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IIPEJINCJIOBUE PETAKTOPA INEPEBOJIA

HKnaccuueckana TepMonmHaMAKa fIBISETCA MONIHEIM CPef-
CTBOM HCCIle[ioBaHmsA OGpaTHMEIX IpomeccoB. MoryimecTso
TEPMOXMHAMHAYECKOT'0 METOJA COCTOMT B TOM, YTO OH IIO3BO-
JAeT TOJY9HuTh OCHOBHEIE 3aKOHOMEDPHOCTH KBAa3HCTATHYe-
CKAX OPOUEcCOB, He BCKPHBasg HMX MOJEKYJIAPHOTO MeXaHM3-
ma. Bronme ecrecTBeHHO BO3BHMKAeT HueA O HEOOXORHMOCTH
CO3[{AHAS AHAJIOTHIHOTO MeTONa JJIA MCCiIefoBaHHs HeoGpa-
THMEIX TPOIECCOB, KOTOPHIe JJIA COBPEMEHHOM TeXHHKH TIpef-
cTaByAKT GONBIIOH HETEpec.

B pesyunerate paGor riaBHEIM 06pasoM OelsrmECKAX
u romnauackax ¢usmkos (Omsarep, pe Houpe, Ilpmrommu,
Hedait, ne I'poor) B Hacrosmee BpeMsa TaKoi MeTOX HCCIEHO-
BaHWS] CO30aH M TOJIYYHJ CBOE OKOHYATENbHOE OPOpMIECHHE
NOJ Ha3BaHMEM TEDPMOJAMHAMAKH HEOOPATHMHIX IIPOIECCOB.
XoTrs 3TOT MEeTON He JOCTHT TOH IOJHOTH M CTPOTOCTH, KOTO-
pBle CBOMCTBEHHH  KJIACCHIECKOMY TEPMOAMHAMHYECKOMY
METOJy, OH ¢ yCHOeXOM IPAMEeHAeTCA IS HCCIeJOBAHMA SBIe-
HAW TePeHoca, XHMHMYECKOH KHHETHKH H HEKOTOPHX JPYTHX
QH3NKO-XHMIIECKHX TPOIECCOB.

B ocrome meroma TepMommHAMEKE HeOGpPAaTHMEIX mporece
COB JIeKaT Ba NPHHOANA: JWHEAHEIH 3aKOH M COOTHOMICHHE
B3auMHOCTH Omsarepa. CoriacHo JMHEHHOMY 3aKOHY CKO-
POCTH v NPHUONMKEHAA CHCTEMH K COCTOSIHAIO PaBHOBECHSA
IpPOMOPHUOHAJIbHA TePMOAMHAMAYECKOR ABIKYyIUed cume X,
KOTOpas MOeT OHTH BHpaskeHA Yepes IPajdeHT NOTeHIHasa
(yReTbHBIA TOTOK dIEKTPAYECTBA HPONOPIHOHATICH I'PATHEHTY
MOTeHIHAJa HIIM HAIPS;KeHHOCTH MO, AP Y3MOHHBIE TOTOK
OPONOpHMOHaJIeH TPafne Ty KOHNEHTPAMH U T. A.). JInHeARE i’
3aKOH sBjAeTcA 0000meHmeM SMOAPAYECKAX 3aKOHOMEPHO-
CTeH, YCTAaHOBJEHHBIX [JIsi CACTEMHl, COCTOSIHNE KOTOpOit mpH-
6mxaerca k cocroaEmio pasHOBecHs. CieoBaTeNIBHO, JIMHEH-
HEIi 3aKOH MABJAETCSA OYKCOCPHMEHTANLHHM 3aKOHOM H He
HMeeT CTPOrod TeoperTwuecKod OCHOBH. OnHaKo, Heo6XOXHEMO
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OTMETHUTh, 9TO JHHEHHEK 3aKOH MOXHO BEIBECTH M3 CTATHCTH-
9eCKO# Teopmu (UIIOKTyaluil, eclIM COCTOSHmE CHCTEME
OIM3KO K COCTOAHHUIO PaBHOBECHA.

llpn Hamnmyud JEedCTBAA HECKONBKHUX BIKYIINX CHI X,
CKOpOCTh  ; npnﬁnnmeﬂnﬂ CHCTEMBI K COCTOSHHIO paBHo-
BeCHST COTTIACHO JIMHEHHOMY 3aKOHY MOKeT OHITH IpemcTa-
BJIGHA B BHUJIE CIEAYIOmMeil CyMMEL:

v,=2L;;X,. (I)
)

JmaroHajbHEIe WJIeHH XapaKTepusyloT npaMoir sPdexr,
COOTBETCTBYIOIMHA OCHOBHOH JeficTByIomelt cmie, a mepe-
KpeCTHBle WIeHH-—BIHSHEE Hajaraiomax asjiemi. OTmemnn-
HEle IpAMeHeHuA cooTHOmeHws (I) ObLIA W3BECTHHL [AaBHO, HO
obmaa ¢dopMmyimpoBKa jammeiiHoro saxona (I) 6mza Buepsnie
JaHa B TePMONWHAMHAKe HeoOpaTmMeIX mpomeccos. Tepmomm-
HaMHMYecKas [BWKYINASA CHJIA ONpPEeMesigerTcs W3 OCHOBHOIO CO-
OTHOIIEHNS TePMOTAHAMAKA HeoGPATAMEIX ITPONMECCOB: MPOU3-

BeicHAE CKOPOCTHM BO3pacTaHUA SHTpommu S Ha aGCOTIOTHYIO
TeMOePATyPy PaBHO CyMMe IPOW3BeleHWil ABIKYINAX CHII HA
CKOPOCTh NPUOIMKEHHA CHCTEME K COCTOSIHHMIO PABHOBECHS

§— 1 Z X0, (1)

Bocno.m;e.orzanmucs COOTHO]I[eHHeM (I), momygaem:

2 L,X.X,. (111
i, J

[Mockonery §>0, cymma B coormomenun (I1I) asmisercs

CYIIECTBEHHO HOJIO}KUTEIHFHOM BeJIMIAHOMN.
BropeiM mpmHOETOM TepMOZWHAMEKYM HeoOpaTUMEIX IIPO-
LEeCCOB SIBIAAETCH COOTHONEHWE B3AMMHOCTH
Lij:Lji’ 1v)
I3 KOTOPOro cJjieflyeT, YTO HepeKpecTHbe KHHETHYECKHe
ko3dunmentst L paBHEL ITO COOTHOUIEHWE OBITIO JOKA3aHO
Omn3arepoM ¢ IOMOMBIO CAMHX OOINWX IOJOMKEHHH CTATHCTH-
gyeckoil MexaHmke. IIpmHnmn BsamMHOCTH ecTh OoToGparkeHme
MAKDPOCKOIMYECKOH 00paTHMOCTH, T. €. B YCIOBHAX paBHO-
Becusi JI060M MOJIEKYJISPHEIA HMpomecc W mpouece, oOGpaTHHIH
HAaHHOMY, IPOTEKAIOT B CpelHEM ¢ OXHHAKOBOH CKOPOCTBIO.
"Ha amux ocHOBammaAx Owia paspaGorana ¢opmaibHas
TEOPHs CKOPOCTH HeoOPATHMEIX IPOIECCOB, KOTOPad YCIeNHO
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OpHEMeHseTCsT K sBIeHAAM NepeHoca M XWMHYeCKOH KuHe-
tnku. [Ipm 3TOM OCHOBHEIM ypaBHEHWEM II€pEHOCA ABJIAETCHA
nrpdepeHIEanTbHOE YpaBHEHAE NBIKeHNA 3YHTPONHMH, KOTO-
poe B otamyde oT AuddepeHNUATBLHOTO YPAaBHEHAA ABUKEHUS
SHEPrAW YMOBa WMEeT JAOMONHUTENBHBIH WIIEH, BHIPAMKAI0-
Ui OOJIOMKATEHHHE MCTOYHAK 9SHTPOIHME (BO3pacTaHme
DHTPOLUHUHA B HeOOpaTHMHEIX IPOLECCAX).

3aKOHH K/IACCHYeCKOA TEPMOJAHAMHKA MOI'YT OHTH 06oc-
HOBaHBl IPH IIOMOIM METOJOB CTAaTHCTHYECKOW MeXaHHKH,
TOITOMY HEKOTOpHe HCCAENOBATENN CHJIOHHBL CUATATH KJIAC-
CHYECKYI0 TEPMOJMHAMHAKY 49acTh0 CTATHCTAYECKOH MeXa-
Huka. MoneRynfapHO-KAHEeTHYecKAas TeOPHA TeIvla jaeT He
TONHKO HATIIAHOE (m3mdecKoe TONKOBAHME OCHOBHEIX COOT-
HOMEHA TepMOAUHAMAKY, HO ABJAETCA HEKOTOPHIM JIOIOJI-
HeHMEM K BHIBOJAM M Pe3yJbTaTaM KIACCHICCKOHR TepMo-
AMHAMAKE. Y CHEITHOe COYeTaHme STHX MeTONOB TO3BOJIAET
Gomee TIyGOKO M JMeTaNbHO mM3ydarh pAK QuU3HYECKHX N
PUBMKO-XIMAYECKAX sABIeHWH. AHAJIOIMYHYI0 DPOJIb HIrpaer
DIIEKTPOKHMHETAYECKAS TEOpUA Tenja IO OTHOIEeHAIO K TePMO-
OAHAMIKe HEeOOpAaTAMBIX IIPOLECCOB.

Ocuosuoe coornomenne (II) pmma BEOOpa ABIKYyMHEX
CHJI HETMOCPEeICTBEHHO BHITEKAeT M3 IPHHIMIA BO3PACTAHHA
MOJIEKYJIIPHOM DIIEKTPOKMHEETAYECKOM SHePIAY 3a CUeT YMeHb-
IIeHAA MOJEeKYJIAPHOH 3JIeRTPONOTeHINANEHON SHEPrAn B He-
PaBHOBECHLIX IpomeccaxX (B COCTOSHHUM PaBHOBECHS BHIIOJ-
HAETCA B3aKOH PABHOMEPHOro pachpefeneHmsa sHeprmm). Io
9JIEKTPOKMHETHYECKON TEOPHH BellecTBa JI000H mpoIecc
IepeHoca MOKeT OBITH KOJMYECTBEHHO OIMCAH ¢ IIOMOIIBIO
MOJIEKYJIADHOT0 00OMeHa BJJIEKTPOMATHHTHOW oHeprmeil. Hpm
3TOM H3MEHEHMe MOJIeKYJIADHOH# 9.1.Cc. HMHAYKOUH, KOTOpOe
MOkeT OBITh NUPHHATO B KadeCcTBe IOTEHOWAZIA IEePeHOCA,
TIPONOPIIOHANIBHO CKOPOCTH BO3DACTaHEA JHTPONHE (TEPMO-
IWHAMHIOCKasdg TeMmeparypa IPONOPIUOHAJIBHA CTAaTHCTHYE-
CKH YyCpeqHEeHHOH MOJIeKyJspHo# 9.x.c.). Takmm oOpasom,
B3aMMOCBS35 MEKIY OTAeJBHBIME BHEAAME IePEHOCA HEIOoCpes-
CTBEHHO BHITOKAST U3 MOJIEKYJISPHOIO MeXaHm3Ma OOMeHa.

Hecrkonpko wmHOe HampaBieHHe B DPasBOTHA TePMOJHHA-
MAKE HeoOparMMHX OPOIEcCOB, KOTOPOEe TOMKEe TeCHBIM obpa-
30M CBSI3aHO ¢ YJIEKTPOKWHETHIECKOH Teopmeil Temia, GBLIO
naso B paborax A. V. Befinuka. Bvecro snTponmm A. . Beii-
HUK TpejjlaraeT WHYK TePMHYECKYI0 KOODJAHHATY COCTOA-
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HOA—TepMUYEeCKRi 3apAf FE, KoTophlil OXHO3HAYHO CBs3aH
¢ TeMIepaTypoi CACTeMH Hepe3 TepMoeMKocTh ee « (d L = dT).
TenmoofMeH paccMaTpHBaeTCA KAK IPOLECcC pacHpocTpaHe-
d¥sg B TeMIepPaTypHOM IOJNe TepMHYECKOTO 3apsaja, Beuu-
YpHAa KOTOPOTO B YCJIOBHAX CTAHWOHADHOH HECTATHIECKOH
TEMJIONPOBOJHOCTH COXpaHgeTcs HemaMeHHoil. Pacmpocrpa-
HeHMe 33pAAA CONPOBOMAAETCA COBepHIEHHeM TepPMIYeCKOM
paboTH IPOTHB MOJIEKYJIAPHHX cwil. B oramume or 9HTpOIHH
TepMuUecKuil 3apaAx oblagaer CHOCOOHOCTRIO BO3PACTATDH
M YMEHBINATHCHA 3a CcYeT ADPYT'EX GOpPM [BEKEHHA MATEepHH.
Mcnonp3oBanue upen O CyMeCTBOBAHMA TEPMUYECKOIo 3apana
03BONAET H3YYaTh METOJAMH KIIacCHYSCKOH TepMOJMHAMAKA
HecTaTAYecKue IPOIECCH Temo- M MaccooOMeHa.

BricTpoe passurue TepMOAMBAMEAKE HeOOPAaTHMEIX I1IPO-
1eCCOB He sBJIAETCH CIIyYyaiHBIM; OHO BEI3BRHO HACYHIHOM
HeOOXOJMMOCTBI0 pelleHHMs pAJa BaKHHX 3a7av  HOBOM
texumkn. llpeparaeMas BHUMAHHIO 4YHATaTeJell MOHOTpa-
¢us me ['poora smBasierca BTOpodi NePeBORHOH KHETOH 1O
TCPMOJMHAMIKE HEOOpPATHMEIX IPONeccoB™).

B ornmume or kumrm [lemfura B HacTosmel MOHOrpagum
[AHO MOJIHOe M CHCTCMATAYECKOe WM3JI0KEeHHe OCHOBHEIX IOJIO-
JHEHHH TepMONUHAMEKHA HeOGpaTHMBIX IIPONECCOB H ee Ipd-
noxennit K ¢msnxe mw xumpmm (ra. 111—IX). Ilpu sTom wam-
Gomee ofmue BOIPOCH TEOPHY pPACCMATPMBAIOTCA B KOHIE
kamra (tx, X—XI1). B pocrarognoil Mepe OCBemleHa Mare-
MAaTHYECKAsl CTOPOHA TeopuH, 4ero Her B KHure [[enbmra.

TTocne mogpoGHOro 03HaKOMIeHUA ¢ MoHOTpapumeir ae I'poo-
TA YATATENh CMOKET pa3ofpaTbesa BO BeeXx paborax IO TepMO-
[MHAMAKe HeoOPATHMEIX IPONEeccOB KaK B 007IacTH ee Teopuil,
TAK B TpWIoeHni. JTa KHUra IpefcTaBidger HHTEpec He
TONBKO ANA (U3WKOB M XUMEKOB, HO U Njid Goiee MHUPOKOro
Kpyra umrareseil. Baarogapsa mogpo6HOMY ¥ cuCTeMaTHYe-
CKOMY HW3JI0KeHHIO OHA JOCTYIHA MJIA HMHKeHCPHO-TeXHmde-
CKIX pPaGOTHHKOB, KOTODHE MOI'YT C yCIeXOM NPHMEHUTH 3TH
METONB HCCICNOBAHMA JJf peuweHns BaKHCHIIEX 3ajav
COBPEMEHHOH TeXHUKH.

*) Cm. K. [ en Gur, TepyoguHaMuKa CTAUHOHAPHHX Heobpartu-
MuIX npoueccos, WJI, 1954.
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3a mocmepume [ecATh JET MaKPOCKOINMYECKaA Teopua
Heo6paTAMEIX OPOHECCOB IPEBpATHIIACh B 3aKOHUCHAYIO T€O-
pmo. Ona 06asgpyercA HA J[BYX OCHOBAaHMAX, KOTODHEe
OmMIE yCTAHOBNEHH paBbmie, deM Obuia cdopmynmposana
camMa Tteopwsi. Bo-mepBEX, BBeJeHHe HePAaBHOBECHHX TEPMO-
AMHAMAYECKHX (YHKIWH [Jajlo BO3MOMKHOCTL YCTAHOBHTH
NOHATASA NOTOKA OHTPOIHNA ¥ BO3HHKHOBEHHS JHTPONNH,
a 3aTeM Ha OCHOBAHHM YTHX NOHATHH COCTABUTh YypaBHeHHe
Gamauca 9HTpouMA. Bo-BTODHX, TepMOgmHAMHKA HeoOpaTH-
MBIX @mpomeccoB ©Oasmpyercad Ha COOTHOMEHHAX B3aHMHO-
cra Omsarepa, T. e. H2 MAKDOCKOUNYECKHX paBeHCTBAX, KO-
TOpHEe ABIIIOTCA CIECTBHEEM MWMKDOCKODHMYeCcKoi obparm-
MOCTH.

Jtu [Ba OCHOBAHHA ONPABIHBAIOT HA3BAHHE TEOPHH KaK
«repMOAmHaMuKE HeoGpaTEMEIX mponeccoBy. IIpmmio Bpems
Aarh ee ONMCAaHZAe, TAK KaK B HACTOAINee BPeMA TOT Dasfien
¢wsuKEM H XEMAR B TOJHOH Mepe BBIKPHCTAJIIN30BAJICA.

Ilepssie paBe rilaBel HOpeflaraeMoil MoHorpagum Ha0T
IpeAcTaBileHAE O Pa3iAYBEIX TPAaKTOBKAX HeoODaTHMEIX IIPO-
IeCCOB M OCHOBHEIE HOJIOKeHHA HX TePMOJMHAMHYECKOH Teo-
pun. B creaymoumux ceMi IiIaBax mceaegyerca G0AbIIOe KOIMU-
YeCTBO NIPMMEPOB, BRIIOYAONIMX Hambolee BasKHBIE HPHIIO-
MeHAA QU3MKA ¥ XuMmd. B AByX mocieiHHX IaaBaxX HMCCIe-
KYIOTCA HECKOIbKO Gojllee mEPOKWe BOWpOocH ¢ Gosee obmiei
TOYKHA BpeHAS 10 CPABHEHHIO € UpPeJUIeCTBYIOINeH 4YacThIo
KHATH,

Pacopepenenne marepmana IO OTAEJLHBIM IJIaBaM fAB-
JfAeTcH B M3BeCTHOR CTeNeHH NOPOE3BOJIEHEIM, HOTOMY 9TO
MHOrme u3 pas30HpaeMBIX OPHMEPOB NPEACTABIAIT CO00H
CIIOMHBIE TPOMECCH, KOTOpHe MOTYT OHTE OTHECeHH K pas-
HEIM rpyonaM gBieHmil. Paspenenme marepmana mo riaBaM
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OHPEAeIAJIOCh TIIaBHEIM 06pa3soM mo BajKHOCTH HCCIIELyeMEIX
OPHJIOMKEHMA ¢ TOUKM 3peHmsa ¢msukn. [Ipm wmanosxeHmH
MaTepmasia ORUIM NPHHATHL MEPH K TOMY, 4TO0bl 110 BO3MOK-
HOCTH CEJaTh KayKAyI W3 TIJaB HE3aBHCUMO# OT JPYTHX.
9T0 06CTOATENLCTBO JaeT TO NPEMMYLIECTBO, YTO Kamuas
rjaBa MOKeT YATATHCHA CAMOCTOATENIHHO, & TAKMKE H TO, 4TO
o0mas MeTOAWKA MCCIIeJJOBAHAA MOKeT GHITH OCBOEHA IO pas-
JIAYHHIM IJIaBaM.

UnraTeAM NpeOCTABIIAETCH BO3MOKHOCTH LpPOpadaThi-
BaTh KHATY B TpeX pasjW4yHBX KoHmeHrpax. Ilasa obmero
3HAKOMCTBA C TEPMOJIMHAMHUKON HEOOPAaTUMBIX IIPOIECCOB
BMeCTe ¢ [BYMSA OPOCTHIMH NIPUMePaME DPEKOMEHAyeTcs Hpo-
paborath B mepBoM KoHmenTpe §§ 2, 9 m 57. Bropoir xom-
IeHTD OpejlHa3HAYAETCA JJIA TeX, KOro He HMHTepecyeT CTaTH-
cTuueckoe 060CHOBAHHE TEOPHM ¥ KTO [PHHAMAET TeopeMy
On3zarepa Kak moctysar (Tak jke, KaK 9TO JeJaeTcs ¢ OCHOB-
HEIME 3aKOHaM# TepMojpuHaMuKmu). OHE MOTYT IPOIYCTHTh
pasjielisl, Kacaolaecs CTATACTHYECKOR Teopny, U naparpagsl
fonee crnenuaJLHOIO XapaKTepa, KOTOpHE OTMeYeHHl 3Be3[04-
wamn. TpeTmit KoHmeHTp BHIIOWAaeT Bech TEKCT MOHOrpadmm.
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A—XIMHYECKOe CPOACTBO
Aj—XnMHYECKOe CPOLCTBO PEaKIu: ;
B-—MarsaTaoe noJje (MHEYKTABHOCTB)
Cp~—KOHIIGHTPALMsA KOMIMOHEHTA Kk (B JOJIAX MACCH)
do——BHEINHEe H3MEHCHMe KAROU-THO0 BeTHUMHEBI
d; — BHYTpeHHee H3MeHeHEe KAKOU-TH00 BeImuuHbl
D{, —xoappnnuent TepMonuddysun
Dy, —KoapPunnenT rpasuranunonHol xuddysun, OTHECEHHOH K 10~
JIAM MaccChH

DY, —Ko3PUIUEeHT IPABATANNOHEOH muddysan, OTHECCHHEIH K KO-

JSAM MOMA
Di; —xospdunment monexynapHoil auddysun, oTHeceHHEH R A0-
JIAM MACCHL
D" —xospdumuent MomeKynApHOH muddysum, OTHeCeHHHH K o~
1AM MOJIA

€~ CYMMApHEIl YAeJNBHELE BIICKTPHICCKUA 3apAax
ep, —YACTBHBIHA 3/IEKTPUYSCKANA 3apA] KOMIIOHEHTA k
ep — IIeKTPAYECKAH B3apAJ] KOMIOHEHTA Kk, OTHECEHHBIH K rpam-
MOJIeKy/1e
E —sniekTprueckoe nose ‘
Fyp —BHemHAsA cmna, OTHECEHHAsA K e[MHUIE MACCH KOMIIOHEHTA k

Fj —HesleKTpHYecKkasd BHEMHAA CHJA, OTHECEHHAs K eJUHHIE
Macchl KOMIOHeHTa k
g —ynmeapHasa Qyuxuua I'mGGea
h—ynensHad PHTAIBIAA
hyp —TAPUAATLEAA YHENLHAS SHTAJILOEA KOMIOHEHTA k
H —cymMapHad BSHTAJIBIOHSA
I —cuia 9IEKTPAYECKOTO0 TOKA
Ip—ciaraeMas CHJIBl BIIEKTPHIECKOTO TOKA OT KOMIOHEHTA k
J;—T1OTOKA B HeOOpPATEMHX HpPOLEeccax
J.—CKOpOCTE OZWHOYHOH XHMHYECKOH peaKknum B eNEHAOAX
MAacCHl 32 €IMHEIYY BpeMeHH
J j—CKOPOCTb XHMHYECKON DEAKNMH ; B eAHHHIAX MACCH 32 elu-
HAIY BPEMEHH
Jp—TOTOK Macch KOMIOHEHTA k B eUHANAX MACCH 33 eIHHALY
BpeMeHU
J 3 —IOTOK MacCH B €AMHANAX MACCH 33 eIMHHILY BpeMeHR
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J 34— peolpasoBaHHHA MOTOK MAcChl

Jq—TenoBoil MOTOK 32 eAWHHIY BpeMeH:
Js, Jg-—TNOTOK DHTPONHME 33 efHHUIY BPeMEHH
Ju, Jy-—1II0TOK 9Heprum 3a eJNHANY BPeMeHH

J {;— npeobpazoBaHHEIA JIOTOK SHEPrHu

J| -— CKOPOCTh XMMHYECKOH peakInH B pesepsyape | B epuumuax
MAcCH 33 eJHHMIY BpeMeHm

Jc—CHOpPOCTh OJHHOUYHOH XHMHUYECKOH PeaKluu B CIUHANAX
MAccsl 32 GQMHALY BpeMeHU B eamHmue o6nema

Jp—OTOK Macehl KOMIOHEHTA & OTHOCHTENbHO UEHTPA TAMECTH
B eIMHMIAX MacCchl tepe3 ©MHUNY CCYCHHA B eJNHANY
BpeMenn

Jq— TensI0BOH MOTOK 4epes eJMHHIY CeueHUA B eAMHHIY BpPeMeHn
Jy—TemnoBOH  IOTOK, BKJIOUAIOMAN IOTOK SJIEKTPHYECKOM
9Hepruu
Js—10TOK SHTPONMM Uepe3 eIMHUILY CeYeHAA B eAHHHIY BPeMeHH
J,, —NOTOK DHEPrAU Uepe3s eNWHHIY CEUeHAS B CUHUIY BpeMEHH
k—mnocroAnHasa BoabnMaHa

kp— tepmoauddysHoHHOE OTHOIMICHHE

L — eHoMeHOIOrAYeCKUI KO3 (PAnmenT

L{, —npeoGpasopaunsiil ¢enoMenoTorudeckuit koagduument

L —Tens0op cyMMapHOH TeINIOIPOBOXHOCTH
L®— eMHUYHKI TEH30P TEINIOPOBOJHOCTH

Mp-—macca KoMmmoHeHTa k (WM MOJEKYJIAPHBIA Bec KOMNOHECH-

Ta k)
M — MONIeRYJIAPHEN Bec
np—IOJsT MONeH KOMIOHEHTa k
P — nasiienue

P;p— TeH30DP BAKOCTHOI'O AABJICHAS

dg—renmora, coobimennas eJIMHHMIE MACCH
dQ —3Bca coobulcHHAA TEMI0Ta

Q* — TemwIoTa NEpeHoca

QFf —TemIoTa NEpeHoca KOMmoHeHTOM k (Benmumaa Q% B ra. V u
VII amajormusa, HO He PaBHA TOH, KOTOPas TAaK ke 00O3HA-
YeHA B JPYPHX TJIaBax MoHorpadnn)

Q}* — nIpEBeJieHHAA TeNJIOTa Neperoca KOMIOHEHTOM K (BeMviua
Qf* B ra. V m VII amamormusa, HO He paBna TOH, KOTO-
pas TaK ke 0003HAMEHA B APYFHX IJIaBax MOHOIpadH)

£ -—CYMMAapHH yJCJIBHEIHA TEH30D CONPOTABIEHAS

£ — eUHUUHBIN yAENbHEH TEH30p CONPOTHRJICHHUS
R—rasoBas NMOCTOSIHHAA

§—yHellbHAA SHTPONMS

sp—Koapduouent Cope

sy — MAPIEAIBHAA YJACABHAS DHTPONHMA KOMIOHEHTA Kk
$p— BHTPONAA eZUHANE oOBEMA

§ —cyMMapHAA 9HTPOMHSA
S* —BHTpPONIHA IEPEeHOCA
S$% —9HTpPODAA TEPeHoCa KOMIOHeHTa k



HNPOHATLIE OBOSHAYRLIIH

t —Bpens
tp— IOJISL LOTOKA 3JTeRTPHUCCTBA, IMePeHecenioro ROMIoHCHTOM k
T —remmeparypa . .
U-—YACIBHAsE Hepras 0es yyeTa KUNETHUeCKOH pHeprum Ani-
JREHMHSL 1(eHTPa TAKCCTH U YICKTPHYECKON SHEPrau
1 — YACABHA DHCPIHd, DBRIOUAIOMAH JICKTPAUECKYIO SHCPTHIY
up — DAPIHAIBHAS Y 1e/bHAS BHePrus Komuonenrta k
Uy —TAPLUHAJILHAS  YACIBHAS 9HCpruA KOMIOHeHTa F,
IOIAs 3CKRTPHYCCKYIO YHEPrHIO
lgoy -— CYMMAPHAA yAeNBHAN JHCPrHs, BRIOYAIOWASN KUHETHYLCKYO
BHEPTUIO JABUKCHUA YICHTPA TAACCTH
Uy-—DUIePrud CIHHMIBL 0OBeMa
U —cymMapuas sHepras
U*-—suepmm nepeHoca
U¥ —»5Heprus XxuMmHueckoro npespauicnus
Uf —oneprus mepenoca wommonenta k
U— yACIBUBIL 00BeM
Up — MAPUMATLIBI yACIbHBIN 00heM KoMmonenta k
V.- CROPOCTH MEHTPA TAMCCTH MAcChl
Vi — CROPOCTL KOMIIOHCHTA A
V — noadsili 06bem
2 — H0JSL MACCHl KOMUOIeHTa k
X —cmin B 1eoGpaTHMBIX nponecray

BRIIOYA-~

Xy —cnaa,

CONPARCHNAA C

UOTOROM S}

Xy —cuaa, coupstmentan ¢ motoxom Jy
Xy —onma, coupsmenias ¢ noroxoxm J
Xy —CHita, COUpAKEHHan ¢ HOTOROM J,,
Xy—cuna, coupsRelmast ¢ 1LOTOROM Jy:
U g
X{;—cuia, conpsukenuast ¢ noTowos Ji;
Xp——CH1a, COMPAMKEHHAH C NOTOKOM Jp
X —CHIIA, CONPAKEHHAA ¢ IOTOKOM Jp
X, —CHJIA, COMpSAKONHAA ¢ HOTOKOM J, WM ¢ norokoy J,

(7) —BePXHUIT BHAYOK, TOKABBLIBAIONME BHAYCHME BQ*IH‘!HHH or-
CUNTHIBAEMOM OT CMOHICUTOrO HYJTIA OTCYeTA
a—repMoanddysuonustit garrop
@i -~ OTRIOHCHUC BHAEHNA HAPAMCTPA COCTOSIHHA OT CTO 3HAYe-
THA NPH PaBLHOBECHH
&~ RO3pOUIIMCHT DTTHHTAY3eN
N —KO3PPUIUEHT BSI3KOCTH
L —RO3QQUIIENT 2IIeKTPOLHPOROIHOCTH
A — KOPPPHUHENT TEMIONPOBOAHOCTI
¢ —XEMHYECKHH MOTEHTUAI eMHHLE MAGCH (yAedbnas Qyux-
nusi MudGea)
Pp~—XUMAVECKUH MOTEHUHAI eFHHHLLL MACCHl KoMmlloHenTa k
(maprmanpnas ygemsnas Pyuwnus 'u66ea)
p— XHMUYECKRIT MOTeHIHas, OTHCCeHHBIH K eHHIIIe MACCHl KOM-
TIOHeHTa Kk M BRIIOYAIONIHI 37IEKTPHUYCCKYIO BHCPTHIO

4, — XHMUUECRHIl FOTCHINA, OTHECENHHE K MO0 KOMNOHEHTA K
v— Koaspdunuent Hepuera

C. . ne T'poor
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g ——BeJIRYNHA, NPONOPIHOHANLHAS CTEXHOMETPUYECKOMY Ko03(-
drumenty KOMIOHEHTa k, [eTeHHOMY Ha MOJTeK Y IAPHBIH
Bec KoMuoHeHTa Mp

Vi — CTEXMOMeTPHYeCKHH KoapPuuuenT KoMnonenta k

“gpj~—BEJIHYWHA, NPONOPIHOHAJIBHAA CTEXHOMETPDHUCCKOMY K03(i)‘

(UUHENTY KOMIOHeHTA Kk B ypABHEHMH XHMAUeCKOH peak-
UM 7, JIeTeHHOMY Ha MOJIEKYAADHBIA Bec M,

£—creneHb MOMHOTH XMMHIECKON peakiunm

§j— cTemeHh UOJHOTH XUMHYECKOH DEARNUH ;

&
. JM o ) o ,
d;]‘ —~>—dt— — BeJAn4UHAa, xapahTepmy onas CI\OPO(/TB passurTna
XI{IMH‘{OCKOI./’I peah‘mm
. JilM ]
(lx;j::d—t ~— BEJIMYMHA, XaPAKTEPH3YOLAS CROPOCTH PACIPACTpa-

HeHMA XUMHIeCKON pearmuu ;
Tip — TEH30P, BKIIOYAIOINE TEH30p BA3KOCTHOIO ;ABIEHAA U TeH-
30p TUAPOCTATHYECKOIO HABICHHA
IT —renmyora IleabTre
p —ILIOTHOCTh B €MMHUOAX MAcCH HA eJUHHNY ofsema
0, — INOTHOCTH KOMITOHeHTa k

Th
¢ -—-BO3HHUKHOBEeHHE DUTPONMNA R eJUHATIe ofbeMa 3a eJuHuny

BpeMeHn
oy — remaora Todcona B Meramie A
g — TeH30P 3JeKTDPONPOBOIHOCTH
¢ - DIEKTPUYCCKAN IOTeHLHAA]



IF'''TABA 1
BBEJIEHIE

§ 1. Teopnn meoGpaTuMbix npoieccoB

Haspanue npepsaraemoir MOHOrpaum Mos;keT HOKA3aThCH
CTPAHHBIM IpEK/AE BCETO HOTOMY, uTo OOBIYHAA TEPMOXMHA-
MK HCCIeAyeT MOYTH MCKIIOUUTEILHO COCTOAHMS PaBHO-
BECHA W LEPeXOf U3 OJHOTO COCTOSHMA B JIpyroe, T. e.06pa-
THMBIE IPOUECCHl. B GONBMIMHCTBE KHWUT [0 TepMOAWHAMEKE
TOBOPUTCA TOJIBKO O HAMpPABIACHAM HeOOPATHMBIX IIPOHECCOB.
A oObluHON TepMOAMHAMUKN NO3TOMY GOJIee IOAXOXALIAM
FIBIIACTCA HA3BaHWE TepmocTaTHKa. HeroTopsle aBTOPH HOJb-
3yloTcAa 9THM HassaHmeM. B namHoit Monorpagumu raxmke ymo-
rpeGiserca »To Haspamme. UTO KacaeTcs TePMEHA (TePMO-
UMHAMHAKA», TO OH HPHMEHFAECTCHA B COOTBETCTBHEH C €I'0 GMBIC-
aoM. Bo BesikoM cnywae, oOBUHAS TepMOCTATHKA He 3aHMA-
MaeTcsl TeOpMell HePaBHOBECHBIX MPOLECCOB.

CymecrByer Gombmoe KOIMICCTBO (PEHOMEHONOIMICCKAX
3aKOHOB, ONHCHBAIOIMX HeoOpaTMMEe HpoLeccH B (opme
IIpONOPIUOHANBHOCTEH, KaK, HanpuMep, 3akoH Dypre o mpo-
MOPIMOHAIPHOCTA TEIJIOBOI0 TIOTOKA TIpajWeHTy TeMmepa-
TYPH, 3akoH (DHKA O HPONOPUUOHAJBLHOCTH MOTOKA KOMHO-
HEHTa CMeCH I'pajiueHTy KoumeHTpaumuu, 3akod Oma o mpo-
HOPIUOHANBHOCTA BIICKTPAYECKOr0 TOKA I'PAJAEHTy HOTEeH-
nnasa, saxoH Heloroma o mpomopuumonansHocTH BB BHY-
TPOHHEr0 TPeHHA IPAJAMEHTY CKODOCTH, B3aKOK O WPOMOP-
[QHOHAJILHOCTH CKOPOCTH XHMMAYECKON PEAKIAM TIpajmeHTy
XUMAYECKOT'0 IOTeHIHafaa.

Horma psa wmmw Gomeme Takmx spreHms TIPOTEKAIOT
OAHOBpEMEHHO, OHM HAJAraloTCA APYr HA [APYra H BH3H-
Balor mossinenme HoBoro sdderra. Tarxmm sddextom oxa-
SBIBRIOTCsI, HaNpUMep, TEPMOBJIGKTPHYECTRBO, BO3HHKAIOIIEE
OT HAaNIOXKeHWS TeINIONPOBONHOCTH M BIIEKTPOINPOBOJHOCTI,

2%
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opdert IlenpThe (mOTMOMmEHME WM BHIOIEHNE TCIUIA CHAS-
MH MeTajUIOB OpU IHPOXOMJICHAW MO NENH 5IeKTPHUC-
CKOTO TOKA) H TePMODJIERTPOABIDKYIAA CHJIA, BO3BIIIKAIO-
mas, KOTAa CHal IOAJeP:KMBAIOTCS IPH PasHOoil reMmepa-
Type. JpyrEM Xopomo H3BeCTHBIM UPAMEPOM HAIIOMKCHIIS
ABIAITCHA JAPPY3HT HW TOIJIONPOBOTHOCTE, BHSHIBAIOLINE
nosBieHne TtepmonudPysnm, uaseisaemoir sfdexrom Cope
(rpajmeHT TeMiepaTyphl BHI3EIBAET NOSIBJICHAE TI'pajHeHTa
KOHIIEHTpamun, 0coGeHHO B KOHAEHCHPOBaHHOM (asze), m cro
HPOTUBOTIONOKHEE 3Qdert—addexrr [lofopa (rpagment wonu-
IeHTPAIMA BHIBBIBAET IOABJIEHNE IPafueHTa TeMIepaTyphl).
Huddysmonnsiii moreHuman upepcrTaBiser coboi  HpuMEp
HasoseHnss nuQysum um smexrpoumposogHoctH. K aTomy e
Kjacecy ABJIeHMH OTHOCATCA TEmIONPOBOMHOCTE B OJHOM
HAaOPaBJICHAA aHA30TPONHOIO KPHUCTAIIA, BOHHKAIONAs Gia-
rogaps TeMmepaTypHOMY TPajiieHTy B APYyrOM HANpPaBJICHWH,
n obparHblii addexrr, mpu Koropom o6a HampaBIeHHS Me-
aaoresa. CymecTByeT MHOrO JPYTHX SBIGHHH TaKOLO sKe
nopsinka. Hexoroprie m3 Hmx ommcaHBl B 3TOH MoHOrpadmu.

IpderT HATOMEHHA MaTeMATHYECKH ONHCHIBAETCH IyTeM
npubaBIeEnA HEKOTOPHX YJICHOB K ()eHOMEHOJIOTHYeCKIM
3aKOHAM, YNOMAHYTHIM Beme. Hampumep, mms  Tepmo-
nuddysnn k npapoil yactu 3akona Mukra npubasnsercs dicH,
OPOMOPUNOHANLHEIN IpafineHTy Temmeparyps. CrepoBareinn-
HO, HOBHIA 3aKOH BBEIpa)KaeT, YTO IIOTOK MACCH BOBHHKAeT
M TOJ [EHCTBHeM TpajueHTa KOHIeHTpanmu (OOBYHAA Huf-
dysma) ¥ mom meficTBEEM TpajgMEHTa TEMIEPATYpHL (TepMo-
nmddysna). Amanormunoe ssieHne—aPdextr {wodopa —ouu-
cbiBaeTcA npubaBeHmeM 4UjeHa, NPONOPIEOHAIBLHOTO Ipa-
AmeHTy KoHmeHTpamuw, B 3akoH Dypee. Torma wmomyuaew,
9TO TEeIUIOBOH IIOTOK BO3HUKAeT IOJ [eliCTBAEM TpajJueHTa
TeMiepaTypsl (0OBIYHAsA TEIJIOHPOBONHOCTH) W ION JeH-
cTBHEM rpapuenTa rounenrpannn (3dderr Jodopa). Taxme xe
MPHEMEl IPAMEHAIOTCHA JJIA MATeMATHIecKOT0 ONHCAHMS Jpy-
rux o¢derToB HanomeHHA. Bce 5TH BHpa)KeHWs1, Kpome
YCTAHOBIEHNA NPONOPIMOHAILHOCTA, OLPENeJIANT TaKmKe
COOTBETCTBYOILTHE PeHOMeHOIOTHIecKne KOdQPAIIEHTH Temmto-
OPOBOAHOCTH, OOHYHOH Anddysmu m tepmomuddysmm, Koad-
¢unmenr [liopopa, siaexTpoupoBOmBEOCTH, BASKOCTA W Tp.
TlepeumcienHsle sIBIEHAS ONWCHIBAIOTCA TAKHMH COOTHOIIE-
HHAMH, KOTOpHIe NeHCTBHTETIHLHO ORA3LIBAIOTCA (PeHOMEHOIO-
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rUYeCKUMHI B TOM CMBICJe, YTO OHH SMABJISIOTCH DHKCHePHMEH-
TAIBHO TPOBEPEHHEIME 3aKOHAMY, HO He 4acThI0 BCEOOHEMITIO-
meil TeopmA HeOGpATHMEIX IPONEcCOB. 37eCh OTCYTCTBYET
ofmas TOYKA 3peHNsA, W HET CBASKM MEKIY AByMs u Golee
HAJIATAIOMINMACA HEOOPATUMBIME TPONECCAMH.

Te ke caMble (U3MYECKAE W XUMHYECKHC #BIEHHUS pac-
CMATPHBAIOTCA B CTATHCTHYECKON MeXaHWKe W B KHHETHIe-
CKOH TeOpHH. IJTH Teopw# OCHOBHIBAIOTCH HA YPaBHEHMAX
ABVKEHHS JacTHIl, KaK, Hanpmmep, ypasHeHme boixpmmana.
Paznmunbic ABIeHNA JBMKEHHS, KaK TeIIIONPOBOJHOCTS,
HIEKTPONPOBOJHOCTL, TEPMOJNEKTPHYECTBO M IP., HCCIENO0-
BaHBI TAKEM ImyTeM. CO MHOTMX TOYEK 3PEHHUST CTATHCTIYE-
cKasg MM KAHETWYECKAsd TeOPHH B TPHHIMIE SBISIIOTCS
nHanbonee yrnobusME 11 Puaura. OHE HaloT MOJHOE IpefcTa-
BIeHWEe MeXapuaMa SBIeHMH U 00ecreumBaiOT BOBMOMKHOCTD
KOJIHYECTBEHHOTO OIpefelieEns Ro3QPuOueHTOB, BXOAAMUX
B QeHoMeHOMOTHUeCKHe cooTHOmeHms. OpHako oHm Gasm-
PYIOTCA HA U3BECTHBHIX MOIENAX MOJEKYJl M TNPAMEHSIOTCS
WA OoupeAcsleHHBIX KJIACCOB HeoOpaTuMmelx mpomeccos, Ilo-
3TOMY 9TU TCOPHMH, HeCMOTDPS Ha TO, 9TO JAIOT IIyboKOe Pusm-
UCCKOE OIMUCcanme ABNeHuil, He ofecnevnan paspaboTKy MaKpoO-
CRONWYECKOH TeopHH HeoGpAaTHMEIX TMPOIECCOB.

[pyrofi Merop maydeHms HeoOpaTHMBIX IPOIECCOB OCHO-
Ball HAa TaK HAa3HIBAEMON MCEBIOTEPMOCTATHYCCKON TeopwH,
rjle TPHMeHAIOTCA BaKOHEI OOBYHON TEPMOCTATHRU K YacTh
HeoOpaTHMOro Ipormecca, Kak Oy/ATO OHA ABIACTCS 00PATHMONM,
B TO BpeMsd Kak APyras 49acTh IpOIecca cYmraercs HeoGpaTw-
MOM W He IpHHHMAaeTcsi BO BHUMaHme. KiaccmuecKnmM npu-
MEPOM NpPHMEHEHHsI TaKOT0 METO[a SIBIISIETCS WCCIeTOBAHWE
Tomconom Tepmoanerrpuuecta. ToMcon paccMaTpuBaII TemIo-
IPOBOJIHOCTE ¥ BIIEKTPONPOBOJNHOCTh KAaK HeoGpaTuMbE Npo-
Iecehl W IPMMEMHJI BTOPOH 3aKOH TePMOANHAMUKE K IPyToii
4acTH mpomecca, KOTOPAas OTHOCHTCS K Kareropmm ofparu-
MEIX—TemroraM Tomcona u Ilenbrre. Tomcon ornaBan cebe
OTYeT B HefOCTATKAX TAKOr0 IOAXOAA M NOLYEPKUBAI TOT
hakr, wro nenmemme ma oGpaTHMYI0 I HeOGPATHMYIO YaCTH
IIpomecca  sABIAETCA TUIOTETHYECKHM, H, CJeJ0BaTeIbHO,
PE3YNIbTAaTEl TAKOTO cnocoba paceMOTpeHus ABIeHW: Tpebyior
ARCIepUMeHTaNbHON IpoBepKH. 3aMeyaTejLHO TO, YTO BBIBE-
ACHHEIE MM COOTHOIIEHHA OBIIH HOJHOCTLIO MOMTBE P /eHEl
OIBITAMA 1O TePMOIIEKTPUYECTRY.
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Hecmorps Ha Oojpmoe UaCJIO HOMBITOR, HE VAAJIOCH
OpuATH K NOATBeD/KAGHUIO TanoTe3nl ToMmcoHa, MEXORA
n3 obwmx nosnosxeHni. Hawmbonee coBepmennas mONBITKA
Oputa cpenana BombumanoM. OH OpeAmoNIOMKEII, UTO IIOJO-
JKUTENIbHOS SHAYeHWe MNPUPAIeHUs SHTPONUMHA 00A3aTesIbHO
rpebyer HepaBeHCTBa (EHOMEHONOTHYeCKHX KodhPAmuCH-
T0B. Bosjpuman moxasall, 4To ero CTPOTHe TeopeTHYecKue
UCCIIeOBAHMAA He MOTYT HaTh HAYYHOIO OGOCHOBAHHA IH-
noreant Tomcona. Teopun, amanormgusie teopum Tomcoma,
Opme paspaGoranst VleTmenom u Barmepom miua Tepmopmud-
¢ysnn n lenpmrombunem mia repMmognddysmoHHOIO HOTEH-
muaia. [lanpHefimue WCCIeNOBAHUA MOKA3aNM, 9TO WHOrAA
TpyAHO pasbETs HeoOpaTmMBUA mpomecc Ha ofparmMyIo
u HeoOpaTmMyI0 4acTH. Tak, HanpmMep, COMHUTENBLHO, 9TO
B Teopum puddyswmoHHoro noreHmmana muddyswsa FomKHA
KBAaIAGUIHPOBATHCA KaK HeoOpaTmmoe sBjeHZe ¥ MOSTOMY
BHLIAJATH B3 PACCMOTPEHUsI, B TO BpeMs KaK B TEOPHH TepMO-
nuddysmr DOTOK BellecTBA KaK pa3 IpejcrTaBider coboil
obparamyio uacte. ViMesa B BUAY, uTo 00a ABIEHHA—TEPMO-
puddysna u auddysHoHHHIE IOTeHNAAT—MOrYT IIPOXONHTH
ONHOBDEMEHHO, TAKOC JAeJICHHE NPeJCTaBIACTCH HOCTATOYHO
[IPOM3BOJLHEIM. Y COEMHOCTH MPUMEHEeHAST NCeBROTePMOCTATH-
d9ecKOoM Teopun B GONBINON CTeneHW 3aBHCHT OT YAA4HOH pas-
OGuBKE mpomesca Ha o6paTEMYI W Heo0paTHMYIO HaCTH.

JpyraM HemoCTATKOM MCEBIOTEPMOCTATHYCCKAX TEOPHH
ABISIETCS TO, 4YTO OHM HE COCTABJAIOT 3aKOHYEHHOH TeopHH
HeoOpaTAMSIX HPOMECCOB M MOTYT OBITH MPUMEHEHHl JMIOh K
OrpaHAYEHHOMY YHCHY CJOKHBIX HABJACHUH, BO3HHKAIMIUX
OT HaNOKEeHHUsI PasHHX HeoGpaTuMelx 3QdexToB.

Crporas MaKkpoOCKOMMYeCKAss TePMOAMHAMUKA HeoDpaTd-
MBIX TPONECCOB MOmkeT OBITH HOCTpoeHAa Ha 0ase TEODHH,
ouyOnaxopannoit B 1931 r. OnsarepoMm u 3ateM ycoBeplleH-
crBoBannoit Hasumupom. Vanmoxenme teopemsl Omnzarepa
Jaercd B chefyooieM naparpade. Jra teopeMa OCHOBHIBACTCS
Ha HEKOTOPHIX OOINX TOJOKEHHUAX CTATHCTHYECKOH Mexa-
Huky. BriBog o1oil Teopems! npuBogmaresa B raase 11, a mams-
HseHmal ee aHanms—B raase XI.

Momuo paccmarpusarh teopemy Owusarepa Kak HOBBIM
UPHHINT TePMONHHAMUKI M INPAHATL ee 3a aKCHOMY, Kak
3T0 MelaeTcss ¢ OCHOBHBIMH 3aKOHAM# TEPMOJMHAMUKM.
IIpm Taxkom ycmosmn momHO nponycruts raasy Il m menmo-
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CPEACTBEHHO IePEATH K NPHUIOMKEHAAM, ONHCAHHBIM B Pia-
pax [1I—X.

Hecmorpst Ha 10, uro B padore OH3arepa yHOMHHAIOTCH
vHoTHe 13 Hambollee BAasKHBIX TPHIIOKEHHH, GOIBMHHCTBO
w3 HuX OBUIO OKOHYATebHO paspaboTaHO JIMIME He3ax0JIro
20 HaYaja BTOPOH mupoBo#t BonEH. I[IpmMeHenme Teopmu
Ouzarepa K HM3YyYEHMIO DA3JIMIHEIX (U3MYICCKHUX ¥ XHMHUe-
CKAX SBJICHHH HDHBENI0O K PSAAY BaKHHEX BHBOJOB. YacTh
(3 HAX OBa pambIle MOJNyJeHa METOJAM¥ IICeBROTePMOCTA-
raka. Teopms Omsarepa Takxe HOKashHBaeT, OYEMY HeENO-
CTATOYHO CTPOro 000CHOBaHHAsM NCEBIOTEPMOCTATHKA B pPAJe
¢Jiy4aen jJaeT NPaBIJIbHBIE Pe3YJILTATH. :

§ 2. Teopusn Onsarepa

B npepsinymem naparpage Gbuto morasano, 4ro HeoGpara-
MOe ABJIEHUE MOKET BO3HHKHYTH IIO PANY HPHIMH. I TAMA OpH-
YHHAMH MOTYT OBITH TeMIepPATypPHBII [PaJIHERT, TPAfHeHT KOH-
HEHTPaIU, IPAjJIMEHT NOTEeHINANA, XHMAYECKOEe CPOACTBO H IIp.
B repmonnEaMuke HeoGpaTUMBIX IIPOMECCOB BCe OHU  HOCAT
HasBaHWe CHI M obosHavaroTes wepes X; (i=1, 2, ..., n).
JTO HA3BAHNe MOMKeT BBecTH B 3aG/IyKieHHe, TAaK KaK STH CHJIH
HiYero ObmeTo He MMEIOT ¢ CHJIAMH B HBIOTOHOBCKOM NOHH-
vanmir aroro Tepmusa. Haspaume «cpojersoy (affinity), mpm-
MCHAEMOe HEKOTODEIMA aBTOpaMH, 0ojiee INPCAIIOYTHTETLHO
AdA 9TOT0  TMOHATHA. MBI BHEeNH, YTO CHJIB  BHI3BIBAIOT
H3BECTHBIC HeoOpaTHMBle ABJIEHHA, KaK, HaNPUMep, NOTOK
rerta, nu@Q@ysuoHHBIH THOTOK, DIEKTPUYECKHI TOK H XHMU-
teckue peaxnuu. Bcee onm HasmBaiotca motoxamu (fluxes)
it obosHavatorea wepes J, (i=1, 2, ..., n).

B nan6osnee o6mem cayvae mobas cuila MOMET BLI3BATH
‘odoi morok. Tax, FpajiieHT KOHOEHTPaLHd, TaK jKe KaKk M
UPafHeHT TeMOepaTypsl, MOMKeT BHI3BATh IOTOK AHPPY3un
(o0wruuas anddysua u repmommdPysns). Obe sTH cman Mo-
UYT Take BHI3BaTh TeIJIOBOH MOTOK.(3ddexr Tofopa u Te-
II7I0NPOBOAHOCTD). ITO OBCTOATENBCTBO IO3BOJIAST BEIPA3UTH
1oboe neoOparuMoe HABICHHE B oOINEM BHIE CITE TV IOTITIM
(enomenomormaeckmM cooTHOmenueM:

J,= DL, X, (i=1,2, ..., n). (1)
k=1



24 BBEJIEHUE (.1

OHo ycramasjmBaer, 4To J000Hf IIOTOK BO3HAKAET WOJ Meii-
creeM Beex cmit. Hospdunmentsr L, (i=1, 2, ..., n)
Ha3BIBAIOTCA (eHOMEeHOIOTHYeCKIMA Kodddumuenramu. Koad-
¢uumentsl L;; —3T0, HAmpHMep, TeIIOMPOBOLHOCTE, KO-
¢uument obbuHOR AuPPY3UM, DiIEKTPONPOBORHOCTH, KO-
unment xumuvecxoro cpopcrsa. Kospduumentst L, npn
i # k cBAsauBl ¢ HaNaraoMEMucH sasienmsma. IIpmMepaMi
ABIAIOTCA Koaduuuent repmoauddysnu, wosddumment io-
dopa m 1. I.

Temeps momEO cdopmynnposatTs OCHOBHOe TOJIOMEHHE,
Ha KOTOpOM Gasmpyercd HacToAmas MoHorpadus.

Teopema Ousarepa ycramasnupaer, YT0 IpH COOTBETCTBY-
fonieM BhIGope moTokoB J; ¥ ¢ X, Marpuua GeBoMeHOIOoTH-
9eCKUX KOI(HUOUEHTOB [OJKHA OBITH CHMMeTpHYHOH, T. €.

Ly,=1L, (i, k=1, 2, ..., n). (2)

JTH TOMlecTBA HasBIBaloTCA coorHomennsamun Ousarepa.
Ouu ycTapaBnmsaiorT CBA3h MEAY [IBYMs HAJMATalomuMECS
ABJICHAAMHA (KaK, Hanpumep, Tepmoumddysuelr n sPderToM
Hwodopa). Ora cBA3E BOZHHKACT OT B3aMMHOIO HAJIOKEHHSA
OJIHOBPEMEHHO 1IPOTeKAIOMAX Heol paTuMBbIX NpOIeccoB (B HpH-
BCJEHIIOM IIPUMepPe — TeIIONPOBORHOCTE W HOTOK JAuQPy3un).

Temepp cieAyer YyCTaHOBATH, 4TG MOHHMAETCS IOJ Tep-
MHHOM (COOTBETCTBYIOUimil BEIGOp» mOTORKOB M cmia. [Hua
3TOH Hesim LpefcTaBEM cebe agnalarudecKd U30JHMPOBAHEYIO
cucreMy. IlpemmosiomuM, 410 COCTOAHHE CHCTEMBI XapaKTe-
pusyercd mapecTHHIMM mapamerpamu A4,, 4,, ..., A, (Kax,
HAUpAMep, AaBjeHWe, TeMIIeparypa, KOHIEHTPAaIusa H T. 1.).
O6o3HavyuM 3HAYCHHMA DTUX IapaMeTPOB B COCTOAHHE TepMO-
craTHuecKoro pasHoBecuHs wepes A, A), ..., Ay. Hua yno6-
crBa OymeM moib30BaThCAd HIMEHEHUSAMH OTHX 1iapaMerpoB
COCTOAHMA OT MX 3HAYEHHH NpuH paBHoBecHn o; = A, — A}
¢ cooTBeTCTBYIOmMMA 3Haukamu i=1, 2, ..., n. B cocrosa-
HHU PABHOBECHS DHTPONAA HMMeeT MaKCHMajbHOE 3HadveHwme,
a 3HAYEHMA BCeX TEPEMOHHHX IIaPaMeTpoB &; PaBH:l HYIIO.
ITO 3HAYMT, 4TO JJIT HEPABHOBECHOTO COCTOAHHA M3MEHEHWC
suTpomnu AS 0T ee 3HAYEHDA IPU PABHOBECHU MOKHO B Iep-
BOM UPHOJIMKEHHH HANuCcaTh B BUJE COOTHOMEHUS

A = — % D g% (3)

i, k
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Temeps mMeercs BO3MORHOCTL HATh OIpejeieHHe IMOTOKaM
U cmiIaM, KOTOphle BXOHAT B BEpaykenue (1). 9t moroxw n
CHJTHl B OH3ATEPOBCKOM MOHHMAHUU HpPeJCTABIAIT ool
TUPOM3BOJHEIE IO BpeMeHH MapaMeTpoB COCTOAHHA a;:

J,=uq, (i=1,2,..., n) (4)
a cuIaMH ABJAIOTCA Clefyiolime (YHKINHA IIapaMeTpoB co-

CTOAHUA:

a(AS < _
X, = ;ai ) — Mg (=12, ..., 0. (5
=1

B orom sammiouaercsa cmmici reopeMsl Omsarepa.

Bonpmoe smnauenme mMMeeT UPOM3BOJHAA BDHTPOLAHM IO
spemenn. Ke naswBaor «BosamkHOBeHHeM dHTpommm». Ona
JiaeT BeJMYMHY NPHPAUICHHA SHTPONNH B HeoOpaTHMOM IIpo-
Hecce 3a CAMHUIOY BPeMCHI

AS = — Z gm‘;‘i“k = 2 Ji X5 (6)
i, k i

ITUM BHIPAKEHUEM HOJIB3YIOTCA AJMA  BHOOpA - MOTOKOB J, 1
cmn X, xorga mapectHo AS. Ilotoxu J; um cmam X, ¢ opn-
HAKOBBIMY 3HAUEHWAMH { Ha3bIBAIOTCHA CONPSKEHHBIMA IIapa-
merpama. Crnepyer orMeruTh, 4TO IpH BROOpe IOTOKOB M
CHJI MMeeTc HeKoropasg cBo0OJAa IOTOMY, HYTO BEIPAKEHHE
paa AS wmosker OBITL paslHYHEIM IIyTeM pACUICHEHO Ha
cymmy coumpsmxesnbx J, m X,. Opgnaxo, Bo Bcex ciydasx
cooTHomeHusa Onaarepa (2) ocTaTcsa B CHIe.

Pestomupyst m3noskeHHOe, MOMKHO CKasaTh, YTO TePMOJH-
HaMHUeCKasA TeOpUA HeoOPATHMMBIX IIPOLECCOB JIOOOI CIIOM-
HOCTH COCTOMT B HAXOK/[CHHHU COIPAMEHHBIX TOTOKOB H CHJI

J; u X, n3 ypasaenus (6) mytem ompememenus AS, a 3aTem
HCIONIB30BAHAN ypaBHeHuA (1) m CcOOTHONIEHHWH B3aMMHOCTH
Omnszarepa (2). 9ra Teopwsa, HeCMOTPA HA CBOIO HPOCTOTY,
OKa3bIBAETCH CIIPaBefuBON 1A soboro mpomecca. Iloaromy
naszpanne «TepmopmuaMuxa HeoOpaTUMBIX TIPOLECCOB» AB-
JIseTcsl BIIOJIHEe ONpPAaBIAHHBIM JJIg 9TOH 00JacTH 3HAHMI.
Ho cux mop MHl ellle HHYEro He TOBOPUJIM O JIOKA3aTeslb-
crBe Teopeml OHsarepa. Xord a10T naparpad HpemHazRa-
YeH TraaBHEIM 006pasoM [jg Toro, 4ToGH  cOpMYyIHMpOBATH
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OCHOBHBIe BHIBOAE mcciefiopannii OHszarepa (MaTeMaTHdecKoe
JIOKA3aTellbCTBO 3THX NONOKEHHH JaeTca BO BTOPOH riase),
MBI OTMOTHM 37leCh HEKOTOphle OCOOSHHOCTH 3TOr0 NOKasa-
terbersa. Teopema OHzarepa HOKA3EBAaeTCA OOIMUME METO-
HaMu CTATHCTHYECKOM MexaHHKH. (OOTHOmMEHHMS B3AMMHOCTH
Omnsarepa (2) ROKa3HBAKTCA IyTeM HCIOIB30BAHHA CBOHCTE
MIKpPOCKOIEIECKOH O0pPaTHMOCTH, T. €. CHMMeTpPUA BCEX YpaB-
HOHWH [ABIGKEHHA OTHEIBHEX YaCTHYEK 0O OTHOMEHHIO KO
BpeMeHd, WU, JPYTUMHE CJIOBAMH, HHBAPRAHTHOCTHA NEPeXofa
t~> —1¢. IT0 CUPaBeMIHBO KAK AJIsI KIACCUUECKON MOXaHAKH,
tak m Aas wsBaHTOBoi. OH3areposcroe pemenne ue TpeGyer
Karux-anb0 geraliell, XapaKTepH3YIOIIAX JaHHOE KOHKDETHOE
IBHKeHHEe. OJTO 3HAYAT, YTO Pe3yJIbTaT fABIACTCH OOIWUM K
cTIpaBefIIXBEIM JJIs Mioboro HeofpaTuMoro mpomecca. Teopema
Omnzarepa, 6asmpyscs HA MHIKDOCKOIHYECKOM COCTOAHWN
du3MIecKoll CHCTeMBI, laeT BEIBOJHI, CIPaBeJ/INBEE ¢ MAKpO-
CKONMYECKOM TOYKHW 3peHmA. TOYHO TaK jxe OOCTOUT MEs0 cu
BTOPEIM 3aKOHOM TepMOJHHAMUKH,

Wurtepecuo orMernth, 410 Omsarep paspaboTasi CROIO Teo-
pUI0 TyTeM PacCMOTPEHM NBYX CUELAATLHBIX CIIydaeB: TeIio-
MPOBONHOCTH aHUB0TpomHOro Kpicrasna (§ 18) m tpoitHoi Mo-
NexyaspHol xmMuvecKoil peaxmmu (§ 63). Ilepmeiit sBnAeTcA
OYeBAMHON WJITIIOCTPANWeH cOOTHOINeHMH (2), a BTOpOH HORA-
3EIBAaET CBfA3L COOTHOMEHMIT (2) ¢ MHKPOCKOUMYecKOl ofpa-
TAMOCTBHIO.

KHorga na cumcremy Bo3felicTByeT BHemIHee MATHHTHOE
mone B, cooruomenus Omzarepa (2) UpWHAMAIOT BHJ

L,B)=L,(—B) (i, k=1,2, ..., n). (7)

1o smaumr, yro KodPduumenr L. ecTh Taxrad ke QyHKIHA
B, xax L,; ects pynrmua —B. 10 umeer uanyueckril CMBIC
make NJIA ciiydad, worpa =k, MOKa3eBadg, 4TO NEpPeKpecT-
HBIe BIICMEHTHl MaTpuisl L., ABIAITCA Takke QyHRIHAMA
HANPAMEHHOCTH MAarHuTHOro noja. MexXojnwM Ams €ooTHO-
menua (7) sABIsieTcA coelHaNbHas $opMa BRIDAMKEHUSA IJIOPEH-
nosoit cuasl. OHa, GYyAy4YH BEKTOPHHIM HPOM3BEJCHHEM CKO-
pOCTH dYacTAUBl N MATHUTHOTO IOJA, HMEeT OIpefeieHHOoe
BIAAHME HA MAKPOCKONWYECKYI0 OGPaTEMOCTh. OTO 3HAYMT,
4TO HYKHO He TOJNBKO H3MEHHTH CKODOCTR, HO TAK:KE W Tpe-
OOJIeTs MATHUTHOe Toje, dYTOOH BCe JACTHYKA BEPHYTH Ha
OpeyKAAR TMYTh.
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STH BOLPOCH! BMeCTe ¢ JOKA3aTeJbCTBAMH TEOPEMBI JAHEI
B raase 1I, a ppyrme geramm paccmarpmBalotca B riase XI.
Ho uwmraTenb, 3aMHTEPeCOBAHHBIA TONBKO INPHIOKECHUAMH,
MoeT TpuHATH Teopemy OHzarepa Kak aKcHOMY H IIepeiTn
k raasam 11T — XI.

[pexne deM mepelTH K OPUJIOKEHUAM TEODUH B OTHENb-
HBIM YACTHEIM CJIydasgM, YCTAaHOBUM B cleJylOmeM Dapa-
rpade HEKOTOpHle NOJIOMEHHSA, Kacalonlnecsd BO3HUKHOBEHMUS
HHTPOIHH.

§ 3. HepaBuoBecHble TepMOgHRaMUuYecKne QyHKIAH

B mpepsigymem maparpage 6o MOKa3aHO, UTO [JIA HA-
XOMKIeHAs COMPSKEHHBIX HOTOKOB J; W cmi X; HYy:KHO HOJ-

c9MTATh BO3HMEKHOBeHme SATpommm AS, KOTOpoe NOITYYHJIOCH
B peayibrate mponecca. Ceituac me TpeGyercsa NOgpo6HO 065~
ACHATH, KAK 9TO TNoiyudrcsa, Tak Kak B raasax 11 —X
naetcs HeckodbKo mpumepoB. CymecTByer ABa OOBIMHBIX CIIC-
coba mopcuera BEipameHus (6). B mepsoM m3 HmX ompepe-
ngeTcss M3MEHEHHWe SHTPONAN B afnabaTHUecKH M30JMPOBAH-
HOIl cumcTeMe I[I0 PaBeHCTBY (3), IoOCjae 9ero HaXOJUTCH BO3-
HOKHOBeHWe sHTponmm 1o ypaBHeHmio (6). Bo Bropom cmo-
cobe W3 ypaBHeHHs OajjaHCa BHTPONHMM [Jil MAaKPOCHCTEMb
HaXOJMHUTCA BHIPAKeHMe BO3HHKHOBeHnA sHTponum. Mcexonsa ms
oco0eHHOCTeH KOHKPETHON 3a[ad, yCTAHABIMBACTCH, KAKOM
U3 JBYX METOHOB yjo0Hee MCHONB30BATH B TOM MWJIM JPYTOM
ciayuae. B ofomx BapHaHTAX NPHUXOMUTCA MONB30BATHCH 3a-
KOHOM COXPAHEHMsS MACCH, DHEPTHH, KOJIAYeCTBA J(BIKEHUS
Il BTOPHIM 33KOHOM TepMOJAMHAMHKHA B ()opMe pDaBeHCTBA.

XapakrepHo, 9TO 9Ta YaCTh TeOpHM HeOOPATHMEIX DpO-
neccos ObiTa paspaborama s3HauMTensHO papbme Teopma Om-
sarepa. llemple paGoThl WO 9TOMY Boupocy ObuIH omyGmm-
wosansl  Joremom, Haraucorom, fImanom, Jlopom =
ae Houme.

Has Toro utofsl cPopMyampoBaTh BajkHeHIIAe MOJIOMe-
HIS DTOH TEOPHM, MOKHO HAIWCATh BHIPAMKCHHEG R3MEHEHHA
PHTPONHH CHCTEMbl 33 W3BECTHHII IIPOMEMRYTOK BPEMEHH IIO
HRapro — Kuaysuycy

S =d,S+d,S=% 14,8, (8)
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rae: d,S u dQ — COOTBETCTBEHHO BSHTPONMA H TeIIo, C€006-
IeHHBIe cHCTeMe M3 OKpyKalomell cpefsl, d;S — 9HTpOLHS,
BOBHMKIIAS BHYTPH CHCTeMbl B pesyJjbTate HeoOpaTHMOro
mpomecca 3a TOT jKe TPOMEKYTOK BPEMEHH.

3/ech IpeuonaraeTcd, UTO CHCTeMa ABIACTCH 3AKPHITOM,
T. €. HMEeT MeCTO TOJIbKO TeIIoo0MeH ¢ OKpY’Ralomlel cpe-
moif, a obmen wMmaccoil otcyrcrByer. Ecam cmerema obMenm-
BAETCA ¢ OKpYysKalolleil Ccpefol Maccoll, TO TaKasa CHCTEMA
Ha3bIBaeTcs OTKpPHITOH ¥ d,S BRII0YAET JONONHUTEIHHEI
WIeH, XapaKTepH3yIOIHil IOJydeHre CHCTeMOU YHTPOUHA 33
caer obMena Maccoii. Buemnee naMmememue suTpormu d,S
MOKET OBITb TOJOMUTENBHEIM, OTPHNATENIBHEIM, a TAaKKe
¥MMeTh 3Ha4yeHWe, paBHOe HYJI0, B TO BpeMA Kak BHyTpeHHee
uameHerye sHTponun d,S Oe3ycloBHO BCerja UOJNOHUTETHHO.
OrmermM, [ro HKnaysmyc uoabsopaica obosmauenmem dQ’
Bmecto T'd, S m BaspBan 5Ty BeJMYMHY HE COBCEM yIavHO
«HEKOMIEHCHPOBAHHBIM TeILIIOMY .

C noMompi0 mpuBeJeHHOH (GOpPMYyIHpPOBKM OCHOBHOTO BbI-
pakeHns TePMOTMHAMUKH HeoGpaTnMbix mpomeccos (8) oueHs
JIETKO IOKagarh, KAKHe CJIydall PaccMaTpHBalOTCA OOBIMHON
TepMopMHEAMuUKOl (TepMocTaTHroi). Bosmomen opus u3 cle-
IyOIAX ABYX CJIy4aes:

1) d,S=0, Torga BrOpOK 3aKOH HaeT AJIA oOpaTHMHIX
IPOIIeCCOB:

_dQ .
dS =% ; 9
2) d,;S > 0. Sror caydail NpABOXMT K TOMY, 4TO
s >% (10)

fl OTHOCUTCA K HeOOPATHMBIM JIpoNeccaM.

B rtepMogmuaMuKe HeoOpaTHMBIX NpPOLECCOB MOJNb3YIOTCHA
BBl paykeHneM (8), mis Toro 9ro0bl MOKHO OBIIO TIOACYMTATH
BHYTpeHHee W3MeHeHMe HSHTpormu d,S, BO3HUKINee B Jef-
cTBATENbHOM uporecce. HekoTopele mpocThie IPUMePHI TAKOTO
nopcueta upmeegensl B § 16 B cBABW ¢ TCIWIOMPOBOX-
HOCTBIO M B § 63 B cBABM ¢ XHMMYECKAMHI DPEAKIUAMI. OTOT
HOACYET OCHOBHIBaercA Ha JAByX rmmoresax. Opna um3 HMX
3AKJIIOYAETCA B TOM, 4TO HW3MeHeHJe BSHTPOIMH Beerja [ojo-
JRUTENIBHO, & ApyTras npejicrapider coboil ypasnenme ['mG6ea

TdS=dU-+PdV — 2l e, dM,, (11)

i
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roge U —oneprns, V —o0vem, P — gapienne, M — macca,
(; — XIMEYECKHI TOTeHIMAJ] KOMIOHeHTa i cmcTeMnl. [laH-
1adg 3aBUHCHMOCTH OCHOBBIBAETCHA HA TePMOCTATHYECKOM PaBHO=
BECHM C ORpYKaiollleil cpefloid, IPH 3TOM TPHHHIMAETCHA, YTO
SHTPOLMA fIBHO 3ABHCHT TOJIBKO OT SHEPTHH, 00beMa M KOH-
nenTpanud. Tak Kak 3T NOUYIIeHHA HCIONB3YIOTCA B CTa-
PHIX TeOpHAX, TO HeT HaJfoOGHOCTH ONPABABIBATL BO3MOMKHOCTE
uxX WMCIOJL30BARMA 3Jech. Hy:RHO TOmBKO CpaRHUTH DPe3yJib-
TATH TePMOMUHAMAYECKHX pacdeToB € pacyeTaMu, BRIIOJ-
HeHHBIMH C TIOMOIBI0 KHHETUYECKOH Teopuu. ITO GHIO cfie-
JaHO HEKOTOPBIMEM aBTOpaMM M oco0eHHO TmiaTtenasno Ilpuro-
auHBIM. [lepBoe [oIymeHHe ¢ TOYKHM 3PEHHA CTATHCTHYCCKOM
Teopu:m €CTh wpocroii pesyibtar H-teopemsi. IIposepry
CTPaBEJJINBOCTH BTOPOTO MONYIIEHHA MOMKHO ClelaTb, UC-
MOAB3YA TEOPHI0 OFHOPOAHOro rasa Usmmena m JHCKora.
B artoii teopum (PyHRUEA pacnpefeseHNA CKOPOCTEH YacTHIl
BRIpayKaeTcss PALOM

f=fOHfP P (12)
rae 9 — MaxcBesI- G0BIMAHOBCKOE PaciipejleieHue CKo-
pocreit, a [, f*®, ... —mociegyomue npAbIIKEHAA.

Crporo roeopsi, TepMofMHEaMIUYecKae yBKIUH MOTYT GBITH
TOYHO ONPE[eJIeHEl TOJIBKO INPH TEPMOCTATHYECKOM paBHOBe-
cuu, worga f=f'". llosroMy oueBmANO, FTO JOIYCTHMOCTH
MCIIONL30BAHAA TAKWX NAPAMETPOB, KAK SHTPOIUA U TeMIle-
paTypa, o6yCIOBIMBAeTCA CBOMCTBOM cxXopmmocTm pspa (12).
1o 3HAUNT, YTO U3MEHEHWEe TeMOepaTypsl N0 AJHHE OJHOTO
cpenuero cBobonHoro mpoGera MO/DKHO OBITH TOPA3/io MOHbINe,
4eM caMo 3HAUYeHHe TeMUepaTypH; 9TO OTHOCHTCH U K ApY-
TAM TapaMeTpaM coctosamsa. UncieHHoe 3HadeHHe 3HTPONNH,
TeMIepaTypsl M T. J[. HaXofurcd TaK, Kak OynTo 6u1 BHe-
3aIHO BLITeNAeTca HeGONBIION WROMHPOBAHHEIN 00BeM, HO
CBOEMY COCTOSIHMIO CPAaBHMMBII €O BCell cHCTeMOH, HO BRJIIO-
YAKIEAHR FOCTATOYHOE WHMCJIO MONERYN M CHOcoOHEBIN ofecire-
4UTbL TEPMOCTATHYECKOe pABHOBecme. OTa TpoleAypa Tepaer
CMBICJI, €CIIH COCTOAHME CHCTEMB [ajleKo OT TepMocTaThde-
cKoro pasHoBecwsl. Jpyrumu cimosamu, Korga papm (12) me-
J0CTATOYHO OBICTPO CXONMTCH, MAKPOCKONMYECKOe ONMCAHME
CHCTEMBI [eJIaeTcd HeBOBMOMHBIM.

Tounslil ¢MBICI W TeOpeTHdYecKWe INpefesisl IPAMEHEHHA
vpasuenna I'uGGca BeisABTeHsl B pacderax [Ipumrommua,
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oTHOCAIINXCA K Mojenu YosnmeHa u IJHckora. Mm OwL10 yera-
HOBJICHO, uTO eciu npeHeOpeusr Beemu ujeHamu paga (12),
KpoMe TepBOro, TO Pe3yJIbTaT pacueTa MOJIyuaeTcsh CcoBHAja-
IOOIM ¢ Pe3yJIbTATOM TEPMOCTATHYECKOTO pacuera (dHTPOTHA
He BosHmKaer). Mcmoas3oBanne nByx uimexos pama (12) pmaer
TOYHO TAKOM jKe pesysbTaT, KAaK M TepMOJMHAMHKA Heobpa-
TUMBIX TipomeccoB, Gasmpylomascs Ha ypassennn (11). Iog-
craHOBKA TpeX 4ieHoB pAja (12) mpuBOAAT K pesynbTaTaM,
OTJIMYHBEIM OT Pe3yAbTATOB M TePMOAMHAMUYECKHX M KHHETH-
YECKHX pacyeToB. ITHMH pacyeTaMH OIPENENAIOTCS KOJAdect-
BeHHEIC Tpefelibl NPUMeHEHHA TePMOJMHAMUKHE HeoOpaTHMBIX
npomeccoB. OHE TaK)Ke IOKA3HIBAIOT, YTO HTA TEOPUSI OXBa-
TeIBaeT 00Jlee MIMPOKYI0 00JIACTh SBJEHUH [0 CpPaBHEHHIO
¢ TepmocraTHkod. [leTasbHee 3TOT BOmpoc paccMaTpuBaeTCs
B rmase XI.



TJABA 11
COOTHOMIEHNNA B3ANMHOCTN OH3ATEPA

§ 4*. Meroy mcenejoBanusn

B sroM maparpade pamrcs [OKasaTeJbCTBA IOJIOMAKCHHH,
cpopmynupoBadnbix B § 2. OCHOBHBIE COOTHOIIGHHA TEpPMO-
AmnaMusg  Heobparwmuix mpomeccos (1.2) mo cmoemy cymie-
CTBY ABJAIOTCA COOTHOMEHUSAME MaKpocronngeckuma. OpHaKo
HCXOHEIMHU J{JIfl IOJIyYeHUA HTHX BHIPAKEHHE OBIIM MHEpO-
cronmdeckue, ofbpartMMble BO BpeMeHH OCHOBHEIE yDaBHEHHA
MexaHnKu. §iapHoil 3ajaveit OH3arepa ABIANOCL CBA3ATDH
¢ TOMOHIBI0 CTATHCTHUECKOH MEXaHWKN MHKPOCKONAYSCKHE
N MaKpOCKOIHMYECKHe CBOMCTBA CHCTEMBI, JOCTATOYHO JOJIr0
H30/IMpOBAHHOH, Tak 4ro0Bl OHA ycmesia LDPHATH B COCTOSHME
TepMocTaTH4ecKoro pasHobecusi. Ilpm sTtom orasazoch, 4TO
INA NHOJNyueHWs ypaBHeHwi#l IepeHoca HeT HeoOXOoEMOCTH
TIOIB30BATECA KAKOU-IU00 MOTEINIBIO.

o nomydeHns OCHOBHOIO BEIBOJA HEOOXOXMMEI TPH OCHO-
sanusg. llepsrle gBa ABAAOTCA cilefcTBHeM OOBIYHOH CTATH-
CTHYECKOH MeXaHmMKA: Teopma ¢QuuowTyanmil (§ 5) m MHKpo-
crommueckas obparmmocts (§ 6). Tperse ocHoBamme — 3aTy-
xanne Quiokryanuii (§ 7)— moxaseiBaer, 4ro OHzarep BBO-
zur HOByW ruuoresy. Ilociemusas Omna mcronkosana Hasm-
MHpPOM.

§ 5*. Teopna duoxryaunii

Haxr 6nmo ykasaso, ogHuM us ocHoaumil teopmn Omnza-
repa sBiseTcA 3aryxauue (uuoKryammii. PaccMoTpaMm ajma-
GaTHUeCKH M30JHMPOBAHHYIO cucremy. JlisA TepMogMHAME-
YECKOT'0 ONNCAHMA COCTOHMA TAKOH CHCTEMEI BBIOepeM I3-
MEHeHHe IIaPaMeTpoB 3TOTO COCTOAHHA OT WX 3HAYeHRmil
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B COCTOSHUM PABIOBECHS:
Oy, gy gy vvny U,y (H

rme n Mojer OBITH HeolpefedaeHHO OOABIMUM. B KavecTne
MapaMeTpoB COCTOAHAA MOTYT OBITH BEIOpambl Temmepatypa,
JaBjieHre, IJIOTHOCTH M T. J.

Wmes pasnoctn 3HaueHHil mapameTpos, MOMKHO HATHCATH
BBIpaJKeHHE NI PA3HOCTH HHTPONMU CHCTEMBI B BHIGPAHHOM
COCTOSIHMM ¥ B COCTOAHUM paBHOBecuA. Ilpm sroM HyskHO
y4YecTh, 9YTO 9SHTPONMA CHCTEMBI B COCTOSHHM PAaBHOBECHS
MMeeT MAKCHMaJibHOoe 3HadeHmne. CJIeoBATENBHO, WHTEPECY-
Jollag HAC pasHOCTH OyJer MMeTh OTpHIATEe/]bHOE 3HAUCHHE
1 MoeT OBITh HAaIMCAHA B BHjE

1 n
AS = -3 > 8ir%; % (2)
i, k=1

ryie g;, — OupelelieRRas TOJIOKATEIbHAA BexudusHa. Beposr-
HOCTBb TOTO, 41y IPH J1I060M BO3MOMKHOM COCTOSSHHH CHCTEMEL
3HAUeHHNA IepeMeHHBIX OY/1yT Ne:Karh B Ipefenax o, u o, +da,,
@y W ay4-da, W T. J., IPONOPHEOHATBLHA IKCIOHEHTE OTHO-

AS
mennA —-, T. e.

exp (ATS) da, ... day,
Pda, .. .da, = (3)

S S exp (%)dal . day

3nech, £k —mocroannas Bonenmana, a smaMeHaTelb IIpaBoit
YacTH MOKA3EIBACT, YTO HWHTETPHPOBAHHE pPACIIPOCTPAHACTCA
Ha BCIO IOBepXHOCTh. BBemem caemywomyio (YHKUHIO Hapa-
METpOB:

9AS c .
Xi:@ai ="“2gik°‘h (i=1,2,...,n). (4)
h=1

OupenennM H3 3TOro BHIpaKEeHHA

=S x =12 .m0, @
k= 1
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rae gt — MarpHua, B3auMHas g;,. [ onpepenenus sHave-
HHA cpefHel BeJUYWHEL

ainES SainPdal ... da, (6)
ucnonbsyeM ypasuenus (3) m (4). Torga momywmm:
ain:kS...Sai%)—Pdal...dan (M)
i
— dpP
“iXisz"'Sd“i"'dangaigﬁja“:" 8)

Hocne muTerpupoBanma mocjie/jHee ypapHeHAe NPAHAMACT BAT

v N

aiX]_—kS ...Sdai...dangpo”dzj (9)
WK

0 X; = — k3, (i, 7=1,2,...,n). (10)
31[6(‘,]) 8;; — camBon Kponexepa, Ilpa i = 3,; j=1,anmpmi+j

;i =0.

B CHJy M3BECTHOH TeopeMsl BelmdmHa o, X, MOmeT pac-
CMATPUBATLCA RMIIM KAK CpeiHec JUIA DA MMKPOCKOMMYe-
CKAX CHCTEM, WJIM KAk CpefHee II0 BpeMeHH JJIsi IPOCTON
OJMHOYHON CHCTEMH.

®opumyna (10) mam momamoGmresa mo3[Hee, a Teleph U3 Hee

DA IOMOINK BHIpamKeHWH (4) HaE (D) MOMKHO HAUTH Jpyrue
CpellHIe BeIWYHHBI

X; X; —zgtha’h —ltgu’ (11)
—a=—-2gm Xy, = kgt (12)

§ 6*. Muakpockonmueckas oGpaTHMOCTH

CBOMCTBO MAKPOCKOIMYECKOH OOPAaTHMOCTH MOMKET OBITH
IPeCTABJIEH0 IpPH NOMOIMM (KOPPeJIIHOHHON (PyHKOUM»
B cjIefylomeM Bupe:

% ()8 (%) = a; (00 (L — ). (13)

3 ¢ P. He Tpuor
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JT0 BHpaeHHEe YCTAHABIMBAET, 9T0 B CpefHeM (ONATH
AJA PANA MHUKDOCKOIUYECKHX CHCTEM IJIM 110 BPOMEH¥ JJIA
IPOCTOM OMHOYHOH CHCTEMEI) COOTHOMIGHHE MEHTY 3HAUCHHEM
a; B MOMEHT ! W 3HAYEHMEM &, CIYCTHA HPOMEMKYTOK BPEMEHH
© — TAKOP JKe, KAK COOTHONIEHWe MemAYy «; ({) U sHAUeHHEM a,
Ha IPOMEKYTOK BPEMEHH <t PAHBINe MOMEHTAa f. JT0 3HAYAT,
4T0 ecnu W300pasuTh Ha rpadEKe M3MEHCHHE o W o 10 Bpe-
MEHH, TO 4YacTOTAa OTKJIOHeHWH COCTOSHMA KOHCepBaTUBHOM
CHCTEMBl B Ty M JIPYLyI0 CTOPOHY OT PaBHOBECHS IIONY9MTCSA
ogmnarosoi. Mopmysa (13) ramme noxaswBaer, 4o mp; Ha-
MCHCHHMH HAIpABIACHUA BPeMEHH 4YacTOTA OTKJIOHEHHH He M3-

MeHACTC. JTy (OPMYTy MOMKHO HANHCATH M B CJCLYIOUIEM
BH/e:

% (e, (t+)=a, -+ 1)a, (). (14)

VYepennenne, npencrasiaennoe Qopmysoii (14), MomHO o0Cy-
IeCTBUTE ¥ JPYyTAM IyTeM, T. €. paHbIle B3ATH CpefHee
3HaveHHe mapaMeTpoB JJiA MOMeHTa ! M {1, a 3aTeM ycpel-
HHUTh HX BMeCTe ¢ HAYQJILHBIMA 3HAYCHHAMH IApaMeTpoB. ITY
OmepanuIo MOMHO IPeACTaBATH CIAENYIOMUM BHIPAKEHUOM:

& (O @0y 0,y w0 =2 () {2, CF ey ), .0y, )+ (15)

3Hech HIGKHAA Yepra IOKA3HBAET CPejiHee A PANA MUKpPO-
CKONMYECKNX CHUCTeM WJIM CpefiHee MO BPEMeHH [UIA LPOCTOM
OnmHOYHOH cuctemsl. [lpyrag wepra moxasblBaeT cpegHee
HauaIbHBIX 3HAYCHUHA a; (1), . . ., &, (t) (BRIIO9AS a,; (¢) 1 a; (1))
Hostomy Gopmymy (15) Hymmo paccmaTpusarh MM Kak
CpefiHee A pAga MUKPOCKOIMYECKHX CHCIEM, COOTBETCTBY-
Iomee 33aJaUHGIM HAYaJbHEIM BHAYEHMSAM HADPAMETPOB, HJH
KaK CpefiHee 3a M3BECTHHIA IIPOMEKYTOK BPEMEHN, T. €. cpef-
Hee 3HAaYeHMe IAPAMETPOB o, 3a IIPOMEKYTOK BpeMeHu T.
Momuo k obemm wacraM Beipamkenus (15) mpuGapurs oxnna-
KOBYI0 BEJIMYHHY, TOTJA OHO LIPUMET BHUJ

a; (1) {2; (¢ + 1) o, O, (1), ..., 2, (0=

=a, (1) {z;,(t+1)—a, (£)}e; o, ey, (1) (16)

Homygennbie BbIpakeHHA HECKONBKO YCIOKHAOTCA upa
HAIUMYUN BHEMHETo MaraatTHoro nois. IIpm mammumm Taxoro
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TOJISA IMOABJIACTCA JopeHnoBa CHia
F = ¢[vB]. (17)

B swipaskenusm oT0M CHJIBL € MV — COOTBOTCTBEHHO 3apAN
I CKOpocTh uyacruu. Hasmdme 5TOH CHIIBI OKAa3LIBAeT W3Be-
CTHO® BIIHANNE HA MUKPOCKOMUYECKYI0 00paTMMocThb. YUTOOH
He W3MeHANach cuyia F mpu maMeHeHHH HANPABIEHHSA CKOPO-
creil dacTHYeH, MO/KHO OBITH H3MEHEHO H HAampaBJIeHHe
MAarHATHOTO TOJAA. [nA ommcaHuA Takoro ciydas ypaBHeHHe
(16) mowmHO OHTEL 3aMEHEHO TAKHM, y KOTOPOTO a; B JIeBOi
qacTa 6yaer ¢yurnueir B, a a; B npaBoll 4acTa — aHaNOrHIHOI
¢yurnueir — B.

VYpasuenne (16) oxasmiBaeTcA TaKKe HEIPHEMIIEOMBIM
AAA cJIydas, KOTJa NMeIOTCS KOPHOJUCOBEL CHIIHL, JIMHEHHO
3aBHCALINe OT HANPABIEHUA V.

