ilo-
AIBIEHNE CYIIECTBEHHO HOBBIX TEOPETUUYECKUX MOCTPOEHUI NPU paccMOT-
pEeHUU MHUKPOMHpA 3JIeMeHTapHbIX YacTHIl I MaKpOMUpa KOCMHUUYECKOTr0
MacuiTaba He BbI3bIBaeT YIUBIEHHA y#e C camMoro Havajla Hallero BeKa.
B naHHOM ciyvae MbI BUAMM, UTO y4eT TePMOJUHAMUKU NMPUBOAUT K HO-
BBIM T€OPETHYECKUM MOCTPOEHUAM U AJA ABIEHU, HAOMIOJaeMbIX B CHCTE-
Me Harlero co6cTBeHHOro macmraba. ITo [[eHa, KOTOPYO MPUXOAUTCA Iia-
TUTh 3a BO3MOKHOCTh ()OPMYJIHUPOBKU TEOPETUUYECKUX METOJOB, MPHU MpPU-
MeHEeHUU KOTOPbIX BpeMdA NpuoGpeTaeT CBON UCTUHHBIN CMbICH, CBA3aHHBIN
¢ HeoOPaTUMOCThIO WU Iake C <KUCTOPHeily Tpollecca, a He ABIAETCA MPOCTO
reoMeTpUUYECKUM NapaMeTpPOM, XapaKkTepPU3YIOMUM JABUMHKEHUE.

HpOI/IBBO,Z[CTBO IHTPOIINU

Ob6paTuMble Npoliecchl IPUHINNIUATLHO OTIANYAIOTCA OT HEOGPAaTUMBIX,
M 3TO pasin4yue — CyTh BTOpOro 3akoHa TepMmoiauHamuku [1]. MmenHo
3TO pasjnyue ¢ HeoOXOOUMOCTBHIO NIPUBOAUT K BBEJEHUIO NOHATHUA 3HTPO-
nuu (S) u GopMyIMpPOBKe BTOPOro 3akoHa TepMoanHaMuku. Kinaccuueckas
¢hopMyIMpOBKa 3TOTO 3aKOHa, JaHHaA elle Knay3umycom, OTHOCUTCA K U30-
JMPOBaHHBIM CHUCTeMaM, T.e. K cucTeMaM, He 0OMeHUBAaIOUMCA C BHEIIHel
cpeoii HU 3Heprueii, HU BelecTBOM. B 3Toit popMynnpoBKe BTOpOil 3aKOH
TepMOAVMHAMUKHU JHIIb YCTAHABIUBAET CyllecTBoBaHNe QYHKIUU S, MOHO-
TOHHO Bo3pacTalolleil ¥ JocTUramlleid MakcuMyMa, Korja cucteMa J0CTHU-
raeT TepMoOJAMHAMHUYECKOI'0 paBHOBECHUA:

ds
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dSs JTo0 ypaBHeHNEe HETPYAHO PACIPOCTPAHUTH HA
cHCTeMbl, 0OMEHUBAIOWKECA ¢ BHELIHe! cpeloil u
sHeprueii, u BemecTBoM (puc. 1). B sTom cayuae
u3MeHeHue sHTponuu dS ciefyeT paccMaTpuBaTh
KaK CyMMY [BYX cjlaraeMbIX: IepBO€ U3 HUX, d.S,
YUUTHIBAeT NEePeHOC U OKpYHalollel ee SHTPONUH
yepe3d IpaHULBl CHCTeMbI, U BTOpoe — d;S —
3TO KONMYECTBO YHTPONKHU, IPOU3BOAUMOE BHY TPH
CHCTeMBl, JJIfl KpaTKOCTH Ha3bIBaeMoe IIPOCTO NPo-
u3BoACTBOM 3HTponunu. CoriacHo BTOPOMY 3aKo-
HY, IPOU3BOACTBO SHTPOIUN BHYTPH CHCTEMbI —
BCeria BelHYUHA MONOKHUTeNbHaA (Iu6o paBHasA
HYJIO):

Puc. 1. O6meH sHTpONM-
eli Memay CHCTeMONl U
OKpYy:Kalollei ee cpenoi

d;S > 0. (3)

IIpu mpumeHeHNHN 3TOro ypaBHEHUA clelyeT UMeTb B BHAY pasiauuue
Me#y o6paTUMbIMK U HeoOpaTUMBIMU HpolieccaMu. TonbKo HeoOpaTUMbIe
Mpollecchl MPUBOAAT K NPOU3BOACTBY 3HTponuu. O4eBHUIHO, BTOPOI 3aKOH
TepMOAVMHAMUKHM BbIpaMaeT TOT GaKkT, UTO HeoOpaTHUMbIe MPOILECCHI BEAYT
K OJHOHanpaBleHHOCTH BpeMeHHU. [lomoskuTenbHOE HampaBileHUE BpeMeHU
CBfi3aHO ¢ Bo3pacTaHueM 3HTponuu S. fl Xouy mogYepkHYTb 0coOyiO dop-
MY, B KOTOPOIi OJTHOHAIIPaBIeHHOCTb NPOABIAETCA BO BTOPOM 3aKOHE. ITOT
3aKOH O3HauaeT cyllecTBOBaHUe GYyHRIUU, oblajaionleil BecbMa crenudu-
YeCKHMH CBOHcTBaMU. JTa cHeluGUIHOCTE NPOABIAETCA B TOM (paKTe, UTO
IJAl U30IMPOBAHHBIX cHUCTeM 3Ta (PYHKLUUA MOeT TOJNbKO Bo3pacTaTh BO
BpemeHH. Takue GyHKIUU UTPAOT BamHYIO POJIb B COBPEMEHHON Teopuu
YCTOHUYMBOCTU CUCTEM, Hayalo KOTOPOIl NOMOKHUIa Kiaccuyeckasa paboTa
JanyHoa. UMeHHO M03TOMY 3TU QYHKIMY ObLIN Ha3BaHbl GYHKIMAMU UIH
¢byHKuoHanamu JlanyHosa.

JHTponuA npeactaBiadeT co6oii GpyHKIUIO JIANTyHOBa 1A M301UpOBaH-
HbIX cucTeM. TepmoguHaMHYecKHe NOTeHIUalbl, Takue, Kak cBoOoJHaA
sHeprua l'enbmronbna unau I'n66ca, Tarme ABAAIOTCA GyHRUMAMU Jlamy-
HOBa, HO JUIA APYTHUX «TPAHUUYHBIX YCIOBHi» (TaKUX, Kak MOJAepHKUBaeMble
U3BHE 3HAYEHUA TEMIepaTypbl U 06beMa CUCTEMBI).

Bo Bcex 3TuX ciyvasx cucTema 3BOMIOIMUOHUPYET K COCTOAHUIO PaBHO-
Becud, XapaKTepu3yeMoMy HaluuueM TepMOJAMHAMHUUYECKOro MoTeHIMana.
CocTosAHUEe paBHOBeCHUA — 3TO CBOeoOpa3HadA «IpUMaHKay 1Jf HepaBHOBeC-
HBIX COCTOAHMI. ITO O0OCTOATENBLCTBO — CYIIECTBEHHBIN acmeKT JaHHOU
npo6lieMbl, BepHO MOA4YepKHY Thii eme [lnankom [1].
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CnenyeT, ofHaKO, 3aMeTUTh, UYTO CUCTEMBI 00JagalOT TepMOAMHAMU-
YeCKHMM MOTEHIUANOM JIHIIb B HCKIIOYUTENbHBIX ciydanx. HepaBencTso (3)
He COJIepUT MOJHOro AuddepeHnuana ¢yHKIUN U He MO3BOJIAET B 06IIEM
BUjle onpeaenuTh ¢yHKuo JanyHoBa. [Ipesae yeM Mbl cHOBa BepHeMcH
K 9TOMY BOINpOCY, A X0Uy 00paTUThb Ballle BHUMaHUe Ha TOT (haKT, UTO ye-
pe3 150 neT mocie Toro, Kak BTOpoii 3aK0H GbLI chOpMYIUPOBaH, OH BCe ellle
npefacTaBiafgeT coboii ckopee MporpamMMy, yeM YeTKO OUYepUYEHHYIO TEOpHUIO
B OGBIYHOM CMbIC/IE 3TOr0 MOHATHUA. JelicTBUTENbHO, eMUHCTBEHHOE, UTO
BTOPOI1 3aKOH TOBOPUT TOYHO O IIPOU3BOJICTBE BHTPONUM, — 3HAK DTOI Be-
anuuHel. He onpenenena gae o6nacTb cupaBeJIMBOCTH HEpaBeHCTBa. JTO
06CTOATENbCTBO — OJHA U3 IVIAaBHBIX NMPUYUH TOro, IMOYeMy HpUMeHeHUe
TepMOAVMHAMUKH, MO CYIIECTBY, OTPAaHNYEHO aHATN30M PaBHOBECHBIX MPO-
IIECCOB.

Jlna pacmupenua o6iracTH NPUMEHMMOCTH TepMOAWHAMMKHN HacTOJb-
KO, 4YTOGbI €e MO#HO ObLIO MCIOJAb30BAaTh U NMPU aHalM3e HepaBHOBECHBIX
MpPOIIECCOB, HAM HY#Ha TouHad ¢hopMylia, MO3BONAONIAA BEIYUCIAThL TPOU3-
BoAcTBO aHTponuu. [Iporpecc B aToM HanpaBieHUH ObLI JOCTUTHYT, KOT'Za
ObLIO MPUHATO AONMYIeHHe, COrIacHO KOTOPOMY U BHEe paBHOBeCHA CHCTe-
MbI S 3aBHUCUT TOJbKO OT TeX K€ MepeMeHHBIX, 0T KOTOPBIX OHA 3aBUCUT,
KOr'Jla CHCTeMa HaXxOAUTCA B COCTOAHUU paBHOBecudA. fl uMero B BUIY JOMy-
leHNe CYNIeCTBOBAHUA «IOKaIbHOro paBHoBecusy [2]. [IpunaAB aT0 Homye-
HUeE, MbI Oy YaeM BbIpameHue A P — Npou3BoAcTBa SHTPOIMMHU CUCTEMOM
B eIMHUIY BPEMEHU:

d;S
P="2 =Y J,X, 20, (4)
p
roe Jp — CKODPOCTH pPAa3lIUYHBIX IMPOTERalIluX B paCCManI/IBaeMOﬁ CUuc-

TeMe HeoGpaTUMBIX NPOIeccoB (XUMHUUYECKMX peaKlui, TemIoBOro MOTO-
Ka, quddysun), a X, — cooTBeTcTBYOIHE 0600IEHHbIe CUIbI (CPOACTBa,
rpajiieHThl TeMIepaTyphbl, FPafueHThl XUMUYECKOro IoTeHuana). YpaBHe-
Hue (4) — 3TO OCHOBHOE BhIpaxeHHe TEPMOJAUHAMHUKU HeoOPAaTHMBIX MpO-
11€CCOB MAKPOCKONUYECKUX CHCTEM.

YTo6bl BBIBECTH ABHOE BhLIpameHHe [JA NpPOU3BOACTBA 3JHTPONUH
(ypaBuenue (4)), A IPUHAI IONOIHUTENLHOE JoNyleHHe. JTa Gpopmyia npu-
MeHUMa JHLIb 1A clydaeB, IPU KOTOPBIX CHCTEMa HaXOOUTCA BOIM3U CO-
crosanuA paBHoBecud (cM. (3)). CTenenb 3TOro coceIcTBa ONpeAeNAeT Belu-
4yuHy 06JacTH, B KOTOPOH MMeeTcA JoKalbHoe paBHoBecre. K o6cysaenuio
3TOro (heHOMeHa C MO3UIHUHA CTATUCTUYECKON MeXaHUKM A BEPHYCh B pasje-
Jle, IOCBANIEHHOM TEOPMU HEYHUTapHBIX Npeobpa3oBaHuUii.
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Pioma cucTeMa HaxoguTCA B COCTOAHUU TepMOJHMHaAMUUYECKOI'0 paBHO-
BeCHA, OJA BCeX NAyIIUX B Hell OﬁpaTI/IMbIX npoueccoB

J, =0, (5a)
X, =0. (56)

IloaTomy BHolHE ecTecTBEHHO AONMYCTUThb, UTO, MO MeHblleil Mepe,
BOJIN3U COCTOAHUA PABHOBeCHA UMEIOT MECTO JUHEUHbIE OJHOPOJHbIE COOT-
HOIIEHUA MeJy MOTOKaMH UM BbI3BIBAIONIUMU UX cuilamu. B paMmrm Takroii
CXeMbl aBTOMAaTHUUYECKHU MONMAJaloT SMIUPUUECKU BbIBeJeHHbIe 3aKOHBI, Ha-
npuMep 3akoH Dypre, corimacHo KOTOPOMY BelMUKMHA MOTOKA TeIa Mpomop-
[[UOHAJNhLHA FPaJUEHTy TeMIlepaTyphl, Uiu 3akoH PuKa, coriacHo KOTOPOMY
CKOpocTb Auddy3uu MponopuUoHalbHAa T'PAINEHTy KOHUeHTpanuu. B pe-
3ynbTaTe MbI I0Jy4YaeM TepMOIUHAMUKY JUHEHHbIX Heo6paTUMBIX Ipoliec-
COB, OCHOBHbIE YDaBHEHUHA KOTOPO UMeIoT clienyiomuii Bug (4):

Jp = ZLPP'XP" (6)
pl

Bamueiimumu oJigd TeEpMOAUHaMHUKHA JINHENHBIX HeOﬁpaTI/IMbIX nmponec-
COB AIBJAIOTCA clleJyloliue JBa pe3dyJjabTaTa. BpraH{eHI/IeM nepBoOro ABJIAIOT-
CA ypaBHeHHUA B3aUMHOCTHU Oﬂaarepa, corjlaCHO KOTOPBbIM

Lpp = Lpp- (7)

WupiMu cnoBamu, Korja noTok .J,, COOTBETCTBYIONMH Heo6GpaTUMOMY
npoueccy p, nojsepraeTca Bo3JefcTBUIO cuibl X/, COOTBETCTBYIOMIEH He-
o6paTuMoMy mpolieccy p', NoTok J, B CBOIO O4Yepelb MOABepraeTcA BO3-
JeiicTBuIO cuibl X,, MpUYeM COOTBETCTBylOUIMEe KO3 GhUIUEHTHl NPoIop-
[UOHANbHOCTU OYAYT paBHBI ApPyT OpPYyTY.

