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MNPEAUCJIIOBUE

Hacrosimias kHura npeacraBiseT coOoi mepBylo 4acTh Kypca
«TepMomuHaMuKa M CTaTUCTHYECKas HU3MKa», YATAEMOro Ha ¢u3uyec-
KuX ¥ (PU3MKO-MaTeMaTU4eCKuX (GaKyJbTeTaXx YHUBEPCUTETOB. IDTOT
KypC §BJIS€TCS ONHHM U3 OCHOBHBIX KYPCOB TEOPETUHYECKOH (U3MKH.
B HEM MaxkpOCKOIMYECKHE Tejia, T. €. CHCTEMBI W3 OOJIBIIOrO 4Yucia
YaCTHIl, U3YYalOTCAd BHa4yajle TEPMOJAUHAMUYECKUM METONIOM, a NOTOM
METOJIaMH CTaTUCTHYEeCKO#M ¢u3uku. Takas HMocaenoBaTeNILHOCTL 00yC-
JIOBJIEHA MOCTENEHHBIM MEPEXOOM B IIPOLECCE U3YYEHHUS OT MPOCTOTO
Kk Oonee CIOXHOMY MeETOAy mO3HaHWSA. B oTiW4YMe OT OCHOBHOrO
Kypca CHEIKYpCchl MO TEpMOAMHAMUKE M CTaTUCTUYECKOH ¢usuke
MOXHO Hu3jaratb B JOOOM HOpsIKe.

Knura cocrour u3 Tpex uacTteil: B NEpBOd 4YacTU WU3Jaralorcs
TEOPETHYECKHE OCHOBBI TEPMOIMHAMUKYU; BO BTOPOY — €€ MPUJIOKEHMUS;
B TpeTheil —BBElICHHE B HEPAaBHOBECHYIO TEPMOIWHAMUKY.

Pa3zobpano Oojpmoe 4uciao HOBBIX 3agady. YacTtk HX CBsf3aHa
C JOTOJIHUTENLHBIMH BONPOCaMM, HE BCErJa YWUTAaEMBIMU B Kypce
4 HE BOLICNIIAMU B OCHOBHOM TEKCT KHUI'M. B 4eTBepTOM M3IaHUH
HEKOTOpbie pa3le/bl KHUTM JONOJIHEHBl WJIM M3JIOXKEHBI MO-HOBOMY.
BriepBeie B y4eOHOU JMTEpaType WH3Jaraercs peNSTUBUCTCKas Tep-
MOOWHAMHMKA M TEpMOIWHAMHMYECKass TEOPUS KPUTHUYECKUX MOKa3a-
Teled, a TakxkKe NPUBOIUTCA aHauu3 omubox u 3abayxneHuit
B TEpPMOIWHAMMKE, BECbMa MOYYMTEJbHBI NPH €€ OCBOCHUHU.

VHuBEpCUTETHI, Kak M BBICIIAs INOKOJA B LEJIOM, pEmIaloT
IBYEUHYIO 3aJa4yy — OATOTOBKY NPOGECCHOHANBHO BBICOKOKBAJIM-
GUUMPOBAaHHBIX CHENMANUCTOB U (GOPMUPOBAHHE y HMX AMAJICKTHKO-
MaTEepUAJIMCTUIECKOTO MHPOBO33PEHHs, NMO3TOMY B KHUTE MO XOIY
U3JIOKEHHS MaTepuasa pacCMaTPHUBaIOTCSl TEOPETHKO-NIO3HABATE/IbHBIE,
METOMOJIOTMYECKHE BONpOChl (u3MKU, Tak Kkak 0e3 ¢unocodckoro
OCMBICJICHHs (DU3UYECKHX TEOpHid MX 3HAHHE HE MOXET ObITh
NO-HACTOSHIEMY TJIyOOKUM.

ABTOp Onaromapen axad. H. H. Bozoaobosy 3a 00cyxneHue
NPUHLUIUAJIBHBIX BOIPOCOB COBPEMEHHOH TEPMOIMHAMHUKM U CTa-
THCTHYECKOR (PU3MKH, a TaKke WiIEHAM METOJIOJOTHYECKOr0 CeMHUHapa
¢usuveckoro dakynsrera MI'Y 3a 0oOCykneHue MeETOIOJOTMYECKHUX
BOIPOCOB KHHIH.

Asmop



BBEJIEHUE

TlocienoBaTeIbHOCTh pa3JIMUHBIX KypCOB Kak oOmieil, Tak #H Te-
OpeTHYecKOl (U3MKM ONpEnesseTCs: MNPEXIE BCEro MOCTENCHHBIM
IEPEXOIOM K H3y4YeHUI0 Bce OoJiee CHOXHBIX GOpM  IBHKECHUS
COOTBETCTBYIOLIMX CTPYKTYPHbIX BHIOB MaTepud (Maxkportena, MoO-
JIEKYJIbI, aTOMBI, 3JIEMEHTApHBIE YaCTHULLI U MOJIA).

MexaHukda U3y4aeT 3aKOHOMEPHOCTH Inpoctediueidl gopmul ABHXKE-
HUSi — OTHOCHUTEJILHOIO IIEPEMELUEHUS TEJI B IPOCTPAHCT BE CO BpEMEHEM.
TepMoauHaMuKa W CTaTUCIMYECKas (PU3MKa PACCMATPHBAIOT SIBJICHUA,
00yCJIOBJIEHHBIE COBOKYIHBIM ACHCTBUEM OIPOMHOIO YHCJIA HEMPEPHLIBHO
ABUDKVIIIUXCS MOJIEKYJ WIM JOPYTCUX 4YacTUL, U3 KOTOPBIX COCTOST
OKpYyXaroime Hac tena. biarogaps oueHs 001bIIOMY KOJIMYECTBY YaCTHI]
OecnopsiIOYHOE UX JIBUXKEHUE NMPUOOpETAET HOBBIE KAYECTBA: MAKPOCKO-
NUYECKHE CBOWCTBA CUCTEM U3 OOJIBIIOrO 4YUC/a YacTHLl B OOBIYHBIX
YCJIOBMSIX COBEPIUEHHO HE 3aBUCST OT HAYAJBLHOUO TIOJIOXKEHUS OTHX
4acTHL, B TO BPEMs KAK MEXaHUYECKOE COCTOSIHUE CUCTEMBI CYLIIECTBEHHO
3aBUCUT OT HayajlbHBIX YCJIOBUHA. DTO OJIMH U3 NPUMEPOB IHAJIEK THYECKO-
ro 3aKOHAa MNEepexoJa KOJUYECTBEHHBIX W3MCHEHUN B KayeCTBCHHLIE:
BO3pacTaHue KOJIMYECTBA MEXAHUYECKU ABHMOXKYHIUXCSl 4aCTULl B CHCTe-
M€ MOPOXIAET Ka4yeCTBCHHO HOBBIM BHJI [ABUXCHHSA — TEIJIOBOE [BH-
JKEHUE.

TersioBoe ABWXKEHHE NPEACTABIACT COOOW W3MEHEHHWS CUCTEMBI,
00YCIOBJICHHBIE €€ ATOMACTHYECKUM CTPOEHHEM U HAJIUYUEM OTPOMHOrO
YKCJIa YaCTHL, OHO CBA3AHO C MOJIEKYJIIPHBIM MEXaHUYECKMM ABUXCHUEM,
HO 3THM He HCHEPHBIBAECTCH €rO CYLIHOCTb. «Bcsikoe ABMXEHUE,— IUCAI
@. DHresibc,—3aKo4aeT B cebe MexaHWYecKoe [IBHXKEHHE, NepeMelleHIe
OOJIBINNX WM MeJIbYafllInX YacTeil MaTepuy; No3HaTh 3TU MeXaHUYECKHE
JIBUDKCHUSI SIBJISETCS Hepeoll 3ajavell Haykd, OOHAKO JIMIIL hepeoil ee
3agaueil. Ho 310 MexaHmueckoe MABIDKEHME HE MCHEPIIHIBAET [ABUKEHUS
BooOuIe. JIBIDKEHHE — 3TO HE TOJIKO TEpeMeHa MECTa; B HaJMeXaHW4ec-
KUX 00JIaCTSIX OHO ABJIIETCHA TakXKe M H3MEHeHUueM KauectBa. OTKpBITUE,
YTO TEIUIOTa NPEACTABJIAET COOOI HEKOTOPOE MOJIEKYJIIpPHOE ABWDKEHHE,
cocTaBwjlo 3M0Xy B Hayke. Ho ecim s He uMero HMYero Apyroro
CKa3aTh O TEIUIOTE KPOME TOTO, YTO OHA MpPEACTaBIseT COOON M3BECTHOE
nepeMeNIEHHe MOJIEKYJl, TO JIydIlle MHE 3aMonyaTh»™. Onpeae/srommm
Ui BO3HMKHOBEHHUS TEIUIOBOIO JBWXEHWs SIBJISIETCS HE MEXaHUYECKOE
JBUWKEHUE OTHENBHBIX YaCTUL, CHCTEMBI, a CYLIECTBOBAHME KOJLIEKTHUBA
OoJpioro ymcia yactul. [ledcTBUTENIbHO, 3aKOHOMEPHOCTH TEIUIOBOTO
JBUKEHUS NPOSABIAIOTCS HE TOJBKO B 4TOMHO-MOJIEKYJISIPHBIX COBOKYII-

* Jpreape ®. [uanexkTuka npupoasl. M., 1982, C. 219.



HOCTAX, HO U B TAKUX CHCTEMaX, KaK ONIEKTPOMArHWTHOE Mfyuennc,
3aKJIFOYCHHOE B HEKOTOPOM obreme (M. § 54)%.

TepmoauHamuka W cratucTudeckas (u3nka M3y4HaloT TEMJIOBYIO
¢dopmy naBuwxeHHss Matepud. MX OCHOBHOe cojep)xaHWe COCTaBJISET
pPaccMOTpEHUE 3aKOHOMEPHOCTEH TEIUIOBOTO [BHXXEHHUS B CUCTEMAX,
HaxomsfUIMXCs B TEIIOBOM paBHoBecud (cMm. § 1), korma B HHX
OTCYTCTBYIOT MAaKPOCKONMYECKHE [EPeMELICHUs] ONHOW 9YacTh OT-
HOCUTENBHO IPYTOH, a TaKke 3aKOHOMEPHOCTEH MpH NEepexolie CUCTEM
B PaBHOBECHOE COCTOSHHE*®) OTC}OI[a BUJHO, 4TO MpPEIMET HU3YyYCHUS
TEPMOJUHAMUKA W CTaTHCTU4ECKOW u3uku omun U ToT *e. Cymrect-
BEHHOE OTJIMYHE WX APYT OT Apyra COCTOMT B METOAAX UCCIEIOBaHHUS,
MO3TOMY OHM WU3JararTCs pas3fiesibHoO.

B 1O BpeMs kak TepMoAMHAMMKa M3y4aeT CBOMCTBA PaBHOBECHBIX
(U3UYECKUX CUCTEM, UCXOMS M3 TPEX OCHOBHBIX 3aKOHOB, Ha3bIBAEMBIX
Hauaiamu mepMOOUHAMUKYU, VW HE HUCNOJb3yeT SBHO MpPEACTaBJICHUI
O MOJICKYJIIPHOM CTPOCHHM BEIIECTBA, CTATHCTUYECKas (u3MKa MpH
PaccMOTpPEHHHM 3THX CBOHCTB C CaMOro Hayaja ONHpaerci Ha
MOJICKYJIPHbIC NIPEACTABJICHHS O CTPOCHHH (dbu3uUeCKUX CHCTEM,
IIUPOKO TNPHUMEHss METOObl MAaTeMaTHYeCKOW TEOpUH BEPOSATHOCTEH.

DeHOMEHOJIOTHYECKUI XapakTep TEPMOIMHAMHKH (ee HeCBs3aH-
HOCTh C MOJIEKYJIAPHO-KMHETHYECKON CYIIHOCTBIO M3YYaeMBbIX €l
3aKOHGMEPHOCTEH) MPUBOIOUT, C OJHOH CTOPOHBI, K BAXHBIM DPE3YJb-
TaTaM B OTHOIUIEHHH CBOHCTB (DM3UYECKUX CHUCTEM, a C JpYyroi
CTOPOHBI, OTPaHMYUBACT TJIYOWHY W3y4Ye€HWS 3THUX CBOWMCTB, T4K Kak
He TO3BOJISET BCKPHITH HNPUPOAY HccienyeMbix siBjenuil. Ilo aroit
IpUYMHE Hapsay C pa3BUTHEM TepPMOJUHAMUKM (opmupoBaach
U MOJIEKYJIAPHO-KUHETHYECKAasi TEOPUsl CBOWCTB (PU3MYECKHX CHCTEM,
M BCE KCCJICAOBATE/IM, UMEHA KOTOPBIX CBSI3aHbI C TEPMOJAMHAMUKOM,
yaenssm 060Jpl10e BHUMaHUE MOJIEKYJISIPHO-KUHETHYECKOMY OOOCHOBa-
HHIO €€ pe3yJIbTaTOB.

TepMoauHaMuKa SBJISETCA NEPBBIM 1ATOM HAa MyTH K HM3YYEHUIO
3aKOHOMEPHOCTEH B OOJIBIIIOM KOJUIEKTHBE HENPEPHIBHO IBIKYIMIMXCH
¥ B3aUMOJCHCTBYIOUINX YACTHUL| (CMamucmuueckux 3aKoHomepHocmeil),
IUIs BCECTOPOHHET0 ¥ 60Jiee MOJIHOrO PacCMOTPEHHS 3THX 3aKOHOMEP-
HOCTEH HEOOXOOMMO NpUMEHEHHE CTATUCTHYECKHX METOHOB.

OpHako TepMOIUWHAMHUKA OTHOCHUTEJIBHO CaMOCTOsTeNIbHA. XOTH
B KOHEYHOM HUTOre Bce CBOWCTBA (U3UYECKUX CHCTEM OMNpPEC/ISIOTCS
MOJIEKYJISPHBIM ~ JIBMDKEHHEM B HHUX, TEPMOJWHAMHKA TO3BOJIET
YCTaHOBUTbL MHOTHE U3 3THX CBOWCTB, He mpuberas K npeAcTaBiICHHAM
O MOJIEKYJIIDHOM CTPOEHHMHU Tei. [{Jis pelieHus MHOTMX NMpPaKTHYECKH
BAXHBIX 3ala4 JOCTATOYHBI METOABI TepMoAMHamuku. Bee oTo0
obycnoBiIuBaeT, C OAHOW CTOPOHBI, OrPAaHUYEHHOCTh TEPMOIMHAMHUKHY,

* TelloBBIM JBHXEHHEM O06JaNaroT CHCTeMbl M3 GONLIIOrO 4YMCIA YaCTHIL,
OTZENbHBIE KE YaCTHLBI MMEIOT HE TEIUIOBOE, 4 MEXAHHYECKOE NBUXCHHUE.

**) 3Ta 4acTb TEPMOAMHAMHMKH M CTATUCTHYECKOH (M3MKM HA3LIBAETCH PASHOGEC-
HOUl W COOTBETCTBEHHO CHMAMUCMUYECKOT MepMOCUHAMUKOT.



a ¢ ApYro#d CTOPOHBI, HANlEJISET €€ ONpeeICHHbBIMI NPEUMYLIECTBAMHU
nepesl MOJIEKYJISSPHBIMH TEOPHAMH.

B Hacrosiee BpeMsl HET HUKaKUX OCHOBAHUH 1Sl MPOBEAEHUs PE3KOH
TpaHi MEeXIY TEpMOJAUHAMUKON U CTATUCTUYECKOH QU3UKOMA; TEM HE MEHEE
onpeeNicHHOE PEUMYILIECTBO TEPMOANHAMHKY ¥ OCOOEHHOCTH ee METO0B
JMKTYFOT BaXXHOCTb OTJEJILHOTO U3JIOKECHHS TEPMOJMHAMUKY C IPUBJICUE-
HUEM HEOOXOAUMBIX KaueCTBEHHBIX MOJIEKYJIIPHBIX npeacTapiieHnit. OHa
MO3BOJISIET C MOMOIIBIO CBOUX HayaJl JIETKO YYUTHIBaTh HabJIr0AaeMble HA
OMNBITE 3aKOHOMEPHOCTH ¥ MOJIyYaTh U3 HAX (PyHOaMEHTAIbHbIE CIICACTBHUSI.
ViMeHHO Ha 3TOM HIyTH B CBOE BpeMs ObLIO NMpEACKa3aHO BBIPOXICHUE
ra3oB IpH HU3KOH TeMmepaType, pa3BuTa TeopHs a3oBBIX IEPEXOM0B
BTOPOro poAa, popMupyeTcs TepMOIMHAMIYECKast TEOPUS KUHETHIECKUX
ABJICHUH B (U3MYECKUX cHCTeMax (HepasHoeecHaA MepMOOUHAMUKA UAU
MEPMOOUHAMUKA HeoOpamuMblX NpPoYeccos).

TepMoIMHAMUKA BO3HMKJIA M3 TNOTPEOHOCTEH TEMJIOTEXHUKUY.
Pa3BuTHe NPOUBBOAMTENBHBIX CUJI CTHMYJHUPOBAJNO €€ CO3JaHME.
[Mupoxoe npumenenue B Havane XIX B. mapoBoif MallWHBI IIOCTABUJIO
mepel HayKod 3ajady TEOPETHYECKOro u3y4deHUs paboThl TEMIOBBIX
MaIllliH C IEJbI0 MOBBILUCHUS UX Ko3dduuueHTa noje3Horo ACHCTBUs.
310 uccienoBaHMe ObUIO NpoBeleHO B 1824 r. dpaniy3ckuM GU3NKOM,
umxeHepoM Caau KaprOo, [0Ka3aBIIUM TEOPEMBI, ONpECNSIONIME
HauOoNMbMui KOo3pULUUEHT MOJIe3HOro AEHCTBUS TEIJIOBBIX MAalIuH.
OTH TeopeMbl TNMO3BOJMWJIM BMOCICACTBUU CHOPMYJIUPOBATH OAUH U3
OCHOBHBIX 3aKOHOB TE€PMOJMHAMUKH — BTOpoe Hayano. B 40-x romax
XIX B. B pe3yabpraTe wucciefoBanuid Maiiepa u JIxoyins OvLil
YCTaHOBJIEH MEXaHWYECKMH 3KBUBAJIEHT TEIUIOTHI U HAa 3TOH OCHOBE
OTKPHIT 3aKOH COXPAaHEHUsS M MNPEBpAlLLCHUS SHEPruM, Ha3bIBAEMBbIii
B TEePMOAWHAMUKE €€ NEpPBbBIM HAYaJOM. OHIEJIbC Ha3Bajl €ro
«BEJIMKMM OCHOBHBIM 3aKOHOM JBHXEHHs»**), yCTaHaBJIMBAIOIMM
OCHOBHBIE NMOJIOXKEHUS MaTepuanu3Ma. 3aKOH COXpaHEHUs ¥ NpeBpalie-
HHSl OJHEpPrMd KMeeT KaK KOJIMYECTBEHHYIO, TaK U KayeCTBEHHYIO
croponsl. KonuvecrBeHHast CTOpOHA 3aKOHA COXpPAHEHWS U INpeBparlie-
HUSl 9HEPTUU COCTOUT B YTBEPXKICHUM, YTO IHEPrUsl CUCTEMBI ABJISETCS
OoJHO3HA4YHOW GYHKUMEH ee COCTOSHMA W NHpu JHOOBIX mpoueccax
B H30JIMPOBAHHOH CHCTEME COXPAHSETCS, MPEBPALIAsACh JIMIbL B CTPOTO
ONpEJEeJICHHOM KOJIMYECTBEHHOM COOTHOIICHUM OKBUBAJICHTHOCTH U3

*) CoXUBILIEECS HA3BAHHE «TEPMOJMHAMMKA» YHNOTpeOisieTCs BHE CBS3M C I10-
HATHEM JOWHAMUKM M ONpPEAeNsieT HE YYeHHE O JBIXKCHMH TEIUIOTHI, a HAayKy
0 «HBIXKYIIMX CHJIaX», BO3HHKAIOIIMX NPH TEIUIOBBIX mpomeccaX. IlepBoe couunenue
0O TEPMOJMHAMUKE TaK M Ha3biBajoch «Pa3MBILUIGHHS O JBHXKYLNEH CHle OrHs
H O MailMHaX, crnocoOHeIXx pa3suBath 3Ty cuny» (Camm Kapro, 1824). 3pmecy mox
«IBUXKYILEH CHIION» TNOHMMAJIOCH TOJe3Hoe HelcTBHe (paboTa), KOTOpOE [BUraTeib
MOXET HaTh 3a c4YeT TemwioThl. TakuMm o6pa3oM, TEpMOIMHAMHKA —HAayKa O 3aKOHax
TEILUIOBOTO NBMXEHUA (TEPMO) M €ro npeBpalleHUsAX (OUHAMUKA) B JpYyrde BHJBI
nemwxenus. OTcroa BUAHO, YTO NMPENJIOKEHHS O HA3BaHWK KJIACCHYECKOH (pPaBHOBECHOIA)
TEPMOJMHAMHUKA «TEPMOCTATHKOW», «TepMOQU3UKOH» HE HMEIOT OCHOBAHHH.

**) Jyresne ®. Antu-Jropunr. M., 1977. C. 9.
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OJHOTO BUAA B ApYTro¥; KaYeCTBEHHAs CTOPOHA 3TOTO 3aKOHA COCTOUT
B HUKOTAA HE yTPAYUBAEMOH CHOCOOHOCTH MaTepUalibHOTO ABUXCHMS
KO BCC HOBBIM U HOBBIM IPEBPAIICHUSM.

XoTa 3aKOH COXpaHCHWS W TNPEBpANICHUs 3HEPTMH (KaKk ¥ caMo
MOHSATHE JHEPTMU — MEpPhbl JIBWXECHUS) NMPUMEHHM TOJBKO K Qusuyec-
kuM popMmaM aBuxeHUs (CM. § 2) U HEMPUMEHUM K BBICIIMM (GopMaM
JIBWXKEHUS MaTepuu (OUOJIOTMYECKOE U OOILIECTBEHHOE JBUXEHUE),
TEM HE MEHee OH WMeeT BceoOinee 3HaYeHWE. IJTO ClEAyeT U3
obmmuoctTy ¢usuyeckux GOpM ABUXKEHUA: Beskas Ooyiee BBICOKas
dbopMa [IBWXCHUS MaTepuM COACPXUT B cebe dusuveckue ¢opmsl
JBIDKECHUS, XOTS M HE CBOAMUTCS K HUM. M eciu mpu mpeBpalieHuH
onHOU (Qusuueckoit GOpMBI ABWXKEHMS B JAPYIYIO OJHAa H3 HHX
ucue3aet (YaCTUYHO WIM NOJHOCTBIO), a BTOpas KOJUYECTBEHHO
yBeJIUYUBaeTCH (MpeBpalleHUue MEXaHHYEeCKOTo IBWXXCHUSA B TEIUIOBOE,
9JIEKTPOMAarHuTHOE W HAoOOpOT ¥ T. A.), TO NPU BO3HUKHOBEHUH
HOBOM, OoJsiee BBICOKOHW (GOpPMBI IBUXCHUS MATEPUU MOPOXKIAOLIUE
ee pas3iuuHble Qusuveckue GOpMBI ABWXKEHUSA HE UCYE3AIOT, a CyIIe-
CTBYIOT KaK «BBICIIEE MX €AUHCTBO»*). Paspyienwe JTOro eauMHCTBa
NPUBOJUT K HCYE3HOBEHMIO 0oJiee BBICOKOH (OpPMBI  ABHXXEHHS
U BBICBOOOXKACHUIO KaK CaMOCTOATEJBHBIX, HOPOXIAIOUIMX €€ pas-
JUYHBIX ¢u3uueckux GopM ABWXKEHUS, KOTOpPHIE UMEIOT CBOEH Mepoit
3HEPTHUIO.

Otcrofia cneayer, 4TO HEMOCPEACTBEHHO 3aKOH COXPAaHEHWS M Ipe-
BpAICHUSI SHEPTMU TMPHJIOXKHUM TOJIBKO K (usnyeckuM ¢opMam
IBIDKEHUS MATEpUU ¥ YCTAHABJIMBACT HEYHUYTOXKUMOCTH U B3aUMO-
NPEBPAIIaEMOCTh TOJBKO 3TUX (OPM MaTepHajibHOTO [ABUXKEHHS, HO
BMECTE C TEM OH OJHOBPEMEHHO SABJIAETCS €CTECTBEHHO-HAYYHBIM
BbIpaxxeHUEM o0medunocodhckod HAEH HECOTBOPUMOCTH ¥ HEYHUY-
TOXUMOCTH MaTtepu¥ U ABWkeHUsA. «COBpPEMEHHOE €CTECTBO3HAHUE
BBIHYXAEHO OBLIO 3aUMCTBOBaTh y QWIOCO(QUH NMOJIOKEHUE O HEYHUY-
TOXXHUMOCTH ABUWXEHUSA; 6€3 3TOTO NMOJIOKEHUs €CTECTBO3HAHUE TENeph
HE MOXET yXe CYyIEeCTBOBATH»*¥),

B Buge obopmiieHHON HayyHOH CUCTEMBI, MCXOASIIEH u3 pabor
Kapno u 3akoHa coxpaHEHWs ¥ NpEBpaNIeHUs SHEPTUH, TEPMOJUHAMU-
ka noseuwiace B 50-x rogax XIX B. B tpynax Knaysuyca u Tomcona
(KenpBuHa), AaBIIMX COBpPEMEHHBIE (OPMYJIUPOBKHA BTOpPOTO Havaja
TEPMOJUHAMUKM ¥ BBEAIIUX BAXHEHIWE NOHATHS SHTPONUU U ab-
coJiroTHOH Ttemnepatypbl. OCHOBHBIM METOJOM HCCJIEJOBaHUSA Tep-
MoauHaMuku XIX B. Obul Memod Kpy2o06bix npoyeccos.

bonpmoe 3HaueHWe IS TEPMOJMHAMHUKM WMeENU MNOSIBUBINKECH
B koHue XIX B. paborel I'ub66Gca, B KOTOpBIX ObUI CO3daH HOBBI
METOJA TEPMOJUHAMMYECKUX HCCIEAOBaHUN (Memod mepmoounamuyec-
KUX Nnomexyuan06), yCTAHOBJEHBI OOLIME YCJIOBHS TEPMOJWHAMUYEC-
KOro paBHOBECHS, pa3BUTa Teopus a3 ¥ KanWUIAPHOCTH.

* Jurensc ®. [luanektuka npupomsl. M., 1982. C. 217.
**) Tam xe. C.20.



B XX B. TepMoAMHaMMKa BBHIIUIA 32 NpEAESibl NMEPBOHAYAJIBHBIX
TpeGOBaHUH TEMJIOTEXHUKHU M CTajla U3y4aTh, Kak yxe OBLJIO CKa3aHo,
3aKOHOMEPHOCTU TENJIOBOH (OpPMBI ABVKEHUS MATEPUU B OCHOBHOM
B PaBHOBECHBIX CHUCTEMax U TMNpH MepexoJe HUX B PaBHOBECHOE
COCTOSTHHE.

IlepBoe Hawyano TepMOAMHAMMKY BBIPAKAET KOJIUYECTBEHHYIO CTO-
poHy 3aKOHa COXpaHEHWS M NPEBPAIICHUS SHEPTHM B NPUMEHECHUU
K TEepMOAWHAMHMYECKMM CHCTEMaM.

Bropoe Hawano TepMOAMHAMUKH TpeACTaBiseT coboi 3akoH 00
saTponuu. IIposBiaeHNEM AEHCTBUS 3TOTO 3aKOHA ABJISETCS, HAIPUMED,
CaMONPOU3BOJIBHBI TNEpeXoA TemIoTHl OT Tena C Oosbluei TeM-
nepaTypoil k Tely C MEHbUIEH TeMmepaTypod Hpu CONPUKOCHOBEHHH,
HEBO3MOXHOCTh MPOLECCOB, €AUHCTBEHHBIM pE3yJbTATOM KOTOPHIX
Ob10 OBl mpeBpaiieHUE TEWIOTHI B pabory, W Ap.

Tak xe kak 4 NepBOe Hayajlo TEPMOJAUHAMUKH, BTOpOE Havajo
UMEET OKOJIO JecATKa pasjIMuHbIX (GOopMyIupoBOK, OoJblasg 4acTh
KOTOPBIX 3KBUBAJICHTHA OJHA APYroi U BbIpaxKaeT IOJHOE COAepKaHue
caMoro 3akona. PazHooOpa3ue QpopMyJIUpOBOK 3TUX 3aKOHOB CBS3aHO
C UX NPOSBJCHHEM B TEX WIH HMHBIX KOHKPETHBIX ciy4asx. Ta u3
($hOpMyJIMPOBOK, KOTOpas BBIpakaeT 3aKOHOMEPHOCThL SBJICHUS, Ha-
ubonee OIU3KOTO K HAIIEMY OMBITY, MPAKTHKE, MOXKET OBITH NPHUHATA
3a HCXOJHYIO NpU YCTAHOBJCHUM M aHaJM3€ KaXAOro U3 3aKOHOB.

B 1906 r. Ha OCHOBe MHOTOYMCJICHHbIX WCCJIE[IOBaHHI CBOMCTB
TeJ mpu TtemmepaTtypax, Oiumskux kK 0 K, Obu1 ycraHOBJeH HOBBIH
3aKOH NPHPOJBI—TpPEeThe Hayaso TtepMmoauHamuku. CornacHo emy,
TpH TeMrmepartypax, crpeMsuxcsa k 0 K, paBHOBecHBIE H30TEpMUYCC-
KHE mpoueccsl mpoxoAar 6e3 U3MEHEHHs SHTpoNuU. TpeThe Hayajio
TEPMOJUHAMUKY HUMeeT OOoJpIIoe 3HAa4YEHUE NPU HAXOXIACHWM JHT-
PONUIHBIX ¥ XUMMYECKUX KOHCTAaHT, KOTOPBIE OKa3bIBAIOTCS CYILECT-
BCHHBIMM NpU JI0OOH TeMmeparype.

OcHOBBIBasICh Ha TpEX Hayajlax, TEPMOAMHAMMKA WCCJIEAYET CBOM-
CTBa DEaJIbHBIX CUCTEM, COCTOSNIMX W3 OOJBUIOTO YHUC/IA YaCTHIL.

HeouennMplil BKJIaJ B pa3BUTHE TEPMOJWHAMUKHM BHECITM HAIH
yuennle. B komnme XIX B. mnpodeccop KueBckoro yHuBepcurera
H. H. lumtep nan HOBYI0 (OpMYJIMPOBKY BTOPOrO Havajia TEPMO-
JUHaMUKH, koTopas B 1909 r. Obiyia pa3BuTa HEMELKUM MaTeMaTUKOM
Kapateogopu. B 1928 r. T. A. AdanacreBa-OpeHbecT, KpPUTHYECKH
apanusupys pabotel Iunnepa u Kapateogopu, BnepBele mokasala,
4TO BTOPOE HA4yaJl0 TEPMOAMHAMHKU COCTOMT W3 [ABYX HE3aBHUCUMBIX
TIOJIOXEHUH, ABIAIOIUXCA 0000IIeHHEM NaHHBIX ONbITA W OTHOCSIIUX-
cs, C OJHOW CTOpPOHBI, K COCTOSIHUSIM pPaBHOBECHH, a C APYrod —k
HEpaBHOBECHBIM IPOILECCaM.

BaxHa posp pyccKuX y4YeHBIX U B U3YYCHUW KPUTHUYECKUX SBJICHUH.
CaMO nOHATHE KPUTUYECKOH TEMOEpaTyphl TOSBUJIOCH BIEPBBIE
y HA. W. Menneneesa.

MenpaeneeB yCTaHOBWJI, YTO mNpW NpUOJMKEHUHM K HEKOTOpOM
TEMIIEPAType NOBEPXHOCTHOE HATSMKEHHE CTPEMUTCH K HYJIO M Opo-
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najgaerT pas3jidude MexAy KUAKOCThIO U mapoM. OH HasBal 3Ty
TEMIEpaTypy memnepamypoi abcoaromuozo Kunenus. B nanpHedmem
U3y4eHWeM KpUTHYECKUX sBJeHuid 3aHuMamucs A. I'. CroueTos,
M. I1. ABenapuyc u np. Yuennie B. A. Muxenbcon u b. b. I'osunmsin
BHEC/IH 3HAYMTENbHbIM BKJa/ B TEPMOJUHAMHKY U3JIydeHUs. I OJMLBIH
HEepBBIM BBEJl MOHATHE TEMIEpPATypbl H3JydYelns, KOTOpPOE BOLLIO
B HayKy ¥ COXpaHwioch A0 Hammx AHedl. [IpumeHenuem Ttepmonn-
HaMukM K ¢usmueckoit xumuu 3aHuMasuck 1. T1. Konosasos,
H. C. KypHakoB u Ap.

Boapmo# BkJagd B TEPMOAMHAMUYECKHE M  CTATUCTHYECKHE
ucciaenoBanns precan pabotel H. H. Boromofora no mnpobiemam
JMHAMHYECKONH  TeopuM B CTaTHCTMYecKOi  ¢wusmke, paboThl
JI. 1. JTannay no Teopuu cBepxTekyuecTd, paborsi M. A. JleoHTOBHYA
0 TepMOAWHAMMYECKUX (YHKIMAX HEPABHOBECHBIX COCTOSIHHIA,
pabotel B. K. CeMeHYEHKO 1O TEOpUH pAaCTBOPOB M KPUTHYECKHX
SABJIEHUH H Ap.

JaHHBIT Kypc TEepMOAWHAMHMKH CTPOUTCA IO TaKOMYy IUIaHY:
CHayaja YCTaHABJIMBAIOTCA M OOCYXHAIOTCA OCHOBHBIE NOHATHS
U HUCXOAHBbIE IOJIOXKEHUS TEPMOOWHAMMKM, M3JIaraloTcs Hawana Tep-
MOJWHAMUKHA ¥ HUX OCHOBHBIE CJIEACTBHS, a NOTOM paccMaTpHBAIOTCS
METOABI TEPMOJUHAMUKM ¥ C MX MOMONIBIO pa3dHparoTcs BaKHeHIIue
NPUWIOXKEHUsS] TEPMOAUHAMUKH.

ITocnenHue rnaBbl MOCBAIICHBI OCHOBAaM HEPaBHOBECHOW TEpMO-
UHAMUKH.



OCHOBbI
TEOPUM

T'VIABA IIEPBAA

OCHOBHBIE TIOHATHA
N UCXOAHBIE TMOJIOXEHUSA
TEPMOJNHAMMKU

TepMoguHaMuka usy4yaem 3aKOHOMepHOCMuU men-
J7I0BOro gBUKE€HUSI B paBHOBECHbLIX cucmemMax u npu
nepexofje cucmeM B paBHOBecue (Knaccu4yeckas,
unu pasBHOBECHasi, MepMojuHaMmuka), a makxe
obobujaem 3mu 3aKOHOMCPHOCMU Ha HepaBHOBEC-
Hble cucmeMsl (HepaBHOBECHass mepMofuHaMuka,
unu mepmoguHamuka Heobpamumbix NPOLECcCOB).
3pgecs paccmampuBaemcss paBHOBeECHasi mMepMogu-
Hamuka (ee 06bI4HO Ha3biBalOM NPOCMO MepPMo-
AUHAMUKOW B OmJu4yue Oom HepaBHOBECHOU mep-
MOJJUHaMUKuU).

lpexpge uveM nepeimu K U3/TI0XKEHUID OCHOBHbIX
3aKOHOB U MemojgoB MepMOJUHaAMUKU U U3Y4YeHUlo
CBOMCMB pas3/luYHbLIX CUCMEM, packpoeM cojgepxa-
Hue rfaBHbIX MEPMOJUHaMUYeCKUX noHsmuu. Omo
no3sosuUM OuyeHuUmb 3HavYeHue U npefesisl npume-
HUMOCMU MepPMOJUHAMUKU.

§ 1. TEPMOAUHAMUYECKHUE CHUCTEMBI,
MMAPAMETPBI U1 PABHOBECHUE

Besikuit MaTepuasibHbli 00BEKT, BCAKOE TEJIO, COCTOSAMIEE U3 OOJIBIIOro
YUCJa YacTWll, Ha3BIBAETCA Maxkpockonuueckoil cucmemoti. Pa3mepsl
MaKpOCKONMYECKUX CHCTEM BCErjJa 3HAYUTENBHO OoJibllie pa3MepoB
aTOMOB W MOJIEKYJl. Bce MaKpOCKONMYECKHE NpPU3HAKH, XapaKTepH-
3yIOIKWE TaKyl0 CHCTEMY M €€ OTHOIICHHUE K OKpYXAIOUIMM TejaM,
Ha3bIBAKOTCA MaAKpOocKonuyeckumu napamempamu. K ux dquciay ot-
HOCATCA TaKde, HampuMep, BEJIMYMHBI, KaK IUIOTHOCTh, 00beM,
yOpYrocTh, KOHLEHTpAnus, NOJAPU30BAHHOCTh, HAaMarHW4YEHHOCTh
u T.A. MakpoCKONWYeCKde NapaMeTpsl pa3fessSioT Ha BHEIIHUE
U BHYTPEHHHUE.

BesuuHbl, ompenesiseMbie IMOJOXKEHHMEM HE BXOMSIIMX B Hally
CHCTEMY BHEIHUX TE€JI, Ha3bIBAOTCA GHeWHUMU napamempamu a; (i=1,
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2, ..), HampuMmep oOBeM cucrteMbl (Tak Kak OIpeaeIseTcs pac-
HOJIOKEHUEM BHEIIHMX TeJ), HAampsOKEHHOCTh CHJIOBOTO mmoJis (Tak
KaK 3aBHCHT OT TOJIOXKECHMS MCTOYHHKOB TIOJIsi—3apsSilOB M TOKOB,
HE BXOIAIIMX B HAUIy CHUCTEMY) M T. 1.

CnemoBaTesibHO, BHELIHHE TapaMeTphl SBJSIOTCA (GYHKIUAMH KO-
OpIMHAT BHEIUHMX TeJ. Benuuunbl, omnpenesiieMble COBOKYIHBIM
JBIDKEHMEM M pacCrpefesieHHeM B MPOCTPAHCTBE BXOMASIIMX B CHCTEMY
YaCTHI, HA3bIBAIOTCA 6Hympennumu napamempamu b; (j=1, 2, ...),
HanpuMep IUJIOTHOCTh, AaBJIEHHE, JHEPTHS, NMOJIAPU30BAHHOCThH, HAMAr-
HMYEHHOCTh M JAp. (TaKk Kak HMX 3HAYECHHs 3aBHUCAT OT JBMKCHUS
U TOJIOXKEHUS YaCTHI[ CHUCTEMBl M BXOMAIIMX B HHUX 3apsiIOB).

Tak xak camMO NPOCTPAHCTBEHHOE PACIOJIOXECHHE BXOISAIIUX B CH-
CTEMY YaCTHUI—AaTOMOB H MOJIEKYJ—3aBHCUT OT pachoJIOKEHHS
BHEIIHMX TeJI, TO, CJIEHOBATEJIbHO, BHYTPEHHHE MapaMEeTpPhl Onpeaess-
FOTCSl TIOJIOKEHMEM M [BIDKEHWEM 3THX YacCTHI M 3HAYCHHWEM BHEIIHUX
napaMeTpoB*).

COBOKYNIHOCTb ~ HE3aBUCHMBIX MAaKPOCKOIMYECKUX MapaMeTPOB
OTIpENENISIET CcOoCcMmoAHuUe cucmemsl, T. €. GpopMy ee ObiTus. BennmumHsl,
HE 3aBHUCSIIME OT NMPEOBICTOPUA CHCTEMBI M IOJIHOCTHIO ONpeesiieMble
€e COCTOSIHHEM B JaHHBIH MOMEHT (T. €. COBOKYIHOCTbIO HE3aBHCHMBIX
MapaMeTPOB), Ha3BIBAIOTCA @BYHKYUAMU COCMOAHUA.

CocTosiHHE Ha3BIBAETCSA CMAYUOHAPHBIM, ECII TIAPAMETPhl CHCTEMBI
C TEYCHUEM BPEMEHHM HE M3MEHSIOTCS.

Ecnu, xpome TOro, B CHCTEME HE TOJIbLKO BCE NapaMeTphl
INOCTOSIHHBI BO BPEMEHH, HO M HET HUKAKUX CTAIMOHAPHBIX MOTOKOB
3a CYET [EHWCTBMS Kakux-JIMOO BHEIIHMX MCTOYHHKOB, TO TaKoe
COCTOSIHHE CHCTEMBI HA3BIBACTCH PABHOBECHbIM (COCMOAHUE mepmoou-
Hamuuecko2o pagnogecus). Tepmoounamuyeckumu cucmemamu OOBIMHO
HA3BIBAlOT HE BCSAKHE, & TOJBKO TE€ MAaKPOCKOIMYECKHE CHCTEMBI,
KOTOPBIE HAXOIATCS B TEPMOJMHAMUYECKOM PaBHOBECHH. AHAJIOTHYHO,
MEPMOOUHAMUYECKUMY Napamempamy HA3bIBAIOTCA T€ IapaMeETPhl,
KOTODBIE XapaKTepU3YIOT CHUCTEMY B €¢ TepMOIMHAMHMYECKOM paB-
HOBECHH.

BuyTpeHHHEe mapaMeTphl CHUCTEMBI Pa3fiefINIOT Ha HMHTCHCHBHBIE
W 3kcTeHCcuBHBIE. IlapaMeTphl, He 3aBHCAIME OT MacCchl WM YHCJIA
YacTHLl B CHCTEME, Ha3bIBAIOTCS UHMEHCUsHbiMuU (IABJICHHE, TEM-
nepatypa M Ap.); MapaMeTphl, NPONOPLUUOHAJILHBIE MacCe WIIM YHUCITY

* 3amMeTHM, 4TO B 3aBHCHMOCTH OT YCJIOBHH, B KOTOPBIX HAXONMTCH CHCTEMa,
OHA M Ta € BEJIU4MHA MOXET OBITh KaK BHEUIHMM, TaK M BHYTPEHHHM MapaMeTPOM.
Tak, mpu (UKCHPOBAaHHOM TNOJIOXKEHHH CTEHOK cocyma obbeM V sBisieTcs BHELIHHM
NMapaMeTpoM, a JaBJIeHHE p— BHYTPEHHAM NapaMeTPOM, Tak Kak 3aBHCUT OT KOODAMHAT
M HMIIYJIbCOB HACTHI{ CHCTEMBI, B YCIOBHSAX K€, KOTJa CHUCTEMAa HAXOHMTCS B COCYHeE
C TONBHXKHBIM TOPIIHEM MOJ IOCTOSHHBIM JABJICHUEM, [aBjicHHe p OyneT BHEIIHHM
napaMeTpoM, a 00beM V—BHYTPEHHUM HapaMeTPOM, TaK Kak 3aBHCHT OT MOJIOKEHHS
U JBUWXCHUS 4acTul. BooOlue roBops, pa3sinyMe MeXAy BHEUMIHUMH M BHYTPEHHUMHM
NapaMeTpaMH 3aBHCHT OT TOrO, TA€ MblI NPOBOAMM TIPAaHHIY MeXIY CUCTEMOH
U BHEUIHHMH TeJIaMH.
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2A 4acTHl, B CHCTEME, Ha3bIBarOTCS
A00UMUBHBIMU WIIH IKCIMEHCUBHBIMU
(oHeprusi, JHTpONHUs H Ap.). K-
\ M CTEHCHBHBIE NapaMeTpbl XapaxTe-
i WI\VM pU3YIOT CHCTEMY Kak ILenoe, B TO
Po BpeMS KaKk HHTCHCHUBHBIE MOTYT
>}  NPUHUMAThL ONpEleJICHHBIC 3HaYe-
HHS B KaXJIOW TOYKE CHCTEMBI.
Puc. 1. Cucrtema, 3Heprusi KOTOpo# Henu-
HEHHO 3aBHCHUT OT YHCJia 4YacTHIl, HE SBJIAETCA TEPMOJMHaAMUYe-
CKOHl, U ee H3yueHHE METOJAaMHU CYUIECTBYIOIICH TepMOINHAMMKH,
BoOOIIE TOBOps, BecbMa mNpUOIMKEHHO HJIM HaXe COBCEM Hempa-
BOMEPHO.
Yto upencraBasioT coOoifl paBHOBECHbIE (TEPMOJMHAMHYECKHE)
BHYTPEHHHME NapaMeETphl C MOJIEKYJISAPHOH TOYKH 3pEHHUSA?
Jis BBISICHEHMSI 3TOTrO paccMOTpuM mpocredmmii npumep. [lycts
B HayaJbHbIi MOMEHT BpEMEHM Tra3 HaxOJUTCi B HEPABHOBECHOM
COCTOSIHUM, TaK 4YTO €ro IUIOTHOCTh B pa3HbIX TOYKax pa3Has.
C TeyeHMEM BpPEMEHH ra3 HAuMHAECT [PHUXOJIUTh B PaBHOBECHOE
cocrosinue (CM. § 2) M ero WIOTHOCTh Pp=myn (My— Macca MOJIEKYJIH,
n—KOHUEHTpPAUMs MOJIEKYJ), HM3MEHSACh, NPHOOpETaeT HEKOTOpOoe
MaKpOCKOIIMYECKH TOCTOSIHHOE, PaBHOBECHOE 3HayeHHe po (puc. 1).
OHOo MoxeT ObITh ONpeleNeHO Kak CpeaHee 3Ha4yeHHe IUIOTHOCTH
p 3a OOJIBIION NPOMEXYTOK BpemMeHH I1:

T

a1
po—p—Th—m ?Jp(t)dt.

> 00

0

AHaJIOTUYHO, PAaBHOBECHOE 3HAaYeHWE U JitoOOro Ipyroro BHYT-
pEeHHEro mnapaMeTpa TmpeacTaBiaser coboil cpeaHee 3a 6GosbLIOH
NPOMEXYTOK BPEMEHHM 3HAY€HHE COOTBETCTBYIOLIEH 3TOMY mapaMerpy
GyHKIMM KOOPAWHAT M CKOPOCTEH.

Crarucruvueckas pu3nka, UCXONsd U3 ONPEHEIEHHOH MOJICKYJIAPHOM
MOJENM CTPOCHUS BeIIECTBA, MO3BOJISET BBHIYUCIATHE PAaBHOBECHBIE
3Ha4Y€HUs BHYTPEHHUX HapameTpoB cucTteMbl. OfHAaKO ¥ HE NPOBOIs
BBIYHCJIEHUHA MOXHO BBISIBUTH 3aKOHOMEPHOCTH CHUCTEM B paBHO-
BECHOM COCTOSIHMHM, HMMesi B BHUJY, 4YTO BO MHOIHMX CIy4asiXx ITH
napaMeTpbl MOTYT OBITH ONpEHESeHbl OKCIEPUMEHTAIBHO. ITOT
NEpBbIA 3Tall B TEOPUU PABHOBECHBIX COCTOSIHUM W TNPEACTABISET
TEPMOJIMHAMHUKA.

OcCHOBaHHbIE Ha MAaKpPOCKONHMYECKOM ONbITe MpeACTaBjiIeHus 06
O0COOEHHOCTSIX TEPMOJAWHAMHUYECKOTO DPABHOBECHS KOHEYHBIX CHCTEM
OPUHUMAIOTCS B TEPMOJIMHAMHKE B Ka4eCTBE MOCTYJIATOB, OMHUPAsCh
Ha KOTOpbI€ C OMOINBIO OCHOBHBIX 3aKOHOB (Hayaj) TEpMOJUHAMHKH
U3y4aloTCsAd CBOWMCTBA pPAaBHOBECHBIX CHUCTEM H 3aKOHOMEPHOCTH MpPHU
UX OpHOJIMKEHHU K pPaBHOBECHIO.
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§ 2. NICXOHBIE HOJIOXEHUSA TEPMOJAWHAMUKHU
U WX OBCYXIAEHHUE

du3uka U3y4aeT 3aKOHOMEPHOCTH HauboJjiee MpoCThIX GOpPM IBUKCHUS
(MeXaHWYECKOTO, TEIJIOBOTO, 3JIEKTPOMAarHUTHOTO U Jp.) COOTBETCT-
BYIOIIUX CTPYKTYPHBIX BUIOOB Marepuu. OOmas mepa 31X ¢opMm
IBWKEHUS NpPU UX MpEeBpallieHUd U3 OJHOW B ApPYTyI0 Ha3bIBACTCSH
aHepaueil.

Cucrtema, He 0OMEHUBAIOLIAACA C BHEIIHUMH TEJaMH HU SHEPTHEH,
HM BELIECTBOM (B TOM YHCJIE M U3JIYyYCHHUEM), HA3BIBACTCH U30-
AUPOBAHHOUL.

B TepMonaMHaMuKe MOCTYJIMPYETCH, YTO U30AUPOBAHHAA MAK-
POCKORUYECKAA CUCIEeMA C MeYeHUeM 8PeMeHU NPuxooum 6 cOCMOAHUE
mMepMOOUHAMUHECKO20 PABHOBECUA U HUKO20a CAMONPOU3BOIbHO 6blUMU
u3 He20 He Moxcem (nepsviii, uAu OCHOBHOU, hnocmysam mep-
MOOUHAMUKLL).

ABnsAch pe3yiabTaToM OOOOIIEHHS ONBITA, 3TO NEPBOE HMCXOOHOE
HOJIOXKEHUE TEPMOJAMHAMMKH, CIPaBeJIUBOEC MJis W30JMPOBaHHBIX
CHCTEM, MOXET ObITh HA3BaHO OOWUM HAYAAOM MEPMOOUHAMUKU,
Tak Kak SBJIAETCH OCHOBOW Bcell TEPMOJUHAMHUKHA U ONpEncnser
paMKd €€ NPUMEHUMOCTH.

B craructuveckoi (usuke, SBHO YYUTHIBAIOILIECH ABIDKCHUE HACTHIL
B CHCTEME, CMBICJ TOJIOKEHUSI O €€ TEPMOAWHAMHIYECKOM pPaBHOBECUHU
COCTOUT B TOM, 4YTO Yy BCAKOW (M3y4aeMo# TEpMOJUHAMUKOH)
HU30JIUPOBAaHHON CHCTEMBI CYIIECTBYET TaKO€ OMNpPENeICHHOE U EIOUH-
CTBEHHOE MAaKpPOCKOIUYECKOE COCTOSIHHME, KOTOPOE 4allle BCEro Co-
3[aeTCsd HENMpEepHIBHO IBIDKYLIMMUCS 4YacTULAaMHU. JTO ecTh HauboJiee
BEpPOSATHOE COCTOSHUE, B KOTOpPO€ M MEPEXOOMT H30JUPOBAHHAS
cucreMa c TeyeHueM BpemeHd. Ortclofa BHOHO, 4YTO MOCTyJaT
0 CaMONPOM3BOJILHOM MEPEXOAE WU3O0JUPOBAHHOW CHUCTEMBI B PaBHO-
BECHE M HEOTPAHUYEHHO MOJIroe ee npeOblBaHWE B HEM HE SIBJISIOTCH
abCoJIIOTHBIM 3aKOHOM MpHUPOIbI, a BBIPAXalOT JUllb Haubolee
BEPOSITHOE TOBEACHUE CUCTEMBI; HUKOTIA HE MpEeKpaliarolieecs aBUxXe-
HUE YacTUIl CUCTEMBI INIPUBOAMT K €€ CIOHTAaHHBIM OTKJIOHCHUSM
(nykTyauusM) OT PaBHOBECHOTO COCTOSIHHSI.

BepositHOCTHOE moOBEnEHUE MakpPOCKONIMYECKUX CHUCTEM, COCTOSIINX
U3 TPOMAJHOIO YHCJIa MEXAHHYECKH ABMXYIINXCH YaCTUIl, SBJISCTCS
XapakTEepHOH OCOOEHHOCTHIO TEIUIOBOTO ABWXXEHUS, KaYeCTBEHHO OT-
JIMYaloWel ero OT KJIACCHYECKOTO MEXaHWYECKOro MBUXEHUS C TpH-
cylied emy onHo3HauyHocThio. Hamnmuue orpoMHoro wucia vactun
B TEPMOJIUHAMHUYECKHX CHUCTEMax OOYCIOBIMBAET BTOPOCTENEHHOCTH
MEXaHUYECKUX 3aKOHOMEPHOCTEH NBWXCHUS OTAEJLHBIX YAaCTHUI U BO3-
HUKHOBEHUE 3aKOHOMEPHOCTEN MX COBOKYIHOTO, MaCCOBOT'O JIBWXCHUS.
IlpunuMass OCHOBHOM (mepBbI) NOCTYJAT, TEPMOINMHAMUKA TaKUM
o0pa3oM OrpaHu4yMBacT ceOs, UCKJIOYasi U3 PACCMOTPEHHS CUCTEMBI,
IUIsl KOTOPBIX PABHOBECHOE COCTOSHHE HEBO3MOXHO (MPOUECCHI B TAKHUX
CHUCTEMaXx He 3aBEepIUAIOTCS HACTYIJICHHEM paBHOBECHS), a TaKXKe BCE
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SIBJICHUs, CBSI3aHHbIE C OOJIBIIMMHU CaMONPOU3BOJILHBIMU OTKJIOHEHH-
MU CHCTEMBI OT PaBHOBECHOTO COCTOSIHHS.

OcHOBaHMEM I TPHUHATHS OONIETO HayajJa TEePMOAMHAMHUKH
ABJISETCA TO, YTO, KaK NMOKa3bIBAIOT OMBIT U CTAaTUCTUYECKas (pu3mKa,
OTHOCUTEJIbHBbIE CIIOHTAHHBIE OTKJIOHEHUSI MAaKpPOCKOMMYECKOH CHCTEMBI
OT paBHOBECUs NpPH APYTUX pPaBHBIX YCJIOBUSX TEM MEHbINE, 4EM
Oonbmre yactuiy B cucteme. Tak Kak TEPMOJUHAMHYECKHE CUCTEMBI
COCTOST M3 TpomagHoro uuciaa yactuy N (N~10%23), to duykry-
alMaMHu B GOJILIIMHCTBE CJIy4aeB MOXXHO TpeHeOpeyb, YTO W [IeN1aeTCs
B TEPMOIMHAMMKE.

B Ttex xe ciaydasx, rae ¢uykTyanuu CYyIIECTBEHHBI, TepMOIWHA-
MMYECKUI IOOXON CTAHOBUTCH HEMPABOMEPHBHIM M HeoOXOAUMO CTa-
TUCTHYECKOE paccMmoTpeHue. IIpu 3ToM OOHapyxuBaeTcs HECOryiaco-
BaHHOCTh BBIBOJIOB TEPMOOMHAMMKM U CTAaTHCTHUYECKOH (DU3MKH,
KoTOpasi OOyC/IOBJIUBAETCS OrpPaHUYEHHOCTBIO M OTHOCHTEIBHOCTHIO
MEPBOTO MCXOJHOrO TMOJIOKEHHS TEPMOJUHAMUKH. YSICHEHHE 3TOTO
00CTOSTENBCTBA MOKA3bIBAET, YTO TEPMOAMHAMUYECKOE U CTATHCTHYEC-
KO€ pacCMOTpEHUST MAaKPOCKONHUYECKUX CHCTEM HE MCKJIIOYAIOT, a J0-
TOJIHAIOT Ipyr Apyra.

IlepBoiii moCTy/aT O TEPMOAWHAMMYECKOM PABHOBECHH NPUBOIUT
HE TOJBKO K HIXKHEMY Mpenesly NPUMEHHMOCTH TEPMOAMHAMHUKH
(cucteMBbl ¢ MajbIM 4YUCIOM 4Yactull: N — 1), HO ¥ OrpaHUYHUBAET
€e NMPUMEHEHUE K peaJibHbIM CHCTEMaM CBEpXy, TaK KakK [Jisi CHCTEM
raJJakTUYECKMX pa3MepoB OTOT TOCTyJaT He HMeEeT MeCTa: He
YYUTBIBAEMOE OOBIYHO B 3€MHBIX YCJIOBHMSX TIpaBUTALMOHHOE B3a-
HMoOAEHCTBHE MEXIy YacTHLAMH B CJy4ae OYeHb OOJIBIIMX CHCTEM
NPUBOAUT X KaYeCTBEHHO HOBOMY WX TOBEIECHWIO — BO3HUKHOBEHUIO
HEMpEephIBHO CMEHAIONIMX Npyr apyra Oonbimiux ¢uykryaimid. Takxue
CHCTEMBl OJWHAKOBO YacTO KaK NpUOIUXKAIOTCA K HEKOTOPOMY
CpeAHEMY DaBHOBECUIO, TaK W YHAJSIOTCH OT HEro.

Bropoe ucxoaHoe mosoxeHHe TEPMOAMHAMUKYU (BTOPO#M MOCTYJIaT)
CBSi3aHO C JPYTUMH CBOMCTBAaMU TEPMOIMHAMHUYECKOTO DPaBHOBECHS
Kax oco0oro BUAa TEIJIOBOTO ABWXEHHS. ONBIT MOKA3bIBAET, YTO €CIH
JIBE€ paBHOBECHBIE CUCTEMBI A ¥ B NpUBECTH B TEILUIOBON KOHTAKT, TO
HE3aBUCUMO OT pa3jIMyMs WIM PaBEHCTBA y HUX BHEINHUX HapaMETPOB
a; OHU WIH OCTAIOTCA MO-NPEXHEMY B COCTOSIHUU TEPMOAUHAMHYECKO-
IO paBHOBECHS, WM paBHOBECHE B HHX HapyllaeTcss W CIyCTH
HEKOTOpOE BpeMs B mpolecce TeriooOMeHa (oOMeHa sHeprueil) obe
CHCTEMBI NPUXOJSAT B IpPyroe paBHOBecHoe coctosiHue. Kpome Toro,
ecau umeiomca mpu pagrogechvie cucmemvl A, B, C u ecau cucmemoi
A u B noposnv naxooamca é pasnogecuu ¢ cucmemoii C, mo cucmembol
A u B naxodamca 6 mepmMoOuUHAMUMECKOM DABHOBECUU U MeNCOY ool
(ceoiicmeo mpan3umueHocmu MepMOOUHAMUUECKO20 DPABHO8ECUA).

CnemoBaTeibHO, COCTOSIHUE TEPMOIMHAMUYECKOTO PaBHOBECUS CH-
CTEMBI ONpPEHEJISIETCS HE TOJBKO €€ BHEINHUMH NapaMeTpam# a;, HO
U elle ONHOW BEIMYUHOHM ¢, XapakTepu3ylolleH ee BHYTpEHHEe
COCTOsIHUE. 3HAUCHUSA ! NMPH TEIUIOBOM KOHTAKTE pa3/IMYHBIX paBHOBEC-
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BBIX CHCTEM B pe3yjibTare OOMeHa OJHeprueil CTAaHOBSITCA AN IIHX
OMIMHAKOBbLIMHM KaK NpPU LUPOJOJDKAIOIIEMCS TEMIOBOM KOHTAKTIe, Tax
M NOCJE €ro yCTpaHeHus™®.

CBOWCTBO TPaH3MTHBHOCTH COCTOSIHUH TepMOIWHAMUYECKOTO paB-
HOBECHSl NO3BOJISET CPABHUBATb 3HAYCHUS BENUYUHBI ! Y PA3HDBIX
CHCTEM, HE TPUBOAS MX B HENOCPEJCTBEHHBIN TeErI0BOIl KOWTAXT
Mexay coOoif, a mNojib3ysachb OMIMM KAKUM-IMOO [PYTUM TeJICM.
OTa BeJUYAHA, BBHIPAXKAIOIIAS COCTOSHUE BHYTPEHHETO JIBIDKEH!IH
PaBHOBECHOHW CHCTEMBI, MMCIOLIAs OJHC M TO K¢ 3HauCHuc y BCEX
Hacrell CJI0XHOUW PaBHOBECHOH CHCTEMBI HE3aBHCHMO OT YHCJA YaCTHIY
B HHX M oOmIpenejsemMas BHEIUHUMH HapaMeTpavMu U OJHepruef,
OTHOCSILIIMMHUCS K KaXIOM TAaKO¥ vacTH, Ha3bLIBAETCH me vnepamvpoil.
Byayusn WHTCHCHBHBIM LapaMeTpOM, TEMIEPaTypa 3 UioM CMLICLE
SBJISETCA MEpPOW MHTEHCHBHOCTHU TEIJIOBOIO ABMKEIUS.

U3noxeHHOe MOJIOKEHUE O CYIIECTBOBAIIMH TeMIepaTyphi Kak
0coboit GYHKUMHM COCTOSIHHS PaBHOBECHONW CHUCTEMBI MNpEeACTaBJISIET
6mopoe  UCXO0HOe  NOAONCEHUe  MepMOOUHAMUKU. P. ®aysne
u 3. I'yrreHreiiM Ha3BajM €ro Hy4eeblM HAuA10M, TaK XaKk OHO,
nofno6HO MEepBOMY ¥ BTOPOMY HayajlaM, OIpPENESIAIONINM CYIIECT-
BOBaHME HEKOTOPHIX (YHKUMHA COCTOSHMS, YCTAHABJIMBAET CYHIECT-
BOBaHHME TEMIIEPATYPbl Y PABHOBECHOM CHCTEMBI.

Temmnepatypa, Kak Mbl BHIMM, SABJISETCH TEPMOAMHAMHYECKH
PaBHOBECHBIM MapaMeTpoOM, Tak KaK CYILIECTBYET TOJNBKO Y TepMo-
JUHAMUYECKH PABHOBECHBIX CHCTEM, MPUTOM Y TAKUX, 4acTU KOTOPBIX
He B3aMMOJEHCTBYIOT IpYI C ApyroMm (T. €. 3HEPrUs B3aMMOJCHCTBHSA
YacTel MHOTO MeHbIIE MX COOCTBEHHOH BHYTpPCHHEH OJHEepruM), Tak
YTO HEprus CHCTEMbl paBHa CymMMe dJHepruil ee uyactedd. CiegoBareb-
HO, COTJIACHO BTOPOMY HCXOAHOMY TIOJIOXKECHHIO TEPMOIUHAMHUKH,
SHEPrus TEPMOIMHAMHUYECKHX CHCTEM SBJISETCS aJIUTUBHON (YHK-
uueid. Bosblime rpaBUTHpYIONIME CHCTEMBI HE SBJISIOTCS MOITOMY
TEPMOJUHAMUYECKUMH, TaK KaK [JIf HUX OPUHLMN aAJUTHBHOCTH
9HEPTHH HE BBINOJIHSAETCS BCIEACTBUE NaIbHONECHCTBYIOMIETO XapakTepa
IPaBUTALMIOHHBIX CHJI.

Takum obpa3om, BTOpOe HCXOJHOE TOJIOXKEHHE TakkKe OrpaHH4H-
Bae€T MPHMEHEHNE TEPMOAVHAMHUKM K peajibHbIM CHCTEMaM.

ITosioxenne O CylIECTBOBAaHMHM TeMilepaTypbl MoxeT ObITh cdop-
MYJIIpOBAaHO Takxe cieayrowmMm oOpazom. B § 1 M1 ycranoBuim,
YTO PABHOBECHOE COCTOSIHHE TEPMOAMHAMHYECKOH CHCTEMBI Xapax-
TEPU3yeTCs BHEIIHUMM M BHYTPEHHUMH HapaMETpaMu, NpPHYEM BHYT-
PEHHHE HapaMeTpbl 3aBUCAT OT MOJIOKEHHsS ¥ JABIKEHHS MOJICKYI
CHCTEMBI M 3Ha4YeHHH BHEWIHUX mapamerpoB. [loJioxeHue xke o CymecT-
BOBAHMU TEMIEPATypbl YCTAaHABJIUBAET, YTO COCTOSIHHE TEPMOJNHA-
MHYECKOTO DPaBHOBECHS ONPEAEJIAETCS COBOKYMHOCTBIO BHEIUHHWX Iia-
PAaMETPOB M TEMIEPATYpOI**).

*" DHeprus Pa3jMYHBIX CHCTEM TPH 3TOM, BOOOINE TOBOPS, Pa3NMuHA.
**) Tak Kak COCTOSHHE TEPMOAMHAMMYECKOM CHCTEMBI OMpENENSACTCS BHEUIHUMH
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CrienoBaTesIbHO, BHYTPEHHHE MAapaMeTphl XOTS M XapaKTepU3YIOT
COCTOSIHAE CHCTEMbI, HO HE SBJIIOTCS HE3aBUCHMbIMH INapaMeTpaMy
PaBHOBECHON CHCTEMBI.

Wtak, ece pasHogecHvie @HympeHHUe NApamempsl cucmembvl AGAA-
emca  BVHKYUAMU  GHEWIHUX NAPAMEmpPO8 U memnepamypnr (emopoii
HOCHYAQIN MCPAOOUHAMUKL).

Tak kax JUEPTHS CHCTEMBI ABISETCS €€ BHYTPEHIHHUM LHAPaMETpPOM,
TO NPH PaBHOBECHH OHa OymeT (yHKmMEH OT BHEIIHMX HapaMeTPOB
U TeMmmepatypbl. Brelpaxas u3 3TOH QyHKUMM TeMmepaTtypy uepe3
SHEPTHI0O W BHEIIHHE MNApaMeTphl, BTOPOE MCXOJHOE IOJIOXKECHHUE
TEPMOANHAMHUKNA MOXHO CHOPMYIMpOBaTH TAaKkXKe B CIEAYIOIIEM BUAE:
npy  mepMOOUHAMULECKOM DABHOSECUU 6Ce BHYMPEHHUe Napamemptl
cucmembl A6AAIOMCA PYHKYUAMU GHEWHUX NAPAMEMPOS U dSHep2uu™).

Bropoe ucxoaHOE NOJIOXKEHME TEPMOAMHAMUKHM TO3BOJISET ONpe-
JAETUTh W3MEHEHHWE TEMIEpaTypsl Tejla MO M3MEHEHHIO Kakoro-inbo
ero BHYTPEHHEIO NapaMeTpa, Ha 4YeM OCHOBAaHO YCTPOHCTBO pas-
JIUYHBIX TEPMOMETPOB.

Ilns ycTaHOBJICHUS TOTO, Kakas TeMmepatypa OoJjbiue, a xakas —
MPHETIE, RBOAUTCH NOMOJHUTEJBHOE YCIIOBHE: CYHMTAETCH, YTO IPHU
coolmenun Teqy SHEPTHM NPH NOCTOSHHBIX BHEIUIHHX MapaMmerpax
ero TeMuepaTypa MoBbllaeTcs. Takoe NOTOJHUTENBHOE YCIOBHE IJIS
YTOYHEHUS! TIOHATUS TEMIIEpAaTypbl O3HAYaeT, YTO [Jisi BHYTpPEHHEH
SHEPrMM CHCTEMbl MOXHO BbIOpaTh MOHOTOHHO BO3PACTaIOIIyIO
dyrkuwio TemmepaTyphl; 3TO JEHCTBUTEJNbHO BO3MOXHO BCIEICTBHE
BBITEFAWOIEH M3 ONBITA €IMHCTBEHHOCTH PACHpENE/ICHUs WAPTHH MO
YacTAM CHCTEeMBl H ORIOBPEMEHHCIO [OCTa JHEeprud 4acTed npu
yBeJimyeHUM oOmelt sHepruu cucreMs! (cMm. 3ajauy 1.1).

IIpn npakTHYECKOM ONpENEICHHH TEMIEPATYPhl TNPUXOIMTCA
NOJIL30BATECS KaKOH-TMOO ompeneneHHON INKasoH, CBA3aHHOH ¢ TeM
WI¥ WHBIM BELIECTBOM. B KauecTBe TEpPMOMETPHYECKOTO NapameTrpa
0OBIYHO HCHOJIB3yeTCs OOBEM 3TOTO BEIUECTBA, a IIKany BBIOMpAIOT
no [enscuro: pa3HOocTh 0O0BEMOB Teja NMPH TEIUIOBOM PABIIOBECHU

NapareTPAMH U TEMIEpaTypoli, a TOHATHE TEMICPATyphl (KaK MEpH HITEHCHBHOCIN
TENTMOROTO  [RWKEHWS) YYKIO MEXAHWKE, TO MEXAHWYECKWE CHCTEMbl HE SRIWOTC S
TepMOIUHAMHU4eCKUMH (POpMaNbBHO MX MOXHO paccMaTpUBaTh KaK 4YaCTHBIA ciyuait
TEPMOIMHAMHYIECKHX CHCTEM, Y KOTOPHIX HMHTEHCHBHOCTH TEIUIOBOTO JBHXKEHHs PaBHA
Hyo). TIOHATHO MO3TOMY, YTO HEKOTOpbIE BBIBOABI TEPMOIWHAMMKM OKA3bIBAIOTCS
HPANUMEHHMBIME K  MEXaHMYECKMM CHCTEMaM. OJTO TIJABHBIM 00Da30oM BBIBOIbI,
CRA@UPLIE C OCOBPHHOCTAMH TEMUTOBOTO ARWXKEHWS B MAaKpPOCKONMYECKUX CHCTeMax
(11605paTHMOCTE. OMHOCTODOHHOCTh ECTPCTREHHBIX mpolieccon). B cmg»m ¢ 3tuM BO
u30exaHue NELCPASYMEHWH NpH CHPENC/ICHUM TeX WM HHBIX TEPMOIHHAMIAYCCKHX
TONSTHHA HeoOXOAMMO C CaMOro Hadajga MEXaHMYCCKHE CHCTEMBI HE DACCMATLHBATH
HapaBHE C TEPMOIWHAMHYECKWMH U NPUMEHSATH BHIBOIBI TEPMOJWHAMUKH K MEXaHMYeC-
KM CHCTEMaM KaxAblii pa3 mocie ocoGoro oOCYXKEEHHA, TaKk Kak INEPEXox OT
MEXaHHYECKHX CHCTEM K TEPMOMHAMMUYECKUM (CTATHCTUYECKAM) CBS3AaH C KA9€CTBEHHBIM
CKaYKOM OT OJHOTO BHIA MBIKEHHS K IPYroMy.

*) PapHOBECHKIE CHCTEMBbI, y KOTODbIX BHYTDEHHHE NapameTphl ABJISAIOTCS
GyurTuSMM RUENTHUX NAPAMETPOB M JHEPTHM, HA3BIBAWOTCA Ip2oduyeckumu. Tepmo-
[IHaMIKa, CIEZOBATENILHO, PACCMATPHBAET JPrOAMYECKHE CHCTEMBI.
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ero C Kumsle# BOAOW NpH HOPMaIbHOM aTMOChepHOM JaBJICHHU
U TAIOUMM JbAOM IpU TOM X€ AAaBJI€HUHM PAaBHOMEPHO JEJIAT Ha
100; xaxzxoe AeJieHWE COOTBETCTBYET OAHOMY Tpalycy, TeMieparypa
TalOIIEro JbAa NpuHUMaeTca 3a ( °C*).

IOMmnupuueckoii memnepamypoli Tejla Ha3bIBAIOT YCTAHOBJICHHYIO
ONBITHBIM ITyTEM MEpPY OTKJIOHEHHS TEPMOAMHAMHYECKOIO COCTOSHUS
Tela OT COCTOSIHUS TEMJIOBOTO PpABHOBECHS C TAIOUIMM JIBAOM,
HaxOMSIMMCS TOJ HOPMAaJbHBIM aTMOC(EPHBIM AaBJICHUEM.

Iloka3aHus ByX TEPMOMETPOB C Pa3JUYHBIMH TEPMOMETPUUYECKHMHU
BellleCTBaMH, BOOOIIe TOBOPS, HUKOTAA HE COBNAAAIOT, KPOME Kak Mpu
0 u 100 °C, no3TOMy Takoe OnpeAesIeHHE TEMIIEPaTyphbl, Kak 0OBbEKTUBHOM
Mepbl MHTEHCUBHOCTH TEIUIOBOTO ABMXXEHUS, SBJISETCH NPOU3BOJIBLHBIM.

OTa mNpPOU3BOJBHOCTH OTYACTH YCTpPAHAETCH, €CIM B KayecTBe
TEPMOJIUHAMHUYECKOTO BELIECTBA UCNOJIL30BaTh JOCTATOYHO pa3peKeH-
Hele (uaeaipHble) rasdpl. X Kk03hGHMUHEHT TEIUIOBOTO pacCIIMpeHHUs
0. HE 3aBHCHUT HM OT TEMIEpaTypel, HU OT mpupoAsl rasza. Ilkana
Ta30BOTO TEPMOMETpa TpadyupyeTcs Tak ke, kak u mkana Llenbcus,
HO 3a HyJb TeMIepaTypsl npuHUMaeTcs — l/a rpagycoB Llenscus
(mxana KensBuHa).

O0603HayM TeMIEpaTypy, U3MEPEHHYIO C NOMOIIBIO HIAEAJIBHOTO
raza no mwkajge KenabBuHa, OykBout T, oueBugHo, T=1/a+1t, rae
t—Ttemueparypa mno mkaie Lenscus (cm. § 14). TlokxazaHms Bcex
APYTUX TEPMOMETPOB NPUBOIATCS K Ta30BOMY TEPMOMETPY*™).

Kak OyzneT BocjieACTBUM NOKa3aHO, BTOPOE HAa4aJlo TEPMOJUHAMHU-
Kd TOJHOCTBIO YCTPaHSE€T NPOU3BOJBHOCTHL B ONpPEAEICHUU TEM-
nepaTyphl, MO3BOJIS CTPOTO YCTAHOBUTH aOCOJIIOTHYIO KAy TEM-
nepatypsl (mkany KenpBuHa), He 3aBUCAINYIO HU OT BbIOpaHHOIO
BELIECTBAa, HM OT TOTO WIM HMHOTO TEPMOMETPHYECKOTO MapaMeTpa.

§ 3. TOMOI'EHHBIE U T'ETEPOTEHHBIE CHUCTEMBI.
®A3bl 1 KOMITOHEHTbI

Bce MHOXECTBO TEpPMOAMHAMHUYECKHX CHCTEM pas3feisioT Ha [Ba
KJlacca— rOMOTEHHBIE U TeTEpOTEHHBIC.

I'omozennvle —3TO TaKue CHCTEMBI, BHYTPH KOTOPBIX CBOMCTBa
U3MEHSIOTCS HENPEPBHIBHO NPHU NEpexojie OT OJHOTO MECTa K APYromy.
YacTHBIM CJIy4aeéM TOMOTEHHBIX CUCTEM SIBJISIOTCH (PU3UYECKH OTHOPOL-
Hble CUCTEMBI, HMEIOLIHE OAWHAKOBHIE (U3WYECKUe CBOMCTBA B JIIOOBIX,
NPOU3BOJILHO BBIOPAHHBIX 4acTsAX, paBHBIX 1O 00beMy. IlpuMepamu

* C 1954 r. TepMOmMHAMMUECKas TeMmrepaTypHas Imkajga (wkana KenpBua)
OTpefeNseTCAd ONHON PENEPHOH TOYKOM — TPOHHOM TO4YKOj BOABI (OHA BOCIPOM3BONUTCS
¢ GoJibliell TOYHOCTBIO, YEM TOYKA TasHUA JIbJA), KOTOPOM NMPUNUCKLIBAETCS TEMIEpaTypa
273,16 K. TemnepaTypa IuUlaBlieHHs JIbAA NPH HOPMAJLHOM aTMOCHEPHOM NaBICHHH
no sTod mkajne paBHa 273,15 K.

*%) Ta30Bblil TEPMOMETD BCNEACTBHE OTHOCHTENLHOH CIIOXHOCTH yCTpoHCTBa
UCTIONB3YETCH JIMUIL B KaYeCTBE 3TaJIOHA.
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TaKUX CHCTEM SIBJISIOTCA CMECH pPa3JMYHbIX Ta30B U PAacTBOpPHI, Kak
XUIKKWE, TaK U TBepAble. B 3TUX cUCTEMax MOTYT NPOUCXOUTH peakLuy
MEX/y COCTaBHBIMU YaCTSIMM CMECH, JUCCOLMALMS ra3a WIH PpacTBOPEH-
HOTO BeEIEeCTBa, noaumepusayus [0Opa3oBaHHE M3 TPOCTBIX MOJIEKYJI
60J1ee ca0XHBIX, HanipuMep u3 Tpex MoJsekya C,H, O oaHoit Moseky bl
(C,H40); unu u3 nByx MoJjekyn Boasl H,O oaHoit Gonee cioxHOR
mostexyJisl Boasl (H,0),] u 1. A. ¥ coaveéamayus (OpueHTaMs MOJIEKYJI
pacTBOpPHUTEIs BOKPYr HWOHAa WIM APYroi 4YacTuubl DPacTBOPEHHOTO
BemiecTBa). [Ipy paBHOBECHHM B TakMX CUCTEMax peaklM¥ MaKpOCKOIH-
YeCKU MpeKpaniaroTcs. 3aKOHOMEPHOCTH NPU paBHOBECHH YCTaHABJIBA-
IOTCS C TIOMONIbIO 3aKOHOB TEPMOAWHAMUKH.

TI'emepozennvimuy Ha3BIBAIOTCS CHUCTEMBI, KOTOpPBIE COCTOST W3
HECKOJIbKUX (HM3UYECKH OJHOPOJHBIX, WIM TOMOTEHHBIX, TeJl, TaK 4TO
BHYTPH CHCTEM HUMEIOTCH pa3pbIBbl HENPEPHIBHOCTH B W3MEHEHWU HX
CBOMCTB. DTH CHCTEMBI MPEACTABJAIOT COOOM COBOKYNHOCTH WM
pa3/INYHbIX arperaTHhIX COCTOSIHWA OJHOTO W TOTO XK€ BellecTBa
(lem—Boja, Boga—map W T. 4.), WIK Pa3JIUYHBIX KPUCTAJUTUMYECKUX
Monudukanuii (cepoe u 6e10e 0JI0BO U AP.), WIU PAa3JIUYHBIX NTPOAYKTOB
B3aMHOTO PacTBOpEHHUs (BOIHBIA pacTBOP COJTM — TBEPAasl COJIb— map),
WM TPOAYKTOB XMMMYECKOTO B3aMMOJCHCTBUS pPa3MYHBIX BEIIECTB
(OKMOKWA CIUIaB ¥ TBEpAOE XUMMYECKOE COEIUHEHHE HBYX METAJLJIOB).

I"'oMoreHHasi 4acTh T€TEPOr€HHON CUCTEMBI, OTAEJIEHHAsd OT APYTHX
YacTeil TOBEPXHOCTBIO pasnesia, Ha KOTOPOW CKaYKOM H3MEHSIOTCSH
Kakue-1100 CBOMCTBA (M COOTBETCTBYIOIIME MM NapaMeTphl), Ha3bIBa-
eTca ¢pazoii. Ecim cucteMa COCTOMT W3 XHAKOCTHM W mapa, TO
XUIOKOCTh TpeAcTaBiseT coboit omHy dasy, map—apyvryro. Hemn3s
NyTaTh ¥ OTOXACCTBJISATL arperaTHble COCTOsHUA C ¢a3zamu. B TO
BpeMs KaK arperaTHbIX COCTOSHUH BCErO YeThIpe — TBEPAOE, XUIAKOE,
razoobpa3Hoe ¥ IUIa3MeHHOE, (a3 — HEOTpaHUYEHHOE YHCIIO; Aaxe
y OMHOTO W TOrO0 X€ XUMHYECKM YHUCTOTO BEHIECTBA B TBEPAOM
arperaTHOM COCTOSIHUM MOXET ObITh HeckoJibko (a3 (pomOuueckas
¥ MOHOKJIMHHas cepa, cepoe u Gesioe 0s10BO m 1p.). I1pu HeGompIumx
JaBJICHUSX, KOTAa ra3sl Majlo OTJIMYAIOTCH OT HACAIBHBIX, B ra3000-
pa3’HOM COCTOSIHHUM MOXeT ObITh TOJILKO ofHa ¢(a3a, Tak Kak INpH
Takux YCJAOBHUSIX BCE Ta3bkl 00JadarOT CHOCOPHOCTHIO CMEIIUBATHCH
Opyr C JOpyroM B JIIOOBIX mpomopuusx,- oOpa3ys OXHOPOAHYIO
cucteMy®. B XHMIKOM COCTOSIHMM B PABHOBECHM MOXET HaxOAWThLCS
HECKOJIbKO a3, HampuMep BOJa W Macjo, KEPOCHH W BOAa W [p.

Kpome ¢a3pl BaxHOEe 3HauCHHWE NPU UCCIECTOBAHHSX DPABHOBECHS
TEPMOAMHAMHYECKUX CHCTEM (KaK T€TEPOTeHHBIX, TaK ¥ TOMOTEHHBIX)
UMEET TIOHATHE KOMHOHeHm. DTO Takas 4acTh CUCTEMBI, COJAEpKAaHHUE
KOTOpOH He 3aBUCUT OT COJepXkaHus Apyrux uacted. Cmecp rasos
ABJISCTCA OAHOGA3HOH, HO MHOTOKOMIIOHEHTHOH CHUCTEMOH: KOM-
TNOHEHTOB B CMECH XHMMYECKH HE pEarupyroiidx Ta3oB CTOJIBKO,

* [Ipu BBICOKOM [aBleHUM HAOJIONAETCA OrpAaHMYEHHE BO B3AUMHON pac-
TBOPUMOCTH [a30B.
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CKOJIbKO B HeH pasjuyHbIX ra3oB. Bopma, jel Takke sBISIOTCA
onHOo(a3HBIMH CHCTEMaMH, HO OJHOKOMNOHEHTHBIMH, TaK KakK BO-
IOpOA U KHCJIOpPOA B HUX BXOAST B OMNpPEACJCHHOM OTHOILCHUM:
KOJIMYECTBO OJHOTO 3aBHCHT OT KosimuecTBa Apyroro. U BooOime,
ecid B pase uMmeercss N pa3siuuHBIX BELIECTB (XMMHYECKUX 3JIEMEHTOB),
MeXAy KOTOPBIMH CYNIECTBYET n XUMMYECKUX peEaKkiuid, TO 9YHCIO
KOMIIOHEHTOB (HE3aBUCHMBIX BEIECTB) B Takoi ¢aze N—n.

CuctemMa C JABYMs KOMIIOHEHTaMH HAa3bIBacTCAd OuHapHol WIH
Osotinoil (CMeChb JBYX Ta30B, XHAKOCTEH WIM TBEPAbIX TEI U Ap.),
C TpeMsi KOMIIOHEHTaAMU — mepHapHoli WA mpotiHotl N T. A.

§ 4. PABHOBECHBIE 1 HEPABHOBECHBIE TITPOLHECCHI

JIo cuX mop MbI pacCMaTpPHMBaJId CBOWCTBA CHCTEM B TEPMOIWHAMUYEC-
KM DPAaBHOBECHOM COCTOSIHMM, KOT[a HM OJWH IapaMeTp CHCTEMBI
CO BpeMEHeM He W3MEHSeTCs ¥ BHYTPH CHUCTEMBI HET HHKaKHX
MaKpOCKOTIUYECKUX [BUKCHHIA.

Eciau HexoTOpbIe NMapaMeTphl CHCTEMbI W3MEHSIOTCS CO BPEMEHEM,
TO Mbl TOBOPHM, 4YTO B TaKOW CHCTEME NPOUCXOAUT HpOLECC.
Hanpumep, npu u3MeHeHHH 00beMa NPOUCXOAUT MPOLECC PACIINPCHHS
CUCTEMBI; TIPM W3MECHEHHM XapaKTEPUCTUK BHEIIHETO MOJI — IPOLEece
HAMAarHWYMBaHWsS WIM NOJApU3alMUd CUCTeMbl U T. A. Ecnu cucrema
BbIBEZIcHA M3 COCTOSHUS PABHOBECHS W TpeloCTaBjeHa caMoit cebe,
TO, COIJIACHO MNEPBOMY WHCXOAHOMY IOJIOKECHHIO TEPMOAHHAMUKH,
yepe3 HEKOTOPOEe BpeMs OHa CHOBA NMPUIET B PaBHOBECHOE COCTOSHUE.
OTOT IHpoliecC Tepexofa CHCTEMBI U3 HEPAaBHOBECHOTO COCTOSHUS
B paBHOBECHOE Ha3bIBAacTCH pe/axkcayueii, a TIPOMEXYTOK BPEMEHH,
B T€YeHHE KOTOPOTO CHCTEMa BO3BPALIAETCS B COCTOSHHE paBHOBECHS,
Ha3BIBACTCS 6pemenem pedakcayuu™.

IMpougecc Ha3LIBAETCH PAGHOBECHBIM W K6A3UCMAMUYECKUM, €CITH
BCE MapaMeTpbl CHCTEMbl H3MEHIOTCS HU3NIeCKH OECKOHEYHO MelJIeH-
HO, TaK 4TO CHCTEMa BCE BpeMsi HAXOAWTCS B PABHOBECHBIX COCTOSIHUSX.

YKa3aHHe, YTO TP KBA3UCTATHUCCKUX TNPOLIECCAX BCEC NapaMeTphbI (Kal( HHTCH-
CHBHBIC, TaK H 3KCTCHCHBH]>IC) H3MCHAIOTCS ¢H3I/l‘l€Cl(PI 6GecKOHE4YHO MCHJICHHO, HC-
KJIFOYa€T BBCACHHEC HECHYXHOTO IS TCPMOIAMHAMHUYCCKHUX HUCCIACNOBAHUI TOHATUSA
O TNCEBAOPABHOBECHBIX Nponeccax (Hpﬂ KOTOPBIX HEKOTOPBLIC HHTCHCHBHBIC IapaMETPhI
UCKYCCTBCHHO H3MCHAIOTCA Ha KOHCYHYIO BCJ'IH‘lMHy). KpOMe TOro, Kax BHAHO H3
TIPUBEACHHOI'0 ONpEACICHUSA, KBA3UCTATUYCCKHEC TPOLECChI HE TOJBKO (I)HSPHCCKH
BECKOHEYHO MCIUJICHHRI, HO H BCErga HAYMHAKOTCA C HEKOTOPOrO PpaBHOBECHOIO
COCTO{!HPIS]. 3T0 HC}(J’I}O‘laCT HCHYXXHO¢ B TCpMOIAWHAMHUKE nonqepkn%aﬂne, YTO XOTHA
BCSAKUU PABHOBECHBIY NMPONECC ABJACTCSA KBAa3UCTATUYCCKUM, HO HE BCAKUH KBA3UCTATH4EC-

KHif mponecc (kak 6eCKOHEYHO MeIJIEHHBIH) paBHOBECHBIH (B KayecTBe NpHMepa TaKoro
HEPAaBHOBECHOTO, HO GECKOHEYHO MeEJUIEHHOTO NpoIllecca NPUBOXUTCH OOBIMHO MpOLECcC

*) Jins pasHLIX MpPONECCOB BpeMs pelakcamuu pasiuuso: oT 107 ¢ nma
YCTaHOBJICHHS PABHOBECHOTO [ABJEHUS B ra3e IO HECKOJNBKUX JIET NPH BHIPAaBHUBAHUU
KOHIEHTpAauuH B TBEPAbIX cniaBax. B TepmonuHamuxe Gepercs HauGoJibiee BpeMs
penakcalyy, B TE€YEHHE KOTOPOrO YCTAHABJIMBAETCS PAaBHOBECHE IUIsi BCEX NAapaMeTpPOB
JAHHOM CHCTEMBI.
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TeminoobMeHa MEXY TeJlaMU C pPasjifYHbIMUM TEMIICpAaTypaMH, CKOJIb YrOoaHO 3a-
MEIJICHHBI BBEJACHHCM MEXYy HHUMH TEPMHYECKOTO CO]'IpOTl/lBJleHl/lﬂ)‘ 3amenneﬂﬂaﬂ
TCIJIOOTAAYA MCXKAYy TEJaMH C pa3HbIMH TCMIICPpATYpaMH HC ABJACTCS PaBHOBECHBIM
npoueccoM M, CacnoBare€iabHO, HCCTATHYHA (XOTﬂ u OecKoHEe4YHO MGJIJ'ICHHa), Tak
KaK B HayaJIbHBIH MOMCHT Npyd YCTAHOBJICHUUM TENJIOBOIO KOHTAKTa MeEXAy Tena-
MH ObBUIO HapymieHO paBHOBECHE. Hecratudes u OecKOHEYHO MeTEHHBIM npouecc
pacUIMpeHHsi rasa B MYCTOTY M3-3a OTCYTCTBHUS DABHOBCCHA B HAYaJibHbIi MOMEHT
BCJICACTBUE TIOTOKa rasa.

Pduzpveckn OECKOHEYHO MEIUIEHHBIM WJIM PAaBHOBECHBIM W3MEHEHH-
€M Kakoro-nubo mapaMeTrpa a Ha3blBAIOT TakOE €ro W3MEHEHHE CO
BPEMEHEM, Kkorma ckopocTh da/d: 3HauMTENBLHO MEHbBIIE CcpenHeit
CKOPOCTM H3MEHEHHs 3TOr0 mapaMeTrpa Npu pejlaKkCalMy; Tak, ecsid
NpU pejiakcalyy napaMmerp a U3MEHWICH Ha Aa, a BpeMs pejakcaiuu
paBHO T, TO NpU PAaBHOBECHBIX HPOLECCAX

da < Aa
dr T

Ecnu u3meHenue xakoro-i1ubo mapamerpa a NpOUCXOAHT 34 BpeMs
!, MEHbllee MJIM pPaBHOE BpPEMEHHM pesiakcauuu T(f<$T), Tak 4TO
da A
dt™7 1
TO TaKOHM NPOLECC HA3BIBACTCH HEPABHOBECHBIM WJIN HeCHAMUYECKUM.
CaM mpouecc pesakcanyu sBJISETCS, CIEA0BAaTEJbHO, HEPABHOBECHBIM
MPOLIECCOM.

IlpeacraBnenne O paBHOBECHOM TMPONECCE ¥ BCE PACCYyXACHHUSA,
CBA3aHHbIC C HHMM, OKa3blBaIOTCS BO3MOXHBIMU JIMIIbL Ha OCHOBE
obmiero Havaja TepMOAMHAMUKH O CaMOHEHApPYyILIAeMOCTH pPaBHOBEC-
HOTO cocTosiHus. JIeHCTBUTEIBHO, HANpaBJieHUE PaBHOBECHOTO MPOLEC-
ca OydeT BNOJHE ONPEACJICHO XapaKTepoM BHEIIHHWX BO3JEHCTBUI
TOJILKO B TOM Cjlyuae, €CJM MCKJIIOYEHbl CHOHTAaHHbIE H3MEHEHHS
TEPMOJMHAMHUYECKOTO COCTOSIHMSI CHUCTEMBI.

W3yuenne paBHOBECHBIX MPOIECCOB BaXHO MNOTOMY, YTO, Kak
okasmiBaeTca (cM. § 17, 18), nmpu 3TMX mpoueccax psil BaXHbIX
BeJIM4MH (pabota, k03d(UIUMEHT NOJIe3HOro ACHCTBMS MAaIUMH M Ap.)
UMEET NpeAc/ibHbIE, MAaKCMMaJbHO BO3MOXHBIE 3HaueHus. I[loaromy
BBIBOJIBI, OJIy4aeMbI€ TEPMOAMHAMMKOM [JIs1 PAaBHOBECHBIX IPOLECCOB,
WrparoT B HEH pOJIb CBOETO pOAa MpEeAeHbHBIX TEOPEM.

§ 5. BHYTPEHHASA SHEPIUA CUCTEMBI.
PABOTA N TEILJIOTA

Bcesxkas TEPMOOAMHAMHUYECCKAss CUCTEMA COCTOUT HU3 OTPOMHOTO YHCIA
4yacTuu. SHCpFl/Iﬂ 3THX HCEUPEPBIBHO [ABHXYIOUXCA H B3aMMOJIEHCT-
BYIOIIUX 4YacCTHUll Ha3biBACTCHA 3Hep2ueﬁ Cucmemsl.

ITonHas SHEPrusi CHUCTEMBI pas3neiisi€TCsd Ha BHCIIHIOKW W BHYT-
PEHHIOHO. Yactp SHCPIruM, COCTOsAIIAass U3 3HCPTrUU ABHXCHUSA CHUCTCMBI
KaK LEJIOTO W NOTEeHUHUAJIbHOM SHEprum CHUCTEMBI B IIOJIE BHCUIHHUX
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CUJI, Ha3piBaeTCa 6HewHell OHepeueti. OcrajlpHas 4YacTh JSHEPTUM
CHCTEMBl HA3BIBACTCI GHYMPeHHEl IHepeuell.

B tepMonuHaMuke HEe paccCMaTpUBAIOTCH ABMXKCHUE CHCTEMBI Kak
OeJIOTO ¥ W3MEHEHHE €€ MNOTEHIMAJbHON JHEPTMM TPH TaKoM
JBYDKCHHW, HOITOMY O3HEpPTHEH CHUCTEMB! SBJIAETCS €€ BHYTPEHHSS
sHeprus®, B craTthcTHYecKO# (HU3MKE BHYTPEHHSISE 3HEPIUS CHCTEMBI
COCTOHUT W3 JHEPruM pa3HBIX BUAOB [BWXKEHUS M B3aMMOACHCTBUSA
BXOMSIIMX B CUCTEMY YaCTHIl: SHEPTUS NOCTYNATEIHLHOTO M BpaIlaTesib-
HOTO [JBWKEHHH MOJIEKYJ M Ko0Jeb6aTeJbHOTO OBMXKECHUS AaTOMOB,
SHEPTUsi MOJIEKYJSAPHOTO B3aUMONEHCTBUS, BHYTPHATOMHAS SHEPrus
3a0JIHEHHBIX JJICKTPOHHBIX YPOBHEH, BHYTpPHSIicpHAs 3HEPTUA M Jp.

BuyTtpennss osuepruss U sBigeTcs BHYTPEHHUM [APAMETPOM H,
CJI€0BATEILHO, TPH PAaBHOBECHMM 3dBUCHT OT BHELIHUX HapaMETpPOB
a; m temneparypel I U=U (ay, ..., a, T).

3aBHUCUMOCTL BHYTPEHHEH SHEpPTUH OT TeMOepaTypbl HOYTH Yy BCEX
BCTPEUYAIOIIUXCHA B OKpYXalolled Hac NpUpOAE CHCTEM TaKoBa, 4TO
C HEOTPAaHMYEHHBIM POCTOM TEMIIEPATypbl BHYTPEHHSI JHEPTUs TAKXKe
HEOTpaHMYEHHO pacTeT. ITO MNPOMCXOAUT TNOTOMY, 4YTO Kaxnas
MOJIEKYNd WM Kakoi-mubo apyrodl 3jgeMeHT «OObIYHOW» TepMOau-
HAMMWYECKOH CHUCTEMBI MOXET HMMETH JIH00OE CKOJIb YroJHO OoJiblloe
3HAYECHUE OJHEPTUM.

Heckonbko JeT Ha3aj 3KCHEPUMEHTAJBHO OBUIO YCTAHOBJIEHO
CYIIECTBOBaHHE W TAKUX CUCTEM, Y KOTOPBbIX BHYTPEHHSIA OSHEpPrUsi
C POCTOM TeMIepaTypbl aCHMITOTHYECKH NPHOIMKAETCS K KOHEUHOMY
TPaHUYHOMY 3HA4Y€HHMIO, TaK KaK KaxIbliH 3JJEMEHT CHCTEMbl JIH-
MHUTHPOBaH B CBOGH MA4KCHMaJbHO BO3MOXHOH osHepruu. Takumm
«HEOOBIYHBIMM» CHCTEMAMH SIBJISIOTCS COBOKYIHOCTH SIICPHBIX CIUHOB
HEKOTOPBIX KPHCTAaJUIOB, T. €. COBOKYNHOCTH 34KpEIUICHHBIX B Y3JIax
PEIIETKH ¥ B3aUMOICHCTBYIOLIMX APYr C APYTOM SIAEPHBIX MarHUTHBIX
MOMEHTOB, KOTJa HX 3JHEprus B3aMMOJEHCTBUA C pELIETKON 4Ype3-
BBHIYAHO MaJla 1O CPaBHEHUIO C 9HEPTHed CIUH-CIMHOBBLIX B3a-
UMOZEHCTBHI*™),

[Mpn B3auMOAEHCTBUM TEPMOJMHAMMYECKOH CUCTEMBI C OKpYyXa-
roned cpenoit mpoucxoaut odmeH sHeprueid. Ilpu 3TOM BO3MOXHBI
JBa pa3JIMYHBIX crnocoba mepefaud 3HEPrHH OT CHCTEMBI K BHELIHUM
TeJIaM: ¢ M3MEHEHHEM BHEIIHHMX NapaMEeTpPOB CUCTEMHBI M 0e3 u3MeHe-
HAS 3TMX HapaMeTpOB.

ITepBriii cnoco0® mnepenauu JHEPTHH, CBA3AHHBIA C W3MECHEHHEM
BHEIIIHUX TAapaMeTPOB, HA3bIBAETCA pabomoti, BTOpO#H crnocobd—oOe3
U3MEHCHHS BHELLHUX TNapaMeTpoB, HO C M3MEHEHHEM HOBOTO

* DJHeprus NOJOXEHHs CHCTEMBbL B TOJI€ BHEIHUX CHJI BXOAUT B COCTaB €€
BHELUHEH OHEPrUH NPU YCIOBUM, 4TO TCPMOAUHAMUYECKOE - COCTOSIHME CHCIEMBI IIPH
TIEPEMEILIEHNH B 110JI¢ CUJT He M3MeHseTcs. Eciu ke TepMOAMHAMHYECKOE COCTOsHUE
NPH €€ TEPCMEILCHUH B 10JIe CWJI U3MCHSETCS, TO ONPE/C/ICHHAs 4acTh NOTCHLMANLHOM
3HepruM yxe OyaeT BXOAWTb B COCTAB BHYTPEHHCH JHEPrMU CHCTEMbI.

**¥) O HeKOTOpBIX NAPAJOKCAJBHLIX CBOWCTBAX TAKMX CHCTEM ¢M. § 32.
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TEPMOJAMHAMMYECKOTO TapaMeTpa (3HTponnn2——men/zomoﬁ, a cam
MPOUECC Hepefia4ydl IHEPTHH — menioodmenom™ .

C MoOJIeKyISpHO-KMHETUYECKON TOYKM 3pEHMs TeIIoTa CBsi3aHa
C [BWXKEHMEM AaTOMOB M MOJIEKYJ, H3 KOTOPBIX COCTOSIT TeJa;
OHa npeacTaBiseT Ccoboit Mukpodusmueckyro GopMmy mnepenaum
3HEPTHU OT OJHOTO Teja K APYyroMy HYTEM HENOCPEACTBEHHOTO
MOJIEKYJISPHOTO B3aUMOJEHCTBYS, T. €. HOCPEACTBOM OOMEHa 3HeprHei
MEXAy XaOoTHYECKH MABWXKYHIMMHUCA vactunamu oboumx Ttena. Pabora
B OTJWYME OT TEIUIOTH NpEACTaBiseT CO0OH MaKpOCKONMMYECKYIO
yHOPSIOYeHHYI0 (OpMy IMepeaud SHEprHMM NyTeM B3aMMHOTO AEH-
CTBUS TeJ JApyr Ha Apyra.

OHeprusi, nepelaHHash CHUCTEMOH C W3MEHEHMEM €€ BHEIIHHX
napaMeTpoB, Takxke HasbIBaecTcs pabomoi W (a HE KOJIMYECTBOM
paboThl), a 3Heprus, nepefaHHas cucreMe 0e3 M3MEHEHUs €€ BHEUIHUX
HapaMmeTpoB,— Koauuecmgom meniomsl Q. Kak BUTHO U3 onpene/icHus
TEIIOTHI W paboTBI, 3TH [Ba pPacCCMATPUBAEMBIX B TEPMOJAWHAMMKE
pa3yuyHbIX crocoba mepefayd HEPTHU He SBJIAIOTCS PaBHOLCHHBIMH.
JeicTBUTENILHO, B TO BpeMs Kak 3aTpauyuBaeMas pabora W moxer
HEMOCPEACTBEHHO NOWTH Ha YBEJIMYEHUE JIOOOTO BHJAa OJHEPrHH
(3MexTpUYeCKO, MarHUTHOH, ynpyroid, NMOTEHUMAJbHOM 3HEPTUH CH-
CTEMBI B NOJIE W T. A.), KOJMYECTBO TEIJIOTHI () HENMOCPEACTBEHHO,
T.e. 6e3 mnpeaBapuTesbHOrOo mnpeoOpazoBaHus B pabory, MOXeET
NOWTH TOJILKO Ha YBEJIHYCHHE BHYTPEHHEH 3HEPTUM CHCTEMBI. ITO
ONpUBOAMT K TOMY, 4YTO npH npeoOpazoBaHuU paboOThl B TEIUIOTY
MOXHO OrpPaHUYUTBCA TOJILKO IBYMs TEJlaMH, W3 KOTOPBIX OIHO
Teso (IpUW W3MEHEHWM €ro BHEIIHUX MNapaMeTpoB) NEpedaeT npu
TEIJIOBOM KOHTAKT€ JHEPTHI0 JpyroMy (0e3 W3MeHEHHMs €ro BHEHI-
HUX AapaMeTpoOB); NpU MpPEBpaANICHUH XK€ TEMJIOTH B paboTy Heo6xoau-
MO HUMETh HO MEHBINEH Mepe TpM Tejla: HEPBOE OTAAET IJHEPTUIO
B (opMe TemnoTel (TEMJIOUCTOYHMK), BTOPOE MOJY4YaeT 3IHEPTHIO
B (opMe TEmJIOTHI U OTAAET 3Hepruto B popMe paboTsl (paboyee Teso)
U TpEeThe NOJydaeT 3Hepruro B ¢dopMe paboTel or pabouero Tena.

Ecnu cucremMa He OOMeHUBAaeTCs C OKPYXAlOUMMH TelaMU HH
9Heprueil, HU BELIECTBOM, TO OHa, KaK yxe ObLIO CKa3zaHO, Ha3hIBAETCH
U30AUPOBAHHOU WIIM 3aMKHYMmoOU; €CIIA XK€ CHCTEMa WMEET Takoi
oOMeH, TO OHa Ha3biBaeTcsi omkpvimoii. Cucrema, He oOMeHUBaIOMIa-
ACs C OPYTUMH TejlaMU BEIIECTBOM, HO OOMEHMBAIOLIasiCd JHEprHeH,
Ha3bIBAaCTCSA 3aKpbimoii, a He OOMEHUWBAIOMIAACH OJHEPTUEH TOJILKO
B (dopMe TemwlIoTh — aduabamno U30AUPOBAHHOU WU aduabammoii
cucmemot.

Pabora W u xonudyectBO TemnoTel () UMEIOT pa3MEpPHOCTH
JHepruM, a paboTa W TemjaoTa He SABJIAIOTCS BHAAMHM 3HEPTHU: OHH
NpencTaBisioT co0oif IBa pa3Mu4HBIX cnocoba mepenadyu 3HEpPru,
paccMaTpuBaeMble B TEPMOJWHAMMKE, MU, CJIENOBATEJBHO, Xapak-

*) Bropoil cmoco6 mepemauuM 3HEpPruM HeBo3MoOxeH Tounbko npu 0 K (cm. § 21).
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TEPU3YIOT MPOIECC d3HeproobMeHa Mexay cucteMaMu. Pabora W u xo-
JIMYECTBO TEIJIOTHL () OTJWYHBI OT HyJis TOJBKO OpU Hpolecce,
KOTOPBI UCHBITHIBAET CHUCTEMA; COCTOSHHUIO XK€ CHCTEMBI HE COOT-
BETCTBYET Kakoe-ubo 3Hauenue W uimm Q, ¥ no3roMy O6eCCMBICIEHHO
TOBOPUTH O 3amace TEIIOTH WIH paboTel B TeJe.

IMpunatro cuutath paboty W nNOJOXUTENBLHOH, €ClIM OHa COBEp-
IIaeTC CHUCTEMOW HaJ BHEINHUMHU TeJIaMH, a KOJIMYECTBO TEIUIOTHI
O cuuTaeTcs TMOJIOKHUTEIBHBIM, €CJIM JHEPTHs HEpelaeTcs CHCTeEMe
0e3 M3MEHEHHMs €€ BHEHIHMX NapaMeTpoB*).