§ 7*. 3aryxanne (IIOKTyanmii

JBa ommcamubix B §§ 5 u 6 ocmosanuma rteopunm Omszarepa
He BEIXOJAT 3a IIpefiesibl OOBIYHON CTATHCTHYECKOW MOXAHUKM.
Hpome HmX B KauecTBe TDETHErO OCHOBAHMS CBOGH TEOPHH
Omnsarep BBOOMT HOBYIO rumoresy. Yacrmuso oHa Owbuia pac-
mudpoBana HasumupoM. J1a HOBag TrUIOTE3a 3aKIIOYAETCS
B TOM, YTO B cpefHeM 3aTyXaHue (IIOKTYaUHH INONYMHAETCH
OOBIYHEIM (PEHOMEHOTOTMYECKAM MAaKPOCKOMMYIECKIM 3aKOHAM.
BripajkeHua 5THX 3aKOHOB [NAOT JIMHEHHOE COOTHOIMEHHE
MERY IIPOM3BOAMBIMY II0 BDEMCHH TIapaMeTpoB a; (IOTOKH J )
M caMHMH IIapaMeTpaMH. oSmeck ymoOHee TONB30BATHCS
He caMHME TlapaMeTpaMmu, a QYHKIHAME 9STUX IapaMeTpos,
TpefcTaBiIeHABME BhipaskenneM (4). [loromy mHanmmmem:

J.

i 0=

i

LoX, (i=1,2,...,n). (18)
1

M=

ITpousBonmas mapaMerpa IO BpeMeHH, OTMeYeHHAs B BbIpa-
mennn (18) Touroi, Moxer ObITH IPEJCTABIGHA B BHJ(E OTHO-
mwennsi, u Bce BHpaykenwe (18) mpmmer pupg

nltr =) S L,X,. (19)
R

3%
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3aecs HHTEPBAJI BPeMEHH CBA3BIBAETCA HEPABEHCTBOM
To L Tpr (20)

rAe T, — cuenm(uyecKAl MOJEKYJAPHBIA NepHOJ, COOTBET-
CTBYIOIIAH BDeMeHH MeKAY HNBYMA IOCJIEfOBATeAbHHIMA
CTOTKHOBEHHSIMM YacTHYeK WJM BpPeMeHH, Heo(XOLuMOMY
JUIA IOCTHKeHHA YCTAHOBHBIMIETOCA JBIVKCHUA B THIPOJHHA-
MEKe.

CoBepmenno fcHO, 49T0 BCAKOE PACIHPOCTPAHEHHE MH-
KPOCKONUYOCKOU 3aKOHOMEDHOCTA HA MaKpPOCKONAYECKHe
SIBJICHAA BO3MOKHO TOJBKO IpPH COOMIOAEHHMM JIeBOH dacTH
uepaseHcTBa (20). Ho, xpome toro, rmmoresa Omnaarepa
TpebyeT, 9TOOH IepHOR BpeMeHH t GBI TOPA3f0 MEHbIIe Ipo-
RO/RUTENLHOCTE 3aTyXaHEA QIIOKTyanui <.

Homymenne On3arepa OTHOCHTeNBHO TOTO, 9TC B CPefHEM
saTyxaHue (IIOKTyan@d NopdumHAeTcsA OOBIYHLIM MAaKPOCKO-
OHIeCKAM 32KOHAM, HAJ0 PaccMaTpHBATh KAK HOBYIO THIO-
Te3y. XoTA 9TAM JOmYIIeHAeM IOJNB3YIOTCA B TEOPHH Opo-
YHOBCKOTO JIBHKEHMA, CIPABeIIABOCTh ero HyRAAeTCa B LpO-
BepKe KHHeTHYeCKOH Teopmeil. Momer okaszaTbecs, uTO B HEKO-
TOPHIX CAYy4YadX 3aKOHH 3aTyXaHAA OOJIbOIAX OTKJIOHEHHH
OT paBHOBeCHs OTJIMYHEI OT COOTBETCTBYIOMIAX 3aKOHOB, CIpa-
Be[VIMBEIX [JI1 MajHX OTKJIOHeHHH, T. €. OHH MOTYT OKa-
3aThCA PA3NMYHBIMEA IJIA 3aTyXaHNA QIIOKTYaumid M MaKpo-
CKONMYECKUAX OTHJIOHEHHH OT paBHOBecwsi. Kcim pias rtaxux
CIy9aeB IOJIb30BATBCA B KadecTBe Ipyboro upubimxenns
JIWHeHHKIMA MAKPOCKONMYECKUMH YpPABHEHWAMH, a B Jieii-
CTBATOJBHOCTA BTH COOTHOINEHHS MABJIAITCA NCeBLONMHEH-
HBIMH, TO Kop(dunumentsr sTux cootHomenumil Lj, oxamyrca
OTIIMYHBIMA OT L, 1A MaJKX OTKIOHEHHHA OT PaBHOBECHS o,
(anm X;). OpBako, Ta r@moTesa HOATBEepMRIAeTCA AJIA ABIe-
HU{A, TOAYMHAKOMIMXCA JIAHEHHBIM YpaBHEHMAM LeEpeHoca,
TaK Y10 oM u Te ke ypasHemma (18) m (19) Moryr Gmirs
MCIONb30BAHE M 1A GONBIIMX ¥ JJIA MaJIbX BHAYGHHH a;.
ITO TaKKe OTHOCUTCA K ypaBHeHMAM mepenoca Maxcsemmna—
Bonrnmana.

IMennocTs rumoress: OH3arepa 3aKiI04aeTcs B TOM, 4TO
OHA TO3BOJNIIET BHIBECTH OOIIYI0 TeOpHI0 HeOOpPATHMEIX IpO-
UeccoB, TaK KaK IpH 3TOM He TpefyeTcs HHKAKON CHEnH-
aneHOM Mopmenn. Bce BHBOgE gemawres u3 o0mmx ypasHe-
HEW JBUKeHHA 4YacTUUeK.



§ 8] COOTHOWEHUSA OHBATEPA 37

§ 8*. Coornomennsn Ousarepa

IMoneaysace ypapuenuamz (10), (16) u (19), BHBeneHHBIME
B Tpex TpefHAYymnX mnaparpadax, MOMKHO JIETKO IOTYYATH
COOTHOIICHHA B3amMHocTH. KEcam comocTaBATh ypaBHEeHUsA
(19) = (16), ro momysmm:

a; (¢) ; L, X, =a;(¢) Zk L,X,. (21)

B cooreercruu ¢ ypasmerumeMm (10) mocmepHee COOTHOIICHHE
IPHBONUT K CIEYIOMeMY:

—k ; Lydy= —k g Ly - (22)

Orcroma momyuaem cootmomenusi B3amMuoctu Ousarepa pmus
(eHOMEHOJICTNIECKNX KOd(PAMMEHTOB

Li=L;, (,j=41,...,n). (23)

IIpm BHanmamu BHeWHEro MATHATHOTO TOAS  ypaBHe-
Hue (16) samemserca ppyrmMm, Kak 5TO ONMCAHO B KOHIE
§ 6, n BMecTo ypasHenms (23) mosyuaem:

LyB)=L,(—B) (,j=1,2,...,n). (24)

IJTO BHIpaKEHME IOKA3BIBAET, YTO JIEBAasd YacTh ypPABHEHUSH
ABJIACTCA TAKOH e pyHKnued B, kak npaBasg — pyarnmeir — B.
Cooromenue (24) He sBIsieTcA TPUBHAJNBHEIM Jla)e TOT/A,
KOTfa {=j, Tak KAK ¥ B JTOM CJydyae IepeKpecTHHe B3Jie-
MEHTH ABJAIOTCA YeTHHIMA (YHKOUAMH  HaOPSKeHHOCTH
MaTHATHOTO IIOJIA.

Tenmepsr MoskHO cUMTATH NOKA3AHHBIME IIOJIOKeHHdA, cdop-
myamposauasie B § 2. Jlma o3HAKOMIeHHA ¢ JAPYTHAMHE JeTa-
JAMHE  JIOKA3aTelIbCTB coOTHomeHuit Bsammuoctm Onsarepa
YHTATETIO peKOMeHjyeTcsa obpaturhes K rnase XI.




FTITABA III
OAHOKOMIIOHEHTHBIE CUCTEMbI

§ 9. Tepmomonexyaapnaa pasHocTs NapaeHuii
u TepMoMexanmdeckuii adderT

B srom maparpade maercs wmpocroif mpumep TepMOIEHA-
MUYECKOH TEOPHH ABYX HeOOPATHMEIX NpPONECCOB B OfHOKOM-
IOHEHTHOIl CACTeMe W TMOKAa3HIBAETCH, KAK STH [[BA TpOIecca
MOTYT OBITH CBS3AHBI COOTHOMICHMAMH BaammuocTH OH3arepa.

Hpepmonosnm, 9To cmereMa COCTOMT M3 ABYX pesepBya-
POB, COGTMHEHHEIX APYr ¢ APYroM KaNWJUIAPHHEIM OTBEPCTHEM,
LOPHCTON meperopopiroit mam memOpamoii. [lgg  mpoctoTht
Oymem cautath, 4T0 00a pesepByapa COXpPaHSIOT CBOM 0GBEMBL
nocroAHHBIME. B ryrape V. ata  Teopms pacmpocrtpamsercs
HA CHCTeMY, COCTOAINYI0 U3 HCCKOJBKHX KOMIIOHEHTOB,
a B rmase VI paccMarpuBaercs ciydail, Korja B CHCTeMe
OPOMCXONAT XUMHYeCKHe peakHum. PaccMatpmBaemble B oTHX
rJaBax CHCTEMBl XapPAKTePHU3YIOTCS TAKIKE ICPeMEHHBIM 00be-
MOM pe3epByapoB.

BzammopieiicrBre TemIoOBOrO0 IOTOKAa W HOTOKA BermecTBa
B CHCTEME BRI3HIBAeT LOABJIeHNE dPQPeKTa HAIIOMCHAA, BazK-
Hel muMu 0coGeHHOCTAMI KOTOPOTO SIBJISIIOTCA PA3HOCTH TePMO-
MOIIEKYJIAPHOTO MNABJICHASA M TepMOMeXaHWYecKAN dPderr.
Ilepsag m3 mux BawmIOYaeTess B TOM, WTO TOJ JeHcTBHeM
pasHOCTH TemuepaTyp B ofomx pesepByapax BO3HHKAer
IOTOK  BeIllecTBa, CO3JAIONIMK pasHocTh gasneHmii, OTHOmIeE-
HAe PasHOCTH JABJICHMHA K Pa3HOCTM TEMIEDPATYp HA3BIBAETCHA
«TEPMOMOJICKYJADHOM Pa3HOCTHIO paBieHWd». s yskmx
KammJIIIAPOB M MAJIBIX OTBePCTH, COefMHAILUX o6a pesep-
Byapa 9T0—Xopomo mn3BecTHEIN 3(dert. OH Tamske mnMmeer
mecTo B kuAKoM rejimn Il m massiBaercsa «QoHTaHHBIM 3-



§91 TEPMOMOJEKYJIAPHAA PABHOCTH ODABJEHNU 39

perromy. B ciywae, ecam oba pesepByapa ormemeHs ApyT
0T Apyra MeMOpaHoii, 3TOT afieKT HABEHIBACTCA TEPMOOCMOCOM.

Hax yxaseBasoch, BTOPEIM 3QdeKTOM HaJIOKEHEA ABIACTCS
tepMomexannyecknit aPdexr. Ou zawiaodaeTcs B TOM, 9TO
ecit B 000MX pesepByapax WONiepMBAThL HeGONBINYIO pas-
HOCTh JIABICHHE N OJMHAKOBYIO TEMIEPATypy, TO HOABUTCH
TeIUIOBOW MOTOK (MM TOTOR dHeprmm). B mepsom mpmGmmie-
HIM 5TOT HOTOK OKaiKeICHd IPONOPIHOHAIBLHEIM HOTOKY Belje-
crsa. Hoaduuuent nponopmmonanssocrs, coorserctsyommi
TenjI0Te, TEDeHOCHMOl eJWHMIeH BemecTBa, Ha3BBACTCH
TEIIIOTOI (9Hepruelt) meperoca TepMOMEXaHHYECKOTo sdexTa.
9107 _3PderT mMeeT MecTo TaKKe B ;KEAKOM renmm II.

Has repmonmuamuyeckoro anainsa storo sddexra meol-
XO[AMO HAUTH COOTBETCIBYIOINWE MOTOKH ¥ CHJIEI, MCIONB3YS
COOTHOMICHMe — HM3MeHeHHA asHTponmu. Ilpm  ompejenennu
H3MEHEHUd SHTPONUE CUHTAEM, UTO CHCTEMa  HBJACTCH
agmabaTmdeckn M3omuposaHpoil. Ilyers ofseM  cmcTeMmst
oymer V. B cocroanmm TepMOCTATHYECKOro paBHOBECHS
ofe d9acTH CHCTEMEI, BAKIIOYEHHBI® B DA3HHX pesepBya-
pax, MMeoT ONMHAKOBHI 3anac smeprmum U, opgmHaxoByIO
maccy M 4, ciemoBaTelIbHO, ONMHAKOBYIO 3HTpoumio S.
B wadecTse XapaKTepHCTHK COCTOSHHA CHCTEMBl BHITOJHO
BeiOpare sHeprmio U m maccy M, moromMy wro OHM HORYH-
HAIOTCA 3aKOHY coxpameHma. VaMeHeHme SHeprum U MAacehl
B pesepsyape I pasmmt AU m AM, a B pesepsyape II, coor-
setcrBeHno, — AU m — AM, tak Kar Bes cumcrema aguaGaTu-
YeCKH W30JmpoBaHa. llaMenenme »sHTpOmMM Bcell CHCTEME!
B LEJIOM MOKeT OBITh HAHEHO CyMMHDPOBAHHEM W3MEHEHHOS
sHTponHd B obomx peseppyapax ASt m ASy. Jua storo
IPe/(BAPUTENBHO PABJIOKUM M3MEHEHMe DHTPONMH B KayKIOM
u3 pesepsyapos 4S5t m ASt B pax Teitmopa. [lus pesepsyapa
I nmeem:

as as 1 7/ 92§
ASI—:<W>MAU+ <W>U AM b+ —a—U—2>M(AU)2 4
+a—a2§MAUAM+—§—<§%>U(AM)2. (1)

Apanoruunoe BHIPAKEHAE MOMHO HONYYATH W musd ASy ¢ Toit
Jdumb pasHANed, 4To Bce UJeHbl NePBOIl CTEHeHHA 31ech oynyr
UMeTh NPOTHBOMNOJIOMHEIE B3HAKH, Tak Kak AU m AM pas
BIOPOTO pesepByapa WMEOT 3HAK MuHyc. Msmenemme oHTpO-
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NEA Bced CHCTeMH ¢ Maccoll 23/ Gymer paBmo
248 = AST--ASy.

Ecnm nogcraBate B 5Ty dopmyny 3navenma ASy m ASt,
TO TIOJIYyIHM:

178 )
AS = z<6U2>M(AU)2+0U6MAUA1U Tz 6M2> (AM)%. (2)

I[IporasogHas mo BpeMeHHm OT HTOro BHpaMkeHHA Gymer:

AS =AU {(g[fz\ LU+6UW_A.M}+

+AM{8U8MAU+<6M2> AM} (3)
381850
AS = AUA <%>IH'T"AMA (;%)U"—‘JUXU"'F]MXM' (4)

dta (opMyna COOTBETCTBYeT (I)opmy.ne (I.6). Omna srpamaer
SHTPONMIO KAK CYMMy upoH3BeneHmit mortoxoB (I.4) m coort-
BercrByomux cun (1.5). 3gecs morox smeprum

Ju =12, (5)
a TIOTOK MAaccChl BemecTsa
Ja=AM; (6)
COOTBETCTBYIOIIHAE HM CHJIIBL
Xy= <6U /M’ (N
Xy=A4A ( o) (8)

Jlmneiinsie denomenomormueckue coorsomenms (1.1) TIpef-
CTaBIATCH B BHe:

Iy =Ly Xy + L, Xv, 9)
Jy =Ly Xy + Ly, Xy. (10)

Hna HAX co6MIONA0TCa COOTHOMEHHA B3aEMHOCTH Omnsarepa

L12=Lz1- (“)
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Jla Toro arToGHl BCKPHITH PU3MYECKMHA CMEICI HTHX COOT-
HOWHWH, HYKHO BEIDA3ATH B ABHOH dopme cmmst (7) m (8).
JT0 MOKeT OBITH BHIIONHEHO IPH TOMOULH CTEAYIOMEro Bhpa-
JKEHHA:

TdS =dU —pdM, (12)

TAK KaK B paGCManHBaeMOM cilly4dae 00'beM CHCTEeMEI OocTaeTcsa
TOCTOAHHBIM. 311601) XUMAYECKAHI noTeHnuajia . OTHECEH K efu-
HUNEe MaccChl.

Augdepennimpyst Bripasenne (12) o dU wpn M = const,

oJIyqaem:
1 AT
XU=A<T):_F, (13)
a mngdepennupys (12) mo dM mpu U = const, Gymem mMers:
AP  hAT
Xu=—a(4%)=-2+25T, (14)
HOTOMY 4TO
Ap=0AP — AT, (15)
3meck h — ynenpHas SHTANBIAA
h=p+Ts=u- Pv, (16)

§ — yRenbHAsA SHTpONHS, U— yAeNbHHHE o6beM. (Vaemnusle
uapamMerpsl 0G03HAYAIOTCS CTPOYHEIME GyKBaME W Tpegcra-
BIAIOT co0OH IONIHOe 3HAYEHHE KasKIoH XapaKTepPHUCTHKH,

. H N
JeJICHHOM Ha BCIO Maccy Tela, KaK, Halpamep, h=M )

B pasGapaeMoM ciyuae OEHOKOMIOHEHTHOH CHCTeMS
yaensnaa ¢ynxmua I'm6Gea Gymer:

G
8§=7317

OHA COOTBETCTBYET XMMHIECKOMY LOTEHIHAIy .,

Ecim mopcrauts Beipamenns cun (13) u (14) B deno-
MeHojioruieckne cootHomenusa (9) m (10), momyunm crexy-
I0Ide ypaBHEeHHSA:

Ju=—E2ap It ol g (17

Jy = _é%li’f_\P.*.é?lh_T_z!ﬁZ AT. (18)



42 OJJHOKOMIIOHEHTHLIE CUCTEMBI {TJI. 11X

Briacuenuwe (mamyecKoro CcMBICAA HTHX  COOTHOMIEHMIX
Tpebyer mHTepnperanmm Kodpdummentos. lna sroro pasbe-
peM JBa 9YacTHHIX ciaydad. lcciemoBanme sTHX Wid amaso-
THYHBIX CJIy4aeB Wrpaer GONbHmIyIo pPONb B TePMOJHHAMUKE
HeoOPaTAMEIX [POLECCOB.

lepBriM w3 HHMX ABIAETCA M30TEPMHYECKMI TpONeCC,
xorpa AT =0. Torna us ypasmenmit (18) u (17) momyuaewm:

JU=I{:—:JMEU*JM. (19)

W3 mociegHero ypaBHeHHA BHAHO, 4TO BeIMYMHA, 0003HA-
yeHHas uepes U™, mmeer cMblci SHEprUA, NepeHeceHHOI
egmHANeX Macchl. VIHOTHa ee HAZHIBAIOT TEMJIOTOMH mepeHoca,
HO MBI TpeJNOYATAEM HA3BIBATH €6 «dHeprHell IrepeHocay,
4 HA3BaHHe (TETJIOTA IEepeHoca» OTHOCATH K pazHOCTH

Q*=U*_1. (20)

([ns yscHeHnA (YU3MYECKOrOo CMBICIA JTOR PABHOCTH UHTA-
TEII0 peKoMeHpyerca obparurhed k § 11, a 3mecr mocrartou-
HEIM OKa3BIBaeTCs TOJBKO IOHAMAHMe PA3HICCKOTo cMbicaa [+,
Yro wacaercsa selpamenua (20), To ero MOKHO TOKa pac-
CMATPHBATH KAK MATeMATHYECKOE Ompefiellenne Bestmanusl Q*.)

Vpassenne (19) onmceiBaeT TepMoMexaHUYeCKEH HPdeKr.
OHo maer KOMMYECTBO MEPEHECEHHOH HHEPIWH TIPH TOCTOSHHON
Pa3HOCTH [(ABJIEHWH TIPH YCJIOBHM, KOTJA TEMIEpATypa Besjle
opunarosa: AT = 0. [lepenecennas sHeprusl UPONOPIHOHATILHA
IIePeHeCeHHOH Macce, a KOIQOUIUeHT NPONOPHHOHATIBLHOCTR
4 ecTh 9Heprus mepeHoca U*.

BTopriv BajKHEIM UACTHHIM CJIy9aeM fIBIACTCA TaK HA3bl-
BaeMoe «cTammoHApHOe cocrogHmey cmcTembl. OHO ompeje-
TIAETCS KAK COCTOAHME, TPH KOTOPOM IIEPEHOC MACCHI OTCYT-
creyer: Jy =0, HO mMeerT MecTo mepeHoc sHeprum: Jy = 0.
Ilpm TakoM cocroaHmm cucreMa OOMEHHBAGTCA —TeIJIOTOH
C OKpysKalomed cpegol, HO TAPAMETPHl COCTOSHHIA CHCTEMBI
0CTAIOTCA HMOCTOAHHBIME, He 3aBWCAMAMEA oT Bpemenu. Ilapa-
MeTpbl COCTOAHWA, B JI@HHOM cjlydae TeMmepaTypa ¥ jasBile-
HMe, 3aBUCAT OT TPAaBWYHHIX ychoBuit. (Ecam omum 6ymyr
OJIMHAKOBEIMA TIO BCeHl HOBEPXHOCTH CHCTEMBI, TO 3TO COCTOSA-
Hie Oyser coOTBeTCTBOBATEH TEPMOCTATHYECKOMY PABHOBECHIO.)
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Haa cranumoraproro cocroanua ypasreHue (17) paer:

h__EE
AP . Lll
A7 T oT (21)

10 OTHOMEHMEe HA3BIBAETCA (PA3HOCTHIO TEPMOMOJIEKYJIAP-
HOTO [aBIIEHNs» — OTHOMGHWE Nepelaja AaBleHMii K uepe-
najy TeMmepaTyp, KOTIJIa HOTOK MAcCHl BEIIECTRA DPaBeH HYJIO.
Mosgso caszath Tepmomexaumuecknit addexr (19) ¢ pas-
HOCTBIO TEPMOMOJIEKYJIAPHOTO NaBJeHHS HpPH IIOMOIIM COOT-
nomenmii Baaumuoctn Ousarepa (11). Torma momyumwm:

AP  n-U*
AT™ T oT (22)
nyM, B COOTBETCTBHM ¢ BhipakenmeM (20),
AP Q*
AT T (23)

Ypasrenuss (22) u (23) ABug0TCA YHUBEPCATBHBIMU B
TePMOIMHAMIKe HeoOpaTHMHIX IPONeccOB ¥ CIPaBeIJIMBHL JJIA
BCAKON ONHOKOMIOHEHTHON cHeTemnt. C TepMOXMHAMUYECKOR
TOYKM 3PEHHS HTO eCTh pesyspTar Beell Teopmu. Mel BBeJH
sneprmio mnepesoca U* u temmo mepemoca QF. Omm npmHaj-
JEKAT K KAaTeropuyl BeJIWYAH, HWTPAIOOINX, KAK Mbl YBHIAMM
[ajibllle, BAMKHYW POIb B TePMOAMHAMNKE HeoOpATHMBIX IIPO-
meccoB. Mel ux obo3HAauaeM OyKBaMH €O 3Be3TOUYKOH M Ha-
3piBaeM RojlmdecrsaMu mepeHoca. Tonbko B 0COOHX Ciaydaax
OHHI COOTBETCTBYIOT OOBIYHEIM TEPMOJHHAMIISCKUM yHKIAAM.
Wx wgncioBoe 3HaYeHWe IOJICIMTHIBACTCS II0 KMHETHIECKHM
COOTHOIIEHAAM, OTHOCAINMMCA K HHTepecyioImell HAaC Beli-
qUHe.

Brauaje paccMoTpuM HpeasnbHBI ras. Mosno mnpepcra-
suTh cebe ras Huypgcema mnm ras, NMONYAHAIOIMIMNCA 3aKO-
ny DBoitna. Ilyers ofa pesepByapa, B KOTODHIX 3aKJIOYeH
ra3 Huyncena, coemmHeHH KaOMJUIAPOM, ce4eHHe KOTOPOro
MeHbIue JIMHE cBoGogHoro mpoGera monexyn. [Ipocroir pac-
uer, MPOBeHEHHBII HA OCHOBAHUM KHWHETHYecKoH Teopum (oH
npuBoguTesas B' § 14), maer mna  woapdunmenta TepMOMO-
TEeKYIAPHOTO 3PerTa

_2RT ‘
Ue 2T 25
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rge M — MoneKyJIApHEI Bec, a Jt—rasosas IIOCTOAHHAA.
Torma m3 (21) momygaem:

AP 1 R

3T M (25)
TaKk KAaR [OJIA HAeaJhbHOrO rasa
5 RT
h — 7 —]l,‘i' .

W3 soipamkenus (20) molydaeM XOpOIIO H3BECTHOE COOT-
HOIIeHWEe AJIA HJeaNLHOTO Tasa
pl  plI
Vi yri’
B oOmuHOM rasze, mOTYHHAIOMEMCa 3aKOHY DBoitnd, Kor-

Ha oTsepcTHe, coefHHSIOMee o0a pesepByapa, MMeeT cede-
HEe, CPABHEMOe ¢ JJIHHOH cBoGogHOro mpobera (cm. § 14),

(26)

U*=u- Pu=nh, (27)
1 U3 BepaskeHua (22) mmeeM:
AP
ar =0
HIIH
pPl— pI, (28)

- os ppyrux caydaes TpyAHO #AaTh TOoYAyIO Qopmydy,
BEIpasKaiomyo Bexuauny @, Ho ypasmenme (22) ocraercs
CUPABeJJIMBHM M MOXKeT OBITH IIPOBepeHO BKCIePUMEHTANb-
HBIM IIyTeM.

JpyraM mATepecHHIM CJlydaeM pa3HOCTH TEPMOMOIEKY-
JSAPHOTO JIABJIeHUA sBNsAercA (QOHTAHHHE ddext B RUEKOM
rexom 1. B sroil sxmprocTH TOjKE BOBHOKAeT TEPMOMEXaHH-
veckmit s¢pPerr. Ecnm paccmarpusars xupkmil remmit 11 xax
ONHOKOMIIOHEHTHYIO CHCTeMY, ypaBHenme (22) OKa3sbIBaeTCA
TOME CIPABEJIIABEIM. OTO OBIO NPOBEPEHO HKCHIEPHMEHTANb-
uem mytem  Kanmueit, Meepom n Memnumaxom. [Hame pma
TAKOM MCKIIOYMTENIbHOM cpenbl, Kax rexmit 1I, mpemmomome-
uua OH3arepa IONTBEpMKIAWTCA.

Hna onpejenenns suagenwa U* mnn Q% (20) mpopemem
cAeNyIOMHAC paccyypenas. B cooTBETCTBUM ¢ Teopmel
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ABYXKOMIIOHeHTHOH jxmarocty [oprepa momywaerca:

Q* as

T " Figg (29)
rge x, —[I0NA TaK HA3HBAGMHX (HOPMAJLHEIXY 4ATOMOB,
1 —2z,—nona «xomgeHcHpOBAHHBIX» aToMOB. JlommoH, mpm-
HEMasg, UYTO «KOHJEHCHPOBAHHEIMY Teldil XapaKTepH3yeTcs
SHTDONMEH, PABHOH HYJIO, paHblle HAmeX, 9T0 B OYeHb Y3-
KAX Ipeferax NI Hero cupasexmumsa ¢opmyna (23), Ho QF
onpefeNieTcsA COOTHOIIEHAEM

- (30)

Hak sro cnemyer m3 pacueroB T'oprepa, ¢opmyna (30)
ecTb 4YaCTHBIM caydaid Belpasenus (29), worga s mpomop-
OHOHAJIBHO .

3amermM, uTo JIOHJOH HpHMEHAN ICEBLOTEPMOCTATHYE-
CKUYW METOJ{, CUMTad ABJICHHA, LPOXOAAIMAE B KANKOM Te-
ama II, obparmmeivm. [lameme Oymer noxasano, 410 $op-
Mysa (23) Momer OHTH HOIydeHA 0€3 9TOr0 [OLYIIEHAS
U YTO OHA CIIpaBeNiiuBa IJIA JO60H OTHOPOAHON CHCTEMEI.
Poprep, paccmarpmpas skupxumit remmit 11 ®ax pgByxroMmo-
HEHTHYI0 JKEJKOCTH, HONYdYdJ e€lie JPyrue BHBOTH. OTH
ero BBIBOJBI TAKMKe MOTYT OHTH HOMY4YeHHl M U3 TepMOJMHA-
Muxu HeoOparmmerx mpomeccoB (cM. i1, VI). Berpaskenne (23)
NI WAeasibHBIX TasoB Omyio BeiBefieHo Hasmmmpom Tep-
MO[MHAMMYECKAM METOOM, a BarzepoM — mceBpoTepMOCTa-
THYECKAM.

@opmyna (23), orHeceHHasT K cHCTeMe, COCTOAINEH M3
ABYX vacTelf, OTJelIGHHEIX NPyl OT Opyra MeM0padoi, —
ciydait TepmoocMoca — Gnizia mpopepena [enbmrom m Payma-
HOM. JTO sBNIeHWe Heab3sl cMemnsath ¢ dpdextom Huyn-
cena. Ilpm manmumm memOpans 3sHadenmsa Q*, HaiifleHHEe
AJIA YIAeKHCIOr0o I'a3a W BOAOPOJia, UMEIT pa3/HdHEe 3HAKH.

Wnrepecro pacecMOTpeTh TEMIONPOBOJHOCT:E B CHCTEME
OT omHOH! ee yacrH K apyro#. IIpemmosommm, 4T0 MTHOBEH-
HO cosganack pasHocTh Temmepatyp A7. Torma Bragame
eme He Oymer pasHocTE faBleHmit AP, TaK 4TO ypaBHe-
Hue (18) Gymer mmerb BHJ

Jy=tut o Lm pp, (31)
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3areM B CTAMOHAPHOM COCTOSHMA YCTAHOBATCA W3BECTHAHA
pasHoeTh jiaBienuii AP B COOTBETCTBEM ¢ ypaBHeHmeMm (22).
lloncrapaas o10 ee Bipaskenume B gopmymny (18) m mcunoms-
3ya ypasrenna (11) u (19), nomyuum:
LZIU*—LZ‘J L%I—LIIL22

Jy = T2 AT = T E -AT. (32)
Orcroma BupgHO, 4TO 5Heprusa mnepemoca U* ects oTHONIEHHE
ABYX (eHOMEHOIOTHYECKHX Kod(pummentor (cM. (19)) n oxa-
3BIBACT BJIMAHWMEe Ha Ko3QPuIueHT Ttemmonposoguoctd. Oue-
BHJ{HO, YTO IIpA OTCYTCTBUM TePMOMOJIEKY/IAPHOH pa3HOCTH
RaBienmit, T. e. worga AP =0, KospPHOUEHTH BBIPAKeHMI
(31) m (32), rar 910 cienyer u3 fopmynsr (22), MMEIOT OU-
HaKOBOe 3HaueHHe.

§ 10. [Isa cmocoGa BBIGOpa IOTOKOB W cua

Panbine GblJI0 BEIACHEHO BCE, 4YTO KacaeTCd M3MEHeHHUS HH-
rpouun AS, HO 9T0 eme He JaeT MAHHBIX AJIA BEIGOpa COOTBET-
CTBYIOM[MX NOTOKOB M CHJ, TAK KaK MOKHO pasbmrh AS
pasiuaHbME criocobamm. [leficTBHTeNBHO, pasHble aBTOPHI Mc-
HONIB3YIOT COBCPIICHHO DA3JIMYHBIE IOTOKH, a pe3yJbTaThl,
KOTOpble IOJIy4aioTcd N3 COOTHOMEHHWE BaamMmHocTH OH3are-
pa, OKasBIBAIOTCA OFHOME M TeMH sxe. CleoBaTeIbHO, eCiH
coorromenns OH3arepa CHPaBeAJIMBEI LpH J0GOM BEIGOpe
TOTOKOB ®M CHJI, TO ¢ TOYKM 3PEHHs IPABUILHOCTH pPe3yilhb-
TATOB HAYEr0 HET TAKOI0, 4TO BHIHYAHIO Obl TpENmodecTh
opua BHGOp npyromy. Boxsme rtoro, B raase X1 pmaercs
JIOKA3aTeILCTBO MHBAPHAHTHOCTH cuUMMerpum Marpun L.,
T. €. cOpaBeJIMBOCTH cooTHouleHuit OH3arepa, W WHBapHAHT-

HocTH AS mpH JMEEHHOM Upeo0pasoBaHMM IOTOKOB M CHJI.
B wavecTse mpmmepa uccenyeM caeayommi BRHOOD, cre-
navpBil JKkaprom m Hamumenom. Brifpanmsie mMmm motoxm
csizambl ¢ moTokamm (5) m (6) mpemsiymero maparpada
CACYIOMAMA COOTHONIeHAAMM:
Jo=Jy—pJu, (33)
Ju=Jy. (34)

Hanmmem BLIPAKEHNE [JI1 BO3SHHKHOBEHUSA SHTpPONNH B BHOE

AS = J5 X} + TuXis. (35)
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lopcraBnaa ciofna sHaueHmA noTokoB u3 (opMmyn (33) m (34)
U npupaBHHBasg IPaBOH 4AacTH BBHIPAKEHHUS (4), MOJydYuMM HO-
BEle CHJBI, BEIPAasKeHHbBIE depe3 IpeKHUe:

Xf = Xu, (36)
X=Xy +pXv. (37)

Hompsysacs ¢opmynamu (13) m (14), momuo sTaM cmiam
NpUAATh CJIeyIOU BAJ:

Xo=4(5), (38)
Xj= — 5. (39)

lpn sroMm (enomenomornueckne COOTHONIEHHs TpeCTABATCA,
Kak OOBIYHO:

Ju =L, Xy+ L, Xy, (40)
T =Ly Xi+ LXp, (41)
,H.TIH H3OTepMquCKOI‘O HpOHBCCﬁ 9TH COOTHOWICHMA JaIoT.
Jo =22 Ty =TS, (42)
11

3mech TOABJIACTCA HOBOe KOMMYeCTBO TepeHoca. B coormer-
creum ¢ Qopmynamu (33) m (19) MoxmHO HammcaTh:

TS*=U* —p. (43)

Houemy smecs mpmMensercs ofosmavenme S*, Gymer yxasa-
HO HEKe.

Ucnonbsosanue ypasmenmii (40) u (41) 6omee ymo6Ho,
ueM (eHOMEHONIOTMYECKHX COOTHONIEHWI B HePBOHAYAIBHOM
¢opme (9) m (10). B stom mcememoBaHmE OHE GBI BBELEHHI
¢opmampro BHGOpoM moToros (33) m (34). Mommo maitth

Apyroli WyTh TOMydeHHA BerpakeHus (33). VccmemyeM croBa
ypaBHeHHE (12):

TAS =AU — pAM. (44)

Iyers raxsme AU u AM noxassBamT H3MeHeHHe SHEpPTHH
1 MAaccwl, COfeprKalleiicss B OIHOM M3 pesepsyapos. llpoms-
BOAHAA 10 BPeMEHH STAX BEeJHYHH eCTh IOTOK 9HEPrHd I
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maccel. Tax sxe, xar B gopmynax (5) m (6), momio Bmecro
ypasHeHus (44) mamucarh:

TIs=Jy —pJu, (45)

e
Js=AS (46)

6CTh LOTOK BHTPONMHE M3 OJHOTrO pe3epByapa B apyroil. Oue-
BEHO, Jy B Qopmyne (33) cBA3AHO C NOTOKOM SHTPONHH
BeIpaskeHHit (460) m (45) coorHomenmem

Ty=TJs. (47)

locsie momcraHOBKM 5TOr0 BHIpaskeHus B (42) momyuum, uTo
§* ecTh SHTpONHA, IMepeHeceHHas eJUHHNEA Macch (Jg=
=8*Jy). Ilostomy oHa Mmomer OHTL HasBaHa (IHTPONHEH
HepeHocay M COOTBeTCTBeHHO o0o3HadYeHA deped S*.

Hannen HaswiBaer Ji; motokom temna. [lna momssoBasuA
5TAM HA3BaH@eM HEeT OCHOBAHMM, NOCKOJABKY OHO He ABJIAET-
ca obmenpreaTeiM. Kpome Toro, Heyno0HO fBa pasHHEIX LO-
TOKa HasmBaTh OJHMM N TeM ke Ha3paHmeM: Jy, KOTOPBIA
npencrapiger cofoil IoToxk dHeprmu, m J{;, paccMaTpuBae-
Mei B clefylomeM mnaparpade. Bonee pammosambuo gare
9THM IIOTOKaM pa3JaddYHbie Ha3BAHUA. Hano HAEATHCA, 9TO
B 9TOH YACTH TepMOTUMHAMHKE H TEPMOCTATHKH, TaK e, KAk
4 B Apyrax, pasHoO00d B TePMHUHOIOIAM NOCTEIEHHO M3MM-~
BeTCA.

§ 11*. Tperuii cnocoG BbIGOpa NOTOKOB M CHX

Hns onucanms storo cmocofa BHGOpA IIOTOKOB HAUAMIEM
AX BHpa’KeHHAA

Jbo=Jy — hJw, (48)
Jir=J . (49)

Horpa Bo3EAKHOBEHNE YSHTPONAN, NPECTABICHHOE BHIpa/KeHH-
eM (4), HamucaHO B BUpE

AS = JHXt 4 T X (50)
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TO, TOJCTABJIAA CIOflA 3HAYEHMA NOToKoB (48) m (49), momy-
9AM CHUIBI

Xt =Xy, (51)

X=Xy hXyp. (52)
Vinm, ucmoneaya empaskenus (13) m (14), Haxogmm Buipake-
HAA A CHI

v 1
Xy=8(F ) (53)
” A A
K= —8( g )+m( ) =—F—sF=
(Aw)r vAP

Cwna (54), Oymyym HesaBHCHMOH OT TeMIepaTypHOIO TIpa-
AwenTta, wMeeT (OPMANBHOE IPEMMYINECTBO II0 CPABHEHHIO
¢ (14), xoropasa Briuwuaer wien, copepsxamuir AT u h. llpm
HOBOM BHIOOpEe DAPaMeTPOB, KAK ¥ IPH CMeMeHHH TOYKH,
COOTBOTCTBYIOIIEH HYJIO OTCYeTa DHEpPrau, Bce (uU3MYecKHe
pe3yJbTATH, KOHEYHO, ocraiorcA 0e3s m3MeHeHHS (CPaBHHTH
c § 13).
Hanmmewm remeps eHOMeHOIOTMYECKAE 3aKOHEL

Jau=LiXu+ L, X0, (59)
T = Li X3 + LLXE, (56)
nia, BBOAA CHAHL (D3) m (94), momywmm:
" » VAP e AT
Ty = “‘Lu’U_F_Lm?E’ (57)
" s VAP » AT
JU: —Lzl%—_‘Lzz—q_’? . (58)

IIpomeraeM ¢ ypasuermamu (57) u (98) Ty e omepa-
nuo, Kak B § 9 ¢ ypasmenmamu (17) n (18). [laa mocromn-
HOM Temmeparypsl AT =0 mmeem:

T 2% Jau=Q*Ju, (59)

TaK KAK B coorsercrBumE ¢ ypasmemmamu (19), (20) m (48)
La_pe =g (60)
L

4 c. P. ne I'poor
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Ypasrenma (59) u (60) onumceBaOT TepMOMexaHmUe-
ckuit odderr ne wax motox smeprum Jy (19), a xax moTok
Temna Jy;, CBABAHHEIE ¢ [OTOKOM BemiectBa Jy OpH ompe-
JCJACHHOH  pAa3HOCTH JHaBIGHMI W  [OCTOSHEON  TeMIle-
parype.

B cranuonapuom cocromHEuM Jy =0, u BEIpakeHne (57)
JUIA TePMOMOJIEKYAPHOTO HP(enTa JaBleHNA naeT:

AP L1
AT T ILoT (61)

Hpmmensa coornomenna Owsarepa L),—=L!, mpugeM kK ToO-
My jKe pe3yibTary, 4rto ¥ paHbme (cM. (23))

AP Q*

Hopele motoxn (48) Geutn Beegenst Qopmansmo. Tak ke,
Kax 7 B IpefmayuieM maparpade, MOMHO HCCEJ0BATH STOT
Bonpoc uuave. Ilpemsapmrensno 3amermm, uro motor Jir (48)
WHOTJA HA3HBAKT IIOTOKOM Terya. 9710 0GBACHAETCA CIepylo-
mum obcrosaTenserBoM. IlepBriil 3aKOH TePMOAMBAMEKH MO~
HO HamucaTh B TaKoi (opme:

dg=du--Pdv. (63)

3nech dg— remyioTa, COOCINEHHAA eNMHUIE MACCH, U, U —
COOTBETCTBEHHO, YHeJbHas DHePrHA u O0HeM.

JTO BhIpajkeHHe MepBOTO 3aKOHA MOKET PacCMATPHBATHCH
KaK ofmee ypaBHeHWe B TePMOJMHAMEUKE HeoOpaTHMEIX Iipo-
1ecCOB He TOJBKO JJIA OTKPHITHIX CHCTeM (y KOTOPHIX UMeeT-
¢ OOMeH Maccoil BellecTBA M TEMIOOGMEH C OKpYyRaromIeit
cpefoil), HO M HJIA 3aKPHTHX (T. €. TaKWX, B KOTOPHX
uMeerca oOMeH TemyIoTod, a o6MeH Maccoi HCKIIOYeH), 10-
TOMY 94T0 OHO BKJOYaeT TONBKO YAENLHbE KOJIMYeCTBA. DBhi-

pa:KeHEe IIePBOTO 3aKOHa JiA IIPOH3BOJILHOH Macchl Beme-
crBa Oyner:

dQ==dU + PdV — hdM, (64)
e
dQ=Mdq, dU=Mdu, dV—=M do;

H
h = w YACHBHAA JHTANbOASA.
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Juas cucremb, paccMarpmsaemoii B § O, ypaBHenme (64)
Moker OBITH HpUMeHeHO K o0oMM pesepByapaM, KOTAA KaMK-
NBii H3 HEX XapaKkTepusyeTcd HOCTOAHHBIM 00HeMOM:

dUY = — dUY = dQ1 + WM = — (dQ 4 kM), (65)

(Xora dUY= — dUT u dM'= — dM", tem He Mmenee dQT ==
= — dQU, ubo, kax npasuyo, hl % hIL) Ecau smecro dU!
nopcrasnts  dQT -+ hldMY w orGpocnts 3Haukm I, To moOmy-
uaM, KaK 1 B § 9:

AU = AQ-- hAM, (66)

KOTOpOe B TOYHOCTH COOTBETCTBYeT BelpasxeHmio (48), rme AQ
obosnadero gepes Ji (cp. (9) m (6)).

Temmora nepenoca Q* (59) u (60) ucnomsayerca u B cra-
poii mceBjiorepMocTarHyeckoil Teopmu Barmepa u MceTmena.
Tam oHa pacemaTpuBaeTcs KaK TelsoTa, BOCIDHHATAs pe-
sepyapom | mpm Temmeparype T u oTHaHHAsS dYacThIO B pe-
sepsyap Il npm temmepatype T + AT, ecsm B mero wu3 pe-
3epByapa | mepexommT eIWHHIA MAacCH IIPA HEeM3MEHHOM IaB-

JIeHMHM, W TaK, 49roOHl TeMIlepaTypsl B 00OMX pe3epByapax
He MeHAJNCH.

§ 12*. Ilpusegenne MaTpui PeHOMEHOTOTHYECKUX
kod(ppHUNEeNTOB K JMATOHAABHOH (opme

Tax wax Marpumsl KospduumentoB L, ABIAIOTCA CHM~
MeTPUYHEIMH, MOMKHO JIWHEHHHIM mnpeobpasoBaHHeM NOTOKOB
U cua OpHAATh (eHOMEHOJIOTHUeCKOMY B3aKOHY TaKyK ¢@op-
MYy, B KOTOpOH BCe IeperpecTHble KOd(@HImeHTH o0pauiainT-
cA B HyJb. JTO OOCTOATENILCTBO JOKaseiBaercs B raase XI.
Onnaxo, MHTEPECHO OTMETHTH, YTO B pazfupaeMoM 3jiech IpH-
Mepe MOMKHO TpHBECTM MATPUIB K [HATOHAJBHOH Qopme
CIeyomuM TpeobpasoBaHTeM:

Jy =Jy—U*Jy, (67)
T =T, (68)
rje

. L]
U*-‘—“fj“l, a  Ly=1L,
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Tax e, ®ak m B mpefHAymuX naparpadax, HaXOMUM BBI-
PaYKEHUA CHJI
Xy’ =Xy, (69)

Xit' = Xy +U*Xy. (70)

Ecnn mopcraButh BEIpaMKEHMA NOTOKOB M3 TepPBOHAYAI-
Hoil opMEl eromenonormaeckoro 3axona (9) m (10) B BB
pasenna (67) m (68), a rarske MCKMOYATH CHABL Wpm moO-
momm Beipaykernit (69) m (70), MOKHO, BOCHOIB30BABIIACEH

. L
dopmyqoit U* = L_ji u coorromenuem Omzarepa L,=L,,

NONYy9UTh Ipyroe BHpajkeHHe (HeHOMEHOJIOIMYECKOTO 3aKOHa
B BHIEC

Ju'=L{"Xy' +L,’Xy’, (71)
Ji'=L'Xu' + L)Xy . (72)
Roagdunmentsr 6ynyr mmers 3Hagenue
Ly =Ly, (73)
Ly — Ly =0, (74)
rer Ly L,
Lzz :L%___*lzl_lu ’ (75)

TaK YTO IePeKpecTHBe sieMeHTs mcuesaior. Ilosromy mpm

U30TePMUYECKOM COCTOAHMHM Bhipamenme (72) ofpamaercs
L’Il
B HYJb, W COOTBETCTBEHHO MCYe3aeT DHEPrHsl mepeHoca f’;%
11

§ 13*. Cmemenne myas orTcuera SHeprum

K umcnenmomy snaweHmIO 5SHeprmAm MOMHO UPHOABATSH
OPOUBBOIBHYIO TIOCTOSAHHYIO
U =U+C. (76)
IMosromy, ecnn C =cM, To
u® =y--c,
) =n+4 ¢, (77)
p@=p+ec.
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Uexons u3 Beipamennit (76) m (77), wammmem pusa sHep-
THI IIepeHoca

J%]Z);—'JU_}_CJM& (78)
a JJs1 IepeHoca MacChbl noJIydymM:
IR =Ty (79)

ITpg  270M CHJIBI TPEACTABISIOTCA CJe[yIOIUUMH BEIpajKe-
HUAMA:

Xg = Xo, (80)
XS\ZI):XM—CXU: "A<’%>——CA (\‘,11_,> A (%ﬁ)) (81)

Hak BumHO, TH BHpasKeHHA B TOYHOCTH COOTBETCTBYIOT IIep-
BoHAYANBbHEIM 3HaveHmaM cma (14). Tawaa me omepanus,
KoTopast BHOOJNHeHa B § 12 nmaa ompefelieHusA HOBLIX 3HA-
wennii Koaddumuentos, upuBoauT K BeIpaxerusam (71) m (72),
HO €O 3HAUKAMH Z:

LE? = le (82)
L) = L) = Ly, 4 cLy; = Ly, +cLyy, (83)
ngz) =Ly +¢(Lyg =+ Lyy) +¢*Ly,. (84)

Taxum ofpasoM, YyCTaHABIMBAeTCA BIMAHHE CMEMEHHS
HyJA OTCYeTa oHeprud Ha (eHoMeHOTOrmYecKkne Koapdu-
nuenTs. BeipajkeHWe SHEPrUN IepeHOCA HPU 3TOM TOJIydaeT
BHJ

gro = I L gy, (85)
—-—ngl)_LuT = + O
B TO BpeMsA Kak temsora mepesoca (20) ocraerca 6es maMe-
Henns, Tak Kak (77) u (85) pawor:

Q*(Z) — U*(z) — A =¥ —_h = Q*- (86)

Caemosarenbho, ocraiorcs Ges maMenenus n Qopmyusl (22)
u (23).

B mmxecnenyromeit TaGimie IpuBeJieHbl pasanyHEe POopMEL
BhIDaKeHMsA IOTOKOB, COOTHONICHHH JJIi M30TePMITYECKOro
COCTOABHA M KOJIMYECTB HepeHoca.
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§ ToTox Hsortepmmaeckoe KomuuecTro
COOTHOLIeHne nepeHoca
KL Ty=Uny (19| os 19)

10 Jyp=Jy—uty 33) | Jp=T8%J,, (42)| PS*=U*—p.  (43)

WU Jy=Jy—hly (48) | J=0Q*y (59| Q*=U*—h  (60)

12 [ J g7 =Ty —U*J 3, (67)] g1’ =0 U*—U*=0

B ID =Ty 4y (18) | ID=U*® Ty |U*D=U*+c (89
!

§ 14*. llepenoc Tenaa B rase Kuygcena

Jlna ompemenenna Temorsl mepeHoca B rase Huypcena
ipeficraBuM cebe, 4TO HMJealbHBIi Tra3 SaK/IOUYEH B JBa
pesepByapa, COefNHEHHBIX MeKAYy co00O# OTBepcTHEM, 3HAYA-
TeJIbHO MEeHBIIMM JJIMHBI CBOGOXHOrO mpobera MOJEKyaI. IT1o
3HAYAT, 49TO KaskAasg MOJEKyJja, Homapmas B OTBepcrTHe,
cBOOOJHO ITPOXOJUT 4Yepes Hero.

ITycrs HampaBnenme KoopiauHaTHOH ocH Z GypeT HepleH-
DUKYJNAPHO K INIOCKocTH orsBeperua. (OrMeraM TONApPHBI
yroa 06, oTCUHTHIBaeMHI OT OCH Z, ¥ a3MMYTaJIbHBIH yroi o.
Monexyqbl, moctTynamolmue B e{HHAIY BPeMEHH K IIOCKOCTH
ceueHHsA oTBepeTHA A €O CKOPOCTHIO U, BAKJIOYEHH B ofbeMe

v, A=0v4 cos . (87)

Yuesmo Monexkyn B eAuHANE O00BeMA, MMEINIHX CKOPOCTH
B Ipefieliax U, U-+dv A [IBWKYIIUXCA B TeJIeCHOM yrie dw,
Gyner:

nfv? dvdo = nfv* dusin 0 df do, (88)

N
rne n:—V—~o6mee YMCJ0 MOJIeKYJ B epuHuIle 00bema,
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f— ¢ynxnua Maxcesesia pacipefie/leHusl CKOPOCTel MOJieKy.I:
3

= [Zw T ] eXp[ fia”wz kiT] : (89)

Torga 4MCIO MOJIEKYJ, NPOXOAAMIAX dYepe3 eJUHULY cede-
HIA OTBEPCTHA B eAUHUIYY BPEMEHH CO CKOPOCTBIO B Ipefe-
gax v u v--dy, maitgercs n3 Beipaxkenui (87) m (88):

2m '12‘—
z,dv— S S v,.nfo? du do. (90)

¢=0 =0

[Ipu 3TOM MHTErpHpoBaHie IPOBOAMTCA MO HOJIOBUHE cdepsl.
B pesyneTaTe mETErpApOBAHHA IOILyYaeM:

z, dv = wnfv® dv. (91)

Temeps 71erKO HAWTH CpPEJHION DHEPIHIO MOJIEKYJ, IIPOXO-
mAmuX yepes orBepcrme, Memousays gopmymsr (91) u (89).
Ona 6Gyper pasHa:

2
)
Szvdv
0

Torma sHeprumss mepeHoca, OTHeCeHHAdA K e[NHHIE MacCH,
Gymer:

1 2 __
7mv-—

(e o]
1 2
mu2z, dv
0

— 2kT. (92)

* T 4RT
U*==2Nk =257 (93)

3pech N —umnciao ABorajpo, M — MOJeRYJIApHBIA Bec.
Cnenopatenmpno, Ttemeps ¢opMmyna (24) poxasama. U3
ypasrenmsi (60) mmeem:
RT 1 RT
Q*=U*—f = (2—7 M- 53 (94)
Caenyer yuecrs, uto & U* u h wmomer Owith upnbaBieHa

mobasa IIpOU3BOJIbHAA HOCTOABHAA BeJIHYHHA. Bo sBcex CIIy-
yaax 3a HYJIb OTcYeTa NPHHNUMALTCA COCTOAHHE, COOTBETCTBY-
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jomee I'=0. Ilpm stoM Q* mmeer Bcerga ONHO H TO e
3HaUeHHe, KaK 5To OHUI0 moxasamo B § 13.

Ecmm BMecto raza Hmyncena Gymer ofpiammii ras (r. e.
OTBEpCTHE WMeeT Taxoe 0onbImoe ceueHme, 9TO Ias [BHMKeTCA

crpyeif), To U* Brmo9aer, KpoMe yAeNbHOH oHeprum u, eme
a pabory Pv, Tak uro

U*=u-+Po=h (95)
u
Q*=U*—h=0. (96)

dro poxasmBaerca cootHomenueM (27). Qopmyssr (95) m (96)
CHpaBeJIMBH HE TONLKO [JA WMAEANBHOIO Trasa, a Boobme
IJIA BCAKOTO TeJa.



rdTABA 1V

TEIUIOIIPOBOJAHOCTD, 3JIEKTPOIIPOBOJJHOCTD
N ABJEHUE PEJIAKCALIIN

§ 15. Bsepenne

IMIupAYecKue 3a8KOHEl TEMJIONPORONHOCTH AHW30TPONHEIX
KPHCTA/JIOB OBUIM ONHAM M3 HCTOYHHKOB, M3 Koropsix Omaa-
rep BHIBEJI CBOI TeOPHI0. SHAYHTEJHHO paHbe, ueM Oblia
CO3/laHa TEOPASA MHUKPOCKONUYecKOol ofparumoctm, OHIIO XO-
pOIIO M3BECTHO, YTO B AHM3OTPOIHOM KPHCTAIUIe CYIIECTBYeT
CHMMOTpPHA B MaTpune KosQHOmueHTa TEMJIONPOBOIHOCTH.
Ona He mMorna GHTR 00BACHEHA ¢ KpHCTAIIOrpPadmIecKOir
TouyRE 3peHnsa. Ecim B ypasHenme

JA=§LApXu (1)

nogeraButs BMecro J) (A==1, 2, 3) npoexuum TemmoBoro
HOTOKA HA TPHA MAEKaproBel OCH KOODAMHAT, a BMecTo X,
(A=1, 2, 3)—npoeKnny TeMIepaTypHOro TPajiMeATa Ha Te ke
OCH, TO TIOJIy9aeTcH;

Lku =Ly, (2)

JT0 CIpaBe[JIMBO JasKe TOrAA, KOIAA TaKasg CHMMeTDHs
He ABJIAETCA CJIeNCTBAEM CHMMETPMYHOCTH KpHcTajna. Boib-
mre ycunws OHIM HOPANOMEHH K ToMy, 4ro0El NpoBecTH
OUBITH. ¢ HEJBI0 BHABIGHAA KAKUX-I100 OTKIOHEHUH OT BEHI-
pasxenna (2). HamGomee TwaTeNbHHIMH M3 HEX SBJIHIOTCA
ombitet Cope m Boitra. Ilpu Bcex sTmx ommitax cootmome-
HUe (2) BHIOJHANOCH COBEPUIEHHO TOYHO.

lpramra s10r0 OGCTOATENALCTBA OCTABANACH HESCHOR ¥ He
Moria OHTh O0BACHeHA HM ONHOH MAaKPOCKONMYECKOH Teo-
puet, 6asupymomeiica Ha LCeBIOTEePMOCTATHRE, 70 TeX Iop,
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noka Ousarep B mepsoil cBoelt paGore He ofpaTHiicH K CBO-
CTBY MUKPOCKOMMYeckol obparmmocrd. OT0 CBOHCTBO HpH-
BOJHT X COOTHOIEHNAM B3aMMHOCTH M IOKa3sBaer, 9o dop-
Myna (2) fBIAeTCA YACTHEIM CIy4a3eM OSTHX COOTHOIICHMIX
B3aHMHOCTH.

Hax ycramosnsm Hasumup, ups nmpuMeHennmy coOTHOIIe-
HAH B3aUMHOCTE K TPeXMEDHBIM IOTOKAM MOTYT BO3HHK-
HyTB HBROTOpBIe rpyanocta. Ero paccysnenms mpusenens
B § 1

BHaanIe pPaccMOTPHM CaMBI TPOCTON CJIydadl TemIoBOro
NMOTOKAa Memay JByMa cucreMamm (§ 16) uw opmoMepHBI’
HOTOK B OXHOpOAHOH cucreMe (§ 17). Ot nBa caydas gapyr
SICHOe IIpeficTaBJIeHHe O HOTOKe HHTPOIHM M BO3HWKHOBEHWH
SHTPOLHH.

§ 16. Ilepenoc Temna oT ofHoii cucreMbl K Apyroi

Hna seiBoga ypasHeHnma OGananca sHrpommu (cp. § 3)
[puroskmn paccMarpuBaeT JBa pesepByapa, HaxXogANMXCA
B TemmoBoM Kourawre. O6a pesepsyapa He W30JMpOBAHEI,
H03TOMY, KpoMe oOmeHa TemJIOTOH HPYr ¢ JApPyroM, oHu oOme-
HHEBAIOTCA TEIJIOTOH M ¢ OKpy;rawomieir cpemoir. O6a pesep-
Byapa mMelorT Heunponunaemsle cremxm. CiemosaTennHo,
KaK/IBl W3 HWX M BCA CACTEMA B IEJOM SABIAIOTCS 3aKpHI-
THIMH, T. €. IlepeHOC BemecTBa orcyrcrsyer. Momuo pasburs
BHEMIHIOW Temyory d,Q, coobmaemyio ofouM pesepByapawm,
Ha jBe wacri: d,Q" — mepeomy pesepgyapy u d,Q" — Bropomy
pesepByapy. Ecau pesepsyap I momysaer remmory d,Q"
3a cuer mepeHoca wm3 pesepByapa II, To 6ymem mwmcars
diQn:—-din. Ecnmm rtemmepatypa pesepsyapos I m 1II,
cootBercTBeHHO, I'+ A7 u T, TO MOMKHO WpPeHCTaBUTEL H3Me-
HeHHe SHTPONMU Beell CHCTeMBI B CJIeLYIOIEeM BHIE:

dte teI 1QI dinI
T+ AT +T+AT+ T

B WIS

3mecs dS pasgeneno Ha jBe dacrH, obosHavenusie d,S
7 d,§, cooTBeTCTBEHHO, 1JIA BHEIIHeHl W BHYTpPeHHell wacrm,

dS:
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raxk B § 3. Bayrpennee nmaMeneHme DHTPONHH 32 eXHHUILY
ppeMeHH OymeT:
;s d;Qf 1 11 4Q AT 4
0=~ a | 7rar T | = T )

T+AT T

B coorsercTBHE €O BTOPHIM 38KOHOM TepMOXMHAMMKYU 3Ta
4acTh BCerjla IoJIokuTenbHA. Uro Kacaercd BHeEMIHEH BHTPO-
AW, TO OHA MOKeT OBITH M HOJOKUTEIBHON M OTpPHHATesh-
HOIf B 3aBHCAMOCTH OT Toro, Oymer JIM CHCTEMAa IIOJIY4aThb
I OTAABATh TEIJIO OKPY;KAIOMeil cpefe.

CoBepmeHHO fICHO, 4TO BHIpajKeHHe (3) He eCTh MPOCTO
usMenenne sETpormu. OHO ele BKIOYaeT BOBHHKHOBEHWe
9HTPOINH, XapaKTepuayoulee HeoOpaTHMBIE IIPOLECCHI, IIPO-
TERAIOIMME BHYTPH cucTeMbl. MoKHO Hammeath BEIpayKeHUe I

d;QY!
BOBHIKHOBEHJA BHTPONMHI KaK HMPON3BefeHNe I0ToKA J, = 1th
AT
wocmiet X, = -5 . Iolomnrenbaoe sHadenyue sT0ro mpoms-

BefleHuA IOJTBeP/KAAeTCA TeM, 4TO ero HJIEHBl HMEIOT Ofu-
NAKOBHIE 3HAKH, TAK KAaK TelJIoTa IIEPeXOJUT OT BBEICOKOM
TeMOepaTypel K Hu3KoW. Hammmem ¢eHoMeHOIOrn9ecKuit
3aKoH, cBaAsEBag J m X B mepBoM npuOiIKeHWH IJIHHEH-
HBIM COOTHOINCHTEM

AT
J’LL:LXLL::L—T'_z_‘ (5)

910 — x0opomo u3pecTHHNI 3aKoH Dypbe, yCraHaBIMBAXOIMIL
IPONOPIIOHAIBHOCTH TeIJIOBOTO IIOTOKA PA3HOCTH TeMIepaTyp.
Hdpyrag d¢opMa BHpajKeHHS BO3HHUKHOBEHWA OHTPONAH
Hojiy4aeTcs, ecjd MOJXCTABUTEH BhIpaskeHue (D) B ypaBHeHue (4)
d;§
= =LX%>0. (6)
dt
JTo BRIpajKeHMEe mOKasbiBaer, 4T0 L, a moromy m xosdpdu-
LUeHT TeIJIONPOBOJHOCTH — CYIeCTBEHHO IIOJIOKUTEIbHEIe Be-
JIMYAHEL.

7
V

3\

§ 17. Opgnomepupiii TenzoBoii HOTOK

B rauecrse BBefieHMA K ClefyoOIMM IiIaBaM 37ech ele
pa3 IOBTODAIOTICH DPACCY;KJEHMSA, NpHUBE/[eHHEE B LpPeNBAY-
mux maparpadax, HO Kacalomuecs HOPOCTOH OJHOPOA-
HO# cucteMHl. [IycTh aToil cumcreMoil Gymer TBepmoe Telo, u
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rpajiueHT TeMOepaTypH UMeeT OfMHAKOBOe 3HAYCHHE BO BCEX
rouxax. [Ipopmono;kmM, 4TO CIPYKTYpa TBepAOro Teia
TAKOBA, YTO TENJIOBOH TOTOK MMeeT HAIpapjeHue TeMiepa-
TYPHOrO TPajikeHTa, M ¢ MaTeMaTH4eCKOH TOYKA B3peHHs
3afava CBORMTCA K opHOMepHOH. IlpeneGperas pacmmpeHumeM
TBEPOTO Tejd, HANMINEM BHIPa)KeHHA HEePBOTO H BTOPOTO
3aKOHOB TePMOXMHAMUKE

p I _div],, (7)
ds du

3meck U U S — COOTBETCTBEHHO, YAeJbHAsA DHEPrUA M BHTPO-
nus, p— IJOTHOCTh, a J, — TemJI0BOH IIOTOK.

Tar wak 3meck HeT MEPeHOCA MACCH, TO TENIIOBOM IOTOK
U IIOTOK BSHeprud IPeACTaBIAIT co6od OFHO W TO Ke
(ep. VII (13), (15) m (32)). llna opuomepHO#l Bapaum Au-
BepreHnnd H nu@depeHIHpPOBaHEE YO KOOPAWHATE Z — OMHO
1 10 xe. Comocrasnasa ypaBueHms (7) m (8), momyuyumm cie-
Iyionlee BHIPasKeHHE MJIsI DHTPOIHAM:

ds

1 ..
97”—2 -——T“leJu=

— ——dlv —J gradT

= —divI,+o(s). )

IJ10 Bepakenme mMmeer QopMmy OasaHcoBoro ypasBHeHmA. OHO
nopYepruBaer ToT $AKT, YTO H3MEHEHHWe KOJMYEcTBa, T. €.
SHTPONHEN, 06YyCJIOBIIeHO OTPANATENBHOH KUBePreHnael MOTOKa
SHTPONIAN

Ju

s:’:IT: (10)

a g BO3HUKHOBEHUA JHTPOLNMU HMeEeM:

o ()= —1J, g”‘”. (11)

910 BHIPaKEeHHE AHAJOTMYHO BHPAKEHHI0 (4) mpepmay-
mero maparpada, HO AJA KOHEYHOHX pPasHOCTH TeMIeparyp,
TaK 7Ke, KaK BeIpakeHme (9), cooTsercTByeT BHIparKeHmIo (3).
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__gradT

Umess pna cuiml Boipaxkennme X, = S

MOHO Hanom-
caTh BO3BHMKHOBEHHe BHTPOHHII B BHUJe
o=J X, =LX%>0. (12)

Ecin manucate NMuHeHHBIA (OHOMEHOIOTHYECKH 3aKOH

J,=LX, = -L84T (13)

ro momydum 3aKkoH Dyphe, KOTOPHIL OGHYHO mUIIYT B opme
J,= —AgradT. (14)
3/eck NOACTABIEHO 3HaueHWe Kod(UIMEHTa TEIIOmMPOBOM-

L .
HOCTR A= -7 , KOTOPHE B coorerctBEm ¢ (12) ecrs Bcerpa

NOJIOMKUTEJIbHAA BEJIMYAHA; TAK KAK TeIJIOTA IEPeXOfHT. OT
BBICOKOM TeMIepaTyphl K HEU3KOH, TO o 3J[eCh IOJOMKATEIBHO.

Ocolmiit mHTEpeC MpejcTaBisAeT CTANMOHADHOE COCTOSHHE,
KOTJla DHTPOIMS OCTAeTCA MOCTOSHHOM. flcHO, YTO miIg TaKoro
CITyYas NepPBBI WiIeH BEpaKeHus (9) mpesBpamaerca B HYIIb.
OnuHaKOBOE KONMYECTBO TEIJIA IOCTYHAeT B CUCTEMY C «Io-
pAdeil CTOPOHEY H YXOJMT C (XONOGHOH CTOPOHED. Tak Kak
1oj[ada ¥ OTHATHE TeIIda HMEIT MecTO HPH pPa3HEIX TeMIie-
paTypax, TO B COOTBETCTBHH ¢ BhipaeHmeM (10) Gombime
PHTpODME yxXouur, dveMm upuxopur. Hepocratox smrponum
KOMIEHCHPYeTCA BOBHHKHOBeHMeM oHTponmum (11) BHyTpm
€YMICTeMBI, KAK 9TO M JOJBKHO OHITH.

§ 18*. Tpexmepnsiii Tenaonoii mMoTOK

Hns remnosoro moroxa J, ¢ xommomentamm J,, J,, Jy,
BOZHMKAIOMEro  Grarogaps  TeMumeparypHOMY — IpajHeHTy

X,= —gradT ¢ mpoexmusmu X,, X,, X,, B obmem clIyyae
aHIB0TPOMHOrO TeJla HYKHO HANMCATD:
Ji= 21 Ly X, (15)
"

Rasummp obparmn BHuManme Ba 70, 4TO B ciydae Tpex
MEDHOro TeIyIOBOr0 HMOTOKA Hpoenmad J, He SIBISITCA MPOH3.
BOAHBIMH TI0 BpeMeHH IepeMeHHHX mapamerpoB a; (I. 4).
Crnenopatensro, ypasmeRma (15) He HACHTHYHH ypaBHEHHAM
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(I. 1) mnm (IL. 18), xKar 370 HEOOXOFUMO IJIA NONYYeHWA
coornomenmii Omsarepa, T. e. A TOro, YTOGH 3AKIOYHTH
0 cummerpmuHocTH MarpEn L,,. Boasme toro, J, Heawss
OIpeflesIATh [0 TeX NOp, NOKAa AUBEPreHIUA TeIJIOBOrO IMOTOKA
He Oyzmer BhIpaskeHa Makpockommyeckn. Ilostomy mopmcraBum
B BEIpaKeHHe J, IPOM3BOIBHHIA WIeH, IOCJIe Yero JauBepreH-
nua wucdesner. [leficrBuTennHo, 3HaUeHWe jmBeprenumu J,,
He maMemserca, ecam K L,, npubasurs Bemmunny M, =
= — M,,, XapakTepu3yOIIYIOCI TeM, YTO CYyMMa ¢e YaCTHHIX
TIpOM3BOHBIX pPaBHA HYJIO, T. €.

3

oz
=1

3pecsk z;, Ty, T;— MeKAPTOBB KOOPAUHATHI. JTO MOKABLIBAET
Takme, uro BooOme L,, He pasHo Ly,. Ilosromy wemnnsa
CUMTATB, YTO JOCTATOYHO OXHOM JOCTOBEPHOM TEOpHH, 4TOOHI
Gea KaKMX-THGO R00aBOYHBIX MAHHHKIX NONy4sTh Ly, = Ly;.
Bonpoc saxmiowaercs B TOM, KaKhe OrpAHMYEHAS NI KOI(-
dunuentos Ly, cmexyior us coornomenuit Onsarepa musi pac-
CMaTPHBAEMOTO CJIydas.

Jlas Toro 4Tobk 3gechk OBUIM CIpaBeNIIABEL COOTHOIEHHS
Omn3zarepa, Hy;KHO HaliTH [JeHCTBATEIIEHO CONPSKEHHBIE TOTOKM
m cunel. Ilpu sTom caemyer mexopmrs W3 coobpaskeHmii,
OTHOCAIMXCA K BO3HUKHOBEHNIO BHTPOINM.

IIpennono:kaM, 9T0 KpHCTAI B COCTOSHHMH TEPMOCTATH-
YECKOro paBHOBecys mMeeT temmeparypy T'y. Ecmu paspemnts
BTOT KPMCTAJI HA HECKOJIBKO uactei, nmelomux obbemst V,
n remneparypst 7', =T --AT , To ana maMeneHns eﬂ'rponnn
OT ee BHAYCHH Hpﬂ paBHOBeCPII/I npeneOperasg H3MeHEHAEM
of’seMa, MOMKHO HAaNMCAThH:

T
A5 =37, g ar, (16)
-

To

rae C — yhenbHas TemIOEMKOCTH egmHMnBl obbsema. Cymmiu-
poBaHUe pAacHpOCTpPaHAeTcAd HA Bce 9YaCcTH KpHerajiaa. Be-

HocA d I y4dTBHIBag, YTO B MaJIBIX HHTEPBAJIAX TeMmIepa-
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ryp C mouru mocroseHOo, m3 (16) momydaem:

, T]- T]-
AS = v, dT—T%Z v\ (@ =Ty dr =
4

j j To

:O"éc—:rg NV, AT+ ... (17)
i

Cnenopatenpno, (opMysa 1A BOSHUKHOBEHUS HHTPOLHI
MOkeT OBITH HAUUCAHA B BUIE

. C . ,.
AS = - ANV, AT AT (18)
-

B xauectBe CONPAKEHHBIX IIOTOKOB M CHUJI MOKHO BLI6paTb

Aj‘j n ——(-50,2—>VjAT]. Torga HOTOR ecTh HMPOM3BOAHAA TIO
0

BPeMEHU OT IIepeMeHHBIX TIAPAMETPOB COCTOAHUA, HKAK BTO
n jomxno Owre. IIpm Taxkmx ycaoBuax ¢eHoMeHONOrHYECKHi
3arkoH (I.1) npencrapiser coboll JmHelHOE COOTHOMERMe

. C
AT, = — = D K, ATV, (19)
1

a coorHomenns Omusarepa (I. 2) umeor BHf
Kjl:Klj' (20)

[lepexomss ® GecKOHEWHO MAJIEIM YACTHYKAM KpPUCTAJLIA,
noxyunm Bmecto (19) m (20) cinenyomue Beipaskenns:

AT (v) = a—% S S S K (r, v') AT (') dr’ (21)
u
K, vy =K(r',r), (22)

rae r © r’ He ABIAITCA BEKTOPAMH, & O03HAYAOT COKpa-
MeHHOe o0O3HAYeHme Z,, ,, Zs, &;, &, Zg a dr' =dz],
dx,, dz,.

B 3anmouenne BHACHAM BIMSHNE HEONPECICHHOCTH YHCIA
coornomennii Onzarepa (22) Ha Roaddrmuent TenITONpPOBORHO-
¢t Ly, obwramoro sakona Dypbe [y aHMBOTPONHBIX KpH-
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CTaJIJIOB:
J,=LX, win Jy= ) Ly, X,, (23)
18
X,= —grad? wumn Xlz—g—T . (24)
z\

Hdas toro uroGsr ceasars (21) u (23), Haummem ypasHeHue
HepBOrO 3aKOHA TePMORMHAMUKH :

AU = CAT = —div ],

Hopcrasnss seipamennsa (23) m (24) u samenss grad T ero
3HAYeHHeM W3 COOTHOINEHHS

grad AT =grad (I'—T,)=grad T, (25)
HOTY4YHM:

CAT (r) = div {L (r)-grad AT}, (26)

rae Teusop L ecrs QyHKuMA r. 9T0 ypaBHEHWE MOKHO JIETKO
IpHBecTH K BHAY (21), ucmomssys TpexMepryio d-$yHKRUIO
Xesucaiina — [lmpara

3(r—r") =3 (2, — ) 8 (2, — 2,) 3 (%, — ). (27)
Torpa Bripaskenne (26) Mosker GHTH HammcaHO B BUAE
CAT (1) = S g S 3(r—r')div’ {L (r')grad’ AT (')} dr’,  (28)
WM, TOACTABJAA 3HAYCHHE BeHTOPOB, HOJIy9uM:

CAT.’(r)zgsg (r—r’) 2 aw,x

A, p=t
% {Lm r’)aa—,AT(r’)} dr'.  (29)

B orom murerpazme AT (r') nuddepeHmupoBaHo ABaKIEHL.
YacTHOe MHTerpmpoBaHMe BBIPA;KEHHS B CKOOKAx pmaer:

csto- - §{§ 3 {Gre-n)

x {Lm (' )EAT(r') } dr',  (30)
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OpA 5TOM HHTerpupyeMas dacTh mcuesaer, a AT (r') momkmo
Ob1Th AugdepennmpoBaHO TOMBKO OMH pa3. Bropoe wacrHoe
uHTerpupoBanne AT (1) NPABOANT K CIACAYIOLIEMY pPe3yiib-
TaTy:

C AT (r) =
— S S S [2 o {Lm (r')a‘; 3 (r——r')}] AT (¢')dr’,  (31)
Ay »

rge AT (r') Goxpme me amddepennmpyercs. D10 ypasHeHHe
umeer Tpebyemyo ¢opmy (21), a coornomenms Omuzarepa
OPUHAMAIOT BHU[

2 N 0 , _
D { L (g b=} =
225% {Lw (r)%ﬁ(r—r’)} . (32)
Ay o

OTOMY 9T0 3-(yHRIMA ABJIASTCA ABHOM QyHKImelr ero apry-
menra. Pelleme MOMKHO TONY9HTh LPAMO M3  BHIpaKe-
uua (32), MCmomb3ys CBOMCTBO 3-YyHKOEE (CM. IIpEMedaHUe
B Koune naparpada). OHaKo, MOKHO NONYYATE pemieHme He-
CKOJIBKO mpoite, 6es mcmombsoBaBusa S-Qynrmmu. s sroro
yMHOEM (32) HA NPOMBBONBHYI QyHKIMIO f(r') M mpomH-
rerpupyeM mo dr’. Ecam mogcTaBuTh BMecTo HepPBOro wieHa
(32) ero smauenme m3 (31), (30) m (29), a moroM 3HAaUeHme
8-QyHKIMA, KOTOPOe MCHOIB30BaIOCh. B (28), HOXCTABUTEH
¢ o6paTHBHIM 3HaKoM B 00a wiena (32), To mosyumm:

9 af 2 2
)ZTHCL)‘}LE):AZ%: (LM,,#}“) . (33)
s B Ry

Tak kak BTophle NpoOM3BOIHEIE f(r) coxpamaiorcs, To u3
9TOTO BEIPAMKEHHA TIOJIyYaeM:

0f 0Ly _ N 9f 9Ly
6xp. 6”1 6:::}L 3xk

(34)
Ay Ay B

YunteBag, 4o f NPOMSBOTBHO, W3 BHIpaseHna (34) Momno
CHeNaTh CJIeRYOINUE BEIBOJ:

oL oL
1% A
2% = 2, (35)

S C. P. ne I‘pooT
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Hak Gruto yxasamo B Havazme maparpaa, COOTHONIGHHS
Omnzarepa mpmBojAT K 5TOH (opMyile, a He IPAMO K CHM-
merTpmuBocTd Marpansl L,,. Mopmyna (35) moxassiBaer, 4To
HeCHMMETPUYHAA 9YacTh MATpUOH L,, He yBeJmumBaeT jmBep-
TeHIMH TeNJI0BOTO IOTOKA W TOITOMY MOKET He y9UTHIBATHCA.
IJTO TaKMKe O3HAYAET, UTO MOKHO 3Ty HECHMMETPHYHOCTE
NpAHATH PAaBHOH HYJI0 M IPOCTO IHCATH:

Ly =Ly (36)

‘9TO COOTHOIIHH® MOKHO TaKKe NONyYMTh U3 ypaBHe-
Hus (35), ecam cpenath OOHIYHO NPHHEMAEMoe [OHyINeHWe,
ato B Bakyyme L;, =0, a Taxske 10, 9T0 5T0T KoadummumenTt
HE BaBHCHUT OT COCTOSHHS BeIlecTBa.

Temepr BO3EMEM INIOCKYI0 IOBEPXHOCTH KpPHUCTAJIa M
PacIoyIo;KEM KOOpIHMHATHHIe OCH B 5TOM Inockoctd. Torpa,
OYEBHNIHO, BHpaskeHME (35) MpEBPATHTCS B

8 (Ly,— L)

0z =0,

" i uccJiegyeMoro ciIydas IOJNy9IuMm:
Ly =Ly, =0.

Taxnm ofpazoM, MBI OmATH NpPUXORMM K OKCIEPHMEH-
TAJIGHO MOATBep:kpanmeMycsa cootHomeHuio (36). Opmaxo,
ypasuenne Omsarepa (35) emie He COBCeM JOCTATOYHO JJIA
BHIBOLA cooTHomeHHA (36).

Ilpnmeganme. Coormomennme (35) MoskeT GHITH TarsKe
BEIBelleno H3 (32) mpmMeneHneM d-Qpyurumm. ia Toro, uTobnr
YCTaHOBATEL 3aBHCHMOCTh L,, OT ¥’ B mepBoM dieHe fopmy-
st (32), mpmbaBisgeM Kakoe-1n00 3HaYeHHe HEKOTOPOH (yHK-

nnu g (y)

§W) W =80 23— F O3 (D)
Torpa gopmyna (32) mpumer Buj

Eg% [pr (r)%%(r-—r’)-— {6._27:[’“ (l‘)} 3(""'"')] =

-2 (e} o9
p #
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Tar kak BTOpHe IpOM3BOJHBIE COKPAINAIOTCA, TO MONydYaeM:

3 {a%LM*(")} %a(r—r')=

A

= L ()23 (r—r).  (39)
! Oz, B:vu
s B

ITO BBHIpajKeHMe HEeMOCPeJCTBeHHO NPUBOILMT XK COOTHOMIe-
Hmio (39).

§ 19*. TemmoupoBogHOCTL BO BHEHMIHEM MATHMTHOM IOJe

Horpma peiicrByer BHemHee MarHUTHOE IIOJIe, COOTHOIIEHME
(36) mamensierca, m BMecto Hero nossisetca (1.7) mm (I1.24):

Ly, (B)=L,; (--B). (40)

O6rbramo mpurato paséueats Temsop L, na cuMMerpmu-
HYI0 W HecHMMeTpuuHyio dact:m L, m Lf:

Lik=‘;”[Lih+Lki]+ ‘%[Lih“Lki]:Lfk"i‘L?k- (41)

Torga orasmsaercs, uro L, ecrs uerTHas ¢yurmna mons B,
a L, —Hevernan ¢ynwnma mons B:

i (B)= L (—B), (42)

Ly (B)= — L (—B). (43)

Coornomermsn (42) m (43) nmerxo smBopartcs ws (41), ecim

nogcraBuThL 3Havedmss L, m Lj. Hecummerpmumsii remsop
MOKeT GBITH HPEeJCTABIICH KaK 0CEBOM BEKTOp C KOMIOHEHTAMH

Li= — L3 =1Ig n 1. g (44)
Torna Bripaskenme TeIIOBOTO LOTOKA HIpefCTaBATCA B BHUJE
Ji:%}Lika:%Lgh Xk+[LaXu]i (45)

WA TOT jKe NOTOK B BEKTOPHOM BEIPAKeHHH
— S a
), =L X, +[L%X,]. (46)
Cummerpnuunii Temaop L° 0B6HYHO HA3HBAeTCA (TEH3O0-
POM  TemnonmpoBogHOCTAY, & oceBoll BeKTOp L® — BexTopoM

5%
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Puru-Jlenora. Ilociepumii aHamormuen BeKTOpy Xoiia B
HIIEKT PO POBOHOCTH.

Coorpomenue Ousarepa (40) wim ero ppyrue gopmer (42)
n (43) ABiAlTCA MHTepecHMM 00o0uieHneM Bhipamerusa (39),
HO OHH He NOJYYHJIH BKCIePHMEHTATBHOTO NOXTBED:KISHHA.

§ 20*. JneKTpPOnpPOBOXHOCTH

Jl1A 57eKTPOmpoBOAHOCTH B KPHCTAJJaX TeH30p IPOBOM-
MOCTH 0, OTIpeJeACTCA COOTHOMEHUEM MEKAY KOMIOHeHTAMI
HaNPAKEHHOCTH 3JIeKTPAYECKOr0 IOJIA M KOMIOHeHTAMHU CHJIbL
syekTpudeckoro Toka J. HampsaykeHHOCTH HIIEKTPHYECKOTO
nons E= —gradg, rme ¢ — oiekTpHuecKuit moreHmmai:

I=¢gE wm I,= g, E,. (47)
r

970 MOKHO TaKKe HANUCATH B BHje

E=rl nmn E, =X r,I, (48)
[

Tfie I — Marpuna yjAeJIbHOTO CONpPOTHBJIEHHA, KOTOpasg COOT-
BETCTBYET MATpHue g.

Betsacuum, mpusopsar nu coorHomesus OHaarepa K pasell-
CTBY TEH30POB HpPOBOJUMOCTH M CONPOTHBJIGHHS, T. €. K CJie-
AYOIIAM PaBEHCTBAM:

8irn=8ri’ (49)
Tie = Thi- (50)

KasuMup mecilefoBall 3TOT BOIPOC METONOM, OTJIAYHBIM OT
T0T0, KOTOpHIl ouucad B § 4. OH paccMOTpes DIIGKTPHUECKYIO
Iemb, COCTOANLYI0 M3 UeTHIpex MpoBOfHHKOB (pmc. 1).

Ilpegnomoxam, 4YTO0 TOK J, BXOMHT ¢ ORHOHM CTOPOHBL M
BBIXOUT ¢ TIPOTABOIOJIOMKHON u Takmke J y BXONAT M BHIXO-
xaT ¢ pasEnx cropoH. Ecam x pToii neny IPHCOCNHHUTH XBA
KOHeHCaTOpa OONBIIOH eMKOCTH, KAaK ©TO IIOKAa3aHO Ha
pEc. 1, TO MOKHO HAUIHCATL:

J.o=Co, u J,=Cop,. (51)

3peck ¢, ¥ ¢, — PA3HOCTH TOTEHIUANOB HA 3AKUMAX HelH B
HAUPaBIEHNA £ W ¥. JTO B3HAYHET, YTO CKOPOCTH BOZHHKHO-
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BeHMSA SHTPOHHM IIPONMOPIUMOHANBHA CyMMe

Pau T PyPy (52)

L J
1 CJefOBATelIbHO, MOMKHO pacecMaTpuBaTh ¢, (mwmm J,) n o
KAK CONPS/KEHHBIe IApaMeTpsl, TOYHO TAK ke, Kak ¢, (uau

My
e
" —
Zm
z | &4 &
Ay
"
ml%
Prc. 1. SieKTpHYECKAR HeTHPEXNMPOBOJHUKOBAS
1ens.

J,) u ¢, Torpa nuueiiHbie YeHOMEHONOIHYECKUE COOTHOMEHUST
MOJKHO HANMCaTh B BHJE

Jy - Lyx(?x + Lyu(‘Py‘ (54)

,HJIFI ciy4ass, Rorja OTCYTCTByeT BHEIDHCe MAarHUTHOe UoJje,
9T COOTHOIIEHUA TIPEMYT BHJ

L.,=L,. (99)

Hns mocaenyrouero ymoHee BHIpamaTh pasHOCTH TOTEHI(HA-
70B KaK (QYHKIMIO TOKOB:

R J.+ Ry, (56)
+Ryu y? (57)

T/le MaTpuna CONpOTUBIICHHA R ;x ABIAGTCH B3aUMHOH MATpDHIE
L;y, u coorHomenne OHB&I‘epa IPUHAMAET BUR

R,=R,.. (58)
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JT0 COOTHOMIeHUe eme He naer TpeGyeMmoll CUMMETpPHE TeH30-
pa (49) mmm (50), Ho MBI K Hell HOfOAeM IyTeM HpHITOMKe-
HafA (98) KO BceM BOSMOMKHBIM CJIy9asM paccMaTpPEBAEMOTrO
Apnenua. Jlua aroro, mpempme BCero, HalHeMm CBA3L MEKY
BripaxkermaME (06) m (57), ¢ ommoil CTOpoHBI, M BHIpaiKe-
uuem (48), ¢ apyroi:

Px = S Edy= S (reel s+ rxy[u)ﬂ=1/1 dz, (59)
0 v
7,=\1,ds, (60)

0

rae z, W y, — AJMHA H MUPHHA PACCMATPUBAEMOrO YeTHIpex-
yroJbHUKa, ceyeHHe IIPOBONHMKOB KOTOPOTO ofmHaKoBo. U3
seipakennit (99) u (60) umeem:

xm

(?x:rxy']y:rxx S (lx)U:w dz. (61)
[

B gacraom cayuae, xorma J,=0, ypasmenuma (56) m (61)
RaoT:

Ryt adit \ (L), do. (62)
0 =

Hanmmem sripaskenns mis ¢, m [, B TaKoM ke BHJIe, Kak
Bripaxcenan (61) m (62), m npamennm coorHomenna OHsare-
pa, TOTAA HOJIYIHM:

Feyt Ty % (]x)gf_ylo do=rtry, I3 S(Iv)fixgdy' (63)
0 - v y

Momxuo mpuMeHHTH 3TO ypaBHeHHE A pPA3IWIHHIX KOH-
¢urypanmii memm, Tak Kak &, W Y, (TOYKH HpUCOeSHHEHUA
K Iend) Npou3BONbHE. BsifepeM TaKkyio Nemb, [JA KOTOPOM

2,=kz, rtne k=1, 2,...,m, (64)
y=ly, rtme l=1,2,...,n (65)
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Torpa cymMa Bcex mn ypaBHeHNMH, aHajormunmx (63), Gynmer:

xm
mnry, + rodot 2 (]x)g:rg(%:
k,1 0
yn
=mnrye + 1t D\ (Lo dy. (66)
mio 0

Ilpn cymmmpoBaHME 0o [ JIeBOH YacTH ypaBHEHAS HYKHO
y4uecTh, 9TO pacOpefelieHne TOKA He B3aBHCHT OT /, TAK KaK
MBL gomycTan, 9to J, =0 m J, BXOZAT M BEIXOTHT B TOY-
Kax ¢ KOOpAWHATOM I, HesaBmcuMoll or [. Ilepexoms
rpefeny, HOIYYHM:

Yn

Zgwgg@=@ (67)

k=1 0

Ho oro pasno mymo, mb6o J, =0. Toumo Tak jxe wucuesaer
BTOPOH ujeH NpaBoif 9acTH, & BHpaskeHne (66) maer TpebGye-
MBI pe3yJIbTar:

r.. =r (68)

xy yx*

B mpoBemenssix paccy:kpeHusx OBIO IPHHATO, 49TO TeH-
30D YAEIBHOIO COODOTHBIIEHHA T, —ONHH H TOT K€ HRifA
BCEX NPOBOJHEKOB M d9TO OH paBeH HYJMO JIJs BaKkyyMa.
OJT0 MOCIYKAIO IPHYAHOE Toro, uT0 cooTHomeHme (90)
¢aeyeT HEIOCPeACTBEHHO M3 (OPMYJIHI

PRSP (69)

a4 He M3 mepBOTO COOTHOINeHHs:, M BelpaskeHne (50) orasza-
JI0Ch aHAJOrMYHHKM BHpakeHmo (35) § 18.

