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NPEAUCJIOBHUE K YETBEPTOMY U3JXAHUIO

Hacrosmas xuura npeacrasisier coOoil NEepBYKO 4YacTh Kypca
«TepMoaMHAMHKa W CTAaTHCTHYeCKas (PU3HMKa», YHTAEMOrO HA (U3Uyec-
KMX " (QHU3HKO-MaTeMaTHYeCKHX (aKyNbTeTax yHHBEPCHTETOB. IJTOT
KypC SBJISCTCS OJXHHM H3 OCHOBHBIX KYpPCOB TEOPETHYECKOH (H3UKH.
B HeM MakpOCKONMYECKHE Tesia, T. €. CHCTeMbi W3 OOJIBIIOro 4mcia
YACTHII, H3YYAKOTCS BHAYaJle TEPMOAWHAMUYECKMM METOAOM, 2 NMOTOM
MeTojaMmu cratuctuieckoil gusmxnu. Takas nocnegoBaTeILHOCTL 00YC-
JIOBJIEHA IOCTEHEHHBIM IEPEXOJOM B IIPOLECCE U3YUYEHHS OT HPOCTOro
k 0ojiee CIIOXHOMY METOAY NO3HaHUA. B oTiMuHe OT OCHOBHOIO
Kypca CHEUKYpChl MO TEPMOJWUHAMHKE M CTaTHCTUYECKO#H (u3nKe
MOXHO M3JIaraTh B JIFOOOM IOpSJIKE.

Kaura coctomT U3 Tpex uacTed: B MEPBOW YACTH H3JIAraroTCs
TEOPETHUECKHE OCHOBBI TEPMOJUHAMHUKH; BO BTOPO# —— ee NPUJIOKEHHUS,;
B TpeThell —BBEJEHHE B HEPAaBHOBECHYIO TEPMOIMHAMIKY.

Pa3obpano Oonblioe uHCIO HOBBIX 3a4ad. YacTb MX CBs3aHa
C JIONOJIHUTEJLHBIMHA BONIPOCAMHM, HE BCEr/la YATAEMBIMH B Kypce
U HE BOLIE/IIUMH B OCHOBHOW TEKCT KHuUTH. B 4eTBepTOM H3OaHuM
HEKOTOpbIE pa3jesibl KHHTH IOTOJIHEHB! HIIM H3JIOKEHB! T0-HOBOMY.
Bnepsoie B y4ebHO#M JmTepaType  M3Jaraercs pPeISTHBHCTCKAas Tep-
MOJWHAMHMKA W TEepMOAMHAMHYECKass TeOpUd KPHTHYECKHX IOKa3a-
Teded, a Takxke MPUBOAMTCH aHanu3 oumbok U 3abiyxaeHmi
B TepMOJMHAMHKE, BECbMa IIOYYNTENIbHBIA IIPH €€ OCBOCHHH.

VYHuBEpCHTETH, KaK M BBICIHAS I0KOJA B [EJOM, pEIIAKT
IBYEIHHYIO 3a]a4y — HOJNrOTOBKY IPOQECCHAOHATILHO BBICOKOKBAJIH-~
(UIMPOBAHHBIX CHENWAIUCTOB U HOPMHPOBAHHE Y HHUX [HAJICKTHKO-
MAaTEPUAIUCTHYECKOTO MHPOBO33PEHUS, MO3TOMY B KHHIE€ TIO XORY
M3JI0KEHUsE MaTephajla pacCMaTPUBAIOTCA TEOPETUKO-TIO3HABATENLHEIE,
METONOJIOTHYECKHE BOMPOCHL (HM3MKH, Tak KkKak 06e3 ¢unocodckoro
OCMEBICHEHUA ~ DU3UYECKUX TeOpHM HUX 3HaHHE HE MOXeT ObiTh
[O-HACTOSAHIEMY TJIy6OKHM.

Aptop OnaromapeH axao. H. H. bocoawobogy 3a 00CYyXIcHHE
IPHHNUIHATILHBIX BOIIPOCOB COBPEMEHHOM TEPMOJHHAMHKH H CTa-
THCTHYECKOH (H3UKH, a TAKXKE MJICHAM METOTOJIOTHYECKOTO CeMHHApa
¢nsuueckoro ¢akynerera MI'Y 3a 00CyX/JeHHE METONOJOTHMYECKHX
BOIPOCOB KHHTH.

Asmop



BBEJAEHUE

ITociienoBaTe)ILHOCTh Pa3/IMYHBIX KYPCOB Kak oO0Ined, Tak u Te-
opeTHYECKOH (U3NKM ONpelessieTcs MHpPeXJe BCEr0 IOCTENEHHBIM
NEpPEXoOoM KX u3yYeHHIO Bce Oosiee CHOXHBIX GOpPM  IBHKECHUs
COOTBETCTBYIOIIMX CTPYKTYPHBIX BHIOB MAaTepud (MakpoTeia, MO-
JIGKYJIBI, AQTOMBI, 3JIEMEHTAPHBIE YACTULBl H I10JIs1).

MexaHnka u3y4aeT 3aKOHOMEPHOCTH npoctedined (hopMbi IBUKe-
HESl — OTHOCUTEJILHOTO NIEPEMELLICHHS TEJI B IPOCTPAHCTBE CO BPEMEHEM.
Tepmo/HAMUKA M CTATHCTHYECKast GU3MKA PACCMATPUBAKOT SIBIICHUS,
00YCNOBAECHHBIE COBOKYNHBIM JIEHCTBHEM OTPOMHOTO YHCJIA HENPEPHIBHO
HIBIDKYIIMXCS MOJIEKYJl MJI [JPYrHX 4YacTHH, H3 KOTOPBIX COCTOSAT
OKpyXarolye Bac Teia. biarogaps oueHb 00IbLIOMY KOJIMHYECTBY YaCTHUIL
OecriopsAIOYHOE X ABMKCHUE MPUOOPETAET HOBBLIE KAYECTBA: MAKPOCKO-
NHYECKHe CBOMCTBA CHCTEM M3 OOJIBIIOTO YHUC/JA YacTHI B OOBIYHBIX
YCJIOBHSAX COBEPILUEHHO HE 3aBUCST OT HAYAJIBHOIO TONOXEHHS 3THX
YaCTHII, B TO BpeMsi KAK MEXaHHYECKOE COCTOSTHHE CHCTEMBbI CYILIECTBEHHO
3aBHUCHT OT HAYaJIbHBIX YCJIOBUH. DTO OJTMH U3 NPUMEPOB AUATIEKTHYECKO-
ro 3aKOHA TfepexoAa KOJNMYECTBEHHBIX M3MEHEHUH B KaueCTBEHHBIE:
BO3pACTaHNE KOJMYECTBZ MEXAaHHYECKU IBIKYILUXCS YacTUL B CHUCTeE-
M€ IOPOXK[aeT KayeCTBEHHO HOBBbIA BHJ ABWXEHUS — TEIUIOBOC ABH-
JKEHHE.

TemsioBoe JiBYXKEHHME TPEACTaBAsET COOOW W3MECHEHHS CHCTEMBI,
06yCHAOBICHHbIE €6 ATOMHUCTHYECKHM CTPOSHHEM H HAJIMYHEM OTPOMHOTO
YMC/Ia MaCTHIl; OHO CBSI3aHO C MOJIEKYJIIPHBIM MEXaHHYECKUM [IBUXEHHEM,
HO 3THUM He HCYEpPIBIBAETCS ero CyLIHOCTb. «Besikoe ABMXeHHWE,— IHMCa
®. Durennc,~—3aKiouyaerT B cede MEXaHMIECKOS IBMXKCHME, IEPEMEILICHAE
OOJIbIINX MM MeJbYaRIIMX YacTell MaTepHH; TO3HATH ITH MEXaHHYECKHE
JIBUKCHUSL SIBJISETCS Mepeoli 3ajjauedl HAyKH, OJHAKO JIMIIb HEpeoil ee
3amaveil. Ho 3TO MeXaHMYeCKOE JBIDKCHHE HE HCHYCPIIBIBACT JIBMDKCHUS
BooOire. [IBrmxenne —3T0 HE TOJBbKO TEpEMEHa MECTd; B HaJAMEXaHUYeC-
KuX 00/IacTaX OHO SBJISCTCA TAKXKe M M3MEHeHWeM KavectBa. OTKpBITHE,
YTO TEILIOTA NPEACTaBiseT COD0I0 HEKOTOPOE MOJIEKYISPHOE JBIKCHHE,
COCTaBWIO 310Xy B Hayke. Ho ecim s HEe HMeEI0 HUYEro Jpyroro
CKa3aTh O TEIUIOTE KPOME TOTO, YTO OHA HPEJCTABINET COOOH H3BECTHOE
fiepeMellleHHe MOJIEKYJl, TO JIydllle MHe 3amondats»*), Ompelessrommm
JUIS BO3HMKHOBEHMS TEIJIOBOTO JBHXKCHUS SBJICTCS HE MEXaHHMYECKOe
JBHKEHUE OT/ICJbHBIX YACTHI[ CHCTEMBI, a CYIHECTBOBAHHUE KOJLIEKTHUBA
GOoJBIIOrO YuCHa vacTuil JelCTBHTENIRHO, 3aKOHOMEPHOCTH TEILIOBOTO
JBHXKEHMS TPOSBIIIOTCSH HE TOJILKO B ATOMHO-MOJIEKYJIIPHBIX COBOKYII-

*‘Ccmmm Ha gokyMeHThl Chesnos u Ilnenymos KIICC, a taxaxe wa tpyas! B. V. Jlennua, K. Mapkca u @. Dn-

Tenbca B y4eOHBIX NBAAHMUAX OBLIM O0ABATEBHEL A1 COBETCKOIO IIEPHOAA



HOCTSIX, HO M B TakMX CHCTEMax, KaK 3J€KTPOMATHHTHOE MH3JIyueHHE,
3AK/IOUEHHOE B HEKOTOpOM ofbeme (cM. § 54).

TepMOIUHAMHKA. M CTAaTHCTHYeCKast (HM3HKA HW3YYAIOT TEMJIOBYIO
dopMy napwxeHHs MaTepud. VX OCHOBHOE colepkaHHE COCTaBJISET
pacCMOTpEHHE 3aKOHOMEPHOCTEH TENNIOBOTO IBMXKEHHS B CHCTEMaX,
HaXOOAUIMXCS B TEmIOBOM paBHOBecun (cMm. § 1), korma B HHX
OTCYTCTBYOT MaKPOCKOTIMYECKMEe MepeMelleHHs ONHOM 4YacTH oT-
HOCHMTEJIFHO JIPYTro#, a Takke 3aKOHOMEPHOCTEH IpH Nepexojie CHCTeM
B paBHOBECHOE cocTosHue**, OTCrofa BHIHO, 4TO IpelMeT U3YUYeHHUs
TEPMOJHHAMUKY H CTAaTHCTHYECKOH (U3MKH omuH H ToT xe. Cyllect-
BEHHOE OTJIHYHE MX APYr OT APYra COCTOMT B METOAAX HCCIICHOBaHUA,
HOITOMY OHH HM3JaraloTcsi pa3lesibHo.

B To BpeMsi kak TepMOAMHAMMKA H3yuaeT CBOMCTBA PABHOBECHBIX
(GH3MYECKNX CUCTEM, UCXOJI U3 TPEX OCHOBHBIX 3aKOHOB, Ha3bIBAEMBIX
HAYAAAMU MEePMOOUHAMUKY, W HE HUCTIOJIB3YeT SBHO TIpENCTaBJIEHUM
0 MOJIEKYJISIPHOM CTPOSHWH BECIIECTBA, CTAaTHCTHYeckas ¢u3mka mpu
pacCMOTpPEHHH 3THX CBOMCTB C C€aMoOro Hayana omHupaeTcs Ha
MOJIEKYJISPHBIE HPEJCTABICHUS O CTPOSHUH ' (HU3UYECKUX CHUCTEM,
IHHPOKO MPHMEHSAS METOAbl MATEMAaTHYeCKOH TEOpHHM BEpOSTHOCTEH.

DeHOMEHOJIOTHYECKUH XapakTep TePMOJWHAMHKH (g€ HeECBsi3aH-
HOCTh C MOJIEKYJSIPHO-KMHETHYECKOH | CYIHHOCTBIO M3YYaeMbIX €ro
3aKOHOMEPHOCTEH) IPHBONMT, C OJHOH CTOPOHBI, K BAXHBIM pE3yJib-
TaTaM B OTHOLICHAH CBOHCTB (DMBHYECKMX CHCTEM, a € JpYro
CTOPOHBI, OrPaHUYMBACT TAYOHHY HU3YYEHHS THX CBOMCTB, TaK Kax
HE MO3BOJSIET BCKPBHITH MPHPOAY Hccaenyembix siicHuid. Ilo sroit
TIpHYHHE HAPAAY C pPasBHUTHEM TepMOJAMHAMUKA (HOPMHPOBANACh
H MOJIEKYJISPHO-KUHETHYECKAsE TEOPUsi CBOHCTB (PH3IMYECKUX CHCTEM,
M BCE HCCIIEZAOBATENH, HMEHA KOTOPBIX CBA3aHBI C TEPMOJHHAMUKOH,
yaensan 6onblioe BHHMAHUE MOJIEKYISPHO-KWHETHYECKOMY O00OCHOBa-
HUIO €€ pe3yjbTaTOoB.

TepMonMHAMAKA SBJIETCS TEPBBIM 1HATOM Ha NMYTH K HM3YYEHHIO
3aKOHOMEPHOCTEH B OOJIBLIOM KOJUJIEKTUBE HENPEPHIBHO JBIKYLIUXCH
7 B3aMMOJCHCTBYIOIIMX HACTHIL {CramucuuecKux 3aKOHOMepHOCMEIL);
JUTSL BCECTOPOHHEro W 0oliee ITOJHOTO PacCMOTPEHHs ITHX 3aKOHOMEp-
HOCTeH . | HeoOXOOUMO MPUMEHEHHME CTATHCTUYECKHX METOMOB.

OnHako TepMOIMHAMUKA OTHOCUTENBLHO CAMOCTOSITEIbHA. XOTS
B _KOHEYHOM HTOT€ BCE CBOMCTBA (PM3MYECKHX CHCTEM OIPENeJIFIOTCs
MOJIEKYJISPDHBIM  JIBMKEHHEM B HHX, TEPMOJAWHAMMKA II03BOJISET
YCTaHOBUTh MHOTHE M3 3THX CBOICTB, He npuberas kK NpeJCcTaBJIeHUSIM
0 MOJEKYJIAPHOM CTPOeHHH Ten. [lns pemenus MHOTHX MPAaKTHYECKH
BAXHBIX 3aJaY JOCTATOYHBI METOAB!l TepMOJuMHaMUKH. Bce aro
0OYyCIOBJIMBAET, ¢ OMHON CTOPOHbBI, OFPAHNYEHHOCTh TEPMOIUHAMMKHN,

*) TennoBbIM JIBHXCHHEM O00JaNalOT CHCTEMBbI M3 OONBLIOTO YHMCHA 4acTHH,
OT/AENBHbIE X€ YACTHLBI UMEIOT HE TEIIOBOE, & MEXaHHYeCKoe JBIKCHHE.

**¥) J7a yacTh TEPMOAMHAMAKH W CTATHCTHYECKOH (PHIMKH HA3BIBACTCH pashosec-
HOti M COOTBETCTBCHHO CHMAMUCIUYECKOU MePpMOOUHAMUKON.



a ¢ apyro#l CTOpOHBI, HaJleNAeT ee ONpe/eIeHHbIMH TIPEUMYIIECTBAMHM
nepen MOJICKYJSIPHBIMH  TECOPHIMH.

B nacrosiriee BpeMst HET HUKaKHX OCHOBAHHH /IS IPOBEJIECHUS PE3KOR
rpaHd MeXAY TePMOIUHAMHKOMN M CTATHCTHYECKOH (DH3MKOI; TEM He MEHee
OHpEE/IEHHOE IPEHMYINECTBO TEPMOMHAMUKHN B OCOOEHHOCTD €€ METOI0B
IHMKTYIOT BAXHOCTB OTACIBHOTO H3JIOKCHNS TEPMOIUMHAMIKH C TIPHBJICUE-
HHEM HEOOXOJMMBIX KaU€CTBEHHBIX MOJIEKYJISPHBIX IpeacTaBienuii. Ona
HO3BOJISIET ¢ IOMOHIBIO CBOMX HAYaJI JIETKO YUHTHIBATEL HabMOMaeMble HA
ONBITE 3aXOHOMEPHOCTH U TIOJIYYaTh M3 HUX (DYHIAMCHTAJIBHbIC CIIC/ICTBUSL.
WMeHHO Ha 3TOM NYTH B CBOE BpeMs OBLIO MPEACKa3aHO BLIPOXACHHE
ra3oB IIPH HU3KOU TeMIlEpaType, pa3BHTa Teopus (a3oBBIX NEPEXOLOB
BTOPOTO pojia, GopMHApYeTCs TEPMOINHAMHYECKAS! TEOPHs KHHETHIECKUX
ABJAEHHN B QM3MYECKHX CHCTEMAX (HepasHosecHas mepmoOOUHAMUKA U
MepMOOUHAMUKA HeOOPaAMUMBIX NpPOYeccos).

TepMoaMHAMHKA BO3HHKIA U3 INOTPEGHOCTEH TENIOTEXHUKM™,
PazpuTHe nNpPOUZBOMUTENBHBIX CHJI CTHMYJIHPOBAJZO €€ CO3JAHHE.
Mupokxoe mpumenenne B Havane XIX B. napoBoil MaiMHbI TIOCTaBUIO
nepesl Hayko#l 3afgady TEOPETHYECKOrO M3YYECHHSA PabOTHI TEIJIOBBIX
MallMH C LIeJILIO TIOBBIMICHUA WX KO03(DQUUUEHTa HOJIE3HOro ACHCTBHS.
310 uccnenoBanne OpUIO HpoBemeHo B 1824 r. dpaHuy3ckuM PU3HKOM,
umkenepoM Camun KapHOo, IOKa3aBLIMM TEOpPEMBI, OMNPEAEIAIONINE
HauOonpmi x03(GUIHEHAT NOJIE3HOrO ACHCTBUS TEILIOBHIX MAIIUH.
OTH TeopeMBl [O3BOJWIM BHOCIACACTBHM CHOPMYIMPOBATH ONUH W3
OCHOBHBIX 32KOHOB TEpMOJWHAMHKH — BTOpoe Hayajio. B 40-x ropax
XIX B. B pesynpbrare uccnenopanuit Maitepa u xoyns Gbln
YCTAHOBJICH MEXaHWUYECKHH JKBWBAJEHT TEIJIOTHI M Ha 9TOH OCHOBE
OTKPBIT 3aKOH COXPAaHCHHS M HPEBPAIUCHUS OSHEPTHH, HA3BIBAEMBIR
B TEPMOJMHAMHKE €€  TEPBHIM HAYAJIOM. OJHIENBC HA3BANl €ro
«BEJIMKMM OCHOBHBIM  3aKOHOM IBIXEHHS»**,  yCTaHaBIMBAIOLIHM
OCHOBHBIC ITOJIOXKCHHS MaTepHasiu3Ma. 3aKoH COXPaHEHHS W IpeBpaille-
HUS OJHEPrHH MMEET KaK KOJHYECTBEHHYIO, TAK W KaueCTBEHHYIO
croponsl. KonuuecrseHHas CTOpoHa 3aKOHA COXpaHEHHS U IpEBparie-
HUS SHEPTHMM. COCTOMT B YTBEPXKICHUH, YTO SHEPTUsA CUCTEMBI SBJISETCS
ONHO3HA4HOM (YHKUHEH e¢ COCTOsHHS M HpH JIOObIX Hpoueccax
B M30JMPOBAHHOH CHCTEMe COXPaHAETCA, MPEBPAINAACh JHIIb B CTPOTO
ONPEAETEHHOM KOJIMYECTBEHHOM COOTHOIICHHH SKBHBAJIECHTHOCTH W3

*) Croxuslueecs HAa3BAHAE «TEPMOJMHAMHKA» YNOTpeGisercs BHE CBA3M € IO-
HATHEM JHMHAMUKH H ONpEHeseT HEe Y4YeHHE O JBIKEHHH TEMJIOTHl, a4 HayKy
0 «IBHXYIIMX CHIaX», BO3HHKAMOLMX IIPH TemioBblx mpoiueccax. [leppoe counseHHe
M0 TepMOMHHAMHMKE TaK W Ha3bIBaJOCh «PasMBIIDICHHS O ABUXYIIEH CHJIE OrHS
¥ O MaulMHax, CHOCOOHBIX paspuBath 3Ty cuiay» (Camm Kapro, 1824). 3gecy noa
«IBHKYIIEH CHJIOH» NOHHMAJIOCH MOJIE3HOEe JelicTBue (pabora), KOTOpOE ABUTaTElb
MOXET JaTh 3a cyeT TemtoThl. Takum obpa3oM, TepMOOMHAMHMKA —HAayKa O 3aKOHax
TEIUIOBOTO JBUXEHHA (TEPMO) M €ro NpeBpallCHHAX (AMHAMHKA) B ADYIHE BHABI
aBkeHHsA. OTCIoAa BHAHO, MTO MpPEINIOXKCHAS O HA3BAHHW KJIACCHYECKOH (PaBHOBECHOH)
TEPMOAHUHAMHKH «TEPMOCTATHKON», «TepMOGU3HKOI» HE HMEKT OCHOBAHHIA.

**) Iyreapc ®. Antu-Topunr. M., 1977. C. 9.

10



OJIHOTO BHAA B APYIOii; kaueCTBEHHas CTOPOHa ITOTO 3aKOHA COCTOUT
B HUKOIJA HE yTpauyuBaeMol cIOCOOHOCTH MaTepHajbHOTO JBMIKEHHS
KO BCe HOBBIM H HOBBIM TIPEBPALICHHUIM.

XoTs 3aKOH COXpaHCHHS M NPEBPAIICHMSI 3HEpruu (Kak M caMo
TIOHATHE JHEPTUH — Mepbl ABHXEHHS) NMPHUMEHHM TONBKO K (u3uyec-
kuM QopMaM ABwxeHHd (CM. § 2) H HEHPHMEHMM K BBICIIMM (opMaM
MBIOKCHHA MaTepud (OHonormieckoe M OOILIECTBEHHOE [IBHXKEHME),
TeM HE MeHee OH UMeeT Bceobulee 3HavyeHwe. ODTO cledyeT H3
obuocTn  Qusmweckux (GopM ABWKEHHS: BCAKag OoJyiee BHICOKAS
(dopMa BHXEHHS MaTepuH coliepXuT B cebe ¢usmueckne (GHOpMsI
JIBIXEHHS, XOTSA U HE CBOOMTCS K HUM. M ecnu npuW NpeBpauieHUu
onHo#t ¢Quzmueckol QOpPMBI IBIKEHHS B APYryl0 OJIHA W3 HAX
Hcue3aeT (YacTUMHO MJIM TOJIHOCTBIO), a BTOpas KOJIMYECTBEHHO
yBeJInunBaeTca (MpeBpallicHHe MEXaHUYECKOro ABWDKEHHS B TEIMJIOBOE,
JIEKTPOMATHATHOE ®W HA00OpOT M T. A.), TO TNPH  BO3HUKHOBEHHH
HOBOH, OoJice BBICOKOH (OPMBI [BHXEHMS MATEPUH MOPOXKIAIOIIKE
ee pasiu4Hble (u3nyeckue GopMbI IBHXKEHHS HE MCYE3alT, a Cyule-
CTBYIOT KaK «BBICIIEE WX EIMHCTBO»®. PaspylleHHe OTOTO eIMHCTBA
OPUBOINMT K HCYE3HOBEHWIO Ooyiee BBICOKOH (DOPMBI  JIBIXEHUS
U BBHICBOOOKICHMIO KaK CaMOCTOSATENbHBIX, NOPOXKIAIOHIMX €€ pa3-
JIMYHBIX (QU3NYECKHX (OPM ABUIKEHMSA, KOTOPbIE HMEIOT CBOEH Mepoi
IHEPIHIO.

Otcrofa ciefyer, YTO HENOCPEACTBEHHO 3aKOH COXPAHEHHS M Tpe-
BpalleHuWs] JHEPIrUM OPUJIOKUM =~ TOJBKO K (usmueckuM dopmam
JBIKEHUS MaTEepHH M YCTAHABJIMBAET HEYHHYTOXUMOCTH W B3aMMO-
MPEBPAMIAEMOCTh TOJBKO 3THUX (HOpPM MAaTEpPHANILHOTO IBHXCHHA, HO
BMECTE C TE€M OH OJHOBPEMEHHO SIBJIAETCS €CTECTBEHHO-HAYYHBIM
BhIpakeHHeM o0meduaocodckoil HAeH HECOTBOPHUMOCTH W HEYHHY-
TOXHUMOCTH MaTtepuyd U [IBMKeHHS. «COBPEMEHHOE eCTECTBO3HAHHE
BBIHYXAEHO ObUIO 3aMMCTBOBATH Y (GUIOCOPUA TOJIOKEHHE O HEYHHY-
TOXUMOCTH JABHXKEHHUS, 0€3 3TOr0 MOJIOKEHHs SCTECTBOZHAHHE TENepb
HE MOXET YXKe CYIIECTBOBATH»**®),

B Bune odopMieHHOM HayvyHOH CHCTEMBI, MCXOJAIIEed u3 pabor
KapHo K 3aKOHa COXpaHEHHs W NPEBPALLCHHS SHEPTUM, TEPMOIUHAMH-
ka mosismitack B 50-x romax XIX B. B Tpyaax Kiaysmyca m Tomcona
(KensBuBa), NaBIvMx coBpeMeHHBIE (OPMYJIHPOBKH BTODOTO Havaja
TEPMOIMHAMHKMA U BBEALIMX BaXKHEHIIME IOHATUS SHTPONHH U ab-
COJIIOTHOR TemmnepaTypbl. OCHOBHBIM METOIOM MCCIIEIOBaHUA Tep-
MoausamMukd XIX B. OBUT Memod Kpy2oeblx npoyeccos.

Bonpiioe 3HAYeHHE MAJI TEPMOAWHAMHUKM HWMETN TOSIBUBIIIHAECS
B koHue XIX B. paborni 'u60ca, B xoTOpBIX OBLI CO3JaH HOBBIH
METOJ TEPMOIHHAMUYECKUX UCCNENOBAHUNA (Memoo mepmodunamuiec-
KUX noOmeHyuanos), yCTAHOBICHbI OOIME YCIOBHS TEPMOAMHAMHYEC-
KOTO paBHOBeCUs, pa3BHTa Teopus a3z W KANMUISPHOCTH.

*) Jyrenane ®. Juanextuxa mprpomel. M., 1982. C. 217.
**) Tam xe. C. 20.



B XX B. TepMoaMHaMuWKa BBHIIUIA 32 NpeAeRbl HepBOHAYATbHBIX
TpebOBaHMIl TEIUIOTEXHHKA W CTajla M3yyaTh, KaK yxe ObLIO CKa3aHo,
3aKOHOMEPHOCTH TEILIOBOH (hOPMbI JIBHXKEHHS MATEPUM B OCHOBHOM
B PaBHOBECHBIX CHCTEMax M INpH INEPEXoJe HUX B PaBHOBECHOE
COCTOSIHKE.

[eproe Hayaxo TEPMOMMHAMHUKH BhIPAXAaeT KONMYECTBEHHYIO CTO-
POHY 3aKOHA COXPAaHEHHS W INPEBPAILCHUS OJHEPTHH B TPUMEHEHHH
K TepMOJMHAMHYECKAM CHCTEMaM.

Bropoe Havajo TepMOAWHAMMKH TpelcTaBiser cobol 3akoH 00
suTponuu. [1posiBiierueM nedCTBHS 3TOTO 3aKOHA SIBJISIETCS, HANPUMED,
CaMOIIPOM3BOJILHBIA HEPEXoJ TEIIOThl OT Teja ¢ OoJiblIeH  TeM-
nepatypoit K Teny ¢ MeHblieH TeMnepaTypod HpHM CONPHKOCHOBEHHH,
HEBO3MOXHOCTb IIPOLIECCOB, EAUHCTBEHHBIM DE3YJIbTATOM KOTOPBIX
O6bT0 OBl TMpeBpanicHuMe TEOTHL B paboTy, W Ap.

Tak e kak W NepBoe Hayaio TEPMOJMHAMHKM, BTOPOE HAYAIIO
HMeEeT OKOJIO JeCSTKa pas3fiH4HbIX (OPMYIHMPOBOK, OoJbluas 4acTb
KOTOPBIX IKBHBAJICHTHA OJIHA APYTO#l M BHIPAXAET NOJIHOE COICPKaHHE
camMoro 3akoHa. Pasnoobpasue HOpMYIMPOBOK 3THX 3aKOHOB CBSA3aHO
C WX NPOSBJICHHEM B TE€X WM HMHBIX KOHKPETHHIX cCiydasx. Ta wu3
(GbOpMyYJIMPOBOK, KOTOpas BBIpaXaeT 3aKOHOMEPHOCTb SBJICHHS, Ha-
ubosee OIM3KOTO K HAIEMY ONBITY, IPAKTHKE, MOXET ObITh MPUHSATA
33 WCXOIHYIO IIPH YCTAHOBJECHMM W QHAIH3E KAXKJOr0 W3 3aKOHOB.

B 1906 r. Ha OCHOBE MHOTOMHCJICHHBIX HCCACHOBAHMHA CBONCTB
TeJl mpW Temmeparypax, Omuskux x 0 K, 6BL1 ycTaHOBNEH HOBBIH
3aKOH NPHPOAbI— TPEThE Havano TepMoguHaMukd. COrjacHo eMy,
npu Temmnepatypax, crpeMauuxcs k 0 K, paBHOBecHbie H30TEpMHYCC-
KHE IPOIecChl MPOXOHAAT 6e3 M3MeHeHHs SHTpPONUH. TpeThe Havao
TEPMOJUHAMUKHA WMeET OOIbIlIoe 3HAYEHHE [PW HAXOXKICHHH 3HT-
pPONMAHBIX M XMMHYECKMX KOHCTAHT, KOTOpPble OKAa3bIBAIOTCA CYIECT-
BEeHHbBIMH IIpH 000H TeMmeparype.

OcHoBBIBasich Ha Tpex Havajax, TEpMOJHMHAMUKA HCCIENYET CBOU-
CTBA PpEaJIbHBIX CHCTEM, COCTOSIIMX M3 OOJBIIOrO YUCIa 4YaCTHMIL

Heouennmprii BKJIag B pa3BHTHE TEPMOMMHAMHKM BHECHH HANIM
yuensie. - B xonnme XIX B. mpodeccop Kuesckoro yHuBepeutera
H. H. Hluanep nan HOBYHO (DOPMYJIMPOBKY BTOPOTO Hadaja TEPMO-
IMHAMAKH, KoTopas B 1909 r. 6niya pa3BuTa HEMEIKMM MaTEeMaTHKOM
Kapateogopu. B 1928 r. T. A. AdanaceeBa-OpeHdecT, KpUTHYSCKH
asamu3upys paborbt IHwepa m Kapareogopw, Bhmepsble Nokasana,
4TO BTOPOE Hayano TEPMOAWHAMHKM COCTOMT U3 NBYX HE3aBHCHMBIX
TIOTIOXKEHHH, ABISFOMUXCS 000OWIEHUEM JTAHHBIX ONBITA ¥ OTHOCSIIUX-
csl, C OQHOH CTOPOHBI, K COCTOSHMAM DaBHOBECHs, a C JPYrofl—kK
HEPaBHOBECHBIM IIPOLIECCAM.

BaxkHa poJib PYCCKUX YYEHBIX ¥ B M3YYCHHH KPUTHYECKHX SIBJICHUH.
CaMo TIOHATHE KpPATHYECKOW TeMmepaTypbl HOSBHIOCH BIIEpPBbBIE
y 1. . Menneneesa.

MeHenieeB yCTAHOBHII, YTO UpPH DPUOIMKEHMH K HEKOTOPO#
TEMIIEPATYPE TOBEPXHOCTHOE HATAXEHHE CTPEMHTCA K HYIIO U Ipo-
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majaer pasiMdne MEXIY JKUAKOCThio M mapom. OH Ha3sBam 3Ty
TEMIEPATYPY memnepamypoti abcoaomno2o Kunenusn. B nanvHeiinem
A3yYCHHEM KpUTHYeckHX spiaeHnid 3ammManuck A. I'. Croneros,
M. I1. Asenapuyc u ap. Vuennie B. A. Muxenscon u b. b. Toymipia
BHECITH 3HAYMTEIIbHBIA BKJIAK B TEPMOIMHAMUKY W3JydeHWs. [ OvIbH
NepBbIM  BBET NOHATHE TEMHEPATYPHl H3IJIYYEHHS, KOTOpPOE BOULIO
B HAYKY M COXpaHWJIOCH JO Hammx jaHed. [IpuMeHeHHEM TepMOaH-
HaMuky k  Qusmueckodt xumuu  3anuMaiuce . I1. Konosanos,
H. C. KypnakoB u [p.

Bonpliodl  BK7AaX B TEPMOJMHAMHYECKHE H  CTATHCTHYECKHE
uccnegopanus BHecnn paboTel H. H. boromo6ora mo mpodriemam
IUMHAMHAYECKOH  TeopuH B CTaTHCTHUeCkOd  ¢usuke,  paboThi
J1. . Jlanmay no teopuu cBepxTeKydecTH, paboTel M. A. JleonToBHn4a
0 TEPMORWHAMHUYECKMX  (GYHKIMSX  HEPAaBHOBECHBIX.  COCTOSHMIA,
pabotet B, K. CemeHUEHKO 1O TEOpPHH pACTBOPOB M KPHTHYECKHX
SBJICHMHA W Jp.

JanHbli Kypc TepMOIWHAMHKH CTPOHTCA ~TIO0 TaKOMY TUIaHY:
CHadajla YCTAaHAaBJIMBAIOTCA M OOCYXKIAIOTCS OCHOBHBIE TOHATHS
H MCXOJHBIE TIOJIOXEHHS TEPMOJMHAMMKH, H3NATAKOTCH HAYaua Tep-
MOJMHAMHKH M WX OCHOBHBIE CIENCTBUSA, & MOTOM pPaccMaTpHBAIOTCS
METOJbI TEPMOANHAMHUKY M C UX TOMOIUBIO pa3GHparoTCs BakHeHIHe
TIPHIOKECHHS TEPMOTAHAMHUKH.

IMocneanywe riaBbi IOCBAILIEHBI OCHOBAM HEPaBHOBECHOW TepMo-
THHAMUAKH.



OCHOBbI
TEOPUU

I'IABA IIEPBAA

OCHOBHBIE MOHSTUA
H UCXOAHBIE HOJOXEHUSA
TEPMOAUHAMUKHU

TepMoguHamuxka usy4aem 3aKOHOMEPHOCMU men-
NOBOro [BUXEHUS B PaBHOBECHbIX cucmeMax u npu
nepexoge cucmeM B paBHOBECUE (KjiacCuyeckas,
unu paBHOBECHasi, MePMOJUHaMuKa), a makKkxe
o6obujaem amu 3aKOHOMEPHOCMU Ha HepaBHOBEC-
Hble cucmeMbl (HepaBHOBECHAas  MepMOguUHaMUKa,
unu mepMmoguHamuka HeobpamuMbiX NPOLECccos).

3pecs paccmampuBaemcsi paBHOBECHass MepMo[u-
Hamuka (ee 06bIYHO Ha3biBAOM NPOCMO MEPMO-
JUHaMUKOA B OmMu4ue ‘Om HepaBHOBECHOU mep-
MOJUHAMUKU).

Mpexge uyeM nepeAmu K U3J/IOXKEHUIO OCHOBHbIX
3aKOHOB U MEMOZoB MEePMOJUHAMUKU U U3YYEHUIO,
CBOMCMB pa3/UYHbIX CUCMEM, PackpoemM cojepxa-
Hue rnasHbIX, MePMOJUHAMUYECKUX NOHAMUA. 3mo
nos3Bosum OUeHUMb 3Ha4yeHue U npegess npume-
HUMOCMU _MepMOJUHaAMUKU.

§ 1. TEPMOJMHAMNWYECKHUE CHCTEMBI,
IHAPAMETPbI 1 PABHOBECHUE

Besaxuii MaTepuaabHBIA 00BEKT, BCIKOE TeJ0, COCTOoALIee H3 OOJIBILOro
YUCJTA YACTHL, HA3BIBACTCA MAKPOCKONUuecKol cucmemoii. PasMepsl
MaKpOCKOIIMYECKUX CHCTEM BCETAa 3HAUYATENLHO O0Jiblle pa3sMepoB
aTOMOB M MOJIeKyJd. Bce Maxkpockonmyeckue NpPH3HAKH, XapaKTEpH-
3VIOIIHE TaKYI0 CHCTEMY H €€ OTHOIICHHE K OKPYXAIOUIUM TejaaM,
HA3BIBAOTCA MAKPOCKOnuueckumu napamempamu. K ux duciy ot-
HOCSTC TaKHe, HanpuMep, BEIMYMAHBI, KaK ILIOTHOCTh, OOBEM,
YIOPYrocThb, KOHIEHTPANus, MOJSPU30BAHHOCTb, HAMAarHW4YCHHOCTh
H T.A. Makpockonudueckue mNapaMeTphl pa3fessiioT Ha BHEIIHHE
H BHYTPCHHHE.

Benuunuer, onpenesnseMeie HOJIOKEHHEM HE BXOIAIMX B Hally
CHCTEMY BHEIIHUX TeJl, HA3bIBAIOTCA GHewHumu napamempamu a; (i=1,
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2, ..), HanpuMmep o0beM cHCTeMbl (Tak Kak OINpelensercs pac-
MOJIOXEHNEM BHEIIHUX TeJ), HANpPSHKEHHOCTh CHJIOBOTO HOJIA (Tak
KaK 3aBHCHT OT MOJIOXKEHHUS MCTOYHHUKOB IIOJIS— 3apsAl0oB H TOKOB,
HE BXOJMIIKX B HAIy CHCTEMY) H T. [I.

CienoBaTeNibHO, BHEIIHHE MApPAMETPHl ABJIAIOTCH (GYHKIUAMH KO-
Op/MHAT BHEUIHHX TeJ. BenWYMHBI, OmpeleNiseMble COBOKYITHBIM
IOBIDKEHHEM H paclpeJesIeHeM B NPOCTPAHCTBE BXOASAIINX B CHCTEMY
YacTHL, HA3BIBAIOTCA eHympenunumu napamempamu b; (j=1, 2, ..),
HAMpHUMeEp TUIOTHOCTh, JAABJICHHE, SHEPrHs, MOJSPU30BAHHOCTh, HAMAT-
HUYEHHOCTh W Op. (TaKk XKaKk HX 3HAYEHHS 3aBHCHT OT [IBIKECHHSA
H TIOJNIOXEHHS YACTHI[ CACTEMBI W BXOIAINMX B HHX 3apsloB).

Tak xax caMoO MPOCTPAHCTBEHHOE PACHOJIOKEHHE BXOMNAIIMX B CH-
CTEMY YaCTHU—AaTOMOB H MOJIEKYJI— 3aBUCHT OT pACIOJIOXECHHS
BHEHIHMX Te€JX, TO, CJIEOBATENbHO, BHYTPEHHUE NMApaMeETphl OIpenesis-
J0TCS HOJIOKEHHEM M JBIKEHMEM STHX YacTHI[ M 3HAYEHHEM BHELIHHX
napameTpos®.

COBOKYNIHOCTh  HE3aBUCUMBIX MAaKPOCKONMMYECKHX NApaMeTPOB
ONPEAETACT COCHMOAHUE cucmemsl, T. €. Gpopmy ee ObiThs. BenHuMHb,
HE 3aBUCAINNE OT NPEBICTOPHH CHCTEMBI H TIOJHOCTBIO ONpeesieMble
€e COCTOSIHMEM B JIAHHBIA MOMEHT (T. €. COBOKYIMHOCTBIO HE3aBUCHMBIX
apaMeTPOB), HA3BIBAKOTCA (PYHKYUAMU COCMOAHUA.

CocrosiHie Ha3bIBAETCS CMAYUOHAPDHLIM, €CAH TIAPaMETPhl CHCTEMBI
C TEYeHHEM BPEMEHH HE H3MEHAIOTCH.

Ecnu, kpome Toro, B cuHCTeMe HE TOJBKO BCE IapameTpbl
NOCTOSIHHBI BO BPEMEHH, HO W' HET HHMKAKHX CTAIHOHADHBIX TOTOKOB
3a cyeT [JelCcTBHS Kaxkux-iMOO BHEINHHX HCTOYHHKOB, TO TaKoe
COCTOSIHME CHCTEMBl HA3bIBACTCA PABHOBECHbIM (COCMOAHUE mMepMOoou-
Hamuyeckozo pasnogecus). Tepmodunamuueckumu cucmemamy OOBIYHO
Ha3bIBAIOT HE BCAKHE, @ TOJNBKO T€ MAKPOCKONAYECKHE CHCTEMBI,
KOTOpBIE HAXOAATCH B TEPMO/IHHAMUYECKOM PaBHOBECUH. AHAJIOTHYHO,
MePMOOUHAMUYECKUMY  NAPAMEMPAMY  HA3bIBAIOTCA TE TapaMeTphl,
KOTOpBIE XapaKTEPH3YIOT CHCTEMY B €€ TEpMOJMHAMHYECKOM paB-
HOBECHH.

BHyTpeHHHE napaMeTpnl CHCTEMbI Pa3leNsioT ' Ha WHTEHCHBHBIE
U 3KcTeHcuBHBIE. [lapaMeTphi, He 3aBUCAHIHE OT MACCHI WM YHC/A
YaCcTHH B CHCTEME, Ha3bIBAKOTCH WHMeEHCUSHbiMu (llaBlieHHE, TeM-
neparypa ¥ JAp.); HapaMeTpbl, IPONOPLUOHANbHBIE Macce WM YHCIY

*) 3aMETHM, YTO B 3aBACHMOCTH OT YCJOBHH, B KOTOPHIX HAXONHTCA CHCTEMa,
OfHA M Ta XC BEIMYMHA MOXET OLITh Kak BHCINHWM, TaK ¥ BHYTPDEHHHM IapaMeTpoM.
Tax, npu (PUKCHPOBAHHOM TOJIOXKEHMH CTEHOK cocyda oOBeM F sBIfETCA BHEUIHHM
NapaMeTpoOM, a JaBJCHHE p— BHYTPEHHHM NapaMeTPOM, TaK Kak 3aBHCKT OT KOOPJHMHAT
B HMITYJIbCOB YAaCTHIl CHCTCMBI; B YCIOBMAX XK€, KOIJa CHCTeMa HAaXOAUTCA B COCYAe
¢ TMOABHXHLIM NOPIHIHEM MOJ IOCTOSHHBIM [aBJEHHEM, JaBjeHHe p Oyner BHEHIHUM
napaMeTpoM, a 0o0beM V — BHYTPEHHHM NApPaMeTPOM, TaK KaK 3aBHCHT OT IOJIOXKCHHS
U JABHXKEHHS vacTHR. BooOimie roBops, pasimuue MeX/Iy BHEUIHMMH H BHYTPCHHMMM
NapaMeTpaMH 3aBHCHT OT TOro, A€ Mbl NPOBOAKM TPaHHLY MeEXIy CHCTeMo
M BHEWHUMHM TelaMH.
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k. YACTHIL B CHCTEME, HAa3BIBAIOTCS
A0OUMUSHBIMU WITH IKCHIEHCUSHBIMU
(3Heprus, sHTponus ® 1p.). OK-
CTEHCHBHBIC NapaMETPBl XapakTe-
PH3YIOT CHUCTEMY Kak HENoe, B TO
BpeMsi Kax HHTEHCHBHBIE MOTYT
NpPUHUMATH OIIpe/ieJIeHHble 3Have-
HUSL B KAKIJOH TOYKE CHCTEMBIL:
Pre. 1. CucreMa, HEprusi KOTOpPOM HejH-

HEHHO 3aBHCHT OT 4YHMC/d 4YacTHLH, HE SBJSETCS TepMOIMHAMUYE-
CKOM, M ee HM3y4YeHHE METOJaMM CYNIECTBYIOIEH TEepMOJUHAMUKH,
BoOOIlle TOBOPHA, BEChbMA DPUOMMIKEHHO WMJIM AaXe COBCEM Henpa-
BOMEPHO.

Y10 upeACTaBAAsOT COOOH paBHOBECHbIE (TEPMOANHAMHYECKHUE)
BHYTPEHHME IAPAMETPBl C MOJEKYJIAPHOH TOUKM 3peHus’?

Jlns BBisICHEBUMS 3TOrO paccMoTpuM mpocredumii nmpumep. [lycts
B HavajbHbI# MOMEHT BpPEMEHU Tra3 HaXOJUTCH B HEPABHOBECHOM
COCTOSIHMM, TaK 4YTO €ro IVIOTHOCTb B pa3HbIX TOYKAX pasHas.
C rTedyemmeM BpeMEHHM a3 HAYMHAET MPUXOJUTH B PABHOBECHOE
coctosHue (cM. § 2) ¥ ero MIOTHOCTh p=moh (Mg —Macca MOJIEKYJIbL,
n-——KOHUEHTPALH MOJIeKYs), HM3MEHssich, NpUHoOpeTaer HEKOTOpOe
MaKpOCKOTIMIECKM HOCTONHHOE, PAaBHOBECHOE 3HA4YeHHe po (puc. 1).
Ono MoxerT OblTh ONpeAeieHO Kak CpejaHee 3HAYCHHE ILUIOTHOCTH
p 3a Gosblio# MPOMEXYTOK BpemeHn I1:

T

S\
Po=Pp= lim ?Jp(z)dt.

T-
0

AHAJIOTHYHO, PABHOBECHOE B3HAUYCHME M J100OTO ApYroro BHYT-
PEHHErO MapaMeTpa NpeicTaBiser coOoil cpeinee 3a OoNbILO#H
IIPOMEXYTOK BPEMCHH 3HAYEHHE COOTBETCTBYIOINEH 3TOMY NapaMeTpy
GYHKUMA KOOPAMHAT H CKOPOCTEH.

Cratucradeckass QU3HNKa, HCXO/A U3 ONPENEJICHHOH MOJIEKyIPHON
MOJIENN | CTPOEHHs BEILECTBA, MO3BOJSET BBIYUCIATh PABHOBECHHIE
3HaYeHWs BHYTPEHHUX MapaMeTpoB cucreMbl. OOHAKO B HE MPOBOJA
BLIMHCJEHMH MOXHO BBISIBUTh 3aKOHOMEPHOCTH CHCTEM B DPaBHO-
BECHOM COCTOSIHMM, WMest B BHJY, YTO BO MHOTHX cCAyyasx 3TH
napaMeTpsl  MOTYT ObITH ONpPENENeHbl  IKCIEPUMERTANBHO.  JTOT
UEPBBI JTal B TEOPHH DPABHOBECHBIX COCTOAHMH M INIPEACTABISCT
TEPMOTUHAMMKA.

OcHOBaHHLIE HA MAaKpPOCKOIWYECKOM ONBITE NPEACTaBIcHHs 06
O0COBEHHOCTAX TEPMOOVHAMMUYECKOIO PABHOBECHS KOHEYHLIX CHCTEM
OPHHUMAIOTCS B TepMOJAMHAMHKE B KAueCTBe MOCTYJI4TOB, ONMPAsCh
Ha KOTOPbIE C HOMOIIBIO OCHOBHBIX 3aKOHOB (Ha4aj) TEPMOJMHAMHKH
HM3YYAIOTCA CBOHCTBAa DPaBHOBECHBIX CHCTEM H 3aKOHOMEDHOCTH MIpH
X TpUOJIDKEHHH K PaBHOBECHIO.
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§ 2. MICXOAHBIE HOJOXEHUA TEPMOJAMHAMMKH
N UX OBCYXIEHHUE

dn3uka U3yyaer 3aKOHOMEPHOCTH HauboJiee MpOCThIX (HOPM IBHKECHUS
(MEXaHHYECKOTO, TEIUIOBOr0, JMEKTPOMAarHUTHOTO W JIp.) COOTBETCT-
BYIOLMX CTPYXTYpHbIX BHIOB Matepuu. OOmas Mepa 3tux ¢GopMm
JBIKEHUS TNpPU KX NOPEBPAIEHMH U3 OJHOW B JPYIYIO HA3bIBACTCH
IHepauet.

CucreMa, He OOMEHUBAIOUIANACH C BHEIIHUMHU TeJaMU HU SHEPrHeH,
HH BENIECTBOM (B TOM YHCJIE M H3JyYeHHEM), Ha3BIBAETCH.  U30-
AUPOBAHHOU.

B TepMoauHaMHKe TNOCTYMHUPYETCH, UTO UI0OAUPOSANHAA MAK-
POCKORUYECKAA CUCMeMA ¢ MeYeHuem 8peMeHy Npuxoount 8- cocmosnue
MEPMOOUHAMULECKO20 DABHOBECUS U HUKO20A CAMONPOU3EOALHO GbiimU
u3 Heeo He Moxcem (nepgwiil, uAU OCHOBHOHU, . HOCMYAGM  MEp-
MOOUHAMUK ).

SBnsisick pe3ynbraroM OOOOIEHUS OMNBITA, ITO MEPBOE HCXOJHOE
TIOJIOKCHUE TEPMOAMHAMUKH, CIPABEUIMBOE JIIsl M3OJMPOBAHHBIX
CHCTEM, MOXET ObITh HA3BAHO OOWUM HAYAAOM MEPMOOUHAMUKU,
TaK Kak SBJIAETCH OCHOBOW BCEH TEPMOJIMHAMUKHE W ONpEACiseT
paMKH ee IIPUMEHMMOCTH.

B cratuctuueckoil busmke, ABHO YUNTHIBAFOWIEH ABMXKEHUE YACTHIL
B CHCTEME, CMBICII TIOJIOKEHUS O €€ TEPMOAMHAMHYECKOM PABHOBECHH
COCTOAT B TOM, 4YTO Y BCAKOW (M3y4aeMoO#l TEpMOIMHAMHKO#)
U30,IAPOBAHHON CHUCTEMB! CYHIECTBYET TaKOe ONpE/ICNICHHOE W CAWH-
CTBEHHOE MAaKpOCKOIIHYECKOE COCTOSIHHE, KOTOpOE 4alle BCEro co-
3/aeTCs HENPEPLIBHO IBMXYNIMMHUCS YacTHLAMHM. 3TO ecTh Haubounee
BEPOSATHOE COCTOSHHE, B KOTOPOE H MHEPEXOMUT H3OJUPOBAHHASL
cucteMa ¢ TeyeHMeM BpemeHH. OTcCioga BHIHO, 4YTO TOCTYJar
O CaMOIpPOU3BOJLHOM IIEPEX0JiE M3OJHPOBAHHOM CHCTEMBI B PaBHO-
BECHE U HCOTPAHMYCHHO JOJTrO¢ e¢ HpeObiBaHUe B HEM HE SIBJISIOTCA
abCOMIOTHBIM | 3aKOHOM TMPHUPOIBI, a4 BLIPAXKAIOT JdIlib Haubosee
BEPOSITHOEC IOBE/ICHUE CHCTEMBI; HUKOI/IA He MPEKPAIlafollieecs IBHKe-
HAE YacTHI CUCTEMBl [PUBOAHMT K €€ CHOHTAHHLIM OTKIOHECHHAM
(bayxTyaumsM) OT PABHOBECHOTO COCTOSIHHSL.

BeposiTHOCTHOE 110Be/IeHHE MaKPOCKOIMMYECKHX CHCTEM, COCTOSIIUX
W3 TPOMAAHOTO YHUCJIA MEXAHMYCCKH JBHXYIIUXCH YACTHL, SBIACTCA
XapaKTEPHOH OCOOEHHOCTBIO TEIUIOBOTO JIBHXKEHHS, KAa4eCTBEHHO OT-
JIMYAFONIEN €ro OT KJIACCHYECKOI0 MEXaHHYECKOrO ABMXKEHUS C HpU-
cyHieil €My OJHO3HAa4YHOCTBIO. Hanudme OrpoMHOro MHCIA YaCTHI(
B TEPMOIMHAMMYECKAX CHCTEMAX OOYCIIOBINUBAET BTOPOCTENEHHOCTH
MEXaHUYECKUX 3aKOHOMEPHOCTEH ABHXKEHHS OT/E/IbHBIX YACTHI ¥ BO3-
HUKHOBEHHUE 3aKOHOMEPHOCTEH WX COBOKYIHOIO, MacCOBOTO IBMXKEHHS.
IlpuaumMasi ocHOBHO¥M (NEpBRIH) MOCTYJAT, TEPMOAMHAMHKA TAKHM
oDpa3oM orpaHHuHBaeT ceOs, UCKJIFOYAs U3 PACCMOTPEHHS CHCTEMBI,
JUISL KOTOPBIX PaBHOBECHOE COCTOSHHE HEBO3MOXKHO (TIPOIIECCH B TAKUX
CHCTEMaXx He 3aBepuialoTCsi HACTYIJICHHEM PABHOBECHS), 4 TaKXe BCE
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SIBTICHHS, CBS3AHHBIE C OOJIBIIUMM CaMOIIPOU3BOJBHBIMU OTKJIOHEHH-
SIMA CHCTEMBl OT PaBHOBECHOIO COCTOSHHS.

OcHoBanMeM JIs NPHHATHS OOLIETO Havyala TepMOJAUHAMHKH
ABJISIETCH TO, YTO, KaK MOKAa3blBAOT ONBIT U CTAaTHCTHYECKas (u3UKa,
OTHOCHUTEJIbHBIE CIIOHTAHHbBIE OTKJIOHEHMS MaKpPOCKOMM4ECKOH CHCTEMBI
OT PaBHOBECHS NpH [APYrHX pPaBHBIX YCIOBHSX TEM MeEHbIUE, 4YeM
Oonbiue YacTHLl B CHCTEME. 1aK Kak TEPMOJMHAMHYECKHE CHCTEMBI
COCTOST M3 rpomajgHoro wuvcna dvactuy N (N~10%), to daykry-
alMsMHA B OOJILIIMHCTBE CJIy4aeB MOXHO NpeHeOpe4b, YTO W JesIaeTes
B TEPMOIMHAMHKE.

B tex xe cnyvasx, rae QuyKTyanuM CyIIeCTBEHHBI, TEPMOIHHA-
MHYECKMH TIOJIXOJI CTAHOBHTCS HEIPAaBOMEPHBIM H He0OXOOUMO cCra-
THCTUYeCKoe paccMmoTpenue. [lpu 3ToM obHapyxkuBaercs Hecorjiaco-
BAaHHOCTH BBIBOAOB TEPMOJMHAMAKH W CTaTHCTHYeCKOH (u3mkm,
KOTOpasi OOYCJIOBJIMBAETCA OrPAHMYEHHOCTBI0 ¥ OTHOCHTELHOCTBHIO
MEePBOTO WCXOAHOTO TOJIOKEHHS TEPMOJUHAMMKH.  YSICHEHHE 3TOTO
00OCTOSTENBCTBA TTOKA3BIBAET, YTO TEPMOAMHAMUYECKOE U CTATHCTHYEC-
KO€ PACCMOTPEHUSI MaKPOCKONMMYECKHX CHCTEM ‘He MCKIIOYaloT, a Jo-
MOJIHAIOT [Py Jpyra.

IlepBriit MOCTYAAT O TEPMOAMHAMUYECKOM pPaBHOBECHH IPHBOIHT
He TONBKO K HIDKHEMY Npe/esy HPAMEHUMOCTH TepMOIUHAMUKH
(cmcTeMbl ¢ MalbIM YHCIOM dvacTHIL N — 1), HO H OrpaHUIMBAaET
€e MPHUMEHEHHE K peajibHbIM CHACTEMaM CBEPXY, TaK KaK IJIsi CHCTEM
rajakTHYeCKAX PasMepoB OTOT ‘MOCTYJaT He HMeeT MecTa: He
yuuTHIBaEMOe OOBIMHO B 3E€MHBIX YCJIOBHUSX T'paBHTAalMOHHOE B3a-
HMOJEHCTBHE MEXIY 4acTUIAMH B CJIy4ae O4YeHb OOJBIIMX CHCTEM
NPUBOJMT K XaYeCTBEHHO HOBOMY HX HOBEIEHHIC — BO3HHKHOBEHHIO
HENPEPBIBHO CMEHSIOMHUX Apyr Apyra Oonbimux duykryanui. Taxue
CHCTEMBI ONMHAKOBO  YacTO Kak HNPHONIKAIOTCS K HEKOTOPOMY
cpelHEMy DPaBHOBECHIO, TaK M YHAJIAIOTCH OT HEro.

BTopoe MCXOAHOE MOJOXEHHE TEPMOAMHAMHUKA (BTOPOH NIOCTYNAT)
CBf33HO C IPYTHME CBOHCTBAMH TEPMOIMHAMMYECKOTO PABHOBECHS
kak ocoforo Buza TernoBoro Apwxenus. ONbIT 10XKa3BBAET, YTO €CIH
JIBe PaBHOBECHbIE CHCTEMBbl A ¥ B mpHBeCTH B TEIUIOBOH KOHTAaKT, TO
HE3aBHCHMO OT PA3/IMYHs MM PABEHCTBA Y HUX BHEWIHHX [1apaMeTpOB
@; OHJ HJIM OCTAIOTCS NO-NPEXHEMY B COCTOSIHUHM TE€PMOIXMHAMHYECKO-
ro ~pDaBHOBECHS, MM PpABHOBECHE B HHUX HapymIaeTcs H CIIyCTS
HEKOTOPOE BpeMsi B mpouecce TemiooOmena (oOMena sHeprueif) obe
CHCTEMB! TIPUXOMAT B JPYroe paBHOBECHOe cocTosHME. Kpome Toro,
ecau umeromca mpu pasHosecHsle cucmembl A, B, C u ecau cucmembpi
A u B noposnv naxooamca 6 pasHosecuu ¢ cucmemoit C, mo cucmemol
A u B HAX00amMca 6 MepMOOUHAMUUECKOM DABHOBECUU U MexHcOy 060l
(ceoticmeo mpaH3IuMUBHOCMU MEPMOOUHAMUNECKO20 DABHOBECUSA).

CrnienoBaTeabHO, COCTOSHME TEPMOIMHAMHMYECKOTO PABHOBECHSA CH-
CTEMBI ONPEAENIACTCA He TOJIbKO €€ BHEIIHHMM IapaMeTpaMH a;, HO
M elie ONHOH BeNWYMHOH ¢, XapakTepH3ylollel ee BHYTpeHHee
COCTOsIHME. 3HAYEHNUS ¢ NPH TEIJIOBOM KOHTAKTE Pa3jIMYHLIX PaBHOBEC-
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HBIX CHCTEM B pe3yjbrare oOMeHa SHeprueil CTaHOBATCA I HHX
OOMHAKOBBLIMHM Kak IpH INPOJOIIKAIOIMIEMCS TEIUIOBOM KOHTAaKTe, Tak
¥ MOCHE €ro YCTpaHeHus ™

CBOJCTBO TPaH3UTHBHOCTH COCTOSIHMIA TEpMOIHMHAMUYECKOTO paB-
HOBECHS TO3BOJISIET CPABHHBATH 3HAYCHHUS BEJWYUHBI [ Y Ppa3HBIX
CHCTEM, HE IPHUBOAS HX B HENOCPEJCTBEHHBIH TEMIOBOH KOHTAKT
Mexay cobo#l, a MHoib3ysach ONHUM KaKuM-THOO JPYTHM  TEJIOM.
Ota BeNMYMHA, BBIpAKAlONlas COCTOSHHE BHYTPEHHEIO JBHKEHHS
PaBHOBECHOM CHCTEMBb!, MMEIOIIAi OJHO U TO XK€ 3HAYeHUEe y BCeX
qacTedl CI0XKHON PAaBHOBECHOH CHCTEMEI HE3@BHCHMO OT YHCJI2 YACTHIL
B HHX W onpelenseMas BHEIUHUMH [apaMeTpaMH W OJHEepruei,
OTHOCHINVMHUCS K KaXIOW TaKOW 4YacTH, HA3BIBAETCS MeMNEPAMYpOl.
bynyud WHTEHCUBHBIM IIapaMeTpPoOM, TeMIEpaTypa B 3TOM CMBICHE
ABASAETCS] MepOM HHTCHCHBHOCTH TEILIOBOTO [IBIKCHHUS.

W3noxeHHoOe TOJIOKEHHE O CYIIECTBOBAHHHM TEMIEPATyphl Kax
ocoboil (GYHKIMH COCTOSHHS pPaBHOBECHOH CHCTEMBI MPEACTaBIfET
8mopoe  ucxo0Hoe  noaoxcenue  mepmoournamuxu.  P. ®aynep
n . I'yrrenreiiM Ha3Bamm €ro Hy1egbiM HAYAA0M, TaK Kak OHO,
nogobHO TepBOMY M BTOPOMY HadajaM, | OIPERCIAIOIIHM CYIIECT-
BOBAaHHE HEKOTOPBIX (YHKIMH COCTOSHHS, YCTAaHABIHUBAET CYILUECT-
BOBaHHE TEMIEPATYPhl Y PaBHOBECHOH CHCTEMBI

TemnepaTypa, kak Mbl BHIHM, SBJISETCA TEPMOTHHAMHUYECKH
PaBHOBECHBIM IIapaMETPOM, TaK KaK CYIIECTBYET TOJBKO Y TEPMO-
JUHAMHUYECKH PaBHOBECHBIX CHCTEM, MPUTOM Y TaKHX, YACTH KOTODBIX
HE B3aUMOJCHCTBYIOT IPYr C ApPYroM (T. €. JHEpIHs B3aUMOICHCTBUSA
4acTell MHOI'O MEHBILIE MX COOCTBEHHOH BHYTpEeHHe# 3HEprud), Tak
YTO JHEPrHUs CHCTEMBl paBHA CyMMe 3Hepruit ee yacredd. CrexoBaTesb-
HO, COTJIaCHO BTOPOMY HCXOJHOMY IIOJIOXECHHIO TEPMOIUHAMUKH,
SHEPIAs TEPMOAMHAMMYECKHX CHCTEM SBJISETCHd aJOUTHUBHOH ¢yHK-
uped. bosiblupe TpaBUTUPYIOLIME CHCTEMBI HE SABJAIOTCH MO3TOMY
TEPMOJUHAMHMYECKUMHU, TaK Kak JUI HAX NPUHUAN aJUTATHBHOCTH
9HEPIMH He BBHIIOJHAETCS BCIEACTBHE JaJIbHOIEHCTBYIOIIEro Xapakrepa
[PaBUTALMOHHEIX CHL

Taxum 06pa3oM, BTOpOe HCXOMHOE MHOJIOKEHHE TAKXe OrpaHHYH-
BaeT NPHMCHEHNEC TEPMOJMHAMMKHA K pEaNbHBIM CHCTEMaM.

[Tosoxenne o cymiecTBOBaHMM TeMIEpaTypbl MOXeT ObITh cdop-
MYJHUPOBAHO Takxke cieayrommMm obpasoM. B § 1 Mbel ycTaHoBHIH,
4TO PABHOBECHOE COCTOSHHE TEPMOJMHAMHUYECKON CHCTEMBI Xapax-
TEPU3YeTCsl BHEIIHAMH M BHYTPEHHUMH HapaMeTpaMH, IPHYEM BHYT-
PEHHHE IapaMETpPhl 3aBUCAT OT MOJOXKEHHUS M [BIKCHUS MOJIEKYN
CHCTEMBI M 3HAYEeHU# BHEIIHHX IapaMeTpos. IlosioxeHne Ke O cyiecT-
BOBAHUM TEMIIEPATyphl YCTaHABJIMBAET, UYTO COCTOSHHE TEPMOIMHA-
MHYECKOIO PaBHOBECHSA ONPENENAeTCs COBOKYIHOCTBIO BHEIHHX TMa-
pPaMETPoOB H TeMIEpaTypoi**®,

*) DHeprus PasNMYHLIX CHCTEM TIPH 3TOM, BOOOHIEC TOBODS, pa3/lMuHa.
** Tax KaKk COCTOSHHE TEPMOMMHAMMYECKOHM CHCTEMBbI OMDENENSETCS BHEIIHHMH
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CrenoBaTebHO, BHYTPEHHHE NapaMeTphl XOT# M XapaKTepu3yoT
COCTOSIHHE CHCTEMbI, HO HE SBJISIOTCS HE3aBUCHMBIMU NapaMeTpamu
PaBHOBECHOHW CHCTEMBI.

Urtax, ece pasHosecHble eHympennue napamempvl Cucmemsl A641-
WOMCA PYHKYUAMYU GHEWHUX RAPAMempos U memnepamypsl (emopoil
HOCMYAGM  MEPMOOUHAMUKLL).

Tak Kax 3HEeprus CUCTEMBI ABJIFCTCH €€ BHYTPEHHHM NapameTpoM,
TO MpPH paBHOBeCHMH oHAa Oyner yHKLMEH OT BHEIIHHX MapaMETpPOB
H TeMrepaTypsl. Bbipaxass W3 3TOH (QYHKIMUM TeMmeparypy uepes
SHEPTMIO W BHEIIHWE IMapaMeTpbl, BTOPOE HCXOJHOE MOJIOKEHHE
TEPMOJMHAMHKY MOXHO CHOPMYIHPOBATH TakXkKe B CICIYFOLIEM BHIE:
Py MePMOCUHAMUYECKOM PABHOBECUU 6CE  GHYMPEHHUE Napamempol
CUCIeMbl ABAIOMCA PYHKYUAMU GHEWHUX NAPAMEmpOs. U Hepauu™.

Bropoe ucxomHoe TOJOXEHHE TEPMOAMHAMMKHM IIO3BOJIET Ompe-
IETUTh M3MEHEHWE TeMIepaTypbl Tella 110 H3MEHEHHIO KaKoro-jiubo
ero BHYTPEHHErO MapamMerpa, Ha 4€M OCHOBAHO YCTPOHCTBO pas-
JIHYHBIX TEPMOMETPOB.

Il ycraHOBJIEHWst TOTO, Kakasi TeMrnepatypa Oonbiie, a Kakas —
MeHbIlle, BBOJMTCA [OMOJHUTEILHOE YCAOBHE: CUHTAETCs, 4TO [pH
CcOoOOUIEHUN TeNy JHEPriuM NpH TOCTOSHHBIX BHEIUNHHX IapaMerpax
€r0 TeMIepaTypa NOBbIHaeTcs. Takoe JOTIONHUTENLHOE YCIOBHE IS
YTOYHEHUS TOHSATHS TEMIEpAaTyphl O3HAYaeT, 4TO I BHYTPEHHEH
JHEPTHH CHCTEMbl MOXHO BHIOPaTh MOHOTOHHO BO3PACTAIOIIYIO
GYHKIMIO  TeMmepaTypbl; 3TO AEHCTBUTENBHO BO3MOXHO BCHIEICTBHE
BBITEKAFOIIEH M3 ONBITA €AWHCTBEHHOCTH PpaclipefiefleHusi SHEPIHH 110
YACTAM CHCTEMBI W OJHOBPEMEHHOTO pPOCTa OJHEPrHM 4HaCTeH TNpH
yBeHYeHHH oOIeld 3Heprud cucteMbl (cM. 3amauy 1.1).

[flpy [OpakTUYECKOM — ONpeJesIeHMH TEeMNepaTypbl NPHXOAMTCS
TIOJIL30BATbCA KaKOH-IMOO onpenesieHHON HIKaJoH, CBA3aHHOH C TEM
WA MHBIM BElIeCTBOM. B kauecTBe TepMOMETPUHYECKOTO HAapaMETpa
OOBIYHO HCHONB3YeTCs OOBEM 3TOTO BEIECTBAa, & IKajgy BLIOHpaIOT
no Ienbcnro: pa3HoOCTh OOBEMOB TeNa NPHW TEIUIOBOM PaBHOBECHH

TapaMeTpaMd ¥ TEMIEPATypoil, a NMOHATHE TeMNEPATYpH! (KaK Mephl HHTEHCHBHOCTH
TEIUIOBOTO - ABYKEHUSA) YYXJ0 MEXaHWKE, TO MEXAHWYECKHE CHCTEMbI HE SABJIAIOTCH
TEPMOIUHAMHMYECKUMHE ((QOPMAILHO HMX MOXHO PAacCMaTpHWBaTh KaK 4YacTHBIH ciyvan
TCPMOIMHAMUYECKUX CHCTEM, Y KOTOPBIX MHTCHCHBHOCTH TEIJIOBOTO IBMXEHUA paBHA
Hy/ito). [TOHATHO MOITOMY, HTO HEKOTOPBIC BbIBOABl TEPMOJANHAMMKH OKa3bIBAIOTCA
HENPUMEHAMBIME K MEXdHMYECKHM CUCTeMaM. OTO TIJIaBHRIM 00pa3soM  BRIBOIDI,
CBA3aHHBIE C OCODEHHOCTAMH TEMJIOBOTO JBMKEHMA B MAaKPOCKONMYECKHX CHCTEMax
(HeoOpaTHMOCTb, OAHOCTOPOHHOCThL ECTECTBEHHBIX mpoueccos). B cBsa3au ¢ 3TuM BO
U30EXAHUE HENOPA3YMCHUK IIPH ONPEASNICHHM TeX WIM UHBIX TepMOAMHAMUYECKHX
NOHATHA HEOOXOZAMMO C CAMOrO Hauajla MEXaHMYCCKHE CHCTEMBI HE DPacCMAaTpHBATH
HapaBHE ¢ TEPMOJAWHAMHYECCKUMH M NPHMEHSTH BHIBOJIBI TEPMOAWHAMMKM K MEXAHHYEC-
KMM CHCTeMaM Kax/blif pa3 nocie ocoboro obcyx/eHHs, Tak KaK NEPEXod OT
MEXAHHYECKHX CHCTEM K TEPMOAHHAMMYECKUM (CTATUCTHYECKHAM) CBSA3AH ¢ Ka1eCTBEHHBIM
CKauKOM OT OJIHOTO BHAA ABIKEHHUS K IPYromy.

*) PapHOBeCHMIE CHCTEMBI, y KOTODBIX BHYTPEHHHE NAPAMETPBI  SBJIAIOTCH
GYHKUMAMH BHELUHMX TAPAMETPOB W 3HCPIMH, HA3BIBAIOTCH apeoduveckumu. Tepmo-
VHAMUKA, CICAOBATEJILHO, PACCMATPUBACT 3PTOJIMYECKHE CHCTEMBI.
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ero ¢ KHUNAlied BOMOH NPH HOPMaJbHOM aTMOC)EepHOM [aBJeHUH
W TalOMUM JbJOM IIPH TOM X€ JABJICHHH DPABHOMEPHO HEJIAT HA
100; xax[goe mesieHHe COOTBETCTBYET OJHOMY rpaiycy, TeMiepaTypa
TAIOWIETO JIbAd OpHHHMaeTca 3a 0 °C¥,

Omnupuueckoil memnepamypoti Telna HA3bBIBAIOT YCTAHOBICHHYEO
OMBLITHBIM MYTEM Mepy OTKJIOHECHHS TEPMOIUHAMUYECKOTO COCTOSHHS
TeJla OT COCTOSHMS TEIJIOBOTO PABHOBECHS C TAKIIMM JIBAOM,
HAXOJALMMCS 110 HOPMAJIbHBIM aTMOCOHEPHBIM JaBJICHHEM.

[ToxazaHus ABYX TEPMOMETPOB € Pa3INYHBIMH TEPMOMETPHIECKIMHU
BEIIECTBAMU, BOOOIIEe TOBOPS, HAKOIA HE COBMAAIOT, KPOME KAaK MpH
0 u 100 °C, no3atoMy Takoe OnpeesicHUE TEMIIEPATYPbI, KaK 00bEKTUBHOM
MepBl HHTCHCHBHOCTH TEIUIOBOTO ABIKCHHS, ABJISCTCS APOU3BOJILHBIM.

39Ta NPOU3BOJBLHOCTh OTHACTH YCTPAHSETCH, eCH . B KauecTse
TEPMOAUHAMUYECKOTO BELIECTBA MCIOJIB30BATh AOCTATOYHO Pa3pexXeH-
HBle (WAeasbHbIC) rasbl. WX xo3duuMeHT TEMIOBOTO pacUIMpPEeHUs
0 He 3aBUCHT HH OT TEMOepaTyphl, HH oT mnpupoasl raza. Hlkana
ra3oBOro TEPMOMETpa TPaIyMpyeTcs Tak ke, kak W mkana Llesancus,
HO 3a HyJb TeMnepaTypbl npuHumaercss —l/a rpanmycos Llenbcus
(mxana KesnbBuna).

O0o3HaUMM TEMHEPATyPy, M3MEPEHHYIO C MOMOIIBIO WAeaIbHOrO
raza no mxkaite Kenoeura, Oyksoit T; oueBnmao, T=1/a+t, rne
t—remnepatypa no mkaie llenscus (cm. § 14). ITokaszamms Bcex
JPYIAX TEPMOMETPOB NPHBOAATCS K [a30BOMY TepMOMETPY*®.

Kax Oyzmer BHOCNEICTBAM MOKa3aHO, BTOPOE HAYAJIO TEPMOHHAMH-
KA TOJIHOCTBIO YCTpaHSET MNPOU3BOJBLHOCTL B OMNpPENENCHHH TeM-
NepaTypbl, MO3BOJAA CTPOTO YCTAHOBUTH abCOMOTHYIO LIKAJNY TEM-
nepatypel (mkany KenpBHHA), He 3aBUCAINYI0O HH OT BLIOPaHHOTO
BELIECTBA, HU OT TOrO MM HHOTO TEPMOMETPHYECKOTO TapaMeTpa.

§ 3. TOMOTEHHBIE 1 T'ETEPOTEHHBIE CHUCTEMBbI.
®A3bl U KOMIOHEHTBI

Bce MHOXECTBO TEPMOIMHAMHUYECKHMX CHCTEM Da3fieNifloT Ha IBa
KJIacCa—TOMOTEHHbIE U TeTEPOreHHbIE.

T'omozennble—3TO TakHe CHUCTEMBI, BHYTPM KOTODBIX CBOHCTBa
H3MEHSIOTCS. HENPEPBIBHO IIPH NEPEXO/ie OT OJHOIO MECTa K JPYyroMy.
YacTHBIM CIy4aeM FOMOTEHHBIX CHCTEM ABJSIFOTCH (DH3MYECKH OTHOPOI-
HbIE CHCTEMBI, UMEIOHINE OJIMHAKOBbIE (PU3NUECKHE CBOUCTBA B JIFOOBIX,
HNPOU3BOJILHO BLIOPAHHBIX YacTAX, PaBHBIX Mo oOnemy. [lpumepamu

* C 1954 r. TepMoauHaMMYeckas TeMmepaTypHas Inkana (mxajga KenbsuHa)
OINPEACNIACTCA OHOH PENepHOl TOUKON — TPOHHOH TOYKOH BOJB! (OHA BOCTIPOH3BOAMTCH
¢ DosblIeH TOYHOCTBIO, YeM TOUKA TASHMA NbJa), KOTOPOH NPUIUCHIBACTCS TEMIEPATYpa
273,16 K. Temneparypa ILTdBINCHHS JbJa IPU HOPMAajJbHOM artMocdepHoM HaBICHHH
no 9Toit mkane pasHa 273,15 K.

**) Ta3soBBIi TEPMOMETP BCJICACTBME OTHOCHTEIBLHON CIOXHOCTH yCTpOHCTBa
HCNOJB3YeTCH JIMIHL B KAYECTBE JTANOHA.
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TaKMX CHCTEM SIBJIIIOTCA CMECH Pa3/IMYHBIX ra30B W PAacTBOPHI, Kak
XHJKHE, TAK ¥ TBEp/ble. B 9THX cHCTEMax MOTYT IPOUCXOAHTD PEaKIuu
MEX/Iy COCTABHBIMHU YaCTSIMHU CMECH, AUCCOIMAINS ra3a WM PaCTBOPEH-
HOTO BEWIECTBA, noaumepuzayus [00pa3oBaHUE U3 NPOCTBIX MOJIEKYI
foJiee CoxHbIX, HanpuMmep 13 Tpex moekyl C,H,O onHoll MONeKybI
(C,H40); wiu u3 nByx Mojekyn Boasl H,O omHolt Oousree croxrOR
Mostexyist Boasl (H,0),] 1 1. o, U coavgamayus (OpHEHTALIMST MOJIEKYT
pACTBOPUTENSL BOKPYT WOHA MM JAPYroff 4YacTHIBI PAacTBOPEHHOTO
pemnectBa). [Ipu paBHOBECHH B TAaKMX CHCTEMax PEakiMd MaKpOCKOIM-
4eCKY TIPEKPAIaroTcs. 3aKOHOMEPHOCTH NIPU PABHOBECHH YCTAaHABJIUBA-
FOTCA C IMOMOINBK 3aKOHOB TEPMOIUHAMUKH.

Temepozennbimu HA3BIBAIOTCH CHCTEMBI, KOTOpPBIE COCTOAT W3
HECKOJBLKUX (HU3MUYECKH OJHOPOJHBLIX, WJIM TOMOTEHHBIX, T€J, TaK YTO
BHYTPH CHCTEM HMEIOTCS pa3pbiBbl HENPEPHIBHOCTH B H3MEHEHHWH HX
CBOMCTB. DTHM CHCTEMBbI TNPEACTaBJsAIOT COOOW COBOKYNIHOCTH WM
pa3sIMYHBIX arperatHbIX COCTOSHUH OJHOTO M TOIO K€ BElIecTsa
(nex—Boma, Boga—TMap # T. 1), WIH PA3JIMYHBIX KPUCTAJUIHYECKHX
MoauduKkalmii (cepoe u Oesoe 0JI0BO | AP.), WIK PA3IHYHBIX IPOIYKTOB
B3aUMHOTO PACTBOPEHNS (BOIHBIA PacTBOP COJIM— TBEpAAs CONb— Iap),
WA TPOAYKTOB XMMHYECKOTO B3aUMOMAEHCTBHUS Da3/IMYHBIX BEIIECTB
(kMaKUi CrUTaB M TBEPAOEC XHMHYECKOe COeIMHEHHE ABYX METaJUIOB).

I'oMoreHnas 4acTh reTe€pOFreHHOM CHCTEMBI, OT/IEIEHHAS OT JIPYTHX
JacTell TOBEPXHOCTBIO pa3fiena, Ha KOTOPOH CKAaYKOM H3MEHSIOTCS
Kakue-n1bo CBOMCTBA (M COOTBETCTBYIOHINE MM MapaMeTphbl), Ha3biBa-
erca dazoi. Ecmu cHcTeMa COCTOHT M3 JKHAKOCTH M Iiapa, TO
KUJKOCTh TpeJcTaBiseT cobol oany ¢asy, map—apyryto. Henpss
NyTaTh M OTOXJIECTBJIATDH -arperaTHble COCTOsiHMA ¢ ¢asamu. B 1O
BpeMs! KaK arperaTHLIX COCTOSHHMI BCEro 4eThipe — TBEPHOE, XKUIKOE,
razoo0pasHoe W IJia3MeHHoe, (a3 ——HEeOTpaHMYCHHOE YHCIIO; Jaxe
y ONHOTO ¥ TOTO( K€ XHMHYECKM YUCTOrO BELECTBA B TBEPAOM
arperaTHOM COCTOSIHMH MOXeT ObITh Heckonbko (a3 (pomOmueckas
M MOHOKIIMHHAS Cepa, cepoe U Oenoe onoBo u ap.). Ilpn HeOObBIINX
JABJICHHSX, KOTAA Ta3bl Majo OTJIHYAIOTCH OT WACANBHBIX, B Ta3000-
pa3’HOM COCTOSIHHH MOXeET ObITb TOJIbKO OJHAa (a3a, TaKk KaK IpH
TaKMX YCJAOBHSAX BCE rasnl 001aqatoT cHoCOOHOCTHIO CMENIMBATHCS
Opyr (¢ gpyroM B J00bIXx mponopuusax, o6pa3ys OAHOPOIHYIO
cucremy®. B XHAKOM COCTOSHHHM B PaBHOBECHH MOXET HAXOJUThCH
HECKOJIBKO (pa3, HampuMep BoAa M Macjlo, KEPOCHH ¥ BoJga H [Ip.

Kpome ¢a3bl BaxHOe 3HAYEHWE NPH HCCICHOBAHMAX paBHOBECHA
TEpPMOJMHAMHYECKHX CHCTEM (KaK I€TEePOTeHHBIX, TaK ¥ IOMOTEHHBIX)
HMEET TOHATHE KOMHOHeHm. DTO Takasl 4acTh CHCTEMBI, COAEpXaHHE
KOTOpPOH HE 3aBMCHT OT COHEpXaHdus Apyrux vacredt. Cmech rasos
ABJIIETCA  OAHO(A3HOH, HO MHOTOKOMITOHEHTHOH CHCTEMOL: KOM-
NOHCHTOB B CMECH XMMHMUCCKH HE pPCArupyrolmux Tra3oB CTOJIbKO,

* [Ipn BLICOKOM [OaBjIeHMM HaONIOZAETCs OrpaHWHMEHHE BO B3aMMHON  pac-
TBOPUMOCTH Ta30B.
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CKOJIBKO B HeH pa3nuyHbX ra3oB. Boma, jen Takke SBISIOTCH
ogHO(hA3HLIMH CHCTEMaMH, HO OJHOKOMITOHEHTHBLIMH, TaK KaK BO-
JOpOX W KHCIOPOJ B HHX BXOOAT B OINPEICNCHHOM OTHOILUCHWH:
KOJIM4ECTBO OJHOTO 3aBMCHT OT KonWuectsa jApyroro. M BooOmre,
ecid B (aze uMeeTcs N pa3JHyHbIX BEHIECTB (XMMUYECKMX DJIEMEHTOB),
MEXOY KOTOPHIMH CYHIECTBYET # XWUMHYECKHX peaknuid, TO 4HCIO
KOMIIOHEHTOB (HE3aBUCHMEIX BEILECTB) B Takoi ¢aze N—n.

CucteMa ¢ OBYMS KOMIIOHCHTAMH HA3bIBAETCA OUHAPHOU WITH
deoiinoii (cMech IBYX ra3oB, XWUAKOCTEH WM TBEPABIX TEaN ¥ [p.),
C TpeMsl KOMIIOHEHTAMU — MEPHAPHOU WA mMpOouHOUd W T. I.

§ 4. PABHOBECHBIE 1 HEPABHOBECHBIE ITPOHECCHI

I[O CHX IIOp MbI pacCMaTpHUBaJIA CBOICTBA CHUCTEM B TEPMOJHHAMUYCC-
KM PAaBHOBCCHOM COCTOSHHH, KOraa HH OJHMH IDapaMeTp CUCTEMBI
CO BPEMCHCM HE HUIMCHACTCA H BHYTPH CHCTEMBI HET HHUKAKHX
MAaKpOCKOIINYCCKHX JIBIDKEHHIA.

Ecmm HEKOTOPLIC NapaMEeTpbl CUCTEMBI U3MEHSIOTCSA CO BPEMEHEM,
TO MBI TOBODHM, 4YTO B Takoll cucreMe NPOUCXOAUT TIpOLECC.
Hampumep, npu n3MeseHUH 0ObeMa MPOMCXOUT TPOLECC PACIINPEHHUS
CACTEMBI;, TIPH H3MEHECHHU XaPAKTEPUCTHK BHEIIHEIO NOJifg-— IPOLECC
HAMarHAYUBaHUsI WJIH DOJAPU3AINAH CUCTEMBI U T. 1. Ecan cucrema
BBIBC€IICHA M3 COCTOSAHHSA PABHOBECUS H INPEAOCTABJICHA caMoii ceﬁe,
TO, cCOrjlJaCHO »IEPBOMY HCXOOHOMY IIOJIOXKCHHK TEPMOIHHAMHKH,
4Yepe3 HEKOTOPOC BPEMs OHA CHOBA NMPHUIACT B PABHOBECCHOE COCTOSHHE.
3JroT poaecc mnepexona CHUCTEMbl H3 HEPABHOBECHOI'O COCTOAHMSA
B PABHOBECHOE HA3BIBAETCH petakcayueil, a HPOMEKYTOK BpEeMEHH,
B TE€YCHHUEC KOTOPOro CUCTEMA BO3BPANIACTCA B COCTOAHHUC PABHOBECHUA,
HA3BIBACTCS 6peMeHem peaaxcayuu®.

HpOuﬁCC Ha3bIBACTCA PABHOGECHBIM WA Keéa3ucmamuiecKkum, CCJIH
BCE NapaMeETpPbl CHCTEMBI H3MCHAIOTCH (1)H3I/I‘16CKH OecKoHeYHO MenJIcH-
HO, TaK 4TO CHCTEMA BCC BPEMSA HAXOAUTCHA B PaBHOBCCHBIX COCTOAHUSIX.

Vka3saHue, 9T0 IPH KBAa3HCTATHYCCKHX IIDOLECCAX BCE NApAMETPHI (KaK MHTEH-
CHBHBIE, TaK M OKCTCHCHBHBIC) M3MEHSIOTCS (H3HYECKH OCCKOHEWHO MEJUIEHHO, HC-
KJIXO4YAaCT BBCACHHC HCHYXHOTO [ TEPMOIUHAMUAMCCKUX HCC.HCHOB&HHﬁ TORATHSA
O IICEBJIOPABHOBECHBIX MpOLECCAX (IPH KOTOPBIX HEKOTOPBIC MHTEHCHBHBIE NApaMETphI
HCKYCCTBCHHO H3MCHAIOTCA H& KOHCUHYIO BCJIPI']P!H}’). KpOMe TOrQ, Kak BHJIHO H3
TPUBCACHHOI'O ONPCACICHHA, KBa3HCTATHYCCKHE MPOLECCHl HE TOJABKO (1)]431'[‘{60[([4
GECKOHEYHO MeJUIEHHBl, HO M BCErAA HAYMHAIOTCH € HEKOTOPOrO0 PaBHOBECHOTO
COCTOSIHMSA. DTO MCKJIOYaeT HEHYXHO€ B TEPMOAHHAMMUKE MNOMAYCPKHUBAHUE, HUTO XOTH
BCSIKUI paBHOBCCHbIﬂ TIPOLECC ABJIACTCA KBA3UCTATHYECKHM, HO HE BCIKMI KBA3UCTATHYECC-
xuil npouecc (kak OECKOHEYHO MeEIJICHHBIH) PaBHOBECHBIH (B KaiecTBe NpUMEpa TaKOro
HCPAaBHOBECHOIO, HO BeckoHeuHOo MCIVIEHHOrO IMpolecca IMpUBOAUTCA 00BIMHO npoiiecc

® Jlns pa3sHBIX TpPOUECCOB BpeMs pejiakcauuu padmupo: oT 10718 ¢ ans
YCTAaHOBJIEHHS PABHOBECHOTO [aBJIEHMs B Ta3e O HECKOJILKMX JIST NPH BHIPABHUBAHHM
KOHIEHTpAlLMY B TBEPALIX CIlaBax. B TepmoawHamuke Oepercs Haubonbliee BpeMs
pellakCailii, B TCYEHHE KOTOPOTO YCTAHABIMBAETCA PABHOBECHE VI BCEX MAPaMETPOB
AAHHOW CHUCTEMBI.
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TermioobMena MEXAY TEJaamMH C© pasnuyHbiMu TEMIEpATypaMH, CKOJb YrogHo 3a-
MCIU]CHHbIﬁ BBCJACHACM MECXKAY HHMHU TEPMHYECKOTO COHpOTHB)’[CHﬂﬂ). 3aM€1.Ul€HHaSl
TCONOOTAAYA MEXKIY TElaMH C Pa3HbIMHU TCMIEpATypaMH HE ABJIACTCA PABHOBCCHBIM
NpPOLECCOM M, CIICAOBATEIbHO, HECTaTHYHa (XOTS M OECKOHCYHO MEUICHHA), Tak
KaK B HAYaJbHbI# MOMEHT IIpH YCTAHOBJICHMM TEILUIOBOTO KOHTAKTa Mexy Tela-
MH ObUIO HapylieHo paBHoBecue. HecraTuueH M OeCKOHEYHO MeJUIEHHBIH TIPOLIECC
pacuIMpeHUs ra3a B NyCTOTY W3-3a OTCYTCTBHA DPABHOBECCHA B HAYaJbHbIA MOMEHT
BCHEACTBHEC TIOTOKA Trasa.

dusznyeckt OECKOHEYHO MEOJICHHBIM HWJIH PAaBHOBCCHBIM HU3MCHCHH-
€M Kaxoro-jmoo napaMerpa ¢ HA3bIBAKOT TAKOC €ro HU3MEHCHHE CO
BpeMeHeM, Korja cKopocth dae/d! 3HauMTeNbHO MeEHbIIE cpenHeit
CKOpOCTH HM3MEHCHHSA 3TOI0 Mapamerpa NpH pEaKCaluH; Tak, €CIH
MpUA peaaKkCallud napaMeTp a U3MECHWICSA Ha A(l, a BpeMs pellaKcanyi
paBHO 7T, TO IMPH PABHOBCCHLIX IpOHECCAX

da  Aa
dt
Ecnu m3MeHedne Xakoro-nubo napaMerpa a MPOUCXOIUT 32 BpeMs
{, MEHbIlIEC WU paBHOC BPECMCHHM pECJIAKCAllUN I([ST), TaK 4YTO

da da
&t~ 1’
TO TaKOW HPOUECC HA3BIBACTCH HEPABHOBECHBIM WII HECMAMUYECKUM.
CaM mpouecc peslakCallii ABJSETCH, CJIeJOBaTEIbHO, HEPABHOBECHBIM
MPOLECCOM.

IlpencraBieHue O paBHOBECHOM MpOLECCE K BCE PACCYXICHHS,
CBS3aHHBIE C HHM, OKAa3bIBAIOTCS BO3MOXHBIMH JIHIIb Ha OCHOBE
00IIeTo Havyana TEPMOJIMHAMHUKM O CaMOHEHAPYIIAEMOCTH pPaBHOBEC-
HOTO coctosHusl. [leHCTBUTEIbHO, HallpaBiieHNe PaBHOBECHOIO IpoLeEC-
ca OymeT BHOJIHE ONPENE/eHO XapakTepoM BHELUHUX BO3JeHCTBHH
TOJILKO B TOM Cjy4Yae, €CJAM MCKIIOYEHbl CIOHTAHHbIE H3MEHEHHs
TEPMOAUHAMHYECKOI'O COCTOSIHUSI CHCTEMBI.

M3yuenue paBHOBECHBIX NPONECCOB BAXHO IOTOMY, 4YTO, Kak
okasbiBaerca (cM. § 17, 18), mpm oaTHX mponeccax psj  BaXHBIX
BenuunH (paborta, koddduuMenT nosie3Horo AeHCTBHS MaIiWH H Ap.)
UMeeT TIpe/IenbHble, MAKCUMANLHO BO3MOXHbIE 3HaueHUs. [losTomy
BBIBOJIBI, MOJIy4aeMble TEPMOJAWHAMUKOW /ISl PABHOBECHBIX MTPOLIECCOB,
UrparoT B Hell poSib CBOErO poJa MPEAENbHBIX TEOPEM.

§ 5. BHYTPEHHAA DHEPTUA CUCTEMBbI.
PABOTA W TEILJIOTA

Besikast TepMOJHHAMHUYECKAsd CUCTEMA COCTOUT M3 OrpoOMHOIO 4YHCia
YaCTHI. 3Hepl"l/lﬂ OTHAX HENPEPLIBHO MABUXKYLUIUXCA H B3aUMOJICHCT-
BYIOIIUX 4YaCTHIl Ha3BIBACTCSH 3nepzueﬁ CUCMIEMDbI.

Tonnas JHEpruss CHUCTEMbl pa3jAcHs€TCs HA BHEHIHIOIO U BHYT-
PEHHIOKO. Yacrtb SHECPIruH, COCTOoAAA U3 JHEPIrUM NBHXCHUS CHCTCMBI
KaK LeJIOTOo W NOTEHIHAILHOR JHEPIHH CHCTEMBL! B MNOJI€ BHEIIHHX

24



CHJl, Ha3biBaeTcs e@rewHeli duepeueid. OcranbHas 4YacThb DHEPTHU
CHCTEMBI HA3BIBAETCS GHYMPEHHel IHepaueil.

B TepMonuHaMuKke He paccMaTpHUBAOTCH [BUXEHUE CUCTEMBI Kak
LHEJOT0 W H3MEHEHHE €€ TNOTEHUMANBHOH JSHEPrUM NpU TAaKOM
JABHOKEHHM, IO3TOMY OJHEPrHEH CHCTEMbI SIBJIICTCS €€ BHYTPEHHSS
sHeprus®. B cTaTHCTHYeCKON (M3HKE BHYTPEHHNS JHEPTHSA CHCTEMBL
COCTOUT M3 OJHEPIMM DA3HBIX BHJAOB JABHXEHHMS M B3aUMOJCHCTBHUS
BXOJSIIMX B CHCTEMY YACTULL: 3HEPrUs NOCTYNATENIbHOIO M BpAINATEIIb-
HOTQ JIBMDKCHHH MONEKYJ W KolebaTejbHOTO JABUXKEHUS aTOMOB,
9HEPrdss MOJICKYJIAPHOTO B3aUMOJCHCTBUS, BHYTPUATOMHAs JHEPTHS
3aNOJHEHHBIX 3JICKTPOHHBIX YPOBHEHW, BHYTPHUSIAEPHAS JHEPTUS U [1p.

Bryrpenusas oneprus U sBisieTcs BHYTPEHHHM TApaMETPOM W,
CJIEIOBATENBHO, TPU PaBHOBECUM 3aBHCUT OT BHEUIHUX TAPaMETPOB
a; u temneparypnr T U=U (ay, ..., a3 T).

3aBUCHMOCTh BHYTPCHHEH 3HEPIHH OT TEMIIEPATyphl MOYTH Y BCEX
BCTPEYAIOINXCS B OKPYXAIOILEH HAc MpUpoOJe CHUCTEM TakKoBa, 4TO
C HEOTPAHMYCHHBIM POCTOM TEMIEpPATyphl BHYTPEHHSS JHEPTHSl TAKXKE
HEOTPAaHMYEHHO pacTeT. ITO MNPOUCXOAMT . TOTOMY, UYTO Kakias
MOJIEKYJIA WM KakoU-1MOo ApYro 3jieMeHT «OoObIYHOW» TEpPMOIU-
HAMHYECKOH CHCTEMBI MOXET HUMETh J0Doe CKoib yrogauo Oosbiioe
3HAYEHNUE DHEPIUH.

Heckonpko et Hazajx IKCMEPHMEHTAJIBHO ObLIO  YCTAHOBJIEHO
CYHIECTBOBAHHE W TAKMUX CHUCTEM, Y KOTODPBIX BHYTPEHHSAS 3HEprus
C POCTOM TEMIMEPATYpPbl ACUMIITOTHYECKH NPUOMKAETCAd K KOHEUHOMY
TPAaHWYHOMY 3HAYEHUIO, TaK KaK KaXIbl IJIEMEHT CUCTEMBI JH-
MHUTHPOBaH B CBOEH MAaKCHMMaJbHO BO3MOXHOW 3Hepruu. Taxkumu
«HEOOBIYHBIMIY» CHCTEMAaMH SIBJISIOTCA COBOKYIMHOCTH SIZIEPHBIX CIIHHOB
HEKOTOPBIX KPHUCTAJUIOB; T. €. COBOKYNHOCTH 3AKPEIUICHHBIX B Y3JIax
PELIETKH U B3aUMOACHCTBYIOUIMX APYTr € APYTOM SICPHBIX MAarHUTHBIX
MOMEHTOB, KOTJa WX JHEPrud B3aMMOJACHCTBUSA C peIleTKON upe3-
BBIYAHHO MaJjla MO CPAaBHEHHIO ¢ 9HEPIrWEd CHUH-CIIMHOBBIX B3a-
HMOIEHCTBHIT* ).

IIpn B3auMOOEHCTBHH TEPMOJUHAMMYECKON CHUCTEMBI € OKpyXka-
ronied cpegoil npoucxoautr obmen sHeprued. [lpH 3ToM BO3MOXHBI
IBa pa3NHYHBIX Crocoba mepenavy 3HEPr¥M OT CHCTEMBbI K BHEIIHHM
TeJlaM; ¢ U3MCHEHHEM BHEIIHUX MapaMeTPOB CHCTEMBI U O€3 U3MeHe-
HUSL 3THX TNAPaAMETPOB.

TlepBbiii cnoco® rmepefayd 3SHEPrUM, CBA3AHHBIA C H3MEHCHHEM
BHCHIHMX NapaMeTpoB, HA3BIBAETCH padomoti, BTOPOH crnocod-—0e3
M3MEHEHHMSl BHEHIHHX IApaMeTpoB, HO C H3MEHEHHEM HOBOIO

*) DHeprus MOJIOKEHHS CHCTEMBI B I[OJ€ BHEMIHMX CMJI BXOJMT B COCTaB €€
BHELIHEHl JHEPrUM HPH YCJIOBHM, YTO TEPMOJUHAMUYECKOE COCTOSHHC CUCTEMBbl NPH
MEpEMEILICHHH B II0Jie CHJI He H3MeHseTcsa. EciaM ke TepMOAHHAMHYECKOE COCTOSHME
TPH €€ NEPEMEILCHUH B T0JI€ CUJI U3MCHACTCA, TO ONpPEAC/CHHAS YacTh NOTEHUUAIbHON
SHEPrHH yXk¢ OyJeT BXOJUTb B COCTAB BHYTPEHHEH BSHEPIUH CHCTEMBI.

*¥) O HEKOTOpLIX MAPaJOKCAJbHBIX CBOMCTBAX TAKHX CHCTeM cMm. § 32.
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TEPMOAHHAMMYECKOTO [IapaMeTpa (3HTpormn?—menﬂomoﬁ, a cam
NpOLECC HEpelayy JHEPTUU — menioobmeHom™.

C MONEKYJIAPHO-KMHETHYECKOH TOYKH 3PEHUS TEIIOTAa CBA3aHA
C JABHXCHHEM A4aTOMOB H MOJIEKYJ, W3 KOTODBIX COCTOAT Tena;
ona npexacraBiaser coboil  Muxpodusnueckyro GopMy nepenayu
3HEPrM¥ OT OJHOr0 Tena ¥ [JPYroMy IyTeM HEHNOCPEACTBEHHOrO
MOJIEKYJISIPHOTO B3aUMOJEHCTBHA, T. €. OCPEACTBOM O0OMeHa 3Heprueit
MEXIy XaOTHYECKH NBWXKYHIMMUCS dacTuuamu oboux Ten. Pabota
B OTJIHYME OT TEIUIOTHI MNPEICTaBisieT COOOH MaKpOCKOMUYECKYHO
YIOPSAMOYEHHYI0 (OpMY NEepefadd SHEPrHU IyTeM B3aMMHOTO - Jel-
CTBMA TeJl JOpYr Ha Apyra.

OHeprus, IepelaHHasg CHCTEMOH C HW3MEHEHHEM €€  BHEHIHHX
HapaMeTpoOB, Takke Ha3plBaeTcs pabomoi W (a He KOIUYECTBOM
paboThl), a SHeprus, HepeqanHas cucreMme 06e3 H3IMEHEHHS ee BHEIIHHX
napaMeTpoB,— koauuecmeom meniomsl (. Kak BUIHO U3 OIpenesieHUs
TEIIOTHl ¥ paboThl, 3TH JIBAa PAacCMATPHBAEMbIX B TePMOAMHAMHKE
Pa3INYHBIX CrIOcO0a Tepeaud 3HEPTUM HE SBISIOTCS PaBHOIEHHBIMH.
JeicTBUTENbHO, B TO BpeMst Kak 3aTpaunBacMas pabora W moxer
HEMOCPEACTBEHHO NOWTH Ha yBeJudeHuwe J1000ro BUAA 3HEPIHH
(31X TpUHeCKOl, MATHUTHOHW, YIpYro#, NMOTEHIHAJIbHON SHEPTHM CH-
CTEMBI B JIOJie H T. [.), KOJMUECTBO TEIIOTH () HEMOCPECTBEHHO,
T. ¢. 0e3 mnpemsapuTeSbHOTO HpeobpazoBanus B paboTy, MOXKET
HNOMTH TOJILKO HA YBEJIHYEHHE BHYTPEHHEH SHEPTHH CHCTEMBL OTO
OPUBOJMT K TOMY, 4TO OpH HpeoOpazoBanun paboTHl B TEIUIOTY
MOXHO OIPAHMYHTHCS TOJIBKO * IByMs TeJaMH, M3 KOTOpBIX OIHO
Teno (NpW W3MEHEHHH €ro. BHELIHHX [apaMeTpoB) IepefacT IpH
TEMIOBOM KOHTAKTE 3HEPIHIO ApPYroMy (06€3 HM3MEHCHHS €ro BHEIU-
HUX APaMETPOB); MDY MPEBPAIIEHUH K¢ TEIIOTH B paboTy Heobxomu-
MO HMMETh 110 MEHbIIEH Mepe TpHU Tejia: NEPBOE OTIAET 3HEPrHI0
B (opMe TemwIoTsl (TEIUIOUCTOYHHK), BTOPOE TOJYYaeT 3SHEPrHUIO
B (hOopMe TEIIOTHL M OTHAET 3Hepruio B hopme padborhl (paboyee Teso)
H TpeTbe MOJYyYaeT JHEPTHIO B (opMe paboTel oT pabouero Tena.

Ecau crcreMa He OOMEHHMBAETCS C OKPYXKAIOIMMM TeJIaMH HH
3Heprueil, HM BEIIECTBOM, TO OHa, Kak yxe Obli0o Cka3aHo, Ha3bIBAETCH
UZ0AUPOBAHHOTI WM 3AMKHYMOU; €CIH e CHCTeMa HMeEeT Takoi
o6MeH, TO OHa Ha3biBaeTcs omkpeimoti. CucreMa, He OOMEHHBAIOIIA-
fiC ¢ OPYrMMH TeJlaMH BEINECTBOM, HO oGMeHMBaloINascs JHEPTHEH,
HA3bIBACTCA 3aKpuimol, a He OOMEHHBAIOMIAACS OJHEPIHMEH TOJBKO
B (opMe TEIIOThl — aduabamHe u30AUposanHoll WIM  aduabamuoi
cucmemon.

Pabora W wu xonuuecTBO TemnoTsl ) HMEHT Pa3sMEPHOCTH
sHEpruM, a paboTa W TEMIOTAa HE SBJAIOTCS BHAAMM SHEPIUM. OHH
HpeacTaBasoT cobol JABa pa3IMYHBIX cnocoba nepeaaid ISHEPIud,
paccMaTpuBaeMbie B TepMOJAMHAMHMKE, M, CIEAOBATENbHO, Xapak-

*) Bropoii cmoco® Tepenaud 3JHEPrHH HEBO3MOXeH Toinbko mpdH 0 K (cm. § 21).
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TEPU3YIOT IpoLecc 3HEproobMeHa Mexay cucremamu. Pabota W u xo-
JIMYECTBO TEIIOTHL () OTJIMYHLI OT HyJs TOJBKO TPH Mpolecce,
KOTOPbBIH HCHOBITHIBAET CHCTEMA; COCTOSIHHIO € CHCTEMBI HE COOT-
BETCTBYET Kakoe-1uOo 3HaueHne W wid Q, U H03ITOMY OECCMBICICHHO
TOBOPHTH O 3amace TEIUIOTHI Wid paboTBL B Tele.

Ilpunato cumrars paboty W nONOXKUTENLHOH, €CM OHa COBep-
MAETCH CACTEMOH Ha/J BHEINHHMH TeJaMH, a KOJMYECTBO TEIUIOTHI
(Q cunTaercs MOJOXHTENBHBIM, €CIu SHEPIUs [EPENiaeTCs CHCTEME
0e3 HM3MEHECHHS €¢ BHEIIHWUX I1apaMeTpoB™®.

IMpu OeckOHEYHO MajlOM pAaBHOBECHOM M3MEHEHHH MapamMerpa
a pabota, coBepLiaeMas CHCTEMOH, paBHa

SW=A4 da,

raie A—conpspkeHHas BHCIIHEMY HapaMeTpy a o0oOlleHHas cuia,
ABISIOILASACSH TIPH PAaBHOBECHM (YHKIMEH BHEIIHMX IIApaMeTpOB
a; u temmepaTypsl 7.

Ilpn HepaBHOBECHOM OECKOHEYHO MasJoM H3MEHEHHH TNapaMeTpa
a pabora OW,, coBeplllaeMas CHCTEMOH, TaKXe paBHa

OWyp = Awp day,,

HO B JTOM ciydae oboOiieHHas cHia ' Ay, Onarogaps HMCXOIHBIM

OJIOKEHNAM TEPMOAUHAMUKH ABJIACTCH (QyHKIMEH BHEIIHHX MapaMeT-

POB_g;, BHyTPEHHUX NAPaMETPOB b; H MX NPOM3BOAHBIX 110 BPEMEHH.
IIpu M3MeHEHHMM 7 BHEIIHHX TapaMETpoB padoTa CHCTEMBI

W=y A;da;. (L.1)

Kakx cnenyer u3 ompenmencHus paborbl u kak BuaHo u3 (1.1),
B BbIpaXXGHHE JJIEMEHTapHOW paboTbl He BXOAUT auddepernua
TemuepaTypel (1.€. koahdunuent npu d7 pasen Hymo). 31O
OpUBOIUT X ToMmy, uTo auddepenunanbHoe Bbipaxenue (1.1) He
ABJISAETCH TOJHBLIM auddepeHimanoM kakoi-mubo QyHKIMH mapamer-
POB COCTOSIHMA cucTeMbl (cM. 3amayy 1.2). Tlo oaroét npuvmHe
leMeHTapHyto pabory obo3nauaror OW, a He dW.

IpuBeneM mnpuMephl BBIPAXCHWHA [UIs JJIEMeHTApHOH paboTsl,
COBEPLLIACMON CHCTEMON B HEKOTOPBIX CHydasix.

Tlpu xBasuCTaTHUYECKOM pPACIIMPEHUH CHCTEMBI, MOABEPKEHHOM
JIGACTBHIO BCECTOPOHHET0 PABHOMEPHOTO JIABJICHHS, 3IeMeHTapHas pabota

SW=pdV (A=p, a=V),

rae p-— AaBieHMe rasa wWid xuakoctd, dV— ysenmuuenne o6wneMa
cucTeMmbl; pabora Ta3a IpM pACIIMPeHHd €ro B MYCTOTY paBHA

* Bxogsliue B YPaBHEHMs TepDMOJMHaMHKA Q M W 03HaualoT, Kak CieayeT
U3 MpeABIAYNIEr0, He CHoco0 mepeAaty, a JHEPrHIO, MOJTYYEHHYHO CHCTEMO# COOTBET-
CTBYIOLIMM CIIOCOGOM; 9acTO MX, OIHAKO, HA3BIBAIOT IPOCTO TEIUIOTOH # paboToi
U TOBOPAT O NpEBpalllcHUH TEeWIOTHl B paboTy M HaoOOpOT.
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HYJIIO, Tak Kkak HpH 5TOM Tra3 He IPeoJoJieBAeT HHKAKOTO CO-
TPOTUBJICHHUS.

PaboTa CcHJI MOBEPXHOCTHOTO HATSDKEHMS MPH M3MEHEHWH [UTOILNA I
nmoBepxHocTH Ha dX paBHa

OW=—0odX (a=ZX, A=-0),

rfle ©-—HOBEPXHOCTHOE HATSKEHHE.

TMonspu3auus AUAJIEKTPUKA B 3ICKTPHYECKOM [0JIE CBA3aHA C Olpe-
nenenHod pabotoil. B 3aBmcmMocTH oT XxapakTtepa 3amaud  (4TO
ompesesseT BbOOp pa3iMYHBIX HE3aBHCHMbIX II€PEMEHHBIX, Xapak-
TEPH3YIOIUX COCTOSHHME [MIJEKTPUKAa B JJICKTPHYECKOM TMOJIE) 3Ta
pabora pa3Has ¥ I €€ BBIYHCICHHS NPHXOJUTCA HOJB30BaThCs
pa3’MYHBIMHA BbIpaXXeHHsAMH (cM. § 51).

OnementapHas paboTa, cosepuiaeMas eIMHHLEH o0beMa AUAIEK-
TpUKa, HPH W3MEHEHMH B HeM HanpspkeHHoctd E 3nexTpudeckoro
NOJISL BCJICACTBHE IBHXKEHHS CO3JAMOIIMX €ro 3apsiloB paBHA

1 1
OW=— E(E’ dD)= — y (E.dD,+ E,dD,+E,dD,)
(He3aBUCUMOHN NEpPEeMEHHOM SBJSIETCS B JAaHHOH 3adadye MHAYKUHUS
D), Tak uro a,=D,, a,=D,, a3=D,, A;=—E,[(4n), A,=—E,/(4n),
As= —E,/(4r).
Hns wsoTpomHoro mmasiexTpuka, xorma DT1E, sra paborta

SW=— 1 EdD <a=D, A= — iE).
4n 4

CoOcTBeHHas padora nojsipuzaumu (i pabora mNonApH3ALMH
B coOcrtBeHHOM cMbiciie) dW, ecte pabora OW 6e3 paborh
—d [E?/(87)] BO3OYXIEHHS 1108 B BaKyyMe:

6WC=6W+d<§—:)= _EdP (a=P, A=—E).

OnemeHrapHas paboTa npu m3MeHeHHMU HanpsbxkeHHoctd H B mar-
HETHKE C MHAyKIMed B paBHa

SW=— 4L(H, dB)= — — (H,dB,+ H,dB,+ H.dB,)

1
e 4n

1 i 1
(alsza aZ'—‘Bys a3=8B,, a1=— EHX! Ay=— EH,V) Az=~— ZEH2>
Jing M30TpONmHOro MarHeTHka 9Ta pabora paBHa
SW=—_L HdB (azB, A= — iH).
47t 4n

Cobcrrennass pabora HaMarHAYMBaHUS
OW.=—HdJ,

rpe a=J—HaMarHHYeHHOCTh, A= —H.
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OnemenTtapaas pabora omHopomHol IedpopManuu exUHHUIBI 0OB-
€eMa TBEPAOro Tejia paBHA

3
5W= - Z Gij d‘gija
ij
rle G;;—HOPMaJIbHblE ¥ CIBHUTOBLIE KOMIIOHEHTLI HANPSKEHNU,
€;;— KOMIIOHEHTBl Jedopmanu (PacTsKeHHS M CHABHIH).

PaboTa, cosepinaemas CHCTCMOW IpM HEPABHOBECHOM IEPEXO-
Je CHCTeMbl W3 <¢OCTOsiHMS [ B 2, BCerja MeHbplue paboThl,
TIPOU3BOAVMOMN €10 NMpPH NEPEXOAe M3 COCTOAHWS [ B 2 PaBHOBECHBIM
MyTeM:

Wap<W.

310  ocobeHHO XOpOoIO BHIHO HAa [OpUMEpPEe  paclIdpeHus
Wil CKATUS rasa. IIpM HEPAaBHOBECHOM pacCIIMPEHHM Tra3a BHeEIU-
Hee JaBJICHHE p’ MEHbIE WMCXOMHOTO PpAaBHOBECHOTO [aBJICHHSA
p rasza, noatomy p'd¥V<pdV. Ilpm HepaBHOBECHOM CXaTHM, HAO-
Gopot, BHemHee [aBieHME p” OOJIBINE PABHOBECHOIO MAaBJICHHSA,
W Tak xak pabora B ITOM Cilydae OTpHLATE]bHA, TO U 31eCh
p'dV<pdl.

B oOmem ciyuae Ui Jir00OTo - HEPaBHOBECHOIO MpOHECCa 3Ty
TEOpEMY © MaKCHUMallbHOH paboTe NpH pPaBHOBECHBIX MNPOLECCax
MOXHO [0Ka3aTh JIMIIb Ha OCHOBAHMH BTOPOTO Hayaja Tep-
MOJTAHAMHUKHY.

HecMoTps Ha TO 4TO MeXJy HOHATUAMH paboThl M KOJINYECTBA
TEILUIOTHI CYNIECTBYET TIIyOOKOE KaueCTBEHHOE pa3Jjdvne, OHH SIBJISIOTCS
POJCTBEHHBIMH: M TO M JPYroe BBIPAXKAIOT JHEPIHI0, TepefaHHyIo
CHCTCME LJiM C M3MEHEHHeM, WM (€3 W3MEHEHHS BHELIHHX Hapamer-
poB. Buaromaps 3TOMy pOJICTBY TEILIOTY YacTO HA3bIBAOT mep-
Muueckoil pabomoil. DJEMEHTAPHOE KOJIMYECTBO TEIIOTH 8, Tony4a-
eMOe CHCTEMOU TIPH PaBHOBECHBIX NIPOIECCAX, MOXET OBITH 3aNHCaHO,
no06H0 3s1eMeHTapHOd pabore, B BHJE IpOM3BEeHHS 00OOIEHHON
cunsl T (remmepaTypbl) Ha H3MeHeHde OOOOILEHHON KOOpAHHATEHI
S (aHTponmM):

50 =T4dS.
OlIHaKO CTpOoroe OGOCHOBaHHe 3TOTO BBLIPAXCHUSA C AOKA3ATCIIb-

CTBOM O/IHO3HAYHOCTH OHTPOIIUM MOXKET OLITL [aHO JIHINL BTOPBIM
HavyajioM TCPMOJUHAMMKH,

§ 6. TEPMUYECKHE U KAJIOPUYECKOE YPABHEHWA COCTOAHUA

BTopoe ucxonmHoe nosiokeHHe TEPMOAUHAMMKA O TOM, YTO PaBHOBEC-
Hble BHYTPEHHHE TAapaMeTpbl SBISIOTCS (QyHKUMSIMM BHEIIHHX TNapa-
METPOB M TEMIEPATYPbI, NPUBOAUT K CYIIECTBOBAHHIO TEPMHYECKHUX
W KaJOPUYECKOTO YPaBHCHUM COCTOSIHHSL CUCTEMBI, T. €. YPaBHEHUH,
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CBA3BIBAIONMX Temnepatypy 7, BHEIIHHE MApaMeTphbi a; U KaKOH-JIHO0
PABHOBECHBIN BHYTPCHHMI TapaMmeTp by

bk=fk(a1, vy Ay, T)
Eciu BHYTpEeHHHM INapaMmeTpoM b, gBIseTCS BHYTPEHHSS SHEPIus
U (by=U), T0 ypaBHErHE

U=Ulay, ., ay T)

HA3BIBAETCA yPAGHeHUeM DJHepeuu WM KAAOPUYECKUM  PPAGHEHUEM
cocmoanus. OHO Tax HA3BIBACTCA [OTOMY, 4TO C €I0 NOMOILBIO,
KaK MBI YBHIUM, MOXHO HAaXO[IHUTh TEILIOEMKOCTH ¥ APYIHe MOJO0OHbIE
BEJIMYKHBI, OOBIMHO BBIPAXAEMbie paHee B KaJIOPHUsX.

Eciiu BHYTPEHHUM MApaMeTpoM b, SIBSETCS CONPSOKEHHAs BHe-
IIHEMY OapaMerpy «; oboOmennas cuna A; (by=A;), TO ypaBHEHHS

Ai=Ai(a1, veey Ay, T) (l=1, 2, veey n)

HA3BIBAKOTCA MEPMUYECKUMY YPABHEHUAMU COCMOAHUA. DTO HA3BAHHE
O0YCIOBJIEHO TEM, 4TO C NOMOIIbIO 3THX YPaBHEHHH BBIYUCISETCS
TEMIepaTypa.

OO0uee YUCIO TEPMHUYECKAX U KaJIOPUUECKOTO YpPaBHEHMH COCTO-
SHUS CHCTEMBI DAaBHO YHCJIY €€ CTemeHelt CBOOOABI, T.e€. YHCIHY
HE3aBHCHMBIX MAPAMETPOB, XapPAKTEPU3YIOIIUX COCTOSHHE CHCTEMBL
Kax mokaswiBaeT BTOpoe Ha4aJlo ( TEPMOAMHAMHKH, KajOpPHIECKOE
¥ KaXJ0€ U3 TEPMHYECKHX YPABHEHHUH COCTOSHHS HE SIBISIOTCHA
HezaBuCHMBIMA. OHM  cBsi3aHbl T depeHUNaIbHBIM  YPaBHEHUEM
B Y4CTHBIX MPOHM3BOIHBIX (cM. § 15).

Ecau kanopuyeckoe ¥ TEPMHUHECKHE YPABHEHMS COCTOSEHS H3BECT-
HEl, TO C TOMOIILIO Ha4yaJl TepMOJWHAMUKH MOXHO OIIPEACTHTH
BCE TEPMOJANHAMMYECKHE CBOHCTBA CUCTEMBI. BBIBECTH caMK ypaBHEHHS
COCTOSHHS Ha OCHOBE HAaYall TEPMOIMHAMMKA HEIb3s; OHH HJIH
YCTAHABJIMBAIOTCS U3 ONBITA, WM HAXOHSATCS METOAAMH CTATHCTHYEC-
Kol ¢u3uku. DTO eille pa3 yKa3blBaeT, YTO TEPMOIMHAMMKA W CTa-
THCTHYECKAs (M3MKa JOMONHSIOT JPYI Ipyra H NOJIHOCTHIO OTHEIMTH
X HEBO3MOXHO.

[Ipu w3y4eHNH CBONCTB paBHOBECHBIX CHCTEM TEPMOTMHAMHKA
Npex/Ie BCEro paccMaTpHBAaeT CBoMcTBa mpocThix cucTeM. ITpocreiMn
HA3BIBAIOTCSA CHCTEMBI C TIOCTOSHHBIM YHCJOM YacTHI, COCTOSIHHE
KOTOPBIX OIPEAENIAETCS TOJALKO OAHMM BHELIHHM HapaMETPOM a M TeM-
nepatypoit 7. MHade ToBopsi, NpOCTblE CHCTEMBI—ITO ORHO(A3HBIE
CHCTEMBI, OIpENC/IseMble BYMS TapaMeTpaMi.

Tepmuueckoe H KaJOPHYECKOE YPABHEHMS COCTOSIHHA DPOCTOM
CHCTEMBI HMEIOT COOTBETCTBEHHO BUJ

A=A(a, T), U=U(a, T).

Ecnu A= p-— naBjeHue U, CIEAOBATENIBHO, = — 00bEM CUCTEMEI,
TO YpaBHEHMst COCTOSIHUA CUCTEMBbI

p=p(V,T), U=U(V, T). (1.2)
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Jns Tako#l 1pocTOil CHCTEMBI, KaK HIeanbHbI ra3, TepMHUYECKUM
YpaBHEHHEM COCTOsSHUS sBJsiercss ypasHeHue Krameiipona — Mesn-
nejieeBa®

pV=vRT, 1.3)
rae v=m/M-—uucio Moueil raza Maccoil m, M —monspHas macca,
R=8,314 Jix/(K-Monb).

Ucnonways 3axon [xoynsi 0 HE3aBUCUMOCTH BHYTPEHHEH SHEPrud
raza oT ero oOmemMa INpH MOCTOSHHOM TeMIlepaType

ou
— =0, 14
(%), a4
NOJIy4acM KaJIOPpHYCCKOC YPABHCHHUEC COCTOAHMSA HACANIBHOTO rasa
U = j CV d T,

rac CV—TCHHOCMKOCTL rasa npu nHoOCTOSHHOM o0BeMe.
}_IJISI OJHOATOMHOIO HWJICANBHOIO Ta3dda, KakK IOKa3biBaCT OIIbIT,
TCILNIOCMKOCTh CV HE€ 3aBHCHUT OT TEMIEpATYphbI, IIO3TOMY

U=CVT+U0

Vpasuenust (1.3), (1.4) nns umaeasbHOrO rasa JIECKO TMOJYYHTH
H3 MOJIEKYJISIpHO-KHUHETHYECKUX HpelAcTaBlNeHUl, Aaxe He mnpuberas
K obmmuM crarucTryeckuM MetodaMm. Tak, 3akoH (1.4) Henmocpenct-
BEHHO CJIelyeT W3 TOro, YTO [Uisl CHCTEMBI W3 HEB3aHUMOJICHCTBYIOLMX
4acTUll (WAeaNbHBIA Tra3) BHYTPEHHSAS OJHEPTHS paBHa (B cpeaHEM)
CyMME KHHETHYECKMX OJHEpPIHHl ITHX YaCTHI, KOTOpas He 3aBHCHT
or obbeMa, 3aHMMAaeMOILO Ta3oM IpU [JAHHOU TeMIIEpaType.

JAns peanpHbIX Tra3oB IMIUPHIECKM yCTaHOBIeHO Oosee 150 Tep-
MUYECKHX ypaBHeHH# cocrosumus. Hanbosnee mpocTbiM M3 HHX UM Kauect-
BEHHO TPAaBHJIbHO NEPEAAIOIMM [OBEACHHE pPeasibHBIX Ta30B Jaxe [pH
IepeXOie WX B JKHUAKOCTh SBJIETCH ypaBHeHHe Ban-nep-Baannca

(p+a/V?)(V—b)=RT.

D710 ypaBHeHHe OTJIHYaeTCs OT ypapHeHus Kraneipora— Men-
JlenieeBa - ABYMs HONPABKAMH: Ha o0beM b CAMHX MOJIEKYJ U Ha
BHYTpPEHHEE [aBJieHAe a/V ?, onpejiensieMoe B3aMMHBIM NIPHTSKECHHEM
MoJyiexysl raza (@ U b—xKoHCTaHThl, He 3aBucsume or T B p, HO
pasHble sl pasHbIX a30B; B rasax ¢ OOJBIIMM g IPY IMOCTOSHHBIX
T u V npaBieHue MeHslle, a ¢ OoJbliuM b — OoJblIE).

HeobxoaumocTs BBEJCHHS NMONPAaBOK Ha oObeM B ypaBHeHue (1.3)
OPH TpHAMEHEHHH €ro K peajbHOMY Tra3y BIepBble OOOCHOBBLIBAJ

* O6beauusis 3akoubl Boitia— Mapuotta u I'eii-JTroccaka, Knaneitpon 8 1834 r.
TOJTy4UJ1 YPABHEHME COCTOSHMSA HAealibHOro raza pV=cT, rae nocrosHuas ¢ Ans
JIaHHO# MacChl ra3a 3aBHCHT OT ero mpupojbl. Ha OCHOBE T€X K€ 34KOHOB M 3aKOHA
Asorajipo J. U. Mengenees 8 1874 r. yctanosui ypasHenue cocrosuus pV =(m/M) RT,
Tae MocTosHHas R oJHA M Ta Xe JUIA BCEX Ta3os.
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etie M. B. JJoMOHOCOB, HCXO[s U3 MOJIEKYSIIPHO-KHHCTHYCCKUX MpE-
CTABNIEHUHA O MPUPOJE TEIJIOTHI (TEIIOBOTO [IBIKEHHS).

Bosiee TOYHBIMH TEPMUYECKMMH YPaBHEHUSMH COCTOSHHA peaib-
Horo rasa smistorca (cm. 3azaum 1.10; 1.11) nepsoe u emopoe
ypasHenus [umepuuu

p(V—b)=RTe /&™),

<p+7(§/7>(V-b)=RT; (1.5)

ypasuenue bepmao

<p+l—/‘—;—r>(V—b)=RT

u JIp.

Kak kajopuyeckoe, TdK M TEPMHYECKOE YPABHEHHN COCTOSHHSA
JUIS peasibHbIX Ta30B MOTYT OBITb TE€OPETHYECKH BBIBEICHBI METOJAMH
CTaTHCTHYECKOH (H3HMKH.

TepMHdeckoe ypaBHEHHE COCTOSHUS ISl pEaIbHBIX Ia30B MOXET
ObITH 340MCAHO B BHIE pAza 0 creneHs M IoTHocTH NV ans
npoussenenus pV (supuatvnas @Gopma ypasHeHus COCMOAHUA):

B C D
pV—RT<1+I—/+W+W+...>, (1.6)
rne B, C, D, ... aBasioTcs GDYHKUMSIMH TEMIEPATYPbl H HA3bIBAIOTCH

supuasbHuLMU K0P Puyuenmamu (COOTBETCTBEHHO BTOPEIM, TPETHHM
u T. 1i.). [lepBblii 4ieH BUPHAJILHOTO psifa COOTBETCTBYET MICAJIbHOMY
rasy, B KOTOpPOM OTCYICTBYET B3aUMOJEHCTBHE MEXKAY MOJIEKYJIAMH,
BTOPOH YYHTHIBAET [APHOE B3aUMOJIEUCTBHE MEXAY MOIIEKYIaMH,
TpeTUil — TPOHHOE B3aMMOJIEHCTBHE MOJIEKY] W T. . YpasHenue (1.6)
OLUIO MOJIYYEHO B CTATHCTHAYECKOH (H3HKe BHAYajsec C HOMOILLIO
TeOpeMBl O BHpHajge*); B HacTodlee BpeMs ypaBHEHHE MOXET OBITh
HENOCPEJCTBEHHO YCTAHOBJEHO OJHUM M3 OCHOBHBIX METOMOB CTa-
THCTHUECKOM ¢u3uku (MeTomoMm ['mb6ca wnu meromoM Boromobosa,
ABASIOIAMCS €ro JajbHeHIIAM pa3BUTHEM).

Kax BH/IHO W3 NPHUBEACHHOTO MOJICKYISAPHOrO CMBIC/Ia BUPHAIBHbBIX
koahduunenToB, BUpHanbHas ¢dopma (1.6) BO3MOXHA TOJBKO [UIs
CHCTEM ¢ TaKMUMH CHJIAMH B3aUMOMACHCTBHS MeXAy 4acTHUAMH, UL
KOTODBIX JOIYCKAeTCd CAMO MPEJCTABICHHE O NAPHBIX, TPOWHBIX,
YCTBEPHBIX M T. . B3aUMOMIEHCTBHAX dYacTHl. OTO CHPaBEMIHBO
TOTHA, KOTJa OTHOIICHHE pajHMyca NEHCTBHS CHJI B3aUMOJEHCTBUS
K CpelHEMY DAacCTOSHHIO MEXOY YacTHIaMM (OTHOLIEHWE MPONOpLH-
OHaNBHO ILOTHOCTH N/V') sBIsSeTcs ManbiM (110 CPaBHEHUIO C €aU-

# TeopeMa O BHMpHafe YCTAHABIMBACT CBA3b MEXAY Cpeanedl KHHCTHHECKOMH
JHEprueif YacTHIl CHCTEMBbl, 3aHUMAlONICH KOHEYHBIH obnem V u Hekotopo# dyHKnmei
cHJl (KOTOpasi Ha3biBAETCS BUPHAJIIOM CHII), JACHCTBYIOIUMX HA 9TH YaCTHILBL.
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HHMOEH) NHapaMeTpoM H TO3TOMY JONYCTHMO CaMO pa3JjiokKeHHe
BHYTPEHHHX HapaMETPOB CHCTEMbB! MO CTEHEHSAM OTOTO IapaMeTpa.
B cucremax ¢ «ganekuMu» CHJIAMH B3aUMOJICHCTBUS MEXJAy YacTH-
namy (HampEMep, B IUIa3Me), rie Kaxaas 4acTHia OJHOBPEMEHHO
B3aHMOJEHCTBYET C COBOKYNHOCTBIO JPYFHX WYACTHI, BUpHAJIbHAs
dopMa ypaBHEHHS COCTOSIHHS HEBO3MOXHa (cM. § 55).

Y4uThIBass KOPOTKOJCHCTBYIOIMI XapaKTep CHJI B3aUMOACHCTBUSA
MEXIYy MOJIEKYJIAMH peajibHOro rasa, Maiiep u Boroniro0oB pasaeiMu
METOJlaMH TOJYYHJIM [JId HEro ypaBHEHUE COCTOSHHUS

Bn+1
n

pV=RT<1+ Y )
n=1

rJe BHpHaNbHBIC KO3MUIHEHTH B, BBIPAXAIOTCS Yepe3 MOTEHIHAN
B3aMMOJCICTBAA MEXIy YaCTHNAMH ra3a W Temmnepartypy. Haupumep,
€CIIH MEXMOJieKyJsipHbiii noTeHmuan & spisercs QyHKUMEH TONBKO
PacCTOSHUS ¢ MEXIY MOJEKYyJlaMH, TO BTOPOH  BUPHAIBHBIA KO3()-
¢bunueHT raza u3 N HacTH pPaBeH

B(T)= —2zN [ (e~®"/D)_1),2dr. (1.7)
0

OkcnepuMenTanbio u3mepsis B(T'), MOXHO ONpeNe/nTh Hapamer-
pbl HOTEHUMANbHOW (YHKLMH B3aHMOAEHCTBU.

Vke W3 €aMOrO CyIIECTBOBAHHS TEPMHYECKOTO YpPABHEHHS CO-
CTOSHHA MOXHO BBIBECTH BAXHbIE CJieACTBUA. JlelCTBHTENLHO, pac-
CMaTpUBasi TaKHEe H3MEHEHHs COCTOSIHHS IIPOCTOM CHCTEMBI, IIpH
KOTOPbIX (MKCHpOBAaHA ONHA U3 HEPEMEHHBIX, MBI IIOJIYYaEM Mpu
mepmuueckux Ko3pduyuenma [pacwupenus, cumcamua, dasaenua (yn-

pyzocmu)]:
1/ 8V 1/0v 1/0p
of=—] — . = ——( — N e Bt s
V0<6T>p B Vo<5p>r Y Po(aT)V

rae Vo U pg—obbeM W maBieHue cucreMbl mpu 0 °C.

CyIecTBOBaHNE YPABHEHHS COCTOSHHS CHCTEMBI PUBOIHUT K TOMY,
4T0 ITH KOIQ(UUHEHTH HE HE3aBHCHMBI APYT OT APYTa, a CBS3aHBI
Mexay cobol cooTHomeHweM (cM. 3amauy 1.8)

o=po By,

BAaXHBIM I[IPH ONPEACICHAY Y Yy TBEPOBIX M O KUAKHX Tell, TaK
KaKk 3TH Teja NPAaKTHYeCKH HEBO3MOXHO HarpeTh 0e3 H3MEHEHHs
ux obwpema.

IMomoOHO TpeM TepMuUecKUM KoddbuimenTaM, YHoTpedJIsoTCs
TaKXKE Mpu mepMOOUHAMUYECKUX Koadiduyuenma (pacuupenus, cmca-
musa u 0asaenus).

= () =LV L _i(E
T y\er), ™ vi\dp ) Yt_p T )y’

33



L1

1.2

1.3.

14.

1.5,

1.6.

1.7.

1.10.

1.11.

1.12.

1.13.

34

3AJAUM

ITokasaTh, YTO BBITEKAIOINME M3 ONBITa €AMHCTBEHHOCTH PACHIPEIEIICHUS IHEPTHH
PaBHOBECHOH CHCTEMbI O €€ 4YacT#M H OJHOBPCMCHHBIH POCT 3HCPTHH 3THX
HacTell NpH YBEJHYCHHM OOMWiEH JHEPrMM CHCTEMbl TO3BOJAIOT BLIOpaTh s
BHYTPEHHEH SHEPIHM MOHOTOHHO BO3PacTaloLlyro (YHKLHIO TeMIepaTyphl.

Moxazatb, uro audpepeHHaNTLHOE BBIPAXEHHE J[UIA SJEMEHTApHON paGoTs

SW=Y Aida; ue sBisercs NONHLIM JHGQEPEHIMATOM KakoH-ubo ¢GyHKIHH

1

HapaMeTpoB COCTOSHHSA CHCTEMBI.

Beraucnuth paboTy Mcmapenus MoJIst BOAbI NIpH nepexoae ee B map npa 100 °C
% HOpPMAJIbHOM JaBiicHHH. ONpefeauTh TaKXe KOJIHYECTBO TEILIOTHL, COO0HIaeMoe
LpU 3TOM BOJE.

Boiuncnurh paboTy, COBEPILAEMYIO 33 LMKJI ICPEMATHUYMBAHUS CAMHHNbI 00beMa
Cep/IeYHMKA JUIMHHOTO COJICHOMZA, €C/IM W3BECTHO, HTO IUIOW@Ab METIM KPUBON
THCTEPE3UCa CEpACYHMKA Ha AMarpaMme c ocsMu koopauxar H, J pasna S.
IMoxasats, 4To JNeMeHTapHas pabora MONSAPU3ANUM EHUHMIBL 00bEMa H30TpON-

HOrO AUINEKTpUKa SW= —Z—EdD, a JneMeHTapHas paboTa MOAAPH3aLUH
1

B cobGcTBeHHOM cmpicte 8 = — EdP.

Bnomb cTpyHBI CrieBa HanpaBo PacHpPOCTPAHSIOTCSA TIONEPEHHbIE BOJHBI YACTOTHI
v ¢ ammaurygod a. Harsmkenue crpynst pasio 7. Omnpexesuts paborty,
NPOM3BOAMMYIO 32 TIEPHOA YACTHIO CTPYHBI, PACTIONIONCHHOM CI€Ba OT HEKOTOPOH
TOYKH Ha CTpYHE, Haj 4YacTbiO, PACHONOXEHHOW CIpasa OT ITOH TOYKH.
VYcrauopuTs, ¥T0 AN JM00OH TPOCTOM  CHCTEMBI, HOABEPKCHHOH OCHCTBHIO
0600111eHHOM  cHJIBl A (CONPSHKCHHON  BHELIHEMY MNapameTpy a), CIPaBeLIHBO
oT 0A oa {

0A a da T oT 4 ..

VCTaHOBUTH CBS3b MEXAy TepMHYecKuMH kooddmimentamu o, f u v.

Ilpun nexoropoit temmepaType TI'=T,, U AaBJIEHAH p=p,, MCYE3ACT pAIMUHE
MEXAy yHeiabHbIMH oObeMamu V, u V. xupkoctd u rasa (Ve=V,=V,,).
Takoe COCTOSHHME BEHIECTBA HA3BIBACTCS KPHUTHYECKHM, a mapameTpel T, pyp,
Vip, NPH KOTODBIX OHO HACTYNACT,— KPHTHYECKMMH. BhIpasuth kpuTHYeckHE
napamerpbl V,p,, Pups Typ Ta3a Ban-gep-Baanbca vepes nocTosHHbie a M b mis
9TOro rasa M BBIYMCIHTb KPHTHIeCKHH k0op@uUMEHT s=RT/(pupVip)-
HaliTy BBIpaXKEHHS KpUTHHECKHX MapaMeTpoB Vips Pps Tup, HCXOZS M3 YPABHCHHS
Aurepuun p(V—b)=RTe /&™) Bpuuciuts  kpurHueckmii  K03bduumenT
s=RT, x,,/(p,q, Vip) VIS 3TOTO YPABHEHWS H CPABHUTH €r0 C IKCIHEPUMEHTANBHBIM
3HAYEHMEM M 3HAYCHUEM, TTOJIyYEHHBIM H3 ypaBHeRUs Bas-nep-Baansca. Iloxasats,
4T0 NpH OonblMX oObeMax ypapHeHHe JIHTepu4s NEPEXONMT B ypaBHECHHE
Ban-aep-Baanbca.

Boisucmate Kputudeckuif Ko3QpUUHEHT s MI8 BTOporo ypasHeHMs Jlurtepuun

TOXJIECTBO

a
p+-I—/—;7§ (V—b)=RT u CpaBHATb €ro ¢ OKCICPHMEHTAILHBLIM 3HAYCHHEM

W 3HavyeHHEM, NOJYYCHHBIM M3 ypaBHeHus Bas-nep-Baaibca.

Ecan xpuTudeckue napamMeTpnl UCNONB3OBATH KaK CAMHMLbBI JaBienus, oOnema
H TEMIEPATyphl, TO MOJy4aeM NPHBEIACHHbIC NEPEMEHHbIE T=p/py,, @=V/V,y,
1=T/T,,. YPaBHeHHE COCTOSHHMS B ITHX NCPCMEHBBIX HA3BIBACTCH NPUEELOCHHHIM
ypasrenuem cocmosnus. Tlonyduth npuBeneHHoe ypapHeHue Ban-mep-Baaneca
4 NPHUBENEHHOC YpaBHEHME U1 [epBOro ypasHehws [utepuwn. Beerma nm
MOXHO HOJIYYHTh HPHBEAECHHOE YPABHEHHE COCTOSHMS MO JAHHOMY YPaBHEHHIO
cocrosuus? Iloka3ath, 4TO BO BCEX cnydasx, Korja oObeM rasa BejHK 110
CPaBHEHHIO C €I0 KPHTHYECKMM 00BEMOM, ypaBHeHue Ban-aep-Baanbca mepexoaut
B ypasuenve Knaneiipona — Menaeneesa.

[Ipn HU3KHX TeMnepaTypax M30Te€pMa peaJIbHOTO rasa Ha jguarpamme p, pV
UMeeT MUHHUMYM, Ha3sbiBacMblit moukoii boiiaa. C pocTOM TeMOepaTyphl TO4YKa



1.14.
1.15.

1.16.

Boiins cHawana cMeumiaeTcs B CTOPOHY OOJNIBIIMX A2BJICHHHA, a 3aTeM B CTOPOHY
MeHpIINX jaBraenuid. Ilpy HexoTOpoOll TeMrepaType, HA3bIBAEMOW miemnepamypou
boiina, MHHAMYM Ha H30TepMe coBmajaeT ¢ ockio opaunar (p=0). ITokasars,
4yTO mpu Temmeparype bBoHas BTOpOH BHPHANBHBIA KOI(DQPUUMCHT peaIbHOro
ra3a paBeH HYMmO.

Tlonp3ysce ypaBHeHueM ra3a Bae-ugep-Baanbca, HaliTH 3HaueHHs BTOPOroO
M TPETLEro BHpHANbLHBIX Ko3(hduuueHToB U TeMneparypy boitns s aroro rasa.
3nasi BBIpaXEHHE I BTOpPOTO BHpHAJbHOTO koddouuumenta (1.7), Haiitu ero
3Ha4eHUE INIPH B3aMMOMCHCTBHM MOJIEKY/I KakK TBEpIbIX chep AMAMETPOM O

_)oo mpu r<o,
(D(r)— 0 » r>c

— M OpU TNOTEHUMANE BIAUMOJCHCTBAS B BHJE NPIMOYFOJBHON SMEL:
o0 TpH >0,

O(r)=< —¢ » o<r<Ro(R>1),
0 » r>Ro.

BeuiecTBO Ha3LIBACTCH HOeAAbHbIM napamazHemuKom, €CIIH €ro ypaBHCHHUE CO-
CTOABRUA HUMEECT BHJA

J= f(H/T) [f(0)=0],

rae J-—HaMarHH4eHHOCTh Tena, H —HanpskeHHOCTh BHEUIHErO MAarHUTHOTO
nonst, T—temneparypa. ITonb3ysich ITHM ypaBHEHHEM COCTOSIHHS, BBIBECTH
3akos Kropu o temmnepaTypHO# 3aBHCHMOCTH IIapaMarHMTHOH BOCIPHMMYHMBOCTH
"

n=C/T,

roe C—rkoncranta Kiopn.



I'JTABA BTOPAH]

OCHOBHBIE 3AKOHbI
N YPABHEHUA TEPMOAMHAMMKMH.
IEPBOE HAYAJIIO TEPMOJUHAMUWKU

TepmoguHaMuka — fegykmusHas Hayka. Ee 0CHOBHbIe
ycnexu Morym Obimb OXapakmepu3osaHbl meM, 4mo
OHa NO3BOJISIEM NOAYHUMb MHOXECMBO Pa3/udHbIX
COOMHMOLUEHUA MEXZY BefuyuHaMmu, onpegensiowjumu
cocmosiHue mesl, onupaschb Ha BechMa o00Lue. aM-
nupuYecKkue 3aKOHbl— Havana mepMoLUHAMUKL.
O6cyguM cogepxaHue 3muxX OCHOBHLIX 3aKOHOB
U coomBemcmByOLUX UM OCHOBHbIX YpaBHeHUN
mepMoguHaMUKuU.

§ 7. YPABHEHUE ITEPBOI'O HAYAJIA TEPMOJAWUHAMHUKH

HepBoe HavaJI0 TCPMOAUHAMHUKU SBJACTCS MATEMATHYCCKUM BbIpAXE-
HHEM KOJHUYEeCTBEHHOH CTOPOHBI 3aKOHA COXpaHE€HUA W NPECBpAIICHHS
OHCPIruM B NMPUMCHCHHU K TCPMOJHUHAMHUYCCKUM CHUCTEMAaM. Ono 6bu10
YCTAHOBJICHO B DPE3YNbTATC OSKCIHCPUMCHTAJIBHBIX H TCOPETHHUCCKUX
HCCIEAOBAHUAN B obmactu (1)I/I3I/IKI/I H XUMHUH, 3aBCPIIAOINUM 3TANOM
KOTOPBIX ABHUJIIOCH OTKPBITHC IJKBHBAJICHTHOCTH TECIJIOTHI H pa60Tm,
T. €. 06Hapy>i<e}me TOTO, YTO MNPEBpalliCHHC TEIUIOTBI B pa60Ty
)58 pa6on>1 B TCIUIOTY OCYINECTBJIACTCS BCErAJda B OAHOM H TOM XK€
CTpOro mnoCTOSHHOM KOJHYCCTBCHHOM COOTHOILCHHUH.

¥Yxe B XVIII B. Oputa oOHapyXe€Ha HEBO3MOXHOCTb MEXaHHYECKOTO BEYHOTO
aBuratens (yCTpoicTBa, ¢ TOMOUIBIO KOTOPOrO MOXHO OBLTO OBl NEPHOAMYECKH
NPOM3BOAUTE MEXAHHYECKYI0 paboTy Oe3 BHOIHEro BO3NCHCTBHS HA HEro).

B 1748 r. M. B. Jlomonocos B nuckme k Jiinepy, BbICKa3biBas MBICTb O 3aKOHE
COXpaHEHUs BEIUCCTBA M PACHPOCTPAHEHHS €ro Ha IBHXKeHWe MaTepuu, mucan: «Teno,
KOTOpOC CBOMM TOJNHYKOM BO30YXJAaeT ApYyroe TeNo K ABIDKECHHIO, CTOJBKO XK€ TEpAET
OT CBOEro JBHKEHUS, CKOIbKO coobuiaeT npyromy». B 1755 r. dpannysckas AxaaeMus
HAayK «pa3 M Hapcerga» oOBsABHIA, 4TO He OyjaeT Oonbiie NPHHEMATbL KakMX-IH60
npoektoB Beunoro nsuraresns. B 1840 r. [.T. T'ecc cdopmymuposana 3akoH ¢ Hesa-
BHCHMOCTH TemioBoro 3ddexra XAMHUYECKHX peaxkuuil OT NPOMEXYTOUHBIX PEaKiui.
B 1842—1850 rr. muorue ucciegopatenu (Maiiep, J[xoynbs U Ap.) NPHILLIA K OTKPBITHIO
NpHHIMNA 9KBUBAJICHTHOCTH TEMIOTHI M paboThi.

VCTaHOBICHHE NPUHIMNA JKBUBAJCHTHOCTH OBUIO MOCHCXHMM 3TanoM B ¢dop-
MHPOBAHHN KOJIMIECTBCHHOH CTOPOHBI 3aKOHA COXDAHEHHS M UPEBPAIEHHA IHEPIHH,
BCJICJICTBME 4€rO NaTa YCTAHOBJEHHS 3TOTO IPHHUHMIA OOBIMHO OTOXIECTBIACTCA
¢ AaTofl OTKPBITHS NEPBOrO Hayala TEPMOAMHAMHUKH.

W3 mpuBefeHHONW HCTOPHYECKOW CIPAaBKH BUIHO, YTO MOTPEOORANCA PAA ACCATHIIE-
THH, 4TOOBI HAYKa MOTJIA HAHTH IyTb OT MPOCTOro YOEKACHUSA O HEBO3ZMOXHOCTH BEYHOTO
JBUTATENS O COBPEMEHHON (OpPMbI 3aKOHA COXPaHEHMs M NPEBPAICHASA 3HEPIHH.

Ileppoe Ha¥a/JO TEPMOJUHAMHUKU YCTAHABJIMBAET: GHYIMPEHHAA
IHEPSUA CUCHIEMbl AGAACMCA OOHO3HAYHOU BYHKYUel ee COCMOAHUA
U UBMEHACMCA MOABKO HOO GAUAHUCM GHEUHUX 6030eicmaull.
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Puc. 2. Puc. 3.

B TtepMmommHamuke paccmaTpHBarOTCS [[Ba THMIA BHEIIHAX BO3-
JIeACTBUIH: BO3JEHCTBHS, CBSA3aHHbIE C U3MEHEHHEM BHEIIHUX NMapaMer-
pOB cHCTeMBI (cucTema coepmaer paborty W), W BoznmeWcTBus, He
CBSI3aHHBIE ¢ WU3MEHCHHEM BHEILIHUX IapaMeTpoB H 0O0YyCJIOBJIEHHBIE
HU3MEHEHHEM BHYTPEHHHX HapaMeETpPOB HJIHM  TeMIEpaTypsl (CuCTeMe
cooburaeTcs HEKOTOPOE KOJMYECTBO TEILIOTH ().

ITosTomy, corjmacHo mnepBoMy Ha4ajly, WU3MEHEHWE BHyTpeHHeil
sHeprun U, —U; cHCTeMbl IpH €€ IepexoJe IOJ BIUAHHEM OITHX
BO3JIEHCTBUI U3 IEPBOTO COCTOSHUS BO BTOPOE PaBHO anrebpaumyeckoit
cymMe Q U W, uTOo IS KOHEYHOro Ipolecca 3allMINETCs B BHUIE
ypasaHenuss U,—U;=Q—W um

o=U,—-U,+W. @1
HJ‘ISI SHCMCHTapHOI‘O l'IpOIIeCCB. ypasHeHue nepeoeo Hauaaa TAKOBO:
3Q=dU+3W. 2.2)

ITo nepsBomy Hauany, W3MeHeHHe BHyTpeHHeH sHepruu dU npum
3JIEMEHTApPHOM MPOIECCE NEpeXofa CUCTEMBl M3 OIHOTO COCTOSIHHS
B OeckoHe4HO OJM3K0e eCTh NOJHBIR muddepeHan 4, ciIeqoBaTeNbHO,
KOHEeYHOe ee u3MeHenne U, — U, OyIeT oqHUM B TeM Xe He3aBHCHMO OT
IMyTH HePEeXoaa CUCTEMBI U3 COCTOstHNS | B 2 (pUC. 2) — O NyTH, YCJIOBHO
o6o3HaYeHHOMY a WK b, HO Q U W OyayT mpu 5TOM pasHble. ITO
o3Hauaer, yTo0 W u @ B ormume or U He #Bisiorcs (PYHKUUAMHA
COCTOSIHMSL CHUCTEMBI, @ XapaKTEPH3YIOT MpPOLECC, HCHOBITHIBAEMBIM
CUCTEMOH, T. €. ABJISMIOTCH DYHKUMAMY OT JIMHUAW, WM (YHKIHOHAJIAMH.
To, 4To BhIpaXXEHHUE [Uis 3JEMEHTAPHOH paboThI O W He ABNISETCS MOHBIM
middepeHnmanoM, ycTaHaBIHBASTCS B OOIIIEM CiTydae Ha OCHOBE BTOPOTO
HCXOMHOTO MOJIOXKEHHsT TepMOAMHAMMKHM (cM. 3amavy l1.2), a To, urto
IddepenimaibHOE BhIpaxenue s §Q He ecTh NOJHBINA guddepenimalt,
HETIOCPEJICTBEHHO CJIeJTyeT W3 YypaBHEeHHs InepBoro Hayama (2.2).

3aBucumocts 0 ¥ W OT nyTM BHOHA Ha NPOCTEHINEM IpHMeEpe
pacumpenus rasa. PabGoTa, coBeplleHHAas CHCTEMOW NOpH INEepexoje
ee u3 coctosiaust / B 2 (puc. 3) mo myTd g, n3o0paxaercs IMIOILaIbEo,
OrpaHUYEHHONW KOHTYpoM Ala2BA:
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2
W.= | p(V, T)dV,
1(a)
a pabota npu mepexoae MO HYTH b— IUIOMWANBIO, OTPAHUYCHHOM
KoHTYpoM AIb2BA:

2
W= [ p(V, T)dV.
1(b)

ITockonbky nOaBjeHHE 3aBHCHT HE TOJBLKO OT o0ObeMa, HO M OT
TEMIIEPATYPHl, TO IPH pPa3WYHbIX H3MEHEHHAX TeMIEpaTyphl Ha
OyTH @ WM b OpU Nepexole M3 OJHOrO M TOro Xe HAYaJbHOTO
cocrosnus (pi, Vl) B OJHO M TO Xe KOHeuHoe (p,, V) paGora
nosyyaercsi pasHod. OTcioa BHIHO, UTO HpuU 3AMKHYWIOM Hpoyecce
(yuxae) 1a2bl cucmema cosepwiaem pabomy, e pasnyro uymo. Ha
9TOM OCHOBaHa paboTa BceX TEIUIOBHIX [IBHraTeneil.

M3 nepBoro Hauaja TepMOAMHAMHKH CJIEYET, YTO paboTa MOXKET
COBEpIIATBCS MM 3a CYET M3MEHEHHs BHYTPEHHEH JHEprHH, WIH 32
CYeT COOOINEHUs CHUCTEME KOJIMYECTBA TEMIOTH. B ciyuae ecim
OpOIECC KPYroBO#, HAYaJbHOEC M KOHEYHOE COCTOSHMS COBIAAAioT,
U,;—U;=0 u W=Q, 1.e. paboTa Ipu KpyroBOM IpOLECCE MOXKET
COBEPIIATBCS TOJBKO 33 CUET MOJIYYECHHS CHCTEMOM TEIUIOTHl OT
BHEUIHMX TeJI.

ITo JToif TpUYHHE NEPBOE HAYANO YacTO (GOPMYJIUPYIOT B BUME
HOJIOXKEHHSI O HEBOIMONCHOCIMI 8EUHO20 08U2ameAs hepsozo pooa,
T. €. TaKOro MePHOMYECKH 'JEHCTBYIONIEr0 YCTpoiicTBa, kKOTOpOoe Obl
coBepmiasio paboTy, He 3aMMCTBYsi JHEPTMH H3BHE.

[Tonoxenre © BEYHOM [BUraTesie MEPBOrO pPOAA TOMYCKAET
obOpalleHue: pabomy Heavb3s Hu co3dame u3 Huuezo (Oe3 3ampamol
3Hepeuu), Hu npespamumbv 6 Huumo (0e3 B8vIOeAeHUA IHeP2uu).

YpaBHeHHe IiepBoro Havasia B Buue (2.1) wiu (2.2) cupaseqjuso
KaK IS pPaBHOBECHBIX, TaKk M /JIi HEPABHOBECHBIX IPOLIECCOB.

YunteiBas Beipaxende (1.1) mns 6/ npu paBHOBECHBIX NPOILECCAX,
ypaBHeHH¢ < (2.2) mepBOro Hauyana IS SJEMEHTApHOTO IIpoliecca
MIPAHAMAET BUJ

8Q=dU+ZA,-dai 2.3)

WUJIM, TIOCKOJIbKY COCTOSIHHE CHCTEMBl OIPEIESISCTCS BHCLIHUMH Ila-
paMeTrpamMu @; 1 TeMmnepatypoil 7,

8Q=<2—IT/>dT+Z[<Z—g> T+Ai] da;. @2.4)

U3 ypasHeHus (2.4) BumHOo, uro mMddepeHNUaNTbHOS BhIpaXeHHE
Jis 8Q mnpenctaBiseT coboit nuHEHHYIO (GOpMY B IMOJHBIX JTAD-
depeHuManax HE3ABUCHMBIX nepeMeHHbIX 1, dyi, ..., d,, T.é€. dopmy
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INbadda. Cornacno nepBomy Hagany (2.2)—(2.3), 8Q paBHO cymme
nojHoro mubdepenumana dU u Henosworo mubdepenumana W wu,
ciemosatensho, ¢opma Ildadda mis 6@ He sABIAETCA MOJHBIM
mubdepennpanoM kakoH-muO0 (GYHKIMH 1apaMeTpoB COCTOSIHHS CH-
creMbl. Mimeer ym aTa gudppepeHuHanpHas QopMa HHTErpHPYROUIMA
MHOXHTEIb H YTO 39TO (H3MYECKH O3HAYAET, PEHIAETCH BTOPHLIM
nayanoM tepMomunaMuku. Kax cienyer u3 (2.1)—(2.3), ypaBHeHue
NEepBOr0 HAavajga MO3BOJIIET ONPCACIUTH BHYTPEHHIOIO 3JHEPTHIO

Ulay, ..., ay; T) B cocTostHu (ay, dy, ..., Gy; T) TOJNBKO ¢ TOYHOCTBIO
Ko apmuTuBHOM moctosHEoR U(a?, ..., af; T?), saBucsmedt ot BbiGOpa
HauaabHOro cocrostaus (af, ..., ay; T°). JUIs TepMOOMHAMUKH 3TOTO

BIOJIHE JOCTATOYHO, TaK KAaK B YCTaHABJIMBaeMblE €0 COOTHOILICHHS
BXOJST JIMIIL W3MCHEHHS 3SHEPTHU.

PaccMoTpuM  Temepb  HEKOTOpPbLIE CJIEACTBUS M - NPUJIOXEHUS
IepBOro Hagasa.

§ 8. TEILTOEMKOCTH M TEILTOTbl M30TEPMHUYECKOIO W3MEHEHUSA
BHEIIHUX NAPAMETPOB

M3yyaeMble B TEPMOJMHAMHUKE CBOMCTBA CHCTEM (M COOTBETCTBEHHO
BEJIMYMHEI, XapaKTepHU3YIOINUE 3TH CBOWCTBA) MOIYT OBITh pa3ieiicHb
Ha JBa Kjacca — TePMHYeCKue M Kajopuueckue. Te CBOMCTBA, KOTOPBIE
OTIPENIEIISIFOTCS TOJBKO TEPMAYECCKAM YPABHEHHEM COCTOSHHA CHCTEMBI,
Ha3bIBAKOTCS ©€ MEPMUYECKUMU C80IiCMBAMY, Te Xe CBONCTBA, KOTOPBIC
OIPENE/IAIOTCT WIH TONBKO KaJOPHYECKAM YpPAaBHEHHEM COCTOSHHS,
WM COBMECTHO KAJIOPUYECKMM M TEPMHYECKAM YPABHEHHSMH COCTO-
SHHS, HA3BIBAIOTCA Kadopuueckumu ceoticmeamu. K kamopuueckum
cBOMcTBAM (BEJIMYAHAM) OTHOCATCH MPEXAE BCEr0 TEIIOEMKOCTH
H TEIIOTH H30TEPMHYECKOTO M3MEHEHHS BHEIIHHX NapaMeTpoB.
Tenaoemrocms . onpedeisem KOAUUECHBO MENAOmbl, Heobxodumoe
045 usmeneHus memnepamypor cucmemvt Ha 1 K, T. e.
C =%

dar’

Takx kak KoJ4ecTBO TEIIOTHI 8, HeoOxoauMoe IS M3MEHEHHS
TeMINEpaTyprl cHCTeMbI Ha d7T, 3aBHCHT OT XapakTepa [MPOHCXOMASIIEro
IpH 3TOM IIpoliecca, TO U TEIIOEMKOCTb C CHCTEMbI TaKXKe 3aBHCHT
OT YyCNOBMH, mIpH KoTopeix omupenenserca 0Q/dT. Drto o3Havaer,
4TO TEIIOEMKOCTh SBJIsieTCs He (yHKUHe# COCTOSHUS CHCTEMBI,
a (Qysxumell npouecca: ofHA U Ta XK€ CHCTEMa B 3aBHCHMOCTH OT
OPOHCXOJAIEr0 B Hed IpH HAarpeBaHUM mpouecca obnamaeTr pas-
JIMYHBIMH  TEIUIOEMKOCTSIMH. UYmcnenHo BeiyumHa C U3MeHsETCH
B Ipefiefiax OT — o0 A0 +oo. HauboJiblliee NpakTHYECKOe 3HAUYCHHE
umeroT TteroeMkoctTd C, u Cy.

C onpeleneHueM TENJIOEMKOCTH TECHO CBA3aHO MOHATHE O Tep-
MOCTaTe, KOTOPO€ HIHPOKO MCIONB3YETCA B  TEPMOIMHAMHMKE.

39



Tepmocmam—Te10 C HACTONBKO GONbLIOH TemnoeMKocThio (C— o0),
YTO €ro TemmepaTypa HpH TEMIooOMeHe ¢ KaKo#-mbo cucTeMoH
HE W3MEHSETCA.

Korga roopsT 0 CHCTEME, NOMEILEHHONR B TEPMOCTAT, TO UMEIOT
B BHIy CHCTEMY, B KOTODOH ©IpHM BCeX IPOHMCXOAALIMX B Heil
npomeccax (pacliMpeHWe, HAMAarHWYMBaHWE M T. J.) TeEMIeEpaTypa
MO/JIEPXKABACTCA HOCTOSHHOM.

Tlepsoe Hayalno TepMOMMHAMMKM II03BOJISET HAWTH 3HAMCHHS
PA3IMYHBIX TEIIOEMKOCTEH W YCTAHOBHTHL CBA3b MEXAy HHMMH, €CIH
M3BECTHBI TEPMHYECKOE M KAJIOPHYECKOE YPABHEHHS COCTOSHHS CH-
crembl. JIefiCTBUTENBLHO, MYCTh JUIS TPOCTOM CHCTEMBI, COCTOSIHHE
KOTOPOH ONpENENSETCS BHEHNIHUM MApaMETPOM a M TEMMEPaTypoil
T, nausl ypapHenust coctosnuss A=A(a, T), U=U(a, T). Torza u3
ypaBHEHHs NEPBOrO Hayala

$Q=dU+ Ada

HJIn

50 = < )dT+[<alaj>T+A]da
HOle'-IaeM

_oo_(v) [(a0) | ]a

Cza—T—<6T>a+[<0a>T+A:|dT’
OTKYyJa

oU
q—(a—T)a, @.5)

ca=(5).H (G ) )(5). 2.6)
e (3,

Eciu A=p n a=V, 10

C,—Cy= [(%)ﬁd(%)p. @7

W3 3Tux BbipaxeHWH Mg TEIJIOEMKOCTEH W HX Pa3HOCTH BUIHO,
Y10 15 onpeneseHus Cp HaA0 3HATH JHIL OJHO KaJIOPHYECKOE
ypasuenne, nns onpengenenus xe C, w C,—Cp, HamO 3HATH
H TEPMHYECKHE M KAJOPUYECKOE YPaBHEHHS COCTOSHHS BEIIECTBA.
Bropoe Hauano TepMOIUHAMHKM, YCTAHABJIMBAs CBA3b MEXAY STHMH
YpaBHEHUSMHU COCTOSIHUS, IEJAeT HEHY)XHBIM 3HAHHE KaJOPHYECKOro
ypaBHeHust [t onpenenenus C,—Cy {cM. § 15). Cornacuo onpenese-
HMI0 MOHATHS «bojee BHICOKAS TeMIepaTypa», B TePMOJMHAMHKE
npuaumaercss Cy=(0U/0T)y>0 [u Boobwe C,=(0U/0T),>0].

Jas wumeanbHOTO ra3a TEPMHYECKHM YPABHEHHEM COCTOSIHHUSA
spisiercst ypaHeHue Kotanefipona — Menneneesa (1.3).
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Kanopuyeckoe ypaBHEHHE COCTOSHHS HACANBHOTO Ta3a MOXHO
YCTaHOBUTH ucxoAs n3 ombiToB l'eéi-JIroccaka um J{xoyng—TomcoHa.
CorylacHO 3THM OUBITaM, HUPU pacIIMPEHUH pPa3pekeHHOro rasa
B nycroTy Oe3 mputoka Ttemnorel (0Q=0) ero Temmeparypa wHe
usmensiercs. Otcioia crenyer 3axon J[Ixwcoyasn: 3uepeus udeassnoz2o
2a3a, HAX00AWe20¢A HpU HOCMOAHHOLU Memnepamype, He 3a8UCUM Om
sanumaemozo um obsema®. JIeHCTBUTENBHO, TOCKOJNBLKY NPH TAKOM
pacumpernn 5Q =0, 8W=0 u, cremoBaTeNbHO, IO MEPBOMY HAUay,
dU=0, ro npu dT'=0 (cornacHo onwitaM [ eit-Jlroccaka) u3 ypaBHEHUS
dU=(0U/0T )ydT+(0U/dV )rdV =0 nony4aem (6U/3V )y =0. [TosTomy
JUIS MOeaNbHOro rasa

dU=(2U/aT)ydT=CydT, U=]CydT.

PesynbTathl ombiTa MOKA3BIBAKOT, YTO Y OJHOATOMHBIX Ta3oB
TernoeMKocTh Cy HE 3aBHCUT OT TEMIEpaTyphl, I IPYruX Xe
WIeaJIbHBIX TA30B CYWIECTBYET ciabas 3aBHCHMOCTb TENJIOEMKOCTH
Cy OT TeMIepaTypsl, YTO HETPYAHO TOHSATH UCXOMS U3 MOJEKYJISIPHBIX
NPEJACTaBJCHUN O MHOTOATOMHBIX HJ€afbHBIX Ta3ax.

Cuntas Cy 1018 WIACATIBHBIX (OJJHOATOMHBIX) Ta30B MOCTOSHHOM,
MOJIy4aeM KaJIOpUYECKOe YPaBHEHHE COCTOSHMS

U=CyT+U,. 2.8)

Ha ocHoBanmu ypasuenus Kuanelipona-—Menneneesa m 3akoHa
Jxoyns s MAEanpHOTO ra3a HaXxOoOuM

C,—Cy=VR,
OTKYAa I MOJSPHBIX ‘TeroeMkoctedl (v=1)
C,—Cy=R,
JUIsL yIEJIbHBIX TeIIOeMKOCTEH
C,—Cy=R/M,
JUIs pa3HOCTH TEIJIOEMKOCTEH Ha OJHY MOJIEKYJIy rasa
C,—Cy=R/N,=k.

31ech Na=6,022-10%% monb~ ! —mnocrosHHas Asoranpo;
k=1,38-10"2* JIx/K —mnocrosunas bBoiabumana.

B cioydae CHOXHBIX CHCTEM, KOrJa Ai=A,~(a1, ey Oy T)
u U=Ulay, .., an; T) (i=1, 2, 3, .., n), TEIIOEMKOCTb paBH4

_%Q_(ou Y |4
C_E_<5T>al, an+z[(aai>al, T+A']dT'

i

*) Ecim u3 ypasHenus (1.3) wHaditm T M NOACTAaBHTh B BhIpaxenne (2.8), To
nonyqyuM U=Cy pV/(VR) + Uy, T. €. BHYTpeHHSs OJHeprus MAeanbHOTO rasa Oyger
¢byHKIMel maBjieHMs M ofbeMa M, ciemoBaTesbHO, (AU[0V),#0.
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M3 3TOro BBIpAaXEHUS MOXKHO OIPEAeIAUTH TEMIOSCMKOCTH BuUIa
Cal,...,aka Cal,....Aka CAI,...,Ak H T o

ITomMuMo TennoeMkocTedl Apyroil BaXXHOH KaJOpPUYECKOH BeEJH-
YHHOW SIBJIAETCH mMENnA0ma U30MePMUUEcK020 UBMEHEHUA KaKoz0-Aubo
BHEUIHE20 NApamempa CUCmeMbl— KOAULECMEO MeNnAombl, Heobx00umoe
048 YBEeAUYCHUA IMO20 NAPAMEMPA HA eOuUHuYy Npu HOCMOAHHOI
memnepamype U OpYyuUX GHEWHUX HAPAMEMPAX:

Iai:(sQ/aai )al, v T

Hanpumep, opu pacluumpeHMd OHAa paBHa
IV=(6Q/6V),,1,

)% &3 YpaBHEHHAS INICPBOTO Havajla TECPMOJUHAMHKH

6Q=dU+2Aﬂm=<§g dT+Z[Cy)+AXPm
7 oT a,..a, T da;

clefyeT, 4YTO TEIUIOTAa M3MEHEHMs BHEIIHETOo napaMmerpa (npH
T=const)

e @ T-

au . ;
la'—(:a;i)ap DB Gy e @y T+Ai (l~1’ 2’ 3’ " I’I), (2.9)

i

a TemJ0oTa H3OTCPMHYCCKOrO pacCIuUUpCHUS

ou
h={ = .
4 (al")al, s 5 T+p

O‘ICBHHHO, 910 Id - HUAOCAJIBHOIO Ta3a TCIUI0Ta PpacllupCHHA
YACJICHHO paBHa MAABJCHUIO!

lV = p
Hcnmonb3yss NONyYEHHBIe BBIpAXEHUS Js TemtoeMkocTd (2.5)

W TemIOTH W3MEHEHWs BHELIHero napametpa (2.9), 3anumem mud-
(deperiManLHOE ypaBHEHHE NEpBOro Hadaja (2.4) B Bume

$0=C,

[

dT+Z laidai.

§ 9. OCHOBHLIE TEPMOANHAMHWYECKHE ITPOUECCHI
N UX YPABHEHUA

Bo Bcakod TepMOOWUHAMUYECKOH CHUCTeMeE (IIPOCTOH WM CJIOXKHOI)
BO3MOXHB! TpH mpouecca: uzomepmudeckuii (T=const), aduabammuuiii
(6@ =0) u nosumponneii (C=const). Yucio u Xapakrep IpyTux
TPOIIECCOB 3aBHCAT OT HPHUPOABI CHCTEM.

B npocroii cucTeMe ¢ BHEIUHMM NapaMeTpOM d K COUPSHKEHHBIM
€My CHJIOBBIM mapaMeTpoM A KpoMe Ha3BaHHBIX TpeX MPOLECCOB
MOXHO HaOMIOJaTh TakkKe TpouUecC NMpH a=const ¥ Npouecc Npu
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A=const. B cIOXHBIX cHCTEMax BO3MOXHO OoJblllee YHCHAO pas-
JMYHBIX OpoleccoB. EciaM BHEITHAM IIapaMeTpOM sIBIseTcs 00BbeM
cuctemsl (a=V u, cnepoBatenbHo, A=p), TOo mpouecc upu V¥ =const
Ha3bIBACTCA WU3OXOPHbIM, @ TPH p=const—uzobapubim. DTH UATH
MpOUECCOB (M30TEPMHUYECKUH, a/iMadaTHBIN, TOIATPONHBINA, H30XOPHBIM
1 M300apHBIl) CUATAIOTCS OCHOBHBIMHM B TepPMOJMHAMHMKE, HPUYEM
aauabaTHBIM IIPOLECC SIBJIETCH, OYEBHJIHO, HAaCTHBIM CIIy4aeM IO-
JMTPONHOro™.
®yHKIMOHAIbHAS CBA3b, BOHUKAIOWIAS B CNyYae MPOCTOM CHCTEMBbI
Mexay nsyMs u3 semmuue I, V, p (t.e. mexay T u V, T mn p,
p v V) npu TOM WIH HMHOM IIPOLECCE, HA3BIBACTCA YypaBHEHHEM
3TOTO mpolecca. YPaBHEHUS HM30TEPMHUYECKOTO, M3OXOPHOTO W H30-
6apHOTO NpOLECCOB HENOCPEACTBEHHO NOJyYaroTes (0e3  uemonbp3oBa-
HUS [EepBOrO Hayajia) M3 YpaBHEHHS COCTOAHHA Jt0OOH mpocToi
CHCTEMBI COOTBETCTBEHHO TpH T'=const, V'=const 1 p=const.
YTo Kkacaercsi ypaBHeHHH aauadaTHOrO M HOJUTPONHOIO Mpolec-
COB, TO MX HENb3sl HalTH, MOAB3YACH JIMIIL TEPMHYECKUM YPABHCHHEM
COCTOSIHHSI. YPAaBHEHHS 3TUX MPOLECCOB MOXHO TIONYYUTH C IIOMOIIbLIO
NepBOro Havajga TEPMOJWHAMHKH, HCMONb3ys TakKe M KaJlopuuecKoe
ypaBHEHME COCTOSHUS (MOCKOJIbKY HHM 3JIEMEHT KOJIMYECTBA TEIUIOTHI
0Q, mH Temnoemkoctb C, ONPENENISIFOLIAE COOTBETCTBEHHO 3TH
MpPOLECCHl, HE BXOMST B TEPMHUYECKOE YPaBHEHHE COCTOSIHHUSI).
Haiinem ypaBHeHHE [OJIMTPONBL M €r0 YacTHBIM cliyuyald — ypaBHe-
HHe aguabathl 118 MoboH TPOCTOi CHCTEMBI W /IS MACABHOTO rasa.
[Ipu nonurponnoMm mponecce C=3Q/dT=const u 8Q=CdT (nns
amiabaTHoro nporecca C=0). ITo nepBoMy Hadasly TCPMOIMHAMUKH,
st mpoctoit cucreMbl 8Q =dU=A4da, mo3ToMy s TOJHTPOIBI

CdT=C,dT+[(0U/da)r+ A ] da.

Ucnone3ya (2.6), nomyvaem

(C— )dT—(a /6T) da.
Ecrmu  C#C,.TO
Ci—C,f T _
dT+C C<a ) da=0. (2.10)

310 muddepeHIManbHOE YpaBHEHHE NOJUTPONBI B MEPEMEHHbBIX
T v a. B mnepemenHbix A4 u a [;uddepeHIHAIBHOE YpaBHEHUE
NOJMTPONLL  MOXHO IIOJYYUTb, €CAM H3 YPaBHCHHA COCTOSHHUA

T=T(A, a) naiiti dT=<%aT>A dA +<%§>A da u moacTaBuUTH B hopMyIy
(2.10). Torma

* QopMaNLHO M M30TEPMHAYECKHH TNpOIECC MOKHO paccMaTpuBaTh Kak —Mo-
JuTpornHbI (C= o).
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ar Cy—C[ T _
<5E>ad‘4 C,,—C(6_a>,4 da=0.

Orcrona muddepernuansaoe ypaBHeHne amuabater (C=0) ans
OPOCTOM CHCTEMbI HMEET BHI

T
<6A> dA+y ( a>A_o,
rne y=C4/C,.

Jis MHTerpHpOBaHMs YpaBHEHWH MOJMTpONBl M amuabatbl HEOO-
XOJIMMO 3HATh KaK TEPMHYECKOE YpaBHEHHE COCTOSHHS [IpH olpereie-
nun (0T/0A), u (0T /0a), ], Tak # KaNopuyeCcKOe ypaBHEHHE COCTOSHHS
(mpu onpenenenun C, u C,).

Eciu cucremMa HaxoguTcs HOJX JIEHCTBUEM CHIIBL - BCECTOPOHHETO
nasienns (A=p n a=V), To ypaBHEHUSMH NONATPONL* 1 agHabaTh
COOTBETCTBEHHO OyAyT

(";_;)Vdercy_C( )dV 0, @11
T dp+v dV=0. 2.12)
(o arr(s)

B cnysae wuaeamshoro raza C, u Cy HA OCHOBaHHH 3aKoHa
JIXOyJs 3aBUCAT TOJILKO OT TeMHepaTypm MIPUYEM JUISE OJTHOATOMHBIX
rasoB y=°/; W He 3aBUCUT OT 7, a JUIs [BYXaTOMHBIX Ta30B
v ¢ yeenuueHueM 1 yMEHBIIAeTCd M NPH KOMHATHOW TeMmepatype
paBHa 1.4.

Jins oAHOATOMHOYO MIEANbHOTO rasa, Hojictasisasd B auddepeH-
UMANbHOE ypaBHEHHE TOJHTPONL! IpousBoisie (0T/dp)y u (0T/0V),,
onpenenseMble M3 ypaBHeHHMs KianefipoHa —Menneneea, mocne
HHTETPAPOBAHUSA  [10JIy4aeM YpaBHEHHE HOJIUTPOILI

pV"=const,

rae_n=(C,—C)/(Cy— C)—nokaszameat noaumponsi.
VpasHenue anuwabaThl 3TOrO rasa

pV7¥=const (2.13)

Ha3wiBaeTca ypasuenuem Ilyaccona. B nepemenssix V u T ypaBHeuue
aguabaThl WAEaJIbHOIO Ta3a MMeEeT BHJ

TV* ! =const,
a B ClIyda€ OJHOATOMHOIO HACAJIBHOTO rasa
TV 3 =const.
*) Tuddepenunanbuble  ypaBHCHHS HM300apHOTO M W30XOPHOTO Tpollecca W3
ypaBheHus moxuTpoust (2.11), xak HETpyHO yOeauThCs, NOJYHHTH HEJIB3S.

44



Tak xak IUis OXHOATOMHOTO
HIEAJIbHOTO ra3a  TEeIUIOEMKOCTH
Cy u C, He 34BHCAT OT TEM-
IEpaTypbl U SABJISIOTCS TOCTOSH-
HBIMH, TO IJIsl Hero (M TOJBKO
JIsA HEro) HM30XOpHBIE U uzobap-
HBI  TIPOIECCHI  SIBJIAIOTCA  HOJH-
TPOITHBIMH.

VpaBHeHHsT PABHOBECHBIX IMIPO-

HECCOB MOXHO M300paxarh B BHJIE
rpaduKoB (IMarpamMM) Ha TLUIOCKO-
CTH C COOTBETCTBYIOUIUMU KOOD-
OAHATHBIME ocaMH. OmHuMEH H3 Puc. 4.
HanOosiee yNOTpPeOUTENbHBIX B TePMOJUHAMUKE SBIAIOTCS pabodne
IMATPaMMBI, KOTOpbie H300paxaroTcsi Ha ILIOCKOCTH C KOOpJAMHAT-
HBIMHA ocsiMHE V (ock abenmec) 1 p (OCh OpAMHAT). DIEMEHT IJIOHIAIH
Ha O9TOH IJIOCKOCTH u3o00paxaeT paboty.

Yepes kaxAyr0 TOYKY Ha IUIOCKOCTH V., ' p MOXHO IIPOBECTH
uzorepMy W ammabaty. Haxmon stux kpuBeix ¥ ocu abcmucc
OTIPE/IESIAETCA COOTBETCTBEHHO NMPOU3BOAHBIME (3p/V ) 1 (0p/OV )a,
KOTOpbI€ BBIYHCJAIOTCA M3 TEPMUYECKOTO YPaBHEHHS COCTOSHHS
U ypaBHeHHs ajuabaThl NAHHOrO BEHIECTBA.

JUis m30oTepMbl upeanbHoro rasa (op/0V)r=-—p/V, a mna ero
aguabarbt (0p/0V )ox= —vp/V, mOTOMY

(0p 2V )ax=7 (0p/3V ). 2.14)

Tax xak y=C,/Cy> 1, To Ha niockocty V, p aquabaTa HAeanbLHOTO
rasa HakJoHeHa K ocH abcumcc Bcerma kpyde u3oTepMbl (puc. 4).
B crenyromem naparpade Oymer moka3aHo, uTo cooTHourexHue (2.14)
CIIPaBe/UTHBO He TOJIBKO [UISL HIEAILHOTO Ta3a, HO M AJIs JiT000TO BEIIECTBa.

§ 10. CBSI3h MOJAVYJEN YIPYIOCTA C TEILIOEMKOCTSIMYW

IlepBoe Hauai0 TEPMOAMHAMHUKH IO3BOJIAET YCTAHOBUTDL CBS3b MEXIY
MOAYJSMHE YNIPYTOCTH M TEIUIOEMKOCTAMH CHCTEMBI.

Mooyas yupyeocmu K cucmemvl onpedeasiem usmeHeHue 0agAeHUA
(ynpyeocmu), oOmHeceHHOe K OMHOCUMEABHOMY USMEHEHUID o00vema,
1 npedcmagasem coboti eeAuuuny, 006pammHyr0 KodpPuyuenmy coucu-
maemocmu:

d d
- __ o
avjv dav
Jns toro 4roOGnl K ObUIO TNOJOXKHUTENLHBIM (JIJIs YCTOMYHBBIX
COCTOSIHMIA, KaK Mbl YBHIHUM, dp ¥ dV UMEIOT pa3Hbie 3HAKH), IOCTABJICH

3HaK MHUHYC. MOOy/ib YIPYrocTH OUpEAE/ISeTCs 3HAUCHHEM MPOH3BO-
HO#t dp/dV, 3aBucsiieil OT YCNOBHIA, IIPH KOTOPBIX HPOUCKOAUT CXKATHE.
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HauGosniee ynoTpeOUTENLHBIME MOIYJISIMH  YIPYTOCTH  SIBJISSFOTCA
uzomepmudeckuil. U aouabammbli:

__pfor _ypfor
Kr= V<6V>T’ Ks= V(av)

OTHOIICHHE 3THX MOJYJIEH TaKoOBO:
Ks _(ap/av)s
Kr (@pjav)s
N3 mubdepenumaiisHoro ypaBHeHHsi anmabatei (2.12) umeem

(51’) _,anier),

oy (0T/ép)y ’
a W3 ypaBHeHHS coctosHus T=T (V, p)

dT= <5V> dV+< )Vdp

H ans w3oTepMuueckoro mnpomecca (d7=0) Dosyuaem

(a,;) _ _(oT/av),

oV (@T/op)y
TTostomy
@iy, ! (2.15)
U, ClIeJOBAaTENLHO,
KS/KT =Y,

T. €. OTHOLICHHE aIMabaTHOrO M M3OTEPMHHUECKOTO MOAyJIeH ym-
pyrocts modoro BeLHeCTBa paBHO OTHOILEHHIO TemloeMkocTelk C,/Cy.
Tax kak y>1 (cM. § 15), To Ks>Kr u (9p/0V)s>(9p/ 0V )r. I/I3mepsm
SKCIEpUMeEHTANBHO Kg ¥ Ky, MOXHO HaWTH Y.

N3 coornomenus (2.15) BuaHO, 4ro OHO coBnajaer ¢ (2.14) s
HAEANLHOr0 Ta3a, IPUYEM Ha IJIOCKOCTH V, p u30TepMa HH JUIS KaKOTO
BEIIECTBA HE MOXeT ObITh Kpydye aauabaTh! W, CliefIoBATENbHO, HMETh
¢ HeHl HECKOJLKO OTHENBHBIX OOmux Touek. Ho oHa MOXET NMOMHMO
IPOCTOro IIepecedeHus KacaThed aauadbaTe® ¢ obs3aTenpHBIM Mepece-
YeHHEM, d TakXXe COBNAJATh C Hed Ha KOHEYHOM Y4YacTKe.

3AJAUN

2.1. Ilonp3ysch ypaBHEHHEM IIEpBOIO HAyajla TEPMOAUWHAMHKH, YCTAHOBHTB APUGUAO
Tecca: menaosott Iexm Xumuueckoi peaxyuu, npoMeKarowjeil uau Rpu ROCMO-
AHHOM Obveme V, uau npu nocmoAHHOM OQ6AEHUU P, He 3A8UCUNT ONT RPOMEHCYMOU-

*) Jro Gymer npu y=1, uro HabiroAaeTCs y BOABI NPH HOPMAajibHOM IABJICHHU
u 4 °C (cm. § 15), a Taxxe Upu ONpeNesICHHBIX TEMIEpaTypax y Kaydyka M HOJUCTOro
cepebpa.
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2.2,

23,

24.

2.9.
2.10.

2.11.

2.12.

2.13.

<Y

Pac. S. Pac. 6.

HblX peaxyuii, a onpedesAemcs MOAbKO HAYAALHBIM Y KOHEUHbIM COCMOAHUAMU
peazupyiowux eewjecms. OTMETHTD 3HaueHue Tipasunia [ecca B QU3MHCCKOR XUMHH.
KoJMuecTBo TEIUIOTHI, BBIAEIAIOIIECCS NMPH OOpasoOBAaHHH BOIbL M3 3JIEMEHTOB,
pasHo () =287 k/Ix/M0Jb, a TEIUIOTA UCHAPEHHA BOJBL PaBHA 0, =40 xIx/Momnb.
OnpenenuTs KOJNHYECTBO TEIUIOTH, KOTOpOE HeoOXxomaMo mNpH 0Gpas’oBaHuH
BO/SIHOTO Tapa H3 3JEMEHTOB.

Tenmora () peakiu, NpOTeKAwOWied NPH ~NOCTOSHHOM OObEME MIM MpH
[OCTOSHHOM TNABJICHHH, 3aBHCHT OT Temmepatypsl. Onpenemuts (8Q/0T )y
u (3Q/0T),. Haiith M3MEHEHHE TENNOTHI CropaHHs MOIH BOAOPOAA B BOAY
npu moBbeHMH TemnepaTyphl Ha 1 °C.

OfHHM W3 CaMbIX TOYHBIX JKCTIEPMMEHTANIBHBIX CTI0COG0B ONpENeieHHs OTHOIE-
nus y=C,/Cy ABIAETCS H3MEPEHHE CKOPOCTH 3BYKA 4 B H3YY2EMOM rase.
HaiiTu CBA3b MEXJY CKOPOCTbIO 3ByKa, OTHOLIEHHEM TEMIOEMKOCTEH Yy # M30-
TePMUUECKHM MOIYJIEM YIIPYTOCTH, €CIH M3BECTHO, YTO CKOPOCTh 3BYKa B yHpyro#
cpene u=,/K/p (K—Moayib yupyrocré # p——IUIOTHOCTb cpensr). Haiitn
CKOpOCTh 3Byka B Bo3fyxe npu 0 °C H ee 3aBUCMMOCTb OT TEMIEPATYpbL.
Haitts passocts TemnoeMkoctell Cy—C; IS HAEATbHOro NapaMarHeTHKA.
Hajite ypaBHeHHe afgualarThl WICANLHOrO HApaMarHETHKA.

OnpegenuTh  TEIUIOEMKOCTH MICANBHOTO Tasa B CIERYIOUMX  TIponeccax:
a) pV*=const; 6)p*V=const; B) p/V=const.

JIpa ONMHAKOBBIX METAIIMYCCKAX 1Napa, MMEIOLIME OIHHAKOBYIO TEMIEpaTypy,
PACIIONIONEHBY, KaK TOKA3aHO HA DPHC. 5! OOWH TOABENIEH Ha HEPACTAKUMOH
HATH, JpYroil HEKWT Ha HecxkuMaeMoM ocHopamumd. lapsr amgmabaTHo m30-
JHPOBAHL! B COOTBETCTBYIOUWMX TOYKAX CONPHKOCHOBEHHS ¢ HHTHIO H TOPH3OH-
TanbHBIM OCHOBaHMeM. OIHHAKOBBL JIM TEIIOEMKOCTH [IAPOB M €CJIM HET — KaKad
Gonbiie ¥ noYeMmy?

Mosb HAealdbHOTO ra3a HaXOJAMTCA B HEOTPAHMYECHHOM BEPTHKAJbHOM IMAHHIPE,
FIOMELICHHOM B OJHOPOAHOE TIOJIE CHIBI TSKECTH. BHIYHMCIHMTSL TEMIOEMKOCTD Fasa.
Bo3ayx B oGbeme 5 M npr masnenun p; =4,052-10° ITa u ¢; =60 °C momurpoIHo
PacCIuHpAETCA /10 TPEXKpaTHoro ofneMa W JaBICHHS py=1,013-10° Tla. Borunc-
JHMTH TOKA3aTeNb JNOJMTPONbL, paboTy pacHMpeHHs, KOJMYECTBO TEMIOTHI
¥ VW3MCHEHME BHYTDCHHeH DHEPTMH TPHM 3TOM TNpoIecce.

Ha nnockocTs ¢ KOODAMHATHBIME ocAME V, p (puc. 6) 4epe3 HEKOTOPYIO TOUKY
A nposemenrt msorepma T w agmabata S mpeamwnoro rasa. Iloxasats, wro
nonuTponnsie npouecchl (kpussie DAD ' u EAE’) NpOUCXOASAT TIPH OTPHLATEILHOH
¥ TOJIOXHATENILHONR TEIIOEMKOCTH COOTBETCTBEHHO.

O6DbACHAT, NpPUMHHY TOHMKEHHS TEMIEpaTypsl Tpomocdephl ¢ BHICOTOR H,
CYMTas BO3AYX MICATIBHBLIM ra3oM, BHIYACIAWTL BHICOTHBIA TPANMEHT TEMNEPATyphl
B armocdepe.

Mpu pasgenmu p=609,2 lla u Temnepatype t=0,01 °C s1en, Boga u ee map
MOTYT B JHOGBIX KOJHYECTBAX HAXOMHTLCA B PABHOBCCHH M NEPEXOAHTH APYD
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2.14,

B jpyra. [Ipy M30TEPMHHYECKOM CKATHH Tako# CHCTEMBI JaBJieHHE HE M3MEHSCTCH,
HO 4YacTh Napa MEPEeXOOMT B KUAKOCTb, & BBIACIAIOIASACA NPH 3TOM TENJoTa
MOXET ORITH WM HCHONH30BAHA HA OJHOBPEMCHHOE TUIABJICHWE JIbAa, WA
OTAaHA TEPMOCTATy. BBIMHMCIMTL Maccy jbAa, KOTOPBIN AOMKEH OBITh paciaBieH
npd TakoM oOpa3oBaHuM 1T BOAB M3 Napa ¥ JbJa, IS TOTO 4ToObl 3TOT
H306apHO-H30TEPMUYECKit Tpolecc cxaTus Oblr aguabaTtHBIM.

IMone3yach CBOMCTBaMH SKOOMAHOB

a(p, S)_(@) (p, S)_a(p, S) a(x, y)
v

V. s)

J0Ka3aTh COOTHOIICHHUA:

NEARAEAN
V)]s cy\av)ey

6)62U62U PUN  T(op
av2est \aves) c\av)y

s 3, 8) d(xy) 3V, S)



T'JIABA TPETHA

BTOPOE HAYAJO TEPMOIUHAMUKH

[TlepBoe Havano mepMmoguHaMuku, Kak Mbl BUeNU,
ycmadasnusaem CylLjecmsoBaHUe y BCSKOA cucme-
Mbl OHO3Ha4YHOA (PYHKLUU COCMOSIHUSI— BHYMPEH-
HeW 3Hepruu, Komopas He Uu3MeHsemcss npu om-
CymecmBuU  BHeLWHUX Bo3gedcmsud npu  moGsbix
npoyeccax BHYympuU CUCMEMbI.

Bmopoe Hawyano mepMofuHaMuKku ycmaHasnusaem
cyujecmsoBaHue y BCSIKOW PaBHOBECHOU CUCMEMb)
APyroyi Of4HO3HAYHOU (DYHKLUU COCMOSHUSI— 3HM-
ponuu, xomopasi, OfHaKo, B OmMJiu4yue. om BHym-
PEeHHeH 3Hepruu He U3MeHSiemcs y U30/1UPOBaHHOMN
cucmembl MONBLKO NPU PaBHOBECHKIX npoueccax
U Bcerja sospacmaem npu HepaBHOBECHbLIX Npouec-
cax; aHanoruyHo segem cebfA 3HMPONUA U agu-
abamHbix cucmew.

Takum o6pa3om, ecnu nepBoe Hayano ecmb 3aKOH
COXpaHeHUss U nNpeBpaleHus 3Hepruu (ero Konu-
yecmBeHHasi CMOPOHa B NPUMEHEHUU K MmepMogu-
HaMuyeckuM cucmemam), mo BmMopoe Ha4yarno npepg-
cmasnissiem €060y 3aKkOH 06 3HMponuu.

§ 11. OBIIAA XAPAKTEPHUCTUKA U UCXOAHASl ®OPMYJIMPOBKA
BTOPOI'O HAYAJIA TEPMOJAVNHAMHWKHN

OTKpBITHE BTOPOrO HAvaja CBA3aHO C AHAJIH30M PabOTHl TEIIOBBIX
MalliMH, 4YeM U ONpelesseTcss ero MCXOAHas (GpopMysMpoBka. BrepBore
paboTa TEMIOBLIX MAIMH ObLIA TCOPETHYECKH pacCMOTpeHa B 1824 .
Camu Kapro, xOoTOpeli B CBOEM HCCleqoBanuu «PasMeliienus
O IBHXYILEH CHe OTHf M O MAIlMHAaX, CIIOCOOHBIX DPa3BUBAThb 3TH
cunb»®, Mokasaj, 4TO K.LJ. TEMIOBBIX MAIUMH, paGOTAIOHIHX IO
OpeanoxeHHoMy UM mukiy (mukiny KapHo), He 3aBHCHT OT HpUPOIBI
BEIEeCTBa, coBepliaromero  3roT muka.  Ilo3amee  Kiaysuyc
n B. TomcoH, mo-HOBOMY 0OOCHOBBIBast 3Ty TeopeMy Kapro, moutn
ONHOBPEMEHHO TOJIOKHIM OCHOBAHHE TOMY, YTO TENEPh BXOJUT
B COAEpXKaHAe BTOPOTO Havaja.