YpaBHenusa OH3arepa yHHUBepcalbHbl, I UMEHHO 3TO ONpeAenfieT UX
BatHOCTb. ClpaBeJIMBOCTh UX MOATBEpP#JeHA MHOIOUMUCIEHHBIMU DKCIIe-
puMentamu. CregoBaTelbHO, TepMOJUWHAMHKa HeoGpaTHMBIX IPOIECCOB,
KaKk ¥ TepMoJUHaMUKa 00paTUMBbIX NIPOLECCOB, UMeeT YHUBepCalbHbIl Xa-
paKTep, T.e. NPUMEHUMAa MAJIA aHajiu3a JMOObIX MOJEKYJIAPHbIX CUCTEM.
OTKpbITHE ypaBHEeHWIl B3aMHOCTHU, IO CYIIECTBY, ABUJIOCH NMOBOPOTHBHIM
NYHKTOM B UCTOPUA TePMOAUHAMUKHU.

BTopoit BaxHOIl TeopeMoii, cipaBelJIMBO AJA CUCTEM, HAXOJAUIUXCA
BO/IM3YU paBHOBecHs, ABIAETCA TeOpeMa 0 MUHUMYMe IIPOM3BOJCTBA S3HTPO-
nuu S (6). ATa Teopema yTBep#IaeT, YTO HPOU3BOACTBO IHTPOMUM CUCTE-
Moii, HaxoJAllelicA B cTallUOHAPHOM, JOCTAaTOYHO GJM3KOM K paBHOBECHUIO
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COCTOSHMHU, MMHUMaNbHO. Y CHCTEM, COCTOSHME KOTOPLIX M3MeHAeTcA CO
BpeMeHeM (M MONYMHAKNMXCA TeM #€ IPAHMYHBIM YCIOBHMAM ), TIPOU3BOJ-
CTBO 3HTpoNuU 6oibue. TeopeMa 0 MUHUMYMe IPOU3BOACTBA SHTPONUY Ha-
JaraeT Ha cUcTeMy ellle 6ojlee CTpOTyie TpaHUYHbIe yCIOBUA, YeM JUHeilHbIe
ypaBHenus (6). Ta TeopeMa cnpaBeliuBa NUllb B paMKaX T€OPUU, BbIpa-
#aeMoil CTPOro JMHEeHHbIMU ypaBHEHUAMH, T.e. eil YI0BIeTBOPAIOT JHUIIbL
CHCTeMbl, OTKJIOHEHNEe OT PaBHOBECHA KOTOPBIX CTOJIbL Maid, 4To (eHoMe-
HOJIOTMYeCcKHe Kod((GUIHEHThI COOTBETCTBYIOWNX ypaBHeHUH L,, MOMHO
CcYMTaThb BeIMYMHAMU HOCTOAHHBIMHU.

TeopeMa 0 MUHMMYyMe NPOU3BOJICTBA SHTPONUHU OTPaHAET CBOETro pPo-
Ja MHepLUOHHbIe CBOHCTBA HepaBHOBECHBIX cucTeM. Korja sajaHHble rpa-
HUUHble YC/IOBHA He NO3BOJAIOT cHCTeMe JOCTHUYbL TepMOAMHAMUYECKOro
paBHOBecHA, (T. €. COCTOAHMA, IPU KOTOPOM OHA SHTPONMHU HE TPOUIBOJUT,
dS = 0), cucTeMa ocTaHABIMBAeTCA B COCTOAHUU (MUHUMAIbHOH Iuccuma-
UK.

Co BpeMeHU MOABJIEHUA 3TOil TeopeMbl 6bII0 ACHO, YTO JaHHOE CBOMCT-
BO CTPOr0 pealu3yeTcA JUIlb Y CUCTeM, HaXOJAIIUXCA B HeocpeAcTBeHHO
6IM30CTU K paBHOBeCHIO. B TeueHne MHOTUX JieT NpeANpUHUMAINCh HACTOMH-
YMBEIE NIONBITKH 0606IUTE 3TY TEOpeMy U PaclpocTPaHUTh ee Ha CHCTEeMbI,
HaxojdAlldecd BAall oT paBHOBecud. KX 601bIIOMY YAMBIEHUIO, 0Ka3aloCh,
YTO CUCTeMbl, HaxoJdAluecd BJall OT PaBHOBECHSA, B TePMOAMHAMUYECKOM
OTHOLIEHUU MOTYT BeCTH cebf coBceM MO-MHOMY M Jake NMPAMO NMPOTHBO-
10710 HO TPe6OBaHUIO TeopeMbl 0 MUHMMAJbLHOM IPOU3BOACTBE SHTPOIMH.

IlpuMeyaTenbHO, YTO BTOT HOBBIfI THUN NOBeJeHUA cHUCTeM Habliona-
eTCA B TUINUYHBLIX CHUTYyalUAX, JABHO M3BECTHBIX KJIaCCHYECKOH THAPOMAHU-
Hamuke. IlpuMepoM, BliepBble NPOAaHAIM3UPOBAHHEIM € YIOMAHYTHIX MHOMH
BbIllle MO3MIUI, MOMKET CIYMUTh Tak Ha3biBaeMas «HeycToilunBocTh BeHa-
pa». PaccMoTpuM noBefileHne TOPU30HTANBLHOTO CI0A #UAKOCTH, HaXOAlle-
roca Mesly AByMA 6eCKOHEYHO GONLIIMMY HapailelbHbIMHU ADPYT APYTY
IJIOCKOCTAMHU B NOCTOAHHOM IpaBuUTanuoHHOM Tone. IlycTh TeMmepaTypa
HMKHell NIOCKOCTHU NojfepAuBaeTca paBHoii T, a BepxHeit — T, U IycTh
Ty > T,. Korpa Beanuuna «o6paTHoro»! rpaguenta (T — To)/(Ty + 1)
CTaHOBUTCA J0CTATOYHO GOMBIIOH, CHCTeMa BBIXOJUT U3 COCTOAHUA MOKOA
I HauMHaeTcA KoHBeklMdA. IIpou3BoAcTBO 3HTPONUM Bo3pacTaeT, U60 KOH-
BeKIUA co3/aeT HOBbIi MeXaHU3M NepeHoca Temnaa. Bonee Toro, cocTosHNe
NI0TOKA, HHUIMHUPYEMOro HapylleHHeM yCTOMUMBOCTH CHCTEMbl, 0TBedaeT
GosbLIell cTeleHy OpraHu3ally CUCTeMbl, 4eM COCTOAHHUE N0KOA. [leficTBu-

lTO €CThb NpUBOAAIIEro K BOBHUKHOBEHUIO CHIJIbI, LleﬁcTBy}OH.Ieﬁ B HallpaBJ/IeHUHU, IIpo-
THBOIIOJIOHOM CHJIe TpaBUTallMU: YeM TeIlllee #UJKOCThb, TeéM OHa Jierye. — Hpu./n pet?
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TeJbHO, AJIA TOro 4ToObl B CUCTEME BO3HUK MIOTOK MUIKOCTHU, He00OX0OUMO,
yTOObI MaKpPOCKONMYECKOEe YMCJIO ee MOJEKYJ JABUrajloch COrJacOBaHHBIM
00pa3oM B TeueHUe MaKPOCKOIIMYECKOI'0 NUHTepBajla BpeMeHH.

JTo Xopoliuit npuMep TOro GakTa, YTO HEYCTOMYUBOCTh CUCTEMbI MO-
KeT cTaTh NPUYNHON BO3HUKHOBEHUA B Heil nmopsanka. [lanee, B pa3genax
JeKLUY, NOCBALEHHbIX TePMOJUHAMUYECKON TeOpUU YCTOHYUBOCTHU U NPU-
MEHEHMIO 3TOH TeOpuU AJA aHalu3a JUHAMUKN XUMHYECKUX peaklUuil, MbI
YBHUAUM, UTO aHAJOTMYHble CUTyallud BO3HUKAIOT He TOJbKO B TMJPOJUHA-
MHUYECKHUX, HO U B XUMUYECKUX CHUCTeMax, B 4aCTHOCTH Korja Ha JelicTBue
KUHETHYECKHUX 3aKOHOB, YIPaBJIAIOIUX UX OBeleHueM, HajaraoTca CTpo-
ro onpejeleHHble TPaHUYHbIE YCIOBUA.

NHuTepecHo, uTO coriaacHo 60JbIMAHOBCKOMY HNPUHIUIY YNOPAZOYEH-
HOCTH, BbIpasaeMoMy KaHOHUYECKUM paclpejeleHreM, BepOATHOCTb BO3-
HUKHOBeHUA GeHApOBCKOU KOHBEKIWHU MOYTU paBHa Hymwo. Kampblil pas,
KOrja B cucTeme, Haxojsfllelcd BJalu OT paBHOBeCHUA, BOSHUKAIOT HOBbIE
KOTepeHTHbIE COCTOAHUA, OLlEHKa ee C NMO3ULUN KOHLEeNIUU BEepOATHOCTH,
OCHOBaHHOIl Ha mojcuyeTe YKcla MUKPOCOCTOAHUI, cTaHOBUTCA GeccMbIC-
neHHoii. YTo KacaeTcA cucTeM, B KOTOPbIX BO3HUKaeT KOHBekluA bBeHapa,
TO MO{HO IloJaraThb, 4To HeOoJbllIe KOHBEKIIMOHHbIE NIOTOKY, NpeJcTaBlA-
o1re co60il OTKJIOHEHNEe CHUCTeMbl OT HEKOTOPOI'o CpeJHero ee COCTOAHNUA,
B HHUX cyllecTBYIOT Bcerga. OfHako Nmoka BelWuYMHa rpajueHTa TeMIlepa-
Typbl He NpeBbIlIaeT HEKOTOPOr0 KPUTHUYECKOI0 ero 3HauyeHud, 3T QIyK-
Tyalnuu racATcA U ucdesaoT. HanpoTus, Korga BelnvnHa rpajueHTa TeM-
nepaTyphl IpeBbIIAET €ro KpUTHYECKOe 3HaYeHue, aMIIUTYyJa HEKOTOPbIX
¢ayKTyauuii Bo3pacTaeT, YTO B KOHEYHOM cyeTe NPUBOAUT K (GOpMHUpOBa-
HUIO MaKpOCKONMYECKOro NOTOKa. B pe3ynbTaTe BO3HMKAET HOBBIM HaJMO-
JIeRYIAPHBII NOPANOK, N0 CyUIECTBY MpeACTaBIAIOUINN co60if TUTaHTCKYIO
dbayKTyauuio, ctabuiansaupyemMmyto 6marogapa oOMeHY 3Heprueil Mem1y cuc-
TEMOI U OKpY#alollleil ee cpeoif. ITO U eCThb NMOPANOK, XapaKTepu3yeMblIil
HalW4yueM B cUCTeMe JAUCCUNIAaTUBHBIX CTPYKTYP.

IIpexe ueM nepeiiTu K JalibHelillleMy pacCMOTPeHUIO yCJIOBUI, ompe-
JeJAIUX BO3MOAHOCTh BOSHUKHOBEHNA JUCCUNIATUBHBIX CTPYKTYP, A XO-
Yy KpaTKO OCTaHOBUTbCA Ha HEKOTOPBIX acleKkTaX TeOpUU TepMOJUHaMU-
YeCcKOU YCTOHYMBOCTHU U €e CBA3U ¢ Teopueil pyHkuuit JamyHosa.

Teopua TepMoanHaMHU4YeCcKOl yCTOHUYHNBOCTHU

CocToAnuda TepMOAMHaMN4YeCKOr'o paBHOBeCHUA WKW CTallMOHapHbIe€ CO-
CTOAHHUA, COOTBETCTBYIOIIMEe MUHUMYMY IIPOU3BOJACTBa 3HTPOINWHU, OIIHUCHI-
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BaeMble TEPMOJMHAMUKON IHUHEHHBIX HeoOpPaTHUMBIX IIPOIECCOB, NOCTHUra-
I0TCcA aBToMaTHyecku. Brime A yme BBen moHAtue ¢yHruuil JlamysHosa.
CorznacHo TeopemMe 0 MUHUMYyMe IPOM3BOJCTBA HTPONHU, BeIUYUHA TPO-
W3BOJICTBA DHTPONUU ABIAETCA UMEHHO Takoil ¢yHkuueil JlanyHoBa anA
COCTOAHUN CUCTEMBI, CTPOr0 YIOBIETBOPAIOUINX JTUHEHHBIM COOTHOIIEHU-
AM (6). Ecau cucrema nogsepraercA BO3MYIEHHIO, TO IPOU3BOACTBO 3H-
TpPONUU Bo3pacTaeT, HO cUcTeMa OTBevyaeT Ha BO3MYIeHUe Bo3BpalleHleM
B COCTOAHNE MUHUMAaIbHOTO MPOU3BOJCTBA IHTPOMUH.

ITogoGHO 3TOMYy paBHOBECHBIE COCTOAHUA 3aMKHY ThIX CUCTEM YCTOUUU-
BbI, €ClIM UX SHTpoNUA S JOCTUTrIAa MaKCUMAJILHOTO A JaHHOH CHUCTEMbI
3HaueHud. Eciu Takylo cucTeMy BBIBECTH U3 COCTOAHUA pPaBHOBeCUA, ee
sHTponud 6ygeT paBHa

S =Sy +dS+ %525, (8)

riae Sop — SHTPONMA CUCTEMbI, HAXOAALIEHCA B COCTOAHUU paBHOoBecuA. Ox-
HAKO MOCKOJBKY YHTPONMA CUCTEMbI, HAXOAAMIEHCA B COCTOAHNU PABHOBE-
cuf, UMeeT MaKcUMalbHOe 3HaueHue, 4ileH [epBoro nopAnka 0.5 paBeH HY-
ato. CieoBaTenbHO, YCTORYNBOCTL CHCTEM 9TOTO THUIA ONpefelfeTcH 3Ha-
KOM YjleHa BTOpOTo Topsjka, 62S.