B zawiouenne ormeTuM, 9T0 MeTO[, AHAJIOrWYHHIA TOMY,
KOTODHI mpmMeHeH B 5TOM maparpade, MomeT GHTH MCIONB-
30BaH uA mojcdera TemompoBogHocTd. Ilpm BTOM MOEEO
B3ATh BhIpasedme (36) Bmecto (35), Tak Kak OHJO DPUHATO,
uro L;,=0. U, naoGopor, meron, npumeHenHmit B § 18,
MO;KeT GBITH HCHOJIB30BAH JIJIA DJIEKTPHIECKON Iemd, HO 3/1ech
TOpUOABIAKTCA HOBHE TPYAHOCTH, TAK KAK [HBEPreHNUs
TOKa paBHA CKOPOCTH WM3MEHOHAS CHJH CONPOTHBJICHHA, &
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caM TOK 34BHCHAT OT JCKTPHYECKOTO IOJA, KOTOPOe ABJIAET-
cs BooOme cirosHOM (yHKDHUeH ool cmmsl. Meron Kaszmwmum-
pa 0DXOAMT 5TH TPYAHOCTH, W HOITOMY MM NpEIOYATAIOT
TONB30BATECA NIPH HCCJAEJOBAHAA HJICKTPOIPOBOJHOCTH.

§ 21*. ONeKTPONPOBOHOCTD BO BHEIIHEM MATHHTHOM NOJje

Pesyneratel npumeneHmA cooTHOmEHMI Omnsarepa pusa
CHCTeMBI, HA KOTOPYIO JleficTByeT BHemMHee MarsuTHOe moje B,
OKA3BIBAIOTCH AHAJOIAYHEIME TOMY, 4TO GBLIO yCTAHOBIEHO
B§ O

iy (B)=r,; (—B). (70)
OTO MOKHO cOPMYJIMPOBATH TAK, YTO CUMMETPUYHAA YaCTh
TeH30pa Y/ eIBHOIO CONPOTHBIICHUS

1 ,
$ == 1
T =g (Tin+ ")
ecth yeTHaa ¢yurmuma B, a mecmmmerpumumas ero uacte
a __ 1
rin =5 (g — )

— nederHasa ¢QyHrnus B,
Ecnu Bmecto Temsopa 7{, HOACTaBHTH BekTOp Xaiia re,
HOJIB3YSCh COOTHOMEHMEM

r{=-—rg uwrT. A,
TO ypaBHeHme (48) Moker GBITH LepemMcaHo B Bmje

E = r'I+[r]] (71)
nnn

E, = ; rind, + [ 1], (72)

Rasumup n TeppurceH SKCHEPUMEHTANBHO WCCIIeOBAIM
TeH30P CONPOTUBJICHHA BHCMYTa. OTOT MaTepHaj ynoGeH s
HpoBepHY cupasepyimBocT  cooTHomenus (70), moromy uro
caMa CHMMeTPHYHOCTH Kpucraina He npusoput K (70). Oun
HAIUIX, 9TO KOMNOOHEHTH CHMMETPUYHOIO TEH30pA COIPOTHMB-
nenda Ouam verHEIME (YHKUWAME HANPSKEHHOCTH TOJA, &
KOMIIOHEHTHI BeKTOpa Xaja 6suin HeueTHHIMEA QyHKIuAMA. Ta-
RrEM ofpasom, cootHomenme (70) OBI0 MOXHOCTHI) MOJLTBEPH:-
7IOHO ONBITOM,
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§ 22. flpaenme peraxkcanun

C MaKpOCKONMYECKONM TOYKH 3PeHHA ABICHUS DPesiaKcann
B (HU3MUECKOH cHCTeMe HYAcTO OHMCHIBAITCA KaK IEepeHoC
OHepPTHH MeXKAY ABYMA IOACHCTeMaMy, MMEMIHMH pasHOCTH
TeMIeparyp. OTH HONCHCTEMBl BaNOJHAIT OLHO M TO iKe
IPOCTPAHCTBO, W TOITOMY B JIIOGOH TOYKE CHCTeMBl CyIile-
CTBYIOT JiBé TeMIEDAaTypsl, He paBHHE ApYr Apyry, H BeA
cucTeMa He HAXOAWICA B COCTOSHHEHM  TePMOCTATHYECKOIO
paBHOBecHs. Tar, Hampmmep, B (eHOMEHOIOIMYECKOM TEOPHH
IapaMarHUTHOM peaKCamiu STHMH IOJCHCTEMAMU SABJIATCA
CHFHE-CHCTeMa M KpucTajuimdecKad pemeTka. B rteopum ary-
CTHYECKOM peJaKcamuy BCA CHCTeMAa pa3jelsiercA Ha BHYT-
PeHHIOKN, WM BHODHPYIONIYI, CHCTOMY W Ha BHEIIHIOO, WIIH
TpPaHCIANMOHHYI0, cHCTeMy. B rasosoM paspApgHAKe NOJICH-
¢TeMaMH ABJIAKTCA MOHK M SJEKTPOHH. Bo Becex ciayvaax
MOJICACTEMBl XaPAKTEePUBYIOTCS PAa3THIHBIME TEMIePATYpPaAMH.
Ipunumas 00beM IHOCTOAHHBIM, MOJKHO HAINCATH BHIPAKEHNE
178 M3MeHEeHWs SHTPOINMH B BHIE

v’ du”

d ]

/TW’ (73)

rae U’ u U? —oueprua, T’ m T” — remnepaTypsl IIOCHCTEM.
Ecam B3sTh TepMHYECKA M30JHPOBAHHYIO cHCTeMY, To Oymem
HIMeTh:

AU =dU’" 4+ dU" =0, (74)
a w3 pelpaskenus (73) HaXoguM BO3HMKHOBEHWE SHTPOLIAM:
ds dU’' /1 1 au’'T"—1"’
= a T~ )" a T (79)
Paccmarpusas
w__a
dt T dt

Kax NOTOK, BHAM, YTO CUJa IPONOPHUOHAIBHA Pa3HOCTH
teMuepatyp mopcucrem I” —T’. BosHHKHOBeHEHE JHTDONNH,
Oynyun HONOKATEILHON BEJIMYHHOA, NMOKA3HBAET, YTO IOTOK
HampaBsjleH OT BBICOKOUM TeMmeparypsl K Hu3koi. (DeHome-
HOJIOTHYeCROe COOTHOIIEHHME Ipe[CcTaBiideT IOTOK IPOIOPHHO-
H3JIBPHEIM CHJIe

d 14 " ___ ’

Ay At i (76)

t:

dt
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B teopmax spneHmd penmaxcanmuu 5T0 OOBIYHO OHIIYT B
cuefyomei ¢opme:

a7’ :

— - 1. (77)

Ona momywaercss u3 BelpaeHus (76), Korpa noxcTaBIAIOT
al’ =C'dT’,

rae C’ — yRenbHAg TENIOBMKOCTH OTHENLHO B3ATOH mOmCHCTE-
12

MBI, & BMeCTO Koa(pdumumeHTa LOMCTABIEHO T. Kiro Ha3H-

L
BAIOT BpeMeHeM pelaxcapmmd. YpasHeHme (77) MOKHO TaKixKe
HATACATh B BHJO

daT’ 1 ” .

= (AT —ATY); (78)
agech A IOKasKIBaeT OTKIOHEHWe OT TeMIePaTy Pl PABHOBECH.

C ¢eHOMEHOIOrMYeCKON TOUKU 3pPeHHS 3(PeKTH pelrarca-

Uy, KaK MB BHAENN, ABAAIOTCA IPOCTHIME CIy4aaMH TOTO-
xa sHeprumm. Opmaxo, cymecrByer OOIbINOe OTAMYHE DTOTO
sdderra or Tex, woropsle pasbupamucs B §§ 17—21. B 10
BpeMs KAaK TaM IOTOKA H CHIE OHJIM BEKTOpPAMH, KaK, Ha-
HpEMep, TEIVIOBOM NIOTOK ¥ TPafheHT TeMOepaTypsl, 3[ech
ofa OHH ABIAIOTCH BeIMYMHAME CKaJlADHBIMHA, KAK, HANDH-
Mep, CKaJsp IepeHoca SHEPrAH W CKANAP Pa3HOCTH TeMIie-
paTyp. dra pasHANA MEKNY TeMIODPOBOJHOCTBIO I dPderToM
pelaKcam@y NPHBOXHT K HEoOXONMMOCTH HUX DPA3IRIBHOTO
paccmorpenma. CranapEocTh 5¢derTa pelarCanuu IPHBOTUT
TaKKe K ToMy, uro coorsomenmAa Omzarepa mpu HaJIAYAM
BHeIDHero MarmmTHoro mous B

L(B)=L(—B) (79)

BHINONHAIOTCH 10 DPHYMHE CHUMMETPAYHOCTH d, CJIe[0BaATellb-
HO, He HAOT HOBHX pesyiabTaToB B paszbmpaeMoM 3fech
mpocroM ciydae. Oj(HAKO, KOrla HECKOIBKO 2QPeKRTOB penax-
camEd IPOXOMAT OJHOBPEMEHHO MM KOIJida OHH CONpPOBOMMA-
orca ppyrama sdderramu, coornomenna Onzarepa, KOHed-
HO, cOOMIONAIOTEA M MOTYT OHTH HCHONB3OBAHHL ST HMCCIe-
OBAHMSA TAKAX SBJICHHH.
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HEINPEPBIBHBIE CUCTEMbI BE3 XUMNYECKUX
PEARINA

§ 23. Beejgenne

B ar10d m mocnepgyomux riiaBax cHOBAa, Kak B riaase 111,
paccMaTpuBaIOTICH CHCTEMEI, 3aKJIIOYCHHEIE B IBYX pesepByapax,
coefuHeHHHX MemOpanoil mam kaomwiapoM. OpHako, B raa-
se III paccmarpusasiack OHOPOIHAS CHCTEMA, & CHCTEMA, pac-
CMATPHEBAEMasl 31ech, NpPEACTaBIAeT COo0OH cMech n KOMOO-
HEHTOB, MEMKJY KOTOPHIMH XWMHYeCKHEe DPeaKIUy WCHIIOYeHH .
CroereMbl, MEXIY KOMIOHEHTAMH KOTOPHIX IIPOMCXOAAT XHMH-
YeCKHE PEaRIH¥, PacCMATPHBAIOTCS B CIEAYIOIEH TIiase.

Ilpumem, 9To Bes cmcTeMa Ipef(cTaBiIsAeT cOGOH 3aKPHITYIO
cucreMy, T. €. o0OMeHa BemlecTBOM ¢ OKDY:KAalomed cpeoit
HET, & HMMeETCH TOJBKO OOMEH TemoTod u paboroit. Ilomcm-
creml I m II, sakmouenHre B pasHBIX ‘pesepByapax, fBJIf-
I0TCH, O[{HAKO, OTKPHITHIMM, TAK KAK BeIIeCTBO MOMKET mepe-
XOIMTH M3 OJJHOrO pesepByapa B ApPYyIOM.

Belo cmeTeMy MBI HasblBaeM HeNpephHIBHOH, Tak Kak
He GyjeM cdamTaTh, 4T0 QUBHYECKME CBOMCTBA ABIAOTCS Ipe-
PHIBHEIME (QyHKNIAME KOOPAMHAT IIPOCTPAHCTBA, KAK B Ipe-
PHIBHBIX CHCTeMaX, KOTOpHle OyIyT paccMaTpmBaThCA B TJla-
Be VII. 3pecs GymeMm cumrarTs, 4TO B KamIOM H3 pe3epByapoB
Be3ge Bece cBoicTBa onmHaKoBH. [Ipm 9TOoM jomyckaercs
pasimyne B CBOHCTBAX IOJCHCTEM, 3aKIOYCHHHIX B Pas3HEX
pesepyapax. VameHenne 3HadeHmii mapaMeTpoB IIPOMCXONHT
n0YTH HenpepsiBHO B Mem0paHe HIM B Kammiumipe. Tawkmm
o6pasoM, Momer 6eTh pasHuna temmepaTyp AT Mexmy pesep-
Byapamz II m I, pasmnmma kommemrpammii Ac, KoMumoHenTa k
N pasuumna paBaenmd AP, Jlaske B ciydae MeXaHHYECKOTO
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paBHOBecHsI W HpH OTCYTCTBHH BHEIIHMX CHJI MOMKeT ORITEH
pasHALA fABJIeHWi, OOYCJOBIGHHAA BIMAHHEM MeMODaHEI
nin Kanwiispa. [Ipocrsie ¢uamueckue sABieHns, pasdupaemsle
B HacTOAMmEH TiiaBe, MOTYT CIY/KHTh XOPOIIMME HJLIIOCTPa-
OUAME TEOpUHW CTanmoHapHOro cocrosuma. [lo sroii mpmumHe
B JAHHOH TIjlaBe NPUMEHAIOTCA 00a MeTOXA, KOTOpHIe MCIOJIb-
3yXOTCS B HACTOALIEH MoHOrpadum JJjIA ONMCAHHA CTANHO-
HapHOro cocrofgHusA. IlepBEII MeTOm, KOTOPHIM MBI MOJbH30BA-
muew B raase 111, onuceiBaerea B § 27 m TaK:ke MpAMEHACTCS
B raapax VII —IX. Bropoit Metox mokasas B § 28. On rawmxe
nenoipayercss B raase VI. 9ro—ofmas Teopus eTalHOHApD-
HEIX COCTOAHHII pasIMygHOro NOPAMKA. 3Hech IOKa3kIBaeTCsd,
4TO YACTHBIE CHAY9AH CTANHOHAPHOTO COCTOSHASA HepBOTO
HOpAJIKA MOTYT PacCMAaTPHBATECA IepBEIM MerogoM. B riase X
maypTes Gonee ofmiue OCODEHHOCTH STHX ABYX METOROB HCCIe-
MOBAHMA CTANUOHADHBIX COCTOAHWI, H CBA3D MEKAy HHMU
nzyuaercsa Goslee JerasjbHO, YeM B BTOM IJiase, rje IpUiAeTCH
ocofoe 3HAYEHHWE WX NPAIOKEHMI0 K HOHKPETHBIM CIIydYasM.

§ 24. OcHoBHBIE ypaBHeHHA

s Toro uro6sl cocTaBUThH ypaBHeHHe Oajauca sHTPOLIHNH,
HY)KHO TOJNH30BATBCA 3AKOHOM COXPAHEHMA MAcCH X SHEPLHH,
a Tak/Ke ypaBHeBHeM BTODOTO 3aKOHA TepMopuHaMmkm. Jlms
OTKPHTHX CHCTeM 5T0 fenaerca MetogoM Ilpuroxmua. 3peck
MBI IIPE[CTABISAEM 3aKOH COXDAHEHWA JHEPrMH B HECKOIBKO
HeoOBIHOE (opwme.

a. 3aK0OH coxpaHeHus Macch. Tak Kar xumu-
UeCKMX peaKIil MeMKy KOMIOHeHTaMu cucTeMsl £ =1, 2, ..., n
HeT, ® BCA CHCTeMa SBJAETCA 3aKpHTOH, TO IOCTOAHCTBO
Macehl MOMKeT OBITH HANWCaHo B BHUAE

AME - dMY =0 (k=1,2, ..., n). (1)

3mecs 1 m II ywraselBaloT HA TOJCHCTEMBI, 3aKIIOYEHHBIC
B pasHBIX pesepByapax.

3axkoH coxpaHeHusaA s3Hepruu. amenenume snep-
rum dU" mMoer GHTH paculieHeHO HA BHEITHIOW YacTh a,ut,
KoTOpoil pesepyap | ofMeHBaeTcs ¢ OKpYsKamomeHd Cpefo,
a dU T_ smeprameii, koropoii oH oGMeHWBaeTcsi ¢ pesepBya-
pom 1. To xe eamoe OTHOCHMTCA M K RN3MEHEHHIO SHEPraH
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pesepByapa II. IlosroMy MoxHO HammcaTs:
AU =d U+ d,U", dU"=d,Uu" 4, u" (2)
3aKOH cOXpaHeHMA dHEPrHM HamumeM B (opme
dU - d, UM =0. (3)

Hdas pansreiiinero rawkas (opMa ypaBHEHHA 3aKOHA COXpa-
HeHHA oHepriwu Hambosee ymobOHa. Ilocie GymyT mamsl Heko-
TOpBle 3aMeuYaHAA WO TOBOAY ApPYyrux ¢opM ypaBHeHHs 3a-
ROHA COXpaHeHHs »Hepruu. [ BaKpHITHIX, TaK Ke Kar
W IJiA OTKPHITHEIX, CHACTEM MOMKHO HCIOJIB30BATh yPaBHEHHE
9TOTO 3aKOHA ¥ B (opMe, KOTOpad BKJIIOYAET TOABKO yeilb-
HBIe KOJIMYecTBa

dq=du+ Pdv. (4)

3neck dg — Tenaora, BOCHPUHATAS CNMHHUIEH MACCH, U U U —
COOTBETCTBEHHO, YVRelbHag 9Heprua u obwvem. IloxmcraBnas
COOTBETCTBYIOIME KOJIMYEeCTBA NJA Bcel Maccel M, 1. e. Bce
socnpusAToe temno dQ = M dq, Bcwo suepruo U = Mu u sech
obvem V =My, nonyunm BmecTo ypasHeHHs (4):

dQ =dU +PdV —hdM, (5)

rige h= % =u -} Pov— yjgenpHas SHTaJIBIAA.

Mosku0o OrHecT: BaKOH COXpaHEHHSA SHEPIHH IO OTHeNb-
HOCTH K KayKIOMY pesepByapy, paccMaTpmBag MX KaK OTHellb-
uple OTKPHITEIC CHCTeMBI, M JIJA BCell CHCTEMEl B HellOM,
cuuTasg ee BaKpPHTOM,

dQ* = du* - Prav* — K dm?, (6)
dQHZdUII—{—- PII dVII_hII dMII, (7)
dQ = dU -+ Pt av'4- P av™, (8)
rje of0mas 9Heprus Beell cHCTeMB
U=U"+U" (9)

Tax ke, kar Onta paspenena sHeprus U, MOMKHO pasgeluTh
H TeINIOTY, TOIY4YeHHYI0 pesepByapamm. Torga GymeMm mMers:

dQI:deQI+diQIy dQII:deQII—{‘diQII- (10)
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Tennora m oHeprma, monyuyeHHBle BCeH cucTeMoii, mpepcra-
BATCA B BHJe

dQ=d,Q"-d,0", (11)

dU = d U +d, U™, (12)

M3 coorromenuit (2) u (6) — (12) MomHO chenaTs MHOrO

Ba;KEEIX BRBOJIOB. Ilpempe Bcero, w3 (8), (11) m (12) mmeewm:

4,0+ d,0"=d,U" - P av' - d U™ L PP avi.  (13)

Yuuresas, uro obwemsl pesepByapoB 1 m Il mesasmcumsl,
n3 ypasrenns (13) naiinem:

d,Q"=d,U"+ P av?, (14)

H TOYHO Tak ke NJA peaepyapa II. Bropoit BeBOK momyunm
u3 Beipakenna (6) momcramoBkoil B Hero BrpameHus (14):

d,Q=d,U"— rtdm". (15)

3ateM, nofcranopKa Brpaskennmil (2) u (12) B pepamenme (9)
HOKa3bBaeT, 410 ypasHeRuA (3) m (9), BEIpa)RAOMME 3aKOH
COXpaHeHAs SHePrhy, SKBUBAJEHTHH . [[pyras gopmyna Moxer
OEITE mojyueHa mopcTaHOBKO (15) B (3). D10 — ypaBHenume
ITpuromnna:

(4,0 + KT dMY) + (d,0™ + K dM™y = 0. (16)
Haxonen, ¢opmyna (15) umam (16) norassiBaer Haamaue
HepaBeHCTBa

d,0"+d;Q" +0, (17)

1 TO3TOMY '
dQ" -+ dQ™ # dQ. (18)
Ilocnepumit BRIBOX MOMHO CHeIATh, COMOCTABNAA (POPMY-

s (10}, (11) = (17).

B. Bropoii 3akoH TepMopguEaMBEKN Yrobs mo-
JAy4YuTh YpaBHEHAE BTOPOro 3aKOHA TepMOJHHAMEKY, CIpa-

Be/IJIMBOE KaK [JIA 3aKPHTHX, TaK M JJA OTKPHTHX CHCTEM,
BOCTIONIB3YyeMcsA ypaBHeHmeM 1'uGGea

Tds=du+Pdo— D p,de,, (19)
h=1
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BKIOYAlOIAM Temneparypy 1, pabinenme P, ypenbHyo
SHTPOINIO, DHEPrui0 W 00BEM §, U U U, XHMHYECKHH HOTEH-
nuan (napuEasbHyl —yAenbHyno ¢Qynrmmo I'm66ca) p,
1 KOHIGHTPAnmio ¢, KOMIOHeHToB cMmecnm (k=1, 2, ..., n).

Has Beell Macchl cHCTeMBI 9TH IapaMerpsl GyAyT HMeTh
snavenmna: odATpomma S = Ms, osmeprmsa U= Mu, ob6sem
V= Mv, macca M,= Mc,.

Torpa ypasmennme (19) MoxsO mepemucath B BHE

TdS=dU - PdV — D\ p,dM,. (20)
h=1

Ecmu ormectn sto BepameHme K pesepsyapy I, To Gymem
IMeTh:

T7dS = dU* + P1avi — ) pldM} (21)
h=1 /

¥ TOYHO TaK »e K pesepByapy II.
J711 M3MeHeHUs: SHTPOIMA BCEH CHCTEMBI MMeeM:

1 Iyl 11 I 111
dS = dS" - dsT = %U ﬂ;f av! | d U+ PTay

i 71T
n
U | Ut | dM}, dMi! 29
o 2wy — 2 e (22)
h=1 =1

37Aech HCIONB30BAHO pacujIeHeHHe, IPeJCTABIeHEOe (opmy-
aoit (2).

§ 25. baaanc puTponnu # (peHOMEHOTOTHYECKHE
ypaBHeHRUA

B mpegmigymem naparpade OHUIM IONMyYeHH OCHOBHEIE
ypasienwmsa (1), (3) m (22). Ypasuenwe 6ananca sHTpomHEH
HONydaercss NOXCTaHOBKOW ypasmenmii (1) m (3) B ypasme-
Hre (22):

ds — Ut +PLayt | g UM 4 p gy Tt AT 5o "Am. I
N 7T 71T o AU 2 A dM,

h=1

(23)
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rie A mpexcraBisier co00OH pasEMIY MEMY COOTBETCTBYIOIIM
3HaUeHUEM IIapaMerpa, XapaKTepH3yIOHmero COCTOAHHE IMOf-
cucTeMsl B pesepByape lI, m 3HaveHmeM 5TOro mapameTpa
B IojcucTeMe pesepByapa I. OTo BEHIpaKeHWe W3MEHEHHS
SHTPONUM MOKeT OHTH pacdjeHeH0 Ha pBe uactu. Opua
YacTh 1AeT SHTPOINIO, IOTY4eHHYIO W3 OKPYIKAIIIEH Cpeisl:

45— deUI+ PI dVI+ deUII + pII dVII: deQI deQII
e TI TII TI TII 4

(24)

B coorsercTBuM ¢ Qopmyso# (14). {pyras uacts paer mosni-
[eHWe SHTPONMM, ABIAIOLIEECS pe3YJIbTATOM HeoOpaTAMBIX
TPONeccOB, NPOTEKAIIMUX BHYTPH CaMOU CHCTEMBEI:

AT -
dS =5 AU+ 3 A% M. (25)
k=1

Tenepr HamumeM BHpajkeHHe BOBHUKHOBEHWA SHTDONUU
B eAMHUNY BpeMeHu

n

d;S .

o= 1 X, S TX, (26)
k=1

[lorok sHeprmm J, u moTok Bemecrsa J, oIpefenAloTcaA
no gopMyitam

Ut du™t

Juv= =g =g (27)
amt  amit

Tv=—=a > (28)

1 AT
Xy=35=—"7, (29)
App . wAT
Xy=—0— L8 (30)

BosuukHoBeHne sHTpomum mpepcrasicHo B gopMyie (26)
KaK cyMMa NpOH3BefeHHH IOTOKOB H cmi. Denmomenosioru-
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YyeCKue 3aKOHH AT ﬂMHeﬁHym 3aBHCHMOCTE MEXKAY 9THMHU
IOTOKaM4d M CHJIaMn

Ji= h.Zl Ly X+ LW X (31)
Ju = 2 thh‘XIc + Lquu‘ (32)
k=1

Ipu sTOM OKa3BIBAIOTCA CHpaBeAMBHME cooTHCMenmsa OHaa-
repa

Lik = Lhi’ Lku = Luh' (33)

lopcranoska serpamenuii (31) u (32) 8 yrasueune (26)
Haer:

Iro SHAYMUT, UYTO BOZHHKHOBCHHE 3JHTDPOIMU €CTh KBaapa-

TuuHasg ynknus n-- 1 mesasucumeix cni X, (k=1, 2, ....n)

a X,.

§ 26. Jueprua mepeHoca
Beegem seamumny U}, onpepmesiseMyo BnlpakeHHEM
Lw:kg L,U% (i=1,2, ..., n). (35)
Torpa Jopmyny (31) momno mepenmcaTh B BHJe
J—i=kiiLik(Xh+Uqu) (i=1,2,...,n). (36)
W3 sroit ¢opmynsr, memonbaysa (32), MOMKHO HOTYYATH:
Ju— }: UtJ, =
=3 (L= X LaU?) Xyt (L= 3 LoUTUR) Xy (3)
Ecnu mnopcrasuts coorHomenms Omnsarepa (33) B ypaBHe-

HEe (35), To mepBH YjeH LPaBOH JacTH BHIpazKkeHHA (37)
6 C. P. ge I'poor
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Hc4YezaeT, m OHO Hoﬂyqae’l‘ BHAT,
i=t iy k=1

10 jmaer QUIUYCCKYI0 HHTepNpeTaudio Benmumpbl U* Kak
SHEPrAM NePeHOCa eNNHHYHEIM MOTOKOM J, =1 KoMmoHeHTa i
mpu moctoAHHOH Temneparype (AT =0 wmm X, =0). [lo-
aToMy BeianuuHa U] HOcuT Ha3BaHMe «9HEPIHH HepeHOca.
Mu noguepkmBaem TOT $arT, 4T0 3T0 PH3MYECKOE TOIKOBAHEE
HOAYYHJIOCH B pe3yiabTate IpHMeHeHAA cootHomennit OH3a-
repa. Brlpamenna (36) moryr Opirh LpefcTaBlens  uepes
cumel (29) u (30) B dopme

i Uk —yp

Jo= D Ly { =) (39)

k=1
a @ymxnma Ap, Momer GHTH BhIpazkeHa wepes AP, Ac, u AT
B BHJE CIIElYIONEro TepMOJHHAMMYCCKOTO COOTHOISHUA:

n-1
9
Ap, =1, AP+ 2‘, a—i’?Aci—Sk AT, (40)
i=1
rJe €y, Cyy -.oy €,y — TAK HA3BIBACMEIe KOHNEHTpAnnH (cp. (44)).

Torma dopmyny (39) MomHO npeactaBATHL B BHje
n n—1
AP dpp, Ae, Ui—hy
Jizz Ly, {—’URT_Z do; T~ T? AT} - (41)
k=1 i=1

3neck h,=yp, + Ts, — napnuansiuas yhedbHasd SHTAIBIAA
KOMIOHeHTa k.

§ 27. CraumonapHoe cocrosHue.
IPdPerT TEPMOMONEKYIAPHOrO NABICHUA
n TepmMosdPpysnonnniii addext

B srom maparpade, kak m B raasax III, VII, VI u IX,
UCCIHeNYIOTCA TaKHe COCTOSHMA CHCTeMHI, B KOTOPHIX OTCYT-
CTBYIOT IOTOKH BelllecTBa, HO MOMET OHITH IIOTOK SHePruH.
lIpn rakux ycnosuax us seipaskenus (36) ais neupepslBHOIM
CUCTEMB! IIOJIydaeM:

X, LUX =0 (k=1,2,...,n), (42)
k kRt u (
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U, COOTBETCTEEHHO, W3 BhIpaxkeHNsa (41) wmeem:

n—1

0, AP + ) g*cii"Aci+(U§—hh)%,z=0 (k=1,2, ..., n)

(43)

(tp. ¢ ri. VII, rme pacemarpmsaerca Apyroi ciyuail).

W3 5Tux ypapHeHUH MOMKHO OHpeJeIMTh Pa3HOCTH JaBie-
uud AP w pasHocTh KoBUeHTpanuit Ac; (i=1, 2, ..., n), kax
¢pvurgaw AT. Coorroumenme

D=1 wmam 2_‘1 Ac, = 0 (44)

‘1aeT pasHOCTE KOHWeHTpanui Ac; .

B rmase 111 6mio mokasaHo, Kak IpMMeHseTCs ONHCAH-
Hasl TEOPHA K OHOKOMIOHEHTHOH cmcTeme. 3fiech BeBEeM op-
MyJBl AJIA CMecH JABYX He pearupyOIAX JApyT ¢ XPYrom
KOMIIOHEHTOB. J{JIs 9TOr¢ DOXCTABEM B (PEHOMEHOIOTMYECKHE
vpapuennsa (31) m (32) s3Havenns cHT U3 puipaskenuit (29)
w (30). Torga st ypaBHeHHs UPUMYT BUN

, AT ~
Ji= - LuA%vl‘ - leAL%Z — Ly 75 (45)
AT
Jo= “L21AETL — LzzA_;vﬂ;"" 2u 7Pz (46)
AT
Ju= —LuIA% - LuzA% _Luu T (47)

B c¢ranmonapuom cocroanun J, =0 (i=1, 2). Uz suipame-
unit (42), (29) u (30) nomyuaem:

. AT
Apy = (UT —py) T 0, (48)

r AT
A92+(D:“P2)T=O- (49)

I1, coorsercrenno, na Brlpamenus (43) monyuaem:
0, 8P+ P, 4 (U — b)) SE =0, (50)
i aHz 1 * AT

UZAPT}’EACIT(UQ*%)T:O' (91)

O
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W3 dopmyist - (35) MOMKHO MONYYIUTH BHIPAMKEHMAE JIJIA TCPE-
Hoca sueprumm. s paccmaTpnsaceMoli GHHapHOIT cMecH IMeeM:

- LiyLys— Loy L
% Laulaz 2ulie =
Ul " Lyplas—LisLsy (02)
LoyyLy— Ly L
U* — feutn 1oy e
2 L11L221L12L21 (05)
W3 ypapaenns I'm66ca — [{orema momyuaem: 30
ai"l) . I .
cl<”8_c{, r,p T 5?1>T,P#O' (54)

@opmyasr (90) u (51) NpuBOAAT K BLIPAMKEHUIO AJIA TepMC-
MOJIERYJIAPHOTO 3(ierTa

A
Ap > e (Ui—ha)
- k=1 o
e (59)
AT ol
Jlsia apdexra pasmeseHns, KOTOPHIH HABBIBACTCA TCPMOI(-
(yameii, mMeeM:

57 der ? (26)

3IeCh U == C,U; + CoUp — YACIBHBIL 00BeM cMecH.

Har Bugno, o0a apdexra BBpasKCHB UCpPE3 SHCPIUIO
nepesioca U}. Amuajoruunpie BppaskeHusi OyXyT MOTyYCHBL
B ClefyuUEXx naparpajax.

Jlisi cMecH [BYX MJEAJBHBIX TIa3oB ¢ MCMOpaHOH MR
KanmJUIAPOM, OTHeJAONIMM JBa pe3epByapa, B KOTOPBIX
3aKIII0YEHA CMeCh, UMCEM:

. 2RT 5 RT RT

=3 T3 M YT e ©7)

rape R —rasoBas moctosmuas, a M, — MOJIGKYJADPHBIA Bec
rommonenta k. Torpa dopmysst (55) m (56) maswor:

AP P 7

2a 0. (59)
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Opnaxo, pas mupoxoro oreeperms Uf=h, (cm. ra. 1II),
u oba sdderra (55) u (56) He umerT Mecra.

Paccmorpum razoBylo cMech ABYX KOMIIOHEHTOB, IIPHYEM
KOMIIOHEHT 2 He MOKeT IIPOXORHUTb M3 OfLHOTO pesepByapa
B apyroi. Torma mnorox (46) wucyesaer, m crammoHApHOE
cOCTOSIHME OLHCHBaeTcsi BelpamendeM J,=0 niam ogHAM
poipazenueM (50). B 310 opHO BHpaskeHWe BKJIIOYCHEI
oba adderra. IlpemcraBum <cebe, uTto oba pesepByapa,
B KOTOPHIX 3aKJIOUeHA CMeCh, OT[EeJIeHB ApYT OT Jpyra
nogsmwrHON MemOpamoii. Torga papiiesnme B ofomx pesep-
Byapax Oyger onmHakoBEIM AP =0 u Bepamxenne (50) mact
pasnocts Temueparyp AT, COGTBETCTBYIONMYID DacUpefesleHHIo
KOMIIOHEHTOB Ac¢,. ITOT 3PPeKT HazpiBaeTcd TEPMOOCMOCOM,
a pasHocTh A — OCMOTHYECKOW TeMIepaTypoi.

Teneps mpepcraBaM cebe, uTo MemOpaHa 3aduKcHpOBaNa,
HO CYMTAeM, YTO KOMIOHEHT 2 4epe3 Hee UPOHTH HE MOMKeT.
HMemaem Tak, urobm 6mimo AT =0. Torma seipaskenue (90)
JlacT pasHOCThH OCMOTHYECKOTO HABJIEHMA, COOTBETCTBYIOUIYIO
pasHOCTH KOHIeHTpanun Ac,. OToT sdhderT ABiAerca 0OBIYHBIM
06 paTHMBIM SIBIIEHAEM, I0STOMY BO3HUKHOBeHWE SHTPOIMH C paB-
no mymw. CuegoBaTesbHO, BbIpajKeHUe, ONHCHIBAIOIEE 3TO
Apjenne, He Oymer BKIOYATh SHeprmio uepesoca U3, Tm-
MYHYI0 [JIA HeobpaTAMOTO ABIIEHHA.

B sawmouennme »sToro maparpaga yCTAHOBEM DasHHIY
Mesey Tepmoadpdysueit m Tepmopuddysmed, KOTOpas OIHCHI-
paerca B raase VII. OGa adderta npemcrapisior coboil pas-
NeJileHde CMeCH Ha KOMIOHEHTH, BOSHHKAIOMMe OT DPAa3HOCTH
temnepatyp. Ho mamudgme mopmeroif MeMODaHBI B IepBOM a(-
deKTe MCKIIOUAET KOHBEKIMOHHEIE TOKH, KOTOPHIe MOTYT OBITH
B TepmoguPysmu. C mareMaTHmdecKod TOYKA 3peHHS 5TO
COOTBETCTBYET CJy4Yald OHMHADHOH CMecH ¢ He3aBICHMBIMH
norokamu J, u J, nua apdexra tepMmoaddysmm, a ycaosme
J,+J,==0 coorBeTcTBYyeT HOTOKY BemlecTBa B cliyyae TepMO-
nuddyasnonroro sPdexra.

§ 28. CranmoHapHOe COCTOAHHME HEPBOTO
u BTOpOro mopsjka. Tennomexanmdeckuii spderT

B srom maparpage apammsmpyercsi CTaLMOHADHOE COCTOA-
Hue ¢ Gosee ofmiedl TOUKH 3peHHs, YeM dT0 OBUIO B IPENbI-
aymux naparpadax. MokHO 6BLI0 IPEMEHNTH 3TOT METOM BO
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Bcefl rilaBe, HO MBI IIPEIIOWIM, KAK 9T0 YKa3aHO BO BCTYI-
JeHEA K § 23, gaTh IpUMepsl IIpUMeHeHAA 00OMX MeTONOB
MCCIIeIOBAHAA CTAIMOHApHOro cocTosHmsa. [Ipmmep, pasbmpa-
eMEIR B 3TOM maparpade, MOMeT CIyRATH BBeJeHHOM K ria-
Be VI, a Tarkke K 00mMM pacCy)KIeHHAM, IIPUBEXEHHBIM
B raase X.

VicxomHeIM my1a oOmed Teopuu CTAIL[MOHAPHOTO COCTOAHHA
ABJIAETCA BHIPAjKeHHe BO3HUKHOBEHMA SHTpommm o. B obmem
BAle B5TO BHIPAKeHHMe IPEeACTaBIsAeT CcOo0OH KBaJpATHIHYIO
OYHKONIO HEKOTOPHIX IIApaMeTpoB, KAaK 9T0 IpeJCTaBIIeHO
B dopmyite (34), Koropad gaer ¢ Kak Qpynrmmio cua X, 1 X .
Hexoropsie w23 3THX IapaMeTpoB MOIYT OCTABATHCA IIOCTO-
apgsiMa. DyHKOEA ¢ TedeHweM BpemeHm Oymer npmbiam-
JKaThC K MHHNMYMY, KOLJa YacTHBIe HPOMBBOJIHEIE G IO
TepeMeHHBIM  mapaMeTpaM mcde3alor. Tawoe —cocrosHue
MUHFMAJILHOIO BOSHHKHOBEHMA SHTPOIHAY HA3HIBAETCHA CTAIH-
OHAPHHEIM COCTOSHIEM IepBOrO, BTOPOTO M T. [. THOpAAKA
B COOTBETICTBHE C TeM, CKOJIBKO IIapaMeTpOR OCTAaIOTCH IOCTO-
aaanmMa. Bomee moxpo6mno o6 stoM Gymer ckasaHO B riiare X.

TaxkuM ob6pasoM, HYKHO OTMETHTH, 9YTO CTalMOHAPHOC
COCTOAHME, PpaccMOTpeHHOe B TpefHAYWAX Iaparpadax
JTOH TJIABH, ABIAETCS CTANHOHAPHBIM COCTOAHHCM NEPBOTO
oopanka. Ompemenmm svauenwe mapamerpa X, (29), t. e.
PA3HOCTH TeMIeparyp MeKIY pesepByapaMm. ¥ CJIOBHe MHHH-
MaJIFHOTO BOIHAKHOBEHHs DHTPOIMH MOMKHO HAaN@caTh B BHJe

0 ,
%:0 (i=1,2,...,n). (60)
ComocTaBififg 3T0 ¢ BepaskeHHeM (34), Oypmem umeTs:
kgi (Lih+Lhi) X+ (Liu+Lui) Xu=0 (61)
(i=1,2,...,n).

Ecan reneps mpumennts cooTHomenna Omsarepa, To HOMy-
guM: '

2k2 L,X,+L.,X,=0. (62)
=1

B coorserctBuu ¢ BhIpameHueM (31) aTo Momer OHTH, KOTHA
J; =0 (i=1,2, ..., n).
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Hax Buamo, mcnombsoBanme coorHomennii OHzarepa mo-
3BOITMJIO [OKA3arb, HYT0 paccMorpennoe B § 27 cocroanme
npejcTaBasgeT cofoil cTamEOHAPHOE COCTOAHME IICPBOTO IIO-
piafKa. IT0 JOKazaTenbeTBO IpmHAMNe:KAT Ilpuroskany.

B kadecTBe mpmMepa CTaIMOHAPHOTO COCTOAHMA BTOPOIO
nopsigka pasGepem cirydai, Korja pasHocTh mapiaeHmd AP
nocTosiHHa, a pasHocth Temmepatyp AT pasra mymo. Ilycrs
aHAIM3UPYeMas CHCTeMa TAKKe IpeicTaBiger coboir OGmHap-
Hy1o cMech. Torza o MosKeT paccMaTpHBATBCA KaK KBy paTHd-
Has QyHRIMSA HesaBHCUMBIX mapaMerpos AP, AT m Ac,. [Ina
cTAIMOHAPHOTO cocToAHnst, Ipa KotopoM AP u AT mocToAHHE
(=0), mmeem:

da

B—Ac;=0' (63)
IMopcraBum cioga 3Havenue ¢ u3 (34), HO. BHpa)keHHoe Ye-
pea AP, AT u Ac, ¢ momomsio dopmyn (29), (30) m (40).
Torpga seipamenne (63) momywmr BUX

2Lyyeo8p; A (Lig 4 Lyy) (e48pg — €180y) — 2Lyy ¢, Apy = 0. (84)
13 5TOro BBIpazKeHHA IOJyYaeM:

Auy _ 2Las ¢;— (L1 + Lay) 2
Ap. 2L4y ¢3—(Lyas+ Lay) ¢y )

(65)

st coctosiumsi, upm kotopom AT'=0, ¢enomenonoraye-
ckne ypasHerusa (45), (46) m (47) mpmHEMaloT BHJ

Au Au.
J1=*L11?1—L12“T2’ (66)
A A
J2=—L21%1—L22‘;'2’ (67)
Au Au.,
Ju = - Lul _é“_l - Lu2 ’?‘[Tz . (68)

Temeps MOMKHO ONpejennTs dHeprumio mnepenoca U¥ wak
SHEPIMI0, TEepPeHeceHHYI eMHUIEeH Macchl CMECH B CTamdo-
HAapPHOM COCTOSHMH BTOpOTO MNOpSAJKA IpPH TOCTOSHHOM AP
u A7 =0, mo popmye

T =U*(J,+7,). (69)
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Hocsie momcranoBru 3mauennit notoxos ma (68), (66) m (67),
a TAKKe UCNOoNb30BaHMA oTHOomeHHA (65) nomydaem:

U* ={c;[2L 3 Lyy— Ly (Ly, + Ly +¢y[2L,, Lyy —
— Loy (Lygy -+ Ly}t {204 Ly — (Lyy + Lygy) (Lyaty -+ Ligy€5)
+ (Lyg — Lyy) (Lyyeq — Lyggey)} ™. (70)

U3 ypasuennsa (68) Mommo 010 OBl TaKKe OIpEeAeIATH
f m U nana cayvas, xorga X, =0 (AT =0), #o, mcmomus-
3ya coornomenna Omsarepa, mojyyaeM pe3ylbTaThl, KOTOpHIE
naot dopmynsr (52) m (53). Us mripaskenui (70), (52) u (53)
BHJHO, 49TO eCIM UPUMEeHATh coorHomenuss Omzarepa, To
IOy 9aercs:

U* =, U +¢,U3. (71)

IT10 BHIpaskeHdme sHeprum nepenoca U¥, nalijjeHHOe I
CTallHOHAPHOTO COCTOSAAHHA BTOPOTO NOPSAAKA, XapaKTepH3yeTcs
BajKHBIM CBOMCTBOM AJJWTHBHOCTE ¢ JPYIMMA B3HEPIHAME
nepenoca Uy, U3 dopmynsl (55) MOMKHO HAauUMCATH:

AP U*—h
AP (Wr—h) (72)
AT vl
rpe h=ch, + c,h, —cpenHAS yHeAbHAA SHTATBIUA CMECH
Jra ¢opMmyaa cBasznBaeT B fomee sBHO# ¢opme, wem ¢op-
. AP .
Myia (D)), TepMOMOIIEKYIIAPHEIA- dPPEKT AT ¢ TepeHoCHMoi
sueprueit U*, Kotopas ompegensieTcl KaK SHeprus IepeHoca,
npu noctoaEHOM AP m mpu AT = (0. Ornomenue (72) MOx&HO
Ha3BaThH TenjoMexaHWyecKAM SPdexrom. B caenyouimx ma-
parpadax Oymer mowasano, uro U* —h ecrs Temso, mepe-

HeceHHOe efMHHUIEI Macchl cmecwm, Korga AP mocrogHHO,
a AT =0.

§ 29*%. Jluneiinple npeoGpa3oBaHuA NOTOKOB H CHI

BosuuknoBeHne SHTPONMH G MOKeT OBITH HANNCAHO B BUJE
Pa3IMUHBIX CyMM IPOHM3BeJEHMIl MOTOKOB M cmil. 3jech Oy-
JAYT NpHBEJeHbl dYeThipe cnoco0a, BHIBEIEHHBIX U3 TEOPWH,
fasmpyomeiica ma BeOope ofHoro u3 Bepazkenmi (27)—(30).
WmeroTcss m jppyrue crmocodBl TAKOro MOACYCTa, HO OHM Me-
Hee YMOOHEL [JIA CJIy4aeB, PacCMaTPABAEMBIX B OTOH rIilaBe
(cm. ra. HI—VII).
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Hanmmey BoipaeHns IOTOKOB (27) m (28)

n

v=Sy= 2 e T (73)

k=1
Ji=1,. (74)

Urobs IONy4YHTH Ty e BemmudHy o, uro u (26), cie-
AyeT B KAdecTBe CUJI B3ATH:

X=Xy, (75)
Xi=X,+pn.X,. (76)
Torpa ¢eHoMeHOIOTMYECKHE COOTHOINEHHA IPHMYT BHJL
n
Ji= 2 L{le’t'i"LiuXu’ (77)
n .
k=1

Taknam ke myrem, Kak s10 OBUIO cjHendano ¢ Qopmyaamm
(35) —(38), moxkHO HailTH KommdectBa Tepenoca TSF B cie-
AYOUEM BHJe:

fu= 2 LTS}, (79)
k=1
W 17 TocTOgHHOL - Temmepatypsl (X, =0)
n
Juw= 2 TSt J,. (80)
K=1

Urobsl MOTYyYHTh CBABH MEKAY KOJIMIECTBAMHU IIEPEHOCA
TS} m U}, cpasamsaem ¢opmymst (80) u (38) mua X,=0
¢ ¢opmynoit (73). Ilpm srom mmeem:

TSi=Uf—u,. (81)

37ech 00A3aTeNBHO JO/BKEH OBITH LOCTABJIEH 3HAK *, Tak
KaK MOKHO IIOKa3aTh, 9YTO KOJIMYECTBO S €CTh JHTPONUHA,
HepeHeceHHas eflMHUNEH MAcchl B CTAIMOHAPHOM COCTOSHUH
BTOpPOro MOpAA KA NpHM IocTosHEHOM AP m AT, paBHOM HYJIO.
C aroit messi0 paso0beM sHEpTMIO HA BHEITHIOW ee dacTh (14)
(o0Men ¢ okpy;kawomiell cpefoll) H BHYTpeHHIO dacTh (15)

u
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(obmen ¢ pesepyapom II). Takoe e pasjeseHme MOMHO
cienaTh m ¢ sHTponmel. Pamsme yme 6pi0 memosb3oBano
ypasrenme (24) 1A BHemHeH yacTH

T1d,S'=d, Ut §- P14V1 (82)

Bhrauranme TOro BHpaskeHHA M3 Bhipamenma (21) maer
BHYTPeHHIOI0 9aCTh

n

T1d, S'=d, Ut — > prdML. (83)

=1
Ecan B3aATH MOTOK SHTPOIMHA M3 O[THOI'O pesepByapa B leyI‘OfI

d; ST
Jo= =2 (84)

H HCIONB30BaTh BEIpaxkeHus (27) u (28), 1o dopmyna (83)
fpEMeT BHX

TJ,=J,— 2 ppds (85)
k=1

rge sHar !y p,"onymeHd. I3 s1oro BoipaskeHus W BhIpaske-
guit (70) m (80) momyuaem:

Jo=TJ,= > TStJ,. (86)
k=1

Taxum oOpasom, MH HoKaszanu, yro S} €CTH NEHCTBHTEIBLHO
«HTPOIHA HepeHoca», KaK 3TO YTBeP:RAAJOCH BBIIIE.

Spmech O BRIBeeHbl Tpu Bakusie Qopmysel. OHm cBs-
3BHIBAIOT TEIIOTY M SHTPONEIO.

W3 mupamennit (5) m (20) numeem:

TdS:dQ-;—kii (h— ) dM,. (87)

J1sa BHeIIHe# wWacTh Temia, mepejaHuHoro pesepsyapy I, m3
dopmyn (14) n (82) mmeem:

T1d,S1=d, ", (88)

a i BHyTpenHel wactm Qopmysst (15) m (83) nawor:

T1d,ST=d,Qt+ D (k! —px) dMj. (89)
k=1
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IIpeo6pa3osanue LOTOKOB M CHJI BTOPEIM CIOCOOOM MOMKeT
6BITH JOCTATHYTO BBE/lGHWEM NOTOKOB J) W IIOTOKOB

J=J—h D, (90)
k=1

RJIA HOTOKOB
n
N\

Jo=(u-+Po) B J,+J

u

. (90a)
Torga B ¢opmysie Asisi BO3HHKHOBEHHS JHTPOIHU G HCIOJB-
3yeM CHJIH

Xp =X, +hX, (91)

n cunsl X,,. Ilpn srom ¢edomMeHOMOrA9eCKAC COOTHOMICHHA
[OJY9aioT BUJ

Ji= 2 Ly Xh+Liy X, (92)
k=1
n_\

J,= kéi Ly Xh+ Liu X, (93)

Tax sxe, Kax um upu BeBojge Qopmyxn (35)—(38), smecn
MBl IPHEXOXMM K HeOGXOIMMOCTH BBeJIeHMA KOJHYEeCTBa Iepe-
Hoca Q, ONpefeIsieMOro COOTHOINEHHeM

n

Liw= 2‘ inQk (94)

n mocTosHHOH TeMmneparypoit (X, =0).
Taxum obpasom, morydyaem:

To= 2 Ot (95)
CpaBauBas 510 ypaBHenme ¢ ypasuenmeM (38) maa X, =0
n ¢ ypasuenueMm (90), momydaeM ciefyioilee BBIpaKeHRme:
Qr=Uf—h. (96)
Ecnm nanumcars BoipameHiue

Jq_:Q* zth 97)

h=



92 HETIPEPLIBHBIE CUCTEMEI BE3 XUMWUYECKUX PEAKITUAA (IVL V

i cpaBHUTH ero ¢ BHpameHmeM (90), To momyuaercs:
Q*=U*—h. (98)

Q* n @} upefcTaBIAOT MHTEpPEC KAaK TeIJIOTH HEpeHoca, T. e.
nepsas u3 HAX eCTh TEIJIOTA, IePeHECeHHAS eNWHMNEeH Mac-
CBl CMeCH, a BTOpas — eJUHHUNCH Macchl KOMIOOHEHTa &
B CTAIIHOHAPHOM COCTOSHHE BTOPOr0 TOPAAKA, XPH IOCTOSAH-
HoM AP n nipn AT = 0. 3T0 BHITERAST HENOCPEICTBEHHO M3 BhI-
paskenmit (95) m (97), worpa Owno mpmmATo, uTo J, ecTh
OOTOK Temma. ITo TaKsKe BUAHO M3 ypaBHenusa (15), ecnm
TDOJCTaBATH 3HAUEHHMe MOTOKA TeIa

d; Q!
Jy= - (99)

a Tawkke HMCHOnmb30BaTh Qopmyns (27) m (28). Ipu srom mo-
ayuaercsa coornomenue (90). s ypasmenmii (96), (98) u (71)
noyygaemM:

Q*= > ¢, 0r. (100)

C mnomompo dopmymnst (98) Beipakenue pua sddexra TepMo-
MOJIEKyIIIPHOTO aBIeHHA TpPejCTABIACTCA B BHIE

LA i (101)
T ol
STO BHIpaKeHme JaeT CBA3L TePMOMOJIERY/IAPHOTO JAaBIICHHSA
¢ TeluioMeXaHmYecKUM 5PQerToM, T. €. ¢ TenNoTOl, TepeHe-
CeHHON eQMHUIEH MacCh CMeCH TpH IOCTOSHHHX AP m
AT (=0). B rnaBe VI sro ypaBHesme 6ymeT paccMOTpeHO
¢ APYTrofl TOYKH 3pEeHHMS C YYeTOM TeIIa, IIOJyYeHHOIo W3
OKpysKalonei cpems.

Tpernit myTe mpeoOpas3oBaHHA IIOTOKOB W CHII BHIACHEM,
BBOJA TOTOK

J;/.” = Ju, - kzi hh Jk (102)

un morok J,. Ulpm s10M B Kavecrse cmim BO3bMEM

Xy =X, +h X, (103)
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u X,. B apaoii gopme cmna (103) moker Onrh HaiijeHa u3
seipaskennii (29), (30) n (40)

. Apg, AT (Bup)p
Xi'=—=—8 5=

T T

(104)

rjie S, — NapuualbHasg yJAelbHAasd OHTPOINA KOMIOHEHTa K.
Ipenmymtecrso Boipazkesus cuinl (103) mo cpaBHEHHIO ¢ BHIpa-
srermeM (30) sarsiowaercd B TOM, UTO IepBOEe HE BRIIIOYaeT
HPOU3BOJIBHON TOCTOABHOH, KaK BTOpoe, B KOTOpPOHl HTpaer
podE yaensHaA sHIpommAa. Haxk u paHpIIe, MOKHO HamHcaTh
({eHOMEHOTIOTHYeCKWe COOTHOHIGHHSI B BHJE

n

Jo= 2 Lii’ Xi' + Ly X, (105)
k=1

Tyr= 2L XY + L X, (106)
k=1

Denomeronoruyeckne KoIOPUOUEHTH M LOTOKH CBA3AHHEL C
TeNJI0TOH TePeHOCa COOTHONIEHHAMH

n

iu =§1 i Ok, (107)
Ji =2 Qr*J,. (108)
h=1

CBA3k SHEPrHH IepeHoca ¢ TeIIOTOH HepeHoca OnpefesIaeTc
COOTHOTIIEHHEeM

Qi =U — Iy, (109)

Temsnora mepenoca (5* uHOrAa HCMOIB3YyeTCA ¢ TAKHM e
WHIEKCOM, Kak B Qopmynax (55) u (56).

UeTBepThiM M IOCAGTHEM IIyTeM IpeoOpas3oBaHMA IOTO-
KOB W CHJI IBJIAeTCA cMeleHme Hyas orcdera sHeprumm. Ilo-
TOK SHEPTMH TPH 3TOM HM3MEHHTCA M Oymer:

JO =T, 4+ e, Iy (110)
3

dpecy HPUHATH ciefyouue ofo3HavYeHus:

u =u, 4oy AP =k e el =pote. (111)
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Bmpameﬂne TOTOKa BeuiecTBa OCTAHETCH 663 N3MeHeHnd:
JP =1, (112)

Jlaa monyyeHHsA TOro ’Ke BBEIPaKeHHHA BOZHMKHOBEHHA HTPO-
OWA ¢ CHJIBl JO/KHEL GHITH:

xP=x,, (113)
XP =X, —¢)X,. (114)

Horpie ¢eHoMeHONOrHYeCKNe COOTHOINEHUA MOMKHO HAINHCATH
B BHJC

= Z, LY XP + LY X, (115)
n
J, = g.i LAXP+LE X, (116)

Hosrle xoinuecTBa nepeHoca CBA3BIBATCA COOTHOMEHUAMH

(cp. (35) u (38))
(l)_ 2 L(Z)U*( ) (117)

JP = 2 Us® J, (ecmn X =0). (118)

Tak jxe, kKax u paueme, U} naxogutTcA u3 Bolpamenni (38),
(110) »m (118): .
U =U, -t =, (119)

Hcnone3ysa  COOTHOMeHHE &= ))&, ¢,, M3 BBPANEHNH
3
= D¢, Uk (cp. (7T1)) nomyuaem:
%
U*® =U*1e. (120)
3arem u3 dopmyas (96) maxomwmm, uto

Qi =Ui® — h@ =Uf — h (g, — ) = @k + (5, — 2). (121)

Taxkum obpa3oM, OT cMemleHHsA HYJIsd OTCYeTa IHEPTHH
BRIpAyKeHHsA [NA TepeHoca SHEPTHM ¥ Teljia H3MeHAaloTesd,
Yero HeNlb3d CKa3aTh O BEIPAKEHHM [JIA CYMMADHOT0 KOJH-
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uectBa Q* =U* —A¥, Tak Kar OoCie CMEIEHMS HYJsA OTCYeTa
sHepruu B coorBercTBun ¢ (opmynamm (110) m (120) mmeem:

Q*®) o= U*®) — h® = (U* -+ &) — (h+ &) =U* — h = Q*. (122)

Komnuecra Q}* TpeTsero BapuaHTa JHHEHHHX mpeobpa-
30BAHMI TOTOKOB ¥ CHJI TAK/KE He W3MEHAIOTCA OPH CMeme-
AWM HYyJA oTcdeTa 9Heprud. B camoM peie,

Q@ = U — hfY = (U +5,) — (y + ) = @**. (123)

SHavenns BeqmuuH QF u Qf* He H3MeHAIOTCA NpPH CMelle-
HAM HyJSA OTcY4eTa OJHEPTHM IOTOMY, 9TO B BHPayKeHHH
TOPMOMOJIEKY JEIPHOTO JaBlenmsi (55) H TepMoaddy3HOHHOro
a¢derra (56) orM xapaKrTepH3YIOT oIpe/ieleHHEE QH3MYeCKEe
ReAMYMHEL.



T'JIABA VI

HENPEPBIBHBIE CHUCTEMBI
C XUMPIYECKUMH PEARIIMAMNU

§ 30*. Beejgenue

B aroit riiaBe Teopusa HEoOpPATHMBIX IPONECCOB MpPHIATAET-
¢ K CMeCcAM KOMIIOHEHTOB, MEKY KOTOPHIMU BO3MOMKHEI XHMU-
YeCKHe PEaRIHH.

CMech, Kag M B HpUMepax IpPeBAYLIEH IJIaBh, 3aH0THACT
IBa pesepsyapa, coeulieHHBle McMOpaHOI HIM KamAJLIA-
pom. Horma ofa pesepsyapa Hojgiep:KHBalOTCA IIPH  pas-
uHx rtemmeparypax 7 w I -+ AT, BosHmKaeT pasHOCTH Ja-
BreHmit AP (TepMOMOJIERY:IApHAd  pPa3HOCTL  JaBJIeHHII),
pasumna KoHOeHTpaumuit Ac, (repMmopnddysma); Kpome TOro,
CHIIbl XAMHUYECKOT'0 CPOICTBA Atw 4 MOTYT OBITH HEOXHHAa-
wKoBeiMu. Teopmsi HTHX DpOHECCOB BKIIOYAET HCCIIEOBAHHC
CTATIMOHAPHEIX COCTOAHHI TAKHX CHCTEM M OIpelesIeHHe KOJIM-
UeCTB IEpeHoca. 3[ech MMEIT MeCTO TakiKe TepMOMeXaHuye-
ckuit sddert ¥ TenOMPoBoiHOcTL. ONY BOZHUKAIOT B Pe3YIib-
TaTe XUMHYECKUX peaKIui.

Vao6HEM 06HEKTOM HCCIENOBAHUA TAKMX CHCTEM ABJIASTCA
wuakad remmit 11, Ox npegcrasisger coboifl cMech «HOpMAalb-
HEX» aTOMOB 1 1 «epeoxJiaKIeHHBIX» aTOMOB 2, CIHOCOOHBIX
mepexofMTH APYr B pyra no cxeme 1~ 2. Hanbonee Bammuoii
0COOEHHOCTHIO TAKOH CHCTEMBl sIBJIgeTcsa TO, YTO BO BCeX CIy-
qaAgx XMMHUYeCKOro paBHoBecus ¢opmyia Loprepa pma pas-
HOCTH TEPMOMOJIEKYJISIPHOTO HABJEHUSA M TePMOMEXaHWIECKOrO
sPerTa OKazBIBAETCS CIPABEINBON, XOTA HOPMAJIbHBIE ATOMEL
He MOLYT HpPOXOMHTH dYepe3 [OCTATOYHO Y3KHA KANMIUIAD.
9t QOpPMYJIBl HOATBEPMKAAIOTCA TePMOZMHAMIKOHW Heobparm-
MBEIX HpPOIECCOB.
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BuiBojibI, CHeJaHHBE B OpPefBAYNHX IJIaBaX, OCTAIOTCA
B CHJe JJA cEcTeM, paz0HpaeMbIX B 9TOil IlaBe B MPeleTbHOM
ciyuae, Korjia s3ext XMMAYECKHX peaKuuil npulimskaercs
K HyJIO.
§ 31*. OcHoBHble ypaBHEeHHA

3nech KAOTCSI OCHOBHBIE ypaBHEHHs, TpHMEHHMEE K MHC-
cJIe[[yeMbIM CHCTeMaM, B KOTOPHIX MOT'YT OJHOBPEMEHHO ¥MeTb
MeCTO TenJIOmpOBOTHOCTh, TEGPY3nA W XHMHYecKas pearmud.

a. 3aKoOH coxpaHeHusa Macchs. Bea cncrema,
sakjovennasa B o0oMX pesepByapax, paccMaTpuBaercd Kak
sakpHTas, T. e. Ge3 ofMeHa Maccoil ¢ OKpY)KAImed Cpejoi.
Opnako, mOACHCTeMbl, 3aKIO4YeHHse B pesepByapax I m 1I,
SIBIIAIOTCA OTKPHTHMMI, TAK KaK MOTYT OOMeHMBAThCA Bellle-
¢TBOM [ipyT ¢ ApyroM. Yo6Ho pasbuth nuddepennnas macc,
3aKIIIOYEHHON B 0foux pesepByapax, Ha jBe yacTu: d, — Iepe-
HOC Macchl W3 OJHOTO pesepByapa B jpyroit m d;, —wmaccy,
BO3HMKAIONMIYI0 B pesyibTare XuMmmueckax pearmmil. Torpma
pma pesepyapa I mmeem:

AMy=dME-d; My (k=1, 2, ..., n) (1)

W COOTBETCTBeHHO maisA pesepsyapa II. 3akom coxpaHeHnd
MacCH MOMKeT OBITh HammcaH B clefylomeil ¢opme:

dMEi+dME=0 (k=1 2, ..., n). (2)
I XMAYecKEX peaknuil mMeeM:

k; diMi=0: (3)

TOuHO TAK e M jjisi pesepsyapa II. 910 ypaBHeHmE MOMKeT
OBITL HAMUCAHO U B cJlefyiomei opwme:

n

3y, =0. (%)

h=1
Ecan o6o3naunts:

M= M},
R
TO
diME = viJ 1 dt = v, M dE". (5)

7 C. P. ne Tpoor
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3mech BeJWYMHBI V, PACHIPeleIeHB MMy MacCaMil KOMIOHEH-
TOB A TpOmOPHAOHAJBEHO CTEXMOMETPUYECKAM 9HCIIAM B XHMH-
qecKHx (opMysax peaknmi. Benmumna v, cuuTaercs HOJIOMKH-
TeJBHOI [JIA BEmECTB IPABOA dHacTH (OPMYJH XHMHAYECKOH
peaknouy ¥ OTPHIATEeNILHOM [JIA CTOAIMX ¢ JIeBOH CTOPOHH!,

Benmuuna Jy massiBaeTcss CROPOCTHI0 XUMIYECKOH peaKIun
(Macca B eIMHAIY BPeMEHH) U OIIpejesifeTcsl BEpaskenneM (5).

duddepennuan dt' ompemensiercs w3 cooTHOeHMS
M'dst = Jydt.

(A BHISICHEHMA 3HAYEHHA ¥ CMBICJIA BeJIMYHHEL dt" em. § 66.)

6. Ypasueuue puepruu. VameHdenne sHeprAH MOMKET
ObiTh pas0bWTO Ha BHEMHIOK M BHYTPEHHIO HYacTH, KaK
B gopmynax (V.2) m (V.3), m onpepensercd HA OCHORAHMH
3aKOHA COXpaHEeHWs DHEpPrum.

B. Bropoil 3aK0OH TepMOAMHAMHUKHI. YpaBHeHHe
I'u66ca (V.21), manucannoe s pesepsyapa I ¢ yuerom (1)
7 (D), mMeeT BUJ

TS = dU  + Pt v’ — h; wad, M3, — M* r;i e dE,  (6)

rge T — remmeparypa, S’ — smrpomus, U'— smeprusa, P'—

nasienpe, VI—obpeM #u pp — X@MuUdYecKHH IoTeHmUan (map-

nuaneHaa Qyaxumusa ['m66ca) romnonenTa A B pesepeyape [.
He Ilonne Been Benmumpy

AI—E—hZ.1 AV (7)

Mui Gymem BasmBaTh ee xuMmudecknM cpopeTBoM. [lofcrasiaa
3Ty BeJHYMHY B BHIpaskenme (6), momyumm:

T'dS' =qut plav? — k2 pado My 4+ MT AT dEL,  (8)
=1

To me camoe, HO ¢ [[PyruM 3HAYKOM, MOKHO HANHCATH HJIA
pesepsyapa II.
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Jlna W3MeHeHHA SHTPOTIAM BCEH CHCTEMBI MMeeM:

1S = dS™- dSII,_deUIA—PIdVI d U+ pgyt  qut | Ul
- a — 71 + 71 Tl 1t

I I II
wid M d ML
,§1 e Z‘i § MATagl | mTaltgel!t

1 - Il I i SO

3rech HN3MEHCHHe SHHTPOMHX pasfmTo Ha JABA ClAraeMbIX —
pHeIDHee W BHYyTpeHHee, KaK B BeipaykeHmm (V.2).

§ 32*. Bananc suTponun # ()eHOMEHOJIOrMYECKUE
ypaBHeHUA

3 tpex ocmoBumix ypaseenuit (2), (V.3) m (9) momyuaem
ypaBHeHHe 0ajaHca SHTDOIMA B BHJE

a Ul Playl | a8 4 oyt
7l + 711

dS = 4

+ Z abk g Mh+—MI dt’ + MH de™. (10)

k=1

3aech A powassiBaer pPasHOCTh 3HAYEHWSA IapaMeTpa IIOI-
cacTeMbl I T B3HAadYeHHMA COOTBETCTBYIOIIETO IapaMeTpa IIOA-
cacrems! II. Msmemenme SHTponmH, BHIpakeHHOe ypaBHe-
unem (10), momer Omrh paspgereHo Ha jaBe gactu: d,5 u
d;S. llepsas wacTh — HHTpONHs, IOJYYEHHAS H3 OKpPYIKAI-
weit cpepst (V.24), a Bropasg 4acTh — BHTPOUHSA, BO3HHKIIAA
B pesynpTaTe HeoOpATUMEIX IPOHECCOB, KOTOpHe NPOXONAT
BHYTDH CHCTEMBI:

AT <
dlS‘:F—dtUI+2AHde8M}IL MIdE +~*~—'MII EII
k=1
(11)
T*
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Ucnmonsayst BeipakeHme (D), oupemenseM HOTOK SHEPruM

J, @ notok J, wommoreHTa £k (=1, 2, ..., a):
Jo= GO Ul (12)
Jp=— d‘zi];l’l‘:fl—e—%i (k=1,2, ...,n), (13)
PR (14)
Jn=v—i"f#- (15)

HMoroku J, m J, cuuraiorTcd NOJIOMKHUTETBHBIMH, €CIIA OHU
Hanpasiensl o1 pesepsyapa I ® pesepeyapy II, a moroxm
Jr u Jir TONOKATENBHBI, KOIJA PEAKNHA IIPOXOFMT CJIeBa
HAampaBo B ypapHenmu pearmuu. Ilociie mojcTaHOBKM BHIpaske-
it (12) —(15) B ypaBrenme (11) HaxomMM BO3HWKHOBEHUE
SHTPONNHI B €[HHANY BpeMeHH

n

4. AT A g An
o= Tr= —Jy T — 2 JAT Jupr Hum - (16)
k=1

BosHwKHOBEHAE SHTPONMH 3[eCh BHPAKeHO B BHJE CYMMEL
mpousBefieRnit woroxos J,, Jy, J1 m Jyr H COOTBETCTBYIOMUX

AT wp AL Al
el ——5-, —ASL, >— m = . Bce OHE UOABHINACH B pe-
T T 7l e
3yJibTaTe 9HEProunpoBogHOCTH, AUPPY3HH H XHMAYECKHX
peaKnui.

Msu1 we OGypmem BHIDHCHIBATE (EHOMEHOJIOTHUECKNE YpaBHE-
HAA, T. €. BHPAKEHNA [OTOKOB Kark Qynknmii cmit. O6param
BHAMAHWE JIMOIb HA TO, 9TO HEJIL3A IO[CTABIATH BEJIMIUHEL
Pas3iMYHOTO TEHB30PHOrO XapaKTepa B MX COOTHONEHUS APYT
¢ IpyroM. 9To IPAaBHIO, KOTOPOe HA3kBaeTcs Teopemoil Hiopu
(ramsme Tempmo), sampemaer CoO9eTaTh BEKTODHEIE HOTOKH J,,

n J, CO CKaJApHBEIMA CHJIAMI A" m A™ rouno Tak e, Kak
AT
cramspHble 1OToKM Jr W Jyr ¢ BeKTODHEIME CHJIAMU —

u —A%. C martemMarmuecKO#l TOUKHM 3peHMA paszbupaeMbii

CIIy4ail OTHOCHTCA K OHOMEDHOMY TIOTOKY, ¥ IIO3TOMY BEKTODHI,
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yMes TOJIBKO OWH KOMIIOHEHT, He IpoTmBOpedar (I)]?IE!H‘IOCKOMy

cmpicy Teopemsl Hiopm.
O6paTaMea K CIeIYIONEM COOTHOMEHHAM (eHOMEHOIOTH-

JeCKNX 3aKOHOB:

n
P AT
k=1
n AT
Q
Ju: - 2} LuhA%__'LuuW’ (18)
k=1
Mial
Ji=L, i (19)
MIIAII
JII = Lc TII (20)
B )IByX HOCJIQILHI/IIX BBIpa?KBHI’IHX MBl OIIyCTVLTIP[ YJICHBI, COlIep—
AMIC 7y W ‘; Ecoin MessIy peaknusaMu, IPOXOAAIIIMA

B pesepByape I, m peaxkmumAMH, NPOXONAIIUME B pesepByape
-II, mer B3amMOmgeHCTBHA, TO He MOKET OHITH HAJIOMEHUA DTHX
pearmuit. MEL TaKsKe MOACTABHAN OJMHAKOBHIL Koaddunuent L,
B 00a ypaBHEHHs, TAK HAK MEMKIY peaKNuAMH B 000X pesep-
Byapax HAKAKOH pasHHUNH HeT.

Koadpdummentsr supasxenmit (17) u (18) cBsszamm coor-
Bomernsamu OH3arepa

L,=L,, L,=L, @i k=1, 2, ..., n). (21)
Ecnn soipaskenna (17) — (20) mogcraBute B ypasHeHme (16),
T0 OymeM HMMeTh:

0= Z LthAm Aph +2(Lhu+[’uh) Aph AT +

i, k=1
+ Lo (55) + L [M‘(A Y (4] @

dro 3HAYUT, YTO BOSHAKHOBCHNE SHTPOINHA €CTh KBaJipaTHIHAA

A 1 411
¢ynrmms cmr A XL r,A —57 - Teneps paccmoTpEM

T T b
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HpOCTO# NpHEMeD MOHOMOJIERYJIADHOH peaKIA:m MERAY HABYMSA

n3omepamMun 1 m 2 waxoro-nmmbo Bemecrsa. [lyisT TPOCTOTEL
BO3BMEM CJIy9Yad, KOTJa IOJCHCTEMH HNMEIOT OfHHAKOBYIO

maccy M I~ M™. Paunme Gouro moxasaro, |to
1
=M'L,=M"L,.

Husa ypasreHus peakuumm
1222 (23)

¢_yuerom oCo3madeHmii, IPHHATHX B Bhlpamenuax (3), (4),
(5), (7), (14) n (15), mmeem:

n=—1, v=1, Al=pl—pl, AT (2

amMy  dMlI

Ji= -4 : T (25)
Ml gt

Jy= _.__‘.‘?1_— ldt2 , (26)

a ¢denomenosormieckue ypasuenus (17)— (20) paswor:

J1: - LnA(ﬁ]‘) —L12A/ 2 ) Lm T2 ’ (27)
= L21A< = > L22A< 2 ) L2u Tz ’ (28)
Ju= - u1A< - > Lu2A< b > Luu Tz ’ (29)
Jr= Lo 2 Ll (30)
JH:LCC‘;—E. (31)

Coormomenus Omzarepa aaa 5THX Koo(QUIUEHTOB MMEIOT
BH:

L12 = L21’ Llu = Lul " L2u = LuZ' (32)

Takmm 06pasom, HMeeM ceMb He3aBHCEMEIX (heHOMEHOIOTHYE-
cKEX Kod(dunuentos Brpaskenuit (27)— (31).
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BosanxaoBeHUe SHTPOIINH OIMCHIBAETCA CJIeyoluM Bhipa-
HHEHeM:

d; S AI AI
GETZ J,u T2 JA( ) J L;—)-*—JIF—{—J]IETI::

3]+ Ea [T
+ (Lya+ L) A< B > A( = ) +( 1u+Lul)A< pl) T2 +

AI AII
a3 () T[] s (3] + )|
(33)
B sroit (i)OpMyJIe BO3HHKHOBEHHE OHTPOMMAH IIPEICTABJIEHO

KaKk KBa/{paTHYHAA (YHKEUA IATH CHIL A( ) A( )
AT A A4l
T pr O
ueTHIpEe M3 9THX IIAPAMETPOB ABIAIOTCA He3ABUCHMBIMH, TaK
4T0, KOTrHA M3BECTHHI KAKUe-JIn60 YeTslpe N3 STAX HapaMeTpoB,
HATH OIpejesInTCA.

. B coorBercrBun ¢ BEIpaskenueM (24) TOTBKO

§ 33*. CranuonapHsle cOCTOAHUA

Jloia mccstefioBaHUA TAK HA3BIBAEMOTO CTAIHOHADHOIQ CO-
croguuA 3pech TpeOyioTcsi Goilee oOmEe MeTONEI, YeM IIpH-
memennse B roasax III, 'V (§ 27), VII, VIII un 1X. llo
CYIeCTBY, IPUMEHAEMHBI 37ech MeTOJl aHaJOrH4YeH TOoMY,
KOTOPHM MBI nmodb3oBasmch B § 28 ruasst V. Hexoroprie
obugue coofparkeHnsi, KacaloIuecsd STHX MeTooB, OyayT Gomee
IeTajbHO U3JIOMeHHl B TyaBe X.

Bosunknosenne pHTpONEH ¢ MOzkeT OBITH HALMCAHO B BHJE
KBaZpaTnuHol (QYHKOMH pAJA [ApaMeTpoB  COCTOAHHA.
B obmem Bupe ux MOHO 0003HAUHTH 9€PE3 Yy, Yo, -« -+) Ype
Mopmyna (33) saBisgerca npuMepoM Taxoil ¢yHKImMu. B atom
npuMepe WMeeM 7 =4, T. €. Te UYeTHpe He3aBHCHMBIX lapa-
MeTpa, KOTOphe YIOMHHAJIACH B KOHIE TIPefBIAYIIEro Iapa-
rpada, uaa yeThpe He3aBUCHMEe QYHKINY 3THX IIapaMerpoB.

Teneps npepmomosuM, 4T0 B pe3ysibraTe BHENIHETO BO3-
NeUcTBHA 3HAYEHHMsA HEKOTOPHX W3 3THX uapamerpoB Oy-
AYT OCTABaTHCH NOCTOSHHEIMH, HAIPHEMED Yy, ...y Yu, THO K
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nonydvaer spauenue 0, 1, ..., n. OyHxnua ¢ Beerga MONOKM-
TeIbHA U CTPEMATCA C TeUeHmeM BpeMeHH K muamMymy. On
da

HOCTHTAETCHA, KOTA 9aCTHHIE TPOM3BOIHEIe ay © i=k+1,...,n
1

AeNanTCA pPABHBIMA HYTIO. ITO COCTOAHME MIHAMAILHOTO
BO3HUKHOBEHHSl SHTPONAH ABIAETCH CTAHOHADHBIM, LIOTOMY
9T0, KOTIA 9TO COCTOSAHWE MOCTHTHYTO, BCE NAPAMETPH Y,
(i=1, ..., n) 6ynyT DOCTOAHBEIMH BO BpeMeHHM (cM. I X).

MoryT OHTB cocTroSHMA PaBHOBECHs PasiMYHOTO MOPALKA
B 3aBHCHMOCTE OT 9HCJIA /& TlepeMeHHEIX IapaMeTpoB ¥, MOJ-
Iep/RUBAIONIAXCSA YOCTOSHHEIME B TeYeHME NpPOTecca NpH-
OnumeHNA K CTANEOHADHOMY COCTOSAHEK. OTO pasimdume
TIOpAZIKA CTANMOHAPHOrO COCTOAHWA OUeHb YNOGHO B KauecTne
XapaKTepECTUKRYM (mamiIeckoro mpomecca. Tak, crammonapmoe
COCTOSIHHe HYJIeBOTO HOPANKA — HTO TAKOE COCTOSHEE, KOTHA
BCe IapaMeTPHl He NONJEePKUBAIOTCA MNOCTOAHHEIMHA, T. e.
COCTOSIHM® TepMOCTATHYECKOIO paBHOBECHSA.

§ 34*. CranmonapHoe cOCTOAHHE IEPBOTO MOPARKA

Bonpmoit muTepec IpencTaBisieT paccMOTpeHMe CTANMOHAp-
HOTO COCTOAHWUA IepBOTO HopAnka, Korpa AT = const. B sTom
cllyyae MMeeM JJIsI YaCTHHIX NPOMBBOJHBIX CIETYIOIIHE COOT-
HOIICHMS

0 e
O
0 —
aA(c_f;a) - (34)
ds
=0.

Vlcnonsaysa oTHOmMERHs, KOTOPEIE MOMYYAOTCA M3 OIpeeeHs
CBOHCTB cpopcTBa (24)

AII AI '
SO o
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HojIyuydM ypaBHeHWA (34) B cilemyioimeM Bupe:
2L (5 ) + (Lipt Loy & (&) +
+ (Ly+ Lyy) 2o+ 2L, ;‘—E =0,
2L 55 ) + (Lo Lo A1) + (36)

AT AN
+ (L2u —{_ LuZ) ?2_ - 2Lce _Tf = 07

AI AII
2Lcc ’T—I —l— 2LC°.TT = O.

Us mocnepmax ypaBHeHMH MOMKHO CfelaTh ABa OYCHb
BaKHEIX BBIBOJA OTHOCHTEJIBHO CTANMOHADHOIO COCTOSHUSA Hep-
BOTO IIOPATKA.

a. Ilpamensas coorsomenna Onsarepa (32) x ypasnennm-
am (36), Gymem mmerb m3 Bepaskenmit (1), (12), (13), (25),
(26) m (27) —(31):

1
Jl*-fn—dgl =0,
dM%I (37)
Jz‘*‘JII:‘Tﬁ":O,
doMy  doM
JitIn=—=4"2=""=0

Ecnu meperpynnmpoBars wiensl ypapHermit (37), momyumm:

I d 1
JbT= -0, J,—g ==, (38
J1= —J2= ——JI=JH. (39)

I9TH GOopMYNBl MOKA3HBAIOT, YTO MO KANWLIAPY B IPOTHBO-
HOJIO}KHBIX HallpaBJIeHMsAX IepeMeInaercs OAMHAKOBOE Kojlpde-
¢TBO KoMmoHenToB 1 m 2, a Tarke, uro B 000OMX pesepByapax
Macca KajK[IOr0 M3 BXONAMEX ¥ BEXOLANNX KOMIOHEHTOB
KOMIIeHCUpYeTcs MpOMCXORsAmuMi TaMm pearnmamu. OOmmi
HTOr XNMHAYeCKUX peaKIHil B 000MX pe3epByapax paBeH HYJIO.
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6. YpapHerna (36) ABNAOTCA JIHHEHHBIMH OHOPOMHEIMHA
I
YpaBHEHHUAMH ¢ IlepeMeHHHMHE A <”T1) , A ( %%—) ) —’%I— u AT,

Mo:xso mpupaTh 5TAM ypaBHeHUAM Apyryio ¢opmy. s sToro
TIpeiCTaBEM cnny B BHOJ@

PR dun
A(8 )= —hpr o+ (Ge), .7 =12,
(40)
rune hh n Uk—COOTBeTCTBeHHO, YAejabHasd dHTAJIbINA U o6peM

womnoenta k. Hpome toro, memomb3yem elie ypaBHeHHe
T'n66ca — [Miorema

( dcy )P 1 te (%L:j >p,'_r=0' (41)

Torpa ypasuenms (36) nisa cTaIHOHAPHOTO COCTOAHHA 116PBOI'O
NOpsAiKA ¢ HOCTOAHHEIM sHAdeHmeM AT Oynyr JamHeHHBIMH
A OJHOPOJHBIMH, CO CJIELYIOIIUME IiepeMeHHBIMM:

AI
AP, Ac,, — u AT.
T
Tark wax AT nMeer TOCTOSHHOE 3HAUEHHE, MOMKHO BBIPA3HTH
octanpHme TpE uepeMennsie uepes AT. llocsme HeroTOpmIX
npeo0pa3oBaHuil HONydaeM:
AP h-teyLy+cL
_htalitels (42)
AT oT
B sToM ypaBHesws KO3QPUMUUEHTH HMEIOT CJeAyIomes 3Ha-
4eHue:

1
L 2L L22Lm—— L. (L +L )

L= - ol (43)
Ly Lyy— Ly, LT, -+ 7 Loc(Lyg =+ Los) + Lec Ly
1
L;Sz]-‘lsu - L11L§u—7 Lc: (Llsu + Lzsu
LZ = ’ (44)

' 1 )
Ly Lgy— L§2L1sz + > Lee (Lyy+ Lag) + Lo LS,
rie
s 1 1 |
L12=—2-(L12+L21), L?u::’i'(Liu‘Y Ly,y1),

Lgu — ';“ (L2u + Lu2)-
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a cpefHasA yJHelbHas SHTAJIBIAA U 00BeM BHIpa)KATCA Qop-
MyJaMu
h=c hy + cyhy = ¢y (hy — hy) + hy, (49)
' U = ¢,0; 0y = ¢, (U, — Vp) - V. (46)
Teneps HaiiieM BEIpa:KeHNe Pa3HOCTH KOHIEHTPAIAIl, OTHECEH-
HOll ¥ passocTm Temmeparyp. Ouno Gyper:

Acy —c Vg (Ly -+ hy) —vy (La+hy) . (47)
AT 2 ( 3;1.1 )

—-— o’

661 P, T

Haxonmen, omperenuM BedWuMHY XAMAYECKON CUWJIH, TpH-
XOJiAIIelica Ha eIWHULY TeMIepaTy pol:

A £>
Al A 4\ T ) Ly—L,
arTt T Arr™ T T 2 T AT T 2Tt T
— 1 L?z (Llsu“l’ésu -L11L§u+L22L§u 48)
2T :

1
Ly Lyy— L‘lgzL‘lsz + a7 Lie(Li1+ Log) + LchISg

3flech vllle He TNOKAasaHa CUMMETPHA B COOTHODICHHH KO3~
$unnentos L, n L, ypasuennit (42), (47) u (48). 910 Gymer
cmenano B §§ 36, 37 u 38 mocie wucciiemoBaHUS cTanmuoHap-
HOTO COCTOAHHA BTOPOro IOPAZKA IPU HOCTOAHHEIX 3HAYE-
nuax AP u AT,

§ 35*. CraumoHapHoe COCTOAHHME BTOPOro NOPAJKA
' H JHEepruA nepeHoca

PaccmoTpuM cTammoHapHOe COCTOSHME BTOPOTO HOPARKA,
B rotopom AP m AT ocraiores nocrosHusiMu, npudem AT = 0.
B sToM ciydae mmeeM TOIBKO /1Ba He3aBHCHMEIX ITepeMEHHBIX
napamerpa: Ac, m A'.

Jast cocTosmmA ¢ MHHHMATLHBIM BO3HHKHOBEHHEM DHTPO-
nuu U3 BeIpadeHns (33) momydaem:

do 2 Op 1
3he; = ot e | Luce bt (Lt Loy +

H(ep Ay — €, ) — Loty Aty + LA™ | =0, (49)

0 2L
021 = T2 (AI+ An) =0. (50)
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3pmeck oTOpOmMEHH Bce WEHH ¢ (0Jiee BHICOKAM TOPATKOM
8¢, m AP. Jlna yupomeHmA oleparuii ¢ 3TUMH ypaBHEHHSAMA
MOKHO BOCIIOJIE30BATBCS CBSI3BIO MERAYy HapaMerpamMm Ap,
n Ap, ws Bmpamenmit (39), (49) m (50). Torpa umomyunm:

1 1
Apy Lzzcl—“z‘(le‘i‘Lzl) Ca +7Lcc 51
Aug 1 1 ' (1)
#2 Lucz—‘?(le—*—sz) C1+7Lcc

C momontwio geromenonoruueckux ypasnenuit (27) —(31) u

coornomenmit Omnzarepa (32) ypasuenus (49) m (50) moryr
OHITH OPUBEJEHHl K CIEGAYIONEMY BHIY:

62.]1461.]2—.]1120, (52)

Ji+Ja=0. (53)

Ecmm socnmonpsosateea ypasmenmamu (13), (25) u (26), mo-
cllefHEe ypaBHEHHS MOIYT OBITh HammCaHK B eme OoJee

I
IpocToii (opme (c} =My n.)

M+ M3
oo, Mg 54
% =% =0 (54)

Qopmyan (53) m (54) moKasHBAa0OT, YI0 HPH DTUX YCJIO-
BHAX COcTaB CHCTeMBI B O0OMX pesepByapax IOCTOSTHEH,
1 ofmuii HTOT XMMHYECKOH PeaKnuy paBeH HYJIIO.

Mosno BBCCTH TaK Has3blBaeMoe (KOJIMYECTEO IepeHoca»
AajKe B TaKOH CHCTeMe, KaK aHAAM3UpyeMasi, B KOTOPOIi
IIPOUCXOFAT XHMHYeCKHe peaxknumm. «JHeprus mepenocay U*
IpefcTaBiIAeT co00 BHEPIHI0, IEPEHeCEHHYIO e/\HHUIEH MaCChl
CMeCH B CTaUUMOHAPHOM COCTOSHHM BTOPOr0 MHOPSA/KA LpH
nocrosaHoM AP u mocrosigrOoM AT(==0).

Jdueprma nepesoca Uj (k=1, 2) —a10 sHeprus, KoTopas
OepeHOCHTCA efuAmneld Maccl wommomenta & npu AT = 0.
Ilpn sroM, omHAKO, COCTOAHHE MOMKeT He OHITHL CTATMOHAP-
HEIM, TaK 9YTO Ap, W Ap, MOCYyT HM3MEHATHCA HE3aBHCHMO
ApYyr or Apyra, @ cooTHomeHme (51) MosKeT He cOGIONATHCA.

HKax 6bimo yceramosmeno,

T, =U*(J, - J,), (55)
T =U*, +U*J,. (56)



§ 35) CTAIMOHAPHOE COCTOSHUE BTOPOI'O MOPSAMKA 109

W3 seipamennii (27), (28) m (29) npm AT =0 nmeem:

Ap. Ay, 1

J1: —LII“T]— er%,
A A

Jy= —L21‘%_L22_‘%&" (57)
Ap. A

Ju: —‘Lul Tl —'Luz ;2 .

[opxcrapnas sti ypasHeEna B Beipakenue (55) M MCMONB3VA
coorHomrenme (51), maxommm sHepruio wepeHoca

1
Ur= — {Lxsz (e Loys 3L 00) — 5 (€:Lgo Ly + €oLy3 Lo )—
1 ,
— 7 Le(ey+ ) (L L)} X
1
X { LasLgg + 5 Log(Lyy + Log +2L) —

-1
— Ly (6L + Lo — Ly (il — L)} (58)

rae
1 1
Ly =5 (L +Ly),  Liy=5 Lp—Ly).