Tax e xak M NepBoe HayaJlo, BTOPOE HAYaJIo TEPMOIMHAMHUKH
ABJsIeTCs] OOOOLIEHNEM JaHHBIX ONBITA. MHOTOJETHSS YeJoBEYECKas

* Carnot S. Réflexions sur la puissance motrice du feu et sur les machines
propres a developper cette puissance. Paris, 1824.
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IpaxTHKA NPHBea K YCTAHOBJCHHIO ONPEHEICHHBIX 3aKOHOMEPHOCTEH
NpeBpallleHdsl TEIIOThl B paboTy UM paboTel B TemwioTy (kKak oOImx
JUIS1 «OOBIYHBIX» U «HEOOBIYHBIX» CHCTEM (cM. § 5), Tak u crnieniduyec-
KAX Ui TeX ¥ JApyrux). B pesynpTate aHann3a sTHX 3aKOHOMEPHOCTEH
H Obino chopMyIHpOBAHO BTOPOE HAYajo B BHJAE 3aKOHA O CYIIECT-
BOBaHHM OHTPONMH M ee HeyObIBaHMM 1UpH MOOBIX IPoLECCax
B W30JMPOBAHHBIX (WIN TOJbKO aauadaTHO M30JMPOBAaHHBIX) CHCTE-
Max. Jlng Toro 4toObl NPUHTH K TAKOMY BBIPaXeHHIO BTOPOTO
Hayajga, MPHEMEM 32 MCXOMHYIO Takylo ero (GopMyIHpoBKYy, KOTOpas
HETIOCPEICTBEHHO CBA3aHA C OCOGEHHOCTAMH NPEBPAILECHUsS TEIIOTH
B pabory # paboTel B TemwnoTy. IIpm 3TOM BCieACTBHE PpENKOCTH
HEOOBIYHBIX CHCTEM (MMM SBJISIOTCA TOKAa TOJBKO JIHUIb CHCTEMBI
SAEPHBIX CIHHOB) Mbl OyEM MCXOIUMTH M3 (OPMYJIHUPOBKH BTOPOTO
Havyaja B TPHMEHEHMH K OOBIYHBLIM, HanboJiee pPacAPOCTPAaHEHHBIM
crcTemMam™,

W3 onpenenenus NOHATHH TermioTel ¥ paboTwl (cM. § 5) crenyer,
YTO JBE pPACCMATPHUBaEMBlE B TEPMOAMHAMMKE (GOpMbI NEperayn
3HEPIUM HE SBNAIOTCS PpABHOIEHHBIMH: B TO BpeMs Kak pabota
W MOXeT HeIOCpEe[ACTBEHHO IIOWTH Ha YBeJWYeHHe Jrodoro Buja
9HEPIHH, Tew10Ta () HEMOCPEICTBEHHO, O€3 NpeBapHTEabHOTO NPEBpa-
UieHHs B paboTy, IPUBOAMT JNHUIIb K YBEJIWYCHHIO BHYTpPEHHEH 3HEpPruy
CHCTEMBl. JTa HEPAaBHOUCHHOCTh TEILIOTHI M paboTHl He mMena Obl
3HAYeHus, ecau Obl MoxHO Obulo Oe3 Kakux-mubo TpyaHOCTEH
TIPEBPATUThL TEIIOTY B paboty. OOHAKO, Kak MOKA3BIBAET ONBLIT, B TO
BpeMsl KaK INpU TPEBpaUieHHUH  paboOThI B TEMJIOTY SIBJICHHE MOXET
OTPAHUYMTECS M3MEHEHUEM TEPMOIMHAMHUYECKOTO COCTOSHUS ONHOTO
JIMIIL TEILIOMOJIYIAIOIIETO Tejla (HaupuMep, NpH HATPEBaHUM NOCpEn-
CTBOM TpEHHST WM OPH JJIEKTpOHArpeBe), IpU npeodpa3zoBaHUU
TENAOTH B paboTy HAPAAY € OXJaXIEHHEM TEILIOOTAAIOINETO Teia
NPOUCXOJUT W3IMEHCHHE TePMOAMHAMUYECKOIO COCTOSHHUSA APYTHX Tel,
YYACTBYIOIHX B 3TOM IIpOLEcce: WM pabouero Tena mpu HE3aMKHYTOM
Tpolecce, WM JPYTHX TelX B 3aMKHYTOM KPYrOBOM HpoIEcce, Korna
9TUM TeslaM pabouee Teno HeNPEMEHHO OTHACT 4YacTh MOJIYYEeHHOH UM
OT HArpeBaTess TEILIOTHI. B xadecTBe TAKUX «IPYrHX TEI» B TEILIOBHIX
MaIIMHAX OOBIMHO CIYXKAT XOJIOJHJILHHKH.

Wsmenenne cocTosHus pabouero Teya (eCiiy TPOLECC HE3aMKHY-
THI) MMM OTJa¥a YacTH TEIUIOTHl paboYuM TeJOM OPYTHM TejlaM
7 M3MEHEHHE TEPMOTHHAMHYECKOTO COCTOSIHMS THX Tel IIPU KPYTOBOM
OPOLECCE IPEBPAILEHNS TEILIOTH B paboTy Ha3LIBAIOTCH KOMHEHCAyuel.
Pe3ynbTaThl ONMBITOB MOKA3BIBAXOT, YTO O3 KOMIEHCALMH HH OMAUH
IDKOYJIb TEIUIOTHI B paboTy mnpeBpaTUTh HeMb3s. B To ke camoe
BpeMsa paboTa B TEMIOTY INPEBpaldeTcs MOJHOCThIO 0e3 Beskoi
KOMIIEHCAHHH.

* B § 32 6ymyT yCTaHORJIEHH! COOTBETCTBYIONIAS 3aKOHOMEPHOCTb [UIS CITHHOBBIX
CHCTEM M 3aKOH BO3pacTaHus auTpomnu. TaM xe Oyger npusefieHa ¥ obwas s
OBLIYHEIX H HEODBIUHBIX CHCTEM HCXO/HAs (OPMYIMPOBKA BTOPOro Hadaja.
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Taxas HepaBHONPABHOCTH INpPEBPAINEHHA TEILUIOTH B paboTy 1o
CPABHEHMIO C IIpeBpaiieHneM paboThl B TEIUIOTY NPUBOAUT K OfI-
HOCTOPOHHOCTH €CTECTBEHHbIX MPOLECCOB*): CAMONPOU3BOJBLHBIE IIPO-
necchl B 3aMKHYTOM CHCTEME WAYT B HAUPaBJICHHA HCYE3HOBCHHS
OOTEHNKAJILHO BO3MOXHOM pabothi. Hanpumep, B npaktuke He
0oOHApYXEHO CJIy4aeB CaMONpPOHM3BOJIBHOTO MEPEeXoJa TemIoThl OT
XOJOAHOro Teya K ropsyeMy. IIpd TemjaoBOM KOHTakTe IOBYX Ted
pa3IMYHON TEMIICPAaTyphl TEMJIOTa NEPEXOTUT OT TOPSYEro Teja
K XOJIOAHOMY OO TeX TOp, [OKa HMX TEeMIEepaTypbl HE CTaHyT
paBHbIMH. IIpH Hamu4uM pPa3HOCTH TEMIEPATYP IBYX TeJ HMEETCs
BO3MOXHOCTH (cM. § 18) mosiyanTh paboTy (MOTEHHMAIBLHO BO3MOXHAS
paboTa), CAaMOTIPOH3BOJIbHAIA MPOIECC NPH TEILIOBOM KOHTAKTE TaKuX
TEJI WAET B HANPABJICHAM MCYE3HOBEHHS STON BO3MOXHOH paboThl.

B nmpaktudeckoil IeATeNIBHOCTH, NMPU KOHCTPYHPOBAHUH TEIIOBBIX
Mall¥H, PEaKTHBHBIX IBHTaTeNeil W H3y4YeHHHW Pa3JMYHBIX TPOIIECCOB,
HEOOXOAUMO YYHTBIBATH 3TH 3aKOHBI HPHPOMABI H, ONHPAasACh HA HHX,
IPOBOINTL aHAIN3 (PU3HYECKUX SBJICHHH.

HasoBeM ycTpoiicTBO, koTOpoe ©Oe3 KOMIICHCAIMH MOJHOCTHIO
TpeBpaIiano Obl MepHoJAHYecKH B paboTy TEIJIOTY Kakoro-jinbo Tela,
seunbiM Oguzamedem emopozo pooa. Torma ucxomHas (GoOpMYJTHPOBKA
BTOPOTO Havaja, BbIpaxaromas 3aKOHOMEPHOCTH MpeBpalleHus Te-
wIoTsl B pabory # paboTel B TEINIOTY (B CiIydae OOBIYHBIX CHCTEM),
OymeT CIEAYIOLUCH: HeB03MOMCEH BeuHblil Osueamesb 8mopo2o pooa,
npuuem 3ImMo ymeepicoeHue He Qonyckaem oOpaujeHus.

Kax wu3BecTHO, NpemIOKeHHE, O HEBO3MOXHOCTH BEYHOIO ABHIaTeNs IEPBOTO
poma jomyckaeT obpamienne. DTa OCOOCHHOCTb MNPEJIOKECHHS O BEYHOM IBHTATElNe
TIEpBOTO Pojia HE BKJIMOYaeTCsA B (DOPMYJIHPOBKY NMEPBOTO Ha¥ana, Tak KaKk HE Hrpaer
POJIA UIS YCTAHOBIICHHS CYLIECTBOBAHMSA BHYTPEHHEH SHEPIMH CHCTEMbI KaK OXHO3HA4-
HOR (DYHKLIMH €€ COCTOSIHUS, 4TO COCTaBJISIET CONEPKAHUE NEPBOTO HAYANA. AHAIOTHYHO,
JUIS YCTAHOBJICHUS CYIUSCTBOBAHMSI OHTPONHH YTBEDXKACHHC O HEBO3MOXHOCTH 00-
palllcHUs TPEIUIOKEHHS O BEYHOM JBMraTellel BTOpOro poja Takke HE HYXKHO.
OpHako mpH yCTaHOBJICHHM BTOPOTO NOJIOXEHHS BTOPOTO Hadana (NOJOXEHHS O pocTe
SHTPOIMH) NPHXOMMTCA HOJb30BAThCA YTBEPKIECHMEM O HEBO3MOXHOCTH OOpalLcHHS
NPEAIOKEHAS O BEYHOM JBUrartene BToporo poaa. Kpome Toro, 310 yTBEpKAcHHE,
Kak Telepb M3BECTHO, HE BCETAA CIPABEAJIHBO. Bce 3TO NPHBOAMT K HEOOXORHMOCTH
BKJIFOYEHHUS | JaHHOTO YTBEPXKJEHHA B MCXOAHYIO (GOpMysNHMpOBKY BTOpOro Hagasna {(mis
OOBIYHBIX  CHCTEM).

DTO MOJIOKEHWE O3HAYAE€T, YTO, B TO BpeMs KaK TEIJIOTY HEJb3s
HOpeBpaTuTh B PaboTy mOJIHOCTBIO 0€3 KOMIECHCAIMH (HEBO3MOXEH
BCYHbIH JBUraTesJlb BTOPOrO pojia), paboTy B TEIIOTY MOXHO
IpeBpaTHTL Oe3 BCAKMX KOMICHCALM, TaK Kak HE MPENCTaBJsET

*) Ecnn 6Gbl TIPeBpalleHus TeWwioThl B paBoTy M paboThl B TEIIOTY OBUIM
PaBHONPABHHI (T. €. MPEBpaIlcHUe PaboThl B TEMIOTY ObLIO OBI CBA3AHO C KOMIICHCAUHCH
WM, Ba060pOT, NpeBpaIICHHE TEIUTOTHI B paboTy npoucxonniao Obl Ge3 koMneHcanuu),
TO OIXHOCTODOHHOCTH €CTECTBEHHBIX IpoleccoB He Obulo Obl. B ciywae cnmHOBOl
cucTeMsl HabmomaeTcss oOpaThHas «HEPAaBHONPABHOCTB»: DPaboTy B TEIUIOTY HeENb3s
TIpeBpaTHTh 0€3 M3MEHEHMA B OKPYXKAaIOWMX Tejax, B TO BPeMS KaK TEIJIOTy B paboty
MOXHO NpeBpaTUTh 6e3 Takoro H3MeHeHus (cM. § 32).
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HMKA4KHUX 3aTPYAHCHUIT IOCTPONTHh MAILKHY, BCSL AEATEIBHOCTh KOTOPOH
cBoIMJIack OBl K 3aTpare paboTbl M HarpeBaHHIO pe3epByapa
(HEBO3MOXHOCTE OOpalleHHss HPEIVIOKEHAS O BEYHOM JBUraTEsE
BTOpOro popa)*.

Muawe rosops, ecnu Temwiora npeBpainaercs B pabory W 3a
BECh KpYroBoil mpouecc y Kakoro-iumdo Tejga WM Y Pa3IHYHBIX
Tesn ObLIO B34TO NOJOKHTENBHOE KONMYECTBO TewIoThl Q) =§8Q0
(80>0), a copepmeHHas NONOXHTENbHAaA pabota pasHa W,  TO
Beerma Q) > W, ecim xe ;;)a60Ta W (W>0) npespaiuaercs B TeIIOTY

1, TO Bcerna W=Q,*%.

Kak BHIHO W3 TNpHBEICHHBIX (QOPMYJ, BTOPOE HAYAJIO - TEPMO-
JUHAMHAKKM TPENCTaBiseT Co0OM COBOKYHNHOCTH IBYX HE3aBHCHMBIX
M0JIOKEHUH:

0 3W, Ws0,. @.1)
TlepBoe TONOKEHUE (leW), KaKk OyJeT NoKa3aHo, NPHBOIUT

B cJly4Yae pABHOBECHBIX CHCTEM K YCTAHOBJICHHIO CYILECTBOBaHHSA
TEPMOIMHAMUYECKOH TEMIepaTyphl ¥ HOBOH oaHO3HauHOH GYHKUMH
coctosHus — 3HTponnd. COBMECTHO TEPBOE M BTOPOE IIOJOXEHUS
BTOPOro Ha4aJia YCTAHABJIMBAIOT OJHOCTOPOHHMI XapakTep U3MEHEHHS
SHTPONMH TIPH ECTECTBEHHBIX IPOLECCAX B 3aMKHYTBIX CHCTEMAX.

Takum obpazoMm (cM. § 13, 17), emopoe Hauaso mepmoOUHaMUKu
8bIpANCAe 3AKOH O CYWecmeosanuy SHMpPOnuY 'y 8CAKOI PAgHOBECHO
cucmemvl U HeyObIBaHUYU ee Nnpu AHObIX RPOYeCcax 8 U30AUPOBAHHbIX
U A0UAbaMHO U30AUPOBAHHBIX. CUCMEMAX.

[TepBoe nmoJstoxxeHHe BTOPOro Havyaja YKa3biBAeT HA HEBO3MOXHOCTD
C NOMOINBI0 3aMKHYTOFO KPYroBOro IMPOUECCa NPEBPAaTHTb TEMJIOTY
B pabory Oe3 kommencauuu. [IoHATHE KOMIIEHCAIMM, KaK BMIHO U3
€ro oupelesicHUs, CONCPXHUT OTHAYY HaCTH TEJIOTHI paboduuM TejroM
OPYTUM TelaM ¥ H3MECHEHHE TePMOJMHAMUYECKOIO COCTOSHHSI 3THX
OPYrux Tel MpH TpeBpallleHHH TeIIOThl B paboTy B 3aMKHYTOM
KpyrosoM npotiecce. B cnyuae oObriHBIX, HaH0OJIEE PACIPOCTPAHEHHBIX
cucteM 00a ITH IJIEMEHTA KOMIICHCAIMM COBNANAIOT, TAK Kak OTAaua
YACTH TEIUIOTHI paboyuM TeJIOM HOPYTUM TejlaM IHpH KpPYTOBOM
npolngcce B 3TOM caydae Oe3BO3BpaTHa M ABTOMATHYECKH BJiEHET
W3MEHEHHE TEPMOJAMHAMMYECKOTO COCTOSIHAS 3THX ApPYyrux Ten. B cay-
yae CHAHOBBIX CHUCTEM I3TH JJeMEHTHI-KOMIICHCAUMH HE COBNAJAIoT,
BCJIEACTBHE YErO C OMOIIBIO CHMHOBBIX CHCTEM TEILUIOTY KaKOro-ymbo
TEAa MOXHO LEJUKOM IPEBPATHTL B PaboTy C MOMOIILIO KPYrOBOTO
npouecca 0e3 M3MEHEHHS TEPMOAMHAMHYECKOTO COCTOSIHHSL JPYIHX
ten. O/HAKO Takoe MpeBpallleHHe, Kak U B Ciyyae OOBIYHBIX CHUCTEM,

*) TakuM 06pa3om, B TO BPeMsi KaK [EPBOE HAYANO BHIPAXKAET KOJIMYECTBEHHYIO
3KBUBAJEHTHOCTb TewnoThl Q; M paboTel W, BTOpOE-—HX KAa4ECTBEHHYIO HEIKBHBA-
JIEHTHOCTb.

**%) CTpeki yKa3bIBAIOT HAMpaBJieHWE MPOLECCa.
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0053aTeNIbHO COTNPOBOXIAETCS OTAaueidl 4YacTH TEIIOThl pabounmM
TeJOM APYTAM TedaM. I1a obiias 3aKOHOMEPHOCTH (OOIIHil 3jeMEHT
KOMIICHCAL(MM) TpEBpAlieHUst TEIJIOTBI B paboTy NpHUBOJUT K CY-
IIECTBOBAHUIO JHTPONMHM KaK y OOBIYHBIX, TaK W HEOOBIMHBIX
PABHOBECHBIX CUCTEM.

VerpoiicTBo, B pe3yibraTe OeHCTBHS KOTOPOTO TNEPHOAHUYMECKH
NPOM3BOAMIACH Obl MOJIOXUTEIbHAS paboTa TOJBKO 32 CYET OXJaxne-
HHUS OJMHOTO Tesia, Oe3 Kakux-nubo [Jpyrux HU3MEHeHWH B Tenax,
HA3LIBACTCH GeUHbIM Osucamesem emopozo pooa Tomcona— Iaanka.
ITonb3ysick OOBIYHBIME CHCTEMaMH, HEBO3MOXHO OCYIIECTBUTH BEYHBIH
JABUraTenab BToporo poxa TomcoHa—Ilnanka, HO TpH HAJIUYUH
CIMHOBBIX CHCTEM TaKOil [BUraTelb BIOJAHE BO3MOXeH. OgHaKo
YCTPOHCTBO, KOTOpoe OBl HEMPEPHIBHO MPEBpaIlano B pabOTy TEMIOTY
Kakoro-nmubo Tena 0e3 KOMIEHCAUHM — BEYHBIH [BHraTelh BTOPOrO
poOlia, HEBO3MOXHO HH B cilydae OOBIYHBIX, HH B CJIydae CIHHOBBIX
cucrem®. Tlpu sTOM ecnd s OGBIUHBIX CHCTEM TIPEUIOKEHHE
0 BEYHOM [BUTaTelle BTOPOrO poJa He Jomyckaer obpaineHus, To
JUISL CIIMHOBBIX CHUCTEM Takoe oOpalieHne BO3MOXHO (cM. § 32).

dnsi monydeHHMs aHAJMTUYECKOTO BLIPAXEHHS BTOPOTO Havaa
TEPMOMMUHAMUKM PACCMOTPHM B OTIEILHOCTH BTOPOE HAdalo Tep-
MOJIMHAMMKH JUIsl PaBHOBECHBIX M HEPABHOBECHBIX IPOIIECCOB.

Hcxons u3 BToporo Hayaja TEPMOAWHAMUKH, PACCMOTPHM Ipexie
pazjesieHye BCeX MPOLECCOB, HCTBITHIBAEMBIX HW30JMPOBAHHOH CHCTe-
Mot B 1esoM, Ha oOpaTuMble U HeoOpaTHMble H YCTAaHOBHUM
OTHOUIEHHE I3THX TPONECCOB K PABHOBECHBIM H HEPABHOBECHBIM.

§ 12. OBPATUMBIE 1 HEOBPATUMBIE ITPOUECCHI

[To BTOpOMY Hauajy TepMOAMHAMUKH B [IPUPOJIE BO3MOXHBI IIPOIEC-
Cbl, TIPH KOTOPBIX HPEBPAINEHHE TEILIOTH B paboTy CBA3aHO C KOM-
nieHcanye#, ¥ HEBO3MOXHB! IIPOLIECCH], IPH KOTOPBIX Takoe NpeBpallie-
HUE HE COMPOBOXAACTCA KOMIEHCANHER. DTO NPMBONMT K [EICHUIO
BCEX MPOUECCOB B 3aMKHYTOM CHCTEME HA OOpaTUMBbIE H HEOOPAaTUMBIE.

[Mponecc nepexola cHCTEMBbl M3 COCTOSHHA [ B 2 Ha3biBaeTcs
0bpamumMplm, €CJIM BO3BPALCHHME 3TOH CHCTEMb! B UCXOXHOE COCTOSIHHE
13 2'B I MOXHO OCYHIECTBHTH 0e3 Kakux Obl TO HH OBUIO M3MEHEHUH
B, OKpYXKarolnx BHemHHX Tenax. IIpomecc xe Inepexoia CHUCTEMbI
U3 cocTosHust | B 2 Ha3BIBAETCH HeoOpamumvlm, €CiaM oOOpaTHbIHA
Hepexo]y cucTeMbl W3 2 B | Henb3sd OCYIECTBUTH 0Oe3 u3MeHeHUMH
B OKpyXarowmx Tejgax. OQueBHIHO, 4YTO BCAKMH KBa3HCTATHYECKHUI
npoiece ABsgeTCs oOpaTHMBIM. JleHCTBUTENBHO, TIPH KBa3HCTATHYEC-
KOM TIPOLECCE COCTOSIHHE CHCTEMBbl B KaXAbIH MOMEHT NOJHOCTBIO
OIIpEle/SICTCS BHEHIHMMM NapaMeTpaMH M TEMIEpaTypod, MO3TOMY

* QueBHAHO, YTO «BEYHLIM JBUraTelh BTOPOrO pPOJA» M «BEYHBIA [BUraTesb
BToporo popa Tomcona——JIInanka» B cilydae OOBIYHBIX CHCTEM COBNAZAIOT.

53



[IPH PAaBHOBECHBIX M3MEHEHUSX 3THX MapaMeTpoB B 0OPATHOM HOPAJKE
CHCTEMa Takxke B OOpaTHOM TmOpsIKe HPOHIET BCE COCTOSIHHS
¥ TpHAET B HAYAJILHOE COCTOSHHE, HE BBI3BAB HUKAKOTO W3MEHEHWs
B OKPYXAlOUMX Tejax.

Mpu mpomeccax ¢ TpeHHEM, KaK Mbl OTMeEYaH, paboTa MOXET
ObITh 0€3 KOMIEHCAIIMM OpeBpallleHa B TEIUIOTY; TaK Kak oOpaTHBIN
nepexol CHCTEMBI H3 KOHEYHOTO COCTOSHUS B HAayajbHOE CBS3aH
C MEepPEXojoM TEMIOThl B paboTy, a 3TO HEBO3MOXKHO OCYIIECTBHUTL
0e3 M3MEHEHMs B OKPYXAIOUIUX Tejlax, TO, CJEJOBATENLHO, MPOUECCH
¢ TpeHHEM HeoOpaTHMbI. A Tak Kak BCSKHH PaBHOBECHBIH MHpoIecc
obpatiM, TO HeOOpaTHMBIA HpPONECC ¢ TPEeHHEM HEpaBHOBECEH™®.

Mepoii HeoOpaTUMOCTH IpolLecca B 3aMKHYTOH cucteme (M. § 17)
SBJISIETCA U3MEHEHHE HOBOM (YHKUMH COCTOSIHHS — SHTPOIHH, CYILECT-
BOBAaHWE KOTOPOM Yy PpABHOBECHOM CUCTEMBI YCTAHABJIKBAET UEPBOE
MOJIOXKEHHE BTOPOTO HAyaja O HEBO3MOXHOCTH BEYHOTO JBMIaTess
Broporo poaa. OMHO3HAYHOCTh 3TOH (YHKIMH COCTOSHUS HPHBOIUT
K TOMY, 4TO 8CAKUil Heobpamumblii npoyecc AGAAEMCA HEPABHOBECHbIM
(cM. § 17). BepHo u oOpaTHOE 3aK/IIOYEHHUE: BCAKUL HEPABHOBECHDbII
npoyecc HeobpamuMm, ecau 8 OONOAHEHUe KO 8MOPOMY HAYALY OCYUjecms-
AREMCA OOCMUNCUMOCHTL 4100020 COCMOAHUS HEPABHOBECHO, K020A OHO
00CMUNCUMO U3 OAHHO20 PABHOGecHO [BCA COBPEMEHHAs IIPaKTHKa
THOJTBEPKAAET BHIIOJHEHHE 3TOTO YCIOBHS; OJHAKO IMPOTHBONOJIONK-
Hoe ycioBHe (cM. § 30) Boimosusiercs He Beernal. JlesieHue mporneccoB
Ha ofparuMbie W HEOOPATHMBIC OTHOCHTCS JHIL K HPONECCaM,
HCTIBITHIBAEMBIM H30JIMPOBAHHON CUCTEMOW B IIENOM; pasielieHHe Xe
TOpPOLIECCOB HA DPABHOBECHBIE W' HEPABHOBECHBIE C 3THM HE CBS3aHO.

B kavecTBe NpUMEpPOB HEOOpPaTHMBIX IPOLECCOB  TPHBEAEM
CIIETYIOIIHE:

1. Tlpouecc Temnomepenayn MpH KOHSYHOH DPA3HOCTH TEMIIEpaTyp
HeoOpaTWM, TaKk Kak oOOpaTHBI HEpexod CBs3aH C OTHSITHEM
OTIpe/ICJIEHHOTO KOJIMYECTBA - TEIUIOTHl Y XOJIOMHOTO Telld, MpeBpalle-
HHeM ero 0e3 xoMreHcanun (HEKOMIECHCHPOBAHHO) B padoOTy M 3aTpa-
TOH ee HA yBeJMYEHWE OSHepruu Harperoro tesna. HeobpatumocTts
9TOrO Npollecca BHJHA TaKXe M3 TOro, 4TO OH HECTATUYEH.

2. Pacimpende rasa B mycToTy HeOOpPaTHMO, TaK KaK IPH TakOM
paclIMpeHdl He coBepliaeTcss pabora, a cxarTbh ra3 Tak, 4ToObl He
coBepIMTL pabory, Henb3d. [IpousBefeHHast Ke MPH CKaTHu paboTa
UIeT Ha HarpepaHue rasa. YtoObl ra3 He HarpeBajics, HyXHO OTHSTbH
y HEro TEIIOTY M MPEBPATHTh €€ B paboTy, YTO HeBO3MOXHO Oe3
KOMIICHCAlIMH.

*) JTO HAXOAUTCA B COOTBETCTBHM C NPEACTABIEHMEM O NPHUPOAEC MEXAHHYECKOrO
TpeHusi. TpeHHe MeXIy ABYMS CONPHKACAIOIMMMCS TEJAMH TIPOMCXOAUT BCJIEACTBHE
TOrO, YTO NIOBEPXHOCTH 3THX TeJl He abCONIOTHO ryamkw, a B OoJbIueH MM MeHbLUEH
CTEMEHH lUePOXOBATHL, [N TOro YTOOBI TNEPEMECTHTH OJHO TENo OTHOCHTEABLHO
JIPYroro, HEOOXOAUMO HEKOTOPOE KOHeyHoe YCHIIHE JUTS NPEOJOJICHUS CHII, BBI3BAHHBIX
IIEPOXOBATOCTBIO 3TUX IOBEPXHOCTEH.
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3. Ipouecc mudpdy3un HeobpaTum. [JelcTBUTENBHO, €CiIU B COCYAE
C JByMsi Pa3JMYHLIMH Ta3aMH, pa3fcicHHBIMH IEPEropoidKOH, CHSITH
TIEPErOPOJIKY, TO Kaxablii ra3 Oymer muddynmuponats B ApYyroi.
T pasjeneHusi ra3oB KaXAbli M3 HHAX HYXHO CKHMaTb. UToOBI
OHH HE HArpeBaJINCh, HEOOXOMMMO OTHSTH Y HHX TEIVIOTY M Ipe-
BpaTHTb e¢ B paboTy, 4TO HEBO3MOXHO 0e3 H3MEHEHHMA B OKpyXa-
ommx Tejgax (cM. 3amady 3.25).

§ 13. MPMHUMIT AJJMABATHON HEJOCTUXUMOCTH
MU BTOPOE HAYAJO A8 PABHOBECHBIX INPOLECCOB.
SHTPOIIMA M TEPMOJAMHAMMYECKASA TEMIIEPATYPA

[lpumeHeHHe BTOPOro Hayajla TepMOJMHAMHUKM (€r0 IEPBOH 4YacTH
0 HEBO3MOXHOCTH BEYHOTO IBHTaTeNIsi BTOPOIO poja) K paBHOBECHBIM
mpoleccaM MO3BOJAET YCTAHOBHTb, YTO OKOJO KaXJOTO COCTOSHMSA
TEPMHYECKH OMHOPOJHOH* CHCTEMBI CYIUECTBYIOT TaKHe COCTOSHHS,
KOTOpBIE HEJOCTHXHMMBI M3 HEro aanabaTHBIM PABHOBECHBIM INyTEM
(npunyun aduabammoi nedocmuxcumocmu Kapameodopu).

JeficTBATENbHO, TYCTh M3 COCTOSIHUA [ CHCTEMA pPAaBHOBECHO
NEPEXOMUT B COCTOSHHE 2, TOJydYas OT Kakoro-imbo Ttesna*®
TOJNIOKUTENBHOE KOJMYECTBO TemwnoThl (80 >0) m coBepmas paboty
oW, Toraa

8Q=dU+3W. (32)

Mpennonaras, 4To H3 cOCcTOsSHUA 2 CHCTeMa aauabaTHO MOXeT
mepeliTy B coctosiHMe [, coBepmmuB paboty SW, Haxomum

0=—dU+8W,. (3.3)

CxnanwiBas ypaBHeaus (3.2) u (3.3), mosyvaeMm, 49TO 3a BeEChb
Kpyrosoil mporuecc Obuta coBepmieHa pabora SW+OW, 3a cuer
HEKOMIICHCHPOBAHHOTO TPEBPAIIEHHsT TEIUIOTHI

5Q=8W+5W,>0. (3.4

Tak - kak, 10 BTOpPOMY Hayajgy TepMmoiuwHamuxu (3.1), Taxoi
DPOLIECC HEBO3IMOXEH, TO, CJeIOoBaTeNsHO, cocTosHue [ aamabaTHO
HEJOCTHXKHUMO U3 COCTOSIHHS 2.

Ecan upn paBHOBECHOM NEpexoie CUCTeMbl H3 cocTosruA | B coctosHme 2 8Q <0,
TO, TipeAnonaras BO3MOXHBIM anuabatHoe BO3BpallicHHE CHCTeMBI M3 2 B I, mns
BCEr0 KPyroBoro mpouecca, moaobHo ¢opmyne (3.4), monydaem

* Tepmuuecku 0OHOPOOHAA Cucmemda— CHCTEMA, BCE YacTM KOTOPOM HMEIOT
OMMHAKOBYIO TeMIepaTypy (T. €. CHCTEMa, B KOTOPOH OTCYTCTBYIOT TEILIOHETPOHMIA-
emble (anuabaTubie) neperopojku). i TepMHYECKH HEOTHOPOMHONH CHCTEMBI NPHHIHI
anuabaTHOM HENOCTMXMMOCTH, BOOOWIE TOBOpS, He BhIIONHAETCH (cM. 3amazy 3.5).

**) EcM TeaOM, OT KOTOPOrO CHCTEMA MOJy4aeT TEmNOTY, SBIAETCS TEPMOCTAT,
To npouecc I—2 ByneT m3oTepmuueckuM. Ecam B KauecTBe TAKOro Tesa HCNMOJb3yeTCs
CHCTeMa, KOTOpas MO pa3MepaM Mnopanka usyyaeMoif, To mpomecc /—2 GymeT u He
H30TEPMHYECKAM, W HE anHabaTHBIM.
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5Q=8W+5W, <0.

JTO HEPABEHCTBO YKa3hiBAE€T Ha OTJayy CHCTEMOH 3a IIHKJ KOJIHYECTBA TEILTOTHI
80 3a cuer mpomsBeneHHOW Hal Heit paborel. Takoil kpyrosoi mpouecc He
TPOTHBOPEYUT BTOPOMY Hauajy W, CIEAOBATENBHO, BO3MOXEH TOJILKO IIPH HecTaTHYec-
KOM aaMabaTHOM BO3BPAILCHUM CHCTEMBI M3 COCTOSHHS 2 B [. JIEHCTBUTE/IBHO, €CIH
661 mponecc 2—/ Obl1 PaBHOBECHBIM, TO Bech LMKI Obln OBl 0OpaTHMBIM; WPOBOIS
ero B obpaTHOM nopsgke, moJjysaeM ¢opmyny (3.4), YTO TPOTHBOPEYMT BTOPOMY
Hagany (cM. 3amayy 3.37).

Du3nveckuil CMBICT NIPUHIMIA aguadaTHOW HEOCTHXXKUMOCTH CO-
CTOMT B YTBEPX/EHHH, YTO Y BCSIKOl pPaBHOBECHOH CHCTEMBI CyIIe-

CTBYeT HEKOTOpas HOBas GYHKLHSA COCTOSHHA C=0(dy, ..., du; !),
KOTOpasi NpH PAaBHOBECHBIX aAMabaTHBIX INpolieccax HE M3MEHSETCs
[o (al, ..y @n; t)=const mpu aguabatHsix npoieccax]. B 3toM moxsO

yOenuThCs, MCXOMA M3 CIECAYIOIIUX COoOoOpaxeHuH.

Jlerxo 3aMeTHTB, YTO NOJIOXKEHHE O CYIIECTBOBAHUH TEMIEpATYpbI
! y BCAKOH paBHOBECHOM CHCTEMBI MOXHO c(OPMYIMPOBATH B BHAC
OPHHIANA U30TEPMIUECKON HETOCTHXHAMOCTH: OKOJIO KaXAOro Co-
CTOSIHMSI PABHOBECHOH CHCTEMBI CYIIECTBYIOT TaKHE COCTOSIHHS, KO-
TOpBIE HETOCTUXHMBI H30TEPMHMUECKH (T. €. NIPH YCNOBHUSX, KOTJa
CHCTEMa BCE BpeMs-HAXOAWTCS B TEHJIOBOM KOHTAKTE € TEPMOCTATOM).
JefcTBATENLHO, U3 COCTOSHHUS CHCTEMBI C TEMIEPATYPOR =1, HENb3s
H30TEPMUMYECKH TIEPEBECTH CHCTEMY B COCTOSIHME C TeMIepaTypoi
t=1t,. AHAJIOTHYHO ITOMY, HEBO3MOXHOCTH aAHabaTHO (T. €. B YCIOBH-
gX, KOrJa CHCTEMa TEIIOU30JMPOBAaHA) IIEPEBECTH PABHOBECHYIO
CHCTEMY M3 COCTOSIHMS | B HEKOTOpOE COCTOSHME 2 O3HA4YaeT, 4TO
B COCTOSHMHM | CHCTeMa HMeEET 3HAYCHHE HEKOTOpo# (yHKLUH
COCTOSIHMST G=0C;, a4 B COCTOSHAM 2—GC=0,#0C;, NpHYeM 03Ta
GbyHkuus npu aauabaTHBIX PAaBHOBECHBIX NPOLECCAX HE H3MEHSIETCH
(do=0 npu 8Q=0).

YcraHoBeHHE HA  OCHOBAHMM HpUHLMNA aAauabaTHOM HEMOCTH-
KHMOCTH  CYUIECTBOBAHHS Takod HOBOM (yHKIHMH COCTOSHMSA
o(ay, ..., a,; t) nupuBomur K TOoMy, uTo ndaddosa dopma s
3JIEMEHTAPHOTO, KOJIMYECTBA TEIUIOTH 0}, KOTOpas, COTJIACHO IIEPBOMY
Hayally, HE SBJISICTCS [OJHLIM HAudQepeHnuanoM, BCerja HMeEET
MHTETPUPYIOIMI MHOXHTEb, T. €. SBJISETCS TOJOHOMHOM™.

JelicTBuTebHo, Tak kak 60 wu do  saBiAOTCS  NTHHEHHBIMU
mubdepennuanbaeiMi GopMaMu B TONHBIX aduddepeHManax OAHHX
M- TeX e HE3aBHCHMBIX TEPEMEHHBIX H OJHOBPEMEHHO OOpaLIaroTCs
B HyJb, TO, CJEZOBATEJILHO, OHM MPONOPIUOHAIILHBL

30 =\do.
3mece A B 00IeM ciyyae 3aBHCHT OT BCEX IApamMeTPOB COCTOSHUSA
CHCTEMBI: sz(al, R t). IMoatomy

8Q0/h=do,

* Mdpadpopsr GOpMBI, HMMEIOLINE, HHTETPUPYIOUIHHA MHOXKHTENb, HA3BIBAIOTCH
20A0HOMHBIMU; HE HMEIOIIME HHTETPHPYIOLIETo MHOXHUTES — He20A0HOMHBLMU.
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1. e. npaddosa popma 3Q rosoomua. g
Moxno mnokazares (cMm. § 14), uro
Cpeli  MHTETPHPYIOUIMX  JEJHTENei
A muddepenumanshoil dopmbl 5O uMe-
€TCA JeNATEND, 3aBUCSIIHHA TOJILKO OT
TemniepaTypel: A= (), npuiem Bun Qys-
KIMH (pez’g 3aBHCHT OT BBIOOpa JM-
NUPHIECKOH TEMIEPATYPHl ! B JaHHOM
COCTOSIHMHK, a YHCJIOBOE 3HAYEHHE — HeT.
ITosToMy B XaXXZOM COCTOSHHY CHCTEMBL
bynxuus ¢ ét) HAMEET HEKOTOpyIo ab-

COJIIOTHYIO (HE 3aBHCALIyI0 OT BHIGOpa v
SMIAPHYECKOH TEMIEPATYDhI) BEIMUMHY.
Hpunumas 3navenue Gynxumn ¢(t) 3a Puc. 7.
Mepy TeMIepaTypel U obosHauas ¢(t)=7, momyaem
80/ T=ds. (3.5)

Qynkums S, onpenenseMas ahpdepeHIEaTEHBIM YPaBHEHUEM (3.5),
Has3bIBACTCS Oumponued, a He 34BUCAINAA OT BbLIOOPA TEPMOMETPH-
UCCKOrO  BELIECTBA TeMmIepatypa 1 — mepmodunamuyeckoii memne-
pamypoi.

W3 Broporo mawama crmemyer Takxke, 4TO JHTPONHS S SBIAETCS
OIHO3HAYHOH (QyHKkLMed cocTOsHHSA. DTO O3HAYAET, 4TO §8Q/T s
JHOBOr0 KpYroBOTO PABHOBECHOTO MpOILECCA PaBeH HYJIO. Beiu 6wl
9TO HE BBUIOJIHAIOCh, T. €. €CNH Obl JHTPOMAA OblUIA HEOMHO3HAYHOM
Gbynkune cocTosHHA, TO MOXHO ObUIO Obl OCYIIECTBUTh BEYHBIH
JBHraTejlb BTOPOTO pOA.

B camom nene. HeOMHO3HAYHOCTL JHTPONMH O3HAYAET, YTO JIBE
pasuble anamabarel Sy M S, MOIYT IepeceKaThcs W, CieOBaTEbHO,
BO3MOXCH KpYrOBOH NPOLECC, H300paXeHHbI OTPE3KOM H30TEPMBI
1—2 u orpeskaMu nepecekaronmxcs amuabar 2—3 n 3—1 (puc. 7).
Ecau mwa yuactke wmsorepMmueckoro mpouecca /—2 TAakoro mmkia
y TepMocTata  Gepercs Tennora Q(Q>O), TO, NO IEPBOMY Ha4daly,
32 cYeT OTOM TEIUIOTHl 33 WHMKJ HPOM3BONHUTCS MOJOXKHTEIbHAS
pabota W=Q=§6Q U MBIl HWMeEM, TakuM o0pa3oM, BeyHbIH
JBUTaTEJIb BTOPOTO pOja.

HeBo3MOXHOCT,  BEWHOro JBHraTens BTOPOro poja MIPABOAUT
K - HEBO3MOXHOCTH TepecedeHus anuabaTr, T.e. K OJHO3HAYHOCTH
OHTPONIMH. MaTeMaTHYeCKH JTO BBIPAXAETCA YpaBHEHHEM

§ds=0 (3.6)

npu_Jil060M PaBHOBECHOM KPYTrOBOM IPOLIECCE.

Ecim paGouee Teno, cosepuiaromiee Kpyrosoii mpouecc, Bce BpeMs
HaXOJMTCS B KOHTAKTE C TEPMOCTATOM, TO 38 TAKOH IMKI, COTJIACHO
dopmynam (3.5) u (3.6),

W=0=$§380=T4¢dS=0,
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T. €. paboTa IpH H3OTEPMHUYECKOM KPYTOBOM NPOIECCE paBHA HYJO™),

[MosoxeHe O CYUIECTBOBAHHM Yy BCAKOM TEPMOAMHAMUYECKOM
CHCTEMBI HOBOM OJHO3HAYHON (YHKINH COCTOSHUS — HTPOMUH S,
KOTOpas HpH aAuabaTHBIX PAaBHOBECHBIX NPOLECCAX HE H3IMEHsETCH,
H COCTABJSET COJEPXKAHHE BTOPOro HAYANA TEPMOJIUHAMHKH JList
PABHOBECHBIX TIPOIIECCOB.

MareMaTHUECKH 6mMOpoe HAYAAO MEPMOOUHAMUKYU OAA DABHOBECHBIX
npoyeccog 3aNHCHIBACTCS YpPABHEHHEM

%g:dS, wm 30 =TdS. 3.7)

3To BBIpaXkeHHE /IS 3JIEMEHTa KOJMYECTBA TEIUIOTHI UMEET TaKOi
X€¢ BHI, KaKk W Buipaxenue (1.3) nns sneMeHTapHOH paboTHI, mpuyeM
Ttemniepatypa T sBISIETCS MHTEHCHBHBIM IapaMeETPOM  TemjIonepenayn
(Tepmuyeckas o0oOOIEHHAass cHjla), a SHTPONHA .S— IKCTCHCHBHBIM
napaMeTpoM Temonepenayn (obobiueHHass koopawHaTta). CXOACTBO
BeIpaxeHUH s 00 u OW 0OYCIOBICHO POJACTBEHHOCTBIO TPHPOIBI
ITHX BEAMYHH: M TO H JAPYroe BBLIPAKACT - SHCPTHIO, NOJYYAEMYIO
cacremoii (cMm. § 5).

WHTerpanbHBIM ypaBHEHMEM BTOPOTO Havyajga s PaBHOBECHBIX
KPYIOBBIX IPOLECCOB SABNSETCA pasercmeo Kaaysuyca

iﬁﬁgzo. 3.8)

§ 14. MATEMATUYECKOE OBOCHOBAHUE CYIHECTBOBAHUS
SHTPOIIMN U TEPMOAUHAMUYECKOW TEMITEPATYPBI

W3 npunnuna anuaGatHOM HEJOCTHXHUMOCTH, KaK Mbl BHJIENH, CIEAYET
TOJIOHOMHOCTS AupdepenuuasbHod GopMel 3(Q, T. €. CylleCTBOBaHHE
Yy BBIDaXEHHS [UIS DPABHOBECHOTO JJIEMEHTA TemJoThl O HHTer-
pupyromero gesqateas A (wimm Mmuoxutens {/A). ITokaxkeMm, uro
Cpeld 3THX HUHTETPUPYIOIUMX AeJUTENell A €CTh Tako#, KOTOpHIi
3aBACHT TOJIBKO OT TeMuepaTypsl [A=¢(f)] u ompenensier sHTpONHIO
80
o(1)
TAKOro BeICOpPA HE 3aBHCHT, XOTS BHI GYHKuMH @(r) cBs3aH
¢ BHIOOPOM SMIMPHYECKOM TEMIEPATypHl .

CymecrBoBanue 3uTpommuu. IIycTh HMelOTCA JBe IOACHCTEMBI,
HaxXoJAIIHecs B TEIUIOBOM paBHOBecHH. COCTOsSHHE NepBOH MOJICH-

=dS cHcTeMBIl, M 4YTO YHCJIOBOE 3HaYeHHe O5Toi GYHKHAHM OT

CTEMBI ONpEACNISETCH apaMeTPaMu dy, ..., 4, !, COCTOSIHHE BTOPOH —
napaMeTrpamu by, ..., b,; t, COCTOSIHHE BCeil CHCTEMBI — IapaMeTpaMu
ag, ..., 4p; bl, s D

*) Jl1% HepaBHOBECHBIX MpolLeccoB pabota W 3a LMK NPH OJHOM TETJIOHCTOY-
HHKE MOXeT ObIThb OTpHuaTeNbHON (cM. 3amauy 3.37).
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IlycTh TpH HEKOTOPOM PpaBHOBECHOM IPOIECCE BCEH CHCTeMe
B 1IEJIOM COOOINAETCS KOJUYECTBO TEIUIOTH! 8(), KOTOpPOE pachpeesia-
eTcd MO TMOACHCTEMAM B KkosmuectBe 0Q; u 6(Q,, Tak 4TO

80 =08Q+08Q,. 3.9)

Ilo JOKa3aHHOMY, BCC O3TH JJIEMCHTBI TEMJNOTHI TOJIOHOMHBI,
MO3TOMY OHH MOIYT ObITh 3anKCaHel B BUOC

80, =hdoy, 80,=Mdo,, 50=Ado, (3.10)
rae
M=hilar, .., au; 1), ha=Ay(by, ..., bus 1),
A=A(@1, oy @) Bry oo b 1) 3.10")

— COOTBETCTBYIOILME HHTETPHPYIOIINE AEIUTENN; G H G5 — (YHK-
IIMM COCTOSHUA II€pBOH H BTOPOH CHCTEM.

OyHKOUA ©; ¥ G, MOXHO B3STh B KXa4eCTBE HE3aBHCHMBIX
HEPEMCHHBIX KaXJOH U3 9TUX CHCTEM, HANIPUMEP BMECTO HapaMeTpa
a; TepBOil CUCTeMBl M TapaMeTpa b; BTOpOH CHCTEMBI, TaK 4TO

M=ki(01; a2, oo ln; 1),

A=k (025 byyiisy by 1),
A=h(01, Oz a2, bay oy by 1),
6=06(01, 025 s, .o, Gn; b2y ooy by t);

do= —dt+—d01+ ® 2 dos + Z acyola,+ Z . G.11)

C fapyroél CTOPOHBI, NOACTABJIAS BbIPAXKECHUE (3.10) B (3.9),
HOITy4aeM

dc:%dcl+%d02. (.12)

CpasuuBas dopmyisl (3.11) u (3.12), HaxoquM, YTO 00 /00 =Ay /A,
0c6/00y=hy/N, a xosdpduuuentnl npu di, da,, ..., da,; db,, ..., db,
paBHbl Hymo. OTcrojga, NpPUpPABHUBAas CMEILAHHBIE HPOU3BOHbIE,
nonyyaemble u3 ¢dopmyisl (3.11), HaxomuMm:

;(M)‘O’ %(%)=0 (3.13)
a(x) 0 a%(%)ﬂ (3.14)
2)-

1 0 (ha\_
)0 ()0 319
(i=2,...m; k=2,3, .., m).
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U3 odopmynm (3.13) cuexnyer, 4TO ecim
B Bhipaxenns (3.10°) Bxomur napamerp !¢, TO
TOJBKO B BHAC OTHOH W TOH XK€ (PyHKUMH
@(t), Tak uTO

7~1=(P(t)'f1(51, ay, ey an)§
)"2=(p(t)‘f2(027 bZa ) bm)7 (3‘16)
Pnc. 8. )\‘=(p(t)f(0'1, O3, Ay, ...y Ay, b23 eey bm)'

Tax xak Ay HEe 3aBHCUT OT by, a A,—OT @, TO U3 $opMyn
(3.14), (3.15) cneayer, 910 A He 3aBUCHT OT & W b, A;—oOT a;,
a Ay—or b,. Takum obpaszoM, u3 (3.16) noayuaeM

7~1=(P(Z)‘f1(01), A=0(t) f2(02), 7»=(P(f)'f(01,0'2)‘ 3.17)

Bxogsmme croga yskmau fi(oy), f2(c;) u f(o1, 6,) sBusor-
¢ TNPOHU3BOJILHBIMH, IOCKONLKY, KaK W3BECTHO M3 MATEMATHKH,
€C/IM MMEETCH XOTS Obl OQUH HMHTErPUPYIOIUNHA  JIeJIHTENb Ay Jub-
depenunansHOi dopMmel 8Q,, Takol, uto 8Q /A, =do;, npousBeacHue
A1 Ha TPOM3BONBbHYIO dYHKUMIO V(G ) TakxKe OyAeT MHTErpPHPYIOLIM
JeJIUTETIEM.

Otclofa creayer, YTo cpead OecKOHEYHOTO MHOXECTBA WHTET-
PUPYIOUIHX NeNUTENEH HMEIOTCS U TaKue, Ui KOTOPBIX IPOU3BOJIBHBIE
dyrkumn fi(o()=/2(0c2)=1, T.e. AenuTeNH, 3aBUCAIIUE TONBKO OT
TEMIEPATYPl Ay =A,=@(¢); OpH 3TOM HHTErPUPYIOUHIA NENUTEND
A Takxe paseH (p(t?:

¢(t)=A=2;=1,. (3.18)

Je#icTBUTENBHO, PACCMOTPUM TPH HOACHCTEMBI (puc. 8), Haxoas-
IHHeCs B TEIJIOBOM PABHOBECHH; COIVIACHO JOKA3aHHOMY, JUI KaKIOH
napbl cucreM HMeeM: Ay =X,=0(t), hAy=k3=0(), k=k3=(p$t) u,
cnemoBatenbHo, A=A, =A=0¢(t) (A oTHOcHTCA X cucTeMam I,

&
Oyuknus Sy, onpenesnseMas ypaBHECHHEM %:dSl, Ha3bIBACTCH
9

IHmponuel. nepeoil cucmemvl, a GYHKUHMS S,, ompendesseMasi ypaBHe-
) . .
HUEM —Q—:=dSz, HA3LIBAETCS DHMpONuUell 8Mopol cucmemel.

Pazgenus Beipaxenue (3.9) Ha (3.18), mosysaem

0 _4s,+dS,=d(S,+5,)=dS,
o(t)
rae S=S;+S,—osHTponus Bceil CHCTEMBI, paBHa$ CYMMe OJHTPONHM
OTHE/bHBIX TNOJICUCTEM. JHMPOnUA, KAK BUOHO U3 ee OnpedeieHus,
ABAACCA  AOOUMUBHOW GeAUUUHOU, NPONOPYUOHAABHOW YUCAY Uacmuy
CUCMEMBI.

TaknMm o6pa3zoM, IOKa3aHO, YTO CPEAU HHTETPHUPYIOMMX JeauTeneH
a7EMEHTa TemwnoThl 8Q WMeeTcs Takoi @(t), KOTOpLIH 3aBHCHT
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TOJILKO OT TEMIEPATYPHl ! U OIMHAKOB JJIsl NIPOH3BOJILHBIX CHCTEM,
HAXOJSIIMXCA B TEIJIOBOM PABHOBECHH.

TepmommamiMeckas mkasa Temneparyp. Wcnosjb3yemas Hamu 0
CHX IIOp SMIMpUYECKas TEMIEPATYpa ! ONPEeNe/suiach 10 H3MEHEHHIO
(HampuMep, pacIMpPeHnIo) Kakoro-jiubo napaMerpa TOro WIM MHOTO Tep-
MOMETPHYECKOTO BEIIECTBA (PTYTH, CIIAPTA U T. A.). Kak Mbl yxe oTMeua-
Ji, TEPMOMETPBLI C PA3IMYHBIMM TEPMOMETPUYECKHMH TeJIaMH, KpOMe
ocHOBHEIX Toyek O m 100 °C, OymyT mnoka3piBaThb BO BCEX APYIHX
YCJIOBHSX pasHyIO TeMIepaTypy. O710 OCOOEHHO SICHO YKAa3biBAaeT ~Ha
HOPOU3BOJIGHOCTE M HEYJOBJIETBOPUTEIBHOCTh TAKOIO ONPEACICHUS TeM-
TepaTyphbl, Kak OOBLEKTUBHON MEPHI HHTEHCUBHOCTH TEILIOBOTO JABHKEHMS.

BTropoe Hadasio TepMOIAMHAMHKA YCTPAHAET I3TOT HEMOCTATOK
U 103BOJAET YCTAaHOBHTH TEPMOMMHAMHMYECKYIO HIKaJly, TeMIeparypa
HO KOTOPO# HE 3aBHCHT OT TEPMOMETPHYECKOTO BENIECTBA U MOITOMY
Has3blBaeTcs aOCONOTHOR. B camMoM Jiesie, MOCKOIbKY WHTETPHPYHOIINH
menmutedb @(f) A8 2JEMEHTAa TEIUIOThl ONPENEHSETCS TOJBKO TeM-
HepaTypod, OH MOXET CIyXHTb Mepod TeMmmepaTypsi. TeMreparypa
T=o@(t) n gensercas mepmoounamuyeckoti (abcoaromuoil) memnepa-
mypou, TOCKOJIBKY, KaK Mbl IIOKaXXeM, HHCIIOBOE 3HaueHue (QyHKIuu
(p(t) oT BbIOOpa 3IMIMPHYECKOW TEMIIEpATYphbl HE 3aBHCHT, XOTS BHJ
3TOM (YHKIMM 3aBHCHT OT BbIOOpa 3MIMPHUYECKOH TeMmepaTyphl.

Havinem cBs3p MeXay TepMOAWHAMMHYECKOM W IMIUPUYECKOIN
Temrnepatypamd. IlycTe 3MOupHueckasi TEMIEPATYpa CHCTEMBI, H3-
MepseMas 110 BEJMYHHE KaKOro-JIMOO napamMeTrpa HEKOTOPOTO Tep-
MOMETPHYECKOTO BEIECTBA, PaBHA f, a €€ TepMOIMHAMHUYECKas
temueparypa T=@(¢). COCTOAHME TePMOMETPHYECKOrO BEILECTBA
ONIPEACNSICTCS BHEIIHAM HApaMETPOM 4 U IMIMPHYECKOH Temmepa-
TYpO#l ¢ WM 3HAYCHHEM TECPMOIMHAMUUCCKON TemmepaTypsl T=¢(¢).
Torma nans 3Toro BelllecTBa no nepoMy Havany 8Q=dU+Adaq,

&
IO BTOpOMY Hauaiy —TQ=dS U, CIEAOBATENbLHO,

(BU/@T),,dT+[(5U/6a)1+A]da:<6s> dT+<a—S) da,
a T

T oT da
OTKy/a
oS 1/0U Ay 1 oU
(7).=2%) (&),=1 (%), 4]
028 028
Tax Kax —o=ors
TO
o) 1/oU o1 oU
s 1) J=ara (&) 4]
nuin
04 oU
T<ﬁ)”_<_a;)r+/1. (.19)
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Tak kax T=o(t), o t=¥(T) n T<6A> dt—(w> +4, orkyma

8t J.dT \ da
AT _ (04/01),dt IMocne wHTErpMpoOBaHHA NOJIyHaeM
T (Ujoa) A" pHp y

'
AN 2100 R Y
To (0U/éa),+ 4 T,

)

Toraa
T=T,e', 3.20)

rae T u Ty— TEeMOEpaTypbl 1O TEPMOAMHAMMYECKOHM IIKaje, COOT-
BETCTBYIOIIME 3MIMPUUYECKUM TeEMIeEpatypaM ¢ U fo.

U3 Boipaxenus (3.20) BUAHO, 4TO MPH DPaBHOBECHOM NEPEXOJIE
CHCTEMb! M3 OJTHOTO COCTOSIHHsI B JIpyroe TemmepaTypa I HE MOXET
H3MEHATH 3HaKa: OHA BCETNA WJIM MOJIOXKHTENbHA, HJIM OTPUIATEIbHA.
Hoxa3ars MOJOXHUTEILHOCTh WM OTPUIATEILHOCTh TEPMOIMHAMUYEC-
KON TeMmepaTyphl Hesb3s. Ee 3Hak omnpeaesisiercs MONOJHUTENBHBIM
YCIIOBHEM, CBA3aHHBIM C ONpeAeieHHEeM ~TOro, Kakas TeMmIiepaTypa
GoJIbllle, a4 KaKasi— MEHBIIE; CYATACTCH, UTO B CIyYae PaBHOBECHOIO
COOONIEHHsT Tedy TEMWIOTHI NpPHU MOCTOSHHBIX BHEIUHMX NapaMeTpax
ero rtemnepaTypa ysenuumsaetcs, T.e. C,=(0U/0T),>0 (cM. § 2).
Takoe HOTIOJHATEIBHOE YCIOBHE TIPUBOAMT K HOJIOXHTEABHOH Tep-
MouHaMuueckoii Temmnepartype (T>0) (cm. § 28).

Cuntass (B COOTBETCTBMM C NpPHHSATBIM YCIOBHeM™, ompenens-
OIMM, Kakas TeMrepaTypa OoJjblle, a Kakas-—MeEHBIIE) TeEMIepa-
Typy T TIONOXHTENLHON, Mbl NPHXOANM K BBIBOAY, 4TO OOBIYHBIE
CHCTEMBI HE MOIYT  MMETh OTPHUIATENBHBIX TEPMOAMHAMHYECKHX
TEMIEPATYP.

®opmyny (3.20) mns  onpenesieEds TeMmueparypsl 1 MOXHO
npeobpazoBaTh. - Jus  oMmupHueckofl TeMHepaTyphl f;  TEPMO-
JuHaMudeckad Temmnepatypa 1;=Tpexpl;, oTkyaa

T1 - To = T() (exp Il - 1), (3.21)

4

| (64/ot),ds
rae Iy _J(aU/aa)nLA ‘

to

Pasgenum seipaxenue (3.20) wa (3.21): 7 TT = ;Zp—ll, OTKyna
1— 40 i

T=(T,—To)expI/(expl;—1). (3.22)

*) JT0 [JOMOJHUTENLHOE YCIOBHE NPHUBOAUT K (POPMyIHPOBKE BTOPOro Havaja
TEPMOAMHAMUKHE JUIS PABHOBECHBIX IPOLECCOB B a[UA0OATHBIX CHCTEMAX B BUIE 3aKOHA
gospacmanus mmponuu (cM. § 17).
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BribepeM TemnepaTypHYIO IHIKaJy TakoH, 4ToObl pa3sHOCTH MEXAY
OCHOBHBIMH TOWKaMH ¢, —t,=100°C u T;—T,=100 K cooTBeT-
cTBOBaJIM Apyr apyry. Torma

_ expl
T=100 pery il (3.23)

Ota dopMyna mo3BOJNAET HAWTH TEPMOJUHAMMYECKYIO TeMmepa-
Typy T mO OaHHOM DJMIMPHYECKOH TemmepaType f, OIpeIessieMou
MO0 KakoMy-MOO CBOHCTBY TOrO HMIH HHOrO TEPMOMETPHYECKOIrO
BEINECTBA.

MNoxkaxem Tenepp, 4YTO TepMOIUHaMuyeckas Temmepatypa 7T
B JaHHOM COCTOSHHH HE 3aBHCHT OT BbIOOp2 TepMOMETPHYECKOTO
tena. IlycTh coCTOSIHME HEKOTOPOH CHCTEMBI XapaKTEpU3YETCs M0-
MHMO SMIIUPUYECKOH TEMOepaTypsl ¢ eHie ApYrofl  SMITHPHYECKOM
temmnepatypoit 1=1(t). TepMoanHamuueckas TeMmneparypa O, ompe-
JenseMas ¢ HOOMOLUBIO SMIHMPHYECKOH TeMnepaTypel T (mpu ToH
Ke pasHocTH O, —Oy=1;—1,=100 Mexay ‘OCHOBHBIMH TOUKAMH),
paBHa

©=100_ Pk
exply.—1’
e

T t

11_J((5A/0T),,dr =J(5A/0t)a(dt/dr)dt=1

oU/da).+ 4 (0U/da)+ 4 i
%o )
3t '1
/ zf (94/67),dv =J(6A/6t),,(dt/dt)dr=[
7 | (0Ujda)+ 4 (0U/2a),+ 4 !
TO to

U, cleoBateibHo, ®=1T, T. e. TeMOeparypa o TepMOJMHAMHUYECKOi
IIKaJie “He 3aBHCHT OT BHIOOpa TEpMOMETPHYECKOrO Tena.

IostoMy nJis BBIYHCACHHS TEPMOJHHAMHUYECKOH TEMIEpaTyphbl
no ¢opmyne (3.23) B KauecTBe TEpMOMETPHYECKOTO TeJlda MOXKHO
B3ATh WOCANbHbIA ra3, HaxOASWMics moA [NSHCTBHEM BCECTOPOHHETO
Jasienuss A=p, a=V. Jus wuoeanbHOro rasa INpH TOCTOSHHOM
obseme p=po(l+at), rae «=0,003661 K"'=1/273 15K, (—
Temneparypa uo inkane Lleascns, (0U/dV),=0. Wnrerpanst
I w I} B 3TOM ciiy4ae paBHBL

t t
Op/ot )y dt t 1+ at
/= Sp/ﬂt)y _ | odr =In 1+a . I=In +at
(eU/oV),+p 14+ar 1+at 1+aty
t

I3

0 o
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Mopacrasnsas [ u I; B dopmyny (3.23), nonyuaem T=100ﬁiz—

5 alt—to)’
H Tak kax #;—1,=100°C, 10

T=1/a+1=273,15+1.

Abcomomubiii  Hyab memnepamypei no wikate ILleavcus pasen
—273,15 °C.

IIpn cpenannoM Hamu BeiOope BermmuuHel 100 s pasHOCTH
temnepatyp 17— Ty, COOTBETCTBYIOHINX OCHOBHBIM TOYKaM, T. €.
npu Bbibope rpanyca Llesnbcus B KadecTBE eQMHHMIBI TEMIIEPATYPHI,
MEPMOOUHAMUYECKAA MeMNepAMypa CO8nAddem ¢ 2a3060ii memnepa-
mypoii, usmepenHoi no wikase Keavguna®. Ecnu monp30BaThCs
rpaaycom PeoMropa, T.e. TIOJNOXKHUTH

ti—1o=80 °R u T;—Ty=80 K,

To 1/a=273,15-80/100=218,4 n T=1+2184.
Abcomommueiii  myab memnepamypel no- wkase Peomtopa pasen
—218,4 °R.

§ 15. OCHOBHOE YPABHEHME TEPMOJIWHAMMKH
JJ PABHOBECHBIX NPOHECCOB. CBS3b MEXAY
TEPMUYECKMM U KAJTOPUYECKHUM YPABHEHHAMU COCTOSAHUA

ITo BrOpoMy Hawajly TEPMOAWHAMUKH, U PABHOBECHBIX IIPOLECCOB
80 =TdS. ObbpennHss 3TO BBIPAXKEHHE C YPABHEHHMEM IEPBOTO Havasa
tepmomunamuxkn 3Q=dU+)Y A;da;, nosnydaeM ocHoeHoe ypasenue

i
mepModuHaMuKu 041 PDABHOBECHBIX NPOYECCos

TdS=dU+) A;da;. (3.24)

Jis npocToi’ CHCTEMBI, HaXOASIIEHCH MO BCECTOPOHHHM JaBjle-
HUEM p, ypapHeHue (3.24) mMmeeT BHA
TdS=dU+pdV. (3.25)

Vpaeuenue (3.24) sBJsieTCs HCXOIHBIM IIPH aHAJIM3€ BCEX PaBHOBEC-
HBIX TIPOIECCOB B TEPMOAUHAMHUYECKHX CHCTEMAX C ITOCTOSIHHBIM
YUCIIOM 4acTHIl.

Kax Mol Bumend, NpH BHINUCIEHUY MHOTHX BEJINYMH HEOOXOAMMO
3HATL KaK TEPMHYCCKOE, TaK M KAJOPUIECKOE yPABHEHWA COCTOAHUSA

* Keavgun—1/273,16 TepMOAHHAMAYECKOR TeMIIEPaTypBI TPOKHON TOYKH BOXBIL.
D10 onpenencune 6pul0 mano B pesomommu JlecatoR IeHepansHOH xordepeHIn
no mepaM u BecaM (1954). Bmecte ¢ temM 1o MexAyHapomHONW NpaKTU4ecKOl
TEMOEPAaTYpHOH LuKaje IS TPOHHOM TOYKM BOIB! NpHHATZ TeMnepaTtypa r=0,01° C
TOYHO.

MostoMy ¢opMmysa nepexofa OT NPaKTHYECKOH K TEPMOAHHAMMYECKOH TeM-
NEePaTypHOU INKajie MMeEET BHA

T=1°C+273,15 °C.
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CHCTEMBL. DKCIEPUMEHTANbHO 3TH YpPaBHEHHS MOTYT OBITH NOJyYeHBI
He3aBHCUMO JIpYr OT Apyra. YpasHerue (3.24) no3BoJIsS€T yCTAHOBUTH
IuppepeHnaIbHyI0 CBS3b MEXIY HUMH, KOTOpas JelacT HEHYKHBIM
3HAHWE W/ KaJIOPUYECKOTO YPAaBHEHHS COCTOSIHHS, HJIA TOJBKO
3aBHCHMOCTH BHYTPEHHEH OSHEprMH OT BHEHIHHX napamerpos. Jle#t-
CTBHTEJLHO, M3 OCHOBHOTO YpaBHEHHs TepMoauHaMukd (3.24) Ha-
XOIUM

dU+Y 4;da;
Y C-UA PR Lol 1Y lda,
dS——Tw_*.—T<aT)“idT+TZi:l:<aai)“i'T+Al]dal.

Torpa
as\ _1[/au as\ _1[[oU _
(7).-17), (). ~7l(), +4]
(i=1, 2,.., n),

otkyna, noxobHo (3.19), monydaem creayrolee AuddepeHHaTbHOE
ypaBHEHHE, CBA3LIBAIOLIEEe TEPMHYECKOE W KAJIOPUYECKOEe YpaBHEHHS

COCTOSAHUA:
o4\ _(ou
T<ﬁ>ai“<a—a.»>r+’4'" (3.26)

Jlis IpocTOR CHCTEMBI, NOJBEPKEHHON NEHCTBUIO CUJIbI BCECTOPOH-
Hero gaeienuMs A=p, a=V, ypaBHeHue (3.26) mMeeT BHA

T(j_;)f(‘;_‘;)ﬁp. @.27)

ITpumennm ypasHenue (3.27) mas ompedcsicHHs BHYTPEHHEH 3HED-
THA HAcaNbHOro rasa, rasa Ban-gep-Baannca u s BBRIYHCIEHHS
Pa3sHOCTH TEIUIOEMKOCTEH PAa3IHYHBIX CHCTEM.

Hns  WaeanbHOTO ra3a TEPMHUYECKHM yPaBHEHHEM COCTOSHHSA
siBjisieTcst ypasHenue Kilaneitpona — Menpmeneepa

pV=RT.

W3 s3toro ypaBHeHHs (6p/6T v=R/V. TlogcTapnss HaiAeHHOE BbI-
paxeHue Npou3BoaHo# (0p/dT )y B dpopmyny (3.27), momyyaeMm 3aKoH

oU
Honcoyan (ﬁ> =0, KOTOpHIH, KAK Mbl yX€ MOKa3LIBaJH, NMO3BOJIACT
T

HalTH KaJIOPDHYECKOE ypaBHEHUE COCTOSHHSA ra3a, €ClIH JONOJHHTECIIbHO
HM3BECTHA TEMIECpATypHasi 3aBHCUMOCTHL €TI0 TEMJIOEMKOCTH:

Jns oIHOaTOMHOIO MAEaNbHOTO Ta3a C TOYHOCTHIO OO aJAUTHBHOR
THOCTOSIHHOM HMeeM

U=CyT. (3.28)
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EC/H  BOCHOIIL30BATECA ~ 3HAYCHHEM MOJIIDHOH TEMIOEMKOCTH OAHOATOMHOTO
uneanssoro rasa Cy=3/, R, To u3 dopmyn (3.27) u (3.28) MOXHO mNOJYYHTH
arebpantecKyi0 CBA3b MEXKAY €ro TECPMHYCCKHM H  KATODHYECKAM YDABHEHHAMH
COCTOSIHUA:

pv=2/,U, (3.29)
p="l3u, (3.30)

rae u=U/V--TUI0THOCTh 3HEPTHH OXHOATOMHOTO HOEAJLHOTO rasa.

Kax ycragapnmsactcs B craTucTHyecko#i Qusnuke, cBA3b (3.29) Mexay HaBicHHEM
p u oueprieil U CymIeCTBYET HE TOJIBKO B CJ1y4ac OOBIMHBIX (TIONMMHAIOMIMXCS YPABHEHUIO
Knaneitpona — MenzneneeBa ¥ Ha3hIBAEMBIX KIIACCHYCCKHMH) OJHOATOMHRIX HACANbHBIX
ra3oB, HO U B ClTy4ae KBaHTOBRIX kKak bo3e, Tak 1 DepMH HACANIBLHBIX (HEPEIATHBUCTKHX)
Fa30B, KO3 KHHETHYCCKAA OHEPIHa OTHX YACTHI| HATHTENLHO MEHBIIE HX coBCTBeHHOM
SHEpTHH mc? (¢ — CKOpOCTh cBeTa). J{is pesTHBUCTCKOrO MACANLHOTO KBAHTOBOTO rasa,
KOrja KHHCTHYCCKas OJHEPIHs €ro YacTHll CPaBHMMa MM 3HAYHTENBHO OOfbilie HX
COOCTBEHHOH 5HEPIHM, CBSA3b MEXAY YDAaBHCHHAMM COCTOSHHA p M U mMeer BHA

pV="1,0, 331
Tak uto p="!/yu.

IIJIS[ peajpHOro rasa, TCPMHUYECKHM YPABHCHUEM KOTOPOro sB-

RT a
nsieTcsi ypaBHeHue Ban-zep-Baanbca p= 73T

) _ R
T v V—b"

IMoacrasnas 3TH Bblpaxenus B ypaBHeHue (3.27), monyyaem
(0U/oV)r=a/V?. Taxum oGpasom,

dU= (aT) dT+( )dV CydT+-5dV,

HMEEM

U= J chT—ﬁ;';. (3.32)

Tax kak Cp peaNbHBIX Ta3zoB ciabo 3aBHCHT OT TEMIEPATYPHI,
10 ¢$opmyny (3.32) MoxHO 3ammcaTh B BHIC

U=CyT—a/V+U,.

IlepBoe cnaraemoe B ¢Qopmyne (3.32) mnpeactaBnser coboil
CPENHION KAHETHYECKYIO SHEPTHIO MOJIEKYJ Ta3a, a BTOPOE — IOTEH-
IMAJIBHYIO SHEPTHIO B3aMMOJCHCTBHS MOJIEKYJI, COOTBETCTBYIOMIYIO
BaH-AeP-BaaIbCOBBIM CHJIAM IIPHATSIKCHHUS.

TepBoe Hawayjo mIs pasHOCTH TtemnoeMkoctel C,—C), Jaer

oV
seipaxerne (2.7): C,—Cy= %g +p aT), Jns  BHIMHACIEHUS
T

C,—C, mo dopmyne (2.7) Heobxomumo 3HaTb KaK TEPMHYECKOE
ypaBHeHne cocrostaus p=p(T, V), TaKk ¥ KaJOPHYECKOEC YpaBHCHHE
coctrostuuss U= U (T, V). Bropoe Havaiio, yCTaHABJIMBAA CBSI3b MEXAY
3THMH YPaBHEHWSIMH, NO3BOJSET HAadTH pasHocTh C,— C,, 3Has

66



TOJbKO OAHO TEPMHYECKOE YPaBHEHME COCTOAHMA. JleHCTBHTENBHO,
ucnonb3ys (3.27) %, Haxoqum

ap ov
-Cy=T|=) [=]. 3.33
=G aT Jy\oT ), (3:33)
Bxoasuiue CIOAd UPOM3BOJHBIE MOXHO ONpEAC/HTh, 3HAA JIHIIb
TEpMHUYECKOe ypaBHEHHE cocTosHuA p=p (T, V) wm usMmepsst HeIlo-
1 foV
cpencTBeHHo K03pdHIHEHT 00BbEMHOTO PACHIHPEHHS oc=7<a—T~) 1 KO-
0 p

shbunmenT TepMmuecKoro cxatus P=——(—

Vo\op /¢
avy\ (0T op
M. 3agauy 1.7) |— ) [=— ] [-= ) = =1 u BoIpaxe-
W3 ToxaecTsa (c naqy 1.7) <0T>,,<ap>y 6V>T p

HAR i1 o H P Haxoaum

(7)) 6.5

IoacraBum 31y npousBoaHyro B dopmyny (3.33):
C,—Cy=V,Tu*/B. (3.34)

Tax xak, COIVIACHO YCJIOBHIO YCTOMYMBOCTH pPaBHOBECHOIO CO-
crosHust Beerga (0V/op)ry<0 m, cremoBarensHo, PB>0, To wu3
ypasHenus (3.34) HaxommMm, uto C,>C,. PaBeHCTBO BBIIONHSAETCS
npu o.=0. Hanpumep, y Boxsl 1ipu 4 fCu HOpMaJIbHOM aTMoc(hepHOM
JABJICHUH, KOTAa €€ IUIOTHOCTh MAaKCHMAaJlbHA M O K3MEHSIET 3HaK:

a<0 mpu 0<t<4 °C,
>0 npu >4 °C.

Takoe nosenenne kosdhduimenTa 06HEMHOr0 PACHIMPEHHS Y BOJBI
OPUBOAUT K TAKOMY €€ aHOMAJLHOMY CBOMCTBY, YTO B HHTEpBalle
TemnepaTyp 0<t<4 °C npu aguabaTHOM CKATHH OHa HE HATPEBAETCS,
KaKk JApyTHe XUAKOCTH W BCE Tas3bl, a oOXJaxaaercs *¥.

§ 16. BBIMUCIIEHUE 3HTPOITUU. TTAPAJAOKC T'MBBCA

CorniacHO OCHOBHOMY ypaBHeHHIO TepMOAMHAMHuKH (3.24), W3MeHeHHe
SHTPONUY MPH PABHOBECHOM IIEPEXOE CUCTEMBI U3 OJHOTO COCTOSHHMS
B JIpyroe paBHO

* B ofwieM ciyuae, cOMAcHo dopMmynam (2.6) u (3.26),
Cy—C,=T 6_A ?ﬁ . (3.33)
) az" A\ 0T /4
Temnepatypa BoAB ¢ MaKCHMANbHOHN TUIOTHOCTBIO, PABHAS NPH HOPMAIBHOM
naeneHnu 4 °C, He OCTaeTCs NHOCTOSHHOW, a MEJNICHHO MOHHXAETCH C IOBBIILEHHEM
AaBneHus: Ha 2,2 °C na kaxawie 9,8 MIla.
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AdU+Y 4,dg,
S,—S, = J — (3.35)

1

Jns BeraMcnenus pasHoctH S, —S; no gopmyne (3.35) Heobxoumo
3HaTh KaK TEPMHUECKOE, TaK W KaJIOPHYECKOE YPABHCHUS COCTOSHUSL:

A;=4;(ay,....a,, T), U=Ulay,..,a, T)
(i=1,2,..,n).

Ecxnu, oxHako, BocHoJib30BaThes mU(pdepeHIAaNbHEIM YpaBHEHHEM
(3.26), CBA3BLIBAIONINM OTH YPaBHECHHS COCTOSIHHS, TO

F QUIOT), AT+ Y. [(0Ufoa)r, o +4:]dd;
S,— S, =J "

T

1
2 2

=J9£;""_fz+zj(”> da, (3.36)
1 1

OTKyJla BHAHO, YTO IJIs HAXOXJCHWS H3MEHEeHHs 3HTpomuu S, — S,
HY)KHO 3HaTb TOIIbKO TEPMHUYECKOE YPABHECHHE COCTOSIHHS U 3aBU-
CHUMOCTb BHYTPEHHEH OSHEpPIuH. JIMIUb OT TeMIEpaTypsl (3HaHHe ee
3aBHCUMOCTH OT BHELIHHX 'HapaMeTpoB He Tpedyercs).
Jns mpocToi cucTeMBl, HaxOASIIEHCs TI0]] BCECTOPOHHMM BHEIIHHM
naBjenueM, w3 opmyanl (3.36) Haxomum
2 2

SZ—SI=JCV;T+J<6T) av. 3.37)
1 1

Tax xak pius Mons upeansHoro rasza pV=RT u (0p/0T),=R/V,
TO it Tasa ¢ C,=const HAXOIUM

s, SI—C,,ln +R1n CVln +R1
vl
rie v, H v,—o0bEMBbl Ha ONHY YaCTHLY B HAYaJIbLHOM H KOHEYHOM
COCTOSIHHX Ta3a COOTBCTCTBCHHO. HOSTOMY IJIst QHTPOIIMH  MOJIA
rasa MmoJy4um

S=C,InT+RInv+S,, (3.38)
rae
So=8,(T,, V\)—CyInT;—Rlnv,. (3.39)

Outpomns v=N/N, Mojeit uaeanbHOro rasa, 3aHHMAIOLIETO MpH
Temnepatype T obweM V, paBHa
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S=v[C,InT+RIn(V/N)+S,], (3.40)

rae, corjmacHo paseHcTBY (3.39), S, He 3aBHCUT OT 4HC/IA YaCTHII
N. Buipaxenue (3.40) ompenenser 3asucuMoctb S ot N, T, V.
Eciin uMeeTcs CMeCh Pa3JIdUHBIX HIEATbHBIX FA30B, TO ¢ MOMOIILIO
MOJIYHEIIPOHULAEMBIX MEPETOPOIOK (T. €. MePETOPOIOK, NPOHUIAEMBIX
I71s OJHOTO Ta3a ¥ HENPOHHHAEMBIX I IPYroro) MOXHO oGpaTuMo
pa3zeyuTh 3Ty CMECh Ha COCTABISIOUIHE €6 KOMIOHEHTHI, KaXAbIl U3
KOTOPBIX HMeeT o0beM cMecH, 0e3 cooOHIEHHS TEIIOTBI U 3aTpaThl
paboTel U, CIENOBATENbHO, 03 U3MEHEHHS JIHTPONHH CHCTEMBI (CM.
3ajayy 3.26). OTo mpuUBOMWMT K ciuexyrouieilt meopeme I'ubbca 06
SHTPONMH Ta30BOM CMECH: 3IHMPONUA CMeCU UOeaibHbIX 213068 pPAaGHA
CymMMme SHMPONUiL IMUX 2a308, KO20a KaXCOblii U3 HUX 6 OMOeAbHOCHU
3AHUMAEI BPU MEMNEPAMype cMecu mom xce 00veM, umo u 6cA cmecv™,
BoruncnuM, NOAB3YACh ITOH TEOPEMOH, YBEJMYEHHE SHTPOIUM
Npd CMEIICHHM JIBYX pa3/iWyHBIX Ta30B, pa3/ieieHHbIX BHAuaJje
NIEPErOPOAKOH, 3aHUMAOIMX 00BEMBI V| M V; W HMEIOIUX OfH-
HakoByro Temmepatrypy 71 (v; W v,—¥HCIO MOJeH KaxJaoro rasa).
OHTpONHS Ta30B JI0 CMEIEHHUs

Si=vi[Cy nT+RIn(Vy/N)+So1 ]+
+v2[Cy,In T+ RIn(V,/N; )+ So2 ],
a 1Mocjle CMEIICHHUs, KOrAa KaXIbif Ta3 3aHUMaeT Bechb 00beM V, + V,,
Su=v {Cy,In T+RWM[(V,+V,)/N;]+So1 } +
£, {Cy, In T4 RIn[(V, + V)N, ]+ So0)}. (3.41)
W3MeHeHHe SHTPONHM CHCTEMBI B PE3YNbTATE CMEIICHHS
AS=Sy—S8,=ViRIn [(V,+ V,)/V,]+v,RI[(V, + V;)/ V], (3.42)

OTKYAa BHJHO, UYTO W3MEHEHHE OSHTPONHH TIPH H30TSPMHYECKOM
CMEIIEHAH HIEANBHBIX Ta30B OINPENENSeTCS TOJBKO KOHOHMIYpalHoOH-
HOHi (3aBHcAmiel OT 00beMa) YacThl0 JHTPOIHH

S,=VvRIn(V/N), (3.43)

apyrue- wieHsl B dopmysie (3.40) mpd 3TOM PO HE MIPAIOT.
B uacTHOM ciywae paBHBIX KOJNHYeCTB raszoB (v, =v,=v=N/N,),
HaXOJAMMXCA O CMEINEHUs B OAWHAKOBBIX 00BeMax (V,=V,=V),
Ul KOH(MHUTYpalMoOHHON 4YacTM 3HTPOUHH CHCTEMBI MOJyYaeM:

S,=2vRIn(V/N), (3.44)
Syu=2vRIn(2V/N). (3.45)

* OGpaTHMO pa3geNMTh CMECh Ta30B M, CJIEAOBATENBHO, [0KA3aTh TEOPEMY
'n66ca MoxHO M 6€3 HCONB3OBAHMA MONYNPOHHIAEMBIX MEPEropodOK (CM. B KH.:
Jlopenn . A. Jlekuuu no tepmoamnamuke. M., 1941. § 70). Teopemy I'm66ca MoxHO
TaKxe J0Ka3arTh, HCHosb3ys 3akoH JanbroHa (cM. 3amady 3.6).
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WU3MeHeHHe SHTPOMMH [OCE CMEIIEHUS
AS=2vRIn2=2kNIn2. (3.46)

N3 coornomenuii (3.42), (3.46) BHIHO, YTO BO3pACTaHHE SHTPONUU
TPH CMCIICHHH [BYX HICAJIBHBIX Ta30B 3aBHCHT TOJILKO OT YHCIA
MoOJIeid ra30B, HO HE B3aBUCHT OT HX IpuUpoIbl. B mnpenensHOM
Cllydae CMEIICHUsS [BYX MICHTHYHBLIX Ta30oB YBEAHYEHHS OJHTPOINHH
HE MOJDKHO ObITh, TaK KakK IPH 3TOM IOCJE YAAICHHS pa3jielistouen
IEePEropoIki HHUKAKOTO TEPMOIMHAMHYECKOTO MpoIecca B CHCTEME
He npoucxoaut. TaxuM obpazoMm, NpH pacyere W3IMEHEHUS 3HTPOIUM
CMeEIlieHHe JBYX MWJAGHTHUYHBIX Ta30B HeEJb3s pPacCMaTpUBaTh  Kak
OpelnesibHbIi Cllydaii CMELUEHHs JIByX pas3jMuHbIX Ta30B H, CJleJoBa-
TEJILHO, NpU hepexode Om CMecU CKOAb Y200HO OAUSKUX HO CBOUM
C60UCMEAM U PA30eAUMBIX U3 IMOU CMeCU 24308 K CMeCU OOUHAKOBbIX
2azo8 AS ucnvimvigaem ckauox (napadoxc TI'ubbca)®).

Jns BBIYMCIICHHST H3MEHEHHS OSHTPONNM TPH. CMEUICHUH [ABYX
NOpIMH OJHOTO M TOTO JXE€ rasa HaJo TOJb30BAaTLCS WJIM He-
NOCPE/ICTBEHHO BbIpaxeHHeM (3.40) M SHTPOUMH XUMHYECKH O/I-
HOpoaHoro rasza (cM. 3amauy 3.27), WIH BHJOM3MEHEHHON TeopeMou
I'nbbca, cormacHO KOTOpOH SHTPOMAS Ta30BOH CMeCH IBYX OJMHA-
KOBBIX TOpPIMH OAHOTO W TOrO € ra3a paBHAa CyMMe OSHTPONHHA
obeux mopuMd, KOrjJa Kaxaas H3 HHX B OTICJIHHOCTH 3aHHMAeT
Bechb 00beM Oe3 2kNIn2 (cM. 3amayy 3.28), WIH Ke YYMTHIBATDH
B (opmyrne (3.45) nus SHTpPONMM CMeCH pa3HBIX Ta30B CKaYOK
A3MEHEHUS WX IUIOTHOCTH B MpelNeflbHOM cjydyae CMeLIeHus To-
KIESCTBEHHBIX Ta30B, T. €. IPH NMEPeXo/ie K CMEIIEHHIO TOXIECTBEHHbIX
ra3op Hago B dopmyne  (3.45) 3aMeHHTh IUIOTHOCTH, N/V Ha
2N/V (cm. 3amauy 3.34).

Petnte mapamokc - Tu66ca o3HawaeT ycTaHOBUTHL ¢u3HUeCKOe
OCHOBAHHE CKAauka ~BEJHYMHBI AS mnpu mepexoje OT CMECH CKOJIb
YIrOOHO OJIM3KUX Ta30B K CMECH OIMHAKOBBIX Ta30B.

B symrepaTtype M3BeCTHZ TOYKA 3pEHHs, COTJIACHO KOTOpOH ma-
pagokc I'ud6ca o pa3priBHOM noBeaeHUK AS CBSI3BIBAETCH ¢ OOBEKTHB-
HOM HEBO3MOXHOCTBIO HENPEPHIBHOIO CONVKEHUS MApAMETPOB, Xapak-
TEPU3YIOUINX CMEHIHBAIOMINECS Ta3bl, YTO HperojiaraeTcs Hpu ycra-
HoBNeHuu mapajgokca I'mb6bca. OOcyxaeHue 3TOH TOYKH 3DEHHS CM.
B pemieHnu 3amaud 3.34.

du3nyeckuM OCHOBaHHEM mapajiokca I'mbOca sBiiseTcs HEBO3MOX-
HOCTb pa3/iejieHus Ha MEepBOHAYANIbHBIE TIOPIUA CMECH TOXECTBCHHBIX
ra3oB B OTJHMYHE OT JONYCKAEMOr0 TEPMOIMHAMMKON pa3/eleHus
CMeCH CKOJb YrOJHO MAajio OTJIHMYAIONIMXCA JApPYr OT Jpyra ra3os.

*) [Tapadoxc SBJSETCS HCTMHHBIM YTBEPXKJEHHEM, KOTOPOE HEOGBIYHO, NPOTH-
BOPEYMT OCLICHPUHATOMY H IIPO KOTOPOE XOUYETCH CKa3aTh, YTO ITOTO HE MOXET OBITh.

OummboYHOe YTBEPXKACHHUE, BHLITIAASILEC MPABAOHOAOOHO, HA3BIBACTCA NAPAAO2U3-
mom. Tlapanorusm osHayaeT pacCykJAEHHE, B KOTOPOM HCHAMEDEHHO C/eldaHa JIOrHYec-
xas omubka.
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B pesynbraTe 3TOH OCOGEHHOCTH CMECH TOXICCTBCHHBIX Ta30B MO
CPaBHEHHIO CO CMECBIO PA3HBIX Ta30B HMEET MECTO CKAYOK ILTOTHOCTH
CMEMIMBAEMBIX Ta30B IIPH MEpexoJe OT CMeEIleHHs CKOJb YroaHO
OJIM3KKX Ta30B K CMEILEHHIO TOXAECTBEHHBIX Ta30B, KOTOPbI M IIpH-
BOMUT K CKauyky u3MeHeHus AS.

BenencrBie  3TOH  OCOOEHHOCTHM CMECH TOX/ECTBEHHBIX TIa30B
B 0oOmielt GopMysie [UIs SHTPONHH CMECH pa3HbiXx Tra3oB [cM. (3.41)]
pasjinuMe MEXAy ra3aMy Hejb3sl CTPEMHTH K HyJ0. J[JIsl BLIYMCIICHHUS
¢ momorpio dopmyn (3.41) u (3.45) sHTpoINM CMecH B NpeAebHOM
Cllydae CMELIEHHsS TOXJECTBEHHBIX Ta30B HEOOXOAMMO HEe TOJBKO
napaMeTp pa3iidiisd NOJIOXUTh PABHBIM HYJIIO, HO M YYECTh HpPOMC-
XOISIMI NHPH 3TOM CKAaYOK M3MEHCHHS IUIOTHOCTH CMEILMBAEMBIX
ra3oB (cM. 3agauy 3.34).

B Tex xe ciy4asx, KOLJa CMeCh TOXJCSCTBEHHBIX [a30B He
obnamaer OTME4YeHHOH (PU3HYECKOH OCOGEHHOCTBIO, T. €. KOTja Ta-
30BYI0 CMECh HEJIb3Sl DPa3feATh HE TOJBKO IMpPH ‘CMELICHAM OXHHA-
KOBBIX Ta30B, HO M IIPH CMEIIEHHH TEPMOAHHAMHYECKH Ppa3HbIX
ra3oB, HHKAKOTO CKAaYKa W3MEHEHHS TIOTHOCTH CMEIHBAEMBIX ra3’oB
NpH IEPEXOJie OT CMEIEHHs CKOJIb YrOAHO OJM3KHX ra3oB X CMellie-
HHUIO TOXAECTBEHHBIX ra3oB He npoucxogut. Ilostomy B dopmyne
JUIS SHTPONHH CMECH pa3HBiX ra3oB B OTHX CIyYasix MapaMeTphi
X Dpa3iMIAs MOXHO CTPEMHTh K HYJIO M 3TOT BTOPOH BHJ
CMEILICHUs WMIEANbHBIX Ta30B HE MMeEET OTHOLUEHHS K IapaJoKCy
I'nb6ca (cM. 3amaum 3.29, 3.30).

OObcynuM B 3aKJIHOYECHHE BOHPOC O (DH3MYECKOM CMBICIIC SHTPONHH.
OnHo3HavHasi QYHKIMS COCTOSHMS — SHTPONHS, CYIIECTBOBAHME KO-
TOpDOH Yy PpaBHOBECHOM . CHCTEMbl YCTAHABJIMBACT BTOpPOE HAYANIO
TEPMOIUHAMHUKM, HE SBISCTCS HATJIANHON BEJMYHHON: €e MOXHO
BBIYUCIIMTL HO HENB3S HENOCPEJCTBEHHO H3MEpUTh, NOAOOHO TeM-
nepaType WiH O0BEMY,— SHTPOIHOMETPOB He CYIIECTBYET.

@u3nyecKuil CMBICTT SHTPOIIMHM MOXHO BBIACHHTH KaK IIPH aHAJHM3E
PABHOBECHBIX | MPOLECCOB, TaKk W TPH W3yYeHHH HEPABHOBECHBIX
NPOLIECCOB; NpH 3TOM Oosiee [IIyOOKHH TEPMOAMHAMHYECKHH CMBICIT
SHTPOIMY PAacCKpbIBAETCA NPH aHAIN3E HEPABHOBECHBIX IIPOIIECCOB.
CMBICJI| 3TOT COCTOMT B TOM, YTO H3MEHEHHE IJHTPOIMM SBJISETCH
Mepoit HeOOpaTUMOCTH TIPOLECCOB B 3aMKHYTOM CHCTEME W Xapak-
TEpH3yeT HANpPaBJCHHE ECTECTBCHHLIX IPONECCOB B TAKOH CHCTEME.

IIpn aHanm3e paBHOBECHBIX NPOUECCOB MOHATHE SHTPOHHH MOXET
ObITh B KaKOH-TO CTENEHH YACHEHO W3 CJEAYIOMHUX PacCyXICHMI,
TOSICHSAIOUIMX CMBICT YpaBHEHUS

onpejessitomero uddepeHunan IHTPONUH.
Ilepsoe Hauayo yCTaHABJMBAET, YTO JJIEMEHT TEWIOTHl 0 He
aBjisteTcs nojaHbM mubdepenimanoM (cM. § 7). DU3MYECKHI CMBICH
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I 7 OTOrO YTBEPKACHHS COCTOUT B TOM,
YTO KOJMYECTBO TEILUIOTHI, HEOOXOomu-
MOE IIpH Iepexojie U3 OFHOI0 COCTO-
SHUS B JPYyroe, 3aBHCHT OT IyTH (T. €.
YCIIOBHR Tiepexona).

PaccMoTpaM mepexoji CHCTEMBI U3
coctossaud / B 2 mo nytu I wm 1I
(puc. 9). Pazobpem st myTH Ha Ine-

Puc. 9. MEHTHI, Ha KOTOPBIX CHCTEMAa NOJIy4aeT
COOTBETCTBYIONIME KOJMYECTBA TemNIOTHl O npu Temneparype 7.
IMonHbie KOJMYECTBA TEMJIOTHI, HEOOXOJMMBIC IS NEPEXOha U3
cocTofgHusA | B 2 MO 3TUM NYTAM, COOTBETCTBEHHO PaBHEI

QKZ.HSQ, Ou= fsQ,
® i

OpUYeM O NEepBOMY Havamy, BooOmie roBops, Qp#(Q. Onxako ecnn
KOJIMYECTBO TEIUIOTHL 0();, mMOJyYaeMoe CHCTEMON Ha HEKOTOPOM
JIeMeHTe Kakoro-nubo nyTu, pa3lesuTb HAa Temnepatypy 71, mpu
KOTOpOH coobijaercs 3Ta TEMIoTa, U HAHTH cyMMmy (MHTErpaj) 3THX
(npuBeeHHbIX) TemoT mo Becemy I @ mo Beemy I nytm, TO
(cornacHo ONBITY WM BTOPDOMY Hayajly TEpMOAWHAMHUKHM i paB-
HOBECHBIX TIPOIECCOB) 3TH CYMMBI (MHTErpaJibl) NPHBEJCHHBIX TEIUIOT
st BceX myTell mepexola OJMHAKOBBL

29

I

80 _ 30
=7 (3.47)

o an
3T0 yka3plBaeT ‘HA CYWIECTBOBAHME HEKOTOPOH OMHO3HAYHON
(YHKIUM COCTOAHMS, M3MEHCHHE KOTOPOH OMpEICSIETCS HHTEIPAJIOM
(3.47) u HasbIBaeTCA IHMPpORUELL:
2

S,—S,= FTQ (3.48)

1

Bosee rnmyGoxuid CMBICJI SHTPOITMH PACKPBIBAETCS B CTATHCTUYECKOH
¢u3nKe, cornacHo KOTOpoi 3HTponHs S CHCTEMBI B JAHHOM COCTOSHHH
XapaKTEPUYET 6EPOAMHOCL IMO20 COCMOAHUA:

S=kln W, (3.49)

rae k—rmocrosaHas bonbliMana; W— TepMoAUHAMUYECKAst BEPOSIT-
HOCTb COCTOSIHHUs, OIpeje/isieMas YUCIOM MHKDPOCOCTOSHHMH, peasM3y-
JOUMX JaHHoe MuKpococTosnune. CoortHomenue (3.49) BbIpaxaeT
npunyun Boavymana. OQHOCTOPOHHMHI XapakTep W3MEHEHHUsS! IHTPOITHU
B 3aMKHYTOH CHMCTEME OIpeJIeNisieTCsi NEPEXOJOM CHCTEMBI M3 MeEHee
BEPOSTHOTO COCTOsIHUSI B OoJjiee BEpOATHOE.
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Kax 6wvino ycramoenero K. lllennonom, mnadopmaums / o cucteme, mosydacMmas
opr HaOJIOACHMH 33 CHCTEMOH, CBS3aHA C NPOUCXOJAUMM IIpH 3TOM H3MEHEHHEM
BEPOSITHOCTH COCTOSHHS CHCTEMBI TAKUM K€ COOTHOWICHHEM (C TOYHOCTHIO AO 3HAKa),
xak u (3.49). OTo (opMaNbHOE CXOJCTBO BBIPAXKEHUH I8 TEPMOJHHAMHYECKOM
SHTPONMMH S W yMeHbIIeHHs uHPopMmanun—/ («MHGOPMAMOHHON 3JHTPOIMH» DO
lllenHOHY) NMPHBEIO MHOTHX aBTOPOB K HEODOCHOBAHHOMY OTOX/IECTBJICHHIO TEpMO-
NMHAMHYCCKOH J3HTPONHMH C «MHGOPMAIWOHHON OJHTDOMHEi», XOTA TOCHEAHAS He
SBIAETCA TEPMOAMHAMHYECKHM TapaMeTpoM. Hcrnonb3oBawue OOHOTO H TOFO Xe
TepMuHa (SHTPONMSA) JUIS PA3NMYHBLIX BEJHWYHH JIHIIb BBOOMT B 3abiyxnenue.

§ 17. BTOPOE HAYAJIO TEPMOJAMHAMMUKHU 51 HEPABHOBECHBIX
HNPOUECCOB. OCHOBHOE YPABHEHHME 1 OCHOBHOE
HEPABEHCTBO TEPMOJAMHAMMKHU

CymiecTBOBaHHE y PaBHOBECHOW CHCTEMBI HOBOH OJHO3HAUHOH (yH-
KIMM COCTOSIHUSI — 3HTPONIMH S — BBIpaXacT BTOPOE HAYajJio TepMo-
JVHAMHEKHA JAJI8  paBHOBecHBIX HpomneccoB. ChopmysupyeM Tenepb
BTOpOE HayaJlo B INPHUMEHEHHH K HEPABHOBECHBIM, HEOOPATHMbBIM
MIPOLIECCAM.

Paccmotpum  (puc. 10) mBa OJM3KHX _COCTOSIHMA paBHOBECHS
] u 2 nexoTtopo# cucteMmbl. [lycTh 1pH “HEPABHOBECHOM IEpexojie
M3 OJIHOTO COCTOSIHHS B APYroe*) cucteMe cooBIaeTcst OT KaKoro-imbo
TeNa KOJMYECTBO TemnoThl 0Q,, U OHa copepliaeT pabory OW.,
TaKk 4YTO IO TNEPBOMY Hayajy

8 Q=AU +5W,,. (3.50)

Ecmu xe cncrema mepexogutr HM3 cocTosHUS I B 2 PaBHOBECHO
0 KOJINYECTBO TEIUIOTHI, IOJyYaeMoe €K OT TOro XKe Tejia, PaBHO
30, a cosepuienHas pabora 3W, TO

5Q=dU+3W. (3.51)

TlepBbiit nepexo gBjsieTcs HEOOPATUMBIM, IIO3TOMY BO3BpALICHHE
CHCTEMBl B Ha4ajbHOE COCTOSIHME 0€3 KOMICHCAIIMH HEBO3MOXKHO;
BTOpOM MEpexosd oOpaTUM H CHCTEMY MOXHO BEPHYTh B HCXOJHOE
cocrosiHMe  6e3  BCAKMX  HM3MEHEHHWH
B OKpyXaloHmux Tenax. Bbiuuras u3 80w~
ypaBHenns (3.50) ypasuenue (3.51), no- -
Jy4aeM JUIs KpYyroBOro mpolecca

8Qu,—30=3W,,—3W. (3.52)

JTa pa3sHOCTh He MOXeT OBIThL pas-
HOH HYJNK, TaK KaK B HPOTHBHOM CJIyyae
3TO o3Ha4ano Obl, 4TO HEOOpaTHMBIH
NpOHECC NEPEXORa CUCTEMBI U3 OJHOTO
COCTOSHHSI B APYroe MOXHO OOpaTHTh
pPaBHOBECHO  0e3  WU3MCHEHH B Pue. 10.

e ——

-~

* Ha puc. 10 HepaBHOBECHBIH NEPEXO CHCTEMBI H300paxeH YCIOBHO, NOCKOMBKY
Takke MepexoAbl Helb3s H300pa3sHTh Ha Kako#-ubo auarpamme.
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OKpYXarolfux Teax (OTIAB TEMJIONCTOYHHKY KOJIMYECTBO TEIUTIOThI
30=30,, u npomsseas pabotry SW=3W,,). Pasnocts (3.52) me
MOXeT ObITh MOJIOXHTENbHOH, TaK Kak 3TO oO3Hayano Obl, 4TO 3a
KpyroBoil  mpouecc cucTemMo#f  Obula  mpousBelieHa — paborta
OW,up—08W>0 TOnNpKO 3a CYET  TEIWIOTHI  TEILIOHCTOYHHKA
80, —00>0 06e3 sBcakoit kommencanmu. Pasmocts (3.52) Moxer
ObITH OTPHIATENLHOH. ITO COOTBETCTBYET TOMY, 4TO LPH BO3BpalLe-
HHH CHCTEMbl B HayaJlbHOE COCTOSIHUE 4acTh TEmWIOTH 00 —8Q,,>0
nepeAaeTcs TEIUIOUCTOYHHKY 3a CcYeT BHelmHed paboTel oW —O8W,,,
YTO 1O BTOpPOMY Hayajly (BTOpPO#i €ro 4acTH) BO3MOXHO™®:
80,,—080=0W —38W<0. Orciona crmemyer, 4T0

80 >80, (3.53)
SW>3W,yy. (3.54)

Tax xax 8Q=T74dS, to u3 (3.53) monysaem 7'dS>80,,; npuHIMasN
T>0 K, umeeMm:

dS>5—QTf£, (3.55)
2

S,—8, >J§%ﬂ. (3.56)
1

U3 srpaxenmit (3.55) u (3.56) 3axmrouaeM:

1. Ilepexon cucTeMbl H3 OJHOTO COCTOSHWS B ApYroe, COBepIla-
eMbrii agmabatHo paBHoBecHo (8Q=T,dS=0), Henb3st OCYIIECTBHTH
aguabaTHo HepaBHOBeCcHO (8Q,,=0, dS>0), u Haobopor.

IloatoMy, XOTH 1pH annagammx npoueccax paboTa CHCTEMBI
KaKk NpH pPaBHOBECHOM, TaK M HEPAaBHOBECHOM IIpOLECCax paBHA
yObIIM BHYTPEHHEH OSHEPrWH, ONHAKO JAaX€ TpPH ONHOM H TOM Xe
YMEHBIICHWA BHYTPEHHEH SHEPTMH NP Takux mporeccax pabory dW
op4 anuabaTHOM pPaBHOBECHOM INIpoliecCe HeNb3d CPaBHHBATHL C pa-
Ooroit OW,, nmpm amuabaTHOM HEPaBHOBECHOM HpOHEcce, TaK Kak
KOHEYHBIE COCTOSIHMS MNP 3THX anuabaTHBIX mponeccax Oyayr pasHble.
OnHako ecim npH aauabaTHOM paBHOBECHOM IIEPEXOJE CHCTEMBI U3
coctosHust [ B 2 8W=—dU, TO nmpH HEepaBHOBECHOM, HO YK€ HE
agnabatHOoM mepexoge W3 I B 2 dW,,<—dU [eM. (3.54)].

2. Ilpn ammabatHOM HepaBHOBeCHOM mpouecce (8Q,,=0)

ds>0 u S,—S,>0, (3.57)

*) Ecam 6B TMPEANIONOXEHHE O HEBOIMOXHOCTH BEYHOTO JBHraTeNss BTOPOTO
poaa pomyckayno obpaldeHnue, T. €. eci¥ 6sl paboTy B TEIUIOTY TaxkKe HETb3A OBLIO
TPEBPATATL TONHOCTHIO Ge3 KoMIeHcalMu, TO pasHocTs (3.52) me Morjma 6bl OHITH
H orpuuartensuoil. Ilpu BemosHeHuu nepBoro yciosus (3.1) 310 o3Hawano Ol 4TO
TIPUBENCHHBIH Ha puc. 9 3aMKHYTBIH TIponecc HEBO3MOXeEH. B HacTosmiee BpeMs
MOXHO TNpPHBECTH OpuMep Taxkoro cay4ast (cMm. § 31).
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T. €. IPH 3TOM MpOLECCE CHCTEMa NEPEXOAUT B COCTOSHHE ¢ Goblneit
SHTPONHEH: npu aouabamubiX HEPABHOBECHBIX HPOYECCAX IHMPONUA
cucmembl so3pacmaen.

To, uTO OJHTPONMS TIPM PABHOBECHBIX IIpoleccax B aaMabaTHBIX CHCTEMax
BO3pacTaer, a He yOLIBAeT, CBS3aHO C YCIIOBHEM, ONPEINENAIOLIMM MOJOXKHTEIBHOCTh
TEPMOAMHAMMUYECKOH TemmepaTypsl. IIpu ApyroM JONOTHATENHHOM YCIOBHM, MPHBO-
psmeM Kk 7<0 K, Mp1 aMenn 661 13 (3.53) 1S HepaBHOBECHBIX NPOLECCOB B aHabaTHO
H30/IMPOBAHHBLIX (OOBIMHBIX) CHCTEMAaX HE 3aKOH BO3DACTAHMA, 4 3aKOH YOBIBAHHA
3HTPOIHMH.

TakuMm 00pa3oM, 3aKOH BO3DACTAHHS SHTPONHH CONCPXUT B cebe HE TOJBKO
OOBLEKTHBHYIO CTOPOHY (OOHOCTOPOHHOCTb €CTECTBEHHBIX NpOLECCOB), HO M CyObek-
THBHBIH MOMEHT —3HaK TEPMOJAWHAMHYECKOH TEMIEPaTyphbl, KOTOPHIA MPHIACT OOGBEK-
THBHOM CTOpOHE JIMIIb ONpEIENCHHOE BBIPAXKEHHME, HE MeHds ee cywmecrsa. OTcrona,
MEXAy NPOYHM, CIETYET, YTO HENb3S JOKA3BIBATH NONOKHTEILHOCTE TEPMOIHHAMMYEC-
KOH TEMIIEPATyPhl, HCXOI4 M3 3aKOHA BO3PACTAHAS JHTPONHH, Tak KakK (OPMyIHpOBKa
BTOPOrO HavYana Ui HeoOPaTHMBLIX NpPOLECCOB B annabaTHO 3aMKHYTHIX (OOBIMHBIX)
CHCTEMaX B BHJC 3aKOHA4 BO3DACTAHHA DHTPOIHH YXE NPEANONAraeT, YTO TEPMOIH-
HaMuyeckas TEMIEpaTypa IOJNIOXKHTENbHA.

3mo nosoxcenue 0 803pacmanuy IHMPONUU 8 AOUADAMHO 3AMKHYMOT
cucmeme npu HePaABHOBECHbIX npoyeccax (3aKOH. 803PACMAHUSA IHMPONUL)
sbipaxcaem 8mopoe HAua40 041 HepagHogechvix npoyeccog. QOHO
MIO3BOJISET XapakTEpU30BATH IHTPOIHIO, KAK MeEpPy HEOOpaTHMOCTH
IpoLiECCOB B 3aMKHyTOH cHcreme. B stom cocrout ¢usuyueckuit
CMBICTT 3HTPOIMH, €CJIH HOMXOAMTH K HEH, YUHTHIBas OCOGEHHOCTH
HEPaBHOBECHBIX IPOLECCOB.

Tak kak Bce €CTECTBEHHBIE, CAMOIPOU3BOJBHBIE NPOLECCHI IPO-
XOAAT € KOHEYHOHM CKOPOCTBIO, T. €. HEPABHOBECHBI, TO, CJICIOBATEIb-
HO, NIpH 3THX IMPOIECCax B 3aMKHYThIX CHCTEMAaXx OSHTPONMS BCerja
Bo3pacraer. Taxum oOpa3oM, BTOpPOe HAYAJI0 TEPMOJUHAMHKH IS
HEPABHOBECHBIX TPOLIECCOB YKA3bIBAET HANPABJICHHE €CTECTBEHHBIX
TIPOLIECCOB: eCMeCmBeHHble NPOYecchl 6 UI0AUPOSAHHbIX (UAU MOALKO
aAouUAbAMHO U30AUPOBAHHBIX) CUCIEMAX HPOXOOAM 8 HANPABACHUU POCMma
SHmMponuu.

Jlis HepaBHOBECHOTO Kpyrosoro mpomnecca u3 ¢opmynst (3.56)
HojyyaeM Hepasercmeo Kaaysuyca

3€3_QTLP<0. (3.58)

3ToO HEpaBeHCTBO, Tak ke Kak H Qopmyma (3.56), selpaxaer
6Mopoe HAYAAO 045 HEPABHOBECHbIX Npoyeccos B anuabATHO HEH30-
JUpPOBaHHBIX CHCTEMax [B OTJIMYME OT HepaBeHCTB (3.57), OTHOCAIIHXCH
K aguabaTHBIM CHCTEMaM |,

HepapenctBa (3.56) u (3.57) He cienyeT IOHMMATh B TOM CMBICIIE,
YTO IPU HEPaBHOBECHOM NEPEXOAE CUCTEMbI W3 cocTosnus | B 2 u3-
MEHEHHE OSHTPONHH OOJbllle, YeM IPH PAaBHOBECHOM IHEPEXOAE H3
I B 2. DHTpOTNSA ecTh OXHO3HAYHAS (DYHKIMSA COCTOSHHSA, H B KaXIOM
COCTOSTHMA CHCTEMa HMeeT OJHY OIpeJeNieHHyro 3uTponuro. Cremo-
BaTENILHO, PAa3sHOCTh 3HAYeHWH OSHTponuH S,—S; He 3aBHCHT OT
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TOTO, PABHOBECHBIM WJIM HEPABHOBECHBIM NYTEM CHUCTEMa Mepelia
u3 cocrosnus / B 2. 3Hax HepaBeHcTBa B (opMmyne (3.56) ykasbisaer
Ha TO, 9YTO WHTETpaj B npaBodl vactw (OPMYJIBI, B3ATHIH TO
HEPaBHOBECHOMY NYTH, HE ONpPENEseT Pa3sHOCTH SHTPONHH KOHEUHOTO
W HAYaJdbHOTO COCTOSHMI, & MeHbIIE ee. AHAJIOTHYHO, HEPABEHCTBO
(3.57) Beipaxaer TO, 4TO a;uabaTHas cUCTEMa MOXET HEPABHOBECHO
NIEPEXOTUTh B TAKHE COCTOSHUS, B KOTOPHIX €€ SHTPONHA OOJbIle.
B 5TOM M COCTOMT CMBICJI 3aKOHA BO3PACTAHHS SHTPONMM B alIu-
abaTHBIX CHCTEMax IpM HEPaBHOBECHBIX mpolieccax B Hed. M3 Bcero
3TOTO CIEAYET, YTO U OMPENCIICHUS H3MEHEHHS SHTPONUM S, =S,
[PU HEPABHOBECHOM NEPEXOJE CHCTEMBI M3 cOCTOsiHMSI | B 2 HYXHO
nepeBecTw cucreMy w3 [/ B 2 paBHOBecHO M 1o Qopmyse (3.35)
BolauciMTh S, —S; (cM. 3amauy 3.36). Hepasenctso dS>8%“’,
30
T
HepaBeHcTBa 0(Q >0(),, NMpH mnoAcTaHoBke B Hero 0Q =7dS. Camo
K€ HepaBeHCTBO 8 >0(,, MOJIYYEeHO W3 YCIOBHS, YTO TENO IIPH
PAaBHOBECHOM M HEPAaBHOBECHOM IMEPEXOAAX B OINpPEIE/ICHHOE KOHEYHOE
COCTOSIHUE IIOJIYYa€T TEIJIOTY OT OMHOIO M TOTO XK€ TeIIOOTAATYUKA.

a clelIoBaTesibHO, M HepaseHcTBO Knaysmyca <0 cnepyor u3

by
CnenoBatensHo, T' B HepaBeHCTBE S >—%‘2 u uBepasencTBe Knaysmyca

€CTh TeMIepaTypa TEIIOOTAATYHKA, a He Tena.

HepapenctBo (3.54) yxe HMCHONB30BAJOCHE B YacTHOM cllyyae
paboThl NpH PaBHOBECHOM U HEPaBHOBECHOM DACIIMPEHHH ra3a (CM.
§ 5); 3/1eCh OHO YCTaHOBJIEHO Ha OCHOBAaHMM BTOPOTrO Hauana B oOmem
cilydae Ui JroOBIX HEpaBHOBECHBIX mnpoueccos. M3 ¢opmynsr (3.54)
BHJHO, 4YTO €CJIM CHUCTeMa paBHOBECHO IeEpellljia H3 COCTOSHHS
1 B 2 0Ge3 cosepmienus pabothi (W' =0), TO OCYIECTBUTHL IEPEXOX
chucreMb! U3 I B 2 HepaBHOBecHO 0Oe3 cosepiueHust paboTsl (8 W,,=0)
HeBo3MoxHO. [TosTOMY Npu mporeccax nepexoja CHCTEMBI PaBHOBECHO
W HEPaBHOBECHO M3 OIHOTO COCTOAHMA B Opyroe Oe3 cCOBepIIECHHS
paboTBl 3aTpavMBaeMble [PU 3TOM COOTBETCTBYIOILME KOJMYECTBA
TemnoT 3Q u 8(,, HeAb3sl CPAaBHUBAThH, TAK KaK KOHEYHBIE COCTOSHMS
Opy TaKux nepexojax Oyayr pasHbele. 3abBeHHE 3TOTO CIEACTBHS
BTOPOrO Havala MOXeT NpHUBecTH K ommbkam (cMm. 3axasy 3.39).

Bropoe Hauamo /it HepaBHOBECHBIX IIPOLIECCOB TOKA3BIBAET
OTHOCHTEJIbHOCTH aXHabaTHOHW paBHOBECHOH HEJOCTUXKKUMOCTH M yCTa-
HaB/MBaeT abCoJIOTHYH aauabaTHYH HEeJOCTHXHMOCTb COCTOSHUM
¢ saTpomuei S<S,. JleldcTBUTeNBHO, npH anuabGaTHRIX PaBHOBECHBIX
npoleccax JOCTIXKMMBI JIHUIb COCTOSHHS ¢ HEU3MEHHOH DSHTpoONHeii
S=S8,=const ¥ HENOCTHXKHUMBI BCE COCTOSHHA Kak ¢ S>S§;, Tak
H ¢ §<S§, C NOMOIIBIO HEPAaBHOBECHBIX IIPOLECCOB MOXHO JOCTHYb
cocTtostHUR ¢ S>S,, HO Heab3ss AOCTHYL CocTOosHMMA ¢ S< S, Taxum
o6pazoMm, cocrosius ¢ S<.S; abCOIOTHO HEOOCTHXHMBI aauabaTHO
W3 JAHHOTO COCTOSHMSL ¢ J3HTpomued S,.
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OcHosnoe ypasHneHue W OCHOBHOE HeEpAGeHCMEo mepModuHaMuKu,
BBIPpAXAIOIIHE IICPBOE KW BTOPOC Havajla TCPMOAUHAMHKH, MOXHO
TENEPhp 3alnucaTb B BHUIOC

TdS>dU+Y 4,da, (3.59)

Ile 3HAaK paBeHCTBAZ OTHOCHTCS K PABHOBECHBIM, a HEPAaBEHCTBA —K
HEPaBHOBECHBIM JJIEMEHTAPHBIM TIPOHECCAM.

Bce mpuiioxeHHss TEpMOAMHAMHKA Oa3UPYIOTCS HA €€ OCHOBHEIX
ypaBHeHHSIX M HepaBeHcTBe (3.59).

3aMeTHM, 4TO aHAJOFHYHBIC YpPAaBHEHHE W HEPABEHCTBO BHIBOXATCA B (usuke
YEePHBIX [(BIP — KOMIAKTHBIX HEH3TyYalol¥x Tel, OOpa3oBaBLIMXCA ‘B - pe3yJbTate
KOJJarca MacCuBHBIX 3Be3f ¢ Maccofi Gosee mByx Conmu. OTH GbiBiume 3BE3[IBL,
TIOJHOCTHIO  M3PACXOJIOBABIME CBOE SIEPHOE FOIOHeEe, WUMEIOT pasMep, paBHbIii
I'PABUTAIMONHOMY pajiycy R,=2GM/c? (G —rpasuTaunOHHas MOCTOAHHas, M — Macca
3BE3/Ibl, ¢— CKOPOCTb CBETa; rpanmauuoxmbm pamuyc ConHua— oKoIo 3 k™). Pos,
AHQJIOTHYHYIO OSHTPONMH B TEPMOAMHAMEKE, B (M3UKE UEPHBIX [bIP BHIIOJHSACT
MOBEPXHOCTh S YEPHOH IBIPbI, 3 POJb TEPMOIUHAMUYECKONH TeMIEpaTyphi— BeHYHHA
> POHOPLHOHAIbLHAS NOBEPXHOCTHOH TPABUTALMH, T. €. HANPMKEHHOCTH CTATHYECKOTO
IPaBUTAIMOHHOrO NOJNA Ha NOBEPXHOCTH YEPHON Ablphl. UepHwle ABIPH He oOMamaroT
HAKAKUMM JPYIUMH CBOMCTBAMH, KpPOME CHOCOGHOCTH IPUTATHBATH, TOCKOJBKY
IPABUTALMOHHOE TOJe YEepHOH [BIPBI HACTOJBKO CHJIBHO, 9YTO AaXe 3afepXHBaeT
cBer. BenemcTeue 3TOro mNOJMHAS (GHTPONMSA» CHCTEMbI YEPHBLIX AbIp (BEJMYMHA,
[IPOTOPLMOHATIbHAS CYMME MOBEPXHOCTel S 4epHbIX Abip) He yOwiBaet: 85>0. Jra
W ApYTHE TEPMOMMHAMHYECKHE AHATOTUM B GU3MKE YEPHBIX IbIP OKa3bIBAKOTCA BEChbMa
HOJIE3HBIMH  NIPH  PACCMOTPEHMHM Da3jMMHBIX SABIEHUM C Y4acTMEM HYEPHBIX JIbIp,
noqo0HO TOMY, Kak Hayaja TEPMOIMHAMMKM TNO3BOIAIOT M3YYaThb MHOTHE OOHINE
CBOHCTBA TEPMOIMHAMUYECKMX NMpoueccoB. ONHOBPEMEHHO OHM YKa3BIBAIOT Ha CBOEOD-
pa3Hyl0 YHHBEPCATBHOCTb HAYa) TepPMOJAHHAMHKH.

Ilpeskne YeM NPUCTYHHTH K PELICHHIO KOHKPETHBIX (U3MYECKUX
3a/1a4, OCHOBBIBASICH Had ypaBHEHMH TepMojuHaMmuku (3.59), paccMmot-
pMM HEKOTOpBIE CHEACTBUS BTOPOrO Havaja.

§ 18. IIMKJT KAPHO U TEOPEMBI KAPHO

Kak yxe oTMeuanoch, BTopoe Ha4ajio TePMOIMHAMUKH ObLIO YCTaHOB-
JICHO B pe3yjibTaTe aHanm3a paboThl TEIUIOBBIX MAIIWH.

B mnepBoM COYMHEHHH 00 TEPMOIMHAMMKE, OINYOJHKOBAHHOM
C.Kapuo B 1824 r, Oblia nocraBjieHa W pelieHa upobiieMa BO3-
MOXHOTO NOBBIIICHAS KO3(D(DHIUEHTa HOJIE3HOTO JIEHCTBHS TEIJIOBBIX
asurateneii. OTHOCHTENBHO K.ILJ. TEIIOBBIX Mauine Kapho ycranosun
JIBE TEOpEMBI, KOTOpPHIE COBMECTHO 3KBUBAJICHTHbI BTOPOMY HAaually
TepMoaAnHaMHUKH. JIokakeM 3TH TeopeMbi, UCXOJs U3 BTOPOTO Havaa.

Kosgppuyuenmom nosesnozo Oeticmeua 1 TEIINOBOTO IBHraTENs
Ha3bIBaeTCs OTHOHIeHWe paborhl W, mpom3BOAMMOM MAIUMHOH 3a
LUK, K KOJIMYECTBY TeIUIOTHI (J;, MOJYYaeMOMY MalIMHOH 3a
3TOT LHAKIL:

n=Ww/Q,.
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Ilo mepBomy Havaly TepMOIMHAMUKH,

W=§5Q=Q1-Q2,

rae (J,—a6coMoTHOe 3HAYEHHE KOJHYECTBA TEIUIOTHI, OTIABAEMOIO
pabovYnuM TeJIOM 33 UHKJ, NO3TOMY

__$rds _9,-0,
($7dS)ss>0 Q)

rA¢ HHTErpaj (§TdS )as>o Oepercs no ydyacTkaM 1MKJIa, Ha
kotopbix dS>0.

Jdns rpaduyeckoro u300pa)KeHHs MPOUECCOB BOCIOJIB3YeMCS 3H-
TPONMMHON IWarpaMMo# Ha ILTOCKOCTH € ociIMH kKoopauHAT S, T.
Ha 3ro#l jmarpamMme BejMyHMHA W=§8Q=§TdS paBHa IUTOLIAAU
UK, a Q1=(§T dS)ss>0 ompenmesnser IMIOIMALL, OTPAHUYCHHYIO
npeaebHbIME aanabatamMu /A u 3B, ockro abciwcc u 3JIeMEHTaAMU
mikna ¢ dS>0 (wacty kpuBod umkia /, 2, 3 Ha puc. 11).

Berumcsium  xara. umkina KapHo, cocrosimiero M3 ABYX H30Tep-
MHYECKHX W [BYX ajuabatHbix nponeccoB. Ha muarpamme S, T 3toT
muKn H3oOpaxen Ha puc. 12. Ha wsorepme [—2 Ttemiota Q)
Oepercs OT TeWIOOTHATYUKA, Ha H30TepMe 3—4 Temiora (), oTAaeTcs
TEIUIONPHEMHUKY. OTH TEIUIOTHI W paboTa 3a IMKJI DPaBHBL:

Q1 = T1 (52—51)> Q2= Tz (SZ_Sl)a
W= Q1 —Q2=(T1 - Tz)(Sz_S1)
M, clenoBaTeNnbHO, K.auj. mmkia Kapro

n=(0,—0,)/0,=(T,—T,)/T,. (3.60)

Orcrofia BUAHO, MTO K.M.0. yukaa Kapno He 3asucum om npupoowi
pabouezo eewecmea u npededbHbiX aduabam, a onpedeasemcs MmoAbKo
MeMHEPAMYPaAMu Meni0omoamuuxka u menionpuemHuxa (nepgas meope-
ma Kapno). I3 popmyiiel (3.60) ciiemyeT Takxe, 4YTO BIMSIHHE H3MEHEHHUS
temreparyp 7; u 7T, Ha 3HauyeHue K..4. nuxia Kaprao pasianuHo:
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n I, m_ 1 T,

ar, 1% o1, T, T¥
u 1ak xak T,>T,, 1o |0n/dT,|<|0n/0T,|. Takum obpasom, u3MeHe-
HHE TEMIepaTypbl TEIUIOOTJATYHKAa B MEHBIIEH CTENEHH BIMAET HA
H3MeHeHHe K.IA. Imkia KapHo, 4eM W3MEHCHHE TeMIepaTypsl
TEIJIOTPUEMHHKA.

Yem HmwKe TemnepaTypa 71, TeIUIONpHEMHHKAa TIpH [JAHHOK
TeMmnepatype 7, TEIUIOOTHATYMKA, TEM BbllE K.I.J4. mukia Kapwo.
Opnaxo nuka KapHo c temnepatypoit T, TelsiONpHEMHHKA, pPaBHOM
0 K, ocyniecTBUTH HEBO3MOXHO, Tak Kak 3TO TIPOTHBOPEUMSIO Obl
BTOPOMY Hayajly TepMOJMHAMUKH (Temiota (,, B3dTas y Harpesares,
B TAKOM IHMKJIE IIOJHOCTBIO NpeBpamanack Ovl B paboty). HeBozmoxk-
HOCTh 1O BTOPOMY Havajuy uukia KapHo ¢ TeMnepatypoil Temronp-
emauka T,=0 K BroIpaxaetrca He B ToM, uTo 0 K Hemoctuxum (3TOT
BOIIPOC HE PEIIAETCA BTOPHIM HA4ajiOM), a B TOM, YTO TaKOH IMKJ HJIH
HeNb3s 3aMKHYTb, HMJM OH BBIPOXHAETCS B . COBOKYNMHOCTH JBYX
coBnajaromux amwabar u m3oTepM (cM. ria9). Takum obpasom,
BTOpPOMY Hauaily He IpoTuBopeuut moctuxenne 0 K, no mmkn KapHo
¢ rtemneparypoil Temsonpuemauka 7,=0 K HeBO3MOXeH.

Ilo »T0H nNpHYMHE IOPOYHBI BCE  BBIBOABI M JIOKA3aTeJIbCTBA,
OCHOBBIBAIOIMECS HA HCHOJIb30BAaHMM M aHamu3e nukna KapHo
¢ T,=0K. Hanpumep, HeBepHBEIM SABJASETCS BCTpEHarOIieecs B He-
KOTOpBIX oOmmX Kypcax O(U3HKM YTBEPXKIEHHE O TOM, YTO A
OCYIIECTBJICHUS TIOJIHOTO NpEeBpAlICHUs TEIIOTH B paboty ¢ moMo-
IIBI0 TIEPHOJWYECKH NEHCTBYIOIIEH TEemIOBOH MAaIIMHBI Haao ObLIO
6b1 pacmoyiaraTh XOJIOMUJILHHKOM, TeMIepaTypa KOTOPOTO paBHA
0 K, m 470, NOCKOJIBKY TaKOTrO XOJOTMJIbHAKA HET, NMEPHUOAUYESCKH
JedCTByIOUIass MalliHa MOXET IpeBpalaTs B paboTy TOJNBKO 4acThb
TEI0Thl. B meHCTBHTENILHOCTH K€ JlaXke OPH HAJIHMYMH XOJOAWILHHUKA
¢ Temneparypoii 0 K BeyHblif HBHUTaTeNh BTOPOTO poja HEBO3MOXEH,
tak kax npu T,=0 K uuxn KapHo BBIpOXIaercs.

Kax ycramamimBaeT TpeThe HAYAJIO TEPMOJUHAMUKH (CM. TII. 4),
0 K semoctmxuM u mosToMy mukst Kapro ¢ teMnepatypoit X0Jro/Iiiib-
auka 1,=0 K ocyuiecTBuTh TeM 0o0Jiee HEBO3MOXHO.

3ameTnM, 4TO, Jdomyckas Bo3MoxHOCTh mukia Kapuo ¢ Tem-
nepatrypoit xonomuinsHMKa 71,=0 K, MOXHO HOpuiiTH XK HEBEpHOMY
BBIBOAYy O TOM, HYTO YyXe II0 BTOPOMY Hayaly H30TEpMHYECKUH
npouecc npu 0 K ognoBpemeRHO sBisieTca M aauabaTHeiM. B caMom
Jiesie, npexnostaras, 4ro uuka Kapro ¢ T,=0 K ocymecrsuMm, u3
dbopmynst (3.60) mosyvaem

Q2=T2Q1/T1=0’

B TO BpEMA KakK U3 BTOPOro Havajga 3TOT BRIBOI 6€3 MOTIOMHHTENbLHBIX
TIPEINOJIOKEHUH HE CIEAYeT.

JIeHCTBUTENLHO, NIPH 3JIEMEHTAPHOM H30TEPMUYECKOM W3MEHEHHUH
Kakoro-nubo mapaMerpa X 1O BTOPOMY HAvaly HMEEM
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(8Q/8x)r=T(3S/0x)y-

Orcrona BuOHO, 4T0 ecnu npu T—-0 K npomssommas (0S/0x)r
U3MeHseTcss mo 3akoHy (0S/0x)r=c¢/T, thoe c=const, TO H30TEp-
mudeckuii miporecc npu remneparype 7=0 K He Oymer aamabarHbiMm,
ecnd ke (0S/0x)r_og—const, TO HM3OTEPMHUYCCKHH MPOLECC MpH
temnepatype 7T=0 K Oyaer agmabatneiM. Ckazarb, Kak H3MEHSETCS
S npm pasmmuHbIX rnporeccax, korna 7—0 K, Bropoe Hayano Huuero
HE MOXET, W TO3TOMY HENb3Sl YTBEPXIATh, YTO yXE€ HO BTOPOMY
Hauany sce mpomeccht npu 0 K sBastorcs ammabartuoimu. K Takomy
BBIBOTY MOXHO TPHATH WIN B Pe3yJIbTATE HEBEPHOTO IPEMIIONIOKEHHS
o BozmoxaocTH mukia Kapro ¢ 7,=0 K, Wi npr KonoHATENHHOM
DPEANONOKEHHH, YTO wu3MeHenne sSHTponuu (0S/0x)r mpm 0K,
KOHEYHO, XOTA H OTJIHYHO OT HyJs. B rim 4 nmokasano, 4ro, mo
TpeTbeMy Hadany, (08/0x)r_.ox—0, nOITOMy HyJjeBas H30TEpMA
COBIAJACT C HYJICBOH M303HTPOMOM, a CIENOBATEIBHO, H C aANabaToM.

Teopema KapHO yka3biBaeT NyTh NOBBIIIEHHS K.ILI. TEILTOBBIX
Mamud. OHa cbIrpajla PYKOBOAAIIYKO POJb B Pa3BHTHH OCHOB
TEIUIOTEXHAKH. XOTd HHM OJHA TpHMeHsAeMas B TeXHUKE TeIUioBas
MammHa He pabortaer mo mukiy KapHo, 3HaueHHE 3TOro LHMKIA
COCTOUT B TOM, YTO OH HUMeeT HauOOJbIMA K.IIJ. MO CPaBHEHHIO
¢ [UKJIaMH, paboTalOlMMH B TEX K€ TEMIEPATYPHBIX Mpelesax,
M SIBJISETCS MepoH K.M.J. Bcex APYrHX HUKIOB (cM. 3amaxy 3.20).

Ecnn MamMea OpHM 3aJ2HHBIX BHEMIHHX YCJIOBHAX paboTaeT mo
HEKOTOPOMY LHMKJIy W HOJy4YaeT Npd HeoOpaTHMOM [MKJIE TO XK€
KOJIUYECTBO TEMIOTHL (J;, YTO M IpH oOpaTHMOM, TO, HOCKOJIBKY [cM.
(3.54)] pabora W,, 3a HeoOpaTMMBIi IMKI MeHbIIE paboOTH
W obpaTHMOTO LKA, K. . 0. HeObPamumoil Mauutsl Myeosp = Wap/Q1
MeHble K.N.0. 06pamumoli mauwiunsl Nesp = W/Q, (6mopas meopema KapHo):

nneoﬁp < noﬁp- (3.61)
§ 19. CAMOIIPOV3BOJILHLINA TEPEXO/ TEILIOTHI

Bropoe Haua10 TEPMOMHAMUKH /I HECTATHYECKHX MIPONIECCOB YKA3bIBACT
HA ONpE/ICICHHOE HANPABICHUE ECTECTBEHHBIX IPOIECCOB. ITO OCOOEHHO
XOPOIIIO BHAHO M3 IpUMeEpa CAMOIPOU3BOJIBLHOTO NEPEX0/Ia TEIIOTH IPH
TEIJIOBOM KOHTAKTE JIBYX TeJl C pa3jImiHbIMU TeMiepatypamu 11 u 7,.

Ilycte Hpu 3TOM OT MNEPBOTO Teja KO BTOPOMY 32 HEKOTOPOE
BpeMs df mepeigeT KoJgmdecTBO TemwIOTH 86Q >0 (AN HPOCTOTHI
3anucd Ml ynoTpebasem 3zmeck 8Q BMmecto 8Q,,). Ilo BTOpomy
HAQuaJly JHTPONMS 3TON CHUCTEMBI TEJX NpPH TAKOM HPOIECCEe NOJDKHA
BO3pacTH, MO3TOMYy (cM. 3aaady 3.38)

dS=dS,+dS,=8Q(1/T,—1/T,)>0, (3.62)

orkyaa Ty>T,, T. €. TEIUIOTA CAMONPOU3BONLHO MEPEXOTHT OT Tena
¢ OoJsibliell TeMImepaTypod K TeJy ¢ MeHbHIel TeMnepaTypoil.
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OnpepesieHAasl HanpaBiIeHHOCTh, OAHOCTOPOHHOCTH IiEpexoja Te-
IAOTHI TIPH TEIUIOBOM KOHTAKTE JBYX TeJl C Pa3JMuHON TeMNepaTypoit
apnseTcsl OOBEKTHBHBIM 3aKOHOM TpHpoAbl. OIHAKO KOHKPETHOE
BLIPAXEHHE JTOrO 3aKOHA 3aBHCHT OT ONpeAeseHus IOHATHS
«007bIasi WM MeEHbIIAs TEMIIEpaTypa», WIH, 4TO TO X CaMoe,
oT BbIOOpa 3HAKA TEPMOAWHAMHUYECKOHW TeMmepaTyphbl (A1 OOBIYHBIX
CHCTEM).

Eciii IpuHATH OTPHLATENLHYIO TEPMOOMHAMHUYECKYIO TEMIEPATYPY
(3T0  COOTBETCTBOBAJIO OBl TOMY, YTO IPH COOOIECHMH TEIIOTHI
OOBIMHOMY Tejly IpH IOCTOSHHBIX BHELIHUX IlapaMerpax ero. TeM-
neparypa IMOBMXKAETCA), TO BTOpPOE HAYAJO JUIS HECTATHYECKHX
TIPOLIECCOB COCTOSIO Obl B YTBEPXKICHHH YOBLUTH SHTPOTMH CHCTEMBI
npu ammabaTHBIX mponeccax. loraa BMecTo HepaeeHcrBa  (3.62)
MBIl MM OBl

dS=8Q(1/T,—1/T;)<0,

otkyna T;<T,, T. €. TEIWIOTa CAMONPOM3BOJBHO TEPEXOAUT OT TEja
C MeHbleH TeMmepaTypoll K Teny ¢ Oojbliei TemMnepaTypoit.

TIpuHSB TEPMOIMHAMMYECKYIO TEMIEPATypy MNOJOKHATEIBHOM, Mo-
Jy4aeM BbIpaXXe€HHE OJHOCTOPOHHETO XapakTepa CaMOHPOHU3BOJIBLHOTO
nepexofa TEIVIOTHl NpH TEIJIOBOM KOHTaKTe ABYX Tea B Bume (3.62),
T. €. NPUXOAUM K (HOPMYJIMpPOBKE BTOPOrO Hayana TepMOTHHAMHUKH
LISl HECTATUHYECKUX IIPOIECCOB. B BUJIE YTBEPXKJCHHA O CAMOIPOHU3-
BOJILHOM [epexofie TEMJIOThL - OT Tejla ¢ Oojbliuedl TeMuepaTypoi
K Tely C MeEHbIIEH TEeMNEpaTypoil mHpH HUX HEMOCPEACTBEHHOM
TEILIOBOM KOHTaKTe™,

B mayuHo#f u yueOHOH JMTepaType 4acTO NPUXOMHTCS BCTPEYATh
YTBEPXJEHHE O TOM, YTO 3aKOH BO3PAacTaHUS DSHTPONMU H 3aKOH
O CYIIECTBOBAHUM JHTPONMHU SBJISIFOTCH HE3ABUCHMBIMH TOJOXEHUSIMH
H TO3TOMY C TOCIECTHMM BIIOJHE COBMECTHMO HPOTHBOHOJIOXHOE
YTBEPXKACHNUE «3aKOH YOBIBAHHS SHTPONHMW» WK KAaKOE-HUOYb APYroe.
Heobxomumo, onHako, 3aMeTHTh cieayromiee. Kak Msl BUIeNH, eCid
IPUHATH . TEPMOJUHAMUYECKYIO TEeMIepaTypy (B ciay4asx OOBIYHBIX
CHCTEM)  TIOJIOKHUTENIBHOM, TO ¢ 3aKOHOM CYLIECTBOBAHHS SHTPOIHH
COBMECTHM TOJIBKO 33KOH BO3PAacTaHds SHTPONMH K HECOBMECTHM
3aKOH yObIBaHWs sHTpomwH. Eciu ke CYMTaTh TEPMOIUHAMUYECKYIO
TEMIepaTypy OTpUIATeIbHOM, TO Bee OyaeTr Haoboport. BeiBoa o ToMm,
4TO TEPMOAMHAMHYECKASE TEMIEpaTypa HE MOXET MEHATh 3HaKa
(mpr  KBa3HCTATWYECKMX IIPOIECCAX), SIBJIAETCA CINEACTBHEM CYIIECT-

¥ U3 W3NOXEHHOTO BHAHA OMMOOYHOCTL MPMBOMUMOTO B HEKOTOPBIX Kypcax
U3k BHIBONA O TOM, OYATO «YTBEDXKAEHHE, YTO IPH HENOCPEACTBEHHOM TEIUIOBOM
KOHTaKTe [ByX TeNl TEIUIOTA BCErJd NEPEXOJAUT OT Tela Oosee HATPETOro K Tely
MCHEE HArpeTOMy, HE COCTaBIACT COJACPXKAHHE (U3UYECKOrO 3aKOHA, a SBIACTCH
NpOCTO ONPENCNICHHEM TOro, Kakoe M3 JBYX TEJl YCIOBHO Has3bBaTe 0ojiee, a Kaxkoe
MEHEE HarperbimMy».

81



BOBAHHS JHTPOIHM y BCAKOH PaBHOBECHOH CHCTEMBI, a BLIOOp 3Haka
3aBHCAT OT OIpEAC/IeHHs HOHATHA «OOJblIass WIM MEHbIIAs TeM-
neparypar.

Bropoe Hayamo TepMOAMHAMMKM [IeHCTBUTEIILHO COCTOMT W3 ABYX
HE3aBHCHMBIX TIOJIOKEHHH, KOTOpBHIC BBIPAXAFOTCS WM B BUAE

Q:>W n W=0,,

WA Ha A3BIKE S3HTPOINH —B CYHICCTBOBAHUU 3HTPONUH H OQHOCTOPOH-
HCM HM3MEHEHHH €€ TP HCCTATHUYCCKHX HpOIeCCax B anuabaTHBIX
H30JIMPOBAHHBIX CHCTCMaAX.

§ 20. MPEJEJIBI MPUMEHUMOCTU BTOPOI'O HAUYAJIA
TEPMOJVUHAMMKHN. HAIIPABJEHHUE BPEMEHH

TIpuMeHMMOCTD Haval TEPMOAMHAMHKH OTPaHUMHBACTCA TIPEXJIE BCETO
paMKaMH CaMOH TEepMOJMHAMHKM — €€ TIPEAMETOM M HCXOJHBIMU
TIOJIOKEHUAMH. [{eCTBUTETHHO, TEILIOBOE [IBIXEHHE, 3aKOHOMEPHOCTH
KOTOpOr0 H3y4aeT TEPMOAWHAMHKA, CYLIECTBYET JHIUL B CACTEMAx
3 OONBINOTO YHMC/a dacTHil. Ilo3TOMY 3aKOHBI TEPMOJMHAMHKH
HEMPUMEHAMBI K MHKPOCHCTEMAM, - pa3Mepbl KOTOPHIX CPaBHAMBI
C pasMepaMH MOJIEKYJI. DTO O3HA4aer He TO, YTO B TAKHX CHCTEMaXx
HApYLIAeTCA BTOPOE HAYaN0,~—BEYHBIA ABHTATEIb BTOPOTO pOJA
OCYIIECTBATh HENB3S C MOMOIIBI0 JIOOBIX CHCTEM™, a TO, 4TO
TOBOPHTh O BEYHOM J[BHCATENE BTOPOrO poja Kak o0 ycTpoucTae,
KOTOpOe HEKOMHEHCHPOBAaHHO NpeBpamiano Obl TemIoTy B paboty,
B TIPUMEHEHMH K MMKPOCHCTEMAM JIMINEHO CMBICIA, MOCKOJIBKY sl
HHUX CTHpPAeTCd pa3jIMide MexXAY TemioTodt U paboToii.

Taxum o00pa3oMm, I BTOPOro Havyama, Kak W s Bcel Tep-
MOJHUHAMHAKH, CYIIECTBYET HUMNCHAA 2paHuya €ro MPUMEHHMOCTH: OHO
HENPUMEHUMO ' K MHKPOCHCTEMAM.

Bepxnan epanuya TPUMEHAMOCTH BTOPOTO Hayajia CBS3aHA C orpa-
HHYEHHEM IIPUMEHEHHS TEPMOAUHAMHAKH K CHCTEMaM TaJIaKTHYECKHX

* C nepBoro B3TNAAd MOXET TOKa3aThCs, YTO Halwude TEMIOBLIX (IyKTyauui
[IaeT TPHHIUIHAIBHYIO BO3MOXHOCTh NOCTPOCHHS BEYHOrO [BHraTelis BTOPOrO pOAa.
Ho 310 He Tax. PaccmorpuMm, Hanpumep, aykTyanwio HIOTHOCTH B rase. Moxer
MOXa3aThCAd BO3MOXHEIM «IIOMMAaTh» BO3HHKAIOMIME PA3HOCTH NABICHMH C IOMOIIBIO
CNEUHANBHBIX KJIAAHOB W amnapaToB, MMCIOMHX [€J0 C OTHEILHBIMH MOJIEKYJIaMH
[rakme ycrpoiictBa (cymectsa) B. ToMcoH HasbiBan «aeMoHaMH Makcsennar»], u uc-
NOJIb30BaTh HX JUIS COBEPIICHHS paboThl WIH pasficfieHHs cMmecH raszoB. OmHako 3To
HE TOMbKO NPAKTHYCCKH, HO M TEOPETHYECKH HEBO3MOXHO. Bee Hamm ammapatst,
KIamaHel M T. A, CaMH COCTOAT M3 MOJIEKyl H caMH oONafaloT HeKOTOPHIMH
KOJEGaHHAMH OKOJO TOJOXCHHS DABHOBECHS, TPHTOM COBEDIICHHO HE3aBUCHMBIMH
oT konebaHmit TroTHOoCcTH rasza. JKemaeMelii pe3yabTaT MOXHO ObUTO OB HONYYHTH
B HEKOTODBI ONpeJeNeHHBIH MOMEHT BDEMEHH, HO B CIIEAYIOLUMH Xe MOMEHT OH
XOMIeHCUpoBancs Obl CHOBa XoJIcOaHMAMM anmapara ¥ rasa.
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pa3MepoB, BCIEACTBUE IaJbHOACHCTBYIOIIETO Xapakrepa Ompeaess-
OlIEH poNiM B HHX TPABUTALMOHHBIX CHJI, KOTOpbie NPUBOIAT
K HEBLITOJHEHHIO B TAKHX CHCTEMAX MCXOMHBIX HOJIOXEHMH Kjac-
cHuYecKod TepMomuHaMuKd. [lostoMy 0e3 000OIIeHMs HCXOMHBIX
HOJOXEHUH TePMOAUHAMMKY V151 KOCMUYECKUX CHCTEM BTOPOE HAYajio
Hesib3sl TPHMEHSTh K OoJjblIMM yuacTkaM BceenenrHolt w Tem Oounee
ko Bcenennoil kakx nenoi®).

Mexay TeM HEKPUTHYECKOE TNEPEHECEHHE 3aKOHOMEPHOCTEH 3em-
HOI'0 MaKpOCKOIIMYECKOTO OIBITa Ha BCeneHHYIO Kak 1ejioe TPUBOOHIIO
K aHTHHAYYHBIM BBIBOJAM O «TCILIOBOH cMmepTu» BeeneHHOM.

B 3akoHYeHHOM BMJE KOHICHIMS «TEMJIOBOH cMepTm» BeeneHHOM
Obuia chopMmynupoBaHa OoJiee cra JieT Haszajq Ha OCHOBe pabor
Knaysuyca**), xoTOpBIf, pacnpoCTpaHss 3aKOHbI TEPMOAMHAMHKH Ha
BeesieHHyrO Kak LeJioe, nHuca | « JHEpTusi MHUpa OCTAETCS MOCTOSHHOM,
SHTPOTHUS. MHpPa CTPEMHUTCA K MAKCHMyMy», ITO 03HAYAECT, YTO
Bcenennast paHO WAM MO3THO NMPHUIAET B COCTOSIHHE TEPMOIUHAMMYEC-
KOTO paBHOBECHS; TOIJa BCE MPOLECCHI NPEKPATITCS U MUD NOTPY3HT-
CS B COCTOSIHHE «TEILJIOBOM CMEPTH», TEMIIEPATYpPa BO BCEX MeC-
tax BceneHno#t Oynmer omHOW M TOM ke, OJUHAKOBHIMH OYIYT W Bce
Ipyrue - MHTEHCHBHBIE HapaMeTpbl W Ooniblile yke He OydeT mnpu-
YPH, CHOCOOCTBYIONIMX BO3HAKHOBCHHIO Kakux Obl TO HH ObLIO
MPOLECCOB.

Konnemms «temnoBoit cMmeptu» BceleHHOH HENOCPEACTBEHHO
BEJIET K MOMOBIIHHE.

SHrenasc noasepr B3rasanl Kiay3uyca pe3kod KpUTHKE, [10Ka3as,
YTO KOHLENIHMSA «TEMIOBON CMepTH» BceleHHOH MPOTHBOPEUUT 3aKOHY
COXpaHEHHUsI ¥ MPEBpPAIlCHUS JHEPTWH, TaK Kak 3TOT 3aKOH, KaK MEI
yXe OoTMevand, TOBOPUT HE TOJbKO O KOJIMYECTBEHHON HEyHHY-
TOXHMOCTH IBMXEHHS MATEPHH, HO M O HEYTpauuBaeMOMH CIIOCOOHOCTH
K KaueCTBCHHBIM MPEBPAIEHASIM DPa3JH4HbIX (OpM ABMKCHHS OJHA
B JApYrylo.

IlepenoBrie  (pU3MKH HPONLIOrO BeKa TAKXKE BBICTYNANM IPOTHB
kxouuenimu - Knaysuyca.

Bonrpiioe mporpeccuBHOe 3HauyeHHE HMEIH B 3TOM OTHOINEHUH
paboThl| BBIOAMOMIETOCS (u3nKa-MaTepuaaucta bBonbiMaHa.

B mpoTuBOBEC KOHIENHUH «TEMJIOBOM cMepTH» BceneHHOH
BorapiMaH  BBLABUHYJ  «(DIYKTYanHMOHHYIO THIOTE3Y». boibiMan
BIEPBbIE YCTAHOBHUJ CTATHCTHYECKYIO TIDUPONY BTOpPOTO Hayaja

* Cucrema, 4acTblO KOTOPOH sBisteTcs Habmiogaemas namu Beenennas (Me-
TaranakTHKa), Ha3biBaeTCA Bceaennoii kaxk yeaoe (B KH.. BeckoHewHocts W Beenewnas.
M., 1969).

**¥) C Tex NOp 3Ta «TEODHS» NOJYYMIA AOBOJIBHO IIMPOKOE DPACHPOCTPAHEHHE.
Tak, Hanpumep, B kH.: J. Jeans. The Universe around us (Cambridge, University
press, 1930, p. 320) uyuraem: «BcejeHHas He MOXET CYILECTBOBATb BEYHO; PAHO WK
MO3AHO JOJDKHO HAaCTYNMTh BpeMs, KOIJla €€ MOCJAERHUHA 3pr SHEPrdM INOCTHIHET
HaMBHICIIEH CTYNEHH Ha JIECTHMIIE MAaJaloUiel MOJE3HOCTH, X B 9TOT MOMEHT aKTHBHAs
Xu3Hb BeeneHHON fomkHa OymeT NPEKpaTHTLCS».
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TepMoauHaMukd. COCTOSHHE TEPMOJIMHAMHYECKOTO PABHOBECHS, IO
BonbiMany, sBisieTCS JIMING  Haubosiee 4HacTO  BCTPEUAIOINAMCH,
HamboJiee BePOSATHBIM; B PpaBHOBECHOM cHCTeMe Bcerja camo-
IPOU3BOJIBHO MOTYT BO3HHKHYTH CKOJIb YTOAHO OoJibline ¢GayKTyaua.

PacripocTpansisi 3TH BbIBOJLI Ha BceleHHYIO Kak uenoe, bonbiMan
TIPHUINES K 3aKJo4eHHto, 4To BeesleHHast HaxomuTces, BooOille roBopd,
B COCTOSHMM TEPMOMHAMHUYECKOTO pPAaBHOBECHS, OJHAKO B Hei
HeN30€)XXHO BO3ZHUKAKOT CKOJb YrojHo Oosnplme ¢uykryamun. Takoii
OTPOMHOHM (UIyKTyanme#i SBJSETCS Ta 4acTh BceleHHOH, B KOTOpOi
MBI Haxomumcsi. Besikas (raykTyauust JOJDKHA HCYE3HYTh, HO CTOJIb
*e Hew3OexHO Oyayr BO3HMKAThL (IYKTYallHd [0A00HOrO  poja
B Jpyrux Mectax Beemennoil. Taxkum obpasom, no bBoabsimany,
OJlHM MHpBI NOTUOAIOT, a Jpyrue — BO3HHKAIOT.

IMpotuB QuykTyauMoHHOH THIOTe3sl BoJibIMaHa OblT BLIABUHYT
pin Bospaxenmi. OMHMM U3 HHX SBISIETCS MCYE3AIOIIE MaJjas
BEPOSTHOCTh CKOJNILKO-HUOYIL Oonbmmx ¢uyktyanuit. Hu xonnenmus
«TEIUIOBOH CMepTu», HU «QJIYKTYalMOHHAS TUNOTE3a» HE YYUTHIBAJIN
creumduxu BceneHHOW Kak TIpaBUTHpYIoWIed cucteMbl. B To Bpems
Kak I MAeaJIbHOTO rasza Haubosiee BEpOSTHBIM SIBJASETCS paBHOMED-
HOE pACIpENENICHHE YaCTHL B NPOCTPAHCTBE, B CHCTEME TPaBUTHPY-
FOIMX YacTHL OJHOPOJHOE paclpelesicHHe He COOTBETCTBYET Mak-
cuManbHOM 3HTponuy. OOpa3osanue 3Be3/l M TaNaKTHK M3 PaBHOMEp-
HOTO pacnpesielieHHs BEIECTBA TNPONCXOJIAT HE BCJIEACTBHE (DIYKTY-
anuif, a SBJIIETCS ECTECTBEHHBIM MPOLECCOM, HIYIIUM C POCTOM
SHTPOIHH.

B macrosimee BpeMsi BONPOC O «TEIUIOBOM cMepTH» BceneHHOR
CTOWT WHaue, 4eM BO BpeMeHa Knaysmyca — BojibiMaHa ¥ HeIaBHETO
OpouIoro. B COOTBETCTBHM C COBPEMEHHBIMM JaHHbIMH HabJroaeHuit
MerarajakTuka IpeJCTaBIAET COOOM pACIIHPSIONIYIOCS CHCTEMY H,
CJIEIOBATENBHO, SBJsAETCA HecTamuoHapHo#. [loaTromy Bompoc o «re-
WIoBOH cMepTH»  BeesieHHOH Hesb3si fnaxe CTaBUTh {(CM. IJI. 8).

HeoOpatumoe Bo3pacTanne SHTPONMH B 3aMKHYTHIX CHCTEMax IO
BTOPOMY HA4ajy TEPMOJWHAMHKHA OOYCIIOBIMBAET OTJHUYME OYyAyuIInX
COOBLITHH  OT TpOWIEIHKX. DTO NpHBENo bonbiMaHa X Meicid 00
HCHOJIb30BAHNM BTOPOTO Hadaja JyJisl OINpEAENeHUs] POCTa BPEMEHH.
Hame Bpems, o bojibiiMaHy, pacTer B TOM HAaIpaBJIECHUH, B KOTOPOM
BO3pacTaeT 3HTpoIMs B oOMTaeMoi Hamu wactu BceenenHoit; B Toit
uyactu BceneHHOH, B KOTOPOH MPOTEKAIOT OTKJIOHEHHS OT PaBHOBECHS
(pnykTyanum), Bpemss TeueT B OOpaTHYIO CTOPOHY.

B paborax 1960-—1963 rr. Xoitn npeansaran omnpenesisiTh IMOJO-
XHTEJIBHOE HAINpaB/cHUE BPEMEHH («CTPEJIy BPEMEHH») [0 pacuIupe-
a0 BeeneHHOH, T. €. MO YBENMUYEHHIO DPACCTOSHUS MEXIY TrajakKTH-
kaMu. Ecyu paHbllle TanakTHKH CONMXAIMCh, TO U BpeMs, 1o Xo#iy,
TEKJI0 B MPOTUBOIHOJIOXHYIO CTOPOHY MO CPABHEHHIO C COBPEMEHHBIM.

U3BecTHa TakXe MPUYMAHHAS TEOPHS BPEMEHHU, COTJIACHO KOTOPOM
BpPEMEHHOM TOPSIOK OT NPOIUIOTO, ¥epe3 Hacrodllee K Oyaylemy
XapaKTepU3yeTCs NPUYMHHBIM MOPSAIKOM: OT NPUYHHBI K CHIEACTBHIO.
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Opuako, KaKk TMOKa3bIBACT aHAJM3, MPH 3TOM JOMYCKACTCS JIOMHYECKHUit
Kpyr: /Uis UPHYAHHOTO [OpsAAKa HEABHO UCHOJb3yeTcsl MOHATHE
BPEMEHHOI0 DOpSOKa, KOTOPOe HEOOXOAMMO BBLIBECTH.

Bonpoc o6 acuMMeTpun BpeMEHHOro mopsaka (HeoOpaTUMOCTH
BpEMEHH) O CHX TIOp HE HUMEET OJIHOIHAYHBIX U OKOHYATEJHHBIX
pelueHu.

flo MHEHHIO aBTOpa, HAllpaBJIEHUE BPEMEHH COJEPKHUTCH B CAMOM
ONpesieJicHHH KATerOPUH BpeMEHM Kak (opMbl ObITHS MaTepuy,
BbIpaXarolleil nmpouecc B3aUMOIEPEXOJ0B MexXAy ObhITHEM H HeOBITH-
eM. Paznamuue Mexay HACTOSNIMM, MOPOHUIBIM M OyIOYIMM.  €CTh
pasimEiMe MEXIy OCYIIECTBISIOIMMCS, OCYUIECTBUBIIMMCH M ITOKa
elue He OCyllecTBUBIIMMCS. BpemMeHHOH aclieKT H3MEHEHHs BHIPAXaeT
VMEHHO INPOLECC CTAHOBICHUS. AKT CTAHOBJICHMS, OCYINECTBIICHHST —
3TO0 TO BEYHO JBHXKYIeeCd M BEUHO MpeOBIBAIOIIEE COCTOSHHE
MAaTepHATLHOTO MHpPa, KOTOPOE M BHIPAXaeTcsl B JEHCTBUTEIbHOCTHY,

OTcrofa BHUIHO, YTO «CTpejla BPEMEHM» MMeeT OOBEKTHBHOE
HampaBJleHWE B OJHY CTOPOHY —OT HeObITHA K OBITHIO, B CTOPOHY
Pa3BUTHS MPEIMETOB, HX CTAHOBJICHHUS, MOCTCNCHHOTO (OPMHUPOBAHHS
¥ THOEIM Kak TakKoBbIX. JTa HeoOpaTUMOCTb HalpaBJICHAS BPEMEHH
CYLIECTBYET KaXx B MUpE BO3pACTAalollel OSHTPONHH, Tak U B MHPE
tykTyanuit BombnMaHa, Kak B paclumpsortefics, tax ¥ B CXHMa-
rouleiics Beenennoil. OnpeneneHusi HanpapieHHs BpeMeHH 1Mo bBouib-
OMaHy WIH Mo XOUiy SBJAIOTCS  IMIHPHYECKHMMH, YIOOHBIMH VIS
IpaKTHYECKOTO ONpeJIeSieHHs] pocTa BPEMEHH, HO OHH €CTh CIEACTBUS
0OBLEKTHBHOTO HANpPaBJEHHS BPEMEHM, BBITEKAIOILETO M3 COAEPKAHHS
€CaMOro HOHSTHS BPEMEHH.

3AAAUYHN

3.1. Bo3MmoxeH nM Mpouecc, OPH KOTOPOM TEIJIOTa, B3siTasi Yy TEIUIOHCTOYHHKA,
NOJIHOCTBIO TIpeBparacTcs B paboTy?

3.2. TloweMy oMmHKOOYHO CYINECTBOBABILCE IPEACTABJIEHAEC © TOM, YTO TEPEXOR
TEMAOTHL (OT Tesia ¢ Oonbine#l k Teny ¢ MeHbiicH TemnepaTypod aHajiorgyeH
ONYCKaHWIO BECOMOTo Tena ¢ Gofblueif BHICOTHI O MeHbluei?

3.3. Ha ropsuyio necuaHyxo OaHIO CTaBUTCA BHICOKMHM XHMHYECKMH CTakaH, Ha JHO
KOTOPOFO HAJMT CJIOH aHMJINMHA, a CBepXy NOYTH OO KpaeB Boja. UYepes
HEKOTOPOE BpeMs Kalljls AHWIHHA TNOJHMMaeTcs K CBOOOIHOH IOBEPXHOCTH
BOIpI, coBepluas paboTy NPOTHB CHJI THXKECTH, a IOTOM CHOBA MNajaeT Ha
[HO. JTOT Tponecc OyneT MOBTOPATBCA O Tex NOp, NMoka OaHg HarpesacTcs.
Kax oObsicauTh Takoe nBwxenue kammu? He MPOTHBOPEHHT JiM OHO BTOPOMY
Ha4ajly O HEBO3MOXHOCTH NECPHOAMYECKOTO COBEpUIEHHs paboThi NpH HCIONb-
30BAHMH TCIUTOTH TONBLKO ONHOIO HMCTOYHHKA?

3.4. Kpacusyro HArNsAHYIO WUTIOCTPALMIO BTOPOrO Ha4aja TEPMOAWHAMHKH [aeT
nperckas urpymika «[Ituuka XorraGomua» (puc. 13). Oua mpexacraBaseT co6oi
CTEKASHHYIO, HATJIYXO 3alasHHyio (QUIYpHYIO aMilylly Ha METalH4ecKoi OcCH.
AMIyjla HalOJIHEHA JerKO HCHAapsIOLIEHCS XUOKOCTBIO. B PaBHOBECHH CTBOJ
ATHYKK OTKJIOHEH HA HECKOJBKO TPagyCcoB OT BepTHKanu. [ojoBKa u KIOB
MOKPBHITH TOHKHM CJI0eM BaThl. ECIM HEMHOTO YBIQXHHTH TOJIOBKY, OINYCTHB,

* Cm.: Ackun . ®. Ilpobrnema Bpemenu. M., 1966.
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3.5,

3.6.
37

38.

3.9.

3.10.

3.11.
3.12.
3.13.
3.14.
3.15.

3.16.

3.17.
3.18.
3.19.
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Puc. 13.

HanmpHMeEp, KJIOB B CT2KaHYHK C BOJOHM, TO NTHYKA mocnie 3Toro Oyaer cama
HEIPEPHIBHO «IIHTH» BOAY M3 cTakanuuka. OOBACHATH TaKOE «IIOBEACHHE» NTHYKH.
Hn£¢epenunanbnoe BBIPAXCHUE JJIEMEHTA TEIUIOTHI OQ TOJIOHOMHO TOJBKO /I
TepMHYECKH ONHOPOAHBIX cucTeM. [lokasaTh, 4TO Ul TEPMHYECKH HEOJHOPOIHBIX
cucreM 0 HEroJOHOMHO.

Jokasats TeopeMy I'mb6ca 06 SHTPONMH CMecH MAGAIBHBLIX Fa30B, MCHOIb3yd
3akoH JlanbToHa.

Moxa3ats, 4To pasHocT, TemmepaTyp Mexay. 1073 u 107° K sksusanenTHa
pasHocTH Temmepatyp mMexay 3 u 300 K, 1. ¢. paBHble TeMnepaTypHEIC HHTEPBAJIBI
AT no mxane KennBHHA HE JKBUBAJICHTHBIL

TepMuadeckoe M KaJXOPHYECKOE YPABHEHMS COCTOSHHS HACATILHOTO JJEKTPOHHOTO
rasa CBf3aHbl COOTHOWeHMeM pV=2/3U. HaiiTu IUIs 3TOro rasa ypaBHEHHe
agnabatei B mepeMeHHbX p, V u T,

Kooddumuent obvemuoro pacmmpenns o Bogbl npu 4 °C uU3MEHAET 3HAK,
6ynysn mpu 0° C<r<4 °C BemnunHOH oTpunarenbHoi. [lokaszars, ¥TO B 3TOM
HHTEpBAJC TEMMEpATyp BoJAa IHpH aauabaTHOM CXaTHM OXJIaXJaeTcd, a He
HarpeBaeTcs, KaK /[pyrae XKHAKOCTH H BCC Ia3bl

ITonb3yscs OCHOBHBIM YPaBHEHHEM TEPMOJAMHAMMKM, YCTaHOBMTH NpaBuio Mak-
cBejUla: Ha guarpamMe V, p mwioman, obpasyiommecs IpH TEpecEedCHHHA
u3oTepmbl BaH-mep-Baanbca 3kcrepuMeHTaIbHOH NpAMOM H30TepMoi — u3obapoi
ae (puc. 14), cooTBeTCTBYIOIUEH PaBHOBECHIO XHIKOCTb—IMAp, OJHHAKOBBL.
BBIYHCIINTL SHTPONMIO raza Ban-nep-Baanbca u HaliTH ypaBHeHHe ero afuabaThl.
Boruncinte passocte Cp,—Cy nng raza Ban-nep-Baannca.

IToka3aTh, YTO BHYTPEHHSS JHEPIHs BELIECTBA C YPABHEHHEM COCTOAHMS B (hopme
p=Tf(V) He 3apuceT oT obBeMma.

YCTaHOBUTB, YTO BHYTPEHHAA DJHEPrAs WCANbHOIO [apaMarHeTUKa 3aBHCHT
TOJILKO OT TEMIEPATYypBhI.

Burancoute passocts Cp— Cy, MeXAy TEIUIOEMKOCTSMH NIPH HOCTOSSHHOM Hanpsike-
HUM M TOCTOSHHOM JedopMaliMd IS TBEPAOrO YIOPYTOro CTEPXHS.
Beraucute pasHocTs Cy—C; MeXAy TEMIIOEMKOCTSMH NpPH NOCTOAHHOM HATSKe-
HHH M TNOCTOSIHHOHN JUIMHE PE3HHOBOI'O XI'YT4, TEPMHYECKOE YPABHEHHE COCTOMHHS
kotoporo umeer Bug f=CT[l{l,—(l/!}*], tae f—narskenwe, C=const>0,
|—mnuna. TlokasaTh, WTO BHYTPEHHAS JHEPrUs TAaKOH PE3HMHBI 3aBHCUT TOJIBKO
OT TEMIlepaTyps! W 4TO TPH DPACTAKEHHH OHA HarpeBaeTcs.

Boraucnaute pasHocTb Cp—Cp MEKAY TEIJIOEMKOCTSMH AMOJIEKTPHMKA IPH TOCTO-
AHHOH HampsDkeHHOCTH E TOJNS W NPH INOCTONHHOM CMEILCHUH

ITokasaTh, 4TO JJIA BELIECTB, Y KOTOPHIX NaBJIeHHE ABIACTCA JIMHEHHOH ¢yHKIHEH
Temuepatypsl T, TemnoeMkocTb Cy HE 3aBHCHT OT oObema.

B koMHaTy C ymMusl BHOCHTCA XojoaHoe Tejto. Ilokasarb, 4To mpu 3TOM
BHYTPCHHSS JHEPIUA Teja YBEJIMYMBACTCA 3a CYET JHEPIrHM HAPYXKHOTO, a He
KOMHA4THOIO BO3JyXa M 4YTO IPH OTOIUICHHH BHYTPCHHSS SHEPrHS W SHTPONHS
KOMHATHOTO BO3AyXa YMEHBIUAKOTCH.



3.20.

3.21.

3.22.

3.23.

3.24.

3.25.

3.26

3.27.

Iloka3sats, yTo uukia Kapro obmagaet g \
HanOOJIBUIAM K. I . TO CPABHEHHIO

CO BCEMH [APYTHMMH IMKIaMH B Tex
ke TEMNEPaTyPHBIX Npejeiax.
Bbl4BCIHTE K. I 4. BO3AYIIHOH Ma-
muHe, paboTaromedf no wukay Cru-
pJIMHTA, COCTOALIEMY H3 [ABYX H30-
TepM T=T; u T=T,, AByX H30X0p
V=V, u V=V,, © CpPaBHUTH €ro
¢ K. IL I. MalkHel, paboraromieit no
makay KapHo ¢ Temm xe TeMme-
patypamn T; u T,.

Paccmorpum 1mukn KapHo ¢ Bojoi v
B KayecTBe pabouero memecTa. Tem-

mepaTypbl TEILIOOTAATYMKA M TEILIO-

OpHEMHHMKA PaBHBl COOTBETCTBEHHO Puc. 14.

6 ¥ 2°C: npu 6°C Boma u3oTep-

MHYECKH pacumpsercs, a npu 2 °C-—H30TepMHYECKH CXUMaeTca. BcnencTeue
aHOMaJTbHOro moBepeHHs Boiasl mpu t<4 °C npm obeumx Temneparypax Oyaer
NOABONMTLCA TEMIOT2 M MOJHOCTBIO MpEBpauiarbcs B paboTy, YTO HaxOmUTCH
B IIPOTHBODEYMH CO BTOPBIM HayanoM. Kax paspemmTs 310 mporHBOpeuHe?
Beruenuts k. 0. X, muxaa Jledyapa, cocrosiuero (M3 H3o0XopHoro [-—2, amu-
abatHoro 2—3 m wm3obapHoro 3—I mpoueccos (puc. 15). Tlapamerpom umxia
SIBJIAETCS CTENeHb NOBBLILICHHA NaBICHUS d=p,/p;.

HaiitTh x. B 4. JABUTaTens BHYTPEHHETO CLOpaHMA, paboTamomiero no LHKIY
OTT10, B KOTOPOM CXaTHe M pacIIEpDEHHE ToplHo¥ell CMECH NPOH3BOJATCA
agnabaTHO, a ee TIOpEHME NPOMCXOMMT TPH NOCTOSHHOM 0o0Beme (puc. 16).
ITapaMeTpoM IHMKJa ABIACTCA CTeNeHb cxatua €=V, /V,.

Hality K. 0. 0. HIBHTaTens BHYTPEHHETO CropaHud, padoTAIoWEro HO MHKIY
Huzenst, mmarpamMma koToporo -H3obpaxeHa Ha pac. 17: I—2-—anuabaTHoe
CKaTHE aTMOCHEPHOrO BO3AyXa, 2—3 —u300apHoe pacuinpeHHe (BIPLICKMBAHUE
ropioyelt cMecH W ee CcropaHmue), 3-—4-—amuabGaTHoe pacuMpende, 4—I]—
u3oxopHoe oxnaxgenue. [lapaMerpamMM muxia SBASIOTCA CTENEHb CXATHUA
€=V,/V, ¥ cTeneHb INpeABapHTENLHOTO paciuMpeHus p=V;/V,.

Iponecc mupdysun paznuuHbIx ra3zoB HeobpatuMm. Kak MOXHO ocymecTBHTHL
cMemienne ra3oB obparuMo? UeMmy paBHa OHTPONMA CMECH PA3JIMYHBIX
HIENILHBIX Ta3oB?

Cocyn ¢ mjaeanbHbIM Ta3oM pa3jIelieH NEPEeropoAkod Ha [ABE PABHBIE 4acCTH,
B KaXIOH M3 KOTOPHIX B 06beMe V' CONEPKHUTCA MO MONIO rasa TNpH TeMIeparype
T. OuTponus rasza B moboii u3 yacreit paHa S=Cyln T+ RIn ¥+ S,, a suTpOnus

;
7 ) f 3
2 /
4
3 /
1
1
5 A 5 K
Pue. 15. Puc. 16.
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3.29.

3.30.

3.31.
3.32.

3.33.

3.34

3.35.
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Tl BCErO0 ra3a paBHa CyMMeE O3THX 3HTPO-
maii  obenx wacteit cocynma: §;=25=
3 =2CyInT+2RInV+2S,. Ilocme yna-
JICHUsT Teperopofkn obe NOpLMM Tasa,
HAXOJAIIMeCs [PH PAaBHBIX TEMIEpaTypax
2 U JaBJIEHHM, CMEUIWBAIOTCA APYL C ApY-
roM H Bech ras OymeT 3aHUMaTh 0Obem
2V. Ourpomnd Tasza TOCHE CMEIICHHS
pasHa Sy=2Cy InT+2RIn2V+2S,. U3-
4 MEHEeHHe JHTPOIHU TIPH CMEILLEHMHA OyaeT
AS=Sy—Si=2Rn2. C npyroil CTOpoHsI,
TaK KaK OpH CHATHM TIEPETOPOJIKH B CH-
1 CTEME C JIByMs MOPIUAMU OHOTO H TOrO
ke Ta3sa HUKAKOrO TEPMOAHMHAMHYECKOTO
nponecca He NPOUCXOAMT, TO €8 SHTPONHS
fpH 3TOM HE JOJDKHA M3MEHAThCA. O0b-
s SCHUTH, B Y€M COCTOUT OMMOKa Takoro
Pu paccyxaenusi, npueeaiero Kk AS#0.
c. 17.
3.28. Cocyn ¢ wmmeanbHBIM  ra3oM pa3sfelieH
NEperopoakodf Ha [Be paBHBlE 4YacTH, B Kax/JI0H H3 KOTOpPeIX B 00BeMe
V comepxurcs mo v Moned raza. [ToxasaTb, 49T0 mociie CHATHA NEPETOPOIKH
SHTPONMS CHCTEMbl paBHA CyMME OHTDONHMH CMEUIMBAIOIIMXCS YacTed rasa,
Kax/Aas u3 KOTOPBIX B OTHCJIBHOCTH 3aHMMaeT o0beM BCelf  CHCTEMEI,
munyc 2vRIn2.
Haitta sHTpommio AS cmemenus npu guddysun nyx nopuuit A m B ogHoro
0 TOTO %€ ra3a, MMCIOIMX A0 CMEIICHHS O/IMHAKOBHIE 00BEMBI V' M TeMmepaTypy
T, HO pasHbie OaBieHus (T.e. pasHoe uucio vactun N; u N, ). Onpenemurs
obnacTh M3MeHeHHs AS Tpu H3meHenun N, W N,, HO COXpaHeHHH OOLero
yucna vactun N+ N,=2N.
Haitti sutponuio cMmemennst AS raios 4 u B, Kaxaslil U3 KOTOPBIX IPEACTABIACT
coboil cMecb M3 N vacTun uaecaibHbIx rasoB C u D, mpuyeM ras A COAEPXKHUT
Nx{ vactuu C w Nx, wactm D, a ra3 B— Ny, wactuiy C u Ny, vactun
D(x1+x,=y,+y,=1). Onpenenuts o6nact usMeHeHns AS TpPH HIMEHEHUH
coctaBa Ta3oB A W B ¢ coxpaHeHnmeM 4vucia N 4aCTHLl B KaXJOM rase.
3M° NO muddynmupyror B8 3 M3 SO, 1o NOCTOAHHBIM OGUIAM JaBICHHEM
2020 TTla n temmeparype 0° C. BbIMMCIHTL HM3MEHCHHE JHTPOMHHU.
BBIMUCIMTL H3MEHEHHE SHTPONMH AS IPH CMCLICHMH ABYX PAaBHBIX MAacc OZHOIO
H TOrO X€ HACAJLHOTO Ta3a, HAXOMSIIMXCS MEPBOHAYAJILHO: A) MPH OAWHAKOBOM
NaBJeHHH p W paslHuHbLIX Temneparypax 17 u T,; 0)npum oAxMHaKOBOH
Temmepatype T ¥ pasnuuHbix [aBICHHAX p; H p,. OmpenenuTs o6macTsh
u3meHeHUst AS B oboux ciaywasx.
Ha npumepe BHYTpCHHEH BHEPrMM M OSHTAJILIMH MACANBHOTO ra3a IOKa3aTh,
4TO B OTNHYHE OT JHTPONHMH HW3MEHEHWE ITHX AJNMTHBHBHIX (YHKHMH CocTOAHMA
[IpY. CMEIEHHM TAa30B HE WCIBITHIBACT CKAYKA MPH IEPEXoJe OT CMECH Da3HBHIX
ra3o0B X CMECH OJMHAKOBBIX Ia30B.
PaccMOTpeTh M3MeEHEHHE IUIOTHOCTH Tal3a MPH €r0 H30TEePMHUECKOM CMENICHHH
C pasMYHBIMM T43aMHM M Ha OJTOM OCHOBE pa3bACHHTL mnapagokc ['nb6ca
U Tmapafgokc OWHIITEdHa, HCHOAb3YS BBIPAXCHHS ANA JHTPONMM H BHYTPECHHEH
sHEpruy cnabo BHIPOX/ICHHOTO H/CAJTIBHOTO Tasa u3 N aToMoB B oObeme V mpu
TeMneparype

vV & NE® 3 5 N
S:kN[ln—+ P U=£Nk7‘|:l+ ——W}

N 32 V(imkT)? | 16 V(mmkT

rae k—nocrosiHHas BoabiMana, m—macca aTomoB, h—rioctositiaas Tlaska,
6=—1 pns Boszerasa u 6=1 pna depmu-rasza.

BuyTpennsas sueprusi ci1abo BBIPOKIEHHOro rasa u3 N atomoB B obveme V npu
Temriepatype 1 paBHa



3.36.
3.37.

3.38.

3.39.

3.40.

3.41.

3.42.

3.43.

v=2nir| 142 AL
T2 16 V(amkT)>? |’

rae k—nmnocrosuuas Bojsumana, m-—macca aToMoB, A—DNOCTodHHAs IlnaHka,
8= —1 mns Boserasa u §=1 mna Oepmu-raza. HaliTh n3MeHeHHe TeMuepaTyphl
IpH NEPeXofe OT aauabaTHOTO CMEIIEHHS CKOJb YrOAHO OJM3KHX BBIPOXAEHHBIX
ra3oB K CMELLUCHAIO TOXIECTBEHHBIX TIa30B.

Mons uaeansHoro rasa, 3asuMas obbveM V), aguabaTHO pacmmpseTcs B BakKyyme
no obbvema V,. BHMHCIHTL H3MECHEHHE 3HTPOIUH.

INo BropoMy Havany paboTa NpH PaBHOBECHOM M30TEPMHYECKOM KPYrOBOM
npouecce paBHa Hydro. Iloka3aTe, YTO NPH HCIOJNL3OBAHMHM HEPAaBHOBECHBIX
NPOIIECCOB  BO3MOXEH KpYrOBOW Mpolecc C OTIW4YHOH OT Hyns paboTod mnpu
OJTHOM TEPMOCTATE.

Ilpn kpaTKOBpEMEHHOM TENIOBOM KOHTAKTE [BYX TEJ KOJIMYECTBO TEHJIOTHI
Q>0 nepeuio oT mepBoro Tena ¢ Temmepatypoir 7} KO . BTOpOMYy Teiy
¢ Temmneparypolr T,. BbluMCIHTD W3MEHEHHE OJHTPONMHM 3TOH CHCTEMBI TEJL.
MOXHO JIH CUMTaTh, YTO U3MEHEHHE FHTPOIHH NepBOro Tena paBHo AS;=—Q/T,
Broporo Tena AS,=0/T,, a H3MEHEHHE PHTPONHU BCel CHCTEMBI MPH TEILUIOBOM
KOHTAaKTE AS=AS1+AS2=Q(1/T2—1/T1)?

Cucrema aguabaTHO pacLUMpSiETCs HEPBBIA Pa3 KBAa3UCTATHYECKW, a BTOPOH pa3
HecTaTuyecku. Ecau yObuib BHYTpeHHEH JHEpPruH B 00OHMX Ciydasx oJHa M Ta
Xe, TO 10 mepBoMy Havamy OW=8W,,. Kax 310 cormacoaTe cO BTOpPHIM
HAYaloM, COTJIACHO KoTtopoMmy OW>8W,.?

TIpennonaras, 4to MexAy SHTpommed S M BEPOSTHOCTBIO W COCTOSHHA CHCTEMBI
CYLIECTBYeT HeKoTopas (yHKHHOHaNbHas 3aBUCHMOCTb (mpuHLIMN bosbumara),
H MCHOJIB3YA O0liMe CBONHCTBA SHTPOIMH H BEpPOSATHOCTH, YCTAHOBHTL COOTHOIICHHE
Bonbamana S=kIn W.

[ABa Tena c temmepatypamu 27 u 28 °C mpuBefieHBl B CONPHKOCHOBeHHE. 3a
HEKOTOpoe BpeMsi OT Tesja ¢ OoJibIled TeMmepaTypod K_Tedy C MeHbINEH
TEMIEPATYPOH TNEPenuIo KOJMYECTBO TemwiorTsl, pasoe 1077 Jix. Onpenenuts,
BO CKOJIBKO pa3 BCJCACTBHE JTOTO NEPEXOAA M3MCHMTCSH BEPOATHOCTh COCTOSHHSA
JaHHBIX Tel. Yemy paBHa BEpPOSATHOCTH obpatHoro mepexoma? Kak m3menurcs
pE3yNbLTAT JNA TEpeXOAa. KoJM4YecTsa TemnoThl, pasHoro 1,2-10716 Ix?

Mpn naxoxmeHun k. . A n=(Q;—Q,)/0; uHKIa, cocTosIEro W3 ABYX H3obap
u AByX amuabar (puc. 18), ucmomb3ys B xadecTBe pabodero BElUECTBA HACABHBIN
ra3s IpH MakKCMMaJbHOM MABJICHHH, B [Ba pa3a IPEBHILIAIOIIEM MHHHMAJbHOE,
KOJMYECTBA TEIWIOTH )y W (, BBIYMCIUIMChH KaK BBIPAXEHHA IS DabOTHI
0.:=2p(Vo— Vi) Q2 =p(V3—V42), YTO COBEPIHEHHO HEBEPHO. MexXdy TeM Tak
KaK K. I . IMKJIa OKa3bIBACTCSA BEPHBIM. BhIMHCIATL 1) U OOBACHUTH ONMHMCAHHBIA
B 3ajauc Pe3yibTar.

B XIX B. 6buM mOCTpPOEHB! [BE BEIHMKHE 3BONIONMOHHBIE Teopuu. Ilepsas u3
HHUX -~BTOPOE HAYaJI0 TEPMOIMHAMHU-

KH — ONPEACNACT IBOJNIOLMIO BELIECT-

BA B W30JMPOBAHHOM cucTeme K Ha- P
ubonee BCPOATHOMY PaBHOBECHOMY
COCTOSIHHKO € MAaKCHMAaJIbHOW 3HTpO-
nmieit, T.e. ¢ Haubosemied Heynops-
Jo4eHHOCThIO. BTopass Teopus— Teo-

pust 6uosormueckont 3sosrouun Jlap-
BHHA — ONIPEENIAET HBOJIOIHIO KUBBIX
CHCTEM OT HaMMEHee COBEPIUCHHBIX
MHKPOOPraHU3MOB 1O BBICOKOOPraHH- 4 3
30BAHHOM CTPYKTYPH H4E€JIOBEYECKOTO
OpraHM3Ma ¢ €ro MBICISIUMM MO3IOM.
MOXHO 7H Ha OCHOBaHMH 3THX Te-

opuif cxenaTk BBIBOJ O HENOAYMHEHUM v
KUBOH NPUPOABI BTOPOMY HAa4aily
TEPMOAMHAMUKH? Puc. 18.
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3.44. B o6beMe 2V B TEMHOTE HaxoJAsTcs ABa Moy cMecE—no Momo H; u Cl,.
Peakmus H,+ Cl, =2HC] ocymiecTBasgercs ABYMA NyTAMM:
a) OpH TNOCTOAHHOH TteMmepatype 7 C NOMOINBIO CBETA BHI3BIBACTCHA peak-
MA, B pe3ylbTaTe KOTOPOH BBIJENSETCA TEILUIOTa ¢ M 3HTPOMUA YMEHbINACTCA
Ha q/T;
0) B TEMHOTE CMECh Pa3fENAETCH NEPErOPOJKON Ha [IBE PaBHbIC YACTH ¥ B OIHOM
U3 HHX C IIOMOLIBIO CBETa BHI3BIBACTCA PEAKLUHs, B De3yJIbTaTe KOTOpOit
JHTpomHs yMeHbiaetcs Ha g/(2T); 3aTeM B TeMHOTe YGHpaeTCsi Meperoposka —
IHTpONHs BO3pacTeT Ha 2RIn2; najmee ¢ MOMOIIBIO CBETA CHOBAa BBI3BIBACTCH
peakuMs, d Tak Kak B JaHHOM CJIydae TEIUIOTa PeaklMH He 3aBHCHT OT o0beMa,
SHTPOTHSl CHCTeMBbI yMeHblMTCE Ha ¢/(2T). B Hrore cymmapHoe u3Menende
SHTpONUM Ha mepBoM nyTH AS; = —¢q/T, a Ha BTOpOoM myTH AS,;=—¢/T+2RIn2,
T.e. AS;>AS;, 9TO UPOTHBOPEYHT CBOHCTBY OSHTPONHH KaK ONHO3HAYHOM
¢yHkuun cocrosuus. Pa3piACHMTE BO3HMKIIEE INPOTHBOPEYHE.



I'JIABA YETBEPTAS

TPETBE HAYAJO TEPMOJIUHAMMKHN

B Havane XX B. (1906—1912 rr.) B pesynsmame
uccnegoBaHud CBOACMB mes Npu HU3KUX MmeM-
nepamypax HepHcmowm 66110 ycmaHOB/IEHO mpemaee
Ha4aso mepMogUHAMUKU, Komopoe nocse f[osarux
nem obcyXxfeHus B Hacmosijee BpeMss mak Xe
npouyHo 060CHOBAHO, Kak U nepswie gsa Havana®).
HenocpegcmseHHo  06/1acmbi0  npuMeHuMocmu
mpembsero Havasa fBASIOMCS NPOLEeCcChl NPU HU3KUX
memnepamypax. OgHaKo OHO urpaem CylecCmBeH-
Hyl0 posib u B 6onee LWUPOKOM memnepamypHOM
uHmepBasie, mak Kak no3BoJisem _onpejgensime
afAumuBHLIE NOCMOSIHHbIE B BbIPAXEHUAX Ans
3HMPONUU, KOMOPbLIE HENb3s1 BLIYUCAUMb KaKUM-
nAubo ApyruM mepMofUHaMUYeCKUM Nymem.

§ 21. ®POPMYJUPOBKA TPETBEI'O HAYAJIA TEPMOJVMHAMMKU

OTKpBITHE TPEThEro Havaja TePMOAMHAMHUKM CBA3aHO C HAXOXJACHHEM
XUMHYECKOTO CPOJICTBA — BEJIMYUHBI, XapaKTepU3ymomiel crocoGHOCTD
pa3jMYHBIX BEHIECTB XHMHYECKH pearupoBath ApPYr C ApPYroM. Ora
BEJTMYAHA OMpefeNsgeTcs paboToil W XMMHYECKMX CHJI TIPH peaKiliH.
[lepBoe U BTOpOE Hayaja TEPMOAWHAMMKH MO3BOJIAIOT BBIYUCIHTD
XAMHYECKOe CPOACTBO’ W TOJNBKO C TOYHOCTBIO JIO HEKOTOPO#
Heonpenenennont dynkuun I(T) (cm. § 48). Ytobsl ompeneuts Ty
(GYHKIHMEO, HY)XHBI B JONOJIHEHUE K OOOUM HayajaM TepMOJUHAMHKH
HOBBIE ONBITHBIC JaHHBIE O cBoiicTBax Tes. IToaromy Hepucrom Obun
[IPEIPUHATEL MIAPOKHE IKCIEPUMEHTABHbIE HCCAECAOBAHUS TOBEACHHS
BEILLIECTB IIPH HU3KOM TeMmeparype. B pesynbraTte 3THX HccnegoBaHUH
H ObUIO CHOPMYJIMPOBAHO Mpembe HAUAAO MEPMOOUHAMUKU: NO Mepe
npubauncenus memnepamypor k 0 K aumponua ecaxoit pasrosecuoii
Cucmembl Npu  U30MEPMUYECKUX Hpoyeccax nepecmaem 34gucemv Om
KAKuX-Aub0 mepMoOUHAMUYECKUX NAPAMEMPO8 COCMOAHUA U 8 npedede
(T=0 K) npunumaem odny u my e 04a 8cex cucmem YHUBEDPCAALHYIO
NOCHOAHHYIO GEAUNUNY, KOMOPYIO MONCHO NPUHAMb DAGHOU HYA0.
OO6uHOCTE 3TOr0 YTBEPXKIEHUS COCTOUT B TOM, 4TO, BO-IEPBBIX,
OHO OTHOCHTCS K 1000 paBHOBECHOH CHCTEME M, BO-BTOPBIX, 4YTO

* Bompoc 06 yJIOBNETBOPHTEIBHOM CTATHCTHYECKOM OOOCHOBAHUM TPETHETO
Hadyalna SBJISETCHA, ONHAKO, O CHX INOp OTKPBITHIM, & TONYYMBINEE LIMPOKOE
pacnpocTpaleHue 0OOCHOBAHHE 3TOTO 3aKOHA Ha OCHOBE HEBBIPOXKACHHOCTH OCHOBHOIO
YPOBHS CHCTEMBI HEIOCTATOYHO.
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npu T—0 K sHTponusi He 3aBUCHT OT 3Ha4€HUS HOOOro napamerpa
cucrembl. Takum oOpa3oM, 1O TpeThbeMy Havaiy,

lim [S(T, x;)—S(T, x{)]=0, @.1
T-0K
U
fim <0_3> -0, 4.2)
TH0K\O¥ /7

rae x—moboil TepMOAMHAMHYECKHH TapameTp (a; wia A;).

MpenenpHOe 3HAYEHHE SHTPONMH, MOCKOJBKY OHO OJHO H TO Xe
UL BCEX CHCTEM, He UMeeT Kakoro-immbo dmanyeckoro  cMeicia
H I03TOMY [MOJIATaeTCs paBHBIM Hymo. Kak mokasblBagT craTHCTHYeC-
KOe pPacCMOTpPEHHE 3TOTO BOIPOCA, SHTPONHS MO CBOEMY CYIIECTBY
ompejesieHa ¢ TOYHOCTBIO JO HPOH3BOJILHOK ITOCTOSIHHOHN (moaobHo,
HATPUMED, IEKTPOCTATHYECKOMY HNOTEHIHAILY CHCTEMBI 3apsoB B Ka-
koif-imbo Touke mouis). Takum oOpa3oMm, HET CMbICTa BBOIMTH
HEKYI0 «abCONIOTHYIO 3HTPONHIO», Kak 3To nenan Ilnask u HeKOTOpbIe
JIPYTHe yH4eHBIE.

IlocrosuctBo sHTponun (S—0) mpu 7T-0 K, cormacHo (4.1),
03HavaeT, 4ro u3orTepmudecku#i mpouecc 7'=0 K sBnsercs omHoBpe-
MEHHO M W303HTPONMIHBIM, a CHEHOBATENBHO, M aaMabaTHBIM*®)
Taxum o6pa3oM, IO TpeThbeMy Hauajly, HYJIEBas H30T€pPMa COBMAJacT
C HyJeBOHM H303HTpOINOH M azuabaroil.

CymectByeT psn BeliecTB  (HEKOTOpble cmiiaBbl, riaunepud, CO,
NO u gap.), mins xoropuix AS npu 7—-0 K crpemurcss x oTimuHOM
OT HyJisl BEJIMYHHE.

Kax mokasai TIUIATeNbHBIM aHaJH3, 3TO KaXylleecs NMPOTHBOpEUHE
C TpPeTBHM HAYalIOM CBSI33HO C «3aMOPAXHBAHUEM) HEKOTOPBIX
BEILECTB B MeTAcTaOWIILHBIX WM HEPABHOBECHBIX COCTOSHMAX, B KO-
TOPLIX TPH HU3KOH TeMIeparType 3TH BelleCTBa MOTYT HaXOHOHUTHLCS
JUTHTENHLHOE (BpeMst (HECKOJbKO HAHEH WM Helenb), MNpexae YeM
OpUAYT B ‘CTaOWJILHbIE paBHOBeCHbie cocTosHus. Korjga usmepenus
ObUTM TIPOBEACHHI C OOJBIIMMH NPOMEXKYTKAMH BPEMEHH, TO OKa-
3a700Ch,  4TO pasHOCTh JHTpomu# AS BO BceX CiIydasx HCYe3aeT
mpu T—-0 K.

B macrosinee BpeMs CpaBel/IMBOCTh TPETHETO Hawasia 00OCHOBaHA
JUIS BCEX TEPMOAWHAMUYECKM PABHOBECHBIX CHCTEM.