Kar norasanu Tmsucpopd u Ilpurosun, QA cucTeM, HaXOAAIMMXCA
B HENOCPEJCTBEHHON GJIM30CTH K COCTOAHMIO PAaBHOBECHA, BHE 3aBHCHMOC-
TH OT I'paHUYHBIX yciaoBuit §2S npeacrasiafer co6oii pyHnkuuio JanyHosa.
Hcxona U3 ypaBHeHHIT KIacCHYeCKONH TePMOIMHAMHEM, MOMKHO MOILYYHUTH
B ABHOM BH/€e BbIpaeHue A 9Toi BaHON BeanvuHsl (cM. (3)):

C
T6*S = — | (0T) + %(&;ﬁw +)° ,uwlciN,yéNyl] <0, 9)
7Y’
rge Cv — YZAelibHaAg TEIVIOEMRKOCTb IIPpU INOCTOAHHOM 06"beMe, p — ILIOT-

HOCTb, v = 1/p — napuuanbHblil yaenbHbIH 06beM (MHAeke N, o3Havaer,
YTO MPU U3MEHEHUN 06 bemMa CUCTEMbI €€ COCTaB He U3MEHAETCA), Y — CHU-
MaeMoCTh CHCTeMbl P NOCTOAHHON TemnepaTtype, IV, — MoJlApHas 1014
KOMIIOHEHTA, [iy, — NPOU3BOJHAA

_ Opy
Hoyyr = (W'y’) pT, (10)

rie p — OaBjeHHue.
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CormnacHo KiIaccuyecKoil TepMoJuHaMIKe OCHOBHbBIE YCIOBUA YCTONYU-
BOCTH CHCTeMbI (BIEPBbIe 3TH YCIOBHUA ObLIM chopMyinnpoBaHbl ['u66com)
CBOJAATCA K ClelyIIeMy:

C, > 0 — ycaoBue TennoBoi yCTOHUMBOCTH CUCTEMBI,

X > 0 — ycioBue MexaHMYeCKON yCTORUYNBOCTH CHCTEMBI,

Z u77/5N75N7/ > () — ycaoBue yCTOHYMBOCTH 10 OTHOIIEHUIO K U y3nn.

’

Yy

W3 sTux ycaoBuii clegyeT, uTo 625 TepMoAMHAMUYECKH YCTOHUMUBBIX
CHCTEM ABIAETCA OTPULATENbHON KBaapaTuuHoil ¢yHruueii. Boiee Toro,
NPOBe/IA HeClOoMHbIe pacyeThl, MOKHO Nokasath ([13], cMm. ypaBueHue (4)),
4TO CBA3L MPOU3BOAHOH 425 1Mo BpeMeHu ¢ P /A TaKkuX cucTeM BbIpaa-
eTCA clieJyIONUM ypaBHEeHUeM:

%%525 =Y Jx, =P >0. (11)
UmeHHO ©3 ypaBHEHHHI U Hepa-
5°S Bencts (9) u (11) cnepyer, uto 425 aABna-
etcAd pyHuruueit JlanyHosa. ITo o3Haya-
eT, 4To JIio0ble GIYyKTyaluu, BOZHUKAIO-
lye B cUCTeMax, MOIUMHAIONIUXCA ITUM
ypaBHEHHAM, 06fA3aTelbHO GyIyT 3aTy-
xaTb. VIMeHHO mO3TOMY [JA XapakTe-
PUCTHKY GONbLINX CHCTEM, HAaXOAAMIKX-
A BOIM3U COCTOAHNA PaBHOBECH A, JOCTa-
TOYHO ONHCAHUA MX HA MaKpPOCKONHMYeC-
KOM ypOBHe. B moBeneHUM Takux cuctem
(GayKTyauuu MOryT UrpaTh TONLKO MOM-
O61was 3aBUCHMOCTD YHHEHHYIO POllb, XapaKTepu3yeMyio Io-
NpaBKaMU K 3aKOHaM, ONUCHIBAIOUM II0-
BeJleHHe CHCTeMbl Ha MaKPOCKONMYECKOM
YPOBHe, M0YEMY B cliydae GONbIINX CHC-
TeM 3THMH IONpaBKAMH MOMKHO IpeHes-
peub (puc. 2).
Terepb Mbl JOCTATOYHO MOATOTOBIEHBI K TOMY, YTOObI MONBITATbCA
OTBETHUTD Ha CleyIOllNe Ba)Hellne BONPOCHI:
1. CnpaBeIMBLL M ypaBHEHUA, ONPeNeNAONNe YCTOHYMNBOCTL CUCTEM
BOMM3M PABHOBECHUA, A CUCTEM, HAXOAANIUXCA BAAIU OT PABHOBECUAT

Puc. 2. H3meHeHue Bo BpeMeHU
IpHUpalleHUs 3HTPOINUU BTOPOTro
nopanka (62S) B6aM3M paBHOBe-
cuf
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2. Ilpopomxkaer au 628 urpaTh poib GpyHKIUU JIANyHOBA, eciu MbI pac-
cMaTpUBaeM CYIeCTBeHHbIE OTKIOHEHNA OT paBHOBeCHA, XOTA U B paMKax
MaKpPOCKOMNUYECKOr0 OMKUCAHUA CUCTEMBI?

PaccunTaem cHoBa Bo3MylleHue 625, HO Tenepb A CHCTEMbI, HAXOA-
melicA B61M3M HEPaBHOBECHOT'O cOCTOAHUA. B paMKax omucaHuA CHUCTEMbI
Ha MaKpPOCKONMMYECKOM ypPOBHe HepaBeHCTBO (9) ocTaeTcA clpaBeJIUBBIM.
OnHako B 3TOM clydae NpouM3BoAHasa 625 Mo BpeMeHM OyjeT JUHEHHO 3a-
BUCETb HE OT MOJHOr0 MPOU3BOACTBa 3HTponuu (cM. ypaBHenue (11)), a or
U3MeHEeHUA 3TOi BedW4YuHbl. UHBIMU clI0BaMH, Mbl UMEEM [JIA TAKUX CHUC-
TeM ciefyioliee ypaBHenue (3):

10 2
55708 = D 67,6X,. (12)
p

MpaBylo uacth ypaBHenusa (12)
I'nancnopd u IlpurozkuH HazBaau «u3- 8°S
ObITOYHBIM IPOM3BOJICTBOM SHTPOMUNN.
fl noneH MOJYEPKHYTh, YTO BEIUYH-
url 6J, u 0.X, npefcTaBaAIOT co6oit 0T-
KIOHeHUA oT BeauuuH J, n X,, coor-
BETCTBYIOI[UX CTAlHOHAPDHOMY COCTOf-
HUIO CHCTEMbI, YCTOHUYUBOCTb KOTOPOii

O6aacThb

npoBepsieTcA Bo3MylleHneM. OfHaKo B yCTOHUHBOCTH
JaHHOM clyuyae, B IPOTHBOMOIOKHOCTD
TOMY, YTO HabllOJaeTCA IJA cly4daes,
KOrjJa cHucTeMa HaXOAMTCA B COCTOA-
HUM pPaBHOBECUA WM BOJH3U COCTOA-
O6sacTb

HUA paBHOBecHd, IIpaBafd 4yacTb ypas-
uenus (12), Bripaskarouias U3GbITOUYHOE
NPOM3BOACTBO dHTPONNY, KaK N1PaBUJIO,
He MMeeT OJ[HO3HAYHO ompefeleHHOro YacTHbie 3aBUCHMOCTH
3Haka. Ecau ana Beex ¢, 60nbmiux to,
rge to — MOMEHT Hayaja JAefcTBUA BO3-
MY ULIEHUH,

HeyCTOﬁ‘-IHBOCTH

Puc. 3. IameHeHue npupaleHud 3H-
Tponuu BTOporo mopsaka (425)
145 (aCUMITOTUYECKH) CTabUIbLHOH,
Mo4YTHU cTabUIbHONH U HecTabUIbHON
cucTeM

Y 60,0X, >0, (13)

10 §2S neiicTBUTENLHO ABNAETCA DyHKIMel JIATYyHOBa, M cMCTeMa yCToRYHN-
Ba (puc. 3). B o6inacTu BbINONHEHUA TUHEHHBIX COOTHOIIEHHH MEMAY HOTO-
KaM¥ U30bITOUHOE MPOU3BOJCTBO SHTPONMY UMEET TOT e 3HaK, UYTO U caMo
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IIPOU3BOACTBO YHTPONKH, U, CIeOBATEIbHO, MBI BO3BPAIIAeMCA K TOMY e
caMOMy pe3yJIbTaTy, KOTOPBIH CIELyeT M3 TeOpeMbl 0 MUHUMYMe MpPOM3-
BozcTBa sHTponuu. OHAKO Korja cucTeMa HaXxOAUTCA BAAIM OT COCTOAHUA
paBHOBecHf, MMeeT MeCTO cOBceM MHaf cuTyauus. B takoii cutyauuu cy-
LIECTBEHHYIO POJb UTPAIOT KMHETHYECKUE XaPAKTEPUCTUKU.

B caenyiouem paszelne f pacCMOTPIO HECKONLKO MPUMepOB. B ciyuanx,
KOrjJa B CHCTeMe UAYT XMMHYeCKHe peaKlyy, KMHeTHKe KOTOPLIX CBOMCT-
BEHHBI Olpe/ieNeHHble 0COOEHHOCTH, CHCTEMAa MOMKET CTAaTh HEYCTOWUYUBOI.
JTOT BaKT AEMOHCTPHPYET, UTO MeHIY 3aKOHAMHU, KOTOPHIM MOJUUHAETCA
IOBeJleHHe CHCTEM, HaXOJALMNXCH B COCTOAHUU DABHOBECHA, U 3aKOHAMH,
KOTODHIM MOXYMHAETCH NOBeJeHHe CHCTEeM, HaXONAMXCA BIAMN OT PaBHO-
BeCHfl, MMEIOTCA CYLIeCTBEHHblE pasnnyuA. 3aKOHbl PaBHOBeCHA YHHBEp-
canbHbpl. OOHAKO NMOBEIEHHME CHUCTEM, HaAXOMAIIMXCA BAAIU OT PABHOBECHS,
MOeT ObIThb He OYeHb CIenupUUYHBIM. JTO, KOHEUHO, NPUATHOE OOCTOA-
TeNbCTBO, MOCKOAbKY OHO MO3BOJAET HAM BBIABUThL Pasinuhe Memiy M0-
BeJleHHeM COOTBETCTBYIOMUX (GU3MUECKUX CUCTEM, OCTUYL KOTOPOE BbLIO
GbI HEBO3MOKHO, eCli Obl 3TH CHCTEMbl HAXOAUINCH B PABHOBECHOM MHDE.

Bce aTu coobpameHnua MMeIOT B BbICHIeH cTeneHHW oOMIMI XapakTep.
OHu cnpaBe[JKBBL B OTHOLIEHMH CAMbIX Da3iMYHBIX CHCTeM, HauWHafA C
TeX, B KOTOPBIX MOMHO HHAYLHPOBAaTbH MaKpPOCKONHMUYecKoe HablIiofaeMoe
[BUKeHMe, JO TAKMX CUCTeM, OGBEKTOM UCCIEN0BAHNA B KOTOPHIX ABIAET-
CA MX IIOBEPXHOCTHOE HaTA#EHUe WM BINAHNUE HA HUX BHeliHero noiad (7).
Hanpumep, B ciiy4ae MaKpOCKOIUYECKOr0 ABIKEHUA CleyeT HCIOIb30BaTh
BbIpaxeHue (cM. (3))

2
5%:525—%/%&/@, (14)

rae z — ¢byHkuuA JAanyHoBa, onpenendionan U30bITOK SHTPONUU, & U —
CKOPOCTb MaKpOCKONMUYeCKU HabniomaemMoil KOHBeKIuu. I mpouHTeErpupo-
Ball 3TY BeINYNHY 10 06beMy, ¢ TeM YTOObI yuecTh U3MeHEeHUA U 1o 06b-
emy. Tenepb Mbl MO#€M ONAThL PacCYUTaTh BEIUUUHY NPOU3BOAHON 0% 2, o
BpeMeHHU. B maHHOM ciyuae, oJHaKO, OKa3bIBae€TCA, YTO 3TA 3aBUCUMOCTH
ABndeTcd Goiee cinoxkHoil. [lomyuaemble ypaBHeHNA OMyGIMKOBaHbI B KHU-
re [3], moatomy ceiiuac A ux OpuBoAUTH He Oyamy. fl aumb oGpamy Baure
BHUMaHUe Ha TOT (aKT, UYTO cucTeMe, HaxojAllelicA B TepMOJUHAMUYEC-
KOM DaBHOBECHOM COCTOAHUU TNOKOA, BHYTPEHHAA KOHBEKIMM CIIOHTAHHO
BO3HUKHYTh He MOKeT. JTO YTBep:#AeHle, KaK YacTHBII clydaii, cipaBe[-
JUBO TaKk:ke U B OTHOIIEHUM HeycToiiunBocTu BeHapa.
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HpI/IMeHEHPle TeoOpuHu OJA aHa/lr3a IMHaMHKHU
InoBeaeHuA XVMMHNUYECKUX peaHum‘/i

Teneph paspeliuTe MHe BO3BPATUThLCA K PACCMOTPEHUIO TepMOIMHA-
MUKM XUMHYecKuX peakuuii. ObLiee 3ariioueHre CBOAUTCA K TOMY, 4TO
HepaBeHCTBO (3) HapyuiaeTcs, KOrJja B CCTeMe BO3HMKAIOT aBTOKaTallTH-
yeckue peaknuu. TouHee, aBTOKaTaIUTUYECKUe CTalUU Peakluii ABIAIOTCA
HEOGXOAUMBIM (HO He HO0CTATOUHBIM) YCIOBUEM HApYIUIEHUA TePMOJUHAMMU-
YecKoil yCTOHUMBOCTH cUCTeMbl. B KayecTBe IIPOCTOro ImpuMepa paccMOT-
PUM Tak Ha3bIBaeMbIi «GpioccenaATopy (TPUMOIEKYNAPHAA MOIENb), B KOTO-
pOM HAYT credyiomue peaknuu [8]:

A— X, (15a)

2X +Y — 3X, (156)
B+X—->Y+D, (158)
X > E. (15r)