Ecim mopcraBurh 3HaYeHHs NOTOKOB W3 BHIpaskeHHmE (57)
B coorHomeHzme (S56) M OTOMIECTBATH KOIPPHIMEHTH BeJIR-
upH Ap, m Ap,, KOTOpHIe H3MEHAITCA HE3aBHCHMO JpYr OT
npyra B coorBercTBuu co 3uagenmem U¥ m UF, Gynem mmeTs:

Ly =Ly Ul + Ly U3 (k=1, 2). (59)

ITH cooTHOMIEHMA AT AJA aHeprmil mepeHoca U%:

Toy1 Loy — Lo L
# _ Luilsa—Luslay
U= TiLw—Luka ’ (60)
U* . LuZLll‘LUILl‘z (61)

z L11L22_—L12L21 ’

Vpasuenus (58), (60) m (61) maroT ncromyio sHeprummo
nepenoca U}, BHpaKeHHYIO 4Yepe3 (eHOMEHONOTHYeCKHE K03~
funuenTH ®m HONMM KOMIOHEHTOB ¢; M C, B CMeCH.
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Crhexyer mopdepHyTs ORHY O0COGEHHOCTH COOTHONICHMSA
sHeprumii mepeHoca. Ke MOMHO yCTaHOBUTH u3 BHIpaKe-

uuit (59) m (56):

* *
U*= J1+Jo Ui+ J U* (62)
Boo6me rosops,
T #c; W LR (63)
T, T TR
TaK Kar W3 BelpaxeHmi (52) u (53) umeeMm:
i+ Jy _Jy—=J
C=T 3T, UGS T (64)

Taxum 06pasoM, MOMKHO CHelaTh BEIBOJ, 4YTO TOIBKO
B TOM COCTOAHHMH, LPH KOTOPOM CKOPOCTH XAMNYECKOH peaKmmu
Ji1(== —J1) npmbuamxaerca ¥ Hylo, fApoGu BeIpakeHus (62)
COOTBETCTBYIOT OTHOCHTEJIBHOMY CONEPKAHMIO ¢, H ¢, KOMIIO-
HEeHTOB B pesepByapax.

Hdo cax mop Msl eme He MCIONB30BATIH COOTHOIIGHHM
Omnsarepa. 910 Msl cjenaem, KOTAA WOMHOCTBHIO BHACHATCA
nX pusmdecKHA cMbplca. Meskmy npoumm, cjefyeT OTMETHTS,
uTO HCHOAB30BaHNWe coorHomenmnii Omsarepa L, =L,; sHa-
4HTeIHHO YIPOIlaeT ypaBHeHme (58).

§ 36*. OpderT TepMOMOAEKYJIAPHOTO [IaBICHUA

Ypasuenusa (42), (43) u (44) pawor sddert Tepmomoe-
KyJAPHOTO [ABJIeHWA B CTAMHOHAPHOM COCTOSHUM IEPBOrO
nopagxa npm mocroasHoM AT. OHuE BRIIOYAIOT NPOM3BEAeHUs
penomenonorndecknx xoapdunuenros. Ha atoit cragmu meciie~
JXoBaHMA MOmHO BBecT:m coorHomenusa Owmsarepa (32). Kax
BCET[[a B TEOPHH HeoGpaTAMEIX IPOIECCOB, OHHM IOMOTYT BHIAC-
HATH (U3MYeCKUN CMECI KoMOMHammil Ko3(PHUIEHTOB, KO-
TOPHIA [0 cWX HOp He OBLI BCKPHIT.

W3 sepagenmit (32), (43), (44) u (58) mmeem:
Ly e Ly= —U*. (65)
Temeps MOMKHO BHPA3UTh TEPMOMOJICKYJADHBIL 3PQeKT
yepes SHeprmi0 mepeHoca U*:

AP h—U*
LR LAy (66)
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910 mpocToe ypaBHeHUWE TMOTYYEHO TyTeM (OPMATBHOTO
BBeJleHrA sHepruu nepesoca. OHO B TOUHOCTH COOTBETCTBYET
ypasuermo (II1.62), ro smeprua meperoca (98) 3mech BKJIIO-
qaeT ujieH, 3aBUCANIMN OT «XAMEYECKOro Koafdunuentar L.
C momombio ypapaenmit (62) m (64) mocnemmee ypapHeHwe
MOsKkeT OBITH IIPef[CTABJIEHO B BH[E

J
ar h—aUf—eUf + =l (UI—U%)

AT — T (67)

9To ypaBHeHHe CIPABEJJINBO [JiA MOGOTO IPOU3BOIBHOTO
aHadenns xkoaddunmenta L . VaTepecHb aBa 4acTHHX ciydan:
L,=0 un L, ,— .

IlepBriit oTHOCHTCA K HepearmpyiomuM KOMIOHEHTaM.

Tak war Jy(= —Jm)=0, 10 n3 Beipaskenus (67) MoHO
I0JTy9HTE!

A e U*— *

i =it o

910 BHIpayKeHHe MBI MOIYYMIIM B KOHIE TIPeAbifymiel IiIaBbl.

Jlpyroit TpelenBHEII ciydail NpEBOTHT K GeCKOBEYHO
GONBIION CKOPOCTH PEAKIUM TPH KOHEYHOM 3HAYeHHH CpOJ-
crBa. Tak Kak 5TO HEBO3MOKHO, TO HYKHO MONYCTATH, 9UTO
A" crpemmrcss % mymo. 3 aToro cnmemyer, 9T0 COCTOAHME,
npu kotopoM L, —> co, mpefcTapiser co0oii MTHOBEHHOE
xuMmueckoe pasuosecue. [lelicrBurensno, npa L. —> co u3

BEIpaskenns (48) maxopguM, 4TO A'=0, . e.
1= P

Teneps MOMKHO HOJIYYHTh BHIPAKEHIe

o8 —0= = 21)

&T>P’T_O_h1~h2-T(slﬂsz) _hl——hZ—T<acl v p?
(69)

rne g—cpegmAs ypaeasHas ¢ywrmua T'mOGca  cypy + Cofg,

§— CpEMHAA yHeNbUAsA DHTPONMSA CMECH ;) +CyS;. SAeCh

fBUI0 MCTIONB30BAHO COOTHOHmIeHHe 1'ub66ca AJA  BHpaXKeHAS

SHTPOMMM TAK, KaK 9T0 OBIO CIeNIaHO IPA BBIBOJIE BHIPAsKe-
Husg (41), HO BMecTO p,, NOJCTABIEHO Sj.
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Ypasrenna (495), (66) u (69) maor:

vAP ds hy—U*
L —Cl(a_cr>p,T+_—T . (70)

d7a ¢opmyna Gyner obcyxnarbea B § 41 paa mugKOro
rennsi. Crepyer ofparuTs BHEMaHHe Ha TO, WTO B Hpejede,
xorga L,—> oo, A'—0. IIpm srom J, He Gygmer crpeMHTHCH
K Hymo. 910 AcHO W3 paccMorperns ypasmenmii (30) m (48).

§ 37*. Tepmooddysmonnslii dPpderT

Ypapnenne (47) maeT pasHAIY coflepKaHmiA KoMmoHeHTa 1
B JByX pesepByapax B CTalHOHADHOM COCTOSHHH MEPBOIO
nopanka, korga AT mocroanHo. BepHeMca cHoBa ® mpeneinn-
HEIM 3HAadYeHmaM Kosddmumuenta: L,=0 u L, ,—> co. [ua
Hepearupylomux xomMnoHenToB L, = (. Ilpnmenss coornomie-
nua Ouzarepa (32) k cootHomenusM (43) m (44), BeIpasken-
HBIM depe3 sHeprmio mepeHoca (60) m (61), mmeem:

LysLoy— Ly L
L —_— u24421 U122 —_ U*, 71
1= T Loy Lnolay ! (71)
Ly Lys— LyoL
L — U112 w2411 —_ U*' 72
2 L11L22—L12L21 2 ( )

Torpa w3 meipamennma (47) momyuaem:

dey _ [0 (UF—hs) —vp (U —1)]

A T ’
AT ( Oy ) o
de; /P, T

T. €. Ty e camywo gopmyiny, uro u (V.56) mia repmosdpdysnn
B HepearHPYIOINel CHCTeMe.

Jna MTHOBeHHOro XMMHMYeCKOro paBHOBecus L, —> co Ha-
xopmm m3 (43), (44) m (58):

(73)

— —_ L1u+L2u —— _JT*
Li=L,= L+ Lyg+ Loy + Lys . (74)

Ternepy u3 Beipaskenns (47) momyuaem:

Acy o [havg—hovy + (01 —0s) U¥]

AT ( 351.1 > Z)T
de; JP,T

(75)
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§ 38*. Xumnuecknii addexr

Xumnueckuil a(ferr ompependercs 3HayeHMeM CpPOJCTBA
Alzp}~p,§ B CTANWOHADHOM COCTOAHHMY NepBOrO MOPsfKA
npa A7l =const. B ofmem BHge OH ONHCHIBaeTcsa ypaBHe-
imeM (48). [na HepearupymomuUX KOMIOHEHTOB M3 BEIpasKe-
it (48), (71) 1 (72) nmeem:

Ui —Us

Al -
—T—I—AT= 972 . (16)

Has cayyass, worga L, —> oo, ypasaenus (48) u (74) maior:
4l
T AT =90, (M
KAk U JOIBKHO OHITH IpH XAMHYECKOM DPaBHOBECHII.

§ 39*. Temaomexaumuecknii sexrT U Temmora mepeHoca

B craguoHapHOM COCTOSHHH BTOPOIO IIOpAXKA IIpH MO-
cronHEOM AP u AT =0 nmepeHoc oHeprmym W3 OLHOTO pesep-
Byapa B Jpyroii MOKeT NDHMBECTH K TeIJIOBOMY 3(dexnTty,
T. e. B O0OHX pesepByapax MOKeT BLIJEANTHCH I3BECTHOE
ROJINYECTBO TeDusa. ITOT 3(QeRT HazHBaeTcA TeIJoMeXaHH-
gecKEM s(derrom.

ITpm m3oTepMm™ecKoM Ipolecce BHIleIeHFe B pesepByape
Temyia Oymer KOMIECHCHPOBAHO TeIJI000MEHOM ¢ OKpYyHauieil
cpepoii, [lpamenas mnepBelll 3aKOH TEPMOTMHAMHUKHA [JiA OT-
KpHTHX cucteM (V.0) K pesepsyapy 1, momyumm:

dU" =dQ"— P v+t dm’,

. (78)
dM =d M, + d M,.

Jdna  pacemarpmpaeMoro sjech CJIydas €OCTaB CHCTEMbL

B pesepByapax BO BpeMeHN He HM3MeHgeTcd, TAK KaK TeMIle-
parypa ¢ pgasieume nojjepkusaorci mocrogEHmME. Ciemo-
BaTeIBHO, HMMEET MeCTO NOCTOSHCTRO Y/IeNbHOH sHeprmm ul

U ynensrHoro oosema cmecnm vl B peseppyapax. Torzma momuO
HANHCATE:

AU =uldM' u dV'=o'dM". (79)

8 C. P. pe I'poor
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UHOJZ[CT&BJIHH nocjeNHEme BHIpajKeHHA B ypaBHeHme (78),
HaIeM

(ul + Plol — hYy dM* = 4@, )

nam ]> (80)
dQ'=0. ,l

Pazobrem dQ' ma mmemmion wacts d,Q' (M3 oxpyma-

Ioulell cpefsl) @ BHYTPEHHION d,Q" (BosunkmoBerme B pesep-
Byape). Vs separenns (80) mmeem:

d,Q" +d,Q'=dQ'=0. (81)
Torga ma ocHoBaHmm (opmyist (V.15) momywaem:
4,0 =d,U"— K dM". (82)

Wcnonsaya gopmyasr (12) u (13), maxopmm:

d.Q" d;Ut dMT
QA W =T~ (T, (83)

3pecs y h orfpomeH 3HaK.

BpefieM Temleph TemJIOTy IepeHoca (J* Kak Temwyo, mepe-
jaHHOe pesepByapy 1 M3 oOKpyamomedl cpefisl B eNHHIY
BpeMeHW, KOIja eJWHANA MACCHl NePeHOCHTCH H3 OXHOIO pe-
sepByapa B ApYroil B CTANWOHAPHOM COCTOAHHH BTOPOTO MO-
paxKa npm IOCTOABRHEX AP m AT (=0).

Vicnonbaya BeipaxkeHna (83) m (99), momywnM:

d.Q*
dt
¢ =77 (84)
J 4
Q*=U*—h. (85)

Vpaprenus (65) (85) maior BepazeB¥e TEIJIOTEI HEepeHOCA
TOIIOMEXaHUYecKoTo OPPEKTa KaK TeIyIoBOrO IOTOKA, OTHe-
CeHHOr0 K eJAHANE NePeHeceHHOM MAacCCHl.

UYpo6s NOKA3aTh CBA3h TEIUIOMEXAHWYECKOTO sgdexTa
2.Q"

—

¢ SKCIEPAMEHTAJHHO HAGIIONAeMBIM TEUJIOBEIM IOTOKOM -~
A3 OKpY/Maomed Cpefs, MH C NOMOWBIO ypaBHEHUA (84)
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BBENE BenmuuHy (Q*. B mpemmymem maparpade srto GmuIo
CAeNaHO IyTeM MCHOJIB30OBAHHA 3HAYeHWms J, U3 ypaBHe-
uuid (V.97) m (V.98). Kak Bugmo m3 seipamenus (81), ofa
ompeneneHns (* aHajoOTHUHEL

Mosxmo osty unTh Gosiee MPOCTYIO OPMY BBHIPAKEHHSA, CCIH
BMECTO SHEPIHH Jieperoca TMOACTABATE TEIIOTY LepeHoca, T. e.
sammcath ypasuenne (66) ¢ momompio (85) B dopme

AP Q*

Hocnennas Qopmyna ycranaBimMBaeT TeCHYI0 CBA3b MEKIY

P . .
TEPMOMOJIKYAPHBIM [[ABIEHIEM — - W TeII0OTOl mepenoca @
TeUJIOMeXaHnIecKoro apdexra.

§ 40%. JuepronpoBogHOCTh W TEIIONPOBOTHOCTD
B CTAllHOHAPHOM COCTOAHNH HEPBOro MOPATKA

HUro0s m3yauTs BAOsHMe XuUMuuecwolf peaxmum (23) Ha
TeTUIONPOBOJ[HOCTS U BHCPrONPOBONHOCTH, CHOBA HCCIEHyeM
CTAIlHOHAPHO® COCTOAHME IePBOTO MOPAAKA TPH  TOCTOSH-
HoM AT.

JHEpProNpOBO{HOCTE BEIPAMKACTCA ypaBHEHHEM (29). Benn-
-9HHEI A(%,‘—) oA (%‘é) MOryT OBITH BEIpa’KeHH gepes AT
u Qenomenosorndeckae Kospduanmenrsr. N3 dopmyn (35) n
(36) Haxommm:

' AT
A(%’L):Ll_Té“r (87)

AT
s(5)=1,5%, (88)

rae L, u L, ompenensorca coorsomenmamu (43) m (44).
Hopcrasnas o1 cooTHOmeEnNA B ypaBHeHne (29), momygaem:

AT

Ju = (LulLl + Lu2L2 + Luu) T (89)
Tenepsr maxommm TemmoBolt morox
diQt
Jq = - T . (90)

8%
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3necs d,Q" — BuyTpennas wacth dQ", ompenensemas BHpA-
smenmeM (78). B coorserctBum ¢ Belpamkermamm (82), (12)
7 (13) 2T0 aHANOTHYHO BEIPAKEHUIO
Jo=Jy—h (4 Ty, (91)
B mociiepireM BolpakeHH# V YEJBHOM 9HTAJBIAM 3HAK OIy-
NieH TaK je, Kaxk 310 OBHIO cHellaso B dopmynax (40) m (83).
VunrsiBasg, 4T0 cefiyac paccMaTpHBAerCs CTAIMOHAPHOE CO-
CTOSTHEE TIePBOrO YOpAAKA IpW HOCTOAHHONE pPasHOCTH TeMIle-
paryp AT, n wenonesys dopmysay (39), T. e J,+J,=0,
HAXOJIMM, UTO TOTOK TeIJia paBeH NOTORY sHeprmm (89)

A
JQ=J‘LL= —(LulL1+Lu2L2+Luu)_Tg . (92)

Mna L,=0 sro ypasaenme ¢ yuerom ypasmenmit (71)
u {72) npusnMaer BHJ

* AT
Jq = (LulUl —l_Lu217)2l= - Luu) T2 (93)

Ha ocroBasdm 5TOT0 MO;KHO mepenucarts Bhipazkenme (92) mis
TpoM3BONBHOrO L, B CHELyIOmeM BuJe:

Jy= =Ly (LA UD + Lo (Ly - U] e+
(LUt 4 LU — L] S (9%)

3meck Bech TemOBOM MHOTOK pas0MT Ha JBe 4acTH: mepsast
#3 HUX 00A3aHa CBOMM INIOABJICHUEM B3ANMOJCHCTBHIO XMMH-
uecKoil peakmu# u guddysum, a BTOpas 4YacTh HPEJCTAaBIAET
co00ll HOPMAJIbHBIN TEPeHOC Temja, KOTOPHI MMeeT MeCcTo,
KOTia PeakmAH HeT.

PasGepeM Taxme TemIOBOI NOTOK AJiA KPAiiHUX 3HAYCHAH
L,=0m L,— .

Panpme ObI10 IOKA3aHO, YTO IEPBHIR ciIydau (Hepearupy-
OIMe KOMIOHEHTH) IPUBORHET K BHpakenmio (93), 7. e.
K Tak HA3HIBAEMOMY (HODMAJBHOMY» IePeHOCY TellIa.

A MIrEOBEHHOTO XHMHMYECKOTO papHoBecua L, —> co u3
soipaskennit (74) m (94) momydaem:

AT

Jq = [Lul (U* - U;k) + Luz (U* - U:)] TE +

* AT . AT
+ [Lu,lU: + LuzUz - Luu] % = [(Lul -+ Lu.2) U* — Luu] T

(99)
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§ 41%. Rupruaii reamit II

B nByX:RHAKOCTHOE Teopmm ;kmpKoro rexms Il sto Beme-
CTBO PaCCMATPHBAETCA COCTOANIMM M3 JABYX KOMIIOHEHTOB —
(HOPMANBHBIXY ¥ «KOHIEHCHPOBAHHEIXY HJHM IlepeoXJIaKIeH-
HEIX aToMoB. JTa Teopma Owsiia paspaborama [oprepom.
Cpenu JPYrHX pe3ysbTaToB TAaKOIO PACCMOTPEBHSA MM JAHEI
BHIPQKEHUA [T TePMOMOJIEKYJIAPHOTO JAABIEHHA W Tero-
MexaHuuecKoro sdderra Ha OCHOBE HCEBROTCPMOCTATHIECKOTO
meToma. B srom maparpade Oypmer ToKas3aHO, UTO TEPMOA M-
HAMHKRA HeoOpaTHMEIX IIPONECCOB NPUBOAUT K TeM jKe BEIBO-
jam, Kotopwele momyuma Loprep nus renwsa II.

Bee paccyssneHmA upegsiyuiero maparpaga Moryr GHTH
IIpAMeHeHbl K JBYXKOMOOHEHTHOH chcreme skupKoro remms 1.
10 BEMecTBO HAXONUTCSA B YCJIOBHAX, ONHCAHHHIX IIPH pac-
(MOTPEBHE TEPMOMOJIEKYJIADHOTO JaBJIeHHA M TeINIOMeXaHH-
YeCKOoro 9fderTa.

HomycernM, 9¥TO 9Ta KUIKOCTH 3aKJIOYeHA B JABA pesep-
Byapa, COeWHEHHBIX MemAy coGodl KamuIagapoM U HOf-
[epKIBAEMBIX TpPH Pa3HBIX TeMmMuepaTypax, OTIHYAIONAXCA
mesay coboit Ha AT rpagycos. B cmecn HOpMampHBIX (KOM-
noHeHT 1) U TepeoXJaIeHHHX (KOMIIOHEHT 2) aTOMOB IpO-
MCXONMT «XuMHYecKad peaxnumy 1 2 mpeBpameHds OXHOM
JRUIIKOCTH B JPYTYIO.

Ecnu ©e craBETh KakuX-1M00 JpPYyrHX OrpaHUYeHHH,
OTHOCAMUXCA K EmaKoMy reamio 1, To nis repMoMomery-

. o A
JSIPHON Pa3HOCTY JIaBJIeHMI K; TONyYHM pe3yJIbTaTH, cpop-
MyJIHpOBaHHEE B BHIpaKenHAx (66), (67) wam (86) mua

TePMOMOJICK yIAPHOM PABHOCTH JABNEHMIl r, & TaKKe (89)

i (86) must-rermtomexanudeckoro sddexra Q*, T. e. mepeHoCR
Tenna npu mocrosmusix AP w AT =0. It ypasHeHHA
CHPaBeMNMBEL A/ CMeCH OOBIYHBIX «H30MEpPOB», CIIOCOOHBIX
ocymecTBATH peakmuio 1 2.

B cBoeit mepeomauanbHoit paGore I'oprep momyermi, uro
B upgkoM remmu 11 «xmMmdeckoe paBHOBeCHe» MeEKAY HOD-
MaJIbHEIMI ¥ IepeoxJIayKJeHHBIMH aTOMaMH HacTymaeT MTIHO-
BeHHO. B srom ciywae cupaBesyMBHIMA OKa)KyTCA (OPMYJIEE
(70), (75) m (77). Ecim >ke TmpmWHATH, 9TO Hepe3 AOCTATOYHO
Y3KOe OTBepcTHe KamMJUIApa He MOUYT IPOMTH HOPMAalbHbBIE
ATOMBI, & TOJNBKO ATOMBl IIEPEOXJIAKAEHHOrO TI'ellHs, MOMKHO
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HeNOCPE[CTBeHHO IOJYYHTh BHIPAasKeHUe NI SHEPrUH mepe-
Hoca. [leficTBATENbHO, IpH JIBIHCHAW BellecTBA B CTpPYe
9HCPrAs IEpeHoca paBHA CyMMe YeJILHOH OHEPraH MacCHl
H BHemHell paGoTHl TpPeONOJICHHA [aBIeHHA pesepByapa,
B Kotopuii ona mocrynaer. I[lociiennas paBHa HpowsBejieHHIO
AapleHAsA Ha YAeNbHEI 00BeM, HIu, JPYyTUMHA CJIOBAMH,
9HEePTrHA IepeHoca paBHA Y/eIbHOH SHTAJLINH IIEPeHOCHMOR
Maccsl. Hostomy niia nepenoca xommonenTa 2 (mepeoxJiarkzeH-
HEIC aTOMBI) HMeeM:

U* =y + Poy= h. (96)

Ecmn a10 nomerasuts B ypasaenue (70), moaydunM ypasHeHMe
Toprepa nma addexra TepMOMONEKYIAPHOrO HaBIEBUs, KOTO-
peiil A0 suproro resmuaA I massiBaerca GoHTaHHBIM 3dderToM:

vAP 0s
—AT =C1 5C—1>P, T . (97)

B 10 ke Bpema wu3 seipamenuil (86) u (97) mmeem mis
TEeNJIOMEeXaHMYeCKOro 5P(QexTa BHIpAsKeHHe, TAKKe MOIydYeH-
Hoe T'oprepom

_ ds
O ==Te; (g )p 1 (98)

O6a sBoBoma T'oprepa (97) m (98) mopTBepiRAAOTCA TEPMO-
RUHAMAKON HeoOpaTHMEIX IPOIECCOB. )
Taxum ke myTeM Aya TepMoa(dysum u3 BEIpAKeHUH

(75) m (96) nomygaem:
Aoy cavy (ha—hy) (99)

ﬁ_— ( 8,:1 > oT
dey P, T

v s xumuveckoro apderra (77):
A'=0, 4A"=0. (100)

Taxum o0pasoM, ciegyiomue HCXOHbE IIONOAEHAs AB-
JAIOTCA OCHOBAHHEM JIJTA TOJyYeHHA u3 obmmx dopmyn (42),
(47) = (48) Bmpaxenmii (97)—(100) pna cranmoHapHOTO
COCTOAHUA:

a) MTHOBEHHOe HACTYIUIGHHe XHMHYECKOTO DaBHOBECHH,

6) mepexof dYepes KADHIMIADP TOJAbKO NEPEOXJIaK/eHHBIX
aTOMOB,

B) [BIKEHHE BeIiecTBa CTPyeH.
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B Kakoii CTeNCHH MOKHO CYMTATh CIIPABGAJIMBBEIM IIepBOE
HOJIOMKeHMe, INOKA elme He sICHO. Dbojiee BaKHBIM ABISAETCA
BHIACHEHHE TOTO, HACKOJILKO HONYCTHMEL fABAa JAPYTHX IOJIOMe-
pusa. Ecam, HaupmMep, OTBepcTMe HACTONBKO IMHPOKO, YTO
HOpPMAJIbHEIC ATOMHE TO/Ke CMOTYT dYepe3 Hero IPOXOJHTE,
HA/I0 LOAB30BaThesA Gosee obmumu gopmymnamnm (70) m (75).
To ske caMoe OTHOCHTCA K CIY9alo, eciX IO KaKmM-1m60
jpuYAHAM I TPeThe IOJIOKeHHe OKABHIBAETCA HEeOUPABIIHI-
BAOMIEMCA. B CBA3M ¢ 9TEM YKakeM, 4TO IOJ| JBIKEHHEM
B cTpye MBI HOHIMAeM JBIKeHHe BEellecTsa, KaK ILeloro, WM
TaKoe TOJIOKEeHMe, KOrfa JJEHA cBofogmHoro mpofera aTOMOB
Maja IO CPaBHEHUIO ¢ JHaMeTpoM orBepcTHA. Torpa, u TOIBKO
TOTHA, cOpaBefinBo ypassenue (96), BRIOUaOMEee BHEIIHIOW
pabory Pu,. Odenb BeposTHO, 4TO 3TO CHPABEJIMBO JIHIIb
LIS KATeJIbHBIX KUAKocTell. B Apyrux ciyuasx, Kak, Hanpa-
mep, Aas «rasa Hamymcemay (cpepumid cBoGOgHEI IpoGer
CPaBEHM € jaMeTpoM orsepcrHs), ypasmenme (96) mms U*
oKa)KeTCH HecnpaBeqiuseiM, Ho ypasuenma (70), (75) m (77)
ocraiorcsi, 0e3yCJOBHO, B cHUJIe.

DTH paccyNeHHsI MOKHO PacCMaTpUBaTh KAK JajibHeimee
pasBATHE TEOPHH NPOCTOIl OFHOKOMIOHEHTHOM CHCTEMEI, W3-
nomennoil B raase 11I. Omm ofGecmeumsaior Goslee TiryGoKoe
[OHIMaHe TprYgH dPdexra TePMOMOIEKYJISIPHOTO [aBJICHAL
B sxunoM reamu II, 6e3 KOTOpOro OKaKeTcA HelOCTaTOTHO
SICHOI TeOpHs TPOCTOI OJHOKOMIIOHEHTHOH CHCTEMBI.

B sammoueHme HYMKHO CHEJNATh HECKOJIBKO 3aMedaHuil
o mopony Temyonposogsocts B remnu II. Ecanm we npmaars
CHeMUaNbHKX JONYIIeHMHA, MOMKHO TIOJbL30BATHCA ypaBHe-
mmen (95). B ciyuac ysKMX KaummiApoB HpUHEMaeM oOmd-
HOE JIOMYyLIeHMEe, YTO HOpPMAJbHBIE AaTOMBl 4Yepe3 HHUX HpO-
xopnth He moryt, T. e. J,==0. IHosromy L,;;=0, L;;=0
n L, =0. VMes BO3MOMHOCTH UPHMEHSTH COOTHOINGHUHA
Onsarepa (32), mnoaysaem L, =0. Hpome Toro, B coorser-
cremm ¢ Bepasenuem (62) U*=Uj;. Torma ypasuenme (95)
upuHuMaeT BHU]T

" AT
Jq = (LuzUz - Luu) Tz ¢ (101)

Tarkum ofpasoM, TemNONPOBOAHOCTH HE BRJIKOYAET YaCTH,
KOTOpas ABIAETCA CJIEJ[CTBEEM HAJIOMKeHHA XHMAYCCKOM peak-
nnu u auddysnn.
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Hpyrumn cnoBaMu, B 5TOM CHyYae WMEET MECTO TOIBKO
HOPMAJTBHAS TEIJIONPOBONHOCTE.

IIpnBeennsie paccyieHAd MOYT OOBACHATH HEKOTOPEIE
0COBEHHOCTH TeIJIONPOBOTHOCTH IRUIKOTO Teams 11, xak,
HampuMep, pasiamdue pe3yIbTaToB B CIY4YasgX OTBEPCTHIH
pasuerx cedennii. Tor dawr, uro o6mmE TEINIOBOH MOTOK
He OKa3BIBACTCA NPOMOPIHOHAIBHEIM Ky6HuHOMY Kopuwo uz AT,
He CHIKAeT IEHHOCTH HCCJeMOBAHMA, TAK Kak TaKad 3aBU-
CHMOCTH €CTh CIIe[{CTBHE HeJIMHEeHHOCTH (JeHOMEHOIOrMYeCKUX
COOTHOIIEHWH, KOTOpasd BRIXOAMT 3a Ipefellbl paccMaTphBae-
Moii obmactr. Ogmako, OPMATIBHO MOKHO JONYCTHTH JIHHEIl-
HYI0 3aBUCHMOCTR AJAA 00GJIacTH CymecTBeHHO Mandplx A7,
HO 3Ta 006JIaCTh HeJOCTYNHA JJsi OKcmepaMenTa. JlefcTBH-
TeJBHO, NmHeHdnad 3asmeuMocTh AT Gbiyia HKCHEPUMEHTAILHO
HalifleHna NJIA OTBEPCTHH € HHAMETPOM Memay Oop u 15p mua
un3kux ' n maneix A7. To, 4ro »Ta 3aBHCHMOCTH He IOI-
TBePKAeTCA A TakuX e AT m T B MHUPOKAX OTBEPCTHAX
I Kanmuigpax, Momer ObITh JIETKO OGBACHEHO OOBIYHEIM
HonymenneM, 9TO CpPefHSA CKOPOCTH ATOMOB HOPMARIIEHOTO
KOMIIOHEHTa B INHPOKUX OTBEpCTHAX Oymer Ooxbme, a sTa
G6bImaA CKOPOCTH M MOMET HPHBECTH K HeJIMHEAHOCTH deHo-
MEHOJIOTHYIECKHX COOTHOMICHHIT.
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IIPEPBHIBHBIE CUCTEMBI (OBBIYHAS
MU@O@ Y3151, TEPMOAU®®Y3HUA, BA3KOCTD,
OBBIYHBI ¥ TEPMOIN®O®Y3HOHHDIN
HOTEHI{HAJIbI)

§ 42. Beepenne

B npenpminymeit raase paccMaTpUBaliMCh CHCTEMBI, COCTO-
Allle M3 pe3epBYapoB, COSAMHEHHKIX KaUMIAPOM WJIH MeM-
Opanoit. IlapaMeTpsl COCTOAHUS STUX CHCTEM WMENH OMHA-
KOBOE 3HavYeHMe BO BceX TOYKAaX ONHOTO pedepByapa, HO pas-
JUYHBIe B Pa3HHX pe3epByapax.

B osroit rmaBe wecienywrcs CHCTEMBl, B KOTOPHIX 3Have-
HHf aPaMeTPOB COCTOAHHUSA 3aBHCAT HE TONBKO OT BpeMeHH,
HO H OT KOODAMHAT NpocTpaHcTsa. Takne CHCTEMH HA3HBa-
J0TCA NIPEPEIBHEIMU,

Bynem paccmarpmearh cHCTEMBI, KOMIOHEHTH KOTOPHIX
MOTYT XHMHYeCKH PearmpoBaTh APYF C APYrOM B B KOTOPHIX
BO3MOKHEL Aupdy3usd, TEIUIONPOBOTHOCTE, BABKHEE IOTOKH
M HaJIOKeHMe 9HTHX ABJeHMH. BHauame BmBomaTca oflnue
YPaBHEHHs, & 3aTeM PACCMATPHBAIOTCA HEKOTOpPHE 0COGEeHHO
HHTePeCHble ABJICHMA, 34 MCKIIOUeHHEM XMMHUYCCKHX IIPOIeCc-
COB, KOTOpHe W3y4YalTCd B OTHENBHOM IiiaBe.

Tar Kak OCHOBHEIE YDaBHEHWs BHpaMKeHH 4Yepes CHJIH,
TO MHOrHMe BEIBONBI HMEIOT Gollee IIpOCTON BHN, €CJIH TAapa-
METPHEI COCTOSIHMA OTHOCATCA K eJMHHAIe Macchl. Iloatomy aré
eIMHANLl H HCHOAb3YIOTCA B GonbmuHcTBe BEBOAOB. OueHb
JerKo B ciiyyae Hago0HOCTM IIpUAATh MM BHJ MOJIEKYJSAp-
HEIX BRIDQ/KeHOU WJM HANHCATh UX B MOJAX, KAK HTO IpPH-
HATO B CTAaTHCTHYECKOM MEXaHHKE M B XUMHM,
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§ 43. OcHoBHbIe ypaBHEHUSA

Jlaa Toro wrobH cocTaBATH BHpaskeHme Gananca SHTPONEH,
HeoOX0J MO HaJimyde YeTHpeX OCHOBHEIX ypaBHEHHH.

a. 3aKOH COXpaHEHHSH MaccH. YpaBHeHHe DTOrO
3aKOHa AJIA KOMHOHeHTA MOKeT OhTh HAIMCAHO B BHJE

0 .
%= — div p,Vy VS s (1

M
rae ph=7’5—M:acca KkommonenTa k B epmHume of0Bema

(M, — obmass Macca KOMIOHeHTa K, V — nonupiii  00bem),

0
-5y — YACTHAA TPOMIBOJBAS HO BPEMEHH, Vj -~ CROPOCTH KOM-
nosenta k&, v,J, — BOSHHKHOBeHHe KOMIOHEHTa k& 3a CYeT XHMH-

YecKoif peakusyd B eMHHUIE Oo0BeMa:

1 dM
VhJc——‘TI_ Idth . (2)

3pecs d,M, — KOIMYECTBO KOMIOHEHTA K, XPHHAMABIIETO
ygacrue B XAMBYECKO peakmuy.
-
Ina pasGmpaeMBix CiydaeB Yd;M,=0. Benmuma v,,
)

gelreHHaa Ha MOJIeKyJIHpHHﬁ BEC KOMIIOHEHTa k, BPOmopIL o~
HaJbHA CTeXHOMETPUYECKOMY YHCIY 9TOrO KOMIOHEHTAa

B YPaBHEHHH XMMHUECKOM Deakmum. 3/ech AMeeM ;%zO?

J, — CKOpOCTh XHMMYECKOll PeaKIuHy, BHPasKeHHAs B eUHHLAX
Maccsl Ha egmumny o0bemMa B efUHHLY BpeMeHi. Hna mpo-
cTOoTHL B 9TOM mHaparpade PpaccMOTPHM OfMHOYHYIO XHMHA-
yecKylo pearkumio. B riase IX paccMaTpuBaioTcA CHCTEMSI,
B KOTODHX O(HOBPEMEHHO NPOXOJHT HECKOJIBKO Pearmuu.

Vpaseenne (1) HocmT XapawTep (alaBCOBOTO YPaBHEHHA.
V3mesenne JieBOi 9acTH 9KBUBAIIGHTHO OTPANATeNbHON XHBEp-
FeHIUE MOTOKA IUIIC 4WieH, KOTOpPHH IOKassBaeT pacxon
KkoMmonenaTa A& B peakmuu. Cymmmpys Bce KOMIOHEHTH
k=1, 2, ..., n, momydum BMecto ypapHeHma (1) caemy-
Iomniee:

7} .
= —divpv, (3)
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rjge p-— cyMmMapHasa IJIOTHOCTB:

S

M 1
:=§Pk=kv =7=?—, (4)

31ech v — yAeIbHBI 00BeM, a V— CKOPOCTh TEHTPa TAKECTH
MAacehl:

> PrVR
= (5)

YpapHenne 3aKOHa COXpaHeHHS Macchl MOKeT OHITH Ipej(-
CTAaBIEHO M B JpyromM BHje, BHpasKeHHOe 4dYepe3 MHOIHYIO
IIPOM3BOJHYIO II0 BPEMeHHU

v

d 0
W:y—l-v-grad. (6)

ITorok KoMmnoHeHTa % oupefesideTcsi OTHOCHTEIBHO JBHIKY-
nierocsi MeHTpa THAMKECTH BCeH MAacCH

3= (Vp— V). (7

U3 seipaxennit (5) u (7) cregyer, wro

3

| 3,=0. (8)

k=1

I

C momompio Beipaskennit (9), (6) m (7) ypasmenme (1) mpm-
BOJMTCA K BUAY

d . . .
Fh— — 0, divv —divJ, + v, 9)
WM ele IIpomie:
de, .
pd_tk: —div ], +vJ., (10)
e ¢, = PR % — KOHﬁeHTpamm KoMrodenTa k. YpaBHe—

Hue (3) MO}KHO mepemucaTh B dopme

d _o d 9s
d—‘::—vzg%z—pdlvv. (11)
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6. Ypasuenue cuan. OHo Momer ObTH HANHCAHO
B Bhje

n
d
p?i‘ci = —grad P} z Fypp, (12)

k=1

rge P — napnenme, a F, — BHemIusAA cuia Ha eIUHMIY MacChl
KOMIOHeHTa k. 3Jech He YYHTBIBANNCH CUJIBI BAskoctH., OHm
OynyT BBemeHH B § 51 mua cirydas MeXaHMYECKOTO paBHO-
BecHd.

B. YpaBHeHHe 2Hepruu. [na DHEPrUH CLUHUIEL
Macchl 0e3 yueTa BHEIINCH KHUHETHUECKOH SHEPrUM HMeeM:

1
pd ?Vz-ﬁ-u n
—< T >= —div (Pv+1)) + D Fuvep,,  (13)
h=1

rae J,—Inorox 7enna; (KaK BUHO, OH fABAETCA YaCThI0 TOTOKA

smepruu. Cp. xoven § 44).
r. Bropoit sakon repMogunaMuru. Hcmomesyem

ypaBuenne 1'n66ca

ds dau dav dMy,
T ="+ P~ - (14)
k

di ko dt

OHO BHpaMKEHO Yepe3 MOJIHBIE IPOM3BOJHBIE OTHOCUTENHHO
IBHKYIIerocA HenTpa Tamecti (6), cymmaprywo surpommio S,
cymMmaprylo sHepruio U # XMMUYECKUH NOTEHIAA {1, KOM-
MoHeHTa k. OTO ypaBHeHme MOeT OBITH HCIONB30BAHO KaK
JUIS 3aKPHITHIX, TAK B U8 OTKPHITHIX CHCTEM, TaK KAaK ero
MOJKHO TIPEJ(CTABATH TOJIBKO Yepe3 Yy/eJIbHEIe KONUIecTsa,

\
T. €. 9epes Y[eABbHYI0 SHTPONMIO §= - (M — cymmapras
U .
Macea), yHeNBHYI0 SHEPrHIO U= -, YIeIbLHBIH o0beM U=

= ; U KOHIEHTDAIWIO Cp = %‘ :%’“‘ . Torga OHO IPHHHMAET

BH]T

ds du dv dey,
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JAnsa moxasarenbeTBa paBHO3HAYHOCTH ypasmeHmit (14) m (15)
HyHO YydecTh, 9TO M mepeMeHHO, a TaKKe COOTHOMICHHE
ditiepa

Ts=u 4 Pv— D) u,c,. (16)
R

Cpepunil yRedpHEI XUMUYECKHN MOTeHIHA (yAelbHas QyHK-
nua 'mG06ca) npemcraBiseTca B BUIE

gZZPhck:Z;%&:u—TS—}—PU. (17)

Ogenp BaykHO ofpaTdTh BHHMAaHUE HA TO JOLyIieHKe, YTO
ypasHerme I'mG0ca chpaBegyIMBO NN HOJCTAHOBKE IIOJHBIX
IPOM3BOHBIX OTHOCHTENIHHO [IBIFKEHUA IEHTPa MHepHu@. ITO,
KOHEYHO, B TePMOJMHAMIYIECKOM CMBICJIe COCTAaBIACT CYIIECT-
BEHHYIO 9acTh HOCTYJATA O JOIYCTHMOCTH IPHMEHEHHs ypaB-
penua I'm66ca. lVcmonmpsoBanme ypaBHeuus (15) mompasyme-
BAaeT, 4TO yJeJbHAA DHTPOLNMA S ABHO HE 3aBHCHT OT KOOD-
AMHAT NpPOCTPAHCTBR H BPEMEHM, a 3aBUCHT TOIBKO OT U,
vuc (k=1,2 ..., n=—1).

B caepyomunx wpaparpagax Oymer NOKa3aHO, YTO BTOT
IIOCTYJIAT TPUBOXHT K BaKHBIM BHIBOJAM H He IPOTHBOPEYHT
Beefl Teopun. Ilpemennt, B KOTOPBIX T€OPHA OKABHIBACTCA CHpa-
BEAJINBONA, MOryT OBITH OLpefieIeHH KUHETHYEeCKOH Teopmel.
dror Bompoc paccmartpuBaerca B Taase XI. B macrosmeit
rJlaBe HE PAacCMATPUBAIOTCH BOMpPOCHI, BHIXONAINME 3a Ipe-
llelBl MaKPOCKONMHYECKOH TeopHd HeoOpPATHMBIX IIPOIECCOB.

Taxum ofpasom, ypasmemmsa (10), (12), (13) mu (15)
ABJISIIOTCA OCHOBHBIMY YPAaBHEHHAMH, HIpefHA3HAYCHHBIMHA JIJIA
paccMOTpeHHs BOIPOCOB, WMHTEPeCYIOIWX HAC B OTOW Iiape.

§ 44. Bananc saTponnn

Ecnnm  ypasmenme (12), yMHOKeHHOe HA V, BHYECTh
u3 ypassenua (13), To mcKiIIOYaeTcs KUHETHYECKAHd SHEPTHA
ABIKERHSA IeHTPA KHEPHWH M IIOIydaeTcA BBIDasKeHHe A
U3MEHCHUA SHePIuHM U

p 2 _Pdivv—divi,+ N FJ, (18)
3



126 IPEPLIBHEIE CUCTEMEL (3L VII

3mecr Gwiio memonnzoBaHo ypasHeude (7). Ilogcrapmaa cioga
Berpaskenne (11), momyamm:

d d ~1 ¢ ~
&= — P — g div 4 pt D Ry, (19)
k

Teneps myrem nopcramoBim Belpaskenmit (10) u (19) B (15)
JIeIKO BBIBECTH GAJaHC SHTPOIA

d . .
ol _d%: —div], + 2 F,J, -+ 2 o divy, —J, Z v (20)
)3 k Rk

WM Apyryio opMy BHIpaKeHHMs 3TOro Gasamca

p—f%= _div [%—% Hka:I +Jun+ Z;kxh+AJc _
= —div] +a. (21)
3xecn
X, =80T, (22)
X, =F, — T grad (%) (23)
A Ha3bIBACTCA XHMHUYECKUAM CpOIICTBOM:
A== e (24)

@opvyna (21) peilcrBuTenBHO uMeeT B 6angaHCOBOrO
ypasuenus. Nsmenenne sHTponin 06s13aHO CBOMM IIPOHCXOMK/IE-
HEEM JBYM OGCTOATENHCTBAM: OTPHNATENLHOMY 3HAYCHHIO
AUBEPTeHIAM IOTOKA SHTPOIHE

Ig— ) el
J=—0 (25)
¥ BO3HAKHOBEHZIO SHTPOLNHUA
Jo Xy + 2 I Xp +Ad,
o= k T . (26)

VYpasrenne (26) mpexcrasuser coboit CyMMYy NIpOU3BeJeHH
motokoB J, J, m J, ma coorsercreyromue cuiet X, X, m A.
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Ecnnm tpebyeTca MOACTaBATH YACTHBIE TPOM3BOJHEIE TIO Bpe-
MEHH BMECTO IIOJIHEIX HpOM3BOJBLIX IpaBoil 4acTH GopMyJIEl
(21), To HykHO mcmoms30BaTh Bhipaikenme (6). Ilpm asrom
yao0Hee NOTH30BATHCA SHTPOIMEH, OTHECEHHOU K eUHALE

obBeMa:

S
Sv::-‘;—=:sp,

notoMy urto Bepaskenusa (6) m (11) maor cootHomenme

po %y divs,y, (27)
CIPaBeJIABOe [ JIOGOro yHeIbHOTO KOIAYECTBA.

IoncranoBka BeipaskeHums (27) B (21), a TaxKe MCIONB-
soBapne gopmyx (25) m (26) mawT BpIpaskeHUe I M3MEHe-
HUA SHTPONUH B JIOGOIl OOpEeleNeHHON TO4Ke
%s?”-z — div (J, -+ s,v) + 0. (28)

CyMMapHBI IOTOK DHTPONUM HpefiCTaBlleH Teuepb COCTOA-
mWuM He TONbKO W3 J,, HO TawKe M B3 APYrod d9acTa s,v.
Yto KacaeTcs ¢, TO STO— Ta jKe CaMad BeJIMYMHA, KOTOpad
Boipazkena gopmyaoi (26).

Bosauknopenne sHtponm: ¢ (26) ecTh pesyibTaT TaKAX
HeOOpATHMBEIX IIpONECCOB, KaK TeIJIONpPOBOMHOCTL, Au(dysus
u xumuveckue peaxnuu. CKOpOCTh ABHAeHUA KeHTpa UHEp-
A He BXOOUT B Bolpakenme nus o. [losToMy mepeHOCHOe
NBUKEHIE CHCTeME CleflyeT KBaludumoupoBaTh Kak o0paTd-
MOe ABIIeHHe. ITOrO CJIeIOBANIO OKHUAThH, HMOCKOJIBRY JiBAKE-
ne MeHTpa MHEPIUA TOAYMHAETCA ypaBHeHmO chisl (12).
TaruaM 00pasoM, TeOpHA BO BCEM OKA3BIBAETCA LOCHEOBATeN b~
HOHU, TaK KaK OOpaTHMOCThL ABMKEHUA IEHTPA HHEPHHH COOT-
BEeTCTBYeT HpPEe[IONOMKeHNI0 O CHpaBeJJIMBOCTH YypaBHEHOA
I'n66ca pas HempepslBHOHM HEOTHOPOJHOHW CHCTeMBI, KOTAA
paccMaTpUBaOTCA HOJIHBE TPOM3BOAHEIE OTHOCHTENLHO JBHIKE-
Hisa meHTtpa uHepnma (cM. Qopmyry (6)).

sarjrouenne 5TOro maparpada cpelaeM HEKOTOPHe
3aMevyaHHfA, Kacaoliuecsi LepBOI0 B3aKOHA TePMOMHAMMKA.
Qopuyna (19) maunmcama B KayecTBe YPAaBHEHUA 3HEProau
M oHa ypmoGHA pJIA OHpeflelleHAsS W3MeHEeHHA SHTPONHH.
OpHaxo, MOKHO HAUMCATH AHATOrHYHOE ypABHEHHWE B APYTroi
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$opme. Oma Gomeme coorBercTByeT opmymam, om0 mpH-
MeHseMEIM B TepMopguHaMuKe. Ecim mammcars:

—div],=p 2, (29)

riae dq—temnyio, coobmaeMmoe eJMHANG MAcCE, TO ypaBHe-
ume (19) npmEmMaer Bup

dg=du+Pdv—0v (D F, 3,)dt (30)
R

H npefcrapjisger cofoil o6bYHYI0 GOopMy ypaBHEHHA HEpBOro
3aKOHA TePMOJMHAMUKH, IIOKA3EIBasA, 4TO coofmaeMas TemIoTa
Pacxofyercs [ UOBHINEHUA SHEPTAM CHCTEMBl H JJIA paboThl
(mBa mocsepHEX Yiena GopMyIsl mpaBod wacTm). DTO ypaBHe-
HOE BKJIOYAeT TOJIBKO YHeIbHbC KOJIMYECTBA M AHAJIOTAYHO
BBIpaskeHnio (15) maa BTOpOro 3aKOHA, II0BTOMY WM MOKHO
HOJNB30BATECA TaK JKe, KAk M ypaHenmeM (15), m just OTKpHI-
THIX, B JAJIA 3aKPHITHIX CACTEM.

Mosao mammeats «uactHOe» ypaBueHue (30) B «obmieii»
dopme, BripakeHHOH uepes BciO sHeprmio U == Mu, obmmii
o6weM V= Mv m Bce coolieHHOE TeIIIo dQ =M dq. Torna,
or0paceiBasg Toclefnnit wien ypasmenma (30), momyuaem
BBIDa;KeHUe IEPBOTO BaKOHA MJIA OTKPHTOH cucreMsl (V.5)

opu h=u-}+ Py = %— (cpenHsAA yjnenbHas SHTAIBNNA). Y paB-

memna (12), (29) z (30) Moryr GmTh HCHONBL3OBAaHEL B Kade-
CTBE MCXOJHBIX JiJIA moirydeHus Bmipasenmit (12) m (13).

1
O6GozHaunm ut0t=u+§vz. Ornocst 310 K egumumme 00%h-

ema (Uiot, ») TAK, KaK 5TO OBITIO C/leIaHO IpH BHIBOJIE BHIpaske-
uuA (27), MoHO mepenmcath ypasHerme (13) B Bujue

g, o .
_507—: —div]J,, (31
i
J, = (ot + Po)pv+ Jq, (32)

aHasornyHo seipaennio (V.90a). Iosromy siemo, uro J, mpe-
PHIBHOHl CHCTEMBl QHAJIOTHYHO J, /175l HeNPepHIBHOH CHCTEMH,
rje, Of(HAKO, TIpeHeOperaeTcsA KMHETHIECKOH SHepruei.
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§ 45. Menomenonorunyeckne ypapHERHA

Wz upemsimymiero scHO, 4YTO BOSHMKHOBCHHTE 3HTPOLIUHA
O MOKHO HpPEJCTABHTH KAK CYMMY IpPOM3BENEHHI IOTOKOB M
cuit. o reopum Onzarepa B mepsoM npubnmsxernn IOy CKaeTcA
TUHEHHAs 3aBHCHMOCTD MEMKIY OTUMH IOTOKAMH I CHJIAMA.
Torma momywarorcst caegyiomme, Tak HassBacMbie PeHOMCHO-
JIOrMYeCKHNe ypaBHEHHA:

3= kzi Lika + Liuxu’ (33)

Jq = 2 Luth + Luuxu’ (34)
h=1

J.=LA. (35)

M me cumraem, YTO HOTOKM BemlecTBa M SHePTHH, ¢ OHOM
CTOPOHEI, 3HAJIOTHMYHBl XMMHYECKOMY CpPOACTBY, C JPYTOI.
Hpome Toro, MBI cumTaeM, 9T0 CKOPOCTH XMMHYECKOH peaKIHi
ue 3aBucuT OT cuil X, m X,. 910 COpaBeAsABO LOTOMY, 9TO
HOTORUM W CHJIBI B BBIpakeddn (33) — BEKTOPH, & COOTBET-
CTBYIOIMG WM BeIUYAHH B BHpaKeHHM (35) — CKAIAPHL
Cmiia M3BECTHOTO TEH3OPHOTO XapaKTepa He MOKET yCKOPHTE
IOTOKA APYTOro TEH3OPHOTO Xapakrepa (Teopema Hiopm).

lpu seBome muipasenmit (33) m (34) npegmosaramach
U30TPONMHOCTE cucTeMbl. VHave KaskABIH OTHENBHBIA KOMIO-
HeHT MOTOKA OBl OBl JIMHeWHOH (YHKIMEH KOMIOHEHTa CHIL
JTOT caydwall OTHOCMTCHS K AHUBOTPONHHIM KpPHCTAILIAM
(cp. ra. 1V).

Hna meenemyemoro ciyuas coorsomenus Omzarepa HMeIOT
BHJY

L,=L, un L;,=L,. (36)

Ecmu 6u pacemaTpuBanach cucTeMa ¢ HECKOILKHMHE OJIHO-
BPEMEHHO HPOTCKAOIIUME PeAKIAAME, MOYKHO OblJI0 OBl TAKKE
notyunth coorHomenus Omsarepa mmsa KoSQQUIHEHTOB XHMH-~
ueckoro cpogerpa (ria. IX).

Biusanme sBmenmii Baskoctw Gymer paccMaTpEBAaTHCA
B § 51. ,

Ecns mogcrasurs Bepamenus (33), (34) u (35) B Bepa-
metne (20) A BOSHEKHOBEHHS! DHTPONUH O, TO HOJLYYAETCS

9 ¢, P. pe T'poor
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OlHOpOAHAsA KBajgpaTtuiHag (yHRuus cui. Vs Broporo saroHa
TEePMOIMHAMUKM SCHO, UTO OHA CYMECTBEHHO TIOJIOMKMTENIHHA.
9T0 faeT PABNMYHBIE MATEMATHYECKHE pE3yJbTaThl B BUJIE

L > 07 Luu > Oy L >z 0, Liith - LikLki =z 07 37
LiiLuu—L‘ Lu1>0 } ( )

U

it

T T. 7. (KodpPUIHMEHTEL aHAJOTHYHE, HO HC TO/ECTBEHHHI
Koappunuenram § 29, caygait 2).

§ 46. O6brunasa puddysna

3necs paccmarpuBaercst OOBIMHAA, T. €. H30TEPMHUECKAS,
nupdysusa. [ns sroro sisyenns nveem u3 Gopmyan (22) u (23):

X,=0, (38)
X, = F;, — (grad )y, (39)

a BO3HAKHOBEHHE HHTponAN 0e3 4ieHa, yYUTHIBAOIEIO Xu-
MHYECKYIO PeaKiuio,
n
D 3 Xg
K=1
Sg=—7— (40)

YTO, B COOTBETCTBHH ¢ BulpaenueM (8), moxer OBITH Tepe-
IMHCaHO B BHJE

Xp—X,
Gd_—_z Jh—h,—I,—ﬁ. (41)

R=1

(DeHOMEHOTIOTHYECKUE COOTHOIMEHUA OymyT:

S
I
/=

Ly Xy (42)

h=1

B kavectBe ciefcTBUA COOTHOIIEHHA (8) MOMKHO TIONYYHThH
pasimYHbe COOTHOMEHHs MeKRY n’ Koaddunuenrtamm BEIpa-
menma (42). HomycrmMm, 4TO BCe CHJIB OXMHAKOBH, T. €.
X, =X,=...=X,. Torga momyunrea, uro ¢=0 u, cueno-
BaTeJBHO, HeO6paTHMHX IponeccoB He MpPOMCXOJHUT, M TIOTOKa
nudpysun mer: J,=J,==...=J, =0. Hax pesyasrar mo-
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CJIeIHero mMeem:
ZiLik=0 (i=“_1’21 ey n)~ (43)
k:

Bonee crporoe mokasaTeIBCTBO CHPAaBeIAMBOCTH  BHIpajke-
HEA (43) MOMKHO c/leNaTh, €CIIH TOJCTABATH BHIpArKeHHe (42)
B BeIpaskenme (41):

n—1{

Toy= Z hzi L, X, (X;— X,) (44)

i—=1 h=

u, npurnmaa X; — X, =0 mua { < j, nomyunm:
Toy=(L;X;+ g&j LX) (X, —X,)=

K n
2 q 9
=L, Xi4+ (DL, ~L )X X, —(DL,)X3  (45)
k+j hEj
TaK KaK 9Ta BEJIAYNHA ABJIACTCA CYIMIECTBCHHO IOJIOMKHTEIIb~

HOI, TO H [@TEPMUHAHT JOJGKEH OHTL TOKe MOJOMKHTEeJIHHEIM
Hau paBHATECA Hym0. Torma mmeem:

—(Z Ljh)2>'0 (]:1» 2, ..., n)’ (46)

T. €. TO 3e caMoe, UTO W BeIpajkeHue (43).

Hpyroit BrBox u3 Bhipaskenns (8) moxyuaerca, ecsm
B Hero mopcraBuTh notok (42). Torma momyunrtes TompecTBO
cun X, W, Kak CJeJCcTBHE,

NLp=0 (k=1,2,...,n). (47)
i=1

Qopmymet (43) u (47) obpasywor 2n coormomenmit, Oxmaxo,
He BCe M3 HHX OKA3BIBAITCH HE3ABHCHMBIMU, IOTOMY 9TO
u3 obemx rpymn (43) m (47) caepyer, uto

n

2 Ly =0.

i, =1

C nomompio Bhlpaskenus (43) MOMKHO MCKIIOUATH KOd(HH-

Luents L, (i=1, 2, ..., n) us poipaskenua (42). 91o jpaer
g%
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(n—1) He3aBHCHMBIX COOTHOINEHHI

n—1

L= 3 Ly(X—X) (=12 ..., n=1). ()

Tenepy uckmoanm wosddumuentsr L, (k=1, 2, ..., n) us
n-ro ypasaeHua (42) ¢ momompio Bopaskenus (47). Torma
TOJTy I¥IM:

n—t{
J, = — gi J. (49)

910 BHIpasKkeHHe IOKABLIBAET, 4TO JIOTOKM He SBJIAIOTCA He3a-
pacumpvu (8). Ilocie mewimouenns (2n — 1) wospdumuenTos
L, u L, ocraiorca n®— (2n—1)=(n—1)® xoadpunmenron
peipasienust (48). Ha mmx coornomenns (43) u (47) He Ba-
KJIAJHBAIOT HEKAKNX OrPaHMUeHWH. IJT0 06CTOATENECTBO IOKA-
3eiBaet, 9to (43) u (44) cocrasiaior cucremy u3 (2n— 1) Hesa-

. 1
BECEMBIX cooTHOmennil. Cpepn HEX mMeoreA — (0 — 1) (n—2)

coorromennii Onsarepa L, =L,;, Tak 410 B KOHIE KOHIOB
1
7n(n—1) RO9QPUIAEHTOB OKABHBAIOTCA HE3aBHCHMEIMH.

Hanpumep, anma n=2, 3, 4, 5, 6 @ 7. Q1. KOMIOHEHTOB
mmeem 1, 3, 6, 10, 15 n T. 1. HezaBUCHMBIX K03dUIHEHTOB
0,1, 3,6, 10 u . n1. coornomenuit Ownzarepa.

HamGomee npocthiM mpmMepoM sBiAercsa Auddysusa AByX
KOMUOHEHTOB:

Jl = L11X1 + Lsz’
(50)
Jz = L21X1 + Lzzxz’
rpe coorHomeHnsa (43) m (47) mpuHEMAIOT BHA
L11+L12207 L21+L22=0’ (51)
Ln + sz =0, le + Lzz =0, (52)

TAK 9YTO M3 BhIpaskenmid (48) m (49) momyuwaem:
J1= - J2=‘Lu (Xl_Xz)= —le (Xl—‘ Xz)- (53)
BosHuKHOBeHMe HHTPONME oupepensercs QopmyJioi
og=T"1(J.X,+ 3. X,)=T71, (X, —X,). (54)
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V3 ¢opMyist (53) BHAHO, WTO AJIA PACCMATPABAEMOTO CILydast
coornomenuss OHzarepa He HMeT MecTa. JTO 00BACHAETCHA
TeM, 4T0 B3auMHasg audQysud ABYX KOMIOHEHTOB SABJIAETCH
ONMHOYHEIM siBJIcHUeM # d(PPeKTa HATOMKEHHUA HeT.

Cunm B Bepaskenmm (53) B coorsercrBu ¢ (39) mpen-
CTABIAOTCS B BHME

X,—X,=F,—F,—

- [8(M(;1:—H2)]T, o, Brad P~ [(%?@]T, pgrad e, =

/9
=F,—F,— (v, —v,) grad P — 021< a*:i >T’ parade;. (99)

3rech GBUIO MCIOTB30BaHO cootHomenue L'ub6ea — [Jrorema
¢ydpy -+ cydp, =0 (56)

npn mocrosigHbiX I' u P (¢;+c¢,=1), a v; ecTs mapumainb-
"Bl yIeNbHH 00heM KOMIOHEHTA i.
Torma ypasHenme (53) DpmEnMMaeT BHJ

Jl = — J2 ==
(9
=L, [Fl — Fy,—(v,—v,)grad P—c¢;* (%)T’ Pgrad cl] . (97)

910 — ypaBEeHme obnHO# puddysmn. Bmemuaa cuna F,
MOieT OBITH DIIEKTPHYECKONM CHJIOH, CHIIOR TAMKECTH M T. [.
B mnocnepmem caywae F,=F,, mbo obGe omm orHOocATCA K
epununge Macel. Jlia pmddysmonsoro passosecma J, =0,
I TOrja ypaBHeHHe (O7) JaeT uapOEaJBHBIA TpagueHT C;
B IIOJe CHJBl T ecTH (TPaBHTAIMOHHOE IOJie), COOTBETCTBY-
omuit rpagmenty P. HospdunmenT rpagmenta KOHIEHETpaNEa
vacro mumyr Kak pD,, a wxospdunment puddysum D,
cB3aH ¢ L, cooTHOmMEHmeM

])12_—_<fcl; >< g}: )T,P: - %)(%)Tm - (58)

Hoa(b(bununem' zaddysna mMeeT pPasMEpPHOCTh IIOINANM, He-
JeHHOU Ha BpeMsd.
HAas cMecn WyealBHEIX ra3oB UMeeM:
<
BTG \p M | (59)
L T S
M, DM, -
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(n—1) He3aBHCHMBIX COOTHOINEHHI

n—1
Jizhz L,(X,—X,) (=12, ..., n=1). (48
=1
Tenepy uckmoanm wosddumuentsr L, (k=1, 2, ..., n) u3

n-ro ypasaeHua (42) ¢ momompio Bopaskenus (47). Torma
MOy I¥IM;

J,=— gi J.. (49)
910 BhIpasKkeHHe IOKABLIBAET, 4TO JIOTOKM He SBJIAIOTCA He3a-
pacumpvu (8). Ilocie mewimouenns (2n — 1) wospdumuenToB
L, u L, ocraiorca n®— (2n—1)=(n—1)? xosdunmenron
peipasienust (48). Ha mux coornomenns (43) u (47) He Ba-
KJIAJHBAIOT HEKAKNX OrPaHMueHuH. JT0 06CTOATENHCTBO OKA-
3eBaet, 910 (43) u (44) cocrasiaior cucreMy u3 (2n— 1) Hesa-

. 1
BECEMBIX cooTHOmennil. Cpepn HEX mMeoreA — (0 — 1) (n—2)

coorromennii Onsarepa L, =L,;, Tak 410 B KOHIE KOHIOB
1
7n(n—1) RO9PUIAEHTOB OKABHIBAIOTCA HE3aBHCHMEIMH.

Hanpamep, ama n=2, 3, 4, 5, 6 @ 7. [. KOMIOHEHTOB
mmeem 1, 3, 6, 10, 15 n T. 1. HezaBUCHMBIX K03dUIHEHTOB
0,1, 3,6, 10 u . 1. coornomenuit Ounzarepa.

HamGomee npocthiM mpmMepoM sBigercss Auddysusa AByX
KOMUOHEHTOB:

Jl = L11X1 + L12X2’
(90)
Jz = L21X1 + L22X2’
rpe coorHomeHusa (43) m (47) mpuHEMAIOT BHA
L11+L12207 L21+L22=O’ (51)
Ln + sz =0, le + Lzz =0, (52)

TaK 9TO M3 BhIpaskeHmd (48) m (49) momyuaem:
Ji= = J=L;(X,—X,)= — Ly (X — Xy). (93)
Bo3HUKHOBeHNME DHTpONMHA oLpegensercs QopMylioi
oq =T (3,X, + 3,X;) = T7J; (X, — X,). (54)
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W3 gopmyus (53) BEAHO, 9TO AJIA PACCMATPHBAEMOTO CIIydas
coornomennsa OHzarepa He WMEOT MecTa. JTO 00BACHAETCA
teM, uTO B3amMHag AudPys3ug JBYX KOMIOHEHTOB SBJISETCHA
onMHOUHEIM ABJeHmeM u sdderra HaIoKeHHMS HeT.

Cmnet B Beipaskennm (53) B coorsercrBum ¢ (39) mpen-
CTABIAIOTCA B BH[E

X,—X,=F, —F,—

_ [a(u(;;uz)]T Clgradp_ [8 (Hg:&*z)] grad ey =

=F,—F,— (v, —v,) grad P—c“‘( O >T Pgrad ¢. (99)

3rmech GBUIO MCHOIB30BAHO cooTHOmenue L'ub6ca — Jfrorema
¢,dpy -+ codp, =0 (56)

npn nocrosBHEX I' u P (¢, +cy,=1), a v; ecTp nmapuuab-
HEll yHenbHBA 00BeM KOMIOHEHTA I.
Torma ypaeHeHme (D3) mpmEMMaeT BHU[

J=—J,=
1/ 0
::Lll[Fl——Fz—(vl~4@)grad11~021<%%f>T1Pgradcl]. (57)

910 — ypaBHeHHe oOnHOW Ruddysmu. Bmemnuas cmma F,
MOKeT OBITh SIIEKTPHYECKON CHJION, CHJIOR TMMKeCTH M T. [.
B mocmegmem cayuae F,=F,, ubo obe omm orHocATeA K
eqmanme Maccel. Jlna prddysmonsoro pasumosecma J, =0,
1 TOrHA YypaBHeHHe (D7) JaeT NApPNUATBHBIL IpajUeHT c;
B II0JIe CHJIB TSKeCTH (IPABHTAIMOHHOe IIOJe), COOTBETCTBY-
ot rpaguenty P. Hoopdunuent rpagnenra KoHueHTpanan
uvacto mmmyr Kak pD,,, a wosppunment puddysum D,,
cBi3aH ¢ L;, cooTHOIMeHMeM

_ L11> 3}11 <L12><6P1>
127 ( pes dey /T P pea dey /T, P’ (58)
Hoa@@numm xrdPy3HE ¥MMeeT Pa3MepHOCTh ILIOMANM, Je-
TeHHOU Ha BpeMs.
Has cvecn mmealrbHEIX rasoB MMeeM:
<
RT M;
eyl Sl S
v (D) gy In | P | (59)
Mg “
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agamus ABneHEd Anddysmum. OOHUHO MexammyecKoe paBHO-
BecHe yCTaHABIUBAETCA OYCHb OHICTPO IO CpPaBHEHWIO ¢ Tep-
MOJMHAMUYECKAMH IPONEcCaMH, TaK 4TO 9TO COCTOSHME HO-

CTHTaeTCA NpaKTHYeCKH B CcaMOM Hauale n3y4aeMoro ssjie-
HAA,

IIpu mexammveckom paBHOBecuu ypapHenue cui (12) mmeer
BHJT

0= —grad P + ) Fyp,. (68)
k=1

Torma pma cumn, ompepenseMmuix ypasmenmeM (39), wmeem
CIeyoIYI0 TeopeMy:

30X, =0, (69)

Odra TeopeMa JOKAssBaeTcs OdeHb mpocro. IlojcraBuM BHIpA-
meume (39) B mepsuifl unen ypasuenns (69). Torpma momyamm:

2 0 X; = 2 pF; — 2 p; (grad p;)r =
= 2 p.F,—p 2 ¢; ( g?; >p’Tgradcj_

1)

-0 2 c, ( Qe >, Lgrad P, (70)

B mnociemmeM BelpadkeHHH B COOTBeTCTBMH ¢ ypaBHeHHEM
T'n66ca — Jiorema BTOpOH wieH IpaBOA dacT@ IIpomajaer,
a TpeTHii ujeH ofpamaercs B exmEMIy. B camom pene,

omiy 0, = ov =1 (71)
Ci\ 3p =P €0 =pU ’
92; P Je;, T 2

rae U; — NapOomanbEbGl ygxemsHENT ofvem. CieoBatelnnHo,
npaBasgt 9acTh BhipaskeHHA (70) TOYHO paBHA NIPaBOH dACTH
peipaskenns (68) m mostomy pasHa mymo. Tarum ofpasom,
TeopeMa (69) momasama.

OTmeTM, 9TO »Ta TeopeMa CIpaBeaaBa TONBKO B TOM
ciTydae, KOT/a CHJIEL CBA3AHBL coorHomenmeM (39), T. e. mis
M30TePMIUECKOTO Tpouecca, a He ana ofmero caydas (23).
Oprako, B § 52 GymeT MOKA3aHO, YTO MOTOKM W CHIIEl MOTYT
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6rITH Mpeofpa3oBaHE TAK, YTO JaKe W [ HOH30TEPMMYCCKAX
npoueccoB Bepaskenne (39) MoeT OBITH CIpaBeIIHBEIM.

Rax cuencrue (69) momyuaerca ppyras BakHas TeopeMa.
Ona Obla Takske BhIBefieHa IIpmroskmmEeM. OJTa Teopema
yCTaHABIUBAET, YTO JAJIA MEXaHMYeCKOr'0 PaBHOBECHA BO3HHK-
HOBeHZE HHTDOIMHY He B3aBHCAT OT BHIGOpa CpejHEH CKOpo-
CTH V, KOTOPHH GBUI cHeJaH IPH OIpefesIeHMH MOTOKA

Ji=p; (Vi—V) (72)

o cux mop mox v mOHEMAlach CKOPOCTH MEHTPA TAKECTH.
BriGepem Temeps ApyTryio IPOH3BOJIIBHYIO CKOPOCTE V* M ompe-
MeJiNM IOTOK

¥ =p, (v — V). (73)

Torma MaremarHuecKoe BRIpakeHHe PACCMATPHBAGMOH TEOPEMBL
nmpeficTaBUT cOOO:

Tog=20JX, = 2 X, (74)

JloxasaTesIBCcTBO DTOH TeOpeMBl IOJY9aeTcd, eCJIM Yy4ecTh,
uro coriacuHo (72) m (73) pasHEIA MeIy JBYMA HOCICTHHMHE

wienamn Beipaenms (74) pasma (v—v%) Y p,X.. Teopema
7

(69) moxasmBaer, WTO 9Ta pasHHIA OOpaIiaeTCA B HYIIb.
3acTyxuBaeT BHUMAHHA TOT aKT, 9To Beaencrsue (68)
NI MeXaHMYeCKOI'0 pAaBHOBeCHWA IPH OTCYTCTBAHM BHEIDNHHX
cu [aBlleHAe NOJDKHO OHTH OXWHAKOBHIM. B meficTBuTesns-
HocTH, B OONBIIOM dHce CIyYaeB [ABJEHAE NPAKTHUECHH
ocTaercsi TOCTOAHHBIM. Mexanmueckoe paBHOBeCHe Xapak-

dv
5 =0 Mua muorax cnysaes puddy-
dv
suum m repmonudysum -
OT HyJA. JTO ABIAETCA NPUIMHOH (MAKPOCKOIMYECKOTO Me-
XaHmdeckoro» jBmkeHms. OHO  BHIBEIBAETCS, Hampumep,
PasHOCTBIO [aBJICHNIl, BOSHUKAOIIEH M3-32 BASKOCTH, KOTAA
CTaMOHAPHOe COCTOAHMe eme He jpocTArHyTo. Ecaum mmg-
$yRAMpylONme KOMIOHERTH HMEIOT PAa3HEe MONEKYJAPHEIE

Tepu3yeTcA TEM, 4TO

04€Hb MAaJIo, XOTA M OTJIHYAEeTCA

dv
Beca, 7S Oyner OTIMIATECA OT HyJIg BCIEICTBUE W3MeHeHHs

Cropoctm guddysmm, HOJNyYaronieidca OT N3MeHeHUA KOHIEHT-
pammy, PGSyJILTprIOHIaH pasHOCTEL aBjieHwd GyjieT, OfHAKO,
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HesaMeTHoil. Takmm ofpasom, m B STHX CIy9asx momydaercs
ONMHAKOBOE MaBlleHMe, e€CJIM HerT BHemmux cmia. Ciegosa-
TeJIHO, JIA TAKAX HECTALMOHADHHIX HBJeHNH Anddysnu
MOxeT OnThH Menomp3oBaHa rteopema (69).

48*. O0plunas MONEKYJAAPHAA M TPABHTALMOHHAA
yAAP. P
audpdysua

Hpenspymue paccy:xennsa 0coGeHHO BasKHBI, KOrma -
¢ysma oumcsBaeTcA ¥We CKOPOCTHIO IEHTPA TAMECTH, KAK
B § 46, a gpyramm ckopocTAMYM M KOTJA HYKHO HAiTH CBA3H
Mesny Kosppunmentamu guaddysum.

ITpomsBompHAs CpefHAA CKOPOCTh MOMeT OWITH HANHCAHA

B BUjeE
D wv;
7

:.:—-——l ’
2w
7

rne w; — Becosas ¢ynknusa. ITorok xommonenta i Torga onpe-
pensterca mo (73). Comocrasias (73) u (75), nomydaem:

S wPJ —0. (76)

Va

(75)

[lepsriit BaskEENT wacTHBA caywait (75) — Takoif, Korja
wW; =p;, T. €. W; PABHO Macce KOMIOHEHTA [ B eAMHHUIe 00beMa.
Hansme sTo siBeHme MBI GyAeM HasblBaTh (IPAaBATALHOHHON
nuddyameii».

Bropeim wacTHEIM  ciygaeM sBisercas  monexysspHasm
mupdysus. ITo ABIEHHE XAPAKTOPHIYETCA TeM, dUTO W, =
=z—fi,—, T, €. YHCIY MOJiedl KOMIIOHEeHTa [ B efHHUIE 005-

2
eMa (M ;— MoneKyJApHBIA Bec KommosenTa i). Torma mmeem
UL CPeIHCH MOJIeKYJIAPHON CKOPOCTH:

Z Vi
‘ P"Mi
m . 77

w0 (77)
M;

i
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a TOTOK MONeKyIApHOil puddysnn (73) m cootnomenme (76)
NOJIy4aloT BU[

B =0 (vi—v"), (78)
il
2o =0 (79)

3
Uro0Bl HAHTH CBA3H MMy MONEKYJIApPHON M IpaBUTA-
MHOHHOW fuddysnelt, ympocrinm ofmee Beipaskenme (H3) s
IPaBHTANMOHHON NHGPY3UN [BYX KOMIOHEHTOR ¢ IIOMOIIBIO
IepBOIl  TEOpEeMBl MEeXaHHYeCKOro papHoBecmsa. [laa pasbm-
paeMoro clIydas 5Td TEOpeMa MOKeT OBIThL HANMCANA B BHJE

0,:X; +p,X,=0. (80)
YanreBasg, uro ¢; = pTL , HaxommMm:
LX X,
J1:“~12:%:"L11 ¢ (81)

N3 seipamenns (8) cremyer, uro J, 4 J,=0. Cormacmo (51)
u (H2)

Ly=— L=~ Ly = Ly,. (82)

B coorserctBun ¢ Beipamenmama (6) m (7) Tarmke umeem:
_P1pa (Vi—Vs) i 83
§y= i), (83)

Temeps obpatnMcss K ypaBHeHHSM MOJERYIADHOW ud-
(ysum, yumTHIBAA BTOPYIO TEOpEMY MEXaHHUECKOrO PABHO-
Becus

Toy=13,X, 4+ 1,X, =I7'X, + I3'X,. (84)
(Denomenomormuecke ypaBHeHHs MMEIOT B
I = LX, + L)X,
=L X, 4 L X,. }
13 pripasenns (79) maxommm:

It I
ﬁ M, —_0‘ (86)

(85)
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Touno Tak e, Kax us Beipaskenus (86) Guno BhBemeno (82),
monrydaeM, 4To

L™"M? = — Y —_ Ly — L% (87)
117 M M, MM, g

910 pgaer BoaMOKRHOCTH Hanmcath (85) m (86) B Bume
Jm J”l LTTL
= e = (X, — X, M), (88)
Bripasxerne (88) amasormuno Bripaskenmo (53). Mz reo-
pemur (80) m m3 (88) ¢ yderom (87) momyuaem:

¢y Co Cy Co

+a7 ,
e i L
2 ) 2
M, M,
vy MaM; M M, M
Ml Ml
W3 Bripassernit (77) u (78) umeewn:
e (90)
L1 P2
o g+ 5t |

Ecim npupassaTe 3madenma pasmoctd v, —v, m3 (83)
m (90), mopcramimsaa (81) m (89), momyumres cooTHOmeHme
MEXY (IPABHTATIMOHHBIME» M (MOJICKYJLIPHEIMEY (JeHOMEHO-
JioruyeckaMu koadpummeHTaMA

2
L12=L;'; [1%1‘}‘1%] M1M2~ (91)

31eck COOTHOMEHNMe HANKCAHO NIA KOd(QPUIMEHTOB ¢ MH-
nexcom 12, Tak Kak IpPM BHTOM OHO TNpPWHHMAaeT Hamboee
cammerpmanyo ¢gopmy. dpyrne kospdummeHTH mnOMyYaioTes
IoyTeM HCHONB30BaHHA Bhlpaskenuir (82) m (87).

«Hooppunnent wmonexynapmoit puddysmmy DT rtar e
cBAzaH ¢ L7}, Kak «kopdumment rpaBaTanmonsol auddysmm

Dy, ¢ Ly,. Ilostomy m3 Beipaskenns (91) MoKHO momydnTh:

2
Dyy= 3 [ st 2 T on i, (92)
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Tak ke, Kak B § 40, momuo HafiTu mI06oi Kos(puOEeHT
;[Hni)d)y.amlm D% raxr Roaq’)qmunem' grad n, BMecTo KOd(u-
nuenra DY, npm gradc;. 910 sICHO M3 TOrO, 4ro HOCIETHIN
ymeH BHIpasKeHHMA A J)' ecTh

—pDiigrad ¢; = —pD7" grad n;. (93)
3 atoro coornomenust 1 u3 (64) momygaercs:
m m |  © 2
Dy =D | g+ | MM, (94)

Taxum obpasoM, mMewTes cilegyiomme KodppumumenTs:

roadunuent rpaBaranuonnoi quddysnm D, (98) (comno-
wutenb gradc), Dy, (64) (comuommrens grad n,),

roapPuimert Moneryspuoit nuddysnu D, (93) (coMHOM M-
ress grad ¢,), D7 (93) (comuommrens grad n,).

B coorsercrBum ¢ ypapHenuamu (65), (92) m (94) omm
CBSI3aHLI COOTHOIIGHITIeM

[ s 17° — mn
D;lzl‘]:lll““l:;z] lulel“_‘“Dlz:Dlz =
—m €1 ¢z *
=05 [ e+ 3 | MM (95)

Hymuo TmarteibHO pasnmdarh JTH KOdYPAIEEHTH, TAK
KaK OHM PaBUbl TOJEKO TOTJla, KOTAA PABHBl MOJIEKYJISpHLIE
Beca.

[TpuroskuHeIM paccMaTPEBAIOTCA elle Apyrae Koo(uunenTst
nnddysuu, saBucamume or BeIGopa cropoct:m v* (79).

§ 49. Tepmogudpdysua (apdexr Cope)

Hanosxenve pupdysmm M TemJaoNPOBOJHOCTA NPUBOLHT
K BOBHHKHOBeHHIO XBYX siBieHmi. OHO W3 HMX HA3HIBAETCS
TepMopngdysueil (B KoHAeHCHpPOBaHHON (asze ero OOBIYHO
nasmisaor. opperrom Cope), a Bropoe — sdpdexrom [Hodopa.
Ileppoe m3 ®uMX 3akmouaeTcA B TOM, YTO B CMeCH BCJIEJ-
CTBME PA3HOCTH TEOMUEPATyp BOSHHKAeT T'PaJWeHT KOHIEHTpa-
uuit. Bropoe upexcrapiger coboil MOABJEHNe Pa3HOCTH TeMIe-
paTyp B peayabrate muddysun xommooHentos. CregoBaTeasHo,
sdpdext Mogopa ects ssuenme, obpatHoe sdderry Cope,
TAK KaK 3Jech TeMOEPATYpHBIH TpajHeHT ecTb pe3yJibTraT
TpajuenTa KOHIEHTPAIAH.
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Huswe Oyper nokasano, uto 062 sTux sddexra OmICHBA-
I0TCA Teopuel, W3jIoyKenHo B §§ 43, 44 w 45, a rawme u To,
YTO OHH MoAuMHSAIOTesA Teopmu OHzarepa.

Buavane pasGepem obmmii caygali cMecH 7 KOMIOHEH-
TOB B HEOIHODOJHOM TeMIepaTypHoM miosie. BosHurHOBeHHe
QHTPOLMH OTPEJeNIACTCA Cllely IONIIM *BhIPasKeHAEM, TIOJIyYeH-
HEIM B3 ypaBHeHus (8):

n—1

To = 2 JiX'L T Jun = 2 Ji (Xl - Xn) + quu' (96)
i=1 i=1

DeHOMEHOJIOrUYeCKUe COOTHONIEHNA TPeACTaBIAITCA fopMy-
aamz (33) m (34). Uz rompmecrsa (8) MOMKHO BBIBECTH TeM e
caMblM HyTeM, KaKk 370 Obuio cnemano B § 46, uyro cymre-
CTBYIOT CJeJylol[ie COOTHOIEHMA Mex Ay (eHoMeHnosora-
yecKEMHE KodddrimenTamu:

n n
2 L;=0, X L,=0, (97)
h=1 k=1
Z Ly =0, 2 L, =0. (98)
i=1 i=1
C pomompio Beipamenns (97) MOMKHO HCKIIOUHTL KOd(-
¢uuumentht L;, (i=1, 2, ..., n) u L, ua ypasueunii (33)
u (34). Torma mosmyumres:
n—1
J=2 L, (X, —X)+L, X, (=12 ...,n), (99
k=1
ni—1
Jq= 2 Luh (Xh—Xn)+LzLuXu' (100)
h=1

VYpapuenue (99) cpaseiBaer 7 — 1 He3aBHCAMBIX TOTOKOB.
Coorsomenue (98) mMomer OHITH MCHOAB3OBAHO JJiA TOTO,
uT00H HCKII0uNTh Kod§dumuentst L, u L, (i=1,2, ..., n)
B BelpaskeHMH 1A J,. OHM IOKa3HBAIOT, 9YTO 3TOT TOTOK
3aBHCAT OT JPYIHX, & MMEHHO

n—1

J=—21. (101)
=1

Ua 2n+ 2 coormomennit (97) u (98) mHe Bee sBIAKTCA
He3aBHCHMEIMM, TaKk Kak m3 obeax rpymu (97) u (98)
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-
cienyer, uto X Ly =0. Ms uckmounan 2n + 1 roa(pm-
Tx

unenroB L, ., L., L, u L, . Ci1ezoBateabHo, B BhlpaiKe-
uuax (99) u (100) ocramzocs n? koapdunmenros. Tor daxr,
uro 7? KO3QPUNUEHTOB MOryT OBITH BHIOpPAHB NPOH3BOJNLHO
¢ nomouip0 Bepaxenuit (97) u (98), nokassiBaer, uro 2n -1
9TMX COOTHOMICHME ABJIAWTCA He3aBHcUMbiMM. Cpeaum Hux

1 "
nMeoTeA eme o 1 (n—1) coorHomenmit Omnsarepa

Lik =Lmv Liu=Lui’ (102)
1
TAK YTO B KOHIE KOHIOB He3aBUCHMBIMH OCTAIOTCH - (n+4-1)n

K09QPUINEeHTOB.
Yacto ymobuee BBOZUTH HOBHe Koa(duiuenTH (} BMecTO
roapdunumenros L;,. OHE onpenensoTca uM3 COOTHOMEHMS

n—{
Liu: 2 LikQ;: (l=17 2: LR n_‘l) (103)
k=1

Torma Beipaskenme (99) npunmmaer gopmy

n—1

Jo= 2 Ly (X, ~X,+0:X,) (=1,2, ...,n—1). (104)

k=1

Momxuo marp ¢manueckyio uHTEpUperanuio KosdOUmmeH-
Tam QF, eciin HcnoNB30BaTEL cooTHomeHns Onsarepa (102). ITo-
MHOKUM Kamgoe u3 ypasHenmi (99) ma (f, mpocyMMEpyeM

ux u perateM u3 ypasuenus (100). Torpa 6ymem mMers:

n—1 n—1 n—I{

Jq - 2 Q”i =k§ (Luk - igl Lain*) (Xk_ Xn) +

i=1
n—1
+ (Luu - igil Liuqaik) Xu' (105)

Ecin teneps mpumenuts coormomenusi Omsarepa (102)
K Bolpaskenuio (103), To maiigeM, 9r0 [epBHIA YileH IpaBOU
sacTu eipakenus (100) mcdesaer m momydaercs:

n—1

- n—i
J,=2 0+ (L — X L;,00) X, (106)
i=1

i=1
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910 BHpajkeHHe NOKa3biBaeT (UBMYECKHH CMBICI BeJH-
amasl QF. OueBupmo, QF ecrs Temio, _TlepeHeCeHHOe e HHUCH
Macchl KOMIOHEHTa { IpH mocTogEHo# temuepatype (X, =0).
Benuumma @ HaswBaeTcs «TemsIOTOH HepeHOCAN.

Wcnonesys ompepesenme cumin (22) m (23), Haijem, 9ro
Buipaskenne (104) npmmer Bup

—1

3, _2 L., [F —F —Tgrad{“h } Q*gr"“]
(107)
Tax kak xuMmuecKmd HOTeHIHMAN o, ecTh (YHKOASA TeMue-
parypst T', nmaBnenus P m n—1 KOHOeHTpammii c¢;, HMeeM:

grad p, =
= —8 gradT—t—vkgradP—LE /0%)7, Pgrad ¢ (108)

rge S, ¥ U, — COOTBETCTBEHHO IapHAajbHAA yAeJbHAsS HHTPO-
Ous ¥ yAenbHHH 00beM komnonenTa k. Torpa ypasmennme (107)

nannMaeT B
n—1

Ji=2 Ly [Fk—Fn*(Uk—Un)gfadP‘“
k=1
(109)

{M grade, } —(Qr — hy, 4 hy) (gr%;:iT> ] )
=1

3necs  h, =y, + T's, —napnuajipEas y[elbHAS HHTAIBINS

KOMHUOHeHTA k.
Oaa cmecn aByx komunomenToB ypasHenme (109) maer:

7]

J,=—-J,=L}, I:Fl—Fz-—(vl—vz)gra\dp—c;1 %grad ¢ —
T

—(Q—hy 4 k) EH=] . (110)

I momyuenus 5Toro BBIpaKeHUsA OBIIO HCTOTB30BAHO ypaB-

nerme ['mG6ca — Jliorema (56).
Buipasenne (09), BoiBegieHHOE NI CMeCH JBYX HJeaJIb-
HEIX Ta30B, HMeeT CKopee aKajeMmyecKmil cmuica. Mer,
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OJHAKO, W 3/lech OrpaHmuuMca o6muM ypasHeHmeMm. Paubme
Os10 moKasano, 4ro Rosddumment auddysun D,, ompene-
adeTcss M3 BHpKeHHA (d8) mMyTeM IOACTAHOBKE Koa(du-
unenta mpu gradc,, pasuoro—pD,,:
1 O
1 1 __ /
Lyyc; acl—_pDIZ‘ (111)
Touno tak sxe koodduument repmommddysun D], ompe-

HesiAeTcA IOACTAaHOBKOM Koapdmuuenta npu grad?, pasnoro
’ .
—pDjy e (T—ey):

_LII(Q??Z:hl_*_kz):pD;gcl(1-—01)‘ (112)

Tarme e ompemedeHna MOMKHO CHeJaTh, MCIOAb3YSA
MOJAPHBIC [OJH 1, BMecTO BecoBHX poxedl c¢;. Ilpumepst
TARMX BHIDa;KEHMH [AJIA pPasHBEIX KOMIIOHEHTOB OBLIHM IIpHBe-
nensl panpme (§§ 46, 48). Ilostomy 3pmech mer HAZOOHOCTH
NOBTOPATH BTH OIEPAINiL.