* 3aMETHM, YTO TPEThE HAYANO TEPMOJHHAMHKH, ONpEAENss Npeles IpOoH3-
soaubix (8S/0x)r npu T -0 K, He ompenenseT npenena npousBomubix (0S/07), npu

T—-0K: pns OombuiuacTBa TEN Tlir(r)lK(GS/@T)x=0, IS HEKOTOPBIX K€ Tesd 3TOT

npeses OTJIMYEH OT Hyasa (oM. 3amady 5.12).

**} CnepopaTenbHO, Ha SHTponuilHod auarpamme mpu 7=0K och a3aTpomin
CNMBAETCS B TOYKY, IOITOMY 3Ty OChb ClefyeT MNpPOBOAMTL HAa YPOBHE HEKOTOPOM
Temnepatypsl Beiie 0 K.
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§ 22. HEKOTOPBIE CJIEACTBHUA TPETBETO HAYAJIA
TEPMOJIUHAMMUWKHN

Tperbe Haualo [O3BOJSIET CHENATb 3aKIIOUEHHE O MOBEAECHUH TEp-
MoauHaMuueckux BesmunH npu T—0 K. PaccMoTpuM HekoTOpRIE M3
CIIEICTBHIl TpETbEro Havaa.

Hepocrmxumocrs O K. M3 Tpersero Hauama HENOCPEACTBEHHO
cienyer HepocTkuMocTb TeMrepatypel 0 K.

JlelicTBUTENIBHO, OXJIaX/ICHAE CHCTEMBI OCYILECTBJSIETCS HOBTOpE-
HHEM CNEeJyIOINMX JApYr 3a JAPYIoM IpOHEccOoB aauabaTHOro (pac-
mupeHds (IpH KOTOPOM TOHMXKAETCA TeMIepaTypa) W H30TepMHuec-
KOTO CXKaTus (IpH KOTOPOM YMeHbluaercs sHTponus). [To Tpersemy
HayaJly IpH H30TEPMHYECKHX IIpOLEccax, KOrja TeMmnepatypa IpH-
ommkaercs k 0 K, sHTponusi mepectaeT H3MEHSTLCS IIPH  CKATHH.
[ToatomMy coctosiHRe ¢ S=0 332 KOHEYHOE YUCJIO YKa3aHHBIX IPOLECCOB
HEAOCTHKUMO, a ClleAoBaTeNbHO, HedocTHkuM - M- 0 K, Tak xak
corjnacHo ToMy Xe Hauainy coctosiade ¢ T'=0K cosmagaer ¢ co-
crosaueM S=0. K temneparype 0 K MoXxHO JHIIb acCHMOTOTHYECKU
npubINKATHCA.

OTO CIeACTBHE TPEThErO Hayajga MO CBOEMY COHEPKAHUIO OK-
BUBAJICHTHO TPEThEMY Hayally, T.€. €CAW TpPEeThbe HAYalo HEBEPHO,
TO MOXHO JAocTuub TeMmmepaTypbl 0K, W ecnmum MOXHO TOCTHYB
0K, 1o pasHocts 3Havuenmit osHTponuid mnpu 0 K momkHa OBITH
oTnuuyHa oOT HyJs (cM. 3amavy-4.1). Ilo 3Toif npuvuHE TpPETHAM
Ha4yaJIoM TEPMOAMHAMMKH YaCTO HA3bIBAIOT NPHHLUN HEIOCTHXHMO-
ctu 0 K. UmenHO Tak chopMmysmpoBan 3To Hauaslo HepHCT, KoTOpHIH
He IOOMJI [OHATHN OHTPONMM M He ynoTpebnan ero. OpHako
dopMyJMpPOBKAa TpPEThEr¢ Hayaja B BHIE 3aKOHA O IOBEICHHU
suTporuu mpu T-—-0 K Oonee ynobHa, Tak Kak HEHNOCPEICTBEHHO
OPUBOIUT K MarteMatuueckodt samucu (4.2).

Hosenenne Tepmuveckux kodddunuentos npu 7—0 K. Tepmudeckuit

K03 QUIMEHT pacClIMpEeHHs
ao L[V
Vo\ dT J,’

TEpMHUYECKUH Ko3DHIMEHT AABJICHHS

1/ dp
Y:—' A El
P\ 9T Jv

KaK u BoOOLie TepMoaMHammyeckue Beanuunbl (0a/0T), u (0A4/0T),,
JOJIKHBI, IO TPETHEMY Havajy, NPUOIUKATHCH K HYI0 1npd T—0
B caMoM nene, BblMUTas M3 OOEMX HacTell OCHOBHOIO YpaBHEHHS

tepmomutamuxn dU=TdS—) A4;da; muddepentpman d(TS), nonyuaem

d(U—TS)=-SdT-Y 4,da;, 4.3)

93



u tak kak d(U—TS)—nommeit muddepenmman, to (8S/0a;)r=
:(0Ai/6T),,i .

Mo tperbemy Hauamy (4.2), npu T—-0 K surponma nepecraer

. as
3aBHCETh OT IAPAMETPOB COCTOSIHHUS, T.e. lim <-> =0, mosTOoMy
T-0K \04/T
. a4,
lim <_) —0. 4.4)
T-0K T 4

Ecnu k obenm yactsam ypaBHerus (4.3) npubasuth muddepennuan
dEAiai, TO

d(U— TS-{—ZA,a,): —SdT+Za, dAl,

OTKyJla — 05 (% M, COrjlacHo ypapueHuto (4.2)

e o) \aT), ™ P =)

lim <0_”> 0. 4.5)
A

70K \9T.

B uactHoMm cayuae npu a=V 'u A=p uz dopmyn (4.4) u (4.5)

T»0K T-0K 4

H, CIIeJOBATENILHO, TepMUuUeckie Kod((HIHEeHTbl TENJI0BOrO pacliupe-
HUS O M JaBieHus y oOpamiarorcs B Hyias npu T-0 K.

Mpuaumas B ¢opmyse (4.4) B kxadecree OOOOLICHHBIX CHI
A; TOBEPXHOCTHOE HATSHKEHHE G, 3. [I. C. TAIBBAHUYECKOTO 3JEMEHTA
& W T.4., TMojy4YaeM, dYTO Bce ITH BenuumHbl npu T-0K
NEepecTaloT 3aBHUCETh OT TEMIEPATYPbl H, CJIEAOBATENbHO, TEM-
nepaTypHbii Ko3)GUIMCHT MOBEPXHOCTHOTO HaTsDKeHHA 0G /0T, Tem-
nieparypHbiit koagdunuesT 3. 1. ¢. 66/0T u T. A. AOKHBL 00paIATECS
B Hyip Tmpu npubmxenuu Temuepatypel k¥ 0 K. Ananormuo,
npu a=J, P mw T1.x wu3 dopMmyns (4.5) ycraHaBiIHMBaeM, 4YTO
TEMIOEpaTypHelil  KooQHIHEHT HaMarHUYEHHOCTH é&J/&T g A TeM-
nepaTypHbiil k03(dumuenT nonspusosarnocty (0P/0T )y obpamarorcs
B Hyab upu 17-0 K.

O3TH BBIBOOLI W3 TPETbero Hauana ObUIH TNOATBEPKIACHBI 3KC-
MEPUMEHTAJIBHO.

BuiuMciienue >HTPONHH M HoBeJeHHe Temoemkocteil mpu 7-0 K.
TpeThe HaYano TEPMOAMHAMUKHE YpPE3BBIYAHHO YIIPOCTUIIO BbIMHCIICHUE
BCEX TepMOAMHAMHUYeCKHX OGyHKImH. [0 YCTAaHOBNEHHS TPETHErO
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Hayana [Jis BHIMHCICHUS JHTPONHUM HEOOXOOUMMO OBUIO 3HATH TeM-
HEePATYPHYIO 3aBHCHMOCTDH TEIUIOEMKOCTH M TEPMHYECKOE YpaBHEHHE
COCTOSIHHS.

CorylacHO Xe€ TpeThEMY Ha4ajly, SHTPONHI0O MOXHO HAXOIUTh,
3Has JIMOIb 3aBHCHMOCTh TEIJIOEMKOCTH OT TEMIEPATYphl M HE
pacrmonarass TEpMUYECKHM YpaBHEHMEM COCTOSHHA, KOTOpOE [UIst
KOHICHCHPOBAHHBIX T€J HEU3BECTHO. JICHCTBUTENBHO, M3 BBIPAXCHMIA
VIS TEIUIOEMKOCTEH

—T(0S/0T)y, C,=T(8S/T),

10 TPETBEMY HA4YaJly HMHTCITPDHPOBAHHUEM MONYYaeM

T T
s(v, T)=jc"dT S(p, T jCT"dT. (4.6)
0

0

Taxum 00Opa3om, 3a/jaya BBHIMUCIACHHMS 3HTPONUH CBOJHUTCH K OIpe-
JIeJIEHUIO JIMITh TEMOEPAaTypPHOH 3aBUCHMOCTH TEILUIOEMKOCTH. OTHM
obOBAcHsETCA, 4TO «npobieMa TeIIOEMKOCTH», DPEILEHHEM KOTOpOH
saHuManuch OfHmreiin, [Mebail, bopH, Kpamepc m np., 3aHsana
Takoe BaxHoe MecTo B ¢m3uke Havama XX B.

Tlo TpeTsemy Hauany, sHrpomus npu T=0 K, xak u npu moboi
IpYrodl TeMmmepaTtype, KOHEYHA, IO3TOMY HHTErpajsl B Qopmynax
(4.6) momxHBI OBITH CXOMNAMIMMHCA. ODTO BBHIOMHACTCA, €CJIH NOIBIH-
terpanbhbie  Qpynkoun Cy /T u C,/T Ha HHKHEM NOpeAene NpH
T—-0 K Bo3spacrator meziennee, 4eM /T Cy/T=C/T* (C=const,
a<1), moatomy

=CT' *=CT " (n=1-0a>0). “.7)

Torga Cy—0, C,—0 npu T-0K.

Q10 cneucmne TPEThErO Hayaja B OTJIMYHE OT BHIBOJIA O He-
moctixumoct 0 K He 3KkBHBaJIcHTHO BO BCell NOJHOTE CaMOMY
TPEThEMY Haually, TaK KaK OHO IOJYYaeTCHd JHMIIb W3 JONyLICHHS
0 KOHeuHOCTH 3HTponuu B mpeneiie I'=0 K m He ucximouaer npu
9TOH TeMIepaType 3aBUHCHMOCTH 3HTPONHH OT HApaMETPOB COCTOSHHA,
He HMMelollell MecTa Mo TperbeMy Hadany*. Cormacao (opmyrne

*) BeIBoA O CTPEMIEHHH TEIUIOEMKOCTEH Kk Hymo npu 7 — 0 MOXHO HOJYYHTH
H U3 MEpBLIX ABYX HAYaJl TEPMOAMHAMHKH, €CJIH CUHTaTb, 4TO BBITEKAIOIlEE U3 ITHX
3akoHOB ycjoue ycroifumBoctH 7/Cy>0 coxpanserca u npu T=0 K. Omsako sro
HE O3HAYaeT, 4TO TPEThe HAYANIO CIEAYET M3 NEPBOTO M BTOPOrO HAYal, HOCKOIBKY
paccMaTpuBaeMsbiii BHIBOJ He JKBHBAJICHTEH IO CBOEMY CONEPKAHHIO TPETHEMY HAdany.
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(4.7), mpoussozpnas (3S/0T)y mpn T—0 K n3MeHsercs no 3akoHy

(g—i)f% 4.8)

W B Ipemesie paBHa wiM Hyjqo (ecimd a<0), UM THOCTOSHHOM
pesmmunne (ecmu o=0), umn OeckoHeynoctu (eciu 0<a<1). Taxum
obpa3oM, Tperbe Hadalo, Kak YXe OTMEYanoch, HE OmpenessieT
npenena npoussomHbix Buga (0S/0T), mpu T=0K.

Bripok/ienne HIeansHOro rasa. BbIpakeHHe Ul SHTPONHM MOJIS
HJICaNbHOTO Tasa

S=CV In T+R1n(V/N)+S0,

MOJIyYEHHOE TPH UCHOIb30BARMA ypaBHeHHs Kiameiipona-— Mengene-
epa pV=RT W TOJOXEHUS O HE3ABUCUMOCTH  TEIJOEMKOCTH
Cy OOHOATOMHOrO ra3a OT TEeMIEpaTyphbl, NPOTHBOPEYUT TPETHEMY
Ha4aly B JBYX OTHOIUECHWAX: BO-TIEPBBLIX, M3MEHEHME SHTPONHUU

(AS)r=RIn(V,/V;)

OpM W30TepMuyeckoM Ipornecce, korma 7=0K, me paBHO HymHO
U, BO-BTOpBIX, pd T—0 K sHTponms CTpemMuTCS HE K MOCTOAHHOM
BeJIMAMHE, 4 K —00. IJTO YKa3blBAET HAa TO, 4TO [PH HHU3KOH
TeMIlepaType HIAcaJbHBI ra3 ROJDKEH BeCTH ceOs HE 10 YPAaBHEHHIO
Knaneiipona — MenneneeBa u 3akoHy Cp,=const, a uHave. Taxoe
OTKJIOHEHHE HJEaJIbHOr0 Tra3a 0T KJIACCHYECKHX Ia30BbIX 3aKOHOB
(mony4aeMbiX M3 KJIACCHUCCKON CTATHUCTUKY) HA3BIBACTCH  6bipo-
HcOeHUeM.

TpeTthe Hayajo, CIeAOBATENbHO, MPEICKA3bIBACT BBIPOXKACHHE
HcAJIbHBIX Ta30B NpH HU3KOH TemmepaType. Kak mokasajo pa3BuTHe
KBaHTOBOHM CTaTUCTHKH, TaKoe BBIPOXKJCHUE JEHCTBUTEIHHO UMEET
MecTo. OHO yKa3piBaeT Ha HEJOCTATOYHOCTH KJIACCHYCCKON MEXaHHMKH
H OCHOBaHHOM Ha HeH KJIacCHYEeCKOW CTATHCTHKH B OOJIACTH HH3KHX
TemInepaTyp. KBaHTOBasi craTHCTHKAa MOKA3BIBAET, YTO TPEThE HAYAJIO
TEPMOJMHAMUKH SABJSAETCS MAaKPOCKONUYECKHM INpPOSIBJIEHMEM KBaH-
TOBBIX CBOMCTB peaJIbHbIX CHCTEM HpH HHM3KUX TeMIepaTrypax.

BolunciieHne JHTPONHIHOA M XAMMYECKOii TOCTOSAHHBIX HACAILHOrO
rasa, Bropoe Hauano, xaK HM3BECTHO, OCTaBJSIET OTKPBITBIM BOIPOC
O SIBHOM BHJE JHTPONWIHON M XWMHYECKOH MOCTOSHHBIX HACAJIBHOIO
rasa, 3HaHHE KOTOPHIX HEOOXOAMMO NpPH PACCMOTPEHHHM DABHOBECHS
B PasYHbIX CHCTeMaX (XMMHYECKHE PEaKIMH, UCIAapeHHE, TEIIoBas
HOHM3alusl ¥ [Jp.). Tperbe Hayano MoXeT ObITh KOCBEHHO HCHOJb-
30BaHO JUIS peLIeHHs 3TOM 3aJaud, XOTS KJIACCHMECKHH WIcajibHBIN
ra3 M HE YJOBJIETBOPSET TPEThEMY HAUANYy.

Wnest BblMMCIeHHs 3SHTPONUHHON HOCTOSHHOHW HIEANBHOTO rasa
C IIOMOMIBIO TPETHETO Hauajga COCTOUT B TOM, YTO pPacCMaTPUBAETCs
YCIOBHE paBHOBECHS Tra3a M TBEPAOIrO Teja OIHOTO W TOTO XKe
BELIECTBA (PaBEHCTBO XMMMHYECKHX WOTEHIMATIOB BellleCTBA B OOEHX
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(asax), B KOTOPOE BXOINT BHIPAXCHHS SHTPONMHM K4K rasd, Tak
W TBEPAOTO Te€Na. DHTPONHUS TBEPAOIO TEjld OHPEACIIAETCS Ha OCHOBE
TPEThEro Havana no cdopmyne (4.6), a 3HTpONMUA HACATLHOIO Tasa
BBIMHCHAETCS 10 opmyse (3.38), m TakuM o00pa3zomM u3 yCHAOBHUSA
(ha30BOTr0 PABHOBECHS OIPEAC/ISIOT JHTPONMIHYIO TIOCTOSHHYIO Iasa.
OHTpONUIiHAA TOCTOAHHASE Sy CBA3aHa C XUMUYECKOH MMOCTOSHHOMN
i ra3za. OTH MOCTOSHHBIE MOXHO BBIMACIUTH METOJAMM CTATHCTHYEC-
xoit ¢M3uku. [Ina oQHOAaTOMHOTO ra3a OHHM DABHBIL

3
Sozk(5+3}nk+i>, i:ln[g(z;;;") } 4.9)

22

riae k—nocrosiHHas bonbnMana; 1 —nocrosnuas Inanka; m — macca
aTOMOB Tra3a; g—CTaTHCTHYECKMH BeC HOPMAJBLHOIO COCTOSHUA
aToma, 3aBHCAMI OT €ro OpOHTaNbHOTO MOMEHT4 L M ChnuHa
s- (Ang HHEpTHbIX ra3oB L=s=0 u g=1). Taxum 06pa3zom, suTpomHs
MOJI HJIEaJbHOTO Fa3a paBHA

3205 3/ 5
S=CyInT+RlIn "4 Rin§CThIZ Ty 1 kT 2V
N h NK
(4.10)
tae Cy=>/,R=>3/,kN,, g=1.
3AJAYH

4.1. [loxa3aTh KBUBANCHTHOCTH CIEAYIOHIMX (QOPMYJIMPOBOK TPETHErO HAYANA: 2) TPH
T—0 K outponns S moGoli paBHOBECHOH CHCTEMBI 1IEPECTAET 3aBUCETh OT
TEePMOANHAMUYECKMX TAPAMETPOB, NPHHUMAS OAHO H TO XKE JJIS BCEX CHCTEM
noctosHHoe 3nayenue; 6) 0 K HepocTmxum.

4.2. Cepoc 0n0BO IPH HArpeBaHUH MEPCXOAUT B Henoe npn To=292 K (1 HopManbHOM
aTMOCGEpHOM  /IaBJIEHHH) C [OrJOLICHAEM TEeIoTh A=2242 Jlx/mons. [pu
T<T, Oeaoe 0JIOBO MeHEE YCTOWMBO, HO CYHICCTBYET HAapsay ¢ CEpHIM
U HOITOMY MOXHO H3MEDUTH 3aBHCHMOCTH CI(T) Kak ceporo, Tak W CZ(T)
0enoro o10Ba BIIOTH 4O TEMIEPATYPbI nepexofa. IIpy JTOM B pesynbTate
YHCIOBOTO MHTETPUPOBAHUS MOJIyYACM:

TO
C(T
J ‘; )dT:44,12 Tk /(monn - K):
0
,

o
J %ﬂde 51,54 Ix/(moum - K).

[

[TokasaTe, 4TO TPHBENCHHBIC OJKCRCPUMEHTANbIbIC JaHHBIE AT  XOpopiee
DOATBEPXK/ACHUE TPETHErO Hayaja.

4.3. TloxasaTs, 4TO MO TpeTbeMy Hauany TepMmoauHaMukd  3akoH  Kropu  gns
napaMarneTuxoB (x=C/T) HecnpaBeaIME I OYeHb HH3KKX TEMOEpaTyp.
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44.

4.5.

4.6.

4.7.

JaBnenne p u BHYTPeHHAA OHeprHs U MAcajibHOrQ JIEKTPOHHOrO Trasa,
3auuMaowiero obbveM V, cBssanbl cooTHoweHHeM pV=2/;U. Tlonpaydcs 3TuM,
HaliTH 3aBHCHMOCTD «HYJIEBOH OHEPIrMM» ICKTPOHHOIO raza OT KOHUEHTPAUMH
IEKTPOHOB,

Hcxons M3 OCHOBHOTO YpaBHEHHA TEPMOIMWHAMMKM, HalTH BbipaXeHHe I
H3MEHEHHsl TEMIIepATYphl NPH M3MEHEHHWH [aBleHus B amuabaTtHoM Tpoiecce
H, NOJb3YyACh TPETbMM HAYAJIOM, TOKa3aTb, YTO MH3MEHEHHE JaBJIEHHS P,
HeoOXomuMOe IS W3MEHEHNSA Temnegarypu Ha KOHCYHYIO BEJHYHHY, HOJDKHO
HeorpaHu4eHHo Bo3pactate npu 7T-0 K

IBa cocyma, COeaMHEHHBlE XamManspoM, Hanosnsesi He-II. Ecnu cosmatp
B cOCyAax pa3HocTh Temnepatyp AT=T,—T), TO 3TO BBI30BET B HHX PA3HOCTb
HaBneHnii (yposheil) Ap=p; —p,. OObACHUTH 3TO ABJICHHE M YCTAHOBUTBL CBA3b
mexay AT u Ap, ocHoBmiBasce Ha TOM, 4ro He-II mnpexacrasaser coboit xak
6b1 cMech JBYX XHAKOCTeH: OAHOH «cBepXxTeKyueH», He obOnanappiuelt BA3KOCTHIO
H 3HTPOHHEH H MOITOMY HMeromeH, 0 TpeTheMy Hauany, Temneparypy 7=0 K,
U Opyroit «HOpManbHOH», BeaymeH ceba xak OObLIYHAH XHIKOCT.
CraTicTHYeckoe 00OCHOBaHME TPETHEro Hayana OORMHO CBA3BIBAIOT C HEBHIPOXK-
IEHHOCTBIO OCHOBHOro coctosnus: npu 0 K Teno Haxomurcs B OAHOM OHpenescH-
HOM cocTosiHul. TepMoAMHaMuyYeckash BEPOATHOCTB W 3T0ro COCTOSAHMA paBHa
eauHule, M Tak kak asurpomus S=kInW, 1o npu T=0K surpomms S=0.
Iloyemy Takoe OOOCHOBaHHE TPETEr0 Hayajla HE  SBJIAETCA HOCTATOMHBIM
W NpPaBUIbHBIM?



I'JTABA IIATAA

METO/Jbl TEPMOJUHAMMKU

TepmMofuHaMU4YeCKkoe UucCiefoBaHue (uauyeckux
fABNI@HUY OCHOBbLIBAEMCS Ha UCNONML30BaHUU Hayars
mepMoguHaMmuku. CaM0 npuMeHeHue Hayan mep-
MOJUHaMUuKu [na peileHus gusudeckux 3aga4v ocy-
wecmsnsemes fA8yMsi cnocobamu. B coomsemcm-
BUU € 3mMuM pasnuyalom pgsa memojga mepmMogu-
HaMuKku: Memog LUKIoB (KPYroBbIX NpoLeccos)
U Memop mepMofuHaMUYecKux nomeHyuanos- (usnu
Memojg xapakmepucmu4deckux (byHKyuK).

§ 23. METOA HLHUKJIOB

Memod yuxioe 3aKmOMaeTCs B TOM, YTO [UIA YCTAHOBJIEHHS OIpE-
JAENEHHON 3aKOHOMEPHOCTH TOTO MJIM HHOFO SIBJIEHMS pacCMATPUBAETCS
HOXOAAMNM 00pa3oM NOZOOpPaHHBIA 00paTUMBIH UMK M K 3TOMY
UMKy TPHMEHSIOTCA YPaBHEHHS IIEPBOTO M BTOPOrO HAyall TEPMO-
JWHAMUKH:

$50=W, G.1)
30
§==0. (5.2)

C nomomipro ypaBHenuit (5.1) u (5.2) ymaercs BCKpPBITH HCKOMYIO
3aKOHOMEPHOCTb, €CJIM BHIODAHHBIH LMKJI TaKOB, YTO HMEETCS BO3-
MOXHOCTbL BBIYHCJICHHST HEOOXOOWMBIX BEIHYHH, BXONAIIMX B ITH
YpaBHEHHS [JIf BCEX 3JEMEHTOB LHUKIa. B OonpiumHCTBE ClydYaes
H3y4aeMylo CHCTEMY MBICJIEHHO 3aCTaB/ISIIOT COBEPIUUTH MK KapHo.
Torna ypaeuenue (5.2) ncnone3yercst B Bufie nepBoit Teopemsl Kapuo
O HE3aBACHMOCTH K.II.JA. 3TOTO LMKJIA OT NPHPOJbI pabo4ero BEIECTBA.
ITostomy monyuennoe ¢ momompro ypasrenus (5.1) BeIpaxeHHe s
K.I.I. IWKJIa B OAHHOM KOHKPETHOH 3afiaue NMPHMPaBHUBAKOT OTHOLIE-
HuIO (T, —T,)/T, u 43 NOJYYEHHOTO PABEHCTBA ONPEAEIAIOT HEoO-
XOQUMYKO 33BHCUMOCTD.

HaiizeM memodom Kpyzoevix npoyeccos 3akOH M3MEHEHMS TIOBEPX-
HOCTHOTO HATAKEHHst ¢ TeMmmepaTypoil. [ng 3roro ocymecrsum
uukr KapHo ¢ xuako# mneHKo#l B npososiouHodi pamke. M3o6pasum
STOT NMKJI HAa IJIOCKOCTH C KOOPAHHATHBIMH oOcaMH X, © (Z—
HOBEPXHOCTD IUIEHKH, G —- IIOBEPXHOCTHOE HATsOKeHUE; puc. 19). Ilycts
BHa4ajic MOBEPXHOCTH ILIEHKM DaBHAa X,, HaTskeHue o (Touka /).
PacrsiHeM mienky wu3orepmmdecku 1o coctosHus 2. I10BEpXHOCTHOE
HaTsDKCHHE IIDH 3TOM HE M3MEHHUTCH, HO TaK XakK yBEJIMYCHHE
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s\ MOBEPXHOCTH IUJIEHKH CBS3aHO C OXJIAX-
4 T-dT 3 JICHHEM, TO, Iy TOrO 4TOOBI IIPOIECC
! 1men M30TEPMHUYECKH, HAa y4dactke [—2
114 IUieHKe coobunlaercss TemnoTa ; OpH
? Temneparype 1. PacTsHeM IUIGHKY aiu-
abaTHO A0 COCTOdHHsf 3, NMPU ITOM ee
TeMnepatypa noHusutcs Ha d7, a no-
BEPXHOCTHOE HATSKEHUE YBEJIMYHTCS Ha
) B > do. 3aTem JajuMm NUICHKE BO3MOXHOCTH
CHayaja M30TEPMHUYECKH CXATbCA O
Puc. 19. cocrosiHus 4 (IIpM 3TOM NPUAETCH OT-
HATH Y Hee KOJMYECTBO TEMIOTHl (,);

a NOTOM elue aauabaTHo CXaTbCs O COCTOsHUSA 1.
Pab6ota W, copepuieHHas IuUleHKOH 3a pukxia, pasBHa Q,—0Q,
U OoTpuuaresbHa (IIPOWU3BOAUTCA HaJ IUIeHKoH). Ha nmarpamme X,
o sra paboTa paBHa TIOWAAM [MKJA NpH OOXOHAE LMKiIa HpPOTHB
yacoBo# crpeakn: W= —(X;—ZX,)do (u3MeHeHUe G IpH JJIEMEHTAp-
HOM aaumabaTHOM mpouecce pasHo do upu  HekotopoM X). Ilo

W (Z,-I,)do

olpefieNIeHnio, K.JLJ. IWKJIa n=é—= . a TaKk Kak IUJIeHKa
1 1
T—(T—dT) 4T
cosepunia uuka Kapxo, To nN=——m—"="7" [IpupaBrHBas nocnuen-
—(z,-%,)do dT
HUE [IBAa BBHIPAXEHHS, IOJIy4aeM R OTKyZa
1

do\ 0, 1

T )y %,-5, T
Ho Q,/(X,—Z,)=r—Temwrora U30TepMHYECKOro 00Opa3OBaHHSA €/i-
HUMIbI NOBEPXHOCTH ITUICHKH, I103TOMY

).

T. €. MOBEPXHOCTHOE HATSKEHHE C MOBBLILIEHHEM TEMIEPATYPhl YMEHb-
maeTcs M OpICTpOTA 3TOTO0 YMEHBIUCHHS OOpaTHO NPOHOPUUOHANLHA
TEpPMOJHHAMHUYECKON TeMIepaType.

[lopobHbM 06pa3oM MOXHO HAUTH TaKkKe 3aBUCMIMOCTL JaBJICHHS
HACBIIIEHHOTO Napa OT TeMIEPATyPhl, 3aBHCHMOCTD 3JIEKTPOIABHKYLIEH
CHJBbL 3JIEMEHTa OT TeMneparypsl M T. . (cM. 3amaum 5.1, 5.2).

PazoGpannbiii nmpuMep HOKa3biBaeT, Kak B METOAE KpPYroBbIX
POLECCOB HCHONB3YIOTCH OCHOBHBIE 3aKOHBI TEPMOAMHAMMKA M yCTa-
HABJIMBAIOTCHA HCKOMBIC 3aKOHOMEPHOCTH.

MeToa IHMKIOB ABAAETCS OOHUM U3 TEPBbIX TEPMOAHHAMHYECKHX
uccnenosanui. Kapro, Kuaysmyc, HepHCT UCHONB30BajlM  TOJIBKO
3TOT METO..

Mertoa KpYroBBIX MpPOLECCOB, C OXHOH CTOPOHBl, MOXET ObITh
OPUHLMOMAILHO NIPUMEHEH /s perienus aroboil 3ajauu, a ¢ JApyroi
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CTOPOHBI, OH MMeeT TOT OOJBIIOH HEAOCTATOK, UTO IS YCTAHOBJIEHUS.
TOM WJIM MHOH 3aKOHOMEPHOCTH BCsAkMH pa3 mnpuxomutcs ad hoc
noa6upaTh TMOAXOMAMIMI MK YyCUeX pelleHHs 3aJadd 3aBHCUT OT
BLIOOpa HEOOXOIUMOIO IHKJIA, CaM K€ BHIOOp HUYEM He OINpe/eIfeTcs.
Kak yxe ObpUIO CKa3aHO, 4amie BCero ucmonpdyercs uukji Kapro.

B Hacrosiee BpeMsl OYTH BO BCEX CIIYYasX TEPMOTUHAMHYCCKOTO
UCC/IeNOBAHUS IIPUMEHAETCA METOJ TEPMOIMHAMMYECKHX HOTEIIHATOB.

§ 24. METO/Z, TEPMOJUHAMHUYECKHUX TMOTEHLHNAIOB

Memod mepmodunamuueckux NOMeHyUas08, WIA Memood XapaKmepu-
cmuyeckux @yuxyuii, Obi1 pasBuTr ['ubbcom. HcxomHbiM B 3TOM
METO/e SBJIACTCH OCHOBHOE YpPABHCHHE TEPMOAUHAMUKH

TdS=dU+Y 4,da, (5.4)

KOTOpOe, Kak Mbl TNOKaXKEM, TO3BOJISIET [UJISi CHCTEMbI B pPAa3jMYHBIX
YCTOBHSIX BBECTH COOTBETCTBYIOIME (YHKIIHH COCTOSIHUS, Ha3bIBaeMble
mepmoouHamuueckumu nomenyuatamy. Namernernne 3tux QyHxuuid npu
W3MCHEHHH COCTOSIHHSI CHCTEMBI SIBIAETCS MOJTHLIM JUGEPEHIUATOM.
MeTox HOTEHIMANOB COCTOMT B HCIOJB30BAHUM CBOWCTBA IMOJHOrO
nuddepeHnnata BBEACHHBIX TEPMOAUHAMMYECKUX (YHKLHHA, YTO mO3-
BOJIAET NOJYYHTH YPAaBHEHHUS, HEOOXOAUMbBIC ANl aHAJM3a TOrO WJiH
HHOTO SIBJICHHS,

PaccmoTpuM BHauajie mnpocrbie cuUcTeMBl. B 3roM ciydae mis
PaBHOBECHBIX TPOLECCOB OCHOBHOE YPaBHEHHE TEPMOIMHAMMKH MMEET
B TdS=dU+Ada umu, eciu A=p, a=V,

TdS=dU+pdV. 5.5

3T0 ypaBHeHHE CBs3bIBaeT nath GyHkuuit cocrosuus: I, S, U, pu V.
Camo xe coCTOsIHHE TPOCTOMH CHCTEMBI ONIPEEAeTCA IBYMS HapaMeTpa-
Mu. Floaromy, BeIOMpas W3 NATH HA3BAaHHLIX BEJIMYUH JBE B Ka4eCTBE
HE3aBHCHMBIX [IEPEMEHHBIX, MbI IOJIyda€M, 9TO OCHOBHOE YPaBHEHHE
CONEPKHT €UIe TpH HEU3BeCTHbie (yHxkuuu. [ ux onpeneseHus
HeobX0MMMO K BEIpaxeHu!o (5.5) 706aBUTH ellle ABA YpaBHEHUS, KOTOPBIMH
MOTYT OBITH TEPMHYECKOE M KaJIOPUYECKOE YPABHEHHS COCTOSHHUSA

p=p(V, T), (5.6
U=U, T), a7
€CIH B KaueCTBE HE3aBACMMBIX NApamMeTpoB BuibGpanul V u T,

XoTs BTOpOE HAaYalo W YCTAHABIHBAET CBA3b MexAy Gyukumsmu p n U B BHIC
T{(0p[eT),=(@U[oV)r+p, 58

3TO, OJHAKO, HE HCKIIoYaeT HeobxomuMocTH aobasienust X Bbipaxewuio (5.5) Bce
K€ JBYX YPABHEHMH [UIS ONPEACJICHAS TPeX HEU3BECTHLIX (YHKIMH, IOCKOJBKY CBS3b
(5.8) sBaserca nuddepennuansHoi W MO3BOASET 1O OMHOH W3 QYHKLMH ONPEAEIHTDH
APYIyro, MCKOMY!O OQYHKIMIO B ee 3aBUCHMOCTHM JHIIL OF OJHOTO apryMeHTa
€ TOYHOCTHIO 10 TPOU3BONLHOH (yHKUMM OT Apyroro aprymenra. Ilosromy 6iaropaps
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dopmysie (5.8) ans ompenesieHUss TpeX HEM3BECTHBIX GyHkiMi B Bbipaxenun (5.5)
K HEMY HYXHO A0GABUTL TEPMUYECKOe ypaBHeHHE (5.6) M KaJOPUYECKOE ypaBHEHHE
e B Buae (5.7), a Jnub KAk QYHKIMIO TemiepaTypel 7 [3HaHme 3aBucumoctd U ot
obbeMa V OGmaromaps Qopmyie (5.8) He HyxHO]. Takxum oOpazoMm, HecMOTPS Ha
tdopmyny (5.8), k BoipaxeHuro (5.5) HyxHO A0DaBUTH BCe KEC [IBA YpABHEHUS
p=p(V, Ty u U=U(T), a HE omHO.

OIIHaKO IIPA HCKOTOPBLIX OPYIHX HE3ABUCHUMBIX TICPEMEHHBIX OC-
HOBHOE ypaBHEHHE TepMoIuHaMuKH (5.5) mo3Bonsier HaliTH Bce TpH
HCHU3BCCTHBIC (byHKIII/IPI, €CJIl K HEMY J1068.BI/ITI> HE JBa, a JHMINBb
OOHO YpPaBHCHHUE. B camom pIA} (SN

1. Ecii He3aBHCHMMBIMH [EpeMEHHBIMH siBJisitoTest S u V' [Bxo-
Jamue B ypasHenue (5.5) mom 3makom muddepemmanal, To s
onpeJe/ieHus] OPYTHX TPeX MEPEeMEHHBIX ¢ NMOMOINBI0 ypaBHeHHs (5.5)
JOIMOJIHUTC/IBHO HYXHO 3HATh JIMINb OJHO YPABHCHHC [AJIA 3HCPIruM
U xak GyHKUHM 3THX NEpEMEHHBIX:

U=U(S, V). (59)

JIeHCTBUTENLHO, 3HAst BbIpaxeHue (5.9), MOXHO C IIOMOIIbK
ypaBHerus (5.5), KOTOpOoe Mbl 3amndilleM B BUie

dU=TdS—pdV, (5.10)
npocThiM guddepeHNUPOBAHUEM ONPEACTUTE 00€ Pyrue TEPMHUUECCKHE
nepeMeHHbIE:

ou ou
T~} () 1D

Ecnu B3aTh BTOpHIE NpousBojrble oT U(S, V), To (82U/0S?), =
=(071/0S),=T/C,, oTkyna
_ T (3UaS)
VT @2U/68%) (02UjeS?),

U ap\ 1 U
(7))o 5 ()

Vuuteisas, yro dU-—mnosHbtH audpdepeninan, MOXHO, JaXe HeE
3Has sBHOrO Bujga O¢ynkuun U(V, S), npupaBHEBas CMEIUIAHBBIE
LAY
asev ovas’

TIPOU3BOAHBIC MNOJYYUTH YPABHCHHC

(5)--5)

KOTOPOE CBSI3BIBAET /IBA CBOMCTBA CHCTEMBI — M3MEHEHUE TEMIIEPATYPBI

npu ee aguabaTHOM pAaclIMpeHMH M W3MCHCHHE [AaBJICHUS IIpH

HU30XOPHOM COOOIIEHNH TEILIOTEI CHCTEME. Y CTAaHOBIICHUE TAKUX CBA3EH

H COCTAaBJIAET CONEPKAaHUE METONA TEPMOJUHAMUYECKUX MOTEHIHUAIOB.
VpaeHenue (5.12) MoxHO 3amucaTb B BHIE
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AT, S) 0p, V)

oV, 8) o, sy (5.13)
OTKyHJa, €CJH
o(T, S)
AT (5.14)

[oJiyyaeM paBeHCTBO eAWHMIE sKoOMaHa mnpeo0pa3oBaHUs IpH fie-
pexome or p, V- x T, S-mepeMeHHbIM:

AGRANSY (5.15)
T, S)

Ecim B xakoM-ymbo cocTosHEM npousBojHas (67/0V )g obpawa-
eTcss B Hyjb, fkoOHaH npeobpaszosanus (5.15) B 3TOM COCTOSHUH
HE ONpPEJIENICH, HO MOXET OBITh JIOOMPEIE/ICH UPEIe/IbHbIM 3HAYECHHEM,
paBHbIM TakKXke €AHHULE.

Takum obpa3oM, BHyTpeHHss 3Heprust U B nepeMenHbix S u V sB-
NAETCA  xapakmepucmuueckoll @yukyuei, MOCKOJIILKY B 3TOM Cly4ae
Jpyrue nepemensbie (T u p) ompenensrorcs  audbepeHMPOBAHHEM
U no § u V. HNraue rosops, npoussopubie ot U(S, V) no
XapakTePUCTHYECKHM IEPEMEHHBIM BBIPAXalOT BCE TEPMOIAMHAMMYEC-
KHE CBOMCTBA CHCTEMBI: TICPBbIE IPOW3BO/HBIC ONPEACHISIOT TEPMUYEC-
Kde CBOMHCTBa, a BTOPbIE — KaJIOPHYECKHE.

BuyTpennss sHeprus U B mepeMeHHBIX S ¥ V' HasblBaeTcs Takxke
TMEPMOOUHAMULECKUM ROMEHYUAAOM, TIOCKONBKY JiaBJieHHe

p=—(0U[dV)s

BBIPAXKAETCS Hepe3 Hee TaK Xe, KdK CHJa 4€pe3 MOTEHUHANBHYIO
spepruto V' B Mmexamuke (F,=—0V/ox, F,=—0dV/dy, F,=—0V[0z).

Creayer orMetHTh, 4r0 OyHKuus U=U(S, V') B kayecTBe TepMOIH-
HaMHYeCKOTO MOTEHIMANA C MPAKTHYECKOH TOUKHM 3DECHHMSI HeyJaoOHA TeM,
4TO OJHA W3 e¢ HE3aBUCHMBIX TIEPEMEHHBIX - SHTPONHs S-— HEmocpe-
CTBEHHO, NOROOHO Bemuuuuam V, p, T, He MoxeT ObITh H3MepeHa.

2. Ecnu (He3aBHCMMBIMH MEPEMEHHBIMH SBIAIOTCH He S H V),
a Kakue-mubo [pyrue BeJHYMHBI NPOCTOM CHCTEMbI, TO JSHEPIrus
U oT 3THX JApPYIMX NEpeMEHHLIX HE SBJSICTCS XapaKTEPHCTHYECKON
obyakupedt unn  noremumanoM. OIHAKO OKa3blBAETCH, 4TO M IPU
HEKOTOPbIX JIPYTHX HE3aBHCHMBIX TIEPEMEHHBIX TAKKE MOXHO BMECTO
Apyx ypasuerudt p=p(V, T) u U=U(V, T) soibpath oany QGyHKUHIO
OT 3THX NEPEMEHHBIX, KOTOpas NPH 3TOM OYIeT XapakTepHCTHYeCKOi
¢dyHkumeit, nogobno U B mepemennbix S u V.

JefCTBUTENbHO, €CIM He3aBUCHMBIMH IIEPEMEHHBLIMM  TPOCTOM
cucremsbl sisitoress T u V, To, nmpeobpasys ypasHenue (5.5) Tak®,
yrobpl B Hero Bxogunu auddepenumanst dT u dV [pbiumras u3
obenx uacredt ypashenus (5.5) muddepenuman d(7S)], nonydaem

* Takoe mpeoGpazosanue mubdepentuanbHOR GOPMBI HAILIBACTCA NPeobpazoea-
nuem Jlexcanopa.
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~SdT=d(U-TS)+pdV.
Obo3navass U—TS=F, Haxo/uM
dF=—-8SdT—pdV, (5.16)
OTKYyaa
S=—(0F/0T),, p=—(0F/dV);. (5.17)

Bropoe w3 ypasuenu#t (5.17) mpeacraBnser coboil TepmHUecKoe
ypaBHEHHE COCTOoAHUS; 3Has F=F(V, T), MOXHO HalTH U3 (GOpPMYJIBI
(5.17) ypasHenue p=p(V, T).

Bropble mpousBoAHbie 0T (YHEKUMHM F [O3BOJAIOT ONpEAE/NTD
KaJIOPHYECKHE BEJIMYMHBl — TeNI0eMKOCTh Cp 1 KO3 UUHEHT CxuMa-
eMocTH P (MM M30TepMHYECKHd MOAyNb ympyroctd Kp=1/B):

d°F 1 /év 1
Cv=-T <a_r—> b= (%)f Vol02FlaV?),

a4 TakKXKC INOJYyIYUThL YpaBHCHUC

(5)6)

YCTAHABNMBAIOLIEE CBH3bL MEXAY JBYMSI CBOMCTBAMM CHCTEMBI-— H3-
MEHEHHEM JHTPOIHH MpPH €€ U30TCPMUUYECKOM PACIIIUPEHHH U H3MEHE-
HUEM JIABJICHUS TIPHM M30XOPHOM HATPEBAHUM. DTO YPABHEHHME MOKHO
NOJy4uTh JaXKe HEe 3Has sBHOTO BUAa Qyrkuun F(V, T).

Taxum obOpasom, dyHkiuus F B mepemeHHslx V' u T sBrsercs
XUPAKMEPUCULECKOt  PYHKYUe WA MEPMOOUHAMUYECKUM  NOMEHYU-
atom. O1a ¢Gynxuuss F=U—TS HazwiBacTCcs anepeueii Ieabmzoavbya
(csoboonoit suepeueti).o Kax cienyet m3 (5.16), mpu H30TEPMHYECKUX
nponeccax paboTa , coBepuiaercs CUCTeMoOW He 3a cueT yObuM
BHyTpennei oHepruu U (kak npu ajuabatHeix ppoueccax), a 3a
cuer yomumm ¢ymkuuu F. B camom aerne, u3 dopmyssr (5.13) npu
T=const HaxoAUM

pdV=—dF.

Takum o00pa3oMm, Npd M3OTEPMHYECKHX Upoileccax CcBOOOAHAA
sneprusi F=U—TS wrpaet Takyi0 Xe poJik, Kak M BHYTPEHHAA
geprus npu amuabardeix npoueccax. Beymuuna TS HaszbiBaercs
¢853aHHOU 3Hepeuel. (3AMETHM: B TO BpPEMS KaK B MEXaHMKE DHEprus
CUCTEMbl COCTOMT M3 KHHETHYECKOH M HOTEHUMANLHOH, B TEPMOAM-
HaMyKe BHYTPEHHSS DHEpPrHs JIENUTCS Ha CBOOOJHYKO ¥ CBA3aHHYIO.)

3. Ecu HE3aBHCHMBIE TIepeMeHHbIe BbiOpate T M p, TO
xapakmepucmuueckoti  @ynxkyuet  oymer  dysxums G(T, p)=
=U~TS+pV. JeiictBuTensno, nepeiigem B ypasaennu (5.13) ¢ no-
Molbio nipeobpaszosanus Jlexannpa k nepeMmensbim T u p, npudasus
K obeum uactsm muddepennuan d(pl'), torga d(F+pV)=—-SdT+
+Vdp, wam
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dG=—SdT+ Vdp, (5.19) 08

rae G=F+pV=U-TS+pV.
W3 ypasrenus (5.19) nonyuaem

G G
S——<ﬁ>p, _<E)r' (520)

Bropoe u3 ypapuennit (5.20) nosBonsieT Ha¥TH
TEPMHYECKOE YPaBHEHNEe cOCTOsHUA. Takum obpasom,
oyaxmus G(71, p)=U—-TS+ pV saBasercs xapak-
TepucTHUecKoll Gyskuned B nepeMeHHbX T M p U Ha- <
3pIBAETCA Hepeueti Iuboca (mepmodunamuueckuii no-
menyuar I'ubbea). Puc. 20.

Bropele mpoussonnbie oT G (T, p) HAOT TeMIOEMKOCTh

€= (55);

K03(DhUUMEHT CKUMAEMOCTH
B — 1 fov INER
ap Vo\ap? /v
v N
98) (9 (5.21)
op /)t 0T /»

CBA3BIBAIOLLUEE OBA COOTBETCTBYIOILIMX CBOWCTBA CHCTEMBI, KOTOPOE
MOXHO HOJIYUMTH [Jaxe He 3Has ssHoro Buma ¢yukuuu G (T, p).
Tax xe xak ybbuib JHepruw [enbMmrosblua TPH N30TEPMUUCCKUX
npoueccax paBHa pabore cucTembl, yObinb adepruum ['ubbca npu
W30TEPMMYCCKMX MPOLECCaX paBHa paboTe np amabaTHBIX Npoueccax
PACUUPERHOU CUCmeMbL, COCTOSIIEH, HAIPUMeEp B CJydae raza B 3aKpbi-
TOM UMJMHApE, W3 ra3a ¥ MOOpHIHA C Tpy30oM. OJHEprus Tako#
cuctembl (puc. 20) paBHa BHyTpeHHedl suepruM U raza u moTeHUU-
anbHOW J3Hepruu psh=pl uopiuas ¢ rpysom: E=U+pV, orkyna

dE=dU+pdV+Vdp=TdS+Vdp.
ITpu aguadaTHbIX mpoueccax yObliib JHEPrUM CHCTEMbI paBHa ee

pabote, nostomy —(dE)s=—¥Vdp u, cnemosatenpHo, pabota pac-
HIUPEHHONW CHCTEMbI paRHa™

SW gaem = — V dp. (5.22)

W3 ¢opmynbr (5.19) BUAHO, 4TO TIPH HUIOTCPMUUSCKHMX TPOLECCax
—(dG)y=—Vdp. Torna, yuursiBas cooTHolIeHHe (5.22), moaydaem

U ypaBHEHHC

K\)

* U3 peipaxenns (5.22) BHOHO, YTO BHYTPEHHHMIl MAPaMETP H3YY2€MOR CHCTEMEI
(ra3a)— mapJieHRC p— ABJIAETCH BHEHIHMM TAPAMETPOM PACIUMPEHHOHR cucTeMsi. Pac-
WUPERHAA  CUCMemMa—3TO WMEIOMAA MeXaHWYeCKHH KOHTAKT C BHEIHAMM TeamM
H3YYyaeMasi CHCTEMA COBMECTHO C ITUMH BHEUIHMMH TeNaMu, HAJ KOTOPBIMH H3ydaemas
CHCTEMA MOXET coBepluats paboTy.
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- (dG )T =8 Wpacur (5.23)

Ecnu Ha cHCTEMY KpOME MEXaHMYECKUX CHJ JEHCTBYIOT M ApYTHE,
HeMeXaHUYECKHe CHJIbl (SJIEKTpMYECKHe, MArHUTHBIE W T. I.), TO
MOXHO YCTAHOBHUTH W JIPYroil Gu3MYecKUi CMBICI W3IMEHEHUs SHEPTHd
I'n66ca G. B camoM fene, nycTh Ha CHCTEMY KpPOME CHJIBI JaBJIEHHS
JEHCTBYIOT €lle HEMEXaHHYEeCKUe CHJIbI, TOorla

TdS=dU+pdV+3W,,,.

C pomomplo npeobpaszoBanus Jlexanapa ([npubasisga k obeum
vactaM Buipaxerus (5.23) muddepenunan d(—7S+pV)] nepexonnm
or mudpdeperimano dS nm dV x puddepernmanaM He3aBHCHMBIX
nepemennrslx 1 u p. Torma

—SAT+Vdp=d(U=TS+pV)+ W,
dG=—SdT+Vdp—8 W,
OTKyJda BHIHO, 4YTO TpH I/ISOTCpMI/I‘leCKPI-I/I306apHI:IX nponeccax

B CJIOXKHBIX CHCTEMax YOBUIb TEPMOAMHAMHYECKOTO MOTEHUMANIA PaBHA
paboTe cHCTEMBI NMPOTHB ACHCTBYIOIIMX HA HEe HEMCXaHHYECKHX CHIL:

—(dG), r =W (524

Baxnoe 3nauenue sgepram I'ub6ca mns TepMOAMHAMHUKH CieAyeT
H3 TOTO, YTO B COCTOSHHUH PAaBHOBECHS CIOXHOM CHCTEMBI Xapak-
TEPUCTHYECKHE TIEpEMEHHBIE p W T OJWHAKOBBI BO BCEX YaCTsX
CHCTEMBI M MO3TOMY SBJSIOTCS Haubosee ymoOHLIMA.

4, Ecin He3aBMCHMMBIMH [IEPEMEHHBIMH IPOCTO#l CHCTEMBI SBJIS-
1ca S B p, TO XapakTepucTHyeckod ¢yHkumeid Oyner

H(S, p)=U+pV. (5.25)

JelicTBuTesibHO, ecn B ypaBHeHMH  (5.5) mepeiitm ot nuddepen-
maanor dS n dV x nuddepennmanam nepemennnx S u p, npubasnsas
K obeuMm yactsaM ypaeuenus (5.5) muddepenuman d(pV), to

TdS+Vdp=dU+pV)

dH=TdS+Vdp. (5.26)

Oynxims (5.25) HaswIBaeTcs IHmasvnuedl W SIBJIAETCS TEPMOJH-
HAMHYECKAM NOTEHUHANIOM [IpH HE3aBHCHMBIX IEPEMEHHBIX S H p,
NOCKONBKY mnpousBoadeie H(S, p) no S u p nparwot

o0H
T"(éf)x

V= ("” > (5.27)

o

*H\ (oT\ _ T
38* J, \éS/)» ¢,

HIn
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NN
T (3H]S),
P (0%H/aSY), (97H[3SD),

02H _ oV _ V _ V
op* Js \ép Js V@piov)s K5

V
Ks= @%HIpY)s

N3 dopmynst (5.26), nmaxe He 3Has SBHOTO BHIa (QYHKIMU
H(S, p), HaxomuM ypaBHEHHE

(%9:(%) (5.28)

KOTOPOE CBSI3bIBAET JiBA CBOMCTBa cHUCTeMBl. YpapHenue (5.27)
TpesicTaBnseT coboil ypaBHeHne aamadaThl, TAK UTO, €CJIH SHTAJIBIHSA
KaK TMOTEHIWaJl W3BeCTHa, TO ypaBHeHue (5.27) MO3BOJISET TIPOCTHIM
mubdepennupoanneM H 1o p BHaTh ypaBHEHHE anuabaTbl CHCTEMBL.

®dusuveckuit CMBICH 3HTAJBIAM COCTOHT MpPEXJE BCETO B TOM,
YTO OpH H300apHBLIX MPONECCaX H3MEHEHHWE SHTAJbIHM PaBHO IO-
TJIOIIEHHOMY KOJIMYECTBY Temwnothl: (df ),=(7dS),=(8Q),=C,dT u

oH
CP:(‘a—f)p‘

ITo atoit npuyune Gynxkwwro H 4acTO Ha3bIBAIOT TaKXe Men1060i
Pyuryueii 1 menaocodepicanuem. KpoMe TOro, Tak kak suTanbmms (5.25)
paBHa dHepruu E pacuIdpeHHOR CHCTEMBI, a TpU aanabaTHBIX IpoLeccax
yOBUIb 3HEPTHH paBHA paboTe, TO, OUEBHHO, TPH 3THX MpoIleccax yObilb
SHTAJBIMH CHCTEMBI paBHa paboTe pacCIIMPEHHOW CHCTEMBI:

—(dH )s=0Wssem

W HakoHem, eciaM Ha cuCTeMy JAEHCTBYIOT KpOMe MeXaHHUYeCKOi
CUJIbl JaBJICHHsi TaKXe H ApYIHe HEMEXaHW4ECKHe CHJIB, TO

TAS=dU+pdV+W,,
TdS=d(U+pV)—Vdp+W,,
dH=TdS+Vdp— W

OTKyJa BHAHO, 4TO 0pd aauadarHo-u3o0apHBIX NMponeccax B CIOXHOM
cucreMe yObLTb IHTAnbuU (5.25) paBHa pabGoTe CHCTEMBI NIPOTHB
HEMEXaHUYECCKUX CHJI:

HIIn

—(3H)s, ;=W

Bce aTu TepMmoauMHaMHu4ecKHe NOTEHIUAJBI SBJSHOTCS, BO-ICPBLIX,
aJUIMTHBHBIMH ¥ OJHO3HAYHBLIMH (DYHKIMSIMHM COCTOSIHUS H, BO-BTOPBIX,
AX yOBLTb TpPH COOTBETCTBYIONIMX YCJIOBUAX ONpedeiser paborty
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CHCTEMBI TPOTHB JEHCTBYIOINMX Ha Hee cwi. Kpome Toro, oHH
HO3BOJIAIOT ¢ MHOMOLIBIO OCHOBHOI'O HEPABCHCTBA TEPMOAMHAMUKA
IUIs HeCcTaTH4eCKuXx mpoieccoB (3.59) ycTaHOBUTH 0OIME YCIOBHS
TEPMOIUHAMUUESCKOTO PABHOBECHST W YCTOWYMBOCTH CHCTEM TIpH
OTIPEC/ICHHBIX YCIOBHAX (CM. TJ. 6).

§ 25. VPABHEHUE T'MBBCA —FEJIBMI'OJIBLIA.
TEPMOJUHAMMWYECKUE NMOTEHLUWAJDbBI UIEAJBHOI'O TA3A

PasnuyHpie TEPMOJHHAMUYECKUE MOTEHUMANBI CBA3aHBI MEXIY -CoOOM
TaK, YTO CCNH M3BECTHBI OJHU W3 HHX, TO MOXHO HAaWTH  JpYrue.
Ilpu stom BuyTpeHHsiss 3Heprus U cBsizaHa ¢ dHeprued I ejgsMronbua
F taxuMm xe muddepeHnnanbHbIM - YpaBHEHHMEM, Kax  JHTAJBIMS
H c 3neprueit I'nb6ca @. [eiictButensHo, u3 F=U— TS u BeIpaxeHus
(5.17) nonyuaem yppasnenus I'ubbca— I'eabmeosvya

U=F—T<ﬁ> (5.29)
oT Jv
mast sEcprum [ensmronbna, a u3 G=H~=TS wu Beipaxenus (5.20)
H=G—T@§> (5.30)
0T Jp

ans sneprun I'm606ca.

B ofmieM ciydae IpocToil CHCTEMEI, KOT A €€ COCTOSHHE OTpeIeis-
eTCs TEMIEPATYpOH M BHEINHWM IMapaMeTpoM «, ypasHenue I'nb6ca —
TenpMmronbua ans sHepruu ['erbMrosnbiia WMeEET BHJA

oT

Huterpupys ypasuenue (5.29) wm (5.30), MoxHo Hawty F wnu
G cootBercrBeHHo no U mwmm H. UToOBl €r0 BBLIMOJIHHTHL, 3aMETHM,
yro npu 0K mnocnesnee ciaraemoe B ypaBHenun (5.29) ornanaer,
ecmn {0F/0T), ocraerca xoHewHod mum Bospactaer mpu 7-0 K
meeHaee, yeM 1/T. Jlenas ornocutenvho (0F/0T), omHO W3 3THX
IByX > TpeanojoxeHni, u3 ypashenus (5.29) npu T=0K wnmeeMm
Fy=U,. Beruutas 310 ypasHeuue W3 ypaeeHus (5.29), nosyvaem

U=F—TCE>. (5.31)

F-%=U~%+T@%%B)

28)95

TQ£<F;%)=—(U~U@. (5.32)

YpaHenwne (5.32) apasieTca JUHEHHBIM HEOJHOPOAHBIM YpaBHEHUEM
otHocutenbHO F—F,. CooTBEeTCTBYylOIIEE OFHOPOJAHOE ypaBHEHHE
WMeeT BUL

108



%(F;Fo)zo. (5.33)

Oburee pemenne ypaBHeHus (5.32) parHO CymMMeE 4YacTHOTO
pEeHIeHAst 3TOTO YPaBHEHHS W OOINEro peiieHus OXHOPOJHOTO
ypasrernus (5.33), xoropoe, odeBumaHo, paBHO F—F,=IT, [=const.
Yacrroe [ Pellenne  ypatiemts (5.32) MoxHO 3ZamucaTh Tak:

F—F,

T —JU_ Yo 4T, Taxum obpazomM, oOuee pelileHue ypaBHEHHH

TZ

I“1166ca—nl“enmvzronbua (5.29) u (5.30) Taxoso:
T

F=U,~T j H—;TU—"dTnt IT, (5.34)
0
T

G=Gy— TJ”;I’°dT+1T, (5.35)
0

rae I— TepMOAMHAMUYECKH HEOINpe/ie/ieHHAs TMOCTOSHHASA, 3aBUCAIIAS
or obvema B (5.34) m or pamienus B (5.35). DTy NOCTOAHHYIO
HEJIB3A ONPEESIMTh C TMOMOIUIbIO HEPBOTO W BTOPOro HAuaja Tep-
MOAMHAMUKA (YeM H OOYCIOBIIEHO ee Ha3BaHHWe). 3HAHHE MOCTOSIHHOM
I 6p110 HEOOXOOUMO MNIPH ' BBHIYMCICHHM XHMHUYECKOTO CpOACTBA (CM.
§ 49). Pemenne stoit mpoGiemnl npuseno HepHcra K OTKPBITHIO
TPETBErO Hayaja TEPMOIWHAMHUKK, KOTOPOE HEMOCPENCTBEHHO TIpH-
Boautr k [=0. [lelicrBuTtensHo, muddepennmpys Boipaxenue (5.34)
wm (5.35) mo TeMneparype W Imojaras Mo TPEThEMY Hauasy

<Z_;\) =<Q§> =S8=0 npu T=0K, nomywaem [=0.
v I3

oT
aknM oOpa3oM, w3 Beipaxemuét (5.34), (5.35) nomyuaem:
T T .
F= UO—TfU;U"dT, G=HO—TJH_‘;’2dT. (5.36)
0 0

Tepmoannammueckue norequmansl U, F, G, H MOXHO npeJCTABATH
rpaduyeck B NPOCTPAHCTBE COOTBETCTBYIOINMX HE3aBUCHMBIX MeEpe-
MEHHBIX B BUJE MOBEPXHOCTEH, KOTOPHIE OOBIYHO CTPOST H2 OCHOBAHUM
OTBITHEIX NAHHBIX. JTH MOBEPXHOCTH, 2 CJIEOBATE/IBHO, W CBOWCTBA
€CaMoro BEUIECTBA MCCIIEAYIOTCS HOTOM € NOMOMIBI0 muddepeHnuab-
Holt reomeTpuu. TloaTOMY reoMeTpuuecke METOABI B TEPMOIAHAMHEKE
nMeroT Oosbiioe 3HaweHWe. OIHA W3 BaXKHBIX TEPMOAMHAMHYECKUX
pabot I'nb6ca Tax m Ha3biBaeTCs «MeToa reOMeTPUUECKOTO NPEACTaB-
JICHAST TEPMOANHAMHYCCKHX CBOHUCTB IIpH NMOMOUIH HOBCpXHOCTCﬁ»,
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Kax sugno u3 ypasreuudt (5.10)—(5.28), 3Has xoTs Onl omuH
U3 TEPMOJMHAMUYCCKHX MOTCHIHANOB, MOXHO ONPENCNHTh KaK Tep-
MHYECKHME, TAK W KaJOPHUECKHE CBOHCTBA CHCTEMBI, T. €. IMOJYYUTh
HOJIHYI0 HHGOPMALMI0 O €6 TePMOAUHAMMYECKMX cBoHcTBax. Kaxmbrii
TEPMOJMHAMMWYECKUH MOTEHIHAJ, CIEHOBATEIbHO, CONEPXKUT B cebe
MOJHOCTBIO BCE XapAKTEPUCTHKH CHUCTEMBL

VceTaHOBJIEHHe CYIeCTBOBAHMS TakKux (YHKIME COCTOAHHS siB-
NAETCS  KPYNHBIM  ycrmexoM TepMoauHaMukd. OOHAKo, ocCTaBasch
B paMKax TEPMOTMHAMUKM, 3THM YCHEXOM He YyOAETCS BOCMOJIb-
30BaThCA B fIONHONH Mepe. [esio B TOM, 4TO Hayana TepMOXUHAMUKH
camMu 1o cebe He TO3BOJSIOT HAWTH BLIPAXEHAS Uil TEPMO-
JVHAMMYECKHX TOTCHUMAJIOB B BHAE SBHBIX (QYHKUMH —COOTBET-
CTBYIOUINX XapaKTepHCTUYECKUX MepeMeHHbIX. B  TepmonauHamuxe
METOJ TOTEHIMAJIOB COCTOMT B HCIOJNb3OBaHHM ypaBHeHWH (5.12),
(5.16), (5.20) m (5.28), xOTOpBie YCTAaHABJIMBAIOT - CBA3H OJHHX
CBOMCTB CHCTEMBbI C JPYTHMH €€ CBOMCTBaMH. 3TH YypaBHEHHS,
KaK Mhbl BHJAECNH, TOJYYalOTCA M3 OCHOBHOIO YpaBHEHHS Tep-
MoOJMHAMMKM (5.5) ¥ TO3TOMY HacTO CaMH HA3BIBAKOTCS OCHOBHbIMU
ypasHeHuAMU WIH coomuowenuamu Makcsedna.

TonBKO ISt JBYX CHCTEM MOXHO BBIYHCIHTH TEPMOJMHAMHYECKHE
TOTEHIMAJB C TOMOIIBK Hayad TePMOAUHAMEKH: [UlS HMICAJIbHOTO
rasa ® JUId PABHOBECHOI'O HM3JIY4YEHHUs,, TIOCKOJBKY IJsi HHX
M3BECTHBI M TEPMHUYECKHE, W KAJOPHYECKWE YDABHEHUS COCTOSHHS.
Jnst Bcex ke JAPYIHX CHCTEM  TepMOJHHAMHUYECKHME ITOTEHLHAJIBL
HAXOMAT WM M3 ONbITa, WIH METONAMH CTaTHCTHUeCKOH (n3nku
U IIOTOM C NIOMOIIBIO MOJIYYEHHBIX TEPMOJWHAMHYECKIX COOTHOIICHAM
ONpeNesSioT YpABHEHWS COCTOSHUS H ApPYTHE TEpMOJAMHAMMUYECKHE
CBOJCTBA.

W3 aToro BuaHA OpTaHUYECKas CBA3b TEPMOJMHAMHKH M CTaTH-
cTuueckoit  ¢u3uku.  O6e OHM HMEIT OJUH W TOT X& NPEaMeET
HCCIEAOBAHUS, HO CaMO HCCIEOBAHUE BENETCS C Pa3HBIX MCXOIHBIX
mosunuit. [[ns IOAHOTO M BCECTOPOHHETO H3YHEeHHS CBOHCTB (u3myec-
KHX CHCTEM HEOOXOOMMO ONHOBPEMEHHOE IIPHUBJIEYEHHE M TEPMOIM-
HAMMKHA, W CTATUCTUYECKOH (H3HUKH.

I ra3oB TepMOOMHAMUYECKUE (GyHKUUHM 4allle BCErO BLIYMCIHSA-
FOTCH METONAMH CTATHCTHYECKOH (DH3MKH, AN XKUAAKOCTEH xe M TBep-
JbIX Tefl OHH OOLIYHO HAXOMATCS OSKCIEPHMEHTAIBHO C IOMOIUBI)
KaJIOPUYECKNX OINpPEACIeHNH TEIIOEMKOCTH.

Haiinem Boipaxkenue BHyTpeHHe# 3nepruu U xak TepMOAMHAMHAYEC-
KOro HOTEHUMANa JUIN MAea]bHOTO (OJHOATOMHOro) rasa. MspectHo,
4TO JUIS TAKOrO Ta3a BHYTPEHHSS JHEpPrus paBHA

U=Cy T+U,.
3TO BBIPAXCHUE UUIA U HE ABJACTCS, OAHAKO, TCPMOIAUHAMHYIECCKUM
NOTCHHMXAJIOM,; IOJL3YSJACh WM, HEJb3s ONpeneJINTh HU TEPMRUCCKOE

ypaBHEHHE COCTOSHHS UIEATLHOTO Tasza, HW IPYIHE €ro TEPMMYECKHE
cBoiicTBa, BHyTpenusis sHeprias OydeT TEPMOIUHAMUHYECKHM HOTEH-
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ouaJIoM (XapakTepucTHueckoll ¢yHkuuel), ecnu oHa BHIpaXeHa Kak
Oynknus nepemenHnix S # V. Jlng ugeanbHOTO rasa 3TO JIETKO
clenaTh, TMOCKONBKY M3BecTHO, 4ro S=C,InT+RInV+S,, orkyna

§—So—RInV 1 5-5,
=ex = ex y
! p( ¢ ) 288 p( c,)

S—S8,

U(S, V)—Vy 1exp( >+Uo

Ucnonezyst 310 BBIpaXKEHUE /It BHYTPEHHeN SHEpruM. Kak tep-
MOAWHAMMYECKOTO MOTEHIMAJNIA, MOXHO, HA000pOT, C HOMOIIbLIO
dopmya (5.10) w (5.11) HaliTH TepMHYECKOE YpaBHEHHE COCTOAHHS
ureanbHoro rasa pV=RT u ypaBHeHHe ero agmabarel pl”=const.

B xadecTBe mepBoil 3aayuy, PEIIAeMoll METOIOM TepMOIUHAMHBYEC-
KHX TIOTEHIMAJOB, IIOJIyddM HaWJEHHOE YyXe  METOAOM IHKIOB
ypaBHEHHE OIS 3aBUCHMOCTH IOBEPXHOCTHOTO HATSDKEHHS OT TeM-
HepaTypel, ¢ TeM 4YTOObI Ha 3TOM oOueM npumepe yGemuTbes
B TIPEHMYINECTBE METOJa TEPMOIMHAMHYECKHX NOTEHUHaN0B. Pe3ynsb- -
TaT, KOHEYHO, OyJeT OJHWUM H TeM Ke, Tak KaK Ta HJIH WHAA
3aKOHOMEPHOCTh HE 3aBUCHT OT METOJA HM3YMEHMs, & ONpeaesseTcs
TIPUPOAOH SIBJIEHHMSL.

Bymem wucxomuts W3 BhIpaxeHHs s JubdepeHHHana NOBEPX-
HOCTHOW cBOoOOAHON sHepruu uieHkH. [TycTs X -—rmjomans moBepx-
HOCTM IJEHKM (ee BHEeDIHMHM mnapaMmerp a). Tak kxak 3jeMeHTapHas
paboTa yBeNHYEHHs] TOBEPXHOCTH TUeHKH Ha dX paBHa dW= —odX,
IJe C — MOBEPXHOCTHOE HaTSKEHHE, TO 000OLIEHHAA culta, CONPAKEH-
Has napamerpy X, oyaer A= —o u auddepenuman sneprun 'ensM-
roibla Jas Ienkd paseH dF=—Sd7T+odX, orkyna

iA do Jo 8Q oo r

ox )r \oT):’ \oT)x = T\o% T T
4TO COBHaAaer ¢ BeIpaxeudneM (5.3), HaWJEHHLIM METOJOM LMKJIOB.
Homyyenne 3TOro BBIPaXXEHHS METOOM TEPMOMUHAMMYECKHX MOTEH-
UMaOB CBOAMTICH K HAXOXAEHHIO IMWb JudgepeHuuana SHEPruu
Fenpmrosiblla IUIEHKM MW HKCHOJIB3OBAHUIO CBOWCTB IMOJHOTO ;m(b
tepennmana.

B 3akaroyeHHE OTMETHMM, YTO NPHMEHCHHE TEPMOJMHAMUKH K pe-
IEHNIO DPA3NHYHBIX (H3MYECKUX 3a/ay CHABHO obleryaercs HCIHOJIb-
30BaHHEM CBOWCTB sikoOuaHOB (onpenenutesiedl Axobu). Jto cwszaHo
¢ TeM, 9TO OOBbIYHBIE 4YACTHbIC NPOW3BOJHBIE, 4 OHM BXOJAT BO
MHOTHE TEPMOJWHAMHYECKHE COOTHOINEHMS, TIPENCTABISIOTCS B BHIE
AKOOHAHOB.

IIpuBeneM cBoiicTBa 4acTo HUCHONBL3YEMBIX SKOOHAHOB BTOPOTO
nopsaaka (C JABYyMS HE3aBUCHUMBIMH NEPEMEHHBIMH X, V),
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|6 G|,
A RCICREIC
ox/y ay /x

Kak cnenyer W3 3TOTO ONpeIescHHS:
0w, y) _[ou
b S,

2) J{(u, v)=—J(v, u),

3) J(ku, v)=J(u, kv)=kJ (u, v);
4) é(u, v) _ 0lu, v) _ 19w )
lkx, y)  B(x, ky) kalx. y)
duv) 0w, v) lr,s) 0w v) 8(r, s)
alx, y) alx, y) a(n ) 3(r 9 A(x. y)
4TO MO3BOJAET ONEPHPOBATHL C sKoOMaHAMU Kak C [podsmy;
5) J(u, v)J(z, y) +J{v. 2)J (u, y) +JT(z, u) J (v, y)=0
— ToxaecTBo Sxobu.

§ 26. TEPMOJUHAMMWYECKUE HOTEHUHAJIbI CJOXHBIX CUCTEM
1 CUCTEM C HEPEMEHHbBIM HMMUCIOM YACTUL

Boitie Mb! HaliH, Kakue QYHKUUM [IPU TEX WM HHBIX HE3aBHCHMBIX
NEPEMEHHBIX [IPOCTON CUCTEMBI SBJSIOTCH €€ TEPMOJIUHAMHYECKHMHU
OTEeHIHAIAMA. - YCTAHOBUM Tenepb TEPMOIMHAMUYECKHAE TTOTECHIMAIbI
CTOKHOW CHCTEMBI, TOABEPKCHHOM JEHCTBUIO HECKOJIBKHUX BHELIHMX
CHJI. W CHCTEMBl C TNEPEMEHHBIM UHCIOM YaCTHIIL.

bysieM BHauajle HCXOAUTL H3 OCHOBHOIO YPaBHEHHS TEPMOIMHAMU-
ku (3.24) Ang COKHOW CUCTEMBI

TdS=dU+ Y 4da;.

M3 93T0r0 ypaBHEHHS HENOCPEACTBEHHO [OJy4aeM, 4YTO ECITH
COCTOSIHME CJIOXHOH CHCTeMbl onpeiessiercss oO0OUICHHBIMI  KOOp-
JuHaTaMH (BHEIIHMMH 1lapaMeTpaMd «; M SHTpoumeit S), To ee
TCPMOJNHAMHYECKIM TOTEHUHAJIOM SBHSETCS BHYTPEHHsiI 3HEDTHS

U(S, a;), nnddeperuman koropoil dU=TdS— ) A;da;.

i
Ecim cocTosHMe cUCTEMBI OnpeAc/seTcs BHEITHUMH NapaMeTpaMy
a; u Temmuepatypoir 7, TO TepMOJUHAMUMECKHM NOTEHIHAIOM
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asisiercss oHepeus leavmeoavya F=U—TS, muddepenuuan xotopoii
dF=-8dT— z Aida,-.

1
Ecnu cocTosiHUE CHCTEMBI onpeaensieTcss TeMmnepatypoi T u 0606-
IIEHHBIMA CHIaMH  A;, CONPSKCHHBIME BHEIHMUM MapaMerpaM g,
TO TEPMOMHAMHYECKUM IOTEHLMAIOM CHCTEMBI sBjseTcs (00001en-
Has) anepeusn [ubbca

G=U-TS+) 4,a, 5.37)
maddepeniman  KoTopoi l
dG=—SdT+ Y a;dA4;.

Eciu He3aBUCHMBIME MapaMeTpaMH CHUCTEMBI SBJSIOTCH SHTPOUUS
S u oboOlieHHble CWIBL A;, TO TEPMOJHHAMUYECCKHM IOTCHIMAIOM
siBisieTcss (0000IeHRas) Inmasbnud

H=U+) A, (5.38)
mudbepernnan KOTopou l
dH= TdS+ Za,-dA,-.

Taxum 006pa3oM, B citydae CAOKHON CHCTEMBI BBIPAXECHUS JHEPrUn
T'u66ca (5.37) w suranpouu (5.38) MMEIOT MO CPABHEHMIO C COOT-
BETCTBYFOIIMMH BBIPAKEHMSIMU 3THX TOTEHUHMAJIOB [UId HPOCTOH
CHCTEMBI JIONOJIHUTE/bHbIE AATUTHBHbIEC YicHbl BUAA A;q;. Bbipaxeuue
xe Ans sHeprum TensMmronbua F=U-—TS npu nepexole K ClIOKHON
cucteMe He u3MeHseTcs. OfHAKO €C)I COCTOSHHE CJIOXKHOU CHCTEMBbI
ONpENeNaeTCss IEPeMEHHBIMA 7, p W BHEHIHUMH HapameTpaMu
a; (kpome o00BEMa), TO TEPMOJUHAMHUYECKMM TOTEHIMANOM, Kak
" B cliydae TpocToit cucTeMsbl, Oyaet sneprus [ub6ca G=U—TS+p/V,

muddepernman koropoit dG=—SdT+Vdp— ) Ada;.

i
AHaJorH4HO, eCiM p, S ¥ BHEHIHWE mapaMeTprl (KpoMe obnema)—
HE3aBUCHMBIC MEPEMEHHbIC CIIOKHOM CHCTEMBI, TO TEPMOIMHAMUYEC-
KM TIOTEHIMAJIOM sBigeTcs Jutansnus H=U4pV, maddepeniman

kotopoit dH=TdS+Vdp—) A:da;

i

ﬂ;O CHUX INOp Mbl PACCMATPHUBAIM CHCTEMBI, KOTOPBIC TIpH B3a-

UMOJIEHCTBHH C APYIrAMHU  TECIAMH 0OMEHUBAIOTCSH TOJILKO ’mepmeﬁ

(33KprTbIe CHCTEMBI WJAH CUCTEMBL ¢ INOCTOSAHHBIM YHCJIOM ‘l'dCTHII).

OnHaxo B TCPMOANHAMHUKE [IIMPOKO HIYYAKOTCA TAKXE CHCTCMBI,

B KOTOPBIX YUCIIO YAaCTHMI NPHA PABHOBCCHLIX MPOILECCaX H3MCHSACTCS
(CPICTGMI)I ¢ NCPCMECHHBIM YHCJIOM qacmu).
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W3meneHne YMclia 4acTHI, B CHCTEME MOXET BBI3BIBATLCA pas-
TEYHBIME NpHunHaMu. Hanpumep, B cilyuae paBHOBECHOH CHCTEMB,
COCTOSIILER M3 XUIAKOCTH M €€ HACBILEHHOTO Napa, NpH W3MEHEHHU
obbema BCce CHCTEMBl YACTHIBl U3 KHIAKOCTH MNEpeXOHAT B ras
(v HaobOpOT —HU3 Tasa B KUAKOCTH), TMPH 3TOM I[IOJHOE YHCIIO
yacTuy B obeux (dazax oOCTaeTcd TOCTOSHHBIM, HO B KaXIOH
tbaze oHO pasHoe. l3MeHeHMe 4UMCIA YACTHI HPOMCXOJUT TAKXKE
B CHCTEMAX, B KOTOPBIX [PH U3MEHEHHM TEMNEPATYpPhl WJIM JPYTuX
NapaMeTPOB TPOUCXOJAT XUMHMYECKHE PEAKIUA. TpeThbHM INPUMEPCM
CHCTEMBI € IIEPEMEHHBIM HUCIOM YACTHIl SIBISETCH H3JIYYEHME,
PaBHOBeCHOE M3Ty4YeHHE NpEJCTaBiseT COGOH COBOKYIHOCTEL  KBaH-
TOBOHEPAINYMMBIX YacTHL — (OTOHOB, KOTOPHIE B OTAMYHE OT
OOBbIYHBIX KJIACCHYECKMX YACTHL OOJafAloT H  KOPILYCKYJISIPHLIMH,
W BOJIHOBbIMU cCBoOWicTBaMHM. UHCIO 3THX 4acTH{ NPH H3MEHEHHH
TEMIEPATYPLl B PE3YIILTATE IIOTJIOIICHAS U M3JIYUYSHHS CBETQ CTEHKAMH
Oymer pasHbIM,

Cospemennas (u3NKa IPH PacCMOTPEHHH CHCTEM M3 3JEMEHTap-
HBIX 4aCcTHI Bce 6oJblie H 60JIbIe YCTaHABJIMBAET HAJIMYME B IPUPOJE
MPOLECCOB, TPH KOTOPBIX HE TOJIBKO YMCJIO YACTHIL ONpPEHeeHHOro
copTa, HO W ofllee YUC/IO YAcTHL B pe3yjbTaTe B3aHMOIPEBPAIICHHS
UX B cucTeMe He coxpaHsercs. COCTOSHUE CUCTEMBI C NEPEMEHHBIM
YUCJIOM YACTHUIL XaPaKTEPU3YETCH NAPAMETPAMH dy, ..., dy, 1 1 YUCIOM
YacTHL JaHHoro copra Ny, ..., N, ... MIM COOTBETCTBYKOUIMMH KOH-

HeHTpalMAMH ¢;= N, / Y N
k

BHyTpCHHﬂH JHEPrusi CUCTEMBI C MNCPEMCHHBIM YHCJIOM 4YacTHIl
H3MEHSETCS HE TOJIBKO 32 CHET COODIEHHA TeTUIOThI M COBEPLICHUA
pa6OTbI CUCTEMOH, HO M 3a CYET U3MEHEHMs YHCJa YaCTHIl B CUCTEME,

nostomy, no mepsomy mavaiy, dU=8Q—8W+ ) udN,, rue

k
dN,=d N, +d; N, —u3MeHeHue Yucia 9acTUIl copta k, 0ByCa0BIeHHOE
B obmem ciyqae oOMeHOM ¢ okpyxaromeit cpemodt d.N, ¥ XUMH-
yeckumd . ‘peakuusMu &N, (0 3aKOHY  COXpaHeHHs  MAcChl,

Y md;Ny =0, my-—macca k-vacTvn).
%

Tlpu pasHosecHbix mponeccax §Q=T4dS u §W=) A,da;, nostomy

OCHOBHOC YPABHCHME TEPMOJAUMHAMHUKU I CHCTEM C MNEPEMEHHBIM
YHCJIOM HaCTHII B TAaKUX CHCTEMAX MNPUHHMAaET BHA

TdS:'—dU+ ZAida,-—— Z“dek’ (5.39)
i 3
a Ipu HepaBHOBeCHbIX npoueccax [cMm. (3.59)]
TdS>dU+ Y Aida;— ) pdN,. (5.40)
i k
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Benmunna
we=(0U/ON)s,

HA3LIBACTCH XUMUUECKUM HOMEHYUAA0M k-ro copra HacTHil.

C noMompr0 OCHOBHOrO ypaBueHus (5.39) Jerko moayuurs
muddepeHnranbl 1id BCeX TEPMOIMHAMHYECKUX NOTEHIHUAIOB CHCTEM
C MepeMeHHBIM YHCIIOM YacTHIl. PaccMOTPHM sl MPOCTOTHI CHCTEMDI,
[OJIBEPKECHHBIE AEUCTBHIO TOJIBKO BCECTOpOHHero AaBienus p. Torma
MOJIy4aeM CJIETyIOIHE BBIPAKEHHUS:

dU=TdS—pdV+ > wdN; (5.41)
g mubdepennuaia  BEYTPEHHEH 3Hepr1:m;
dF=dU-TdS—-SdT=—-SdT-pdV+ Zp,-dN,- (5.42)
s mabdepennuana sHeprun [enpmronbna F= Ul -TS;
dG=—-SdT+Vdp+ Zu,- dn; (5.43)
s guddepennuata sueprun ['udoca G1= U-TS+pV;
dH=TdS+Vdp+ ) w;dN; (5.44)

s maddepennuana sHranbuwa H=U+pV.
XAMAYECKHH TOTEHUHAN W3 3THX BBIPAXKEHHH paBeH

oU oF G oH .
“i—(m)y,s‘<m)y,f(éﬁ),,f(a—m)p.s- (5.45)

Taxam obpasoMm, p MoxHO monyuntb JubdepeHHUpoOBanNeM
Mo60oT0 M3 TEPMOAMHAMMYECKMX IMOTEHIHMAJIOB [0 YHCITY 4acTHIlL
Onnaxo npH- 3TOM OH OydeT B KaX/JIOM Ciyyae BBIDAXEH depes
pa3MYHbIE HE3aBHCHMBIE TEPEMEHHBIE.

Kak| yxe oTMmeuasoch, BCe TePMOJMHAMMYECKHE MOTEHLMAbI
SBISFOTCS  @[UIHTUBHBIMA  QYHKIMAMH, T. € HMX BEJIMUAHBL 4
COBOKYNHOCTH HECKOJIBKHX Teil PaBHbl CYMMe HMX 3Ha4eHwi s
KaX/Ioro Tena. B chyuae CHCTEMBI W3 OJMHAKOBBIX HACTHIL 3TO
O3Ha4aeT, 4YTO NPH W3IMEHEHWM MacChl BEIECTBA HJIM  YMCIA
yacTUl N B HEKOTOPOE WUHCIO pa3 ITH BEJWUYMHBI H3MEHSIOTCH
BO CTOJNBKO ¢ pa3. JpyruMm crnoBaMu, MOXHO CKa3atb, 4TO
ajIMTUBHAS TePMOJMHAMHUYECKAs BENUYHHA [OKHA OBITh OJHO-
poaHOM (yHKIMEH [EepBOTO NOPSAAKA OTHOCHTENIBHO AIJUTHBHBIX
nepeMeHnbix. Clie10BaTENBHO,

U=Nfi (VIN, SIN), F=Nf,(VIN. T), (5.46)
GZNfS(ﬁ» T)’ H:Nf4(p’ S/N)
[s



U3 cucremur (5.46) nonyuaem

u=(3G/oN), r=13(T, p), (5.47)

T. €. XUMHYecKuil norennnan pasen sueprun 'nO6ca va OQHY 9acTHIY
H, CJIeJOBATENIHHO,

G=Np=vG, (5.48)

rae v-——uucjio Monei, ¢ -— TepMOJUHAMUYECKUN MOTEHIHANl MOJIs
BEILECTBA.

Kax sumHo w3 dopmyiibt (5.47), XuMHYECKHI MOTEHIMAJ SABJISCTCA
dyaxuuein p, T W He 3aBUCHT OT 4kcia N 4YacTHL.

ANIUTHBHOCTD TEPMOAUHAZMHYECKIIX TOTEHIMANIOB BBINOJHAETCA
JHIb TOCTOJIBKY, TIOCKOJIBKY MOXKHO mpeHebpeub B3auMOIEHCTBHEM
oT/ieNbHbIX yacTell Tena. ITo3Tomy Ans CMECH HECKOJBKMX BEIIECTB
(nanpumep, IS CMECH HECKOJbKHUX XHUAKOCTEH) TepMoJHHAMUYECKHE
HOTEHIMAJbl HE PaBHbl CYMMaM TEePMOJMHAMHYECKUX IOTEHLUAJIOB
OT/IEJIbHBIX KOMIIOHEHTOB cMecH. VICKIIFOUEHHE COCTABJISET JIMIIb CMECh
WIeaNbHBIX Ia30B, TaK KaK B3aUMONEHCTBHEM HX MOJIEKYJl MOXHO
npenedpeys. Oanako cootHomenus (5.48) obobmatorca Ha mrobyio
CMECh BEILECTB, T. €. BO BCeX ciyuasx 3Heprus I'mOOca cmecu paBHa

G‘—‘ZN,'HI':ZV,'G—,'. (5.49)

B camom pgene, Ttak kak  ducina Ny, N,, .. dHactuu, OF
KOTOPBIX 3aBUCUT sHeprusi [ mb0ca, SBAAIOTCS 3KCTEHCUBHBIMH Ile-
PEMEHHBIMH, TO

G(p, T; aNy, aN,, ..)=aG (p, T; Ny, N, ..).
Juddepenuypys 310 paBeHCTBO 1O O ¥ MoJaras o=, noaydaem

oG
=3 M35 ) v

Ho corfiacho CoOTHOLIEHHMAM (5.45), 0G/ON;=p; wu mnosTOMy
mosiygaeM. paBeHcTBa (5.49).

Js paBrOBecHOro M3nyvenus u=0 (cm. § 43). 310, XaK NOKa3bl-
BaeT CTaTHCTHYecKas (U3MKA, COOTBETCTBYET TOMY, 4TO OOIIEE YHCIIO
YACTHLl B CHCTEME HE SBJISETCS 33JaHHBIM, a 3aBACHT OT TEMIEPATYPBHI.

[Tpn u3yweHWN CUCTEM C MEPEMEHABLIM YHCIOM YaCTHI Halle BCEro
ynoTpebJsIsieTCs TaKoH TepMOJMHAMMYECKHH NOoTeHnnal, auddepeHnu-
pPOBaHME KOTOPOTO MO COOTBETCTBYIOLIMM XapaKTEPUCTHUECKHM Iepe-
MeHHBIM T03BOJISIET HAWTH Yucaa N; 4acTUIl B CHCTEME KaXIOro COpra.

Haiigem stor mortenuuan m auddepeHNHanbHOE €ro BhIPAXCHHE,
Iast 4ero mepedineM B dopmysie (5.42) ¢ nomomnsio npeobpa3oBaHus
Jlexannpa x muddepennmanam nepemenswix V, T, p;. Torma

dQ=—SdT-pdV - Y Nidu, (5.50)
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rne GyHknus
Q(T, V, w)=U—-TS= Y N, =F-G=—pV (5.51)

HA3bIBACTCA O0AbUM MepMOOUHAMUYecKum nomenyuatom. Y3 ¢op-
Myael (5.50) Haxogum:
o oQ oQd
Niz__a SZ__,7 P=— =3
al,l,‘ or v
[Tpu HepaBHOBECHBIX NpOLECCAX M3 OCHOBHOI'O HEPABEHCTBA TeEp-
MOIMHAMMKH /I CHCTEM C NEpeMeHHbIM 4YuciaoM dacTur (5.50) mpu
HE3aBUCUMBIX mepeMeHHBIX V, T; W;, ..., W HUMEEM

dQ< —SdT—pdV—Y N,dp,. (5.52)

Buytpennss sxeprus cucremnl [cM. (5.41)] sBasercs ¢yHkuumei
TOJIKO aJUVIHTHBHBIX (3KCTEHCHBHBIX) HE3aBUCHMBIX NEpeMeHHBIX, U TaK
KaKk 3TO OAHOPOAHAs (YHKIMS TICPBOTO HOPAJAKA, TO IO TEOpEMe
Oiinepa 00 OJHOPOMHBIX (QYHKLMAX HMeEeM

au U ou
(YY) s+ (YY) pyv (N N..
v <8S>V, N, + (&V)s, N, +2 <6N,>V, SN

:
[MoacraBasissi B 3TO BHIPAXEHHWE BMECTO NPOM3BOJIHBIX MX 3HAYEHUS
u3 (5.41), nmeem

Juddepesunpyst (5.53) ® cpaBHMBasA MNOJyYEHHOE BBIpAXKEHHUE
¢ ypaBHeHusMH (5.41), monyyaeM BaxXHOE B TCPMO/IMHAMHEKE VPagHeHUE
Tuobca— ocema:

SdT—Vdp+ Y. Ndp,=0. (5.54)

3AJAYHN

5.1. ' MeTo0M UMKJIOB YCTAHOBUTL 3ABHCHMOCTbL [IABJICHHSI HACBHILIEHHOTO TNapa OT
TEMIEPATYPHI.

5.2. MeTogoM [MKJIOB HalTW 3aBUCHMOCTH 3. [I. C. TaJIbBAHWHECKOTO JJIEMEHTA OT
TEMICPATYPHIL.

5.3. Haiitn TepmoanHamuueckue notesumanst F, G u H Ang MoJis OXHOATOMHOIO
HACANBHOTO rasa.

5.4. Onpenennts TEPMOIHHAMMWYECKHE TIOTEHIMANBl NPH HE3IABHCHMBIX TICPEMEHHEBIX
p, Hu T, F.

5.5. MMokasaTk, 4TO y BCHIECTB, 0OBEM KOTOPBIX JMHEHHO 34BMCHT OT TeMIEPATypbl
T, tennoemkocTs C, HE 3aBUCHT OT [aBJICHHA.

§.6. TepmoanHaMuuecknit noteHuuan Maccbe ¢=S—U/T 3aiaH Kak (yHKUAS Xapak-
TEPHCTHYECKUX MepeMeHHBIX V' u 7. Onpenenuts TEPMHYECKOE M KAJOPUYECKOE
YPABHEHUS COCTOSHMS CUCTEMBL.
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5.7. Tlnauk mwoJib30BaJICA XapakTepucTuieckoil ¢ynkumeis ®=S— (U+pV)/T. Hailitu
V, U u S cucremsr, ecii @ 3amana xak ¢yHkius p ¥ 7. YCTaHOBUTH CBA3b
TepMoOJIMHaMu4eckoro norteHguanta Ilnanka @ c sueprmeir I'mb6eca G.

5.8. Halitu ypapHenue agnafaTel W ypaBHEHHE COCTOSHHS HACAIBLHOTO rasa, 3Haf
€ro JHTAIBIINIO

Hchp(‘r*l)/ye(s-so)/f,..

5.9. Dueprus 'n6bca Hekotopor cuctemst paBHa G=aT (1 —-InT)+RTInp—TS,, e
a, R u Sp—nocTosiHHble Benuumubl. HailiTH TepMuveckoe M KaJOPUYECKOE
YPABHEHHS! COCTOSHHSA 3ITOH CHCTEMBI.

5.10. [Tonyunts suepruro [enbMronbua cMecH HAEAThbHBIX Ta30B, COCTOSAINEH M3
Vi MoJe#l OfHOTO U V, MOJeH Apyroro koMmmoHeHTa. HalfTH H3MeHEHHE JHEPIHM
FenpMrosbua mpu uzoTepMuyeckod auddy3uu 3THX rasos.

5.11. Iloayyuts 3Hepruro I'mbbGca cmecn wiaeanpHBIX ra3’oB, COCTOMIIEH W3 vV, MoneH
OJHOI'O H V; MOJEH Apyroro kommoweHTa. HalTH w3meHeHHe 3TOoro  nmoTeHuuana
npu u3orepMuyeckoil aucpdysun raszos.

5.12. Ilpu HM3KOH TemmepaType SHTPOMNHS 3INEKTPOHHOTO Traza B MeTajlax MpOmop-
IHOHABHA TEPMOMHAMHYECKOH TeMmepaType. HailTH TemnepaTypHyro 3dBuCH-
mocTh C,— Cy ONeKTPOHHBIX TCIMIOEMKOCTEH [pU JTOH Temepatype.

5.13. TIpu HH3KOH TEMIEpaType MO 3aKOHY IIe64u TenaoeMkocts Cyp ,KPHCTaILIOB
NPONOPLMOHATbHA KYOy TEpMOIMHAMMYECKOH TEMIIEPATYPHL: Cy=0aT?>. Iokazarts,
4TO pasHocTh Temtoemkoctedl C,—Cy y xpucraiinos npu T —0 K nponopuu-
OHANlbHA CEABMOH CTENeHH TeMHepa.Typr.



T'JTABA IIECTASA

YCJIOBHUSA PABHOBECUA U YCTOMYUBOCTHU
TEPMOJUHAMUYECKUX CUCTEM

OCHOBHOE ypaBHeHUE MEepMOgUHaAMUKuU [Ns KBasu-
CmMamuy4yecKux npoyeccosB nNo3sBoIsSem, KaKk Mbl Buge-
U, BBECMU PAJ MEPMOJUHAMUYECKUX NOMeHLuanos,
€ NOMOLYLIO KOMOPLIX MOXHO UCCneqoBams nosege-
HUe MEepPMOJUHAMUYECKUX CUCMEeM Npu 3mux NpoLec-
cax. [lokaxeM meneps, YMO OCHOBHOE HEPaBeHCMBO
mepMoguHaMuku [N Hecmamu4yecKux npoLeccos
C NOMOULLIO BBEEHHLIX MEPMOJUHAMUYECKUX NOMEH-
yuanors nossossem ycmaHosums obujue - ycnosus
mepMogUHaMUYeCKOro paBHOBECUS U yCmonHyuBocmu
pasnuy4Hbix cucmem. C MOYKU 3peHUsT mepMoguHamu-
Ku amu ycnosus asnasiomes gocmamoyssimu. OgHa-
KO, gonyckas B cOOMBemMCcmBUU C ONb/IMOM Cyujecm-
BOBaHue hnykmyauyus B cucmemax (u, cnegosamefls-
HO, BbLIXOAS 3@ paMKUu UCXOOHbLIX NOJIOXKEHUN MepMo-
AUHAMUKU), MOXHO f[OKa3zamb, YMO OHU SBAAIOMCS
makxxe U HeobXOQUMbIMU.

B npuMmeHeHuu K moO# UMU UHOA KOHKPEMHOU
mepMoguHaMU4eckon cucmeme obuyue ycnosus pas-
HOBECUA U YCMOAYUBOCMU NO3BOMAIOM NONYYUMb
yacmible (UNU_KOHKPEeMHbIe) ANa [BaHHOA cucmemsl
ycnosus ee_pasHoBecus U ycmouyusocmu (Komo-
psle Mol 6ygeM HasbiBams nNPOCMoO  YCNOBUSMU
paBHOBeECUs U YyCMOUYUBOCU).

§ 27. OBIIUE YCJOBUSA TEPMO/JUHAMMYECKOIO PABHOBECHA
M YCTONYUBOCTHU

Teopust TepmonamHaMHu4eckoro paBHOBecHMs Obina passuta ['mG6com
no-obpasny MexaHudeckod craTuku Jlarpamxka, T.e. myteM 060061e-
HUSl M DAacHpoCTpaHEeHUs MpPUHOMIIA BUPTYAJIbHBIX TepeMeIleHnH Ha
TEPMOJJUHAMUYECKHE CHCTEMBL.

W3 MexaHMKHM M3BECTHO, YTO MEXAHUWecKas cucmema npu ude-
AABHBIX C8A3AX HAXOOUMCA 6 DABHOBECUU, eCAU Cymma pabom ecex
3a0a8aeMbiX Cua NpU  AOOOM GUPMYAABHOM NEPEMEUWEHUY CUCEMbL
pasHa uyao (NpuHyun GUPMydabiblX nepemeuenuii). 3anuceipas aHa-
JATHYECKH JTOT upunuun (obuiee yCcrnoBHe paBHOBECHSA) B BHAE
YpaBHEHHS M pelas ero COBMECTHO C YPABHEHHSAMH, OIpeNEISIOIUMA
BAPTYyaJIbHBIE INIEPEMEINEHNs, MOXHO HANTH KOHKDETHbBIE YCIOBUA
PaBHOBECHS MEXaHMYECKOHM CHCTEMbl B KaxJAOW JaHHOH 3ajadve.
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ypaBHCHHS{. KOTOPHIM  YOOBACTBOPAOT BHUPTYAJILHLIC TICPEMCUICHUA,
M ypaBHEHHE TIPMHLUIA BHUPTYaNdbHBIX TCPEMEIUCHHE 3amUChIBAIOTCS
cnenyrominM  obpa3om.

IlycTh cocTOsSIHME MEXQHHYECKOH CHCTEMBl OIpese/isieTcs Koop-
JMHATAMH (i, ..., §,, @ HAJOXCHHBIC HA CHCTEMY CBfA3H BBIPAXAIOTCS
YCJIOBHSAMH

f‘s(qlsu-ﬁ qn) 0 (S—] k<f'I)

Torpa nepemernicHns 98¢y, ...,0¢,, NONYyCKaeMble 3TUMH CBS3SIMH ¥ Ha-
3bIBACMbIE GUPIMYAIBHBIMU WIH 603MONCHOLMU NIEPEMEUEHUAMU, OUCBUII-
HO, Y/JOBIETBOPAIOT YPaBHEHHAM

n

5

S % 54,=0. (6.1)

i=1 0%
Ecnn (Q;—o0bo0mienHass cuia, CONpsKEHHAs KOOpAMHATE ¢, TO
OPHUHLMI BUPTYAJNBHBIX TNEPEMEIICHUH HMEET BUI

n

Y. 0idg=0. ©6.2)

i=1
Pemrasi copmecTHO ypaBHerus (6.1) n (6.2) MeTOIOM HeompeeeHHbIX
MHoxuTened Jlarpanxa, MOXHO HAHTH KOHKpDEeTHbIe YCJIOBHS paB-
HOBeCHd MaHHOH MeXaHHYeCKON CHCTEMBI.

PacnipoctpasmM 3TOT C€rocod ~onpenesieHusl YCJIOBHI DPaBHOBECHS!
Ha TEPMOJNHAMHYECKUE CHCTEMBI.

CocTosiHAE PABHOBECHS TEPMOMHAMUYECKON CHCTEMBI OIpeieNs-
eTcs Temnepatypoii T M BHEIIHMMM TNapaMeTpamM¥ dy, ..., d,, Xapak-
TEPU3YIOHIMMH OTHOILEHUE CHCTEMBI K BHEIUHMM TeEJaM.

CoracHo BTOPOMY HUCXOIJHOMY MNOJIOXKEHUIO TEPMOJUHAMMUKHA, NPH
paBHOBECHM BCe BHYTPEHHHE TapaMeTpbl SIBJISIOTCS  (PYHKIMAMHA
BHEUIHNX MApaMETPOB U TEMIEPATYPHI, H 1103TOMY, Korma «; 1 T 3ana-
Hbl, OHH HE HYXHBI JUIs OTIPe/ICICHUS] COCTOSTHUS PABHOBECHOH CHCTEMBI.
Ecau cucrema OTKJIOHEHA OT COCTOSIHHS PaBHOBECHS, TO BHYTPEHHHE
napaMeTphl YKe He SBISIOTCS (YHKIMSIME TOJBKO BHEIIHHX Mapamer-
POB 1 TeMuepaTypbi. [103TOMY HEpaBHOBECHOE COCTOSIHAE HEOOXOAMMO
XapaKkTEPU30BaTh JIOMOJHUTEILHBIMHA HE3aBUCUMBIMH IIApaMEeTPaMH.
DTO HO3BOJISET PACCMATPUBATHL HEPABHOBECHYIO CUCTEMY KaK paBHOBEC-
HYIO;, HO ¢ GOJIBINMM YMCIAOM TNapamMeTpoB W COOTBETCTBYIOHIMX HM
OOOOIIEHHBIX CHJ, «YACPKUBAIOIIMX» CUCTEMY B PAaBHOBECHH, NMPHYEM
TEPMOAMHAMUYECKHE (DYHKIMH CHCTEMbI B HEPABHOBECHOM COCTOSIHHH
OymeM CUMTATb PABHBIMH 3HAa4YeHHSM JTHX (DYHKIMHA y DPaBHOBECHOH
CUCTEMBI € JONOJHHUTECNBHBIMH «YACPXKHUBANOIITAMI» CHJTaMI/I*).

Ha ocHOBe TaKoro mpeicTaBlieHHs, pacCMaTpUBAs BBIXOJ CHCTEMBI
M3 COCTOSHHUA PABHOBECHA KaK pPE3yJibTaT BHUPTYaJIbHBIX OTKJIOHCHUH

*) Poipr  TakK¥uX CHJ  MTpaloT BHEWIHKE NOJjs ¥ ajaMabaTHble NEPeropo/Iky,
OTAECNAIONIME OJIHY YaCTh CHCTEMbBI OT [APYroil, ecnd TeMmepaTypsl JTHX 4HacTel
pas3yHBI.
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BHYTPEHHHX [1apaMETPOB OT WX PABHOBECHBIX 3HAYCHUH, MOXHO,
HOJIE3YSCh OCHOBHBIM HEPABEHCTBOM TepMoauMHamukd (3.59) nus
HECTaTHYECKHX MPOLECCOB, NMOJYYHTDL OfIwMe (T. €. ANs JHOObIX CHCTEM)
YCIIOBHS TEPMOJMHAMUYECKOTO paBHOBeCUs W ycToHumsocrd. [lpwm
9TOM, TOCKOJBKY COCTOSHHE TEPMOJAWHAMUYECKHX CUCTEM Olpeaeis-
€TCd HE TOJNbKO MEXaHMYECKMMH MAapaMeTpaMH, HO M CHEIHAJNBHO
TEPMOANHAMUYECKMMHU (Temmepartypa, SHTPONUS ¥ Ap.) ¥ JPYyIrHMHU
napaMeTPaMy, BMECTO OJHOro OOILUEro YCIOBHSA pPABHOBECHUS A
MEXaHUYECKUX cHCTeM (6.2) ans TepMOAMHAMMHYECKMX CHCTEM HX
OyZeT HEecKOJIbKO B 3aBHCHMOCTH OT OTHOLUEHHS CHCTEMBl K BHELIHUM
TenaM (aauabaTHas cuUCTeMa, M3OTEpPMHUYECKash CHCTeMa W Ap.).

Pemass B kaxnaoM TakoM ciyvae obllee YyCloBHe paBHOBecHs
CHCTEMBl COBMECTHO C YPaBHEHMSMH /It BHPTYaJBHbIX H3MEHEHUH
BHYTPEHHHX NApaMETPOB, MOXHO HalTH KOHKPETHBIE YCJIOBHS pas-
HOBECHSI TEPMOAMHAMHUYCCKHX CHCTEM. ‘

VYpaBHeHus 111 BUPTYAJIbHBIX H3MEHCHHH BHYTPEHHHX HAPAMETPOB
Haxoaat a”ajsoruyHo (6.1). Ilycts cucrema obnagaer m BHYTPEHHAME
napamerpamu by, ..., b,, KOTOpbie NPA PABHOBECHH [PUHUMAIOT
smavenns b9, ..., bY. DM mapaMerpbl, BOOBINE TIOBOPSA, CBSI3AHBI
HEKOTOPBIMU YCIIOBUSMH B BUJIE

Folbry oo b)=0 (s=1,2, .., k<m).

M3MmeHeHNsT BHYTPCHHHX — JTAPAMETPOB,  JIONMYCKAGMbIC  ITUMH
CBSI3IMH  (BUPTYyaJIbHble U3MEHEHHS), OYEBU/HO, YAOBJIETBOPSIOT
ypaBHEHHUIM

Haiigem ofuide  ycnoBHs pPAaBHOBECHS U YCTOWUMBOCTH TEPMOIH-
HAMMYECKOH CHCTEMBI.

MN3oaupoBannas cucrema (U=const, V'=const, N=const). OcHoB-
HOE HEPaBEHCTBO TEPMOAMHAMUKH JI/Ii HEPABHOBECHBIX NPOLECCOB

TdS>dU+pdV (6.3)

Takoil cucteMsl gaet dS>0, T. €. sumponus u30AUPOGUHHOU CUCHIEMbL
npu_Hepagrogecnvlx npoyeccax gospacmaem. Korjaa 3tu mpoueccs
HOpeKpaTsATC M HACTYNUT YCTOWYMBOE PABHOBECHE, SHTPOIHS CUCTEMBI,
QYEBH/IHO, Oy/JeT MaKCHMAallbHa.

Taxum obpazoMm, obwum ycaosuem yCcmoiuugo2o pPagHogecus U30-
AUPOBUHHOTI CUCHEMb] AGAAEMCH MAKCUMAABHOCHL ee dumponuu. O00-
3Ha4asi SHTPONHIO CHCTEMBI B HEPABHOBECHOM COCTOSHHM S, B pas-
HOBECHOM S, M pa3Hocth S—S,=AS, Moxuno 3anucath o0uiee
YCIOBHE YCTOHYMBOIO pPAaBHOBECHS W3OJMPOBAHHOW CHUCTEMbi K&K
YCJIOBUE MAKCUMyMa OSHTPOIMH B BH/E

AS<0 (6.4)
una 8S=0, 825<0.
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D10 3HAYMT, YTO NepBas BapHallid OSHTPONMH paBHAa HYJIO,
a BTOpasi MeHblUE HyJjis. PaBeHCTBO HYJIO NEPBOH BapHAIMH SBJISETCH
JIAIIL  HEOOXOAMMBIM YCJIOBHEM JKCTpeMyMa M He o0ecrneydBaeTt
TOro, 4roObl SHTPOMMS HMeEla MMEHHO MakcuMyM. JloctaTo4sHbiM
YCJIOBHEM MaKCHMyMa 3HTPOIMM SBJISETCS OTPULATENbHOE 3HAa4eHHE
ee BTOPOH Bapuauuu, KOoTopoe H 0OeCNeyHBAET YCTOHYMBOCTH paB-
HoBecusi. Eciu xe mpu 0S=0 Bropas Bapuamus 3SHTPONMHU IIOJO-
KHTEIbHA (MHHHMYM OJHTPONHH), TO COOTBETCTBYIOIEE COCTOSHHE
CHCTeMbl OY/JI€T PaBHOBECHBIM, HO COBEPILEHHO HEYCTOMYHMBBIM®, Tak
Kak Omaromaps GiaykryanusM B HeH HauyHYTCS HEpPaBHOBECHBIC
NPOLECCHl, KOTOpLIE MW IPUBEAYT €€ B DAaBHOBECHOE COCTOSIHME
¢ MakKCHMyMOM OSHTpONHM. Tak Kak JaJblie IHTPOIMSA PACTH He
MOXKET, TO 3TO paBHOBecHe OyneT YCTOHYMBBLIM.

Takum oGpa3som, pasenctBo 3S=0 onpeaenser oOuIee yCIOBHe
pABHOBECHS, a HEpaBeHCTBO §2S<(0-—oblee yCIOBHE YCTOHUYMBOCTH
PaBHOBECHSI W30JMPOBAHHLIX TCPMOMHAMHMYECKHX CHCTEM. DTH YCIO-
BUsi SBJSIOTCA JOCTATOYHBIMH, TaK Kak eciad Obl cuUcTeMa, HMes
MaKCHMaJIbHYIO SHTPOIHIO, HE HAXOMIACh B YCTOIYMBOM PaBHOBECHH,
TO tpd npubAMKEHWH K HEMY ee¢ SHTpOIHS Hasajua Obl pacTd, 4To
HPOTHBOPEYHT IMPERNOJOKEHHIO O ee MakcHMaibHOCTH. JloKasaThk
HeoOXOMMOCTh MAaKCHMaJIbHOH OSHTPONHM IpPH YCTOHYMBOM paBHO-
BECHH HM30JMPOBAHHOW CHCTEMbI WMCXONS M3 OCHOBHOIO HEPABCHCTBA
(6.3) Henb3s, TaK Kak H3 HEro HE Cieayer, 4YTO paBHOBECHE
HEBO3MOXHO HpH HEMakCHMaJyibhHoi sHTponnH. OpHako, npHHAMAS
BO BHUMAHUE MOJICKYJISAPHYIO HPUPOAY TEPMOAMHAMMHYECKHX CHCTEM
1 Hanuune oOYCIIOBJIEHHBIX €10 (UIyKTyalMil BHYTPEHHHX HAPaMETpOB,
BHUAUM, 4YTO COCTOSIHHE ~paBHOBeCHs ©0€3 MaxkCHMyma 3HTPOIHH
HEBO3MOXHO, Tak Kak  Omarofgaps 3THM (QIyKTyauusiM B CHCTEME
BO3HHKAIOT HEPABHOBECHBIC IPOLCECHI, CONPOBOXK/IAIOIIKECS POCTOM
SHTPONHH M NPUBOIAIINE CHCTeMY K PABHOBECHIO NPH MaKCHMalbHOW
SHTPOIIMH.

TaxuMm o00pa3oMm, Hanuune GAYKTyauuid B CUCTEMax IPUBOJHUT
K HeoOXOMMOCTH MaKCMMyMa SHTPOIMHU NPU PAaBHOBECHM H, Cle/IOBa-
TENbHO, BCAKWI pa3, KOrAa 3TO YCJIOBHE HE BBLINOJHEHO, CHCTEMA HE
HAXOMHUTCA B ycToitumBom pasroBecud. Iloatomy obiee yciosue (6.4)
SBJIAETCH HEOOXOAUMBbIM M JOCTATOYHBIM YCJIOBHEM YCTOHYHBOCTH,
a obmee ycnosue 6°S<0 SBAAETCS JMIIL JOCTATOYHBIM YCIOBHEM
YCTOMYMBOCTH H30JIMPOBAHHBIX TEPMOJAMHAMMYECKMX CHCTEM.

CucreMa B TepMocTaTe InpH nocrosanom ob6beme (7T=const,
V=const, N=const). OcHOBHOE HEpPaBEHCTBO TEPMOAMHAMUKH JUIS-
HEPABHOBECHBIX MNpoHeccoB (6.3), NMPUBENEHAOE K HE3ABUCHMBIM IIe-
peMeHHbIM V' u T, NpHHMMAET BHJ

dF< ~SdT—pdV.

* MeXaHMYECKMM  aHAJOTOM 3TOr0  Ciydds SIBJISIETCS PpPaBHOBECHE KOHYCa,
ONHPAIOIIErocs Ha BEPUIMHY (WM IAPA HA BEPIUMHE KOHYCA).
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Jlns cucTteMbl, HaXOAAMICHCS B TEPMOCTATE, €CJAU OHA HE MPOU3-
BOOMT BHellHed paboTsl, monydyaeM dF <0, T.e. B H30TEPMHYECKOH
CHCTEME € TIOCTOSHHBIM 00BeMOM SHeprus [enpbMroyibua NnpH Hepas-
HOBECHBIX MpOLECCAX YOBIBAET M MMEST MHUHHMYM TpPU YCTOHYHBOM
paBHOBECHU. DTO obwee ycaogue yCmouyugo2o pasHOBecus usomep-
MUUECKOi  cucmembl, HE TPOU3BOJAUIEH BHEIIHEH pabOTH, MOXHO
3amUCaTh B BHUIE

AF>0 wmu 8F=0, 8°F>0,
npuyYeM paBeHCTBO 0F=0 ecTb obwee ycaosue pasrosecus, a HepaBeH-
cTBO 8%2F>0— obwee (IOCTATOUHOE) YCAOBUE VCHIOUNUBOCMU CUCHIEMbE
8 mepmocmame Npu HOCHMOAHHOM O00BeMe.

CucreMma B TepMOCTATE TOJ TIOCTOSNHHLIM BHEUIRMM  JIaBJie-
mnem (T=const, p=const, N=const). OcHOBHOe ' HEPABEHCTBO
TepMOAMHAMUKY (6.3), NPHBEACHHOEC K NEPEMEHHBIM p, 1, TpuHU-
MaeT BUJ

dG< —SdT+Vdp.

Js cucteMbl, NOTPYXEHHOH B cpelly C MOCTOSSHHOM TeMmneparypoi
U napneHueM, noaydaeM dG<0. CrnegoBarenbHo, B Takod cu-
cTeMe IpH HepaBHOBECHBIX fponeccax oHeprus ['nbbca yOGniBaer
A UMeeT MUHHMYM TIpdH paBHoBecud. [lostoMy ofuee ycixoBue
DABHOBECHSI W YCTOMYMBOCTH CHCTEMBI B TEPMOCTATE C MOCTOSHHBIM
BHEILHUM JaBjieHHeM (MUHUMYM sHepruu I'mbOca) MoxHO 3amucath
B BH[E

AG>0 umu 8§G=0, §*G>0,

mpuueM paBeHCTBO 0G =0 e€CThb o0bwee yciosue paeHogecusa, a He-
paBeHCTBO 082G >0-— obwee (docmamournoe) ycaogue ycmotiuusocmu
CUCmemasl.

AHAJIOTM4YHO MOXHO IOKa3aTh, YTO NPH TOCTOSHHBIX JHTPOTHHA
U [aBJICHAM YCTOHYMBOE pPABHOBECHE B CHCTEME HACTYNaeT IpH
MHHUMYME €€ OHTaJLIUHA!

AH>0 wm 8H=0, §°H>0,

a B CHCTeME C TIOCTOSHHOH 3HTpoumedl u o00veMOM ycTOHYMBOE
paBHOBECHE HACTymaeT NpPM MHHUMYyME BHYTPEHHEH SHEprau:
AU>0 wm dU=0, 52U>0.

CncteMa ¢ TNlepeMeHHLIM HHCJIOM YacTHI B TepMocTare, MpH
NOCTOSIHHBIX XMMHYECKMX NMoTeHIManax u o0beme (7'=const, V'=const,
w;=const). OCHOBHOE HEpAaBEHCTBO TEPMOJUHAMHKH CHCTEMBl C Iie-
PEMCHHbIM YMCJIOM YacTHll IpH HE3aBUCHMBIX MEPEMEHHBIX V,
T ¥ y; 11 HEpaBHOBECHBIX IIPOLICCCOB HMMEET BHI

rme Q=U—-TS— )Y wN;.
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N3 HepaseHcTBa (6.5) BHIHO, 4TO HPH HEPaBHOBECHBIX MPOLECCAX
B CHCTEME C TIEPEMEHHBIM YHCJIOM YACTHI, HAXOASIIEHCS B TepMOCTaTe
Npd TOCTOSHHBIX VW p;, TEpMOAMHAMUYECKHUH  TIOTEHIMAT
Q yosiBaer (dQ<0) w wmMeeT ©UpH YCTOHYMBOM DPaBHOBECHH
muHEMYM. OOipe yciIoBHS pAaBHOBECHS M YCTOHYMBOCTH TaKOH
CHCTEMBI 3aNMILYTCS B BHAC

AQ>0 wm 3Q=0, §2Q>0.

TakuM oOpa3zoM, oOOLME YCJIOBHS YCTOHYUBOTO PaBHOBECHS
TEPMOJUHAMUYECKUX CHCTEM B pa3MYHBIX CJIy4asx OMpPeaeIstoTCs
IKCTPEMAaJIbHBIMH  3HAYCHHUSAMH - COOTBETCTBYIOUIMX TePMOJAMHAMHUYEC-
KHAX HOTEHIUAJIOB. DTH YCJIOBUS SBJSAIOTCH HE TOJBKO JOCTATOYHBIMH,
HO M HeODXOAMMBIMH, €CJIH OOecreueHbl BCE [pyrde YCAOBUS
JUIS YCTAHOB/IEHUS] PABHOBECHS (IIOCKOJIbKY HAMJEHHbIE HAMH YCJIOBUS
He SIBJISIOTCS CIMHCTBCHHBIMH IS BO3MOXHOCTH “[POTEKAHMS 1IPO-
1eccoB)®).

TepMoOIMHAMMYECKHE TOTEHUHANIbE MOIYT . UMETh HECKONBKO 3K-
CTPEMYMOB (HAanpuMep, JHTPOIHST HMEET HECKOJbKO MAKCHMYMOB).
CocrosHns, COOTBETCTBYIOIIUE HAMOONLIIEMY (3HTpONMUs) WIH Ha-
uMeHbiieMy (3Heprus l'enpmronbnia M. Op.) U3 HHUX, Ha3bIBAIOTCH
cmabusphbimu (AOCOIIOTHO YCTOMYMBBIMH COCTOSHHAMH DaBHOBECHS),
IOpyTHe — memacmabutbHeimu (N0JIyycToiuuBeIME). [lpr Hasmuuu Oolb-
nmx  GAyKTyalmii CcHCTeMa MOXeT TepedTH U3 MeTacTabHIIbHOTO
COCTOSIHUA B cTabuibHOE.

§ 28. YCJIOBUA PABHOBECHS JABYX®A3HOI
O/ITHOKOMIMOHEHTHOM CUCTEMBI

B kayectBe mpuMepa Ha ONpelesieHHe KOHKPETHBIX YCJIOBHH paBHO-
BECHS, HCXO/s U3 YCTAHOBJICHHBIX BbIllle OOLIMX YCIOBMH paBHOBECHS,
PacCMOTPUM  U30JINPOBAHHYIO  ABYX(ha3HYI0 CHUCTEMY OJHOTO M TOTrO
ke BEIEeCTBa (HAOpHMeEp, BOJa M €e map).

Ecom §' u S”—3HTponuu COOTBETCTBEHHO NEPBOH M BTOPO#H
¢a3, 'TO 3HTpOmMs BCell CHUCTEMBI

S=5'+S",

ee oOmree YCIIOBHE pPaBHOBCCHUA

*) B HEKOTODBIX CIy4asix TPOLECCHl TEPMOAMHAMUYECKH BO3IMOXHBI (TEPMOIM-
HAMHYECKME TOTCHHMAAbLl NPH HHX M3MCHAKOTCS B COOTBETCTBMM C HAHACHHBIMU
YCHOBUSIMH), HO B IEHCTBMTESLHOCTH HE NPOTEKAIOT, TAK KaK HE BBINOJIHEHBI APYrUe
YCIOBHA (HANPUMEDP, HEKOTOPHIC XHMHYECKHE PEAKUHH HAYT TOIBKO TPH HATHYUM
KaTaNdU3aTOPOB, XOTA TEPMOJHHAMHYECKH OHH BO3MOXHBI BCErjia — CBODOIHAS IHEPrUs
npd HUX YOBIBACT).
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88=05"4+85"=0. (6.6)

Kaxmas u3 a3 npejctaBiseT cobol 0JHOKOMIIOHEHTHYIO CHCTEMY
C TEePEeMEHHBIM YHCJIOM HYACTHIl, ¥ OCHOBHBIMH YPaBHEHHSMH Tep-
MOJHMHAMUKH JUIS HHUX COOTBETCTBEHHO OymyT

T'88' =80 +p'8V' —WdN',
T//BSN =8U(/ +p//8V//_ul/8‘V(/.

Omnpenensis 88’ m 8S” W nNOACTaBAAs HX B COOTHOILEHus (6.6),
nofiyuaeM oOIree yCIOBHE paBHOBECHsI B BHJIE

U ey S WO SU" 4 n B N
por HOT TP TR . 6.7)
T T
Tax KaK CHCTEMa I/I30.HI/Ip0BaHa, TO €€ JKCTCHCUBHLIC napaMeprI
NOAYUHECHBI CJICAYIOUIMM YpaBHCHUAM CBSI3EH:

U'+U"=U=const (BHyTpeHHsIsi HEPTHS CHCTEMBI),
V'+V"=V=const (06beM Bcelt CHCTEMEI), (6.8)
N+ N"=N=const (obimee 4KCJI0 YaCTHI).

B kadecrBe HE3aBUCHMBIX MAPaMETPOB CHCTeMbl Bhibepem U’,
V', N’; B xauectse 3aBucumMbix — U”; V", N”. CoriacHo BhIpaXeHHSIM
(6.8), BUpTyanbHblE UW3MEHEHHS IMAPAMETPOB CHCTEMbI  CBSI3aHbI
ypaBHEHUSIMH

dU"=—8U", V"= —8V', 8N"=—8N'. 6.9

byneMm peniatb cOBMECTHO ypaBHEHHe OOIIETO YCJIOBHS pPaBHOBECHS
(6.7) ¢ ypaBHEHHSMH JJi BHUPTYAJbHBIX H3MEHEHWH SKCTEHCHBHBIX
napaMmeTpoB cuctembl (6.9). Tloacrasnss ypasuenus (6.9) B (6.7),
HaxoauM

1.1 i (P _p (W W /
=== |3U V= — dN'=0,
OTKyJa BCIEJCTBHE HE3aBHCUMOCTH Bapuamuét dU’, &V’', ON' oxol-

4YaTCJIbHO NOJYyYaeM CJICOYRHOUIMEC UYacCMHble YCAOBUA ¢a306020 pasHo-
8ecisi OOHOKOMROHEHMHOW CUCIEMbI.

T/=T/r, P’=17”, u/=uu’ (6.10)

T. €. PaBEHCTBA BCEX TEPMOJMHAMHYECKHX CH1 B o00eux ¢a3ax
[paBencrBo Temnepatyp a3 (YCIOBHE TEPMHHYECKOTO PABHOBECHSN),
paBeHCTBO aaBjieHMd B (azax (yClIOBHE MEXAHHYECKOTO PABHOBECHS)
U PaBeHCTBO XHMHYECKHX MOTEHLMAJIOB BeluecTBa B (aszax (ycroBue
XMMHYECKOTO paBHOBECHS) |.

OTH TpH ycnoBHS MOXHO 3a0HMCATh B BHJAE OJIHOTO — paBEHCTBA
XAMHAYECKAX TOTEHNUAJIOB BeluecTBa B (a3ax mnpu OJUHAKOBBIX
TeMOepaType H [IaBJICHUH:
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W(T, p)=w"(T, p). (6.11)

Veaosue ¢azosozo pasnogecus (6.11) nokas3biBaeT, 4YTO HpH
paBHOBecMH JBYX (a3 OMHOTO H TOTO € BEIIECTBA [aBJICHAC
sBasgeTcs QyHKIMed TeMnepaTtypbl, T. €. mapaMerpsl T U p TmepecTaroT
OBITH HE3aBHCHMBIMH.

3aMeTUM, 4YTO I[OJIYYCHHBIE YCJIOBUSA (a30BOTO PABHOBECHS
(6.10) umm (6.11) cupaBeaiuBBHl TOJNBKO [Jf OAHOPOIHBIX a3,
T. €. TNpH OTCYTCTBHM HOAs BHeIUHUX cmi. Ecium ke ¢assl naxo-
OSTCA BO BHEIIHEM NoJie (HampuMep, B MOJIE CHJIBI THKECTH), TO
npd paBHOBeCHH B 00enx ¢a3ax OJUHAKOBBI JIMIIL TEMIOECPATYPHI,
JaBJIEHHE K€ M XMMUYECKUU MOTEHIHAN B Kax0H (ase ABAAIOTCH
¢bysxuuamMy xoopauHaT. He 3aBucsielf OT KOOPAMHAT  BeJM4H-
HO# OKa3bIBAETC HE XHUMHYCCKHH INOTEHNHUAJ, a XUMHYECKHUH
DOTEHIMAN IUTIOC TOTEHUWAJbHAs JHEprus YacTHLBl B MHOJE (CM.
3amavy 6.4).

§ 29. YCJIOBUA YCTOMUYMBOCTU PABHOBECHUA
O/THOPOJHON CUCTEMBI

TepMoaMHAMUYECKAs YCTOMYMBOCTH CHCTEMBI OHpEIENAeTCs BTOpOH
BapHallieil KaKoro-JImbo TepMOTMHAMUYECKOTO MOTEHIMANA, eCIA OHA
He paBHa Hymo. Halimem Bnauane oOiiee BbIpakeHHE YCTONYMBOCTH
CHCTEMBI, a [OTOM HCCIAEAYEM M BTOPYIO BAPHAIHIO COOTBETCT-
BYIOIIETO TEPMOAMHAMMYECKOrO MNOTEHUHANA.

PaccMOTPHM  3aKPBITYRO | CHCTEMY, HAaXOMSIIYIOCS B TepMOCTaTe
¢ TeMneparypoit T HOA MOCTOAHHBIM JAaBieHueM p. OOLUM YCIOBHEM
YCTOMYMBOCTH pABHOBECHS TaKoil CHCTEMBI SBIsiETCS MHUHHMYM €€
sneprun ['wub6bca G=U—TS+pV. D10 O03Ha4aeT, YTO COCTOSHHUE
CHCTEMBl B TEPMOCTaTe INpH JaHHLIX p W T ¢ KOOpAHHATaMHU
(9KCTEHCHBHBIMH - HapaMeTpamu) V u S sBiseTcs YCTOHYMBBIM, €CIH
npd  HeGOJNBIIOM CIIOHTAHHOM H3MEHEHHH KOOPIHHAT €€ JHEeprus
T'ubbca G Bospacraer: AG=G,—G>0, T.e.

Uy—U—T(S;=S)+p(Vi—V)>0, (6.12)

rae -U—BHyTpeHHS 3SHEpPrHUd MCXOQHOLO PABHOBECHOTO COCTOSHHSA
CHCTEMBI NpU JaHHBIX p, T ¢ xoopamHatamu V, S; U;—BHyTpeH-
HASL JHEPTHs HEPaBHOBECHOTO COCTOSHHA, paBHas (cM. § 26) ee
PaBHOBECHOMY 3HAUYECHHUIO NpH KoopAwWHartax Vi, S; M APYTHX CHIIax
P1, Tyi, YAepXHBalOIMX CHCTEMY B paBHOBECHM C STHMH KOOp-
IUHATaMH.

AHAJIOTH4YHO, PAaBHOBECHOE COCTOSIHUE CHCTEMBI ¢ KOOPIMHATAMHU
Vi, S; npu HOCTOSHHBIX p; W T; OynerT ycTOWYMBEIM, €CHNH NpPH
HeOONBINOM CIIOHTAHHOM HM3MEHEHUH 3THX KOOPAMHAT BBLINOJIHSAETCS,
nogo0HO HepaBeHCTBY (6.12), ycnosue

U_Ul—Tl(S—S1)+p1(V““V1)>0. (6.13)
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CnoxuB HepaBeHcrsa (6.12) m (6.13), mnojyumm ciemyromiee
COOTHOIIEHHE MEX/JIY Pa3sHOCTAMH PpasjMYHbIX [MApaMeTpoB IBYX
OJIM3KHAX YCTOMYMBBIX COCTOSHHMA OZHODOIHOM CHCTEMBI™:

ATAS—ApAV>0 (6.14)
HJIA A A
T Ap

‘AV AS[>o, (6.15)

rae AT=T,—T, AS=5,-S, Ap=p;—p, AV=V,~V.
Omnpezensitonige yCTOHUNBOCTD CHCTEMBI BbIPAXKEHYUE B JIEBON YaCTH
HepaseHcTBa (6.15) HazoeeMm Martpumueil ycrodumsoctu. Hepasencrso
(6.14) pas ompemenuTens 9TOH MaTpPHUUBl TO3BONAET - HOMYHHTH
KOHKPETHBIE YCJIOBUS YCTOMYHMBOCTH OAHO(DA3HOW CHCTEMBI B pasjiny-
HBIX ycioBuAX. B camoM gene, pasnenum HepaeHCTBO (6.14) cHavana
HA KBAJPAT U3MEHEHns KOOPAMHATH (AV)? NPH NOCTOSHHOM 3HAYCHHUM
TEPMOJHHAMHUYECKON cubl T, CONPSKEHHOM KOOpauHATE S, & HOTOM
Ha KBajIpaT PA3HOCTH KOOPAMHATHI (AS)? HpHu NOCTOSHHON TepMOaN-
HAMMYECKOH CHJIe p, CONpPSDKEHHOH nepBoil. koopmnunate V. Torga

Ap AT
(57>1<0’ <Z§>,,>O‘

OTo o03Ha¥aeT, YTO B YCTOWYMBOM DPABHOBECHOM COCTOSHHH
OIHOPOMHOM CHUCTEMBb! s JHOOBIX HeOONBIUMX M3MEHEHHE Kaxaoi
€¢ KOODHAMHATBl IPU IOCTOSHCTBE TEPMOJUHAMUYECKMX CHJI, CO-
HPSOKEHHBIX JPYTHM KOOPAMHATAM, BBIIOJHAIOTCSH, KaK HOCTATOYHbIE
YCIIOBUS YCTOMYHBOCTH, TEPMOJAMHAMUYECKHE HEPABEHCTBA

ap oT _T
(ﬁ)fo, (E,),);Cfo. (6.16)

Cnenopatensno, C,>0 B COCTOSHAM YCTOHYMBOTO pPaBHOBECHS.
B ofmem cayuyae, xorma koopauHaToi ¢asbl ABIsSETCS HApamerp
@, a CONpshKeHHON eMy oOobuieHHOM cuiol — BenuunHa A, yCnoBus
YCTOMYHMBOCTH HMEIOT BHJ

24 oT T
<BZ>T<O, (5§>A_C_A>O

Pasnenum  rtemepb  HepaBeHCTBO (26.14) CHavyajna Ha KBaJapar
HU3MEHeHHd nepBoi koopanHaThl (AV)° npu NOCTOSHHOM 3HAYUCHHH
KOOPAHHATHL S, 4 MOTOM HA KBAAPAT M3MEHEHHs KOOPAMHATHI (AS)?
npu nocrosHcrse V. Torma

* B ofleM ciydae CAOKHBIX CHCTEM C HEPEMEHHBIM HHCIOM HACTHI, BMECTO
(6.14) nmeem Y A4;Aq;>0 (3Haku 4, ¥ g; OnpejeAAlOTCA u3 ypaBHenns dUs=
i

=TdS—pdV+pudN=Y A;da).
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Ap AT
(.A_V)fo, (E)ﬁo'

3HayuT, B COCTOSHHM YCTOWYMBOTO PABHOBECUS OMHOPOIHOM
CHCTEMBI IS JIFOOBIX HEOOJBIIMX H3MEHEHMH KaXIOH €€ KOOPIHMHATHI
IIpH TOCTOSHCTBE JPYTUX KOOPAMHAT BBINOJIHAKTCS HEPaBEHCTBA

op or\y _ T
<O_V>s<o, (%>fc_y>0' 6.17)

Cnegosatensio, Cy>0 B COCTOSHHH YCTOHYMBOTO paBHOBECHS.

TaxuM 006pa3oM, ONHOPOJAHAS CHCTEMA HAXOJUTCA B COCTOSHHUH
VCTOMYMBOTG DABHOBECHS, €CIM €€ MaTpuiua ycrodumsoctd (6.15)
HONOKUTENBHA (3TO YCJIOBHE ABJISETCS HEOOXONMMBIM U JOCTATOYHBIM)
HJIM K€ €CJIM BBIOJIHAIOTCS YCJoBUsl yeToHuMBOCTH (6.16) u (6.17) (311
YCIOBMS SBNSAIOTCH HOCTATOYHBIMH, HO HE HEOOXOMMMBIMH, Tak Kak
BO3MOXHO YCTOMYHBOE COCTOSHME W IIPH HADYIIEHUH ITUX YCIOBHH).

JOCTATOYHBIM YCJIOBHEM YCTOWYMBOTO PAaBHOBECHS SIBJISETCS TAKKE
M TOJIOKHTENBHOE 3HAYEHHE BTOpOil BapHauuM sHepram I'u66ca*
$2G>0. DTy BapHALMIO JIETKO HaiTH U3 OOLIEro YCJIOBHS PaBHOBECHS
u ycroiuusoctd AG>0. JleficTBuTenbHO, TIPH 3aJaHHbIX To M po U3
HepaBeHcTBa (6.12) umeeM

AG=AU—ToAS+ poAV>0,

rae A— papuanus J1o60ro NOpaaKa, BHIBOAAILAS CHCTEMY M3 PABHOBECHS,
U /17151 HE3aBUCHMBIX nepeMeHHBIX AS=08S u AV =0V. Usmenenne AU
IIP¥ BHPTYQJIPHBIX U3MEHEHUAX S ¥ V' C TOYHOCTBIO JO YJIEHOB BTOPOTrO
HOpSAIKa MAJIOCTH OTHOCUTENHLHO He3aBUCHMBIX Bapuauuit 8.5 u &V pasna

_(ou U 1(0%Uscs
AU_<£>VSS+<W>SSV+2(OS265 +

ouU
asaov

1[/oT 5 oT (o 5
+5[<%>yss +2<8_V>5836V (W)SBV ]

4 yCJIOBHE paBHOBeCHs M ycroiumBocTH (6.18) npuMHMMaeT BH[
AG=(T—To)8S+(po—p)8V+

(T scz,n(0T\ scap () sp2 ]|
+5[<£>vss +2<6_V.>sossv ((w)SbV}

=8G+%62G>0.

2
42 638V+§V—‘jaV2)=Tas~p8V+

*) Jins  HaXOXKIAEHUS YCJIOBMI  YCTOHYMBOCTH MOXHO HCIOJB30BAaTh APYIHE
TEPMOJMHAMUYCCKHAE NOTCHIMAIbI.
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U3 ycnosus papHOoBecust 0G=0 Haxomum T=T, u p=pgy, T.E€.
np¥ pPaBHOBECHHM TEMIEPAaTypa U JAABJICHUE CHUCTEMBl PAaBHBI COOT-
BETCTBEHHO TeMInepaType M JNaBJICHHIO TEpPMOCTaTa.

W3 ycnopus ycrowunBocta 862G >0 momydaem

<3S) 55> +2< )bSSV < >6V2>0

Kax wuzsecTHO, KBaiparuuyhas (opMa IOJIOXHUTENbHA, eCH CO-
CTaBIEHHbIA U3 K03 IUIHEHTOB GOPMBI AETEPMHHAHT U €O TJIABHBIE
MHHODBI TIOJIOKUTEJIBHBI, MO3TOMY YCJIOBHS YCTOMYHBOCTH

(&), (2—9 oo,

D = 7F)

y ar\ (op as, vy = 7
v )s \av /s

()25 ~(3)0

s), "¢ v

yto coBmagaeT ¢ (6.17). Haszosem D, demepMuHaHmOM ycmoiuugocmiu,
0X;/0x; x; — aduabammvimu K03¢¢uuuenm¢mu yemoiuugocmu (AKY),
6X [0x; )y — uzoounamuveckumu  KodIPPuyuenmany  ycmoldueocmu
I/IKY) rJ_’xe Xi=T, —p, ..., x;=8,V, ... . 3aMeTuM, 4TO, N0 ONpEJEIe-
HHIO HOJIOXHTENLHOM BequngI, 0<Dy< 00,

ITons3ysck cBoiicTBaMu  sikoOMaHOB, Jerko mpeodbpazoBatb AKY
B UKY wu, naobopor, UKY B AKYV:

_4(T, —p)_a(T, ~p) a5, —p)_<ar)> (_a_p> ,

YT V) T (S -p) oS, ¥) \as )\ av)s
(T —p)_ (T, —p)o(T.V)_[ @\ [oT
D5 a(s, VI; T (T, VP) a(s, V)_<_£>T<£>y’

SEIEREIE

Cnenosarenso, D, BCeraa MOXHO INPUBECTH K IHATOHAJILHOH
bopme, sBIIAOIIECHCS HpOHBBeIleHPICM AKY u HKY.

Ecmu pasmenuts HepaBeHCTBO (6.14) Ha npou3BecHHE W3MECHEHHH
koopauHatr AV AS 1npu mMOCTOSIHCTBE BCeX ODOOIIEHHBIX CHJI, KpOMeE
Kako#-mubo OAHOM M3 HHUX, TO BCIEJACTBHE HEONpPEACIEHHOCTH
3HAKa 3TOTO IPOU3BE/EHHUS MOJIYYHM, YTO B YCTOHYMBOM pPaBHOBECHH
OIHOPOIHOM CHUCTeMbI Kaxjias W3 npousBoiHsix (0T/0V),, (dp/0S)r
HIM TOJIOXKHTENbHA, WM OTpWIaTeNbHA, T. €. HMEKT MECTO He-

PaBEHCTBA
oT ap
1z Xy >
<3V)P<0, <aS>T<O.
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P Ycnosue Cp>0 (Tak xe Kak
u C,>0) B cOCTrosHHM YCTOHYMBOIO
PaBHOBECUS BBITIOJIHSAETCS, €CIM Tep-
MOAMHaMuyecKass temneparypa T mo-
noxutenbHa. Ho, ¢ apyroit cropowusbl,
ycaosue Cp >0 Bbipaxaer ompenele-
HHE TOrO, Kakas Temuepatypa 0oJb-
me, a Kakasi-— MeHble®),

Taxum oOpaszom, npuHHMas B CO-
OTBETCTBHM C 3THM ONpeIeiieHuEM

Pre. 21. HOHSTUS «OOJNbILAS WiIH MeHbIIas
temnepatypa» Cp >0, Mbl BblOHpaem
nonoxutenbuyo temnepatypy 1. Takoit Bbibop 3Haka T nMpUBOAMT
10 BTOPOMY HayaJly K TOMYy, 4TO HpHU TEIJIOBOM KOHTaKTe MBYX
TEJ TEmjaoTa CAaMOHNPOM3BOJIBHO MEPEXOMUT OT Tena ¢ Oonbuieit
TEMIIEpATypoil K Tejdy C MeHbllel TeMIepatypold. DTo mno3Bosser
JIETKO TMOHATH (U3HYECKHHA CMBICH YCJIOBUH ycTOH4UBOCTH (6.16) wiu
(6.17). JeiicrButenbuo, npeanosoxum, uro npu 7>0XK ycnosue
C,>0 He BbmoONHSAAOCH OBl M BMecTo Hero Owuio 6w C,<0.
Torma mpu (GIyKTyaluusx, BbI3BIBAIOLLMX OTAA4y CHCTEMOH TEmJIOTHI
TEPMOCTATY, TEMIEpaTypa 3TOH CHCTEMbI MNOBBICHJACH Obl, YTO
TpUBEJIO ©Obl, B CBOIO ouepedb, K JajbHeHuIedl OTAa4Y€ TemIOTH
(rak xax 7T>0K) mu cucrema, cciegoparesnbro, npu C,<0 ne
Morja Obl ObITh B YCTOWYMBOM paBHOBECHH. AHAJIOTMYHO, €CIH
BMecto (Op/0V)r<0 OGymer (0p/dV)r>0, TO 3TO O3Havaer, 4TO
Jaxe Ipd HeOONBIIOM (UIYKTYaUHOHHOM YMEHBIUCHHM o00BeMa
JaBJICHHE B CHCTEME YMEHBLIMTCH. 3TO BbI3BajJO Obl jJajibHeifilee
ckare obwema u T.4. CrenoBaTesbHO, CHCTEMa HaxoOWIach
HE B DPABHOBECHH.

Venosus (6.16), (6.17) obecneunBarOT YCTOWYMBOCTh PaBHOBECUS
110 OTHOIWIEHHIO K- Hebonbium ¢GnykryanusM. Ilpu Gonpmux duryk-
TyalMsx, KOTJa HAYMHAKOT BBICTYNAaTh HEYYTEHHbIE OCODEHHOCTH
HOBEPXHOCTH - (PIIyKTyallHOHHBIX 3apOAbIIIEH, 3TH YCJIOBHS OKa3blBa-
JOTCA HeJOCTaTOMHbIMU. Hanpumep, B COCTOSHHUSAX NEPEOXJIAKACHHOTO
napa WM [eperperoi K MAKOCTH YcioBHs (6.16) BBINOJHSAIOTCH, XOTH
9TH COCTOSIHHS YCTOMYMBBI TOJBKO HpH 00pa3oBaHMM BO BpeMsA
GuyKTyauuid IWIOTHOCTH HeOONBIINX 3apofbiliied HoBo# ¢asbl, a NpH
¢dnykTyaiusx ¢ o0pa3oBaHHeM OOJIBIIMX 3apoAbIlLied ONHOPOIHBIC
CHCTEMBI pacnajalrorcs Ha nase (a3sl. D10 00ycioBjIeHO 0codoit
POJIBIO MOBEPXHOCTHOM JHEPTMH 3apofpbilicd (KOTOpPYIO MBI 10 CUX
NOp He YYHTBIBAJM). MPH MaJbIX Kawiax oOpa3oBaHHE HUX HPHBOIUT
K yBeJIHYeHHIO cBOOOAHO#N suepruuM F cHCTeMbl, NO3TOMY 3TH KaIulH
MCYe3at0T, NMPH OOJBIUKX 3apoiplilax oOpa3oBAHHE HX MOXET IIpH-
BECTH K YyMEHbIIEHHIO F, 4YTO BeAET X pa3/EJICHHIO CHCTEMBbI Ha

*) TIpHHHMAETCA, YTO TPH COOOIUEHMH Tely TEIUIOTHl HPH TIOCTOSHHBIX BHELTHHX
napaMeTpax ero Temmeparypa noseimaercs, T.e. C,>0.
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aBe (asbl, ykasbiBas Ha MeTacTabumIBHOCTh OJHOPOIHOM CHCTEMBI
(cm. § 57).

PaccMoTpuM B CBSI3M C NOJIyYEHHBIMM YCJIOBHSIMH YCTOHYHBOCTH
OMHOPOAHOH cucTeMbl ra3 Bam-nmep-Baanbca. M3otepma 3Toro rasa
OpH TeMieparype Hike KpuTHdYecko#t m3oOpaxeHa Ha puc. 21. Hacts
AB cooTBeTcTBYET rasy, 4actb FG — XHAKOCTH. B 3THX cocTrosHHSX
(Op/oV)r<0, 4to yKasbiBaeT Ha HuX ycToWuMBOCTH. COCTOSHUS,
nexamue Ha yuactke CE, HEyCTOMYMBEI, Tak KakK JJIsl HUX (ﬁp/ 6V)T>0.
Touka C spnsercs rpaHHYHON I YCTOMYMBOCTH OTAEJIBHO B3ATON
ra3oBoift (asbl OTHOCHTENIBHO €€ HENpephIBHBIX W3MEHEHHH  (He
CBA3aHHBIX ¢ 00pa3oBaHueM HOBOM ¢azbl). C Touku B, KaKk NPaBUIIO,
ra3 HauMHAeT KOHJEHCHPOBATHCA, a ABYX(hazHOE COCTOSHHE ONpe/Ies-
eTcs NpSIMOJHMHENHBIM ydacTkoM BF. Vwactku BC u EF cooTBer-
CTBYIOT METACTaOMIBHBIM COCTOSHMSIM Iapa W XHAKOCTH COOTBET-
CTBeHHO (cM. 3amauy 6.6).

§ 30. IPUHUMUIT JE MATEJBE —BPAYHA

OO0mme ycnoBus YCTOWYMBOCTH PaBHOBECHS TePMOAMHAMHUYECKHX
CHCTEM NPUBOANT K TOMY, YTO BHEIIHEE BO3/ICHCTBHE, BBIBOIAIICE
CUCTEMY W3 COCTOSIHHS PABHOBECHS, BBI3BIBACT B ITOM CUCTEME TaKHe
HPONECCHI, KOTOpbie OCiabiasioT 3T0 BO3AeHCTBHE. IJTO TOJOXKEHHE
Obio ycranosneno Jle Ilarenbe B 1884 r. m obocHoBano bpaynom
B 1887 r. u nazpaBo npunyunom Jle IHlameave— bpayna.

HNpuanun Jle Hlatense-—Dbpayna OblT TONyYeH YHCTO WHTYH-
TUBHO, B pe3yjbTaTe IOHCKAa TEPMOIMHAMHYECKOTO aHAJOra 3aKOoHa
uHAyKupad JIeHUa: uHOyKyuoHHblll 3AeKMputecKuii MoK umeem mMaxoe
HanpasAenue, NpU KOMOPOM O0CAAOAAEMCA GHEWHAS HPUNUHA €20
8bI3bIGAIOUAA.

3nauenne mpudimna Jle Hlatense —bBpayna coctout B TOM, 4TO
OH IMO3BOJISIET JIPE/ICKa3aTh HAIpaBJieHWe, B KOTOPOM HOJ BIHSIHHEM
BHEIUHETO - BO3JAEUCTBUS HU3IMEHHUTCS TEPMOIMHAMHUYCCKHNA TPOIECC,
MPOTEKAIOUIMH B IMPOU3BOJLHON CHCTEME.

BoiBeieM 3TOT NPHHIMI JUIsi CHCTEM, B KOTODPBIX NMPH MPOIECCAX
COXPAHSIIOTCS XHMUYECKMH COCTAB W Macca (IpH NMpoIeccax ¢ W3MeHe-
HUEM MacCc KOMIOHEeHTOB H (a3 cucremsl npuanun Jle Martense—
BpayHa Takxe MMeeT MECTO, HO JIOKA3bIBAETCS HHAUE).

PaccMmoTpuM cructeMy, COCTOSIHHE KOTOPOH ONpeelisieTcs uepeMeH-
HbIMH X; ¥ X,. IlycTb X{ M X, — medcTByromde Ha Hee 0000IIeHHbIE
cunel. duddepenuuan HekoTopo# ¢yHKUMH cocrosHHSt Y paBeH

dY=X1dx1 +X2dX2.
Tornma (0X,/dx, )"1 =(0X,/0x, )xz U

le _ 6X2
<b’x‘> _<a_x1>x2 , (6.18)
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Tak Kak d(Y—X x;—X,x;)=—x;dX; —x,dX,. Beipasum npoussos-
Hyro (0x,/0X, )xz yepe3 mpom3BojHble (Jx,/0X; )Xz’ (0x1/0X, )x,
u (0x,/0X, )Xx' HUcnonp3ys cBOMCTBA SIKOOHAHOB, HAXOINM

(ax1> _0bnixa) _ O(xy, x2)0(X 1 X2) __6(x1,x2)<%) .

X1 )., 0(X1x2) (X1, X3)0(X1, x2) (X1, X2)\ ox,

Ho, cornacao dopmyse (6.18),

‘E) (K)
a(x;,x;_)_ aX; X, aXz X, _<6x1> <6xz> _
2 Xl

XX (ax2> <6x2> T\ 3K, Jx,\ X,
6X, XZ 0X2 Xl
(). ()G G, R)
0X, X, ¢ X, ¢ X, ¢S X, 0X; xl’
dx; x4 6x1>2 <6X2>
Yy =) (2 =2 . 6.19
<axl>,2 (axl)xz <axz « \ % /x, (6.19)

Eciu Onaromaps ycnoBWsSiM YCTOHYMBOCTH

IIO3TOMY

0x;
<07> >0, (6.20)
TO
Oxy 0x,
<5).(_1> <<6_X-1)x2 . ©6.21)

DTO HepaBEHCTBO U Bhipaxaet npunyun Jle lameave — bpayna. Ecin
B CHCTEME, B KOTOpPOH MOINEPKUBAIOTCA NOCTOSHHBIMH MNapaMeTphbl
X; M X,, BHEIIHMM BO3IEHCTBHEM X; M3MEHATH MapaMeTp Xi, TO ITO
BBI3OBET U3MEHEHHE X, B X5, a Mepo Bo3aeiicTeus Oyner 0x,/dX,. Ho
IIPH BHE3ATHOM YBEJIHMCHIH Xy IPOUCXOAAIINIA IPOLECC BHAYATIE MOXHO
paccMaTpUBaTh Kak NPH NOCTOSHHOM X, . ClieqoBaTensHO, B 3TO BpeMs
IPHJIOKEHHOE BO3EHCTBHE XapaKTEPHU3YeTCs IPOU3BOAHOM (0x; /0X ) X,
Korma e cHOBa HACTYNHT pPaBHOBECHE H INapameTp X, HPHMET
NOIepXKABaeMoOe BHEIIHeH cpefoil mpexHee 3HAYCHHE, TO U3MEHCHHE
Xi 3a CYET BHEUIHETO BO3JECHCTBUS OYIET ONpPeAe/ATLCI MPOU3BOITHOU
(6x1/8X, )x_. Mpurn Jle latense — BpayHa yTBEpKIET, YTO B HOBOM
PaBHOBECHOM COCTOSIHUM, B KOTOpPOE€ TEPEXOOUT CHCTEMa, U3MEHEHUE
mapamMerpa x; 3a CUeT BHEIIHEro Bo3jeidicTBus ocnabrieHo, T. e.

(aXI> <axl>

— <{ — .

Xy /x, X, Jx,

MOXHO HPHBECTH PSI TPHMEPOB, B KOTOPBIX MPOSBJISAETCS ITOT

HpHHIAI.
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1. PaccMoTpuM cucTeMy B TepMocTaTe. M3MeHUM B HEKOTOpBIi
MOMEHT JIaBJieHHE Ha CHCTEMY. JTO BBI30OBET H3MEHEHHE 00BbeMa
u TemnepaTtypsl. Mepoit Bo3samelictBus Oymer 0V/dp. B nepswiid
MOMEHT OJlaroiaps BHE3aNHOCTH H3MEHEHHUS p HPOLECC NHPaKTHYECKH
ABJsiETCS aquabaTHLIM, [O3TOMY BHEIUHEEe BO3ACHCTBUE ONpeNesseTrcs
npoussonHoRt (8V/dp)s. Ilocne yCTaHOBNEHHS PABHOBECHS M BOC-
CTaHOBJICHHUS NPEXHEH TeMIepaTyphbl BO3eHCTBHE OyJeT OlpenesisThes
npousBoguor (0V/dp)r. Mo npunuuny Jle Maremse — Bpayna B Ho-
BOM PpaBHOBECHOM COCTOSIHUM BO3JEHCTBUE OCHa0JIEHO H

(&)%)

DTOT pe3yabTaT JErko MOJIYYATH HEHNOCPEICTBEHHO, HCTIOJIb3YS
B KayecTBe HepaBeHCTBa (6.20) ycioBue ycToitumsoctn C,>0.
Heiicreutensao, w3 —dF=pdV+SdT BuaHO, 4TO B JaHHOM
cnyyae X;=p, x;=V, X,=S8, x,=T, nmo3toMy B COOTBETCTBHU

¢ ycrosuem C,>0
gl = 6AT .—:1>0
X, )x, \9S), G,

U, CJETOBATEJIbHO, COTJACHO HEpaBeHCTBY (6.21),

@G

2. YBenuuuM BHEIIHEE AaBJICHHE Ha TeNl0, YMEHbIUAas €ro oObeM.
Ilpu 3TOM BO3HUKHET H3MEHECHUE TEMIEPATYpbl M TEIO CTPEMHTCH
CHOBA YBEJIMYUTH OO0BEM; MOITOMY T€ Tesld, KOTOPhlE OT HarpeBaHhs
CXUMAIOTC (Hampumep, Boja npu Ttemreparype Huxe 4° C), Oyayr
OT CXATHA OXJIAXAATHCA.

3. CoobmuM, ¢CMecH U3 JibJla M BOIbI HEKOTOPOE KOJMYECTBO
TemwnoThl. Toraga sien HayHET TasiTh, Ojarojgaps YeMmy He NPOMCXOIUT
HOBBIIICHHE €F0 TEMIIEPATYPhl, KOTOpOEe HHAYe HAOMOZaIoch Obl.

4. Tlyctb wMeEIOTCS JBa BELIECTBA B COCTOSHUM XHMHYECKOTO
paBHoBecus. EciM WM COODILNTL HEKOTOPOE KOJIMYECTBO TEILIOTHI,
TO NPOM3OHAET peakiysi, oxJjaxmaaromas cucreMy. CneaoBaTeNbHO,
IIpH - TIOBBIICHAH TeMIepaTypbl OyayT pa3jaratbCs BEHIECTBA, BO3-
HUKAIOIMKE NyTeM 3K30TEPMHHYECKON peaknuu, W, Haobopor, OyayT
BO3HHMKATh JHIOTEPMHUYECKHE COETUHCHHUSA.

5. ng conu, HaxonseHcs B HACHINIEHHOM pAacTBOPE, IOBBIIICHNUE
TEMOEPAaTyphl BBI3LIBACT pPACTBOPEHHE, €CHH IIOCIEAHEE CBSA3aHO
C OXJIaXJeHWeM; B TMPOTUBHOM CJIyuae IPOMCXOJUT BBINAJICHNE
KpUCTAJUIOB.

6. Ilpy nOBHXKECHWM MPOBONHHKA B MAarHMTHOM NOJIE BO3HUKACT
UHAYKUMOHHBIM TOK, Ha KOTOpPbIH MArHUTHOE TNoJje JACHCTBYET
C CHJIOW, MpenaTcTBYHOUleH ABMKEHHIO. TOK, BO3HUKAIOMIMHA B MpPO-
BOJ/THUKE, ITPH ﬂpl/I6JlM)KeHPII/I K HCMY MarHuTa OTTAaJIKUBACT HOCHGHHHﬁ,
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u HaobopoT. U3 orToro mnpumepa BHAHO, 4TO IpaBmwio JleHua
SBIISCTCA uacTHBIM ciysaeMm npunimmna Jle IHatense — bpayna.

7. Ecnu 3J1eXTpUYECKMil TOK MPOXOJTHUT 4epe3 crail IBYX METaioB,
TO TeMMepaTypa <Cnas H3MEHSeTCs B TakOoM HaNpaBJIeHHH, 4YTO
BO3HMKAIOMIAN TEPMOSJIEKTPUYECKAH TOK CTPEMHUTCA OCIAOHTL CHIIY
TOKa, NPOIyCKaeMmoro 4epes crnail (ssaenue Ileavmoe).

U3 stux mpumepos Buauo, 4to npuHnun Jle IMarense — bpayna
00YCITOBJICH YCTOWYUBOCTHEO PAaBHOBECHOrO cocTosiHus. HeficTBures-
HO, ecii Obl BCAKUHA NEPBUYHBIM NPOIECC YCHJIUBAJICS €Ie ajiblie
Onarosaps BLI3BAHHOMY HM BTOPMYHOMY TMPOLECCY, TO 3TO TPHBEIO
Obl K IOJIHOMY pacCTpOHCTBY paBHOBecuss B cucreme. IIpoBonHuk,
HAXOJAUTMHACS B MATHUTHOM II0OJI€ U ITOJIyYUBLIHH TOJYOK, IPOIOJIKAI
Obl [OBUTATHCA Jajbllie M [PUTOM YCKOPEHHO; MAarHUT, CJierka
OTTONKHYTHIA OT KATYIIKH, OPOJO/Kaji Obl ABUraThCs OT Hee.

IMpunuun Jle [atense — bpaysa mpuMeHUM HE KO BCEM CHCTEMaM
W He KO BCeM BO3MOXHBIM BHEIUHHM BO3JEHCTBUSAM: HEOOXOIUMO
NpeBapUTENLHOE YCIOBHE — HEKOTOpasi CTeNeHb  YCTOMYHMBOCTH Ha-
qyanpbHOro cocrosius cuctembl. [lpuanun Jle Wlarense — bpayna
HENPHMEHHM K IIpoleccaM, IEpeBOISIIUM CUCTeMY B OoJiee YCTOi-
YABOE COCTOSIHHE, HAMPUMEp K B3PbIBaM, K PEAKIUAM, BBI3BIBACMBIM
C TIOMOILBI HOIOTPEBaHUd, H [P.

3AJIAYU

6.1. WneannHelit ra3 HAXOAUTCS B afMabaTHO U30NUPOBAHHOM IMIHHAPE C MOPILHEM IO
NOCTOSIHHBIM BHENIHAM JaBiicHueM. HenocpeAcTBEeHHO BBIMMCIIMB BapHaLlMH DHTPO-
mu 8S u 82, moxa3aTh, YTO NPH PABHOBECHH SHTPOMNHS SBIISETCH MAKCHMAJBHOM.

6.2. IToxa3aTh, 4TO B CHCTEME ¢ S=const U p=const DaBHOBECHE HACTYNAET IIpH
MHHUMYMe dSHTaiblu H, a B cHcreMe ¢ S=const # V=const—INpy MUHHMYME
BHYTpeHHER sHeprum U

6.3. Onpenenuts ycioBus paBHOBecHS [BYX (a3 pasHbIX BEIECTB, T. €. AByx(asHoi
JIBYXKOMIIOHCHTHOM CHCTEMBI, KOTAA KaXAbIH KOMIIOHEHT BXOJHUT B COCTAB TONBKO
OTHON (ha3pl.

. OnpenenuTb yCioBHS PaBHOBECHS CHCTEMBI BO BHCIIHEM IOJIE.

. VCioBHS YCTOHYMBOCTH paBHOBecHs (6.16) BbIBEAEHBI MUl Majiol YacTH GobINoH
OJHOPOAHOM CHCTeMBL. B KakoM cily4ae OHM CNpaBeUTMBBI M KOTAA HECTIPABEIIHBBI
JUIA CHCTEMBI B LEIOM?

6.6. [okasats, uro yyactox BC Ha xpmBoii Ban-gep-Baanbca (puc. 21) coorseTcTByeT
METACTaOHABHOMY COCTOSHHUIO TIEPEOXIIAXACHHOrO napa, a ydactok FE, xapakTepH-
3ys1 METACTAOMIBHOE COCTOSIHUE XHIKOCTH, HE COOTBETCTBYET TEPErpeTOi HUAKOCTH.

6.7. Ecim cocrosiHie W30TPONHOTO MAarHETHKA XapakTepH3yeTcs BeIMYAHAME:

a)H u B, 10

L
U e

dU=TdS—pdV+ HdB/(4n),
6) H u J, 10
dU'=TdS—pdV+HdJ,

e U'=U~—H?/(8n). Cornacio ycoBHio ycTofumBOCTH pasHOBecHs, (04 /da)r <0.
Jl1s MarHeTHKa 3TO YCIOBHE HMeECT BHL:

eH\ 1
a) (51—;)‘=;>0 [a=B, 4=—H/(4n)],

4TO BIIOJIHE corjiacyercs ¢ onbiToM (p>0);
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6.8

6.9

6.10.
6.11.

6.12.

6.13.

6.14.
6.15.

oH 1
Y =20
6) (6])1 K> ’

4TO MPOTHBOPEYHT ONBITY, NOKA3bIBAIOLIEMY TEPMOIUHAMMHYECKYIO YCTOHYUBOCTH

JMaMATHETHKOB, XOT# VI HUX % <0. Pa3biCHUTH NpPUYMHY BO3HHMKILErO IPO-

THBOPEYHS.

BeneacTBHE  JNEKTPOHHOH IMHCCHH B MOJOCTA BHYTPH MeETalla obpasyercs

INeKTPOHHBIA ra3. Vcxoms ¥3 MHHUMYMa CBOGONHOH JHEPIWM NPU DaBHOBECHH,

OlPEIENUTH [OTHOCTH 3NEKTPOHHOTO Tasa (n=N/V) B MONOCTH NPH TEMIEPATYDE

T, ecin paboTa BBIXOAA INMEKTPOHAa paBHa [, 3 SHTPONMA JJIEKTPOHHOIO rasa

paBHA 3HTPOIMH OJXHOATOMHOIO HAEAJBHOCO ra3a.

ITokasaTh, 4TO, COFJACHO YCJIOBHSIM yCTOMYMBOCTH pasHoBecud, nmpu T—0 K

B TeMMepaTypHo#t 3aBucuMocty Temtoemkocteit C, 0 Cy Buga C=aT" (a=const)

nokasaTtens nzl.

IToxazaTp, YTO €CIIM B HEKOTOPOM YCTOHYHBOM COCTOSIHMH OJXHOPOJHON CHCTEMbI
op/8V)r=0, 10 B 3TOM cocrosHmu (3%p/dV?);=0, a (2°p/aV?)r<0.
0Ka3aTh, YTO eC/IH B HEKOTOPOM cocTosHMu (97/8S),=0, TO L% YCTOHIMBOCTH

TaKOr0 COCTOSIHHS HOJDKH2 OZHOBDEMEHHO oOpalnaTbCs B HyNb Takke H BTOpas

npoussoanas (927/85%),=0, a (53T/033)P>0.

TokasaTh, 4TO €CIM B HEKOTOPOM ycToHumBoM coctosuuu (07/0V),=0, To

B 3TOM coctostHun (02T/0V?),=0, a (03T/6V>), MOXET GLITH KAK MOJOXHTENb-

HOH, TaK 4 OTpHUATEJILHOH.

TlokasaTs, YTO €CM B HEKOTOPOM cOCTOsHUH (Op/8S)r=0, To s yCTOMYMBOCTH

3TOrO COCTOAHHMA JOJDKHA OJHOBPEMEHHO ObpamiaTbcs B HYJb U  BTOpas

npoussonnas, a {J°p/dS3*)r20.

B HEKOTOPOM COCTOSHUMH OHOPOAHOH cuctemsr (0p/dV )s=0. Kakosst yciosus

YCTOHYMBOCTH 3TOrO COCTOSNHHA!

CBoGojHas dHeprus F HEPaBHOBECHOM CHCTEMBI NMPH JAaHHBIX BHEIIHHX YCIOBHAX,

no JleonToBuuy®), paBHa

Flx)=V(x)-U, 1)

rae U—moTeHuManbHas 3HEPrUs CUJIOBOrO 10N, MPH KOTOPOM COCTOAIHME
X SBISIETCS DPaBHOBECHBIM; V(X )——CBOGOJHAS SHEPrsi 3TOTO PABHOBECHOTO
COCTOSIHHS, COOTBETCTBYIOIIETO H3MEHEHHBIM BHELIHMM YCIOBUAM CHCTEMBI —
Hamyuio BHewHero noys. IToxasath, 4to ofiuee ycnoByHe paBHOBECHS CHCTEMBI
B TEPMOCTATE MPU MOCTOAHHOM O0OBEME—MHHHMANTBHOCTh CBOOOIHOH JHEPruu
NpH PaBHOBECHH -—YCTAHOBJCHHOC HAMM M3 OCHOBHOrO HEDABEHCTBA TEPMO/IH-
HAMHKHM [UI1 HEPABHOBECHBIX MPOIECCOB, MOXHO TakXe MONYYHTh H3 HEBO3-
MOXHOCTH BEYHOrO [BUraTeis BTOPOTO POAa (mepBas 4acTh BTOPOrO Haudaja),
HCIOJIb3Ys BhIpaxenue (1) ans cBOOOXHOM DJHEPrMH HEPABHOBECHOH CHCTEMBI.

* Cwm.: Jleonrowy M. A, O cBOGOAHON SHEpr#M HEPABHOBECHOTO COCTOS-

mua | KITD. 1938. 8. C. 844.



I'TABA CEJbMASA

TEPMOJNHAMUKA CHUCTEM
IMPU OTPUUATEJIDBHBIX TEMITEPATYPAX

Ucxogs u3 BMOPOro Hayana mepMOQUHAMUKU,
Mol  ycmaHoBunu {cM. § 14), 4mo omHoweHue
abconiomusix memnepamyp T, u T, gByXx cOCMosiHUN
Kakou-nubo cucmemsl Bblpaxaemcsa nokaslameflb-
HOU GhyHKUUEH

T,/T,=¢, (7.1)

5

I_J (0A/0T)udt

" | {ou/éa)+A°
t

1

Omcioga 00bI4HO fenaemcsi BeiBOJ, 4mMO MepMo-
AQuHamuyeckass memnepamypa He MOXem MEeHAMb
CBOW 3HAK, 4YmMo ee BCerfa MOXHO cyumame
nonoXXUMesIbHOW (Unu MOMbKO OMpPULamebHoOMu).
Tako# BbIBOJ, O4HAKO, Npesbiluaem mo, Ymo B fen-
cmBuUmMebHOCMU Bbipaxaem coomHouieHue (7.1),
noslyyeHHoe npu adasnuse KBa3ucmamuyeckux npo-
yeccoB U ycmaxassusamujee, 4mo abcosom-das
memnepamypa T He MoXem MeHsimb 3HaK npu
KBasucmamu4yeckom nepexoge u3 04HoOro pasHoBeC-
Horo cocmosiHusi B gpyroe. [loamomy oHO ocmassisi-
em omkpsimeiM BONPOC 00 u3MeHeHuu 3Haka T,
ecsiu cucmema nepexogum u3 0gHOro PpasHOBECHOro
COCMOSIHUS B [pyroe Hecmamu4yeckuM nymem.

rge

§ 31. CYIHECTBOBAHMUE COCTOSIHUlI C OTPULIATEJBHOM
TEPMOJHHAMMYECKOHW TEMITEPATYPOWM

BeiBoa 0 mOCTOAHCTBE 3Haka Temmepatypbl 7' u3 Belpaxenus (7.1)
MOXHO CIeJaTh TOJBKO TOrAA, KOTrJa K HEMy [IONOJIHUTENIBHO
NPUCOSIMHAETCS YTBEPXACHHE, HYTO COCTOSIHMS, JOCTIKMMBIE M3
JaHHOTO HEPAaBHOBECHO, BCerAa AOCTIXUMBI H3 HETO M PAaBHOBECHO.
DTO YTBEpXKACHWE, KaK TMOKa3blBAeT ONBIT, CIPAaBEIJIABO BO BCEX
cnyyasx OOBIMHBIX, 4allle BCero Berpedarouuxcs cucteM. IlosTomy
IUIS TakKMX CHCTEM TEPMOJMHAMMUYECKAas TeMIepaTypa He MOXeT
MEHSTh 3HAK MW €¢ BCErJa MOXKHO CYHTAaTh TNOJIOXKHTEIbHOH (Min
TOJIKO OTpHuatenbHoi). M3 omHoro e cooTHomenus (7.1) 6e3
YKA3aHHOI'O JIOMOJIHUTEILHOTO YTBEPKICHHS HE CICAYyeT HEBO3MOXK-
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HOCTh CyIIECTBOBAHUS HAPSIAY C MOJIOKHUTEIBHBIME U OTPHIIATENHHBIX
TEMIIEPaTyp.

Henb3s oTpHiiaTh BO3MOXHOCTH CYINECTBOBAHMS OTPHUIIATEIBLHBIX
abCONIIOTHBIX TEMIIEPATYp M HCXOIS M3 TPEThEro Havaja TEpMOJIH-
Hamuka., [leficTBuTenbHO, HemocTmxuMocts O K TeMmeparypei mpH-
BOIUT JIAIIL K HEBO3MOXHOCTH TEPEX0ila Yepe3 HEro OT IOJIOXHUTENb-
HBIX K OTPULATEJIbHBIM a0CONIOTHBIM TEMIIEpaTypaM, HO He WC-
KJII0YAeT BO3MOXHOCTH CYILECTBOBAHHS OTPHIATENIbHBIX abCOIIOTHBIX
TeMIeparyp (Hapsay C MOJIOXKUTEIbHBIMU TeMIepaTypaMu).

CocTosiHUs C OTpHLATEIbHBIMY aOCOIFOTHBIMU TEMIIEpaTypaMH He
TONIBKO BO3MOXHBI, HO H CYLIECTBYIOT B AEHCTBUTEILHOCTH. MHOroumc-
JICHHBbIE 3KCIEPHMEHTHI MO SJEPHOMY MAarHUTHOMY PE30HAHCY HpUBEH
B 1951 r. K CO3/aHMIO COCTOSHMH C OTPUIATENBHBIMH a0CONIOTHBIMA
TeMIEpaTypaMu. YCIOBUS /ISl CYLIECTBOBaHHS CHCTEMBl IIPH OTpHLA-
TEJIbHbIX aOCONMIOTHBIX TEMIlEpaTypax, Kak Mbl YBHIAHM HUXKE, SBISAIOT-
cfl HACTOJIBKO JKECTKMMHM, YTO TaKHe CHCTEMbI PEIKO BCTPEYArOTCS
B TIPAaKTHKE, HCKJIIOYasi HEKOTOPbIE CHCTEMBI SIIEPHBIX CIIHHOB.

OTpunaTeibHble TEPMOAMHAMHYECKHE TEMIEpaTyphl JOCTHIAOTCS
He MOCPeACTBOM OTHATHS Y CHCTEMBl BCEH OJHEPrHH TeEIJIOBOTO
IBWXKCHHA, &, HaobopoT, cooOmIeHHEM CHCTeMe DJHepruu Oobiue
TOH, KOTOpasi COOTBETCTBYET OECKOHEUHOH TeMmiepaTtype. Y OOJbIINH-
CTBa TeJl 3TO CHENATH HEBO3MOXKHO, TaK KaK y HHMX IIpH OECKOHEYHO
BBICOKOH TeMIeparype BHYTPEHHss OHeprus OeckoHeyHa. Takue
CHCTEMBl HE MOTYT HAaXOIUThCS B COCTOSHMAX C OTPHIATEIBHOH
TEMIEPATYPOH, €CIH Ui HUX YXe BbIOpaHa IOJOXHUTEIbHAS TEM-
nepatypa. OfHAaKO y HEKOTOPBIX CHCTEM BHYTPEHHSS JHEPIHS C pO-
CTOM TemmepaTypbi 7T— oo’ aCHMHOTOTHUYECKH NPUOIMKAETCS K KOHed-
HOMY I'PAaHHYHOMY 3HAYEHWIO, a 3TO NO3BOJISET MOJYYUTh COCTOSHHS
CUCTEM C OTpHUATEHBbHON TeMmepatypoi, korjga e€il coobrraercs
JHeprus, Oosblias JaHHOrO rpaHMYHOrO 3HaveHMs. B Takux cocTo-
SHHSX CHCTeMa; obnanas sHeprueid, Oonblueit sHeprum mnpu OGec-
KOHEYHOH TeMIiepatype, UMEeT «yJbTpabecKOHEUHyI0» TEMIEPATypy.
Ho B MaTeMaTuke HET «yjbTPabEeCKOHEYHOCTH» HA YHCIOBOW HPAMOM,
a eCTh TOJNILKO OECKOHEYHO yjAalieHHasi TOYKa, M €CJIM MBI 3Ty TOUYKY
nepeiizieM, 1o Oysem npubmkarses k 0 K ¢ oTpunarensHoi CTOpOHBL
(puc. 22). HampaBo OT HyJsi [O 4YUCJIOBOH oOcCH, NOKHAas - oo,

-1 321017123 0 TK
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npHAeM OT —o0 K Hymo. YuCIOBYIO 0OCh MOXHO CIPOEHHPOBATH
Ha YHCJIOBYK) OKPYXHOCTBb, Ile OECKOHEYHO YJAJIEHHOH TO4YKE COOT-
BETCTBYET CaMasl BEPXHSS TOYKA OKPYXHOCTH. O0X0As OKpPYXKHOCThH
OPOTHB YacOBOH CTpPEJIKH, MOAYYUM BCIO HUCIOBYIO OChb. 1akum
obpazoM, IpH OTPHIATENLHOH TeMIepaType CHCTeMa HE XOJIOJHEE,
yemM npu +0 K, a ropsuyee, ueM mnpm OeckoHedHO# TeMmepartype
(+ o K). Ipyrumu cioBaMH, 06JacTh OTPHLATENbHBIX a0COMFOTHBIX
TeMmnepatyp Jexutr He «nox 0 K», a «majg OeckoHeuHOH TeM-
nepatypoi». Ilo3ToMy oOTpHLATENbHbIE TEMIIEPATYPbl BBIIIE TOJO-
xuTenpHblx. Temmepatypa B HamnpaBleHMM €€ pOCTa MPOXOAUT HA
HIKaje B MOCAEAOBATEILHOM NOPSAKE 3HAYEHUS:

+0K, .., +500K, ... o0, ..., =500K, ..., =0 K. 7.2)

Temnepatypa + 1000 K sBnserca mpomexyroyHolt mexnay + 500
# —500 K. MckyccTBeHHOCTH TPUBEJCHHOTO TOCTPOEHUS 7-IIKalibi
SBJIAIETCS CJY4alHBIM PE3yNbTATOM HPOHU3BOJIBLHOrO- BbiOOpa O6BIYHOM
Temnepatypuoi ¢yHkuuu. Ecnu Obi TemnepaTypHas ¢yHkums Oblia
BhiOpana B Bume —1/7, TO camMbie HU3KHME TEMHEPATYPBbl COOTBET-
CTBOBAJM Obl —o0 A 3TOH (DYHKUMH, OECKOHEYHbie TeMIlepaTyphl
Ha OObIMHOH 7T-1Kajie — HyjI0, OTPHLATENbHbIE TeMiepaTypbl — IO-
JIOKUTEIBHBIM 3HAYeHUsIM JToM (yskIuM. [iis Taxod TeMrepaTypHOH
bynkuuy  anrebpanyeckdil MOPAIOK M MOPAJOK XOAa OT MEHbIUEH
k Oonpinedt TemnepaType ObUtn OBl WaeHTHUYHBL Pyskuus —1/T
4aCTO HCTOJIb3YeTCs B TEPMOIMHAMUKE IIPH HCCIIEJOBAHUHM CBOMCTB
cucreM B obmactm 0 K, Tak Kak OHa MO3BOJISET «PACLIMPHUTLY
TEMIICPATYPHYIO HIKAJIy NPW HU3KMX Temmneparypax. M3 H310XKeHHOIo
BHIHO, YTO Ui OTPHUATE/IBbHBIX Temmepatyp 71 *= —1/T-mukana®
No MHOTHM InpH4YdHaM . Oonee ynobsa, yem 7-mikaja.

§ 32. CAICTEMA C OTPUUATEJABHON TEPMOJWHAMHYECKON
TEMIIEPATYPOH

Craenyontas Hpoctas MOJieNlb MOKa3bIBaeT, KAk HA HPAKTHKE OCYIeCT-
BJSIOTCH OTPHIATEbHBIE TEPMOAHAMUUYECKUE TEMIEPATYPHI.
IMycts mMeeTcs cHCTEMA <«QAEMEHTAPHBIX MarHMTOB» (HampHMep,
JIEKTPOHHbIE, ATOMHBIE WM SJCPHbIE MAarHUTHBIE MOMEHTHI) BO
pHemiHeM MaruutaoM noJie H. CorjacHo KBaHTOBOH MEXaHHMKeE,
MOJIOXKEHHE I3THX HJEMEHTApHBIX MAarHuToB B 10jie H KBaHTYETCs,
T. €. YroJl MeX/1y HanpaBJIeHHSIMH MarHITHOTO MOMEHTAa M HanlpsXeH-
HOCTH H mojis MOXET NPHHHMATHL TOJIBKO ONpEjeeHHble 3HAUYEHUS.
B crnyvae CUMHOBBIX MATHHTHBIX MOMEHTOB HTOT YroJI UMEET TONBKO
nsa sHaueHus: 0 m 180°. Ob6a 3TH UONOXKCHHUA CIIHMHA SBJISIOTCS
OMHAKOBO YCTOMYMBBIMH, XOTA IS MarHHTHOH CTpeJKH KOMIlaca

*) Dra wkana, npeanoxennas B. TomcomoM B 1848 r., He nonyumna, OIHaKo,
pactupoctpadenus. Ilosxke uMm Obula mpeiokeHa 7T-lukana, B KOTOPOH TeMmmeparypa
AMECT KOHEYHBIK HAMMEHbIUHH TIpEIC.
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YCTOHYHUBO TOJIbKO OJIHO €€ TIOJIOXKEHHE —BJ0JIb HANpsHKCHHOCTH
MarHuTHOTO HoJis. B 3TOM COCTOMT OTIWYME KBAHTOBOW CHCTEMBI
OT KJIACCHYECKOH.

Ipu Hu3kON TeMmmepaType MOJEKYJNApHbIe MarHHThI yCTaHaBJINBA-
OTCS B CHIJIbHOM MAarHMTHOM 1I0Jie, KakK I0Ka3zaHO Ha puc. 23, aq,
T. €. TPUXOAST B COCTOSHHE C HAWMEHBINCH OSHEpruedl (WM, Kak
TOBOPAT, B CHUCTEME 3aHATHI MPEUMYIIECTBCHHO 0oJice HHU3KUE IHEP-
retudyeckde yposHH). [Ipm CcoOOIIEHHH CHCTEME MArHHTOB SHEPIUM
(mpuBOIAIIEH K YBEIHUYCHHIO €€ TEMIEPATYPhl) yKe He BCE MArHUTHI
OPHEHTHPYIOTCS II0 HAMPSDKEHHOCTH MOJIS, U 4eM OOJIbINYIO SHEPTHUIO
HOJIy4aeT chucTteMa, TeM Oosiee GecrnopsimoudsiM OyAeT pacmpenesicHue
MarguToB. HacTymaer Takoéf MOMEHT, Korjia OecopsIOYHOCTbH CTa-
HOBHTCS TOJIHOW — CHCTEMa [OJHOCTbIO YTpauyuBaeT HAaMAarHW4CH-
HOCTB. JTO COOTBETCTBYeT Temuepartype T'= 4+ oo, xapakrepusyrouiei
pPaBHOMEPHOE pacupejeseHle YACTHI{ IO BCEM JHEPIETHYECKUM YPOB-
oM (puc. 23,6). Ilponomkas coolaTh JHEPIUIO CHCTEME, MOXHO
JOCTUTHYTH TOTO, YTO . 3JEMEHTAPHbIE MATHUTHI OPUEHTHPYIOTCS
IPOTHB HANPSKCHHOCTH BHEINHEro nojg (puc. 23,8) Tak, YTO BO3-
HUKAET IPEUMYIIECTBEHHAS 3aCEIEHHOCTb BEPXHUX DHEPrETUUECKHX
ypoBHe#l (MHBEpCHas 3aceNIeHHOCTh ypoBHe#H). B atom coctosuum
BHYTPEHHSISI SHEPTUS CHCTEMBI OOJIbIIE, YeM MPU OECKOHEYHO BBICOKOM
TeMIepaType, «HM, CIeOBATEJbHO, CHCTEMA HMEET OTPHLUATEIBHYIO
TEMIIEpaTypy.

ChopmyaupyeM OCHOBHOE Yycilo-
BHE, KOTOPOMY JIOJDKHZ YIOBJIETBO-
PATH  CHCTEMA, HAXOJAMIAACi B CO-
CTOSHMHM ¢ JIIOOOH OTpULATENHHOH
TEepMOAUBAMUYECKOH TeMIepaTypoi:
SHepeus mepMOOUHAMUYECKOU  cuche-
Mbl Q0AXMCHA UMEmb KOHeuHoe npe- Erp E varc
Oeavroe 3nauenue npu T— o0 u koweu- 0 3
HOE YUCAO DHEPZeMUYecKux yYposHEl.

Pasymeercs, cucrema — moinkHa
OBITHh TEIUIOM3OJIUPOBAHA OT BCAKHX
JIPYTHX CHCTEM, HE yJIOBJIETBOPSIOIIAX
OCHOBHOMY YCJIOBHIO, T. €. BpEMs
YCTAHOBJICHUS. TEPMOJAMHAMAYECKOT O Puc. 24.
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pPaBHOBECHST B CHCTEME [OKHO OBITh MaJIbIM [0 CPaBHEHHIO
C BpeMEHeM, 3a KOTOpOe 3aMe€THad DJHEpIrus TepsieTcs WiH
NpUoOpPeTaeTCss OT JPYrHX CHCTEM.

3aBHCHMOCTbL BHYTPEHHEH JHEPIUH CHCTEMBI, CIOCOOHOM HaXOIWThb-
CA B COCTOSIHHSIX C OTpHLATENHbHOW abCOJFOTHOH TeMuepaTypoH, OT
TEMIIEPAaTypHl TOKa3aHa Ha pHcC. 24 (E.,—TpaHUvHOE 3HaYEeHHE 3Hep-
rud 1pu = o).

BOJIbIIMHCTBO CUCTEM HE YIOBJICTBOPSET YyKasaHHBIM Bhillle Tpe-
OOBaHMSM, BCJIEACTBHE Y€ro CHCTEMbl C OTPHUATEIBHBIMH a0CONIOT-
HbIMH TEMTIEPATYpaMH BCTpevyaroTcs peliko. CucreMa sIepHBbIX CIHHOB
Y HEKOTOPBIX KDPHCTAJUIOB YAOBJIETBOPAET 3THM ycioBusm*). Tep-
MOIMHAMMYECKOE PABHOBECHE B TAKOH CHCTEME YCTAHABIMBACTCH
HOCPEACTBOM SJIEPHOTO CHMH-CIHHOBOYO B3aMMOJEHCTBHUS. DTOT CHUH-
CMAHOBOW TPOIECC YCTAHOBJIEHUS TEPMOJIMHAMHYECKOTO PABHOBECHS
XapakTepH3yeTcsl BpEMEHEM peJIakCallil T,, KOTOpOE HMEET MOPANOK
107% c. B3amMOIEHCTBHE CITMHOBOM CHUCTEMbI C PEIIETKON Xapak-
TEPU3YETCS BPEMEHEM peJlakcallid T,, KOTOPOE COCTABISET MHOIHE
MHHYTBI, T. €. 3HAYUTENbHO OoJibIIE T,. B TepMoaMHAMUKe CIIHHOBBLIX
CHUCTEM B3aHMOJICHCTBUE C PEUIETKOM COOTBETCTBYET YTEUKE TEIUIOTHI
CKBO3b  CTEHKH CHCTEMBI.  3HAUMTENLHOE  pa3jiMdUe  BpPEMEH
T; ¥ T, TNPUBOJUT K TOMY, YTO CHCTEMa CIHMHOB IO JOCTHKCHHH
BHYTPEHHETO TEPMOANHAMUYECKOTO DABHOBECHS €II€ OTHOCHTEIBLHO
00JBIIIOE BpeMst OCTAe€TCSl B IPaKTHYE€CKOM H3OJSLUH OT PEMIETKH.
B TeueHHe 3TOro BpeMEHHM MOXHO TOBOPUTH O TEPMOIMHAMMYECKH
PaBHOBECHOM CITIMHOBOM CUCTEME.

PaBHoBecHast cucreMa ¢ OTpUIATENLHOM abcosroTHOM Temmepa-
Typoii Obuia Biepsble ocyuiectsiena B 1951 r. Tlepceiom m Ila-
yHOOM**) B pe3yabTaTe OKCHEPUMEHTOB IO M3YYEHWIO CBOHCTB
CHCTEMEI SMIEPHBIX COMHOB B O4YEHb YHCTHIX KPHCTAUIaX (TOPHCTOrO
mutus LiF. V' 5TMX KpHCTa)UIOB Bpemsl T; CIHH-PELIETOYHOH
penakcaiMd TpH KOMHATHOH TeMiepatype NMOpsaka 5 MHH, a BpeMs
T, CHUWUH-CIMHOBOH peJlakcauuy MNpuUOJIH3UTENLHO PpaBHO IEPHOIY
JIAPMOPOBCKOH HPELECCHH SJEPHOT0 MAarHUTHOTO MOMEHTA BO BHE-
IIHeM MarHUTHOM TOJle, 3Ha4YeHue KoToporo Menbine 1072 c.

Bo BHEIIHEM MATHATHOM NOJI€ JHEPIUsl CUCTEMbI SAEPHBIX CIIHHOB
AMeeT BEPXHIOIO TpaHuuy npu 17— 0.

TaxuMm o0pazoM, y CHCTEMbl silepHbIX cniHOB LiF B Maramraom
HOJIE BBIMIOJIHSIOTCSI BCE YCJIOBHSI CYLIECTBOBAHMS PABHOBECHBIX COCTOS-

*) OcOBEHHOCTBIO 3TOH  CHUCTEMBI  YaCTHIL, OOJAfAIOUINX CIIMHOM, ABJISETCH
OTCYTCTBHE y Hee [MPOCTPAHCTBEHHBIX CTeneHeH cBOGOIbL.

* Cm.: Purcell E. M., Pound R.V. The Physical Review, 81, 1951. C.279.
ToapoGuoctu unTepnperanun pabotsl Ilepcesuta u Ilaynaa u obcyxjaeHue B LejIoM
Bompoca Of OTpHUATEbHBIX TeMmeparypax cM. B cratee: IHoyas JI. Otpuuartenshbie
abCoMOTHBIE TEMOEPATYPH ¥ TEMHAEPATYphl BO BPAIMAIOLIMXCH  CUCTEMax Koop-
qwHaT /[ YOH. 1964. T. 84. Bum. 4. C. 693; B crarbe: Crponnkuii I'. B., Tpomumun B. H.
K TepMONMHAMHKE CHMHOBBIX cHcTeM.— B ku.: CTaTHcTHueckas (M3MKa M KBAHTOBas
Teopust nojis. M., 1973. C. 280.
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Hul ¢ oTpunarensHoi Temnepatrypoil. [lepcenn n ITayun nepesenn aty
CHCTEMY M3 COCTOSIHHS C HOJIOXKUTEJIbHOH TeMIIepaTypoil B COCTOSHHE
C OTPHULATENBHON TEMIEPaTypol, HallpaBUB HANPSHKEHHOCTH BHEIIHETO
MAarHUTHOTO TOJIS NPOTHB SOCPHBIX MArHUTHBIX MOMEHTOB.

B HacTofIIee BpeMs «IIPUBEACHUE» CIMHOBOH CHCTEMBI B COCTOSIHHE
C OTpHUATENbHOH abCONIOTHOW TEMIEepaTypoit JOCTHraercd C IOMO-
mplo 180-rpagycHOro BBICOKOYACTOTHOTO HMIIYJbCca, KOTOPBIH, Hei-
cTBys Ha oOpa3sen B TeueHHE NIPOMEXKYTKAa BpeMeHH Af, CpaBHUMOrO
C Tp, MOBOPAYUBAET MAKPOCKONHYECKMI MarHUTHBIE MOMEHT Ha 180°.
Taxum oOpa3om, mpouecc mnepexofa CHUCTEMBI OT IOJOXHTEIBHBIX
TEPMOAUHAMHUYECKMX TEMIEPAaTyp K OTPULATENIbHBIM SBJISETCS HPUH-
YUnualeHo HepagHosecHviM, TaK KaK M3MEHEHHE BHEIIHETO HapaMeTpa
(HanpsDKEHHOCTH 10JIS), IPHBOJAILEE K TAKOMY NEPEXOIY; HPOUCXOIUT
32 BpeMsi, CPaBHHMOE C BPEMEHEM peJiakcaluu T,. OUeBHAHO, 4YTO
I HeoOBIYHBIX CHCTEM BO3MOXHBI CJIy4ad, KOILJA COCTOSHHSA,
JOCTHXHUMBIE W3 [JAaHHOTO COCTOSHUA HECTATHYECKH, HEXOCTIKHMBI
U3 HETO KBa3MCTATHYECKH.

Ecnu paBHOBECHBIE COCTOSHHS ¢ MHBEPCHOH 3aCEJICHHOCTBIO JHED-
TETHYECKUX YPOBHEH W, CICAOBATENBHO, C OTPUIATEILHON aOCOMOTHOM
TEMIIEPATYPOH MOXHO IIOJY4HATh TOJBKO Y HEOOBIYHBIX CHCTEM,
KOTOPBIMH SBJISIOTCS JIMLIb CIWHOBBIE CHCTEMBI, TO CTAlHOHAPHBIE
HEpaBHOBECHBIE COCTOSIHHSI C WHBEPCHOM 3aCEeNIeHHOCTHIO YPOBHEH
MOXHO HENPEPHIBHOW «IIOJKAYKOW» CO3AaTb W y OOBIMHBIX CHCTEM.
OTO OCYIECTBILETCS B TAKHX YCHJIUTEIbHBIX YCTAHOBKAX, KAK Ma3ephl.
OueHp 4acTo, roBopst 006 HHBEPCHOM 3aCENIEHHOCTH IHEPrETHUECKHX
ypOBHEH, yHOTpeONAIOT NOHATHE OTPHLATENBHOW abCOMOTHOH TeM-
NEepaTypbl, OAHAKO 3TO JIMIIL YCIOBHOE TEPMUHOJOTHYECKOE TIOHSITHE,
[IOCKOJIbKY MHBEPCHAS 3aCEJICHHOCTH YPOBHEH €llle He €CThb COCTOSIHHE
¢ oTpuuarenbHoR Temmnepatypoil. Heobxommmo, urtobml cucrema
HAXOQWJIach B PABHOBECHOM COCTOSHWHM IIPH WHBEPCHOH 3aCeNeHHOCTH
YPOBHEM, Kak 3TO HAOJIOKAETCs B CIIMHOBBIX CHCTEMAX.

§ 33. TEPMOAMHAMHMKA CUCTEM C OTPHUUATEJBHbBIMU
TEMIIEPATYPAMMU

CucTeMEBI C OTpPULATENBHBIME a0COMIOTHBIME TEMIEpaTypaMHu obJiaga-
IOT pAAOM CrienUYeCKUx CBOMCTB, KOTOPBHIX HET Yy OOBIYHBIX CHCTEM.
UT06BI YyCTAHOBUTHL 3TU CBOWCTBA, CHOPMYAUPYEM, OIUPASICH HA OTIBIT,
BHaYaje OCHOBHbIE 3aKOHBI TEPMOJMHAMMKH [f TAKHX CHCTEM.