KoHueHTpanuu UCXOAHBIX U KOHEUYHBIX MPOJYKTOB BTHUX pearluili —
A, B, D u E — noajep#uBalOTCcA MOCTOAHHBIMU, TOT/Ia KAK KOHIEHTpa-
YU ABYX MPOMEMYTOUHBIX KOMIOHEHTOB MOT'YT U3MEHAThLCA BO BPEMEHH.
IIpuHMMasn, YTO KOHCTAHThI CKOPOCTEN 3TUX peakluil paBHbI eAMHMUIIE, MO-
Jy4yaeM CIeYIOUIyIO CUCTEMY ypaBHEHMUIA:

%:A+X2Y—BX—X, (16a)
% - BX — X%, (166)

YAOBJIETBOPAIOIINX CTAlMOHAPDHOMY COCTOAHUIO, KOrJa
B
XO = A, YO = Z, (17)

rae Xo u Yy — KOHIEeHTpaluu KoMIoHeHToB X u Y mpu cTaluoHapHOM
COCTOHHUU cucTeMbl. Mcnonb3ya KpuTepuii TepMoguHaMuyeckoil yeToiuu-
BOCTH WU CTAHAAPTHBII aHAIN3 HOPMAIbHBIX MOJ (IMHEHHO HE3aBUCUMBIX
pelleHuii), MO#HO N0Ka3aThb, 4To pemierre (17) cTaHOBUTCA HEYCTORYMBBIM
BO BCeX ClIydasXx, Korja

B>B,=1+ A% (18)
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[Ipu n106b1x 3HayeHuAx B, 66nbmux kputudeckoro (B.), B cucTeMe Bo3HM-
KaeT TaK Ha3bIBAEMBIH «IIpeJelbHbIN HUKRI». ITO 03HAYAET, UTO U3 000N
UCXO/HOI TOUKHU mpocTpaHcTBa X, Y cucTema mepeiileT Ha OOHY U TY ke
3aMKHYTYI0 TpaekTopuio. [loaToMy BaHBIM 0OGCTOATENbCTBOM ABIAETCA
TOT paKT, YTO B NMPOTHUBONOJO}KHOCTh UIYIIUM B KoleOGaTelbHOM peMuMe
XUMHYecKUM peaknuam Tuna Jlorku —BoabTeppsl, yacToTa KoseGaHUA STUX
pearnuil ABIAeTCA OJHO3HAUHON (yHRIME!l MaKPOCKONMMYECKUX NepeMeH-
HBIX, TAKUX, KaK KOHIIEHTpAaIlUfA KOMIIOHEHTOB CUCTEMbLI M €€ TeMIepary-
pbl. TeueHre XUMUUECKOIl peaKllMi CTAHOBUTCA KO'ePEHTHBIM BO BPEMEHH.
TakuMm o6pa3oM, XUMUUYeCKad peaKkIiud CTAHOBUTCA XUMHUYECKUMH YacaMu.
JTo ABIEeHNE B JUTepaType YacTo Ha3bIBalOT Gudypranueii Xonda.

Ecau yuutsiBath aud@ysuto, To cTaHOBUTCA ACHBIM, UTO YUCJIO BO3-
MO#{HBIX BapUaHTOB HeyCTOHUHMBOCTU CHUCTEMBI NefiCTBUTEIbHO OTDPOMHO.
BcnencTBue sToro 3a mociegHue roAbl peakluH, WAYIIHE COTJIacHO cXe-

e (15), usyvanucy MHOruMu uccienopareiamu. llpu yuere guddysuu cxe-
Ma (15) mpUBOAUT K ypaBHEHUAM

0X 2 0?°X

G =A+XY +BX - X+ Dy Te (19a)
Y 2 0%y

O =BX -~ XY + Dy O, (196)

rae Dy u Dy — rosddunrenTel 1uddysun komnonesToB X u Y. B jo-
MOJHEHNE K TPeJelbHOMY LUKIY Telepb MOT'YT BO3HUKHYTh HEOJZHOPOJHbBIE
CTalMOHaPHbIE COCTOAHUA. DT COCTOAHNA MOMHO Ha3BaTh GudypraquAMu
Toiopunra. B cBoeil kiiaccuueckoii craTbe o Mopdorenese, ony6IMKOBaHHO
B 1952 r., oH BriepBble 06paTUI BHUMaHNe HAa BO3MOMHOCTh BO3HUKHOBEHNA
TakuXx 6udypranuil B pellleHUAX ypaBHEeHUI KUHETUKU XMMUUYECKUX peak-
uuit. Ecau B cucteme uget quddysus, npeJeabHbId MK MOMET OKa3aThCA
MPOCTPAHCTBEHHO 3aBUCUMbBIM U NPUBECTU K BOBHUKHOBEHHIO XMMUYECKUX
BOJIH.

IonyyenHble pe3yabTAaThl MOMHHO HECKONbKO YIOPANOYUTE, €CIH B Ka-
YyecTBe OCHOBHOTO NMPHUHATH pelleHHne, OMUChIBalOllee TePMOAUHAMUYECKOE
cocTognue!. OcTanbHble pelleHUs MOMKHO IOIYUYUTh Kak TocleJoBaTelbHble
G6udypraUuu U3 3TOrO0 OCHOBHOIO pellleHWA UIU Kak GubypKRanuu BbICHIMX
MOPAAKOB U3 HETEPMOJUHAMUYECKUX IIPU 3HAYUTEIHHOM yJaleHUH OT paB-
HOBeCUA.

1To ecTb cTanuonapHoe coctoanue (17). — Mpum. ped..
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O6muit uHTEepec NpeAcTaBIAeT TO 0GCTOATENLCTBO, UTO BO3MOMKHOCTD
BO3HMKHOBEHHA AVCCUNATUBHBIX CTPYKTYP 3@BHUCHUT OT TAKUX TI00ANIbHBIX
napaMeTpoOB, XapaKTepU3YIOIUX XMMHUYECKHe CHUCTEeMbl, KaKk UX 00BeM U
tdopma, a TaKkke OT TPAaHNYHBIX YCIOBUI Ha X MOBEepXHOCTH. Bee 3Tu ycmo-
BHUA pelalomuM 06pa3oM BIMAKT Ha THUILI HEYCTONYMBOCTEH, BeIyLINX
K BO3HUKHOBEHHUIO JUCCUIATUBHBIX CTPYKTYP.

IIpu uccnepoBaHuu cucTeM, HaXOAAUIMXCA BAaAU OT COCTOAHUA paB-
HOBecHA, HEOMUJAHHO OGHApYKUBaeTCA 3aBUCUMOCTh MeHIY KUHETUKOU
UOYMHAX B CUCTEMAaX XMMHUYECKHX pearlUil U UX «IPOCTPAHCTBEHHO-Bpe-
MeHHOi» cTpyKTypoil. KoHeuHo, BepHO, UTO B3aMMOAENUCTBHA, ONPENeNAI0-
IKe BeIUYUHBI KOHCTAHT CKOPOCTell XMMHYECKUX peaKkluil U mapaMeTpoB
nepeHoca, B CBOIO ouyepe/ib ONMpeeNAloTcA BelUUYnHAMHU OMU3KOeiCTBYIO-
mux cui (MMEITCA B BUAY BaleHTHbIE CBA3M, BONOPOAHBIE CBA3M, CHIbI
Ban-gep-Baanbca). Tem He MeHee pellleHHA KHHETUUYECKHX ypaBHEHUi 3a-
BHUCAT, KPOMe TOT0, U OT TI00albHBLIX XapaKTEPUCTUK. ITa 3aBUCUMOCTD,
TpUBHUATbLHAA IJA TepMOAMHAMUYECKONH BeTBU BOIU3U PaBHOBECHUA, IJA XU-
MHYEeCKHX CHUCTeM, HAXONANMXCA B yCIOBHAX, JaleKUX OT PaBHOBECHBIX,
cTaHOBUTcA omnpefendioneil. Hanpumep, AuccunaTuBHble CTPYKTYPbI, Kak
IpaBUi0, BOSHUKAIOT JUIIb B TAKUX cCHCTeMaX, pa3Mepbl KOTOPHIX MpPEBLI-
AT HEKOTOpPble KPUTHUYECKUEe 3HaUeHHA. 3HAUeHHA STUX KPUTHUYECKHUX
BEIIMUUH ABIAIOTCA CI0MHON QYHKINel mapaMeTPOB, ONpeeNdomuX Uay-
mue B CHCTeMe XUMHUYecKHe peakuuu u gucddysuro. [losTomy MblI MomkeM
CKas3aTh, YTO XUMHUUYECKUE HECTAOUILHOCTU COMPAMEHBI C YNOPAJOUYEHUEM
Ha GONbIINX paccTOAHUAX, Grarojapd KOTOpPOMY cucTeMa (GyHKIUOHUPYET
KaR eJJMHHOe IeNoe.

1A AuccunaTUBHBIX CTPYKRTYP XapakTepHa NOCTOAHHAaA B3alUMOCBA3b
Tpex ux ocobeHHOcTell: (QYHKIUM, BbIpaxiaeMoil ypaBHEHUAMHU HIYLIUX
B HUX XMMHYECKHUX peaKIuil, IPOCTPAaHCTBEHHO-BPEMEHHON OpraHu3anuu,
06yClI0BIeHHOI BO3HMKAIOMMMHU B HUX HeCTaOUIbHOCTAMH, U QIYyKTYyaluii,
«3amycKaomuxy HectabunbHocTU. X B3anMoeiicTBHe NPUBOJUT K BecbMa
HEOKUIaHHBIM ABIEHUAM, B TOM UHCJIe K «<BOBHUKHOBEHUIO NMOPANKA Uepe3
GIyKTYyanumny, aHalu3 KOTOPOro A 1aM HUIKE.

dyukuus CrpykTypa
\

Kak npaBuio, yBelnueHe 3HaUeHNA KaKoro-1160 XapaKkTepUCTUYECKO-
ro napametpa (Hamnpumep, GudypralnuoHHOr0 napamerpa B cxeMbl Gpioc-
celfiTopa) MPUBOAMT K TocleqoBaTelbHbIM Oudypranuam. Hampumep, Ha

\

daykryauun
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Peurenus puc. 4 nnA 3HaueHUA A\; HMeeTcA
C TOJBKO OJHO pelleHHe, a AJIA 3Haue-
HUA A2 — HECKOJIbKO pelIeHHUil.
HNHTepecHo oTMeTUTh, YTO OOHa-
pyseHne ¢peHoMeHa Oupyprauuii BBe-
! 10 B ¢U3UKY 3JIeMEHT HUCTOpUYECKO-
| ro noaxona. [JleficTBuTenbHo, Mpeano-
i JOKUM, YTO Pe3yabTaThl HabIIOJeHU
i CBUETEIbCTBYIOT O TOM, UTO CHUCTe-
A Ay A Ma, auarpaMMma 6udypranuii KoTopoi
npuBeleHa Ha puc. 4, HaXooUTcA B CO-
Puc. 4. llocaenoBaTenbubie 6udpypra- CTOAHUU C u npumia B 3TO COCTOA-
uuu HUe B pe3yabTaTe BO3pacTaHUA 3Haye-
HuA A. NHTepnperanusa sToro cocroguna X TpebGyeT 3HaHUA NpeabIAyLIei
HCTOPUU CUCTEMbI, 8 UMEHHO, TOT0 hakTa, 4To no nyTu B C' cuctema JomKHa
Obl1a IpoiTH yepe3 Touku 6udypranuu A u B. Takum o6pasoM, B QU3UKY
Y XMUMUIO BBOAUTCA 3JEMEHT UCTOPUH, UTO 10 CUX TOpP, NO-BUAUMOMY, ObLIO
TOJbLKO 0COOEHHOCThIO HayK, U3y UYalOlINX ABIEeHNA, OTHOCAI[UecA K o0nacTu
610JI0T MU, COLUOJOTUU U UCKYCCTBA.

Jio6oe omucaHue cHCTeMbl, NpeTepneBaolleii 6udypranuu, Tpedyet
BKJIIOUEHUA KaK BEPOATHOCTHLIX INpeJAcTaBleHUIl, Tak U AeTepMUHU3MA.
Rak GyneT Gonee feTanbHo MOKa3aHO B CleqyIONIEM pasjelie, HaX0AACh MeH-
oy OBYMA TouKamu OudypKalnuu, cucTeMa NOBUHYeTCH NeTePMUHUCTCKUM
3aKOHaM, HalpMMep 3aKOHaM XMUMHYECKOl KHHEeTUKM, Torja Kak BOIU3U
Touek Ou(dypKaUuu CyIleCTBEHHYIO POJb UrpaoT GJIyKTyaluu, KOTOpble U
OlpeflelIAI0T, KaKOH U3 BeTBell KpUBOH OyJeT Jalee onpelenaTbCA NoBeje-
HU€e CUCTEMBI.

fI He uMelo BO3MOKHOCTHU BIaBaThCA ceifyac B BONPOChI Teopuu 6udyp-
KalUil U ee pa3iuyuHble aclleKThl, HAIPUMEDP B TeopHIo KaTacTpod, paspabo-
taHHyio Tomom [10]. T Bonpocs! 06Cy#/AeHbI B HeJaBHO OMYyGIMKOBaHHOM
MoHorpaduu Hukonuca u lpurosxuna [8]. fI He cTany Takike nepeynciaThb
IpUMepbl KOT€PEHTHBIX CTPYKTYD, y#e oOHapy#eHHbIX B XUMUUECKUX U
6uonoruyeckux cucremax. MHOro Takux CTPYKTYp ONUCAHO B yHOMHHAaB-
uieiica BbIlle MoHOrpaduu [8].

3aKkoH 60JbINMX 4YHceJ M cTaTHCTHUYecKoe
paccMoTpeHnre XMMHUYEeCKUuX peaKum‘fl

BepHeMCH Tenepb K paCCMOTPEHHIO CTaTUCTHUYECKHUX acCIleKTOB 06pa—
30BaHUA OUCCUIIATHUBHBIX CTPYKTYP. B ocnoBe Tpa}lI/IHI/IOHHOﬁ XUMUUYECKOHN
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KUHETHKH JIEKUT ONpeeleHle CPeJHEro 4ucia CTOIKHOBEHMI U, B 4YacT-
HOCTH, CPEJHero Yucia CTONKHOBEHUH, BEAYIIUX K XUMHYECKON pearIuu.
ITH CTONKHOBEHNA ABIAIOTCA clIy4yailHbIMU. EcTecTBEeHHO, OIHAKO, 3a1aTh-
cA BONPOCOM, KAKUM 06pa3oM CTOJh Xa0TUUYECKOe MOBeJleHne KOMIIOHEHTOB
CHUCTEMbI MOET NMPUBECTH K BOSHMKHOBEHWIO B Heil KOTepPEeHTHBIX CTPYK-
Typ? O4eBUIHO, YTO JJIA TOTO, YTOObI OTBETUTb HA ITOT BONpPOC, HEOOXO-
IUMO BBecTH HOBble npeficTaBieHud. He BpaBasdch B feranu, cramky, 4To
paccMoTpeHHe TaKUX CUCTEeM MPUBOAMUT K BBIBOAY, YTO B HMUX HapylalOTCA
YCJI0BUA, NPU KOTOPBIX CHPaBeINB 3aKOH OOJNBIINX 4YUCed. A 3TO o3Haya-
eT, YTO pachpefielleHle PeryIupYOMUX APYT € APYroM YacTHIl CUCTEMBI,
HaxopsAmeiicA BOIU3YN COCTOAHNA HEYCTOHUNBOCTHU, Oojlee He ABIAETCA CIy-
YalHbIM.