Tprn wombuHamunm wo9pPuuuIeHTOB OOBYHOH nUPPy3un
¥ TepMOTUGPY3HI MMEIOT CHeNUajbHbe HA3BAHAA: KO-
unenr Cope s;, Tepmopuddysumonunii ¢axrop «, Tepmogudp-
¢ysuonHoe orHomenue kp. OHH OImpeNesAIOTCA CICAYIONIME
BHIDAAKEHMAMIE:

Dy, Di,T Di;Terey
Sr=p.r %= Do =" (113)
Rorpa orcyreryor Baemnue cmiisl F, 1pn MexaHHIeCKOM
paBHOBECHH, TO, KaK OTO clieayeT w3 Boipaxkedma (68),
IXaBjlesne OKA3pBacTcHd ONHHAKOBEIM. Torga B dopmynax (109)
u (110) ocrarorca tonmbko unensl ¢ grad 7 m grade;. ¥Ypas-
wenwe (110) mocne BBeleHHmA YNOMAHYTEIX BEme KO-
nyentoB prddysuu (111) m (112) naer:

J,=—J,=—Dy,pgradc,— Djpc; (1 —¢c;)grad T. (114)
Ocobiii HATEpec IpeAcTaBiAeT IpnMeHenne ypasaennii (99)
un (100) naA cucTeMBl B «CTAIOHAPHOM COCTOAHUIY, KOTOpOE

OIpefessieTcsl OTCYTCTBHEM WHIOOHX Au(QySHOHHEX TOTOKOB
U HaJIMYAeM TOJBKO TEeIJIOBOTO IOTOKA:

=0(G=1,2...,n), J +0. (115)

HapaMeTpm COCTOAHAA TaKHe, HKAK KOHIEHTpamud,
AaBjleHNe W TeMIleparypa, B 3TOM CJIydae 3aBHCAT He OT

10 ¢. ». e T'poor
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BDPeMeHH, 8 TOIBKO OT KOOPAHHAT IpocTpancTsa. Ecin snavenns
5THX TApaMerpoB GyAyT OJMHAKOBEL IIO BCEMY LPOCTPAHCIBY,
T0 8TO OyJET COOTBETCTBOBATH COCTOSHUIO TEPMOCTATNYECKOro
paBHOBecHA, H, B YACTHOCTH, TEINIOBOH IOTOK Oyjer paseH
Hymo. Jna aHanmsa cTamMOHAPHOrO COCTOAHMSA YAOOHO HOMb-
soBaThea ypapHenmeM (104), BRIIIOYAIOMUM «TEIUIO IIepeHocay,
TAK KAK TOrJA IPEeJCTABIIAETCA BO3MOKHOCTL H30aBUTHCA
OT HE3aBHCHMBIX IOTOKOB J, W NOIy4ATSH:

X, — X, + 01X, =0. (116)

Wanm pns 4acTHOro cjiydas, KOrjla BHEINHHME CHJIBl  PaBHH
HyTI0O W 7MeeT MeCTO MeXaHMYecKoe paBHOBecHe, T. €. Ofii-
paxosoe nasienme (cM. (68)), ua serpakenna (109) momyunm
(n—1) ypaBHeHmi

g ar

3 __ifi%cj_“n)gradcjil—(Qﬁ—-hh—khn) = =0 (17)

=1

(k=1, 2, ..., n—1).

3 HEX MOMKHO HOJNY4dThH LUApPIEajbHEIE TpajueHTH (grad c;),
BhIpasKeHHEle Yepe3 IpagHenTs Temmeparypsl (grad 7).
Bomee ofmuit ciygail, Opd HAJIMIMH BHENIHAX CHJ,
B UACTHOCTH, DIEKTpHYECKHX, OyJeT mcciefoBaH IO3[iHee.
Jlna gByx wommonentoB ypasmenme (117) paer:

grd? o, (118)

10
et 5%% grad ¢, 4 (QF — hy -+ hy)

wim, mociie BBeleHus KoaddummentoB obnuHon muddysnm
n tepmopudPysnm m3 ypasmenmi (111) m (112), momywaem:

D ,gradc, -+ Dyey (1 —¢;)grad T =0. (119)
[lociienmee ypaBHeHné u ypasaenme (113) noxasmBalT, -4TO
JJIs1 CTAI{MOHA PHOTO COCTOSIHUSA rosdpunuent Cope pasen:

_ grad (4] 1
grad T ¢, (1—cy) ’

Sy (120)
a TaKKe, 4TO BCe ocTaJbHHe Koddduumentst Bripaskenasa (113)
ABIAIOTCH Mepoil dddexTa pasjeseHusd.

Eciu oXHOpPOAHYI0 GHHAPHYIO cMeCh IIOMECTHTH B HEOJHO-
PORHOe TeMIepaTypHOe IOjie, TO TMOYTH MTHOBEHHO BOSHHKHET
TPajileHT TeMIEPATYPH, a pa3jielleHAe KOMIOHEHTOB B IIOPBOS
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MTHOBEHHeE erle He OyJer mMeTs Mecta. [ pyraMm ciaosamMu, R
nepBoro mrHosenus B Qopmymne (114) grade; = 0, a
grad I + 0. Tlosromy momsmrea TepMONM(QYBHOHHBI MOTOK,
ommCHBaeMbli TociefHuM wiemoM ¢opmyasl. OB mpuseger
K TOABICHHIO TIPaJMeHTA KOHOEHTPAmHA. SaTeM IMMOABHTCA
potox 0o6bgHOl nuGQy3nn, NpexcTaBIAeMbll HePBHIM YICHOM
npaBon gactn BEpaxenmsa (114). On Gyner CTPeMHUTECA 0CIa-
Guth 9QQEKT PABAENEHNA KOMIIOHCHTOB, BO3HIKAIOUIMIL OT Tep-
mMopuddysuoEHOro WoToka. B KoHme KOHUOB, STOT HOCIeLHUI
ypaBHOBECHTCA IOTOKOM oObluHON jaaddysnum, u cHcrema
npaieT B cocTogHWe, mpm Koropom J; =0, T. e. K crammo-
HAPHOMY COCTOSHMIO, OmMChIBaeMoMYy Yypapnenmamm (119) m
(120). Vimrerpupopanue ypaBHEHMA 3aKOHA COXPAHEHHSA BDHEp-
ran ((1) me I'poor) mokasmiBaer, 9TO Bech HpoIecc OT Hadasa
710 CTAIMOHAPHOIO COCTOSAHWA BO BCEX INPAKTHYECKHX CIydYaAx
ngerT npuOIN3UTeNIBHO IO YKCIOHEHIMAJIBHOMY 3aKOHY

~ 57 e = 1o (= 5)] 0

3mecy 0 — mepmop penaxcamum, 3aBucAmui or a m Dy,
1. e. 8=0(a, D},), riae a — paccrogHme MEKAY «XOJOXHOI»
1 (ropAvei» CTEHKAMM pesepByapa, B KOTOPOM 3aKIICueHa
cMech. B moment =0 pasaeieHnmA KoMOOHeHTOB Her. [lnaA
Majbix 3HaveHH# ¢ £ 6 wpasas gactk BopaskeHuA (121) pasma
=, (122)
a gaat > 0 owaswiBaerca B cuie ypasaenue (120). U3 sxcme-
pumenTaspHOro rpadmKa pasfeseHHs B (QyHKOUR BpeMeHA
HailgeM roopdunuent obpason nuddysnn u Tepmoguddysuu.
MarepecHo orMeTdTh, 9T0 KO3QQUOUEHT TEIIONPOBOAHOCTA
ABAeTCA TOMe (QyHEmUed Bpemenm. Bepmemcs onfATth K TOMY
MomerTy, worga grade; =0, mIpeamonarag CHOBA MeXaHH-
deckoe pasuoBecme (F; =0, grad P=0). Torga, mopcrasmss
(22), (23) n (108) B supakenne (100), nmomyumm:

Jq = - [hzi Luk (Tsk - TSn + Pe— Pn) - Luu] Xu! (1 23)

n—1i
aT
qu - [Luu—'z Luk(hh_hn)] E@T— . (124)
k=1
10+
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Cnefi0BaTebHO, Kod(QPUIUEHT TenIonposoanocTa Oymer:
n—1
Lyy— 2 Lyp (b —hy)

by = Pl . (125)

B crammonapsom cocrosumu J; =0, rorga ypasuenns (106)
u (23) mawor:

! T
J= —( Luu— 2 L% ) &5~ (126)

TaK 9TO KO>(PUIEEHT TeTIOIPOBOJHOCTH

n—i
Luu_ 2 Luk Q:
hoo == o . (127)

B 10 Bpems Kark }, €CTh TEIJIONPOBOXHOCTH CHCTeMEI,
OJIHOPOJHOI BO BCeX OTHOMCHHAX, KPOMe TeMUepaTypkH,
hoo ©CTh TEILIONPOBOMHOCTH B KOHEYHOH CTajum, KOTAa ycra-
HABITHBACTCA PABHOCTH KOHIEHTPATIHIL. OTanane MEKIY Ay T Ao
aBnsiercas Mepoit Tepmopuddysmu (cp. (109)):

n—1
Z Ly (Qz—hh +hy)

T

kg — hoo == (128)
Ecam upumeHnTs 910 CcOOTHONmeHWe K OHHADHOM CMecH,
oMLy 97M:
Ly

Luy ( P2 —hithy
hg— hop = (Bl h) <LT ) (129)

3aeck nopcrasieno smHavenme (7 ua dopmyunr (103). [dna
pasbmpaeMoro ciaysas OHa WMeeT BHI

Lul = Lqu- (130)

MoxHO HOMy4nTH BajKHOE COOTHONIEHHE, €CAX B BHIPA-
seHne (129) mopcrasurh 3HadeHMA KO3(umuMeHTOB OOHIHOM
rrddysmn n repmogmddysun L, u L,, u3 popmyn (111), (112).
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Ono Gymer mMeTh BHJ

H a
Ay — heo = [g—izcngi—?—k h—hy | pDigeiey. (131

910 COOTHONIEHWE ONATH IOKA3BIBAaeT, 4T0 0b6a KodpPU-
yutenTa OyAyT PABHBL TOJBKO TOIJA, KOrja Ko3PQPUIIHEHTHI
puddysna pasarl mHymo. OHO TawiKe [aer COOTHOLIeHHE
mesny Dy, m Dy,. Ero MOMHO TOMY9nTH, ecily M3MepHuTh A,
H heo. CoorsOmenme (131) cupasegnmBo g soboil cMecH.
I cMeCH HNeaNbHBIX I'a30B MMEeM:

i = const+% ?;Z . (132)

[Moncrasisaa 910 3HAYeHME DSHTAJBIUE ¥ 9ACTHYIO IIPOM3-
5]
BOTHYIO b%’ nomydenHyio pmuddepennupoBanneM ypasHe-
1
ans (59), B ypasmenme (131), maimem:

’ TB )
ho—ho= [ PBEL (24 B a0, -

D M,
5 . - = ,
+ 5 RT (M= M) | Djpeics (133)
3aMeHEM B 9TOM Bepaskennw D, ero 3madeHmeM m3 Qop-

myast (65), a npomssenenne IRTp — 3HaueHHeM W3 ypaBHeHUA
HealbHEIX Ta30B

P=RTp[ch‘—l+—;;~z] . (134)
Torpa us ypasmenusa (133) nomyunm:

N , TP _ - ’
kg — hoo = {D I 2 RIo (M - M;]} Dlce,. (135)

DR
’
IMocenuee ypasaenue faeT CBA3b MERAY Ay, Ao, Dy, 1 D7,.

§ 50. Addext [Trodopa

fIBnenme, o6 parnoe repmoanddysnu, — sdpderr Hyogopa —
TaKke noganHserca ypasaennaM (99) u (100). CymecrBopanne
aToro adexTa SKemepuMeHTANBHO mokasanm Hodop u nesa-
Bucumo or Hero Haysmyc m Bamsgman. Ou cocront B TOM,
YTO Upd TepeMemWBAHWH JBYX He peardpyiomux Apyr
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¢ HpyroM rasoB ¢ OJMHAKOBOM TeMOepaTypoll BO3HHKAeT
TeMIepaTypHHIl rpafmenT. JT0 Noka3ssaer ypaBHenme (100).
PaccMoTpiM  CcOCTOAHHME MeXaHMYECKOro paBHOBECHs LpH
orcyrerBun cnit (F, =0, grad P==0). Ilogcramoska B ypas-
genme (100) smavennma cunm m3 (22) m (23), a raxke sHade-
HOA gradp n3 gopmysst (108) naer cremyrmomee BHpajieHne:

J ————2 Luk——~—)gradc —

i, k
- [Luu - 2 Luk (h hn)] gradT ’ (136:
k=1

T. €. TPAfMeHT KOHIEHTPamdy¥ NPHBOJIUT K NOABIEHHIO IO~
TOKA BHEPrhHW, KOTODHIH B CBOIO OYepe[b CO3JAeT pasHULY
TeMIeparyp.

Uro6s1 pOAHATH3HPOBATH 3TOT IPOIece, HONCTABAM Bhipa-
merna (109) n (136) B ypaBHeHna 3akoHA COXDaHeHHS dHep-
rum (1) u saxoHa coxpameHma Maccel (13). VIx myume Bcero
HAOKCATh B YACTHEIX IPOM3BONHEIX, KAK BTO CEJIaHO B BEIpa-
sxenmn (27). OHeprma ecTh QYHKUAA JaBieHAd W TeMuepa-

Typbl. B HOHeuHOM cueTe [0 CBONHUTCA K OIpeeJIeHUI0

dci T

CTHHIX TPOMBBOAHEIX —- U —-.

YACTHEIX IIPOW3BOJ o & 3

npeanbHBIx ra3oB MefikcHepoM. Baapaman moaydymir mx,
TOAb3yACh KMHETHYECKOH Teopuei.

Paccmarpupaemslit aderT Tarke ompeneraserca Koaddm-

muerTaMu L, L, un L coorsomennamn Omnzare-

9710 GHIIO BHINOJAHEHO s

ui? i uw?
pa (36) r wepaseHcTBOM (37), KOTOpHE HCHIOIL3OBAIACH B Ipe-

megyimeM naparpade. Pacemorpmm Ommapayio cmecn. Vmes
vpasaenne (110), roe orcyTcTByOT KaK CHJIBI, TAaK ¥ JlaBie-
H¥s, W menonb3ys ypasuenze (130), momyumm:

/0 d T
Jy= “L.uczl(giill) grad ¢y —[Lyy — Ly, (hy — 2)]gra
3 )
a ypasaeune (136) npmnmmaer Bng
a9 aT
Jy= — Lucs' (52 ) grad e — [Lyy — Ly (by = h)1E50 T
(138)
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Hanmupe ogmoro m Toro e xodddmumenta L,; Bo BrO-
pom dnene ypasHenmsa (137) (unen, yvyaTeIBAYOMUIT TepMmo-
auddysmo) u B nepsom unene ypasHenns (138) (unen, xapax-
repusyomuit apderr [lrodopa) obazano coorHomennio Omnza-
repa L, =L,,. Tpr woapdunwenra L,, L,, u L, wmoryr
OBITH BhIpa)KeHH! uepe3 wKospdnument pupdysum D, (111),
noopdunuent tepmopmpdysmu  Dj, (112) n xosddumment
remonposogHOcTH ), (125). Pampme Obuio noxasaHo, dro
qiICJIeRHOe 3HavYeHme Tepmonudysmonnoro sddexta ompene-

’

P Di, Ly
J1eTcA OTHOIMEeHneM NI OTHOIICHWNEM
DIZ Lll

ABJICHHeM, CO3JAJOIIAM COLPOTHBJIGHHE IJIs BO3HHKHOBEHUS
TeMIepaTypHOTO TpajHeHTta, 37ech SBIAETICS TemIONPOBOI-~
wocts. OHa mpexcraBieHa DepBHIM 4jeHoM ypasaemms (137).
JKCIepUMeHTaIBHO OBI0 MOJIyUeHO, UTO CMemeHme BOTOPONA
1 a30Ta ¢ O[MHAKOBOH TeMOepaTypodl NPHBOAWT K NOABIe-
UHI0 PasHOCTH TeMIepaTyp B HECKOJIBLKO rpaxycoB. Pacuern
HOKA3aJM, 9TO pPe3yJAbTATHl OKCICPUMEHTA  COIJIACYIOTCH
¢ coornomenmem Onsarepa L, = L,,. B smugroctax sdderr
Twodopa noxa eme me obmapymen. Omnaxro, tepmopudpQysns
B unrocTax (addexr Cope) XOpomo W3BeCTHA, W € YMCIICH-
HOE 3HAYCHHE — TAKOTO jKe NOpHJAKa, KaK ¥ B rasax HiH
HemHOro Gosmpme. MoskHO TIpegmosiarath, 9TO UYHMCJIEHHOE
sunavenne s@dexra [iodopa B xuaroctsix upumepro B 1000 pas
MCHBIIe, YeM B rasax, mo clIeXyoilnM npmumsam. Vssecrno,
uto D, y razoB mpmmepso B 10° pas Goneme, 9eM y sxmpKo-
creit. U3 papencTna 3Hagenmidl tepMopuddysnoHHOro aferta
B rasax M KANKOCTAX MOMKHO 3aKIIOUATH, YTO KOdPPuIumeHt
repmonudysam y rasos toxe upumepHo B 10° pas Gomsme,
uem y sxmprocteii. C Jgpyrodl CTOpOHBI, y KMIKOCTEH A,
ypumepno B 100 pas menspme, dem y rasoB. ClenosaTenbHO,

IOoTOMY, HUTO

afderT ﬂmtﬁopa%ﬁ y JRUAKOCTEH MO/KeH OBITH NpPUMEpPHO
0

B 1000 pas mensme, uYeM y Ta30B. ITO OBCTOATENHCTBO
UPC3BEYANHO 3aTpyMHAeT ofHapymkenme s¢dexta iogopa
B omuproctax. JlpyrmMmm TpyJHOCTAME ABIAIOTCA TemJIOTa
CMEINeHNs M JJINTeJBHOCTE HpONecca HAPACTAHWS IpagueHTa
TCMIOCPATYPHL GO MAKCUMAJIBHOFO 3HAYEHHA. B cooTBeTcTBEE

. o a?c
¢ pacueroM, TWOCTegHHI HMeeT B3HAYeHHEe TNOPAIKA _xﬁ’, ,
: Ao
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rge a-—pasmep pesepsyapa. OTcioga BHIHO, 9TO ecld Ta3 It
MRAKOCTD 3ARMTIOYEHLl B Pe3epByaphl OJMHAKOBEIX Pa3MepoB,

IPOfOHATENIBHOCTD Mponecca B supgroctsx Oyger B 100 paw
fonbiome, 4eM B rasax.

Hepagencrtso
LllLuu-Lli >/O’ (139)

Boipaskentoe wepes D, D, m k,, Moer OHTH IPOBepeHO
BHCIepMMenTANbHO. [{nA cMecm Bomopoma ¢ asoTOM IepBHIH
4JeH TOr0 HepaBeHCTBA npuMepHo B 70 pas Gosbme, weMm
BTOPOIL.

§ 51. Baskocrs

Mo cux mop mpm PAcCMOTPEHWH pasiMYHHX ABICHUN MH
npeneGperajan BA3KOCTHIO. [l TOro 4TOGH €e y4ecTh, HYHKHO
smecto — P B ypaBeenwme (12) mopcraBuTh:

mp= —Poy Py (i, k=1, 2, 3), (140)

rae { m &k OTHOCATCA K JEKapToBHIM xoopaunartam. Cymmap-
ubii tensop (140) cocromr W3 aByX uacreii: rmgpocraTude-
croro pasmenua — P3;, (3, —cumBon Kpomewepa; mpn i + &
OH paBeH HyJIO, a HpH [ =k — eIUHALE) M TeH30pa BSIZKOCT-
Horo pamiiesua P;,. Tewsopsl =, u P,, SBIAOTCA CHMMeT-
PUYBBIMA. JTO CJIElyeT U3 3aKOHA KOJMYECTBA JBUAKEHHA
JUIsL 3aMKHYTOH CHCTEMBl B OTCYTCTBHE IPUJIOMKEHHBIX K Hei
pHemunx cmyi. [Ipamerasa ¢opmyny (140) x BmBomaMm, cpe-
napHeM B §§ 43, 44, monyvaem HOByW (opMmy BEIpaKeHAA
BO3HHKHOBeHHA sHTponuu: (26)

3
on=T"1 3 P, (gz;—k ). (141)
i k=1

OJTo BHIpaJKeHHe, TaK jKe KAK M [ApPYrHAe BHIPayKeHUs
I BO3HHKHOBEHHA SHTPOIMM, WIMeeT BHJ CYMMEl IIPOM3Be-

. v,

HeHuil MOTOKOB P, W CHI a—;. Hopas cymma (141) He moxcer
1

OKa3aTh BJIMAHUA HA BUJ (EeHOMEHOJOrHYeCKHX COOTHOIIe-

Huit (33) m (34), TaKk Kak OHA HMeeT TEH3OPHHI Xapawrep

U HE MOMKeT yBeJIHYUTh BeKTOpHble morokM J; m J, (Teopema

HKiopn). U, maodopor, mo osToll ke npuyumue He OygeT Bex-

topubix cut X; m X, B Bepaenun Ttemsopa P;,, mpegcra-
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BJICHHOTO KaK InHefiHag OyHKIHAA CcHAJ. OJTHMH CHJIAMHE
09

ABJIAKTCA %ﬁ_ naH  XHMHYeCcKOoe cpOACTBO A, yMHOMeHHOe
1

ua d,,, 4roOsl mepesect:m ero B Tessop. OpgHawo, cpemHmit

cymmapueii TeH30p (140) nmommen GwiTe paBeH OTpUIATENE-

HOMY S3HAUYEHHMIO I'HJPOCTATHMYECKOrO [ aBJICHHS
1 .
’3‘("11 T yg - Tgg) = — P (142)

Jaje TOTJAa, KOrjfla WMeeT MecTO XMMHYeCKad pearinsd.
Yrober 910 OB170 cobmmozieHo npu mwbom 3HaweHHM A, ®o3d-
unuent mpomsseenms 8, A B Bpaskennu Ausa P, momxen
OmiTh paBex epummue. CoefoBaresHo, P, ABIAeTCH (YHK-
nueil TONMBKO CHII Z—%. B coorBercTBUE € COOTHOHIEHHEM
Omnzarepa BolpakeHue (3D) A CKOPOCTM XHMWYECKOH peak-
OUW He B3aBHCHAT OT CKANAPHOH KOMOWHAUWE CHI BASKOCTH
dvy, , Ovy |, 0U3
A1y + dry | x4
u (35) ocraTes CHPAaBENJIMBHIMA U JJA cjIyyad, KOrja ydu-
THIBAIOTCS CHIIBL BASKOCTH. TCHephb cneuyeT nonytme BHI-

Taxum obpasom, BolpaskeHua (33), (34)

axkenne P, B BH]J1E HEIUH JACBATH CHJI . Omo JOJLKHO
p ik y 6) z;

umers 81 denomenomormueckuit wrosddumment. I'mppommma-
MHKA [AeT BO3MOMHOCTL [JIf H30TPONHOH CHCTEMBI IyTeM HC-
NOJK30BaHNA paBeHcTBa P, = P,; YMEHBOIATL YHCJO OTHX
KO3 PUIAEHTOB [0 ABYX. OTUMH ABYMA KoddPuIueHTaMu Mo-
IyT OHITH OObI9HAs W OOBEMHAA BA3KOCTH. LIOCIENHION MHI,
KaK 9TO 9acTo NeJaoT, UPUHANN PaBHOH HYIO, KOra Hand-
cann Belpaykenue (142). Mmn moskso mammears (cp. (140)):

P+ Py - Py =0. (143)
IogcraBisaa XOpomo M3BECTHOE M3 THAPORUHAMHAKHM BEIPA-
HHeHHIe
_ dv; | Ovp 2 (223 002 Bv3> ']
Pi=m [axh-*-%_i‘ 3 Bxl B, Sik (144)
B ypaBHenne (141), momyuyaem cliemyioiilee BbIpaykeHUe:
2 /0y 802>2+_2_ 0v, 60) 2 (Ovg  Bu\?

=1 00y -l Rl A
=7 [3 dx, Oz, dx, Oxy 3 \0z;  0x,

(R R (R o
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B nByx mocnepnmx BhIpaKeHAAX v OpefcraBisier coloi Bsis-
KOCTb.

Berpasxenne (145) naet oiHO U3 cllaraeMbIX CyMMapHOTO BO3-
HOKHOBEHUS BHTpONMU. B COOTBETCTBMU CO BTOPHIM 3aKOHOM
TePMOZUHAMUKH OHO ABJSETCH BCETA TOJIOKATEILHON BeIdmn-
HOlt. U3 sTOro ciemyer, 4To KOd()UOMEHT BA3KOCTH BCerpa
Heorpunarenen. Ilpouseenenue T'o, cooTBeTCTByeT SHepPruu,
BBIEJIEHHOH B IOTOKE JKAMKOCTH 3a CYeT ee BA3KOCTH.
9T0 — XOpOImO H3BeCTHAsA B IHApofmHaMuKxe QyHKIus Pemes.

Crpemaem Temeph BHBOAb 43 NPHBEJEHHBIX B HTOM mapa-
rpade paccy:knmennii. OHE AMeIOT GOIbIMOE 3HAUCHHE [JIA Tpe-
PHIBHEIX W HeNpepslBHEIX cmcreM. B rmasax III, V u VI
paccmartpuBasicd  3PgerT TepMOMONCKYJIAPHOI0  [aBIIEHHA
IJIA CHCTeM, COJep:Kauaxcd B ABYX pesepByapax, COeJMHEH-
HBEIX MEKAY Cco00i KammiuIapoM HMiau MeMOpaHOi. ITH CHCTEMBI
paccMaTPHBAIIHCH KAK HENpPepHIBHBE, HPH 9TOM MBI He HHTe-
pecoBayiuch HOXPOGHO FBJICHUSIMH, IIPOTEKABNIAMH B CAMUX
ranmnapax. B Hacroamel rmaBe, ogHaxo, ObUIN BEIBeNCHEI
ofmue ypaBHeHMAS HPePHIBHHIX CACTEM, IO3BOJIAIONINE AeTAJBHO
ACCIIe0BATh JIasKe IIPOMECCH, TPOXORAMIe BHYTPH KaIMILIA-
poOB, Ifie, KOHEUHO, NO/pKHA OHITH yurena BssKocTh. U3 6a-
JIQHCA KOJM9ECTBA [ABHKEHHA JKUAKOCTH B KaNHIIApe, COeAn-
HAOIMEM JBa pe3epByapa, SCHO, UTO €CIH B CAMOM KamUJuIApe
OTCYTCTByeT WLOTOK, TO DA3HOCTH [ABIEHHMH B pesepByapax
wer. Hpome Toro, ms BeIpameHHa aja =, CIegyeT, |TO eCIIi
CKOpOCTH IEHTpAa TAKECTH JKUAKOCTH B Kanmmaape v=0
(oTmenbHBIE KOMIOHEHTH CKOPOCTH IIPH 9TOM MOTYT HMETh
BeNIMYAHY, OTIAMYHYIO OT HYJA), TO HE MOIYT UOABATHCH
TAHTEHNAAJbHEE CHIE, AeHCTBYIONHE HAa CTeHKHN KANUIIAPA.
Orcioma moxyvaercss, 9TO B CTANHOHAPHOM COCTOSTHAW YIep-
BOTO HOPSANKA ¢ IOCTOAHHEIM 3HadeHHMeM AT, pacCMOTPEHHEIM
B riape VI, pasEuma TepMOMOJEKYIAPHOTO NABIEHUA B JABYX
pesepByapax, COeHHEHHHIX MeRAY c000i KaMHIIIAPOM,
AoKHA GHITH paBHA HYJIIO, €CIH COCTOAHHE CHCTEMBI ONM-
CHIBAeTCA ypaBHEHEEM, BHIBEJCHHBIM B 9TOH IJiaBe.

Pasrocrs TepMOMONEKYIIAPHOTO JTaBleHAS MOMKET BOBHUK-
HYTH TONBKO LpPH CIEAYIOMHAX YCIOBHAX:

a. Ecim MakpocKkonmueckme 3aKOHB HENPAMEHUMBI K fAB-
JOHWAM B KAUMIIADAX: KOTJA pasMepsl S9THX KamHIAPOB
Yepecuyp MaJjbl I M3-3a CBOWCTB BemecTBa B pesepByapax
(xar, mampmmep, raz Hmyncena).
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6. Ecnm MarpocKONMYecKHe B3aKOHBL HE COOTBETCTBYIOT
YCIIOBHSAM, TepeYmc/ieHHREM B aToM uaparpade, flsrenua B
mugxoM resun 11 onmeansr Toprepom, koropstl npumenser
jBa YPaBHEHHWA JBIGKEHHA [JA OOOMX KOMIIOHEHTOB B OT-
JETBHOCTH.

§ 52*. JInneiinbie mpeo0pa3oBaHHA ILOTOKOB M CHI

B sroMm maparpade pacecMaTpmBAIOTCHA dYeThipe KOMOGMHAIHK
COTPAKEHHBIX TOTOKOB W CHJI, OTJIMYHEIX OT BHOPaHHBIX
B § 44. B cremyomem maparpage OyayT OTHeNBHO paceMo-
TDPeHH elle HeKOTOpHle KOMOWHAIUM, TAK KaK OHM TpefcTaB-

= .
TAIT OCOOHIH mHTEpeC.
a. B mepeom BapuaHTe HCHOIB3YeM IOTOK

l;: q-%jluh‘]k:TJs‘ (146)

Hexroropsie sipmenust MOryT GHITH M3y4eHSI IPOIIE NPU MCIIOIb-
sopannn Jg Bmecro J, (cp. ¢ ra. III). Wmorga pemmammy Jg
HA3BIBAIOT TWOTOKOM Temiaa. J[liag Toro d9tofs He BHOCHTH
IIYTAHUIBL, 3[CCH HTO HA3BAHME HE TPHMEHSETCA.

Hanmmem Bpipaskenme i BOZHHKHOBeHHs bHTpommn (26)
B dopme
IoXu+ % Xk + AJ,

g =

- (147)

[lpnuaMad A TOTOKA BeIIECTBA
J.=1,, (148)

upupasHaBaeM ypasHenua (26) m (147) m HaxommMm BHIpasKe-
AHs HOBHIX CHJI |epe3 Ipe;KHHE CHJIHL

p=X, = - 8T (149)

X;{ = XR —!— EJ.qu = Fk — grad LR (150)

3mecs Bmecto X, # X, OBUIM DOCTaBIEHH HX 3HAYCHHSA
u3 Qopmya (22) m (23).

Ipiemom, aHAJOTMYHEIM TOMY, KOTOPHIM MBI IIOJIb30BAJIACEH
B § 49, mosywaem rawue ke ypaBHeHms, Kak (99) um (100),
HO €O IITPHXOM. A ypaBHeHHe, COOTBETCTBylOmee Ypas-
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Henmo (103), mpmemmaer Bup
’ n—# ’ * « /
= 2 LTSt (i=1,2,...,n—1). (151)
r=1

9T0 ypaBHeHHe JaeT BO3MOKHOCTH OUpemejanTh Si.
Bwmecro Beipaskenna (106) mms mocrosimmoit Temuepary phl
(X7, =0) moxysnm:
n—1

Ty, =J,= k2 TSEJ;. (152)
=1

910 ypaBreHHe MOKA3BIBAET, YTO S§ eCTh «IHTPOIHA NEPEHOCAY,
T. €. DHTPONMAs, NepeHeCeHHas eJUHATEl MacCH KOMTIOHEHTa &
npu uocroAgHHO# Temneparype. Ecmm mogcrasars (146) 1 (106)
RIS OfHOPOJHOH TeMIepaTypsl, TO IOILYdHM:

TSE=QF — px. (153)

0. Bropoii BapmanT BHOOpa HOTOKOB W CHJI COCTOHT B TOM,
9TO BHPQKEHWAM IIOTOKOB LIPHAIOT BH/[L

Jo=1Js— 2 Ry, (154)
R
3= (155)

Eciom wmamncars BosHumKHOBeHme »mTponnd, Kak (147),
HO C AByMsA INITPHXaMW, W IPHpaBHATH (26), moxyumm cooT-
BETCTBYIOIAE CHIIBI

" Xu= __gradT (156)

u = 7
14 71
Xp = Xy + 7p Xy = Fr—grad py + (prp— hz) gra_’?‘ -

=F, —grad p, —spgrad T =F, — (grad pp)7.  (157)

3mech ObUIM HMCHONH3OBAHBL TaKKe BepakeHns (22) u (23).
JTEMH uHoroKaM#m u cmiamMm momnsayercA llpurossmu. Cu-
na (157) mMeer mpemmymiecTBa HO cpaBHEHHIO ¢ cmioi (23),
KOTOpasA BHJIIOYAET YHEIBHYIO IapnuajbHYIO SHTPONHIO ¢ IPO-
M3BOJIGHON TOCTOAHHOH. OTO MpPeHMYIIecTBO WHCTO (OPMAah-
HOe, TaK KaK Bce (PU3HYECKHEe pe3YJIBTATH TOJIYydaloTCH
OMHAMHU ¥ TeMH jKe BHE 3aBHCHMOCTHA OT TOI'O WJIH JpYToro
BHIOOpAa mapamerpoB. B HEKOTOpHIX  IPUJIOMEHHSX 00Iee
ymober opmH BhIGOp, a B Apyrux — gpyroi. McnonnzoBanme
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notoxka (154), =woropeui IlpmroxmH HaseBaeT «UpHBENeH-
HBIM TEIUIOBRIM TOTOKOM», HPHBOAMT K BEIDUKEHHAM [JIA
«KOJIMYECTB nepeﬂoca» %”, ONpeme/seMbIM H3 COOTHOMICHHI

L}, = 2 L0y (i=1,2,...,n—1). (158)
Ouu BXOOAT B CleyIOmAe BHIPa:KCHHA:
n—1
= ) Qi*x (159)
k=1
1 CBA3BIBAIOTCA € TEIJIOM IiepeHoca COOTHOIDeHUEeM

o = QO — e (160)

Horpa sty BenmumuBl MCIONB3YIOTCA B TOpUE TepMopu(-
¢ysuu, napnmamnbHad ygeNbHad HHTPOUMA H3 ypaBHEHHH
seinagaer (cM. (109) m cmemyonue dopmymst).

JApyraM mpemmymiecTBoM ToAb30BaHmA (popmyaod (157)
ABIACTCA BO3MOMKHOCTH BBIBECTH TEOPeMBl MEXAHHYECKOIO
paBHOBecHss § 47 nns HemsorepmmuecKkmx cucrem. [dma mowa-
3aTeJIbCTBA 9THX TeopeM OBJIA HCHONb3OBAHA CHJIA, BHIpa-
menHasa Qopmynoin (39). Ho s1o Belpaskenme cupaBexTHBO
TOJIBKO [JIA CHCTeM C OfHOpopHol Temmeparypoil. Taxoe ke
TOKA3aTelqhCTBO MOieT OBITh cjpeslaHo ¢ momomgbio (157).
B pesynerare momyuaercs ¢opmyna, amanormunas (39),
a BMmecto (69) momyuaercs:

30Xt =0, (161)
i=1

n, HakoHen, Qopmyia (74) sameHsieTcd BHIpasKeHHEM
Tog= 2 §,X! = > JIX!. (162)
i i

Bee ot ypabHeHMs cmpaBefiIABHI TAaKKe JIA  CHCTEM
¢ HEONHOPORHOH TeMIeparTypoi.

B. Tpermit BapmanT mpeo6pasoBamiA MOTOKOB M CHJI IOJY-
4aercs, eclM B3ATH B KayecTBe TOTOKOB CJCRYIOIWe BEIpa-~

Henud:
3= Jq——Ek]Q’;;Jk, (163)
3 =1 (164)
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Torga cmnmr Gymyr:
Xy =Xy, (165)
Xy’ = Xp+ 01X, (166)

910 npeoGpasoBaHEe WITEPECHO TeM, YTO NPHBOTHT K YIpO-
IEHUIO cHCcTeMBl (PEHOMEHOTOrNYeCKHX Koapgumuenton. eii-
CTBUTEJIBHO, (eHOMEHOJIOTHYECKHEe COOTHOmeHMsA (33) | (34),
HpefiCTABIIeHHbIe Yepes 9TH NOTOKM H cuisl, ¢ yaetom (103)
u coornomenuit Omsarepa (102) mmeror caegyomuil Bux:

37 =2 LaXi, (167)
3 = (Luu— 2 LuQiQ0) XY (168)

3pech Bunanm koaddumuentst Li, m L, Tak Kax B BIpa-
merne (167) me mxomur X7/, a B smpaenme (168) — X}”’.
r. [lociemamii BapmaaT mnpeo0pazoBaHWA MOTOKOB M CHII
KOCTATAGTCH CMelleHAeM HYJd OTCYeTa SHEPIHH.
Hanmmenm BEIpakeHms
(z

) =up + e, b =hyte, ng) =y, + ep. (169)
B kauecrBe mortokoB BEHIGepem:

3P =Yg+ 2 el (170)
3
3P =1J,. (171)
Toraa, ucmonssys Beipaykenuma (22) m (23), HOMy4EM CHIIH
X®_x,, (172)
(2)
X{ = Xy — Xy = Fy— Tgrad . (173)

Pazpemas mociegHme 4YeTHpe YPaBHEHHA OTHOCHTEJIBHO
CTApHIX IIOTOKOB M CHUJI U IOJCTABIAA MX 3HAYeHHA B BHIpa-
wenna (33) m (34), momyumm emoMeHOJIOr@IECKHE COOTHO-
IIeHAA JJI HOBHX IIOTOKOB M CHUIL

I¥ = LnX{ + (Liw -+ ; Lyer) X2, (174)
%
39 =D (Lui+ X Luew) X+ [Low A+ 2 (Lus + Lia) o3 +
i R i
4+ D Lyes] X2 (175)
iR

Kax BmpHo, Ha (PeHOMeHOJOrMYeCKH® KOdpPHIMeHTH OKa-
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3pIBaeT BJANAHHC CMelleHue HYJIA OTC4eTa OSHEpruu. Ten-

mora mepenoca Q¥ B mpeoGpasosammoil cmeTeMe ompefe-
J1eTCST COOTHOIEHUEM
n~—

1
(z) O Z) % (2
Liv= ZiLgh)Qh @, (176)
TaxuMm Ke myreM, Kak I B IDpefbAYIIAX CIIyYasx, HAXOXHM!
* (2) * ~
R =Qh+€h. (117)
CraemosaTellbHO, TeIJIO IepeHOCA 3aBHCAT OT BHOOpa HyJA
OTCYeTa DHEPTHM. ITO He OTHOCUTCA K KOJIMTECTBY IepeHoca
BO BTOpOM BapuaHrte., Jt0 BuaHO W3 ypapmexmir (160), (169)
n (177), ecmm [AA KOIMYECTB IIEpeHOCA TOCIE M3MEHEHHsA
*%
Hy7as orcuera oHepram BBect: Qf

Qv = QR — ki = (Qkt 1) — (i + o) = @ — = QF*.
(178)

Mo:xuo Obulo M pambIIe mpepmosarath, 4ro (F* He 3aBu-
cur or BhOopa myiua orcuera. OHo mpegcraBiger coboil Pusn-
YeCKyI0 BeJIMYUHY B ypaBHenuax Ttepmoauddysmm ((109)
u cief.). 3pech IOJydaeTrcsa TO ke camoe, 4ro u B § 29,
roe Q¥ tamske He M3MEHAIOCH OT HM3MEHEHHWS HYJA OTCYETa
U 0CTaBajoCh paBHBIM (f.

Tarmm ofpasoM, Bo Bcex ciaydadx cucreMa KoadunueH-
T0B 1Ipeo0pa30BAHHEIX (DEHOMEHOJIOTHYECKUX  COOTHOIIEHHN
AaeT CHMMETpWUHBIE MATPHOHI, KOIrjla K HAM IPAMEHAIOTCA
coornomenuss Omsarepa (102). HdpyrmMmu cjoBaMm, -COOTHO-
menuss OH3arepa 0OCTAIOTCA CHPABEAJIMBHIME MOCHE JIHTHEHHBIX
peo0pasoBaHmii IMOTOKOB M CHJ, OCTABJAd BOSHUKHOBEHHE
SHTPONMM ¢ WHBAPHAHTHEIM. OTO He YAUWBHTENBHO, TAK KaK
B BEBOfe cooTHomermil OHzarepa HeT HHYEro TaKOro, 4ro O
OrpaHHYUBAJIO BHOOp cONpMKeHHHIX HapaMerpoB. B raase XI
OyZer UpuBefeHO CTPOroe [OKA3aTeNbCTBO KHBAPHANTHOCTH
cEMMeTpHH K03 (pUIMeHTOB TpH JIMHEHOM IpeolpasoBaHAM
HOTOKOB M CHII.

§ 53. Jlumeiinpie npeoGpasoBaHusA B CBA3M
¢ DICKTPUYECCKEMHA ABJCHHAMNA

3pecs Oyjfer paccMaTpHBATBCA CMech KOMIIOHEHTOB, KO-
TOphIe MOT'YT HEPEHOCHTH JJICKTPHYeCKHe 3apAAH. ITO 3Ha-
9AT, 9YTO BHEMHAA CHJA BKIIOYAET JONMOJHATENBHEIM 9JeH
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BHJA
—e,grad o, (179)

rjie e,— 3apAx KOMIOHeHTa £ Ha eJUHUIY MACCH, ¢ — DIEK-
TPHYECKRNI TOTeHIHAJ.

Citywau, BRIIOYAIOmMe HIEKTPHYECKEE ABICHHA, B JIATEpA-~
Type aHAJIM3UPYIOTCA TyTeM pACCMOTPEHHA 1,1+ 6,0 Kak
(XMMHYECKOr0 IIOTeHnumajsa». V3 BHBeJEeHHHX IO CHX IOp
(POpMYII XA CHCTeM ¢ HeOJHOPOHOM TeMImepaTypoii, a 0cobeHHo
dopmyr B §§ 43, 44 m 45, BugHO, UTO eciH B HMX TOJCTa-
Buth (179), To monywaTca ypaBHeHHS, B KOTOPHIX f, H €9
BXOfiAT He 00A3aTeIBHO B BI/e CYMMSL 1, - €,9. TeM He MeHee,
B BTOM Iaparpade JOKA3BIBAETCS, dTO HCUONH30BAHOE HTON
KOMOMHAIIUE MOKeT OHITH OMpaBaHo TEePMOLHHAMIKOA HEO0G-
paTAMBEIX npomeccoB. [leficTeHTeNBbHO, Hadbime OymeT IOKa-
3aHO, YTO OpPOCTHIM JIHHEHHHIM IpPeofpa3oBAHHEM IOTOKOB
I CHJI MOKHO NOJIyYHTh BHIPaKeHHe IJIA LOTOKA M BO3HHUK-
HOBEHHUA BHTPODMHI, & 3HAUKT, U (JeHOMEHOJIOTHYeCKHe ypas-
HeHHA, HKOTOpPHe BRIOYAIOT {1, H €, TONBKO KAK CyMMY
b, + €,9. Bee atm BRIpaskenums BriouwaoT upeofpasoBaHHBIE
OOTOKH ¥ CHJBL. OTO TAKMKE CHPABEJIUBO [JIA OCHOBHEIX
VpaBHeHmil, T. €. NI ypaBHEHHH CHJ, SHOPrHN U ypaBHEHHS
BTOPOTO 3aKoHA TepMopguHaMuiK®m (§ 43), Korga CyMMapHBIM
sapajoM cucTembl mpeHeOperaior. Hmxe paerca BhIBOX 9THX
nojo;keEnd. Heobxogmmo TOABKO peIIATH BOOPOC O TOM,
OpH KAKHX YCJIOBHAX OMpaBABIBAeTCA HWCIONIL30BAHME CYMMEI
P TGP

Brauane BBeeM HapOHajbHYIO YHeJbHYO0 SHEPITHI0O KOM-
TOHEHTa &, BRIIOYAIOMIYIO SIEKTPHYECKYIO CIIATAINIYIO

w, = Uy + ep. (180)
Kax ciefcrue 5T0oro, MO;RHO HAIHCATH:
u=u-+g D ec,=u-tep. (181)
R

3nech ¢, = BPE — KOHI[SHTDATUSA, € = ) €,C;—CYMMADHEIT 3apsA
R

e[[MENLE MACCHL CMECH.
W13 soipasrenusa (80) mMeeM XMMIYECKUH HOTeHNAAT, BKIIIO~

9a0muAl HIIEKTPHICCKYI0 BHEPIHIo
Py = g €P- (182)
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Buipakenue py1a BHemHell cuwiibl UpPeXCTABISAECTCA B BHE
F, = F,—e,grad ¢. (183)

31ech oHa pasjieseHa Ha HEAIEKTPHYECKYIO uacth F, 1 Ha biex-
TPUYECKYIO — ¢, grad @.
Beenem HoBLI TepMORHHAMEYECKHMI TOTOK

jq = Jq + ; ek']k? = Jq =+ I*P (184)

Om mpepcrapnsier co0ofi TemIOBOA NMOTOK W NOTOK BIIEKTPH-
ueckoil smeprum. CymMmapHas cusia 3JI€KTPHYECKOrO TOKA Mo-
jxeT OBITH HAmMCaHa B BHIe

I= % e.d,. (189)

Tax ke mark m padbme, 3jlech NMOTOK Bemecrsa J, paccma-
TPHBACTCA KAK TePMOLMHAMHUYECKMH LOTOK.

Tenepn, wax u B mpegsaymeM mnaparpafe, OUpemeauM
COOTBETCTRYIOINE ¢HIBI. UT00Bl NOKa3aTh GU3UIECKUI CMBICT
BeJLUYHH, BKIIOYAIOUIAX YJEHB, ONMCHIBAIOIIME BIIEKTpUYe-
CRAe HBIIEHHA, TNOBTOPMM OIepalHH, TpofejaHHue B §§ 43
u 44. Us ypasmenusa cun (12) m coorsomenus (183) mnomy-
qaeM:

d ~
pztxz — grad P 4- 2 Fop, —pegrad ¢. (186)
R
fIocme BBefenma Bepaskenums osHeprum (180), cmaer (183)

n cymmapuoro morora (184) ypamuenue suepruu (13) mpn-
HUMaeT BHJ

d(—é—vﬂ—ﬂ} ' _ B de
Pt = —div(Py T4 D Fovig 4 eelf. (187)
R
s noxasaTenpcTBa  OKBHBAJICHTHOCTH perpaskenni  (13)
u (187) mcmoneayem ypasuenms (7), (10) m (6), oruecenube
K ¢, a TaKKe COOTHOIDeHMe

Dey, =0, (188)
kR

KOTOpOe BHIpakaeT IOCTOSAHCTBO BJEKTPHYECKOrO B3apHia BO
BpeMa XUMHMYeCKOH peaKmud.

i1 ¢ p. e 'poor
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VYpaBaenue BTOpOro 3axoHa TepmopmEaMmka (15) mocie
moficTaHOBKH Bhlpakenwid (181) m (182) mpummmaer Bug

ds _du | . dv ~ dey de ,

Ta=atPag— 2% ¢ (189)

R

Bhipakenune JUIA OHePIME % 1OMy9YaeTCA yMHOMKEHHEM

Boipaskenna (186) ma v m Brumranmem ms Beipaskenna (187).
C yuerom Buipaskenus (6) momygaem:

p % = —Pdivv—divi+ D Fd,+ee 2. (190)
k

dTo ypasHeHne aHasiormyno ypassenmio (18). Torga Gamauc
SHTPONNMA TOJIydaeTcs MOACTAaHOBKOW BhIpaxkeHm: (10) m (190)
B (189). Hcmonp3ysa rawrske cooromenue (11), Haxommm:

To— ) wwd
ds . 3
Py = —div <—T )—{—

-quu + Z Jhik +ch
k

+ . = —divY +s, (191)

THe

~

X,=F,—Tgrad (";?—)=Xh”‘ek<?xu~ (192)

Haa Toro 9rofsl mOMyYHTH 3HAYEHWME MOCJIETHETO UIeHA JTOrO
BEIDa;KEHNA, HYKHO HcHoab3oBath Qopmysr (183), (180),
(22) m (23).

XuMBUeCKOe CPOACTBO B COOTBETCTBHH ¢  QopMyaMn
(182), (188) m (24) mpepcraBisierca B CIeAYIOIEM BHE:

A= — 2 ;kvh”_: - zpkvk—({; 2 eV, = 4. (193)
R k k

Uecnomeays  gopmysmr (182), (184), (192), (193), (25)

u (26), moxaskeM, 4To BeIMYMHA J, N BO3HHKHOBEHHE SHTPO-
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IAA ¢ OCTAITCA IPEeKHUMHA. B camom aeJie,

J=J = Deadh=J - Dedh=T3, (194
R k
B quu+2Jkih+XJC
o= k T m—
quu+2 I Xp+4J,
= = =o. (195)

M3 BCcex MONIyueHHHIX ypaBHEHHl MOMKHO CHeNaTh pAX Bak-
HBIX BEHIBOJIOB.

IIpexge Bcero OTMETEM, 4TO BCe YPaBHEHH:d, OTHOCAIIHeE-
¢ K TepMOIMHAMHYECKAM CBOMCTBAM CHCTEMEl, — YpaBHOHHSA
Oaznamca sHTponmu (191), moroxa osHTpommm (194) u BO3-
HAKHOBeHUA dHTponuu (195) — HOKa3BIBAIOT, 9TO HTA BEIMUH-
HBl ABIAIOTCA HHBADHAHTHHIME HpH JHHEAHHX Ipeobpasosa-
HEAX moToKoB m cma (184) m (192). B xauectse ¢eHOoMeHO-
JOrHYeCKUX ypaBHEHHU HmMeeM:

J=> L,X,+ L., X, (196)
R
jq = Z Zuhik 1 Z"quuf (197)
R
J, =LA, (198)
a BXONAMNe B HOF KOIQPHIMEeHTH paBHEL
I‘:ik =L, (199)
Liy=Ly+ 3 Lyes, (200)
h
Zui =L,;- 2 Lyex9, (201)
3

Zuu: Ly, + z (Lyi +Liy) e+ Z Lyee®  (202)

i i, h
dtm KO3 UIIEHTH HAXONATCH, KOTJA HOBHE CHJIBI M TIO-
TOrM, opomydenmnle mu3 (184) u (192), nogcrasmmoTeH

11»
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B Beiparkenns (33) u (34). B ofwem, momkHO cKasaTh, 9T0
«TepMopuHaMuyeckues ypassenua (191), (194), (195), (196)
u (197) gopmainbHO HIYEM He OTIMYAITCA OT ypasmeHmit (21),
(25), (26), (33) m (34), HO TONBKO ¢ HOBHIMH KOJIHMIECTBAMU
(oTMeqeHB! 3HAYKAME HaBepXy) BMecTo crapeix. (Dopma ypas-
Henua (192) ra sxe, uto m (23)).

Hamm naiimenbr Takme KOMOWHANME LOTOKOB M CHJI, U3
KOTOPHIX MOKHO BBIBECTH Te jKe Pe3yiIbTaTh, KAK W paHkb-
Ime, W BCe YDABHCHUA BRIIIOYAIOT p, M €, TOIABKO B BHIE
CyMMSHI p, + €,¢. HpyruMm cioBaMyr, MBI OPHIUIE K 3aKJIIO-
9YCHMIO, UTO MOMHO ONPABAATH MCHONL3OBAHHME CYMMEL fy -+ €,¢
BO BCEll (TePMOJIMHAMUYECKOH» 9acTH TEOpHH, eCIm B Kade-
CTBe IOTOKOB UpUHAMATH J, .‘fq, OIlpejieJisieMble COOTHOIIe-
nmem (184), a cmmer X, — COOTBETCTBYIOIUME BHPAKEHHIO
(192). Me1 moguepkuBaemM 510 MOCTIEjlHEe HTOTOMY, YTO TepMO-
JUHAMAKA HCOODATHMBIX IIPONECCOB HE TONBKO INPHBOTMT
K TpeOyeMBIM pe3ysbTaTaM, HO B TO JKe BpeMs OIPaBJIBIBAeT
MCTOh30BAHNEe CYMMBI 1, -+-€,¢ H JaeT BO3MOMKHOCTH yCTa-
HOBATH (U3WYeCKHe BeJIMYUHBI, HCOOXOMUMEIE VI NOCTPOCHHAS
TIOCIIeOBATENBHON U CTPOTOM TEOPWIL.

B srom maparpage [0° cEX IOp HCCIETOBAIHCH TEPMOJH-
HAMIYECKHEe COOTHOIEHWS IIpA HOBHIX KOMOMHANHAX MOTOKOB
u cun. Haiinem teneps ypasrenusa cun (186), smeprum (187)
¥ ypaBHEeHWe BTODOTO 3aKoHa TepMopmHamukH (189), mwipa-
JKEHHBIe B HOBBIX mepeMeHHBIX. OKa3sbIBaerTcs, 9T0 9TH ypas-
HeHUsI He MMEIOT TOYHO TAKOrO jKe BHJA, KaK YpaBHEHHA
(12), (13) m (15), BopaskeHHBIe B IPEKHAX IIE€PEMEHHLIX TIa-
paMerpax. Bce Tpnm ypaBHeHHA, BHIpasKeHHEIE B HOBEIX IIa-
pameTpax, COjmepsKaT JONOJHHTENbHBIH WIeH, IPOIOPHAOHAIE-
HEIl CYMMapHOMY OJIEKTPHYECKOMY 3apANy eJWHHIE Mac-
CHL €, W BRJIIOYAIOT JJIEKTpHUecKUil motenmmaix ¢. Ilpawrmwe-
CKH 9TH YJIGHB MMEIOT OYeHb Majloe YHCJICHHOe SHAdYeHue, TaK
KaK B COOTBETCTBAH C BEJIMIMHON KYJOHOBBIX CHJI MEKIY
3apsuKeHHBIME YACTANAMEA, KOTAA cpefja He ABisAercd abco-
JIOTHO BIICKTPOUPOBOSHON, CYMMapHBIE 3apdf OKAasBIBaeTCH
ucuesaolne ManeiM. Ecau npaHATE 3TO JouymeHme o6 diiex-
TPHYECKOH HEWTPaJbHOCTH, TO OCHOBHEIC ypaBHEHHS ¢ HO-
BEIME DapaMeTpaMd - OCTAI0TCA TAKAMH jKe, KaK ¥ IpU cTa-
pBIX TapaMerpax.

IlogBoms mrTorm BCceMy CKa3aHHOMY, YCTAHABIHBAeM, 4TO
cucTeMa HOBHIX ypaBHEHHH TONMydaeTcs W3 CTapoll ImyTeM
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3aMEeHBl BeJINYMH, BXONAIINX B OCHOBHHIE ypaBHeHHs, aHajo-
[AYHBIMA C COOTBeTCTBYIOmuUMu nHmexcammu. llpm »sTomM pac-
CMOTPEHHBIH 371eCh HOBBIA METON, HCHOIB3YIOMuUi (, + €,9),
COBEePIIEHHO AHAJOTMYeH CTApOMy B €ro «TepMOTUHAMU-
YeCKOM 4YacTH», a4 Ta ero 9acrh, KOTOpPAg OTHOCHATCA K
OCHOBHHIM ypaBHeHHAM (CHJI, SHePru@ ¥ DHTPOUHUH), CHpa-
Be[JIEBA TOJBKO TOTAA, KOTAA MOKHO IpeHeGpeds 3apd-
mamu (e =0).

Brisenennsle GopMymn He mpegcTaBaAIT COGOM €MAHCTBEH-
HOl CHCTEeMBI, BRJIOYAIOWEH B CBOIO (TEPMOXMHAMIYECKYIO)
4acTh CyMMY p, + e,9. CymecrByoT npyrae KoMOnHANAH CHI
H IIOTOKOB, B KOTODHIe TOKe BXOJHT 5TA CyMMa. ITO OTHO-
CUTCA K TEPBOMY MpHMepy IpemBIfyImero naparpada, Ttak
Kak oH mpuBogHT X cmire (150). Ecam B sTOM BEIpaskeHHmH
BBRIIEJIATE 3JICKTPHYECKYI0 YacTh W3 BHEMHeH CHJIB, Kak
B ypasHennu (183), To oHo mpmmer Bup

X;=F,—e,gradg —gradp, =F,—gradp,,  (203)

KyJa BXOJNT BeTUUHHA (1.

Mosxno Gputo 6B HpuMeHHTH TpeofpasoBanHuUe, ONHCAHHOE
B Hayaje HacroAmero naparpada, X DONYYATH TaKue e
KOMOMHAINE YIepeMeHHBIX, KaK TOIBKO YTO OGCY’RaBIIAECA,
T. €. MOMHO Obio Obl BRIGpaTh B KauecTBe LOTOKOB

=34+ edo (204)
R

u J,. Or0, ogHako, mPUBOXMT K cmiaM X, H K cujaM
X=X, - e,0X,=F, — ¢,T grad (—%—) — gradp,. (205)

Vpasuenue (205) He MoeT OBITH IPECTABIEHO TOIBKO
depes p,. [locmepmmii wmen (205) momywen ¢ mOMOmMEBIO BHI-
pasxenmi (203) n (22).

Temepnr mogBejtleM MTOrM Pe3yJNBTATOB MCCJICIOBAHAS BCEX
9eTHIPEX CJTydaeB, B KOTOPHIX PacCMaTpHBAJIACh DIEKTpUYe-
CKasg YacTh mpormeccoB. Mg 9Toro syume Beero BHIIACATH
Bhipaskenna cmil X, X, u X;, X;. IIpu sToM mcromsayercs
o6osnaucnme ¥,, BBeeHnoe B Beipazkennn (183) maa mesmex-
TPAYECKOH 9acTW BHENIHEX CHil. Bo Bcex cjyuasx OfHOH ©3
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cun sapagercd X,, a APyruMu

(23) X, = F, — ¢, grad o — T grad (ﬂ) (206)
(192) X, —TF,— e, T grad ( )—Tgrad (---) (207)
(203) X, =F,— e, grad —grad p,, (208)
(205)  X;=F,—e,Tgrad (-f) —gradp,. (209)

Kax BmpmOo, TOMBKO BTOpOE H TpPeThe YpaBHEHHA COLEp-
AT CYMMY

;h = (i, + €9)-

§ 54*. CranuoHapHoe cOCTOAHNE CHCTEM
¢ DIEKTPHYECKHM 3apAROM
(repMonnddysua m dIeKTpUYECKHii mOTEHNHUAN)

3mech paccMaTpEBalOTCA TepMORHPPY3AA U TEKTPHISCKEE
ABJICHEA B CMecAX IPM HEOJHOPOJHOM TEMIepaTypPHOM IOJe.
B mensix ofnerdennss BHAadajle paccMaTpHBaeTcd CTaIMOHAp-
HOe COCTOSTHAe, Ipd KOTOpOM IOTOKH BellecTBa, a IIOTOMY
M DJIGKTPHYECKAE TOKM OTCYTCTBYIOT. ,

ITpepmonosknM, dTO, KpoMe BIJIGKTPHYECKAX, HHUKAKAE
ApyTrHEe CHUJIK HR CHCTeMY He JeHCTBYIOT

F,= —e¢,grady, (210)

u, KpoMe TOro, GyjgeM CYATATH, YTO0 HMEeT MEeCTO MeXaHH-
yeckoe paBHoBecme. Torpga ypastenne (68) maer:

0= —grad P —pegradeo, (211)
n
THe e= D! e,C, — CyMMapHH 3aps eTMHANE MACCH.
k=1

ITpakTuaeckd KyJIOHOBCKEMH CHJIAMHA MEKIY 3apsmKeH- |
HBIME 9acTHYKAMH MOMKHO IpeHeOpeds, W ypaBHeHme (211)
OPHBOAKT K TOMY, YTO NABJIEHHe NOJKHO OHTH LOCTOSHHBIM.
Torga ypasuenue (109) pna cragmoHEAPHOrO COCTOAHWUA MOKHO
HAONCATL B BUJE
n—1
Z 2(”_"_) grade, 4 (Ui—h,+ h,) _g_"E‘LT_
i={

+(e,-e,)grade=0 (k=1,2,..,n—1). (212)
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VYunuTeipag 37€KTPHYECKYIO HEUTPAIBHOCTH

n
== 2 €l = 0,
R=1

oJydJaeM:

”

D eygrade, =0 (213)

h=1

B N3 COOTHOIMEHNHA 2 Ck=1 HAXOOHUM:
h=1

n

) grad e, = 0. (214)
K=t

Dopmyasr (212), (213) u (214) mavor n+1 nmveilnbx
ypasseHnit. M3 BEX MOKHO ONpENeNIATH BETMIAHEI

grade; (i=1,2,...,n) m grade,

‘BEIpaKeHHble 4epes grad I'. JlpyraMm clioBaMM, MOMKHO Ompe-
RenaTh TepMONA(PysHI0 M I'paUEHT BIEKTPAYECKOrO MOTeH-
1@aya, COOTBETCTRYIIIME TEMIEpAaTypPHOMY TpaJHeHTY CMeCH
B CTAIHOHAPHOM COCTOAHHAM.

Pacemotpam Temeps pacTBOp 97IGKTPONHTA C ABYMA BHAAMHU
AOHOB C 3apAJaMH e, W e, B e[AHBNE MacChl B HENTPATBHOM
anexTponuTe (€, = 0).

B sroM cayuwae ypasmenma (212), (213) m (214) mpumyr
BHJT

2 m—us)

gradc¢, + _((;_c:_*‘i)

grad ¢, +
+ @ —hy+ ) BT 4 grade=0, (215)

2 (u° ta) —=—Ygrade, + ——2—> ( ”3) grad ¢, 4

+(Q03 — k, +h) LT e gradp=0, (216)

e, grad ¢, +¢,grad ¢, =0, (217)
grad o, -f grad ¢, + grad ¢, =0. (218)
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HAaa ynpowenna manwmem ypasaernsa (215) m (216) B fopme
a,gradc, + b gradcy, 4 q,grad T +e, gradp =0, (219)
a,grad ¢, +b,grad ¢, +q,grad T -+ e, grad p = 0.  (220)

M3 wocnemmux dwersipex ypasmemmit ompemenmM TepMoxE(b-
dysnmio

e grad ¢; — ¢ grad cg .
I\ grad 7 /o 2\ gradT o
B N
. € €1
Tan ayth b (221)
e} €6 e?

A TPafAeHT IeKTPUUEeCKOrOo IIOTeHHHmasa

[f_ﬂ___ba_] _ "&_ﬁ",
<_grad_<p_>= 91 e, e, 72 e es (222)
grad 7 /oo a, ay+ by b, .
€162 [—ej‘*—'——-f-—*]

37eck BHAK ©o HANNCAH [JIA TOTO, 9T00B MOAICPKHYTH
CTAaIMOHADHOE COCTOAHEHE CHCTeMbl. OTH YpPABHEHHA JAIOT
TepMOAUQPy3HI0 M TPamMeHT SJIEKTPMYECKOr0 NOTEHIUAJsa,
BhIpasKeHHBIe depe3 0OBIYHbIE TePMOAMHAMWYECKHE BEIMIAHbL
m renyiotsl meperoca QF u Q). Ecum stm Tepmoctarmucckume
mapaMeTps! (XHMUYeCKUH TIOTCHUHAJM, NapIAAIbHAA yHAeTbHAA
SHTAJILIHAA) M3BECTHHI, TO H3MepeHne TepMopuddysnn n siek-
TPUYECKOro MOTeHIraa gacr 3fgavenusa QF u ;. 3uanue aTEx
BEeJIMGMH OYCHb BAXKHO JUIA TEOPHM ABIGHUN TepeHoca M JIA
U3y4eHHA CTPOCHMSA KUIKOCTEH, Ta30B I TBePABX KPMCTAIIOB.

§ 95*. Hecrammonapuoe cocrTosmnne cucTeM
¢ SJNeKTpUYeCKMMu 3apAfaMmu (Tepmoguddysus,
oObrunplii m TepMonugy3nONHBIi MOTEHIHANDI)

ITpencrasum cebe cMech, KOTOPYI0 IOMCIIAGT B HEOTHO-
polHOe TeMmIepaTypHOe mojie. DB DepBeIl MOMEHT elle He
fymeT TpapmeHTa KOHUEHTPAnUHU, HO IIOCTEIIEHHOE HOABIICHAE
3TOrO TpajivesrTa OyNeT LPOTOBKATHCS N0 TeX Uop, IOKa He
HACTYIOHT CTALHOHAPHOE COCTOAHNC, OINCAHHOE B IPENBITYINEM
maparpade u B § 49. BuAcHNM, Kak H3MeHseTCA BO BpeMeHH
I'PaiRCHT 9JeKTPHYECKOro NDOTeHIHAla.
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ObrraHoe momymieHme, KOTOpoe JesaeTcA B TEOpHUH HecTa-
IMOHAPHOTO COCTOAHMUSA:
n

k=1

OpemoNaraer, 410 CYMMapHH SJICKTPHYECKUH TOK MOKeT
CIATAThCA paBHBIM Hymo. IIpumeM, d9To mMeerTcd R KOMIO-
HeHTOB M YTO 7-BIM KOMIIOHEHTOM ABJIAETCA HeHTpasbHEIR
pacrBopatens e, = 0. IJomcramoska Buipamennsa (107) B (223)
Jaer:

n—1
>, e;Ly, | Tgrad ( Ha7En ) 4
PRNEES

+ 01 E0T 4 epgrady | =0. (226)

U3 atoro BBIDA/HCHMS TIOJy9aeM TpajHeHT 3JIEKTPAYECKOTOo

OOTeHOHATA
T 2 Lipe; grad ( —P’L%&E>
grad p= — UL —
. Z Lipeien,
i, k
D L}
Lk grad T (225)
v T ’

D' Lipeien
i,k

ITO BBIDAIKEHNE COMlEPKAT M3BECTHBIE nponsBeneHnsa (eHo-
MEHOJIOTHYECKHX KO3(QQHUIMEeHTOB M BIIEKTPUYIECKAX 3apH/IOB.
Hak Gymer moxasamo, mM MOskHO HATh (usp9ecKoe TOIKOBA-~
H¥e, eCclM BOCMOJMBL30BATHCA COOTHOIICHMSMU B3aUMHOCTH
0H3arepa. Urofs jaTh Takoe TOJIKOBAHIE, BANHIOEM BEIpaMe-
Hue suekTpuyeckoro Toka I, mepemocmmoro wommomenToM k&
IpA TIOCTOAHHOHW TemIlepaType, Korjga cmaa X, COCTOUT
TOJIBKO W3 dJIeKTpUYECKod wacTwm — e, grad¢. Torpa, B coor-
BeTCTBUM ¢ BeIpakenmAME (23) m (33), mmeem:

L=e¢J,=e¢, 2 L, X;= —e¢, Z Lye,grade. (226)
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BBemem «wonmmuecTBO IepeHoca» #,, KOTOpoe HaeT IOIIO
LOTOKAa BJICKTPHYECTBA, MEPCHECEHHOTO0 KOMIOHEHTOM k, T. e.

D) Lyie
I = i .
D I " Y Lrieier
R

ik

t, = (227)

Ecam npumeHHTSL 3iech cOoOTHOmeHHs B3amMmHocTH OH3a-
repa L, =L,;, TO yBHZEM, 4YTO (KOJHYECTBO IEPEHOCA)
mMeercs: B ypasHenmm (225). Ero MoskHO mepenmcaTh B BHJ®

n-—1

grad g = — Z%Tgrad(%—"—“—}-—

=1

_ 2 th Q* gradT ) (228)

Hax BmaHo, Bce 9eHH IpaBOHM 9acTH MOCTERHEro BEIpa-
JKEHUS WMEIOT ompeflelileRHn Puamaecknii cmuica. OGpamaer
Ha cefA BHEMMaHme TOT (AKT, 49TO Temsl0 Iepenoca (QF, Tak
e KAK KOJMYecTBO IepeHoca f,, MOIy4aeT (PH3AYECKYIO
MHTEPIPETANMI0 ¢ MOMONIBI0 cooTHOmeHHU BaamMuocTn Omnsa-
repa.

B mpmBeneHHHX paccykfeHHAX OBIO HOPHHATO, YTO CH-
cTeMa HAXOJAHUTCHA B COCTOSHHH MEXaHMYeCKOTO PaBHOBECHS
A 9TO MOMHO IpeHeOpedb JJeKTPHIECKEM 3apAnoM. Torpa,
B COOTBeTCTBME ¢ BolpaxkenmeM (211), nasieHme ocTaercs
HeH3MEeHHKIM W monydaercs ypasuenme (228). Jro ypaBHeHHe
sMecte ¢ (108) maer cmemylomiee BEIpasKeHTe:

n—1
grad ¢ == 2 Z a(“k ”") = ——~grad c;
h=1 i=1
—1
.._nzi[g*_h 1 p,) 88T (229)
/ e k k n T ’
R

Oso Momeer OwiTh TamKe mOJIydeHo u3 ypasHenmid (223)
n (109). B stom BBIpaKeHHW TPAgUHEHT BIEKTPHIECKOTO IO~
TeHNAAaJIa COCTOMT W3 YIeHa, TPOHOPIHOHANLHOTO TpagdeHTy
KOHIIGHTPallny, ¥ WIeHa, TPONOPIHOHAMLHOTO TeMIepaTypHOMY
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rpanmenty. Hak Gnmo ykasaHo B Hawaye »TOoro maparpada,
KOrjia Mbl NPEfNOJIOKAIE, YTO B HAYajJe OULITA CMeCh He
fpUIa OQHOPORHA TOJBKO IO OTHONMIEHHIO K TeMOeparype, HJis
HadaipHoro MoMenTa (f=0) MokHO BHIpaskeHme jyA grad ¢
HAIMCATH B BHJE

(gradg)y = — D & Q1 — b+ h) £ (230)
Rk

C TeueHmeM BpeMeHH B pe3yibrate TepMomEddysmm
HOSABIAETCA TPaWeHT KOHIMEHTPAIWH, W HepBHIA WieH IIpaBoi
yactu Bepazkeamsa (229) HaumHaeT KaBaTh claraemoe, OTJIWY-
Hoe OT HyjA. B cragmomapHoM cocrogEmm grade. Gynmer
AMeTh 3HAYeHMe, KOTOpPOe MOKHO YCTAHOBHTEL M3 BHIDAyKeHMH
(212), (213) n (214).

Onncarnoe mamenenme grad ¢ Moser ORITH IPOMILTIOCTDH-
poBaHO TeM JKe NPAMEepOM, KOTODHI paccMaTpHBAjiCA B Xpe-
meigymeM naparpade, ¢ AByMA BHIAMH HOHOB, IEPEHOCAM[AX
3apsfpl e; M €, Ha eIMHMWIY MacChl B HEHTPAJBHOM pacTBO-
putene (e,=0). B srom cirygae Bepamenme (229), manmcas-

Hoe ¢ TeMm ke o0O0O3HAYeHHAME, KOTOphle OHJIM BBEJEHH
B (219) m (220), mpumer BHR

2
gradp = — Z —:% (a,gradc, + b, grad¢,) —
k=1

2
— X Eg.gradT.  (231)
k=1 k
Ucxmouaa orciopa upm momomu (217) grad c,, momyamm:

2
t
grad ¢ = — 2 e:.
h=1 ‘

[—al‘——ﬁ"—] e, grad ¢, —

€1 €s

2
— 2 —2—% g.grad T. (232)
k=1

s wamenenwms rpalWeHTa KOHIeHTpam@H 3a Bpemsa !
nmeem (121):

grad ¢, = (grad ¢,)w [ 1 —exp ( — —;— >] . (233)
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3neck (grad ¢,) TpencraBiseT coGoil pasyenenne KOMIOHCHTOB
B CTANMOHAPHOM  COCTOSHUM, COOTBETCTBYIONiee BHIpajKe-
auio (221). IlomcraBnas 9T0 BoIpasKeHHe W BBIpajKenue (221)
B ypaBHeHme (232), IOTyYaeM OKOHYATEJBHHI Pe3yJbTaT, T. e.
A3MEHeHHe I'DaJIHeHTa 5JIeKTPIYECKOr0 NOTEHINAJIA BO BPEMEHH:

gradp = —grad I’ X (234)
3 [ELEEIE ],
2 €1, e%

Hns naganeHoro momenta I=_0 mMeeM:

2
(grad @)y = — Z :—'; g grad T. (235)

k=1

Pacger moxassBaer, 4WTO I CTAUMOHAPHOTO COCTOSHMSA
HpH {= 0O KOJIMYeCTBO IepeHoca W3 BhIpazkenus (234) mcae-
3aeT, M CHOBA IIOJIydaeTCA pe3yJbTaT, COOTBETCTBYIOIIMI
BRIpasKeHuIo (222) mpepsyrymero maparpada.

Cregyer oTMeTHTH HEKOTOpHlE OCOOEHHOCTH BHIPAYKEHHIL
CpafilieHTa oaeKTpUYecKoro moreHnmana (229) m (232).
Ynens:, BRIOYa0OMIEe CPaHeHT KOHIEHTpAlHY, OPeACTaBIAIT
coboit obmunpifl guddysmonnsiit norenmuas. OH 3aBucAT OT
KONIMYeCcTBa mepeHoca. UieHBI ¢ TeMIEepPaTypHBIM TPajMeHToM
MOTYT OHITE Ha3BaHBl «TepMORAPPYIMOHHKM TOTEHIHATIOMY.
JTOT MOTEHNMUATI BRIIOYAET TEIJIOTY IEPeHOCA M KOIMYECTBO
nepenoca. Hax mnowaswiBaer BolpajkeHHe . (234), B mepsolil
MOMEHT, KOTjla elleé OTCYTCTBYeT TI'DajJiMeHT KOHIEHTpaliH,
AMEeT MeCTO TOJBKO TepMomudyamoBHEI morennman. Iud-
¢y3uoHHEI DOTEHNMA7 BO3HAKAeT IOCTEEHHO M NpubaB-
asierca K TepMonn(dysmoHHOMY. OTH SABIEHHS MOTYT OBITH
Jerxo ycramopiennl. ['pyOnifi pacuer mnorasbiBaer, 9To UpH

e2pad
TeMIEePaTYPHBEIX TpajmeHTax mopagra H0 -~ B pacrsopax

SJIEKTPONIATA BIMAHAE TepMOXHPYYSHOHHOrO MOTEHIHWANIA MO-
meT OHTL TAKOrO ke MNOPAAKA, KAK BJIAAHAE OOKYHOTO
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pupdysmonnoro morennmama, T. e. or 1 mo 20 ":Ti. Hy:xHo

OTMETHTb, 9TO AU(QY3UOHHKIA IMOTEHINA BCETHA H3MepsaeTcs
BMECTe C [PYIPUMU pAasHOCTAMH IIOTEHIMAJOB. OT0, KaK
XOpOMIO M3BECTHO, COCTABJIAET TPYXHOCTH TAKOTO METOAA H3Y-
9eHHA HCCIefyeMbIX 3/ech SBICHHIL.

Ipyrue cayuad, Kak, HaIpPEMep, HJEKTPOIPOBOTHOCTh
TBEPOBIX TeN, MOTYT OHTE PACCMOTPEHHI IPH HOMOINHM TeX e
ypaBHeHHIH. 3jech MBl 9THMHA IPOCTHIMY NPHICKEHMAMI 3a-
HAMaThcA He Oyfem.

ITpumeuanna. a. B aroil rnase GBI BBeJleH DJIEKTPH-
gecKud TOK I, IlepeHOCHMEBIf KOMOOHEHTOM K. IJTOT TOK
CBA3aH C HOTOKOM BeIlecTBa COOTHOIICHHEM

Ox mMeeT Ty 3Ke Pa3MEPHOCTH, 9TO H CHJIA TOKA, TAK KaK €, ecTh
3apAfl eMHHUIL Macchl, a J, — INOTOK Macchl Yepes eJUuHUITY
cedenusa B eguuARy Bpemenu. OOuiuidl TOK HpPH ITOM HOIY-

qgaeTcd:
=D L= eJ, (237)
k k

Jlona 2MeKRTPEUECKOTO TOKA B BOBHMKHOBesum sHTpommm (26)
IPEICTABIIACTCA WISHOM

D) 3eFr
— R

g -——-———T

— - g, Eale . ERAE (938

Kar Mmel yxe Bujesns, sHeprus pacceAnma BeobpaTmmoro
pomecca 9IeKTPonpoBofHocTA I, COOTBETCTBYET [KOYHEBY
Temry.

6. Bce BmBOmE mocienHux ABYX naparpagoB Onuim che-
JIaHBI C TOMOUIBI0 (JOPMyYJI, KOTOPHIME MBI MHOJIL30BAJIACH
B §§ 42 —51. Moxno, OfHAKO, MOAYUYATE TAKHE Ke Pe3yJib-
TATHl, €CJIM LHPUMEHATH OXWH U3 METONOB, ONUCAHHBIX B § 052,
0coBeHHO AJIA CJIyYaeB C 9JIEKTDHMYeCKAMM ABJICHUAMH, pac-
CMOTpeHHRIX B § 53.



IF'JIABA VIII
TEPMOSJIEKTPUYECTBO

§ 56. Beegenmne

TepMoanexTpayecTBo Beerga ABIANOCH OOBERTOM PaCCMO-
TpPeH:sl pa3jIMdYHBIX Teopuil HeoOpaTuMelx spieamu. Ilo 3ot
npavYdHe, a TAKKE NOTOMY, UTO 5TO ABICHHE NpPeACTABHACT
ocoORH WHTEpec, eMy HOCBALICHA COeNMajbHAA IJIaBa, XOTA
¢opManbHO €ro MOMHO OBUIO OTHECTE K OXHOH W3 Ipejmie-
CTBYIOIUX IJIAB.

IlepBas Teopusi TepMmoadeKTpHUecTBa Obijia maHa B 1854 r.
Tomconom (HenbpaHOM). dTa TEOPHsA OTHOCHTCA K IPyLue HCCIe-
JOBAaHHI, KOTOPHE B IylaBe | OTHeCeHE! K KATErOpHH ICEBRO-
TepMocratudecknx Teopmid. B § 58 paccmarpmeaercs Bompoc,
HoYeMy 3Ta TeopUs INPABOJHT K IPABHIBHBIM BHIBOJAM.

Hpyroii mcepgoTepMocTaTMIeCKMil MerTop Gbln paspaGoraH
Barmepom, KOTOpHE paccMAaTpHBAJ — TePMOSJIEKTPHYECTBO,
ACIOb3YA KOJMMYecTBA IepeHoca. OTOT MeTOoj [AaBajl Hemo-
Cpe/ICTBeHHEYIO CBfi3h ABJICHHIl, DPACCMOTPEHHBIX B IPEXHIAY-
mieil raBe, HO He TAKAM IPAMBIM TIyTeM, KaKk MeToy ToM-
coua. [Tosgaee Bop m OIWHr B CBOMX KWHETHYECKUX HCCIO-
JOBAaRNAX CIeNUAJBHHX MOMeJlel HamIM, 4YTO OCHOBOH BTO-
poro cooTHomeHMA ToMmcoHa ABIAETCA MHKPOCKONEATECKAsA
00paTEMOCTE, & ero IepBoe COOTHOMEHWe ABIAETCA NPOCTHIM
- CJIGHCTBEEM IIePBOTO 3aKOHA TePMOXMHAMUKH.

" B aroit rmaBe Oyfer jaHa TepMOfHHAMHYECKAS TeOpPHS,
OCHOBAaHHAS HA HCOOJIB30BAHME COOTHOMICHMH B3AAMHOCTH
Ownsarepa. 3pech OpABORATCA TPH H3BECTHEIX METOAA HCCIe-
mopanuda. Ilepseiii MeTom, KOTOPHI Mi GyneM HAa3HBATH DpS-
MBIM MeTO[[OM, C CaMOrO HAYaJa pacCMATPHEBAET TepMomapy
Kak memoe (§ O7). McenegmoBaHme cpasy NOKasslBaer, dTO
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propoe cootHomenme ToMcoHA ecTh IMPOCTOE COOTHOMICHUE
paammMuoctT Omsarepa. ITOT MeTOJ| COBEDPIIEHHO HE B3aBUCHUT
or mpepslgymux raaB. Bo BropomM I TpeTkeM MeToje,
OTHAKO, IPUXOJUTCSA HOIB30BATECA BHIBOAAMII, IIPOBEICHHLIMU
B raase VII.

TepMoaTIeKTpHYECKIe CBOHCTBA METAJIOB PACCMATPABAIOTCA
KaK (YHKOUA KOJIHMYECTB TEPEeHOCA, HAIPUMEp, TeryIOThl
mepenoca B § 59 m onrTpommn mepesoca B § 60. Kax aro
OBUIO YCTAHOBJIGHO pAHbINe, €CM [pU MCCIEJOBAHAM TIpH-
MEHUTH KOJIMYECTBO TEPEHOCA, TO OKA;KeTCHd, 4YTO BTOpOC
cooromenme Tomcona ompenensercs coorHomenmamu Omsa-
repa.

Tepmoonextpaueckuil sdeKt Momer OHITH TAKMKEe HCCIe-
[OBaH B CHCTeMAaX, IIO/{BEPKEBHBIX BJIMAHWIO BHEITHETO Mar-
HUTHOrO TOJA. Takme sBIeHHA HA3BIBAIOTCA TEPMOMArHMAT-
HEMM B rajbppaHoMarauTHeIMA.  [lceBmorepmocTaTHYecKad
TeopUA TAKMX sBJeHWH Osuta  paspaGorana Bpmummenom.
Kamnen npuvennit coorHomenns Omsarepa (1.7) m mokasai
cupaBe/mBocTh ypaBHenms Bpummmmena. Hpome roro, om
HamieJl HOBYIO CBA3h DAsJINYHBIX ABJGHAH IpA HAJIHIAM
MATHHTHOTO TIOJIA.

Bo Bcex mepeudcieHHBIX TeOPUAX He NPHHAMATACh BO
BHEMAHMEe AHH30TPONHOCTh (Ea3mdecKWX cpoiicTs. Teopua
TEPMOBIIEKTPHIECKOro  derTa aHM3OTPONHEIX ~KPHCTAIIIOB
MOMKET OBITh HOCTPOCHA HA 0ase mcciefoBaHMil, IPHBE/(eHHBIX
B rmasax 1V u VIII, Ho moKa pesyiibraThl 3THX HCCJIeOBAHAM
He MMeIOT NPAKTHIECKOTo 3HAYCHHS.

§ 57. Ilpamoii meTopn

[IpeanonoskuM, 4UTO HMeeTCA TepMomapa, cHellaHHag U3
MeTalioB A m B, cmam KOTOPHIX pAacIOJIOMKEHBl B pesep-
Byapax I m 2 npn temueparype T u, coorserctsento, '+ AT
(pme. 2). Ilycrs pasHOCTh NOTCHIHAJIOB HA 3aKMMaX KOH-
neacatopa Oyaer A¢. Ilpepmomosium, 4TO TEIIOEMKOCTH KOH-
JeHcaTopa paBHa Hymo. Hpome TOro, MpegmONOMKHEM, 4UTO
B KamIoll cBoeil Touke mpoBonHuKE A m B naxomarcs
B KOHTAKTE ¢ pesepByapaMfl Temaa GOJIBNION eMKOCTH ¢ TAKOM
K€ TeMIepaTypoil, KaK W NPOBOJHAKK B TOYKe KOHTAKTA.
Torma maMeHeHme SHTpONMM BCEH CHCTEMEHI €CTh IIPOCTO CyMMa
W3MEeHeHHA SHTPOIMHI pe3epByapoB W KoHJeHcaTopa. [lis
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KQKJOd M3 STHX YacTell CHCTEMBl MOKHO TPUMCHHATH ypaB-
Heane I'u66ca

T dS = dU — ¢ de, (1)

rae T — Temnepatypa, S — smTponusa, U — sHeprus, ¢ — mo-
TeHIHAJ, a e — 3apaAf Kamkao# w3 momcuetem. Horga ms-
BecTHOe KosnmuectBo oHeprum dU mepeHocmtea m3  pesep-
Byapa I B pesepsyap 2, m B KOHJEHCATOp HOCTyHAeT 3apAX e,
M3MeHeHNe SHTPOUMH Bceil cmereMsl Oymer:

- U dU
dS =dS, ~dS,+dS,= —ET—+W_49:‘;$ D)

3mecs HpuHATA TeMEepaTypa KoHpmencatopa 1. MoskrO
6b110 OBl TaKKe NPHUHATH €T0 TeMIepaTypy, paeuyo T - AT
nna JasKe

M
1< 5 |—/>2

T MemansA' 'Memanen T+T

Pmc. 2. Tepmoamement,

TeMmepaTypy, omindayio H or I’ u or T+ AT. 310 mpmselo
651 TONBKO K NOABJICHUIO [{0GABOYHOIO YieHA B ypaBHennu (2),
opydeM MOPANOK STOr0 4WieHa Om OB MeHBIIC LOPAXKA
OCTaJILHEIX 4JIEHOB BHIpaKeHusd.

VYpaBuenne (2) MOMKHO HEpenmcaTh B BHAE

dS _ dU AT _ de A¢ 3)
det dt T? dt T

910 BHIpayKeHNe IPeNCTaBIsAeT cOGOH CyMMy HpOW3BeeHUH
OTOKOB H COOTBeTCTBYIOmNX cmil. IloToramum ABIAKTCH dHEp-
rusg ¥ BACKTPUYECKAN TOK

dau de
J=W u I= at’ (4)
a cumjiaMn
_ AT - __Ai‘ (5)

Ty T
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Hanmmem ¢eHoMeHONIOTHYeCKAE YPABHOHASA KAK JHHEHHEIE
COOTHOIIEHHA HOTOKOB M CHUJI:
Ag AT 1
I=—Ly5— Ly |
r (6)
J=— L21 T 22 T2
[Ipn stoMm xoaddunuents cBasansl coorHomenmeMm OmHzarepa
Lyy=Ly,. (7)

Tenepp mccilefyeM CTaHOHapHOE COCTOSIHAE NPH HOCTOAH-
HOM pasHOCTH TeMIepaTyp M HPH OTCYTCTBUHA 3IEKTPHYECKOro
Toxka (I =0), Ipm raxmx YCIOBHAX CHCTEMA TOTBKO obme-
HUBAETCS TEIZIOTOH ¢ OKPYKAMEH CPego. Onuaxo, B cucreme
eme mMeercss mnoTox bdmeprum. Vs ypaBremuin (6) mmeem:

o= 1 ®
11

10 — TepMoasieKTpadeckas cua (afdeKrt Secbera) TepMonapsl,

IpejiCcTaBIAIomAasn cofoll pasHOCTh NOTEHOHMANOB HA eJMHULY

pasHOCTH TeMOepaTyp B YCJIOBHAX, KOIJA 3JIeKTPHYCCKUH

ok pases mymo ([ =0).

Jpyroil ciyyail mpepcTaBiser cofoil cocToAHHE ¢ IOCTO-
AHHBIMA CHJIAMH, T. €. ¢ TOCTOSHHOA PasHOCTHIO NOTEHIHAJIOB
Ap m pasmocthio TemmepaTyp AT =0. Torma m3 Buipaske-
HaA (6) mmeeM:

7= anﬂ . 9
9ro —apderr Ilenbrre, T. e. mepeHOC TemJla B MeTaJle
IpH WM30TEPMHUYECKOM COCTOSIHMM, OTHECEHHHIH K eJUHHIe
siekTpudeckoro Toka. Temno Ilenbtse [I, 3amucanmoe
B Buje II=II,p, ectb Tewno, BeifielleHHOE NP IPOXOKACHHN
eAMHUIE TOKA u3 Meramia A B merann B. Ecimm mogcrasurs
supakennss (8) m (9) B coormomenma Omzarepa (7),
TO IOIYIHTCA:

=T (10)

9Ta CBA3BL MERJY TEPMOMOJICKYJIADHOH CHIOH H TeNsIoM
[lensTee HOCHT HasBaHHme BTOpOro cooTHomeHHA ToMcoma.

[2 ¢. P. me I'poor
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HKax Bmmmo, (10) aBmserca xopommM mpuMepoM COOTHOIIGHU I
BzammBocTH OH3arepa.

Ilepsoe coormomenme Tomcona ecTb mpocToe CJlejcTBAE
IepBoro saxoHa TepMOOMHAMIKI

Il — (Il -+-dIl)+ (g — 04) dT =deg. (11)

Ono paer:

—dH—}—(OB—-'GA)dT:dCP, (12)

rae op M o4 — temyoTel Tomcoma, T. €. o, dl ecTh Temio,
BEIJIeJIGHHOE, KOrja efdHANA 3apsAja IpeojiolieBaeT TeMIICpa-
TYpHBIA rpapuent B meramne or I go T - dT.