1. TepMOoaMHAMUYECKHE TIOHATHS «paboTa», «TEMIOTa», «KOJINYECT-
BO TEIUIOTHI», «0oJiee HATPETOE TeJlo» YHOTPeONsIoTCS NMpU aHAJN3E
COCTOSIHUP C OTPULATEJILHOH TEMIEpaTypoll B TOM K€ CMBICIE, YTO
M B CIy4ae COCTOSHHH C TMOJIOKUTEILHBIMA a0CONEOTHBIME TEM-
nepatypaMu. OTO O3HavaeT, 410 (OPMYyJTHPOBKA TIEPBOrO Hayajia
TEPMOJMHAMUKA [UIss CHCTEM C OTPHUIATEbHON abCOMOTHOM TeM-
neparypoil ocraercsi 0e3 H3MEHEHHS:
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3Q=dU+3W.

Ocraercs Takke npexHed (GOpMyIpOBKAa BTOPOTO Hadasid Tep-
MOJHMHAMEKA B BHIE 34KOHA O CYILIEGCTBOBAHHM M BO3PACTAHHH
SHTPONMH, ApPYTHe Xe (HOPMYyTMPOBKH 3TOTO HAayalda W3MEHSIOTCA.
BoibepeM 3a HCXO/IHOE TAKO€ BBIpaXE€HHE BTOPOro Hauaja, KOTOpoe
HETIOCPEJICTBEHHO CJIEAYEeT M3 ONbITa IO MNPEBPANICHHUIO TEIUIOTHI
B pabory m paboTel B TEIUIOTY.

B rn. 3 ™Mbl OTMeHYasH, 4YTO BTOPOE HAYajlo TEPMOAWHAMHKH
YCTaHABJIMBAET, BO-TIEPBHIX, OOIIYIO 33aKOHOMEPHOCTH IpeBpallcHus
TEMAOThl B paboTy W, BO-BTOPBIX, BbIpaxaeT cnenuduyeckue. 3ako-
HOMEPDHOCTH KaX OOBIYHBIX, Tak ¥ HEOOBIYHBLIX cHCTeM.. Obmas
3aKOHOMEPHOCTb NIpEBpallieHds] TEeIUIOTHl B paboTy B oboux ciydasx
CHCTEM COCTOMT B TOM, YTO TIPH TAKOM HPEBPAILCHHH B 3aMKHYTOM
KPYyroBOM WPOLECCE HACTh TENNOTHI HENPEMEHHO OTAAeTcs pabodyum
TEJIOM JApPYrUM TeslaM. JTOT (NepBbIH) 3MIEMEHT KOMIIEHCALHUH,
KOTOPBIA B ClIydyae OOBIYHBIX CUCTEM COBMNAJAET CO BTOPHIM JIEMEHTOM
KOMTIEHCAIMH (M3MEHEHHEM TEPMOJAUHAMHYECKOTO COCTOSIHUSL IPYTHX
TeJ), MPUBOTUT K CYNIECTBOBAHMIO SHTPOIHMHU Y PABHOBECHOH CUCTEMBI
{cM. § 13). Otcrona criegyeT, 4TO BTOpOE Hayajno, chopMyIMpPOBaHHOE
KapaTteoqopy, He H3MEHSETCS: 60.4U3U - KaWCO020 cOcmoAnusa aoboii
mepMudecKy OOHOPOOHOU CUCeMbl CYWeCcmBylom makue COCmoAHuUA,
KOMOpBIe HeQOCIUNCUMbL U3 HE20 AOUAOAMHbLIM nymem. DTO O3HAYAET,
YTO Y BCSKOW paBHOBECHOM CHCTEMBI B COCTOSHHH C OTPHUNATEJIBHON
abCoIOTHOU TeMIepaTypoil (kak ® B Ciay4ae OOBIYHBIX CHCTEM)
CYIIECTBYET JHTPONUS Kak - (YHKIUS ee COCTOSHHS

_6Q
ds==. (1.3)

Crenmduueckas 3aKOHOMEPHOCTh MIPEBPALICHUS TEIIOTH B paboTty
H paboThl B TEIIOTY B ciy4ac OOBIYHBIX CHCTEM, KaK H3BECTHO,
COCTOMT B TOM, 4YTO €CJIH OpPH TPEBPAICHHH TEMJIOTH B paboTy
B 3aMKHYTOM KpPyrOBOM IpOLECCE NMPOHUCXOANT M3MEHEHUE TepMO-
JMHAMHYECKOTO COCTOSHUS JPYTUX Tel, TO UpPEeBpAllcHHE pPabOThI
B TEINIOTY HE CBA3AHO C TAaKUM M3MEHEHHEM:

O>W n W=0Q. (7.4)

e

Kak Toka3piBaeT ONLIT®, B cilayuae HEOOBIUHBIX CHCTEM, KOT/a
oHM HaxoaaTcs B cocrosuusx ¢ T<0 K, cnemuduyeckas 3akoHOMEp-
HOCTL TPAMOTO H OGpaTHOro mnpeBpalieHuil TemjaoTel B paboTy
3aKII0¥AeTCS B TOM, 4YTO TeIsIoTa IpeBpamiaercs B pabdoty 0Oe3
BCAKMX H3MEHEHMIt B OKpYXArouux Tejgax, paboTy Xe B TENIoTy

*) VImeroTcd B BUAY OJKCIEPUMEHTHl 10 SACPHOMY MArHUTHOMY PC30OHRHCY,
KOTOpBIC 3/[€Ch HE H3JIOKCHBI.
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HCBO3MOXHO IMOJIHOCTBIO IIPEBPATUTE B 3aMKHYTOM IIpOLECCE 6e3
M3MCHCHHA B OKPYXarOUInX Tenax*):

Q=W u W>0. (1.5)

_—_—

[ToatroMmy BTOpoe Hawano mjis HeoObruHBIX cucteM npu 7<0 K
MOXHO C(OPMYJIMPOBATh B CIEIYIOIIEM BUJIC: HEBO3MOMCEH GeUHbl
Ogueamedb 6MOP020  podda, HPuMeM IMO  ymeepHcOeHue OORYCKACM
obpawenue.

370 03HayaeT, YTO B 3aMKHYTOM KpyrosoM mporecce ipu 7'<0 K
HU TENJIOTY HeJb3s NPEeBpaTUTh B pabory 6e3 koMneHcanud (nMmeercs
B BHJy HEPBbIA IJIEMEHT KOMIEHCAUWH), HU paboTy (B TEmwioTy
(umeeTcs B BHIY BTOPOHM 3JE€MEHT KOMIICHCAIMH).

Takum obpazoM, misg Jr0ObIX cucteM (OOBIYHBIX M HEOOBIMHBIX)
MOXHO HMCXOJMTb W3 cHeJyioled (OpMyIHPOBKH BTOPOTO Havania:
HEBO3MOMCEH BCUNBILL dguzamedt 6MOPOZO poOdQ, Npuiem 3mo ymeep-
ocleHue He Oonyckaem 00pawenus 6 cAyude O0ObIUHBIX  CUCTIEM
u odonyckaem obpawernue npu T <0 K 0aa neobviunvix cucmem.

[ousarus «obpatuMplif 1 HeOOPATUMBIA MPOLECCH» ONPEACIIIOTCS
B CJlyyae OTPHIATENBHBIX aOCOJNIOTHBIX 'TEMIEPATYpP TEM, CBSI3AHBI
nu oOpaTHBIE MM TIPOLECCHl ¢ HEKOMIEHCHPOBAHHBIM IpEBpallleHNEM
pabotbi B Temynoty. Tak, mpolecc HepexojJa CHCTEMBI U3 COCTOSIHUS
1 B cocTosHHe 2 HA3BIBACTCS oOpamumsim, €CIA O0OpaTHBIA HEpPExXo.
n3 2 B | He CBA3aH C HEKOMIIEHCHMPOBAHHBIM IIpeBpallicHHeM paboThl
B TEIUIOTY;, TPOLECC Xe Mepexoia cucremMsl W3 [ B 2 Ha3wIBaeTCH
Heobpamumuim, ecn oOpaTHBIA mepexod u3 2 B I CBS3aH C HEKOM-
MICHCUPOBAHABIM LIPEBpAILEHHEM pPaboThl B TEMJIOTY.

OnpenesieHAsT paBHOBECHOIO M HEPABHOBECHOTO NPOHECCOB OCTAIOT-
csi 0e3 M3MEHCHHS.

W3 cootHowmenuit (3.1) unn (7.4) nnd HepaBHOBECHBIX IPOLECCOB
B OOBIYHBIX cHcTemax mojyuaeM (cM. § 17) TdS>dU+OW wu

ds>0 (7.6)

B cllydac aanabaTHO-U30JHUPOBAHHONW CHCTEMBL.

AHAJNOTHYHO, U3 cooTHOIeHud (7.5), MPENCTABISIOUIMX BTOPOE
HA¥aJI0 TEPMOAMHAMYUKH ANA HeOOBIYHBIX cucteM mpm 1T'<0 K, MoxHO
HAaWTH aHAJIMTHYECKOE BHIPAXEHWE 3TOTO 3aKOHA TPA HEPABHOBECHBIX
Hpoiieccax B Takux cucremax. st 3TOro paccMOTpUM JiBa OJIH3KHX
cocTosiids paBHoBecuss / W 2 HEKOTOPOH HeoObLIYHOH cHucreMsbl (TpH
OTpHIIATENbHBIX a0COMOTHBIX TeMuiepaTypax). I[lycTh mpu HepaBHOBEC-
HOM riepexozie U3 / B 2 (cM. pHc. 9) cucreMe coo0maeTcs KOJIAYECTBO
TeroTst 80, # oHa copepwaer pabory. Torga, mo mepsoMy Havamy,

* [IpeBpaiueHus TemioTsl B paboTy M paboThi B TEHNOTY SBIAIOTCH, CIEAO-
BATEJNBHO, JCTIOJHHTEILHBIMH: KOTAAa BO3MOXHO ONHO 06€3 H3MeEHEHHS B JPYIHX
TEMax, HECBO3MOXHO HIpyroe, W HaobopoT.
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Q=AU+ W,,. a.mn

Ecnm e cucTema NEpeXxoJMT U3 COCTOAHUA | B 2 paBHOBECHO,
TO KOJHMYECTBO TEIUIOTHI, NOJIyYaeMoe €0 OT TOTO e TepMOCTaTa,
8Q, a cosepmenHas pabora oW, Tak dTO

3Q=dU+dW. 7.8
Briuurtas ypasrenue (7.8) u3 (7.7), monydaem
8Qu,— 00 =0W,,—3W=R. (7.9)

3uavenne R#0,Tak Kak B TPOTHBHOM Clyd4ae 3TO O3HAYAJO
Obl, 4TO0 HEoOpaTHMBIA mponecc /—2 MOXHO NPOBECTH B OOpaTHOM
nopsiake Oe3 kommeHcanud. 3HaveHHe R <40, Tak Kak B HPOTHBHOM
cilydae 3TO O3Hayasxo Obl, 4TO 3a [UKJI BHEHIHsA paboTa 3aTpadeHa
Ha HarpeBaHue TepMocTara 0e3 BCAKOTO H3MEHEHWs B APYTHX Tejax,
yro [cm. (7.5)] HeBo3moxuo. Besmuuna R Moxer ObiTh Gosblie
HyJI, TAK KaK 3TO COOTBETCTBYET paloTe 3a HMKJ 3a CYET TEIIOTHI
TepMocTaTa, 410 [cM. (7.5)] Bo3MoxHo. Takum obpasom,

80,y >80 n SW,,>5W,

a Tak kak 0Q=TdS, 1o
TdS<3Qup:

Ipu anuabaTHO-HEPABHOBECHBIX Tpolleccax, korma 5Q,,=0, no-
sgyvaeM (T<0 K)

dS>0,

YTO BBHIPAXAET 3aKOH BO3PACTAHHMS JHTPONWM NpPH HEPAaBHOBECHBIX
MpoIeCcCax B M30JMPOBAHHBIX CHUCTEMax C OTPHUATENBHOH TEM-
nepatypoil. M3 H3J0XKEHHOrO BHIIHO, 4TO 3aKOH O CYIIECTBOBAHHW
W BO3PACTAHMH JHTPONHH (BTOPOE HAYAJIO) BHIIOJIHSAETCS KaK B CiIydae
OOBIYHBIX, TdK W B CJly4ae HEOOBIYHBIX CHCTEM.

OCHOBHbBIC YpaBHEHHs W HEPABEHCTBO TEPMOAMHAMUKHU IS CHCTEM
NpH OTPULIATENBHBIX aOCOTIOTHBIX TeMIEpaTypax HMEIOT BHJ

TdS<dU+6W, (7.10)

[JIE PABEHCTBO OTHOCUTCS K pPABHOBECHBIM, a HEPaBEHCTBO —K
HEPABHOBECHBIM TIPOLIECCAM.

PazjuuHble YTBEPXKIEHAS TPETHEIO 3aKOHA TEPMOJWHAMHUKH OCTa-
FOTCS. HEU3MEHHBIMH [IPH OTPHLATENBHBIX aOCOJIIOTHBIX TEMIIEPATYpax,
ecn¥ 1moa abCONMIOTHBIM HyJeM TeMrepatypel noHuMmath O K xak
HOJIOKUTENLHOW, TaK ¥ OTPHLATENLHOW Temmnepatyphbl. TemMmepaTypsl
+0K 1 —0 K coOTBETCTBYIOT COBEpLICHHO DAa3IMYHBIM (U3HYECKHM
coctosHusM. J{Jis mepBOro cucreMa HAXOOUTCA B COCTOSHMH C Ha-
HMEHBILIEH BO3MOXHON SHEPrued, a mJjis BTOPOTO—C HAWBBICIIEH.
Cucrema He MoxerT ctaTh xojiommee, ueM +0 K, tak kak oHa He
MoxeT Oonplie oTaath oHepruro. OHa HE MOXET CTaTh ropsdee,
geM —0 K, Tak kak oHa He MOXET OOJbINEe MOIJIOTHTH 2JHEPIHUIO.
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ITpunnun HegoCTHARUMOCTH abCOMOTHOrO HyJs GOPMYySHpYyeTCs clie-
IYIOWAM O0pa3OM: HeBO3MONCHO ¢ NOMOWbIe A0O0U, KAK Ye0OHO
UOeaIUBUPOBAHHOL NPOYeAYPbl 34 KOHEUHOe YUCAO onepayuti 0Xaadums
a0ty cucmemy 0o +0 K wau naepemv o6y cucmemy oo —0 K.

ViaensHas TeIoeMKOCTh Hamaer Ao Hyns xak mpu +0 K, Ttak
u npu —0 K. Pusuveckas upuuHHa 3ITOTO COCTOMT B TOM, YTO
nnopn +0K, u npu —0 K Bce 3meMeHTBl CHCTEMBI B KOHIE KOHIIOB
[ONA/al0T B CBOM JHEPreTHYECKHE COCTOSHUA C HAMMEHBIUEH WM
Haubonbmed sHeprueff M Tennora OOJbIIEe HE MOXKET OBITH COOTBET-
CTBEHHO OTHATAa WM TOMJIOLIeHa. Y/eibHasd TeMJI0eMKOCTh  IIpH
temnepatype 7= +0o0 (006 3TH TeMmuepatypbl GU3HYECKH TOKIECT-
BEHHbl, TaK Kak COOTBETCTBYIOT O/IMHAKOBBIM 3HAYeHHAM BCEX
TEPMOAUHAMMYECKUX BEJIMYUH) TakXkKe IajaeT A0 HyJH, HO MO APYroi
NpHYNHE: UpU UpUOMMKEHMM K 7= + 00 TeMIilepaTypHble HM3MEHEHHS
CHCTEMBI BEJIMKH TIPH MaJbIX H3MEHEHHAX €€ BHYTPEHHEHl 3Heprum.
(TIpubnmxeHnEe TEMIOEMKOCTH CHCTEMBI K HYJIFO. B 3TOM obJsactu
U TO3BOJSET 3aTPaTOd KOHEYHON OSHEPIUH JOBECTH CHCTEMY [0
OeCKOHEYHOH TeMnepaTyphbl.)

PaccMoTpuM Tenepr HEKOTOpBIE CBOMCTBA CHCTEM B COCTOSHMSX
¢ oTpuiateabHON abCcoIOTHOH TeMmepaTypou.

1. U3 ypaBrenus (7.3) ciepyer, YTO NpHU COOOIIEHUM CHUCTEME
terotel (00 >0) 3HTpOUHs €€ He (YBENWYUBAETCS, KaK IPU IOJIO-
KUTENBHBIX A0COJIIOTHBIX TEMIEpaTypax, 4 YMEHBIIAeTCs — CHCTEMA
HepexoquT B Oojiee YHNOPAIOYEHHOE COCTOSHHE.

2. C noMouiplo OCHOBHOTO ypaBHeHHS TepMmomuHamukd (7.10)
MOXHO YCTaHOBHTb, B KaKOM HANpPABJICHHH MEPEXOAUT TEIJIOTA NpH
TEIJIOBOM KOHTaKTe [BYX Tejl ¢ pa3JMYHOH TeMIepaTypoil.

ITyctp WMeloTcs [Ba Teia C OTPHIATEILHBIMH TEMIIEPATypamu
T, u T,. Jonyctum, 4TO OT NEpBOTO Tejia KO BTOPOMY NEPEXOAUT
KOJIMYECTBO TEIUIOTHI 6, KOTla OHU NPUBENICHH B TEIUIOBOW KOHTAKT.
Toraa, mockoyibky mpouecc TEeIUIONepefayd IPU KOHEYHOH pa3HOCTH
TeMuepatyp Heobpatum, no dopmyne (3.57) umeem

orkyna 71,>T,. CiemoBarenbHO, COFJIACHO TEMIIEPATYpHOU IIKa-
sge (7.2), Terora caMONMPOM3BOSIBHO NEPEXOAUT OT TOPHYEro Te-
jJa X XOJoZHOMy. [MBI roBOpMUM, HTO HEpPBOE TeJo SBISETCA
foJiee roOpAIAM, YeM BTOPOE, €CAH BTOPOMY Tely Hano COOOIMTH
terutory (0e3 W3MEHEHHS BHENTHHX MapaMeTpoOB), 4YTOOBI HOCIHE
9TOTO OHO M[pPH TEIUIOBOM KOHTAKT€ HAXOMWIOCh B DPaBHOBECHH
C TIEPBBIM TEJIOM. |

Hetpynso takxke yOeOUTBHCS, YTO NMPH TEIUIOBOM KOHTAKTE CHCTEM
C TeMmeparypaMH pa3HbiX 3HAKOB TeIJIOTa MEPEXOJUT OT Tell
¢ OTPHULATENbHOH TEMIEPAaTypoH K Tely € MOJOXHTEILHO! TeM-
nepaTypoH, T. €. ONATH-TAKH OT [OPSYEro Teja K XOJIOJHOMY.
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3. Ilpu oTpHuATENHHON TEPMOJMHAMUYECKON TEMIIEpAType MOTyT
OBITH NPOBE/IEHbl PA3JIMYHBIE KPYroBBIE IPOLECCH], MOAO0OHbIE Mar-
HUTHOMY 1Mxiay KapHo.

[TycTs, xak 0ObI4HO, T-—TEMIEPAaTypa TEIUIOOTAATYMKA, a 1, —
temionpuemunka. Torga k. 1. A. mukna KapHo

n=1-T,/T,.

Tax xax TeMmeparTypa TemjIooTAaTuMka OOJbilie, YeM TEIUIONpH-
emunka, 10 1,>T,, |T,|>|T{|, T,/T,>1 n, cnegosatenbHo, n<{.
DTO O3HAYAET, YTO NPH OTPULATESHHONH adCONIOTHOH TeMnepatype,
JUIS TOFO 4YTOOBI 'TEILIOTY OTHATH OT IOPSAYEr0 Tejia M uepeiaTh
X0J0AHOMY, HeoOxomuMo 3atpatutTh paborty. Ilpm 3roMm, corjacHo
NEpBOMY Haualy, XOJOAHOMY Telly cooOlaercs OOoJblIe  TEMIOTHI,
YeM OTHATO Yy TOpsvYero Ha coBeplieHHyro pabory. Korma Ttakou
JBUTaTeNb JEUCTBYET B MPOTHBONOJIOXHOM HAIPABJIEHHN, T. €. BbINOJ-
HSET pOJIb XOJIONWILHOW MAILUMHBL, TO HpH MNEpPeHoce TeIIOThl OT
XOJIOAHOIO Tejia K TopsiieMy UM npomusBoautcst pabora. Ecim morom
C TOMOIIBIO TENJIOBOTO KOHTaKTa O0OMX TEHd MO3BOJIUTH MNEpeuTH
TENj0Te OT FOPSYETro Tejia K XOJOJHOMY, TO TOJIY9MM MEPHOIUYECKH
paborarommii ABUTATE/b, KOTOPHIHA, HE BbI3BIBASI HUKAKNX W3IMEHCHHUH
B OKpyXaiolled cpefe, NPOU3BOAUT paboTy 3a cYET TEMJIOThI OJHOTO
(xonomuoro!) Tema. Kak BuauMm, B -001aCTH OTpHUI@TENBHBIX ab-
COJIIOTHBIX TEMIEPATYp MOXHO OCYHIECTBHTH BEYHBIH JIBUraTenb
BTOpOoro pona TomcoHa— Ilnanka.

K. . g nuxna KapHo, AGHCTBYIONIEro MEXAY OTPHLATENHHBIMH
TeMOepaTypaMd, Tak ke kak ‘M B OOJIACTH NOJIOKHUTENIbHBIX TEM-
TIEPATyp, MEHBILE eIMHULBL, DTO O3HAYAET, YTO KaK MPU HOJIOKHTETb-
HBIX, TAK ¥ [PH OTPHUUATENBLHBIX TEMIEPATYPAX TENJIOBBIE NBUTATEIH
NOTJIOMIANOT TEWIOTY  GOJble, YeM Tpou3BoJsT paboty.

Lukn Kapuo (oOpaTumblil) MeXAy TemnepatypaMd C pa3HbIMHA
3HAKAMH OCYINECTBUTH HEBO3MOXHO. [lejio B TOM, 4TO C TOMOILIBIO
PaBHOBECHOTO a/iMabdaTHOTO HAMATHNYMBAHMSA CUCTEMbI CIIMHOB MOXHO
NOBBICHTh TEMIIEpaTypy Ha MNONOKUTEIbHON wKane TeMmmeparyp Kak
YFOIHO BBICOKO, HO €€ HEJIb3% 3aCTABHTh NCPEHTH K OTPHUATESbHBIM
3HAaYEHHSIM. AHAJOIHYHOE YTBEPKACHUE COPABEIIUBO, €C/H HAYAJIBHOC
COCTOSIHUE WMEET OTpularejpHyto Temmepatypy. Ilepexox cuctembt
OT TOJOXHUTEABHBIX K OTPHLATENBHBIM TeMIEpaTypaM MOXHO OCy-
IECTBUTHL TOJNLKO ¢ MOMOIIBK HECTATHYECKOIo mporecca (cM. § 32).

4, AquabaTHOe pa3MarHMYMBAHUEC CIWHOBOHW CHCTEMBI NpH OT-
pUIATEILHOM TeMilepaType HArpeBaeT CHCTEMY, a HE OXJIaX[AeT,
KaKk IpH HOJOXHUTEIbHOM TeMIiepaType.

5. JlerxocTs, ¢ KOTOpO#l Temjgora mpeBpamiaercs B pabory,
OPMBOJAT K BAXHLIM TNPAKTHYCCKAM NPHUMEHEHHSIM CHCTEM C OT-
pHLIATENIbHOM TeMIepaTypou.

Tpn orpunaTeabHON TeMiepaType OOJIBIIMHCTBO CONPOTHBJICHUI
OTPHIATENHHO, OPTOMY CHCTEMBI NPU Takoi TeMIepaType SBJIsHOTCS
YCHMIIMTENSAMU: 3K TPOMArHUTHAS BOJIHA, MPOHIS/INAS YEPE3 CUCTEMY
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C OTPHIATEIBHOM TEMUEpaTypod, He TOTJIONMAEeTCs, a YCHJINBAETCA.
Orto HabmromaeTcs y OOBIYHBIX CHCTEM C YCJIOBHOH OTPHLATEIbHOM
TEMMEPATYPOH, YTO MCIOJIb3YETCA B TAKUX YCHIIUTEJIBHBIX YCTAHOBKAX,
KaK Masepbl U JIa3ephl.

§ 34. YCJIOBUAI YCTOHYNBOCTU CHUCTEM
C OTPUUATEJBHBIMHN TEMITEPATYPAMU

PaccMoTpuM B 3akirodeHHe BONPOC OO0 YCIOBHAX YCTOHYHMBOCTH
COCTOSIHUM CHCTEMBI C OTPHLATEJILHBIMU TeMIEpaTypaMH.

Hnas storo OyjemM HUCXOJWTh W3 OCHOBHOTO HepaseHcTBa (7.10)
CHCTEM C OTPUIATSILHBIME TeMIepaTtypaMd. [Isi HecTaTHYeCKHX
IpPOIIECCOB B TakMX cHcTeMax 3 HepabencTBa (7.10) monmydaem

TdS<dU+pdV, (7.11)

OTKYAa CHeAyeT, YTO B W3OJHPOBAHHBIX cHCTeMax (U=const,
V=const) ¢ T<0K paBHOBeCHE HACTymaeT MpH MaKCHMAaIbHOH
SHTPOINH.

Takum oOpa3om, oOLIMM YCJIOBHEM pPaBHOBECHS H30JMPOBAHHOM
CUCTEMBI NPU OTPULATEIBHOH TEMIEPAaType SBJIACTCSH, KaK U B CIIyuae
TOJIOXKUTENBHOM TeMIEpaTyphl, MAKCHMANbHOCTb SHTPOTIHH CUCTEMEL:

AS<0 mm §5=0, §25<0.

Hnst Toro utoOwl HaliTH oOuIee ycyioBHe paBHOoBecus mpu T<0 K
JUIS CHCTEMbl B TEPMOCTATE -C MOCTOSHHBIM OOBEMOM HJIM C TOCTO-
SHHBIM JaBJICHHEM, TmiepeieM B HepaBenctse (7.11) x cooTtBerct-
BYIOUIMM HE3aBHUCHMBIM . IiepeMeHHbIM. Tormaa

dF> —SdT—pdV, (1.12)
dG>—SdT+Vdp. (7.13)

W3 mepaBerctBa (7.12) BUOHO, 4YTO MNPH H3OTEPMOH3O0XOPHBIX
HepaBHOBECHBIX npoleccax B cucreMe ¢ T <0 K saeprus I'easMronbua
BO3pacTaeT - U MakCUMallbHa IIpH paBHoBecuu. OOmiee ycioBHe
paBHOBECHS B 3TOM CJIydae MOXHO 3amucath B BHJIE

AF<0 wm §F=0, §°F<0.

AwnanornyHo u3 HepabeHcTBa (7.13) monydaem oOiee ycmoBue
paBHOBecuss cucteMbi B TepMoctate (7<0K) npu mnocTosHHOM
JIaBJICHHH:

AG<0 wm 8G=0, §2G <0.

KonkpeTHbie YCIOBHUS YCTOWYMBOCTH PABHOBECHS TAKOW CHCTEMBI
ONPEAETAOTCH WIM HETOCPeACTBEHHO M3 obwero ycimoBust AD <0,
wit u3 yciosus 8°G<0. Ilpu AG<O0, nomobrno dopmyne (6.16)

T ap

8 T
HaxomuM ATAS—ApAV <0, orkyma (ﬁ)yzc_,,<0 u (W>r>0 HIH
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Cy>0 u (6p/aV)>0, (7.14)
T\ T ap
a TakKxe (ﬁ>r_€p<0 " (6V>s>0 WA
C,>0 u (0p/0V)s>0. (7.15)

TaxuM 00pa3oM, YCIOBHSL YCTOMYMBOCTH PaBHOBECHBIX COCTOSHHIA
CHCTEMBI ¢ OTPHUATEIBHBIMH TEMIEPATYPAMHU BBIPAXKAIOTCH HEPABEH-
creamu (7.14) uwmm (7.15).

3AJIAYH

7.1. Temnepatypa opasoro Tena 7T,=100K, npyroro 7,=-100 K. Yemy pasna
passoctb Temnepatyp T,—T,?

7.2. NocTtpouts rpadmxu 3aBHCHMOCTH BHYTPEHHEH SHEPTHHM OT SHTPONHH UISl OOBIMHBIX
A HEOOBIYHBIX CHCTEM.



I'JIABA BOCbMAA
PEJMATUBUCTCKASS TEPMOAMHAMMUMKA

TepMoguHamMudeckue BENUYUHLI U YPaBHEHUS Knac-
CUYECKON MEePMOJUHAMUKU YyCmaHOoBAeHs! [/ men
B c06CMBEHHOU cucmeme omcyema, B KOMOpPOH
oHU nokosmcs. Hangem pensmusucmckue npeob-
pasoBaHus 3Mux BEAUYUH Npu nepexoge K [JBu-
XYWencsa cucmeMe omecyema U noslyyuM ypaBHeHUs
pPensamuBuUCMCKOA MepMOQUHAMUKU.

§ 35. PEJIATUBUCTCKAA TEMIIEPATYPA

Brnepsble pensTuBHCTCKOe ©OOOINCHHE TepMOAMHAMMKH Obuto mposegeHo B 1907 r.
ITnankom. OH ucxomun W3 MONYILEHHS, YTO YpaBHEHHMs IIEPBOTO ¥ BTOPOTO Haua
COXDaHSFOT CBOH BHA BO BCEX HEMHEPUHMANBHBIX CHCTEMAx OTCYETa, M, YCTAHOBUB
WHBAPMAHTHOCTE JHTPONHM, HAMEX OJWH M TOT XK€ DPEIATHBHCTCKMA 3aKOH TMpeos-
pa3oBaHHA TeMnepaTypel 7 ¥ KOMMYECTBA TemIoThl () NpM ABHKEHHH Tena co
ckopocteio v (eM. § 39):

T=T® /1-p% Q=09 /1-p% 8.1

rae T9—co6cTBesnas TemmepaTypa, T. €. Temnepatypa B cucteMe K©®, B xoTtopoit
Teno TIOKOUTCS; P=uv/c—CKOpOCTh CBETa.

Taxum obpasoM, mo IlmaHky, Tesqo XojiomHee B JBIDKYHIEHCS CHCTEME OTCYETa
K ¥ xommuecTBo TemnoTh () COOTBETCTBEHHO MeHBIIE KOJHMYecTBa TemmoTsl QO
B cobersenHoi cucteme K@ B Tom xe rogy DifHmTeitH BOCHpOW3BEN DPe3yNbTATHI
Ilnanka. bosce nonyseka npeobpazopanus (8.1) He BBI3BIBATIA BO3PAaXECHUH HU Y KOTO M3
GU3MKOB M TOBTOPANHCH BO. BCEX MoOHOrpa¢max u yueOmumkax. W jmus 60 jer cnycrs
pa3BepHyJiach OKHUBIEHHAs JUCKyccHs BOKPYr BbiBoma [Inanka, nocne onyGiuxoBaHus
B 1963 r. crathu HeMenkoro ¢usuka Orra. B ato#t cratee OTT, HCxoad, kak u Iiauk, u3
HHBAPHAHTHOCTH BHJA YPaBHEHHH IEPBOrO M BTOPOTO Ha4aj TEPMOAMHAMMKH, TOJyYMI
npeobpasosanus s T u Q, obpatHbele Tem, koropble Hamex I[Inank. Cornacro Otry,
B IBIKYILCHCS CHCTEME OTCYETA TENO ropAdee, a KOJHIeCTBO TemIoTH 6osbie (cM. § 39):

T:T(O)/m, 0=09/1-p. 8.2)

Otauune npeobpasoBannit (8.2) o1 (8.1) oOycnomieHo TeMm, YTO B ABUXYIIEHCS
CHCTEME ~OTCYEeTa pa3ficfiCHHE 3HEPTHuM, NEPEfRaHHOH Tely, Ha paboTy H TEmJIoOTy
oka3plBaeTcs HeoAHOo3HauHeIM. OTT B oTumume oT [InaHka npuHsI B CBOeH craThe
Ipyroe BBIDAXEHUE IS PabOTHI.

Tlpn coobuieHum Temy TemnoTBI €My TepedacTCs CBsf3aHHas € HEWO Macca,
O3TOMY B JABMXKYIICHCH CHCTEME TEJIO W3MCHSCT HMITyJbhC. A Tak Kak Cula paBHa
ApPOM3BOJHON TO BPEMEHM OT HMIYjibCa, TO 3TO O3HAYaeT, 4TO B JBUXKYLICHCH
CHCTEME Haj TeloM coBepliaercs paboTa, KOTOPYIO M NPHHSJ BO BHHMaHue [LmaHk.
Otr xe paccMarpuBaji 3Ty paboTy NMpOCTO Kak 4acTh NEPENAHHOW TeNy TeIUIOTHI.

Tlockonexy ¥ 8 TOM, M B JOpyroM ciaydasx pabora, omnpeneincHHas Ilnankom,
TaKk WAH HHA4Ye YYHTHIBAETCS, TO HHKAKOrO (U3HYECKOrO pasiivuMs MeXAy ODOMMH
bopmann3mMamMH B INIPHMEHEHHH K TIPOHCXONSIIMM IIPOLECCAM HET M INOJITOMY He
CYLWUECTBYET IKCIEPUMEHTA, KOTOPBIH Mor OBl ykasaTh, Kakas H3 TEPMOJHHAMUK —
IMnanka wnn OTTa — ABIASACTCS TPABUIIBHOM.

Omnaxo mocne ctatb OTTa NOSBHIOCE MHOXECTBO PaGoOT, B KOTOPBIX 0OOCHO-
BLIBAJMCE MIH ripeoOpa3oBanus [lmanka (8.1), wix npeoGpasosanuss Otra (8.2). Tax
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4YTO B HACTOAIIEE BpPEMA CLIE HET 06LLICIIpHHﬂTOFO NMOCTPOCHUSA pCHﬂTHBHCTCKOﬁ
TEPMOAUHAMMUKH.

OpnHolt 13 TPUYHUH ITOr0 ABJIACTCA TO, YTO TEOPHS OTHOCUTCIBHOCTH cama TIo
cebe He NPUBOSUT K OAHO3HAYHOMY TIOHATHIO TEMIICPATYPbI, OTHECEHHOH K LlBH)KyIIIEiICﬂ
cucreme otcuera. Ceifyac 3to NPEACTABJIACTCA OYCBULHBLIM. B camom aene, TEM-
nepaTypa, Kak W3BECTHO, ONPEACHACTCS TNO 3HA4YCHHUIO KaKOTro-TH60 IKCTEHCUBHOTO
mapamMeTpa TOro MJIH HHOrOo TEPMOMCTPHHCCKOrO BCLICCTBA (IlO IUIMHE  CTOJIOUKA
XKHAAKOCTH B TCPMOMETPE, MO HAMArsHWYCHHOCTU MArHCTHka u T.JI,).

B TCOPHHM OTHOCHTCIIBHOCTH JUIMHa U3MEHSICTCA TIpH TIEPEXoAc OT OnHOMK
uHepunaanoﬁ CHUCTEMBI OTCYETA K IIpyI“Oﬁ 110 3aKOHY

=19 /1-B% (llv) n I=19 (Ilv).

TToaToMy ecmu ONpemensaTh TemmepaTypy T ABIKYHIErocs Tena, HANpPHMED IO
PTYTHOMY TEPMOMETPY, HAXOAMLIEMYCs C TEJOM B TEIUIOBOM KOHTAaKTe, TO HpU
PACHOJIOKECHHH TaKOTO TEPMOMETPA B HANPABJICHUY IBHXEHHS MAM NEPHEHIUKYISPHO
€My TeMIlepaTypa Tella OTHOCHTENBHO cHcTeMbl K OyJET COOTBETCTBEHHO DaBHa

T=T"/1-B% (lv) 83) u T=TO (/Llv). 8.4)

Ecnu ke omnpemenstb TEMIEpPaTypy Teja IO HAMAFHHYEHHOCTH J TepMOMeETpHYec-
KOTO BEIECTBA, KOTOpasi PENATHBHCTCKH NpeoOpa3syeTcs MO, 3aKOHY

J=JO (J{v) n J=JOL/T-B (JLlv),

TO CIpaBefIMBBL 1Be (GOPMYJIbL

T=T® (85 u T=T9/1-p2 (8.6)

CrnefoBaTelbHO, IOHSTHE PEJIITUBUCTCKOW . TeMIIEpPAaTyphl HyXZaeTci B JOMOJ-
HHTEIBHOM OIPEAEIeHUH, KOTOPOE B COOTBETCTBHH C METOAOJIOTMYECKHM NPHHLMIIOM
IPOCTOTHl OOJDKHO ObiTh Haubonee OOIMM, NPOCTHIM M TIPAKTHYECKH YTOOHBIM.

Kak BusHo w3 Boipaxennd (8.3)—(8.6), pensTUBHCTCKas Temmepatypa, BooOiue
TOBOp, 32BHCHT OT BHIOGOPA JKCTEHCHBHOTO TIAPAMETPA TEPMOMETPHIECKOTO BELIECTBa™.
Ho cymectsyror npeobpaszoBanus (8:4) u (8.5), xoTopeic HalOT OHHY H Ty X€
TEMIIEPATYPy ABIKYUIErOCH TeNa HE3aBUCUMO OT HPHPOABI 3TOTO NapaMeTpa.

TlpuMeM 53TO, OJUHAKOBOE TpPH BCEX IKCTEHCHBHBIX TapaMeTpax, OIpeJcieHHE
PESTUBMCTCKOH TEMIIEPaTyphI:

T=T9. 8.7

VHave roBopsi, ONpeAe/IHM DEJIATHBACTCKYIO TEMNEPATYpy KakK JIOPECHUCB WHBADH-
aHT, 4YTO HE CBS3aHO C TPEANONOKEHHECM WHBAPHAHTHOCTH YPaBHEHMEH MeEPBOro
H BTOPOro Hayall TepMoauHaMuxu. OHO NPHBJICKATENLHO €lIe U TEM, 9TO TeMIEPATyPhl
($a30BLIX [EPEXOIOB OCTAKOTCA BHYTPCHHHMH CBOMCTBAMM BCHICCTB, Kak B OOBIMHOMN
TepMoanHaMuke. [lo3TOMy TemmepaTypHas IIKaja MOXET ObITh ONpelecHa 4epes
34BHCMMOCTH, HALIPUMED, TeMIepaTypbl KUICHHA OHHAPHBIX CHCTEM (NpM 3aJaHHOM
JIABJNICHHH) OT KoHieHTpauud. [TockonbKy HaBieHHE M KOHIEHTpalHs JIOpEHU-HHBAPH-
AHTHBY, 3TO COTJIAILICHUE ONPEICSET JIOPEHI-MHBADHAHTHYIO TEMIEPATYDY.

Takoe TOCTpOEHHE TEPMOMHHAMHUKH I ABMXKYILMXCS CHCTEM HA3bIBAIOT peds-
MIUBUCIICKOTE MepMOOUHAMUKOL ¢ UHBAPUAHMHON MeMnepamypoil.

§ 36. ”THBAPUAHTHASA DHTAJIBIIUA

OupefieneHne PeNATHBHCTCKOM TEMIEPATYDbl SBIIAETCS IEPBHIM WIAFOM HA NYTH
penaTuBuCTCKOro 0606ieHHs TepMoauHaMuKH. Bropol, Gojee BaXHbI LIAT TaKOro
06061enus COCTOUT B BbIGOpe Hambosee €CTECTBEHHOrO TEPMOAMHAMHYECKOTO TNOTEH-
uMana s pPelATHBHCTCKOH CHCTEMBI.

*) [Togo6HO 3aBUCUMOCTH IMIMPUYECKON TEMIEPATYphI OT BHIOOpa TepMOMET-
PHYECKOrO BEIECTBA B KJIACCHYECKOH TEPMOAMHAMUKE.
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Kak u3BecTHO, 3HaHME KaKoro-imbo OMHOTO TEPMOTHMHAMHYECKOTO NOTEHHMANIA
CHCTEMBI TO3BOJIAET IOJYYHThH BCE €¢ TepMOAMHaMHueckue cBodcTpa. Ecnm B Kavectse
HE3aBUCHMBIX TEPEMEHHBIX BBIOPATH TOJBKO OKCTCHCHBHBIC INAPAMETPBI (JHTPOINHIO,
06beM H T. A.), TO COOTBETCTBYIOLIMM I[OTEHIHANOM OyIeT BHYTDEHHSAS JHEpPrus

U(0)=U(0)(S(0), V(O), N),

rae N—4YHCNO 9YACTHI W APYIHE JKCTEHCHBHBIE NApPAMETPHL.

Eciu BMecTo obbema V' HesaBucHMON TepeMEHHOH ABJSETCS CONpSKEHHAS
eMy WHTEHCHBHAs BeJu4MHa — Aasiende p®, TO TEPMONMHAMHYECKMM MOTEHIHAIOM
6yner outamemus HO=U©4p© p©)

HO=HO (SO 5O xy (8.8)

Ananormuno, S© moxwro zamennts va TO u COOTBETCTRYIOLIHM TEPMO/IHHAMHHCC-
KHM TOTeHuMasn oM 6ymer sHeprus [enmmronsua F@= U0 T©® g0

FO - p© (T(O)’ Vw)’ N).

[pu pensruBucrckom o06oOleHMH TepMoauMHaMuKH, kak nokasamm I Kamten
u [ix. Fopsun®, ecrecTBeHHee MCXOMMTh W3 BbLIPAXEHHA Ui OHTadbnuu. [leifcr-
BHTEJBLHO, B TOM Clly4ae, Kak CIEIyeT M3 TCOPHH OTHOCHTENBHOCTH, BCE BXO/ALIME
B BhipaxxeHHe (8.8) He3aBUCHMBIC NEPEMEHHBIC ABJIAIOTCS JIOPEHI-HHBAPHAHTAMM, TOIAa
KaK He3aBHCHMblE MEPEMEHHBbIC [PYIHX TEPMOJMHAMHYECKHX TOTEHHHANIOB HMEKOT
aubo pasuble, OO HEW3BECTHBIC 3aKOHBI TpeoOpazoBaHus. Kpome Ttoro, masieHme
B K44eCTBE HE3aBMCHMOW TNepeMeHHOH Oonee NOAXOAsllas BeIHMYMHA, 4YeM OObEM.
B knaccuueckoit TEpMOAMHAMHKE CHCTEMY MOXHO OBIIO 3aKIIOUHTb B XKECTKHE CTEHKH,
HO CcamoO [pPEACTABIEHME O TBEPAOM TeJic MM abCOTIOTHO KCCTKHMX CTEHKax
HENPHEMIIEMO B PAMKaX TEOPHH OTHOCHTEJBHOCTH — abCONIIOTHO TBEPAOE TeslO Iepena-
Basi0 Obi CHTHAJIBI C GECKOHEUHOM CKOPOCTBIO, TAK KaK ABHXCHME, COOOLICHHOE ORHOM
TOYKE Tejla, HE3aMEUTUTEIBHO BBI30BET JBHKEHHME BCEX OCTAJbHBIX TOYCK Tela.

B pensSTHBHCTCKOM TepMOIMHAMHKE B OT/JH4YME OT KJIACCHYECKOH CTEHKH BIIHSAIOT
Ha cucremy. Takum o6pa3oM, BbIOOD JaBJICHHS B KAyecTBE MNPEATIOYTHTEIBLHOTO
HE3aBHCUMOIO NEPEMEHHOTO ¥ COOTBETCTBEHHO JHTANLIMHM B KayeCTBE €CTECTBEHHOTO
TEPMOJMHAMUMYECKOTO MOTEHLHMANA CBA3aH C TeopHell oTHocHTenbHOCTH. O606mmmM
BolpaxeHue (8.8) Ha JABMKYHIMECS CHCTEMBL.

CoriacHO TEOPHH OTHOCUTEIILHOCTH, IPH JEHCTBUTEIbHBIX KOOPIMHATAX Xo=(t, X; =X,
X,=y, X3=z Npeobpa3oBaHus KOMIIOHEHTOB 4-BekTopa A(Ag, 4y, 4;, A3) UMEOT BUA

APLBAY _AP+BAY
N, T i

O6beM V, pnaBneHse p, HUMIyJasC g U BHYTpeHHss OdHeprusi U orpaHHYeHHOH
B HEKOTOPOM - COCY/J€ CHCTEMBI Nipeobpa3yroTcs no (opmynam:

V=vO/1-p% p=p®,
V(U(0)+p(0)V(0)) U(0)+BZP(0J V(O)
- , U= :
2 J1-p2 J1-B?
TMepexox Tena u3 cuctembi K@ B cuctemy K MOXHO OCYLICCTBHTb 6€3 COOOIICHHS

TennoTel (aAMabaTHO) U, ClEAoBaTelbHO, Ge3 u3MeHenus sHTpormu. Takum obGpasom,
SHTpONHUsS ABMZETCA MHBapuaHTOM Hpeobpasosannii Jlopenna:

§=8©, (8.11)

3TOT pe3yibTaT HEMOCPEACTBEHHO CIEAYET TAKKe M3 CTATHCTHYECKOTO BHIPAXKEHHS
s autpommm S=kIn W, coriacHo KOTOPOMY SHTPONHS MAaKpPOCOCTOSHHA CHCTEMBI

A=A, A,=AP. 8.9

(8.10)

* Cm. Kamaen I'., Topsay Jx. Pensrusucrckas rtepmoauuamuxa// YOH. 1972.
107. Beim. 3. C. 489.
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ONPENENAETCS YMCIOM DPEANM3YIONIMX €0 MHKPOCOCTOSHHEA, & YHCIO COCTOSHHM, Kak
M YMCTO 4acTuU N, He 3aBHCMT OT CKOPOCTH TE€JIa M, ClEJOBATENBHO, HE H3MEHAETCH
npu mpeobpazopauuax Jlopenna.

Eclu JIOpeHI-MHBAPHAHTHBIE BeTHYMHB S, p B N B3ATHl B KAayeCTBE HE3ABHCHMBIX
NEPEMEHHBIX, TO M TEPMOIMHAMHYCCKHII NMOTEHIHAT NPH ITHX HE3ABUCHMBIX NEPEMEH-
HBbIX — 3HTaNbnus (8.8)—Taxke JTOpPEHI-HHBADHAHTEH.

B cobCTBeHHOH cucTeMe OoTcyeTa SHTaubmuA paBHa HO=U©4p©@ O Yrofp
TOIYYMTh BRIPAXEHHS AJIS SHTANBINU IBIXYIUETOCA TeNa, BOCHOMb3yeMcs CIeAyonmmM, U3
TEOPHH OTHOCHTEJLHOCTH M3BECTHO, YTO JIHEPIUS M HMIIYJILC H3OJIMPOBAHHON CHCTEMBL
obpasytor 4-sextop (Ulc, g, 8, g, )- DHEPrus Ke ¥ HMITYJIbC CHCTEMBI B cocynie [om. (8.9)] He
06pa3yioT 4-BeKTOpa. DTO CBA33HO C TeM, YTO CHCTEMA B COCYJE cama 1o cebe He sBseTcs
H30JIMPOBAHHON, TIOCKOJIbKY Ha Hee ACHCTBYIOT CHJIbI FABJICHHS CO CTOPOHBI CTCHOK COCY/Ia.
Cornacho ¢opmynam (8.10), st Tako# cHcTeMBI 4-BeKTOP 00Pa3yrOT SHTATBIHS U HMITYJILC:

U+pV
" 8x: &y 8z (- 8.12)
B cobcTBeHHON CHCTEMe JHTATNBNUA NpPEICTaBiseT cobOM (SYMH({)&I,(CH(I;)I)LIFI Ha ¢)
UP4p®V
HYJIeBO#l KOMIIOHEHT 4-BEKTOpa JHTANbIMM-MMMynsca H @=q——"u 0,0,0
¢

MMosToMy 3HTANBNHIO H IBHXYLIErOCA TeNa MOXHO OTOXISCTBUTh C WHBAPHAHTHOM

¢byuxkumenn 4-sextopa A
H=c|#|=/(U+pV) —c%g*. 8.13)

710 BHIpaXeHUe IS FHTAIBIIMK B COOTBETCTBHH ¢ (8.8) OyneT HMeTh OZMHAKOBBIA
BHI BO BCEX HMHEPHMAJBHBIX CHCTEMax OTCYETA.

[MockonbKy 3HaHME TEPMOAMHAMHYECKOTO IOTEHIHANA CHCTEMBI MO3BOJAET Ompe-
OEIATL BCE €6 TEPMOAMHAMMYECKHC CBOWCTBA, TO HAXOXICHHeM BhIpaxeHus (8.13)
Q11 MHBAPHAHTHOM SHTAJBIMM B IPHHIMIE 3aBEPIIAETCA MOCTPOCHHE PEJIATHBHCTCKOH
TepMOAMHAMHKH. Temeph OCTAeTCH TNOJYYHTh OCHOBHOE YDABHCHHE DEISTHBHCTCKON
TEPMOJIMHAMUKY M ONpPEICTHTL BCC TEPMOJMHAMUMECKHE CIEACTBHA COOTHOINEHHH
(8.8) m (8.13).

§ 37. OCHOBHOE YPABHEHME PEJSATUBUCTCKOHN
TEPMOJANMHAMMKHA

Wurencususle napametpsl T, p 1 Apyrue, Oyayun NOpeHI-HHBapHAHTAMM, OTIPEAECAIOTCS
TOYHO TAkMMH X€¢ COOTHOLICHHAMH, KaK M B HEPEJATUBUCTCKON TEPMOIMHAMMKE:

T=(0H[0S),n, (84)  w=(0H|ON)s,, (8.15)

TaK Kak (0H/[2S), x=(@H [0S ) o y=TO=T, (3H/6N)s, ,=(0H ®/ON g0, yor=
=uV=y.

B IPOTHBOTIONIOKHOCTb 3TOMY OKCTEHCHBHBIE NaPaMETPhl B  DEJATHBHCICKON
TEPMOJMHAMUKE HETb35l ONPENEATE TAKUMH K€ COOTHOWIEHWSMH, KAK B KJIACCHYECKOH

Tepmoanuamuke. JlelicTerTensHo, Tak kak V=V /182 T0

© H
yor_ % _(Hy __ Y (8.16)
ap s© N ap S,N /1 _BZ

Taxum o6pazoM, audbepeHIHan JHTANbIMK ABHXYILETOCA TEjAa HMEET BHI

v
dH=TdS+———dp+pdN. @.17)

/ _BZ
Oro muddepenimaibHOe ypaBHeHHME JUIS WHBAPHAHTHOM OJHTANBIMH  ABISCTCH
OCHOBHBIM VP Huem pea MCKOU  MEPMOOUHAMUKY,
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VpaBrerne (8.17) ¢ momolpio npeobpazoBamus JlexXaHIpa MOXHO NPHUBECTH
K JpYrHM HE33aBHCUMBIM TI€peMEHHBIM, Hampumep S, V, N. Torma, BbluTas u3

obeux uacreit ypasuenus (8.17) muddepenmman d(pV//1—B?), nonyuaem

d<H—\/—%—B—Z>= TdS—p d(\/l—li—ﬁz>+”dN' (8.18)

JleBasi uyacTb OJTOrO YypaBHEHHS mpeiacTaBiaser coboit mudpepeHuman Jopenu-
HHBADHAHTA, KOTOPKIA B COOCTBEHHO! CHCTEME OTCYETA PaBeH BHyTpeHHeH oHeprau UY:

H— =HO_pOyO_ o

Takum 006pa3oM, TpH HE3ABACHMBIX NepeMeHHBIX S, V, N OCHOBHOE ypaBHEHHE
PENSATHBHCTCKON TepMOAMHAMUKH onpeaenser me U(S, V, N), a UQ@(S, V, N).
AHaJIOrHYHO, TIPH HE3aBUCHUMBIX NepeMeHHbIX T, V, N, OCHOBHOE ypaBHEHHE OnpeneiseT
we F(T,V,N), a F. D10 ykasbiBaeT Ha TO, 4TO /Ui DETATHBACTCKOR CHCTEMbI
SHTAJBNASA, a He BHYTPCHHSA JHEPIUA, SABISETCS €CTCCTBEHHBIM TEPMOMMHAMUYECKHM
TIOTEHIHAJIOM.

[Tone3ysick OCHOBHBIM YpaBHEHHEM PENSTHBHCTCKOM TepMoaunaMuxu (8.17), MoxHO
penTh 000 BONMPOC TEPMOJMHAMHKH MABHXKYIIMXCS CHCTEM.

§ 38. PEJIATUBUCTCKHUE PABOTA U KOJHYECTBO TEILIOTHI

B cobCTBeHHOH cHCTEMe OTCYeTa 3JIEMEHTapHas paboTa TEPMOIMHAMHMYECKON CHCTEMBI
pasia pdV®. Urobui noicuMTaTh paboTy CHCTEMBbI B ABHXKYIIEHCH CHCTEME OTCYETa,
Oymem wucxomutb u3 ¢opmynsl (8.10) ans BHYTpEHHEH OHEPruM, NpeArofaras, 4TO
TEPMOAMHAMHYECKAs CHCTEMa COBEPIUAET, TONILKO paGoTy, Tak uto dW=—dU n dU© =
=—pdV*®. Torama

dU(°)+d(B2pV(O))_pdV(O)—d(BZpV‘O))

SW=—dU=
1 _ BZ 1 _ BZ
H pa60Ta TCpMOﬂl{HaMH‘lCCKOﬁ CHCTCMEI B JIBH)KyH.ICﬁCﬂ CHCTEME paBHa
4
5W=pdV—Bl Bf. (8.19)

Ecnan sHeprus TepMONMHAMMYECKOH CHCTEMBI M3MEHSCTCA HE TOJNBKO HPH COBED-
iieHHH paGoTe, HO M 3a cuer coolwenus e TtemwnorTe, To dU=8Q—-8W,
dU®@=80@—pdV® u ¢ nomompto (8.10) u (8.19) Haxomum

dU{0}+d 2 V(O) 6 ©)__ dV(0)+d 2 V(O) 5 ()
50=dU+ s W= V™) | sw327 =P CPrD  ow=22"
1-p2 1-p2 1-p2
Taxum 06pa30M TIOJIY4aeM BBIPAKCHUC U PCIATUBACTCKOTO KOJIMYECTBA TCIIOTHI
8 (0)
s0=2 8.20)
1—p

coBmajatoumiee ¢ pesynpratom Otra (8.2).

W3 Qopmyns! (8.19) BumHO, 4TO BbIpaxeHMe JUis paGoOTBl TEPMOAHMHAMMYECKOH
CHCTEMBl B JBIDKYLIEHCS CHCTEME KOODIMHAT COIEPXKHT HE TONbKO ciaraemoe ¢ pdV,
HO M ¢ dp. Taxkol HOMONHHTENbHBIA BKJIaJ] B DPEIATHBHCTCKYIO pabory o00ycnosieH
OTHOCHTEJIBHOCTBIO OJJHOBPEMEHHOCTH. YTOOBI B 3TOM yOSINTECH, PACCMOTPUM CHCTEMY
B 3aKPBHITOM LMIMHApE (ATHHOW !/ M IUIOINA[bIO CEYCHHA §), KOAKCHAJBHOM C HANpPAR-
neHHeM JBUxkeHMA. IIycTh B cucTeMe NMPOHCXOAMT HPOLECC, NMPH KOTOPOM JaBJICHHE
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p
P
2 3

A ! P r’

|
fo ', Pl 1

|

I

| T L

7 70 t;, t, 1yt

Puc. 25. Puc. 26.

BO3PaCTA€T OT P, O p;. B COOCTBEHHOR CHCTEME OTCYETA 3TOT HPOUECC ONHUCHIBAETCS
rpaukoM, IpUBEJACHHBIM Ha pHC. 25. B OBUXylueHcsa CHCTeME NaBlIeHHE HA WepenHed
I, 2 u 3agHeit 3, 4 creHKax HAa4YMHAET BO3PACTaTh HEC OAHOBPEMEHHO M KOHEHHOE
IABJIEHAE TaKXe JOCTHIAETCS B Pa3jMYHbe MOMEHTHI BpeMeHH (puc. 26):

ol® 1 T+ 0l'%/c?

h=———, I,= , = .
e it P 1= 1P
CremoBaTenbHo, paboTa, coBepluaemas Hajl CHCTEMOM Ha 3ajiHei CTenke, He paBHa
paboTe, COBEPIIAEMON CHCTEMOH Ha nepeHeit cTeHke, OOYCIOBICHHAS OTHOCHTEBHOCTHIO
OZIHOBPEMEHHOCTH Tiepe/iada JHEPIMH CHCTEME PaBHA 3alITPHXOBAHHOH Ha pHC. 26
TIOLIA/IH, YMHOXEHHOHN Ha sv. JIETKO BUAETH, 4TO 3Ta JONONHUTENbHAA paboTa IPUBOAUT
K YBE/IHYEHHIO BHYTDEHHEH SHEPTHH CHCTEMBI, PABHOMY BRIYHTAEMOMY B BhipaxeHny (8.19):

(p ) vl @ BZV(O)dp BZVdp
1= Do) SV = = 7

2 2 2 —

A/1—p? J1-p2 1-B
rae p,s=F, —cuna pasaenus; pisovl®f(c?,/1—PB*)—pabora 3ToH CHiBI MpH Mepe-
memennn ool @((c?\/1—Pp2) rena 3a spemsa vl Pf(c?,/1—Pp?) peasTUBHCTCKOTO 3amas-
OBIBAHHS M3MEHCHMS NABJICHMS HA TEpeHHEH CTEHKE 10 CPABHEHUIO C €6 M3MCHEHUEM
Ha 3aJHCH CTECHKE.

3aMeTHM, YTO BCIEACTBHE OTHOCHTENBHOCTH OJHOBDEMEHHOCTH OFPaHWYHBAIOIIME

CHCTeMy CTEHKM OKa3hIBAIOT HA Hee HETPUBMANBHOC BiMsHue. JleMCTBHTENBHO, NPU
IBHXEHHY CHCTCMBL B IMWHAPE 3a/HAA €ro CTEHKa CoBepuiaer 3a | ¢ paboTy psv HAn
CHCTeMOIl, TaKYi0 e paboTy coBepllaeT CHCTEMA Ha NepeHel creHke. Takum obpasom,
Yepes CHCTEMY BIIEpei IPOTEKAET JHEPTHS, KOTOpas Bo3BpaiaeTcs 06paTHO Yepe3 GOKOBbIE

CTeHKH. B pe3ynbTaTe UMIyIbC CHCTEMBI YBEJIHYUBAETCA, 2 UMITY/IbC CTEHOK YMCHBIIACTCA.
VMnynsc, epeHOCHMBIi STHM NOTOKOM SHEPIHH, HETPY/IHO BHIYMCIHMTH (CM. 32/1a4y 8.2):

Ag=pV O JT=pD). 8.22)
[MosToMy Uil ABUXKYILErocs HabirofaTens HMMIYNLC CHCTEMBI PaBeH
U9y pV{O) v(u(0)+pV(0))

mgv

© .t Ag= + = .
J1-p2 J1-p% 2 J1-p2 2 J1-p?

Herpyano BHAeTh, 4TO OH CoBOajaetT ¢ umiyiascoMm (8.10), xoropwiif cmeayer
U3 mpeoGpasoBaHus 4-BeKTOpAa SHTANbNMU-UMIYNbLCA (8.12). [losToMy NpHBEACHHOC
paccyxaeiue o6ocHOBbIBaeT BBenehne 4-sektopa (8.12). M3 Hero Taxke BHAHO, HTO
nosssenue pV' @ B (8.12) 06ycnOBIEHO TIOTOKOM JHEPTHH, BOSHHKAIONIMM B DE3yIbTATE
OEWCTBHA CTCHOK, M CBA3AHO C OTHOCHTEIBHOCTBIO OJHOBpeMeHHOCTH. OcobGeHHO
HAarJIAHO B 3TOM MOXHO YGeJMThCA Ha npuMepe (OTOHHOro rasa (cM. 3agadvy 8.3).
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§ 39. PEJIATUBUCTCKHUE TIIPEOBPA3ZOBAHNS TEMIIEPATYPbI
1 KOJIMYECTBA TEILIOTHI IJIAHKA U OTTA

Monyunm pensTUBACTCKHE Tipeobpasopanusi Ilmawmka u OTTa A7%  TemmepaTypsl
¥ KONMYECTBA TETIOTHI W OOCY[MM NPHYMHY HX DA3IAYMS.

Tlpexae BCEro 3aMeTHM, YTO HpHHMMaemble Ilnamkom # OTTOM HEH3MEHHOCTh
BHIa ypaBHEHUS BTOPOFO HAY4JNa BO BCEX MHEPHMAIBHBIX CHcTeMax orcuera (8Q @ =
=TWdS©® §0=TdS) u umsapuantHOCTL 3HTpomnu 3Q/T=8Q*/T® npusomsr
K ToMy. uTo 0Q ®W T AOKHBI W3MEHATLCS TO OJHOMY M TOMY K€ 3AKOHY.

PaccMOTpMM pacidpeHHe rasza (KMAKOCTH) B COCY/Je, TIOKOSIEMCS B CHCTEME
K™ VpasHeHMe NepBOro Hayana s 3TOTO NpOLeEcca B cucTeMe K

3Q=dU+3W,
IpAUYEM
SW=pdV—(v, dg), (8.24)

TAE MNEPBOE CrnardeMoec COOTBETCTBYCT pa60Te paciiiipensa rasa npH HU3MCHCHHMH €ro
OGBCMH, a BTOpOC“—MéxaHH‘ICCKOI\/‘I pa60re BHEIUHUX CWJI HaJ CHCTEMOH B TEPMO-
JAUHAMHYECKOM HPOLECCE. HCﬁCTBHTCJ’IbHO, UCXOA #3 YpAaBHCHUS NBWIKCHUSA

dg
ELF
de

(F,—cymmapHass cuia, JeficTBylomlas Ha ras), A 3JEMEHTApHOH MexaHH4ecKoH
paboTet cuiibl Hax TepMmoaunamuyeckol cucreMoit Haxomum (F,, vdr)=(v, dg). Takum
obpaszom, 6Q=dU+pdV —(v, dg). Moacrasnss B INpaByro 4acCTh ITOTO YpaBHEHHS
BeipaxeHns (8.10), nmoayyaem

(8.25)

dU©@ v (V') 02 dUQ+d (pV' @)
80 =ttt pd VO 1P ————— =
/I_BZ C2 /1__B2 CZ IMBZ
=[dUQ+pdV @] /1-8>=80@ /1-p2

CnepoBatenbro, mo Ilnauky,

0=0©0 J/1-B2, T=T© /1-p (8.26)
B ornmuse ot Ilnamka OTT MCXOOMN U3 YDABHEHHS IBMKEHUS
d v

my a _——-—wl_ﬁ > F,

Ha3bIBasA (B COOTBETCTBMM C (pusukoit [anunes) cunod TO, 4TO BBI3BIBAET YCKOPCHME,

¥ TpUHHMas (B IPOTHBOIOJOXHOCTb B3rIfgaM ApPHCTOTENs), 4TO U MOJACpPXKAHHA
HOCTOSIHHOM CKOpPOCTU JIBHXKEHHSI HUKaKoW CHJIBI He TpebyeTcs.

IoaroMy, mo Ortry, Mexanuueckas pabora B TEPMOAMHAMHUYECKCM IpoIiecce

paBua pabote nBmkywied cuist (8.27) W, ClIeROBaTENbHO, MOJDKHA OHPEACISATHCS

H3MEHEHHEM HE TOJIHOTO MMITYJIbCA g, & TOJIbKO €ro vactv g-— Qv/c?, He copepxariei

amnyasca Qv/c® maccwl Qfc’, mepenamsoro Teny mpnm TenmnoobMeHe.
Je#cTBUTENbHO, ypaBHeHHe JBixXeHHs (8.25) MOXHO 3amucath B BHIC

dg d MgV d v N mgv
—_— = — =My — ————f —
dr dr\ /1-p? ®dr 1-p% J1-p2
rae IT—HemexaHnueckast moTeps WMINyseca 3a 1 ¢, obycnoBneHHas HOTEped Macchl
NOKOS C ONpEAENEHHOM CKOPOCTBIO (KaK y PpAaKeThl WM TpPH COODLICHMH Tely

TEIUIOTHI, WM NpH M3idyucHuH). Ecim 3a 1 c Teny coobmiaeTcst KOJHYIECTBO TEILUIOTH
Q, TO OoHO Tony4Yaer npu 3ToM Maccy Qfc? w mMmyasc Qv/c?, mosTomy

8.27)

=F,=F+1], (8.28)
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d Q
P ()

M 3NEMEHTapHAas MexaHHdyeckas paGora paBHa

(F, vdt)=<v, dg—%v).

Takum obOpa3zoM,
2

5
SW=pdV— <v, dg— C_‘;’ v>=pdV— (v, dg) — % 80 8.29)

W ypaBHEHHE NEPBOro Hayana B cucreme K uMeer Bun
30 =dU+pdV— (v, dg) + B350,
OTKyda ¢ TmoMouiblo ypasHenuit (8.10) monywaem npeobpasosanus OrTa:

0=0/1-B*, T=TO/1-p. (8.30)
Kax suaHo u3 ypasmenns (8.28), cuma F,, onpeaensemass xak BpemeHHas
[IPOU3BO/IHAS MMITYJILCA, PABHA CYMME HCTWHHOH MexaHudeckoil cuil F, onpeaensemoit
70 yckopeHHI0 H uMmmyiascy 1l, HemexaHmyecku TepsemMomy TenoMm 3a 1c. Otcioma
CelyeT, 4TO MeXaHW4YeckKylo paboTy B TEpMOAHMHAMMYECKOM NpOIECCe ONpenesseT
cuma F, a He F,, T.e. B ypaBHeHuM NEpBOrO Havaja HaAO YYMTBIBaTb paboTy
tosibko cunsl F. DTo moarsepkiaercs Taxke Tem, uyro paborta (8.29) mMeHHO ITOH
citel coBmagaer ¢ paboroi (8.19), mosydeHHOH B pPENITHBUCTCKON TepMOJMHaAMHKE
C HHBAPHAHTHON TEeMMepaTypoil.
JeictButensio, ¢ moMmouipio (8.10) u (8.30) Buipaxenue (8.29) mpuHHMMaeT BHAI

AlAUO+d(pV )] 1?50

SW=pdV— + =
¢t J1-8* 2 J1—p?
2(50© 4 y© 250 2yd
—pdV— B2+ ¥ @dp) B28Q” pydp 831)

=pdV— ——7,
Jiog e TR

uyto cosnajgaer ¢ (8.19). U3 (8:31) 3amevaem, 4TO MexaHuueckas paboTa AaBIEHUS
B TepMomHamuueckom mponecce (F, vdr) pasma — B2V dp/(1—B?) M, cnenosareisHo,
00yClIOBIIEHa OTHOCUTEIBHOCTLIO OJHOBPEMEHHOCTH.

Takum o0Opa3zom, ~B- pelSTUBMCTCKOH TEPMOJAMHAMHUKE C WHBAPUAHTHOM TEM-
1epaTypoii TONBKO PENATHBHCTCKME Bbipaxenus Otta s pabotel (8.29) aBigroTcs
NIPaBHJIbHBIMH.

Tem ne menee (cM. § 35) HUKAKOro GU3MHECKOro pasimuMs Mexay dopManu3mMaMu
Tnanka u Orra B NpUMEHEHMM K pa3JIM4HbIM npoleccaM HeT. OHAKO BCE Xke
HanboJjiee €CTECTBEHHBIM PEIATHBUCTCKAM OO0OOILECHHEM TEPMOIMHAMMKH SBAAETCA,
KaK Mbl BHJEJH, DEISTHBHCTCKAs TEPMOAMHAMUKZ ¢ MHBAPUAHTHBIME TEMIEPATYpPOH
H JHTaJbIHMeN.

§ 40. UJIEAJBHBINA T'A3. PABHOBECHOE U3JYUEHUE

B kauecTBe NpUMEpa HPHMEHEHUS PEJIITMBUCTCKON TepMOAMHAMHKH PacCMOTPHM
O/IHOATOMHBIH MJCANBbHBIH a3 M DPABHOBCCHOE H3JyYEHHUE.

B cOOCTBeHHOM CHCTEME OTCYETa TEPMHYECKOE M KaJOPHUYECKOE YpaBHCHMS
COCTOSHAS, BBbIPAXEHHUS [ OSHTPOMHM K TEPMOJMHAMHYECKHMX MOTEHUMAIOB MOJIA
BACANBHOTO a3a MMEIOT Takoit BHI®:

* JIAg IOJYYEHHMs COOTBETCTBYIOUIMX BBIPAXEHMI [UI V MOJIeH MIeanbHOTO rasa
Halo B (GOpMyJnax U MONs rasa 3aMeHNTb R Ha VR, rae R—Monapras rasosas
NOCTOSIHHAA.
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pVO=RT, U®=3,RT,

TS/Z
S=RW(T*?V®)+C=Rln — +C,
p

3R 2(S=C)
vy, S)=2(V‘°’)”3CXP,: R ]

FOWO, T)=U9—TS=3/,RTln(1-InT) —RTIn V©®~TC,
G9(p, T)=3/,RT(1-InT) + RTn p—-TC,
P
5R
B IIBH)KyHICﬁCSl CHCTEME OTCYCTA COOTBETCTBEHHO TIOJIYYacM:
pV=RT/T—p*,
U4V 3,RT+P’RT_(3+2p*) U@

) /l_ﬁz \/I_BZ - 3\/1_32

3/2 5/2
S=Rln———— +C=Rln—+C,,
Ji—p? p
(3+2B2)R 2(S~C)
o, 8)= 2(1—p2)ep s €Xp IR >
3+2B2 3/2V
F(V, T)=U—TS=————=——RT—RTIn
v ) 2 JI=p? JI-PB

G(p, T)=G(p, T), H(p, S)=H(p, ).
JIns paBHOBECHOTO H3JYYCHHA B COGCTBEHHOM CHCTEME OTCYETA HMECM:
=1/,0T*, U©@=oT*VO,

a 0 3§\
<*10TVO, YOS, V)=cV”<4cV(O)) :

FOVO, T)=—1/;T*V s,
GO(p, T)=0, HO(S, p)=S(pjo)".
B IlBl/DKyIIlCﬁCﬂ CHCTEME COOTBCTCTBCHHO HMCEEM:

=!/;0T* U=}, (3 + ﬁz) oT*V,

4cT*V 2 38 /1B \*3
s=2TV_ y, 5228 0V< P ) ,

3 /1-p% 3 4oV
2y /T_p? —4
F(V, T)=U—TS= (iiﬂlm?f—cr‘n

Slr. 1)=0. Hlp s>=S<%p>m

TepMoauHaMAKa PENSTHBACTCKOTO rasa passMTa B paborax H. A. UepnukoBa Ha
OCHOBE KMHETHYECKOTO ypaBHeHHA bosbiMana — YepHHKOBA.
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§ 41. 3BOJIOLMA BCEJEHHON MO COBPEMEHHOW
PEJSTUBUCTCKON TEOPHU T'PABUTALINM

Jlo cux mop B OTOH TJlaBe TEPMOIMHAMMYECKHE CBOWCTBa Ten
pacCMATPHBAIMCE Ha OCHOBE CIEHMAJIBHOM TCOPHH OTHOCHTEIbHOCTH
(CTO) ©6e3 y4era TpaBHTALMOHHOIO HoJA. PaccMorpuM Tenepb
Bonpoc 00 3BoJFOUMH BceneHHOHM Ha OCHOBE COBPEMEHHOH pesATH-
BUCTCKOH TEOpUH TIpaBHTALMH.

Ocnosroe copepxanue CTO, kax nomgyepkmsan I'. MuHKOBCKMI,
COCTOHT B YCTaHOBJEHHM eIUHON aOCOMOTHOM HpPOCTPaHCTBEHHO-
BpeMeHHON (OpMBI OBITHS MaTepHH — IPOCTPAHCTBEHHO-BPEMEHHOTO
Mupa (mup MuHK08CK020), TEOMETPHS KOTOPOTO IICEBIOEBKIMOOBA.
B a1roM MEpe pa3iMYHBIM CHCTEMaM OTCYETa COOTBETCTBYET B 061IeM
cllydyae pas3jiMuHasi METpuka ¢ KoI(phHIHEHTaMH v, (X) HPOCTPaHCTBa-
ppemenn. Hanpumep, B NpOU3BONBHOM HEHHEPHHANBHOH cHCTeMe
KOOpAMHAT S’ MeTpudeckde KOI(QOUUHEHTHI Y,, OKa3bBatoTcs (yH-
KIMSIMH KOODAHMHAT X OJTOM CHCTeMbl, 4YTO TPHBOAHUT B HTOTE
K NOMBJEHWIO YCKOpeHHs CBOOOAHOH MaTepHalbHOM TOYKM OT-
HOCHTENBHO S’ H CHJ MHEPIWH, BBHIPAXAIOLIUXCSA Yepe3 IIPOU3BOIHBIC
IEPBOTO NOPSAKA OT TEH30PA Yy, IO COOTBETCTBYIOUIUM KOOPAUHATAM.
KuneMaTHuecK CHJIBI MHEPIMM XapaKTepU3YIOTCS TEM, YTO «BhI3LIBA-
€MBIE» MMH YCKODECHUS CBOGOIHBIX MAaTepHAJBHBIX TO4YeK He OyayT
3aBHCETh OT MX Macc. TakuM Xe CBOWCTBOM 00JiafjaloT @ IpaBUTaLH-
OHHBIE CHJIBI, IOCKOJIbKY, KaK IOKa3blBaecT OMBIT, PaBUTALMOHHANA
Macca Tejld pPaBHA €ro WHEPTHOM Macce. OTOT (yHIaMEHTaJbHbIH
¢dakt mpusex OHHIITeHHA K ' MBICIM, 4YTO TPaBUTALMOHHOE MOIC
JIOJDKHO OIUCLIBATHCS HOAOOHO WOJMIO CHJI MHEPLUH METPHYECKUM
TEH30POM g,,, HO YXE B DPHMAHOBOM IPOCTPAHCTBE-BPEMEHH.

IMo Oitminteitny, Bce (GHU3NYECKHE MPOLECCHI NPOTEKAKOT B TIpa-
BUTAIMOHHOM II0JIE COBEPIIECHHO Tak Xe€, Kak H 0e3 IpaBUTALMOBHOIO
NOJiL, HO B COOTBETCTBYIOIIMM OOpPa3oM YCKOPEHHON (TpexMepHOMH)
cucTeMe KoopAuMHAT. l'unore’a OJHHmITEHHa © TOM, YTO TIOJE
TATOTEHHS MOXHO TMOJHOCTBIO 3aMEHHTh YCKOPEHHOH CHCTEMOM
OTCYETA, HA3bIBACTCH MPUHYUNOM IKEUEAAEHMHOCMU.

[pu  MOCTPOEHAHM TEOPHH THTOTEHWS, HA3BAHHOH OUHINTEHHOM
obwetl ‘meopueil omuocumeavnocmu (OTO), oH Bceueso HCXOOUN U3
NPMHIMIA JKBUBAJIEHTHOCTH TPABUTAIMOHHOTO IIOJIS HYXHBIM 00-
pPa30M YCKODEHHBIX CHCTEM OTCueTa. A Tak KakK pasHbIM CHCTEMaM
OTCYETAa COOTBETCTBYET pasHas METPHKA HPOCTPAHCTBA-BPEMEHH, TO
DHHmMTEHH NPHHAN 3d TPABUTANMOHHOE I0JE METPHYECKMH TeH30p
g,v PUMAaHOBA MPOCTPAHCTBA-BPeMEHH. Tax NPUHIKI SKBHBAJICHTHOCTH
IPUBET K OTOX/IECTBJICHUIO METPHKM H TPaBUTALMA: KOMNOHEHMb
mempuueckozo mensopa 8 OTO sasasomes 6 mo e epems NOMEH-
Yualamu ms20meHus.

I'paBUTAUMOHHOE MOJE g,, 3aBUCHT OT pacOpejieicHUs U JBUKCHHAA
MaTepuH M OTpeleisercs ypaBHeHusMu ['uiabbepra— JiHINTEHHA
JUI TeH30pa KPHUBU3HBI R, :
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1 8nG
Rp.v - igpv -R:? TPV ’ (8'32)

rae G=6,67-10"'! m3/(kr-¢?)—rpaBuTanuoHras 0OCTOAHHas; R —
CKaJisipHas KpUBM3HA, KOTOpas, Kak U R,,, BBIpaKaeTCs YeEpe3 g, ;
T,, —TEH30p 3HEPrUU-UMNYJbCa BEILIECTBA.

OcHoBaHHass Ha ypaBHeHusx [uibpbepra—OlHIITEHHAa Teopus
tsirotednst (OTO) uHOTIa MOXKET MPHUBECTH K PE3yJbTaTaM, HPEKPacHO
COBHNAJIAIOIIMM C IJKcepuMeHToM. Tak, mo JaHHBIM HaOJIFOJEeHHH,
nepurennit Mepkypus moBopaumBaeTcs Ha 43 yrij. ¢ B CTOJIETHE; TIO
TEOpUH TATOTeHWs: HBIOTOHA W 1O JIPYTUM TEOPHSIM, HUCTIOJIbh3YIOIHM
U3MCHEHHBI HBIOTOHOB MOTEHIMAJ, 3TOT MOBOPOT pa3a B TpU
Medbiie HaOmomaemoro, no OTO nosopotr paseH 42,98 yra. c,
T. €. B TOYHOCTH COBMAJAET C JeHCTBHTEIbHBIM! AHAJIOTHYHO, KaK
ObUIO YCTAaHOBJIEHO BO BpeMs IIOJIHOTO COJHEYHOIO 3aTMeHus 29
mas 1919 r., Giuskme k HaOmogaembiM gaer ‘OTO wu pesynbra-
Thl IS OTKJIOHEHMs Jiydeil cmera, npoxopsumx BOmu3u CosHua
(1,75 yru. c).

Bmecte ¢ TeM B cBoeM pasButud OTO npumna kak K HeycT-
paHEMOMY BHYTPEHHEMY NPOTHBOPEYHIO, TaK H K pAAy (U3HYecKH
HenpueMJIEMbIX pe3yibTaTtoB. JlelictBurenbho, npu cozganuun OTO
OWnTeiiH, 000CHOBBIBAasI JKBMBAJCHTHOCThL CHJI HHEPLUMH M TIpaBH-
TallMd, HCXOOWJI W3 pPABEHCTBA HWHEPTHO# M THXKENOHM Macc, 3Kc-
NIEPUMEHTAJIBHO YCTAHOBJIEHHOIO  C OYeHb OOJBIIOH TOYHOCTBIO.
OpaHako, Kak oOKa3ajgoch, B. OKOHYAaTEJbHOH TEOPUU pPABEHCTBO
HHEPTHOR ¥ Tsxejol Macc He BoinosHsierca! BrepBbie Ha 3TO
ykazan B. A. ®ok.

Kpome Toro, xak ormeuas emie B 1917 r. W3BECTHBIA HEeMEUKHH
mateMatuk . I'mipbepr, B OTO He BBINOJHAIOTCS 3aKOHBL CO-
XpaHEHUs OJHEPrUH-HMIYJIbCA W MOMEHTa KOJIMYECTBA JBHKCHHUS
BEIECTBA U [PABATALMOHHOTO MOJI BMECTE B3STHIX.

Takoe nonoxenne B OTO 00ycnoBiaeHO OTOXIECTBJICHHAEM B 3TOH
TEOPHH TPABHTALMOHHOIO MOJS CO CTPYKTYpO#l (METPHKOI) NPOCTpaH-
CTBa-BpEMEHH, C €r0 PUMAHOBBIM HCKpHBicHUeM. [lepBuunbiM B OTO
SBJSETCA HE MATepHs, a MPOCTPaHCTBO-BpeMs. «IlepBHUHYIO POJIb,—
TOBOpWJI DWHINTEHH,— UI'PaeT NPOCTPAHCTBO, MATEpHs KE HOJIKHA
ObITH MOJIyueHa |3 TMPOCTPAHCTBA, TaK CKa3aTh, HAa CJAEAYIOLWIEM
stane»®™, Drta Metofonornueckd HepepHas ocroBa OTO u orBer-
CTBEHHa 32 BCE B TeOpHH. B camMoM [ienie, NMOCKOJIbKY B JeHCT-
BUTEJILHOCTH [POCTPAHCTBO-BpeMs fBJsieTCS GOpMOI CylllecCTBOBaHUS
MaTepUH, TO, UCCIIEXYS CTPYKTYPY STOH GOPMBI, Mbl MOXEM HOIYYUTH
B pAle CJAYYaeB XOPOUIO COTJIACYIOIMHECS C OHBITOM pe3yJbTaThl
O CBOWCTBax FpPAaBHTAIMOHHOTO MOJS Kak BUAa martepu. Mmenno
3TO M HMEET MECTO B CIIy4asX, O KOTOPBIX YIOMMHAJIOCh BBILIE.
C ,IIpyl"Oﬁ CTOPOHBI, B TC€X ABJICHHAX, B KOTOPBIX ONPCAC/IAOLIYIO

* Jfpmreiin A. Cobp. Hayusnix Tpynos. M., 1966. T. 2. C. 89.
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pOJIb WrpaeT He CTPYKTypa IPOCTPAHCTBA-BPEMEHM, a HaXOMAAIIUMHCS
C HUM B €AMHCTBE Takod aTpuOyT Martepmu, kak asmwxenme, OTO,
OTOXAECTBIIAIONIAA TPABHTAMOHHOE 10JIE C KPUBU3HOM NPOCTPaHCTBA-
BPEMEHM, NPUBOAUT K TYNHKOBOMY pe3yibTaTy O HEPaBEHCTBE
MUHEPTHOW M TPABUTALMOHHOM Macc, K OTCYTCTBHIO 3aKOHOB CO-
XpaHEHUs OJHEPIHU-UMIYJIbCA W MOMEHTAa KOJHYECTBA JABHXKESHHS
BELIECTBA W TPABHTAIMOHHOIO MOJII BMECTE B3ATHIX, T. €. K OTKA3y
oT paga (GYHAAMEHTAJIbHBIX MPUHIMUIIOB, JIEKALIMX B OCHOBE (QU3MKH.

B nociennne romsl A. A. JloryroBbiM*) ony6iukoBad psan pabor,
B XOTOpeIX Tociie riaybokoro kpurmueckoro anammiza OTO choeman
BBIBOJ O €€ HENMpHEMJIEMOCTH Kak (GHU3MYecKOd TEOpHH TATOTEHMS
M [OCTPOEHA HOBas peJsSTUBUCTCKas Teopus rpasurtauum (PTT).

PTI' ucxoguT W3 CTPOTOTO BBINIOJHEHUS 3aKOHOB - COXpaHEHMs
SHEPTUM-UMITYJIbCA M MOMEHTA KOJIHYECTBA [BMXKCHMS BEIIECTBA
M TI'PaBUTALMOHHOTO TOJS (YTO € HEOOXOAUMOCTBIO IIPUBOAHT
K TIICEBJOEBKJIMIOBY MHpPY MHHKOBCKOTO) M M3 NPEIACTABJICHHS
O IPaBHTAIIMOHHOM T0jie KaK (U3UYECKOM II0Ji€; MCTOYHMKOM KO-
TOPOTO SBJISIETCA TEH30p OHEPTHA-UMITYNIbCA BCEH MAaTEPHH (BEIIECTBO
d TPaBHTAIMOHHOE MOJIE) ¥ KOTOpOe, B MPUHIMIE, JaXe JOKaJbHO
HE MOXET OBITH YHHYTOXEHO BBIOOPOM CHCTEMBI OTCYETA.

B wurore B PTT momyuena cucrema u3 14 ypasHenuil ¢ 14
HEM3BECTHBIMH, TIPHYEM [ecATh W3  HUX 1o (¢(opMe COBHAJAIOT
¢ ypasueHusmu [uiabbepra — OHIuTelHA (8.32) ¢ TOH NpPUHUMIHAANL-
HOM pasHMIEH, 4TO BCE MOJIEBbIE MEPEMEHHBIE B 3THUX YDaBHEHMSX
3apucar (B ornuune or OTO) 0T eIMHBIX KOOPIMHAT NPOCTPAHCTBA
MunkoBckoro. UeTbipe HOBLIX YPABHEHHS OTPEAEIIIOT CUMMETPUYHBINA
TeHzop ®* camMoro rpaBUTAIOHHOTO MOJNS; OHH B KOPHE M3MEHAIOT
xapakTep peliieHusi ypapHeHmid I['mnpOepra — OHHINTEHHA.

PTI" 0OBACHSET BCHO HMEIOIIYIOCS COBOKYITHOCTh HAOJIIOAaTEIbHbIX
H 9KCHEPMMEHTANBHBIX JIAHHBLIX U1 TPaBHTALMOHHBIX 3(pekToB
B CoNHEYHONM CHCTeMe W [PUBOAUT K HOBBIM MPEACKA3aHUAM
0 pa3sBUTHM BCeNeHHOH W TPaBUTAIMOHHOM KOJLJIamcCe.

B pamkax ' OTO mHecraunmoHapHblE KOCMOJIOTMYECKHE PEIICHUS
ypasHeHnit . [wibbepra — DiiHiuTeiiHa BrepBbie OBUIM  TIOJIYYCHBI
B 1922 F. W3BECTHBIM COBETCKMM y4eHBIM A. A. ®puamanoM**. [lo
®puaMany, CyIIECTBYET TPM THNA paclmpsiolmxcs BeejeHHbIX: [Ba
GECKOHCYHBIX, 4 TPETHI — 3aMKHYTBIH, HO 6e3 rpaHul; BeIOOp TOH
WM WMHOH MOJENM CYINECTBEHHO 3ABHCHT OT 3HAHHsS CPEIHEH
IIOTHOCTH MaTepkH BO Bcenennoi. PTT mpuBOmMT X €IMHCTBEHHOH
OECKOHEUHOM, pacHIMpSIOMeHcs, HO «IOCcKkoi» BceneHHOHM, Tpexmep-
Hasd 4acTb KOTOpOW epknunosa. [lpu pacuimpeHms BceneHHOM OHA
HEPEXOJUT U3 COCTOSHUS. ¢ MAKCUMAJBHOM MIIOTHOCTHIO B COCTOSIHHE

* Cm.: Jlorynor A. A. Jlekiuu 1O TEOpMM OTHOCHTEILHOCTH M TIDABHUTALHHU.
CoBpemeHHBI aHanu3 npobnemel. M., 1987
**) Cwm.: dpugvan A. A. O xpuusne mpoctpanctsa//YOH. 1963. 80. Bwun. 3.
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¢ MMAMMAJILHOW IUTOTHOCTBIO, TOCJE 4YEro HavyMHAaeTcs oOpaTHbIH
nponece «cxaTus». Takue HUKJIBI MOIYT HEOTPAaHUYEHHO IMOBTOPSTHCA.

Pacumpenue BceneHHOH NpUBOAMT K M3MEHEHMIO CO BpeMEHEM
paccTOSHUM + MEXAY BHEraJIAKTHYECKUMH OOBEKTAMH B HPOCTPAHCTBE,
U OTHOCUTEJIbHAA CKOPOCTb v yIaJIeHUs! IBYX OOBEKTOB TEM Ooblue,
4YeM OHH Jajblile ApYr OT Jpyra:

v=Hr, (8.33)

rac H—nocmosnnas Xab6aa (HazBaHHAs 110 MMCHM aMEPHKaHCKOLO
acrponoMa J. I1. Xa66na, orkpsiBinero B 1929 1. siBiieHne pazbezanus
easakmuk 4, TaKUM oO0pa3oM, OKCIEPUMEHTANbHO MHOATBEPIMBILETO
HecTanuoHapHocTh Beenennoii). [1o coBpeMeHHBIM AaHHBIM, HOCTOSH-
Has Xab66na pasma H=3-10 18 ¢!

OCHOBHOH, BaXHBIN 151 TEPMOJAUHAMUKY, BbIBOJI U3 TPUBEICHHOIO
paccmotpenus PTT coctout, mo MHeHHIO aBTOpa y4YeOHHMEKA, B TOM,
4TO BPEMEHHAs 3BOJIOLUS Haiued BceseHHOM He mpeacTtaBiasier coboit
NpuOIMXKEHHAsT €€ K HEKOTOPOMY PaBHOBECHOMY . COCTOSIHHIO — COCTO-
SIHHIO Menaogoi cmepmu.

3AIAUN

8.1, YCTaHOBHTh WHBAPHAHTHOCTH [aBJieHUSA HPH TeEpexoae OT OAHOH HHEPUHAbHON
CHCTEMBl OTCYETa K APYroid.

8.2, ObcymuTh poJsib  OrpaHHYUBAIOUIMX  CUCTEMY CTEHOK B DEJIATHBHCTCKOH Tep-
MOJIHHAMHKE.

8.3. B cucreme K'© gpukeTcs IWATMHAD B HANPABNEHMH CBOSH OCH CO CKOPOCTBIO
v. W3 cepeausbl LMIMHApA . B NPOTHBONOJIOXKHBIX HANMPABJICHHSX BAOJb OCH
nBEXyTcs fBa  (GoToHa. Onpemenuts OoOUME  HUMIYJIbC (OTOHOB TMOCHE HX
OTpaXXeHHsi OT TODHOB HHJIMHApA.



I'JIABA JEBATAS
OHIMBKHN ¥ 3ABJNYXIEHUA B TEPMOJIUHAMUKE

U3yyeHue uCmMOpPUYECKOro nymu, NPOALEHHOI0 Ha-
YKOH, mpygHoCmen u nNpomuBopeyus B cmaHossne-
HUU UCXOQHBIX NOJIOXEHUN U OCHOBHbIX 3aKOHOB
ABNAEMCA BaXHeAWUM Ghakmopom ee riybokoro
NOHUMAHUA U f[afbHeAWwero passumus.

Mo-sugumomy, Hem gpyrow ob61acmu Hayku, B KOmopou
npu ee co3gaHuu U NPUMEHEHUsIX fenanocs bsl makoe
60NbLIOE YUCSIO HEBEPHbBIX YMBEPXXJEHUNA U BbIBOJOB,
Kak B mepmoguHamuke. Takue owubKu JONycKanu kak
OCHOBameu mepMoguHaMuku, mak u gpyrue y4eHsie,
4Ymo rosopum 0 MPygHOCMU U3y4aeMoro npegMema.
AHanus amux owubok u 3abnyXgeHui noydumerneH.

§ 2. M. IIJAHK O TOJJOHOMHOCTH BbIPAXXEHMSH
JUIA KOJIMYECTBA TEIUIOTBI

ConepxaHieM BTOpPOTO Hadajga TEPMOAMHAMHKH IS PaBHOBECHBIX
MpoHeccoB fBisercs, no KapaTteogopH, TOJOHOMHOCTb BhIPAXEHHS sl
3leMeHTapHOro konuyectBa TemnoThl 8Q. Ilnank B cBoeit «Tepmonnna-
MHKe» MPEICTaBIACT HTOT 3aMevaTesbHbI (PAKT KaK HEYTO TPHBHAJIb-
HOe, He BBIpAXaloliee HHUKAKHX ocoObix cBoiictB Ten. Ha npumepe
HAEAIBHOTO Ta3a OH HEMOCPEACTBECHHO BBIYHCIAET BBIPAXCHUE

30 CpdT+pdV
7:——————«” T =d(CV1nT+Rln V)

" ybexmaercs, YTO OHO npejcTaBiisieT coOoil nosHbl AuddepeHma.
A TO, YTO 3TO BBIpaxeHHe OymeT NOJHBIM AuddepeHHHANOM H HIs
BCAKOM Npyroii cucteMbl, [LIaHK cuMTan BO3MOXHBIM IOKa3aTh 0e3
HCIIOJIL30BAHAA, BTOPOTO Haualia, pacCMaTpHBas CJOXHYIO CHCTEMY
W3 HAeajpHOro raza G ¥ JaHHOM cucTeMbl S. 3acTraBUM 9Ty
CIIOXHYIO CHCTeMY G+ .S coBepINTh KpyroBod mpouecc 6e3 coobie-
Hus el TemwnoTel. Torma oraeneHo G W OTAEABHO S JOJKHBI
COBEPIIMTH KPYroBOH Ipoliecc, HMpPHYEM, OYEBHAHO,

50 39
b2 fno
S

G

& &
OTtcrona §TQ=O, TaK KakK, [0 BBLIYHCJICHHOMY paHee, §79:0 H,

S G
cienoBateisHo, 8Q/T— nonabid muddepenmuan Jmst BCIKON CHCTEMEL.
T. A. AdanacbeBa-JpeHdecT ykaszana Ha YCKOJB3aIOLUIYK> OT BHH-
MaHus ommbKy B gokasartenbcrBe Ilnanka. Jleno B TOM, 4TO [0
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TeX HOp, OKa HUYETO HE M3BECTHO IIPO CHCTeMY S, HENb3s py4yaThbes,
YTO KpPYrOBOH mpolecc IJIs Hee He MOXeT ObITh 3aMKHYT paHbliie,
YeM HAealbHBIE Ta3 BCTYHUT Ha Ty caMmylro ammabaTy, U3 KOTOpO#
oH Bbimesn. Iloatomy, 3aboTsch TONBKO O TOM, 4TOOBI cHCTeMa
COBEpIIMIA KPYrOBOH THpoOINeCC B KOMOMHAamUM C ra3oM, MOXHO
O6bUI0 OBl TOJNYYHTh M TAKOE PABEHCTBO:

80 80 _
§7+J\7— s
S G

b1 .
rae f—f—-—ﬂHTel‘paﬂ, B3ATBIA HC IO 3aMKHYTOMY HNYTH, T. €. OTJIHYCH

G
OT HyJs, a ciefgosatenbHo, 0Q/T nns chcTeMbl S He MOXET OBITDH

nonHbIM U depernuaIoM.

Eciu TepMuueckn oHOpPOAHAS CHCTEMA, COCTOSINAS U3 IOJACHCTEM
1 n 2, comepmact ob6paTHMBIH aamabaTHBIN HpoLecc, TO B TOM
cay4ae, Korfa Ui HEepBOH NMOACHCTEMbI MPONECC ABIAETCS KPYTOBBIM,
I BTOpOoM cHcreMsl OH Oyiaer Toxe KpyroseiM. Jlokazare 31O
MOXHO TOJIbKO Ha OCHOBE BTODOrO Ha4aja TePMOJMHAMHKH.

JedcTBuTENbHO, IPH aabaTHOM MPOLECCE B CUCTEME, COCTOAIIEH
u3 mojacucteM [ H 2, uMeeM

800:+80,=0,80,/T+6Q,/T=0.
Ecmu nopcucrema ! coseplliaeT KpyroBod mpolecc, TO

80, 30,
%T JT_ . ©.1)

8
Ilo BTOpOMY Hauaiy, %=0 # n3 ypaseenns (9.1) nonysaem
80: _
— =0, 4T0 1o TOMY X€ 3aKOHY BO3IMOXHO TOJBKO TPH KPYroBOM

npouecce s IMOACUCTEMbL 2.

§ 43. JOKA3ATEJBLCTBO B. HEPHCTOM HEJAOCTUXMNMOCTH 0 K.
APYI'ME OHUBOYHLIE JOKA3ATEJILCTBA

Hponomxas paboraTh Haj SKCHEPUMEHTANBHBIM H TEOPETHYECKUM
obocHoBaHHeM TemIoBOil Teopembl, B. Heprct B 1912T1. ®3 pac-
cMoTpendss nukna Kapro cmenan BeiBom o Hemoctixkumocta 0 K.
JlokaselBanm OH 3T0 cCleAyroIuM o6pasom™.

ITpennonoxaMm, yro 0 K mocTuXum, TOrAa MOXHO NPeJICTaBHTh
cebe muka Kapao (puc.27), B kotopoM AB-—wuzorepma, BC

* Cm.: Hepuer B. Teoperwyeckwe M ONBITHBIE OCHOBAHMS HOBOI'O TEILIOBOrO
3akoHa. M.—JI., 1929.
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P n DA—amuabarnl, a wusotrepma CD
A uaer npu Temmepatype 0 K. Ilpowus-
BelleHHas 3a IMKJI paboTa u3MepseTcs
mwiomanaslo uukiaa. Tak xak kpusble BC
u DA unyt Oe3 npATOKa TEIUIOTHI U3BHE,
a IO TENNOBOH TeopeMe HyJneBas M30-
TepMa coBmajgaer ¢ aamabaroit M mo-
D 9TOMYy Ha OTpe3ke CD TEmwroTa TaKKe
8 He TIOrJIoNIaeTcs, TO IIOJIy$aercs, 4TO
pabora 3a IHKJ NPOH3BOJUTCS 34 CYET
c TEIUIOTHI, B3ATOH Y TEIIOOTJATYHKA.
Tax kax 3TO NPOTUBOPEUAT BTOPOMY
¥ Hayany, TO, CJIEJOBATENBIO, TeMIepa-
typa 0 K HemocTmxuMa.

Puc. 27. O/HaKO Takod BHIBOA U3 TpHBE-
NEHHOTO J0Ka3aTelbCTBa CHenath Hedb3s. Jleno B TOM, HTO
tak kak npu 0 K Bce mpouecchl SBISAIOTCS aaMabaTHBIMH, TO,
nocturays 0 K, mennss Harpetb paGouee Teno o Gonee BBICOKOH
TeMIEepaTypbl ¢ HOMOLIBKO OOPATHMOrO Ipomecca (CKATHs) M 3aM-
kHyTh mukn. Takum obpa3oM, m3 paccmorpends Hepuera cienyer
me uegoctmkumocts 0 K, a meBosmoxsocts Ikna Kapuo ¢ Tem-
nepaTypoll  TEIJIONPHEMHHKa, paBHOM Hymo. Hepher mwcarn,
yTO, s TOro dToObl BEpHYThcst W3 D B A mno anmabate
¥ 3aMKHYTh IWMKJ, HAaJ0 OCCKOHCYHO Majlo Harperb pabouce
temo, 4Tobn oHO Morjo yidtm ot O K, a BosHuKawoiiee IpH
TakOM L@KJIE MPOTUBOPEYUE # CO BTOPHIM HAYAIOM JOKa3bIBACT
pepoctmxkuMocts O K.

Dto 3akmodeHne HepHCTa mMoABEprjoch KpUTHKe OHHINITElHa,
KOTOPBIA CYMTAJl HEBO3MOXXHBIM OCYILECTBJIEHME H30TEPMHUIECKOTO
npouecca CD, NOCKONBKY NPU afuabaTHOM CKATAU Tena B COCTOSHHU
C OHO NpPW NpaKTHUEcKH HeOOJLIIOM TpeHuH yiineT ¢ kpuso# T=0 K
u GyzeT cxuMaThCa BAOJb aanabarbl CB (abctpakims 06 oOGpaTHMBIX
TepPMOAMHAMMYECKMX HPOLECCax 3Mech Heo3MoxkHa)*. Tak 4TO MpH
moctwxenuy- 0 K umki KapHo BBIpOXKIAercs B COBOKYHHOCTB JBYX
ClUBIIMXCA aguabat M JBYX CIMBIIUXCA H30TEPM. TpH NPSIMOM
H30TEPMHYECKOM Mpoliecce AB OT TemmooTaaTYHKa Gepercs KOTHyecT-
BO TEMIOTH (,, a npu obpaTHOM mpouecce BA Takoe xe KOJIMIECTBO
TemIoTel O, €My OTZaeTcs W K.LJ. TaKOro WHMKJa paBeH HYJO.

Bo3paxenue DiHIITERHA OTHOCHTCS JIHIIL K nombiTkaM Heprcra
BBIBECTH INPHHIHMN HEJOCTHXHMOCTH M3 BTOPOro Hawaua. OJTOT

* Korfia B TEPMOJMHAMUKC TNpPH OOBIYHBIX YCIOBHSAX HCHOJL3YETCHA TPEACTAB-
neHde 06 OOPATHMBIX NPOLECCaX, TO NMPEANONAraeTcs, YTO XOTS NPH BCEX PEANBHBLIX
TEPMOAMHAMHUHYECKAX TPOLCCCAX M UMEIOTCH HeoOpaTHMBIC M3MCHCHHS, HO OHM MaJlbl
M [ojydacMbie TIpH OTOM DE3yJTbTaThl CHPaBelIMBH W B TPEAEse TMOJHOCTBIO
obGpatumeix mponeccos. B nukne Heprcra Takas aGcrpakuds HEBO3MOXHA, IOCKOJIBKY
CKOJIb YTOAKO Majas CTeneHb HeOGPATHMOCTH YBOJMT CHCTEMY C HYJICBOH H30TEPMAL.
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OpuHIAN (CM. TJ1. 4) HEMOCPEACTBEHHO CJIEAYET W3 TEIJIOBOW TEOpPEMBI
HepHcTa W HEe CBSI3aH CO BTOPBIM HAYAJIOM TEPMOJMHAMUKM,

B pa3nuuHOW nuTEpaType MO TEPMOAMHAMHUKE MOXHO BCTPETHTD
TAKXe CleAylonme joxasatenbcrBa HemoctwkuMoctu 0 K.

1. Kon.x. mukna Kapoo paseH

n=(T1—Tz)/T1.

IMpu T,=0 K n=1, 1. . BCcs TenjoTra, B3ATas B HMUKJIE Y TEIIOOT-
JaTduka, npespamaercs B pabory. Tak kKak 3TO NPOTHBOPEUHT
BropoMy Havany, To 0 K memoctmxum®. Takum obpa3oM nosyvaercs,
yro mpuHnun HepoctwxuMoctd 0 K (Tperbe Havamo) sBAsETCH
CJIEZICIBUEM BTOPOTO HaYald TEPMOJMHAMUKH,

2. Npencrapum cebe nuxkn Kapao, y KOTOPOro  TEIIOTPUEMHIK
umeer Temreparypy 7T,=0K. Has Takoii o6paTumMoii MalidHbl
[IOJIHOE W3MEHCHHE SHTPONMH B 1MKjJIEe ObLIO Obl PABHO H3MCHEHHIO
€e Ha y4YacTke M30TEPMHYECKOTO paciUMpeHds npu temueparype T:

ToT
Tak KaK y4acToK H3oTepMmuyeckoro cxarus npu 7T, =0 K npeacrasuser
coboif uzosHTpony S=0, a ocranbHble [BAa MPOUECCa H3IOIHTPONIHYCC-
kue. Ho, ¢ mpyroit cropoHbi, M3MEHEHHE JHTPONUH B IMKJIE

AS=02=
T

BosHukatoriee npoTHBOpPETHE (Q1 #0) ToKa3bIBAET HEAOCTHKH-
MOCTb HyJieBOH usotepmbl T=0 K**

O0a 3TH J0Ka3aTeNbCTBa HCIIOCTI/DKI/IMOCTI/I 0 K ssnstotes oumbou-
HBIMH, TaK Kak HCXOJAT H3 NPOTUBOPEYAIIETO BTOPOMY Havaiy
TEPMOIUHAMHKN TpPEANOIOKeHUs 00 OcyllecTBlicHud Lukna KapHo
¢ TeMNepaTypoi  TemionpueMHmka, paBHod 0 K.

§ 44. DHTPOIIVA, MTHOOPMAIIUA
W MBICJEHHBI SKCHEPUMEHT CLIAJIAPIA

AHamusupys Boupoc o geMoue Maxcsesuia, JI. Cunnapn paccMoTpen
CIEAYIOUIMI MBICIECHHBI 3KCHEPUMEHT. B 3akphITOM rOpH30HTAIBHOM
IWIMHIpE, HaXOQAHIEMCs B KOHTAaKIE C TEPMOCTATOM, COAEPKHUTCA
ras u3 OJHOM MoJekyiabl. B cpeasioro 4acTh NMIAMHIpPA BBOAMTCS
nopiiedb. Mounekysia oOkasbiBaeTcs B onHOH u3 nosoBuH. Jns
OIIpEIe/ICHASL HaNpaBJICHAsI ABMXEHUS TIOPIIHA MO JICHCTBHEM YAapOB
MOJIEKYJIbl HAOJII0AATEIb YCTAHABINBACT (HAIPUMED, C IOMOIIBIO CBETA)
MECTOHAXOX IeHHe MoJieKynbl. Eciy ona nafizeHa cneBa OT NOPIUHA, TO

* Cm.: Kuxoun A. K., Kuxoun U, K. MonexyaspHas ¢usnka. CIT16.: Jams, 2007. C.300.
**) Cm.: Pymep IO. B Poisan M. Hl. TepMmonuuamuxa, crarucThueckas Qusnka u
KMHetuka. M., 1977. C. 4l.
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nopiieHb OyneT [JIBHFaThCs BIPABO, COBEpUIAS MPU AOCTHXECHHM
OCHOBaHHs UWIHHIpAa HEKOTOpyro pabory (moaseM rpysa) 3a cuer
TemwoThl @ TepMocTaTa. Bo3Bpalllas HOpILEHb B INepBOHAYAJIHHOE
MOJIOXEHNE, MOXKHO [IOBTOPHUTB TOT NPOLECC IPOU3BOJIBHOE YHUCIIO pas,
mpeBpallias Opd 3TOM TEIIOTY B paloTy M YMEHbIIast SHTPOIHIO
cucremsbl. [1o BropoMy Hayaily, Takoe IPeBPALICHHE TEMJIOTHI HEBO3MOX-
HO Oe3 xommnencauuu. Cuunap/ NpEemnosoKMII, YTO B JAHHOM cly4ae
KOMIIeHCaIel ABIseTcs HHbopManys, nonyyaeMas HaOIrofaTesieM npu
ofipeieSieHAA MeCTOHAXOXACHUS MOJIEKYJIbL. JTa HHPOPMALUS IPHBOIUT
K HeOOXOAMMOMY YBEJIMYEHUIO JHTPOIMHU B cHCTeMe. TakuM 00pasom,
BIEPBbIC YCTAHABJIMBAETCSH CBA3bL Mexay MHpopmamuedt ¥ 3HTPOHUEH.

OpHako MbiCieHHBI JKkcnepuMeHT Cuunapia HE MOXKET CIIYXHTh
OCHOBaHHEM U1 Kakux-JMOo BHIBOHOB. [lesio B TOM, YTOQ HCHOJIL30BA-
HEE OJHOMOJIEKYJIPHOTO ras3a JONyCTHMO, IIOKa MPOLECChl ¢ HUM He
NPOTHBOPEYaT ra3oBbIM 3akoHaM. Ho B MOMEHT BBENEHUS NOPLIHS
B LMJIMHApP Ta3 CKUMAeTcsl A0 NOJOBHHBI CBOETo oObeMa Oe3 3aTparThl
paboThl, YTO SBJSIETCS HEAOHMYCTHMOH WHAeanu3alvedl MBICICHHOTO
sxcnepumenTta Ciuiapaa, BCAEJCTBHE Yero 9TOT KCIIEPUMEHT HE MOXET
UCTIOJIBb30BAThCSA ISl TPOBEPKM BTOPOTO Hauallda TEPMOIMHAMHKH.

ITo Toit ke mpuuymHEe 3kcriepuMeHT Cumiapaa He MOXKET CIyXHUTb
OCHOBAHHMEM ISl OTOXJACCTBICHAS (HU3NYECCKON SHTPOINH, HCIONb3Ye-
MOl B TepMOJWHAMHKE, ¢ MHGOOPMANUOHHON SHTpPONMEH, BBEICHHOH
Illennonom. B skcniepumente Cuunapaa BooOie He TpeGyeTcs HUKAKOM
TpeBapUTEIbHOR HHGOPMALMKA O MECTOHAXO0X/ICHUN MOJIEKYJIbl TOCe
BBEACHMS B IUUIMHAP HOPIIHS, TOCKOJILKY CaMO [BH)XCHHE NOPILHS
YKa3bIBAET HA €€ MECTOHAXOX/ICHKE H NPEBpallieHue TEMIOThH B paboTy
OylleT MPOUCXOOUTh HE3aBHCHMO OT TOTO, IJ€ HAXOAUTCS MOJIEKyJIa.

TepMoanHaAMHKYECKas JHTPONHS H OHTpONHs WHPOPMAIMOHHBIX
[POHECCOB—A3TO pa3Hbie BEJIMYHHBL, YTO BUIHO XOTA OBl M3 TOrO,
4T0 HHGOPMAIMOHHAN JHTPONHS HE SBIAETCS TEPMOIAMHAMHYECKAM
NapaMeTpoM.

B smuTepaType BHaYaje OTMEYAJOCh OTJIMYHE ITHX ABYX BEJIMUHH,
0603Ha4aeMBIX OIHUM CJIOBOM, HO TIO3X€ MHOIHE aBTOPbI IOCHEI0-
BaM 33 BpuimrosHOM™®, OTOXIECTBUBIIMM  TEPMOIAHAMHUYECKYIO
W MHOOPMAIMOHHYIO JHTPONMH (OAHUM M3 OCHOBAaHMH M1 3TOrO
ABJISETCS MBICJCHHBIN 3KkcnepuMenT Cuunapzaa).

§ 45. CYHIECTBOBAHME - ®A30BBIX HEPEXOJOB BTOPOI'O POJA.
JIETKOCTh CKOJBXEHMA KOHBKOB MO JbAY.
3HAK TEPMOJVUHAMMYECKOW TEMIIEPATYPBI

CymectBoBanne (a3oBbIX NepexoJoB BTOpore poaa. Ms3secTHO, 4TO
BEUIECTBO MpPH 3aJaHHBIX 1 M p HAXOAUTCE B TOM COCTOSIHHUH,
B KOTOpOM ero 3Heprus I'm66ca G muBuManbHa. Eciu u3obpasutk
Ha Tpaduke 3aBucuMocTh G nBYX ¢a3 ot T (npu p=const), TO To4ka

* Cm.: Bpuamodn JI. Hayka u teopus uudopmauma. M., 1960.
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Puc. 28.

T, nepeceyeHus obeux KpuBbIX OyneT Toukoi (asoBoro nepexona: npu
npoxoxJeHuu 4epes T, BemiecTBo u3obpaxaeTcs TOYKOM Ha TOH
KpHBOH, KOTOpas COOTBETCTBYeT MeHbIIMM 3HaueHusM G. Ilpu
(ha30BBIX - TepexojJax  IepBOr0  pojla  NepeceyeHue  KPHBHIX
G, u G, nzobpaxeno Ha puc. 28, a. Ipu ¢a3oseix nepexoax BTOPOIo
poja xacaTejabHbie K 00€MM KpUBBIM B TOYKE MEpEXoJa COBHANAIOT
(TOCKOJIBKY 3HTPOIMS BBIpaXaeTcs Npou3BoxHOM 3Hepruu ['mbbca mo
temneparype). [Ipu mnpocrom xacanuum obeux kpuBbIX (puc. 28,6)
Nepexo HPOUCXOAUThL He MoXxeT, #00 kak 1ipu T'< Ty, Tak u ipu 7> T,
BEIIECTBO BCE BpeMs HAXOAMIOCH OBl B ONIHO#M U TO#t ke a3e. [loaTomy
B TOYKE HEpexoJia IBe KPUBLIE, kKacasach, nepecekarorcs (puc. 28,6), 4To
MPUBOAMT X PAaBEHCTBY HE TOJBKO [EPBHIX, HO U BTOPBIX MPOH3BOAHBIX
oT 3Heprun ['nb6ca — SHTPONMHA M TEIIIOEMKOCTH. A 3TO COOTBETCTBYET
$a3zoBbIM IIEpEXOAaM He BTOpOro, a Tperhero poja. Ha stoMm
ocHoBaHuy Hemenkue ¢usuku 3. FOctu 1 M. Jlays npuniim K BIBOZY
0 HEBO3MOXHOCTH (ba30BBIX IIEPEXOAOB BTOPOTO pOJA.

Oumbka npuBeAeHHBIX paccyxaennii u BeBoma IOcty u Jlays
OCHOBBIBAETCSL HA NPEATIONIONEHAH CYIIECTBOBAHMS NIEPErPeThIX H mepe-
oxJiaxAeHHbIX (a3 npu (pa3oBeIX mepexoaax BTOporo poaa (mompodHO
TOMY, KaK Npd (asoBBIX IEpPeXoJax NepBOro poja), Hero B AEHCTBHTE-
JpHOCTH He Habmopmaetca. IloaToMy mim npaBoi (OT TOYKH mepexona)
BETBU KpHBOH ((, WM JIeBOM BETBH Ha pHUC. 28,6 He CYyILECTBYeT.

JlerkocTh CKOMbXKEHNs] KOHBKOB MO JbLay. M3BecTHO, 4TO TOYKa
IUIABJICBHS JIbA C MOBBILIEHHEM aBjieHHs noHmkaercsd. OCHOBBIBASCh
Ha 3TOH 3aKOHOMEPHOCTH, CKOJIB3KOCTB JIbJ]a, T. €. JIETKOCTh CKOJIb-
KEHAST KOHBKOB MO JIbAY, OOBACHAIOT CleAyolMM obpa3oM: HOJ
JABJIEHAEM OCTPOrO KOHBbKA JieA IJIABHTCS OpPH TEMIEpaType HUXe
0° C, obpasys xuikyrw cMa3sKy, KoTopas H obecrneYuBaeT JErKOCTb
KaTa#us 10 JbAYy 3UMOH.

Takxoe 00Bsicenne 6u10 gaHo oxojo 100 neT Hazajd aHrJaMCKUMM
¢mnxamu [k, TuagamoM u O. PeHHOIBACOM U MOJIYYHIIO IIHPOKOE
pacipocTparenue®), XOTsS OHO COBEPIIEHHO HE COOTBETCTBYET Jeii-
CTBUTEJIBHOCTH.

* Cwm.: Dmurreiin [ C. Kypc Tepmomunamuka. M., 1948. C. 126; 3agaum u ympa-
KHEHHS C OTBETAMH M pelieHMAMHE. DelfHMaHOBCKHe JiekmuH 1o ¢usuke. M., 1969. C. 308.
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B camom gene, u3 ypasHenuid Knaneifpona—Knaysmyca mas
($a30BBIX IIEPEXOJOB MEPBOTO pOAa CJEAYET, YTO, Js TOTO YTOGHI
TOYKA ILIABJICHAS JIbJA ONMYCTHJACh HA HECKOJIBKO IpagycoB, Heob-
XOJMMO TAKOE BBICOKOE JAaBJiEHHE, KOTOpOe JIeA He crnocoben
Bbilepxkath. JelicTBuTeNibHO, yaenbHBIN 00beM jbga npu 0° C pasen
v=1,091cm®r, a Bomei—1t"=1cmr. Tennora  mepexoaa
A=335 JIx/r. Ilosromy

dp &
dT T(v—-v')

T. €. Ul DOHMXSHMS TeMIEpatTypbl miaBieHus jbaa Ha | Ko HyxkHO
yBenMuuThL AaBienne Ha 135-10° [la. A mis Toro ytoObl JIEM Havan
IUIaBUTECS, Hanpumep upu — 10° C, HYXKHO yBEIMYUThH  JdBJieHUE
B cpeanem o 135 MIla (taxoe nmaBneHue Jie/l HE MOXKET BBIIEPXKATD).

Kax temepnh yOeauTeNbHO JIOKAa3aHO IKCIEPUMEHTAJIBHO, CKOJIb3-
KOCTh Jibga oOycioBjeHa OOpa3oBaHUEM B TUTOCKOCTH CKOJIbXKEHHS
XHAKOM CMasky NpH IpeBpallicHUd B TEILIOTY -padoThl NMpeonoJieBa-
IOLUX TPEHWE JBIXKYIIMX CHJL.

3nak TEPMOAMHAMHHECKOH TeMNEpaTypsl. JI. 1. Jlanmay
u E. M. JInpumy® npusenu moGONBITHOE I0KA3aTENLCTBO TOTO,
4T0 TepMOAWHAMMYecKas TeMmneparypa 71 MoxeT ObITb TOJIBKO
HOMOXHTEIRHONH U yTo npu T<0 K 6puto 661 BOOOHIIE HEBO3MOXKHO
CYIIlECTBOBaHHE pPaBHOBeCHbIX TeJ,  [IpuBeneM 31O HOKa3aTENBCTBO.

«Pa3feuM Teso Ha OOJBIIOE YMCAO MAaJbiX (HO MaKpOCKOUHYEC-
KWX) wacre#t, u nycts M,, E, P, obo3HauaroT Maccy, JHEPTHIO
H HMIYILC @-# 9acTH. DHTpomus S, Kax[Jol 4acTU ecTh (QyHKuus
€e BHYTPEHHEH SHEpPTHM, T. €. Pa3’HOCTH MexJy ¢ IOJHOH JHEpruei
E, W KXuHeTwueckoi omepruer PZ/(2M,) ee MakpOCKONUYECKOTrO
JBkeHds. [T03ToMy MOJHYIO SHTPOMNHIO TEJIA MOXKHO HANHCATh B BHAE

=—135-10° Ma/K,

S=Y S,[E.—P2/(2M,)). (1)

Ipennosiokum, 9ro Tejao 3aMKHYTO. Torja Hapagy ¢ SHepruei
COXPAHSIOTCS TOJMHBIA MMIYNbC W MOJHBIA MOMEHT UMIYJIbCAa Teja:

Y, P,=const, ) [r,, P,]=const, 2

rie r,— pPaJInyCbl-BEKTOpHl 4acTeill Tena. B cocTOssHUH paBHOBECHA
HOJIHas OJHTpormds S Tena Kak (yHKOMR MMOyabcoB P, HMeET
MaKCUMYM TIpY AOHOJHUTENBHEIX YCIOBHAX (2)».

Hajtee, crefyst UBBECTHOMY METO/Y HEONPENCICHHbIX MHOXHTENEH
Jlarpawka, HaxoJsaTcs HEOOXOIMMBIE U JOCTATOYHbIE YCJIIOBHA MAaK-
CMMyMa OHTPOIMH KakK (YHKIHAH HMIYJILCOB M JIEJIa€TCs BECHMA

* Cwm.: Jangay JI. J., Jnpwau E. M. Cratuctudeckas ¢usmxa. Y. I, § 10. M,
1976.
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BaXKHOE 3aKJIFOUEHUE O TOM, 4YTO TEMIEpaTypa MOXET ObITh TOJBKO
nonoxureaproit: 7>0 K.

Kax Buapo M3 HU3JI0XKEHHOrO, M0Ka3aTENbCTBO MOJIOXKHUTENLHOIO
3HaKa TePMOMHAMUYECKON TEMIIEPATYPbl OCHOBBIBACTCS Ha HOJIOXE-
HHH O TOM, 4TO B COCTOSIHUM pABHOBECHS 3HTPONHUSI 3aMKHYTOrO
Teyia MakchMaibHa. OIHAKO 3TO MOJIOKEHUE CJelyeT H3 BTOPOTO
Havaja TepMoOZMHaMuKH nupu npenrnosoxeruun T>0 K. Taxum 00-
pa3oM, CTPOTro O0Ka3aHO TO, YTO MPEHIIOIOKCHO!

B camoMm fene, ¥3 BTOPOTO Havasa /Ui HEPaBHOBECHBIX NPOIECCOB
B 3aMKHyTO# cucreMe mMmeeM (cM. § 17)

TdS>0,

orkyna mpu T>0 K nonywaem dS>0; cienoBateibHO, B COCTOSHMU
PaBHOBECHS 3aMKHYTOH CHCTEMBI €€ IHTPONUS MakcuMmasHa. [lomaras
ke T<0 K, nonywaem, 4TO B COCTOAHHAM PaBHOBSCHS 3aMKHYTOH
CACTEMBI ee 3HTpomusd MuHWMAasbHa. Kak moxaszaHo B § 14, 3aKOHBI
TEPMOJIMHAMUKHA HE OIPEJE/ISIIOT 3HAKA TEPMOIMHAMMYECKOH TeM-
nepaTyphl M JiMilb YCTAHABIHBAIOT, YTO MPU PABHOBECHBIX IPOLECCAX
3gak 1T Be wu3meHsietcs. Kakol 3Hak cieayer B3aTh gana 1 —
HOJIOKUTELHBIA WIM OTPHUATENBHBIA,—3T0 BOIPOC COIJIAILICHUS.

§ 46. MAPAJTOKC TUBBCA. UBMEHEHHWE DHTPOINU
NP HEPABHOBECHBIX [MPOLIECCAX

IMapanoke I'n66ca. B padote «O paBHOBECHHM TETEPOTEHHBIX BEILLIECTB»
T'ub6c moxazasn, 9TO BO3pACTaHHE JHTPONMUM, BBI3BAHHOE CMEIEHUEM
pa3HOTO POAA Ta30B IPH MOCTOSHHLIX TEMIEPATYPE H [ABJICHUM,
HE 3aBHCHT OT IIPUPOABI 3TUX ra3zoB (IIOKA OHU pa3HbIE, MOTYEPKHBAI
I'n66c!), B TO BpeMs Kak cMelUeHME ABYX MacC OJHOTO M TOro
e Trasza He BbLI3bIBAET BO3PACTAHWS OJHTpPONMU. TakuM o06pa3oM,
HOpH 1epexoie OT CMECH CKOJIb YTOJHO OJIM3KUX 110 CBOMM CBOHCTBaM
U pa3fgesiIMBIX H3 OTOH CMECH KJIACCHYECKMX HJICabHBIX TIa30B
K CMECH OIMHAKOBBIX Ta30B N3MEHEHHC SHTPONMH UCIHBITBIBAET CKAYOK

AS=2kNIn2, 9.2)

rae  k—unocrosutas bonbitvara, N-—4nCIO aTOMOB KaxJaoro H3
CMEHIMBaeMBIX Ta3oB [cM. (3.460)].

B 3TOM ckadke IHTPOUMHM CMEHICHUS M COCTOMUT napadoxc I'ubbca
no T'ubbey.

Onnaxo MHOrHe aBTopbl Bonpeku I'mbOCy mapanokcoM Has3blBarOT
HE O3TOT CKauOXK W3MEHEHHs OHTPONMH, a He CYUIEeCTBYIONIee
B ACHCTBUTEJNLHOCTH BO3pacTaHHe SHTPOIHM TNPH CMEIUCHHH OJUHA-
KOBBIX ra30B, KOTOpO€ BO3HMKAeT 1PH ITUX BBIYUCICHUSAX, €CIIU
HCTIOIb30BATh BbIpAXeHUe AJist SHTponun v= N/N, MoJiel naeaspHoOro
raza B obveme V B BHIE

S=v(CyInT+RInV+S,) 9.3)
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H CYHTATB Sy He 3aBucamuM ot v (M o1 N=vVN,). HelicTBUTEBLHO,
ucnoan3ys (9.3), mosiyyaeM, YTO OSHTPOUHMS O CMEHIEHHS JIBYX
MOpIMA OJHOTO MW TOTO Xe€ rasa 1o v Mosied B obbeMmax V pasHa

Si= 2v(CV InT+RInV+ So),
a mocJje CMeleHns, KorJa Bech ra3 u3 2v MoJjeit 3anuMaer obsem 2V,
Su=2v(CyInT+RIn2V+S,).

CHClIOBaTCJIBHO, BO3pACTAHKUE DBHTPONHMHM HpH CMCUICHHM OOWHaA-
KOBBIX r'a30B IIpH MNOCTOSHHBIX TEMIECPATYpPEC U HOABJICHHM pPABHO

AS= Sn - S] =2kNIn2. (9.4)

Boipaxenus (9.4) u (9.2) coBmamaroT W, NO-BHIAMOMY, Ha 3TOM
ocHoaHuu pe3yibTaT (9.4) ommbOYHO TaKKE HA3BIBAIOT HAPAOOKCOM
Tub6ca®. Ho Ttaxoit napagokc 'ub6ca B AeHCTBHTEILHOCTH ABJISETCS
HEJIOpa3yMEHUEM, KOTOpPOE YCTPAHHETCs, €CNM Ul 3HTPONMH HIe-
ajJbHOrO ras3a HCHOJIb30BaTh IpaBUJbHOE Bhipaxenue (3.40), a ne
neeproe (9.3). TMapamoxc T'ubbca (9.2) ocraercs W NHpH HUCHOJB-
3oBanun Boipaxerus (3.40) [uis SHTponus HACaJBHOTO rasa.

Hrorna npw obeyxaenun napagokca I'mb6ca momyckaercst u Iopy-
roe Hejopasymenne. [Ipu WCHOJB30BaHMM TNPABUJILHOIO BBIPAKEHHS
(3.40) nns oHTPOIMH rasa NpeAnoNaraercs, 4To Tak Kak, COIJIacHO
(3.42), sHTpONASA CMEINCHHS HE 3aBUCHT OT Pa3/HYAs MEXAY ra3aMu,
TO BO3pacTaHue JHTPONMH JOJDKHO WMETb MECTO ¥ IIpH CMEIeHUH
OIMHAKOBBIX Ta30B M «3TO OOCTOATENLCTBO HA3LIBACTCA NAPaZOKCOM
I'm66can*®. Taxoe nonuManue napanokca [mb66ca Takke HEBEpHO,
Tak kKak ¢opmyny (3.42) Henb3s NPAMEHATH K CMEUICHUIO OJUHAKOBBLIX
razoB (cM. § 16).

BerpeuaroTcss M TakdMe M3NMOXeHHs mapanokca [u60ca, B KOTOPBHIX
XOTA W . OoTMevaercs, 4To ¢opmyna (3.42) HenpuMeHUMa IS
CMeNIeHAs TOXAECTBEHHBIX Ta30B, HO Te€M HE MeHee C [OMOINbIO
3TOH (QOPMYJIbI BBIYHC/ISETCS BO3PACTAHHE JHTPOIHH CHCTEMBI IIPH
CMEMIEHHH TOXMECTBEHHBIX Fa30B M YTBEPXKIACTCH, YTO BHTPONHS
BO3pOCiIa, & COCTOSHHE CHCTEMBl HE M3MEHHJIOCh. B 3TOM H COCTOHT
napagokc. Tub6ca**®,

M3menenne DHTPOTHE TPH HEPABHOBECHBIX mponeccax. B oxnoit u3
craTefl Mo TepMOJMHAMMKE NOKa3blBaeTcs, OyATO M HpU HEKOTOPBIX
HepaBHOBecHbiX nponeccax dS=08Q,,/T, Tak 4YTO HEPaBEHCTBO

8 H]
d5>% He BCEr/ia CIIPaBe]iIMBO.

ITycTh HEXOTOpPO#H CHCTEME TPU TOCTOSIHHOM o0OBeMe coolimaercs
OAHO M TO X€ KOJHMYECTBO TeIUIOTHI HEpBHIE pa3 paBHOBECHO,

*) KmumonTosuu 0. JI. Cratucruueckas: pusura. M., 1982. C. 93
*%) Ancemsm A. U. OcHOBEHI cTaTucTIYecKoi (husuku u repmoguaamuru. CI16.: Jlaas, 2007.
#%%) Cm.: CuByxuH [I. B. O61uii kypc pusuxu. TepmoguHaMUKa U MOJIEKyIApHad Qpusura.
M., 1979.
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a BTOpo#t pa3 HepaBHOBecHo. Tak kxak pabora B oboHMX ciydasix
paBHa Hymo, To dU=06Q,,=60=T4dS, oTkyana

6 H]
45 = 9.5)
T
00w
H, CJICAOBATCIILHO, HCpaBCHCTBO dS>T HE BCECraa CHpaBCI[J'IHBO.

B o5Tom [okazaTenbcTBe NpENNOJiaraeTcsi, 4YTO €CAM CHCTEMa
PaBHOBECHO Nepelia u3 cocTosaus I B cocTosnue 2 6e3 COBEpIICHHs
pabotsl (OW=0), To OHa MOXET U HEPABHOBECHO Hepelitu U3 / B 2, He
cosepiiast pabotel (8 Wy, =0). OT0 npeanonoxeHre ommMO04HO, TaKk Kak
IPOTHBOPEYHT BTOPOMY Hauajly TepMoauHaMukd (cM. § 17). Koneunsie
COCTOSHHSL MpPU PACCMATPHBAEMBIX PABHOBECHOM W HEPaBHOBECHOM
npoueccax pasHeie, U ecau npu SW=0 dS u 3Q oTHOCATCA X mepexoxy
cucteMbl u3 cocTosHHS [ u 2, To mpu OW,,=0 6Q,, oTHOcHTCH
K DIEpexolly CUCTEMbl M3 COCTOSIHHSI [ B COCTOSHHME .{ KOTOPOMY
6Qﬂp

T 3
M 3TO HEPaBEHCTBO HE MPOTHBOPEYHT PaBEHCTBY (9.5), MOCKOILKY B HEM
80, HE OTHOCHTCS K IEPEeXOAY CHCTEMBI M3 cOCTOsHHA [ B 2.

COOTBETCTBYET W3MeHeHue suTporun dS'. 1o Bropomy Havaiy, dS' >

§ 47. O NOCTPOEHMN TEPMOJMHAMHKU
HA OCHOBE IEPBOI'C HAYAJA

B onmHoll 43 KHMr mO TepMOAMHaMuke® OPEIPHHATA IOMBITKA
«MAaTEMAaTHYECKOTO H3JIOKEHHS HOBOH CHCTEMBI TEPMOIMHAMHKIY,
B OCHOBE KOTOPOH ICKHUT HJESl O MONHOH TOXIECTBEHHOCTH (Hopm
IIPEJCTABJICHUST BCEX  PABHOBECHBIX B3aMMOJEHCTBUIA HE3aBHUCHMO OT
UX poaa». ITO 03HAYaeT, UYTO €CJIM CHUCTeMa B3aWMOAECHCTBYET
C OKpyxaromell cpelioil 4epe3 n BO3IEHCTBHH pa3HOro -poja ¥ Kax-
JIOMy BO3JIECTBUIO OTBEYaeT CBOA KOOpAMHATA X; W CBOA CHia
X; (i=1, 2,0..., n) ¥ ecad B pe3yabTaTe B3aUMOAEHCTBHS CHCTEMBI
CO Cpeloil MPOM30LLI0 U3MEHEHHE KOOPAUHATHI X; Ha dX;, BCIENCTBHE
yero Obljla coBepllieHa 3JeMeHTapHas paboTa

EW,':X,' dxi, (9-6)

TO 5Ta pabora (B3sATas ¢ OOpaTHBHIM 3HAKOM) HPHHAMAETCH 32 MeEpY
Jroboro BO3JEHCTBHS cpelbl Ha CHUCTeMy. B ciydae TemsioBoro
BO3JIEHCTBUS MEPOU ero OyIeT KOJIMYECTBO TEIIOThl 80, KOTOpOE,
corjiacHo (9.6), paBHO

50 =TdS, 9.7

IJe TemJIOBOW CHJION sBJsieTcss TemmepaTypa 71, a TeIUIOBOM KoOp-
JHaTof —oHTponus S.

* Cwm.: Jleonosa B. ®. Tepmonuuamuka. M., 1968.
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Wsmenenne BHyTpeHHEH suepruv dU cuUcTeMbl npu ee B3auMonei-
CTBUH CO CpEJIOM PaBHO CYMME KOJIMYECTB BCEX BO3JCHCTBHI:

dU=580Q~8W, -8

YTO MpejacTaBlisieTr coO0H ypaBHEHHE [IEpBOro Hayala TepMOIMHAMHKA
B ero obOwuHON Qopme. ChenoBaTesbHO, CYHIECTBOBAHHE (QYHKIUM
COCTOSIHUSL (KOOPIMHATHI) FHTPONHA S, YCTAHABIUBAEMOE YPABHEHHEM
(9.7), y Bcsiko#f DAaBHOBECHOM CHCTEMBI, COTJIACHO YKa3aHHON KHMTE,
HETOCPE/ICTBEHHO CIIEYeT M3 TOKAECTBEHHOCTH (OpM HpeaCcTaBieHHs
BCEX PABHOBECHBIX B3aUMOJEWUCTBMH HE3aBHCHMO OT HX popa  6e3
HCIOJIb30BAANs] BTOPOTO Havasia Jijisi PABHOBECHBIX NPOIIECCOB, YpaB-
HEHHEM KOTOPOro, Kax H3BecTHO, sBisieTcst (9.7). OcHOBbIBAsCh Ha
ypaBHeHNH (9.7), CrIpaBesIMBOM TOJBKO Il PABHOBECHBIX MPONIECCOB,
B KHHTE J[OKa3bIBAETCS TakXke, YTO HEPABHOBECHBIN TEMI000MeEH
B U30JIHPOBAHHON CHCTEME BCETAA COMPOBOXK/IAETCS POCTOM 3HTPOIHH.
[Ipu 3TOM cunTaercs, YTO TaKOi pe3yjbTaT MONyueH Oe3 MPUBJICYECHUS
BTOPOro Hayaja TEPMOOWHAMEKHA [Jis HEPABHOBECHBIX IPOIECCOB
M SBJISETCA HYACTHBIM CjiydaeM oOuiell TEeHAECHIUH HEPABHOBECHBIX
B3aMMO/ICHCTBUH B M30JUPOBAHHBIX CHCTEMAX.

Takum o00pazom, OKa3bIBAETCS, YTO IIPH WCCICOBAHMU TEPMO-
JMTAHAMMYECKMX CBOMCTB CHCTEM BTOPOE, HAYajo HE HYXHO B IOJHOM
obbeMe W OCHOBHBIM 3aKOHOM TEPMOJMHAMHUKY SIBJISETCS TOJBKO
nepsoe Hawano (9.8). Takoe mocTpoeHue TEPMOAMHAMHUKH SBIISIETCS
OHIMOOYHBIM.

Wnes o roxaecTrenHocTH (OPM TPEICTaBICHHS KOJIHYECTBEHHBIX
Mep BCEX PaBHOBECHBIX B3aMMOMCHCTBHMM HE3aBHCHMO OT UX DOJA,
HECMOTPSI Ha €€ INpaBWJILHOCTH, HE BCKPHIBAET OOBCKTUBHO CYIIECT-
BYIOIIETO TAYOOKOrO KAayeCTBEHHOIO OTJHMYHS TEILIOTHI OT paboThl,
KOTOpOEe MMEEeT NMPUHUUIIMAIbLHOE 3HAYeHHe (XapaKTepu3ys CHEHM(HKY
TEIJIOBOTO JBWKEHMS) W KOTOPOE YCTAHABJIMBAET BTOPOE Hauaso
TepMouHAMUKU. B caMoM [esie, B TO BpeMs Kak KOJIMYECTBO
TEIUIOBOTO BO3AEHCTBHS () HHUKAKMM CIIOCOOOM HENb3sl MPEBPAaTUTh
B MeXaHWYecKyto paboTy ©Oe3 [pyrux wu3MeHeHuil (KOMICHCAiyi),
KOJIMYeCTBA  JIPYrMX BO3JCHCTBUI MOTYT nNpeBpamartscsi B paboty
0e3 MOMOOHBIX OrpaHUYeHWi. DTO NPHBOAUT K TOMY, 4YTO, B TO
BpeMs  Kak KOJIHYECTBO TEMJOBOTO BO3JEHCTBUS () mpeBpaljaeTcs
B MEXaHW4ecKyro paboTy npu oO0si3aTesibHOM TIOCpe/icTBE padodero
TeNla, KOJMIECTBO JTI0BOT0 APyroro BO3AEHCTBUS MOXET NPEBPATHTHCS
B pabory m 0Oe3 pabouero Ttena. Bropoe Hawamo M BBIpaxaer
O0COOEHHOCTH TETUIOBOTO JiBuXeHUs. Kak e MOXHO NOITOMY CTPOUTH
TEPMOAMHAMUKY 0e3 SBHOTO YydYera 3TOM ocobeHHOCTH, T.e. 0e3
BTOpOoro Havana tepMoauHaMuku? COrjacHO 3TOMY 3aKOHY, K.ILA.
TEIJIOBOrO [ABUraTeNsl JIaXe B HJICAJbHBIX YCIOBUSIX HE MOXET OBITH
paBed |, B TO BpeMs Kak B O3THX YCJOBHSAX K.ILJ., HalpHUMED,
JIBMrATENs, MPEBPALIAIoNIEro MIEKTPUYECKoe BO3ACHCTBAEC B MeEXaHHU-
deckylo paboty (amexTpoasurartend), paseH 1. Kpome Toro, pac-
CMaTpUBacMasi CHCTEMa NOCTPOCHHS TEPMOJMHAMUKH B JEHCTBHUTEND-
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HOCTH HH B KOed Mepe HE NO3BOJNET YCTAHOBHTH BO3pACTAHMSA
SHTPONUM H30JMPOBAHHON CHCTEMBI, B KOTOPOH HPOTEKAET HEPAB-
HOBECHBIH TenmiooOMeH. B xuure sror pe3yabTat IOJIYY€H HE Ha
OCHOBE TI0JIOXEHUS] O TOXIECTBEHHOCTH NPEJICTABJICHHS BCEX PaBHOBEC-
HBIX B3aUMOJICHCTBHUI, a TPU MOJIYATIMBOM MCHOJIB30BAHUH BTOPOLO
Havajia TEPMOJIMHAMUKH, YTO BUJHO U3 TPUBEIECHHOTO B KHUTE
J0Ka3aTeIbCTBa.

Ilycte uMeroTcs ABa Tena ¢ temnepatypamu T'; u T,. Jomyctum,
yro T;>T,. llpu snemeHTapHOM akTe TeryiooOMeHa TeJio !/ OTAA&ET,
a TeJio 2 WOJNy4YaeT KOJHMYECTBO TemwnoThl 8Q. B  pesymbrare
npou3odneT usMeHeHue 3HTponuu Ten: dS; <0, dS,>0. Komuuecro
TEMNOThl 8, KOTOPbIM OOMEHSUIHCH T€Jld, MOXHO BBIMHCIHTBH 4epe3
napaMeTpot 3THX T —06Q=T7,dS; wu 80=T,dS,, orkyna
T, dSIZ"‘TzdSZ HIIR T1[d51|=T2dS2 " dSzz(Tl/Tz)ldsll Taxk
kak, mo ycnosuto, 13>T,, 10 T(/T3>1 #u

dsS,>dS; . 9.9

WN3menenne sHTpomun dS CHCTEMBI DPAaBHO CyMME H3MEHEHHI
snTpomuit Tem: dS=dS;+dS,. VuarmBasg (9.9), monyuaem

dS>0, 9.10)

T. €. SHTPONHMS W3OIMMPOBAHHOW CHCTEMBI, B KOTOpPOH NpOTEKAET
HEPaBHOBECHBIH TemI000MeH, BCer/la BO3PAcTaceT.

OTOT BBIBOJ NOJY4YEH MpU JOMYILEHWH, YTO TEMOTa caMma coboii
HEPEXOJUT OT IOPSYEr0 Tejad XK XONOAHOMY (0JHA H3 (GOPMYJIUPOBOK
Broporo Hauaja). [Ipu oOpatHoMm npemanonoxenun s dS mnomy-
4uiioch Obl HEPAaBEHCTBO €O 3HakoM, obpatubiM (9.10).

§ 48. YVCTOMUMBBI JIM COCTOAHUA C OTPULIATEJLHOMN
TEPMOJAMHAMUYECKON TEMITEPATYPOI?

Bonee 40 mer Hazam B pe3ynbTaTe M3YYeHHS NapaMarHUTHOM
pelakcalMy B KpHcTadujax OBUIO YCTaHOBJIEHO, YTO BO MHOTHX
Cily4asix- COBOKYIMHOCTb CIMHOBBIX MOMEHTOB MOXHO BBIACJIUThH B OT-
JeJbHYI0, He 00aaronylo NpoCTPpaHCTBEHHBIMH CTEeNeHAMH CBOOOb!
TEPMOIMHAMHYECKYIO CHCTEMY, XapaKTepH3YIOLIYIOCS TEMIepaTypoH,
OTIIMYHOH OT TeMueparypbl oOpasna. OcoOeHHOCTHIO 3TOH CHMHOBOM
CHCTEMB! SBIICTCS OrPAHUYEHHOCTH CHEKTPa, YTO NPHUBOJUT K BO3-
MOXHOCTH HaxOX/EeHMS ee Kak B PaBHOBECHBIX COCTOSIHHSX C IIO-
JIOKUTENHLHON, TaK M B PABHOBECHBIX COCTOSIHMSX C OTPUIATENHHON
TEPMOIMHAMUYECKOH Temmepatypoit (cMm. T 7).

Tak xak TepMOAWHAMHKA ONpPEACIIAET TEMIEpaTypy JHiib
I8 TepMOJUHAMHYECKH PaBHOBECHBIX CHCTEM, TO J3TO NOHSTHE
APUMEHUMO H K YKa3aHHbIM DPAaBHOBECHBIM COCTOSHHSM CHHHOBOM
CHCTEMBI. OIIHaKO BO MHOI'MX KHHTAax no TCPMOONHAMUKE
U MOJIEKYJSIpHOW  ¢U3MKE MOXHO  BCTPETHTH  BBICKA3bIBAHHS
O TOM, YTO COCTOAHHA C OTPHULATCIbHBIMH TEMIECpaTypaMH —3TO
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TEPMOJANHAMMYECKH HEPABHOBECHBIE M HEYCTOMYHBBIE COCTOSHHS,
[OHATHE TEMIEPATYPHl K HUM HENPUMEHMMO M TaKHe COCTOSHHS
JHIe  (GOpMANibHO MOTYT  XapaKTepH3OBaThCs KaK  COCTOSHHS
c oTpumaTenbHOR TeMmmeparypoii*).  VrBepxmaercs, HampuMep,
YTO LIS BCEX PpEANbHO CYIIECTBYIONIMX CHCTEM  COCTOSHHS
C OTpHMIATEJIbHBIMH TEMIEpaTypaMH, CTPOrO TOBODS, SBIAIOTCH
MU MeTacTalMNbHBIMH, a HE paBHOBeCHHIMH. B camom
JeNle, COCTOSHHE CHCTEMBI CIMHOB C MATHUTHBIMH MOMEHTAMH,
OpHEHTHPOBAHHBLIMHU TIPOTHB IIOJIsl, HEYCTOHYMBO, Tak Kak obnamaer
H30LITKOM SHEpPruH. 3a XapakTepHOe BpeMsl I[epeladu dSHepruu
0T CIMHOBBLIX CTereHe# CBOOOIBI K BpallaTeNbHBIM M KOJeOaTeAbHEIM
CTENEHSAM CBOOOABI OHO DAa3pYILUTCS W MEPEHAET B COCTOSHHE
C TIOJOXKUTENBHOH TeMIeparypol, Tniepedas M3OBITOK  SHEpIruu
APYTUM CTENEHAM CBOGOIBD*¥,

TepMomHAMHKA CHCTEM C OTPHULATENLHBIMHU . TeMIEpaTypamu
u3oxeda B ria. 7. VI3 3ToM TINaBel MOXHO 3aKNIOYMTh, 4YTO BCE
BBILIEIPHBEJCHHBIE YTBEPKACHAS O CHCTEMax . C OTPUIATENILHBIMA
TeMmrnepaTypamMu ommbo4Hbl. CIMHOBBIE COCTOSHHUS C OTPULIATENBHBIMK
TEMIIEPATypaMi — 3TO PABHOBECHBIE COCTOSIHHS, W MOTOMY K HHUM
NpUMEHHMO TEPMOIUHAMHYECKOe MOHATHE TeMuepatypbl. CocTosHuS
STH SBJSIOTCA YCTONYMBBLIMH, HO B OTJHM4HE OT OOBIYHBIX CHCTEM
UX YCTOWYHMBOCTb XapaKTEpU3yeTCsl ~He MHHUMYMOM BHYTpEHHEH
sHeprud W JHeprum I'ubGbca, a MakcmMymMoM 3THX ¢yHKIMH (CM.
§ 34). Uro xacaercs TOro, YTO CHCTEMBI C OTPHIATCIBHOM TeEM-
Oeparypoil OCTBIHYT IIPH KOHTAKTE C TENAMH, MMEIOMIUMU MOJOXKH-
TENBbHYIO TeMmepatypy, To Teqo ¢ t=10° C Toxe OCTBIHET NpH
KOHTaKTe ¢ TEPMOCTATOM, HMEIOIHEM TeMrmepatypy f=5° C, omHako
3TO HEe 03HAYaeT, YTO IEPBOHAYANLHOE COCTOSHUE Tena ObLIo
HEPABHOBECHHIM M HEYCTOWUMBBIM. Teruiblii BO3OyX B 3aKpBITOH
KOMHATE 3MMOW TOXE OCTBIHET Yepe3 XapaKTepHOE BpeMs TEIIO-
nepefatn uepe3 CTEHbI, XOTA COCTOSHHE BO3/IyXa BCE BPEMsi paBHOBEC-
HO ¥ ycToiunBO. COCTOSHUS C OTPULATENILHONR TeMIepaTypol HeJIb3d
IPENICTABIATh Ce0e KaK COCTOSHUS BOJHOTO PacTBOpa COJI B CTAKaHE
B NEPBBIC. CEKYHIBI MOCJE €ro MepeBOpaydBaHUS BBEPX IHOM, KOTAa
IUIOTHOCTb PacTBOpa BBepxy Oospliie, 4eM BHHU3Y, H CHCTEMa HMEET
M30BITOK MEXAHUYECKON SHEPruu, NEepexonslleil co BpeMeHeM B 3HEp-
THMIO TEMJIOBOTO [BHXeHHs. Ilpm oTpuuarenbHON TeMmmepatype (CM.
§33) B cucreMe MOryr OBITH TpPOBEAEHBI pasIUyHbie OOpaTHMbIE
APOIECCH], Yero NPUHIUMHANIBLHO HeNb3s Obuio OBl cAenaTh npH
HEPABHOBECHOM COCTOSIHAM CHCTEMBI. _

[ToMHMO  TEpEeYHCIICHHBIX BHIIE HEBEPHBIX YTBEPXKIEHHH O cCoO-
CTOSHHSX ¢ OTPHUIATENLHOW TEMIEPATypOH AOKa3bIBaeTCsl TAKXKeE, 4TO
TePMOJNHAMMYECKHE TEMIEPATyphl HE MOTYT OTJIMYaTLCA 3HAKOM,

* Cwm.: Kukoun A. K., Kuxoun U K. MosekyaspHas ¢usnka. CII6.: Jlans, 2007. § 94.
** Cwm.: Pymep 10. B., Poikun M. I, TepMoamHaMuka, CTATHCTHYCCKas (QHM3MKA H
kuHeTHka. M., 1977. § 67.
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HO3TOMY €CJIH NpPHHATA NOJIOKUTENbHAs TeMIepaTtypa Kakoro-iubo
COCTOSIHMSL IPOU3BOJILHOIO Tejla (HANpHMED, TeMIepatypa TpOHHOMN
TOYKM BOJIBL, TIO ompeneneHmio, pasHa 273,16 K), To TepmonuRramuyec-
Kasi TeMnepaTypa He MOXET NPWHUMATH OTPULATE/LHBIX 3HAYECHUH,
Bot 3TO jl0Ka3aTenscTBO™,

HomyctuM, 49TO CYIIECTBYET TeJlO, TepMOAMHAMMYECKas TeM-
nepatypa 7T, xoroporo otpunarensHa: 7,<0 K. Hcnonsdyem 3rto
TEJO B KadyecTBe XOJOMWIbHAKA B TemwrioBoit MamuHe KapHo.
B xauectBe HarpeBaTeiisi BbiOepeMm Teno, temmeparypa T; KOTOPOro
nonoxurenbHa: T3>0 K. Ilycte B mponecce Kapro HarpeBartenn
oTAan komum4yecTBO TemnoTel (J1>0. Torma XoNOAMNBHUK HOJYYHJI
KoJmuecTBO Ttemiothl Q,=T1,0,/T;.

Tak kak, no npeanonoxenuto, 1,/T; <0, 0. Q,<0. DTO 3HAUHT,
4T0 B [JEHCTBHTEJIHHOCTH TEIUIONPHEMHHUK HE NOJYYWs, a OTHal
temnoTy — @, =|(,|. B pe3yjibTate UMK/Ia MPOU3BEIECHA MOJOKHUTEIb-
Has pabora W=Q;—0,=0:+|Q,|. bynem paccmaTpusaTth T€MIOO0T-
JIATYAK H TEIJIONPUEMHHK KaK OJNWH TelwioBo#l pesepsyap. Emuncr-
BeHHBI pe3yabTaT KpyroBoro mpouecca KapHO COCTOHT B TOM, 4TO
Tako#l TeIsIOBOH pe3epByap otpan temwnotry Q;+|Q.|, 3a cuer
KOTOpOH Npou3BeAeHa 3KBUBaleHTHas pabora W=(Q;4+]Q,|. Ho
3TO TPOTHBOPEYMT BTOPOMY HAYaJy. TEPMOJIMHAMUKH, TOITOMY
npennojioxenne T, <0 K— HenpaBuibHOE: mepmoounamuueckas mem-
nepamypa He Moxcent OvlmMb OMPUYAMEAbHOIL.

Urobbl sicHee Obuta BHAHA OMIMOOYHOCTH 3TOro [I0Ka3aTesbCTBa,
Mbl pa3bepeM BHauaje 3anady 3ommepdesbaa, NPUBEICHHYIO Ha
c. 87. Paccmorpum uukna - KapHo ¢ Bomoil B kauectBe pabouero
Tena. TeMmepaTypbl TEIOOTHATYHKA M TEIUIONPHEMHUKA PAaBHBI
cooTBeTcTBeHHO 6 U 2.°C: mpu 6 °C BOJa HW30TEPMHMYECKH pACILUDS-
ercs, a npu 2 °C—u30TepMHYecKH cxuMaeTca. Beiencreue aHoMats-
HOrO HOBEAEHHS BOAbI, koraa t<4 °C, npu obeux TeMiepaTypax
Oymer TONBOAMTHECA TEIUIOTA W MOJHOCTHIO HPEBpPALIATLCH B IK-
BUBAJICHTHYIO  PabOTy, 4TO HAXOAUTCA B NMPOTHBOPEYMH CO BTOPHIM
HauanoM. B yem peno?

Bpsig nmn koMy-HHOYOb TPHAET MBIC/Ab, YTO BO3HHKILEE NPOTH-
BOPEUHME  YKA3BIBAET HA HEBO3MOXHOCTH PABHOBECHOI'O COCTOSIHUA
Boabl npu 2 °C. Kak BuaHO w3 penienust 3To# 3anmaym (cMm. c. 311),
MPOTUBOPEYHE CO BTOPBIM HAYaJIOM BO3HHKJIO H3-33 TOTO, 4YTO
paccmarpuBaembiii mukjl KapHO HEBO3MOXKEH, Tak Kak JUisi BOMBI
He cymectByer aamabarshl, coegumsitonleii w3oTepMel f =6 °C
n t,=2°C.

AHasioruyHasi CUTyaiusi OOHAPYXHUBAETCSH W B IIPUBEIEHHOM BBIIIE
JI0OKa3aTeNbCTBE HEBO3ZMOXHOCTH OTPHIATENBHOH TepMOAMHAMHAYECKOM
TeMuepaTypel. PaccMaTpuBaeMbiif B 3TOM  JIOKA3aTeslbCTBE IHKJI

* Cwm.: Cusyxmm JI. B, O6umii xypc ¢usuku. TepMomMHAMEKA M MOJEKYJISPHAS
uszuka. M., 1979. § 31.
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KapHo HeBO3MOXKEH, TaK Kak HE CYLIECTBYET pAaBHOBECHOTO ajiu-
abaTHOTO Mepexo/ia MEXAY COCTOAHUSMH C OTPULATENLHOW H To-
JIOXKHTEIRHON TeMiiepatypamu (cMm. § 32).

9.1.

9.2

9.3.

9.4.

3AJAYU
Ha ocHoBaunun NCPBOro M BTOPOro Havajl TEPMOAMHAMUKH
op
80=CpdT+T| -= | dV.
) vdl+ <6T .

IMoueMy owmbOOYEH JeJdeMbiii OTCIOAA BBIBOA O TOM, YTO H30TEPMHUMECKHE
npoueccet npu 7=0 K Bcerna mnpoucxoaar 6e3 temnoobmena (3Q=0) u uro
U3 MEPBOT0 W BTOPOTO Ha4dJl OJHO3HAYHO CJIEAYET COBMNAZEHHE HyJeBOI H30TEpPMBI
¢ aauabartoif?
Cosrafcuue HyjeBOH H30TepMbl € ajuabaToll cilemyeT W3 TPEThEro Hayaia
TEPMOJMHAMUKH, €ro HCJb3s8 J0Ka3aTh HAa OCHOBE NEPBOTO ‘M BTOPOro Haya.
OnHaKo B HCKOTOPHIX paboTax 3TO «IOKa3biBaeTCs». YKa3aTb OIIMOKY B OJHOM
M3 TakiX JOKa3aTednCTB*: wn300pasum 8 S, T-koopaumarax wusorepmy AB
(puc. 29) n ycTpemuM ee k ocd sHTpomuu. Torma 80 — 0. CnenopaTelabHO, Mbl,
HHYErO HE 3Has O TpeTheM Hauale, nosyyuM, 410 00 -0 nmpn T-0 K.
TIo CcOBpEMCHHBIM NPCACTABICHUAM, TEINOEMKOCTh Cy B KPUTHUECKOHM TOUKE
KUAKOCTb — [ap pasHa OcckoHedHocTH. TepMoauHamuka jomyckaeT kak CpP=oco,
tak u CfP=const (cM. § 62). Omuaxo B 1978—1980 rr. Opuln omyGiIHKOBaHBL
CTaThH, B KOTOPBIX JOKa3BIBANOChH, YTO AonylleHHe (P =o0 DPUBOMMT K Hapylue-
HUIO [EPBOTC HAY4iA TCPMONMHAMMKHM B KPDHTHYCCKOH TOYKE W TO3TOMY
TPHHUMTIMAILHO HEBO3MOXHO*®. BoT (3T0 joKa3aTenncTBo: «M3BeCTHO, HTO
YCIIOBHEM Y/IOBRETBOPCHUS IIEPROCO Hayajla SBIACTCS PABCHCTBO eAMHHIE sIKOOMaHa
npeobpazosanus D=2 (p. V)/3(T, S), nockonpky n3 $dU=4TdS—§pd¥V=0 no-
nysaem $TdS=¢pdV u, crenoBaTeIbHO, ’

§pdv é(p. V)

$1ds 8(T, S)

B COOTRCTCTBMH C TEOMETPUYECKHM CMBICIOM sikobuana kak koddduumenta
WU3MEHEHHA IEMCHTAPHBIX IUIOUIAJOK MpH mepexone oT p, V- x T, S-koopauHartam.
Ho ycnoBue Cy=00 03HAYAET, YTO KACATCAbHAS K KPUTUYECKOH H30XOpe Ha
T. - S-IJIOCKOCTH . COBNAJACT € KacaTeibHOH K KPUTHHECKOH u3obape, a ITO
NPUBOJMT K BBIPOXKICHUIO fKOOMaHa npeobpa3oBarus, Tak Kak 3IlieMEHTapHas
IUIOINA/IKA B, BCPUIMHE NPSMOTO YIia, ODpa3sOBAHHOrO KPHTHYCCKHMH H30XOPOH
n u300apoit Ha maockocTd p, V, ucuesaet Ha maockoctH T, S».

IToka3sare OMIMOOYHOCTH TIPHBEACHHOIO AOK434TENbCTRA.

B xuure JI. Kamke, K. Kpemep «®usudeckde OCHOBBI enuuuu u3MepeHus» (M.,
1980, § 9.5) nokaspiBaercst, uto «mpouecc Kapro He eXMHCTBCHHBIR KpyroBO#
nponecc ¢ K. m. g m=(T;—T;)/T,. Takum xe k.M 4. obxagaer mnpouecc
CTHpIHHTA, JICKAIUWH B OCHOBE BO3AYIHOTO JBHratens M T'd30BOH XOJOIMIBHOH
Mmaiubel  @uaunca. B 3toM  kpyroBoM mpoliecce  MEXAY U30TEPMHUYECKHM
pacuiMpeHHeM npd Ty ¥ U3OTEPMUYECKUM CXaTHEM npu T, MNPOUCXOAAT JIBa
H30XODHBIX W3MEHEHHs COCTosnmA. B Xoje mepsoro m3oxopHoro sTama pabodee
BEilleCTBO (PACCMATPMBACTCA MACAJBHBIA ra3), umerowee obrem V,, oxmgaxaaercs
or T; no T,, MpH 3TOM OHO OTAAET ONpefeieHHOe KONnuecTBO TertoThl. [pu

* Cm.: Maciokos B. H. O tpetbem uauane tepmoauuamuxy // Kypd. o¢wus.

xumun. 1971, 45, C. 2396.

*%) Cm.: Xaiipyramnos K. A. 3naueuye H30XOpHOW TEMIOCMKOCTH H aanabaTHOR

CKEMAEMOCTH YUCTBIX BEIIECTB B KpuTudeckod touke//XKypH. ¢éu3. xummu. 1978.
52. C.2794.
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9.5

9.6.

9.7.

9.8.

obpaTHOM u3oxopHoM JTtane 4—-1 1O XKe r
CcaMoe KOJIMYECTBO TCILUIOTBI Tnpu  0ObeMe
V, pacxomyercs Ha HarpesaHue paboucro
BemecTsa ot Ty, g0 T,;. B ornnume ot
mporecca KapHo, B KOTOPOM B COOTBCTCT-
pyroux Qaszax (amuabarsi) TEWIOTA HE TOM-
BOJNUTCA H HE OTHHUMAETCS, 3/€Ch TEIUIOTA
OTAAeTCY M 2ATeM CHoBa noryomiaercs. Kax

1 B mporecce KapHo, k. I. 1. ompeiessercs L J,
JHLIb KOJIMYECTBOM TENIOTHI

Q1=VRT,In(V,/V}), noriomaemMsIM 1npH Te-
mrepatype 7T;, M XOJHYECTBOM TEHJIOTHI
Q,;=vRT,In(V,/V,), oTnaBaeMbIM TpH TeM-

nepatype 7, T.e. QIS HACANBLHOIO rasa 0 S

Ner — 0:-0> - Puc. 29.
upmra 0

VR(T - T)In(V2/Vi) Ti~T,
= 7 = = Nkapno”
vRT In(V,/V,) T,
(cMm. puc. 51). Vkaszate ommbky B IPHBEJCHHOM JOKa3aTeIbCTBE.
B 0mHOM yyeBHOM NOCOBHMH TO CTATMCTHYECKOH (M3Mke® JOKA3LIBACTCA, 4TO,
B TO BpEeMs KaK HpPH KBAa3UCTATHYECKOM aAMabaTHOM MPOLECCC Tepex0ja CHCTEMBI
U3 OJHOTO COCTOAHHSA B IPyroe W3MEHEHHE e¢ IHTponun d.S=0, Ipu HeCTATHYECKOM
annaGaTHOM Inpouecce Mexay TeMd ke cocrosuusmu dS>0. Tlokasars, ¥rto
TaKOEe 0KA3aTeIbCTBO OIIMOOMHO, TAaK KAK INPOTHBOPEYHT BTOPOMY Hagajy
TEPMOJMHAMUKH H TO3TOMY, NMOAOOHO MPOEKTAM BCYHOIO JBHTATEINs, €r0 MOXKHO
HE paccMaTpnBaTh B OCTAIAX.
PasbacHWTb, NOYEMY HEBEPHO TAKKC  YTBEPKICHHE, COICPKALUICECT B IPYroMm
yuebHoM Tmocobuu**: «Durponus. KaXA0To Tena sABiserca QyHKumedl efo co-
CTOSIHHSA, ¥ IOITOMY €¢ M3IMCHEHHE HC MOXCET 3aBHCETh OT TOFO, KakKuM obpazom
KOJUYECTBO TEIOTHl 60 OTBEJCHO OT HEro —o0patuMo WM HeoGpatumon.
B «®uznueckoii snmuknoneauu» (1988. T. 1. C. 25, 26) uuraem: «/{ns uneanbroOro
raza agMabata onuceiBaeTcs ypasHeHmeM Ilyacco Ha  pPY=const, rae
y=C,/Cy — OTHOLIEHHE TENJIOEMKOCTH NPH MOCTOAHHOM JABJICHHH K TEILIOeM-
KOCTH 0pH IIOCTOSHHOM o00BbeMe (/Ui OJHOATOMHOrO Tra3a TpH OOBIYHBIX
Temneparypax y=1,67, nns AByXaTOMHOro rasa y=14), a and GboToHHOro rasa
aanabara ouMchiBaeTcs ypasdenuem Iyaccoua, rae y=*/3». Kak 3to cornacosats
¢ Tem, 4to Ans potonHoro raza C,=, Cy=4cT >V u, credoBaTeNbHO, = 0?
B «®usnueckoil DJHIMKIONECIHH» (f988. T. 1. C. 360) ppusoamtcs cieayrouias
dopmyauposka npusiuna Kapateomopm: «BOausu moOoro cocrosHus TepMOiH-
HAMHYECKOrO PABHOBECHS M CKOJIb YrOAHO OJIM3KO K HEMY CyUieCTBYET COCTOSHUE,
B KOTOpOE HEJb3s IONACTL NpH MOoMoIM aaMabartHoro mpouecca». [Tokasats
ommboaHOCTE 3TOH opmymnpoBku npuHmmna Kapareonopu.

* Kawmontosna FO. JI. Crarucruueckas Quauka. M., 1982, C. 55.

*%) Cwm. mep JO. b., Puieknn M. lIl. TepmoauHamMuka, cTaTHCTHYecKast (QU3MKa
P

v kuHeruka. M., 1977. C. 105.




NMPUMEHEHMA
TEPMOANHAMUKHU

TI'VIABA JECATAS

TEPMOJUHAMUKA PA3JIMYHbLIX
PM3NYECKHNX CHUCTEM

B 4.l npu u3noxeHuu meopemu4eckux OCHOB
MepMOJUHAMUKU YXX€ NPUBOJUNUCL OMAENbHLIE ee
npunoxexus. Tenepr Mbl nocnegoBamefisHO pac-
cMompum psif guluyecku Hauboree BaXHbiX Npu-
MEHeHUA MmepMOJUHaMUKU npu U3y4YeHuu CBOVCMB
passiudHbIX cUCMEM.

§ 49. TEPMOAUHAMUKA T'AJIbBAHMYECKHX
N TOTUIMBHBIX JJEMEHTOB.
ONPEAENEHUE XMMHYECKOI'O CPOIACTBA

Vpabuenus T'u66ca —Tensmronbna (5.29) m (5.30) moxHO mpen-
CTaBUTh €ll¢ B HECKOJIbKO 'HHOM BHIE, BaXHOM MJIS INPHUIIOKEHHUH.

Eciu cucrema u30TEpMHUECKH nepexoautr u3 cocrosmuus 1, V,
¢ sneprueii Tensmroneua F,=U,+T(3F,/0T), B cocrosuue T, V,
¢ sueprueit [enpmronsna F,=U,+ T(0F,/0T),, T0 npu 310M YOBLIL
sgepruu ['enbMronbia

Fl—F2=U1—U2+T|:M}
oT v

CUCTEMBL paBHA coBepiiacMoil eto pabore W m mostomy
W=—-AU+T(@W/OT),.

Y6buts BHyTpenHeit suepruu U, — U, = — AU MOXHO OIpENEIUTD U3
OnbITa, KOFJIa CHCTEMa [EePEeXOJNT W3 COCTOsHMA ¢ sHeprued U,
B COCTOsHHE ¢ 3Heprueit U, Oe3 coBepiueHns paboThl (IpH IOCTOSHHBIX
obbeMe V u ApYrux BHEIIHMX MapaMmerpax a; B CJI0%kHO#M cucTreme). OHa
B 3TOM ciiyuae paBHa —AU= — Q= (), —KOJHYECTBY BBIACIAIOLIEHCS
TEIUIOTHE WM TermioBoMy 3ddexTy nepexoga (Hampumep, TEMIOBOMY
ahdekTy peakimu B KaJgopuMeTpuyeckoil 6omoe beptio). Takum obpasom
nojiyyaeM ypasrenne Iu06ca-—eipMmronsna s nojHoil paboTsl
cucTeMs! (IIPOTHUB BCEX CHJI) MPH JIIOOOM H30TEPMHUYECKOM IPOLECCE:

W=Q,+T@W/eT),. (10.1)
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Hdusa ompenmeneHus paboTHl CHCTEMBI HPOTHB HEMEXAHHYECKMX (Ha-
IpHMED, IMEKTPHYECCKUX) CHJI PACCMOTPUM HM30TEPMHYECKHI mpouecc
npu mocTosisHOM naBienuu. CornacHo dopmyne (5.30),

G=H+T(0G/oT),.

IMpu mnepexoge CHCTEMBI H300apPHO-H30TEPMHUYECKH H3 COCTOSHH
1 B cocrosine 2 yOwulb oHeprun I'ubOca paBHa

9(G,—G,)
oT 3

Ho—(G,-Gy)r,,=Wu, a H;,—H, MoXeT ObITb oOTpeleiicHa
M3 ONBITa, KOTJa CHCTeMa MH300apHO NEPEXOAUT U3 COCTOSHHS
¢ oHramenwed H, B cocTosHHe cC oSHTandbmuedr H, 0e3 pabots
HEMEXAHUYEeCKHX cHJI. Pa3HOCTH 3HTANbIUi B TaxoM clydae paBHa
H—H,=U,~U,+p(V,-V,)=—Q=0,~— TennosoMy 3ddexTy mpu
n306apHOM IIpOHECCE.

IMoaromy ypaBHeHue I'n66ca —I'enbMronbLa UIs HEMEXaHUYECKOH
paboTsl cucTeMbl OpH H3002pHO-H30TEPMHYECKOM IPOIECCE IpU-
HUMAaeT BHA

Gl'—GZ=H1_‘H2+T<

W=0,+T@W/eT), (10.2)

TepMoanHaMuKa rajbBaHHMECKMX M TOIUTMBHBIX 3jdeMeHTOB. [Ipu-
MeHuM ypaBHeHue (10.2) kK 2JMEKTPOXMMHYECKMM TeHEpaTOpaM — rajb-
BAaHWYECKMM H TOIUIMBHBIM 3JieMeHTaM. [IJIs1 3TOro yCTaHOBMM CBS3b
MEXAY 9.0.C. JJIEMEHTa W TEIJIOBHIM 3(pdekToM peakuuu, mnpouc-
Xoaduielt B aneMeHTe NpH ero padoTe, B ciydae, Korja M3MEHEHHE
€ro BHYTpPEHHEH OHEprMH WOeT He Ha BBIOCICHHE TEILUTOTHI, a Ha
paboTy 3MEKTPHUECKHX CHIL.

PaccMoTpuM OOpAaTHMBIH 371EMEHT, B KOTOPOM NPH NPOIYCKAHUH
TOXKa B IPOTUBOINOJOKHOM HaNpaBACHUH TNPOHCXONAT OOpaTHBIE
XUMHYECKHE peakimy (HampuMmep, sneMeHT J[ammouns). Ilpu Masneix
TOKax JDKOyJIeBa TeIJIoTa, HPONMOPIMOHAJILHAS KBaApaTy CHJIBI TOKA,
€CTh BEJMYUMHA BTOPOTO IIOPSJKAa MAjOCTH M II03TOMY IPOHECC
NPOTEKAHWS TOKAa B JJIEMEHTE MOXHO CYUTATH TEPMOJIAHAMHYECKH
obpatuMbIM. PaboTa snemeHTa npH MPOXOXAECHUH uepe3 Hero 3apsaa
e paBHa e&. YMeHbLIEHHE BHYTPeHHEH HSHEPrMH DAaBHO TEIUIOBOMY
a(dexTy peakuum HpH MOCTOAHHOM aTMOCHEPHOM jaBiieHMH (),
u ypasuenme (10.2) naer e€=Q,+Te(06/0T), n

4
&=q,+T <-a—T )p, (10.3)

toe g,=(,/e—TemnoBol 3(dexT, OTHECEHHBIH K 3apafy.

N3 suipaxenus (10.3), Ha3sIBaeMoro ypaswenuem Ieabmzoavya oas
2ab8AHUYECKO20 IAeMEHMA, BUAHO, YTO 3.1.C. JJIEMEHTA MOXET ObITh
1 GoJiblle ¥ MEHbIE U3MEHEHHs! BHYTPEHHEH SHEPIUU ¢, B 3aBHCHMO-
CTH OT 3HaKa TeMnepaTypHoro kosdduumenta s.a.c. (06/0T),.
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Cnaraemoe T(06/0T), OTIpeIeIseT KOJIMIECTBO TEIIOThI, IOIJI0-
aeMoe 9JIEMEHTOM M3 oxpyma}omen cpeAbl IpH HPOTEKAHUHM 4Yepes
Hero eOWHHMIBL 3apsia. JleHCTBUTENBHO, MO NEPBOMY Hayaiy, Ko-
JIMYeCTBO TEIOTHL @, coobilfaeMoe cHcTeMe (3JIEMEHTY) 3a BpeMs
TIPOXOXKICHUS 3apsia ¢ MPpH IOCTOSHHOM NaBJEHUH, PABHO U3MEHEHHIO
ce oHTanenuu AH m pabGote, coBepliaeMoOi HEMEXaHUYECKUMH CHJIaMH
cucTeMnl (3yiemenTa) ed:

QO=AH+eé,

OTKYJa KOJIM4YECTBO TEIUIOTHI, NOTIJIOIAEMOE 3JIEMEHTOM HIPU TIPOXOXK-
OCHUA COUHHNBL 3apsia,

f AH-I—& =—q,+&,
4To, cornacHo ypasHenmio (10.3), pasHo T(0&/0T),.

Ecimu o.1.c. olleMeHTa ¢ NOBBIICHHEM TEMIICPATYPbl YBEIMHHBACTCS
[(6¢/oT),>0], To [cm. (10.3)] 3aMKHYTBIH ~ 5JIEMEHT COBEpIIAET
paboTy He TOJBKO 3a CYET YMEHBIUCHUA BHYTPEHHEH SHEPIHHM WpH
peakmMu, HO ¥ 32 CYeT TEIUIOThI, NPHUTEKAfomel W3 OKpyxarouiei
cpenur®. Takoit aneMenrt, pa60Taﬂ amuabarno, OyneT oxJaxmaThCs.

Eciu maoboport, temneparypubifi koaddunment s.a.c. (66/0T)<0,
TO B TAKOM 3JieMEHTE XHMHYECKas SHEprus YacTHYHO NpeBpallaeTcs
B pa0oTy, a 4acTHYHO WHAET HA MOBBIIEHHE TEMIEPAaTyphl UpH
paboTe snmeMeHTa B aauabaTHBIX YCJIOBHSX WM OTAaeTcd B (opme
TEMJIOTHI  OKpyXatome#i cpeme mnpu  paGoTe B H30TEPMHYECKHX
YCJAOBHSIX.

ITo 3axomy smektponmsa Papanes, KOJMUECTBO JJIEKTPHUECTBA e,
OpOINEIIEro Yepe3 IJEMEHT, TPOMOPIUOHAIBHO YMCAY 7 Ipope-
arUPOBABIIMX MOJIEH DJIEKTPOJIMTa W BajeHTHOCTH Z WMOHa, Iepe-
HOCSLIETO 3apAi;

e=FnZzZ,

rae F=96:500 Ki/Mons —nocrosinnas Papajes.
Vpasuenue Ienpmronsna (10.3) mostoMy npuHMMaeT BHI

Q,,
e=Z1(%).

rie Q,-—TernoBodl 3PMEKT Ha MOJL NPOPEArHPOBABILETO BELIECTBA.
[O 3aBHCHMOCTH 9.1.C. 2/IEMEHTa OT BHCINHEro NABJICHHS CM. 3amauy
(10.2)].

B ramnbBaHmyeckux 3jieMeHTaX OCYIIECTBISETCH HENOCPEACTBEHHOE
npespaneHne XUMUYECKON JHepruyM TOIIMBA B dneKTpuueckyro. Jlias
SHEPIETHKH, K COXAJNCHUIO, 3TH 3JIEMEHThI OCSCIepClEKTUBHLI BCIEH-

*) K.m.j. Takoro sjemMeHTa (OTHOWIeHHE paboThl K TeTUIOBOMY 3QGEKTY Dpeakuuu)
Gonplite eOUHHAIbI.
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CTBHE BBICOKOH CTOMMOCTH HX OCHOBHOTO TOIUIMBA (MeTAJLTHYECKMX
SNIEKTPOIOB) W HE3HAUMTENBLHOTO cpoka ciyxOsl. B nocnemuue romwi
B pE3yJbTATE WIHPOKAX HAYYHBIX HCCIETOBAHUM B KAYECTBE IJIEKT-
POXUMHYECKHX TEHEPATOPOB CO3JAFOTCA TOILIMBHBIE 3JIEMEHTHI, B KO-
TOPLIX HCHOJIb3YETCS OOBIMHOE TOMIHBO, NPHMEHSEMOE JUIS JHEp-
TeTHYECKHX HYXX {(Yrolib, KOKC, MPUPOAHBIE T'a3bl, OEH3WH, MU3eIbHOS
TOIUIUBO ¥ JIp.). B TONMBHBIX 3NEMEHTAX, TaKk K€ KaKk U B Tailb-
BAHUYECKUX, DJIEKTPOABI, K KOTOPHIM IOMAIOTCS TOIMIHBO WM OKUC)IH-
TeNlb, pasjeseHbl HOHOTPOBOIAINUM 3JIeKTPOIMTOM. TOMmnuBO Hempe-
PBIBHO MOJAETCsl K aHOIY, a OKHUCIHTENb (KUCIOpPOJ MJIH BO3AYX)—K
kartony. [IpoMcxomuT HOHM3AIMA ATOMOB TOIUIMBA M OKUCIHTENS
W Ha JJIEKTPOAaX Bo3HMKaeT 3.1.c. Koapduument nonesnoro aeiicteus
TOIJIMBHBIX 3/IEMEHTOB MPUMEPHO B ABa pasa Oouibllie, HeM Haubosee
COBEPINEHHBIX COBPEMECHHBIX CHJIOBBIX YCTAHOBOK, M WM. IPUHAJIJIEKUT
6oabinoe Gynyiee. Tloka ke CTOMMOCTD MOJy4aeMoil 371eKTPO3HEPTHI
B pa3paboTaHHBIX KOHCTPYKHHUSX TOILUIMBHBIX 3/IEMEHTOB eule Jo-
CTATOYHO BEJMKA, W IIOITOMY OHHM HaxoJsAT NIPUMEHEHHE JIMINb i
BOEHHBIX lleell U B KocMoce. DTO OOYCIOBIEHO HEOOXOIUMOCThIO
NepeBoJia TOIUIMBA B HMOHHOE COCTOSIHME C. BBICOKOH CKOPOCTBIO €ro
OKHCIICHUS, MCIOJb30BAHUEM 3JIEKTPOAOB 'C BBICOKOH 3JIEKTPOMPOBO-
IUMOCTBIO H XOPOMIEH CONIPOTHUBIAEMOCTBIO KOPPO3HH, TPEOOBAHUAMHU
K CTaOWIbHOCTH paboTHl 3INEKTPOIHTA.

Brruncaenne xumudeckoro cpoactsa. Kak yxe ormeuanocs (cM. § 21), ycranoBneHue
TPETHETO HAYada TEPMOAMHAMUKU CBA3AHO C ONPEACJICHUEM XUMHUUECKOFO CPOACTBA.
IMox xuMHUYECKUM CPOICTBOM TIOHUMAIOT CIIOCOOHOCThH BELIECTB XMMHYCCKH PearupoBaTh
JIpYr ¢ APYrOM; OHO ONpENENAeT, CleI0BaTeIbHO, ACHCTBHE XUMHYECKUX CHJ1 BELIECTB,
BCTYNAIOLMX B peakuuro. Pemedne npobieMbl XHMHYECKOTO CPOACTBA  COCTOSIIO
B HaXOXJCHUM KOJMYECTBEHHOH Mepbl 3TOro cpojacrBa. HauanabHoe pellieHHe 3TOM
npobnemsl Obuto npeanoxeHo I beprio u X. TomcenoM. TToCKOJILKY MPH XHMHYECKHX
peaKkIusX, Kak H3BECTHO, BO MHOTUX CIy4asxX BBRIAEJISIOTCS TemIoTa, To bepTio
u Tomcen chopMyIMpOBasM NPUHNHUI, COTJIACHO KOTOPOMY MEPOH XUMHYECKOTO
CPOACTBA SIBASETCH KOJIMYCCTBO BBLACTISIOUICHCS TEIIOTHI NPH PEAKLMH.

HecMoTps Ha Kaxyuiylocs NpaBIonoAoOHocTh, mpunuuna beptsio-—TomceHa, OH,
OJIHAKO, HE MOXeT ObITh NPHHAT KaK pelueHue MpoGIeMbl XHUMHYECKOTO CPOJICTBA.
Jleno B TOM, 4TO Hapagy € 3K30TEPMHMUYECKHMH PEakIMSMH CYIUECTBYIOT W peakIuH
SHAOTEPMHYECKHE, IPH KOTOPHIX TCHJOTa HE BbLAc/sieTes, a noraomaercs. ITo Tomceny
u Beptno, 3T0 COOTBETCTBOBaO OBl OTPHIATENBHOMY XMMHYECKOMY CPOACTBY, HTO
BeCCMBICIIEHHO.

BriepBrle TIpaBHJIBHOE TOJKOBAHME XHMHYECKOTO CpOJCTBA ObUl0 naHo BanTt-
FCodbdom. On ykasan, uto Tak kak pabora W, NPOTHB XMMUYECKHX CHJ OmpelenseTcs
yobisto oHeprud ['ub06ca G npH W30TEepMHUECKH-M300APHBIX TpOLEccax, TO, Cilelo-
BATCJLHO, XWMHYECKOC CPOJICTBO HEOOXOAHMO HM3MEPATH HE 1O TEIIOBOMY IddekTy
Q, a no yosmm G npu T=const u p=const (wm no ybelmu csoboaHON 3IHEPruu
F npu T=const 32 Bb14eTOM paboThI Ha U3MeHeHue o0beMa, Tak kak W, =dW —pdV,
rie SW—rmonHas paboTa TpH HIOTEPMHYECKOM TIepexojie U3 ONHOTO COCTOSHHS
B ZIpyroe).

B raspBaHuveckoM 3JcMeHTE, KaK Mbl BHJICHH, paboTa XHMHYECKHX CHJ Peakuuu
onpeeseTes 3.4.C. JICMeHTa &, Tak 4TO & OOpATUMOrO 3JIEMEHTA SBASCTCA MEpOil
CPOJCTBA, BBI3BIBAIONIETO B WIEMCHTE XUMUUCCKYIO peaknmio. Iloatomy, mamepss &,
MBI ONPENCASIEM XUMHYECKOE CPOACTBO.

10T croco® U3MEpeHUs CPOACTBA ABJISETCS ONHHM U3 caMbIX TouHbXx. Omnako
OPHMEHEHUE €0 OFPAHMUMUBACTCS OTHOCHTEBLHO HEMHOTMMM peakuusamu. B obmem
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W Q Cllyyae Ke HaxXOXX/JCHHE CPOJICTBA CBOJMT-
’ C K HHTErpUpOBaHMIO ypaBHeHus [ub-
a 6ca—enpmrossna  (10.2) wmm  (10.1),
B pesyabraTte dero [cM. (5.35)] monyvaem

T

W=Wy~T J QL;TQE dT+IT. (10.4)
0

Bxopswas B (10.4) TepmoauHamutec-
w KM HEoNpeelcHHas NOCTOAHHas [ He
NO3BOJIAET HaHTH abCoNMIOTHOE 3HAYECHHE
CpPOACTBA.
i3 FIpeotoneHue BO3HHKILETO 3aTpy/He-
HUA CTHMYJHPOBAJIO TIPOBEJCHUE OKCHE-
Puc. 30 PHMEHTANBHLIX PaboT, B pe3ysbTaTe KO-
s TOPbIX ¥ OBUIO YCTaHOBJIEHO TpETbe Ha-
yano TepmoaumHamuku. HafineM I, None3ysach 3THM 3aKOHOM.
Mo Tperbemy Hauany (4.1),

Tlirgk(sz_sl)=0

WM, TOCKOJbKY S= —(0G/0T),,

. . 0 . oW
A AS= = o7 A0 = <57>;°' 105
Mootomy w3 ypasuenus (9.2) npu 7-50 K nonmysaem W,=0, Kpome Toro,
.00,
le~r(l;ll( ﬁ—-o, (10.6)

Tak kak 1o dopmyne Kupxroda, 00Q,/0T pasno anreGpauteckoit CyMMe TeNIOEMKOCTEH
C, pearupyioumx Bemects (cM. 3anayy 2.3), a o TpetbeMy Hadainy, C,—0 npu T’ -0 K.
Boipaxenus (10.5) u {10.6) nossonsior onpenenuts I
1. Cnenys Hepucry, pasnoxum TemioBoil 3ddext @ TpH HA3KOH TeMmeparype
B crenenHoil paa*: Q=Q0,+aT+BT*+yT*+.., oTkyna

oQ
—== T 4. .
T a+2pT+3yT*+

Ucnones3ys npeaen (10.6), naxomum a=0. CrenoBaTtenbHo,
Q=0 +BT*+yT +... . 10.7)
Ioncrasue dopmyay (10.7) B (10.4), naxogum**®

1
W=Q0o—PT?—3 4T~ +1T,

*) 310 Ge3ycaOBHO COpPABEUIMBO IS KOHACHCHPOBAHHBIX CHCTEM.
**) HepucT mosb3oBaaca peweHueM ypasuenus (10.2)

o
W=—TJT§dT+IT,

TaKke NpUBOAAIIMM K [=0 (B uMHTErpane MOCTOSHHAS WHTCIPHPOBAHUA OIYLICHR).
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OTKyJa

ow 3
— ) =—2BT-2yT2~...
(6T)p 28T 27 +1

U, cormacso Beipaxenmo (10.5), /=0.
Taxum 00pa3oM, OKOHYATENLHO MMEEM CHCAYIONIES BHIPAKEHUE IS XUMHYECKOTO
cpojcTsa:
T

W=Q,-T J
[

n Opu (, ompenmensieMoM BeipaxeHueM (10.7),
W=Q,—BT?=1/,yT3>+ ...

T'paduxu ¢ynxunit Q(T) u W(T) npusesenst Ha puc. 30. ‘B cooTseTcTBHM
¢ ypapuenuamu (10.5) u (10.6) xpubie Q(T) w W(T) conpuxacaroTcs BO3JE TOUYKH
0K u ux ofmas kacaTenbHas TOPH3OHTAJIbHA.

Q;ondT

§ 50. OXJIAXKAEHUE T'A3A NP HEOBPATUMOM
U OBPATUMOM AJAUABATHBLIX PACIHNPEHUAX

IlpakTHdeckn BecbMa BaXXHOH 3adaveil SBJSETCA CKIDKEHHE Ta30B.
Jdns pemrennst 3ToH 3ajayd  HeoOXOAUMO YMEHBIIHTh CKOPOCTH
IBIDKEHUST MOJIEKYN raza u cOmusuth ux. llocnemnee mocruraercs
CKaTHEM Tra3a C [OMOIIBIO KOMIIPECCOPOB, @ JJIS TOHIKEHHS
TEMIIEPATYPBI Ta3 3acTaBISFOT .COBEpLUaTh paboTy mpH agmabaTHOM
pacmupenun. CaM IPOLECC - PACIIUPEHAS MOXET IPOMCXOIMTL Kak
HeoOpaTMO, Tax H oOpatumo. PaccMOTpuM oXxiax[IeHMe Tra3a Kak
B TOM, TaK M B JPYIroM ClIyYasx.

Iddexr dxoynn— Tomcona. Usmenenne reMnepatypel npu Heol-
paTEMOM aauabaTHOM pPACHIMPEHHUHM NPOUCXOAUT, KaK MBI YBHAUM,
H3-32 OTKJIOHEHHS PEAbHBIX Ta30B OT HACANBHOCTH ¥ HA3bIBAETCH
apexmom  dmoyaa— Tomcona.

Paccmorpum Teoputo storo abdexra. B ampmabaTHo usonuposaH-
HOM 1umuHApe (puc. 31) raz w3 obOnactd ¢ OOJBIIMM JABJICHUEM
Py TPOIYCKAeTCs 4Yepe3 MOPUCTYIO NePeropoaky® B 061acTb ¢ MeHb-
MM JaBleHUeM p,. IIpH TakoM pacHIMpeHHH Trasa ¢ mnepenagoM
JaBneHuss (Ap=p,—p,<0) NPOUCXOIUT U3IMEHEHHE TEMIEPATYPHI.
OT1o  sBNeHME TIpH HeOoJbIIOM mepenane nasieHus [[Apl/p, < 1]
Ha3piBaercs Ougpdepenyuaishoim  ddgexmom  Hucoyaa— Tomcona,
a 1upH OOJBIIOM NEpenajie HaBlICHHSA — uHmezpatbhbim sdidexmon.

Boruncnum  muddepennuanbhpii  addext, ompeaensieMsiit  xo3d-
¢bunmenrom [Ixoyns— Tomcona: u=AT/Ap.

Tax xak 1npouecc anmabaTHbLi, a KHHETHYECKas OHEPIUs
raza ¥ IOTEPH Ha TPEHHE B HOPHUCTOH TEPErOpPOJKE IpH
MaJIOH CKOpOCTH IOTOKAa HpEHeOpexXWMO Maibl (TaKk Kak npo-

* Brarojaps TPeHHIO B 9TOH LEPErOpojKe IOTOK He SBJSETCH TYpOYMeHTHBIM
4 ra3 no obe CTOPOHB OT Hee OXHOPOJEH.
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v 77  TOPUMOHAJIBHBI KBAaAPaTy 3TOH CKOPOCTH),
TO, YuMTBIBAas, YTO COpaBa OT Te-

wp ||| l===== PErOPOINKH ra3 cosepmact paborty, a cie-
e 1M1

— o Ba OT Hee pa0oTa NPOM3BOAUTCH HAj
) o razoM, MO TIEPBOMY Haualy HMeEeM
Z z Q=U,-U+p,Vy—p, V=0, orkyna
7 ] Up+p Vi=U+p,V,
wim H,=H,, T.e upouecc [xoyns-—
- ToMcona SBJISIETCS M303HTAJIBIMYECKAM:
=1 RN R —
*—E AH=H2‘—H1=0.
z 7 A DT0 mo3BOJIAET JIETKO HAHTH M.
Prc. 31 HeiicteurensHo, tak xak AH=0, a Ap

7 AT wmansl npu muddepeHIHaIbHOM
3dpexre dxoynss— TomcoHa, To ¢ TOYHOCTbIO [0 JWHEHHBIX 4YIICHOB

oH 0H
UMeeM AH—(E?)pAT""(%),Ap’ OTKYNa

_AT__(@Hfip)s

T Ap QHT),
W3 soipaxenus dH=TdS+ Vdp Haxomum

oH Ay oH
(E>FT<67)T+V’ (ﬁ)p—c,,.

Tax xak dG=-SdT+Vdp, 1o (a_s) =—<6—V>, HO3TOMY
op T T J»

AT T@VjoT),~V
Ap~ C ’

r

(10.8)

rae (0V/0T), MOXHO HAWTH W3 TEPMHYECKOTO YPABHCHHS COCTOSHUS.
Jns upeansnoro rasa V=RT[p, (6V/0T),=R/p, Torna u3 ¢op-
myner (10.8) mosysaem AT=0 K.
B cnyuae raza Bauw-mep-Baanwca, muddepeHuupys ypasHeHue

(p+a/V¥)(V—=b)=RT
mo T IpA HOCTOAHHOM P, Haxoaum

2a oV a \[ev)
- <ﬁ> (V—b)+<p+ﬁ><0—7~)p—R,

v\ _ R _ R(V=b)
(ﬁ)p"p+a/V2—2a(V—b)/V3_RT—2a(V—b)2/V3' (10.9)

CynTasi ra3 He OYeHb ILIOTHBIM U OTGpachiBasi B cooTHoWenusax (10.9)
BEJIMYMHBI BTOPOTO NOPAAKA MAJNOCTH OTHOCHTENBLHO @ M b, nonydaem
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v V—b 2a 2a
T (ﬁlz?__za/(”y;_(v—b)(l + RTV>~ V424 b (10.10)

[Moncrasnsas dopmyny (10.10) B dopmyny (10.8), Haxomum
AT 2af{(RT)—

Ap C,

W3 sToro BBIpaXKeHHS BHJHO, YTO:

a) U3MeHeHHe TeMnepaTypbl ra3a Ban-aep-Baanmbca mpu HeoO-
paTuMOM aauabaTHOM pACIIHPEHUH OOYCJIOBJEHO €ro OTKJIOHCHHEM
ot upeaysbHoro rasza (a#0, b#0);

6) spderr Txoyns—Tomcona ansi He O4YeHb IUIOTHOTO rasa
34BHCHT OT COOTHOLICHHS BEIMYAH g M b, KOTOPBIE OKa3blBAIOT
HPOTHBOIMOJIOKHOE BIMsAHUE Ha 3HaX 3¢dexra;

B) €CJIM CWIbI B3aHMOJICHCTBHS MEX/ly MOJICKYJIAMH BEJIMKH; Tax
4TO mNpeobiasaeT NONpaBKa Ha JaBjeHHE, W H MOXHO TpPUHATD
pPaBHBIM HYJIIO, TO

AT 2
Ap RTC,”

T. €. ra3 Oyaer oxuaxparecs (AT<O0 K, tak xax Ap<0);

I) €CIM CHJIbl B3aMMOJEHCTBHS MEXIY MOJIeKyJaM:A Majbl (a—{)

u npeobnajgaer mompaBka Ha 00BeM, TO

A—T=~~b‘<0,

Ap C,
T. €. ra3 Harpesaercs (AT>0 K).