Uto noHumaeTrca nopa 3akoHoM Goabimux uuced! UToGbl OTBETUTH Ha
3TOT BOIPOC, paccMOTPUM TUNHNYHBIN cnoco6 BEpPOATHOCTHOrO ONMCAHUA
CHUCTEMbI, UT'PAIONIUiI Ba#HYIO POlb BO MHOTUX 06GlacTAX HAYKM U TEeXHU-
KU, — Tak HasbiBaeMoe pacnpeneneHue [lyaccona. ITo pacnpeneneHue pac-
cMaTpuBaeT NepeMeHHYI0 BeInYnHy X, RoTopad MOKeT NPUHUMATh Ielno-
yucneHHble 3Hauenna X =0, 1, 2, 3 ... CoraacHo pacnpegenenuto [Iyacco-
Ha BEpPOATHOCThL TOr0, YTO clyuaiiHad BelUMYMHa NPUHUMaeT 3HaueHue X,
paBHa x

p(x) = e B
rae (X) — ato cpegHee 3Hauyenue X.

[lorkazaHo, 4TO 3TOT 3aKOH BBINOJHAETCA B CAMBIX Pa3NIUYHbIX CUTYyaIU-
ax. Hanpumep, pacnpesenenrie BpeMeHU TeledhOHHBIX Pa3TOBOPOB, BpeMEHU
OMMIaHNA NPUHATUA 3aKa3a B pecTopaHax, GpIyKTyaluu 4acTul] B cpeje
¢ JaHHOU KOHIIEHTpalueil YacTull — Bce 3TU BEJIUYUHBI NOTYMHAIOTCA pac-
npepenennto Ilyaccona. BasHaa oco6eHHOCThL 3TOro pacnpeneleHUA — TO
06cTOATENBCTBO, YTO (X ) — eJUHCTBEHHbI MapaMeTp, BXOAALIUN B ypaB-
HeHHe, ero BeIpaaroliee. PacnpeeneHre BepoATHOCTelN cily4aifHOil Belu-
YUHBI NOJIHOCTHIO ONpeeNfAeTcA ee CPeIHUM 3HaUeHHUEM.

W3 ypaBuenus (20) nerko noiy4uTh BhIpameHHe 1A TaK HA3bIBAEMON
«IUCIEePCHN» — BeIUUUHbI, XapakTepusyolleil pasdpoc BeruduHbl X OTHO-
CUTENbHO ee CPeHero 3HaYeHNA:

((6X)%) = (X = (X)?)). (21)

(20)

lIna pacnpenenenua IlyaccoHa xapaKkTepHO, YTO AUCIEPCUA BelUUU-
HbI X paBHa ee cpeJHEMY 3HAUEHUIO:

((6X)%) = (X). (22)



140 HobGenescran aexuyusn

Tenepb paccMOTpUM cUTYaIUIO, IpU KOTOpoit X ABIAETCA SKCTEHCUB-
HOIl BEIMYKHOl, NPONOPUUOHANbHON uncny dactun N (B gaHHOM oGbeMe)
umn ooveMmy V. B pesynbTaTe monydaem, 4To OTHOCHUTENbHAfd BeJlUYUHA
GbAyKTyanuu onpeaenfaeTcA cCleJyONUM ypaBHEHUEM:

((6X)%) 1 U
X v IR NG @3)

JTO U eCTh TaK Ha3bIBaeMblil 3aKOH KBaJpaTHOTO KOPHA, COTJIACHO KO-
TOPOMY BelMUYMHA OTHOCHTEIbHOU QIYKTyalud HEKOTOPOIl BeIWUUHBI 06-
paTHO NpoNOpLUOHAIbHA KBaJIpaTHOMY KODHIO M3 €e CPeJHero 3HaueHHA.
CnemoBaTenbHO, ecly MOPANOK BENUUYUH DKCTEHCUBHBIX NMEPEMEHHBIX pa-
BeH N, TO BeMUUHBI UX OTHOCUTEILHBLIX OTKJIOHEHUN OT cpegHero GyayT
uMeThb nopagok N~ /2, 3to xapakTepHas 0cOGEHHOCTH 3aKOHA GONBIINX UH-
ces. IMeHHO 03TOMY, UMeA JieJio ¢ GONbIIUMHU CUCTEMaMU, Mbl MOMEM Mpe-
HeOpeub BO3HMKAIOWNMU B HUX (QIYKTyauAMU U OTPAHUUUTHCA UX OIH-
caHHEM Ha MaKpPOCKONHMYECKOM ypOBHe.

B cayuae pacnpeneneHuii Apyrux THUIOB cpeJHee KBaJpaTHUYHOE OT-
KJIOHEHUe y:#e He PaBHO cpeJHeMY 3HAaUYeHUIO, KaK 3TO cleJyeT U3 ypaBHe-
uuA (22). Tem He MeHee B IIOGBIX CIydYaAX, [IA KOTOPBIX 3aKOH GOIbIIMX
Yycell CIpaBe/lINB, BeINYNHA CPEJHEro KBaJ[paTUYHOr'0 OTKIOHEHNA UMeeT
TOT e mopAnok. [loaTomy

(9X?)
npu V — oo BenuunHa —; KomeuHa. (24)

PaccMmoTpuM Temnephb cToXxacTHUecKYIO Mojellb XUMHUYECKUX pearluil.
EctecTBeHHO JOMycTUTh — TaK yacTo MOCTYMNald W B IPOILIOM, — YTO
XUMHUYecKafd peaKlUA — 3TO IpoLecc TUNA «PO#OAEHUA U CMEPTU», T.e.
npouecc tuna uenu Maprosa [11]. Ilpunas 310 gonyuieHne, MbI cpasy mory-
yaeM OCHOBHOe ypaBHeHUe, BbIpaikalolllee 3aBUCUMOCTb OT BPEMEHU Bepo-
aTHoctu P(X, t) obHapyeHUA B cucTeMe MOJeKyn BemecTBa X B MOMEHT
BpeMeHH ¢:

dP(X, t) X t)
ZW —r = X)P(X —r, t) = Y W(X = X +r)P(X, t),

' (25)

rge W — BEPOATHOCTL IIepexoga, COOTBETCTBYlOUEro CKayry OT X -—-r

Moneryn BemectBa X kK X Takux Mmoieryi. [IpaBas uyacTh ypaBHenus (15)
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OTpa)aeT KOHKYPEHIMIO MeMIy MpoleccaMd o6pasoBaHUA U HCYE3HOBe-
HuA Moiekyl X . XapakTepHoe OTIMYMe NaHHOW NMpoGIeMbl OT Kiacchyec-
KOJ1 nIpoG6ieMbl GPOYHOBCKOTO JBHUH{EHUA COCTOUT B TOM, YTO BEPOATHOCTH
nepexogoB W(X —r — X) win W(X — X + r) HenuHeHHbI OTHOCHUTEIbHO
uycen 3anonHeHuf. «XMMUUECKHe UTPbIy HEJIUHEHHbI, U 9TO BEJET K Bai-
HBIM pasanuuaM. Hampumep, MoHO JIerko mokasaTb, YTO CTallHOHApHOe
pacnpegenenue X, COOTBETCTBYIOLIee IMHEHHON XUMIYECKO pearuy

A2 X2F, (26)

npeicTaBifeT coboii pacupepenenue I[lyaccoHa (naA maHHbIX 3HaueHuii A
u F') (12). Oguaro korga Hukonuc u IpuroxuH [13] B 1971 r. nokasanu, 4To
CTalMOHAPHOE paclpefelieHne coelnHeHnA X, 00pasyomeroca B KauecTne
IIPOME3KY TOYHOT'O B IIellOUKe pPearuuii

A+M—> X+ M, (27a)
2X - E+ D, (276)

He fABIAeTcA pacnpefeneHneM IlyaccoHa, 3To okazanoch G0JbIIONH HEOMU-
JaHHOCTbIO. [IA KUHETUKU MaKpPOCKONMYECKUX CHUCTEM 3TO OUeHb BamHbIi
pesyiabrat. JeiicTBuTenbHo, Kak nokasanu Manex-Mancyp u Huronuc [14],
B ypaBHEHUA KUHETHUKU XUMHUUECKUX peaKIlUil, paccMaTpHUBaeMbIX Ha MaK-
POCKONMUYECKOM ypPOBHEe, HE00X0UMO, KaKk MpPaBUJIO, BBOAUTh MONPABKY Ha
OTKJOHeHUA OoT pacnpenenenus [lyaccoHa. IToT ¢aKkT ABIAETCA OCHOBHOI
OPUYMHON TOTo, YTO B JaHHOe BpeMdA CTOJb MHOTO BHUMAHUA yaelndeTcHd
CcTOXacTHUECKOU TeOpUM XUMHUUECKUX pearIuil.

Tak, Hanpumep, Huroauc u Typuep [16], uccneays pearuuio Iliéras,

A+2X = 3X, (28a)
X = B, (286)

IOKasaly, YTO B TAaKOil cHCcTeMe MMeeT MeCTO «HepaBHOBeCHbIi (ha3oBblil Ie-
pexol», OYEHb CXO[HBIN ¢ (a30BHIM MEPEXOIOM, OMUCHIBAEMBIM KiIacCHUec-
KuM ypaBHeHueM Bau-nmep-Baanbca. OGHapyuioch, 4To Kak BOIM3HU KPHU-
THYECKON TOYKHM, TaKk ¥ BOJN3U KPUBOH COCYLIECTBOBAHUA 3aKOH GOMbIINX
uncen (ypaBuenue (24)) napymaercs, u6o ((6X)?) cTanoBuTes nponopuuo-
HalbHOI 06beMy B cTeleHU Bbille nmepBoil. Kak u B cliyyae paBHOBECHBIX
(ha30BBIX IIEPEXOMIOB, HApYIIEeHWe 3aK0HA GONbIINX YKCeT MOKET ObITh yuTe-
HO C TMOMOIIbIO KPUTHUYECKUX UHIEKCOB.
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B cnyuae paBHOBecHbIX Ga30BbIX mepexonoB GpayKTyanuu BGIU3U Kpu-
THUYECKON TOYKM HE TONbBKO UMEIOT GOJbIIYI0O aMIUIUTYLy, HO U Pacipo-
cTpaHAlTcA Ha Goabiune paccroanuA. Jlemapman u Huronue [17] uccre-
JoBaliu Ty #e NpobieMy A HepaBHOBeCHBIX (a30BbIX mepexonoB. Yrto-
6bI chelaTh BO3MOMHBIMM KONUYECTBEHHbIE PACUYEThI, OHU PACCMOTPENU
MoOJiellb, MpPeACTaBIABIIYIO c000il HECKOJIbKO COEJIMHEHHBIX APYT C JApY-
rOM COCYJOB, B Kam[I0OM M3 KOTOPBIX INIa peaKklufA OPIOCCENATOPHOIO TH-
na (cm. ypaBHenue (15)). Kpome Toro, pearenTsl, colepsaliecd B Kak-
JIOM M3 COCYy/OB, Moriu nud¢yHAUpoBaTh B cocefnue. Mcnons3ya Meton
MaproBa, Jlemapuian u Hukonauc paccuuTanu cTeneHb KOPPENANNM Me-
Iy 4YuclaM¥ 3alolHEHHA BYX PasiMu4HbIX cocynoB BemecTBoM X . MomHo
GbLIO OKUIATh, YTO HEYNPYTrHe CTONKHOBEHUA KOMIIOHEHTOB peaKkiuii, Be-
Ayliie K XUMUYECKUM IMpeBpalleHuAM, B coueTaHuu ¢ auddysueit npu-
BeyT K XaOoTHMYeCKOMY MOBeJeHUIO cucTeMbl. OQHAKO 3TO NpeNoNoHe-
HHe OKasajoch HeBepHbIM. Ha puc. 5—7 mpuBefeHo rpaduyeckoe u3006-
paseHne KOPPEIANUOHHBIX (GYHKIUNA CHUCTEMbI J0 U BOIU3U KpUTUYEC-
Koro cocrofHufl. flcHo, UTO BGAM3U KPUTUYECKOU TOUYKU MEKIY XUMHU-
YeCKUMM peakUUAMU, UIYIIUMH Ha GOJbIIOM pPAacCTOAHUU OPYT OT JpYy-
ra, UMeIOT MecTOo Koppendnuu. JaHHaA cucTema, KaKk U CUCTEMBbI, KOTO-
pble fi paccMaTpuBal paHee, paGoTaeT Kak elMHOe Ilelioe, HECMOTDPA Ha
TO, YTO CHIbI, 00yCIOBIMBAIONINE XUMUYECKOe B3auMoOeicTBUe, ABIAIOT-
cA Onu3KOAeHCTBYIOIUMH. Xaoc BeleT K BO3HUKHOBEHHIO MopAaka. Bo-
Jiee TOro, MaTeMaTHUYeCKe MOJIeNU IeMOHCTPUPYIOT, UTO AalbHUN BpeMeH-
HOIl MOpAJOK yCTaHABIMWBAETCA TOJAbKO B TeX ClydafX, KOrja 4MciIo yac-
Tug N — oo.