IIpu OGeckoHeYHO MaJlOM pPAaBHOBECHOM W3MEHEHMM NapamMerpa
a paboTta, coBepumiaeMas CHCTEMOH, paBHa

OW=A da,

rae A-—conpsbkeHhas BHEIIHEMY NapaMeTpy a oOoOiieHHas cuia,
ABJIAIOINAsACA 0NpU paBHOBeCMM (DYHKIMEH BHEINHUX MNAapaMeTpoB
a; u temmepatrypnl T.

[Mpu HepaBHOBECHOM OECKOHEYHO MaJlOM W3MEHEHHM napamerpa
a pabota OW,, coBeplIacMas CHCTEMOM, TaKXe paBHa

OWp = Aup dayp,

HO B 3TOM ciyyae o0oOmeHHas cuna A,, Onarogaps HCXOIHBIM

MOJIOKEHUSIM TEPMOAUHAMUKY sBJISeTCS QYHKIMEH BHEIIHUX MapaMeT-

POB 4;, BHYTPEHHUX NapaMETpPoOB b; ¥ WX NMPOM3BOIHBIX IO BPEMEHH.
IIpu u3MeHeHMU » BHEIIHUX NapaMeTpoB paboTa CHCTEMBI

sW=Y A,da;. (1.1)

Kax cnenyer u3 ompenesieHus paborel u kak BugHo u3 (1.1),
B BBIPaXEHUE OJJIEMEHTapHOM paboTel He BxoauT AuddepeHnuan
teMnepatypsl (1. €. kodbdumueHT npu d7 paseH Hymo). ITO
OpUBOIUT K ToMy, uto aAuddepeHnuansHoe BbhipaxeHue (1.1) He
ABJISETCA NOJHBIM AubdepeHIanioM Kakoi-mu6o (yHKIuU napamer-
poB cocrosiHus cucteMbl (cM. 3amayy 1.2). Ilo oatoff mpuduHe
JJIeMeHTapHylo paboty obo3HauaroT OW, a He dW.

ITpuBeneM mnpuMepsl BbIpaXeHUH [AJis 3JIEMEHTApHOH paboThl,
COBEPILIAEMOM CHCTEMOH B HEKOTOPBIX ClIy4asix.

[Ipu xBa3ucTaTUYECKOM paACIIUPEHUH CHCTEMBI, TOJABEPKEHHOM
JEACTBUIO BCECTOPOHHETO PAaBHOMEPHOTO J1aBJICHUs, 3JleMEHTapHas pabora

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

TIe p—JAaBlIeHWE ra3a Wid Xuakoctd, dV —ysenuwveHue obOneMa
cucteMbl; paboTa ra3za npu pacHIMpeHUHd €ro B NYCTOTY paBHa

*) Bxomsuide B YPaBHEHHs TepMoauHaMuUkd Q u W 03HaualoT, KaKk CleayeT
U3 TPEeNbLLAYHIEro, He CIOCOO Nepenauy, a JHEPruro, MOJIYYEHHYHO CHCTEMOM COOTBET-
CTBYIOLIUM CIIOCOGOM; 4aCTO MX, OJHAKO, Ha3bIBAIOT NPOCTO TEMJIOTOW M paboToii
M TOBOPAT O TNpeBpalleHHd TEWIOTH B paboTy ¥ HaobOpOT.
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HyJI}I0, TaKk Kak NpH 3TOM Ta3 HE NpPEoJ0JIEBAET HUKAKOTO CO-
NPOTUBJIEHUS.

PaboTa cujl MOBEPXHOCTHOTO HATSXKEHUS HNPU U3MEHEHUH IUIOLIANU
noBepxHOCTH Ha dX paBHa

SW=—0dX (a=Z, A=—0),

Tl ©-—HNOBEPXHOCTHOE HATSKCHUE.

[Monspuzauus QUINIEKTpUKA B JIEKTPUYECKOM NOJIE CBA3aHA C Ompe-
JeJieHHOH paboTtoi. B 3aBucuMoctu oOT Xxapakrtepa 3ajaud  (4TO
onpefeasieT BHIOOP Ppa3NIMYHBIX HE3aBUCHMBIX INEPEMEHHBIX, Xapak-
TEPU3YIONIMX COCTOSIHHE [OUAJIEKTPUKAa B 3JIEKTPUYECKOM IOJIE) 3Ta
pabota pasHas W IS €€ BBIYMCJICHUS HNPHUXOAUTCH MOJB30BATHCH
pas3inuHBIMH BhipaxeHusMHu (cM. § 51).

OnemeHtapHas pabora, coBepmiaemas eJUHULEH oObeMa UIJIEK-
TpUKAa, NPU H3MEHCHUM B HEM HampsbkeHHOcTH E anextpuueckoro

moJia BCJIEACTBUC MABUXCHHUSA CO3JAKOMIUX €T0 3apsaOoB paBHa
W=~ _(E, dD)=— . (ExdD,+E,dD,+E.dD,)

T

(He3aBUCHMOH INEpEMEHHOH sBJISETCA B JAaHHOM 3ajaye HHIYKIHUS
D), rak 4ro a;=D,, a,=D,, ay=D,, A;=—E,[/(4n), A,=—E,[(4n),
Ay=— z/(4n)

[ns uzorpomHoro mwdsiekTpuka, xorna DTTE, sra pabora

$W=— " EdD (a=D, A=— 1 E)
4 4n

Cob6crBeHHass paborta nosspusanuu (um pabora noJspu3anUu
B COOCTBEHHOM cMbicie) OW, ectb pabora OW 0e3 pabotsl
—d [E?/(8n)] BO36yxXmeHus Nonsi B BaKyyMe:

6Wc=8W+d(§;>=—EdP (a=P, A=—E).

OnemMeHTapHas pabora npu U3MeHeHuW HampspkeHHoctTd H B Mmar-
HeTHKe c uHAykuued B paBHa

1 1
8W=— L (H, dB)=— | (H.dB,+H,dB,+H.dB,)
1 1 1
(0=Br @=B,, ax=B., ay== L Ho, Ay=— L H,, A== H.),
Hﬂﬂ H30TPOMMHOTO MAr"He€TukKa 3Ta pa60Ta paBHa
SW=— L HdB <a=B, A=— —1~H>.
4n 4n

Cob6crBeHHass pabora HamMarHUYMBAHUS
OW,=—HdJ,

rae a=J-—HaMaragyenHoctb, A= —H.

28



OniemeHTapHas pabota ogHopojHOH nedbopmauuu exHHMIpI 00b-
eMa TBEpPAOro Tejld pPaBHA

3
W= — Z Oij dSij,
l’}
TAe O;;—HOpMaJlbHbl€ ¥ CIBHTOBbIE KOMIOHEHTBEI HANPsDKEHNs,
€;j—KOMIOHEHTHI JAeQOpManuu (PACTSKEHUS W C/ABHUTH).

Padora, cosepluiaemas CHCTEMON npHU HEPABHOBECHOM NEpeEXo-
J€ CHCYeMbl U3 COCTOSsHMS [ B 2, BCerja MeHbINE padoThl,
MPOM3BOAMMOM €10 IPU NEPEXOJe M3 COCTOSIHUA / B 2 PaBHOBECHBIM
MyTEM:

Wep<W.

310 0COGEHHO XOpOLIO BHAHO HA NPUMEpPE PACHIMPECHHS
niy cxatus raza. Ilpy HepaBHOBECHOM paCIUMpEHMH Tra3za BHEIHI-
Hee JaBJIeHHE p’ MEHbUIE HCXOJHOTO PpABHOBECHOTO [JaBJICHUA
p rasza, nodtomy p'dV<pdV. Ilpu HepaBHOBECHOM CXaTUH, Hao-
60poT, BHelIHee JaBjeHUE p” OOJbIIE PAaBHOBECHOTO [IaBJICHUS,
¥ Tak Kak pabora B 3TOM cCiyyae OTpULATEJbHA, TO ¥ 3/ECh
p'dV<pdV.

B obmemM ciyyae ais nx000ro HEpPaBHOBECHOTO MNpOHECca 3TY
TEOPEMY O MAaKCHMaJlbHOM paboTe npu paBHOBECHBIX TPOLECCAX
MOXHO Jl0OKa3aTh JIMIIb Ha OCHOBAaHMM BTOPOTO Hayaja Tep-
MOJVHAMUKH.

HecMoTpst Ha TO 4TO MeXAy HOHATHAMHU pPabOTHI U KOJMYECTBA
TEIUIOTHI CYHIECTBYET TJIyOOKOE KaYeCTBEHHOE pa3jiMiue, OHU SIBJISIOTCS
POACTBEHHBIMU: W TO H [PYroe BBHIPAXKAIOT 3HEPTHUIO, TNEPEIaHHYIO
CHCTEME WJId C M3MCHEHHEM, Wid 0e3 U3MEHEHUs BHCUIHAX Napamer-
poB. bsaromaps 3TOMy pOACTBY TEIUIOTY Y4aCTO Ha3bIBAfOT Hiep-
Mmuyeckoii pabomoti. I1EMEHTapHOE KOJUYECTBO TEILIOTHI 8Q, mosy4a-
€MO€ CHUCTEMOH NpU paBHOBECHBIX NMPOLIECCaX, MOXKET OBITH 3aMHUCAaHO,
nogo6RO 3/eMEHTapHOH paboTe, B BHJE NpPOM3BEACHUs OOOOLICHHOM
cuael T (TeMnepaTypbl) Ha U3MeHEHME OOOOIIEHHOW KOOpAHHATLI
S (sHTpONUM):

80 =T4dS.
OLlHaKO CTpOoroe 060cnona}me 3TOTO BBIPpAXCHUA C JOKa3aTecib-

CTBOM OJHO3HAYHOCTH J3HTPONUH MOXET OBITH JaHO JIMIIb BTOPBIM
Ha4ya,ioOM TEPMOJUHAMMUKH.

§ 6. TEPMUYECKHUE U KAJJOPUYECKOE YPABHEIIMSA COCTOMIMA

BTopoe ucxo/iHOE MOJIOKEHUE TEPMOAUHAMUKH O TOM, YTO PaBHOBEC-
Hble BHYTPEHHHME NapaMeTpnl SABJISIOTCS (GYHKUMSAMHU BHEIIHWX Mapa-
METPOB M TEMIIEPATYPhl, NPUBOAMT K CYLIECTBOBAHHIO TEPMHYECKHUX
H KQJIOPUYECKOTO YPaBHEHUH COCTOSHUSI CHCTEMBI, T. €. YPaBHEHHIA,
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CBSI3LIBAIOLIMX remiepaTtypy 7, BHELIHME TIapaMeTphl @; U KaKoH-1ubo
PaBHOBECHBIH BIYTPEHHHM lLapamerp by

bi=filar. .., aw T).
Ecil BHYTPCHHHM NapaMeTpoM by, SBISETCS BHYTPEHHSS 3HEPrus
U (b,=U), to ypaBheuue

U=Ulay, .., ay T)

H43BIBACTCS  YPABHEHUCM JHepoull Wil  KUAOPUYECKUM  YPABHEHUEM
cocmosHuAa. OHO TAK Ha3bIBAE€TCS MOTOMY. YTO C €I0 NOMOILUBIO,
o tht Y 21N, MQOUKHO 11aX0NTh TETUIORMKOCTH U ApYyTue 110100HbIe
BCJMYMHBL, OOBIYHO BbIPAXaeMble paHee B KaJOPHAX.

Ecnu BHYTpeHHUM napaMeTpoM by SBISETCS CONpPSHKEHHAs BHe-
IIHEMY napamerpy a; obobOuiennas cuna A; (by=A4;), TO ypaBHCHUs

Ai=A,-(al, veey Uy, T) (l=1, 2, ceey n)

Ha3bIBAIOTCA MEPMUUECKUMU YPABHEHUAMU COCMOAHUA. DTO Ha3BaHUE
00yCJIOBJICHO TEM, YTO C MOMOIUBIO 3THUX YPaBHEHUH BBIMHCIACTCS
TeMneparypa.

O61iee 4uCcIO TEPMHYECKMX ¥ KaJIOPUYECKOTO ypaBHEHHH COCTO-
SHUA CHCTEMbl PAaBHO 4YHCJy €€ CTencHed cBOOOABI, T. €. 4YHCIy
HE3dBUCHMBIX MapaMETPOB, XapaKTEPHU3YIOIIUX COCTOSHUE CHCTEMBI.
Kax mnoka3piBaeT BTOpO€ Hadalo TEPMOAMHAMUKH, KaJIOPHUYECKOE
U KaXIOOe U3 TEPMHUYECKMX YpaBHCHU! COCTOSHUSA HE SBJIAIOTCA
HezaBuCUMBIMKH. OHHU cBA3aHbl JduddepeHIMaTLHBIM - ypaBHEHHEM
B YacTHBIX Npou3BoAHbIX (cM. § 15).

Eciu kanopuueckoe U TEpMHMYECKHE YPAaBHEHUS COCTOSIHUS M3BECT-
Hbl, TO C MNOMOIIBIO Hayajl TEPMOJUHAMMKH MOXHO ONPEACIUTH
BCE TEPMOAMHAMUYECKUE CBOMCTBA CUCTEMBI. BhIBECTH caMi ypaBHEHUS
COCTOSIHUST Ha OCHOBE HayaJ TEPMOJAWHAMMKH HEJIb3sl; OHU WM
YCTAHABJIMBAIOTCS W3 ONbITA, WIK HAXOAATCA METONAMM CTaTUCTUYEC-
Ko#t ¢u3uku. DTO euie pa3 ykasplBaeT, 4TO TEPMOJUHAMMKA U CTa-
TUCTUYECKas (U3MKa JOMOJHSAIOT APYr Apyra W MOJHOCTBIO OTHEIMTH
UX HEBO3MOXHO.

IIpy u3y4eHUW CBOKCTB DPABHOBECHBIX CUCTEM TEPMOAMHAMUKA
npexJe BCEro pacCMAaTPUBAET CBOKCTBA MpPOCTHIX cucTeM. IIpocTeiMu
Ha3bIBAIOTCA CUCTEMBI C IOCTOSIHHBIM HHCJIOM 4YacCTHI, COCTOSIHHE
KOTOPBIX OMNpENESIAeTCs TOJBKO OJHUM BHEIIHMM MapaMEeTpOM a U TeM-
nepatypoit 7. MHaue roBops, MpOCTBIE CHUCTEMBI—ITO OAHOQA3HBIE
CHCTEMBI, OINpEHEJISEMBbIE IBYMs MNapaMeTpaMmHu.

TepMuyeckoe U KaJOPUYECKOE YPABHEHUS COCTOSHUS NPOCTOH
CUCTEMBI HMEIOT COOTBETCTBEHHO BHJ

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

Eciu A=p— naBieHue u, cJIeqoBaTeNbHO, =V — 00BbEM CUCTEMBI,
TO YPaBHEHHMS COCTOSIHUS CUCTEMBI

p=p(V, T), U=U(V, T). 1.2)
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Jns Takoi mpoCTOM CUCTEMBI, KaK WUACANBHBIN Ta3, TEPMHUYCCKUM
ypaBHEHUEM COCTOsSIHUA sBJsgeTca ypaBHeHMe Kianeiipona —Men-
neneepa*

pV=vRT, (1.3)

rae v=m/M—uucio Moseil raza maccou m, M-—MojgpHas Macca,
R=8,314 Ix /(K -MoB).

Ucnonb3ys 3akoH J{xoysis O HE3aBUCUMOCTH BHYTpPEHHEH 3HEpruut
raza or ero obbeMa IpH INOCTOSHHOW TeMIepatype

ou
YN o, 1.
(&), a8
noJiy4ya€M KaJIOPUYECKOE YPABHECHHE COCTOSAHUSL HUACAJILHOrO rasa
U =5 CVdT,

roc CV—TCHHOCMKOCTB rasza Inpu noCTossHHOM o0neMe.
D;Jlﬂ OQHOATOMHOIO HACAJBHOTO Tra3a, KaK IOKa3biBa€T OIIBIT,
TEIJIOEMKOCTh CV HE 3aBUCUT OT TEMNOEpaATyphbl, IMOITOMY

U=CVT+U0

Vpasuenus (1.3), (1.4) ans ugeajpbHOTO rasa JIETKO IOJYYUTH
U3 MOJICKYJAPHO-KUHETUYECKUX NpeNCTaBJIeHUH, ndaxe He mnpuberas
K oOmuM craTucTudeckuM MertomaM. Tak, 3akoH (1.4) Hemocpenct-
BEHHO CJIEYET M3 TOTO, YTO IJI CUCTEMBI U3 HEB3aUMOJACHCTBYHOLIUX
yacTull (MaeanbHBIM Ta3) BHYTPEHHSS OHEPrus paBHA (B CpemHEM)
CyMM€ KHMHETHYECKMX O3HEPTrUi O3TUX 4YaCTHMI, KOTOopas HE 3aBUCUT
oT ofbeMa, 3aHUMaeMOro Ta3oM MpU HaHHOH TeMmepaTtype.

Jns peanbHBIX Ta30B SMIUPHYECKM YCTaHOBJEHO Oosee 150 Tep-
MHYECKUX ypaBHEHWi coctosHds. Hambosee mpocThiM U3 HHX M KavecT-
BCHHO TPAaBWIHHO NEpEJaloMM MOBEICHUE DEAJIbHBIX Tra3oB Haxe Npu
nepexofie UX B XUAKOCTH sBJseTCS ypaBHeHue BaH-nep-Baansca

(p+a/V?)(V—b)=RT.

D10 ypaBHEHUE OTJM4YaeTcs OT YypaBHeHMs Kianeiipona— Men-
JiejieeBa OBYMs IONpaBKaMU: Ha o0beM b caMux MOJIEKYJ U Ha
BHYTpEHHEE [aBJIeHHE a/V 2, ompelenseMoe B3aUMHBLIM NPHUTSKEHHEM
MoJiekys ra3a (@ M b—KOHCTaHTHI, He 3aBucsume or I ¥ p, HO
pasHbIe U1 pa3HBIX Ta30B; B ra3ax c OOJBIIMM 4 TPU MOCTOSHHBIX
T u V paBneHue MeHblle, a ¢ OosbmuM b — 6Gosslie).

Heo6xoguMocTh BBeeHUS MONpaBOK Ha 0O0beM B ypaBHeHue (1.3)
OpU NPUMEHEHUM €rOo K peaJbHOMY Tra3y BIEpBhIE OOOCHOBBIBAJ

* O6benuuss 3axkoHbl Boilnsg— Mapuotra u Ieii-Jlroccaxa, Knaneiipon B 1834 r.
MOJY4YMJT YPaBHEHME COCTOSHHS HpeajbHOro rasa pV=cT, rae mnocrosiuHas ¢ mis
JaHHOM Macchl ra3a 3aBHCHT OT ero npupoxbl. Ha OCHOBe Tex e 3aKOHOB M 3aKOHA
Asoraapo [I. . Menpmenec B 1874 r. ycraHoBUN ypaBHeHue cocTosinus pV=(m/M) RT,
rAe NOCTOSIHHAs R omHa M Ta Xe JUIs BCeX rasos.
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emre M. B. JIOMOHOCOB, HCXOAs U3 MOJIEKYJISIPHO-KUHETUYECKUX TNpEN-
CTaBJCHWHA O NPHUPOAE TEIJIOTH! (TEIJIOBOTO [BUXKEHHSA).

BoJjiee TOYHBIMH TEPMHUUYECKUMH YPAaBHEHUSIMU COCTOSHHSA DeEajib-
Horo rasa spistorca (cM. 3amaud 1.10; 1.11) nepeoe u emopoe
ypasnenus dumepuuu

p(V—b)=RTe /R,

<p+%>(V—b)=RT; (1.5)

ypasnenue Bepmao

(p+VL2T)(V-—b)=RT

U Jp.

Kak xamopuueckoe, Tak ¥ TEPMUYECKOE YPaBHEHUS COCTOSIHHSA
JUIS peaJIbHBIX Ta30B MOTYT OBITh TEOPETHUYECKU BBIBEACHBI METOJAMU
CTaTUCTHYECKON (U3UKU.

TepMuyeckoe ypaBHEHHE COCTOSHUS JI DPEAJBbHBIX Ta30B MOXET
ObITh 3amucaHO B BHUJE pshfda MO CTeNeHsM IUIoTHoctd N/V nns
npousBeneHus pV (supuasvhas ¢opma ypasHenus coOCMOAHUA):

B C D

pV=RT(1+I—,+-V—2+75+...>, (1.6)
rae B, C, D, ... sBasiorcs GYHKUMSAMM TEMIIEpAaTypbl ¥ Ha3bIBalOTCH
supuatbbiMu  Kodgduyuenmamu (COOTBETCTBEHHO BTOPBHIM, TPETHUM
u 1. A.). I[lepBbIii 4ieH BUPHAJILHOTO Psila COOTBETCTBYET UACATBHOMY
razy, B KOTOPOM OTCYTCTBYET B3aUMOAECHCTBUE MEXIY MOJIEKYJaMH,
BTOPOW YYMTHIBAET MNApHOE B3aUMOICUCTBHE MEXIY MOJIEKYJIaMH,
TpEeTHH — TPOHOE B3aUMOJEHCTBUE MOJIEKY] U T. 1. YpaBHeHue (1.6)
OBLJIO MOJIyYEHO B CTATUCTHYECKOW (HM3UKE BHAYaJe C IMOMOLIBIO
TeOpeMbI O BHUpHaje; B HacTosllee BPEMs ypaBHEHHE MOXET ObITh
HEMOCPEACTBEHHO YCTAHOBJEHO OJHMM M3 OCHOBHBIX METOHOB CTa-
TUCTHYeCKON ¢u3uku (MeTomoM I'mb66ca wam MetomoM Borosno6osa,
SBJIAIOLIUMCS €ro JaJbHEHIIUM pa3BUTHEM).

Kaxk BUIHO U3 NMpUBEIEHHOTO MOJIEKYJISPHOTO CMBICJIA BUPUAJIBHBIX
ko3d¢unenToB, BupuanbHas ¢opma (1.6) BO3MOXHA TOJILKO mJIs
CUCTEM C TakMMM CWJIaMM B3aUMOMACHCTBUS MEXJy 4acTUIIAMH, I
KOTOPBIX JOMYCKaeTcs CaMO NpeACTAaBJICHHE O MApPHBIX, TPOMHBIX,
YETBEPHBIX W T. . B3aHMOJEHCTBUSAX YACTUN. OTO CHPABEIIUBO
TOrJa, KOrJa OTHOIUEGHWE pajauyca ACHCTBHA CUJT B3aUMOJAEHCTBUS
K CpPEeOHEMY pPacCTOSHUIO MEXHY 4acTHLHAaMH (OTHONIEHUE HpPONOpLH-
OHAJILHO TWIOTHOCTH N/V') sBnsercs MaabiM (IO CpaBHEHMIO C €Ou-

*) Teopema O BHpHAlle YCTAHABIMBAET CBSA3b MEXAY CPENHEH KMHETHYECKOH
9HEepriefl 4YacTULl CHCTEMHI, 3aHUMarolel KOHeuHslli 06bveM V' u Hekoropo#t dyHknuei
cun (KOTOpas Ha3bIBAETCS BUPHAJIOM CHII), JCHCTBYIOUIMX Ha STH HYaCTHIBL
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HMLEH) mnapaMeTpoM U TIO03TOMY JHONYyCTUMO CaMoO pa3jioXeHHe
BHYTPEHHUX MNapaMeTpPOB CHCTEMbI MO CTENEHAM 3TOro mapamerpa.
B cuctemax ¢ «JajekuMu» CUJIaMU B3aUMOIEHCTBUS MEXAY YacTH-
HamMu (HampuMep, B IUla3Me), IAe Kaxnas 4acTulla OTHOBPEMEHHO
B3aUMOJICHCTBYET C COBOKYNHOCTBIO MAPYrMX 4YacTHL, BHpHaJbHas
¢bopMa ypaBHEHUS COCTOSHUSA HEBO3MOXHa (cM. § 55).

VuuThiBas KOPOTKOACHCTBYIOLIMH XapakTep CWJI B3auMOAEHCTBUSA
MEXIy MOJIEKYJaMH peajbHOro rasa, Maiiep u Boromo6oB pa3HbMu
METOJaMHU TNOJIyYWIH [JI HEro ypaBHEHWE COCTOSIHUA

pV=RT<1+ Y BI",*,‘>,

n=1

rIe BUpHaibHbie K03QduiueHTs B, BBIpaxaroTcs 4epe3 HOTEHIHUal
B3aUMOJEHCTBUS MEXIy 4YacTHLAMHM rasa u Temmepatypy. Hampumep,
€CIM MEXMOJIEKYJIApHBI noTeHiman @ sBiasercs QyHKUUEH TOJBKO
paccCTOsHUS r MEXIy MOJIEKyJaMH, TO BTOpOH BHpPUAJbHBIH K03(-
¢unmenT raza u3 N dYacTull paBeH

B(T)=—2xN [ (e~®®/¢D _1),2dr. .7
0

OkcnepuMeHTanbHO u3Mepss B(T), MOXHO ONpENeJUTh Napamer-
pBl NOTEHNMaJbHOH (YHKIUM B3aUMOAEHCTBUSA.

Vxe W3 caMoro CyuieCTBOBaHHMSI TEPMUYECKOTO YpaBHEHHWsS CO-
CTOSIHMST MOXHO BBIBECTH BaXXHbI€ CJICACTBHs. JleWCTBUTENBLHO, pac-
CMaTpuBas TaKue W3MEHEHUH COCTOSHUSA TPOCTOW CHCTEMBI, UpH
KOTOpBIX (pUKCHpOBaHa OOHA W3 TNEPEMEHHBIX, MBI TOJyYaeM mpu
mepmuueckux koddguyuenma [pacwupenua, cucamus, oasienud (yn-

pyzocmu) |
1[0V 1(ov 1/ op
oA=—| — N = — ] — N =] — .
VO<BT>, B V0(6p>1 Y po<aT>V

rae Vo u po—obbeM u nabieHue cucteMsl npu 0 °C.

Cy1iecTBOBaHWE YpaBHEHUS COCTOSIHUS CHCTEMBI IPUBOAUT K TOMY,
YTO 3TH KO3(QUUUEHTH HE HE3aBUCUMBI APYr OT Opyra, a CBS3aHbI
MEXAy cobol cooTHomieHWeM (cM. 3amgauy 1.8)

a=po By,

BaXHbIM IIpM ONpENEJICHHW 7Y y TBEPAbIX ¥ O KUAKUX TeJ, Tak
KaKk 3TH Teja NPAKTUYECKH HEBO3MOXHO HarpeTb 0e3 u3MeHeHus
ux obnema.

IMomo6Ho TpeM TepMmuuecKuM KodbuLMEHTaM, YIOTPEDIAIOTCA
TaKXKe mpu mepmoounamuueckux Koddguyuenma (pacuwupenus, coca-
mus u 0agaeHus):

a_l(?f) __1<aV> Y__1(6;»)
tUy\er), Tt viaop )r> 't pl\aT)y’
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1.5.

1.6.

1.7,

1.10.

111

1.12.

1.13.
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3AJJAYHN

IToka3aTh, 4yTO BBITEKAIOLIME M3 ONBITA EIMHCTBEHHOCTh PACNPENEICHUSA SHEPrUU
PaBHOBECHON CHCTEMBI MO €€ 4acTAM M OJHOBPEMEHHBIH POCT 3HEPrHH 3THX
4yacTeil NpH yBeIH4YeHHWH OOIIeH SHEPruM CHUCTEMEHI MO3BOJIAIOT BHIOpaThL s
BHYTPEHHEH 3HEPrid MOHOTOHHO BO3PacTaroumiyro (YHKIHIO TeMIEPaTyphl.

IMokazats, uto auddepeHnuanbHOE BHIDAXEHHE 1A 3JIEMEHTApHOH paGoThi

3W=) Aida; He sBufeTcd NONHBIM AU(PepeHLMATOM KaKOH-TH60 (PyHKUMH

napaM:anos COCTOSHUS CHCTEMBI.

Beiuuciute paboTy ucmapeHus Mousis BOAb Npu nepexone ee B nap mpu 100 °C
W HOpMaJIbHOM NaBiieHuH. OTIpeNenuTh TakKe KOJMYeCTBO TEIUIOTHI, coobliaeMoe
NMPU 3TOM BOJE.

BrlunucnuTe paboTy, COBEpIIAEMYIO 332 HUKJI NIEPEMAarHMYMBAHUA E€IMHUIBI OObeMa
CEepIeYHHKA JJIMHHOIO COJICHOMIA, €CIIM HM3BECTHO, YTO IUIOLIANb NETIH KPHBOH
TUCTEepe3uca ceplaeYyHHKa Ha AuarpaMme C ocaMH koopauHat H, J paBHa S.
Ioka3aTe, 4TO aneMeHTapHas paboTa NONAPH3ALMHM ENMHHIBI 06bEMa H30TPOIN-

HOro JHUAJICKTpHUKA 8W=—4—EdD, a 3JeMeHTapHas paboTa TOJNSApH3ALUU
1

B coOGCTBEHHOM cMeiciie W .= —EdP.

Brosk CTpyHBI CiieBAa HamnpaBO PAaCNpPOCTPAHAIOTCA TONEPEYHbIE BOJHBI 4aCTOTHI
v ¢ ammuTtynoi a. Harsxenue crpyHsl paBHo 7. Ompepenutr paborty,
TIPOM3BOIMMYIO 3a TIEPHOJ HaCTBIO CTPYHBI, PACIOJIOKEHHOM cleBa OT HEKOTOpOW
TOYKM Ha CTPYHe, HaJ 4YacTbiO, PACIOJOXEHHOH chmpaBa OT 3TOH TOYKH.
VcraHOBUTH, 4TO i JII00OH TNPOCTOM CHCTEMBI, TNOABEPXKEHHOW JNEHCTBHIO
0006mmeHHON cunbl A (CONPSKEHHOH BHEUIHEMY TlapaMeTpy a), CHIpaBemMBO
oT 04 oa |

04 a oa T oT A ’
VCTaHOBUTH CBA3b MEXIY TEePMUYECKUMH Kodbduumenramu o, B u y.

Ilpu nexoTopo#t Temmepatype T=T,, U HNABICHUH p=p,, HCHE3AET pa3jInyUe
MeXAy yhaenbHeiMu obvemamu V, u V. xupkoctd u raza (Vy=V.=V,).
Takoe COCTOSHHME BEIIECTBA HA3LIBAETCA KPUTHYECKHM, a mapamerTpel T,,, pup,
Vip» TIPA KOTOPHIX OHO HACTYNaeT,— KPUTHYECKUMHU. BBIpa3suTh KpuTHYECKHE
napameTpel V,p, pyp, Typ raza Ban-mep-Baanbca uepes mocTosHHele @ M b mns
9TOr0 rasa M BBIYUCIMTL KpUTHuecKui KoddduumeHT s=RT,,/(pep Vi)
HaiiTu BhIpaXeHUA KPUTHHECKMX NAPAMETPOB Vp, Py, Typ, UCXONA M3 YpaBHEHHS
Hutepuun  p(V—b)=RTe */®TV)"  Briyucnuth kpuThyeckuil  Ko3dduumeHT
§=RTp/(PupVip) MK 5TOrO yPABHEHHS M CPaBHUTb €rO C SKCIEPUMEHTAJIBLHBIM
3HaueHHEM U 3HA4YEHHEM, TIOJIY4E€HHBIM U3 ypaBHeHHs Ban-nep-Baansca. [Tokasats,
4To npu Oonbmiux o6BEMax ypaBHeHHe J[lUTepuuM TEPEXOXUT B YypaBHEHHE
Ban-nep-Baannca.

BoIYuMCIUTh KpUTH4ECKHH KO3DUUMEHT s ayd BTOPOro ypaBHeHHd JuTepuuu

a
p+73,~3 (V—b)=RT u cpaBHATH €ro ¢ O9KCIIEDHMEHTAJbHLIM 3HAYEHHEM

TOXIECTBO

W 3HaYeHHEM, TOJYYEHHoIM M3 ypaBHeHusS Ban-nmep-Baansca.

Ecnu xpuTudeckue napaMeTphl HCNOJIL30BATH KaK €IWHHUIBI JaBleHUdA, obbema
U TEMIIEPATYpPHl, TO TOJY4a€M IPUBEAECHHBIE TEPEMEHHBIE T=p/pyy, @=V/[V,p,
1=T/T,,. YpaBHEHHE COCTOSHHA B 3THX NEPEMCHHBIX HA3BIBAETCA NPUBELOCHHBIM
ypaernenuem cocmoanua. Ilony4uuts mnpuBeneHHoe ypaBHenue BaHo-nep-Baanbca
U TpUBENEHHOS YPaBHEHHWE IS mepBoro ypaBHeHus Jlutepuun. Beerma i
MOXHO TOJY4YUTh NPHBEICHHOE YpaBHEHHE COCTOSHHUSA TO NAHHOMY YpPaBHEHHIO
cocrosHuda? Iloka3aTe, 4TO BO Bcex ciyyasx, Koraa o6beM rasa BelIUK 0O
CPaBHEHMIO C €ro KpUTHYECKHM 00BEMOM, ypaBHeHue Bas-nep-Baansca mepexonut
B ypaBHeHue Kunaneiipona —Menneneesa.

Ilpu HuU3KHMX TemmepaTypax H30TEpMa peaJisHOro rasa Ha nquarpamme p, pV
UMeeT MUHHMYM, Ha3bBaeMBI moukoii boiias. C pocTOM TeMmepaTyphl Touka



1.14.
1.15

1.16

2%

Boiing cHavana cMeuiaeTcds B CTOPOHY GOJIbLIMX NaBJeHHH, a 3aTEM B CTOPOHY
MeHbIINX HaBieHui. IIpu HekoTOpO# TemmepaType, Ha3bIBaeMOW memnepamypou
KBoiian, MuHUMYM Ha u3otepMe coBnajnaer ¢ ocsto opauHat (p=0). Iloka3zats,
4YTO TpH TemnepaType boins BTOpoil BUpHANBHBIA KO3QQUIMEHT peabHOro
rasa paBeH HYJIO.

TMonr3ydce ypaBHeHMem ra3a BaH-mep-Baanbca, HaliTu 3Ha4YeHHs BTOPOro
U TPEThEro BUPHAJIbHBLIX kKo3d¢uuneHtoB u Temnepatypy Boing jpisg storo rasa.
3Has BBIpaXEHHWE 111 BTOpPOro BUpHasisHOro koddourmuenrta (1.7), Halitu ero
3HA4YeHHE NpH B3aUMOJEHCTBHM MOJIEKYJ Kak TBEpIObIX chep IuaMeTpoM O:

00 TIpu r<o
o(r)= '
0 » r>o
— U INIpY TNOTEHIMAJIE B3AaUMONEHCTBHUA B BHAE NPAMOYTOJLHON MBI

© npH r>o,
®(r)=4 —¢ » o<r<Ro(R>1),
0 » r>Ro.

BeiiecTBO Ha3bIBAaeTCH uUOeaqbHbIM hapAMAZHEMuKom, €CIIH €ro ypaBHEHHE CO-
CTOSHUSL MMEET BHA

J= f(H|T) [f(0)=0],
rae J—HaMarHu4eHHOCTh Tejld, H — HaNPSXEHHOCTb BHELIHEr0 MAarHUTHOrO
nonst, T—rTtemnepatrypa. Iloib3ydCh 3THM YypaBHEHHEM COCTOSHHS, BBIBECTH
3akon Kiopu 0 TeMmepaTypHOil 3aBUCHUMOCTH NapaMarHUTHOM BOCHPHMMYHMBOCTH
%
x=C/T,

rne C—xoHctanta Kropu.




I''IABA BTOPAS

OCHOBHBIE 3AKOHBI
N YPABHEHUSI TEPMOANHAMMKMN.
IEPBOE HAYAJIO TEPMOJUHAMUKHU

TepmoguHamuka — fejyKkmusHasi Hayka. Ee OCHOBHbIe
ycnexu Morym 6bimb OXapakmepu3oBaHbl meM, 4mo
OHa NO3BOSIIEM NOMyYUMb MHOXECMBO PasfiuyHbIX
COOMHOLLIEHUN MeXhy BesuyuHamu, onpegesnsiowumu
cocmosiHue meJsi, onupasicb Ha BecbMa obLjue 3M-
nupuyeckue 3aKOHbI—Havana MmepMOoguUHaMUKU.
O6cygum cofepxaHue 3mux OCHOBHbIX 3aKOHOB
U COOMBEMCMBYIOUUX UM OCHOBHbIX YpaBHEeHUN
mepMoguHaMuKu.

§ 7. YPABHEHME IIEPBOI'O HAYAJIA TEPMOJINMHAMMKH

[epBoe Havaj0o TEPMOAUHAMUKY SIBJIACTCA MAaTEMaTHYECKHUM BbIpaxe-
HUEM KOJIMYECTBEHHOW CTOPOHBI 3aKOHAa COXpaHEHHS W TpPEBpalleHHs
9HEPTUW B MPUMEHEHUM K TEPMOAMHAMU4YeckuM cucremMaM. OHO ObLIO
YCTaHOBJIEHO B pe3yJIbTaTe OKCHEPUMEHTAJBbHBIX M TEOPETHYECKUX
uccneqoBaHuit B o6sactu QU3MKM ¥ XUMUM, 3aBEpPIIAIOIIUM 3TaNoOM
KOTOPBIX SIBUWJIOCH OTKDBITHE 3KBHUBAJCHTHOCTH TEILIOTHI ¥ DPaboThl,
T. €. OOHapyXeHHe TOro, 4YTO MNpEBpAlllEHHE TEIJIOTHI B paboTy
d paboThl B TEIUIOTY OCYLIECTBJISIETCS BCErJa B OJHOM W TOM Xe
CTPOTrO0 HOCTOSIHHOM KOJIHYECTBEHHOM COOTHOILICHHH.

VYxe B XVIII B. Obima oOGHapyxeHa HEBO3MOXHOCThL MEXaHHYECKOTO BEYHOro
nsuratens (yCTpoOHWCTBa, € NOMOLIBIO KOTOPOrO MOXHO OblLIO Obl NEpUONUYECKH
NPOU3BONUTL MEXaHMYECKYI0 paboTy Oe3 BHEIIHEro BO3NEHCTBUA HA HEro).

B 1748 r. M. B. JlomoHOCOB B mnuceMe kK OJiijepy, BbICKa3biBas MBbICIL O 3aKOHE
COXPaHEHHS BELIECTBA M PACIPOCTPaHEHHs €ro Ha JBWXKEHue MaTtepuu, nucam: «Terno,
KOTOPOC CBOMM TOJIMKOM BO30YXIAaeT APYroe Telo K IBHXEHHIO, CTOJILKO XK€ TepseT
OT CBOEro NBHXKEHHSA, CKOJILKO coobmaeT npyromy». B 1755 r. ®@paHiysckas Axanemus
HayK «pa3 W HaBcerna» ob6bsBuia, 4To He OyneT 6Gojbine NPHHMUMATh KaKuUX-1ubo
npoekToB BeyHoro nsuratens. B 1840 r. I'. I'. I'ecc cdopmynupoBan 3akoH ¢ He3a-
BHCHMOCTH TemioBoro 3ddexTa XUMHYECKHX PpeakHuil OT NIPOMEXYTOYHBIX peaKIuid.
B 1842—1850 rr. mHorue uccinenosatenu (Maiiep, Jxoysib ¥ Ip.) NPUIIUIA K OTKPBITHIO
NPUHIMNA SKBUBAJIEHTHOCTH TEIUIOTHI U PaboTHI

VYcTaHOBIEHHE TPUHIMIA SKBUBAJIEHTHOCTH ObUIO TNOCIENHHM 3TanoM B ¢op-
MHpPOBAHHUM KOJIMYECTBEHHON CTOPDOHBI 3aKOHAa COXPAHEHUS M TIPEBPALICHUS SHEPruH,
BCJEACTBUE 4Y€ro JaTa YCTAaHOBJIEHHS OTOr0 NPUHIMNA OOBIMHO OTOXAECTBIAETCA
C JaTOM OTKpHITUA TEPBOro Haualda TEPMOIUHAMHKH.

M3 npuBeneHHO# UCTOPUYECKOH CIIpaBKM BHUAHO, 4TO MOTpeOOBaJCd PN AECATHUIIC-
THI, YTOOBI Hayka MOrJIa HAlTH NYTh OT NPOCTOro YOEXAEHNS O HEBO3MOXHOCTH BEYHOTO
IBUraTens N0 COBPEMEHHON (OpMBI 3aKOHAa COXPAaHEHHS M TPEBPALICHHS SHEPruu.

[lepBoe Ha4yano TEPMONUHAMUKYM YCTAHABIIUBACT: GHYMPEHHAA
JHep2UA Cucmembvl ABAAEMCA OOHO3HAYHOU PyHKYuUell ee COCMOAHUA
U UBMEHAEeMCA MOAbKO NOO BAUAHUEM GHEWHUX 6030elcmeuil.
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Puc. 2. Pnc. 3.

B TepMonuHaMuKke paccMaTpuUBalOTCs [ABa TUma BHEMIHMX BO3-
JeUCTBUI: BO3/JCHCTBUA, CBA3AHHBIE C U3MEHCHUEM BHEIIHUX NapaMeT-
poB cucteMnl (cucteMa coBepmiaeT pabotry W), u Bo3meicTBus, He
CBsi3aHHbIE C W3MEHEHWEM BHEIUHWX NapaMeTpPOB W OOYCJIOBJICHHEIE
U3MEHEHHEM BHYTPEHHHMX MNapaMETPOB WIM TeMnepaTtypsl (cucreMe
coo0IaeTcss HEKOTOPOE KOJIMYECTBO TemAOThl ().

[loatoMy, cornacHO mnepBOMYy Haualy, W3MEHEHHE BHYTPEHHEH
sHeprud U,—U; cucTeMBl HpU €e Hepexone IOA BIUSHUEM I3THUX
BO3JICHCTBUI U3 NEPBOrO COCTOSIHUA BO BTOPOE paBHO ajrebpauveckoi
cyMMe Q u W, 4TOo O KOHEYHOTO HpOIecca 3amuIleTci B BUIE
ypaBHeHus U,—U;=Q0— W wunu

Q=U2—U1+W. (2.1)
Jns aneMeHTapHOro MpOIECca ypasHeHue nepeo2o HAYAAA TAKOBO:
5Q=dU+5W. 2.2)

Ilo nepBomMy Hauajy, u3MeHeHWe BHyTpeHHeW osHepruu dU npu
3JIEMEHTapHOM HPOIECCE NEPeXoJa CHUCTEMBI U3 OTHOTO COCTOSIHUS
B OeCKOHEYHO 0,1M3KOe ecTh MOJIHBIH muddepeHnuan u, caegoBaTebHO,
KOHeuHoe ee usMeHeHue U, — U, Oyner ogHUM U TEM XKe HE3aBHCUMO OT
MYTH EpexXofa CUCTEMBI U3 cocTosiHus I B 2 (puc. 2) — 1o myTH, YCIOBHO
o6o3HayeHHOMY a wiu b, HO Q u W GyayT mnpu 3TOM pasHelie. ITO
o3Hayaetr, 4to W u Q B omimuue OoT U He SBAAIOTCH (YHKIUAMHU
COCTOSIHMSI CUCTEMBI, a XapaKTEPU3YIOT IPOLECC, WCIBITHIBAEMBIi
CHCTEMOI, T. €. ABJIAIOTCH QYHKUMIMU OT JIHUHU, WK QyHKIMOHAIaMHU.
To, 4TO BbIpaXX€HUE IS 3JIEMEHTApHO#H paboThl O W He ABJISETCA MOJTHBIM
M depeHIanoM, YCTaHaBIUBAETCS B OOIIEM CiIyyae Ha OCHOBE BTOPOTO
UCXOMHOTO MOJIOXKEHUS TepMOAWHAMMKH (CM. 3amady 1.2), a To, 4TO
maddepenmanbHoe BeIpaxkeHue 1is 0Q He eCTh NOJIHBIH JuddepeHman,
HEMOCPEACTBEHHO CJIEAYET W3 YpPaBHEHMsI NEpBOro Havasua (2.2).

3aBucumocte Q W W OT nyTH BUAHA Ha NPOCTEHILIEM NpPUMEpPE
pacmupenus rasa. Pabora, coBepiieHHas CHUCTEMOH mnpu mnepexoie
ee u3 coctosHus / B 2 (puc. 3) no nytu a, uzobpaxaercs MWIOWAIBIO,
OrpaHUYEHHON KOHTYpoM Ala2BA:
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2
W,= | p(V, T)dv,
1(a)

a pabora mpM nepexoae MO MNyTH b—IUIOMIAdblO, OrpaHUYEHHOU
koHTypoM AIlb2BA:

2
1)

IMockosibKy maBjieHHE 3aBUCUT HE TOJBKO OT 0ObEMa, HO M OT
TEMIEPATyphl, TO MPU Pa3JUYHBIX WM3MEHECHUSAX TEMIEpPATyphl Ha
OyTH @ WIM b npW mnepexoje W3 OMHOTO W TOTO XK€ HayaJbHOTO
cocrosHus (p;, V1) B ONHO U TO Xe KOHeuHoe (p,, V,) pabora
noJiydaercs pasHoud. OTcroga BUIHO, YTO HpU 3AMKHYMOM Hpoyecce
(yuxae) la2bl cucmema cosepwaem pabomy, He pasuylo Hymo. Ha
3TOM OCHOBaHa paboTa BCEX TEIJIOBHIX [BUTATEJICH.

W3 nepBoro Havyana TepMOAUHAMUKYU CJIEAYET, YTO paboTa MOXET
COBEpIIATHCA WIM 3a CYET W3MEHEHWS BHYTPEHHEH 3HEpruu, wWid 3a
cyeT COOONIEHHS CHCTEME KOJUYecTBa TeIIOTh. B ciydae ecim
NpoLecC KpyroBod, HayajbHOE W KOHEYHOE COCTOSIHUS COBHANAIOT,
Uy,—U;=0 u W=Q, T.e. pabota npu KpyroBOM MPOLECCE MOXKET
COBEpLIATHCA TOJBKO 3a CYET HOJIy4eHHs CUCTEMOW TEIUIOTBI OT
BHEIIHUX TeJI.

ITo sTo¥t nmpuuuHe mepBoe Hayajgo 4Yacto GOPMYJMPYIOT B BHIE
HOJIOKECHUS. O HEBO3MONCHOCMU B8eUH020 J8uzameds Nepeo2o pooa,
T. €. TAKOro NEPHOJUYECKH [EHCTBYIOIIETO YCTPOHCTBA, KOTOpOE Ol
coBepmao paboTy, HE 3aUMCTBYs SHEPTMM U3BHE.

ITonoxenue O BEYHOM J[BHraTesie MNEPBOrO pPoOAda HOMYCKAeT
oOpamieHue: pabomy Heab3a Hu co3damv u3 Huuezo (be3 3ampamoi
9Hepeuu), Hu hnpeepamums 8 Huumo (Oe3 evloeneHua 3SHep2uu).

VpaBHenue nepBoro Hauaja B Buie (2.1) wm (2.2) cnpaBeaiuBO
KaKk Il paBHOBECHBIX, TaK W [JI1 HEPABHOBECHBIX MPOLECCOB.

VuurniBas Beipaxenue (1.1) ans OW npu paBHOBECHBIX mpolieccax,
ypaBHeHue (2.2) mnepBoro Hayaja /Jis O3JIEMEHTApHOTO mpolecca
NPUHUMAET BUI

8Q=dU+ZAidai 2.3)

WJIM, TOCKOJIBKY COCTOSHHE CHCTEMBI OMNpEeNsieTCs BHEINHWUMHU ma-
paMmeTpaMu @; u TeMmneparypoi T,

5Q=<%£T’>dT+z[<§§> T+A,] dar. @.4)

U3 ypaBHenus (2.4) BumgHO, 4yTo AubdepeHIUaNIbHOE BBIpaXeHUE
s 8Q mnpeacraBiser coboit nuHEHHYr0 GopMy B NOJHBIX qud-
(depeHnanax HE3aBUCUMBIX NepeMeHHbIX T, ay, ..., 4,, T.e€. GopMy
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IMdbadda. CornacHo nepsomy Havany (2.2)—(2.3), 6Q paBHO cyMMe
noysiHoro muddepennuana dU u HemonHoro nuddepeHnuana OW wu,
creposareibHo, Gopma Ildbabda mas OQ He sBIfETCS NOJHBIM
mubdepeHnUaIoOM KakoW-1u60 (YHKIMHA MapaMeTpoOB COCTOSHUS CH-
creMbl. IMeer s ata nuddepeHnuanbHas GopMa UHTErPUPYIOIIMHA
MHOXHUTEJIb ¥ 4YTO 3TO (U3UYECKH O3HAYAET, PpEIIAETCd BTOPBIM
HavajoM tepMoauHamuku. Kak cienyer w3 (2.1)—(2.3), ypaBHeHue
HepBOTO Hayajia MNO3BOJISET ONPCACIUTH BHYTPEHHIOK 3JHEPTUIO

Ulai, ..., as; T) B cocrosiauu (ay, d, ..., @; T) TOIBKO C TOYHOCTBIO
IO aANUTHBHOM nocrosHHoM U(af, ..., ap; T°), 3aBucsmeit ot BeiGopa
HavanbHOrO cocrosuus (af, ..., ad; T°). Jnst TepPMOAWHAMUKY 3TOTO

BIOJIHE OOCTATOYHO, TaK KaK B YCTaHABJIMBACMBIC €I0 COOTHOIICHUSA
BXOOAT JIUIIb WU3MCHCHHS JHCPIrUU.

PaCCMOTpHM TCNCPh  HCKOTOPBIE CICACTBUA W INPUIIOXKCHUA
NEpBOTO0 Ha4aja.

§ 8. TEINIOEMKOCTU M TEILIOTHI M3O0TEPMUYECKOI'O U3MEHEHMUS
BHEHIHUX ITAPAMETPOB

W3yvaeMble B TEPMOJWHAMHUKE CBOMCTBA CUCTEM (M COOTBETCTBEHHO
BEJIMYUHBI, XapaKTePU3YIOIIME 3TH CBOHCTBAa) MOTYT OBITH pa3esicHBI
Ha JIBa KJlacCca — TEPMUYECKUE U KaJlopuueckue. Te CBOHCTBa, KOTOpHIE
ONpPENENATCA TOJHKO TEPMUYECKUM YPABHEHUEM COCTOSIHUSI CUCTEMBI,
Ha3bIBAIOTCS €€ MmMepMulecKuUMu ceoticmeamu, T€ Xe CBOWCTBA, KOTOPHIE
ONPEACJIAIOTCA WIM TOJBKO KaJOPUYECKUM YpaBHEHHEM COCTOSHHS,
WJIH COBMECTHO KaJIOPUYECKUM ¥ TEPMHUYECKUM YPaBHECHHSMH COCTO-
SHMs, Ha3BIBAIOTCA Kadopuueckumu ceoticmeamu. K Kamopuueckum
cBoiictBaM (BeJIUYMHAM) OTHOCHATCH MPEXJE BCErO TEIIOEMKOCTU
U TEIJIOTHl U30TEPMUYECKOTO W3MEHEHUS BHEUIHUX NapaMETpOB.

Tenaoemxocms onpedeisem KoAUUeCmeo MenAOMbl, HeobXooumoe
045 u3menenus memnepamypur cucmemei Ha 1 K, T.e.

=%
C=7.

Tak Kak KOJIUYECTBO TEIUIOTHI 0Q, HEOOXOOUMOE IJisi M3MEHEHHs
TeMnepaTtypsl cucreMbl Ha d7T, 3aBUCUT OT XapakTepa MPOMCXOASLIETO
OpU 3TOM Npolecca, TO U TEIIOEMKOCTh C CUCTEMBI TaKXe 3aBUCUT
OT YCJIOBWi, Hpu KOTOpbIXx ompenensercas 0Q/dT. Ito o3Hauaer,
YTO TEIIOEMKOCTh $BJSCTCS He (QYHKUMEH COCTOSHUS CHUCTEMBI,
a QyHkumue# mpomecca: OfHAa W Ta XE€ CHUCTEMa B 3aBUCUMOCTH OT
OPOUCXOMSAIIETO B HEH mnpuW HarpeBaHud npolecca obnagaer pas-
JUYHBIMU TemloeMKocTsMU. YwuciaeHHo BeauynHa C  W3MEHSETCH
B npenenax or —oo N0 +oo. Haubospinee mpaktuyeckoe 3HaYEHHUE
umerot temioeMkoctd C, u Cy.

C omnpeneneHUeM TEIUIOEMKOCTH TECHO CBSI3aHO MOHSATHE O Tep-
MOCTaTe, KOTOpOE IIUPOKO MCHOJB3yeTCs B  TEPMOIMHAMMKE.
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Tepmocmam —Te0 € HACTOJILKO GOJIBLIOH TemnoeMkocThio (C— o0),
YTO €ro Temrmeparypa mnpu TemiooOMeHe C Kakoi-1ubo cHcTeMOH
HE W3MEHSETCH.

Korma roBopar o cucreme, MOMEHIEHHOH B TEPMOCTAT, TO UMEIOT
B BHUAY CHUCTEMY, B KOTOpPOH MpU BCEX MNPOUCXONAIIUX B HEH
npoueccax (pacmupeHue, HaMarHWYMBaHWE W T. A.) TeMIeparypa
HOJACPXKUBACTCH INMOCTOSHHOM.

[lepBoe Hayajo TEpPMOAMHAMUKM II03BOJISET HAWTU 3HAYCHUA
Pa3IMYHBIX TEMJIOEMKOCTEH M YCTAaHOBHUTH CBSI3b MEXIY HUMM, €CJIU
W3BECTHBI TEPMUYECKOE M KajJOpUYECKOE YpaBHEHUS COCTOSHUA CH-
creMmbl. JleUCTBUTENBHO, MYCTh MJIS HOPOCTONM CUCTEMBI, COCTOSIHHE
KOTOPOU OmnpenesfieTcs BHEMIHUM IIapaMeTpoM a U TeMIepaTypou
T, nanbl ypaBHenus coctosuus A=A(a, T), U=U(a, T). Toraa u3
yYpaBHEHHs NEpPBOTO Hayaja

80=dU+ Ada

HnJIn

50 = ( )dT+[< >+A]d
HOHy"laeM

_80_[aU U da

‘&'f‘(é’f>a+[<73'£>r+‘4]&_r’
OTKyIa

C.e ( %E_;) (2.5)
ol DA AR e
Cs—C, [(%’)ﬁ*“](%)x

Ecrm A=p u a=V, 10

C,—Cy= [("";>T+ p](‘;_;)p. @7

W3 3tux BhIpaxeHW#d I TEIIOEMKOCTeH U MX pa3sHOCTU BUAHO,
yro [ onpenesneHus Cp Haxo 3HATh JIMMIbL OJHO KaJIOPUYECKOE
ypaBHeHue, s omnpeaeneHus xe C, u C,—Cy Hago 3HaThb
U TEPMUUYECKHE M KaJOPHYECKOE YPAaBHEHUS COCTOSIHUS BEIIECTBA.
Bropoe Havayso TePMOIUHAMUKH, YCTaHAB/IUBAas CBA3b MEXIY 3TUMHU
YPaBHEHUAMHU COCTOSIHUS, HEJAeT HEHYXHBIM 3HAaHUE KaJIOPHYECKOTO
ypaBHenus ans onpenenenus C,— Cy (M. § 15). CornacHo ompenerne-
HUIO MOHSTHS «DOJeEE BHICOKas TEMIeparypa», B TEpMOAMHAMUKE
npunumaercs Cy=(0U/0T)y>0 [u Boobme C,=(0U/0T),>0].

Jns wupeaqpbHOTO Tra3a TEPMHUYECKHMM YPaBHEHHEM COCTOSIHHUS
spiseTca ypaBHeHue Kianeiipona— Mengeneesa (1.3).
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Kaynopuueckoe ypaBHEHHWE COCTOSHHMS HAEAJILHOTO ra3a MOXHO
yCTaHOBUTh MCXO0As u3 onbiToB ['eli-JIroccaka u [Ixoynas — Tomcona.
CornacHO 3THM ONBITaM, INpPU PACIIMPEHUH paA3pPEXKEHHOro rasa
B mycroty 6e3 mnpuroka temrotel (0Q=0) ero Ttemmeparypa He
usMeHsetrcd. Otcrofa ciemyer 3akou Jowoyasa: sHepaus udeaibHo20
2a3a, HAxXo0AWe20CA NpuU NOCMOAHHOU Memnepamype, He 3Q8UCUM OM
3aHumaemozo um obvema®. JIeWCTBUTENBHO, TOCKONBLKY NpPH TAaKOM
pacummpeun 60 =0, W =0 u, ciremoBatenbHO, IO NEPBOMY Havaiy,
dU=0, To npu dT=0 (corjlacHO omneiTamMm l"eﬁ-.]'hoccaxag) U3 ypaBHEHHS
dU=(0U/0T)ydT+(0U/0V)rdV =0 nonyuaem (0U/dV )r=0. ITlosTomy
JUIS WOeaJIbHOTO Tra3a

PesynpTaTel ombITa NOKa3bIBAIOT, YTO Yy OJHOATOMHBIX Ta30B
TemwoeMkocTs Cy HE 3aBUCUT OT TEMIEPATyphbl, [UIS IOPYTHX Xe
UOCAIBHBIX Ta30B CYIIECTBYET cJiabas 3aBUCHMOCTh TEILIOEMKOCTH
Cy OT TeMnepaTypsl, YTO HETPYAHO MOHATH UCXOAS M3 MOJIEKYJIAPHBIX
NPE/ICTaBJCHU# O MHOTOATOMHBIX WIEAJbHBIX Tra3ax.

Cuyuras Cy 118 uAeajbHBIX (OZHOATOMHBIX) Ta30B TMOCTOSIHHOWM,
TIOJIy4YaeM KaJIOpU4YECKOe YpaBHEHHE COCTOSHHUS

U=CyT+U,. 2.9

Ha ocHoBanuu ypaBHenus Kuiamelipona—MeHzgeneeBa U 3akoHa
JIxoyns I MIOCAJBHOTO Ta3a HaxOAuM

C,—Cy=VR,
OTKyJa [JIi MOJIAPHBIX TemoeMKkocTed (v=1)
C,—Cy=R,
Ui YOCNBHBIX TEIUIOEMKOCTEH
C,—Cy=R/M,
JUIsS pa3HOCTH TEIUIOEMKOCTEH Ha ONHY MOJIEKYJy rasa
C,—Cy=R/N,=k.

3mece NA=6,022-1023 monb~ ! —mnocrosunas ABsoraznpo;
k=1,38-10"23 Ix/K —nocrosinnas Bosbnmana.

B ciysae cnoxmpix cucteM, koraa A;=A(ai, .., @y T)
u U=Ulay, .., an; T) (i=1, 2, 3, .., n), TEIIOEMKOCTh paBHA

_s0_ (v u [da:
C‘&'f‘(aT>al,..., an+Z|:< aa.->a1, T+A']dT'

12

* Ecin u3 ypaeenus (1.3) maiitu T W NONCTaBHTH B BbIPAXXEHHE (2.8), 10
noayyuM U=Cy pV/[(VR) +U,, T.€. BHYTpeHHsAs SHEprus WIEaJbHOrO rasa Oynmer
dyskuued napneHus u ob6weMa MW, ciemosatensHo, (OU/AV),#0.
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M3 s3toro BeIpakeHUS MOXHO ONPEHCIUTh TEIIOEMKOCTH BUOA
Cal""’ak’ Cal""’Ak’ CAI""'Ak u T O

IToMUMO TEIJIOEMKOCTEH OPYrod BaXKHOW KaJOPUYECKON BEJTU-
YUHOR SBJISCTCS MenAoma u3omepmuyecKko20 U3MeHeHUs Kakoz20-Aubo
BHEWHe20 napamempa CUCmembl— KOAUHECME0 Meniomsl, Heobxooumoe
047 yBeAuueHUA 3MO20 NaApamempa HA eOuHuyy Hpu NOCMOAHHOL
memnepamype u Opy2ux 6HEWHUX napamempax:

la,. = (SQ/aal )al s @3 T
Hanpumep, Tpu pacliMpeHMH OHAa paBHa

lV = (SQ/a V)al, @y T
3 YpaBHCHUsI TEPBOTO Havaja TEPMOAUHAMHUKU

— — aU aU . .
6Q—dU+ZiAida,-—<5-T->al' ...,.,"dT@[(a:)“*)]d"'

CJIEAYET, 4YTO TEIIOTa W3MEHEHHS BHEIIHEro mapamerpa (mpH
T=const)

— aU .—-
l“~_<5:1;>a1,' 2 Bi 10 B e By T+Al (l_—l, 2, 3, o n)’ (2.9)

i

a TeIioTa H30TEPMUYECKOTO paCIIMPCHHUS

ou
ly=( — .
4 (3V>al....,an; T+p

O‘ICBPU.'[HO, 9TO JUIE MUACAJBHOIO Tra3a TemjioTa pacCluupeHUsd
YUCJIECHHO paBHA MOaBJICHUIO:

lV =p.
I/ICHOJ'Ib3y9l NOJIYYCHHBIC BBIPDAXCHUSI IS TCHJIOEMKOCTH (25)

4 TEWJIOTH W3MEHEHMs BHelIHero mnapaMerpa (2.9), samumem gud-
depeHunanbHOE ypaBHEHME mepBoro Hadana (2.4) B Buie

80=C,, ... dT+Y 1, da;.

§ 9. OCHOBHBIE TEPMOAMHAMHMNYECKUE MMPOLIECCHI
N X YPABHEHUSA

Bo Bcsko#f TepMOOMHAMUYECKOH CHUCTEME (IPOCTOM WM CJIOXKHOM)
BO3MOXHBI TpHU Hpouecca: uzomepmuueckuii (T=const), aduabammwiii
(30=0) u noaumponnwiii (C=const). Yucio M xapakrep APYrux
IPOLIECCOB 3aBUCAT OT HPUPOIBI CHUCTEM.

B mpocrtoit cucteMe C BHEIIHMM TapaMeTpoOM a ¥ CONPSKEHHBLIM
€My CUJIOBBIM IapaMeTpoM A KpOME Ha3BaHHBIX TpEX IIPOLECCOB
MOXHO HabmomaTh TaKkXe NpOmEcC NpU a=const W TNPOIEeCC TpU
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A=const. B ciHoxHbIX CcUCTEMax BO3MOXHO OoJjblliee YUCIO pas-
JUYHBIX OpoueccoB. Eciu BHEIIHMM mnapaMeTpoM sBIisieTCs 00BeM
cucteMs! (a=V u, cnegoBareasHo, A=p), TO mpouecc npu V=const
Ha3bIBACTCHd WU30XOPHBIM, & TIPU p=const—u30b6apHeim. DTH TATb
IPOLECCOB (W30TEPMUYECKUH, afiabaTHBIN, MOJUTPONHBIN, U30XOPHbIH
U u300apHBIA) CYUTAIOTCH OCHOBHBIMU B TEPMOAMHAMUKE, MpPUYEM
anuabaTHBI TpouUECC ABIAECTCA, OYEBUAHO, YACTHBIM CJIy4YaeM TIio-
JIUTPOIHOTO™®.
®dyHKUMOHANBHAS CBA3b, BO3HUKAIOIIAS B CIIy4ae MPOCTOW CUCTEMBI
Mexay aBymss u3 BesmuuH 1, V, p (r.e. mexagy T u V, T u p,
p v V) npu TOM WHJIM HHOM TpOUECCe, HA3bIBAETCs YypaBHEHHEM
3TOro mpouecca. YpaBHEHUS H30TEPMUYECKOTO, M30XOPHOTO U HU30-
6apHOTO MPOLECCOB HENMOCPENCTBEHHO moJjyyarorcs (6e3 ucmoJib30Ba-
HUS TIEPBOrO0 Hayaja) U3 YpaBHEHUS COCTOSIHUS Jiro0OH mpocToi
CHCTEMBI COOTBETCTBEHHO mnpu T'=const, V=const u p=const.
Yto Kacaercs ypaBHEHUN aguabaTHOTO M MOJUTPONHOTO TMPOLEC-
COB, TO HX HEJIb3s HaWTH, NOJB3YSCh JMIIb TEPMUUYECKUM YpaBHEHUEM
COCTOSIHUS. Y PaBHEHHS 3THX NPOIECCOB MOXHO MOJYYUTh C MOMOIIBIO
IEpBOTO Hayajla TEPMOAMHAMUKH, UCNOJIB3Yys TaKXe U KaJOpUYECKOe
YpaBHEHUE COCTOSHUS (TIOCKOJIbKY HHU 3JIEMEHT KOJIMYECTBA TEMJIOTHI
0Q, HU TewioeMKocTh C, ONpEAE/AIONIME COOTBETCTBEHHO JTH
IpOLECChl, HE BXONAT B TEPMHUYECKOE YpaBHEHHE COCTOSIHUSA).
Haiinem ypaBHeHME NOJUTPONBI U €r0 YacCTHBIA Ciydall — ypaBHe-
Hue aguabatel A 1000 npOCTON CUCTEMBI M IS UAEATBHOTO Tasa.
ITpu nomurponHoM mponecce C=08Q/dT=const u 8Q=CdT (a1
aguabatHoro mpouecca C=0). Ilo nmepBoMy Hakajly TEPMOJUHAMUKH,
s npocroit cucteMbl 0Q=dU=A4da, nostoMy mis HNOJUTPONBI

CdT=C,dT+[(0U/da)r+ A ] da.
Hcnonw3ys (2.6), mosyyaem
(C—-C,)dT= (a /aT) —~_da.
Ecmu C#¢ TO

oT
ar+ & 2 C<a ) da=0. 2.10)

910 muddepeHuMaIbHOE YpaBHEHHE MOJUTPONBI B NEPEMEHHBIX
T u a B nepemenHsix A u a puddepeHumansHOe ypaBHEHHE
NOJIATPONIBI  MOXHO TOJIY4UTh, €CJIM U3 ypaBHEHUS COCTOSIHHSA

T=T(A, a) naitru dT= ( ) dA4 +< > da v noacraBuTs B hopMyty
(2.10). Torma

*) DOpMasbHO M M30TEPMUYECKMH NPOHECC MOXHO paccMaTpuBaTh kak Ilo-
sutponHbti (C= 00).
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or c,—Cc(aor
il — ] da=0.
<6A>adA + C,,—C( Ba>A a=0
Orciona muddepeHuuaibHoe ypaBHeHue amguabatel (C=0) mis
IPOCTOH CHCTEMBI HMMEET BUJ

or oT
<a)adA+y<E>A_o,
rone Yy=C,/C,.

s UHTerpupOBaHUsS YpaBHEHU# MOJMTpoOmbl U aguabatsl HE0O-
XOAUMO 3HaTh KaK TEPMHYECKOE YpaBHEHUE COCTOSHUs [NIpH ompesesie-
nuut (0T/0A), v (0T/0a)4 |, Tak U kajopHYecKoe ypaBHEHHE COCTOSHUSA
(mpu ompenenennu C, u C,).

Ecim cucreMa HaxoguTcs TOJA [EHCTBUEM CHJIBI BCECTOPOHHETO
napieHus (A=p u a= V), TO ypaBHEHMsIMM TOJMTpONLI® U aguabaThl
COOTBETCTBEHHO OynyT

T C,~C(dT\ ., _
<5;>Vdp+c—y_—c<a—l/>pdV—0, @.11)

oT oT
<5>Vdp+y<57>pdV—O. @.12)

B cnyuae wpeansHoro razsa C, u Cp Ha OCHOBAaHMM 3aKOHa
JIKOyJisi 3aBUCAT TOJILKO OT TEMIIEPATYPBI, TIPUYEM JIs OMHOATOMHBIX
rasoB y=S/; M He 3aBUCMT OT 7, a JUIa JABYXaTOMHBIX Ta30B
Y ¢ ysenuueHueM T yMeHbIDAETCS W TPUW KOMHATHOW TeMIEpaType
paBHa 14.

J1s OAHOATOMHOTO WJIEalbHOTO ra3a, MoAcTaBiss B AuddepeH-
IMaIbHOE YPaBHEHUE IOJIUTPONB npousBoausie (0T/dp)y u (0T/0V),,
ompefiesseMble U3 ypaBHeHus KuameiipoHa — MeHa€EneeBa, mocJe
VHTErPUPOBAHUA MOJIY4a€M YpaBHEHHE MOJUTPOIBI

pV"=const,

rae_n=(C,—C)/(Cy— C)—noraszameas nosumponsi.
VpaBHenue ammabaTel 9TOro rasa

pV*=const (2.13)

Ha3biBaeTcs ypasHenuem Ilyaccona. B nepemenubix V u T ypaBHeHHE
aguabaTel MACAJBLHOTO ra3a HMEET BHJ

TV !=const,
a B CJiydya€ OZHOATOMHOI'O HACAJIBHOrO rasa
TV 23 =const.
* Tuddepenunanbhble ypapHeHWs H300apHOTO M M3OXOPHOTO Mpolecca W3
ypaBHeHus mosiutponsl (2.11), kak HETpYAHO YOEOUTHCS, MOJYYHUTh HEJb3s.
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Tak Kak s OJHOATOMHOIO
HICATBHOTO Ta3a TEMJIOEMKOCTH
Cy m C, He 3aBUCAT OT TEM-
nepaTypbl M SBJSAIOTCA NOCTOSIH-
HBIMH, TO Ui Hero (M TOJIBKO
JUIS Hero) M30XOpHbIH M u300ap-
HBIl TPONECCHI SBJIAIOTCA  MOJIU-
TPOIHBIMH.

VpaBHEHUss pPAaBHOBECHBIX MPO-

L[ECCOB MOXHO M300paxaTh B BUIE
rpadukoB (AuarpaMM) Ha ILIOCKO-
CTH C COOTBETCTBYIOIIUMH KOOp-
JUHATHBIMH ocsiMu. OJHUMHU U3 Puc. 4.
HauboJiee ynoTpeOUTENBHBIX B TEPMOAMHAMHKE sBJSAIOTCH pabouue
JIMarpaMMbl, KOTOpbIE H300pa)xaroTcs Ha IUIOCKOCTH C KOOpPIWHAT-
HbIMU ocaMu V (ock abcuucc) u p (OCh OpAMHAT). DJIEMEHT IUIOHIAAU
Ha 3TOM miockocTd u3oOpaxaer paborty.

Yepes Kaxaylo TOYKY Ha IUIOCKOCTH V, p MOXHO NpOBECTU
u3otepMy u aauabary. HakyioH 3TUX KpUBBIX K ocu abcuucc
ONpE/IEIISIETC COOTBETCTBEHHO NPOU3BOAHBIMU (Op/0V )y u (Op/0V )a,
KOTOpBIE BBIYMC/ISIOTCS U3 TEPMUYECKOrO YpaBHEHHsS COCTOSHMS
U ypaBHeHUs aauabaThl JAHHOTO BEIECTBA.

Jits u3oTepMbl uaeansHoro rasa (dp/oV)r=—p/V, a mia ero
aauabatel (0p/0V )ag=—1vyp/V, nostoMmy

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

Tak kak y=C,/Cy>1, TO Ha IocKOCTH V, p anuabarta uneaspHOro
raza HakJIOHeHa K ocu abcuycc Bcerza Kpydye U30TepMBl (puc. 4).
B cnenyromeM maparpade Oyametr mokazaHo, uTo cooTHoiueHue (2.14)
CNpaBeUTUBO He TOJIbKO I MIEaJIbHOTO ra3a, HO U JUIA JIFoO0ro BelllecTBa.

§ 10. CBSI3b MOJAVJIEM YIPYITOCTU C TEIUJIOEMKOCTAMU

IlepBoe Hayano TEPMOAMHAMUKM MO3BOJISET YCTAHOBHUTDH CBA3b MEXIY
MOMYJIAIMU YNPYrOCTH M TEIUIOEMKOCTAMH CHCTEMBI.

Moodyaw ynpycocmu K cucmemvl onpedeasem usmeHenue 0agAeHus
(ynpyzocmu), omHeceHHOe K OMHOCUMEAbHOMY U3MEHEHUr0O obvema,

u npedcmasasem coboii Geauuuny, o6pammyo Kodpduyuenmy coucu-
maemocmu:

dp _ dp
avjv V&T/‘

Hna toro 4ro6pl K ObUIO MOJOXUTENBHBIM (Il YCTOMYMBBIX
COCTOSIHMH, KaK MbI YBUAUM, dp ¥ dV MMeIOT pa3Hbie 3HaKH), HOCTABJIEH
3HaK MHMHYC. Moynb ynpyroctu ompeneisieTcs 3Ha4€HHEM MpPOM3BOJI-
Hoit dp/dV, 3aBucaIEH OT YCIOBUIA, IPU KOTOPHIX MPOUCXOAMUT CKATHE.
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HaunGonee ynoTpeOMTENHHBIMH MOAYJISAMH YHOPYrOCTH SBJISIOTCS/
uzomepmudeckuti 4 aouabammiii:

_ _plop _ %
Kp= V<6V> . Ke= V(aV>

OTHolIeHUE 3THX Mo,uynen TAKOBO:

Ks_(9p/0V)s
Kr (3ploV)e”

U3 nuddepeHuuanbHoro ypaBHeHus amuabatsl (2.12) mmeeMm

<W> _y0TIav),

1% Y eT/op),
a w3 ypasHeHus cocrosus T=T(V, p)

dT= (aV) dV+( p)vdp

H s u3zotepmudeckoro mpouecca (d7=0) mosydaeM

(@>_ _e1iov),

ov (@T/op)v
IToatomy
(Bp/ d V)T v ( ) )
U, CJIEAOBATEJBHO,
KS / KT =Y,

T. €. OTHOIUCHHE aJMa0aTHOTO M M30TEPMUYECKOrO MOAYJCH yI-
PYrOCTH JII0G0TO BEIIECTBAa PaBHO OTHOIIEHMIO TeroeMkoctelt C,/Cy .
Tak kak y>1 (cM. § 15), To Ks> Ky u (9p/0V)s>(0p/ 0V )r. I/I:;Mepsm
IKcrepuMeHTabHO Kg ¥ Kr, MOXHO HalTh Y.

U3 cooTHOmEHUS (2.15) BUJIHO, YTO OHO coBmajaaer ¢ (2.14) s
UAEAJBLHOrO ra3a, MPUYeM Ha IUIOCKOCTH V, p H30TepMa HU Ui KaKoro
BEIllECTBA HE MOXET OBITh Kpy4e aauabaThl W, CJIeAOBATEIbHO, UMETh
C Hell HECKOJIbKO OTAEBHBIX 00mux Todek. Ho oHa MoXeT moMuMo
IIPOCTOro MepeceueHus KacaThesl aguabate® ¢ 06g3aTeIbHBIM nepece-
YeHHEM, a TaKXe COBMajJaTh C Heli Ha KOHEYHOM YHacTKe.

3AAYN

2.1. Tlonp3ysich ypaBHEHHEM MEPBOrO Hayajda TEPMOAWHAMHKH, YCTAHOBUTbL MPAGUAO
Tecca: menaoeoii 3¢ppexm xumuueckoil peaxyuu, npomexaroujeli uau npu Nnocmo-
AHHOM 00BeMe V, uau npu nOCMOAHHOM Oa6AeHUU D, He 3ABUCUM OM NPOMENCYMOY-

*) 310 Gyner mpu y=1, 4yTO HaGIIOHAETCH y BOIBI MPH HOPMAJILHOM [aBJICHHH
U 4 °C (cM. § 15), a Taxxe npu OmpeAeleHHbIX TeMIepaTypax y Kayyykd M HOJHCTOrO
cepebpa.
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2.2.

2.3.

24.

29.
2.10.

2.11.

2.12

2.13.

<Y

Pnc. 5. Pnc. 6.

HbIX peaxkyuil, a ONpedeAfaemcs MOAbKO HAYAALHbIM U KOHEUHbIM COCMOAHUAMU
peazupyrowux sewgecrné. OTMETHTD 3HaueHHe npaBmiia ['ecca B pusnyeckolt xumuu.
KosuyectBo TernoTsl, BbINEsioIleecs Npd 06pa3oBaHMM BOABI U3 3IIEMEHTOB,
paBHO Q=287 k/Ix/Mob, a TEIUIOTA HCHapeHUs BoAbl paBHa O, =40 kJx/Mob.
Onpenenuts KOJHYECTBO TEMIOTHl, KOTOpPOE HeoOXOomuMo mpd 0Opa3oBaHHM
BOJAHOTO Tapa U3 3JIEMEHTOB.

Tennora @ peakuuH, mnpoTeKawowel# NpPH MOCTOSHHOM o00bemMe WM MU
AOCTOAHHOM [aBJIEHWH, 3aBHCHT oOT TemmepaTypsl. Ompenemuts (8Q/0T)y
u (8Q/0T),. Haiitu u3MEHEHHE TEMIOTHI CrOPaHMS MONS BOZOPOJA B BOJIY
Opu NOBBINEHWM TeMmepatypsl Ha 1 °C.

OpmHUM M3 CaMBIX TOYHBIX SKCTICPUMEHTANBHBIX COCOGOB ONpenesieHUs! OTHOLIe-
Hus Y=C,/Cy 9BNfETCS MH3MEpPEHHE CKOPOCTH 3BYKa ¥ B M3Y4a€MOM rase.
Haiitin cBS3b MeXOy CKOPOCTBIO 3BYKa, OTHOINEHHEM TENJIOEMKOCTEH Y M HU30-
TEPMHYECKUM MOJYJIEM YNPYTOCTH, €CJIM U3BECTHO, YTO CKOPOCTh 3BYKa B YHPYTroit
cpene u=./K/p (K—Monmyns ynpyroctTu W p-—IUIOTHOCTH cpempbl). Halitu
cKopocTh 3Byka B Bo3gyxe mpu 0 °C M ee 3aBHCHMOCTb OT TEMIEPATYpHI.
Haiitu pasnocts Temnoemxocteil Cy—C; A8 UACANLHOrO NapaMarHeTHKa.
Haiity ypaBHeHMe amnabaThl HAEAILHOTO MapaMarHETHKA.

OnpefieMTh  TEMIOEMKOCTh  HMIAEANBHOTO rasa B CIGOYIOUIMX — IIPOLIECCAX:
a) pV2=const; 6) p>V=const; B) p/V =const.

JiBa ONMHAKOBBIX METAJUIMYECKMX LlIapa, MMEIOLUIME OJUHAKOBYIO TEMIEPATYpYy,
pacroJIoKeHbl, KaK INOKa3aHO Ha pPHC. 5: OAMH TMOJBEIIEH Ha HEPaCTHKUMOMH
HWTH, JPYro#l JIeXHT Ha HeckuMaeMoM ocHoBaHuM. [Maper amuabatsHo u30-
JIMPOBAHB B COOTBETCTBYIOUIUX TOYKAX CONPHKOCHOBEHHS C HHUTBIO U TOPHU30H-
TaJbHBKIM OCHOBaHHeM. OIMHAKOBBI JM TEMJIOEMKOCTH HIApOB W €CJIM HET — Kakas
6Gonbiie W mouemy?

Monb HIeaNbHOTO ra3a HaXOJHTCH B HEOrPaHUYEHHOM BEPTHKAJIbHOM IUUIMHJADE,
TIOMENIEHHOM B OZHOPOAHOE NOJIE CHIIbI TSHKECTH. BBIMHUCIUTH TEIIOEMKOCTD Tasa.
Bo3ayx B o6veme 5 M npu nasncHuM p; =4,052-10° TTa u ¢; =60 °C noaurponHo
paciupsieTcs A0 TpeXKpaTHOro obheMa M naBjieHHs p,=1,013-10° ITa. Bhruuc-
IIMTh TOKa3aTelb IOJMTPONbl, pPaboTy pacUMpeHus, KOJHMYECTBO TEILUIOTHI
¥ W3MCHEHME BHYTPEHHEH JHEPTrMH NPH 3TOM TPOLECCE.

Ha nockocTi ¢ KOOpAMHATHBIMH ocsMH V, p (puc. 6) 4epe3 HEKOTOPYIO TOYKY
A nposenewsl m3orepma T u aauabara S wupeanbHoro rasa. [floxasate, 4To
nonuTponukie npouecckl (kpuebie DAD' u EAE') npOUCXOAAT NpH OTPHIATENLHON
W TOJOXHTEILHOH TEMNOEeMKOCTH COOTBETCTBEHHO.

OOBbACHATL TPUYMHY TNOHWXKEHMS TEMIEpaTyphl TPONMOCHEPHI C BHLICOTOH H,
CYMTasi BO3JYX MACAJLHBIM T'a30M, BBHIMUCIUTH BHICOTHBIA IPaJMEHT TEMIEPATYphI
B aTMmocdepe.

Tpu nasnenuu p=609,2 [la u Ttemneparype t=0,01 °C nen, Boma u ee map
MOTYT B JIHOOBIX KOJNMYECTBaX HAXOMUTHCS B DPaBHOBECHH M NEPEXOIUTH IpYr
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2.14.

B apyra. IIpu H30TEpPMHUYECKOM CXaTHM TAaKOW CHCTEMBI JaBJICHHE HE H3MEHSAETCS
HO 4acThb napa NEPEXONUT B SKMAKOCTb, a BBIACNSAIOMIASCH NIPH 3TOM TEILIOT,
MOXET OBbITh HIIM HCHOJIL30BaHA HAa ONHOBPEMEHHOE I[UIABJICHHE Jbla, M
OTHaHa TepMOCTaTy. BBIYHCINTH Maccy JibjJd, KOTOPBIH NOJXEH OBITH pacniasiigH
npd TakoM o6pa3oBaHud 1T BOAbl M3 mapa M Jbaa, IO TOrO 4TOGBl 3TOT
n306apHO-U30TEPMHUYECKH Tponecc cxaTus Obul anuabaTHBIM.

IMonk3ysce cBOHCTBAMH SKOOHAHOB

ap,S)_(2p\ op.S)_d(p.S) 3(x )
3w, s) \av)s’ a(v,S) a(x,») (¥, S’
JI0Ka3aTb COOTHOIICHUSA:

avl)s c\av )y

6)@620 BUN*_ T(ép
awv?as® \aves)  c\av);




I''IABA TPETbHA

BTOPOE HAYAJIO TEPMOJUHAMHUKHN

lepBoe Hayano mepMmoguHamuku, Kak Mbl Bugesnu,
ycmaHaBsnuBaem cyujecmsoBaHue y BCSIKOW cucme-
Mbl OfHO3HAYHOU (DYHKLUU COCMOSIHUSI— BHYMPEH-
Hen 3Hepruu, Komopasi He u3MeHsiemcsi npu om-
CymcmBuUU BHEWHUX BO3geAcCmBuUA NpuU  M106bIX
npowueccax BHympu cucmemsi.

Bmopoe Ha4Yano mepmoguHamuku ycmaHasnusaem
cyljecmsoBaHue y BCSIKOU PaBHOBECHOW CUCMEMbl
APyroi 0f4HO3HaYyHOU DYHKLUU COCMOSHUS— 3HM-
ponuu, Komopasi, ogHako, B Oomu4yue Om BHym-
pPEeHHeA 3Hepruu He Uu3MeHsiemcsl y U30/1upOBaHHOU
cucmeMbl MOMbLKO Npu PaBHOBECHbLIX hpoueccax
u Bcerga Bo3pacmaem npu HepaBHOBECHbLIX npoLec-
cax; aHanoruyHo Begem cebsi aHmponuss U aju-
abamHbix cucmem.

Takum o6pa3om, ecrnu nepBoe Hayaso ecCmb 3aKOH
coxpaHeHusl U npeBpalyeHuUss 3Hepruu (ero Kosu-
yecmBeHHasi CMopoHa B NPUMEHeHUU K mepmogu-
HaMu4eckuM cucmemam), mo BmMopoe Havasio npeg-
cmasnsiem co60d 3aKOH 06 3HmMponuu.

§ 11. OBIIAA XAPAKTEPUCTUKA N HCXOJHAS ®OPMYJIMPOBKA
BTOPOI'O HAYAJIA TEPMOAWHAMMKU

OTKpeiTHE BTOPOTO Hayajla CBA3aHO C aHAJIU30M pPaboOThI TEIUIOBBIX
MalluH, Ye€M U ONpeJeJseTCs ero ucxoAHas ¢opMyaupoBka. Brnepsrie
paboTa TEIIOBBIX MalMH ObLIa TEOPETHYECKH paccMoTpeHa B 1824 r.
Cagu KapHo, kxoTopelii B cBoeM wucciefoBaHuu «Pa3MebinuieHus
O [BUXYIIEH Cuje OrHS M O MAIUWHAX, CNOCOOHBIX pa3BUBATH ITH
cuie»®, moKasal, 4To K.IA. TEIUIOBBIX MalllMH, paboTalolmux Mo
npeJIoKeHHOMY UM 1Ky (uukiay KapHo), He 3aBUCUT OT NpUpOABI
BEUIECTBA, coBepmaroiiero 3rotr 1mka. Ilosmgnee  Kiaysuyc
u B. TomcoH, no-HOBoMy o6GocHOBHIBast 3Ty Teopemy Kapno, mouru
OJTHOBPEMEHHO IOJIOXWIA OCHOBAaHHE TOMY, UYTO TENmepb BXOAUT
B COAEpXaHWEe BTOPOTO Hayasa.

Tak xe kak U NepBoe Hayajgo, BTOPOE HAYAJI0 TEPMOIUHAMHMKH
aBseTcss 00OOIIEHUEM MAAHHBIX ONMbITA. MHOTOJIETHAS YeJIoBe4YecKas

*) Carnot S. Réflexions sur la puissance motrice du feu et sur les machines
propres a developper cette puissance. Paris, 1824.

49



NpaKTHKa TIpUBEJia K YCTAaHOBJIEHWIO OMpEAEICHHbIX 3aKOHOMEpPHOCTEH
npeBpailieHdss TerwIoTel B pabotry M pabotel B Temwiory (kak oOmmx
JUIS «OOBIYHBIX» W «HEOOBIYHBIX» cucTeM (cM. § 5), Tak u creumbuyec-
KHX JUIS TeX W ApYyrux). B pesynbrare aHaam3a 3THX 3aKOHOMEpHOCTEH
4 Obul0 CHOPMYJIUPOBAHO BTOPOE Hayajio B BUJE 3aKOHA O CYUIECT-
BOBAaHMH OJHTPONMUM MU €€ HeyOblBaHMM Ipu JIOOBIX Mponeccax
B HM30JMPOBAHHBIX (WIM TOJBKO aauabaTHO W30JMPOBAHHBIX) CHCTE-
Max. [Jnsa Toro 4toObl NpUHTH K TakOMy BBIPAXEHHUIO BTOPOTO
Hayaja, OpUMEM 3a HCXOHHYIO Takylo ero (hopMyJHMpOBKY, KoTOopas
HEHOCPEACTBEHHO CBA3aHA C OCOOCHHOCTAMM INPEBPAIUCHUS TEILIOTHI
B pabotry u pabGorel B Temwnoty. IIpu 3TOM BCiIEACTBHE pPEIKOCTH
HEOObIYHBIX CHCTEM (MMH SBJISIOTCA NOKAa TOJIBKO JIHMIIL CHCTEMBI
AOEPHBIX CIUHOB) MBI OyIeM HCXOMUTh U3 (POPMYJUPOBKH BTOPOTO
Hayajna B TpUMEHEHWH K OOBIYHBIM, Haubojiee pacnpoCTpaHEeHHBIM
crucreMaM™),

W3 onpeneneHus moHATUH TerwioTel U paboTel (cM. § S) ciemyer,
4TO JBE pacCMaTpuBacMble B TepMoAMHaAMuke (GOpMBI mnepeaadu
OHEPTUHM HE SBJISIOTCA pPAaBHOLICHHBIMH: B TO BpeMs kak pabota
W MoXeT HeNmOCpeJCTBEHHO MNOWTH Ha YyBeJuueHWe soboro Buiaa
SHEpruH, Temwiora ( HeMmoCPEACTBEHHO, Oe3 mpeaBapuTeILHOTO NpeBpa-
DIeHES B paboTy, NPUBOJUT JMIIbL K YBEJIWYCHHUIO BHYTPEHHEH SHEPTUH
CHCTEMBI. JTa HEpaBHOLUEGHHOCTH TEIUIOTBI U PabOTHI He MMesia Obl
3HAaYCHHA, €CM OBl MoXxHO ObUlo 0€3 kakux-1ubo TpymHOCTEH
NpeBPaTUTh TEIJIOTY B pabory. OOHAKO, Kak MOKa3bIBa€T OMBIT, B TO
BpeMsl Kak NpH MNpeBpamieHud paboThl B TEIJIOTY SIBJICHHE MOXET
OrpaHNYHUTBCA U3MEHEHHEM TEPMOJIMHAMHYECKOTO COCTOSHHS OJHOTO
JUILG TEIUIONMOJIyYalomero Tejia (HanmpuMep, IpU HarpeBaHUM NOCpen-
CTBOM TpEHUS WJIH NpU IJIEKTPOHArpeBse), NpH mnpeoOpa3oBaHUH
TEIIOTHl B paboOTy Hapsaay C OXJAXICHNEM TEIUIOOTHAIOLIEro Tesia
MPOUCXOUT U3MEHEHHE TEPMOJAMHAMUYECKOTO COCTOSIHHS IPYTHX TeJ,
y9acTBYIOIIUX B 3TOM IpoLEecce: Wi paboyero teia nNpu HE3aMKHYTOM
niponecce, WIM APYrux TeJl B 3aMKHYTOM KPYyroBOM Ipomecce, Korna
9TUM TejlaM pabouee TeJ0 HEMPEMEHHO OTHAET YacTh MOJIyYEHHON UM
OT HarpeBatelis TEIUIOTHI. B KayecTBe Takux «APYrux TeiN» B TEIUIOBBIX
MalMHaX OOBIYHO CJIYXAT XOJIOMMJIbHUKK.

W3menenne coctosHus pabouero Teja (€CaM NPOLECC HE3aMKHY-
THI) MJIM OTAa4Ya 4YacCTH TEIIOThI pabouMM TeJioM APYTUM TejaM
¥ M3MEHEHWE TEPMOIUHAMHUYECKOTO COCTOSIHUS 3TUX TEJI NIPU KPYTOBOM
npolecce NpeBpalleHns TeIUIOTH B paboTy Ha3bIBAIOTCA KOMNeHcayueil.
Pe3ynbrarthl ONBITOB IOKAa3bIBAIOT, 4TO 0e3 KOMMEHCAIMd HHU OJHH
JUKOYJIb TEIJIOTBI B paboTy npeBpaTuTh Henb3s. B TO ke camoe
BpeMs paboTa B TEMWIOTY NPEBPAINAeTCs NOJHOCTBIO 0e3 BCAKOM
KOMITEHCAIUY.

*) B § 32 6yayT YCTaHOBIEHHI COOTBETCTBYIOINAS 3aKOHOMEPHOCTL AJISi CHHHOBLIX
CHCTEM M 3aKOH Bo3pacTanus 3HTpomHd. Tam xe Oymer npuBeneHa u obmwas s
OORIYHBIX U HEOOBIYHBIX CHCTEM HCXOAHas (GOpMYIUpOBKa BTOPOro Hawaja.
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Takas HepaBHONMPAaBHOCTh MNPEBpAINECHUs TEIUIOTH B paboTy mo
CPaBHEHUIO C MNpeBpalieHHeM paboThl B TEIJIOTy NPUBOOUT K Of-
HOCTOPOHHOCTH €CTECTBEHHBIX MPOLECCOB*): CaMONMpPOU3BOJILHBIE IPO-
[eCChl B 3aMKHYTOW CHCTEME WOYT B HanpaBJCHWH WCYE3HOBEHUS
NOTEHIMAJBLHO BO3MOXHOH paboTel. Hampumep, B mnpakThke He
0OHAapyXEHO CJyYaeB CaMONPOU3BOJBHOTO IEpexoda TEeILUIOTHI OT
XOJIOOHOTO Teia K ropsuyeMy. IIpu TemIoBOM KOHTakTe OBYX TeI
pa3uYHON TeMMIepaTypbl TEMWIOTa MNEPEXOMUT OT TOpAYero Teja
K XOJIODHOMY [0 TeX Iop, NOKa HUX TeMIepaTypel HE CTaHyT
paBHbIMH. IIpU Haju4YM¥ pa3HOCTH TEMIEPATYp ABYX TeJl HMEETCs
BO3MOXHOCTE (cM. § 18) mosryunts paboTy (HOTEHIMAILHO BO3MOXHAS
paboTa), caMONpPOU3BOJILHBIN NMPOLECC NPU TEIIOBOM KOHTAKTE TaKUX
TeJ WAECT B HANpaBJICHUW WCYE3HOBEHHS 3TOH BO3MOXHOH paboTHL

B npakTuyeckoil AeATEIBHOCTH, NPU KOHCTPYUPOBAHWU TEILJIOBBIX
MallldH, peakTUBHBIX JBUTATEICH U U3y4YeHUU pa3IUYHBIX MPOLECCOB,
HeoOXOAUMO YYUTHIBATH 3TH 3aKOHBI NPUPOILI W, ONMUPA’Ch HA HHX,
NPOBOIUThL aHAIU3 (GU3WYECKUX SBJICHHHA.

Ha3oBeM ycTpOHCTBO, KOTOpoe ©€3 KOMIEHCAIMU MHOJHOCTEIO
npeBpamaio Obl NepuoaUYECKd B paboTy TEIIOTy Kakoro-iubo Ttena,
8euHbiM Osuzamenem emopozo poda. Torma ucxomHas GopMyJIMpoBKa
BTOPOTO Hayaja, BhIpaXarwolas 3aKOHOMEPHOCTH MNpEBpalllcHUus Te-
WIOTH B paboTy ¥ paboTel B TemwioTy (B Ciy4yae OOBIYHBIX CHCTEM),
OymeT CIeOyIOWEH: Hego3MOMCeH 6euHblll Osuzamedb 6mMopo2o pooa,
npudem Mo ymeepycOeHue He Oonyckaem o06paweHus.

Kak H3BECTHO, NPEUIOXEHHE O HEBO3MOXHOCTH BEYHOrO IBHraTelis NEPBOrO
poma nomyckaeT obpaineHHe. ITa OCOGEHHOCTH NPENJIOXEHHS O BEYHOM JBHTATele
TIEPBOro poja He BKJIIOYAeTcd B (GOPMYNMPOBKY IEpBOro Hayaja, Tak Kak HE Mrpaer
pOJIH JUIS YCTAHOBJICHHS CYLIECTBOBAHHUSA BHYTPEHHEH SHEPrUH CHUCTEMBI KaK OJHO3HAY-
HOM (DYHKINK ee COCTOSIHHS, YTO COCTABJISET COAEPXAHUE NIEPBOro Hauasua. AHAJIOIU4HO,
IUIA YCTaHOBJICHHS CYLHECTBOBAHHSA OHTPONHMH YTBEPXIEHHE O HEBO3MOXHOCTH 00-
palUEHUs TPEUIOKEHMA O BEYHOM JBUTaTelel BTOPDOrO pONAa TaKXe HE HYXHO.
OnHako NpH YCTAHOBIIEHUH BTOPOro MOJIOXEHHS BTOPOro Hauaja (IOJIOXEHUS O POCTe
SHTPONHHU) NPUXOMUTCA TONB30BATHCA YTBEPXKACHHEM O HEBO3MOXHOCTH OOpalleHHus
TIPEUIOXKEHHS O BEYHOM JBHrarteiae BToporo poxa. Kpome Toro, 310 yTBEpXIEHHE,
KaK Temnepb M3BECTHO, HE BCEria CIpaBelUIMBO. Bce 3TO NPUBOAMT K HEOGXOMMMOCTH
BIUIIOYEHHS JAHHOrO YTBEPXICHHA B HCXOIHYIO (GOPMYIMPOBKY BTOPOro Hauaja (ans
OOBIYHBIX CHCTEM).

9TO mOJIOXKEHUE 03HAYAET, YTO, B TO BPEMs KaK TEIUIOTY HEJb3sl
npeBpaTuTh B paboTy NOJHOCTBIO 6e3 KOMmeHCamuu (HEBO3MOXEH
BCUHBIA [BUraTeJb BTOPOTO poAa), paboTy B TEILUIOTY MOXHO
npeBpaTUTh 6e3 BCAKUX KOMMEHCAIMH, Tak Kak HE NpPeACTaBJseT

* Ecin Obl npeBpamieHus TemIoTsl B paGoTy u paboTel B TEMIOTy ObLIH
PaBHONPABHEI (T. €. NPEBPAIIEHHE PAGOTEI B TEIUIOTY OBLIO OBI CBSI3aHO C KOMIIEHCAIMEH
HIM, Hao60pOT, NpeBpaLIEHNE TEIUIOTHl B PaboTy MPOMCXOAMIO Obl 6€3 KOMIEHCAIMH),
TO OIHOCTOPOHHOCTH €CTECTBEHHBIX NpOLECCOB He ObuUio Obl. B ciyuae crmuHOBOM
cucTeMel HabmronaeTcs obOpaTHas «HEPABHONPABHOCTB»: PabOTy B TEIUIOTY HENb3s
NpeBpaTuTe 6€3 U3MEHEHHS B OKPYXXAIOLUX TeJlax, B TO BPeMs KaK TEIUIOTY B paboTy
MOXHO TNpEBPaTUTh Ge3 Takoro u3MeHeHus (cM. § 32).
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HUKAaKNX 3aTpydHEHUH MOCTPOUTH MAILUWHY, BCS ACATEIBHOCTh KOTOPOR
cBoguiack Obl K 3aTpaTe paboThl M HAarpeBaHWIo pe3epByapa
(HEBO3MOXHOCTh OOpaICHUs NPEUIOKEHUs O BEYHOM JBUraTese
BTOpPOro pona)®.

WHaye roBops, €ciauM TemwiIoTa mpeBpamaercs B paboTy u 3a
BECh KPYroBOM mpouecc y Kakoro-aiubo Tena WIM Yy pPa3IMYHBIX
TeJa OBUIO B3ATO HOJIOKHUTEIBHOE KOJMYECTBO TEIUIOTHI Q1=§8Q
(30>0), a cosepiieHHas mNOJOXWTenbHas paGora pasHa W,  TO
Beerga Q> W, eciu xe ?a601‘a W(W>0) npeBpamaercs B TEIUIOTY
0, 10 Bcerma W=sQ,*¥.

Kak BumHo u3 mnpuBeneHHbIXx GOpMyJ, BTOpPOE Havajao TepMo-
MUHAMUKUA TIPENICTABJISET COOOH COBOKYNMHOCTH JBYX HE3aBUCHMBIX
MOJIOXKEHUH:

013 W, W50;. 3.1
IlepBoe mosoXeHUE (le W), kak OydmeT moka3aHO, NPUBOMUT

B CjlyYae paBHOBECHBIX CHCTEM K YCTAHOBJICHUIO CyIIECTBOBaHUS
TEPMOAUHAMMYECKOH TeMIEpaTypbl ¥ HOBOH OJHO3HAYHOW (YHKIUU
coctosigus — 3HTponuu. COBMECTHO HEPBOE M BTOPOE MOJIOXKEHUS
BTOPOTO Hayajla yCTaHaBJIMBAIOT OJHOCTOPOHHUII XxapakTep U3MEHEHUs
SHTPONUM NPH ECTECTBEHHBIX IPOIECCaXx B 3aMKHYTHIX CHCTEMax.

TaxuMm ob6pazom (cM. § 13, 17), emopoe nauairo mepmodunamuxu
8bIpaNcaem 3aKOH O CYWeCME08AHUU DHMPONUU Yy 6CAKOU PABHOBECHOI
cucmemsl U HeyOwbleaHuu ee NpuU AHOOBIX NPOYeCcax 6 U30AUPOBAHHBIX
U aouabamuo U30AUPOBAHHBIX CUCMEMAX.

ITepBoe moJIoXKEHHE BTOPOTO Hayajla yKa3bslBaeT Ha HEBO3MOXHOCTh
C NOMOULIBIO 3aMKHYTOTO KPYroBOTO MpPOIECCA NPEBPATUTH TEIUIOTY
B paboty Ge3 xommeHcanuu. IToHATHE KOMIEHCAnu¥, KaKk BUIHO U3
€ro OmpeJeseHUsl, COOEPXKUT OTAAYY HaCTU TEIUIOTH PabouuM TeaoM
IpYyTMM TejaM U U3MEHEHUE TEPMOIUHAMUYECKOTO COCTOSHUS ITHUX
OPYrUX TeJ OpU NPEBPAIICHHWH TEIUIOTBI B paboTy B 3aMKHYTOM
KpyroBoM mpomnecce. B ciyyae oOb1yHBIX, HauboOJIEE pacnpoCTpaHEHHBIX
cucteM o6a 3T 3J€eMEHTa KOMIEHCAIMU COBNMAJaloT, TaK Kak oTjaaya
YaCTH TEIUIOTH pabouyuM TeaOM [OPYTUM TejlaM [Opd KpPyroBOM
npouecce B 3TOM cCiiydae Oe3BO3BpaTHa W aBTOMAaTHYECKH BJICYET
UW3MEHEHUE TEPMOIUHAMHUYECKOTO COCTOSIHUA 3THUX APYrux Tei. B ciy-
Yae CMUHOBBIX CHUCTEM I3TU 3JIEMEHTHI-KOMIICHCAIUM HE COBMNAJaloT,
BCJIEACTBUE YETO C MOMOIIBIO CHMHOBBIX CUCTEM TEIUIOTY KAaKOro-jaubo
TeJla MOXHO IEJUKOM NPEBPaTUTh B paboTy C MOMOLIBLIO KPYroBOTO
nponecca 6e3 W3MEHEHUS TEPMOAUHAMHUYECKOTO COCTOSIHHA OPYTHX
tes. OmMHaKo Takoe MpeBpalieHHe, Kak U B Clyyae OOBIYHBIX CHCTEM,

* Takum 06pa30M, B TO BpeMsi KaK MEPBOE HAYAN0 BHIPAXAET KOJIUYECTBEHHYIO
9KBMBAJIEHTHOCTh TeMmNOTHl Q; W paGoTsl W, BTOpoe —MX KauyeCTBEHHYIO HEIKBUBa-
JIEHTHOCTb.

**) CTpeNnkd yKa3blBAIOT HAMpABJIEHHE MPOIECCa.
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0053aTeIBHO CONMPOBOXAAETCA OTAa4YeH 4YacTH TewIoThl pabouum
TEJIOM APYruM TejaM. JTa oOlas 3aKOHOMEpPHOCTh (OOLMii 3JIeMEHT
KOMIIEHCAI[UM) NpEBpAIEHUs TEIWIOTHI B paboTy NpUBOOUT K CY-
[IECTBOBAHUIO OJHTPONUU KaK y OOBIYHBIX, TaKk ¥ HEOOBIYHBIX
PaBHOBECHBIX CHCTEM.

VcrpoiicTBO, B pe3yjbTaTe HEHCTBUA KOTOPOTO IEPUOIUYECKU
NPOU3BOIUIACE OBl MOJIOKHTEIbHAS PaboTa TOJIBLKO 3a CYET OXJIaXKie-
HUS OJHOTO Tejda, 0e3 Kakux-mubo [ApYyrux U3MEHEHWH B Tejax,
Ha3bIBACTCH GeuHbiM Osuzamenem emopozo poda Tomcona— Ilaanka.
IMosb3ysich OOBIMHBIME CHCTEMaMHU, HEBO3MOXHO OCYLIECTBUTH BEUHbIH
aBuratesas BToporo poma TomcoHa—IlnaHka, HO mnpu HaJIUYUH
CIMHOBBIX CHUCTEM TaKOW [BUraTeilb BHOJHE BO3MOXeH. OpmHaKo
YCTPOMCTBO, KOTOpOEe ObI HENMPEPHLIBHO MpeBpaIlajo B paboTy TEmioTy
Kakoro-mmbo Tesa 06e3 KOMIEHCAIUM — BEYHBI [BUIaTelb BTOPOTO
poja, HEBOBMOXHO HU B Ciiyyae OOBIYHBIX, HA B CJy4ae CIUHOBBIX
cucteM®. Tlpu 3TOoM eciu 11 OOBIYHBIX CHCTEM IIPEIJIONKEHHE
O BEYHOM [BUTaTeJieé BTOPOTO pojAa HE OOmycKaeT oOpamieHus, TO
JUIS CHMHOBBIX CHCTEM Takoe oOpamneHue Bo3MOXHO (cM. § 32).