B nepsoM ciywae (b—0) pacmmpsironmiics ra3 3a BeCh HPONECC
Hepexoja W3 OJHOM o0JlacTH B JApYryw copepluaer pabory p,V,—
—p, V>0 3a cuer yObuIM ero BHYTPEHHEH SHEPTUU —Ta3 OXJax/aa-
ercsa. Bo BropoMm cnyuae (¢—0) monnas pabora Hajg razoMm p,V, -—
—p,V,>0 -upaer Ha yBeJIWYEHHE €0 BHYTPEHHEH JHEPrumM —ra3
HarpeBaercs,;

) TpHA HEKOTOPOH TeMIlepaType peajibHOro raza Ko3(hQUUUEHT
p=0wu ras semer cebs B npouecce dxoyns—ToMcona kak UACaIbLHBINA.
10 Oyner BbmosHATHCA [cM. (10.8)] B oOwwem ciydae mnpH

T(’LV) _y=q, (10.11)
oT Jp
a B cCiydae He OYEHb IUIOTHoro rasa Base-mep-Baanmbca, korma
2a/(RT)—b=0, npu TteMmeparype

T,=2a/(Rb),

KOTOpas Ha3bIBaeTCs memnepamypoii uneepcuu. T1pn 3T0# Temnepartype
apdexkt Hxoyns—ToMcoHa W3MEHSET 3HAK: HIDKE TEMIEPATYphi
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uHBepcH  JPQPEXT TONOXKHMTENAEH (U>0, ra3 oxjaxpmaercd), BEI-
me 7T;—osddexr ortpunatenen (p<0, ra3 marpesaercs). TeM-
nepaTypa HMHBEPCMH Y BCEX Ta30B JIEKHT 3HAYATENBbHO BBIME KPH-
THieckoil.  Ompenensemoe  ypasHenueM (10.11) reomerpuveckoe
MECTO TOYEK WHBEPCHH Uil [JAaHHOTO BeINEeCTBA  HA3BIBAETCS
UHBEPCUOHKOU KPUBOIL.

Y Bomopoaa ¥ UHEPTHBIX Fa30B CHUJIbI CLEIUICHAS MEXIY YACTHIAMH
MaJIbl, TIO3TOMY NIPH OOBIMHBIX TEMIIEPATypax 3TH Ta3bl HATPEBAIOTCH,
Temnepatypa mHBepcHH y Bojopoda —357° C; camas Hu3Kas TeM-
nepatypa meBepcud —249,4° C y remus (npd HOpMaJibHOM aTMOC-
¢epHOM mamneHun). st TOrO 4TOOBI TeNMH OXJIAMUTH 1O METOAY
Jbxoyns— TomcoHa, HEOOXOHMO HPEABAPUTENLHO TOBECTH €r0 TeM-
nepaTypy IO Beld4uHbl, MeHblueH —249.4° C, 4yrto nesaercs ¢ mo-
MOILBIO KHIISAIIETO BOJOPOJA.

To4nag Teopus, B KOTOPOH HE MpPEAIOaraeTcsi MajoCcTh HONPABOK
a/V* u b, NPUBOOMT K BBHIBOAY O CYIECTBOBAHWM MNPH 3aJaHHOM
JaBJICHUM [IBYX TOYCK WHBEPCHM — BepxHel 717 w HuxHEeH T'7, koTopas
IJist OOJBINMHCTBA Ta30B HAXOMUTCS B OOJNACTH XHAKOTO COCTOSHHES
(cM. 3apauy 10.3). Tlpu Gospnmx nepenajax AaBJCHUS HHTETrpaibHbIMA
apdext Dxoyns— ToMmcoHa onpenensercs hopMysoi

P2

AT
T,-T,= f (A_p>udp’

Py
A€ KOHEYHOC [ABJCHHE p, B TCXHHKE 00bMHO ONIHM3KO X aTMOC-
¢bepaomy. uddepeHuppoBanueM 3T1od GOpMYJbl MO p; HAXONUM,
4To I/IHTel‘pa.HbeIfI S(b(beKT OXJIAXKACHUSA MaKCHMaJICH IIPH HavdaJibHOM
JABJICHHU, ONPEAC/SIEMOM HU3 YPaBHCHUSL

(AT/Ap)y=0,

T. €. KOTJa HavaJbHOE COCTOSHHE p,, 1| JICKHUT HA KPHBOH HHBEPCHH
npn muddepennmancrom dddexre JIxoyns — Tomcora.

Oxnaxnenne raza npn obpaTeMoM aaMaGaTHOM  pACIHIHPEHHH.
PaccmoTtpuMm  oxnaxnacHue raza mnpum obpaTiMoM  agnabaTHOM
pacuigpeHMs ¢ otAaded BHemmHed paborel.  YcrpoiictBo B XO-
JOOVIBHBIX MAallHHAX, /e INPOM3BOMUTCA 3Ta paborTa, Ha3wlBacTCs
demandepom; €ro TiaaBHAs 4YacTh (MOPINEHb) MPUBOJUTCH B JIBHXKCHUE
OXJTAXKIAEMBIM Ta30M.

Eme B8 camom Hasame XX B. JAenaiuch HONLITKH YCOBEPILCH-
CTBOBaTh MAILMHBI [VIyOOKOro OXJaXAEHUS M, B YAaCTHOCTH, 3aMEHHTH
NOPIIHEBBIE JBHraTelM B JeTaHluepe 0ojiee SKOHOMMYHBIMH W Bbi-
COKONPOU3BONUTENbHBIMY — TYpOUHAMH. DTO [0JIr0 HE YAAaBaJIOCh
cAenaTh, TaK Kak BCe pacyeThl TypOWH BEJIHCh NPHUMEHHTENBHO
K napy. O@HAKO eCIH BO3IYX yX€ OXJIaX[IeH [0 HH3KHX TEMIIEpaTtyp,
TO OH CTAHOBHMTCA HACTOJBKO IJIOTHBIM, YTO MO CBOMM CBOWCTBaM
CTOUT OJIMXKe K XXKHAKOCTH, uyeM K mapy. HMcxoas u3 storo B 1935r.
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Gbut paspaboran TypGOJeTaHIEp MO THIY BOASHOW, @ HE TAPOBOI,
TypOuHBl ¢ k.1.j. Oosee 0,85%,

C BBeJICHHEM B JIETAH/IEPE BMECTO MOPIIHEBOTO JBUraTeNns TypOuH,
@ BMECTO MHOTOCTYNIEHYATOTO KOMIIPECCOpa, CRKMMAIOIIErO ra3 B mpe-
XHHX YCTAHOBKAX JI0 HECKOJILKHX JECATKOB MeETranackab,— TYpbokoM-
[IPECCOpa YAAETCH CKWXKATh [a3pl NPH OTHOCHTENBHO HU3KOM [aB-
nesun (0,6—0,8 MITa).

Jlerko HalTH HW3MEHEHWEe TEMNEPATypbl Taza npu oOpaTHMOM
amuabaTHOM paclmpeHdd. U3 BbipaxeHus

80 =dU+pdV=dH— Vdp=<gi;> dT+[<‘Z—;1> - V]d,;:()
P T

nia

<6T> _T@ V/ﬁT)F' (10.12)
N

oT\ _V—(3Hop)y
ap s

HaxoanmmM -—
A < @HjIT),

ap C

P

Tak xak jans Beskoro rasa (0V/0T),>0, To, cnenomartensHo,
npu ammabatHoM obpatumoM pacumpenun (67/0p),>0, T1.e. Ta3
Bcerna oxjaxgaercs (d7<0, tak xak dp<(0) HesaBucumo oT BHIA
€ro ypaBHEHHS COCTOSHHUS. B 3TOM (COCTOHT HPHMHIMIIHAJILHOE IIpe-
HMYIECTBO WCHIOJBb30OBAHUS OOpATHMOro ajadaTHOro paciiMpeHus
ra30B IS MX OXJAXKICHHUS H CKIKEHHMS MO CPaBHEHHIO C MPOIECCOM
Jxoys — TomcoHa.

Onnako W3-32 TEXHHUYECKOM CJIOXKHOCTH OCYIIECTBJEHHS OOpaTH-
MOTO a/MabaTHOTO PACHIMPEHHS TIPH HU3KOH TeMIepaType OCHOBHBIM
METOIOM OXJIAXACHHUS Fa30B M HX CXKWIXKEHHS B HACTOSIIEE BpEMs
TIOKA €UIE SBJISIETCS METOJ HeoOpaTHMOro pacCIIMpeHHs rasa.

§ 51. TEPMOJUHAMMKA JAUDJEKTPMKOB U MATHETUKOB

PaccMoTpuM -TIOBeZieHWE (U3MYECKHX CHCTEM, Ha KOTOpPble KpoMe
JaBJICHAs [EeHCTBYIOT H HEMEXaHHYECKHE CHJIBI, HAMNPHUMEp OJJeKT-
pHYECKME WM MardduTHbie. Kak MBI YBHIUM, HMEIOTCS pPa3jIHuHbIE
BBIDaXCHHS JUI BHYTPEHHEH OSHEprUM W paboThi HONSPU3ALNH
au3jiekTpuka. Bompoc O TOM, Kakoe W3 ITHX BBIDAXKEHHHA Cieayet
HCMOJIb30BAaTh, HE SBJISETCS CYIIECTBEHHBLIM —BCE OHH NPHBOAAT
K OIHHM M TE€M X pe3yJibTaTaM Ui CBOMCTB JHM3JIEKTPUKOB.

- OCHOBHLIE YpaBHEHHS TEPMOJMHAMHKH JUIS [THIJIEKTPHKOB H Mar-
HeTukoB. M3BecTHO, uTO 3nmemMeHTtapHas padbora, oTHeceHHas K 00beMy
JUIEKTPAKA W COBeplilaeMas [pPH IBIKCHUK 3apsoB, CO3JAOHINX
B HEM TOJIE, paBHA

* Cm.: Kanmua II. JI. Typboneranmep misi TONyYeHHS HM3KHX TEMIEPATyp
g e:9ro NpHMEHEHHE JUIA CKWXeHus Bo3ayxa// HypH. Texs. ¢usuxu. 1939. 9. Bum. 2.
. 99.
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§W=—_(E, dD), (10.13)

1
a s H30TPONHOTO JAUdJEeKTpHka OW = _TE dD.
T

Bennumna D, BbICTyHArOMas B JAHHOM CJly4ae B KaueCTBE BHEIIHETO
napaMmeTpa, He sBJSETCS TAKOBLIM JUIS CaMOTro JuanekTpuka. [Tosromy 6 W
He ecTh paboTa MoNApH3aLHM AH3TEXTPUKa B COOCTBEHHOM CMBbICHE, T. €.
B CMBICJIE paBOTHI HA CO3aHHE MOJIAPU3ALUA P PA3/IBUTAHKUH 3aPSI0B
B MOJIEKYJIaX TUIJIEKTPHKA H 00Pa30BAHUM IPEUMYIIECTBEHHOH OpHEHTA-
muM 9THX Mosiekyn* . J{ns Toro 4tobul HaWTH paGoTy moJspH3AIUN
JHDJIEKTPHKA B COOCTBEHHOM CMBICHe, ipeobpa3yeM Buipaxenue (10.13)
K BHAY, B KOTOPOM HE3aBUCHMON TIEPEMEHHOH sIBJISETCS BHEWHUM
HapaMeTp U3JIEKTpUKa — HanpsbkeHHOCTh E snextpryeckoro nosd. Tak
KaKk 9TOMY BHEIIHEMY MapaMeTpy COOTBETCTBYIOT. JBa BHYTPEHHHX
(7eKTpHUECKMX) IIAPAMETPA AUIEK TPUKA — IOJIAPU30OBAHHOCTD P 1 Bek-
TOP 3JIEKTPHUECKOTO cMellIeHus (MHaykiws) D, To uckomoe npeodpazona-
Hue Boipaxerust (10.13) MoxeT ObITh OCYILECTBIIEHO ABYMS CIIOCOOaMU:

Psw— —d(g>—d(PE)+PdE, (10.13")
SW= —d(iz)—d(PEHlDdE. (10.13)
4r 4

Ilepsoe cnaraemoe B npaBoil uyact# (10.13") MOXHO HCTOJIKOBATh
Kak paboTy BO3OYXICHHS JJEKTPUYECKOTO MOJIS B BaKyyMme, BTOPOE —
Kak paboTy NMpOTHB BHEMIHErO 3JEKTPHYECKOro NOJs, a TPeThe — Kak
paboTy UOJSApH3AUMKM B CODCTBEHHOM CMBIC/E, KOIAa BHYTPECHHHM
MApaMeTPOM JUDJIEKTPHKA, CONPSKEHHBIM €ro BHEIIHEMY NapaMeTpy
E, smagetcs noaapusogannocms P. AHaJIOTHYHO, TpEeTbe CjaraeéMoe
B npasoit vacti (10.13”) MOXHO HCTOJKOBaTH Kak paboTy moJs-
pU3alMH B COOCTBEHHOM CMBICJIE, KOTAa [ — BHYTPCHHHH NapameTp
TADJICKTPHKA, COMPSIKEHHbIH FE.

Tax kak, OJHaKO, MOJSPHU3ANHUS JUWIEKTPHKA B IOJIE HEPA3PLIBHO
CBS3aHA C BO3HMKHOBEHHEM HOTEHIWANBHOM 3Hepruv — PE JU3JIEKT-
pMKa B OTOM T1IOJle, TO 3a pabomy noaspusayuy AUSJIEKTPHKA
B CODCTBEHHOM CMBbIC/E OOBIMHO HNPUHUMACTCS BEIMYUHA

5Wc=PdE+d(—PE)=6W+d<§>= _EdP.  (10.14)

Torma paGota nonspusauun PJE paBra cymme coOCTBEeHHON
pabotsl nojisipuzannu W, u pabotrsl d (PE) NpOTUB BHEIUHErO MOJIA:
8W,=PdE (a=E, A=P). (10.15)

* Buipaxenne (10.13) npeacrasiser cofoli paGoTy HEXOTOPOH paclMpeHHON
cucTeMBb, 10100180 pabore (5.22) s cUCTeMBbI, COCTORILEH U3 ra3a H NOPILHS C FPY30M.
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Pabora mnoaspusanun DAE/(4n) paBHa pasHoctu pabotel SW,
i paGotel —d [£?/(8n)] BO3OyXmcHUWS OIS B BAKyyMe:

W' =L DdE <a=E,A=lD>. (10.16)
4n 4n
AHQJIOTHYHO, JUIS MAarHeTHKA

SW= —ﬁ HdB, SW.=—HdJ, 10.17)

SW.=Jd H, 8W’=4—]TEBdH.

[loatoMy ocHogHOe ypasheHue MepmMOOUHAMUKY LTS - TAANCKTPUKA
B OJJIEKTPUYECKOM TIose Oyner:
a) IpW HE3aBACMMOM (3JIEKTpUUYECKON) mepeMeHHOW D

TdS:dU+pdV—$EdD; (10.18)

6) mpu He3aBUCHMOM miepeMeHHOH P
TdS=dU ,+pdV—-EdP, (10.19)

rae U,=U— E?*/(8n)— «cobcTBeHHasM» ™ BHYTPEHHSS IHEPTHS €IUHULbI
obnvema amanektpuka (U 6e3 dHeprum noas B BakyyMe);

B) ipM HE3aBUCHUMOH TiepeMeHHOH E, KOrAa CONpSKCHHOH eH
BEJIMYMHON sBJIETCH TOJISPU30BAHHOCTL P,

TdS=dU_ +pdV+PdE, (10.20)

rie U,=U,+(—PE)—cymMa COOCTBEHHOH BHYTpEHHEH OSHEpruu
HOJISIPU3AIMH UIJIEKTPHUKA W €r0 NOTEHUMAJILHOM JHEPTHH B OJEK-
TPHYECKOM TOJIE;

I) OpAd HE3aBUCHMOW mepeMeHHON FE, Korja COmpsiKeHHOH el
BEJIMUUHOMN SBJISIETCSL 3JieKTpUueckoe cMetnenue D,

TdS=dU'+p dV+4—1n DdE, (10.21)

tne U’ = U— ED/(4n) = U, — E*/(41) — BHYTpEHHsIsl JHEPTHS ANIIEKTPHKA
C YYETOM €ro MOTEeHLMAIbHOR SHEPTUH B 10Jie 6e3 JHEPrul NoJIs B BAKYyME.
BoiGop TOH WMnM MHOM 3JMEKTPUYECKOM HE3aBHCHMOH TNepeMEeHHOR
34BHCHT OT XapakrTepa 3aJlaid M COOTBETCTBYET MCCIIEJOBAHUIO
CHCTEMBI C OIpe/lesieHHON BHyTpeHHeit smeprued U, U, U,, U’
AHajoru4nble YpaBHEHHS I/ MArHETHKOB MOTYT OBITh HOJIYYCHBI
HIPOCTOM 33aMEHOH JJIEKTPHUHYECCKMX BEJIMYMH MAarHMTHBIMHU.

* Ha3spaHHe «cOBCTBeHHas» i BHyTpeHueil sueprum U.=U—E?/(8n) sBisercs
VCIOBHBIM, T4K KaK E—HAUPSXEHHOCTb IIOJIf, YXe€ HM3IMEHEHHAs TIPUCYTCTBHEM
IIJIEKTPHKA.
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[Monp3ysick KakuM-THO0 M3 OCHOBHBIX YPaBHEHWH TEPMOJMHAMUKY
s guwsaexktpukoB  (10.18)—(10.21), merko mnonywuTh BBIpaXeHHS
wis  auddepeHnaioB TePMOJMHAMHUYECKUX TOTEHIMANOoB., Tak, u3
ypasrenus (10.18) mmeem:

dU=TdS—pdV+%EdD,

dF=—SdT—pdV+4—IEEdD,

(10.22)
dG=—SdT+ Vdp~;—nD dE,
dH=TdS+ Vdp—%D dE.
Ananoruuno, u3 ypasaenus (10.19) momy4yaem:
dU=TdS—pdV+EdP, dG=—-SdT+Vdp—PdE,
(10.23)

dF=—SdT—pdV+EdP, dH=TdS+V dp— PdE,

rae U, F, G u H o3madaror coorsercreenno U, F., G., H..

DTH BBIPAXCHHS HPECTABISIOT CO0OH OCHOBY TEPMOJMHAMUKH
IUDJIEKTPUKOB (M TIPH  COOTBETCTBYIOLIEH 3aMEHE JJIEKTPHIECKHX
BEJIMUMH MATHATHBIMU — MArHETHKOB).

CsoGoHasi ueprus eJMHALLI 00beMa IHIJIEeKTPHKA, HaXOsIerocs
B JIEKTPHYECKOM 1oJte, B yClioBMSX, KOT/1a He3aBUCHMOI NEepeMEHHOH
SIBJISIETCA DJIEKTPHUECKOe cMellleHie D (Hanmpumep, HpU NepeMelieHn
3apS/IOB, CO3/IAMOIMX TOJNe), BhipaxeHHe [ AuddepeHnuana cBo-
6oaHOM sHeprau Hago B3sATh U3 (10.22). MHTETpHPYs 9TO BBRIPAXKEHUE
[PH NOCTOSHHBIX TEMuepaType U oObeMe JUisl JUIJICKTPHKOB C JIMHEH-
HbIM TEPMHYECKMM YPAaBHEHHEM COCTOSHUS (OTHOCAIIMMCH K 3JIEKT-
puueckum BeqmuuaaM D u E) D=¢E, nonyuaem

F(T, D)=F,+D?/(8ne), (10.24)

rae Fy——csobomnast SHEPTUS JHINEKTPHKA OpPH OTCYTCTBUH IIOJIA.

U3 popmyabr (10.24) BUAHO, 4TO HpPH NOJAPH3ALMA AMIICKTPHKA
B OJJICKTPHYECKOM NOJNE [PH HOCTOSHHBIX TeMiepaType M oObeme
W3MEHEHHE €ro CBOOOMHON ODHEPrHH PABHO JHEPIHH 3JIEKTPHUECKOIO
nojsi B JAUDJIEKTPUKE:

Tpeuebperass B Buipaxenun (10.24) F,, HE 3aBHCAIIAM OT
HANPSHKEHHOCTH 110151, TI0JIy4aeM

F(T, D)=2"=£, (10.25)

T8re 8
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CobcTBeHHass cBOOOHASI JHEPTHS €IUHUIB 00beMa HHINEKTPHKA,
CBA3aHHASA C HAJAMYHEM TMOJIs, OYEBMIOHO, pABHA
2
—1
F.(T, D)=F(T, D)-2-=*"' g2, (10.26)
8n 8n
DTO BBIPaXECHHE MOXHO TAaKXe NOJYYUTb, HHTETPUPYS YpaBHEHHE
s dF, w3 dopmynnt (10.23) npu mocrosHEBIX T u V:

p
F(T, P):JEsziiEz,
8n
o
nockonbky P=(e—1) E/(4n).
WsMeHenue BHYTpeHHEH OHEPTMM AMAJIEKTPMKA ~BO BpPEMS €ro
NOJIAPU3AIMH TP NOCTOSHHBIX TEMIEPATYpe ¥ 0OBEME MOXKHO HAHTH

u3 ypaBHeHus [u66ca—I'enpmrosnbuoa (5.31), B KOTOpOM BHEHIHME
napamerp a=2D:

U(T, D)=F(T, D)-T(%)D.

Monw3ysce cootnomrenusamu (10.25), monywaem

TD*3e E* ot
U(T D) o +8ne T 8n<8+T6_T>' (10.27)

CobcTBeHHasi BHYTPECHHSAS SHEPTUsS €IWHHIBI 00beMa AMIIEKTPHKA

U.(T, D)=U(T, D)— ——§—<s—l+T—-) (10.27)

4TO TAKXKe HENOCPEACTBEHHO CieAyeT M3 ypaBHeHus (5.31):

U.(T, P)=F,(T, P)—<2F°> .

T /e
N3 ¢opmynsr (10.27) BUmHO, 9TO CBS3aHHAS C HAJTHYHEM ,noas
BuyTpenss sHeprus U(7, D) amosiekTpuka He pasHa sHepruu E 2 /(8n)
IEKTPHIECKOTO NOJIA B JHIIEKTPHKE. OOBscHsETCS 3TO TEM, 4YTO
nod 3Hepruedt €E>/(8n) mons B MEKTPOAMHAMYKE MOHMMAETCH BCS
JHEprus, KOTOPYIH0 HAJ0 3aTpaTUTh Ha BO3OYXIeHWEe MoJis B JHU-
QJIEKTPUKE npu nocmosHHol memnepamype (a He snmponuu!). Boipaxe-
uue U(T, D) ompenensieT M3MCHEHHe BHYTPEHHEH JHEpPrHM JMAJIEKT-
PHKA NpH €ro HM30TEPMMYECKOH MOJNApH3alMM, HO C YYETOM OTHAAud
SHEPIMM TEPMOCTaTy, €CIIM HOJAPU3ALMsA BBLI3BIBAET M3MEHEHUE TEM-
HepaTypsl AUAIEKTPUKA. BeneICTBHE 3TOTO CBS3aHHAA C ToJspU3anueit
coOcTeeHnas BHyTpeuHsis oueprus U (T, D) AM3neKTpUKa MOXET
0Ka3aThCs paBHOWM Hymro. Hampumep, B 4acTHOM ciydyae HICaJILHOLO
OWIONBHOTO Trasa, M KoTtoporo mno 3akony Kiopu e=14+C/T
(C—nmocrosnnas Kropu), BuyTpennss oweprus U(T, D), cornacHo
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dopmyae (10.27), pasma E 2/(87c), T. €. DHEPIrUU IOJISI B BAKyyMe
ITosTroMy cobcTBeHHAss BRYTPEHHSS 3HEDIHA UC(T, D) TaKoro rasa
ouepuzno, pasa uymo: U(T, D)=U(T, D)—E?*/(8n)=0.

DTOT pe3yNbTaT HE SBASCTCH HEOXKHMAAHHBIM. M3 snexkTpojwHa-
MUMECKOTO ONpEAEICHIs SHEPTAN TIOAS BHAHO, YTO BeJnunna £E 2 /(87)
ABISETCS HE SHeprueil, a cBoOOAHOW 3HEpruedl IoJis B AUIIEKTPUKE
Kax noxassisaror coornomenns (10.25), oHa kax pa3 coBmajaer co
¢BOOOHOM 3JHEPTHEH MNOJNIAPU3OBAHHOIO MAURJIEKTPUKA. BHyTpeHHss
Ke JHEPrHs IOJis B TCPMOJHHAMHYECKOM CMBICIIE COBNANAeT ¢ BHYT:
penneit sueprueil aumanektpuka B nosie (10.27). Jlerxo BHAETE, 4TO
paTerpuposanue ypasaenus (10.22) nna dU npm 3aJaHHBIX 3HTPONUH
u o0beMe He JaeT Ul M3MEHCHHUS 3HEPTUM IUDJICKTPUKA C JIMHEHHOU
cssbto D=¢F Benmumanl D/ (8ne):

D
1 1 D?
U(S,D)—U(,:Zijgbdmé%,
0

IIOCKOJIBKY TMpH a}JHa6aTHOM HU3MCHEHUH JJICKTPUYCCKOI0 CMCEIICHHSA
TeMIECparypa [UIJICKTPHUKA B obueM Cjiyq4ac HM3MCHSACTCS U € YXE
HEIb3 pacCMAaTpPUBATH KaK ITOCTOSHHYIO. Tonbko B 4aCTHOM ciyvae,
KOorjia € HE 3aBUCHUT OT TEMIIEpPATYpPHI,

F(T, D)—Fo=U(S; D)—Up=¢E?/(87)

U SHEprMs MOJsi COBmaaaeT ¢ ec cBOOOAHOH OJHEprued.

W3 OCHOBHOIO ypaBHCHUS TEPMOIMHAMMKH JUIS [JUIJIEKTPUKOB
fcm. (10.21)] npu  He3aBUCHMON  (3JIEKTPHHMECKOM) NEPEMEHHOM
E nosydaem

dF'= —SdT—pdV—DdAE/(4n). (10.28)

Wurerpupys - ypassenue (10.28) npu mocTOSHHBIX TEMIEpaType
1 obbeMe IS QUANIEKTPUKOB C JHHEHHOM cBA3bto D=¢F, HaXoAuM
(omyckasi BEJMYMHBI, HE 34BHCALINE OT MOJA):

F'(T, E)= —cE*/(8n), (10.28)
F.(T, E)=F'(T, E)—(—%j): ~lp )

CpasrmBas (10.25) ¢ (10.28") u (10.26) ¢ (10.28"), 3amedaeM
yro notenumansl F(T, D) u F'(T, E), a takxe F (T, D) n F(T, Ei
OTNMYAIOTCS OJHO OT OPYFOTrO TOJbKO 3HAKOM:

~2
F(T, D)= —F'(T, E)="£_,
, ~1
F(T, Dy=—F(T, E)="—E",
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YTO 4HAJIOTUYHO H3BECTHOMY H3 3JCKTPOAMHAMHKH COOTHOLICHHIO
MeXIy U3MEHEHHEM 3HEPTHH O, U noss (1. €. cBOOONHOM YHEPIUH IO,
KaK ObLIO YCTAHOBIICHO Bmme) HIPOBOJHHKOB B NYCTOTE, NPOMUCILEIIHM
MIPH MOCTOSHHbIX MOTEHIHANIAX @ HPOBOJHUKOB, H €€ H3MeHeHHeM 9d, U,
BLI3BAHHBIM I1IPH TIOCTOSHHBIX 3apsiIax e NPOBOAHKKOB (8, U= —8,U> 0)
Takas casp Mexay 8,U u 5,U (a He MX DaBEHCTBO), KaK H3BECTHO,
o6yclioBlieHa TEM, YTO Yecm IIPH IOCTOSIHCTBE ITOTCHIUAJIOB TPOBOIHHU-
KOB M M3MEHEHUM UX 3apsAfoB paboTa CUJI HOJis BPOM3BOJMTCS 32 CYET
SHEPTUM CTOPOHHUX 3. 1. C. (TOAAEPKHBAIOLIMX OTH TOTEHIHAJBI
MOCTOSIHHBIMH), TO TIPH TIOCTOSHCTBE 3apA/0B H H3MEHEHUH NNOTEHUHAIOB
OPOBOAHUKOB paboTa CH RO MPOU3BOMUTCS 3a CUET JHEPTHH THOJA.
Tlogobuo s1omy, coornomrends (10.28") BO3HMKAIOT = HOTOMY,
49T0, B TO BpeMA Kak F (T R D) onpedeyiseT H3MCHEHHE CBOOOIHOMH
SHEPTMM [W3JIEKTpHKA (MJIH H3MEHEHHEe CBOOOJMHON HHEPruM MO
" B AMOJICKTPHKE) 33 CYET MOJIOKHTEJIbHOM paboThl BHEIIHHX MCTOY-
HWKOB, TEPEMCLIAMOIMX 3apsinsl B moje, Buipaxenne F'(T, E)
onpeneyseT W3MeHeHHe CBOOOAHOM 3HEPTUH TMAJIEKTpHKA (MM H3MEHE-
HHE CBOOOIHOHM SHEPTMH IOJNS B JMIJIEKTPUKE) MPH CO3MAHUH MOJIS
B HUOJIEKTPUKE C y4eTOM pabOoThl IIPOTHB BHEILIHHX HCTOYHMKOB.
llpusenennas ananorus mexay d.U m 8,U, ¢ onHoll CTOPOHBI,
u F(T,D) mu F'(T, E)—c npyroi, 103BONIAET YSCHHTb, KAKOH
[OCTAHOBKE 3aJa4ydl COOTBETCTBYET BbIOOP HE3aBUCUMON NEPEMEHHOH
D un xakoii —BBIOOpP HE3aBUCHUMOM - HepeMeHHOH E.
MarunTocTpuKIHs, JIeKTPOCTpHKuus W nbedodddexr. Boipaxenus
(10.22) u (10.23) nnsa nuddepeHunanoB TepMOJMHAMHYECKHX MOTEH-
[MAJIOB JMDJIEKTPHKOB (¥ 2HAJOTUYHBIE Ui MATHETHKOB) MO3BOJIAIOT
YCTAHOBUTDH PAA COOTHOWIEHHIH MEXIy pPa3JUYHBIMH HX CBOHCTBAMH.
Takx, w3 Bolpaxeuus g oHepruv ['ub6ca enumaunbl oObeMa
MarfeTHKa

dG=—SdT+Vdp—JdH

(27V1>p,rz “(Z_;)”, ~ (10.29)

3meck (0V/0OH), r—u3Menenne o0beMa MArHCTHKA, BHI3BAHHOC Mar-
HATHBIM T1I0JIEM M  HAa3bIBACMOE O00BeMHOU  MAZHUMOCHPUKYUEI
(6J/0p)r,n—¥3MeHeHRe HAMATHWYMBAHMS C H3MEHCHHEM [aBJICHHS,
IpU HaJWYUM BHEHIHEr0 MarHuTHoro nojs (H##0) Ha3piBaeMoe
maznumoynpyaum dfexmom, a NpH OTCYTCTBHH BHCIIHETO MAarHUT-
Horo mois (H=0)-—nvezomacnumnoim sgfigpexmom. COOTHOIICHHAE
(10.29) cBa3biBaeT 0OBEMHYIO MATHUTOCTPHKLUUIO C 3TAMH 3 dexTami.
AHaJOTHYHO, IS JHIJICKTPUKOB M3 BBIPAKCHUSA

dG=—SdT+Vdp—PdE

HAaXOMMM CBSI3b JNEKTPOCTPHKLEH (OV/JE)r, , C NbE30IIEKTPUYECKHM
adpdexrom (0P/3p)r, =0, T. €.

HaxoauM
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(&), = (5 ). 1030

®opmyna (10.30), xak u (10.29), Taxxke OTHOCHTICA K OOBEMHOMY
nbe3030¢exTy, X0Ts OOBLIYHO NbE30INIEKTPUYECKHE sIBJICHHS HAGMromqa-
FOTCA B KPHCTA/UIaX B OIpelelIeHHBIX KPUCTAJUIOrpaduuecknx Hanpas-
nerusx®. [11acTHHKA, BbIPE3aHHAS U3 TBE303JIEKTPUYECKOTO KPHCTA-
Na ¥ cHaGXeHHasi JIByMs OJeKTPOJAMH, IIOJ HEHCTBHEM BHEIIHETO
9JIEKTPUYECKOTO N0 HCOBITHIBACT AehOopManHio, YTO BLI3BIBACT B HeEl
yupyrue koyebanus. M HaoGopoT, Mexanuyeckn Bo3byxeHHas nedop-
Malsi BBI3BIBAET HA OJIEKTPOJAxX IUIACTMHKM OJICKTPUYCCKHUE 3aPSbl.

[Mbe303MeKTPUYECKHE KPHUCTA/UIBI HAXOIAT IHMPOKOE NpPHMEHEHHE
B PaJMOTCXHHKE, JJIEKTPO- M YJbTPAaKyCTHKE M BO MHOTHX IPYIHX
obiacTAX HAYKM H TEXHHMKH, CBA3aHHBIX C TpeoOpa3oBaHUEM nepH-
OJTMYECKHX DJCKTPUYECKHX HPOLECCOB B MEXAHHYECKHE M HAOOOPOT.

MarnntHoe H sgepHoe oxJaxaenus. OxJaKICHHE Tela MOXKET
ObITh MOJIY4EHO HE TOJBLKO NpU aauabaTHOM pAaCUWIMPEHHH, HO U NpPH
BCAKOM Ipyroit amuabaTHOM pabore CHCTEMBL

Tax B Hacrosiiee BpeMss B OJHOM K3 OCHOBHBIX METOJOB
nonyueHus ceepxHu3kux Temmepatyp (7<1 K) ucnompiyercs amm-
abaTHOe pa3MarHH4YMBaHWe OOJIBINOH TPYHIE NapaMarHHTHBIX COJIeH
(keyie30aNIOMUHHEBLIE  KBACILI).

SIBeHre M3MCHEHHS TEMIIEPATYPbI IPH aMabaTHOM pa3sMarHHYHBAHMH
Ha3BIBACTCS MAZHUMOKaiopuiecKum Iggexmom. KomIuecTBEeHHYIO BEJIMYH-
Hy (0T/0H )s 3t0r0 3¢QdekTa MOXKHO HAHTH U3 BBIPAKEHUs M depeHImaa

HTANbNUH [ MAarHeTHKa, NOMEUIEHHOIO B MA4rHHTHOE IOJie

dI=TdS+Vdp—JdH.

31y BeJdHYMHY HCHOCPEACTBCHHO IIOJIYHAOT M M3 BBIPAXKCHHS UIs
MU3MEHEHHS TEMIEPATYphl Npd OOpaTHMOM amuabaTHOM pacIIHpEeHHH
(10.12):

<6T> __T(ev/oT),
op /s Gy ’
3aMeHUB B HeM p—>—H u V-J (B COOTBETCTBHM € TEM, YTO

pabora - paciupenus OW=pdV, a pabora HaMarHHYMBAHMS
oW=—HdJ). Takum obpazom,

OT\ _ _ T(0J/oT)y
oH )s Cy

rac CH*TCHJ'IOCMKOCTL npu MMOCTOSHHOMR HarnpAXeHHOCTH MAarHuT-
HOIro noJi.

*) B OTJIMYHE OT PpaCHpPOCTPAHEHHOCTH Ibe303jIeKTpHUueckoro 3dpdekra (d7eKT-
pudeckas HOJMAPM3ALMA Tejl NpH MX AehOpPMHPOBaHMM Oe3 BHEIIHErO 3JEKTPHYCCKOrO
MoJis) Nbe3OMArHUTHHIA 3(dexT cymecTByeT IHIIL KaK BECbMa PEAKOE ABJCHHE
Y HEKOTOPHIX aHTH(EPPOMATHETAKOB M OTCYTCTBYCT Y BCEX APYTMX MATHETHKOB (XOTs
MArHATOYHPYIrEM 3(pQekToM 00JafaloT Bce MAarHeTHKH).
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Jns napamarvetukoB J=xH. MazHumnas sochpuumuugocms Wje-
AMbHLIX MapaMardUTHBIX BeliecTB, no 3akoHy Kiopu, obpatHo
MPOTIOPIMOHANIFHA TeMIIepaType:

w=C/T,
rae C—rmnocrosnnas Kiopn (C>0). Tlosrtomy J=—C£, <0—J> S
H

T oT T?
H, CJICAOBATECABHO,
oT CH
Ty _CHoy,
0H s TCH

Orcroga BUAHO, 4TO npu pasMmarHuuuBanun (dH <0) temmepatypa
nonmkaerca (d7<0). Ilpu uu3kod TeMmmepatype, o 3akody [ebas,
TEIJIOEMKOCTh TPONOPLUHOHANIBHA KYyOy TeMIepaTypsl:

Cp, H =(XT3,

oT 1
0H ), s T*

CnenoBaTenbHO, IPU HU3KOH TeMIieparype U3MEHEHHE TeMIlepaTyphl
MOXeET ObITh BEJIHMKO: OOPATHO HPONOPUHOHAIBHO YETBEPTOH CTEHEHU
TemnepaTypsl. O/IHAKO B COOTBETCTBUH C TPETHUM HAYaJIOM TEPMOJIH-
HaMMKHU 1pH Temrepatype, 6auskoit ¢ 0 K, » mepecraer 3aBucers ot
TeMnepaTypsl U MarHuToxajiopudeckuil addext ucuesaer. IpenensHo
HU3KUE TEMIIEPATYPbI, KOTOPbIE MOKHO MOJYYHTH METO/IOM aAnadaTHO-
10 pa3MarHM4MBaHHUs TIAPaMarHUTHBIX COJIEH, ONPENCNSIOTCS CHJIAMH
B3aHMOJEHCTBUS MEXAY 3JICKTPOHHBIMU CIIHHAMY (JJMIOJIb-/IUIIOJILHOTO,
obMmerHoro M T1. A.). Kak Tosnbko reMineparypa rena OyJAeT HACTOJBKO
TOHHXKEHA, YTO IOJ ~JICHCTBUEM CHJI B3aUMOJCHCTBUS BO3ZHUKHET
YIOOPS/TIOYEHNE B PACHOJIOKEHHH IJIEMEHTAPHBIX MATHETHKOB, METO]
aaabaTHOro pasMarHuuNBaHUs NEpeCTaHET JeHCTBOBAaThL. B HacTosIEe
BpeMs! HOJIy4eHa TIPEHC/JbHO HM3Kas JUIg 3TOTO METOJa TeMIeparypa
0,001 K. Boobiie, 4em DoJiee HUZKYIO TEMIEPATYpy HAIO IONYYATh, TEM
HoJiee ciadble B3aMMOAEHCTBASA HEOOXOAUMO HCIOJIB30BaTh B paboueM
sewecTse. IMoaromy apyro#t nyts B npubmimkenuu k 0 K nexut vepes
UCTIONIb30BAHNE ANECPHOTO MArHeTH3Ma. B 3TOM ciiyyae chibl B3aMMO-
neiicrBus OyayT mposeasThes nuinp npu 107° K. DreM Metomom
VA4ETCH TOJIyYHTh CIMHOBHIE TeMIepaTypw! mnopsaka 1076 K¥,

TI03TOMY

§ 52. PABHOBECUE T'OMOIEHHOV CHUCTEMBI

B romorenHoi cucreMe MOTYT NOpPOUCXOOUTh XHUMHYCCKHEC pCAKIUH
MEKOY COCTaBHBIMH €C 4YaCTssMH W POACTBCHHBIC HM NPOUCCCHI
AACConrManyd, HOHH3ALKU, NOJUMCpH3alMd KW T. A., KOTOPLIC TAKXKE

* Cm.: Kypru H. Oxaaxpienue aauabaTdyecKum pasMarHMMUBAHHUEM  SIEPHbIX
cimuoB // YOH. 1961. 75. Bum. 1. C. 151; Jloynacmaa O. B, IlpuHuunel 1 MeToabl
noayueHus rteMmeparyp Huke | K. M., 1977.
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CBA3aHBI C HM3MEHEHMEM YHCJIA YacCTHI[ B 3aKphITOH cucreme. Bee
TaKde MPOLECCHl OOLIMHO HA3BIBAKOT OJHUM TEPMHHOM — XUMUYECKQA
peakyus.

VYcioBre XMMHAYECKOro paBHOBecnsi. Besixas Xummudeckas peakuus
NpoTeKaeT, BooOlIe TroBops, Kak B IPSIMOM, Tak H B OOpaTHOM
HanpasjieHHsX. Jlo HacTymjeRus paBHOBECHS peakLusi B IPIMOM
HampamjieHMd npeoOnagaer Hax obOpatHoit. llpu paBHOBecuH 06e
IPOTUBONOIOKHBIE PEAKIHY HAYT ¢ OAHHAKOBLIMH CKOPOCTSIMH, T4K
YTO Macca BellleCTBA KaXIOr0 COPTa C TEYECHHEM BPEMEHH He
u3MeHsiercs. HaliieM YyCi0BHE XMMHYECKOI'O DPaBHOBECHS.

Xumuieckas peakius 3allAChIBAETCA B BHJE

Y vid; =0, (10.31)

rae A;——XAMHYECKHEe CHUMBOJIBI PEATUPYIOMNX BEIECTB, V;— YHC/a
MOJIEKYJ]l 3THX BELUECTB B DPEAKIHH (cmexuomempuyeckue KoyPhuyu-
enmor). Hampumep, IUisi peakuuu

2502 +OZ = 2SO3 U 2802 + 02 —2SO3 =0

CHMBOIB A; ¥ v; uMeroT 3HaueHus: A; =S0,, vi=2, 4,=0,, v,=1,
A3=SO3, V3=—2‘

Ecnu cucTeMa HaxOmUTCA NpPH MNOCTOSHHBIX TeMIepaType U JaB-
JIEHWH, TO IPH XWMHUYECKOM PpaBHOBECHH TEpMOIMHAMUYECKHH IO-
TeHuMan [ubOca G cHUCTEMBl HMEET MHHHMYM, OIpeACisieMbll
ycnosueM 8G =0 mwm

z(a_c> BN, =Y 13N, =0, (10.32)
—~\ON: )., -

rie O8N, BO3MOXHBIE M3MEHEHWS YHCEN MOJEKY]T pearHpyOLIuX
BELIECTB NpPH DEaKUMH. OJTH HHCJIA NPONOPLHOHAJIbHBI YHCIAM Vi
0N /dN,=v;/v,. [losromy, 3amerus B Qopmyne (10.32) 3N; Ha v,
TMOJIYYaEM  YCAOSUE XUMUYECKO20 DABHOBECUSA:

Y vipi=0. (10.33)

CpasauBas popmysst (10.31) u (10.33), Buaum, yTo A NOJTYHEHHUS
VCJIOBHS XMMHMYCCKOTO PABHOBECUS HYXKHO B ypPaBHEHUMM XWAMHUYECKOH
pEaKUNM 3aMEHHTh CHMBOJIbI A; COOTBETCTBYIOUIMMH XMMHYECKMMH
noTeHUHanaMu ;. Ecnu B cUCTeME NPOHCXOJUT HECKOJIBKO XMMH-
YECKHX PEaK[Hif, TO paBHOBECHC OINpPEC/SETCSi COBOKYNHOCTBIO YpaB-
weauid supa (10.33), nns npEMEHEHHS KOTOPBIX K KOHKPETHBIM
XUMHYECKAM DeakiusiM HeoOXOAMMO 3HaTh BBIPAXEHHs [JIs XHUMH-
YeCKHX MOTEHLHATIOB.

3akon pgelicTByrommx Macc. s WAEaJBHBIX Ta30B XUMHYECKUH
HOTEHIMA ¢ TOYHOCTBIO [0 OJHTPONMHHON KOHCTAHTBI HW3BECTEH.
IlostoMy ¢ momombio (10.33) MOXHO YCTaHOBUTB DPsAA 3aKOHOMED-
HOCTEH NPU XHMHAYECKHX DEaKUMSX B CMECH M/JCaJibHBIX ra3oB, KOrja
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KaX/[blif T43 BeneT cebGs HEe3aBHCHMO OT JIPYTHX, MMesl HaplHajbHOE
JaBJICHUE P;.
XuMuYecKiii TNOTEHIMAN HACANbHOrO rasa (CM. 3amauy 5.3)

pu=kTInp+pe(T),

o(T)=¢, T(1 =In T)— Tso +uo. (10.34)
B ciyyae cMeCH ra3oB s i-H KOMIOHEHTHI
wi=kTInp;+poi(T),

rae p;— NApIMajibHOE [ABJIEHHE 3TON KOMIIOHEHTHI.
Obmee nasneHKHe cMecu p-—-z pi. Jns upeanbHOro raia

=N
Pi=p ZNi— iDs

rac

TIe ¢;— KOHUEHTpauus i-ro rasa. Taxum obpa3zowm,
wi=kTIn cip+poi(T) (10.35)

U ycjaoBHe xummu4eckoro pasHoBecust (10.33) mns peakumit B ra3zoBoi
CMECH TNIPHHAMAET BHJ

Y vi[kTInep+pei(T)]=0,
OTKyAa l
kTEVi lnCi+kT Z\/i lnp—{-ZViuo,-(T):O,

Zlnc:"= —ZV.' In —k"‘IT‘.ZVini(T)a

1—[Clvl_—_p_;Vlexp[—kl-fzvluol(T)]=KC(T, p) (10.36)

Cunrtas v; NOJIOKHMTEIBHBIMH JUUIsl BEINECTB, BCTYHAIOINMX B pe-
AKIMIO, M OTPHUUATEILHBIMHM JUISI BEILECTB, NOJYYArOIIUXCS B DE3yJib-
Tare peakuud, nepenuieM (10.36):

[Tej [TTeo=KA(T, p). (10.37)
J s

Vpasuenus (10.36) mmm  (10.37) npencraBisoT cobol  3akoH
O€tiCMEYIOWUX MACC: OMHOUEHUE RPOU3BCOCHUS CIeneHeli KOHYeHmMpayui
gewecms, BCMYNAOWUX 8 peaKkyurd, K RpOU3eedeHur0 cmeneHell KOH-
yenmpayuil 8ewecms, NOABARIOWUXCA 8 pe3yasmame peaKkyuu, ¢ NoKa3a-
MeAAMU, DPABHBIMU COOMBEMCMEYIOWUM CIEXUOMEMPUYECKUM KO3~
guyuenmanm, ecmv 6eAUNUHA HOCMOAHHAA NPU NOCMOAHHBIX MeM-
nepamype u OasaeHuu.
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Beymuuna

i

Y,
K(p. T)=p CXP[—]}TZWHO;'(T{I

HA3BLIBACTCA KOHCHMAHMOU — XUMUHECKO20 PA6HOsecUA. 3aBHCHMOCTH
Vi

Kc( P, T) OT [ABJICHHA TOJIHOCTBIO OMPEAEIAETCS MHOXKUTEIEM p; ,
HAXOXJEHHUE X€ TEMIEPATYPHOH 3aBUCHMMOCTH TpeOyeT AajbHEHImX
NPEANOJIOKEHHH O CBOHCTBaX ra3oB (3aBHCHMOCTh TEMJIOEMKOCTEH
OT TEMIICPATYpPH H Jp.).

3aKOH [JOEHCTBYIOIIMX MAacCC CIPABENIMB TAKXKE M [UIS  PEAKLHH
MeX]ly PAaCTBOPEHHBIMM BEIECTBAMH, KOTOPbIE B CNAOBIX PacTBOpPax
Beaytr cebs moA00HO WMIeaNbHBIM ras3am.

Eciu B peaxunn cymma Y v; pasHa Hymo, 10 K (p, T) cocem
HE 3aBHCHT OT JaBJICHHS, KaK 3TO, HANMPHMEp, TPOUCXOJUT IPH
JUACCOIMALIMH UOUCTOTO BOAOPOJA!

2HI=H,+1,.

3akOH JEHCTBYIOIMX MACC MOXKHO BBIPA3UTb HE TOJLKO Yepe3
KOHLEHTPAIUH, HO M Yepe3 NapiUajibHbIe JaBJIEHUS, €CIIM B YPABHEHHE
xumuyeckoro pasuosecust (10.33) momerasuth p=kT Inp;+po;(T):

Hp:i:Kp(T)'

Hocrosiunas paBHOBecus K,(T') B 9TOM cilydae COBCEM He 3aBUCHT
OT [IaBJIEHHS, a 3aBHCHT ‘TOJBKO OT TeMmepatypel. B HEKOTOpHIX
ciydasx ara ¢opMa 3akoHa IEHCTBYIOLIMX Macc sBiseTca Oosee
yIOoOHOH.

3axon passeaenuss OcrBaabga. [Ipw pacTBopeHMM Kakoro-imobo
BenectBa (Hanpumep, mnoeapeHHoi coymu NaCl) B pacTBopHTEsNE
(BoIe) TIPOMCXOAMT JMCCOIMAIMs 3TOTO BEIleCTBa, T. €. pacnaj
MOJIEKYJI PACTBOPEHHOTO BEIIECTBA HA MOJIOKUTEIbHbIE W OTPHLATENb-
able norbl (Na ¥, C17). OmHOBPEMEHHO ¢ 3TUM NPOMCXOJUT H HPOLECC
MOJIM3A0HUH, T. €. BOCCOEAMHEHHS HOHOB B HENTDAJIbHBIE MOJICKYJIBL
Ilpu paBHOBECcHM 00a 3TH mponecca HAYT B OJMHAKOBOH CTENCHU:
CKOJIBKO MOJIEKYJ1 TUCCOUMAPYETCS, CTONBKO M Moyusyercs. SiBienue
JUCCOLMAIMH MOXHO paccMaTpuBaTh Kak YAaCTHBIA ciydail xummyec-
KO# peakuud, a paBHOBECHE TIPH JAMCCONMANUMU — KaK HaCTHBIA Clryyah
XHMHYECKOTO0 PaBHOBECHS.

[MpuMennM X 3TOMY PaBHOBECHIO 3aKOH JEHCTBYIOIIMX MACC.
KOMHYeCTBEHHO AUCCONMALNS XapAKTEPU3YeTCs BEJIMUMHOH o=n/N,
Ha3bIBaeMOMR cmenensio duccoyuayuu (11— KOJIMYECTBO JUCCOLUUPOBAH-
HBIX MOJIEKYJl PacTBOPEHHOTO BellecTBa, N-—obliee YHCIO MOJIEKYJI
pPacTBOPEHHOTO BEIECTBA).

ITycte 4HCAO0 MOJIEKYJl pacTBOpMTeNs paBHO No. Toraa koHueH-
Tpalus pacTBOPEHHOro BemecTBa ¢=N/Ny, KOHUEHTpaUus MOJIOXU-
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TeNbHBIX HOHOB 3TOrO BellecTBa ¢y =n/N,, KOHUEHTpalHs OTpHIA-
TEJILHBIX HMOHOB 3TOTO BemIeCTBa ¢, =n/Ny, KOHIEHTPAUUS HepacTt-
BOPEHHBIX MOJIEKYJI BewecTBa c¢3=(N—n)/N,

Mo 3axkoHy AeHCTBYIOIMX Macc, NMPH pPaBHOBECHH

ciea/c3=K,
rae K—mnocrosgHas AUCCOLMALMU, HIH

niNo-n/No _(N/No)*:(n/N)* _
(N—n)/No N/No-(N-n)/N 7

OTKyaa
a’e/(l—a)=K.

D10 ypaBHEHHE NpPEACTaBASET cO0OM 3akon paszsedenus Ocmsanvoa.
OBo cBasbiBaeT KO3(POHUIMEHT MCCOLMAIMM O C  KOHIEHTpalueH
¢ pPacTBOPEHHOrO BElleCTBA, NOKA3biBasi, YTO C YMEHbIEHHEM KOH-
neHTpanuu (1. €. YBEJIMYCHHEM pa3BEICHHS) CTElNEeHb AUCCOLMALU
Bo3pactaeT. B ouenb cnabpix pacrBopax, ~korga c¢—0, creneHb
JUCCOIMAaA o—1, T. e HOYTH BCE MOJEKYJIBI JUCCOIMHPOBAHLI.

Kosbdumment aucconmanun o Moxer ObITH omnpenenieH u3 Gop-
MYJIBl [UIS JJIEKTPOIIPOBOAUMOCTH G PacTBOpa, MOJIYYaeMOM B TEOpHH
3MEKTPOJTATHYECKON TUCCOHAALTHM:

o=Fan(u*+u"),

rae F—mnocrosaHas ®apaned; 1 -—KOHUECHTpalus, paBHAs uucy
MOJIEH pACTBOPEHHOrO BEIECTBA B €AWHHUIE OObeMa pAacTBOpa; u
H ¥ —TNOJBWXHOCTH HOJIOKHTCJIBHBIX M OTPHLATENbHBIX HOHOB.

OKcnepuMeHTaIbHOE  TIOATBEPXK/IeHUHE 3akona passexends Oct-
BajlbAa CIYXHT XOpOLIMM JOKa3aTeJIbCTBOM HNPABHILHOCTH TEOPHH
3JIEKTPOJIMTHYECKOH  TUCCOIMALIIN.

TennoBoe nonn3anuonHoe papnoeecue, ®opmyaa Caxa. ITpu nocraroy-
HO BbLICOKOH <TeMmepaType (KOT/ida XHMHUYECKOE COCAMHEHME YXe
MOJTHOCTBEO NUCCOLMMPOBAHO) CTOJKHOBEHHS aTOMOB Ia3a NPUBO/IST K MX
HOHH3ALHH. IIpu 5TOM "acTh aTOMOB pacnagaercs Ha NOJIOKUTETbHBIH
1ol A * 1 anexTpoH e. OHOBPEMEHHO C 3THM IIPOMCXOAMT U 0OpATHEIN
nporece pekoMOUHAIMH, B X0JIe KOTOPOTO HOH U 3JIEKTPOH COeIUHSIOTCS
B HeliTpanbHbi aTtoM. IIpm paBHOBecMu o06a 3TH mpouecca HAYT
C* OJMHAKOBOH CKOpOCTBIO. YPaBHEHHE PCAKIMH HMMEET BUI

A=A" +e.

HpHMeHHM K J3TOMY TCIJIOBOMY HOHHM3AIIMOHHOMY pPAaBHOBCCHIO
OTHOATOMHOI'O Ia3a 3aKOH ReﬁCTByIOHlHX Macc M HaHOeM CTEleHb
HOHHU3AlHM O rasa (OHpCIIC.ﬂﬂIOHIy}O OTHOILICHUE YHCJIa HOHH30BAHHBIX
aTOMOB K 06H16My YUCJIY BCEX aTOMOB) B 3aBHCHMOCTH OT [aBJICHHI,
TEMIICPATYPhl U HHIAWBUIAYAJIBHBIX IIapaMETPOB €ro.

KonneHTpaunu HCﬁTpaﬂbeIX 4TOMOB, HOHOB H JJICKTPOHOB IIpH
PaBHOBCCHH COOTBETCTBCHHO PAaBHBI
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N—oN -« + o
= = C :Ce:_~,

N+aN 1+o’ 14a
Yvi=v4+vidve=1—-1-1=-1 (10.38)

M3 3akona peiicrByromux Macc HaxomuMm (1—o?)/o®=pK(T).
OTKyJa

1
14 pK(T)
ITocTosHHas XUMHYECKOTO PaBHOBECHSA

K(1)=ow| =5 Tvino(7) |

N3 dopmyn (10.34) u (10.38) Buamso, uto
ZViHo;'(T)=uo+u3 —toe(T).

MU po.(T) onexrposnoro rasa (mis xoroporo C,=%/,k
U ug,=0) uMeeM

qu( ) len(kT)s/Z’

I/l MOCTOsIHHAS b CBA3aHA C OHTPONUHHOM TOCTOSHHOH Sy M DPaBHa

1 hZ 3/2
b=- .
2\ 2nm

B cnywae omgHoaTOMHBIX ra3oB OOBMHO nHomaraloT =0, T.e€
OTCYHTBHIBAIOT OHEPrHIO OT HOPMAajbHOrO YPOBHA aroMa. Toraa
SHEPTHS UOHWU3OBAHHOTO aToMa

ul =I=eV,

rae V—MOHW3AUMOHHBIA HOTEHOMA] ATOMA; e—3apsAl NEeKTPOoHA
Takum obpazom,

bexp[1/(kT)]

ZV,H(),( len( )5,2 I, K(T):W—,
o= ! _ (10.38"
1+bp exp [1/(kT)]
)"

3TO BoIpaXeHHe JUIA 3aBUCHMOCTH CTEIEHM MOHM3ALMH O 01
HaBjeHUs. M TEMIEpPaTypsl ObLIO NOJMYYeHO HHIMACKMM (HU3UKONM
M. H. Caxa u HaswBaerca gopmyaoii Caxa. U3 Hee BHOHO, UTC
o OBICTPO pacTeT ¢ TeMnepaTypoid. 3HaHWe & MOXET OBITh HCHOJIb
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30BaHO JUIS ONPENESIEHAs TeMuepaTypsl. MHOXHUTENb HPH IKCIIOHEHTE
OoYeHb MaJi, MO3ITOMY HpPU TeMmmneparype, korma kT~I, a=x1, ra3
OKa3BIBAETCS NPAKTUYECKH TIOJIHOCTHIO HOHH30BAHHBIM.

®opmyna Caxa Hamuta BaXHBIE NpPHMEHeHUs B (GHU3WKe 3BE3THOM
atMocepsl. Tak, UCCIEAOBAaHUS CHEKTPOB, MCXOISMIUMX W3 pa3jIM4HBIX
CIOeEB CONHEYHOH artmocdepsl, MoOKazamy, 4To B Oosee rinyOoOKHX
cnosx  atMmoceprl, T[Re TeMIeparypa BbILie, CTENeHb HOHH3ALUM
o TAapOB KaJIbHMA HIDKE, YeM B 00Jee XOJIOIHBIX, BHEIUHHX CIIOSIX.
DTa 0coBEHHOCTH CHEKTpa cofHeuHoH aTMocdepsl cBsa3aHa, no Caxa,
¢ POJIbIO JIABJICHAS p. YBEJMYECHYWE CTENECHH HOHU3AIMH C YMEHbLIEHUEM
JaBIeHUs MIeT ObICTpee, 4YeM ee YMEHbLIeHHE C TNOHMKEHHEM
TeMrepaTypbl 1pH Hepexole OT TIaAyOOKHX K BEPXHHM CJOSM
xpomocdepsl.

PaBnoBecne B HeMJeaJdbLHBIX CHCTeMaX. JleTyuecThb M aKTHBHOCTD.
Bnusune MeXMONEKYISIPHBIX B3aUMOACHCTBHI HA TEPMOIMHAMHUYECKUE
CBOWCTBA Ta3a MOXHO BLIPAa3WThb, BBONS WKW JIETY4eCTh, HIH
akTHBHOCTH ra3a. C TNOMOIIBIO 3THX BEJIMYHH PEANBHBIC Ta3bl
OMUCHIBAIOTCA YPABHEHHSIMM TOTO K€ THNA, YTO W WIeaNbHBIE.

Cornacao ¢opmyne (10.35), xumuyecknit TOTEHUMAT HIEAILHOTO
rasa

p=po(T)+kTInp.

3anuineM Ans XHMHYECKOTO IOTEHLHa a jIboro pe€asibHOTO rasa
AHAJOTHYHOC BbIPAXCHUE!

w=po(T)+kT Inf(T, p), (10.39)

tae po(T)—rta xe dyskmus, yro u B (10.35) jus xMMHHECKOTO
noTeHn@ana MaeanbHoro rasa, a Qymxuwms f(7, p) yduthiBaet Hemze-
anpHOCTh ra3a M Ha3bIBACTCS /1emyuecmsio.

3anuchIBas XMMHYECKUN NOTEHIMAN HEHJICAILHOH CHCTEMBl B BHIE
(10.39), MOXHO pacpoCTpPaHUThL Ha HeuJeasbHbIE CHCTEMB CBOMCTBA,
YCTAHOBJICHHBIE I UACATLHBIX CHCTEM. Tak, ¢ HOMOMIBIO JieTyyecTe
ToJIydaeM Jijisi 3aKOHA JAEHCTBYIOIINX MAacC PEaNbHHIX Ta30B Ty Xe
dopMyny, MTO M JUIS MACATLHBIX Ta3oB:

H fi=K,(T), (10.40)
rae K,(T) umeeT TO xXe 3HaYeHHe, YTO M /Il CMECH HIeasbHbIX [a30B.
s raza Ban-nep-Baanbca netrydecth ompejiensiercss U3 GopMybl
a 2a  RTh
f(T,p)—(p-l»W)exp(—?—V—_b).

B cnyuae Oonee CNOXHBIX YpaBHEHHH COCTOSHMS BBIpDaXEHHs! OIS
S(T, p) cranosstcs ouenp rpomosfkumi. OjHAKO C  NOMOIIBIO
NIETY4eCTH HCCIIEIOBAHHE CBOMCTB peaNbHOTO Ta3a CYILECTBEHHO
YIOPOWIAeTCs TPH M30TEPMUUYECKHX IMPONECCaX, KOTJa f MOXHO HAMTH,
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He 00paluasch K OJHOMY YpaBHEHMIO cocTosiaus. Beipaxenue (10.35) s
XAMHMYECKOT0 MOTEHIINAIIA WIEAILHOTO Ta3a MOXHO TaKXKe 3aIMCATh B BULIE
p=p(T, p)+kTInc;, (10.41)
roe p? (T, p)=noi(T)+kTInp.
PacripocTpasssi 3T0 YpaBHEHHE Ha pealibHble Ta3bl, 3aMUILEM
u,=u?(T, p)+kT1nal, (10.42)

rae pl (7, p)—ra e ¢yHkums, 4To M B BhIpaxennn (10.41), a sce
5 GhEKTHI, CBA3aHHBIE C MEXMOJIEKYISPHBIM B3aUMOAEHCTBHEM, BKITIO-
sarorcss B Gyukumo a;(T; p; ¢y ...; Cx), HA3BIBAEMYIO AKMUBHOCHIbIO
komnonenma i. Bemuunna

Yi=a;/ ¢ (10.43)

HasbIBAETCH KOIPPuyuenmom akmugnocmu i-T0  KoMmmoHeHTa. U3
dopmynsl (10.42) monmyvaem

w=pu"+kTny;. (10.44)

B cMecH mpaeanbHBIX Ta30B BCe KO3GOUIMEHTH aKTUBHOCTH PaBHbL
enunune. Iloatomy 3Haverwss 1—vy; Wik Iny; MOXHO HCHONB30BATH
KaK MEpY OTKJIOHEHWH OT 3aKOHA HIEANBHBIX Ta30B.

Hetrpynao ycTaHOBHTH CBSI3b MEXIY JETYy4ecThblo M koddduuuen-
TOM aKTMBHOCTH:

fi=pivi. (10.45)
§ §3. PABHOBECUE TETEPOTEHHOM CHUCTEMBI

PaccmoTpum Teneph (hazoBOe MM I€TEPOreHHOE PaBHOBECHE CHCTEMBI,
cocrosuieii w3 n ($pa3 ¢ k xommnoHeHTaMH. byaeM y BemHuHH,
OTHOCSILMXCS K pa3HbiM (a3zaM B KOMITOHEHTaM, NMHCaTh ABa MHAEKCA:
BepXHHIl o3HauaeT a3y, a HWKHHHA — KOMIIOHEHT; Tak, HallpHMeD,
I — XHMHYECKH# MOTEHUHAN [EepBOro KOMITOHEHTa BO BTOpOH dase.

VciaoBusi paBHOBeCHS reTeporenmHoii cucrembl. PasHoBecue B ABYX-
dasnoil cucreMe kakoro-mubo BemiectBa (cM. § 28) HacTymaer mmpu

T!=T(/’ pr=p/r’ ul=un’ (10.46)

T. €. TPH DABEHCTBE TEMIEPATYDP, [ABJIEHHH W XHMHUYECKMX HOTEH-
HUANOB BelIeCTBA B 00emx azax, WIH

w (T, p)=n"(T, p).
HpH PaBHOBECHH XK€ [OBYX (1)3.3 Pa3HBIX BELIECTB JOJIKHBI
BBINOJIHATLECA YCJIOBUA

T1=T3%, pi=p3, (1047)

T. €. PaBeHCTBO TeMIepaTyp W JaBieHuil B Qazax. Ha xummueckue
NOTEeHIHAIBl B 3TOM Cliydae HUKaKMe YCIOBHS HE HAKJAAbIBAIOTCH,
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4TO (U3MYECKH COBEPIICHHO SCHO M 0e3 BBIYHC/ACHHH, MOCKOJBLKY
oOMEHa YaCTHIAMH MEXIy TakaMH ¢da3zaMd ObITb He MOXET.

N3 dopmyn (10.46) u (10.47) MoxHO cpmenaTh oOLMII BBIBOJ,
4TO TpPY PABHOBECHM TIeTepOreHHO# cucreMbl w3 n a3z ¢ &k kxom-
NOHEHTAMM TEMIEpaTypa, MH4BJieHHEe ¥ XHMHUMECKHE TOTEHIHAbI
KaXJI0Or0 KOMIIOHEHTa BO Bcex (a3ax OJHAKOBHI:

T =T"'=T"=..=T", (10.48)
p=p'=p"=..=p", (10.49)
W=pi=pi=..=p,
u'z=u'z':u%'=--.=u¥", (10.50)
He=Hg=pi =...=p".

Vpapuenns (10.48) —(10.50) npexctaBnstor coboit ycioBus pas-
HOBECUS TeTEpOTeHHOM cmcreMbl (cM. 3amawy  10.7).

ITpaBwio ¢a3 T'wdbca. IlosmyueHHble YCIIOBUS paBHOBECHS TIeETe-
pPOTEHHOM CHCTEMBbl MO3BOJISIOT OIPEREHHTh KoiuuecTBO a3z (co-
CTOSINMX W3 HECKOJIbKUX KOMIIOHEHTOB), CHOCOGHBIX OJHOBPEMEHHO
HAXOJMTHCH B PABHOBECHH, WM YHCIO HE3aBHCHMBIX TEPEMEHHBIX
reTepOreHHON CHCTEMbI, KOTOpbIE (MOXHO H3MEHATb, HE Hapyluas ee
paBHOBecHs. JTa 3amaya Obuia peiueHa ['m6OcoM, NoaTOMy NOJydeH-
HBlf UM pe3yJibTaT HaspiBaercd npaBmioMm a3 I'mb6ca.

YcraHoBuM 3TO TnpaBHIlo.

IMycts obmue TeMnepaTypa W JaBjieHME BO Bcex hazax paBHOBeC-
Ho¥ TreteporenHodl cuctrembl Oyaytr T um p. Cormacuo (10.50), mpum
PaBHOBECHH XMMHUYECKHE IOTEHIMAbl KaXJA0TO KOMIIOHEHTa BO BCEX
¢dazax HODKHBI OBITH ONWHAKOBBI:

wi=pd (j=1,2, ... k; i,s=1,2, .., n).

Bcero 3Tx ypaBHEHHM, BHIPAXKAIONIMX YCIOBHS PABHOBECHS [ETEPO-
resnolt cucremst, k (n—1). CocTosiHEe TeTeporeHHOM CHCTEMBI Ompe/e-
nseTcs BenuuMHamMy p, T ¥ k—1 HE3aBUCHMBIMH KOHLEHTDaHHSIMH
pa3IMYHbIX KOMIIOHEHTOB B Kax/0# ¢aze®, T. e. 2+n(k— 1) nepemen-
v, TTpn oM cuctema u3 k (n— 1) ypasrennit (10.50) 6yner umers
pELIEHKE, ECNM 9UCJIO YPABHEHHH Oy/IET BO BCAKOM Ciiyuae He DOJIbHIe
YHCNa NepeMeHHbIX, T.e. k(n—1)<2+n(k—1), orxyma

*) He3aBUCHMBIX KOHUEHTpauuii B Kaxjaoit ¢ase k—1, noroMy uTO MexXay
KOHICHTPAUMSIMH BCEX Kk KOMIIOHEHTOB B Kak[oW dase CymecTByeT CBA3b:

k 3 :
. N,
> C:=Z % =1,

r=1 r=1 Z Ni
r
r=1

T. €. CyMMa KOHLEHTpalUuil BCCX KOMIIOHEHTOB BO BCAKOM i-# ¢a3e paBHa eIMHHIE.
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n<k+2. (10.51)

DT0 COOTHOIIEHHWE YCTAHABJMBAET, YTO B CHCTEME W3 K KOM-
NOHEHTOB OJHOBPEMEHHO MOXET HaXOOUThCH B DPABHOBECHHM HE
6osbiie yeM k+2 ¢da3el, W HaswiBaeTCH npasusom az [ubbca.

Ecam uucno n ¢da3 B TepMOJHMHAMMYECKOH CHCTEME MEHBIIE YeM
k+2, ro B ypaBuenusx (10.50) k+2—n nepeMeHHBIX MOTYT, OUEBHIHO,
UMETH TPOU3BOJIbHBIE 3HAUYCHHA. DTO O3HAYaeT, Y10 k+ 2 —n nepeMén-
HEIX MOXHO MEHSTh, He H3MEHAS 3THM 4YUCiAa M BuAa a3 CHCTEMBI
Yucno He3aBUCHUMLIX MEPEMEHHBIX, KOTOPhIE MOTYT ObITH NPOHM3BOJILHO
(B xoHeYHBIX mpedeiax) HW3MeHeHbl Oe3 HapylIeHHs pPaBHOBECHS
TETEPOreHHOM CHCTEMBI, HA3bIBAETCA YUCAOM MEPMOOUHAMUUECKUX
cmeneneii ceobodbl [ cuciembl. OueBnaHO, HTO

f=k+2-n. (10.52)

Tax xak coornomenue (10.52) sxeuBanenrno  (10.51), 10 oHO
TaKkke HasblBaeTcs npasutom ¢Paz Tubbea.

Mpasuno ¢a3z B Buge (10.51) nmomyueHo [nsA reTepoOreHHOR
CHCTEMBI, Ha KOTOpYIO HEHWCTBYET TOJIbKO ~OXHa Cuila [JaBJICHUS.
Ecimm Ha cucTeMy JecTBYeT ¢ OGOOINEHHBIX CHMJI, TO BMECTO 4HCIa
2 (cooTBETCTBYIOLIEr0 NEepeMeHHBIM p H-T) B mpasuno ¢aiz Oymer
BXOJMTH 4YMCJIO ¢+1 W mius Tako#  cHCTeMBl 3T0 mpaBmio Oynxer
3aMUCHIBATHCS WJIA B BHJE

n<k+q+1, (10.53)
HWIN B BHIE
f=k+q+1-n. (10.54)

Kpusbie pasuosecHs  ¢a3. Tpoimas Ttouyka. CornacHo mpaBuity
ta3 Tub6ca, B cucreMe U3 k KOMIHOHEHTOB B PaBHOBECHM OJHOBPEMEH-
HO MOXeT HaxomuThCs He Oombie k+2 ¢as [cMm. (10.51)]. B cnyusae
OMHOKOMITIOHEHTHOH cucTeMbl (k=1) MakcuMmanbHoe uuciao ¢as,
HAaXOJAIUMXCA B PABHOBECWH, OYCBHUIHO, PaBHO Myae=k+2=3,
a B ciyvae OMHApHOH CHCTEMBL Mygye.=4%.

Npu pasHoBecun OBYX (a3 (n=2) OAHOKOMIIOHEHTHOTO BEILECTBA
(k=1) uucno crenenedt cpoboapl f=k+2—n=1. DTO0 BUAHO TaKxke
W3 yCOBHS paBeHCTBA xuMmuueckux notenumanos p'(p, T)=p"(p, T),
KOTOPO€ CBA3LIBAET TeMMepaTypy W maBieEne B ¢azax. Onny u3
ITHX TMEPEMEHHBIX MOXHO B3ATh 33 HE3aBHCHMYHO, TOrja

p=p(T) (10.55)

-— ypaBHeHHE [UIsl 3aBHCHMOCTH /IaBJICHHsl OT TEMIIEpaTyphl TpH
pasHOoBecuu. Ecnm oTknaamBaTh Ha OCAX KOODAMHAT TEMIEPATYpy
H [IaBJIEHHE, TO TOYKH, COOTBETCTBYIOIIME paBHOBecHIO (a3, OyayT
JexaTh Ha HekoTopoit kpuso# (10.55), HasriBaeMoil kpusoli pasrosecua
gas. Tlpm O3TOM TOHYKH, Jiexallie IO CTOPOHaM JTOH KPHBOH,
HpeACTaBIsSIOT co00if pa3iuyHble OMHOPOAHbIE cocTosHus Tena. Ilpu
M3MEHEHHH COCTOSHHA BIONb JIMHMY, INepecekaiouleil KpuByro paB-
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7
Pre. 32. Pnc. 33.

HoBecust (puc. 32; TYHKTHp), B TOUYKE MEpECEYCHHs HAcTynaer pac-
crnoene (a3 W Aanblile CHCTEMA NEPEXONHT B apyryto dazy. Kpusas
paBHOBecus a3 SBJISETCH, CNEJOBATEIbHO, T'paHHuell yCTORYUBOCTH
Kako#-ymbo a3kl OTHOCHTENLHO €€ TNPEPLIBHBIX H3MEHEHHI.

IIpu paBHOBecMHM Tpex (a3 OIHOTO M TOTO XKe€ BEIECTBA HMEEM
B ypaBHEHWs

w(T, p)=u"(T, p),
w(T. p)=n"(T. p) (10.56)

C IBYMS II€pEMEHHBIMH. DTH YPABHEHHS JAIOT BIOJIHE ONpEleicHHbIE
3HayeHHss 1 W p TpU paBHOBeCUM Tpex (a3 OJHOTO W TOTO XKe
BemecTBa (Mucno crenereit cBobonsl f=0). CocTosHuE, onpeneiseMoe
3THMH 3HAYCHHSIMHU HepeMeHHbIX 1 H p, Ha3bIBACTCHA MPOUHOU MOUKOIL.
Ha mwarpamme T, -p Tpo#iHas TodKa TOJy4aeTcs B pe3yJbTate
nepeceveHnss KPHMBBIX DABHOBECHS KaXObiX ABYX a3 u3 Tpex®
(puc. 33). Tpoitnas Touka IJIsi BOABI WMEET CIIEAYIOIINE 3HAYCHUS:
1=0,0100° C, p=509 [Ta=4,58 MM pT. CT.

AHaJIOTHYHBIE KpHBbIE PaBHOBECHS [BYX (ha3 MOXHO MNOJYYHTD
u A OMHApHBIX cucTeM, H300paxas, HanpuMmep, AamjieHue aByxdas-
HO# OMHADHOM CHCTEMB! B 3aBHCHMOCTH OT KOHHEHTPAIWU XakoH-mubo
KOMHOOHEHTH B OJHOM W3 (a3,

PasnoBecue Ounapnpix cHcreM. (OcCHOBHOe ypaBHeHHE TeopHH paB-
HOBeCHHI OMHAPHBIX CHCTeM. PacCMOTpHUM Tenephb PaBHOBECHE MEXAY
pa3nuyHbBIME (azaMu C IBYMS HE3aBUCHMBIMH KOMIIOHEHTaMH, T. €.
paBHOBecHE OWHApHBIX cHCTEM. TakHe CHCTEMbl HIpPAlOT BAXHYIO
poib B XUMHMH H METaJUIypPTHu.

CormnacHo npasmity Qa3 T'mb6ca, nHaumbosbmiee wunuciao a3,
HaXOIAUIMXCA B PABHOBECHH, B Ciyyae OMHapHBIX CHCTEM paBHO

*) B HacTosiee BPEMs M3BECTHO OJIHO BEIUECTBO — IeJIHil, Y KOTOPOTO KDUBHIE
IUIABJIEHAA M WCTIAPEHWS HE MNEPECEeKaroTCst, T. €. OTCYTCTBYKOT KpHBas CyOiMMauuu
¥ TpolHas Touka: xujakas ¢aza cyuectsyer Bmnors ao 0 K.
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4. OtH 4erbipe $a3pl COCYIIECTBYIOT TOJNBKO B YETBEPHON TOUKE, /ISt
KOTOpOH Bce mapaMmerpsl cucteMbl (7, p W cocTaB (a3) MOJHOCTHIO
ompejielieHbl. B ciiyuae cocyiecTBoBanug Tpex (a3 cucTeMa HMeEeT OJTHY
cTeneHb CBOOOMDBI, T. €. OAMH U3 TAPAMETPOB MOXET ObITh BHIOpaH
NPOU3BOJIBHO; OOBIMHO TAaKUM [apaMeTpOM SABJIAETCS NaBJICHHE.

Haubonee HHTEpECHBIM CHYXKHT COCYILIECTBOBaHME [IBYX (a3
OMHAPHOM CHCTEMBI, TaK KakK JpYTHe clydad MOryT ObITh K HeMy
cBeleHbl. B OMHAapHO#M cHCTEME TPOU3BOJIBLHO MOTYT BHIOMpPAThCH yXe
OBa TapaMeTpa: MOXHO 3aJaTh, HANpHUMEp, TEMIEPAaTypy H COCTaB
oaHOM u3 (a3 (KOHHEHTPAUHIO XaKoiH-Eu0y/1b KOMIIOHEHTH!), U paBHOBE-
cre 6yeT BO3MOXHO TOJILKO NPH ONIPEIETICHHOM JaBJICHUH, MM MOXHO
HPOM3BOJBHO BHIOpaTh JaBjeHHE W cocTaB ofguoit M3 -¢da3. Torma
paBHOBecHe OyJeT TONLKO NpPH ONPEACNCHHOH TeMnepaType. YcraHo-
BUM OCHOBHOE YpaBHEHHE paBHOBECHs JBYX (a3 OMHAPHOW CHCTEMSBI.

Hdns atoro HamueM s Kaxaoid ¢assl OWHApHOR cHCTeMBbI
ypasuenne [ub66ca— Jrorema (5.54):

S'dT—V'dp+ N’ dy, + N4 dpy =0,
S"dT—V"dp+Ndu, +Njdu, =0

(hazoBbie MHAEKCHI Y dT dp, dp HE CTABATCH, TaK Kak [pH
pasHosecun T'=T", p'=p", p'=

Hcknrounm dp, wu3 ypaBHeHHn (10 57). YMHOXHMB MepBOE U3
ypasuennit (10.57) #a N5, Bropoe-—Ha N, BbMTEM H3 BTOpOro

YpaBHCHHST NIEPBOE, Toraa
(S"N4y—S'N4)dT—(V'Ny—V'N3)dp+
+(NTNy=Ni N5 )dpy =0, (10.58)

DTO ypaBHEHHE SBISCTCH OCHOGHBIM YDAGHEHUEM Meopuu OUHAPHbLX
cucmem. llonb3ysck’ UM, MOXHO YCTAHOBHTb BCE 3aKOHOMEPHOCTH
Takux cucTeM.  Haubonbmmii wMHTEpeC mpeACTaBIscT pPaBHOBECHE
XKHMJIKMX OWHAapHBIX PACTBOPOB U MX TApOB.

OCHOBHBIE 3aKOHOMEPHOCTH TAKHX OMHAPHBIX CHCTEM ObITH ycTa-
HowjeHbl [, I1. Konosasogvim.

(10.57)

§ 54. TEPMOAMHAMUKA M3IJIYUYEHHA

3aKkoHb TEPMOMUHAMUKH YHHUBEpPCAJTbHHI B TOM OTHOUIEHHY, YTO
OPUMEAMMBI K CHCTEMaM M3 OOJIBIIOr0 4YHCIa 4acTHil moboi
OPUPOJBI, T. €. KaK K KJACCUYECKMM, TaK M K KBAaHTOBBIM CHCTEMaM,
KAK K BEIUECTBY, TAK ¥ K [OJIO, NPEXKIE BCEro K 3JIEKTPOMArHUTHOMY
HOJIIO -— H3JIYUEHHIO, TIPECTABIISIOLIeMY CODON TakXke KOPMYyCKyssp-
HYIO CHCTEMY.

WNanyuenne, Haxopnsmieecs B HEKOTOPOH o00jacTd IpOCTPaHCTBA
B PaBHOBECHH C OKPYXAIOIIMMHU TEJIaMH, HA3BLIBAETCA MeENnA06bim WM
pasnosechvim. [IpH TETHJIOBOM PABHOBECHHM TeN MX TeMINEpaTyphi, Kak

206



M3BECTHO, OJMHAKOBEL. I1103TOMY M H3Jiy4YeHHe, HaXOACh B PaBHOBECHH
C OPYyrAMH TeNlaMH, MMEET TEMIEPATYPY ITHX Ten™,

B TepMonuHaMHKe paBHOBECHOE M3JIYy4EHHE NpeJCTaBiiseT coloi
CHCTEMY, Xapaktepu3yemyro oObemom ¥, temnepatypod T w nas-
JICHHEM p.

B anekTponyHamMuke paBHOBECHOE H3Jy4YeHHE €CTh HeENpephIBHAS
COBOKYNHOCTSH 3JIEKTPOMAarHWTHBIX BOJH (c wactotamMm ot 0 1o
00), HM3Jy4aeMBbIX OeCmopsSIOYHO JBIKYILIHMHCA YaCTHHAMH OKpY-
KAOUMX Teld. AMIUIMTYIB! M (a3sl 3THX BOJH B ClIydae Takoro
«ECTECTBEHHOIO» -H3JIyYCHHS DACHpPEACICHBl N0 BCEMY CHEKTPY CO-
BeplieHHO Oecnopsio4Ho.

Iyctes u, dv—ynenbHas SHEPTUS BOJH B MHTEpBANE HacTOT V,
v+dv (u,—cnekTpasibHas IUIOTHOCTh U3jIydeHus). Torga nosnas
yIebHAA JHEPIMs V3IydeHHs

o0

u= 5 u,dv, (10.59)
0

a noJjinasgs JHCPruA M3JIy4Y€HUSA B obwemMe -V BCEACTBHE €ro H30-
TPONHOCTH

U=uV. (10.60)

AHaJIOI’PI‘[HO, ecm SvdV—SHTpOHI/Iﬂ equauIBl 00BEMA H3JIyYCHUSA
C 4aCToTaMH B HMHTCPBAJIC V, V+dV, TO NONHasA yAEJbHasA 3HTPONUA
PaBHOBECCHOTO H3JIYYCHHUSA

s={ s,dv, (10.61)
0

a OHTpOIMS H3Jy4cHHS B 00BeMe V
S=sV.

Ecnu aueprus BonH ¢£,dv ¢ "acToramMu B HHTEpBaie v, v+dv,
M3/1y9aeMBIX  €AHHULEN IOBEPXHOCTH Tejia B CAUHUIY BpPEMEHH, TO
€, — CHEKIMPAAbHAA IHEPLeMUYECKAA CeMUMOCMb 3TOTO Telld B JAHHOM
HHTEPBAJIC YAaCTOT NPM ONpENEJECHHON TeMuepatype.

Ecmn Ha Teno mamaer nyumcras sHeprus O,dv B uHTepBaNe
4acToT v, v+dv, 10 B ofmeM cny4dae yacte 3T0d 3Heprum O,,dv
noryomaercs, 4vacts ®,,dv orpaxaercs, wacte O,.dv nepexomur
Yyepe3 TeJ0, TPUYEM, OYEBHAHO,

®,,dv+®,,dv+ D, dv=>0,dv,

q)vu_jrq)vv_*_&: . (10-62)

o, o, D

* Mbicib O TeMmnepaType DAaBHOBECHOTO M3JIYYeHHs ObUla BHICKA3aHA BIIEPBbIE
B 1893 1. pycckuMm ¢usnkoM B. B. Fosuystnbim, W 3TO TO3BONHIO B NOJIHOM Mepe
NPUMEHNTL TEPMOJMHAMUKY X M3JIYUEHHIO.
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3pecy @,/ P, =o-—xospdumuent nornomenus Tema, D,,/P,=p—
ko3dduuuent orpaxenus, P,./®,=1—koadbunment nponyckaHus.
Bce 5TM BeNMYMHBI OTHOCATCA X €AMHMIE HHTEpBaja 4acToT OT
v 1o v+dv, sBisorcs 0e3pa3sMEpHBIMH U H3MEHSAIOTCS B Ipeiesiax
OT HyJs JIO EAWHHUULI, Tak kKak, corjmacHo (10.62),

atp+1=1.

Tena, mornomarolMe BCe Najatouice Ha HUX H3JIyUcHWE Kakoi
yrojgHo 4Yactotsl (=1, p=1=0), Ha3LIBaIOTCH abCOMOMHO UYepHbLIMU
(M MPOCTO uepHbIMU); TeNla, OTPAXKAIOIIME BCe MNAJAKOIIEe HA HUX
manyueHne (p=1, a=1=0), HA3BIBAKOTCHA 3e€PKAIbHBIMU WS beAbimu,
Teja, NPONYCKAIONIME Bce najaromee usnyuenune (t=1, a=p=0),
HA3bIBAOTCH A6COAIOMHO RPO3IPAUHBIMYU.

B npupoAe HeT Te1 ¢ TAKAMH abCOIFOTHBIMU CBONCTBAMH, OJHAKO
MHOrHE Teja MOXKHO OTHECTH NPUOMIKEHHO X TOMY WM HHOMY
kiaaccy. Hanmpumep, npnbimsutensHo vyepHas caxa (x=0,95), ecme
Bonee yYepHOW ABANETCH IJIATUHOBas uepHb. Haunyuyiuum npubimxe-
HMeM K abCoJlOTHO 4YepHOMY Teny SBJSETcs Majioe OTBEPCTHE
B CTeHKe TPOTHXKeHHOH mosioctd. M3nmyueHuwe, nonasinee wepes ITO
OTBEPCTUE BHYTPH NOJIOCTH, B PE3YJIbTATE€ MHOTOKPATHOrO OTPAXKEHAS
OT CTEHOK UPAKTHYECKM TOJMHOCTBLIO TOTJIOTHTCH, TaK 4TO KO3b-
GUIMEHT NMOTJIOMIEHN OTBEPCTHS MOXHO CYMTAThb PaBHBIM €JHHMLE.
CornacHo BTOpPOMY Hawally, -H3jly4YeHUe B IOJIOCTH 110 CBOEMY
CUEKTPAILHOMY COCTaBY 4, TAKOE K€, KaK B TOJIOCTH C «YEPHBIMHI»
CTEHKaMH, T. €. OTPEAENACTCS TOILKO TEMNEPATYPON CTEHOK U COBED-
[IEHHO HE 3aBMCHWT OT TPHPONbI BEUIECTBA CTEHOK [B NIPOTHBHOM
ciiydae MOXHO Obifo Obl- IOCTPOUTH BEYHBIH JIBUTATENb BTOPOTO
poma (cMm. 3amagy 10.15]. ITosroMy m3nyvcHHe, HCMyCKaeMoe€ OTBEp-
CTHEM, MO WHTEHCHBHOCTH H CHNEKTPaJLHOMY COCTaBy MICHTHYHO
U3yueHnio abcolOTHO 4YepHOTO Tena c TeMiepaTypoit 7, TpuveM

e="1,cuy, (10.63)

rme ¢—CKOpOCTh CBeTa B Bakyyme (cM. 3amauy 10.16).

BHyTpH  TOJlOCTM C 3¢pKaNbHRIMH CTEHKaMH TpH  OTCYTCTBUM
B Hell Kaxux-iu0O TeNnm M3JIYYEHWe OTCYTCTBYeT, Kak Obl HM Oblna
BbiCOKA TeMmmepaTypa oO0OJIO¥KM, TaK Kak TAaKWe CTEHKH HHYETO HE
w3nyyarot. OJHAKO €CM MbI OTKPOEM 3acJiOHKY B CTEHKE, BIYCTHM
U3BHE M3JIyYeHHE Pa3JIMUNBIX HACTOT OT TeJl C pa3HOW TeMmepaTypoit®),
TO 3TO TPOW3BOALHOE W3NyUeHHE, BBEIECHHOE B IOJOCTb, OCTAHETCS
B Heil 0e3 BCAKOTO M3MCHEHHS, TaK Kak OHO HE MOXeT ObiTb HH
yBENMYEHO 338 CYET HCIYCKAHWs, HU YMEHBIIEHO NyTeM MNOIJIONIEHNS,
HY M3MEHEHO W3-33 B3aMMOAEHCTBUS MEXAY CNEKTPATBHBLIMH H3JTyde-
HUSMM, MOCKOJIBKY, O TPHHIMNY CYICPIIO3ULNYA, OTHAENbHbIE M3IIyve-
HHS Mexay cobo#t He B3aumMopeicTByroT. B mnosioctd ¢ GesibiMH

* TeMmeparypa 4YEpPHOTO Tefla, WCIYCTHRUIETO H3JIyYeHHE ONpPENEEHHOR va-
CTOTHI, W HA3BIBAETCH TEMNEPATYPOR €ro M3IY4eHUs.
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CTeHKaM¥ CO371aeTCsl TEPMOJMHAMUYECKOE pABHOBECHE M3JIyYeHHI
C pa3JuyHOdl TeMmepaTypoll, Tak 4YTO B KaxIoH Touke Oyner
CYIECTBOBATE OJHOBPEMEHHO HECKONBLKO pAa3jJHMYHBIX TEMIEPATYP.
JTo paBHOBecHe, OJHAKO, HE OyiaeT ycToHumBBLIM (cM. 3amauy 10.22).
Ecnu 1mo3BoiMTh OAHHM H3JIy9eHHSM IIEPEXOAWTh B JpYrue, 4To
JIOCTUI2eTCS BBEJAECHHEM B IOJOCTb YEPHOH MNbUIMHKH, H3JIydaroulei
H TIOTTIOLaloNIeNl CBET M HIPAIOUIEH pojb TOCpedHHWKAa NpH oOMeHe
JHEPTHHA MEXJy YacTOTaMM, TO H3JIYYEHHE TNEPeXOIUT B COCTOSIHHE
YCTOWYHBOTO PAaBHOBECHS, CTAHOBHTCS HYEPHLIM M BCE CHEKTPAJIbHBIC
H3JIy4eHUsS UMEHOT OJHY H Ty Xe TEMIiepaTypy.

B npuMeHeHHE K M3JIYYECHHIO TEPMOJMHAMHAKA HO3BOJISIET yCTa-
HOBUTH PSR 3aKOHOMEPHOCTEH:

1) cymiecTBOBaHME MaBJICHUsT H3JIyYeHUsE (CBETOBOE . JABJICHHE),

2) 3akoH Kupxroda o He3aBUCHMOCTH OTHOIUICHHUS CHEKTpaJIbHOHR
3HEPreTHYECKON CBETHMOCTH €, K KO3(pUIMEHTY TOTrJIOWEHMS p OT
OPHUPOJBI BEHIECTBA;

3) 3axon Credana —bonbiMara 0 3aBUCHUMOCTH ITOJIHOH IUIOT-
HOCTH JHEPTHH W PABHOBECHOTO H3Iy4YeHHs OT Temmepatypu T

4) 3axon Buma o crpykType ¢GQyHKIMH CHEKTPaIBHOH ILIOTHOCTH
SHEPrHM U3IYUCHUS u, B 3aKOH CMenieHWs Buma.

[MonyunMm 3TH pe3yibTarhl [Uis PABHOBECHOIO M3JYYEHHS.

CymecTBoBanye cBeTOBOro aamienus. Hamnuue pnaBiieHns w3iyde-
HUS BHepBble OBLIO JOKA3aHO Ha OCHOBE BTOpOoro Hayana B 1876 r.
uTajgbsHCKUM ¢u3ukoM A. bapromn, ucxons u3 CIEAYIOMIErO MBIC-
JIEHHOTO 3KCHEPHMEHTA.

Ilycte wmeroTcs nBa depublx Ted1a A W B ¢ IOCTOAHHBIMH
temnepatypamu Iy u I, (Ty>T,), coeauHeHHble Mexay coboii
NYCTHIM LHJIAHAPOM ¢ OenbiMu  cTeHKamMH  (puc. 34). YV  Havana
¥ B KOHIE LWIWHAPA HMEIOTCH IIENH U TNOABIKHBIX TOPIIHEH
C 3epKanbHBIMM CTEHKaMH. VYJaluM HU3 HWIMHApa nopumieHb P,
octasuB P; y camoit moeepxHoctH Tena A. [Ipm 3tomM Bech 06BEM
HUJTMHAPA HAMOQJHUTCS PaBHOBECHBIM M3JydeHHeM OT tena B. Bmens
nopiiess P, u ymamus P;, OymeMm apurath P, 0 CONPHKOCHOBEHMS
¢ TenoM. A. Torga Bce u3nyueHHe B UWIMHApPE TNOTJOTHICA TEJIOM
A, a IMIMHIOD BHOBL 3aHOJIHUTCS H3JIyYCHHEM OT Tena B.

BBenem Tenepb nopiueHb P; Yy NOBEPXHOCTH Tena B #; ymajuBs
P;, Oynem psurath P; 1o tena A. Ilpu 3TOM BCs 3HEprus,
W3NydeHHas B, CHOBa MOTJIOTHTCH TenaoMm A.

IMoBTopsis mepuoguyecku 3Ty oOme-
pauMio, MOXHO IepeBecTd modoe Ko- y

P P,
JMYECTBO 3HEPIUH M3JMYYEHHs OT Teia |’ —[

A HarpeBaercs, a B oxnaxpgaercs, T. €.
TEIUIOTA TEPEHOCHTCA OT XOJOOHOTO Z
Tena K ropsyemy. Tak kak, 10 BTOpOMY T T,
Havyaly TEePMOJUHAMHUKH, 3TO MOXET

ObITb TOJNBKO NpH 3aTpare paboThl, Puc. 34.

B x teny A, BCIENCTBHE 4Y€ro Teino 77
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TO, CJIeJ0OBaTEJIbHO, H B TAHHOM ClIyuae
TIEpE/IBIDKEHNE NMOPIIHS JOJDKHO CONpo-
BOXIAaThCs 3atpatofl paboTsl. OTCiona
ciefyer, YTO W3JydYeHUE TPOM3IBOIUT
JTaBJICHUE HA TNOPIIEHb, TPUYEM UYeM
Bosblle TEMIIEpaTYpa M3NYYEHHUS, TEM
fonpine 3TO HaBiIEHHE.
Puc. 35. Camy xe (YHKIMOHANBHYIO 33BH-
CHMOCTh JaBJICHUS W3NYYCHHS OT TeM-
nepatypel (kak ¥ BOOOIIE TEPMWYECKOE M KAJIOPHIECKOE YPABHCHMA
COCTOAHMSA JHO0O0H CHCTEMBI) C TOMOWIBLIO TOJBKO TEPMOJAWHAMHKH
onpeaeuTh HeBO3MOXHO (cM. § 5). Oprako, HCHonb3ys 3MEKTpOMAr-
HUTHBIH XapakTep W3JIyueHHsi (T. €. NMpHUBJICKas 3aKOHBI  JNEKTPOIH-
HAMMKH), MOXHO BBIPa3UTh CBETOBOE MOABJEHHE p dYepe3 IUJIOTHOCTH
SHCPIMH DPAaBHOBECHOTO MIJIYYEHHMS u M W3 OOIIMX. 3aKOHOB TEPMO-
JUHAMUKH TIOJIYYHTh JUJIS HETO KaK TEPMMYECKOE, TaK M KaJOpHUECKOe
ypasuenus coctosunsa. CorjacHO 3IeKTPOJMHAMUKE, HMEEM

p="/su, (10.64)

uTo coBramaer ¢ GopMysoif NI AaBNEHUS] PENATUBHCTCKOTO HJe-
aapHOro xBautororo rasza (3.31). Bupaxenue (10.64) snerko mony+urs
N3 PACCMOTPCHHS PABHOBECHOTO W3JIy4eHHs! Kak COBOKYNHOCTH ¢o-
TOMOB, yAaphl KOTOPHIX O CTEHKY (M OOYCIOBJIMBAIOT MAaBJICHHME (CM.
3amayy 10.16). OxcnepuMeHTaJbHO HAaJHYME CBETOBOTO JaBJICHMSA
6ru10 Buepsbie ycranossieno B 1901 r. I1. H. JlebeneBbim Ha ¢u3muec-
KoM baxynbrete MI'Y.

3axon Kupxroda. INycts B 3aMkHyTOI nosocty (puc. 35) Haxonsr-
cs ABa Teaa: onmo uepioe— A, a BTopoe HeuepHoe —B. Ilpm
PABHOBECHH TEMMEPATYPHl TN W U3JIYYCHMS OJUHAKOBLI, & KOJMYECTBO
SHEpruY, M3AyYacMoe 3a JroOoe BpeMsi euHMIEH IUIOIAAM NoBep-
XHOCTH KaXJOTO Tejla, PaBHO KOJIHYECTBY 3HEPIHHU, IOTJIOIAEMOMY
UM 33 TO Xe Bpems.

[TockosibKY ' TUIOTHOCTH JHEPIWM M3JYUYEHHs B MOJIOCTH BCIOAY
OMHAKOBA, TO Ha EIWHHIY IUIOIAAM TOBEPXHOCTH .KaXAOTO Tena
najaet 8 1c¢ omgHo ®m TO xe KomudectBo sHeprum O.dv. Ecmm
€0 —WCIycKaTenbHas CcruocoOHOCTh a0CONIOTHO YEpHOro Tena, TO
npu pasHoBecun @, dv=eldv u

ev==>,. (10.65)

Heueproe Teno morijomaer He BCHO Nafawmylo Jgeprao O,dv,
a Tonsko "acth ee ®,dva,. IMpu pasnosecun ®,dva=¢,dv, oTkyna,
yunteiBas dopmyny (10.65), monmydaem

& /o, =€y =const (T, v). (10.66)

3T0 cooTHOUIEHNe BuIpaxaeT 3axon Kupxzoga: omnuowenue cnexm-
PAAbHOTL  IHEP2eMUYecKoll ceemumMocmy meaa K e20 Kodgduyuenmy
nozaowenus npu OGHHON Memnepamype He 3A8UCUM OM  PUIUYECKUX
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CBOUCME MeAQ U PasHO CREKMPAAbHOU IHEP2eMUYecKoli Ceemumocmu
abcoslomHo  HepHo2o mead.

OTHOIICHUE &, /0, — YHUBEPCAALHASA (PVYHKYUS MeMNEPAmypsl U ua-
cmomsei. C TOYHOCTBIO JI0 YHCJIOBOro Ko3h(HIHEHTa OHA paBHA
COEKTPATBHOM THIOTHOCTH PABHOBECHOTO M3Jay4enus u,=u,(v, T) B no-
joctd moboro Tena npd HaHHOH Temiepatype [em. (10.63)].

Kupxrod nocraBun nepen ¢usukoil 3a71ady HaxoXJeHHS 3SToOH
yHEBepcatbHol ¢ynkuuu. [locrenennoe pelenye 3Toi 3a/1a44 CBA3AHO
¢ wmeHamu boavymana, Buna, ucunca, Muxeavcona, a ¢e OKOH-
YyaTenbHOE peIlleHHe YAANOCh TOJNBbKO [lianky, BOEPBbiE BBEALIEMY
JUTS 3TOTO KBRHTOBBIE NPENCTaBICBUA B (DU3MKY.

3axon Credana — boavimana. [IpuMeHNM K paBHOBECHOMY H37yde-
HUIO ypaBHeHHE (3.27), CBA3BIBAIOLUEE TEPMHUYECKOE H KAJIOPHYECKOE

YPABHEHUS COCTOSHHSA:
ap oU

T(Z) =(Z) +p.

(57),~(5)., 7

Jins pasHOBecHOro wm3iyueHus p=u/3 u U=ulV, noaromy
Jdu
1 7= 4u. (10.67)

O1croma nocne HHTCrPUPOBAHUSA 110/ IY4ae€M 3aBACHMOCTL OJIHOW
NIOTHOCTH 3HCPrUM PaBHOBECHOI'O HW3JIYYCHUSA OT TEMIEPATYPhI

u=cT?*, (10.68)

Ha3biBaeMYW 3axkoHom Cmegdana-— boavymana: naomuocms dnepeuu
PABHOBECHO20 U3AYUCHUA  NPONOPYUOHAALHA HemBePMoil cmeneHu mep-
MOOUHAMUYECKOL mMeMnepamypbi.

Credan ycraHoBus 310T 3akoH B 1879 r. Ha OCHOBaHMW ONBITHBIX
nanHblX, a B 1884 1. BosbiiMaH mony4yun ero IpHBENCHHBIM 3[ECh
cnocobOM Ha OCHOBAaHHM BTOPOTO Havaja TepMOIMHAMUKH.

Iocmosannas unmezpuposanus o (nocmoAnnas 3axona Cmegpana—
boavymana) tepmopmHamuyecku He ompenensercs. Oubit, a Takke
cTaTHCTHYeCKas (u3Mka NaroT 3HavenMe o =7,64-1071¢ [Ix/(K*-m?).

3akonns Busa. 3axoH Credana-—DbosbMana [aeT BbIpaxeHue
JUISL TIOSIHOM TUIOTHOCTH JHEPTHH 1 PaBHOBECHOTO M3JIYYEHMS, OCTaBIsS
OTKPBITHIM BOHPOC O QYHKIMH 1, 1)1 CHEKTPAJbHOH NJIOTHOCTH
3Heprum u3sydenns. OnaHako 3akoH Credana — bonbuMaHa COBMECTHO
C MHTerpaJibHbiM BbipaxenueM (10.59) mis u mo3BojseT yCTaHOBHTD
cTpykTypy dynkiun u,. HdedicrBuresibHo, ecim B (dopMye

W
u=f{u,(v, T)dv
0]
neyeﬁm K HOBOHl mepeMeHHOW x, mosaras v=xI, TO MHOXUTEJIb
T B »>Tol dopMyne Tepen HHTErpasoM no x Oyaer TOILKO NpH
CTPYKTYpHO#H dopMyJie s CHEKTPaiIbHOH IUIOTHOCTH JHEPTUH B BUJAE
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(v, T)=v3f(x)=v3f< ;) (10.69)

TaK Kak
©

udv=T"* | x*f(x)dx=0T",

0

U=

Ot 8

rae f(x)—HekoTopas GyHKHHS NepeMeHHOI x=—vf. Buz sroit dhynkimu

HA OCHOBAHHM 3aKOHOB TEPMOJMHAMHKHM YCTAHOBUTH HE YHaeTCs.
3TO BO3MOXKHO TOJBKO C TIOMOMIbIO CTaTUCTHYECKOH (M3UKH.
Dopmyna (10.69) Obuta ycranosnena B 1893 r. B. Bunom u Hazsana
3aKonom Buna 049 cmpykmypHoti GYHKYuu cneKmpasbHON nAOMHOCIU
IHep2UU PAGHOBECHO20 U3AYUEHUA.
Tax xax v=c/A u u,)dv|=u|dr], To w3 (10.69) nonysaem
CTPYKTYpHYIO (GopMyay 3akoHa BuHa mis u;:

w=2"5Q(AT). (10.70)

CrpyxTypHble bopmynbl 3akona Buma (10.69) u (10.70) ompenens-
10T NJAOTHOCTH JHEPIMM W3J1y4YEHHS, TPHUXOISUIHECS COOTBETCTBEHHO
HAa €AWHHLY HHTEpBala YacTOT WM Ha eJUHUIly HHTEpBaja [JIHH
BOJIH mpu TeMnepatype T. IlpuMeHeHHe TepMOJHMHAMHKH, CJEeJOBa-
TEJIbHO, HE pELIaeT IOJHOCTHIO 3ajayd IIO OIpPEACNICHHIO CHEKT-
panbHON TUIOTHOCTH PaBHOBeCHOro mamydyenws u,(v, 7). Omuaxo,
CBEISl pelIeHHe 3aJaud 10 OTHICKAHWIO IJTOH (QYHKIMM OT JBYX
nepeMeHHbIX v U T K 3ajave oupeaesienus QyHkumm f (v/ T) onmoit
NePEMEHHOM, TEPMOIMHAMMKA NO3BOJIANIA NONYYATH JOCTATOYHO GOJIb-
Iy UHOOPMAIMIO O CBOMCTBAX M3JNyYEHHMS.

CrpykrypHas ¢opmysia 3akoHa Bura (10.70) npuBomur «
CMEHICHHIO MaKCHMyMa CIIEKTPAjbHOM NJIOTHOCTH 3HEPrAM paBHO-
BECHOIO MU3JIyYEHHS C W3MEHEHHEM €ro Temnepatypsl. /[leicTsu-
TENbHO, ONPENEeNHM JUIMHY BOJIHBI A,, KOTOPOH COOTBETCTBYeT
MaKCUMaibHas  IJIOTHOCTh JHEPTHM 1,  PABHOBECHOTO HM3JTYYEHHUS.
Tpoauddepenuupyem jutsi  sroro Buipakenwe (10.70) mo A u
npousBOAHy npupaBHseM Hymo:  —S50(A,T)+An T’ (A, T)=0,
OTKY/a

AaT=b, (10.71)

rae b— nocmosunas Buna, paBHas, kak nokasa’a ommT, 2,9-1072 M- K.

®opmyna (10.71) BeipaxaeT zaxkon cmewenua Buwa: dauna eoawwi,
HA KOMOpYI0 NpUxooumca MAaKCuUMym CReKmpaibHotll NAOMHOCMU dHep-
22Ul U, PABHOBECHO20 (HEePHO20) U3AYYEHUA, OOPAMHO RPONOPYUOHANBHA
mepmodunamuueckoii memnepamype™®.

* 3aMeTHM, 9YTO TONOXKEHHS MakCUMyMOB OYHKIMA w, W u, HE COBIANAIOT,
MOCKOJILKY DABHBIM HMHTEPBAIAM YacTOT HE COOTBETCTBYIOT PaBHbIE MHTEPBAbI IIWH
BOJIHBI (cM. 3amauy 10.17).
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TepmnquKoe H KaJOPHYECKOe YPAaBHCHHH COCTOSIHMA N DJHTpONMA
PABHOBECHOI'0 H3JIYYCHHSA. Tenepb MOXHO HalucCaThb KaK TEPMHUYCCKOC,
TaK M KaJIOPHYECKOE YPaBHCHHS COCTOSAHHSA PABHOBECHOTO U3JIYYCHHA:

p="/30T*, (10.72)
U=ocT*V. (10.73)
3Has 3T ypaBHEHHS COCTOSIHMS, HETPYJHO BBIYHCIMTL JHTPOIHIO
u3nyderus. J{eHCTBUTENLHO, M3 ypaBHEHUS
30 _dU+pdV_ Vdu+(p+u)dV
T T T
noysaem dS=4cVT*dT+*/;6T3dV="/,6c3VT*dT+T*dV)=
=d(*/,0T?V), orkyna

dS=

S=*%,0T3V (10.74)

[apmuTHBHAS MOCTOSAHHAS B BbIpaXeHwH Ui JHTpormu  (10.74)
B COOTBETCTBHH C TpETbHM Havajom TepMmojuHamukd (S=0 mpu
T=0 K) npunsita paBHOH HYIO ).

Tak kak npu aguabaTHOM mpolecce S=const, TO C NOMOLIbIO
dopmyssr (10, 74) HAaXOJ¥M YpaBHECHHE a,una6an>1 PaBHOBECHOTO
w3nyuenna VT3 =const uam

pV*3 =const. (10.75)

Cpanuas ypasHenue (10.75) ¢ ypaBHenrem aauabartot uaeabHOTO
rasa (2.13'), 3aMeyaeM, 4TO IIpd aauabaTHBLIX MPOLECCAX PABHOBECHOE
M3JTyHEHHE BENCT cebs Kak HAeaNbHBI Ta3 ¢ OTHOIICHWEM TelIoeM-
KocTeit y=%/,. D710, OHHAKo, HE O3HAYAET, YTO Yy DABHOBECHOTO
M3JIydeHus y=*/;, OHO paBHO BeCKOHEYHOCTH (cMm. 3ajauy 10.24).

TepMouHaMHYECKHEe NOTEHIHANH! H YCJIOBHE YCTOHYHBOCTH PAaBHO-
BECHOT0 H3Jydyennst. /[ paBHOBECHOTO W3JIYYEHHs, KaK H JUIs
HIIeaJILHOTO ra3a (U1 XOTOPOTO M3 OUbITA TAKXKE WIBECTHB! TEpPMHUYEC-
KO€ M KaJIOpPUYECKOe YPABHEHMS COCTOSIHUS), TEPMOIMHAMUKA O3BOJIS-
€T HalTH smele Bpra)KeHHﬂ U1 TEPMOIMHAMHUYECKHUX TOTEHHUAOB
UV, S), F ip u H(p, S}. OnpeseuM 3TH  (PYHKLIHHN.

Taxk KaK U O'T n S=%/,6T>V, TO BHYTpEHHSS OSHEPIUA
W3JIy4EeHHs Kak TEPMOJAMHAMHHYECKHI MOTeHUHMAaN paBHA

3 85\
u(v, S)_cV(Z 5) , (10.76)
sHeprus I'esbMroblia
F=U-TS=cT*V~T*/,6T3V=-"/,6T*V, (10.77)
IHepruss ['mbOca
G=F+pV=—1,6T*V+1/,06T*V=0, (10.78)
SHTAJLIAA
=U+pV=G+TS=TS=S(3p/c)"*. (10.79)
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W3 suipaxenus (10.77) BUAHO, YTO TEPMOAUHAMHYECKHH TOTEHIIMAT
G(T, p) He MoxeT ObITH XapaKTePUCTHYECKOH (YHKIMEH [T u3ayde-
HMS. DTO OOYCNOBJEHO TEM, UYTO XapaKTEPUCTHYECKUE MEPEMEHHbIC
T u p, cornacHo ypaBHeBuio (10.72), sHe sBASIOTCS AN M3JIyYEHHS
HE3aBUCHMBIMHU.

PaccMmoTpum Ternieps BOIPOC 00 YCIHOBUAX YCTOWYHBOCTH PAaBHOBEC-
HOTO HW3JTYUCHHASI.

Tak kak s uwsaydendss p="'[,6T* To mus wero (Op/dV)r=0,
Cp,=o0, T/C,=0. Takoe 3HaYCHHE ITUX BEJIMYMH HE O3HAYAECT, YTO
JUIS U3JlydeHust YCIOBHs ycroiuuBoctu (6.16)

<8—p> <0 u ~T—>O
cV/y C,

HapyWaroTest, Nockonbky (@p/dV)y, T/C, He XapaKTepu3ylOT YCTOli-
YHBOCTh H3jyveHus. [leno B ToM, 4TO yciaoBHS yCTOMUMBOCTH (6.16)
NOJIyYEHbl )11 OJAHOPOJHON 3aKpBITOH CHCTEMBI, KOTOpas. He 00-
MEHMBAETCS YaCTHIAMH C OKpYXalollel cpefoil, paBHOBECHOE H3Jy4e-
HHE Xe TIpeCTaBisieT cobolt cucreMy ¢ nepeMeHHbIM YHCJIOM YacTHI,
no06HO KHUIKOCTH, HAXOASIECHCS B paBHOBECHM C napoM. MIMeHHO
O 3TOH NpHYMHE Y W3JIy4eHHs, Kak ® y [Byxda3HOH cHCTEMBI
KUJAKOCTh —Nap, napamerpsl 7' W p HE SBJIAIOTCS HE3aBUCHMBIMA,
TerioeMkocte Cp,=00 H (6p/DV)T=O. CirenoBaTesibHO,  yCIIOBUS
ycToWvyuBocTH (6.16) kK pAaBHOBECHOMY H3JYUCHHIO HENPUAMEHNUMBI.
Henb3st HemocpejaCcTBEHHO WCIOJNB30BATH JUIsi HETO M YCIOBHE YCTOH-
ypBoctd T/Cyp>0, Tak Kak COOOILEHHE TENJIOTHl M3JIYHCHHIO TpPH
MOCTOAHHOM o0BeMe CBSI3aHO C WCIYCKaHMEM (POTOHOB CTEHKAMM.

OaHaKO YCTOHYHUBOCTH PABHOBECHOTO U3JIYYEHHSI MOXKHO XapaKkTepH-
30BaTh aauabaTHEIM KoabduumenTom (dp/dV )s, Tak kak npu aguabar-
HOM PACHIMPEHAM H3JTYUeHHS OTCYTCTBYET OOMEH YacTHIAME MEXIY HUM
B OKPYXKAIOIMMU €ro OelbIMH cTeHKamH. TaxuM obOpa3om, ycTonuu-
BOCTb U3JIYYEHHUS ONpENeseTcs OJHUM W3 ycjioBwi (6.17), a MMeHHO:

(@) <0.
(’)V S

3uas ypaeHenwe amuabatsl wzsydenus (10.75), HeTpyaHo ybenuts-
€51, YTO 3TO YCJAOBHE €ro yCTOMYMBOCTY BBIMOJHAETCS. [efiCTBUTENLHO,
ucnoib3ys ypasaenme (10.75), Haxomum

0 4 4o T*
Py FP_ oT <0.
Vs 3V 1%

§ 55. TEPMOAVMHAMMKA TJIA3MbI

BricokOHMOHM30BaHHBIA Ta3, OOJBLIIMHCTBO HYaCTHI[ KOTOPOTO JIEKT-
PHYUECKH 3APSKEHO TPOTHBOMONOXHBIME 3apsaMH, TaK 4TO TOJHBIR
3apsA] paBeH HYJIO, HAa3bIBAETCH HAA3MOI.
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Takoe cocrosHMe BelleCTBA BCTpedaercs B 3Be3jax, B HoHocdepe
3emutn, TN Ta30BOM paspsje, B ra3ax, HArPEThIX X0 OYEHb BLICOKOM
TEMIIEPATYPhi, B MJaMEHH, NPHU B3PbIBAX H T. .

Hna3Ma BO MHOTMX OTHOIIEHMSX PE3KO OTJIMYAETCS OT OOBIYHOTO
raza, obHapyxuBass B HEKOTOPbHIX SBJEHHAX CXOJACTBO C OJIEKTPOJIH-
TaMH ¥ TBEPALIMH NMPOBOJHUKAMY (MeTaJLiaMH, MOJIYIPOBOIHHKAMH),
u objagaeT panoM cneuuduYecKHX CBOWCTB, BCIEACTBHE Y€ro ee
HA3bIBAIOT UeMEepMbIM COCIOAHUEM BEWeCmEa.

31U 0cOGEHHOCTH MJIa3Mbi ONPENENAIOTCH B OCHOBHOM JaJIbHOACH-
CTBYIOIIIM XapaXTepOM OJJIEKTPHYECKMX CWJI B3aUMOJCHCTBUSA MEKAY
COCTaBJSIIOIMMH e¢ yacTunamu. J[lelicTBUTENbHO, B TO BpeMd Kak
B oObryHOM raze mnorteHnuan @O, MEKMOJEKYIAPHBIX CHJI- OBICTPO
CIA/IET C  PACCTOSHHEM 7 (B cmyuae BaH-AEp-BaajbCOBBIX CHJI
nputskenns Oy~ 1/r®) 1 ABAXYIIMECS YACTHLBI 3AMETHO B3aMMOJEN-
CTBYIOT TOJNBKO BO BpeMs ymapos, noteHnudan @, B3amMonaeicTBHs
MEXAY YacTHOAMH TUIa3Mbl H3MeHseTcs no 3akony Kysnowa obpatHo
MIPOTIOPUMOHAIBHO TIepBOM cremeHH pacctosHus ®,~ 1/r, yto npu-
BO/IUT K B3aUMOACHCTBHIO 4YACTHIl M Ha OOJBIIMX pACCTOSHUNX (M
OITOMY K JUIMTEJbHOMY B3aHMOJEHCTBHIO).

Takum o6pasom, kaxaas 4YacTHIA - OHHOBPEMEHHO B3auMOCH-
CTBYET C LEJIbIM KOJUIEKTHBOM COCEJHMX YacTHI H, CJIEHOBATEJIBHO,
wia3Ma INpeAcTaBiseT coboH, Mo CyIlleCTBY, HE ra3, a CBOeoOpasHyIo
CHCTEMY, CTAHYTYIO AQJIBHOJMEHCTBYIONMME cHiami. biaromaps nanb-
HOJEHCTBHIO KYJOHOBCKMX CHJI| M OONBIION TMOJBMXHOCTH JIETKHX
JNIEKTPOHOB B TUIa3Me ONPEAEISIIONIVIO POJIb UTparoT KOJUIEKTUBHBIE
[pOLECCH, T. €. KojeDaHus ¥ BOJHBI Pa3jHYHBIX THIIOB.

bonpmias wacThb HaluMX 3HaHME O mJIa3Me NOJy4YeHa HU3 HC-.
CJIelOBaHUH ra3oBOro paspsia. B Hacrosee BpemMs MHTEpeC K H3yde-
HUIO TNJIA3MBI PE3KO ‘BO3POC B CBSI3U C MpoOieMoil 3HEPreTHvecKoro
HCTOJIb30BaHUA TEPMOAIEPHBIX pPeaklUiil CHHTE3a JIETKUX AAEp, a Takxe
B CBSI3M C WCHOJIb30BAHWEM IIa3MBl B KadecTse «mapa» (pabouero
pemecTBa) B MI [I-reneparopax. [Ipm Gosbiuoii TemmepaType rasa,
KOTJla OH HaXOJMTCSd B COCTOSHMM IIa3Mbl M YaCTHIB! IBHXYTCH
¢ OoNBbIIMMH CKOPOCTSIMH, CTAHOBATCH BO3MOXHBIMH HpEOAOJIEHHE
KYJIOHOBCKOT'O TIOTEHIMAIIBHOTO Oapbepa NMpH CTOJKHOBEHHSIX aTOMHBIX
amep. M ux cuHred. IIpaktudecknm o0cob0 BaxHOe 3HAYEHWE TMIPEH-
cTaBiser BO3OyXjeHME TEpMOSNEPHBIX peakuuid B IeHTepHH, Tax
KaK B OTOM Cilydac TaKWe peakuWyl JOMKHbI HATH TPH OTHOCHTE/NLHO
MeHpIUX Temnepatypax (T~x10° K). «lopeame» spmep nedrepus
B pes3ynbTate HX CHHTE3a B O-9aCTUIIBl HPHBOIMT K BBLAEICHHIO
6OJIBbIION 3HEPrHH.

PaccMoTpuM TepMOMMHAMHYECKH paBHOBECHYIO ILIa3My, COCTO-
SIITYI0 M3 JIBYX COPTOB NPOTHBOIOJIOXHO 3aPSUKCHHBIX dacTui (e
u —e). Beiencrsue nanbHONEHCTBAS KYJIOHOBCKAX CHJ Jaxe NpH
YMEPEHHO!M CTENeHNM HMOHM3AIMU O ra3a B3aWMOIEHCTBHE MEXAY €ro
3apsKEHHbIMH KOMIIOHEHTaMH mpeobliagaeT HaA B3aUMOIECHCTBHEM
C HEHTpagbHBIMM YaCTHLIAMH, TIOITOMY BO MHOTHX CIy4Yasix ILIazMy
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MOXHO pacCMaTpuBaTh KaK NOJHOCTBIO MOHH3OBAaHHBIA ra3. Kax
punHo M3 dopmyner Caxa (10.38)

_ pb e | 12
oc—[l + e ] : (10.80)
JUTSt TOTO 4T00bl MONYIHTH BHICOKYIO CTENIEHh HOHU3ANMH O, HEOOXOMMMO
TIpEXIe BCETO TOHU3HTH JaBicHue p. PaspexeHHOCTh M1a3Mbl ONpenens-
eTCs YCIAOBHEM: CPENHSS JHEPrUs KYJOHOBCKOTO B3AUMOJIEHCTBHSL MEX Y
AByMs wactanamu e2/{r) ({r) —cpeaHee paccTOSHUE MEXy 4aCTHIA-
MHM) MaJjia 1o CPABHEHMIO C JHeprueil kT TEmIoBOro MBHKEHUS YACTHIL

el
—<kT.
)

JIns mosyueHns: NOJHOCTBIO HOHM30BAHHOW IUIa3Mb! HEOOXOMMMO
HAarpeTh ra3 o Takoil TemmepaTypsl 1, 4TOOBl CcpemHss 3Heprus
TEIUIOBOTO JIBMXKEHHA aToMa Oblla paBHA WM OONbIE SHEPTHH €ro
nonM3avK [ (ycaosue noaHoii uoHu3IAYUU):

kT>1. (10.81)

B cnyvae Bomopojaa WiM JeiiTepus NOTECHIHAJ MOHH3ANUN PaBeH
13,595 3B, no3ToMy TOJHOCTHIO MOHM3OBAHHAS BOAOCpOIHAS TLIa3Ma
OymeT HOJIyYaThesl NpM TeMIepaType

1 13,595-1,6-10717 -
T>k_W K= 160 000 K.

[1Ipu Takoil BLICOKOHM TEMIEpAType IJIA3My Y€ HENb3s paccMmar-
PMBATh KaK CHCTEMY, COCTOSIHYIO TOJBKO H3 3apsKEHHBIX YACTHI.
Heobxonumo yuuThiBaTh ¥ COAEpXaieecs B Helt u3nyuenue. Mccnenys
TepMOJMHaMMYeckie cBokicTBa cucteM BIIoTh g0 1000 K, mer me
YUATHIBAEM BCETJ@  UMEIOLIEECH B HHUX M3JIYYeHHE, TaK KdK €ro
JHEPTHSI MaJia MO  CPAaBHEHHIO C BHYTPEHHeW »3Hepruedt TEmJIOBOTO
IBUXEHUS vacTUl cucreMbl. IIpum BecbMa BBICOKOH TeMIEpaType
TAaKOM TNOAXOA ABJASETCA HENPaBHbHBIM. HeTpyono HaHTH TeM-
nepaTypy. TIPH KOTOPOH TIOTHOCTL DHEprud o1* W3nyyeHds cra-
HOBMTCS PABHOH MNIOTHOCTH JHEPTHH >/,kTn TEWIOBOTO [BHXEHUS
YacTHL (#-— KOHUEHTPALMS YacTHL):

oT*=3,kTn, T=./3kn/(20).

st JOCTATOYHO pPa3pexeHHOH nna3Mbl, KOFJd KOHUCHTPALHA
yactun n=10%' M3, sta Temnepatrypa T'x3-10* K.

TakuMm 00pazom, npu TeMmuepatype HOJHOH HOHU3AIMH IUJIa3Mbl
(T=10° K) nioTHOCTL JHEPrMA W3JIy4eHWs B HeW CTAHOBUTCH Npeod-
janatoiiet. ITO UPHBOAWT K BEChbMa BAXHOMY, NPAKTHYECKU HEXe-
NATENILHOMY TPH TEPMOSOEPHBIX PEAKUUAX CIEACTBUIO — TPYAHOCTH
annabaTHOM H30JSIIMM TAKOM INa3MBbL.

Yrobel ONpene/uTh TePMOMHAMUAYCCKAE CBOMCTBA TUIA3MBI, Hai-
JEM B KauecTBe TEPMOIMHAMMUECKOTO TMOTEHIHANa ee CBOOOIHYHO
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SHEPrHI0 IPU HE CJIMIIKOM BBICOKOH TeMIepaType, Korjia cBoOoiHOM
JHEprueil H3JTyYeHUs. MOXHO lpeHeOpedb. YdHeT moclenned He Tpel-
CTaBJISCT 3aTPYAHECHHH, W €ro Jerko CcAenaTh, eClny TeMIiepartypa
nmasmel Tx10° K.

Buyrpennas sHeprus U niasMsl CKJIAJbIBACTCH W3 KUHETUYECKOH
aneprud Uy, XaOTHYECKOTO ABHXKEHHSA €€ YacCTUIl (BHYTPEHHSS IHePrHs
HACAJIBHOrO raza) W cpeised sxeprud U, HX JNEKTPOCTATHYECKOTO
B3aMMO/ICHCTBUSA:

U=Uy+U..

Kax Uy, Tak U U, He BBIYUCISIOTCS B TEPMOJMHAMIKE, a Oepyrcs
W3 ONbITa WWIM HAaXOASNTCS METOJAMHM CTraTUCTUYEeCcKON  u3MkH.
3nayenue U,,; #am usBectHo: Uy, =CpT. Bruipaxenue ang U, uMmeer
B (cM. 3agauy 10.25)

U,= —e2N/d, (10.82)

rae e—3apaj 4acTHi; N—4uCJIO YacTHL OIHOrO copTa B oObeMe
V; d=./kTV/(8nNe?) — nebaepckull paauyc, onpeaesiomuil rnyouny
NPOHHUKHOBEHMS BHEIIHETO WIEKTPHYECKOro mojs B miasMy. Or-
punatenbioe 3Hayenue U, o0yciosnieno npeobaagaHiueM CHII HPUTIKe-
Hd K TIJIa3Me, [OCKOJBbKY KaXAblid ~ 3aps OKpykeH o0JlakoM
¢ npeobiajalueM 3apsAlOB NPOTHBOIOJOKHOIO 3Haka (medaeBckoe
KpPaHMPOBAHUE).
Taxum o6pa3omM, BHYTpPEHHSS 3HEprusl Ijia3Msl

U=CyT=Ne*./8aNe?/(kTV).

Oto Buipaxenue auasi U(T, V) He sBisleTcd, OJHAKO, TEPMOJH-
HaMHUYECKUM noTeHuyajoM. [Ipu HezaBuCUMBIX nepemenubix T u V te-
PMOJKMHAMHYECKUM IOTCHIMAIOM SIBJISIETC OHEprus [ enpMronbua
F(T, V), miust HaxOoXAeHAs KOTOPOd MBI BOCIOJb3yeMCsl YPaBHEHHEM
I'u66ca —eemroba (5.29):

oert ), {8
aT Jv T\ T v

oTKyIa
v .
F=—1 JFdT+I(V) T,

4YTO B HamieM CcCjy4yac noacer

8niNe?
KTV

TepmoannaMuyecku HeONpPEACHCHHYIO NOCTOSHHYW [(V) B JaHHOM
cllyyae HeNb3S HaHTH ¢ NOMOINBIO TPETHEroc Havala, TaK Kak
HACANBHBIA Ta3 HE YOOBIETBOPSAET 3TOMY 3akoHy. Oxsako dopmylia
(10.83) nossomster BeiuMciMTh I(V) HCXOAS M3 TOro, 4TO JHEPrud
T'eneMrosibia  oO4YeHb  paspekenHod maasmer  (N/V —0) pgosrkHa

F=—CyTlaT— % Ne? +I(V) T (10.83)
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coBmafaTh ¢ OHeprueit Il'enbMrossua uAeanbHoro rasza. Takum
obpaszom, u3 (10.83) nostydaem

8nNe?
kTV ’

rae F,,—cBoOonHas 3HeprHs HIeaJbHOTO TIasa.

Ipu temnepatype T 10° K Heo6xoMuMO YYATHIBATL H3JydEHHE,
nobaenas k Bolpaxenuto (10.84) cBoGoaHyr SHEPrHIO H3NMYUCHHS
(10.77). Torpa cBoOOAHas 3HEPTHS IJIA3Mbl B 3THX YCIOBUSX

F=F,— % Ne? (10.84)

8nNe? 1 4
—-oT?*V.
kTV 3

TepMuyeckoe ypaBHCHHE COCTOSHHUS TUIA3MBl, €¢ SHTPOIHS W Te-
IUI0EMKOCTh MOTYT OBITh ONpeAeneHbl C MOMOLIBI0 (hOpMYyT

oF oF o’F
p== (57)1’ §=- (ﬁ)v’ Cr= _T(6—T7>V'

B pesyabrate n3 Beipaxenus (10.84) nomydaem:

F=Fy— %Nez

i 8nNe?
P=Pu— 3 Ne* |5 (10.85)
_ _ 1 2 SRNGZ
§=Sux SNe kT3’
2
Cy=(Chhuat 3 Ne? |30 (10.86)

JaBneHne W SHTPONHMA IUIa3Mbl MeEHBbIE, YeM HAEalbHOIO rasa,
4TO OOBACHAETCS NpeobiagaHHeM B Hell CHI MpUTsKeHus. Teroem-
KOCTh XK€ IUIa3Mbl OoJIbHIE TEMJIOEMKOCTH HIEalbHOIo rasa, d4To
du3ndecku TaKXKe SACHO:! IpPH TOBBLINCHAM TeMIEPATyphbl IL143MBbI
IPUXOAUTCS 3aTPaudBaTh JHEPrHI0 HE TOJbKO HA YBCIMYCHHE KH-
HETHYECKOH OHEPrMH XaOTHYECKOTO NBIKCHHS €¢ 4YACTHI, HO M Ha
YBEJHICHUE Cpelified NOTCHUHANIBHON 3HEPruy B3aUMOJCHCTBHS MEXIY
YacTULAMM BCJICACTBAC U3MEHEHHS OKOJIO KaXHOH dacTHHbl obnaka
OPOTUBONOJOKHO 3apsKEHHBIX YaCTHIL.

OTMeTHM Tenepb Te creuuduieckue CBOHCTBA IUIA3MBI, KOTOpPbIE
PE3K0 OTIMYAIOT ee OT OOBIYHOIO peaJIbHOTO rasa:

1) TepMMyeckoe ypaBHeHMe cocrogHus wiasMel [cM. (10:85)]
B pACCMATPHBAEMOM HPUOIIKCHUH HMEET BUN

> e?  [8nNe?
, A=

4

pV=NkT<1 + 4

JV

OTKyIda 73aMEYaeM, YTO B OTJMYME OT OOBLIYHOTO peajibHOTO rasa
TEPMHYECKOE YPAaBHEHHE COCTOSIHUS IIa3Mbl HE BBIPAXKaecTCsl B BHpPHU-
anbHON (opme (1.6). D10 o3Hauaer, YTO B IJIa3Me€ B3aUMOJICHCTBHUE
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MEXIY YaCTHUAMH HeNb3s pa3- [Ti4 — + — + — + — + — +]—
JeNUTh Hi TAPHBIE, TPOHHBIE, :
B3aHMOJIEHCTBUS, a camy

IIasMy Helb3s paccMaTpuBat, | 1T T F =+ — 4+ = 4=
Kak CHCTEMY 3JKPaHHPOBAHHBIX -+ -+-+-+ -+ —|-
4yacTuy C KopOTKoneﬁCTBy— —t — 4 - 4+ — 4+ =+ — |-
IOIMM NOTEHIMAJIOM B3aMMO- Tidr
AEHCTBHS; :

2) maJIbHOJAECHCTBYIOIIUM Puc. 36.

XapakTepoM KYJOHOBCKMX CHJI B3aUMOJECHCTBHUS ONpeAciseTCs Takke
U Ipyras 0COOEHHOCTBb ILjIa3Mbl — CYIIECTBOBaHHE B HEil cOOCTBEHHBIX
NPOJONBHBIX KOJICOAHUH: co30anHoe 8 HEKOMOPbIll MOMEHM USMEHEHUe
RAOMHOCHIU IAEKMPOHO8 6 NAA3Me He DeAdaKcupyem, KAk -HAOMHOCHb
8 00bIYHOM 2a3e, A Koaebaemca ¢ OnpedeieHHON uacmomoil, 3asucsawyeil
MOAbKO Om KOHYeHmpayuu 34eKnipoHos. O1H KoJieOaHUs BbI3LIBAKOTCS
TeM, 4TO H3MEHEHHe IUIOTHOCTU 3JIEKTPOHOB B KakoMm-iubo MecTe
IJIa3Mbl CBSI3aHO C TOSBJICHHEM B JTOM MeCTe OOBEMHOrO 3apsaa,
1oJjie  KOTOpOro, HEHCTBYS Ha [BIXKEHUE CMEILEHHbIX 3JIEKTPOHOB,
IPUBOJMT K HOSABJEHHIO BOCCTAHABIHBAIOLIECH CHJIbl, HPONOPUHOHAID-
HOM MX cMemeHuto. Ilon peiicTBueM 3TOH CHMbl JMEKTPOHBL BUO-
pUpPYIOT ¢ ompeaeneHHol yactoTol. Haiinem ee. [y 3T10ro BblIEAHM
MBICJIEHHO B IIIa3M€ ¢ KOHUEHTPALMENd # IEKTPOHOB NIPSMOYTOJIbHBIN
napasnesenune] JmHod dx WO womwagpo ceueHus S (0Obem
napajuiesienunesa dV=Sdx; puc. 36). Benencreue Gonbluoil Macceb
HOHOB CKOPOCTh HX [BIDKCHHS MHOTO MEHBIIE, Y€M Y 3JICKTPOHOB,
HO3TOMY HOHBI MOXHO paccMaTpuBaTh Kak HemoasuxkHbie. [lycThb
B HEKOTOPBIH MOMEHT BPEMEHHM OJIEKTPOHBl BbBLICJIEHHOTO 00beMa
OpEeTEPreBarOT 10 OTHOLIEHHIO K MoHam cmeende &(x). Torna
BO3ZHHMKAIOIIMI B 3TOM MNapajulesenunene oObeMHBIR 3apsj

dg dg
dg= - x—en=Sdx=—en-=>dV.
g=enSE(x) —enSE(x+dx)x —en LSdr=—en >
CrenoBaTenbHO, IUIOTHOCTH 3apsifa
dg dg
=—=—en-=.
dv dx
VpaBHeHUE ABHKEHUS 3JIEKTPOHA
mé=¢kE.
Hanpsixkennocts E mnons HafiieM M3 ypaBHEHHS
. dE de
divE=4np wnimn = —4nen =,
p dx dx
OTKyIa
E=—4nnet.
ITosTomy .

mE = —dnne®t u &+4nne?t/m=0,
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YTO YKa3bIBAET HA BO3HHKHOBEHHE IPOAOJBHBIX JJIEKTPUYECKHX KO-
nebaHui B nJlasMe ¢ UMKJAYECKON 4acTOTOH

Wo=+/4nne’im. (10.87)

Mpu xonuenTpanuu n=10'® M~3 31exTpoHOB B mIasme cobcTnen-
Has vYacToTa KoneOaHuil mnasMel paBHa mo=5:10% ¢!, uyto coor-
BETCTBYET IELMMETPOBBIM BOJIHAM.

Briepehle Hamdude KkoJjeOaHWi B 1uasMme OBUIO  YCTAHOBJIEHO
B 1906 r. PajeeM u He3zaBucmmo B 1929 r. H. Jlenzmiopom, nosy4us-
muM opmyay (10.87) 11 yacToThl ®) (KOTOPAas NOITOMY Ha3bIBAETCH
AeH2MIOPOGCKOT  uacmomoti KoyieOaHWit IUIa3MBI).

B 3axJiroueHHE PACCMOTPHM BOIIPOC O TEPMOAUHAMHUYECKON yCTOM-
ypBocTH miaasmbi. C noMomsio (opmyn (10.85) m (10.86) Haxomum
CNIE/IYIOHIAE YCJIOBUSL YCTOWYMBOCTH pPa3peXCHHOH IU1a3MBbl:

op VRT 1., 5 [8¢Ne?
—) == —= 4+ -Ne* | — <0
<5V>T Z 2N kTV> 7
T T

>0
Cv (Cy)uat [y Ne* \/8nVe((kT3V)

W3 3THX BHIpaXeHUH 118 K03pPUUUEHTOB YyCTONYMBOCTH BUIHO, 9TO
IPH OJTMHAKOBBIX YCJIOBHAX TIA3Ma MEHEE YCTOHYNBA, 4eM HCaIbHbIH ras:

ap vRT ap\*"* T T
) > o=, <
oV T V2 ov T CV (Cy)lw

3AJIAYH

10.1. TemnepaTypHass 3aBMUCHMOCTB 9. A. C. HCKOTOPOTO JIEMEHTa 3ajaetcsa (popMysoi
=0,96446+1,74(r—25)- 107*+3,8(t~25)*- 10" B.

Onpeaennts, kKakas 4acTh 3. A. C. JIEMCHTA JIOCTABJIACTCA TEMAOBBIM PE3epBYapoOM
M 4YeMy paBHa TemnoTa peakuuu npa 25° C.

10.2. HaiiTh 34BHCHMOCTL 3JIEKTPOJBHXYIIEH CHIIBI OOPaTHMOro TIaJIbBAHHYCCKOrO
3JIEMEHTA OT BHCILUHErO JaBJICHUS.

10.3. Eciu mnoTHOCTh ra3a Bae-mep-Baanbca mana, To MMeeM OfHY TOYKY HHBEPCHH.
Tokasats, 4To B 061IEM Ciy4ae sIH0OBIX IIOTHOCTEH CYILECTBYIOT IBE TOYKH HHBEPCHH
¥ 1aTh Tpajux HHBEPCHOHHOW KpuBOH rasa Baw-nep-Baambca na numarpamme T, p.

10.4. Toxa3aTh, YTO B TOHKE WHBEPCUH

op
C,—Cy=V{ =] .
i (6T>V

10.5. Haittu maruuToxkanopuyueckuil shobext (0T/0H)s Nns BELIECTB, NOXYHHAIOIMXCH
sakony Kropu-— Beitcca: »=C/(T—8), rae 0—mapamarnutaas Ttodka Kropu.

10.6. Iloka3aTh, YTO 34BUCMMOCTb KOHCTAHTHI PABHOBECHS OT TEMIIEpPaTyphl OllpeAesis-
erca ypasHeHuem Baxt-T'odda:

oK.\ @
oT ), RT?

rae @, ~- Temw1oBol 5PdexT peaknuu 1p¥ FNOCTOSHHOM JABNCHHY.
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10.7.

10.9.

10.10.
10.11.

10.12.

10.13.

10.14.

10.15.

10.16.
10.17.

10.18.

10.19.

10.20.

Haiit ycnoBus paBHOBECHS reTeporeHHON cucteMbl H3 n (a3 U k KOMIIOHEHTOB.

.8. B peakuuu 0oGpa3oBaHHA BOJAHOTO Tasa

H,0+CO=CO,+H,

paBHoBecue HacTymwio npu I'=1259 K. M3pecren Moneky sapHbI paBHOBECHBIH
€ocTap: Meo,=0,7 MOJIb; Mo =9,46 MOJIB; My o=9,46 Mosib; nry,=80,38 Mostb,
Onpesenuth KOHCTAHTY paBHOBecus K.

ITpu temnepatype T=717 K peakuus oOpa3oBaHus HOJHCTOrO BOAOpOJa

H,+1; 2 2HI

AOCTHIJIA DABHOBECUs. 3Had HAYalbHOC YHMCIO Mojiel uoja my,=2,94 Moas
¥ HAYaJIBHOE 4MC/I0 MOJieH BOLOPOAa my,=8,1 MOJb, ONpPEAETHTL YHUCAO MOJIEH
HI npn pasnosecun. Koncranta paBnobecus npu T=717 K wuspecTHa:
K,=K.—0,01984.

BbiucnaTe JeTyvecTh pEANbHOro rasa IpH oOOM [AaBICHHM MO €r0 3KC-
NepUMeHTAALHON H30TepMme V(p).

Hcxons W3 yclnoBHS DPAaBHOBECHA rasa M TBCPAOro Teja OJHOrO M TOTO XKe
BCIIECTBY, HAWTH BHIPAWEHHE JUIA BBIYUCICHHS  HHTPONMUIHOA mOCTOAHHON
HICANBPHOrO TIasd.

Haifity 4ucio TepMOAMHAMHYECKHX CTeneHeH - CBOOObI CUCTEMBL, COCTOILEH
n3 pacteopa: 1) KCI u NaCl B Boge B NPUCYTCTBHM KPHCTasloB oOeHx
conelt M NapoB; 2) ITHX CoJell B MPUCYTCTBHH JbJa, KPHCTAJILA0B o0eux coJicit
u napoB; 3) caxapa B BOAC M KEPOCHMHE NpPH HANMHYMM JbJa W mapa.
[Tpasuno a3 FubOca ycTaHOBIEHO B MPEANOIOKEHUH, MTO KaX/blii KOMIIOHEHT
BXo/uT BO Bece ¢asnl. Kax uaMenntcs npasuno a3, ecd He  Kaw/bii
KOMIIOHEHT BXOAUT 80 Bce dasp?

[okazats, 4ro ecad Obl CHEKTpa/bHAR TIUIOTHOCTb 3HEPrHH  H3Ny4eHHUS
u, 3aBUCEA OT BEIIECTBA CTEHOK MOJOCTH, TO MOXHO OblNO OBl OCYLIECTBUTH
BEYHBIH JIBUraTeib BTOPOTO. POJd.

YCTaHOBHTE  CBA3b  MEX/y CHNEKTPaJbHOM DJHEPreTHYECCKOH CBETHMOCTHIO
€, YCPHOrO TENa ¥ CHEKTPANbHOM TUIOTHOCTBIO JHEPFMHU U, €0 DPABHOBECHOTO
VATY4CHUSA.

Wcxons 43 npeacraBiieHus O CBETOBBIX KBAHTAX, BBIMMCHUTL JABJICHHEC paBHOBEC-
HOTO M3Ny4eHMs Ha 3¢pKajbHYIO CTCHKY.

okasats, 4¥TO  ANMEA BOJAHBL A,, H4a KOTOPYIO IIPHXOJUTCHS MAaKCHMYM
CHEKTPATBLHON [UIOTHOCTH JHEPTHM i) PABHOBECHOrO H3JIYYEHHS, H HACTOTA Vg,
IpH KOTODOH HMeeT MakcUMyM O(yHKUMS u,, HE COOTBETCTBYIOT APYT [PYyry,
T. €. ApVpu#c. UeM 0DYCIOBJICHO HECOBNAACHHE ITHX MAKCHMYMOB Y Pa3jiM4HbIX
CHEKTPAJIbHBIX (YHKUMA H NPH KAaKOM YCHOBHH OHM COBIIAJAOT?
Onpenesnts temneparypy 7,,, NpH KOTOpO#f Ha CHEKTDAJIbHbIH y4acTOK A;
A+dh npuxomuTcs HauOOMbIUAS OTHOCHTENBHAS TUIOTHOCTh H3JIyYeHus, Tak
YTO 3Ta MIOTHOCTh UMEET MAKCHMYM TIPH JUIHHE BOJIHBI A MJIM COOTBETCTBYHOUICH
el yactore v=c/A.

Onpenienurb, BO CKOJBKO DPa3  YBEJIMYMTCA OSHTPONHH YEPHOTO H3Ny4qeHHs
B nosoctd o0beMa V ¢ O¢ibIMM CTEHKaMu TPH €r0 PACHIHPCHHH B IIOJHOCTBIO
OTK4a4YaHHbIE 00beM V| ¢ TaKHMH X€ CTCHKAaMH.

B rpaBHTALMOHHOM HOJIC BEPTHKAILHO PACIOJIOKCH BRICOKHI HHIMHD C 3€pPKaJib-
HBIMH CTEHKAMH, 3aIIOJHEHHBIA PABHOBECHBIM H3JIyueHHEM nNpH TemnepaTtype T.
JaBnevue BHM3Yy, paBHOE '[y IUIOTHOCTH BHEPIMM M3JyYCHHMs, AOJDKHO OBITH
Ooutblle, 4eM HaBepXy, HA BEJIHYHHY OTHECEHHOrO K SMHMUC ILIOLiaJH BECa BCEX
BbILIEIEKAIMK ci10eB u3ayueHus. Ho, ¢ napyroit cropousl, no 3akony Credana —
BonsnMaHa, NIOTHOCTb U3JIYYEHHS BCIOAY NPONOPLHOHAIbHA YETBEPTOH CTENCHU
TEMIEPATYPhI, YTO NPHUBOAUT K PABEHCTBY ILTOTHOCTEH 3HEPriUM M3JIyYCHUA HA BCEX
YPOBHAX IPaBUTAMOHHOrO MOTEHUMANA. Pa3biCHATHL BO3HUKLICE HPOTHBO-
pe4ue.
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10.21.

10.22.

10.23,

10.24.

10.25.

10.26.

[Mokasarb, 4TO PAaBHOBECHE HINYYECHHH OT pa3NMYHBIX TEX B IOJOCTH C 3€p-
KANbHBIMHM CTEHKAMH ABJSCTCH HEYCTOHYHBBIM, W YCTAHOBHTbL, YTO PABHOBECHOE
W3JyMEHHE TPCACTABISACT CcOOOH cUCTEMY JIyYcH, HaXOASLUUXCH B YCTOH4MBOM
paBHOBECHH C OJHOH H TOH ke TEMINepaTypod Ind BCex JyueH.

[Mokazarb, 4TO 4YepHOE M3NYYCHHE NMPU aJHADATHOM MPOLCCCE OCTAETCA YEPHbIM,
HO M3MCHSCT TeMIepaTypy.

[Toxa3atsb, uro GopMyina [Uis CNEKTPAbHOH IUIOTHOCTH SHTPONMU PABHOBECHOTO
H3JIYHEHHS MMEET CHEAyHwyw cTpykrypy: s,(v, T)=vio(v/T), tne ¢(v/T)—
HEKOTOpast (yHKIHS.

Onpeneaurs Cy, C,, C,—Cy mns eauHALBl 00bEMa PABHOBECHOTO W3NTY4ECHHA.
Cpasauth Cy A eOUHHNBL 00bCMa OAHOATOMHOIO Taza ¢ Cy COHEPXALIErocs
B HEM DABHOBECHOTO M3JIyUEHHS.

Bbi4yciiuTh BHYTPEHHIOIO JHEPIUMIO PaspeKCHHON IUIa3Mbl, 3aHHMAOUEH o0ObeM
V W cocTosiied U3 [ABYX COPTOB MPOTHUBONOJIOKHO 3apsiKEHHBIX 4dcTuiy (N
YACTHIl KaXJOro COpTa C 3apsafaMu e H —¢).

BenmencTBue  9KBUBANEHTHOCTH MACChl UM 9HEPIWH  HApsiiy C  OPEBPALICHHEM
BEIECTBA B M3JIYYEHUE BOIMOXEH U OOpaTHBIM MPOLECC NMPEBPAILCBUs U3ITyuCHUS
B BewlecTBo. ONpeNenuTh TeMIEpaTypy, NP KOTOPOH# BO3HMKAET Hapa 93/IeK-
TPOH—NO3UTPOH B PABHOBCCHOH CHCTEME OJNIEKTPOHHBIH Ia3—- U3JyuCHHUE.



TJIABA OJMHHALIATAS

INIOBEPXHOCTHBIE ABJEHWSA

PaccmampuBas pasHoBecue conpukacalwuxcs ¢as
remeporeHHON CUCMeMbi, Mbl He y4yumsbiBanu o Cux
nop 0cobbix CBOWUCMB NOBEPXHOCMU pasfgena u ux
BAIUSHUA Ha paBHoBecue. Mbl cHumanu, Ymo sHeprus
U u asneprusi lensmronsya F cucmeMbt, cocmosien
U3 BYX UJlU HECKOMIbKUX has, paBHbl CyMMe 3HepPrus
unu sHepruu lenbmronsya omgensHoix ¢has.

B nosepxHocmHOM cnoe ¢ha3bl MOJLUHOA nopsgKa
paguyca MoOfeKynspHoro B3aaumogedcmsusi- (1 HM)
MOJ1eKY bl B3aUMOGEUCMBYIOM HE MOJIbKO C MOJIEKY-
namu csoeyd hasvi, HO U C Oausnexawum croem
yyxxon ¢hasbi, NOIMOMy usuvyeckue csoucmaa cios
omnau4aiomces om cBoUCcmB BHYympu (8 ob6beme) hasbi.
Tak kak noBepxHocme mena pacmem nponopuu-
OHasnbHO KBagpamy pasmepos 3moro mena, a obb-
eM — NponopuUuOHanbHoO Kyby amux pa3mepos, Mo
Ans 600blWUX Mesl NOBEPXHOCMHbLIMU 3exmamu
no cpasHeHUIO C OObEMHbLIMU MOXHO npeHebpeds.
OpHako ecnu BewjecmBO Haxogumes B MeENKopas-
ApobreHHOM coCMosiHUU, MO makas cucmema 06-
Nlagaem pa3BumoOu NOBEPXHOCMbLIO U NO3MOMY
npeHebpexeHue NOBEPXHOCMHbIMU 3(hhekmamu Mo-
Xem B 3moM cay4Yae npuBecmu B pesy/ismamax
BbIYUC/IEHUN K CYL@CMBEHHbBIM NOIPEeLIHOCMSIM,

§ 56. IOBEPXHOCTHBIE HATAXEHHUE W JABJAEHHUE

TepMoauHaMUKa MOBEPXHOCTHBIX sBJeHMi Oblia pazButa I'ubGOcoM.
OH npUHMMAJI TOBEPXHOCTHBIH CJIOH 3a HOBYIO «HOBEPXHOCTHYIO
Gbasy», OTIMYHYI0 OT OO0BeMHBIX (a3 TeM, YTO ¢ TOJIIMHA Ypes-
BBIYAHHO Majla IO CpPaBHEHHIO C INPOTSKEHHOCTBIO B JBYX JPYTHX
H3MEpPEHUSIX, ¥ II03TOMY pacCMaTpHBaJ [OBEPXHOCTHBIA CiIoH Kak
reoMeTPHYECKYIO pa3JeNfiollyl0 HOBEPXHOCTh, IPUMEHS K Heil obuue
TEPMOJHHAMUYECKAEC ypaBHEHMS.

ITnowans mnoBepxHOCTH X Ga3bl gBifETCA Hapsay ¢ oO6beMOM
V' HOBBIM MHapaMeTpPoOM, XapaKTEePU3YIOUMM COCTOSHHE CHCTEMBI.
VBennueHne NOBEPXHOCTH CHCTEMBbI IIPH HOCTOSIHHBIX TeMIEpaType
H oO0BbeMe CONpPOBOXKAACTCs 3aTpaTod pabGoTel, Tak kak JuUIAd oO-
pa3oBaHAs HOBOH IIOBEPXHOCTH HEKOTOpDble YacTHIOB H3 o0beMa
JOJDKHBLI MEPEHTH Ha IMOBEPXHOCTh, YTO CBA3aHO C paboToil HpOTHB
CHUJI MOJEKYJISPHOTO B3aUMOJCHCTBYS.
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O603nauiM G 0OOOIIEHHYIO CHIIY, COOTBETCTBYIOUIYIO MapaMeTpy
Y. Torga sneMeHtapHas paboTa nNpH yBeNUYEHMH MOBEPXHOCTH HA
dX (upr u V=const)

a guddepeHmuan cBoOOAHOH DHEPIHH CHCTEMbl INPH H3MCHEHUH
ee T, Vu X

dF=-SdT—pdV+od2.

BenvudHa ©, XapakTepH3yloulass paBHOBECHE MEXJY JAByMs  CO-
NpHKacaroUMucs ha3aMu, Ha3bIBACTCS NOGEPXHOCMHbBIM HAMANCEHUEM
d paBHA CWIC Ha GAMHUIY /UIHHBLI Ha MOBEPXHOCTH MJM HU3MECHEHHIO
cBOGOMHON  OHEPrHM Ha  eIUHUIY  YBEJMYEHHMs  IIOBEPXHOCTH:
6 =dFs/dX. IloBepxHOCTHasi 3HEPrHs, OYEBMIHO, pPaBHA
OFs do 0o
Ug=F;s 7 oX TZ(&T)v,}:—2<G T6T>.
PaccMOTpHM YCIIOBHS PaBHOBECHS B CHCTEME, COCTOSAIIEH M3 JBYX
(a3, pasfeNeHHBIX IIOBEPXHOCTBIO paszfiesa, M3BecTHO, 4T0 mpU
NpeHEOPEXECHAN [TIOBEPXHOCTHBIMHA SBJICBUSIMU YCIIOBHAMH DaBHOBECHS
JByx (a3 OMHOTO M TOTO K€ BEINECTBA, ABJIAIOTCH

T/:TN, p’:p”’ u/=”//- (11.1)
Te ke pacCykIeHHs, KOTOpbIe UPHBOAAT k paseHctBaM (11.1)

U KOTOpBIE 3/[eCh HC NOBTOPSIOTCA, AT JUIS PABHOBECHS JBYX
da3 ¢ y4eTOM MOBEPXHOCTHBIX SIBIICHUM
TI__T/I u/_u//
=T", ="

Yr1o ke KacaeTca jJasieHui B ¢azax, To, Tak Kak Temeph Ha
IPaHULe YIHTBIBAIOTCS CHJIbI TTIOBEPXHOCTHOTO HATSDKEHHs, PABHOBECHE
MexTy ¢azamd HACTymaer, BOOOIIE IOBOPs, TPU Pa3HbIX AABJICHHAX
B (hasax. HaiizieM 370 ycloBHe MEXaHHYECKOTO PABHOBECHS B CHCTEME
U3 asyx a3 xupxocrs () w map (), HCXoNd M3 MHHHMYyMa
csobonHol auepruu npu T=const u V=const.

HOuddepenmyan cBoGOAHOH 3HEPrUM CHCTEMBI, COCTOSIICH M3
KUJKOCTH, Iapa M HOBEPXHOCTH pa3fena MexIy HUMH, Korja
TEMIEPATYPa M XHMHYECKHH mnoreHuman B ¢a3ax OJUHAKOBEL,

dF=—p'dV'—p"dV"+ocdX. (11.2)

Ipu pasrosecun dF=0, cieaoBatensio, odX—p' dV' —p"dV"=0,
a Tak kKak V'+V"=V=const, TO
dz
dav”’
rae dX/dV’-—xpuBusHa nosepxHocTH pasaena ¢a3. Koraa asra
MOBEPXHOCTL CPEpPHIECKas, TO

dZ _ d(4nr?)

= a )

p/:[)lr_{_G

2
;
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[r cumTacTCs MONOKHUTEILHBIM, €CJHM KPHBH3HA MOBEPXHOCTH HANPAB-
geHa B ¢aszy ()] B cnyyae npousBosibHOH [MOBEPXHOCTH

= 1 1
dv’ ry rz’
rae ry 4 r,—TIJIaBHbIC paJHyChl KPUBU3HBI MOBEpXHOCTH. Takum
00pa3oM, npu paBHOBeCHU chepuuecKux Kanenb XHAxocTH (') ¢ mapoM
(") nmaBieHne B Kamle p’ W JaBjieHUE napa p” CBS3aHbl yCIIOBHEM

p'—p"=2c/r ummn p'=p”"+20c/r.

Orcioga BHIHO, YTO HA NOBEPXHOCTH pa3sfena IBYX (a3 (Kamis—
Tap) CYWECTBYeT CKAa4YoOK JAaBJICHHA, paBHbd 26/r. Bennunna
o(l/ry+1/ry) win 20/r (B ciydae cepryeckoil OBEPXHOCTH) HA3LIBA-
eTCA  NOBEPXHOCHHBIM  O0asAeHuesm WM Odasdenuem Jlanaaca. ns
IUIOCKOM MOBEPXHOCTH (r — 00) pa3ieia *KUAKOCTH W 1apa JaBjieHde
Jlaraca paBHO HYJIO W YCIOBHE MEXAaHUYECKOro paBHOBECHS MpH
9TOM COBNIAJaeT C aHAJIOTHYHBIM YCIOBHEM 0e3 yueTa MOBEPXHOCTHBIX
ABJICHUIA:

plzpll =pw‘

N3 dopmynsr (11.2) BUAHO, YTO NPH HOCTOSHHOM OOBEME KaIUid
(V'=const) ee paBHOBecHass (opMa OIPENENSCTCS MHHUMYMOM
nopepxHocty X. CireloBaTeibHO, XUAKOCTh, HAXOASAIHASNCA NOX Jei-
CTBHEM TOJIBKO CHMJI MOBEPXHOCTHOTO HATSIKEHWS, NPUHUMAET Iiapo-
obpasznyre ¢opMmy, Tak Kak HpU JAHHOM OO0BEMe MHHHMAJILHON
HOBEPXHOCTBIO 00JagaeT 1wap.

§ 57. PABHOBECHAS ®OPMA MOHOKPHUCTAJLIA.
NMPUHLUIT TUBECA—KIOPH U TEOPEMA BYJIb®A

Ilpu paBHOBECHH ~MOHOKpHCTAaJlla CO CBOMM HACBIIIEHHBIM IapOM
WM pacrjaBoM ero ¢opma onpexensercs teopemod Bynwda, mo-
Ka3agHOH UM BhepBbie B 1885 r. OTa Teopema BeIpaXaeT KOHKpPETHOE
YCJIOBME PAaBHOBECHS KpPHCTajla B MOXET ObITb YCTAaHOBJIEHA HCXOHS
U3 oOLIEro ycjioBHMs paBHOBecHsl cucTeMbl npH T=const U ¥ =const:

SF=0, §*F>0.
IMpexae d4eM noka3pBaTh 3Ty TEOPEMY, 3aMETHM, YTO JUIS
BCAKOI'O KpHCTa/Ula CYIIECTBYET TOYKa, YJOBJIETBODSIONUIAS YCJIOBHIO
G1/hy=03/hy=03/h3=04/hs=c, (11.3)

r7ie O;— yAeJbHBIE TOBEPXHOCTHLIE CBOOOUEIE SHEPTHH IpaHeid™, i, —ux
COOTBETCTBYIOLLME paccTosHMs 10 orod Touku (i=1, 2, 3, 4).

* BeimuuHy ©; U1 KPAaTKOCTH Ha3BIBAIOT, 10 AHAJOTMH C JKMAKOCTHIO, TIPOCTO
nosepxnocmubim Hamaxcenuem. HeoOxonumo, oAHAKo, HMETL B BHAY, 4TO ITO He
OIIHO M TO Xe, Tak Kak mpouecc oOpa3oBaHMS HOBOM TNOBEPXHOCTH Y KpPHCTAaIa
B obmeM ciyvae cBA3zaH ¢ obbeMHOM Jepopmaliuei.
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B camoM jene, paccCMOTPUM JABE CMEXHBIE TIDaHM
kpucraiuta OM n ON (puc. 37) ¢ NOBEPXHOCTHBI-
MH HAaTSXKEHHAMH ©; H O, W TNpPOBeAeM napal-
JIEJLHO 3THM TPaHAM JIBe IUIOCKOCTH HA TakKHX pac-
crosHusax Ay u h, or TpaHed, 4ToOL! BBHIHOJHIIOCH
yCIOBHE

0‘1/h1=62/h2. (11.4)

Jlunus nepeceyeHUs IUFOCKOCTEd A, OYEBHIHO,
napamiaensga pebpy O M Ipd  yBEAWYCHHH
hy, ¥ h, B OIMHAKOBOE WYHCIO pa3 OyldeT NepeMellaThCsd BAOJb
wiockoctd OA. Taxum o0pazoM, miockocTs OA SABIAETCS TEOMET-
PHYECKHM MECTOM TO4YEK, OmpefensieMbiM yciosueM (11.4). Beoms
B PACCMOTpEHHE TPETBIO, @ 3aTEM H YETBEPTYIO [PAHM, AHAJOTHYHO
yOeaumcsi, 4TO Ha TIUIockocTH OA  CYLIECTBYeT NpAMas JIMHHA,
YIOBIETBOPSAIOIAS  YCIOBHIO

61/hy=03/hy=03/h3,

a4 Ha 9TO¥ JIMHWM -—TOouKa, yAoBAeTBOpsiomas ycnosuo (11.3).

CyllecTBOBaHME TaKOH TOYKH HE CBA3AHO C IPENOJIOKEHAEM
O PpaBHOBECHOCTH KDHCTallla M, CJENOBaTe/bHO, B OOIEM ciydae
U KAKABIX JaHHBIX 9eThIpex rpaHedl (3 ux olmero uuciaa N)
3Td TOYKH pasHbie. B cilyyae Xe DPaBHOBECHOTO KpHUCTAia 3Ta
TOYKa eNMHACTBeHHAas. VHaye roBops, paBHOBecHas (popMa MOHOKDH-
CTala XapaKTepU3yeTCs TeM, YTO €ro IpaHH yAaJeHbl OT HEKOTOPOH
toukH (mouku Byavga) Ha paccTosiHUs, NMPONOPUHOHANBHLIE MOBEP-
XHOCTHBIM HATSDKEHHSAM TIpaHeil:

01/hy=0,/hy=03/hy= ... =cy/hy.

DTO yTBEPXKACHUE HA3bIBAcTCs meopemoti Byavgha. okaxem ee.

Juddeperuuan cBOOGOJHOH 3HEPTHH CHCTEMBI B TEPMOCTATE,
cocTosniell M3 Xpucrayua, pacmiaBa (') M NOBEPXHOCTH pasfena
MeXIy HHMH,

Pnc. 37.

N N
dF= ——pdV—p’dV(+ Z Gidz,’= Z Gidzi— (p—pl)dV,
i=1 i=1
rae ‘X;—IUolanb i-d rpaHd KpHCTajuia.
Tpu paBHoBecuu dF=0, Cie0BaTENbHO, KPHCTAII, HAXOASILUACS
B DAaBHOBECHH ¢ PpACIUIaBOM, NDHHAMAET NpH 3aJaHHOM o0beMe
V Ttakyio orpaHky (dopmy), TpH KOTOpPOH €ro mOBEPXHOCTHAS
CBOGOHAA JHEPTHs MMEET MUHUMAJIbHOE 3HayYeHue (npunyun 'ubbca—
Kiopu):

N
Y o0;dZ;=0, dV=0. (11.5)
i=1

O6heM KpUCTaJU1a MOXHO PpaccMaTpUBaTh Kak CyMMY IIOCTpO-
eHHBIX Ha TIpaHsx X; o0OBeMOB mupamua ¢ oOueH BepIIMHOH
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B TPOU3BOJILHOW TOYKE BHYTPHU KpHCTA/IA
(puc. 38). Ouesuano, 4TO

1 1
V—E El: Z,hl )44 dV*E Z(Z‘ dh,+h,d21)

i

C Ipyroit CTOpOHBI, BCAKOE W3MCHEHHE f;
o6beMa ¢ TOYHOCTBIO [I0 BEIHYHMHBI BTOPOTO > ,
HOPS/IKA MAJIOCTH PaBHO CMELIEHHIO MOBEp- st
XHOCTH X;, YMHOXEHHOMY Ha W3MeHenue diy &
BoicoThl: dV'=) Z;dh;. TTosromy Puc. 38.

i

I 1
lezldh,=§2h,d2, H dV=;E,dh,='2-zl‘h,dZ,
u npuHumn [mb6ca —Kropu (11.5), onpenmenstomuii yclnoBHBIH Mu-

HUMYM IOBEPXHOCTHOH CBOOOIHOM SHEPTUH Z O;%;, 3ANMILETCS B BUIE

i

N

z Gidzi=0 (11.6)
Ipua yCJIOBHUH l;l

i=1

Ho ycmosue (11.7) He ucuepmbiBaeT NMOJMHOCTBIO CBA3CH MEXAY
HU3MEHEHUSIMH TUTOINaAel MPH MX BO3MOXHBIX NepeMeleHnsx. B qucio
9THX IEpPEMEIICHUN BKJIIOYAETCH M MEPEMEINeHHe KPHUCTaLla B NpO-
cTpaHcTBe 0e3 u3MeHeHUS GopMbl. Bcero TakuX HE3aBUCHMBIX
HepeMelIeHUH KpUCTaina B npocTpaHcTBe Tpu. I1o3TOMy BO3MOXKHbBIE
W3MEHEeHHs IUIOM@Ael TIpaHel KpHUCTAUla JOJIKHBI YAOBJIETBOPATH
TPEM YPaBHEHMSIM CBs3EH:

Z a; dZ,-=0, Z bi dZi=0, Z C; d2;=0. (11.8)

N
Huist onpenesieH#ss MUHHMyMa BEIHYHHBI ), O;X; HPH YCJIOBHSX

(11.7)—(11.8) Bocmonb3yeMcs METOJIOM Harp;Hlxca: YMHOXHUM ypaB-
Henust (11.7), (11.8) coorBercrBeHHO HA Ay, A;, Az, Ay H CIOXHM
ux ¢ ypasHeHneM (11.6):

N

Z (Gi+7\.1hi+7x.za,-+7\.3b,~+7»4c,-)d2,-=0. (11.9)

i=1

B cBasu ¢ ycnoBusmu (11.7)-—(11.8) uersipe papuammmn u3 dZ;

HE He3aBUCHMBI, HanpuMep dX,, dX,, dZ,, dZ,. INoabepem Ay, A,,
A3, A4 TAK, 4YTOOB KO3(POHUMEHTHI HpH 3aBUCHMBIX H3MEHCHHMSAX
omanei obparwiuce B HYJIb:
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O, +)\.1h1 +)\.201 +)\.3b1 +7\44C1 =0,
02+7\,1h2+}\.za2 +7\.3b2+}v402 :0,

63+ Aths+haa3+Asbs+hacs =0, (11.10)
O+ Aha+haas+Ahsbs+haca=0.
M3 3THX ypaBHEHHH HaxoIuM:
AM=AA, hy=A50A, A3=As/A, Aa=A4/A, 111y
rie
hy ay by ¢ oy a; by ¢
Az hy ay by o A= G, a; by ¢ :
hy as by c; Oy az by ¢
hy as by ¢4 04 ag by ¢y

hy oy by ¢

_ hy ©; by o
A= hy oy by o b I (11.12)

h4 G4 b4 Ca

YuuteiBast Beipaxenus (11.10), n3 dopmyasr (11.9) npu nHesasu-
campix d¥; (i=5, 6, .., N) monydaem

Al Az A3 A4 —
C;+ Xhi+ Xai+Kbi+K Ci_o' (11'13)

Vpasuenus (11.10) w (11.13) sBnsgiorcs reomeTpuueckolt mil-
JIIOCTpalMed  yCJIOBUIl. PABHOBECHS KPHUCTAJUIA W CHpaBEJIMBBHL 1A
J000H TOYKH.

ITpumenum ypaBrerus (11.10) x Touke, B KOTOpO#H BBINOIHACTCS
ycnosue (11.3):

o;=ch; (i=1, 2, 3, 4).
IToncrapass 5TH BbIpaXxeHus o; B onpeneaurend (11.12), Haxomum:
Aj=—cA, Ay=A3=A,=0.
N3 ypasrenus (11.13) nomyvaem
o;=ch; (i=5, 6, ..., N),

YTO M COCTABJSET COHEPXKaHHE meopembl Byavga.

CrpeMJsieHNe KPHUCTAJLIa NPUHATHL PaBHOBECHYIO GopMy, ompenens-
eMylo Teopemod Bynbda, ¢ yBenmueHHEM pa3Mepa KpHCTaiLla
YMEHBIIIAETCA, TaK YTO MNPAKTUYCCKOS 3HAYCHAC TEOPEMBI OTHOCHUTCSH
Ompexae BCEro K MaJbIM KpUCTaulaM (He NpeBbIIarommM | HM).

Ecnmu ans HekoTOpO# TpaHd o;/h;>c, TO oHa OyAeT ucmapsaTbes
WM PACIIABISTHCH, €CIU ke O;/h;<c¢, TO Takas IpaHb Oyner
HAPACTATD, IPUYEM CKOPOCTH ¥; pOCTa KpuUCTaJIa (pH HpUOIMKEHHH
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K paBHOBeCPII-O) IO HOPMaAJIM K pasHbIM TpPAHAM TIpONOPUHHOHAJIBHbI
YACJABHBIM TOBCPXHOCTHBIM CBOOOTHBIM SHECPrusiM JTHX rpaﬂeﬁ:

w;=hift, hi=0;/c, u~o,

§ 58. POJIb MTOBEPXHOCTHOIO HATSXEHWA
MPU OBPA30BAHUM HOBOWM ®A3bl. 3APOJBIHU

Kakx wu3BecrHOo, B yCTOWYMBOM paBHOBECHM BCsSiIKash CHCTeMa B 3aBH-
CUMOCTH OT XapaKTepa BHEIIHUX YCJIOBHI HMEET MHHHMYM OJHOTO
U3 CBOMX TEPMOAMHAMMYECKMX IIOTEHHUAJIOB W NPH HU3MEHEHUM 3THX
YCIOBHH MNEPEXO/IHT M3 OJAHOrO YCTOMYHMBOIO COCTOSHHS ‘B PYroe.
Hampumep, korga Bojie cooOUIaeTcs TEILIOTA [pU . HOPMAJBLHOM
atMocthepHOM JaBJIeHHH, TO OHZ WM HATpeBaercs, MWW 3aKunaer
M Y4CTHUYHO TIEPEXOJHT B AP, XKaK TOJBKO €€ TeMHepatTypa JOCTHraeT
100° C. OmgHako H3BECTHO TAakKXke, YTO TIYTEM OHMUCTKM IKUJIKOCTH
MOXHO J00HThcs ee mneperpeBa © (a30BLId nepexojl He HACTYNHT
Jlaxe OpU TeMIepaType, 3aMETHO NPEBBINAIOLIEN TeMrnepaTypy Kuie-
HUS OpH JaHHOM JaBjieHUM. AHaJOTMYHO OOCTOMT JeJI0 M B cliyyae
Apyrux (a3oBBIX IIEPEXOJOB IIEpBOrO  poaa®™: B YHCTOM mape
3aTATUBAETCS KOHJACHCAIMS (MEPEOXTANKACHHBIA Nap), B YUCTOM KMI-
KOCTM MM DPacTBOPE 3aTATMBACTCS IMEPEXo], B KPUCTAJUIAYECKOE
COCTOsIHUE (MEPECHILLEHHE).

Onsoponnas cucreMa (dasa) B 3aJlaHHOM O0BEME MOXKET CyIle-
CTBOBATh B HEKOTOPOM MHTEPBAJEC TEMNEPATYp, HMes CBOOOIHYIO
SHEPTHIO, O0OJIBILYI0 CBOOOJHOH 3HEPrUM HEOJHOPOHOH CUCTEMBI M3
Tex ke yactul. Takoe cocrosHme (aspl ABJSETCS MeETACTAOHIBHBIM.
C TeyeHHEM BpPEMEHM CHCTEMA Tiepei/Ier B COCTOSIHHE ¢ MMUHUMA/IbLHBIM
3HAaYeHHEM CBOOOJIHOW JHEPIWH, T. €. CTaHeT HeojAHopoaHo. OgHako
3TOT NEPEXOJl 3aTPYJNHACTCS HOBEPXHOCTHBIM 3(ddexToM, T.e. TeM,
4T0 00pa3oBaHue B JAHHOU (haze OOBEKTOB MajlblX pPa3MepoB ApYyro
¢da3sl W3-33  TOBEPXHOCTHOH CBODOAHONH OJHEPrHM JTUX OOBEKTOB
NPUBOAMT K YBEJIHYEHHIO CBOOOMHOM 3HEPIMH CHCTCMBI M NO3TOMY
Hepexo TepMOAMHAMUYECKH HEBBITOJIeH. Hanpumep, Hauano KOHIEH-
Calluy -1Mapa 3aTpyJHEHO N0 TOH NpHUYMHE, YTO NPH OOpa30BaHUA
B mape MaJybix (paauyca R) Kamenb XHIKOCTH HMX THOBCPXHOCTHas
cBoGoaHasa sHeprusa Fy, nponopumoHaibHas RZ2, pacter ObIcTpee,
4eM yMeHbLIAeTCss HX OOBeMHast CBOOOJHAS OSHEPrUs, NPONOPLH-
oHanpHas R3. Tlo3ToMy nosBieHME Manbix Kaneidb OKa3biBAaeTcs
TEPMOJIMHAMHUYECKHA HEBBITOJHBIM U KOHJICHCAUMS 3a/IePXKHBACTCS.
Ilpu Gonbmmux xe Kalnfx, Ha4UUHas ¢ HekoToporo R=R,,, HaobopoT,
OOBEMHBIN WieH YMEHbIIAETCH ObICTpPEe, YeM pACTET HOBEPXHOCTHBIM,
U KOHJICHCAIlMsl CTAHOBMTCS BO3MOXHOIN: BO3HUKILAS B pe3yJibTaTe
dbaykTyanuit takas Kamias OymeT pacTu.

* T.e. TAKMX TNPEBPAINEHHH BewlecTBa M3 OMHOH (asbi B JAPYryio, KOTODBIE
CBS3aHHl C NOIOIIEHUEM WM BBIICIICHHEM TEIUIOThI (IUIABIEHHE, KUTEHHE H T. I.).
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Jdns  Beakodl MeTactaOuiabHOM (a3bl CYHIECTBYET HEKOTOPBIH
MUHHMAJIbHBIH pa3Mep, KOTOPBIM JOJXKHO obnanaTts obpa3oBasiuueecs
BHYTpH Hee BCJeACTBHE (uyKTyaumii ckorjieHue ApYroil ¢asel, 4ToObl
a1a4 fApyras (a3a okasajack ycroifumee InepBoHavanbHOH. [IpH
MEHBIINX pa3Mepax OCHOBHas (ha3za OCTaeTcs BCE Xe YCTONuYMBee
ITHX (QIAYKTyalM#t U OHM HcYe3aroT. Takue CKOIUICHHS HOBOH ¢a3si,
obazarole MHHEMMAIbHBIMA pa3MepaMi, Ha3bIBAIOTCS 3aApoobitiuamu.

BulYuCIMM KpUTHYECKHE paauyC Kamid [JIs HACTYIUICHHS KOH-
geHcanpu napa. [IpeArnosioxwmM, 4YTO B pe3yJbTaTe HNPOUCIHIE/IIEH
¢aykryamud B crapoil ¢ase npu Ttemnepatype T U JaBlieHHH
p obpasoBajics ovar HOBOH (a3bi, HampuMep B Iape —Kaneabka
KUAKOCTH paaumyca R. Oueprus I'mbb6ca mapa mo oOpasoBaHus
Kalld paBHA

Gozl»ll([), T)N,
rae Wy (7, p)—XUMHYECKH NOTEHUMA, OTHECCHHBIA K OJHOM 4acTHIE
napa; N—uHCJI0 4YacTHI mapa.

IMocne obpazosanus kamny 3ueprus [u66ca G CHCTEMBI C YYETOM
NOBEPXHOCTHOH 3Hepruu Iesnpmroiboa Oyner

G=F+pV=N1f1+N2f2+0'2+p(N11)1+N2U2)=
=N (fi+pv1) + No(fa+pv2) +6Z =N (T, p) + Nopo (T, P) +0%,

rae  N;—uuclio 4acTWl, 1napa; N, —4HCiIO 4YacTHL B Kale
(Ni+N,;=N); v, u v,—o0beMsl;, f; U f,—o3Heprun I'enpMronbua
Hd OHHY YacTHLY COOTBETCIBEHHO mapa #u kamad, W,(7, p)—
XMMHYECKHH NOTEeHIMasl BemiecTBa B HOBOH (ase (xamue) Oe3 yuera
MIOBEPXHOCTHBIX 3(exToB (T. €. JUIf IUIOCKOH IIOBEPXHOCTH); ©—
[IOBEPXHOCTHOE HATSKEHHE; L — IUION[b MOBEPXHOCTH HOBOW (a3bl

Wsmenenne sueprum I'mbbca npm obpasosaHuu B crapodt daze —
nape HOBOH (ha3bl— KHMAKOCTH DPaBHO

AG=G—GO=(|J.2—],11)N2+GZ.
BenmumHsl N, M X JIETKO BBIPAXAIOTCA 4YEpe3 paJdyC KalljIH:
T=4nR?* N,=4nR>/(3v,).
Taxum o6pazoM,
AG=4nR>(p,—p, )/(3v2) +4nR%c. (11.14)

N3 stoit ¢opmynsl BumHO, 4TO AG mNO-pa3HOMY 3aBHCHT OT

R B IBYX BO3MOXHBIX Ciydasx:
1) pa>py5 2) pa<pr

B nepsoM ciiyyae HoBas (asa UMeeT NpU 3aJaHHbIX 1 U p XMMH-
vyeckuid noreHuuan OoJipludil, 4YeM crapas, M SBISETCS MEHeEe
ycroiuuBoif. [TosBiieHHe KamesibkH XUAKOCTH B Iape (MM Iy3bIpbKa
B OKMAKOCTH) OpH BCex ee pasmepax R BemeT k pocty AG(AD)
(puc. 39), moaromMy o6pa3zoBaHue HOBOH ¢a3pl BCerja TEpMOAMHA-
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MHYeCKM HEBHIroJHo. Eciaum B pesynbTrare Quiykryaumit u obpasyercs
Kaljis B T4KOM Nape, TO, Kakux Obl pa3MepoB oHa HM Oblia, OHa
0b6s3aTesbHO GBICTPO HWcue3HeT. Bo BTOpOM Ciydae C yBemMueHHEM
pa3mepa BO3HMKIUEH Qaykryamun Bropod  dasm AG(A®) BHauae
(moxa R<R,,) pacter, Tak 4TO MaJieHbKHe (IIYKTyauud HOBOH (a3bl
ABJIAIOTCS HEYCTOMYMBBLIMM (pHC. 40). DTa HEYCTOWYMBOCTH, KaK MBI
yke TroBOpHiHM, OOBACHAETCH TeM, 4TO INpH Maisix R BTOpoe
C/IaTaeMoe B BbIpaXEHMH AN AG pacreT ¢ yBesnuYeHMeM R cHJbHee,
4YeM yMeHbluaercs mnepsoe. OnHako npu Oosbmux 00pa3zoBaHMAX
BTOPOH ¢a3pl, korma R>R,,, Bropas ¢asza craHoBUTCS Oonee
YCTOMYHBOIA.

PasMmep 3aponbina HaiiieM M3 YCIOBHS MAKCHMyMa H3MEHEHMS
sHeprun I'm60ca AG (KOTOpOE BBIPAXAET YCIOBHE HEYCTOHYUBOIO
PaBHOBECHS):

_ 2 Ra—ig _
3R R=R“’—-0 um 4nR5 . +8noR,,=0,
OTKyZa
Rxp=20'l)2 /(}11 *—|J.2) (11.15)

Otciona BMAHO, YTO KPHTHYECKMH DaiMyC 3apOAbIIa MPOMOPIH-
OHAJIEH KOX(PQHIMENTy TIOBEPXHOCTHOTO HATSKEHMs. PasHoCTh Wy —p,
B 3HAMCHATENIC HOKA3BIBAET, YTO 4YeM OOblle MEPEeCHILEH nap (Yem
Qosblie 5Ta pa3sHOCTB), TEM MEHbLUE KPHTHYECKMH pamuyc M Tem
CKOpee HA4yHeTCS KOHACHCAIMSA.

AHanorayno o6CTONT HeJI0 ¥ B Ciyyae ApYrux (ha3oBBIX MEPEXOJOB
LEPBOTO POJA; NPH XMICHUH XHIKOCTH 3THMH 3apOILIMIAMA SBIAIOTCS
Ny3BIDbKA [iapa, NpH KPHCTAJUIM3aLWH — Kpuctawimku. Ho pous
3apOABINIEH B O3THX CIIyYassX MOTYT UrpaThb HE TONLKG Hy3BIPBKH
HIIM KPUCTAJUIMKM JAHHOTO BEHIECTBA, HO M YaCTHIBI HOCTOPOHHErO
BEILECTBA (3arps3HEHus).

Kputnuecknii pagmyc 3apopbiiia (Iy3sIDbKOB mapa B HEperperoit
KHAKOCTH HJIA KAl B IIEPECHINEHHOM [ape) MOXHO HalTH
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M HEMOCPE/ICTBEHHO U3 YCJIOBUS MEXaHHYECKOrO PAaBHOBECHS (HEYCTOM-
YHBOTO) 3aPOABILLA, T. €. U3 PABEHCTBA JABJICHHS p) BHYTPH 3apOIbiIla
CYMMe [aBieHHs p; B OcHOBHO# ¢a3e ¥ mdasiacHus 20/R,,, o00yc-
JOBNICHHOTO IIOBEPXHOCTHBIM HATSDKEHUEM: p,=p;+20/R,,, OTKyAa

2c
pr=pi
uyTo skBuBaJNeHTHO Qopmyne (11.15). JlelicTBUTENBHO, [0 YCIOBHIO

paBHOBECHsi, B pe3yjbTaTe oOMeHa YacTHIAMH MeEXKAY Karuien
U ee mapoM

R,=

(11.16)

P-z(T, P2)=H1(T’ P1)' (11.17)
YuuThiBas Manyio CKMMAaeMOCThb XWIKOCTH, T. €. craboe uiameHe-
HUE XUMMYECKOrO0 NOTEHLUATd, HAXOIUM

3
B2(T, po)=ha(T, pr) + 3 (2=p1).
IMostomy u3 cootHomenust (11.17) monydaem

Pz‘Plz[M(T, P1) —Hz(T, Pl)]/Uz
u, ciexosarenasHo, Qopmyny (11.15).

Iepezpemoti Ha3BIBAETCA KUIAKOCTh, HarpeTasl BhlIIE TEMIEPATyphl
Kunenusi (1. e. TEMIepaTyphl, NMPH KOTOPOH YNPYroCTh I[APOB KHM-
KOCTH, HaxoAslleiics 1o/l BHEIIHUM JaBJICHHEM p, JEIaeTcs paBHOI
3TOMY BHELIHEMY [aBJICHMIO), HO HE KUHsILas, T. €. He oOpasyroiuas
[OJ] MOBEPXHOCTBHIO Iy3blpell 1lapa, a JIMIb MCHAPSIOILAAC C 10oBep-
XHOCTH. JlaBleHHE HACBHIIICHHBIX MAPOB HAJ IUIOCKOH NOBEPXHOCTHLIO
TAaKOW XUIKOCTH p,>p. Ecimu npu 3rom B xuaxkoctu obpasyercs
Oy3bIpeK, TO €ro KpHTHYECKHH pajnyC, OYEBUAHO, HAHaeM, HOJIOXKMB
B Qopmyse (11.16) p;=p, u py=p: Ry=20/(ps—p).

3AJAYHN

11.1. 3Has 3aBUCHMOCTb TOBEPXHOCTHOTO HATSKEHUS OT TeMIEpaTyphbl, HAHTH M3IMEHC-
HHME TeMOepaTyphl NpH anuabaTHOM PaCUIMPEHAM IUICHKH U KOJMYECTBO TEMJIOTHI,
NOTIOWAeMOe NP €€ W3OTEPMUYECKOM PACLIAPCHHH.

11.2. OnpeacaaTp 33BHCAMOCTb JABJCHHS HACHILIEHHOTO Wapa Haj Xamned oT
pandyca Kartiu.

11.3. TlokazaTh, 4YTO O4YEHb MaJjleHbKAs 3apsKCHHAs Kamis OyleT pacTH He TOJBKO
B TEPECHILICHHOM TIape, HO JaXe B Hape, He JOCTUTILEM HACHILEHHS.

11.4. Bo3MOXHO /i OTpHLATENbHOE NOBCPXHOCTHOE HATSKEHHE?



TJIABA JABEHAJIIIATASA

®A3OBBIE TTEPEXO/bI
N KPUTUYECKUE SBJIEHUSA

Mpu u3MeHeHuu BHEWHUX BO3[EeACMBUA Ha pas-
HOBECHYIO remeporeHHyio cucmemy BeLjecmso U3
ogHON (ha3sl MOXem nepexogums B [APYryio, Ha-
npuMep U3 Xugkocmu B nap, U3 OJHOW Kpucman-
nuYeckon Mogughukayuu B APYrywo, U3 HOPMassHOro
nposojHUKa B CBEPXNPOBOLHUK, U3 gheppomarHemu-
ka B napamarHemuk u m. g. Takue npespaujeHus
Beljecmsa U3 OfHOA (basbl B APYryl0 npu u3MeHe-
HUU BHELIHUX YCNOBUW Ha3biBalomcs Ga3oBbiMu
nepexogamu.

Hau6onbliun npakmuyeckus u meopemuqyecKus uH-
mepec npegcmasnsiom hasossle - npespaujeHus
B OOQHOKOMNOHEHMHLIX U OUHApHbIX cucmemax. Mbi
paccMompum (bazosele npespaujeHuss Nulb B 04-
HOKOMNOHEHMHbIX CuCmeMax.

§ 59. KJIACCHPUKALIMA ®A30BBIX IIEPEXOJOB.
®A30BBLIE IIEPEXOAbI NMEPBOT'O. POJA.
YPABHEHHE KJIATIEMPOHA —KJAY3UYCA

Tlpu paBHOBECHOM nepexojie BellecTsa M3 OJHOH ¢askl B APYIYHO,
kKak ¥ npy (GazoROM pPaBHOBECHH, TEMMEpaTypa, JABJICHHE H XUMH-
YeCKHH NOTEHIMAN BewlecTBa B ¢a3ax oAuMHakoBbl. UYTO Xe Kacaercs
JIPYTAX TEPMUYECKUX M KAJOPHYECKHX BEIHMYUH WJIM COOTBETCTBYIOIMX
¥M NIPOM3BOIHBIX 0T suepruu I'm66ca G(T, p), TO OHH IPH OIHHX
¢haz30BLIX mepexoiax TEpHAT paspbiB, a IPH JAPYFHX — HEMPEPLIBHBL
ITosTOoMy pa3iauMyaroT MPepPBLIBHLIC H HEIpephIBHBIE (Da30Bble NEPEXOAD.

IIpepuignbimu Ha3bpiBaloTcA (Ga3oBble NpeBpAalUCHHs, HPH KOTOPBIX

oG G
MepBLIC MPOH3BOAHBIE 0T G: V= —1] S=— 57 ) VCTILITBIBAIOT
opJr P
CKaYKM, 4 HenpepuléHbiMy — NEPEXOabl, NPHA KOTOPHIX NEPBBIE TNPOU3-
BOJHBIE HETIPCPBIBHBI, a TEPHAT pa3pblB NPON3BOAHBIE BTOPOTO
%G
1 OoJiee BBICOKUX MOPSAIKOB: TeNjioeMKocTe C,= —T<W> , CKHMa-
14

1/0%G
eMOCTh  Pr= “Wa ), k03hHUIAEHT TEMIOBOTO  paClIMpEHUd
T

1/ 3G
azl—/( 375 ) U 1. A. [TpepbiBHBIC NIPEBPAIIECHAS HA3BIBAIOTCH $a3086IMU
P

nepexodamu nepgozo poda. TIpH 3THX Nepexomax, CeIoBaTENbHO,
CKa4KOM H3MCHSETCS YAEJLHBIH 00beM v HIM TJIOTHOCTh p BellecTBa
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M TorIoIaercs (W Beiiensercs) Temtora A=7(s"—s'). PazoBsiMu
nepexoJiaMi NEPBOTO poJa ABJISIOTCA INUIABJICHAE, KPUCTAJUTH3ALUS,
KUNEHWe, HEKOTOpble IPEBPAIEHUS U3 OJHOM KpHCTAJUTHYECKOM
MOJU(UKAIMA B JOPYIYyl0, MEPEXOA NPOBOJHHKA B CBEPXIPOBOIMALIEE
COCTOSIHHE B MArHHTHOM IIOJIE ¥ T. I.

HenpepoiBabie mepexodbl, NIPHA KOTOPBIX BTOPLIE NPOH3BOMHbIE
ot sHeprud ['uG6ca (MM XMMHYECKOTO MOTEHUHMAJA) HCIBLITBIBAIOT
CKa4yKM, HA3bIBAIOTCH (HA308bIMU Nepexodamu 8mopoco poodd, KOTAa
*€ OTH TMPOHM3BOJHBIE IIPU nepexole o0palaroTcs B OECKOHEYHOCTS ~—
KpumuuecKkumu nepexodamu, a aHOMAajbHOE MOBEIEHHE CBOMCTB Be-
LIECTB B 3TOH OOJIACTH — Kpumuueckumy A8ACHUAMU.