Wz coornomennii Tomcona (10) m (12) MosxBO HaliTm
casb MexAy addexrom Ilesmprre m Temsoroil Tomcona mexitIO-
YeHHeM ¢:

“op—ou-t - SE =0, (13)

a cBA3L MemAy Temoroil TomMcoma M TEPMO3TEKTPHUECKOIT
CHJION — meKmovyennem I7:
d*p

CA—OB:T
Ecnm ma cmcreMy gelicTByeT BHellHee MarHHTHoe moze B,
coornomenne Onsarepa (7) samenserca selpaxenuem (1.7).
Torga Bmecto Broporo coorHomenua Tomcoma (10) umeem
COOTHOLIEHNE MeMKAY TepMO3JIeKTpHUecKol cuiloli m addertom
IleanThe B BUJE

A¢(B) _ II(—B)
=T, (19

§ 58. Amaams npamoro MeToNa

Moo ¢Bsi3aTh TPH HE3ABMCHMHIX (PEHOMEHOJOTHYSCKAX
kosunmenta Beipakenmit (6) w (7) ¢ Tpema QU3MIECKUMH
cporcTeamu. Panpme yixe OBJIO TPHBEJEHO BHIpajKeHHe s
renna Ilennrhe (9). Koapdunmenr L), crasan ¢ ajexrponpo-
BOJHOCTBIO ® B H30TepMuuecKoM cocrosguum mpu AT =0, 1mo-
TOMY 410 BEIpakeHHe (J) Jiaer:

_In

2 (16)

I= —zAp, rpge %



§ 58] AHAJIU3 TIPIMOIO METOHA 179

TennonpoBopHOCTH CTAMOHAPHOTO COCTOAHUA A IJIA CILy-
Yad, KOrjla BiIeKTpuYeckmid Tor paseH Hymio (/=0), Haxo-
AuTCA W3 BHIpazkenmii (0) m (6):

— AT,

17
LyyLys— LyzLsy (17

AR &

@opmyasr (9), (16) u (17) cBaspivaor woadpdunments L,,,
Liy,=Ly u Ly, ¢ peqmuunamu I7, » u k.

Hampmem  Boipaimende [ BO3HNKHOBEHHS SHTPOLUN,
ucnone3ya gopmynet (3) m (4):

s I Ag AT
e T T T T

(18)
Iocne mopcranoBku cioga BelpaskeHHs (6) momydaem:
2 A AT AT 2
d *L l.i']-!( 12+ Loy) =75 ? +Lzz[?_’ - (19)

3 coorBercTBIM CO BTOPHIM BAKOHOM TEPMOAMHAMIKH 3TO —
CYIIECTBEHHO IIOJIOMKMTeJIHAA BeJINYMHA, KOTOpasg paccMa-
TpuBajach DBoapmMaHOM B ero JHCKyCCHE, NOCBAMIEHHON
uccstegoBanuamM  Tomcona. ITonourensunlin 3Har Beipaske-
uug (19) npmBoguT K CHGAYIONMM HEpaBEHCTBAM:

L11 >0, L22 >0, L Lz2 - L12L21 >0. (20)

Jdpyras Baxuasg (opMa  BHPAMCHAA  BO3HUKHOBEHHS
SHTPONIAM IOIYYAeTCHd, €cJAH B Hee BXOJAT dJICKTPUYCCKMIT
tor [ w pasHocts Temmeparyp A7. Srtu pmBa napaMerpa
aerye Beero HaOMIONAOTCA NpH SKcHepuMeHTnpoBaHmE. M3
suipaskernit (18) u (6) mmeem:

g Fae= L) T AT (LiyLay— Lyy L) (AT)?
@ __ e s 21
di T Ly - (2l

B srom Bipakennu, Upee BCEro, WMECTCH TensioTa
HAOy s, mOTOM WeH, KOTOPBIl B COOTBOTCTBHE € COOTHOMUIE-
HLEAME Onaarepa (7) HcuesaeT, M, HaKOHen, yjeH, o0sa3am-
ULl CBOMM mpomcxoskaeHneM remsonporoguocti, C 0GosHa-
ICHAAMY, npuHATHMA B Belpaxennax (16) m (17), mocnenusn

12%
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¢opMya mDpuHAMAeT BHJK

= 7] (22)

*T T
dnecy ciaegyer chesaTh HECKOJIBKO 3aMeYaHHid OTHOCH-
TeJIBHO BBIBOZA TOMCOHA, KOTOpBle OOBACHAIOT, IOYEMY 3TOT
BBIBOJI OKA3alcs IPABWIBHBEIM, XOTsA OH Oasupyerca He Ha
crporux ocuoBaHuax. ToMmcoH pa3bmpaeT Bech TePMOBIIGKTDH-
eckmit et Ha obparumyio m HeoOpatumylo dYacrd. Ilpm
5TOM OH Me YYATHIBAaeT HeOOpaTHMOM 4YacTH M IpUMEHSeT
OCHOBHBIC BaKOHBI TEPMOJAHAMUKYI TOJILKO K 06paTHMOH 9acTH.
Tomcon pemaer ypaunsii BHGOP BTHX dacrell, paccMaTpHBas
tonpko Temso Tomcona u rtemno IlenpThe, TaK KaKk KBajHd-
¢unmpyer mx Kar oOpaTuMEe ABIGHHS, & TEIJIONPOBOJHOCTHIO
U 9JICKTPONpPOBOJHOCTHIO IIpexeObperaer, OTHOCA HX K HeoO-
parameiv  sipienusM. OGparmmoe Temno Ilensree m  remio .
ToMcosa OH JlelIAT HA COOTBETCTBYIOUIZE TEMIIEPATY DBl ¥ CYMMY
YKa3aHHEIX YaCTHHX IPHPABHHUBAET HYJIIIO:
(op—a4)dT +_IfIf__H—!—dII -0 (23)

T T~ T4dl ~

9ro mpusoput ® ¢Qopmysie (13), m pesynabrar moiydaercs
npaBEAbHEM. B camoM jerne, Bammcats ypapHenue (23)—

. d
9TO BCE PABHO UTO BTOPOIl WicH ypaBHenms (21) mua - mpm-

PaBHATH HyIO, T. €. npuMeHnTh coorHomenns Onzarepa (7).
HeiicrBurensno, mogcrasnseM L, u L, u3 seipamennii (8)
u (9) Bo Bropo#t wien opmyust (21), Torma momyvmm:

I+2-r=0. (24)

B coorserctBam ¢ mepeeiM coorHomesnmeM Tomcona (12) sro
3HAYMAT:

£is
T (op—04) ~ T%fl-(dTL):o, (25)

4TO cOOTBeTCTBYeT BBIpakenmio (23). CopepHmIeHHO SCHO, 4YTO
ero BEIBOJ] CIPaBEJJIIB TOJNBKO IPH OTCYTCTBAM BHEIIHETO
MATHHTHOTO NOJsA, WHAYe BMeCTO Bhlpaykenna (7) HYKHO
6ot0 O6mt Gpath Beipasenme (1.7).

B HeroTOpHX ®3 mOCHeHAX padoT HPUHOAL MHKPOCKO-
IHYecKOol OOpaTHMOCTH BBOZHTCS B 3aByajmpoOBaHHOU ¢opme,
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tak Kak Qopmyma (22) mam (21) 6e3 Broporo WwireHa B mpa-
BOIl 9acTH paccMaTpHBaeTcs Kak odemjpHad. Tax, mampmmep,
nenalotr Tonmen u (ailm npu aHalu3e TEPMOIIERTPHIECCKOTO
afdexrTa.

pyrue BOIPOCH, OTHOCALIEECA K ICEBOTEPMOCTATHYE-
CKOM METOJ{aM HCCJIeOBAHHA M K CTAMMOHAPHOMY COCTOAHMIO,
OyAyT paccMOTpeHH B riase X.

59*. MeTtoJl, MCIOABL3YIOMUIi BHEPruio mepeHoca
y

Jlasa  paccMOTpeHHA HEKOTOpPHX (JU3MYECKAX  BEJIMYMH
¢ APYroit TOYKHM 3DeHHs B BTOM H cJefyiomeM naparpadax
K TepMO3JeKTpmiecKoMy addexty Oymer mpumeHeH MeToj,
omncanEmil B raaBe VII. B 1o Bpemsa kak B mpepsijymux
naparpadgax TepMoulapa paccMaTpHBaNach Kak Ieaoe, 3Mech
cBOiicTBA MeETajIoB Oymyr mayueHsl Oojlee METANBHO C IO-
Mombio ypasHenmit riapet VII, ommpamomumxcs Ha «9acTHHIE»
cjlydall OCHOBHHIX ypaBHeHHi. Peaynbrartsl aTHX wHpmiose-
Huil OymyT BHpaKeHHl dYepe3 KolmuecTBa mnepeHoca. Pazmsie
asropsl ([Tpurosxmn, Hamner, me I'poor) npwnmMmaoTr pas-
JUYHBEe KOJIMYecTBA TepeHoca. B sroM m cregymomem mna-
parpapax 6ymyT JaHB [BA AHAJOTHYHBIX METO/lA.

ITyers MeTasyl COCTOMT M3 72 KOMIOHEHTOB, IEPEHOCAI[AX
BIICKTDHYECKH 3apAx e, (k=1, 2, ..., n) Ha e(WHAIY MaCCHL.
Bypmem cumrarh, 410 XHMHYeCKHX pEAKNUIl He TPOMCXOMHT.
Jlnst 6asiasca sHTpomMm Ha egMHHIY ofbeMma S, HMeeM BEIpa-
menne (VIL. 28)

dsy div J°

o= —divIt-a(s). (26)
Ono jaer MecTHOe H3MEHEHHE S, KAK OTPHNATENLHYIO JUBEp-
rearumo noroka sHrpormu ((VII. 25) m (VII. 28))

n
Jg— 2 erdn
W= +psv=—w="0 fpov (27)

I BOSHUKHOBEHME OJHTPONMH O (S), KOTOpOe IIpefCTaBIsAeTCs
Berpamenuem (VII. 26)

To(s)— 3 X, + hgi 3. X, (28)
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rae $ M S,=pS — COOTBETCTBEHHO, SHTPONHA CMHALE MACCHl
M eIVHANB o0BeMa €MecH, V-— CKOpOCTh WEHTpa TAMKCCTH,
', — XUMHYECKIH TOTeHNMas KoMunonenra &, J, — morox renna,
J, — ooTor KRommomedTa %, a (,OOTBGTCTByIOIIIHe CIIIEL B BHI-

paskeHnN (28) 1A BOBHIKHOBEHHA DHTPOIMU IPEACTABICHDL
dopmymamu (VII. 22) u (VII. 23)

daT
X, = -8, (29)
X, = — ¢, grads — Tgrad (‘;) : (30)

rge BHeMHAA cmila F, COCTOHMT TONBKO U3 3JICKTPHYECKOI
cHIb — e, grad ¢.

MoHO pasBUTh TEOPHIO TEPMOICKTPHYECTBA, TIPHMEHAA
nororku 7 cmubl (28), xak oro OpNO cpesmamo B ruase VI
g repMmopmpysum ®m dreKTpmHyeckoro spdexra. OmXHAKO,
37ech LpUMeHsAeTcd APYroii myts. B pasbupaemMoM KOHKpeT-
HOM Cllydae OH LPHBOAMT K 00Tee IPOCTHIM BHIPAKEHUAM.
prmenum npeoGpasosanus (VII. 154) n (VII. 157). Torga (28)
OPUHAMAET BHF

@ (5)=JiX,+ 3 IXL. (31)

K astomMy BbipaskeHnio MOKHO IpHIOKuUTL Teopemy llpuro-
suna (VIL 162). Oma ycrasasmmsaeT, uTO BMECTO TOTOKOB

Jk = Px (Vh - V), (32)

rie p, U V, — IJIOTHOCTH M CKOPOCTh KOMIOHEHTA %, MOMKHO
HCTIONB30BATH JIPYTHe IOTOKM, OIpeflesiseMble HE 10 OTHO-
MEHA0 K CKOPOCTH V, & [0 OTHOMEHNI0 K JPYroil Ipoms-
BONILHOM CKOpOCTH. O3fech MBI BO3bMEM V, — CKOPOCTH 7i-T'O
KOMIIOHEHTA, CYMTaf, 9TO CHCTEMa HAXOJHTCA B TAKOM CO-
cromuny, 4yro v, =0. Torpa moroku mosrydalorca:

i=pv, =T, +p.v (k=1,2, ..., n=1), (33)
n u3 Teopemsl llpuroxuna mveem:

n—1

75 () =X, + 29X (35)
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Bosspamasich & TpexEuM crmaM, u3 Bapamenns (VII. 157)
nMeeM:

X, =X; — nX,. (36)
Torga BeIpaskerue (35) mpuHUMAeT BHT
n—1
To(s) =X, + X 19X, (37
k=1

rje TemioBoii MOTOK J) oOmpeersercst CIeAYIOUIUM BEIpasKe-
HIIeM:

=342 I e =1J,+ }); b (IR = 3,) =
R
=J,+ % Prppv =3, + npv. (38)

Ono momyuaerca us seipazkenmit (VII. 154) m (33).

@opmyna (37) A7A BOSHAKHOBEHOS SHTPONME ¢ OCOGEHHO
yRo6Ha TeM, YTO BKIIOYaeT TOIBKO 7 — 1 ToTokoB BemecTBa J§.
Oum mpepcTaBiAorT co0oi IOMHBIE IOTOKE DV, PopMyIs (33)
u monHBll notok dHeprmm Jy (38). Boipaxemme (37) mur mpm-
MEHSIEM K MeTaJLIy, COCTOALIEMY M3 JBYX KOMIOHEHTOB (n = 2),
a MMEHHO, M3 DIeKTPOHOB H HMOHOB. JVIOHBI paccMaTpmBaioTCA
Kak BTOpOH KOMIIOHEHT, TaK 4YTO WMeercs TOIHKO OJHH
norox J} wommomenta 1, T. e. smertponst (37). Hammmem
(heHOMEHOIOrIYeCK N 3aKOH

=L, X, +L.,X,, (39)
3= L,X,+L,X,. (40)
Eenu npusare obosnaueHne
o =32, (a1)
10 coorHomenne (39) mpmmer BUA
Y=L (X, + QX)) (42)

Tennora mepeHoca ecTh TeNJIo, MepeHeceHHoe e MHHIEeH MacCH
ROMIIOHEHTA & B COCTOSIHMM, KOT/[a TEeMIEpaTypa OFHOPOJHA

(Xu:O)
JS) _ L
(-ﬁf_ aT=0 Ly’ (43)
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N3 eoorHomenmsa Ousarepa

Ly,=Ly, (44)

BUAHO, 9T0 Q* (41) paBmo remnore mepenoca (43), Tak uro
JO

(%)Aho =% (45)

Teneps paccMOTpPHM CTANHOHAPHOE COCTOAHEE C IOCTOMH-
HBIM TeMIEpAaTypHBIM I'DagHEeHTOM NPH OTCYTCTBHU BJIEKTpHU-
geckoro motoxa Ji=0. U3 seipamenna (42) mmeem:

X,+ @*X,=0. (46)
Kpome Toro, ycnobme oamexrpmdeckoil HeHTpPaibHOCTH [aer:
ciey -+ ey =0. (47)

[Ilpm sTOM KOHDEHTpamWH KOMIOHEHTOB CBSI3aHH MEKIY
co00i COOTHOMEeHNEeM

¢ +e,=1. 48)
W3 mDociepHMX JABYX ypaBHeHUH BHATHO, YTO YCIOBHA

BIIEKTPHIECKOl HeATPANBbHOCTH NPEHATCTBYIOT BO3HAKHOBEHHIO
spdexra paspenenns,

grad ¢, =0. (49)
[Toaromy Bmipaskenne cuner (30) m (VII. 108) ynpomaercsa:

X, = —e,gradg+ 4 grad T, (50)

rae h, —DapnpasibHAasg yHeabHas HHTAIBINA  3JIEKTPOHOB.
Ecnn nociennee Buipazkenne u dopmyay (29) mopcraBuTh
8 dopmyny (46), momyumm:
grade  u—Q*
gradT T ° (1)

IT0 ecTh rpagHeHT NOTEHNUANA BHYTPA OJHOrO KyCKa
MeTasia. ETo MHOI[a HA3BIBAIOT «TOMOTCHHEIM TePMOIIIEKTPH-
gecKiM adiheRTOoM.

Hif pasHOCTH LHOTEHNUAJIOB B IIENM, COCTOAMlEH M3 mpo-
BOJHUKOB JBYX Pa3jIMYHEIX MeTAJJIOB NpH OGHOH M TOH e
TeMIepaType, MJIM TAK HA3EBAEMOT0 (ETEPOrEHHOLO TepMO-
9/IeKTpuuecKOro sddexrtar, Tak e, KAK @ B OORUHOM Tepmo-
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CTaTHKe, WCXOAA M3 paBeHcTBa cHl X, Ha 00eHX CTOpPOHAX
COCUHEHAA, HOIyYaeM:

91A+61<PA:P1B+61(?B' (52)
II.TIH Pa3HOCTA IOTCHIIHAJIOB UMeCM BBIPDAHKECHHE

‘PA_‘PB:@B—:;Bé ’ (53)

Hns repmomaps, onmcamsoii B Havame § 957 (pme. 2),
MOKHO BBIBECTH BEIDA;KCHME TEePMODICKTPHYECKOH CHIIBI, yud-
TBIBAsA, UTO OHA CKIA[BIBAETCA H3 JIBYX TOMOTEHHBIX addexn-
10B (48), cooTBeTCTBeHHO, MeTaIoB A H B 1 rereporenHnx ad-
dexrtos (03) B MecTax KoHTakra upnm remueparypax I’ u T'-AT':

d d
Do —=ZIBAT —SEANT 1 (94 — o) iar — (Pa—9p)r. (54)

IToce mopcranoBk: B 310 Bhipaskenuwe Qopmyn (H1) m (5H3)
noJIydaeM:

Mg = ((h1p - QB) — (hra — Q)] s + 20488 a7 —

e T T
* s\1 AT 8 (w4 —wmp) AT
= [(h1s— O8) — (h1a— Qu)] ;s — 2ttt ZL - (55)

O6o3Hayue mapmUanbHYI0 YAENAbHYIO HTPOIMIO BJEKTPO-
HoB B Merajyiax A m B uwepes sy4 M s;p, TONYyIAM TEPMO-
BIIEKTPUIECKYIO CUJIy TepMOTapsl, BEIPAKEHHYIO Uepe3 TeIlio-
Ty NEepeHoca M XWMHUYeCKAH HoTeHmma p, =k, — T's;:

Ap  (Qh—h ) —(QF—hyp)
elx%z 4t T E 1P L sia—sim (96)

Ao (QF—pya)—(QF—tp)

Vv 7 . (57)

Temepn mccaenyem BTOpoil TepModsiexTpHueCKHil BPPerT —
opperr Ilemproe. Itor apdenr Il4p mnpefcraBaser coboit
UOTJIOLIeHAE TelljIa HA eIMHNILY SIIeKTPHYECKOTO TOKA, JBU Y-
merocst yepes coefuHenne MeraqnoB A u B npu uzorepmu-
uecknx ycnopuax. Ilycrs mMeeTca TensmoBo moToK J) M
morox saextponos J] or 4 k B. Jlms coorsercrBymOINEro
HOTOKA »HTponEM HMeeM Belpaskennme (27), Kyma mopcTa-
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BUM 3HauYeHusA 1uoToKoB J§ m J) m3 mmpasenuit (38) u (33):
n
J0—hpv— ) va (I)—prv)

¥ = ’*273 +psv. (58)

Wnn, yunteBasg, uto p=h —T's, nomyunm:

n

Ip— 2 el
e St (59)

Bmecto BepxHero 3sHauka upejesia CyMMUPOBALUSA 7 MOMKHO
HOACTABUTH 7 — 1, TAK KaK B COOTBETCTBHH ¢ BhIpasKeHueM (34)
%=0. Hymkno 3amerurs, uto cootHomenme (59) MemmTy
«IOJTHOI BHEeprHeii», TEIJIOBHIM LOTOKOM M TOTOKOM BeIIecTBa
HMeeT TaKoil e BHA, Kak Qopmymna (VII.23), casmBaromas
cooTBercTByloue moroxm J,, J, m J,. [lma pasGapaemoro
caydag n=2, u ¢ yderom toro, uro Ji=0 (34), dopmyma
(59) maer:

g—mJ?

J
R (60)

Uenoneaysa Belpaskenme (45), MOKHO IOJYYdTH BEJIMYHHY
ToKa B Meraiane A mepen cmaem 1o ¢opmyde

TIA=04—p1ad0=(QF —p1a)J}, (61)
a TocJe cuas BeJIMIMHA TOKA OyJeT
T¥p=Jop— 183 = (Q5—r18) I}, (62)

¢ TeM jKe IIOTOKOM 3JIeKTpOHOB J), KOTOPHI IIPOXORHUT IO
cHam.

Paznocrs moroxoB (62) u (61) Beicrynaer B Bume Temna
B cliae, eCJIM HA HOBEPXHOCTI coejiHeHnA obonx Meranaoss = 0,
Ecnu paspenuts a1y pasmocts Ha e,J], TOSYU4NM TEWIOTY
ITenprhe, T. €. TeNIOTY, HOTTOMEHHYI) HA CUHAINY dJIKTPH-

YECKOTO TOKA:
edlap=(Q0F—p18) — (Q4 — 114)- (63)

B aroit opmyme temmora [lesprThe BhipaskeHa uepes TeIIOTY
HepeHoca M XuMmpdeckne noreHnuansl. CpaBHeHHe BHpaKeHBHA
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(57) 1 (63) HemocpeCTBOHHO IPUBORHT KO BTOPOMY COOTHO-
menmio Tomcona

I
T=—" (64)

| B>

JTOT BBIBOX BTOPOr0 COOTHOmeHHs ToMCOHA, Kak H B
§ 57, apngerca caencrpueM coornomennii Omzarepa (44), Ko-
Topele OBIJIH HCIOMB30BAHLL AJIA TONKOBAHUSA Q* KaKR TEIJIOTH
HEpPEHOCA.

Tennora Tomcona MomkeT GBITH TaK/Ke NPENCTABICHA KAK
GYHKOUA TOIJIOTH IEpeHoca ¥ XMUMUYECKOro HOTeHIHAJIa.
M3 Bolpaskedns 3awoHa coxpaHeHua oHeprun (11) mam us
dopamyar (14) m (57) MOKHO NOIYYHTH OTENBLHBIC BLIDAMKEHUS
i Temstorsl Tomcona B meramme A u meramie B. Tax, ma

MeTasia A umeem:
P [QE*MA ]
p bt T 4 (65)

€194 = T
I TOYHO TaK jKe MJIA Merajuta B.

Ciepyer oT™MeTHTB, 9TO TemyIoTa IepeHoca M XEMHYECKUI
norennuai B Bepamennax (97), (63) m (65) srimowaor oguy
H Ty e IIPOU3BOIBHYIO IOCTOAHHVYIO. K¢ amHadenme 3apucnT
oT BsI0opa Hyas orcuera sHeprun. OnHaro, GuanavecKuit cMbici
5TAX BEIHYHH IIOKA3HIBAET,  YTO IIPOM3BOJIbHBIE IOCTOSHHEIE
cOpantaforcest B HYIE.

§ 60*. MeTog, uMemoan3yOINii SHTPOOMIO NMepeHoca

IIpouspenennble BLIBOAG! GBI CHENAHB ¢ HOMOLIBIO TEILIO-
TH IICPEHOCA, TAK KAaK B GOJBIIMIICTBE IIPUMEPOB, NPUBEIEH-
HBIX B JHAHHOH MOHOTpagud, HCIOAb30BAJOCL BTO KOJIHYe-
¢80 mepexoca. OfHAKO, UPEICTABIAET WHTEPEC BBeJCHYE
BMCCTO TEIIOTHI IepeHoca SHTPOIMHU IepeHoca.

BriGepem B kadectBe motokoB motok BemectBa J§ (33) m
noror surpomun J§ (599). Torma BeIpaskenue it BO3ZHAKHO-
Beuust suTponmu (37) mpHMeT BHJ

n-—1
To (s):JSXHkZ X4 (66)
=1
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OnroO BHAIOUaeT cjaepymonine CHJIbI:
X{=X,T = —grad T, (67)
Xi=X,+ uX,= —e, grad ¢ —grad p,—= —gradp,. (68)

3/1ech NOCJe[HNG WICHB IONYuYeHH M3 BhipaskeHmit (29) n
(30), m mpmEATO OGO3HAYeHHE

By =t + G- (69)

A ABYXKOMIIOHEHTHO CHCTEMEI — SIEKTPOHOB (KOMIO-
HeHT 1) 1 MOHOB (KOMIOHEHT 2) — MMeeM (eHOMEHOJIOTHIeCKHe
COOTHONIEHHMA MexAY MOTORaMM U cuiamu (66)

I =13, X1+ L3,Xs, (70)
¢=L3 X7+ L X3, (71)
Ecin npmmenuts o6o3nauenme
LO
§¥*= 7:;781’ ) (72)

to $opmyna (70) mpumer BEA
3= L3, (X0 + S*X0). (73)
«JHTpONHA WepeHoca» WpefCTaBIgeT coboil HHTpONHIO,

IepeHeceHHYI0 efiMHuTell MOTOKA JJIEKTPOHOB IPH H30TePMH-
geckoM cocrogEmn (XJ=0):

3 _Lh
1 >AT=0 TLg (74)
Coornomernmsa Omzarepa
gs: gx (75)
AA0T BO3MOKHOCTH HPHDABHATH BIpaskenus (72) u (74) u
HOTY9UTh
33 — O*
(5 Do =5" (76)

IT0 BHpa)KeHMe NOKAa3biBaeT, YTO SHTPONHS nepeHoca m ecTh
peayunHa S*.

Mono Takme BBeCTH WMBOTEPMHYECKYIO 5IEKTPOIPOBOM-
HOCTH . [ly1A 5TOro mamumeM BHIpAJKEHHE BIICKTPHUECKOTO
toka I? mpn X{=0

I}=eJ}= —xgrade. (77)
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Bumecre ¢ spipamermamu (70) u (68) ono pmaer:
x=eL3. (78)

TennonpoBoOXHOCTE A IIPH OTCYTCTBAH 3JIEKTPOHHOTO MOTO-
Ka (J{=0) ompenensAerca cooTHOmEHHEM

T)}= —hgradT. (79)

910 BEIpaKeHHe BMmecre ¢ Boipamenusmu (70), (71) m (67)
ompejelisieT TeIJIOIPOBOLHOCTD
h DL — Lis Ly
LY, )
Ypasueraa (72), (78) m (80) mawor Tpm ¢uaudeckne Be-
amaugEel S*, x @ N, BeIpaskeHHsle uepe3 Koapdummenter LI,
LS, =13, u L.
Mosxmo BrpasuTh S* gepes remrory mepenoca QF m xm-
MHYeCKHU IOTeHNHAJl BJIEKTPOHOB (1,, HOJCTABIAA BHIPasKeHNs

(76) 1 (45) B (60):

(80)

x_ QF—m

¥ = S (81)

9ta BenpYuua He 3aBECHT OT BHOOpa HyJA OTCUETA
SHEpPrud, W ee MO;KHO OBI0 OB HOACTABUTH B ypaBHEHHA
npepsiymero naparpaga, HO MBl 37lech NpefmoYUTaeM cje-
JIaTh HEe3aBHCUMBIA BEIBOJ,.

Hna cragnoBapHOTO COCTOAHMA, KOTJA MOTOK BIIEKTPOHOB
orcyrerByer (J9=0), us Berpasxennit (73), (67) u (68) momy-
qaeM:

gradp,
grad]5 = —4&% (82)

ITocnenree ypaBHenme He RaeT HENOCPEJCTBEHHO TOMOTEH-
HEI TepMOaJieKTpudecKuil aQeKT, Kak Bipakenue (1), Ho
OHO MOKeT GHITH IPHMEHEHO AJIA ONpefeleHHsa TepPMOJIIeKTpH-
YeCKOH CHJIBI TepMoLAaphl, omucanHod B § 97. [leficTBUTENBHO,
CYyMMapHyI0 BeNHYBHY Ap, JIeTKO NOMYYATh KAK PAsHOCTH
MeRAYy BEpaskenmamu (82) mus meramna A m meramna B,

TaK Kak p, (69) mocrosuno pma pceii menm. Torpma mmeem:
Ap, = (S% — SE)AT. (83)

Tak wmax na ofenx CTOpOHAX IUIACTAH KOHACHCATOPA
TemMueparypa OJBHaKOBa, TO TaM HET Pa3HOCTH XUMHAYUECKOI'O
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moTeHnuazna p,, U H3 BhIpakenusa (69) moayuaem:
A%:l = e,A¢. (84)

Hocnepnime nBe GOpMyIB  [AOT  TEPMODIEKTPHICCKYIO
CHITY, BBIDA/KEHHYIO Yepe3 SHTPOIHIO IepeHoca:
Ag V% %
el—rT :kSA—SB. (85)
TeII.HOTa HeﬂbTbe HAXOMHUTCA U3 paCCMOTp@HHH IIOTOKA
9HTPONUM B CHae METAJJIOB. EC.T[H B Meraje A nOpeIL craeM
MMeeTcs MOTOR sHTpommu Jls, a B Meranme B mocie cmas —

JiB, M HOTOR 9JIEKTPOHOB B memu J!, T0 TOIJIOMAaeMoe TemsIo
ODpefeInTCA BHIPAMKEHHEM

T(Xp—354) =T (S5 — 5%) ). (86)

Omo nomywaercsa us sepaskenuit (76) u (86). Tennora Ilens-
the [l yp eCTH Temyno, BOCHPHHUMAEMOE ejMHHIeHd DJICKTpPU-
ueckoro Toxa 1Y =e ), mBmKymerocda uepes cmall B Hampas-
negau or A K B wpu msorepMmyeckom cocrogHmit. Haw
ciefcrBue, M3 Bhipaenns (86) mmeem:

EIHAB:T(Sﬁ—Si). (87)

Comocrapienne ypapaennii (83) u (87) npusogur Ko BTo-
poMy coornomeHu Tomcona

Ade _ IHup
AT= - (88)
Uz supamennmit (14) m (85) MOKHO NOIyYnTH TENIOTY

ToMmcoBa o OT[AENbHOCTH HAJIA KasKAOT0 W3 MeTajioB. Tak,
nna Mmeranna A umeem:

35%

91°A=T'ﬁ‘

(89)
H TOYHO TakK ;e aiasa Meranna B. Temmora Tomcona um ero
uepBoe COOTHOHmeHHe OBIIM TOJIydeHbl U3 B3aKOHA COXPAHEHHA
speprun (11) myTem ero mpuiomeHHs K TepMomape, ROTOpas
paccMaTpuBajiach Kak IeJioe.

[Ipopossxum mpusefenHble PACCyKACHAS, MCHOABBYS (4aCT-
Hble) BeJIMYMHBI I HOJIyYeHHLIE YDABHEHHA. OSAKOH COXpaHe-
HHA 9HEePTHU B «JacTHOM» ¢Qopme Mosker OBTH HamucaH
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B Buge (VII.18):
di . ’
93?= — Pdiv v+ z FpJpy—div], (90)
kR

rje 4 — SHePrdsa €NMHHMIBL MAcchl, p— IJIOTHOCTH, P — raBie-

HHe, V — CKOpOCTh HmeHTpa Tamectd, F, = — e, grad ¢ — pHem-

HAA (3H€Ch JIEKTPUYCCKaA) cuna, J, — 1OTOR KoMTOHCHTa &,

I, =e,J, — cnarawomasn obwmwero sieKTPHYECKOr0 TOKa OT KOM-
nonenra k, J, — MOTOK Temia.

I[Jm MECTHOTO T 3MeHeHus SHEPrUH enMHANK o0beMa

==pu UMeeM, Kar u [AJd amponym (VIL.27):
8uu

pdz divpuv. (91)

W3 preipazsenni (90) u (91) momygaem:

8uv

=V radPJ— F 3, —div[J,4-puv+ Pv].  (92)
g ROk T

BTOMy YPaBHCHUIO MOMHO IIpHJAaTh BH] fatancoBoro ypas-
HEHHA

auv

=0 (u) — div J§, (93)

rae
o (u)=vgrad P+ %“ FJ, (94)

nian
o(u)=vgrad P — (Igrad¢). (99)

JBa moc/eHAX YpABHEHUA NPEACTABIAIT CO0OH BOBHHK-
HOBCHMC BHEPTHW, KOTja oOmuil JJIeKTPHYECKMH TOK COCTaB-

ager I:EI. Kpome roro, ypasmenme (95) mnorassisaer,

uT0 06uum TEMJIOBOM IOTOK, NpefCcTaBieHHBH (opMydamMu
(38) m (59) (cp. (VII.32)), MOHO BHIpasHTh B BHIe

e=J,+ouv+4 Pv=1J,+phv. (96)

OnpegernuM Temepn WaMmeHeHue SHepruH MeTajuia 1o Qop-
myste (93), menonn3ys soipaxkenwa (95) m (96). B coorser-
creng ¢ (VII. 211) mepesii 4jen BBIpasKeHus JJI BO3HHKHO-
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BOHHsI DHePrmy paBeH Hym0, a mo (33) m (34) Bropoit wien
naer:

2 2
o (u) = — kzl eth grad p= — ij e, (J}g —_ pkv) grad =
= — I} grad ¢, 97

2
o V1
IZe CyMMapHBIi 3apAj €= D) c,e, Hcuesaer, a wepes I° 06o-
k=1
3HaveHo ¢,J3. '

HomcraBam Bo BTOPOH wieH mpasoii YacTw Belpamenns (93)
spaverne Jy u3 Qopmyms (60). Torma, menonbsys BHpamke-
mre (97), momyvmm:

Juy 0 . 0 0 . 30

57 = —Lgradg — div(TJ3) — I grad p, —p, div]]. (98)

Odenp BHIIOZHO MPENCTABHTE BTO BHIpAFKEHHWe Hepe3 IIo-
TOK 5exTporoB J} (umm smextpmuecknit tor I$=¢,J0) m
TeMnepaTypueli rpajuent Xi= —grad I', Tak KaK OHE MOTYT
ObITh JTerye Bcero HaGMIOMAeMBl TPH HKCIEPUMEHTHPOBAHMI.
C oroif IeNpI0 M3 MpeBYNIer0 YPAaBHEHMA NyTEM HCHOIb-
3oBaHusA Bepaskennid (67) — (71) momydwaem:

du . L Ly L9, L9, I3 \
2o~ —Igradg —div [T]T:)iJg—}-T o th ik ] 4
(92 _ L3 10 x0 .
+Rgradg 56— 707 3 X — v, div) (99)
11 11
a1
uy - . L L§s— LY LY :I () _
L4\

1o .’ 9.
—[grad(ﬁ)]TTJf—T%JfgradT—{—
L,9—LY LY .
+ P grad T — [+ T 70 | divIs (100)

JTO BEIpa;KeHHe MOKeT OblTh 3HAYATENHHO YIPOINEHO H
npuseieno k ¢opme (101) caepyiomuma mnpeobpazoBaHUAMA.
Ileppuiit wien mpasoit wacti ypasmenus (100) ompepgensercs
TemnonpoBojHocTE0. OH cofepsHHT KOIQPUIUEHT TenIIompo-
pogrocrH (80). C ppyroit cropous, sror Wien ofpamaercs B
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HYJb, €CAN NPOBOJHHKE IOMECTHTH B TePMOCTATHL © TOH ke
TeMuepaTypoli, koropad Obia OBl B HamAOH TOYKE STHX IIPO-
BOJHUKOB, eciu OBl Yepes HuMX MNPOXOJHAa TOJILKO TeIIOTa,
a seRTpUYeckoro towa He Osuio 0bl (I=e,J} = 0). [eficru-
TENBHO, KOTA HIEKTPHYCCKIII TOK paBeH HYJIO, BCEe OCTAlb-
Hble wieHs mpasoi wactm ypapuenusa (100) mcyeszaror. Ilpm
CTAMONAPHOM COCTOSHAM NCYe3aeT ILCPBBII UjeH, H, Kak
CREJCTBYE, YNeH, XapaKTepusyonuil HOTOK Tellla, TaKKe
ofipamaercss B Hy/Ib. eI e DIIEKTPHYCCKHII TOK [BUKETCA
oo TPOBOAHUKY, HO paclpejeljieliie TEMIEpaTyp OCTaercsH
TAKHM, KaK OIIMCAHO, WIeH, XapaKTePH3YIOIIHI MOTOK TeIia,
TOJKE PABHACTCS MY, TaK KaK (enoMeHOJOTHYecKHue Kodf-
QUIICHTH 3aBUCAT TOABKO OT TEMIIePaTy Pl

Bropoit uien mpasoil yacru ypassenua (100) ects jmoy-
JIeBO TEIJIO, W OH yIpoIlaercd, Ccld B Hero IONCTaBATH
3IaveHe BICKTPONPOBOAHOCTH U3 BhpakeHns (78).

Tpermit umen ofparmmaercd B HYJb AJA TOMOIGHHOTO Me-
TAJIA, TAR KAK (PEHOMEHOJOTHYCCKHe ROI(GQUIMEHTH 3aBHCAT
TOABKO OT TeMmucpatypsl. Ho worga (yHKunuma nperepmesaer
paspsiB, T. €. B MecTe COeJWHCHHA [ABYX pPA3JIHYHBIX Mo-
TANIJIOR, TPAJMCHT CTAHOBUTCS PAa3HOCTBIO B3HAYeHAll apry-
menta. Ona mpemcraBsisier co60lil B COOTBETCTBHH ¢ BuIpaje-
aaamu (72) w (75) surponuwo ieperoca. CaegoBaTesbHO, 3TOT
asten maer temwsnory Ilensree. s cnad oHa uMeeT sHaueHwe,
onpefenseMoce BepazkenneM (87). Opmaro, BEpaKeHHme 9TOTO
ueHa TOKABEIBAET, YTO BHC 3aBHCAMOCTH OT TOTO, Karas
UMCETCS HEOXHODPOAHOCTD, ke €CJl OTCYTCTBYET IpOCTAast
npepeBHOCTE, 00A3aTenwio  BoaHnkaer Temtora  llemerie.
Ee momuo ma3zsate HenpepelBHBEIM adgertom Ilenbtre.

Yerpeproiii wien gaer Treniory Tomcona. On Briiouaer koad-
dumment Tomcona o, Gopmymst (89) Hpu MOACTAHOBKE B HEE Bbi-
paskennit (72) n (75). Ecan npegcraBuTsh cebe OZHOPONHEIL Me-
TAJUI B YCIOBUAX, KOrjla TeMIlepaTypa pacIipefelsercsd Tak,
KaK 9T0 OBl/I0 OOMCAHO UPH aHAIN3C lIepBOr0 wiIeHa ypaB-
geunda (100), To ocraioTcad TOMBKO BIOPOM M 4YeTBEPTHIH uiie-
Hel. Janpme Oymer 1I0KA3aHO, YTO NATHIH M IMeCTOH YIQHBI
BCerja paBHBl HYJIO, T. €. HOJIyYaeTcsd TAKOe COCTOSHME, MpU
KOTOPOM BOSHHKAaeT TOJABKO Temrora /[moyna u Telmnora
Tomcona.

srenii unen obpamaercs B HYAb B COOTBETCTBHH € COOT-
womenmem Omsarepa (70). Illecroii umen npomajacr, Tar Kak

13 ¢. p. e I'poor
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H3 YCJIOBUS IIEKTPHYECKOHl HEHTPATbHOCTA BHTCKAET, YTO
JUBEPreHIuA aTeKTpuueckoro toxa I =-e,J} pasma mymmo.

YuuTeiBag Bce HBIOKEHHOE, MOJKHO WOJYYATH OYEHb
npocroit Bup ypasHenua (100)

a . 19)2
% — div (grad T) -+ 1 o Wgraa T —
* IO
—(grad $*)¢-T ;i— . (101)

Momnuo Takke JaTh MecTHOe sHadenne bdHTponmE (26),
BHIpaKEHHON uepe3 aiekTpmueckmil Tok 1Y u TemmepartypHEIA
rpaguent. C nomomeio Beipakenuit (66) — (80) m (89) momy-
qaeM:
diviigrad T) ofgrad T

—div Jg . T T
— (grad S*)r % -\ @;}zﬁ (102)
n
o (5)— W2 (Brd TP (103)

OTHOCHTG.TIBHO 9TOT0 BbipaKeHHA MOKHO CKa3aThb TO Ke
caMoe, 4To GHIIO CKa3auno no InoBOAY AaHAJOTHYHOIO BRIDaKe-
Hug B § 98.

§ 61. TepmomMarauTHBIE U TaJbBAHOMATHHTHbIE SPPEeRTHI

Yuceao pasnuyHBIX ABJIEHNI, BOZHAKAIOMHUX OT HAJIOMe-
HUA TeNJIONPOBOJHOCTH I dJIeKTPOMPOBOJHOCTH, YBEIMYUBAET-
¢, eciu Ha CHCTeMY [eMCTBYeT BHeIDHee MATHHUTHOE IIOJe.
Teopust 9THX TEPMOMATHHUTHHX ¥ TaJbBAHOMArHATHHIX ABJIe-
amit, OGasmpylomaacs HA coornomennax Ownsarepa, Oblia
nana Kasmenom. Ipu Hammuun BHemnzero MaramTsoro mois B,
peitcTBylomero ma cmcreMy, coormomenua Omzarepa npuBm-
maror Bmecro (I.2) smg (1.7). Hamren npmamMai, 9710
MeTaJll SIBJACTCA W30TPONHOM cpefoil. OH HampaBmil BeKTOPH
MOTOKOB M CUJI IAPAIIeIbHO KOOpAHHATHOM mimockocTn X — Y,
a B — mapanmensno ocu Z. Bmpamenne (66) nna BosHHKHO-
BeHMsI DHTPOIME B HTOM CJIydae ocTaeTcd B CHje, HO Tenepk
HeJIb3A IACATH (PEHOMEHOJTOTHMYECKIe YPAaBHEHHA KaK JIHHeH-
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Hble COOTHOIIEHHMA BEKTOPOB MOTOKOB. M CHJI, a HYKHO 1O
OT/eJIBHOCTH TIOJ(CTABIATh MX KoMIOHeHTH. Hanumewm sbipa-
mennme (66) nna meramma (n=2) ¢ xommoneHnToM 1 (s71eK-
TPOHBI) M KOMIIOHEHTOM 2 (HOHHI):

To (s) = IX3 + JOXO = JE X5 - JUXY - IS XT + VXY, (104)
Te KOMIOHENTHl CHJI COrJiacHO Beipaxkenusam (67) m (68)
OynyT:

xi= -0, Xz:—gf—y”, (105)
X 2 Xf:—%‘. (106)
Torpa ¢enoMenosiornyeckne ypaBHEHHS IOJNYYaT BHJ
Jy=L X7+ L, X5+ L, XY+ L, XY, (107)
J§ = Ly X7 4 Ly X§ + Ly XY 4 L, XY, (108)
JU= Ly X7 + Lyp X3+ Lyp XY - Ly X, (109)
J=L, X5+ L, X5+ L XYL, XY (110)

Usorponnocts cmcreMsr Tpebyer, 9ro0sl MaTpHma KO3¢-
¢rnesToB

Lu le L13 L14 Ly le L13 L14
Ly, Ly, Lys Ly, — L, Lzz Lzs Ly, , (“1)
L31 L32 L33 L34 —Lls _'L14 Lu le
L41 L42 L43 L44 "‘Lzs -'L24 L21 L22

rne Ly, Ly, Ly, m L,,—dgerssie (yHKOAM MarHHTHOTO
woisA, a Ly, Ly, Ly, n L, —HeduerTHsle (QyHKIUH Marsmr-
HOIO TIOJISA.

3mech mOKa eme He OBLIH NpHIMeHeHbl COOTHOIIeHNs
Ousarepa.

PaccmorpuM  ranbBaHOMATHMTHBIA U TepMOMarHATHEI
sdertrr Ha orgenLHEX upnMepax (pac. 3). Dpdext Hepaera
TpecraBseT cofoil BOSHAKHOBEHME IPAXMEeHTa dIIeKTPAIECKOTO
DoTeHIMaa 61arogapd TeMOepaTypHOMY IPajIMeHTy B MATHHAT-
HOM mojte. Ero HampaBiense NepOeHAMKYIAPHO K HaIpaB-
JICHUIO TeMIEePATYPHOTO rpajueHTa W TPajUueHTA MATHATHOTO

13*
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1onA. JT0T HPPeKRT IPONOPIMOHANCH HAUPIAMEHHOCTH Mar-
putHoro noas B. Hosgdunuenr Heprera nostomy ompepe-
JAETCA CJSJYIONIMM BBIPAKEHUEM:

X _BXY, (112)
€1
rorga J3=0, J¥=0 u X{=0. !s sepaenuii (107) — (111)
HOILy A eM:

_ LiLig—LuLyy 113
V= TIht I eB (113)

IpPerr IrTHHIrCXayseHa IpepAcTaBiser c00OH BO3HAKHO-
BeHMe TeMIepaTypHOTO TIpajUeHTa 3a CcYeT DICKTPUYECKOTO
TOKa €,J¥ B MarHATHOM Iojie [0 HANPABICHUIO, HepHeHJaAKY-
JSIPHOMY K HaupaBlleHHsAM BextopoB B m J*. IJrtor adderr
IPONOPIAOHAJIEH HANPSMKEHHOCTH MATHUTHOIO TOJISA, a TaKKe
roaunuenty OTTHHIrCcXayseHa, T. €. OH OmpejciAeTcs
BHIPAIKEHICM

XY= —eBe,J¥, (114)

woria JY=0, JY=0 u X{=0. IogcraHoBka BHIpaKeHHIT
(107) — (111) maer:

Loy Lyg— Ly Log _1_ 115
Ly Ly, Lys| eB° ( )
Ly Loy Ly

—Ly —Lyy Ln

Haxonem, ompegesseM TelJIONPOBOAHOCTE A M3 BHIPAMKEHUA
TJ: =2\X7, (116)

rorma J¥=0, Jy=0 n X{=0.
Bripamenusi (107) — (111) nmaror:

Lll LlZ L13

L21 L22 L23
. —Lyg —Lyg Ly T 117
= : (117)

O6paTnm BHHMaHWe HAa T0, uTo Bhpaskenwe (80) ecTh
qacTHBIA ciaywail mocienseit Gopmydis.
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Hanmenom wmccleioBaiock eme HECKONBKO JpyTrAX dd-
(ferTOB. 3gech OB NaHBL TOIBKO TpH sPderTa, YTOOH
H0Ka3aTh HMpUMeHeHNe cooTHomenuit Baaumaoctn OH3arepa.
M3 sopasennit (1.7), (111) n HemocpegcTBEHHO W3 BHITE-
KAIOIIMX CJIe[CTBAM BIAAHUA MATIWTHOTO TOJA IPUXOLHM

B

l-‘/ Dasiocms nomeHuuanos (Sppexni)
VA

// e // Z Tenstoood nomox (npuvura)
Jppexm Heprema
8 Y Pasnocme memnepamyp ﬂmwmﬂ

1
ﬂoma/r SAEKIMPUYECTIOR
npuvuﬂa)
Jgppenin Immuneaysera
V] v
£

[ / Tenaosol nomox
/ z

Tensonposodocms 8 MagHUMHOM NOJE

Puc. 3. TepMOMaruuTHHIH W TaJIbBAllOMATIMTHBIE
aperTHI,

K BBIBOAY, 4YTO coorHomienms BzaummuocTn Ownsarepa mnis
3TOTO CJydad MMEIOT BU[

Liy=Ly m Ly=1L,,. (118)

Ecnm st coornomenuss npmmenuts K BeipaskenuaMm (113),
(115) m (117), momydmum CHeRYIOMIYI0 CBA3HL MEKIY TpeMsA
PaccMOTPEHHBIME SIBJICHUSIMH:

Tv=e\. (119)

Jra d)opMy.na H3BEeCTHA KaK COOTHOMCHHE BleDRMeH&.



FTABA IX
XnmMnma

§ 62. Beegenne

Mesxay xumudeckuMnm u (QUBHYECKHMH ABICHUOAMM pea-
KOTO OTNIMYMA HeT. JTO OOCTOATENBbCTBO, & TAKIKE W TO, YTO
3/1eCh paccMaTpmBaloTCA 5QQEKTH HAJIOMEHNUA U TeX M Jpy-
TUX ABIEHWH, ZeJaloT Ha3BaHWe JAHHOH TIJaBbl JOCTATOYHO
npou3BoNbHBM. HekoTopsle M3 BONpPOCOB, pPacCMOTPEHHBIX
B OpefBAYyMNX Inaparpadax, MHOILA OTHOCAT K O0JacTH
¢msmaeckoii xnmmu. Bes rimasa VI 6eima wmocssimena mayue-
HUIO0 BIUAHNA XUMHYECKUX PeaKuuil Ha fABJeHUsA HepeHoca.

3pmechs GyayT paccMaTpuBaThCA ABIEHHHA, 6OTBIIE CBA3AH-
HBle ¢ XAMHeH, Kak, HanpumMep, XWMHYeCKHe peaKmuu
B OTKPHITHIX M BaKPHTHIX CHCTEMaxX ¢ Pa3iMY4HBIM XapaKTe-
pOM BOBHUKHOBeHHSA SHTPOINH, He3aBMCHMO OT TOTO, KAK 3TO
6s0 cpemano B rimaBax VI u VII (§§ 63, 64, 65 m 66),
saexrpoxumua (§ 67), anexrpoxmuerudeckue sPdertrr (§ 68)
A XMMH9eCKAE DeaKkiud ¢ HaJaralouuMMICH ABIeHMAMHA (CKa-
asapHeE noror Temita) (§ 69).

§ 63. XumMuyeckne peaKiUd B BAKPBITHIX CHCTEMax

ITpencraBum cebe pesepByap, KOTOPHIE MOKET OOMEHH-
BaTECAL C OKpYyKamomedl cpemoil sxepruedl uw pabortoif, Ho He
BemecTBoM. IIpepnmono;kAM TaKske, 9TO J[aBjleHHe, TEMIepa-
Typa W KOHIICHTpAanusA OJWHAKOBHL BO BCell CHCTeMe. ¥ CIIO-
HEeHHA, BOZHAKAIOUINE OTTOrO, 910 9TA HApPaAMeTPH HE HMeoT
OIMHAKOBOTO 3HAYEHHH, OLLIA BeigcHensl B ryasax VI o VII.
Jlns roro yrofsl HAWTH BOZHAKHOBEHNE BHTPOIWM, BOCHOIb-
3YeMCA TpeMA OCHOBHBIMA ypaBHeHWAMH, gaHHEBIMEH Ilpmro-
JKAHBIM.
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a. YpaBHeHHe 3aKOHAa COXPaHEHWS MaccH.
CremaeM mpesije Bcero 3aMedaHms, Kacaomuecs XmMmye-
ckux peawnmmii. [lomycrum, uro wumeerca n Bemects k&
(k=1, 2, ..., n), MeKIy KOTOPHIMH MOTYT HMETh MECTO
r XAMHYeCKNX peawmmit j (j=1, 2, ..., r). [lna uamenenus
maccsl M, wommomenrta & MOMKIO HammcaTh:

r r r
dMy =2 d;My= D v,;J;dt=M 3 v, d,
7=t =1 i=1
(k=1,2, ..., n), (1)

FAe vy,;, JelelHoe Ha MOJeKYJADHBHI Bec KommoHenTta £k,
NPOMOPIHOHAIBHO CTCXMOMETPUIECKOMY KO3PPUINEHTY, ¢ KO-
TOPHIM % BXOUT B ypaBHeHHWe XHMHUECKOH pearmum j.
BenuuuHel v, CYUATAOTCA NOTOKATETHHEIME, KOTAA KOMIO-
HenT k-—BO BTOPOM 4ujieHe YPaBHEHHA peAKIMM, W OTpHIA-
TeJBHBIME — KOTa B 1epBoM;  d M, —m3aMeHeHme Macchl
KOMIIOHEHTA A, TOXyUHBIIeeCS B Pe3yJbTaTe peakmum j.
Ypasuenne (1) Brmodaer senmummsi J;, ompernensembie
COOTHOTIECHUEM
_'1_ diMy,
ki di

(J=1,2,...,r). (2)

i

JTa BelMuAHA HA3BIBAETCA CKOpOCTHIO pearmmu j. Hpowme
TOr0, B JTOM ypaBHeHHH uMeloTcad Anddepenunarns dé,
onpejlesiAeMle COOTHOMEHHEeM

M dt, =T, dt.

n
Hommas macca M= D! M,.
K=1

3axon COXpaHennma MAacCChl MO;KHO BBIPA3HUTH B BHeE

n

2ovu=0  (j=1,2,...,7). (3)

h=1
Rar caepcrome (1), mmeem:

) aM, —0. %)
k=1

6. 3axom coxpamenus smeprumm. Jlua 3aKpHTON
CHCTeMBI ypaBHeHHe IIePBOTO 3aKOHA TePMOZWHAMHUKHA Ipei-
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CTaBIISICTCA B BHje

d@=dU -+ PdV, (9)
rie  dQ — coobmennoe temmo, U — CYMMapHag SHeprus,
P — napnenne, V — noausiii o6meM.

B. Ypasueuue I'mG6ca. Vpasmenne sutponum ects
ypasuenne I'm66ca

TdS=dU -+ PdV— Y p,dM,, (6)
k=1

rae T —remmepatypa, S —3HTPOIUA W p, — XUMITUCCKHiT
norennuman womnonenra k. Ilogcrabmaa B Beipamenme (6)
smavenne dM, u3 (1), momyunwm:

TdS=dU+PdV —M 3 Xy, dt,. (7
k=1 j=1

Hannmenm Bripaskenme xmmmdeckoro cpopcrsa pearmum j
BHOje

4, =— 2 PrVp; (8)
k=1

Jra OYeHL BaKHAA BeJUYIHA A]. Onma BBefena me Jlompe;
) M3MEpAETCA B eJMHHIAX BHEPIUM HA EJMHHIY MAcCHI,
a v, — OTBJeYeHHAA BeJIMYUHA OTHOmeHms Mace. Muorme
XUMUKH, OJHAKO, HPUMEHAIOT I'PAMMOJIEKYJIIH BMECTO eHHIII,

Maccel, VX Begmumamnt By, 1 th CBA3aHbl ¢ HAIIUMHU ciaeny-
OIMIMA COOTHOMICHUAMM:

l_‘h:PlaMw 3 o 9)

R P
rae M, — MOTIeKYJIAPHBII BeC KOMIIOHEHTA & (macca rpammo-

JeKy ). Beauunner v, MponopuuoHaibasl CTeXHOMETPHUYECKUM

roopduinentam. CpoICTBO IpECTABIAETCA TeM jKe BHIpa-
FKeHIeM:

n
S
4;= ——ké1 Vg (10)
[loxcraBnsn Beipakenue cpanTBa u3 (8) B (7), momyuaem:

TdS=dU+PdV+M Y A de,. (11)
=t
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Moskno paBGMTI) U3MEeHCeHNe OHTPONHUM Ha [JBe 4Yactu,
BHENTHIOI U BHYTPEHHIOKIO:

dS =d,S +d.S. (12)

Ilepsaa wacts mwpemcrasaser coBoii SHTPOHMIO,  COOBIAeMyIO
cucreMe M3 ORpy:Kawieid cpenel. Ee MORHO momyunrs,
HCIONIb3YA BBIPAFKEHUE

dU+PdV _ dQ __

d,S=2EL

- 2 =0. (13)

JTa HacTh MOKET OBITH WM IOJOMRUTENBHON W OTPHIATENBHOI,
Bropas wacTb ecTh BOBHHKHOBEHHE SHTPOIME B pe3yJib-
TaTe HeOOpATHMHIX XMMHYECKHX PeaKIHIL

,
MY A;di
. j=t1

43 = T
I3 cooTBercTBMM cO BTODHIM B3aKOHOM TePMOJMHAMHKE OHA
Beerjga mnoIoKHTenbpHA., OaHAKO OTHENBHBEIE WIEHH IIOCIIe-

HerO BBIDAKeHUA MOTYT UMeTh pasjinuHble 3HAKH.
BosuukuoBeHue dHTpONME B eIMHHANY BPEMEHH ¢ YYeToM

BhipaskeHuA (2) Moker OWITH HAUMCAHO B BHE

>0. (14)

c=42 =1 > 0. (15)

Ecan ne yunteisath temmepatypy 7', TO 3TO BHIpakeHIe
npecTaBiser cofoil cyMMy NpouaBefeHuil CKOpOCTeH XHMH-
UeCKUX pearmuil J; M «cH» XMMHYECKOro CpomcTsa A,
Kax 9710 ObuI0 momy4deno B raasax VI n VII. Eme pas
NOMePRABAEM, 4TO OTfenbible craraembie A J, me obmsa-
TEJILHO JIOTARHBL OBITH HOJIOMHTEIBHBIMIL.

Hannmem B mepsoM npuGmmsenuu (eHOMEHOIOT HISCK IO
YPaBHeHHA B BHIe JIMHEHHOH 3aBHCHMOCTH MEKIY CKOPOCTBIO
peaxmuit M CpOACTBOM

=3 bt Getrn o
u coorromenus Onsarepa
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Ciegyer saMeTuTh, 4YTO, B TO BpeMs KAK JIMHeiHBIE
COOTHOIIEHNA, TIpuMeHsAeMble B reopunm OHaarepa, SIBJISIOTCA
XOpOmMUM mpubiImKeHneM XK ABJIOHHSM IepeHOca, B XHMAH
ypasaerme (16) cmpaBeJMBO MnINb AJS JOCTATOYHO Y3KOM
obmactu peaknmmii. Bo MHOTMX ciiy9adX XUMUIECKHX PeAKI(HI,
DOCTYHOHHIX HaOMOJEeHN0, OOHADPYKUBAIOTCA SHAYMTENLHEE
OTKJIOHEBMA OT JInHeHHBIX cooTHomedANiT. TeM He MeHee, cymect-
Byer 61m3Kad K paBHOBeCHIO 0o0iacrth, rae ypasuenme (16)
OKa3HBaeTCsA YHOBIETBODUTENFHHM DNpHAOIVIKeHueM. XHMH-
uecKas KHUHETHKA IOKasblBact, 4to coornomenue (16) oxassi-
BaeTCsA CIPaBefJMBBEIM, KOT[a CPOACTBO Malo N0 CpaBHEHUIO
¢ BesmunHoit mpomsserenus AT,

IMogcrapasia coornomenue (16) B (15), momywyaem KBajpa-
THYHYI QYHKIOHIO, KOTOpas MABJIAeTcs CYMIeCTBEHHO DOJIO-
JRATEJBHOM. JTO MOKHO 3alMCaTh B BHJE

L,>0, Lj—-L;,L,;>0 ur g (18)
Jna cTaMOHAPHOTO COCTOSIHHSA HMeeM:
J;=0 m A,=0 (=12, ...,7) (19)

ITpn opmuounOil peaknum (r=1) OTKIOHEHHE OT PaBHO-
Becuss A; > 0 coorBercrByer cropocTH peaknmm J, > 0, Tax
Kak B Bolpakenuu (18) mu mmenu L;, > 0. Cpogcrso u cKo-
pOCTH pEarKIMM BeeT[da HMeiT OfMHAKOBHE 3HAKH.

PaccmorpnM coepfyiolnmii IipuMep IBYX MOHOMOJIEKYJIAp-
HEIX peakIil Me;xy TpeMs BeuwlecTBaMm a, b u c:

1) b e, 2) e a. (20)
W3 sripamkenns (8) mmeeM HiA cpofcTBa:
Ai=p,— o Ay=p— (21)
a ()eHOMEHOJIOrHYecKHe COOTHOIMEHRMA NAloT:
A Ji=Ly A+ L4, (22)
Jy= Ly Ay Loy 4,. (23)

B ofbambix kuHeTmuecKnx pacgerax pearkomu (20) pac-
CMAaTpPUBAIOTCA KAK HE3aBHCHMEE, WM, JPYTAMU CIOBAMH,
NpHHAMAIOT, 4YTO '

L12 = L21 =0, (24)

9eM M HOATBePHAAIOTCA COOTHOMEHNA Onaarepa.
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a5 cTagmoHapHOTO COCTOAHAA MMeeM:
J,=0, J,=0 wmm A4,=0, A,=0. (25)

Bosee wmBTepecHBIM ABisgeTcA cIydail, KOrAa BO3MOMKHBI
TPA peakIum:

1y b2e¢, 2) ¢ Za, 3) a2, (26)
T. €. TpPOMHAA MOHOMOJIeKXyJApHad pearnus. Torga umeem
TPH CKOPOCTH PEAKIIMH U TPU CPOXCTBA (OHM HE HE3ABHCHMEI):

Ay=p,—p, Ay =1, — g,
Ay=p,—p,= —4,— 4 (27)

3Tl = 1 g

W3 sBoipaswenna (15) [asa BO3HAKHOBEHHSI SHTPONHH
[oJTydaem:

To=J14,+ T Ay + J3dy = (J, = J)) 4, +(J,—J5) 4, (28)

Otciopga 3aKiioyaeM, 9To (eHOMEHOJOrHYeCKHe COOTHOMEHHUS
¢ yderoM BeIpaxkeRHil (1) m (2) AJA HepBHIX YIEHOB AAIOT:

d]llb

— S =T~ Ty = Ly A, 4 LA, (29)
M,
N Jy— Ty = Loy A, + LA, (30)

CocrosiHne paBHOBecusd, NPH KOTOPOM ¢ = U, ONNCHIBACTCH
dopmyaamu

J,—J,=0, J,—J,=0 (31)
nJjan
Al == O, Ag = 09 (32)

T. €. CPOACTBO PpaBHO HyJ0. PaBHOBecHBe KOHIEHTpAUUN
Ca, Cb M €} MOMHO NONYYHTH M3 BelpameHmil (32) m (27),
a TAKMKe N3 COOTHOIMEHHUS

cd+cp-el=1. (33)

CropocTn peaknuil He 063aTeNBHO NOMKHE PABHATHCA
nymo. Bripasxenne (31) moxaseiBaeT TONBKO HAJWYMe PaBeH-
CTBA MEmy HUMHA

J=Jy=J, (34)
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N3 sumpamennit (29), (30) u (31), ¢ yyerom mocroamcrtsa
MaCCHl, HMCEM:
dM,

a0

dMy

dM,.
=0

dt

0. (35)

Taxnm obpasom, ypabuenna (34) m (35) moxassBaor,
YTO HEe MCK/I0YAeTCA BO3MOKHOCTH IMKIMYHOCTH pEaKImit

a—b-—sc~—a— urT 1., (36)

I B pesyjibTaTe KOJHYECTBO KAXKAOTO M3 BEUECTB MOMET
0CTAaBATHCHA TOCTOAHABLIM. Mpl BepHCMCA K 9TOMY BOIPOCY
B clepylomeM maparpade.
Hns wpeaneubix razos us (27) umeem:
pa=RBTIn % 4 pg. (37)
a

[Tosromy nasi HUX MOKHO JIETKO HANMCATH BHIPAKEHUe
cpopctra. IlpmAnMas BO BHUMAaHHe, YTO IpPH PABHOBECHOM
COCTOAHMM KOHLEHTDAIMM NMeIOT 3HAYCHMA ¢, 4 T. 0.,
moJryJaem:

Ch Cc
AIZRT lnzo—ln;ﬁ, (38)
b c
wm JaJd COCTOAHUA, 6.]'11/131{01‘0 K PaBHOBECHIO, HpI/I6HH)ReHHO:
Acy  Acg)
AI:RT(TS—W). (39)
c

3neck Acy =c¢,—c) M T. X.

Bce upoBemenHbie 31ech pacdersl ObLad CIENAHBL ¢ yYETOM
HE3aBHCIMOCTH IOTOKOB M CHJI, KOTOpask BRITCKACT U3 IOCIIeNI-
Hero uiiena Beipakerna (28). Oxnaro, MOKHO GBLIO BOCIONB-
30BaThCA HOTOKAMHU H CHJIAMM BTOPOTO 4JeHAa Bblpamenns (28).
Torma ¢eoHoMeHOTOTHYECKOE YDABHCHHE MOMKHO Hammcarhb
B cIefyiomeM BUje:

3
Ji= 2 LA, (i=1,2,3). (40)
h=1

W3 mocsennero BHpameHHA B COOTBCTCTBUH C BHIpaKe-
Huem (27) ciemyer, uTo
Jl - Js = (L, — L1,3 - L;1 +L3s) A+
A (Liy— Lis— Ly + Ly) Ay (41)
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Jy—Jy= (L3 — Ly, — Lyy + Lgg) 4y +

Oti BepameHus Bmecte ¢ BoipamenmaMm (29) u (30)
HAIOT CBSA3b MY CTAphIMM M HOBBIMH KOD(QUDHCHTAME.
OHg [mOKA3HBAIOT HHBAPHAHTHOCTH coornomennit Omzarepa
IJIA PaccMATpPHBAEGMBIX 3/ech JpeobpazoBaHmil HOTOKOB U CHJL.
I10 ABIAETCS YACTHBIM ciydaem oOmiefl Teopemsl, KOTOpasg
norassiBacTea B raase XI.

§ 64*, Amaams npunnuna geranbHoro Gaaamca

Cooruomenusa B3anmuoctn (Omzarepa BelBefleHbl Ha OCHO-
BaHUM TPUHIANG MIRPOCKOImIecKoll ofparumocta. 970 Ke
CBOMCTBO MHKPOCKOIIMYCCKOH 00paTHMOCTH TPUBOAUT K TaK
1asLIBAEMOMY (TIPHHIMIY jeTaipHoro Gamascar. On ycra-
fiaBJIWBaeT, YTO B COCTOSHUHE TEPMOCTATHYECCKOTO DaBHOBECHSA
cMcTeMbl Kamjiasd XUMHYecKasd peaKHMA ABJACICA caMoypas-
HOBeUIeHHOIL:

J?;’:O (]’:1, 2, ...,7'). (43)

JleiicTBITENIHEHO, B COOTBETCTBMHM € MHKPOCKOLIMYECKOM
00paTHMOCTBI) B COCTOAHUI TEPMOCTATHYECKOIO DAaBHOBCCHA
H3MeHCeINe MANPABICHHs OCH BpeMeHM UpHBOAHT K TOMY,
UTO CKOpOCTM TAK:Ke MEHAT CBO@ HAILIpABJICHHE, I COCTOAHUE
CTATAYECKOTO PaBHOBCCUA coXpangercd. [pyrmmu cioBaMi,
HAUpUMep, CTOMKHOBEHWA MOJICKYJ, KOTOpbIe MEHIOT CBOH
cropoetm ot (vy, V,) K (Vvy, Vv;), ¢Iydalreda Tak jKe 9acTo,
KaK ¥ CTOJIKHOBeHHSA, NPUBONAINNMe K o0paTHOMY pesyllb-
TaTy, T. €. K M3MCHEHHK) CKOpocTell oT (vy, Vi) K (Vy, V).
3uayur, OJUHAKOBO YAacTO ITPOMCXONAT PCAKIHMHM CHpaBa
HasleBO W ¢jIeBa HAIIPaRO.

Tar Kak m coorpomenus OH3zarepa M TPHHINIL JeTaJIb-
HOro GajlafHca BHITEKAIOT M3 MUKPOCKONHYECKON o0paTHMOCTI,
npejcrapasger unrepec Gojee MOgPOOHO paccMOTpeTh MX CBA3D
Apyr c¢ ppyrom. Bosemem B Kavectse mpmMepa TPORHYIO
MOHOMOJICKYJIApHYI0 peakmmio (26) ¢ wjaeasbHBIMH Tra3aMu.

COOTBeTCTBHM C 3AKOHOM JelCTBYIOIMIMX Mace, KOTOPHIM
HONB3yeTca XMMIYeCKas KHHETHKA, HMCeeM:

Jl = kbch - kcbﬁ/[c' (44)



206 XUMUA I 1X

JTa (opMyJa mOKaskIBaeT, 9T0 YHCIO pearnuil b — ¢ u ¢ —> b,
COOTBETCTBEHHO, TPONOPIHOKANLHO Maccam M, m M. Ilpun-
Oun jleralpHOro Oajlamca BeIpaaerca (QopMmystoit (43) umn
CHENYIOMMUME TpeMsl YCIIOBHAMU:
0 0
kbch - kcb/l[c”‘ 0’ (45)

rae MY w M’ -- Benmummb paBHOBecHHX Macc. Ecam Beipa-
senne (49) Bbiyecth U3 (44), TO MOMYyUHM:

Jy=hy MMy —ky OM (46)
rae AMy =M, — M} n . x. Ucnonpsys upuHnun perann-
Horo 6GamaHca, MOKHO BhIpaKeHHI0 (46) upmparth Rpyroi Bup

AM, AM
J1=IfbcMg —M-g‘—'mc—>. (47)
VumreiBag, 4T0 Macca NPONOPHHMOHAJIBHA KOHIEHTPALHH,
a ramke o6o3HaueHHs, HpuHATEHE B (Popmyme (39), momyumm:

0
Jy= kbé;‘vfb 4;. (48)
W3 mociegHnx Tpex ypaBHEHUIT mMeeM:
kpeMG—kgp MY kap MY
Jl-Ja’: be bRT abitg Al_ aIb(Ta A21 (49) :
0 . 0___ 0
JZ_J3= ___kc}l;yaAl_i_ kcaMcRTkabMa AZ' (50)

Ypaprennsa (49) u (50), Oyayuum cpaBHEMH C ypaBHe-
gaamu (29) um (30), DowaseBaloT, 410 A pasbupaeMoro
cirydas

Ly =Ly. (51)
Touno Tak ke cpaBHeHue ypapHenmil (48) m (40) paer:
Lip = Ly (=0). (52)

Hak BmuHO, XHMMYeCKas KHHETMKA B IDUMEHEHMH K
HIeANBHBIM rasaM W OPHHONI JeTajbHOro 6ajamca IpHBO-
IAT K BEIBOJAM, HOATBep:kpamomum coorsomenua Omzarepa.
Onmaro ofpaTHoe HempaBmibHO, T. €. coorsomenns Omsa-
repa He 00A3aTENHHO BRJIOYAT HEOOXOXEMOCTH JIeTAJIbHOIO
Gamanca. [{ia cmenmanpHOrO cirydas rasoBo KHHETHKH J€-
TasBHBI Oananc paer Goibme, weM coorHomenna Omsarepa.
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Tem He MeHee, HACTO HEBO3MOMKHO CHEIATH KMHETHYECKOE OILH-
caHme MexaHmM3Ma Xummdeckoidl peawnum. Torma mnpunman
neraspHOro Gaslamca me MokeT OBITH HpHMEHEH, B TO BpeMs
Kar coorHomerna Omnzarepa RAOT sCHOE IIpeJCTaBICHAe
0 mpomecce W BCETHA MOryT OHTH HCIONL30BAHB.

§ 65. Xumnueckne PeakinuH B OTKPBITBHIX cHCTEMax

Teopwsa, onucannasa B § 63, mosmer 6mTH 06o6IIeHA w HA
OTKPBITEE CHCTEME. .

a. YpaBHeHHe 3aKOHA COXpPaHEHHsA MacCH.
MosxHO pasfuTh W3MeHEHMe MACCH KOMIIOHeHTa A HAa YacTh,
TIOJIyYeHHYI0 W3BHE, ¥ BHYTPEHHII 49acTh, BOSHUKIIYIO
B Pe3yiIbTaTe PeaKinm:

M, =d,M,+dM, (k=1,2, ..., n).  (53)

Jla BEyTpenmeil wacTu mmeeM, Kak B ypasHexnun (1),

r r :
dM =2 v, J, dt=MY v, dE,. (54)
1 j=1

=
3aKOH COXpaHeHMA MAacchl OomMCHBaercs Qopmysoit (3) m dop-
MYJIOH

> d, M, =0. (99)
k=1

6. 3akoH coxpaHeHus dHepruu J[lIg OTKPHTHX
CHCTEM MMeeM:

dQ=dU +PdV —hdM, (56)
rie h— cpefHAs yRenbHAA SHTANBINA CHCTeME, M-—cym-
MapHAA Macca CHCTEeMBI.

B. Ypasunenue I'm66ca. [{14 oTKpuTHX cuctem ypa-
suenne I'mG6ea (6) ¢ ypasmemmamm (53), (54) m (8) maer:

TdS=dU+PdV — 3 p,d, M+ MY A di. (57)
k=1 =1

JT0 ypaBHeHHe MOKashiBaer, 410 d.S MoOmeT GhTH pasduTo
Ha JIBe wacTH:

S =d,S -+ d,s, (58)
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rae

n
dU + PdV — Y| py de My,
=1

d,S = -

(59)

Ecam wucnonssoBats BoipaskeHus (56) m (55), 1o dopmy-
Ay (99) MOMKHO TepelucaTh B CJEAYIOUEM BHIE:

n
dQ+ ' (h—pr) deMy,

d,§ =—2"=1 . (60)

3meck BSHTPONMA, MOJIyYeHHAS CHCTEMOH W3BHE, BHIparKeHa
Yepes TeNJIOTY M Maccy. DhlpakeHHe BHYTPeHHETO BORHHUK-
HOBeHHA HHTPONHM KMMeeT Tawroil ke BmA, rak (14) u (19).

Hdo cmx nop OBUIM BBIBE{EHB YPaBHEHHsd, BHIPAKeHHBIO
yepe3 ofmime KONHYECTBA, OTHECGHHEE KO BCelf cucreMe.
MoxHO HammeaTh 3TH YPaBHEHHA JUISA Y/ENLHRX BEJIUYMH W
paséuTe MX HA BHENINION M BHYTPEHHIOI YacTH!

ds=d,;s+d.s, (61)
n
Td,s=du +Pdv— D p,d,c, (62)
k=1
1 <
Tdis.:?]:.l A dt. (63)

B »™ux BHIpaMKeHMAX S, ¥ H U—COOTBETCTBEHHO, y/AelbHas
DHTPOIUA, SHepruA W o0BeM, T. €. COOTBETCTBYIOIIUE CyM-
MapHEIe BeJIMYHHBI, [eJleHHBle HA obmyio wmaccy M. Benwm-
unHa J,—CKOpOCTh PCAKIMM B eIMHUIAX Macchi HA ef[MHUIY
0o6BeMa B eJHHHIY BpeMeHM, T. e.

J =2 =12 ...,71). (64)

J; mmeer Ty sxe pasmepHocTh, uto M J,. C Hell Mu BeTpe-
uamuck B §§ 43, 44. Kodmenrpanms ¢, ompemenserca ¢op-
MyJI0H
M
Mosxuo pasbmte dc, amamorumyso (53):

de, =dyc,+dc, (k=1,2, ..., n), (66

a="=31 k=12, n). (65)
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rae d,c, m d;c, ONpeeNANTCA W3 BHPaKeHMIT
dM,=c,dM + Md,c, (k=1,2,...,n), (67)
dM,=Md;c, (k=1,2, ..., n), (68)
TaK 9TO :
dM, =c, dM + M dc, (k=1,2, ..., n), (69)
KaK 5TO W JIO/LKHO Omith. I3 Bmipaskenuit (54), (64) m (68)
nojsydaem Gopmyry pia dc,

pdih th, (k=1,2,...,n). (70)

ITpu BrBoje Bcex HTHX opMys OHIIO LIPHHATO, YTO cH-
crema fABIAeTcss ORHOpopHoW. OpHaro MOKHO JIerKO JaTh
ONmCaHyue HeupepHBHOM CHCTEMBI, KOTOpasg paccMaTpHBAIACKH
B raase VII ¢ TeM numb mcKIOYeHHmEM, YTO B MCCIELYeMOM
TeIeph CHCTeMe MOMKeT NPOMCXONHUTH 7 CBABAHHBIX peaKuii.
Bumecro ¢opmyanst (VII. 1) B KawecTBe uCcXOamOH Teueps
nMeeM:

3 .
_§f=-dlv9hvh+2vkiJ1 (k=1,2, ..., n), (T1)

rae J,—ckopocts j-ii peaxmuu. U3 stofi gopmyms 3armio-
qaeM, "ato BMecto dopuymsr (VII. 10) temepr momkuo OwiTh:

d
P%‘:—leJk"-ZVkJ j (k=1’2’ ”"n). (72)

Ecnm pas6nte dc, B coorBercrBmm ¢ dopmysnamm (66),
(67) m (68), To moxyumrcs:

ph= —divd, (k=1,2, ..., n), (73)
él_%_zyk] (k=1,2, ..., n). (74)

Ypasuenua (VII. 12), (VII. 13) u (VII. 14) ne mamens-
orcsl. B ypasrenuAX fia Bo3sHUMKHOBeHHA sHTpoumn (VII. 21)
u (VII. 26) mer gommxun BMecto AJ, TOXCTaBHTH:

j; A,J,, (75)

14 ¢. P. ge I'poor
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rie
n

A= ~k21pkv]. G=1,2, ..., 7). (76)

Tarxnm 06pa30M, BCe OCHOBHBIC ypaBHenus riassl VII
0600Imensl Ha CIIyYail CBA3aHHBIX peaKImil,

B sanmouenue srtoro naparpada yka;eM Ha sBJenne,
KOTOPOr0 He MOeT OHTh B 3aKphITONl cHcreme. PaccMorpum
CHAYaja W3MEHEHHWe BO BPeMEHH CPOAcTBA A; NpH TOCTOAH-
HBIX [laBJICHAO U 'reMuepaType

dA, 345 - dey
E (5 )np s (77)

o HOHCT&BMH ciona Beipaenns (66) m (70), nomywmm:
n—1 r
dA; aAj de Ch 6AJ~
Z <36k )T,PW‘"Z_ ;m(E)Jl. (78)

Orciona BuAHO, 9T0 A; MeHAETCA IO J[BYM NpHUHHAM: nep-
BOH M3 HUX ABJIAeTCA nonyqe}me BeniecTsa M3BHEe, a BTOPOH—
xEMHEYecKad peaknus. Eciam cooOmeHme BeijecTBa TaKOBO,
YTO TepBLI wieH BeipaykeHusa (78) B roynocTH Ganancupyercs
BTODHIM  4I€HOM 3TOH (OPMYJIH, TO MOMKHO HOJAMIeDPKHEBATH
cporctBo A; mocroanasiM. Torga momyuaeres «uzcadduunasg
pearums». Taxada peakuusa MoeT OBITH TONBKO B OTKPHITOM
cucreme. OfpameHne B HYJb JieBOH wacTH ypabHeHus (78)
Tpebyer, uTofs cROpocTH peaxmumii J, OGBUIM paBHEL HYIIO,
TAK KaK B BAKPHITHIX cHcTeMax HepBHIl uileH ypasHenus (78)
Bcerga pased Hyao (cp. (67)).

Wzoaduunse peakmum DpeAcTaBIA0T co0oil TpHMep
ABIIEHUA, TAe OfHA K3 CHJI octaeTcA mocrogHuod. G TeyenHmeM
BpemeHu cucreMa OymeT CTPeMHTIBCS K CTALHOHAPHOMY COCTO-
SIHAIO, KOTJla Bce CKOpOCTH peawnmil, Kpome J, 6yayr mpm-
bmmxarteea ® uymo. Taxme cucremst 6ymyT paCCManHBaTLCH
¢ ofmeil TOUKM 3peHMA B CcjefyIOmlel IJase.

§ 66*. CropocTp M NpoTeKkaHWe XMMHYECKHX pearimii

B osrom maparpage Gymer mposegeno OGojee mopoGHOe
ACCJICOBAHNE HEKOTOPHIX HOHATHH, MCNOIb30BAHHEIX B Ha-
crodimiell IyiaBe M B HEKOTOpoil cremenum B raasax VI m VII.
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HKpome Toro, Oyfer moKasaHO, YTO M3ydeHHe CKOPOCTeH M xa-
paKTepa IpOTEKAHMA peaKnuii TpeGyeT HEKOTOPOTO PacHIEpe-
HEsl NPefCTABJICHNH, ONACHIBAEMBIX B OOBIYHBIX Yy4YeOHHKax
[Py PACCMOTPEHUM OTKPBITBIX CHCTEM WJIM CBA3aHHEIX peax-
nuif, WIK 1 TOro ¥ Apyroro BMmecte. BHauase pacemorpum mpo-
cremuii ciyuaif, a 3ateM BBegeM (AKTOPH, YCJIOMKHAONMIE
ABIICHHE.

a. OpmuouHad peakunsa B3aKpHTOHCHCTeMe.
Pagesme 651710 BBefeHo momatme v, npu k=1, 2, ..., n maxr
KOJIMYecTBa, IPONOPIMOHAIBHOrO Macce BemlecTna &, UpHHE-
MAaIOmero yd4actT#e B peakmEy. JT0 KOJIMYECTBO CUHTAIOCH
HOJIOAKATEIBHEIM, eCIH BEIecTBO & BXOAHUT BO BTOPOH djeH

(k=¢q+1, ¢g+2, ..., n), 1 OTPUNATEJLHLIM, €CIAH OHO BXO-
aur B nepesii wien (k=1,2, ..., ¢) ypaBHeHHA peaxuuu.
3aKoH cOXpaHeHHsd Macchl Ml Hucand B Qopme
n
My, =0. (79
k
k=1 )

Ipumem Temeph, uTO cyMMa B3HAYeHMIT v, BTOPOTO WUJleHA

paBHa eHHUIE, T. €.
n
Y v, =1. (80)
k=q+1

U3 sepassernit (79) u (80) cmemyer, 4T0 AAs CyMMEl 3Hade-
HHI v, TIepBHIX YJIEHOB CIIDABEJJIABO BLIPAKeHUe

q
Moy = —1. (81)
k=1

Wamenenus maccs! KOMOOHeHTOB A ,, BO3HHKAIOIUE B Pe3yib-
TaTe XUMMYECKOHl peakuyy, CBA3AHH COOTHOIEHMAMM
dMy; _dM, _dMy, (82)
v1 - y2 e I Vn .
Bennunua J,, Ha3biBaeMasg CKODOCTRIO peaniuu, He 3a-
BHCHT OT & M HaXOAUTCA M3 COOTHODICHMS

1 dMy
¢ N, dr T (83)
Hanumem BhIpajienne npupameHna MaccChl KOMIIOHCHTA k:

dM,=v,J dt (k=1,2,...,n). (84)
14*
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3areM OmpefeNuM 3HA4eHHE Tapamerpa & YXOBIETBOPAI-
1ee COOTHOMEHHIO

ds
M=, (85)

roe M= 2 M,—obmas macca cmCTeMBl. Torza mMmeeM:
k=1
dM, = My, d§ (k=1,2, ..., n). (86)

Benuunna & Oyger mssecrHOM PyHKuIMell BpeMeHH, KOTO-
pad 3aBACAT OT KOHKPETHBIX YCJIOBHIH, XapaKTepH3ywou(ax
paccMaTpUBaeMEI CayYail.

U3 (85) mmeem: 159

t

f= L \ Jodr. 87

t=ty

VYpasrenna (83) m (85) mociie WATerpEPOBAHUA NPABOJAT
K BHIPA/KEHUIO AJIA MACCH KOMIOHEHTA

M, =M+ M5 (88)

3necs M,,—macca Komnonenta K Bo BpemaA f,. ITO BEIpasKe-
Hme He 3aBucuT orT Bpemenu. Ilapamerp & (ero nasmBaiT
(«IIOTTHOTOI XVMHUYECKOH peaKIuEy) IpefcTaBiger coboil Bem-
YAHY, XapPaKTepH3YIOINYI0 BO3MOMKHOCTH IDOTEKABHA NaHHOH
xummdeckoil peaxmuu. JloGas macca M, upak=1,2, ..., n
onpefiesseTcA BeJIHUMHON £, ecim M3BeCTHO HAgJaJbHOE 3HA-

geHune Macchl M.
B xrauecTse mpuMepa BO3bMEM CIydail, KOTJ(a BO BpeMS f,

M
OTHOIEHnue ~v—h° He 3aBHCHT OT A [Jid BemlecTBA, CTORMIETQ

B JIeBOH CcTOpoHe YypaBmenus peaxmmm (k=1,2,...,¢q), a
Maccsl Apyrux BemecTs papHml Hymo. Torma nHavambHEEE
MacCCHl IIPEACTaBATCA B BH[E

M= —wM (k=1,2, ..., Q) (89)
M,=0 (k=gq+1, ¢+2, ..., n). (90)

13 suipasenns (88) ompemensiem macent M,
M,=Mv,tE-1) (k=1,2,...,9), 91

M, =Myt (k=qg+1, ¢g+2, ..., n). (92)
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Cosepmenno scHo, uro upm & =0 momywaem cayvaii, onn-
ceiBaeMulii opmymamu (89) m (90). Ilpm §==1, wucmomeays
spavenme M, COOTBETCTBYIOIIee BTOMY 3HAUYeHWIO &, mory-
qaeM:

M, =0 (k=1,2, ..., ) (93)
My =wM  (k=q+1, q-+2, ..., n). (94)

s pacemaTprBaeMoro cjrydas NpH HAyaJbHBIX Maccax
(89) m (90) waTepBAZ BOBMOIKHEIX 3HAUeHWT £ Oypjer:

0<E<1. (95)

OnHaxo, 1ia npomsBoNIGHON HadaabHOR Maccsl M, uHTep-
Baa D pas & ornmuen or (95). 9T0 MOMKHO YCTAaHOBATH M3
BEIpaykeHUs (88) M U3 yCJIOBHA:

M, >0, ecta & mesur B mpegesax D(k=1,2, ..., n). (96)

IIpn orcyTcTBEE CuUeNMATBHBIX OrpaHwdenmit pua M,
B BRIpOKeHHU IJA £ mMeeTcA NPOM3BONLHAA IIOCTOSHHAS.

OrMernM, 4YTO HEKOTOpHE M3 V, MOTYT DPaBHATLCA HYJIO.
C ¢usmyueckoit TOUKM 3peHUA HTO COBePIEHHO scHO. M3 dop-
myn (84) m (86) tawme BHTekaer, 4ro mpm atom dM, =
Taxnm obpasom, B ¢opmynax (82) m (83) EMKaKEX Heompe-
nelleHHOCTEH HeT.

Mpumevganue. Haligem cBazs wmexmpy wodddunuen-
TaMy v, W OOHYHBIMH CTEXHOMETpHYeCKHME Koo(ummenra-
mu v;. IIpenmomosxmM, 4ro mMeeM XMMHUYECKyI0 peaKnuio, 3a-
nmcaHHyio B gopme

q n
— 2 UP, = D %P, (97)
k=1 h=q+1
37ech MOJIEKYJE KOMIOHEHTOB o0o3Hauensl vepes P, (k=1,
2, ..., n). CrexuoMerpudeckue KOdPOUUUEHTH V;, B XUMHHK
00BIYHO ObiBawOT MajmiMu NeabiMu umciaamu. Eciom M, ecTs
MOJICKYJISAPHEI BeC KOMIOHEHTA k£, TO MOKHO HAIMCaTh JJIA
IapaMeTpoB v, HUX BHPAKEHHA dYepe3 CTeXUOMEeTPHIeCKHe

roopdmnuentrr (cp. (80) m (81))

v, M v& M
k k rAE R
Vk = Py = — P . (98)
Mg My > vi My

L
h=p41 h=1
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9ru melpazkeHns, kKax u BepaskeHusa (80) u (81), moxass-
Baror, 9To Beeraa |v,|-<C1. Pasencrso (98) ectn cnemcreue
3aKOHA COXPAHEHWS MACCHl, KOTOPOMY NOJYWHACTCA BCAKAA
XHMHYeCKAA DeaKmusA:

n

2 vi M, =0. (99)
h=1

JTO BHIpaJKCHHE AHAJIOTHYHO BeipaskeHuo (79).