Hdis nojiydyeHWss aHAJIUTHYECKOTO BBIpAXEHHS BTOPOTO Hayaja
TEPMOJUHAMHKA PAacCMOTPUM B OTHENBHOCTH BTOPOE HAyajlo Tep-
MOAUHAMUKH [JIi PAaBHOBECHBIX M HEPAaBHOBECHBIX IPOILECCOB.

Wcxoas u3 BTOpPOTO Havyaja TEPMOAMHAMMKH, PACCMOTPUM NpeXIe
pasfiesieHle BCEX NPOLECCOB, UCHOBITHIBAEMBIX W30JMPOBAHHOW CHCTe-
Mo B mesoM, Ha oOpatuMbie W HEOOpaTUMBIE U YCTAaHOBUM
OTHOLIEHHE ITHX INPOIECCOB K PABHOBECHHIM U HEPaBHOBECHBIM.

§ 12. OBPATUMBIE 1 HEOBPATUMBIE INPOLUECCHI

ITo BTOpOMY Hayajgy TEpMOAMHAMUKH B NMPUPOJAE BO3MOXHBI IPOIEC-
CBl, NpU KOTOPBIX NPEBpALUCHUE TEILUIOTH! B paboTy CBA3aHO C KOM-
MeHcanuel, ¥ HEBC3MOXHBI MPONECCH, IPH KOTOPBIX TaKOE MpeBpalle-
HUE HE CONPOBOXIACTCH KOMICHCAmued. DTO NMPUBOMUT K AEJICHUIO
BCEX NMPOIECCOB B 3aMKHYTOW CHCTEME Ha 0OpaTUMBIE U HEOOpaTUMBIE.

ITpouecc mepexonma cucTeMbl U3 COCTOsIHUS I B 2 Ha3bIBaeTcCA
0b6pamumeim, €CIIA BO3BPALIEHME 3TOW CUCTEMBI B UCXOIHOE COCTOSIHUE
u3 2 B I MOXHO OCYLIECTBUTH Oe3 Kakux Obl TO HU OBLJIO M3MEHEHUM
B OKpYXalOUMX BHEIHMX Tesnax. Ilpomecc ke mepexoma CHCTEMBI
U3 COCTOSIHUS | B 2 Ha3bIBAaCTCd HeoOpamumviM, €CIM OOpaTHBIH
nepexol CHCTeMBI U3 2 B [/ Hedp3s OCYHIECTBHTH 0€3 W3MEHEHWH
B OKpyxaroumx Tenax. OueBUAHO, 4YTO BCAKWH KBa3UCTATUUECKUH
nponecc ABNfeTCs 0OpaTUMBIM. [leHCTBUTENLHO, NMPU KBa3WCTaTHYEC-
KOM TMpOLECCE COCTOSIHME CUCTEMBI B KaXIbli MOMEHT IOJIHOCTHIO
OLPENEACTCS BHEUIHUMH NapamMeTpaMH M TEMIEpaTypod, MOITOMY

* QueBHIHO, YTO «BEUHBIA [BUraTelb BTOPOTO pONA» M «BEYHBIA JBUraTelh
BTOporo pona Tomcona —IlinaHka» B ciy4yae OOBIYHBIX CHCTEM COBNANAIOT.
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np¥ paBHOBECHBIX U3MEHEHHUAX 3TUX MapaMeTpoB B 0OpaTHOM MOpsAIKeE
CHCTEMa TakXxe B OOpaTHOM MOpAAKE MNPOHOET BCE COCTOSHUSA
4 NpUAET B HAyajbHOE COCTOSHME, HE BBI3BAB HUKAKOTO W3MEHECHUSA
B OKpYXalolux Tejax.

[Mpu mpoueccax ¢ TpeHUWEM, Kak MBI OTMe4ald, paboTa MOXET
ObITh 0€3 KOMIEHCAlUM NpEeBpallieHa B TEMJIOTY; Tak Kak OoOpaTHBIH
NEPeXoJ CUCTEMBI W3 KOHEYHOTO COCTOSHHUS B HavyaJbHOE CBS3aH
C NEPeXOdOM TewIOTHl B paboTy, a 3TO HEBO3MOXHO OCYLIECTBUTH
6e3 U3MEHEHHUs1 B OKpPYXAIOLUX Tejax, TO, CJACIOBATEIBHO, MPOLECCHI
C TpeHHeM HeoOpaTUMbI. A Tak Kak BCSKUH pPaBHOBECHBIA INpolecc
o6paTuM, TO HEOOpATUMBIH MPONECC C TPEHHEM HEPABHOBECEH™.

Mepoii HeoOpaTUMOCTH Hponecca B 3aMKHYTOH cucteMe (cMm. § 17)
ABJIICTCS U3MEHEHUE HOBOW (DYHKIIUU COCTOSHUS — SHTPOINUM, CYLIECT-
BOBaHHE KOTOpPOHW y pPaBHOBECHOW CHCTEMBI YCTaHAaBJIMBAEeT IEPBOE
NOJIOXKEHUE BTOPOTO Hayaja O HEBO3MOXHOCTU BEYHOTO [BUTaTeIs
BTOporo ponaa. OmHO3HAYHOCTh 3TOH (YHKIUM COCTOSHHUS MPUBOIUT
K TOMY, 4TO 6CAKUil Heobpamumblii npoyecc ABAAeMCA HepaBHOBECHbIM
(cM. § 17). BepHo u oOpaTHOE 3aKJIIOYEHHE: 6CAKUIL HePABHOBECHDII
npoyecc Heobpamum, ecau 8 OONOAHeHUe KO 6MOPOMY HAYALY OCYUecme-
AAEMCA OOCMUNCUMOCMb 4106020 COCMOAHUA HEPABHOBECHO, K020A OHO
docmuxcumo u3 OayHO20 pPAgHOBeCHO [BCA COBPEMEHHAsA NpPaKTUKa
THOATBEPXKAAET BHINOJIHEHHE 3TOTO YCIOBUA; OJHAKO MPOTHUBOIMOJIOXK-
Hoe ycinoBue (cM. § 30) BeimosiHsieTcs He Bceraa ). [leneHue mpoueccoB
Ha oOpatuMeie W HeoOpaTUMBIE OTHOCUTCH JIMIUb K HpOIECCaM,
UCHBITHIBAEMBIM U30JIMPOBAHHON CUCTEMOW B ILIEJIOM; pa3fejieHue Xe
NPOLECCOB Ha PABHOBECHBIE M HEPABHOBECHBIE C 3TUM HE CBS3aHO.

B kauectBe mnpUMEpOB HEOOpPAaTUMBIX HPOIECCOB NPUBEAEM
1) (314 100111 (H

1. Ilponecc Temwonepenayud nmpu KOHEYHOW pPA3HOCTU TEMMEPATyp
HeoOpaTuM, Tak Kak OOpaTHBIi mNEpeXod CBs3aH C OTHATUEM
ONPENEIEHHOTO KOJIMYECTBA TEIUIOTHI Y XOJOJHOTO Teja, HmpeBparie-
HUeM ero 0e3 xomneHcanuu (HEKOMIIEHCHPOBAaHHO) B paboTy U 3aTpa-
TOM ee Ha YyBeJMYEHHE OHEPruM Harperoro Tteyna. HeobpaTuMocThb
3TOTO mpolecca BHAHA TakXe W3 TOTO, YTO OH HECTATUYEH.

2. PacmupeHue rasa B mMyCTOTY HeoOpaTUMO, Tak Kak NPH TaKOM
pacIIMpeHUd He coBepmiaeTcs pabora, a ckaTh ra3 Tak, YTOObI He
coBepIIUTh paboTy, Henb3st. [IpousBeqeHHas Xe Nmpu cxatuu pabota
UAET Ha HarpeBaHWe rasa. UToObl ra3 He HarpeBaJiCsi, HYXHO OTHSATh
y HEro TEIUIOTY W NpPeBpPaTUTh €€ B paboTy, 4TO HEBO3MOXHO 6e3
KOMIICHCAIIU Y.

*) JT0 HAXOMUTCA B COOTBETCTBUM C NPEACTABJICHHEM O NPUPOIAE MEXAHUYECKOrO
Tpenus. TpeHue MexXay ABYMS CONPHUKACAIOUWIMMHCA TENAMH INPOHUCXONUT BCIEICTBHE
TOro, 4TO TOBEPXHOCTH 3THUX TeJ He aOCOMIOTHO MIANKH, 3 B OONbLICH WIM MEHbIUEH
CTENEHH WIEPOXOBATHI, NI TOro YTOOBI HEPEMECTHTh ONHO TelO OTHOCHTENLHO
JPYroro, HeOOXOMUMO HEKOTOPOE KOHeuHoe YCUIHEe NS HPEOMNONEHHS CHJI, BHI3BAHHBIX
LIEPOXOBATOCTBIO 3THX MOBEPXHOCTEIA.
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3. Ilpouecc muddy3uu HeoOpaTuM. JIeHCTBUTEILHO, €CIH B COCYAE
C OBYMs DPAa3jIMYHBIMU Ta3aMH, pa3/ie/ICHHBIMH NEperopoOaKOi, CHATH
HEPETOpOAKy, TO Kaxaelil ra3 Oymer mudpdyHmupoBate B OpYroi.
JAns pasneneHus ra3oB KaXObl# W3 HUX HYXHO CXuMatk. UToOHI
OHM HE HArpeBaJIUCh, HEOOXOAMMO OTHATH y HHUX TEIUIOTY W Ipe-
BpaTUTh €€ B paboTy, YTO HEBO3MOXHO 0e3 HU3MEHEHHs B OKpyXa-
oumx Teaax (cM. 3amady 3.25).

§ 13. IPMHLUUIN AAUABATHON HEJOCTHKUMOCTH
N BTOPOE HAYAJIO JJIf PABHOBECHBLIX ITPOLIECCOB.
SHTPOIINA U TEPMOJAUHAMMWYECKASL TEMIIEPATYPA

[IpuMeneHUe BTOPOTO Hayaja TepMOAWHAMUKH (€r0 NEpBOM YacTH
O HEBO3MOXHOCTH BEYHOTO ABUTATE]SA BTOPOTO POjAa) K PaBHOBECHBIM
NpoueccaM MO3BOJISET YCTAHOBUTh, YTO OKOJIO KaXOOTO COCTOSHHUS
TEPMHUYECKH OMHOPOMHOM* CHCTEMEBI CYLIECTBYIOT TaKW€ COCTOSHHS,
KOTOpbIe HENOCTHXHMBI M3 Hero amuabaTHBIM pPaBHOBECHBIM ITyTEM
(npunyun aouabamuoii Hedocmuncumocmu Kapameodopu).

JIeHCTBUTENBHO, NYCTh W3 COCTOSHUA | cUCTEeMa paBHOBECHO
NEPEXOMUT B COCTOSHHE 2, TOJyd4as OT Kakoro-mubo Tema*®
HOJIOKUTEILHOE KOJUYeCTBO TerwioTel (60 >0) u coBepmas paboTy
oW, Torma

8Q =dU+8W. (3.2)

IMpepnonaras, 4To M3 COCTOSAHUA 2 CHCTEMa aquabaTHO MOXET
mepeiTu B coctosiHue /, coBepmmB paboty dW;, Haxomum

0=—dU+oW,;. 3.3)

CxnagwiBas ypaBHeHus (3.2) u (3.3), mosaydaem, uYTO 3a BeCh
KpyroBoi mpouecc Obuia coBepumieHa pabora OW+OW; 3a cuer
HEKOMIIEHCUPOBaHHOTO TPEBPAIICHUSI TEILUIOTHI

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

Tax xak, mo BTOpOMy Hauany TepMmoguHamuku (3.1), Takoi
TpOLIECC HEBO3MOXEH, TO, CIEHOBaTENbHO, cOCTosHUE [ anuabaTHO
HEJOCTUXUMO W3 COCTOSHUA 2.

Ecnu npu paBHOBECHOM IIEpEXOJiE CUCTEMBI M3 cocTosiHUS [ B coctosuue 2 8Q <0,
TO, TpeamoJiaras BO3MOXHBIM axuaGaTHOe BO3BpallleHWE CHCTeMbl M3 2 B I, s
BCEro KpYyroBoro mpomuecca, noxo6Ho ¢opmyine (3.4), moayuaem

* Tepmuuecku O00HOPOOHAA cucmema—CHCTEMA, BCE HYaCTH KOTOPOM WMEIOT
OMHAKOBYIO TEMIEpAaTypy (T. €. CHCTEMa, B KOTOPO# OTCYTCTBYIOT TEILIOHENPOHHIA-
eMble (aguabaTHbie) neperoponku). it TEPMHUYECKH HEOAHOPOIHOM CHCTEMBI TPHUHIIMI
agnabaTHOM HENOCTHXMMOCTH, BOOOINE TFOBOPS, HE BHIMOJHAETCH (cM. 3anady 3.5).

**) ECll4 TenoM, OT KOTOPOTO CHCTEMA MONYHYAeT TENNOTY, SBASETCS TEPMOCTAT,
To mpouecc / —2 OyneT usorepmuueckuM. Ecnu B kavecTBe TAKOrO Teia HCHONL3YETCH
CHCTEMA, KOTOpas mo pa3mMepaM MNOpsAAKa H3yuaeMoil, To mpouecc /—2 Oymer u He
H30TEPMHUYECKUM, U He aauabaTHbIM.
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8Q=3W+8W, <0.

DTO HEpPaBEHCTBO YKa3biBaeT Ha OTHAYy CHCTEMOM 3a LMK/ KOJHYECTBA TEIIOThI
8Q 3a cuer mpousBeneHHOW Hanx Hedl paborel. Takod KkpyroBo#t mpomecc He
TPOTHBOPEYUT BTOPOMY Ha4any M, CAEHOBATENLHO, BO3MOXEH TOJBLKO HPH HECTaTHuec-
KOM anuabaTHOM BO3BpaUIEHHH CHUCTeMbl U3 cocTosiHus 2 B . JlelicTBUTeNBHO, ecid
6b1 mpouecc 2—1 Oni paBHOBECHBIM, TO Bechb HMKI Obin Ob 0OpaTHMBIM; IPOBOAS
ero B obpaTHoM mnopsake, noxysaeM ¢opmyiay (3.4), 4TO NPOTHBOPEYHT BTOPOMY
Havany (cM. 3amauy 3.37).

dusuyeckuil CMBIC NpUHNMNA aauabaTHOW HEAOCTHXHMOCTH CO-
CTOUT B YTBEPXKICHWM, YTO Yy BCAKOW PaBHOBECHOW CHCTEMBI CyIIe-

CTByeT HEKOTOpas HOBas (YHKUUS COCTOSHHA O =0 (ay, ..., dy; 1),
KOTOpas NpH PaBHOBECHBIX aauabaTHBIX HpONECCAX HE H3MEHSETCH
[o(a1, ..., @,; t)=const npu ammabaTHEIX npomeccax]. B aTomM MoxHO

yOeIuTBCA, UCXOAA W3 CJCHYIOMUX COOOpaXKeHUH.

Jlerko 3aMeTUTh, YTO MOJIOKEHUE O CYLUECTBOBAHWUM TEMIEpaTyphI
! y BCAKOW DPAaBHOBECHOH CHCTEMBI MOXHO CHOPMYJIMpOBaThH B BHUIE
NpUHIUNA W30TEPMHUYECKOW HEJOCTUXUMOCTH: OKOJIO KaXIoro co-
CTOSIHUS PaBHOBECHOW CHUCTEMBI CYHIECTBYIOT TaKHE€ COCTOSIHUS, KO-
TOpble HENOCTHXUMBI W30TEpMUUYECKH (T. €. NPH YCIOBHSAX, KOTAA
CHCTEMA BCE BPEMs HaXOAMUTCA B TEIJIOBOM KOHTAKTE C TEPMOCTATOM).
JeHCTBUTEIBLHO, U3 COCTOSIHUA CUCTEMBI C TEMIIEPATYpOoll ¢={; HEJb3s
U30TEPMHUYECKH MEPEBECTH CUCTEMY B COCTOSHHUE C TEMIEpaTypoi
t=1,. AHaJOTUYHO 3TOMY, HEBO3MOXHOCTh afguabaTHO (T. €. B YCJIOBHU-
fiX, KOrga CUCTeMa TEIUIOW30JIMPOBAHA) IEPEBECTH PABHOBECHYIO
CUCTEMY U3 COCTOSIHHA [/ B HEKOTOPOE COCTOSHHE 2 O3HA4aeT, YTO
B cocTosHMM | cHCTeMa UMEET 3HauYeHHWe HEKOTOpo# QyHKImU
COCTOSIHUSS ©G=0C;, a B COCTOSHUH 2—OC=0,#0C;, NPUYEM ITa
¢byHKuMs npu aauabaTHBIX PaBHOBECHBIX INPOIECCAX HE W3MEHAETCH
(do=0 npu 80=0).

VYcTaHOBJICHHE Ha OCHOBaHMM MNpUHUMIA axuabaTHOW HEZOCTH-
XUMOCTH  CYIUECTBOBAHHHA TakOW HOBOM (YHKIMH COCTOSHHSA
o(ai, ..., a,; t) npuBogut k TOMy, uTo ndaddosa dopma musa
3JIEMEHTApHOTO KOJHUYECTBA TEIUIOTHI O, KOTOpasi, COTJIACHO MEPBOMY
Hayajgy, He gBJsgeTcs nNOJHBIM muddepeHuuanom, Bcerga HMeeT
UHTETPUPYIOIIUNA MHOXHUTE/b, T. €. SABJIAETCA TOJOHOMHON™,

HeiicTButenpHO, Taxk kak 00 uW dC ABIAOTCA JIMHEHHBIMU
nubdepennuanpHbiME GopMaMu B moJHBEIX AuddepeHuuatax oaHUX
U TeX XK€ HE3aBUCUMBIX NEPEMEHHBIX W OMHOBPEMEHHO OOpaIIaroTCs
B HyJb, TO, CJI€AOBAaTEJILHO, OHW NPONOPHUOHATBLHEL

8@ =M\do.
3nece A B 0obmeM ciy4ae 3aBUCHT OT BCEX NApaMeTPOB COCTOSHMUS
cucteMsl: A=XA(ay, ..., a; t). TloaTomy

50 /A=do,

* Tlpaddosrl (GOpMBI, HMMEIOLIUE WHTEPUPYIOLIMA MHOXMTENb, HA3LIBAIOTCH
20/0HOMHbIMY; HE MMEIOLIME HHTErPHPYIOLIEr0 MHOXHUTENS — /te20.40H0MHbIMU.
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T. e. npadpdosa popMma dQ rononomHa. £ A

MoxHo mnoka3ate (cM. § 14), urto
Cpeid  WMHTETPUPYIOIIUX  ACIUTEICH
A mubdepeHuuanbHoi GopMmel 30 uMe-
€TCsA JAEJIUTENb, 3aBUCALIMH TOJBKO OT
TemnepaTypst: A=@(t), npmueM Bux QyH-
KUK @ (f) 3aBUCHT OT BhIOOpa 3M-
NUPUYECKOM TEMMepaTypbl ¢ B JaHHOM
COCTOSIHWM, @ YHCJIOBOE 3Ha4YE€HHE — HET.
[103TOMY B KaXXIOM COCTOSTHUH CUCTEMBI
dyHKIUA (pét) HUMEET HEKOTOpyio ab- -

COJIFOTHYKO (HE 3aBHCALIYIO OT BbIOOpa v
SMOUPUYECKOH TEMIEpaTyphbl) BEJIUYUHY.
Mpunumas 3HaveHde QyHkmuu @ (r) 3a Puc. 7.
Mepy TemnepaTypbl W oGo3Hauas @(t)=7, moiayyaem
80/ T=dS. (3.5)

®yuxnua S, onpenenseMas quddepeHunansHBIM ypaBHeHueM (3.5),
Ha3LIBAETCA OHMponuel, a He 3aBUCAIIas OT BBIOOPAa TEPMOMETPH-
YeCKOTo BellecTBa TeMmepatypa 1 —mepmoouHamuieckoli memne-
pamypoii.

W3 BTOpOro Hawajia ciaedyeT TakXe, 4TO JHTpOmUA S SABJIAETCH
ONHO3HAYHOM (GYyHKUMEH COCTOSHUA. DTO O3HA4aeT, YTO §8Q/T s
M060r0 KpYroBOr0 paBHOBECHOTO Ipouecca paBeH Hymo. Eciau Obl
3TO HE BBHINOJIHAIOCH, T. €. €CJu Obl 3HTpomus ObUla HEOTHO3HAYHOM
GyHKUUEH COCTOSHHS, TO MOXHO OBLIO OBI OCYINIECTBUTH BEYHBIH
JBUTATE]Ib BTOPOTO pOJa.

B caMoM genie, HEOAHO3HAYHOCTh OSHTPONMUU O3HAYAET, YTO [BE
pasHpie aguabatel S; ¥ S, MOTYT HEpecekaThCs W, CIAEHOBATENBHO,
BO3MOXEH KPYroBOM IPOLECC, M300PaXEHHBIH OTPE3KOM M30TEPMBI
1—2 w ortpe3kamu nepecekarommuxcs aguabat 2—3 u 3—1 (puc. 7).
Eciu Ha yvacTke W30TEpMHYECKOTO mnpouecca /—2 Takoro uukjia
y TepMoctata Oepercs TeIwioTa Q(Q>0), TO, IO NEPBOMY Hayaly,
3a CYeT OJTOW TEIWIOTHl 3a WMKJ MNPOU3BOOUTCA MNOJIOXKUTEIbHASA
paGota W=Q=¢80Q u Mbl uMeEeM, TakuM O0Opa3oM, BEUHbIH
JBUTATE]h BTOPOTO pOja.

HeBO3MOXHOCTE BEYHOTO [BUTATENs BTOPOTO pOAa NPUBOIUT
K HEBO3MOXHOCTH mepeceueHuss aauabar, T.€. K OJHO3HAYHOCTH
SHTpONUWH. MaTeMaTUYECKH 3TO BBIPAXKAETCH YypaBHCHUEM

$dS=0 3.6)
npu JH0O0M paBHOBECHOM KPYTFOBOM IIPOIIECCE.

Eciu pabGoyee Testo, coBeplaroiiee KpyroBod MpoOUEcC, Bce BpeMs
HaXOJUTCA B KOHTAKTE€ C TEPMOCTATOM, TO 3a TaKOW LUK, COTJIaCHO
dopmynam (3.5) u (3.6),

W=0=4§50=T§dS=0,
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T. €. paboTa npu U30TEPMHUYECKOM KPYrOBOM IIPOLIECCE paBHA HyJr0™®),

IlojsioxeHne O CymIECTBOBAaHUM Y BCAKOM TEPMOIUHAMUYECKOH
CHUCTEMBI HOBOM OJHO3HAa4YHOW (YHKUUH COCTOSHUS —3HTpONMUU S,
KOTOpass npu anuabaTHBIX DPAaBHOBECHBIX NPOIECCAX HE M3MEHSETCH,
W COCTaBJIACT COJAEpXaHHE BTOPOTO Hayaja TEPMOAUHAMUKYU [UJIs
PaBHOBECHBIX IPOLECCOB.

MaTeMaTHYECKU 6Mmopoe HAYal0 mepmMOOUHAMUKY 045 PABHOBECHbBIX
npoyeccoé 3amMCHIBACTCS YpaBHEHUEM

%_ds, wm 50=Tds. 3.7

3T0 BBIpaXXeHUE IS JEMEHTA KOJMYECTBA TEIUIOTHI MMEET TaKOH
Xe BUI, kak U BeipaxeHue (1.3) mius sneMeHTapHOH paboThHI, MpUYEM
temneparypa T sBJsieTCS WHTEHCHBHBIM MapaMeTPOM TeIIOnepeNayy
(TepMuyeckass o0oOmIeHHas cuja), a SHTPONUSA S-— IKCTEHCUBHBIM
napaMeTpoM Temonepenauud (o6oOmeHHas koopauHata). CxoncTBO
BbIpaxeHuit mjig 8Q u OW 00ycnoBJIEHO POACTBEHHOCTBIO MPUPOIBI
9THX BEJAWYUH: U TO M JPYroe BBIPAXAET OHEPTHI0, IMOJYYaEMYIO
cucteMod (cM. § 95).

WHTerpadbHbBIM ypaBHEHHEM BTOPOTO Hayaja [Jisi PaBHOBECHBIX
KPYroBBIX MPOLECCOB ABJSACTCH paseHcmeo Kaaysuyca

3€§$=O. (3.8)

§ 14. MATEMATHYECKOE OBOCHOBAHME CYHMECTBOBAHUA
SHTPOIMMHA U TEPMOAVMHAMUYECKOW TEMIIEPATYPHI

W3 npuHupuna aguabaTHON HETOCTHXUMOCTH, KaK Mbl BUICIH, CIECAYET
rojioHoMHoCTh AuddepeHuuanbHoil GopMel 80, T. €. CyHIECTBOBaHHE
y BBIpaXEHWs JJI1 pAaBHOBECHOTO J3JIEMEHTAa TEJIOTHI O UHTEr-
pupyromero aeautens A (wid MHoxwutenas 1/A). ITokaxeM, urto
CpeH O3THX WHTErPUPYIOIIUX MAEJUTEJe A €CThb TakKoH, KOTOpBIH
3aBUCHT TOJBKO OT TeMIepatypbl [A=@(¢)] u onpedenser sHTpomHIO
(pE-(Qt-)=dS CHUCTEMBI, W YTO YHCJIOBOE 3HAaueHue O5Toi GYHKIUM OT
Takoro BeiGOpa He 3aBHCHT, XoTs BHX OQyHkuuu @(f) cBssaH
C BBIOOPOM OSMIUPUYECKOH TEMOEpaTypsl f.

CymecrBoBanne >HTporMM. IlycTs wuMeroTcs OBe NOJCHCTEMBI,
HaxoJsmMecs B TEWIoBoM paBHoBecud. CocCTosiHME NEpBON NOACH-
CTEMBI ONpEAESIAeTCA NapaMeTpaMu dj, ..., d,; !, COCTOSIHUE BTOPON —
napamMetpamu by, ..., b,; t, COCTOSIHUE BCEH CHCTEMBbI — NapaMeTpaMu
Ay, ooy An; by, ooy by L.

* JIns HepaBHOBECHBIX TpOHECCOB pab6oTa W 3a HUKJI TPH OJHOM TeEIJIOMCTOY-
HUKE MOXET ObITh OTpuuaTeNnbHOW (cM. 3amauy 3.37).
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ITycth npu HEKOTOPOM pPABHOBECHOM Ipoliecce BCEH cHcTeMe
B LIEJIOM COOOIIaeTCss KOJIMYECTBO TEIUIOTHI 8, KOTOpOe pacnpenesis-
eTCd Mo mNoACUCTEMaM B KojudyectBe 0Q; u 8(Q,, Tak 4TO

ITo AOKa3aHHOMY, BCE€ O3TH OJ3JICMCHTBI TCILJIOTBI TOJIOHOMHBI,
.I03TOMY OHH MOTYT OBITh 3amucaHbl B BUJE

80, =\ doy, 8Q,=A,do,, 3Q=Ado, (3.10)
rae
M=Ai(a1, o @n; 1), Aa=Ay (b1, ooy b 1),
A=A(ay, ... @n; by, ooy b; 1) (3.10)

— COOTBETCTBYIONIUE UHTETPUPYIOLIUE ACIUTEIH; Gy U O, — QYHK-
MU COCTOSIHUSL NEPBOH M BTOPOH CHUCTEM.

dyHKuMH G; ¥ O, MOXHO B3AThb B KayeCTBE HE3aBUCHUMBIX
HEepeMEHHBIX KaXIOW U3 3TUX CUCTEM, HaOpUMep BMECTO mapaMeTpa
a; NepBOH CUCTEMBI U NapameTrpa b; BTOPOH CUCTEMBI, TaK 4YTO

M=Ai(01; az, ..., a; 1),

A=k (02; b2, ooy by 1),
A=A(C1, O2; A2, ooy @n; b2y ooy by; 1),
0'=0'(01, G2, Az, .oy Ap; bay ..y s t);

dc——dt+ d01+ d0'2+z da.+z 3.11)

C [ppyro#f CTOpOHBI, NOACTaBJsAs BbIpaXeHHE (3.10) B (3.9),
noJryyaeM

do =%do‘1 +%dcz. (G.12)

CpasuuBas popmyJst (3.11) u (3.12), HaxoguMm, uTo 00/00; =\ /A,
006/06,=Ay/\, a xodbbuuuentsr npu dt, da,, ..., da,; db,, ..., db,
paBHel Hymo. Otcroma, npuUpaBHHBas CMEIIAHHbIE NPOU3BOIHBIE,
nosiyyaeMele u3 dopmyinl (3.11), Haxoaum:

o[ A\ o[\,
at( ) 0, at( x) 0, 3.13)
2 (%)
aa‘( —0, a_a,(T)_O’ (3.14)
Ay d [\,
am(?) 0, abk<x> 0 315

(i=2,..,n; k=2,3, ..., m).
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N3 dopmynsr (3.13) crnepyer, uto eciH
B Beipaxenus (3.10°) Bxomut napamerp ¢, TO
TOJBKO B BHIE OIHOH M TOW xe GyHKUUH
¢(t), Tak uTO

}\,1=(P(t)'f1(61, Ayy oney an);
)\2=(P(t)f2 (62, b29 eeey bm), (3.16)
Puc. 8. )\,=(p([)-f(61, Oa,d2, ..., Ay, b2, ceny bm).

Tak kKak A; HE 3aBHCUT OT by, a A,—OT a;, TO U3 GopMyJ
(3.14), (3.15) crmenyet, yto A He 3aBUCHUT OT a; U by, A{—oT a,
a A,—ort b,. Takum ob6pazoMm, u3 (3.16) nmomyyaem

M=0(t) fi(o1), Aa=0(t) f2(c2), A=0(t) f(o1, O2). (3.17)

Bxogsume croga dyukuuu fi(o1), f2(02) u f(o1, 0,) sBnsroT-
csl TNPOU3BOJILHBIMM, NOCKOJIBKY, KaK W3BECTHO U3 MAaTEMAaTHKH,
€CcIM UMeeTCss XOTsA Obl OJWH WHTETPUPYIOLMH JeNuTess Ay Iud-
tdepennmanbaoit hopMel 8Q;, Tako#, uto 0Q /A =do,, npousBeneHue
A1 Ha MPOU3BOJIBHYIO BYHKIMIO (0 ) Takke OyAeT MHTETpPUpPYIOLUM
NICJTATEJIEM.

Otcrona cieayer, 4To cpedu OECKOHEYHOTO MHOXECTBAa HHTET-
PUPYIOLIUX JeJUTe/Ie UMEIOTCH U TaKue, IUTS KOTOPBIX MPOU3BOJILHbIC
dyskumn fi(o1)=/,(02)=1, T.e. neauTeNH, 3aBUCALIME TOJIBKO OT
TEMINEPATyphl Ay =A,=@(f); IIp¥ 3TOM HHTETPUPYIOMMNA ACTUTENH
A TaKxke paBeH (p(ti:

o()=A=r;=1,. (3.18)

JelcTBUTEILHO, PACCMOTPUM TPH NOJACUCTEMBI (puC. 8), Haxons-
Iuecs B TEIJIOBOM PaBHOBECHH; COTJIACHO JOKa3aHHOMY, IS KaxXIoi
mapel cucteM umeeM: A=k, =0(t), Ay=A3=0(¢), 7»=?»3=(p§t) u,
CJIeI0BATENBHO, Aq =7»2=?»=(p(t) (A otHocuTcs Xk cuctemam I, 2

&
Odynkuus S;, onpelesnseMas ypaBHEHHEM ;%—‘)=d81, Ha3bIBaeTCH

3Hmponueti nepgoti cucmemvl, a GyHKIUs S,, onpelensieMas ypaBHe-
802 _
HUEM =

()

PaznenuB Bripaxenue (3.9) Ha (3.18), mosyyaem

dS,, Ha3bIBaeTCs SHMponueii 6Mopoi CUCHeMb.

50 _4S,+dS,=d(S; +5;)=dS,
(r)
rae S=S;+S, —o3HTponus BCell CUCTEMBbI, paBHas CyMMe SHTPOIUM
OTHENbHBIX MOJCUCTEM. JHMPoOnus, KAk 6uOHO U3 ee onpedeieHus,
A64AemMcA  AOOUMUBHOU BEAUYUHOU, NPONOPYUOHAALHOU UYUCAY YaACHuy
cucmemol.

TaxuM o6pa3oM, noKa3aHo, YTO CPeJU UHTETPUPYIOLIUX JEIUTEICH
9JIEeMEHTa TEIWIOTh O UuMeeTcs TaKon (p(tg), KOTOPBIH 3aBUCUT
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TOJBKO OT TEMIEpATyphl ! U OJUHAKOB AJIS NPOU3BOJILHBIX CHCTEM,
HaXO[ASIIUXCA B TEMJIOBOM DPaBHOBECUM.

Tepmo/mHamMudeckass IIkaja Temneparyp. Mcoonb3yemas Hamm 1o
CUX NOp SMIUpUYECKass TeMmmepaTypa ! ONpeAensyiach N0 W3MEHEHHIO
(HanpuMep, pacILIPeHHI0) Kakoro-Jmbo napaMerpa TOro WM UHOTO Tep-
MOMETPUYECKOTO BellecTBa (PTyTH, coMpTa 4 T. 1.). Kak MpI yxke oTMeua-
JIM, TEPMOMETpHI C Pa3MYHBIMI TEPMOMETPHYECKMMH TEJIaMH, KpoMe
ocHoBHBIX Towek 0 u 100 °C, Qymyt mnoka3bBaTh BO BCEX JAPYTUX
YCJOBUSX PAa3HYI0 TEMIEPATypy. OTO OCOOCHHO $ICHO YKa3bIBaeT Ha
OPOU3BOJIbHOCTb U HEYIOBJIETBOPUTENIBHOCTh TAKOTO ONpENEJICHUS TEM-
nepaTypbl, Kak OOBEKTUBHOW MEpBI HHTEHCUBHOCTH TEILIOBOIO JBHXKCHHUS.

Bropoe Hawyano TEpMOAMHAMHUKM YCTPAaHSAET O3TOT HEAOCTATOK
U NO3BOJISET YCTAaHOBUTH TEPMOAUHAMUYECKYIO KAy, TeMIepatrypa
0O KOTOpO# HE 3aBHCUT OT TEPMOMETPHUYECKOTO BEIIECTBA U NMOITOMY
Ha3biBaeTcsa abcoJiroTHOH. B caMoM Jere, MOCKOJIBKY MHTErpUPYIOLIMI
menutenb @(t) Qs ONEMEHTa TEILIOTH ONPENENSETCH TOJBKO TeM-
nepaTypoi, OH MOXET CIyXHUThb Mepoi Temmepatypsl. Temmepatypa
T=o(t) u sBaseTca mepmoounamuueckoii (abcosomuoi) memnepa-
mypoil, MOCKOJIbKY, KaK Mbl NOKaXEM, YHCIOBOE 3HAYeHUE GYHKIUU
(p(tz OT BbIOOpAa 3MIMPUYECKOH TEMIEPaTypbl HEe 3aBUCUT, XOTHA BU[
9TOW (YHKUUW 3aBUCHT OT BBIOOpA OIMIHUPHUYECKOH TEMIEpaTyphl.

HaiineM cBsf3p Mexay TEPMOAWHAMUYECKOH U OMIMPUYECKOH
temnepatypaMu. Ilycte aMnupuueckas TeMmepaTtypa CHUCTEMBI, U3-
MepsieMass [0 BEJIMYMHE Kakoro-imubo mapaMerpa HEKOTOPOro Tep-
MOMETPUYECKOTO BEIIECTBA, paBHA !, a €€ TepMOAUHAMUYECKAs
temnepatypa T=¢(r). CoCTOSHHE TEPMOMETPUYECKOTO BEIIECTBA
ONpeJesISeTCs BHEIIHMM NapaMeTpoM a ¥ 3MIOUpUYECKoll Temnepa-
TYpOH ! WK 3HAYCHHEM TEPMOAMHAMMHYECKOH Temnepatypnl T=q(t).
Torma nns 3Toro BewiecTBa mo mnepBoMy Havany 0Q=dU+ A4da,

0 BTOPOMY Haday %=d$ U, CJIelOBAaTEJILHO,
(3U/dT).dT+[(3U/da)r+A]da _( 3S as
T =37 adT+ a Tda,
OTKyHa
as 1/0U o8 11 /oU
()5 (2-1).)
Tak kak S _ 0
3adT  0Tda’
TO
o 1/0U o (1| /oU
sa o) Jartnl (5 )+
WK
04 ou
T<6—T>a—<%>T+A. (3.19)
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Tak xak T=¢(t), To t=Y(T) u T<6A> 91=<6—U> +A, oTtkyaa

ot ),dT "~ \ éa
ﬂ=w. Tlocne uHTErpuUpOBaHUsS NOJIY4YaeM
T (0U/da),+A
t

In T_J (@4/0)dt _, T _ o4

— = = —=e
T, |(0U/da)+4 T, i
t

0
TOoraa

T=Tye', (3:20)

rae T u To—TteMnepatypbl 0O TEPMOAWHAMMYECKOH IIKaje, COOT-
BETCTBYIOIIME 3MOUPUYECKUM TeMIepaTtypaM ¢ U fo.

W3 Beipaxenus (3.20) BUAHO, YTO NpU DPABHOBECHOM NEpEXofe
CHCTEMBI M3 OJHOrO COCTOSIHUS B Apyroe teMmnepatypa 1 He MOXET
U3MEHUTh 3HaKa: OHA BCErJa WM NOJIOXKUTEJIbHA, WIM OTpUNATEJIBHA.
JloKka3aTh NOJIOKUTEILHOCTh WIHM OTPULATEIBHOCTh TEPMOAMHAMMUYEC-
KOl Temnepatyphl Hesb3s. Ee 3Hak onpenesisieTcd AONOJHUTETBHBIM
YCJIOBMEM, CBSI3aHHBIM C ONpEIEJIEHWEM TOro, Kakas TeMieparypa
Oosbine, a Kakas— MEHBIIE; CYUTAETCS, YTO B CJIy4yae PaBHOBECHOTO
cooOIIeHus: Teay TEIUIOThl NpU NOCTOSHHBIX BHEIUHHX NAapaMmerpax
ero Temmepatypa yBenuuusaercs, T.e. C,=(0U/0T),>0 (cMm. § 2).
Takoe IONOJHUTEILHOE YCIOBUE NPUBOJUT K MOJIOKUTEIBHOH TEp-
MojuHaMuyeckoir temnepatype (T>0) (cm. § 28).

Cuutasi (B COOTBETCTBMM C NPHMHATHIM ycioBueM™), ompenens-
IOOIMM, Kakas TeMmnepatypa Oosbllie, a Kakas — MEHBILIE) TeMHepa-
Typy T NOJIOXUTEIBHOH, MBI NPUXOAWM K BBIBOAY, YTO OOBIYHBIE
CUCTEMBI HE MOIYT HMETb OTPUNATEIBHBIX TEPMOJAUHAMUYECKUX
TEMIEpaTyp.

®opmyny (3.20) nmns  onpeneneHus temnepatypsl T MOXHO
npeobpa3oBatb. /[l  3MOMpPUYECKOH TEMHepaTypel ¢; TEpPMO-
IuHaMuueckas teMmmeparypa I;=Toexpl;, oTKyAa

T1 - TO = To (exp 11 - 1), (3.21)

4

| (04/o1),ds
rae Iy _j(BU/aa),+A :

o

Paspenum Bripaxenue (3.20) Ha (3.21): T TT =ex§x1p1 T OTKyJa
1— 4o 1=

T=(T,—To)expI/(expl;—1). 3.22)

*) 3TO JONOJHUTENLHOE YCIOBHE NPUBOAMT K (OPMYJIHPOBKE BTOPOrO Hauana
TEPMOJMHAMHUKH JJIS PAaBHOBECHHIX MPOLECCOB B aqMaOaTHHIX CHCTEMAax B BUME 3AKOHA
so3pacmanusn smmponuu (cm. § 17).
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BribepeM TeMmepaTypHYyIO WIKajly Takod, YTOOBI pa3sHOCTH MEXIY
OCHOBHBIMHU TO4YKaMu [, —1,=100°C u T,—Ty,=100 K coorser-
crBoBaym Apyr apyry. Torna

_ expl
T=100,_""—. (3.23)

Ora QopMmyna NMO3BOJIAET HAWTU TEPMOAMHAMMYECKYIO TeMIepa-
Typy T no HaHHOW 3MIMPUYECKOM TeMmepaTtype ¢, ompeneyisieMo
Mo KaKoMy-JIMOO CBOMCTBY TOTO WJIM HHOTO TEPMOMETPHUYECKOTO
BEIIECTBA.

IlokaxeM Temepb, 4YTO TepMOJUWHaAMu4ecKas temmepatypa 1
B JaHHOM COCTOSHWM HE 3aBUCUT OT BHIOOpPa TEPMOMETPHYECKOTO
tena. IlycTte cocTostHME HEKOTOPOHM CHUCTEMBI XapaKTepu3yeTcs Io-
MHMO O3MIOUPHUYECKON TeMNepaTypsl !¢ €uie ApYrod 3MIUPUYECKOH
temnepatypoit T=1(t). TepMonuHaMuueckas Temmnepatypa @, ompe-
JejiseMasi C TNOMOUIBIO 3MIUPHYECKON TeMmepatypbl T (mpu TOH
Xe pasHOCTH O, —B@(=1;—To=100 Mexay OCHOBHBLIMH TOYKaMH),
paBHa

1,
=100 _¥P%
® 0Oexpll,—l ’

rac

T t

[ = (04/0t),dr _ (6A/6t),,(dt/dt)d1:__1
7 ) (U/da),+4 | (0U)da)+4 7

0 )

T

Y 4y

hFJ((ﬁA/Br)adt _J(BA/at)a(dt/dt)dt_I

oUjda)+A | (0U/da)+4

o )

T

U, ciaenoBatespHo, @ =T, 1. €. TeMneparypa Mo TEPMOAMHAMUYECKOM
[KaJie HE 3aBUCUT OT BBIOOpa TEPMOMETPHUYECKOTO Teja.

ITosToMy 11 BBIYMCJICHMS TEPMOJAMHAMHYECKOH TeMnepaTyphi
no ¢opmyine (3.23) B KadecTBE TEPMOMETPUYECKOTO Tejida MOXHO
B34Th HACAJIBHBIA ra3, HaxXoAslMiica moj HeHCTBHEM BCECTOPOHHETO
JaBneHuss A=p, a=V. [Ind ugeajpbHOro rasa mnpd HOCTOSHHOM
obbeMe p=po(l+at), rae a=0,003661 K '=1/273,15K™!, 1—
Temnepatypa no mkane Ienscus, (0U/0V),=0. Wurerpaisi
I v I; B 3TOM ciyyae paBHBL

t t

op/ot)y dt adt 1+ar 1+at,
J(aU/BV),—{-p 1+ar T+ar,” ! nl+ato

t

0 to
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Ioncrasnss I u I; B Gopmyny (3.23), monyyaem T=100a—(lti1:—),
1—¢to
U Tak Kak t;—1t,=100°C, 10

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

Abcomromubiii  Hyab memnepamypvl ho wkase Lleavcus pasen
—273,15 °C.

Ilpu cnoenaHHoM HaMu BeIOope BenuuuHbl 100 171 pasHOCTH
teMnepatyp I;—T,, COOTBETCTBYIOIIUX OCHOBHBIM TOYKaM, T. €.
npu BeIOOpe rpanyca lLlenbcuss B kauyecTBe €QUHHIBI TEMIEPATYPHI,
MepMOOUHAMUYECKAA MeMNepamypa Ccoenaoaem ¢ 2a3oeoli memnepa-
mypoii, usmepennoii no wkaie Keavsuna®. Ecnv mosib30BaThCs
rpagycom PeoMmropa, T.e. moJjgoXuTth

tl—t0=80 °R un TI—T0=8O K,

to 1/a=273,15-80/100=218,4 u T=t+2184.
Abcomommbili Hyab memnepamypvl no wkaie Peomwopa pasen
—218,4 °R.

§ 15. OCHOBHOE YPABHEHHME TEPMOJAMHAMHMKH
AJI1 PABHOBECHBIX ITPOLIECCOB. CBfI3b MEXAY
TEPMUYECKHUM N KAJIOPUYECKHM YPABHEHUSAMH COCTOSSHUSA

ITo BTOpOoMy Hadajlly TepMOJWHAMUKH, AJIS PAaBHOBECHBIX MPOIECCOB
80 =TdS. O6benuHsisi 3TO BhIpaXEHUE C YPAaBHEHHUEM IIEPBOTO Havaja

tepmouHaMuky 3Q=dU+) A;da;, noiyyaeM ocHosHoe ypasHeHue

MepMOOUHAMUKY  OAA paenoelecubzx npoyeccos
TdS=dU+) A;da;. (3.24)

s npocTod cucTeMsl, HaXOAsIIEeHcs NOJ BCECTOPOHHHM HAaBlie-
HUeM p, ypaBHeHue (3.24) uMmeeT BULI

TdS=dU+pdV. (3.25)

VpasHenne (3.24) aByisieTCs UCXOAHBIM NpPU aHAJIU3e BCEX paBHOBEC-
HBbIX HPOIECCOB B TEPMOAUHAMUYECKMX CUCTEMAax C NOCTOSHHBIM
YHUCJIOM YaCTHIL.

Kax Mbl BuJEeNH, npu BBHIYUCICHUM MHOTHX BEJIMYMH HEOOXOIUMO
3HaTh KaK TEPMHUYECKOE, TaK ¥ KaJIOpUYeCKOe YPaBHEHUS COCTOSIHUS

*) Keaveun—1/273,16 TepMOOMHAMHYECKOH TEMMEPATYPH TPOHHOH TOYKH BOJBL.
310 onpeneneHue Opul0o naHo B pe3omonun JlecAToil ['eHepanbHON KoHbepeHnnu
no mepam u Becam (1954). Bmecte ¢ Tem mno MexayHaponHoil mnpakTHueckod
TEMINEpaTypHO! UIKaje AN TPOHHOM TOYKHM BOAB! MpHHATAa Temnepartypa t=0,01° C
TOYHO.

MostoMy ¢opmyna mnepexoma OT NPAKTHYECKOW K TEPMOAMHAMMYECKOH TeM-
TEepaTypHOM LIKAaJe MMEET BHI

T=1t °C+273,15 °C.
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CHCTEMBI. DKCHEPUMEHTAJIbHO 3TU YPaBHEHHsE MOTYT OBITH IOJIy4YEHBI
He3aBHCUMO OpYyr ot Apyra. YpaBHeHue (3.24) mo3BOJisieT YCTaHOBUTH
maddepeHnUaIBEHYIO CBA3b MEXAY HUMH, KOTOpas AEJIaeT HEHYXHBIM
3HaHWE WJIH KaJIOPUYECKOTO YpaBHEHWS COCTOSIHUS, HJIA TOJIBKO
3aBHCHMOCTH BHYTPEHHEH OHEprMM OT BHEIIHUX napamerpoB. Jlelt-
CTBUTEJILHO, W3 OCHOBHOTO YypaBHEHHs TepMoauHamuku (3.24) Ha-
XOJTUM

dU+Y 4;da;

ety oU
dS=—1T = <6T> aT+1 Z[(w,),, T+Ai]dai.

Torpa
EN 1/oU BN 1[[/oU
<a_T>ai"'?<a_T)a" <a_m>a".,‘?[<a_m>a,.r+““]
(i=1, 2, .., n),

oTkyaa, mogo6no (3.19), mosyuaem crnenyromee mupdepeHnuaIbHOE
ypaBHEHUE, CBS3BLIBAIOLIEC TEPMUYECKOE U KaJOPUYECKOE YpaBHEHUS

COCTOSIHUA:
04; ou
T(ﬁ> ( M) +4;. (3.26)

st npoCTOi CUCTEMBI, MOJIBEPKEHHON JEHCTBUIO CUJIBI BCECTOPOH-
Hero naBiieHuss A=p, a=V, ypaBHeHue (3.26) umeer BuUA

T<j_’;) <Z’;> +p. (3.27)

IMpumenuM ypaBHenue (3.27) ajis onpenefieHus: BHYTpEHHEH sHep-
TMM UAeaJIbHOTO Trasa, rasza BaH-aep-Baanbca u s BBIYMC/ICHUS
Pa3HOCTH TEIUIOEMKOCTEH pPAa3JUYHBIX CUCTEM.

Jns wupeanpbHOro rasa TEPMHYECKHMM YpPaBHEHHEM COCTOSIHUS
sBisercst ypaBHeHue Knaneiipona —Menneneesa

pV=RT.

N3 aroro YpaBHEHHUS 5) /0T =R/V. TloacraBnssi HailEHHOE BBI-
paxenue npousBoaHoit (0p/dT)y B dopmyny (3.27), nonyyaeM 3axow

ou
Hocoyan 7 =0, KOTOPBIA, KaK MBI yX€ MOKa3bIBaJiM, [O3BOJISET
T

HaWTH KaJIOPUICCKOC YpaBHCHUEC COCTOSIHUSA ra3a, €CJIM AOMOJIHUTECIIBHO
M3BECTHA TEMIIEpaTypHass 3aBUCUMOCTh €r0o TEMJIOECMKOCTH:

U={CydT.

JIng 0JHOATOMHOIO UAECAJILHOTO ra3a ¢ TOYHOCTBIO 10 aJOUTUBHOU
MOCTOSSHHOH HMeEeEM

U=CyT. (3.28)
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Ecnum  Bocmosp30BaThCA  3HA4YEHHEM MOJISPHON  TEIUIOEMKOCTH  OJXHOATOMHOTrO
uneansoro razsa Cy=3, R, To u3s dopmyn (3.27) u (3.28) MOXHO MNOIY4HTH
anreOpauyeckyr0 CBS3b MEXAY €ro TEPMHYECKHM U KaJODHYECKUM YDaBHEHUSMH
COCTOSIHUS:

pV=32/50, (3.29)
P= 2/3 u, (3030)

rae u=U/V—NIoTHOCTh 9HEPrHM ONHOATOMHOrO MJIEaJLHOro rasa.

Kax ycraHaBmmBaeTcs B craTucTHueckod dusuke, cBasp (3.29) Mexnay HaBieHHEM
p 4 3Heprueil U cylecTBYeT He TOJBKO B CIy4ae OOBIYHBIX (MONYUHAIOIIUXCS YPAaBHEHHIO
Knaneiipona— MeHnzeneeBa U Ha3bIBaMBIX KJIACCHYECKMMHM) OJHOATOMHBIX HAEANIbHBIX
ra3oB, HO M B CJIyuae KBaHTOBHIX kak bo3e, Tak u ®epMu uneanbHbIX (HEPEIATHBUCTKHX)
ra3oB, KOrfia KHHETHYECKash SHEPrus 3THX 4acTHI] 3HA4YUTEILHO MEHbLIE UX COOCTBEHHON
SHepruu mc? (c— ckopocTh cBeTa). Jist peSTHBUCTCKOrO HIEaiBLHOTO KBAHTOBOTO rasa,
KOrjla KMHETHUYECKas JHEPrus €ro 4YacTHI CPaBHHMAa WM 3HA4YUTENBHO Oojblie uX
COOCTBEHHON 3HEPruH, CBA3L MEXAY YPaBHEHMSMH cOCTOsiHMS p W U uMeer BuQI

pV="1/,U, (3.31)
Tak 4to p="1'/;u.

Jnsa peanpHOro rasa, TEPMUYECKUM YpPaBHEHHEM KOTOpPOTO $B-
RT a
JseTcs ypaBHeHue Ban-Aep-Baasisca P=y— 3> HMeeM

ry R
T )y V-b
TloacraBnsas 5T BeIpaxeHus B ypaBHeHue (3.27), mnoJiydaeM
(0U/0V)r=a/V?*. Takum obGpasom,

ou ou a
dU_(a—T)VdTJr(a—V)TdV_ CydT+55aV,

U= J CVdT—%. (3.32)

Tax xax Cy peaJbHBIX Ta3oB cyjabo 3aBUCHT OT TEMIOEPATYpHI,
To ¢GopmMyny (3.32) MoxHO 3amucaTh B BUAE

U=CVT—-a/V+ Uo.

IlepBoe cnaraemoe B ¢Qopmyne (3.32) npeacrasnseT coboit
CPEIHIOI0 KHHETHYECKYIO 3HEPTuI0 MOJIEKYJ ra3a, a BTOPOE — IOTEH-
MAJIbHYIO 3HEPTUI0 B3aUMOICUCTBUS MOJIEKYJ, COOTBETCTBYIOIIYIO
BaH-JEP-BaabCOBHIM CWJIAM HPUTSDKCHHUS.

IlepBoe Hawano s pasHocTu TemioeMkoctet C,—C), naer
Beipaxenue (2.7): C,—Cy= v +p w

v )r T ),
C,—Cy mo ¢opmyne (2.7) HEOOXOAMMO 3HATH KaK TEPMHUYECKOE
ypaBHeHne coctosiHus p=p (T, V), Tak ¥ KaJIOpUYECKOE YypaBHEHHUE
cocrostauss U=U(T, V). Bropoe Hayajlo, ycTaHaBJIUBAs CBS3b MEXAY
3TUMH YpAaBHEHWAMH, MNO3BOJISET HaWTh pasHocte C,— Cy, 3Has
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TOJNBKO OJHO TEPMHUYECKOE YpPAaBHEHHE COCTOSIHUSA. JIeHCTBUTEIIBHO,
ucnone3ys (3.27)*, Haxomum

_f0p v
C,~Cy= T(a—T >V<6_T ) (3.33)

Bxoasmue croga NpOU3BOAHBIE MOXHO OINpPEAEIUTH, 3Has JIULLIb
TepMUUYeCKOoe ypaBHeHue cocTosHus p=p (T, V) i u3Mepsas Heno-

1 [fov
cpeacTBeHHO K03(GUIMEHT 0OBEMHOTO PaCIIMpeHus A=—(— | | KO-

vo\oT
14
1 /oV
50PuUIHEHT TepMHUYECKOro cXaTus P=——(—
Vo\op /r
av\ [aT\ (op
U3 toxaectBa (cM. 3agauy 1.7) (— ) (=— | (== ] = —1 u BuIpaxe-
8 ( Aaty 1.7) <6T>,,<ap>,, 6V>, P

HUM Qg o ¥ P HaxoauM

().,

IMoacrtaBuM 3Ty Opou3BoAHyr0 B ¢opmyay (3.33):
Cp - CV = Vo sz/ B. (3034)

Tak Kak, COTJIACHO YCJIOBHUIO YCTOHYMBOCTH PaBHOBECHOTO CO-
crosuusa Beeraa (0V/dp)r<0 wu, caegoBateanHo, P>0, TO W3
ypaBHeHus (3.34) HaxoZuM, YTO Cg>CV. PaBeHCTBO BBIIOJIHAECTCS
npu o.=0. Hanpumep, y Boas! npu 4 °C ¥ HOPMAJIBHOM aTMOCHEPHOM
JAaBJICHUM, KOrJa €€ IUIOTHOCTh MaKCHMajbHa U O M3MEHSET 3HaK:

a<0 npu 0<t<4 °C,
o>0 npu >4 °C.

Takoe nmoBefeHue kodddunueHTa 06BHEMHOTO PACHIUPEHUS Y BOJBI
NPUBOAUT K TaKOMYy €€ aHOMaJbHOMY CBOWCTBY, YTO B MHTEpBaJE
temnepatyp 0<t<4 °C npu aguabaTHOM CXKaTHM OHa HE HarpeBaeTcH,
Kak JApYyrMe >KMAKOCTM W BCE Ta3bl, a OXJIaXAaercs **).

§ 16. BBIYNCIIEHUE 3HTPOIIMHN. ITAPAJOKC T'MBBCA

CorjlacCHO OCHOBHOMY ypaBHEHHIO TepMoAuHaMuku (3.24), usMeHeHue
SHTPONUY NPU PABHOBECHOM IEPEXOJAE CUCTEMBI U3 OJHOTO COCTOSHUSA
B ApPYroe paBHO

*) B obmem ciysae, cornacHo ¢opmynam (2.6) u (3.26),

04 Jda
—c.=71| =) =). .33
Ca=Ca OT Ja\ 0T )4 (3:3%)

**) TemmepaTypa BOAbl C MaKCHMAIbHOM TIIOTHOCTBIO, paBHas MPU HOPMAJbHOM
nasnennu 4 °C, He OCTaeTcs MOCTOSHHON, a MENJICHHO IOHMXAETCH C MOBBLINIEHHEM
nasienus: Ha 2,2 °C nHa xaxnaeie 9,8 MIla.
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2

dU+Y 4;da;
S,—8;= J T (3.35)

1

s BbIuuUCIeHUs pasHocTd S, —S,; no popmyie (3.35) HeobxoauMo
3HaTh KaK TEPMHUYECKOE, TaK M KaJIOPUYECKOE YPAaBHEHUSA COCTOSHHS:

Ai=Ai((11,..., an, T), U= U(al,..., an, T)
(i=1,2,..1).

Eciu, onHako, Bocnosib3oBaThesl AubdepeHnualbHbIM yPaBHEHUEM
(3.26), cBsa3BIBarOIUM I3TH YPaBHEHHUS COCTOSIHUSA, TO

* (QU/OT), dT+Y [(0U/3a;)7, o, + 4, ] da
S2_S1 =J :

T
1
2 2

=f Sl_T_dTJrZ J(%) da, (3.36)

:
1 1

OTKyJa BUJHO, YTO JIi HaXOXACHUSA HW3MEHEHus sHTponuu S,—.S,
HY)XHO 3HaTh TOJBKO TEPMHUYECKOE YpaBHEHHE COCTOSIHUS U 3aBU-
CUMOCTh BHYTPEHHEH OSHEPruu JHIIBL OT TEMHEpaTypel (3HaHUE €€
3aBUCHMOCTH OT BHEIIHUX NapaMeTpoB HE Tpedyercs).

Jnsa npocToii cucteMbl, HaXOAAIIEHCA N0/l BCECTOPOHHAM BHEIIHUM
naBjieHueM, u3 ¢opmyasl (3.36) Haxogum

2 2

S,—S, = J “dTy j <§—’;>y dv. (3.37)

1 1

Tak xak ajns Mojs uueanbHoro raza pV=RT u (0p/0T),=R/V,
To g ra3a ¢ Cp=const HaxOAUM

—8,=C,Ink Vacc, nE 2
S, Sl—CVlnTl+Ranl CVlnT1+Rlnvl,

rmec vy u 02—06'LCMBI Ha OJHY 4YacTunly B Ha4YaJJbHOM W KOHCYHOM
COCTOAHHUX Ta3a COOTBETCTBCHHO. HOC‘)TOMy i1 SHTPONUAU MOJIA
raza noJjiyiumM

S=CyInT+RInv+S,, (3.38)

S0=S1 (Tl’ Vl)—CVln Tl-Rlnvl. (3.39)

Ourponus v=N/N, Mojel uaeaspHOro rasa, 3aHUMAIOLIETO0 NpU
temnepatype T obweM V, paBHa

68

rac



S=v[CyInT+RIn(V/N)+S,], (3.40)

rae, corjacHo paseHCTBY (3.39), S, He 3aBUCHT OT YHCJA YaCTHUI
N. Buipaxenue (3.40) ompenenser 3aBucuMocte S ot N, T, V.
Eciu uMeeTcs CMeCh pa3jIMYHBIX WACATBLHBIX Fa30B, TO C MOMOIIBIO
NOJIyHENPOHUIIAEMBIX MEPETOPOAOK (T. €. MEPErOopOAOK, MPOHUIIAEMBIX
IJI OJHOTO Ta3a U HEMPOHMIAEMBIX Ui OPYTOro) MOXHO 00paTUMO
pa3neyuTh 3Ty CMECh Ha COCTABJIAIOIIME €€ KOMIOHEHTHI, KaXObIi U3
KOTOPBIX MMeeT 00BbeM cMecH, 0e3 CcoOoOIIeHWs TEIIOThl W 3aTpaThi
paboTel U, ciaenoBaTeNbHO, 0€3 W3MEHEHUS SHTPONUU CHUCTEMBI (CM.
3agayy 3.26). D10 npuBOAMT K cieayroued meopeme Iubbca 06
SHTPOMHMU TA30BOU CMECH: IHMPONUA CMeCU UOeasbHbIX 2A308 pAsHA
cymMMme SHMPONuUtl IMUX 2a3o8, K020a KaxcOvlil U3 HUX 6 OMOeAbHOCMU
3aHUMAEm NpU Memnepamype CMecu mom xHce o0vem, Umo u 6ca cmecv™.
BoriuuciuM, mnosw3ysack 3TOH TEOpeMOMH, yBEIWYEHHE OJHTPONUU
Op¥ CMEIICHWH [BYX pa3jMYHbIX Ta30B, pa3/ejCHHbIX BHaYalie
NEPErOpOJKOH, 3aHUMArIMX oO0beMsl V; u V, U MMeEIOImUX OJu-
HakoBylo Temmepatypy T (v; ¥ V,—4YHCIO MOJIEH KaXAOro rasa).
OHTponus Ta3oB A0 CMEHICHUs

Si=v, [C,,lln T+RIn (Vl/N,)+Sm]+
+V3[Cy,In T+ R1n (V,/N,)+ Soz],
a 1ocjIe CMEILICHUs, KOTAa Kax bl ra3 3aHUMaeT Becb 00beM V,+V,,
Su=v{Cy,InT+RIn[(V;+V,)/N{]+So1} +
+v, {C,,Zln T+RIn[(V,+ V)IN, ]+ S0z} 3.41)
M3MeHeHue 3HTPONUM CUCTEMBI B PE3YJIbTATE CMEHICHWS
AS=S;—S,=v;RIn [( Vi+V,) Vl] +Vv,RIn[(V{+V,)/ Vz], (3.42)

OTKyAAa BHAHO, 4YTO W3MEHEHHE OSHTPONUH INPU U3OTEPMHYECKOM
CMEILICHUN UACAJIBHBIX Ta30B ONPEAEIACTCA TOJIBKO KOHPUIypamuoH-
HOH (3aBUcAWIEH OT 00BEMAa) HACTBIO OSHTPONMU

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

apyrue wieHsl B ¢opmyne (3.40) mpu 3TOM poOJId HE Wrparor.
B 4acTHOM ciyyae paBHBIX KOJMYECTB Tra3oB (v,=v,=v=N/N,),
HaxoAAIMXCA [0 CMEIIEHWs B OJUHAKOBBIX oOwveMax (V,=V,=V),
Ut KOHGUIypanmUMOHHOM YacTU SHTPONUM CHUCTEMBI HOJIyYaeM:

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

* O6paTMMO pa3feNuTh CMeCh Tra30B M, CIENOBATENbHO, NOKA3aTh TEOpEeMY
I'n66ca MoxHO M 6e3 HCHONB30BaHUS MOJNYNPOHUIAEMBIX MEPETOPONOK (CM. B KH.:
Jlopenn I'. A. Jlekuuu mo tepMmonmmnamuke. M., 1941. § 70). Teopemy I'm66ca MoxHO
TaKX€ JI0Ka3aTh, MCHOJBL3Ys 3aKoH [anbToHa (CM. 3amauy 3.6).
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V3MeHeHWe SHTPONUM MOCJE CMEILECHUS
AS=2vRIn2=2kNIn2. (3.46)

U3 cootHomenuit (3.42), (3.46) BUIHO, YTO BO3pacTaHUE SHTPONHMU
Opd CMEIICHWM [ABYX WACAJBHBIX Ta3oB 3aBUCUT TOJBKO OT YHUCIA
MOJIel ra3oB, HO He 3aBHCHUT OT WX npupoAsl. B mnpeaessHOM
cilydae CMeEIIEHUS [BYX WICHTUYHBIX Ta30B YBEJIMYCHUS OSHTPONUU
HE MOJDKHO OBITh, Tak Kak NpU 3TOM IOCJE YAaJeHUs pasjeisroueit
HEePEropoAkM HHUKAKOTO TEPMOIUHAMUYECKOTO IpoOIEcca B CUCTEME
He npoucxoauT. TakuM o0pa3oM, mpu pacyeTe W3MEHEHUS SHTPONUU
CMEILICHUWEe J[ABYX MICHTUYHBIX Ta30B HEJIb3s paccMaTpuBaTh Kak
npeaebHbI Caydaii CMEIeHUs OBYX pa3jIMYHBIX Ta30B W, CJEeIOBa-
TEIBHO, HpU nepexode OmM CMeCU CKOAb Y200HO OAUKUX NO CBOUM
ceoticmeam U pazoeaumvlX U3 dMoil CMeCU 2a308 K CMeCU OOUHAKOBBIX
2az06 AS ucnvimvieaem ckauox (napadoxc I'ubbca)®.

i BbIYMCIEHMS W3MEHEHHS OJSHTPONMUM TP CMEIIEHWM JBYX
HopIMii OJHOTO W TOTO € Tra3a Haao MNOJb30BaThCid WM He-
NOCPEeICTBEHHO BbIpaxeHueM (3.40) myis SHTPONMU XUMHUYECKH OJA-
HopogHoro raza (cM. 3ajady 3.27), wiud BUIOU3MEHEHHOHW TeOopeMoH
T'u66ca, corjjacHO KOTOpO#H BSHTpONMUS Ta30BOM CMECH [BYX OJUHA-
KOBBIX TNOpIMHA OJHOTO W TOTO XE€ rasa paBHa CyMME OJHTpoOmuit
obenx mopuuif, Korja Kaxaas W3 HUX B OTAEJIBHOCTH 3aHUMAaeT
Becb 00BeM 0e3 2kNIn2 (cMm. 3amauy 3.28), wiM Xe YYUTBIBATH
B ¢opmyne (3.45) npas SHTpONMM CMECH pa3HBIX Ta30B CKayoK
W3MEHEHUS HX IUIOTHOCTH B NpEAEJbHOM ClIy4ae CMEIIEHUS TO-
XJIECTBEHHBIX Ta30B, T. €. NPU NEPEXOAE K CMEIICHUIO TOXIECTBEHHBIX
razoB Hago B dopmyne (3.45) 3amMenutr MIoTHOCTE N/V Ha
2N/V (cM. 3amavy 3.34).

Pemmte mnapagokc I'ub6ca o3HavaeTr yCTaHOBUTH (u3MUIECKOE
OCHOBaHUE CKayka Bequ4yuHel AS mpu mnepexome OT CMeCH CKOJIb
yrogHo OJM3KMX ra3oB K CMECH OJUHAKOBHIX Ta30B.

B nurtepaType u3BecTHa TOYKa 3pEHHUA, COIJIACHO KOTOpPO#H mna-
panokc I'nb6ca o pa3phIBHOM nOBeACHUU AS CBA3BIBAETCA C OOBLEKTHB-
HOH HEBO3MOXHOCTBIO HENMPEPHIBHOTO COJIWKEHUS MapaMEeTPOB, Xapak-
TEPU3YIOIIUX CMEIIMBAOIIMECH Ta3bl, YTO MpPEANoJiaraercs Mmpu ycra-
HOBJIeHUU TNapanokca I'm66ca. OO6cyxneHHe 3TOH TOYKU 3pPEHHUS CM.
B pemieHuM 3agauu 3.34.

du3uyecKMM OCHOBaHMEM mnapajokca ['ub6ca sBiseTCS HEBO3MOX-
HOCTb pa3/ie/ICHUsl Ha MEPBOHAYAJIbHBIE TIOPIMUA CMECH TOXIECTBEHHBIX
ra3oB B OTJUYME OT JAOMYCKAEMOTO TEPMOJWHAMUKOW pa3ieieHus
CMECU CKOJIb YTOAHO Majo OTJMYAroUIMXcs ApYyr OT Jpyra rasoB.

* [lapadoxc SBASETCS HUCTHHHBLIM YTBEPXJEHUEM, KOTOPOE HEOOBIYHO, MPOTH-
BOPEYUT OGIICTIPUHATOMY U NMPO KOTOPOE XOYETCH CKa3aThb, YTO ITOrO HE MOXET OBITh.

OumboyHOe YTBEpXKIAEHHE, BHINANALLEE NMPAaBAONONOOHO, HA3BIBACTCH NAPAAO2U3-
mom. TlapajiorusM o3Ha4aeT paccyxIeHHE, B KOTOPOM HEHaMEPEHHO CHEJIaHa JIOTH4eC-
Kasi OIIMOKa.
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B pesynbrate 3TOH OCOGEHHOCTHM CMECH TOXIECTBEHHBIX Ta30B IO
CPaBHEHUIO CO CMECBIO Pa3HbIX ra30B UMEET MECTO CKa4YOK IIOTHOCTH
CMEIIMBAEMBIX Ta30B INPH MEPEXOAE OT CMEMIEHUs CKOJb YrogHO
OJIM3KUX Ta30B K CMEIIEHUIO TOXAECTBEHHBIX Ta30B, KOTOPBIH W MpH-
BOOUT K CKa4yky u3MeHeHus AS.

BcnencrBue 3TOH  OCOOEHHOCTM CMECH TOXIECTBEHHBIX Ta30B
B oOmeil dopMmysie ajis SHTPONUM CMECH pasHbIX ra3oB [cM. (3.41)]
pasyuuyge MeXAy ra3amu HeJb3si CTPEMHUTh K HYJ0. [/ BBIMHUC/ICHUS
¢ nomomsio dopMmya (3.41) u (3.45) _HTponuu CMecH B NpeaeTbHOM
cllydae CMEIICHUS TOXJICCTBEHHBIX Ta30B HEOOXOAMMO HE TOJIBKO
napaMeTp pasjidyus MOJIOKUTh PAaBHBIM HYJIIO, HO M Y4YECThb NPOUC-
XOAAUMU NpH 3TOM CKAa4OK M3MEHEHHMs IUIOTHOCTU CMEIUBaEMbIX
ra3oB (cM. 3amauy 3.34).

B Tex ke ciyd4asx, KOorga CMECh TOXJECTBEHHBIX Ta30B He
obnamaer oTMeYeHHOH ¢u3uyeckoli OCOOEHHOCTBIO, T. €. KOrjga ra-
30BYI0 CMECh HE/b3s pa3fACiuTh HE TOJBKO NPU CMEIICHUW OJUHA-
KOBBIX Ta30B, HO M INPH CMEIIEHUH TEPMOAMHAMUYECKU pa3HBIX
ra3oB, HUKaKOro CKayka W3MEHEHHS ILUIOTHOCTH CMEIIMBAaEMBIX Ta30B
NpY NEpeXoAe OT CMEMICHUS CKOJIb YroJHO OJIM3KHUX Ta30B K CMelle-
HHIO TOXIECTBEHHBIX Ta30B He mnpoucxoaut. Iloatomy B dopmyie
JUIS OHTPONMH CMECH Da3HBIX Tra3oB B ITHX CJydYasX NapaMeTpsl
X pa3jM4Yus MOXHO CTPEMHTh K HYJIO M 3TOT BTOpOH BUI
CMEIIEHUSI WUJICAJbHBIX Ta30B HE HMEET OTHOLIEHUS K Mapagokcy
I'u66ca (cM. 3amaum 3.29, 3.30).

OO0cynuM B 3aKJIFOYEHHE BOMPOC O (UBUYECKOM CMBICJIE SHTPOIHH.
OpHo3HavyHast (YHKLIUA COCTOSHUS — JHTPONUS, CYIIECTBOBAHHE KO-
TOpOH y paBHOBECHOW CHCTEMBI YCTaHaBJIUBAEeT BTOPOE Hauajo
TEPMOAUHAMUKY, HE SABJISETCS HATJISAHOW BEJIMYUHON: €€ MOXHO
BBIYMC/IUTh HO HENIb3s HENMOCPEICTBEHHO W3MEPUTh, MOAOOHO TeM-
nepatype Wwid 00BEMY,— 3HTPONMMOMETPOB HE CYILIECTBYET.

Du3uyecKuit CMBIC 3HTPONUU MOXHO BBISCHUTH KaK HNpU aHaIU3e
pPaBHOBECHBIX TNPOIECCOB, TaK M MNPU U3YYCHUM HEPaBHOBECHBIX
npoueccoB; npu 3ToM OGosiee TIyOOKUH TEPMOIUHAMUYECKUH CMBICI
SHTPONMU PpACKPHIBAETCS INPH aHaJIW3e HEPAaBHOBECHBIX HPOLECCOB.
CMBICT 3TOT COCTOMT B TOM, YTO W3MEHEHHE JHTPONHUU ABJIACTCHA
Mepoil HeoOpaTHMMOCTH MNPOLECCOB B 3aMKHYTOH CHUCTEME M Xapak-
TEpU3yeT HampaBJEHUE E€CTECTBEHHBIX INPOLECCOB B TaKOW CHCTEME.

ITpu aHanu3ze paBHOBECHBIX MPOIECCOB MOHSATHUE JIHTPOIMUHM MOXKET
ObLITh B KakoH-TO CTENEHW YSACHEHO W3 CIEAYIOIIUX pPacCyXICHHIA,
NOSICHAIOLIMX CMBICT YpaBHEHUS

onpeaensomero auddepeHuraN SHTPONUH.
IlepBoe Hauano yCTaHaBIMBAET, YTO IJEMEHT TEILUIOTHI &0 He
ABJfeTCd NOJHBIM uddepeHnuanoMm (cMm. § 7). Duzmueckuil CMBICIT
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I 2 OTOTO YTBEPXICHUSA COCTOUT B TOM,
YTO KOJHMYECTBO TEIUIOTHI, HEOOXoau-
MO€ NpU MNEPEXOJE U3 OAHOTO COCTO-
SIHAA B JpYyroe, 3aBUCUT OT MYyTH (T. €.
yCJIOBHH IiEpexona).

PaccMoTpuM nepexon cucTeMnl U3
coctosinuss [ B 2 mo nytd I wmu II
(puc. 9). Pa3zobbeM 3Tu myTd Ha 3Jje-

Puc. 9. MEHTBI, Ha KOTOPBIX CUCTEMA MOJIy4aeT
COOTBETCTBYIOIIUWE KoJIMYeCTBa TewIoTel O0Q npu Temmepartype 7.
ITonuble konuuecTBa TEIUIOTHI, HEOOXOAMMBIE I MNepexona u3
cocTogHUs [ B 2 NO 3TUM MNyTSAM, COOTBETCTBEHHO paBHEBI

Q1=§8Q, Ou= jSQ,
) an

NpUYeM IO NEPBOMY Havaily, BooOwe rosops, Q;# ¢ OnpnHako ecnu
KOJIUYECTBO TEIWIOTHI O();, MOJy4YaeMoe CHUCTEMOH Ha HEKOTOPOM
3JIEMEHTE Kakoro-mubo myTH, pas3fejuTh Ha TeMmepatypy IT;, mnpu
KOTOpOH cooOmraercs 3Ta TemIoTa, U HaWTH CyMMYy (MHTErpaj) 3THX
(mpuBeneHHBIX) TemwnoT nmo BceMy I uw mo Becemy II mytw, TO
(cornmacHo ONBITY WIX BTOPOMY Hayajly TEPMOAUHAMUKU [JIs paB-
HOBECHBIX NPOIECCOB) 3TH CyMMBI (MHTErpajibl) NPUBENEHHBIX TEIUIOT
JUIS BCeX IyTedl mepexoja OJUHAKOBBL:

aq;

I

s0_ (80
Yo% (3.47)

o a
OTO yKa3plBa€T Ha CYNIECTBOBAaHUE HEKOTOPOH OJHO3HAYHOMH
GYHKUMU COCTOSIHUS, W3MEHEHHE KOTOpPOHM ompenenseTcss WHTErpaioM
(3.47) u HaswIBaeTCA SHMPpONuel:
2
)
&—&=.§ (3.48)
1

Bosnee riy6okuii CMBIC S3HTPONUY PACKPHIBAETCH B CTATUCTHYECKO#H
¢u3MKe, COTJIACHO KOTOPOH 3HTPONHUS S CUCTEMBI B JaHHOM COCTOSHUH
XapaKTepU3YET 6EPOAMHOCMbL IMO20 COCMOAHUA:

S=kln W, (3.49)

rie k—nmocrosHHas Bosblvana; W —TepMoauHaMu4ecKas BeposT-
HOCTb COCTOSIHUS, ONpEAENseMas YUCJIOM MHUKPOCOCTOSHUM, peasu3y-
olux aaHHoe MukpococtosHue. CootHomenue (3.49) Bripaxkaer
npuryun boasymarna. ORHOCTOPOHHUH XapakTep M3MEHEHHS JHTPOIUU
B 3aMKHYTOH CHCTEME OMNpEENSeTCs MEPEXOJOM CUCTEMBI U3 MEHee
BEPOATHOTO COCTOSIHUA B 0o0Jjiee BEPOSATHOE.

72



Kax 6buto ycranosieHo K. IllennHonoM, uHpopmamus I o cucreme, monydaeMas
npu HaGJIIONEHHH 332 CHCTEMOMH, CBs3aHA C' NMPOMCXOASLIMM NpH 3TOM H3MEHEHHEM
BEPOSATHOCTH COCTOSHHS CHCTEMBI TaKUM )K€ COOTHOLIEHHEM (C TOYHOCThLIO IO 3HaKa),
xak u (3.49). Oro ¢opManbHOE CXOACTBO BBHIPDAXEHHH JUIs TepMOTUHAMHYECKOM
sHTponuH S W yMeHblleHus uHbopMamun—I («uHGOPMAMOHHON SHTPOMHU» MO
MleHHOHY) TpUBENO MHOTHX aBTOPOB K HEOOOCHOBAHHOMY OTOXAECTBICHHIO TEPMO-
OMHAMUYECKOH OSHTPONMUH C «UHOOPMANMOHHONW SHTPOMHUEN», XOTHA MOCIENHSAS He
SBJIIETCS TEPMOIAMHAMHUYECKUM TmapaMeTpoM. Hcmonb3oBaHHE OXHOrO M TOro e
TepMUHA (HTPOMHUS) AN PA3JUYHBIX BEJIWYMH JMINL BBOAUT B 3abiyxIeHHe.

§ 17. BTOPOE HAYAJIO TEPMOJAMHAMUKHN AJiIs1 HEPABHOBECHBIX
MPOLIECCOB. OCHOBHOE YPABHEHUME N OCHOBHOE
HEPABEHCTBO TEPMOJWHAMMKHU

CyiiecTBOBaHHE y PaBHOBECHOW CHCTEMBI HOBOW OfHO3Ha4HOW (yH-
KIIMM COCTOSIHUS — SHTPONUM S— BBIpPAaXaeT BTOPOE Hayajo TepMo-
IAHAMWKM U1 paBHOBECHbIX mporeccoB. CdopmynupyeM Tenepb
BTOPOE HAyajio B NPUMEHEHWH K HEPAaBHOBECHBIM, HEOOpaTUMBIM
nporeccaMm.

PaccMotrpum  (puc. 10) nBa OnM3KUX COCTOSHWS PaBHOBECUS
1 u 2 Hexoropo# cucteMsl. IlycTh nmpu HEPaBHOBECHOM INEPEXOAE
M3 OIHOTO COCTOSIHUS B Apyroe* cucreMe coobmiaeTcst OT Kakoro-Jinbo
TeJa KOJMYECTBO TEIIOTHl 8Q,, U OHA coBepmiaeT paboty Wy,
TaKk 4YTO HO IEPBOMY Hayajy

8Qup=dU+5W,,. (3.50)

Eciu ke cucreMa NepexOAMT U3 COCTOsiHUA [ B 2 DPaBHOBECHO
U KOJIMYECTBO TEIJIOTBI, HOJy4aeMOe €0 OT TOro Xe Teja, PaBHO
30, a cosepmennas paborta OW, TO

30 =dU+dW. 3.51)

IlepBeiii mepexos ABJSETCS HEOOPATHUMBIM, MO3TOMY BO3BpaLICHUE
CHUCTEMBI B HayaJIbHOE COCTOSHHME O€3 KOMIICHCAllUd HEBO3MOXHO;
BTOPOW mepexol oOpaTUM U CUCTEMY MOXHO BEPHYTh B HCXOJHOE
coctosHue 06e3  BCAKMX  W3MEHEHUH
B OKpyXaromux Tejax. Beruuras wus
ypaBaenus (3.50) ypaBuenue (3.51), mo-
JiysaeM Jis KpYroBOro mporecca

80— 80 =0W,,—3W. (3.52)

OTa pa3HOCThL HE MOXET OBITH paB-
HOU HYJIIO, TaK KaK B MPOTHUBHOM Clly4ae
3TO O3Ha4ajJo Obl, 4TO HEOOPATHMBIH
MpOLECC MEpexofa CUCTEMBI W3 OJHOTO
COCTOSIHUSL B APYroe MOXHO 0OpaTuTh
PaBHOBECHO 6e3 U3MEHEHUS B Puc. 10.

—_—-

* Ha puc. 10 HepaBHOBECHBIH NEPEXON CHCTEMBI H306PaXEH YCIOBHO, TOCKOJILKY
TaKHe TEPeXoib! Henb3s H300pa3sWTe Ha Kakoii-mmbo auarpamme.
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OKpYXaromux Ttejiax (OTAaB TEIJIOUCTOYHUKY KOJIMYECTBO TEMJIOTHI
80 =6Q,, u mnpousseas pabory SW=0W,,). Pasmoctes (3.52) He
MOXET OBITh MOJIOXUTEJLHOW, TaKk Kak 3TO O3Hayajo OBl, 4TO 3a
KpPyroBoi  mpomecc  cucreModl  Obula  mpousBeneHa — paborta
OW,up—O0W>0 TonbkO 3a  CYeT  TEMWIOTH  TEIJIOUCTOYHHKA
30, —080>0 06e3 Bcakoii komnencanuu. Pasmocte (3.52) Moxer
ObITH OTPHULATENILHON. DTO COOTBETCTBYET TOMY, 4TO NMPU BO3BpAIIE-
HUH CHCTEMBI B HAyYaJIbHOE COCTOSIHWE 4acTh TEMIOTH 80 —8(,,>0
nepefaeTcs TEIUIOMCTOYHUKY 3a CYET BHEINHEH paboTl 8W—E‘>§V,l ,
YTO 10 BTOPOMY Havaly (BTOpOH €ro 4acTu) BO3MOXHO®:
00 ,,—00=8W,,~0W<0. Otcropa ciemyer, 4To

80>80u, (3.53)
SW >3 Wy, (3.54)

Tax xak 0Q="T4dS, to u3 (3.53) nonyyaeM TdS>3dQ,,; NpUHAMas
T>0 K, uMmeeM:

dS>5&T”, (3.55)
2
S,—8,> f §9T_ (3.56)

1

N3 Beipaxenuit (3.55) u (3.56) 3akirouyaem:

1. Ilepexoa cucTeMBI W3 OMHOTO COCTOSIHUSI B JPYroe, COBepIua-
eMplii anguabatHO paBHOBecHO (0Q=7T,dS=0), HeNb3 OCYIIECTBUTH
amuabatHO HepaBHOBeCHO (00,,=0, dS>0), u Haobopor.

IMoaroMy, xoTs mnpu anuagammx nponeccax pabora CHCTEMBI
Kak Opu pPaBHOBECHOM, TaK M HEPaBHOBECHOM IPOLECCaxX paBHA
yObUIM BHYTpPEHHEH OJHEPruwM, OJHAKO [axe NpPU OJHOM ¥ TOM Xe
yMEHbIIEHWH BHYTPSHHEH 3HEPruM HOpU TakKUX mpoueccax padory dW
npu aamabaTHOM paBHOBECHOM IPOLECCE HEJIB3S CPaBHMBAThH C pa-
6oroit OW,, npu amMabaTHOM HEPABHOBECHOM IIPOIECCE, TaK Kak
KOHEYHBIE COCTOSIHUS NPH 3TUX aauabaTHBIX mpoueccax OyAyT pas3HbIe.
OpHako ecnu npu aguaGaTHOM PaBHOBECHOM MEPEXOJE CUCTEMBI U3
coctosruss I B 2 OW=—dU, 1O npu HEpaBHOBECHOM, HO YyXe He
ammabatHoM mepexoge u3 [ B 2 OW,,<—dU [cm. (3.54)]

2. Ilpu amuabatHOM HepaBHOBeCHOM npouecce (80x,=0)

dS>0 u S,—S,>0, (3.57)

*) Ecnium 6bl TPEMNOJIOKEHHE O HEBO3MOXHOCTH BEYHOrO MBHTATENs BTOPOro
poda momyckajio oOpaiueHHe, T. €. €Ciii Oh paboTy B TEIIOTY Takke Helb3st ObLIO
NPEBPATUTh TOJHOCTHIO Oe3 KOMIEHCAuuH, TO pa3HocTh (3.52) He Moria Onl GuITh
U oTpuuareasHoi. Ilpu BhIMoJiHeHMH mnepBoro ycioBus (3.1) 3To o3Hasano Owl, uTo
NpUBENEHHbI HAa pHC. 9 3aMKHYTHIH TNpoiecc HEBO3MOXeH. B HacTosiiee Bpems
MOXHO TIPHUBECTH NpHMep Takoro ciysas (cM. § 31).
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T. €. IPH 3TOM INPOLECCE CUCTEMA NMEPEXOAMT B COCTOSHME C OOJbIIEH
SHTPONUEH: Npu aAouUabamHblX HEePABHOBECHBIX NPOYeCcax IHMPOnUA
cucmemsl 6o3pacmaem.

To, YTO OSHTPONUSA TP PpABHOBECHBIX TpoIeccax B anuabaTHBIX CHCTEMAx
BO3pacTaeT, a He YObIBAET, CBA3aHO C YCJIOBHEM, ONPENCNSAIOMMM MOJIOKUTEIBHOCTh
TEPMOAWHAMUYECKOH TeMmmnepaTypel. [IpH pyroM NOTMOJIHATENLHOM YCJIOBHH, NPHBO-
poameM k T<0 K, Mer umenn 6ol w3 (3.53) Ui HEepaBHOBECHBIX NPOLECCOB B anuadaTHO
H30JIUPOBAHHBIX (OOBIYHBIX) CHCTEMax HE 3aKOH BO3pacTaHWs, a 3aKOH YObIBaHHSA
IHTPOTIHH.

TakuM o0pa3oM, 3aKOH BO3PAaCTaHHS OHTPONHMH CONEPXHT B cebe HE TOJBLKO
OGBEKTHBHYIO CTOPOHY (OJHOCTOPOHHOCTH ECTECTBEHHBIX IIPOLECCOB), HO M CyOBek-
THBHBI# MOMEHT — 3HaK TEPMOJMHAMMYECKOH TeMnepaTyphl, KOTODbIi NpHAaeT O00bek-
THBHOM CTOpOHE JMINbL ONpelesieHHOE BHIpaXXEHHEe, He MeHsAs ee cyuwecrBa. OTciona,
MEXY NPOYHM, CIEAYeT, YTO HENb3s NOKA3bIBAThH NOJIOXHTENIBHOCTE TEPMOJUHAMHYEC-
KOM TeMmnepaTypbl, HCXOAS M3 3aKOHA BO3PACTAHUS SHTPOIHMH, TaK kak (opMYIHpOBKa
BTOPOro Hayaja Ui HeoOpaTHMBIX NPOIECCOB B anuabaTHO 3aMKHYTHIX (OOBIYHBIX)
CHCTEMax B BHIE 3aKOHa BO3DAaCTAHHA OSHTPONHM YXE INPEANOJIaraeT, 4To TEepMOJIH-
HAMHYecKash TEMIepaTypa TNOJIOKHTEIbHA.

Omo noaoxncenue o 6o3pacmanuu IHMponuU 8 aduabamuo 3aMKHymoil
cucmeme npu HepagHoBecHvix npoyeccax (3aKoH 603pacMAaHus SHMpPOnuL)
gvipancaem 6mopoe Hauaao 044 HepasHosechviX npoyeccos. OHO
HO3BOJISET XapaKTepu3OBaTh JHTPONHUIO KaK Mepy HEoOpaTuMoCTd
NpoleccoB B 3aMKHYTOH cucteMe. B 3tom cocrout dusuyeckuit
CMBICTT JHTPONUM, €CIU INOAXOJUTh K HEH, YYUTBIBass OCOOCHHOCTHU
HEPaBHOBECHBIX IPOIECCOB.

Tak Kak Bce €CTECTBEHHBIC, CAMOIPOHW3BOJIbHBIE MPONIECCHI IPO-
XOAAT C KOHEYHOW CKOPOCTBIO, T. €. HEPAaBHOBECHBI, TO, CIECAOBATEIb-
HO, NPHU 3TUX Npomeccax B 3aMKHYTBIX CHUCTEMax JHTPONUS BCETAa
Bo3pacraer. TakuMm oOpa3oM, BTOpPO€ Hayalao TEPMOAWHAMUKH AJis
HEPaBHOBECHBIX INPOLECCOB YKa3blBAET HANPaBJIEHUE €CTECTBEHHBIX
NPOLIECCOB. ecrmecmeeHHble NPoyeccol 6 U30AUPOSAHHbIX (UAU MOABKO
aouabamuo U304UPOBAHHBIX) CUCMEMAX NPOX00AM 8 HANPABAEHUU POCMA
SHMpOnuU.

Jlns HepaBHOBECHOro KpyroBoro mnpomecca u3 ¢opMyisl (3.56)
noJjiyqaeM Hepasencmeo Kaaysuyca

8Qup
ﬂg—}— <0. (3.58)

OT0 HepaBeHCTBO, Tak xe Kak u Qopmyna (3.56), Beipaxaer
émopoe Ha4yaao0 0458 HePABHOBECHbLX Hpoyeccos B aauabaTHO HEW30-
JIUPOBAHHBIX CUCTEMAX [B oTJin4Me OT HepaBeHCTB (3.57), OTHOCAILIUXCS
K amabaTHBIM CHCTEMaM |.

HepasenctBa (3.56) u (3.57) He cienyeT mOHMMATh B TOM CMBICIIE,
4YTO MPU HEPABHOBECHOM IIEPEXOAE CUCTEMBI U3 COCTOSHUA [ B 2 U3-
MEHEHUE J3HTponuu OoJbllie, YEM HpU PABHOBECHOM IMEpPEXOJe U3
1 B 2. DHTpONUA €CTh OJHO3HAYHAS (DYHKIHUA COCTOSHHUA, U B KaXIOM
COCTOSTHMM CHCTEMa MMEET OJAHYy omnpenesieHHyro sHrpomuro. Cremo-
BaTeJIbHO, Pa3HOCTh 3HAYCHUN OJHTponuu S,—S; HE 3aBUCUT OT
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TOrO, PaBHOBECHBIM WJIM HEPAaBHOBECHBIM NYyTEM CHCTEMa Mepenulia
u3 cocrosnus / B 2. 3Hak HepaBeHCTBa B GopMyJie (3.56) ykasbiBaer
HA TO, 4YTO MUHTErpaJ] B OpaBoH 4YacTd GopMyJsl, B3ATHIA 1O
HEPAaBHOBECHOMY NYTH, HE ONpEAeJiseT Pa3HOCTU SHTPONUN KOHEYHOTO
U HAYaJLHOTO COCTOSHWH, a MeHbIe €e. AHaJIOTUYHO, HEPABEHCTBO
(3.57) BeIpaxaer TO, uTO agMabaTHas CUCTEMa MOXET HEPABHOBECHO
NEPEXOAUTh B TAaKWE€ COCTOSHUHA, B KOTOPBIX €€ 3HTpomus OoJble.
B 3TOM U COCTOMT CMBICNI 3aKOHa BO3pacTaHUs 3HTPONWM B aAu-
abaTHBIX CUCTEMax NpHW HEPaBHOBECHBIX Npoueccax B Hei. U3 Bcero
3TOro CJEAYyeT, 4TO [Ji ONpelesicHus W3MEHEHUs SHTponuu S,—S;
OpH HEPaBHOBECHOM IEPEXOJE CUCTEMBI U3 COCTOSHUS | B 2 HYXKHO
nepeBecT cucteMy u3 [ B 2 paBHOBecHO W 1o ¢opmyie (3.35)

8Qﬂp

BiyuCIUTL S,—S; (cM. 3amayy 3.36). HepaBencrBo dS> T

)
a clefoBaTeNbHO, U HepaBeHCTBO Kiaysuyca %‘2<0 CIEAYIOT U3

HepaBeHCTBa 00 >0(0,, npu noacranoBke B Hero 8Q=7dS. Camo
Xe HepaBeHCTBO 00 >0(0,, NOJYYEeHO U3 YCJIOBHUSA, YTO TEJIO NpH
PaBHOBECHOM U HEPAaBHOBECHOM IEPEXOJax B ONpeAeSIeHHOE KOHEYHOE
COCTOSIHME MOJIyYaeT TEIIOTY OT OMHOTO M TOrO Xe TeIJIOOTAaTYUKa.

)
CnenoBatenbno, T B HepaBeHcTBe d.S >% u HepaseHcTBe Kilaysuyca

€cThb TEMIEparypa TeIUIOOTJAaTyuka, a He Teja.

HepaBernctBo (3.54) yxe HUCHONB30BajoCh B 4YaCTHOM Clly4ae
paboThl IIPU PaBHOBECHOM U HEPAaBHOBECHOM pAaCIIMPEHUM raza (CM.
§ 5); 3mech OHO YCTAaHOBJIEHO Ha OCHOBAaHUYW BTOPOro Havyaja B 0OIIeM
ciyvyae AJia JiroOBIX HepaBHOBECHBIX mpomueccoB. U3 dopmynsr (3.54)
BUAHO, 4YTO €CJIM CUCTEMa paBHOBECHO IEpellIa W3 COCTOSIHUA
I B 2 6e3 coBepmieHuss pabotsl (0W=0), TO OCymIECTBUTh INEPEXO.
cucTeMbl U3 [ B 2 HEpaBHOBECHO 6e3 coBepiieHus paboThl (& W,,=0)
HEBO3MOXHO. ITo3TOMY IpH nponeccax nepexofa CUCTEMbI PaBHOBECHO
U HEPaBHOBECHO M3 OJHOTO COCTOSIHUA B Apyroe 6e3 coBepleHUs
paboThl 3aTpayuBaeMbie INIPH 3TOM COOTBETCTBYIOIIME KOJIMYECTBA
TernoT 8Q u 30, HENb3sl CPABHUBATH, TAK KaK KOHECYHBIC COCTOSHUS
OpM Takux nepexojax OymyTr pa3Hbie. 3aOBEHHE 3TOTrO CJEACTBUSA
BTOPOTO Hayaja MOXET NpuUBeCTH K ommuOkaM (cM. 3amauy 3.39).

Bropoe Hawano nJis HEpPaBHOBECHBIX HPOLECCOB IOKa3bIBAET
OTHOCUTEJIbHOCTh aAuabaTHOH paBHOBECHOH HEAOCTW)KUMOCTU U yCTa-
HaBJMBaeT aOCOJIOTHYIO aauabaTHYIO HEAOCTHXHMOCTb COCTOSHUIA
c saTponue S<.S,. deHCTBUTEIBHO, MPU aauabaTHBIX PaBHOBECHBIX
nponeccax AOCTYXKUMBI JIMIUB COCTOSIHUS C HEU3MEHHOU JHTponueit
S=S8,=const U HEAOCTUXUMBI BCE COCTOSHUA Kak Cc S>S§,, TaK
U ¢ $<S;. C noMomp0 HEPABHOBECHBIX MPOLECCOB MOXHO JOCTHYb
cocrosiHUM ¢ S>.S;, HO HENB3s HOCTUYb cocTosHMA ¢ S< S, Taknm
obpaszoMm, coctosHus ¢ S<.S, abCONIOTHO HEOCTHXUMBI aauabaTHO
U3 AAHHOTO COCTOSIHWA C J3HTponue# S,.
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OcHosHoe ypasHeHue WU OCHOBHOE HepaseHCmeo mepModunaMuKu,
BbIpAXArIMUe nE€pBO€ U BTOPOC HA4Yasla TECPMOAUHAMUKHU, MOXHO
TEHephp 3amnucatb B BUIAC

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

re 3HaK PaBEHCTBA OTHOCUTCA K PaBHOBECHBIM, a HEPAaBEHCTBAa —K
HEPAaBHOBECHBIM 3JIEMEHTaPHBIM IPOIECCAM.

Bce nmpuiiokeHus TEPMOAWHAMUKM 06a3UpYIOTCS Ha €€ OCHOBHBIX
ypaBHeHUsX ¥ HepaBeHCTBE (3.59).

3aMeTHM, 4YTO aHAJIOTHYHBIE YDaBHEHHE M HEPAaBEHCTBO BHIBOIATCH B (u3MKe
YEPHBIX JBIp —KOMIAKTHBIX HEM3JIy4alouidx Tes, oOpa3oBaBHIMXCS B pe3yJibTaTe
KOJIanca MaccHBHBIX 3Be3 ¢ Maccodt Gomee asyx Comnu. OTn GbiBiiMe 3BE3Bl,
TIOJIHOCTBIO  M3PacXOJI0BABIIAE CBOE SICPHOE TOpIOHEE, HMEIOT —pasmep, PpaBHBbIi
TPaBUTAUOHHOMY panuycy R, =2GM|c? (G——rpanmauuox-max TocTOstHHAsA, M — Macca
3B€3/Ibl, ¢(— CKOPOCTb CBETA; rpanmaunox-mbm pamuyc CoJHia — OKOJIO 3 kM). Pous,
aHAJIOTHYHYI0 OSHTPONMM B TEPMOAMHAMHKE, B (H3MKE UEPHBIX JbIP BBINOJHAET
TIOBEPXHOCTh S 4EPHO#M ABIPEI, @ POJIb TEPMOJMHAMHYECKOW TeMIIEpaTyphl — BeJIMYHHA
> TPONOPUHOHANIbHAS TOBEPXHOCTHOH IpaBUTALMHM, T. €. HANPSHKEHHOCTH CTaTHYECKOrO
rPaBUTAIMOHHOIO TOJIS HA NOBEPXHOCTH 4YepHOH IbIphl. UepHble NbIpel He 00JIamaroT
HUKAaKAUMH JIDyTHMH CBOWCTBaMH, KPOME CIOCOOHOCTH TIPUTATHBATh, TIOCKOJBKY
rPaBUTAMOHHOE TI0JIe 4YEPHOH IBIPBI HACTOJLKO CHJIBHO, 4TO JaXe 3aJepXuBAacT
cBeT. BcnencTBHe 3TOro noNIHasE «IHTPONMS» CHCTEMBI 4YEpHBIX [JBIP (BeJM4YMHA,
NPONOPHUOHANILHAS CyMMeE TOBEPXHOCTe S 4epHbIX IhIp) He yOniBaer: 8S>0. Ota
H IpyrHe TEPMOJMHAMUYECKHE aHAJIOTUM B (U3HKE YEPHBIX ABIP OKA3bIBAIOTCS BECbMA
NOJIE3HBIMH TIPM PACCMOTPEHMH Da3jIM4HBIX SBJICHHH C Y4YacTHEM YEpHBIX JbIp,
nofgo6HO TOMY, Kak Ha4ajla TEPMOJHMHAMMKHM IO3BOJISIOT HM3y4aTh MHOrme oOGime
CBOMCTBAa TEPMOJMHAMUYECKHX mponeccoB. OXHOBPEMEHHO OHHM YKa3bIBalOT Ha CBOEOO-
pa3Hyl0 YHHMBEPCAJLHOCTb Ha4aJl TEPMOIMHAMUKH.

Ilpexge veM NPUCTYNUTH K PEIICHUIO KOHKPETHBIX (HU3UYECKUX
3a7a4, OCHOBLIBAsCh HA ypaBHEHMH TepMoauHaMuku (3.59), paccMoT-
pPUM HEKOTOpBIE CJICACTBHA BTOPOrO Hayaja.

§ 18. HUKJI KAPHO M TEOPEMBI KAPHO

Kak yxe orMmeuasnioc, BTopoe Hayajo TepMOAUHAMUKY OBbLIO yCTaHOB-
JICHO B pe3yJbTaTe aHayiu3a paboThl TEIUIOBBIX MAIIIUH.

B nepBoM couYMHEHUM IO TEPMOIUHAMUKE, ONYOJMKOBaHHOM
C. Kapuo B 1824 r., Obuta mocrtaBjieHa W peleHa npoOiieMa BO3-
MOXHOTO MOBBIIIECHUS KO3 (dUIUEHTAa NMOE3HOTO ACHCTBUA TEMJIOBBIX
Asuratened. OTHOCUTENBHO K.I.J. TEMJIOBBIX MammH KapHo ycTaHOBUI
JIBE TEOPEMBI, KOTOPBIE COBMECTHO OJKBUBAJCHTHBI BTOPOMY Hayaiy
TepMoAUHaMUKU. JIokaxeM 3TH TEOpPEMBl, UCXO[s U3 BTOPOro Havaja.

Koagpuyuenmom nosesnozo Odeticmeus 1 TEIJIOBOTO [ABUTATENS
Ha3piBacTCAd OTHOLICHWE paboTel W, npou3sBoAMMOW MaIMHON 3a

IMKJI, K KOJIMYECTBY TEIIOTBI (J;, NOJyYaeMOMY MalllMHOH 3a
3TOT IMKJI:

1'|=VV/Q1-
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Puc. 11. Puc. 12.

ITo mepBoMy Hauajly TepMOIWHAMUKH,

W=§’8Q=Q1 _Qz,

rac Qz—a6COIH-OTHOC 3HAYCHUC KOJIMYECTBA TCIJIOTHI, OTAABAaCMOTIO
pa6oan TCJIOM 3a IUKJI, MO3TOMY

n= §TdS 0.0,
($TdS)s>0 0,

TAe WHTerpasu (§TdS Jas>o OepeTcs mo yvacTkaM IMKJIa, Ha
xotopeix dS>0.

Hdns rpaduveckoro u300paxeHUsh NPOLECCOB BOCIOJIB3YEMCS 3H-
TPONUHHOM [OuarpaMMo# Ha IJIOCKOCTH C ocsiMu KoopauHat S, T.
Ha oaroifi auarpaMme BeJWYMHA W=§8Q=§TdS paBHa IUIOIIAIU
nuKia, a Q1=(§TdS )as>0 ONpeAesasieT Iwiolaab, OrpaHUYECHHYIO
npeaenbHbIMU aguabatamMu /A u 3B, ocbio abciucc W dJIEeMEHTaMH
mikia ¢ dS>0 (4acte kpuBoit mukia [, 2, 3 Ha puc. 11).

BouiuncnuM k.m.ja. nukina KapHo, cocrosimiero u3 AByX H30Tep-
MHYECKUX ¥ ABYX aauabartHeix mpoueccoB. Ha numarpamme S, T 31oT
ka1 uzobpaxeH Ha puc. 12. Ha wusorepme [I—2 Ttemora Q,
Gepercsa oT TemJOOTAATYUKA, HA u3oTepMe 3—4 Temnora Q, oTAAETCA
TEIJIONPUEMHUKY. DTH TEIOTel W paboTa 3a IMKJI paBHBI

Q1=T1 (52_51)a Q2= Tz(Sz_Sx),
W=0, "‘Q2=(T1“‘ Tz)(Sz"‘S1)
W, ClledoBaTe/bHO, K.m.jA. mukia Kapao

n=(0:—-0,)/0:=(T,—T,)/T;. (3.60)

OTtcroa BUAHO, 4TO K.n.0. yukia KapHo He 3asucum om npupoosl
pabouezo sewjecmsa u npedeAbHblx aduabam, a onpeodesemcsa MoOAbKO
memnepamypamu menioomoamuyuxa u menionpuemnuxa (nepeas meope-
ma Kapno). N3 dopmyinsl (3.60) cienyer Takxke, 4TO BIUSHUEC U3MEHEHUS
temnepatryp T, u T, Ha 3HauyeHue Kk.nm.A. uukia KapHo pasnuyHO:
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om T, om_ 1 T
oT, TY 0T, T, TV

tak xak T, >T,, to |0n/0T|<|0n/0T,|. Takum obpa3om, u3MeHe-
We TEMIEPAaTypbl TEMJIOOTAATYMKA B MEHbBIUEH CTENEHH BIIMACT Ha
3MeHeHue K.m.jA. mukiaa KapHo, YeM u3MEHEHHE TeMmepaTyphl
eIJIONPUEMHHKA.