Uto6bl MOHATH, YTO 03HAYAET HTOT Pe3yIhTaT, 0 MeHbliell Mepe, Ha
KayeCTBEHHOM YpPOBHE, pacCMOTPUM aHAJOTHIO Me Iy JaHHBIM MPOLeccoM
u das3oBbIMU NepexogaMu. Tar, Mpy oxiIaseHIUH TapaMarHUTHOTO BellecT-
Ba HUKe TaKk Ha3bIBaeMoii Touku Kiopu BelecTBO HauMHaeT BecTu ceGA Kak
tdeppomarteTuk. Beie Touku Kiopu cBoiicTBa BelecTBa 0 BceM Halpas-
neHuAM onnHaroBbl. Hume Touku Kiopu nosABnAeTcA BblJelleHHOE HaNpaB-
JieHUe, COOTBETCTBYIOIee HAlpaBlIeHUI0 HaMarHuYUBaHUA.

B ypaBHeHuH, 0TBeyaolieM MaKpOCKOMUUECKOMY OIMMCAHUIO CUCTEMbI,
HEeT HUYero, YTO yKasbiBalo Obl, B KAKOM HalpaBleHUU MPOU30IIET ee Ha-
MarHuuuBaHue. B mpuHiune paBHOBEpOATHHI Bce HampaBineHud. Eciau dep-
poMarHeTHK OyleT cofiep#aTh KOHEUHOe YUCIO YaCTHIl, MOJOHEHHEe ITOr0
BbIJIeJIEHHOT'0 HAaNpaBJleHU A He cTabuIu3nupyeTcH, oHo 6y et Bpamarbed. Ec-
71 MbI, O[HAKO, PACCMOTPUM GECKOHEYHO OGONbIIYIO cUcTeMY, TO yOeuMcH,
YTO U3MEHUTh HalpaBleHle HaMarHMYMBaHUA GeppoMarHeTka He CMOTYT
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Puc. 5. 3aBucumocts ¢yHrnuu npo- Puc. 6. Korja Beamuuna mnapamert-
CTPaHCTBEHHOHN KOppenAanuu Gf;x oT pac- pa Oudypkanuu NpUOIUMKAETCA K
CTOAHUA [IPU 3HaYeHUH B mapameTpa 6U- KpPUTHUYECKOMY 3HAUEHUIO, AUANA30H
¢ypKanuy HAMHOr'0 MeHbllle KpUTUYEeCKO- H3MeHeHHil (QYyHKIuU G;'}]{X clerka

ro (A=2,di =1,d2 = 4; di n d2 — yBeInuYNBaeTCA 10 CPABHEHUIO C M3-
K03 dpunreHThl qudPy3ur KOMIIOHEHTOB MEHEHUAMM B YCIOBUAX, MNOKa3aH-
peakuuu A 1 B cOOTBETCTBEHHO) HBIX Ha pHC. H

HUKakue Qaykryanuu. «JlanbHuily MOpAAOK ycTaHaBIUBaeTCA B OJHOM Ha-
NpaBleHUU pa3 U HaBcerja.

OueBUHO, YTO MexAY (eppoMarHUTHON cUCTeMoOi U KoleGaTelbHbI-
MU XUMUUYECKUMU peaKklUAMH UMeeTcA MopasuTelbHoe cxoacTBo. Tak, npu
yBelUYeHNU cTelleHU OTKIOHEHUA CUCTeMbl OT paBHOBecUA B Hell BO3HUKA-
10T Kojebanud. Cuctema OyneT ABUTaThCA MO KPUBOM MpeaelbHOro MUKJIA.
®a3za Ha nNpeJeNbHOM [UKIE OnpeeldeTcA UCXOAHON QayKTyalnueil 1 urpa-
eT TaKylo e polib, UTO W HalpaBieHWe HamMarHuuuBaHufA. Eciau cuctema
KOHeYHa, To GIAYyKTyalluu NOCTeleHHO MpPUBEAyT K BO3MYIeHUIO Bpalle-
HUA CUCTEMBI N0 NpefeilbHOMY IUKIY. Eciu, onHako, cucTema 6ecKoHeYHa,
B Hell BO3HUKaeT BPEMEHHOIl JalbHUM IOPANOK, OYEeHb CXOAHBIN ¢ Jalb-
HUM TpPOCTPaHCTBEHHBIM yMOpAAOUYEeHHEM (peppoMarHUTHBIX cucteM. Ta-
KUM o0pa3oM, Mbl BHAWM, UTO BO3HHKHOBEHHE NEepUOJUUYECKUX peaKkluil
npencTaBiasgeT coboil npoliecc, BeAyluii K pe3KoOMY HapylleHNI0 CUMMeTpUU
BpeMeHU, TOUHO TaK e, Kak BO3HMKHOBeHHE HeppOMarHUTHBIX CTPYKTYP
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Puc. 7. Kputnyeckoe nosegeHne ¢byHKINHI IPOCTPAHCTBEHHOI KOpPeIANNI G;-’gX
IJIAl TeX ke BeJIWYMH IapaMeTpPOB, KOTOPbIe IIOKa3aHbl Ha PHC. 5.

DyHKIMA KOppeNAnN ¢ U3BMEeHEeHHEeM PAacCTOAHUA u 3aTyXaeT IO JIHHEeHHOMY 3a-
KOHY U HUCIBIThIBaeT KoJeGaHUA ¢ TeM ke IepHOoJoM, C KAKUM M3MEHAIOTCA KOH-
IleHTpallii pearupyoluX BellecTB CHCTEMBI.

npeacTaBiafgeT co6oii mpolecc, BeAYIUil K pe3KOMY HapyIeHUI0 CUMMETPUU
IpoCTpaHCTBa.

NuHamMunueckad uHTeprnperanua pyHknuu JIanyHoBa

Teneps s nepeiify & 6Gojlee TeTalbHOMY PacCMOTPEHHUIO AMHAMUYECKO-
ro CMbICJIa BHTPONUM U Hojlee TOYHOMY olpelelneHuIo ¢byHKRINHN JlanyHoBa,
KOTOPYIO Al UCIOJNb30Bal BBIIIE.

PaspemuTe HauaTh ¢ MaKCHMalbHO C}ATOTO HM3JMO0KEHUA CYI[HOCTU
noaxoja K 3Toii npobieme, pazpaboTanHoro enie Bonbimanom. Jlaxe cerop-
HA paboTa, BHINIOIHEHHAA B 3Toi o61acTi BonrbumMaHoM, ocTaeTcAa 0CHOBOIO-
naratonieif. XopoIo U3BeCTHO, UTO CyIIeCTBEHHBIM 3JI€MEHTOM, OIpeaelnB-
MMM BO3MOKHOCTh JIOKa3aTelbcTBa bonbiiMaHoM J¢-TeopeMbl, ABUIACH 3a-
MeHa UM TOYHBIX yPaBHEHUI NMHAMUKHU (KaK OHU BbIPaKEeHbl yPaBHEHHEM
JuyBuinA, K KOTOPOMY A BEPHYCh HUMe) KHHETUYECKUM yPaBHEHUEM, BbI-
pakalIlUM 3aBUCUMOCTh QYHRIUM pacnpeneneHud f CKOpOCTell MOJERY.
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oT 3¢ ()EeKTUBHOT0 TEIECHOTO yTia UX CTOIKHOBEHU, HONEPEYHOr0 CeueHu ,
CKOPOCTU U BPEMEHHU:

% + v% = /dw dvio[f' fi — ffi], (29)

rae dw — 3¢bPeKTUBHBIN TelecHbIN yTold CTOIKHOBEHUA MONERYI, o — II0-
nepevyHoe ceuyeHue, a ¥ — CKOPOCTh MOJEKYJI.

lonycTuB, YTO 3TO ypaBHeHUE CIpaBedJUBO, JIETKO IMOKa3aTh, UYTO
GosnbIMaHOBCKaA JC-PyHRIKUA

H = /dvflogf (30)

YIOBIETBOPAET HEPABEHCTBY
At (31)

U, cllefloBaTelbHO, UTPaeT poib GyHKUUU JlAmyHOBa.

XoTa nmporpecc, JOCTUTHYThIH 61arogapsA UCHONb30BaHUIO NpPeJ0HEH-
Horo BonbIMaHOM mojxoja, MopasuTelleH, OCTaeTCA HEMalo M HepelleH-
HbIX BonmpocoB [13]. Bo-mepBbix, Mbl CTATKUBAEMCH € YUCTO MPAKTHYECKH-
MU TPYAHOCTAMM, BOZHUKAIOI[UMU, HAIIPDUMeED, DU eJTaHUH HCI0Ib30BaTh
BbIBeJleHHbIe BonblMaHOM ypaBHeHU A Ui pelleHus Gonee o6mux 3anad (Ha-
IpuMep, BOSHUKAIOMNX NPU U3YUYEeHUU NOBeJJeHUA ra30B O0MbIIOi MI0THOC-
Ti). 3a mocieJHUE HECKOJbKO €T KUHeTHYeCKaA TEOPHA JOCTHUIIA BbIjia-
IomuxcA ycnexoB. TeM He MeHee eclii Mbl BHUMATelbHO MpoaHATU3UPYyeEM
nyGarKaluy, NOCBAIIEHHbIE COBPEMEHHOM KUHETUUECKON TEOPUU ra30B MU
CTAaTUCTUYECKOH MeXaHWKU HepaBHOBECHBIX CHCTEM, TO He HaiijleM B HUX
HUYero, 4to 6bLIO ObI MoXo#xe Ha J-Teopemy BoablimaHa, XOTA 3Ta Teo-
peMa ocTaeTcA cCIpaBelJIUBOi aiaA Oojee obumux ciayvaeB. Pesynbrar, mo-
Ty4eHHbIH BoablMaHoOM, ocTalcA U30IUPOBAHHLIM, YTO HPOTHUBOPEUYHUT TOi
OGIIHOCTHU, KOTOPYIO MbI IPUIUCHIBAEM BTOPOMY 3aKOHY TE€PMOJUHAMUKU.

Kpome Toro, MbI BcTpeyaemMcA U C TeOpeTUUYECKUMU 3aTPyJHEHUAMU.
HauGonee cepbe3HbIM U3 HUX, NO-BUINMOMY, ABJIAETCA Hapagokc o6 o6pa-
TUMOCTHU, copMyianpoBaHHblii Jlommuarom. CymHOCTbL 3TOro mapajgokca
CBOANTCA K CIeAYIOMIeMY: NpHU oOpalleHUuH CKOpPOCTell MOJeRyl cucTeMa
JOJ#HA BEPHYThCA B UCXOAHOE cocTofAHUe. flcHO, 4To Bo BpeMA Bo3Bpaille-
HMA ee K HauallbHOMY COCTOAHMIO J£-Teopema Bonbimana (ypaBuenue (31))



146 HobGenescran aexuyusn

Hapymaerca. IloBefenne Takoil cucTeMbl CTAHOBUTCA AHTHUTEPMOIMHAMU-
YecKMM». B clpaBelIMBOCTH 3TOro yTBep#IEHUA MOMHO yOeAuTbCH, NPK-
GerHyB K YHCICHHOMY MOJeIMpPOBaHUIO.

dusryecKas NpUYKMHA HApPyIIEeHUA CIpaBeINBOCTH S -TeopeMbl Bonbii-
MaHa B OTHOIIEHUH TaKoi CHUCTeMbl COCTOUT B TOM, UTO oGpallleHre CKOpOoc-
Teli MoJieKyJ TUIIOTeTUYECKOI crcTeMbl IPUBOAUT K MOABIEHHUIO B CUCTEME
JalbHUX KoppenAnuii. Mo#HO, KOHEYHO, BO3Pa3uTh, YTO TaKHe KOppeid-
LMY ABIAIOTCA UCKIIOYEHUEM U NO3TOMY MMHU MOAKHO IpeHebpeun. OnHaKo,
Kak HalTy KPUTEpUii, NO3BOJAIOMNEA OTIMYUTL aHOMalbHble KOppeldlun
0T HOpMalbHbIX, 0COOEHHO P PACCMOTPEHUHU CUCTEM, INOTHOCTL KOTOPBIX
Benuka?

CuTyanua cTAHOBUTCA ellle Xy:e, Korja BMecTo paclpefieleHusd CKo-
pocTeit MoJleKyll MbI paccMaTpuBaeM aHcambib ['n66ca, COOTBETCTBY IOIIU A
(ase MIOTHOCTU p. JBOMIOIMA ITOTO aHcamGifA BO BpeMeHH MOJYUHAETCA
ypaBHenuio JlnyBuiis

dp

- = [ 32

i 5 ps (32)
roe Lp — CKOOKU HyaCCOHa RJaccuyecKoi OAUHaMHUKHU HWIW KOMMYTa-

Top [H, p] kBanTOBOI1 Mexanuku (H — ramMuibTOHUAH).
PacecmoTpeB nomouTeNbHbIE BRIy KIble (PYHKIMOHAIDI, TAKKeE, KAk

Q= /pz dpdq >0, (33)

Tfle ¢ — KOOp/MHATA, p — MOMEHT, CONpPAMEHHbIl C ¢, UM ypaBHeHHe
KBAaHTOBO{ MeXaHUKHU

Q=trpTp>0, (34)

JerKo NoKasaTh, YTo U3 ypaBHeHus Juysunna (32) ciexyet, 4To

dQ _
o =0. (35)

Mostomy ) B TOM Bule, Kak 3Ta BeIUYMHA oNpeleieHa ypaBHeHUAMHE (33)
u (34), e aBaserca pyuruueit JlanyHoBa. TO 03HAYAET, UTO, UCXOAA U3
3aKOHOB KJIACcCUYeCKON WU KBaHTOBOI MeXaHWKH, ¢yHKIuoHan JlamyHo-

Ba, KOTOPBII Urpan 6bl pollb SBHTPONUHU, TI0-BUAUMOMY, BbIBecTH Helb3A. [lo
3TOH MpUYKMHE YacTO YTBEPOAIOT, UTO MOHATHE HeoOPAaTUMOCTH MOMNSHO
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BBECTHU B INHAMURY TOJLKO B TOM Clly4Yae, €CJIU B JONOJHEHHE K U3BECTHBIM
3aKOHAM JUHAMHKHU [JONYCTUTh CHPaBeJINBOCThL NPUGIMMEHUA O «rpyOboM
3epHeHuH cucteMbl [19]. MHe Bceraa 6bL10 TPYAHO COrIACUTHCA CO CIIPABEf-
JUBOCTHIO 3TOT'0 3aKJII0YEHNA, B 0COOEHHOCTH BCle/ICTBUE KOHCTPYKTHUBHOM
poJau, urpaemoil HeoG6paTUMBIMM Tpolleccamu. MoryT nu auccunaTUBHbIE
CTPYKTYPbI GbITh pPe3ynbTaToOM OMUGOK?

fI monaraio, 4yTo, MOMYyYMB OTBET Ha BOIPOC, IOYEMY, UCXOJA U3 KUHe-
THUYECKOro ypaBHeHUA BoiabliMaHa, MOKHO BBIBECTU J-TeopeMy, a UCXOIA
u3 ypaBHeHud JluyBunnA, — HeT, MbI CyMeeM MOHATh, B KAKOM Hampabile-
HUU cledyeT BecTU paboTy, 4ToGbI pa3pellUuTb 3TOT HapamoKc.