6. HecroIpKRO XWMHUUYCCKHX peakIHH B 3a-
RPBITON cumcreMe. Ecam B cmcreMe OJHOBPEMCHHO IIpO-
TeKaeT 7 PearIMi MeAy 7 KOMIOHEHTAMM 9TOM CHCTEeMEI,
HYRHO B3fTH KO3(QPHUIMIEHTH Vy; TpH k=1, 2, ..., nun
J=1, 2, ..., r AJA BeIWIHH, IPOLOPIUOHANBHEIX Macce
KOMIOHeHTa £, NpUHHMANeH yJacTHC B peaKiuu j. 3aKoH
COXpaHEHUA MAcCCH BHIPA3UTCA B BHJE

So=0  (=L2..n.  (0)

Hamimewm peipaskenne ansa xosduiuenToB

n

2 vy=10G=12,...,7), (101)

k=p;+1
rie BemecTsa lc=p].—l—1, p].—|—2, ..., B BXOEAT B IpaBYIO
cTOpORY ypaBHeHns peaxmmu j. [na semects k=1, 2, ..., p;

NeBO CTOpOHB OTOrO ypapHenus us puipasennit (100) u
(101) umeem:

Dw=—1 (=12 .7, (102)

a [OJisi W3MEeHeHHuA MacC B pPearuuu ] MOHO HAIIMCATh:

diMy  d;M, __den

(G=1,2,...,r); (103)

V1j Voj o Vnj
COOTBETCTBCHHO, CKOPOCTH peanuuii OymyT:

_ 14
i VRj dt

(7=12,..., 7). (104)
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CyMmmapHOe Hm3MeHEHMe Macchl KOMIOHEeHTa £ IIOIydaercd M3
BLIPAsKeHAA

dM, = 2 dth=j2 v, dt (k=1,2, ..., n).(105)
7=1 =1

Teneps, ¢ TOMOLILIO CENYIOMETr0 BEIPAsKEHUA OLpeeNsieM
BesMuAHy &; (;_1 2, ..., Th

Mgg-zfj G=1,2,...,7. (106)

Taxkum obpazow, umeem:
r
dM, =M X v, dt,  (k=1,2,...,n). (107
. =1

Wnrerpuposanue ypassenna (107) mokassiBaer, 4TO BelIMIUHEL
§; MOryT paccMaTpUBaTHCA KaK NapaMeTpel COCTOAHMSA, CBA-
sannsie ¢ [, ypaBHeHWAMMU

T
MR=M,10+M21»,”2,. (k=1, 2, ...,n), (108)
]:

KOTOpble MOT'YT OBITH MCIOJBL3OBAHEL JJSA ONpPEACIeHASA DTHX
napamMeTpoB, eCJIM BCe 7' XUMHUYECKHMX PeaKIHil ABJIAITCH He-
sapucuMbiMir. MareMaTAuecknm 910 BEIPATKAETCS TeM, 4TO Pamr
MaTpPULEL ||V || AOMHEH OHITH paBHBIM . Vantesas 510 06-
CTOATETIHCTBO, & TAKIKC HOMB3YACH 3AKOHOM COXPAHCHHS Mac-
cer (100), mpuxopMM K BEIBOAY, 4TO

r<<n—1. (109)
IIpepenr D nnst mapamerpos &; HAXORMTCA U3 YCIOBHA:

>0, ecnm &, memur B npepenax D(k=1, 2, ..., n).
(110)

B BhIpaennax jss mapaMerpoB &; IPOMSBOJIBHELE TIOCTO-
AHHBIE OCTAlOTCSA HEOIPeLelIeHHbIME Y 3aBHCAT oOT BhibOpa
BesmunEsl M,

OTMGTKM 9T eCTn KaKKO-TIHG0 Vy; PABHBI HYJIIO, TO BMECTO
COOTBeTCTByIO]JH‘IX un(I)QJepeHuHaJIOB d; M, cregyer taKixe
NOACTABATH HYJb. OTO YCTPAHAET Heonpenenennocm B BHI-
paskenmax (103) m (104). Omnaxo 10T BONPOC He BOBHHKAET
1o orHomenmo k Qopmyaam (105) m (107).
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[lpaumevanne. [{na r XMMAYECKNX pearmuil ¢ n Bemie-
CTBAMH MOKHO cjenath oboOmenue Boipaskenns (97):

Py n
—_— ! ) . 4
— 2% P, D P, (7=1,2,...,7), (111)
k=1 k=p,+1
C
rlie Vpj— CTexuoMerpmueckne koopdunuentsi, a P, ofosHagaer
BemecTBo. [[1s1 RooPUIUMEnTOB Vy,;, BHIPA;KEHHEIX depes cTe-
xaoMeTpudeckue Kodddmmments:, umMeeM, o06o0mast BbIpaske-
ame (98), cmexylomyio gopmyiy:

c c
Ve M vy, - M)
ki R Rj MR y
Yoy = —r == , (112)
c
Vi M c
2 rj Mk v Mp
h=p;+1 hgi !

4 33aKOH COXpaHeHHMs MACCHl IPEJCTABUTCA YpaBHEHHAEM

kz Vo M, =0 G=1,2,..., 7). (113)
=1

Ono anasormano ypassenmio (100).

B. OnuHOYHAaA XMMHYEeCKAs peaKNUA B OT-
KPpHTOH cmcTeMe. B orkpeiroli cmecteMe Macca moGoro
KOMIIOHEHTA MO;KeT W3MEHATLCA 3a c9eT ofMeHa ¢ OKpY:Ka-
omeit cpegoii. Moryr 6HTe jBa cily4asg N3MEHEHHA MAacCH
KOMIOHeHTa: o0MeH Maccoll ¢ OKpyskawomell cpegoit d, M, n
XAMAYecKasA peaknua, xoropaa paer d,M,. Ilpm stom obmee
A3MeHeHWe MAacChl KOMOOHEHTa & Ioirydaercd:

AM, =d M+ d.M,. (114)

VYpasrenna (82), (83) m (84), srmouaomme J, MOryT
ocTaTheA B chne, ecam BMecto dM, mopcrasmts d;M,. Co-
oraomennsd (97), (98) u (99) Tome ocraoTcA CIpaBeJIABLIMH.

Onmaxo, mapamerp cocTogHmst £ He MoyKeT OHITH ompefe-
JeH [JIA OTKpHTOR cucreMbl. B srom Jerxo y6emuTshed,
HOCXOfd M3 cieAylomux cooOpaskenmil. VIsmMeHeHme B cumcreMe,
KOTOpOe TWOJydJaercsi B pe3yJabTaTe XAMHYECKOH pearInm
(J, # 0), Momxer GBHITH AOCTUTHYTO OOMEHOM MACCOH C OKpY-
majomeit cpenoir (d,M,) upn J,=0. Cremobartensso, Helbad

nmeats J,= TaKk Kak £ ecTh THapamerp COCTOSHAA. JTa

Fﬁ )
BEJIMINHA MOMKET OJAMHAKOBO HM3MEHATHCA B obonx clryqanx.
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Orciona cmenyer, uto ypasuerus (85)— (96) mms OTKPHITHIX
cucTeM e MoryT ObTb MCHONB30BAaHH (df; B BHIpasKCHHAX
§§ 31, 65 He ABIAOTCT TONHBIME nn(i)(pepeHuﬂanaMﬂ)

r. HecxonpK0O XMMHUYECKHX peaKNMUH B OT-
KpHTOH cucTeme. [l 3T0r0 caydas MOKHO TIDAMEHATH

ypasrenms (103), (104) m (105), ecnm samensrs dM, uepes
d M, m orsocuts Boipazkenue (114) x obmemy I/I3MGH6HPIIO
macchl Kommomenta k. Coormomenma (111), (112) = (113)
TOKe OcTaTea B cuwie. Tak ke, KAK M B IpeNBIAYIIEM CIIy-
yae, 37eCh HEJb3fA OINpeNeNnTh MapameTp cocTosmus &;, Io-
5TOMY YpPaBHEHHS (106) (110) Ee MOryT GHITH HCHOIHL3OBANK
JIA PAcCMaTpPHBAEMOHl OTKPHITOH CHCTEME.

O6muM 3axI0YeHNeM BceX INPUBeXeHHEIX 37leCh paccy-
MIeHAH ABJIACTCA TO, WTO CKOPOCTH peaknmm J; MoeT GbITh
onpejelieHa KaK 7 OTKPBITHIX, TaK ¥ JJIA saﬁmemx cucTeM,
JJIA CBABAHHBIX W JUJIA He3aBHCHMBEIX DCAKIHA. OTH CKOpO-
CTH JOJDKHBl PACCMATPUBATHCA KAK IPOM3BOJHEE IO BPeMeHM
IapaMeTpoB COCTOAHMA &; 3AKPBITHIX CHCTEM € He3aBHCHMBIMU
peaxnuaMe.

970 O6CTOATENBCTBO CO3[A6T TPYRHOCTH, KOTHA XOTAT
npuMeHATs coorHomenna Ousarepa. Ilompo6HO 5TOT Bompoc
paccmarpusaercsa B § 80.

§ 67. dnexrTpoxuMua

Meroppl, M3mOMEHHBE B OpefsAyileM maparpade, Moryr
ObiTh Merko o0ODIIEHBl HAa CayYall BIeKTPOXAMHUYECKHX SBJe-
umit. IlpepmonoykmM, 9TO TPOTEKAET TaKasg peaKmdd, 9T
HEeCKONBKO BemecTB k=1, 2, ..., ¢ B cocroauam I mnmeror
norcHnpan ¢, a ppyrme Bemectsa k=c 41, ¢c+2, ..., n
B cocrosamm 1l — gpyroit moremnman IL. [ma mpocToTsl
6yaeM paccMaTpUBaTh 3aKPHITYIO CHCTGMY.

a. 3aKO0OH cOXpaHeHNSA MacCh. ¥YpaBHeHHe 3TOTO
3aKOHA HAn@MmeM B BHAE

N dM,=0. (115)

Brogum cropocts pearmmm J, w nosHory peaxnui & (cp. § 66):

AM, =vJ dt=Mv,dt (k=1 2, ..., n), (116)
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n

rie M = Z M, —obmas macca cmcremsl. OfpaiiaeM BHEMA-
h—=1

HWe HA TO, 4TO obe rpyumsl KosuuenTon

w(k=1,2,...,¢) nm v(k=c+1,¢42, ..., n)
MOTYT OBITH M HOJOMHTEJBHEIMA ¥ OTPUNATeNbHHIME. W3
seipaskennit (115) u (116) nomywaem:

n
Dy, =0. (117)
k=1

6. Coxpanmenme 3apnapga. CoxpaueHue 3apaga BO
BpeMsl IIPOTeKAHUA PeAKIUM MOKeT OBITh BAINMCAHO B BHJE
CIIeIYIOMIETO BHIPAKEHHsA:

ey, = 0, (118)
h=1
rae e, (k=1, 2, ..., n)- sapansl emmuunnl wmacce. s
3apANOB I'PAMMOJIEKYJIIEL MMEEM:
ey = e, M. (119)

3nauenna v, B ypaBHenum (9) mosydyaeM u3 BHIpaske-

s (118):
e, = 0. (120)

Tarx Kax BeAMYMHE Y, HPOHOPIMOHAIBLHEL CTEXHOMETDH-
YeCKHMM YHCIaM, TO M 3apAJH TOMEe YPOHOPIHOHAJIBHBl Ma-
aplM HelwiM ymenaM. [l siexrpmueckoro Toka, Maymero
or momcucreMsl 1 K mogcmereme II, mmeem:

c n

dM M

I=—De73"= D e 7t=el. (121)
k=1 h=c+1

Uenompaysa ypasrenma (116), (118) m npunsartsie o6osnage-
HAA, TOJLydaeM:

c n
e= — ey = X e (122)
h=1 h=c+1
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.B. 3aKOH COXpDaHeHWA DHeprumu. DBupamenne
3TOTO BAKOHA [JIA CJIydas, KOTA4 HMeeTcs 3JIeKTPHUYCCKAH
SHEPTHA, NpefCTaBIACTCA B BHAC

AU = dQ — PdV + (of — ) I dt. (123)

r. Ypasnesne I'm66ca. lsmenenwe surpommm cm-
cTeMBl, cocTosmed u3 aByx mopcacrem I m 1, Mommpo ma-
OUCATH B BAME CJIE[YIOMEro BhIPasKeHUs:

TdS=dU+PdV — D p,dM,. (124)
h=1

3iech TpeanoaraeTcs, GIO TeMIePaTypa BO Bcell cucTeMe
opuHaKoBa. BagaHC DHHTPONMM TOMYYAETCH MYTEM MONCTA-
Hosru peipazkernit (116), (121) m (123) B Boipaskenme (124):

TdS =dQ + MAdE, (125)
rae
;‘i = — (2 ;}tvk ’1’ 2 ghvh)’ (126)
h=1 h=c+1
=ty + eyt (k=1,2,...,0), (127)

b=t oo™ (k=c-+1, c42, ..., n). (128)

Benuwunnn, npegceraplennsle ypasHexuamu (127) m (128),
HA3BIBAIOTCA DIIEKTPOXUMUYECKUMU noTennuajamu. Bemwauny,
BHIpAyKeHHYW0 ypabuenneMm (126), Moo 6nmo Gul Mas3BaTh
BIIEKTPOXHMUYECKIM CPOJCTBOM, TAK KAK DIEKIPOXHMHTeE-
CKUE TOTEHINANE COCTOAT M3 XUMUYeCKHX TOTEHIHAJIOB U
HIIEKTPAYECKNK NOTeHIMANIOB, TOYHO TAK JKe, KAK BIEKTPO-
XHMH9eCKOe CPOfCTBO BKIIOUaeT OOBYHOE CPOmCTBO A M Be-
JNYUHY, IPONOPOUOHANBEYI0 DPasHOCTH BIIEKTPUYECKHX IIO-
TeHIMANoB. 910 clegyeT u3 Beipazkemmi (126), (127), (128),
(118), (122) u BpipaskeHHsa OOBIYHOTO CpPOLCTBA

n
A= — g]i V- (129)
Ounm mpusomsaTr ® caegyoomein gopmyse:
A=A+ e(g" — o), (130)

OnpaBntammeﬁ JAJIA BeJIAYHAHBL A uasBaumne ¢3JIEKTPOXUMHYEe-
CKOro cpojicrBan.



220 XUMUA [TV, IX

W3 sreipassenna (125) smamo, uro dS cocrouTr U3 BHem-
Hell 9acTH—YHTPONNH

d
4,5=%, (131)

co00IaeMoil cycTeMe M3 OKpY:KAaIomell cpefsl, B BHYTPeHHEH
qacTH

MAdg
d,;S= 7 (132)
Buipasxensme [AJs BO3HHKHOBEHAA JHTPONUE IOJIydaeTcd
a3 gopmyx (116) m (121)
_ &S JA 14
T~ dt T T eT (133)
O6pamaer na cebs BHUMaHme TO, 4TO JJA pa3bmpaeMoro
cly4as ONMHOYHOH XHMUYECKON pEeaKIU\ NpH NOCTOAHHOR
TemuepaType ypaeHenme (133) BKIIOYaeT TOTLKO OfHH 9IeH —
upoaspefenne moroxa J, Ha cumy A. Ilosromy ¢eunomenomo-
I'AYeCKOe YPABHEHNE IIOIYYaeTcsA MPOCTHIM:

J,= L4, (134)

ODMCHIBAIOIIAM eIMHCTBeHHHHA HeoOpaTuMeii npomecc. Hanm-
ufde HIEKTPUYECKOr0 NOTeHNUAJa He BHI3BIBAET NOSIBIICHUA
IPOTHBONOIOKHOTO adderra. YpapHenme (134) Mmomer OBITEH
HANMCAHO ¥ B BHJE

=LA (135)

310 ypaBHeHMe AHAJOTMYHO BhIpaskeHHIO 3akoHa Oma.
OueHb 4ACTO «XMMHYECKON pearumeiy SBIAETCA TEPeXON
mona or Merasmdeckoir nmacruuku I B pacreop II. Torpma
u3 ypasrenmit (116), (122), (126) u (130), npmaEMasg BoH
B Meraile ®ak k=1, a mom B pacrsope 1l wak k=2,

IOTygaeM:

v=—1, v,=1, e=e=¢, (136)
A=p —pp=p—pyte(pl—el), A=p;—p, (137)
Vpasuenna (133) m (134) Bmecrte ¢ ypasHermsamuz (129),

(130) m (122) cocTapiAOT OCHOBH! HEPaBHOBECHOM BJICKTPO-
xamua. s Garapeit u3 mecronpkux cmcrem I, 1T, 1T = 1. 7.
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HY/KHO NpubaBATH eme psAx 4wleHoB ypasuenms (133), m
Torga momydmrcea ofiee BOBHMKHOBEHHE YHTPOIUH
I1T4, r QA
To =22t p( 24 ag ) 138
érn ( Z.em o) ( )
A
“LII _ cymmapHasg pas3HOCTh NOTEHIMAJIOB Me-

rae AQ = Z P
ANy KpailHAMU TouKamu. VHTepecHHIM mnpmMepoM paccMa-
TpUBAeMHIX ABJECHWIl OKasmBaerca saeKrposins. OH Bo3HN-
Raer B 0arapee, KOTJa TOK MMeeT TOT e 3HAK, 4TO M HOJ-
BefleHHAA PA3HOCTh NOTEHNZanoB A, HO o6paTHEII 3HAKY

Z Ao Otciofa BEITEKAET CIeRyIOIiee HepaBeHCTBO:
AI I
AQ > ) Pt (139)
CocToAAHAE TEPMOCTATHIECKOTO paBHOBECHs IOIydaeTcs K3
ofmuX ypaBHeHH}, KaK COCTOSHME, COOTBETCTBYIOIlee MUHH-
MaJIbHOMY BOBHUKHOBeHHIO HTponmu. V3 ypapmenmit (133)
n (134) nomydaem:

I=0, wmm A=0. (140)
W3 sepasxenns (129) umeem:
sv‘—?“=—’-4,;- (141)

Ina Gartapeli m JpPyroxX CHCTeM, BKJIOYAOMAX HECKOIBKO
snemerToB—I1 11, 11111 & 1. x.—onmcrBaembix popmynoi (141),
HaxXoquM 001yl Pa3HOCTh IOTEHIMAJIOB

AQ = — B\, (142)

eiin
[Ipumenenne »Tux (OPMYT paccMaTPHBAETCsA B KHATAX
10 TepMocTaTHKe, OCOOEHHO yHadHo B Kuure ['yrremreima.
B 6onpmurcTse CcIy4aeB XMMHYECKAX DPEAKIMI - AMEET MECTO
nepexoy momoB. Torma Qopmymsr (140), (141) u (142) npm-
HEMAalOT Xopomo mu3BecTHHA Bmj. OmRE momydaioTes myTeM
ucnons3opanns Gopmysn (136) m (137):

;1= ;21 (143)

e —p
Pl — gl =22, (144)
Ap = DV [(1g—11y) €]y 11- (145)

III
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§ 68. Jaexrporuuernyeckuii sPPert

Pacemorpmm cucremy, sakmoueHnyo B pesepByap H co-
croamyo u3 n (k=1, 2, ..., n) KOMHOHEHTOB, KOTOpEIe
HeCyT 3apsjsl e, Ha epuHuuy Macchl. Pesepsyap coctomt ms
neyx uactedi I m II, coemumemHBIX Memkpyy coboit mmagpar-
Moit (mopmcroii meperoponkoit). Temmeparypy u KoHmesTpa-
MU0 CYATAeM OJHHAKOBOM BO BCeM CHCTeMe. Memny wom-
UOHEHTAMW PEeaKOuil He MPOMCXONRT.

a. 3aKOH COXPaHEeHHA MAaCCH H 3apATa. 3aKOH
COXpaHeHWsI MACCHl 3aUACHBaeM B BHUJe

AME 4 dMI (k=1, 2, ..., n), (146

rie Mi m M;'— macest wommomenta & B uactax 1 m 11.
Touno Tak ke AJA 3apsAfa HaNHDIEM:

n n
D e dMi+ Y e dMit = 0. (147)
h=1 h=1

dnexTpHYeCKHil TOK, MAymMit or mopcmeremst I K mogcm-
creme II, Gyger pasen:

n n

aMy oy dMy)
I=— > =D —. (148)
k=1

k=1

6. 3aKO0H COXDaHeHMNA 9HEPrAN. DaKOH COXpaHe-
HUI HEPIAM MOMKHO 3amuears B (opme

dU = dU -+ dUT =
=dQ—PIdVI— PV 4 (¢T — i) [dz, (149

rie dQ —rtensora, coobmaemas cucreme, U — smeprusi cu-
cremel, Ul m VI—onmeprua m ofsem momcucremst I. Ilapa-
METPEl €O 3HauKaMm !l paloT COOTBEICTByWIME BeJMIUHLI
naa mopcmereMsr 11,

B. Ypasuenne 'u66ca. VpasHenne maMemesns sH-
tponmn ST momcmeremn I Gymer:

n
TdSI=dUI+pdVI—h§p,£ dMy, (150)
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Ile pj— XAMAYECKHH TOTeHNEWAT Beuiecta & B cocyme 1.
Takoe ke ypaBHeHHe MOKHO HAOHCATH HJA U3MEHEHHSA
sHTpomnu mopcucreMsr 11.

YpaBHeHme OasaHca BHTPONMH TOJIYYAM, €CIH MOJCTA-
BEM B ypaBHeHue (150) 3Ha4eHHSA COOTBETCTBYIOHIAX BeJIH-
und  u3 Beipasemnii (146), (148) u (149). na uamenenns
DHTPOIMH BCeil CHCTEMBI IIOJIydYaeM:

TdS=TdST+TdSU =
=dQ — 2 (w4 -+ et —pi — e,910) dM}. (151)
k=1

3aMersM, YTO CIOjla TaKKe BXOJUT 3JIEKTPOXAMIYECKHIt
IIOTCHIAA I

pe=p,tee (nua T m 10). (152)

Vizmenenne BHTpONMHA CHCTEMbl MOKET OBITH pasjiesieHO Ha
BHCIIHIO X BHYTPEHHIOK YaCTH

dS=d,5+4d,S. (153)

IepBaa wacts mpeacrapister coGoif  coobuieHue  BHTPONNH
clicTeMe U3 OKPYIKAIUIeH cpeint

d,5 =22, (154)

a BTOpasg 4YacTh — BO3HUKHOBEHHE DHTPONMHM B pesyJbraTe
HeoOpaTUMBIX mpomeccos. 13 pripamenna (151) momyuaem:

z M,

R
diS = — D} 8 (i +e9) T 0 (155)

h=1

rjie A moxaspBaeT PasHUIy COOTBETCTBYIOMMX 3HAYCHMI Iapa-
Metpa B mofcueTeMax. [liis paceMATpUBAeMOll CHCTEMBI HMeeM:
Ap, =0, AP k=1, 2,..., n), (156)
rie v, — NapHUAIBHBIH YAeNbHEH ofbeM KOMIOHeHTa k. JT10

ypaBHeHue BMecte ¢ ypabHenueMm (155) maeT BelpamkeHue s
BO3HHKHOBEHNA DHTPOLAH B e,tgmmuy BpeMeHH

“__2 o, Zehup M s
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Iopcrasnag. ciofa BhipajieHHe CYMMapHOrO HOTOKa U3
gactd I B wacte II

Z . dM" (158)

M 3HaYeHHe 3JIeKTPUYEeCKOro TOKAa M3 Beipaykenma (148), mo-
Ziy9aeM IpocToe ypaBHEHHe

To=JAP +1 Ao. (159)

Oxo mpepncrasasier coGoH cyMMy DpONSBeJeHHH IOTOKOB J
m I Ba cuinl AP m Ag,

Hanmmem ¢enomMeHoNOrHIeCKHe ypaBHEHHS B BEJE Clle-
AYIOIMAX coomomeﬂm?i:

LyyA¢+Ly,AP, (160)
J = L21A<p + Lyd P (161)

¥ cootHomeHna Ousarepa
Ly = Ly, (162)

Temeps BHABEM 3JeKTpOKEHeTHIecKne dPPeKTH. 3Hech
BOBHUKAET ABAa OCMOTHYecKHX 3PdexrTa M JxBa MOTOKA, KOTO-
pele MOTyT OHTH IpeAcTaBiIeHbH 4epes (EHOMEHOIOIHYECKHE
xoa(p¢unaentsl mpm nomomu Beipaskennit (160) m (161).
B nepsyio ouepens paceMoTpEM MOTEHIAAN TEPCHOCA SIEKTPO-
MexaHpdeckoro serrta. Iror sPderT oupemesseTca pas-
HOCTHIO HOTEHOMAJIOB, COOTBETCTBYIONIEH efWHANE pasHOCTH
HABIEeHHA B CTAIHOHAPHOM COCTOSHMH, KOT[A BJIeKTPHYeCKUH
TOK paBeH Hymo. M3 sripamenua (160) mmeem:

A¢ Ly
ﬁ> = - (163)

Pesynprar saexTpoocMoTHdecKoro addexra ipejcraBiaAOT
KaK IOTOK BeMIecTBAa, PACCYATAHHBIN HA eUHHULY 3JIeKTpHIe-
CKOrO TOKA B COCTOSIHWMM, KOTa JaBieHme uocrosHuo. M3
Beipakenuit (160) u (161) momywaem:

(F)apoo=12- (164)

TpersuM sdderToM ABIAETCA HaNEUAe SIEKTPOOCMOTHYE-
CKOr'0 [aBJIeHHA, T. €. PA3HOCTU [ABJICHUA Ha eNHHANY pas-
HOCTH IIOTEHNIVAJIOB B CTAIINOHAPHOM COCTOSHHM, KOrfa IIOTOK
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BeIecTBA paBeH HyJI0. JTa pAa3HOCTh HAXONUTCA W3 BHIpa-
smenua (161)

AP L
e >J:o =72 (165)

Haxonen, 9eTBepTHIM 3(eKTOM SABIIAETCA BO3ZHAKHOBEHHE
TOK2 IIeDPeHOca, KOTOPHI H3MepHAeTCS BEJIMYMHOUN YiIeRTpmue-
CKOTO TOKa, IIPUXOAAINeroca Ha eJUHUNY IIOTOKA BellecTBa
B COCTOAHHH, KOIjJla HOTeHIHAJBl Be3fle OJMHAKOBHL:

I _ Lqs
(J)A?:n =72 (166)
W3 coornomennit Onsarepa (162) HaxoguMm cBsAsh MeKIy
AByMA OepBeME DPderTamMu:

CINEEICON (7

JTO COOTHOmEHMe HOCHT HasBaHume coorHomenuma Caxcena.

Cpasp wmemxpy nByma ppyrumu addexramm (165) m (166)
DpefCTaBIfAeTCcA B BHLE

(% J=0 —<§>A¢=O : (168)

Uccmepopanne TAKUX cHCTEM [OKA3EIBAET IMONHYI CHM-
MeTPHIO OMMCAHHHX 9¢erroB. Ofa cTamHOHAPHHX COCTOSHMSA,
KOrjla TOK U HOTOK BellecTBa paBHBE HYJI0, MOIYT OBITB
JIeTKO OCYIIECTBIIEHHl B AKCIEPUMEHTAJBHOH yCTAHOBKE, TaK
4TO ONMCAHHAA B3/leCh CXeMa MOJTYYmIa 9SKCIePHIMEeHTAlbHOe
HOJTBePKIAECHHAE.

Msr Bujjesin, 910 Bce 4eThIpe SJIEKTPOKHHETHYECKAX d(-
fexTa ONMCHBAIOTCA WM OTHONMIEHHeM HOTOKOB, JJIH OTHO-
meuneM cui. Coormomenuss Omzarepa (167) u (168) cpash-
BalOT 3QPeKTE MOTOKOB ¢ OCMOTHYECKAME dHpeKTaMu.

CymiecTByIoT, OZHAKO, [pyrue BHIPAKEHHA NJIA ONMCAHMUSI
DIIEKTPOKMHETMYCCKNX SBICHUH, B KOTOPHIX 3HAMEHATENH
B BEIDQKEHMAX IIOTOKOB IepeHOca U OCMOTHYECKUX JlaBile-
HUH MEHAIOTCA MecTaMH. OHAYeHHe 3JTHX BHDAKEHHH 3a-
KJII0YaeTca B TOM, 9TO, ¥Mesd HX, MBI HOJIy9aeM eIe 9eThIpe
dopmyasl. dtm GopMyibl eme IONHES OTPAKAIOT CHMMETPUIO
paccmMaTpmBaeMbIx sBjeHEH. Huske mnpuBojsaTcd Bce BTOPHE
BoIpazieHHA 3THX 5PPeKTOoB.

15 ¢. P. ne T'poor
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ITorernuan mepenoca

Ag . Ly,
(7>I=0 o ~L11L22—L12L21 ’ (169)
QJIQKTPOOCMOC
J
(E)AP:O =Ly (170)
9JIGKTPOOCMOTPI‘IBCEOQ aaBjieHnue
AP’ _ Lo,y
<T>J=0* —L11L22"_L12L21 ! (171)
TOK HGPBHOCR
I .
(Tﬁ)w:o =L, (172)

Mer 3mecs He paeM cloBecHHIX (OPMYJIMpPOBOK 9THX 9h-
(exToB, TaK Kak OHNM sCHH w3 ¢opMyx. Bripamenmsa srmx
s¢derToB MOTydensl m3 ypassermii (160) m (161) u mpen-
CTaBAALTCA (QYHKOUAME (JeHOMEHOJIOFHYeCKHX KosPPumuen-
10B. CoorHomenna Omuaarepa mamoT CBA3L MEKAY dPgerTa-

mu (169) m (171)
(A_-;P>I=0 :(%B>J:0 , (173)

a cBa3b MeEay sddextamu (170) m (172) mmeer Bup

(1;—{—? )AP:O - (ZI—P )A(P:O ) (174)

Beipasxenusa snexrpokmsermuecKnx sdderron (169) — (172)
OpeRcTaBIAnT coO60H OTHOMEHHWs MOTOKOB m cmi. (CooTHome-
uma Onzarepa (173) m (174) cBASEBalOT Bce BO3HHKAIOINEE
37ech fABJIeHAdA, HO He Tak, Kar (167) m (168). B Brpake-
puax (169) m (171) DoTOKM @ CHIIBI HOMEHAJINCH MeCTaMu
mo oTHomeHm0 K BeipakeHuaMm (170) u (172). B coorBercreum
¢ 9TEM ompefenaloTcs Kodpdunmentsr Marpun L, m L,
B BRIpaskeHuax (169) m (171). :

Takum o0pa3oM, BoceMb HJIEKTPOKHHETHYECKHX ABJICHMI,
KOTOpBle IIOAMAIOTCH HKCHePHMEHTAJIIBHOMY MCCJIe[[OBaHHUIO,
MoryT OHTh BBIpajKeHbl KaK (YHKOHA TpeX KOpQQHIHEeHTOB
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L, L,=L, n L,. Hosppunwentst L,, um L,, cBasans
¢ DIEKTPUYECKEM H THJPOJMHAMUYCCRAM COIPOTHBIICHHEM,
roapduunment L,= L, B KAHETHYeCKOH TEOPHH CBA3AH ¢ TaK
Ha3EIBaeMBIM (-TIOTEHIINAJIOM 1 CBOHCTBAMH JBOIIHOTO CJIOA.

§ 69. Xumuueckne peakimuu H sBJIEHHE PeJaKCaADUH

B GonbmumcTBE Cy4aeB BeIeCTBA, KOTOPHE YYaCTBYIOT
B XHMWYECKON peaKOUM, WMEOT OSUHAKOBYIO TEeMIEepaTypy.
Opnako 6mBalOT cilydad, KOTJa TeMmeparypa pearupyolnx
BelecTB pasingHa. B 9ToM ciydae CO3RAIOTCA YCIOBHA LA
BOBHHKHOBEHNA CKAJAPHOTO TOTOKA TINIA OT OXHOH CHCTEeMB
K JPYroi (ABjieHWe pPelaKCcaliu) M B TO e BpeMs HPOXORUT
xpmmdeckas pearmma. Ilpegcrapiger HHTepec BO3MOMKHOCTH
HaJIO}KeHUs STHX SABJICHHI.

IlpepmoniomuM, HUTO MMeeM OTKDHITYIO CHCTEMY, 3aKJIo-
UeHHYI0O B pesepByap € NOCTOsAHHBIM oO0nemoM V, m Bo3-
MOMHA XUMM9eCKaas pearmusi MEemIy 7 ee KOMIOHeHTaMH

k=1,2,3, ..., n. [lanee mpeqmosoRuM, YTO KOMIIOHEHTHI
1, 2, ..., ¢ umewor Temmeparypy 7', a Jpyrue KOMIO-
HeHTH c--1, ¢4 2, ..., n umetor remueparypy 7. dtu mox-

cucreMsl ¢ temmeparypamy I’ m 7" TPOCTPAHCTBEHHO He
OTfeNIeHE JIPYT OT APYra, M B KasJ0#l TOYKe IPOCTPAHCTBA
umerotess u temneparypa I’ m temneparypa I,

a. 3aKkoH coxpaHeHHMs Macch. Hanmmmem ero
B BHE

> dM,=0. (175)
h=1

Ucnonpsya BelpakeHme CKOpOCTH peakiud J, ¥ cremeub
noiHoTH peaknuu & (§ 66), zammmem:
dM, =vJ,dt = Mv, dt (k=1,2,...,n). (176)

Boipamenne (127) moxer OBITB TpefcTaBieHO B BUJE

/i3

v, = 0. (177)

h=

-

6. 3aronm coxpanenmsa dSHeprum. Haxpgas B3
NOACHCTeM SABIAETCA OTKpHITOH, a BCA CHCTEMa — 3aKPHITOM.

15*
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MoxHo paspennts H3MeHeHHe SHEPIUMH Kask[ol M3 HOACH-
creM dU’ un dU” Ha BHEmHIOI W BHYTPEHHIOK YacTH

AU’ = d,U’ +dU’ (178)
N HaoucaTh 3aKOH COXpﬂHeHI/[H aﬂeprnn B TAKOM BHje:
AU’ +d,U"=0. (179)

CoolmeHHy 0 TemIoTy NpH mocrognHoM obseme dQ’ npen-
craBmM B caeaywomem Bufe (V.O):

dQ' =dU’ — k' dM", (180)

rie h' — cpefHAA yAenbHad SHTAIBOUA, A

M =3 M, (181)
k=1
— Macca TOJCHCTeMBL
Momno pasiennTh 5Ty TEIVIOTY Ha BHEIIHIO W BHYTpeH-
uioio uacta. Uz supamennit (V.14) u (V.15) nmeem:

4,0'=dU’, (182)
d,Q' =dU’ —h' dM’. (183)

Taxoe ke paspeseHue MOKHO cHelaTh W ]I BTOPOM NOACH-
CTeMBI ¢ MAaccou

n
”
M h:%l M,. (184)
Ina panpreiimero, opHako, ypo0Hee MMeTh [eJl0 C 9Hep-
rueii, a He € TEIJIOTOH. -
B. Ypasuenue IuG6ca. Hannmem wusmenenwme sH-
TPOUMU JJiA TepBOH MOJCHCTeMBL

T'dS'=dU’ — D\ phdM,. (185)
k=1

Hrpux y XUMUYeCKOro NOTEeHI¥aja NOKa3mBaer, 9YI0 dTa
BeJIMUNHA OTHOCHTCA K TeMmeparype 1. Jlpyroii Bujg BE-
passeHna JUIA H3MEHEeHMsd SHTPONHH MOMKHO NOJYYATH IPH
nomon Beipakenuit (176) m (178):

T'dS" =d,U’ +d, U’ + MA;, dE, (186)
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rae
c
Afe= _;Zi BV (187)

Coornomenune, ananoruunoe (186), Oymer ecmpaBexmmBO
A A BTOPOM NOACHCTEMEI, HO TyMa BMecTO Af, clieiyeT Moy~
CTABUTB:

A= — D i (188)

h=c+1

Beawunnn (187) m (188) me sBiAorcs XxmMuuecKUM Ccpof-
CTBOM, TaK KaK CyMMHpPOBaHHe IPOBOLHTCA HE IO BCEM KOM-
nowenram k=1,2, ..., n, KoTopble HUPHHHMAIOT ydacThe
B peaknum. llamke mx cymma Oyaer CpOLCTBOM XHMMHUECKOMH
peaKknyud JUmb B TOM ciydae, Korja A{, m A{, B3aTH upH
ofuHaKoBoit Temueparype I’ =T".

U3 sripassenua (186) momywaem ypammenme Gajamca 5H-
TPOMAE Beell cucreMul S = S’ 48"
40’ 4 GV "
T ™ trrtr

MAlcdt | MAun dt
+ Tf/ + ]c*v// §$ (189)

dS:

a BHeIINee WM3MCHCHME OHTPOIHMM TPEJCTABIACTCA CIeRYIo-
el CyMMOii:

d U’ | dU”
deS: _T"—J‘_W‘ (190)

Tenepr mamwimem BbIpakeH¥e SHTPOINM, BO3HMKAIOILEN
BHYTDH CHCTeMEl B pe3ylibTaTe HeoODATHMBIX LPOIEcCOB:

1.5 =BV’ diU" | MAicds | MAin d
- :
T”

(191)

[ T’ [ T7 T

Vicmompays Beipamenne QU CKODOCTH XHMMMECKOH peax-

unn (176) u sripaskenue J, MOTOKA PHEPIHE OT WCPBOH IOA-
CHCTEMEl KO BTOpPOI

J — __diU':ng”

u dt dt ’

(192)



230 XuUMusa [TUI. IX

noJgydaeM BBIpaKeHHAE [ BO3SHNKHOBEHUSA SHTpONUM B enqHu-
HAYy BpeMeHHn

d;S
o="0=J. X, +7.X, (193)
Ijie CHAbl, COUpsKeHHble ¢ moToKamu J, u J, uMeloT BU:
T —1T" AT :
X”L:W: —"T,—z', (194)
Ale | Acn

ITpencrapisas BTOpOH uileH BHIPAMKEHHA CHIBL X, PAJOM
Tetinopa mo crememsam pasuoctd Temuepatryp AT =71"—T',
MOKHO 3TO BHIpayKeHHe IIepelucatb B (opme

Aic A::n Acn
Xe="rt5 +4" (196)
rge A moxasmBaer pasHocTh Temmeparyp IV u T’. [lBa mep-
BHIX 4/IeHA 3TOTO BHIPAKEHHA BKIIOUAIOT XAMHYECKOE CPOJICTBO
paccMarpuBaemolt peaxmmu. IlpemcraBaM ux cyMmmy, oTHe-
CeHHYyI0 K Temmeparype I’, B BHje

Aled-Alin=A"= — D} piv,. (197)

k=1
TOI‘}IH XHUMUUYeCHKasd cujaa MOMKeT 6BITI) Hammcana B BHJE
A’ } A,
X =544 <_T_") . (198)

[Tepex Tem xak HammcaTh (EHOMEHOIOrHYECKHE ypaBHe-
HAS TOTOKOB H CHJI, 3aMeTHM, YTO BCe OTH BeJIMYHMHBL AB-
JATCH CKAJApPaMA ¥ IIOTOMY MOTYT OBITh BBeJEHBL B JIH-
HelHBlC CCOTHOmMeHHsA Oe3 mapymenumsa TeopeMmst Hiopu, ko-
TOpasi He JONyCKaeT COYCTAHMA CRAJIAPHBIX I BEKTOPHBIX
BeIMYuH. YHRameM Taike, uro B raaBax VI m VII M me
MOIJIM COYeTaTh XHMHYECKHMC peaKkIndm I IOTOK Tenia, TaK
Kar HOCIe[HNi TpefcTaBiasAn co6Oil BEINYUHY BEKTOPHYIO.
B pasbmpaeMoM Temeph ciaydae CKAJAPHBIA TeINIOBOM IIOTOK
MOMET COYCTATLCA €O CKAJIAPHOM XMMHYECKOH peaKmuen.
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CJIGJIOB&TGJILHO, MOMHO HANHCATH:

Ju=LpX, 4 L X, (199)
Jc = Lleu + L22Xc' (200)

Coorromenna Onsarepa upuHaMaT OOBIMHBIN BUJ,
Ly, =L,,. (201)

Hysuo crasaTh, 9To ¢ QE3M4YECKOl TOYKH B3peHUA Hau-
foslee MATEPeCHBIM CJIydaeM fABJIAETCA TaKoe COCTOAHMe, Kor-
Aa OOWH M3 paccMaTpPUBAeMEIX IIOTOKOB PABHAETCA HYIIIO.
Jdtu caydadm MoryT OHITH IONBEPrHYTH 9KCHEPUMEHTATIEHOMY
naydennio. Hexoropsle n3 HAX HrpamwT H3BECTHYIO pOIb
B actpodusure. Eeim HOTOK Temma mMeer CKOpPOCTH, OGIE-
My0 CKOPOCTH PpEAaKNHH, TO CHCTeMa NPHAET B COCTOSHEE,
B KotopoM ucyesrer J,. Torma pasmmua temmepatyp Oymer
COOTBETCTBOBATh XHMHUecKOH cmiae X

Xu L12 2 2
Ana cocroamma, HOrjga XMMUYecKasd CWiIa paBHA HYIIO, H3
Boipakernit (199) m (200) mmeem:
Jo _Ln
de _on X.=0). 203
F=2 (X,=0) (203)
Coornonrenna Onzarepa mpUBOJAT K PaBeHCTBY IEPBHIX Hile-
noB Qopmyx (202) m (203). I10 MOKHO HAGIIOKATH HA OIEITE.

Mosker 6BITH W TaKOe CTAMOHAPHOE COCTOAHWE, LpPH KO-
TOPOM CKOpOCTh PeaKIMU OKa3HBAaeTcA 3HAYMTEeJBbHO Gosblre
cropocts mortoka sHeprmu. Ilpm dToM mpexpamaerca XuMu-
YeCKasl PeaKNus, H BHIPAXKEHWe [JIA XMMHYECKOHN CHIEI, CO-
OTBETCTBYIONiel  eJMHANe TeMIePATYpPHON CHUJHI B TAKOM CTa-
OHOHAPHOM COCTOSHHHM, IIOJIydaeT BHUJL

XC L21
= 22 J,=0). 4
He=—f (J,=0) (204)
A cocTosHMs, IPH KOTOPOM TEMIepaTyphl IOFCHCTeM
OJIMHAKOBEI, MMEeM:
J L
® YU ___ 2 _
U =7 =L (X,=0). (2095)
970 ecTh KomUYecTBO Teperoca. MoMHO BTy BeNHUMHY Ha-
3BaTh «3Heprﬂef1 XHMHYEeCKOr0 IlepeHoca», Tak Kak OHA mpex-
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craBisgeT co0oi SHePTHIO, NepexXOoAAIyI0 OT NEepPBOH KO BTO-
poii MOICcHCTEMe Ha eJMHHNY CKODOCTH peaKIUM B H30Tep-
mugeckoM cocrosnun. CpasHmBas Beipazkenna (204) m (205)
n monesysacsk coorHomennem Omzarepa (201), monygaem ypas-
HeHHe

X %
3 >Jc=o = —U?. (206)

Ono raxke MOer OBITH LPOBEPEHO HKCIEPAMEHTAIILHO.

Ipuroskun m Terembo mccaegoBaznm rasoseli  paspap.
3nech XHMHUECKOH peaxnmeil sIBISETCS MOHM3ALNUA MOJNCKYIL.
PaccmatpuBas MOeKyssl Kak KOMIOHEHT 1, WOHBI KaK KOM-
TOHeHT 2, & DJIEKTPOHBI KAK KOMIIOHEHT 3 (C (MOJICKYJIAPHBIMA
secammy M,, M, u M,), ameem:

= =1, vy=l—g, v,—e e:zﬂ”—j) (207)

IToncmerema ¢ Temmeparypoir 7/ COCTOMT W3 THMKENBIX 4acTH-
wek 1 m 2, a mopgcmcrema ¢ TeMmmepartypoit 7" BRIIOYaeT
snextponsl 3. IlpmumMaem cocrosHme TakuM, 9TO CTeMeHH
HOHM3aMUNA — HOYTH TaKadA Ke, Kawasg Obia 6W B COCTOSHUH
paBHOBecHs, T. . IIPH TeMIepaType, Jie:Kamiell B mpejesiax
or T’ no T”. Kpome TOro, eciim TemwIocofep:kanue IepBOi
IOJICHCTEMBl TOpa3fo GONbINe TeIIOCOJePRaHUA BTOPOH, TO
MOKHO paccmMaTpuBath 1’ Kak TeMIepaTtypy XWMHYECKOTO
paBHOBecHA. Orto ympomaer Beipaxkenne (198) mmsa xmmmve-
CKOHl CHJIBI, TaK KaK IIpH 5TOM BHIIAJ@ET IePBHI WiIeH.
Ilomcrapnas seipaskenne (188) B (198), momywaem:

X,=a0m— _aaks oy 2T

7 =chigw e APy (208)

rae hy, v;, P;— COOTBeTCTBOHHO HapHUAIbHAA yAelbHAad dH-
TalblEA, 00BeM W J[aBIeHHe 3JIeKTPOHOB.
Coornomenme Omszarepa (206) BMecTe ¢ BEIparKCHAAME
(194) n (208) mpuBOZAT K COOTHOUICHHIO
U*
hy——°

AP, - & 209
A\T8 >Jc=0 Y (209)

B KOTOPOM JieBasd 4acTh OTHOCHTCA K COCTOAHMIO, KOINA CKO--
POCTh peaKmuam paBHA HYJIO.
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PaCCManI/IBaH KOMIIOHEHTBI CMCTEMBl KaK HJeaJIbHbLIE Ia-
3bI, IOJIy4daem:

(AP3>JCZO <h >./Vf3 RTZ—(h M, — U*Ml) RT2 )
(210)

Beito 6n1 mmTepecHo mposepmth ypasHernua (209) mim
(210), KoTOpHe AT OTKIOHEHWE JABICHHA BJIEKTPOHOB
OT PaBHOBECHOTO (I‘OJILJIGepr u Baare), coorserctBywOmee
OTIYNI0 JedcTBUTENbHON Temmeparypsl Ha AT or papHO-

A 3 ’
Becuoit. Ornomenme AT ) 7,_q BPIDAIKEIHOE uepes «amep-
THI0 XHMHYECKOTO TIepeHocar ’c", OLpeJeIfieTcsT ¢ TOMOIBIO
Beipaskerua (200). [lnAa sxcnepuMeHTANIBHOrO HCCeI0BAHAA
AP,
3TAX JBYX 5(YPeKTOR HYIKHO W3MEPHTH i7 B COCTOAHHH,
KOIla He HPOMCXO[AT peaknuu, u oupefenuts U B m3oTep-

MHAYECKOM COCTOAHMH.



FTABA X
CTAIINOHAPHBIE COCTOsHUSA

§ 70. IBa omucanmusa

B npeppaymux riaBax NOHATHE CTAIIMOHAPHOTO COCTOS-
HAS BBeJIeHO B [BYX pPasiIM4HEIX BapHaHTax.

B mepBoM BapmaHTe, KOTOPHIM MEI TIOJNIB3OBAJHCH B IJIa-
sax III, V (§ 27), VII m VIII, paccmaTtpmpanuce sBieHas
IpA DOCTOAHHOM 3HAYCHMH rpajdeHTa Ttemmeparypsl. [lpm
9TOM, €CJIH B CHCTeMe HMeJACh IOTOKH TeIJla, a MOTOKOB
BemecTBa W 9JIEKTpAYECTBA He OLNIO, TO TAKOe COCTOSHEE
HA3BIBAJIOCH CTANHOHAPHEIM.

Bo Bropom BapmaHTe, KOTOPEIM MH TONB30Bajidch B § 28
rnmaBel V n B raaBe VI, paccMarpmBanmer cHCTeMB, HOTYH-
HEHHBIE OINpe/lelIeHHEIM YCAOBAAM. OITH YCJIOBAA obecmedr-
BN MOCTOAHHEIG 3Hawenwsa cmi X, X,, ..., X,,. Mnun-
MaJIbHO® 3HAYeHWe BO3HMKHOBEHHs SHTPOLNE 6, K KOTOPOMY
CTPEMUJIACh CHCTEMBI, HA3BIBAJIOCH CTAMOHAPHBIM COCTOH-
HHeM k-TO mopAfKa. »

damaua [MAHHOH TIJIaBHl — CBA3ATH 9TH [Be KOHI[EIIAN
I BHIBECTH M3BECTHOC UHCJO OOIMX OCOOEHHOCTel IIpHIIOsie-
HUA IOHATUS CTALUOHAPHOrO COCTOSHWA.

HocTorHCTBO IIePBOrO BapHAHTA COCTOHT B TOM, YTO OH
Jaer sACHYI0 (H3HYECKY0 KapTUHY U3y4aeMOro ABJICHHA.
C ngpyroit CTODOHB, B 9TOM BApHAHTE 3aTPYXHUTEILHO
o6o6menne BHBOZOB HA [pyrHe CHJIE, HOMMMO IpajueHta
TEMIepaTypel, a TaKKe Ha CJIyYadm, KOrAa JeHcTByeT Gomnb-
e, YeM OJlHa CHJIAa. JTO CBSI3aHO ¢ TeM, YTO CHUCTEMHI, B KO-
TOPHIX HMMEIOTCA [APYrHe NOTOKH BMECTO MOTOKOB Bele-
CTBA M OBJICKTPHYECTBA, He MOTYT OBITH TAaK JerKo HabJio-
AaeMsl.
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Hak Oypmer panbme moOKasaHo, BTOpOW BAapPHAHT HB-
aserca Ooslee ODIMIMM ¢ MO;KeT OBIThH JIydlle HCHONB30BAH
IJIA OmpefelleHHMA CTAlMOHAPHOTO cocTogHMA. Mul yBummm,
YTO TePBHH BapUAHT ABJAETCA B M3BECTHON CTENEHM YacT-
HEIM ¢JIyYaeM CTaNWOHADHOIO COCTOAHHSA HepBOTO IOPAAKA,
OTIPefIeNIeHHOTO B TOM CMBICJIe, KAKOH NpHAAETCA UOHATHIO
CTAI[IOHAPHOI'0 COCTOAHMA BO BTOPOM BapmanTe. Hpome Toro,
OepBsIfl BapHAHT MomeT OwmiTe o0000HIeH Ha cilyuaW, KOTJa
mmeeTcss GonpIle 9eM OJMA HOCTOSHHBIA IapamMeTp, T. e. Ha
COCTOSIHASL PA3HBIX INOPAMKOB. OTOT BHIBOX 6Gasupyercd Ha
cupaBefmBocTH coornomennii Omzarepa. [lna jorasatens-
CTBA MCIONB3YIOTCA [IBe JIEMMBI, IIDUBEJEHHEIE B JIBYX CJle-
Ayomux naparpagax.

WarepecHo OTMeTHTH, KaK NOCTABWI BOIPOC O CTALHO-
tlapaom cocrogumu Pérrepe B cBoell jucceprammm, Iepej
TeM KaK [OABHJACH TepMOJEBAMIKA HeoOPAaTHMEIX HPOIECCOB.
On cdopmymuposan cpoit Bompoc Tak: «Hawoit uepememibiit
mapaMeTp W NpM KakuxX R00aBOYHHX YCJIOBHAX HMMeeT CBOI
MaKCEMyM, KOr[@ JOCTHTHYTO CTAllHOHAPHOE COCTOSHHE?»
Pérrepc yxasniBaeT, 9TO HOYTM TAKOH jKe BOIPOC NOXHANH
f1. Spendecr m T. Spengect B M3BeCTHOH craThe B «IHIU-
KJIOTeNN MareMaTHdecKUX Hayx». ME yBHamM, 9TO OTBET
Ha OTOT BONIPOC JaeT TepMOAMHAMHKA HeOOpaTAMBIX IIpOHEc-
coB. Takum mepeMeHHEIM NHapaMeTpoM SBIAETCA BO3HHKHO-
Bexue sHTponnd o. OHO mMMeeT MUHAIMAJLHO® 3HAYECHHE B CTa-
IIIOHAPHOM COCTOAHMY. J[OMOMHUTEIBHEIM YCIOBHEM ABIAETCA
TO, YTO W3BECTHBHe BHeIHMe cuisl X, JMOMKHB OCTABATHCA
HOCTOAHHBIMA.

§ 71. CocTroAHNA MMHMMAABHOrO BO3HHKHOBEHHA
SHTPONHH
CdopmynupyeM cIeAyoIyl0 TeopeMy, KOTOpasd BIEpBEe
Opina pgokasasa IlpuromunsM (IIA cIy¥as ¢ OZHUM HOCTOSH-
HoIM npapaMerpoMm). «Ecam cuctema, xapartepusyiomamca
n HesaBucuMbeiME cnmaamu X, X,. ..., X, mogiepuBaeTca
B COCTOAHNU ¢ NOCTOAHHBIMA 3HaveHHaAMn cmit X, X,, ..., X,
(k—omuo w3 pama wmcen 0, 1, 2, ..., n) M MHEHEMAIBHBIM
BO3HMKHOBEHMEM BSHTPONMH 6, TO IOTOKA C HOMEpaMH i =
=k+1, k+2, ..., n ncdesan.
Jna moxasatenneTBa 5TOM TeOpeMH HaudmieM BHadajie
BhIpaskeHHe BO3HHKHOBEHHA OHTPONHM KAK CyMMY IIpOH3Be-
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JeHud n motoroB J; um cma X:

n
\1
o= J,X,. (1)
=1
Ilpn atom pacceanme sueprum Gyner I's, a (eHOMEHONOTH-
9eCKHe COOTHOMEHHMA MEHKAY HOTOKAMU W CHJIAMR ¥ COOTHO-
mennss OH3arepa IpecTaBATCsA B BHJE

Ji=2 X, (=1,2, ., n), (2)
L,=L, G j=1,2 ..., n). (3)

IMoperaBnas BwpaskeHme mnOTOKOB (2) B ypasuenme (1), 1mo-
Jy9aeM KBaJpaTM4HOE BBIPAsKEHHe. B COOTBETCTBHH €O BTO-
PHIM 3aKOHOM TepPMOIMHAMHKN OHO JO/KHO OBITH 00s13aTellb-
HO IIOJIOKMTEIIBHEIM!

cgi;"_i L,X.X, (4)

Horpa smawesma X,, X,, ..., X . TIOCTOAHHE, COCTOSAH MO,
COOTBETCTBYIOIEE MAHMMAJILHOMY BO3HUKHOBEHUIO SHTDONNH,
HAXO[ATCA M3 YCJIOBHSA

9 .
,ﬁcfo (i=k+1, k+2, ..., n), (5)

rae npu puddepennumpoBanmm Bce cuis, kpome X, cudTa-
forcd mocrosnueMA. Ilpemearnoe cocTosHme, ONMCHBaeMOe
dopmymolt  (5), MeHCTBHTENBHO XapaKTePH3YeTCHA MUHAMAJE-
HEIM BO3HHKHOBEHUEM DHTPOIMH, IIOTOMY 4TO ¢— CYIECTBEHHO
nonouTensHas Bemwmdmna. [logcrasnas B yciosue (9) sHa-
YeHNe ¢ W3 ypaBHeHHs (4), Haxopmm:

éi(Lu‘*‘Lﬁ)X}’:O (i=k+1, k+2, ..., n). (6)
C yuerom coornomennit Onzarepa (3) ato nmaet:
'2]2 LyX,=0 (i=k+1, k+2 ..., n. (7)
HaROHeH,—BBOJIH Bmpameﬁné TmOTOKOB (2), momydaem:
J, =0 (i=k+1, k+2, ..., n). (8)



§ 721 PACIIPOCTPAHEHUWE IIPUHIOUIIA JIE IDIATEJIBLE 237

Taxum obpasoM, Teopema OKa3bIBaeTCA MOKA3aHHOH. MEI
BHJUM, 4YTO O0OPAINAIOTCS B HYJb Te IIOTOKH, KOTOPHE B ypaB-
Hernu (1) ABIAIOTCA CONPSIKEHHBIME ¢ M3MEHSIOIIMHACA CH-
aamu X, X oo, X,
§ 72. Pacupocrpanenne mpunnuna je Ilarense

IMpunnun e IMatenve momer 6bITh 0600WIEH Ha COCTOA-
HUA ¢ MHHMMAJILHEIM BOSHHKHOBEHHEM SHTPONNA ¢ M IOCTO-

aaapM  3uavendmeM cmax X, X,, ..., X,, rne k—onno m3
ancen papa 0, 1, 2, ..., n. OGo3HaunM 3HAYEHHEe BCEX CHII
X, (i=1,2, ..., n) B rakom cocrogunn 3mHauxkom °. Ilpumba-

BOM HEKOTOpylo BeyanmuuHy 0X K OJHOH M3 CHJ, KOTOpas
pamsime He OBLIA IIOCTOSIHHOH, Ife /m ABJAETCA OJHHM H3
umcesr psapa k+1, k42, ..., n. Bce ocrajpibie CHJIH IYCTh
COXPAHAT CBOH NpekHMe 3HadeHusA. Torma mmeeM:

X, =X +08X,, (m— ogHo n3 4mces psana

kE+14, k2, ..., n), 9)
X;=X;(=12,...,n). (10)

B cooTBercrBUmM ¢ ypaBHeHMeM (2) MOMKHO HAIIMCATH:
Jp=JI0n+ L,,8X ., 1

rae J), — HemsMeHeHHOe 3HadeHme moroxa J,,. Ho, cormacuo
teopeme (8) § 71, smauenme sroro moroxa pasHo Hymo. Ilo-
sroMy Bepaskennme (11) ympomaerca:

Jpn="L,0X,,. (12)
Tax kark ¢ Beerja MNOJOMKHTENHHO, TO [ejaeM BBIBOJ, 4YTO
L.,.>0. (13)

Orciofa Tamske caemyer:
L. 03X 2> 0. (14)
W3 nocaennero nepaBencrsa u u3 Boipaskenna (12) sanmogaeM:
J.0X,, >0, (15)

T. e. moTok J,, W mpupamenue cansl 0X, , ycmIMBawiiee
9TOT IOTOK, BCErja WMEIT OJWHAKOBEHE B3HaKM. 3BecTHO,
9T0 BO BCEX CJIy9asx NOJOKHUTEIbHBIA TOTOK J,, HIPHBOAUT
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K oTpnmartenphoMy msmeHenuio 80X, (§ 75). Iro obcrosrenn-
CTBO ¢ y4eToM HepapeHcTBa (15) mosponser 0GOGIWIWTL HpAH-
nun ne Hlarenbe Ha cocTosHAA ¢ MUHAMAJLHEEM BOZHHKHO-
seauem bdnrponumu. Horpma cmcrema mnomsepraerca Bosmeii-
CTBHIO M OMH M3 IIapaMeTpPOB MEHSET CBOe 3HAYeHHe, B Heil
TPOHCXOANUT TAKOE IPeBPALIEHIE, YTO eci OBl OHO OBUIO e HH-
CTBEHHBIM, TO DTOT IapaMeTp H3MeHANcA Ob B 0OpaTHOM
HampasJieHun. J[pyruMu cjI0BaMM, NpeBpalieHAe (TOPMOZUT
OpAYMHY BO3MYIieHMA». B KoHEe KOHOOB cHCTEMA MPHXONHAT
OIATH K TAKOMY COCTOAHHIO, IPH KOTOPOM BO3HHKHOBCHHE
SHTPOIUM [IeJIaeTCA PABHEIM HYI. Jro Apjenme Gyjer mpo-
aHaynA3ApoBano Gojiee jera’pHO Ha npuMepe § 76.

Mmn Bmpenm, uwro upmanun se [llatense Momer GHTBH
pacmpocTpaHeH Ha COCTOAHHS MHHMMANBHOTO BO3HAKHOBEHHH
pHTponuM (MEHHUMaNBHOe paccesnme). Buauame om Omur cdop-
MYJHPOBAH TONBKO JJIA COCTOAHHA TE€PMOCTATHYECKOIO PABHO-
BeCHs, T. €. IIpH IPUHATHX B 3TOH TiaBe 0003HAYCHHAX, NJA
ciydyaa, worga k=0. Ilpm rakux ycnoBMAX Ha cHCTEMY
HC HAKJAJbIBaeTCA HMKAKAX OIPaHWYeHMil, W HA ONHA - CAJa
He ocraerca mocToanHOoM. ClegoBarelpHO, CcUCTeMe IIpejo-
CTaBJE€HA BO3MOJKHOCTH IEPEHTH B COCTOAHUE TEPMOCTATHIE-
CKOTO DABHOBECHs, NpPH KOTOPOM IHOTOKM M CHJIBL MCYE3aI0T.
Ilporoxus GBI mePBRIM, KTO 00OCINHI 5T IOJOKEHHA Ha
ciydait, Korja k=1.

Hanmmem pasBepHyTOe BHIpasKeHHe [Jif BOSHUKHOBEHMSA
SHTPOIMM CHCTEMHl B COCTOSIHMM BO3MYVIISHNA, OHACHIBACMOM

dopmynamm (9) m (10):
= 2 L”X?Xg—l—lgl (Lim+Lmi)XiaXm+me(aXm)2' (16)

i, 7=t
IlepBriii 9neH mpaBOil YacTH 3TOTO BEIPAKEHUA €CTH MHHHMYM
BOBHUKHOBeHHA dHTpoumu of. Bropodl wneH B cooTBeTCTBHH
¢ coorHomenmem Omnsarepa (3) m Teopemoit (7), (8) paBen
By, TpeTuit 9ned (MONOMKATENbHHI) €CTH PASHANA MeKAY
¢ m ¢°. OTOH BeNMUYWHON MBI NOJB3OBAIMCH HPA BEIBOJE BBI-
paxenns (14). Cnegosartensno, soipamenue (16) MokHO mpep-
CTaBUTh:

c=a° + L,..(sX,)> 17

B cnysae TepmocraTHuecKoro pasHOBecHs Bce cHibl X oGpa-
mMaoTcA B HYJIb H COOTBETCTBEHHO Hcuesaer oP.
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§ 73. Craumonapuple COCTOARHA Pas3INYHOLO
MOPAJKA

Tenmeps mcenesyeM cBs3b MemAy ABYMsI OTpeflelleHAAMM
CTAOUOHAPHOIO COCTOAHMEA.
PacemMoTpuM  cuCTeMy, ONMCHIBAEMYIO 7. He3aBHCHMBIME

napamerpama X, (i=1, 2, ..., n). Ocrasnsaem £ sTux mnapa-
metpoB X;, X,, ..., X, NOCTOAHHBIMA LPH LOMOLIA KaKHX-
aunbo BHemuux Bozfedicrsmii. YUumemo & gBiuserca OHUM H3
wiedoB paga 0, 1, 2,..., n. U3 upumaguma se [laTtense

3aKII0YAEM, 9TO CHOTGMa B KOHOE KOHIOB IPHAET K COCTO-
AHNUI0, XaPaKTepU3yNeMycl MEHAMANLHEIM BOSHUKHOBEHWEM
saTponnu. Takoe cocrogHMe ABIAETCA CTANMOHADHBIM, TaK
KaK, BO-IIEPBLIX, BCE n IapaMeTpoB Torfa GyAyT HMeTh 3Ha-
9eHssd, He 3aBHCANIMe OT BpeMeHM: IepBHe £ HapaMeTpoB
ACKYCCTBEHHO NMONIEePAHABAIOTCA OCTOARHLIMY, a OCTANBHBIE —
UMeIOT 3HAYeHHsA, COOTBeTCTRYOIne ycaosmio (5). Bo-sropsix,
cHCTeMa MAaxXOAUTCA B BTOM COCTOABHM HOTOMY, 9TO BO3MYy-
menne 0X; BHB3HBACT INOABJIEHAE NOTOKA J;, KOMIEHCHDY-
omero »10 Bosmymenue X, (15). Tawoe cocrogmme wMpl
HABHBAEM CTAIIMOHADHEIM COCTOSHHEM NOpAXKa k. 5Ta KOH-
nennHA OYeHb NOJIe3HA B TepPMOJUHAMHKe HeoOpaTHMBIX IIpo-
LIeCCOB.

CocToAHMA HyJIeBOTO, IEPBOrO M BTOPOro NopsijKa Oy-
AYT DPACCMOTPEHH TOXPOCHO B clexywmux maparpadax.
Ceitaac orMernm, 4ro Teopema § 71 roBopur 0 TpeHpalleHHH
nortokoB J; =0 (=41, £+ 2, ..., n) B cranmonapaom cocro-
sumn mopaaka k. Orcioga ciemyer, 4TO cTanMOHApHOE COCTO-
AIHEEe B TOM CMBICJIe, KaKO# eMy NPHJaeTcA B IIePBOM BapHAHTe,
€CTh NPOCTOH dYACTHBIA cjIydail CTAMEOHAPHOIO COCTOSHHUS
1epBOro HOPARKA, KOrla TeMiepaTypHBI rpaguent X, ocraercs
HOCTOAHHBIM M mOTOKH J; (i % 1) (T. e. HOTOK dileKTpHYecTBA
U NOTOK BellecTBa) paBHH HYI0. MomuO 0606muTh HepBoe
ompejiesieHne, €CIAM CKA3aTh, urto cuist X,, X,, ..., X, mmewor
UpPON3BONLHBIE, HO INOCTOAHHBE 3HAYeHWs, H HA3BATh
CTAaNMOHAPHBIM = TaKOe COCTOAHHWE, IpA KOTOPOM IOTOKH
Jo(i=k+1, k42, ..., n) paBgn Hymo. Torpga ofa ompeme-
JIE€HMA CTaNHOHADHOTO COCTOAHHA OYAYT MAGHTHYHEIMA. Mol
II0MYepKIBaEM, 4YTO BTOT BHIBOL O0S3aH CBOMM MPOHCXOMME-
HueM Tteopeme § 71 mim, B KOHEYHOM cdeTe, COOTHOIICHHAM
BaanMuocTa Ousarepa.
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[lomatme o mnopAfgKe CTANHOHAPHOTO COCTOAHUSA SABIACTCA
cyrybo WHTYWTHBHOH XapaKkTepHCTHKOH (H3HYECKOIO COCTO-
aang. OHO MMeeT reoMeTpmuecKoe 3HaueHIe, eCII PaccMaTph-
Bats mapamerpnl X,, X,, ..., X,, KaR KOOpJMHATHI IPOCTPAH-
¢cTBA. OTH HE3aBHCHMBIC IEPeMEHHBIE ONpelelIAI0T CBOUMH
3HAYEHHAMH BEJIMYMHY o, KOTOpas ABIACTCA WX KBaJpaTHY-
HOll QynKnmei (4).

Pacemorpnm cayuait n= 2. Torpa o (X, X;) ecTb moBepx-
HOCTH B TpexmepHoM upocrpacrBe (o, X,, X,). M3 roro,
UTO ¢ TOJIOMKUTEIBHO ONpefeleHo, CJIELyeT, 4To dTOT uapabo-
goup, mmeer sepmuny upum o=0. Torga wnomyuaerca Tpu
BUJla CTAMMOHAPHBIX COCTOSIHMI. PaccMorpmM cHagasia coCTos-
ume Broporo mopsaka ¢ unocroauaeiMu X, m X,. Taxaa cn-
cTeMa XapaxkTepuayeTcd IOCTOAHHBIM 3HAUeHMeM o ¥ He
coocobua maMeHAThCA. Teneps npuMeM, uto X, Mensercd; a X,
ocraercst uocrosguupM. CucreMa mojBepraercd M3MEHEHHIO
B HANPABJCHMA K COCTOSHWIO ¢ MOHEMAJBHLIM 3HAYCHH-
eM o, cooreTcTByIomuM mnoctogHHOMY X,. Touxa, xapak-
TePHU3YIONas COCTOSHNE CHCTeMBbI, OyIeT IepeMemarhes B Ipo-
CTPAaHCTBE B HANPABIGHHH MHUHEMyMa ¢ .0 uapaGome,
KoTopasg IpejcTaBifeT cob0i JIMAWI0 NEPeCeUeHHs IIOCKOCTH
X, =const ¢ mosepxrocteio o (X, X,). Iocie mocTmmenus
5TOr0 MHHWMyMa cucTeMa OyfeT HaXOAUTHCA B CTAlMOHAPHOM
COCTOSIHAM NepBOro mopsAgKa. Ecim Temeph IIPeIOCTaBUTH
BO3MOKHOCTh m3MensrTsed u X, m X,, cmcremMa [OCTUTHET
- TePMOCTATHYECKOTO PABHOBECHS MIM CTAIMOHAPHOrO COCTOSHUA
Hysnesoro mopapka. CileJloBaTeNIbHO, TOYKA, XapaKTepH3yIOmasa
COCTOAHME CHCTEMB!, NPHAEeT K HAMHU3OIed TOYKe IIOBEPXHO-
¢TH, T/{¢ BO3HEKHOBeHHe dHTpOnMH o = (.

74*. CranuonapHoe cocTOAHNME HYIEBOI'O LOPANKA
y

B ofpiunoit TepmocTatrke oOpaTHMbIe HMPOHECCH OMACHIBA-
JOTCSH KaK IPOLecCcH 0eCKOHEeUHO MeJJICHHOIO Mepexoa u3 oJ{Ho-
IO COCTOSHMA paBHOBecHs B Apyroe. B repmopmnamuie neobpa-
TAMBIX TIPOIECCOB MOMKHO JOCTOBEDHO ONMCATh O0pPATHMOCTD
uepe3 YCJIOBHMA HYJEBOTO 3HAYEHHS BOZHHKHOBEHHS SHTPO-
num o. B mpegsgymmx maparpagax OblI0  IOKA3aHO, 4TO
M30IAPOBAHHAA CHCTEMA, T. €. CHCTeMa, B KOTOPOil HU OHO
n3 nesaBucuMblx mepemenusix X,, X,, ..., X, He ocraercs
[OCTOAHHEIM, H3MeHseT CBOe COCTOAHHME [0 TeX IOp, IOKa
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He NpHJeT B CTAllHOHADHOE COCTOSHNME HYJIeBOIO IOPsHKa
WIN COCTOAHMWe TepMocTarddeckoro pasHoBecusa. Ilpu srom
BO3HHKHOBeHHe dHTponnn ¢ = 0. VcioBue ¢ = () 5KBHBAJICHTHO
HCYe3HOBEHHIO BeexX cumyr X, Korja IOTOKM J, He3aBHCHMBI,
WA MCYe3HOBEHMI0 MOTOKOB J,, KOTa HE3aBHCHMBI CH-
a X;.

Meiikcuep yOeauTedbHO mMOKas3al, 4To oupenesenie ¢ =0
s obpaTMMOCTH Upe3BHYaiino monesso. [leficTBuTennho,
TOrAa B OOIBMHUHCTBE CIYy4YaeB yPABHEHMsl [BMMKEHUsST Jony-
CKAIOT TOJILKO TAKMC DPemeHysd, IPH KOTOPHX CHCTEMA IOCTY-
HaTeNbHO JBIMKETCA KAaK IeJioe ¢ IOCTOSHHEIM YCKOPeHHeM
AN BpaliaeTcA ¢ IOCTOAHHOH YIIIOBOH CKOpocThiO (¢p. § 44,
rge OBUIO NOKAa3aHO, YTO MOBIGKEHUC 10 HHCPUMM HE [aer
BO3HMKHOBeHUA SHTPONNH). ITU [BHIKEHHd HUYETr0 HE Mc-
HAOT BHEYTpM cucremul. J[na wabmiopartend, [BMMEYUIEroCs
BMecTe ¢ CHCTeMOH, 3TO COCTOAHHE CHUCTEMBL SABIALTCA OOBIY-
HEIM TepMocTaTHiecKMM paBHOBecueM. [lostomy  ycaosme
¢ =0 coBepmIeHHO WJEHTHYHO KJIACCHIECKOMY ONIPEETCHUIO
TEpMOCTATHYeCKOr0 paBHOBecus. Ho wmcmonbsopanue aToOro
yCJIOBHA OKAa3blBAeTCA 4YacTO IIpOile I JlaeT ACHY (usmye-
cky©o KaptuHy. OHO IOKasmpBaeT JeTalli TEPMOCTATHYECKOTO
paBHOBecHsA B TeOpHH HeoOpaTHMBIX IIPOLNECCOB M OCODEHHO
B HEKOTOPOH IpynIe CTauoHAPHBIX COCTOAHMUIA.

§ 75. CranMoHapHOe COCTOAHME MEPBOTO
H BTOPOroO NMOpPAAKA

B npepmpymux riasax GbI0 NpHBeeHO MHOTO IPUMEpOB
CTaIHOHAPHOT'O COCTOSIHMA IIePBOrO M BTOPOTO HOPAAKA. 3[1eCh
OyAyT paccMOTpeHBl MX MHOrme o0Ime 0COGEHHOCTH.

Brauase paccMOTpHM CACTEMEL ¢ TOCTOSHHBIM 3Hade-
ageM X,. OHE J[OCTHIEIOT CTANMOHAPHOIO COCTOSHMA NEPBOTO
TOPA/IKA ¢ MHHUMAJIGHBIM BOSHHKHOBEHHEM 3SHTpPOIMH, KOrja
noroxn J; (i + 1) mpexpamaiorcs (IIpurosxmn).

B rnase VII mecmegosanoch sAsnenme TtepMopu¢dysuu
(odpderr Cope): mosBienme rpaamenta KOHIEHTpanuy, Korja
B CMeECH HMeeTcs TeMIlepaTypHHI TpajmeHT. BmecTo cmir,
KOTOpEle paccMaTpmBasInch B § 49, 37lech BO3bMeM CHIH

X{=—gradT n X'= —grade,. (18)

OTH CHIEI WMEIT MPOCTOH (PUBMYECKHH CMBICH TeMIepary p-
16 ¢. P. ne T'poor
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HOTO rpajdenta K TpPajfieHTa Konnenrpauuu. Hamumrem -
paeHme N BOSHUKHOBEHUS SHTPOLUU

To=JX!+ JX.. (19)

Hax 210 cnmemyer ms rtompecrs (VII.O6) u (19), noror J,
TpPOHOPIMOHAJIEH IIOTOKY BewfectBa. Hauumem temeps Bmpa-
#eHuA (EeHOMEHOIOIHUECKUX COOTHOMICHHI

Y=L, X+L X, (20)
¥ =L X +L.X! (1)

H COOTHOIIeHHe Onaarepa
L1’2=L;1' (22)

[oncrapnas seipaskenma (20) m (21) B mmpamenne (19),
nonydaeM BO3HHKHOBEHHE 9HTDOIUM

To =Ly (X)) +(Ly + L) XX+ L, (X2 (29)

IIpenmomo:xmM, 4TO TeMmepaTypHHIA IpagueHT X OCTaeTes
nocrogHEEIM. CranmoHapHOe COCTOSIHAE IEPBOrO  ITOPAMKA
¢ moctosHEEM X; 6yfer MOCTATHYTO, KOrpa

( ax,)x,= , (24)
HIH, B COOTBETCTBUM ¢ yciosdeM (8), xorpa
J,=0, (25)

T. e. Korjga He OymeT NIOTOKa BellectBa. (YpaBHeHHe (24)
HOKA3KEBAET, YTO TPY YACTHEE MPOA3BOAHEE © TIO BCEM
KOMIOHeHTaM X;—Z, ¥ H z—paBHH HymO. T a1 obpasoM,
9TO COCTOSHHEe MOKHO paccMaTPEBAThL Kaw \THOHA PHOE
COCTOANHNe TPeThero HopAara.) MokHO mpocs > BeCh [yTh
H3MEHEHRsI COCTOAHMA CHCTEMEl JO TeX IIOp, NOKa OHA He NpH-
JeT K CTaHOHAPHOMY COCTOSTHHIO, TAX KaK H3BECTHO, KaK 3a-
BHCAT OT BpeMeHH rpajgmeHT KommenTtpammm (cp. (VIII.121))

[1——exp< - g)] . (%)

JT0 ypapHeHHme HANNCAHO, HMCXOAA N3 IONYINEHHS, 9YTO
B HAYAJbHOM COCTOSHUA KOHIEHTPAamHA BO BCOX TOYKAX CH-
cTeMBl OJUHAaKOBa. B KoHewHOM cocroAHHM (== oc) rpajHeHT
KOHIEHTpallil IpPHHAMAeT TaKoe 3Ha4YeHWe, IIPHE KOTOPOM

grade, =
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DJOTOK BellecTBa CTAHOBHTCA paBHBIM Hymo (29). Ecam mox-
cTaBaTh BhpaskeHZe (26) B (23) M NpUMEHHTH COOTHOMEHHE
Ouszarepa (22), To momyumm:

To = (grad T)? [L;l—%] [1—exp<—26i>] . Q1)

OTO BHIpasKeHHE JaeT 3aBHCHMOCTH BOBHWKHOBEHUHA HHTPOIHHU
or BpeMeHn. B HawampHOM cocTosrmE =0 nMeem:

o,=(grad T)?L,,, (28)

B KOHEYHOM COCTOAHHHM LpPH == 0o IOJIyYaeM:
— amelrn. — (Lip)? 29
cw=(grad Ty [ L~ E ] (29)

WUz ycuopmit
L;l >0, Léz >0, L;lL;SA - LizLéx >0, (30)

ABIAIOIMUXCA CJIeCTBAEM IIOJORATEIHHOCTH BO3HHKHOBEHHA
SHTPOLHH ¢, BAJHO, 4To ¢ (27) ¢ TedeHMeM BpeMEHH yMeHb-
maerca. Havmnag ¢ MakcmMmanbuoro 3zauyeHns (28), ¢ moctm-
raer CBOEr0 MHHHAMAJBHOTO 3HaueHHA (29) B CTammOHAPHOM
COCTOAHAN IepBOTO IOPALKA ¢ MOCTOSHHEIM 3HavenmeM grad T
Torma mOTOK BemecTBa HcYesaer.

3amernM, 9ro Koaddumumentst L, =L;, u L,, B dopmy-
jde (21) ouesp DpocTO CBA3AHH ¢ KOd(PHIEEHTOM OOLITHOH
suddysam m wopdpuumenrom repmonuddysmm B dopmyire
(V11.114). Tax, mampmmep, Koop¢mumedaT L, momydaerca
n3 (28), ecm ero CPaBHUTH C COOTBETCTBYIOIMUM 3HAUCHEEM
aroro rosddmumenra § 49. Iro maer:

Ly =g [(hy— 13)? Ly — (b — B3) (L 4 L) + Ly]. (30)

Ero mMomxHO Tak:ke BBIpasmTh depe3 wosddumuent puddysun
B TemJonpoBonHOCTE M3 § 49,

Taxwe e BEBOON MOM&HO crenaTh Ama adderta Kuyncena,
nasa tepmoaddysun (ra. 111 m V), a rarske guis TepmoaneRTpH-
dectsa (ri. VIII). Bo Bcex arux ciyuasx B KOHHE KOHIOB
ROCTATAeTCA CTAMMOHAPHOE COCTORHME IMepBOro IOpAxKa ¢ IO-
CTOAHHEIM 3RAYEHMEM TeMIepaTypHOro rpaamenTta. ‘Torna
HOTOK BeNlecTBA UJIH JIEKTPHYECTBA IpeKpamaercs. B cayuae
TePMOIJIEKTPAYECKUX ~ABIEHEH B MeTajlax CTanmoHapHOe
COCTOAHAEe [OCTHraeTcA TMOYTH MTHOBeHHO. B Bepaske-

16*
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auu (VII1.21) BosHMKHOBeHHe OHTPOIME © NPECTABIICHO
B ¢yHKunmu passHocts Temneparyp AT um  BIIEKTPUYECKOrO
Toka [. 3neck OHATH BUZHO, YTO COCTOSAHME, IPH KOTOPOM
¢ Oymer MWHAMAJILHBIM IPH IOCTOAHHONW DPAa3HOCTH TeMIle-
patyp AT, mocturaercsi NpH YCJIOBUM:

1

AT
I= 4 (Lyy— Lyy) 75 » (32)

WA, B COOTBETCTBUU C COOTHOMIEHHEM OHBarepa, Korjga TOR
paBeH HYITIO.

B CTannuoHapHoM COCTOSIHMU BCe mnapaMeTphl CHCTEMBI
OKAa3bIBAIOTCA He 3aBHCAINNMU OT BpeMe.HI/I. JTo Tamrxe cupa-
BeuImBO M A surponnu. Pasjendas u3MeHeHMe SHTPONME
Ha BHEMHKIO vacTh (coo0IiaeMyio W3BHE) W BHYTPEHHIOI
(BOBHMKHOBEHIE DHTPONHAN 33 CHeT HeOOpaTHMBIX IIPOTIECCOB),
MOKHO JIJIfi CTAIlMOHAPHOI'O COCTOSHMA HAIMCATH:

dS _ deS | diS _ (33)

dt  dt ' dt T
] T
Tak Kak BO3HMKHOBeHH® JHTPONHM O ==— - BCeZA TOMOMKH-~

deS
TeJIbHO, TO B CTAIIMOHAPHOM COCTOAHHH l;t JOJIHO OLITEL OT-

PATATEBHBIM U B TOYHOCTH KOMIEHCHPOBATHCSA BOSHUKHOBEHH-
eM DHTDONIME BHYTpHU cHCTeMBl. [l BceX ocTambHBIX COCTOAHUH

dpS
YJIeH ;t MOKeT OBITh WJIM MOJIOKUTEJBHBIM, WJIH OTPHLA-

TeNbHEIM, HO ¢ Beerja HONOMHTenbHO. [lodToMy HMeHHO o
XapaKTepU3yeT pesyibTaThl HeOOpaTHMOCTH IIPOLECCOB, T. €.
He cama SHTpONHWS, a ee mpoussoimas no Bpemenn. Ha mpo-
TAMEHHH NPOIECcCa IPHOIIHKERUsT COCTOAHMS CHCTeMBl K cTa-
IAOHAPHOMY CaMa SHTPONMA WHOTJA YMeHbimaercsi. IJTo GbI-
paer mpu addexte HKuyncenma, mpum rtepmopuddysuu u npu
obbumor nudpdysmu. Bo Beex JTMX CIAydYaAx HOLydYaercs pas-
mesenre KomnoHeHToB. OHO COOTBETCTBYeT HOBHKEHMIO DH-
TPOIWHE TO CPABHEHHIO ¢ HAYaJIBHON SHTPONUEH CHCTEMB,
KOrha fMaBlIeHHe BN KOHIEHTDAIMA BO BCeX ee TOYKAX OfH-
HaKoBHl. B apyrux ciydadx, KaK, HAaUpEMep, B M30JHAPOBAH-
soii cmcreme (d,S = 0), ecau B TepPBLIA MOMEHT OHA HEONHO-
poNHa N0 OTHOMIEHMI0 K KaKOMy-nu0o ¢usnmyeckomy mapa-
MeTpy, DHTpPOINMsH HOBHIIAETCA [0 MAaKCHMyMa, TaK KaK NpH
TePMOCTATHYECKOM PABHOBECHHM C IOHIKAeTCH 1O HyJ.
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B rmase IX Oniia ycraHoBIeHa BO3MOMHOCTH H30apdHuH-
UBIX XMMHYECKHX peaxuuid, korma cmja A, (xmMuveckoe
CPONCTBO peakiuu) ocraerca mnocrosnmoi. Torpga cucrema
CTPeMUTCS K CTAllHOHAPHOMY COCTOAHMIO [EPBOrO HOPSfKA.
B aToM cocTOAHME CKOpPOCTH XMMUYeCKHX peawiuil J,; (i = 1)
PABHBI HYJIO, ¥ BO3HMKHOBEHUE JHTPONMHM MMeeT MMHAMAJIb-
voe sHayenme. [[pyruM IpUMEpOM CTAIMOHADHOTO COCTOSHUS
B XMMUU ABJACTCS aHM30TPONHOE IpeBpalfleHue, MCCAeAOBAH~
woe [Ipuromnusim u [dedaem.

B § 34 raasst VI pacemMaTpuBazoch cralfMOHAPHOE COCTOS-
tie IepBOro MOpAJKA ¢ IOCTOAHHOM PasHOCTHIO TeMIepaTyp
JUIA cMecH XMMHAYECKH Pearupylomnx KOMIOHeHToB. Tam He
6B10 Haiimeno, uro motoxu (VI.27), (VI.28), (VI.30) u (VI.31)
PaBHBl HYJIO, a OBUIO TONBKO MOTy4eHo coorromenue (VI.39).
J10, OpHAKO, e mpoTuBOpeduTr Teopeme § 71, moromy HUTo
cusnl B § 32 ue Owuin wesasucuMbiMu. JleitcTruTensHo, Ipu
wamuaun  yegopus (VI.24) B mpomasopasix (VI.34) Tombko
JApyrue He3aBUCHMBle HAapaMeTphl MOAJEPHUBAIOTCA IOCTOSH-
ubiMu. Ecmi OBl K ycloBHAM 3aa9d, pacCMOTPeHHOH B rila-
e VI, 6mna moGaBiicHa HeoCylecTBMMAs HA INpaKTHKe He3a-
BUCUMOCTb CHJ, MBI [OJAYYHNH OB, 4TO HOTOKM MCUE3AI0T,
KaKk 9TO M CJIeflyeT COrJacHO BeipaskeHumio (8).

ITpusMepsl cTATIMOHAPHOTO COCTOSHESA BTOPOTO TOPAMKA pac-
cMatpaBamues B §§ 28, 35 u 39. Otv upmMepsl OB HYKHBI
JUIA olpejlelleHHs KOJNMYECTB nepeHoca W Jid  H3Y4eHusd
relloMeXaHnyeckoro afdexra.

§ 76*. Ilpumepst npumenenus npuniuna je Iareave
K CTAIHOHAPHBIM COCTOAHUAM NEPBOTO NOPANKA

3pmecs Gymer fano TpH MpHMepa lipuMeHenuA IIpHToRuHBIM
upuuignna je Illatense. Bee onu oTHOGATEA K CTALMOHAPHOMY
COCTOAHMIO TIEPBOrO MOPSANKA.

PacemorpuM BHaduajle cTaMOHAPHOE COCTOsiHUE HPH TEPMO-
andeysan. Ilpexcrasum cebe, UTO B eMecH INOMJEPKHBAETCSA
TeMIepaTypHBIL TpajMeHT, BHI3HBAKIIMHA MOABIEHHE Tpa-
aMeHTa Kouuenrtpanuu. [lpexmonoxum TakmKe, UYTO CMech
COCTOMT M3 JIBYX KOMIOHeHTOB. Ilycth wommonent 1 cry-
maeTcss y «ropsdeily CTEHKH pe3epByapa, B KOTOPOM 9Ta
¢Mech 3awiodeHa. Temeps RO6aBEM HEKOTOPOE KOXMYECTBO
BemiectBa 1 B «xomonuylo» yacTh pesepByapa. Torja rpajpment
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KOHIEHTPANNA IOHIKACTCH, WM, [PYTHMH CJI0BAaMH, cuia X
veenmausaercs. CiemopaTenbuo, MOMydaeTcs BO3MYIIEHHe
8X] > 0. Ilpuanun ne Ilarense (15) tpe6yer, wTo6H Bo3HEK
noTok Ji > 0. ITOT HOTOK B NOJOKATENLHOM HAIPABICHHM
HepeMeriaeT HeKOTOpoe KOIHMYecTBO BemecTBa 1 K «ropsadgeii»
cTOpoHe pesepByapa. Taxmm o6pas3om, Bo3MyilleHNe KOMIOEHCH-
pyeTcsi STHM IOTOKOM, Kak Toro rTpebyer npnuumn jie Marense.

JAns cranmomapuoro cocrosmust npu addexre Hmymcema
MOJIy4aeTcs Taroe ke ABJIeHHe, HO BMECTO PA3HOCTH KOHIEH-
TpamEMi TYT TOABIAETCSA PA3HOCTH NaBIICHMIL

Bropoit npumep orHocutca ® repmonape. B crammonapsom
COCTOSSHWA WMMEeTCH H3BeCTHAs PasHOCTh IIOTEHIMAJIOB Ag,
COOTBETCTBYWINAA pasHocTH Temueparyp AT. Msmenernme 3Toi
PasHOCTH TNOTeHIMAJIOB NPHBOJNUT K MOSBIICHAIO BJEKTpHYe-
CKOI'0 TOKA, KOTOPHIA CTpeMHTCA OcAabuTh BHI3BABIIEE €O
H3MEHEHNE PA3HOCTH IOTEHIHAJIOB. JTO ABIAETCA CIECTBHEM
HepaBeHcTBa (15).
"~ B sawmogenne paccMorpuM uzoadduunyio peannmo. Ipen-
HOJIOMKMAM, YTO ONHOBPEMEHHO IPOMCXONAT [BE XMMHYECKHE
peaknnm u ofecredmBaeTcA IIOCTOAHHOE 3HAYEHHE CPOICTBA A,
nepsoit u3 Hux. IIpegmonoxmm TaksKe, 9TO IPH CTAIEOHAPHOM
COCTOAHMHE BBOJUTCA HEKOTOPOEe KONWIECTBO BEINECTBA I, KO-
TOpOe HAXONMTCA B IPaBOIl CTOpOHE ypaBHEHHMSI BTOPOH XAMU-
YeCKOM pearumm. OJTO TOBHTIAET XMMHYCCKAH MOTEHIWAT p;

M HOHIKAET CPONCTBO A, = — Y vp,u,. B TOCITe[HEM MOMKHO
[

ybenuThca NPHM pacCMOTPEHMH PasBEPHYTOrO BHIPAKEHAS XH-
MHEYECKOT0 HOTeHIuaya (IJIfA HEealbHHIX I'a30B W PacTBOPOB).
Taxmm o06pazoMm, HOABHIOCH OTPANATENBHOE BO3MYIIECHUE B
cponcTie Bropoil peakmuu (34, < 0). CiiegoBatesibHo, B COOTBETCT-
snm ¢ nprHnunoM je Mlareare(8) nossrnace orpunaressuas cKo-
poctb Bropoi pearnunm (J, < 0). [Ipyrmmu cioBamu, pearums
molifier cIpaBa HajleBO. ITO MOHMKAET KOHIIEHTPALHIO Bellle-
cra i. Bosmymienne cHoBa roMmeHncHpyeres.