Yem Huxe Temneparypa 7, TEIJIOMPUEMHHKA @pU JaHHOH
emmnepatype 7, TemwIiooTAaT4Ydka, TeM Bbile K.n.a. nukiaa KapHo.

IHAKO LUKJI Iéapﬂo c temnepatypoi T, TemionpueMHHKa, paBHOHN
K, ocymecTtBuTh HEBO3MOXHO, TaKk KakK 3TO NPOTHBOPEYWIO Obl

BTOpPOMY HauyaJly TepMOAMHAMMKU (Temiota (,, B3sATas y HarpesaTes,
B TaKOM IMKJIe IMOJIHOCTBIO mpeBpaniaiace Obl B paboty). HeBo3mox-
HOCTh 1O BTOPOMY Havasy nukja KapHo ¢ TeMmmepatypoil Temsionpu-
emHuka T,=0 K Beipaxaercs He B ToM, 4To 0 K HemoctmxuM (3TOT
BOTIPOC HE PELIAETCd BTOPBIM HAyaJioM), @ B TOM, YTO TaKOH LUKJ WJIH
HeJb3s 3aMKHYTh, WIM OH BBIPOXIACTCS B COBOKYMHOCTH MIBYX
coBnagaromux ammabar u wm3otepM (cM. 1. 9). Takum oOpasowm,
BTOpPOMY Hauayly He mpotuBopeuuT aoctmwkende 0 K, Ho mukn Kapno
¢ Temmepatypod TtemjonpueMHHka 71,=0 K HeBo3MOXeH.

[To 3To# mnpuvYMHE NOPOYHBI BCE BHIBOAbI W JOKa3aTeJbCTBA,
OCHOBBLIBAIOIIIMECS HAa WCIOJIb30BaHMM M aHanu3e mukia KapHo
¢ T,=0K. Hanpumep, HEBEpHBIM SABJISETCS BCTpEYarolieecs B He-
KOTOpBIX OOLMX Kypcax GM3MKUH YTBEPKAEHHE O TOM, 4YTO MAJIs
OCYIIECTBJICHHS IOJIHOTO NpEBpAlICHUss TEIIOTH B paboTy c noMo-
IIbIO NMEPUOJWYECKH ACHCTBYIOMIEH TEmIOBOW MalMHBI Hago ObLIo
Obl pacmoJyiaraTh XOJIOJWJIBHUKOM, TeMIepatypa KOTOpOro paBHa
0K, u 4YTO, NMOCKOJBKY TAaKOTo XOJIOOWJIbHMKA HET, NEPHOIUYECKH
JeHCTByIOIas MaliMHA MOXET npeBpaiath B paboTy TOJBKO YacTh
TEIIOTEl. B AEHCTBUTENBHOCTH XK€ JaXe NPH HAJWYMM XOJOAWIbHUKA
¢ Temnepatypoit 0 K BeuHblii JBUTaTe b BTOPOTO POAAa HEBO3MOXEH,
tak kak npu 7T,=0 K mukn KapHo BbwIpoxpaercs.

Kak ycramaBnuBaeT TpeThe Hayajlo TepMOAMHAMUKH (CM. I 4),
0 K memoctuxuM u no3toMy 1muki KapHo ¢ TeMnepatypo#t XoJioauJib-
auka T,=0 K ocymectButs TeM 06o0jiee HEBO3MOXHO.

3ameTHM, 4TO, OOMyCKas BO3MOXHOCTh IMkiaa KapHo C TeM-
nepatypoit xonomuwibHMka 7T,=0 K, MoXHO mnpuiiTH K HEBEPHOMY
BBIBOJY O TOM, YTO YyXe MO BTOPOMY Hayally W30TEPMUYCCKUH
npouecc npu 0 K onnoBpemenHo sBnsercs u ammabatHeiM. B camom
Iene, npemmonaras, 4ro mukia KapHo c¢ T,=0 K ocymectBuMm, u3
dopMmyast (3.60) nomyyaeM

0,=T,0,/T,=0,

B TO BPEMs KaK M3 BTOPOTO Hayajia 3TOT BBIBOJ 03 MOmMOJHATEILHBIX
IPENOJIOKEHNI HE CIEAYyeT.

JIeHCTBATENIBLHO, NPU JIEMEHTAPHOM HM30TEPMHUYECKOM H3MEHEHMH
Kakoro-mubo mapaMeTrpa X o BTOPOMY Hadajly HMMeEEM
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(8Q/8x)r=T(95/0x)r-.

Orcroga puaHo, uro ecad npu T—0 K npoussognas (0S/0x)
u3MeHsercs no 3akoHy (0S/0x)r=c/T, rae c=const, TO u30TER-
muveckuii npouecc npu temneparype I'=0 K He Oyner ammabatHbIM,
eci xe (0S/0x)r_ox—const, TO H30TEPMHUUYECKHH mpouecc I
temneparype T=0 K Oyner aguabatHeiM. Cka3aTh, Kak H3MEHSETGs
S npu pasymuHbIX nporeccax, korna T—0 K, BTopoe Hauajo HHuETo
HE MOXET, U NOITOMY HeJb3s YTBEPXAATh, YTO YXE MO BTOPOMY
Havyany Bce npoueccel npu 0 K sBiastorcs aguabatHeiMu. K TakoMy
BBIBOJTy MOXHO TPUATH WIM B Pe3yJIbTaTe HEBEPHOTO NMPEANOJIOXCHUSA
o Bo3MoxHoctn mukia Kaprao ¢ 7,=0 K, w1y npu JonosHUATENLH
NPEANOJIONKEHUH, YTO U3MeHeHHe OHTpomuu (0S/0x)r npu OK,
KOHEYHO, XOTd U OTJUYHO OT Hyas. B ria. 4 nokasaHo, 4to, MO
TpeTheMy Hauany, (0S/0x)r—.ox—0, MmO3TOMy HyjleBas WU30TepMa
COBNAJAET C HYJIEBOM U303HTPOIOH, a cleqoBaTe/IbHO, U C aguabaTou.

Teopema KapHOo yka3plBaeT mNyTh NOBBILEHUS K.I.JA. TEMJIOBBIX
mamwH. OHa cepirpajla pyKOBOAMAINYIHO poOJib B Pa3sBUTHU OCHOB
TEMJIOTEXHUKU. XOTH HHM OJHA NpPUMEHseMas B TEXHWKE TerloBas
MammHa He pabotaer no mukiay KapHo, 3HauyeHHe 3TOro IMKJIA
COCTOMT B TOM, 4YTO OH MMeeT HauOOJbIIMHA K..A. MO CPaBHEHUIO
C IMKJaMy, paboTaroUMMU B TeX >XE€ TEMIEPaTYpHBIX Mpeleax,
U SABJIAETCA Mepo# K.m.JA. BCeX APYyrux mukjaoB (cM. 3amauy 3.20).

Eciu MammHa npu 3agaHHBIX BHEIIHHX YCJIOBUAX pabotaer mno
HEKOTOPOMY IMKJIy M IHOJIydaeT npu HeoOpaTUMOM IMKJIE TO Xe
KOJINYECTBO TEIIOTHI Q,, UTO M NpH 0OpaTUMOM, TO, MOCKOJBKY [CM.
(3.54)] pabora Wy, 3a HeoOpaTuMbli IHKJ MeHbOIE pPaGOTHI
W obpaTuMoOro 1MKIa, K. n. 0. HEOOPAMUMOLE MAUUHBL Myeosp = Wap/Q 4
MeHblue K.N.0. 00pamumoti Mauursl Nosp, = W/Q, (6mopas meopema Kapho):

nﬂeoﬁp < noﬁp' (3061)
§ 19. CAMOITPOU3BOJIBHBINA ITEPEXO/] TEILIOTBI

Bropoe Hauasto TepMOTMHAMUKH ISl HECTATHYECKUX MPOLIECCOB YKa3hIBAET
Ha onpe/eeHHOE HalpaBJICHHE ECTECTBEHHBIX MPOLECCOB. ITO 0COOEHHO
XOPOILIO BUIHO U3 NPUMEPa CaMONPOU3BOIBLHOTO HEPEXOAa TEIIOTHI IPU
TEIJIOBOM KOHTaKTE [ABYX TeJ C pa3/MYHbIMU TeMnepatypamu Ty u T,.

ITycTs npu 3TOM OT mEpBOrO Telda KO BTOPOMY 3a HEKOTOpOe
BpeMs dt nepeiiieT KoJMyecTBO TemwIoThl 0Q >0 (ajis HpPOCTOTHI
3amucd Mbl ynoTpebaseM 3meck 0Q BMecto 0Q,,). ITo BTOpOMYy
Havyajy SHTPONMsS 3TOW CHUCTEMBI TeJ NPU TAaKOM IpoOLEcce TOJKHA
BO3pacTH, nod3ToMy (cM. 3amauy 3.38)

dS=dS; +dS,=80(1/T,—1/T;)>0, (3.62)

otkyaa Ty>T,, T. €. TemjoTa CaMONpPOU3BOJBHO MEPEXOJUT OT Teja
c Oospmieit TeMnepaTtypodl K Tely C MEHbBIIEH TeMmepaTypou.
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OnpeneneHHas HanpaBJIeHHOCTb, OJHOCTOPOHHOCTH MNEpexofa Te-
JIOTHI IIPH TEIUIOBOM KOHTAKTE ABYX TeJl C pa3jM4HOU TeMrepaTypoi
BJIjETCS OOBEKTUBHBIM 3aKOHOM mnpupojsl. OIHaKO KOHKPETHOE
BIPaXEHUE J3TOT0 3aKOHa 3aBUCUT OT ONpeAe/icHUs MOHATUS
00JipIIasi WIM MEHbIIAs TeMmeparypa», WIH, 4TO TO Xe& CaMoe,
T BbIOOpa 3Haka TEPMOAUHAMMYECKOW TeMIepatypsl (s OOBIYHBIX
CTEM).

Ecnu npuHATH OTPUIIATEILHYIO TEPMOIUHAMUYECKYIO TEMIIEPATYPY
(pTO COOTBETCTBOBaJIO OBI TOMY, YTO MNpPU COOOINCHWM TEILIOTHI
OBIMHOMY TeJIy NPU NOCTOSHHBIX BHEIIHMX NapaMeTpax €ero TeM-
paTypa NOHWXaeTcs), TO BTOPOE Ha¥ajJo JMJIs HECTaTUYECKUX
npoLECCOB cOoCTOIO Obl B YTBEPXKACHUU YOBLIM SHTPOMUM CHCTEMBI
npu amabaTHRIX mpomeccax. loraa BMecTo HepaBeHCTBa (3.62)
bl UMeTH Obl

dS=8Q(1/T,—1/T;)<0,

orkyna T;<T,, T.e. TemjioTa CaMONPOU3BOJILHO NMEPEXOMUT OT Teja
C MeHbIICH TeMmepaTypoil K Tteny c OoJiplneil TemmepaTypoi.

IIpuHsB TEpMOAVHAMUUYECKYIO TEMIIEPATYpPY NOJIOXHUTEIBHOH, IO-
JIydaeM BBIPDAXCHHE ONHOCTOPOHHETO XapakTepa CaMONPOU3BOJILHOTO
nepexofa TEIUIOTHI MPH TEIJIOBOM KOHTAaKTE ABYX Tesa B Buae (3.62),
T. €. IpUXOAMM K (OpPMYJIUpOBKE BTOPOTO Hayaja TEPMOAUHAMHKH
[l HECTaTUYECKUX NPOLECCOB B BUJE YTBEPXKIACHUS O CaMONPOU3-
BOJILHOM II€peXo[€ TEIJIOTHI OT Teia C OoJipmiei TeMmnepatypoit
K Tely C MeHbHIIeH TeMmepaTypoll npd UX HENOCPEACTBEHHOM
TEIJIOBOM KOHTakKTe™,

B HayuHOI W y4eOHOM JUTepaType 4acTo NPUXOJUTCA BCTPEYATh
YTBEPXACHUE O TOM, YTO 3aKOH BO3paCTaHUsi SHTPONUM M 3aKOH
O CYyIIECTBOBAaHUM 3HTPONUU SBJIAIOTCA HE3aBUCUMBIMH INOJIOXEHUSIMU
U MO3TOMY C MOCJIEAHUM BIOJIHE COBMECTHMO MHPOTUBOIOJIOXHOE
YTBEPXICHHE «3aKOH yOBIBaHUS SHTPONUU» WIH KaKoe-HUOYAbL Apyroe.
HeobxonuMo, omHako, 3aMeTuTh cieayromee. Kak Mbl BUICIH, €CIH
NPUHATE TEPMOJUHAMHMYECKYIO TeMrepatypy (B ciaydasx OOBIYHBIX
CUCTEM) MOJIOXUTEILHOW, TO C 3aKOHOM CYIIECTBOBAHUS JHTPOIUH
COBMECTHM TOJIBKO 3aKOH BO3pDacTaHUs OHTPONUM U HECOBMECTUM
3akoH yObiBaHUs 3HTpornuu. ECiM e CYUTATh TePMOAUHAMHYECKYHO
TEMIIEpaTypy OTpULATENILHOHN, TO Bee Oyner Hao6opoT. BeiBoa 0 ToM,
4TO TEepMOJVMHAMUYECKAs TeMOeparypa HE MOXET MEHAThL 3Haka
(mpu KBa3WCTAaTUYECKUX MPOLECCAX), ABJIAETCA CIEACTBHEM CYLIECT-

* 13 H3NOXEHHOTO BHAHA OUIMOGOYHOCTL NPHBOIMMOTO B HEKOTOPHIX Kypcax
¢n3nkH BBIBONA O TOM, OYATO «yTBEPXJEHHE, YTO NPH HENOCPEACTBEHHOM TEIIOBOM
KOHTaKTe JBYX TeJ TeIIoTa BCerha NEPEXONMT OT Tena Oosiee HAarpeToro Xk Teiy
MEHEE HAarpeToMy, HE COCTABNIAET COAEPXAHME (U3MYECKOrO 3aKOHA, a ABJIAETCS
TIPOCTO ONpENEIEHHEM TOrO, Kakoe M3 IBYX TeJ YCJIOBHO Ha3biBaTh Oojiee, a Kakoe
MEHee HarpeThIM».
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BOBaHUsI SHTPONMU y BCSKOH DPaBHOBECHOM CHCTEMBI, a BBIOOp 3HaKa
3aBUCHT OT ONpEAC/ICHUs NOHATHsS «OOJbIIas WJIM MEHbIIasg TeM-
nepaTtypanr.

Bropoe Havano TepMOJWHAMUKYU NEHCTBUTEIBLHO COCTOMT U3 JABYX
HE3aBUCHUMBIX MOJIOXKEHUH, KOTOPBIE BHIPAXAIOTCA WJIM B BUJE

Q13W u W‘_‘-;Ql,

WK Ha A3BIKC SHTPONMUU — B CYIIECTBOBAHUU SHTPONUU U OOAHOCTOPOH-
HEM WU3MCHCHHMHM €€ Inpu HECTATHYCCKUX Iponeccax B ammabaTHBIX
HU30JIMPOBAHHBIX CUCTEMaAX.

§ 20. IIPEJEJIBI ITIPUMEHMMOCTH BTOPOI'O HAYAJIA
TEPMOJNHAMMWKH. HATIPABJIEHME BPEMEHM

[TpuMenuMoOCTh HavyaJl TEPMOJMHAMHUKYA OTPaHUUMBACTCS MPEXAE BCETO
paMKaMH CcaMoO#l TEpMOIMHAMHUKM —ee HpeIMETOM H HCXOAHBIMU
HOJIOXKEHUAMH. JIeHCTBUTENILHO, TEMJIOBOE JABUXEHUE, 3aKOHOMEPHOCTH
KOTOPOTO M3y4aeT TepMOJMHAMMKA, CYIIECTBYET JIMIIL B CHCTEMax
U3 Oonpmioro uuciaa vactun. IlosToMy 3akoHBI TepMOAMHAMHKH
HENPUMEHNUMBI K MHKPOCHCTEMaM, pa3Mephl KOTOPHIX CPaBHUMBI
C pazMepaMH MOJIEKyJl. DTO O3HA4aeT HE TO, YTO B TAKMX CHCTEMaXx
HapymiaeTcs BTOpPO€ Hauajlo,— BEYHBId [BUTaTeib BTOPOTO poja
OCYIIECTBUTh HEJIb3s C IMOMOINBIO JIFOOBIX cHcTeM®), a To, d9TO
TOBOPDUTH O BEYHOM JBUTaTeJIe BTOPOTO poJa Kak o0 YCTpOWHCTBe,
KOTOPOE HEKOMIICHCUPOBAaHHO INpeBpamaio Obl Temiory B paborty,
B NPHMEHECHWM K MHKPOCHCTEMaM JIMILEHO CMBICNA, MOCKOJBKY st
HHUX CTHMpaercs pasjidude MeXAy TeIloTod ¥ paboToi.

TakuM oOpa3oM, [Uis BTOpPOro Hayajia, Kak M JUis Bceit Tep-
MOIWHAMHKH, CYNIECTBYET HUMNCHAA 2PAHUyd €ro NPUMEHUMOCTH: OHO
HENPUMEHAMO K MHKpPOCHCTEMaM.

Bepxuas epanuya npuMeHMMOCTH BTOpPOTO Hayajia CBf3aHa C orpa-
HUYCHHEM NPUMEHEHNS TEPMOOUHAMMKA K CHCTEMaM TraJlaKTHYECKHUX

* C nepBoro B3risiAa MOXET TOKa3aThCH, YTO HANHYAE TEILIOBBIX (IyKTyarwmit
JlaeT TPHHIMNHAIBHYIO BO3MOXHOCTh NOCTPOEHHS BEYHOrO IBHMTaTejisi BTOPOro poja.
Ho sto ne Tak. PaccMoTpmm, nanpumep, (QuIykTyamuio IUIOTHOCTH B rase. Moxer
TI0Ka3aThC BO3MOXKHBIM «IOHMAaTh» BO3HHKAIOIIME DA3HOCTH NABJIEHHA C NOMOILLBIO
CTEIMAJIBHBIX KJIANAHOB M anmapaToB, MMEIOLMX NEN0 C OTACIbHBIMH MOJIEKYJaMu
[raxue yctpoiicTBa (cymecrsa) B. ToMcoH HasbiBan «neMoHaMum MakcBeiia»], H HC-
NONIb30BaTh WX MJIA COBepiieHHs paboTsl WM pasneneHus cMecH ras3os. Onmako 3To
HE TOJBKO MPAKTUYECKH, HO M TEODETHYECKH HEBO3MOXHO. Bce Hamm ammapartsl,
KJamaHel M T. . CaMH COCTOST M3 MOJEKyl M caMH o001ajaloT HEKOTOPHIMH
KoneOaHHAMH OKOJIO TOJIOXKEHHS PABHOBECHA, NPHTOM COBEPLICHHO HE3aBHCHMBIMH
oT koinebGauuit mioTHOocTH rasa. XKemaemsldf pe3ynbTaT MOXHO Obulo OBl mONYdYHTH
B HEKOTOPHI ONpeleleHHBIA MOMEHT BPEMEHH, HO B CICAYIOIIMHA € MOMEHT OH
KOMIIeHCHpoBayics Onhl cHoBa konebaHuAMHM annapata W rasa.
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pa3MepoB, BCIEACTBHE JajIbHOACHCTBYIOHIETO XapaKTepa Onpeaesis-
OIe poJIM B HHUX TpaBUTAlMOHHBIX CHJI, KOTOpBIE IPUBOAAT

HEBBIIOJIHEHUIO B TAaKUX CHCTEMax MCXOAHBIX IIOJIOXKEHHMH KJjac-

Emecxoﬁ tepMoauHaMukd. IToatoMy ©6e3 0000mEeHHss HCXOAHBIX
OJIOXEHMH TEPMOJMHAMHKM [JI1 KOCMUYECKMX CHCTEM BTOPOE HA4allo
HENb3s NPUMEHATH K OOJIBIIMM yyacTtkaMm BcesieHHOH M TeM Ooree
Ko Bcenennoil kak wneon™,

Mexy TeM HEKPHUTHYECKOE NEPEHECEHHE 3aKOHOMEPHOCTEH 3EM-
HOr0 MakpOCKOIIMYECKOTo ONbITa Ha BCeleHHyIO0 Kak Iesioe IPHBOIUIIO
K aHTHHAYYHBIM BBIBOJAM O «TEIUIOBOM cMmepTu» BceesneHHOM.

B 3axoH4YeHHOM BHE KOHLENIMSA «TEIUIOBOH cMepTH» BceenenHoH
Oblia chopMysimpoBaHa OGoJiee cra JieT Ha3al Ha OCHOBE paboT
Knaysuyca**), koTopslif, pacnpocTpaHss 3aKOHBI TEPMOJMHAMHUKH Ha
Bceniennyio Kax nesioe, nucajl : « JHEpTHst MHpa OCTAeTCS NMOCTOSIHHOMH,
SHTPONHS MHpPa CTPEMHUTCS K MakCUMyMy». OTO O3HA4aer, 4TO
Bcenennas pano MWiIM NO3JAHO NPHUAET B COCTOSHUE TEPMOJMHAMMYEC-
KOTO paBHOBECHS; TOTAA BCE NMPOLECCH NMPEKPATATCS ¥ MHUP HOTPYy3HT-
Cd B COCTOSHHE «TEIUIOBOM CMEpTH», TeMmepaTypa BO BCEX MeC-
tax BcenenHoit Oymer ogHOM M TOM Xe, OAMHAKOBHIMM OymyT U BCe
JApyrde HHTECHCHBHBIE TapaMeTpsl U Oojblne yxe He Oyner npH-
YMH, CHOCOOCTBYIOIIMX BO3HMKHOBEHHIO KakKux Obl TO HH ObLIO
HPOIECCOB.

Konnenmus «rtemyoBod cMeptu» BceleHHOH HEMOCPEACTBEHHO
BeCT K IMONOBIIMHE.

Surensc noasepr B3rAAbl Kiaysuyca pe3Kod KpHTHKE, IIOKa3asB,
4YTO KOHILENIMS «TEIJIOBOH cMepTH» BcelieHHON NMPOTHBOPEYUT 3aKOHY
COXpaHEHHMsl M NPEBPALICHMsS SHEPTHH, TaK KaK 3TOT 3aKOH, KaK MBI
yX€ OTMEuYalJid, TOBOPUT HE TOJILKO O KOJIMYECTBEHHON HEyHHY-
TOXHMMOCTH JIBH)KCHHMS MaTEPUH, HO M O HEYTPAuMBacMOH CIIOCOOHOCTH
K Ka4eCTBEHHBIM IPEBPAINCHUAM pa3JIMYHbIX (OpM [BHXXECHHS OJHA
B [JpYTYIO.

IlepenoBrle pu3MKM NPONUIOrO BEKAa TAKXE BLICTYyNAJIH IPOTHUB
konnenuuu Kraysuyca.

Bosnpiioe mporpeccCMBHOE 3HAYCHHME HMEJIM B 3TOM OTHOIIECHHHM
paboTsl Belaromierocs ¢Gu3uka-martepuanucra bosbnMana.

B nporuBOoBeC KOHLENIMH «TEMJOBOH cMepTH» Bcenenno#n
BonbiMaH  BeIABHHYN «(JIYKTyalMOHHYIO THUNOTE3y». boJjbnMaH
BNEPBBIE YCTAHOBWJI CTATHCTUYECKYIO MPHpPOJAY BTOPOTO Hayana

* CucreMa, 4acCTBIO KOTOpOil sBiseTcss Habmionaemas mamu Beenennas (Me-
TarajJakTHKa), Ha3bIBaeTCH Bcesennoii kax yeaoe (B kH.. beckoHeuHocTh M BcenenHas.
M., 1969).

**) C Tex mop 3Ta «TEOpHs» TONYYHIA NOBOJBHO IIHPOKOE PACTPOCTPAHEHHME.
Tak, Hanpumep, B kH.: J. Jeans. The Universe around us (Cambridge, University
press, 1930, p. 320) unraem: «BceneHHas He MOXET CyLIECTBOBATH BEYHO; PAaHO WM
TO3JHO HOJDKHO HACTYNHTh BpEeMs, KOTAa ee TOCIEAHWH 3pr SHEprHH IOCTHIHET
HaWBBICHIEH CTYNEHM HA JIECTHHLE NANalolied NOJE3HOCTH, M B 3TOT MOMEHT aKTHBHAs
KH3Hb BeenenHo# nomxHa Oyxer npeKkpaTHTHCS».
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tepMoauHaMuku. CocTosiHHE TEPMOJMHAMHUYECKOTO PAaBHOBECHS, IO
BonpuMany, SBJSeTCA JIMIUL Hauboyiee 4acTO  BCTpEYarouumcs,
HauboJiee BEpOATHBIM; B PAaBHOBECHOH CHCTEME BCerga caMo-
HpPOM3BOJILHO MOTYT BO3HMUKHYTH CKOJIb YroJHO Oonbine Qiykryanmu.

Pacnpoctpanss 314 BbIBOABI Ha BcenieHHyro kak nesoe, bonbnMan
NpUIles K 3aKJIIOYeHHo, 4yTo Bcenennas Haxoaurcs, BooOuie roBops,
B COCTOSHUM TEPMOAMHAMMYECKOTO pABHOBECHS, OJHAKO B HeEH
HEM30EXHO BO3HMKAIOT CKOJIb yrogHo Oosibiume ¢iykryanum. Taxoi
OrpoMHOHN (JyKTyanuen sBiseTcs Ta 4acTb BceseHHOH, B koTopoi
Mbl Haxoaumcs. Bcskas (iykTyanus [OOJDKHA HCYE3HYTh, HO CTOJIb
ke Hen3bexHo OyayT Bo3HMKATh GUIykTyamuu noJoOHOro poaa
B Apyrux Mectax Bceenennoit. Takum oOpa3om, nmo boisnmMany,
OMHM MHpHI norubaror, a Apyrue — BO3HUKAIOT.

IMpotuB ¢nyxryanuonHoit rumote3bl BosibiMana Obl1 BBHIABUHYT
paa  Bo3dpaxeHuid. OOHMM M3 HUX SABJISETCA MCYE3aIOIIe Majas
BEPOATHOCTh CKOJIbKO-HUOYAL Oonbmmx Quykryanuit. Hu kxonnenmus
«TEMJIOBOH CMEPTU», HU «(DIYyKTyalMOHHAA TUNOTE3a» HE YYMTHIBAJIA
cneiuky Bcenennodt kak rpaBUTHpYIOHIEH cucTeEMBL. B TO Bpems
Kak [JIs MAeaJIbHOTO raza HauboJiee BEPOSATHBIM SABJISETCH paBHOMED-
HOE paclpelesieHHe 4YacTHil B NPOCTPAHCTBE, B CHCTEME TpaBUTHPY-
IOLIMX YacTHIl OJHOPOAHOE pacHpeiesicHHe HE COOTBETCTBYET Mak-
cuMainbpHON 3HTponuH. O6pa3oBaHue 3BE3A U TaJIaAKTHK M3 paBHOMED-
HOTO pachpeAesicHHs BELIECTBa NPOMCXOMUT HE BCJIEACTBHE (IIYKTY-
aiyi, a SBJIIETCA €CTECTBEHHBIM IPOLECCOM, HIAYHIIMM C pPOCTOM
SHTPOIMHY.

B Hacrosimee BpeMs BONpoC O «TemioBod cMeptu» Bcenennoi
CTOMT HHaYe, YeM Bo BpeMeHa Kinaysmyca — BosibiMana ¥ HelaBHEro
IponuIoro. B COOTBETCTBMM C COBPEMEHHBIMU JaHHBIMHM HaOJIFOICHUI
MerarajnakTuka OpeACTaBiISeT COOOH pacHIMPSAIOLIYIOCS CHCTEMY W,
ClleIoBaTEIIbHO, ABIAETCA HectanumoHapHod. [loaToMy Bompoc o «Te-
njoBoi cMepTh» BceenenHoll Henwb3s Haxe CTaBUThH (CM. T 8).

Heo6paTtuMoe Bo3pacTaHMe SHTPONMH B 3aMKHYTHIX CHCTEMax IO
BTOPOMY Hauajly TEpMOAMHAMUKM OOYCJIOBJIMBAET OTJIMYUE OyIyIIHX
COOBITHH OT mnpomeAmux. 1o npuBeso BonbpnMana k Meiciun 00
HCIOJIb30BAHMM BTOPOTO Hayajia AJis OMNpPEICJICHHS pPOCTa BpPEMEHH.
Hame Bpems, no bonbnMany, pacter B TOM HanpaBJieHHH, B KOTOPOM
BO3pacTaeT 3HTponus B obuTaeMod HaMHu yacTH Bcenennoif; B ToH
yacTu BceneHHOH, B KOTOPOH MPOTEKAIOT OTKJIOHEHMHA OT paBHOBECHA
(bnykryanuu), BpeMs TedeT B OOPAaTHYIO CTOPOHY.

B paborax 1960—1963 rr. Xoi#n mnpeanaran onpenensTs IMoJo-
XKMTEJIbHOE HANpaBJICHUE BPEMEHH («CTpeJly BPEMEHMW») IO paciiupe-
HUIO BcesleHHOH, T. €. MO YBEJIMYEHHIO DPACCTOSHUS MEXIY TajlakTH-
kamu. EcnM pasblue rajaktvku cOJIMXaiuch, TO M BpeMs, no Xoiiy,
TEKJIO B MPOTHUBOIOJIOKHYIO CTOPOHY IO CPABHEHHIO C COBPEMEHHBIM.

W3BecTHa Taxkxe NpUYMHHAs TEOPUSA BPEMEHH, COTJIACHO KOTOPOM
BPEMEHHON MOPAJOK OT HNPOIUIOTO, Yepe3 HacTosflee K Oyaymemy
XapaKTepHu3yeTcs NPUYMHHBIM MNOPSAKOM: OT NPUYHHBI K CJIEACTBHIO.
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Opnako, KaK MOKa3bIBacT aHAJU3, MPU ITOM JOIMYCKAETCH JIOTHYECKHMI
Kpyr: [JI NpUYMHHOTO MOPsAAKAa HESBHO MCIOJIb3YETCH HOHATHE
BPEMEHHOTO NOpPAAKA, KOTOPOE HEOOXOAMMO BBIBECTH.

Bonpoc 00 acuMMeTpHH BpeMEHHOTO mopsika (HeoOpaTHMOCTH
BPEMEHH) [0 CHX HOp HE MMEET OAHO3HAYHBIX M OKOHYATEJBLHBIX
peLLeHu.

ITo MHeHuMIO aBTOpa, HAaNpPaBJICHHME BPEMEHHM COAEPXKHUTCH B CAMOM
ONmpelesicHUH KaTeropuM BpeMEHM Kak GopMbl ObITUS MaTepui,
BBIpaXaroleH NpouecC B3aNMOINEPEXOA0B MEXAy ObITHEM U HEOBITH-
eM. Pa3nmupme MeXAy HaCTOAUMM, NpOIUIBIM M OyAymuM ecTh
pasjiM4aMe MeXAY OCYLIECTBIISIOIIMMCS, OCYIIECTBHBIIMMCS M MOKa
elle He OCyIIecTBUBIIMMCSA. BpeMeHHOH acnekT M3MEHEHHs BbIpaxaer
MMEHHO TPOLECC CTAHOBJICHHA. AKT CTAaHOBJICHHS, OCYIIECTBJICHHS —
3TO TO BEYHO [BHXYIIEeCd M BEYHO MnpeObIBarollee COCTOSTHHE
MaTepUajibHOTO MHpa, KOTOPOE ¥ BBIPAXAETCH B ACHCTBUTEIBHOCTHY.

Orcroga BHAHO, YTO «CTpesja BPEMEHM» HMeeT OOBEKTHBHOE
HanpaBJieHHE B OJHY CTOPOHY —OT HEOBITHSA K OBITHIO, B CTOPOHY
pa3BUTHs NPEIMETOB, UX CTAHOBJICHHS, IOCTENEHHOTO (OPMHpPOBaHUSA
¥ rubenM Kak TakoBbIX. JTa HEOOPaTHMMOCTH HamnpaBieHMs BPEMEHH
CylIeCTBYeT Kak B MHpE BO3pacTalolleil SHTPONMUH, TaKk M B MHpE
bnykryaumit BosblMaHa, Kak B pacCHIMPAIOIICHCHA, Tak M B CXHUMa-
ronrelicss Beeniennoil. OmnpeneneHus HampaBjeHMs BpeMeHH no bosib-
oMaHy WM 1o XOWJy SBJIAIOTCA SMIMPUYECKUMH, YAOOHBIMM AJIs
NPaKTHYECKOTO ONpEAEICHHs] pOCTa BPEMEHHM, HO OHHM €CTh CIEACTBHUA
OOBEKTUBHOTO HamNpaBJIEHHs BPEMEHM, BBITEKAIOLIECTO M3 COJEpXKaHHUSA
CaMoro MOHATHA BPEMEHH.

3AJAYHN

3.1. Bo3MoXeH JHM TNpoUEcC, NPH KOTOPOM TEIUIOTA, B3STas y TEIJIOMCTO4HHKA,
TIOJIHOCTBIO TpeBpamaercs B pabory?

3.2. Tlouemy oumbo4HO CylIECTBOBaBIIEE NPEACTABIEHHE O TOM, 4YTO TIEPEXOX
TEIUIOTHl OT Teja C Oonbiliedl X Tely € MeHblUeH TeMmepaTypodl aHaJIOrHYeH
OINYCKaHHIO BECOMOTro Tena ¢ Gonbuiedl BBHICOTHI X0 MeHbLIeH?

3.3. Ha ropsuyro necuanyro 6aHr0O CTaBMUTCS BBICOKMH XMMM4YECKMI CTakad, Ha IHO
KOTODOrO HAJMT Clof aHWIMHA, a CBEpPXy NO4YTH Xo KpaeB Bona. Yepes
HEKOTOPOE BpeMs Kaluls aHW/JMHA TIONHMMAaeTcs K CBOOOIHOH mOBEPXHOCTH
BOABI, coBeplias paboTy INpPOTHB CHJI TSDKECTH, a TOTOM CHOBA TMAajaeT Ha
IHO. JTOT mpouecc OyAeT NMOBTOPATHCA IO TeX Nop, moka OaHs HarpeBaeTcs.
Kak o6wacHuTs Takoe nsuxeHue kxamin? He npoTMBopeyHT 1M OHO BTOpOMY
Hayally O HEBO3MOXHOCTH TEPHOIMYECKOTO COBEPIICHHS DPaGoTHl NMPH HCNOJb-
30BaHHM TEIUIOTH TOJNIBKO ONHOrO HMCTOYHHKA?

3.4. KpacuBylo HarIsgHYylO HUIIOCTPAlUMIO BTOPOro Hayajla TEPMOAMHAMUKH [aeT
nerckas urpymka «IItmuka Xotrabwiva» (puc. 13). Ona mnpexcrasiser coboit
CTEKJIAHHYIO, HAarjiayxo 3anasHHylo (HrypHY:0 ammysly Ha METaJUIM4eCKOH OCH.
AMnyna HanoJiHeHa JIerKO HCTapsIomeics XHAKOCThI0. B paBHOBECHH CTBOJ
NTHYKK OTKJIOHEH Ha HECKOJbKO TIPalyCoB OT BEPTHUKANH. [oNoBKa M KIIOB
HOKPLITHL TOHKHM ClI0eM BaThl. ECIIM HEMHOTO YBIAXHHTb T'OJIOBKY, ONYCTHB,

* Cm.: Acknn . ®. TIpo6iema Bpemenrn. M., 1966.
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3.6.
3.7.

3.8.

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.

HanpuMep, KJIOB B CTaKaHYMK C BOJOW, TO NTHuKa mocne sToro Oymer cama
HENpPEPHIBHO IMHUThH» BOAY U3 CTAKaHYMKa. OOBICHUTH TaKOE «IOBENECHUE» NMTHYKH.
HuddepernuanbHoe BHIPaXKEHHE 3JIEMEHTA TEMIOTHl (0 TOJOHOMHO TOJIBKO IJIS
TEPMHYECKH OQHOPOAHHIX cucTeM. Ilokas3aTh, 4TO AN TEPMHMYECKH HEONHOPOIHBIX
cuCTeM 3 HEroJIOHOMHO.
Hoxazare Teopemy I'm66ca 06 SHTPOIMM CMECH HICAJIBHBIX Ta3oB, HCHONb3YS
3akoH JlampToHa.

Iloxa3aTh, 4TO pasHOCTh TemmepaTyp Mexay 1073 u 1073 K okpuBanenTHa
pasHoctH Temnepatyp Mexnay 3 u 300 K, T. e. paBHble TeMNepaTypHbIE HHTEPBAJIbI
AT mo mikane KembBHHA HE SKBHUBAJICHTHBI.
TepMuueckoe U KalOPH4ECKOE YPAaBHEHHA COCTOSHHS MAEAJIBHOrO JIEKTPOHHOrO
rasa Cfi3aHbl COOTHOmeHHeM pV=2/,U. HaWiTu ansd 3TOro rasza ypaBHEHHE
aguabatel B mepeMeHHBIX p, V u T,
Koapdunuenr obbemnoro pacumpenuss o Boxsl mpu 4 °C  u3MeHSeT 3Hak,
6ynyun mpu 0° C<t<4 °C penuuuHod oTpuuarenbHoH. [Toka3ats, 41O B 3TOM
UHTepBaJle TeMMNEPATyp BoXAa NPH aauabaTHOM CKAaTHH OXJaXHaercs, a He
HarpeBaercs, Kak NpYrHe XHIKOCTH M BCE rasml.
IMonb3ysch OCHOBHBHIM YDaBHEHHEM TEPMOIAMHAMUKM, YCTAHOBUTL mpaBwiio Mak-
cBENNA: Ha JuarpamMme V, p miomagd, o6pasyloumMecs NpH IEepece4eHHn
u3oTepMsl Ban-nep-Baansca skcrepuMeHTaNbHOM npsMoil H30TepMOil — H306apoii
ae (puc. 14), COOTBETCTBYIOLICH PaBHOBECUIO XHUAKOCTb—IIap, OXMHAKOBBIL
Beruucuth 3HTpomuio raza BaH-nep-Baansca u HafiTH ypaBHeHHe ero aamabaThl.
Beruucaute passocts C,—Cy nns rasa Ban-nep-Baameca.

Tloka3aTh, 4TO BHYTPEHHSS SHEPrus BELIECTBA C YPABHEHHEM COCTOSHUA B Gpopme
=Tf(V) ue 3aucur or oGbeMa.

CTaHOBUTb, YTO BHYTPEHHASA OSHEPrUs HIEAJIHHOTO MapaMarHETHKA 3aBHCHT
TOJNBKO OT TEMIEPATYpBhIL.

Boryucnute pasHocts Cg— C, MeXOy TEMIOEMKOCTSMH NPH NMOCTOSHHOM Hampsixe-
HUM U TOCTOSHHOH pnedopmanuu AN TBEPAOro YNPYroro CTEPXKHS.
Beruucauth pasHocte Cyp— Cp MEXAY TEIUIOEMKOCTSMH TPH MOCTOAHHOM HaTsbKe-
HHA ¥ TIOCTOSIHHOW JJIMHE PE3MHOBOro XryTa, TEPMHYECKOE YPABHEHHE COCTOSHUS
KOTOPOrO HMMeeT BHI f=CT[1/Io—(lo/l{2], roe f—Harsxerue, C=const>0,
|—nnvea. IToka3aTh, 4TO BHYTDEHHSS SHEPrus TAKOH DPE3MHBI 3aBHUCHT TOJIBKO
OT TEMIEpaTypbl U YTO NPH PACTSHKEHHH OHA HarpeBaeTcs.

Boruucnuth pasHocth Cp—Cp MEXIY TEIUIOEMKOCTAMH AM3IEKTPHKA MPU MOCTO-
SIHHOW HanpspkeHHoCTH E mois W npH TOCTOSHHOM cMelleHuu D.

Toka3aTe, YTO JJIs BELIECTB, Y KOTOPBIX NABJIEHHE ABJIACTCSA JNUHEHHOH QyHKiueH
Temnepatypsl 7T, TewioeMkocTs Cy HE 3aBHCHT OT o0beMa.

B kxoMHaTy C yaMusl BHOCHTCS XxojomHoe Teno. Iloka3ate, 4TO mNpU 3TOM
BHYTPEHHSS OHEPrUs TeJa YBEJMYMBACTCS 33 C4ET OSHEPrMM HApPYXXHOro, a He
KOMHATHOrO BO3[yXa M YTO NPU OTOIUVICHHH BHYTPEHHSS SHEPrHA U SHTPONMS
KOMHATHOrO BO3JyXa YMEHbIIAIOTCH.



3.20.

3.21.

3.22.

3.23.

3.24.

3.25.

3.26.

3.27.

TToxa3ate, yto mwukn KapHo obnanaer A
HauOONBINMM K. 1. . TO CPaBHEHHIO P
CO BCEMHM JApPYrUMH IHKJIAMH B TeX
K€ TEMIIEPaTypHBIX HpENeNnax.
BbI4HMCTHTH K. II. A. BO3AYIIHOH Ma-
OiMHel, pabGortatomedt mo mukiay Cru-
PJIMHTa, COCTOfIIEMY M3 MOBYX H30-
Tepm T=T,; u T=T,, nBYX H30XOp
V=V, u V=V,, U CPaBHUTb €ro
¢ K. M. A. MammHel, paboTaromeit mo
mukny KapHo ¢ TeMu Xxe Temme-
patrypamu T; u T,. o
PaccmorpuM mukn Kapro ¢ Bopoit v
B KauecTBe pabouero BemecTBa. Tem-

TepaTypsl TEIUIOOTAATYMKA U TeEmlo-

NpUEMHHKAa PaBHBl COOTBETCTBEHHO Puc. 14.

6 u 2°C: mpu 6 °C Boma wusorep-

MH4ecKH paciuupsieTcsi, a mpu 2 °C-—H30TepMHYECKH CkuMaeTcs. Beneacreme
aHOMaJILHOrO MOBefeHus Boasl mpu t<4 °C mpm obewx Temmepatypax OGymer
MHONBOAUTLCA TEIIOTA M MOJHOCTBIO NpPEeBPAIlATLCH B paboTy, 4TO HAXOmUTCH
B NMPOTHUBOPEYHH CO BTOpHIM HayanoM. Kak paspenmrts 3TO mpoTuUBOpequne?
Briyncnutey k. m. o, mukiga Jlemyapa, COCTOSMIIEro W3 H30XOpHoro I—2, amu-
abatHoro 2—3 u u3obapuoro 3—I mpoueccos (puc. 15). ITapamerpom muxia
SIBJISIETCS CTENeHb IOBLILECHHUS NABIECHUSA d=p,/p;.

Haiity k. m. 0. [BHTaTens BHYTPEHHEro Cropasus, paboTaiomero mo IMKIY
OTTO, B KOTOpDOM CXaTHE M pAacUIMpEHHE TOpIoYed CMecH NpOM3BOAATCA
anuabaTHO, a ee ropeHue NPOMCXOAUT MPH TMOCTOAHHOM oOseme (puc. 16).
ITapameTpoM nuKna ABASAETCA CTENEHb CxaTHs €=V, /V,.

Haditu X. m. g. nBUTaTens BHYTPEHHEro cropaHud, paboTarolmiero mo umKiIy
Ouszens, mmarpamMma kxotoporo usobpaxena Ha puc. 17: [I—2—ammabaTHoe
cxathe arMochepHoro Bosayxa, 2—3—mu3obapHoe pacumpesde (BIPLICKHBaAHHE
roproyeli cMecHm H ee cropanme), 3—4-—anmabaTHoe pacumpeHue, 4—I]—
u30xOpHOe oxyaxaeHue. I[lapamerpamMum nukna SABAAIOTCA CTENEHb CXATUSA
e=V;/V, u creneHp NpPeNBapHTENBHOrO pacHIMpeHus p="Vi3/V,.

IMpouecc muddy3un pa3nuuebix razos HeoOpatum. Kak MOXHO OCYIIECTBHTH
cMmemreHne razos  obparumo? Uemy paBHa OJHTPONHMS CMECH  Da3JIMYHBIX
UIeaNbHbIX ra3zos?

Cocyn ¢ umealbHBIM ra3oM pa3jieieH MeperopofKod Ha [Be DaBHbIE YacTH,
B KaXJIO# M3 KOTOPHIX B 06beMe V' COIEPXKUTCA MO MOMNIO ra3a NMpH TeMIIEpaType
T. DuTponus rasza B Jro6oi u3 yacreit paBHa S=CyIn T+ RIn V+S,, a suTpOnHA

| ) TA 5

2 -/
4

3 /

1
!
5 2 8 Kl
Puc. 15. Puc. 16.
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3.29.

3.30.

3.31.
3.32,

3.33.

3.34.

3.35.

88

i\ BCEr0 ra3a paBHa CyMME O3THX O3HTPO-
muii  obenx wuacte cocyma: S;=28=
3 =2CyInT+2RInV+2S,. Tlocne yna-
JNeHust meperoponkd obe mopuuu rasa,
HaxoILIMeCs TPU PABHBIX TEMHOeEpaTypax
2 U AaBJEHUM, CMEUIMBAIOTCH APYr C npy-
roM U Becb raz OynerT 3aHMMaTh 00BEM
2V. DHTpomHs rasa mocjie CMELICHUs
pasHa Sy=2Cy InT+2RIn2V+2S,. Us-
4 MEHEHHE SHTPONHUH NpH CMEHIeHHH OyaeT
AS=S;—S1=2RIn2. C npyroii CTOpOHHI,
TaK Kak OpU CHATHH MNEPErOPOIKH B CH-
1 CTEME C ABYMS NMOPHUSAMH OJHOTO W TOrO
K€ raza HUKakoro TepMOAWHAMHYECKOrO
mporecca He MPOUCXOAHUT, TO €€ SHTPOMHUS
ey npH 3TOM HE JOJKHA U3MeHAThCs. OO0b-
) SICHUTb, B 4YEM COCTOMT OLIMOKA TaKoro
Puc. 17 paccyxneHus, npusenuiero k AS#0.
© o0 3.28. Cocyn ¢ wuneanbHBIM ra3oM pasnesieH
Neperopoikofi Ha JBE paBHbIE 4YacTH, B KaXJOH M3 KOTOPHIX B 00beMe
V conmepxurcs mo v Monell rasa. Iloka3zaTh, 4TO MOCNE CHATHS TIEPEropOAKH
SHTPONUSA CHCTEMBbI DPaBHA CYMME OSHTDONHMH CMELIMBAIOLIMXCA 4acTell rasa,
Kaxzaas U3 KOTOpPbIX B OTHNENLHOCTH 3aHMMaeT o00beM Bcell cucTeMsl,
muayc 2vRIn2.
Haiitn sHrpomuiro AS cmemienns npu nuddysun nsyx mopuuit 4 U B omHoro
U TOro Xe€ rasa, UMEIOIINX JO CMELICHHS OXWHAKOBBIE 00bEMBI V' M TeMmnepaTypy
T, HO pasHble naBieHust (T.e. pa3Hoe uucno wactuyg N, u N,). Onpenenutsb
obnacte uzMeHenus AS npu usMmeHeHud N; u N,, HO coxpaHeHuu obuero
yucna yactun N,+N,=2N.
Haiitu suTponuio cmemienust AS ra3oB A U B, Kaxablii U3 KOTOPbLIX NpPeACTABIAET
coboit cMech w3 N uactui unpeansHblx razoB C u D, nmpuyeM ra3 A4 CONEPXHUT
Nx; gactun C u Nx, wactun D, a ra3 B—Ny, uactug C u Ny, wuactun
D(x;+x,=y;+y,=1). Onpenenurs o6nacTs u3MeHeHHA AS NpU H3MEHEHUH
coctaBa rasoB 4 u B c coxpaHeHMeM uucna N 4YacTHHI B KaXIOM rase.
3 M3 NO muopdynmupyior B 3 M> SO, mom MOCTOSHHLIM OBLIMM JABJEHHEM
2020 I''la 1 Temnepatype 0° C. BBI4HCIUTH HM3MEHEHHE SHTPOIHH.
BoruucnuTh U3MeHeHHe SHTponmuu AS NpU CMEHIEHHMH INBYX DaBHBIX MAacc OJHOro
U TOro e WAeanbHOro rasa, HaXONMLIMXCSA NMEPBOHAYAIBHO: @) MPU OXMHAKOBOM
IaBJeHWM p W pasnuyHelx Temmeparypax 7T, u T; 0) mpu oOmMHAKOBOM
TemnepaType T ¥ pasaM4HBIX JaBIEHUAX p; U p,. Omnpenenutrs oGnacte
mmeHenns AS B oboux ciyyasx.
Ha npumepe BHYTpeHHe#l SHEPrMM W OSHTAJBIHMH HOEAJNBHOrO rasa I10Ka3aTh,
YTO B OTJIMYME OT JHTPONMHU U3MEHEHHE 3TUX ANMUTUBHBIX (QYHKHMH COCTOSHUS
TmpH CMEINEHHWH ra3oB HE MCHBITHIBAET CKayka MpH MEPEXOJE OT CMECH Pa3HbIX
rasoB K CMECH OJMHAKOBBIX ra3oB.
PaccMoTpeTh HM3MeHEHHE IUIOTHOCTH ra3a MpH ero M30TEPMHYECKOM CMELICHHM
C pa3iMYHBIMM ra3amMM M Ha J3TOH OCHOBE pas3biACHHTH mapanokc I['ubGca
U mapanokc DWHIITEMHA, MCMOJB3YsA BLIPAXEHHS AN SHTPOMHU U BHYTPEHHeEN
3Heprum cyiabo BBHIPOXAEHHOrO HAEANBHOro rasa u3 N aTomoB B oObeme V mpu
Temnepatype T:

v s NK 3 5 K
S EUSANANE. (oS R V'Y | B PRI\ S |
S=kN [“N+32 V(nka)3’2] 2 [ 16 V(nka)W:I

roe k—mocrosHHas bBosbinMana, m—macca aTomoB, A—mnocTosinHas IlnaHka,
8=—1 mns Boze-raza u =1 paa Pepmu-raza.

BHyTpeHHss 3Heprus cnabo BBIpOXIEHHOro rasa u3 N atoMoB B obveMe V mpu
Temnepatype T paBHa



3.36
3.37.

3.38.

3.39.

3.40.

341.

3.42.

3.43.

3 S Nh?

v 2NkT[l+16 V(nka)3’2]’
rne k—mnoctosiuHas bonbnMmana, m—wmacca aToMoB, h—mocTosiHHas [InaHka,
8=—1 ana Bose-raza u d=1 mis depmu-raza. Haiitu usmeHenne TemmepaTypsl
NpH MepeXone OT anuabaTHOro CMeHIEHHs CKOJb YrOAHO ONM3KUX BBLIPOXIEHHBIX
ra3oB K CMELIEHHIO TOXIECTBEHHBIX Fa30B.
Mons uneansHOro rasa, 3aHmMas ooseM V', aguabaTHO pacuiMpsieTcss B BaKyyMe
0 obbema V,. BRIUMCINTL H3MEHEHHE SHTPOIHUH.
Ilo BTOpoMy Hauany paboTa mNpU PaBHOBECHOM M3OTEPMHYECKOM KDPYTrOBOM
npouecce paBHa Hymro. I[lokasaTh, 4TO NPH HCHOJIB30BAHMH HEPABHOBECHBIX
MpOLIECCOB BO3MOXEH KPYroBOH mpomecc ¢ OTIM4YHOH OT Hynas paboroil mpu
OJHOM TEPMOCTATe.
IIpn KpaTKOBPEMEHHOM TEMJIOBOM KOHTAKTE JBYX Tel KOJHYECTBO TEMIOTHI
0>0 mnepenuio OT mepBOro Tena ¢ TeMmepatypod T; KO BTOPOMY Teay
c Temnepatypoii T,. Bpl4HCANTBL H3MEHEHHE OSHTPONHH 3TON CHCTEMBI Tel.
MOXHO 1M C4HTaTh, YTO U3MEHEHHE SHTPONHUH MepBoro Tesa pasHo AS; =—Q/T;,
Broporo tena AS,=Q/T,, a U3MEHEHHE SHTPOINHU BCEH CHUCTEMBI MpPH TENMIOBOM
KOHTaKTe AS=AS1+AS2=Q(1/T2—1/T,)?
Cucrema agnabaTHO pacHIMPAETCS MEPBLIA pa3 KBa3UCTATHYECKH, a BTOPOH pa3
HectaThyeckd. Ecnu yObuts BHYTpeHHedl JHepruu B OOOMX Ciyyasx OfHAa M Ta
*e, TO mO mepBoMy Hawalny OW=30W,,. Kak 3To cornacopaTb cO BTOpBIM
HayajoM, COrjacHoO KoropoMmy OW>O8W,,?
IIpennonaras, uro Mexay SHTponueil S U BEPOATHOCTBIO W COCTOSIHHS CHCTEMBI
CYIIECTBYET HEKOTOpas (yHKIHMOHAJIbHAsA 3aBUCHMOCTH (NMpUHIMN bBonbimana),
U Ucnonb3ys obuine CBOMCTBA SHTPONUM U BEPOSTHOCTH, YCTAHOBUTH COOTHOIIEHHE
Bonpnmana S=kIn W.
JBa Tena c¢ Ttemneparypamu 27 u 28 °C mpuBeneHbl B CONPHKOCHOBEHHE. 3a
HEKOTOpOe Bpemsa OT Tena ¢ OGonbuied TeMnepaTypodt K_Tely C MeHbLIEH
TEMIIEPaTypOll TEPENUIO KOJMYECTBO TemloTwl, paBHoe 1077 Ix. Omnpenenuts,
BO CKOJIbKO Pa3 BCJEACTBHE 3TOro MEPEXona U3MEHHTCS BEPOATHOCTH COCTOSHHS
JIaHHbIX Tesa. Yemy paBHa BeposTHOCTH oOpatHoro mepexona? Kak wusmeHutcs
pe3yabTaT i MEPEXona KOJNHMYECTBA TEILIOTHI, paBHoro 1,2-107 16 JIx?
Mpu Haxoxpesuu X. m. 1. N=(0;—Q,)/(; UMKIA, COCTOSWIEr0 M3 NBYX H306ap
u nByx aguabar (puc| 18), ucmonn3ys B kadectse paGouero BeLIECTBA MACANBHBIM
ra3 NpH MakKCHMaJIbHOM JaBJICHHH, B J(Ba pa3a MNpEBBINAIOIIEM MHHUMAJLHOE,
KOJIMYECTBA TEMIOTHl Q; W (), BBHIUHCISUIMCH KaK BbIpaXEeHUS JuIi pabGoTh
0:=2p(V,—V,), Q2=p(V3—V4Z), 4TO COBEPLICHHO HEBEPHO. Mexmy TeM Tak
KaK K. I J. OUKJa OKa3bIBaeTCH BEPHBIM. BBIYMCIMTL T} H OGBACHUTH ONMMCAHHBIN
B 3aja4e pe3yJbTar.
B XIX B. GblIM MOCTPOEHBI ABE BEJHMKHE 3BOJIONMOHHBIE Teopuu. Ilepsas u3
HHMX — BTOPO€ Ha4aJl0 TEPMOIUHAMH-
KH — OTIPE/IeJIIET 3BOJIIOLMIO BELIECT- A
BA B M3ONMPOBAHHOM cAcTeMe K Ha- A
ubonee BEPOATHOMY PaBHOBECHOMY
COCTOSIHMIO C MAaKCHMaJIbHOW 3HTpO-
nueil, T.e. ¢ HauGosplied Heymops- Tq > 2
JIOYEHHOCTBIO. Bropas Teopus — Teo-
pust Guonoruueckoit ssosmomuu ap-
BHHA — OTIPENETIAET IBOOLHIO KUBBIX
CHCTEM OT HaWMEHee COBEpLICHHBIX
MHKPOOPraHH3MOB 10 BBICOKOODraHH- 4 3
30BaHHON CTPYKTYpPBHI 4€JIOBEYECKOTO
OpraHu3Ma C €ro MbICISLIUM MO3rOM.
MoOXHO JM Ha OCHOBaHMM 3THX Te-
Opuii crenaTh BBHIBOX O HENMONYHHEHUH
KHBOH TPUPOXBI BTOPOMY Haually
TepMOAUHAMUKH? Puc. 18.

!
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3.44. B o0neMe 2V B TeMHOTE HaXoAATcs OBa Mo cMmecu —mo momo H, u Cl,.
Peakiuss H,+Cl,=2HCl ocymecrBisercs nByMs NyTSAMH:
a) mpu mNOCTOsiHHOM TeMmepatype 7 C TOMOINBIO CBETa BBI3BIBAETCH peak-
s, /B pe3ynbTaTe KOTOPOH BBINENAETCA TEIUIOTA ¢ W OSHTPONUA YMEHBbIUAETCH
Ha q/T;
6) B TEMHOTE CMECb pa3nensercs NMeperoponkoil Ha NBe paBHBIC YAaCTH M B OMHOIA
U3 HUX C TMOMOILIBIO CBETa BBI3BIBAETCA DEAKUUsA, B DE3yJibTaTe KOTOPOi
SHTpONHUA yMeHblaeTcss Ha ¢/(2T); 3aTeM B TeMHOTe YGUpPAeTCsi Meperopoaka—
SHTpomHs Bo3pacTeT Ha 2RIn2; nanee ¢ MOMOUIbIO CBETA CHOBA BLI3LIBAETCH
peakuus, ¥ TaKk Kak B JaHHOM ClIy4ae TEIUIOTA PEakIMH He 3aBUCHUT OT obGbema,
SHTPOMMS CHCTEMBI YMEHBIUMTCH Ha ¢/(2T). B wurore CyMmapHOe H3MEHEHHE
SHTPONHUHU Ha TnepBoM HyTH AS;= —q/T, a Ha BTOpOoM myTH AS,=—¢q/T+2RIn2,
T.e. AS,>AS;, 49TO NPOTHBOPEYHT CBOWCTBY ISHTPONMAM KaK OJHO3ZHAYHOM
byHKIMM coCcTOSAHUA. Pa3biCHUTL BO3HHMKINEE NMPOTHBOPEYHE.



I'’TABA YETBEPTAS

TPETBE HAYAJIO TEPMOJMWHAMUKU

B Havane XX B. (1906—1912 rr.) B pe3ynbmame
uccnefgoBaHui CBOMCMB mes Npu HU3KUX MeM-
nepamypax HepHcmom 6bl1s10 ycmaHOBII€HO mpemebe
Hayasno mepMoguHaMuKku, Komopoe nocne g[osrux
niem o6CyXpeHUss B Hacmosiuee BpPeMsi makK Xxe
npo4YHo 060CHOBAaHO, kak u nepsble gsa Hayana*).
HenocpegcmseHHon — obnacmbio  NPUMEHUMOCMU
mpembero Havasna sIB/Ilomcsi nPoyecchl Npu HU3KUX
memnepamypax. OgHako OHO urpaem CyLjeCmBeH-
Hylo ponb u B 6osee LWUPOKOM memMnepamypHOM
uHmepBasne, mak Kak no3Bosisiem onpegensme
aggumuBHble NOCMOSsIHHbIE B  BbIPaXXeHUsiX [Ans
3HMpPoONUU, KOMOPbIe HeNb3s BbLIYUCIUMbL KaKuM-
nubo gpyrum mepmoguHamu4yeckum nymem.

§ 21. ®OPMYJIMPOBKA TPETBEI'O HAYAJIA TEPMOJWHAMHKU

OTKpBITHE TPETHEro Havyajla TEPMOJMHAMHKH CBS3aHO C HaXOXIECHHEM
XUMMYECKOTO CpPOJCTBa — BEJIMYHMHBI, XapaKTepH3yromeH cnocobHOCTh
pa3/IMYHBIX BEIIECTB XHMMYECKH pearupoBaTh JIpyr ¢ Apyrom. Ota
BEeJIMYMHA omnpeaesifeTcss paboToil W XMMMYECKHX CHJI NPH PEaKIyH.
IMepBoe M BTOpOEe Hayajna TEPMOAMHAMMKHU MO3BOJIAIOT BBIYHCIIUTH
XAMHYECKOe CpPOACTBO W TOJBKO C TOYHOCTBIO JO HEKOTOPOH
HeonpenenenHon dynkmun I(T) (cM. § 48). Uto6wl ompenenuth 3Ty
GyHKIMIO, HYyXHbI B JOMOJIHEHHE K O00MM HavajgaM TE€PMOJMHAMHKH
HOBBIE ONBITHBIE AaHHbIE O cBoicTBax Tei. [loaromy HepHcToMm Obliin
npeInpUHATH MUPOKUE SKCHEPHMEHTAIBHBIE UCCIEOBaHUS ITOBEACHHS
BELIECTB NpU HHM3KOM Temmepatype. B pesyjabTaTe 3THX HCCleIOBaHMM
# ObUTO CHOPMYJIUPOBAHO Mpembe HAYAA0 MepMOOUHAMUKU: NO mepe
npubauncenus memnepamypol k 0 K sumponus ecsakoii pasnosechoii
cucmemsl NpU U3OMEPMUUECKUX hNpoyeccax nepecmaem 3asucems Om
KaKux-aubo mepmoOuHaMu4ecKux napamempos COCMOAHUA U 8 npedese
(T=0 K) npunumaem o0ny u my e 041 6cex cucmem YHUBEPCAALHYIO
NOCMOAHHYIO 6eAUUUHY, KOMOPYIO MONCHO NPUHAMb DABHOU HYAI0.
OOILIHOCTh 3TOTO YTBEPXAEHHUSA COCTOMT B TOM, YTO, BO-NIEPBBIX,
OHO OTHOCHTCS K JIFOOOW paBHOBECHOH CHCTEME M, BO-BTOPBIX, 4TO

*) Bonpoc 006 YHOBJIETBOPUTEILHOM CTATHCTH4ECKOM OOOCHOBAHMM TDETHLErO
Hayajia SBIAETCHA, OAHAKO, A0 CHX TOpP OTKPHITBIM, a TMOJIyYuBlIee IIHPOKOE
pacnpocTpaHeHue 00OCHOBAHHE 3TOrO 3aKOHA HA OCHOBE HEBBIPOXIEHHOCTH OCHOBHOIO
YPOBHSL CHCTEMBI HEJOCTATOYHO.
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npu T—0 K sHTponus He 3aBHCHT OT 3HayeHHs Jr0oOOro mapamerpa
cucteMbl. TakuM 00pa3oM, Mo TpEeTbEMy Hadaly,

lim [S(T, x2)—S(T, x;)]=0, @1
T-0K
nJIn
lim (aﬁ> —0, 4.2)
T-0K\0X/T

rae x—oboil TepMoAMHAMUYecKuMil mapaMetp (a; wim A;)%.

[IpenenbHOE 3HA4Y€HHE JHTPONMH, NMOCKOJBKY OHO OJHO M TO X€
I BCEX CHCTEM, HE MMeEET Kakoro-jiub6o ¢GHU3MYECKOrO CMBICIA
M MO3TOMY INOJIaraeTcs paBHBIM HyJto. Kak moka3biBaeT craTHCTHYEC-
KOE€ pPacCMOTpPEHHE 3TOrO BONPOCA, JHTPONHMS IO CBOEMY CYIIECTBY
ompefeseHa ¢ TOYHOCTBIO A0 NPOU3BOJILHOW NOCTOSHHOH (momoOHO,
HanpuMep, 3JIEKTPOCTATUYECKOMY MOTEHIMAy CUCTEMBI 3apsJ0B B Ka-
Koif-mubo Touke mnois). TakuM o0pa3oM, HET CMbICIa BBOAMTH
HEKYIO «a0COJIFOTHYIO 3HTPONHUION, KakK 3TO Aejaj [1naHk U HEKOTophie
IPYTHE Y4YCHBIE.

IMocrosicTBO 3HTpomuu (S—0) mpu T—-0 K, cornacho (4.1),
03HAvYaeT, 4To M3oTepMuueckuit mpouecc 7'=0 K sBasercs ogHoBpe-
MEHHO ¥ HW303HTPONUHHBIM, a CJEJOBaTENbHO, M aauabaTHBIM**),
TakuMm o0Opa3oM, no TpeTbeMy Haually, HyJieBas M30T€pMa COBHAAAET
C HYJICBOH M303HTpONOW u aamabaToil.

CymiecTByeT ps BewecTB (HEKOTopele cruiaBbl, riunepud, CO,
NO u ap.), nas xotopeix AS mpu T—0 K crpemurcs x OTJINYHOM
OT HyJs BEJMYHHE.

Kak mokasasn TmarenbHbI aHaaM3, 3TO Kaxylleecs NMPOTHBOpEYHE
C TPETbMM HAyajJOM CBA3aHO C «3aMOpaXxXUBaHHEM» HEKOTOPHIX
BELIECTB B METACTAOMIBHBIX MJIM HEPaBHOBECHBIX COCTOSIHHMSX, B KO-
TOPBIX NpPH HHU3KOM TEMIEpaType 3TH BEIIECTBA MOTYT HaXOAMThCA
JUIMTEIbHOE BpeMs (HECKOJBKO [HEH WM HeAedb), NpeXAe YeM
NpuayT B crabMiIbHBIE paBHOBECHBIE cocTosHMA. Koraa wu3mepeHus
OblM mpOBEACHBl C OOJIBIIMMH HNPOMEXYTKaMH BpPEMEHH, TO OKa-
3aJ10Ch, YTO pa3HOCTh OJHTponmuH AS BO BCeX cCly4asx HcYe3aeT
npu T-0 K.

B Hacrosmee Bpemst cnpaBeyIMBOCTh TPETHETO Havyaia 060CHOBaHa
JUIS BCEX TEPMOOMHAMMYECKH DPaBHOBECHBIX CHCTEM.

*) 3aMETHM, YTO TpPETbE HA4allo TEPMOAWHAMHKM, OINpEnNessd Npeae] MpOou3-
BoaHbIx (0S/0x)r mpu T — 0 K, He onpenenser mpenena mnpousBoassix (0S/0T), npu

T—-0K: gna OoJibiMHCTBA TeJ Tlith(6S/6T),=0, IUIS HEKOTODBIX € TeJ 3TOT

mpefesl OTIM4YEH OT Hyns (CM. 3amauy 5.12).

**) ClienoBaTeNbHO, Ha OJHTpomMiiHOHW mmarpamme nmpu T=0 K oce sHTponuu
CIIUBAETCA B TO4YKY, MO3TOMY O3TY OCh CleNyeT NPOBOAMTH Ha YPOBHE HEKOTOPOM
Temnepatyps! Bbimie 0 K.
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§ 22. HEKOTOPBIE CIIEACTBHSI TPETBEI'O HAYAJIA
TEPMOJUHAMMUKH

Tperbe Hayajo TNO3BOJACT CAEJATH 3aK/IIOYCHHE O MOBEACHUM Tep-
MoauHamuyeckux BeanmuuH npu T—0 K. PaccMoTrpuMm HekoTopsie U3
CJIEACTBUI TPETHErO Hayaja.

Hepoctuxkumocts 0 K. M3 Tpernero Havajsa HenmocpeaCTBEHHO
ClleAyeT HeJOCTMXUMOCTh TemmepaTypsl 0 K.

JlelicTBUTEIBHO, OXJIaXICHHE CHCTEMBI OCYLUECTBJSETCS MOBTOpE-
HMEM CJICAYIOIUX Jpyr 3a APYroM HponeccoB aauabaTHOro pac-
umpeHus (MpM KOTOPOM NOHMXKAETCS TEMIlepaTypa) M H30TepMHYEC-
Koro cxatus (IpH KOTOPOM yMeHbluaercs 3HTponus). Ilo Tpernemy
Hayajdy npd M3OTEpMHMYECKMX IpOLEccax, KOrga TeMmepaTypa npH-
6mxaercs k 0 K, sHTponmuss nepectaeT M3MEHATBCS INPH CXKATHH.
ITostoMy cocTosiane ¢ S=0 3a KOHEYHOE YHUCJIO YKa3aHHBIX MPOLECCOB
HEJOCTHXXKUMO, a ciefoBateabHo, HegoctuxuM H 0 K, Tak Kak
COrJIacHO ToMy e Hawainy coctosaue ¢ T=0 K coBmagaer c co-
crosaueM S=0. K temneparype 0 K MOXHO /ulmb acCUMNITOTHYECKH
npuOIMKaThCA.

OTO cleAcTBHE TPETBErO Hayaja IO CBOEMY COAEPKAHUIO OK-
BUBAJICHTHO TpPEThEMY Haually, T. €. €CJIU TPEeThe Hayajlo HEBEPHO,
TO MOXHO Joctuyb TteMmepatypsl 0 K, M eciu MoOxHO AOCTHYBL
0 K, 1o pasHocTth 3HaueHwit oSHTponuii npu 0 K pomxHa ObITh
oTIM4YHa OT HyJs (cM. 3ajgady 4.1). Ilo 3Tol npuYMHE TPETHUM
HayajJoM TEPMOJAWHAMUKY YacTO Ha3bIBalOT NPUHIUN HEAOCTHXHUMO-
ctu 0 K. UmenHo tak chopmysmpoBai 310 Hayano HepHer, koTopbiit
He mMOOMJI NOHATHS OJHTpONMU M He ymnoTpebasn ero. OpHako
GbopMyJIMpOBKa TPETHEro Hayaja B BHIE 3aKOHA O TOBEACHMH
sutponuu npu T—0 K OGosee ymoOHa, Tak Kak HEMOCPEACTBEHHO
NpUBOJMT K MaTeMaTH4eckod 3amnucu (4.2).

IloBenenue Tepmuueckux kodddunnentos npu 7—0 K. Tepmuuecknit

ko3 dummenT pacmupeHus
o (O
Vo\dT ),’

TepMuUYeCKuil Ko3hdUIUEHT HaBJICHUSA

-7
po\ 0T}y’

Kak M BooOwE TepMoinHamuueckue Beanuntsl (0a/0T), u (0A4/0T),,
JOJIKHBI, IO TPEThEMY Hauajly, npubimxarsca kK Hymo npu T—-0 K.
B camMom pgene, BbluMTas M3 o0eMX 4YacTeil OCHOBHOIO YpaBHEHHS

tepmouHamuku dU=T dS—) A;da; anddepenuman d(TS), moaysaem

d(U-TS)=-SdT-Y 4;da;, 4.3)
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u tak kak d(U—TS)—nonubii mubdepennman, to (0S/0a;)r=
=(6A1/0T)a'

ITo TtperveMy Hauany (4.2), npu T—0 K sHTponuMs mnepecraer

. S
3aBHCETh OT NApaMEeTPOB COCTOSHHA, T.e€. lim (5‘) =0, mo3ToMy
T-»0K \%i/T

(o4 _
().

Ecnu x obeuM yactaM ypaBHeHus (4.3) mpubaButh audbdepeHnman
dY Adia;, TO
i

d(U—- TS+Z Aiai>= —SdT+Za, dAl,

aS aa;
oTkyna —|— ) =(—==| u, cornacHo ypaBHeHuro (4.2),
94;)r \ 9T ),

. 6a,~ _
().

B yacTtHOM caydae nmpu a=V u A=p u3 dopmya (4.4) u (4.5)

noJiyyaem
lim (‘l"> — lim ("_V> —0
-0k \T)v 10k \9T ),

H, CIE€AO0BATEJbHO, TEpMHYECKHE KO0IGDGHIUEHTHI TEMJIOBOTO pacIuMpe-
HASA o ¥ [JaBjieHHs Y oOpamarorcs B Hyas npu T—-0 K.

IMpuaumas B cdopmysne (4.4) B kavectBe OOOOINEHHBIX CHUT
A; MOBEPXHOCTHOE HATSKEHUE O, 3. [. C. TAJIbBAaHMYECKOTO 3JIEMEHTa
& ¥ T.Q1, mnoayyaeMm, 4YTOo Bce OTH BeamuuHel npu T-0 K
NEPECTAlOT 3aBHUCETh OT TEMIEPATyphl M, CJIEOBATEIBHO, TEM-
nepatypHeiii K03QGUIMEHT NMOBEPXHOCTHOTO HatskeHuss 06 /0T, TeM-
nepaTypHeiil Ko3hdHIMEHT 3. A. €. 06 /0T u 1. A. AOKHBI 0OpamaThes
B HyJb npH npubnmxenun Ttemnepatypsl k 0 K. Amnanoruuno,
npu a=J, P u 1.0 u3 dopMmynsl (4.5) ycTaHaBiIMBaeM, 4YTO
TEMIIEPATypHHI KO3QPHUIMEHT HaMarHMYEHHOCTH 50.] [0T )y u TEM-
nepaTypHsiii koaddunuent nonspusosanHoctu (0P/0T )y obpamarotcs
B Hyib npu T-0 K.

OTH BBIBOABI M3 TPETBErO Hayaja OBLIM MOATBEPXKICHBI OJKC-
HEPUMEHTAJIBHO.

Bbiunciiense 3HTpONMM H TNOBeleHHe Temioemkoctedd mpu 7-0 K.
Tperbe HayaI0 TEPMOAMHAMUKY YPE3BBIYAHHO YNPOCTUIO BHIYHCICHHE
BCeX TepMoauHaMuueckux GyHKkimi. Jlo yCTaHOBJIEHHUS TPETHETO
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Hayaja JUIs BBIYHCIICHWS SHTPONHMH HEOOXOAMMO OBbLIO 3HATH TEM-
NMepaTypHyl0 3aBHCHUMOCTb TEMJIOEMKOCTH M TEPMHMYECKOE YpaBHEHHE
COCTOSIHHA.

CornacHoO Xe TpeTbeMy Hayajly, SHTPOIHI0O MOXHO HaXOIWTh,
3Has JIMIIb 3aBHCHUMOCTH TEILUIOEMKOCTH OT TeMIepaTypbl M He
pacnonaras TEPMHUYECKMM YpaBHEHMEM COCTOSIHHS, KOTOpoe s
KOHJICHCUPOBAHHBbIX TeJl HEM3BeCTHO. [leficTBUTENbHO, U3 BBIpAXEHHIA
IS TEIJIOEMKOCTEH

Cy=T(3S/0T)y, C,=T(2S/dT),

O TPEThEMY Havajly HHTETPHPOBAHUEM HOJIyYaeM
T T
Cy C,
0 0

TaxuM oOpa3oMm, 3a/aya BBIYMCIIEHHUsS] SHTPONUHU CBOJUTCS K OIpe-
JEJICHUIO JIMIIb TEeMIIEPATypHOH 3aBUCHMOCTH TEIUIOEMKOCTH. DTHUM
OOBSCHSIETCS, YTO «IpoOJieMa TEIIOEMKOCTH», PpEIEHHEM KOTOPOit
3aguMayiuch OunmrenH, [ebait, Bbopn, Kpamepc u np., 3aHdana
Takoe BaXHOe MecTo B ¢u3uke Hayana XX B.

ITo TpetheMy Hauany, sHTponus npu 7=0 K, xax u npu moboii
JIpyroil TeMmepaType, KOHEYHa, IO3TOMY HMHTerpajsl B ¢opMyiax
(4.6) mMOJDKHBI OBITH CXOMSIIMMUCA. ODTO BBINOJHSETCS, €CJIU MOJbIH-
terpanibHble  OyHkmMH Cy/T m Cp/T Ha HHWKHEM IIpeliesie IpH
T—0 K Bo3pacraroT MeIJICHHEE, yem 1/T: Cy/T=C|T* (C=const,
a<1), mosromy

Cy=CT'™*=CT " (n=1—0a>0). %)

Torma Cy—0, C,»0 mpu T-0 K.

310 cnencmne TpeTbero Hayajga B OTJHYHE OT BBIBOJA O He-
moctikuMoct 0 K He J3KBHBaJIeHTHO BO BCEH IOJHOTE CAMOMY
TpeTbeMY Hayaldy, Tak KaKk OHO IOJy4aeTcs JIMIIb K3 JONYILEHHUS
O KOHEYHOCTH JHTponum B mperene 7=0K u He uckiatodaeT npu
9TOif TeMnepaType 3aBUCHMOCTH SHTPOIMH OT napaMeTpOB COCTOSIHUA,
He uMeromedl MecTa mo TpeTbeMy Hayany*. CoriacHo q)opmyne

*) BbIBOA O CTPEMJICHMHM TeIUIOeMKocTeit k Hymo npu T —0 MOXHO TOJNYYHTh
H U3 TIEpBBIX [BYX Ha4yaJl TEPMOAMHAMMKH, €CJIM CYHTATh, YTO BhITEKalolljee M3 3THX
3akoHOB ycyoBue ycroWumBoctH T/Cy>0 coxpansercas u npu T=0 K. Opnako 3to
HE O3HAYaeT, 4YTO TPETbhe Hayajo CJIEAYET M3 NEPBOrO M BTOPOrO Hayall, MOCKOJbKY
paccMaTpHBaeMBIii BBIBOJ HE 3KBHMBAJICHTEH IO CBOEMY COJEPXKAHHIO TPEThEMY Hadaly.
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(4.7), npoussonuas (0S/0T)y npu T—0 K u3MeHseTCs NO 3aKOHY

(g—“;)ﬁ-ﬁ— @38)

H B mpefesie paBHa WM Hymo (ecim o<0), WM NOCTOSHHOMN
Besmunbe (ecmu o=0), wim OeckoHeyHoctd (ecmu O<a<1). Takum
obpa3oM, TpeTbe Hayano, Kak yxe OTMe4yasloch, He OIpeJeliseT
npefena npowssousix Buma (0S/0T), mpu T=0 K.

Boipokaenne uaeaqbHoro rasa. BoipaxeHue I SHTPONMH MOJIS
UJIeaJIbHOTO Ta3a

S=CylnT+RIn(V/N)+So,

MOJIYYEHHOC NPHU HUCIOJIb3OBAHUUA ypPaBHCHUSA Knaneﬁpona—MeHnene-
€Ba pV= RT W T10NOXEHHST O HE3aBHCUMOCTH TEIJIOEMKOCTH
Cy OMHOATOMHOIO rasa OT TEMIEPATYpPhbl, INPOTHUBOPCYUT TPECTHEMY
HavyaJly B ABYX OTHOLICHHSX: BO-IICPBBIX, U3MCHCHHEC 3SHTPOIHNH

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

npH H30TepMHUYECKOM Tmpomecce, korga I'=0 K, He paBHO HyJO
H, BO-BTOpPBIX, npu T—0 K sHTponmusi cTpeMHTCs He K INOCTOSHHON
BEJIMYMHE, & K —00. JTO YKa3blBaeT HA TO, YTO NpPH HHU3KOI
TeMIiepaType WIealbHBI ra3 JOJDKEH BECTH ce0Os He MO YypaBHEHHUIO
Knaneiipona—MeHnneneeBa U 3akoHy Cp=const, a uHaue. Takoe
OTKJIOHEHHE WJCaJbHOr0 rasa OT KJAaCCMYeCKMX Ta30BbIX 3aKOHOB
(monyvyaeMbIX W3 KJIACCHYECKOW CTATHCTHKH) HAa3bIBAETCS  GbIPO-
HcoeHuem.

Tperbe Hawano, CcleHOBAaTENbHO, NpPeACKAa3bIBAET BLIPOXKACHUE
UIeaJIbHbIX Ta30B npu HU3KO#M Temmepartype. Kak noxaszano pa3Butue
KBaHTOBOM CTATHUCTHKH, TAaKOE BBIPOXKIEHUE AEHCTBUTENBHO HMEET
MecTo. OHO yka3blBaeT Ha HENOCTATOYHOCThb KJIACCUYECKOW MEXaHUKH
U OCHOBAaHHOH Ha He# KJIaCCHYeCKO#M CTAaTHCTUKH B 00JIaCTH HHU3KHX
TeMrepaTyp. KBaHTOBasi cTaTHCTHKA MOKA3bIBAET, YTO TPEThE HAYAJIO
TEpPMOJUHAMUKHU SBJISETCA MAaKPOCKONMYECKUM IPOSBIIEHMEM KBaH-
TOBBIX CBOMCTB peajibHbIX CHCTEM INpH HHU3KUX TeMIepaTypax.

Boiuncienne 3HTponuiiHOH M XMMHUYeCKOH NOCTOSIHHBIX HIEaJLHOrO
raza. Bropoe Hauano, kKak WM3BECTHO, OCTaBJSET OTKPBLITHIM BOIPOC
O SBHOM BH[i€ JHTPONMIHON M XHMHYECKOH NOCTOSIHHBIX HAEaJbHOTO
raza, 3HaHHE KOTOPBIX HEOOXOJUMO INPH PACCMOTPEHUH PaBHOBECHS
B Pa3jIMYHbIX CHUCTEMax (XMMHMYECKME peakIMd, MCIapeHHe, TeIIoBas
WOHM3amus U Ap.). TpeTbe Ha4yajio MOXeT ObITh KOCBEHHO HCIOJIb-
30BaHO Ui pEIICHUs J3TOHM 3aJayud, XOTs KJIaCCHYECKUN HAeabHbIi
ra3 ¥ He YIOOBJIETBOPSET TpeTbeMy Havaly.

Wpes BbIYMCIEHNS JHTPONMIHON INOCTOSHHOHW HIEaNbHOTO rasa
C IOMONIBIO TPEThEro Hayajla COCTOMT B TOM, YTO paccMaTpUBAETCA
yCJIOBHE paBHOBECHS ra3a M TBEpAOr0 Tella OJHOTO M TOTO e
BelecTBa (PaBEeHCTBO XHMHYECKMX IIOTEHIIMAJIOB BEHIECTBA B OOEHMX
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¢a3zax), B KOTOpPO€ BXOAAT BBIPAXEHUS OSHTPONMM KaK rasa, Tak
H TBEPAOTO Tejla. DHTPONHUsS TBEPIOTO Tejia ONpPEAENIieTCS Ha OCHOBE
TpeThero Havaja mo ¢opmysne (4.6), a 3HTpomus HACAJBHOro rasa
BeIUHCHsgeTCA no Gopmyne (3.38), u TakuMm oOpa3oM U3 YCIOBHA
($a30BOro paBHOBECHS! ONPEAEISAIOT IHTPONHUIHYIO MMOCTOSHHYIO rasa.
OHTponmitHas NOCTOSHHas S, CBA3aHa C XUMHYECKOH MOCTOSAHHOM
i raza. OTH MOCTOSIHHbIE MOXHO BBLIYUCIUTH METOAAMH CTaTHCTHYEC-
kod ¢u3uku. {7 ONHOATOMHOrO ra3a OHHM DAaBHbL

3/2
so_—.k(§+§1nk+i), i=ln[g<2%:f) ] 49)

rae k—mnocrosaHuas bonbuMaHa, /1—nocrosHHas IlnaHka; m—Mmacca
aTOMOB Tra3a; g—CTaTUCTHYECKUH BEC HOPMAJBHOTO COCTOSIHHUS
aToMa, 3aBHCAIIMA OT €ro oOpOUTaJbHOTO MOMEHTa L W ComHa
s (nns uHepTHBIX Ta30B L=5s=0 u g=1). Taxum obpa3om, 3uTpONUS
MOJIS MIEaNbHOTO ra3a paBHa

(2rmk )¥2e’!2

3/ s,
S=CV1nT+R1n%+Rlng i 1nw

Nh* ’
4.10)

=k1VA
rne Cy=3/,R=3/,kN,, g=1.

3AJTIAYHN

4.1. Jloka3aTb 3KBHMBAJICHTHOCTb CJIENYIOLIMX (OPMYIHPOBOK TPETHETO Havasa: a) Npu
T—-0 K osHTpomus S mo0oifi paBHOBECHOW CHCTEMBI MNEPECTaeT 3aBUCETb OT
TEPMOAMHAMHYECKMX MapaMeTpoB, NMPUHHMAas OJHO M TO XK€ AJA BCEX CHCTEM
nocrosHHoe 3HaveHue;, 6) 0 K HemocTxum.

4.2. Cepoe 0JI0BO IpH HarpeBaHuM nepexoauT B Genoe npu T,=292 K (v HopMmanbHOM
arMocthepHOM [JaBJieHHH) C TOrJIOMEHUeM TemoTsl A =2242 [lx/monb. Ilpu
T<T, 6enoe o0nOBO MeHee YCTOHYMBO, HO CYLUECTBYeT HapsiAy C CEpbIM
M TO3TOMY MOXHO M3Meputh 3aBucumocth C;(T) xak ceporo, tak u C,(T)
Genoro osioBa BMWIOTH A0 TeMmeparypbl mnepexoaa. Ilpu 3tom B pesynbraTe
YHCJIOBOTO HMHTErPUPOBAHUA TMOJyYaeM:

Ty

Cl (T)

——T—dT=44,12 Ix/(Moas - K);
°
To

'[ E‘%T)dT= 51,54 Ix/(Mons - K).

o

IlokasaTh, 4YTO TNpHBENEHHbIE OSKCIEPHMEHTAJIbHbIE MAaHHBIE JAlOT Xopoliee
MOATBEPXKJECHHE TPEThEro Hadyana.

4.3. IlokasaTh, 4YTO 1O TpeTheMy Hauajgy TepMOAMHAMHUKA 3akoH Kropr s
napamaraeTukoB (x=C/T) HecnpaBe[UIMB JUIS OueHb HHU3KMX TEMIIEPATYP.
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44.

4.5.

4.6.

4.7.

JlaBnenue p M BHYTpeHHss OHeprus U HJICANBHOrQ ~ JJIEKTPOHHOTO  Ta3a,
3aHMMAIOLIETo obbem V, cBazambl cooTHoweHneM pV=2/,U. Tonb3ysch 3THM,
HaWTH 3aBHCHMMOCTb «HYJIEBOM 3HEpridM» 3JIEKTPOHHOrO ra3a OT KOHLEHTpaLHu
3JIEKTPOHOB.

Hcxoas W3 OCHOBHOrO ypaBHEHHS TEepMOJMHAMHKH, HalWTH BBIpaXKeHHE LIS
H3MEHEHHS TeMIepaTypbl NpH HM3MEHEHMHM [aBJieHHs B aamabaTHOM mpolecce
M, TOJb3YACh TpPETbUM HAYajoM, I[OKa3aTh, YTO M3MeHEHHEe [aBJICHHA p,
HeoOXoauMoe Uis M3MEHEHHS TeMIEpaTypbl Ha KOHEUHYIO BEJWYMHY, HOJDKHO
HeorpaHM4eHHo Bo3pactath mpu T—0 K

JBa cocyma, coeauHeHHble KamuwuispoM, HanojHeHbl He-II. Ecim  co3pmats
B cocynax pasHocTb TemmepaTyp AT=T,—T;, To 3TO BBI30BET B HHUX Pa3HOCTb
naBieHuii (ypoBHe#t) Ap=p; —p;. OOBACHUTD 3TO SBJICHHE U YCTaHOBHUTBH CBS3b
mexny AT u Ap, ocHoBbiBasicb Ha TOoM, 4To He-II npeacraBnser coGoit kak
6bl cMechb ABYX JKMAKOCTEi: OJHOM «CBepXTeKyduei», He obyamaroiuell BA3KOCTbIO
U 3HTpOMMe# M NMO3TOMY HMMEIOMIEH, MO TpeThbeMy Hauany, Temneparypy I'=0 K,
H ApYrodl «HOpMaJIbHOW», Bedyuie ceGs kak OOBIYHAS KHUIKOCTD.
CraTtuctuyeckoe 00OCHOBaHHE TPEThEro Hauajna OOBIYHO CBA3BIBAIOT C HEBBIPOXK-
JIEHHOCTBIO OCHOBHOTO cocTtosiHus: npu 0 K Teyo HaxoauTcs B OJHOM ompenesieH-
HOM cocTOsHMM. TepMoamHamuyeckas BEpOSATHOCTD W 3TOro COCTOSHHS PpaBHa
eQuHMLE, M Tak Kak oSHTpormus S=klnW, 1o nmpu T=0K osurpomus S=0.
ITouemy Takoe O6OCHOBaHME TpeThEro Hayaja He SBJISETCS [JOCTATOYHBIM
U TIpaBWIbHBIM?



I'VIABA TISATAA

METOAbl TEPMOAMHAMMKHA

TepMoguHaMuyeckoe uccriegoBaHue u3UYECKUX
SIBIGHUNA OCHOBbLIBA@MCS Ha UCNOMb30BaHUU Havan
mepMoguHamuku. CamMo npuMeHeHue Ha4asa mep-
MOQUHaMuKu 415 pelueHus uauvyeckux 3agaq ocy-
wecmsnsemess 4ByMs cnocobamu. B coomsemcm-
BUU € 3amuM pasnuyalom pgBa memoga mepMogu-
Hamuku: MemoQg LUK/IOB (KPYroBbiX npoLeccos)
u Memop mepMofuHaMu4yeckux nomeryuanos (unu
Memog Xapakmepucmu4yecKux GyHKLUM).

§ 23. METOA LIMKJIOB

Memoo yuxi06é 3akirovaeTcs B TOM, 4YTO JJIi YCTaHOBJIEHHS OIpe-
JIeJIEHHO# 3aKOHOMEPHOCTH TOTO WJIM HHOTO SIBJICHASI paCCMaTpPUBAETCS
noaXoasmuM 00pa3oM NOAOOpaHHbIH OOpaTHMBIA LUK U K 3TOMY
IMKJIy TPHUMEHSIOTCS YpaBHEHHs NEPBOTO M BTOPOTO HAayajl TEpMO-
JAHAMMKH:

$50=Ww, )
30
§==0. (5.2)

C nomompbto ypaBHenwid (5.1) u (5.2) ymaercs BCKPHITb HCKOMYIO
3aKOHOMEPHOCTb, €CJIM BBIODAHHBI LMK TaKOB, YTO HMEETCH BO3-
MOXHOCTb BBIYHCJICHHST HEOOXOIUMBIX BEJIMYUH, BXOISIIMX B I3TH
ypaBHEHHMs [JIf BCEX O3JIEMEHTOB IWMKjJa. B OosbmmHCTBE CciyyaeB
H3Yy4aeMyI0 CHCTEMY MBICJICHHO 3aCTaBJIIOT COBEpIINTH 1Mk KapHo.
Torpa ypasHenue (5.2) ucnosb3yercss B BuOe nepBoit Teopembl KapHo
O HE3aBHUCHMOCTH K.IL.J. 3TOrO IHKJIA OT NMPHUPOJbI pabouero BellecTBa.
IToaTomMy moJiydeHHOE C HMOMOIIBIO ypaBHeHHS (5.1) BblpaxeHue s
K.ILA. IMKJAa B JaHHOW KOHKPETHOW 3a/iaye NpHPAaBHHUBAIOT OTHOIIIE-
auto (T, —7T,)/T, m U3 NOJIy4eHHOrO PABEHCTBA ONPENEJIAIOT HEOO-
XOIVIMYIO 3aBHCHMOCTb.

Haninem memodom kpyzosvix npoyeccoé 3akOH M3MEHEHHS MOBEPX-
HOCTHOIO HATSDKEHHs C TeMmepatypoit. [y 3TOro ocyuiecTBHM
K KapHo ¢ xuakoil IuleHKOH B NpoBoJIOYHOM pamke. M306pasum
9TOT IMKJI Ha IUIOCKOCTH C KOOPOMHATHBIMH OCAMH X, © (X —
NOBEPXHOCTH IUIEHKH, G-— IOBEPXHOCTHOE HaTshkeHue; puc. 19). Ilycts
BHAY4J€ IOBEPXHOCTh IUIEHKHM paBHa X,, HaTsokeHue o (Touka ).
PacTsneM nneHKy u3oTepMuueckd HO cocTosinus 2. [loBepxHOCTHOE
HaTsDKEHWE IIpM 3TOM HE WU3MEHHMTCA, HO TaK KakK YBeJMYEeHHE
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GA MOBEPXHOCTH IUIEHKHM CBS3aHO C OXJIAX-
4 T-dT 3 JIEHWEM, TO, IJIs TOTO 4YTOOBI IPOLECC
! e M30TEPMHUYECKH, Ha y4yactke [/—2
{40 IIeHKe coobuiaercs Tewiora (), mpH
1 2 temnepatype 7. PacTsHeM IUIeHKYy anu-
} abaTHO MO COCTOsSIHMSA 3, NpPH 3TOM e€e
| TemnepaTtypa nounusurcs Ha d7, a mo-
; BEPXHOCTHOE HATSDKCHHE YBEJIMYUTCS Ha
Z, T > do. 3aTeM fajguM IJICHKE BO3MOXHOCTb
CHavyaja W30TEPMHMYECKH CXaTbCs MO
Puc. 19. coCTOsiHMS 4 (IpM 3TOM HpHIAETCS OT-
HATb Y HEe KOJIMYECTBO TeIWIOoTh (,);

a TNOTOM ellle aauabaTHO CXaTbCsd MO COCTOSHUA I.
PaGora W, coBepmieHHas mieHKoW 3a muki, paBHa Q,—Q,
¥ OoTpHuaTejbHa (NpOM3BOAMTCA Hax IwieHkoi). Ha mmarparme X,
G 9Ta pabora paBHAa IJIOMIAJM LMKJA NpH 00XoJe LHMKJIA NPOTUB
4acoBoil cTpenku: W= —(X;—ZX,)do (U3MEHEHWe G NpH 3JEeMEeHTap-
HOM anuabaTtHOM mponecce paBHO do mpu HexkoTopoMm X). Ilo

W (5,-%,)do

ONpeJIeNICHNI0, K.I.JA. LHMKJIa n=-Q—=———Q—, a Tak Kak IUICHKa
1 1
T—(T—-dT) dT
coBepmiia mukia Kapso, To n=—-—gp—=7- IlpupaBHuBas nocnen-
~(Z,-%,)do dT
HHME JBa BBIPAXEHHS, IOJIy4aeM — . OTKyZIa
1

do\ 0, 1

oT )y~ =,-%, T
Ho Q,/(£,—ZX,)=r—Temnora M30TepMHYECKOTO OOpa30BaHUsA €IH-
HUIbl NOBEPXHOCTH IUIEHKH, MO3TOMY

(Z_;)z -1 (3)

T. €. IOBEPXHOCTHOE HATSDKEHHE C NOBBIIIEHNEM TeMIEPaTyphl YMeHb-
IaeTCs M OBICTPOTA 3TOrO YMEHBLICHHMs OOpPAaTHO NPONOPLHOHAJIbHA
TEPMOJNHAMHUYECKOH TeMmepaType.

ITogo6HBIM 00pa3oM MOXHO HAWTH Takxke 3aBHCHMOCTH JaBJICHUS
HACBIIIIEHHOTO Napa OT TEMIIEPaTyphl, 3aBUCUMOCTb 3JIEKTPOIBHKYILIEH
CHJIBI 3JIeMEHTa OT TeMmepatypel ¥ T. A. (cM. 3amaum 5.1, 5.2).

Pa3obpanHbii npuMep noka3biBaeT, Kak B METOJE KPYrOBBIX
IPOLECCOB MCNOJb3YIOTCS OCHOBHbIE 3aKOHBl TEPMOIWHAMMKH M yCTa-
HABJIMBAIOTCS HMCKOMBIE 3aKOHOMEPHOCTH.

Meton UUKIIOB SBJISETCS OOHMM M3 NEPBBIX TEPMOIUHAMHYECKHX
uccinenoBannit. Kapno, Kiaysumyc, HepHCT wucnonbp3oBamm TOJBKO
3TOT METOZ. )

MeTton KpyroBbIX IPOLEECCOB, C OOHOH CTOPOHBI, MOXET OBITh
NPUHIMIMAIBHO NPHUMEHEH Ul pelleHHs JIro0oi 3akaum, a ¢ ApYyrod
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CTOPOHBI, OH UMEET TOT OOJIbIIOH HEJOCTATOK, YTO Ui YCTAHOBJICHHUS
TOM WIM HMHOW 3aKOHOMEpPHOCTH Bcskuii pa3 mnpuxoautrcs ad hoc
noA0UpaTh NOAXONSAINMH LUK YCHeX peLIeHHs 3aJa4yd 3aBHUCHT OT
BBIOOpa HEOOXOAMMOrO IMKJIA, CAM XXe BHIOOp HHYEM HE ONpeesisieTCs.
Kakx yxe ObuIO cka3aHO, ualle BCero ucmosbdyercs mukia Kapho.

B HacTosiee BpeMsi OYTH BO BCEX CIydasiX TEPMOIMHAMUYECKOTO
HCCJIEOBAHUS PUMEHSETCS METOJI TEPMOIUHAMHUYECKUX IMOTEHIIUAJIOB.

§ 24. METOA TEPMOJAMHAMMYECKHX NOTEHLIMAJIOB

Memoo mepmoounamuueckux nomenyualoe, WIA Memoo Xapakmepu-
cmuueckux @yuxkyui, Ob1 pa3BuT I'mOG6coM. VIcXoAHBIM B 3TOM
METOJIE SBJISETCS OCHOBHOE ypaBHEHHE TEPMOJAMHAMMKHU

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

KOTOpO€, KaKk MbI IOKaXeM, MO3BOJISIET Ul CHCTEMbl B Pa3jIM4HBIX
yCJIOBUSIX BBECTH COOTBETCTBYIOIME (YHKIMHM COCTOSHHMS, Ha3bIBa€MbIE
mepmoouHamuueckumu nomenyuasamu. ViameHenue 3tux GyHkumit npu
U3MEHEHUH COCTOSIHHSI CHCTEMBbI SBJISETCS MOJIHBIM T depeHnnanom.
MeToA NOTEHHUANOB COCTOUT B HCIOJIb30BAHMH CBOMCTBA IOJIHOTO
maddepeHIana BBEACHHBIX TEPMOJMHAMHUYECKMX (YHKIMH, YTO 1MO3-
BOJIIET MOJIYYUTh YpaBHEHMS, HEOOXOAMMBIE [JIsi aHANM3a TOTO HJIM
HMHOTO SIBJICHHUS.

PaccMoTpyM BHayasne npocThlie CUCTEMBI. B 3TOM ciydae s
PaBHOBECHBIX IIPOLIECCOB OCHOBHOE ypaBHEHHE TEPMOAMHAMUKH HMeET
Bug TdS=dU+Ada wmm, ecmn A=p, a=V,

TdS=dU+pdV. (5.5)

OT0 ypaBHEHHE CBA3bIBaeT NATh pyHkimid cocrosuus: T, S, U, pu V.
CaMmo xe COCTOSIHME NPOCTOH CHCTEMBI ONpEEisieTCs IByMsl IlapaMeTpa-
mu. ITostomy, BeIOMpasi U3 NATH Ha3BaHHBIX BEJIMYMH JIBE B KayecTBe
HE3aBHCHMBIX IIEPEMEHHBIX, MBI [IOJIY4a€M, YTO OCHOBHOE YpaBHEHHE
COJCPXHUT elle TPU Heu3BeCTHble GyHKuMH. [[ns HMX OIpeesieHUs
HeoOX0JMMO K BBIPaXeHHIO (5.5) m0OaBUTS ellle B ypaBHEHHs], KOTOPHIMH
MOTYT OBITb TEPMHMYECKOE M KaJOPHUYECKOE YPaBHEHHS COCTOSHHS

p=p(V, T), (5:6)
u=U,T), 5.7
€CIM B KAayecTBe HE3aBHCHMBIX NapaMeTpoB BuiOpaubl V u T.

XoTs BTOpOE HaYajo M YCTaHABJIMBAET CBA3b MexAy (yHkuusmu p u U B BHIe
T(@p/oT)y=(U[0V)z+p, (58

9TO, OJIHAKO, HE MCKJIIOYaeT HeoOxommMocTH noGaBiieHHs K BolpaxeHumo (5.5) Bce
Xe ABYX YpPaBHEHMH I ONpENENCHHS TPeX HEM3BECTHBIX (PYHKUMHM, MOCKOJbKY CBS3b
(5.8) smBasgercs mupdepeHnHANLHON M MO3BOJSET MO OAHOM U3 (yHKUMI OnpenenuTh
ApYrylo, MCKOMYIO (QYHKIMIO B €€ 3aBHCHMOCTH JiMIIb OT OJHOTO apryMeHTa
€ TOYHOCTHIO 10 MPOM3BOJBHOM (yHKUMHM OT Apyroro aprymeHnra. Ilostomy Guaromaps
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tdopmyne (5.8) I ovupedeneHHs Tpex HEM3BECTHBIX (yHKUMH B BoipaxeHuH (5.5)
K HEMy HYXHO [00aBUTH TepMUuecKOoe ypaBHeHHe (5.6) M KaJOpHYECKOe ypaBHEHHE
He B BuAe (5.7), a juwb kak QyHkumio Temmepatypsl T [3HaHue 3aBucumoctH U ot
obsema V Onaromaps dopmyne (5.8) He HyxHO]. Takum oOpa3oMm, HecMOTps Ha
tdopmyny (5.8), x BelpaxeHuro (5.5) HyxHO [00aBUTL Bce Xe [JBa ypaBHEHHSA
p=p(V,T) w U=U(T), a He onHo.

OpnHaxo IpHU HEKOTOPLIX APYIrUX HE3aBUCHUMBIX IICPEMCHHBIX OC-
HOBHOE ypaBHEHHME TepMOAMHAMUKH (5.5) mO3BOJIIET HAWTH BCE TPH
HECHU3BECTHBIC q)yHI([II/IPI, €CJIH K HEMY I[OG&BI/ITB HC J1Ba, a JIHIIb
onHO ypaBHeHume. B camom [ene:

1. Ecnmn He3aBUCHMMBIMEM NepeMEHHBIMH siBIisitoTcs S W V' [BXo-
gsamue B ypaBHeHue (5.5) monm 3makoM auddepenHimanal, To ang
ONIPENETICHUs APYIMX TpeX NMEPEeMEHHBIX C MOMOIIbI0 ypaBHeHHs (5.5)
JAOIIOJIHUTEJIBHO HYXHO 3HAaTh JIMIIb OJHO YpPaBHCHHC [Jis1 JHCPruM
U xak GyHKIMH 3THX NepeMEHHbIX:

U=Ucs, V). (5.9)

HeiicTBuTenbHO, 3Hast BeipaxeHue (5.9), MOXHO C MOMOIIbIO
ypaBHeHus (5.5), KOTOpOe MBI 3amuIieM B BHUJE

dU=TdS—pdV, (5.10)
NpOCThIM T depeHIPOBaHIEM ONPEAEIUTh 00€ qpyrue TEPMHUYECKUE
HIepEMEHHbIE:
ou ouU
e

Ecnu B3s1Th BTOpBIE mpousBomubie oT U(S, V), To (02U/0S?)y =
=(0T/0S)y=T/Cy, oTkyna
Coe_ T __URS),
V7 (8%U/aS?) (0*U/aS?),’

oU op\ 1 (U
())& Kemv (52,

VupteiBast, yro dU-—mnonHbit aupepenHiman, MOXHO, Jaxe He
3Has sBHoro Buaa ¢ynkmmu U(V, S), npupaBHUBas CMeIIaHHbIE
U U
asov avas’

NPOM3BO/IHBIE HOJIyYUTh ypaBHEHHE

(5)-5)

KOTOpPOE CBA3bIBACT JBA CBOMCTBA CHCTEMBbI — M3MEHEHHE TEMIIEPATYPHI

npu ee aanabaTHOM paCIIMpeHMH M H3MEHEHHE J[aBJICHHs NpHU

HU30XOPHOM COOOIIIEHUH TEIUIOTHI CUCTEME. YCTaHOBJICHHE TAKHMX CBs3ei

U COCTABJISIET COJEPXKAHUE METOJA TEPMOJUHAMHUYECKHX IOTEHIHAIOB.
VYpasHenue (5.12) MOXHO 3amucaTh B BHJIE
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AT, S) 0, V)

v, Sy av, Sy (5.13)
OTKyZa, €CI’
o(T, S)
o, s)’éo’ (5.149)

[OJIyYaeM paBEHCTBO eJIMHHUIE sikoOMaHa mnpeoOpa3oBaHUs NpHU Iie-
pexoge oT p, V- x T, S-nepeMEHHBIM:

op, V) _
A 1. (5.15)

Ecin B kxakoM-mn6o coctossHuM npousBonHas (0T/0V)s obpaina-
eTcs B HyJdb, skobuaH mpeoOpaszoBanus (5.15) B 3TOM COCTOSHUM
HE ONpeJiesieH, HO MOXET ObITh JOONpEAEsCH NpeAeiIbHbIM 3HAYECHUEM,
PaBHbIM TaKXe EIUHHIE.