OueBugHo, uTo ypaBHenue Juysuinna (32) Lt-unapuantHo. JeiicTBu-
TeNbHO, eciii 3HaK oneparopa Juysuina L u3MeHnTh Ha o6paTHBIN (B Kiac-
CHYECKOIl MeXaHUKe 3TO MOKHO C/lellaTh Iy TeM HHBEPCUU CKOPOCTH ), a TaK-
e U3MEeHUTh Ha oOpaTHbIil 3HaK ¢, To ypaBHeHMe JInyBuUIIA He U3MEHUTCA.
C apyroil CTOpPOHBI, JErKO MO#HO MokasaTh [18], 4To ciaraemoe B ypas-
HeHuu BoiblMaHa, yyuThiBaoollee CTONKHOBeHusA (mpaBasd yacTh B (29)),
HapymaeT Lit-cuMMeTpuio, Tak Kark oHo 4eTHo no L. IloaTtomy panee mo-
CTaBlEeHHbIH BONPOC UMeeT CMbICH Iepedpa3npoBaTh CleAYIOMUM 06pa3oM:
KaKk MOKHO HapymuTh Li-cuMMeTpuIio, CBOICTBEHHYIO ABIEHUAM, CIy:Ha-
UM 06bEKTOM M3yUeHUA KIaccuuecKoil uiu KBaHTOBo Mexanuku?! Harua
TOYKa 3PEHUA Ha 3TOT BONPOC COCTOUT B TOM, YTO AUHAMHYECKOE U TEPMO-
JUHAMHUYECKOe OMUCAaHUA CUCTEM B ONpefie]IeHHOM CMbICIE ABIAIOTCA «(3KBU-
BallEHTHBIMUY ONMUCAHUAMY DBOJIONHUYM CHUCTEMbI, CBA3AHHBIMU JIPYT C APY-
roM HeYHUTapHbIM Npeo6Gpa3oBaHueM. Pa3peninte MHe BKpaTile OKa3aTh,
Kak MbI MO#eM IPUCTYNUTh R pelleHHIo 3Toi 3agauu. MeTon, KoTopsIM A
O6yny moib3oBaThcdA, 6bl1 pa3paboTaH B TECHOM COTPYyAHHUYECTBE ¢ MOMMMU
Kosteramu, paboraromumu B Bproccene n Octune [20-22].

Teopusa HeyHUTapHBIX Npeobpa3oBaHUil

Hockonbry 6bLI0 HOKA3aHO, UTO ypaBHeHue (34) He aneKBaTHO chopmy-
JMPOBaHHON 3ajaye, HCXOAHBIM IIyHKTOM Haliei paboThbl ABUIACh QYHKIUA
JlanyHoBa B Bue

Q=trptMp>0 (36)

(rme M — nonomuTeNbHbBIH omepaTop), ¢ HeBO3pacTalleil MPOM3BOAHON
10 BpeM€eHU

a2t . (37)
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Koneuno, 3To ycinoBue He Bcerjia BeIMOAHUMO. [l MPOCTBIX AMHAMU-
YeCKUX CUCTeM, JBHKYI[UXCA COTIACHO MEPHOANYECKOMY 3aKOHY, HU NpHU
UX KJIacCHYeCKOM, HU IIPU KBAHTOBOM paccMOTpeHun ¢yHKNudA JlAmyHoBa
CYyIlecTBOBaTh He MOKeT, M60 TaKUe CUCTEMBI Yepe3 HEKOTOPOe BpeMA BO3-
BpamaloTcA B UCXOJHOE COCTOAHNE. BO3MO#HOCTH CyIleCTBOBAHUA ONEPATO-
pa M omnpegendeTcd TUIIOM clieKTpa onepaTopa JluyBuianda. B pamrax wiaac-
CHYeCcKoi 3proguyeckoil TeOPUU 3TOT BOIpoc HexaBHo uayuuma Mucpa [23].
fl nocrapaioch paccMOTpeTh 3[1eCb HEKOTOpPbIE CJIeCTBUA BO3MOKHOCTH CY-
mecTBoBaHuA onepatopa M ypaBHenus (36), KOTOpPbIA MOKHO paccMaTpH-
BaTh KaK SHTPOIUIO CUCTEM, aHATU3UPYEMbIX HA MUKPOCKOINYECKOM YPOB-
He. [lockonbry M — Beln4nHa NON0MUTENbHAA, TO COTJIacHO o6Ieil Teope-
Me ee MO HO IpeJCTaBUThb B Bije NPoU3Be/leHHd onepaTopa, ckamkem, A ™!
¥ conpA#eHHoro apMuToBa onepatopa (A~1)* (sTa onepauua oznauaer us-
BlleUeHHe U3 TMOJI0MUTENLHOTO OlepaTopa KBaJpaTHOTO KOPHA):

M= (A"H*TA (38)
Moacrasaas ypaBuenue (38) B ypaBaenue (36), morydaem
Q=trptp, (39)
rie
p=A"1p (40)

JTOT pe3ynbTaT BecbMa HHTepeceH, n6o ypaBHeHue (39) npegcraBis-
eT co6oil ypaBHeHIe HIMEHHO TOr0 TUIA, KOTOPOEe MbI XOTeJIH Obl MOMYUUTh.
OgHako MBI BUJIUM, UTO 3TO YpaBHeHHe CYyIIeCTBYeT JUIIb B (GopMe, CBA-
3aHHOU ¢ MpeJLIeCTBYIONKUM ypaBHeHueM npeoGpasoBanuem (40).

IIpesne Bcero 3anuiieM HoOBble ypaBHeHUA [BUmeHHA. [I[puHuman Bo
BHUMaHHWe ypaBHenue (40), momydaem

% ap, (41)

rie

® =A"1LA. (42)

Tenepb UcHoIb3yeM pelieHUe ypaBHeHuii nBuxenus (ypaBHenue (32)).
3amenumM ypaBHeHud (36) u (37) Gonee ABHBIMH HepaBeHCTBaMU

Q(t) = tr pT(0)e!LtMeiltp(0) < 0, (43)

% = —trpt (0)eti(ML — LM)etp(0) < 0. (44)
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IloaTomMy «MUKpOCKONUYECKUiT onepaTop sHTponuuy M MOMeT He KOMMY-
TupoBaTh ¢ oneparopoM L. KommyTaTop u mnpeicraBiser co6oil Ty Benu-
YUHY, KOTOpad MOMeT GbITh Ha3BaHa MUKPOCKONMUYECKHM NPOU3BOJCTBOM
SHTPOMUUY.

JTo, KOHEYHO, HAaNOMUHAEeT COOTHOIEHUE HeompeneneHHOCTU [eii3eH-
Oepra u npuHIUN AonoaHUuTenbHocTH bopa. Hanbosee nHTepecHbIM pe3yib-
TaToOM OKa3sajcA TOT (aKT, UTO 3/lechb MbI TaKk:ke 0OHApPYHUIU HEKOMMYTa-
THUBHOCTb, HO B JaHHOM Clly4yae Me#JAy NUHAMHKON B TOM BHJe, KaKk OHa
BbIpaskaeTcd omepaTopoM L, U «TepMOOWHAMHKOI» B TOM BHIe, KaKk OHa
BelpasaeTcd onepatopoM M. CienoBaTenbHO, B JaHHOM Clydae Mbl HMeeM
JeJ0 ¢ HOBBIM U B BbICHIEH CTeNeHW WHTEPEeCHbIM TUIIOM KOMILIeMeHTap-
HOCTHU MeMRIy TUHAMHUKOH, TpeOyrollell 3HaHUA TPAEKTOPUIl UM BOIHOBBIX
GYHRIUN, U TepMOJUHAMUKON, Tpebylolleil cynecTBOBaHUA SHTPOIHH.

IIpeo6pasysa ypaBuenue (44) B HOBYIO (opMy, MoidydaeM [JIA MPOU3-
BOJICTBa SHTPOMNUU Cliefylolllee BbIpameHue:

dQ _ oy et E  at
q trpT(0)e*® “i(® — D7), (45)

e~"*5(0) < 0.

Otciloga ciefyet, UTo pa3HOCTh MemAy P U conpAKeHHbIM 3PMUTOBBIM
onepaTopoM @+ He o6A3aTenLHO paBHa HyIIIO:

i(®—d) > 0. (46)

Takum o6pazoM, Mbl IPUXOAUM K Ba#HOMY BbIBOJY: HOBBII ollepa-
TOp JBUeHNA, NoABIAMIUIicA B peobpa3oBaHHOM ypaBHeHuHU JIuyBuina
(ypaBuenue (41)), Gojlee He MO#eT ObITH IPMHUTOBBIM ONEPATOPOM, B OT-
anyue oT onepatopa L ypaBHeHuA JluyBumifa. JTO 3HAUUT, YTO MBI JOJHK-
HbI OCTaBUTh OOGBIUHBIA KIAcC YHUTAPHBIX (UM aHTUYHUTAPHBIX) MpPeol-
pa3oBaHUil U pacHIMPUTh 00JacThb UCIOAb3yeMbIX CUMMETPUl KBaHTOBOMe-
XaHUYeCKUX onepaTopoB. K cuacThlo, ycTaHOBUTH Kiacc MpeoOpa3oBaHUid,
KOTOpbIe Mbl Tellepb paccMOTPUM, He cocTaBiafeT ocoboro Tpyaa. CpeaHue
BeJIMYMHBI MOKHO paccuuTaTh Kak IIPU NIpe#HeM, TaKk U IPU HOBOM CIIOCO-
Oe 3aganuaA GyHRUUi. Pe3ynbTaThbl JOMKHBI ObITh MOJYUYEHbI OHU U Te iKe.
WNubIiMu cioBamu, TpebyeTcA, 4TOObI

(A) =trAtp=tr A+ p. (47)

Bonee Toro, Hac uHTepecyloT npeo6pa3oBaHUfA, ABHO 3aBHCAIINE OT Ole-
patopa JluyBuand. 3To u ecTh dusnyeckoe o60cHOBaHUEe Teopuu. Mbl BU-
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Ieny, 4YTO B ypaBHeHUAX Tuna ypaBHenuii Bonbnmana Li-cumMeTpusa Ha-
pymaeTca. Mbl XOTUM IPH MOMOIIU HCHOIb3yeMOro HaMu NnpeoGpa3oBaHuA
MOy YNTh UMEHHO 3Ty HOBYIO cuMMeTpuio (20). To MOMHO clelaTh, JUIIb
pacemoTrpeB L-3aBucumble npeobpasosauua A(L). Hakoneln, ucnonb3ysa ToT
¢aKkT, 4YTO MIOTHOCTDL p U HabiIofaeMble BEIMYNHBI OMUCHLIBAIOTCA OJHUMU
U TeMHU e ypaBHeHUAMM ABUeHUA, HO L 3aMeHAeTcA Ha —L, momyuyaeM
clelylolilee OCHOBHOE yCIlIOBHe:

ATH (L) = A*(-L), (48)

B IAaHHOM CJly Yae 3aMeHAolee 0GbIYHOEe YCIOBUE YHUTAPHOCTH, HallaraeMoe
Ha KBaHTOBOMeXaHWUYeCKHe MpeobpasoBaHuA.

Het Huyero yauBUTENLHOTO B TOM, YTO MbI I€ACTBUTEIbHO HAIIIM 3a-
KOH HEeYHUTapHOro mpeoGpa3oBaHUA. YHUTapHble MpeoGpa3soBaHUA — 3TO
He Gojlee YeM MHOTOKpaTHbIE MOAOOHbIE M3MEHEHUA KOOPIMHAT CHCTEMBbI,
He u3MeHAIoNMe GU3UYECKOU cYIHOCTH MpobieMbl. KakoBa 6Gbl HU Oblia
cucTeMa KOOpAMHAT, B KOTOPOH cHCTeMa paccMaTpuBaeTcsA, (pusMyeckan
CYUIHOCTh CHUCTEMbI OCTaeTCA HeM3MeHHOH. B maHHOM ciyuae, oflHAKO, MbI
uMeeM Jiello ¢ TpoO6ieMoii CoBepIleHHO MHOro XapakTepa. Haimna nenb co-
CTOUT B TOM, YTOObI HaiTH cI0CO6, MO3BOJAIOIUA MEePeiTH OT OMUCAHUA
CUCTeMbI Ha A3bIKE AUHAMHUKM K ee OMMCAHWIO HA A3bIKE TEPMOIMHAMUKH.
MMeHHO B 3TOM M COCTOUT IPUYMHA TOrO, YTO HaM NOTPeGOBaIOCh BBECTHU
peskye M3MEeHEeHUA B CIOcoObI 3ajaHuA (YHKIMA, YTO HAILIO BbIpazieHue
B HCIONB30BAaHUU HOBOTO 3aKoHa npeoGpasoBanuda (ypaBaenue (48)). fI Ha-
3BaJl 3TOT TUI NMpeoGpa3oBaHuA GYHKIMIA «3B€3IHOYHUTAPHBIMY U MPeNio-
KU 0603HAUNUTH €0 CleJyIOIUM 06pasoMm:

A*(L) = A*(~L). (49)

fl 6yny HasbiBaTb A* «3Be3JHO-3PMHUTOBBIMY OIIEPATOPOM, CBA3AHHBIM
c oneparopom L (3Hak 3Be3[0YKM Beeraa o3Havaer unBepcuio L — —L). U3
ypaBHeHus (48) cieqyer, 4To i 3Be3AHO-yHUTAPHOr0 IpeoGpa3oBaHuf 06-
paTHoe npeo6Gpa3oBaHle PaBHO CONPAKEHHOMY C HUM 3BE3AHOMY 3PMUTOBY
onepaTopy.