§ 77*. llpumenenne k Guoaorum

Ilpuroxun 1 BmaM mccmepoBajia DpEMeHeHHe CTAIHOHAD:
HBIX COCTOAHNA K OHOJOTHYEeCKHM MABJICHHAM. ITO HCCIERO-
BaHWE VCTaHABJIHBaeT CBA3h OSHTPODMEH ¢ OMOJIOIMYECKOMHT
cHECTEeMaMu,
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uBoit opranmsM ¢ TepPMOIHHAMHYECKOH TOYKHM 3pEHHs
npeAcTaBIsgeT coboll orkpmTyio cmeremy. Ilowa om pacrer,
OH HAaXOAUTCA B CTAaUHOHApHOM cocrogHmA. ITojommrennuoe

dis
BO3HHUKHOBCHHE 3HTpOHI/I]?I G—:——(#, ABJIAIOIeecd CIeACTBHEM

Goypmoro ymejaa HeolpaTHMBIX IIPOIECCOB BHYTPH OTpaHB3Ma
(rsaBHBIM 00pa3oM o0MeHA BeUecTB), KOMIEHCHDYETCS OTpH-

S
UATEILHBIM COOOIeHneM DHTPOIHH ;t . B pesynrrare pH-

Tponusa He usMerserca (33). [[pmykenne X CTanuMOHAPHOMY
COCTOAHMIO TPOUCXOANT NPH HeflCTBAH PAa3IMYHLIX OrpaHUde-
HUii, OompejeliAeMEIX BHemHNME ycaopuamu. Ha repmonuma-
MHAYECKOM HA3BIKEe 3T0 3HAYAT, 9YTO BHeNMHUE YCIOBUA TOA-
HepKEBAOT GOJBINOS YHMCIO CHJI IPH IIOCTOAHHOM 3HAYCHUM,
M CHCTEMA NPUXONHT K IIOCHefHell CTafWH pocTa — B COCTO-
AHNEe MAHUMAJILHOTO BO3HHKHOBEHHS DHTPONWH G HA eUHHUIY
maccel. CamMa SHTPOMNS § BO BpeMA Ipoiecca, OJHAKO, yMeHb-
maercA, TAK KAK MMeeT MecTO IIOBHIIIEHHMEe (OPMBI OpraHu-
3anuy M CTPYKTYpPH MaccH BemecTsa. DOpPMAIbLHO HTOT IIPoO-
ecc MOKHO YIOROGHTH TOMY, UTO IIPOMCXOJMT IPH TepMO-
anddysnn, ommcansoi B § 75.

Wzmosennoe o4eb XOPOMO COIVIACYeTCSA € M3BECTHHIMH
Buonorngecknmn  Qgaxtamu. sHuBEe OPraHA3Mbl IOKA3HIBAIOT
3a BpeMA HX CYyIIECTBOBAHAH NOHIMKEHMe o0MeHa BelllecTB
Ha eMHHANY Maccel. Kro MEHUMYM onpefesseTcd BHEIIHAMHA
yCIAOBUAMEA. ITO OOBACHAETCHA NBHKEHHEM K CTallHOHAPHOMY
COCTOSAHWIO ¢ MHUHHMAaJbHBIM BO3HUKHOBCHMEM BHTPOIMH O.
Teopus Jlamapka roBopuT OTHOCHTENBHO «BHYTPEHHEH TeH/EH-
OUKA K YCIOKHEHHIOY. OTO COOTBETCTBYCT IOHHMKEHHIO BHTPO-
MUK §, 0 KOTOPOM TOBOPWJIOCH paHbIHe.




FTJIABA XI
JAJBHENMIEE OBCYKAEHUE IIPUHIINIIOB

§ 78. Coornomenus Onsarepa pias npeoGpazoBaHHBIX
MOTOKOB U CHII

JdTa riaBa [OHNOJHsET UepBHe /Be IJIaBsl, IJie OBUIH
U3JIOMKEHbl OCHOBBl TEPMOAMIAMHUKM HeOOPATHMBIX IIPOIECCOB.
HMauupiii maparpad u ciefymomie mpeacTaBaaoT coGoi TOIOI-
uedns K raase Il m x § 2 raaswt 1.

3nech B ofuieM Bujte Gyjer AOKA3aHO, YTO OpPM JIWHEHHOM
npeobpa3oBaHUy TOTOKOB M cuil coorHomenmsa Ousarepa ocra-
orea B cuite (Meiikcnep, Ilpurosnu). Buavane pacemorpum
CILy4all 7 He3aBHCHMEIX IOTOKOB J,; M CHII X, (i=1, 2,..., n).

Hanmmem poipaykenne pfisi BOSHHKHOBeHHA BHTPOIHE

G:'Zlarixi, (i)

a pacceanne snepruu ectb I'c. DeHOMEHOTOrMYECKHE COOTHO-
eHAA VOMKHO HATIMCATH B BH/E

J,= 2 L,X, (i=1,2,...,n), (2)

HJIM, TIOJCTaBJIAA Lﬁgi, OJTy9HUM 3JIeMEeHTHl B3aHMHOH Ma-
Tpans: L,
n
- —1 .
X, =2 L', (=12 ...,n). 3
R=1

(3mauenme perepmusanta |L| maTpuum KO3()PUIMEHTOB 0T-
JEIHO OT HyJsA, MOTOMY 4YTO MOTOKH HesaBucuMbl.) Ilop-
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CTaBjIfAA 3TH COOTHOIICHHUA B BHPAXKCHHE [JI BO3HHKHOBEHAA

9HTPOINH, TOJydYaeM:

n
o= X LyX.X, (4)
i, k=1
o= X Li'JJ,. (5)
i, k=1

[Tpeobpasyem moroknm J; BBeeHIEM HOBHX NOTOKOB
n
Ji= 21 Bl (i=1,2,...,n) (6)
h=
M HanuIeM BO3HMKHOBeHMEe SHTDOINU B BUJIC

o= D JiXi. (7

i=1

Cpasumsaa moipamenus (1) m (7), a tamke yunteias (6),
HONY9NM CIHeyIOUlyl0 CBA3L MEMAy HOBHIMH W CTApHIMU
CHJIaMH:

n n
X, =2 B8 Xo=D2BsXsr (=1,2...,n (8
k=1 h=1
uiu, Haobopor,
n n
Xi= 2 B'X,= 2 B&'X, (=12 ...,n. (9
B srux ¢opmynax smavox + mokasmBaeT TPAHCIOHHAPOBAHHYIO
MaTpamy.

Hosprle ¢enoMeHomormueckne COOTHOMmEHU MOTYT OBITH
HAIIMCAHBl B BUJE

Ji=D LyX,  (i=1,2,...,n). (10)
k=1
IIpeoGpasoBanusie Kos(PUMMERTH, BHpAKEHHEE 4Yepes CTa-

Pbie, MOMKHO IOJyYWTh, €CJIH BHpaskeHue (Z) HOACTABHTH
B (6) m, coorsercrBenno, B (8). Torma Gynmem HMeTs:

?‘L n
Lin = ; Bl = ; Bl (G m=1,2, ..., ). (11)
« R= 7y R=
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Teneph MOKHO JIerKO [OKa3aTh NHBAPHAHTHOCTL COOTHONIE-
Hui Ousarepa. Hua craphx KosUOMEHTOB mMeeM:

Ly = Ly; (i, k=1,2,...,n). (12)

Menonwaya suipamenust (11) u (12), momywaem:
n n
in= 2 Bulabn= 2 BaLpdny=Lm.  (13)

Tarkum 0o6pasoM, HOBbe KO3PHOUEHTH IOXIMHAKIOTCH COOT-
Homenmam Onsarepa.

OrmerrM, 9YT0 BCe IpefHIyNiMe COOTHOMIEHHA YOpO-
LIAI0TCS, eCIIA NPHMEHATh MaTpuunsie ofosHadenns. Qopmyint
(1) — (13) npm nomp3oBaHmE sHAYKOM * nanA  o6o3HAYEHAA
MaTpUI TPUHAMAIOT BHJ

o = j'x; (1a)
j=Lx, x=L7j; (2a, 3a)

o = xtLx = j*L1j; (4a, 5a)

i = 8 (6a)
¢ = jtx’ =x"¥j'; (7a)
x=p"x", x'=B"1x: (8a, 9a)
J=Lx" u L' =pL3% (10a, 11a)
L=L% (12a)
L' == (BLEY)" = PLAPF = PLB* = L. (132)

B JocJieJHeM BHIpajKeHUN INPUMEHEHO NIPAaBUJIO YMHOKeHBs
TPAHCIIOHAPOBAHHBIX MATpHQ

(AB...F)*=F*.. B¥A*, (14)

Jpyrue cooTHOmMeHNA MexAY QOpMyJiaMu OCTAIOTCA TAKAMH Ke,
KaK IpHBEJCHHHE B NEePBOH 4YAacTH HAcTOAMEro mnaparpada.
Hexoropsie (opMyJsl TOMYdYalOTCA C HOMOMIBIO TOJIBLKO 9TO
IpABEeJEHHRIX, KaK, Hampuep,

o = x"tL'x" = j*+ (L)1, (19)
(L’)_] — ‘B+"‘1L“1p"1_ (16)

Bee aTi opMy Tl IOKA3HBAIOT CHMMETPHYHOCTH HOTOKOB 1 CHII.
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Heckonpko 1npumepoB mpmMeHeHms —coorHomeHuil  (6)
m (9)— (13) 6winm mamer B rmasax III, V, VII, VIII, IX n X.
UYacro BeTpeuarommiicA caydait npeoGpasosanua 1oToxoB (6)
AN n=2 OBJI JAaH B BUe

B=

. 17
b1 (A7)
[Tepssiil MOTOK, T. €. HOTOK BellecTBa, HO MEHHETCA, & IIOTOK
snepram MmensercA. Torpga mpeobGpasoBanme mMarpmmsl cmi (9)
maer:

Hi 0

1 —b

-1
B_Oi

‘ . (18)

Oso ocraBinsger BTOpyI0 cumity 6e3 m3MeHeHMA (TeMmepaTyp-
HBIH rpajuent).

Jaa wmarpunosr woadduumenros (11) HoBoro genomeno-
normdeckoro cooromenna (10) mmeem:

1 Ly, Ly, +bLy
Ly +bLyy Lyy+b(Lys + Lyy) + b°Lyy

JdTa cXeMa CHMMeTpHYHA, IIOTOMY 4YTO HMEET MecTO paBeH-
¢80 Ly, = L,,.

Wspecrnaa anrefpamdeckas TeopeMa YCTaHABJIMBAET, 9YTO
cooTHOImmerHe (2) MOKeT OBITH IPHBENEHO K IVIABHEIM OCAM
anHeiHeiM mpeobpasopanneM (6). OHOo coxpamsier GuimHe-
gy ¢opmy (1) unm (7) meEBapmaHTHOW, ecam Marpuma L
cummerpuuna (12). Taxum obpasom, coornomennma Omsarepa
I03BOJIAIOT  1Ipeofpa3oBaTh IOTOKM W CHJB TaK, 9TOOHI
YIPOCTATH (PeHOMEHOJIOTAYeCKAe B3aKOHBI. OTO MOKeT OBITH
FOCTHTHYTO pasnmudbiM nyrteM. IIpocTeIM mpmMepoM Ipwm-
BeJleHA K JMaroHAJBHOW (opMe ABJIAeTcA IOJCTAHOBKA B
npeoGpasosanne (17)

L=

(19)

= _Ln_  Iu 20
- Lll Lll : ( )
Torpa matpuua npeoGpasoBaHHEIX Kodpdmnuento (19) mpm-
MEeT BHU]
B | Ly 0

L= ‘ (21)

Ry
0 Ly—IL%,:L,
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Taxue mpeobpasoBanua paccmarpusainck B raasax III u V.
@opmyaa (20) Tam OoTHocHMIIach K KOJIHYECTBY IepeHOcA.

Mo cux mop paccMaTpUBAIIKCH HE3aBUCHMEIE IIOTOKW M CHJIBL.
OnpHako, MOKHO JIGTKO HCIONB30BATH 1IPEIBIAYILIE PACCYIKIe-
HAA ¥ IS cjydas 3aBHCHMBEIX IOTOKOB WJNI 3aBUCHMBIX CHII.
Hanumewm coorsomenne (6) nns i=1,2,...,¢, rne ¢ > n.
Marpuna 8 nmeer temeps ¢ psgoB uw n crtonbmos. IlpeoGpa-
30BaHHBle TOTOKW Ji sABAwTCs saBucumeivu. Ilepeonauams-
HBle HEe3aBHCHMBle TOTORH J,; MOryT OBITH OIPCIEICHBl 3 COOT-
Homenua (6), eciu jperepMUHAHT MO KpalHel Mepe OFHOIL
KBaZpaTHON MATPHUIE! ¢ 7 PARAME M CTOJOIMAMI B BhIparkeHnu
oTaIU4eH oT HynA. B mocaexymoilem OyleM cYHTaTh, 4TO 3TO
ycioBue BemojHAercd. Temeprn B cpejiHell yacTH BEIpaKeHUs
(8) mpemen cymmupoBaHus xoMmmed ObITh JoBedeHd 10 A=
1,2, ..., q. Heaeza, rax B gopmyne (9), moayuurs Inpe-
obpafoparunie cuisl Xj, ecim supamennc (8) cogepmur
g Hem3BecTHHIX Bejuuuy X; i n ypasuennmii. Unciio cum mosker
6BpTh BEIOpaHO npousBonbHBIM. Ocraltbiasg wYacTh BBIBOJOB
ocraerca B cuie. B coornomenusx (10) memny ¢ 1HOBBIMH
HOTOKAMH M ¢ HOBBIMH CHJIaMd  uMeeM £, i—=1, 2,...,q.
Vpasuenust (11} u (13) ramke ocraforeﬂ B cuie, HO CyMMH-
poBaHme pacmpocrpandercd Ha j, k=1, 2, ..., q co 3HauKamu
i,ym=1,2,...,q. Takum obpazom, JasKe B cIydae B3aBHCH-
MBIX TIOTOKOB cootHomennsa OHsarepa oRa3LIBAKTCA clipaBefi-
auBEMu. Jlerko BuygeTh, 4TO M 0OpATHOE MNOJOKEHHe TOMKe
BepHO. B camom pese, ecnm suavenue Li, (13) ussectwo,
TO W3 Hero uoiiydaetcs coorHomieHme (12), H 3THM caMBIM
JIOKA3BIBACTCA, YTO XOTA OBl ONMH JICTePMHHAHT W3 n® 3ie-
MEHTOB B Marpuue 3 oryudaercsi or Hyus. Ilpumep zasucu-
MBEIX IOTOKOB paccMarpmpajica B riase VII, rpe cymma moto-
KOB BeIUecTBa 0CTaBajach Bce BpeMA paBHoif HyJo. Tawm pac-
CMATPUBAJINCH TOJNBKO HesaBHCHMBle TOoTOKM. Ecam pac-
CMOTpeTh 3aBHCHMBIE IOTOKH, TO HOABMJINCH OBl elie COOTHO-
menus Ousarepa 174 (eHOMEHONOTHYECKHX Kod(QUIIHeHToB.

MoskHO, KOHEUHO, KaK M B IPeNBAYINEM aHajim3e, pac-
¢MOTpeTh CJy4al ¢ He3aBHCHMBIMU TOTOKAMHI 1 3aBHCHMBIME
¢HUIIAME, HO TAKOIl NpuMep fetanbHo pastupaiics B raase 1X
(§ 63), rae 3aBuCUMBIM GBUIO XHMHYECKOE CPONCTBO, & CKO-
POCTH peaKNuit OBIIM HE3aBMCHWMBIMH.

Horma ofe rpynmel mepeMeHHBIX, T. e. IOTOKH M CHIIH,
BaBHCHMEl, CHMMETPHYHOCTE KO3QUIUUEHTOB He MO#eT GHTh



§ 79] YETHbLIE 1 HEYETHBIE HAPAMETPHI 253

rapantupoBana. Takoil ciydyail HMeeT MecTO, KOIAa BMECTO
CKOpOCTH XHMUYECKOH pearlUud U CPOMCTBA B KA4ecTBe COMps-
JKeHHBIX  ITapaMeTpoB  HPHHAMAJOT KOJIMYCCTBO  BelecTRa
W XUMHYecKUI TOTeHIual.

§ 79%. Bamanue 4eTHBIX M HEYETHHIX HAapaMeTpPOB
Ha coorHomenusa Onsarepa

B raase 11 (§§ 6 u 8) 6p110 IpUHATO, UTO MAPAMETPHL COCTOS-
Hos o, ABBLIOTCH (YHKIUAME CROpocTeil wactuuer. Kasumnp
r Tenneren mcciieMoBas cilydait, Korja uapaMerpsl Obuin me-
ueTHBIME QyHKOHsAME cKopocteil. IIpocaeaum noxasaTenbeTBo
cipasejmnBocTH coorsomennii Onszarepa, koTOpoe ObLIO AAHO
B riaBe 1I, ¢ IOMONIBIO (YeTHHIX M HEYeTHBIX NapaMerpoB»
(upm M3MeHeHHH HAIpABJIEHI CKODOCTEH YacTHYEeK HepBhe
MEHAIOT CBOIl BHAK, a BTOPHIE OCTAIOTCA HHBAPHAHTHLIMHA).

Oaorryanun (§ 5). Hax n pansime, orxiIoHeHU:A
OT coCTOSIHMA PaBHOBecusA OyHeM XapaKTepu3oBaThb BeJjlHYu-
wamu o, npu i=1, 2, ..., n. Ilepssle u3 nuxX m mnapamer-
poB OymeM cYmTaTh UYETHBIMH, a OCTAJIbHBIC HEYeTHBIMIL.
Yernple mapaMeTpbl NEPBOH Tpymnmel GyIeM OTMEYATh JIATHH-
cKIME OykBamm, 8 IapaMeTpsl BTOPOIl IpyNTbl, T. €. Heder-
Hble, TPCYeCKHMH OyKBaMH:

a. (i=1,2,...,m), o (=m+4L,m+2 ...,n). (22)

i
j]‘JIH OTHJIOHCHHA DHHTPONHK OT e¢ 3HAUYCHHA IIpH paBHO-
BEeCUHN MMeeM:

1 1
AS == ——7 2 gikaiah —*~2— Z g;‘.,'l;\a.,. (23)
i, k

Ay v
B sTOoM Bepaykenus He BCTPEYAIOTCA Y/ICHBI, COJLEpauIue
NPOU3BEACHUA IADAMETPOB ¢ JIATHHCKEMH M ¢ IpIeCKEMH
nHmexcaMm, Tak Kak AS apnsercss wernoit Pyawmmei. Cym-
MHEpOBaHEe 3/€Ch PACIPOCTPAHAETCS HA BEeTMYMHbI, IPUBEJeH-
goie B (22). Belpamennd cu 1pn 9TOM HPUHAMAIOT BHJL
X 6AS.—_.—2gMah i=1,2,...,m),

LN

dAs . (24)
Xl:@T:—: ——2g;\\,1v ()\T:nz+17"'vn)'
A
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Qopmyina (I1.10) ocraerca cupaBefEBONl Hmpm JIHOGOW KoOMOU-
HaIlUF WHIEKCOB y TIapaMeTpoB.

Murxpockonnmueckasa obparumocts (§6). Bmecro
BeipaskeBrs (11.13) Temeps HYy’KHO HpeACTaBHTH BEIpasKEHIE
MHEKPOCKOIMYecKON 06paTWMOCcTH B BHfe

o () a;{t-F5)=a; (D, (1), (25)
a; (o (t+1)= —o; () (t— ), (26)
ay () ay (E-4-) =2 (1) ay (t —7). (27)

Haa Toro uro6sl pacmu@poBaTh 5TH GOPMYITBI, PACCMOTPUM
cienioBaHme QUIIOKTYanuil BO Bpemenn (pHc. 4). Ilycts amunm,

oy

er“{/\/\/TM
%w@«f\

A
T

&;
@i vermmori(i) — vemmd )

= %/ﬁ/\_ A
e

N, 2y )
vemuei(i) — nevemnaii(A)

o F’Yv
-~ ¢ TN
S X/ 1: NG
a, %

Hevemusill (A) — revemroid (V)

Pme. 4. QuokTyananm 9eTHHIX W HEYETHHX apaMeTpoB
B QYHRIUE BpeMeHH A0 M IIOC/e M3MEHeHHs HaNDABIIeHHAHA
CKOPOCTeH - 9acTHil.

u306paKeHHEle HA JIGBOH CTOPOHE PHCYHKA, IPeJCTABIAIT
coborl (pIOKTyanuw, 3acHATHE Ha KpHOWIeHKY. B Kakoii-To
MoMeHT {=( BHauHeM KpyTHTh INIeHKY B 06paTHOM Hampa-
BreHnn. Torpa momyduM KapTHHY, H300pasKeHHYI Ha Ipa-
BOH CTOpOHe pucyHKa. MOKHO CHUMTaTh, 4UTO B3TOT HOBHI
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HOPANOK  (IIIOKTYANME ABISETCA TAKHM jKe ¢HOPMAJIBHBIMY,
KaK O JeUCTBUTENBHBIA, T. €. 00a HTH HOPAAKA MOTYT OfH-
HAKOBO Y4aCTO BCTPedaThCA B JeHCTBUTEIbHOCTH. Ecim B3ATH
ABA YETHBIX NePeMeHHHX mapamerpa a; (/) u a;(f) M m3Me-
HUTb HANpPaBJeHWe OCH BpPEeMEHM, HONYYAM CHMMETPHYHYIO
KaprTeHy [BYX MNOPAAKOB (UIIOKTyamumil, u3 KOTOPHX 00a
ABIAIOTCA (HOPMAIbHBIMAY,

J10 BRpazkaeT u ¢opmysa (25). Ecmam BaaTe 1sa mmepe-
MEHHBIX IapaMeTpa — YeTHHIH a, (!) B HeweTHHI a, ({)—u H3Me-
HATH HaUPaBJIeHMe OCH BpeMeHH (MM HALpPABIICHAS CKOpPO-
CTeHl 9acTHIeK), TO IMONYIMM (HOPMAJBHHID NOPAMOK (iiokR-
Tyallmid TeM, 4YTO BMeCTO &, BO3bMeM — a,. llociermHee BEIpa-
maerca Qopmynoil (26). IIpmMepoM TaKOro sBIEHHA MOMKeT
CIy’KATh W3MeHeHWe YIJIOBOH CKOPOCTH rajibBaHOMeTpa IIOJ
BIMARAEM GpOyHOBCKOro nBmxeHusi. TakuMm o0pasoM, Korma
HCHOMB3YIOTCA [IBA HEYETHHIX mapaMerpa o (1) u ay (), MOMKHO
HONyYATh (HOPMAaJIbHHINY HOPAROK, ecn:d B3ATE — oy () o
—ay (¢) mmepeBepHYTH HampaBieHme ocu BpeMen: (27). Bcee
TPH cjiydad IIOKA3aHBl HA puc. 4. (OTH PHCYHKA He HYKHO
OOHUMATh TaK, 49T0 6 JOJKHHEL OBITH 00513aT€JIBHO YETHRIMHA
WM HedeTHHIMM (QYHKIUAMU BpPeMeHH. 3[ech HIpefCcTaBlIeHO
(OPaBHJIBHOEY M «HeIpaBHIbHOe» (< () ABWKEHAe IJICHKH,
Ha KOTOpOH M300pajkeHHl (IIIOKTyamuu.)

Boneme MBI He OymeM OCTaHABIMBATBCA HA pacCMOTpe-
HHAM BBIBOJOB § 6.

B ragectBe npuMeuaHms mpmBejeM JpYroe BHIPaKEHHe
MAKpockonmdeckoir ofparmmocta. Tak ke Kak ¢opmyaa
(I1.15) momywaerca w3 ¢opmyas (I1.13), moxkno moOmydnTH

u3 gopmyasl (25) caexyomyo gopmysy:
a; (0 [2; C Doy 0, oo @, amas @, oy im0 =
=a ®) [d'j (¢ —)]n (O)seevs am (8),— ain g1 (£)5 «oy —an () (28)

Wz 3toro BhIpasKeRUs HMeeM:

loa; G+ ay @,y am 0, amer @ oy @) =

=17, (0= ey @, oo am O, —ams1 @, eor ~an (0 (29)
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#u TOYHO Tak e w3 Qopmyn (26) m (27) momyuaem:

[2y 0+ T)as @, s am 0, amsa 0 cocr an (0 =
= - [“v (t - ")]al )y oy am (), —amyy (1), ooy —an (1) (30)

3HAUKM NOKA3HBAIOT OIpefesieHHbe 3HAYEHHA IapaMETPOB
Bo Bpems . Cpegnme GepyTcsa Ha BpeMs T HO3Ke Y JIEBHIX
ujeHoB (OpMYJ W Ha BpeMs T paHblle Yy IpaBhiX WIEHOB
dopmvir. DopMyJEl ACHO MOKA3HIBAOT, 410 OyNymme i mpom-
JiBle OTKJIOHEHWS — B CPefHeM OJH’ ¥ Te 3ke. MoKHO 6HIIO Gbl
BMecTo opmyn (25), (26) m (27) B KavecTBe MCXOIHEIX B3ATH
u popMyasl MEKpocKommueckoir oGpartmmoctm (29) m (30).

Ilpn wanwamm BHemHero MarHmraoro noias B cooTHome-
A (25), (26) u (27) momxHH GHITH 3aMEHEHBE CJICYIOMIMMMU:

@00+ =3 0 C—I]-» (31)
OO ET V= ~&Out—s (32
[ as G+ Dl =[m ()2 —)-s- (33)

daryxanume ¢panwrryanui (§ 7). Ucmonnsys ¢op-
MYAH (24) [pis cmil, a i HOTOKOB — QOpMYJIH

Jo=a, (i=1,.,m), Ji=a, (=m-+1,..,0), (34
- HaXOAHM BO3HWUKHOBEHHC SHTPOIIMU B BH[E

1
[uddepennupoanue no BpeMeHH JTOJKHO IPOBOJUTLCA C yue-

toM (I1.19). Tenmepr MoxHO HammcaTh (EHOMEHOJIOTHYECKMIA
'3aKOH KaK JIMHEeWHOe COOTHOIEeHUe MeKIy IOTOKAME B CHIIAMH

Ji=2XLyX+ 2 LaXy  (=1,..,m),  (36)
Jl_='§ LiXp+ 2 LiwX, (=m+1,...,n0). (37)

. Busox coormomennis Onsarepa (§ 8). Hemons-
3yA Te e JIOKA3aTeJbcTBA, 4TO M B § 8, HaxogmM cooTHO-



§ 79 YETHBIE H HEYETHBIE NAPAMETPEL 257

mIeHAA B3aMMHOCTH MEKAY (EHOMeHOJOrA9eCKHMA Koa(pu-
nHeATaMa

L, =L, (38)
Liy= — Ly, (39)

Lkv = va' (40)

Bo BHEIIHEM MATHUTHOM M0JIe 3TH COOTHOINEHMS MMEIOT BUJ
L;, (B) = L,; (—B), (41)

L, (B)= —L.:(— B), (42)

Ly, (B)=Lu(—B). (43)

[IpocrsiM npumepom npmmenenms Buipakenus (IV.52) moser
CJLy’KATh BOBHUKHOBEHHE SHTPONNH B JJIEKTPHIECKOM YETEIPEeX-
TIOJIIOCHAKE

o=J9.+7,9, (44)

rpe J, u J, —T1OKNH, ¢, U ¢ — noTeRumans. Ecim mannmcats
JenomenosIormIecKne COOTHOIIEHHA B BUJO

Jo=Lyp,+ Lm‘?yr (49)
Jy = LZI(‘Px + Lzchy’ (46)

TO, MCOONB3YyA Bepamkenme (38), momydmm:
Ly= L21- (47)

BossmeMm Temeps cliefyiomipe BHIPaKeHHA (EHOMEHOJIOTH-
YeCKOr0 3aKOHA: :

Jx = Mll‘?x + Mlzjy’ | (48)
Py =Moo+ -Mzzjy’ (49)

rie MOTOKaMH ABAAIOTCA J, B ¢, a CONMPAMEHHRMA ¢ HEME
camamu ¢, u J,. Torma, yunreisaa coornomenne (39),
MOy 4 UM:

Mm:“' —’le' (50)

JT0 COOTHOMeEHAE ABIACTCH CJIEACTBUEM CIeNYIONAX HPAIHH.
Horor J, mpencrasnser coGoil cpefHee HEYeTHOTO TepeMeH-
HOTO W orHOcHTCA K rpymme J; eoipamkenms (36), a mo-
TOK ¢, — CpejlHeée YeTHOrO H OTHOCHTCH K rpynme J, Bmpa-
#enuda (37). Cuma @, — deTHas HW OTHOCATCS K rpymme X,

17 ¢. p. ne Fpoor
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soipakennit (36) m (37). Haxonen, cuna J, — HewerHAdA M OT-
HocuTea K rpymme X, dopmya (36) m (37).

IIpocToie npeoﬁpaSOBaHHﬂ dopmya (45) m (46) wupusopaT
K Baxy (48) m (49) m pawor:

(Lu L12L21> <L12 >Jy7 (51)
Py = —z;%ﬂrz—f (52)

Ilociiennue BRIpayKeHHA IOKABHIBAIT - CIPABeIMBOCTH COOT-
pomennit (50).. IlpeoGpasoBamms Taxkoro poja st Ciydaes,
rjie HOBHle M CTaphle HEepeMeHHEIe HePABHOICHHBI, HENIb3H
CMeIIMBATH C TeMH, KOTOpble OBUIM BHIIOJIHEHH B LpeMs-
nymem maparpade, TIje HOBbe IOTOKH OBJIN (PyHKOEAME
CTapHlX, M TO }Ke CaMoe OTHOCHTCS K CHJIaM.

§ 80*. OGoGmenne Teopemnr Onsarepa

Bo mHOrmx ciaydYadax MBl JleladM 3aKJIIOUCHAE O CHM-
METPHYHOCTH KO3PunmeHTOB (EHOMEHOIOTAYCCKAX COOTHO-
mennit (L, =L,;), xora, crporo roeops, (opMyIEpOBKA
teopemnl Onsarepa, mpuBefeHHas B riase II, memocpencrsen-
HO He IPHBOAHT K TAKOMYy peayiprary. B srom maparpade
JaeTcs CTPOroe JXOKA3ATEAbCTBO JTOH CHMMETPHHM [Jis BCEX
pasobpaHHEIX CIIyYaeB.

HamomumMm, 910 Teopema OH3arepa Obl1a BhBegeHa u3

M3MEHEHNUsS SHTpONMM cHcTeMsl AS, IpeJcTaBiIeHHOrO BEIPa-
JKeHTeM

AS =Y T, X, (53)
R

rae cuibl X, ABIAIOTCA TNApaMEeTpPaMH COCTOAIHAA, & IOTOKH
J}, — IpOM3BOAHEIMA II0O BpeMeHH IIapaMeTpoB COCTOSHMA 3TOH
CHCTeMEL.

B 3maunTesbHOM 4MCIIe PACCMOTPEHHBIX CJIy9aeB BOIHMK-
HOBeHWe SHTPOIHE, HOTOKK W CHJIB HEe XapaKTepH30BaJHCh
HepedncIeHHBIMA BRMe npusEaxkamu. OpHAKO, M A 3THX
clnydaeB MOKeT OHITH JHOKA3aHA CHMMETPMYHOCTD B (PeHOMEHO-
JIOTMYeCKHX ypaBHeHAsX. lIpexpe Bcero mnepevdciiaM STH
ciydam.
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a. Cxopoctnm xmMmmdeckmx peaxnmit J, mmi J; Moryr
paccMaTpUBATHCH KAK LPOM3BOJHEIe IO BPEMEHH IapaMeTpoB
COCTOANMA § WIIH, COOTBETCTBEHHO, &; [JA BAKPHITHX CHCTEM
¢ He3aBHCAMBHIMH XHMHUuecKumd peakouamm (§ 66). Mu,
O(HAKO, DACCMATPHBAJIE 3aBHCHMBle XHMHAYECKHE peaKnuu
B § 63 I peakmum B OTKPHTHX cmcreMax B § 65.

6. Ecnm mMmeeTca HOTOK B TPEXMEDHOM IPOCTPaHCTBE, TO
OH He AIBIFIETCA MPOM3BOJEON MePeMEeHHOr0 IapaMerpa COCTOsI-
ans. [IpamepaMm Taxoro ciydas ABIAIOTCA TPeXMePHHIA HOTOK
rennonposopnocta (§ 18 — anmsoTpomHOe TEno), TpeXMepHasd
snexTponpoBofEocTs (§ 20 — aHM30TpOMHOE TeJ0) H IOTOKH
B HenpepHBEHX cmeremax (raasel VII m VIII — ammsorpon-

HO® TeJIo).
B. B o0mem cryuae #id HeopePHBHEIX CACTEM MEI IHCAJIH:
ds .
p—%:——dles—}—o. (54)

MomHO paccMaTpuBaTh KaKoe-TEOO BemMECTBO KAaK CHCTEMY,

K KoTOpoi mupmMeHsercs Tteopema Omsarepa, W paccMaTpH-
ds

BaTh - KaK AS m3 raasu II, 1. e. Kax M3MeHeHHe PHTPO-

UM @, CIeOBATENIBHO, KAK BEJIMYUHY, XApaKTEPHBYIOU[YIO

coctosame. OnHEaKo, o, mpexcrapiesnoe B riase VII B Bmje

o= 1, Xy, (55)
k

He OygeT CKOPOCTBIO M3MEHEHHA XapPAaKTePHCTHKH COCTOSHHA.
N3 reopemnr Omsarepa MH HOKHB HOKA3aTh CAMMETDHIO
xoouImenToR A Beex oThX cayuaes. B §§ 18 m 20 emo
GHII0 CHeTAHO ITyTeM CIeNHANBHON (OPMYIMPOBKE YCIOBUM
caMoil sapmaum. Tawoit mwyrs Owbi w36pan Hasmmmpom. B
CoNpMIMHCTBE JIPYTAX YACTHHIX CIy4aeB [ OKa3aTelbCTBO.
CHMMETPHYHOCTH ~ KOIPPUIueHTOB MOMer OHTb  CcHelaHo
HeMOCPe[CTBEHHEIM  WCIO3L30BAHMEM  DACCYKHACHWH, Npu-
Bemennstx B riaBe II. as Tawmx ciydaeB JOKa3aTeNsCTBO
monmydaerca coBepleHHO yOegmrenpHEIM. OmHAKO, HYMKHO,
uT06H! OBliIa [OKA3aHA CAMMeTpEA BeeX L, KoaddunuenToB bifa?; g
obmero ciyaasa. K ameiay Takmx oOmE¥ ciiy9aeB OTHOCATCH
cIIeAyIouiae,
a. HeckonbKO OJHOBpEMEHHO LPOTEKAOMAX pPeaKIui
B OTKPHITHX cAcTeMax. KEcam B3ATh TaKoH cirydall, KOTAa
17*
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cmcTeMa He OOMeHHMBaercs BEINECTBOM ¢ OKpY:Kaiomei cpeyoi,
TO TONy4aercss 3aKpelTag cueTeMa. [lnA Hee cMMMeTpHYHOCTE
K0op(pPuUmenTOB yCTaHABIMBACTCH LIPOCTO.

Cummerpaa KOsQUIUEHTOB AJIA CITydYas CBA3AHHEIX XAMA-
YeCKAX pEeaKIUil MOkeT OHTh IONydYeHA HEIOCPE[CTBeHHO
us § 78. Ilpm sTOM MOMKHO paccMATPHBATH WJIM 3aBHCHMEIE
TNOTOKHA, MM 3aBACAMEIE CHJIEL

Ormermm, 4ro mpuMepH OXHOBPeMEHHHIX peaKmmi, pac-
cMorperrsie B § 63, npusenn k ypasuenmam (IX. 29) u (IX.30)
¢ He3ABHCHMEIME TOTOKAMH -.° ¥t dgf“
U3BOAHBIME INapaMerpoB cocrogeusa M, u M, 3asacamuie
nororn J,, J, n J, (IX. 28), ogmako, He aBIAIOTCA mpou3-
BOXHEIMA KaKHX-JIAO0 HapaMmerpoB.

6. m B. K npepeBHEM cECTEMaM, pacCMOTPEHHHM
B raase VII, Moo mpocro npmMeHmTH 00IMe ypaBHeHHS.
HorazartenbcrBo cuMMeTpuIHOCTH KO3(QPHIMERTOB MOMydaeTca
ropasno upomte, 4eM B §§ 18 m 20, Tak Kak TaMm Omula mpu-
HATA M30TPOUNHOCTEL cHcTeMH. B ofmem ciydae, ecim mMmeetcs
noror J(J,, J,, J;), sasumcammit or cmmer X (X,, X, X,
(mpm 5ToM M MOTOK W CHia SIBISIIOTCS BEKTOpAaMM), 3aBHCH-
Mocth J or X nmoisxHa OHITHL 3alMCAHA B BHIE

Ji= X L,X, (i=1,2,3). (56)

Yor=fl2,3

. OHm asmaores mpo-

Hua wmsorponnoit cmcremsl teHsop L, Momer OHTH mpes-
crapieH B Bufe L;, =IL3,,, m Torna mmeem:

J=LX. (57)

JT0 HemOCPe[CTBEHHO BHITeKAaeT W3 HHEBapHaHTHOCTH (96).
IIpepnomaraerca, 4ro. oHA MMeeT MECTO B H30TPOIHOH cpefe.
CnepmoBaresnsno, B raase VII MokHO OHIO UpHHEATH aH-
HellHyl0 3aBHCHMOCTH MEKJY CAMHOMH BeKTOpAMH H—He
00A3aTeTPHO—MEKIAY WX KOMIOHEHTaAMH.

PaccMoTpuM Temephr CHCTEMY, COCTOAIIYI0 M3 ABYX OT-
nenbHEIX 00beMoB 1 m Il (kak HempepeiBHas cmcTeMa B TVIa~
Bax III, V m VI), Memny KOTOpHIME MOTYT HMTTH HOTOK
BelecTBa ¥ IOTOK SHepradm. Hpome Toro, mnpumeM, 9O
TOTOKHA B OKpPY:KAIMY cpely Hcrio4eHs, Ecam ommcs~
BaTh BTy CHCTeMy Tak, Kak B riaBe VII, To BekTopHEIE mO~
TOKH 9TOH IVIaBHl NPEBPAINAIOTCH B CKAJSIPHEIE M OKA3HIBAIOTCA
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IpPOM3BORHEIME TapaMerpoB coctoAnmA. Jlerko Bmmers, vTO
K 9TOi chcreMe MokeT ObTh mpumeHnena reopuss Omsarepa,

TaK Kak ycuaosue ¢ =AS mpeguonaraer J=0. 13 cumMerpuu-
HOCTH KO3(YUImeHTOB OOBIYHBIM NYTeM YCTaHABIHBAIOTCA
HapaMeTphl COCTOAHHUSA CHUCTEMBL.

§ 81*. HepasnoBecHble TepMOAMHAMHYecKHe (PyHROUM

Jror maparpaf BRA0OIaeT HEKOTOPEle JomoiHeHnsa K §§ 3 m 7.

Basoit TepMopnBEaMuKy HeoOpaTHMEIX OPONECCOB SBIATCH
CJIeAYIOIMHIe OCHOBHEIC UYeTHIpe IOJIOKEHMA.

a. DBosHUKHOBeHHe BSHTpOIHHM o BCErfga IOJOKATENIBLHO.

6. Bamnasc sHTpPONHAH, a cJe/{0BaTeNBHO, W ¢, ONpPefeIal0TCA
¢ moMmombi0 ypasnenms I'm6Gca

T ds=du+ Pdv— ) p,dc, (58)
R

rae s, u M U—yHelbHas OBHTPONMA, DHeprua m 06BeM,
P — pnaBnenne, I — remneparypa, , — XMMHYECKHHA IOTeH-
Ouajl KOMIOHEHTA £ ¥ ¢, — KOHIEHTparmms KOMOmoHeHTa k.
J10 ypaBHEHHEe BEIDR}KEHO Yepe3 YJeIBbHEIE BeJIHYMHEI
i TOro, 4TOOH SICHO IOKa3aTh BO3MOMKHOCTD €r0 MPAMEHEHHSA
RAK JUIA OTKPHTHX, TaK B [AJIA B3arpeTEX cacreM. Ilop-
U 1% My
P =9 Y=r =7 @ HAXO[mM, 9TO
ypasHenme (58) cooTBeTcTBYeT OOHIYHONE (opMe ypaBHeRHUSA
I'm66ca, T. e.

CTaBIAA § = H ¢, =

f":;ckpk:u—l_PU_TS' 99

B. Menomenonornueckne 3akove (I.1), HanmmcaHHbe Kak
JIMHeNHble COOTHOMIOHNA MeKAY moTokamm u cmiamu. Ilocien-
Hue GepyTcs W3 BHpajkeHAA NJA o, NPERCTABICHHOTO CyM-
MOl NpOH3BeJAEHUH CONPAKEHHBIX IOTOKOB M CHJI.

r. Coornomenua Bzammuocru Omnsarepa.

Hna Toro gro0bl yCTAHOBUTH SIBIEHHSA, s KOTOPHX STH
YeTslpe MOJIOMKEHAS OKA3HBAIOTCA CIPABEJIABLIMA, CPAaBHEM
MX ¢ COOTBETCTBYION{AMMA TIOIOKEHISAMA KHHETHICCKOH TeOpHH .

ITepsoe momosenume (a) coorBetcTByer H-Teopeme Bonpnma-
Ha. Jl06ag craTECTHYeCKasa UM KHHETHYeCKasd MOMENb MOYKeT
O TBEPANTE BTO TOJIOIKEHHE.
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Bropoe momnomxenne (6) OxaskBaeTCA NI TEPMONMHAMIKE
Heo0paTUMBIX IpomeccoB 0ostee BaskuniM. OHO CBA3AHO ¢ OOIMAM
BOOPOCOM  OHpejielIeHAs]  TePMOJMHAMHYECKUX IAapPaMeTpPOR
CHCTeMBl B HEpPaBHOBECHOM cocToAHMH. MHOrHME aBTopamm
6BII0  YCTaHOBIIEHO, 4YTO TEOPETHYECKO® OBOCHOBAHHE TAKHX
HOHATHM, KaK, HampuMmep, TeMIepaTypa HJIM OSHTPOLHS, Tpe-
Gyer pasioenms QyHKOEA CTATHCTHYECKOrO pPACHpefeenys
CKOpOCTell B ORICTPO CXOfAMuiica pAR

f=fO L O 4L, (60)

rae f© — pacopepenenwe npa pasHoBecud, a f u papyrme
YIeHH pAfa ABIATCA IOCIeLYIOMAME IPUOIHKeHTAMA. ITO
CBABAHO €O MHOTHMH O0OCTOATEIBCTBAME: HAIPHEMED, Cpej-
HAil ¢BOOOMHENT NIpober 9YacTHMYeR [O/DKeH OBITH ropasfo
MeHBIIe pasMepoB pedepByapa, MIEHA CBOGOFHOro mpoGera
mokHA OBITH TOPA3[[0 MeHbIIE pPACCTOAHWSA, HA KOTOPOM
MOTyT OOHapy:KAThCA M3MeHeHHA] TeMIeparypsl, CKOpOCTH
AIA cocTaBa U T. J. Ho st obcroATenbeTBa, OKaskBaeTcd,
AMeIoT Gosblle KadeCTBeHHOe MM, B JIyduleM cCJIydae, IOJy-
KONWIeCTBeHHOE 3HAYEeHHe W He ONPeXelAl0oT Pe3KHAX IPaHWL
CIIPABE/IIMBOCTH BHPAKeHHA (O8) A HeyPABHOBEIIEHHKX
COCTOAHH.

CymecTBeHHOe 3HadeHHe mMeIOT pabots Ilpuroskmua. Om
YCTAHOBHI KOJIAISCTBEHHBIe IIPefeilhl CIPABEAJMBOCTA DTOTO
DOJNOKEHAA B CPAaBHAJ Pe3yIbTATH UOACYETORB IO TEPMOAMHA-
MHYeCKOil Teopmm, Oasmpylomeiica Ha ypasHeHEH (58),
¢ pe3yJIbTaTaMi, IIOJyIeHHBIMH M3 CTATUCTHYECKOH Teopu:
Beo0paTEMBIX IPOTECCOB B razax Ha Mogjein JHckora w Yso-
MeHa. Y paBHeH#e (D8) ycTaHaBAMBACT, YTO AAKe ¥ IS HEPAB-
HOBeCHBIX COCTOAHHH 9SHTPOHNEA § SBHO 3aBHCHT TOJRKO
OT 4, ¥ W ¢, 4 He OT I'PaIieHTOB, KOTOPHle UMEIOTCSI B 060
TOUYKE CHCTEMBl. OTH TPaJ@eHTH MOTYT TOJNBKO B HESABHOA
dopme BXOAWTH B TEPMOAMHAMHYECKYIO Teopmio. IIpuromun
cllenall MOAPOOHBIA pacduer Mofmenum IJHCKora @ Ysowmena,
BRIIIOYAB TpeTHil uieH npubimxenma B dopmyie (60). Ilpm
5TOM O0KAa3aJIoCh, 4TO Pe3yJbTAT pacdera, IPOBEHEHHOIO MO
fopmyme f=f04f1), momyuaerca TaKEM 3Ke, KAK U TEPMO-
AEHAMAYECKWH, a BKIOYeHHe eule uyneHa f(2) memaer ymesb-
HYI0 JHTPONHIO fABHO 3aBHCAINEH OT TIPajMeHToB. Taxam
ofpa3oM, MBI HaXOJlAM OMpeleNeHHHIN mpenesn A oGaactw,
HNOMUARAIONIeACS TepPMONMHAMHKe HeoOpAaTHMHEIX IIPOLECCOB.
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B npemesax »T10d 067aCTH HAXOMATCA ABIEHHS NEpeHOCA,
KOTOpBle MOryT OBITH ommcansl QyHKNmed Bupa f={f0) f(1,
¥ XAMHAYECKHE DeaKnum, IPOTeKAom@e CO CKOPOCTHIO, KOCTA-
TOYHO MAJOM JJIA TOro, 4To0H He HapymHTh 3Ty QyHKImHIO
pacopefielieBAA  AAA KAKHOr0 M3 KOMIOHEHTOB  CHCTe-
MHE. JTO TOKasHBaeT, 9T0 0ojbmas TpyIua SABIEHAR MO-
xker OBITH mCCHeNOBaHA TeopHedl, OCHOBAHHOW HA Yypas-
HeHnd (98). B To ke BpeMsa 910 moKasmiBaer, uTO IPPEKTHI,
Tpefylolime JJIsi CBOETO ONHCAHAA uieHa [(2) mim 4ieHOB
Gonee BHICOKOTO WOPSAKA, BHNAJAKNT M3 00JACTH KOMIETEH-
IA¥ 3TO# Teopmu.

Taxme me pesynpraTsl 6HIA HoaydeRH IIparokmHbIM s
GpoyHOBCKOro asmkeHmsi. Humernmueckas teopus Jaer BEIpa-
KeHHe [I7I1 BO3HHKHOBEHAS YHTPONAHA ¢ B QYHKOUM BPEMEHH.
TompKkO KoOrjga OTpe3oK BpeMeHH Oonpme croenudmMIECKOro
BPEMEHH T,, 374 TEOPUA NPWBORAT K Pe3yIbTATAM, COTNACYIO-
maMesa ¢ TepmopmEammkod. Ifocnensas, Kak MB BAfedw,
He YYHTHIBaeT fBHOH 3aBHCHMOCTH ¢ OT BPEMEHH, a TONBKO
OT u, v Hc,. Bpems 1, ecth Bpems, B Te4eHHe KOTOpPOro Gpoy-
HOBCKAag YACTHYKA IPAXOAWT B YCTAHOBHBINEECHd [BHMKEHHE
(cm. § 78).

Briso 611 ouens mose3H0 IPOBECTH CpaBHEHHEE Pe3yILTATOB
LOJICYETOB 0 TePMOJAMHAMHAIECKON A KMHETHYECKOH TeOpHAM
BJIEKTPOHHHIX fIBJICHHI B META/NIaX M KHHETHKHA XMMHIECKHX
pearumi.

Tperse nomnoskenme (B) OCHOBEIBaeTcs Ha (EeHOMEHOJIO-
TAYeCKAX B3aKoHaXx. IIpmEmMaercs, 970 ABIEHWE OTHOCHTCH
K CTAIMOHAPHOMY COCTOSTHAIO, TAaK KaK (eHOMeHoJormIe-
CKHE 3aKOMEI IPEAIIONATaioT, 4TO IOTOKY ONPeNesIAIOTCS MTHO-
BeHHEIME 3HaveHHAME cmi. B § 7 6nio moxaszamo, 4TO 9TO
COpaBe[UIMBO TOJBKO 10 IIPOIIECTBUH BpeMeH:m G(OJIBINEro,
yeM BpeMsa T, HemoCcpeICcTBEHHO ¢ BTHM CBf3aH BOHIPOC O
TOM, HY}KHO /I YIATHBATD B BHPAKEHAN s BO3HAKHOBEHHAS
JHTPOUMH 9GJeH, XapaKTepH3VIOIMH{ (KAHETHIECKYI0 HHEp-
ruio  aaddysumy, T. €. MEKPOCKONAIECKYI0 KAHOTHIGCKYIO
9HEPrui0 OTHOCHTENHHOr0 ABIKCHHA KOMIOHEHTOB. Pacuersl,
BHINOJIHEHHEIE ¢ IEJBI0 OmpefelleHMd LOPSAAKA STOH BeIMYH-
HH, [OKAa3ajid, 9T0 HBJEHUA, BO3HHKAIOIIEE OT HAJINIHA
3TOT0 JABWEHHs, [EJA0TCS BaMEeTHRIMHA JIMINb TOTJA, KOTAa
t<ty THe T, €CTh OTPE30K BPEMEHH MEKIYy ABYMS IOCIIENO-
BaTEJILHEIMA CTOJIKHOBEHHSMM -dacTHdeK. Takme IPOMeKyTKA
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BpPEMEHA B OOBIYHBIX YCJIOBHAX BKCIEPHMEHTA MOryT Habiio-
AATHCA TOJIBKO B OpoyHOBcKOM BmKeHmu. Hpome Toro, ato
ABJICHAE HAXOJATCA 3a NpeflellaMH TOr0 Kpyra sABIeHH,
AJsT KOTOPHIX MOKHO CYATATH CIpaBefllIMBHIME (eHOMeHOJ0-
rAYECKHEe SAKOHBI M TepMOJWHAMHYecKOoe YypaBHeHHe HJIfA ©
(§ 7). llosroMy B Hero He BBOZUTCA UieH, YYATHBAIOUIHMA
(KAHOTHYECKYI0 SHeprumio JuQQysmmy.

Mu cHOBa mOmuepkuBaeM TOT (AKT, YTO (PeHOMEHONOrH-
YeCKEe 3aKOHB HPeIoIaraioT TMHeHEe COOTHOMEeHAA MEKIY
HOTOKaMy & cmyiamm. B 0OBIYHEIX YCJIOBWAX ABJIEHUA NepeHO-
ca OYTH BCErfia OKA3HKIBAIOTCA TAKMMM, 9TO JIMBEHHEIE COOTHO-
mieHus cobiopanTcd. OHAKO B XHMAYECKAX PEAaKNUAX BCTpe-
gaTcd GONbIOIAe OTKIOHEHWA OT JMHEHHBIX COOTHONIeHMM.

Ecan jmHedHEble COOTHOMEHASI MeKAY NOTOKaMHU W CHJIaMH
cO0IOJAIoTesI, TO HTO 3HAYMT, YTO HPHOAMKEHHOe BHIpasKe-
HMe JJiA BO3HEKHOBEHHA DHTPONHHM ¢ JO/LKHO OHTR KBajpa-
taannM. [Ipr ompefieneHnn o, KOTAa BEIOHPAIOT CONMPAMKEHHbIe
HOTOKH M GHJIbI, HYKHO MCXOJUTH WIIA W3 Pa3BepHYTHX BEIpa-
JKEeHWH OCHOBHEIX 3aKoHOB (Kak B ruasax III, V—X), wau
n3 $morryanmii. OHI TO}Ke IPUBOJAT K KBaJPATAIHOMY BHIpa-
eHmo A o (Kak B raasax 111 u V). B obonx cnywasax momy-
YAI0TCA COMpsKEHHEe MOTOKH H CHJIEL.

IMocnennee momoxenme (r), HA KOTOpPoM Gasmpyercs OCHO-
BaHME TEPMOJMHAMHKE HeOOpaTHMBIX HIPOIECCOB,—3TO COOT-
nmomenna m3anmuoctu Onsarepa. B rmape 11 6biy1o morasaso,
970 OHM CHpPABEJIABH DX KBaJIpATMYHOM BHIPayKeHWH JJIA o
A NOPHBOJAT K JIUHEHHEIM (eHOMEHOJIOTHICCKHM BaKOHaM.
CopaBefuinBocTh AONYIIEHAA O 3aTyXaHUm (QIIOKTyanmil 3ech
ABIAgercA OCHOBHEIM MomeHTOM (cp. § 7). O6macts, rne ato
JOTyIeHne OKA3BIBAETCS CIPABEJAMBBIM,—Ta e, 4TO H 006-
JaCTh, K KOTOPOH OTHOCATCA PAacCMOTPeRHOe MOJIoeHme (B).

B cBa3m ¢ sTEM oTMeTmM, 4T0 HanneH B cBOeM mcclefo-
BaHHM® BHBea coornomenmss OH3arepa MeTONOM, OTIINYHEIM
or merona OBsarepa, OCHOBAHHEIM Ha Teopun QIOKTyanuir, B
BEIBOfle HasmeHa soeMeHTH aHcaMGiig pacCMATpPHBAIOTCH Y-
tem wmurerpuposanus ypasHeHma Ilpegmmrepa. Xora mc-
cienopaBnsi Hanjesa odens BasKHHL UIs1 Teopumd HeoGpatu-
MBIX IIPOIECCOB, OHH 3[eCh He NPHBOAATCA, BO-TEPBHIX,
noToMy, 4ro ero pafoTa OTHOCHTCH K MHEKDPOCKONHYECKOH
¢manke, a BO-BTOPHIX, M3-32 HEKOTOPHX NPHHIAIHAAILHEX
TPYAHOCTEH, HPUCYIUX CTATHCTAYSCKOMY ONUCAHMIO.
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§ 82*. Jipyrue Teopum HeOOPATHMBIX IPOLECCOB

B srom nmaparpade B 06mux yeprax ONECHIBAIOTCA MaKpo-
CKONIMYECKHe TeOpHHM, He OCHOBaHHHE HA COOTHOMMEHHAX
s3ammMEOocTH OH3arepa. 9T0 ONDHCAHME SABIACTCA [ONOJIHE-
Huem kK §§ 1 = 58.

CymecTByI0T ABe TpPYINBl TEOPHA PACCMATPHBAEGMBIX MPO-
LeCCOB.

a. IlceBHoTepMocTaTHiCCKHE TEOPUH.

6. Teopmm, B KOTOPHX ycTaHAaBIMBAeTCsA GaNaHC HHTPG-
AW, ¥ B TOH miu mHOHE fopMe Aaiorcs (EHOMEHONOTHYECKHE
YPaBHEHHs [UIA BOBHEKHOBEHHMS DHTPOIHH.

B mcesmorepmMocTaTHIeCKHX TEOPHAX K 00paTUMO# YacTm
ABJieHPSA HIPAMEHAIOT 3aKOHK OOLIYHOH TEPMOCTATHKM, B TO
BpeMa KakK HeoOpaTEMas 4dYacTh BOOOIIe He Y4YWTHBAeTCH.
Xopomo m3BECTHHIME NPEMEPAMH IPMMEHEHHs 9TOW TEOPHH
ABJIAITCA HCCAe[OBaHA® 'TOMCOHOM TepMO3JIEKTPHYECTEA,
mceienosaEne l'enpMronpmeM Aup@y3moHHOrO TOTEHIHAJA
u uccuefosanme Mermenom wu  Barsepom rtepmopuddyaun
(o¢pderr Cope). Xorsa mepeumcieHHBIE HCCIE[OBAHUS JIOCTA-
TOYHO PAa3A@YHEL OO CBOeH JIOTWYEeCKOH cxeme M He OYeHb
CTPOTH, OHA 9ACTO IPHBOAAT K Pe3yabTaTaM, COrIacyIOuMCHA
¢ onnitoM. Hakerca JOBOJIBHO CTpPaHHEIM, 4TO, U/ He COBCEM
NPAaBHJABHERIM IyTeM, MO)XHO IPHATH K HPaBUILHEIM pPe3yib-
tataM. [lanpme Oymer npuBefeHO MHOrO (U3UIECKHX
000CHOBaHMil, mOYEMy 4YacTo, HCXOMiA W3 HEHPABHIbHBIX
DCeBAOTePMOCTATHYECKUX LOJIOKeH:, MOKHO OPUATA K Ipa-
BHJIBHEIM DE3yJIbTATaM.

IlepBrM W3 TeX, KTO IPHMEHUN MCEBLOTEPMOCTATAYECKAIL
metont, 6mm Tomcon. Ero merop yske Goun ommcan B § 58.
Jag Toro 4robH HOBATH, TOYEMY Y Hero MOJYYMJICH Ipa-
BUJIBHBIE pe3yibTaT, HANMOIEM CHAYajia BEIpaKeHWe [JIs
BO3HHKHOBEHHASA HHTPONAH

o=J,X,+J,X, (61)

H 3aMeHAM mapaMerpel X, w J, ¢ mOMOmMBIO (eHOMEeHOJIOorH-
YeCKHAX COOTHOIIEHMI

Jy=LuX; +LyX,, (62)
122L21X1+L22X2' } (63)
18 ¢. P. ne I'poor
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Torma Gymem umerTs:

I3 Ly —Ly, Lyp Lo 2
o= oot [P e (LB 3 @0
Cunraem, ur0 moToK J; €CTH BieKTpHUCCKHI TOK, a X, — pas-
HOCTH TeMmilepaTyp. ToMCOH paccMaTpuBaZ BTOpOM WieH mpa-
BOHM YacTH BTOTO ypaBHeHHA KaK 06paTHMYIO 4acTh, IpH-
PaBHMBAJ ee HYJI0 m mpenebperall UepsblM H NOCIEHAM
WieHaMH, T. €. «HeoOpaTHMBIMY TeIyIoM J[#oyid B Teluonpo-
BOJHOCTBIO. BosbnMan mpojiesaf cmemmanbpHOe MCCIEIOBAHUE
M IpHUOIes K Beipamenuio (64), Ho, KoHewHo, He Mor o0bsC-
HETE dToil mpomeaype Tomcoma. Temeps MBl BupnM, 49TO
ApPUYMHON TIPABUJIBHOTO Pe3yJsibraTa ABJAeTCS He pasfelieHme
ABJICHNA HAa «00paTAMyIO» M «HeoOpaTuMyio» 4acTd, a cupa-
BeamBoCTH coorRomenuit OH3arepa

L12 = L21’ (65)

Bropoit  nceBgoTepMOCTATHYECKHMH  IIpHeM, OIHCAaHHEIRA
HaszmmupoM Ha s3BIKe TepMOJUHAMAKE HeOOPATHMEIX IIPO-
IIeCCOB, 3AKIIOYAETCA B CIAYIOMIEeM.

PaccMoTpuM  cTAI[AOHADHO® COCTOSHHE IIpH OTCYTCTBHH
noroxa (62). Torma GyneM mmeTs:

. L .

X, =—72X,. 66

1 L7 (66)

[TepBas runore3a NCEBAOTEPMOCTATHKE FOIYCKAET, YTO KOTAA
B CTaIlHOHAPHOM COCTOAHMH MMEeTCH BAPTYaJbHEIN mepeHoc J,,
COIPOBOMIAIMUICA MOTOKOM J,, TO TOCIeNHHI OKA3LIBAETCA
TAKAM, KAaKAM OH [OJDKEH ObITh IPH OTCYTCTBHH CHIHL X,.

Torpa
Ji= L Xy, (67)
Jy=LyX,. (68)

i paccyAeHHA OPHMEHdI0TcAs K Tepmopunddysum 1 K 9f-
derry Huypcena. 3pech J, — moTox Bemectsa, J, — TeMIOBOM
notox, X, — rpajueHT KOHIEHTPAUMA WA TPAJHCHT NaBle-
una u X, - Temneparypusiii rpagment. flcro, aro X, ne pasno
HYJI0, TaK KaK mHade ObLIo OBl TepMOCTATHYECKOE PaBHOBE-
cue. Cnenosatennso, cootnomennsa (67) um (68) orassiBaworca
HecrpasedauBsiME. IICEBIOTEPMOCTATHRA, OfHAKO, COTEPHKAT
eme ogny runoresay. OHa yTBep:KmaeT, 9To W3MEHeHHEe JHTPO-
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IMH A7 paccMATPEBAGMOro BHPTYANBHOTO IEPEHOCA DABHO
Hymo. Torga m3 Brpaenms (61) nojrygaem:

0=J,X, - J,X,. (69)

OgeBupno, w 070 ypaBneHWe HeCHpAaBeRAMBO NJA  Hamero
CIydas HeoDpaTMMOro mponecca, Ijie CYIeCTBYeT TEIIOmpo-
BOMHOCTh ¥ BOSHHKHOBCHHE DHTPONHH HBJIACTCA ABHO TOJO-
JKUTENbHOM BemuiHol. Ecnm moncraBars B BEpaskeHme (69)
sHaveHue X, m3 polpaskenna (66) u 3naueHume

L
Jo=321,, (70)

KOTOpoe monmydaercAa u3 Belpaskenuit (61) m (62), 10 Gymem
AMETh:

Loy —1L
0 S JILTH JIXZ‘ (71)
CnenoraTtesnbHo,
le = L21~ (72)

Pesynbrar momydusicss npaBMIBHEIM LOTOMY, 4TO CHpaBej-
nuBet coornomernnsa Onsarepa. Ilpm manmunu 6osbmero yneda
IIOTOKOB M CHJ KPaBHIBHBIA pPe3ylbTAT IOIYYATH HEIb3s,
ecli® He CYMTATh CHPABEIHBRIMHU Bee cooTHomenna Onsarepa.

Jpyroe m3noskenme ICEBLOTEPMOCTATHYECKOTO METORA GHIIO
npeanoxeno Meiixcrepom. B meepgorepmocraTaieckoii Teopan
HHOTfia MOJb3YITCA I'MIOTe30H, COTIacHO KOTOPO B CHCTeMe,
HaXOMAMICHCA B CTAllMOHApHOM coctosmuu, mpn J, =0 mpo-
HCXOJHT TO jKe, YTO M IIpH

J,=0. (73)

D10, KOHEYRO, HeNPaBWILHO, €CJH, KaK B pacCMOTPEHHBIX
BHlIIe IpUMepax, J, ecTh TemsIoBOM HOTOK IpH CTAIHOHAD-
HoM cocrosHud. OxHaro, MOYKHO MONMYYHTH UPABAISLHEIN pe-
3yJpTaT, €CJM IPOBECTH cJliefylomee paccymjenme. Ilop-
craBmAa (60) B (63) 1 mecmomesys (73), momywaem:

LypLiyy = Ly L. (74)

Haa BozuuxHoBenusa sarponmu (61) MomHo Hammeats ¢ mO-
Mousio Beipakenuit (62) m (63):

o= L;;X] 4 (Lyp + Ly,) XX,y + Ly X3. (75)

18%
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Taxk Kak o BCerga IOJOKATEJIBHO, TO HMeeM:

4L, Lgg —(Lyg + Lyy)2 > 0. (76)

ComoctapiAa 3T0 BHIPaskeHHe ¢ BhIpakeHmeM (74), momyuaem:
4LgpLgy — (Lya -+ Lgy)* >0, (77)

- (Lm - L2l)2 >0, (78)

Ly, =L,,. (79)

TakuM 006pazoM, MCXONA W3 HeNPABHJILHAEIX IIONOEHHH,
Mbl npumuin K coornomenmo OH3arepa. ITOT METOR He MOMET
OuITH 0GOGIIeH Ha ciydai GONBINETo YHCIA CHJI U IIOTOKOB,
JaKe eCIM CYMTATH CHOPAaBeUIMBHME Bce coorTHomenus Omnza-
repa.

Bee Tpm onmcaHHBIX MeTofla IIOKa3HBAalOT, KaK, MCXONA
U3 HeNpPaBWJBHHIX NpEJNOCEJIOK, IOIyYaloT IPaBHUIIbHEIS
pesyJibTaTel, @ UTO B KOHEYHOM NATOre OCHOBOH JIA 3TOro
asnstiotest coornomenna Onzarepa.

O6patuMcs Temeph KO BTopofl rpynme Teopuil, ymoms-
AyTHX Beme (6). JTH TeopuHM WCXOAAT U3 PasBePHYTHIX
BBIpakeHmit GanaHca SHTPONHMH, BO3HMKHOBEHHMHA OHTPONHH
7 (PeHOMEHOJIOTMYECKAX 3aKOHOB, HO He HCIOIB3YIOT COOT-
nomennii Onsarepa.

Pasnmuubie aBTOpHl BhIBENHN BhpakeHHA Oajanca u BO3-
HEKHOBeHHSA SHTPONNH, a TaKiKe (eHOMEeHOIOrHYeCKre 3aKOHH,
Cpenm Hmx MoryT GHITh Ha3BaHBI Haranzon, Morem, fAyman
i Jlop. Onm paspaGoTaim CBOM Teopum paHbmie, 1UeM Oblia
ony6nakosana Teopuss Omzarepa. VIMu OBUIH IOMYYeHBI BRK-
HEe YpaBHeHHs, HO MHOTHe OCOOCHHOCTH SIBJIEHMH, T. ©. T,
KOTOpHe 3aBHCAT or coorHomenmit OH3zarepa, STEME ypaBHe-
HAAME He ycranasiamsantcA. OcoGeHHO ciemyer OTMETHATH
Okkapra. OH BBOAHT MHKPOCKOIMYECKYI0 O0OpaTHEMOCTH (HO
TOILKO B CBOHX HCCJE[OBAHUAX XOMHWUECKAX peaKumil) ¢ mo-
MOIBI0 NPHHOUIA JAeTajibHoro Oajasca.

Jlpyrme aBTOpPH IONY9aOT pe3yJbTaThl, AHAJOTHYHES
pesynpTaTaM, NONYJalOMAMCH IPH TOJH30BAHHH COOTHOMIe-
mEamn Omaarepa, Ges sBROro mx npmMesenms. Hampuwmep,
Tonmen n @ailE monyYmam BTopoe cooTHomeHme Tomcoma.
OcHOBaEWeM 5THX BHIBOXOB HBJISETCA NPEANOJIOMKEHHe aBTO-
POB, YTO o, OYEBHIHO», eCTh cyMMa TemwnoTh [Lxoyna u Te-
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IJIOTHL, HpOXOAsimell 3a CYeT TeNJIONPOBONHOCTH. JTO BHAYMT,
4TO BTOPOH wieH BHpaxkeHuA (64) Oes xawux-mmbo obwvacHe-
HEil oTGpachBaeTes, WM, APYTEMH CJIOBaMH, IIPHMEHAETCH
cootnomenne Quaarepa (65). AHaNOrMYBHA MeTO[ HpAMeHEH
MepmadensromM. Of NpEEAMAET, YTO MOMKHO IOILYYHTH & MyTEM
CIOMEHHsT Pe3YJIBTATOB OTHENBHBEIX NpPOLECCOB, M3 KOTOPHX
claraeTcsi Bech cyMMapHBII HeoGpatmmbli mponecc. OH Takske
IpEMeHseT NepeKpecTHRe Koag@unuents QenoMeHOIOTHIE-
CKAX 3aKOHOB. XOTA B § 78 Mbl BHIen®, YTO Ipeobpa3opa-
HEEe MAaTphL K JAVaroHajibHOH (opMe Bcerja BO3MOMKHO, BHIpa-
menne Mepmadensra O7A c He ABIAETCA CIAEACTBAEGM CTPOTHEX
BEIBOJIOB N3 OCHOBHBIX 3aKOHOB, coornomenmii OHaarepa
4 OVHeNHHX Npeo0pa3soBaHUU TOTOKOB M CHIL.



BUBJINOIrPA®US

Ilpuiaraemelii CIIACOK JIMTEPATYPH NpeXcTaBiAger cobOH mepeyeHsb
paboT, OTHOCAMAXCA K TEPMOAWHAMYKE HEOGPATHMHYX TpONeccoB. OH
BKJIIOUaeT PaboTH aBTOPOB, YOOMAHYTHX B MOHOTpaduM, U 3HAYATEIb-
HOe 9ucjJ0 Apyrux paGoT, Tak WIH MHAYE CBABAHHBEIX € pPACCMATDH-
BaEMHMHI B MOHOTpadmu BOmpocaMu. LA TOTO 4ToGHl MHTATENDb MOT
7erde OPUEHTHPOBATECA B COACKAHMH IepedycleHRNX pabor, Bce
OHN Pas0HTH Ha IATH TPYINI, NOMEYEHHKX COOTBETCTBYIOIMME GyK-
pamur. Kakpoll us srux 6YKB 0603HaueHBl Cilefyiomyue TPYNIH pabot.

0. PafoTe 1o TepMOIMHAMHKE HeoOpPATHMHX NPOIECCOB, 6A3TPYIO-

Huecs Ha ypapHeHHR 0allaHea HHTPONME M HA CcooTHomeH#Ax OHaa-
repa.

9. Pafornl mo TepMojMHAMUKE HEOGPATHMHX INPONECCOB, GABMPYIO-

muecA Ha ypasHeHuu 0ajaHca DHTPONEM, HO (€3 HCIONb3OBAHHA
coornomennii Ouzarepa.

II. TcesporepmocraTudeckue paGOTHL.

I'. PaGoTu mo TepMojmHaMuKe HeoGPATHMEIX NpPOLCCCOB, Gasupyio-

mmAecA HA ypaBHeHMA 0alaHca SHTPONHM ¥ HOBHIX T'HIOTESAX BMECTO
cooTHOomeHH# Omnsarepa.

. Paborel mo TepMOCTAaTHKe, CTATUCTHYCCKOUW MeXaHAKe, KUHETHUYC-
CKOM TEOPHH M HKCHEPHMEHTANbHBlE padoTsl.

Aptop cunmraer, uro paGoTH, oOTHeceHHHe K rpynnam O u 3, co-
CTABJIAINME NpeIMeT MOHOrpaduu, BKJIKYAIT BCE, WO OHNYOIHKO-
BaHO Mo 3TOMYy Bompocy. Wa paor apyrux rpynm orMedeHn Baubo-
Jee pakuble. OTHeceHne HEKOTOPHX pPafoT K ORHOM W3 DOCHeEHMX
TPeX Ipyun MoperT OHTb B KAKOH-TO CTeNeHHM NIPOU3BOJBHEIM, TaK
KaK B HAX TPAKTYIOTCA BONPOCH], OTHOCALIMECA KO BCEM STHM TPYINIIAA.

Alexander K. F. and Wirtz K., Zs phys. Chem.

195 (1950), 3. A
(1) Band W. and Meyer L. Phys. Rev. 73 (1948),
226; 74 (1948), 386, 394. X

(2) Band W., em. Meyer L. (1). .

Bohr N., Studier over Metallernes Elektronteori, Copen-
hagen, 1913. i |

Boltzman L., Sitz. ber. Akad. Wiss. Wien, Math.-
Naturw. KI1. Abt. 1I 96 (1887), 1258; Wiss. Abh. 3 (1909), .
221 <



BUBJINOTPADUA

Braun F., Zs.phys. Chem. 1 (1887), 259.
(1) Brid g man P. W, Phys. Rev. 24 (1924), 644.
(2)- Br1dgman P. W Proc. nat. Acad. Sc. (U.S.A))

15 (1929), 765; 18 ( 1932) 242,

(3) Bridgman P. W., The Thermodynamics of Electric
Phenomena in Metals, New York, 1934.

(4) Bridgman P. W. , Phys. Rev. 55 (1940), 845.

(5) Bridgman P. W., Rev. Mod. Phys. 22 (1950), 56.

(1) Callen H. B., The51s M.I.T., Cambridge Mass., 1947.

"{2) Callen H. B., Phys. Rev. 73 (1948), 1349.
(1) Casimir H.B.G., Rev. Mod. Phys. 17 (194)), 343 mum
Philips Res. Rep. 1 (1945), 185.
(2) Cza simir H.B.G., Nuovo Cimento (Suppl.) [9] 6 (1949),

(3) Casimir HB.G. andGerritsen A. N.,, Physica
(The Hague) 8 (1941), 1107,
Chatelier H. le, Ann. Mines 13 (1888), 200.

Clusiius K. and Waldmann L., Naturw. 30 (1942),

711.

Cox R. T., Rev.Mod. Phys. 22 (1950), 238.

Curie P., Oeuvres, ctp. 127, Gauthier—Villars, Paris, 1908,

Dallas Tuck L., J.chem. Phys. 18 (1950), 1128

Davydov B, J. Phys. USSR 11 (1947), 33.

({yDefay R.,, cm. Prigogine I. (6), (12).

(2) Defay R., Symposium on Thermodynamics, Brussels,
Union of Physms Unesco (1948), 97.

(1) Denbigh K. G., Nature 163 (1949), 60.

2y Denbigh K. G. "and Raumann G., Nature 165
(1950), 199.

(1) Donder Th. de, Bull. Acad. Roy. Belg., Cl. Sc. 23

(1937), 685, 770, 936; 24 (1938), 15.
(2 Donder Th. de, L’affinité, Gauthier—Villars, Paris,
1927, 1931, 1934, 1936.
(3 Donder Th.deandvan Rysselberghe P., Af-
fiiélgby, Stanford University Press, Stanford University,
6.
{4) DonderTh. de, Bull. Acad. Roy.Belg.,Cl. Sc. [5] 31
(1945), 560.
Duhem P., Energétique (2 1.),Gauthier—Villars, Paris, 1911
Dufour L., Arch. Se. phys. nat. (Genéve) 45 (1872),
Ann, Phys [5]1 28 (1873), 490,
Eastman E. D. J. Am. chem. Soc. 48 (1926), 1482;
49 (1927), 794; 50 (1928), 283, 292.
1) Eckart C., Phys. Rev. 58 (1940), 267, 269, 924.
2) Eck art C., Phys. Rev. 58 (1940), 919.
1) Ehrenfest P. u T. Enz. math. Wiss. 1V, 2, II,
fase. 6, Statistische Mechanik, crp. 82, mpum. 231.
) Ehrenfest P. and Rutgers A.J., Proc. Kon.
Ned. Acad. Wet., Amsterdam 32 (1929), 698, 883.
Fine P. G, cv. Tolman R. C.
Frank N. H, cM. Sommerfeld A.

(
(
(
()

HH®OH HHE © © oowuwdH

C O =Y

[

- R ovHE H o @



272 BUBJIMOTPADH T

M. Onsager L. (3).
niau J.,, Bull. Acad. Roy. Belg., Cl. Sc. 5, 28
(1942), 283; 29 (1943), 31,
iau J., cm. Prigogine I. (2).
sen A. N, cv. C asimir H.B.G. (3).
nsdorff P., Symposium on Thermodynamics, Brus-
sels, Union of Physics, Unesco (1948), 71.
(1) Gorter C. J. and Mellink JI. H., Physica (The
Hague) 15, (1949), 285. '

(2) Gorter C. J., Physica (The Hague) 15 (1949), 523.

(3) Gorter C. J,, Kasteleijn P. W. and Mel-
link J. H., Physica (The Hague) 16 (1950), 113.

Green M. 8., Thesis, Chicago.

(1) Groot S. R. de, Physica (The Hague) 9 (1942), 699.

(2) Groot 8. R. de, L’effet Soret; diffusion thermique

dans les phases condensées (Thesis), North-Holland Pub-

lishing Company, Amsterdam, 1945.

)Groot S. R. de, J. Phys. Radium [8] 8 (1947), 129.

)Groot S. R. de, J Phys. Radium [8] 8 (1947), 188.

) Groot S. R, de, J. Phys. Radium [8] 8 (1947), 193.

) Groot S. R. de, C. R. Acad. Sci. (Paris) 225 (1947), 173.

)Groot S. R. de, Physica (The Hague) 13 (1947), 555.

) Groot S.R. de, Symposium on Thermedynamics, Brus-

sels, Union of Physics, Unesco (1948), 59.
9)Groot S. R. de, Jansen L. and Mazur P,
Physica (The Hague) 16 (1950), 421.

(10) Groot S. R. de, Jansen L. and Mazur P,
Physica (The Hague) 16 (1950), 691.

(11) Groot S. R. de, Bull. Acad. Roy. Belg., Cl. Sc. [5]
36 (1950), 413.

(12) Groot S. R. de, J. Phys. Radium (1950).

(13) Groot S. R, deand Tolhoek H. A, Proc. Kon.
Ned. Acad. Wet., Amsterdam 54 B (1951), 42.

{(14). Groot S. R. de, Jansen L. and Mazur P,
Phys. Rev., 1951.

(15) Groot S. R. deand Tolhoek H. A, Rec. Trav.
chim. Pays-Bas., 1951.

(1) Guggenheim E. A, Thermodynamics; an Advanc-
ed Treatment for Chemists and Physicists, North-Holland
Publishing Company, Amsterdam, 1949.

2)Guggenheim E. A, J.phys. Chem. 33 (1929), 842,

1) Gurevich L., J. Phys. USSR 9 (1945), 312.

2) g7u rz vieh L., J. Phys. USSR 9 (1945), 477; 10 (1946),
, 174.

Harned H. S.,, Chem. Rev. 40 (1947), 461.

Hearon J. Z., Bull. math. Biophys. 12 (1950), 135.

HelmholtzH. von, Wied. Ann. 3 (1876), 201; Wiss.
Abh. 1 (1877), 840.

Henriot E. Introduction aux théories physiques I, Brus-
sels, 1939.

Herbo Cl, cM. Prigogine I (9).

I ]
=

(
(
(

(<]

FRE OAE o

S QO W OO0 O O < olooooM

= H OOoH oXM



BUBJINOI'PADUA

Herring C., Phys. Rev. 59 (1941), 889,

Jansen L., eMm. Groot S. R. de, (9), (10), (14).

Jaumann G., Sitz. ber. Acad. Wiss. Wien, Math.-Naturw.
K1. Abt. II A., 120 (1911), 385; Denkschr. Akad. Wiss,
Wien, Math.-Naturw. KI. 95 (1918), 461.

Kasteleijn P. W, cMm. Gorter C. J. (3).

Kelvin Lord, ev. Thomson W,

Kennard E. H.,, Proc.nat. Acad. Sc. (U.S.A.) 18 (1932),
2317.

Kohler M. Ann, Phys. [5] 40 (1941), 601; 42 (1942), 142.

Kohnstamm Ph, Proc. Kon. Acad. Wet., Amsterdam 13
(1911), 778.

Kuusinen J., Ann Phys. [5] 24 (1935), 445, 447.

Lamm O. Ark, Kemi, Min. Geol. (Stockholm) 17A (1944),
fasc. 9; 18 A (1945), fasc. 2; 18 B (1945), fasc. 5.

Landau L., J. Phys. USSR 5 (1941), 71; 8 (1944), 1; Phys.
Rev. 75 (1949), 884.

Leaf B., Phys. Rev. 70 (1946), 748.

Lohr E., Denkschr. Akad. Wiss. Wien, Math.-Naturw. KI.
93 (1916), 339; 99 (1924), 11, 59; Festschr. Techn. Hochsch.
Brann (1924), 176.

Lo niiiég n F. and Zilsel P. R., Phys. Rev. 74 (1948),

(1) London H., Nature (London) 142 (1938), 612.

(2) L[‘on don H., Proc. Roy. Soc. London A 171 (1939),
84,

Lorentz H., Fourth Solvay Congress (Conductibilité
électrique des métaux) (1924), 354.

McMillan E. M., J. Acoust. Soc. Am. 18 (1946), 344.

(1) Mazur P. and Overbeek J. Th. G., Rec. Trav.
chim. Pays-Bas, 1950.

(2 Mazur P, ¢m. Groot S. R. de, (9), (10), (14). -

(1) N(geis sner W. Handbuch Exp. ph. II (2), Leipzig,
1935.

(2) Meissner W, Ann. Phys. [5] 32 (1938), 115; 36 (1939)
303.

(1) Meixner J., Ann. Phys. [5] 35 (1939), 701.

(2) Meixner J., Ann. Phys. [5] 36 (1939), 105.

(3) Meixner J., Ann. Phys. [5] 39 (1941), 333.

(4) Meixner J., Ann. Phys. [5] 40 (1941), 165.

(5) Meixner J.,, Ann. Phys. [5] 41 (1942), 409.

(6) Meixner J., Ann. Phys. [5] 43 (1943), 244.

(7Y Meixner J., Zs. phys. Chem. B53 (1943), 235.

(8) Meixmner J., Zs. Phys. 124 (1944), 129.

(9) Meixner , Zs. Naturf. 4A (1949), 594.

Mellink J. H, em. Gorter C. J. (1), (3).

(1) Meyer L. and Band W., Nature 162 (1948), 67.

(2) Meyer L., cm. Band W. (1).

Michaud F., J. Chim. Phys. 33 (1936), 161.

Mieghem J. van, Symposium on Thermodynamics, Brus-
gels, Union of Physics, Unesco (1948), 67.

'-'.

278

11

<]

H OO HEH B ON OH X XM Xw

@ "1 N OOOOOHOKOW



274 BUBJINUOI'PAOUA

Nakajima$S,Tomita K. and Usui T., Phys. Rev.
78 (1950), 768.
Natanson L., Zs. phys. Chem. 21 (1896), 193.
) gzél sager L., Phys. Rev. 37 (1931), 405; 38 (1931),
5.

(2) Onsager L., Ann. N. Y. Acad. Sci. 46 (1945), 241.

(3YOnsager L. and Fuoss R. M., J. phys. Chem.
36 (1932), 2689,

Outer P, v. Prigogine 1. (9).

Overbeek J. Th. G., cm. Mazur P. (1)

Polder D., Communication at a sypmosium, Utrecht, 1944.

Pourbaix M. Symposium on Thermodynamics, Brussels,
Union of -Physics, Unesco (1948), 125.

(1) Prigogine I., Bull. Acad. Roy. Belg., Cl. Se. [5]
31 (1945), 600.

{2y Prigogine I. and Géhéniau J., C.R. Akad.
Sci. (Paris) 222 (1946), 1085.

(3) Prigogine I., C.R. Acad. Sci. (Paris) 222 1946), 278

(4) Prigogine I. and. Wiame J. M., Experientia
(Basle) 2 (1946), 451.

(5) Prigogine I., Bull. Acad. Roy. Belg., Cl. Sc. [5] 82
(1946), 30.

(6) Prigogine I. and Defay R., Bull. Acad. Roy.
Belg., Cl. Sc. [5] 32 (1946), 694; 33 (1947), 48.

(7 Prigogine I., BEtude thermodynamique des processus
irréversibles (Thesis), Dunod, Paris and Desoer, Lidge,
1947.

8) Prigogine I., Bull. Acad. Roy. Belg., ClL Sc. [5] 34
(1948), 930.

9) Prigogine I, Outer P. and Herbo Cl., J.
phys. coll. Chem. 52 (1948), 321.

(10) Prigoginel., Symposinmon Thermodynamics, Brus-
sels, Union of Physics, Unesco (1948), 87.

(11) Prigogine 1., Physica (The Hague) 15 (1949), 272.

(12) Prigogin e I. and Defay R., Thermodynamique
chimique conformément aux méthodes de Gibbs et de de
Donder, Descer, Lidge. T. I. u 11, 1944 u 1946.

Raumann G., cv. Denbigh K. G.

Rayleigh Lord (J. W. Strutt), Proc. math. Soc.
London 4 (1873), 357.

(1) Rutgers A. J.,, cu. Ehrenfest P. (2).

(2) Rutgers A. J., Thesis, Leyden, 1940.

(1) Rysselberghe P.van,cm. Donder Th. de, (3).

(2) Rysselberghe P. van, Chem. Rev. 16 (1935), 29, 37.

(3) Rysselberghe P. van, Bull. Ac. Roy. Belg., ClL
Sc. 22 1936), 1330; 23 (1937), 416; 24 (1938), 833.

Sommerfeld A.and Frank N. H., Rev. Mod. Phys. 3
(1931), 1.

Soret Ch, Arch. Sc. phys. nat. (Geneve) 29 (1893), 4; 32
(1894), 12.

Staverman A. J., Rec. Trav. chim. Pays.-Bas, 1951

o w

S o

QM B w W =1 ©



BUBIUOIPADUA

Tellegen B.D.H., Philips Res. Rep. 3 (1948), 81, 321;
4 (1949), 31, 366.

Thomson W, (Lord Kelvin), Proc. Roy. Soc. Edin-
burgh 3 (1854) 225; Ibid. Trans. 21 1 (1857), 123; Math.
Phys. Papers 1 (1882) 232.

Tisza L., C. R. Acad. Sci. (Paris) 207 (1938), 1035, 1186;
Nature 141 (1938), 913; J. Phys. Radium 1 (1940), 165,
350; Phys. Rev. 72 (1947), 838

Tolhoek H. A, em. Groot S. R. de (13).

Tolman R. C. and Fine P. C., Rev. Mod. Phys. 20
(1948), 51.

Tomita K., em. Nakajima S.

Uehling E. A., Phys. Rev. 39 (1932), 821.

Usui T, em. Nakajima 8.

Verschaffelt J. E., Bull. Acad. Roy. Belg., CL Sc. [5]
34 (1948), 325 [CpaBHHTb de Groot (11)].

Voigt W., Goétt. Nachr. (1903), 87.

Wagner C., Ann. Phys. [5] 3 (1929), 629; 6 (1930), 370.

(1) Waldmann L., cm Clusius
(2) Waldmann L., J. Phys. Radium [8] 7 (1946), 129,

Wiame J. M, om Prlgoglne . (4).

(1) Wiebenga E. H. Rec. Trav. chim. Pays-Bas 65
(1946), 273.

(2) Wiebenga E. H., Symposium on Thermodynamics,
Brussels, Union of Physms Unesco (1948), 119.

Wirtz K., cv. Alexander K. F.

(1) Zilsel P. R., Phys. Rev. 79 (1950), 309.
(2yZilsel P. R, em. London F,



JUTEPATYPA R OTJEJIbHBIM I'JTABAM

CCHUIKM Ha JIATepaTypy B TeKcTe 3TOH MoEOrpadum TpyAno Obiio
caeaaTh TaK, 4TOOR OHH TOYHO OTPAKAJM 3HAYEHMe PabOT pasHHIX
aBTOpOB B PaspaboTKe pPACCMOTPEHHHX BOTMPOCOB. STO ofBACHAETCA
TeM, UTO STH BONPOCH 3jech PACCMATPHBAJACL He 06A3aTENBHO TaK,
KaK 9TO CMEJAHO YIOMAHYTHMM HCCIEA0OBATENAMM, W YaCTO LIPH HBIO0-
JKEHNM KAKOTO-u60 BONIpPOCA ABTOP MCHOJIB30OBAJL Pas3jddHbE HCTOY-
Huxu. B HacrodmeM mepevHe npHEBOAATCA pPAGOTH, HA KOTODPHEIX
B OCHOBHOM 0a3supoBajiCsi aBTOP LPH W3JIOKEHHH OTHENbHHX TIJIaB.
Iuppu B cxobkax mocie ¢aMusinii aBTOPOB 3/1€Ch COOTBETCTBY 0T
mOpAJKOBOMY HOMepy pafoT, mepevMciIeHHHIX BIe.
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