Takum o6pa3om, BHyTpeHHss 3Heprust U B nepeMeHHbIX S u V sB-
JISIETCSL  Xapaxkmepucmuyueckoii @dynkyueti, TOCKOJBKY B 3TOM CiIyyae
npyrue nepemennbie (T um p) ompenenstorcs muddepeHIpoBaHIEM
U no S u V. Hneave rosopsa, mnpousBoanbie ot U(S, V) mo
XapaKTEePUCTHYECKMM NEPEMEHHBIM BBIPAaXalT BCE TEPMOJNHAMMYEC-
KH€ CBOMCTBA CHCTEMBI: NIEpBble NPOU3BOJHBIE ONPENENISIOT TEPMHUYEC-
KHE CBOWCTBA, a BTOpbIE — KaJIOPHYECKHE.

BuyTpennssa sHepruss U B nepeMEHHbIX S U V' Ha3bIBaeTcs Takxke
MePMOOUHAMUYECKUM NOMEHYUAAO0M, TIOCKOJIBbKY [aBIEHHE

p=—(U/oV)s

BBIPAXAETCs uYepe3 Hee TaK ke, Kak Cuja 4Yepe3 MNOTEHIUAJbHYIO
suepruro V' B mexanuke (F,=—0V/ox, F,=—0V/dy, F,=—0V]0z).

Crexyer OTMETUTh, 4TO éymcum U=U(S, V) B xauecTBe TepMOIH-
HaMH4YeCKOTo NOTEHIHala C NMPAaKTHYECKOM TOUKM 3peHHs HeylnoOHa TeM,
4YTO OJHA M3 €€ HE3aBUCHMBIX NEPEMEHHBIX —3HTPOMHUS S —Henocpen-
CTBEHHO, NOJOOHO BenmyuHaM V, p, T, He MoxeT ObITh H3MepeHa.

2. EciM HE3aBUCHUMBIMH TE€PEMEHHBIMH SBJIAIOTCA He S u V),
a Kakue-mubo JApyrue BEJMYMHBI NPOCTONM CHCTEMBI, TO OJHEPIHUs
U oT 3TUX [pYruX NEpEeMEHHBIX He SBJISETCS XapaKTePHCTHYECKOM
bynkumeit wim notenimanoM. OJHAKO OKa3bIBAETC, 4YTO M IPH
HEKOTOPbIX APYTHX HE3aBHCHMBIX NEPEMEHHBIX TaKXe MOXHO BMECTO
nByx ypaBHenuit p=p(V, T) n U=U(V, T) BeiOpaTh OJIHY (PYHKIHIO
OT 3THX NEPEMEHHBIX, KOTOpas NPU 3TOM OYAET XapaKTepPUCTHYECKOM
bynxume#t, nomobHo U B mnepeMeHHBIX S U

JeACTBUTENbHO, €CJIM HE3aBHCHMBIMH II€EPEMEHHBIMH IIPOCTOM
cucreMsl sBisitorcst T U V, T0, npeobpasys ypaBHenue (5.5) Tak ™,
yToORl B Hero Bxoawnu muddepenumanst d7 u dV [Bbluktas u3
obenx uacreit ypaBHenus (5.5) muddepenmman d(7S)], nosayyaem

* Takoe mpeoGpasosanne AuddepeHUHANBLHON (OPMBI HA3LIBAETCS npeobpazosa-
Huem Jlexcanopa.
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—SdT=d(U-TS)+pdV.
O6o3unavas U—TS=F, Haxomaum
dF=—-SdT—-pdV, (5.16)
OTKyda
S=—(0F/0T)y, p=—(0F/0V ). (5.17)

Bropoe u3 ypaBHenmit (5.17) mpencraBiseT coOOf TepMHYecKOe
ypaBHeHHe cocTosiHus; 3Hass F=F(V, T), MoxHO HaliTH u3 (OpMYJIbI
(5.17) ypasuenmne p=p(V, T).

Bropbie npousBomHble OT (GYHKIMH F TMO3BOJIAIOT ONpPENEIUTD
KaJIOpH4ECKHE BEJIMYMHBI — TEIUIOEMKOCTh C), ¥ KO3GGULMEHT CXUMa-
emoctd B (uam u3oTepMHUyeckMié Momynb ympyroctd Kp=1/B):

0*F 1 [oV 1
Cr=-T (577>v P==7 <E)r= Vo @V,

a TaKXE IIOJIYYUTb YPaBHCHHC

()

yCTaHABJIMBAIOIIEE CBI3b MEXAY OBYMS CBOWCTBAMH CHCTEMBI— H3-
MEHEHHEM 3HTPONHHU IIPU €€ U30TEPMHYECKOM PACHIMPEHUH M HN3MEHe-
HHEM J4aBJICHHS NPH H30XOPHOM HarpeBaHMH. JTO ypaBHEHHE MOXHO
MOJIyYUTh Iaxe He 3Has sBHOro Bujma ¢Qymkumm F(V, T).

Takum obpa3zom, ¢yHkuus F B mnepemenHbix V u T saBusiercs
xapaxmepucmuueckoli @yHkyueil WIA MEPMOOUHAMUYECKUM HOMEHYU-
asom. Jta ¢ysxkmus F=U—TS HaswiBaeTcs 9Hepeueil [eabmeoavya
(c60600mn0ii snepeueti). Kax ciaemyer u3 (5.16), mpu H30TEpMHYECKHX
mporneccax pabora coBeplIaeTcs CHCTEMOM He 3a cyeT yObUH
BHyTpeHHe#t osHepruv U (kak mnpm aamabaTHBIX Mpomeccax), a 3a
cuer yObuim ¢yHkuum F. B camom nene, uz ¢opmynsr (5.13) npu
T=const HaxoauM

pdV=—dF.

Takum o6pa3oM, mnpH H3O0TEPMHYECKHX Hpomeccax cBOOOgHAs
sHeprus F=U-—TS wurpaer TaKkylo X€ pojib, Kak U BHYTPEHH:A
9Heprus mnpd aauabaTHeIX mpomneccax. Benuumna 7S Ha3bIBaeTCs
¢8A3aHHOU JHepauel. (3aMETUM: B TO BpPeMs KaKk B MEXaHHMKE JHEpPrus
CHCTEMBI COCTOMT M3 KMHETHYECKOH H MNOTEHIMaJIbHOW, B TEpPMOIH-
HaMUKe BHYTPEHHSSI JHEPrHs OEJIUTCS Ha CBOOOJHYIO M CBSI3aHHYIO.)

3. Ecimn He3aBUCHMBIE IN€peMeHHble BwIOpaTb T H p, TO
xapakmepucmuueckoti  ¢pyukyueti  6yner  ¢ymkuus  G(T, p)=
=U—-TS+pV. HeiictButensHo, nepeiinem B ypaBHeHuH (5.13) ¢ mo-
MoIbio npeobpasoBanus Jlexanapa x nepeMeHHbIM T U p, npuOaBuB
Kk obeuM dyactsm auddeperiman d(plV’), torna d(F+pV)=—-SdT+
+ Vdp, um

104



dG=-SdT+Vdp, (5.19) ps

rie G=F+pV=U-TS+pV.
U3 ypasuenus (5.19) monyuaem 7

S=—(’;—‘;>p, V=<%:—;>T. (5.20) »

Bropoe u3 ypaBHenmit (5.20) mo3Bonser HaHTH
TEPMUYECKOE YpaBHEHHE COCTOsSHUS. Takum obOpasoM,
¢oysxkmus G(T,p)=U—-TS+ pV sdaBnserca Xapak-
TepucTHYeCKOi ¢yHKIMEH B mepeMeHHbIX T M p U Ha- s
3biBaeTCa dnepeueil T'ubbca (mepmoodunamuyeckuii no-
menyuan T'ubbca). Puc. 20.

Bropbie npomsBoanbie ot G (7, p) HarOT TEMJIOEMKOCTh

0*G
¢,=-1(23).

KO3pHLMEHT CXUMaeMOCTH

5L (V) __1 (7%
Vo\op Jt Vo\op? )r

)

CBSI3BIBAIOIIEE [IBa COOTBETCTBYIOIMX CBOMCTBA CHCTEMBI, KOTOpOE
MOXHO TMOJYYMTh Jaxe He 3Has sBHoro Buma ¢ynkumu G(T, p).
Tax xe kxak yObuib d3Hepruum I'enbMmrosibia npu H30TEPMHUUYECKUX
mporeccax paBHa paboTe cucteMbl, yObulb 3Heprum I'mbbca npu
A30TEepMHYECKHX NpoIleccax paBHa paboTe nmpu aamabaTHBIX mpoiieccax
Pacuiupertoi cucmembsl, COCTOSIIEH, HAIpUMED B Ciiydae rasa B 3aKpbl-
TOM IDUIMHApE, W3 Tra3a ¥ TOpIIHA C Tpy3oM. OHeprus TakKoi
cuctemsbl (puc. 20) paBHa BHyTpeHHe# 3Heprum U rasa W NHOTEHLH-
anpHOM 3HepruH psh=pV mnopums c rpysom: E=U+pV, oTkyna

dE=dU+pdV+Vdp=TdS+ Vdp.

Ilpn aguabGaTHBIX mpoleccax yObUIb JHEPIrHH CHCTEMbI paBHa €€
pabore, mostomy —(dE)s=—Vdp u, cremosarenbHo, pabora pac-
INAPERHON CUCTEMBI paBHa®

SW paom= — Vdp. (5.22)

N3 popmynsl (5.19) BHOHO, YTO NpH H3OTEPMHUUYECKHX NPOLECCAX
—(dG)r=—Vdp. Torma, yuutbiBas cooTHoiuenue (5.22), nojyvaem

————

U ypaBHEHHE

* U3 pbipaxeHud (5.22) BUAHO, 4TO BHYTPEHHMH NApaMeTp M3y4aemo¥ CHCTEMBbI
(ra3za) — maBiieHHMe p—SBISETCH BHEIUHMM IIapaMETPOM DACLUHPEHHOH CHCTeMBbl. Pac-
WUPeHHan Cucmema—3TO HMEIOIas MEXaHMYECKMH KOHTAaKT C BHEIIHUMH TelaMH
u3yyaemasi CHCTEMa COBMECTHO C 3THMH BHEHMIHMMHM TeJlaMHM, HaJl KOTOPBIMH H3y4Yaemas
CHCTEMa MOXET coBepuiaTh paboTy.
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—(dG )T =0 Wpacm- (5.23)

Ecnu Ha cHcTeMy KpoMe MeXaHHYeCKMX CHJI IEHCTBYIOT M IpPYIUE,
HEMEXaHUYECKHe CHJIBI (QJIEKTpHYECKMe, MArHUTHble H T. A.), TO
MOXHO YCTAaHOBUTb W APYroi (GHU3M4eCKUi CMBICI M3MEHEHHS 3HEPrHH
I'u66ca G. B camMoM Jiesie, MyCTh Ha CHCTEMY KpOMe CHJIBI JaBJICHUS
JIENCTBYIOT ellle HEMEXaHHYECKHEe CHUIIbI, TOrAa

TdS=dU+pdV+ W,

€ nomompto npeobpasoBanus JlexaHapa [npubaisis kK oOeHM
yacTaMm Belpaxenus (5.23) muddepeniman d(—TS+pV)] nepexomum
or mudpdepenimanos dS u dV x aurddepeHIManaM He3aBUCHMBIX
nepemensslx T m p. Torna

—SAT+Vdp=d(U—TS+pV)+W,,,
dG=—SdT+Vdp— W,
OTKyda BHIHO, 4YTO IIpH HSOTCpMI/I‘ICCKI/I-I/ISOGapHHX npoueccax
B CJIOXKHBIX CHCTEMAX y6bIJ'II> TEPMOOAUHAMHUUYCCKOIO IOTCHIIMAJIa paBHA
pa60're CHCTEMBI IIPOTHB HeﬁCTBymmHX Ha HEC HEMCXAHHUYECCKHX CHJI.
—(dG) s =W (5.29)

Baxnoe 3HaueHue sHeprum ['mO0Oca il TEpMOJUHAMUKH CIIEAYET
U3 TOTO, 4TO B COCTOSHHM PABHOBECHS CJIOXHOW CHCTEMBI Xapak-
TEpUCTHYECKME TNepeMeHHble p W T OJWHAKOBBI BO BCEX 4YacTAX
CHCTEMBbl M TNO3TOMY SBJISIOTCA Hamboisiee yqOOHBIMH.

4. Ecniu He3aBHCUMBIMH TNIEPEMEHHBIMHM IIPOCTOM CHUCTEMBI SBJIS-
OTCA S W p, TO XapaKTepUCTHYECKON (QyHKImeH Oyaer

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

HeiicTBuTenbHo, ecnu B ypaBHeHHMH (5.5) mepeiitm ot muddepen-
mrasnoB dS u dV kx muddepeHumanaM nepeMeHHbIX S U p, npuOaBss
K obeuMm wactam ypaBHeHus (5.5) muddepenuman d(pV), To

TdS+Vdp=d(U+pV)
0] 858
dH=TdS+ Vdp. (5.26)

Oyuxuus (5.25) Ha3bIBaeTCA JHMIaAbhueld W SBJSAETCS TEPMOIH-
HaMHUYECKUM TNOTEHLUMAJIOM IpH HE3aBUCHMBIX INEPEMEHHBIX S U P,
NOCKOJIbKY mnpou3BoaHbsie H(S,p) mo S m p pator

o0H
T‘(Eﬁ)p’
oH

V=(5>s, (5.27)

H\ _(oT\ _T
as* J, \as /)y C.
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HIn
c- T _ (0H/?S),
P (0%H[0S?), (9*H[0S?),

’H\ (V\__ Vv ¥
op* )s \op Js V(@ploV)s K5
v
Ks=—Gmmy

N3 dopmynsr (5.26), maxe He 3Has SBHOTO BUAa (YHKIMH
H(S, p), HaxoOuM YypaBHEHHUE

(H)-5)

KOTOpPO€ CBSI3bIBAET JiBa CBOMCTBAa CHCTeMbl. YpaBHenue (5.27)
npeacTaBiseT coOoil ypaBHeHHE aauadaThl, TaK 4TO, €CIM JHTAJbIHA
KaK MOTEHIMaJl M3BECTHA, TO ypaBHEHHE (5.27) mO3BOJISIET HMPOCTHIM
maddepennupoBanueM H mo p HalTH ypaBHeHHE aquabaThl CHCTEMBI.

®dusnyeckuit CMBICH 3HTAJBIMHA COCTOMT HpPEXIE BCETO B TOM,
4YTO TpH H300apHBIX NpOIECcCax H3MEHEHHE JHTANBIHU PaBHO IIO-
[JIOIEHHOMY Kosm4ecTBY TemnoThl: (dH),=(TdS),=(6Q),=C,dT u

oH
Cp = (ﬁ)p.

[To sro#t npuunnae pyHkmmio H 4acTO Ha3bIBAIOT TAKXKe MeNn1060i
@yHKkyueii i menaocodepxcarnuem. Kpome Toro, Tak Kax sHTasbmms (5.25)
paBHa 3Hepruu E pacuMpeHHON CUCTEMBI, a NIpH aquabaTHBIX Mpoeccax
y6BLIb 3HEPTUM paBHa paboTe, TO, OYEBHIHO, IPU ITHX Npoleccax yObLIb
SHTAJIbIIMM CHCTEMBI paBHAa padoTe pacCIIMPEHHON CHCTEMBI:

—(dH )S =0 Wpacur

W HakoHem, eciM Ha CHCTEMY JEHCTBYIOT KpOMe MeXaHHYeCKO#
CUJIbl JIaBJIEHHSI TaKXe W ApYrMe HEMEXaHWYECKME CHIIbI, TO

TdS=dU+pdV+0Wyy,
dH=TdS+Vdp—3Wyy,

OTKyJa BHAHO, YTO NMpH aauabaTHO-U306apHBIX MPOLECCax B CIOXHOM
cucreMe YyObuUTb SHTajbmum (5.25) paBHa paboTe CHUCTEMBI HPOTHB
HEMEXaHUYECKUX CHIL:

I

—(SH)S", = SWHM'

Bce 3t TepMoauMHaMuuecKue MOTEHIMAJIBI SBJISIOTCS, BO-NIEPBBIX,
aJIIMTHBHBIMA ¥ OJHO3HAYHBIMHU (QYHKIHSAMH COCTOSIHHS H, BO-BTOPBIX,
UX YObUIb TIPM COOTBETCTBYIOIIMX YCJIOBUSX OIpeNensieT paboTy
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CHCTEMBI NPOTUB MACHUCTBYrOIMMX Ha Hee cuin. Kpome Toro, oHHM
MO3BOJIIOT C MOMOLIBIO OCHOBHOTO HEPaBEHCTBA TEPMOJUHAMUKH
JUIs HectaTHueckux mnporeccoB (3.59) ycraHOBHTH OOIIHME YCIOBHUS
TEPMOJMHAMHUYECKOTO pABHOBECHS M YCTOWYHBOCTH CHCTEM TMpHU
OTIpEIENIEHHBIX YCIOBHAX (CM. T 6).

§ 25. YPABHEHUE TMBBCA —TI'EJIBMI'OJIBLIA.
TEPMOJAUHAMUYECKHE TNOTEHUWAJBI UAEAJTBHOI'O TA3A

Pa3iMyHble TEPMOMMHAMMUYECKHE MOTEHIMAbI CBA3aHBI MEXIY COOOM
Tak, YTO €CJIH M3BECTIIBl OJHM W3 HHX, TO MOXHO HalTH Apyrue.
IIpu sToM BHyTpeHHss 3Heprust U cBszaHa c sHeprueil I'enbmrosbia
F TtaxuMm xe aupdepeHLMaNibHBIM YpaBHEHHEM, KaK 3SHTajbIUs
H c sneprueit T'u66ca @. [leictBurensHo, u3 F=U— TS u BbIpaxeHus
(5.17) nony4aem ypasnenus I'ub6ca— I'eavmeoavya

U=F—T<%)V (5.29)

mnst sHeprum [enbmrogpia, a u3 G=H—TS un Beipaxenus (5.20)

H=G-T (g—i ) (5.30)

mius sHeprun I'mGO6ca.

B o01m1eM ciyyae npocToit CHCTEMBI, KOTJa €€ COCTOSIHUE OIpeeis-
€TCsl TEMIIEPATYpPOH M BHEUIHUM NapaMeTpoM a, ypaBHeHue |'mb60Oca —
lenpMronbua Misi 3HepruM ['ebMrosiblla MMEET BHI

oF
U=F T<6T>.,’ (5.31)

Unrerpupys ypaBuenue (5.29) uwnu (5.30), MoxHO Haiith F uim
G cootBercTBeHHO 110 U wim H. UTOOBI €ro BBHINOJHHTH, 3aMETHUM,
yro npu 0 K mocnennee cimaraemoe B ypaBHenuu (5.29) ormanaer,
eciu (0F/0T), ocraercs koHeuHOH mim Bo3pactaer mpu 7T-0 K
Memiennee, yeM 1/T. [lenas otHocutenbHOo (0F/0T), OOHO W3 3THX
ABYX mnpeanoyioxeHuii, u3 ypasHeHus (5.29) npu T7T=0 K wumeem
Fy=U,. Bbuutas 310 ypaBHeHue u3 -ypaBHeHHs (5.29), mosrydaem

e d(F—Fy)
F—F,=U U0+T<———-—8T )V

Ui

& aiT(f:Tfe)= —(U-U,). (5.32)

VpapaeHue (5.32) saBisieTcs JTUHEHHBIM HEOOHOPOIHBIM ypaBHEHHEM
oTHocuTenbHO F—F,. CoOTBETCTByIOLEE OJHOPOAHOE YypaBHEHHE
HMeeT BUA
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oT\ T

OOmee pemenne ypaBHeHHs (5.32) paBHO CYMME YacTHOTO
pellieHdss 3TOro YypaBHEHHMs M OOILIETO pelIeHnst OJHOPOIHOTO
ypasHenus (5.33), koTopoe, oueBuAHO, paBHO F—F,=IT, [=const.
YacTHoe [ PELLCHHE  ypaBHEHHs (5.32) w™MoxHO 3ammcaTh Tak:

2 (F - Fo) -0, (5.33)

—F, —_ -
f_T_°= - J UTZU" dT. Takum obpa3oMm, oOlee pelieHHE YpaBHEHHH

FnGGca—?l"eneronbua (5.29) m (5.30) Taxoso:
T

F=Uy—T |*=7°dT+1T, (5.34)
0
A

G=Go—T | "dT+1T, (5.35)

rae I— TepMoAMHAMUYECKH HEONpedesieHHas MOCTOsSHHAs, 3aBUCSIIAs
or obremMa B (5.34) m ot maBneHus B (5.35). DTy mnOCTOsSHHYIO
HEJIb3S ONpEAENUTbh C IOMOINBIO MEPBOTO M BTOPOrO Havajg TeEp-
MOJMHAMHKH (4€M M OOYCIIOBJIEHO €e Ha3BaHMe). 3HAHWE MOCTOSHHOM
I Obu10 HEOOXOOUMO TpPHM BBIYUCIIEHHH XHMHUYCCKOTO CpOACTBa (CM.
§ 49). Pemenune 3TOif mnpobiembl mnpuBeno HepHCTa K OTKPBITHIO
TPEThErO Hayajia TEPMOJUHAMHUKH, KOTOPO€ HENMOCPEACTBEHHO NpH-
BoauT k I=0. [leiictBuTenbHo, mubpdepeHuupys BbipaxeHue (5.34)
wim (5.35) mo TemmepaType M mojlaras [0 TpPETbeMy Hauajy

(aF =(0—G) =S=0 mpu T=0K, nomyyaem I=0.
4

oT Jv \oT
akuM oOpasoMm, u3 Buipaxeuuit (5.34), (5.35) nomyuaem:
T T
U-U H-H
F= UO—-TJ'—T§—°dT, G=H0—TJ~ 72 °dT. (5.36)
0 0

TepmonuHamuyeckue noteruuansl U, F, G, H MOXHO NpeCTaBUTD
rpaduueckd B TMPOCTPAHCTBE COOTBETCTBYIOIINX HE3aBUCHMBIX IiEpe-
MEHHBIX B BUJE NOBEPXHOCTEN, KOTOPBIE OOBIMHO CTPOSIT HA OCHOBAaHUM
ONBITHBIX NAHHBIX. DTH MOBEPXHOCTH, a CJEJOBATEJIbHO, U CBOWCTBA
CaMOro BEIECTBA HCCIENYIOTCS NOTOM C MOMOIIBIO TUddepeHnuaib-
Ho¥ reometpun. [ToaToMy reomerpuueckue MeToAbl B TEPMOJUHAMHUKE
uMeroT Oonbmioe 3Havenwe. OAHA W3 BaXHBIX TEPMOAMHAMUYECKHX
pabot I'mb6ca Tax u Ha3wiBaeTC «MeTOJ reOMETPHYECKOTO MpeCTaB-
JICHUs] TEPMOAMHAMUYECKUX CBOWCTB INPH MOMOIIM INOBEPXHOCTEH».
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Kax BugHo u3 ypaBHenmil (5.10)—(5.28), 3Has x0T OBl OJOMH
U3 TEPMOJMHAMHUYECKMX HOTEHIHMAJIOB, MOXXHO OIpPEACIUTh KaK Tep-
MHYECKHE, TaK W KaJOpPHYECKHE CBOMCTBA CHUCTEMBI, T. €. IOJYYMTh
MOJIHYI0 MH(MOPMAaLUIO O € TePMOAMHAMHYeCKHX cBoicTBax. Kaxmpii
TepMOAMHAMHMYECKHH NOTEHIMAJ, CJIEAOBATENIbHO, COAEPXKHUT B cebe
MOJIHOCTBIO BCE XapaKTEPHCTHUKH CHCTEMBI.

VCTaHOBJICHHE CYLIECTBOBAHUS TakuX (GYHKIMHA COCTOSIHUS SB-
JISETCS KPYNHBIM YCIeXOM TepMoAuHaMuKd. OIHAKo, OCTaBasiCh
B paMKax TEPMOJIMHAMHKM, 3THM YCIIEXOM HE YJaeTcsi BOCHOJIb-
30BaThCs B MOJIHOW Mepe. Jlesl0 B TOM, 4TO Hayajia TEPMOAWHAMUKH
caMd mo ceOe He TMO3BOJISIOT HAWTH BBIPAXEHUS IS TEPMO-
OVUHAMHYECKUX TOTEHIMAJOB B BHIE SBHBIX (QYHKUHA COOTBET-
CTBYIOIIMX XapaKTEepPUCTHYECKMX TE€pPEMEHHbIX. B TepMoamHamuxe
METOJ] TOTEHIMAJOB COCTOMT B HCHOJb30BaHMM YypaBHeHuit (5.12),
(5.16), (5.20) m (5.28), KOTOpBHIE YCTaHABIMBAIOT CBSI3M OJHHUX
CBOWCTB CHCTEMBbl C JAPYTMMH €€ CBOWCTBaMH. OTH YpaBHEHHS,
KaKk Mbl BHIENHM, I@OJIy4alOTCS U3 OCHOBHOTO YDaBHEHHS Tep-
MoauHaMHKH (5.5) M MO3TOMY YacTO CaMH Ha3bIBAKOTCS OCHOBHbIMU
ypagHueHuamu WM coomuowenuamu Maxceeaaa.

ToNbKO IS ABYX CHCTEM MOXHO BBIYHCIUTH TEPMOAMHAMHUYECKHUE
NOTEHIMAJbl C NMOMOIIbIO Hayajd TEPMOAWHAMMKH: I MIEaJbHOTO
raz’a ¥ Uil PaBHOBECHOTO M3JIyYeHHs, TIOCKOJbKY [UI HHX
U3BECTHBI W TEPMHUYECKHE, M KaJIOpUYECKUE YpaBHEHHS COCTOSIHHUS.
Hdns Bcex e JMAPYIMX CHCTEM TEPMOJWHAMUYECKHE IOTEHIMAJIbI
HAXOAAT WJIM U3 ONbITA, WJIX METOJAaMH CTaTHCTUYECKOH (GU3NKH
¥ MOTOM C NMOMOIIBIO MNOJIy4eHHbIX TEPMOAMHAMUYECKUX COOTHOIIECHUI
ONPENENIIOT YPaBHEHHUS COCTOSIHUS W JApyrue TepMOAMHAMHUYECKUe
CBOIiCTBA.

W3 sToro BuaHa opraHudeckas CBsi3b TEPMOAMHAMHUKHM U CTaTH-
ctuyeckoid Qusuku. OO6e OHHM HMMEIOT OAMH H TOT XK€ mNpeaIMeT
HCCIEOBaHUs, HO CaMO HCCJIENOBAHUE BENETCH C Pa3HBIX HCXOIHBIX
no3unui. JIyis MOJIHOrO M BCECTOPOHHETO M3Y4YEHHs CBOWCTB (pusmuec-
KHX CHCTEM HEOOXOMUMO OJHOBPEMEHHOE NpHBJICYEHHE M TEPMOIM-
HaMWUKH, M CTAaTUCTUYECKON (u3MKH.

Hns ra3oB TepMoAMHaMHUYeCkHe (GYHKIMHM Yalle BCErO BBIYUCIISA-
FOTCS METOJlaMH CTATUCTH4YeCKOW (PU3MKH, IS XKUOAKOCTEH XE M TBEp-
JOBbIX TEJl OHU OOBIYHO HAXOMATCS SKCICPUMEHTANIBHO C NOMOMIbIO
KaJIOPHYECKUX OIPENENICHUN TEemIOEMKOCTH.

Haiinem BbIpaxkeHHe BHYTpeHHeH sHeprum U Kak TepMOAMHaMUYec-
KOO NOTEHIMaJia i MAeaJbHOTO (OJHOATOMHOro) rasa. M3BecTHo,
4TO JJIS TaKoro rasa BHYTPEHHs 3HEpIUs paBHA

U= CV T+ Uo.

dT0 BBIPDAXCHUC I U He sABnseTCS, OJHAKO, TEPMOINHAMHAYCCKUM
NOTCHIMAJIOM,; IIOJIb3YsChb HM, HCJIb3s ONPCACIIUTD HH TCPMHYCCKOC
YPAaBHCHHUEC COCTOSIHHS HMOCAJIBHOIO rasa, HU OPYTHE€ €ro TCPMHUYCCKHUE
CBOMCTBA. BHyTpCHHﬂﬂ SHEPrus 6YIICT TEPMOINHAMHUYECKUM IIOTCH-
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oManoM (XapakTepHCTHYeCKON (yHKIMel), eciM OHa BBIPaXeHa Kak
éyHkims nepeMeHHbIX S ® V. Jlnd uAeasbHOrO rasa 3TO JIETKO
clenaTh, MOCKOJNbKY H3BeCTHO, 4To S=C,InT+RInV+S,, oTkyma

S—So—RIlnV 1 S-S
T=exp< = n >=VY" exp( - °),
| 4 | 4

UGS, V)=t exp(S S°>+U0

Hcnonp3ysi 3TO BHIpaXeHWE Ui BHYTpEHHEH SHEpPruM Kak Tep-
MOJIMHAMHMYECKOT0 TOTEHIHala, MOXHO, HaobOpoT, C NOMOIbIO
dopmyn (5.10) u (5.11) HaliTM TepMH4YEeCKOe ypaBHEHHE COCTOSIHUS
AlleabHOTO rasa pV RT n YPaBHEHHE €ro aguabatbl pVY=const.

B xauecTBe mepBoif 3aJja4y, peliaeMoil METOIOM TepMOAMHaAMHUYeC-
KHX [OTEHIMAJIOB, TMOJIy4YUM HaWJEHHOE YyXe METOJOM LHKJIOB
ypaBHEHHE [UI 3aBHCHMOCTH NOBEPXHOCTHOTO HATSDKEHHS OT TEM-
mepaTypel, ¢ TeM 4YToObI Ha 3TOM oOmeM mnpuMmepe YOeAUTbCS
B MPEUMYLIECTBE METOAA TePMOIMHAMHMYECKHX MOTEHIMaNoB. Pe3ynb-
TaT, KOHEYHO, Oymer OOHMM M TEM e, Tak Kak Ta WM HHas
3aKOHOMEPHOCTb HE 3aBHCUT OT METO/Ja M3YYeHHUs, a OIpeAesseTcs
TMPUPOAOH SIBJICHHUS.

bymeM ucxomuTh W3 BbipaxeHHs A muddepeHnmana NoBepx-
HOCTHOM cBOOOIHOU sHeprud IieHkd. Ilycth X —iUiomanb mnoBepx-
HOCTH IUICHKH (ee BHEIIHMH mnapaMeTp a). Tax kak 3jeMeHTapHas
paboTa yBeNMYPHHS MOBEPXHOCTH IUIeHKH Ha dX paBHa OW = —odZ,
I7ie C— NOBEPXHOCTHOE HATSKEHHE, TO 0000IIeHHas CHia, CONpsKEH-
Has mapaMeTpy X, Oymet A= —o u madpdepenuman snepruu ['enbm-
rojbua Ais IUieHKH paBeH dF= —SdT+odX, oTtkyna

oS\ (0o o\ 8Q Jo r

ox Jr \oT)s’ ar):" T\9Z T) T
4TO COBHAJAEeT C BhIpaxeHHEM (5.3), HaWIEHHBIM METOJIOM IMKJIOB.
IMonyuenne 3TOro BbIpaXKE€HHS METOJOM TEPMOJUHAMMYECKHX IOTEH-
LMaJIOB CBOJUTCS K HaxOXIEHHIO JHUIIb mudpdepeHnmana sHEPrUd
lenpMrosnibia IUIEHKM ¥ HCNOJIb30BaHHIO CBOWCTB MOJIHOTO (-
tbepennmana.

B 3axiroyeHHe OTMETHM, YTO NpPHUMEHEHHE TepMOIMHAMUKH K pe-
HICHUIO PA3JIM4HBIX (GU3MYECKUX 3aJa4¥ CHJIBHO OO0JIEr4aercsi UCHOJIb-
30BaHHEM CBOMCTB skoOMaHOB (ompenenuteneir SIxobu). DTo cBsA3aHO
C TeM, 4YTO OOBbIYHbIE YaCTHbIE NPOU3BOJHBIE, 4 OHH BXOIAT BO
MHOTHE TEpPMOJNHAMHMYECKHE COOTHOIIEHMS, NPEICTABISIOTCS B BHIE
AKOOHAHOB.

IIpuBeneM CBOICTBA 4YacTO WCHOJIB3YEMbIX SKOOHAaHOB BTOPOTO
nopsiaka (C AByMsl HE3aBUCHMBIMHM TEPEMEHHBIMH X, J);
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| 0GRy oy o
Ay ) | EHEEME)
ox)y \0y/x

Kak CJICAYET H3 J3TOro ONPCACJICHUS:
O y) _[ou .
2 a(x, )’)_<ax>y’
2) J(u, v)=—J (v, u), :‘3(1: o) __ (),

3) J(ku, v)=J(u, kv)=kJ(u, v);
4) a(u,v)_ (u, v) _5( v)
kx, y) dlx, ky) Kk alx, »)
O(u,v) O(u,v) &lr,5) _d(u,v) &(r.s)
ax, y) Ax, ) élns) alrs) alxy)
YTO MNO3BOJIIET ONEPHUPOBATL C SKoOMaHaMK Kak C I[pO6ﬂMH;
5) J(u, v)J(z, y) +J (v, 2) T (u, y) +J (2, u) I (v, y)=0
— TOXAECTBO SIkoOH.

§ 26. TEPMOAWHAMMYECKHUE TNOTEHUUWAJIBI CJIOXKHBIX CUCTEM
U CUCTEM C NEPEMEHHBIM YHCJIOM YACTHUILL

Broiiie Mbl Hauuid, kakue (QyHKIHU OpW TEX WIK HHBIX HE3aBHCUMBIX
NEPEMEHHBbIX MPOCTOW CHUCTEMBI SBJISIOTCS €€ TEPMOIMHAMUYECKUMMU
NOTeHIHaJ aMHU. YCTAaHOBUM Tenepbh TePMOJAWHAMUYECKHE NMOTEHIMAJIbI
CJIOXKHOM CHCTEMBI, NOJBEPXKEHHON [EHCTBUIO HECKOJIBKMX BHEITHUX
CUJl, U CHCTEMBI C MEPEMEHHBIM YHUCJIOM YaCTHIl.

ByneM BHauasie HCXOIUTH U3 OCHOBHOTO YPaBHEHHS TEPMOIMHAMH-
ku (3.24) nmnst CIOXHOW CHUCTEMBbI

TdS=dU+ Y A.da;.

W3 3Toro ypaBHEHKS HEMOCPEACTBEHHO IIOJIy4aeM, 4YTO €CJIH
COCTOSIHUE CJIOKHON CHUCTEMBI oOllpeneseTcsi 00OOIIEHHBIMU KOOp-
auHaTamu (BHEIIHMMM @apaMeTpaMu aq; W 3HTpomueit S), To ee
TEPMOJUHAMHUYECKMM MOTEHIMAJOM SBJISETCS BHYTPEHHSs JHEprus

U(S, a;), mndpdepenuman xotopoit dU=TdS— ) A;da;.

13
Ecnmu cocTosiHME CUCTEMBI ONpEAEieTCs BHEIIHMMHU IIapaMeTpaMu
a; v Ttemnepatypoid 7, TO TEepMOJAUHAMUYECKUM NOTECHIIUAIOM
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sBnsieTcss 9Hepeun Ieavmeorvya F=U—TS, madpdeperuuan xortopoi
dF=—-SdT- ) Ada;.

13
Ecnu cocTosiHMe CUCTeMB! ompenenseTcs TeMnepatypoi T u 0606-
IIEHHBIMH CWJIaMH  A;, CONpPSDKEHHbIMHM BHEIIHMM TapaMeTpaMm d;,
TO TEPMOJUHAMUYECKUM IOTEHIMAIOM CUCTEMBI siBiseTcs (0000ieH-
Hast) smnepeus Iubbca

G=U-TS+) Aa,, (5.37)
middepernuan xoTopoi l
dG=—SdT+ ) a;dA4;.

Ecnv He3aBUCHMBIMH TapaMeTpaMu CHUCTEMBI SIBJISIFOTCS SHTPOIMS
S u 0000ImEeHHbIE CUIBI A;, TO TEPMOAMHAMMYECKUM IOTEHIMAIOM
sBisgeTcss (00oOIeHHas) sHmaabnuA

H=U+ ZA,'ai, (5.38)
nuddepeHnan KoTOpor l
dH=TdS+ ) a,d4;.

Taxum o0pa3oM, B ciydyae CJIOXKHON CUCTEMBI BBIPAXXEHHUS HEPTMU
I'n66ca (5.37) u suranenuu (5.38) UMEOT NO CpPaBHEHUIO C COOT-
BETCTBYIOUIMMHU BBIPDAKEHUSMM O3THX NOTEHLMAJOB [UIsi INPOCTOM
CHCTEMBI JIOTIOJIHUTENIbHbIE aJ/IUTUBHbIE WICHbI BHIA A;q;. BelpaxeHue
xe Jns sHepruu IensMmronbua F=U—TS npu nepexole K CIOXHOH
cucteMe He u3MeHsieTcs. OHAKO €CIM COCTOSIHWE CJIOXKHOH CHUCTEMBI
onpenessieTcss INepeMeHHbIMH 7, p W BHEIIHMMM INapaMeTpaMu
a; (kpomMe o0ObeMa), TO TEePMOJWHAMMUYECKMM MOTEHIUAIOM, Kak
U B cliy4yae IpocToil cuctemsl, Oyaet sueprus I'ubdca G=U—TS+pV,

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

i
AHanoru4yHo, ecyiv p, S ¥ BHEUIHWE MapaMeTphl (kpoMme oObemMa) —
He3aBHCHMBIE TIEPEMEHHbIE CJIOXHOI CHUCTEMBI, TO TepMOAMHAMUYEC-
KM MOTEHNHAJIOM sBiseTcs SHTanbnus H=U+pV, mubdepennuan

xotopoit dH=TdS+Vdp— Y A;da;

1
Ho cux mop MBI paccMaTpWBaJii CUCTEMBI, KOTOpble NpY B3a-
UMOJIEUCTBUM C JPYrMMM TeJlaMH OOMEHMBAIOTCS TOJIBKO JHeprueit
(3aKpbITBIE CUCTEMBI MJIM CHCTEMBI C MOCTOSIHHBIM YKCJIOM YacCTHII).
OpHako B TepMOJMHAMUKE IIUPOKO W3YYAIOTCH TAaKXKe CUCTEMBI,
B KOTOPBIX YHWCJIO YaCTHIl NPU PABHOBECHBIX MPOLECCaX W3MEHSETCH
(cucTeMbl ¢ nepeMeHHBIM YHCJIOM YaCTHIY).
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Vi3sMeHeHde 4uClia 4YacTUI] B CHUCTEME MOXET BBI3BHIBATHCS pas-
JIMYHBIMKM TpuurHaMH. Hanpumep, B ciiyyae paBHOBECHOM CUCTEMEI,
COCTOSIIEed U3 XHUAKOCTH U €€ HACBIUEHHOIO Iapa, Mpu W3MEHEHUH
o0bemMa BCeit CHUCTEMBl YacCTHUIBI W3 XWIKOCTH TMEPEXOAsIT B ras
(v HAOOOpOT—WU3 ra3za B XUAKOCTb), IPH 3TOM IMOJIHOE YHCIIO
qacTull B o00eux (a3zax ocTaeTcs MOCTOSIHHbIM, HO B KaxIoi
¢da3ze oHO pa3Hoe. M3MeHeHHE 4YHUCIAa YaCTUIl NPOWCXOAUT TaKxKe
B CHUCTEMax, B KOTOPBIX NpU WU3MEHEHHM TeMIEpaTypbl UM APYrux
napaMeTpoB NPOUCXOLAT XHMHUYECKUE peakuuu. TpeTbumM npuMepom
CHCTEMBI C TEpPEMEHHBbIM YHCJIOM YaCTUI[ SBJISETCA U3JIyYCHME.
PaBHOBecHOE wu3yueHHMe mpelcTaByisseT COoOOH COBOKYNHOCTL KBaH-
TOBOHEPA3JMYMMBbIX 4acTuil— (POTOHOB, KOTOPBIE B OTJIMYHE OT
OOBIYHBIX KJIACCMYECKHX YacTul] 00JIaialoT U KOPHYCKYJISAPHBIMH,
U BOJIHOBBIMM CBO#cTBaMU. UHCIO 3TUX 4YacTHIl NpPU U3MEHEHUH
TeMIIEPATyphl B pe3yJbTAaTe MOTJIOUICHUS U U3JIyYEHHs CBETa CTEHKaMH
OyneT pasHbIM.

CoBpeMeHHasi (pu3uka MpU PACCMOTPEHWH CHCTEM U3 3JIEMEHTap-
HBIX YacTHI[ Bce OoJiblie ¥ OOJIbllEe YCTAHABIMBAET HAJIMYKE B MPUPOJIE
[IPOLIECCOB, NMpPU KOTOPBHIX HE TOJIBKO YHCJIO YacTUIl OIpPENEJICHHOIO
COpTa, HO M OOIllee YMCJIO YaCTHIl B pe3ysibTaTe B3aMMOIpEBpALICHUs
ux B cucteMe He coxpansercs. COCTOSHHE CHCTEMBI C NEPEMEHHBIM
YHUCIIOM YaCTHUIl XapaKkTepu3yeTcs mapaMeTpaMu dai, ..., @,, T ¥ YUCJIOM
4aCTULl JAHHOTO copTa Ny, ..., N,, ... WIKH COOTBETCTBYIOIIUMH KOH-

HEHTpanusaMu ¢; = N; / Y N
k

BHyTpeHHﬂﬂ SHEpPruss CUCTEMBI C ICPEMECHHBIM YHCJIOM YaCTHI]
HU3MEHSETCA HE TOJIBKO 3a CYET COOOIIEHUs TEIUIOTHI U COBCPUICHUSA
pa60Tm CHCTEMOM, HO U 34 CUET U3MEHEHHs YHCJIa YacTHI| B CHCTEMEC,

nostromy, mo nepsomy Hauany, dU=80—8W+ )Y wdN,, rae

k
dN,=d, N, +d; N, —u3MeHeHre Yuciia 4acTuil copTa k, 0OyCIOBICHHOE
B o0meM ciyyae oOMeHOM ¢ oOKpyxaromeid cpemoir d N, ¥ XUMHU-
yeckuMu  peakuusMu  d;N, (0 3aKOHY COXpaHEHHUS  MAacchl,

Y md;Ny=0, m—mMacca k-yacTuu).
k

Tpu paBHOBecHBIX mpoueccax dQ=TdS u dW =) A;da;, nosromy

i
OCHOBHO€ YypaBHCHUE TEPMOAUMHAMHUKM [l CUCTEM C TNCPEMCHHBIM
YUCIIOM 4YacCTull B TAKMX CHCTEMax IPUHUMACT BUJ

TdS=dU+ ZA,'da,"" Z}ldek, (5.39)
i k
a npu HepaBHOBECHBIX mporeccax [cMm. (3.59)]
i k
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BesnunHa
W= (5 U/aNk)S, a

Ha3bIBACTCA XUMUUECKUM NOMeHyuaiom Kk-ro copTa 4YacTHII.

C mnoMompio OCHOBHOTO YypaBHeHus (5.39) Jserko NOJy4YuTh
muddepeHnanbl Uisi BceX TEPMOAVMHAMUYECKUX NOTEHLIUATIOB CHCTEM
¢ TepeMeHHBIM YMCJIOM 4acTull. PaccMOTpuM it IpOCTOTHI CUCTEMBI,
MO/IBEPXKEHHbIE JIEHCTBHIO TOJILKO BCECTOPOHHEro namieHus p. Torna
MOJIy4aeM CJIEAYIOIIUE BbIPAXEHUS:

dU=TdS—pdV+ ZuidNi (5.41)
s aubdepernyana BHyTpeHHEH 3Hepr1;u;
dF=dU~-TdS—-SdT=—-SdT—pdV+ ZuidN,- (5.42)
i mubdeperumana sHepruv I'enpmronbuna F= l} -TS;
dG=-SdT+Vdp+ Zu,-dNi (5.43)
s muddepernuana sHepruv ['u66ca Gl= U-TS+pV;
dH=TdS+Vdp+ Z w; dN; (5.449)

s muddepenmmana sutanbmu H=U+pV.
XvMHYECKHHl TOTEHIUAN W3 3TUX BBIPAXEHWi paBeH

ou oF oG oH
w (s (G () () 69

TaxuM 00pa3oM, p MOXHO NOJYYHTh mudhepeHInpoBaHHEM
mo00ro u3 TepMOAVHAMMYECKHX NOTEHIMAJIOB IO YHCIY 4YacCTHII.
Opnako mpud 3TOM OH OydeT B KaxAOM Cliydyae BBIPDaXeH 4Yepe3
pa3jivyHble He3aBUCHMBIC IepEMEHHBIE.

Kak yxe oOTMeYanoch, BCE TEPMOJMHAMUYECKHE IOTEHIHAJIBI
SBJISIFOTCS  AJUIMTMBHBIMH ~ (YHKUMSAMHM, T. €. WX BEJWYUHBI IS
COBOKYMHOCTH HECKOJIBKMX TeJ paBHbl CyMMe WX 3HAueHWH JUis
Kaxaoro Teja. B ciydae cucTeMbl M3 OJWHAKOBBIX YacTHI[ 3TO
O3Ha4yaeT, YTO IpPH U3MEHEHUHM MAacChl BeIleCTBA WIH YKCiIa
qacTuiy, N B HEKOTOpPOE YHCIO pa3 3TH BEJHYUHBI WM3MEHSIOTCS
BO CTOJIbKO Xe pa3. Jpyrumu CliOBaMH, MOXHO CKa3aTb, YTO
aJIUTHBHAs TepMOJAWHAMMYECKasi BeJMYMHA JOJDKHA OBITH OJHO-
ponHO#M (yHKUMEH NepBOro MNOpsAAKa OTHOCHTENBHO aJAMTHBHBIX
nepeMeHHbIX. ClieoBaTeNbHO,

U=Nf,(VIN, SIN), F=Nf,(V/N, T), (5.46)
G=Nf3(p’ T)’ H=Nf4(p’ S/N)
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N3 cucteMbl (5.46) nonydaem

u=(0G/oN),, r=15(T, p), (5.47)

T. €. XWMHYECKUIl TMOTEHIMaN paBeH dHeprun ['mb6ca Ha ONHY wacTHIly
M, CIeIOBATENbHO,

G=Nu=vG, (5.48)

rae v—4uucio Mojedd, G — TepMOIMHAMHUYECKUH MOTEHLHA MOJIS
BEILIECTBA.

Kak BumHo u3 dpopMynsl (5.47), XUMUYECKHA MOTEHUHUAT SABJIHETCS
¢yaxmwmedt p, T w He 3aBRUCHT OT umcna N wacTuil.

AIUIMTUBHOCTh TEPMOJMHAMHYECKHX IOTEHIMAJIOB BbINOJHAETCS
JMIIb TOCTOJIBKY, MOCKOJIBKY MOXHO mpeHeOpeub B3anMojeficTBHEM
OTHENbHBbIX yYacTeir Teya. ITo3ToMy i cMecH HECKOJIBKUX BELIECTB
(HanmpuMep, NI CMeCH HECKOJIbKUX JKMIKOCTEeH) TepMOAMHaMUYeCKue
NOTeHIUANbl HE paBHbl CyMMaM TEPMOAMHAMHYECKHX HOTECHLUAJIOB
OT/EJIbHBIX KOMIIOHEHTOB cMecU. MICKIItoYeHHe COCTABIISET JIMIIb CMECh
WIleabHBIX Ta30B, TaK Kak B3auMMOJEHCTBMEM HX MOJIEKYJ MOXHO
npeueOpeus. Ograxo cooTHomenus (5.48) o6oOmiarorcs Ha JCSYIO
CMCChb BEHICCTB, T. €. BO BCEX Ciiyuasx sHeprus I'mO0ca cMecnm paBHa

G=ZN,'H,'=ZV,'G_ i (5.49)

B camom pgene, Ttak xak uyumcma Ny, N,, .. dactun, OT
KOTCPBIX 3aBUCHT 3Hepruss ['mb6ca, SBJISIFOTCS SKCTEHCHBHBIMII Tie-
PEMEHHBIMH, TO

G(p, T; aNy, aN,, ..)=0G (p, T; Ny, Ny, ...
JuddepeHnupys 3TO PaBeHCTBO MO o M Mojaras o= 1, moxyyaem

oG
G—Zi:Ni (a_N">I" T, NJ.

Ho COriacio COOTHOMEHHAM (5.45), 0G/ON;=p; ® mnosaTomy
monyyaeM paBeHcTBa (5.49).

Hns paBHoBecHoro m3nyuyeHus pu=0 (cM. § 43). Jto, KaK mMoka3bi-
BaeT CTATUCTHYECKass (HM3MKa, COOTBETCTBYET TOMY, YTO OOILEe YHCIIO
4acTHI[ B CHCTEME He SBJISIETCS 3aJaHHBIM, a 3aBUCUT OT TEMIIEPATYPHI.

[Tpu M3yd4eHUU CHCTEM C MEPEMEHHBIM YHCJIOM YaCTHI[ HATE BCETO
yrnoTpebiigeTcss Takod TepMOIMHAMHMYECKMH noTewnvaj, mugdepeHuu-
poBaHHE KOTOPOro MO COOTBETCTBYIOLIMM XapaKTepHCTHYCCKUM Hepe-
MEHHBIM ITO3BOJISIET HAWTH Yucia N; 4aCTHI[ B CHCTEME KaXIOro copra.

HaiigeM 3TOT noTeHuman u muddepeHnHaLHOE €ro BBIPAXEHHE,
s 4yero mepeiineM B dopmysie (5.42) ¢ nmoMombio Hpeodpa3oBaHuUs
Jlexannapa x muddepennuanam nepemennsix V, T, p;. Toraa

dQ=—SdT—pdV— Y Ndy,, (5.50)
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rae ¢yHKIms
Q(T, V, i)=U-TS— Y i;N;=F—-G=—pV (5.51)

HA3BIBAETCS DOoAbuUM MepMoOuHamuueckum nomenyuaiom. W3 dop-
myJsl (5.50) HaxomuM:
oQ cQ 0Q
FYRE) S='—_9 p=——=.
ET aT v

IIpy HepaBHOBECHBIX MpOIECCAX M3 OCHOBHOTO HEPaBEHCTBA Tep-
MOJMHAMHKH Il CHCTEM C NEpEeMEHHBIM uucioM yacTul (5.50) mpum
He3aBHCHUMBIX mnepeMeHHbIX V, T, p;, .., W HMeeM

Ni=_

dQ< —SdT—pdV— Y N,dy,. (5.52)

BHyTpenHsis sHeprusi cuctemsbl [cM. (5.41)] sBnsercs ¢yHKimei
TOJIBKO aAUTHBHBIX (3KCTCHCUBHBIX) HE3aBUCHMBIX NEPEMEHHBIX, U TaK
KaKk 3TO OAHOpOJHAas (GYHKIMS INEpPBOro MOpsaka, TO MO TeopeMe
Ditnepa 06 OAHOPOAHBIX (YHKIHAX HMEEM

oUu oUu oUu
U‘(Eﬁ>v,~.5+ (a—v>s. Vﬂ(m)v,s,w

i
IMoxacTaBnsist B 3TO BBIPAXKEHHE BMECTO NPOU3BOJIHBIX X 3HAYCHUS
u3 (5.41), umeem

Huddepenuupys (5.53) m cpaBHMBas NOJYYCHHOE BBbIpAXEHUE
¢ ypaBHeHusMH (5.41), nosiydaeM BaxKkHOE B TEPMOJAMHAMHUKE ypasHeHue
T'ubbca— [rocema:

SdT—Vdp+ Y Nidp=0. (5.54)

3AJAYU

5.1. MeToAOM UHMKJIOB YCTAaHOBHTb 3aBHCUMOCTb [aBJIEHHS HACBHIIIEHHOrO Mapa OT
TEMIIEPaTyphI.

5.2. MeTonoM ULMKJIOB HalTH 3aBHCHMOCTh 3. [. C. TajbBaHUYECKOrO JJIEMEHTA OT
TeMnepaTyphl.

5.3. Haiitu TepMonunamuyeckue mnoTeHuuansl F, G u H [us Mons OJHOATOMHOIO
HJeanbHOTO rasa.

5.4. OnpenenuTbh TepMOAWHAMHMYECKHE TOTEHUWANbl NPH HE3aBUCHMBIX MEPEMEHHBIX
p, Hu T, F.

5.5. IloxaszaTh, 4TO y BeleCTB, 00beM KOTODBIX JIMHEHHO 3aBHCHT OT TEeMIEPATypHI
T, temnoeMkocTh C, HE 3aBHCHT OT NaBJICHHUS.

5.6. TepmoauHamudeckuii noTenuuan Maccbe ©=S—U/T 3amaH kak QyHKUMS Xapak-
TepuCTHYeCKHX NepeMeHHbIX V' u T. OnpeldenuTb TEpMHYECKOE U KaJOPHYECKOE
yYpPaBHEHNS COCTOSHHS CHCTEMBI.
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5.7.

5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

Ilnavk mnosb3oBasics XapakTepuctudeckod (ynkuuedr ®=S— (U+pV)/T. Haiitu
V, U u S cuctemsl, eciu @ 3amana kak ¢yHkuus p u T. YCTaHOBHTb CBA3b
TepMOAMHAMHYeCKOro moTeHuuana [Inanka @ c sneprueit I'm66ca G.

Haiitu ypaBHeHue anguabaTel M ypaBHEHHE COCTOSHMS WHIOeajbHOro rasa, 3Has
ero 3HTAJIBIUIO

H=Cpp('" l)lve(S-So)/C,.

Dueprus ['ub66ca nexoropoii cucrembl paBHa G=aT(1—InT) + RTInp—TS,, rae
a, R n Sp;—nocrosHuble Bequ4uHbl. HaliTu TepMuueckoe u KaJopuyeckoe
ypaBHEHHS COCTOSIHHS 3TOH CHCTEMBI.

ITonyuuts sHepruio [enbMronbua cMecH uAeanbHBIX Tra30B, COCTOSIIEH U3
Vi MoJiel OIHOTO U v, MoJieit Apyroro koMmmnoHeHTa. HaliTu u3MeHeHue 3HEpruu
enbMronbua mpu H30OT 6pMW{ec1<oﬁ anbdysnu 3THX rasos.

[onyunts sHepruto I'mbOca cMecH WjieanbHBIX ra3oB, COCTOALIEH W3 v; Mol
OJHOTO W V, MoJiell apyroro koMmoHeHTa. HaliTu u3MeHeHHe 3TOro noreHumana
npu u3oTepmuueckod uddy3un rasos.

IMpu HM3KOM TemmepaType SHTPOMMS VIEKTPOHHOIO rasa B MeETajulaXx MpONOp-
UMOHaJIbHA TEPMOAMHAMUYECKOH TemmepaType. HaiiTu TemnepatypHyio 3aBucu-
MocTb C,—Cy 3NIEKTPOHHBIX TEMIOEMKOCTEl MpPH 3TOA TeMmepaType.

Ipu HU3KOH TeMIepaType 1O 3aKOHY ,[le6ax TemjoeMkoctb Cy ,kpucraiuios
NpONOPLUHOHAIbHA KYOY TepMonnHaMMecxou Temnepatypsl: Cy=aT3. Tlokazars,
4To pa3HocTh Temnoemkocteli C,—Cy y kpuctamio npu T — 0 K mpomnopun-
OHaJIbHa CebMOIl CTeneHH TeMnepaTypu.



I'JIABA HIECTAS

YCJIOBUS PABHOBECUSI U YCTOMYUBOCTU
TEPMOANHAMMYECKUX CUCTEM

OcHoBHOE ypaBHeHuUe mepMojuHaMuKu A4S KBas3u-
cmamuyYecKux npoLeccoB No3Bosisiem, Kak Mbl Bufe-
hu, BBECMU pAj mepMOJuUHAMUYEeCKUX NOMEeHLuanos,
C NOMOLWbIO KOMOPLIX MOXHO uccnejoBams nosefe-
Hue mepMoguUHaMu4ecKux cucmem npu amux npoyec-
cax. [lokaxeM menepb, YMO OCHOBHOE HepPaBeHCMBO
mepMoguHaMuKu [/ Hecmamu4ecKux npoLeccosB
C NOMOLYbIO BBELEHHbLIX MEePMOJUHAMUYECKUX NOmMeH-
yuanoB no3sosisem ycmaHoBums o6Ljue ycnoBus
mepMoguUHaMu4YecKoro paBHoOBeCUs U ycmos4usocmu
pasnu4Hbix cucmeM. C moyYKu 3peHuUsi mepMoguHamu-
KU amu ycnosus aBAsiomcs gocmamoyYHsiMu. OgHa-
KO, Jonyckasi B coomsemcmBsuu € ONbIMOM cylyecm-
BOBaHue ¢hnykmyayus B cucmemax (U, crnegosamerib-
HO, BbIXO4S 3@ paMKu UCXOAHbIX NOSI0O)KEHUX mepMo-
JUHaMUKU), MOXKHO jJokaszamb, Ymo OHU SIBASlOMCS
makxe u Heob6xogQuMbIMU.

B npuMeHeHuUuU K mMOU UNU UHOU KOHKPEemHoOU
mepMoguHaMu4yeckos cucmeme obujue ycnoBus pas-
HOBecusl U ycmov4uBOCMU nNO3BOASIIOM NOJYyHUMb
yacmHble (UNU KOHKpemHsbie) [ns BaHHOW cucmeMsl
yCroBUSs ee paBHOBECUS U ycmoWyuBocmu (Komo-
pbie Mbl 6ygeM HasbiBambs Npocmo  ycroBUSIMU
paBHOBECUsi U ycmou4uBOCMU).

§ 27. OBIIUE YCJOBUSA TEPMOJAVMHAMMUYECKOI'O PABHOBECUSA
N YCTONYUBOCTH

Teopusi TepMOAMHAMHYECKOTO paBHOBecHs Oblna pasBuTa [ HO6COM
mo obpa3iyy MexaHuveckoil cratukd Jlarpamxa, T.e. myreM o0o0Olie-
HUSIL ¥ PACHpPOCTPAaHEHHs NPHHLMIA BHPTYAJIbHBIX INEpEMEILCHHH Ha
TEPMOJIUHAMHYECKHE CHCTEMBI.

W3 MexaHWKM M3BECTHO, 4TO MeXAaHUuuecKas cucmema npu uoe-
QAbHBIX CBA3AX HAXOOUMCA 6 DPABHOBECUU, €CAU CymMma pabom écex
3a0agaemvlx Ccua npu A0OOM GUPMYAALHOM NEPEMEUJeHUU CUCIEeMbl
pasna Hymo (NpuHyun 6upmyadbHbiX Nepemeujenuii). 3anuchiBas aHa-
JUTUYECKH OJTOT NpHHIMO (Obllee YyClIOBHE DaBHOBECHS) B BHIE
ypaBHEHHS M pelliasi €f0 COBMECTHO C YPaBHEHWSMH, OINPENEIIAIOUIMMHU
BUPTyaJIbHbIE NEPEMEIICHUS, MOXHO HAWTH KOHKpPETHBIE YCJIOBHS
PaBHOBECHS MEXaHM4YECKOW CHCTeMbl B KaxIOW [JaHHOM 3ajave.
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VpaBHeHHs, KOTOPbIM YIOBJIETBOPSIIOT BUPTYaJbHBIE NEPEMEILEHHS,
¥ ypaBHEHHE NpPUHIMNA BHPTYAJIbHBIX IEPEMEILCHHH 3anmHuChIBAIOTCS
creyrommM 00pa3om.

ITycTb cOCTOsSIHHE MEXaHW4YeCKOH CHCTEMBbI ONpeEJeNseTcss KOoop-
JVHATAMHA ¢4, ..., §n, @ HAJOXEHHBIE Ha CHUCTEMY CBSI3H BbIPaXaroTCs
YCJIOBUSIMH

fi(q15 s ga)=0 (s=1,2, .., k<n).

Toraa nepemelienust 8¢y, ...,0¢,, AONyCKaeMbie 3THMH CBA3SIMM M Ha-
3bIBACMBIC 8UpmMyaibHbiMu NN 603 MOMCHbIMU NEPEMEUSECHUAMU, OYeBU -
HO, YIOBJICTBOPSIOT YpaBHEHHSM

n

of;

y % 5g,=0. (6.1)

i=1 g
Ecmm Q;—o06o0umieHHass cuja, CONpsDKEHHas KOOpAMHATE ¢;, TO
NPHHIMI BUPTYAJIbHBIX NEpPEMELICHUNH HMEET BH[

¥ 0:3q=0. (62)

Pemas coBMecTHO ypaBHeHHs (6.1) u (6.2) MeTOOOM HeomNpeesieHHbIX
MHOXUTeNied Jlarpamxa, MOXHO HaWTH KOHKDETHBIE YCJIOBMs paB-
HOBECHSl NAHHOW MEXaHHYECKON CHCTEMBI.

PacnpocTpaHuM 3TOT cnoco® onpenesieHus: yCIOBHIT paBHOBECHs
Ha TepPMOAMHAMHYECKNE CUCTEMBI.

CocrosiHAE paBHOBECHS TEPMOJAMHAMHYECKOH CHCTEMBI ONpenesis-
eTcsi Temneparypoid T ¥ BHEIIHHMMH HapaMeTpamu dj, ..., d,, Xapax-
TEPU3YIOIIMMH OTHONIEHHE CHCTEMBbl K BHEIIHHM TeJaM.

CornacHo BTOpPOMY HMCXOJHOMY MOJIOXKECHHUIO TEPMOIMHAMUKH, NPH
paBHOBECHH BCe BHYTPEHHHE NapameTpbl SBISAIOTCA (QYHKIUIMHU
BHEILIIHMX NapamMeTpoB U TEMIIEPATyphl, ¥ MO3ITOMY, Korna a; u T 3ana-
HbI, OHH HE HYXHBI JUIS ONPEIEJICHUs1 COCTOSIHHUSI PABHOBECHOW CHCTEMEL.
Ecsiim cucreMa OTKAOHEHa OT-COCTOSIHMS PAaBHOBECHS, TO BHYTPEHHHE
napaMeTphbl yxe He SBJAIOTCS (HYHKUUSMH TOJIbKO BHENIHMX NapameT-
poB u TeMmepaTyphbl. [103TOMy HepaBHOBECHOE COCTOSTHHE HEOOXOIUMO
XapakTepU30BaTh JIONOJHATEIbHBIMA HE3aBUCHMBIMM TapaMeTpaMi.
OTO MO3BONISIET pacCMATPUBATL HEPABHOBECHYIO CHCTEMY KaK paBHOBEC-
HYy!0, HO C OOJBIUMM YHUCIOM HapaMeTpoB W COOTBETCTBYIOLIMX HM
00OOIIEHHBIX CHJI, «yJEPKABAIOHIMX» CHCTEMY B PaBHOBECHH, NpHYEM
TEPMOJUHAMIYECKHE (YHKIMH CHCTEMbl B HEPaBHOBECHOM COCTOSHUH
OyeM CYMTATh PABHBIMH 3HAYCHHSIM 3THX (QYHKLIWHA y paBHOBECHOM
CHCTeMBl C IONOJHHTENLHBIMA «yIEPXKHUBAFOLIUMM» CuIaMu™.

Ha ocHOBe Takoro mnpeacTaBiieHMsi, pacCMaTPHBas BBIXOJ CHCTEMBI
M3 COCTOSIHHSI PaBHOBECHUS KaK pe3yJbTaT BHUPTYyaJbHbIX OTKJIOHCHHM

*) Ponb TaKMX CHI HMIPalOT BHEIIHHE NOJA M aauabaTHble MEPEroponkd,
OTIEJIAIONINE OJHY YaCTh CHCTEMBl OT APYroi, eciii TemmepaTypbl 3THX 4acTeil
pa3H4HBbL.

120



BHYTPEHHHX IIapaMETpOB OT HX paBHOBECHBIX 3HA4YeHHU, MOXHO,
NOJIb3YSICh OCHOBHBIM HEpPaBEHCTBOM TepMmoanHaMuku (3.59) mus
HECTaTHUYECKMX NMPOLECCOB, MOJYYUTH OOImHMe (T. €. IS JIFOOBIX CHCTEM)
YCJIOBHSL TEPMOJMHAMHYECKOTO pPaBHOBECHUss W ycToWumBocTH. [lpm
9TOM, IIOCKOJIbKY COCTOSIHHE TE€PMOJWHAMHYECKMX CHCTEM OIpeeis-
€TCs He TOJBKO MeXaHHYECKMMH TapaMeTpaMH, HO M CIeLHaIbHO
TEPMOJIUHAMHUYECKUMH (TeMrepaTypa, 3HTPONHUS M [p.) M JIPYrdUMH
nmapaMeTpamM#, BMECTO OJHOTO OOIIero YCJIOBUS paBHOBECHS JUIS
MexaHuiecknx cucteM (6.2) 118 TepMOJAMHAMHYECKHX CHCTEM HX
OyZeT HECKOJIbKO B 3aBUCHMOCTH OT OTHOIIEHHS CHCTEMbI K BHEILIHUM
TesiaM (ammabaTHas cHCTeMa, M30TepMHYeckas cuUcTeMa # Ap.).

Pemas B kaxaoM TakoM ciyd4a¢ oOmiee YCJIOBHE paBHOBECHs
CHCTEMBI COBMECTHO C YpaBHEHHUSMH Uil BUPTYaJIbHBIX H3MEHEHHId
BHYTPEHHHX NapaMETPOB, MOXHO HAWTH KOHKDETHBIE YCIOBHS pPaB-
HOBECHUS TEPMOJUHAMHYECKHX CHCTEM.

VpaBHEHUS U1 BUPTYaJIbHbIX U3MEHEHUH BHYTPEHHUX NapaMeTPOB
HaxoZAaT aHajoruyHo (6.1). ITycTh cuctema obsiamaeT m BHYTPEHHUMH
napameTpamu by, ..., b,, KOTOpPBIE INpH pPABHOBECHH NPHHAMAIOT
sHavenus bY, ..., b%. DTM mnapaMeTphl, BOOOIIE TOBODPS, CBA3AHBI
HEKOTOPbHIMH YCJIOBHSIMH B BHIE

filbrs oo ) =0 (s=1,2, ..., k<m).

V3MeHeHHMs BHYTPCHHHX [apaMeTpoOB, JOMYCKAa€Mble ITHMH
CBA35IMH  (BUpPTyaJibHble H3MEHCHHUS), OYEBUAHO, YIOBJIETBOPSIOT
YPaBHEHUSAM

m

Y % 5b,=0.
i=1 ¢
Haiinem o0mue yciioBHS paBHOBECHS W YCTOWYHBOCTH TEPMOIH-
HAMHYECKON CHUCTEMBHI.
Uzommposannas cucrema (U=const, V'=const, N=const). OcHoB-
HOE HEpPaBEHCTBO TEPMOIMHAMUKM s HEPAaBHOBECHBIX IIPOLIECCOB

TdS>dU+pdV (6.3)

Takoi cucteMbl AaeT dS>0, T. e. sumponus u304UpoBaHHOU cucmemobl
npu "HepagrogecHvix npoyeccax e6ospacmaem. Korma 3T mponecch
NPEKPaTATCS ¥ HACTYIHUT YCTOHYMBOE PaBHOBECHE, SHTPONHUS CHCTEMBI,
OYeBUAHO, OyJeT MakCHMaJIbHA.

TaxkuM oOpasoM, obwum yciosuem ycmoliuugozo pagnosecus u3o-
AUPOBAHHOU CUCIeMbl ABAAEMCA MaKcumaibHocmb ee dumponuu. O00-
3Hayas 3HTPONMIO CHCTEMBl B HEPAaBHOBECHOM COCTOSIHUM S, B paB-
HOBECHOM So, M pa3HocTb S—S,=AS, MoxHO 3anucaTh oOIee
YCIIOBHE YCTOMYMBOTO pPABHOBECHUS H3OJIMPOBAHHON CHCTEMBI Kak
yCJIOBHE MaKCUMyMa 3HTPONUH B BH/JE

AS<0 (6.4)
wm 8S=0, 325<0.
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OTO 3HAYWT, 4YTO TMiepBas BapualUs OSHTPONUHM paBHA HYJIO,
a BTOpasi MeHbIlle HyJis. PaBeHCTBO HyJItO NMEpBOH BRapHalMHU SBIISETCS
JIMIIb HEOOXOOMMBIM YCIOBHEM OJKCTpeMyMa M He obecreynBaeT
TOro, 4roObl BHTpONHS HMMeJa MMEHHO MakCUMyM. JloCTaTOYHBIM
YCJIOBHEM MAaKCHMyMa SHTPOIHMHU SIBJISIETCS OTPUIATEIbHOE 3HAYCHUE
€e BTOpOHl BapHalUHM, KOTOpoe M OOecneuMBacT yCTOHMYMBOCTHL paB-
HoBecus. Ecnim xe mpu 8S=0 Bropas Bapuamus S3HTPONUH IOJIO-
KHUTeJbHA (MHHHMYM O3HTPOIMH), TO COOTBETCTBYIOIIEE COCTOSIHHE
CHCTeMBI OyleT paBHOBECHBIM, HO COBEpLIEHHO HEYCTOMYMBBIM*), Tak
kak Omaromaps (QuykTyanusM B HeH HadyHYTCS HEpaBHOBECHbIC
IpOIECChl, KOTOpble M TpPHBEAYT €€ B PABHOBECHOE COCTOSIHHE
C MakCMMyMOM OJHTpONMH. Tak Kak [Jajiblile 3HTPONHUS pacTH He
MOXeT, TO 3TO paBHOBecHMe OyIeT YCTOHYMBBIM.

TaxuMm ob6pa3oM, paBeHCTBO O8S=0 ompenensier ofiee ycCIOBHE
paBHOBECHS, & HEPABEHCTBO 028 <(-— oblee yCIOBHE yCTONYUBOCTH
PaBHOBECHS M30JINPOBAHHBIX TEPMOAWHAMMYECKHX CHCTEM. DTH YCIO-
BUSL SBJISIIOTCS JIOCTATOYHBIMH, TaK Kak eciu Obl cucremMa, umes
MaKCHMaJIbHYIO SHTPONHIO, HE HaXOJMJIACh B YCTOHYHBOM DaBHOBECHH,
TO NpH NPUOIIDKEHHH K HEMY ee JHTpONMs Hayaja Obl pacTd, 4TO
IPOTUBOPEYUT MPEINOJIOKEHAI0O O €€ MaKCHMaJIbHOCTH. Jloka3aThb
HEOOXOIUMOCTh MAaKCHMAJIbHOW JHTPONUHM MNpPH YCTOWYMBOM DaBHO-
BECHH H30JIMPOBAHHON CHCTEMBI MCXQIS M3 OCHOBHOTO HEpaBEHCTBA
(6.3) Henb3s, Tak Kak M3 HEro HE CIEAyeT, 4YTO DPAaBHOBECHE
HEBO3MOXHO IIpH HeMakcuMasibHOW 3HTponud. OJHaKo, NpHUHUMAS
BO BHMMAaHHE MOJIEKYJISIPHYIO NPUPOJY TEPMOIUHAMHUYECKHX CHCTEM
U Haymmyue OOYCJIOBJICHHBIX €10 (UIyKTyallif BHYTPEHHHX IapaMeTpOB,
BUIUM, 4YTO COCTOSIHHE DaBHOBECHs ©0e3 MaKCHMyMa 3SHTPOIUH
HEBO3MOXHO, Tak Kkak Onaromaps 3THM (IykTyamusM B CHCTEMe
BO3HHUKAIOT HEPABHOBECHBIE IPOIECCHI, COMPOBOXIAOIIMECS DPOCTOM
SHTPONMH U MPUBOJSIINAE CHCTEMY K PaBHOBECHIO NPH MaKCHUMAaJIbHOMN
SHTPONHUH.

Taxum oOpa3oM, Hamuuue QUIyKTyanuié B CHCTEMax NPUBOIUT
K HeoOXOJAMMOCTH MaKCHMyMa SHTPOIMH NPH PaBHOBECHM M, CJIEOBa-
TeJNbHO, BCAKMA pa3, KOrha 3TO YCJIOBHE HE BBIIOJIHEHO, CHCTEMa He
HaXOIHUTCS B YCTONYMBOM paBHOBecuu. I1oaTomy obiee ycnosue (6.4)
SIBJISETCSI HEOOXOAMMBIM H JOCTaTOYHBIM YCIIOBUEM YCTONYMBOCTH,
a obmee ycnosue 52S<( sABSETCA JIMIUL JOCTATOYHBIM YCJIOBHEM
YCTOMYUBOCTH HM3OJIMPOBAHHBIX TEPMOJWHAMHUYECKHX CHCTEM.

CucteMa B TepMOCTAaTe NPH NOCTOAHHOM o0beme (7 =const,
V=const, N=const). OCHOBHOE HEPaBEHCTBO TEPMOJUHAMUKH JUIs
HepaBHOBECHBIX mpoueccoB (6.3), mpuBeAeHHOE K HE3aBUCHMBIM Ie-
peMeHHBIM V' u T, npuUHMMaeT BU[I

dF< —SdT—pdV.

*) MeXxaHMYECKMM aHAJOrOM 3TOrO Ciyuas SBISETCS DaBHOBECHE KOHYyca,
ONMMpArOLIErocss Ha BepIIMHY (MM [Iapa Ha BepIUMHE KOHYCA).
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Jis cucteMsl, HaxoAsuieics B TepMoOCTaTe, €CIM OHAa He IMPOU3-
BOAMT BHelHe# paboThbl, monydaeM dF<0, T.e. B H30TEpPMHUYECKOM
CHCTEME C MOCTOSIHHBIM 00BEMOM 3Heprus I enbMrossua mpu Hepas-
HOBECHBIX IIpolleccax YOBIBA€T M HMMEET MHHUMYM IIPH YCTOWYMBOM
PaBHOBECHH. JTO obwjee ycaogue yCMOUHUBO20 PABHOBeCUs U30Mep-
MuuecKkoii cucmembl, He IPOM3BOAMALICH BHEIWHEH pabOTBl, MOXHO
3anucaTh B BHJE

AF>0 wm 8F=0, 3*F>0,

npuYeM paBeHCTBO OF=0 ecTb obwee yciosue pasnosecus, a Hepaseh-
cTBO 82F>0— 06uyee (IOCTATOYHOE) yCAOBUE YCMOTIMUBOCIU CUCTIE Mbl
8 mepmocmame npu NOCMOAHHOM O0bveme.

Cucrema B TepMocTaTe WO NOCTOSHHBIM BHEIIHHM J1aBJle -
nueM (T=const, p=const, N=const). OCHOBHOE HepaBEHCTBO
TepMoauHaMUk# (6.3), IpUBEEeHHOE K NEpEeMEHHBIM p, T, NpPUHH-
MaeT BHUJ

dG< —SdT+ Vdp.

Jns cucTeMbl, OTPYXEHHO# B Cpe/ly ¢ MOCTOSHHOU TeMmepaTypoit
u nAasjieHueM, mnojaydaeM dG<0. CrnemoBaTensHO, B Takoll CH-
CTeMe IpM HEepaBHOBECHBIX Iporeccax JHeprus Iubb6ca yOwiBaer
H ¥WMeeT MHHMMYM T@pH paBHOBecmH. [losTomy oOlnee ycioBue
paBHOBECHS M YCTOHYMBOCTH CHCTEMBI B TEPMOCTaTe C MOCTOSIHHBIM
BHEIIIHUM JaBjieHNeM (MHUHUMYyM d3Heprum I'm66ca) MoxHO 3amucaTh
B Bume

AG>0 mwm 6G=0, 8°G>0,

npuyeM paBeHCTBO 0G =0 ecTb obwee ycaosue pasHosecus, a He-
paBeHCTBO 082G >0—obwee (docmamounoe) ycaogue ycmouuugocmu
cucmemul.

AHaJOTHYHO MOXHO TNOKa3aTh, YTO NPH MOCTOSHHBIX SHTPONHH
W [JaBICHHM YCTOWYMBOE pABHOBECHE B CHCTEME HACTyNaeT MpH
MHHAMyME €€ SHTAJIbINH:
AH>0 wm 8H=0, 8°H>0,

a B CHCTEME C TOCTOSHHOH JHTponMedl M 00BEMOM YCTOMUMBOE
paBHOBecHEe HAacTynaeT NpPM MHHMMyMe BHYTpEHHEH SHeprum:
AU>0 wm dU=0, 3°U>0.

CucTeMa C TEPEMEHHLIM YHCJIOM 4aCTHI B  TepMocTaTe, mNpH
MOCTOSMHBIX XMMHYECKHX NOTeHuMasnax u obneme (T=const, V'=const,
pu;=const). OCHOBHOE HEPaBEHCTBO TEPMOJWHAMHUKH CHCTEMBI C Ie-
DEMEHHBIM HYHCJIOM 4YaCTHl INpPH HE3aBUCHMBIX INEPEMEHHBIX V),
T W |; And HEPABHOBECHBIX NPOLECCOB HMeEET BHI

dQ<—SdT——pdV—ZN,~dpi, (6.5)
rae Q= U— TS—' ZH'N'
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N3 uepasencTBa (6.5) BUAHO, YTO IPH HEPABHOBECHBIX MpoOlieccax
B CHCTEME C NEPEMEHHBIM YHCJIOM YaCTHUIl, HAXOISIIENHCs B TEPMOCTATe
npd TNOCTOSHHBIX V W ;, TepMOAMHAMHMYECKMHA MOTEHIUAT
Q y6eBaer (dQ2<0) m wuMeeT npPU YCTOHYMBOM PpaBHOBECHH
muauMyM. OOmme YyCIOBUS pPaBHOBECHS M YCTONYMBOCTH TaKoOH
CHCTEMBI 3alMIIyTCS B BHIE

AQ>0 wm §Q=0, 52Q>0.

Taxum oOpa3oMm, ofmme YCIOBHS YCTONYMBOrO paBHOBECHS
TEPMOJMHAMHUYECKHX CHCTEM B pPa3JIMYHBIX CIy4asx ONpeAEsSIOTCA
KCTPEMAJIbHBIMM 3HAYEHHUSIMH COOTBETCTBYIOLINX TepPMOJWHAMMYEC-
KHMX NOTEHUMAJIOB. DTH YCJIOBHS SABJSIOTCA HE TOJBKO JOCTATOYHBIMH,
HO M HeoOXOAMMBIMH, eciii oOecreyeHbl BCe JpYrue YCIOBHSA
JUIsl YCTAHOBJICHUS PaBHOBECHs (MMOCKOJIbKY HaW[EHHbIE HAMH YCJIOBHUS
He SABJIAIOTCA EJWHCTBEHHBIMH /I BO3MOXHOCTH NPOTEKaHWs MpoO-
HECCOB)™®).

TepMomuHaMuyeckue MOTEHNMAIbI MOTYT HMETh HECKOJIBKO 3K-
CTPEMyMOB (HampuMep, SHTPONMS HMEET HECKOJIbKO MaKCHMMYMOB).
CocTosiHUs,, COOTBETCTBYIOIME HAMOONbIIEMY (SHTPONHS) WM Ha-
uMeHbiieMy (3Hepruss I'enpMronbna W 1p.) U3 HUX, Ha3bIBAIOTCH
cmabusoHbimu (AOCOMIOTHO YCTONYMBBIME COCTOSIHUSIMH PaBHOBECHS),
Ipyrue — memacmabusphbimu (moyycroinuuBbivi). [lpn Hammumu 6oJib-
mmx QuIykTyammii cucTeMa MOXET NepedTH M3 MeTacTaOWIbHOrO
COCTOSIHHSL B CTaOWIbLHOE.

§ 28. YCJIOBUSL PABHOBECUS JABYX®A3ZHON
OXHOKOMITOHEHTHOM CHUCTEMBI

B xavecTBe npuMepa Ha ompelesieHHe KOHKPETHBIX YCIIOBHH paBHO-
BeCHS, UCXOIS U3 YCTAHOBJICHHBIX BBIIIE OGIIMX YCIIOBHM paBHOBECHS,
paccMOTPHM H30JIMPOBAHHYIO [1ByX(pa3HYI0 CHCTEMY OIHOTO H TOrO
ke BellecTBa (HampuMep, Boaa M ee map).

Ecm S’ w S”"—53HTponMM COOTBETCTBEHHO IIEpBOM M BTOPOI
(a3, To 3HTpoOnMs BCEH CHCTEMBI

S=S/+S”,

ee ofImee yciOBHE paBHOBECHs

*) B HEKOTOPHIX Cy4asiX NPOLECCHl TEPMOJMHAMHYECKH BO3MOXHBI (TEpPMOMIH-
HAMHYECKHE TOTEHUMAJbl TpPH HMX U3MEHAIOTCA B COOTBETCTBHM C HaiICHHbIMH
yCJIOBHSIMH), HO B JEHCTBHUTENBHOCTH HE MPOTEKAIOT, TaK KaK HE BBINOJIHEHLI ApYrue
ycJIOBHS (HampMMeEp, HEKOTOPble XHMHYECKHE DEaKUWH HAYT TONBKO MpH HATHYHK
KaTaJHM3aTOPOB, XOTA TEPMOJAHHAMHYECKHM OHM BO3MOXHBI BCerAa — CBOOOJHAsS 3HEPrus
MpH HUX YOBIBaeT).
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35=08"4+8S"=0. (6.6)

Kaxpmas u3 a3 npencrasiser co0oil 0JHOKOMIOHEHTHY CUCTEMY
C TEepeMEeHHbIM YHCJIOM 4YaCTHL, U OCHOBHBIMH YpaBHEHHMSIMH Tep-
MOJMHAMMKH JUJIs HHX COOTBETCTBEHHO OymyT

T'3S'=8U"+p'dV'—p'dN',
T"8S"=3U" +p”8V” —HHSN”.

Omnpenensis 8S’ um 8S” M noxcraBnss uX B CooTHouenus (6.6),
nosnyyaeM oOIee ycIOBHE DaBHOBECHS B BHIE

8ul+p/8V/__ ISN/ 8U”+p”8V”-p.”8N”
T/ + T/I =

0. 6.7)

Tak xak cucrema H30JIMpOBAHA, TO €€ 3KCTCHCHMBHBIC NapaMETpPHI
NOAYMHCHBI CIICAYIOLIUM YPABHCHHUSIM CBSI3E:

U'+U"=U=const (BHYTPEHHSs] 3HEPIrUsi CHCTEMBI),
V'+V"=V=const (06beM Bcell CHCTEMBHI), (6.8)
N'+ N"=N=const (o0liee YHUCJIO HACTHII).

B xauecTBe HE3aBHCHMBIX IIapaMeTpPOB CHCTeMH BbLiOepem U,
V', N'; B xadecTBe 3aBUCHMBIX— U”, V", N”. CoriacHo BbIpaXxeHHS$M
(6.8), BHpTyaJbHBIE M3MEHEHHS NapPaMETPOB CHCTEMBI CBSI34HbBI
ypaBHEHHSIMH

SU"=—38U’, 8V"=—38V', 8N"=—3N". 6.9)

ByneM pemiate COBMECTHO ypaBHEHHE OOIIEro yCIOBHS PaBHOBECHS
(6.7) ¢ ypaBHEHHMSMH Ui BHPTYaJIbHLIX HM3MEHEHHH O9KCTEHCHEIILIX
napameTpoB cucrtembl (6.9). IlonacraBnsas ypaBHeHus (6.9) B (6.7),
HaxoIuM

L Vs + (=2 \oy'— (¥ _E \sN'=
(F T,,)6U+<T, T,,)BV (T, T,,)SN 0,

OTKYyJa BCJIEICTBHE He3aBUCHUMOCTH Bapuaimid OU’, 8V', 6N’ okol-
YaTEJSLHO MOJYYaeM CJIEAYIOUIME uacmHbie yCcA08uUA (ha308020 pasiio-
eecun oduoxomnouenmnoﬁ cucmemaul:

TI=T”, P/=P//, u/=un, (6.10)

T. €. DPaBEHCTBA BCEX TEPMOIMHAMHYECKMX CHJI B o00eux (asax
[paBeHCcTBO TemmepaTyp ¢a3 (ycnoBHE TEPMHYECKOTO pPABHOBECHS),
paBeHCTBO AaBienuii B (asax (ycroBae MeXaHWYECKOTO DPABHOBECK:)
¥ PaBEHCTBO XMMHYECKMX INOTEHIHAJOB BelecTBa B (pa3ax (YeioBHuE
XUMHYECKOro paBHOBeCHS) |.

OTH TpH YCIOBHS MOXHO 3alHCaThb B BHIE OJHOIO — PABEHCTBA
XHMHYECKHX TIOTEHIMAIOB BelllecTBA B (asax mnpM OAMHAKOBBIX
TeMIepaType W AaBJICHHH:
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W (T, p)=n"(T, p) (6.11)

Ycaosue ¢pazoeozo pasnosecus (6.11) mnokasbiBaeT, 4TO NpH
paBHOBeCHH MOBYX (a3 OJHOrO M TOro e BelleCTBa MaBJICHHE
ABNISETCS (PYHKIHEH TemmepaTyphl, T. €. napaMeTpbl T M p NEPECTaIOT
OBITH HE3aBHCHMBIMH.

3aMeTHM, 4YTO TMOJIyYeHHbIE YCJIOBHS (Ha30BOro paBHOBECHS
(6.10) mnm (6.11) cnpaBeqIMBBH TOJBKO MJisi OJHOpOAHBIX (a3,
T. €. IPH OTCYTCTBHHM MOJis BHemHHX cwi. Ecim ke ¢a3sl Haxo-
IATCS BO BHEIIHEM IMoJie (HAampuMep, B IOJIe CHJIBI TSXKECTH), TO
npu paBHOBecHH B o0emx (a3ax OJMHAKOBBI JMIIb TEMIEPATYpHI,
JaBJICHAE XX€ M XHMHYECKHH NMOTEHIUaJl B KaxJoi (ase sBIAIOTCA
¢yHKIMAMH KoopauHaT. He 3aBucsAlledl OT KOOpAMHAT BEJIMYH-
HOM OKa3plBaeTCs HE XHMHWYECKHHA TOTEHIHMAJ, a XHMHYECKHH
MOTEHIHAaJ IUIIOC MOTEHIHabHAs JHEPrHs YacTHUbl B moJie (CM.
3anayy 6.4).

§ 29. YCJOBHA YCTOMYMBOCTH PABHOBECUS
OJHOPOJHOM CHCTEMBI

TepMoauHAMHYECKasE YCTONYMBOCTH CHCTEMBI ONPENENACTCS BTOPOI
BapHalldell Kakoro-imdo TepMOIMHAMHYECKOro MOTEHNHAsa, eCjii OHa
He paBHa Hyro. Haiiem BHauase oOiee BBIpaX€HHE YCTOHYMBOCTH
CHCTEMBI, a HOTOM HCCIEeAYeM H BTOPYIO BapHallMIO COOTBETCT-
BYIOIIIETO TEPMOJMHAMMHYECKOrO MOTEHIMANA.

PaccMOTpUM 3aKpBITYIO CHCTEMY, HAaXOISLIYIOCS B TepMOCTaTe
¢ TeMnepatypoii T noJ NOCTOSHHBIM JAaBjieHHeM p. OOIIMM yClIoBHEM
YCTOHYHMBOCTH PABHOBECHSI TaKOW CHCTEMBI SBJISETCS MHHHMYM €€
sHeprud 'wbbca G=U—-TS+pV. D10 03HA4aeT, YTO COCTOSIHHE
CHCTEMBI B TepMocTaTe INpH HaHHBIX p M T C KOOpIMHATaMH
(3KCTEHCHBHBIMHM TIapaMeTpaMu) V' u S SABISETCS YCTOWYMBBIM, €CIIH
npd HeOOJNBLIIOM CIOHTAHHOM M3MEHEHHH KOOpIHHAT €€ JHEeprus
I'u66ca G Bo3pacraer: AG=G,—G>0, T.e.

U—U—T(S;—8)+p(Vi—V)>0, (6.12)

rae U—BHYTpeHHss OJHEpPrus MCXOAHOTO PABHOBECHOTO COCTOSHHS
CHCTEMBbI TpH HaHHBIX p, T ¢ koopaunatamu V, S; U,;—BHyTpeH-
HAS DHEprus HEPaBHOBECHOTO COCTOsHHMS, paBHas (cM. § 26) ee
pPaBHOBECHOMY 3HAUYEHHIO NpHM KoopAuHatax V,;, S; WM JOpYyrux cuiax
p1, T, YOEPXHBAIOLIMX CHCTEMY B PaBHOBECHH C 3THMH KOOp-
JMHATaMH.

AHAJIOTHYHO, PaBHOBECHOE COCTOSIHHE CHCTEMBI C KOOpIMHATAMH
Vy, S{ npu nOCTOSHHBIX p; U T; Oymer yCTOWYHUBBIM, €CIIH NpPH
HeOOJILIIOM CIIOHTaHHOM H3MEHEHHMH 3THX KOOPIMHAT BBINOJHAETCH,
noobHO HepaBeHCTBY (6.i2), ycrioBue

U—Uy =T, (S=S, )+p1 (V= V1)>0. (6.13)
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CnoxuB HepaBeHcTBa (6.12) um (6.13), noayuuM clemyroiiee
COOTHOIIEHHE MEXIY Pa3HOCTSAMM pa3jiMYHbIX MapaMeTpoB IBYX
OMM3KMX YCTOWYMBBIX COCTOSHHM OJHOPOMHOM CHCTEMBI™:

ATAS—ApAV>0 (6.14)
HIA A A
T Ap

IAV AS|>0, (6.15)

rne AT=T,—T, AS=S,-S, Ap=p,—p, AV=V,—V.
Onpepensitolliee YCTOHYUBOCTh CUCTEMBI BBIPAXXEHHE B JIEBOH 4acTH
HepaBeHCTBa (6.15) HasoBem MaTpHue# ycToitumBocTH. HepaBeHCTBO
(6.14) nmns ompenenuTeNis 3TOW MaTpPHIbl IO3BOJIET IOJYYUTh
KOHKPETHBIE YCJIOBHS YCTOWYHMBOCTH OJHO(A3HOW CHCTEMBI B pa3iny-
HBIX ycJoBHAX. B camMoM fene, pa3nennM HepaBeHCTBO (6.14) cHauana
Ha KBaJpaT M3MEHEHHs KOOPAMHATEHI (AV)? NIpH NOCTOSAHHOM 3HAYEHUM
TEPMOUHAMHUYECKOH CHibl T, CONPSKEHHOW KOOpAMHATE S, a MOTOM
Ha KBaJApaT Pa3sHOCTH KoopauHaThl (AS)? mpH NOCTOSHHOW TEPMOMIH-
HaMHYECKOR CuJie p, CONpsDKeHHOUW mnepBoil koopaumHaTe V. Torma

Ap AT
(A—V)T<0, <I€>p>0'

3TO0 o03HayYaeT, YTO B YCTOHYMBOM PABHOBECHOM COCTOSHHH
OMHOPOJHOM CHCTEMBI JIs JIIOOBIX HEOOJBIIMX H3MEHEHHH KaxIoi
ee KOOpDAMHATHl NPH MOCTOSHCTBE TEPMOAWHAMHYECKHX CHJ, CO-
NPSDKEHHBIX JIPYTMM KOOPAMHATaM, BBIMOJIHSAIOTCS, KaK JOCTaTOYHbIE
YCJIOBHSL YCTOHYMBOCTH, TEPMOJMHAMHYECKHE HEPAaBEHCTBA

op or\y T
<6—V>T<0, <%>f€>o' (6.16)

CnenoBatenbno, C,>0 B COCTOSIHHM YCTOHYMBOIO PaBHOBECHS.
B obmem ciyuyae, korma KoopauHaTod (a3bl ABJISETCS NapaMeTp
a, a CONPSIKEHHOH eMy OOOOIIEHHOW CHJION — BeIMunHa A, yCJIOBHSA
YCTOHYMBOCTH HMEIOT BHJ

0A4 oT T
(%>T<o, (a“s)fc_fo'

PaznenuM Tenmeph HEPaBEHCTBO (26.14) CHayaja Ha KBaJpat
U3MEHEHHS TepBOi KkoopauHAThl (AV)? NpH THOCTOSHHOM 3HAYEHHH
KOOpIMHATHI S, a MOTOM HAa KBAaJApaT W3MEHEHHs KoopauHaThl (AS)2
npu noctossHcTBe V. Torma

*) B o6uieM clydae CIOXKHBIX CHCTEM C HEPeMEHHBIM HYHCJIOM YacTHL, BMECTO
(6.14) umeem ZAA,-Aa,»>0 (3Haku A; ¥ a; ompelensroTcs u3 ypaBHeHus dU=
i

=TdS—pdV+pdN=Y Ada).
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Ap AT
<F)s<0’ <Z§>y >0.

3Ha4UT, B COCTOSIHHM YCTOWYHMBOrO PpaBHOBECHS OXHOPOIHOMH
CHCTEMBI ISl JIFOOBIX HEOOJIBIIMX M3MEHEHHH KaXJOW €€ KOOpIMHATHI
Opd TOCTOSHCTBE JAPYrHX KOODOMHAT BBINOJHSIOTCA HEPAaBEHCTBA

ap oT\ _ T
<ﬁ>s<0’ <5§>V—C—V>0. (6.17)

CnenoBatenibho, Cy >0 B COCTOSHMM YCTOWYHBOrO pPaBHOBECHS.

Taxum oOpa3oM, OJHOpOIHAs CHCTEMAa HAXOOUTCS B COCTOSIHHH
yCTOMYMBOTO paBHOBECHS, €ClM ee Marpuia Yycroiuuoctd (6.15)
MOJIOXKHUTEJIbHA (3TO YCIJIOBHE SBJISAETCS HEOOXOOMMBIM H JOCTATOYHBIM)
WM XK€ €CJIM BBIMOJIHAIOTCS yCJIOBUS ycToiuuBocTH (6.16) u (6.17) (3TH
YCJIOBHS SIBJISIFOTCS JOCTaTOYHBIMH, HO HE HEOOXOOMMBIMH, TaK Kak
BO3MOXHO YCTOWYMBOE COCTOSIHHE M INIPH HAPYIIECHHH 3THX YCJIOBHH).

J{OCTaTOYHBIM YCJIOBHEM YCTOHYMBOIO PaBHOBECHS SIBJISETCS TaKXKe
M TIOJIOXHTENILHOE 3HAYEHHE BTOPOH BapHauuu 3sHeprum I'ub6ca™
82G>0. DTy BapHanMIO JIETKO HANTH K3 OOIIErO YCJIOBHS PaBHOBECHS
u ycroiunBoctd AG>0. [deiicTBUTENLHO, NPU 3aJaHHBIX 1o U po U3
HepaBeHcTBa (6.12) mmeeMm

AG=AU—-TyAS+poAV>0,

rae A— Bapuanus Jro00ro nopsika, BHIBOASIIAS CHCTEMY M3 PaBHOBECHS,
W JUIS HE3aBHCHUMBIX NepeMeHHbIXx AS=03S u AV =308V. Usmenenne AU
NIPH BUPTYAJLHBIX U3MEHEHHUAX S ¥ V¢ TOYHOCTBIO JIO WJICHOB BTOPOro
TIOPA/IKAa MaJIOCTH OTHOCHTEJILHO HE3aBHCHMBIX Bapuaimii 05 u 6V paBHa

(o U 1[(0°U s
AU—(ﬁ)VSS+<a—V)SSV+E<W6S +

oSovV ov?

[ /or 2 oT (o 2
+§[<%)yss +2<W>8636V (aV)SBV ]

a ycioBHe paBHOBecHs M ycroiyuBocTH (6.18) npuHHMaeTr Buj
AG=(T—T,)8S+(po—p)dV+

1[ [oT 3 oT _(op 2|
A5 ea() ()50

=6G+%82G>O.

+25_”5s5V+@8V2)=T5s—p8V+

*) Jlns HAXOXJCHHA YCJIOBHMM yCTOMYMBOCTH MOXHO HCIOJNb30BaTh JPYrHE
TepMOAHHAMHYECKHE TMOTEHLHAIbI.
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W3 ycnoBusi paBHOBecuss 0G=0 HaxomuM T=T, u p=p,y, T.E€.
Ipd PaBHOBECHMH TeMIepaTypa M [aBJICHHE CHCTEMbI DPaBHbI COOT-
BETCTBEHHO TEMIEPAType M JaBJICHHIO TEPMOCTATa.

U3 ycnosus ycToiumBocTd 862G >0 momydaeM

(as) 55 +2< >8S6V ( )bV2>0

Kax wu3BecTHO, KBaJpaTu4Has (opma MOJIOXKHUTENbHA, €CIH CO-
CTaBJIEHHBIH U3 K03()(dHUIMEHTOB (OPMBI IETEPMHUHAHT H €ro TJaBHbIE
MHHOPBI TOJIOKHUTENIbHBI, MO3TOMY YCJIOBHS YCTOWYHBOCTH

(). ()| _or-n

= S G )N}

v oT ap a(s, v)
av)s \ov)s
oT _l op
(ﬁ) _cy>0’ (aV) >0,

4yTo coBmanaer ¢ (6.17). Hasosem D, ()emepMuHaumom ycmotiuugocmu,

0X;/0x; x; — aduabamuvimu K03¢¢uuueumaMu yemoituusocmu (AKY),
oX, i/ 0X; )x —uaoduHaMuuecxumu Koagpuyuenmamu  ycmotiyugocmu
I/IKY) rfe Xi=T, —p, ..., x;=S, V, ... . 3aMeTuM, 4T0, 10 ONPELeJIe-

HUIO TOJIOXKHTEIbHON BeJIPI'-meI 0 < Dy < 0.

IMosb3ysick CBOWCTBaMHU sncoGnaHOB nerko mpeobpaszoBats AKY
B UKY wu, maobopor, UKV B AKYV:

p,=T. —p) _0(T, —p)3(S, —p) _ <6T)> <_ap>

a(S, V) (S, —=p) a(s, V) \ &S s’

_ (T, —p)_o(T, —p)o(T, V) _( op oT
b,= as,v) a(t,v) afs, V)_< av) <as)

n-(D(-5)-2)(-2).

CnenoBaTenbHo, D, Bceria MOXHO INPHBECTH K AHAaroHaJbHON
¢dopme, sBasIOIIEHCS npomBeneHneM AKY u HUKYV.

Ecnu pa3genuth HepaBeHCTBO (6.14) Ha mpou3BelcHHE H3MEHEHMIA
koopAuHaT AV AS npu mocTosHCTBE BCeX OOOOIIEHHBIX CHJI, KpOMe
Kakoi-nubo oAHOM M3 HMX, TO BCJIENCTBHE HEONPENEICHHOCTH
3HaKa 3TOro NPOHM3BEICHHS MOJYYHM, YTO B YCTOWYHBOM PaBHOBECHH
OITHOPOJHON CHCTeMbl Kaxaas M3 npousBoiHsix (0T/dV),, (0p/dS)r
WIM TOJIOXKHTENbHA, WM OTpHLATENbHAa, T.€. HMEIT MeCcTO He-

paBCHCTBA
6T ap
> b >

5 3ak 827 129



p Venosue Cy>0 (Tak ke Kkak
u C,>0) B COCTOSHMM yCTOHYMBOIO
PaBHOBECHSI BBIMOJIHAETCS, €CJIH Tep-
MoauHaMH4eckass Temnepatypa 1T  no-
noxurenbHa. Ho, ¢ apyroi# CTopoHsl,
ycnoBue Cy >0 BbIpaxkaeT omnpenese-
HHME TOro, kakas temmeparypa 0o0Jib-

4 me, a Kakas— MeHbiue*),

> Taxum obpa3om, npuHUMas B CO-

OTBETCTBHH C 3THM ONpEIEJICHHEM

Puc. 21. NOHATHS «OOJbIlIas HJIH MEHbIas
temnepatrypa» Cy >0, Mbl BbIOHpaeM
noJjioxutenpHyto Temnepatypy 7. Taxoit BbiOOp 3Haka T NPHBOOMT

N0 BTOPOMY Hayajly K TOMY, YTO HpPH TEMJIOBOM KOHTaKTe [BYX

TeJ TemjoTa CaMOMPOU3BOJILHO MNEPeXOAUT o1 Tejda ¢ OoJbliei

TEMIepaTypoif K Telly ¢ MeHbIeil TeMmmnepaTypoid. DTo NO3BOJISET

JIETKO TOHATH (U3WYECKHit CMBICT YCJIOBHH ycToiuuBocTH (6.16) win

(6.17). HeiicTBuTeNnbHO, mnpeAnoyiokuM, uro npu 1>0 K ycnosue

C,>0 He BbmonHANOCL OB M BMecTOo Hero Owuio 6m1 C,<0.

Torma npu ¢GayKTyauusx, BBI3BIBAIOIIMX OTHA4y CHCTEMOH TEIUIOTHI

TEPMOCTATy, TeMIepaTypa 3TOW CHCTEMBbI IOBBICHJIACH Obl, 4YTO

npuBejio Obl, B CBOIO ouepedb, K HaJbHEHIEH OTHa4Ye TEerJIOTHI

(tax xak T>0K) m cucrema, crnemosatenrHo, npu C,<0 He

morjia Obl ObITH B YCTOHYMBOM paBHOBECHH. AHAJIOTHYHO, €CJIH

Bmecro (0p/0V)r<0 Gymer (dp/0V)r>0, tO 31O O3Hauaer, 4TO

Jaxe INpH HeOONbUIOM (JIYKTYallHOHHOM yMEHbIeHMH 00Bbema

JaBjJieHHE B CHCT€ME YMEHBINMTCA. IJTO BbI3Baji0O Obl HanbHelIee

ckatde obObema u T.A. CrefnoBarelbHO, CHCTEMa HaxoAWJach

He B PaBHOBECHH.

Venosust (6.16), (6.17) obecneynBalOT YCTOWYMBOCTH paBHOBECHUS
10 OTHOWEHHIO K HeOonbmuM Quykryanusm. Ilpu Gonbmux ¢ayk-
TyalUysXx, KOrJla HauMHAalOT BBICTYATh HEYYTEHHbIE OCOOEHHOCTH
NOBEPXHOCTH (JIYKTYyallMOHHBIX 3apOJbIel, 3TH YCJIOBHS OKa3biBa-
FOTCS HeIOCTaTOYHbIMH. Hampumep, B COCTOSHHSAX HEPEOXJIAXIEHHOr O
mapa WM TEPerpeTod XUIAKOCTH YCJIOBHs (6.16) BBIMOJHSIOTCA, XOTS
3TH COCTOSIHUSL YCTOWYHMBBI TOJBKO NpH 0Opa3oBaHUM BO Bpems
GnykTyanuid IOTHOCTH HEOOJIBIIMX 3apofbllieii HOBOM (a3bl, a mnpu
Gbnykryanusax ¢ oOpa3oBaHHeM OOJBILIKMX 3apOfbIIell OJHOPOHBIE
CHCTEMBbI pacrmajarorcsi Ha JBe ¢a3pl. JT10 00ycnoBiaeHO o0coboi
pOJIBIO TOBEPXHOCTHON 3HEPrHU 3apojblliell (KOTOPYIO MBI 10 CHX
[Op HE YYMTBHIBAJIM): HIPH MaJbIX KaIUIAX OOpa30BaHHE UX MPUBOJUT
K YBEJIMYEHHIO CBOOOJHOM 3Heprud F CHCTEMBI, IOITOMY 3TH KalUid
MCUE3al0T; NPH OONILIIMX 3apOojblliax OOpa30BAHHE HMX MOXET MpH-
BECTH K YyMEHbIIEHHIO F, 4TO BeAET K pa3feJIiCeHHI0 CHCTeMbl Ha

*) [IpHHUMAETCS, YTO TpPU COOOGIIEHUM TEJTY TEMIOThl NPH TOCTOSHHBIX BHEIIHUX
napaMeTpax €ro Temmeparypa nosbimaercs, T.e. C,>0.
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nBe (a3bl, yka3biBas Ha MeETacTaOUIBHOCTb OMHOPOJHOW CHCTEMBI
(em. § 57).