Tepmun «ba3oBble nepexoasl BTOporo. poxa» Brepsbie (1933)
BBen I1. Operdect mpu pacCMOTPEHHHM HENPEPHIBHOTO CBEPXTEKYYeTO
nepexoa B kuIKOM resuu. OH CYMTall, YTO BTOPbIE HPOU3BOJAHBIE
or s3Heprud Imb6ca npH 3TOM INEPEXo/le MCHOBITBIBAIOT CKAYKH,
W TOJYYHJI COOTHOLICHWS MeXAy HuUMM (ypaBHeHHs OpeHdecrta, oM.
§ 60). TepmunoM «ha3oBLIf NEPEXON BTOPOTO poAa» (WK A-Iepexon)
CTaNyd [OTOM Ha3bIBaTh H BCE IPYIHE HENPEPBIBHBIE IEPEXOMBI.
ITo3xe, oaHaKo, 0KA3a0Ch, YTO IMPH CBEPXTEKYYeM INEepexoje B TeiuH
BTOpBIE MPOU3BOJAHBIE OT 3Hepru# [ubGOCa He HCHBITHIBAIOT CKAYKH,
a obpamaroTcs B OECKOHEYHOCTh. OJTOT TMEpeXol, CIEHOBATENLHO,
SBJISETCS KPHUTHUYECKMM, M K HeMmy ypaBHeHus OpeHdecta Henprmme-
HuMBl. Ho B nmtepaType W ceifyac CBEpXTEKYUMH Nepexof B eIl
¥ Jpyrue HenpepuiBHbIE (pa3oBbie MpeBpaleHUs Ha3biBalOT (Ha30BBIMHU
nepexofaMH BTOpOro pojaa. Yaiie, OHAKO, HEMpepBIBHBIE NMEPEXOMb
Ha3bIBAIOT KPHUTHYECKAMH IHepexojJaMu, yro Oonee npaBuiibHO. Pa-
30BBIM IIEPEXOAOM BTOPOLO POAa SBJAETCH NpeBpalleHne MPOBOIHUKA
B cBepxnpoBogHuK npu H=0. KputuueckumMu nepexogamu sBJsSIOTCSH
KPHTHYECKHH TNepexoj  KHAKOCTh—ra3, mepexolx ¢eppoMarHeTuka
B IapaMarHeTWk, CErHETORJIEKTPHYECKUI mepexoa W Jp.

Henpepoisubie $azopbic Mepexoasl OOBIYHO CBA32HBI ¢ U3MEHEHHEM
CHMMETPHHE CHCTEMBI, TIO3TOMY MOXHO BBECTH XapaKTepH3YIOIIHi
3Ty CHMMETPHIO MapaMeTp NOpAAKA T, KOTOpBHI paBeH HYNO
4 Gojlee CAMMETPUYHOR W OTJWYEH OT HYJIS B MeHee CUMMETPHYHOMH
taze. Tako#t mTOAXOH B TEOPHH HENPEPBHIBHBIX MEPEXOROB OBLI
npumernes B paborax JI. [1. Jlapnay. BenencTBue HepeasMCTHYECKOTO
TPEANOJOKEHAS O BO3MOXHOCTH Pa3jIOKECHUss B CTENEHHON psax
sueprun I'mbbca B oxpecTHocTH asoBoro mepexona teopus Jlanmay
pacxomurcs ¢ OOJIBIIMHCTBOM JKCHEpUMEHTOB B oToi obnactu. [flo
3TOM NpHMYMHE, 4 TakXe MOTOMY, 4TO Teopud JlaHmay pDocesmesa
ofmmMpHasg JMTepaTypa, Mbl He H3jlaraeM ee 3mech™. dusmuecku
NOCNIeTOBATeNbHAS TEOPHS HENPEPBIBHBIX (a30BBIX IEPEXOJO0B Oblila
paseuta B paborax B. K. CeMeHueHKO Ha OCHOBE TPE/ICTaBCHHS
0 TepMOAWHAMMYECKOH ycToWumBocTH (CcM. § 62).

* Kputudeckuii aHanm3 Teopuu Ga3oBblx mnepexomos Jlamay cM. B KH.!
Crenan I'. daszosble mepexoan! M KpUTHIecKwe sBieHus. M., 1973
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OCHOBHBIM YpaBHEHHEM, XapaKTEPH3YIOUMM (a30BEie TEepPeXobl
nepBoro popa, siserca auddepeHnuanbHoe ypapueHue Kianeid-
pora— Kitaysuyca. 3T0 ypaBHEHHE MOJYYa€TCA U3 YCJIOBHS PAaBEHCTBA
XAMHWYECKHUX TOTEHIMAJIOB IPH PaBHOBECHH IBYX (a3

w(p, T)=n"(p, T) 12.1)

M CBS3BIBAET MeXAy coboif TenmnoTy mepexoda, CKa4yoK YAEAbHOro
o0beMa M HaKkJIOH KpUBOH paBHOBECHS B TOYKE IEpEXOJa.
Uz dopmynsr (12.1) cneayer ypaBHEHHE KpUBO# paBHOBECHS

p=p(T). (12.2)

Tax xak koHKpeTHbli Bux Oyrkums p(p, T) B OoNbIIMHCTBE
CJIy4YaeB HEHM3BECTEH, TO ypaBHeHHWE KpUBOH paBHOBecus (12.2) Taxxe
HEBO3MOXXHO Hamucath B SBHOM Buje. OKa3pIBacTcs, OJHAKO, 4TO
mupdepeHINaIEHOE YpaBHEHAE KpPHMBOH paBHOBECHS HMEET ropasio
Oonee mpocroif BHA U CBA3BIBAET MeXAY coOOil ykaszaHHBIE BhIlle
Jerko maMmepsiempie BenmumHbl. [nddepenmupys (12.1), monyyaem

du'(p, T)=dn"(p, T)

<6T> dTJr(au )po (ar) dT+< p")rdp,

dp _(dn"/2T),—(0w'/0T),
dT (ow'fap)r—(on"/ap)r’

dp s"-s'
= 2.
dr  v"—v"’ 12.3)

Al

OTKyHa

tak xax dp=-sdT+vdp (s u v—oHTpOHA W oO6BEM Ha onHY
vyactuny). YpasHewwe (12.3) sBnsercs muddepeHUHalbHEIM ypaBHe-
HHEM KPUBOH DaBHOBECHS M HasbIBaeTcs ypasHenuem Kaanetipona—
Kaaysuyca. Yaime ero 3amuchbiBalOT B BHIE
b__r (12.4)
dT T(v"—v')
rae A=T(s"—s')~—Temwiora nepexoxa Ha MOJb MM IPAMM BEIIECTBA;
v" =v'—mn3MeHeHAe 00BEMa COOTBETCTBYIOWIEH MACCHl BEIECTBA.
I'maBHOe npumMeHeHHe ypaBHeHHA (12.4) COCTOMT B BBIYACIEHHH
YOENbHBIX TEIUIOT HCHOAPEHH#, BO3TOHKH, IUIABJICHWS W W3MEHEHHS
Monupukanmm.
Ecnu Ha cucreMy JAeficTByer He JaBlieHMe p, a Kakas-Jubo
Ipyrasi obobmeHHass cuia A, TO Mbl mojyvyaeM obmee mudpdepes-
LIMaJIBHOE YpaBHEHHE KPHBOH paBHOBECHS JABYX (a3 OMXHOKOMIIOHEHT-

HOM CHUCTEMBI:
d4 AS
T A’ (125)
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Puc. 41. Puc. 42.

rae As=s"—s —n3MeHeHHe (CKayok) SHTPONMHU IpH NEpexojle Bewlect-
Ba W3 omHOH a3kl B Apyrylo; Aa=a”—a’—CKauoK BHEIIHEro
napaMerpa, conpskeHHoro o6oO0meHnoN cune A.

Vpaprenne Kianelipona — Knay3uyca

dT _ T(v"—v')
dp A

olnpenesiseT U3MEHEHUE TeMIepaTypsl Ga3oBoro nepexona (HampuMmep,
TOYKM 3aMep3aHHs W KHIEHHS) C M3MEHEHHEM [aBJICHUS.
TMockosibky NpH mepexojie KUIKOCTH B Nap TEMIOTa coodIaercs
{(A,>0) u obbeM Bcerma ysesmuuBaercs (v’ >v'), TO, CIEIOBATEILHO,
dT/dp>0, T1.e. TeMmeparypa KWIIEHHS NpH YBEJIWYCHWH [ABJICHUS
BCEr/ia HOBbINIAETCA. TOYKA K€ MJIaBJIEHWS TPH YBEIHYEHHH NABJICHHSA
WIH NOBBIIAETCS, WM TIOHWXKAETCH, CMOTPS 110 TOMY, YBEJIMYHBAETCS
WM yMeHblIaeTcs o0beM OmpH NaBJieHHH. Y OONBIIMHCTBA TeJl MpH
TUIABJCHAN v >p’, MO3TOMY Y TaKUX T€J, KaK M B ClIy4ac KUICHHUS,
dT/dp>0. OnHako y BOObI, 9yTyHa, BUCMYT4, Te€pPMaHHsA W TaJUTHA
o0beM NpH_INaBjieHUW Teep/aoi (a3pf yMmeHbiuaercss (kuzakas ¢asa
B 9THX ciaydasx Tskeljee TeepmoH), mosromy g Hux d7/dp<0,
T. €. TOYKA TUIABJIEHHHA C YBEJIHMYEHWEM [ABJECHHS IMMOHMXAETCH.
TeMniepaTypa 1UIaBAeHHN C NOBBILICHHEM JABJICHHS MOHUKAETCH
taxke npn 1<0,3 K y m3orona remms ¢ atomuoit Maccoit 3 (*He),
XOTH y Hero v”>p’. DTO NMPOUCXOMUT HOTOMY, UTO YAETbHAs TEILTIOTa
mnassenust h=T{(s"—s') tBepmoro *He npun 7'<0,3 K orpuuarensna
(agppexm IMomepanuyxa), T.e. surponms s” xumkoro *He menbine
anTponuu s* ero TeepaoH dazwl. Takoe nosejieHHe IHTPONAM Y PA3HBIX
¢a3 He BLI3BAHO TeM, YTO B XUAKOCTH CHIILI OOMEHHOTO B3aMMOACH-
CTBHS MEX[y aTOMaMM OPWHBOAAT K YIOPS/IOYECHHIO HUX CIIHHOB YXe
npu T<1K, B TO Bpems kak B TBepJoi ¢aize wu3-3a MajocTd
AMIUTATYIBI HYJEBBIX KOJIEOAHUH [0 CPaBHECHHIO C MEXATOMHBIM
paccTosHHEM  Takoe  YHOPAMOYEHHWEe  HACTYNMaeT  JIMMIOb  TpPHU
T~10"%=10"7 K, xorga k7T cTaHOBHTCS TOPSAKA MACHATHON JHEp-
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UM B3aUMOJEHCTBUA ABYX cocegnux atoMoB. Ilpu 7=0,3 K ynennnHas
TEIIOTa IUIABJICHHS MEHSET 3HAK U, CJIEOBATENBHO, WPH 3ITOM
TeMIepaType KpHBas IUIaBJCHWs nMeeT MHHAMYM (puc. 41). dnsa
Toro utobel pacmwiaButs ‘He mpn T<0,3 K, nasibHEK JODKEH
ObITh xononubiM (¢ Temmepatypoit Ty <T). B ciydae 3aTBepieBaHus
xunxoro *He npu 7<0,3 K rennora nornoniaercs u, cjieqoBaTebHO,
ero anuabaTHOE CXaTue, BBI3BIBAOIEE 3aTBEPAEBAHUE, HOJDKHO
TNPUBOAWTE K HOHMXEHHIO TeMHEpaTyphl.

[TpumenuMm k ¢a3oBOMy mepexoly IEPBOro poja TpeThe Hayalio
TepMorHaMukd. COrjlacHO €My,

lim (S"—§')=0,

T-0 K
NO3TOMY M3 OCHOBHOI'O YpPaBHCHHS TCPMOJAUHAMUKU s (1)3301301'0
nepexoaa

TAS=AU+pAV

3akjrouaeM, uto npum 7—0 K MoryT npenctaBuThCcs 1Ba BO3MOXHBIX
ciyyas: WIM OQHOBPEMEHHOE HCYC3HOBEHHE IIpH [IEPEXOfe Pa3HOCTH
suepruit AU u pasHoctd o0bemoB AV ¢az (uro o3Hauasno Osbl
HEPa3JMIAMOCTE KUAXOH M TBepmo#  (a3), WM pa3sHOCTh IHEPrui
AU=—pAV. JKcnepuMeHTHl ¢ TeJHeM Mokasaim, 4to npu T-0 K
B JCHCTBUTEIILHOCTH peasu3yeTcs BTOpas BO3MOXHOCTb:
AU=—pAV#0. Torma [cMm. (12.3)]

lim %o, (12.6)

r-okdT
1. ¢. ipn T—0 K Bce (¢a3osele kxpusbie Ha T, p-AHarpaMMe JOJDKHBL
ObITE TOPHU3OHTAJLHBIMU (CM. KPHBYIO TUIABJIGHUS Tejlds Ha pHC. 42).
TakuMm 00pa3oM, HE3aBUCHMOCTh HpH HH3KOH TeMIiepatype pas-
HOBECHOTO JIABJICHHUS CHCTEMbI JKHIAKOCTh— TBEPAOE TEI0 OT TeM-
epaTyphi SBJISETCH CJAESACTBHEM TpEThEro Haudasna TePMOJMHAMMKH.
OHO HamIuUIO CBOEG NMPHUMEHEHHE NPH BBHIYMCICHUH KPHBOH paBHOBECHS
rpadguT —anMa3, KOTOPYIO HeoOXOOMMO 3HaTh Jjif HCKYCCTBEHHOTO
NPOM3BOJACTBA ajiMa30oB U3 rpadyra nmpH TemriepaType B HECKOJBKO
THICAY KedpBHHOB. OTCIO/IAa BUIHO, YTO TPEThEe HAYAJO TEPMOAMHAMHU-
KM uMrpaer 0OfbIIYIO PONb W TPH BecbMa BBICOKOH TeMiepaType.

§ 60. ®PASOBBIE NEPEXO/JBI BTOPOI'O POJA.
YPABHEHHSA DPEH®ECTA

IMpu daszoBbix mepexogax BTOPOTO POAd HCOBITHIBAIOT CKAYKH
ynenbHas TeroeMkocTh C,, cXuMaeMocTb By u ko3dduIHERT
TENnIoBOro paciumpenus o. CBsA3b MEXIY ITHMH CKaYKaM#l M HaKJIOHOM
KpUBO# mepexola B COOTBETCTBYIOLICH TOYKE OMpeleNsercs ypaBHe-
HusMH Operdecta. HaiineM 3t ypaBHEeHHS.
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MpomuddepennupyeM paBeHcTBa §”=$', v"=0" BHIOJAL KPHUBOW
Hepexoa, Torjaa
(0s”0T),dT+(ds" | 0p )rdp=(0s'/ 0T ),dT+(ds’/op )rdp,

(0v” (0T ),dT+(0v"|0p)rdp=(0v' /0T ),dT+(dv'/dp )rdp,
OTKyna

dp Ac,
dr TA(dv/oT),’ (12.7)
dp_ A{@vjer), (12.8)

dr~  Afeviop)e

Tak kak w3 dp=—sdT+vdp cuenyer —(ds/dp)r=(0v/0T),. W3
dopmyn (12.7) u (12.8) monydaeM ypasHeHHsS DpeHbecTa 11 $a3zoBIX
TIEPEXOIOB BTOPOTO poja:

_ pfdp N Ao
AC,= T(d_T) A<6_p>7’ (12.9)

A(ﬂ) :—d_"A<9ﬂ> . (12.10)
er), dT \aép)+

M3 paBeHCTBA XHUMMYECKHX TOTEHHMANOB (pa3 npH mepexoje
BEILIECTB M3 OHOM (a3sl B JAPYryI0 CIEAYET, 4T0 NpH Jnrobom dazoBom
mepexoJie JaBjicHHe sBiseTcs GyHKuMedl TeMrnepaTypbl H IO3TOMY Ha
wiockoctd T, p cyluecTByeT kpuBas ¢azoBoro npespaumienus. Oanako
B omiuune OT xpuBoil paBHoBecus (12.2) mnst ¢daszosoro mepexona
nepBoro pozna (puc. 32) KxpuBasg ANA HENPEPHIBHOIO MEpexoja He
SBJISETCS KPHBOH paBHOBecHs (CyLIECTBOBaHMsS) IBYX (a3, Tak Kak NMpH
9TOM Tepexojde HoBas (aza mosBIsETCS cpa3ly BO BceM 0ObeMe.
IMosBaenne HOBO# (ha3bl HE CONPOBOXKIAETCA BO3HHKHOBEHHEM IIOBEPX-
HOCTHOI 3HEPTHH, W HWO3TOMY NPH HENPEPHIBHBIX NEpEXoJax Neperpes
UMM TEPEOXJIAXACHUE HEBO3MOXKHBI.

B obmem caydae, ecim Ha CHCTeMy JOedcTByeT 000OlIeHHas cuia
A, KOTOpO# COOTBETCTBYET BHEINHWH TapaMeTp 4, YpaBHEHHS OpeH-
decra OymyT uMeTh BHUI

d4\? da\’
AC,=—T(%Y . A( 2
Ca (dT> <3A)r’ (12.11)

da dA4 da
M&) =5 a(f),

Vpasrenust Dpendecta CBA3BIBAIOT CKAYKHA BTOPbIX IPOH3BOIHBIX
TEPMOAMHAMHUYECKOrO MOTEHUMAIA HE TOJNBKO IpU (a30BbIX HEPEXOAAX
BTOPOr0 pofAa, HO M B clydae LENOro psina (ha3oBBIX IEPEXOIOB
nepsoro poma. IIpuMepoM Takoro mepexofa MEPBOTO poja SIBJASETCS
NEPEXO U3 YIIOPANOYEHHOTO COCTOSHUS B HEYHOPS/IOYEHHOE B CIIABax
AuCu;, AuCu u gap. XapaktepHo#l O0COOEHHOCTBRO 3THX (a3oBbIX
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HIEPEXO/IOB SIBJISETCS TNOCTOSHCTBO CKAYKOB O0BEeMa M JHTPONWH Ha
BCEM JIMHUH TpeBpALICHUS:

AV=C,, AS=C,, (12.12)

Tak 4To Ha aAgarpamMme 7, p HAKJOH JIHHHH (Ha30BOTO pPABHOBECHA
dp/dT=AS/AV oka3bIBacTCA HOCTOSHHBIM H, CJIeIOBATENBHO, cama
3Ta JMHUSA €CTh npsiMas (JinHeHHble a3oBble nepexoibl HEPBOro poaa).

Ruddepenunpys ypasHesus (12.12) no temMmnepaType BIOJb JIHHAH
DaBHOBECHS, MOJYYaEM:

av v\ dp _ as as\ dp _
A(G), a5 ) a0 A(F),+a(5) 6o
OTKyAa HENOCPEJCTBEHHO CleAyloT ypasHenuss JpeHdecta (12.9)
1 (12.10).
Taxum o6pa3om, ypaBHeHHs OIpendecTa ONpPENeNAOT IIHPOKHiA

kjJacc (a3oBbIX NpeBpallleHHi — THHEeRHble (a30Bbie NEPEXOAb! Hep-
Boro pojga u ¢a3oBbie NEPEXOAbI BTOPOro poja.

§ 61. TEPMOANHAMUWKA CBEPXMPOBOAANIErO INEPEXOJA

Mpumennm ypasHenus Ipendecta (12.11) x nmepexoqy npoOBOJHUKA
W3 HOPMAJILHOTO COCTOSHUS N B CBEPXIIPOBOIAIIEE COCTOSHHE S TIPH
OTCYTCTBHM MarHuTHOro nossi. Kak mu3BecTHO, Takue npeBpartlieHHus
OCYHIECTBJISIIOTCS. Y HEKOTOPHIX MPOBOJHMKOB TIPH OnpeAeieHHOR
temneparype 7T.. CBepxnpoBOAUMOCTh MOXHO pa3pyHIMTb, €CJH
HaJIOKHWTHh [JOCTAaTOYHO CHJIBHOE MarHUTHoe mnoyie H..

3aBUCHMOCTL HANpPSKEHHOCTH H. KPUTHYECKOrO TMOJNH OT TeM-
nepatypel T asanoruysa 3asucuMoctd p=p(T) npH paBHOBECHH
XKHJIKOCTb—TMap W Ha jguarpamMme 1, H, u300paxaercs KpUBOH,
NpUBEACHHON Ha pucC. 43. AHAINTHYECKH 3TA KpUBast JOBOJILHO TOYHO
MOXeT ObITh HpencTaBiicHa napabosioi

H.(T)=Ho[1—(T/T.)*].

Eciii npoBOJHMK HAXOTUTCSH B Mar- Hok
HUTHOM ITOJIe, TO UPEBPAILEHUE €ro
B _CBEPXIPOBOMAALICE COCTOSIHME COMpO- ~~<
BOXTaeTcqd TeIIoBBIM 3ddexkToM H,
CNENOBATEIILHO, ABISETCS (a30BBIM Iie-
pexomoM mepBoro poaa. B. Keezom n
HOKa3aJl, 4TO B 3TOM cCjy4ae Hepexon
ompenensercs ypaBHenmem Kianeiipo-
Ha —Knay3uyca. [Ipu otcyrcTBuu Ma-
THATHOTO MOJs TeIioTa NepexoAa pa- :
BHa HYJII0O W TpeBpallleHHe n B § §B- ¥ r
NAeTCA PA308bIM NEPexo0om emopozo ¢
pooa. Prc. 43.
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Bo BHemiHeM MAarHMTHOM INOJE CBEPXOPOBOJHUK BeldeT cebf Kak
IUAMATHETHK, T. €. HAMATHHYMBAETCSA MPOTHB BEKTOPA HANPIKEHHOCTH
MarHuTHOTO MOJIA ¥ UPUTOM Tak, YTO MarHUTHAS MHAYKUMS BHYTPU
CBEPXIIPOBOMHHKA DaBHA HYyNO (3ddexm Meiicnepa):

B,=H+4nJ,=0

i
J= _EH' (12.13)

oatoMy oaneMeHTapHas paboTra HaMarHUYMBAaHWS, OTHECEHHAS
K 00BbeMy CBEpXIpPOBO/IHHKA, paBHA

SW=HdJ,. (12.14)

[Tonaras 8 ypasHenun Opendecta (12.11) A=H u a=J, noxysaem
U1 CKayKa TEMJIOEMKOCTH

2
AC=C,—C,= —Tc<%) -A(?_J> , (12.15)
dT H =0 cH T

rae H,(T)— HanpskeHHOCTb, 3aBHCSIIAs OT TEMIEPATYPhl KPHIH-
YeCKOr0 TOJIl, TUPH KOTOPOM OCYHIECTBJISICTCS TEPEXO/ I HOPMAlb-
HOTO [POBOJHUKA B CBEPXIPOBOJHHUK [HC(T) onpenenseTcs U3
YCIIOBHSL PABEHCTBA XMMHYECKUX MOTEHIMAIOB 3THX (a3 ]; NpousBoi-
Has dH./dT OGepercas npu H.=0w T=T, Jlna CBepXUpPOBOJHAKA

fem. (12.13)]
_]s:—.l__H n <6JS> ~_—_L’
4n oH /1 4

JUIE HOPMQJIBHOTO TNPOBOIHHUKA

oL\ p-1
- H (6H) T dm
Taxum 06pazom,

NEAN AN AN
oH/)r \eH)r \oH);  an’

HO U= 1 +47'EK a4 U-—MarHuTHas BOCI'IpI/II/IM'-II/IBOCTI: IUISI napamar-

HUTHBIX ¥ JHAMAarHMTHBIX BellecTB mopsigka 107°—107°, nosromy
(o)~ 5
oH |t 4
T.(dH,\?
C,—Cp=={ = . 121
5= Co 4n<dT)H (12.16)

D710 BBIPAXKEHHUE AJIS CKAYKA TEMJIOEMKOCTH TIPH CBEPXNPOBOSILIEM
mepexoqe TMpH OTCYTCTBMM MArHMUTHOTO NOJS Ha3bIBacTCs Hopmyaou
Pymeepca. 13 nee caepyer, uro C,>C,. ®opmyna Pyrrepca xopomio
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COIJIACYETCH € IKCHEPUMEHTANBHBLIMH JAHHBIMH, KaK 3TO BHIHO M3
caenyomel Tabiuib!:

Merana T.K AC,., Ox/(K Mons) AC, . JAx /(K- Mosb)
Caunen 7,22 52,79 419
OmnoBo 3,73 12,15 10,94
Unpni 3,37 8,46 8,42
Tasnmmit 2,38 6,20 6,12
AFoMHHUK 1,20 1,93 2,97

TemmepaTypHbIi XOR TEMJIOEMKOCTH HPH CBEPXIPOBOMAIIEM IIc-
pexozie (Ip®M OTCYTCTBHM MAarHHTHOTO TIOJIsI) HM300paxeH KpHUBOW
Ha puc. 44.

PaccMotpuM Tenepb CBEPXIPOBOAHWK B MarHHTHOM mose (H #0).
[ubdepennman ynenpHoOro TepMOIMHAMHYECKOTO IIOTEHIMAJA Mar-
HETHKAa BO BHEIIHEM MATHUTHOM mnojie H paseH

dG=-S5dT—JdH.

Tojcrasnss criofa Anst ceepxnpoBomunka J,=—H/(4n) n wnurer-
pUpys TOTOM TOJYYEHHOE BhIpaxeHwe 1o H TpH HEKOTOpOi
Temnepatype 7T, Tonyuaem

G,(H, T)—G,(0, T)=H?/(8x). (12.17)

B HOpMaJIbHOM COCTOSHMA MarBHTHAS BOCIPMMMYHBOCThL NPOBOJ-
HAKA Hcuesarolie Mana, nosromy G,(H, T)=G,(0, T). Baons xpusoi
KPUTHYECKOTO TIOJS, KOTJ4 # M § HaXOAATCS B PABHOBECHH, YHEIbHBIE
TEPMOJMHAMHUYECKHE NOTEHHHAAb 06erx (a3 OAHIAKOBLI, NOITOMY
u3 yeaosust G,(H., T)=Gg(H,, T), onpenesstowero H (T), nojydaem
OCHOBHOE yPaBHEHWE TEPMOAMHAMUKA CBEPXIPOBOAHUKOB:

G,(H., T)—G,(0, T)=H2/(8n) (12.18)

Tak kak S=—(0G/0T)y u Cy=T(0S/0T )y, 1O W3 Gopmysl
(12.18) mosyvaeM:

(12.19)

4n 4T
T d’H, dH\?
Cs_Cn"gr[Hc I7 +( dT) ] (12.20)
INpu T=T, HaNpsXKEHHOCTL
kputudeckoro nons H,=0; Tor-
Ja w3 dopmyinr (12.19) Haxo-
oM Sg—S§,=0, 4tro OTBevaeT /
tdazoBoMy mepexoay BTOpOro L/
poxma, TmpH KoTOpoM  [cM.
(12.20)] viontyuaem ¢popmyny Py-
Trepca (12.16).

Ilpu moboit Gonee HU3KOH
temneparype (O<T'<T,) wu3 Puc. 44.

~Y
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Ss=Sy Beipaxkenus (12.19) moaywaem

Cs—Cpn Ss—S,<0 1 §;<S,, NOCKOJLKY,
Kak BHIHO H3 pHC. 45, ‘igf<0.

DTO CBUIAETENBLCTBYET O TOM,
4TO CBEPXMpoBOIsas ¢aza sB-
asercs Oonee yHOpANOYEHHOM.
Mo TperbeMy Havany TepMmo-
quHamukd, npu 1=0 K sarpomau
¢da3 pasBHBl HYJIIO H, CJIEIOBATEND-
Ho, S§;—S,=0. B 3rom mnpenene
7  NPOW3BOJIHAS HATIPIKCHHOCTH KpH-
Ss=Sn THYECKOTO TOJIA TO TeMHOepatype
IOJKHa 0OpaTUTBCS B HYIIb.
Puc. 45. Wrak, oamrpomun obenx ¢a3
paBubl (S,—S,=0) npu T=T. u T=0K, a npu 0<T<T, pas-
HOCTh S;—S,<0, Taxk 4ro pa3HOCTb JIHTPOUMI JOJKHA HPOXOIUTH
dyepe3s MHUHAMYM TpH Kakoi-To Temnepatype. (puc. 45). Ilpn T'=T,
CKaYOK TEIJIOEMKOCTH MaKCUMaJleH U paBeH. BeJMYIHE, OnpelesiieMoil
dopmyioit  (12.16). Korma pasHocts BHTpommit 1aByx ¢a3 mpn
HekoTOpoif TemmnepaType Hwxke T, TIPOXOOUT 4Yepe3 MHUHHMYM,
TEIUIOEMKOCTH 0Denx (a3 (kak YMHOXKCHHBIE Ha T MPOW3BOJHHE OT
S no T) momkHbl craTh paBAbBIMM (puc. 45), a mnpm Oonee Hu3-

" d
KoM TeMmepaType, NMOCKONMBLKY E_T(S‘—S")<0’ pasnocts Ci—C, <0,

1.e. C, O6ygmer w™menbme C, u mnpu T-0K o00e senuuunb
CTpEMSTCS K HYIIO.

ViensHas TemwioTa fiepexofa IPOBOAHHKA K3 CBEPXNPOBOMSAILIETO
B HOpMauibHOe cocTosiHne A= T(S,—S,) paBHa HYJIO B HYJIEBOM TIOJNE
n nojoxutenbHa npu H,.>0. Takum oOpa3oM, Npu H30TEPMHYECKOM
TIEPEXOJle CBEPXIPOBOJHUKA B HOPMAJILHOE COCTOSHHE IIPOHCXOITHUT
TNOTJIONEHHE TETUTOThI, a4 TNpPH COOTBETCTBYIOIEM ajuabaTHOM me-
pexome obpaszen oxnaxgaercs. Ha oartolf ocHoBe ObuT INpemsioxeH
METOJI MOJIyUeHUS HH3KHX TeMIepaTyp ajuabaTHLIM HaMarHAYMBaHH-
€M CBEPXIIPOBOIHHUKA.

§ 62, KPUTUYECKUE M 3AKPUTHMYECKUE ABJIEHUA

B 1860 r. M. H. Menoesees, wuccrenys 3aBHCUMOCTL MOBEPXHOCT-
HOTO HATSOKEHHS OKHOKOCTel OT TeMmepaTyphl, YCTAaHOBHJA, YTO
NpM HEXOTOPOM TeMmmepaTtype, HA3BAaHHON MM memnepamypoi ab-
COMOMHO20 KuUNenud, TOBEPXHOCTHOE HATsKeHHE ucdedaer. [lpu
sToM 00e cocyuectByromme daszhl (KMAKOCTE W Nap) CTaHOBATCH
TOXJACCTBEHHBIMU. Takoe COCTOSIHHE XapaKTepH3yeTCs ONPENE/eH-
HBLIMH 3HAYEHMAMHM Temmnepatypsi Ty,, JABJIEHHS p,, ¥ oObema
Ve W Ha3bIBaeTCH Kpumuueckum cocmosanuem. Kpusas paBHOBe-
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CHsl KHUIOKOCTH W 1mapa Ha juarpamme 71, p KOHYaeTcs
B KPHTHYECKOH TOUKe.

B 1869 r. xpuruueckoe ssiaeHue ObUIO MccienoBaHo 1. Buoprocom,
a wHaymHas ¢ 1873 r.—rpynmoil KWeBCKHX (U3IUKOB BO TJaBe
¢ M. II. Asenapuycom.

Ha ocHOBaHMM 3THX OJKCHEPHMEHTAJbHBIX HCCIEIOBaHUH
Howc. B. Tub6c (1876) u wezaBucumo ot Hero A. I'. Cmoaemos
(1879) cdopmynnpoBaNd OCHOBHBIE IIOJIOKEHHS KJIACCHYECKOH Tep-
MOAWHAMMHYECKOH TEOpHH KpUTH4YecKHX sBiemit. I[lo I'ubbcy—
CronteroBy, kputmueckas (asza npeacrabnsier coboil mnpeneabHBIN
ciryyalh 1Byx(hasHOTO paBHOBecHs, Korja o06e paBHOBECHO COCYIUECT-
Bytolue (ha3bl CTaHOBSTCA TOXIECTBEHHBIMH. KMHaue rosops, 23T0
YCTOWYHMBOE COCTOSIHUE OMHOPOIHOW CHCTEMBI, JieXalee Ha rpa-
HHIIE YCTOWYHBOCTH IO OTHOUIEHHIO K BHPTYJILHBLIM H3MEHECHUSIM
Kax/JOW ee KOOPAMHATHl NpPH NOCTOSHCTBE JPYTHX  TepMOAUHAMHU-
4ECKHUX CHJI.

MareMaTHuecki TpaHHIa YCTOHYMBOCTH OJHOPDOAHOH CHCTEMBI IO
OTHOWIEHHIO K TAaKUM BHUPTYAIbHbIM H3MEHEHHSM €€ KOOpAUHAT
onpenensieTcss obpaleHueM B pPaBEeHCTBA TEPMOAWHAMHYECKUX Hepa-
BeHCTB (6.16) 1 (6.20), xapakTepH3yIOLIUX 3Ty YCTOWYUBOCTH OAHOPOJ-

HOH CHCTEMEL:
(2),~0. (&)=L=
oV )r 05/, G, (12.21)

(1 (2]
oV ? oS T

VcnoBus YCTOMYHMBOCTH KPUTHYECKOTO COCTOSIHHSL HailiieM wu3 -
HEPABEHCTBA [UIS ONpEenNeNMTeNns Martpuinl ycroifumBocta  (6.15),
BBIPAXKAIOLIET0 HEOOXOAUMOE M JOCTATOYHOE YCIOBHE YCTOHYMBOCTH
OHOPOJHOM CHCTEMBI:

ATAS—ApAV>0.

Brifepem B KauecTBe HE3aBUCHMBIX TIEPEMEHHBIX OJHOPOIHON CHCTEMBI
napametpst V u T. Torma p=p(V, T), S=S(V, T) u npu T=const
u3 (6.15) monyvuaem

_{ép 1{ &% 1/%
ApAV—<5;>T(AV)2+E(W>(AV)3+§<W>(AV)“+...<0.

B xpuTuueckoM COCTOSHHH, corjacHo dopmynam (12.21),
(9p/2V)r=0, mosromy

1( 3% s, 1 4
5(W>,(AV) +§—!<5~V~3 T(AV) +..<0.
OTO HepaBeHCTBO BBIIOJHSETCH mnpd Jrobom AV  (kak mo-

JIOKMTEJILHOM, TaK M OTPHIATENBHOM), ecid KodbOWIHEHT mpH
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(AV)?® ofparutcs B Hyab, a koabduument mpum (AV)* Gymer

OTPULIATENLHBIM™:
o’p &°p
<5F>T=O’ (W)fo' (12.22)

AHanornuHo, u3 HepaBeHCTBa (6.15) IS KPUTHUECKOTO COCTOSHUSA

HaXOOHuM:
*p ap T
—— = ——— > —_— p—
<6S2>T 0. <BSS)T<0, <‘3V2>p 0.

3T T T
FTN 50, (9T g (T
(6V3>,,<0’ (as2>, 0, (as3>,>0'

Taxum o00pa3oM, B KPHTHYECKOM COCTOSHHH

N\ _ p\ _ oTy\ _ oT\
<a—v>f°’ (a‘s)f“’ (59):0’ (%)p—(” (12.23)
%\ o (o _n [T\ _a [T\ _
(7),=0 (&)= (57) =0 (&) =0 @22

&p 3\ sq (T 5 (O°T
(Zﬁfz)r<0’ (F)T<O’ (6_1_/_5>p<0’ 357 p>0, (12.25)

T. €. TEPMHUYECKH KPUTHYECKOE  COCTOSHUC XapPaKTEPHU3YETCA COOT-

HOIICHUAMH
7)o (58),= ()
—1=0,{==] =0, { =5 ) <0,
(6V>T (arﬂ T ov3)r (12.26)

oT T 3T
— == _ = —_— >
<6V>p 0. <6V2>p 0 (aVs)p<O.

To, 4TO KPHTUYECKOE COCTOSIHHE OIpPENENAeTCs YETBIPbMS YpaB-
HeHUsiMU (12.26) nnist GyHKUMH IBYX NMEpeMEHHbIX, HE MOXET B JAHHOM
ClIyYae TPHBECTH K NPOTHBOPEYHIO, TaK KakK, COIJIACHO TEPMOJWHA-
MHYECKOMY TOXIECTBY

@) () (&)=

TOJIBKO JBa M3 NPHUBECACHHBIX YCTHIPEX ypaBHe}mﬁ ABJIAIOTCA HE3a-
BUCUMBIMH: HJIA YpPABHCHHA

ap\ ap\
(W),“O’ (W)T“O’ (12.27)

*) Knaccuyeckoil TeOpHH KPUTHYECKUX SIBJEHHH HE TPOTHBOPEYMIO OBl TOX-
NECTBEHHOE ofpallcH¥e B HYJIb B KPUTHYECKOH TOYKE M TpEThEH IPOW3IBOAHOMN
(03p/oV ®)r npu omHoBpemeHHOM oOpameHux B Hyan (3%p/0V*)r M OTpHUATENBLHOM
3HAYEHUH NATOH TPOU3BOMHOA M T. .
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¥ Toraa ypashenus (0T/0V),=0, (8°T/dV?),=0 sBasroTCH HX
CNEJICTBUSIMH, WIH HaobOpOT.

CucteMa XHOKOCTb—IIap B KPUTHYECKOM COCTOSHHH —3TO OJ-
HOKOMIIOHeHTHas (k=1) ogHodasuas (n=1) cucremMa, JONONHUTEILHO
YIOOBIETBOPSAOLIAs ABYM YCJIOBHSM YycroiuuBoctd (12.27), moaromy
mo mpasuay ¢az (10.51) n<k u umcno creneHed CBOOOIBI KpUTHYEC-
KOTO COCTOSIHHS

Sowo=k—n=0. (12.28)

3T0 O03HAYaeT, YTO KPHTHYECKOE COCTOSNHHE MPOCTOH OJHOKOM-
MOHEHTHOM CHUCTEMbi BO3MOXHO JIHMIIL NpPH  ONPEAEICHHBIX - TEM-
nepaTtype, HaBJeHHH M oOBeMe, T. €. B OAHON KPHTMYECKOH TOUKe
Ty Pup> Vip- TlapaMeTpel KPUTHYECKOH TOYKH 3aBHCST TOJBKO OT
CBOWCTB JIAHHOTO BEILECTBA.

Ecnm Ha cuctemy meficTByeT KpoMe MAaBiiCHHs €Ie Kaxasg-iubo
Cuna (HampMMep, CHJIa 3JEKTPHYECKOTO MoJs), TO f,=1 M Mbl
MAMEEM KPHTHYECKYIO JIMHHIO®,

Tak Kax KpUTHYECKOE COCTOSIHHE IIPEJCTABJISIET, C OJHON CTOPOHBI,
TIpefieJIbHOE paBHOBeCHE JABYX(da3sHOH cucTeMbl, a C OpYyrod —mpe-
JIENILHOE YCTOMYUBOE COCTOSHUE OJJHOPOJIHOM CHCTEMBI, TO, KAK BHIHO
n3 coorHomenni (12.23)—(12.25), onpeaensronux KpUTHYECKOE CO-
CTOSIHME, CHCTEMA 00JIa/laeT KaK CBOMCTBaMH JBYX(a3HOH CHCTEMBL

op ar T
—_ = N —_ == 0’
<6V)T i < as )P G (12.29)

a%p *T
9Py —o. (21 2o
(@)= (&)=

Tak ¥ CBOMCTBAMH OAHOGA3HOM:

a3p 3T
(W)fo’ <a_s_3>,,>0' (12.30)

Taxum oOpa3oM, ecnd cUcTeMa MEPEXOJMT Hepe3 KPHTHYCCKOE
COCTOSIHHE M3 OJHOPOIHOTO B JBYX()a3HOE COCTOSHHE, TO NPH ITOM
BHavasie (B KPHUTHYECKOM COCTOSIHMH) y Hee NONOJHUTEIbHO MOSBIIS-
10TCs - cBoiicTBa AByx($a3zHOH cHCTeMB, a NoTOM (B [Byx(dasHoMm
COCTOSIHMH) YTpPQuMBaKOTCAd CBOHCTBA OIHOPOIHOM CHCTEMBI [cM.
(12.30)] m cocrosmme cuctemn! Hapsay ¢ (12.29) onpenensiercs
paBeHCTBaMH

Pp\ (N _ -0 T\ [é&*T\ ~0
v )y \av*t ). T s ), \ast), T T

* Kak rNOKasbiBAaeT ONMLIT, 3Ta JWHHA He fBaseTcs npsmol. Takum o6pasom,
B TO BpeMs Kak (a3joBbie TEPEXOABl BTOPOTO POAA TPEACTABNAIOT TIPEIETbHLIN
cryvait $ha3oBhIX TEPEXONOB NEPBOFO POJIA, I KOTOPhIX AS=c,, AV =c,, kpaTHYeCKas
TOUKA SBJIAETCS TIPENENbLHBIM CIIy9aeM ODBIMHOTO (a30BOrO mepexoja NEpBOrO pofa,
ans xoroporo AS=f,(T.p), AV=f,(T,p).
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IMpu mepexofie CHCTEMBI Yepe3 KPUTHYECKOE COCTOSHUWE W3 IBYXx(da3-
HOro B OfHO(A3HOE COCTOSHHME y Hee, HAOOOPOT, BHauase (B KpUTHYEC-
KOM COCTOSIHWM) MOSIBJIAtOTCS CBOMCTBa OmHOpomHO¥M cucreMbr (12.30),
a moToM (B OAHOPOTHOM COCTOSIHMH) IPOMAAAIOT CBOHCTBA ABYX(a3HON
cucteMsbi (12.29) 1 NOSBIAOTCS CBOACTBA TOJIBKO OJHOPOIAHOM CHCTEMEI:

ap oy _ T
(#7),<0 (5),7¢>0

CJ'[eIIOBaTCJIBHO, B KPUTHYCCKOM COCTOSSHMH HE MOTYT HapyHIaTbhbCsa

HepaBeHcTBa (6.17)
ap or\y _ T
<0—1/>s<0’ <5§>y_5;>0’

OTpeAENAIONNe YCTOHYHBOCTh OJHOPORHOW CHCTEMBI, Tak Kak 3TH
HEpPaBEHCTBA HE HApymialoTcs U y IByxdasHo# cucremsl. WHaue
rOBOP#A, B KPHTHYECKOH TOUKE TEILI0eMKOCTh Cp HE MOXET oOpaTUThCs
B GECKOHEYHOCTh, Tak KaK OHA OCTAeTCA KOHEMHOW W y IBYX{asHoi
CUCTEMBI, B KOTOPYIO 4Hepe3 KPHUTHYECKOE  COCTOSHHUE IEPEXOAUT
omHoponHas cucreMa. OJHAaKO 3TOT BBIBOJ M3 TEPMOJMHAMHUKU
SBJIIETCA JIMIIDL JOCTATOYHBIM, HO HE HEOOXOOWMBIM M, Cl€A0oBaTelib-
HO, TEPMOIMHAMHKA Ha OCHOBaHMM CBOHMX 3aKOHOB JOIIyCKaeT Kak
KOHEUHOe, Tak M OeckoHewHoe 3Ha4YeHHe Cy B KPHTHYECKOH -TOuke
B 3aBHCHMOCTH OT WCHOJb3yeMOro (NpHOIMXEHHOTO) YpaBHEHHS
coctosHus™. OIHO3HAYHO 3TOT BOMPOC MOXET DPEIUNThH JIHIIb OIBIT
WM CTATUCTHYECKAs (u3nKa*¥).

B 1947 r. B. K. Cemenuenko*** passun Teopuro (a3oBbx Iepe-
XO[OB, OCHOBBIBASIC Ha NpEACTABJICHHAX O TEPMOAMHAMHYECKOH
YCTOHYHBOCTH.

PaccMOTpUM BO3MOXHBIE COCTOSHHS ¥ (ha3oBbIE MEPEXOdBI Tep-
MOIMHAMMYECKOH (CHCTEMB! B 3aBHCHMOCTH OT BHEIIHMX CHJI X;.

Kaxnas otnenbHast ¢a3a cynlecTByeT OO TeX MOp, MHOKa LIS
Hee BBIIOJHAIOTCS YCHOBHSL YCTOHYMBOCTH:

o(T, —p) 0X;

Dy=—21--2>0, { — | >0. 12.31

Yy a(s’ V) > ¥, ( )
Flpu yMeHbIIEHHH YCTOHYMBOCTH Dy K03phUIMEHTH YCTORYHBOCTH

(KY, cM. § 28) mocruraror rpanuims! ycroiuusocTH. Kpusas, ompe-

JlenseMas  ypaBHEHUEM (6Xi/6xi)X,=0, Ha3bIBAETCH CNUHOOAAbIO; OHA

orpaHuyKBaeT 00JACTb HEYCTOMYHBBIX COCTOSHHIA

* Cm.: Basapos U. Il. Marpuua ycTORMMBOCTH H TEPMOJMHAMMKA KPHTHYECKOH
baswr [/ Kypu. dus. xumun. 1971. 45. Ne 1. C. 141; Coaaarosa E. ]I, Maxapos M. B.
K tepmonunamuke kpuTudeckodl touxw // HKypH. ¢u3. xummu. 1988. 62. Ne 1. C. 214,
** TlpencraBjieHHe O  JIOTAapH(PMHYECKOH  PACXOAUMOCTH  TEIUIOEMKOCTH

Cy B Kpmmecxoﬁ TOYKE HE MMOJTBEPAMIOCH.
*4%) Cwm.; Cemenuenxo B. K. H36paunsie rnasm teoperudeckoil pusnxu. M., 1966.
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BynmeM mis onpemeneHHOCTH pac-

CMAaTpUBATh AMArPaMMBI Ha ILIOCKO-
ctu ¢ ocamu V, p. Ha aroit auarpam-
Me (puc. 46) cnuHonans I [ee ypas-
nenne (0p/dV )r=0] sBnsercs reomer-
PUYECKHM MECTOM JKCTPEMYMOB pas-
JyHbix w30TepM 4. CylecTBoBaHHE
CHUHOAAIA TPUBOJUT K TOMY, 4TO
u3zobapa MOXeT Nepeceyb H3OTEPMY
B JBYX TOYK2X, COOTBETCTBYIOIIHMX
pazJnyHbBIM 3HaveHHsM obwveMa. D10
03Ha4YaeT BO3MOXHOCTL paBHOBECHS
IByX $a3 ¢ pa3iuiHBIMH 00BEMaAMM —
¢da3oBoe paBHOBeCHE WEPBOrO poAa.
3tA ¢as3sl pasmeneHBl obiacTbio He-
YCTONYUBBIX COCTOSHHM, M TaK Kak Puc. 46.
OHa HE peajM3yeTrcs, TO HEBO3MOXEH HENPEPHIBHbIA H300apHBIH
nepexon oxHo#t daszbl ¢ obvemMoMm Vy B npyryro dasy ¢ obvemom
V,. Jlunus $a3oBoro paBHOBECHS ONpPERECIIAETCA PABEHCTBOM XHMU-
HeCKMX TOTEHIMAIOB BellecTBa B (a3ax W Ha3plBaeTcsl OuHodaabl0
(xpuBas 2). Ha Oumomamu kodpdHUUEHTH YCTOWYHBOCTH HE PaBHBI
HyJ10; Mexay OMHONaNplo ¥ CHOHHOJAJIbIO CYLIECTBYIOT 00acTH
MeTacTabUNBHBIX COCTOSHHM CHCTEMBI, B KOTOPHIX Kaxaas Hu3 ¢a3
MOXET CYIECTBOBaTh TOJBKO IPH OTCYTCTBHH pyro#l ¢asbl.

C u3MeHeHHEM TepMOAUHAMUYECKHX CUJI, JEHCTBYIOUIMX Ha CH-
CTeMy, U3MEHSAIOTCHA pa3jiH4yHble XapaKTepUCTHKH (a3oBOro mepexona
nepsoro pona (®II I poaa). Tax, npu NOBBINIEHHM TEMIEPATYPHI
A JaBJIEHHS B CHCTEME XHUAKOCTb—Iap YMEHBINAIOTCS YaejbHas
TEIUIOTA Iiepexoja U o0JIaCTH METAcTaOMJBHBIX M HEYyCTOHYHBBIX
cocrostauit  (puc. 46). IlpenenbabiM ciyvaem O®II 1 poma sBnsercs
KPMTHYECKH! Nepexold. B KpUTHYECKOM COCTOSHHM CIIMHOJAdb M Ou-
HOJAJTL CIMBAIOTCA B OJHY TOYKY, yHAeNibHbIe 00BeMBI (ha3 CTaHOBSITCS
O/IMHAKOBBIMH, a (pa3bl— TOXKAECTBEHHBIMH. KpUTHYECKOE COCTOSHHE
OnpeAcNseTcs TeM, 4TO AeTepMHHAHT ycTodyuBocTd U UKY paBHBI
uymo: D, =0, (0p/dV)r=0, (0T/3S),=0.

Kax mnoka3pBaeTcsi B CTAaTHCTHUECKOH (usuke, Ko3((PUIMEHTHI
YCTOHYMBOCTH OOpPaTHO NPONOPLMOHANBHBEI (QIYKTyauusM pa3IHYHbIX
tdusnvecknx BemmunH. C  mpubmpkeHHeM K KPUTHYECKOH Touke
¢nykTyamun pacTyT. 3a KpHTHYECKOH TOYKOM CYILECTBYIOT TOJBKO
YCTOHYMBBIE COCTOSHHS, NO3TOMY B 3TOH 00J1acTH HEBO3MOXHO
cocyliecTBOBaHMe a3, HMEIOIMX TpaHMLY pasfena. AHamu3 Tep-
MOJHMHAMHYECKOH  YCTOHYMBOCTH  3akpuTHueckod  (asbl  mpusen
B. K. CeMeHYEHKO K MOCTPOCHHIO TEPMOAMHAMMKH HETIPEPHIBHBIX
$a30BbIX NEPEXO/I0B.

Kax yxe ynOMHHAJIOCh, PACCMOTPEHUE H30TEPM BOJIM3M KpHUTHYEC-
KOH TOYKM IIOKa3bIBAET, YTO TOYKM mepermba Ha 3THX H30TEpMax
AMEIOTCSt B B 3akpATHYeCKOH o6acty. B atux Toukax KV muHMMaeH.
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JIupuro nammensmedt  ycrodtuusocty  B. K. CeMeHueHko HazwiBaeT
KBa3UCNUHOAANBIO. B TOYKAX KBa3uCHIMHOMAM (IYKTYalHk JAOCTHra-
0T TOpd JaHHBIX YCJAOBHAX HAaMOOJNBIIEro 3HAYCHHS M CHUCTEMA
npeBpamaercs B cMech (PUyKTyanMOHHBIX 3apojpliieii ofeux rpaHny-
HBIX (JajIeKHX OT ITOTO COCTOSIHUS) (a3 — KkBa3udaly uid Mesodasnoe
cocTosHME®, He Tepss CBOEH MAaKPOCKONMYECKOH OIHOPOJHOCTH.
ITockosibKy MHHHMYM YCTOHYMBOCTH SIBJISETC MOBOPOTHOH TOMKOH
B OTHOIICHNHM H3MEHEHUS CBOMCTB (a3, OH J0 HEKOTOPOHM CTENeHH
4HANOTHYEH TOYKe ()a30BOTO IEpEXofa BTOPOro pPoAa W YCIOBHO
€ro MOXHO CYMTATh 3a TOYKY 3aKpHTHHYeckoro mnepexona. [Ipu atom,
KOHEYHO, HE HYXHO 3abbiBaTh, YTO 3aKpUTHHYECKMH MNEpeXoi. Hpouc-
XOIUT HAa KOHCUHOM WHTepBane 1, p M JAPYTUX TEPMOIMHAMHYECKHX
cun. TTo3ToMy B YCJIOBHOM TOYKE 3aKPUTHYECKOTO TIEPEXOAa HE
MPOMCXOAUT CKAYKOB HHTpONUU, 00BEMa M [JPYIHX. X;, & TOJILKO
ux OwbicTpoe wu3MeHenwe. Pabora W yIenbHas TENNOTA Tepexoaa
TaKXe PaBHBI N[O J3TOoH npuyuHe Hymo. Camda xoadduimeHTs!
YCTOWYMBOCTH M3MEHSIOTCH TAKXKE HENPEPBIBHO, 3 HE CKAYKOM; B 3TOM
cocTouT oTamuMe 3akpuruyeckux mepexompos. oT ®Il Il poma mno
Dpendecty.

JJo cux mop Mbl JUIsl ONPENENEHHOCTH TOJIb30BAIMCh AUArpaM-
MaMH, OTHOCSINMMHACS K (UIOHJHBIM . CHCTEMaM, T.€. CHCTEMam
ra3 — XuaKoctb. OMHAKO BCe H3JIOKEHHOE HPHUMENMMO M K aHM3OT-
PONHBIM CHCTEMAaM, a Takke K cucTeMaM, (a3bl KOTOPBIX OTJHMYaloTCs
IO CBOMM MATrHHTHBIM MJIH 3JIEKTPUYECKUM CBoMcTBaM (deppo-
U aHTHQEepPPOMATHETHKH, CBEPXIPOBOJHUKHA M CETHETOIICKTPHKH pas-
HBIX THIIOB).

ToiaTe pHbI aHANH3 3KCHEPUMEHTANBHBIX [JAaHHLIX [OKa3bIBAET,
YTO 3aKPUTHYECKUEC MEPEXO0jbl OYEHb PACHPOCTPAHEHBI, HO WX YacTO
OPHYACIAIOT K MNEPeXoiaM HHOTO THHA. B OOJBIIMHCTBE CIIy4Yacs
HaOMOIaeMbIe  CKAYKH  ABJSIOTCS DPE3YJIbTATOM HEY[A4HOHM JKCTpa-
HOJIAUMH JKCTIEPUMEHTANGHBIX JAHHBIX WM MEPEX0]a B JOKPUTHYEC-
Ky 00/1aCTh.. DTH NEepexoJisl BCTPEYAOTCsi BO BCEX TpeX arperaTHbIX
cocrosuusx, Hanpumep, B KpUCTRLIMYECKOM (o-B-liepexojl B KBApHE;
B CMecH OpTO- U muapa-aeiirepus; B QeppoMarneTHkax W CETHETO-
IEKTPUKAX), B KHUIKOM COCTOSHMA — B PACTBOpAX M XH/IKHX KpUCTaJ-
Jlax, (B ra3ax — KpUTHYECKMH TIEpeXox KUAKOCTh-—Ta3. OueHb HH-
TepeCHBI KPUTHUECKHI ciyuall mnepexojla B aHM3OTPONHOM cpefe
npeacraBnser o-f-mepexom B kBapue. OH COMPOBOXAAETCH PE3KO
BBIPAXKEHHON KPUTHUYECKOHN onaiiecleHuyed ¥ IKCTpEMyMaMH HECKOJIIb-
xux KV. Ho caMpIM MHTEpECHBIM SBJISETCH BO3IMOXKHOCTH HENOCDPEH-
CTBEHHOTO HaOJFONEHHWsS CMEIIAHHOTO COCTOSHUS 00€HMX TI'PaHHYHBIX
(a3 OGnaromaps pasJMYMIO HX KPHCTAJUIHYECKHX CTPYKTYp: o- H f3-
KBApIbl MMEIOT pa3jiyHble [OKA3aTeNH TpPESOMIICHHS, TO3TOMY,
ocBelliast KBapl B CMEHIAHHOM COCTOSHWH, MOXHO BH3YaJILHO WM

* JTOT TEpMHMH B3AT M3 TEOPMH KMAKMX KDHCTAJUIOB, 0O6jajJalomux Kak
CBOUCTBAMH KPUCTAIHMYECKOH (a3bl (aHW3OTpOMHMS), Tak M KHUIKOH (TEKYYeCTb).
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Ha (QoTorpadu¥ 34METHTL MHUKPOTE€TEPOTeHHOCTL CHMCTEMBI, T. €.
OIHOBPEMEHHOE COCYHIECTBOBAHME OOEHX KPHCTAILTMYECKHX CTPYKTYP.
MakpOCKOIMYECKH KBApl] OCTA€TCS COBEPUIEHHO OJHOPOJAHBIM, TO-
BBIIIEHNE TOYHOCTH TEPMOCTATHPOBAHASA TOJBKO YJIy4IIAET BbIABJICHHE
3TOTO CMEXHOIO COCTOSHHMSL.

VCTaHOBJIEHHE CYIUECTBOBAHKA KBA3MCIMHOAATM HO3BONSET OMpe-
JEMMTh KPHTHYECKYIO TOYKY KaK TOYKY, OOI{yl0 /1 CIMHOAAIH
op/0V)r=0, xBasucnurofamx (0’p/dV?);=0 u Gunojanm p'=p".

LEJIOM 3aKPHTHYECKHE TEPEXOIbI MOXHO XapaKTePH30BATH TaK:

Xi=X{, (6X,~/6x,-)xj>0,

12.32
xi=x{, (62Xi/6xi2)xj:0. ( )

§ 63. TEPMOAMHAMUYECKAA TEOPUSt KPUTUYECKUX UHIAEKCOB

Kak yxe oTmMeuanoch, NpH NPHOIMKEHHH K KPHTHYECKOMY COCTOSHUIO
JCTEPMHEHAHT ycTOH4MBOCTH D, H k0dG(HIOUEHTBl YCTORYUBOCTH
(0X;/0x;)x crpemMsTCs K HYMO, 4 TEMIOCMKOCTb, CKAMAaeMOCTb,
BOCHPHHMYHMBOCTH (BTOPbIE NPOM3BOHBIC TEPMOMHAMHYECKOTO 0~
TEHIHMAaNla) BO3PACTAIOT A0 OECKOHEYHOCTH, YTO SIBJISETCS MaKpOCKO-
[HYECKUM TpOsABicHUEM Oojblioro passBuThs Quykryauuid. ITta
MaTeMaTHdeckass OCODEHHOCTh BTOPHIX MPOW3BOAHBIX TCPMOAMHAMH-
Y4ecKOro [MOTEHIMANa W CBs3aHHbIE ¢ HEH OoJbluHe QIYKTyauun
B KPHIHYECKON TOUKE 3aTPYAHSIOT TCOPETHUECKOC M 3KCIEPUMEH-
TaNbHOE H3Y4YEHUE KPUTHYCCKHX sBJicHHH. OHAaKO pe3ynabTaThbl HH-
TEHCUBHO NPOBOJMMBIX HCCIEIOBAHMN 3THUX SABJIEHUH I[O3BOJSAIOT
IPHHSATD, 9TO CHHIYJISIPHOCTH OCHOBHBIX TEPMOJMHAMUYCCKUX (GYHKIHAHA
BOJIM3Y KPHTHYECKOH TOYKM HMEET NPOCTOM CTeneHHOH BUI

flx)~xh,

rI€ X-—Majlasi OKPECTHOCTb KDHTHYECKOM TOYKM II0 TeMIepartype
x=1=|(T—T.)/T,| wm no apyromy napamerpy. [lokasaresns crencHu
) HA3LIBAIOT KPUTHYECKUM WHIEKCOM (IOKa3aTeneM) M ONpeleisior
COOTHOIIEHHEM

Inf(x) .

A=lim
Inx

x -0

Ero mMoxuo HaiiTH 1O HAKJIOHY mpsAMOW Ha rpaduke, H300paxeH-
HOM Ha IUIOCKOCTH ¢ ocamHd Inx, Inf(x).

IToBencHUEe aHAJOTHYHBIX XapaKTEPUCTHK PA3JIMYHBLIX CUCTEM OIH-
CBIBAETCA ONHOMMEHHBIMH KDUTHYECKMMH [IOKA3aTENAMH, XOTS MO
3HAYEHUIO OHH OTJIMYAIOTCA [Jiss PasHbIX CHCTeM. Tak, mOBeJecHHEe
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TEMJIOEMKOCTH NP MOCTOSHHOH TepMOJAMHAMH4YECKOH CHiie (Termnoem-
KOCTh JKHAKOCTH NpH HOCTOSHHOM nasieHuun C,, TEILIOEMKOCTh
beppoMarseTHka B TOCTOSIHHOM MarHuTHoM nione Cp H Ap.) mpu
T'<T,, onucelBaeTcsi OAHAM M TEM € ACUMITOTHYECKHM 3aKOHOM

C,~t™", Cy~17"%.

Ipu Temmepatype Bblme kputuyeckoit (I'>T,,) mNoBenecHHE Te-
MJI0EMKOCTH OIMCBIBAETCH TEM XKE 3aKOHOM C TIOKa3aTelleM d.
INokasatemn v (npu T<T,,) w vy (upu T>T,,) OmMCHBAWOT

ap

1/oV
MOBE/ICHUE H30TEPMHUYECKONH CKUMAEMOCTH kr= —~<—> U MArHWT-
) B OKPECTHOCTU KPUTHYECKOH TOYKH:
T

. oM
HOM BOCHPUHMYHBOCTH My 2(“H
[}

kr~t77, %p~1"" mpu T<T,y,
kp~1t7", up~1TY mprn T<Ty.

IMokaszarens P onpeaensier npuOIMXEHUE K KPUTHYCCKOH TOUYKE
BIOJIb JIMHUH PABHOBECHSL:

AV=V, ~V .~ M~1P

Yacro mnokasatesb [ Ha3blBalOT  HOKa3aTelleM MOpsAAKa, HMeEs
B BUAY, 4TO AV u M paBHB HYJIO BBIIIE KPUTHYECKOH TOYKH.
IToxasatenb O ompenessieT IOBEACHHE KPHTHYECKOH M30TEPMBL

p__pxp“‘(AV)a, H~M>.

Kpurtndeckue wHaexchr o, o; v, ¥; B, & cramm ceifuac obuienpus-
HaHHBIMH.

3angaveit TeOpUN KPHUTHYECKMX NOKa3aTesded ABIAETCS ONpEAcHACHUE
YUCJIOBBIX 3HAYeHMH nNoKaszarenedl HCXOAS U3 MOJENbHBIX JA3HHLIX
U YCTAaHOBJICHU® H Pa3/IHYHbIX COOTHOILEHHH MEXAY KPUTHYECKHMH
nokasareisMu.. 3HaYeHUs KPUTHYECKUX MOKa3aTedell XapakTepU3YIOT
CTeneHb NPUONTMKEHNs K XPUTHYECKOH TOYKe, a CpaBHEHHe MOKa3aTeseh
Pa3JIUIHBIX - MOJENEH C OIKCIEPHMEHTATbHBIMH [JAHHBIMH IIO3BOJISET
CYIATH O pEATUCTHYHOCTH paccMaTpuBaeMoi mojenu. Hanpumep,
teopust Ban-mep-Baanbca kKpHTHYECKOH TOYKH XUIKOCTB — IIap H TEO-
pust Kropu — Beiicca ans nmepexona q)eppOMarHemx—~ndpaMarHemK
NPHBOAAT K CJIE/YIONIIM HATEHUAM nokaszarteneil: a=o =0, y=7y'=1,
B=1/,, 8=3. Takue ke, He CONACYIOIIMECH C ONBITOM MOKA3a TN JAeT
teopus Jlanaay (ba3om>1x NEPEXO/I0B BTOPOrO pofid. IKCHEPUMEHTAIb-
HBIE 3HAYEHHS KPATHYSCKUX MOKA3aTeNel IS CHCTEMb! KUAKOCTE — ras
aprona TakoBh: a<04; o >025; y=0,6; y=1,1;, B=0,33; 6=4,4.

COOTHOILIEHNS MEXAY TIOKA3aTeNsIMH MO3BOJISIOT MO JABYM H3BECT-
HbIM HAXO[UTh TPeTHH, a caMO MX BBLIIOJHEHHE CIYXHT IIPH3HAKOM
KPUTAYECKOTO [epexola.

OTaenbHbIE COOTHOLIEHHST MEXIY MOKa3zaTelssMH OBbLIM YCTaHOB-
JieHbl pa3sHbIMM aBTOPaMM DPa3JIMYHBIMH MeTojaMu. EcTecTBeHHBIM
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SBISIETCS CTPEMIICHHE MOJYYHTh 3TH COOTHOIUEHUS Ha OCHOBE €IHHOTO
noaxona. OAMH W3 TAaKUX MOAXOJOB OCHOBAH HA THIOTe3e MoAoOus
TepMOAHHAMMYECKHX GYHKIMH, WJIH TEepMOAMHAMUYECKOM CKeHJIMHre.
CornacHo 3To# rumnorese, BOJU3H KPHTHYECKOTO COCTOSIHHS TEPMO-
JMHAMHYECKHE TOTEHIHAIbl CTAHOBATCS OJHOPOAHBIMU (YHKIHUSIMHU
cBOMX aprymeHToB. CKEHIMHI He [aeT YMCJIOBBIX 3HAUCHMH KpHTHYeC-
KAX KO3((HIHUEHTOB, HO NPUBOMMT K YCTAHOBJIECHUIO COOTHOLICHUH
Mexay HuMH (B GOpMe paBeHCTB) W IIOJIYYEHHIO BHJ2 YpaBHEHUS
COCTOSIHMSI CHCTeMBl BOJM3M KpUTHYeCKOH TOYkH. OAHAKO BONPOC
00 OOOCHOBAaHHOCTH CKEHJIMHIa SBJISETCS OTKPBITBIM.

ITpu TakoM MOJIOXKEHWH NpPENCTaBIASTCA 3aMevyaTesIbHbIM . HOJyye-
HUe Pa3jM4HBIX COOTHOLICHUH MEXAY KPUTHYCCKUMH IT0Ka3aTeNissMU Ha
OCHOBE TEOPUH TEPMOIMHAMHYECKOH YcToHYMBOCTH 0e3 Kakux-JIubo
TMIOTE3 M [PEeINONIOKEHUIA MOEabHOro xapaktepa®). [IpermyinecTBoM
TAKOrO MeToJa sBjseTcs OOOCHOBAHHOCTb M OOIIHOCTH MOJXOMA.

PaccMoTpuM 11 HpOCTOTHl HM30TPONHBIA MArHeTHK B Majloi
OKPECTHOCTH KpuTHUecKoi Toukm (Touku Kropm) mpu T<T,,, koraa
OTCYTCTBYET MAarHHTHOE IOJIE.

OcCHOBHO# BeJIMUMHOHN, XapaKTepU3yIOUIeH YCTOHYNBOCTD, SIBASETCH
JETEpMHHAHT YCTOMYMBOCTH, KOTOPBIH = Ui JaHHOM  CHUCTEMBI

UMEET BU[J
_0(T,H) (oT\ [éH oT\?
D, -m‘%)] (E)f(’ai)s >0, (12.33)

rae paBeHCTBO Mo ['MOGOCY COOTBETCTBYET KPHTHYECKOH TOUKe.
Hcnons3ys CBOHCTBA SAKOOMAHOB, HMeEEM

_OMH) T, )_(oH) (oT\ 1 T
UL J)—<a1 ) (aS>J-M - (12.34)
U, aHaJOTHYHO,
oT oH I T
Dy—(gg),fﬁ)fx: [ 1239

n(DUEADE), e

Brenem KPpUTHYCCKHE T10Ka3aTeiiu CI)CppOMal"HCTI/IKa, Y4YUTBIBAA,
YTO OHH pa3NU4YHbl I8 BEJIMYKWH, HU3MEPSACMBIX IIPpH NOCTOAHHBIX
CHJIaX ¥ KoopauHaTtax:

* Cm.: Connatosa E. /1., Cemenuenko B. K. Teopus TopMoauHaMHu4eckodl yCTOM-
YHBOCTH H COOTHOIICHHS MEXAy KDHTHYSCKUMH HHAekcaMu // Yikp. ¢u3. xypH. 1974.
19. Ne 5. C. 844; Coaparosa E. JI. HexoTophle COOTHOLIEHHUS MEXAY KPUTHUCCKHMH
HHIGKCAMH JUIS MAarHHTHBIX cHcTeM [/ Vkp. ¢m3. xypH. 1974. 19. Ne 11. C. 1906;
Coanarosa E. /I., Tkauenxo T. . HexoTophle COOTHOHICHHS MEXAY KPHTHYECKHMH
uHAeKcaMH cerHeToutekTpukos /[ OTT. 1975. 17. Ne 1. C. 52; Coagarora E. [I. Coort-
HOIIEHHA MEXIAY KPUTHYECKMMH HHICKCAMM [MBJICKTPUYECKOM BOCIPHMUMYMBOCTH aHH-
30TPONHONO CeTHETOMIEKTPHKA // VKp. ¢u3. xypu. 1975. 11. Ne 6. C. 997.
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Cy~17%, Cy~1™7, J~1b,
—y o 4 (12.37)
np~T Y, wg~T O, Dy~T
rae d-—KpUTHYeCKHHl TIoKasaTens JeTepMHUHAHTA YCTOMMMBOCTH,
a WITPUXH B HMHIEKCAX oO3navarT, 4ro I'ST,,

Honcrasnas 8 (12.34) u (12 35) ACHMIITOTHUECKHE BBIPAXKEHHUSA
(12.37), moaydaeMm

d=a'+y'=d +¢. (12.38)
CootHouenne (12.33) mocne 1MOACTAHOBKH B HETO IPOM3BONHBIX
(0T/0S); m (0T/0J)s w3 (12.34) u (12.36) npuHMMAaeT BHX

®p aJ
2D ( aT) (12.39)

Iloacrasnas B (12.39) acummrotuku (12.37), umeem
A 261

OTKyZa, HOCKOJbKY T<],
d+2(B—1)=c~y.
YuursiBast (12.38), mosydaem coommowenue Pawbpyxa
o +2B+7 =2, (12.40)

KOTOpoe OblIOo YCTAaHOBICHO UM B 1963 r. Wcxoasd W3 aHanu3a
pasHocTH TerutoeMkocTe Cp—C; mis  ¢GeppoMarHeTukoB BOJIH3M
toukn KropH. Takoe e cOOTHOIeHHE OOHAPYKMBAETCS JUIS CHCTEMEI
KHUAKOCTb — 1P U CErHETORJIEKTPHKOB [eci B GOpMyiax TpH BHIBOJIE
(12.40) ucnone3oBats 3ameny H——p, J»V u H-E, J-P].

CootHoltenne - Pambpyxa cBS3bIBaeT KPHTHYECKHE TOKA3aTEH
OCHOBHBIX TE€PMOAMHAMMYECKHX BEJMYMH B JOKpUTHYecKo# 0oOnacTi.
MeTton TepMOAMHAMHYECKOW YCTONYMBOCTH IMO3BOJIAET HAWTH COOT-
HONIEHWE ISl KPUTHYECKUX NOKa3zaTesied M B 3aKpUTHUYECKON 00iacTH.
C oroit uenblo, YYHTbIBas, 4TO JIMHHSA paBHOBecus (a3 (OuHOMAJD)
KOHYAETCS B KPUTHYECKOH TOYKe, BBEJEM TNokasatesnb W (BMecto f),
OIPENEIISHOILIMIT CHHTYJIIPHOCTh TEPMUYECKOTO pacLIHpeHus
(OV[0T),~t™" (Ans cHCTEMSI XKHIKOCTb —[ap) MM MAarHHTOKAJO-
pI/I‘IECKOFO 3¢>(beKTa (@J/0T)y~1""* (mns marHeruka). Torma s
3aKpUTHYECKOH OOJIACTH MMOJIy4aeM COOTHOLIEHHE

a+y=2u, (12.41)

kotopoe B 1976 r. Bmepseie ObLi0 ycraHoBieno E. JI. ConzatoBoii.
DTO COOTHOLUECHWE siBiisieTcst Oosice  OOIIMM, YeM COOTHOIIEHHE
Pambpyka, Tak Kak COpaBeJIMBO M JUIS JOKPHTUYECKOH 0O6NacTH
(TOIBKO HYXHO HCHOIB30Bath o, ¥/, L), a cooTHomenne Pambpyka
B JTOM cCilyyae CIEAyeT M3 HEro, ecim y4ecTb, 4rto MW =1-—f
[nockombky J~1P u (0J/0T )y~1P T~1 W],
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HaiiieM emie psio COOTHOIUEHMH IS KPUTHYECKHX IOKa3aTejel.
Hdast storo 3ammiuem Bhipaxende (12.33) B Bune

0T\ (0H oH\?
(%), (57,2056 ) (12.42)

nockoibky (67/0J)s=(0H/0S),. Ilonp3ysce cBoiictBaMu $SKOOMaHOB
u acumnrorukamu (12.37), umeem:

GHY _(OHY (4T _ ipo-1ve

aS /5 \oT Js\oS s ’
O\ _p(38) _(PH) (T (38 Lje-wrpe-n
(6J>S—D<6T)J—<3S)J<0J>H<0T>H ' o 1243

HMoncrasnas (12.43) B (12.42), nony4yaeM coomuowenue I'pudpdpumca
o« +B(14+8)=2, (12.44)

KOTOpoe ObUIO UM YCTaHOBJIEHO B. 1965 T. B pe3ysibpTate IpPOMO3IKHX
BRIYHCJICHHI.

s (12.34), (12.35) u (12.37) mosiysaeM JApYroe coomHouieHue
Tpudppumca

Y=ZB@B=1). (12.45)

OTH COoOTHOUIEHMS OBUIM NOJYYEHH! AN MAJOH OKPECTHOCTH
KPHUTHYECKOH TOYKH IpH NpHOIMKEHHH K Hell 110 Temmepatype (x=1),
HO K Hell MOXHO HpubimkaTbcs No JIOOOH TEpMOIMHAMHUYECKOM
CHJIE (JaBICHUIO HWJIM HANpPsOKeHHOCTH mojis). Halimem TepMonuHa-
MUYECKHE BEJMYMHB (eppoMarHeTuka Kak QYHKHHH MATHHTHOTO
noyis (x=H) Baonws xputnueckoil uzorepmni (T=7T,,, H—0). Beenem
KPUTHYECKME MOKa3aTead s ITOTO ciydas:

Cy~H™, S~H® (J~H %), (12.46)

3amuceiBas | cootHomenue (12.33) B BuUIe

WA
oT Ju\oH /1~ \6H Jr

u ucronws3dys (12.46), nmonydaeM coomuowenue Kynepcmuma (1968)
Y+2e—1/6=1. (12.47)

[TonyyeHHBIE COOTHOILUECHHS BBINOJIHAIOTCS H B OKPECTHOCTH TOYKH
Kropn nnst cerHeTORJEKTPUKOB.

Takum 06pa3oM, TeOpHS KPUTHYECKUX MTOKa3aTenei, OCHOBaHHAS HA
METO/I€ TEPMOIMHAMHUYECKON YCTORYMBOCTH, BLISIBHJIA OOIIYIO PUPOTY
KPMTHYECKOTO MEPEeX0a KHIKOCTE—Ta3 U MEPexXo0B B deppoMarie-
THKaX, CETHETOJIEKTPHKAX W JIPYTHX CHCTEMaX KakK MepexoJ0B yYepes
MHHMMYM YCTOMUYHBOCTH, CONIPOBOXIAOUIHXCS MIO3TOMY MaKCHMAJIbHO
PasBUTHIMH (QAYKTYyaUHsIMH Psa TEPMOJUHAMMYECKHX BEJIMUYMH. ITO

P
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otMmeuan B. K. Cemenuenxo B 1947 r. IlorpeGoranocs Gosee 30 ner,
4TO0B TPOM3OUUIO H3MEHEHHE TOYKH 3pEHHS Ha (heppOMAarHHTHbII
M CCTHETOINEKTPHYECKHIT MEPEXOAbl KAaK INPEeBPAILCHHS, NPH KOTODPHIX
HCOLITHIBAIOT CKAYKH BTOpbIE TIPOU3BOMHBIE TEPMOAMHAMHYECKHX
NOTEHIUAJIOB.

3aMeTUM B 3aKJIIOYCHHE, YTO COTJIACHO WBJIOKEHHOH TEpMOIu-
HAMHYECKO#l TEODHHM KPHUTHYECKHAX IIOKa3atesiell 3HaK paBeHCTBA
B COOTHOHICHMSX /I HUX MOJIy4acTCd B CaMO#l KPHTHYECKOH TOYKE
COBEPIIEHHO €CTECTBEHHO, [OCKOJBKY B 3TOM coctosmuHM D, =0.

12.1.

12.2.

12.3.

12.4.

12.5.
12.6.

12.7.

12.8.

12.9.

12.10.

12.11.

12.12.
12.13.
12.14.

3AJAUN

Cuuras yAeJbHYIO TEIUIOTYy MNEPEX0oJa A IOCTOAHHOH BENMYHMHOM, I10KA3aTh,
YTO JaBJCHHE HACBILCHHOTO Hapa H3MCHSCTCH C H3MCHCHHEM TEMIEpATYphl
[0 3KCMOHEHUHANIBHOMY 3aKOHY.

Touka nnasnenus #ona /, passa 114 °C. Bospacranue ynpyrocTd napa BOausm
TEMIICPATYPhl IUIABJICHAS TIPH YBENWYCHHM TeMuepartypbl nnaenenus Ha 1°C
paBHo 578,6 Ila/K. Halitn TennoTy BO3TOHKH if0Ja NpH TeMIEpaType IIaBIICHUS;
yOpYrocTh Iapa TBEPIOro HoIa OpH 3TOH Temueparype paBHa 11821 [Ta.
ITon xakuM nasnenueM Bojda Oyaer kuners npu 95 °C? VaensHas Ttemnora
ucnapeHus Boab 22584 JIx/r.

VYCTaHOBHTL CBA3b MEXKIY YJAENbHBIMH TCIJIOTAMH IUIABJICHUA Ap3; [Temnora
nepexofAa  TREpAOro Tena 3 B KMAKOCTh 2], WCTApeHHMs  KHOKOCTH
A2 # cybnuMammn A,;.

Haiitu TemneparypHylo 3aBHCHMOCTB TemuloTel ¢asosoro nuepexoma dAi/dT.
MonyyuTs BHIpaXeHWe UIA TEIVIOEMKOCTH HachllleHHOro mnapa. OOBACHHTD,
mno4YeMy IpH aauabaTHOM CXKaTHH  HACHIIEHHOTO BojsHoro mapa mpu 100 °C
OH HE KOHJCHCHDPYETCS.

Ips Hu3koif TeMmepaType | TeMIOeMKOCTh C, METaJUIOB IPONOPLHOHANLHA
TemmepaTtype. Ecim Meramil NepeXoAWT B CBEPXHNPOBOMSINES COCTOSHHE, TO
ero TtemnoeMkocTb Cg HPOHOpPIHOHANBbHA KyOy Temmepatypsl. [lokasars, 4ro
npn kpuradeckoit temmeparype Cs=3C,.

Ho 1933 r. cuMTanoch, YTO CBEPXNPOBOJAHHKH TPEACTABIAIOT COOOH HAcalbHBIE
NPOBOJHHKH (3/EKTPONpOBOAMMOCTh O =0). Iloka3aTh, 4TO Takoe mNpeAcTas-
JIEHHE TNIPOTHUBOPEYMT TEPMO/MHAMHUKE CBEPXIPOBO/IHHUKOB.

Haiity Boipaxende s ckauka KoodOuuuenTta TEIWIOBOTO  PACIHIHPCHHS
Aa=0a,—0, H ckayka Moayas ynpyrocth AK=K,—K; npu cBepxnpoBojdileM
nepexoze.

KpHBYIO HAIpPSKECHHOCTH KPUTHYECKOFO INOJNA MOXHO ROBOJBHO TOYHO MpEX-
crasuts napabonoit H,(T)=H,([1 —(T/T.)*]. MMoap3yscs 3TUM BBIPaKEHHEM,
HAafTH pA3HOCTH 3HAYCHMN YACHbHBIX IHTPONHMA U yACHBHBIX TEIIOEMKOCTEH

B n- K §-COCTOSAHHAX. 2

. P
[lokaszaTh, YTO B KPUTHYECKOH TOYKE MPOW3BOAHAS W#O.

Onpenennts ko3uunent Jxoyns— TOMCOHa B KPUTHYECKOH TOUKE.
Halifn BbIpaxeHue Al CKOPOCTH 3BYKa B KPHTHYECKOH TOHKE.

OnpeaenurTb KPUTHYECKMH HHACKC 7Y H3OTEPMUYECKOH CXKHMAEMOCTH rasa
Bag-nep-Baanbca.



BBEAEHUE
B HEPABHOBECHYIO TEPMOAMHAMUKY

I'JTIABA TPUHAJAUATAS

HCXOJHBIE NTOJIOKEHUA
HEPABHOBECHOW TEPMOJUHAMWKH

HepaBHoBecHas mepMoguHamuka sBnsemcs cpas-
HUMENLHO MOJIOGbIM U UHMEHCUBHO PAa3BUBAIOLUM-
cs pasgenom meopemuyeckos usuku. OHa BO3-
Hukna B peaynbmame 0606iYeHUsl KNaccu4yeckon
mepMoguHaMUKU Ha 061acme MasbiX OMKAOHeHUM
cucmeM om pasHoBecus U B ganvHedwem Obina
pacnpocmpaHeHa Ha NocmpoeHue meopuu npouyec-
€0B B CUNbLHO HEPABHOBECHLIX CUCMeMax.

B hrawem Kkypce uanaraiomcs OCHOBbI MeEpMo-
AUHaAMUKu HeobpamumbiX npoyeccos B 060ux
Cly4Yasix HepaBHOBECHLIX cucmeM. Paccmompum
3[]eCb UCXOAHbLIE NOJIOXeHUs HepaBHOBECHON mep-
MOZUHAMUKU.

§ 64. TIOKAJIBHOE PABHOBECUE U OCHOBHOE
YPABHEHHE TEPMOJMHAMMKH HEPABHOBECHBIX ITPOLIECCOB

B TepMoauHAMUYECKH DPABHOBECHBIX CHCTEMaX, K4K H3BECTHO, TEeM-
nepatypa T 4 XUMHYECKMH MOTEHUMAN | MOCTOAHHBI BOJL BCEil
CHCTEMBL:

grad T=0, gradu=0.

Ecim 3t ycnosus He Bbmonastorcs (grad T#0, gradp#0), to
B CHCTEME BO3HHMKAIOT HEOOpaTUMbBIC MPOLECChl NEPEHOCA MAcCChl,
SHEPryud, JJEKTPUYECKOro 3apsaa d T. 1.

[Ipu 06o0meHUN KITACCHYSCKON TCPMOJMHAMHUKY HA HEPABHOBECHBIC
MPOUECCH! HKCXOAAT M3 MPCACTABJICHHS O JIOKAIBHOM paBHOBECHH.
H3BecTHO, YTO BpeMst pENIAKCAMM PAcTET C YBEJIUYCHUEM pPa3MEpOB
CHCTEMBI, TaK 9YTO OTHENIbHbIE MAKPOCKONHYECKH Manbie YacTH
CHCTEMBI NPUXOAST CaMH II0 ceGe B PaBHOBECHOE COCTOSHHE 3HA-
YUTEJIbHO PaHbIIE, YEM YCTAHABIUBAETCS PABHOBECHE MEXIY STHMH
qyactamu. Ilo3ToMy B HEpaBHOBECHOH TEPMOIMHAMHKE UPHHHMAIOT,
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4YTO, XOTA B LEJIOM COCTOSIHHE CHCTEMBI HEPABHOBECHO, OT/IEIbHBIE
ee MaJjibie YacTH PABHOBECHBI (TOUHEE, KBa3HPABHOBECHBI), HO MMEFOT
TEPMOIMHAMAYECKUE TAPAMETPhI, ME/IIEHHO W3MEHSIOIIHECs BO BpeMe-
HE H OT TOYKM K TOUKE.

PasMmepsl 3TUx (H3MYECKH MAaJsiblX DABHOBECHBIX wacTell Hepas-
HOBECHOM CHCTEMbI W BpeMeHa W3MEHEHMSI TePMOIMHAMHMYECKHX
HapaMeTpoB B HHX ONPEACNSAIOTCS B TePMOAHHAMHKE  3KCIIC-
puMenTaabH0. OOBIYHO MPUHIMAETCH, YTO (HDH3UUECKHIL 3J1IeMEHTAPHBIH
06beM /3, ¢ oAHOI CTOpOHBI, COIEPXUT = GONBLIOE  YHCIIO
vactull (vy<</3, v,—00beM Ha OJHY HACTULY), & C JpYrou
CTOPOHBI, HEOJHOPOJHOCTH MAaKPOCKONMYECKHX IMapaMeTpoB . g, (r)
Ha AauHe [ Mansl TIO CPAaBHEHHIO CO 3HAYEHHUEM OJTHX NapaMeTpoB
(|0ajox|l<a;), T.e.

1 da; -1

a;

i

1Pl 13.1)

X

BpeMst T M3MeHEHHs TEPMOIWHAMHMYECKMX NAapaMEeTpOB B (QU3MYECKU
MaJIbiX PABHOBECHBIX YACTSIX HAMHOTO O0JibIiie BPEMEHH T, pellakcaluu
B HAX H HAMHOIO MEHBIIE BPEMEHH T;, 32 KOTOPOE YCTaHABJIMBAETCS
paBHOBECHE BO BCeif cucreme:

KT T, (13.2)

B ycnosusx, korma IOMYCTHMO. NPECTaBIEHHE O JIOKaJIBHOM
pasHosecur (13.1), (13.2), MOXHO TOCTPOHTb MOCIENOBATENLHYIO
(HEHOMEHOJIOTHYCCKYH0  TEPMOAMHAMUKY HEOOpaTHMBIX  IIPOIIECCOB.
CBoiicTBa HEPaBHOBECHOH CHCTEMB! HPH 3TOM OUPEHEJSIOTCS JIOKab-
HLIMH  TEPMOIMHAMHYCCKAMH TIOTCHUHAIAMH, KOTOPbIE 3aBHCAT OT
NPOCTPAHCTBEHHBIX KOOPAMHAT M BPEMEHM TOJIBKO 4Yepe3 Xapak-
TEPUCTHYECKHE TEPMOAMHAMUYECKHE TapaMeTPhbl, JUIS KOTOPBIX CIpa-
BEJUIMBLl YpaBHEHMS TEPMOJAWHAMHKHA. Tak, €CiiM B KaueCTBE Xapak-
TEPUCTHYECKUX [EPEMEHHBIX BHIOPAHBI JIOKANbLHAA IUIOTHOCTH BHYT-
penneir sHeprum u(r, t), ymenbHbii obvem v(r, 1) (v=p~ !, p—
JIOKaJibHas IUIOTHOCTb MACChl Cpelbl) W JSIOKajbHbIE KOHICHTPAIMHA
c;(r, 1) pasIMYHBIX KOMIOHEHTOB, TO COCTOSHHE (DM3HYECKH OJMEMCH-
TapHOrO  06beMa B OKPECTHOCTH TOYKH I B MOMEHT BpEMEHH
! onuchiBaeTcs  JloKajbHOH  sHrponwmeir s=s [u(r, 1), v(r, 1),
c (1), ..., ¢, (r, t)], onpenensemoit ypaBHenuem ['nb6ca

Tds=du+pdv—) p,dc,. (13.3)

O6LeauHsIoNIce MEPBOe U BTOPOC HAayajla TEPMOJMHAMHKH YpaB-
uenne (13.3) mas ynenbHbIX (MO0 Macce) JIOKAJbHBIX BEJIMYAH SBIACTCS
OCHOBHBLIM YPaBHEHHEM HEPABHOBECHON TEPMOJIHHAMUKH.

Tak kak JOKajbHash OHTPONHUS 5 (€IMHHIBI MacChl WIH pPS—
CIOUHUIIBI 06’I>CMa) 3aBHCHT OT TCPMOAMHAMHYCCKHX apamMeTpos
a;(F, t) TaK %e, K&K ¥ OPHU NOJHOM PABHOBECHH, TO IPH HEOOPATHMOM
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npolecce B aguadaTHOH CHCTEME CKOPOCTb BOZHUKHOBEHHS IHTPONMH
B eAuHMIE 00beMa (IPOU3BOJACTBO 3HTPONUH) pAaBHA

=280 zag”%i (13.4)

PaCCManI/IBaSI YBCIMYCHHE OHTPOIIMU NP U3MCHCHHH JIOKAJIbHBIX
MAKpOCKOIMUIECCKUX TIApaME€TPOB 4; B amuabaTHRIX YCJIOBHAX KakK

d(ps)

a;

«IIpHYKHY» HeOOpaTUMOTO IpOllecca, BETHMYHHEI =X, Ha3BIBAIOT

dg;
mepModuHaMuueCKumu cusramu, a BCINYMHBI EEIi, ONMPEACTIAOIINC

CKOPOCTb M3MEHEHUs MAPAMETPOB d;,— MEPMOOUHAMUYECKUMU NOMO-
kamu. Boipaxenue (13.4) nns NPOM3BOACTBA IHTPOINHH  MOXHO
3aIMicaTh B BHJIE

=YX, (13.5)

JHTpONUS BCEH HEPABHOBECHOM CHCTEMbI AJIUTHBHO CKJIAABIBAETCS
U3 SHTPONHHA €€ OTAC/IbHBIX YacTeit:

S={psdV. (13.6)
V

§ 65. YPABHEHHA BAJIAHCA U 3AKOHBI
COXPAHEHUSA PA3J/IMYHLIX BEJIWYUH

s onpeeieHus: ¢ IOMOIIBIO OCHOBHOTO ypasHeHus (13.3) Tepmonu-
HAMUKH HEPaBHOBECHOH CHUCTEMBI NMPOW3BOACTBA SHTPONMM M H3IMEHE-
HYSl BO BPEMEHH BCEX APYIUX €e TePMOIMHAMHUYECKUX QYHKIMHA K 3TOMY
ypaBHEHHIO HEOOXOMMMO 0OaBUTH ypaBHEHMs OajiaHca psAga BeJIHYHH
(Macchbl, BHYTPEHHEH 3HEpTUM U JIp.), & TAK)XKEe YPABHEHMS, CBA3LIBAIOIIME
MOTOKH [; 3THX BEJIMYMH C TEPMOJUMHAMHYeckuMu cuiamu X;. Hadnem
ypaBHeHHs OajaHca M 3aKOHBl COXPAHEHHS DPa3jIMYHBIX BEJAYHMH.

Besikas oxcTeHcuBHas BenwudHa B(X, y, z, ) MakKpOCKOIHYECKO#M
CHCTEMbI MOIYMHSETCS ypaBHEHMIO OayaHca

O —divlg,top, (13.7)

rae Iz ,—IUIOTHOCTH HOJIHOTO TMOTOKA BEIMYHHBI B=pb (p— IWIOT-
HOCTb BeNIecTBa, b—3HAYCHHE BENUYMHBI B, OTHECEHHOE K Macce),
Op—Hu3MeHEHHE B 3a cyeT ee MCTOYHMKOB, OTHECEHHOE K 00beMy
H BpEMEHH.

Vpasuenne (13.7), B XKOTOPOM Gy pPaBHO HYJIO, BLIPAXaeT 3aKOH
coxpanermns: BeauuuHbl B. Tak, 3akoH coxpaHeHHs MacChl HMeEET
BUJ THAPOAMHAMHYECKOTO YDABHEHHS HENPEPHLIBHOCTH
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%‘:: —div pu, (13.8)

rZiC u—MAaccoBas CKOPOCTbL B JIAHHOH TOYKE X, ¥, Z B MOMEHT
BpPEMEHH 1.

[noTHOCTHL MOJIHOTO TOTOKa [l ,, BOOOIUE TOBOpS, HE CBOJUTCS
K KOHBEKTUBHOMY NOTOKY Bu, T. €. K IEPEHOCY BEJHUIMUHLI B ¢ HOTOKOM
BEIECTBA, a COJMEPXKUT TaKXKe UJIeHbl APYroi mnpupombl (TersioBoi
notok, augdQy3uoHHbI NOTOK U T. )

Iy o=Bu+l, (13.9)

(1;— HEKOHBEKTUBHAA YacCTh IOTOKa).
Takum obOpaszom, ypasuenune Oananca (13.7) aAuTUBHON BEINYHHBL
MOXHO 3alHCaTb B BHJE

"-%‘@: —div(pbu+1I,)+oy, (13.10)

TAC 4YacTHas MNPOM3BOJHAN a(pb) (‘;’Ib) ONpEAEseT W3MEHEHUE BEJIMYUHDI
B=pb B HaHHO! HENMOJBIKHON TOYKE HMPOCTPAHCTBA. DTy NPOM3BOI-
HYKO MOXHO BBIpa3HTh 4epe3 MONHYI0 (CyOcTaHnManbHYIO) NPOM3BOI-
HYIO BEJIHYHHBI B, OTHOCAIYIOCA K NEPEIBUTarOILEHCs B IPOCTPaHCTBE
«JacTHIEC» BelllecTBa (Kak CIUIOMIHOM cpenbl). [lnd 3Toro 3amernm,
4YTO H3MeHeHHe dB BeaWuMHBI B 4acTHIBI BEHIECTBA CKJIaJbIBAacTCA
U3 [BYX 4acTed: U3 w3MeHeHUss B B JaHHOM MeCTe NPOCTPAHCTBA
W U3 H3MEHeHMs B mnpu mepexoie OT HAHHOA TOYKM K TOUKE,
yAaJICHHON OT Hee Ha paccrosHue dr, npoiiacHHOE paccMaTpHBaeMoi
yacThlell BemecTBa B TeyeHue BpeMeHu di. IlepBas M3 3TMX uacTed

0B
paBHa a—tdt, a BTOpas 4acThb paBHa

0B 0B 0B
CrnenosaTtesibHo,

oB OB
E=a—[+(u, V)B. (13.11)

IlosToMy 3akoH coxpaHenus Maccel (13.8) u ypaBHenne OanaHca
penmuuHbl B (13.10) MOXHO 3amucaTh COOTBETCTBEHHO B BHIE

‘;—‘:= —pdivu, (13.12)
P %’tfs —divly+ o, (13.13)

B cooreercrBuu ¢ obmieit dopmyaoi (13.13) ypamsenue Oananca
sHTpomuu Oyier
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ds .
P = —divig+o, (13.14)
rae Ig—mnioTHOCTE TOTOKAa 3HTPONHM, O -—JIOKANBHAA CKOPOCTD
BO3HHKHOBEHHS OJHTPOIIHY.

Hns  vaxokjaenus sBHoro Bmaa I uw o dopmyny (13.14)

ds
CONOCTABIIAIOT € BLIPAKCHMEM JUIA P -, TIONYIAEMbIM M3 ypABHCHHS
T'ubbca (13.3)

ds pdu ppde pu; de;
PuTTat T @ ~ T d’ (13.15)
B KOTOPOE NOJCTABJIAIOT BHIPAXKEHUS IS NPOM3BOJAHBIX IO BPEMEHH
U npoussoAcTBa 3HTporuu (13.5).
B xauecTBe npumepa HaiigeM ypaBHeHue GanaHca IHTPONHM
C ABHBIM BHAOM it I, M G B OXHOPOIHOM TBEPAOM TeElE,
KOTOPOM HMeEETCS TpajJieHT TeMIepaTyphbl.
Iycte u(x, y, z, t)—yAenbHAS BHYTpeHHSS 3Heprus. M3MeHeHueMm
o0beMa Tena BCJIEJACTBHE TEIUIOBOTO paciumpeHus OyaeM npeHes-
peraTh; HOTOK 4YacTHL B CJIy4ae TBEPAOIO Tela TAKXKE HUCKIIOUYEH.
Mosromy u3 (13.15) umeem

w

ds_ 1 du ¢ dT

dr Tdt T dr’
o 3axomy coxpaHeHHs HEPTHHU (B COOTBETCTBHM ¢ OOWEH Qopmyioit
(13.13) npu c,=0),

du .
pa=—d1vIQ,
rae I, —mnnoTHOCT, MOTOKAa TemIoThl. M3 3TMX ypaBHeHWH s
fanmaHca SHTPONUM 10JyYaeM

ds

T _lT divl,, (13.16)

H TaK Kak

N P i 1. 1
div —ﬁ=?dIVIQ+<IQ’ \% ?)=? dlle—F(IQ, VT),

TO
ds 0 1
Py= —div -;—75 (I, VT). (13.17)
Comocrapiisist  ypapHenwe (13.17) ¢ rHAPOJMHAMHYECKHM ypaBHe-
Huem Oananca sarponud (13.14), HaxoauM, 4YTO MJIOTHOCTH IIO-

TOKA SHTponMA I, W TNpPOM3BOJCTBO JSHTPONMH G COOTBETCTBCHHO
paBHbI
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1, =1T I, (13.18)

6=(lp, — VT)= Y I X, (13.19)

rae X;= —% S—XT—ﬂeKaprona KOMIIOHEHTA TEPMOIUHAMHYECKON CHJIBI,
i

COOTBETCTBYIOIIAsl JEKAPTOBOM KOODAMHATE TOTOKa I,

JlonoTHHUTENbHO NPHBJICKas YCTAHOBJICHHBIE HA OMNBITE COOTHOIIE-
HUSL MCKAYy MMOTOKAMH M TEPMOIMHAMHYECKHMM CHJIAMH, MOXHO
noKa3arb, YTO B COOTBETCTBHM CO BTOPHLIM HAYajioM TEPMOJHHA-
muxku G 20. [eficTBUTENBHO, UCHONB3YyS, B 4YaCTHOCTH, 3aKOH TeIl-
nonposoanoctd ®Pypre O mponopuMoHasbHoCTH I, TpaguenTy TeM-

HepaTypeI
Ip=—uVT (x>0), (13.20)
w3 (13.19) nomnyuaem

o= (V) (13.21)

3aMeTuM, YTO MAaTEMaTHMECKH pa3/ieficHHe NpaBOM 4YacTH ypas-
Henus (13.16) Ha noTok W HcrouHuk 3HTponuu B (13.17) sBasercs
HeoaHo3HAYHBIM. OHO3HAYHOCTh JOCTUraeTcsi Guimueckumu Tpebopa-
HusiMi 6 >0 ¥ MHBapHaHTHOCTHIO BhIpaxeHnus (13.19) oTmocuTensHO
npeobpaszoBanui [ammnes.

[TonoOHO paccMOTpeHHOMY nNpuMepy, ypashense I'ubdoca (13.15)
NO3BOJISIET T[IOJYYUTh BbIpaXkeHHs OajaHca OSHTPONMM JUIA  pas-
JIMYHBIX HEPAaBHOBECHBIX CHCTEM B COCTOSHMM JIOKAJbHOTO pas-
HOBECHS.

B ofbumeM cay4ae HeoOpaTUMBIX MPOLECCOB NPOM3BOICTBO 3HT-
porimi 00YCJOBJIEHO KaK SIBJICHUSMH IepeHoca (IHEpruM, 3j1eKTpuHec-
KOTO 3apsiia ¥ T. .), TaK H BHYTPEHHUMHM INIPEBpAIICHUSAMH B CHCTEME
(XMMMYECKHE -~ peaKIiiM, DPEJIAKCAIUOHHBIE SIBJICHHS).

Haiigem BbIpakeHHe Ui TPOM3BOJCTBA JHTPONHM NIPH XHMHYECKHUX
peakuuax B cucteme. [lockonbky OHM HE CBA3aHbl € [POLECCAMH
HepeHoca, CHUCTEMY MOXHO CYATaTh TOMOICHHOH M HM3OTPOIHOH.
TloTokH B STOM Cllyuae HaNpaBi€HbI K COCTOSHUIO PABHOBECHA
U TPOTEKAIOT HE B MPOCTPAHCTBEHHBIX KOOPAMHATAX, 2 B KOOPAMHATAX
cocraBa cucteMsl N,; (YHCIO HacTHil copTa i).

IlycTs TOMOreHHAs CHCTEMA COCTOMT M3 1 BemiecTB i (i=1, 2,....n),
MEX/JIY KOTOPBIMH MOLYT MNpOTEKaTh r XHMUYECKHMX peakiui
JjG=1,2,..,r). Ecnm N;,—uucno 4aCTHIL copta i,
V;;— CTeXHOMeTpHuecKuii ko3Q(UIMERT BemiecTsa ! B peakudu j, TO
u3Menenne wuchaa d;N; 4acTHIl copTa { 3a TMPOMEXYTOK BpEMEHH
dt B peaxmum j paBHO

d; N;=v;; [;dt, (13.22)

ij i
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rae

_ 14N, dg
11._; =T (13.23)
—— cxopocmb peakyuu j, a mupdepeHnuan
dg, =4 (13.24)
Vij

ONpENENseT «CTENeHb DPa3sBUTHS PEAKUMM» H MMEET OJHO M TO K¢
JHAuCHHE W 3HAK JUIA BCEX BELIECTB, YYACTBYIOIMX B peakuun®.
[lo 3Toit mpuunHe &; TIPUHMMAETCs B Ka4eCTBE BHYTPEHHETO. lIapamMeTpa
CHCTEMBI M HA3BIBAETCA CHICHEHbIO HNOJHOMbL PeaKyuy j.
W3MeHeHne Yicaa YACTHI [-TO cOpTa NPHU BCEX PEAKIMsX B 3aKPbl-
r r

Toit cucreme pasHo dN;= ) d;N;= ) v;;d§; Tlostomy ocHOBHOE
i=1 i=1

ypasHenue (13.3) IpH OTCYTCTBHM NIPOLECCOB NMEPEHOCA U NOCTOSHHOM

obbeMe CHCTEMbl HPUHUMAET BHUJ

TdS=— i i H; vi;dE; (13.25)
Hid Al
TdS= il A;dg;, (13.26)
rae J
Aj=— i Wi Vij (13.27)

i=1

— xumuueckoe cpodcmeo peaxyuu j (j=1,2,..,r). Tlpon3Boacrso
SHTPONMM G B PACCMATPUBAEMOM CIIydae XMMHMYECKHX —PCaKiuid
B OQHOPOJHOH MHOTOKOMIIOHEHTHOH CHCTEME, COTNIacHO (opMmyiam
(13.26) u (13.23), pasuo**

==Y 14, (13.28)

* Hanpumep, B peakuun 24+3B=4C x03dOuLEEHTH!
va=—2, vg=—3, vc=+4,
dé=dN;/v;= —dN4/2= —dNp/3=dN/4,
E=—[Na(t) =N3)2=— [Nalt) —NF)3=[Nc(t) - N4

**) B ypasuennd (13.26) S-— o00beMHas TUIOTHOCTH IHTPONHH, KOTOpas € Mac-
COBOM TUIOTHOCTBIO § CBA3aHA COOTHOWICHHEM S=ps, [I¢ p—IJIOTHOCTh CPEIbl.
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B cnydae oTAeqbHON peakiMM B 3aKpLITOH cUCTEME
o=1IA/T.

l:[.]'[ﬂ JaIbHEHITIETO pacCMOTPEHUSL HeOOXOAUMO 3HATH CBsI3b MNOTOKOB

I, ¢ cunamu X, (u3BeCTHBIMH (YHKIMAMH KOHIEHTDALAH).

3AJAUYMN

13.1. Ha npumepe mponecca TeIUIONPOBOANMOCTH B CHCTEME NOKa3aTh, YTO JOMYILECHHE
JIOKANIbHOrO PABHOBECHS IIO3BOJNIAET BLIMMCIMTh IPH INEPEXOJe OT OTIACIbHBIX
JJIEMEHTOB 0OBEMA K CHCTEME B IEIOM H3MEHEHHE OHTPOINUH, BBI3BAHHOE

KeoOpaTHMOCTBIO 3TOrO Hporecca.
13.2. Haiiti NpOM3BOJCTBO SHTPONHU INPH NPOLECCE INEPexojaa TeIIOThl OT OJHOTO

TENa K ApYromy.
13.3. BeiuncmiTh NPOM3BOJCTBO JHTPONMH NPH TPOXOXKACHHH TOKA B 3JEKTPHYCCKOR

TICTIH.



I'’TABA UETBIPHAJLIATAA

TEPMOJMHAMMUKA JIMHEVHBIX
HEOBPATUMBIX TMPOLECCOB

lpu manbix OMKIOHEHUAX cucmeMsl om pasHoBecus
npossBnsaemcs NuHehWHas CBA3b MEeXGy nNpPpu4yuHou
U cnegcmeueM mMOro Uunu UHOMO Heobpamumoro
npouyecca, Kak, Hanpumep, nponopyuoOHanLHOCMb
mensioBOro nNomoka rpaguesmy memnepamypb! npu
mennonposogHocmu. Ha4ano nocmpoeHus mepMo-
AUHaAMUYecKo# meopuu JSIUHENHbLIX HepPaBHOBECHbLIX
npoyeccos npuHagnexum J1. Oucarepy (1931). B Ha-
cmosiujee speMms 3ma meopusi nojyquna cmamu-
cmudeckoe 060CHOBaHUE U LWUPOKO UCNOMb3yemcs
npu U3yyYyeHuUu pPassuYHLIX HUUYECKUX SBIIEHUN.

§ 66. JUHEVHBIA 3AKOH.
COOTHOMEHNA B3AMMHOCTM OHCATEPA M NPUHLMII KIOPH

B paBHOBeCHOM COCTOSIHHM TEPMOAMHAMHUYECKHE CHJIBI JX;, TNOTOKH
I, ¥ TpoM3BOJACTBO 3HTPONMH © paBHBl HyNro. [lo3TOMy npu Manibix
OTKJIOHEHHUSIX OT PAaBHOBECHS €CTECTBEHHO IOJIOKHUTh JIMHEURYIO CBS3b
MEXKAy NOTOKaMH M CHJIaMU

=Y Ly X, (14.n
k=1

Koapdpummentsl L; B 3TOM JIMHEHHOM 3aKOHE HA3LIBAIOTCH (heHo-
MEHOAORUYeCKUMY WM KuHemuueckumu Kkod@duyuenmamu. Ilpuyem
JuaroHaipHeie. K03GOUIMEHTsE Lj; ONpPENENAIOT «IPAMBIE» AGAEHUA
nepenoca, a He@aroHajibHble KOd(duumeHTs L), HEIIPEPLIBHO CBSA3aH-
Hbi€ C TIPSIMBIMH,— «IEPEKPECTHBIE» HIIHM «COHPSDKEHHBIE» 1POYeCcsl.
Tak, mo 3akoHy Ttemnonposoanocty Dypee (13.20) rpammeHt TeM-
nepaTypsl BBI3BIBAET MOTOK TemnoThl Ly=L=u; no 3akony Puka
TpaaWeHT KOHIEHTpauuH Bbi3biBaeT guddysuio I=—Dgrade, L=1D;
1o 3axony OMa rpaJMeHT NOTeHNMajla BbI3bIBAET TOK j= —ograd g,
L=c m T1.1 Hapsgy ¢ 3TUMH UpsIMbIMH NpoOLECCAMH MepeHoca
BO3HHKAIOT ¥ CONPSDKEHHBIE C HUMH Inpoiecchl. Hanpumep, npu
CYIIECTBOBAHHH T'PaJHEHTA TEMIIEPATYPhl KPOME HEPEHOCA TEILIOTHI
MOXET NPOUCXOMUTh W HepeHoc Maccel (Tepmoaubpdysus). Takue
HEPEKPECTHBIE [POLECCHI XapaKTEPU3YIOTCH HeAMATOHANBHBIMH KO3(d-
¢unmentamu L. Tak, muorHocTh motoka Maccel I, mpm Hanmuuuu
rpajieHTa KOHIEHTpallMM M TpajMeHTa TeMIepaTypbl paBHA

I,=-—L;,gradc—L,,gradT.
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B smueiinpiit 3akoH (14.1) BxomuT Oosbilioe 4HUCITO (EHOMEHO-
JIOTHYECKMX mapaMeTpoB L;. OIOHAKO 4YHUCIO HE3aBHCHMBIX 3JTHX
K0dQOUUMEHTOB YHAeTCH YMCHBLINTB, €CIIM Y4eCTh COOOpakeHHus
BPEMEHHOM H MPOCTPAHCTBEHHOW CHMMETPHH.

B 1931 r. JI. OHcarep, ucxoas U3 HHBAPUAHTHOCTH MHUKPOCKOIIHYEC-
KHX ypaBHCHWIl JBUXXCHUS OTHOCHTEILHO H3MCHEHHS 3HAKa BPEMEHH
(BpeMeHHasT CHUMMETpHS) M W3 NPEACTABJICHHS O HEPABHOBECHOM
COCTOSIHUM CHCTEMBI, BBI3BAHHOM BHEIIHHMH CHJIAMH, Kak KpYIHO#R
GUIYKTYyanlMd pABHOBECHOM CHCTEMBI, YCTAaHOBWJ, 4YTO B oOiacTu
JIMHERHOCTH HEOOPATHMBIX NMPOIECCOB MATpULA KUHETHMYECKHX KO3(-
(UIMEHTOB CHMMETPHYHA!

La=Ls (i, k=1,2,..n). (14.2)

du3yteckd 3TOT BTOPOHM 3aKOH TEPMOJIUHAMHMKH JHMHEHHBIX HEO0O-
paTUMBIX MPONECCOB O3HAYAET, YTO HMEETCS HEKOTOpas CHMMETpPUst
BO B3aMMOJEHCTBHH Pa3jIMYHBIX IIPOLECCOB: BO3pPACTaHHE TOTOKA [,
06yCI0BJIEHHOE YBEJIMYCHHEM HA CAMHHMIY CHIBL X; (TP TOCTOSHHBIX
X)), PABHO BO3PacTaHWIO NMOTOKA I;, OOYCIIOB/IEHHOMY yBEJIHYEHHEM
Ha emuHuny X,.

HmMeeTcs OAHO BaXKHOC BHIOM3MEHEHHe cooTHomeHuit OHcarepa,
CBS3aHHOE C OCOOEHHOCTSMH TPHHIMIA MHKPOCKONMMYECKOH obpa-
THMOCTH B CJIy4ae JBHXKCHHS 3JEKTPUYESCKUX 3apsAA0B B MartuTHOM
nojie ¥ B 3ajJauax, riae Bcrpevarorcs cuinl Kopuwosmca. YpaBHeHHs
IOBIDKEHHS B MATHATHOM TIOJie, Kak W3BECTHO, HE M3MEHSIOTCS
NpH TEpEMEHe 3HaKa BPEMEHH JIMIUb MPH YCHOBHU OJHOBPEMEHHOIO
HU3MEHEHUS HANpaBJIeHAs] WHJAYKUMH NOJsS. B COOTBETCTBUHM C 3TUM
JUIS CACTEMBbI B MArHUTHOM NOJi¢ BENMYUHBI Ly M Ly; B PaBEHCTBE
(14.2) mago 6parh AJs1. IPOTHBOIIOJIOXHBIX HAIIPABJICHUA MHIYKIUU
noJjst:

Ly (B)=Ly (—B). (14.3)

Psip CBOMCTB KHMHETHYECKMX KOI((OUINMEHTOB MOXHO YCTAaHOBUTD
MCXO/I HENIOCPEACTBEHHO M3 TEPMOAMHAMHYECKMX 3aKOHOB JIMHEHHBIX
HeoOpaTHMBIX MpoLeccoB. JeHCTBUTENbHO, I TakMX HPOLECCOB
obmas - popmyna (13.5) mwis Dpou3BOACTBA OSHTPOHMHM TNPUHUMAET
KBAJPATHYHOE 110 TEPMOAMHAMHYECKHM CUJIaM BBIPAXKEHUE

G=2LikXiXk- (14.4)
ik
[To BTOpOMY Hayajly TEPMOAWHAMHUKU IS HEOOPATHUMBIX MpOLEC-
coB, >0 u, caegoBaTeNbHO, KBaApaTHiHas ¢opma (14.2) sBusetcs
MOJIOKHUTENBHO ONPEJCICHHOM, YTO HAKJaAbIBAET HEKOTOPHIE Orpa-
HMYCHHs] HAa KHHeTHYeckue Ko3duimeHTsl Lj;.
Kak u3BeCTHO, HEOOXOJMMBIM H [JOCTATOYHBIM YCIOBHEM MOJIO-
KHTEJLHOCTH CHAMMETPUYHONR MATpHUIBI L;, SBISETCS IOJIOXKHTEID-
HOCTb JCTEpPMHHAHTA
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det Lik = (14.5)

W TJIaBHBIX MHHOPOB, T. €. AWAroHAJIbHBIC KOB(I)(I)I/IHI/ICHTLI JOJIKHBI
OBITH TOJIOXKUTENLHLIMU:

Li>0, (14.6)
a HeIMaroHajJbHble KO3()QHUIMEHTHI YIOBJIETBOPIATH HEPABEHCTBAM
L. L. .
i BTl 0, (14.7)
Li+1,i Li+1,i+1

Ly Li vy Lii+2
Livii Liviiv1 Liv1iv2 | >0, 1 1. 10 (14.8)

Li+2,i Li+2,i+1 Li+2,i+2

Hanbrediie yopoiieHds MaTpuibl HEeHOMEHOJIOTHYECKHX KO3¢-
¢uieHTOB (YMEHBILIEHUE HX YHCJIA) MOXHO IOJYyYHTh IpPH yueTe
CHMMETpUH cpeabl. B BhipaxeHue JuHeitHoro 3akoHa (14.1) Bxoasr
HOTOKH ¥ CHJIbI, W3 KOTOPBIX ~OJHH SBISIOTCS CKAaJAPHBIMH (B
mpoueccax ¢ XHMHYECKMMH PEaKIUsiIMH, a Takke ¢ obbeMHOM
BSI3KOCTBIO), JPYTHE — BEKTOPaMHU (IIOTOKH MacChl M TEIUIOTHI), a Tpe-
TBH —TeH30paMH (B TPOHECCax CO C/BUTOBOil BS3KOCTBIO). B 3aBu-
CHUMOCTH OT CHMMETPUHU Cpebl CHCTeMa JIMHEHHbIX ypaBHenumit (14.1)
JIOJDKHZ OBbITh MHBApUAHTHA OTHOCHTEIBHO COOTBETCTBYIOLUMX Op-
TOrOHAJIBHBIX TpeoOpaszosanuil. [Ipu npeoOpazoBaHUAX KOMIIOHEHTHI
Bxoasiuux B (14:1) pasnuuabIX BeNWYMH Npeobpa3yroTcs MO-pa3’HOMY,
B TO BpeMs Kak YCTaHOBJIEHHas CBS3b MEXAY [OTOKOM M CHJION
He MOXET U3IMEHSTHCA IPH NMpeodpa3oBaHUAX. DTO MIPUBOAMUT B ClIyyae
M30TPONHBIX CHCTEM K COXPAaHEHHIO CBA3EH JIMIIb MEXJIY NOTOKaMHU
U CHJIAMH O/IHOM TEH30pHOM pa3MEpHOCTH, 4TO BBIPAKACT HPUHYUN
Kiopu 0 coxpanenuu cummempuyu NPpuuuHbl 6 CUMMEMPUU CACOCMBUL.
[MosToMy, x0Ts cornacHo JimueiHoMY 3akoHy (14.1) xaxias nexaprosa
KOMITIOHEHTa TIOTOKa I; MOXeT 3aBHCETh OT JACKapPTOBBIX KOMIIOHEHT
BCEX TEPMOJMHAMMYECKUX CHJI, 10 npuHimny Kiopu B 3aBHCHMOCTH
OT CTPYKTYPHI (CHMMETPHH) CpPE/Ibi MOXET OKa3aThCs, YTO KOMIOHEH-
THI IOTOKOB OYJyT 3aBHCETH HE OT BCEX KOMIOHEHT TEPMOIMHAMHUYEC-
KHX CHJI W, CJIEOBATENLHO, HE BCC NMPHYWHBI BHI3BIBAIOT NEPEKPECTHBIC
apdexTol. Hanpumep, B pesyiibrate XAMAYECKOH peakuuy {CKaIsApHBINA
poLIecC) He MOXET BO3HHKHYTH MU(QY3HOHHBIM MOTOK (BEKTOPHBIN
Iponecc).

OcHOBHOE ypaBHEHHE HEpPaBHOBECHOH TepMomuHamuku (13.3) npu
HCIOJIb30BAHNK JIMHEHHOTO0 3aKOHA M COOTHOMIEHHH B3aWMHOCTH
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Omncarepa 103BOJISICT YCTAHOBUTH OOLIME CBA3M MEX/[y KHHETHYECKUMM
k02 PULIHEHTAMHI DPA3JIMYHBIX TPOHECCOB NEPEHOCA B paccMaTpuBa-
eMoii CHCTEME.

§ 67. BAPMALIMOHHBIE TIPUHUWIIBI TEPMOAWHAMUKH
HEOBPATUMBIX TIPOLHECCOB

OCHOBHBIC 3aKOHBI H YPaBHEHMS TEPMOAHHAMHUKA HEOOpATUMBIX
HpOLECCOB ObLTH YCTAHOBJICHB! B Pe3ysibTaTe 00OOLICHUS! KIIACCHYECKOM
TEPMOAUHAMUKH M 32KOHOMEPHOCTEH U3BECTHBIX JIMHEHHBIX TIPOLIECCOB.
INoMuMO Takoro HHAYKTHBHOIO IYTH BO3MOXEH H JPYroi myTh
H3JI0KEHHS! TEPMOJAUHAMUKU HEOOPAaTHMBIX NMPOIECCOB, NMPH- KOTOPOM
€€ ypaBHEHMS JCAYKTHBHO MOJYYAIOTCS U3 HEKOTOPOro obriero
NpUHIMIA KaK JJid HEpaBHOBECHBIX IPOLECCOB OOIIETO TWMa, Tak
K JUIS HPOLECCOB HEKOTOPOTO OrPAaHMYEHHOTO Kiacca. B Mexauuke
U JJIEKTPOJMHAMHKE TAaKOH MYyTh XOPOUIO H3BECTEH.

Ilpn nepBoHauanbHOM (OPMUPOBAHNH MOHSTHH TEPMOJMHAMMKH
HeoOpaTUMBIX MPolEcCOB (oJiee Lesecoodpa3eH TMepBhlil NyTh U3N0XKe-
Hus. [Tpu 3aBepinarolieM CTAHOBJICHHH TEOPHH HEOOPATHMBIX IIpoIec-
COB W JUisl NPHJIAHUS €€ H3JIOKEHHS 3aKOHYEHHOCTH M CTPOMHOCTH
CIYXHUT IETYKTUBHBI METOJ, TAaKXe YMOOHBIA I aHANHM3A.

Oncarep nepebiM Tokazax (1931), 4ro €ro COOTHOIICHHMs B3a-
UMHOCTH /I JIMHEHHBIX NPOLECCOB OJKBHBAJICHTHBHI HEKOTOPOMY
BaPHALlAOHHOMY NPHHLHUIY, KOTOPLIR OH HA3BaJl HPUHYUNOM HAUMEHb-
wezo pacceanusn dmepzuu. Taxoe HazBaHue OOYCIOBJIEHO TeM, 4TO
B CTALOHADHOM Cjlyyae NPHHUUN BHIPAXKAETCS MHUHHMYMOM BBeHCH-
Heix OHcarepoM AMcCHHATABHBIX GyHKUMA (GyHKUME paccesHus):

O, X\)=1 ¥ LuX;X,20, (14.9)
k=1
o, 1)=% Y Li'l1>0, (14.10)
KOTODBIE, KaK M . _
oI, X)=Y IX, (14.1)

i=1

ABJIAIOTCA JIOKAJBHOM Mepoll HeoOpaTHMOCTH W OTAMYAIOTCA APYT
OT Jpyra JMIIb CHOCOOOM ONHCAHMS HEPABHOBECHOTO COCTOSHMUSA.
OueBHUIHO, YTO B CIIyYae JMHEHHBIX 3aKOHOB O paBHA YABOCHHBIM
quccunatuBHbM  QyHKIMaM OHcarepa.
Wcnone3ys cooTHoiueHus B3auMHocTd Oncarepa (14.2), HeTpyaHO
1I0Ka3aTh HOTCHIHANbHBIH XapakTep Bcex aTux ¢ymkuuil. B camom
nene, 3 Beipaxenus (14.9), Hanpumep, HaX0THAM

o9, i )
a—&—l,.—k;le X, (14.12)
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o _y g 0k
B Ly=Lu=32, (14.13)

oTkyaa ciepyer, 4ro ¢yakmms ¢ (X, X) [kak ®(, 1) u o(l, X)]
ABJISIETCS HepasHosecHotl nomenyuatehoti gynkyuet. IIpu 3TOM nepBLIie
npou3BoAHble 3TOM GyHkuME (14.12) BbIpaXaroT JIMHEHHLIA 3aKOH
(14.1), a BTOpBIE NPOW3BOIHBIE 3KBHBAJICHTHBI COOTHOUICHHAM B3a-
nmHoctH Omncarepa (14.2).

B 1947 r. H. Hpuzoncun yCTaHOBWII, YTO CTAIMOHAPHBIE MPOIECCHI
XapakTepU3yIOTCA MUHHMYMOM BO3HHMKHOBeHMs SHTponuu. Jloaroe
BpeMsl CUYMTAJOCh, 4TO WpHHUMN JIpHUroXHMH2 SBJISETCS ~ HOBBLIM
HE3aBHCHMBIM NPHHLHUIIOM TEPMOJAWHAMUKH HEOOPATHMBIX TIPOIECCOB.

B 1965 r. Joapmamu® npemioxun 6onee obuiyto GopMyIEpOBKY
BApPUALMOHHOIO NPUHUUNA HAUMEHBIIETO PACCeSIHHS JHEPTUM W 1O-
KasaJl, 4To B oTjuuMe oT npuHiuna Oxcarepa npuHumn IlpuroxwuHa
CIIpaBEIVIAB TOJIBKO ISl CTAIIMOHAPHBIX IMPOIECCOB H B 3TOM Cllyyae
9KBHMBAJEHTEH NPUHUUILY HAWMEHBIUETO pAacCesHHs 3HEeprum.

B 1961 r. Luzaep*® chopMynupoBan IPHHIAN MaKCHMaJbHOM
CKOPOCTH TOPOXJEHHA 3HTPOINHH, COTIACHO KOTOPOMY CHCTEMa,
HOJBEPKEHHAs HeHCTBUIO 3aJaHHBIX TEPMOJAMHAMMYECKHX CHJI, CTpe-
MHUTCS K CBOEMY KOHEYHOMY COCTOSHMIO KPaTHaHIIUM BO3MOXHBIM
cnocoboM (C MaxCUMaJTbHBIM MOPOXIACHUEM SHTPOIHH IPH IPHOIIIKE-
HHMA H30JMPOBAHHOH CHCTEMBI K COCTOSIHHUIO C MaKCHMaJlbHOH 3HT-
pommeii). Llurnep nokasas, 4To €ro NMPHUHIMI SKBUBAJICHTEH TPHHIIAITY
Omncarepa.

Taxum obpa3om, Hanboiee OOLIMM BAPHAUMOHHBIM TPHHIMIIOM
TEPMOAUHAMUKN HEOOPATHMBIX MPOIECCOB SBASETCS NPHHLIAIN MH-
HMMaJIbHOTO pacCessHusl 3HEPTHH.

B 1967 r. H. ®. Baxapeea***® chopmynupoBana oOMME BapHau-
OHHBIH IIPHHINI HEPAaBHOBECHOM TEPMOJMHAMUKA HA OCHOBE aHAOTHI
C JarpamxeBoil GopMOHl aHaIUTHYECKOH MEXaHHKH, CTpaBeIJIBLIH
KaK B JIMHCHHOM, Tax M B HEJHHEHHOH OOJIacTH.

B 1982 1. wuHTerpajibHble BapHALMOHHBIE TPUHIHIBI TEPMOH-
HaMMKH  HeoOpaTUMBIX mporieccoB Obmm  mpemioxenst U, I1. Boi-
POMOBBIM* *¥%),

Bapuauvonnniii npummmn  Oucarepa. COrJIaCHO 3TOMY IPHHHHILY,
JUISL JEHCTBHTEIBHO MPOMCXOJSIIET0 B CHCTEME IIPOLECCA BbIpaXKeHHe

pS+divl—o X, X)=0c(, X)—o (X, X) (14.14)

* Cm.: [ipspmatn W. HepaBHoBecuas TepmojuHamuka. M., 1974.

*x) Cm.: 1lurnep T. DkcTpeManibHble TPHHIMNLI TEPMOIHHAMUKH HEOGDPATHMBIX
MPOUECCOB M MEXaHWKA CIUIOMIHON cpensl. M., 1966.
976 **%) Cm.: Baxapera U. ®. Hennueitnas nepapnoBecHas TepMonuHamuka. Caparos,
1976.

**3%) Cm.: Boipomos W. I1. O BapHalMOHHBIX NPUHUMNAX (EHOMEHONOTHICCKOM

TEPMOJUHAMHEKH HeobpaTuMbIX mpoueccoB//KypH. ¢usuveckoir xummu. 1982, T. 56.
Brm. 6. C. 1329—1342.
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HMEET MAaKCHMYM IO CPaBHEHHIO CO BCEMH BHPTYAJILHBIMH HeoOD-
paTHUMbIMH [pOLiECCAMM C TeMH XK€ I[OTOKaMH, HO pa3IHYHbIMH
CONPSKCHHBIME MM CHJIAMU™.

HeiictButenbHo, Bapsupys (14.14) mo cunaM X, 1pH TOCTOSIHHBIX
noToKax I; momydaem

S[o(L, X)—g(X, X)],zs[i“ I,-X,-—% Z L,-,,X,-Xk:lI:

i,k=1

= Z LoX,— Z L, X, 0X,= 2 (I,-— Z Lika)SXi, (14.15)
i=1 ik=1 i=1 k=1
4TO [PH HCHOJL30BAaHUM JIMHEHHBIX 3axoHOB (14.1) mpuBomUT K ycio-
BHIO 3KCTpEMyMa

8(c—@),=0. (14.16)

Tak xak guccunaTHBHBIA noteHiMan (14.9) sBnsercs ogHOPOIHBIM
KBaJPATHYHBIM H TIOJIOKHUTELHO ONMpPEeNEICHHBIM BRIpaXeHHEM HE3a-
BHCHMBIX CHJI X;, TO 3KCTPEMYM, OIpenenseMblif ycioueMm (14.16),
MOXET OBITh TOJBKO MAaKCHMYMOM.

OueBnpgHo Taxxe, 4To npuHmmn Owncarepa (14.16) coaepXHT Kax
JMHEHHBIA 3aKOH, TAaK M COOTHOLIEHHs B3auMHocTH OHcarepa,
TIOCKOJIbKY BBHIOJIHEHNE OKcTpemyMa {14.16) HemocpeiCTBEHHO TpH-
BoAuT K BeIpaxeHusM (14.1) u (14.2).

Bapuayuonuwiii npunyun Oncazepa MOXeT ObITH cHOpPMYIHPOBAH
Kak B JokajbHOH (muddepenimansuoit) dopme (14.16), tak u B IIio-
banprol (MHTErpameHOU) dopme:

§f[o—0);dV=0 (14.17)
V

Wi . .
[P~8];=[S+5*~¢],=max, (14.18)
Tac

P=[ocdV=[pSdV+[divL,dV=5+S5*,
|4 1 4 v

p=[odV.
Vv

W3 obwmelt unterpanbHoit ¢opmel npunnmna Oucarepa (14.18)
JIETKO HaHTH ero dJacTtHele (GopMel ais HeoOpaTHMMBIX HPOLECCOB
B a/uabaTHO W3OJHMPOBAHHEIX CHCTEMax M Ui  CTALUOHAPHBIX
HPOLECCOB B OTKPBITBIX CHCTEMaXx.

* [lpunuun OHcarepa MOXeT ObITh COOPMYIMpOBAH M ¢ MOMOIIBIO HC-
cunaTtuBHoro norenumana ®(/, 7). HecMoTps Ha To 4T0 (yHKUMM paccesHus ¢ (X, X)
u ®(I, ) >KBUBAJICHTHBI APYr APYry, Kak mokasaj [bapMat, Gojice panvoHadbHBIM
ABJISETCA MCTONb3osaHue QyHkuuu ¢ (X, X).
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I. B ciiyyae HeoOpaTHMBIX NpoueccoB B aauadaTHO HM30JMpOBaH-
HBIX CHCTEMaX MOIIHOCTb MOTOKA 3HTPONHH S* CKBO3b MOBEPXHOCTH
CHCTEMbI PABHA HYJIIO, MO3TOMY IS TAKHX IMPOLECCOB U3 (HOPMYJIbI
(14.18) maxomum

[S—@],=max. (14.19)

2. IIpu cTauMOHAPHBIX MPOLECCAX B OTKPBITBIX CHCTEMAaxX MOJHas
SHTPONHUS cUCTEMB! nocTosHAa (S=0) 1 BemMuuHa S* UpPH OCTOSHHBIX
notokax I 3ajaHa, mo3TOMy JUISL CTalMOHAPHBIX TPOIECCOB

[$*—{],=max (14.20)
HITH

V= [ydV=min (14.21)
14

910 03HAYAET, YTO MNPH CTAIMOHAPHBIX MPOIECCAX B OTKPBITHIX
CHCTEMaX MMCCHTIANNS SHEPTHH MHHHMaJbHA. CTALHOHApPHBIE HpOLec-
Chl B W30JIMPOBAHHLIX CHCTEMAaX, OYEBHIHO, HEBO3MOXHBI, TaK KaK
JUTS TIOAJEPXAHUS 3THX TNPOLECCOB HEOOXOMUM TIOTOK IHEPIUH.

TIpunumn MurmMyma npomsBoactsa surponuu Ilpuroxkmma. Bompoc
0 crieun(puteckoil 0CO6EHHOCTH CTAIMOHAPHBIX HEOOPATHMBIX NPOLEC-
COB, OTJIMYAIONIEH HMX OT HECTALMOHAPHBIX MPOLECCOB, OOCYXKIAJCH
MHOTHME (U3MKaMH u Ouosoramir. - KOHKPETHO BOIPOC 3aKjIO¥asCs
B YCTAQHOBJIEHHH (DM3M4ecKO#l BEJMYHHBLI, KOTOPAs NPH CTAHOHAPHOM
nporecce UMena Obl IKCTPEMANBHOE 3HA4CHWE, MOJOOHO TOMY Kak
PABHOBECHOE COCTOSIHHE XAPAKTEPU3YETCS MAKCHMAJLHOH 3HTpOIHEH.
OtBeT Ha 3TOT Bompoc Obin jgaH OxcarepoM B BUIE [pPUHIMIA
HaUMEHBIIETO PACCESHUS JHEPTHM H HE3aBUCMMO OT Hero Ilpuroxu-
HbIM B BUIE MPUHYUNG MUHUMYMA NPOU3EOOCMEA SHIPONUU. CMAYU-
OHAPHOE COCMOAHUE CUCMEMbl, 8 KOMOPOi Npoucxooum Heobpamumbiil
npoyecc, Xapakmepusyemcsa mem, UMO CKOPOCMb GO3HUKHOBEHUA IH-
MPONUL UMeem MUHUMAIbHOE 3HAUEHUe NPU OAHHBIX GHEWUHUX YCAOBUAX,
HPenAMCMEYIOWUX OOCHUNCEHUI) CUCHEMOU PABHOBECHO20 COCIMOAHUA.

VcraHoBUM 3TOT mpuHUMMN, ciefys [Ipuroxuny, mis 4ero ompe-
JIeJTMM _[IPOM3BOJICTBO 3HTPOINMM IPH MEPEHOCE SHEPIMH U BeEIIecTBa
MeXAy ABYMS (azaMu C PasHBIMH TEMIEPATYPaMH.

Cornacio ¢opmyiaam (14.11) u (14.1)

o=LXi+5LX,, =L X\+L:X;, L=Ly X, +LX,,

rae I, —moTok TEIUIOTHI, I,—mnoTok BEILIECTBA,;
X1 u X, —COonpseHHbiE 3THM TOTOKAM CHUJIBL

Ilpn 3apnanHOH pa3"ocTu TeMnepatyp (X;=const) cocTosHHE
CHCTEMBI W3 ABYX (a3 OymeT CTaHMMOHAPHBIM, €CIIH HOTOK TEIJIOTHI
I, mocrosmen (I;=const), a mNOTOK BemlecTBa [, paBeH HYJIO
(I;,=Ly1 X1+ Ly, X,=0). ITo3ToMy ¢ y4€TOM COOTHOILUEHHS B3aUM-
Hoctu Oncarepa Ly,=L,; NpOH3BOACTBO 3HTPONHH B CTAIMOHAPHOM
COCTOSIHUH
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G:LllX%+2L12X1X2+L22X%>0.
[Mpoussoxnas 3ToH QyHKUMM 1O X, NpPH NOCTOSHHOM X,
(06/5X2)X1=2(L21X1+L22X2)=212=0,

YTO SABJISETCS YCJIOBHEM IKCTpeMyMd. [lOCKONBKY © SBJisS€TCS IO-
JOXKHUTEALHON KBAAPATUYHON (YHKUMEH, OJNYYEHHBIH HKCTPEMYM
COOTBETCTBYET MHHHMYMY.

DTOT BBIBOJ JIETKO 0000mIaeTca Ha ciydyal # HE3aBHUCHMBIX CHII
X, ..., X, u3 xotopbix k cun Xy, .., X; C IOMOIIHIO KaKUX-THOO
BHEIUHAX BO3JEUCTBHI OCTAIOTCS TOCTOSHHBIMHU (4€My COOTBETCTBYET
TMOCTOSIHCTBO NOTOKOB [y, ..., Ik). IIpu MHHEIMANLHOM BO3HHKHOBECHHH
SHTPONIMH © BCe NOTOKM ¢ HOMepamu k+1, k+2, .., n ucdesaror
M CHCTEMA HAXOOUTCS B CTAIMOHAPHOM COCTOSHUH,

ITo ge T'poory, cucteMa HAXOMUTCSE B CTAUMOHAPHOM COCTOSHAHM
k-ro mopsiaka, ecli U3 K HE3aBHCHAMBIX CHJl kK (HUKCHPOBaHBI U [PH
3TOM BO3HUKHOBEHHE OHTPONUH HMeeT MHUHUMYM. 1orfa HOTOKH,
COMNPSXCHHBIE HE(OUKCHPOBAHHBIM CHJIAM, HCYE3AFOT M BCE NMapaMeTphl
COCTOSIHMSL CHCTEMB! MPHUHHUMAIOT IOCTOSHHOE BO BPEMEHH 3Ha4EHUE.

Ecm vm opHa u3 cuil He Qukcupyercd (k=0), HO BBINOJHSETCS
YCIOBHE MUHMMYMA BO3HUKHOBEHWS IHTPOIMH, TO TOTJIA BCE ITOTOKM
¥ BO3HHUKHOBEHWE 3HTPONHUH paBHBl HYJIIO H, CIE/0BATENbHO, TakKas
cUCTeMa SBJISETCS 3aMKHYTOM ¥ paBHoBecHOH. Takum oOpasom,
CTAlMOHAPHOE COCTOSHHME HYJIEBOPO INOPSAKA COOTBETCTBYET TEPMO-
JUHAMHYECKOMY PaBHOBECHOMY. COCTOSIHUIO H30JMPOBAHHOW CHCTEMBI.

HerpymHo mnoxa3ars, YTO TNPUHLIUI MHHAMYMa BO3HMKHOBEHMSA
SHTPONHMH HEMOCPEACTBEHHO ClE/lyeT W3 TPHHIHANA MHHAMAJILHOH
miccunanud oHepriu Oucarepa B craudoHapHoM ciydae (14.21),
[IOCKOJIbKY TPH JIMHCHHBIX 3aKOHAaX [MCCHIATHBHAs OyHkuus (14.9)
paBHa NOJIOBUHE INPOW3BOJACTBA 3HTpormd (14.11) ¥ MX MHUHUMYMBI
copnagaroT. [IpuBOMN MUHUMAJIBHOTO NPOM3BOJACTBA 3HTPONHH Clpa-
BE[UIMB TONLKO ~B Clyyae, KOTHNa KuHeTHYeCKHEe KO3(dHIHEHTHI
NMOCTOSHABL W | yIOBIETBOPSIOT cooTHomenusiM Omncarepa. Ecam stm
YCJIOBHA HE BBUIOIHAIOTCSA, TO CTAHMOHAPHOE COCTOSHHE peajM3yeTcs
0e3 MHHHMAJBHOTO TIPOM3BOJACTBA JHTponMH. Tak, pacipeaesicHAE
TEMIIEPATYPHl B MPOLECCE PACHPOCTPAHEHUS TEILUIOTHL B CIOE MEXIY
TEIJIONCTOYHNKAMM ¢ TemrepatypamMud T, u T,, COOTBETCTBYIOLIEE
MHHUMYMY MPOMU3BO/ICTBA IHTPOIHUH, HE SBJISIETCS] CTALIMOHAPHBIM [IPH
xoad@uunente TemnonpoBoanoctu x=C/T? cnos (C— KOHCTAaHTA).

§ 68. YCTOMYNBOCTb CTALUMOHAPHLIX COCTOSIHUIA,
MNMPUHUUII JIE WATEJBE N HEBO3MOXHOCTb YIIOPAAOYEHUS
B OBJACTU JIMHEAHBIX HEOBPATUMBIX ITPOILIECCOB

Cornacuo paBHOBeCHOﬁ TCPMOIHMHAMHUKE, H3OJMPOBaHHasi CHCTEMA
C TCYCHHECM BPEMEHH NPHXOAAT B PABHOBECCHOEC COCTOAHHUE C MakK-
cUMaJIbHOM SHTpOHHCﬁ, a CHCTEMa B TEpMOCTATE IMpPU HOCTOSHHOM
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0o0beMe — B PaBHOBECHOE COCTOS-
HME ¢ MMHHMAJIBHOH JHepruel
T'ub6ca u 1. 4. AHAJIOTHYHO, Kak
HOKAa3LIBAET ONBIT, B CHCTEME, Ha-
XOJAIUEHCS TON BO3EHCTBHEM HE
3aBUCAIIIMX OT BpeMeHH (akTopoB,
0 MPOIUECTBHH HEKOTOPOTO Bpe-
MEHY YCTAHABIMBACTCS CTAlMOHAp-
HOE COCTOSNHHE C MHUHHMAJIbHBIM
HPOU3BOJICTBOM 3HTpomun ©. Ilpn
BHPTYJIbHOM H3MEHCHHH COCTOS-
HHS Takoi CHCTEMBl, JOCTATOYHO
6,M3K0# K PaBHOBECHIO, OHA CHOBA BO3BPALLAETCS B NEPBOHAYANBHOE
CTAIMOHAPHOE cOCTOsHUE (pHC. 47; p®-— 3HadeHHe MApaMETPa CHCTEMbI
B CTAaIlAOHAPHOM COCTOSHUM). Sto VKa3bIBaET HA. YCTOMYHUBOCTH
CTAIMOHAPHOTO COCTOSIHHS.

IMpa BHeIIHEM BO3NEHCTBHM HAa CHCTEMY B CTaLHOHAPHOM CO-
CTOAHMM B Hell BO3HMKAIOT BHYTPCHHME NOTOKM, oOcnadnstomue
pE3yNBTAThl 3TOTO BO3neHCTBUR (npunyun Jle Ilameave B NHHEHHOH
TEPMOANHAMYKE HEOOPATHMBIX IPOLECCOB).

Taxum o6pa3zoM, B 06macTi JIMHEHHOCTH HeOOpaTUMBIX MPOIECCOB
[OPOM3BOJACTBO OJHTPONMM HIPAET TAKYIO Xe POJib, Kak M TEpMOIU-
HAMMYECKHE TNOTEHIMANb B TEOPUU DABHOBECHBIX CHCTEM.

[Ipn oTCyTCTBUM BHEINHUX TOJeil OJaM3KMe K PaBHOBECHIO CTallH-
OHApHbi€ COCTOSIHMS ONHOPOMHBI B mpocrpaHcTBe. M3 ycroiumBoctu
ITHX COCTOSIHHIT ClexyeT, YTO CIIOHTAHHOS BO3ZHHKHOBEHHE YIIODS-
JIOYEHHOCTH B BHIE NPOCTPAHCTBEHHBIX WIH BPEMEHHBIX pacnpenciie-
HU, Ka4eCTBEHHO OTJIMYHBIX OT PABHOBECHBIX, HEBO3MOXKHO. Kak
Oyner mokasaHo B T. XV, TOJOXEHHE MOXET PE3KO H3MEHHMTHCA
U1 CHCTEM, IAJIEKHX OT pPaBHOBECHS.

PaccMOTpUM - Teleph HEKOTOPBIC TIPUMEHEHNS HEPaBHOBECHOH Tep-
MomuHamuxy OHcarepa.

§ 69. TEPMODJEKTPUUECKUE SBJIEHUS

OgauM W3  BaXHEWWHX TPHMEHEHWH JHMHEHHON TepMOIAMHEMUKH
HEOOPATHMBIX TPOHECCOB ABAACTCA NOCTPOCHHE TEOPHH TEPMOIIEK-
TPUYECKHX SBJCHUN, KOTOpHIE BCErna CBA3aHBL C HEOOpPAaTHMBIM
HEPEHOCOM TEILIOTHL. ODKCIEPUMEHTATIbHO H3BECTHBI TPH TEPMOIJIEK-
TPHYECKUX SBJECHUS B M3OTPONHBIX Tejax.

1. 3fpgpexm 3eebexa: Ha CTHIKE [BYX Pa3M4YHLIX IPOBOIHHMKOB,
HMEIOIIAX Pa3sHOCTs Temmneparyp d7, Bosumkaer 3. 1. ¢. &=04,dT
(232 =01y — 0l — KO IUUHEHT TEPMO-3. JI. C. MEXAY AAHHBIMH HPOBOJ-
auKkaMe; o —koddpdunuentr muddepennmansaoi TEpMO-3. 4. €. OaH-
HOTO npoBOAHHMKA). I103TOMY ecli U3 ABYX Da3JIMYHBIX HMPOBOAHHKOB
COCTABHTh 3aMKHYTYIO LEflb M MeCTa HMX KOHTAKTOB MOANECPKUBATH
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OpY Pa3jIMYHBIX TEMIEPATYpax, TO B ITOM LENM BO3HHKAET 3. 1. ¢.*),
BenuunHa o CYMTAETCS NOJIOXKUTENBHOW, €CNH BO3HHKAIOLIUIL B HPO-
BOJIHMKE TEPMOTOK TEYET OT TOPSYETO KOHTAKTA K XOJOOHOMY.

2. Dgipexm Ileavmpe: TNPH NPOXOKICHUH IIEKTPHYECKOTO TOKA
B TEPMHYECKH OJHOPOAHOI CHCTEME B MECTe COCJMHEHHS MABYX
Pa3JIMYHBIX IIPOBOAHHKOB BBIAENSETCS WK TIOTJIOUIAETCS TEIUIOTa
(menioma Ileavmbve), NPONOPUMOHATIEHAS CHIIE TOKA.

3. Dgpgpexm Tomcona: HpU TPOXOXKICHUM OIJIEKTPHUECKOTO TOKA
B TNPOBOJHHWKE C TPAZUEHTOM TEMIEPATYPhl TOMHMO JKOYJEBOH
TEMJIOTHl BBLAEASETCS A00AaBOYHOE KOJMYECTBO TEIUIOTHI (menoma
Tomcona), IpONOPUNOHAIBHOE TPAJUECHTY TEMIIEPATYPHl U CHJIE TOKA.

Hns teopeTnyeckoro oOBACHEHHS 3ITHX fBJICHHH HalineMm, nomnobHO
TOMY, Kak MBbl 3TO [eJaJi B cilydae TEIUIONPOBOMHOCTH (cM. § 65),
JIOKQJIBHYIO CKOPOCTb BO3HHKHOBEHHS HTPONNH G B HEOJHOPOIHOM
MIPOBOJ/IHMKE TIPH TPOXOXJICHWM [0 HEMY TOKa W HAJIWYMM B HEM
rpagueHTa TeMnepaTypel. byaem wucxomuth u3 ypasHenud (13.3),
(14.1), (14.2).

IycTe TOK IUIOTHOCTH j NepeHOCHTCS 3apsgami ~—e (e>0) mox
nefictBueM asgekTpuueckoro nois E= —grad¢@ (¢-—oanexTpuyueckuit
norenuuain). M3menenuem oObema BBLIIEJICHHON YacTH MeTajuia TpH
TIPOXOXKACHNN TOKa OymeM mnpeHeOperats.

[Tpn Hanuuum 30€KTPHYECKOro MOJIsi paBHOBECHWE HACTYNAaEeT B CIIy-
4ae pABEHCTBA JNIEKTPOXUMHYECKHX NOTEHIMAJIOB f=p-—e@, a He
XAMHYECKMX TOTEHIHMAJIOB .

Ecim p oTHOCHTH K MOJIFO JIBIKYUIMXCSL 33pSDKEHHBIX YacTHI,
To dN Oyder ompeeisaTh YHCIO MOJIeH O5THX HacTHI, BXOJSIIHX
B JaHHBI 00BeM MeTasuia, u ypasHenwe (13.3) Oyaer umers BHI

TdS=dU—(u—Fg)dN, (14.22)

rie F=eN,—abcoMoTHOE 3HAYCHHE 3apsa MOJSA JICKTPOHOB —
nocrosHHas ®@apanes, pasaas 96 500 Ki/Momp (N, —nocrosiHHAs
Asoraapo), Tak uto p/F=p/(eNy)=E/e (§=p/N,—xuMHuecKuit
NOTCHUMAN, paccuuTanunii wa | anektpoH). M3 ypasnenus (14.22)
HOJTydaeM

ON
ara )G (14.23)

Hpoussoauyto ON/Ot HalimeM W3 3aKOHA COXpaHeHWs 3apsja,
a mpousBojHY0 O0U/0t— 13 3aKkoHa coxpaHeHus sHepruu. Iloncrasus
ux B dopmyny (14.23), HaiimeM BBIpaXxeHHe i O.

Uncino Hocutenedl 3apsima B 1T Meramma paBHO NN, rae
N—uncno Moseil aBwxynmxcss 3apsgaoB B 1 r. Eciau  maccosas
3eKTPOHHAA IUIOTHOCThL (T. €. Macca 3JIeKTpoHOB B 1 cM® Merasuia)

*) B nemw, cocTosmieil M3 OBYX CBEPXMPOBOASAIIMX METAJLIOB, CIaM KOTOPHIX
MOJNEPXHUBAIOTCS TIPH Pa3HbIX TEMNEpaTypax, TepMO-3.1.C. He BO3HHKAeT.
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paBHa p, TO— PNy Ne—3apsan enuHuubl o0BEMa U, CJIENOBATEIBLHO,
0 3aKOHY COXpaHeHWs 3apsa,
]

~= (—=pNaNe)=divj,
OTKyIa
p o =divj (14.29)

[lpu npoxoxnaeHnH TOKa Kaxmas eaueuMna obwneMa, ¢ OmHON
CTOPOHBI, TepsieT 3JHEPTUIO0 H3-3a TemioBoro mnoroka I (3ta noreps
pasHa—divl), a ¢ mpyrolf cTOpoHBI, NOJy4YaeT B €AWHUIY BPEMEHH,
BO-TEPBBIX, OJliekTpuueckyro oHepruio (j, E) u, Bo-BrOpsx, momosn-

0 c .
HUTEJIbHYIO TIOTEHIUATIBHYIO SHEPTHIO E(— pNsNe)o= —q@divj Bcnen-
CTBUE BO3PACTaHMA 3apsana eauHHibl odbema. Takum obOpasoMm, 1o
3aKOHY COXPAaHEHHWs JHEpTHH,

p %= —divI+(j, E)- pdivi (14.25)
TloacraBnas dopmynsr (14.24) u (14.25) B (14.23), mosiyuaem
oS | oIy &
P5+dlv?[l+;]}~—
Ly L i s
—?{I, L grad T>+<], E+ Tgrader>}. (14.26)

OTo ypaBHECHHE NOKA3BIBAET, YTO M3MEHEHHE JHTPONHH B MaHHOM
MECTE€ MOXET INPOUCXOOUTh KaK 3a CYET NPUTOKA SHTPOMNM H3BHE,
Tak U HEeoOpaTHMMBIX TPONECCOB, NPOTEKAIOUIAX BHYTPH HAHHOTO
obbema. 3ammieM 3TO ypaBHEHHE B BUJIE

pfj;eriv I,=o, (14.27)

1 .
roe L=— [I+E&j/e ]—miorHOCTH MOTOKA 3HTpONMH;

Ly L ; 5
_?KI’ Tgrad T>+<_|, E+ T grad Te)} (14.28)

— JIOKAJIbHBIf MPHUPOCT SHTPOIWU B €AWHHUIYY BpEMEHH.
Boipaxenne (14.28) B COOTBETCTBMH C OIpelesieHHEM CHI
Omncarepom

1
G=7"zi:1ilsi
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apisercs JHeidHod ¢yBkuuedi notokoB I u j. Camu ke mNOTOKH,
COTJIACHO JiMHeHOMY 3aKkoHy (14.1), ecTb nuHeHHbIe QYHKINM CTOSAINMX
npu uux B Qopmyne (14.28) ko3dduuueHTOB:

1=~ Ly, ) grad T+L12(E+ TgradeiT), (14.29)

. 1
j=—Ly —fgrad T+ L22<E+ Tgrad%).

Cornacio dopmyne (14.2),

Li;=1Ls. (14.30)

Pemas ypasuenus (14.29) otmocurtenvio I u E, nosydaem
I= —xgrad T-1Ij, (14.31)
Ezlj—agrad T— gradE, (14.32)

rae xoabduimentst %, I, o, 1/o Buipaxatorcs uepe3s Ly, Ly, Lay,
L,, ¥ CMBICIT UX JIETKO BBIACHHTH M3 aHanu3a hopmya (14.31) u (14.32).

Heiicreutensuo, u3 cooTHounenus (14.31) npu OTCYTCTBHHM TOKa
B MNPOBOJIHUKE IOJyYaeM

I=—xgrad T,

T7Ie % — TEIIONPOBOIHOCTE; U3 cooTHomeHus (14.32) npu oTCyTCTBHH
rpajineHTa TEMIEPaTyp B OJHOPOAHOM NPOBOAHHKE HMEEM

j=oE,

Il ©— 3JIEKTPONPOBOAUMOCTD.
Eciu B nposomnnke j=0, To dopmyna (14.32) moxaswiBaer, 4uTO
B T2KOM NpoBOAHMKE cyinecTsyer noste E, obycnosnennoe grad 7'u grad &:

E= —agrad T—grad &/e,

THe Oo— mepmodsekmpoosuxcywan cusa  (TepMo-3. A. ¢.). Ecam
grad T=0, Tto [cMm. (14.31)] motox Tennmotel 1#0, a MMeeT 3HaueHHe
ITj. Dot moTok obycioBNeH nepeHocoM 3apsiaa. Bemuunna I1 HasbiBa-
etcs  koagpuyuenmom Ileavmpe.

N3 cootHomieans (14.30) HaxoAUM CHEAYIOUYIO CBSI3b MEXIY
koapdunmentamu I u o

N=uoT. (14.33)

3TO COOTHOIEHHE, HA3BAHHOE 6MmMopuim coomuouienuem Tomcona,
BIIEPBBIE MOJIYMHN, IpaBAa, COBceM Jpyrum myTteM, Tomcoxn. Ono
BBIpaXaeT B 4aCTHOM ciyvae npusumn OmHcarepa.

W3 seipaxenns (14.28) ans npow3BoAcTBa SHTPONUHM BHAHO, 4TO
TEPMOAMHAMUAYECKHE CHIIBL, o OHcarepy, Ipu HeoOpaTHUMBIX HpoOLEC-
cax paBHBL
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a) Npu TENJIOIPOBOAHOCTH

- lT grad T;
0) npu OPOXOXKACHUH JJIEKTPHYECKOTO TOKa
x=E= —grad g;
B) nipu auddysuu
x=— T grad L
T

(3ameTuUM, 4YTO B JAaHHOM ciiy4ae 3JeKTpuueckuid notok I,= —j).

PaccMOoTpuUM Tenmeps TEPMODNCKTPHYCCKHE SBJICHHS HA  OCHOBAHHM
MOJIYYEHHBIX YPaBHECHHUI.

[TpencraBum cebe pa3OMKHYTYIO Lielb M3 JBYX pPa3JIM4HBIX
NIPOBOAHAKOB C paszHoil Temmneparypoi. CornacHo dopmyne (14.32),
MEX/y 3THMM TNPOBOJHHKAMHM KpOME KOHTA4KTHOM pPAa3HOCTH MOTEH-
[MaJIOB BO3HMKAET TAKKE TEPMO-3. A. C., 3aBHCAIIAA OT (U3NUYECKOH
OPUPOAB MPOBOJHUKOB (0) W HX TEMIEpATYpBHL:

2
or,—¢r =[odT.
1

Ecnu Ttakas uemp 3aMKHYTa ‘M TeMIEPATyphl CHNaeB B PasHBIK
MecTax paBHbl 13 u T,, TO B TeMM BO3HMKACT TEPMO-3. I. C.
T
2

2 1
(a@=§(Ecmp’ dl)=§adT=j0L1 dT+§a2 dT= j. ((11 —uz)dT,
1 2 T,

a npu HeOOJBINON pasHOCTH O —a,
TZ
&= j (dl—dz)de(al—az)(Tz—Tl ),
Tl
rae T —TeMuepatypa XOJOJHOTO cmasi, a 1,—TOopsYero.

CnenoBateNbHO, @ 3AMKHYMOU yenu mepmo-3. 0. C. 603MONCHA
AUWb 8 -CAYYAE PA3HBIX MemaAl08 Npu pAazHoi memnepamype cnaes.

BO3HNKHOBEHHE TepMO- 3. JI. ¢. O0YCJIOBJIEHO NepepacipeacieHueM
HOCHTeNIeH TOKa BCHE/NCTBME TpafueHTa TEMIIEpaTyphl.

PaccMOTpHM  TepMHYECKH OJHOPOIHYIO CHCTEMY MPOBOIHHKOB,
O KOTOPBIM Te4eT TOK IToTHOCTBIO j. CornacHo ¢opmyne (14.31),
B cllydae JBYX pasHbIX NPOBOJHHMKOB I mw 2 (nnomanp ceyeHUs
1 cm? Kak[oro) K MecTy CTHIKA 1O HANPABJIEHUIO TOKA IO NEPBOMY
HpOBOJHMKY npuxoaut B 1 c sueprus Il j, a yxomut mo BTOpomy
nposoguuky osseprus I, j. CnemoBaTenbHO, B CThIKE TAKUX TPOBOJ-
HUKOB BBIICNSETCS B BHUAE TEIJIOTHI (Temiora I[lensThbe) 3Heprus
(I1;—I1;)/. D10 siBieHWe M3BECTHO NOA Ha3BaHWeM s@pexma Ileab-
mee. Kak Buano, temnora IleapThe mnponopumodHa hbHa CHIIE TOKA,
4YTO COOTBETCTBYET OIBITY.
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Bo3bMeM Tenepb TEpMHUYECKH HEOAHOPOJTHYIO CHCTEMY C TOKOM
W HaiiieM u3McHEHHe dHeprum poU/0t B eAMHWIly BpeMEHH B €IMHUIIC
obreMa Takoi XUMHYECKH OJHOPOIHOH cucTembl. COrJiaCHO ypapHe-
puro (14.25), npu noacTtaHoBke B Hero Bhipaxenmd Mg I mw E us
(14.22) n (14.32) B cioyyae NOCTOSHHOTO HJIM MEJUICHHO M3MEHS-
ronlerocss Toka (korga divj=0) nomyyaem

oU . j 2 oIl .
p%zdxv (» grad T)+%+(ﬁ—oc> (j, grad 7). (14.34)

W3 sroro BhlpaxeHWs BHAHO, YTO H3MEHCHHE 3HEPIHH B Tep-
MUYECKH HEOXHOPOAHOH cucTeMe OOYCIOBIMBAECTCS TEILIONPOBO/I-
Hoctbio div(x grad T), BblmesieHHeM IKOYJIEBOH TerwioThl j /G u cos-
MECTHBIM  JICHCTBHEM TCIUIOMPOBOAHOCTH M OJICKTPONPOBOIHOCTH
(6T1/0T—a)(j, grad T').

KoxmyecTBO TEIIOTHI, NOTONHUTEIBHO BBHIACIISIONICECS B MPOBOA-
HUKE BCIECACTBHE TEMIEPATYPHOH HEOJHOPOJHOCTH, HA3BIBACTCS Me-
naomoit Tomcona, a camo sBrenue — sghgpexmom. Tomcona. Denome-
HOJIOTHYECKH 3Ta TEIJIOTa paBHA

gr=1(j, grad T),
rae 1-—koapuyuenm Tomcona. Kak cmemyer uz (14.34),

oIl

T= oF d. (14.35)

DTO COOTHOILEHHE HA3BIBACTCH nepgblm coOmHouienuem Tomcona.
Tennora ToMcoHa MoXet OBITH IMOJIOXKHUTCIBLHON H OTpUIATENHHOM
B 3aBHCHMOCTH OT 3Haka (§, grad T). IIpu u3MeHEHHH HATIPABIICHHS HJIH
TOJIBKO j, MK TONBKO grad 7 Ha MPOTHUBOINOJIOXKHOE BEIHINHA ¢ MEHSET
3nak. Ilo oaroii npuumHe shdekt ToMcoHa HHOTZA HA3BIBAIOT
obpamumeim. Heobxonmmo, ogHaKo, HMETH B BHJY, YTO 3Ta «00paTH-
MOCTB» He MMEEeT HUKAKOTO OTHOILIEHHS K TOMY HOHATHIO 0OpaTHMOCTH,
KOTOPOE BBOAMTCA HAa OCHOBAHMM BTOPOTO Hayajla TEPMOIMHAMHKH.
B 3TOM TepMOAMHAMUYECKOM TIOHUMAaHUH 00paTUMOCTH ¥ HeoOpaTUMO-
cru siBneHne ToMmcoHa sIBAsieTCs HeoGpamumpim, TaK KaK NPeICTABISACT
co6oif yacTe npoLeccd, Hepa3pbhiBHO CBA3AHHOIO C TaKMMH HeoOpaTH-
MBIMHU  SIBJIEHHSMM, KaK TEIUIONPOBOAHOCTh M BBIJIEJICHHE TEIUIOTHI.

§ 70. TEPMOMEXAHUYECKHWIA
N MEXAHOKAJIOPUYECKUI SOGEKTBI

Monobro tepmossiekTprueckoMy hdexty 3eebeka, TepMOMexaHuyec-
Kuit 3¢ PexT COCTONT B BO3HUKHOBEHMH Pa3HOCTH AaBjieHuH dp=p,—p;
B pe3epByapax ¢ O KMAKOCTBIO, COEJUHEHHBIX KamWLIspOM, IIpH
NMOJICPXaHNM B HHUX pasHoctH Temueparyp dT7=T7,—T;. B cnyuae,
KOT/I2 Pe3epByaphl OTAENEHbl OJHH OT JIPYIrOro IOPHCTOH Ieperopoi-
KOM, 3TOT 3(hQEKT HASHIBACTCH MEPMOOCMOCOM.
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Ssrenne, obpaTHOE TepMoMexaHHYeckoMy 3ddekTy, T. e. HOsSBIIe-
HHE PA3HOCTH TEMIEPATYP B pe3yNbTaTe CO3AAHUS Pa3HOCTH JABJIECHHUH
B COCyllax, HA3BIBAETCSl MeXaHOKaiopuueckum sgdexmon.

PaccMoTpuM TeopHuroo 3THX OBYX HeoOpatumbix spiieHuil. ITycrs
aBa cocyja I m 2 NOAACPXHUBAIOT HpW IOCTOSHHBIX TEMIEpaTypax
T u T+dT. Obo3nauuM: I;—TOTOK 3HEPrUM MeEXAYy COCyIaMH,
1, — Bo3MoOXHBIH MOTOK BeliecTBa. COOTBETCTBYIOLIHE 3TUM IOTOKaM
cuiisl, cornacuo Qopmyne (14.28), pasub

X, = —lT grad T, X,=—Tgrad}. (14.36)

ITo nuuHeliHOMY 3aKOHY,
=L Xi+Li:Xy, =Ly X;+L2X,. (14.37)

B craumonapuoM cocrosHum motok I, paBeH Hyio, a TOTOK
sueprum I ocraercs nocrosHHOM BenmuuHo#. [losTomy n3 dopmyn
(14.36) u (14.37) noaydaem

—L22X2=L21X1, LzzTgrad%Z -—%Z}gradT,
Ly dT
d(%): —m (14.38)
I[.Hﬂ OHHOKOMHOHCHTHOﬁ KHIKOCTH
8 du u —SdTr+Vdp
d<~>- L ar=ST e

T) T T

H
TZ

bap Vi
~Edr="dp-Tar, (14.39)

‘roe V u H-—0o6beM W OSHTANbHUS MOJS JXHIKOCTH.

IMoacrasaas ¢dopmyny (14.39) B (14.38), waxonum
dp _H-Lyn /Ly,
dr VT

b

a mcnonwsys coorHomenne Oucarepa (Ly;=L,;), numeem

dp L/l —-H
dr VT )

M3 3TOro BBIpaXeHHs BHIHO, YTO TepMoMexaHmdeckuil ekt
OymeT CYIECTBOBATH TOJILKO TOIZA, KOIJa MOJNpHAs OSHTaNbINA
KHUIOKOCTA He paBHa Apobdu L,,/L,;. Jlisi BBIACHEHHS CMBbIC/IA 3TOM
Ipobu paccMOTpPUM J(Ba COCY/Aa NPH OJMHAKOBOH TeMmmepaType (cvia
X; pasua Hynw). Torma w3 ypasHenus (14.37) nonyuyaem

I12121412/142% (14-41)
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T. €. Apodb Ly, /L, =U*—osnepeun nepenoca (3ueprus, nepeHeceHHas
€IMHULIEH MACCHI M3 coCyAa ! B 2 npu H30TEPMHYECKOM [poIiecce).

IIpu TakoM mnepeHoce 3HEPIUH B cocylde | TOMACPKHBAIOTCH
NOCTOSAHHBIMH TeMmepaTypa 1 U JaBJieHHE p 3a CUYeT MOTJIOUICHUS
TEIVIOTHI 0 * OT BHEIIHETO TEIUIOMCTOYHHMKA M COBEPUICHHS pPaGOThL
TlosTOMy M3MeHeHHE BHYTPEHHEH SHEPTHH XMAKOCTH B cocyiae I mpd
BBIXOJE W3 HEr0 MOJIA XKUAKOCTH MO TEPBOMY Hadajly paBHO
—U=Q*-U*+pV, otkynma

Q*=U*—H. (14.42)

KommuectBo temnorsl Q*=U*—H, DOTJOMEHHOE B . COCyIe
1 MoyleM XHIKOCTH, HepeHeceHHOH m3 cocyma I B cocym 2 mnpH
TOCTOSTHHBIX TEMHEpAaType M pPa3sHOCTH [JaBJIECHWH, Ha3LIBAETCA Men-
aomoii nepenoca. Taxum oOpa3som,

*
d__ 2 (14.43)
dr VT
H, CJIEIOBATEIbHO, IIPU HOJIOKHUTENBHOM 3HaueHHH @ * B craluoHap-
HOM COCTOAHHH Oojiee BHICOKOE JaBJICHHC YCTAHABJIMBACTCH TaM,
rae Oojiee HH3Kas TEMIlepaTypa.

B kagecTBe KOHKpETHOTO NpHMepa NpuMeHeHus ypaBHeHus (14.43)
paccMoTtpuM  obdext Koymcea Ui CTAUMOHAPHOIO COCTOSHHS
Pa3peKeHHBIX HACATbHBIX Ta30B C pa3HOM TeMmepaTtypod B MBYX
COCy/lax, COCIMHEHHBIX MaJibiM OTBepcTHeM. Ha OCHOBaHMH KHHETHYEC-
KOM TEOPHM JIETKO HANTH, YTO 3HEPrUs IepeHoca HAa MOJb rasa
paBHa (cM. 3amauy 14.3)

U*=2RT, (14.44)

a MoJmsipHasi sHtanbnus H=U-+pV=3],RT+RT="°/,RT. Tloaromy
TEIIOTA TNEPEHOCA

Q*=U*-H=—"'/,RT (14.45)

HMEET OTPHUATENBHOE 3HAUCHHE.
TToncraenss Bolpaxenue (14.45) B (14.43), monyuum coomuowenue
Knyocena:
p2—p_ R _py 172“171=1 T,-Ty

T,—-T, 2V 2T p, 2 T

AR (14.46)

T. €. NPH COEQUHEHHM KaIMJJISPOM JIBYX COCYIOB C yJIbTpapa3pexeH-
HbIMH Ta3zaMH (mjmHa cBOOOJHOTO Tpobera MoOJIEKYN OojbIne pas-
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MEpPOB COCyHa) C pa3HO# TeMmepaTypoii AaBieHHe OyaeT OoJbiie
B TOM COCyZJE, KOTOpBIi ropsdee.

B oObHOM cClyYae WIAEanpHOrO ra3a, T.€. KOI/la OTBEPCTHE
MEXJIy COCYAaMH TaK BEJMKO, YTO Ia3 NPOXOJUT MaKpOCKONHYECKHM
IOTOKOM, JHeprus nepeHoca U* BKOYaeT KpOME BHYTpEeHHEH
sneprun U eme u pabory pV, Tak 4TO

U*=U+pV=H, Q*=U*-H=0, dp/dT=0, p;=p;.

JAJAYMN

14.1. Haiitn nuddepenumansiyio GopMy IHHAMHYECKOTO YPABHEHHS COCTOSHHA Of-
HODOZIHOH CHCTEMBI H, IHOJIb3YSCh HM, OIIPERCNUTb BBIPAXKEHHS JUIA pelakcalMu
obbeMa, TeMAepaTyphl M J3BJICHUA.

14.2. Buipasurs xodddummentel [lenpree, ToMcOHa H TEpMOINCKTPOMBWKYINCH CHIIBI
4epe3 NMOTOK 3SHTPOIMY, BBI3BAHHBIA IBIKEHHEM 3apPSKCHHBIX HacTHIL.

14.3. Beruucnuts cpenuoro sHepruro U*, mepesocumyro monem rasa KHyacena npm
HPOXOXK/IEHUH 4ePe3 Majioe OTBEPCTHE, COEAHHSIOHICE ABA Pe3epByapa € ras’om.

14.4. IlokazaTs, 4TO NPH YCTAHOBJICHWH CTANMOHAPHOTO COCTOAHMSA B JBYX COCAMHECHHBIX
KamwLIspoM cocyfgax ¢ ra3oMm KHyIceHa 3HTPONHMS ra3oB yMCHBINAETCH.




I'TABA TIATHAJLATAA

OCHOBBI HEJIUHENHON
HEPABHOBECHON TEPMOJWHAMHWUKN

B nocnegHue rofgel pabomamMu pspa  asmopos,
u npexge scero W. lpuroxuxa u [1. MneHcgopga,
6bina pas3Buma mepMOofUHAMuKa CUJIbHO Hepas-
HOBECHbLIX CUCMEM, B KOMOPLIX CBA3b MeXZy mep-
MOJUHaMUu4YecKuMu nomokamu U cuniaMu nepecma-
em 6bimb JIUHEAHOM, & MaKXe HEe BbiNOJHAIMCS
coomHouweHuss B3aumHocmu OHcarepa.

3mo HoBoe, ganeko ele He 3asepuweHHoe hu3u-
4YeCKOe y4eHue, NOYyYUBLUEE Ha3BaHUe HENUHEHHOMN
HepaBHOBECHON MEPMOZUHaMuKU, npuBogum K BO3-
MOXXHOCIMU CNOHMAHHOI0 BO3HUKHOBEHUS ynopsijgo-
YEHHLIX CMPYKmMyp B pPa3/luYHbiX  CUNbHO Hepas-
HOBECHbLIX OMKPLIMbIX cucmemax, m. €. K npoyeccy
Ux camoopraHu3sayuu.

OmgpgensHuie npumeps nofgobHbIX npoyeccos Obisu
usBecmHsl. 3mo 006pa30BaHuUe SYEEYHOU CMPYK-
mypbl B HEOQHOPOLHO Harpemom ropu3oHMasnbLHOM
C/I0€ XKUQKOCMU, BO3HUKHOBEHUE myp6ylIeHmHo-
cmu, suxpes U m.jg.

O6wum BO BCex siBNeHUsiXx obpa3osaHus ynopsgo-
YEHHBIX CMPYKmMyp npu Heobpamumbix npoyeccax
B CUMbHO HEPABHOBECHLIX OMKPLIMbLIX CcucmeMax
sABAEMCS- COBMECMHOEe (koonepamuBHOe) A[BUXe-
Hue 6onswux rpynn monekyn. Hemeukuw yqeHsint
. XakeH npegnoxun prs makux npoueccos ca-
MoopraHusayuu 0bLWusn mepMuH «cuHepremuka» (om
rpey. synergeia—coBMecmHoe, uju Koonepamus-
Hoe, gewcmaue).

Qdusuveckas npupoga CuHepremuku cocmoum
B MOM, Ym0 B HenuHehHod obpacmu, Bpanu om
paBHOBECHOIO  COCMOSIHUS, cucmeMa mepsiem
ycmouyuBocms U Mansie aykmyayuu npusogsam
K HOBOMY DEXUMY— COBOKYNHOMY LBUXXEHUIO MHO-
rux vacmuy.

Ycranosnenue CaMOOpraHu3auuu B CHJIBHO HEPABHOBECHBIX CH-
cTeMax HMMeEET BaxKHeHllice 3HAUCHUE IS (bPI3PH(H, XUMHA U OCOOEHHO
ISt OHOJIOTHH. Z[eﬂo B TOM, 4YTO KHMBBIC OpraHM3Mbl H MX
pa3yindyHbl€ OpraHbl TPEACTABJISIOT coboit  BecbMa HEPABHOBCCHBIC
MaKpPOCHCTEMBI, B KOTOPBIX CYIIECTBYIOT OousbIMe r'paguCHThl KOH-
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HEHTPAIMHA XMMHUYECKHX BEIIECTB, TEMIIEPATYpPhbl, AABJICHHS, 3JIEK-
TPUYECKOTO TMOTEHIHAJIA.

DTOT BLIBOJ MMEET TAKKE OOJBIIOE MUPOBO33PEHUECKOE 3HAUEHHUE.
H3BecTHO, 4TO CTPOHHO OPraHU3OBAHHBIA OKPYXAalOIU HAC MHUP
PENTArHO3HbBIE MIEOIOTH OOBACHAIOT €ro GOXECTBEHHBIM COTBODEHHEM.
CuHepreTHka TOKa3bIBaeT, KaK 3aKOHBI NPHPOJIbI NMPHUBOJAAT K MOSIB-
NEHHIO OTIPENE/ICHHOTO NMOPsAIKa B HEYNMOPSAOUEHHBIX CHCTEMAX M 3a-
TEM K YCTOKHEHHIO W Pa3BUTHIO OOpa30BABLIMXCH YHOPSAAOYEHHBIX
CTpykTyp. M. DifreHoM ObUIO TNOKa3aHO, 4TO B CIOXKHBIX CHJIBHO
HEPABHOBECHBIX CHCTEMAaX BO3MOXHO BO3HHKHOBEHHE 3alMCH HHOOP-
Ml B BHAE HEKOTOPOTO KOJA, C IOMOIIBID KOTOPOTO YIPABIAETCH
camMoBOCHIPOM3BEACHAE 00Opa30BaBILIUXCS CTPYKTYp. Pa3BuTue HenuHEH-
HOW TEpMOJUHAMHUKH IIO3BOJISET BBICKA3aTh THIOTE3Y, KaK C TOYKH
3peHusi (U3MKA MOTJIA BO3HHKHYTHL XXH3Hb.

Henuneiinass TepMOJUHAMHKA KOPEHHBIM 00pa3oM HM3MEHSET CTa-
TyC BTOpPOrO Hayajua TepMOAMHAMMKH. JIeHCTBHTENBHO, 3TOT 34KOH,
KaK BHIUM, OMNPEACJISET HE TOJBKO pa3pylUeHHEe CTPYKTYp IIpH
HeoOpaTHMBIX Tpolleccax BOJM3M PaBHOBECHOTO COCTOSIHHUSA, HO W BO3-
HUKHOBEHHE CTPYKTYpP 0pH HEOOpaTUMBIX [poLEccax BAAIM OT
p4BHOBECHS OTKDBITOH cHCcTeMBl. OTpaxas HeoOpaTUMOCTh BCEX
peaJIbHBIX [POLECCOB, BTOPOE HAYAJIO. BBIPAXAeT, TAaKUM 00pa3oM,
3aKOH pa3BuTus Matepud. Takoe ' MOHMMAaHHE BTOPOro Hadvaja
TEPMOAWHAMUKA CHMMAET KaXyIIeecs: IIPOTUBOPETHE MEXIY OTHM
3aKOHOM O BO3pACTAHHU IHTPONHH M Oecropsijika B 3aMKHYTOH
CHCTEME M TeopHed sBoJironud Japsuna o BO3HUKHOBCHHH Bce Oosiee
CIIOXHBIX H CAMOBOCTPOM3BOIAILIMXCA CTPYKTYp B XHUBOH IIPHUPOJE.
3aMeTHUM, 4YTO JIEJI0 30eCh HE TOJBKO B TOM, 4YTO XHBas CHCTEMA
ABJISETCS OTKPBLITOM, IIOCKOJIbKY BMECTE CO cpefodl oHa obpasyer
3aKPBITYIO CHCTEMY, SHTPONHS KOTOPOH Takxke BO3pacTaer NpH
VCJIOWHEHUU KUBOH CHCTEMBI.

§ 71. YHUBEPCAJIbHBIA KPUTEPHUIl 3BOJIOLMU
NIEHCAOP®A —ITPUTOXKHHA

OO6mast TeopHsi NMPOLECCOB CaMOOPTaHU3aLMU B OTKPBITBIX CHJIBLHO
HEPABHOBECHBIX CHCTEMAax Pa3BUBACTCS B HENMHEHHOH TepMOIMHAMMKE
Ha OCHOBE ycTaHoBieHHOro IeHcmophom u [IpUroxuHbIM YHHMBED-
CaNbHOTO KPUTEPHS JBOJIFOIMU. DTOT KPHTEPHI sABJIseTCst 06001ICHHEM
OPUHLMIA MHHUMAJIBHOTO HPOHM3BOJACTBA JHTPONMUH HA HEJIMHEHHBIE
NIPONECCHl M COCTOUT B CJIELYIOIIEM.

[TonHOe NPOM3BOACTBO JHTPONMH B CHCTEME DAaBHO

P=[cdV=[ Y LXdV. (15.1)
vV Vv i

IMpencraBuM npou3BoJHY:0 OP/0t B BHAE ABYX CJIAaraeMsIx
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Jzﬁ"aw[z‘”xw LS (15.2)

v |4

epBOe M3 KOTOPBIX ONpeaensieT CKOPOCTh M3MEHEHHs ITPOH3BOJACTBA
SHTPOMMM, OOYCIOBJICHHYIO H3MEHEHHEM TEPMOAMHAMMYECKHX CHII,
a BTOpOE OOYCJIOBJICHO W3MEHCHHEM INOTOKOB.

B obnacte JsmHeHHBIX nporieccoB ob0a ciaraembix B (15.2)
OMMHAKOBHI W mnpou3BomHas C¢P/0t Bblpaxaer NPUHIMN MMHMMYyMA
NpOM3BOJICTBA JHTPOIHMH. B caMoM Jiene, ucnonb3ys aHHEHHDINA 3aKOH
(15.1) u cootnowenus Omncarepa (15.2), umeeM

JZI Hig JZL,ka Higy=

14

=JZ X2 (Lk, i)dV=jz %Xdez
k

=" =22<0. (15.3)

Hepasencteo (15.3) creayer W3 npHHIMIA O MHHHMAajlbHOM IPOH3-
BOJCTBE 3HTPONMH.

B HenumueitHON 00JaCTH BeJMYMHA CKOPOCTH IIPOM3BOJACTBA JHT-
ponun OP/0t We wuMeer Kakoro-iubo obmero cmoiictBa. OpnHako,
kak moxasamu [nescmopd m Ulpuroxud, BenuuuHa Oy P /0t ynosier-
BOpsiET HEPABEHCTBY OOIICTO XapakTepa

&P <o, (15.4)
ot
KOTOpOE sABJsAeTCS O0OOILEHNEM NIPHHLUIA MHHHMAJILHOTO NPOH3BOJ-
CTBA ( JHTPONMHA. DTO HEPABEHCTBO HE 3aBHCHT HH OT KakKHX
NPEANONIOKEHUHA O XapakTepe CBsdedl Mexay HOTOKaMH H CHJIAMH
B YCJIOBUSIX JIOKaJbHOrO paBHOBeCHf. Bmuay Oospinoit oO6mHOCTH
cooTHouenue (15.4) Ha3BIBAETCA YHUBEPCAALHBIM KpUMepuem 360A0Yuu
Taencoopgpa— Ipuzoncura. COrnacHO 3TOMY KpUTEpHIO, B JHOOOH
HEpPaBHOBECHOU cuCTeME C (PUKCHPOBAHHBIMU I'DAaHHYHBIMH YC/IOBHUAMHU
MPOLECCHI UAYT TAK, YTO CKOPOCTH W3MEHEHUs MIPOU3BOCTBA JHTPOINH,
O0yCAOBNECHHAA M3MEHEHHEM TEPMOJMHAMMYECKAX CHJI, YMEHBIIAECTCA.
3nak paBeHcTBa B (15.4) OTHOCHTCA K CTAl[MOHAPHOMY COCTOSHHIO.

Kputepuit spomonuu (15.4) MoxeT ObITh pacnpocTpaHeH H Ha
CHCTEMBI C KOHBeKuMeHd nyteM AoOasnenusi B (15.4) ruapoanHammuyec-
KHX YJICHOB.
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3aMeTHM, YTO YHUBEPCAJILHBIN KpHTepuil sBontouun I neHcnopda —
IMpuroxuna (15.4) sBaseTcss KOCBEHHbIM CIIEACTBHEM BTOPOTO Havala
TepMOJWHAMUKHA I HEPaBHOBECHBIX mpolieccoB. He npuBoas 3mech
JOBOJIGHO JOJTMX BBIMACIACHU [JIs OOINEro noka3aTeSbCTBA 3TOrO
KPHUTEPHs, MOKAXEM €r0 CIIPaBeJIMBOCTb Ul IPOLIECCa TEIIONPOBO-
HOCTH B TBEPAOM Tejie C TOCTOSHHBIM OOBEMOM H 3aJaHHBIMH
TeMrepaTypaMi Ha rpaHuue (cM. § 65). Hcnosb3ys anst 3Toro
cnydast Beipaxenue (13.19), umeem

a3 le Higy = J(IQ, %VT)dV:

v v

=Jdiv%T-IIQdV—J%T-IdindV. (15.5)

v |4

IIpeobpazyeM 3TH MHTETPAJLI.
IIo Tteopeme Octporpaackoro—aycca,

0y oy N
Jdlva T IQdV—é;at T 1y, ,dZ,.
4 >

Huterpan Baonp rpaHdilbl X ¢ (UKCHPOBAHHONW TEMIIEPAaTypoOH
obpaiiaercs B HYJb.
B paccmaTtpuBagMoM ciyuae (cMm. § 65)

leIQ: —pCV{j)—T

[Mostomy u3 (15.5) nomydaem

0§P=_J&< )dV<0 (15.6)

ot

14

Kpurepuit 3somonnu (15.4) onpedenseT TOABKO 4YacThb MpHPOCTA
3HTPONMH, CBS3aHHYIO C H3MCHEHHEM TEPMOJUHAMMYECKHX CHJI,
[I03TOMY OH He TO3BOJISCT BBECTH TakoH GYHKIHMU COCTOSIHUS —
TEPMOJAWHAMUYECKOrO TOTEHIMANa, KOTOPbI ©Obl B CTALUOHAPHOM
COCTOSIHHH MMEJ 3KCTPEMYM, IOJOOHO 3HTpONUM, 3Heprau IesnbMm-
rojpla, sHeprui ['mb6ca mpu Manpix (CHOHTAHHBIX) OTKJIOHEHHSX OT
pasHOBecusi. O/HaKO MpH HEKOTOPBIX ycioBusix ¢opma dy P mpuob-
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peraer CBOMCTBa nOJIHOTO AuddepeHnyaa, YTo HO3BOJSET U B CHIIBHO
HEPaBHOBECHOH 00JacTH BBECTH JIOKJIbHBIE IOTEHIMANBI € 3KCT-
peMajIbHBIMU CBONCTBaMH.

Yropaao4eHHble CTPYKTYPHI, BO3HHMKAIOLIME COIJIACHO KPHTEPHIO
Tnencnopda— Ipuroxuna (15.4) npu HeoOpaTUMbIX mpoueccax B OT-
KPBITBIX CHCTEMax BJAJH OT pPaBHOBECHS B HeJNMHEHHOH obiacTw,
KOT[a HapaMeTphl CHUCTEM IPEBBIAIOT OINpPEAEsICHHbIE KPUTHYECKHE
3Havenuss, [lpuroxuH HasBan duccunamusHbiMu  CMPYKMypamu.
CylIeCTBYIOT npocmpancmeentvle, BpeMeHHble W NPOCMPAHCIBEHHO-
apemennvle  ouccunamushbvie cmpykmypel. PaccMoTpuM  HEKOTOpBIE
U3 HUX.

§ 72. IIPOCTPAHCTBEHHBIE AUCCUIIATUBHBIE CTPYKTYPbI.
SYENKU BEHAPA

[IpocredmuM npuUMEPOM TNPOCTPAHCTBEHHbIX UCCHNATUBHBIX CTPYK-
Typ SBISIOTCS Auetiku benapa, obHapyxeHHble uM eme B 1900 r.

Eciu ropu3oHTaNbHBIA CI0H XUAKOCTH CWIBHO MOJOTPETH CHHU3Y,
TO MEXIy HWXKHEH M BEpXHeH TOBEPXHOCTSAMH BO3HHMKAeT DPa3HOCTH
temnepatyp AT=T;—T7,>0. Ilpu Majoii pa3HOCTH TEMIEPATyp
AT <AT,, HuXe HEKOTOpOrO KpHTHYecKoro 3HadeHus AT,,, moaso-
JIAMOE CHHM3Y KOJIMYECTBO TEIUIOTHI PACHPOCTPAHAETCS BBEPX IyTEM
TENJIONPOBOJHOCTH M JKUAKOCTb (OCTAETCS HEmOABHXHOH. OnHako
IPH Pa3HOCTH TEMIEpaTyp Bbile KpuTHYecKOX AT >AT,, B XAIKOCTH
HAYAHAETCS KOHBEKIIMS: XOJIOAHAS >KHIKOCTH ONYCKAeTCs BHHU3, a Ha-
rpetas HOAHUMaeTcs BBepxX. Pacnpenenenue 3THX ABYX NPOTHBONO-
JIOXXKHO HANpaBJIEHHBIX TOTOKOB OKa3bIBAETCSH CAMOOPraHN30BaHHBIM
(puc. 48), B pe3yibTare 4YEro BO3ZHHKAET CHUCTEMA NPABHIIBHBIX
HIECTUYTOJILHBIX siueek (puc. 49). Tlo kpasMm kaxmoi Takod SYEHKHA
XKMIIKOCTb OIIyCKae€TCi BHHM3, a B LEHTPE TOJHWUMAETCS BBEPX.
3aBUCHMOCTh IOJHOTO TEIJIOBOTO HOTOKa / B €QMHUIY BPEMEHH OT
HIDKHEH TIOBEPXHOCTH K BepxHel OT pas3HocTH Temmepatyp AT
m3obpaxena- Ha puc. 50. INpu AT>AT,, cocTosiHHE HEMOABMXHON
TEIUIONPOBOJALICH XHU/IKOCTH CTAHOBUTCS HEYCTOMYHUBBIM (NYHKTHpHAs
JuHAsS Ha puc. 50) ¥ BMECTO HEr0 HACTYHNAET YCTOHYMBBHIH PEXHM
B BHAC KOHBEKUMOHHBIX siueek benapa. OOycioBnuBaeTcst 3T0 TeM,
YTO TIpU OOJBHION pPA3HOCTH TEMIEPATYp NOKOSINAsCAd XHUIKOCTD
yxke He OOecHeuMBaeT NEepeHOC BO3POCHIEr0o KOJMYECTBAa TEIUIOTHI,
U MO3TOMY YCTaHABJMBAETCS HOBBIH KOHBEKIMOHHBIH PEXHMM.

ITpu nepexone OT MOKPUTHYECKOrO K CBEPXKPUTHYECKOMY DEXHUMY
CIOHTAHHO MEHSETCS CHUMMETDPHUSt CHCTEMbl, 4YTO aHAJIOTUYHO Te-
pMoJHaMI4eCcKuM (a3oBbiM rnepexogam. Io-
9TOMY MNEpexoJbl B HEPABHOBECHBIX CUCTEMax 2
HA3bIBAKOT KUHEMUUECKUMU gﬁaa‘oebwu he-

pexooamu. 7
Kak yxe orMmevanoch, AMCCHTIATHBHBIE '
CTPYKTYPbl BOZHHMKAIOT JIMIIL B CHJILHO HEpPaB- Puc. 48.
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HOBECHLIX MHOTOYACTHYHBIX CHCTEMaX, COCTOSHHE KOTOPBIX OIAChIBA-
€TCd HEIMHEWHbIMM YPABHEHHUSIMH [UIi MaKpPOCOKONMYECKAX BETMYUH.
Hnst omwcannsi BO3HUKHOBEHHS sueek beHapa B XMIKOCTH HMCHOJIb-
3yIOTCH HEJIMHEHHBIe YpaBHEHNUS ruapoanHaMuky. Ilpn 310M npusieka-
IOTC KPUTEPHH HEYCTOMYMBOCTH pellleHMit nuddepeHunanbHblX ypaB-
HEHUH, YCTAHOBJICHHbBIE M3BECTHBHIM pYCcCKMM MaTemaTnkom A. M. JIs-
nyHoBeIM. MccneqoBaHust MOKa3bIBalOT, 4To npH AT>AT,, peueHue
ypaBHEHHUIA THAPOAMHAMHKH, COOTBETCTBYIOIIEE IOKOSIIECACS KUIKOCTH
H OOBIYHOM TerIonepenaye, CTAaHOBUTCS HEYCTOHYHUBBIM U IKHMIAKOCTb
fePEXOMT B HOBBIH YCTOWYMBBHIA KOHBEKIUOHHBIH DPEXHM.

JpyruM OpuMepoM MPOCTPAHCTBCHHBIX MUCCHIATHBHBIX CTPYKTYD
SIBJISETCS PEIeTKA BAKAHCHOHHBIX NIap, SKCTICPUMEHTAIbHO OOHAPYXECHHASI
JIx. Dsancom B 1970 r. IpH McceIOBAaHAM MUKPOCTPYKTYPhI MOJIMOIeHA,
o6GIy4eHHOTO HMOHAMH a30Ta. M3BecTHO, 4ro oOJyYeHHME MeTajuld
OBICTPBIME YacTHIAMY (HEHTpOHAMI, HOHAMH) IPUBOUT K 00Pa30OBAHUIO
B KPHUCTAJUTHYECKOH DEIIETKE TOYEUHBIX JE(EKTOB —~BAKAHCHH U MEX-
y3eJbHBIX aTOMOB. [Ipd TOBBHIIEHUM TeMIepaTypbl 3TH BaKaHCHH,
JBHIAfACH B KPUCTaJLUIe, 00pa3yloT CIOXKHBIE KJIacTephbl AeEeKTOB B BUE
chepruecKUX BAKAHCHOHHBIX IOP W IUIOCKHX JMCIOKAIMOHHBIX NETEb.
OO6bvHO Takue kjacrepbl oOpa3yroT MPOCTPAaHCTBEHHO OJHOPOIHYIO
cucreMy. OIHAKO TIPH ONPEACIJICHHBIX YCJIOBHSX 00 TyyeHus BAKaHCHOHHEIE
NOpBI PACHIoNIAraloTCs YIOPAAOYEHHO B BHIC NPABHIIBHBIX «CBEPXpeELe-
TOK», THI KOTOPBIX COBNAJAET C (THIIOM KPUCTAJUIMYECKOH PEIIETKH
MeTaJjila KOTOphle HMEIOT TIEPHO, B COTHH pa3 NMPEBLINAOIINHA 11epHo
9To# pemetkn. O6pa3oBaHue TAKUX YIOPANOUCHHBIX CTPYKTYP BaKaHCH-
OHHEIX TIOP BHI3BIBAHO HEJIMHEHHBIM AWHAMMYECKUM B3aUMOJAECHCTBHEM
TOYEYHBIX JIePeKTOB C MEJKMMH BaKaHCHOHHBIME KiacTepaMu u aubpdy-
3MOHHBIM B3aUMOAEHCTBUEM MEXAY MOPaMH.

K umcny mpocTpaHCTBEHHBIX JMCCHIIATHBHBIX CTPYKTYp IpHHai-
nexart Taxke Koibia CarypHa. O6pa3oBaHue 3TO# CTPYKTYphl (Oojee
90 koJiew, pa3JMYaeMBIX COBPEMEHHOH aNmapaTypoil) OOYCIOBIEHO
HEPABHOBECHOCTHIO BPALIAIOIIErocs BOKPYT IJIAHETHI BEIWIECTBA U MpPH-
TskeHHeM ero x CaTypHy W B3aUMOJACHCTBHEM OTACNBHBIX YacTHIL
BEUIECTBA MEXKAY COOOIM.