Paccmotpum Tenepns ypaBuenue (42). Henonb3dya ToT ¢art, 4To ome-
parop L, Tak e kak omepatopbl ypaBHeHuit (48) u (49), AaBnAoTcd spmu-
TOBLIMM ONl€paToOpaMu, MOIydaemM

®* = 9" (-L) = -2(L), (50)

o (i®)* = i®. (51)
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HauGonee uHTEpecHbIM U3 TOAYUYEHHBLIX BbINle Pe3YyIbTaTOB ABIAETCA
TOT QaKT, UTO ONepaTop yPaBHEHUSA NBUMEHUA OKA3ajlcCA 3Be3JHBIM dPMU-
TOBBIM 0IEePaTOPOM. 3BE€3IHBIM 5PMUTOBBIM OIIEPaTOPOM MOMKET OBITH I1UOO
orepaTop, YeTHbIN OTHOCUTeNbHO L-uHBepcuu (3TO 03HaUaeT, uTo Korga L
3aMeHAIOT Ha — L, 3HaK omeparopa He U3MeHAETCA), IGO0 aHTUAPMUTOBBIN
U HeyeTHbIN (HEYETHOCTH O3HA4YaeT, YyTo Npu 3aMeHe L Ha —L 3HaK u3-
MensfeTcA). [loaToMy BbIpameHue MiIA 0GOGHIEHHOTO 3BE3JHOTO 3PMUTOBA
omepaTopa UMeeT CJIeIYIOIuii BUI:

i® = (i9°) + (i9°). (52)

B 3TOM ypaBHeHUU BepXHIe UHIEKCHI € 1 ) OTHOCATCA COOTBETCTBEHHO
K YeTHOM M HeuyeTHOW YacTAM HOBOIO ollepaTopa BpeMeHHo 3Bomonuu P.

YenoBue auccunaTuBHOcTH (ypaBHeHue (46)), o3Havalolee CyLecTBO-
Banue QyHkuuu Janynosa (), Tenepb npuodpeTaer ClIeAyIOWUHi BUI:

i®° > 0. (53)

JTo 4YeTHasA YacThb YpaBHEHHA, OoTBedarouasa <«IpoOu3BOACTBY 9HTPO-
nuuy. [logBenem uToru. Mel monyuuin HOByIo GOpMYy YpaBHeHHA AJA CHUC-
TeM, paccMaTpuBaeMbIX Ha MUKPOCKONNYECKOM YpPOBHE (no,zloﬁHoro ypaB-
HEHUIO ﬂPIyBPIJIJIH KJacCU4YeCKOll WM KBaHTOBOM MexaHI/IHI/I), numMeromero
B ABHOI ¢opMe UlleH, KOTOPBIN MOKHO paccMaTpuBaTh Kak ¢yHKIUIO JlA-
nyHoBa. IHbIMU cilloBaMU, ypaBHEHUE

i9P _ (% + @°)p (54)

ot

colep:KUT oO6paTUMYIO 4acTh o0y HeoOpaTuMyto yactb €. Cummerpus
9TOro0 HOBOI'O ypaBHE€HUA TOYHO TaKafd e, Kak U CbeHOMeHO.IIOFI/I‘IeCROFO
KHHETUYEeCKOI'o ypaBHEeHUA BOJH)IIMaHa, IIOCKOJILRY 4JIeH 3TOI'0 ypaBHEHUA,
XapaKkTepu3yIouil MOTOK, OTHOCUTeNbHO L-UHBEPCUYU HEUYETEH, a YJeH, Xa-
paHTepI/ISyIOH.U/If/'I CTOJIKHOBE€HHUA, — YE€TEeH. TepMO,Z[I/IHaMI/IlIeCHOG pasindue
MemR oy 06paTI/IMbIMI/I u HeoﬁpaTI/IMbIMI/I nmpomgeccaMu, onvucbiBaeMoe Ha Mak-
POCKOIIMYECKOM YPpPOBHe, IIPpU IIOMOIIXW 3TOI'0O ypaBHEHUA MOAHO oONuUcaThb
Ha MHHKPOCKOIIMYECKOM YDOBHE. OTCIO,IIa cilegyeT, 4TOo IOJy4YeHHOe HaMH
YpaBHE€HHE MOMHO paccMaTpuBaTb KaK OO CUX IOP OTCYTCTBOBAaBllee 3Be-
HO, CBA3bIBamwoliee JMHaAMURY OﬁpaTI/IMbIX IpoueccoB, paccMaTpuBaeMbIX Ha
MUKPOCKONMYECKOM ypPOBHe, ¢ TEpMOAMHAMUKOII HeoOpaTUMBbIX MPOIECCOB,
paccMaTpuBaeMbIX HA MAaKpPOCKOIIMYECKOM YpPOBHE. CKazaHHOe BbIllIe MO3K-
HO 1300pas3uTh rpadpuyeckd B BUJIE CIENYIOIIENR CXEMBbI:
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OnucaHue 06paTHMBIX MPOLECCOB
Ha MHKPOCKOTIHUECKOM YPOBHe

HeynurapHoe
npeo6pasoBaHue

OnucaHue Ha MUKPOCKONHYECKOM
YPOBHe, BbIsIB/IAIOIee HeoOpaTHMble

npolecchl
Onucanue Heo6paTUMBIX
IpOLEeCcCOB Ha MaKpPOCKO-
MHUECKOM YDOBHe
P Onepauun
ycpefHeHUs

YTo6bI MpH MOMOLIK NpeobpazoBaHuA A monyuuTh GyHKUMO JAMyHO-
Ba (ypaBHeHue (36)), HeOGXOAUMO TIATENbHO UCCIEJ0BATh CHHTYIAPHOCTH
Pe30/bBEHTHI, COOTBETCTBYIOMel onepatopy Jluysumna (21). MoxHo noka-
3aTh, Kak 3T0 HejaBHo cfenanu Teomocomyny u ap. [24], 4To npu HeGoMIb-
LIMX OTKJIOHEHHAX OT TePMOAMHAMMYECKOro paBHoBecus (yHkuuonan Ja-
nyHoBa () (ypaBHenue (36)) CBOIUTCA K MAKPOCKONMYECKOH Beruuune 025
(ypaBuenue (9)). Kpome Toro, mpy 3TOM BO BPEMEHH 3BOMIOLHOHUPYIOT
TONBKO BEJNMYMHBI, YAOBIETBOPAIOUINE 3aKOHY COXPaHEHUA. JTO O3HAYAET,
4YTO HaM yjajloch B camoii ob1ieit ¢opme, o KpaiiHeli Mepe AJA OH3arepoB-
CKoii 06/acTH, yCTaHOBUTh B3aUMOCBA3b Me#ly TepMOJUHaMUKON HeoGpa-
THUMBIX IPOLECCOB U CTAaTHCTHYECKOH MeXaHHKo#. ClefyeT NOAYEPKHYTD,
4TO, N0 CYLIECTBY, 3TO 03HAYAET JalbHeiilllee pacliipeHre IPUMEHUMOCTH
pe3yinbTaTOB, AaBHO IOJYyYeHHBIX B paMKax Teopuu Boibnmana, cnpaBen-
JUBOI1 A pa3peseHHbIX rasos (25).

3akjaouyrTelbHbIe 3aMedyaHUusA

BBenenune TepMoguHamuuyecKoil HeoOPATUMOCTH C MOMOIIBID TEOPUU
HeyHUTapHBIX Npeo6pa3oBaHuil BeleT K INIyOOKOMY HW3MEHEHUIO CTPYKTY-
pel AuHaMuKM. MBI mepemiu oT rpynn K HOJAyTpynmnaM, oT TpaeKkTopuil
K nponeccam. Cienyer, oJHAaKO, NOAYEPKHYTh, UTO 3TU U3MEHEHUHA COOT-
BETCTBYIOT HEKOTOPBIM I106aTbHBIM U3MEHEHUAM, IPOUCIIEAIINM B HAlIEM
NOHUMaHUU puU3nvYecKoro mupa B TeueHne XX BeKa.
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OnHo 13 HanboJjiee BaKHBIX HOJOMEHUH TeOPUM OTHOCUTEIbHOCTH JiiH-
mTefiHa yTBep#aaeT, YTO MpobieMbl, Kacaloluuecd IpoCTPaHCcTBa U BpeMe-
HU, HelIb3A 06CY#/IaTh B OTPhIBE OT MP0o6jeM, KacalounXcA CKOPOCTH CBeTa,
u60 CKOpPOCTh IlepejJauyld CUIHAJIOB OrpaHHueHa CKOPOCThIO cBeTa. AHalo-
FHYHO, WCKIIOUYEeHNE (HeHaOlI0JaeMbIXy UI'PAaeT BamHYIO POJlb B OCHOBHOM
HoAXo[le K KBaHTOBO# Teopuu, paspabotanHoM [eitzenGeprom.

ditnmteiin u Bop yacTo nmoguyepKuBanu, 4YTO MeMIAy Teopueil oTHocH-
TeNbHOCTH U TEePMOAMHAMUKOM HMeeTcH aHajorud. [JeficTBUTENbHO, MbI HE
MO3eM paclpOCTPAHATD CUTHAJBI C TPOU3BOJIbHOM CKOPOCThIO, U MbI HE MO-
#eM [OCTPOUTHb BEUHBIN NBUraTelb, 3alpelleHHbIii BTOPbIM 3aKOHOM Tep-
MOJUHAMUKH.

IIpu onucaHuu cucTeMbl HA MHUKPOCKONHMYECKOM YPOBHE 3TOT 3alpeT
03HAyaeT, YTO BEJIMYMHbI, XOPOIIO ONpeJeifaeMble ¢ TOUKM 3peHUA MeXaHU-
KU, He MOT'YyT GbITh HaOJi0gaeMbIMHU, €CIHU CCTeMa y0BIeTBOPAET BTOPOMY
3aKoHy TepMoguHaMuku. Hanpumep, TpaekTopuA CHUCTEMEI, paccMaTpUBa-
eMoil Kak equHOe Iej0oe, He MoeT ObITb HabdogaeMoit. B camom gene, us
YTBep#AeHUA, UYTO TaKyl0 TPAeKTOPUIO MOMHO HabGiioaaTh, clefyeT, YTo
B Kam[Ibli JAaHHBII MOMEHT BpeMEeHH MbI MOTIU 6bl pasinyaTh OBe Tpa-
eKTOpUH, a 3TO 03HAYaAeT, UYTO KOHIENUHUA TElJOBOr0 PaBHOBECUA TepfAeT
cBoit cmbici. CiieqoBaTelbHO, IMHAMUKEA U TEPMOJMHAMHUKA Or pAHNYUBAIOT
obiacTh NpUMeHeHud JpyT Jpyra.

HNuTepecHo, 4TO UMEIOTCA U UHbIE IPUYKMHBI, KOTOPbIE B IaHHOE BpeMH,
HO-BUAMMOMY, HABOAAT HA MbICIb, YTO CBA3b MEMIy OUHAMHUYECKUM B3a-
HMoOJeicTBUEM U HeOGPaTHMMOCTBIO MOKeT UrpaThb Gojiee TIyGOKYIO PoOib,
yeM 3TO MbI Moriu cebe mpeacTaBuTh A0 cux nop. CoriacHo Kiaccuuec-
KOl TEOpHUU HUHTErpUpyeMBIX CHCTEM, ChIlPaBlieil CTONb BamHYIO POIb B
paspaboTKe KBaHTOBOH MeXaHWKH, BCe B3aMMOJEHCTBUA MOI'YT ObITh HC-
KJIIOYEeHbI NPU MOMOINUA COOTBETCTBYIOIIEr0o KaHOHUUYECKOro IpeobpasoBa-
HuA. BosHuKaer, ogHaKo, BOIPOC, JEACTBUTENLHO JM HOAOOHAA cucTeMa
ABIAETCA UCTUHHBIM IIPOTOTHUIIOM MOJIEMAIIUX PACCMOTPEHMIO IUHAMU-
YEeCKUX CHCTeM, B OCOOEHHOCTH B TeX clyuyafX, Korja mpeaMeT HCCIeno-
BaHUA — CUCTEMbI, COflepsralliie B3auMoJeiCTBYIOINe APYT ¢ IPYTOM 3iie-
MeHTapHble dacTulpl? He JOM#HBI U MBI NONLITATHLCA MOCMOTPETh, YTO
HOJIYYUTCH, ecid Mbl CHayaja nmpuGerHeM K HEKAHOHHYECKOMY ee oImca-
HUIO, M03BONIAIONIEMY HAa MUKPOCKONKUYECKOM YPOBHE 110 OTAEIbHOCTH pac-
CMOTpPEeThb UAYIHe B CHUCTeMe 00paTHMble IpPOLecchl, U JHUIIbL 3aTeM HC-
KJIIOYUTh 0O6paTUMYIO 4acTb, ¢ T€M YTOOLI MOJYyYUTHL OIMCAHHE XOPOLIO
olnpeJeleHHbIX, HO BCe ellle B3auMOIeHCTBYIOIKUX APYT C IPYToM 3JeMeHTOB
chCTeMBI?
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MozkHO HageATbCA, UTO OTBETHI HA 3TU BONPOCHI, BEPOATHO, OYIyT IO-
aydeHbl B Onmmaiimue roasl. TeM He MeHee ypOBEHb Da3BUTHUA TEOPHH,
OOCTUTHYTHIN y#e celivyac, NO3BOJNAET HaM BBIJENUTb Pa3iUYHbIE YPOBHU
BpeMeHHU: BpeMA, BbIpaxaeMoe MOHATHEM KIACCUYECKONH HIU KBaHTOBOM
MeXaHUKU, BPeMA, CBA3aHHOE C HeoOpaTUMOCThLIO Ipollecca vepe3 GyHK-
nuto JlanyHoBa, U BpeMms, XapakTepH3ylOlllee «HCTOPUIO» CHUCTEeMbl 4epe3
6udypranuu. fl nmonaraim, 4To Ha OCHOBE NpPOBEJEHHOr0 BbIle BblJeNeHUA
Pas3NUYHBbIX KOHIENUI BpeMeH! MOMHO JOCTUUDb Jyulleil HHTerpanuu Te-
opeTHuecKoll GU3UKU M XUMHU C APYTUMU HayKaMU O IPUPOJE, YEM 3TO
UMeeT MeCTO CerofiHA.
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