PaccMoTpyM B CBSI3H C NOJYYECHHBIMH YCJIOBHSIMH YCTOHYHMBOCTH
OIHOpOJHON cucreMbl ra3 Ban-nep-Baanbca. W3orepma storo rasa
OpH TEMIIEpaType HUXEe KpHUTHUeCKON m300paxeHa Ha puc. 21. Yacts
AB coorBercTByeT rasy, 4actb FG-—xuakoctd. B atux cocrosHHsIX
(0p/0V)r<0, uro yka3biBaeT Ha MX ycroitumBocTh. CocrosHHS,
nexamue Ha ydacrke CE, HEyCTOMUYHMBBI, Tak KaK sl HAX (6p [0V )r>0.
Touka C sBnseTrcs TrpaHUYHOM [JIsI YCTOWYMBOCTH OTACNIBHO B3SITOM
ra3oBoil (a3bl OTHOCHTENILHO €€ HeNpephIBHBIX H3MEHEHHH (He
CBA3aHHBIX ¢ oOpa3oBanueM HOBO#H ¢a3wl). C TOUKM B, KaK NpaBHIIoO,
ra3 HauMHaeT KOHJEHCHPOBAThLCSH, a JABYX(pazHOE COCTOSHHE OmMpees-
eTcsl mpsMoJMHEHHbIM y4dacTkoM BF. Vuactku BC u EF cooTBeT-
CTBYIOT METAacTaOMJIbHBIM COCTOSIHUSIM Mapa M XHJIKOCTH COOTBET-
cTBeHHO (cM. 3ajauy 6.6).

§ 30. IIPUHLUMII JIE INATEJIBE —BPAYHA

OO0mme yCnoBHS YCTOWYHBOCTH PaBHOBECHS TEPMOJMHAMHYECKHX
CHCTEM NPHUBOJAAT K TOMY, YTO BHEIlIHEE BO3JEHCTBHE, BBIBOJIIIEE
CHCTEMY M3 COCTOSIHHS PaBHOBECHS, BBHI3BIBAET B 3TOH CHCTEME TaKHe
NPOIECChI, KOTOpPbie OCHA0JAIOT 3TO BO3JEHCTBHE. IJTO INOJIOKECHHE
610 ycranoBiieHo Jle Illarense B 1884 r. u obocHoBaHO bpayHOom
B 1887 r. m HasBaHo npunyunom Jle Illameave— Bpayna.

IMpuniun Jle Ilarense —BbpayHa ObL1 NOJyueH YHCTO HHTYH-
THBHO, B pe3yJibTaTe IOHCKa TEPMOJAMHAMHYECKOTO aHajora 3aKkoHa
UHOyKpH JIeHNa: uHOYKYuoHHbli 3/1eKmpuyecKuil mox umeem makoe
Hanpagienue, NpU KOMOPOM OCAAOAAEMCA GHEWHAA NPUNUHA €20
8b13b16AIOWYAA.

3navyenne nmpunnuna Jle Ilatenbe—bBpayHa cocTOMT B TOM, 4TO
OH TNO3BOJIET NpeACKa3aTh HANpaBJIeHHE, B KOTOPOM MOJ BJIMSHHEM
BHEIIIHETO BO3JEHCTBHS HM3MEHUTCS TEPMOJMHAMHYECKMHA TNpoIiecc,
NMPOTEKAIOLIUNA B TNPOU3BOJILHON CHCTEME.

BbiBeileM 3TOT NMPHHIMI JUIS CHCTEM, B KOTOPBIX NpPH NpoIeccax
COXpaHSIOTCS XMMHYECKHH COCTaB M Macca (IIpH mpoieccax C M3MEHe-
HHEM MacC KOMIOHEHTOB M ¢a3 cucrembl npusiun Jle Ilarenbe —
Bpayna Ttaxke mMmeer Mecro, HO JOKa3bIBaeTCs HHa4ye).

PaccMoTpuM cucteMy, COCTOSIHHE KOTOPOH OfpenesseTcs nepeMeH-
HBIMH X; U X,. Ilycts X; u X, — neidicrByronue Ha Hee 000OIIEHHBbIE
cunbl. [luddepenuman HeKOTOPOH (YHKIHMH COCTOSHMS Y paBeH

dY=X1dx1+X2de.
Torma (0X,/0x, ),c1 =(0X,/0x, ),c2 "

6x1 _ 6x2
(8),(3),
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TaK Kak d(Y-X,xl—X2x2)= —x;dX; —x,dX,. Beipazum npousBon-
Hyto (0x;/0X, )x, U€pe3 TpPOHM3BO/HBIE (0x1/0X, )Xz’ (x4 [0X2)x,
u (0x,/0X, )Xl‘ Wcnonn3ys cBoiicrBa sKOOMAaHOB, HaXOJUM

(%) =6(x1xz)= d(x1, x2)0(X, X2) =6(x1,xz)<%)

0X1 )y, 0(X1x2) O(Xi, X2)0(Xy, x2) 9(Xy, X2)\ 0x2 Jx,
Ho, cormacHo dopmyne (6.18),

(55), (%)
6(x1,x2)_ aXl X, 6X2 X, _<6x1> <6X2> _
X, X,

3(X,X2)_ (%) <_6x_2) “\ax, ox,
°Xy X, 0X, X,
_<<1> (ﬁ) _<£> (z) _<£>
X, X, 0Xy X, 0X, X, 12.¢3 X, X, xl,
6x1 axl 6x1>2 <6X2>
Za) () (Z) (22 6.19
<6X1>x2 <5X1>x2 (5/\’2 X, 0x; X, ( )

Ecnu Omaromapsi yCOBHSIM YCTOWYHBOCTH

HO3TOMY

ax;
<6_X2>x1 >0, (6.20)
TO
6x1 6x1
(ax, )x; < ( e ))(2 ' 621)

OTO HEPaBEHCTBO U BbIpaxaeT npunyun Jle lllameave — bpayna. Ecnu
B CHCTeMe, B KOTOpPO#H NOJIEPKXHUBAIOTCA IOCTOSHHBIMH TNapaMeTphl
X; ¥ X5, BHEIIHAM BO3JEHCTBHEM X; M3MEHATh MapaMerp X;, TO 3TO
BBI30BET M3MEHEHHE X, U X,, a MEpO# Bo3aeicTBus Oyner 0x,/0X;. Ho
TPH BHE3aMHOM YBEJIMUYEHHUH X; IPOUCXOISAIIMI MPOLIECC BHAYATIE MOXHO
paccMaTpuBaTh Kak IpH MOCTOSHHOM X, . CleioBaTesbHO, B 3TO BpeMs
MPHJIOKEHHOE BO3/IEHCTBUE XapaKTEPU3yeTCs NPOU3BOTHON (axl /0X; ) X -
Korna ke CHOBa HACTYNHT PaBHOBECHE H IApaMeTp X, NPHMET
MOJI/IEPXKHBAEMOE BHEIIIHEH Cpe/Iof MpeXxHee 3HAaYeHHE, TO HM3MEHEHHE
X; 3a CHUET BHEIIHEro BO3JEHCTBHSA OylIeT ompelensThCs MPOH3BOAHOM
(0x1/0X;)x,. Ipuauun Jle lllarense — BpayHa yTBepkaaer, 4o B HOBOM
PaBHOBECHOM COCTOSIHHHM, B KOTOpPOE NEPEXOAMT CHCTEMa, M3MEHEHHE
mapaMeTpa X; 3a CHeT BHEIHEro BO3JeHCTBHs ocnabseHo, T. e.

<‘3x1> (aXI)

— ) <|{=) .

X, x, 0X, X,

MOXHO NpPHUBECTH PAJ NPHUMEPOB, B KOTOPBIX MPOSIBJISETCH 3TOT

MPUHIHAIIL.
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1. PaccMotrpuMm cuctemy B TepMmocrate. M3meHMM B HEKOTOPBIH
MOMEHT JaBJIEHHE Ha CHCTEMY. OTO BBI30OBET H3MEHEHHE OObema
U TemnepaTyphl. Mepoil BozneiicTBus Oymer 0V /dp. B mepBbiit
MOMEHT OJiarojiapsi BHE3alHOCTH H3MEHEHHsS p TpOLECC NPaKTHYECKH
siBNIeTC aJuabaTHBIM, MO3TOMY BHEIIHEE BO3JECHCTBHE ONpPENENAETCS
npou3BoHON (0V/dp)s. Ilocme ycraHOBNEHWs DPaBHOBECHS M BOC-
CTaHOBJICHHS MPEXHEH TeMnepaTypbl BO3JeHCTBHE OyIeT onpenensaThes
npou3BoHO# (0V/dp)r. Mo npunmuny Jle Ilarense —bpayna B Ho-
BOM paBHOBECHOM COCTOSHHHM BO3JEHCTBHE OCJIabjeHO H

(%).<(5).

DTOT pe3yjabTaT JErko TMOJYYHTh HENOCPEJACTBEHHO, HCNOJb3Ys
B KkauectBe HepaBeHCcTBa (6.20) ycnoBue ycrodumBocTH C,>0.
Heiticrutensio, w3 —dF=pdV+SdT BuOHO, 4YTO B [IaHHOM
ciydsae X;=p, x;=V, X,=S, x,=T, no3tomy B COOTBETCTBHH

¢ ycnosueMm C,>0
6x2 oT T
(aXz)xl <6S>P CP

M, CJieloBaTeJIbHO, COIJIaCHO HepaBeHCTBY (6.21),

(%).<(5).

2. VBenuuuM BHEIHee MaBJICHHE Ha TEJIO, YMEHbLUas ero oObeMm.
Ilpd 3TOM BO3HHUKHET H3MEHEHHE TEMIEPATYpPhl U TEJIO CTPEMHTCS
CHOBa YBEJHMYMTH O0BEM; MO3ITOMY T€ Tejla, KOTOPble OT HarpeBaHHs
okuMaroTca (Hampumep, Bojga mnpu Temmepatype Huxe 4° C), Oyayt
OT CXKaTHs OXJIaXIAaThCs.

3. CoobmuM cmecH 3 JbJa H BOAbI HEKOTOPOE KOJMYECTBO
temwioTel. Torna jen HayHeT TaATh, Ojarogaps uemy He NPOUCXOIHUT
HOBBIIIEHHE €ro TeMIepaTyphl, KOTOpOoe HHaye HaOyronanoch Obl.

4. Tlyctb MMEIOTCH [Ba BEUIECTBA B COCTOSIHUM XHMHYECKOTO
paBHOBecus. Eciii MM COOOLIMTH HEKOTOpPOE KOJHMYECTBO TEIIOTHI,
TO TPOHM3OHAET peakuus, oxjaxparomias cucremy. CreroBaTesbHO,
IpH TNOBBLIIICHAM TeMIEpaTypbl OynyT pasjiarathCs BeIeCTBa, BO3-
HUKAIOIIHE TYTEM 3K30TEPMHYECKOH peakuuu, u, Haobopor, OymayT
BO3HHKATh JHIOTEPMHYECKHE COEIMHEHHUS.

5. dns conu, HaXOASIIEHCS B HACHIIIEHHOM pacTBOpE, MOBHIILICHHE
TEMINEpaTypbl BBI3BIBAET PpPAaCTBOPEHHE, €CJIM TIOCJIEoHEEe CBS3aHO
C OXJIaX[CHHEM; B TNPOTMBHOM CJIy4ya€ IPOMCXOJMT BBINAJICHHE
KpHCTaJUIOB.

6. Ilpy fOBHXKEHMH TNPOBOJHMKA B MArHATHOM [OJI€ BO3HHKAET
HHOYKIMOHHBIA TOK, Ha KOTOpbIi MAarHUTHOE Tfoje JEHCTBYET
C CHMJIOH, NPENnsATCTBYIOLIECH ABMXKEHHIO. TOK, BO3HHKAIOMIMHA B MpO-
BOJIHHUKE, NIPH NPHOIMKEHUH K HEMY MarHuTa OTTajJKWBAET MOC/IEeIHHUH,
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u Haobopor. M3 aroro mpumepa BuAHO, uTO mnpaBmwio JleHua
sBJiseTCs 4acTHbIM ciydyaem mnpuHuuna Jle Iarense— bpayna.

7. Ecnu 3eKTpHUeCKHi TOK NPOXOAMT Yepe3 chmai JABYyX METaJUIOB,
TO TeMieparypa chas H3MEHSETCS B TaKkOM HalpaBJeHHH, 4TO
BO3HHMKAIOIIMIA TEPMOIJIEKTPHUECKHH TOK CTPEMHTCS OCIaOHUTh CHITY
TOKa, MpomyckaeMoro uepe3 cmnail (sgsenue Ileavmobe).

W3 3tux mpumepoB BuaHO, uro npuHuun Jle Iarense — bpayna
00yCJIOBJIEH YCTOHYMBOCTBIO PAaBHOBECHOTO cocTosiHHs. [ledcTBuTeNb-
HO, eciii Obl BCSKHi NEPBHYHBIH NPOLECC YCHJIMBAJICA €Ile Jajibllie
Onaroapsi BHI3BAHHOMY MM BTOPHYHOMY IIPOLIECCY, TO 3TO INPHBEJIO
OBl K MOJIHOMY pacCTpPOMCTBY paBHOBECHs B cucreMe. IIpoBOAHHK,
HaXOJISIIMHACI B MArHUTHOM IHOJIE H NMOJIYYHBIIHHA TOJYOK, NPOJOIDKAT
Obl OBHraTbCs Jajbllie W TPHUTOM YCKOPEHHO; MAarHuT, CJerka
OTTOJIKHYTHI OT KaTyIIKH, NPOJOJDKaJ OBl ABHraTbCsi OT HEe.

IMpunnun Jle llarenbe — bpayHa nmpuMeHHM He KO BCEM CHCTEMaM
M HE KO BCEM BO3MOXHBIM BHELIHAM BO3ACHCTBHAM: HEOOXOOMMO
TPEABAPUTEIHLHOE YCIOBHE — HEKOTOpasi CTeNeHb YCTOHMYMBOCTH Ha-
yanbHOro cocrossHus cucrembl. [lpuwanun Jle Ilarense — bpayna
HENMPHMMEHMM K MpOIleccaM, NEPEBOJSIIAM CHCTEMY B OoJiee yCTOM-
YHBOE COCTOSIHHE, HampuMep K B3phiBaM, K pEakUUsM, BbI3bIBAEMbBIM
C TOMOIIBIO MOJOrPEBaHUS, W Ip.

3AJAYN

6.1. VpeanbHblit ra3 HAXOAUTCA B aiMa6aTHO U30JMPOBAHHOM LMJIMHAPE C MOPLIHEM MO

MOCTOSIHHBIM BHEIUHHUM [JaBiieHHeM. HemocpeACTBEHHO BBIYHCIMB BapHalMH 3HTPO-

muu 8S u S, moka3aTk, 4TO TPH PABHOBECHH JHTPONHSA SABISETCS MAKCHMAJLHOA.

IMokazaTh, YTO B cucTeMe C S=const U p=const paBHOBECHE HACTyMaeT IpH

MHUHUMYMe 3HTanbnuu H, a B cucteme ¢ S=const ¥ V'=const—npu MHHHMYMe

BHyTpeHHe# osHepruum U.

6.3. OmpenenuTh YCIOBUS paBHOBEeCHS ABYX (pa3 pa3HBIX BEIIECTB, T. €. AByx(a3Hoi
JByXKOMITOHEHTHOH CHCTEMBI, KOTa KaXAblii KOMIOHEHT BXOAMT B COCTaB TOJIbKO
onHoii (ha3sl.

6.4. OnpeneuTh YCIOBHS PABHOBECHS CHCTEMBI BO BHEIIHEM IIOJIE.

6.5. YcnoBus ycToiluMBOCTH paBHOBecHs (6.16) BbIBeleHBI AJis Majoil 4acTH GoJbLION
OJHOPOJHOI CHCTEMBI. B kakoM ciiy4ae OHM CHpaBe[JIMBBI M KOTAA HECTpaBe IMBbI
JUIS CHCTEMBI B IHEiOM?

6.6. Tlokaszath, uto yuactok BC Ha kpuBoii BaH-mep-Baanbca (puc. 21) cooTBeTCTBYeT
MeTacTabMIbHOMY COCTOSHHMIO NMEpeoXaxJeHHOro mapa, a yyactok FE, xapaxkTepu-
3ysi MeTacTaGUIbHOE COCTOSIHHME XHIAKOCTH, HE COOTBETCTBYET MEPErPeTON KHIKOCTH.

6.7. E)cnu cocgosmue HM30TPOITHOTO MAarHeTHKa XapaKTepH3yeTCs BEJIMYHHAMH:

a)H u B, 10

6.2

dU=TdS—-pdV+ HdB/(4n),
6)H u J, T0o
dU'=TdS—-pdV+HAJ,

rae U'=U—H?/(8n). CorniacHO YCIOBHIO YCTORYMBOCTH paBHOBecHs, (04 /0a)r<O0.
Jlns MarHeTMKa 3TO YCJIOBHE HMeET BHA:

oH\ 1
a) <5>,=E>0 [a=B, A=—H/(4n)],

YTO BIOJIHE corJjlacyeTcs ¢ ombiToM (p>0);
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6.8

by

6.9

B

6.10.
6.11.

6.12.

6.13.

6.14.
6.15.

oH 1
6) <E>T—;>0,

YTO TMPOTHBOPEYHT OMbITY, MOKA3bIBAIOIIEMY TEPMOAMHAMHYECKYIO YCTOWYMBOCTD

JMaMarHeTHKOB, XOoTd I HUX % <(0. Pa3biCHUTh NpPUYMHY BO3HMKILErO MpO-

THBODEYHS.

Bcaencrteue 51n€eKTPOHHON SMHMCCHM B TOJNIOCTH BHYTpM MeTtajula obpasyercs

9NIEKTPOHHBIA ra3. Mcxons M3 MHHMMyMa CBOOOJHON JHEpPruM NMpHM PaBHOBECHH,

ONpEJEIHTh MIOTHOCTh 3JIEKTPOHHOTO ra3a (n=N/V) B noJoCTH IpH TemnepaType

T, ecnn pabGora BhIXOAA INMEKTpOHA parva I, a SHTPONHUS SIEKTPOHHOrO rasa

paBHa JHTPOMMH OJHOATOMHOIO HIEaNbnoro rasa.

ITokasaTh, 4TO, COrjJacHO YCJOBMSIM YCTOWYMBOCTH paBHOBecus, npu T—0 K

B TEMIMEPATYPHOH 3aBUCHMOCTH TemioeMkocTed C, u Cy Buga C=aT" (a=const)

nokasarenb nz1.

IToka3arh, 4TO €ciM B HEKOTOPOM YCTOMYHBOM COCTOSIHMH OAHOPOJHOW CHCTEMbI
dp/dV)r=0, To B 3ToM coctosHuu (0°p/dV?*)r=0, a (0°p/dV?)r<O.
0Ka3aTh, YTO €CJIM B HEKOTOPOM cocTosHuM (0TS j,,=0, TO AJS YCTOHYHMBOCTH

TaKOro COCTOSHHA JOJXKHA OJHOBPDEMEHHO 0o0palliaThCsa B HYyJb TakXe W BTOpas

npoussoaHnas (0%T/0S?),=0, a (53T/6S3),,>0.

TlokasaTb, 4YTO eCIM_ B HEKOTOPOM yCTOM4MBOM cocrostHuu (0T/9V),=0, To

B 9TOM cocrosHun (0°T/0V?),=0, a (03T/0V*), MoxeT 6bITh Kak NOJNOKHTEIb-

HOM, TaKk M OTpHLATEILHOH.

Tlokasatb, 4TO eciii B HEKOTOpPOM cocTosHuH (9p/0S)r=0, TO MIs ycTOHYHBOCTH

9TOrO0 COCTOSHHS JIOJDKHA ONHOBPEMEHHO oOpaiiaTbCs B Hynb M BTOpas

npoussonHas, a (0°p/dS3)r20.

B HEKOTOPOM COCTOSHHMM OJHOPOAHOM cucTeMbl (Op/dV)s=0. Kakosbl ycnosus

YCTOHYHBOCTH 3TOTO COCTOSHHSA?

CBoboaHast 3Heprus F HepaBHOBECHOH CHCTEMBI NPH JaHHBIX BHEIIHHMX YCJOBHSX,

no JleontoBmuy®, paBHa

F(x)=y(x)-U, (0]

roe U—noTeHIManbHas 3HEPrus CHJOBOTO TOJIS, NPH KOTOPOM COCTOSIHHE
X MBISETCH DPAaBHOBECHBIM; V(Xx)—CBOGOAHAA OJHEPrHs 3TOr0 PaBHOBECHOTO
COCTOSHHS, COOTBETCTBYIOILEIO H3MEHEHHBIM BHEHIHHM YCJIOBHSIM CHCTEMBI—
Haymuyuio BHemHero nosig. IlokasaTe, 4To oOllee yClOBHE PaBHOBECHS CHCTEMBI
B TEPMOCTAaTE INIpH INOCTOAHHOM 00BEME — MHHMMAJIBHOCTh CBOOOJHOM 3HEpruM
NpU pPaBHOBECHH — YCTAHOBJIEHHOE HaMH U3 OCHOBHOIO HEPaBEHCTBA TEPMOIM-
HaMHKH Ui HEPaBHOBECHBIX MPOLECCOB, MOXHO TaKXe MOJy4YdTh M3 HEBO3-
MOXHOCTH BEYHOIO ABHTaTeNss BTOPOro poaa (mepBas 4YacTb BTOPOTO Havala),
Hcnonb3ys BblpaxeHue (1) mns CBOGOAHOW 3HEprMHM HEPAaBHOBECHOM CHCTEMBI.

* Cm.: JleonroBuu M. A. O cBoGOOHOM 3HEPrMM HEPABHOBECHOTO COCTOS-

Hus [/ KOTP. 1938. 8. C. 844.



I'TABA CEJIBMAS

TEPMOAMHAMMUKA CUCTEM
NP1 OTPULATEJIBHBIX TEMIIEPATYPAX

Ucxogs u3 BMOPOro Havana mepMoguUHaAMUKU,
Mbl  ycmaHoBunu (cMm. § 14), 4mo oOmHOWweHue
abconomubix memnepamyp T, u T, gByx COCMOSHUA
Kakon-nubo cucmemsbl BbipaXxaemcsi nokaszamellb-
Hou (byHKUUEHN

T,/Ty=¢el, (7.1)

rge .

2
Izj (0A/2T)udt

(ou/oa)+A

4

Omcoga 06bI4HO genaemcsi BbIBOJ, YmMO mMepMo-
JUHaMmu4yeckasi meMnepamypa He MOXem MeHSimb
CBOW 3Hak, 4Ymo ee Bcerga MOXHO cYumamsb
nonoXumenbHoM (Unu MoNbKO ompuyamesnbHOH).
Tako# BbIBOJ, OHAKO, npeBbilLIaem mo, Ymo B geu-
CcmBUMENbLHOCMU Bbipaxaem CcoomHoweHue (7.1),
nony4YeHHoe npu aHanuse KBasucmamu4ecKux npo-
yeccoB u ycmadaBsnusalwoujee, 4mo abconiomHas
memnepamypa T He MOXem MeHmb 3Hak npu
KBaszucmamu4yeCcKOM nepexoge u3 ogHoro paBHOBEC-
HOro cocmosiHus B gpyroe. [10amoMy oHO ocmasnisi-
em omkpbimbiM Bonpoc 06 u3MeHeHuu 3Haka T,
ecsiu cucmema nepexogum U3 O4HGro paBHOBECHOIO
COCMOSIHUSI B [Pyroe Hecmamu4yecKkuM nymem.

§ 31. CYHNIECTBOBAHUE COCTOSIHVII C OTPULIATEJbHOM
TEPMOJUHAMUWUYECKOW TEMITEPATYPON

BeiBog 0 mocrosiHCTBE 3Haka Ttemmnepatypbl 7T u3 Bbipaxenus (7.1)
MOXHO CJejarb TOJbKO TOIJa, KOorga K HEMYy JOMOJIHHTEIBHO
NPUCOEMHACTCS YTBEPKACHHE, UYTO COCTOSIHHS, HOCTHXKHMBIE U3
JTAaHHOTO HEPaBHOBECHO, BCerja AOCTHXXHMBI M3 HEro M PaBHOBECHO.
DTO yTBEpX/JCHHE, KaK INOKa3bIBa€T ONbBIT, CIPaBEIJIMBO BO BCEX
ciiydasix OOBIYHBIX, 4Yallle BCEro BCTpevaromuxcs cucreMm. I[lostomy
JUIS TakMX CHCTEM TEPMOAMHAMHUYECKas TEMIEparypa HE MOXET
MEHATh 3HAaK M €€ BCErja MOXHO CYHTATh MOJIOKHTENbHOH (MM
TOJIBKO oTpHuuartenbHoR). M3 ogHoro xe coorHowenus (7.1) 6e3
YKa3aHHOTO JIONOJIHMTEJILHOIO YTBEPXKAECHHS HE CJEIYyeT HEBO3MOX-
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HOCTb CyLIECTBOBaHHS Haps[y C NMOJIOKHTEJIbHBIMH M OTPHLATEBHBIX
TEMIeparyp.

Henb3st oTpuuaTte BO3MOXHOCTH CYLIECTBOBAHHMS OTPHLATEIbHBIX
abCOJIIOTHBIX TEMIEPATYp M MCXOAS M3 TPEThEro Hayajia TEPMOIM-
Hamuku. [ledicrBurenpHO, HepocTmxumoctb 0 K temmeparypsr mpu-
BOJIMT JIMIIIb K HEBO3MOXHOCTH MEPEX0Jia Yepe3 HEro OT MOJIOXKHTEIb-
HbIX K OTpHIATEJbHBIM aOCOIOTHBIM TeMrepaTypaMm, HO He HC-
KJIIOYAeT BO3MOXHOCTH CYIIECTBOBaHHS OTPHIIATENbHBIX aOCOOTHBIX
teMneparyp (Hapsay C MOJIOKHTEIbHBIMH TeMIEpaTypaMu).

CocCTOsIHHSI C OTpHIIATEIbHBIMA a0COIOTHBIMH TEMIIEpATypamMHu He
TOJIbKO BO3MOXHbBI, HO ¥ CYILECTBYIOT B JIEHCTBHTEJIbHOCTH. MHOroumc-
JICHHbIE 3KCIIEPUMEHTBI MO SIEPHOMY MAarHUTHOMY PE30OHAHCY MPHUBEJIH
B 1951 r. K co3/laHMIO COCTOSIHHH C OTPHUATENIbHBIMH aOCOIOTHBIMHU
TeMIepaTypaMu. YCJIOBHs JUIs CYIIECTBOBAHHMS CHCTEMbI NPH OTpHIIA-
TEJbHbIX a0COIOTHBIX TEMIEpaTypax, kKak Mbl YBUAUM HHXKE, SBJISIOT-
Cs HACTOJIbKO JKECTKHMH, YTO TAaKHE CHCTEMBbI PEIKO BCTPEYaroTCs
B TPAKTHKE, MCKJIIOYasi HEKOTOPBIE CHCTEMBI SJIEPHBIX CIHHOB.

OTtpHiaTe/ibHbIE TEPMOJMHAMHYECKHE TEMIEPATyphl JOCTUTAIOTCS
HE TIOCPEICTBOM OTHATHS y CHCT€Mbl BCEH OHEPrHH TEIUIOBOTO
JBIDKEHHs, a, HAo0OpOT, COOOIIeHHeM cHcTeMe JHepruu OoJibiie
TOM, KOTOpasi COOTBETCTBYeT OECKOHeYHOW Temmeparype. Y OOJIbIIHH-
CTBa TEJ 3TO CleJaTh HEBO3MOXHO, TaK KaK y HHUX IpH OECKOHEYHO
BBICOKOW TeMmmeparype BHYTpeHHsss JHeprus OeckoneyHa. Taxwue
CHCTEMBI HE MOTYT HAaXOJHUTHCH B COCTOSHHSX C OTPHIATEIHLHON
TEMIIEPATYpO#l, €CNid Uil HMX yXe€ BbiOpaHa NOJIOXKHTEIbHAS TEM-
nepatypa. OHAKO Y HEKOTOPBIX CHCTEM BHYTPEHHss JHEPrHs C poO-
CTOM Temmnepatypsl 17— o0 AaCHMIOTOTHYECKM NPHOJIMXKAETCS K KOHed-
HOMY TpaHMYHOMY 3HAUYEHHIO, & 3TO NO3BOJISIET MOJIYYHUTH COCTOSIHHS
CHCTEM C OTpHIATENLHOH TeMmeparypoif, korna ei cooOmraercs
9Heprus, Oojbluas AaHHOrO TPaHMYHOrO 3HayeHus. B Takux cocro-
SHUSX CHCTeMa, o0jajas sHepruedd, Oonblueid JHeprud mnpu Oec-
KOHEYHO#! TemmepaType, MMEET «YJbTPaOeCKOHEYHYIO» TeMIepaTypy.
Ho B MareMaTuke HET «yJbTpabeCKOHEUHOCTH» Ha YHCJIOBOH MPSMOM,
a ecTb TOJIbKO OeCKOHEYHO yIajieHHas TOYKa, U €CJIM MBI 3Ty TOYKY
nepeiiaem, To 6ynem npubimxkarbes kK 0 K ¢ orpuniareabHOi CTOpOHBI
(puc. 22): HanmpaBO OT HyJsA 0O YHCIOBOH OCH, TNOKHAAsA + oo,

oo

A
J
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npueM OT —oo K Hymo. UYHCIOBYI0O OChb MOXHO CHPOENMPOBATH
Ha YHCJIOBYIO OKPYXHOCTb, IJie OSCKOHEYHO yJIaJ€HHOH TOYKE COOT-
BETCTBYET camasi BEPXHAS TOYKa OKpPYXKHOCTH. OOXOAs OKpyXHOCTb
TPOTHB Y4aCOBOM CTpEJIKHM, IOJYYHMM BCIO YHCIIOBYIO OChb. Takum
o0pa3oM, mpu OTPHIATENBHON TEMIIEpAType CHCTEMa HE XOJIOJHEE,
yveM npd +0 K, a ropsyee, yeM mnpu OECKOHEUHOH TeMIepaType
(+ o0 K). Opyrumu cnoBamu, 00JIaCTh OTPHIATENBHBIX aOCOJHOTHBIX
temmneparyp Jexuar He «moa 0 K», a «Ham OecKOHEYHOH TeM-
neparypoit». [losromy oTpuilaTesbHbIE TEMIEpPAaTyphbl BbIIIE IOJIO-
XHUTENbHbIX. Temneparypa B HampaBJIEHHM €€ pocTa NPOXOJMUT Ha
IIKaJIE B HOCJEJOBAaTEIbHOM MOPSAKE 3HAYCHHS:

+0K, .., +500 K, ... +00, .., =500 K, ..., —0 K. (7.2)

Temneparypa + 1000 K sBnsercs mpomexyrouHod mexay -+ 500
1 —500 K. HMckyccTBeHHOCTh TNPHBEJEHHOIO HOCTPOCHHS 7T -IIKAJIbI
SIBJIIETCS CJIy4alHBbIM pE3yJbTaTOM MPOM3BOJILHOrO BbiOOpa OOBIMHOIM
temneparypHoit ¢yHkuun. Ecnu Obi TeMmepatypHas ¢yHkums Obiia
BoiOpana B Buae —1/7, TO caMble HHM3KHE TEMIEPAaTypbl COOTBET-
CTBOBaJM Obl —o0 Uil 3TOH (PyHKUUHM, OECKOHEUHBbIE TEeMIePaTypbl
Ha OOBIMHOH T-1Kajie— HYJIIO, OTPHUATENLHBIE TeMIEPaTyphbl— IO-
JIOXKHTEJIbHBIM 3HaYCHUM 3Tod QyHkumu. [{ns takoil TemnepatypHoi
¢byHKiME anrebpanueckuit NOPSIOK M TMOPSIOK XOAa OT MEHbIIEH
K Oosplneir Temmeparype Obuim Obl uaeHTHYHbL. PyHkims —1/T
4acTO HCIOJIb3YeTCS B TEPMOAMHAMHKE IIPH HCCIIEJOBAHUH CBOWCTB
cucreM B obmactm 0 K, Tak kak OHa TO3BOJISET «PACIIHPHUTH»
TEMIIEPATYPHYIO KAy NPH HU3KHUX Temnepatrypax. M3 H3JI0XEHHOro
BHIHO, 4YTO /Ui OTpHUATEIbHBIX Temmneparyp T *= —1/T-mkana*
0 MHOTMM mpHudHam Oosiee ynoOHa, yem 7T-mikaina.

§ 32. CHCTEMA C OTPHLATEJBHOW TEPMOJVUHAMUYECKOW
TEMIIEPATY PO

Crnenyromas npocrasi MOJIeJib MOKa3bIBaeT, Kak Ha MPaKTHKE OCYIIECT-
BJISIFOTCS. OTPHLATENIbHBIE TEPMOIWMHAMHYECKHE TEMIEpaTyphl.
ITycth uMeeTcs cucTeMa «3JieMEHTapHBIX MAarHuTOB» (HampuMep,
9JIEKTPOHHBIE, ATOMHbIE WM SOCPHbIE MAarHUTHBIE MOMEHTBI) BO
BHEmIHEM MarHutHoM moje H. CorjlacHO KBaHTOBOW MeXaHHKe,
TIOJIOKEHHE I3THUX 3JIEMEHTAPHbIX MAarHUTOB B 1ojie H KBaHTyercs,
T. €. YTOJ MEXIY HampaBJIeHUSMH MarHATHOIO MOMEHTA M HalpsKeH-
HOCTH H mojsi MOXeT NPUHHUMATh TOJBKO OMNpeeSieHHbIe 3HAYeHHS.
B ciyyae cnMHOBBIX MarHMTHBIX MOMEHTOB 3TOT YroJl UMEET TOJIbKO
nBa 3Hauemums: 0 m 180°. OGa 3THM MNOJOXEHHS CIHUHA SBIISIOTCS
OMHAKOBO YCTOWYMBBHIMH, XOTs JUIS MarHATHOHM CTpEJIKH Kommaca

*) Jrta mkana, mpe{uioxedHas B. TomcoHom B 1848 r., He monyuuia, OMIHAKO,
pacnpoctpaHenus. [To3xe uM Obuta mpe/uioxeHa T-mikaja, B KOTOPOW TeMiepaTypa
AMEET KOHEYHBIH HauMEHBIUHH mpeae.
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YCTOWYHBO TOJBKO OJHO €€ TIOJIOKEHWE— BJIOJIb HANPSKEHHOCTH
MarHuTHOro moJisi. B 3TOM cocToMT oOTiHMYMEe KBAaHTOBOH CHCTEMBI
OT KJIaCCHYECKOH.

ITpn Hu3KOH TeMmnepaType MOJIEKYJISpHbIE MarHUThI yCTaHaBJIUBA-
IOTCS B CWIHBHOM MAarHMTHOM IOJie, Kak moKa3aHO Ha puc. 23, a,
T. €. NPUXOAST B COCTOSHHE C HAaWMEHbINEH sHeprumed (Wym, Kak
TOBOPAT, B CHCTEME 3aHSAThI IPEUMYILIECTBEHHO OoJiee HU3KHME 3JHEp-
retuyeckue ypoBHH). IIpu coOOmIEHHM CHCTEME MAarHUTOB JHEPTHH
(mpuBOAsIIEH K YBEJIMYECHHIO €€ TeMNEpaTypbl) YK€ HE BCE MarHUTHI
OPHEHTUPYIOTCS MO HANPSKEHHOCTH TOJIS,, U 4€M OOJIbLIYIO 3HEPTHUIO
NOJIy4aeT CHCTEMaA, TeM Ooiiee GecropsiiouHbIM OyneT pacnpeneyieHue
MarHuTOB. Hactynaer takoif MOMeHT, xorga OecnopsiioYHOCTH CTa-
HOBUTCSI TIOJIHOM —CHCTEMA TMOJIHOCTBIO YTpauyHMBaeT HaMarHWYCH-
HOCTb. DTO COOTBETCTBYET TeMmmepatype T'= + 00, XapakTepH3yroleH
PaBHOMEPHOE DACIpe/ie/ICHNE YacTHUIl 10 BCEM J3HEPrETUYECKUM YpOB-
HiM (puc. 23,60). Ilpomomxkas cooblaTh 3HEPTUI0 CHCTEME, MOXHO
JIOCTUTHYTb TOTO, YTO OJJIEMEHTApHbIE MArHUTHI OPHEHTHPYIOTCS
IPOTHB HANPSKEHHOCTH BHEIIHero mosst (puc. 23,6) Tak, 4TO BO3-
HUKAeT TNPEUMYIIECTBEHHAs] 3aCEeJICHHOCTb BEPXHUX OHEPreTHUYECKUX
ypoBHEH (MHBEpPCHas 3aceNIeHHOCTh YpOBHE#). B 3TOM cocTossHUM
BHYTPCHHSISI QHEPTUsl CUCTEMBI OOJIBIIE, YEM NPH OECKOHEYHO BBICOKOM
TEMIEpAType, M, CJIEAOBAaTEIbHO, CHCTEMa HUMEET OTPHUIATEILHYIO
TeMIepaTypy.

ChopmynupyeM OCHOBHOE YCIIO-
BHE, KOTOPOMY JOJDKHA YIOBJIETBO-
pATH CHCTEMa, HaXonsAlascsi B CO-
CTOSIHUM C J1000H OTpHuATENbHOM
TEPMOJMHAMHUYECKOH TeMmepaTypoi:
SHepeus MepMOOUHAMUYECKOU cucme-
Mbl  00ANCHA UMeMb KOHeYHoe npe- Erp Emaxc
OeavHoe 3nauenue npu T—o0 u Koweu- 0 y 7
HOe YUCAO0 3Hep2emuyecKux yposHeli.

Pa3ymeercs, cuctemMa  JOJKHA
ObITh TEIUIOM30JMPOBaHA OT BCAKHX
JPYTHX CHCTEM, HE YIOBJIETBOPSIOLINX
OCHOBHOMY YCJIOBHIO, T.€. BpEMSs
YCTAHOBJICHHST TEPMOJUHAMUYECKOTO Puc. 24.
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paBHOBECHsST B CHCTEME JOJDKHO OBbITh MajlbiM IO CpPaBHEHHIO
C BpeMEHEeM, 3a KOTOpOoe 3aMeTHas JSHEpPrusi TepsieTCs WM
npuoOpeTaeTcss OT JPYTHX CHCTEM.

3aBUCHMOCTh BHYTPEHHEH 3HEPTUM CUCTEMBI, CIOCOOHON HAaXOIUTh-
Cd B COCTOSHMSAX C OTPHIATENILHOH aOCOMOTHOH TeMmepaTypoil, oT
TeMNepaTypbl Noka3aHa Ha pucC. 24 (E.,—rpaHM4HOE 3HAYEHHWE JHEp-
ra mpu T'=o0).

BOJIbIIMHCTBO CHUCTEM HE YAOBJIETBOPSIET yKa3aHHbIM BBIIIE Tpe-
OOBaHUAM, BCJICJICTBHE HErO CHUCTEMB! C OTPHULATEJBbHbIMH abCOIOT-
HBIMH TEMIIEpaTypaMH BCTpedaroTcs peako. CucreMa siACpHbIX CHMHOB
Yy HEKOTOPHIX KPHCTAaJUIOB YIAOBJIETBOPSET 3THUM ycioBusm*). Tep-
MO/IMHAMHYECKOE pPaBHOBECHE B TaKOW CHCTEME YCTaHABJIMBAETCS
NOCPENCTBOM SIIEPHOTO CHMH-CIMHOBOIO B3aUMOJACHCTBUS. DTOT CIHH-
CIIMHOBON MpPOLECC YCTAaHOBJICHUS TEPMOIAMHAMHYECKOTO DPaBHOBECHUS
XapakTepH3yeTCs BPEMEHEM PENAKCALUH T,, KOTOPOE MMECT NMOPsIOK
1075 ¢c. B3aMMOJEHCTBHE CIMHOBOM CHCTEMBI C pEINETKOW Xapak-
TEPU3YETCs BPEMEHEM peJIaKCaliM T;, KOTOPOE COCTAaBJISET MHOTHE
MUHYTHI, T. €. 3HaYMTENbHO OoJbine T,. B TepMoauHaMuKe CHMHOBBIX
CHCTEM B3aMMOJICWCTBHE C PELIETKOW COOTBETCTBYET YTEYKE TEILIOTHI
CKBO3b CTEHKM CHCTEMBI. 3HAQYUTEJHHOE  pa3jiMyKe  BpEMEH
T, U T, NPUBOJUT K TOMY, YTO CHCTEMa CIHHOB IO JAOCTHXECHHH
BHYTPEHHETO TEPMOAMHAMUYECKOTO PaBHOBECHS €IIE OTHOCUTEJILHO
GoJpIIIOE BpeMsl OCTAaeTCsl B INPAKTHUYECKOM H3OJSLMU OT PEIIETKH.
B TeueHme 3TOro BpPEMEHHM MOXHO TOBODHTH O TE€PMOAMHAMUYECKH
PaBHOBECHO! CHUHOBOM CHCTEME.

PaBHOBECHas cuCTeMa C OTpULATEJbHOH abCoNOTHOH TeMmepa-
Typo#i Obuna BnepBeie ocymectTaiena B 1951 r. Ilepcesnom u Ila-
YyHIOM**) B pe3yJbTaTeé OKCNEPUMEHTOB MO0 W3YYEHHIO CBOWCTB
CHCTEMBI SIICPHBIX CIHHOB B OYEHb HYUCTBIX KPUCTaJUIaX (TOPHCTOrO
matus  LiF. ¥V 3TuX xpHucTa/UloB BpeMsi T; CIHH-PEIICTOYHOM
penakcaluy nmpu KOMHATHOHW TeMmepaType nopsaka 5 MHUH, a Bpems
T, CHOMH-COMHOBOH pe€JaKCaluh NpHOJIM3UTEIHLHO pPaBHO NEPHOIY
JIAPMOPOBCKOHM IpeLeccud sSACPHOTO MAarHUTHOTO MOMEHTa BO BHE-
IIHEM MAaTHATHOM IIOJie, 3HAa4Y€HHE KOTOPOro MeHpme 1073

Bo BHemHeM MarHUTHOM IOJIE SHEPTUS CUCTEMBI SIEPHBIX CHHHOB
HMEET BEPXHIOIO TpaHuny npu 7T-— 0.

TakuM 006pa3oM, y CHCTEMBI sEpHBIX cnuHOB LiF B MarHMTHOM
TOJIE BBIMOJIHSAKOTCS BCE YCJIIOBUS CYLIECTBOBAHHUSI PaBHOBECHBIX COCTOS-

*) OCOBGEHHOCTBEO 3TOM  CHCTEMBI YaCTHL, O00NajaiomUX CIMHOM, SBJISETCS
OTCYTCTBHE y Hee MpOCTPAHCTBEHHBIX creneHeit cBoGOABI.

*%) Cm.: Purcell E. M., Pound R.V. The Physical Review, 81, 1951. C.279.
Monpobuoctu unTepnperauuu pabotwl Ilepcenna u IMaynna u oﬁcyxmel-me B LEJIOM
Bompoca o6 oTpuuaTeNbHBIX Temriepatypax cM. B cratee: Iloyas JI. OtpunartenbHsie
aBCoONIOTHBIE TEMIEPATYypsl M TEMIEPATYphl BO BPALLAIOILUXCA CHCTEMAaX Koop-
nuHat [/ YVOH. 1964. T. 84. Buin. 4. C. 693; B cratbe: Crponuxnii I'. B., Tpomunnn B. H.
K TtepMmoymuHamuke crnuHOBBIX cucteM.— B ku.: Cratucrudeckass ¢u3nMKa ¥ KBaHTOBas
Teopuss monsa. M., 1973. C. 280.
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HU# ¢ oTpuiaTenbHOM TemmnepaTtypoi. Ilepcesnn u ITaynn nepesenu 3ty
CHCTEMY M3 COCTOSIHHS C IMOJIOKUTEJIbHONH TeMIepaTypoidl B COCTOSIHUE
C OTPHMIATENILHON TeMNepaTypoi, HanpaBUB HANPSKEHHOCTh BHELIHETO
MAarHMTHOTO TIOJIS NPOTHUB SACPHBIX MAarHUTHBIX MOMEHTOB.

B HacTosimee BpeMs «npuUBEICHHE» CHUHOBOM CHCTEMBI B COCTOSIHHE
C OTpHUIATENbHOH abCONMIOTHOH TeMIepaTypoil OCTHUTaeTcsi C IOMO-
upo  180-rpagycHOro BBICOKOYAaCTOTHOTO HMITYJIbCA, KOTOPBIA, nei-
CTBYs Ha oOpa3el| B TEYECHHE NMPOMEXYTKa BpeMEHH Af, CPaBHHUMOTO
C T,, IOBOPaYMBAET MaKpPOCKONMYECKA# MArHHUTHbIA MOMeEHT Ha 180°.
Takum oOpa3oM, mporecc Mepexofa CHCTEMbI OT MHOJOXHUTEIbHBIX
TEPMOJIMHAMHYECKHX TEMIEPATyp K OTPHUIATENbHbIM SIBJISICTCS NPUH-
YUNUAaIbHO HepagHoBecHuIM, TaK KaK M3MEHEHUE BHEIIHETO NapaMeTpa
(HanmpsHXEHHOCTH MOJIsl), IPUBOJSIIEE K TAKOMY NEPEXOY, IPOUCXOAUT
3a BpEMs, CPaBHUMOE C BpEMEHEM peJlakcamuu T,. OueBHAHO, 4TO
U1  HEOOBIYHBIX CHCTEM BO3MOXHBI ClIy4ad, KOIJa COCTOSIHHUS,
JIOCTYDKUMBIE W3 [IaHHOTO COCTOSIHHSI HECTAaTH4ECKH, HEIOCTHKHUMBI
M3 HETO KBa3UCTATHYECKH.

Ecnu paBHOBECHBIE COCTOSIHHSI C WHBEPCHON 3aCEJIEHHOCTBIO JHED-
TeTHYECKUX YPOBHEH M, CJIEIOBATEJIbLHO, C OTPHIATENbHON abCOMOTHOM
TEMIEPATYPOH MOXHO TOJYYUTh TOJIBKO y HEOOBIYHBIX CHCTEM,
KOTOPBIMHU SIBJISIFOTCSL JIUIIIb CHVUHOBBIE CHUCTEMBI, TO CTallMOHApHBIE
HEPaBHOBECHBIC COCTOSIHMSI C HMHBEPCHON 3aCEJICHHOCTBIO YPOBHEHR
MOXHO HENpPEPBIBHOH «MOJKAa4YKOH» CO3JaTh M Y OOBIYHBIX CHUCTEM.
DTO OCYIIECTBIISETCS B TAKUX YCHJIMTEIbHBIX YCTAHOBKAX, Kak MAa3€phl.
OueHb 4acToO, TOBOpsS 00 HMHBEPCHOW 3aCENICHHOCTH 3HEPIEeTHYECKUX
YpOBHEH, yNOTPEOJISAIOT NOHATHE OTPUIATEIHLHOW aOCONOTHOH TeM-
nMepaTypbl, OJHAKO 3TO JIMIIb YCJIOBHOE TEPMHHOJIOTMYECKOE NOHSATHE,
MOCKOJIbKY MHBEPCHAsI 3aCEJIECHHOCTh YPOBHEH €IIe HE €CTh COCTOSIHHE
C oTpumatenpHOl Temmepatypoil. HeobOxommmo, 4TOOBI cucTEMa
Haxo[uJjlacb B PaBHOBECHOM COCTOSIHMM NPU HMHBEPCHON 3aCENCHHOCTH
YpOBHEM, kKak 3TOo HaOmomaeTcs B CIHMHOBBIX CHCTEMaXx.

§ 33. TEPMOAMHAMMKA CHUCTEM C OTPULATEJBHBIMU
TEMIIEPATYPAMUN

CucTeMbl C OTpHUIIATENBHBIME a0COMIOTHBLIMH TEMIIEpaTypaMu o0Jiaja-
I0T PIIOM cHenu(pUueCKUX CBOMCTB, KOTOPbIX HET Y OOBIYHBIX CHCTEM.
YToObl yCTAHOBUTH 3TH CBOWCTBA, cHOPMYJIMPYEM, ONUPASICh HA OIBIT,
BHayaje OCHOBHBIC 3aKOHbl TEPMOJUHAMMKM ]I TAaKHUX CHCTEM.

1. TepMoHaMuueCKe OHATHS «pabOTa», «TEMIOTA», KOJIMUECT-
BO TEILUIOTBI», «0OJieeé HArpeTOe TeJIOo» YMOTPEOJISIIOTCS MpH aHaM3e
COCTOSIHHH C OTpHMLATEIbHON TeMIepaTypoil B TOM X€ CMBICJIE, YTO
U B ClIy4a€ COCTOSIHHH C TIOJIOKUTENbHBIMK aOCONIIOTHBIMH TEM-
nepatypamMi. JTO O3HA4aeT, 4YTO (OpMyJIMpOBKa NEPBOro Hayaja
TEPMOJUMHAMUKHM [UIsl CHCTEM C OTpHIATEJIbHONH aOCOJIIOTHON TeM-
nepatypoil ocraercsi 0e3 H3MEHEHHS:
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OcraeTcsi TaKxe MpexHEeH (OpMYJIMpPOBKa BTOPOro Hadaja Tep-
MOJMHAMHUKHA B BHIE 3aKOHA O CYLIECTBOBAaHMH M BO3PaCTaHUH
SHTPONMHU, Apyrue xe (OPMYJMPOBKM 3TOr0 Hayana W3MEHSIOTCS.
BeiObepem 3a ucxomHOE Takoe BbIpaXXCHHE BTOPOrO Hauajia, KOTOpoe
HETMOCPECTBEHHO CJIEyeT W3 OMNbiTa N0 MPEBPAICHUIO TEIUIOTHI
B pabory W paboThl B TEILUIOTY.

. 3 Mbl OTMEYaJid, 4TO BTOPOE HAYaJi0 TEPMOJUHAMHKH
yCTaHaBJIMBAET, BO-NMEPBBIX, OOLIYI0 3aKOHOMEPHOCTHb MpPEeBpallleHHs
TEIUIOTBl B pabOTy M, BO-BTOPBIX, BbIpaxxaeT crnenupuyeckue 3aKo-
HOMEpDHOCTH Kak oOOBbIYHBbIX, TaK ¥ HEOObIMHbIX cucTeM. OOmas
3aKOHOMEPHOCTh NPEBPALIECHUSI TEIIOTH B paboTy B 00OUX ciydasx
CUCTEM COCTOUT B TOM, YTO IpPHU TaKOM INPEBPAllEHUH B 3aMKHYTOM
KPYrOBOM HPpOIIECCE 4YacTh TEIJIOTHI HENPEMEHHO OTJaeTcs pabodum
TEJIOM JIpyTUM TedaM. OJTOT (UEepBBIA) 3JIEMEHT KOMIEHCAIMH,
KOTOPBIil B Ciy4ae OOBIYHBIX CHCTEM COBNAJA€T CO BTOPHIM 3JIEMEHTOM
KOMIEHCAIMN (M3MEHEHHEM TEPMOJNHAMMYECKOTO COCTOSIHMS JPYrHX
T€N), NPUBOJUT K CYLIECTBOBAHMIO SHTPONHMU Y PaBHOBECHOW CHCTEMBI
(cMm. § 13). Otcrona cneyeT, 4TO BTOpPO€ Havajio, chOpMyIHpPOBaHHOE
KapaTeoiopu, He H3MEHSETCSA: 60.4U3U KANCO020 COCMOAHUA 000
mepmuydecku O00HOPOOHOU CUCMeEMbl CYWeCmeyIom maxue COCMOAHUA,
KOMopble HeOOCMUNCUMbL U3 He20 aduabamuvlM nymem. ITO O3HAYaeT,
YTO y BCSKOW PaBHOBECHOW CHCTEMBI B COCTOSIHUM C OTPHIATEILHOM
abcomoTHO TemnepaTypoidl (Kak M B CJiyua€ OOBIYHBIX CHCTEM)
CYIIECTBYET OHTpONHUs KaK (QYHKIMS €€ COCTOSHHUS

ds=% 1.3)
T

Crenuuueckasi 3aKOHOMEPHOCTb NPEBPAIIEHHs TEILUIOTH B paboTy
)5 pa60TbI B TCIJIOTY B Cly4ac O6I>I‘IHI>IX CHUCTEM, KaK H3BECTHO,
COCTOMT B TOM, 4YTO €CIIM NpPH MPEBPAllCHMHd TEIJIOTHI B paboTy
B 3aMKHYTOM KpPYroBOM mponecce IPOUCXOAUT H3IMECHCHHUE TEPMO-
JMHAMHYECKOTO COCTOSHHSI JAPYrHX Tej, TO MpeBpallleHde paboThI
B TCIJIOTY HEC CBA3aHO C TAaKUM M3MCHCHHUEM:

O>W n W=0Q. (7.4)

Kakx moka3plBaeT ONBIT*), B CIy4ae HEOOBIYHBIX CHCTEM, KOTAa
OHM HaxojaTcs B cocTosiHMsX ¢ T<0 K, cnenuduueckas 3axoHOMeEp-
HOCTh NPSAMOro # OOpaTHOro mpeBpallleHNHd TEeIIOThl B padory
3aKJIIOYAETCS B TOM, YTO TEIUIOTA MpeBpamaeTcs B paboTy 0Oe3
BCAKHAX W3MEHEHHH B OKPYXalOIMUX Tejiax, pabdoTy € B TEIUIOTY

*) MIMeloTC B BUAY OKCIEPUMEHTHl IO SAEPHOMY MAarHMTHOMY pE30OHAHCY,
KOTOpbIE 3[leCh He H3JIOXKEHBI.
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HEBO3MOXHO TMOJHOCTHIO MpPEBpaTUTh B 3aMKHYTOM Mpoiecce 06e3
M3MEHEHHsT B OKPYXaKOLHMX Teaax*):

O=W u W>Q. (7.5)

IMosToMmy BTOpOoe Hauano i HeoOblMHBIX cucteM npu 17<0 K
MOXHO C(hOPMYJIAPOBATH B CIIEAYIOIIEM BHJE: HEBO3MONCEH BeUHbli
Osuzamenb 6MOPO20 pOOd, Npuvem 3MO ymeepHcoeHue Oonyckaem
obpawenue.

3TO 03HA4aeT, YTO B 3aMKHYTOM KpyroBoM mpoiecce npu 7<0 K
HHM TEIJIOTY HEJb3sl MPEBPATUTh B pabory 0e3 koMmneHcamuu (MMeeTcs
B BUIOy NEpBbI 3JIEMEHT KOMIIEHCAllMM), HM paboTy B TEmJIOTY
(umeeTcss B BUAY BTOpOH 3JIEMEHT KOMIIEHCAIUM).

Taxum o6pa3oM, Ui JIOOBIX CUCTEM (OOBIYHBIX M HEOOBIYHBIX)
MOXHO MCXOIUTb U3 cieayromedl ¢GpopMyJUpOBKM BTOPOro Hauaja:
HEB03MONCEH GeUHblU 08U2AMEAb 8MOPO20 po0d, Npuvem Mo ymeep-
HcoeHue He Oonyckaem o0bpawjeHus 8 Ccayuae OObIYHBIX —CUCMeMm
u oonyckaem oopawenue npu T<0 K 0aa Heobblumblx cucmem.

[ToHsTHS «OOpaTUMBIF M HEOOPATUMBIH NPOLECCHI» ONPEAENSIIOTCS
B CJIy4a€ OTPUNATEIbHBIX aOCONIOTHBIX TEMIEPATyp TEM, CBS3aHBI
JiM OOpaTHbIE UM NPOLECCHI C HEKOMICHCMPOBAaHHBIM IPEBPAIICHHEM
paboTel B TemwnoTy. Tak, mpomecc mepexoia CHCTEMBbI U3 COCTOSIHUSA
1 B cocTosiHUEe 2 Ha3bIBaeTCs 0Opamumbim, €CIIM OOpaTHBIH NEpexon
3 2 B /| He CBS3aH ¢ HEKOMIICHCHPOBAaHHBIM IIPEBpAILiEHNEM paboThI
B TEIJIOTY; MpOLECC XKe IepexoJa CHCTEMBbl M3 [/ B 2 Ha3bIBaeTCs
Heobpamumulm, €CIv OOpaTHBbIA mepexol u3 2 B [/ CBA3aH C HEKOM-
HEHCHPOBAHHBIM MPEBpPALICHNEM padOTbl B TEIUIOTY.

Onpenenennsi paBHOBECHOTO ¥ HEPABHOBECHOTO NPOLIECCOB OCTAIOT-
csi 0e3 M3MEHEHUS.

U3 cootHowenuit (3.1) wnm (7.4) mis HEPAaBHOBECHBIX INPOLECCOB
B OOBIMHBIX cHcTeMax mnony4daeMm (cM. § 17) TdS>dU+S6W un

dS>0 (7.6)

B ciydae aauabaTHO-A30JIMPOBAHHOM CHCTEMBI.

Amnanoruuno, u3 cooTHouieHuit (7.5), npeacTaBisiOMUX BTOPOE
HA4aj0 TEPMOJAMHAMHUKH JUIS HEOObMHBIX cucTeM npu 1'<0 K, MoxHO
HaliTM aHaJIMTMYECKOE BLIPAaXKECHHE TOr0 3aKOHAa HMpPH HEPABHOBECHBIX
mpoueccax B Takux cucreMax. [lyis 3Toro paccMoTpuM fABa OJH3KHX
COCTOSIHMS paBHOBecUst / M 2 HEKOTOpOH HEOOBbIYHOH CHCTEMBI (IpH
OTpHIATENbHbIX abCOMMOTHLIX TeMnepaTypax). [IycTb npu HepaBHOBeEC-
HOM niepexojie u3 / B 2 (cM. puc. 9) cucreMe cooOImaeTcs KOJMYECTBO
TemnoThl 6Q,, U OHa coBepiiaeT paboty. Toraa, no nepBomMy Hauaiy,

*) [IpeBpAlieRUs TeMNOTel B paboTy M paboThl B TEMNOTY SBJSIOTCH, CIEAO-
BaTENbHO, JIOMOJIHUTEIbHBIMU: KOTAZ BO3MOXHO OJHO 0e3 H3MEHeHMs B [APYruX
Teslax, HEBO3MOXHO Opyroe, U HaoOOpoT.
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80y =AU +5 W,y &)

Eciu ke cucTeMa nepexoJuT M3 COCTOsiHHs [ B 2 paBHOBECHO,
TO KOJIMYECTBO TEIUIOTHI, NOJIyYaeMOe €0 OT TOro e TepMOCTaTa,
3Q, a cosepmieHHas pabora W, Tak uTO

3Q=dU+oW. (7.8)
Boiunras ypaBHenue (7.8) u3 (7.7), moaydaem
00, —00=0W,,—O0W=R. (7.9)

3naueHe R#0,Tak kaKk B NPOTHBHOM ClIydae 3TO O3Hayajo
Obl, 4TO HeoOpaTUMBIH mponecc /—2 MOXHO NPOBECTH B OOpaTHOM
nopsiake Oe3 xommeHcanuu. 3HaueHWe R <40, Tak Kak B NMPOTHBHOM
clydae 3TO O3Hayajo Obl, YTO 3a LMKJ BHEIIHSS paboTa 3aTpaueHa
Ha HarpeBaHHe TepMocTaTa 0e3 BCSAKOro W3MEHEHHS B JPYruX Telax,
yro [cM. (7.5)] HeBo3MoOxHO. BenmmumHa R MoxeT ObITh Oosiblie
HyJis, Tak KaK 3TO COOTBETCTBYET paboTe 3a IMKJ 3a CYET TEIUIOTHI
TepMocTaTa, 410 [cM. (7.5)] Bo3MoxkHO. Takum 0OpazoMm,

00u:p>00 u dW,,>0W,

a Tak kak 0Q=TdS, To
TdS <80y,

IMpn ammabaTHO-HEPaBHOBECHBIX INpoleccax, korga 8Q,,=0, mo-
nysaeMm (T<0 K)

dS>0,

4YTO BBIpaXaeT 3aKOH BO3pacCTaHWs JHTPONHH TpPH HEPAaBHOBECHBIX
nponeccax B H30JHPOBAHHBIX CHCTEMax C OTPHIATENIbHOW TeM-
nepatypoif. V3 HM3JI0%EHHOrO0 BHIHO, YTO 3aKOH O CYIIECTBOBaHHH
¥ BO3PACTaHMHM JHTPONHH (BTOPOE Hauayio) BBINOJIHAETCS KaK B Cliyuae
OOBIYHBIX, TaK M B Cjiy4ae HEOOBIYHBIX CHCTEM.

OCHOBHBIE YpaBHEHHS ¥ HEPABEHCTBO TEPMOJMHAMMKHU Ui CHCTEM
IOpH OTPUIATEBHBIX a0OCONIOTHBIX TEMIEpPaTypax HMEIT BHJ

TdS<dU+dW, (7.10)

A€ PaBEHCTBO OTHOCHTCS K PaBHOBECHBIM, a HEpPaBEHCTBO —K
HEPaBHOBECHBIM IPOIIECCaM.

Pa3uyHble YTBEpXKIEHUS TPETHETO 3aKOHA TEPMOJWHAMHMKM OCTa-
IOTCS HEM3MEHHBIMH IPH OTPHIATENIbHBIX aOCOJIIOTHBIX TeMIepaTypax,
ecid nox abcomoTHBIM HyJieM TeMrepaTypbl mnonuMaTh 0 K kax
MOJIOKHUTENIbHON, TaK M OTPHIATENIbHON TeMmepaTypbl. TeMmnepatypsi
+0 K 1 —0 K COOTBETCTBYIOT COBEPIIEHHO Pa3JIMYHBIM (PU3HYECKHAM
cocTosiHMsAM. JIyisi mepBOro cHcTeMa HAXOJAWUTCs B COCTOSSHMM C Ha-
MMEHBIIIEH BO3MOXHON DJHEpruei, a s BTOPOrO-—C HaWBBICHICH.
CucteMa He MOXET cTaTh XxoJjiogHee, ueM -+0 K, Tax kax oHa He
MoxeT Oonblie OTAaTh 3Hepruto. OHA HE MOXET CTaTh ropsuee,
yeM —0 K, Tax kxak oHa He MOXeT OOJibllle MOTJIOTUTHh 3SHEPIHIO.
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IIpuHIMN HEIOCTHXXHMOCTH abCOOTHOrO HyJs (opMysMpyercs ciie-
AYIOIMM 00pa30M: HEB03MONCHO C NOMOWbI0 060T, KaK y200HO
u0eau3uposannoil npoyedypvl 3a KOHEUHOe YUCAO ONepayuti 0XAA0uMb
ao0byro cucmemy 00 +0 K uau nacpemv arobyro cucmemy oo —0 K.

VYaenbHas TEIUIOEMKOCTh NajfaeT Mo Hydas kak npu +0 K, Tak
u mpu —0 K. ®usmyeckas npuiMHA 3TOTO COCTOMT B TOM, 4TO
u npu +0K, u npu —0 K Bce 371€MeHTBI CHCTEMBI B KOHIIE KOHIIOB
NONAaJaloT B CBOM JHEPreTHYECKHE COCTOSIHMS C HAWMEHBIIEH Wiu
HapOoJNbIIel 3HEpPrued W TemioTa OOJbllie HE MOXET OBITb COOTBET-
CTBEHHO OTHSATAa MJIM TOIJIOUIEHA. YJeJdbHasi TEIUIOEMKOCTh IIpH
temnepatype T=+oo (00e 3T TeMuepaTypbl (HU3HMYECKH TOXIECT-
BEHHBbI, TaK KaK COOTBETCTBYIOT OJMHAKOBBIM 3HAYCHHSM BCEX
TEPMOJMHAMHYECKHX BEJIMUYMH) TakXkKe MajJaeT M0 HyJs, HO MO APYyrou
OpyYMHE: Opy NpuOIMXeHuH K T'= +00 TeMmepaTypHble H3MEHEHHs
CHCTEMBbl BEJIMKM TNPH MaJjbIX H3MEHEHHSIX €€ BHYTPEHHEH 3JHEprum.
(ITpubmxeHHe TEILUIOEMKOCTH CHCTEMBI K HYJIIO B 3TOH obsactu
1 TO3BOJIAET 3aTPaTOil KOHEYHOH OJSHEPrUM JOBECTH CHCTEMY MO
OECKOHEYHON TeMIepaTyphl.)

PaccMoTpuM Temepb HEKOTOpBIE CBOMCTBA CHCTEM B COCTOSIHHSX
C OTpHMLATENbHOH abCOJIOTHOH TeMIepaTypoil.

1. U3 ypasHenus (7.3) crmeayer, 4TO HpH COOOIIEHHH CHCTEME
Temwnotel (00 >0) 3HTpPONHsS €€ HE YBEIMYHMBAETCS, KaK NpH IMOJIO-
KHUTENbHbIX aOCOJNIIOTHBIX TeMIepaTypax, a YMEHbIIAeTCs — CHCTEMa
NEPEXOUT B OoJiee YNOPSJOYEHHOE COCTOSHHE.

2. C noMoiupl0 OCHOBHOIO YypaBHeHHs TepMmoauHamuku (7.10)
MOXHO YCTaHOBHTb, B KaKOM HANpaBJICHHH NEPEXOOUT TEIUIOTAa IPH
TEIJIOBOM KOHTAaKTe JBYX TeJ C Ppa3JIMYHOH TEMIEPaTypoOu.

[TycTh uMeIOTCS [Ba Tejla C OTPULATENbHBIMH TeMIEpaTypaMu
T, uw T,. JJonycTuM, YTO OT NEPBOro Teja KO BTOPOMY IEPEXOIUT
KOJIMYECTBO TEIJIOTHI 0, KOrjja OHH NMPHUBENIEHbI B TEILIOBOH KOHTAKT.
Torma, mockoJpKy Hpolecc TeIUIonepeqavyd NpH KOHEYHOH pa3HOCTH
TemrepaTyp HeoOpatuM, mo ¢opmyse (3.57) umeem

8Q 80
X%
T, 77,70

orkyna 1,>T,. CnegoBaTenbHO, COIJIACHO TEMIIEPATYPHOH IlKa-
ne (7.2), TemygoTa CaMONPOM3BOJILHO TEPEXOMUT OT TOpSYEro Te-
Ja K XojoaHoMy. [Mpl roBopuM, 4YTO MEpBOE TeJNO SBISETCA
Oojiee ropsuMM, 4YeM BTOpOE, €CJIM BTOPOMY TeJdy HAaAO0 COOOMMTH
TemwioTy (0e3 H3MEHEHMsT BHEIIHMX MapaMeTpoB), YTOOBI mOCIHE
3TOTO0 OHO IPH TEIUIOBOM KOHTAaKTe HaXOJWJIOCh B PaBHOBECHH
C NEPBBLIM TEJIOM. |

Hetpynso taxxke yOemuThCs, YTO NPH TEIUIOBOM KOHTAKTE CHCTEM
C TeMIepaTypaMu pa3HbiX 3HAaKOB TEIJIOTAa MEPEXOAMT OT Tel
C OTpHLATENLHOM TEMHepaTypol K TEIy C IOJIOXKHUTEILHOH TeM-
nepaTypou, T. €. ONATH-TAaKH OT [OPSYEro Tejia K XOJIOJHOMY.
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3. Ilpu oTpunarteabHOH TEPMOIVUHAMHYECKOW TEeMNEpPaType MOTYT
ObITL TNPOBENEHBl Pa3JIMYHblE KPYroBBIE TpOLECCHl, NMOJOOHBIE Mar-
HuTHOMY I1wkiay KapHo.

ITyctb, xak o0OblYHO, T— TemnepaTypa TemJoOTJaTuuka, a 1, —
TerionpuemMuuka. Toraa k. m. a. mukiaa Kapro

n=1-T,/T,.

Tak kak TemmepaTypa TeMmJIoOTIaTiWka Oonbile, YeM TemJIonpu-
emruka, to T,>T,, |T,|>|T,|, T,/T,>1 u, cnepoparenbHo, M <0.
DTO 03Ha4aeT, YTO OpU OTPHLATEILHON abCONIOTHON TeMmeparype,
IJIss TOro 4100Bl TENJIOTY OTHATH OT TOpSYEro Tejla M NepelaTh
XOJIOAHOMY, HEOoOXoauMO 3aTpatuth paboty. Ilpu 3TOM, coryacHo
NEepBOMY Havajly, XOJIOHHOMY Tejy cooOuiaercst OOJbllie TemJOThl,
4eM OTHSATO Yy ropsiyero Ha coBepilieHHyio paboty. Korma Taxkoit
JBHraTeN b NEUCTBYET B NPOTUBOINOJIOKHOM HaNpaBJICHUH, T. €. BBINOJ-
HSET POJIb XOJIOJWIBHOH MAIMHBI, TO [PU MEPEHOCE TEMJIOTH OT
XOJIOOHOTO Tejia K ropsueMy UM npousBoautcs pabora. Ecnim nmortom
C TIOMOUILIO [EIUIOBOr0 KOHTakTa o0OOuX Tesl MNO3BOJMTbL NEpedTH
TEIUIOTE OT TOPSIYEro Tejia K XOJOIHOMY, TO MOJIyYHM MEPHOIMYECKU
paboTaroluMi OBUraTeNb, KOTOPLIH, HE BBI3BIBAS HUKAKUX W3MEHEHWH
B OKpYXaromei cpelie, Mpou3BOAUT PaboOTy 3a CHeT TEmIOTHl OJHOIO
(xonoaHoro!) Tema. Kak BuguMm, B 00JacTH oOTpUUATENbHBIX ab-
COJIFOTHBIX TEMIEpATyp MOXHO OCYHIECTBUTH BEYHbIH JIBUTaTE/b
BTOporo poaa Tomcona— Ilnanka.

K. . o uukna KapHo, JEHCTBYIOINEr0o MEXIy OTpHIATEIbHBIMU
TEMMNEPATYPaMH, TadK *e KaKk U B OOJIACTH MOJIOKUTENbHBIX TEM-
nepaTyp. MEHbIIIE eIMHYLLI. DTO 03HAYAET, YTO KaK MPH MOJOKHUTEb-
HbIX, TAK U NPU OTPHUUATEJBHBIX TEMIEPATYPaX TEIUIOBLIE IBUTATENH
TOTJIOIAIOT TEMJIOTY Oonbilie, YeM MPOU3BOAST paboTy.

Lnxn Kapho (oOpaTuMbiil) MeXAy TeMIlepaTypaMu C pa3HbIMHU
3HAKaMHM OCYIIECTBHTb HEBO3MOXHO. /€0 B TOM, YTO C HOMOIUIBIO
PaBHOBECHOTO ainabaTHOro HaMarHMYUBAHUSA CUCTEMBI CIIMHOB MOXHO
MOBLICUTh TEMIIEPATYpPy HAa MOJIOKHUTEJBHOR IIKAaJe TEMIEPATyp Kak
YFOIHO BBICOKO, HO €€ HeJb3s 3aCTaBHTH MEPEHTH K OTPHUUATEIbHBIM
3HaYeHHAM. AHAJIOTHYHOE YTBEPXK/CHUE CNPAREIJIMBO, €CJIM HaYaIbHOE
COCTOSHHE MMEET OTpHLATeIbHYI0 TeMnepatrypy. Ilepexon cucrembl
OT TMOJIOXKHTENbHBIX K OTPHIATENBHBIM TEMIIEPATYpPaM MOXHO OCY-
HIECTBHThL TOJIBKO C MOMOIIBIO HECTATHYECKOTO mponecca (cMm. § 32).

4. AnnabaTHoe pa3sMarHM4YMBaHHE CIMHOBOH CHCTEMBbI NpH OT-
pUIIaTeILHON TeMilepaType HarpeBaeT CHCTEMY, a He OXJIaXIaerT,
KaK [pH TOJIOKUTENbHOW TemnepaType.

5. Jlerkocth, € KOTOpOH TemjgoTa mpeBpamiaeTcs B paboty,
NPUBOAMT K BaXHbIM NPAaKTHYECKMM IPHMEHEHHSM CHCTEM C OT-
pULIATELHON TEMIIEPATYpOi.

[Ipn oTpunarensHON TemmnepaType OOJIBIUMHCTBO CONPOTHBIICHUI
OTPHIATENBHO, TTOITOMY CUCTEMBI NIPH TAKOH TeMmepaType sfBISIOTCS
YCUITH TJISIMU: 3JIEKTPOMAarHHTHAs BOJIHA, NpPOILENUIas 4epe3 CHCTEMY
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C OTpHLATENbHON TEMINEpaTypoi, HE MOrJOIIACTCs, a YCHJIMBAETCA.
OTo HabmoJaeTcs Yy OOBIYHBIX CHCTEM C YCJIOBHOW OTpHMIATEILHOIM
TEMIIEpATypOil, YTO HUCHOJIb3YETCS B TAaKMX YCHJIMTEIbHBIX YCTAHOBKAX,
KaKk Ma3sepbl M Jia3epsl.

§ 34. YCJOBUSA YCTOMYHBOCTH CUCTEM
C OTPUUATEJBHBIMN TEMIIEPATYPAMU

PaccmMoTpuM B 3aKiioYeHHE BONPOC OO0 YCIOBHAX YCTOMYUBOCTH
COCTOSIHUI CHCTEMBI C OTPHIATENbHBIMH TEMIIEPATYpPaAMH.

Hns storo OymeM HCXOOWTb M3 OCHOBHOro HepaBeHcTBa (7.10)
CHCTEM C OTpHIATEJIbHBIMH TemnepaTypaMu. s HecTaTH4ecKHX
MpOIIECCOB B TaKWXx cHCTeMax u3 HepaBeHCTBa (7.10) mosyuaem

TdS<dU+pdV, (7.11)

OTKyJa CJieAyeT, 4YTO B HW30JHUpOBaHHBIX cucremax (U=const,
V=const) ¢ T<0K paBHOBecHE HACTynaeT MNpH MaKCHUMAaJbHOM
JHTPOIHUH.

Takum o00pa3oM, OOIMM YCIIOBHEM PaBHOBECHS H30JIAPOBAHHON
CHCTEMBI NPH OTPHLATEJIHLHON TeMIEpaType SBJSETCS, Kak U B Ciy4ae
MOJIOXKHUTEJIBHOH TEMIEPAaTyphbl, MAaKCHMaJIbHOCTb SHTPONHH CHCTEMBIL:

AS<0 wm 85S=0, §2S<0.

Hns toro 4robbl Haiitm oOmee ycnoBue paBHOBecus npu T7T<(0 K
JUIsl CHCTEMBbl B TEPMOCTATe C MOCTOSHHBIM OOBEMOM HJH C IOCTO-
SHHbIM JaBJICHHEM, fnepeiiieM B HepaBeHCTBe (7.11) k cooTBeTrcT-
BYIOIIMM HE3aBHCHMBbIM TfepeMeHHbIM. Toraa

dF> —SdT—pdV, (1.12)
dG> —SdT+ Vdp. (7.13)

W3 mepaBenctBa (7.12) BHOHO, YTO MNpPH H30TEPMOU30XOPHBIX
HEpaBHOBECHBbIX npoueccax B cucteme ¢ 7<0 K sueprus I'enbmrosnblia
BO3pacTacT M MaKcMMajibHa mnpu paBHoBecud. OOmee yciosue
paBHOBECHS B 3TOM CJIy4a€ MOJXHO 3amnucaTb B BHIE

AF<0 um 8F=0, 82F<0.

AHanoru4Ho wu3 HepaBeHcTBa (7.13) mojydaem oOlee yciaoBue
paBHOBecuss cucreMbl B Tepmocrate (7<0K) mpum mnocrossHHOM
JIaBJICHAH:

AG<0 umn 8G=0, 3*G<0.

KOHKpeTHbIE YCJIOBHS YCTOWYMBOCTH pPAaBHOBECHS TaKOW CHCTEMBI
ONPENENISIOTCA WM HENOCPEICTBEHHO u3 obimero ycioBusi Ad <0,
Wi u3 ycnosus 862G <0. Ilpu AG<0, momobno ¢opmyne (6.16)

_ oy _T P
HaxoauM ATAS—ApAV <0, otkyna <as>v_c,,<0 71 (6V)r>0 1701
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Cy>0 u (0p/oV)>0, (7.14)
ar\ T p
a TakKxe (a—s>p—a<0 U (aV)s>0 HITH
C,>0 m (dp/oV)s>0. (7.15)

Taxkum 00pa3oM, YCIOBHS YCTOHYMBOCTH PAaBHOBECHBIX COCTOSHHH
CHUCTEMBbI C OTPUIIATEJILHBIMU TEMIIEPAaTypaMH BbIPAXKarOTCS HEPABECH-
creamu (7.14) wmm (7.15).

3AIAYM

7.1. Temmepatypa omuoro tena 71;=100K, npyroro T,=-—100K. UYemy paBHa
pasHoctb Temmepatyp T,—T,?

7.2. IToctpouth rpadMku 3aBHCUMOCTH BHYTPEHHEH 3HEPIMH OT SHTPONMM AJIs OOBIYHBIX
# HEOOBIYHBIX CHCTEM.



I'VIABA BOCBMAS
PEJIATUBUCTCKASA TEPMOJAUHAMMUMKA

TepMoguHaMuyecKue BeNIUYUHbLI U ypaBHeHUsl Knac-
CUYeCKoOu mMepMOoJUHaAMUKU yCmaHOBNEHbl AN men
B cob6CcmBeHHOU cucmeme omcyema, B KOMOPOH
OHU nokosimcsi. Hangem pensmuBucmckue npeob-
pa3oBaHusi 3mux BeNUYUH npu nepexoge K AOBu-
JKyljencs cucmeme omcyema u nonyqyuM ypaBHeHUs
pPensmuBUCMCKONA MEPMOJUHAMUKU.

§ 35. PEJIATUBUCTCKASA TEMIIEPATYPA

BriepBbie pensiTUBHCTCKOEe 000OLCHHE TepMOAMHAMMKH Gbulo mposefeHo B 1907 r.
IMnankom. OH mcxommn M3 JOMyLIEHHS, 4TO YPaBHEHHMS INEPBOrOo M BTOPOro Hayai
COXpaHAIOT CBOM BHMA BO BCEX HEMHEPHMAJIBHLIX CHCTEMax oOTCYeTa, M, YCTAHOBHB
HHBAPHAHTHOCTh OSHTPONHMHM, HALlE]l OJMH M TOT K€ PEJIATHBHCTCKUHA 3aKOH mpeol-
pa3oBaHMs TemmepaTypbl I M KOJIM4ECTBA TemloThl () NpH [BUXEHHH Tena CO

ckopocthio v (cM. § 39):
T=T9 /1-B% 0=09./1-B> @8.1)

rae T'®—cobcrBennas TemmepaTypa, T.e. Temnepatypa B cucteme K@, B koTopoit
TEJIO TMOKOMTCH; [=0v/c—CKOPOCTh CBETA.

Taxum obpazom, mo IlmaHky, Teno xojiogHee B ABHXKYLIEHCS CHCTEME OTCYeTa
K wu xonuuecTBo TemnoTel () COOTBETCTBEHHO MeHbINE KomyecTBa TemnoTel Q¥
B cobcreennoii cucteme K. B ToM xe rody DiHIITeHH BOCIpOM3BE] pe3yJbTATHI
Inanka. bonee nonyseka npeobpa3zosanus (8.1) He BbI3bIBAJIM BO3paxeHUil HU y KOTO U3
(M3HMKOB M MOBTOPSUIMCh BO BCEX MoOHorpadusax u ydeGHumkax. M b 60 et cmycrs
pa3BepHyJach OXHBJICHHAs OMCKYCCHs BOKpYr BhiBoja IlnaHka, mocie onyGiuxoBaHus
B 1963 r. craTtbu Hemenkoro ¢usuka Otra. B 3100 craThe OTT, HCcxoas, kKak W Ilnank, u3
HHBapHAHTHOCTH BHJAA YPaBHEHMI MEPBOro M BTOPOro Hayasl TEPMOAMHAMHKHM, TOJTYYHIT
npeobpazoBanus niis T u Q, obpaTHele TeM, koTopbie Hawen [Inauk. Corjacio Otry,
B ABHXXYILIEHCH CHCTEME OTCYETA TEJO ropsyee, a KOJMYECTBO TEIUIOTH Gosibine (cM. § 39):

T=Tl/(1-B*), 0=0/1-B% @®2)

Otmuuue mpeobpasoBanuit (8 2) or (8.1) oBGycnoBiaeHO TeMm, YTO B ABHXyIIEHCs
CHCTEME OTCYETA pa3JelEHHe 3JH¢PrHH, NEpeJaHHOH Teiay, Ha paboTy M TEWIOTY
OKa3bIBaeTCs HeoAHO3HayHbIM. OTT B oTimuue oT IInaHka mpHHSAT B CBOEH CTAaThe
JApyroe BbIpaXKeHHEe i paboTHI.

Ipu coobiueHuM Teny TEWIOTH €My TNeEpefaeTcss CBA3aHHas C HEw Macca,
TO3TOMY B ABMXYINEHCS CHCTEME TeJO M3MEHSET MMIYJbC. A TaKk KaK CHJia paBHA
TPOW3BOAHON TO BPEMEHH OT HMMIyJbca, TO 3TO O3Ha4yaeT, 4YTO B JBUXYLIEicCs
CHCT™' HaJ TEJNOM COBeplIaeTcs paboTa, KOTOPYIO M NpPHHAN BO BHHMaHHe [lnaHk.
OTT . paccMaTpuBan 3Ty paboTy NPOCTO Kak 4acTh NEPEJAHHOM Tejy TEIIOTHI

flockoneky W B TOM, M B Jpyrom ciy4asx pabora, onpeneneHHas Ilnankom,
T4K WIA MHAYE YYMTHIBAETCSH, TO HMKAKOro (u3Myeckoro pasjMuus Mexiay OOOMMH
¢dopManm3MaMu B NPHMEHEHHHM K NPOMCXOASIMM TPOLECCAM HET M TNOJTOMY HE
CYWIECTBYET JKCIEPHMEHTA, KOTOpPBIH Mor Obl yka3zaThb, kakas M3 TEpMOJMHAMMK —
IMnanka uwim OTTa — ABNSETCS NpPaBHIIBHOM.

Opnako nocyie ctaTh OTTa MOSBHIIOCH MHOXECTBO paboT, B KOTOpPHIX 0GOCHO-
BbIBanuch uwiM npeobpasopanus [nanka (8.1), wnm npeobpasoBanus Otra (8.2). Tak
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YTO B HACTOSLIEE BpPEMs eliE€ HeT OOIIENPUHATOrO MHOCTPOCHHUS DENSATHBUCTCKOM
TEPMOAWHAMHUKH.

OpHO#t M3 TNPHYMH 3TOrO HBJSAETCA TO, YTO TEOPHS OTHOCHTENBHOCTH cama Mo
cebe He MPUBOJUT K OJHO3HAYHOMY NOHSTHIO TEMIEPATYPhI, OTHECEHHOH K ABHXKYLIEHCS
cucteme otcyeta. Ceifyac 3TO IpeCTaBJIsSETCs OYEBHOHBIM. B camom gene, Tem-
nepaTypa, Kak WH3BECTHO, ONpPEAENSETCS IO 3HAYECHHIO K4KOro-iubo IKCTEHCHBHOTO
napaMeTpa TOrO HJIM HHOrO TEPMOMETPHYECKOTO BelecTsa (Mo JIMHE CTOJOMKa
KHIKOCTH B TEPMOMETPE, 1O HAaMarHMYEHHOCTH MarHeTMkKa M T.A.).

B TeopmM OTHOCHTEJBHOCTH JAJMHA H3MEHAETCH MpPH TMEPEXOAE OT OAHOM
HWHEpLMANbHOM CHCTEMBI OTCYETa K APYrod Mo 3aKOHy

1=19 /1=B2 (llv) u [=I9 (ILv).

TMosToMy ecnu ompenesiaTh TemnepaTypy I HABUXywierocs Teja, HampuMep MO
PTYTHOMY TEPMOMETPY, HaXOALUEMYCS C TEJOM B TEIUIOBOM KOHTAakKTE, TO IMpH
PACIOJIOKEHAM TAKOTO TEPMOMETPA B HANpPABICHHM ABMXXCHHMS WM TEPHCHIMKYJISAPHO
eMy TeMmmepaTypa Tejla OTHOCHTENbHO cHCTeMbl K OymeT COOTBETCTBEHHO paBHa

T=T9/1-8% (llv) (83) u T=T (ILv). 8.49)

Ecnu xe ompeleisTh TEMIEpATypy Teja MO HaMarHU4eHHOCTH J TepMOMeTpHYec-
KOro BEINECTBA, KOTOpas DPEIATHBHCTCKH mpeoGpasyeTcs MO 3aKOHY

J=JO (Jlv) u J=JOL /1= (JLv),

TO CHpaBeAJMBhl [Be (HOPMYJIbL

T=T® @85 u T=T./1-p2 (8.6)

CnenoBaTe/bHO, TOHSATHE PpEJATUBHCTCKOH TeMMEpaTyphl HYXAAeTcs B [JOMOJ-
HHTEJIbHOM ONPENENEHHH, KOTOPOE B COOTBETCTBHH C METOHOJIOTMYECKHM NPUHIMIIOM
NpOCTOTH AOJDKHO ObITh Hambonee OOGIIMM, NPOCTHIM M TPAKTHYECKH YIOGHBIM.

Kax Bupno u3 BbipaxeHuit (8.3)—(8.6), pensTuBHCTCKas TemmepaTypa, BooOLue
rOBOpSI, 3aBUCHT OT BbIGOpA 3KCTEHCHBHOTO MapamMeTpa TEPMOMETPHUYECKOTO BemecTsa*).
Ho cymecrBylor mnpeoGpazoBanus (8.4) u (8.5), koTopbie [alOT OHY M Ty Xe
TEMIIEPaTypy HBHXKYILErOCS Teja HE3aBHCHMO OT IPHPOAbI 3TOr0 NapaMerpa.

IIpumeM 3TO, OAMHAKOBOE MNpPH BCEX IKCTCHCHBHBIX MapaMeTpax, OIpEAesICHHE
PEJISTHBHCTCKOH TEMIEpaTyphl:

T=T©. 8.7

Vnaye roBops, ompeneauM peJISTHBHCTCKYIO TEMIEPAaTypy KakK JIOpDEHLUEB MHBapH-
aHT, 4TO HE CBS3aHO C TMPEANOJIOXKEHHEM MHBAPDHAHTHOCTH YpPaBHEHHH IIEpBOro
H BTOPOro Ha4as TepMoauHaMHuKH. OHO NPHBIEKATENBHO €€ U TEM, YTO TEMIEPATypHI
($a30BbIX MEPEXONOB OCTAlOTCH BHYTPEHHHMM CBOWCTBAaMHM BEILECTB, KaK B OOBIYHOM
TepmoauHamuke. Ilo3ToMy TeMmepaTypHas Iukajda MOXET OBITh OINpeaesieHa uepe3
3aBHCHMOCTb, HAampUMEp, TEMIEpaTypbi KUNEHHS OMHapHBIX CHCTeM (MpH 3aJaHHOM
aBJICHWHM) OT KOHueHTpauuu. IlockosbKy naBjieHME U KOHLEHTpaUHs JIOpEHI-WHBapH-
aHTHBI, 3TO COIJIALLIEHHE OMNpEAEAECT JIOPEHU-HHBAPDUAHTHYIO TEMIEpPATypy.

Takoe moCTpoeHME TEpMOAMHAMHKM ISl JBHXKYLIMXCS CHCTEM HA3bIBalOT peAs-
MUBUCMCKOTI MePMOOUHAMUKOU C UHBADUAHMHOLU MeMNepamypoi.

§ 36. UHBAPUAHTHASI SHTAJIBIIUA

OmnpeneneHue pESATHBHCTCKOM TeMImepaTypbl SBJISETCS TNEPBBIM 1IaroM Ha MyTH
PeNSTHBHCTCKOrO 0600IEeHus TepMoauHaMuku. BTopoil, Gonee BaxHBIA mar Takoro
060o0LIeHNsT COCTOUT B BBIOOpe HauboJiee eCTECTBEHHOTO TEPMOJMHAMHYECKOTO INOTEH-
Majga AJis pPEeNISTHBUCTCKOH CHCTEMBI.

* TlomoOGHO 3aBHCHMMOCTH 3SMIMpPHYECKOH TeMIepaTyphl OT BBIGOpa TepMOMET-
PHMYECKOr0 BEIECTBA B KJIACCHYECKOM TEPMOIMHAMMKE.
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Kak u3BECTHO, 3HaHME KakKoro-iMbo OJHOro TePMOAMHAMHYECKOrO MOTEHIHMAsa
CHCTEMBI TO3BOJISET MOJIyYHTh BCE ee TepMOAMHaMHM4eCKMe cBOWCTBAa. Ecnu B kavectse
HE3aBUCHMBIX MEpPEMEHHBIX BBIOpDAaTb TONBKO 3KCTEHCHBHBIC NApPaMETPhl (IHTPOIHIO,
o0BeM H T. A.), TO COOTBETCTBYIOLIMM MOTEHUMAIOM OyneT BHYTDEHHsSs SHEprus

UO=yOEO yO Ny

rae N-—4HCIO 4acTHL M ADYIHMe 3KCTEHCHBHBIE NAapaMeTphL.

Ecnu BMecto o6bemMa V@ HesaBucHMON MepeMEHHOM SBISETCS COMPSDKEHHAs
eMy HMHTEHCHBHas BejuuuHa —jasieHve p®, To TepmoaMHAMMYECKMM MOTEHLHMAIOM
6yzer sutamenus HO=U©®4+p©@ p©:

HO=H® SO p© x) 8.8

Amuanoruyso, S© moxHo 3amenuts Ha T n COOTBETCTBYIOWMM TEPMOZIMHAMHEC-
KuM ToTeHumanoMm Oyamer sHeprus [embmronbua F©=U©_ 1@ g0

FO=FO (TO, y© N

Tlpu pensTuBHCTCKOM O0OOIIEHMH TepMOAMHaMHMKH, kak mokasanu ['. Kamnen
u Jx. CopBuu®, ecTecTBeHHee MCXONMTb M3 BBIDAXEHMs [Uis SHTaubmuM. JlekcT-
BUTEJIbHO, B 3TOM CJly4ae, KakK CJ€AyeT U3 TEOPHH OTHOCHTENBHOCTH, BCE BXOASAIIHE
B BbipaxeHue (8.8) He3aBHCHMBbIE NEPEMEHHBIE SIBIAIOTCS JIOPEHI-MHBapHaHTaMHM, TOraa
KaK He3aBUCHMBbIE TiepeMeHHble JAPYrHX TepMOAWHAMHUYECKHX TOTEHHHAJIOB MMEIOT
6o pa3Hbie, OO Heuw3BeCTHbIe 3aKOHBI Npeobpa3oBanus. Kpome Toro, naBieHue
B KayeCTBE HE3aBMCMMOl NepeMeHHO# Oojee noaxoAasias BelHYMHA, 4YeM OOBEM.
B knaccuyeckoil TEepMOAMHAMHMKE CHCTEMY MOXHO OBLIO 3aK/IIOYHTb B JKECTKME CTEHKH,
HO CaMO TIpeACTABJICHME O TBEPDAOM Telie MWIM abCOMIOTHO KECTKHX CTEHKax
HEMpUEMJIEMO B PaMKaX TEOPHUHM OTHOCHTEIbHOCTH — abCoNIOTHO TBEpROE TEJIO Mepena-
Bajio Obl cHrHaNbl C OECKOHEYHOW CKOPOCTBIO, TaK KaK JBHXEHHE, COOOUIEHHOE OAHON
TOYKE Tejia, He3aMEUIMTEJbHO BBI30BET [BMXKEHHE BCEX OCTAJIbHBIX TOYEK TeEJa.

B pensiTUBHCTCKOH TEpMOAMHAMMKE B OTJHMYHE OT KJIACCHYECKOW CTEHKH BJIMSAIOT
Ha cucteMy. Takum oOpa3om, BbIOOp [aBj€HHs B Ka4yeCTBE IPEIIOYTHTEILHOIO
HE3aBHCHMOI'0 NEPEMEHHOTO M COOTBETCTBEHHO JHTAJIBIMM B Ka4eCTBE E€CTECTBEHHOTO
TEPMOAMHAMHYECKOrO MOTEHUMANa CBs3aH C TeopHedl oTHocuTesnbHOCTH. OGOOwMM
BbIpaxeHue (8.8) Ha ABHXYIIMECS CHCTEMBI.

CoryiacCHO TEOPHHM OTHOCHTEILHOCTH, TMPH NEHCTBUTENBHBIX KOOPAHHATAX Xo=Cl, X; =X,
X,=Y, X3=2z npeobpa3oBaHus KOMIOHEHTOB 4-BekTOpa A (A4, A,, A, A;) UMEOT BUI

_APpAY APV +PAD

O6beM V, [naBieHMe p, MMNOYIbC g M BHYTpeHHss OSHeprus U orpaHH4YeHHOMH
B HEKOTOPOM COCyZIe CHCTeMBI mpeoOpasyloTcs mno dopMynam:

V=vO. /1-p* p=p©,
V(U@ +p@ p©@) U© 4 B2p© p©
= N U= .
2 J1-p? 1-B2
epexon Tena u3 cuctemsl K@ B cucteMy K MOXHO OCYIIECTBHTH 6€3 cOOBImIEHHS

TemwioThl (aguabaTHO) M, cnefoBaTebHO, Oe3 M3MeHeHHMs SHTpomud. TakuMm oGpasom,
SHTPONMS ABJSETCA WHBapMaHTOM mnpeobpa3oBanuii JlopeHua:

S=S5©. (8.11)

DTOT pe3ynbTaT HEMOCPEACTBEHHO CIEAYET TAKXE M3 CTATHCTHYECKOrO BBHIPAXEHHS
uis sHTpomuu S=kln W, corimacHo KOTOPOMY 3HTPONHMS MAaKpPOCOCTOSIHHMS CHCTEMBI

Ao A =AD, A,=AD. 8.9

(8.10)

* Cm. Kamnen I'., Topeun Jxk. Penstupucrckas Tepmomuuamuka//YOH. 1972
107. Bum. 3. C. 489.
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OMpENENseTCs YMCIIOM DPEAJM3YIOLUMX €ro MHKPOCOCTOSHHH, a YMCIO COCTOSHHH, Kak
M YMCJIO vacTHL N, He 3aBHCHT OT CKOPOCTH Tejla M, CIEeNOBaTeNIbHO, HE M3MEHSETCH
npu mnpeobpa3osanusx JlopeHua.

Ecnu nopeHu-MHBapHaHTHbIE BeJMYMHBI S, p U N B34Thl B KaueCTBE HE3aBHCHMBbIX
NEpeMEHHBbIX, TO H TEPMOAMHAMHYECKHIl NMOTEHUMAJ TpH 3THX HE3aBHCHMBIX NEepeMeH-
HbIX —3HTaJbnus (8.8)— Takxe JOpEHU-HHBApHAHTEH.

B cobcrBenHoit ciucteMe oTcueTa sHTanbnua pasHa HO=U©4p©@ p©@ Yrobmn
TOJIYYUTDH BBIPaXKEHHS TS SHTAIBIIMA ABHXKYILErocs Tejia, BOCIONb3yeMcs ceaytomuM. 13
TEOPHHM OTHOCHUTEJIbHOCTH M3BECTHO, YTO JHEPrHs M HMITYJIbC M30JIMPOBAHHOH CHCTEMBI
obpasyrot 4-extop (UJc, g, &,» &, )- JHEPTHUS e H UMITYJIbC CUCTEMBI B Cocyaie [cm. (8.9)] ne
o6pa3syroT 4-BekTOpa. ITO CBA3AHO C TEM, YTO CHCTEMA B COCyle caMa Io cebe He ABseTCA
H30JIMPOBAHHOM, TIOCKOJIbKY Ha Hee NEHCTBYIOT CHJIbI IABJIEHHS CO CTOPOHBI CTEHOK COCYya.
CornacHo dpopmysnam (8.10), st Tako# cUCTEMBI 4-BEeKTOp 00pa3yroT SHTAIBIHS U MMITYJIbC:

U+pV
Jf:{ P 8x> 8y 8z (- (8’12)
B cOOCTBEHHOW CHCTEME SHTaNbIHs MpPEeACTaBisieT coboi ) Mnczgl)(eli(gyﬁ HA ¢)
U™+ vV
HYNEBOH KOMIOHEHT 4-BEKTOpa SHTANLIMH-UMMynbca H# O = —p—, 0,0,0;.

4
l'[oa'romy 3HTanpnmo H ABHXKYLLIETOCA TeEJia MOXHO OTOXIAECTBHTH C PIHBapHaHTHOﬁ

¢dyHKume#d 4-BexTopa
H=c|#|=/(U+pV)*—c?g* (8.13)

ITO BbIpaxKeHHE AJIs SHTAJbIMU B COOTBETCTBHHU C (8.8) OymeT MMeTh OOMHAKOBBLIH
BHI BO BCEX HHEPLHANBHBIX CHCTEMAax OTCHYETa.

IMockosbKy 3HaHME TEPMOJMHAMMYECKOrO INOTEHLHMAJA CHCTEMBI TO3BOJISET OMpe-
JIETMTh BCE €e TEePMOAMHAMHMYECKHE CBOWCTBA, TO HAXOXJAeHMEM BbipaxeHus (8.13)
JUls MHBapMAHTHOH SHTAJBIIMK B NPHHUMIE 3aBEPINAETCS MOCTPOEHHE DPENATHBUCTCKOM
TepMoAMHaAMHUKH. Temepb OCTaeTcs MOJYYMTh OCHOBHOE YpaBHEHHME DEJISTHBHCTCKOM

TepMOﬂHHaMHKH H ONpeaciuTh BCE TEPMOAUMHAMHUECKHE CJIICACTBUA COOTHOUJCHHﬁ
(8:3) u (8.13).

§ 37. OCHOBHOE YPABHEHME PEJIATUBMCTCKOWM
TEPMOJAVNHAMUKHA

WurencuBHble napameTpbl T, p ¥ Apyrue, Oyayyu JOpeHU-UHBAPHAHTAMH, ONPEAENAIOTCS
TOYHO TAKMMH € COOTHOILIEHHSMHM, KaK U B HEDENSATHBHUCTCKOH TepMOJMHAMHMKE:

T=(0H/0S),n, 84) p=(0H/dN)s.,. (8.15)

TaK Kak  (OH/0S),n=(0H [0S )y y=T =T, (@H/ON)s.y=O0H|ON )50, po=
=u =“"

B TIPOTHUBONIOJIOXKHOCTh 3TOMY OJ3KCTCHCHBHBICE TIapaMETpbl B peHﬂTﬂBHCTCKOﬁ
TEPMOAUHAMHUKE HEJIb3sl ONPEACJIATh TaKUMH XK€ COOTHOUICHUAMH, KaK B KJIACCHYECKOM

TepmonuHamuke. [leiicTButensHo, Tak kak V=V© /1—B2 T0

oH® 0H vV
o ____ = — =
4 _<ap(0) )s(ol, N (ap )S,N /l _BZ. (8.16)

Takum oOpasom, AubdepeHnman SHTANBIMH ABHXYIIETOCA Tela HMMEET BHJ

4
dH= TdS+\/:2dp+udN. 8.17)
1-B
OTo auddepeHUMANbHOE ypaBHEHME N MHBAPHAHTHOM OJHTAJIBIMHM SBIAETCS
OCHOGHBIM YPABHEHUEM DEAAMUSUCIICKOTE MEePMOOUHAMUKY.
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VpaBuenue (8.17) ¢ momoupro mnpeoOpa3oBanus JlexaHapa MOXHO IPHBECTH
K JpyrHM He3aBHCHMBIM NepeMeHHbiM, Hampumep S, V, N. Torna, BbluMTas u3

obeux wuacteit ypaBhenus (8.17) muddepennman d(pV//1—B?*), monyyaem

d<H———:J\/_—__%>= TdS—p d(\/—lli:Bz>+udN (8.18)

JleBas uyacTh 3TOrOo ypaBHEHHs mpeicTaBiseT coboil auddepeHunan opeHL-
MHBAapHAHTA, KOTOPHIl B COOCTBEHHO! CHCTEMe OTCYETa paBeH BHyTpeHHel sHepruu U (©:

H— =H(0)_p © O _ 7O,

Takum oOpa3oM, Npu HE3aBUCHMBIX INepeMeHHbIX S, ¥, N OCHOBHOE ypaBHEHHE
PENATHBHCTCKOM TepMonuHaMuku onpeaenser He U(S, V, N), a U@ (S, V, N).
AHaJIOrH4HO, NIPU He3aBUCHMBIX nepeMeHHbIX T, V, N, OCHOBHOE ypaBHEHHE ONpeleiseT
e F(T,V,N), a F©_ 310 yka3plBa€T Ha TO, YTO MAJIf PEIATHBUCTCKOH CHCTEMBI
SHTAJIbNHUs, a He BHYTPEHHss OSHEPrHs, SBJISAETCS €CTECTBEHHBIM TEPMOJMHAMMYECKHM
MOTEHLMAJIOM.

TMosb3ysick OCHOBHBLIM ypaBHEHHEM PEJISTHBHCTCKOH TepMoauHaMukH (8.17), MOXHO
peiMTh JII060H BONMPOC TEPMOAMHAMHKH IBHXKYLIMXCH CHCTEM.

§ 38. PEJIATUBUCTCKNE PABOTA U KOJIMYECTBO TEIJIOTHI

B coGcTBeHHO! cHCTeMe OTcueTa dJ€MEHTapHas paGoTa TepMOAMHAMHHYECKOH CHCTEMBI
paBHa pdV‘®. Utobel momcuutaTh paboTy CHCTEMBbI B ABHXYLIENHCS CHCTEME OTCYETA,
6yneM wucxomuth u3 Qopmynsl (8.10) nns BHYTpeHHEH OJHEpruM, MNpeamnoJaras, 4YTO
TEpMOJMHAMHMYECKAS CHCTEMA COBEPIIAET TONbKO paboTy, Tak uro dW= —dU n dU =
=—pdV©®. Torma

dU(°’+d(szV(o’)_pdV(o)—d(szV(o))

SW=—dU=—
1-p? 1-p*
u paboTa TepMOAMHAMHHYECKOH CHCTEMBI B JBHXYLIEHCH CHCTEME paBHa
24
8W=pdV—ﬁ Bf. (8.19)

Ecnu 3Heprusi TepMOAMHAMHMYECKOM CHCTEMBI M3MEHSETCS HE TOJbKO IPH COBEp-
mweHun pabGoThl, HO M 3a cyeT cooOumeHus el Temwiotel, To dU=38Q-3W,
dU@=50©—pdV©® u ¢ nomompio (8.10) u (8.19) Haxomum

dU© +d(B2pV© 50O —pdV O+ d(B2pV© 50©

Hd@PV®) sy 300 —pdV A @V o, 307
J1-8 V1-82 1-p2

Takum 06pa30M MoJiy4yaeM BBIPDAXCHHE I PEIATUBHCTCKOrO KOJMYECTBA TEILIOThI

©
8Q=iQ——, (8.20)
J1-B2
cosmajatomiee ¢ pesyabratom Otra (8.2).