Odpasobanue
Ayeer

florosuganca
HUTKOCTS

4 7;/, 4T
Puc. 49. Puc. 50.
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§ 73. BPEMEHHBIE U ITPOCTPAHCTBEHHO-BPEMEHHBIE
JUCCUTTATUBHBIE CTPYKTYPBI.
PEAKIIMA BEJOYCOBA —>XABOTHHCKOI'O

SIBjleHMs CaMOODPTaHM3aUMK, NPHBOJAAILME K OGPa3oBaHMIO yNOPAO-
HEHHBIX BO BPEMEHH JMCCHNATMBHLIX CTPYKTYD, BOSHMKAIOT NPH
IIPOTEKAHAN HEKOTOPBIX HENMHEHHBIX XUMUUYECKAX PEAKIHA, B KOTOPHIX
CKOPOCTh 0Opa3oBaHusi NPOIYKTA PeakluM, HATPUMEpP, KBAJAPaTHYHO
3aBHCHT OT KOHIEHTPALMII PEarHpyIOIIMX KOMIIOHEHTOB.

B 1951 r. B. Il. besoycoB OTKpBLI TOMOTEHHYIO NEPHOIMYECKYIO
XMMHYECKYIO PEAKIMIO OKUCIIEHHS JIMMOHHOM KMCIIOThI CMEChIO GpoMa-
ta xamms KBrO; u cymbdara nepus Ce(SO.),. B cmecu atux
BENIECTB, PACTBOPEHHBIX B pa3baBJIeHHON CEPHOH KHCIOTE, IPOUCKOIUT
peaKids BOCCTAHOBJICHHs IEpHUs

Ce** »Ce3* +Br~ 5.7
W PEAKIMA €ro OKUCIEHUs

Ce3* H>Cett (15.8)

Peaxmms (15.8) aBTokatanmuTHuecKasi—B HEH TPORYKTHl PpeakHun
SBJISIIOTCS. €€ KATaJM3aToOpaMH W = YCKOPSIOT IIPOTEKAaHWE CaMoM
peaxumi., Comubiid mon Br~ peakmum (15.7) meficTByeT Kak CHITLHBIN
HHETEONTOP (3aMenuTens) peakuwm (15.8). ITosToMy BHavane nporeka-
eT Toapko peakumsa (15.7), noka Bce momnl Ce*' mHe mpespaTarcs
B Ce3". 3aTem HaumHaeTcss BechbMa OwbicTpoTekymias peakuus (15.8),
Bce moHbl Ce' mpespamarorcas B Ce*™ ® mnpomecc HawmHaercs
CHavaja. B pe3ynbTaTe BO3HHMKAET NEPHUOMUYECKAs BpPEMEHHAS CTPYK-
Typa, i KOTOpOil XapakTePHO HM3MCHEHHE IBeTa pPAcTBOpa OT
kpacHoro (m36mTok Ce3*) x cumemy (u3bmrox Ce**) u obpatHo.
KoneGannsi OKpacku HPOUCXOAAT ¢ MEPUONIOM OKOJIO 4 MHH W HPOAOI-
KAIOTCH OO TeX MOp, TOKAa HE H3PACXO/IOBaHBI BCE pPEareHThl, T. €.
MmoKa CHCTeMa JaJieka OT TEPMOJMHAMMYECKOTO PaBHOBECHS.

Beaencreue OpHMHLIHNMAILHON HOBH3HBI uccrnenoBanus b. I1. be-
JIOYCOBa CBOEBPEMEHHO He OBLIM TOHATBHL €ro CTaThd He NMPHHMMAJIHCH
kK onyommkoBammio HE B 19511, mHm B 1957 r. pemakuMsaMu JBYX
HAYYHBIX JKYPHAJNOB «BBUJY TEOPETHYECKOH HEBO3IMOXHOCTH» OIIH-
ChIBa€MEIX B HHMX peakumi®. Uccnenosauus b. I1. BesoycoBa OblIH
npoJokeusl ¥ geranbHo paszuthl A. M. XKaGoruuckum. B 1980 r.
rpynne aBTopos— b. I1. BenoycoBy (mocMeptho) u A. M. JKaborunc-
KOMY C COTpYIOHHKaMH — Obila mpucyxjeHa JIeHWHCKas IpPeMHs 3a
OTKpPBITHE HOBOTO KJIACCA dBMOGOAHOBBIX W (BINOKO0A€0AMEeAbHbIX
npoyeccos.

* Kpatkuit pepepat paboter b. I1. Benoycosa 6v1 omy6imkoBaH s B 1959 1.
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3ameTnM, YTO ONWH U3 OCHOBaTeNleld OOMIei TEOpHH BO3ZHHKHOBEHHS
quccunatuBubix ¢rpyktyp H. P. Hpuroxun (bensrus) B 1977r. 3a
paborbl mo TepMoamHammuke Obl1 yaoctoeH HobGeseBckol npemmm.

Hctopus ¢ paboroit b. I1. benoycoBa mnokaspiBaeT, Kak HHOIAA
HOBbie (akThl M WUJIEH, NPOTHBOPEYALUE CIOKUBIIAMCS paHee Tpen-
CTaBJICHUSM, JUIMTEJILHOE BpEMsI HE NPHHUMAIOTCS H HE Pa3BHBAKOTCA.
He pmomyctuTh 3TOr0 MOLYT JIMIIG HAYYHBIE Kajphl, IO-JEHHHCKH
BJIaJICIOHINE [HAJIEKTHKOM.

B psane ciyvaeB HeNMHEHHbIE XHMMYECKHME DPEaKLHWH, WIYIIHE
B TOHKOM CJIO€, IPHBOAAT K 00Pa30oBaHUIO NPOCTPAHCTBEHHO-BPEMEH-
HOW CTPYKTYpbl, KOTOpas HMeEeT BHJ KOJBLEBBIX M CHUPAJIbHBIX
BOJIH. BO3HHMKHOBeHHE TAaKMX CTPYKTYp B HEIMHEHHBIX XHMHYECKHX
peakudsix CBS3aHO C JIOKANHGHBIMH (QIIYKTyalHsAIMH KOHLEHTpauui
u muddysueit peareHrtos.

3AJIAUA

15.1. Onpenenurs NOHATHA «HOPSAOK» M «Xaoc» M HCXOAA U3 3TOrO YCTAaHOBUTD,
KaKoe J[BUXCHHE >KHAKOCTH Oosiee YHOPAMOYEHHOE (MEHEE XAOTHYECKOE) —
JIAMHMHapHOEe WM TYpOyJeHTHoe.



3AKJIIOUYEHUE

B oryuune oT ApYTMX Ppa3jJeNoB TeOPeTHYeCKOH GM3MKM TepMo-
JMHaMUKa SBJSICTCS ©IMHCTBEHHOM o0meit Qusmueckoift Teopuei,
KoTOpas, o yoexmeHuro A. DitHmTelHa, «B paMKax HOPUMEHUMOCTH
CBOUX OCHOBHbBIX IOJIOXCHHH HUKOrJa He OyIeT OMpoBEPrHyTa». ITO
obycnoBnuBaeTcs (PyHIaMEHTANbHOCTBIO 3aKOHOB  TEPMOJIMHAMMKH
U BBIIENSAET €¢ Cpelld OCTaJIbHBIX KYPCOB TEOPETHYECKOH (PHU3HKH.

TepMomuHAMUKa COCTOUT M3 €€ OCHOB M INIPHUJIOKEHUH. B OCHOBHI
BXOMST HCXOJHBbIE IOJIOKEHHs, OCHOBHBIC 3aKOHBI (Hayasia) W METO[bI
TepMoauHAMUKH. [lpuioxenus ke TepMOAWHAMUKH BeCbMa MHOT000-
pa3Hbl. BaxueHmMM D[pu  HM3JIOKECHAM TEPMOJMHAMHMKH SBJISETCH
OOCYX/JEHHE €€ WCXONHLIX TMOJIOKEHHH, ONPEACIIAIIIMX paMKH e
NpUMEeHUMOCTH. WMEHHO BCIEACTBHE HEHOCTATOYHOM YACHEHHOCTH
00,1aCTH TPUMCHUMOCTH TepMOJUHAMUKY ObUI COETaH B CBOE BpeMs
BBIBOA O TEIUIOBOW cMepTH BcereHHOI.

HemoctaTkoM MHOIMX Y4eOHBIX KypcOB TE€PMOJUHAMHKH SIBJISICTCS
OTCYTCTBHE B HHX [JIaB, MOCBSIIECHHBIX H3JIOXEHHIO METOHOB Tep-
MOJIMHAMHKA. MexIy TeM OBJaJieHHE MMH OLPEIENAET YCHEX Kak
B YCBOEHMU CTYNEHTaMH Y4eOHOIO MaTepHala, Tak M B YMEHHH
pemaTs 3amayd. [1y0GOKOMY HOHMMAHHIO TEPMOJMHAMHKH CHOCOD-
CTByeT TaKke aHaju3 OMmMOOK M 3abiyXAeHHH, W3BECTHBIX M3
ACTOPUH €€ Pa3BHTHS.

Kiaccuyeckast (paBHOBeCHAS) TEPMOAMHAMUKA NOJYyYMIa B HOCIEH-
HHE TOJBI JaJbHENIee Pa3BUTUE HA OCHOBE NPEJACTABIECHUS O JIOKab-
HOM paBHOBecHH. B HacTosllee BpeMsl HOCTPOECHA TEPMOIMHAMMKA
JIMHEHMHBIX HEPABHOBECHBIX MPOUECCOB M JOCTUTHYTHI OOJBIIME YCIEXH
B M3YYCHHHM CMJIbHO HCPABHOBECHBIX CHCTEM, YTO BCEET HAJCKIY
Ha BO3MOXHOE pellIeHHe NPOoOIeMbl BO3HHKHOBEHMS XHBOTO.

M3it0xeHre . HEpaBHOBECHOH TepMOJHHAMUKK COCTaBNsET COHAEP-
XaHWE CIENMAJBHOTO Kypca, B paMKax e Kypca KJacCH4eCKoH
TEPMOJUHAMUKH CIIE/yeT PAacCMOTPETh JIMIIbL JJIEMEHTHI TEPMOAMHA-
MUKY_ HEPaBHOBECHDBIX IIPOLECCOB.



PEIIEHUA 3A0AY

L1. I3 BTOpPOrO HCXOAHOTO MONOXKESHHS TEPMOJAUHAMUKM CJCYeT, 4YTO NpH
TENJIOBOM DABHOBECHM [ABYX TOJCHCTCM, ONpeleNseMsix napamerpamu «,, Ty 4 a,,
T, COOTBETCTBEHHO, MX BHyTpcHHMe dHepruu Oymyr U,=U, (a,, T, ), Uy=Usla, T, ),
u Tak xak T,=T,, TO

Ty(a;. Uy)=T,(az, Us). ¢})

Crenyioias ¥3 OnblTa €AMHCTBEHHOCTb PACHpPE/ICICHHS JHEPrMM CHCTEMB! 11O ¢¢
YaCTAM NPUBOJMT K TOMY, 4TO TPH M3BECTHbIX «;, @, U, ypaenenue (1) nmeer
TOAbKO omHO pewmichue urd Uy, Or1o osmawaer, uro Ti(a,, U;)— MOHOTOHHAS
byukuus Uy

M3 oxHOBPEMEHHOCTH POCTA JHEPIHM YACTEH CHCTEMBI TIPU YBejMueHUHM ce oluieit
9Hepruy BhITekaeT, 410 T, T, T3 H T. . OJAHOBPeMEHHO JHOO MOHOTOHHO
BO3pACTAIOLINE, MO0 MOHOTOHHO yOBIBaroue (yHKUMH cOOTBEeTCTBeHHO oT Uy, Us,
Us u 1.1 [lyteM mnpocroro mnpeoGpa3oBaHMs HX MOXHO CHEJIATh MOHOTOHHO
BO3pAaCTAIOUEMA M BLIOpaTh Temneparypuble ¢ynkuun T=T(a, U) Tak, 4TOOBI
T pocno ¢ poctom U. Hpu takoM BeIGOpe TeMIepaTypHbIX GYHKUMA NPOU3BOJIHAS
(U/8T) ans BCex Ten HONOXUTEIBHA.

1.2. CocTodHue CHCTeMbI OmpesessieTcsi TemnepaTypodl T M BHEUIHHMHM Napamer-
pamH a, ..., 4,. B BblpaxeHue 3IeMECHTapHOH pabOThI

dW=) Adg; U

nuddepeninan remneparypsl He. BXomuT [T. e. kospduument mpu dT B dopmyne
(1) pases nymo]. Ecnu Obnr  Bolpakenne (1) Obuto nonHsM auddepeHuRaIoM
KakoH-mbo (YHKUMM COCTOSHMS CHCTEMBI, TO

o4; 00
T da;

4TO O3HaYajJl0 Obl HE3ABUCMMOCTbL OOOOLICHHBIX CHN (Hampumep, [aBjieHUA) OT
TEMNEPATYPHl, 4 3TO NPOTHBOPEHHT UCXOJHOMY HOJNOKCHHIO TEPMOAUHAMUKH O CYLIECT-
BOBAHMH YDABHECHHA COCTOSHHA A:A(a‘, cey Gy} T).

1.3. DuemenTapnas pabota NPOTUB CUn NaBiieHus pasHa W =pdV. IIpu p=const
pabota  W=p(V,~V.}), tae Vi u V,— COOTBCTCTBCHHO MOJSPHbIC OGbEMbI BOMBL
u napa. Tax kak V>V, 10

W=pV,=pRT|p=RT=31257 Jx.
Temnora ucnmapeHu#st MoOns BOAK PaBHA
Q=Am=2258 18 Qx=40624 qx

(A—r7emnora napoobpazoBanus, paBHas and Boabt 2258 JIx/r). Pasmocts Q- W,
3HaYuTeNpHO Oonbmias W, wuper Ha paboTy NPOTHB BHYTPEHHHX CMJ CHEISICHHAS
MEXJly MOJEKYJAMH >XHIKOCTH TNpPH NPEBPALCHAM ee 8 Tiap.

L4. 3aBUCHMOCTb HAMarHMYCHHOCTH J OT HANPSKEHHOCTH H MarHuTHOrO mons
B (eppomarneTuke w3obpaxkaerca Ha nauarpamme H, J ructepesucuoit xpusoit (puc. 51).
OrnemenTaphas paboTa HaMAIHMYHBAHMS, paBHAS

289



7 SW=—HdJ,

e U300paxacTcs Ha 3TOH AMArpaMme TOPH3OHTAJNb-
47 552 Ho# mnomankoi. Pabora 3a wmky mepemMaruuynBa-
HHS CCpIECYHHKA COJICHOMZA, OYEBHIHO, paBHA

W=—§HdJ=—5,

T. e. (CO 3HAKOM MHHYC) IUIOIIANH NETIH KPUBOH
- rUCTepe3uca Ha pauarpamme H, J.
0 H H 1.5. B tepmonmuaMuke paboTa cumraercs Io-
JIOXKHTEJbHOMH, ©C/IK OHAa COBEPUIAETCS CHCTEMOH
Haj BHewHAMM Teiamu. [loatomy pabota Bewm-
HMX MCTOYHHMKOB ITIPH CO3JAHHH JJICKTPHYECKOrO
nojis B JAHINIEKTPUKE M paboTa AMINIEKTPHKA TPH
JTOM MMEIOT DPa3Hbie 3HAKH.
OnpenenuM eMEHTapHYIO. paboTy u3oTpon-
HOTO [HMJJCKTPHKA TNPH H3MEHEHHH B HEM Jile-
Puc. 51. KTPHYECKOTO cMelleHus Ha - dD. PaccMoTtpum
JAH3JEXTPUK C JHAIEKTPHYECKOH NPOHHIAEMOCTHIO
€ MeXDy IUIACTHHAMH IWiom@aad S TUIOCKOro KOHAEHCaTopa C paccrosHmeM [
Mexy HUMH. EcIM Ha IUTACTHHAX KOHIEHCATOPA HAXOMWTCS 3apsail NIOTHOCTBIO
+0, TO 3MEKTpHYECKOe CMelcHHe D M HanpskeHHOCTh E B [MINEKTPHKE pas-
am D=4no, E=4ncje, pa3sHOCTb  NOTCHUMATIOB  MeEXAy  OOKmajkaMu
¢2—@=El=4nclje. Tlpu mnepeHecenmd 3apsga de C OAHOH IUIACTHHBI HA
ApYTYI0 BHEHIHHE CHJbI cosepiialoT paboty (02— )de=Edde, nosromy paboTa
IUDJIEKTPHKA paBHA

3Wi=—Elde
HIIH
3W,=— EISA[D/(4n)]= — V/{4n) EdD,

tak kak de=d(So), S!=V—obbeM muanekTpuka. Takum o06pasoM, 3ICMEHTApHAS
‘paboTa TOJSPW3ALMHM, OTHECCHHAd K OOBEMY H3OTPOTHOTO IMIJEKTPHKA, 6yaeT
3W=[—1/(4n)] EdD, wnmu, mockonsky D=E+4nP,

2
6W=—fl—EdE—EdP=—d<E—>-EdP4
4n 8n
TlepBbiii Y€H B JTOM BBIDAXCHHH OmpedcnacT paboTy Ha Bo30yxIeHue d7eKT-
putieckoro ‘nons [E£2/(8n) —ILUIOTHOCTb IHEPTHH IJEKTPHYECKOro MOAs B Bakyymel;
BTOpOIi 4ieH mpeicTaBnserT coGoil paboTy monApwsauMu B COOCTBEHHOM CMBICHE Ha
¢HMHUIY OOBEMa H30TPONHOTO JMIIeKTpuka: dW.=—EdP.
1.6. YpaBHeHHE BOJHBI, PACTIPOCTPAHAIOLIEHCS MO CTPYHE CO CKOPOCTBO U H va-
CcTOTOi v Baonb ocu X (puc. 52), uUMeeT BHLX

y=acosa(r—x/v),

rae a—aMIUIHTYAa BOJIHBL
Cunioll, cosepLiatoniel paboTy, sBIfeTC

Y
cHJa HaATsxkeHMsi I CTPYHBI, KOTOpYIO MJIf 2
MalbIX KOJeOaHMH MOXHO CYMTaTh MHOCTO- T
\/ X

SHHOM M BO BPEMCHM M BO BCEH CTpyHe.
Jiepas wacTs CTpyHBI OEHCTBYET Ha IIpaByiO
B Touke P ¢ cuwioit 7 10 HENpCpHIBHO
MEHAIOMIEMYCS HANPABJICHUIO KacaTeJILHOM. Pnc. 52.
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[ockoneky konebamMs mNoNEpevHH, cMellcHHE Toukd P 3a Bpems df paBHO
0
dy=6—J:dt, a pabora 3a 3TO BpeMs
SW=Tdycos(T, y)=—Tdysin(7, x).
Mps mamwix xonebanusx sin(T, x)~tg(T, x)=0y/dx, noaromy

dy dy Oy

SW=-T=dy=-T-=-=dt.
T e
Pabota 3a mepuon T
13 pEI
dy 0 Ta*w? Ta?
We-r| 2P =222 sin2of (=2 dt=1t il
Ox 0t v v v
[+ 0

O1a pabora MOJOKMTENbHA, TaK KAK BOJHBL DACHPOCTPAHAIOTCA CJICBA HANPABO
U JeBas CTOPOHA CTPYHBI MEPEIACT 3a HEPHOA SHepruo ©7 2a®/v NpaBoidt CTOPOHE.
[lpn pacnpocTpaneHHM BOJH HO CTPYHE DacHpOCTPAHSCTCS M OSHCPrUsf, HNpHYEM Ha
O/IHY JUTMHY BOJIHBI TpuxomuTcs dHeprus nla’o/v. Jins xoneGamuif, pacnpocrpans-
IOIMXCA  chpaBa HaneBo, pabora oTpunaTensHa, Tak Kak B 3TOM  ciy4ae
y=acoso(f+x/v) U IHeprus NepeacTCs NEBOH CTOPOHE OT NPaBOM.

1.7. BTopoe HCXOAHOE MOJIOKECHHE TCPMOJMHAMHMKH HPHBOIUT K CYHHECTBOBAHHIO
TePMHYECKOrO ypaBHeHus coctoshus: A=4(T,a), oTkyma

0A 04
A={ — - T.
a <aa>1da+<aT)nd
Ipu d4A=0 nonyyaem

(E@)elF) - GELE

B ciyyae A=p B a=V wnmeeMm

G

1.8. Tepmuueckne kodpOUIHEHTEI, MO ONpPENEIEHHIO, PABHBI

1 <6V> 5 1 <8V> l<6p>
o=— =1, = — = — R = — y
Vo oT P Vo ap T Y Po oT v
o ov op 6T>
By Pe\ar)\av )\ 5 )

Ha ocHoBamuu ycraHoBIeHHOTO B 3ajave 1.7 ToXaecTsa

(&) () -

NOJIY4dEM CIIEAYIOLIYIO CBs3b MEXAY TCPMHYCCKUMH KOQd)(bHIIHeHTaMH'.

oTKY A

a=pofPy.
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l 1.9. Vpasuenue Ban-mep-Baaneca (p+a/V?)x
? x{(V=b)=RT moxeT 6biTh 3anucano B BUIE

V3—(RT/p+b)V*+aV/p—ab/p=0.

OTcrofa BHAHO, YTO IIPH NAHHOW TeMilepaType
T ogHOMY 3HA4YEHHIO p COOTBETCTBYXOT TDH 3HAue-
Hug V, tak 4To Ha auarpamme V, p (puc. 53)
npsMas, napamienbHas ocH abcudcc (u3zobapa),
HepeceKaeT M30TEpMY, BOOOILE OBOPA, B TpeX
Toukax. Jlns BHICOKOH TeMIIEPATYphbl [Ba KOPHH
SBJIAIOTCA MHHMBIMH M KaXIOMy 3Ha4eHHIO JaB-
JICHMS COOTBETCTBYET BCET/JA JIMIUL OJHO 3HAYCHHE
obvema. [lpu Gonee Hmakolf Temmeparype ompe-
AC/ICHHOMY 3HAYEHUIO JABJCHHS MOLYT COOTBET-
CTBOBATh TPH ACHCTBUTENIbHBIX 3HaueHus obObeMa.
M3 sTux Tpex 3HaueHull, 0GO3HaUEHHBIX Ha Mep-
TeXe TOYKAMH &, P M Yy, TOJBKO KpaliHue
® M Yy Moryr ObITh TOJYYEHBl B IIPHPOJE.
CocrosHde 8 HEBO3MOXHO, TaKk Kak abCOIOTHO
HEYCTOHYMBO, IIOCKOJIbKY B YCTORYUBOM COCTOSHHH
IJaBJeHHE NpPH NOCTOSHHOH TEMIEPATYpe YMeEHb-

Puc. 53. maeTcs ¢ yBenuucHueM obbema (cM. § 29). Touka

' o COOTBETCTBYET XXMAKOCTH, a TOYKA Y —ra3000-

pa3HOMY COCTOSHMIO HaHHOro BeiuecTBa. OnHako M3 3THX JABYX coCTOsiHHMIT Oonee

YCTOHYMBBIM SBJIAETCA COCTOSHHE, COOTBETCTBYIOIee To4ke o. Kak nokaspiBaet OHBIT,

NpH CKATHU Ta3a COCTOSHHE Ha H30TEpMeE, JOCTHTaeT ompefeneHHod Toukn C W IpH

JanbHeHIIeM H30TEPMHYECKOM CXaTHH HE NepeXomuT mosoxeHus C IO TeopeTHHECKOH

KPHUBOIf; ra3 CXHXKaercsd M OIHOBPEMEHHO B PABHOBECHH CYIUECTBYIOT ra3000pasHoe

C u xuakoe A COCTOSHMA, MMEIOLIME OJMHAKOBBIE TEMIEPATYpy M JaBJiCHHE.

CoBMECTHOE CYILIECTBOBAHME 3THX JIBYX COCTOSHHI MPOJOIDKACTCA IPH H30TEPMHYECKOM
CKAaTHH RO TeX IOp, NOKa BECh ras He NepeHAeT B OKMAKOCTB.

Ha Bompoc o TOM, Kak BMECTO 4YacTH Ha TEOPETAYECKOH XPHUBOH IPOBECTH
npaMyro CBA, COOTBETCTBYIOLIYIO ACHCTBUTEIbHOMY XOAY SIBICHHA, MOXHO OTBETHTD,
HOJb3YACh NMpaBWiIOM Maxcseiuta (KOTOpOE JIErKO YCTAaHOBHTb Ha OCHOBAHHH BTOPOTO
Havaaa). IIOUIAJKH, OrpaHMYEHHBIE KpuBo#t BaH-mep-Baanbca u mpamoit CBA cBepxy
H CHM3Y OT 3TOii NpAMOH, JOMKHBI OBITH OJUHAKOBBIMH.

IIpu noBbILICHHN TEMAEPAaTyphl Pa3HOCTH MexXHy obbeMamu Ve u V4 yMeHbInaeTcs,
orpe30x npsMoit ABC cTaHOBATCS BCE MEHBILE M MEHBILE ¥ NPH HEKOTOPOH TEMIEpaType
TOukH A, B, C ciupatoTcs, Tak 4To M300apa nepecekaeT Takylo H30TEPMY B OZHGH TOUKe.
Ot1a TOYKAa SABJIAETCH, CJCNOBATENbHO, TOUKOH mepermba MW30TEpMBI, KacaTeNbHAas
K KOTOPO# napannenbHa och abeimcc. OHa onpejeIseT KPHTHIECKOE COCTOSHAE BELUIECTBA,
HA3hIBACTCS KPUMUYeCKol mMOuYKoil W XapaKTEPU3YeTCd ONPEAeNEeHHOH KPHUTHHECKOH
TeMnepaTypoit T, KDUTHYECKHM 00BEMOM V,, M KPHTHYECKMM [ABJICHHUEM py,. B 3TOM
COCTOSIHUM CHCTEMA C MaKPOCKOTIHYECKON TOUKH 3peHHs NpeAcTaniset coboil oany dasy.

IMockoynbKy KOOpAMHATBI KPHUTUHECKOH TOYKH YIOBJICTBOPSIOT ypaBHeHHio Ban-
aep-Baambca (p+a/V2)(V~b)=RT wu ypashenusm (0P/0V)r=0, (3%p/oV?)r=0,
KPHTHYECKHE IIAPAMETPBI puy, Vip, Iyp OLPEACHAIOTCS U3 COBMECTHOTO pellIeHHS
CHCTEMBl 3THX YDABHCHHH H DPaBHBI

Vio=3b, Pup=a/(27b%), T.p=8a/(27Rb). m

<Y

Siy' TapaMETPhl MOXHO TaKXKe HaliTd HCXONS U3 TOro, 4TO YpaBHEHHE Basn-
nep-Baam:ca HMECET B KPHTHYCCKOM COCTOAHMM TPH PAaBHLIX KOPDHA U TIIO3TOMY
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ponxHo umeTh BAR (V—V,;)?=0, mm V?-3V V?>+3VEV—V3 =0. Cpasuusas
3TO ypABHEHME C ypaBHeHHeM BaH-jep-Baannca B xpuTHueckoll Touke

RT, h
V3—<—"+b> vis Ly 2o,
xp Pep Prp
HMEEM

3VKP=RTKP/pxp+b’ 3V3p=a/pxpa V3p=ﬂb/Pxp,

oTKyaa nosyyaem (1)

Kpurnveckuilt koadpduunent s=RT,,/(p.p V) mns ypasuenns Ban-gep-Baansca,
TakuM obpaszoMm, paBeH s=8/3=2,67, T.e. UMeeT OAHO ¥ TO ’KE 3HAYCHHE
Mg BCceX BEINECTB (HE 3aBHCHT OT a M b). B [elicTBHTENBHOCTH IUIA - PasHBIX
ra30B § WMECT pa3sNU4Hbie 3HAYCHMs, TpHYeM OHO Beerna Oonbiue 2,67 M uMeeT
B CpellHEM 3HayeHue s~ 3,7.

1.10. Jns rasa, cocTOsHHE KOTOPOTO ONpPEEAseTCa NepBbiM ypaBHeaHeM Jutepuyn

p(V—b)= RTexp[ ~a/(RTV)], o

Pips» Vips Typ MOryT OBITh HARJCHBI DELICHHCM 3TOTO YPABHEHHS COBMCCTHO
¢ ypaBHeHusmu (3p/0V)r=0, (0°p/dV?)r=0. Nuddepenunpys ypasuenue (1) 1o
V npu nocrossHoit T ABaxAbl W NMPUPABHHBAS JTH MPOW3BOJHBIC HYJIO, NOJyuaem
COBMECTHO ¢ ypaBHeHueM (1) cucTeMy ypaBHEHHI

Pup{Vip—b)=RT,pexp~ [a/(RT,q, Vo )]’

a
= v exp—[af(RT,Vip )],

O=a=[(RT,,V,;)~2,

Psp

OTKyHa
- 232 — —
Po=a/(4e?b?), V,,=2b, T,,=a/(4Rb).
Kputuueckuii xoadpuuuesT
2
$=RT, /(P Vo) =62/2=3,695,
YTO XOPOWIO COTJIACYETCH C ONBITHBLIMH J2HHAIMU /IS MHOCMX BELIECTB, AU KOTOPBIX
3HayeHWe s konebnercs B mpemenax ot 3,5 po 3,95. Kpuruueckuii koadounuent,
TOJIyYeHHBIH Ans ypaBHeHHs Bau-zmep-Baanbca, pasen 2,67.
Vpasuenne Jlutepuun npu Gonbuux obbeMax V' HEMOCPEACTBEHHO MEPEXOIHT
B ypasuenue Ban-nep-Baansca. JelicrurensHo, pasnaras exp [ —a/(RTV )] no sennune
a/(RTV), manoii npu GonbuiMx V, H OTPAHUMHBASCH BTOPbIM WIEHOM DA3JIOKEHHS,
moNy4aeM U3 ypaBHedus JutepmuH, 4to

p(V—b)=RT[1—a/(RTV)}, nm p(V-b})=RT-a/V.

a a b
Hpu Gonsmmmx V 3unaucHus a/V u b/V Mmasawl, mo3ToMy T’zl_/<l-l_/)' Torna
(p+a/V*)(V—b)=RT.
1.11. KpuTHueckue MapaMeTpel p,,, Vi, T,p 419 BEWIECTBA, YPABHEHHEM COCTOSHMS
KOTOpOro sBJscTICs BTOpoe ypasHenue Jlurepuuu
{(p+a/V>3®)(V—b)=RT,

HaXO[MM, pelas 3TO  yPaBHCHWE COBMECTHO C ypasHeHusmMH (8p/0V )r=0,
(8%p/oV?)r=0. Torza
Pp=0a/[4(46)°P ], V.,=4b, T,,=5ab/[4R(4b)*?].
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Kputuueckunit koadduiuent
§= RT,(l,/(p,(p Vi) =3,75,

YTO XOPOHIO COIJIACYETCS C ONBITHBIMU JAHHBIMH [UIS «HOPMAJIbHBIX BEILECTB?,

y KOTOpBIX 3HaueHHe § kojebietcs B mpemestax ot 3,5 mo 3,95. B 3tom oTHOmEHHH

BTOpOc ypapHeHue J[luTepuum JdaeT JIydImMil pe3yJbTaT, 4eM YypaBHeHUe Bau-mep-

Baaspca, koTOpoe NpHUBOJNMT K 3HAUEHWIO KpUTHYeCKOoro Kodhbuuuenta s=2,67.
1.12. MoacraBnas B ypaBHeHue BaH-mep-Baansca

(p+a/V?)(V~b)=RT

BMECTO p, V, T COOTBETCTBEHHO NPy, OV, 11y, M BMECTO a, b, R MX BbIpaXeHHs
4epe3 Pup, Vips Iyp» Mbl NOJNYYHAM TIPHBENEHHOE ypasHeHue Ban-nep-Baannca

(n+3/9%) (3p—1)=8r,

KOTOPOE HE COJCPKMT HMKAKMX HOCTOSHHBIX, 3aBUCALIMX OT MPHPOJBI BEIUECTBA.
DT0 ypaBHEHUE BBIPAXKAECT 3AKOM COOMGEMICIMBEHHBIX COCMOAHUM ecau 08e u3 NnpueeoeH-
HbLX NEPEeMEHHBIX T, ©, T OAA PA3ZHbIX 6CWECME COGNUOAIOM, MO MPEMbA NEPemeiHaA
makxce coenaddem U COCIMOAMUA IMUX 8ewecms Oy0ym cOOMEemcmeeHHbIMU.

BeillecTBa, NOAYMHAIOUIMECS 34KOHY COOTBETCTBEHHBIX  COCTOSHWEA H  YAOBJET-
BODPAIOLIKE OMHOMY M TOMY Xe NpPHBEACHHOMY YDaBHEHHIO COCTOSIHUS, HA3bIBAIOTCH
mepmodunamuuecku nodobuvimu éewecmsamu. TepMOAMHAMUYECKOE TOAOOHE MO3BONAET
JieNaTh BBHIBOAB! O CBOMCTBAX OMHOTO BELIECTBA, €CMM W3BECTHLI CBOMCTBA APYroro
(MPMHIMI TEPMOJMHAMMYECKOrO MOA00Us).

AHANOrH4YHO, MOACTABNIAA B TiepBoc ypaBHenue [urepuun

p(V—b)=RTexp— [a/(RTV)]

BMeCTO p, V, T COOTBETCTBEHHO TPy, ©Vp, 1T, H BMecTO a, b, R HX BbIpaXeHUS
4yepe3 KPHTHYECKHE MAPAMETPhl pyp, Vi M T,p, NONYYAEM DNPHBEJCHHOE NEPBOE
ypaBHeHne [utepuun

n(20—1)=texp{2{1-1/(r¢}]}.
IpuseaeHHOE ypaBHEHHE MOXHO MOJIYYMTBL MJIS BCAKOTO YPaBHECHUS COCTOSHHS,
B KOTODOM COHCpXMTCH  He Oolee TpeX NOCTOSAHHBIX, 3aBUCALIAX OT HPHUPOIB
BEMIECTBA. JTO CHEAYET M3 TOrO, YTO INPH ONPEIENCHUM KPHTHYECKUX IIapaMETPOB
Psps Vips Typ M3 TPEX ypaBHEHWH

p=p(V, T), (/0V)s,=0, (6°p/0V?)1,=0

MBI [ONY4a€M [ HMX 3HAYeHHMs, BBIDAXEHHbIC 4Yepe3 BXOAMIME B YPaBHECHHE
COCTOARHS IIOCTOSAHHBIC, W €CJIM 3THX NOCTOSHHBLIX, 3aBUCANIAX OT NPUPOABI BCIUCCTRA,
GoJibIlIE  TPEX, TO BHIPA3UTb HMX TOJBKO YEPE3 Pyp, Vip U Typ, OUEBHAHO, HENB3S.
TipuBeneHroe ypaBHeHue NO3BOAET Oosiee TOYHO yKasaTh KPHUTEPHH, HPH KOTOPBIX
YPABHEGHHE COCTOSIHHS MOCANBHOTO [a33 MOXET OBITh XOpOIIMM HPHOIMKEHHEM
K mefictBuTenbHOCTH. TloKaxeM, HampHMeEp, YTO BO BCeX Cy4yasx, Koraa obneM rasa
BEJIHK TI0 CPAaBHEHHIO C €ro KpPHTHYECKAM O0OBEMOM, ypaBHense Ban-gep-Baanbca
TIEPEXOUT B YPABHCHHE Knaneﬁpona~MeHneneeBa H, CICOOBATECIBHO, B 3THUX Cliy4asX
HpPI6.IIPI)KCHHC HACANBHOIQ ra3a XOpowOo COOTBETCTBYCT ﬂeﬁCTBﬂTCHLHOCTH.
Ipusenennoe ypasHenue Bau-nep-Baamnca

(t+3/9*)(3p—1)=8

B cayyac ¢=V/V,,>>1 npubnmkeHHO MOXHO 3amucaTh B Bujae n@=28t/3. A Tak
Kak ans raza Bau-mep-Baanbca kpurhueckmit xoddduument s=RT.,/( p,V,,) PaBen
8/3, 10 5TO ypaBHeHMe mnpeoGpa3syercs:
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V RT, T
7@ =RT,t/( Pep V,p) B LA L. 3
p:p pr pxp Vkp TIP

H, ciaegoBareabHo, pV=RT.
1.13. VpaBrenne

o(pV
I: (p ) ] =0 1)
o |r
onpenenser xpusyio boiuna. Tlpu p=0 u3 ypanenus (1) Haxoaum Temnepatypy bo#ns.
VpaBHeHHE COCTOsSiHMS B BHpHanbHOH Qopme
V=RT 1+B+ ¢ + b +
pV= yryztyste

3anMiicM B BHAC

Bp Cp? Dy
pV=RT[]+—+ bt
v (pV) (pV)

JRuddepenuupys obe 4acT# ITOTO ypaBHEHHA MO p NPH MoCcTOAHHOM T M nojaras

[M]T=o u p=0,

p
nonyyacM B=0 (npu temneparype Boiinsg Bropoii Bupuansubii x03pduuneHT peaabHOro
rasa pased HYIIO).
B caysac raza Bam-aep-Baannca
_RT a _RTpV  ap
LR A Y e

RT ,
(m —1>(pV) =dap.

o(pV
IMocne auddepeHuMpoBaHUS TOCIHEIHErO YPaBHEHWA YO p IpH [(—(—;—)>] =
P T
=0 a4 p=0 noayyaem

T5=a/(Rb)
1.14. B BuprasbHOHt (GopMe ypaBHEHHS COCTOSHHS Ta3sa

B C D
pV RT(I+ V+ T + 73 + )
BenyuuHbl B, C, D, .. Ha3hBAIOTCH COOTBETCTBEHHO BTOPHIM, TPETBHM H T. [
supuatsHvimu KodaPguyuenmamu. OYEeBUIHO, YTO JUIA MICAIBHOTO ra3a BCC BHPHAJIBHBIC
xko3pduumentrl paBHBl Hymo. [IpencraBnss ypaBHeHHE COCTOSHMS rasa Bas-zep-
Baanbca B BUpHManbHOM (OpMe, MOXHO HAWTH BBID@KCHHA I BHPHAIBHBIX KO-
dummentos storo rasza. Us p=RT/(V—b) —a/V'? monyuaem

RT a
V= - —.
PRI T Y
Tax kak b/V <1, 10
RT b b P
—— _—RT{1+=+—+—=+..
-y RT( typtatyst )
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H, CJICAOBATEC/IBHO,

% 72 + 0 4
OTKyIa BTOpOf ¥ TpeTHii BUpMasbhble KodQuuueHTsl rasa Bau-mep-Baambca pasubt
B=b—aj(RT), C=b%

Ilpu temneparype boiuis B=0, nojromy ais ra3a Bau-gep-Baansca sta
TemnepaTypa paBia Ts=a/(Rb). Ilpu temneparype Bbime Ty CKHUMAEMOCTH PeabHOIO
ra3a OpH BCEX A4BACHUNX MCHBILE CKMMAEMOCTH HACANILHOTO Trasa.

1.15. Moxactasnss B Qopmyny (1.7) norenuman @ (r) B3aUMOACHCTBHS TBEPAbIX
cdep, HOMydaeM

b—af(RT) & ¥
PV:RT<1+—a/( ), )

B(T)= "2TEN{J[e‘°"W‘T>_ 1]r2dr+
0

0

- 2
+ J[e‘m(’”‘“ 1} rzdr}=§ NG,
o

Monens MEKMONCKYJISPHOTO B3aUMOJNEHCTBUS TBEPABIX HENPOHMIAEMBIX cdep
YACTO MCIHONb3YeTCs B BBIYMCIeHMAX OJATONApst €€ MPOCTOTE, HO OHA JaeT JHllb
rpyboe mpencrasiense 0 GOMbUIMX KOPOTKOACHCTBYIOUMX CHJIAX OTTANKMBAHHA. OTa
MOJCIb XOpOUIO OHPABABIBAETCH NPH BLICOKOH Temneparype, KOrJa B3aHMHOE
HPUTSHKEHNE MOJNIEKYJl CTAHOBHTCH HECYIIECTBEHHBIM (HAaIpHMeEp, B Cllydae TOPSYMX
[HOPOXOBBIX Ta30B). BeqWuHHa G ONpelENAeTCs METOJOM INIPHPaBHMBAHHA o00bEMa
cdepui 00beMy Mosiekydbl Mo ypapHeHHIO Bam-nep-Baasbca.

MoacraBnss B dopmyny (1.7) morenuman @(r), rpaduk koroporo umeer BHAI
APAMOYTOJLHOM NOTEHIUANBHON SMbI, HAXOIHM

Ro

B(T)= —2xN { J [e~ 4D 11,2 dr+ J [e~ 0D 1] dr+
o

L

o

2
+ J e @ran _ l]rzdr}=§1rN0'3 [1- (R?~1)(e~*D—1)].
Ro

Mojemb TAKOr0 MEXKMOJICKYJIPHOrO B3aMMONECHCTBMS NPENACTABIfET TBEPLYIO
chepy (IMAMETPOM O, OKDYXEHHYI0 CJOEM € MOJeM IPUTAXKERHHd €, KOTODBIH
npocTupaerca 0 paccrosHms Ro. OTa Mopenb YYdTHIBACT B NPOCTEHIIEM BHIAE Kak
CHNIBI OTTAJKMBAHM#A, TAK M CHNbI NPUTSKCHUA;, OHAa ocobeHHO ynobHA MM rasos
H3 CHOXHBIX MOJIEKYJN, TaK Kak COJCPXKHT TpH moaOMpaeMblx NapaMmerpa, HO
HEMPUMEHMMa K HUM IIDH BBICOKOH TeMmrepaType.

1.16. M3 ypaBHeHHS COCTOSHMS HACAJBHOTO NapaMarHeTHKa

s=1(%) tr0=0

npu ManoM otHomeHudn H/T npubimxesHo umeeM
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Jns napamarsernkos J=xH, 103TOMYy TeMrepaTypHasi 3aBHCHMOCTb MAarHMTHON
BOCIIDHMMHYMBOCTH HMIEATBHBIX TAPAMArHETHKOB B 3THX YCIOBHSX ONpEACIseTCH
ycTaHOBJICHHBIM B 1895 r. 3axonom Kropu:

ro_c
T T
3axoHy KiopH nomuuHSIOTCS ra3bl, MONEKYJbl KOTOPBIX HUMEIOT IOCTOSHHBIE MAarHUTHBIE
MomenTsl p (N;, NO), napbt WETOUHBIX MET4LI0B, pa3GaBJeHHble XHIKHE PacTBODI
[ApaMarHUTHBIX COJIcH PEAKO3CMENIbHbIX JJIEMEHTOB M HEKOTOPbIe NapaMAarHUTHbBIC
COJIM B KPHCTAJUIMYECKOM COCTOSHHMHM. B CHIIBHBIX MArHHTHBIX TOJIAX W IPY HHU3KUX
TeMnepaTypax 3akoH KriopH He BBHIIOTHSETCS.

2.1. IlepBoe Ha4aJI0 TEPMOJWHAMHKHM MO3BOJIACT HONYUMTb npasuso Iecca (3axon
HOCMOAHCMBA  MEnaoeblx Cymm), OTKpuiToe WM B 1840 T. emie [O yCTAHOBICHHS
[EPBOrO Haualia: menaogol IPPexm Xumuueckoll pearyuu, npomexaiowel npu nocmo-
AHHOM Obveme V uau npu nOCMOAHHOM OdA8AeHuu P, HE 3a8UCUIM O NPOMEHCYIIOUIDBIX
peakyuii, a onpedeasemcs AUWb HAYAALHBIM U KOHEUHBIM COCMOATUSMU PeZUPYIOWUX
selecms.

DTO0 npaBMIO SABAACTCA CJCACTBHEM MEPBOrO Hadana TepmoauHamuku. [leier-
BUTEJILHO, eciu ¥V =const, To 13 00 =dU+pdV noayuaem Q= U,— Uy, T. €. KOIH4CCTBO
TEMJIOTHl HE 3aBHCHT OT NYTH TMEpexoja M3 TNEpPBOro. COCTOSHUS BO RTOpoe. Ecun
peakuust NPOXOAMT Tpu p=const, TO

30 =dU+pdV=d(U4pV).
H KOJHYECTBO TEIIOTHI
O=(Uz+pVy)=(Us+pV1)

TakXe HE 3aBUCHT OT TyTH.

TMpasuwio T'ecca TO3BOJAACT BHIYHCIATL TemaoBbic HPDEKTH TAKMX  peakiui,
KOTOpBIC HCIMOCPEACTBEHHO MJIW  COBCCM HE WPOHCXOAAT, WM JUIS KOTODBIX OHH
HEMOCPEACTBEHHO HE MOryT ObITh M3MCpeHsl. B Takux ciyqasx COCTaBAAIOT TEPMO-
XUMUYECKHE YPABHCHMA, Dellas KOTOPBIC ONPCACSIOT TemnoBo# 3ddext nuckomMont
peaKIuH.

Tepmoxuvuueckue ypasiuenus TPEACTABNMOT coOOH ypaBHCHMS XMMHYECKOH pe-
4KIIMU. B KOTOPBIX BMECTO CHMBOJIOB PCardpyHOHIHX BCICCTB 3ANUCHIBAIOT BHYTPEHHHME
JHEPIUY 3THX BEWIECTB M TErsioBbie dhdexTht peakiuit. [Tpn 3TOM, Tak kaKk BEILECTBO
B Pa3JiMYHbIX ArpCraTHBIX COCTOAHMAX (C Pa3NW4HOH BHYTPCHHCH IHeprucil) usobpaia-
€TC# OMHMM W TEM 3KC CHMBOJIOM, IPUHATO 0603Ha4aTe BHYTPEHHIOW 3JHEPTHIO
TBEP/IBIX BELHECTB B KBAJAPATHBIX CKOOKax, KHUAKOCTEH — B KPYIJIBIX cKoOkax M razoo6-
pasubix BeluecTs—B .Qurypubix ckobxax. Tak, cmmsonsr [H,0], (H;0) u {H,0}
03HA4Yal0T COOTBSTCTBEHHO BHYTPEHHIOK JHEPrHIO JIbAd, BOJbI M BOASHOTO mapd.

IIpuBeneM npuMep pelcHUs TEPMOXMMHMCCKHX YPaBHCHMH JUIS  BBIMHCICHHA
TemnoBoro 3dxpekTa peaknMH HENOAHOTO CropaHus TBCPIOTO YIJICPOAAa B  OKWCh
yraepoja. 3TO KOJAWYECTBO TEIUIOTHI HE MOXKET OBITh HEMOCPEACTBCHHO H3MEDPEHO
MOTOMY, YTO TpPH OKHMCJEHMH yriepoga ofpasyercs cmech okuciaos CO n CO,.

W3BecTHO, ¥TO 0puM MONHOM CrOpanmM yracpoda Belaensercs 394 xJx/Moiis,
a npu cropaunn oxuch yraepoaa CO, seiaensercs 283 x/Ix/Monb. Tepmoxummieckue
YPaBHCHHSL 3THX DEAKIAA HMCIOT BHI

[C] + {02} — {CO,} =394 i,
{CO} +4/2{0,} — {CO,} =283 x[Ix.
BbI"ll/[Taﬂ H3 TICPBOIO YPABHCHUS BTOPOEC, MONYHaeM
[C] +1/2{0,} — {CO} =111 [Ix,
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T. €. TpPH HENOJHOM CropaHuH yriepoia Boylenserca 111 x/Ix na wmoms CO.

Tennosoit 3bQexT peakumn 3aBHCHT OT TEMNEPATYPhl H JABICHHA, NPH KOTOPHIX
nporexaeT peaknms. OOBIYHO, €CIM HE CIENAHO HMKAaKHX OrOBOPOK, CYHTAETCSH, 4TO
DaBjieHMe HOpMaJibHOe aTMoctepHoe M Temmepatypa 25° C.

Xapaktep TeMuepaTypHOil 3aBUCHMOCTH TeroBoro 3ddexra peakiuu oupeaensercs
ypaBHeHueM Kupxroda, KoTOpoe JerKO YCTAaHOBHTb Ha OCHOBAaHHM INEPBOTO HAyYana
TEpMOAHHAMUKH (cM. 3ajasy 2.3).

2.2. Hago onpefensTh TEMIOTY oOpa3OBaHMA BOISHOrO Hapa M3 JJIEMEHTOB, T. €.
O, W3 TepMOXMMHYECKOIO yPABHEHMA

{H;} +'/2{0,} — {H,0}=0.
TepMOoXuMHYeCKHe ypaBHEHHS 0Opa3oBaHHA W MCHAPEHHS BOAbI
{H2} +'/2{0:} — (H:0)=01, (H,0)— {H,0}=-Q>.
CknaJpiBas 3TH YpaBHEHHs, NOJyYaeM
{H,} +1/2{0;} — {(H,0}=0,-Q>.
Orciona Temnora obpa3zopaHus BOAAHOTO Mapa W3 €ro 3JMEMEHTOB paBHa
Q=0 —0Q,=247 xJIx/momnb.

CrnenoBaTensHo, npu o0pa3oBaHHH BOJAHOTO Hapa H3 IJJMEMEHTOB TEWIOTA
Boipensercs (Q>0).

2.3. 3aBHCHMOCTb TEIUIOTHI PEakUMH OT TEMIEpAaTyphl ONpefessieTcd ypaBHEeHHEM
Kupxroda, xoTopoe jerko ycTaHOBHTh, AuddhepeHuupys mo TeMuepaType BhIpAXeHHe
ana Q, naBacMoe IEPBBIM HA4YaJIOM TEPMOAHHAMMKH.

Ecmu peakuus mpoucxomuT mpu V=const, To no meppomy Hadany Q=U,—-Uj,
a TersioBoi apdext peaxmmn Q= —Q=U,—U,. JnddepeHuupys 310 BHIpaXCHUE
no T, nonyyaem ypaBHeHme Kupxroda mis TeMmepaTypHOH# 3aBUCHMOCTH TeIUIOThI
peaKnyM TpPH H30XOPHBIX MPOIECCaX:

(B)(5)(5) e

Ilpn m300apHEIX NpeBpaIeHUAX
Q=(U2+PV2)‘(U1+PV1)=H2—‘H1 v 0=H, —H,,

rae H=U+pV.
Mpounsoaras ot H no T npu p=const passa C,; B caMoM fene, 0Q=dU+pd¥V =
=d(U+pV)—-Vdp=dH—Vdp=(0H/OT),dT+ [(0H/op)r—V ]dp, oTkyma

Cp= (5Q/6 T)p = (@H/a T)p'

Taxum obGpasom, ypasaedne Kupxroda it TemueparypHo#l 3aBHCHMOCTH TEILIOTHI
peakusu mpu u300apHBIX mpoueccax

(SQ/aT)p=(6H1 /aT)P" (aHZ/aT)pz(Cp)l - (CP)2

(uHaexcs 1 M 2 03HAYaKOT COOTBETCTBYIOUIHME TEIUIOEMKOCTH CHCTEMBI NEpel peakumeit
H NOCJIEC pPCaKLMH).

Jis HaxoXOeaus TEMIEPaTypPHOTO M3MEHEHHS TEIUIOTHI CTOPaHHA MOJIA BOZOPONA
¢ obpa3oBaHMEM JHIAKOH BOAb! BbIYTEeM M3 TemnoeMkoctd (C,); CMecH, cocTosurei
M3 MONs BOZOpOJA M '/, Mons kuciopona, Temnoemkocts (C,); Moas Boasl. Jus
ABYXaTOMHBIX ra3os (xHCIOpOA, BOAOPOI) Cy=20,95 Ix/(K - Monb);
Cp,=Cy+ R=29,26 Ix/(K - MonB). Hosromy (C,)1=47,89 x/(K - Mon®);
(Cp)2=75,42 Nx/(K-moms) u (3Q/dT),=—27,43 Ix/(K-MoNb), T.e. C yBelIHYEHHEM
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TemnepaTypsl Ha | K BblgeneHue TemIoTsl OpHM CrOpaHMM MoOJNA BOAopoAa C 06-
pPa30BaHMEM >KHAKOH BOABI yMeHbiuaercs Ha 27,43 JIx.

2.4. Ilpu pacnpocTpaHeHAR 3Byka CpeAa HAXOJMTCH B CTALHOHADHOM, HO HE
PaBHOBECHOM COCTOSHMH. IIO3TOMY TepMOIMHAMMUYECKY ONpENeNeHHON BEIHUYHHOMN
SIBJISETCA CKOPOCTh 3ByKa NPENENbHO HH3KOH (HyJeBOH) 4acToTsl up. CKOpPOCTH 3ByKa
¥ 1pn Moboit APYro# YacToTe 3aBHCHT OT BPEMEHM PENIAKCALIHK U JPYTUX XapakTepPHCTHK
nponecca. CHnTas NpOIECce PaCPOCTPAHEHHUA 3BYKa C1abOHEPABHOBECHBIM, NIPUMEM U X iy.

B ynpyroi cpeme cKOpoCTb PACTIPOCTPAHEHMS HPONOJIBHBIX BOJH

u=/Kjfp,

rae K—Moayns ynpyroctd, p— IUIOTHOCTb CPEIbl. BBICTpOTA CKaTHs ¥ Pa3peXeHust
YOpYro# cpejsl MpH PACHPOCTPAHCHAM 3BYKA TAK BENHKA, 4TO 32 MEPUOA TeIIooOMeH
HE YCNEBAET NPOW3OHTH, NMOITOMY MPOLECC PAaCHPOCTPAHCHHS 3BYKa SBJSETCA ajIM-
abaTHBM H, CIIEHOBATEIIBHO,

e [B_ [(2\ 2 [[Ke_y, [ 2&)
p ap /s p M\ov )y

tak kak Ks/Kr=vy, Ks=—V(0p/dV)s, Kr=—V(0p/oV)r.

IMpoussonnyro (Jp/0V)r MOXHO HalTH, €CIH M3BECTHO TEPMHYECKOE YPaBHEHHE
COCTOSIHHA Ta3a.

B cnysae umpeansHOro rasa

PV=RT, (0p/oV)r=—RT/V2, u=/YRTIM.

IMpurnMas ans Bo3ayxa y=1,4, npu 0° C mosywaem u=331,6 M/c, uto Haxomurcs
B COTJIACHM C pE3yNbTaTaMH OIBITOB.

Wsmenenne cxopoctd 3syka ¢ temuepatypodt du/dT=u/(RT) mpu 0 °C parHO
0,6 M/(c - K).

2.5. Cornacao ypapueHuro (2.6),

el (9,5,

M napamarnetuxa A= —~H, a=J, nosromy

q—a=[<%)fﬂ<g—;)ﬂ'

B cnywae macanbroro mapamarsetuka, koraa (0U/0J)r=0, HCNONB3ys TePMHYECKOE
ypaBHenue  coctosma J=xH, roe nNapaMarHiTHas BOCHPUMMYMBOCTH, TO 3aKOHY
Kiopn, paBHa w=C/T (C—nocrosuxas Kiopu), moayuaem

CH‘—CJZCHZ/TZ.

2.6. U3 obwero ypasHesust aguabatsl

oT oT
2 dasy( ) da=o
<6A),, ”(aa),, a4
B C.Hy‘{ae rlapaMarHeTm(a, Korpa A=—H u a:.’, HaxoauM
oT oT
90 ar+y( ) a=o.
<6H), 7(61),,

Tak xax mns uaeanabHoro napaMarueruka J=wH=CH/|T (C—nocrosnnas Kiopu)
u (0T/0H);=C|J, (8T/0])ag= — CH/J?, To muddepennnansHoe ypaBHEHUE ero aauabarn!
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dH dM

=T

H J
oTKyna, cuuras y=Cy/C,;=const, mOCHe HUHTErPHPOBAHMSA MOJYYaeM YpaBHEHHE

HJ ™ Y=const, 1)
AHANIOTHYHOE YPaBHEHWIO aauabaThl WICANbHOTO rasa

pVY¥=const. )

W3 cpasueHus ypamuenuit (1), (2) BMAHO, 4YTO IIpU IepexoAe OT ORHOM
TEPMO/IMHAMHYECKOR CHCTEMBI K Jpyrod 3ameHa p— —H, V- J Bo3MOXHa JHIIb
B mudepeHIHaNbHbIX YPABHEHUAX TEPMOJHMRAMHKH M, BOOOLIC IOBODS, HEBO3MOXHA
TOCNE WHTETPUPOBAHHA 3TUX ypaBHEHUH.

2.7. Ilo nepBoMy HayajJy TepMOIHHAMUKH,

U ou
80=dU+pdV={ — | dT dv,

30 . ou dav
o[ (), )7

Jing uneansnoro raza (0U/0V)r=0, modTomy
C.=Cy+p(oV/)eT)s.

TennoeMKOCTh MOJIS HIEANBHOIO ra3a B MPONECCax MPH PA3HUHBIX X =COnst paBHa:
a) npu x=pV ?=const

oTKyIa

X i x 14
V=RT, pV?=RTV, Voo () == o 2
pr==anhor RT (ar), RTT T

pv
pr2=CV'— 7=CV—-R;

6) npu x=p*V=const
pV=RT, p’V-V=(RT)*, V=(RT)}x,
(@V/oT),=2R*T)x=2V|T, Cpy=Cy+2pV|T=Cy+2R;
B) mpn x=p/V =const

pV=RT, xV?=RT, V=/RTx,

N LU R_V eV,
a7 ) T2 Tx a2 SOt Tt

3ajauy MOXHO peuiMTh M ApyruM cmocoboM. Bce paccmaTpyBaemele MpONECCH
AIPEACTaBAMIOT OO0 monUTponHble Hpouecch! ( pV"=const) ¢ pa3MyHBLIMH MOKa3a-
TENAMA TOJIHTPOILI

n=(C,— C)/(Cy—C)=(Cy+R—C)/(Cy—C)
H COOTBETCTBYIOUIMMH TEIJIOEMKOCTAMH
C=Cy—Rj(n—1).

B ciyuae a) pVl=const, n=2, nostomy Cpp:=Cy—R.
B cnywae 6) p*V=const wm pV ' =const, n=1/2 ¥ Cop=Cyp+2R.
B cnyuae B) p/V=pV l=const, n=—1, C,p=Cy+'/,R.
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2.8. Ipu coobmwicHNE KaXAOMY IIapy KOJMYECTBA TEIIOTHI O UEHTP THKECTH
JIEBOrO {llapa NOAHHMETCH, a4 NpABOTO —ONMYCTHUTCA. YacTb KONUYECTBAa TEMIOTHI,
cooDleHHOrO NIeBOMY Iuapy, no#ger Ha paboTy HORHATHA 1uapa, NO3TOMY OH
MeHbllle Harpeercs, 4eM neswlif. CrnemosarensHo, C, >C,.

2.9. IIpn TersioBOM paBHOBECHH TeMIeparvpa rasa B [WIHHAPE BCIOAY OJIHA
N Ta ®e, a AaBleHue p mamaer ¢ Beicotoil k. Ilpn stom

dp= —pgdh, 1)
rae p— INIOTHOCTb Ta3a; g—- yCKOPEHHE CBODOXHOTO HAaACHUSA.
W3 ypaBHeHHS COCTOSAHHA HAeaibHOTO raza pV=mRT/M Haxomum
p=%%=p%, dp=%dp- (v]
IToacrasnsa Bupaxenne (2) B (1), mocie HHTCIPUPOBAHUS MOJy$acMm
p=poexp[—Mgh/(RT)] u p=poexp(—Mgh/(RT)).

Ecin §— ceuenue HWIMHApA, TO NOTCHUMAJbHAS SHEPIUA MOJIA ras’a B UMIMHADE,
TIOMELIEHHOM B OJHOPOJHOC MOJIE THAXECTH,

V.= [ pgShdh=0p,Sg { exp[— Mgh/(RT)]hdh=RT,
[} 0

Tak kak M= [ pSdh=poS | exp [ Mgh/(RT)]dk.
1] 1]

Tpu HarpeBanun rasa HeoOGXOMMMO cOOGINATH TEIUIOTY HE TOJILKO Ha YBENIHUYCHHC
BHVTPEHHEH OHEPruUM (TEMIEpaTyphl) HOEANBHOTO rasa, HO W Ha YBEIWYCHUWE €ro
TOTCHIHANBHOA JHEPTHH (NEHTp THKECTH ra3a B IMrMHApe nomaumaercs). Jlonnas
3HeprHs cronba rasa paBHa CyMMe BHYTDECHHe#l M TIOTEHIMANLHOH sHepruii:

E=U(T) +V,=U(T) +RT,
OTKyHa
C=(3EjoT)y =(0U/0T)y +R=Cy+R=C,.

Taxum o6pa3zom, TEIIOEMKOCTb HE OrpaHM4YEHHOro CBepXy cToj0a HiealpHOro rasa,
HAXOMLIErOCH B ONHOPOJHOM TIOJie TSKECTH, pAaBHA TEIUIOEMKOCTH rasa mpH
NOCTOSIHHOM  JAABJICHHH.

2.10. Taz pacrumpsercsi NOINTPONMHO, NOITOMY pyV{=p, V] uwm 4V"=(3V)",
OTKyJa TIOKa3aTens noiauTpomsl n=In4/ln3=126.

Pabota mpu moMuMTPOMHOM Hpoliecce

v, v,
const const Va
W=|pov=| o= dy=" |y
7z 1-n v,
v, v,
pVympVy |
=p';_p]1=656(4~5-104—15-104)Kﬂm=1884,54 kK.
" ,
TCI'UIOTa np“ TIOTUTPOHNHOM npoueoce
Q=mclt,~11),

Toe m-—macca rasa; ¢—NOJWTPONHA YAE/HbHAS TEMIOEMKOCTb, KOTOPYI) MOXHO
BLIDA3UTh 4Yepe3 MoKa3aTedb TNoauTponsl. Kak wisecTHo, n=(c,—c)/(cy—c), OTKyna

c=cy(n—vy)f{n—1).
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i Taxum o6pa3om,
Q=mcy (t—1.)(n—y)f{n—1).

Ho mcy (t;—t;)=AU—n3merenue Buy-
TPeHHe#l JHEPTHH Ia3a, KOTOPOe MO NEPBOMY
Havalny pasio AU=Q—W, nostomy
0=(Q—-W)(n—7)/(n—~1), otryma (y=14)

Q=W(y—n)/(y—1)=659,59 xJIx,
AU=Q—W=1225 x[Ix.
Pabora pacumpesus cosepmaercs ra-

. 30M 32 CYET COOOHICHHS eMy. TerioTh
1% H yMeHBIIEHHS €r0 BHYTPEHHEH 3Heprum.
Puc. 54. 2.11. ITycts mpouecc uzobpaxaercs no-

autponiolt AD’ (puc. 54). Ilposenem uepe3
D" apguabaty S, u wsorepmy T;. Msorepma T nexur Ha amarpamme V, p BHIIIE
u3oTepmbi T, MO3TOMY, Kak cienyeT u3 pV=RT, e¢il COOTBETCTBYeT Gojee BRICOKas
Temnepatypa. W3 ypasuewus amuabater plV'=const=C(y=C,/Cy>1) cnemyer, uto
Gonee BrIcOKOK amuaGate cooTperctmyer Gomsmee C. Kpome Toro, mo mepsomy
Havaiy, a8 uaeansHoro rasa 0Q=CypdT+pdV, 4 rtak xak w3 pV=RT

dT=(1/R)( pdV+V dp),
TO

op oV
R5Q=Cdep+C,,pdV=CypV<;p +77>=Cyde(]an’)=Cydeln c,

OTKyHda BWJHO, 4YTO mnepexod ¥ OGonee sBeicokol ammabare (xorma C pacTer)
COTIPOBOXACTCA TOTIOMHEHNEM TENIOTHI.

Taxum 00pasoM, NpH MOTMTPONHOM iipolecce AD', Korma MEI TepexOmuM OT
Hu3Iel agualbaThl K BBICHIEH H OT BHICHICH H30TepMbt k Hu3med, §0>0, dT<0
H, CNEROBATCIBHO, NPH TAKOM mpolecce TemwioeMkocTs C=38Q/dT oTpuuaTenbHa.
Ipu npouecce D'A umu AD TennoeMKOCTh Takke OTPHIATENLHA, TaK KK IPU ITOM
60<0, a dT>0. Ilpuw npoueccax C OTPUNATEIBHO! TEIIOEMKOCTHIO paboTa,
coBepliaeMas CHCTeMOH, Oosbile KomMYecTBa NOJydYaeMod e TemnoTel (3Q>0,
dT<0) unm, maobopor, paboTa Hajm cucTeMoli GOJblUE OTAABAEMOTO KOJHYCCTBA
temnotsl (80 <0, dT>0).

Tpn npougcce 4E NPOMCXOMAT NOLIOUIEHHE TEIUIOTHI M MOBLIUCHHE TEMIEPATYPHI,
Tak T3>T n'S§3;>S. CnenopaTesbHO, 3TOT NPOLUECC NMPOMCXOAMT MPH MONOKHTENBHOMN
TEIIOEMKOCTH.

2.12. Korja BO3AyX HOAHHMAETCA BBEPX (OMYCKAIOUIMMHCSA XOJONHBIMH MAaCCAMH
WM NPH BETPE HA TOPHEIX MacCHBaX), OH, MONajas B OGNACTH MEHBIIMX JABJICHHIA,
pacumpsiercs. 3TO PACHIMPEHHE MOXHO CUMTATh aAMaGaTHBIM, MOCKONBKY BO3IYX
Iaoxok mposoguuk Temnorsl. [Tpnm agmaGatHom mpouecce

Tp* ~ " =const,
OTKyAa mocae JorapadMupoBanus U ubdepeHIMPOBAHHS HAXOZMM

dT 1—-y d
— + _1=_]7=0.
T Y »p
C npyroit CTOPOHBI, H3MCHEHHE HaBJEHHA C BBICOTON pasgo
dp=—pgdh,

Tae p-—IUIOTHOCTh BO3XyXa.
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W3 ypapHeHHA coCTOAHMA HjeanbHOro rasa p=m/V=Mp/(RT), nosromy
dp Mg dT v—1 Mg

P RT 7 dh Yy R

Jdns Bo3nyxa y=1,4; M=0,029 xr/MOnp 4 BBICOTHBIH T'paMEHT TEMIEPATYPh

B aTMocoepe
g-—- ~9,8-107% K/em~ —0,01 K/m. 1)
dh

IMonyyernoe 3HaueHue Gosblie HAOGMIONAEMOrO CPEAHETO M3MEHEHHS TEMIEPATYDHI
Bo3ayxa c¢ Beicotolt (1 K Ha xaxnwsie 200 m). Pasnuuume onpenensiercis FJIaBHBIM
00pa30M Hey4eTOM BJIAXKHOCTH BO3AyXa (Mbl CHHTAJIH €ro COBepIICHHO cyxuM). Korma
MPA HEKOTOPOH TeMIepaType BO3IYX OKaKETCA HACHINECHHBIM BJIaroH, ¢ AajdbHEHITMM
NOHMAKEHACM TEMIIEPATypsl HAYHETCH KOHJICHCAUMsl BOASHBIX IapoB_ M BBIAEJICHHC
TENNOTH KoHAeHcarmuy. [To 3Tol npHYMHe MOHMXEHHE TEMIEPATYPHI OYAET NPOUCXOAHTH
Me/UICHHee, deM cienyer u3 Gopmymsr (1).

AnmwabarHoe . OXNaXJCHHE BOCXOJAIIMX TOKOB BO3AYyXa, BHI3BIBAK INOHKKCHHE
TEMHEPATYPB! C BHICOTOH, NPHBOAHT K TOMY, YTO B MECTHOCTSX, THE MACCHBBI Iop
3aCTABJIAIOT BO3AYIUHBIC TEUCHHS YCTPEMIIATBCS KBEPXY, BRIHAAeT GONBIIOE KOIHYECTBO
aTMOChEpHBIX OCAAKOB BCIEACTBHE IMPOMCXOAAINCH IPH 5TOM KOHAEHCAIHW NapoOB.
Oro HabmomaeTcs Ha BCeX TOPHBIX UENAX, CTOAIMX HA NYTH BIAXHBIX MOPCKMX
BeTpoB (Anbnbl, [mMmamam w ap.). Tak kax 9TH BeTphl, IepeBaNMB Hepe3 TrpeGHA
rop, ONYCKAXOTCH BHM3 W UPH 3ITOM BCHEACTBHE aaMabaTHOro C©Katud BO3AYX
HarpeBaeTcs, TO 3/lcCh OH BCerjia MMEET MANyi0 OTHOCHTEILHYIO BJIAXKHOCTB.

3aMeTM B 3aKJIFOYCHHE, YTO WHPOKO. PaCpOCTPAHEHbI TPU OWMHUGOYHBIX 0OBAC-
HEHHS NMOHMXEHMS TEMMEpaTyphi aTMocepsl C YBEIMYEHHEM BBICOTHI.

1. Atmocdepa ouerb ciabo Harpesactes sydamn CoJHIa, a TMOJYHaceT TEIIOTY
OT Harperodl 3emanm HDyTeM TEIUIONPOBOZHOCTH, MO3TOMY BEPXHHE CJIOH BO3AyXa
XOJIOJHEE, YeM HUDKHHE.

310 0OBACHEHAE HEBEPHO IMOTOMY, YTO B Tade M XUIKOCTH TEIUIONPOBOJHOCTH
HEBEJHK2a H €0 MOXHO MpeHeOpedb HO CPaBHEHHIO C KOHBEKIHEH, NMPH KOHBEKIHH
Xe TeMIepaTypa B pasjnYHbIX MecTax BbipaBHHBaetca. Ilostomy ecnm Obi aTMocdepa
Obuta XuAKOH, TO NPH, HArpeBaHWHM CHU3Y OHa MMena Obl BCIOAY OMHY M Ty Xe
TemnepaTypy. Xors B armochepe TOXKe TPOUCXOAAT NEPEMEUMBAHHE BO3AYLUHBIX
Macc TIpM HarpeBaHAM €€ OT 3eMiM, OJHAKO 3TO HE NPHBONAT K BHIPABHHUBAHHIO
TEMIEPATYpHI, ‘TAK XaK BO3/AyX, NOJHMMAarOIuiicAs BBepx, amuabatHO pacumpseTcs
U OXJIaXZAeTCsl, a BO3IYX, ONyCKAIOHIMiica BHM3, annabaTHO CKUMAETCH W HArpeBacTcs.
B pesynbTate BEepXHHE CIOH BO3AyXa MMEIOT Oojlee HH3KYIO TEMIEpATypy, YeM HIDKHHE.

2. Bo3nyx, momHuMasch BBEPX HPOTHB CHIIBI TSXKECTH, 3aTpaidBacT B aJuabaTHRIX
YCIOBHAX Ha TIPOM3BOAMMYIO TIPH 3TOM paboTy CBOK BHYTPEHHIOIO 3HEPTHIO,
BCJIGJICTBHE 4Ero €ro Temnepatypa namaer. Tak, KaXAbid KHJIOTPAMM BO3JyXa,
DONHHMAACh B BOCXOZALUEM NOTOkKe Ha 427 M, JoMxeH Tepath 3Hepruio 4184 Jx,
[HO3TOMY €ro TeMmmeparypa OyAeT nmoHukaThes Ha AT=4184 JIx/C,=4 °C, nockoneky
yAenbHAA TemroemkocTs Bosgyxa C,=1046 Jix/(xr-K). Takum ofpasoMm, nomnatne
Bo3Ayxa Ha 100 M NOMXKHO COMPOBOX/IATHCA MOHKEHHEM ero temuepatypsl Ha 1 K|
4yro OJIM3KO K HabniojaeMoMy B JICHCTBATENLHOCTH.

ITony4eHHOE YAOBIETBOPHTEIBHOE KOJMYECTBEHHOE COIJIACHE C OHBITOM SBIAETCH
CJIy4aliHbiM, TaK Kak NPUBEACHHOE OOBICHEHHE OCHOBAHO HAa HEAODPA3yMEHHH H NO3TOMY
COBEpIlEHHO oOlMOo4HO. B caMOM Jeite, COTNacHO H3NOKEHHOMY, HpH NOABEME
B TOJIE THKECTH HEKOTOpoil Macchl BO3AyXa ero BHEHWH mapamerp (00beM) He
menserca. [loatoMy cosepiliaemas B afuabaTHBIX YCIOBMAX paboTa mogHsTHA BO3AYyXa
(a He paboTa BO3ayxal), KaKk LEJIOro, MPOU3BOMMTCA HE 3a CYET BHYTPECHHEH JHEPruH,
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a BCNENCTBHE YMEHBHICHHA BHEIUHEH JHEPTHH — MAACHUS APYroil (XOJOAHOIH) Maccel
pozgyxa. Takoe [BUWKEHHE BO3AyXa, KAK 1EJIOro, 0€3 HM3MCHCHUS €ro  BHEIUHMX
[1apamMeTpoB M OOMEHA TENIOTOH HE MOXET BLI3BATL H3MCHEHHE €r0 TEMNEPaTyphl,
noAo6HO TOMY K4K 9TO HE HMEeT MecTa B Ciydyae OpOIIEHHOrO BBEPX KaMHS,
MOCKOJIbKY paboTa NMOAHATHS KaMHS COBEPIIAETCH 33 CYET €r0 KMHCTHYECKOW JSHEepTHH
[BIKEHHAS, KAK LENOro, a HE 3a CYeT €ro BHYTPEHHEH SHEpruu.

Ecmu ke yuecTh yBeiwdeHne oObeMa BO3JyXa MNpPH €ro MOAHATHH B obnacrts
¢ MEHBIIMM JABICHHCM, CICAOBATENIbHO, NPOW3BOIMMYIO MM IIPH 3TOM aaMabarayro
paboTy, TO Mbl NpUAEM K HabMIOA2eMOMY OXJAAXICHHIO BO3JAYyXa C BHICOTOH.

3. C mombeMOM KaXJo# MOJEKyJsl BO3AYXa Ha BBICOTY /i €€ KHHECTHYCCKAS
JHEPTUs YMEHBIIAETCA 1O 3aKOHY

mv /2 —mv?[2=mgh.

[To3TOMY K CpeaHsis KMHETAYECKAs 3HEPTHS YacTHll, a CJEAOBATENbHO, H TeMieparypa
HABEPXY MeHbllUe, YeM BHU3Y. TaKO€ YMEHbUICHHE TEMIEPaTyphl BO3AYXd C BBICOTOM
HE CBS3aHO C BOCXOJSMMU TOTOKAMHM aTMOCHCPHI M JOJDKHO - TPOHCXOJHTbH IpPH
TEPMOJMHAMUYECKM PAaBHOBECHOM COCTOSHHM Ta3a, HANPHMED B KOMHATE.

Opuako 3TOT BHIBOA sBjfeTCA owubouHbIM. [{en0 B TOM, YTO /1A OTpeAesieHHOH
FPYONB MOJIEKYN MX OOWidfl KHHCTMYCCKAS 3HEPrHa MpH JIOABCME BBEPX YyObiBaer,
HO B TOH Xe npomopuuu yOmiBacT M OOHICE YHCIO MOJCEKYJ 3a CHCT BBIIACHHS
MEUIEHHbIX MOJcKyd. Ha Beicory £ OyayT DpPOHMKAaTh TOJILKO T€ MOJIEKYJBI, AJIS
KOTOpBx md/2 2 mgh. To3TOMY CpenHss JUEPTUs Ha OJIHY MOJCKYTY, 4 CIEHOBATENLHO,
M TeMmuepatypa armocepbl Ha JIHODOH BBICOTE COXPAHAIOTCA MOCTOSHHBIMH.

2.13. B cucreme, cocrosiiicd M3 Jbja, BOAbL 4 €€ Iapa, BO3IMOXHbBI PasIv4Hbie
H30TEPMHUUECKHE TPOLECCHl NPEBPALUEHHE BOABE B JIEA MJIM MAp, NPEBPALICHHE BO/IbI
4acTMUHO B JIef, vactuuHo B map u Ap. Ilpum mzorepmuucckom (1=0,01 °C) cxarum
cucteMbt gapienue ( p=609,2 [Ta) u3meHaTECS He OymeT, HO YacTh Mapa mEpeHAeT
B KUIKOCTH, 4 BhIIEJUBIUAACK NPH 3TOM TCIUIOTA MOXET ObITh MO HamieMy YCMOTPEHHIO
ACTIONB30BAHA B ONPEJEJCHHOM KONMYECTBE WIH Ha [MJIaBjieHHE JbAd, MR OTAAHA
TepMmocTaTy. Takum ofpazoM, npu M306apPHO-H3OTEPMHYECKOM CXATHH Tap U jexn 6yayT
[peBpamaThCs B BoAy. Ilycts 1T Bomsl o6pasyerca M3 @ rpaMMoB mapa M b rpamMMoB
nbAa, Torga a+b=1 n a=1=b. Ecan yoeabHas Tennota CkuxeHms mapa Ay (A <O0),
a TennoTa TasHMA JbAa A, (A,>0), To Teruora obpaizoBanns 1T BOABL

O=ahy+hhy=hi+b Ay —h).

D71a TennaoTa paBHA HYIIO M, CJIEIOBATCILHO, 113063pHO-H3OTCpMH‘lCCKHﬁ npouecc
CKaThA CHUCTEMBI GYZICT TaKXe H a[IHaGaTHHM, €CJM IpH o6pa3osaHun Kaxzaoro
rpaMmMa BO/BI PACILTABIIETCA b rpaMMoOB JIbJa:

Ay 1]

7»1:2»2‘7»“ +hy

op\ _é(p, S)_8(p, S)é(p. T)_
214 @) (07)(&(1/, Sy a(p T) (v, 8)

(2s\ ap, M)V, T) (aS\ [ep\ [T\ _GCofdp\ .
“\eT/,e(v. Tya(v. S) \oT/,\av ) \aS )y G \oV)¢

5) o d*u iat i) )2_6(6(]/6V, eu/as) o(—p. T)_

dv?as?  \avas av.s)  e(v,s)
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3.1. Tako#f mpouecc BO3IMOXEH, HO B COOTBETCTBHH CO BTOPHLIM HayajoM
TEPMOAHMHAMUKY OH TaKKe CBA3aH C KommeHcaimei. Kommencamms npu mpeBpallieHu
TCIUIOTHE B paboTy MOXET COCTOATb HEe TOJBKO B HEPEAaye HactH TEIIOTHE
TEIJIONPUEMHHKY, HO W B M3MEHEHHH COCTOsHMS pabouero Tesa, €CIH HPOLECC He
kpyrosoil. Hanpumep, B ciyyae maeanpHOro rasa, MAIS KOTOPOTO BHYTPCHHSIS SHEPTHS
HE 3aBHCHT OT o0beMa, TEINoTa, B3ATas y TEIOOTAATHMKA TPH M3OTEPMHYECKOM
npoHecce, HEJIWKOM NpeBpaiacrcs B paboTy pacUIMDEHHs; KOMICHCAMMCH IPU TAKOM
npouecce Oyner u3MecHenue oObema rasa. Ecim Mbl, JIMKBHOMpPYSs 3TO W3MCHEHHC,
COXMEM ra3 10 TIPEXHEero obbeMa, TO NPM 3TOM NPUACTCS 3aTPATHTHL MONYHCHHYIO
paHee paboTy, OTIAB B3ATYIO Y TEIIOOTAATYMKA TEMJIOTY.

3.2. 3ro npencrabseHue OMWMOOYHO NOTOMY, YTO B OTJIHYME OT TIpeBpallleHUus
NMOTEHUMANbHOR SHEPIUH OIYCKAIOWIErOCs BHH3 BECOMOTO Tejia HEpeXon TEemIOTHl OT
Tenia ¢ Gonblielf TeMmeparypol K Tely € MeHbillell TeMIepaTypoil HeBO3MOXkeH Oe3
KOMIICHCAIH.

3.3. OnniT He TONBKO HE NPOTUBOPEYMT BTOPOMY Hadasly, HC M ObI1 CHEOMAIRHO
npuayMad JlapsuMHroM s HarjisAHON WILTIOCTPALMH 3ITOTO 3aKOHA.

JIBikeHue Kammi aHWiMHa OOYCAOBAEHO T€M, 4YTO IPW. HArPDEBaHHM CTaKaHa
AHUIIMH BCJIGJICTBHE OOJNBIIOrO TEIUIOBOrO PACUIMPEHUSN CTAHOBHTCH JIGrue BOABI
¥ BCIUTHIBACT Ha €€ IIOBEPXHOCTH; 3/IeCh, CONMPUKACAACH C BO3LAYXOM, OH OXJaXIaeTcs,
CTAaHOBHWTCA CHOBAa TsKedee BOAR W ONyckaeTcd Ha JAHO craxkaHa. [loTtom
BECh TMPOHECC TIOBTOPACTCH CHOBA. JTO CBOETO | pofia TEMAOBOH  JBHTATEND,
8 KOTODOM TCHJIOOTAATYMKOM SABISETCA TiecyaHas OaHs, a TeruIONPHEMHHKOM —
aTMochepHBIH BO3OYX.

3.4. Tlpn wucnapeHun BOAbI C MOKPOHl TOJOBKH NTHYKYM TEMACPATypa e¢ HCMHOro
MOHMKAETCH; BCJCACTBHE 3TOTO YNPYroCTh  NapoB B FOJIOBHOW YaCTH CTAHOBUTCA
MEHBIIE YyUPYrocTH mnapoB B cexTope -4 (cMm. poc. §3), XHAKOCTH IOJHMUMAcCTCS
K TOJIOBKE M TojloBka omyckacrcs. IIpu HaknoHe CTBOJAa KOHE!, €ro BBIXOAMT U3
KHJKOCTH W JaBjleHuss B A M CTBOJC BhIpaBHHBarOTC#. JKHAKOCTb BHITCKAcT U3
TOJIOBKH, H OHa MogHMMaercs. Tak nmpogokaeTcs JO TeX nop, Noka rojioBka Oyzaer
MOKpOii. B 5ToM «aBuraTene» HCTOYHHKOM TEILIOTHI M MAcChl HCTIADTHOLUHXCH MOJSEKYJI
SIBJISICTCS BOAA B CTAaKaHYHKe, 4 TEIIONPHEMHHK — OKpyXalolijas armocdepa, KOTOPOH
OTJaeTCs TENN0TA TPH HCHAPCHMM BOXB! ¢ ronoBku nruuxy. Kommencauueil npespaine-
HUA TEMJIOTsl B paboTy. CAYXMT 3Jech OT/laya 4YacTH TCIUIOTHI aTMocdepe. Eciu
NTHYKY ¥ CTAKAHYHK C BOJOM 3aKPBITh CTCKJSHHBIM KOJIOKOJIOM, TO 4EPE3 HEKOTOPOE
BpeMsl, NI0Ka 0Opa3yroTcs HacChIIEHHBIC Taphl NIOA KOJIOKOJOM M He OymeT co3jaBarhes
pa3HOCTh TeMIepatTyp, KoincOaHHA nNTWYKH mpekpatarcs. [locie cHATHS KojoKkosIa
NTHYKA CaMOCTONTEIBHO HAYHCT Kojaedatbesd. IIpH HuU3KOR TeMuepaType HIH HpH
NOBBIUCHEOH  BITAXHOCTH BO3AYXa (HATIPUMEp, TOCHE AOXKA%) OHA CHILRO 3ameyideT
CBOE IBUXECHHE M MOXET OCTAHOBHTBCH.

«[Truaka XotTabbrua», «xojeco MHHTO» M «paboTtaronmi cam no cebe Hacoc
1. AlPanyesko» npeBpalnaroT TEIUIOTY B PaboTy Np# HENPEMEHHOM H3MEHCHAN
COCTOSHHSL OKDYXaIOIMX T, T.€. B TMOJHOM COOTBETCTBHM CO BTOPBIM HA4ajaoM,
A HE BOTIPEKH €My, KaK 3TO WHOTAa yTBepxknmaeTca*. ['pomanmbie 3amacel BHyTDeHHEH
JHEPTHH MOpEH M OKEaHOB HEJbIS HCHOIb30BAaTh O€3 TIPHBIICHEHMA IUIA 3THX TEnel
OPYFHX TeJI, KOTOpbiC TPH O3TOM M3MEHSIOT cBoe¢ cocrosaue. Mcnosiszobamue e
BHYTPEHHEN DHEPIMH THX KOJIOCCAJIbHBIX MCTOYHHKOB C OJHOBPEMCHHBIM OXIaXKIACHHEM
WIA H3MEHCHHCM COCTOSIHHA APYTHX Tell HE TPOTHBOPEYHT BTOPOMY Hauaumy.

3.5. B cnydae TepMH4YecKH HEOZHOPONHOH DABHOBECHOH CHCTEMK! TMPHHLMIN AH-
abaTHOH HEAOCTHXMMOCTH, & CJIENOBATCABHO, M TOJIOHOMHOCTh MOTYT HE HMETh

*' Cm.: Mamontos M. A. Oxosni [lpomeres. Tynma, 1976.
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mecta. TlokaxeM 3TO Ha TpOCTOM mpuMepe, npusedeHHoM T. A. AdanacseBoi-
Opendecr.

PaccMoTpuM B 3aMKHYTOH 000j10Yke [Ba HACaNbHBRIX Fa3a C Pa3IMYHBIMM
TeroemkocTaMu Cy v C; w temueparypamu T u T, B3ATBIX KaXIbId B KOJNHYECTBE
OJTHOTO MOJIS M OT/EJEHHBIX ApPYr OT Apyra MOPIHIHEM, HE NPONYCKAKOIIWM TECILIOTHI.
Jns takod cucTeMbt

60=08014080,=C,dT,+pdV+C,dT,+pdV,=
=(Cy+R)dT, + (C;+ R)dT> — (R[p)(T, + T2) dp, ()]

rae p—obiilee XaBJICHHE CHCTEMBI.

HesaBucumbimMu mapamerpamu ssisiotes T, T, u p. Jlerko MHpOBEpHTH, UTO
ycnosue nosikoro auddepernnana aas dopmynst (1) He BemomRseTcs. CregoBarensHo,
OHA HErOJIOHOMHA. DTOT PE3yAbTaT JJISA TEPMHYECKM HEOAHODOAHOM CHCTEMBI O3HAYAET,
49TO OHTPONHSt TakoH CUCTeMBbI TpebyeT cnenuanpHOro ompeaencHAs: OOBIMHO mOj
SHTPONMEH TEPMHYECKH HEOJHOPOJHOM CHCTEMBl NOHMMAKOT CyMMYy 3HTPONHI ec
TEPMHYECKH ONHOPOJHBIX YacTew.

3.6. ITo 3akoHy J[lanbToHa, NaBieHME HACANbHON Ta30BOH CMECH DAaBHO CyMMe

napuuaigsHbIX IaBiAcHUR OTOEABHBIX Ta3oB: pZZpi. HOQTOMY SHTPOIINA CMECH

i
HACATTbHBIX TI'd30B paBHA

S=

) =25

YTo BbipaxacT Teopemy [ubOca mis SHTpOHM MAeaabHON ra3oBOH CMECH.

3.7. Temneparypa T mo mkane KenbBuHa sABnSeTCS «abCONIOTHOM» B CMBICIE
HE3aBHCAMOCTH OT CBOMCTB NI0OOr0 TEPMOMETPUYECKOTO BEINECTBA. TAKOBLIM ABISCTCH
u otHowenne T(5,)/T(t;) [em. (3.20)], wo me paswocts T(t,)—T(t;). Otcrona
CNeayeT, 4YTO paBHBle HHTEpBaNbl . AT He SBJIAIOTCA IKBHBAJNCHTHBIMH; DPA3HOCTh
Temnepatyp, Hanpumep, mexay 1073 u 107 K okBHBaneHTHA pa3HOCTH TEMMEpATYp
Mexay 3 v 300 K. K. n g muknos KapHo Mexay 3THMHM DasHOCTAMM TeMIEpaTyp
OyAyT OIMHAKOBBIMAL.

3.8. B nepemenHbIX p, V' ypaBHcHMe amHabaThl 37EKTPOHHOTO rasa, M KOTOPOTO

pV=">/U, U

MOXHO HAWTH, NOJb3YACh JAUIL NepsuiM Hauadom: 0Q=dU+pdV=0, 3/,pdV+
+3/,Vdp+pd¥=0, otkyaa

de-i—pdV JdU i+ prdV

pV 33 =const. )

Jnd monyueHus ypaBHeHWs aawabaThl EKTPOHHONO Tra3a B TepeMeHHBIX 7,
V HeobxomuMo Takxe W BTOPOE HAuaJo:

50 = (‘?—U> dT+ [(g%) +p}dV=0,

a7 (BU/dV)r+p
av- T (eueT)y,
dT_ T(@p/oT)y
av- " @Uan),

SO\ _2(ou\ 4T 2T
—= ) ==z = 03TOMY ——=— — X
ot ), 3\ o1 )y YT Ty
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TV *3=const. 3)
W3 ¢opmya (2) m (3) BumHo, 4TO TWpu aauabaTHBLIX TIpOIEccaX UACANbHBIN
AIEKTPOHHBIY ra3 BemeT cebsd kax OOLIYHBIT OJHOATOMHBIN HIEATbHEIN raz ¢ y=S5/3.
39. 80=dU+pdV=CydT+ [(QU/0V)r+pldV=CydT+T(dp/oT)y dV. Ho
(0p/0T)y=a/B, nosromy
30 =CydT+ (Tw/B)dV.
IMpu ammabarHom mnpouecce (60 =0)
dT=—[TofCyB)]dV.

Otcrona BuaHO, 4To BoAa B HATepBaie 0° C<t<4°C, xoraa y uee a<0, mpu
anuabataom oxatua (dV <0) oxmakaaercs.
3.10. OcHoBHOE ypaBHEHHE TEPMOJHHAMHKHA

TdS=dU+pdV m
B NOPUMEHCHHNW K H30TCPMHUYCCKOMY IHKITY abcdea AacTt
T$dS=§dU+§pdV.

Ho $dS=0 u $dU=0, nosromy §pdV=0, oTkyna cieayer, yro miowamu abca
W cdec OAVHAKOBEL

3aMeTHM, 9TO MBI MCTIOIB30BANH OCHOBHOE YPABHEHUE DABHOBECHOW TEPMOAMHAMMU-
KM IS BCEX COCTOSHHMM (MeTACTaBMILHEIX ¥ HECTAGHIBHBIX), TTOCKONBKY MO YCIOBHIO
A HUX TIPMHUMAETCS CIpaBeMBBIM ypasuenue  Ban-nep-Baanbca. 3ametnm Takxke,
YTO OCHOBHOE yPABHCHHE TepMONMHAMMKE (l) Helb3s NPHMEHATL K TUKNY abca, Tak
KaK TIPH TIEPEXOJE € Y$aCTKa bc Ha NMPAMOJMHEHHBIN YIACTOK €4 B TOUKE ¢ TIPOMCXO/MT
BeoBpaTUMBIl  TIpOIlECC TIPEBpAILICHMSt BCIIECTBA U3 omHodaskoro B  aAsyxdaivoe
COCTOSIHME M BMECTO ypaBHeHHs (1) HAfO TONB30BATHECA OCHOBHBIM HEPABEHCTROM
TEPMOTMHAMHKH.

11 s |dUrpdV JCVdT+T(ap/aT)VdV JCydT+J‘<6p

— | dV. Us p=
T T oT /vy
=RT/(V—b) —a/V?* npoussoptas (6p/0T)y=R{(V—b), mosTomy

CydT
S=J VT +RIn(V—b) +S,.

[Tockonbky Cy cnabo sasucut or Temnepatypsl, To S=Cyln T+ RIn (V—5b) +S,.
a
Jna anuabarsoro npomecca S=const, nostomy T(V—b)RC =const um | p+ v X

x (V—b) RS = const.
2

(op/oT)
U v a\ (v v
a2 C-G=| {2 N[ PV o u
r |:<6V>T+p (0 >p <6T>V<5T>p (ap/aV)T :
——R—T———a—~ HaXOIUM: 211 ——-———R fli) = ——RT—+2£
P=y 2~y PO eT ), T vy \arv ). T e T v

Taxkum obpasom,

G O S R RTY

H.ﬂﬂ HEC O4Y€Hb IUIOTHOTO rasa, YACPXKHBAA B J3TOM BBIDAXCHUH JIMHEHHBIE
OTHOCHTEJILHO @& M b WICHBI, TIOAYyYaeM

C,—Cy=R[1+2a/(RTV)].
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3.13. U3 muobdepeHnHaIbHOro COOTHOLICHAS MEXAY TEPMHYECKHM H KaJIOPHYECKUM

ypaBHeHﬂﬁMH COCTOSIHUA
op ou
r(2) (%2
(ar)y (aV>T+”

B cnyvae p=f(V) T maxommm
U
oV )r

3.14. WneanoHblf napaMarHETHK — ONPENCHINCTCH  TEPMHYECKMM  ypaBHEHHEM

COCTOAHUA
H
J=f<—T~), )

H
riae J—HAMAarHHIeHHOCTb, H — HANPSKEHHOCTh BHEIUHETO MAarHMTHOTO MO, f <?

——HekoTopast QyHKIMS aprymMeHTa, ylaoBjieTBopstoias yciosuto f(0)=0.
Juddepenumansroe cooTHomeHNe Mexay TepmudeckuM A=A (T, a) u xanopuuec-
xum U=U(T, a) ypaBHEHHSIMH COCTOAHVIS

r a4\ [(eu 4
oT ). \ éa /s

s Marnetuxa (A= —H, a=J) umeer Bup

oH U
‘T(é‘f)f(ﬁ):”' @

Tax xak 7 u J—He3aBuCHMBIE TlepeMeHHBIe, TO ¥3 (1) 1 uACANBHOrO
napaMarHeTHKa HaXOJUM
N
°cH
T =) =H. 3
oT J,;

ou
Moncrasnsas (3) B (2), nonyuaem (55 =0.

T
3.15. 2 dopmyn (2.6) u (3.26) maxommm

CoeConT 34 da
AT i\er ) \eT) )

rae A W a—CONPAKCHHbIC BENUYHHBI, Tak yTo OW=Ada.
Pabora pacTsxenus SW=—fd/=—ESd/, rne S—miomany, Cce4cHHS CTEPXKHS,
l-—ero jumHa; E—nanpsokenue. Ovcrooga a=/, A=—ES. Takum obpa3som,

aF A
Cp—C,=—-TS8/| —, — .
: ” (6T>7“<6T)E

e A=dl/l— nedopmanya.

04
316. C4,—C,=T\| — ?E . Das pesunsl a=/ A=—f, Tak xak dW=—fdl.
0T J \ 0T ] 4

TToaromy
[tla+ (o /1)*]?

Ci~C=Cl,
R T YT
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orkyaa BwHo, uto C,—C; He 3aBUCHT OT TemmepaTypel U C,;>C,. M3 ypaBrenus

T@A—ﬁU p 1
é?a—.éz;T_F, ()

CBA3BIBAIOUIETO TEPMUUECKOE H KAJIOPHYECKOE YPABHEHHS COCTOSNHUS, B JAHHOM CIyyae HMeeM
ou T o +/=0
él )y T/, ’
T. €. BHYTpeHHss 3Heprusit U DPe3MHBI 3aBHCHT TOJBKO OT TEMIEPATYphL.
U3 popmyasl (1) Taxxke cieayeT, YTO BHYTPEHHAS JHEPIHs BEIIECTBA ¢ TEPMUYECKHM
ypaBHeHHeM cocTosiHus BUOa A =T¢ (d) He 3aBucHT OT a. VI3 OCHOBHOro ypaBHEHHS
TEPMOIHHAMHKHI

TdS=dU—fdi=C,dT—fdl

A8 PEe3UHL! HAXOOUM, YTO INIPH PACTSXKEHUM OHAa HArpepacTcs:

EZ =£>0,
ajs G

Tak kak f>0 u C;>0 mo ompenenchuro (kak Cp>0 1 Boobme C,>0).
3.17. Tlonaras B dopmyne

c C—TaA ca
A7 e\ T )\ aT 4

D u A=—Efn) Ce—C 1 (2E) (9D
a= = — , MOJIyYacem —_ =— —| — _— .
Y b= T g\ ot )\ oT ),

T cax [ 2E) _2 (2 Ede (oD\ _ 0e . . TE(de)? |
ak | — =] — ==—— = =b£—, T — = —
aT)p 0T\ e o = €dT'\0T)p ~oT =~ ° " d4ne\oT

u, cieaosatensHo, Cp>Cp.
3.18. W3 Bripaxenns audipepeHnHana HTPONMH

_3Q CydT+T{(3p/oT)ydV
T T

s (C\ 8 (ép oCy %
=l =1 ==\ = Wi ——=T_—.
VN T Jr 0T\ OT )y ov T

Ortcrona BUAHO, YTO €CIH p JMHEHHO 3aBUCHT OT TeMnepaTypul T, To (6Cy/éV)r=0,
T. e. Cyp Be 3aBucHT 0T obbeMa. Takosa Cp uaeanbHOTO rasa u rasa Ban-gep-Baannca,
TaK KaKk B 0DOMX 3THX Cliydyasix NaBjieHuE SABISETCS JIMHEHHOH (yHKImMell TemmepaTypsl.
Y raza Ban-nep-Baameca C, 3aBucut ot V.

3.19. B cooTBeTcTBHM ¢ JOEHCTBUTEIBLHOCTBIO [aBJIEHHWE BO3JyXa B KOMHATE
ApUHEMAaeM PaBHBIM HApyXHOMY. BchelIcTBHE NMOCTOAHHOTO NABJNEHUWS M PaCINUPEHHUS
BO3AyXa NpH HArpEBaHWH 3HAYMTENbHAs €r0 4YacThb IIPH 3TOM BHIXOJMT H3 KOMHATBI
B pesynbTate OKa3bIBACTCA, HTO BHYTPEHHAA JHEPTHA KOMHATHOTO BO3XYXa H €ro
SHTPONUS TIPH OTOIUICHHM KOMHAThl YMEHBINAIOTCH, a BHECEHHOE B KOMHATY XOJIOJIHOC
TEO HArPEBAacTCH HE 34 CYET IHEPrMM KOMHATHOIO BO3/AyXa (KOTOpas IpH 3TOM
caMa YBEJIMYMBAETCS), @ 3a CYCT YHEPIUHM NPMXOASIICIO B KOMHATY HAapyXKHOI'O BO3dyxa.

B camMoM Jiedc, Tak Kak dmeprus, coodumaemas | Kr BO3JAyXa INpH OTOILIECHHU
KOMHaTHI, #—tg=Cy (T—Ty), a U3MCHEHNE SHTPOTMNH ITOM Macchl s—so=C, In (T/Ty),
TO JHEPIWS W OHTPONHUA, OTHCCEHHbIE K OOBEMY BO3AYXA, COOTBETCTBEHHO PAaBHBL

ds

HAXOJIUM
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7
7
T, 1 7 2
T
2
A g S s
Puc. 55. Puc. 56.

uy =pu=CypT+puo—CvTo),
si=ps=C,pln T+p(so—C,ln Ty).

IMoacTaBiss CIOXa BBIpaXEHHE ANs IUIOTHOCTH BO3/lyXa M3 YPABHEHMA COCTOAHUS
p=pRT/M, nomyvaem:

_Gwp  wpluo=CrTo) Gy #p(so=Cpln To)

R RT ’ RT RT

W3 5Tux BbipaXeHMH BUHO, YTO BHYTPCHHSS JHCPrHS M JHTPONHMA BO3IyXa
KOMHATHI TIDH €r0 HArpEBAHHM YMEHBINAKOTCA. JHEPrHs, KOTOpAs BBOAMTCA B KOMHATY
np¥ OTOIUIEBHH, YXOAMT uepe3 TOpbl B CTeHKax Hapyxy. Takum obpasoM, 3uMoit
TOMELICHAS OTAIUIMBAIOTCA I TOro, 4TOObL- NMOAJIEPXKHBATL B HHX ONPEACJICHHYIO
TeMmiepatypy. VIps 5TOM HCIIONB3yeTCs MOHWXCHAE SHTPOTINHA, @ HE YBEIHYCHHE SHEPTHH.

3.20. ITycte na sHTpomnmMiiHONW muarpamme S, T HeKOTOpbI LUK abcd orpaHuYeH
npenenphsiMi w3otepmamu T, u 7, (puc. 55). Ero x.am.a.

v §7dS  miabeda  mn. 1234l —g,—-6,—-0;—0,

0, j.TdS'nn.AachA“ m1. A12BA—o, —o,

{abc)

Uy

VyureiBag, 410 npH OpubaBieHMM K YACIMTCIO M 3HAMEHATENIO NpPaBHIbHOH
ApOOH TIOIOKUTETLHOI0 4HCHAA JApoOb YBETMYUBAETCH, MOJIYHaeM:
(T,~T5)(8;-5,)-0,—0,~03—0, (T,—T,)(5,—S,)—0, _0'4<

T,(S,—-8,)~0,~0, T, (S;—8,)
(1=T):=8)_Th=Ts_
T,(5,—S)) T, Kapro:

Taxum obpasoMm, nuxa KapHo obnagaer HauboJblMM K.OIA. 1O CPaBHEHHIO CO
BCEMM JAPYIHMHM IMKAAMH B TeX K€ TEMNepaTypHBIX Ipejeiax.

3.21. Ha sutpommitHoit mmarpamme uukn Crupimura usoOpaxer Ha puc. 56.

ITo ompeneneHuio,

n=WQ,,
2 3 4 1
W=§TdS=[TdS+[TdS+[TdS+(TdS,
1 2 3 4

1 2
0,= | TdS={Tds+{Tds.

412 4 1
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Hns upeansHoro rasa dS=(C,/T)dT+(R/V)dV, nosromy
W=T,Rin(V,/V )+ Cp(T,~T )+ T,RIn(V [V )+ Cp (T, —T,)=
=R(T,-T)In(V,/Vy), Q=Cy(T1~T,)+RT In(Vy/V)),
n= R(T —-T))In(V,/V}) _ I,-T, )
RT\n(V,/V)+C (T =T,) T, +C (T, = T2}/ RIn(Vy/Vy)

OTcrona BHUOHO, HTO

-1,

n< = nKnpuo’

1

T.e. XK. 0. A mukida CrupidHra MeHblle k. m. 4. muxiaa KapHo B Tex xe
TeMNepaTypHbIx npeaenax. Kpome Toro, B ormmume ot muxna KapHo k. n. 4. uukna
CTupauHra 3aBHCHT OT NPHpOIBI pabouero BeluecTha.

3.22. Vi3 OCHOBHOTO VDAaBHEHUS TEPMOJHHAMEKU

TdS=dU+pdV=C, dT+T(0p/oT ), dV
HAXO/HM, 9TO W3MCHEHHWE TEMIEDATYPHl TpPH aaMabaTHOM  DACHTHDEHHH CHCTEMBI
T(p/dT
_ (@p/0T )y av.
G
Mostomy maxion ammabatel Ha mWiockocTd V, T onpenensercs (opMymoit

(a_T) __T@ploT),

d7=

av s c,

H Tak kak (0p/06T),=a/B, To (0T/oV)s=—aT/(BCy).

Otciona BunmHO, uro mpA ¢>4 °C makiuoH anuabatet ovpuuareneH (o>0), npu
t<4 °C—nonoxuresnet (a<0) u npu 1=4 °C kacaTenbHas x aguabate ropu30HTANIBHA.
Taxum o6pa3oM, He cyuiecTByeT aauabaThl, coeauHsioniei uzorepmnl t=6 °C u t=2 °C,
H, CJIEeOBATEJIbHO, YKa3aHHBIH B 3ajade 1mxi KapHo HeBO3MOXEH.

3.23. o onpeneneHuIo,

n=Ww/Q,.
2 1 2
B uukne Jlenyapa W=§TdS=[TdS+[TdS, Q,=[TdS, nosromy
1 3 1

Cyuras paﬁoqee TCJIO HACANILHBIM Ta30M, HAXOIHM:

Cy dv C, dp
dS=—dT+R—=—dT-R—,
T v, T ?
3 2 . T3——T1
[TdS=C(T,—T,), [TdS=C,(T,—T,); n=1-— -

1 1 2— 41
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Ho Ty/p,=Ty/ps, To/T, Pz/l’l—5 Top, ' Wy_TJP =i, T3/ Ty =(pafpy) "=
=8O T T, =T, T,{(T,T)=3"".

7@=1)

3—1

3.24, PaGora B jgBWratensx BHYTPEHHETO CrOPaHWS IPOU3BOJAMTCA HE 3a CYET
TEMIOTHl W3BHE, @ 3a CYET BHYTPEHHEH 3Heprum pabouero BewiecTBa (roprouei cmecu).
B unkne Otra roproovas cMechb, BOMIEAWIAs B LUMIHHAD, aaHabatHo ckumaercs (/—2);
BOCILTAMEHEHHAS HCKPO#, M30XOpHO cropaeT (2—3); aamabarno pacimpsercs (3—4)
4 BhIOpackiBaetcs B aTMochepy (4—1).

K. . a muxma

Takum obpazom, n=1-—

n=WwiQ,,
rae

3 1 3
W=§TdS=[TdS+[TdS, @,= | TdS={Tds.

2 4 A23B 2

4 3
Mosromy n=1-§ TdS/ fTds.

1
C‘llﬂ‘aﬂ CMECH P[;‘Ieaﬂb}{[jM 1430M, HaXOIHUM.
CV V 4
dS=—dT+R —, [TdS=Cy(T,~
T |
3

Ty
TdS=Cy (T3 —T>1. n=1—-

T,—T,

Bripasum 1 uepes € M3 ypasnenns aauabatel TV '=const Haxomum T,=
=T, (Vy/Vy) " '=Te?'™ ! u T,=T,(V,/V,)" '=Te"" . Taxum o6pasom, n=
=1—1/e"" . TlpakTHvYeckH & HaxXOOMTCH B HHTepBaje oT 3,5 10 7 m MN~25%.

3.25. ITo onpenpencruio, n=W/Q,. B nuxie Husens

3 1 3
W=§TdS=[TdS+[TdS, Q,=[Tds,
2 4 2

4 3
moatomy n=1-{ TdS//_f Tds.

1 2
Cunras paﬁowee TCJIIO MACANBHbLIM Ta30M, HAaXOAUM:

c, a c, dp 4
ds=—T’dT+R7=—T—dT—R—, ITdS=Cy(T4—T1),

L
3 1 T,—T,
[TdS=C (T,—T>), n:l——~——.
2 Y T,—T;
Ho T,V ' =T W]\ T T,=(V,/V})" '= 1/8; ‘TTz/Vz—TalVg, I4{T,=V3/V,=
=p, T3¥ =T, V1Y, T,V '=T, V1™, otkyza L =pp? !=p' u oxOH-
T, T,\V,
1 p'—1
yaTensHo n=1— .
ye' Tt p-1
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N Y V2 ¢ 1 1-9) 2
! 2 P 128404 72
A 8
Puc. 57. Puc. 58.

3.26. O6paTHMoOe CMCILEHUE H PA3/IC/ICHHE HACANIbHBIX Fa30B MOXHO, B HACTHOCTH,
OCYHIECTBUTL TNPHMEHAS NONYNPOHAMNAEMEE Neperopoaxy. [Ipn sroM  BO3IMOXHEI
ABOAKOIO poja yCrpoficTBa. B OIHHX CMEULIMBAIOUIMECS Ta3hl MMCIOT OJMHAKOBYIO
TEMIIEPATYPY, HO 0OBEMbI MEHbIIKE, YeM O0BEM CMECH, NOITOMY HM NPEAOCTABNACTCS
BO3MOXHOCTh OOPaTHMO paclIMpsThea A0 00beMa CMeCH M COBEpWATH paboty,
B APYIMX —TaKo# BO3MOXHOCTH Fasbl HE HMCIOT UM CMEIICHHE (PA3/IENCHHUC) OCYLHeCT-
pasietcst 6e3 coBepiueHus paboThl.

VCTaHoBK4, COOTBETCTBYIOUIAS TIEPBOMY ClIy4alo, W300paxena wa puc. 57. Ias
] oTHenseTcs OT Ta3a 2 B HMJIMHAPE TOCPEACTBOM JABYX W3OUPATENHHO NPOHMLAEMBIX
nopmmed: A, cBOGOAHO TPOHMIEMOro IS rasa /., HO HENPOHHIIACMOrO JUIS rasa
2, u B, npounuaemoro ans /. Hopmerb 4 OyneT nepeMeliaTbes NHOX HaBJACHUEM
raza 2, a nopwenb B-—mnoj nasiendem ra3a [. EciM 3TH paBiieHMs TrasoB Ha
MOPILIHY. YPABHOBELUEHb BHEUTHHMH JABJICHHSMH H4 TOPLUHUM U BECh aNNapaT MOrpyXeH
B GoNbUIYIO BaHHy C TemuepaTypoil 7, CMEleHHE MOXeT ObiTb IPOBEACHO H30TED-
MHYECKM d 06paTumo. TlyTem /[aBrieHMsl Ha TIOPIIHH CMECh Ta30B MOXET ObiTh
ofpaTMMO Ppa3[esieHa HA COCTABHLIC 4aCTH.

PaboTa, cosepiiaeMas IpH paclUIMPEHUM Fa3oB, OYCBHIHO, paBHa

V1+V2 V1+V2
Vi+V, Vi+V,
W= p dV+ p:dV=v RTIn —V—+ v,RTIn —,

1 VZ

Yy Vi
e v, H v, —uncna Monedi rasos I u 2. Tlpun v, =v,=1u V, =V, pabora W=2RTIn2.

B ycTaHOBKE, COOTBETCTBYIOWieH BTOpPOMY Ciy4aro (puc. 58), cMech 43  ABYX
rasoB 3aHdMaeT oGkeM V, co3jaBaeMbiii JBYyMs BXOJAIMMH OJHH B JpYroi
[AIMHADaMH C TOJYNPORULAEMBIMA CTEHKAMH, NOMEIICHHBIMU B TEPMOCTAT.

JleBasi cTeHKa ‘A TPABOro COCyJa NPOHHIAEMA TOJBKO juis MEPBOro rasa, mpaBas
CTEHKAa JIEBOFO cOCyda —TONLKO I8 BToporo. Korjga cocyibl CABMHYTBI, B HHX
HAXOMMTCA CMech 000MX rasos. IIpu pa3jsmKeHWH COCYJOB B 4acTu | HaBieHue py,
B uacTH /+2 mdaBieHuwe p,+p, u B uacT 2 naslenue p,. Ha nesyio u mpasyio
CTeHKM 'JIEBOFO CcOCYyAa feHCTByeT aapnenue p,. ClENOBATEbHO, HA BECh JEBbI
COCYA AeHCTBYET CHJA, paBHas HY/IO, W H03ToMy pafoTa NMpH MEPCMCICHHH COCYJa
taxke paBHa Hymo. Konmyecrso Temiotsi 8Q=dU+3W, noiydaemoe NpU 3TOM OT
TEPMOCTAT4, TOXKE PABHO HYMO, MOCKONBKY BHYTPCHHAS JHCPIUS WACAIHHOTO rasa
IpH TOCTOSHHON TeMIeparype He 3aBHCHT OT obbema u dW=0. CmeincHue rasos
O/IMHAKOBOH TeMIepaTyphl, NpOBEICHHOE MOA0GHHIM 0oOpasoMm, Takxke Oyner 00-
PATHMbBIM, HO TipH 3TOM oObeM cMecH M OOBEM KaXIOH KOMITOHCHTHI CMECH 1O
CMEIICHHS W TOC/C CMCLICHHS OJMH H TOT Xe.

JTOT pe3yibTaT © BO3MOXHOCTH CMEMICHHS WJCAIbHBIX ra30B, B3ATBIX MNPA
OIMHAKOBOH TeMmepaType, 0OpaTUMbIM nyTeMm G6e3 COOOIICHHS TCIUIOTBI M 3aTPaThl
paboTLl MPHBOAMT K TOMY, 4TO €C/IM KaKIblA a3 JO CMEIICHHs 3aHHMAN 06beM
V u obmazan IHTpoNMell COOTBETCTBEHHO S; M S,, TO mocie Takoro oGpaTHMoro
CMEIICHUS OHTPOIHS CMecH, 3aHuMarouieit o6vem V, Oynet S;+S,. Takum o0pa3zoM,
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SHTPOTIHA pa3feMMOH Ha nEpBOHAYalbHBIE YaCTH CMECH H/CAJTIBHBIX Tra30B paBHa
CyMMe JHTPOIMH OSTHX ra30B, KOTZa KaxAblH M3 HHX B OTAEABHOCTH WMEET
TeMnepaTypy ¥ o0bem cmecH (Teopema I'n66ca).

3.27. isMeHeHHe 3HTPONMH MpPH  CMEIUEHHM [JBYX MOJIGK OJHOTO H  TOro
Xe rasda, HMeIoumx rtemuepatypy T u obbeM V, HaiiieMm, HCHOJB3YH BhIpaXEHHE
s surpomn (3.40).

JIo CMeIleHHs JHTPONHAS CHCTEMBI

§=2[C,InT+RIn(V/N)+S°].
Tlocsie ypaneHHs NEPErOpPOAKM H CMELIEHHA 3HTPOIMS CHCTEMBI
Sy=2{CyIn T+ RIn[2V/(2N)]+S°}.

TlosTOMY H3MEHCHME OSHTPONHH IPH CMCIICHHM ABYX NODUHH OIHOFO H TOrO
Xe rala ¢ ojuHaxoBeiMH T HM p paBHo Hymo: S;—S§;=0. U3 Bripakenus s
SHTPONMH HACATBHOTO TIa3a

S=v[CyInT+RIn(V/N)+5°] )

HENOCPEACTBEHHO CledyeT A HTHBHOCTH SHTPOIUH. JIeHCTBHTENBHO, eCiM B obneMe
V comepxutcs N vacTan, TO, MPEACTaBJIAS 3TOT 00BEM COCTOSMIINM H3 IBYX o6BEMOB
Vi a Vy(Vy+V,=V) c uuclOM 4acTHIl COOTBETCTBEHHO N; M N,(N;+N,=N),
TOJIy4aeM, YTO SHTPONMA BCErO rasa paBHa CyMMe OJHTPONHMM €ro d9acTeii:

(N/No)[CyIn T+ RIn(VIN)+S°]=(N,/No)[Cy In T+ Rln(V,/N,)+S°]+
+(N3/N)[Cy In T+ RIn(V3/N,)+5°],
nockonbky V/IN=V/N,=V,/N,.
Bupaxenue (1) MOXHO NpEACTaBATH B BHIC
S=v{CyInT+RInV+S§,), @

e Sy=S°—vRInN=S'"—kNInN sasucutr or umcna N duactuu. 3abenne 3TOro
06CTOATENLCTBA M TpHBENO K omwmbke B 3ajaie. B caMoM fene, SHTPOHHA IBYX
MoJeif Ta’a 10 CMeLIeHHS

S§=2(CyInT+RInV+S,),
a mocie CMELIEHHs, KOrja KaxObli ra3 3anuMaeT obbem 2V,
$;=2(CyInT+RIn2V+S).

Bennuuay S|, MOXHO HAHTH M3 CBOHCTBA AJUIMTUBHOCTH 3HTPONHH: 3HTPOUHS
Bcero rasa B oObeme 2V mocne CMeUieHAs paBHa CyMMe OSHTpomuii IBYX 4acTe#
[0 MOJNIO ra3a B KaxAoM:

2(CyInT+RIn2V+S8,)=2(C, In T+ Rin V+S,),
OTKyIa
Si=—RIn2+S,,

S,=2(C,InT+RIn2V+S,)~2RIn2, Sy—8§=0.

Kondurypausorsas 4acte JHTpomMM rasa m3 N vacrun pasHa kNIn(V/N), a me
kNln V+const, xax 370 OUHOOMHO NPHHAMACTCA B YCIOBAM 3a/auH.

Takum o6pa3oM, eciid B BhipaxcHMH (2) B NPOTHBOPEYHH C ACHCTBHTECILHOCTHIO
BeJIMYUHY S, CYHTATh HE 3aBHCAIUEH OT uucaa N YacTHI, TO YHAlleHHE MEPEropomKH
NPUBOAMT K yBENWYeHHIO JHTpomuH AS=KANIn2 He ToNbKO [UIA pa3HBIX ra3oB, HO
TaKXe W JUIs OINUMHAKOBBIX ra30B, XOTH TEPMOJHHAMHYECKOE COCTOSHHE B IIOCJIEAHEM
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ciiydae He u3MeHsercs. Ha caMoM ke [Jene 3[eCb MMEET MeECTO HE Napajokc,
a HapaJOru3M — HEJOpPAa3yMeHHe, KOTOPOe YCTPAHACTCs, €CM IONb30BATLCA NPABHIIb-
HbIM BeipaxeHueM (1) mns ourponmm. [eficTButensubiil cMmbicn mapagokca ['u66ca
COCTOHT B CKAYKOOOPa3HOM H3MEHEHMM OSHTponmuH AS MpH NEepexojge OT CMeECH,
pasfenuMoit Ha NMepBOHAYaJIbHBIE YACTH CKOJNb YrOAHO GJIM3KHMX IO CBOMM CBOHCTBAM
ra3oB, K CMECH OJMHAKOBHIX TIa30B. JTOT ckadok AS CylecTByeT OOBHEKTHBHO,
NOITOMY €ro Henb3s YCTpanuTh®.

3.28. B 3ajmaue 3.26 moxasaHo, 9TO BO3MOXHO CMelucHHME (pa3iesieHue) MACANIbHBIX
ra3oB ONUHAKOBOH TeMmeparypbl oOpaTHMbIM myTeM ©6e3 COOOLieHHS TemnoTh
W 3aTpaThl paGoTbl. DTO NPUBOAMT K meopeme ['ubbea 06 mmponuu 2a3060i cmecu:
SHMPONUA PaA30eAUMOTl HA NEPBOHAYAAbHbIE YACTU CMECU UOEAAbHbIX 2A308 PABHA. Cymme
SHMPONU  COCMABATIOMUX  2a308, KaAXCObIE U3 KOMODHIX umeem 6 OmMOeAbHOCHuU
memnepamypy u 00vem cmecu.

B crnyuae TOXACCTBCHHbIX Ta3oB CABUFAHHE COCYJOB C TAKMMH ra3aMy HPHBOAWT
HE K CMEILICHHIO, & K CKATHIO Fa3a, YTO NMpPH HaJW4YHM TepMOCTAaTa CBA3AHO C OTHauei
TerioTel AQ H, CIIC/10BaTENbHO, C YMEHbLICHHEM >HTponuu Ha AQ/T. Takum obpasoM,
IUI1  TOXKJAECTBEHHBIX Ta3oB TeopeMa I[ub6ca He cmpase/uBa. Benmencrsue aroro
U3MCHEHHE OJHTPONHM TNpPH CMEIUCHHMH [BYX MOEHTHYHBIX [a30B HENb3S IIOJYYHTH
B NPEJCTILHOM CIIy4a€ CMCLICHHS ABYX Pa3iIMYHBIX I'a30B, IOCKOJIBKY IPH PACCMOTPEHAN
Pa3IMYHBIX Ta30B HCMONB3yeTcs Teopema ['mbG6Gca, He HMEIOLIAS MECT4 B MPeleSibHOM
ciydae. s TOXJIECTBEHHBIX FA30B SHTPOIMH «CMECHY TIOCIE OOPAaTHMOrO CMCIHICHUA
paBHA HE CyMMe DHTPOMHMH CMEIUMBAIOMMXCH 4ACTeH, BBIYUCIEHHBIX B IPEAIONOKEHUH,
4TO KaXJas vacTh 3aHWMaeT o6beM ¥, a cymMMme 3Tux JHTponuii Ge3 BeaH4MHbI

== VR In2,
T T T

rAe V—4YHKCJIO Mojiell B KaxHOH 4acTH rasa /O CMELUCHHA, Koraa o0BeM KaxaoH
4acTH paBeH V u obenx wacreit 2V

3.29. KonduryparyoHHass 4acTh OHTPONHMM HICaNbHOIO Traza H3 N  HacTHK
B obbeme V paBHa

S=kNIn(V/N).
HO3TOMy SHTPOIIMA ra30B Au B o0 CMCIHCHHS
2
S=k ¥ N,In(VIN,),
i=1
Su=k(N,+N,)In[2V/(N, +N,)]. )

W3MeHeHne SHTPOIMH CHCTEMbI B DPe3yjbTaTe HEOOpaTHMOro Ipolecca H30Tep-
mudeckol muddysun

a MOCJAC HMX CMCUICHUSA

2
AS=Sy—S=k Y N;In L+k(N1+N2)ln2. @
i=1 N, +N,

OTo u3MeHEHHE OIHTPONMH HasblBaeTcs afgpexmom Ieii-/Troccaka. HerpymHo
YCTAHOBHTb, 4YTO MpPH 3aAaHHOM oOmem uucne N,+N,=2N 4acTHI CHCTEMBI
BBIpaXeHHe /[is AS HMeeT MuHMMYM npd N, =N,=N. DT0 MHHAMaIbHOE 3HAYCHHC
AS pasHo Hymo. [Tpu m3mernenun N; ot 0 go 2N BenauyuHa AS H3MEHAETCS B HHTEPBaJe

* Cwm.: Basapos M. II. Metononoruueckue NpoGneMbl CTATHCTHYECKOH (H3UKM
H TepMoaMHamuku. M.,  1979.
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0<AS<2kNIn2. 6}

3TO COOTHOLIEHHE YKA3biBAa€T Ha IIPENESbi M3MEHEHMS OHTPONMM B IIpouecce
Teii-Jlroccaka 1P HCNIPEPHIBHOM M3MEHEHHH JIABJEHWH p; U p, CMCEIIMBAIOIIMXCA
HOpUME OIHOrO M TOTO XK€ [as3a C 3aJaHHBIM oOMWMM 4uciaoM dYacTun 2N W, kak
COBEPILEHHO OYEBHAHO, HHKAKOrO OTHOLUEHMS X mapafokcy I'mb6bca He umeer.
O6e nopuud raza B JAaHHOM INPUMEPE COCTOAT M3 OJHHX ¥ TEX XK€ YACTHI,
HO OTJIMYAXOTCH APYT OT Ipyra BHYTPEHHHM napaMerpom —/jabieHuem p. Ilpu Bcex
3HaYEeHHAX nHapameTpa OJM30CTH NOpLMH rasa
{p2=pii

T pitps

u3MmeHsolerocs or 0 mo 1, cMecH 3THX TNOPUMH HEpa3fEIWMBI H, CIIEOBATEIBHO,
cnyuail ¢ =0 He obnamaeT ¢usMyeckod OCOOCHHOCTBIO IO CPABHEHHIO € JHOOLIMH
HPYFEMHA CYYasiMH CO CKOJb YrOAHO MaibIM 3HAaueHUeM T).
3.30. Taset 4 u B npeacraBasitoT coOGod  OAHOPOMHBIE CMECH W3  YaCTHI
C u D pasnuuHbix ra3os: ra3 A cofepxut N;=Nx; yactuu raza C u N=Nx, gacTuny
raza D, a ra3 B—N,=Ny, dacrun C u N3=Ny, uactau D (x,+x,=p;+y,=1).
B xavecTBe HENMpPEPHIBHOTO IHapaMeTpa, XapaKTEPH3YIOHIIEro CTCIECHb OJIM30CTH TaKHX
cMecell, BbiGepem BenmuuHy N=|x;—y,|=|x,—y,|. Apu ' n=0 (x;=y,, x,=y,) obe
cmecHd A @ B abcomoTHO oAMHAKOBBL, a mpm =1 (x;y;=x,y,=0) MBI HMeeM Ieno
C ABYMs OpefesibHO pasnuduMbiMu rasama C u D. Jlo ymaneHMs NEPeropojkH MExIy
rasami A u B sHTponmus cucTeMsl no Teopeme Iubbca papHa CymMMe JHTpOTH,
OTAENBHO 3aHMMAIOMX 00neM V uerwipex nopimit 4ucThX razos 3 N;, Ni, N,,
% wactuy cootBercTBeHHO. ITocie ymaneHHs Neperopofikd 3HTPONMA CHCTEMBI paBHA
cyMMe sHTporumii ra3oB C # D, KOrja Kaxabiil U3 HUX 3aHUMaeT 00beM 2V, T. . cymme
SHTponuM Sp, BBIMHCIEHHON no Qopmyie (1) nmpeabiaymedl 3amaym, BCEro rasa copra
C u3 N;+N, yacTun (NONYyYalomerocs B pe3ynbTate H30TEPMUYECKOro HeoOpaTHMOro
npouecca muddysun Hactuy copra C npd pasjHYHOR HAYajibHOH KOHUCHTPALHH HX
B rasax 4 u B) m surpommn Sy Beero copra D u3 N+ N wactun (moyyarouierocs
B pe3yibTaTe H30TEPMHUUECKOro HeoOpaTumoro npouecca AdGY3HM YacTHI[ 3TOrO
copra). Wamenenue surponu# rasa C OpH HM30TepMHUYecKoit AupQysHH ero dacte,
cornacio opmyie (2) Tpenblayllied 3aJayd, pPaBHO

AS°=k i N[N /(N +N)Y]+k(Ny+N,)In2,
i=1
a W3MEHCHHE JHTPONMHMM NpH H30TepMuueckoid mudoysuu mopuuit rasza D
AS' =k i Nin[N{/(N +N)]+kWNi+Ny)In2.
i=1
Cornacuo hopmyse (3) npexsiaymeit 3a1aun, AS® u AS’ H3MEHsIOTCS B HHTEpBalaX
0<ASO<Sk(N,+N,)In2, 0<AS'<k(N|+Nj)In2,

nosToMy ysenudenue suTpornud AS=AS®+AS’ Beeit cuctembi, 06pasoBaBiLieiics nocne
mapdysun cMecelt 4 u B, MIMEHAeTCA B 3aBHCHMOCTH OT T (MM 4uCia 4acTHL
KaX/JI0T0 cOpTa) B HHTEpBAC

0<AS<2kNIn2, @

nockoNbKy N +N,+Ni+N,2=2N.
Buipaxenue (1) cosnanaer ¢ GopMmynoit (3) npensinyined 3anayu. Kak u B npenpi-
Jymiclt 3a7adye, WHTEPBAJ M3MCHeHHs oHTponun (1) npu cMmeinennn razos 4 u B obyc-
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nosneH 1poueccoM [eii-JIroccaka xaxaoro copra 4actull C ¥ D NpH H3MCHEHHM
HX KOHUEHTpammid B cMecax A4 H B, u nosromy Bbipaxenue (1), momo6HO (3)
ApeAbIIyHIen 3aJauk, K mapagokcy ['mbOca oTHOMICHMS He HMMeET. DTO BHAHO TaKXKe
M3 TOro, 4To CMeCh razoB A M B, Xak H B cjlyiae CMecH IBYX IOpu#i OJHOTO
d TOTO Xe Ta3a, HeBO3MOXHO DA3fEHTh HM HPH MX TOXAECTBeHHOCTH (N;—N,=0,
N1—N%5%=0), un npa ux pasmaumn (N, —N,#0, N1—~N3#0). ITostomy teopema
I'mb6ca k rasam 4 M B HenpMMeHMMAa M JHTPONMIO CMECH OJTUX T[d30B HEIb3f
BBIYHCIATH 1O Teopeme [ub6ca juis cmecH pashbix rasoB 4 u B.

Ha ocnose pesynbTara (1) Aas uHTepBana u3MeHeHHS AS NP CMEHICHHH a30B
A u B HexoTOpble aBTOPHl NMPUXOAAT K BbIBOAY 00 OTCyTcTBMM Napamoxca I'uGbca
U CHHTAIOT, YTO TPH HENMPEPHIBHOM HM3MEHCHHH MapaMeTpa pasjidyds ra3’oB H3MEHCHUE
aHTpormuH AS npu audy3uu ra3oB M3MEHAETCS HEMPEPBIBHO.

3TOT BBIBOA, OJHAKO, HEMPABUIEH, NOCKOJBKY, KaK IOKa3aHO BBIILE, DPE3yJibTaT
(1), nono6uo (3) npeasiayiueis 3aaa4u, obycaosied npoueccoMm [elt-JTroccaka (cMeteHus
ABYX TNOPLHMH OJHOrO M TOTO XK€ Iasa PasHOH KOHUCHTPANMU) M HE MMECT OTHOILCHUS
Kk mapapokcy [ub6ca. B paccmarpuBaeMom ciydae cMecH razoB 4 u B, kak
W B CAy4ae CMECH JByX NOpUMH OHHOCO M TOrO Xe€ ras3a, OTCYTCTBYET CaMo
¢dusuteckoe OCHOBaHHE mapafokca I'Hb6Oca — O0COOEHHOCTh HEPa3JAEIMMOCTH CMECH
ra3oB A ¥ B TOIBKO NpH MX TOXACCTBEHHOCTH (Koraa napamerp pasmuums 1=0),
HOCKOABKY €€ HENb3s Pa3ACNHTb H IPH CKOJb YTOAHO MAjloM Pa3jMiuy ra3oB 4 u B.

IporenenHOe PaccMOTPEHHE CMELIEHHS [A30B NPHBOIAMT K YCTaHOBJICHHIO CYLUECT-
BOBAHHA [ABYX COBEPIUCHHO Pa3MYHBIX BUAOB H30TEPMHYECKOIO CMEHICHHS MACAIbHbBIX
razos. K mepBoMy BHIY OTHOCHTCS Takoe CMelIeHde ABYX nHopumil no N wactuu,
NpH KOTOPOM H3MCHEHHE 3HTPONMM COBEPILCHHO HE 3aBHCHT OT pa3jdydsl rasos
(Teopema I'mb6ca) u paBHO

AS=2kN1n2. @

Hony4aeMyio pH 3TOM CMeCh MOXHO Da3feinTh (¢ MOMOILBIO MONYIPOHHUAEMBIX
NEPEropoJOK MIM BHEIUHMX NOJEH) HA NOPUMU CMELUMBIEMbIX [a30B.

IIpun BTOpOM BHIE CMCIUCHUS NOPIUH ra30B MOIYYAEMYIO CMECh NPHHIHNHAILHO
HeJb3sl PasAeNuTh Ha CMEMIMBAEMbIC NOPHMK. B oTiMude OT mepBOro BUAA CMelIeHus BO
BTOPOM BHJE H3MCHCHHE SHTPOMHM TP CMCIICHUM (IHMPONUA CMEUUEHUs) 3aBUCUT OT
CTENEHU PA3JINYHs CBOUCTB CMCLUHBACMbIX ra3oB, H3MeEHssCh B UHTepBale (1). Bropoi sun
cMellleHHa Obll H3BECTEH 3HAYKTEIIHHO PaHblie, YeM NepBbii. OH UMEET MECTO B IPOLECCe
aauabaTHOro PaclIMPEHHs rasa (cMeceif Fa30B) B 06IACTD ¢ TEM XKe ra3oM (CMEChIO TeX XKe
[430B) MEHbIIErO H JABJCHHUs, HO OJMHAKOBOH ¢ HHM TeMmepartypoit (mpouecc Ieii-
Jhoccaka). Ilonyyaemyio Impu 3TOM CMECh HEBO3MOXHO Pa3JeiuTh Ha NEPBOHAYaJbHbIE
IICpHMM, & JHTPOHHs AS CMCIUCHMA HENpephIBHO H3MeHsercs B uHTepBaze (1).

Herpynmdo HaWtH 3akoH u3MeHeHHss AS ¢ H3MEHEHHEM TNapaMeTpa pasnuuus
nopuui’ rasos. Ilycte B obbeme V comepxurcs N, uacTull raza, a B IPYrOM
obbeMe TOM Ke BENHYUHBL 2N — N 4acTul TOro xe ra3a. JHTPOIHUS CHCTEMbl, OYEBHIHO,

S;=N;In(V/N)+(2N—N;)In[V/2N-N)],
a Toche yHajieHHsi NEPErOPOJKH MEXKAZY COCYJaMH 3HTPOMUM CUCTEMBI
Sy=2NIn[2V/2N)]=2NI(V/N).
Takum oOpa3om, sHTponus cMmeiiicHust razos (3¢dext [ei-Jlroccaka)
AS=S,—8,=2kN{In[2—N,/N]—-N,/2N)In[2N/N,—1]}.

BBOoAsS B KadecTBe HENPEPHIBHOTO [IapaMeTpa pas3jiMyus CMEIIMBAEMBIX TOPUH
ra3oB u3MeHstolyroca of 0 go | Benuuuny
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Vil Y A 2 5 n =|p—2_—’l|, noJ1yyaeM
n2 d Pitp;

AS=2kN{In(1+m)~
—(-m2h[l+n)/a-n]. @)

/ CoBepierro 04eBUAHO, YTO HENpEpHIB-

HOC M3MCHEHME OJHTPOIMM CMelueHAs (3)

/ pH HENPEPLIBHOM H3MEHEHMH CTEIICHM pa3-

!/ - \ ; \ ; JMYMA  CMEILMBAEMBIX Ta30B B MpONecce

0 02 04 06 08 7 T'eit-Jlroccaka (1. €. IpH cMemeHHu BTOPOro

BHJIA) HE MPOTHBOPEYMT HEUIMCHHOCTH Be-

Puc. 59. TiuHbl (2) MPH W3MEHEHHMU CTENEHH pas-

JIMYAS T430B B [PONECCE H3OTCPMHUYECKOTO CMELICHMS MNEepBOro Buad; Pesyisrar 3)

HE MMECT OTHOLIEHMS K BBIBONY (2), Tak KAk OH OTHOCMTCS K JIDYroMy BHAY

cMeiennst. [Tostomy Henms3s yreepxnarts, uTo, BEIOpAB HENpPEePBIBHLIA napaMerp mpH

cmellediy Tazos B npouecce I'eif-Jlioccaka u momyuuB dopmysy (3), Mbl ucnpasiin

dopmyny (2) u ycrpasunM ocobeHHOCTh cMemeHus, onpeaeiseMylo 3Toi ¢GopmyIioi,
OKOHYATENILHO pelMB mapajoxc [mb6ca, T.e. moxasas €ro orcyTcTpme.

M3 msnoxennoro BuaHo, 4ro B 06wieM clyuae | #30TEPMMYECKOTO CMELICHHS
WIICAIbHBIX Fa30B KPUBAA 3aBHCHMOCTH SHTPOIMH CMEIIEHUA AS OT IApAMETpPa PasiHuHs
CMEIINBACMbIX Ta30B COCTOMT W3 ABYX BeTBell. Onna u3 nux BA [cM. (2)] cooTBeTcTByet
CMCILICHUIO NEPBOTO BUJR, & Apyrag OB [cM. (3)]— cmelenno BTOPOro Bhma (puc. 59).

Msotepmuveckoe cMelueHue TNOPIME OHOTO M TOrO Xe rasa TIPHHAJIICKHUT
K MHOXKECTBY CMCHICHHA BTOpOro BuI4 (cMeweHue Deif-Tlioccaka), a He TIEPBOTo
(cMetuenne Tub6ca). [10210My CMeIUEHHE TOXAECTBERHBIX Ta30B HETb3s pacCcMaTpHBATD
KaK TPEfeNbHBIA Cydal CMCUICHUA JIBYX DASIHUHBIX (Da3neNMMBIX H3 CMECH) [a3oB.
JTO sABCHHE Ha3biBaeTCs napadoxcom, Iudbea: npu nepexooe om cmecu ckoab y200HO
GAUIKUX NO CBOUM CBOUCMBAM (U PAIVEAUMBIE U3 CMECH) 20308 K CMECU OOUHAKOGHIX
NOPYUIl MONCOCCIMEEHHBIX 2A306. IuMponusi cyewenun AS ucnsimvigaem ckauox fem. (2)].
MaTeMaTiveckuM U QU3MYECKHM 0OOCHOBaHHEM mapajokca I'nb6ca sBuseTcs OTiHYHe
4TOMOB CMENIMBAEMBIX Ta308. CMELIEHHE TOXACCTBEHHBIX ra30B NPHHAUICKUT K MHO-
KECTBY CMCIICHHA HEPA3JETMMBIX T4308, & HE K MHOXECTBY CMEIICHHH CKONb YTOAHO
GITM3KUX U PA3feNAMBIX ra3oB. BelencTBHe 3T0ro oHO (M3HMECKH BHLAEIEHO, 0bnafaeT
¢BoeoOpasHO#t OCOOCHHOCTBIO 110 CPABHEHHIO CO CMEIICHHEM CKOJIb YFOJHO OIH3KMX
pa3feNuMBIX Ta30B.

CymectroBanmne cmemenns Teii-JTroccaka M HENPEPHIBHOE H3MEHEHHE SHTPONHH
cMewerns  AS B 9TOM caydae HM B Koell Mepe He HCKINIOYAIOT cmemenus T'n66ca
M HHMKAKOrO OTHOLICHMA Kk mapajokcy ['uG6ca me umeror. TaxoBo pasbiCHeHHE (WM
pewenye) napajgokca I'm66ca.

BosHuKaeT BOMPOC: HACKOIIbKO JIETKO IKCTIEPUMEHTAIIBHO OGHAPYKUTE TEOPETHYECKH
ycTaHoBIeHHBIH ['u66com mnapamoxc?

Jl1s OTBETa Ha 3TOT BOTPOC PACCMOTPHM NpHMep H3 MexaHHKW. Kak H3BecTHO,
HCOTPaHHYEHHO JOJIro¢ NPAMOJMHEAROE U DABHOMEPHOE [BMXEHHE TENA BO3MOXHO
TOJBKO B MIECATH3UPOBAHHLIX YCJIOBHAX IIOJHOrO OTCYTCTBHS KaKOro-iu6o meficTBuUS
ApYruxX Ten Ba upmiymicecs Teno. IlpaxTudecks BnusiHMe IPYTHX Tendl (TpeHHe,
COTMPOTHBJIEHHE M T. 1.}, YCTPAHSEMOE JIMIIb C KAaKOH-TO CTENEHbIO TOYHOCTH, HE
O3HAYACT OTPaHMYEHHOCTH TPAJHIMOHHOrO MOAXOAA K 3aKOHy MHEPIHH H TeM 0osee
€10 OTCYTCTBHMA. YHET 3TOrO BHEIIHErO BIMAHHA TPHBOAMT TOJBKO K H3MEHEHHIO
ABUXCHHA TeJld, HO HE K M3MCHEHMIO 3aKOHA HHCPIMH.

AHanoruuso, BLIBOA 0 Ckauke AS TpH TNEPEXode OT CMEIICHWS Ta30B M3
OJIMHAKOBBIX 4TOMOB K CMEIUSHHIO [4308 C OTJHMYAIOIHMUCSI IO KAKOMY-TO IIPH3HAKY
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aTomamu (mapajokc ['66ca) MMeeT MecTO B HICATM3HPOBAHHBIX YCIOBHAX PasACICHAA
CMECH IIpH CKOJIb YFOJHO MaJNoH pasHHie NapaMeTpa pasidYMs aTOMOB.

To, 4TO NPaKTHYECKH «OMO3Haroulee YCTPoHCTBO» Oymer nenarth ommMbKH npH
pa3zeneHdud cMecH U3 OJIH3KHX 1O CBOMM CBOFICTBAM aTOMOB U HE IOJIHOCTBIO OTIENSATH
WX OPYr OT [apyra, HMW B KOeH Mepe He O3HA4aeT HEJOCTATOUHOCTH TPaJMIHOHHOrO
moaxoaa k mnapaaokcy I'mbbca m Tem Bonee ero orcyrcreus. Ilpu yuere ommbox
OTIO3HAIOUIETO YCTPOHCTBA NPM PA3JICCHHH TPYAHO DAa3IMYHMBIX KOMIIOHEHT 0cobeH-
HOCTb CMEUIEHHS TOXJECTBEHHBIX ra30B Mcue3aeT (YCTPOHCTBO MOSIHOCTHIO HE PasfieiiseT
u Oim3kue MO CBOMCTBAM aToMbl!). DTO NPHBOAMT K HENPEPHIBHOMY H3MeEHEHUIO AS
B 3aBHCHMOCTH OT CTENICHH pa3jIMuyHs aTOMOB, HO HE K OTCYTCTBHMIO mapanokca [n66ca,
HMeEIoLIEMY MecTO (KaKk M 3aKOH MHEPIHHM) B NPEJCIbHOM Cydae OTCYTCTBHS OIIMOOK
ONO3HAIOLIErO YCTPOHCTBA (OTCYTCTBHS BIMAHHMS BHELIHHX TE HAa JBMXKYLIEECH TEJIO).

Bemumunna AS, onpepenseMas NIpH ydeTe OLIMOOK OMNO3HAXOLIErO yCTPOHCTBA,
3aBHCHT HE TOJIBKO OT CTENEHH PA3Jindhs aTOMOB, HO M OT IIPHPOALI CAMOFO YCTPOHCTBA.
Takam 00pa3oM, 3KCHEpPHMEHTajbHOE OOHapyxeHHe mapagokca ['mbbca cesazano
C HEKOTOPO#! TPYIHOCTBIO, TaK Kak OH NpPOABNsETcs Npu paboTe ¢ NpenesibHO TOYHBIM
OIIpCCHSIOIMM YCTPOHCTBOM (NONOOHO TOMY, KaK 3KCIEPHMEHTAIbHOE OOHAapYXKEHHE
HEOTPaHHYEHHO JOJIFOrO HNPAMOJIMHEHHOrO ¥ PAaBHOMEDHOIO. JBHXCHUA Tesia CBA3AHO
C 3aTPYAHEHMEM [OJIHOTO YCTDAHEHMS BIMSHHS HZ 3TO [JBMXKeHME Apyrux Tenm)*.

HenpepsiBHoe noseaeHue AS ¢ yueToM OMHO0K ONO3HAIOLICTO YCTPOHCTBA BHIPAaXacTCA
uepes MATerpai ommbox**. Bosnee TouHOMYy YCTpOHCTBY (C MeHbiueH aucnepcueir o)
COOTBETCTBYET NYHKTHpHas kpuBag OC (orcroma BHAHO, 4TO mapagokc I'mb6ca
obHapykuBaeTcs Npd paboTe ¢ NpeaeabHO TOYHBIM HPHOOPOM). DTa KpHBAas HE MMEET
HHuero obiuero ¢ kpusoit OB, cootseTcTBylowIcH cMeltenuto ['eit-Jlioccaka, mpu koTOpoM
HEBO3MOXHO pa3jeNicHHC CMECH JaXc B MACANbHOM Clyqac ONO3HAIMIErO yCTPOHCTBA.

3.31. Usmenenue sHTponMu npu auddy3uu AByX pa3HBIX ra3oB B KOJHYECTBE
v, ¥ v, MoJed, 3aHHMAIOLMX COOTBETCTBEHHO oOmeMbl V|, m V, u HMeroummx
OJIMHAKOBYIO TEMEEpPATypy, corjiacHo ¢opmyiae (3.41), paBHO

Su—Sy=v RIn[(V,+ V)V ]+ v,RIn[(V,+ V)iV, ]

B namem ciysac Vi =V,=3M?, v,=v,=v=300/1, 12 (mockompxy mpu 2020 ['Tla
u 0°C obbem mong pased 1,12-1072 m°), moatomy

Su—S81=2vRIn2=2-300/1,12-2In 222891 Tx/K.
3.32. DuTpomus v Moell MaeanbHoro rasa B obwneme V npu Temmepatrype T
S=v[Cyln T+ RIn(V/v)+S,],

rac S,—He 3aBHCAlNAg OT V NOCTOAHHAs BEIWYMHA [J71 JaHHOTO Trasa.
Tak kax V/v=RT/p, To0

§S=v(C,InT—RIlnp+Ss) (So=S,+RInR).

1. DHTPOMAM CHCTeMbl 7O M TIOCTE CMEMIEHHS pPaBHbI
S;=v{C,InTy—RInp+S5)+v(C,InT,—RInp+55)=v(C,InT,T,—2RInp+285%),
S"=2V(CplrlT—-R1np+S/o),

rae T=(T,+T,)/2.

* COrmacHO TEPMOAMHAMHKE, HEBO3MOKHOCTh HPAKTHYECKOTO OCYLIECTBICHHS
TOrO WJIA HHOI'O MBICJIEHHOrO JKCTEPUMEHTA HE YMCHBIUAET €r0 JOKA3ATEJILHON CHIIBI,
€C/IM TOJILKO OHO HE TIPOTHBOPEYAT HAYATAM TEPMOAMHAMHKH.

** Cm.: Bapmasekamii ¥O. C., Wleiimm A. B. JAH CCCP. 1963. 148. C. 1099.
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INosTomy H3Meneﬂhe SHTPOLMM B PE3YJIbTaTe CMELICHUs
AS=Sy—S8i=vC,(T1+ T, )*/(4T, T,).

Tax xak (Ty+T,)* 24T, T,, 10 AS>0.

Ipu ¢ukcupoBanHoil TeMnepaType OAHOH nopuum rasa (HanpuMmep, T, =const),
H3MEHCHUH TeMIepaTtypsl 7T, BTOpoH HOpPUMH (B NPEANOJOXKCHHH, YTO HACaIbHbIN
ra3 CylecTByeT NpH JOObIX Temmeparypax) AS H3MCEHACTCS B MHTEpBae

0<AS< .

Hynesoe 3Hauenue AS mmeer mpu T,=T,, Korja NOC/E CHATHS NEPETOPOUKH
MeXAy ra3aMd B CHCTEME He NpPOMCXOAHT TEPMOIHMHAMUYECKOro fponecca.. Heor-
paHnueHHOe 3Hadenume AS upuobperaer fipu T, =0K n T,=c0.

2. Jlo u mocNie CMEILCHMS Ta3OB JHTPONMHM CHCTEMbI PaBHBI

Si=v(C,InT—Rinp;+S5)+v(C,InT—Rlnp,+S5¢)=
=v(2C,InT—RInpip,+25}),
Su=2v(C,In T—RInp+S5),

rae p=2pip2/(p1+p2), 4910 cnemyer w3 ypasuenmit ¥V =vRT/p,, V,=VRT/p,
u Vi+V=vRT(l/p;+1/p;)=2vRT|p. Hoatomy

AS=Sy—Si=vRIn[(p,+p2)*/{4p:p:)]

Haumenpiuee (HyneBoe) 3naueHme AS uMeeT NpH p;=p,, KOrJa NOCIE CHATHS
pasfiensoled Ta3sl NMEPErOPOJKM B CHCTEMC HMKAKOTO TEPMOJMHAMHYECKOIO Mpolecca
HE TPOHCXOLUT.

3.33. Ilyctb B OfHOM M3 [BYX paBHbix oOvemoB V Haxomutcs N aToMoB
HAeaNbHOTO ra3a A, a B JPYroM-—CTONBKO ke aTOMOB rasa B. Temmepatypsl ra3os
O/IMHAKOBBI.

Jo cMelueHHst BHYTDEHHSS OHEPIUSl CHCTEMBI

U]=NCVIT+ U()] +NCyeT+ Uoz.

ITocne cMmeilleHUs KaXOblH W3 Ta30oB 3aHAMAaeT o06beM 2V npd HEM3MEHHOU
TeMmnepatype 7, moaromy

Un=NCy, T+ Uos + NCy, T+ Us,

M M3MCHCHHMC BHYTPCHHEHl OHEPrMH TIpHM H30TCPMHYECKOM TEPEMCILIMBAHHM TIa3oB
AU=Uy—U;=0. Takoit pe3yapTaT OyAcT kak B cjlydae DPa3HBIX, TaK ¥ B Ciydae
OJIMHAKOBLIX Tra3oB, T.€. HUKakoro ckaika AU fpu mnepexofe OT CMECH pa3HBIX
ra30B K CMECH HIOCHTHYHBIX Ta30B HE HCHBITHIBACT.

AHaNoruyHo, HTaneus H=U-+pV cuctemsl no cmewenus Hy=Uj+2pV, a nocne
ememterus Hy=Uy+p 2V +p 2V =Uy+2pV, nockonsky p,=p/2.

H3MeHeHHe SHTANBIMM MPH CMEMIEHHMH HIACANbHbIX Ta3oB AH=Hy—H,=0 nesa-
BHCUMO OT CBOHCTB CMEILMBAEMBIX TIa30B. TakuM o00pa3oM, HHKAKOTO aHanora
napajfokca I'mb6ca amnurTeBHBIC (GYHKOMH COCTOsSHMs uacanwHoro raza U w H ne
OOHAPYXHBAKOT.

3.34. Tipeacrasum cebe JiBa OAMHAKOBREIX oObeMa V, pa3/ieNeHHBIX TEIJIONPOHUNA-
€MOH NeperopolKOi U 3anoJHEHHBIX razaMu A u B u3z N uyactun xaxasid. Ilnorsocts
wucia ¥acTuil rasa 4 [0 M Tocne cMelleHus pasHa ny=N[V, ny=N/(2V). Taxum
0o6pa3oM, B pelynbTaTe CMEIUCHHSA ILIOTHOCTh ra3a A YMCEHBIUMIACKH:

Any=n;—ny=—n;/2, )
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ApUYEM 3TO YMEHBUICHHE HE 3aBUCHT OT TPHPOABI ¥ KOHIEHTpALMM APYroro rasa,
€CNTH TOJBKO Tra3bkl A W B pasnuyHbl MO KaKOMY-IHOO TapameTpy W TOCHE CMELUEHHs
pas/ie/MMbl Ha TIEPBOHAYAJILHBIC TOPIIHH.

C npyroli croponsl, ecian oba obbeMa 3aIONHEHBI OAMHM H TEM JKe Ta3om,
IIOTHOCTb Ta3a A IIOCHE yjajleHus TNEPErOpOJKM COXpaHHTCS: nd=2N/ 2V)=n1.
U3smeHeHle TUIOTHOCTH Ta3a B pe3yibraTe CMeLleHHs paBHO Hymo: And=n3—n;=0.
Ortcroga BHIHO, 4TO CMEIIEHHE JBYX HOPIMA ORHOTO HW TOrO e ra3a Helb3s
paccmaTpuBaTh 1o (opmyne (1) kak mpemeNbHBIA Cilyyal CMEMCHUS [IBYX Da3JIHTHBIX
ras’os. JT0 NpUMEP AHAJEKTHYECKOrO NEPEXoJa KOJIMYECTBA B KAYECTBO, KOTAA TIPH
JIOCTHXXEHHA KOJIMMECTBEHHOTO PABEHCTBA CBOWCTB OOOHX ra30B MPOMCXOAUT CKAYKO-
00pa3sHbIi NEPEXOA OT OJHOTO KauecTBA (CMECh ¢ M3MEHCHHOM MIIOTHOCTBIO Ta30B)
K JpYroMy KauecTBYy (CMeChb C COXPAHHMBIUCHCH IUIOTHOCTBIO Ta3oB).

3TOT TePeXoA HACTOJBKO OYEBHACH, YTO HE NPEJACTABISETCA B KAKOH-TO CTEICHH
meobbruEbM. OHAKO OH NPHBOIMUT K CICACTBHAM, KOTOPBIE KAXYTCS MapAHOKCATbHLIMH.

Ckayox M3MEHEHMS IUIOTHOCTHM ra3a NpH HEPEXOJe€ OT €ro CMEMIEHHS CO CKOJb
yrogHo OJM3KHM IO CBOMM CBOMCTBAM Tra3oM K CMEILEHHIO C OJHHAKOBBIM TI'a3oM
An=An—An;=n;/2 oBycroBNEH TEM, YTO TOJNbLKO B NMpEAeNbHOM Clyvae CMEHICHUS
OOWHAKOBBIX Ta30B MJOTHOCTb Fasa A He H3MCHAeTCS M B _JBa pa3a Oojbiie, ueM
NOC/IC CMELIEHHA €ro €O CKOJIb YroHO OJM3kuM rasom*. DToT IhexT BOIHHKACT
OpH OTJIMYMM OJHOTO Tra3a OT CKOJNb YroaHo Onu3koro Apyroro**, He cBsi3aH
€ KODIIYCKYJISIDHO-BOJIHOBBHIM  XapaKTEPOM JBIXKCHHS . 4ACTHL, NOHATEH IO CBOEMY
TPOUCXOXKIACHHIO M €ro HeoGXOMMMO YYHTHIBATHL TIPH ONpEIECJHCHMH H3MEHEHUS Tex
I MHBIX TEPMOJNWHAMHMYECKHX (YHKIHMA ra3a TIpH HePeXO4E OT CMEHICHHS Pa3HbIX
rasoB K CMEIICHHIO OJMHAKOBEIX Ta30B.

Scro  Takke, 4TO CKaukoOOpazsHOe M3MEHEHHWE IJIOTHOCTH An HE CBA3aHO
C [UCKPETHOCTBIO DAalIM4HS 4TOMOB CMEIIMBAEMbIX Ta30B M BO3HHKAET KAk [pH
HENPEPBIBHOM, Tak M TpH JMCKPETHOM OTJIHYMM ra3oB ApYr OT Jpyra.

3aMeTHM, 4TO NMOMHMO NOJOCHOIO BHAAZ CMEINEHHS BO3MOXHO TAKKE CMeELIeHHe
TCPMOJIMHAMHYECKA Pa3TMUHBIX TA30B, NPH KOTOPOM W3MEHEHME TIUIOTHOCTH Tasa
A 32BHCHT OT NIOTHOCTH ra3a’ B. JlefiCTBUTE/NbHO, TYCTh B 00beMax V HaxomsTcs
ra3bl U3 OAHMX M T€X XE€ ATOMOB NPH DPAa3JIHYHBIX [ABICHUAX (HIHM CMECH Ta3oOB
C n D pasnuyHbIX KOHUEHTPAUMHA) M OYCTh TEPMOAMHAMHYECKOE PA3IHUHE OITHX
Ta30B ONpEJeIseTCs NApaMeTpOM T} (HanpHMep, OTHOCHTEIBHON PA3HOCTHIO JABICHMUA).
Torma mnotHoCT# rasa A O H IOCAE CMELICHHS COOTBETCTBEHHO DaBHBI 1y =N/ V
u ny=(N+N')/(2V), rne N’'—uucno atomor Tasa B.

Hiamenenne miornocts rasa A B pesyabraTe CMELICHHA

Any=ny—n=(N'—N)/(2V). @

OHO. HENpEpHIBHO 3aBHCHT OT NAPAaMETpPa TEPMOJMHAMUYECKOrO Da3jIMYHs Ta3oB
A u B (M~N'—N), He oOHapyxuBas CKayka 0pM TIEPEXOAE OT CMeEHICHHUS

* PaccMATpuBaeMBIif CKAa90K M3MEHEHHS IUIOTHOCTH Trasa Opd Tepexosie OT
€r0 CMCLUEHMsI CO CKOIb YrogHO OJH3KHM HO CBOMM CBOMCTBAM ra3oM K CMELICHHIO
¢ ONMHAKOBBIM Td30M QHAJOTMYECH H3BECTHOMY CKauKy TEMIOEMKOCTH, xoadduumedta
PaclUMpEHHsT M CKHMAcMOCTH B To4ke (a3oBOro Iepexoiaa BTOpPOro poaa MpH
HENPEPRIBHOM H3MEHEHHH MNapaMeTpa TOpsKa.

*¥ CMemenue ONMHAKOBBIX [a30B, TaKMM obpazoM, GU3HYECKH BHIIENEHO MO
CPABHCHHIO CO CMCHIEHMEM JOGBIX Ta30B. ECIM y4dTBHIBATB, YTO BKCIEPHMEHTAIBLHO
TPYAHO pPasfIH4MTh GM3KHE Ta3bl JPYr OT APYra, TO, OYEBMIHO, PACCMATPHBAEMOTO
CKd4Ka IJOTHOCTH ra3a He OymeT. Ho 3T0 HM B Kocif Mepe He yCTpaHSET Tex
CJIC/ICTBUH TEOPUH, KOTOPBIE NOJYYAIOTCA B HIACAJILHOM Clyyae NOJHOH BO3MOKHOCTH
YCTAHOBJICHAS pPAa3JIMY¥s CKOJIb YromHO ONMM3KMX Tra30B (CKaYoK MJIOTHOCTH TIa3a,
napanokc OfHITelHa, mapagoxc 'mG6ca u ap.).
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TepMOAMHAMMYMECKH DasHBIX ra3zoB (N'#N) K CMEIUCHHIO TOXJECTBEHHBLIX TIa3oB
(N'=N).

Taxoll BTOpod BUJ CMELICHHS ra30B MMEET MeCTO TOTIa, KOrka rasel 4 u B mocie
CMELICHHA HENb3s PasAeidTh (TMOJHOCTLIO WIM YaCTHYHO) HA NEPBOHAYAJIBLHRIC MOPHMU.
TIpu 3TOM HENPEpHIBHOM MO IUIOTHOCTH CMEILICHHHM TIa30B HE MCIBITHIBAIOT CKAYKOB
4 JIpyrde TepMoAdHAMHYeCKHe (YHKIMH rasa.

COBepILICHHO OY¢BUIHO, YTO CYLIECTBOBAHHE CMELIEHUS BTOPOTO BHIA HE UCKIIOHAET
OIHCAHHOTO BBIllIe CMEUICHHS MEPBOTO BHAA M 4TO HMX HENb3 IyTaTb.

PaccmorpuM  Temepb mapagokc I'm66ca B ciayyae ciabo BLIpOXAECHHOIO rasa,
HCTIONB3YSl NPMBEJCHHOE B YCJIOBMM 3aJauM BbIPAXEHHE €ro OHTPONMHH. DHTpOIUS
razoB A ¥ B ¢ MaccaMM aTOMOB My H M, J0 CMELICHUS

S1=2kN an+5 L : + : A3
" N 64 V(kT) 2\ mi? "mi? )|’
a TOCHE HX H30TEPMUUYECKOrO CMEINEHHS
2V 8 Nh3 1 1
SH_ZkN[l —+128 ——V(nkT)3/2( 3/2+m—%/2>]. 0]
Tlpr HM30TEPMHYECKOM CMELICHHH CKOJNb YIOJAHO ONUM3KUX rasos (m,~xm;=m)
2V 5§  Ni®
Su=2kN| 1 — 5
“ [“ N 64 V{wmkT)" |’ ©

& N
AS'=Sy—S§=2kN| n2<> —— |,
§=5=5 [“ 64 V(nka)W]

C 1pyro#l CTOpOHBI, COIJIaCHO TEPMOJHMHAMMKE, DHTDOMMSA ABYX OJMHAKOBBIX
AOpHHMA ONHOrO H TOTO X€ rasa (my=nm,=m)

vos o N
9, =2 |1 S 6
i [nN+32 V(nka)mil ©®

4TO He COBNIAJACT C Pe3yibTaToM (5). DTO 03HAHAET, YTO HEMOCPEACTBEHHO HEPEXOHHTH
K npeneny my,=my=m B opMmyne (4) Henb3d, TOCKOJbLKY OHA HE YYHTBIBACT
MPOUCXOASIIEIO MPU- TAKOM NpEedeNbHOM IEPEXOJE CKayka [UIOTHOCTH Ta3oB.

Jlns Toro 4ToGhI € IOMOILBI0 (HOpMYJIbI (4) HAATH SHTPOTHIO CHCTEMBI B IIPEAEIBHOM
Cliy4ae CMEIEHHs TOX/IECTBCHHbIX I'230B, HA/I0 B HEH, COTJIACHO BBILICH3NIOKCHHOMY, TIPH
nepexofie K Mpeaeny m,=m;=m 3aMeHuth WwioTHocTh N/V mHa 2N/V. Torma

si=  fm  sy=2kn|mie S NP
“‘!mzzl,ffzm‘ W= NN TR V(amk )" |

NjV-2N|V
TlosToMy u3MeHEHHE DHTPOTIMHM IIPH CMENICHHM TOXIECTBCHHBIX Tra3oB
AS°=8{~S8=0,
a TMpH TEpEXoNe OT CMECH CKOJIb YrojHO ONM3KMX ra3oB K CMECH TOXIACCTBEHHBIX

BBIDOXJEHHBIX Fa30B BEJIWYMHA M3MCHCHUA SHTPONHUHA CKAaYKOM YBCIHYHBACTCA Ha

5 NK
=AS'—AS°= p DL 7
AS=AS'—AS 2kN[ln o V(nka)m] Q)

4TO cOCTaBiseT napamokc [u66ca mis cnabo BBHIPOXKICHHOrO HMACATLHOrO rasa.
B xiaccuueckoM ciyyae (h—0) ckadox BeNMYHHBI HE 3aBHCHT OT MPHPOAbI rasa:
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AS=2kN1n2. ®

Takum ofbpa3som, mnapajoxc ['ub6ca uMeer MeCTO Kak B KBaHTOBOM, Tax
M B KJACCHH4ECKOM CJIy4asxX, NPHYEM B KBaHTOBOH OOJAacTH M3MeHEeHWe JHTPONHH
OPH CMEHIEHWM Fa30B 3aBUCHT OT HMX NpPHPOABI, & B KIACCHYECKOM Ipeleiie 3Ta
3aBHCHMOCTh HCRE3aeT.

Kak ormewasoch B § 16, B nuTepaType H3BECTHa TNYKa 3peHMs Ha MApajoKc
I'nbbca, cornacHo XKOTOPOH pEMIEHHE 3TOIO HAPAfOKCa CBS3BIBAETCS C JUCKPETHHIM
pasnuyueM cMeluuBaeMbIX rasos. [lapagoxc ['m66ca cBoaMTCS K CKaduky B IOBEICHMH
AS npu HenpepblBHOM COMIKCHHM TIapaMeTPOB pasimums rasos. Ho B peannHOM
¢u3MYECKOM MHpE pasimuMe MeEXIy rasaMH ONpPEeAelISeTCs OTJIMYMEM JpPYr OT Jpyra
HX aTOMOB, KaKMM-JIHGO JTUCKPETHBIM KBAHTOBBIM YHCIIOM (3aPANOM, YMCIIOM HYKJIOHOB
H T. 1.), KOTOPOE IO CAMOMY CMBICIY TOHATHSA JHCKPETHOCTH HE MOXCT H3MEHATLCS
HenpepsiBHO. Ilpeamonaras HENpEpBIBHOE M3MEHCHHE Da3iuyMii MexXAy Ta3aMu, Mbl
BCTYIIAEM B NMPOTHBOPEYME C 3aKOHAMH (M3MKU U B pe3yNIbTaTe MPUXOAHM K NAPafOKCy
Iu66ca: «Ecnm nepefiT K NpPEAENLHOMY CIy¥al0 CMECH TOXNECTBEHHBIX MOJIEKYJI,
To Gopmyna (8) He W3MeHseTcs. DTO Heleno, Tak Kak NPH YHAJCHUM MEPErOpOAKH
MKy Ta’aMM, COCTOSUIMMH M3 COBCPUICHHO OJMHAKOBBIX MOJIEKYJ, HE MOXET OHITh
W peud HH o kakoM mpouecce aubdysun. CnenoBaTtensHo, npedeivHuiii nepexod 3dech
nedonycmusm. OH TPOTHBOPEYHT ATOMM3MY BECINECTBA K TOMY (akKTy, 4YTO MeEXIy
Pa3MYHBIMA  BHIaMH aToMOB (Hampummep, atomamu H u He) Her nukakoro
HETIPEpBIBHOrO Nepexona»™. Takum ofpa3oM, COTMACHO 3TON TOUKE 3PEHHS, 3HAYSHHE
S{ A% SHTPONMH NOCTE CMEMICHHS TOXICCTBCHHBIX TA30B HEb3A NONYYHTh M3
dbopmynbt (4) nmoToMy, 4TO HE3AKOHEH HPEACABHBIA MEPEXOX my;—m,, NOCKOIbKY
M U3MEHSETC THCKPETHO.

B xBantOBOM Cnyyae AS 3aBHCHT OT BEJMYHHBI Da3lduus rasoB (PasHOCTB
Macc HMX AaTOMOB) ¥ TIODTOMY MOXHO YyKa3aTh HA «HE3AKOHHBLA» IHar [pH
nepexoe K CMEHIEHHIO TOX/ECTBEHHBIX T'a30B. B KJIACCHMECKOM Clydae B BBIDAXEHHE
a1 AS He BXONHMT Kakas-TMGO ~BOJIMYUMHA, XAapaKTEPH3YIOWIAs pa3iH4kEe Ta3os.
DTO, OHEBHAHO, O3HAYACT, YTO BEAMYMHA C(Kadka AS He 3aBHCHT OT TOrO,
Kax M3IMCHIETCS TapaMeTp pasiMuds Ia30B-—IpepHIBHO WM HenpepsisHo. OnHaxo
CTOPOHHHKH M3JIaraéMOH TOYKH 3DEHHS B 3JTOM Cly4ae YTBEPXKAAIOT, 4YTO OyATO
Obl CaMH  MAaKPOCKONHYSCKHE 3aKOHBI TEPMOAMHAMHMKM OTPAaXarOT JTHCKPETHYIO
CTPYKTYPY MHKPOCKOIIHMECKOTO MHpa, Tak YTO HCHPEPBHIBHBIM TEpEXoa X To-
HKECTBEHHLIM TId3aM IIDOTHBOPEYMT TePMOAMHAMHMKE*®, Bhille MBI NMOKa3aly, Kak
m3  Gopmyant (4) monyusrs osHTpomMIO Sf  moCie CMEIIEHHS TOXACCTBEHHBIX
ra3oB; [UIS IJTOTO HYXKHO B BHIPAXCHAM (4) 1P NOACTEZHOBKE my=m;=m
samenuTs N/V Ha 2N/V, T. €. y9ecTh NPOMCXOMALH TIPH NEPEXoie K TOXACCTBEHHBIM
rasaM CcKayok TNOTHOCTH rasa A. bes ywera 3toro cxayka NIOTHOCTH rasa
dopmyny (4) TPHUMEHATH K CMEDICHHIO TOXIECTBEHHBIX TFa30B HENb3s. OOHAKO
CTODOHHMKH TOYKH 3DCHHS JUCKPETHOCTM DAa3liM4Hs TIa30B 3Ty HEBO3MOXHOCTH
npuMeHeHAs GopMybl (4) NEpEXIadbIBAIOT HA HE3AKOHHOCTh HENPEPHIBHOIO HEPEXofa
K Opepjeny mp;=m,;, TOCKOJBKY B TpPHPOAE HEAb3ss JOGHTHCA CKONb YrOOHO
Onu3Kux rasos.

Koneyno, up¥ JMCKPETHOM WM3MCHEHMH papaMeTpa OJM30CTH CMEHIHBACMBIX
KBAHTOBbIX ra30B CKAYKOM M3MCHAETCA M IHTPONMA CMCHICHUS M IIPOMCXOIMT CKauOK
AS, Tipn nepexone OT CMELUCHUS INIPEOEIBHO OIM3KHX T430B K CMEIUCHHIO TOXIECT-
BEHHBIX ra3oB. OfHAKO y4eT JHUCKPCTHOCTH DA3/iHYHst CMCIIMBAEMBIX I'a30B, BO-IIEPBBIX,
HE MNO3BOJSET LOJNYIHTh M3 BBIpAXCHAs (4) AJs OSHTPOIMM Sy IOCNE CMEIIEHUs

* 3ommeppeasn A. TepMOTUHAMHKA H CTaTHCTHYECKAs ¢busuka. M., 1955,
**) Cm.: Kybo P. CrarucTideckas Mexamnuxa. M., 1967. C. 209.
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Pa3sHBIX Ta30B SHTPOMMIO S§ TOCTE CMeEUIeHHS TOXAECTBEHHBIX TA30B M, BO-BTODAIX,
CKa4oK 3HTpomud AS,—O5TO HE TOT CKaYoK, KOTOpBIA BbIpaxkacT mapamokc ['mGGca.
B camom gene, ompenenss no ¢dopMmynam (3) u (4) osHTpomHro cmerueHus AS”
npenensHo ONM3KHUX ra3oB (my=m, m,=2m) U KMCIONb3ys BbIPAXEHHE MJIA 3HTPONUH
CMCIICHHS TOXJCCTBEHHBIX a30B AS°=0, HaxoauM, YTO CKa40K SHTPONMMH CMCLICHUS
AS,=AS"—AS° pasen

5 Nk
AS,=2kN|In2—S (14032
v P2 108 Vit T2

Ortciofa BHIHO, YTO CKAYOK SHTPONHMH cMelleHus AS,, o0yCloBieHHBIH IUMCKpET-
HOCTBXO pa3jIMyds CMCMIMBACMBIX KBAHTOBBIX T[a30B, HE COBHAJACT CO. CKAYKOM
sHTponnu cMemieHHs (7), BO3HUKAIOIMM IIPH HCHPEPHIBHOM COMMDKEHHH 1apaMeTpoB
pasin4us rasoB M BbIpaxaoomwuM mapagokc I'm66ca. [Ipusemennoe  paccMOTpeHme
HOKa3bIBaeT, 4To uapajokc ['mbbca He CBS3aH ¢ AMCKPETHOCTHIO DA3INYHA CMCILHBA-
€MbIX I230B, 2 OOYCIOBIEH CKAaYKOM IIIOTHOCTH Ta3a TpH JEpexoAe OT CMEINCHUs
CKOJIb YIrOAHO OMM3KHX ra30B K CMEMIEHHIO TOXJACCTBCHHBIX. Ta3oB. JJUCKpETHOCTD
PasanYMa CMEHIMBAEMBIX TA30B He MIDaeT PONH B HPOMCXOXASHMH napajoxca ['uG6ca,
M CYyLISCTBOBAHHE 3TOTO NUAPaJOKCA HM B KOEH CTeneHy HE OTPa¥aeT AUCKPETHOH
NPUPO/IEl MHKPOCKOTIMYECKOTO MHpPA M HE 3aTPAruBacT CIPABECIMBOCTH TEPMOIMHAMH-
ku. [loatomy mpH pewennn napanoxca ['mb0ca paccmaTpuBacTcs HACATH3MPOBAHHBIH
cnydall JAOCTHXEHHS CKONb YTOZHO Majoro pasiiuds MeXay rasaMu.

Iepeiinem x mnapagokcy Oimmrte#ina. B cBoeit meppoii paboTe mo KBaHTOBOWH
TEOPHH MACANHHOTO rasa DHAIITCHH 0oOpaTWiI BHMMAHME HAa IApagokc, K KOTOPOMY
npusogut 31a Teopus. OH COCTOMT B TOM, 4TO CMECh BBIPOXKICHHBIX Ta3oB M3
N aToMOB ¢ Maccoit m; U N, aTOMOB ¢ Maccoi m, (kak yrojiHo Majo OTaHYaroulcHcs
OT m;) NpM JAaHHOH TEMIEpaType UMEET HMHOC AABJICHHE, ¥eM NPOCTOH Ta3 C 4HCIOM
atoMoB N, + N,, obnagaroluii pakTHYECKH TOH Xe Maccodl aTOMOB H HAaXOIOALMHCS
B TOM Xe oObeMe.

B oroit pabore DUBIITEHH HHCAJN, 4TO €My HE YAAJOCh pas3bICHUTL ITOT
napajokc. OmHako B cClegyiollleM COOOUIEHHH IIO KBAaHTOBOH TEODHM HACANHLHOIO
rasa OH OTMETHJ, YTO YINOMSHYTHIA Napajiokc OOYCIIOBJICH BOJHOBBIMH CBOMCTBAMM
mukpovacTul. Kak u3BectHO, MHTEpdepeHIMS BONH MPOHCXOAUT TONLKO IPH YCJIOBHH
MOJIHOM TOXJECTBEHHOCTH 3THX BOJH W CKOPOCTH HX pacnpocrpaHeHus. Bonssl ne
Bpoiliis yAOBAECTBOPAIOT 3TOMY YCIOBHIO TOJIBKO B TOM CIy4ae, €CJM OHH IPHHALICKAT
aTOMaM TOXAECTBEHHOM Macchi M OJMHakoBO# ckopoctd. Takmm ofpasom, wun-
TephepeHIIMOHHOE B3aHMOAEHCTBHE HAOMIOHAETCA TOMBKO MEXKIY TOXAECTBECHHBIMH
aTOMAMH H  HCYe3aeT Jlake IPH O4CHb MAajoM OTJWYHH TIPUPOAbI CMELIMBAEMBIX
rasos. B arom xopenurcs, mo Ofimmreiiny, ¢usnueckas npuuMHa OOHApYXEHHOIO
nmapagokca. Bmocneacrsuu M. E. Tamm HCHOAB30OBAN Ty K€ HAEK HHTepepeHIUH
oM ae bBpoins s paspacHenus napajgokca [ub6ca. A HeckoJbKO no3aHee
3. Hlpedunzep B xuure «CTATHCTHYECKAS TEPMOJMHAMHKA» [IACAJ, YTO BCErJa CYH-
Tanock, uro napamokc [mb6b6ca Taut B cebe ruryOokMi CMBICH, OJHAKO TO, YTO OH
OKa3bIBAECTCA TECHO CBA3AHHBIM € YeM-TO 4PE3BLIYAWHO BaXXHBIM H COBEDIUEHHO
HOBBIM, €[1Ba JIM MOXHO OBIIO MIPEABHICTS.

B OeHCTBATENBLHOCTH K€, K4aK Mbl YBHIAMM, HENOCPEACTBEHHOH —(u3HuecKoR
NpUYMHOM napajokca OinlitediHa, Kak M mapajokca I'mbGca, sBnseTcs He BONHOBasA
OPHPOA3 MHKPOYACTHH, a CKauOK M3MCHEHHS TUIOTHOCTH Ta3a INpHM IEPEXOAE OT €ro
CMEIEHHS CO CKOJIb YrOQHO ONM3KMM I'a30M K CMELICHHIO C TOXACCTBEHHBIM ra3oM,
[POUCXOASIUMA TpPH CMEIIEHAM KaK KBRHTOBBIX, TaK M KJACCHYCCKHX HJCATBHBIX
rasos. [lpaBna, napafokc O#HWTeNHa CyINECTBYET TOJNBKO B KBAHTOBOM Cily4ae,
M 3TO, Ka3anocs Obl, MO3BOJIET CBA3LIBATBL €r0 C BOJHOBBIM XapakTepPOM JBHXKCHHS
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yactuy. OIHAKO H B KBAHTOBOM Cify¥ae Ge3 yyera ckauka IUIOTHOCTH ra3a NpH mepexone
K CMEIUEHUIO TOXJECTBCHHBIX Ta30B M (U3UYECKOH BBIICJICHHOCTH 3TOTO CMELUCHHS
TIOJIY43ETCs BBIPaXXCHHE [UIS BHYTPEHHEH SHEPrMM CMECH JTUX ra3oB, MPOTHBOpEYaliee
tepmoannamuke. HUrto ke kacaetcs mnapagokca Iub6ca, To OH BO3HHKaeT Kak
B KBAHTOBO! 00JAcTH, TaK M B KJACCHYECKOM MNpEIENC H, CICNOBATENbHO, HE HMEET
OTHOILICHHSA K MHTepdepeHimy BonH je bpoilns u He cofepxutT B cebe Huuero
4PE3BBIYAITHO BaXHOTO M COBEPIICHHO HOBOTO (II0 OTHOILCHHIO K KJACCHYECKOH (u3mke).
Ucnonpays u3BecTHOE Uil MALANBHOTO Ta3a COOTHOLICHHE

pV=3/,0,

INe p— JaBJeHWe rasa B obbeMe V' M U-—ero BHYTPeHHAS 3HEprus, chopMyJmpyeMm
napadokc DiHwimetina: usmenenue eHympenneni swepeuu AU npu  usomepmuyeckom
CMEUEHUU BLIPONCOEHHDIX UOEAAbHBIX 2A308 XOMA U 3AGUCUM OM RPUPOObL CMEUUBAEMBLX
2a308, HO NPU NEPEX00e OM CMECU CKOMb Y200HO BAUSKUX 2A308 K CMECU MONCOeCMBEHHDIX
2azos AU ucneimvsigaem cKauok.

BHYTpeHHAs OJHepras ci1abo BHIPOXACHHOTO HACATBHOTO Tra3a w3 N 4acTui
B obseme V mpu Temmeparype T

v=3nier| 142 Ni?
2 16 V(nmkT)¥* |

HyCTI) Macchl aTOMOB Ta30B A U B COOTBETCTBEHHO PaBHbl my U M U MapaMeTp

|my—m;y|
pa3nu4us ra3oB n:«—;—- (Osnsl). Torga M0 WX CMEHICHHS BHYTPCHHAS
my+m;

5 | Nh? 11
U1=3NkT[l EEh —(—Jr—s,;) ,

JHEPIrusi CUCTCMbI

32 V(rkT)**\ m3*  m3
a nocCJic CMCLICHHA, KOria Ka)]([[]:lf;l ras 3aHEMaer o0BeM 2V,
5 Ni? 1 1
Un=3NkT| 14— )] 9
n [ 64 Vk T2\ 2 3 ®
TOFIIZ‘I H3IMCECHCHHE BHyTpeHHCﬁ JHEPTrUH CUCTEMBI NIPH HU3OTEPMHUUECKOM CMCEUICHHH

38 NZ%m3 (1 |

mi? m

Otciona BumHO, 410 AU OpH CMCIICHHH BBIPOX/ICHHBIX Ia30B 3aBHCHT OT HX

TIPUPOJBL.
Ilpy cMmelieHdM CKOJIb YrOOHO OJIM3KUX Tra3oB (m,xm,=m)
5 Nk
U =3NkT| 14— ———— |,
! [ 32 VimkT) 7
3/ NP
AU =Uy—U=

T3 Viam) R (T)

HenocpencTBeHHO NEPEeXOAMTh K Tpefiely mp=m;=m B dopMyre (9) Heab3s,
IOCKOJIbKY OHAa HE YYMTHIBACT INIPOMCXOJALIETO IPH 3TOM NPEACIBHOM Iepexoe
CKayka IUIOTHOCTH TIa30B.

HAns Toro uyrobb ¢ mnoMowpo GopMyssl (9) HAWTH BHYTPEHHIOK 3IHEPrHio
cuctembl Uf] B NpeiensHOM Ciiydae CMEIIEHMS] TOXJAECTBEHHBLIX TIa3oB, HAAO TIPH
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nepexoje k npeaeny n=0 3aMenuTs mnoTHocTs N/V Ha 2N/V. Toraa B cooTBeTCTBHH
¢ TEPMOJUHAMHUKOMK

o e 5 NB
U" Tl]li[:) U][ INEKT l+16 V(T[ka)3/2

N 2N

Vo
H03TOMy HU3MCHCHHE BHyTpCHHeﬁ SHEPTHH NpH CMCIICHUH TOXICCTBEHHBIX Tras3oB
AU0=U101'—U1=0 R TIpH IEPEXORE OT CMECH CKOJIb YTOQHO OMH3KHX TA30B K CMECH
TOXACCTBCHHBIX Ta30B H3MCHCHHC BHyTpeHHCﬁ JHCPTHH BBIPOXACHHBIX HACAJTIBHBIX
Ta30B CKa4KOM HU3MCHACTCH HAa BCIHYUHY

B NP
32 Vim) 2 (kT)72°

YTO ¥ COCTABIAET Mapajokc JHHImTEHHA.
Jna bBose-raza 3TOT CKavyoK DaBeH

3 NZpd
=32 Vam) P kT)
a CKa4YOK JaBJICHHSA COOTBCTCTBCHHO GYIICT

3AU 9 NZp3
T2V 64 VE(um )R (kT)V

W3 ckasaHHOTO CNEAYeT, YTO MCTOYHUKOM Napajokca DHHIITeHHa, Kak H mapajgokca
T'u66ca, aBnseTCS CKA4YOK M3MEHEHHS NMIOTHOCTH Ia30B NIPH MEPEXOAE OT €ro CMEHICHHs
CO CKOJIb YromHo OIM3KHM Ta3oM K CMEIIEHMI0 C TOXNECTBEHHBIM ra3oM. Yuer
JTOr0 CKayka pa3baCHACT Napafokchl OWHwTeiiHa u I'n66ca.

B xnaccuueckoM ciydae (h—0) ckayox AU paBeH Hymo, T. €. Napafokc DRHINTEHHA
HE MMEET KJIACCHYECKOIO aHaliora. JTo OOYCIOBICHO HE3aBHCHMOCTBIO BHYTDCHHCH
JHEPTHH KJIACCHYECKOTO HMICaNbHOTO rasa oT ero mioTHoct N/V. B oriuyue ot
U nAaoTHOCTh BHYTpeHHEH 3HEprum 370r0 rasa u=U/V 3aBHCHT OT IUIOTHOCTH rasa
H TOITOMY MCHBLITHIBAET CKAaYOK NPH IEepexofe OT CMEUIeHWs ONM3KMX TrasoB
K CMELICHHIO TOXAECTBEHHBIX Ia30B. 3TO YOEAMTENLHO MOKA3BIBAET, YTO MapafoKChI
Tu66ca w DiHITeliHA He CBA3aHBl C OUCKPETHOCTBIO Pa3jIiyMsi CMEIUIMBAEMEBIX Ta30B;
B NPOTHBHOM CJIy4ae IIOJaydaaocs Obl, YTO JNIA ONpEHENCHHA M3MEHEHMA BHYTDEHHCEH
SHEPrHH MACATHHOTO ra3a HENpPEPHIBHBIA MEPEXOA K TOXIECTBEHHBIM ra3aM AOHYCTHM,
a JUIS ONPENENCHWS H3MCHCHMS IUIOTHOCTH €ro BHYTPEHHCH JHEPrHH TakoH MEpexox
[POTHBOPEYAT 3aKOHAM (HH3HKH.

3aMeTuM, YTO BOOOIIE TEPMOIUHAMHUYECKHE BEIMYHHBI, HE 3aBHCALOME OT MIIOTHOCTH
WJIEATbHOTO Ta3a, He HCHBITHIBAIOT CKa4ka NPH NEPEXOJC OT CMEINEHHS Pas3IHYarOHIuXCs
ra30B K CMELICHUIO TOX/IECTBEHHBIX [a30B; T XK€ BEJHYHHBI, KOTOPBIC 3aBHCAT OT IJIOTHOCTH
rasa, TaKOM CKa4OK MCIBITBIBAIOT BCJIEACTBHE COOTBETCTBYIOLIErO CKayka ILIOTHOCTH.

PaccMoTpuM H3MEHEHME BHYTPECHHEH OSHEPrMH M OHTDONIMM IIDH BTOPOM BHJE
H30TEPMUYECKOTO CMEIIEHHA C1a00 BBLIPOXKIAEHHBIX Ta30B, KOIQa INOCHE CMEINEAMS
rassl 4 ¥ B NPHHIMINAIBHO HENb3A BBIACIATH H3 CMECH.

B mpocreifiueM ciiysac Takoro cMelleHHs rassl 4 ¥ B TepMOIHHAMHYECKH
OTIMYAKOTCS ApYr OT Apyra IoTHocTbio. ITycTh mioTHOCTH ra3oB 4 U B cooTmeT-
CTBEHHO paBHbl N;/V um N,/V, obmee umcio atromos N;-+N,=2N ®H mnapamerp

[Ni=Na|

1
asnuuus (Gnusoctu) razoB n=———— (0<n<I1).
pasnm ( ) =N, (0sn<1)

AU'—AU= -

AU

Ap
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Jlo cMmenienus BHYTPCHHAA 3HCPIrus W OSHTPONHA TaKHX ra3oB

3 5 N
=2 kT L,
Ur=3#T L Ni[1+16 V(m kT)m]
v, 8 Nk
Si=k 21 N [1" 3 V(nka)W}

Mocne cmemienus, xorga rad u3 2N aToMnB 3aHEMaeT o6beM 2V, BHyTpeHHsS
SHEPTHS M JHTPOMHSA CHCTEMBI

5 N
Up=3NKT| 14— |,
u=3N [ T ka)w]

v s NK®
=2 |1 S -
Su=2kN [ A7) V(rtka)m}

Usmenenus BHyTpeHHCﬁ JHEPIrud H JHTPOMHUH CHCTEMBI TIPH CMECLICHHHA

35 n? N%p3
AU=Uy—Ui= V(nm)”z(kT)”z’

-1, 147 5 kNZR?
AS=Sy—~S1=2kN|In(1 e ——N .
e [ (+11) 2 l—n} 16" V{rmkT)3?
HenpepbiBHOe U3MEHEHHE TPM CMELICHMM - IUIOTHOCTEH ra3oB A u B, T.e
mapameTpa X OJM30CTH T, NPHBOOMT K HENpepblBHOMY m3meHeHuio AU u AS
KBAaHTOBBIX Ta30B B HHTepBajiax

B NP
16 ¥ (um )2 (kT) 172’

5 Nm
0SAS<2UN|In2—= ——
2l [n 2 V(nka)m:I

Orciopa BUAHO, 4TO u3MeHeHHe AU u AS B nupeaenbHbix ciaydasx (=0 u n=1)
CMEIIEHUS BTOPOro- BHAAa He CcoBhajaer ¢ H3MeHenmsmu BenwyuH (10) w (7)
B COOTBETCTBYIOINMX IIPEACNBHBIX CIyYafAX CMEHICHHA NEPBOrO BHAA.

Kak yxe yxasmiBanoch, ¢usmueckoif npuauHON NapajokcoB DiHmuTeiina u [nb6ca
ABJISETCS CKAYOK NJIOTHOCTH Fa3a JIPH TEPEXOJe OT CMELICHHS CKOJb YromHO Om3kux (M
Pa3feNMMBIX M3 CMECH) Fa30B K CMEIICHHIO TOXACCTBEHHBIX (M HEpasIeluMBIX MOCIe
CMEILEHUA) ra30B, KOr/ja, CJACMOBATCIbHO, CMCUICHHE MOCHERHHX (H3NYECKH BBIACIECHO.

[lpy cMemeHHH BTOPOFO pOJa HET 3TOr0 (M3HYECKOrO OCHOBAHHA, [OITOMY
TIPOMCXOASILME NPH TAKOM CMEILICHUM HEMpepbiBHble M3MeHeHHA AU u AS He uMeroT
OTHONICHHS HU K Mapajokcy OMHIUTEHHA, HM K mapamokcy Iub6ca.

3.35. PaccMOTpeHHbIH B NpeAbiAyniell 3ajgaue mapajokc DHHmTelHa Habmomaercs
np¥ M30TEPMHYECKOM CMEILICHHM KBAaHTOBBLIX HaeaibHeIX ra3os. Ilpu aauwaGatHoM
CMEIIEHNM TAKMX ra3’oB OH oTcyTcTByeT. OmHako B 3TOM ciyyae OGHapyXuBaeTCs
HOBBIHl IapajloKCc— CKAa4OK HM3MEHEHMS TeMIepaTyphl HpH TNepexofe oT amuabaTHOro
CMEIUIEHHA CKOJIb YrogHO OJM3KHX KBaHTOBBIX MOCATBHBIX [a308 K CMEIICHHIO
TOX/ICCTBEHHBIX Ta30B.

B camom perne, paccMorpum amuabGaTHoe cMeieHHe cnaGo BBIDOXKAESHHBIX a30B
A u B mo N 4acTul ¢ MaccaMd COOTBETCTBEHHO M1, M M, B OJHHAKOBHIX 00beMax
V, pa3sOeneHHBIX TEIUIONPOHULAEMON IICPErOpOAKOH U HMEIOIIUX, CIEJOBATENBHO,
OIMHAKOBYI0 TeMneparypy To.

O0<SAUS
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110 CMCILUCHUS BHYTPCHHSS SHEPrus ras3oB

1) Nh? 1 1
Uy =3NkTol 14— ——— [ —t— | |
: 0[ n V(nkTg)W(m?’z mgﬂﬂ
[Tocne YAAJICHUS NEPETOPOAKH # a)ma6aTHoro CMCLICHUA Ta30B, Korja Ka)i()lblﬁ

ra3 3aHuMaeT oObeM 2V NpH HEU3MEHHOH BHYTPEHHEH JHCPIUM CHCTEMBI, TEMIEpPAaTypa
T ra3oB OyneT Apyrod u BbIpaXXeHHE 714 BHYTPEHHEH JHEPTUM CMECH NPHMHMUMAECT BUI

8  NB? 1 1
Up=3NkT| 1 +— —=5| —=5+—5 | |-
! [ 64 V(nkT)3/2<m§/2+m3/2 &
IIpy anuabaTHOM CMEIICHHM CKOJIb YTOJHO OJM3KMX Ta3oB (mp=m;=m)
) Nh? 3 NR?
Ui=3NkTy| 1+— ———> |, Un=3NkT| 1+—= ——5 |-
' °[ 16 V(nkao)W:l ! [ i) V(nka)3/2:| @

[Tpoucxoasiee HpH 5TOM H3MeHeHHe Temnepartypbl T— T, HaxoAuM H3 ycIOBHS
Un=Ui, T.e¢ U3 ypaBHEHUsS

$ Nh? 2 1
T Tomme o [ 2 ) ®
32 V(rmk)**\ /T, ﬁ
B mpemensHOM clyqae amuabaTHOTO CMELIGHHs JIBYX TOPUME TOX/ECTBEHHOrO

rasa (m;=m;=m) BHIPAXKCHUEC 1/ BHYTPEHHeH DHEPruM cUcTeMbl HalaeM u3 ¢opmMynst
(1), yuuThiBasi TNpH JTOM NPOMCXOAAIMEA CKAYOK IUIOTHOCTH:

U= lim Uy=3NkT 1+E—]&3— “)
! my=m =m <K\ 16 V(nka)yz .
'N,/V~»2N/V'

U3 popmyn (2) u (4) 3ameuaeM, uTo npi aquabaTHOM CMELUEHUH JBYX OIMHAKOBBLIX
NOPUMIA OAHOTO M TOTO Xe ra3a TeMIEpaTypa, KaK CIeJOBao0 OXHIaTh, HE H3MEHAETCS.

Taxum 06pa3oM, NpH. HEpexoe OT aAHa0ATHOIO CMEHIEHHS CKOJTb YTOAHO OIM3KHX
KBAHTOBBIX HJIEAJIbHBIX rA30B K CMELIEHUFO TOXAECTBEHHBIX Ia30B HM3MEHCHHE TeM-
HepaTypbl CMEIECHHS HCOBITBIBAET CKa4YOK, ONpejesiseMbiii ypaBHeHHeM (3). OToT
napajokc AJA TEMNCPaTypel TpH aauabaTHOM CMEIHICHMM KBAHTOBBIX HACANBHBIX
ra3op OOYC/IOBJIEH CKAYKOM TUIOTHOCTH rasa MpPU IEpexoje OT CMEHIEHHs CKOJb
yrofHo OJU3KMX Ta30B K CMELICHUIO TOXIECTBEHHBIX Ta30B.

HaiijtlenHoe Xe H3MEHEHHWE TEMIEPATYPhl NPy aauabaTHOM CMEINEHHM KBAHTOBBIX
HJCANbHBIX TA30B SBISETCS YHCTO KBAHTOBBIM 3(ipekToM.

Herpyano ybeauThes, 4TO TpH BTOPOM BHJC CMELLUCHHS, KOTAA TIOTHOCTH rasa
H3MEHAETCA HENPEPHIBHO, H3MEHEHHe TEMHOEpAaTYpsl IpH aJuabaTHOM CMEIICHHH
KBAaHTOBBIX M/CANBHBIX Ta30B TAKKE H3MEHACTCS HENMPEPHIBHO IPH MEPEXOAE K CMEle-
HHMIO TOXIECTBEHHBIX Ia30B.

3aMeTHM, 4YTO B OT/JMYME OT Mapajxokca OHHIITeHHA, KOTOPBIA OTCYTCTBYET
npy a/MabaTHOM CMEIIEHHH BBIPOXKICHHBIX Ta30B, mapagokc I'mbOca mMeer mecTo
H B 3TOM cCiydYae.

3.36. [Ipouecc pacumMpeHHss ra3a B IYCTOTY SBIS€TCA HEOOPaTUMBIM, IIO3TOMY,
HECMOTPA HA ero aauabaTHOCTb, OSHTPONHS rasa TMpPM 5TOM  YBEJIHYHBAETCH
(AS=S8,—S81>0). VyurbiBas, YTO IJHTPOMUS SIBIASCTCA OIHO3HAYHON QyHKIWMed co-
CTOSHUA, H3MEHEHHe OJHTpomud AS mnpH HeoOpaTHMOM IIpOIEcCe MOXHO HalTH,
MIEPEBOMIA CHUCTEMY M3 HAUATLHOIO COCTOSHHS B KOHEYHOE KAKMUM-THO0 PaBHOBECHBIM
nyteM u ompefenss AS no stomy myrn. B ganHOM caydae B KauecTBE TakKoro
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NYTH MOXHO B34Thb H30TEPMHMUECKHHl Iporecc, P
TIOCKOJIBKY TEMIIEPATyphl HAYaJbHOTO M KOHEY-
HOTO COCTOSIHHH OJMHAKOBBI (TaK Kak OJMHa-
KOBBI BHYTPCHHHE DHEPIUH, a OHM OT o0beMa
raza He 3aBucAT). [lostomy
2 V2
as=|%2_ | 4HedV gy, Y2
T T v,
1 vy
3.37. Ilo BTOpoMy Hadaly TEPMOAMHAMH-
KH, W3 OXHO3HAYHOCTH SHTPOIMH CJEXYET, 4TO

IPH PABHOBECHOM H30TEPMUYECKOM KPYrOBOM

npouecce (T. €. IPH OFHOM TepMocTate) paborta o
3a WMKJ1 paBHa Hymo. OOHAKO €CIH HCIONb- v
30BaTb B ILIMKJIE HEPABHOBECHBIA NPOLECC, TO Pnc. 60.

MOXHO OCYHIECTBMTh IIDH OJHOM TEPMOCTaTe
KpyroBoil mpouecc ¢ OTNHYHOH oT Hynas paboToi, HO 00A3ATENBHO OTPUIIATEIBHOM.
B camoM gene, mycTh cHCTEMa HMEET B Ha4aJibHbIH MOMEHT TeMmepatypy T TepMocTtaTa
(cocrosiune A Ha puc. 60). U3omuapyeM cucremy u 3acTaBum ee aainabaTHO PACIIUPATHLCS
go Temmnepatypel T; (cocTosHue B). YcTaHOBHM 3aTeM TEIUIOBOH KOHTAKT CHCTEMBI
¢ TepMocTaTom. Ee TeMneparypa HecTarwdecku nopuumaetcs fo npexuedt (7, orpesox
BC). Cxumas cHcTeMy H30TepMHYECKH, MOXHO BEDHYTb €€ B HaajlbHOE COCTOSHHE.
Mo nampaBnenmio o06xoja KOHTYpa Ha JQMarpaMMe BMAHO, 4TO paboTa 3a IHMKI
6yleT OTpUIIATENBHOM.

3.38. Ilponecc TemmoobMena MexHy  TeJaMH Da3sHOW TEMIICPATYpHl ABIACTCS
HECTATHYECKUM (HeoOpaTuMbIM). [{JIsl BBIYMCIICHHS NMPOUCXOASAMICTO MPH 3TOM H3MCHCHHA
JHTPOIIMM CHCTEMBl NPOBEJEM TEINIOOOMEH pPaBHOBECHO.

ByneM cuMTaTh, YTO TEMNEpAaTyphl Tel H3-3a KPAaTKOBPEMEHHOCTH TemIooOMeHa
He H3MeHAroTca. Boibepem B KauectBe pabodero Tema AN paccMaTpUBaeMoit
W30JHPOBAaRHO# CHCTEMBI MOJBb HJcanpHOro rasa. IlycTh HadasipHbIA ero obbeM
Vi n temmeparypa T (coctosmme [). Ilpu TenmoBOM KOHTAaKTE rasa C IIEpBEIM
TEIOM H H30TCPMHYCCKOM paclUIApeHMH Traza A0 obwsema FV, (cocrosnme 2)
raz Bo3bMeT y Tena- kouwuectso temtotet Q=RTIn(V,/V,). AmuabatupiM pac-
MIMpEeHNeM Ta3 JOCTUraeT Temrepatypsl T, u 3aHumaer ob6bem V3 (cocrosnue 3).
IlpuBens ra3 B KOHTAKT CO BTOPHIM TEJIOM, HW3OTEPMHYCCKHM CXaTHEM rasa
go obvema ¥4 (coctosHue 4) OTJaEM BTOPOMY Tedy TO Xe KOJHYECTBO TEIIOTHI
Q=RT,In(V;3/V,). Eciu Temeph ra3s NpUBECTH B HavajibHOE CcoCTOsHHE I, TO
H3MEHEHHE ©€I0 SHTPOMMM DPaBHO HYJIO, a H3MCHCHHE OSHTPONHH CHCTEMbl IpH
3TOM PaBHO €¢ W3MEHEHHIO [IPY HEPABHOBECHOM IIPOIECCE TEIUIONEPEeauH B pe3yibTate
KPaTKOBPEMEHHOr0 TEIUIOBOTO KOHTakTa. IlockonbKy mpoliecc nepexoja rasa Hs
cocrostuuss | B 4 Obl1  paBHOBECHBIM (0OpaTHMBIM), TO M3MEHEHHE JHTPOLMM
BCCH WM30MPOBaHHON cucTembl (00OMX Tel WM rasa) IpPH 3TOM NPOLECCE PaBHO
Hymo. CremoBaTeNbHO, M3MCHEHHE SHTponmMM AS Tel NPH HMX TEIIOBOM KOHTAKTe
H oOMeHe TEIIOTOW paBHO HM3MEHCHHIO OHTPONMH ra3a IpPH €0 PAaBHOBECHOM
nepexoae M3 coctosHus 4 B [, T. €.

AS=S8;—S;=CyIn(T\/T;)+RIn(V,/V,).
Tak kxak. cormacHo NoOJy4YeHHBIM ¢opmynaM nus Q,

ViV
2.2 gl Vg ——+Rln-—
T, T, VoV V4
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TO Vv
RinZo 2,2 i’
Ve T, T, v,

0 0 va
AS= —— Cyl ——Rl n—.
T, T, TRy,

CocrosiHua 2 u 3 jexaT Ha omHOH amuabarte, mMO3ITOMY

Vi 1 T
TV =TV, Inl=—rint
- Vy, y=1 T,

R
Cl——Rl Cyp——- JIn=2=
vin Vz (V Y—1> T 0,

Tak kak Cy—R/{y—1)=0.
Taxum 00pa3soM, H3MEHEHHE SHTPONHU IIPH KPATKOBDEMEHHOM TEILIOBOM KOHTAKTE
IBYX Tell PA3HON TeMNEpaTypbl, PaBHOS CyMMe M3MEHeHHHl JHTpomuil JTHx Ter,

o 0 1 1
AS=AS,+AS; = T1+Tz Q(T2 T1>’ (13]

Orcrona, oaHaxko, He cneayeT, 4to AS;=-~Q/T; u AS,=Q/T,, xak 5To
OpuHMMaeTcss OOBIMHO BO MHOTHX YueOHHMKAaX IO TEePMOJIMHAMHKE TIDH BHIBOJE
tbopmynsl (1), TOCKOJBKY 3TH pPaBEHCTBA CHPABEMIHBBI TOJBKO NPH DPABHOBECHOM
TernnoobMeHe.

®opmyna (1), oueBnmHo, O6yaer HMeTs TOT Xe BWO WM npu AS;=—Q/T —
AS;=Q/T,+a, rae a#0.

Jss  BblUMCNEHMS M3MCHEHHS DSHTPONHMH . KAXZOro Tejla [pPH  HEPaBHOBECHOM
TEmI000MEHE Hafl0 3HATh WX HA4YaJibHBIC M KOHCYHBIE COCTOSHUS.

3.39. Ilo BrOopoMy Hauyanmy, Al HEPABHOBECHBIX TPOLECCOB

80,,—30=38W,,—3W<0.

Otcroma BHAHO, YTO COCTOSHME, MOCTHXKHMOE W3 JAHHOTO, axiabaTHO paBHOBECHO
(8Q =0), HemocTmHUMOe —amuabaTHO HepaBHOBECHO (80.,=0), Tak Xak B ITOM CIyuyac
8Q,p,—380 =0. TMosToMy ecimu CHCTEMa NEPEXOAMT M3 cocrosuud / B 2 amuabaTHO paBHOBeC-
HO, coBepiasi pabory dW i, = —dU, To amuabaTHbhl HEPaBHOBECHBII NEPEXON CHCTEMBI W3
cocTosHUA | BO3MOXEH JMIIb B HEKOTOPOE COCTOSHHE 3, He COBNAIAIOLUEE C COCTOSHHEM
2; TpHW 3TOM BIIOJIHE BO3MOXHO, 4TO (D W13)Hp= —dU u, cneposatenbHo, S W, 2=(8W13)H,,,
OIHAKO 3TO He NPOTHBODEUMT BBLIBOAY M3 BTOPOro Hauama SWi;>(8Wis ).

3.40. o npusuuny Bombumana S=f(W). Ecom cicTema COCTOMT M3 IBYX uacTei,
TO Sy =f(W,2, S;=f(W,) ¥ Ha OCHOBAHNM AINUTHBHOCTH HTponuu S=S, +S;=f(W;)
+f(Wy)=f(W).

Jnst HezaBucuUMBIX cucteM W= W, W,, nostoMy mis onpeaencHus f (W) I0JTy4aeM
GyHKIROHAJILHOE ypaBHEHUE

SWO+ (W)= (W, W2),
mutddepenunpys xoropoe mo W, m W, Haxomum:
[ (W)=f (WiWo) W, f/(Wa)=f" (W, W) Wy,

f'(Wl)/f'(W2)= Wyl Wy, Wlf'(W1)= sz/(W2)=k,
rae k-—TOCTOSHHAsA BEAMYHHA.
Iloce WHTErpHPOBAHHS 3TOTO YPABHEHMS IIOJY4aeM COOTHOILUCHHE

S=klnW,
KOTOpOE 4YacTO HA3bIBAIOT npunyunom boavymana.

330

OTKyda



HocTosuuas k onpemenseTcs NPHMEHEHHEM MNONYYCHHOTO YDABHCHUA K KaKOMy-
HHOyap 4YaCTHOMY CNY4ai0, HAUPHMED K HIAEANLHOMY ra3ly; OHA OKa3blBAETCS DaBHOM
nocTosHHOK Boneumana (k=1,38-1072% [Ix/K).

3.41. Obmas sHTpomHs OOOMX Tel HM3MEHHTCA Ha

1 1 1
=—————=—-10""! Ix/K.
300 301 9
CornacHo npunmuny bonbsuMana, AS=kln(W2/W1 ), rac W; —BepOATHOCTh
HAYaJIBbHOTO COCTOSHUS O0OMX Tel, W, —BepOSTHOCTE WX KOHEYHOIO COCTOAHHA
B paccMaTpHBAEMOM IIPOLECCE; MO3TOMY

12
W= W, ek = W10,

T. €. BEPOATHOCTb BTOPOTO COCTOSHHA B BeBOOOPa3uMoO O0JIbLIOE YHCIO Pa3 MPEBILIAET
BEPOSTHOCTb TEPBOIO COCTOSHHS M TPU CONPHKOCHOBEHHWM TEILIOTA TEPEXOMMT OT
Tena ¢ Gonbuielt Temnepatypodl K Teny ¢ MeHblUCH TeMIEPATYpOH NpPaKTHYECKH BO
Beex cayyasx. Us W,/ W, 10001°" CIIy4aeB B CPelHEM OAMH pa3 TeIIOTa IEPeXOXUT
OT Teja ¢ MeHBLIEH TeMmepaTypoil k Teny ¢ Ooublueil TemmepaTypoil. MBI BHIMM,
YTO IIPAKTHYECKM BEPOATHOCTb NEpexofa TemioThl, TpebyeMas TEPMORMHAMHKOM, He
OTJIMYAETCH OT JOCTOBEPHOCTH.

Onnako pesynbTaTt OyAeT MHOH NpH NEpeXxoie 3HAYUTETbHO MEHBLIErO KOJMYECTBa
TenaoThl, yeM 1077 JIx. B ciyvae AQ=1,2-10"1%Ix momyusaem W,/ W;=e=27,
T. €. NEepexoj TaKoro KOJMYECTBA TEMNOTHI OT XONOOHOTO TeNa K ropsYeMy XoTs
n Oyner ocyuecTBasTbhess Gojee penko, 4em. 0OpaTHBIA NEpexoi, OJHAKO YacTOTHI
JTHX NEPEXONOB OXHOTO MHOPAIKA.

3.42. Tlo ycnosmio, B coctosHMAX | W 2 OaBJieHHS p,=p,=2p, a B COCTOSHHAX
3 u 4 py=ps=p. Pabouee Teno nonysaeT TenioTry npu u3obapHOM mpouecce [—2,
a ormaeT—mpu u3obapHoMm mnpomnecce 3—4. Hostomy

0,=Cy(T2a=T1), 0:=C,(T:—T,),

p=&=Q_ | BL-Te
Ql TZ_TI
1>_y
Ilpu anmabartHoM mnpomecce 7p Y =const, CIEAOBATENBHO,
-y

= Tl (zp )Ta

T_—_T_l— ()
T,—T, \2 n 2]

OmucaHHpli B 3ajaue pe3yisTaT OOYCIOBNEH TeM, 49TO JUIS MIEANbHOrO rasa
KOJIMYECTBO TemIoThl  mpH u300apHOM MNpoLEcce MPOTNOPUHOHATLHO COBEPIHEHHOM
pabore W, nostoMy, xors Q#W, otnomenus Q,/Q, u W,/W; O0QHHAKOBHI
Heiicteurensho, Q1 =C,(T,—T,), Wi=2p(V.—V:). Ho 2pV,=RT,, 2pV,=RTi;
CIeIOBATENLHO,

-y

Tsp 7 =T3(2p)

1oy 1=y
¥ ¥

Tap
OTKyda

Wi=R(T,~T;) _Goyy oy
1= 2 1p QI—R 1 QZ—R 2
QZ W2
0 W
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3.43. Taxoii BbIBOX ommbodeH. [leq0 B TOM, 4TO XHMBOH OpPraHM3M -— HEPaBHOBEC-
Has, OTKpLITas CHCTEMa M B COOTBETCTBHM CO BTOPHIM HA4aldoM TEPMOAMHAMUKH €ro
YIOPSAAOYEHHOCTh NMOAJCPXHBACTCS OTTOKOM JIHTPONHM B OKpyXaromylo cpeay. Ecim
U30JIMPOBATH OPraHU3M BMECTE C BELICCTBAMH, HCOOXOMMMBIMHU IS €r0 CYIIECTBOBAHMS,
TO B 3TOM H30JIMPOBAHHOHW CHCTEME 3JHTpONMS OyZeT BO3pacraTh.

3.44. TlokaxeM, 4YTO Ha MOCICTHEM OJTAaNe BTOPOr0 MyTH, KOTAa C HOMOIIBIO
cera Bhi3biBaeTcs peakums mexay H, # Cl, B cmecu ¢ monem HCl m Bes omecn
nepexomut B mBa mois HCI, u3MeHeHue 3HTpomMM paBHO —~q/(2T)—2R In2, a ue
~4/(2T).

Ilockosibky BCe TPOIECCHl H30TEPMHMYECKHE, TO IS BBIMHCICHHS W3MEHEHHS
JHTPONHH JIPH 3THX HPOLECCAX MOXHO HCXOAHTh TOJNBKO M3 KOHQHIypanuOHHON
9YacTH JHTPONHK HICAJIBHOrO rasa, KoTropas IS MoJd paBHa S=R1n(V/N).

DHTPONHS HAYaJbHOTO M KOHEYHOTO COCTOSIHHA CMECH COOTBETCTBCHHO ‘paBHa

Si=RInQ2V/N)+RIn(2V/N)=2RIn(2V/N),

S,=2RIn(V/N).

Ho ycnosmio, AS;=S,—S;=—g/T, otkyaa —RIn2=—g4/(27).
Outpomus cmech B obveme 2V uz H,, Cl, u mons HCl pasna

S;=RIn(4V/N)+RIn(2V/N).
H03TOMy SHTPONMA HA IOCJICAHEM JTamne BTOPOro MyTH
S;—S3=—RWn2-2RIn2=—g/(2T)—2R1In2.

Taxum obpasom, AS,=—gq/T=AS;.

4.1. JoxaxeM D3KBUBANCHTHOCTh NPHBEACHHBIX (DOPDMYIMPOBOK TpPETBErO Hayaja
TEPMOIMHAMHKM, NOKA3aB, 4TO eCAM InepBas (GOpMyIHpOBKA HEBEDHA, TO HEBEPHA
H BTOpas, ¥ HaobOpOT.

[TpeanonoxuM, 9To MEPBOE YTBEPXKACHHE HEBEPHO, T. €. 4To npu T—0 K sHTpOmma
S 3aBucut ot mapametpa V (puc. 61). Torna moxHO noctuus Temmepatypet 0 K,
coBepuras obpatumoe ajnuabaTHOe paclmpesue n3 coctosHusas / B 2. Tlpu osrom
TemnepaTypa T; HAYalbHOIO ‘COCTOAHMS [OJUKHZ ObITh TakoH, 4TOOB! BBIIOJIHAIOCH
coornoutenue S{Vy, Ty )=S(V;, 0).

[Mpeamonoxum Teneps, uro rtemnepatypsl 0 K mMoxuo moctmyb. ITokaxem, uro
pPa3HOCTb 3HAYCHUH OHTPOMHM MM pasIMYHBIX 3HAYEHMH mnapaMerpoB Oyner npu
3TOM OTJIHMYHA OT Hyjid. DTO BUAHO M3 puc. 62. JeiicTBuTensHo, ecnu npouecc [—2
BosMoxeH, To npu 0 K snTponus cucTeMbl, uMetomiei o0veM V), HOMKHA OTIHYATHCA
OT ¢ 3HAYeHHs JUIS CHCTeMbl ¢ 00BbeMOM V,, INOCKOJNbKY OHTDONAA ABNACTCH
MOHOTOHHO | Bo3pacTtawomiedl QyHKuuedl OT TeMIepaTypsl NpPH NOCTOSHHOM 00beMe
[(0S/3T),=Cy/T>0)].

4.2. Tiycte Sy (To) n S(To)—O3HTPONMM NpH TeMICPATYpe IEPeXOJa OAHOTO
MOJIl COOTBETCTBEHHO ceporo M Oeigoro ojoBa. O4eBHIHO, TpH  TIEPEXOAE

A=To(S2-51)-
Ho mno TpeTheMy Havamy TepMOIHHAMHKH,
Ty Ty
T
$i{To)= jg‘—(—)dT, 53(To)= J Ca(T) 47
T T

0 [}

H N[O3TOMY

C((T)dT
T

} ; A=2158,64 Ox/MOJIb.

St
)
~ |2
3
o
7
oty
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Puc. 61. Puc. 62.

COOTBETCTBEHHO MeXJy 3TOH BeIMYMHOH M OIKCNEPHMEHTAIBHMIM 3HAYCHHEM
A=2242 JIx/Monbp MOXHO pPacCMATPHBAaTh KaK XOPOINEE MOATBEPKACHHE TPETHErO
Hadana. HeGonbluyro pasHHIly MeXIy STHMH BEJIMYMHAMH MOXHO OOBSCHHTH IOTpELI-
HOCTAMHM OTIBITA.

4.3. OcHOBHOE YypaBHCHHE TEPMOAMHAMHKH MIJIS NapaMarHeTHKa

TdS=dU—-HdJ.

MpubauB x ofeum dvacTsM sToro ypaeHeHus muddepenuman d(—TS—HJ),
TOJIYYHAM

d(U-TS—HJ)=~5dT-JdH,

otkyza (0S/0H )r=(0J/08T)g. To saxony Kropu, J=xH=cH/T, nostomy (0S/0H)r=
=—cH|T* Orcona npu T—0 K nonysaem (0S/3H)r——co, 410 HPOTHBOPEHMT
TpEeTbEMY Ha4aly, COTJIaCHO KOTOPOMY (6S/6H )r—0 npa T—0 K. 310 nporaBopeune
yKa3bIBAET HA HENPHUMEHMMOCThH 3aKoHa KIOpH [T CKOJNb YTOIHO HU3KHMX TEMIEPATyp
NapaMarHeTdKoB. Pe3yibTaThl ONBITOB [OKA3bIBAIOT, 9YTO NpPH JOCTATOMHO HU3KOK
TEMIEPATYPe X MEPECTACT 3ABHCCTh OT TEMIEPATYDHl M CTAHOBUTCS IOCTOAHHOM.
4.4. Tipu apmabaTubix nponeccax dU= —pdV. YuarsiBas, uto pV =2/, U, nonyiaem
144

U 5 —I—/' , OTKyJa

U=const -n?3, )

rae n=N/V—KOHUEHTpallUsA 3NEKTPOHOB.

Mo Tperpemy Hauany, npu 0 K apnabaTHBIi Mpoliece COBNaJaeT C H30TEPMHUECKHM,
nodroMy ¢Gopmyna (1) maeT 3aBUCAMOCTb «HYJNEBOH JHEPrWH» OT KOHIEHTPALHA
371ekTpoHOB. IlpuMenerne craTucTuky PepMH K WIEKTPOHHOMY ra3y NPHBOAMT K Takoi
K€ 3aBUCUMOCTH U OT n M MO3BOJIAET BBIYMCIMTH 3HAYeHHe KOHCTAHTH B popMmyne (1).

4.5. Ins omnpenencHAss H3MEHECHHS TEMNEPATYphl ¢ H3MEHEGHHEM JABJICHHS NPH
amuabaTHOM TIpoliecce 3alMLieM NPaBYI0 YaCTh OCHOBHOTO YDABHEHHS TEPMOXMHAMUKH
NpH HE3aBMCHMBIX TepeMeHHBIX T H p:

ou ou oV
T = V={ — T —_ i T
dS=dU+pd (6T>,d +< ap)rdp+p(6T>,d +

4 ou av oU v
ADADAZI A AD o
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OTKyAa

ss=3| (&), +#(5), Jor+3]
() () 2tz
()5) (&

TMosTomy ypasnenwe (1) mpeobpasyerca:

)5 ). o
; ()

ov
TdS=C,dT— T< = )dp @

D

Q)lm Q,.

HITH
TdS=C,dT—-aTVdp.

Wamenenne Temmeparyphl mpu ajuabatHom mpouecce (TdS=0)
dT=(TaV/C,)dp. 3

Mo rpersemy mavany, mpu 7T-0K a—0 u C,-0, vo aV/C, crpemurtcs
X KOHeuHoMy npeneiy (cM. Hike). [Tosromy u3 ypaBHenms (3) Haxomum, 4TO NpPH
T-0 K [is M3MEHEHHs TeMIEpaTyphl Ha KOHEYHOC 3HAYCHHE M3MCEHCHHE NaBJICHUS
NOIDKHO HEOTPAHWYEHHO BO3PACTATh, T.€. HYTO € TNOMOUIGI0 KOHEYHBIX W3MCHCHMH
TEPMOAMHAMHUYECKHX MAPaMeTPOB CUCTEMY HeBO3IMOXHO oXjamuTte no 0 K.

W3 ypasuenus (2) nonysaem (dS/dp)r=~—(0V/0T),.

IToaromy

T

T
ov aS 0 [C oC, dT
Vel =) === | =—— | 2dT=~- . 4
* (0T>, (a;:), op| T 6p T @
0
Ilpr Hu3KOH TEMmEpaType

C,=T"{a+bT+cT?+..), )

rae n>0, a xoxpduumeHts! a, b, ¢, .. 3aBUCAT OT pHasineHus, Hduddepenumpys
BLIpaXEHHE (5) MO IAaBJEHMIO UM MOACTABIAA NONYYEHHOE BhIpaXeHHe B (4), monyyaem

T

' b/ T ' Tz
i ¢ +) ©)

—|dT@ T 40T +..)==T" —+——
'[ (a + +-) <n+n 1+n+2
0

Pasnenns ypasHemwe (6) Ha (5) u mepexoas k T—0 K, naitmem, uTo
aV/Cp~const.

4.6. Bo3HHKHOBEHHE PAa3HOCTH YPOBHEH B HANOJHEHHBIX XUAKOCTBIO COCYJax,
COEMMHEHHBIX KAMISPOM, TP MOAJAEPXKAHWY B HMX PA3HOCTH TEMINEPATYp Ha3hBACTCH
TepMOMEXaHHYECKMM JpdexToM H B OGBIMHBIX OKMIKOCTAX TIpEACTaBiseT coboi
HeobpaTHMOE SBNICHUE, AHAJIOTHYHOE TEPMOIJIEKTpHUecKoMy addekTy (Ha CThixe ABYX
PA3THYHBLIX NPOBOJHUKOB C PA3HON TEMMNEPATYpOil BOSHHKAET TEPMO-3. /1. C.; ¢M. § 69).
Takoro pona Tepmomexannyeckuit addexr cymecryer u B He 11, onnako B 3TOM citydae
OH MEPEKPHIBAETCA 3HAYMTENHLHO TIPEBBILIAIONIUM €ero ApyruM, crenuduyeckam s Hell,
obpatHMBIM 3ddexToM (KOTOPHI TaKXKe HA3BLIBAETCS TEPMOMEXAHMYECKUM).
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Pue. 63.

Kak yxe ckasaHo B ycnoBuum 3amauu, He Il Beger cebs kax «cMmech» ABYX
XUJKOCTeH — cBepxTeKky4ell (s) M HopManbHolt (n)¥. Korga 8 coobluarommxcs cocynax
¢ He Il temmepatypa onWHaKoBa, «KOHLUEHTPANMH» CBEPXTEKYYEro 3 HOPMAJILHOTO
KOMIIOHEHTOB B ODOMX COCYJax COOTBETCTBCHHO ojuHakoBnl. Ecnm e Temmeparypa
B OIHOM M3 COCYIOB YBEIHYMBAETCSH, TO KOHLEHTPALMA CBEPXTEKYHero (HOPMaJIbHOIO)
KOMIIOHEHTA B HEM YMEHblUaeTcs (yBEJIMYMBACTCH), Tak Kak 4acTb §-KOMIIOHEHTa IIpH
3TOM NEPEXOAMT B HOPMalbHYIO. BO3HHKINAs pa3sHOCTh KOHHEHTpALMA KOMIIOHEHTOB
B pa3sHeIX cocymax OyAeT BHIDAaBHHBATLCH: S-KOMIIOHEHT OyneT meperexaTh B Gosee
TEMNbid COCcyNl, 2 HOpMabHbIN — Hao6opoT. Ho s-komroHeHT cBOGOAHO nepemeiiactes
[0 KamHANgpy, [IBHXKEHME K€ A-KOMIOHEHTa CBA3aHO ¢ TpeHWeM. B pesyibrate
B cocye ¢ Golee HM3KOH TeMmeparypoll XMAKOCTH IOXHHMAETCS, CO3HaBas Pa3HOCTh
nasieHuit Ap (puc. 63).

Ces3b Mexay Ap # BoiBaBuieit ee (AT HalileM M3 YCJIOBUSL «XHMHYECKOTrO
PaBHOBECHS» TeJiMs B COCYJax, KOTOPOS YCTaHABJIHMBAETCA B pe3yibTare «oOMeHa»
$-KOMIIOHeHTOM. Takoe paBHOBECHE HACTYNAET NP PABEHCTBE XHMHUECKHX MOTEHLUUAIOB
(koTOphle MBI OyAEM OTHOCHTH K 1T renmus):

H(Ph T1)=P(l72, Tz), 1)

rne py, T, u p;, T,—naBieHHe M TeMmepaTypa B IEpBOM ¥ BTOPOM COCYIax.

Tak kax NpH OJMRAKOBEIX TEMIEpPATypax B COCyAax [aBleHHS B HUX Ha OZHOMN
# TOH Xe BBICOTE OJUHAKOBBI, TO HpH HebosbluoOi pasHocTH Temnepatyp AT=T,—T,
Oyner Manoil W pasHOCTb AaBieHuil Ap=p,—p;. Tlostomy, pasmaras p(p,, 7;) mo
creneaam AT u Ap, u3 ycnosus (1) nonydaem

a i
w(p2, T2)=—ulp1, Ty)= 2x Ap+ bl AT=0
T T/,

dp
I
vAp—sAT=0
(v'w s—obwvem u outponus 1r Hell), orkysa Ap/AT=s/v, uim
Ap/AT=ps, 2)

rae p—rmnorocte Hell npm nannoit Temneparype.
Tax kak ps>0, To Ap/AT>0 n, caenosatensio, npr AT>0 pa3HocTh HaBieHHH
Ap>0, T.e. XMAKOCTb NMOAHMMAETCH B cocyge ¢ Oosiee BBLICOKOH TeMNepaTypoii.

*) Takoe paccmotpenne He Il sBrsieTcs, KOHEUHO, KaK BCAKOE K/IACCHYECKOE
IpPEACTABICHHE KBAHTOBBIX SIBJICHMI, JIMINb YHOOHBIM CHOCOGOM JUIfl  BBIPAXKCHUA
NOBeJCHHA KBAHTOBOM HAKOCTH, kakoBod spisercs He lI. Hukakoro pasmencHus
YACTHL TeHA HA «CBEPXTEKYYHe» M «HOPMAJIbHBIE» HE CYIUECTBYET.

335



®dopmyna (2) Obuta BnepBbie ycrawosaeHa B 1939 r. I Jlondonom wmetojom
UMKJIOB, a ABYMS [OJaMH IO3XKe OHA ObLIA KOJHYECTBEHHO NOATBEPX/EHA ONBITAMH
11. JI. Kanuyer ¥ mosiyMeHa METOZOM TEPMOJMHAMHMYECKHX moTenumanos JI. J. Janoay.

TepMomexaumnueckuit >ddekr pomyckaeT oOpallleHHe, T. €. €CIH pa3HOCTh TeM-
nepatyp B He Il Bhi3biBaeT mosBnenne pasHOCTH JaBJICHWHA, TO W Pa3sHOCTb JaBJICHAH
BBI3BIBAET COOTBETCTBYIOMIYIO PA3HOCTH TeMIepaTyp. OOpalleHHbli TepMOMEXaHHYECKH
abbdekT HasbIBAETCA Mexanokasopuueckum 3ggexmom. B Hell om 6vL1 HccnenoBan
B 1939 r., xorma 6puto obHapyxeso, uro TeueHHe Hell uepes xamunmnap ot Gonee
BBICOKOTO YPOBHS K 60J1€¢ HU3KOMY COMPOBOXIAETCS TIOSABICHHEM Pa3HOCTH TEMIIEPATYp
B cocyfax (puc. 64).

KonuuectBenno 3asucumocts AT oT Ap mnpm MexaHokamopuueckoM 3dbexTe
OTIpeJENAETCA TEM Xe COOTHOLICHHEM (2), KOTOpOE Mbl 3aMMUIEM TeHeph B BUIAE

AT/Ap=1/(ps).

N3 sroil Gopmynbl BHOHO, 4TO B HHXKHEM cocyfe (C JaBjeHUEM p,<p, LI
P1— NABJICHHE B BEPXHEM cocyie), B koTopslit BTekaeT He 1l, Temnepatypa monmxaetcs:
opu Ap=p,—p1 <0 passoctb AT=T,-Ty<0 u T,<T;.

DTOT pe3ynbTAT ONpPENeNfCTCS TOH e OCOOEHHOCTBIO  CBOOOJHO BTEKAIOUIEH
vepe3 Kamuisgp CBepxTeKyyero kommnonenta Hell: sHTpomma 3TOro KOMMOHEHTA
paBHa HyJMHO M, CHEIOBAaTeNbHO, OHA, IO TPETbEMY  Hayany, «HAXOAUTLCS» HpH
temnepatype 0 K.

4.7. ConepxaHue TPETbEro Hauajla ONPENENseTCs HE TOJbKO HEBHIPOXICHHOCTBIO
OCHOBHOTO YPOBHS, HO H OCOOEHHOCTBIO IHEPIETHYECKOTO CHEKTPA MAKPOCKONHYECKOTO
Tefa TPH MajbiX BO30YXJAeHHAX. JleHCTBUTENHHO, €CIH CBA3ATH TPETHE HAYAIO TOJIBKO
C OTCYTCTBHEM BBIPOX/CHUS OCHOBHOIO COCTOSHHMA, TO CBOHCTBA TeJj, ONPEACISICMEIC
TPETbUM HAYaJIOM, Hauaau Obl 0OHAPYXMBAThCA JIMIIL IIPH OYEHb HH3KOH TEMIEpaType
T, onpenensemoii u3 yenosust T< Ty =E; [k, tne E, —nepBblif SHEPreTHIECKHH YPOBEHD
Tena. Jns xpuctanma B ¢opme kyba co cropomoi lem Ty~107° K, B To Bpems
KaKk M M3 JKCIEPUMEHTAa M M3 TEOPHH TBEPAOTO Teja HM3BECTHO, YTO TENIOEMKOCTh
KPHCTQJUIOB Maja IpH TeMIepaType, MeHbllel TebaeBcKoH (JECATKH KETbBHH). IJTO
O3HaYdeT, YTO NpPH YYETe JHMIIb HEBBIPOXJICHHOCTH OCHOBHOTO COCTOSHHs ICHCTBHC
TPETBEr0 Ha4yana [JOJDKHO Oblto Obl CKa3bIBAThCS NPH TEMIEPATYpax IIPHMEPHO
B 10° pa3 GoJiee HE3KHX, ueM OOHAPYXHUBACTCs Ha OmbiTe. TakuM 06pa3oM, HempaBHILHO
CBS3LIBATH TPETHE HAYANO TOJBKO C OTCYTCTBHEM BBIPOXKICHHS OCHOBHOTO YPOBHS,
HeoOXOMMM YHET - OCOBEHHOCTH JHEPIETHYECKOTO CHEKTpa IPH MaibiX BO3OYXJCHUSX.

5.1. Paccmorpum mmkn Kapuo, B kOTOpOM pabovHM TEIOM SBJIACTCH CHCTEMA
M3 KMAKOCTH M HACHILIEHHOTO mapa. M306pa3suM 5TOT LMKA Ha Juarpamme V,
p (puc. 65). Ha yuactke [—2 cuctema wusorepmuueckun (upu Temmeparype T')

y | ,

Puc. 65. Puc. 66.
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paclUpseTcs, Opy JTOM eIMHHUIA MAacChl XHUAKOCTH MNEPEXOAUT B nNap; JABJICHHE He
u3MmeHsieTcs. Bsasitroe y  HarpesaTens  kosiuecTBo  Temiaorel paBHo Qi =A. Ilpn
aanabaTHoM pacumpeHun 2—3 TeMIepaTypa M JAAaBJICHHC IMAIalOT COOTBETCTBEHHO
wa dT7 u dp. Upu usorepmuueckoM Cxatnd 3—4 XOJOIMILHUKY OTHAETCH TEIUIOTA
(0,, a npu anmabaTHOM cxaTWH 4-—/ Temmeparypa mnosbimaercs ao T.

Pabora 3a mmkn paBHa Ql—Q2=(v2—vl)dp, TAC U, U Uy — yACJAbHBIE OGBEMBI
napa u xuakocTH. [Toaromy

n=(Q:—Qz)/Q1=[(vz—v1)/7»]dP~

" K T—(T—dT) dT v AT
¢ =—— " ’'="_ 4, CIeNOBATEIbHO, =,
o ana umkna Kapro n 7 T it TIbH =
Takum obpazom, Tionydaem ypasHenue Knameiipona — Kiaysuyca
dp A
dT_T(vz—vl)’

5.2. TIpoBeaeM ¢ 0OpaTHMBIM TajibBAHHYECKMM dJeMeHTOM 1ukia KapHo, 3actasnss
ero paboTtaTh CHayana H30TEPMHHYECKH, TIOTOM aamabaTHO, 4 3aTeM, NPOmyckas yepes
HETO TOK OT BHEIUHEro HCTOYHHKA, COBEPIUMM HaX HUM paboTy Takke H3O0TCPMHYECKU
n aauabaTHo.

Ha muarpamme c ocaMu e (3apsa, npolueamuit vepe3 ssemeHTt) M 6 (3. 1. c.
JJIeMEHTa) OUKJI OyleT HMETh yKa3aHHBIM Ha puc. 66 Bua. KomudecTBo TemnoTs,
B3ATOE y Rarpesarteis, Ha usorepme [ —2 byner Oy =U,— U, + W, rae usorepmuyeckas
pabota W=eé.

WUsmenenne BuyTpenseil snepruu U, — U, paBHO TemwioBoMmy 3¢hQekTy XAMHYECKOH
peakum| B oieMmeHTe (ecmd OBl 2JeMeHT He mnpom3Boaun paboty): U,—U,= —qe
(g—emnoBoii adekT, ornecenHsli K mpoinemuemy 3apsamy), Tak 4o Q,=ef—ge.
Ilpn aguabatHol pabore 2—3 3. 4. c. dneMeHTa yMeHbIINTCd Ha dé&, M3MEHHTCH
u Temmeparypa. Ilponyckas NOTOM TOK d4epe3 IJIEMCHT OT BHELIHETO HCTOYHHUKA,
3asepimuM 3T0T MK Kapho. Pabora 3a mukn paBHa miowamy upkiaa edé, mostomy

0,—Q: edf dé&

[N eg—qe—é"—q.
T—(T—-dT) dT

& dT
Ho mna muxia Kapxo N=~——"—F—— =75 M, CICN0BaATCIbHO, 7 T OTKyZa
-9

nojlyyaeM ypasHenue [enpmrosbua (cm. § 49)
E=q+T(06/0T).

53. F(T, V)=U—TS=CyT+Uo—T(CyInT+RInV+So)=Cy T(1—In T)— RTIn V'~
—TS()+U0;

O(T, p)=U—-TS+pV=CyT+Up—T(C,In T~ Rlnp+So)+
+RT=C,T(1~InT)+RTn p= TS+ Uy:
H(S, p)=U+pV=CyT+Us+ RT=C,T+ U,,
Ho S=C,InT—RInp+S,, orkyma T=p' */"exp[(S—S,)/C,]. Mosromy
H(S, p)=C,p' " exp[(§—So)/ Cp |+ Us.

54. 1. dH=TdS+Vdp, oTkyaa BHIHO, 4YTO HPH HE3ABUCHMBIX NEPEMCHHBIX
p ¥ H TepMOJUHAMUYECKUM INOTEHIMAJIOM SABJSETCS JHTPOMHS S(H,p):
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1 14 ] (6S/2p)n
dS=—dH—-—d T= , V=~ .
T T " T Esen), (@s/3H),
2. dF=~SdT~pdV, oTkyna BUIHO, 4TO NIPH HE3ABHCHMBIX nepeMeHHbIX T u F Tep-
MOIMHAMUYECKHM NOTeHUHanom seisercs obwem V(T, F):

S 1 1 (avjeT)s
dV=——dT—-dF u p=— , S= .
p" T NPT Tevien, ST evian),
oS C, a%s
55. C,=T a7 —51;->T—T5;(—ﬁ. U3 00=-8dT+Vdp nomydaem

(2S/8p)r=—(8V/0T),. * Mostomy

GEN v ac, 0%V
wer- \ar?), "\ % ), \or )
/4 » PJjr P

OTKYAa BHAHO, YTO Yy BEIIECTB, 00BbeM KOTOPBIX JIMHENHO 3aBHUCHT OT TEMIEPATyphl,
TEMIOCMKOCTDh Cp HE 3aBUCHT OT JAaBJICHUA.

U U-TS F
56. 9=5——=~———=~=, F(T, V)==To(T, ¥} U=T(S-0).

Ho dF=-SdT—pdV, nosToMy TepMH4Yeckoe M XaJOPUYECKOES YPaBHEHHS
COCTOSIHHA

p=—(0F|V)r=T(00/6V)r, U=T[~(0F/aT)y—0]=T2(0¢/oT)y

MOXHO HaliTH, eCiid TePMOAWMHAMMHYECKMH mnoTeHuMan Macbe M3BECTEH, Kak
bynkuus V ou T.

5.7. U+pV U—-TS+pV G
I AR kL A M
T T T

G=-T0,

o0 @
dG=—-T7Td0—-0dT=—|T| =] +0 |d7T-T é:— dp.
o1/, apJr

Ho dG=—-Sd7T+ Vdp, creposatelbHo,
S=T(0®/0T),+®, ?2)
V=—T(0®/dp)r. 3

Vpasuenue (3) mpeactaBiaseT coGoif TepMHYECKOe YpaBHEHHE COCTOSHHS, ABHBIH BHA
KOTOPOro MOXHO Haith, 3#as O(7, p)‘ W3 coortHoulenus (1) momyvaem

U=TS—Td—pV.

IMogcrasnss B 3TO ypaBHeHHe BolpaxeHue (2) u (3), mojydaeM Kalopdueckoe
YPABHCHHE COCTOSHUS

U=T[T(0®/0T),+p(6®/p)r].
58. dH=TdS+Vdp, otxyma
T=(0H/2S),. Y

Jlns ypabueHust aauaGathi mosyuaeM Beipaxenue V=(3H/dp)s, xoTopoe B ciydae
HAcaJbHOTO Ta3a C 3ajaHHOM (yHkuued H npuHUMaer BuI
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-1
VJT Cop~ 1 exp[(S~S0)/C,] @)

unu pV¥=const.
U3 ypamrenus (1) Ins uAeanbHOTO Fa3a HAaXOIMM

T=p* Yexp[(S—S0)/C, ] &)
Paznenus ypaBHeHns (2) Ha (3), nosmy4aeM ypaBHEHHME COCTOSHUA
pV=RT.
5.9. G=U-TS+pV, 1)
dG=-S8dT+Vdp. )

Ecnu moreuman G 3amaH kak GyHkums T H p, TO TepMHYECKOE ypaBHeHHe
COCTOSHHAL CHCTEMEl MOJMy4YaeM NpPOCTHIM AnbdepeHUUpOBaHUEM ITolt (yHKIMM:

V=(0G/ap)r.

B mambom ciayyae V=RT/p u pV=RT.
Kanopuyeckoe ypaBHeHHe cOCTOSHMA HaxoauM u3 ypasHenus (1), mcmomssys (2):

U=G+TS—pV=G—T(6G/0T),—p{0G/op)r-.
Ilpu 3apgansom G
U=aT(l -In T)+ RTInp—TSo+ Up—T[a{l ~InT)—
—a+RInp—So]—-RT=(a—R) T+ U,.
5.10. Cmechr pa3iMuHBIX H/CaNBHBIX Ta30B MOXHO H30TEpMMYECKH obOpaTHMo
pasfe/MTh Ha KOMIIOHEHTHI 0e3 cOOOLIEHHS TEHJIOTh! M COBepiueHMs paboThl o,
crefoBaTenbHO, 0e3 u3MeHeHHsa cBobomyoil aHeprum cucremul. [Tostomy cBoOonmHas

JHCPI'HsS CMECH HJACAJIbHBIX FdA30B paBHA CyMMC CBOOOAHBIX 3HCpI‘Hﬁ €€ KOMITOHCHTOB,
Kaxabid M3 KOTOPBIX 3aHHMACT 00BeM  cMeCH:

F(T, V, v, va, s Va)= 3, F(T, V, vj)=

i=1

- vV
= Z V,'I:Ui* T<Cyiln T+ Rin ;+ So,‘)] . (1)
i=1 i

TMosp3ysick 3THM BBIPaXEHHEM Jns CBOOOIHOW JHEPIWM, JIETKO YOEZMTBCHA, 4TO
npH m3orepmudeckoit anpdysun crobomHas sHeprus ymenpmaercd. Ilycts mMeerca
Vi MOJIEH ONHOFO M V, MOJeil Apyroro rasa, pasfeliCHHBIX B COCYIE NCPETOPOMKOH,
TaKk 4TO KaXAbIH 3aHMMaeT COOTBeTCTBEHHO ob6vem V; um V,. Torma nmo mubdysun
cBOOOHAA S3HEPTHA CHCTEMBI

F;=v1{U1—-T[CV11n T+R1[1(V1/V1)+Sol]}+
+V2{Uz‘T[CyzlnT+Rln(Vz/Vz)+S()z]},

a nociae auddysum, cornacHo dopmyne (1),

Fu=vi{U,—T[Cy n T+ RIn[(V;+V3)/vi]+Sor J} +
+V2{U2~ T[Cyzln T+ Rlin [(V1+ Vz)/V2]+Soz]}.
Torama
AF=Fy—F=—RT{viIn [(V,+ V)]V ]+ v In [(Vi+V3)/ V,]} <0.

Ecma V=V, u vi=v,=1, T0 AF=—-2RTIn2.
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IMpu cmemennu [ByX Topumii ofsHoro u Toro ke rasa AF=0. [lostomy npm
nepexoje OT CMECH IBYX DAa3sHLIX rasoB K CMeCH ABYX Nopuuit (IO MOJEO Kaxmaas)
oaHOro u Toro xe raza AF m3mensgerca ckaukoM: AF= —2RTIn2 (napanokc ['mbbca).

5.11. Cormacuo dopmyie (5.49),

G(T, p, vi, v2)=v1G (T, p1)+v2G. (T, pr)=
=v;[U—=T(Cp,InT—Rlnpy +So1)+p:V ]+
+v2[Us=T(Cp,In T— Rln p3+ Soz)+ p2 V] =vius (T)+
+viRTInpy +v%(T)+v,RTInp,, (1))

rae *(T)=U(T)—~TC,InT+RT+Sy, a py M p,—IaBICHHA TEPBOTO H BTOPOro
ra3oB H CMECH.

IMosb3ysach ITAM BhIpaXeHHEM Uil G cMecH, Jerko YOEmHTbCH,  MTO mpH
u3oTepMuteckoii aubdysun sHeprus I'mb6Oca ymenburaercsa. Ilycts v, Moselt omHoro
ra’a M Vv, MONeill Jpyroro rasa pasJelieHsl B COCyJe INEperopoAkoH U HMeEIT
COOTBETCTBEHHO HAvYanbHbie Aasneua pl=vRT/Vy, u p9=v,RT/V,. Torga #ao
qubdy3uH MOTEHIMAT CHCTEMBI

Gi=vi#; (T)+viRT InpS +v,%2(T)+ v RT lnp3,
a mociae aupdysun, cornacHo dopmyne (1),
Gu=v%1 (T)+vyRTIn p;+v,%,(T)+Vv:RTn p,,
rae py=viRT/{(V1+V,) u p,=v,RT/(V,+V,). Torna
AG:Gn*Gl=RT[V1 In (Pl/P?)Vz In (Pz/Pg)]<0,
MOCKOJIbKY
P _ Vi <1 P2 _ Vs
P} Vi+Va T pd V4,
Ecrn V=V, u vi=v;=1, .10 AG=—-2RTIn2.
TTpu cMellcHAR IBYX nOpuuit otHOro U Toro xe rasa AG =0. Itosromy npu nepexone
OT CMECH JBYX PasHBbIX T30B K CMECH JBYX MOPLHit (IO MOJIIO KaxX/ast) OAHOTO M TOrO %€

ra’za msMenenve AG ckaukoMm wusMeHserca Ha AG= —2RTIn2 (mapanoxc I'mb6ca).
5.12. Tlo ycmoBuio,

<l

S=al. (0]

Jlns onpenenenns C,—Cy=T(0p/0T)y(0V/0T), w3 Bbipaxennds dF=—SdT-—
—pdV u dG=—-SdT+Vdp naxomam (0p/dT)y=(0S/0V)r, (0V/8T),=—(3S/dp)r.
[Mostomy

C,—Cy=—T(3S/3V)r(3S/0p)r-

Ho u3 dopmyner (1) cremyet, uto (0S/8V)r~T, (8S/0p)r~T u, CrEIOBATENLHO,
C,—Cy~T3.
" 513, C,—Cy=T(0p/dT)y (0V/|0T),. U3 mmpaxemuit dF=—SdT—pdV n dG=
=—8dT+Vdp maxomum: (0p/8T)y=(8S/8V)r, (8V/0T),=—(8S/dp)r, modsToMy

Cp,—Cy=—T(05/0V)r(3S/0p)r.
Tak xax Cy=T(0S/0T)y=0T>? TO 3aBHCHMOCTh IHTDONHH OT TeMIEPATypPhI
onpejesnseTcs (HopMyyoi

T
S=[aT?dT=3aT>.
[
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Toatomy (8S/8V)r~T3, (8S/8p)r~T?> u, crenoBatemsto, C,~Cy~T". U B006-
me, ecaw npu 70 K JHTpONmHS H3MEHSETCA IO 3akoHy S=a7", TO pa3HOCTh
Cp"CV"’ T2"+1.

C R ‘
6.1. Jns uneanvuoro rasza dS =—Fy d T+7’ dV. U3 peipaxenns 8Q=CypdT+podV
npa ammabatHoi m3onsaumd (3Q=0) maxomam CydT= —podV, moaromy
1/RT i
dS==|——po |dV==(p—po)dV,
T( v Po) T(P Po)

rae p=RT/V— pasnenue rasa. Orcioga BuiHo, ¥ro pasHoBeche (dS=0} Bo3MoxHO
TOJNBKO NpPH p=p,, TUPHUYEM, KaK Mbl ceHYac IOKaXeM, JHTPONMHA B ITOM - Ciy4dae
MaKCHMaJIbHas. DHTPOMHS HIEAJbHOIO rasa paBHa

S=CylnT+RInV+S,.
Ilycts obbeM rasa mamenwicda va &V, a Temmeparypa-—Ha &7. Torma
T+8T V4oV 8T

+Rin sz7+

sv 1] 8T* _sv¥| I[RT I 872 8w
RE o &+ R == S —po [0V | &y o+ R,
Ry Z[VT2+ VZJ T[V p"} Z[VT2+ V2:|

otkyna 8S=(1/T)(p—po)dV u

LY S
82S= —[CVF-FRF} (1)

AS=Cyln

W3 Beipaxenns (1) BmaHO, 4r0. OHO oTpHHaTensHo mpu mobex 87 u dV.
CrnenoBaTesIbHO, TPH PABHOBECHH | JHTPONHS MAKCHMAJIbHA.

6.2. OcHOBHOE HEPABEHCTBO TEPMOAMHAMHKH JUIS HEPABHOBECHBIX I[IPONECCOB
(3.59), mpuBeNEHHOE K HE3aBHCHMBIM IEDEMCHHBIM S H p, NPUHHMAET BHI

dH<TdS+Vdp,

OTKYA& BHAHO, 4TO B CHCTeMe ¢ S=const M p=const paBHOBECHe HACTyNaeT IIpH
MHUHAMYMe OJHTanbiuu. M3 ocHoBHOro HepasehcrBa (6.3)

dU<TdS—pdV

BHOMM TaKXe, 4TO B CHCTEME C HNOCTOAHHOH O3HTponMed H 0OBEMOM paBHOBECHE
HACTYHaeT IpH MHHMMYMC BHYTPEHHEH OHEDTHH.

6.3. NMeeM naByxda3Hylo CHCTEMY, COCTOAILYI0 W3 DPa3sHBIX BEINECTB (HATIPUMED,
BOAA M KEPOCHH). DHTPOTHS Takod CUCTEMBI

S=Ns;+N3s,,
a BHYTPCHHME mapaMerpol Ny, N,, 0;v;, H u; ¥ u; YIOBJICTBOPAIOT YCIOBHAM
Ny=const, ;=const, Nyu;+ N,u;=U=const, Nyv;+N,v,=V=const.
Taxum o0Opa3oM, M3 [IECTH [APAMETPOB HE33aBUCHMBIMH  SBISIIOTCS  [IBa,
HaOpUMEp vy M U;.
Vcnosue paBHoBecms HaineM #3 6S=0 @OpM ZOTOJHUTENBHBIX  YCIIOBHSX
SN =0N,=0, Nydu;+N,du;=0, Ni8v,+ N,8v,=0. Umeem N,ds; +N,8s,=0, unu
Suy+p,6v Suy+ padv Suy +p,dv Suq +p2dv
N, 17TP1 1+N2 2t P2 2=O, N, 1170 1——N1 U+ P2 1_
T T, T, T,

0,
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OoTKyJa

7101 Pr Pa2\.
?l——?z 8u1+ Fll—'Tzz bb’]to " T1=T2, PrL=D2.

Ha xumuyeckue MOTEHNHMANB HUKAKOE YCIIOBHE B JAHHOM CIyYae He HAKTaAbIBACTCA,
TaK KaK Yy DasHbIX BELUeCTB He MOXeT OblThb OOMEHa YacTHIAMH.

6.4. Tlo ompeneneHuO TEPMOAMHAMUYECKOTO DABHOBECHS, TEMIEPAaTypa BO BCEX
uacTax Tena Oyact oaxodt WM ToH ke. HafijieM BTopoe ycnoBue pasHOBecHs IU1s
TeNla, HAXONAIIETOCs B NOJE, B KOTOPOM NOTCHUHAILHAS JHEPTHA HA OIOHY YacTUIY
paBHa @, HCX0Jd W3 MHHHMYMa TEPMOIUHAMHYECKOrO INOTEHLUANA TPH pPABHOBECHH.

Pa3fauuHbic 4YacTH Tena HAXONSTCA B PA3NIMYHBIX YCHOBMSX IPH HAMWYHMA TIOJS.
WaMenenne dHeprum Majod 4acT Teja ONpPEAeNnAeTCS HE TOJbKO, Kak paHelie (mpu
orcyrcTBud mons), Benwuuaod dU=TdS—pdV+pdN, HO eme W u3MeHeHUEM
NIOTEHIHAIBHON JHEPruyM YacTHL, BXOASILUX B PACCMATPHBAEMYIO YacTh Tena. I1oaTomy
g cacremsl B mone dU=TdS—-pdV+udN+o¢dN, orxyma

dG=—~SdT+Vdp+(u+@)dN, p+o=(00/oN),,
a TCpMOHHHaMquCKHﬁ MNOTCHOHAN BCETO Tena
G=[(n+p)dN.
U3 YCIIOBHSA DPABHOBECHS OTHOCHUTCIILHOIO PACHPCUEIICHUS YaCTHIL
3G ={(n+¢)3(dN)=0

HpH COXDAHEHHM INOJNHOTO w4icia dactui B -Tene [3(dN)=0 nomysaeM, wro npu
PABHOBECHHM Tela B NOJE IOMKHO COOMIOAATRCA ycnoBue L+ @=const, T. €. IOJHBIE»
MOTCHIMAIbl BCEX 4acTedl Teia AOJIKHBI ObITh PaBHBI ADYT DYy,

B monme Tarotemms @ saBjAeTCH (byHKUHMeH KOOpIMHAT X, y, z UEHTpPa Macc
MOJNEKYS, TOITOMY NIPH PaBHOBECHH

1(T, p)+o(x. y, z)=const. m

OTClofia BHAHO, 4TO  [dBJICHHE B pa3HbIX YACTAX IPH DPABHOBECHH CHCTEMBI
B NOJIE Pa3HOe; IpH OTCYTCTBAM NOJAS p Besde OOHO W To xe. dubdepeHuupys
Beipaxenue (1), momysaem dp+doe=0.

B ciaywae OQHODOAHOTO TOJISL TAXKECTH, KOIZA @=mgz,

vdp+mgdz=0,
U TaK KaK m/v=p-—ILIOTHOCTb CPEAbI, TO
dp=—pgdz

—oOB[YHOE BBIpAXEHUE IS MIMEHCHHS THIPOCTATHYECKOrO A4BJICHHS TIa3a MM
XHJKOCTH € BBICOTOI.

6.5. {ns cacTeMBl B HENOM YCIOBUA ycToiuuBocTH (6.17) cnpaBeIMBHL B Cly4ae
ONHOPOJHON CHCTEMBI, KOT[a AABJCHHE BO BCeX TOYKAaX OJMHAKOBO, a TEIJIOEMKOCTh
BCEH CHCTEMBI PaBHA CyMMe TemloeMroctedt uactelt. /IS HEOAHOPOAHOM CHUCTEMBI
JTH YCIOBHS BEPHBI JIMIIb JIOKANBHO H UX HEJB3S TEPEHECTH Ha BCIO CHCTEMY
B nmesom. Ilpy Hanwuue Tons, HanmpHMep, AaBNCHHE B pPa3HbIX MECTax pasHoe,
JHEPTHUS, a CJIeNOBATENIFHO, W TEILIOEMKOCTh He ajmuTusHbl. [lo3TOMYy M3 TOrO, 4TO
Cy>0 ans Mano#l 4acTH 3Be3fbl, HE CIEAYET, YTO TEIUIOEMKOCTH OyIeT MOJTOXHTENbHON
y BCEH 3Be3lbi B LCIIOM.

6.6. Vcroituuseie coCTOSHHA, oupeaenseMble yuyactkamp BC u FE kpumBoi
Ban-nep-Baanbca, B OOBIMHBIX YClOBUsix He Habmoxatorcs. Mix MoxHO HabmoaaTs
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JMIUb B HEKOTOPHIX CUCHMANbHBIX YCHOBHAX, YTO H YKa3blBaeT HAa HMX MCHBUIYIO
YCTOH4YMBOCTh (MeTacTabmibHocTh). CocTosHusA yuyacTka BC MOCTMIalOTCH, HANPUMED,
OBICTPHIM OXJIAXACHUEM BOASHOTO Napa, B pe3yJibTaTe 4ero HPH OTCYTCTBUHM B COCY/JE
OBUTH H JIGKTPUYECKHX 3apsifi0B B HeM HEKOTOpoe BpeMst OyNer CylecrBoBaTh
NEePEOXNaXICHHLIA (IepechIleHHbI!) Nap, COOTBETCTBYIOUIMIA ONHOM M3 TOYEK Y4YacTKa
BC. Coctosnusa yuactka FE AOCTHraroTCA IPH MEIJICHHOM DAaCHHPEHHH KUAKOCTH
B COCYZe, 3aKpHITOM BIUIOTHYIO NODIIHEM (TaK YTO MEKHY XUAKOCTBIO H NapoM
HET HHKAKOH rasoBoil NMpOCIOHKM), HO OHM HE COOTBETCTBYIOT NEPETPETOH XHAKOCTH.
Hdeno B ToM, uTO nepezpemoil KUIKOCTBIO, KaK H3BECTHO, Ha3bIBAETCS KHIAKOCTH,
Harperas Bbllle TEMIEPATYpbl KANEHHS (T. €. TEMIIePaTyphl, TPH KOTOPO# YNpYrocThb
DAPOB KMAKOCTH, HAXOMsLIEHCH IIOJ HEKOTOPHIM BHEIUHWAM J4BJICHHEM, HANPUMED
ATMOCHEPHBIM, [CJIACTCH PABHON 3TOMY BHCUIHEMY NABJICHHIO), HO HE KHIsilas, T. €.
He obpasyrolias IOJ HOBEPXHOCTHIO Iy3bIped Iapa, a JIHMIIb HCHAPSIOWAACH C HOBEp-
xHocTH. OHa, CIEAOBaTeNIbHO, MOXET KaK HCmapsrbesd, Tak d kumetb. Ho aro
MPOUCXOJHT JIMLIb B CIYYaE, KOTAA MCTIAPSAIOHIHECS MOJIEKYJIbl YAANSIOTCS W3 XKHIKOCTH,
T. €. KOTJ{a COoCyX OyHeT I OTKDBIT, HJIM 33KPHIT TOABIXHBIM MOPLIHEM, HAXOASHIMMCS
NOJ NOCTOSAHHBIM JaBiienneM. [103ToMy rOBOPUTE O IEPErpeTOil KUIKOCTH B 3aKPHITOM
COCYyR€ U COOTBETCTBHH TOHYCK HA BETBH FE TakoMy e¢ COCTOSHHIO HE HMEET CMBICHa.
Hsotepma 3a BblueTOM y4actka EC ONHMCHIBACT DPABHOBECHBIC COCTOSHHS, KOTOpBIE
NPH OTCYTCTBHH BO3MYINAFOUIMX BHEIUHHX (JaKTOPOB MOIYT CYILECTBOBATh CKOJIb
YTOIHO TIPOAOJIKUTEeNbHOE Bpems. [leperperast ke XHAKOCTb TOCPEACTBOM HCIAPEHMS
C TIOBEPXHOCTH IIOCTENEHHO IICPEXOAHT B Hap.

6.7. Pabora Ha egurmuy oOBeMa H3OTPONHOFO MArHETHKAa, COBEpIaeMas IpH
I3MCHCHHH B HEM MHIYKIMM MAarHMTHOro 0oOJI4, paBHA

1
=——(H, dB).
5W=~-(H. dB)

Tak xax B=H+4nJ, 10 8W=—1/4n)(H, dB)=—1/4dn)(H, dH+4ndI)=
=—d[H?/(8n)]—(H, dJ).
Jna napamarHeTrkoB # ¢eppomarHetukos H 1T 1J, mosromy

(H, dh)=HdJ, 3W=—d[H?*/Bn)|-HdJ,
dU'=TdS—pdV+HdJ.
Ona muamarsetuxos J 1 }H, mostomy (H, dJ)=-~HdJ,
3W=~—d[H?*/@8n)]+HdJ u dU*=TdS—pdV—-HdJ.

CJIC}IOB&TCJIBHO, yClIoBue yCTOﬁ‘{HBOCTH A% JHAMArtf€THKOB HMECT BHO

<6H> 1
— =-<0,
oJ Js,v %

4TO TNPHBOOUT B COOTBETCTBHH € OMNBITOM K % <0.

TakuMm 0OpazsoM, COMHEBATHCS B MPAaBHABHOCTH MOJIB30OBAHWS U1 MAarHETHKOB
BenuyuHOi J BMecTo B HeT OCHOBaHMIA.

6.8. Ilpu TemIoBOM paBHOBECHM KOJIMYECTBO O3JIEKTPOHOB, WCHYCKaeMbix 3a 1 ¢,
PABHO KOIMYECTBY HOLJIOUIacMBIX. PaBHOBECHAA IUIOTHOCTH 7 3JEKTPOHOB B 0OBeMe
V npn Temnepatype 7 oOmNpemensercs W3 YCIOBHA MMHAMYMa CBOGOMHOW 9HEprHu.

Mycrs V=1. BHyTpeHuss 3HEPrus 3JeKTPOHHOTO ra3a CKIAABIBAETCS W3 CPEXHEH
KHHETUYECKOH SHEPrHH M CyMMBI paboT BBIXOJA:

U=3/,nkT+nl,
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a ero cBobomHas SHEprHS
F=U—TS=>/,nkT+nl—Tnk(*/,In T—Inn+Inb).

U3 ycnosus munumyma F[(OF/0n)r y=0] HaxoquM paBHOBECHYIO ILIOTHOCTH
3eKTPOHHOTO Ta3a B TONOCTH:

3/2,-1/(kT
n=bT e ~1/6T),

rie b-—TOCTOSHHas BeJMYMHA, paBHas 2(2mmk)2/h>,

Tonb3ysick monmydeHHo# GOpMyIOi, MOXHO HaiTH 4HCIHO N 3]EKTPOHOB, BBIXO-
OAIMX U3 TOpSYedl METAIMYECKOH NOBEPXHOCTH. OHO HENOCPENCTBEHHO ONpPEEsAeT
CHJly TOKa HACHILICHHS HAKAJCHHOIO KaToAaa.

6.9. U3 ycnosuii ycroliuusoctu paerosecus [T/Cy>0 u T/ C,>0] nenocpeacraento
CAefyeT, uTo OHH OyayT BuIIOMHATHCH TpH T—0 K, ecnu npu creneHHo#l TeMmeparyp-
HOM 3aBUCHMOCTH TennoemkocTeit C=aT" noxasateas nx>1.

[Tockomnpky YCJIOBHMSI YCTOMYMBOCTM TIOJYYEHBI M3 OCHOBHOIO. HEDABEHCTBA TEp-
MOJIMHAMHUKH JUJIi HEPaBHOBECHBIX IIPOIIECCOB, KOTOPOE OOBEAMHACT. IIEPBOE H BTOPOE
Hawasa, TO, CJEAOBATEIbHO, BBIBOA 00 Mcue3HOBEHMHM Temiaoemkocted mpr T=0 K
MOXHO TIIOJIyYMTh M M3 3THX /JByX Ha4ajl TEPMOIMHAMHKH, a HE TOJILKO U3 e€¢
TpPeThero Hayana. bosiee Toro, B TO BpeMs Kak IO TperseMy Hadany n>0, To
HCXOXA M3 MEPBOTO ¥ BTOPOTO Hauad n>1.

CrenoBaTesibHO, MEpBbie [ABA Hayajla TEPMOJAMHAMMKM HE NPUBOAST C Heod-
XOMMMOCTBIO K BBIBOAY 00 oGpaineHnn B HeCKOHEYHOCTH K03GhUIHEHTOB YCTORYABOCTH
T/Cy uw T/C, nmpu T=0K.

6.10. [I8a GiM3KHX YCTOHYMBBIX PABHOBECHBIX COCTOSHHS OJHOPOIHOM CHCTEMBI
CBA3aHBI HEPABEHCTBOM I JCTCPMHUHAHTA. MATPHIbl YCTOHYHBOCTH:

ATAS=ApAV>0. )

BoifepeM B KayecTBe HE3aBUCHMBIX MEpEMEHHBIX napameTpsl V u 7T, Toraa
p=p(V, T} u npn T=const u3_nepasercrsa (1) noiysaem

op , 1% s 1%
=\ =— - = —{—=) (AV)*+...<0.
Ap AV <(W>T(AV) +2<6V2 T(AV) +31l 5773 T( )it <

Ecnu (dp/dV)r=0, To

1/ 8% . 1{d%
M L(22) (Av)*+.. <0,
2<6V2>T(AV) *3i\g73), BV <

OTO HEpaBEHCTBO OYNET CIpaBEAMBO NMpH T060M AV (MONOXMTENEEOM H OT-

pPIIIaTCJ'XbHOM), eCcJId
—=) =0, {5 <o0.
<6V2 r i),

6.11. ByxeM xapaxkTepH30BaTh OJHOPOJHYIO CHCTEMY HE3ABHCHMBIMH IIEPEMEHHBIMHU
S, p; torma T=T(S, p) ¥ U3 HepaBeHCTBA A MATPHILL YCTOHYHBOCTH

ATAS—ApAV>0

npu p=const Holyyaem

0 L 1T ., 1(3°T
= = —{— —[—=} (AS)*+...>0,
ATAS (as (As) +2<asz>p(AS) +3il 553 ,,( S)+..>
a ecnu (0T/0S),=0, 1o
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1/6°T 1 (T
E<F> (AS)*+ 3'( >(AS) +..>0.
}4

HAns Ttoro u4roOBl 3TO HEPaBEHCTBO OBUIO CHPaBeJuBO MpH Jiobom AS,

AOMXKHO ObITh
2T ocr
0s?)/, 087/,

6.12. BoibepeM B KadecTBe HE3ABUCHMbIX MEPEMCEHHBIX OMHOPOJHON CHCTEMBI
napametpst V u p. Torga T=T(V,p) u S=S(V, p). U3 HepasencTBa 119 MaTpHiBI
ycroiunBocT ATAS—ApAV >0 npu p=const momyyaem ATAS>0; ciegoBaTenbHO,
B 3TOM CJlydae NpU M3MEHeHHU obbeMa b cucreMa NepexoIHT U3 OAHOTO YCTOMYHBOTO
COCTOSIHHS B TAKO€ JAPYroe YCTOM4HBOE COCTOSHHE, B KOoTopoM T3 W Sy MM
OJHOBPEMEHHO 0o0JblIE WM OJHOBPEMEHHO MeEHbLUE HAYaNbHBIX 3HAYEHHH COOTBET-
creerno T u S. IMosromy ecmm AS>0, To

oT 1/0°T
AT= (av) AV+ <aV ) (AV) +..>0;

T o°T
AT= <0V> AV+ 2(6V ) (AV)*+...<0.

Ecnu B HekoTopoM ycToifamBoM cocrosnun (07/0V)r,=0, To B mepsoM ciyuae
(AS>0, yto cooTBeTcTBYeT, Hampumep, AV:>0) umeeMm

1(0°T , [T
5(597),,(”) +3‘<5V ) (AV)P+...>0,

a Bo BTOopoM ciyvae (mpu AS<O0, coorserctsyroueM AV <0)

%(2;7;)”(AV)2+ (2; ) (AV)*+...<0.

Oty HepasencTBa (oaRo npu AV>0, a apyroe npu AV <0) BEIIONHAIOTCH, €CIH

(aZT) _ <03T> -0
o), U \dv3),

YCTaHOBJICHHBIH TOJIOXKUTEIbHBI 3HAK TPEThEH NPOU3BOMHOM CBA3aH C Npen-
MOJIOXEHHEM, YTO C YBeNMYEHHEM O0GbeMa TNpH HOCTOSHHOM JABJIEHWH JHTPONHS
CHCTEMBI  yBenmuuBaercs (AS>0 mpu AV>0), npu oOpaTHOM TPEANONOXEHHH
(93T/8V3),<0. Unaue rosops, npu (6T/0V),=0 ycnosus ycToffumBoCTH paBHOBECHS
HE ONPEJEAOT 3HAKa TPEThEH MPOU3BOJHOH (3TOT 3HAK MOXKET OBbITH KaK MONOXHTENb-
HBIM, TaKk ¥ OTPHIATENBHBIM, €CIIH CaMa MPOU3BOAHAS HE DPaBHA HYJIO).

6.13. BrpiOepeM B KadecTBe HE3aBUCHMBIX IEDEMEHHBIX OMHOPOAHON CHCTEMBI
Tu S Torna p=p(T, S) u ¥=V(T, S). U3 HepaBeHCTBA NS MATPHLB! yCTOHIUBOCTH

ATAS—ApAV>0

ecau ke AS<0, ToO

apu T=const nmomysaeM ApAV <0 u, CieqoBaTebHO, B ITOM CIyvae NpH M3MCHEHHM
HTPONMKM § CHCTEMA TEPEXOJHT M3 OJHOTO YCTONHYMBOTO COCTOSHHA V, p B Takoe
Jpyroe, B KOTOPOM HJI p;>p W OAHOBPEMEHHO V<V, Wi# p;>p U OHHOBPEMEHHO
Vi>V. Ilostomy eciu AV>0 umi AV <0, TO COOTBETCTBEHHO IMOJYHAEM:
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_{op 1/8% 5 6 p
Ap—<%>TAS+E<W>T(AS) += (AS) +...<0,

Ap= (2‘;) As+2(gsp)(as)2+3'<gsp) (AS)*+...>0.

Ecnn B HekotopoM cocrosHuu (0p/0S)r=0, To B nepsoM ciyuae (AV>0, uro
COOTBETCTBYET, Hampumep, AS>0)

1/3% 1 63
~[ =1 (AS)? A

a B mpyrom ciaydae (nmpa AV <0, coorBercTByroumiem AS<0)

<§sp) (8545, (2; > (AS) +...>0.

Jns TOro 4TOOBI BHIMOJHAIKCH ITH HEPABEHCTBA, HEOOXOMMMO, YTOOBI

&%p o%p
22 =0, | L )
(55). 0 (55), <0

Otpuuatenbhblif 3HAK TPeTheH NPOU3BOAHOH CBA3aH C IPEANOJIOKCHHEM, YTO
C YBEJIMYCHUEM 3HTPONHM TPH TOCTOSHHOH Telvmeparype 00BEM CUCTEMBI YBETHYHBA-
ercs, npu obpatHoM mpeanonoxenun (0°p/0S3);<0. Dto o3Hauaer, wro MHpHU
(dp/0S);=0 ycnomus ycTolfYMBOCTH HOIycKaroT MOGOH 3HaK TpeTbell NPOH3BOAHOM
(ectu oHAa HE paBHa HYJIO).

6.14. BoibepeM B KkayecTBe HE3aBHCHMBIX IICPEMEHHBIX ORHOPOJHOH CHCTEMES
napametpsl ¥V u S. Torma p=p(V, S), T=T(V, S) u npu S=const U3 HepaBeHCTBA
ATAS—ApAV>0 ans MaTpuubl YCTOHYHBOCTH TOJyYaeM

op 1/o% 1/8%
AV={—} (AV)2+=| — e t..<0.
ApAV (6V)s( )+2<6V2>(AV) +3!<6V’ (AV)*+..<0

Ecime B HekoTopoM cocrosHuH (9p/dV)s=0, TO yCIOBHSMHE YCTOHYMBOCTH 3TOTO
COCTOSHMS SABJSIOTCS

(0%p/3V3)s=0 u (23p/aV)s<0.

6.15. Jlns peumieHus 3aJaud PacCMOTPUM CJERYIOIIMHA H30TEPMHYECKHM MK,
nporexalomMil. Ip¥ HeH3MeHHOM oObeMe. TTycTh cHCTeMa HAXOMMTCA B paBHOBeC-
HOM COCTOSHHM Xo. BKIIOYHM OecKOHEYHO MEUICHHO Takoe cHioBoe none U, 4To
CHCTEMA  TIPHOOpETacT COCTOsHHE Xx. JTOT Nponecc OOpaTHMBIK M NpH  HaJIWIHH
JIONOJHATENBHOrO cHioBoro mnons U coctosHue x paBHoBecHoe. Pabora cucremsr
YIpH  3TOM TIpolIecce

W=\|I(XO)—'\II(X)
Buikmounm MrHosenHo mnone U. Tlpu 3tom cosepuaercs pabora W;=U,
a cucreMa 6e3 mojs Oka3blBACTCS B HEPaBHOBCCHOM coctosHuW. ITocrenenmno u 6¢3
coBepiueHus paboTel (V'=const) oHa NPHAET B COCTONHMC DABHOBECUA Xo. Tak Kak
BCYHBIA ABUTaTENdb BTOPOrO POAa HEBO3MOXCH, TO pabora 3a uvkn He MOXeT ObiTh
TIOJIOXKHTCITBHOA, T. €.

W+ W, = (xo)— ¥ (x)+ U <O,
F(x)=¥(x)—U>Y(xo)=F(xo), F(x)>F(xo)

OTKyZ2
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I U
AF=F (x)—F(xo)<0.
Unaner~—me T<DK

4TO BEIpaxkaeT oOmiee YCIOBHE PAaBHOBECHS ~
CHCTEMBI B TEPMOCTATE NPH NOCTOSHHOM 00BbeMe. \
7.1. IMockoJbKy TIEpeXod OT MOJIOKHTEILHOM \
TEPMOAMHAMHMYECKOH TEMIEPAaTYpsl K OTpUUa- Up T= % oo
TeJIbHOH ocymiecTBiasieTcs He uepe3 0 K, a wepes
OECKOHEYHYIO TEMIEPATypy, TO PAa3HOCTh MEXAY
MOJIOXUTENbHOM H OTPHLUATENLHOH TeMIIEpaTy- 2 1
paMu Bcerga OeckOHeYHa. OTO ykasbiBaeT Ha
HEYJOBJIETBOPHTEIBHOCTh  CYLIECTBYIOMmEH Tep-
MOJIMHAMHAYECKOH IIKAJNBI W Ha HEOOXOMMMOCTD

Y
nepexoga k wkane 7T=—1/T, koropas He MUK Swne S
00713a€T OTMEYEHHBIM HEJOCTATKOM.
7.2. I3 OCHOBHOIO YpaBHEHHS TEPMOMHA- Puc. 67.

MHKH HAXOINM
T=(0U/0S),. 1

lMpunuMas 5To paBEHCTBO 3a OMpEHENcHHE TCPMOAMHAMHYECKOH TEMIEpaTyphl,
MBI BHIMM, YTO €CIIM BHYTPCHHAS 3HEPIHA CHCTEMBI B HEKOTOpPOH 00JACTH COCTOAHHN
MOXeT OBITb Takoif, 4TO 4YacTHas NpPOM3BOAHAZ TO JHTpomuu (1) oxa3biBaeTCH
OTPHIUATEIBHOMK, TO COOTBETCTBYIOWIEE COCTOSHHUE OY/IET COCTOSHMEM C OTPHUATEIBHON
TEMNEpaTypoi.

B 06bMHBIX CHCTEMax HE CyWIeCTBYET BEPXHEro Hpejeia s 3HAYEHHH JHEpruu
u dynkima U(S) MOHOTOHHO BO3DACTaeT, TAK 4TO TeMIepaTypa 7 BCErAa MOJIOKHTENb-
Ha (puc. 67, xpuBas /). OnHako Yy ~HEKOTOPHIX (HEOOLIMHBIX) CHCTEM 3JHEPTHS
OTpaHH4eHa CBEPXY, MOITOMY IJIA 3THX CHCTEM

UMHH < US Umaxc .

[MockonpKy HEOOLIYHbIE CHCTEMBI MOIYT HMETh KaK IIONOXHTEBHYIO, TaK H OT-
PUUATENBHYIO TeMrlepaTypy, To (ynkumus U(S) MOHOTOHHO BO3pacTaeT MWL 110
HEKOTOPOTO 3HaueHusd SHepruM Uy, B KOTOpO# SHTPOINS AOCTHTAET MAKCHMAJLHOrO
3HAYCHAS S=Sya. IIpH JanpHelieM yBeTWHCHHM SHeprud mnpowssomuas (JU/0S),
6yner otpunaressHoil (T<0 K, xpupas 2).

8.1. IlIpcobpazoBanus JlopeHna /Ui [A4BJIEHHA MOXHO TOAYYMTh WCXOAA M3
OMpE/E/ICHUA MABJICHHA, 3HAs 3aKOH NpeoOpa3oBaHMA CUIIBL, JACHCTBYIOLICH HA MOBEPX-
HOCTh TeNa, ABHKYLIErocs BAOIL OCH:

szFg’ FyzF)'o\/ ]—B2> F2=F2\/ 1_62

Tax xak NOBEPXHOCTD, IEPHEHAUKYNAPHAas OCH X, HE HCIBITHIBAET COKDPAIUCHHS
Jlopenila, a NOBEPXHOCTH, NCPNECHIMKYJAPHLIC ABYM APYTHEM OCSM, COKPAINAIOTCs
B oTHoweHnud ./1—B2, 1o p=p,.

OTOT pesyibTaT sBISETCH YACTHHIM CIY4a€M DENSTHBHCTCKMX Hpeobpa3oBaHmil
KOMIIOHEHT Hanpxx(eﬂnﬁ, Koraa OHH CBOUAATCE K  HOPMAJbHOMY  JaBJICHHUIO!
P=ty=ly=1,,, ;=0 (i#]).

8.2. B pendATMBHCTCKOA TEPMOAUHAMMKE CTEHKH, OTDAaHHYMBAIOLIHE CHCTEMY,
HIpaloT CYWIECTBCHHYIO DPOJb. PaCCMOTpPIM CHCTEMY B LHJIHHAPC C IUIOWAABIO
s TOpHOBOﬁ CTE€HKH, KOAKCHAaJIbHOM C HAMpaBJICHHEM [JBHXCHHS. l'[ycrb CHCTEMa
ABHKETCA CO CKOPOCTBIO ¥ OTHOCHTEJIBHO HaGJIIOIlaTCJ'UI. Ecnu JABJICHHEC BHYTPH
CHCTEMBI p, TO 3ajHss CTEHKa WHJIMHApa coBepiuaeT 3a 1 ¢ paboTy psv Ham cHCTEMOH,
a CHCTEMa —TaKylo Xe pa6o-ry Ha HCpClIHCﬁ CTCHKE. CJICHOBaTCJIBHO, SHEPIrus
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NMpOTEKAET 4Yepe3 CHCTEMY BIEPe], BO3Bpaliasch OOPAaTHO uepe3 OGOKOBLIE CTEHKH.
DTOT TNOTOK 3HEPTHM BIEPEN dYepe3 CUCTeMY M OOpaTHBIE MOTOK 4Yepe3 CTeHKH
YBEJIMYUBACT HMMIYJLC CHCTEMBI M YMCHBHIAET HMMIIYJbC CTEHOK.

HiMnynbc, TepeHOCHMBIA 3THM NOTOKOM 3HEPruM, MOXET ObITh TOACYMTAH Ha
OCHOBE NPOCTOTO MBICIEHHOTO JKCTIEPHMEHTA, KOTOPBIH OOHAPYXHMBAET PEANbHOCTD
Takoro moToka. [lomycTHM, 4To 06e TOpHOBHIC CTEHKM OJHOBPEMEHHO B COGCTBEHHON
CHCTEME IMJIMHAPA OBICTpo YOHPAIOTCS H MBI IPUXOOUM K «OCBOBOXIECHHOM» CHCTEME.
B cobcTBeHHON CHCTEME OTCHETAa DAcCMaTpUBAECMAass TEPMOAMHAMHYECKAS CHCTEMA
6yneT OypHO pacIIMpSATLCS, CHMMETPHYHO BHEPE] M Ha3aJ OTHOCHUTEILHO HANPABJICHHA
apuxennst. OMHAKO LEHTP MACC CHCTEMbBI HE H3MCHUT CBOErO MOJIOKEHHS OTHOCHTEIBHO
nenTpa Macc creHok. Ho HabmiomaTesmio Bech 3TOT mpoliecc MpeacTaBIISETCH COBCEM
unave. OH OOGHApYXHT, 4TO 3a[HAS CTEHKA YIOANseTCs paHblle, a MEPenHss CTEHKa —
NO3Xe, TPUYEM BPEMA 3amasIbIBAHHS.

AtO+(v/c?) 1@ vl ©@
= = ,
/1_[32 C2 /1__'32

rae !9 —pnnuHa mMMEApZ B cOBCTBEHHON CHCTeMe oOTcdeTa. DTOT HabiopaTelb
YCTAHOBHT, 4TO CTEHKH COOGINAKOT CHCTEME MMITYJILC cuitbl — ps At=vpV @ /(e /1—B2).
TeM He MeHee LEHTPBI MacC CTEHOK M CHCTEMbI, KAK H DaHbINE, COBMAJAIOT. ITO
MOXeT ObITh TOJBKO B TOM CHIy4Yae, €CM CHCTEMA B HAYANLHBIE MOMEHT obmamaer
HEKOTODBIM M30BITKOM MMIyJhca (TOTAAa Kak y CTEHOK eCTh HEKOTOpas HEXBATKA
HMITYJIBCA), KOTOPBI B TOYHOCTH KOMIIEHCHPYETCS MMITYJILCOM, TEPEABAEMEIM B Teue-
HUE MPOMEXYTKa BpeMeHHM Af. DTOT M36BITOK mmrynbca Ag=pV©/[c2 /1—p2.

8.3. Ilycts B IMIMHApE MABHKYTCS ABa (OTOHA B pa3HBIX HANPABJIEHMSX
1 B COOGCTBEHHOM CHCTEME OTPaXaroTca OT TEPE/IHETO U 33AHETO TOPIOB OJHOBPEMEHHO.
Ilo oTHOWEHWIO K HBWXYymIeHcs CHCTEME OTCHETAa OTDAXEHHS ITHX [ABYX (DOTOHOB
HE OIHOBPEMCHHBHI, a OTJIM4AIOTCA HA NPOMEeXyTok Bpemenn Ar=0/®/(c?./1-8?).

B TeueHue 3TOF0 nMpoMexyTKa 06a GOTOHA HBHXKYTCH BNeped. MI3GHITOK MMIyIbca
Ag GoToHOB, HAOMIONAEMBI OTHOCHTE/BHO MBIDKYLICHCS CHCTEMbI OTCYETA, PABEH
MMIYJIBCY 3THX (OTOHOB.

JBmxyumiics HaOMIOJATENb YCTAHOBHT, YTO B TEYEHHE TPOMEKYTKA BpeMeHH At
CcTehku coobmarT GoToHam umnynbe cuibl psAt=ppV ©@[(c? /1—B?), Bcneactsue

4ero MX oOmuid MUMIyibe
g=pV9(c*/1-B2).

At

9.1. U3 ypaBHeHus
30=CydT+T(0p/0T),dV
HAXOJMM, 4TO IPH H30TEPMUUECKOM Ipollecce
8Q0="T(0p/0T),dV.

3asucnmocTs npousBoaHoil (0p/dT), or T u V, Kak M camMo ypaBHEHHE COCTOSIHHS
p=p(V, T), Helb3s ONPE/ETHTb UCXOAS W3 MEPBOTO M BTOPOO HAYAN TEPMOTMHAMHKH.
IMosToMy Ha OCHOBAHMM 3THX 3aKOHOB HeENb3Sl CIeJaTh OJHO3HAYHBIA BHIBOA, 4TO
Hynesas u3oTepma (T=0) coBmagaer ¢ ammabatoi (3Q=0) mrm He coBmajmaer.

JeHCTBUTENBHO, €CITH YPABHEHHE COCTOSIHHS CHCTEMEI TakoBo, 410 (Jp/dT ), —const
opu T—-0 K (xak, Hanpumep, B ciyyae HieajbHoro rasa), to 86Q=0 mpu T=0K;
eCJIM K€ CHCTEMAa TaKoBa, MTO ISl Hee (6p/0T)V—>const/T npu T-0 K (dyro Oymer
HMETh MECTO, HATIPUMED, B CIlyyae CHCTEMBI C YPAaBHEHHeM COCTOsHES pV=alnbT),
10 6Q#0 nmpm 7=0K. BblBox o0 COBmascHMM M3OTEPMHYECKOrO HpOLECCA TpH
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T=0K ¢ aguabaTHeIM MOXHO ClI€NaTh TOJBKO HA OCHOBAHHHM TPETHErO Havala,
cornacao kotopomy (9p/0T),=0 upn T=0K s Beex Ten. OTcroma Cleyer, 410
HHU KACaJbHbIH a3, HH BEUIECTBO C ypaBHeHHEM coctosHusi pV=alnbT mno TpeTbeMy
Hagany npu T—0 K cymecTBoBaTh HE MOTYT, XOTH IO HEPBOMY M BTOPOMY HadajaMm
OHM BO3MOXHbI NpH JM060# Temneparype.

9.2, Ommubxa B TNPHUBEACHHOM J[O0KA3aTEILCTBE COCTOMT B TOM, 4TO, TNPUHAMAS
COBNAJICHUEC H30TepMBI AB C OCBKO DJHTPONMH, JONYCKACTCA BO3MOXHOCTb LHMKJIA
KapHo ¢ T,=0K. A 5T0o nporuBopeuut BTOpPOMY Hauany (cMm. § 18).

9.3. OmmbKka CONECPXUTCS B TIEOMETPHYECKOM JOKA3aTelbCTBE TOro, YTO OpH
gonyieHud C¥ =00 31eMEHTapHas IUIOINA/KA B BEPUIMHE MPAMOrO yrid, obpa3oBaH-
HOTO KPHTHYECKMMH H30XOpoH M m306apoil Ha mirockocth V, p, wHcuesaet Ha
mwiockocTd S, T u, CIeA0BaTeNbHO, B TPOTHBOPEHMH C NEPBBIM HavanoM  AKoOHaH
D suipoxnaercs (paBeH Hymo). B AeHCTBHTENBHOCTH e, KaK CIEAYET M3 NPOCTHIX
BBIYHCJICHHH, dIeMeHTapHas miomanka d Vdp Ha nmockoctd V, p OKOJIO KPHTHYECKOH
TOYKH, HMEIOINAs BUI NPAMOYTOJIbLHHKA, NpeoOpasyeTcs Ha IIIOCKOCTH S, T B BHITSHY-
THIA MapaniesorpamMM, y KoToporo npu C§— o0 OCHOBAHME YBETHIHBAETCH BO CTONBKO
xe pa3 (cTpeMsch K OECKOHEYHOCTH), BO CKOJIbKO Pa3 YMEHBIUAeTCs BBICOTA (CTPEMSCH
K HYJIO, TaK 4TO KacaTellbHas K KPUTHYeCKOH m3oxope Ha S, T IJIOCKOCTH B Hpepene
coBNajgaeT C KacaTelbHOH K KpuUTHYecKoi u3ofape), a IWomagep Hapajulesorpamma
HE M3MCHSETCHA, OCTaBasch paBHOW Mioinagd npsamoyroasHuka d Vdp. IMosromy D=1
B COOTBETCTBUM C TEPBLIM HAYAIOM TEPMOAMHAMHKH. TakuM oOpa3om, JonylleHHe
Ch=0c0 He TPOTHBOPEUMT 3TOMY 3aKoHy (cM. § 62).

B paMkax TepMOIMHAMHKH HEBO3MOXHO ONpPEAeNUTh moseneHue Cy B KPHTHYECKOM
Touke. Ee 3akoHam He npoTuBopeunT Hu C¥ =const, wu C%— 0. Tax, ras Ban-nep-Baansca
HMEET KOHEYHbIE 3HA4CHUS TetutoeMKocTH Cy TP NOAX0/E K KPUTHYECKOH TOUKe ¢ obeux
CTOPOH (T< Tou T> Tk), KCTBITHIBAS B TOM TOYKE KOHEYHEIA ckavok. OgHako 3TO He
APOTHBOPEUHT TEPMOJMHAMMKE, XOTS B HACTOSIICC BPEMs U3BECTHO, YTO TEOPHs rasa
Ban-nep-Baanbca HEMPaBUIIBHO OTIMCHIBACT XaPAKTEP CHHTYJISPHOCTH B KPHTHYECKOM TOUKE.

9.4. Omnbky B NMPHBECICHHOM [IOKa3aTENBCTBE JIETKO ODHAPYXHTH O3HAKOMMBILIHCH
C TpPaBHJIbHBIM BBIYMCIEHMEM K. 1. J. nukia CTupiuHra B perueHuu 3ajauu 3.21.

9.5. Ilo BropoMy Hayaly TEPMOAMHAMUKU, IHTPONMS CHCTEMBI SBASETCA OJHO3HAY-~
HO# ¢yHKUMEH ee cocrosuusi. VI3MeHeHHe 3HTPOUNMM MPH [EPEXOJE CHUCTEMBI H3
OJIHOTO COCTOSIHMSA B APYroe He 3aBHCHT OT Cnocoba mepexoja — paBHOBECHOTO HITH
HEPABHOBECHOTO, €CJIM OHH 0Da BO3MOXHBL. B mpoTuBHOM ciyyae MOXHO ObUIO ObI
HOCTPOMTE BEUHBIA JBUraTesib BTOpOro poaa. OOHAKO Nepexoj CHCTEeMBbl U3 OAHOrO
COCTOSIHHSL B Opyroe, coBepHIaeMbiii anuabaTHO pPaBHOBECHO (5Q=TdS=0), HEJIb3A
OCYHIECTBUTH (ANHAOATHO HEPABHOBECHO (BQH,,:O, dS>0), U HaobOpoT, TaK Kak 3TO
OPOTUBOPEYAT BTOPOMY Hadajily 00 OJHO3HAYHOCTH JHTPOIHH.

9.6, Ilpn oOpaTHMOM COOOILLCHHK TeNy TEIUIOTHI TeNO [EPEXOMMT B pa3Hbie
COCTOSHHS, TOCKONBKY, II0 BTOPOMY Ha4aly TEPMOJAMHAMHKH, npu oOpaTHMOM
COOOIIEHHN TEmNOThE 8Q TENy OT TEIUIOMCTOYHUKA C TeMIepaTypoil T u3MeHEHHe
suTponuu Tena paBHo dS=08Q/T, a npu HeoOpatumom dS'>06Q/T.

9.7. CornacoBaTh NPUBEACHHBIE YTBEPXKICHHA HEBO3MOXHO, TAK KaK OAHO M3
HUX ouinbouno. las doToHHOrO rasa aguabara omuchiBaeTcs He ypaBHeHMeM IlyaccoHa
pV¥=const, rne y=C,/Cy="/5, a ypasrerueM pV “/3=const, B KOTOPOM MOKa3aTENb
creneHu */, He MMeeT HU¥ero OBIUEro ¢ OTHOIIEHHEM TEIIOeMKOCTEeH Y.

9.8. ITo npusiuny Kaparteonopw He TONbKO BOJIM3H, HO M CKOJbL YIOJHO BAAJH
OT J000r0 PaBHOBECHOTO COCTOSIHMS TEPMHYECKM OJHODOJIHOH CHCTEMBI CYLIECTBYIOT
COCTOSHMS, B KOTOpBIC Helb3s MOMACTb IPH INOMOLM aanuabaTHOro mpouecca,
TIOCKOJIBKY TPH 3TOM IPOLECCE CHCTEMa IPOXOAMT TOJIBKO 4epe3 COCTOSHHA C O/JMHa-
KOBOH DHTPOMHEH W MOITOMY BCE JPYTHE COCTOSHHA (HE3aBUCHMO OT ux Onusocru
WM JadbHOCTH) JUIA HEe HELOCTHXKUMBI.
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10.1. CornacHo ypaBHeHHo I'u66ca— I'enbMronsna,

O
o2an(¥).

rae (,—— TemIoTa DPEakKiMH, OTHECEHHAs K MOJIO, a Qp/(ZF)—TCIUIOTa, OTHECEHHAs
K 3apaay (z— BaNeHTHOCTh, F-—mocrosHuas PDapages).

Mpu t=25°C ». 4. .c oanemeHTa 6=0,96466 B, npuyeM 3a CYET TEIIIOBOTO
pe3epByapa JOCTaBIsSETCH

T(06/0T),=4,585-10"2 B.
Tennora peakuud Ha 1 Kn MpOoLICAUWIEro Yepe3 3JIEeMEHT 3apsja pasBHaA
Q,/(zF)=&—T(069T),=(0,96466 — 4,585 - 10~ 2) JI/Kn=0,9188 Jix/Kn.

10.2. TpeanonoXuM, YTO XHMMYECKas PEaKUHs, NPOUCXOAAINAs IIPH TPOXOX/IACHUH
TOKa 4epe3 IEMEHT, CONPOBOXAACTCA M3MEHEHHEM obbeMa. Ilycth aueprus I'enpMrosin-
a H 00beM HMEIOT IEPBOHAYAJIBHBbIE 3HAYCHUA F;, V;, a mocie NPOTEKaHWS €OMHUIBI
3apsna oHu paBHbl F,, V,. BHemHee masneHue p u Temneparypa I mOCTOSIHHBL YOLLIb
3Hepruu I'enpMronsua paBHa paboTe Ha NepeHeCCHHE CAMHMIBI 3apiaa M HA YBeJIMHYCHUE
obrema: & u p(V,~Vy). Takam obpasom, Fi—F,=&+p(V,—V,), otxyaa

<6F1> <6F2> (ag> N (aV2 6V1) Vv
1) [ Z22) =2 +p( 222 —v,.
a)r \op)r \op)r \ op)r =
W3 Beipaxenus dF=—SdT—pdT naxomum (0F/0p)r= —p(0V/0p)r, mosTomy

(0813p)e=V1~V,.

Ota ¢opMysia yKa3bIBacT, YTO €CJIM XHMHYECKAS PEaKIUs B 3JIEMEHTE COMPOBOX-
naetcs yBenuuennem oGbema (V,>V)), TO 3. /. C. yMEHBIIACTCH NPH YBENUYCHUM
BHCILHETO JaBjieHMs W HaobopotT. Ecnm peaknus npoTekaeT MeXAy XHIKHMH HIIH
TBCPABIMHM TENaMH, TO M3MCHEHHC OObeMa HE3HAYHTEJbHO M B 3TOM Ciydac 3. I. C.
[IPaKTHYECKH HE 3aBHCHT OT JABJIEHHS; B Ta3OBBIX XK€ JIEMEHTAX 3aBHCHMOCTH 3. 1. C.
OT JaBJICHHS BECbMa CYLICCTBEHHA.

10.3. M3 (10.8) B cayvae rasa Bam-nmep-Baansca mis TemmepaTyphl HHBEPCHH
HOJIydaeM ypaBHEHHE

2a RTb _
v: o(V—b)?

Ecnu otcioma onpenenute V' M mOACTaBATH B ypaBHeHue Bau-nep-Baambca, TO
Mbl Haiimem 7; xak (yHKUMIO HaBleHHsA p:

J4 8 3% \?
T= 1 + = (1——p{,
ToRK\ T2 at
mm BBOJA KPHTHYECKYIO TEMIEpATYpy
i ,p =8a/ (27 Rb) 1 KPHTHYECKOE JaBIICHUE
{ =a/(27b%),
I
! 1 P 2
I Ti=3T,{ 1= [1— . )
1 2 Pup
Fhele  3Teg 7Tl T
U3 sroit dopmynnl BuaHO, uTO TpH p<9p,,
Puc. 68. CYLIIECTBYIOT aBe TOYKH MHBEPCHH T?
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u T}. C poctom nmasnenus T7—T?=6T,,\/1—p/(9p,,) ymeHbIIacTCa M TpH p=9p,,
obe Toukd WHBEpcHH cimparotcs B oaHy T;=3T,,. HaobGopor, npr MaJmIX JABICHHAX

T?=3Tp/4=2a/(9Rb), T?=27/(4T,)=2a/(Rb).

Jlia GOJBHIKHCTBA Ta30B HIDKHASN TOYKA MHBEPCHM HAXOMUTCA B 00JAacTH XHAKOTO
cocrosuus. Ha mwiockoctn ¢ ocsime T, p xpuBas uuBepcud [cm. ()] mmeer
kyrnonooGpassyio gopmy (puc. 68). Obnacth MONOKMTENLHOrO IPHEKTA JIEKHT BHYTPH
kpuBoH. KauecTBeHHO BCE JTO COIJACYETCS C OMNBITOM.

104. C,—Cy=T(0p/dT ), (0V/0T),. B Touke mmsepcun T(3V/dT),=V, mosromy

C,—Cy=V{(0p/eT)y.
10.5. Marunrokanopuyeckuii adpdext (0T/0H)s Moxno HallTH M3 BBIPAXEHHS
mupdepernuana 3HTaNbnEM [, OTHECCHHOW K OOBEMYy MarHeTHKa
dI=TdS+Vdp—JdH.
aJ\ (o
(G-

aJ
Npu nocrosunom nasnenuu (07/0H )s=—(0J/0S)y. Ho ( )

S/
= T l?J MIO3TOM
AN y
aT\ T (ol
0HJs  Cg\oT/y

Hns semects, nopuuHsMmoumxcs 3akony Kiopw— Beiicca /=CH/(T—6), nonysaem

aT CTH

dH J§~ Cy(T—0)*"
OTKYZi@a BHJAHO, 9TO MarHuTOKasopmueckuii >pdexr semux 86im3u rouxm Kiops, uro
B JEHCTBHTENBHOCTH M Habmiomaercs.

10.6. Pabora xuMHYecKMX CHJI NpPH H300apHO-H30TEPMHYECKHX NPOLECCAX paBHa
yOBUTH TEepMOJAMHAMHYECKOrO NOTEHIHAJa H onpefensiercds ypasHenueM I'uObca—

TenpMromsna (102)
W,= ‘2 +T
r P oT A >

rae Q,—TtemnoBoll 3bdexr peaximm. UssectHo, 9TO
dG=—-SdT+Vdp+ ¥ mdN;

H Npy W306apHO-M30TEPMUYECKUX NIPOIECCAX
dG‘—"Z |,1.~dN.-=dnz Wi vi,
rae dn—4HCIO «COMHHYHBIX pEaKIHil», ONpPEAE/IAEMBIX ONHHM HaBOPOM MOJIEKyJ
COTJIACHO ypaBHEHMIO peakimd. Paborta
W=—AG=—AnY vipy=—AnY v;[kTIn c;+kTlnp+pei{T)}

Uz  dopmynst  (10.36) kTInK.(p, T)=—kTY viinp—Y viue:(T), mosromy
i i
W=AnkT(In K.~ vilnc;). Onpeaenss orcroaa (0W/0T), u moxcrasnss B GopMyisl

(10.2), Haxomum
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oK\ O
oT J, RTY
T. €. BIAAHME TeMnepatTyphi Ha K., a CleoBaTeNbHO, M HA YCJIOBHE DPaBHOBECHS
[0 OTHOIIEHHIO K HEKOTOPOH XMMHYECKOH peakuuy ONPEAEIseTCs TEIIOBBIM ddekToM
Q, 3TOH peaKuuu.

10.7. PaccMOTpHM TeTEPOTEHHYIO CHCTEMY W3 n (a3 ¢ k KOMIIOHCHTAMH TpH
NOCTOSHHOM Temueparype I M MaBNEHHH p U HAaWAEM YCIOBHS DPaBHOBECHS TaKOM
CUCTEMEI.

OfwM yCoBHeM paBHOBecHs B 3ToM ciydae Oymer 8G=0. TepmoanHamuveckuit
NOTeHHMANl G TeTEPOrcHHOH CHCTEMbI PABEH CYMME TEPMOJMHAMUYECKUX ITOTCHIHMAJIOB
G' xaxmoit dasbt:

n

G=Z GYT, p, Ni, .., Ni), m
TnipUeM

S Ni=N; (j=1,2, ... k). @

Takum 00pazoM, HYXHO HaWTH MHHHMYM BbIpaxeHHst (1) HpM JOMOJHMUTENBHBIX
cBa3sx (2). [na omnpeAcncHHUs YCINOBUH, NPH KOTOPBIX - AOCTUTAETCH OTOT MHHUMYM,
pELIAM COBMECTHO CHCTEMY ypasﬂex-mﬁ

86 = Z Z—BN' Y Y pisNi=0, )
i j

i=1 j-l

Z?‘)N’ (j=1, 2, .., k). “)
i=1
VMHOXHB Kaxa0e M3 ypaBHeuuit (4) Ha COOTBETCTBYIOIMHA MHOXHUTENb A; H CIOXHB
MOJIyUCHHBIE YPAaBHCHUS C ypaBHeHmewm (3), Haiinem

n k
T X (i) dNi=0. ®
i=1 j=1

Baprauun SN} cBasaHpl k ypaBHeHusMu (4), mosTomMy kK U3 HHUX 3aBHCHMBI,
Hanpumep SN} (j=1, 2, .., k), T. c. BAPMAIMN YHCIA HACTHIL KAXKIOrO KOMIIOHCHTA,
BXOJLICIO B MEPBYIO Q)axy. BriGepeM MHOXHUTENM A; TakuMH, 4ToObl K03(QUUMEHTHL
npu 3aBuchLIx papuamusx ON! B ypasmenmun (5) obparwmcs B Hyas. Torpa
A;j=—W] M B YPaBHCHMH OCTAHYTCH /HMIb WICHBl C HE3ABUCUMBLIMU BAPHANUAMH
SN (i%1)

n
)}

i=2 j

( —Rj)ON =0,

HMw

oTKyaa
wi=p} (j=1, 2, .., k; i=1, 2, ., n)
WK
wi=pi=pi'=..=pp,
pr=pi=ps==pf,

T. €. IpPpH PaBHOBCCHH reTCpOI‘CHHOﬁ CHCTCMbl XMMHMYCCKHE TIIOTCHUMAIIBI KaXa0ro
KOMIIOHCHTA BO BCEX (ba3ax OJIHHAKOBBI.
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10.8. Peaxumst obpasoBaHust BOISHOIO rasa IpoTekaeT 0e3 M3MEHEHHS YHCIa
monel. [Toatomy

Ko=K,= n,0Cco _ 9,46-9,46

=1,591.
10.9.
VH2=1, V12=1, VH1=2, CHZClz/clz-llch=Kp-

Ecmn x mons w3 a=8,1 Mons H, pearupyetr ¢ teM xe uuciom Mmoie#k I, (u3
obwero umena b=2,94 momb) M obpasyetca 2x mome HI, To npm pasnoBecuu

a—x 8,1-x b—x 294—x 2x 2x
== , ,=——F=—7—"—, ==
axb 11,040 T arh 11,04 0 M axp 11,04

CH,

O3TOMY
(8,1 —x}(2,94 — x)/{4x?%)=0,01984,
oTkyna x=2,82. Yucino moneii HI mpu pasHOBeCHH Ay =5,64.
10.10. W3 poipaxenus dp=-—sdT+vdp naxomum v=(0p/dp)r. a mncmons3ys

¢dopmyny (10.39), nomyuaem
dlnfy v
p Jr kT

Py

H 1Ipy¥ U30TEPMHUYECKHX YCIOBHAX

lené=Jvdp4 1
fi
Py

DTO ypaBHEGHHE ABJIACTCA OCHOBOM MeETOza omnpefeienus Jerydectd. IlycTs
H3BECTHA W30TepMa peajbHOro rasa /—2 (puc. 69) mo Takux HamiieHHi po, Korja
B IIpeJieIax IOrPEIIHOCTH OTbITA TOBEICHAS PEalbHOTO M HJCAJIBHOTO Ia30B 3aMETHO
HE OTIMYalOTCH. PaccCMOTpEM ‘B HEKOTOPOM MHTepBajte AaBieHui Hsorepmbl v(p)
peasbHOrO M HICAJIBHOTO - Fa30B.

Jna peanbHOTO W HMACANBHOTO ra3oB, corjacHo ¢opmyne (I),

?
f_ -
kTIn== jvdp==S,42p,,
fo
pl

rae S— naoiaab.
Jns -maeaqbHOro rasa
P

kTln £=Jvdp=sp,4'z,,0.
Po
Po

Mo omnpenenenn:o, NOaBJeHWE po BHIOUpAETCH TaKHUM, HYTOOB po=p*~f,, HO3ITOMY
JeTydecTh f TIPH TPOM3BONBHOM p paBHA®

Inf—Inp=w/(kT),

rae o-—nrowags AA424.

* 3uavenus f Ut Pa3HBIX JABJEHMA W TEMIEPATYD TPHBOATCH B CHPABOYHAKAX
Mo TEPMOAMHAMHKE.
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10.11. Tperbe Hayano TEPMOAUHAMHKH
MOXeT OBITb KOCBEHHO WCHONB3OBAHO Uit
HAXOX/ICHUA 3JHTPONMAHOM NOCTOAHHOA Hjic-
ampHoro rasa. JleHCTBHTENLHO, PacCMOTPHM
TBEPAOE TENO B pPAaBHOBECHH C rasom. Hx
XHMHYECKHE TOTCHOMAIBI HPH 3TOM JOJXHBI
OBITh OIMHAKOBRL Hi=},.

Ho u=u—Ts+pv, MOITOMY XUMHYECKHE
MOTEHOMANBI Ta3a H TBEPAOrO Tella COOTBET-
CTBEHHO PAaBHbI

py=u; —T(c,In T~ Rlnp+s0)+poy,
w2 =us~T5;+pv;

v H, CIcaoBarTeiIbRO,

Puc. 69. RTlﬁp-——[uZ——ul +P(02_U1)]+
+cp, TInT—Ts,+ Tso,

T

[
rae s;= | 2d7T (0 TpeTheMy HAYaNy TEPMOIWHAMHKH), & BBIDAXCHHE B KBaIPATHBIX
T

0
ckofxax mpencraBaser coGol TEMIOTy BO3LOHKH (), MOITOMY

T
so:-%—c,ln T+'[c—]’idT+Rlnp-
0

Onpenensis KCnepUMEHTaNbHO O, ¢p, p B T, MOXHO BBIYHCIHTE IHTPONHHHYIO
MOCTOAHHYIO Sp MIS rasa.

10.12. Yncno TepMOAMHAMHYECKHX CTeNeHeH cBOOOIBI ONpENENAETCA YPABHECHHEM
f=k+2-n.

1. Wmeem omuy razoobpasuyro ¢asy (map), omny xXuikyro (pacTsop) M HBe
TBepAbie: n=4; 4ACIO KOMIOHEHTOB PABHO YHCIY XMMHMYECKH HE3aBUCHMBIX COCTABHBIX
vacreit cucremsl H,0, NaCl u KCl—k=3. CaenoBarensno, f=1. Cucrema ¢ onHoit
CTENEHbI0 CBODONBI HA3biBaeTCH monosapuanmuoil. He usmensa umcna ¢a3 taxoi
CHCTEMBI, MOXHO M3MEHATH WIM TEMNepaTypy, WIH AABJCHHE, WIM KOHLEHTDALHIO
ofHOW M3 coled pacTBOpa.

2. k=3, n=5 (pacrBOp, TpH KpHCTajNa, mNapbi BOJbI), CJEIOBATEILHO,
f=k+2-n=0.

3. k=3 (Boxa, caxap, kepocun), n=4 (map, xBa pacTBOpa, JI€H), CEIOBATEIBHO,
f=L
10.13. Ilpasmio a3 He m3Mmenmrcs. JleHCTBHTENHHO, €M B LENOM BO BCEX
(basax CHCTEMBI HEAOCTAET /M KOMHOOHEHTOB, TO 3TO YMEHBINACT YHCIIO NEPEMEHHBIX
Ha m, HO OMHOBPEMCHHO HAa CTONBLKO X€ YMCHBINMTCA H YHCIO YPaBHCHMA g
XMMHYECKHX OTCHIHAJIOB.

10.14. ®OynxuAs u, 34BMCHT TOJXBKO OT v M 7, HO He 3aBHCHT OT CBOHCTB
BEHIECTBA CTEHOK, OKPYXAaIOWMX TOJOCTb. JTO HEMOCPEACTBEHHO CAEAYET H3 BTOPOTO
Havajlia TepMOAMHAMMKM. B caMoM nene, mycrb AaHbl e nojxocty 4 H B, crenxu
KOTOPBIX COCTOST M3 Pa3HBIX BEILECTB, HO NPABEACHL] B CONPHKOCHOBEHHE C TEILIOBRIMHU
pesepByapaMud OAHOH B Toi xke Temmepatypn 7. Ilpemmonoxam, 910 B 3THX
NOJOCTAX /I OMHOFO M TOr0 e ONPEJEICHHOTO YYacTKa CHEKTpa YCTaHOBHIHMCH

354



pasyMyHble 3HaueHus u,. CrpoenupyeM HeOOIbIIOE OTBEPCTHE, CACNAHHOE B 4, Ha Takoe
KE OTBEpCTHE, CHENAHHOE B CTEHKE HONOCTH B. Ilpmkpoem OTBEPCTHS LBETHBIMH
CTeKNaMi, Tak NoAo6paB uX, 4TOOBI OHM MPOINYCKAIM CBET TOJILKO TEX 4acToT V,
KOTOPBIM COOTBETCTBYIOT Da3JiM4HbIC 3HAueHUS u,. llycth, Hanmpumep, u, B NOJOCTH
A 6onsure, yeM B nosiocti B. Torana B nonydaeT oT A Ooibine 3HEPTHH, YeM H3Iy4acT
camMo B oOpaTHOM HanpaBieHud. 3HAYMT, TeMmicpaTypa pesepByapa, Okpyxarouiero 4,
CTaHET TIOHMWXKATHCS, a TEMIEPaTypa pe3epByapa, OKPYXaloUEero B,— yBeJUYHBATHCA 1O
TeX Nop, NoKa oba 3HauYeHUs u, HE CACNAIOTCH DPABHBIMU. BO3HHMKIIYIO pa3HOCTD
TEMIEpaTyp MOXHO ObUIO OBl HCHONB30BATE C NMOMOIIBIO TENIIOBOH MAIUMHBI s
noyvends paborsl. CreqoBaTenbHO, pa3auuue 3HAUCHUN u, AJd noaoctelk 4 1 B no3so-
10 OB MOCTPOMTH BEYHBIN ABMTaTENb BTOpOro pona. IlosroMy, mo BTOpoMy Hadany
TEPMOAWHAMUKH, 3HA4YeHHA u, MU BCEX 4YacCTOT B OOEMX TOJOCTAX JOJIKHBI OBITH
OIJMHAKOBBIMH HE3aBHCHMO OT BEIECTBA CTEHOK.

10.15. Kax u3BECTHO, OTBEPCTHE B NOJOCTH BeACT e KaK yepHas MOBEPXHOCTH
¥ H3JyuyeHMe, NMOKHAAMollee Yepe3 Hee MOJOCTh, 10 HHTEHCHBHOCTH W CNEKTPAJBHOMY
COCTaBy MACHTHYHO H3NyYEeHMIO abCONIOTHO HEpHOro Tesa c TemmepaTypod 7.
BerauciuM, Kakylo JHEPTHIO B HHTepBajle uacror dv ucmyckaer 3a | ¢ monocrs
4epe3 OTBepCTHe Iomianpio dS MpH TUIOTHOCTH HM3JIYYEHHS. 4, B IOJOCTH.

OHeprus u3NyyeHus B MHTepBane dv, BLIXOAAINErO U3 OTBEPCTHA 33 1C nHo
HanpaBjieHuto HopMamn k dS B TemecHom yre do, oueBmaHo, paBHa gone de/(4r)
OT SHeprHM B IMIMHAPE ¢ ocHoBaHueM dS M BBICOTOH ¢ (c—CKOpocTb cBeTa):
u,dvdScdw/(4m), a oHeprus M3NAYYeHHS, BHIXOMSAINEr0 W3 OTBEPCTHA [OX  YIJIOM
0 x Hopmaiu,

u,dvd Scdo cos §/(4n). 6y

O6ias oHeprus B uHTepBale dv, Hcxonsmas 3a 1 ¢ M3 OTBEPCTHS, ONPEICIHTCH
HHTErpupoBaHneM BeipaxeHus (1) mo monycoepe.
Tak xax do=sin08d8de, To HckOMas 3Hepras paBHa

/2 2n

1 1
Z-uvdvdSc cosOsianGd(p=ZuvdvdSc. 2)
.4

o 0

C apyro#f CTOpOHBI, OTBEPCTHE MMCEET Ty JKE CHEKTPajbHYIO JHEPreTHHECKYyIO
CBETHMOCTh, 4YTO M YepHAs INOBEPXHOCTh TOH K€ IUIOMAJM, a HMMEHHO

£,dSdv. A3)
[MpupaBruBas BbipaxeHus (2) u (3), mMomy4yaeM COOTHOILEHHE
g,=cu,/4

MEXAY CHeKTPallbHOR JHEPreTUYecKod CBETMMOCTBIO HYEPHOTO Tela H IIOTHOCTHIO
M3NYYCHUst TOH € 4YacTOTBl BHYTPH MOJIOCTH.

10.16. Umnynsc dorona wacrorel v paseH hv/c. Eciu 6—yron nagenns ¢otona
Ha 3epKajio, TO HM3MEHEHME €ro MMHyjibca B pe3yjibTaTe yxapa o 3epkajio Oyaer
2hvecosB/c, Tax kaKk H3MEHSETCS TOJBKO - HOpMaibHasi e€ro cocTasisiomas. Ecau
nMajaroliece H3JIy4eHHE IOJHOCTbIO Judpdy3Hoe, TO 4YHCAO (OTOHOB, MAJAIOLUX CO
BCEX CTOPOH Ha IUIOWIAAKY, OAHO M To xe. [loatomy, ecim B | em® comepxures
n (OTOHOB, TO TUIOTHOCTH (POTOHOB, HANpABJICHHE MABWKCHHA KOTODPBIX 3aKJIFOYCHO
BHYTpH TenecHoro yrna do, paBHa pdo, rae p He 3aBucur oT 0 M ompeaensercs
M3 TOro, 4TO TOJHasA IIOTHOCTL p=n/{4n). Taxum o6pasoM, uHciIO (OTOHOB,
najaromux Ha 1 cM2 B cekyHay B TejechoM yrie do ¢ OCbiO, HAKJIOHEHHOH nox
yrnom mageHms O, paBEo pccosfde, a gaBmenme atHx GoOTOHOB
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(2hv/c)cos8 - pccos 8 dw=nhvcos? Bsin 6 d6.

IMonHoe [aBieHHE pABHOBECHOTO M3JIYYEHHS HAMIEM HHTErPUPOBAHHEM 3TOTO
BBIP@XEHHS TI0 BCEM YIJIAM MAJCHHS:

n/2
. nhv u
p=nhv | cos’0sin0d0=—=—-,
3 3
V]
rie u— IWIOTHOCTb 3HEPIMH H3JIY4eHHA.

10.17. Ecim Ha cheKTpafibHBI HMHTEPBal, OTPAHMYCHHBbIH JJIHHAMH BOJIH OT A HO
A+dA I COOTBETCTBYIOIIMMH 4acTOTaMH OT V 0 v+dv, TIPHXOAWTCS IHEPrHs
w3nyyenus dE, 1o dE=w|dM|=u,|dv| u cnexTpanpHas KpuBas pacupeencHuAs
M3ly4eHHsl CTPOUTCA Kak KpUBas 3aBHCHMOCTH %, OT A H #, oT v. Tak kak A=c¢/v, TO

[dAl/A=|dv]/v m u,=r%/c.

OTcrofia BUJHO, HTO MOJOKEHHS MAKCMMyMOB (YHKHEM u;, ¥ %, HE COBNAHAIOT,
MOCKOTIBKY PA3THUHBI T¢ 3HAYCHHS A, TIPH KOTOPHIX MAKCHMAIBHB w, ®H Alu, H,
CJIEA0BATEBHO, JJIMHA BOJIHBI A, HA KOTODYHK NPHXOIMTCS MAKCHMyM GYHKIHH i,
M YaCTOTA V,, HA KOTODYIO NPHXOIMTCA MAKCHMYM (YHKIMH u,, HE COOTBETCTBYIOT
APYT APYTY (AmVm#C).

B 3TOM MOXHO TaKXe HENOCPEACTBEHHO YOENUTHCH, €CHM ONPEAEHHTH V, H3
dopmyner TInanka A18 CHEKTPANBLHOH TIOTHOCTH JHEPIMH NO IIKAJE HACTOT:
8nv? hv 8nk3T3 X3

¢ exp[Av/(kT)]=1 ¢3° expx—1

=

M

u3 A, w3 Gopmysint TInanka 178 CIEKTPabHOM IIOTHOCTH SHEPTHH MO LIKAJE JUTHH BOJIH:
8mhe 1 RS @
AS exp[hc/(AT)] -1 c*h* expx—1’

rne x=hv/(kT)=hc/(kTA).
Huddepenuupys dopMyny (1) mo v, nojyiaem ypaBHEHHE

U=

x
frorymreREl 6)
KOTOpOEe HMMeET pelleHne x=2,8412, mpuBojsiiee K 3aKOHY CMEILEHHS

T/Vm=T%=0,005097 M- K.

Juddeperuupys dopmyny (2) no A, moiyyaem ypaBHeHHME

x
eyl @
KOTOpOE NpPHUBOJNUT K 3HaveHHio x=4,9651 unu x 3akoHy BuHa B ero obGniyHo#t dopme
A T=0,002896 M- K.

Ortciofa ciepyeT, 4T0 MAakCHMyM GYHKIMH 4, OPHXOAUTCS HA 4YacTOTy Vp,
KOTOpO#l COOTBETCTBYET [TMHA BONHBI A B 4,9651/2,8214=1,759 pasza Gonblue, HeM
Ta AJMHA BOJHBL A,, HA KOTOPYIO TPUXOAUTCH MAKCUMYM U;.

To, 4TO MakcHMyMbl (YHKIMA u, W ¥, He COBHAgaloT OOYCIOBJEHO TeM, 4TO
paBHBIM HMHTEPBajlaM JUIHH BOJIH HE COOTBETCTBYIOT PpaBHBIC HWHTEDBANbl 4HacTOT.
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Eci¥ paspenuTs BCIO IUIOLIANb, OXBATHIBAEMYIO KDHBBIMH %, M #,, Ha OoJblioe
YMCII0 BEPTHKAIBHBIX IOJIOC, TO COOTHOIICHHE IUIOWAJEH NONOC B TOM H IAPYroM
CIlyYasix [MPEACTABHT HEKOTOPOE pacnpeiescHie I[UIOTHOCTH OJHEPTWH MO  CHEKTPY,
KOTOpOe OyJeT ONpeNeisTsCs TOJbKO BHIOOPOM IUMPHHBL 3THX mnojoc. DyHKyus
4, JA€T CHEXTPAJbHOE pACIpeleNieHHe JHEPrMM 10 PaBHLIM HHTEPBAJIAM JUTMH BOJIH
dA. OyHKUMS u, Ja€T JPYroe Paclpe/Ic/ieHue, KOrla PABHBIMM UHTEPBATAMH ABJSIOTCS
pasHocTH wactoT dv, koTopbie He paBHel dA. BooOme, kaxaas HoBas (yHKuus
[UTMHBI BOJIHBI, OTJIOXKEHHAs MO OCH abcuuce, AaeT CBOE PELUEHME BOIPOCY O PABCHCTBE
CHEKTPAJIbHBIX HHTEPBAJOB M CBOE COOCTBEHHOE MONOXEHHE MAKCHMYMa H3Jy4eHHS,

Hana ycrpavenust 3TOH UPOM3BOJNIBHOCTH B TNOJOKCHUM MAKCUMyMa H3JIyYCHAS

dr
HEOOXOAHMO OTIOXHTb TO ocM abcumce Gespasmepuyto Benmuuny —=d(Ind)=

A
d dr d
= I—V—] =|dlnv|. Torma dE=wuhr IT! =u,v m U COOTBETCTBYIOLIHE ~CHEKTpPaTbHBIE
v v

IUIOTHOCTH W3NYYEHHS ui,=tyA=u,v OyayT HUMeTh COBUAJAONINC MAaKCHMyMbI HpPH
TaKOM Ap,=¢/V,, KOTOPOE ONpEAENIeTCs M3 YPABHEHHS
X
=4, &)

x

1—e”
d d
TONY4AI0IIErocs W3 IPHPABHUBAHMS HYMIO WIH a—v(uvv), WM a—}:(ux)»).
Haiigiem xopenb ypasrenus (5). 3anuceiBas ero B Buge 4(1—e ~*)=x, 3ameuaem, uto
xopeHb Gm3ok K 3Hauenuio 4. [TooXHB no3TOMY X =4 —0, TIONy4aeM [IA O yPABHEHHE
4e " “e*=0o., Tak xak o—Majas BeNMUMHA, TO MOXHO 3aMEHHTH ¢® Ha l+o, Torna

1

U=r—ip—
1/464—1

=0,0793

H, CJIENOBATESBHO,
x=hV [(kT)=he [(Amk T)=4—0=3,9207.
Moaromy
A T=0,003668 M - K.
AHanormyno peuwarot ypasHenus (3) u (4).
10.18. Tlo ¢opmyne IlnaHka, NIOTHOCTH 3HEPrHHM M3nydeHHs dE, mpuxoasiascs
Ha ChexTpajbHbii coctaB v; v+dv mm A; A+dA, paBHa

8nhv? dv
& exp[hv/(kT)]-1’

dE=u,dv=

MM
dE=mdh 8nhe dA
=1y -
A% explhe/(0kT)]-1’
a  TOJHAa% IUIOTHOCTh JHEPrHH H3JyueHHMs, o 3akoHy Credana — BonsiMana,
papHa u=cT* Tlo3TOMy OTHOCHTENbHAS CUEKTpaIbHAN IUIOTHOCTh W3JYHEHUS,
NpUXOAAmAACcH Ha CHEKTPAIbHBIR y4acTOK V; v-+dv WIM COOTBETCTBYIOINMH €My
uHTEpBan A; A-+dA, pasna
u,dv  8nk* x*

T oT* hPovexpx—1

MM
wdh  8mk*  x*

T 6T Chon expx—1

tae x=hv/(kT)=hc/(AkT).
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Juddepenipyst aroboe u3 3THX BbIpaxeHudt mo x (T.e. mo Temnepatype T)
W ApHpaBHUBasg NMPOU3BOAHYIO d1/dx HYNIO, MPUXOAHM K YPaBHEHHIO

ad 4 1
l—exp(—x) ~ M
orkyna x=hc/(rkT,)=3,9207 u AT,=0,3668 (T, —TemnepaTypa, Np¥ KOTOpOH Ha
y4acTok X; A+dA wumm coorBeTcTBeHHO V; Vv-+dv mpuxoauTcs HauGosbluas oOT-
HOCUTE/IbHAS CNEeKTpajbHasf IUIOTHOCTh H3NMyyeHHs). M3 BeIpakeHuwit ans 7 BUaHO,
YTO MAaKCHMAJbHOE 3HaYeHHE 1), BO3MOXHOE NpPH KaX/IOH [JMHE BOJHBI A, GyOeT
OJIMHAKOBO TIO BCEMY CIEKTDY, €CJIM TMOCTOSHHO IO BCEMY CIEKTPY OTHOCHTEJBHOE
snauenne dA/A={dv|/v=|dlnv|.

10.19. Tlpn aguabGaTHOM pACHIMPEHHH CHCTeMbl 6e3 coBepiicHus paboTel ee
BHYTPEHHS OHeprus He usMmensiercs. [lostomy U=oT*V=oT}(V+V,), orxysa

T/T,=%/(V+V,)/V. Ho S=4cT>V/3=4U/(3T), S,=4U/(3T;), nostomy
SUS=TIT, u $,/S=4/V+V)V.

10.20. 3akon Credana— Bonbumana u=cT* u BbIpakeHne p=u/3 CIpPaBEILIMBBI
U B TPaBUTALIHOHHOM INoje. BmecTe ¢ TeM BEpHO Takxke, UTO JABNEHUE U IJIOTHOCTH
H3JIyY€HHSs HA HIDKHEM YpoBHe Oonbile, 4eM Ha BepxHem. Jleno B ToM, 4TO
ko3ppunmesr o B 3akoHe CredaHa —bBonbiMaHa 3aBUCHT OT CKOPOCTH CBeTa
B BaKyyMe, a OHa HE TOCTOSIHHA B TDABHTALMOHHOM TOJIE.

10.21. H3nydeHus oT pasHBIX Tel, BIYIICHHBIC B IIOJIOCTh C OENbIMH CTEKIIAMH,
HAXOOHTCA B TEPMOAMHAMHYECKOM DABHOBECHH, XOTH TEMIEPATYPH Pa3IHYHBIX JIydel
pasHble. ITO PaBHOBECHE HE ABJNACTCH YCTOMYMBLIM, Tak Kak He 00NafaeT MakCHMyMOM
sHTponud. Ho ecimu B MONOCTh BHECTH NBUIMHKY, TO TOJYYaeTCs paBHOBECHOE
H3JIyMEHHE, COOTBETCTBYIOIECE YCTOHYMBOMY PpaBHOBCCHIO C OJHOH M TOH XC TEM-
nepaTypod s BCex JTydeH.

VcToluMBOE paBHOBECUE MEXY M3JIYUEHMSMH DPa3jIMiHbIX YacTOT HACTYNAeT MpH
MaKCHMYME JHTPOIIUH

S={ S(v)dv, ()
[4]

©
€CIM SHeprus (WIH IUIOTHOCTb OSHepruum) u= | u(v)dv ocraeTcs NOCTOSHHOM. DTO
0

03HAYaeT, 4TO NPH NEPEXONEC BO3MOXHO MAaNOH 3HEPTHU OT M3JTYHEHHS OJHOM HACTOTHI
K M3JIYMCHHIO OpYrod 4YacToTel Bapuauus SHTpomuu 6S=0 npu Su=0, T.e.

8S= f 5S(v)dv= J ng)) Su(v)dv=0
npu Su= Gj? du(v)dv=0.

VMHOXas TOCJeHEe PaBeHCTBO Ha MHOXMTeab Jlarpanka (—C) v cxraabBas
C NEPBHIM PABEHCTBOM, MOJNYYUM
w0

J [Zif:; - C} Bu(v)dv=0.

0
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BBHy HE3aBHCHMOCTH OTAEJbHBIX MOHOXPOMATHYECKHX IDymn Jyuelf Apyr oT apyra
NOIBIHTETPAIbHOE BHIPAKCHHE PAaBHO HYJIO H, ClenoBaTenbHo, OS(v)/du{v)=C.
Benuuuna C MMeeT A KaX/JOTO HEPHOTO H3JIYYEHHs ONpEAEiCHHOE 3HAYCHHE,
OHO M TO Xe Aai Bcex 4actor. OTClopa CledyeT, YTO OHa MOXET ObITh TOJBKO
(yHKUHEH TeMrepaTypsl H, Kak Mbl cefvac mokaxeM, pasHa 1/T. JledcTBuTeNbHO,
NycTh TPH COOOIIEHMH TONOCTH 06beMOM V=1 cM3=const HEKOTOPOTO KOIMYECTBA
TEWIOTH TeMmepatypa ninydeHus crana T+d7T. Torma surponus S w3MeHWIach Ha

%dT=% g;—,dT, 1aKk kak 7dS=du (npm V=const). Ho u3 ypasuenus (1)
45 (o 7
as S(v) u(v)dv=C 6u(v)dv’
dT Jou(v) oT aT

] 0

r.e. dS/dT=Cdu/dT, nostomy C=1/T.

Taxum 00pa3oM, paBHOBECHOE M3JIy4YCHHME, KOTOPOE YCTAHABIMBACTCH B HONOCTH
TOCHE BHECCHHS IIBUTHHKHM, NPEACTaBiasetT coboll cHCcTeMy Jiydell B yCTOMYHBOM
PAaBHOBECHH C OJIHOH M TOH Xe TeMIEpaTypoil — TeMIlepaTypoil NBUTHHKY WIN CTEHOK.

10.22. [lpeamonoxum MNPOTHBHOE: IyCTh IIOCJE PaBHOBECHOro amuabaTHOro
PACHIMPEHNS] OT ILIOTHOCTH u; A0 IUIOTHOCTH #; M3JIYYEHHE MEPECTANO ObITH YepHBIM
70 CHEKTpajJdbHOMY CcOCTaBy. Tak KaK M3Jy4eHHE —CHCTeMa, KOTOopas HaXxoauTcd
B YCTONYHBOM DABHOBECHH, TO, €CJIH M3JIY4CHHE U, MPHBECTH B COTIPHKOCHOBEHHE
C TenoM Temneparyps! T;. ¢ KOTOPHIM OHO OyIeT HAXOMMTHCA B PaBHOBECHH (T. €.
ofmmas JHEprus M3INYUCHHSs HE HM3MEHHTCH), M3NyYeHUe C TCYCHHEM BpeMeHu Oyier
uepHbiM. CucteMa 6€3 M3MEHEHHs 10JIHOH JHEPTHH NEpeHeT B YCTOWYMBOE PaBHOBECHE,
4TO CBSI3aHO ¢ pocToM 3HTponuu. CriefoBaTenbHO, 3HTPONHA HUEPHOTO H3TYUEHHS
C MIOTHOCTBLIO #; AOKHA ObITh OONBLIE DHTPONHM HEPHOTO H3NYYCHHS HAYATBHOTO
COCTOSIHHSL C TJIOTHOCTBIO ;.

PaccMoTpuM  Tenepp oOpaTHbIlt mponecc azHaGaTHOTO CXaTHA [0 HAYaJdbHOM
TUIOTHOCTH i;. JHTPONHS H3NYYCHHS OPH O3TOM HE M3MCHATCA, HO H3JIy4eHHE, 1O
HallEMy TPENONOXKEHNIO, ODNajJdeT [APYTHM COCTABOM, HCM YECPHOE W3JIYYCHHE IIPH
HayanbHOW Temnepatype T;. B TO Xe BpeMs JHTponus ero OGoibliie SHTPONHH
YEPHOrO M3JIy4CHUS NTpH TOH Xe dHepruu. IIpu compukocHoseHuu ¢ Ttejiom T 310
H3JTYYeHHE CTAHET 4YEPHBLIM, COOTBETCTBYIOUIMM YCTONYHBOMY DABHOBECHIO, OIHAKO
3TOT TIPOHECC TEPeX0/ia B YCTONYABOE PABHOBECHE JOIKEH OBITH CBA3aH C YMEHbIUCHAEM
snTponuu 6e3 BCAKOH KOMICHCAOMH, T.€. 6e3 W3MEHCHHMS B OKpYXalOIMX TeElax,
4TO TPOTHBOPEYHT BTOPOMY Hauay.

Takum. 0Opa3zoM, amuabaTHBI MpolecC ¢ YEPHBIM HM3JYUYSHHEM NEPEBOTHT €T0
CHOBA B. YEPHOEC H3JIy4CHHE APYroil TeMIepaTyphl.

10.23. Ifonsas NNOTHOCTH IHTPONHM DPABHOBECHOI'O M3JIyMEHHA paBHA

4
s=|s,(v, T)dv=§ oT3.
V]

Ecim B uHTerpasne mepeiiTu K HOBOW NEpEMEHHOW MHTErpUpoBaHMs x nonarag v=xT,
TO MHOXuTENb 7> mepej MHTErpajloM Mo x GyAeT TOJBKO MPH CTPYKTYpHOH GopMyse

v
AU CIEKTPaibHOH MIIOTHOCTH 3HTpommH B Buze s, (v, T)=vip(x)=v?e 7/ TaKk Kak
o0 @
s=[s5,dv=T3 [ x2@ (x)dx.
o o
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10.24. 11 paBHOBECHOTO H3JyHYEHHS
U=cT*V u p=cT43,
mostomy C,=4cT3V u ylelbHas TEMIOEMKOCTh TPH TOCTOSHHOM O6BheMe
cy=40T%=30,56-10716 T3 JIx/(K - M%)

Tak xak A M3Ty4eHHS H300apHBIA TIPOLECC OJHOBPEMEHHO SBJISETCS M30TEp-
muueckaM, To C,=Cr=0c0, MOCKOJBKY H3IOTEPMHUYECKAs TEILIOEMKOCTL paBHAa Gec-
KOHCYHOCTH. JTO CICAYeT TakXe W3 COOTHONIEHHS

2

TIOCKOJIBKY /IaBJICHHE HM3JyYCHHsS He 3aBHCHT oT oOwema. [losromy
y=C,/Cy=00, C,—Cy=00.

3Hepma MOJIS OAHOATOMHOTO rasa

U=3/,RT,
MOJIIpHAsa TEILIOEMKOCTh
Cy= 3/ 2 R,
YAC/bHAR TCNNOEMKOCTH
3R 3-8,314

=545 Ox/(K - m?).

Cy =

27 22241070
Taxum obpazom,
P fepe=56-10718 T3,

Ilpu oberuHo#t Temnepatype (~300 K) oTHOIICHHME TEIUTOEMKOCTeH 4pe3BhIYaiiHO
Mano. CpaBHUMBIMH 3TH BEJMYMHBI cTaHoBaTcs npu T=10° K.

10.25. BuyTpennss sHeprus U nia3Mbl CKJIAJBIBAETCS M3 KUHETHYECKOH OSHEPTHH
X40THYECKOTO ABHKEHUS YacTHU U,, (BHYTPEHHSS 3HEPIys UJACAIBHOTO rasa) M CpemHed
9HEprHH HX 3JleKTpocTaTHyeckoro B3awmopeiicreus U,

U=Upy+U,.
2N
3uecy U,,=C, T, Ue:i Y eo,
i=1
T/ie ©;,—TOTEHIMAN MNOJIs, CO3AABAEMOTO B MECTE HAXOXACHHA i-TO 3apsaid BCEMH
OCTANBbHBIMH 3APSNAMY.
B chyuae mIa3Mbel M3 JIBYX COPTOB TPOTHBOTIOIOXKHO 3apsSKEHHBIX HACTHIL

Uy="/,Neg* —[,Neo™ ="/, Ne(p" —0"),

rae " (¢ )—HOTeHIMan mnoJs, CO3AABAEMOrC BCEMM 3apAfaMK, KPOME IaHHOTO
MOJIOXHUTENBHOrO (OTPHLATENLHOTO) 3apsila B MeCTe HaXOXIEHHS 3TOro 3apsana.
Haitmem ¢* # ¢~. B HenocpenctseHHO# ONM30CTM OT JAAHHOIO 3apsja
e TpeobsafaroT, OYEBHIHO, 3apsAbl MPOTHBONOJIOXKHOrO 3Haka. Ecau Ha HekoTOopom
PAcCTOSIHHM r OT OTOTO 3apsifia KOHUEHTDAIMsA TOJIOXUTEbHBIX 3apsioB n*, a oT-
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pHLATEIBHBIX 3aPA/IOB 1, TO IUIOTHOCTb 3apsfa B 3Tom Mecte p(r)=e(n®—n").
MMoTenunan w[onAsA, CO3JABACMOTO BCCMH 3apafaMu (B TOM 9YHCAC M 3apsajioM e),
onpenensieTcs ypaBsenuem Ilyaccowa A (r)=—4mp(r).

3apsOKEHHBIE YACTHUB! HAXOAATCS B 3TOM, HMH CO3IaBAEMOM (CaMOCOIJIACOBAHHOM)
none. KoHuentpanus ux n° @ n~ B JaHHOM MecTe onpeneisercs (opmy:ioi
Bonbumana [nogoGHo GapoMeTpuyeckoit QopMyse i IUIOTHOCTM 4HacTHL B TIOJE
TSXKeCTH HAa BbicoTe Z: n(Z)=nqe ™A1

—ep/(kT ) eQl(kT)
>

n*(ry=nye aon(r)=nge

rae  T—rTtepmonnHamuueckass TeMrepatypa; k= R/N—mocrosHHas bonbumana;
ng=N/V—cpeiHss KOHUCHTPALMA 3aPsXCHHBIX YacTuIl oaHoro 3xaka. Taxum oGpasom,

p=en, [e—w/(kT)__eetp/(kT h], V2(4)=41T€n0 [eew/(kT)_e-ew/(kT)].

B coryuae pa3pexeHHON TUTa3MBI CPESHSA OIEKTPHYECKAs SHEPTHS - 3apsina e@
Maja 10 CpPaBHEHHIO C JHeprueil ero Temnoporo Aswxenus >/, kT, nosromy e*/*T)=
=1+eQ/(kT) u A*o=x>¢, rae n*=8ne’ny/(kT).

d2
Benencrsue ciheprueckoil cHMMeETpUH TIONS VZ(pE—F(r(p). Torna d—z(r(p)z
rdr r
=%%(rg), oTKyma

ro=Cie "+ Cye™ u o(r)=(C,/r)e " +(C,/r)e*.

Mocrosinpass C,=0, Tak KaKk B IPOTHBHOM Ciiyyae MHOJNy4uicss Obl OeCKOHEYHO
Goybuiof MOTeHIMAJ BHAAM (r—00) OT JaHHOTO 3apsfa, YTO He MMeeT CMBICha.
Taxum obpazom,

@ (r)=(Cy/rye™. ®

Horenuuaa noJjist, <Co3aaBacMOro BCEMH  3apsiiaMH, KpOME [aHHOro 3apsajaa
¢ B TOYKE HA pPACCTOAHUK F OT HEro, OYECBUIAHO, PABCH

91 (r)=(Cyfr)e " —elr,

a B MecTe HAXOX/IEHHs camoro 3apspa (r=0)
! ! 1 . Ci—e
" =lm ~ (Cle ™ =e)=lim - | C, = Ciur+= C,(wr)’— ... —¢ |=lim 1 ——Cx.
r—0r r—0 r 2 r—0 r

Jns Toro u4ToOBI 3Ta BeJMUMHA ObLIA KOHEYHOM, HEOOXOAHMO MOJNOXKHTH
C,=e, TOTHA

e e
¢ =—ex u 9 =ex, @(r)=-e u @;(r)=- (e 1)
r r

U3 dopmysier (1) anst @ (r) BUAHO, 4TO MOTEHUMAI MOJIA OKOJIO 3apsfa e B Iia3sme
yObIBaeT 1O IKCNMOHEHTE. DTHM IUIA3Ma NPHHUMNHAILHO OTJIMYAETCS OT [MINIEKT-
PHYECKO#f OJHOPOAHOH cpelbl, B KOTOpOil IOTCHUMAN TIOJIS OT BHEIUHEro 3apsjia Ha
mo60M PacCTOSHHM OT HEro yMEHbUIAETCA B € Pa3 MO CPABHEHHIO C MOTEHIHMATIOM
NoNs B BaKyyMe.

3aMeTHM, YTO HOTEHIHMANT @ (r) CO3[AETCS 3apAJOM e W BCEMH APYTHMH 3apsiaMH
IJIa3MbL; €ro HeJb3f pPacCMAaTpUBATL KaK MOTEHIMAJ NapHOro B3aHMOJCHCTBUS
SKPaHHPOBAHHbIX HYACTHIL.

Benuunda d=1/x=./kTV/(8ne’N) xapaxTepusyeT OLICTPOTY YMEHBIUICHHS TOTEH-
uMana mMojs B Tja3Me C YBEJWYEHHEM DACCTOSHUS OY JNAHHOTO 3apsija e, T.¢.
raybuHy NPOHMKHOBEHHS BHELIHETO IJIEKTPUUECKOro IO B TUIasMy, M Ha3blBaeTCs
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Oebaescrkum paduycom. bonee OwicTpoe, YeM KyJIOHOBCKOE, CIHAJCHHE 3TOr0O MOTCHIMANA
06yCcnoBIeHO 0Opa30BaHUEM BOKPYF JAHHOTO 3apsja o6Nlaka 4ACTHI IPOTHBOMOJIONK-
Horo 3Haka. TaxuMm obpa3zom,

U,=,Ne(@* —@ )= —Ne*u=—e’Njd= — Ne? . /8ne’N/(kTV),
U=C, T—Ne®./8re’N{(kTV).

B TO BpeMs Kak BHYTpeHHSs dHeprus U,, HACaNbHOTO [a3a HE 3aBHCHT OT
obbema, sHeprus U, oOpaTHO HPOTMOPHMOHANBHA \/T/ H IOPH BECbMa CHIBLHOM
paspexeHuy miasMmel (V' —oo0) U,—0 BCICACTBHE CTPEMIICHHS K HYJIIO B3aUMOACHCTBHA
MEXAY YaCTHIAMH.

10.26. Ilycts B obbeMe V npu Temneparype T H3IydYeHHE HAXOOUTCH B PaBHOBECHH
¢ WAcambHBIM razoM u3 N anektpouoB. Ilpu paBHoBecnu 1Byx ¢a3 omHodl u Toi
Xe ODBEKTUBHOHW DPEagbHOCTH XHMHUCCKHIl NOTEHUMas L' 3JIEKTPOHHOIO Ta3d DPaBeH
XHMHYECKOMY NOTeHuMany W'=0 H3Ny4eHUs M, CJIeNOBATENBHO,

W=u'—-Ts'+pv'=0, 1)

rae u, S, U—COOTBETCTBCHHO OHEPIHs, JHTPOMMS M OOBEM Ha ONMH INEKTPOH
rasa, npHueMm

w=me?+3,kT ?)
(mc? —3Heprus NOKOSIIETOCH HIEKTPOHA, °f, kT—-€ero. cpeHsis KMHETHUCCKAsS JHEPTHSA);
QrmkT)¥2 VeS'2

§=kl Pitudity
FERn S

3
pv'=kT, )
nockosibky pV=RT. Tioacrasnsas Boipakenus (2), (3), (4) B (1), wonysaem ans
KOHUCHTPAIUHM 3JIEKTPOHOB, HAXO/SMUIMXCSH B PABHOBECHH C YCPHBIM H3JIyYEHHEM,
N (QumkT)*:2
=— e
v B3
Moncrasnas B 3ty ¢Qopmyny m=9-10"28r,  k=138-10"%% OAx/K,
h=6.,624-1073% JIx-c. Baizem, 9TO B €IMHMIE ODHEMA MITYUECHUS MOKET MOSBUTHCH
O/Ha TAapa 3MEKTPOH — NO3UTPOH (n=1) mpH TeMmmnepatype u3Jy4YeHUs] NPHUMEPHO

108 K (3Be3mnas TemmepaTypa).
11.1. CobonHas dHeprus MOBEPXHOCTU

~mc2f(kT) . (5)

Fy=0Z,
ee JHTpOMHs
JF, Jo
ML T iy
or dr

Tak xax npe paBHOBecHOM anmMabaTHOM TNpouecce JHTPONHS HE MEHAETCH, TO
HA3MEHEHUE TEMNEpPATypbl NPH aaMabaTHOM pACUIMPEHYH IUICHKH ONpEAENseTcH H3
YpaBHCHAS

d
Z E;:const.

KonndecTBo TEMIOTH], MOTIOIUACMOC IJICHKOMR IIPH PABHOBECHOM HM30TEPMHYECKOM
npouecce, Xorja TUIOWanb €C YBEIMYABAETCH OT Z; OO0 I,
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d
Q=T[Si(T. %)= S;(T E)]=~T 3. (5~ %),

11.2. [MoBepXHOCTHOE HATAXKCHHE, H3MCHSS YCIOBME MEXaHMYECKOro paBHOBECHS,
NPUBOJHT K TOMY, YTO JaBjeHUE INapa, HaXOAAIIEroCcs B DPABHOBECHM C KaIuied,
T. €. JABJiCHHE HACBIIEHHOIO Napa KalUlM, 3aBHCHT OT ee pasMepa. Haiinem sty
3aBHCUMOCTD.

[Tycte uMmeeTcss Kaiuls OKMOKOCTH (mepBas asa) paguyca r, HaxOAAMIAACs
B paBHOBecHMM ¢ e¢e¢ mapoM (Bropas ¢asa). [lpu paBHOBecuu

W (P, T)=p (py. T).

IMpn nnockoil MOBEPXHOCTH
k(p, T)=p,(p, T).

Benencreue Masiolf CKMMaeMOCTH KMAKOCTH MOXEM HAIHCATH

ay, 20
H(ps D)=y (p, T)=(p,—p) Py S ¢Y)
ap r
Cunras nmap HACAJTBbHBIM Ta30M H  3Had XUMHUYECKUN HOTEHLHal Takoro
rasa, HaxoAWM

M2 (P2 T)—; (p, T)=kTIn(p,/p). )

Tax kak JeBbie 4acTd ypaBHeHu#t (1) u (2) paBHBI, TO, MpPUPABHUBAS NpaBhbie

YacTH, TOJyiaeMm
Py =peiTisitkT),

N3 310it dopMynsl BWIAHO, €YTO JaBJEHHE HACBILIEHHOTO TIApa MalbIX Kanenb
fonblie yeM GOJbLIMX.

IMo3ToMy cucTeMa U3 Kanellb pa3iHYHBIX Pa3MepOB OYAET HAXOMUTHCS B COCTOSAHHU
HEYCTOHYHBOIO PaBHOBECHS: Majble Kaluld OyayT HCHapsThesl, OONbIIKE — PACTH.

11.3. Ecim xanmm B mape npuoOpeTaroT IEKTPHYECKHH 3apsii, TO OHM HAaYMHAIOT
pactn, gaxe Oyoy4d OYCHb MajblMH, H HE TOJBKO B MNEPECBHIECHHOM Iape, HO
W B Tape, He [JOCTHTIIEM HachieHWs. J[leHCTBHTENbHO, TYCTb Kalis paauyca
r IpHOOpPETaET MOH C 3apANOM € W PAAXYCOM @; [IPH PAaBHOBECHH HOH COCPEJOTOYHBA-
ercsi B IeHTpe -karmu. Ecnu Takasd Kamis HaYHHACT pAcTH, TO IJTO IPHBOIUT
K yMeHbIUeHHIO oHepruu I'ub6ca cuctemel. B camoMm nere, aHanormudo dQopmyine
(11.14), Boipaxenue anst AG tpd 00pa3OBaHMH BOKPYT HOHA KAIUTM JKHIKOCTH

AG=4nr*/(3v,) (0, — ) +4nor’ +AG,,

rae AG,—wu3Mmenenyie 3Hepruu [mb66ca anekTpuueckoro ponst npu  06pa3’oBaHuH
3APAKCHHON KaIIM (U, — XHMHYECKHH TOTEHUMAN Kalll{), PaBHOE DPA3HOCTH MEXAY
JHEPTHEH TONf, CO3JaBaeMOTO HOHOM, HaXOASHIAMCS B LEHTPE KaiLlM, W JHEPTHei
nosist cBOGOJAHOTO HOHA:

8n

a

de__ dr e? dr__e2 . 1 _}_eZ 1 .
err 2 |t 2r e/ 2al\e

1 1
AG,== |E}dV+— | E*dV—— | E?dv=_" |E?dV—
87 8n 8n

363



(E; —HanpsokeHHOCTb TNOJIS B Kamje, FE-—HaNOpsHKEHHOCTb TOJSL BHE KamjM;, &£—
MINIEKTPHYeCKas MPOHHUAaeMoCcTh kamam). Takum obpazom,

4 ( Y4 2_*_ez . /1 1 .
- mori+—{ 11— }{-——-1}.
30, Ha—Hy > <N\ 72 )

AG=

Mocnenuuit wien B ¢opmyne (1) orpuuaTeneH, MpU4eM OO0 MOIYIIO OH TeM
Oonblne, yem Gombine kamius (Bropast dasa). ChemoBaTenbHO, C POCTOM Kaly 3a
CYeT UIEKTPUYECKoro 3apsfa AG yMeHbLIAeTcs M eCAM NPH OTCYTCTBHH 3apsla IpH
Ry>My Kaiuis JoObiX PAa3MepoB BCETAa MCHAPANACL, TO TeNeph HAXE Majas Kamwis
OpH H,>|,; TPU CBOEM pOCTE MOXET NPHBOAUTL K YMEHbIICHHIO AG H, Takum
0o0pa3oM, pacTH, BbI3bIBafg KOHJCHCAIHIO.

310 TeM Gonee GYAET NPOUCXOMMTH B CIabO NEPECHILICHHOM TApe, KOIOa pa <.
Takoe cocrosHue mapa co3jacTcss B KaMepe Buibcona, n a3bdext ero- ycHieHHOM
KOHJCHCAUMH HCIONL3YETCS IS OOHADYKEHHSA TPEKOB OBICTPHIX HOHH3UPYIOUIUX
BACTHIL. NOAGAEHUE UOHOE HA NYyMU CAe008AHUA HACMUYb! GbI3bIBAEM KOHOEHCAYUIO
nepecLlyjennoz0 napa HA HUX, 4mo Oedaem BUOHBIM CAed Hacmuybi.

Jlns obHapykeHHs >JIEMEHTapHBIX HacTHI[ BBICOKHX JSHEPrHil kamepa Buibcona
HE SIBJISIETCA YIAOBJCTBOPHTEIBLHBIM TPEKOBBIM NPHOOPOM BCIEACTBHE CIHMIIKOM MOl
TOpMO3HOR cmocobHocT pabodero BemecTsa (mapa). [lostoMy B ciysae yacTHi
BBICOKMX 3HEPruif ynoTpednseTcs CKOHCTpyHpoBaHHas B 1952 r. nyseipexosas xamepa,
OpeACTaBNAOMAd COOOH COCYl, HAMOJHCHHBIH Kakoi-UOO Npo3paduHoil meperpeToi
KuAKocThio. MoHu3Mpylomias 4acTHHa, IPOXOAS ~Hepe3 KaMepy, BBI3LIBAET pe3koe
BCKUTIAHHE XHIOKOCTH B Y3KOW 0ONacTH BJOJb BCEro ciela, ¥ TakuM oOpaszoM ee
IyTh OTMEYAETCA LENOYKO#l IMy3BIPHKOB Iapa.

11.4. O6bIMHO PUHUMAETCA, YTO MOBEPXHOCTHOE HATSKCHHE CTPEMHTCH YMEHBIIMTh
TOBepXHOCTb, CyLIECTBYIOT JIM HATSXKEHHS TNPOTHBONMONIOKHOIO 3HaKa, XOTOpbIE
CTpeMIJIMCh OBl YBEIMYMTh MOBEpXHOCTH? Takue NeficTBUS M3BECTHBI Ha CaMOM Jfgelle
U OOHApYXMBAIOTCA TNpPH SBNCHUAX B3AUMHOIO PACTBOPEHUS KUAKOCTEH.

Brayane Ha TOBEPXHOCTH COIPHKOCHOBEHMS JIBYX HECMEIDHBAIOLIMXCA XXHUIKOCTEH,
TakkX, Kak BoAa u (EHON TIpM HEBBLICOKMX TEMIEpaTypax, BO3HHMKaeT OOBIYHOE
[IOBEPXHOCTHOE HATMKEHHE, CTPEMAILEECS YMEHBUINTh NOBEPXHOCTh kHiakoctd. C mo-
BHILICHUEM TEMIEPATYphl 3TO HATHKEHHE (B TO BpeMs Kak JKHIKOCTH Bce Oosee
u Gosiee pacTBOPAIOTCA OpYr B OPYre) CTAHOBHUTCS BCC MCHbILE W HAKOHEH JI€SIaeTCs
paBHbIM Hymo. OAHOBpeMeHHO of0e KHIXOCTH pacTBOPAIOTCS Ipyr B Apyre IpH
nmoGBIX  KosmdecTBax. M3 9TOTO MOXHO 3aKJIIOMHTL, 4YTO MEXAY IKAIKOCTAMH,
PAacTBOPHMBIME TIPH JIIOOBIX KOJMYECTBAX, YCTAHABIMBACTCSA MOBEPXHOCTHOE HATXKEHHE
NPOTHBOMOJIOKHOrO 3Haka. ECIM MX IpMBECTH B CONpPHKOCHOBEHHE, TO HX obas
MOBEPXHOCTE  CTPEMHUTCS NPHHATL HaMOONbilice 3HA4Y€HHE, a ITO IPOMCXOJHT, Koria
0be XKHAKOCTH HOJHOCTBIO CMEIIMBANOTCA APYT € ApyroM. Takum obpasoM, sBIIeHHE
PACTBOPEHHS CBS3BIBACTCH C ABJICHHAME IIOBEPXHOCTHOTO HAaTKCHHSL.

12.1. Tlo ypasuenmto Knaneitpona — Knaysuyca,

dp A
dT T(V,-V,)

rae V,—wmonsapubiii obbeM mnapa; V, —MOIpHed 00beM Xuixoctd. Bpamm ot
KpuTUYeckoir Touku V,>>V,. Ilonaras, 4YTO HACBIUCHHBIE Maphl YIOBJICTBOPAIOT

y do _p
ypaeHennto Knaneiipona —Menneneesa, ypasHeHue (1) NIpUHMMAaeT BHA ITRI®

O

oTKyna
Inp=—A/(RT)+i u p=const e MET),
TOE i— XUMUHECKAA ROCMOAHHAA.
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12.2. U3 ypaeaenns Kianeiipona — Knaysuyca
dp
K=Tﬁ(V2— Vi)

rae V, u V,—wMouspubie 00beMBbI TBEPAOrO TEJIa W €ro napa cooTseTcrseHHO. Tax
Kak V,>> V), To, NpHMEHSS K Napy 3aKOH COCTOAHHS MIEAILHOTO Tra3a, MONYYMM

d RT2
=2 20 _60974,5 Mix/mom.
a7 ?
12.3. Onpenennts [aBIICHHE, nox KOTOPBIM KHITHT BOJA npH

T=95 C+273° C=368 K, 5T0 3HauMT HaHTH JaBJICHHE HACBHIIEHHOrO Iapa upH
sToil Temmepatype. Cormacho 3agade 12.1, p=Ce ™X&D) Tipu T=373 K nasjenue
napa p,=Ce ™ RT1)=1033,6 I'Tla, oTkyna

A Al 1
C=p,exp T i d it e
1 1

539-18 /1 1
=1033,6exp — 3@ 13 =745,9 rlla.

12.4. CBa3p MekAy TEIUIOTON IUTAaBJICHUS Aj3, TEIUIOTON MCHAPEHHS XAIKOCTH
A1z M TemaoTOM CcyOnMMamu¥ A,; HENOCPENCTBEHHO CNEAyeT U3 TOTO, 4TO TIPH
KpYTOBOM H30TEPMHYECKOM Ipolecce paboTa, a CiieMOBATEIBHO, H KOJIHYECTBO TEILIOThI
pPaBHBL HYJIIO:

hzz Ay +As =0,

oTkyma Ajz=2Xaz+hqs.

12.5. Tns ompenencHus 3aBUCHUMOCTH TEIUIOTHI (Da30BOrO mepexoia OT TeM-
nepaTypsl npoussonuyto dA/dT Hazo BBIMHCIATH BIOIbL KPUBOH (Ha30BOro paBHOBeCHs
p=p(T). Tlostomy

dx_ax+@ d_p_a_x+a_x A
dT \aT }, ' \ép Jr dT \oT ), \op /v (V'=V)T

Tennora nepexoga semecTBa w3 mepsoil (aser Bo BrOopyww A=TAS=T(S"~S')
wm A=H"—H', nockonbky a30BBIi nepexon SABISETCH H3OTEPMHO-U306APHBIM
npoueccoM. Toraa

a8
o = C"—C
(a T) oT # )=Ci=Ch

2 0 0
o =_( '_H) T (S" SI)T+ Vll_Vl=VH__V’_T(V/IQI/_VIQI),
opJr op dp

Tak Kaxk (0§/0p)y=—(9V/0T),= — Va(o-—Kk0d)OHIMEHT TEIIOBOTO DACLIMDEHHS).
Takum obpasom,
dx A AV V'
_crmcp ik M @)
4T T V' —v'

B cnysae napoobpa3zoBanus WM CcyOIMMauMM, XOTAA BTOPYH (a3y MOXHO NPHHATH
3a uaeanbHbtd raz (V'>» V', a"=1/T),
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dr

ar —Ch

12.6. TennoeMkoCTh CHCTEMBI
. 30 T ds
Tdr dT

HOna onpenmenenus TemwnoeMkocTH C” HachlEHHOro mapa mpomssoinyio dS"/dT
HANO BBIYMCIATH BAOJB KPUBOM paBHOBeCHs XuakocTb—tap p=p(7) (4T0 cooTseT-
CTBYET NPOLECCY HArpeBaHHMS, TPH KOTOPOM I[ap BCE BPEMA OCTACTCS HACHIEHHBIM):

ds” (es” + 0S"\ dp
dT7 "\ oT J, '\ dp JrdT
MMonb3yscy ypasuenmem Kuaneiipona — Knaysuyca u  paseHcTBoM (8S"/0p)r=

=—(0V"|0T),=—V"¢" (" — k03 QUIMEHT TEMNOBOrO pPaclIMpeHus Iapa), A Ten-
JIOEMKOCTH HACHILICHHOTO Iapa TONydYaeMm

C'=CL—AV'L (V" =V").

Boaam or  KkpuTHYECKOM ToukH V> V', cuMras map MOealbHbIM - Fa3oM
(a"=1/T), Haxomum

C"=C—MT.

dr
Ho C;—C,~dr\/dT (cM. 3amauy 12.5), mosromy CH:C;’er—T_"“? B 3aBucuMocTH

OT YCIOBHH C”%O, [as Bomwl, HaNpHMED,

Ch=423-10° Ix/(xr -K), A=2,26-10° [lx/kr,

dr
N —2,68- 103 Ix/(xr-K),

NO3TOMY  TEIUIOEMKOCTb - HACBIEHHOro BoAsHoro mapa npu 100°C  pasHa
C"=4,48-103 Ix/(xr - K). Boobiue, ¢ yBenmyeHueM Temmeparyphl C” yBeIHYHBACTCS;
npu 489,43° C npoxOmuT depe3 Hylb; HNpuH cue Oosiee BBICOKOH TeMmepaType
CTAHOBHUTCS TOJIOKHTENBHOH.

IIpn C” <0 TeMnepaTypa HACBILEHHOTO BOJSHOTO Mapa YBEJMYMBAETCHA, KOrja
y CHCTEMBl OTHMMAeTcs TemIoTa. [103TOMy eciM CKMMaTh aauabaTHO HACBHILICHHBIA
poastHolM map npu 100° C, TO mpH 3TOM MOBBILICHHE TeMIEpaTyphl OyAeT HACTONBKO
OOBIIKEM, - YTO [AHHBIH TIApP CTAHOBHTCS HEHACBIIEHHBIM H HE KOHIEHCHPYETCA.
HaoGopot, anuabaTHOe pacludpeHUe BBI3BIBACT KOHJCHCAIMIO, 4YTO MCNOJb3yeTCs
B kKamepe Buibcona npm HaGmogenun npoOera HOHMBHPYIOMIMX YacTHll. Bemme
489,43° C moBefeHUe BOOSHOTO Mapa CTAHOBUTCS OOpATHEIM, a NpH 3TOH TeMmeparype
OH OCT2eTCs HACBHIUIEHHBIM KakK IIPH CXKATHA, TaK W NpH PACIIMPEHHH.

12.7. o ycnopuo, C,=a7, C,=PT3. Ho C=T(3S/0T), nosromy S,=aT,
S,=1/;BT?. TIlpu xpurTuueckoit Temmepatype S,=S, (hasosulii mepexox BTOPOro
pona). Crenopatensno, aT,=1/3pT3 u C,=3C,.

12.8. IlpeacraBneHde O TOM, YTO CBEPXNPOBOIHHUKH—3TO MNPOCTO HACAJIbHbIC
NPOBOJHHKH, MPHBOJHT K 3aTPYAHCHHIO TEPMOJMHAMHUYECKOTO XapaKkTepa H HPOTH-
BOPEYUT TEPMOIUHAMHKE CBEPXHPOBOJHHKOB, T. €. MX ICHCTBHUTEIBHOMY HOBEICHHIO
B MAarHUTHOM MOJie. B camMoM Jefe, COrnacHO OXHOMY M3 YPaBHCHHMH 3JIEKTPOAHHAMHKH

1 0B 1
totE= —— & a no 3akony Oma, E=—j. Korpma 3nexTpuyeckoe CONPOTHUBICHHE
¢ o
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CTPEMHTCA K HYJIIO, G CTPEMHTCH K OSCKOHEYHOCTH M HANPAKEHHOCTh E 371eKTPHYECKOTO
nons crpemurcs k Hymo. IlostoMy B mpesmene HyjaeBoro conpoTupieHus 0B/ot=0,
T. €. MarHuTHas HHAYKIMSA B=const. Otciopa cieayeT, 9To eCiim NPOBOAHUK HAXOMUTCH
B MArHMTHOM NOJIE JO TOrO, KaK ObUI OXJIAXJAEH HHXE TEMIEPaTyphl MEpexoja, TO
uHAykuus B Oyner coxpaHATH cBoe mepBOHAYAJbHOE 3HaucHue. Ecim e IpOBOJHHMK
OblI cHAaYala OXJIAXACH HHXKE TEMIICPATyphl NEpexona, a 3aTeM TMOMelleH B MarHHTHOE
noJie, TO B HEM Mo-NpexHeMy B paBHO Hymo. TakuMm 006pa3oM, KOHEYHOE COCTOAHHE
3aBHCHT OT TOTO, KaKHM IIYTEM 3TO COCTOSHHE ObITO mocTUrHyTo. MHBIMH CrioBami,
BHYTPEHHEE COCTOAHHME OINPEIENACTCA HE TOJIBKO BHEINHWMH 3HadeHWsMu H u T, HO
Takxe u ucropueir obpasua. CocrosnMe OCCKOHEUHOH NPOBOAMMOCTH HE ABJSETCA
HO3TOMY COCTOSHHEM TEIJIOBOTO PABHOBECHS, TaK Kak OJHM M Te XE BHELIHUE
YCIIOBHSL HE IPUBOJNAT ONHO3HAYHO K OJHOMY M TOMY XK€ BHYTPEHHEMY COCTOSHHIO.
3T0 TepMOIMHAMHYECKOE 3aTPYAHCHHE YKa3blBaeT Ha TO, YTO CBEPXNMPOBOAMMOCTH —
HeuTo Goblnee, 9eM IPOCTO COCTOSIHAE OECKOHEYHOH NMPOBOJMMOCTH: CBEPXIPOBOAHHK
H METal ¢ DECKOHEYHOH NMPOBOXMMOCTBIO OTJIMYAIOTCH APYT OT Apyra. OKOHYATEIBHO
3TO OBUIO IKCHIEPUMEHTAJILHO YcTaHOBiICHO B 1933 r. Meilcnepom, KOTOpHIA Haliel,
YTO KaK TOJbKO META/LI OXJAKIAETCA HHUXE TeMNepaTypbl Hepexoda, Iojie U3 Hero
peiTankuBactcst ¥ B=0. Takum obpazom, B cBepxmpoBomHHke B Bcerfia pasHa HyIrO
HE3aBHCHMO OT MCTODHMHM BHECEHHS TPOBOJHMKA B MarHATHOE IOJE.

12.9. Ilpn paccMOTpEeHHH TEPMOAWHAMHKH CBEPXIPOBOJALIETO HEPEXoda HE Y4H-
THIBAJIHCh H3MEHEHHst OObeMa NpPH 3TOM IIEPEXOJE, (@ TakKe 3aBHCHMOCTL H, OT
JaBJICHAS. Y4YTeM 3TH M3MEHEHWS M HaiiieM BbIDaXEHMs [UIA CKadkoB Aa H Ae.

Jna xBa3ubecKOHEYHOTO CBEPXNPOBOMALIETO “HMMMHApPA ofbeMoM V, B mapan-
NETbHOM MAarHuTHOM mosie H, cormacuo dopmyne (12.17), umeem

Gs (H» T) - G: (Oa T) = Vs Hz/(gn)a

oTKyAa, audepeHuupys mo p npu nocrosHHeix T u H, monydaem

8n \ dp
JudepentupoBanne 0o p HPH NMOCTOAHHOM 7 OCHOBHOTO YpPABHEHHS

G,(H, T)=G,(0, T)+V,H?/(8m)

2
V.(H, T)=V,0, )<= (a VS) . @
T

TEPMOJUHAMHKH CBEPXNIPOBOJHMKOB JaeT

V,(H, T)-V,(0 T)—H3 ov, +VSH° oA, 2)
me S g \op Jr | 4m \dp Jr
Brmpnras Beipaxenue (1) u3 (2), monyuaem u3MmeHeHue oObeMa NpH TIEPEXOAe:
V,H, (0H
V,(H, T)-V,(H, T)=——2 <. 3)
4t \ dp Jr

IMpouseoamsie oT obenx Hacteit Gopmynsl (3) no T M p JAalOT BHIPaXEHUS IS
NPOKCXOAAMAX TIpH TEPEXOAE W3MEHCHHMH Ko3(p(dHIMEHTa TEIIOBOTO paCHIMPEHUS
o u moayns ynpyroctH K. Ilpu T=T, u H _=0 nonydaem:

g o L OHOH, K_K,Z 9H,\?
" 4m oT op " U 4m\op )

12.10. na marseruka B mone H
dG=—-8SdT—-JdH.
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IoxacTaBnss crofa s CBepXNpoBoJHUKA M = — H/(4n) w uHTErpHpys, TOIydaem
G,(H)=G,(0)+1/(8r) H>.

Bmoin KpHBOﬁ KPUTHYECKOTO MOJIA, TAE # K § HAXORATCA B PABHOBECHH, YACTBHBIC
TCPMOOUMHAMHUYCCKUE IMOTCHIHANBL B 060X COCTOSHHUAX OJAUHAKOBBI, MO3TOMY

1 1
G,=G,=G,(0)+— Hi, G,—G,(0)=— HZ,
8n 8n

5, 5= — e 811 0
4n dT
rae S, bepercs mpM OTCYTCTBHM Toyf. Pa3sHOCTB TeruioeMkocTed
AC=C,—C =Ti(S—S,,)=TH° d2H°+1(dH°>2. )
moTdr Y 4n dT? 4n\ dT

Ipn T=T, nanpsxeHHOCTb KpHTHueckoro mnois H =0, u. u3 ypaenenus (1)
noxysaem S,=S;, a n3 (2)
T (dH \?
AC=— .
4r < dr )

Mpu H,(T)=H, [1—(T/T.)*] nonyyaem:

H3T T\? H3T T\?
S,—S,= 11—l =] |, G—C= =1 1=-3{=] |
2nT: T, 2nT; T,

12.11. B xpuTHYecKol TOuKe
(0p/0V)r=0,- (1) (0%p/oV?)r =0, 0]
(8%pfaV3 ) <0.

3 aByx HesaBHCAMBIX ypasHeHui (1) 1 (2) OXHO3HAYHO ONMPEHEISIIOTCA KPUTHYECKHE
napamerpel V., u T, [Ba ypasHewns f(T,V)=0 u ¢(7T, V)=0 ssasorcs
He3aBHCMMBbIME, ectd. O(f, ¢)/0(T, V)#0.

B npoTWBHOM ‘Cilydae OFHO M3 ABYX YPAaBHEHHWil eCThb CIEJCTBHE APYrOro W OHH
MUMEIOT GECKOHEHHOE MHOXECTBO DeLICHUH.

B nanxom  ciyuae f=(dp/0V);=0, ¢=(8’p/0V?);=0, mo3TOMy H3 YCIOBHSA
He3aBHCHMOCTH ypaBHeHH# (1) u (2)

o(opjov, o*plov?y  d%p (63p> 20
T

oV, T)  overT\av®

HAXO/IMM, YTO B KPUTUYECKO# Touke O°p/0VOT+#0.
12.12. Koadpdumuent [xoyns— Tomcona

T@V[0T),—~V

R=——Fc"

P

(8]

B Kpl/lTPl‘{CCKOﬁ TOYKC CTAHOBHUTCHA HCONPCAC/ICHHBIM, IOCKOJIBKY B 3TO# TOUKE Cp=oo
W OnpeacisicMas M3 M3BECTHOrO TCPMOIAMHAMHHYECKOTO TOXIAECTBA MPOU3BOAHASA

(a V) __@pjamy,

T )y (@ploV), @
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takke paBHa oo. [lostomy BHawanme mpeobpasyem Boipaxenue (1). [las »storo,
ucnosb3ys Gopmyiy (2), IpHBeseM HYHCIMTEIb M 3HaMeHaTeJb BhIpaxenus (1) x Buay

T<a V) _y__T0p/0T), [1 AL V»}
P

oT T @piovyy | T GplpV)y
B ap\ (VN _ T@pRDI[, C (@ploV)y
C"‘C”T(FT)v <ﬁ>p“ @pIaV)y [1‘7 (ap/aT)%]‘

[loacraBuss Jtu BeIpaxenuss B dopmyny (1), momyuaem
[ @y | (8[| _Cr @piav |
" T @pioTy, |\aT )y T GploT) |
OTKyAa B KDHTHYESCKOH TOUYKE

1
(9pfaT),

Taxum obpasom, koadppumueHT Jkoynas-——ToMcoHa B  KPHTHYECKOM TOuKe
paBeH BeNHYHHE, OOpaTHOH yrioBoMy koddduUHeHTy KpuBO NaBieHHs Kax (GyHKIMA
TeMnepaTypsl B 3ToH Touke. Bemmuumna (0p/0T),  BOmM3M KPHTHUECKOH TOYKH
HOYTH He u3MeHsercs, a (J0V/0p)r pacxoautca Owictpee, wem Cp, KoTOpas,
HO MOCAEAHMUM IKCMEPHMEHTANLHBLIM JIAHHBIM,  MEHSETCA 0O CTCHEHHOMY 3aKOHY
Cy~IT=Tyl ™ o=/

12.13. CxopocTb 3ByKa B HU3KOYAaCTOTHOM Mpe/esc

SO

rae M —wmongpHas Macca.

Ho pesynvTatam wusmepennii (3p/0V)s mpubmmxaerca k Hymo npu T—-T,,.
IMToaToMy cKOpPOCTb 3ByKa B KPHTHYECKOM TOYKE paBHA HYJHO.

12.14. Tlosesienne H3OTEPMUUYECKOR CHKUMAEMOCTH %y B OKPECTHOCTH KPUTHYECKOMH
Touku (mpu T>T,) onpenesnseTcs KPATHYECKMM WHCKCOM Y:

1 /v
om0 e
V\dp Jr

n

ov
BouucauM Npon3BOAHYIC (—) ang raza Bau-mep-Baannca nmpu V=V, u TST,
T

op
RT a ap RT 2a
p=m——m5 o = s+
V—-b V oV )r V=b)y VvV
8a
Vi=3b, T,=r—,
27Rb

ap RT+RTk R 7T
aV)r  4b? 4T 4p? ko

v
— ) ~(T=T,)™%; coenosatenbro, y=1.
op )t
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13.1. BelienuM B HEPABHOMECPHO HArpetoM Teje HekoTopuiii ob6beM. Ilpu
[ONYIICHAH JIOKAJILHOTO PpABHOBECHA M OTCYTCTBHH TIOTOKAa HacTHH OCHOBHOC
yPaBHEHHE TEPMOJMHAMUKA HEOOPAaTHMBIX NPONECCOB IS PACCMATPHBAEMOTo 00beMa
APUHHMACT BHJ

8Q dU

dr dt
Ecmu I—mnmotHOCTh NMOTOKAa TEINIOTHI, TO JHEPrHs B [JAaHHOM O0BEME MOXET
H3MEHATLCA TOJBLKO 32 CYeT IHPHTOKA TEIUIOTRI HM3BHE 49epe3 IMOBEPXHOCTh X,
OrpaHHYHBAIOUIYIO BBIICICHHBIA OOBEM, MOITOMY

)
—Q= —®L,dz= —JdivldV
dt

z

8q ,
H KOJIMYECTBO TEIUIOTHI, COOOIICHHOE 31eMEHTY 0oOBema, E—dV=—d1vIdV, OTCIOAa
t

ds 1
—dV=—=divIdV
dt T

H H3MCHCHHMC JHTPONHH CHCTEMbE

ds 1.
—=—| =dividV,
dt T

4

ds dividV+ | { L d ! (14
—=—1div , grad — =
dt & T

= _§% dE—J[I, (1/T*)grad T}dV,

rae —I,d¥=0g,~—XxoNHYeCTBO TEWIOTH,, kOoTOpoe B | C BXOOHT B cUCTEMY dEpe3
3]EMEHT NOBEPXHOCTH. YuurthiBasg, 9T0 I= —xgrad T, nomydaem

ds [dq, grad T\?
—= dv. 1
E §T+jx( = ) ®

3neck mepBoe claraeMoe ONpPENENAeT H3MEHEHHME OJHTPOMHH CHCTEMBI 3a CYCT
NpHTEKaloIeH B Hee TEIUIOTHL. JTa BeJIWYHHA H CTOMT B IPaBOH YaCTH HEPABEHCTBA
Knaysmyca xnaccuueckodl TepmoAuHaMuku. Bropoe ciiaraeMoe mnpenctaBiseT coGod
H3MEHEHHE DSHTPONMH, BBHI3BAHHOE HEOOPaTHMOCTBIO MpoLEecca TEMIONMPOBOJHOCTH
BHYTDH BhijieieHHOro obbrema. Tak kax 3TOT 4ieH BCEra MONOXHTCNEH, TO BHIPaXCHHE
(1), a Takke obuwee Buipaxenue (13.6) He mpoTHBOpeuHT HepaseHCTBY Kaysmyca.

13.2. Korga mpu TemioBOM KOHTAakTe ABYX TeJl OJHO C Temmeparypoi T momy4aeT
KOJIMIECTBO TEIIOTH (), a Apyroe Teno ¢ temmepatypoit T+AT orTpaer 3Ty TEmwioTy,
TO CyMMAapHO¢ HM3MEHEHHe B3HTponuH (nmpH Manom AT)

0 0 oar

T THAT T?

>0.
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Ecnd 3a uuTepBan Bpemend d¢f mpousomiess obmer TelwloTodl B oObeme V=F-Ax
(F—nnoiaab CONMPUKOCHOBEHHA TEJ), TO CKOPOCTb BO3HMKHOBEHUS JHTPONHU B CIU-
HAOe obnema

ld(AS)ISQIAT Il A T=IX

o=—— et My rax =iya,

vdr Farax 12t

rae I —cocTaBusiomias MO OCH X IUIOTHOCTh MoToKa Temnoth; = —(1/T7%)grad, T—

COOTBETCTBYIOIIAS 3TOMY TOTOKY CHINA.
B obuiem ciyuae temroobmeHa

1 3 13
o=——(LgradT)=) LX;==3 Ix,
T i=1 T
13.3. Ecnim B uwemM 3. O ¢ £ TpOTekaeT TOK CuiIod [, TO MO 3aKkoHy
[xoynsa—-Jlenna B Heil BRIIENAETCS B €AMHALY BPEMEHH KOJHMYECTBO TEILIOTH Q=4&1,
a B emuHuue obbeMa KOHTypa (B oOIIEM cilyyae W He OJHOPOAHOTO) B EHUHHIY
BPEMEHHM BBIACNACTCA TEIIOTA

g=—(j, grad 9),

TAe j-——TUIOTHOCTh TOKZ; - IOTCHUHA I/CKTPHUYCCKOro mond. B cramuoHapHoM
COCTOSIHHM, KOT/[a TeMIeparypa KOHTYpa MOANEPKHUBACTCA IOCTOSIHHOM, 3JIEKTpUYECKas
JHEPTHsI TOJHOCTLIO TiepelaeTcs B BHAC TEIUIOTHI oOKpyxkamwomieit cpene. Ilostomy
CKOPOCTb BO3HHKHOBEHMS JHTPOIHH B KOHTYypE

§=Q/T=(l/T)EI,
a TIPOM3BOJCTBO OJHTPOMHH, T. €. CKOPOCTH €€ JIOKAJBHOTO BOIHMKHOBEHMS,

g 1 ad
o= =—70 grad).

14.1. Tlpeacrasum cebe, 9TO B CMECH MOMIAEPXKHUBACTCS TEMICPATYPHbIA I'DaJUEHT,
BBI3LIBAIOIIMI TOSBJICHNE TPAJNEHTa KOHLUEHTpamu#. IIpeanonoxuM Takxke, 4TO CMeECh
COCTOMT M3 IBYX KomioneHToB. ITycTh KOHUEHTpanmus KOMIOHEHTa [ yBEIWYHBACTCH
y TOpsAYeH CTEHKH pe3epByapa, B KOTOPOM 3Ta CMECh 3aKitoyeHa. [loGaBHM HekOTOpoe
KOJIMYECTBO BELIECCTBA B XOJIOJHYIO HacTh pe3epByapa. Toraa rpajneHT KOHUEHTpaUWH
nonwxkaetcs. Ilo mpuHmuny Jle lllarenbe, BO3HHKAET NOTOK, KOTOPHIH MEpEMELIAET
HEKOTOpOE KOJINYECTBO BelllecTBa / K ropsidell cTOpoHe pesepsyapa. Takam obpasom,
BO3MYIUCHAE KOMIICHCHPYETCS 3THM MOTOKOM, Kak Toro Tpebyer mpunuun Jle IHarense.

Cpennuit TOTOK JHEpPrMM B ©IMHMIY BPEMEHH dUepe3 eOUHHLY IO
oTBepeTHS No ocH X

«©

my? kT
— v, dn(v,)=nkT [|—.

1
! 2 2nm

I

]
Kaxpnas MOJIEKYJla TNEPEHOCUT KHHCTHYECKYIO IHEPTHRO

Yomor=1,mu i+t mel+t, mel.

Cpennee 3uaueHue mw? /2 IUI8 TeX MOIEKYJ, KOTOpble NPOXOIAT 4Yepe3s OTBEPCTHe,
pPAaBHO OTHOIICHUIO CPEAHEIO IOTOKA 3HEPIHM K CPEAHEMY HOTOKY MOJIEKYI:

(mv2)2=1I/I,=kT.
37



Ota BenuumHAa B aBa pasa OGonblie CpefHEH KMHETHYECKOH OSHEPTHM Ha OIHY
crenens cBoGoabl (k7/2), MOCKOIBKY MOIEKYNbl ¢ OOJBIIMMH CKOPOCTAMH HMMEIOT
OOJBIIYIO BEPOSTHOCTh IPOMTH 4Yepe3 OTBEPCTHE, 9€M MOJEKYJIbl € MEHbLUIMMU
CKOPOCTSAMH.

Cpennne 3navenus {mv?2/2> u {(mv?/2)) pasust kT/2. [TosToMy cpenmsis 3Heprus,
nepeHoCHMas TPOXONAIIIMH 4Yepe3 OTBEPCTHE MOJIEKYJIAMH,

{omuyy=kT+,kT+1,kT=2kT,
a CpeAHsAs MOJisipHas SHEPrusd NEpeHoca
U*=2RT.

14.4. Cornacso npuHUMny IIpuroxusa, no Mepe mepexofa CHCTEMB B CTALHOHAp-
HOC COCTONHME UPOM3BOACTBO OJHTPONMM YMEHBIIAETCS M, KOTAa CTALKOHADHOE
COCTOSIHHE JOCTHTHYTO, 3T4 BEJMYHHA IPUHHUMAET HAWMEHBINCE 3HAYCHUC, COBMECTHMOE
¢ BHEWIHMMK yciioBusMU. CaMa SHTPONHMS CHUCTEMbl B 3TOM IIPOLECCE YCTRHOBJICHHSA
CTALIOHAPHOTO COCTOSHHSA TAKXKE 4YacTo yMeHblnaercsi. [lokaxem 3TO Ha OpHMepe
¢ razoMm Kuyzacena. IlycTh cocnMHEHHBIE KAHJUIAPOM COCYAbL. ¢ ra3om Kuyacena
HMEIOT OJMHAKOBBLIK 00BEM M B HAYaJbHOM COCTOSIHMH HMEIOT 10 MOJIO rasa:

vi=vi=1, v4+v'=2 )

PacnipesieeHye BELIECTBA B CTANMOHAPHOM COCTOSHHH OINpENETAETCS ypAaBHEHHEM
pilp"=JTIT",

VIV = ST Ti= 1+ AT/T, @

nockonbky p'=viRT/V u p"=v"RT/V. W3 sroporo ypashenus (1) u ypasHenus (2)
HaXOHM:!

HIH

2(1+AT/T)? . 2
Ver= s V= .
1+ (1+AT/THV? 1+(1+AT/T)"?
SHrponus v Mojel HIcaNbHOTO rasa

Q Y a8 _vﬁf(T)_ﬂ
S—v[f(T)—Rln T/:| u (5_T>v——6T ="

’

H03TOMy 3HTpOl’IHﬂ CHCTEMBI
S=v'[f(T)=Rln@/T)]+v" [ f(T+AT)=RIn(v'/V)].

TIpuMeHsis 3TO YPABHEHNE K HAYaJIbHOMY W CTRIMOHAPDHOMY COCTOSIHHMSM ¥ pasiaras
notoM f(T+AT) no crenedsm AT/2T, nonyqaem

Ser—=So=—"/16(4Cy + R)(AT/T)* <0.

DTO 03HauaeT, YTO 3JHTPONMA CHCTEMBI B CTAHOHADHOM COCTOSHHH MEHbIIE,
yeM B HavyajnbHOM. To %e camoe mabmiomaercs npu TepMmoaubdysuu. ITpoucxonsauiee
[PH 3TOM pa3/JiefieHHe BELUECTB COOTBETCTBYET YMEHBUIEHMIO 3HTDOIHH 110 CPABHECHHIO
¢ HauaJbHBIM cocTosHHeM. OIHAKO B HEKOTOPBIX APYTHX CJIyYasix SHTPOIHS BO3pacTacT.

15.1. Iopsigox omnpenesseTcs Kak HPABHIBLHOCTb B PACHOJIOKCHMH 4ero-HuOyIb,
a xaoc—kax Oecniopsnok. [1o3ToMy KpHCTan MBI Ha3bIBAEM YHOPAOOUEeHHOU, A XKHA-
KOCTb (M Ta3)— COOTBETCTBEHHO HEYNOPAOOUEHHOU cucmemoil uacmuy.

Ho, kak W3BECTHO, MpH TMOHWKEHUU TEMIeEpaTyphl KyOuueckas peluerka KpHCTawia
MEePEXOAUT B rekcaroHambHyro. Kakas u3 aTux kpucrawmnieckux ¢as Gosee ynopsiodecH-
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Ha—xkyOudeckass WM rexcaroHagbHasa? BossukaeT Bompoc O Mepe YyHOPSIOYCHUS
(M3MCHEHHA TOPAIKA).

Takoit Mepo#t sBIsieTcs HapyHICHME CHMMETPHHM CHCTeMbl. B paccMaTpuBacMom
cllyyae NONHMOPGOHOrO NpEBpALlCHUs KpHCTasla IpH  NOHMXKEHHH TeMIepaTypsl
BO3MOXHA yTpaTa CHMMETDHH, TOCKOJbKY Kkybuueckas pemerka obnagaer OGosee
BBICOKOH CHMMMETpHEH. AHAJOIMYHO, KPHCTAJUI, BO3HUKAIOIMH INOCHE OXJIaXICHUS
KHAKOCTH, MeHee CHMMeTpuueH (Oonee yHOPSAOMCHHAs CHCTEMA), YeM HCXOJHAs
KUIKOCTD; XKUAKOCTb T0CTIE BO3HUKHOBEHHMS B Heil KOHBEKLMOHHBIX TeueHHHl B 3ajaue
Benapa MeHee CHMMETDHYHA, YeM Ta Xe€ HOKOALUAACH XUAKOCTb; (peppPOMArHeTHK,
I7i€ BCE MATHUTHBIE MOMCHTH! OTHAECJIBHBIX ATOMOB OpPHCHTHPOBAHBI B OHHOM HAaNpaB-
JICHUM, MeHee CHMMETPHYEH I[1apaMarHeTHKa O CJy4aiHbLIM HanpaBJICHHEM . 9THX
MoMenToB. U BOOOILIE, BO3HHKHOBEHHE JHO0OH NPOCTPAHCTBEHHON WIH BPEMEHHON
CTPYKTYpH! HapyliaeT ONHOPONHOCTH CPEABl, T.€ CHMMETPHIO II0 OTHOIUEHHIO
K TPaHCISAUHAM B TPOCTPAHCTBE WM BO BpeMenHd. [lostoMy TypOyleHTHOEe TeuecHUE
XHOKOCTH, BO3HHMKAIOUIEE NPH CHIBHOM HEPaBHOBECHOCTH M XapaKTepH3yeMoe WOSB-
JICHHEM CJIOKHOH CTPYKTYpPbl (CAMOOpraHM3alus), sBIseTcH OoJjiee  yMOpSOYSHHBIM
(MeHee XaOTHYECKHM), 4YeM JIAMHHADHOE TeYeHHe.

BenuuuHa nopsaxa H ero H3MeHeHHs (YIOPAIOYCHHAS) XapaKTePH3YETCS napamempom
nopaoka, KOTOPHI CBA3aH ¢ CHMMeTpHell CHCTeMbl. MeHee CUMMETPHYHBIE COCTOSIHUS
Gonec ycTOWYHBBI TO OTHOLICHHIO K BHEUIHHM BO3JCHCTBUAM.
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— — auanekTpuka 190
OHeprus cucTeMbl 24
—— TepMoAnHaMuYcckord 139
ODuranpius 106, 107, 213
—uHBapuanTHag 150
Ourponuss 57, 58, 60, 72, 94, 121, 156,
165, 168, 170, 273, 314
—cMmemlesus 317
O¢dext TIeit-Jlroccaka 315, 317
— IIxoyna— Tomcona 183
—3eebeka 271
—-MarHurokasopuueckuit 194, 351
— Meiicuepa 240, 367
—mexaHokanopuyeckuit 277, 336
—Ienprhe 272, 275
—ITomepanuyka 236
— Nbe30MarHuTHeIR 193
— nbe303jIekTprueckuil 193
—rennoBoit 179, 180, 182
—tepMoMexaHnyeckui 277, 334
—Tomcona 272, 275

SIBnenns 3axpuruueckue 234
-—KpuTHYecKue 234, 242
Suetiku benapa 284
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