N3 cdopmynsl (8.19) BumHO, 4TO BbipaxeHHe A8 paGOTHI TepMOOMHAMHUYECKOM
CHCTEMBI B ABIKYLIEHCS CHCTEME KOODAMHAT CONEPXKMT HE TOJIbKO ciaraemoe ¢ pdV,
HO u ¢ dp. Takod NOMOJHMTENBHBI BKJIAJ B PENATHBHCTCKYIO paGoTy oOycioBneH
OTHOCHTENIBHOCTBIO OJHOBPEMEHHOCTH. UTOOBI B 3TOM Y6EAMTBCSA, PACCMOTPHM CHCTEMY
B 3aKpBITOM UMJIMHApPE (IIMHOH / M IIOIAJbIO CEYEHMS S), KOAKCHAJIBHOM C Halpas-
neHneM aBwkeHus. IlycThb B cucTeMe NPOMCXOAMT MPOLECC, MPH KOTOPOM AaBJiEHHE

50=dU+dW=
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Puc. 25. Puc. 26.

BO3pacTaeT OT p, A0 p;. B cOOCTBEHHOH CHCTEMe OTCYeTa 3TOT NPOLECC OMMCHIBAETCS
rpajukoM, NpHBeJEHHBIM Ha pHC. 25. B aBmxyuieiics cMcTeMe [NaBJieHHE Ha TNepeaHel
1, 2 u 3apgHeit 3, 4 cTeHKax HayMHAaeT BO3pacTaTh He OJHOBPEMEHHO H KOHEYHOE
[aBJIeHUE TaKXKe JOCTHraeTCs B pa3/iMyHble MOMEHTHI BpeMeHH (pHC. 26):

A T t+0l9/c?

ty= , = , l3= .
CZ\/]_BZ \/]_BZ /l__BZ
CrepoBatenbHo, paboTa, coBepliaeMas HaJ CHCTEMOM Ha 3ajHell CTeHKe, HE paBHa
paboTe, coBepinaeMoii cucTeMoii Ha nepeHeit cTeHke. OGycoBJIeHHass OTHOCHTEIbHOCTBIO
OHOBPEMEHHOCTH NiepeJjaiya OHEPrMM CHCTEME paBHa 3aIUTPHXOBAHHOA Ha pHC. 26
IUIOLA/ M, YMHOXEHHOH Ha sv. JIerko BUAETh, 4TO 3Ta AOMOJHHTEIbHAsA paboTa NPUBOIUT
K YBEJIMYEHHIO BHYTPEHHEH SHEPrMH CHCTEMBI, PABHOMY BbIYHTaEMOMY B BbipaxceHuH (8.19):

@ ) A B2V ©@dp PBvdp
1 —Po) SV = = 2
2 J1-p2 J1-p2 1-B

rae p;s=F,—cuna pasnenus; p,sovl®/(c?>./1—B2?)—paboTa 3Toil CHIBI MpH TEpe-
memennn ool @)(c?/1—B?) Tena 3a spems vI‘®/(c?./1—PB?) pensTuBHCTCKOrO 3amas3-
IBIBAHMS M3MEHEHHMS JABJICHHS Ha TEpeJHEH CTEHKE 10 CPaBHEHHIO C €€ M3MEHEHHEM
Ha 3aJHEH CTEHKeE.

3aMeTHM, YTO BCIEACTBHE OTHOCHTENILHOCTH OJHOBDEMEHHOCTH OFpaHMYHBAIOLIME
CHCTEMY CTEHKHM OKa3biBAalOT HAa Hee HETPUBMANLHOE BIMsHME. J{eHCTBHTENBHO, NpH
JBIDKCHHH CHCTEMbI B IJIMHApPE 3a[HsS €ro CTEHKAa CoBepiiaeT 3a 1 ¢ paboTy psv Haj
CHCTeMoit, Takylo xe paboTy coBepmIaeT cCHCTeMa Ha mepemHeil cTewke. Takum o6pasoM,
yepe3 CHCTEMY BIIEpe/] IPOTEKAET SHEPTHs, KOTOpas Bo3BpaliaeTcs o6paTHo yepe3 GOKOBBIE

CTEHKH. B pe3ynbTaTe HMIYJIbC CHCTEMBI YBEJIMYHUBAETCS, @ UMITYJIC CTEHOK YMEHBILIAETCS.
MMy jibC, MEpEHOCHMBIif 3THM TOTOKOM 3HEPriM, HETPYAHO BBIYMCIMTH (CM. 3azavy 8.2):

(8.21)

Ag=pV@/(c* /1-B?). 8.22)
TosToMy ans ABHXyIIErocs HaGMIOJaTeNsi MMIYJIbC CHCTEMBI paBeH
mev U@y vo U Q+pr®
gmot+Ag=—1 | Ag— p OV (8)

+ =

/1_132 \/I—Bz CZ\/]_BZ cz\/l_Bz

Herpynso BuaeTh, 4TO OH coBmazaeT ¢ ummyibcoM (8.10), xoTopwit cremyeT

u3 npeoOpa3zoBaHus 4-BekTopa SHTaubnuu-ummysbca (8.12). [MosToMy npuBeaeHHOe
paccyxaeHue 0o0oCHOBbIBaeT BBeieHue 4-BekTopa (8.12). U3 Hero Takxe BMOHO, 4TO
noseieaue pV‘® B (8.12) 06yc0BNEHO MOTOKOM SHEPTHH, BO3HHKAIOLIMM B PE3yJibTaTe
JNEACTBHS CTEHOK, M CBS3aHO C OTHOCHTEJbHOCTBIO OAHOBpeMeHHOCTH. OcobeHHO
HAIJIAOHO B 3TOM MOXHO YyOemuThcs Ha mpumepe (GOTOHHOro rasa (cM. 3apagy 8.3).
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§ 39. PEJIITUBUCTCKHNE ITPEOBPA30BAHUS TEMIIEPATYPbI
N KOJIUYECTBA TEILIOTHI INIAHKA M OTTA

IMonyynm pensTuBUCTCKME mpeoOpasosanus Ilmanka u Otra [us  TeMmepaTypsl
M KOJIMYECTBA TEIUIOTHI M OOCYIMM NPHYMHY HMX Ppa3JIHyMs.

Mpexne Bcero 3ameTuM, 4To NpuHMMaeMble IlnaHkoM u OTTOM HEH3MEHHOCTb
BHIA ypaBHEHHs BTODOro Hauajsa BO BCeX MHEPUMAJbHBIX CHCTeMax oTcyera (8Q @ =
=TOdsS® §0=TdS) m unBapmanTHOCTH, 3HTpommu O0Q/T=3Q©/T® npusoast
K ToMYy. 4To 0Q u T HOMXKHbI M3MEHATHCA IO OAHOMY M TOMY XK€ 3aKOHY.

PiaccMoTpuM  paciimpeHHe rasa (KHAKOCTH) B COCyJe, TNMOKOAIUEMCA B CHUCTEME
K© ¥ paBHeHME MEpBOro Havaja Ijs 3TOro mpouecca B cucTeme K

30 =dU+3dW,
npUYeM
SW=pdV—(v, dg), 8.24)
rae TMepBoe ClaraeMoe COOTBETCTBYET paboTe paciuMpeHHs ra3a OpU M3MEHEHHHM ero

obbeMa, a BTOpPOE — MeXaHMYeCKO paboTe BHELIHMX CHJI Hal CHCTEMOH B TepMo-
JMHAMHMYECKOM Tpouecce. [IeHCTBUTENBLHO, MCXOAS W3 YDaBHEHHS IBHXXECHHS

dg
°_F
e *

(F,—cymMMapHas cuja, AedCTBylomas Ha ras), JJIs O3JEMEHTApDHOH MeXaHM4YeCKoH
pa%onx CHJIbI HaJl TepMoauHaMuueckoit cucteMol HaxomuM (F,, vdr)=(v, dg). Takum
obpazom, 3Q0=dU+pdV—(v, dg). IMoacraBnss B npaBylO 4HacCTb 3TOrO YpaBHEHHS
BbipaxceHus (8.10), mostydaeM

(8.25)

) 2 (0) 2 0) ©0)
V=N N
=[dU© +pdV©] /T2 =50© /T-p2.

CrnenosatenbHo, nmo Ilnanky,

0=09./1-B2 T=T®_ /1-B% (8.26)
B ommmume ot Ilnanka OTT uMcxoaun U3 YypaBHEHHS ABHXEHHs
d v

my — ———=

®dr_/ 1-p2
Ha3biBas (B COOTBeTCTBMHM ¢ (u3ukoit Ianmnest) CHJION TO, YTO BHI3BIBAET YCKOpPEHHE,
U npuHMMas (B TMPOTHBOIOJOXHOCTbL B3rjsfgaM ApUCTOTEss), YTO Ui TOANEPXaHUS
TIOCTOSSHHOH CKOPOCTHM [BMXXECHHMS HHMKaKoH CHJIbI He TpeOyercs.

IMostomy, mo Otry, MexaHumyeckas paboTa B TePMOAMHAMMHYECKOM TpOLECCE
paBHa pabote nBmiywed cuiel (8.27) W, CiedOBATENLHO, HOMKHA OMpPENEATHCS
M3MEHEHHEM HE TIOJHOTO MMILYJIbCa g, a TONBLKO €ro 4acTu g— Qv/c?, He coaepxaliei
umnynsca Qv/c?> Maccel Q/c?, nepenanHOro Teny mpH TemioobMeHe.

JlecTBUTENBHO, ypaBHeHHe ABMXKEHHsS (8.25) MOXHO 3amucaTh B BuAE

dg d mgyv d v 4 MgV

——_—— —— =m — e ———

dr dt \/1__32 °dr \/—lt? \/1__[?
rae I1—mHemexaHuveckas moTeps MMIyisca 3a 1c¢, oOycioBieHHas TMOTepeil Macchl
TOKOSt C OINpeleNICHHOH CKOpOCTBIO (KaK Yy pakeThl WM [OpH COOOLIEHHM Tejly

TEIUIOTH, WIM TIpH U3JydeHuu). Ecnm 3a 1 c_Teny coOOIAETCS KONMYECTBO TEMIOTHI
0, To oHO monyyaeT npu 3ToM Maccy Qfc? u ummyasc Qv/c?, mosTomy

F, 8.27)

=F,=F+II, (8.28)
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P53

H JJeMeHTapHas MexaHHueckass paboTa paBHa

(F,vdt):(v, dg—i—?v).

Takum obpa3som,

80 v?
SW=pdV— v, dg-—:z—v =pdV— (v, dg)—?SQ (8.29)

M ypaBHEHHE NEpBOro Hauana B cucreMe K HMeeT BHI
8Q=dU+pdV~ (v, dg) +p*3Q,
OTKyAa ¢ moMoupio ypaBHeHuit (8.10) monmyuaeM npeobGpasoBanus Ortra:

0=091/T=F, T=TOL/T=P. (8.30)

Kax BugHo u3 ypasuenus (8.28), cuna F,, omnpenmenseMas xax BpeMeHHas

MPOU3BOAHAA UMIIYJIbCA, paBHA CYMMe MCTMHHOHM MexaHuyeckod cuiwl F, ompeaenseMoit

no yckopeHuro M ummynscy II, HemexaHumdecku TepseMoMy TenoMm 3a | c. Ortcroma

ciellyeT, YTO MEXaHHYECKylo paboTy B TEpMOAMHAMMYECKOM TIpOLECCe OMmpelessieT

cuna F, a He F,, T.e. B ypaBHEeHHMHM NEpBOro Ha4yana HaJ0 Y4YHMTHIBaTb paboTy

Tosbko cuibl F. OTo moaTBepxkaaercs Takxe TeM, 4To pabora (8.29) uMMeHHO 3TOH

cunbl coBmajaer ¢ paboroil (8.19), mosy4eHHOH B pENIATHBHUCTCKON TepMOJMHAMHKE
C MHBApHAHTHOHX TeMnepaTypoi.

JHeicreutensHo, ¢ noMouibio (8.10) u (8.30) Bripaxenue (8.29) mpHHHMaeT BUA

SWepdl v [dU@+d(pV?)] N v?38Q
=p —_— =
2 J1-p2 2 /1-p?

B0+ V@ dp) 250"

SoF R T

uro coBmamaeT ¢ (8.19). U3 (8.31) 3ameuaeM, uTo MexaHudeckas paboTa IaBieHHs
B TepMonauHamuyeckom mpouecce (F, vdt) pasma —B2Vdp/(1—P?) u, cnemosaTennsHo,
obycroB/ieHa OTHOCHTENbHOCTHIO OJRHOBPEMEHHOCTH.

Takum o0O6pa3oM, B pEIATHBUCTCKOH TEPMOAMHAMHMKE C WHBADHAHTHOH TeM-
MEPAaTYpOH TOJNbKO peNATHBHCTCKHE BhipaxeHHs OTTa Juis pabors (8.29) sBnsioTCs
TIPaBHJIbHBIMH.

Tem ne MmeHee (cM. § 35) Hukakoro ¢usmyeckoro pasnuuus Mexay Gopmanu3MaMu
Ilnanka m OTTa B NpUMEHEHMH K Dpa3iMYHbBIM npoleccaM HeT. OOHAKo Bce Xe
HauGoJiee €eCTECTBEHHBIM pEJIATUBUCTCKHM 0000uieHHEM TepMOAMHAMHKH SIBJISETCS,
KaK Mbl BHJE]M, DENSTHBUCTCKAS TEPMOAMHAMMKA C WHBAPHAHTHLIMHM TEMIEPATypoi
M SHTAJIbIHEH.

=pdV—

(8.31)

§ 40. UAEAJIBHBII T'A3. PABHOBECHOE W3JIYYEHHE

B kavecTBe mpuMepa TNPUMEHCHHS PENATHBHCTCKOH TEpPMOIMHAMHUKM DPACCMOTPHM
OAHOATOMHBIM HJECaNbHBIM ra3 H PaBHOBECHOE H3JIy4YEHHE.

B coOCTBeHHO# cuCTeMe OTcYeTa TEPMHYECKOE M KaJIODMYECKOe YpaBHEHHs
COCTOSIHHS, BBIPDaXEHHMS IJIs SHTPONHMM M TEPMOJHMHAMHYECKHX IOTEHUHMAJIOB MOJIS
HIeanbHOro ra3a HMMEIOT Takod BHA*:

*) JIns TMOJIyYeHHMs COOTBETCTBYIOLMX BBIDAXEHHH Uil vV MOJIell MIOEaNbHOro rasa
Hago B (dopMynax [y Mois rasa 3ameHuT» R Ha VR, rie R— MounspHas rasosas
MOCTOSHHAS.
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pV@=RT, U®=3/,RT,

T5/2
S=RIn(T¥*V®)+C=Rln — +Cj,
p

3R 2(5-C)
exp ;
2(v )3 3R
FOWO, T)=U®-TS=3/,RTIn(1-InT) ~RTIn V@ -TC,
GO(p, T)=3/,RT(1~InT) +RTInp~TC,
2(5—
HO(p, s)=5/2Rp2/5exp[M]‘
SR
B anl(ymeiicx CUCTEME OTCYETA COOTBETCTBEHHO IIOJIy4acm:
pV=RT /1-B2,
_UO4?py@ 3,RT+B*RT _(3+2p%) U

«/1—132 i 3 /1P

T52
S=Rln———+C= Rln—+C1,

\/__
o, §)= (3+2B*)R [2(3 c)]

2(1 B2)1/6V2l3
3422
5 \/1__RT RTIln —— \/I——T
G(p, T)=G(p, T), H(p, S)=H(p, S).
Jns paBHOBECHOTO H3JyYeHHS B COOCTBEHHOM CHCTEME OTCYETa HMeEeM:
=1/,6T*% UQ=cT*V O,
3S 4/3
S=*/,6T*V®, UO(s, V)=0V‘°’<m> ,
FOYO T)=-1/,T*V g,
GO(p, T)=0, HO(S, p)=S(3p/c)".
B npBuxymeiics cucTeMe COOTBETCTBEHHO HMEEM:
=!/36T*%, U='/;(3+P*)cT*V,

U(O)(V(O)’ S)=

F(V, T)=U-TS=—2_

4cT*V 2 3S./T—B2 \43
s=2TV_ uw, 5= oy )™
3 /1=p? 3 4oV

(3+8%)/1-p* —4
1-p2

3[7 1/4

G(p, T)=0, H(p, S)=S(;_—> .

TepMoanHaMuKa peJIATUBHCTCKOro rasa pa3pura B pabGorax H. A. YepHukosa Ha
OCHOBE KHMHETHYECKOro ypaBHeHHs Bosbumana — YepHukosa.

F(V, T)=U-TS= oT*V,
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§ 41. DBOJIIOLIMS BCEJEHHOM IO COBPEMEHHON
PEJSATUBUCTCKON TEOPUU T'PABUTALIMA

o cux mop B 3TOM TINaBe TEpPMOJUHAMHYECKHE CBONCTBA TeEJ
paccMaTpUBAJIMCh HA OCHOBE CIENHMAJIbHOH TEOPHMHM OTHOCHUTEJIBHOCTH
(CTO) 06e3 ywera TrpaBHTAallMOHHOTO TMOJA. PaccMOTpUM Tenepb
Bonpoc 00 3Boyrouun BceeleHHOW Ha OCHOBE COBPEMEHHOW peNsiTH-
BUCTCKOW TEOpPMH T'paBUTALMH.

OcnoBHoe conepxanne CTO, xak nomguepkuBan I'. MUMHKOBCKHH,
COCTOMT B YCTAHOBJICHHMH e€JMHOW aOCONIOTHON MNpOCTPaHCTBEHHO-
BpeMEHHON (QOpMbI OBITHS MaTepHH — NPOCTPAHCTBEHHO-BPEMEHHOTO
mupa (mup Munko8ck020), TEOMETpPHS KOTOPOTO ICEBIOEBKIINIOBA.
B 3TOM MHpe pa3iMYHBIM CHCTEMaM OTCYETAa COOTBETCTBYET B OOLIEM
cilyyae pas3JinyHas METpHKa ¢ KO3pdHIHUEHTaMH Y, (X) NPOCTpaHCTBa-
BpeMeHH. Hanpumep, B NpOW3BOJILHONH HEWHEPLHUATIbHONH CHCTEME
KOOpIMHAT S’ MeTpHueckhe KO3QPUUHUEHTHI Y,, OKa3bIBaIOTCA (yH-
KIMSMH  KOODJMHAT X OTOW CHUCTEMbI, 4YTO MNPUBOJUT B HTOTE
K TOSBJIEHHIO YCKOpPEHHS CBOOOJHOW MaTepHalibHOH TOYKH OT-
HOCHUTENLHO S’ W CHJI UHEPIMH, BBIPAXKAIOLIMXCSA Yepe3 MPOU3BOAHBIC
TIEPBOTO NOPsIIKA OT TEH30pa Yy, MO COOTBETCTBYIOLMM KOOPIHHATAM.
KunemaTuyuecku CHUJIbI UHEPUUHM XapaKTePU3YIOTCS TEM, YTO «BbI3bIBa-
eMBIe» MMM YCKOpDEHMsS CBOOOJHBIX MaTepHaJIbHBIX TOYEeK He OyayT
3aBUCETh OT MX Macc. TakuM e CBOHCTBOM OOJajaloT W IpaBUTALHU-
OHHbIE CHJIbI, NOCKOJbKY, KaK MOKa3bIBAET ONBIT, I'PaBUTAIMOHHAS
Macca Tejla paBHAa €ro HHEpTHOH Macce. DTOT (yHIAMEHTaJbHBIA
¢daxkt npuBen OWHIMITEHHA K MBICIH, YTO TPAaBUTALMOHHOE TMOJIE
JIOJDKHO ONMCBIBaThCS MOJOOHO MOJIIO CHJI HMHEPUHMH METPUYECKUM
TEH30pOM g, , HO Y€ B PHMaHOBOM NpOCTPaHCTBE-BPEMEHH.

[To DiiHmiTeiiHy, Bce (U3MYECKHE NPOIECCH NPOTEKAIOT B Tpa-
BUTAIMIOHHOM I10JI€ COBEPILIECHHO TaK €, Kak U 0e3 rpaBUTALIMOHHOTO
HOJII, HO B COOTBETCTBYIOIIUM OOpa3oM YCKOPEHHOH (TpexMepHOit)
cucreMe KoopamHat. ['mmoreza OiHINTEHHA O TOM, 4YTO MOJiE
TATOTEHUS] MOXHO TMOJHOCTBIO 3aMEHHTh YCKOPEHHOHW CHCTEMOM
OTCYeTa, HA3bIBACTCA HPUHYUNOM IKBUBANEHMHOCHIU.

IIpu nocTpoeHMH TEOpPHM TATOTEHHs, Ha3BaHHOW DHHIITEHHOM
obweii meopueti omuocumeavhocmu (OTO), OH BcelENO0 HMCXOAWNI W3
NPUHIMOA OKBUBAJIEHTHOCTH TPABUTAIMOHHOTO TMOJII HYXHBIM 00-
pa3oM YCKOPEHHBIX CHCTEM oOTcueTa. A TaK KaK pa3HbIM CHCTEMaM
OTCYeTa COOTBETCTBYET pa3Has METPUKA INPOCTPAHCTBA-BPEMEHH, TO
OWHIITEHH NPUHAT 32 TPABUTAIMOHHOE TMOJIE METPHYECKUH TEH30p
gw PHMMAHOBA NPOCTPAHCTBA-BpEMEHH. Tak NpHHLMN 3KBUBAJICHTHOCTH
TIPUBEJI K OTOXIECTBJIEHHIO METPHUKM U TPABUTALMM. KOMHOHEHNIbL
mempuueckozo menzopa ¢ OTO sagasaromea 6 mo nce eépemsa nomen-
yualamu ms20menus.

I'paBUTaIMOHHOE MOJIE g, 3aBHCHT OT PACMpPEIECNICHUs N ABMXCHUS
MaTepud W omnpenensercs ypaBHeHMAMH [ 'uinpbepra — DiHIITEHHA
JUIs TeH30pa KpHMBM3HBI R, :
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1 8nG
R, — -

Eguv RzT Tpva (8'32)
rae G=6,67-1071! M3/(kr - c?) —rpaBuTanMoHHas nocTosHuas; R —
CKajisipHas KpUBM3HA, KOTOpas, Kak W R,,, BHIPAXAETCs YEPE3 g, ;
T,, — TEH30p SHEPTUM-MMIIYJIbCAa BEIIECTBA.

OcHoBaHHas Ha ypaBHeHUsXx [uiubOepra—DiHIITEHHA TeOpUs
tarotenns (OTO) uHOTIa MOXET MPUBECTH K pE3YJIbTaTaM, NPEKPACHO
COBNAJAIONIAM C O3KCHEPUMEHTOM. Tak, mo JaHHbIM HalOJIIoeHUH,
nepuresuii Mepkypus noBopauuBaeTcs Ha 43 yri. ¢ B CTOJIETHE; 110
TEOpUN TAroTeHUus HBIOTOHA W MO JPYrMM TEOPUSM, UCHOJIb3YIOLMM
W3MEHEHHbI HbIOTOHOB TMOTEHIMAJ, O3TOT MOBOPOT pa3a B TpH
menbine Habmromaemoro, no OTO mnoBopor paBen 42,98 yri. c,
T. €. B TOYHOCTH COBMNANAET C JEHCTBUTEJIbHbIM! AHAJOTMYHO, Kak
OBLJIO YCTAHOBJIEHO BO BpeMs MOJIHOTO COJIHEYHOTO 3aTMeHus 29
mass 1919 r., Onuszkue kx HabOmonmaembpiM naer OTO u pesyibra-
Tl JUIS OTKJIOHEHWS Jiyueil cBera, npoxojsmmux BOsm3n ConHua
(1,75 yra. ¢).

Bmecte ¢ teM B cBoem pasButud OTO npuimia xak K Heycr-
PaHMMOMY BHYTPEHHEMY MpPOTUBOpPEYNIO, Tak M K paay (GU3NYECKH
HeTpueMJIEMBIX pe3ysibTaTtoB. [leficTBuTenbHO, npu co3ganum OTO
OuHINTEHH, 00OCHOBBIBasi 5KBMBAJICHTHOCTh CHJI MHEPUMH U TpaBU-
TalMM, UCXOAMJI W3 paBeHCTBA MHEPTHOW U TSKEIOM Macc, 9Kc-
NEPUMEHTAJIbHO YCTAHOBJICHHOTO C O4YeHb OONBILIOH TOYHOCTBIO.
OpHako, K4ak OKa3ajoch, B OKOHYATEJNIbHOW TEOpUM pPaBEHCTBO
HHEPTHOH W Tskeyoif Macc He BwinosiHseTcs! BmepBbie Ha 3T0
ykazan B. A. ®oxk.

Kpome Ttoro, kak ormeyan euie B 1917 r. uszBecTHbI Hemeukuit
mateMmatuk /[I. Cunpbepr, B OTO He BBINOJHAIOTCS 3aKOHBI CO-
XpaHEHUs] OJHEPTMU-UMIYJIbCA M MOMEHTa KOJIMYECTBA JIBUKEHHUS
BEILIECTBA W TPAaBUTAUMOHHOTO MOJISI BMECTE B3STHIX.

Takoe nosoxenue B OTO 00ycIOBIEHO OTOMXAECTBICHUEM B 3TOU
TEOpUM IPaBUTALMOHHOTO MOJIS CO CTPYKTYpOil (METpUKOit) npocTpaH-
CTBa-BPEMEHHU, C €0 pUMaHOBbIM MckpusyenueM. [lepBuunbiM B OTO
SBJISIETCS] HE MaTepus, a MpOCTpaHCTBO-BpeMs. «IlepBUUHYIO pOJIb,—
rOBOpWJI OHHIITEHH,— UrpaeT MNpPOCTPAHCTBO, MAaTepUsi Xe JOJDKHA
ObITh NOJyYeHAa W3 MNPOCTPAHCTBA, TaK CKa3aTh, Ha CJEAYIOLIEM
srane»*. DTta Mmerojgosoruvecku HepepHas ocHoBa OTO u oTBer-
CTBEHHa 3a Bce B Teopuu. B camoM gene, nockosnbky B JeHcT-
BUTEJIbHOCTH TPOCTPAHCTBO-BpeMs sBNIsETCS (POPMOii CyliecTBOBaHUS
MaTepuH, TO, UCCIIElyss CTPYKTYpY 3TOi (GOPMBI, MBI MOXEM [IOJIYYHTD
B psZie CJIy4aeB XOPOLIO COTJIACYIOHIMECS C ONBITOM pPE3y/ibTaThbl
O CBOWCTBaxX I'PAaBUTAIMOHHOTO MOJs Kak Buga martepuu. VMeHHO
3TO M MMeEeT MECTO B Cjy4asiX, O KOTOpBIX YHNOMMHAJIOCH BHILLE.
C npyro#l cTopoHbI, B TeX SIBJICHHSX, B KOTOPLIX OMpPEACISIONUIYIO

* Diinwreiin A. Cobp. Hayunsix TpymoB. M., 1966. T.2. C. 89.
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pOJIb UTpPAeT HE CTPYKTYypa NPOCTPAHCTBA-BPEMEHH, a HAXOISIIMACH
C HUM B eJUHCTBE TakoW atpubyr Martepuu, kak asuwxeHue, OTO,
OTOX/IECTBJISIONIAS T'paBUTALMIOHHOE 110JI€ ¢ KpUBU3HOM NPOCTPaHCTBA-
BpEMEHM, MPUBOAUT K TYNUKOBOMY pe3yJbTaTy O HEPABEHCTBE
VWHEPTHOM W TIpaBUTAUMOHHOK Macc, K OTCYTCTBUIO 3aKOHOB CO-
XpaHEHUs JHEPTUU-UMIYJIbCa U MOMEHTA KOJINYECTBA JIBUXKCHUS
BEHIECTBA W TPABUTALMOHHOTO MOJS BMECTE B3ATHIX, T. €. K OTKa3sy
OT psana (yHAAMEHTAJIbHBIX NPUHIMIIOB, JIEXKAUMX B OCHOBE (U3MKH.

B nocnennue roap A. A. JloryHoBeiM® onyGnvKoBaH psj pabor,
B KOTOpBbIX mocie riayboxoro Kputuueckoro anaimuza OTO cpenan
BBIBOJ O €€ HENpUEMJIEMOCTH Kak (U3NYECKOH TEOpUM TATOTEHUS
¥ NOCTpOEHa HOBas pensaTuBucTckas Teopus rpasutaumu (PTT).

PTI' ucxomutr w3 CTPOroro BbLINOJHEHUS 3aKOHOB COXpaHEHHUS
JHEPrUM-MMIYJIbCA W MOMEHTAa KOJIMYECTBAa [BVKCHUS BEILECTBA
U TpPaBUTAIMOHHOTO MOJSA (YTO C HEOOXOOUMOCTBIO TPUBOJIUT
K TMCEBAOEBKJIMIOBY MHpPY MMHKOBCKOIO) M U3 MPeICTaBJICHUS
O TpaBUTAMOHHOM MOJi€ Kak (U3WYECKOM TIoJie, UCTOYHMKOM KO-
TOPOro SIBJISIETCS TEH30p JHEPrUM-UMIYJIbca BCell MaTepuu (BEHIECTBO
¥ TpaBUTALOHHOE T0JIe) U KOTOpOE, B MNpPUHIMIE, JaXe JIOKAJbHO
HE MOXET OBbITh YHHYTOXEHO BBIOOPDOM CHUCTEMBI OTCHYETA.

B wurore B PTI' nonyyena cucrema u3 14 ypaBHeHuwit c 14
HEU3BECTHBIMHY, MNpUYEM JECATh U3 HUX no ¢opme COBHNANAIOT
¢ ypaBHeHusimMu I'unpbepra — JitHinTeiHa (8.32) ¢ TOW npUHOMNUAIL-
HOW pa3sHMLEH, YTO BCE TMOJIEBbIE MEPEMEHHBIE B 3TUX YPaBHEHUSX
3aBucaT (B orimuue ot OTO) OT enMHBIX KOOpJMHAT NPOCTPAHCTBA
MunkoBCKOro. UeThipe HOBBIX YpaBHEHUS ONpPENEIIAIOT CUMMETPUYHBII
TeH3op ®"Y caMOro rpaBUTALMIOHHOrO MOJIS; OHU B KOPHE W3MEHSIOT
XapakTep pemeHus ypaBHeHu#H I'mibbepra — DHHIITEHHA.

PTT oObsicHAET BCIO UMEIOHIYIOCS COBOKYMHOCTb HAOJII0/1aTENIbHBIX
W OKCNEPUMEHTAIbHBIX [AaHHBIX [UI TPaBUTAOUOHHBIX 3PPeKTOB
B ConHe4YHOH cHucTeME M TNPUBOAUT K HOBBIM MpeacKa3aHWsIM
0 pa3BuTuM BceneHHOM M rpaBUTAlIOHHOM KOJUIAfCe.

B pamkax OTO HecranmMoHapHble KOCMOJIOTMYECKHE pELICHHS
ypaBHeHuit ['mibbepra —DHHINTEHHAa BhepBble OBUIM  MOJIyYEHBI
B 1922 r. u3BecTHBIM COBETCKUM yueHBIM A. A. ®puamanoM**. Ilo
®punmaHy, CymecTBYeT TPU THUNA paclMpsromuxcss BceneHHbIX: 1Ba
OecKOHEYHbIX, a TpEeTUH —3aMKHYyThli, HO 0e3 rpanHul; BHIOOp TOM
WIM WHOW MOJENM CYHIECTBEHHO 3aBUCMT OT 3HaHUS CpeaHeit
wioTHocTH Martepun Bo Bceenennoit. PTTT npuBoguT K eIMHCTBEHHOM
OECKOHEYHOH, pacCHIMPSIOIIENHCs, HO «IIOoCKoW» BcesneHHOM, Tpexmep-
Has 4dacTb KoTopoil eBkmuposa. Ilpum pacumpenun BcenenHod oHa
HEPEXOUT U3 COCTOSHMS C MAaKCUMaJIbHOHW IUIOTHOCTBIO B COCTOSIHUE

* Cwm.: Jlorynos A. A. Jlekuu¥ 1O TEODHM OTHOCHTENHLHOCTH M TIDABHTALNH.
CoBpeMeHHbIH aHanu3 mpobnemsl. M., 1987.
**) Cm.. @puaman A. A. O kpusu3He mpoctpaHcta /[ YOH. 1963. 80. Bwim. 3.
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C MHUHUMAJIbHOM TIUJIOTHOCTBIO, MOCJIE 4ero HayuHaeTcsd OOpaTHBIH
nporecc «cxatus». Takue IMUKJIBI MOTYT HEOTPAHUYEHHO MMOBTOPATHCA.

Pacumpenne BceneHHOW NpuBOAMT K M3MEHEHMIO CO BpEMEHEM
paccTOSHUR r MEXy BHETaJlaKTU4eCKUMM OOBEKTaMH B NPOCTPAHCTBE,
U OTHOCHTEJIbHasi CKOPOCTh U yAaJIeHUs JABYX OOBEKTOB TeM OoJblle,
4YeM OHHU Jajibliu€ OApyr oOT Jpyra:

v=Hr, (8.33)

rae H—nocmosannaa Xab6aa (HazpaHHAs 10 UMEHM aMEPUKAHCKOTO
actponoma J. I1. Xab6na, orkpeiBiiero B 1929 r. siBnenue pasbezanus
2a/aKmuK W, TaKUM 00pa3oM, 5KCIEPUMEHTAJIbHO MOATBEPAUBIIETO
Hecraunonapﬂocrb Bcenennoit). Ho COBPEMEHHBIM JIAHHDIM, MOCTOSH-
Has Xa66na pasHa H=3-10"1!8 ¢~

OCHOBHO}, BaXXHbIN 15 TCpMO,D;l/IHaMPIKPI, BBIBOJ| U3 NPHUBEAECHHOTO
paccmotpenusi PTIT coctout, nmo MHeHMIO aBTOpa YyueOHMKA, B TOM,
4YTO BpEMEHHas 3BOJIroLUs Hameid BceleHHONW He mpencTaBisieT coboi
npuOIIKEHUss e K HEKOTOPOMY PaBHOBECHOMY COCTOSIHUIO — COCTO-
STHUIO Mena080i cmepmu.

3AJAYUN

8.1. YcraHOBUTh HMHBAPHAHTHOCTh AABJIECHHS NpH MEPEXOJE OT OJHOW HHEpLHaNbHOM
CHCTEMBI OTCYETA K JpPYroH.

8.2. OGcynuTh pONb OrpaHHYMBAIOIMX CHCTEMY CTEHOK B PDENSTHBHUCTCKON Tep-
MOJMHAMUKE.

8.3. B cucreme K® nBuxeTcs UMJMHAD B HATIDABJEHHH CBOEH OCH CO CKOPOCTBIO
v. W3 cepenuHp! UMAMHApPA B TNPOTHBONOJOXHBIX HANpPABJICHUAX BAOJb OCH
OBHXKYyTCAd ABa (poroHa. Ompemenuth oOwwit uMmyasc (GOTOHOB mocie HX
OTpaXK€HHs OT TOPLOB UMJIMHIApA.
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I'VJIABA JEBATASA
OMIUBKN U 3ABJYXIAEHUSA B TEPMOJUHAMMUMKE

UN3yyeHue ucmopuyeckoro nymu, npoUeHHOro Ha-
YKOW, mpygHOCme#n U npomuBopequd B cmaHoBne-
HUU UCXO4HbIX NOJMIOXEHUA U OCHOBHbLIX 3aKOHOB
fAIBNSieMCcs BaXXHeAWUM HakmopoMm ee rnyb6okKoro
NOHUMAHUs U fJanbHeAwero pa3Bumus.

Mo-Bugumomy, Hem gpyrou obnacmu HayKu, B KOMOPO#
npu ee cosgaHuu u npuMeHeHusx genanoce 661 makoe
60/1bLI0€ YUC/IO HEBEPHbLIX yMBEPXK4EeHUN U BbIBOLOB,
Kak B mepMmoguHaMuke. Takue owubku gonyckanu kak
OCHOBamesiu mepMOgUHaAMUKU, mak u gpyrue y4eHsle,
Ymo roBopum o mpygHocmu usyyaemoro npegmema.
AHanu3 amux owub0ok u 3ab1y>X4eHUN NoyYumersneH.

§ 42. M. IINMIAHK O I'OJIOHOMHOCTH BbIPAXKEHUA
U1 KOJMYECTBA TEILJIOTBI

CopepxanveM BTOPOrO Hayajia TEPMOJWHAMHUKYM JUIS PaBHOBECHBIX
IPOIIECCOB sBIIseTCs, M0 KapaTeoopu, rOJJIOHOMHOCTDb BBIPAXeHWs JJIs
3JIEMEHTAapHOTrO KoyinuecTBa TenoTel 8Q. [lnank B cBoeit « Tepmonuna-
MMKE» TPEACTABIISET 3TOT 3aMeYaTeNIbHbIi (akT Kak HEYTO TPUBUAIIB-
HOE, HE BBIpa)karolllee HUKAKUX OCOOBIX cBOIcTB Tej. Ha npumepe
WICAIbHOTO Tra3a OH HENOCPENCTBEHHO BBIYMCIISIET BBIpAXKECHHE

3Q CydT+pdV
Z=2 P —d(CyIn T+RIn V)

u ybexaeTcsi, YTO OHO IpENCTaBiseT co00i noymued muddeperiman.
A TO, YyTO 3TO BbIpaxeHWE OyneT MOJHBIM JuddepeHnUaTIOM U s
BCAKOH Apyro# cuctemsbl, IInaHk cyuTanm BO3MOXHBIM MOKa3aTh 0e3
VCTNIONIb30BAaHUSl BTOPOTO HAyaJia, paccMaTpuBasi CJIOXHYIO CHCTEMY
U3 uaeanbHOro raza G W JAAaHHOM cucTeMsl S. 3acTaBuM 3Ty
CIOXHYIO cucteMy G+ S cOBepmMThH KPYroBoil mpoiecc 0e3 coobie-
Husi el TennoTel. Torma oOTAenbHO G M OTAENBHO S JIOJDKHBI
COBEPIIUTL KpPYroBOW MpOLECC, NPUYEM, OUEBHIHO,

Y 50 _
b fres
G S
50

Y%
Otcroma —T—=0, TaKk Kak, 10 BBIYUCIEHHOMY paHee, —T—=0 u,

s G

ciefioBaTeibHO, 0Q/T— noJHblid auddepeHuran ajis BCIKOH CHCTEMBI.
T. A. AdanacbeBa-OpeHpecT yka3ajia Ha YCKOJB3aAIOIIYyIO OT BHU-

MaHHs omMOKYy B joka3atenbcTBe I[Inanka. [lemo B TOM, 4TO [0
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TeX MOp, MOKa HUYEro HE U3BECTHO NPO CUCTEMY S, HEIb3d pydyaThCs,
YTO KpyroBO#l mpouecc IUisi Hee He MOXET ObIThb 3aMKHYT DaHBbIIE,
yeM WJeaNbHBI ra3 BCTYNMT Ha Ty caMyro aauabaTy, u3 KOTOpOH
OH Bbimen. ITosToMy, 3a00Tsch TOJBKO O TOM, YTOOBI cuUcTEMA
coBepmMia KpYroBod mpomecc B KOMOMHAIMM C Tra3oM, MOXHO
ObLIO OBl MOJIy4UTh W TaKOE PAaBEHCTBO:

50 50 _

N G

Y

rae J7—MHTerpan, B3ATHIA HE MO 3aMKHYTOMY NyTH, T. €. OTJIM4YEH

oT }?ynﬂ, a cnegosatenbHo, 0Q/T s cucTeMbl S HE MOXET ObITh
NOJIHBIM M depeHuanom.

Ecau TepMUYeCKH OJHOPOJHAS CHCTEMA, COCTOSAIIAs U3 MOJCHCTEM
1 u 2, coBepmaer oOpaTuMblii anuabaTHBI# Mpolecc, TO B TOM
ciiydae, KOrja Jis MepBOM MOJCHCTEMBI NPOLECC SABJISETCS KPYrOBLIM,
JUIs BTOpO# cucTeMbl OH OyneT ToXxe KpyrosbIM. Jloka3zaTh 3TO
MOXHO TOJIbKO Ha OCHOBE BTOPOrO Hauaja TEPMOJVHAMUKHM.

JleiicTBUTENLHO, TIPY aiMabaTHOM NpOLECce B CUCTEME, COCTOSILECH
U3 TOJCUCTEM [ M 2, MMEeM

001 +60,=0, 80:/T+8Q,/T=0.
Ecnu noxacucreMa [ coBepuiaeT KpyroBOo#d mNpoLECC, TO

30, 802 _
SBT +J~;—— . 9.1)
Ilo BropoMy Hauamy, 8—?—‘:0 U u3 ypaBHeHus (9.1) nmonyyaem
8—%:0, 4YTO MO TOMY X€ 3aKOHY BO3MOXHO TOJIBKO HpH KpPyrOBOM

npornecce AJis MNOACUCTEMBI 2.

§ 43. JOKA3ATEJLCTBO B. HEPHCTOM HEJOCTHWXHMMOCTH 0 K.
JAPYITHE OHNIMBOYHBIE JHOKA3ATEJbCTBA

[Mpomomkass paboTrath HaJ 3KCNEPHUMEHTAJIbHBIM H TEOPETHYECKHM
obocHOoBaHMEM TemioBOit TeopeMbl, B. Hepuct B 1912r. w3 pac-
cMoTpenus nukia KapHo cpenan BeiBog o Hemoctmxumoctu 0 K.
JlokasbiBaji OH 3TO CJEAyIiMM 00pazoM™),

IpennonoxuMm, yto 0 K AOCTMXHUM, TOrAa MOXHO NPEACTaBUTH
cebe mukn Kapao (puc.27), B kxotopoM AB—mu3orepma, BC

*) Cm.:. Hepuer B. TeopeTuueckue M ONBITHBIE OCHOBAHMS HOBOTO TEMJIOBOIO
3akoHa. M.—JL., 1929.
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J/ U DA— anuabatel, a wusorepma CD
A uger npu Ttemnepatype 0 K. Ilpous-
BelleHHas 3a [uKji paboTa u3MepseTcs
mwiowaabo mukia. Tak kax xpusele BC
U DA unyT 6e3 npuTOKa TEMJIOTHI U3BHE,
a MO TEIUIOBOM TeopeMe HyJieBas H30-
TepMa coBmajaeT ¢ aauabatoil u mo-
D 3ToMy Ha otrpe3ke CD Temnaora Taxxe
8 HE IOIJIONIAETCS, TO TNOJYYaeTcs, 4YTO
paboTa 3a UUKJI NPOM3BOAMTCS 3a CUET
c TEIJIOTHI, B3ATOH Yy TEIUIOOTAATYMKA.
Tak Kak 3TO NPOTHBOPEYUT BTOPOMY
y Hadajy, TO, CJIEIOBaTeJIbHO, TeMIepa-
typa 0 K HemocTuxmma.

Puc. 27. OnmHako Takoil BHIBOJ U3 IIpPHUBE-
JEHHOIO0 JI0Ka3aTeNbCTBa CHENiaTh Henb3s. Jleno B TOM, 4TO
tak kak npu 0 K Bce mnpouecchl SBJIAIOTCH aAuabaTHBIMM, TO,
nocturayB 0 K, Henb3s Harpeth pabouee Tesno OO 0oJiee BBICOKOIM
TEMIIEPATYPHl C MOMOIIBI0 OOpaTUMOro mporecca (CKaTus) W 3aM-
KHYTh 1MKJI. TakuMm obpa3oM, m3 paccMoTpenus Hepucra cremyet
He HemocTwxkmMmocTh 0 K, a HeBo3MOXHOCTH mukia KapHo ¢ TeM-
HepaTypoil  TemjonpHeMHWKa, paBHOW Hymo. HepHct mucan,
4TO, Uit TOoro 4ToObl BepHyThcs M3 D B A mno anuabare
M 3aMKHYTh IIMKJ, HaJo OECKOHEYHO MaJjio0 HarpeThb pabouee
Teno, 4tobel oHO Moryo yitd ot 0 K, a Bo3HHMKaromee npH
TakOM IWMKJE TPOTHBOPEYHE CO BTOPHIM Ha4yaJOM JOKa3bIBaeT
HemocTmxuMocTtsy 0 K.

310 3axmoyeHne HepHcTa noaBeprioch KpUTHKE OWHINTEHHA,
KOTOPbIM CYHMTaJl HEBO3MOXHBIM OCYIIECTBJICHHE H30TEPMHYECKOTO
npouecca CD, NOCKOJIbKY NpH aaiabaTHOM CKAaTHHU Tesla B COCTOSIHUU
C oHO IpH npaxkTHYeckd HeOOJBLIIOM TpeHHM ViineT ¢ kpuBoid T=0 K
U OynmeT cxumaThCs BAOJL aguabarel CB (abcrpakuus 06 oOpaTUMBIX
TEPMOJMHAMMYECKHMX [pOiECCcax 371eCh HeBOo3MOxHa)®. Tak 4To mnpH
moctxernd 0 K puxn KapHo BBIpOXIaeTcs B COBOKYIIHOCTH ABYX
CIIMBIIMXCS aAWabaT ¥ [BYX CJUBIIMXCS M30TEPM: INpPH HPIAMOM
N30TEPMHYECKOM Tpolecce AB OT TemooTaaTYuka OepeTcs KOJIM4ecT-
BO TEIUIOTHI ;, a mpu oOpaTHOM mpouecce BA Takoe xe KOJMYECTBO
TEIUIOTHl (), €My OTAAaeTCs M K.I.J. TaKoro NHKJA DaBeH HYJIO.

Bo3paxxenne OHHIUTEHHa OTHOCHTCA JMIb K mombiTkamM HepHncra
BBIBECTH NPHMHIMN HEAOCTHXHMMOCTH M3 BTOpPOrO Hauyaja. OJTOT

* Korma B TepMOAMHAMMKE TNpM OOBIYHBIX YCJOBHMSX HCIIOJNB3YETCA MNPEACTaB-
Jende o0 oOpaTUMbIX Tpoueccax, TO NPENnojaraeTcs, YTO XOTs IIPH BCEX peajbHBIX
TEPMOAMHAMHYECKUX TPOLECCaX U HUMEIOTCH HeoOpaTHMBble M3MEHEHWS, HO OHH MaJbl
M T[ojiyyaeMble TPH O3TOM pe3yabTaThl CHpaBEe[JIMBBI M B Mpelene MOJHOCTBIO
obpaTumbix mporieccoB. B nukne HeprcTa Takas aGcrpakuusi HEBO3MOXHA, MOCKOJbKY
CKOJIb YTOJHO Majasi CTeleHb HeoOpaTHUMOCTH YBOAHUT CHCTEMY C HYJIEBOH H30TEpMEI.
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npuHuEn (CM. T1. 4) HeMOCPeACTBEHHO CENYET M3 TEMJIOBOW TEOpPEMBbI
HepHcra m He CBf3aH CO BTOPBIM HAyaJioM TE€PMOIUHAMUKH.

B pasnuuHOit NUTepaType MO TEPMOAMHAMHUKE MOXHO BCTPETHUTH
Takxe Clelyromue AoKa3aTenbcTBa HemocTwxkumoctn 0 K.

1. Koo, muxina Kapro paben

T]=(T1—Tz)/T1-

Ilpu T,=0 K n=1, T. e. Bca TeMmN0Ta, B3siTass B LUKJE Y TEMJIOOT-
JIaT4YMKa, npeBpamaeTca B paborty. Tak Kak 3To MPOTUBOPEUUT
BTOpOMy Haudany, To 0 K HemocTuxum™, Takum o6pa3oM mosydaeTcs,
yTOo mnpuHmMn HemocTmwxuMmocTu 0 K (TpeTse Haudano) sBasieTcs
CIE€ICTBUEM BTOPOrO Hayajla TEePMOJMHAMMKH.

2. IIpencraBum cebe mukn KapHo, y KOTOpPOro TeNJONPUEMHHK
uMmeeT TemmepaTypy 7T,=0 K. [lnga Ttakoii oO6paTUMO# MaiMHBI
[OJIHOE HM3MEHEHHE SHTPONHMM B LUKJe Obllo Obl PaBHO M3MEHEHHIO
€e Ha y4yacTKe HM30TEPMHYECKOrO pacliUpeHUs npu TemmnepaType T;:

_fs0_o
AS= T

Tak KaK y4acTOK M30TepMuyeckoro cxatus npu 7,=0 K npencraBnset
co6oi u303uTpony S=0, a OCTaJbHBIE JBA MPOLECCA M30IHTPOMHYEC-
kue. Ho, ¢ Apyroit CTOpOHBI, M3MEHEHHE SHTPOIMH B IHKJIE

30
AS= -

Bosnukaromee npOTUBOpEUHE (Ql #0) moKa3pIBa€T HEJOCTUXH-
MOCTh HYJIEBOH u30TepMbl T=0 K**

O6a 3Tu KOKa3aTeNbCTBA He,uocmxchocm 0 K sBisroTcs omuodoy-
HBIMH, TaK KaK HCXONAT W3 NPOTHBOpEYAIEro BTOPOMY Hauaiy
TEPMOIUHAMUKH TPEINONIOKeHHsT 00 ocymiecTBieHnu mukia KapHo
C TeMmepaTypoil TemjonpueMHHuka, pasHoil 0 K.

§ 44. DHTPOIINA, UHOOPMALINA
M MBICJEHHBIN DKCIEPUMEHT CLIUJIAPAA

Aspanusupys Bompoc o neMoHe MaxkcBesuia, JI. Ciunapa paccMoTpent
CJIeAYIOMUNA MBICIIEHHBIN 3KCHEPUMEHT. B 3aKphITOM TOpHU30HTAJILHOM
WIMHApPE, HaxXONALieMCsli B KOHTakTe€ C TEpMOCTATOM, COIEpPKHUTCSH
ra3 u3 OfHOM MoJiekynel. B cpegHroro 4acTh IMIMHApa BBOOUTCS
nopimeHb. MoJekyna oOka3biBaeTCs B OAHOW M3 10JOBUH. JInd
OmpeJieIeHUs] HallpaBJIeHUsl IBYDKEHUS IMOPIIHS Mo JeHCTBHEM YAApOB
MOJIeKYJIbl HabJroJaTeNlb yCTaHABIUBaeT (HapUMep, C IIOMOIIIBIO CBETA)
MECTOHAX0X/IeHHE MoJIeKyJibl. EC/IM OHA HaiifieHa cieBa OT MOPILHS, TO

* Cwm: Knkonn A. K., Kukoun M. K. Monekynspuas ¢usuka. M.. 1976. C. 300.
**¥ Cm.: Pymep 10. B., Poiskun M. HI. TepmoanuaMuka, cTaTHCTHYecKas (H3HKA
U kuHetuka. M., 1977. C. 41.
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nopiieHb OyAcT [(BUTAThCS BIPABO, COBepLlas INPH JOCTHXKCHUH
OCHOBaHHs IWJIMHIpPA HEKOTOpyro paboTy (moabeM rpys3a) 3a cCYeT
TemwioTel Q TepMmocTaTta. Bo3Bpamias nopiieHbr B NEpBOHAYaJIbHOE
NIOJI0KEHUE, MOXHO NOBTOPHUTH 3TOT MPOLECC MPOU3BOJIBHOE YUCIIO Pa3s,
mpeBpallasi mpd 3TOM TeIIoTy B paboTy M yMeHbllas SHTPONHIO
cucteMsbl. [1o BTopoMy Hauajy, Takoe IpeBpaIeHIEe TEIUIOThl HEBO3MOX-
Ho Oe3 kommneHcanuu. Cumjaapa NpeAnosiokuiI, YTO B JAHHOM Cliydae
KOMIIEHCanuel sABJiseTcs MHopManus, nojyiaeMas HabaroAaTeseM npH
OIpeIeJIEHNH MECTOHAXOXIEHHUSI MOJIEKYJIbI. DTa UHGOPMALUs IPUBOJHUT
K HeoOXOAMMOMY YBEJIMYEHHIO 3HTPONUM B cucteMe. TakuMm obpasom,
BIEpPBbIE YCTAHABJIMBAETCS CBS3b MEXAy MHGOpMauueid U 3HTPONHUEM.

Opnako MbICIeHHBIN 3kcnepuMeHT Crunapia HE MOXET CIYXHThb
OCHOBAaHMEM ISl KaKUX-TM00 BHIBOJOB. [[€70 B TOM, YTO HCNOJIb30OBa-
HHE OJHOMOJIEKYJISIPHOTO ra3a AOMyCTHMO, NOKa NMPOLECCHl C HUM HE
IPOTHUBOPEYAT ra3oBbIM 3aKkoHaM. Ho B MOMEHT BBEJEHHS NOPIUHS
B IMJIMHJAP a3 CKUMAETCs 10 IOJIOBHHBI CBOEro oObeMa 6e3 3aTpaTsl
paboThl, YTO SABISETCA HENONMYCTUMOHM MIeanu3anueidl MBICIEHHOTO
skcnepuMenTa Cumnapa, BCJIEACTBHUE YEro 3TOT IKCIEPUMEHT HE MOXET
HCHIONb30BATECA JJIi NPOBEPKH BTOPOrO Hayajia TEPMOIMHAMHKH.

ITo Toit xe mpuumne skcuepuMeHT CHUIapAa HE MOXET CIYXHUThb
OCHOBaHMEM [UISl OTOXJECTBJICHHUS (M3M4ECKOH 3HTPOINH, UCHOJIb3Ye-
MO B TepMOIMHAMUKE, C MHPOPMAUMOHHOW HSHTpONMEH, BBEACHHOMN
IllennonoM. B sxcnepumente Ciapaa BooOie He TpeOyeTcs HUKaKoi
NpeaBapUTEIbHON HHPOPMALMN O MECTOHAXOXICHUH MOJIEKYJIbI IOCIE
BBEICHUS B INUIMHIAP MNOPIUHS, NMOCKOJBKY CaMO JABHMXXEHHE MOPIIHS
yKa3bIBaeT Ha €€ MECTOHAXOX/EHHE U NPEBPAIEHHE TEILUIOTH B paboTy
Oyner IpOUCXOOWTH HE3aBHCUMO OT TOTO, /i€ HAXOMMTCS MOJIEKYJIA.

TepMonuHaMuueckass 3HTPONMS M JSHTPONUS WHYOPMAaIMOHHBIX
NPOLIECCOB—3TO pPAa3Hble BEJIMYUHBI, YTO BHOHO XOTH OBl M3 TOrO,
4T0 WHGOPMALMOHHAS SHTPONUS HE SBJISAETCS TEPMOIMHAMUYECKUM
napaMeTpoOM.

B nurtepaType BHauajie OTMEYasOCh OTJIMYME J3THUX JIBYX BEJIMYMH,
0003Ha4aeMbIX OHHHUM CJIOBOM, HO IO3)XE€ MHOIME aBTODPHI INOCIENO-
BalM 32 bBpuurosHOM*), OTOXIECTBUBIIAM TEPMOIMHAMHYECKYIO
1 MHQOpPMAIMOHHYIO J3HTPONMM (OAHMM M3 OCHOBAaHWH s 3TOTO
SIBJISIETCS. MBICTIEHHBIR 3kcnepuMeHT Crnuiapna).

§ 45. CYHIECTBOBAHHUE ®A30BbIX HEPEXOJAOB BTOPOIo POJA.
JIEFKOCTh CKOJIBXKEHINS KOHBKOB I1O JIBAY.
3HAK TEPMOAMHAMUYECKOV TEMIIEPATYPbI

CymecTBoBaine (a3oBbIX NepexooB BTOporo poaa. l3BecTHO, 4TO
BELIECTBO MNpHM 3afaHHBIX 71 M p HAXOOUTCA B TOM COCTOSHHH,
B KOTOpoM ero 3Heprus I'mb66ca G mMuuMManbHa. Ecnu m3o0pa3uth
Ha rpaduke 3aBucuMoctb G nByx a3 or T (mpu p=const), TO TouKa

* Cm.: Bpuamodn JI. Hayka u Teopus mbopmaumu. M., 1960.
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Puc. 28.

T, nepeceyeHnst 00euX KpUBBIX OyneT TOYKOM (pa30BOro mepexona: npu
npoxoxaeHun uepe3 7T, BemIeCTBO H300pakaeTcs TOYKOW Ha TOHU
KpMBOH, KOTOpasi COOTBETCTBYET MEHbIINM 3HayeHusM G. Ilpum
(¢a30BbIX  mepexojax  NEpBOro  poda  NEpPEceueHHe  KPUBBIX
Gy u G, u3obpaxeno Ha puc. 28,a. [Ipu (pa3oBbIX nEepexogax BTOPOTO
pona KacaTesJbHble K OOCMM KPHBBIM B TOYKE IEpeXo/ia COBNANAIOT
(MOCKOJIbKY 3HTPOIMS BhIpaXkaeTcsl NMpOU3BoJHOM sHeprun ['mubbca mo
temnepartype). Ilpm mpocrom kacaHmMm o0eux KpuBbIX (puc. 28,6)
Tepexoz] NPOUCXOAUTh He MoxeT, u0o kak npu T'< Ty, Tak u npu 7> T,
BEIIECTBO BCE BPEMsl HAXOMIOCh ObI B OJHOM M TOoM xe ¢aze. [ToaTromy
B TOYKE Iepexojia 1Be KpUBbIe, Kacasch, nepecekarorcs (puc. 28,6), 4to
NPUBOAUT K PaBEHCTBY HE TOJIbKO HEPBBIX, HO U BTOPHIX HPOU3BOJIHBIX
ot 3Heprun I' m66ca — 3HTPONUM U TEIIOEMKOCTH. A 3TO COOTBETCTBYET
¢da30BBIM mepexomaM HE BTOpPOro, a Tperbero poxa. Ha stom
ocHoBaHUM HeMmenkue pusuku J. FOctu u M. Jlays npuIum X BBIBOIY
0 HEBO3MOXHOCTH (Da30BBIX NEPEXOIOB BTOPOro poja.

Ommbka mpHBENEHHBIX pacCyxleHud u BeiBoma HOctm u Jlays
OCHOBBIBAETCS Ha MPEANOJIOKEHUH CYIIIECTBOBAHHUS NEPETPETHIX H IEpe-
OXJIAXIEHHbIX (a3 mpu (a3oBbIX mepexomax BTOPOro poxaa (momoOHO
TOMYy, Kak IpH ()a30BbIX NEpexonax NepBOro poja), Yero B AeUCTBHUTE-
JnpHOCTH He Habmonaercsa. IlosToMy mim npaBoif (0T TOYKH mepexoja)
BETBU KpHBOH G, WIM JICBOW BETBH Ha pucC. 28,6 HE CYyINECTBYET.

JIerkocTh CKOJbKeHHSI KOHLKOB MO ,Jbay. V3BecTHO, 4YTO TOuKa
TJIaBJICHUA JIbJa C NOBBIILICHUEM JABJICHUs MOHMKaeTCsd. OCHOBBIBASChH
Ha 3TOH 3aKOHOMEPHOCTH, CKOJB3KOCThb JIbJa, T. €. JIEFKOCTb CKOJIb-
XKEHHUS KOHBKOB IO JIbJy, OOBACHAIOT CIEAYIOIUM OOpa3oM: Moxa
JABJICHUEM OCTPOTrO KOHBbKa Jiel IUIABHTCS TNpPH TEMIEpAType HHUXKE
0° C, obpa3ys xuOxyro cMa3Ky, KoTopas W oOecreyuBaeT JIErKOCTb
KaTaHWs 1O Jibay 3WMOM.

Takoe oObsicHenne GbUIO0 AaHo okoio 100 ner Ha3zan aHTIHNACKUMHU
¢usuxkamu Jx. TuaganoM u O. PeifHONBACOM U MOJIYYHJIO MIMPOKOE
pacnpocTpaHeHue*), XOTS OHO COBEPIUEHHO HE COOTBETCTBYET Jeil-
CTBUTEJILHOCTH.

* Cm.: Jmmrrein I1. C. Kype Tepmomunamuxu. M., 1948. C. 126; 3amaum u ympa-
XHEHHUS C OTBETaMM H peneHUWsMH. PeilHMaHOBCKHE JieKiMH 1o ¢usuxe. M., 1969. C. 308.
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B camom nene, w3 ypaBHenumil Kianefipona ——Knaysuyca nng
($a30BBIX NEpPEexXoqoB NEPBOTO POja ClERYeT, YTO, IS TOTO YTOOBI
TOYKA IUIaBJICHHs JbJa OIyCTWJIaCh Ha HECKOJIBKO TpajycoB, HEoD-
XOJMMO TaKOoe BBICOKOE [aBJICHHME, KOTOpOE€ Jief He CcrnocobeH
BBLIEPKATD. }I[encmmenbﬂo YJICJIBHBII/I 061>CM apaa npu 0° C pasen

v=1091cm3r, a Bomei—1"=1cM’/r. Tensmora nepexona
A=335 Ix/r. Tloatomy
dp A

— 5
T T =) 135-10° MMa/K,
1. €. sl MORIKCHUS TEMIEPATYphl TUIABACHAS ALld Ha 1 K #HyxHO
yBEJIMUUThL naBnenve Ha 135-10° Ila. A s Toro utoObl Jied Haua
IJIaBUThCsA, Hampumep npu —10° C, HyXHO YBENWY4Th [aBJICHHUE
B cpenreM o 135 MIla (takoe naBiieHHWe Jien HE MOXKET BbLAEPKATh).

Kakx Ttenepp yOemurenbHO AOKa3aHO 3KCNEPUMMEHTAJIBHO, CKOJIb3-
KOCTh Jibja OOycjioBJieHa O0pa3oBaHMEM B IUIOCKOCTH CKOJIbXEHHS
XHIKOW CMa3Ki TpU NPEBPALIEHUH B TEIUIOTY padoThl NpeomoJieBa-
IOHIMX TPEHWE [BUXKYIIHMX CHIIL.

3nak Tepmo,unnamnqeckou TeMINEePaTYpbl. JI. 1. Jlannay
u E. M. Jlubmwmn* npuBenu roOONBITHOE [0Ka3aTeNbCTBO TOrO,
4TO TepMOAMHAMH4eckass Temmnepatrypa 71 MoOxer OBbITh TOJIBKO
noJyioxurtenbHo ¥ 4to mpu T<0 K Ob110 OB BOOOIIE HEBO3MOXHO
CYLLIECTBOBaHHE DAaBHOBECHBIX Tei. [IpuBeneM 3TO [OKa3aTeJIbCTBO.

«Pa3genuM Teno Ha 0OJIBIIOE YHCIO MajbiX (HO MaKpOCKOMHYEC-
Kux) 4acreit, m myctb M,, E,, P, 0003Ha4aroT MacCy, JHEPrHUIO
¥ MMIYJIbC @-# 4acTh. DHTpONHs S, KaXIOH 4YacTH ecthb (yHKuus
e¢ BHYTPEHHEH OHEpIHH, T. €. PasHOCTH MEXy ee MOJIHOR 3Hepruet
E, W XuHeTH4eCKOM »sueprued P2/(2M,) ee MaKpOCKOUHYECKOTO
JBUkeHds. [103TOMY MOJIHYIO SHTPONHMIO Tejla MOXHO HamucaTh B BUZE

S=Y S, [E.— P2/(2M.)]. (1)

IMpenmonoxuM, 4TO TEJO 3aMKHYTO. Toraa Hapsay ¢ SHepruei
COXPaHSAIOTCS TOJHBIA HMIYNbC U TOJIHBIH MOMEHT HMIYJIbCAa TeJa:

Y P,=const, Y [r,, P,]=const, )

Ti€ r,— paJuyChI-BEKTOpBI 4acTedl Tenma. B cocrosHMM paBHOBecHs
MoJIHAas JHTpomUs S Teia Kak (YHKIMS HMIyJbcoB P, uMeer
MakCHMyM TIpH [ONOJHUTENbHBIX YCIOBHAX (2)».

Hdanee, cienys M3BECTHOMY METONY HEOMNPENEIEHHBIX MHOXHTENEH
Jlarpanxa, HaxomaTcs HEOOXOOUMBbIE W [TOCTATOYHbIE YCJIOBUS Mak-
CUMyMa JSHTPONMHM KaK (YHKIUM HMIYJbCOB M J[ENIaeTcsl BechbMa

9 * Cm.: Jlanpay JI. J., Judgwmu E. M. Cratucruveckas ¢usuka. 4.1, § 10. M.,
1976.
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Ba)XHOE 3aKJIIOYECHHE O TOM, YTO TEMIEpAaTypa MOXET OBbIThb TOJIBKO
nonoxurenbuol: T>0 K.

Kak BUAHO W3 H3JI0XEHHOTO, J10Ka3aTelbCTBO MOJIOXUTEIBHOIO
3Haka TEPMOJMHAMHMYECKON TeMIepaTypbl OCHOBBLIBAETCS Ha IOJIOXKeE-
HAM O TOM, YTO B COCTOSIHUU PaBHOBECHS SHTPONHUS 3aMKHYTOTO
Tena MakcuMasbHa. OJHAKO 3TO MOJIOXKEHUE CIEeNyeT U3 BTOPOTO
Hayajla TepMOOMHAMMKM npHu mnpenmnoyioxenun 71 >0 K. Takum 00-
pa3oM, CTpOro [OKa3aHO TO, YTO NPEANOJIOXEHO!

B camoM pene, U3 BTOpPOro Haualia JJisi HEPABHOBECHBIX NPOIECCOB
B 3aMKHYTO# cucTeMe uMmeeM (cM. § 17)

TdS>0,

otkyaa npu 7>0 K nonyyaem dS>0; cienoBatensHo, B COCTOSIHUH
paBHOBECHs 3aMKHYTOH CHCTEMBI €€ 3HTponud MakcuMasnbHa. Ilosaras
ke T<0 K, momy4yaeM, 4TO B COCTOSSHMHM PaBHOBECHS 3aMKHYTOM
CHCTEMBI ee JHTpomus MUHMMaibHa. Kax moka3zano B § 14, 3aKOHBI
TEPMOOUHAMUKUA HE OMNPENENSIFOT 3HAKa TEPMOJMHAMMYECKOH TeEM-
MepaTypsl ¥ JIMUIL YCTAaHABJMBAIOT, YTO NPU PaBHOBECHBIX HpOLECCAX
3Hak T He wu3Mensiercs. Kako#t 3Hak crnenyer B3ATh s 1T —
MOJIOXUTENBHBIM WM OTPHUUATENbHBIN,—3TO BONPOC COIJIAILCHUS.

§ 46. IAPAJOKC T'MBBCA. NBMEHEHHE SHTPOIINU
MPU HEPABHOBECHBIX IPOLIECCAX

ITapapoke I'n66ca. B pabote «O paBHOBECHMM Te€TEpOTEHHBIX BELLECTBY»
I'mb6c moxasan, 4To BO3pacTaHWe JIHTPOIMH, BHI3BAHHOE CMELICHHEM
pasHOro poja Ta30B MpH MOCTOSHHBIX TEMUEpAaType W [JaBJICHHH,
HE 3aBHCHT OT NPHPOJBI 3THX a30B (OKa OHU pa3Hbie, MONYEPKHBAI
['u66c!), B TO Bpems Kak CMEILEHHE JBYX MacC OJHOTO W TOro
e rasa He BBI3BIBACT BO3pacTaHMs JHTponuH. TakuM oOpasoM,
IPU NIEPEXosie OT CMECH CKOJIb YTOJHO OJIM3KHX MO CBOMM CBOHCTBAM
W pa3leNuMbIX U3 3TOH CMECH KJIACCHYECKHX HIeaJbHBIX TIa30B
K CMECH OJIMHAKOBBIX ra30B M3MEHEHHE SHTPOIHMU HCHBITHIBAET CKAUYOK

AS=2Nn2, 9.2)

rae k—mocrosHHas bojbiMaHa, N—4UCIIO aTOMOB KaXaoro wus
cMenmBaeMbix ra3oB [cMm. (3.46)].

B 3TOoM ckauke 3HTpoOnMM CMEILEHHs U COCTOMT napadokc I'ubbca
no I'uGO6cy.

Opnnako MHOTHE aBTOphI Bompekd I'mOOCY mapajnoxCcoM Ha3biBalOT
HE OJTOT CKauOK M3MEHEHMs JHTPONHH, a He CYLIECTBYIOIEe
B IEHCTBUTEILHOCTH BO3PAaCTAaHHE SHTPOIMH TNpPH CMEIEHHH OJUHA-
KOBBIX Ta30B, KOTOpPO€ BO3HUKAET MpPH ITHX BBIYMCJICHHSX, €CJIH
HCIIOJIb30BAaTh BBIPAXKEHHUE ISl SHTponuH v=N/N, MOJieil UneaabHOro
raza B obvemMe V B Buue

S=v(CyInT+RIn V+S,) 9.3)
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M CUMTaTh S HE 3aBUCAIIMM OT Vv (WM OT N=VN,). JelcTBUTEIbLHO,
ucnons3ys (9.3), mojydyaem, 4YTO 3HTPONMS 1O CMEIUEHHS ABYX
HOpuMil OJHOTO M TOrO Xe ra3a mo v Moiueil B obbemax V paBHa

S[ =2v (CV InT+RInV+ So),
a MocJie CMEILEHNs, KOria Bech ra3 u3 2v MoJieid 3aHuMaeT oobeM 2V,
Su =2v (CV InT+RIn2V+ So)

CJ'ICL[OB&TCJIBHO, BO3paCTaHHE€ J3HTPONHMH IpA CMCHICHHU OJWHaA-
KOBBIX Ta30B NPHU IOCTOAHHBIX TEMIIEpATYpE M OABJICHUA pPaBHO

AS= S" —"Sl =2kNlIn2. (9.4)

Bripaxenus (9.4) u (9.2) coBnmamaroT M, NMO-BUAMMOMY, Ha 3TOM
OCHOBaHHMH pe3ysbTaT (9.4) ommO0OYHO TaKke HAa3bIBAIOT HAPAOOKCOM
T'u66ca®. Ho Taxoi mapanokc I'ub6ca B neHCTBUTENBHOCTH SIBJISETCS
HEJOpa3yMEHUEM, KOTOpOE€ YCTPAaHSETCH, €CIM Ui SHTPONMH Hje-
aJbHOrO Tra3a WCHOJIB30BaTh MpaBUiibHOE BbipaxceHue (3.40), a He
HeBepHoe (9.3). Ilapamokc I'mO6ca (9.2) ocraeTcs W HpPH KCHOJb-
30BaHUM BbIpaxeHus (3.40) mis SHTPONMM HAEAJBHOTO rasa.

Huorpa npu obcyxnennu napanokca I'm66ca momyckaercs M npy-
roe HemopasymeHue. IIpu HCONB30BAaHMH INPABWJIBHOTO BBIPAXKEHUS
(3.40) nna sHTpONMMM ra3a NPEAINONAraeTcs, 4TO Tak KakK, COTJIACHO
(3.42), sHTpONHS CMeIIEHWS HE 3aBHCHUT OT pas3jiMids MEXIy ra3aMu,
TO BO3pacTaHUE SHTPONUM JIOJDKHO HMMETh MECTO M INPH CMEIICHHH
OJMHAKOBBIX Ta30B M «3TO OOCTOSATENBCTBO HA3BIBAECTCS MapagoOKCOM
I'u66can**), Takoe moHMMaHuwe napamokca I'mGOca Taxke HEBEPHO,
Tak Kak ¢popmyiny (3.42) Hesnb3si NPUMEHATH K CMELICHHIO OJMHAKOBBIX
razoB (cMm. § 16).

BerpeuaroTest ¥ Takue u3jioxeHus mapagokca ['m66ca, B KOTOpbIX
XOTd H OTMevaeTcs, uto ¢opmyna (3.42) HenpuMeHMMa IS
CMEIIECHUS] TOXIECTBEHHbIX TIa30B, HO TE€M HE MEHEE C IIOMOIIbIO
9TOH (GOpPMYJIbI BBIYHCISETCS BO3pAaCTaHWE JHTPONHMU CHUCTEMBI NpH
CMEILIEHUN TOX/ECTBEHHbIX Ta30B W YTBEPXKIAETCH, YTO JHTPONHUS
BO3pOCJa, a COCTOSIHME CHCTEMBbI HE M3MEHMJIOCh. B 3TOM M cocrout
napagokc I'm6Gca***),

M3meHenne JHTPONMH NPH HEPABHOBECHBIX mpomeccax. B oxHo# u3
craTeil Mo TepMOJWHAMMKE [OKa3bIBAaeTCs, OYATO M NIPH HEKOTOPHIX
HEpaBHOBECHBIX mponeccax dS=0(Q,,/T, Tak 4YTO HEpaBEHCTBO

ds >8%j’” HE BCerna CrpaBeJIuBO.

IMycTh HEKOTOpPOW CHCTEME NpPH NOCTOSHHOM 00BeMe coolIaercs
ONHO W TO X€ KOJMYECTBO TEIUIOTHl MEPBBI pa3 pPaBHOBECHO,

* Kmumontosuy ¥0. JI. Cratucruueckas ¢musuxa. M., 1982. C.93.
**) Auceabm A. M. OCHOBbBI CTATHCTHYECKOH (HM3MKM M TepMOAMHAMHMKH, M., 1973,
*+%) Cwm.: Cusyxun [, B. O6mmit kypc ¢usuku. TepMoauHaMuka ¥ MOEKyNsipHas
¢u3uka. M., 1979.
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a BTOpoH pa3 HepaBHOBecHO. Tak kak pabora B oboux ciy4asx
paBHa Hymo, To dU=0Q,,=00=TdS, oTkyna

_80.
ds="Ee 9.5)

U, CJIeAOBAaTEJIbHO, HEPaBEHCTBO dS>8—QT“l’ HE BCErga CrpaBeIJIUBO.
B »s3TOoM joka3aTeNbCTBE NIPEANOJIAraeTcsi, 4YTO €CJId CHCTEMa
pPaBHOBECHO Nepeluia U3 cOCTOsHUS | B cocTosiHMe 2 6e3 coBepIieHUs
pabotsl (3 W=0), TO OHa MOXET M HEpPaBHOBECHO mepeiiTy u3 / B 2, He
coBepas pabotsl (8 Wy, =0). DTo npennosioxeHue ommbOYHO, Tak Kak
NPOTUBOPEYUT BTOPOMY Hayajly TepMOAUHAMUKH (cM. § 17). Koneunbie
COCTOSIHHSI TPH DPAacCMaTPHBAEMBIX DPABHOBECHOM H HEPaBHOBECHOM
npoleccax pasHble, u eci npu 0 W =0 dS u 8Q oTHOCATCS K mepexoay
cucTeMbl M3 cocTosHUs | u 2, To npu OW,,=0 80,, OTHOCHTCS
K Tepexoay CHUCTEMBI M3 COCTOSHHS [ B COCTOSIHHE f, KOTOpOMY
8an
T b
M 3TO HEPaBEHCTBO HE NPOTUBOPEYUT PaBEHCTBY (9.5), MOCKOJIbKY B HEM
8Q,, HE OTHOCHTCS K INEpPeXoqy CHCTeMbl M3 cocTostHus / B 2.

COOTBETCTBYET M3MeHeHue sHTpormH dS’. ITo BTopomy Hayany, dS’'>

§ 47. O NIOCTPOEHMN TEPMOJWHAMMKHU
HA OCHOBE IIEPBOro HAYAJIA

B onHOM HW3 KHAT NO TepMOAMHAMHUKE® NpEANpPUHATA MONBITKA
«MaTEeMaTHYECKOTO H3JIOKCHHUS HOBOH CHCTEMbI TEPMOJAMHAMUKMY,
B OCHOBE KOTOPOH «JIEXHT M€ O NOJHOW TOXIECTBEHHOCTH (HopMm
NPEICTaBJICHUsS BCEX DPAaBHOBECHBIX B3aMMOJEHCTBHIA HE3aBUCHMO OT
UX ponxa». ITO O3HA4YaeT, 4TO €CJIH CHUCTeMa B3aUMOMIEHCTBYET
C OKpyXaromeu cpenoy uepe3 n BO3IAEHCTBHH pa3HOro poaa M Kax-
JOMYy BO3ACHCTBHIO OTBEYaeT CBOsS KOOpJMHATA X; U CBOsS CHja
X; (i=1, 2, ..., n) U ecm B pe3yJibTaTe B3aUMOJECHCTBHUS CHCTEMBI
€O Cpeno¥ NpoM30LIJIO U3MEHEHHE KOOpIUHATHI X; Ha dX;, BCJEACTBHE
yero Obula cOBepIeHa 3jeMeHTapHas paborta

) Wi= Xi dxi, (9.6)

TO 3Ta paboTa (B3sATast ¢ OOpPAaTHHIM 3HAKOM) NPUHHAMAETCS 33 MeEpY
moboro BO3HEHCTBHS cpeabl Ha CHCTeMy. B ciyYae TemioBoro
BO3/ICHCTBUS MEpOH ero OyaeT KOJMYECTBO TEIIOTHI 00, KOTOpOe,
corsacio (9.6), paBHO

$Q=TdS, ©.7)

Iic TEIUIOBOM CHJION siBisieTCs TeMmepatypa 71, a TemioBo# Koop-
JUHATON — 3HTpomnus S.

* Cm.: JleonoBa B. ®. Tepmomunamuka. M., 1968.
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W3smenenne BHyTpenHe# sHepruu dU cuctemMbl Npu ee B3auMOIEH-
CTBUM CO Cpeloi paBHO CyYMME KOJIMYECTB BCEX BO3IEUCTBUIL:

dU=30—3W, 9.8)

YTO MpeACTaBISeT COOOH ypaBHEHHE NMEPBOro Hayajia TePMOTUHAMMKU
B ero oObryHOM (opme. CnemoBaTeNbHO, CYyLIECTBOBaHHE (DYHKIHU
COCTOSIHUSI (KOOPAMHATHI) 3HTPONNM S, YCTaHABIMBAEMOE YpaBHEHUEM
(9.7), y BcsAkoO#l paBHOBECHOM CHCTEMBI, COTJIACHO YKa3aHHOW KHUTE,
HENOCPEICTBEHHO CJIEAyeT U3 TOXJIECTBEHHOCTH (GOPM MpENCTaBJICHUS
BCEX PpaBHOBECHBIX B3aMMOJCHCTBMI HE3aBHCMMO OT HUX poaa 0e3
MCNOJIL30BAHUST BTOPOTO Hayaja Iyisi PaBHOBECHBIX MPOIECCOB, YpaB-
HEHHEM KOTOpOro, Kak u3BecTHO, sBisercs (9.7). OcHoOBbIBasSch Ha
ypaBHeruu (9.7), cipaBeJIMBOM TOJIBKO IJisi pABHOBECHBIX MPOIIECCOB,
B KHHMIC [IOKa3bIBAa€TCsl TaKXe€, YTO HEPAaBHOBECHBIH TemI00OMeH
B M30JIHPOBAHHOM CUCTEME BCEr[la CONPOBOXKIAETCS POCTOM 3HTPOIMUM.
ITpu 3TOM CcyMUTaeTcs, 4TO TaKOW pe3yJIbTAaT NMOJYYeH Oe3 MpHBJICUCHUS
BTOPOTO Hayaja TEPMOAWHAMUKU JJIi HEPAaBHOBECHBIX MPOLIECCOB
U SBJSIETCS 4YacTHBIM ciyyaem oOIed TeHISHUUM HepaBHOBECHBIX
B3aMMOJCHCTBUN B M30JIMPOBAHHBIX CHCTEMAX.

Taxum oO0pa3oM, oOka3pIBaeTCs, YTO TNPH MCCIAECIOBAHUH TEPMO-
JVUHAMMYECKMX CBOWCTB CHUCTEM BTOPOE€ HA4Yaji0 HE HYXHO B MOJHOM
o0beMe U OCHOBHBIM 33aKOHOM TEPMOJMHAMHUKM SIBJSETCS TOJBKO
nepBoe Hauano (9.8). Takoe mOCTpOeHWE TEPMOIMHAMUKY SBJIAETCS
OIINOOYHBIM.

Nnes o TOXOECTBEHHOCTH (POPM MNpPENCTAaBJIEHUS KOJIMYECTBEHHBIX
MEp BCEX pPaBHOBECHBIX B3aMMOJEHCTBUI HE3aBUCUMO OT MX poja,
HECMOTpSI Ha €€ MPaBHJILHOCTb, HE BCKPHIBAET OOBEKTUBHO CYIIECT-
BYIOLIETO IJIyOOKOTO Ka4yeCTBEHHOIO OTJIMYHS TEIIOThl OT paboThl,
KOTOpPOE MMEET NPHHIMNMAJILHOE 3HAuYeHUE (XapakTepusys creuuduky
TEIUIOBOTO IBHXXEHUS) M KOTOPOE YCTAHABJIMBAET BTOPOE HA4ajio
TepMOIMHAMUKM. B camom gene, B TO Bpemsi Kak KOJMYECTBO
TETUIOBOrO BO3JEHCTBUS () HUKAKUM CIOCOOOM HeJib3sl NPEBPATHTH
B MeEXaHW4ecKyro pabory Oe3 Opyrux wu3MeHeHW# (KOMIEHCaIumii),
KOJIMYeCTBA JAPYIMX BO3AEHCTBUN MOTYyT mpeBpamiatecs B paboTy
6e3 momoOHBIX oOrpaHudYeHH#l. DTO NPUBOAUT K TOMY, HYTO, B TO
BpeMs KaK KOJIM4ECTBO TEIUIOBOTO BO3JCHCTBUS () mTpeBpaiaercs
B MEXaHWYECKyl0 paboTy mnpu 00s3aTEJILHOM I[OCpPENCTBE paboyero
TeJa, KOJIMYECTBO JIIOOOro APYroro BO3JAEHCTBUS MOXET NPEBPATUTHCS
B paboty u Oe3 pabouero Tena. Bropoe Hayano u BbIpaxaer
0cOOEHHOCTH TEIIOBOTO ABIKEHHS. Kak ke MOXKHO NMO3TOMY CTPOUTH
TepMOJMHAMUKY 0€3 SBHOro ydera 3TOH OcoOeHHOCTH, T.e. 0e3
BTOpOTO Hauyaja TepMoauHamuku? CoriacHo 3TOMy 3aKOHy, K.ILI.
TEIUIOBOI'O JBUraTeis JaXe B UIEaJbHBIX YCJIOBHSAX HE MOXET OBITh
paBeH |, B 1O BpemMs Kak B 3TUX YCJIOBMAX K.N.JX., Hampumep,
JBUTaTeNsl, NMPEBPALAIOLIEro 3JIEKTPHYECKOE BO3/EHCTBHE B MEXaHHU-
yeckyro paboTy (3nexrpoasurarenn), pases 1. Kpome Toro, pac-
cMaTpuBaeMas CUCTeMa INOCTPOCHUS TEPMOIWHAMUKM B NI€HCTBHTEINb-
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HOCTW HM B KOG Mepe He TmNO3BOJSET YCTAHOBUTH BO3PACTAHUSA
SHTPONUU W3OJIMPOBAHHON CUCTEMbI, B KOTOPOH NPOTEKAET HEpaB-
HOBECHKIH TermiooOMeH. B kHuUre 3TOT pe3ysnbraT mmoJIyueH HEe Ha
OCHORE HOJIOXKEHHUS O TOX/IECTBEHHOCTHU MPE/ICTAaBJIEHHsI BCEX PABHOBEC-
HbIX B3aMMONEHCTBHH, a NMPH MOJIMAJMBOM HCMOJIL30BAHHH BTOPOTO
Havajla TepPMOIVHAMMKH, YTO BWIHO W3 MPUBEICHHOIO B KHHUTE
JI0Ka3aTeJbCTBa.

[TycTts umeroTcs ABa Tena ¢ temnepatrypamu 1; u T,. JlomycTum,
yro T;>T,. Ilpu 3neMeHTapHOM akTe TenjaooOMeHa Teno / OTHaeT,
a Texo 2 mOJydaeT KOJMYECTBO TemwioThl 00. B pesynsrarte
mpousoineT M3MeHenne suTponwn Ten: dS; <0, dS,>0. KonwyectBo
TewIoTh 0Q, KOTOPHIM OOMEHSUTHCH Tejla, MOXHO BBIYHMCIHTH Hepe3
napameTpbl 3tux Tem: —90Q=T,dS; u 8Q=T,dS,, orkysa
TldS1='—'T2dS2 I TlldS1|=T2dS2 u dS2=(T1/T2)|dS1 l Tax
kak, no ycnosuto, 1y>T,, 1o T,/Th,>1 n

ds,>|ds; |. ©.9)

W3menenue dHTponuH dS CHCTEMBI DaBHO CyMMe W3MEHEHHd
SHTPONMH Te: = ;. YuntbiBas (9.9), nonyyaem
P dS=dS,;+dS,. Yyurn 9.9 ae

dS=>0, (9.10)

T. €. JHTPONUS W3OJIMPOBAHHOW CUCTEMBbI, B KOTOpPOH TpPOTEKAeT
HEpAaBHOBECHbIH TEIIOOOMEH, BCeria BO3pacTaeT.

DTOT BBIBOJA TOJIYYEH OpU NOMYLUEHWM, 4YTO TEioTa cama coboit
NEePEXOOUT OT TOPsAYEero Teja K XoJoAHoMy (omHa W3 (pOPMYJIMPOBOK
pToporo mauasa). Ilpm obGpatHOM mnpeamonoxennd mis dS mnoiy-
YH0CH OBl HEPABEHCTBO CO 3HAKOM, obpaTHuIM (9.10).

§ 48. YCTONUYMBBI JIU COCTOSHUS C OTPHUATEJBHOWM
TEPMOJUHAMMUYECKON TEMITEPATYPON?

bonee 40 ser Hasag B pe3yiabTaTe W3y4eHUs MapaMarHUTHOH
pejlakcauMd B KpUCTaJUlaX ObLIO YCTAaHOBIEHO, YTO BO MHOTHX
Clly4asix COBOKYIHOCTb CIIMHOBBIX MOMEHTOB MOXHO BBIICJIUTH B OT-
JEIbHYI0, HE 001aalollyl0 IPOCTPAaHCTBEHHBIMH CTENEHSIMH CBOOOIBI
TEPMOJUHAMHUYECKYIO CHCTEMY, XapaKTepU3YIOLIYIOCS TeMIEpaTypoi,
OTJIMYHON OT TeMmepaTypbl obpasia. OCOOEHHOCTHIO 3TOW CHHHOBOM
CHCTEMBI SIBJISIETCSI OTPAHHYEHHOCTh CMEKTPa, YTO NPHBOIUT K BO3-
MOXHOCTH HAaXOXICHUS €€ KaK B PaBHOBECHBIX COCTOSHMSAX C TO-
JIOKMTEJIbHOH, TaK M B PABHOBECHBIX COCTOSIHHSIX C OTpPHUATENIbHOM
TEPMOJAMHAMHUYECKOH TeMmnepaTypoil (cM. ri. 7).

Tak xak TepMOAMHAMMKA OINpEleNiseT TEMIepatypy JHMIIb
IUIs  TEpMOAVHAMHMYECKH DPAaBHOBECHBIX CHCTEM, TO OJTO IIOHSITHE
NMPUMEHUMO H K YKa3aHHBIM pAaBHOBECHBIM COCTOSHHSM CIHHOBOM
cuctembl. OOHakKO BO MHOTMX KHATaXx 1O TEPMOIMHAMHUKE
M MOJIEKYJSpHOH  ¢Qu3MKe MOXHO  BCTPETHTH  BBICKAa3bIBaHWS
O TOM, YTO COCTOSHHMS C OTPHUATEJBHBIMH TEMIIEpaTypaMu — 3TO
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TEPMOJUHAMHYECKH HEPABHOBECHbIE U HEYCTOHYMBBIE COCTQSHHS,
[OHATHE TEMIIEPATYpbl K HHUM HENPUMEHHMO H TakKHe COCTOSHHUS
Ui, GOpMaNbHO MOTYT  XapakTepU30BaThCsl KaK  COGTOSHHSA
C OTpHMUATENbHONM TeMIepaTypoi®™. VTBepxkHaercs, HaIpUMED,
YTO VI BCEX pEaIbHO CYIIECTBYIOIIMX CHCTEM  COCTOSHHS
C OTpHUIATENILHBIMH TEMIIEpaTypaMH, CTPOTO TOBOpS, SBJISIOTCH
JIUIb  METAacTaOMIBHBIMH, a HE PpaBHOBECHHIMU. B camom
JieJie, COCTOSIHAE CHCTEMbl CIMHOB C MAarHUTHBIMH MOMEHTAMH,
OpUEHTHUPOBAHHBIMU INIPOTHUB MOJIS, HEYCTOWYMBO, TaK Kak obnamaer
U30BITKOM JHEPrMH. 3a XapakTepHOE BpeMs Nepelaud dSHEPruu
OT CNIIMHOBBIX CTeNeHe# CBOOOABI K BpaIIATENIbHBIM U KOJIeOaTEIbHBIM
CTENEHSM CBOOOABI OHO paspylIMTCs W MEepedIeT B COCTOSHHE
C TOJIOXKUTENbHOMN TCMHepaT)}’pOf/'I, nepenaB U30BITOK  3HEPIHH
IPYTUM CTENeHsM CBOOOIBI*¥).

TepMoauHamMuKka CHCTEM C OTPHLATENBHBIMH TEMIEpaTypaMu
U3NIOKEHa B . 7. M3 3TOH rJaBbl MOXHO 3aKJIIOYUTh, 4YTO BCE
BBILICNIPUBEACHHBIE YTBEPXKIACHUS O CHUCTEMax C OTPHUIATEJILHBIMU
TeMunepaTypaMu omm60oyHbl. CIMHOBBIE COCTOSIHUS C OTPHUIATEIbHBIMU
TEMIEPATYpAMU —3TO DPABHOBECHBIE COCTOSIHHS, M MO3TOMY K HHUM
IPUMEHUMO TEPMOIMHAMMYECKOE NMOHATHE Temmepatypbl. COCTOSHHUS
9TH SBJISIOTCS YCTOHYMBBIMHM, HO B OTJIMYHE OT OOBIYHBIX CHCTEM
WX YCTOMYMBOCTH XapakTepU3yercss HE MHUHAMYMOM BHYTpEHHe#
9HepruM W 3Heprum [mb66ca, a MakcUMyMOM O3THX GYHKIHMH (CM.
§ 34). Uro xacaercs TOro, 4YTO CHCTEMBI C OTPHUIATENBHOH TEM-
HepaTypoil OCTHIHYT NPU KOHTAKTE C TeJIaMH, UMEIOIIMMH MOJIOXH-
TEJIbHYIO TeMmepaTtypy, 10 Teno ¢ t=10° C ToXe OCTBIHET TpH
KOHTAaKT€ C TEPMOCTATOM, HUMeIOIMM Ttemmeparypy t=5° C, ogHako
3TO HE O3Hayaer, 4YTO MEpPBOHAYAJIbHOE COCTOSHHE Tejla ObUIO
HEPABHOBECHBIM M HEYCTOMYMBHIM. Temnbli BO3AyX B 3aKpBITOM
KOMHAaTe 3MMOH TOXE OCTBIHET 4Y€pe3 XapaKTepHOE BpEMS TEILIO-
nepeauy Yepe3 CTEHbI, XOTS COCTOSIHME BO3AyXa BCEe BpeMsi paBHOBEC-
HO M ycToiunBo. COCTOSIHMS C OTPUIATENILHOW TeMIEpaTypoll Hejb3s
HpeACTaBNATh ceOe Kak COCTOSIHMS BOOHOTO pacTBOpa COJIM B CTakaHe
B IIEpBbIC CEKYHIbI IIOCJIE €r0 NEPEBOPAYMBAHUS BBEPX OHOM, KOraa
IUIOTHOCTb pacTBOpa BBEpXY OoJibllie, YEM BHH3Y, U CHCTEMa HMEET
U30BITOK MEXaHMYECKOH SHEPrHH, MEepexolslleil co BpeMEHEM B JHEp-
THIO TEIUIOBOro [BWxeHHs. I[lpm oTpHuarenbHoOi TteMmeparype (CM.
§ 33) B cucremMe MOryT OBbITh NPOBEICHbI pa3JIMYHBIE OOpaTUMBbIE
NPOIIECChI, 4Y€ro NPHHUMNUAJILHO HeNb3s ObUI0 OBl cHenath IpH
HEPaBHOBECHOM COCTOSIHUM CHCTEMBI.

IToMMMO nEpeYNCICHHBIX BBIIIE HEBEPHBIX YTBEPXKACHUH O CO-
CTOSIHUSIX C OTPHLATEJIbHON TEMIIEpPATypOd MOKa3bIBAETCS TAKXKe, YTO
TEPMOJNHAMHUYECKHE TEMIEPATYphl HE MOTYT OTJIMYATBCA 3HAKOM,

* Cum.: Kuxoun A. K., Kuxoun M. K. Mornekynapuas ¢uspka M., 1976. § 94.
** Pymep 10. B., Puskan M. [I. TepMoauHaMuka, craTUcTHYecKas GU3MKA U KH-
Hetuka. M., 1977. § 67.
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[O3TOMY €CJIH INpPHHATA IOJIOKHUTEJbHAS TEMIEpaTypa Kakoro-iubo
COCTOS\HHSI NPOM3BOJILHOTO Teja (HalpuMmep, TeMIepatypa TpOWHOH
TOYKH BOJBI, IO ompeAeneHuto, paBHa 273,16 K), To repmoaunammyec-
Kas Temrepatypa He MOXET NPWHHMATh OTPHIATEJIbHBIX 3HAYECHWI.
BoT 3TO I0Ka3aTenbCTBO™).

JonygTuM, 4YTO CYIIECTBYET TeJo, TEPMOAMHAMHYECKAs] TEM-
nepatypa T, koroporo otpunarenbHa: 7T,<0 K. Hcnomb3yem 310
TEJIO B KayecTBE XOJIOAWIbHMKA B TemioBod MammHe KapHo.
B xavecTBe HarpeBaTesis BeIOEpeM Tejio, Temuepatrypa 71; KOTOpoOro
nonoxurenbHa: 7T,>0 K. Ilycte B mpomecce KapHo HarpeBarenb
oTAan Koju4yectBO TemwioThl @ >0. Toraa XOJOOWJIBHUK MOJIYy4HI
KoJsmyecTBO Temwnothl Q,=T,0,/T;.

Tak xak, mo mpeanosioxenuto, T,/T; <0, To Q,<0. D10 3HAuMT,
4TO B MJCHCTBUTENILHOCTH TEIUIONPHEMHMK HE IOJY4YHJ, a OTHal
temwoTy — Q,=| Q,|. B pe3ynbraTe umkia nmpou3BedCHA MOJIOKUTENb-
Has pabora W=Q;—0,=0:+|Q.|. byrem paccMaTtpuBaTh TEII00T-
JaTYAK U TEIUIONPUEMHUK KaK OJWH TEIUIOBOH pe3epByap. EmMHCT-
BEHHBII pe3yJabTaT KpyroBoro mnpomecca KapHO cocTOMT B TOM, 4TO
Takod TemnoBOd pe3epByap otaan Ttemwioty Q.+ |Q,|, 3a cuer
KOTOpO# mnpou3BeAeHa OJKBHBajJeHTHas pabora W=Q;+|Q,|. Ho
3TO TNPOTHBOPEYUT BTOPOMY - HAYajJy TEPMOAMHAMUKH, IIOITOMY
npeanosioxenne T, <0 K—HenpaBuibHOe: mepmoounamuueckas mem-
nepamypa He Mmoxcem OblMb OMPUYAMEAbHOL.

YtoObl sicHee Obula BHIHA OLIMOOYHOCTH 3TOrO JOKA3aTeJbCTBA,
Mbl pa3bepeM BHauajie 3afauy 3JoMMmepdesibla, NPUBEACHHYIO Ha
c. 87. PaccmorpuMm mukin KapHo ¢ Bomoit B kauectBe pabouero
tena. Temmepatypbl TEIUIOOTAATYMKA W TEIUIONPUEMHHMKA PaBHBI
cootBeTcTBeHHO 6 U 2 °C: mpu 6 °C Boaa HM30TEPMHYECKH DACIIHPS-
ercs, a npu 2 °C—wu30TepMHUUECKH CKUMaeTcs. Beneacrsue aHomasb-
HOTO TIOBEIEHMS BoIbl, kKorga t<4 °C, npu obeux Ttemmeparypax
Oymer NOMBOAMTBCS TEIUIOTa M TOJHOCTBIO IPEBPAINATBCI B IK-
BHUBAJICHTHYIO paboTy, YTO HAXOAUTCH B NPOTHUBOPEYHH CO BTOPHIM
HayajioM. B wem peno?

Bpsim 1M KOMy-HHOYOb NPHAET MBICIB, YTO BO3HMKIIEE IIPOTH-
BOpEYME YyKa3blBa€T HA HEBO3MOXHOCTb PaBHOBECHOTO COCTOSIHHSA
Boasl npu 2 °C. Kak BuaHO 3 pemenus 3T1oi 3amaum (cMm. c. 311),
NPOTHBOPEYUE CO BTOPHIM HAYaJioOM BO3HUKIO U3-32 TOIO, YTO
paccMatpuBaembiii muka KapHo HEBO3MOXEH, Tak Kak Uil BOIbBI
HE CymecTByeT ajauabarel, coeduHstomeit wu3orepmsl ¢, =6 °C
54 t2=2 °C.

AHanoruysas cutyanus oOHapYXHBAeTCs U B NPHUBEACHHOM BBIIIE
JI0KAa3aTeJIbCTBE HEBO3MOXXHOCTH OTPHUIATENLHOW TEPMOIAUHAMUYECKON
TeMnepaTtyphl. PaccMaTtpuBaeMbiii B 3TOM [IOKa3aTEJIbCTBE  IIMKJI

* Cm.. Cusyxmu [, B. O6umii kypc dusuku. TepMoaMHAMMKA M MOJEKYApHas
du3uka. M., 1979. § 31.
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KapHo HeBO3MOXeH, Tak Kak HE CYILUECTBYET pPABHOBECHOTO d]lH-
abaTHOrO Iiepexo/ia MeXAy COCTOSHMSIMH C OTPULATEIbHOH U TIIO-
JIOKUTENLHOW TemnepatypaMu (cM. § 32).

9.1.

9.2

9.3.

9.4.

3AJAYHN
Ha ocHOBaHMM mNeEpBOro M BTOPOro Hayald TePMOJHMHAMHKH

0Q0=CydT+T B_p dar.
oT )y

IToyemy owmboyeH MdegaeMblii OTCIHONA BHIBOA O TOM, YTO H30TEPMUYECKHE
npoueccel npu 7=0 K Bcerma mpoumcxoasat 6e3 temnmoobmena (8Q=0) u uro
U3 MEpBOTO W BTOPOro Hayas OJHO3HAYHO CjlejiyeT COBMAJiCHUE HYJIEBOH M30TEPMBI
¢ aamabaTtoi?
CoBnajeHue HyjleBOH u30TepMbl € aimabatoif cicAyeT M3 TPETbEro Hayana
TepMOJWHAMUKM, €r0 HeNb3s AOKa3aTh Ha OCHOBE TEPBOr0 W BTOPOTro Hayaj.
OpHAako B HEKOTOPHIX paboTax 3TO «IOKa3bIBaeTCs». YKa3aTh OLIMOKY B OJHOM
U3 TaKuX JOKa3zaTensCTB*: wuzobpasum B S, T-koopauHATax wusoTepmy AB
(puc. 29) u ycrpemum ee k ocu oHTponuu. Torga 8Q — 0. CrneaoBatesibHO, Mbi,
HHMYEro He 3Has O TPeTheM Hawaje, nosayuuM, uto 30 —»0 mpu T-0K.
Mo coBpEMEHHBIM TIPE/ICTABICHUSM, TEIIOEMKOCTh Cp B KPUTHYCCKOHM TOYKe
XKUOKOCTh — Map paBHa GeckoHeyHOCTH. TepMoamHaMuka gomyckaer kak CyP=oo,
Tak U CypP=const (cM. § 62). Omnako B 1978—1980 rr. ObuTM OmMyGIMKOBAHBI
CTaTbH, B KOTOPBIX AOKA3bIBAJOCh, 4TO AonyllueHune CyP=00 NPUBOIUT K Hapyiie-
HHIO TIEPBOTO Hayaja TEPMOAMHAMMKA B KPUTHYECKOM TOUKE U MOITOMY
NPHHIMIHATLHO HEBO3MOXHO*®. BoT 3T0 a0Ka3aTenscTBO: «M3BECTHO, YTO
YCJIOBHEM YAOBJIETBOPEHUS NIEPBOTO Hayasa sBJAETCS PABEHCTBO eNUHHULE AKOOHAHA
npeobpasoBanns D=0 (p, V)/o(T, S), nockonbxy u3 $dU=§TdS—§pd¥V=0 mno-
ayvaem $TdS=§pdV u, cneposatensHo,

$pdV_a(p. V)
$TdS "~ 3(T, S)

B COOTBETCTBHH C T[EOMETPUYECKHM CMbICIOM fAkobuaHa Kkak KoddoduuueHta
HW3MEHEHHUd 3JIEMEHTAPHLIX TUIOLAAOK NpH nepexone oT p, V- x T, S-koopAuHAaTaM.
Ho ycnoBue Cy=o00 oO3Ha4aeT, 4TO KacaTeibHas K KDHTHYECKOH H30XOpe Ha
T, S-IUIOCKOCTH COBMajaeT C KacaTeJIbHOM K KpUTHYecKoi n3obape, a 310
NPUBOAMT K BBIPOXACHHIO sfKoOMaHa npeoOpa3oBaHMs, TaKk KaK 3JeMCHTapHas
TUIONIafika B BEpLIMHE NPSAMOro yrjla, o6pa3oBaHHOTO KPUTHYECKMMH H30XOpPO#
n u300apoil Ha MJIOCKOCTH p, V, ucuezaer Ha miockoctu 7, S».

IToka3aTe OMKGOYHOCTL NPHBEAEHHOrO AOKA3aTENILCTBA.

B xuure JI. Kamke, K. Kpemep «®usuueckue OCHOBBI eJUHHL[ W3MepeHus» (M.,
1980, § 9.5) moka3miBaeTcs, 4TO «npouecc KapHO He eNWHCTBEHHBIH KpYroBo#
npouecc ¢ k. nm. A n=(T,—T,)/T,. Takum >xe k. n. j. o6nagaer mnpouecc
CrupiuHra, Jexamuidi B OCHOBE BO3JYIIHOrO ABUraTeNisi ¥ ra30BOM XOJIOAWJILHOM
maiuuHbel  Dununca. B 3TOM  KpyroBoM mpollecce  MeXAY H30TEPMHYECKHM
pacuiupeHdeM npd T, ¥ H3O0TEPMHMECKUM CXaTueM INpu T, MPOUCXOAUT [Ba
H30XOPHBIX H3MEHeHHsI cOCTOsHMA. B Xome ncpBoro M3oxopHoro stama pabouee
BELUECTBO (paccMaTpuBaeTCA WIACANbHBIA ra3s), uMmeromiee obbeM V,, oxnaxaactcs
ot Ty no T,, mpu 3TOM OHO OTAAET ONpEJENIeHHOE KOJIMYeCTBO TemioThl. [lpu

* Cm.: Maciokos B. H. O Tpetnem Havane TepmomuHamuku [/ JKypH. dus.

xumun. 1971. 45. C. 2396.

**) Cwm.: Xaiipyraunos K. A. 3HavyeHue W30XODHOM TEIUIOEMKOCTH W aanabaTHOIM

CKUMAEMOCTH YHCTHIX BEMIECTB B KpuUTHYecko#l Touke//XKypH. ¢wu3. xumum. 1978.
52. C.279%4.
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9.5.

9.6.

9.7.

9.8.

oOpaTHOM wu30XOpHOM oJTame 4 —1 TO xe
€ KOJHMYECTBO TEIIOThHl mpu obbeMe
acxolyeTcs Ha HarpesaHue pabodero
pemektBa ot 7T, mo T;. B oTiauuue oOT

BOOMTCY ¥ He OTHMMAaeTcs, 3JecL TemioTa A B
OTHAeTCH ¥ 3aTeM CHoBa morJiomaercd. Kak
u B npquecce KapHo, k. m. A. ompelenseTcs l L
JIMIITD KOJIH4ECTBOM TEeIIOTHI
Q,=VRT;In(V,/V,), nornouiaeMpiM IpH Te-
mnepatype 7;, ¥ KOJHMYECTBOM TEIIOTHI
Q,=VRT,In(V,/V,), oTAaBaeMbIM IIpH TEM-

nepatype 7T, T.e. Ui HIOeaJbHOro rasa 0 5

Q 1= QZ
NCrupanura = Qz Puc. 29.

=VR(T1—Tz)ln(Vz/V1)=T1—T2= N
VRT, In(V/V) T, e

(cm. prc. 51). VkasaTb OWMOKY B NPHBEACHHOM [0KA3aTeJbCTBE.

B onHoM yye6HOM nocobuu TO CTATHCTHYECKOM (u3uke® HoKa3piBAETCH, 4TO,
B TO BpeMs KaK HpH KBa3UCTATHYECKOM aAnabaTHOM Mpolecce Mepexoja CHCTEMbI
U3 OJHOTO COCTOSIHUA B Jpyroe u3MeHeHue ee 3HTponuu dS=0, mpu HecTaTHYECKOM
aquabaTHOM Tpolecce MeEXAy TeMH e cocrosHuamu dS>0. Ilokasats, 4rO
Takoe [JOKa3aTeJdbCTBO OINMOOYHO, TaK Kak TNPOTHBOPEYUT BTOPOMY Hadamy
TEPMOAWHAMHMKH W TO3TOMY, TOJOOHO MPOEKTAM BEYHOrO JABHIraTels, ero MOXHO
He paccMaTpuBaTh B JETAJAX.

Pa3bacHUTh, TOYEMY HEBEPHO TAaKXe YTBEpXKAeHHE, COJepXaileecs B JAPYroM
yue6HOM mocO6uu**: «DuTpomusa KaxAOro Tena sBnseTCd (yHKuued ero co-
CTOSIHHS, ¥ TIOITOMY €e U3MEHEeHHe He MOXET 3aBHCEThb OT TOro, KakuMm obpa3om
KOJIMYECTBO TEIIOTHI 8Q OTBEAEHO OT Hero —o6paTuMO HIHM HeoGpaTumo».
B «®usnueckoit snmmkmoneaun» (1988. T. 1. C. 25, 26) yutaem: «[nsa uaeanbHoro
raza aamabata omucpiBaeTcs ypaBHeHuem Ilyacco Ha pF7=const, rae
y=C,/Cy— OTHOLUEHHE TEMIOEMKOCTH TNpH TOCTOSHHOM [ABJEHMH K TEMJIOEM-
KOCTH TpH TOCTOAHHOM o06beMe (1 OJHOATOMHOrO ra3a TpH OOBIYHBIX
TeMnepaTtypax y=1,67, ans AByXaTOMHOro rasza y=1 4) a ans ¢GOTOHHOro rasa
aanabaTta omuchiBaeTcs ypasHeHueM [lyaccona, rae y=*/3». Kak 9To corylacosatn
c TeM, 4To Ansd QortonHoro raza C,= o, CV—40'T3V U, ClelOBaTeNbHO, Y= 007
B «®Dusuyeckoit SHUMKJIOTE UMY (f988 T. 1. C.360) npusoauTcs cieayrowas
tdopmynuposka npunnuna Kapateogopu: «B6mu3u mo6oro COCTOAHUS TEPMOIU-
HAMHYECKOTO PABHOBECHA M CKOJIb YrOAHO OJIM3KO K HEMY CYILECTBYET COCTOSHHE,
B KOTOpOE Henb3s NONacTb NpH nomMoluu aauabaTHoro mnporeccay. Ilokasats
omnbo4YHOCTL 3TOH (opmynupoBku npuHmuna Kapateogopu.

* Kasmontosnu 0. JI. CraTuctuueckas ¢usuka. M., 1982. C. 55.

*¥ Cm. Pymep 10. B., PriBxan M. HI. Tepwo,unﬂamuxd cTaTucTHYeckast (hu3MKa

u kuHetuka. M., 1977. C. 105.




NMPUMEHEHUA
TEPMOAVWHAMUKMH

TJIABA JECSTAS

TEPMOJNHAMMUKA PA3JIMYHBIX
OM3NYECKNX CUCTEM

B 4./ npu u3noxeHuu meopemuyeckUx OCHOB
mepMogUHaAMUKU yXXxe NpuBOQUAUCL OmMAesnbHbie ee
npunoxeHusi. Tenepb Mbl NOCNegoBamesibHO pac-
cmMompumMm psg ¢husuvecku Haubosnee BaXHbIX Npu-
MeHeHU/ mepMOogUHaAMUKU NPpu U3yYeHUU CBOWCMB
pasnuy4yHbIX cucmem.

§ 49. TEPMOJANHAMMKA T'AJJbBBAHUYECKHX
N TOIUVIMBHBIX JJIEMEHTOB.
ONPEAEJEHHUE XMMHWYECKOro CPOJACTBA

VpaBuenuss ['n66ca —TI'enbmronbua (5.29) m (5.30) MoxHO mnpen-
CTaBUTH €Illé B HECKOJBKO HMHOM BHAE, BaXXHOM [UIs HNPUJIOXCHHH.

Ecnu cucrema M30TepMHMYeCKM MepexomuT M3 cocrosHus T, V,
¢ sHeprueit I'ensmrompua F,=U,+T(0F,/0T), B coctosuue T, V,
c asneprueit I'enpmronbua F,=U,+ T(0F,/0T)y,, TO npu 3TOM YyObLIb
sHeprun [ enbMrosbla

oT v

CHCTEMBbI paBHa CoBepinaeMoil eto pabore W u mostomy
W=—-AU+T@W/0T),.

Vobuts BHyTpenHei sHeprun U; — U, = — AU MOXHO OIpeie/IUTh U3
ombiTa, KOTJAAa CHCTeMa MEPeXOOUT M3 COCTOsSHHMS C 3Hepruedt U,
B cocTosiHue ¢ dHeprueit U, 06e3 coBepiieHUs paboThI (IPU MOCTOSHHBIX
o0beMe V' U Ipyrux BHEIIHMX NapaMeTpax a; B CIOXHOM cucrteMe). OHa
B 3TOM ciyuae paBHa —AU= —(Q =, —KOJUYECTBY BBIJAEIsIOIIEHCS
TEIJIOTHl WK TermioBoMy 3ddekty mepexoma (HampuMep, TEIJIOBOMY
3 deKTy peakium B kasiopuMeTpuyeckoit 6ombe beptio). Takum obpazom
nojiydaeM ypaBHenne I'nO0ca—I'enbMrosbpua Ay NOJHOW paboThI
CHCTeMBI (IPOTHB BCEX CHJI) NPH JHOOOM H30TEPMHYECKOM IIPOLECCE:

W=Q,+T@W/oT)y. (10.1)
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Jns onpeneneHus pabOThI CUCTEMBI NPOTHB HEMEXaHMYECKHX (Ha-
npuUMep, 3EKTPUYECKHX) CHJI PaCCMOTPHM HM30TEPMHUYECKHIT IpOIECcC
npu nocrosHHOM aAasieHun. CornacHo ¢opmyne (5.30),

G=H+T(6G/dT),.

Ipu nepexode cHucTeMbl H300apHO-M30TEPMHUUYECKHM U3 COCTOSHHUS
1 B cocrosume 2 yObuib 3Heprum I'ubGbca paBHa

‘ 3(G,—G
GI—G2=H1—H2+T<(’,}—T2)>I,.

Ho—(G,—Gy)r,p,=Wu, @ H,—H, MOXeT ObITb omNpesesneHa
U3 OnbiTa, KOTJa CHCTeMa M300apHO NEPEXOOUT M3 COCTOSHHUS
c oHrajgpnued H;, B coCTOsHHME C OSHTanbmued H, 6e3 paboTw
HEMEeXaHUYeCKUX CWiI. Pa3HOCTh 3HTanbnMii B TakOM Ciy4ae paBHA
H —H,=U,-U,+p(V,—V,)=—0=0,—TemnoBoMy 3p¢ekty npu
u300apHOM mpoIlecce.

ITostomy ypaBHenue ['nb66ca — 'enbMronbua s HEeMEXaHUYECKOM
paboThl cHCTEMBI NpH H300apHO-U30TEPMHMYECKOM TNpOIECcCE MNpH-
HUMaeT BH[

W=Q,+T@W/oT), (10.2)

TepmonunamMuka rajbBaHM4ecKMX M TOIUIMBHBIX 3jementoB. Ilpu-
MeHuM ypaBHeHHE (10.2) K 3JIEKTPOXUMUYECKMM TeHepaTopaM — ralib-
BaHMYECKMM M TOIUIMBHBIM 3JieMeHTaM. [[Ji1 3TOro ycTaHOBUM CBs3b
MeXIy 9.1.C. JJIEeMEHTa H TEIUIOBBIM 3((EKTOM peakuuy, HTpOoUc-
XOsIIeH B 3JIeMeHTe NpH ero paborte, B ciydae, Korja H3MEHEHHE
€ro BHYTDEHHEHl SHEpruM HAET HE Ha BBbIJEJIEHHE TEIUIOThI, a Ha
paboTy 3JIEKTPUYECKHX CHIL

PaccMoTpuM 00OpaTHMBIN 3J1EMEHT, B KOTOPOM IIPH NPOMYCKaHUH
TOKa B TPOTHBOIOJIOXKHOM HalpaBJeHHH INPOUCXOAAT OOpaTHbIE
XAMMYECKHe peakuuu (Hanpumep, anemeHT [awmang). Ilpu manbix
TOKax JKOyJieBa TEIUIOTa, NMPONOpPLMOHAaJbHAsl KBaJpaTy CHJIbI TOKa,
€CThb BeJIMYMHA BTOPOTO NOpsAAKa MaJIOCTH M IO3TOMY IIPOIECC
IPOTEKaHUsT TOKAa B 3JIEMEHTE MOXHO CYHUTATh TEPMOAWHAMHUYECKH
oOpatuMbiM. PaboTa a/ieMeHTa NpU NMPOXOXJICHAM Yepe3 Hero 3apsaa
e paBHa ef. VYMEHbIICHHE BHYTPEHHEW JHEPIUHM paBHO TEMJIOBOMY
3¢h¢dexTy peakuuMH NP NOCTOSHHOM aTMOCHEPHOM JaBjeHHH Q,,
u ypasuenue (10.2) maer e€=Q,+Te(06/0T), n

o0&
E=q,+T (a_T),,’ (10.3)

rae q,=Q,/e—TemwioBoil 3pGHEKT, OTHECEHHBIH K 3apsjy.

W3 Beipaxenus (10.3), HazbiBaeMoro ypasuenuem I'eavmeonvya 044
2a1b8AHUYECKO20 JAemeHma, BUIHO, YTO 3.1.C. 3JIEMEHTa MOXET OBbITh
¥ OoJibllle U MeHbLIE U3MEHEHHs BHYTPEHHEH JHEPIMH ¢, B 3aBHCHMO-
CTH OT 3HaKa TeMIEPaTypHOro koddduimenta 3.a.c. (96/0T),.
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Cnaraemoe T(06/0T), onpejesseT KOIMYECTBO TEIIOTHI, HOIJIO-
IIaeMO€ 3JIEMEHTOM U3 oxpyxca}omen cpedbl NpPH NMPOTEKAHUM yepe3
HETO eIWHHIBI 3apsga. JIeHCTBUTENIbHO, MO IEpPBOMY Hauajy, Ko-
JIMYECTRO TEIUIOTHI ), coollaeMoe cucTeMe (3JIEMEHTY) 3a BpeMs
MPOXOXIEHHUS 3apsi/ia e NPU NMOCTOSHHOM HaBJIEHHH, PABHO U3MEHEHHIO
ce antanbnmu AH u pabote, coBepHIaeMoOil HEMEXaHHUECKUMHU CUJIaMH
cucTeMb! (3eMeHTa) eé:

O=AH+eé,

OTKyJa KOJIMYECTBO TCIUIOTHI, MOTJIOIAEMOEC 3JIEMCHTOM IIpM MPOXOXK-
JCHUU CIOUHWUIbL 3apsia,

Q9

e

AH+é°——q,,+é”

yTO, cornacHo ypasuemmto (10.3), pasmo T(08/0T),.

Ecam 3.4.c. 31eMeHTa C NOBBIIIEHHEM TeMIlepaTyphl yBeJMYUBAETCS
[(06/0T),>0], To [cm. (10.3)] 3amMKHYTHIH 31€MEHT COBEpILAET
paboTy He TONBKO 3a CYET YMEHBLICHUs BHYTPEHHEH OHEpPruM IpH
PEAKIUIN, HO M 32 CYET TEMIOTHL IpUTeKarolEed U3 OKpyxarouei
cpenpi®). Taxoit sneMeHT, pa6oraﬂ anuabaTHO, OYAET OXJIAXXIATHCA.

Ecnu Ha000pOT, TeMmepaTypHbIi Koa(b(bnunem a.40.c. (06/0T)<0,
TO B TaKOM O3JIEMEHTe XMMMUYeCKas JHEprHsl YaCTUYHO NpeBpalaeTcs
B paboTy, a 4YacTHYHO WIET Ha IOBBIIIEHWE TeMIepaTypbl NpH
padoTe sneMeHTa B aauMabaTHBIX YCIOBHSAX WM oTmaercs B (Gopme
TEIJIOTHI  OKpyXkaromed cpene npu pabote B M30TEPMUUECKHX
YCJIOBHSIX.

ITo 3axomy asnektposnu3a Papanes, KOJIMYECTBO 3JIEKTPHUECTBA e,
NPOLIEAIIEr0 4Yepe3 JJIEMEHT, INPONOPIHOHAIBLHO 4WCJy H Tpope-
argpoBaBIIMX MOJIEHl 3JIEKTpOJIMTA U BaJEHTHOCTH Z HOHa, miepe-
HOCSIIIIETO 3apsil;

e=FnZ,

rae F=96 500 Ki/mMons — nocrosnHas dapanes.
Vpasnenue I'enbmrosbua (10.3) mo3ToMy npHHHMAaeT BHI

(g’_& T(ﬁé”)
oT

r1e Q,— TemnoBoi 3Q(GeKT Ha MONb NPOPEaTHPOBABINETO BEIIECTBA.
[O 3aBHCHMOCTH 3.4.C. 3JieMEHTa OT BHELUHEro NaBJICHWS CM. 3aady
(10.2)].

B rajbBaHMYECKHX 3JIEMEHTaX OCYIIECTBJISIETCS HEMOCPEICTBCHHOE
npeBpailleHie XUMHYeCKOH SHepruM TOIUIUBA B 3IJeKTpHuecKyro. Jlns
SHEPTeTHKH, K COXaJICHHIO, 3TU 3JIEeMEHTbl OecliepCeKTHUBHbBI BCIE[-

* K.n.a. Takoro aneMenta (oTHouwlenne paGoTh K TemuioBoMy 3hberTy peakiuu)
Goubllic eAHHHULBL.
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CTBHE BBICOKOH CTOMMOCTH WX OCHOBHOTO TOILUIMBA (METaJUIMYECKHX
3MIEKTPOZIOB) U HE3HAUUTEJIBLHOIO CpoKa CJyxObl. B nocienHwe rombi
B pe3yJbTaTe IIMPOKMX HAy4HbIX HMCCJIENOBAHUI B KauecTBE 3JIEKT-
POXMMHYECKUX T€HEPATOPOB CO3AAIOTCSI TOIUIMBHBIE 3JIEMEHTHI, B KO-
TOPBIX HCHOJIb3yeTCs OOBIYHOE TOIUIMBO, TNpHUMEHsieMOe Ui JHep-
TeTHYeCKUX HYXJ (Yrojib, KOKC, IPUPO/HbIE Ta3bl, OEH3UH, QU3eJIbHOEe
TOTUIMBO W [Ip.). B TOIUNIMBHBIX 3JIeMEHTaX, TaKk Xe Kak H B Trajb-
BaHHYECKHMX, IJICKTPOJbI, K KOTOPbIM NOJAFOTCS TOTUIMBO U OKHCIH-
TeJib, pa3fefieHbl MOHONPOBOIAMM 3JIEKTPOJUTOM. TOMNIMBO Herpe-
PBIBHO MOJAETCS K aHOMAY, a OKHCIHUTENb (KHCJIOPOJ MM BO3AyX) —K
katonay. Ilpoucxomur HOHM3allMs aTOMOB TOIUIMBA ¥ OKHUCIHUTENS
M Ha 3JIEKTPOJax BO3HHUKaeT 3.4.c. KoaddunueHT nonesnoro aeicTBUs
TOIUIMBHBIX 3JIEMEHTOB NMPHMEPHO B J1Ba pa3a OoJbiue, yeM Hambosee
COBEPIIIEHHBIX COBPEMEHHBIX CHJIOBbIX YCTAHOBOK, U MM NPUHAIJIEKHUT
6onbmioe Oynymee. [Toka ke CTOMMOCTb NOJy4aeMOH 3JIEKTPO3HEPTUU
B pa3pabOTaHHBLIX KOHCTPYKIHMSAX TOIUIMBHBIX 3JIEMEHTOB e€IIe J0-
CTATOYHO BeJIMKa, W TIO3TOMY OHM HaXOAST NpPUMEHEHHE JIMILDb IS
BOEHHBIX 1lejieli U B xocMoce. ITO 0OYCJIOBJIEHO HEOOXOIUMOCTHIO
nepeBo/ia TOIUIMBA B HOHHOE COCTOSIHME C BBICOKOM CKOpPOCTBIO €ro
OKHUCJIEHHS], MCTIOJIb30BAHHUEM 73JIEKTPOJOB C BBICOKOH DJJIEKTPONPOBO-
JUMOCTbIO M XOPOIIIeH CONPOTHBIISIEMOCTbIO KOPPO3HH, TpeOOBaHUSIMM
K CTaOMJIBHOCTH pPaboOTHI 3EKTPOJIUTA.

Broiuncienne xumuyeckoro cpoacrsa. Kak yxe orMmeuanoch (cM. § 21), ycTaHoBIeHHe
TPETHErO HAyajia TEPMOAWHAMUKHM CBS3aHO C ONpedeicHHEM XHMHUYECKOTO CPOACTBA.
IMoa XMMHYECKUM CPO/ACTBOM MOHMMAIOT CIOCOOHOCTDH BEUIECTB XMMHYECKH pearupoBaTh
Jpyr € IPYroM; OHO ONpEAelisieT, CjeJOBATCAbHO, JEHCTBHE XUMHYECKHX CHJI BEILECTB,
BCTYMAIOIIMX B peakuuro. Peulenue NpoOsieMbl XMMHYECKOrO CPOJACTBA COCTOAJO
B HAXOXIEHHWH KOJMYECTBEHHOW Mephbl 3TOro cpoacTBa. HauanpHoe peileHHe 3TOM
npobsiemsr 6bi10 npemwioxero I1. Beptio u X. Tomcenom ITockonbKy NpH XHMHUECKHX
peaKuusx, Kak H3BeCTHO, BO MHOIMX Cly4YasX BbIIeJfAIOTCS TemioTa, To beptio
u Tomcen chopMynupoBamu NPHHLMI, COrJACHO KOTOPOMY MEpOH XHMHYECKoro
CPOJCTBA SBJSNETCA KOJMYECTBO BBIAEISIOLIEHCS TEIIOTHI NPH PEaKLMH.

HecMmoTps Ha kaxyliytocs mpaBjonogobHocts npuHnuna beptno--- ToMcena, oH,
O/IHAKO, HE MOXeT ObITb NPUHAT Kak peuleHue NPOGIEMbI XMMHYECKOro CPOJCTBA.
[Jeno B TOM, 4TO Hapagy C JK30TCPMHYECKHMH DPEaKLUHMAMH CYIUECTBYIOT M PEaKLUH
3HOOTEPMHUYECKHE, TIPU KOTOPHIX TEILIOTa He BbifenseTcs, a mornonaercs. ITo Tomceny
u Beptno, 310 cooTBeTCTBOBaNO OBl OTPHLATENILHOMY XHMHYECKOMY CpPOJCTBY, 4TO
GeccMbICIEHHO.

Bniepsble NpaBWJIbHOE TOIKOBAHMC XHMHYCCKOro cpoacTBa Obuto maHo Baut-
Toddom. Ou ykasan, uto tak kak pabora W,, NpOTHB XHMHYECKHX CHJI ONpedenseTcs
yObutbto sHeprun I'm66ca G mpu u30TepMHUECKM-M3004pHBIX mpoLeccax, TO, Clelo-
BATEJbHO, XHMHYECKOE CPOJACTBO HeOOXOOMMO H3MepsATh He MO TerioBoMy ddbexTty
Q, a no yobuim G mpu T=const u p=const (unu no yObliM CBOOOAHOM 3HEPruu
F npu T=const 3a BbiueToM paboThl Ha u3McHeHHe 00beMa, Tak kKak dW,,, =8W —pdV,
rae dW—nonnHas pabGoTta npH W3OTCPMHYECKOM IEpEXONe M3 OJHOTO COCTOSHHS
B JIpyroe).

B ranbBaHHYeCKOM JJIEMeHTe, KaK Mbl BHACHH, paboTa XMMHYECKHX CHJI PedKLMH
ompegenseTcss 3.4.C. 3JMEMeHTa &, Tak 4TO & OOPATHMOro JJieMeHTa SBJSETCH MeEpOii
CPOJCTBA, BBI3BIBAIOILETO B 3IJICMEHTE XHMHYECKYH peakuuio. Ilodtomy, usmepss &,
Mbl ONpefieSileM XUMHUYECKOE CPOJCTBO.

31oT cnoco® U3MepeHMs CPOACTBA ABJAETCS OJHUM M3 CaMbIX TOuYHbIX. OmHaKO
NpUMEHEHHE Cro OTPAHMYMBAETCS OTHOCHTENBHO HEMHOTHMMH peakuusmu. B oGiem
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WQ cliyyae ke HaxoXJEHHE CPOACTBA CBOJWT-
’ Ccfi K WHTErpUpOBAaHUIO ypaBHeHus ['HO-
a 6ca—Tenpmronbua  (10.2) wmm  (10.1),
B pe3ysbrate Yero [cM. (5.35)] nonyuaem

T

W=Wy— TJQ”—T_Z% dT+IT. (10.4)

[

Bxoasmas B (10.4) TepMoauHamuyec-
w KM HeompedelieHHas TOCTOsHHas [ He
NO3BOJIAET HaWTH abCOJIOTHOE 3HaYeHHe
CPOACTBA.
T IMpeononexue BO3HUKIIETO 3aTPyIHe-
HHsi CTHUMYJIMPOBAJIO MpOBEIEHHE IKCIIe-
Puc. 30 pHUMEeHTaJIbHBIX paboT, B pe3ynbTaTe KO-
s TOpPbIX W OBLIO YCTAHOBJEHO TpeTbe Ha-
yano TepMoauHamuku. Haidgem I, monb3ysach 3THM 3aKOHOM.
Mo TpetbeMy Hauany (4.1),

rl-l-%ll( ($;—S;)=0

WM, TOCKOJBKY S=—(0G/0T),,

. . 0 . ow
i as=— ti7.86),= i () <o 105
IMostomy u3 ypaBhenus (9.2) mpu T'-0 K nomyuaem W,=Q,. Kpome Toro,
00,
Jim 6T—-0, (10.6)

Tak xak no opmyne Kupxroda, 0Q,/0T pasHo anreGpanyeckoil cyMMe TemioeMKOCTek
C, pearupyromux BemecTs (cM. 3anauy 2.3), a no TpeTbeMy Hauany, C,—0 mpu T—0 K.
Boipaxenus (10.5) u (10.6) mossonsior onpenenuts 1.
1. Cnenys HePHCTy, pa3noxuM TerioBod 3bdexT Q npu HU3KOM TemmepaType
B creneHHO# pap*: Q=Q,+aT+BT>+yT*+..., oTkysa

9 2
a—T—a+2BT+3yT +.o

HUcnone3ys npepen (10.6), Haxoaum a=0. CrnenoBaTtensHoO,
0=00+BT*+yT>+... . (10.7)
Toacrasus ¢opmyny (10.7) B (10.4), naxomum**

1
W=Q0—BT2—§yT3—...+lT,

* 310 Ge3yCNOBHO CNpPABEMJHMBO AN KOHIEHCHPOBAHHBLIX CHCTEM.
**) HepHCT mnoJb3oBaics peileHueM ypasHenus (10.2)

0
W=— TJ-T—;dn IT,

TaKxke npuBoAawM K [=0 (B uHTerpaje NOCTOSHHAS HHTErPUPOBAHUS OMNMYLIEHA).
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OTKyza

ow 3
— | =—2BT-ZyT2—..
(aT)p 28T zy +1

u, cornacHo Belpaxenuio (10.5), I=0.
Takum 00pa3oM, OKOHYATENLHO HUMEEM CIEAYIOIIEE BBIPAXEHME IS XHMHYECKOTO
CpOACTBA:

Q;ZQOdT

T
W=Q0—TJ
0

4 npu Q, ompeaenseMoM BbipaxeHueMm (10.7),
W=0o—BT?—'/,yT*+..

I'papukn dyukmmit Q(T) u W(T) npusemennt Ha puc. 30. B coorBeTcTBHH
c ypaBHenusmu (10.5) u (10.6) xpusple Q(T) u W(T) compukacaroTcs BO3Jie TOYKH
0K u ux obwas kacateisbHas rOPH3OHTAJIbHA.

§ 50. OXVIAXKAEHHUE I'A3A NP HEOBPATUMOM
N OBPATUMOM AJMABATHBIX PACHIMPEHUAX

IMpakTHuecku BecbMa BaXHOH 3ajaueil sBISETCS CXKIKEHHE Ta30B.
Jdns pemeHus 53TOM 3amayd  HEOOXOOMMO YMEHBIIHTh CKOPOCTH
JIBIDKEHUST MOJIeKyn ra3a u cOmm3uth ux. Ilociemnee mocTuraercs
CKaTHEM Tra3a C TIOMOIIBI0 KOMIIPECCOPOB, a [Uisl TOHIKEHHS
TEMIepaTyphl ra3 3acTaBJSIOT COBEpIIATh pabOTy mnpd aauabaTHOM
paciumpernn. CaM nponecc pacIIUpeHHs MOXET NPOUCXOJUTh Kak
HeoOpatuMoO, Tak U oOpatumo. PaccMOTpuM oOxjiaxJeHHe rasa Kak
B TOM, TaK WM B JAPYrOM CIy4asx.

Ipdext dxoyas — Tomcona. Vi3mMeHeHne TeMmepaTyphbl Ipu HEOO-
paTuMOM anauabaTHOM pACHIMPEHHH MPOUCXOTUT, KaK Mbl YBHIUM,
U3-32 OTKJIOHEHHS pEalbHbIX ra30B OT HICAJbHOCTH M HAa3bIBAETCSH
agpgpexmom Jocoyan— Tomcona.

Paccmotpum Teoputo storo sddexra. B ammabatHo M30MpOBaH-
HOM wmunuHape (puc. 31) ra3 w3 obmactk C OONBIIUM JaBJIEHHEM
P, TPOIYCKAETCs Yepe3 IOPHUCTYIO Neperopoaky* B 061acTb ¢ MEHb-
MM JaBjieHueM p,. IIpm TakoM pacHmiMpeHMH ra3a ¢ mNepenamaoM
nasneaus (Ap=p,—p,<0) OPOUCXOAHUT W3MEHEHHE TEMIEPATYPHI.
Orto sBneHHe npH HeOOJBIIOM nepenane naamienus [|Ap|/p, < 1]
HasbiBaeTcs Ougdepenyuarvhoim  dggdexmom  dncoyia— Tomcona,
a npu 60nBIIOM nepenajge HaBICHUS — UHME2PAAbHbIM IPdekmom.

BoiuucnuM  auddepeHumanbHblii 3G @ekT, onpeaensieMslii  Kodg-
¢unuentoM [[xoyns— Tomcona: p=AT/Ap.

Tax kak mponecc aguabaTHBI, a KWHETHYECKash OJHEPrus
rasa M TIOTEPH HA TpPeHHE B IOPHCTOM NEPETOPOIKE IIpH
MaJiod CKOPOCTH TIOTOKa IpeHeOpexXMMO Maibl (Tak Kak IIpo-

*) Bnarojapsi TPeHHIO B OTOH TEPeropojke TMOTOK He ABNAETCA TYpGYNEHTHBIM
u ra3 no obe CTOPOHBI OT Hee OOHOPOZEH.
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O BAAAALII ISR 7 NOpPUUOHAJNBLHBI KBaJApAaTy 3TOH CKOPOCTH),

> TO, Y4YWTBIBas, 4TO CcOpaBa OT Tie-
Hwp | peropojku ra3 cosepiuaer pabory, a cie-
] 5 Ba OT Hee paboTa NUPOU3BOAMTCS HAaL
2 - razoM, IO TNEPBOMY Hayajgy HMeeM
! 2 Q=U,—U,+p,V,—p,V,=0, orkyna
p 7 Ui+p Vi=Us+p,V,
wit H,=H,, 1.e. mponecc Hxoynsa—
- ToMCoHa SBJISETCS HM303HTAJIBIIHYECKIM:
= I Voup, | —=
g f— AH=H,—H,=0.
. 12
z 7 %, 3TO NO3BOJSET JIETKO HAWTH .
Pac. 31 HeiictButenvHo, Tak kak AH=0, a Ap
C. .

u AT wmanel npu auddepeHIaIbLHOM
adpexte [Ixoynss— ToMcOHA, TO C TOYHOCTBIO IO JIMHEHHBIX YJICHOB

HMeeM AH_(a_T> AT+< ) Ap, otkyna

_AT_ (3H[op)r

T Ap (BH[OT),
U3 Beipaxenus dH=TdS+ Vdp naxomum

o0H oS o0H
@)=r Gy G)mer

Tax xaxk dG=-SdT+Vdp, To (ﬁ§> =—<§Z> , TIO3TOMY
0p T 5T P

AT _T@V[oT),—V
YR (10.8)

14

rae (0V/0T), MOXHO HalTH M3 TEPMHYECKOIO AdBHCHHS COCTOSHHA.
p

Hns unmeanbHOro rasza V= RT/p, (0V/[oT),=R/p, Torna u3 c¢op-
mynsl (10.8) monyuaem AT=0K

B cnyuae rasa Baﬂ-nep-Baanbca, nuddepeHnupys ypaBHEHHE
(p+a/V*)(V—=b)=RT
no 7T npu NOCTOSHHOM p, HaXoJuM

(aT) (V—b)+ ( )(Z;);R,

v\ _ R _ R(V-b)
0T ), p+a/V?—2a(V=b)/V® RT-2a(V-b)/V*

CunTas ra3 He O4YeHb IUIOTHBIM M 0TOpackiBas B cooTHoLeHusx (10.9)
BEJINUMHBI BTOPOTO MOPSIKa MaJIOCTH OTHOCHUTENILHO a U b, moJsiydaeM
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o V-b 2a 2a
T<5—T>psz—T—V—)_(V_b)<I+RTV>~V+Tz%_b' (10.10)
Honcrasnsas dopmyny (10.10) B dopmyny (10.8), maxomum

AT 2a/(RT)—b
Ap o C,

M3 3Toro BBIpaxxeHHS BHJIHO, YTO:

a) U3MeHeHUe TemnepaTypsl ra3za Ban-nmep-Baanbca npm Heo6-
paTUMOM a/Inab4aTHOM DPACHIUPEHNH OOYCJIOBJIEHO ¢1'0 OTKJIOHEHUEM
oT uaeanpHoro rasza (a#0, h#0);

6) addexr JIxoyns—ToMcoHa Jis HE OYEeHb IUIOTHOTO Ta3sa
3aBUCHT OT COOTHOIIEHHS BeJIMYUH a W b, KOTOpble OKa3bIBAIOT
NPOTHUBONOJIOKHOE BJIMSHME Ha 3HaK 3¢dekTa;

B) €CJIM CHJIbI B3aHMOJEHCTBHS MEXIY MOJIEKYJIAMH BEJIMKH, Tak
4TO mnpeoOjajgaeT IompaBKa Ha [aBjieHHEe, U b MOXHO NPHHATH
paBHBIM HYJIO, TO

AT  2a >
Ap RTC,”

T.e. ra3 OymeT oxnaxmarecad (AT<0 K, tax kxak Ap<0);
T) €CJIM CUJIbI B3aUMOJEWUCTBUS MEXIY MoJiekyjamu Maibl (a—0)
U mnpeobsafaeT mompaBka Ha 00beM, TO
AT b
A C,,<0’
T. e. ra3 HarpeBaercsa (AT>0 K).

B nepBom cnyuae (b—0) pacmmpsronmiics ra3 3a BeCh MPOLECC
nepexoia M3 OHHOW oOyacTH B Ipyryio cosepiuaer pabory p,V,—
—p,V,;>0 3a cuer yObLIM €ro BHYTPeHHEH 3HEPrUM—ra3 OXJiaxia-
erci. Bo BTopoM ciyyae (a—0) monnas pabora Hax rasom p,V,—
—p,V,>0 wuper Ha yBeqM4YeHHE €ro BHYTPEHHEH JHEPTHM — ra3
HarpeBaeTcs;

J) IpH HEKOTOpOM TeMIepaType peajibHoro rasza koddduumeHt
p=0 u ra3 Bezaet cebs B npouecce [Ixoyyis— ToMcoHa Kak HAeaIbHBIH.
Jto Oyner BemosHATBCA [cM. (10.8)] B obmem ciydae npu

ov
T (a_T>,,_ V=0, (10.11)

a B Ciydae He OYeHb IUIOTHOTO Tra3a Bau-mep-Baannca, kormaa
2a/(RT)—b=0, npun TemmepaType

T,=2a/(Rb),

KOTOpasi Ha3bIBaeTCs memhepamypoti ungepcuu. Ilpu 310l TemnepaTtype
sbdext Jxoynsi—TomMcoHa H3MEHSAET 3HAK: HWXKE TEMIEPATYphl
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uHBepcuM 3¢dekT mnosoxurteseH (u>0, ra3 oxJjaxngaercs), BbI-
me T,—oapdext orpuunarenen (u<O0, ra3 HarpeBaercs). Tem-
mepaTypa WHBEPCHM y BCEX Ta30B JIEXKUT 3HAYUTENBHO BBIIIE KpH-
tHueckoid. Ompenensiemoe ypaBHeHuem (10.11) reomeTpuueckoe
MECTO TOYEK MHBEpPCHHM [Jid [JAHHOLO BelecTBa Ha3bIBaeTCs
UHBEPCUOHHOU KPUBOU.

VY BOZOpOAA U MHEPTHBIX ra30B CHJIbI CHEIUICHUS MEXAY YaCTHIaMH
MaJibl, IO3TOMY NPU OOBIYHBIX TEMIEPATypax 3TH Ta3bl HAIPEBAaIOTCHL.
Temneparypa uHBepcum y Bojgopojga —57° C; camas HM3Kas TeM-
nepatypa uHBepcuu —249,4° C y remus (Ipy HOPMaJIbHOM aTMOC-
¢epHOM naBiieHMH). [l TOro 4ToOBbl TeiMii OXJAOWTh HO METOAY
Hxoyns — TomMcona, HeOOXOAMMO TpeIBapUTENHLHO NOBECTH €r0 TEM-
nepaTypy A0 BeJWYHHBI, MeHbined —249,4° C, 4yTo Aenaercs C mo-
MOIIbIO KHIALIETO0 BOAOPOJA.

TouHas Teopus, B KOTOPOH HE NpeArnojaraeTcs MajiocTh HONPABOK
a/V? u b, IPUBOAUT K BHIBOAY O CYIIECTBOBAHMM NpH 3aAaHHOM
JABJICHUH [IBYX TOYEK MHBepcHM — BepxHe#dl T} u HmkHel T}, koTopas
JU1si GOJIBIIMHCTBA Ta30B HAaXOAMTCA B 00JaCTH XXHUAKOTO COCTOSIHUS
(cm. 3amauy 10.3). Ilpu OonbinMx mepenagax AaBJICHUS WHTETPaJibHBIH
apdext Ixoyns— TomcoHa ompenensercs (Gopmynoi

pa

AT
T2-T1=f<~A7)Hdp,

Py
rJe KOHEYHOe MaBJICHWE p, B TeXHHKE OOBIYHO OJM3KO K aTMoC-
depromy. [IuddepenumpobanueM 3Toid (GOPMYyIBl N0 p, HAXOMUM,
YTO MHTETpaJIbHbIA 3((EKT OXJIaXICHHS MaKCHMalieH NIPH HayaJbHOM
JABJICHUH, OIPENENIiEeMOM U3 YpaBHEHHS

(AT/Ap)y=0,

T. €. KOria HAa4YaJIbHOE COCTOSIHUE p;, 1, JIEKHT Ha KPUBOH HMHBEPCUHU
npu gu¢pdepeHunanbHoM 3ddekre Ixoynsa — TomcoHa.

Oxaaxigenwe ra3a mnpn oOpaTHMOM axMa0aTHOM  PpaCIIMPEHHH.
PaccMoTpuM  oxjaxneHuWe ra3a mpu  oOpaTMMoOM  ammabGaTHOM
pacilupeHdd C OTAauedl BHemHeH paboThl. YCTPOHCTBO B  XO-
JIONWIbHBIX MalllMHAX, /€ NPOW3BOAMTCA 3Ta paboTa, Ha3bIBaeTCs
Odemandepom; ero IJaBHAS 4YacTh (MOpIIEHb) NMPUBOAMTCS B JBHXKCHHUE
OXJIAXIaEMBIM Ta30M.

Eme B camom Hauane XX B. [eNajuCh MONBITKA YCOBEpILEH-
CTBOBAaTh MallMHBI IJIyOOKOTO OXJAaXIECHUS M, B YaCTHOCTH, 3aMEHHUTHh
NOpIIHEBBIE JABUraTeNM B JeTaHiepe Oojiee 3KOHOMHYHBIMH M BBI-
COKONPOU3BOTUTEILHBIMA — TYPOUHAMH. DTO JIONIT0 HE Yy/AaBajioCh
chenaTb, TaK Kak BCE pacueTbl TYpOMH BEJIMCh NPUMEHHUTEIHHO
K napy. OfgHaKko ecyiM BO3AYyX YK€ OXJIaXIEH J0 HU3KHX TeMIepaTyp,
TO OH CTaHOBHTCS HACTOJIBKO IUIOTHBIM, YTO IO CBOMM CBOMCTBaM
CTOMT OJike K XHOKOCTH, 4eM Kk mapy. Mcxoms w3 storo B 1935T.
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Obl1 pa3zpaGoTaH TypOOIETaHAEP IO THIY BOJASHOM, a HE NAPOBOM,
TypbuHbl ¢ K.ILA. 6osee 0,85%).

C BBEIEHMEM B JIETAHIEPE BMECTO IOPILHEBOTO IBUraTessl TypOUH,
a BMECTO MHOTOCTYIIEHYATOTO KOMIIPECCOPA, CHKMMAROIIETO ra3 B Ipe-
KHHUX YCTAaHOBKaX IO HECKOJBKUX JECATKOB Meranackalb,— TypOOKOM-
npeccopa yIAaeTCs CKMKATh Trasbl IIPA OTHOCHTENBHO HHU3KOM [aB-
nenmn (0,6—0,8 MIla).

Jlerko HAaWTH HM3MEHEHHE TEMIEPATyphl ra3a IpH OOpPaTEMOM
amuabaTHOM paciupeHud. W3 BbIpaxeHus

50=dU+pdV=dH— Vdp=<i’i’> dT+[<"i”> —V]dp=o
oT P ap T
HIn

oT\ _ T(@V/aT),
(5;>S___-_C . (10.12)

p

Tax kak mns Beskoro rasa (0V/0T),>0, To, cnemoOBaTeNbHO,
npu amuabaTHoM oOpatumoMm paciuupenun (07/0 ),>0, T.e. ra3s
Bcerga oxnaxnaetca (d7<0, tak xak dp<0) He3aBUCHMO OT BHIA
€ro ypaBHEHHS COCTOSHHMA. B 3TOM COCTOMT NpPHHIMIHMAIbHOE Ipe-
HMYIIECTBO HCNOJIL30BaHUS OOpaTHUMOro aauadaTHOTO pacIUMpEHHUs
ra3oB Ui MX OXJIAXJEHHUS W CXKIDKEHHS IO CPaBHEHHIO C IPOIECCOM
Jxoyns— TomcoHa.

OnmHako u3-3a TEXHMYECKO# CJIOXKHOCTH OCYIIECTBJICHHS oOpatu-
MOTO aJnabaTHOrO paCIIUpeHHs NPU HU3KOH TeMIepaType OCHOBHBIM
METOJIOM OXJIAXICHUS Ta30B M MX CXKIDKEHUS B HACTOSMIEE Bpems
MOKa elle sBJIAETCS METOJ HeoOpaTHMMOro paciliupeHHs rasa.

ar) _V—(@H]op)r
S

Haxoanum _—
A <ap @HJOT),

§ 51. TEPMOAMHAMMKA ANIJEKTPMKOB U MATHETUKOB

PaccmMoTpuM moBeneHHME (HM3UYECKHMX CHCTEM, Ha KOTOpBIE Kpome
JaBJieHUsl OEWUCTBYIOT M HEMEXaHWYeCKHe CHJIbI, HAIpHUMeEp 3JIEKT-
PHYECKUE UM MATrHHUTHBIC. Kak MbI YBUOAUM, HMCIOTCs Pa3JIM4YHBIC
BBIDXEHUS [UIS BHYTPEHHEH OSHEpruM H paboThl MOJISpU3aLAU
OUaJieKTpuka. Bompoc o TOM, Kakoe M3 3THX BBIPAXEHHH CIEAyeT
HCNOJIb30BaTh, HEC SBIACTCA CYIICCTBCHHBIM —BCE€ OHH IIPUBOJSAT
K OJNHMM M TEeM e pe3yabTaTaM [UJIsi CBONCTB JIU3JIEKTPUKOB.

OcHoBHbie ypaBHeHHs: TePMOJMHAMMKH /UIS [JHDJICKTPHKOB M Mar-
HeTHKOB. VI3BeCTHO, YTO 37eMeHTapHas pabora, OTHeCeHHass K 00beMy
OUBJIEKTPUKAa M COBepIIaeMasl NpH ABMXKCHHM 3apsoB, CO3HAIOLIMX
B HEM II0Jie, paBHa

* Cm.. Kanuna I1. JI. Typ6Gopmerangep /s TNONyueHHS HU3KHX TeMepaTyp
Ié %1'90 NMpUMEHEeHHe [UiS CxixeHus Bo3ayxa//XKypH. TexH. ¢m3uku. 1939. 9. Bom. 2.
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1
8W=—_(E, dD), (10.13)

1
a JUIi HM30TPOIHOrO JUIJIEKTpuka OW = —4—E dD.
i

Benuuuna D, BRICTynaromias B JAHHOM CJIy4ae B KaueCTBE BHEIIHETO
rapameTpa, He SBJISIETCS TAKOBBIM JUIsl CAaMOTro auaniekTpuka. Iloatomy 8 W
He eCTb paboTa MosApU3aluy JUIIEKTPHKA B COOCTBEHHOM CMBICIIE, T. €.
B CMBICJIE paOOTHI HA CO3aHME NOJIIPU3ALMHM NPU pa3IBUraHUM 3apsAIOB
B MOJIEKYJ1ax JU3JIEKTPUKA U 00pa30BaHUM NPEUMYLIIECTBEHHON OpUEHTa-
MK 3TUX Moyekyn®. JIns Toro 4roObl HaliTH paGoTy HOJSAPU3ALUH
JIM3JIEKTpUKA B COOCTBEHHOM CMBICIIE, peobpa3yem Boipaxenue (10.13)
K BHIY, B KOTODOM HE3aBHCUMOH MEPEMEHHON SBJISIECTCS BHELIHMHI
HapameTp AUIEKTpUKa — HanpspkeHHOCTh E anexTpudeckoro nons. Tak
KaK 3TOMY BHEIIIHEMY NapaMeTpy COOTBETCTBYIOT [BAa BHYTPECHHHUX
(aneKTpuUeCcKUX) NapaMeTpa AUIEKTpHKa — NOJIAPHU30BAaHHOCTE P 1 BEk-
TOP 3JIEKTPUYECKOTr0 cMenteHus (MHAykius) D, To uckomoe npeobpa3oa-
une Beipaxenus (10.13) MoxeT OBITH OCYNIECTBACHO ABYMS CIOCOOaMMU:

PoW= -d(%)—d(PE)+PdE, (10.13))
sW=—d(E)-d(PE)+LDdE (10.13")
- 4n 4n ) :

IlepBoe cnaraemoe B mpaBoit uactu (10.13") MoXHO HCTOJNKOBAaTH
Kax paboTy BO30OYXIEHHS 3JIEKTPUYECKOTO MOJISI B BaKyyme, BTOPOE —
Kak paboTy NPOTHB BHEIIHEro JIEKTPUYECKOrO IOJIS, a TPEThe — Kak
paboTy mojspu3anud B COOCTBEHHOM CMBICNE, KOTAa BHYTPEHHUM
napamMeTpoM JHUINIEKTPHUKA, CONPSDKEHHBIM €r0 BHELIHEMY NapaMeTpy
E, sBnsiercs noasapuzoséannocms P. AHAJOTHYHO, TPETHE CliaraéMoe
B mnpaBod uactu (10.13") MOXHO HCTONKOBATH Kak paboTy mojs-
pHU3alMd B COOCTBEHHOM CMBICNE, Korda D —BHYTpPEHHMHA mapameTp
JMIIEKTpUKA, CONpsKEHHbIN E.

Tak kxak, OJHAKO, MOJIApU3alUs JUAJIEKTPUKA B TOJIE HEPA3PHIBHO
CBsi3aHa C BO3HMKHOBEHHEM MOTCHUMAJIBHOW 3HEpruu — PE IHM3JIEKT-
pUKa B 3TOM TOJie, TO 3a pabomy nosapuzayuy TAIJIEKTPUKA
B COOCTBEHHOM CMBIC/IE OOBIYHO NPHUHUMAETCH BEJIMYHHA

6WC=PdE+d(—PE)=5W+d<§_;)=—EdP. (10.14)

Torma pabora nonspuszaipu PdE paBHa cymMme COOCTBEHHOM
paboTsl monsipuzauuu 6 W, u pabotsl d (PE) NpoTHB BHELIHETO MOJIS:
W, =PdE (a=E, A=P). (10.15)

* Buipaxenue (10.13) npeacrasnser coboil pabGoTy HEKOTOPOH pacClIMpeHHOR

CHCTEMbI, 110106HO paboTe (5.22) ans CUCTEMBI, COCTOSILEH U3 ra3a W MOPIIHS C IPY30M.
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Pabora mnonspuzaumu DAE/(4m) paBHa pasHoctd paboTel dW,
u pabotel —d [E?/(8n)] BO3OYXaeHUS TMOJS B BaKyyMe:

sw'=LDpdE <a=E, A=L D>. (10.16)
4n 4n
Auanomtn{o, JJId MArbH€TukKa

SW= —ﬁ HdB, 8W,=—HdJ, (10.17)

SW,=Jd H, 6W'=$Bd1{

[Mo3TOMy 0CHO6HOEe ypasHeHue MmepmMOOUHAMUKY IJISi OUIIEKTPHKA
B JJIEKTPUYECKOM ToJie Oyner:
a) MpU HEe3aBUCUMOM (9JIeKTpUYeckoi) nepemMeHHon D

TdS=dU+pdV——%EdD; (10.18)

0) mpu He3aBUCUMOU mepeMeHHOH P
TdS=dU +pdV—EdP, (10.19)

rae U,=U— E?/(8n) — «coOcTBeHHas»*) BHYTPEHHsISl SHEPTHS €JWHHIIBI
obvema mauasiekTpuka (U 0e3 3HEprud NOJis B BaKyyme);

B) IpM HE3aBUCUMOHN TiepeMeHHOM FE, Korja CONpsKEHHOW e#
BEJIMYMHOMN SIBJSETCH TNOJISPU30BAHHOCTL P,

TdS=dU,+pdV+PdE, (10.29)

rne U,=U,+(—PE)—cymMa COOCTBEHHOHM BHYTPEHHEH 3HEPruM
TOJIApU3alMK JAUIEKTPUKA U €ro NOTEHUUAJbHOW 3HEPTUM B 3JIEK-
TPUYECKOM TIOJIE;

r) Ipd HE3aBUCHUMOH mnepeMeHHOM FE, Korma CONpsyKCHHOW eH
BEJIMYMHOM SIBJISETCSt 3JIEKTpUYeckoe cmellenne D,

TdS=dU'+pdV+,- DdE, (10.21)

rie U'= U— ED|(4n) = U, — E*/(41) — BHYTpEHHss SHEPIHs AMDJIEKTPUKA
C y4€TOM €ro NOTEeHIMALHOM SHEPTUH B 110J1e O€3 SHEpI UM MOJISl B BaKyyMe.
Bribop ToOl WM WHOW 3JIEKTPUYECKON HE3aBUCUMOM IE€pPEeMEHHOM
3aBUCHT OT XapakTepa 3aJauyd ¥ COOTBETCTBYET HCCJIECAOBAHUIO
CHCTEMBI C omnpeneeHHOll BHyTpeHHeit suepruet U, U., U, U'.
AHAJIOTHYHBLIE YPAaBHEHUS JJII MAarHETMKOB MOTYT OBITH TOJIyYerbl
NPOCTOM 3aMEHOM 3JIEKTPUYECKMX BEJIMYUH MATHUTHBHIMH.

*) Haspanume «Cob6CTBeHHAs» Ui BHYTpeHHed sHeprum U.=U—EZ2/(8n) sBnsercs
YCIIOBHBIM, TaK Kak E—HANpsDKEHHOCTh MOJf, YXE€ H3MEHEHHAas [PUCYTCTBUEM
JIMJICKTPUKA.
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[Tonb3ysick kKakMM-JIMOO M3 OCHOBHBIX YpaBHEHHH TEPMOIMHAMHKH
s puajiektpukoB  (10.18)—(10.21), nerko mnoJyYdTb BBIpaXEHHS
s muddepeHnnanoB TepMOIMHAMUYECKMX MOTEHUMANIOB. Tak, u3
ypaBHenus (10.18) umeem:

dU=TdS—pdV+4lnEdD,

dF=—SdT—pdV+_EdD,

(10.22)
dG=—SdT+ Vdp—‘—:;D dE,
dH=TdS+ Vdp—41—nD dE.
Amnanoruuno, u3 ypasHenus (10.19) mnomyuaem:
dU=TdS—pdV+EdP, dG=-SdT+Vdp—PdE,
4 i (10.23)

dF=—SdT—pdV+EdP, dH=TdS+Vdp— PdE,

rne U, F, G u H o3”auawT coorBercrBenno U,, F., G., H..

OTH BBIpaXEHUs TPENCTABISAIOT COOON OCHOBY TEepMOIMHAMUKHU
IUDJIEKTPUKOB (M TPU COOTBETCTBYIOIIEH 3aMeHE JJIEKTPHYECKHX
BEJINYAH MaTHUTHHIMH — MarHeTHKOB).

CoOoanast JHeprusi eJuHMIbI 00beMa MIJIEKTPHKA, HAXOIALIEroCs
B DJIEKTPHYECKOM noJie. B ycIOBHsX, KOrga HE3aBUCUMOMW NEpeMEHHOM
SIBJISETCS JIEKTPHYECKOe cMelleHne D (Hampumep, Npu NepeMelleHuH
3apsiOB, CO3MAIOLIMX T[0JIE), BhIpaxeHue s muddepeHnuana cBo-
6omHOM 3Hepruu Hamo B3aTh u3 (10.22). UHTErprpys 3TO BBIpaXXECHHE
MPU MOCTOSIHHBIX TeMIlEpaType U oObeMe IUisi MUIJIEKTPUKOB C JIMHEH-
HbIM TEPMUYECKUM YpPaBHEHHMEM COCTOSHMS (OTHOCSIIMMCS K O3JIEKT-
puuseckuM BesmuuHaM D u E) D=c¢E, nonyyaem

F(T, D)=Fo+D?/(8nc), (10.24)

rae Fo—cBobonHas 3HEpPrus IOUAJIEKTpUKAa NpPH OTCYTCTBHU TOJIS.

N3 ¢opmynsr (10.24) BUOHO, YTO NpH MOJSPU3ALMU JUIJIEKTPUKA
B OJIEKTPMYECKOM II0JIe NpU TOCTOSIHHBIX TeMIepaTtype U obObeme
HU3MEHEHHE ero CBOOOAHOW 3HEPTMHM pPaBHO 3JHEPIHH 3JIEKTPUYECKOTO
NoJIss B JU3JIEKTPHKE:

[IpeneOperas B Beipaxenuun (10.24) F,, He 3aBUCAIMM OT
HaAMpsOKEHHOCTH TOJISl, TOJIy4aeM
2 2
F(T, Dy=2"=%" (10.25)

8ne 8rm
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CobcTBeHHass cBOOOMHAN QHCPIrusi CAWHHIBI o0beMa JUDJICKTpHKA,
CBA3aHHAsA C HaJIMYHUEM I10JIs1, OYCBHMAHO, paBHa

2
F.(T, D)=F(T, D)——n——E2 (10.26)
DTO BBIPaXXCHHE MOXHO TaKXe MOJYYUTh, UHTETPUPYS YypaBHerHe
mis dF, w3 dopmyasr (10.23) mpu noctosHHbIX T u V!

p
-1
F(T, P)=JEdP=88—nE2,
0
nockonmeky P=(g—1) E/(4m).
V3MeHeHMe BHYTPCHHEN OHEpPruM [MAJIEKTPUKA BO BpeMs €ro
TOJISIPU3ALMM TIPA TIOCTOSHHBIX TEMIEpPaType U oObeMe MOXHO HalTH

u3 ypaBHeHusi ['m66ca —'enbmronbua (5.31), B KOTOpOM BHEIUHMIA
napametp a=D:

U(T, D)=F(T, D)— T<%§>D.

Tlonb3ysicy cootHomenusimu (10.25), monydaem

D?* TD?*ée E? de

CoOcTBeHHAs] BHYTPEHHSS 3HEPrus €JMHUIBI oObeMa IUIJIEKTPHUKA
U.(T, D)=U(T, D)— —=§}-< e—=14+T— ) (10.27")
4TO TaKX€ HEMOCPEACTBEHHO clielyeT U3 ypaBHeHHs (5.31):

OF,

U.(T, P)=F.(T, P)— (aT)

M3 dopmynsr (10.27) BUOHO, 4TO CBs3aHHAs C HAJMYHAEM _moss
BHyTpeHHsisi sHeprust U(T, D) muanexTpuka He paBHa sHepruu ¢ 2 /(8m)
IEKTPUYECKOTO TOJS B JuasiekTpuke. OOBSCHAETCS 3TO TeM, 4TO
nop sHeprueit €E>/(8n) monst B 2seKTPOAMHAMUKE NOHMMAETCS BCs
SHEprusi, KOTOPYIO HAN0 3aTpaTUTh Ha BO30YXJEeHHE MOJs B M-
9JIeKTpUKE npu nocmoanHoi memnepamype (a He snmponuu'). Bripaxe-
mue U(T, D) ompenenseT W3MEHEHHE BHYTPEHHeH SHepruy IMAJIEKT-
pUKa IpY €ro M30TEPMHUYECKOHW MOJISpU3aLMM, HO C YYETOM OTOA4u
SHEPIMM TEPMOCTATy, €CJM TOJISpU3alMsi BBHI3BIBAET H3MECHEHHE TEM-
nepaTypsl AUIJIEKTpHUKa. BeyiencTeue aToro cBsizaHHas ¢ moJispu3anuei
cobcTBenHast BHyTpeHHsis 9Hepruss U, (T, D) nuanekTpuka MOXeT
oKa3zaThcs paBHOM Hymo. Hanpumep, B YaCTHOM ciyyae MIeajibHOrO
JMINOJIbHOTO Ta3a, Ui KoToporo mno 3akoHy Kropu e=14+C/T
(C—nmocrosinnast Kropu), BHyrpennssi sueprus U(T, D), corsacHo
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dopmyne (10.27), paBma E?/(8m), T.e. oHeprum mois B BaKyyme.
Uoatomy cobGersenHas BHyTpenHsisi sueprust U, (T, D) Tal(Ol“O rasa,
ouesumHo, pasHa Hymo: U,(T, D)=U(T, D)— Ez/g/l

OTOT pe3yibTaT He SBJISETCS HEOXUIAHHbIM. U3 SHCKTpO,I[I/IHa-
MITYECKOTO ONPE/IE/ICHUs SHEPrUH MOJIsi BUIHO, YTO BEJMYHHA eE*/(8n)
SBJISETCS He JHepruei, a cBOOOMHOH sHeprueidl noJyis B IUIJIEKTPHUKE.
Kak moxassiBatoT cooTHoweHusi (10.25), oHa kak pa3 COBmajgaer co
cBOOOAHOM OsHEepruedl MNOJISPU3OBAHHOTO MAHIIEKTpHKA. BHyTpeHHss
e SHEeprusi moyisi B TEPMOJMHAMHYECKOM CMBICJIE COBMNAJaeT C BHYT-
peHHeit sHeprueidl nuanexTpuka B nosie (10.27). Jlerko BuUOEeThb, 4TO
uHTerpupoBanue ypaBHeHus (10.22) mns dU mpu 3agaHHBIX SHTPOTIMH
U oObeMe He JaeT Juis U3MEHEHHS JHEPIHH JMIJIEKTPHKA C JINTHEHHOH
cBsi3pto D=g¢E BesmumHbl D ?/(8ne):

TNOCKOJIBKY TIpH aauabaTHOM HM3MEHEHHH QJICKTPUYECKOIO CMCILUCHUSA
TeEMIEpaTypa OUIJICKTPUKA B ob1eM cJiydya€ HM3MCHACTCA MU € YXKC
HEJIb3Ad pacCMaTpUBaTh KAK NOCTOSHHYIO. Tonpko B YacTHOM cJiyvae,
Korga € HE€ 3aBUCUT OT TEMIIEpATYyphI,

F(T, D)—Fo=U(S, D)—Uy=¢E?*/(87)

U 3HEPrusi MOJIsl COBNAJaeT ¢ ee cBOOOOHOU 3Hepruei.

M3 ocHOBHOro ypaBHEHMS TEPMOJUHAMHUKA IS JUIJICKTPHKOB
[em. (10.21)] npu He3aBUCHMOH (3JEKTPUYECKOH) TEPEMEHHOM
E mnonydaem

dF'= —SdT—pdV—DdE/(4r). (10.28)

Unterpupys ypaBHenue (10.28) mpu MOCTOSHHBIX TeMIepaType
n obbeMe AJIS IOUIJIEKTPUKOB C JIMHEMHOM cBsi3bio D =gFE, HaxoauM
(omyckast BeJIMYMHBI, HE 3aBUCSINME OT TOJIfA):

F'(T, E)= —¢E?/(8n), (10.28)
Fy(T, E)=F'(T, E)—(—%): ~lpe (10287

CpasnauBas (10.25) ¢ (10.28') m (10.26) ¢ (10.28"), 3ameuaem
uro notenmmansi F(T, D) u F'(T, E), a tawxe F,(T, D) u F,(T, E)
OTJIMYAIOTCSI OOHO OT JPYrOro TOJBKO 3HAKOM:

F(T, D)=_F,(T’ E)=£29 "
8 (10.28")

F.(T, D)=—F.(T, E)="_1E?,
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YTO aHAJOTMYHO M3BECTHOMY M3 IJIEKTPOJMHAMHKHM COOTHOLUEHHUIO
Mexly M3MEHEHHEM 3HepTuH O, U noss (T. €. cBOOOJHOH 3Hepruu moJs,
Kak OBLJIO YCTAaHOBJIEHO BBILllE) IPOBOJAHMKOB B MyCTOTE, MPOMCILIEIINAM
MIPU TIOCTOSIHHBIX MOTEHLMAIaX ( MPOBOJHUKOB, M ee U3MeHeHueM O, U,
BBI3BAHHBIM NPH MIOCTOSHHBIX 3apsiax e NPOBOAHUKOB (8, U= —§,U>0).
Taxas cBszp Mexnay d,U u 8.U (a He MX paBEeHCTBO), KaK M3BECTHO,
00yCJIOBJIEHA TeM, YTO €CJIM NMPU MOCTOSHCTBE MOTEHIUAJIOB NPOBOIHH-
KOB M U3MEHEHUH UX 3aps0B paboTa CUJI IOJIS NPOU3BOAUTCS 3a CYET
3HEPrMM CTOPOHHHUX 3. . C. (MOAJEPKUBAIOMIUX OSTH MNOTEHIHUATIBI
TIOCTOSTHHBIMH), TO TIPY MOCTOSTHCTBE 3aPsiIOB U U3MEHEHNHU TTOTEHIHAJIOB
NPOBOJHUKOB paboTa CUJI MOJIS MPOU3BOJUTCS 33 CYET IHEPTUM TOJIS.
[Monobno stomy, cootHomeHus (10.28") BO3HUKAIOT NOTOMY,
yro, B TO Bpems kak F(T, D) onpepenser W3MeHeHHe CBOOOMHOM
SHEPruM [UAJIEKTpUKa (WM H3MeHeHHe CBOOOJHOM J3Hepruv moJis
B JUIEKTPHKE) 32 CYET HOJIOXKHUTENIbHOH paboThl BHEIIHUX MCTOY-
HUKOB, TepeMelIalomuX 3apsabl B mouse, Bbipaxeaue F'(T, E)
onpenesieT U3MEHEHHE CBOOOIHOM 3HEPTUU M3JIEKTPUKA (MU U3MEHe-
HUEe CBOOOIHOW 3HEPruM MOJIS B OMIJIEKTPUKE) MPHU CO3NAHMHU TOJIS
B JMIIEKTPUKE C y4eTOM paboTbl NPOTHB BHEIIHMX HCTOYHHKOB.
ITpusenennas aHanorus mexay 0.U m O,U, ¢ OXHOM CTOpOHBI,
u F(T,D) m F'(T, E)—c npyro#, mO3BOJSET YICHHTH, KaKoif
MOCTAHOBKE 3aJla4d COOTBETCTBYET BHIOOp HE3aBUCUMOH MNepeMEHHOU
D wu xakoil —BbIOOp HE3aBUCMMOHN mepeMeHHOH E.
MarsurocTpukuus, 31eKTPOCTPHKIMA W nbe3odddexT. BoipakeHus
(10.22) u (10.23) nna muddepeHnaIoB TEPMOAMHAMUYECKAX TNOTEH-
[MaJIOB AMIJIEKTPUKOB (M aHAJIOTMYHbIE [JIi MarHeTMKOB) MO3BOJISIOT
YCTAHOBUTH DSl COOTHOLICHHH MEXAY Pa3IMyHbIMU MX CBOMCTBaMHU.
Tak, W3 BbIpaxeHUs Ui OSHeprud [uGOca emuHUIBI OOBEMA
MarHeTuka

dG=—SdT+Vdp—JdH

oV oJ
(27“71),,'7_ _<5_P)r,u. (10.29)

3neck (0V/0H), r—u3MeHeHHe 00beMa MarHeTHKa, BBI3BAHHOE Mar-
HUTHBIM TIOJIEM M Ha3blBAEMOE 00beMHOU  MAZHUMOCMPUKyuel,
(0J/0p)r,n —M3MeHeHNe HAMarHAYMBAHWS C W3MEHEHHEM JIABJICHHS,
Opd HaJIMYMU BHeUIHero MarHutHoro mnoJis (H#0) Ha3biBaeMoe
maznumoynpyaum 3@gekmom, a TpU OTCYTCTBUM BHEIIHErO MATHHT-
Horo mous (H=0)—nve3omazHumnvim sggexmom. COOTHOIEHUE
(10.29) cBs3piBaeT 06BEMHYIO MAarHUTOCTPHKIHIO C ITHMH 3(dexTamu.
AHaJIOTMYHO, U1 AMAJIEKTPUKOB M3 BBIPaXEHUS

dG=—SdT+Vdp—PdE

HAXOJUM CBs3b sjeKTpocTpukuui (0V/0E)r, , ¢ Tbe303JIEKTPHYECKHM
sddpextom (0P/dp)r, =0, T. €.
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(Z_Z>= (g,f) - (10.30)

®opmyna (10.30), xax u (10.29), Taxxke OTHOCHTCS K OOBEMHOMY
mbe303¢QdekTy, x0T OOBIYHO Mbe303JIEKTpUYECKHe sBJICHUS HabJrona-
I0TCA B KPHCTAJLIAX B ONPENENCHHLIX KpUcTaJUIorpaduieckux Hampas-
nenusax®. [lnacTvHka, BLIpE3aHHas U3 Tbe303JIEKTPUYECKOr0 KPUCTAl-
Ja ¥ cHaOXeHHas NBYMs OJJIEKTPOJAMH, TOJ AEHCTBUEM BHEIIHETO
9JIEKTPUYECKOTO TOJIs MCIBIThIBAEeT NedhopMalryio, YTO BbI3bIBAET B HEM
ynpyrue kosiebanus. U Hao6opoT, MexaHM4Yeckn Bo30yxeHHas nedop-
Manusl BBI3BIBAET Ha 3JIEKTPOJAX TUIACTUHKM JJICKTPUYECKUE 3apsibl.

ITpe30371eKTpUUECKHE KPUCTAJUIBI HAaXOOAT IUUPOKOE NpPUMEHEHHE
B PaJMOTEXHUKE, JIEKTPO- U YJIHTPAAKYCTHKE M BO MHOIMX APYTHX
obOJlacTsX Hayku M TEXHMKHM, CBS3aHHBIX ¢ NpeoOpa3oBaHUEM IepH-
OIMYECKUX 3JIEKTPUYECKHX TPOLECCOB B MEXaHM4YecKMe M HaoOOpoT.

MarnutHoe u sgepHoe oxJyaxaenus. OxJaxIeHHE Tena MOXET
OBITH MOJIy4eHO HE TOJIBKO TpH aaMabdaTHOM pacIIMpeHHH, HO U TpH
BCAKOM JApyroiéi aauabatHoit paboTe cHCTEMBI.

Tak B Hacrosimiee BpeMs B OJHOM H3 OCHOBHBIX METOJOB
noyiyyeHus: cBepxHu3kux Temmnepatyp (7'<1 K) wucnomedyercs amm-
abaTHOe pa3MarHMYMBaHME OOJIIIOW TPYNNbl MapaMarHUTHBIX COJIeH
(xeJIe30aJIFOMUHUEBbIE KBACIIBI).

SIBrieHHe U3MEHEHHs TEMIIEPaTypPhl IPU aMabaTHOM pa3MarHAYABaHUH
Ha3bIBAETCS MazHumMokasopuieckum sgpgexmom. KomyeCTBEHHYIO BETUIH-
Hy (07'/0H )s 3Toro addexta MOXHO HAWTH U3 BeIpaxeHus Juddepenipana
SHTaJbNMKM | MarHeTvka, NOMEIIEHHOr0O B MarHuTHOe mosie H':

dI=TdS+Vdp—JdH.

3Ty BEJIMUAHY HENOCPEICTBEHHO TMOJIYYalOT H W3 BBIPAXEHHs VIS
U3MEHEHUSI TEMIEpATyphl NMpH OOpaTUMOM aauabaTHOM pacilMpEeHHH

(10.12):
(ar) T(oV/aT),
op (0" ’
3aMeHMB B HeM p—>—H u V-J (B COOTBETCTBHM C TEM, YTO

pabora pacummpenus OW=pdV, a pabora HaMarHMYUBaHHS
OW=—HdJ). Taxum oOpa3om,

( ar) T(BJ/BT),,,

o0H Cy

roc CH-—TCHJ'IOCMKOCTB 1pu MOCTOSIHHOM HaMNps>KCHHOCTA MArHuT-
HOTO TIIOJIA.

* B oTiMYME OT pACHPOCTPAHEHHOCTH MbE30JNEKTPHYECKOro dbdekra (IMeKT-
pudeckas HONspuU3auds Teld NPU MX JepopMHpoBaHMM 0e3 BHELIHETO 3JEKTPHYECKOrO
HONIA) HbE3OMAarHUTHBIA 3(QQEKT CymEeCTByeT JHIIb KaK BeCbMa peAKOE sIBICHHE
y HEKOTOPBIX aHTU(EPPOMArHETUKOB M OTCYTCTBYET Yy BCEX APYrMX MAarHETHMKOB (XOTs
MarHuTOynpyruM 3¢@ekToM oO6NanaroT BCe MarHeTHKH).
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Hns mapamarseTukoB J=xH. MaznumHnaa 60ocnpuumuugocme wamie-
aJIbHbIX TApaMarHMTHBIX BellecTB, mo 3akoHy Kropu, o6paTHO
MpONOpIMOHAJbHA TeMIepaType:

w=C/T,

rae C—nmnocrosaHas Krwopu (C>0). [Mosatomy J =< (aj) =
H

T’ \oT T2
U, CJIEI0BATEJIbHO,
T\ _ CH> 0
0H s TCy

Otcroga BUOHO, YTO npu pa3MarHuuuBanuM (dH < 0) Temnepatypa
nonmxkaetrcs (d7<0). Ilpu Hu3KOW TemmepaType, mo 3akoHy [lebas,
TEIUIOEMKOCTh TNPONOPHHOHAJIbHA KyOy TeMmepaTypsi:

CP,H=CXT3,

ory 1
¢H),s T*

CrneroBaTesIbHO, TP HU3KOHM TeMilepaType N3MeHEeHUe TEMIEpaTyphl
MOXeT OBbITH BEJIMKO: OOpaTHO NMPONMOPHHMOHAILHO YETBEPTOM CTENEHH
TeMnepaTypbl. OHaKO B COOTBETCTBUM C TPETbUM HA4aJIOM TE€PMOJH-
HaMMKH IIpy TeMIepatype, 6mu3koit ¢ 0 K, ® mepectaeT 3aBuceTb OT
TeMIlepaTypbl ¥ MarHutokajgopuueckuii sddext ucyesaer. IIpenensHo
HHU3KHUE TeMIepaTypbl, KOTOPble MOXHO MOJYYUTh METOIOM aauabaTHO-
ro pa3MarHu4YMBaHMs NapaMarHUTHBIX COJIeH, ONpenessloTcs CUJIaMu
B3aMMOJIECTBUS MEXY JIEKTPOHHBIMU CIIMHAMM (JTUTIOJb-TUIIOJIBEHOTO,
obmeHHoro u T. A.). Kak Tojpko TeMnepaTypa Teia OyAeT HAacCTOJIbKO
MOHWXEHA, 4YTO IIOoJ MAEWCTBHEM CHJI B3aMMOJEHCTBUS BO3HMKHET
yIopsifo4YeHue B DPACIOJIOKEHUH 3JIEMEHTApPHBIX MAarHeTHMKOB, METO[
anabaTHOro pa3MarHWYMBaHMs TEpPecTaHeT NeHCTBOBaTh. B Hacrosilee
BpeMs TOoJIydeHa INpelesibHO HM3Kas JJIs 3TOro MeToJa TeMmepaTrypa
0,001 K. Boobmie, uem GoJjiee HU3KYIO TEMIEPATYPY HAZIO MOJIyYUTDb, TEM
GoJtee cabbie B3aUMOMCHCTBHS HEOOXOAUMO HCIOJIB30BaTh B pabouyemM
BeitecTse. [loaTomy apyroit nyth B npubnuxenuun k 0 K sexur vepes
HCIIOJIb30BAaHME SACPHOr0o MarHetusma. B 3Tom ciydae cuiibl B3aumo-
neiictBus OynyT mposBisThC Jmmb 1pu 1073 K. DTUM MeTomom
ylaeTcs TOJYYdTh CIMHOBBIE TEMIEpaTyphl mopsaka 1076 K.

MO3TOMY

§ 52. PABHOBECUE I''OMOTIEHHOI CHUCTEMBI

B romorenHoii cucreme MOTIYT MNPOUCXOOMTL XHMHUYCCKHE pPCaKIUHU
MEXAY COCTaBHBIMH €€ 4YaCTsIMHU M POACTBCHHBIE HM IIPOIECCHI
Aucconanvuv, MOHHU3alUH, TOJMMEpHU3allMd U T. 4., KOTOPBIC TaKXe

* Cm.:. Kyprn H. Oxnaxpesue anuabaTuueckuM pa3MarHMYMBAHHEM SACPHBIX
cnunoB // YOH. 1961. 75. Bmm. I. C. 151; Jloynacmaa O. B. I[IpuHuunbl 4 MeTOMb
noyiyuenust Temmepatyp Huxe 1 K. M., 1977.
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CBS3aHBI C HM3MEHEHHEM YHMCja 4YacTMil B 3akphiTod cucreme. Bce
Takde TpoLecchl OOBIYHO HA3BIBAIOT OJHHUM TEPMHMHOM — XUMUUeCKaA
peaxkyus.

VYciaoBue XumHuecKoro paBHoBecHs. Bcskas xuMuyeckas peakLus
npoTekaer, BooOmie TroBops, Kak B MNpsIMOM, Tak U B oOpaTHOM
HanpapyieHusX. [lo HacTymieHHMss paBHOBECHS peakuus B MPSMOM
HampaBJieHUM mpeoOiamaer Hajy oOpatHoit. Ilpu paBHOBecum o006e
NPOTHBOIOJIOXKHBIE PEaKUMU MAYT C OJWHAKOBBHIMU CKOPDOCTSMH, Tak
4TO Macca BellecTBa KaXIOOTO COpTa C TEYCHHEM BpPEMEHH He
m3MeHsercs. Haiinem ycioBHe XHMHYECKOTO DPaBHOBECHS.

Xumuyeckas peakius 3alUCBLIBAETCS B BUJIE

Y vid;i=0, (10.31)

rae A;— XMMHYECKME CHUMBOJIBI pPeardpyrolMX BEINECTB, V;— YHCJIa
MOJIEKYJI 3THX BEILECTB B peakuuu (cmexuomempuueckue Kod@@huyu-
enmvl). Hanpumep, mis peakuuu

2802 +02 = 2SO3 WK 2802 +02 - 2803 =0

CUMBOJIBI A; U v; uMeroT 3HaueHus: A, =S0,, v;=2, 4,=0,, v,=1,
A3=SO3, V3=—2.

Ecnu cuctema HaxomguTcs NpH NOCTOSIHHBIX TEMIlEpaType M Has-
JIEHHH, TO TIPH XUMHYECKOM pABHOBECHM TEPMOJMHAMHUYECKHN TIO-
TeHiMan I'ubbca G cucTeMbl HMEET MHUHHUMYM, OTpeNesseMblil
ycaosueM 3G =0 wm

z(ﬁﬁ) SN,=Y 1N, =0, (10.32)
i \ONi)1.p i

rae ON;—BO3MOXHbIE HM3MEHEHHS YHCEJl MOJIEKYJ pearupyroImx
BEHIECTB TNpPH peakmUd. DTH YKCIa TMPONMOPIMOHAIBHBI YHMCIaM V;:
ON;/ON,=v;/v,. [losaTtomy, 3amenus B ¢dopmyine (10.32) 6N; Ha v;,
TIOJIYYaEM  YCAOBUE XUMUUECKO20 DPABHOEECUA:

Z Vil = 0. (10.33)

Cpasnusas popmyinsr (10.31) u (10.33), Bugum, YTO MJIs NOJTyYEHHS
YCJIOBUS XMMHMYECKOTO PABHOBECHsSI HYXHO B YpPaBHEHHH XMMHYECKOH
peakuuM 3aMEHUTb CHMBOJIHI A; COOTBETCTBYIOIIMMH XHMHYECKUMH
NOTeHnMajgaMu ;. Ecim B cHcTeMe NPOMCXOOMT HECKOJBKO XHMH-
YECKMX DEeaKIHil, TO paBHOBeCHE ONPEAEIAETCS COBOKYNHOCTHIO YpaB-
Henmit Buma (10.33), mis npUMeHEHHsT KOTOPBIX K KOHKPETHBIM
XMMHMYECKUM peaklusM HEeOOXOAMMO 3HATh BBIPAXKEHHS [UIS XHMH-
YECKUX TMOTEHLHUAIOB.

3akon neiicTByrommx Macce. [lIs MIACanbHBIX Ta30B XMMMYECKHH
NOTEHUMAaJl C TOYHOCTBIO [0 OJHTPONUNHON KOHCTAHTHI M3BECTEH.
IMostomy ¢ momompio (10.33) MOXHO YCTaHOBHUTH psil 3aKOHOMEp-
HOCTedl NpU XUMHUYECKUX peaKkLHUsX B CMECH HAeajbHBIX ra3oB, Koria
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KaX Il ra3 BefeT ceOsi HE3aBUCUMO OT JAPYTUX, MMes NapluabHOe
JABJICHUE p;.
XUMUYEeCKH TNOTeHLMas  MAeaJibHOro rasa (cMm. 3amavy 5.3)

p=kTInp+p,(T),
rae
]J.o(T)=CpT(1-“lﬂ T)—'TSO'l"uo. (10.34)

B cnydae cmecum razoB Ui i-i KOMIIOHEHTHI
w=kT Inp;+po: (T),

rie p;— NaplyajbHOE AaBJIEHHE 3TOM KOMIIOHEHTHI.
OO11iee aBjieHHE CMeECH p=Zp,~. Hns wpeanbHOro rasa

N;
pi=p W= ¢ip,
rie ¢;— KOHHEHTpauus i-ro rasa. TakuMm obpa3som,

w=kT In c;p+ o (T) (10.35)

U yciaoBue xummyeckoro pasHosecus (10.33) mis peakuuit B ra3oBoi
CMecH TNpPHMHUMAeT BHI

Z vi[kTInc;p+poi(T)]=0,
OTKyHda l
kTZVi In Ci+kT ZV,' lnp+z Vil,lOi(T)=0,

Zln cii= —ZV,- lnp—kLTZVil»lot(T)a

v —zv‘
Met=p on| ~g Svwal)|-K(T.0). (1030

CunTasi v; TOJIOXKMTENHLHBIMA [UIS BEIECTB, BCTYMAIOIIMX B pe-
aKLMIO, ¥ OTPUUATEILHBIMU Ul BEIECTB, MOJIyYAIOIHUXCS B pe3yJib-
TaTe peaknuu, hepenuieM (10.36):

[1ey / [Te=K.(T, p). (10.37)

Vpasuenus (10.36) wimm (10.37) npencraBasior coboit 3axoH
Oeticmeyowux Macc: OMHoOweHUe NPoU3se0eHUs cmenetel KoHyeHmpayuti
sewecmes, 6CMYNaOWUx 6 peakyulro, K NpPou3eedeHur0 cmeneweti KoH-
yenmpayuii eewecms, NoABAAIOWUXCA 8 pe3yabmame peakyuu, ¢ noKasa-
meaAMU, DABHLIMU COOMBEMCMBYIOWUM CHEXUOMEMPUYECKUM KO0Igh-
Puyuenmam, ecmv 6eAUYUHA NOCMOAHHAA NPU NOCMOAHHLIX MeM-
wepamype u 0agAeHUU.
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Beanuuna
— z v

K(p, T)=p iepr:—/:—],;Viuo;(T)]

Ha3bIBACTCS KOHCMAHMOU XUMUYECK020 pasHosecus. 3aBUCHUMOCTH
L

K.(p, T) OT pmaBiieHUs TOJHOCTBIO OMNpENENSAeTCS MHOXHTENEM p '
HaXOXIEHHE Xe TEeMIIepaTypHOW 3aBHCHMMOCTH TpebyeT HajbHEHIIMX
MIPENOJIOKEHUA O CBOWCTBaX ra3oB (3aBHCHMOCTbL TEIJIOEMKOCTEH
OT TeMmepaTypsl U Ip.).

3akoH [EWCTBYIOIMX Macc CHOpaBelJIUB TaKxke M [JIsd peakoui
MEXIYy pacTBOPEHHLIMH BeIleCTBAMH, KOTOpble B cJabbIX pacTBOpax
BenyT cebs nogoOHO MAeanbHBIM ra3am.

Ecim B peakumm cymma ) v; pasHa Hymo, 1o K.(p, T) coBcem
He 3aBUCUT OT /aBJICHUs, KaK 3TO, HAmpuMmep, NPOUCXOIUT MIpH
JUCCOIMalMi MOIMCTOTO BOAOpOIA:

2HI=H, +1,.

3akoH AEUCTBYIOIMX MacC MOXHO BBIPA3UTh HE TOJIBKO uepe3
KOHIICHTpALMK, HO M Yepe3 maplyajibHble JaBJICHUS, €CJIM B YpaBHEHHE
xamuyeckoro paBHoBecds (10.33) momcraBute w;=k7 In p,~+uo,~(T):

IocrosiHHas paBHOBecust K, (T) B 3TOM Cilyuae COBCEM He 3aBHCHT
OT [aBJICHHs, a 3aBUCUT TOJBKO OT TeMIepaTypsl. B HekoTOpBIX
ciydasx 9Ta Qopma 3akpHa MAEHCTBYIONIMX Macc sBisercs Oosee
yOoOHOI.

3akon pa3sBenenuss OctBanbaa. [Ipu pacTBOpeHHM KakKoro-imbo
BeliectBa (HampuMmep, mnoBapeHHo# cogu NaCl) B pacrBopuTese
(Boz€) TPOMCXOOUT [OUCCOLMAIMsS OTOrO BEIIeCTBa, T. €. pacnajn
MOJIEKYJI PaCTBOPEHHOT'O BEIIECTBA Ha TMOJIOXHUTEJIbHbIE M OTPHLATEb-
aoie HoHB! (Na™*, Cl7). OqHOBpEMEHHO C 3THM NMPOMCXOAUT W MPOIIECC
MOJIM3aIM4, T. €. BOCCOEJAWHEHHS HOHOB B HEWTpaJIbHBIE MOJIEKYJIBI.
IIpn paBHOBecum o6a 3TM mpouecca HUAYT B OJMHAKOBOW CTENEHH:
CKOJIBKO MOJIEKYJl JUCCOLMUPYETCs, CTOJILKO U MoJjm3yeTcs. SBieHue
JUCCOIMAIMU MOXXHO pacCMaTpHMBAaTh KaK YaCTHBIM Cily4all XMMupuec-
KOM peakuuH, a paBHOBECHE NMpPH AUCCOIMALMM — KaK YaCTHBIM Cirydaii
XAMHIYECKOTO PaBHOBECHS.

IIppuMeHUM X 3TOMY paBHOBECHIO 3aKOH [EWCTBYIOUIMX Macc.
KonnyecTBeHHO mucconMaIMs XapakKTepuU3yeTcsi BeJMYMHOM a=n/N,
Ha3bIBaEMOM cmeneHblo ouccoyuayuy (n— KOJMYECTBO TUCCOLMMPOBAH-
HBEIX MOJIEKYJl pacTBOPEHHOIO BeliecTBa, N-—o0ilee YUCIO MOJIEKYJI
pPacCTBOPEHHOTO BEIIIECTBA).

ITycty umcno Mousiekyn pactBoputens paBHO No. Torna KoHuUeH-
Tpalys pacTBOPEHHOTo BemecTBa ¢=N/N,, KOHHEHTpalMs IMOJIOXHU-
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TEJbHBIX MOHOB 3TOTO BewlecTBa ¢;=n/N,, KOHLEHTpaIMs OTpHUIa-
TEJIbHBIX HOHOB 3TOTO BEIIECTBA ¢, =Hn/Ny, KOHIEHTpAlnUs HEpacT-
BOPEHHBIX MOJIEKYJI BEIIECTBA C3= N—n)/No.
[To 3akoHy pAelCTBYIOIMX MacC, NMpH paBHOBECHU
c1cz/c3=K,

rae K—rmocTosiHHas AUCCOLMAlMM, WM

n/No-n/No _(N/No)*-(n/N)* _

(N—n)/Ng N/No-(N—n)/N

OTKy/a
a’c/(l—o)=K.

3TO ypaBHEHHE TPEACTaBIIseT coOoil 3akon passedenus Ocmsarvoa.
OHO cBs3bIBaeT KO3Q(PHUUIMEHT MUCCONMALMM o C KOHIEHTpauuein
¢ PacTBOPEHHOTO BEIECTBA, NOKa3blBas, YTO C YMEHBIIEHHEM KOH-
HeHTpamuu (T. €. yBEJIMYEHHEM pa3BENCHHUs) CTENEHb MUCCOLMAIMU
Bo3pactaer. B oueHp ciabbIx pacTBOopax, korma c—0, creneHb
aucconmaimd o—1, T. €. TOYTH BCE MOJIEKYJIBl QUCCOLUMHUPOBAHBI.

KospduuuenT mucconmanum o MOXET ObITh ompenesieH U3 ¢op-
MyJIB JUISL 3JIEKTPONIPOBOMMMOCTH G PacTBOpA, MOJIy4aeMO# B TEOpUH
3JIEKTPOJIMTHYECKON AUCCOLMALMH:

o=Fan(u*+u"),

rie F—rnocrosnnas Papanes; 1 — KOHIEHTpAIMs, paBHas HAcIy
MOJIe pacTBOPEHHOTO BEIECTBA B €AMHHMIE O0beMa pPacTBOpa; u
U 4~ —TOJBHXHOCTH TOJIOXHUTEILHBIX U OTPHUIATEJIbHBIX HOHOB.

DKCIEpUMEHTAIbHOE TIOATBEPXACHUE 3akoHa passeaeHus Oct-
BaJIbJIa CIYXHUT XOPOIIMM JOKa3aTeJbCTBOM NpPaBUJILHOCTH TEOPHUH
3JIEKTPOJIMTHYECKON TUCCOIMAIMH.

Tennosoe noum3aiuonnoe pasnosecue. ®opmyna Caxa. IIpu nocratou-
HO BBICOKOW Temmeparype (Korma XUMHYECKOE COEHUHEHHE YXKe
MIOJIHOCTBIO JUCCOLMMPOBAHO) CTOJIKHOBEHHSI aTOMOB I'a3a NMPUBOJAT K UX
HOHM3A . IIpu 3TOM YacTh aTOMOB pacnajaeTcs Ha MOJIOXUTEILHBIH
MOH A * ¥ 351eKTpOH e. OJHOBPEMEHHO C 3THM IIPOUCXOMUT U OOpATHBIN
Mporecc peKOMOMHAIMHU, B XO/1e KOTOPOTO HOH M JJIEKTPOH COETUHAIOTCS
B HedTpanbHuld atoM. I[Ipu paBHOBecmm o6a 3TM mpormecca HAYT
C OIOMHAKOBOH CKOPOCTbIO. YPpaBHEHHE pEakiMd HMEET BHI

A=A" +e.

HpI/IMCHI/IM K 3TOMY TCEIUIOBOMY HWOHHM3allMUOHHOMY paBHOBECHIO
OAJHOATOMHOI'o rasa 3aKOH ueﬁcmymumx MacC M HaWJieM CTENeHb
HOHHU3AaIU O ra3a (onpeneﬂmomyro OTHOWICHHUE 4YUCJIa HOHU30BAHHBIX
aTOMOB K 06H1€My YUCITYy BCEX aTOMOB) B 3aBUCMMOCTHU OT OaBJICHMA,
TEMIIEPATYPbl U HUHAUBHUAYAJIBHBIX IIapaMETpPOB €roO.

Konuem‘paunn HCﬁTpaHLHLIX aTOMOB, MOHOB H J3JICKTPOHOB IIpH
pPaBHOBECHU COOTBETCTBCHHO paBHBI
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_N-aN_l-ua + o

NraN 1+a ¢ T T TTg
Yvi=vvt v =1-1—-1=—1. (10.38)

U3 3akona peficreyroumx Macc HaxomuMm (1—oa?)/a?=pK(T),
QTKyIa

1

N

ITocTosiHHasE XMMMYECKOTO PaBHOBECHA

K(T)=exp[—kLT ZvipOi(T):'.

i

N3 ¢opmyn (10.34) m (10.38) BumHO, uTO

+
ZViHOi(T)=uo+uo —HOe(T)~
i
s po.(T) omexkTpoHHOro rasa (wis kortoporo C,=°/,k
" ug.=0) uMeeM
b
w7y
Iie MOCTOsHHAs b CBsi3aHA C SHTPONUMHOM TNOCTOSHHOM S, W paBHa

1/ h2 \32
b=-(2_) .
2\ 2nm

B ciyyae OMHOATOMHBIX Tra3oB OOBIYHO TOJIAraloT uy=0, T.e.
OTCYMTBIBAIOT JHEPTHI0 OT HOPMAjLHOrO ypoBHA artoma. Torma
3HEpPrUs WOHW30BAHHOTO aToMa

ug =I=ev,
rae V' —WOHM3aUMOHHBIM NOTEHUMAall aToMa; e—3apsl JJIEKTpOHa.
Takum obpa3om,

S vion(T) = ~kTIngics =1, K(7) =2,

Hoe(T)=kT In

a= L (10.38")

R

3TO BHIpAaXECHWE JUIS 3aBUCHUMOCTH CTENEHH MOHHM3alAM o OT
JNaBJICHUss W TEMIEpaTyphl ObUIO TOJIy4eHO WHIMHACKAM (GUINKOM
M. H. Caxa u HaswBaercs @opmyaoii Caxa. U3 Hee BHAHO, 4TO
o OBICTPO pacTeT ¢ TeMIepaTypod. 3HAHHE O MOXET OBITH HCIOJIb-
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30BaHO IS OTpeJesIeHUs] TeMIepaTypbl. MHOXHUTENb TPU SKCIIOHEHTE
OYeHb MaJji, MO3TOMY MpH TemmepaTtype, korma kT~1, ax1, ras
OKa3bIBAETCSA NPAKTHYECKH TMOJHOCTHIO HMOHHU30BAHHBIM.

®opmyaa Caxa Haluia BaXKHble TNPUMEHEHUs B (PU3MKE 3BE3MHOM
atMmocdepbl. Tak, MCCJIEOBAaHUA CNEKTPOB, UCXOAAINUX W3 Pa3IMYHBIX
CJIOEB COJIHEYHOM aTMoctepsl, MOKa3aau, 4TO0 B Oojiee riry6OKHX
CJI0sIX aTMocdepsl, TIIe TeMIepaTypa BbIlle, CTENEHb HOHU3AIMU
o TMAapoB KaJblUus HMXe, yeM B OoJiee XOJIONHBIX, BHEIIHWX CJIOfX.
DTta 0COOEHHOCTh CTEKTpa COJIHEYHOH aTMocdepbl cBa3aHa, mo Caxa,
C POJIbIO NTABINCHHS p: YBEJIMUYCHUE CTETICHM MOHU3AIMK C YMEHBIICHUEM
JaBNEHAsT HUAET ObICTpee, 4YeM ee YMEHBbIIEHHE C TOHWKEHHEM
TEMIEpPATYphl NpPH TEpexoAe OT TJYOOKMX K BEPXHHM CJIOSAM
xpomochepsl.

PaBHoBecne B HeW/IeabHbIX cucTeMax. JleTyuecTh M aKTHBHOCT.
BinsHre MeXMONEKYJIAPHbIX B3aUMOICUCTBHI Ha TEPMOINHAMHYECKHE
CBOWCTBAa raza MOXHO BbBIPa3WTh, BBOJS MJIM JIETYYECTh, WM
akTHBHOCTh rasza. C TIOMOINBIO O3THX BEJMYHH peasibHble Ta3bl
OMMUCHIBAIOTCS YPaBHEHHUSIMH TOTO JX€ THIA, YTO W HIEaJIbHBIE.

Cornacao ¢dopmysie (10.35), XuMuveckMid MOTEHIHAN HMIEATBHOTO
rasa

pu=po(T)+kTInp.

3anuieM Ui XMMHYEeCKOTO TIOTEHIIMana Jroboro pealbHOTO rasa
AHAJIOTUYHOC BBIPAXCHHUC:

u=po(T)+kTInf (T, p), (10.39)

rae po(T)—rta xe ¢ymkmus, 4to u B (10.35) s XUMHYECKOro
NOTEHIMANa MAeaibHOro rasa, a ¢ynkums f(7, p) yIuThIBaeT Hewme-
aJbHOCTh Ta3a W Ha3bIBACTCH J1ermyuecmsio.

3anuchiBasi XMMHYECKHH MOTEHLAl HEMJEeaIbHOW CUCTEMBbI B BHJIE
(10.39), MOXHO pacIpOCTPaHUTh HAa HeUJEaNbHBIE CHCTEMBI CBOWCTBA,
YCTaHOBJICHHbIE IS UACaNBbHBIX cUcTeM. Tak, ¢ IOMOUIBIO JieTydecTei
ToJiydaeM s 3aKOHAa JEWCTBYIOIMMX MAacC peasybHBIX Ta30B Ty Xe
dbopMmysly, 9TO M JUIS MIEaJbHBIX [a30B:

[1/i'=K,(T), (10.40)

rae K,(T) uMeeT TO Xe 3HAaUeHHMe, YTO M JUIsS CMECH MIeabHbIX Ta30B.
Has raza Ban-pep-Baanbca neryuects onpepeinisercs u3 GhopMyJisi

f(T, p)=(p+;"a)e><p(—27”—§_%)-

B ciyyae Gonee CIIOXHBIX YpaBHEHHW COCTOSIHMS BBIPaXXEHHs IS
f(T, p) crasoBsitcs odYeHb rpoMo3akumu. OJIHAKO C TOMOUIBIO
JIETY4eCTH MCCIAENOBaHHE CBOMCTB pEajbHOTO Tra3a CYIIECTBEHHO
YIPOILAEeTCss NPH HU30TEPMHUYECKUX NpoLeccax, Koraa f MOXHO HAHTH,
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He 00paiasch K IOJIHOMY ypaBHeHHUIo cocTosiaus. Boipaxenue (10.35) ms
XAMHYECKOT O MOTEHIMANA HIEATLHOTO ra3a MOXHO TakXKe 3aM1caTh B BUJE

2 =p(T, p)+kTInc, (10.41)

rae pd (7, p)=poi(T)+kT Inp.
PacripocTpaHsis 9TO ypaBHEHME Ha peajbHble rasbl, 3alyuleM

wi=p? (T, p)+kT Ina, (10.42)

rae uf (7T, p)—ra xe ¢ynkumms, uro u B BeipaxerHun (10.41), a Bce
5peKTHI, CBA3aHHBIE C MEXMOJIEKY/ISAPHBIM B3aMMOJIEHCTBHEM, BKIIIO-
vatorest B dynkumio a;(T; p; ¢y ...; Cx), HA3BIBAEMYIO AKMUBHOCMbIO
Komnonenma i. BennunHa

Yi=a;/ ¢ (10.43)

HA3bIBAETCH KOIPPuyueHmom aKmugHocmu I-T0O KOMIOHeHTa. W3
dopmynbr (10.42) monydaem

Hi=pui*+kT Invy;. (10.44)

B cmecn upeanbHbIX ra3oB Bce K03GUIMEHTHl aKTHBHOCTH PaBHBI
emuHune. [loaroMy 3HaveHus 1—7y; uiad Iny; MOXHO HCIOJIb30BAaTh
Kak Mepy OTKJIOHEHMH OT 3aKOHa MJE€aJbHBIX Ta30B.

HeTpynaHo ycTaHOBHUTH CBSi3b MEXIY JIETy4eCTbi0 M K03hGunueH-
TOM aKTHUBHOCTH:

fi=pivi. (10.45)
§ 53. PABHOBECHME TETEPOTEHHOM CUCTEMBI

PaccmoTpuM Teneph (a3oBOe MIIM FeTEPOTeHHOE PaBHOBECHE CHCTEMBI,
cocrosiedi u3 n ¢a3 ¢ k kxommoHeHTamu. bymemM y BeJM4uH,
OTHOCSIIIUXCA K pa3HbIM (pa3aM U KOMIIOHEHTaM, IMUCAaTh JBa MHIEKCA:
BEpXHWI oO3HavaeT (a3y, a HWKHUIH— KOMIIOHEHT; TakK, HamnpuMmep,
{1 — XMMHYECKHMiA MOTEHIMAJ NMepBOr0 KOMIIOHEHTa BO BTOpOH da3se.

VYcnoBusi paBHOBECHSI TeTeporeHHoi cuctembl. PaBHOBecue B JIBYX-
¢da3HOM cucTeMe kakoro-nmubo BemecTBa (cM. § 28) Hactymaer mpu

T,=T”, p,=p”, l"l/=“,//’ (10.46)

T. €. TpUd PABEHCTBE TEMIEPATyp, NABJCHWA M XHMHUYECKHX TOTEH-
IMajioB BellecTBa B obeux (a3zax, i

w (T, p)=n"(T, p).
Ilpu paBHOBecuM ke 1OBYX a3 pa3HbIX BELECTB JOJDKHBI
BBINIOJIHATBCA YCJIOBHS

!

I
1=T5%, p1=p%, (10.47)
T. €. PaBEHCTBO TeMIepaTyp W naBjieHuidl B ¢azax. Ha xumuueckue
NOTEHMAaJbl B 3TOM Cjydyae HHKAKMe YCJIOBUS He HAKJIAJbIBAFOTCH,
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Y10 (U3MYECKH COBEPIIEHHO SICHO W 0e3 BBIYMCIICHHH, MOCKOJBKY
oOMeHa 4YacTMIAMH MeXIy TakuMH (a3zaMu ObITb HE MOXET.

U3 dopmyn (10.46) u (10.47) MoxHO chmenatb OOIMHA BBIBOJ,
4YTO TpPH PaBHOBECHM TIeTEPOTeHHOW cucTeMbl M3 n a3 ¢ k KoM-
[OHEHTAMHM TEeMIlEpaTypa, JaBJieHHe M XUMHYECKHE TOTEHIMAJIbI
KaXJIOT0 KOMIIOHEHTa BO BceX (a3ax OJUHAKOBBI:

T'=T"=T"=..=T", (10.48)
p'=p'=p"=..=p", (10.49)
W=pi=pi=..=pf,
Hra=pz=pz=..=p%, (10.50)
Pe=Hi=py =..=pd,

VpaBuenns (10.48)—(10.50) mpexncTtaBisitoT cobo# yciaoBUSL paB-
HOBECHS TeTeporeHHoW cuctemsl (cMm. 3amauy 10.7).

IIpaBuno ¢a3 I'mb6ca. IlonyueHHble ycnoBUS paBHOBecUs TeTe-
POTEHHOM CHCTEMBI TO3BOJISIOT ONpPENeSMTh KoumiecTBO a3 (co-
CTOSIIIIMX M3 HECKOJBKMX KOMIIOHEHTOB), CHOCOOHBIX OIHOBPEMEHHO
HaXOIMTBC B DPAaBHOBECHHM, WM YHCJIO HE3aBHCHMBIX IEPEMEHHBIX
reTepPOreHHOM CHUCTEMBI, KOTOpble MOXHO H3MEHSATb, He Hapymias ee
paBHOBecHs. JTa 3ajmaya ObLaa pemeHa I'm66coM, mMo3TOMy NOJy4eH-
HBIi UM pe3yabTaT HasbiBaeTcs npaBwioM ¢a3 I'mbbca.

YCTaHOBUM 3TO NPaBHIIO.

IMycts obume TemnepaTtypa M JaBjieHHWe BO Bcex (a3ax paBHOBec-
HOM rereporeHHoN cuctembl Oynytr I u p. CormacHo (10.50), mpwm
PaBHOBECHH XHMHYECKHE MOTEHIMAJbl KaXIOro KOMIIOHEHTa BO BCEX
¢ta3zax MOJKHBI OBITH OJMHAKOBBI:

pi=ps (j=1,2, .., k; i,5=1,2, .., n).

Bcero aTux ypaBHEHHMIl, BHIPaXAIOUIMX YCJIOBUS PaBHOBECHS reTepo-
TeHHOH cucTeMsl, k(n—1). CocTosHHE IeTepOreHHOM CHCTEeMbI Onpee-
nsercss BeqmyMHaMH p, T ¥ k—1 He3aBUCUMBIMHU KOHIEHTPAIMSIMU
Pas/IMYHbIX KOMIOHEHTOB B Kaxuoi dase*), T.e. 2+n(k—1) nepemen-
HeiMU. [Ipn 3TOM cuctema u3 k n—1) ypaBrenuii (10.50) Gyner umeTthb
pellieHue, e YHCIIo ypaBHemm OyIeT BO BCSKOM ciiyyae He OoJiblle
YHCIa TepeMeHHbIX, T.e. k(n—1)<2+n(k—1), oTkynma

*) He3aBUCHMBIX KOHIEHTpaumii B kaxmod ¢ase k—1, moromy 4TO Mexay
KOHLIEHTpAalMsIMH BCceX Kk KOMIIOHEHTOB B KaXIOM ¢ase CylIeCTBYeT CBS3b:
k Nl
Z o= Z k =1,

r=1 rlzN’i

T. €. CyMMa KOHUEHTpaluii BCEX KOMIIOHEHTOB BO BCAKOH i-if (ase paBHa enuHHmIe.
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n<k+2. (10.51)

OTO COOTHOIIEHHE YCTAHABJIMBAET, YTO B CHCTEeME M3 k KOM-
MOHEHTOB OJHOBPEMEHHO MOXET HAXOMUTbCs B PpaBHOBECHH He
Oosbine veM k+2 ¢as3bl, m HasbiBaeTcsa npasutom a3 lubbca.

Ecnu yucio n ¢a3 B TepMOOMHAMHYECKOH CHCTEMe MeEHbIE 4YeM
k+2, To B ypaBHeHusx (10.50) k42 —n nepeMeHHBIX MOTYT, O4Y€BHIHO,
UMETh TPOU3BOJIbHbIE 3HAYECHUS. DTO O3HAYaeT, YTO k+2 —n mnepeMeH-
HBIX MOXHO MEHSTh, HE M3MEHss 3TUM 4MCiIa M BUIA (a3 CHCTEMBI.
Yuciio He3aBUCHMBIX NMEPEMEHHBIX, KOTOPbIE MOTYT ObITh NPOU3BOJIBHO
(B KOHEYHBIX TmpeAeiax) H3MeHeHbl Oe3 HapylleHHs paBHOBECHUS
TETEPOTEHHON CHUCTEMBI, HAa3bIBAETCS YUCAOM MEPMOOUHAMUUECKUX
cmenereti c60600bl [ cucteMbl. OUeBHAHO, 4YTO

f=k+2—n. (10.52)

Tak xak coorHomenue (10.52) skeuBanentHo (10.51), To oOHO
TaKxke HasbIBacTcs npasuiom paz T'ubbca.

[MpaBuno ¢a3 B Bume (10.51) monydeHo IS TeTepOTEHHOM
CHCTEMBI, Ha KOTOPYIO [EHCTBYET TOJIBKO OIHA CHJIA JaBJICHUS.
Ecim Ha cucreMy IeHcTByeT g OOOOIIEHHBIX CHJI, TO BMECTO 4HCIA
2 (COOTBETCTBYIOIIETO MepeMeHHbIM p W T) B mpaBwio ¢a3 Oyner
BXOOMTb 4YUCJIO g+ 1 W Ui Takod CUCTeMBI 3TO NpaBUIO Oyaer
3amUChbIBATbCA WJIM B BHIE

n<k+q+1, (10.53)
WIN B BHUHAC
f=k+q+1-n. (10.54)

Kpusbie paBuoBecusi ¢a3. Tpoimas Touka. CorjacHO mpaBuiy
a3 I'mb6ca, B cucreMe U3 kK KOMIOHEHTOB B PAaBHOBECUN OJHOBPEMEH-
HO MOXET HaxoIuTbcs He Gonbiue k+2 da3 [cm. (10.51)]. B cnywae
OHOKOMIIOHEHTHO# cuctembl (k=1) MakcumambHOe uHuciao a3,
HaxoOIsIIMXCSI B PAaBHOBECUH, OYEBHAHO, PABHO My,.=k+2=3,
a B Ciydae OMHAPHON CHCTEMBI Myaec =4

Ilpu paBHOBecuu 1BYX (a3 (n=2) OJHOKOMIOHEHTHOTO BellleCTBa
(k=l§) YUCJIO CTeneHell cBobombl f=k+2—n=1. DTO BUIHO TaKxe
U3 yCIOBHMS paBeHCTBA XuMudeckuX motenumanoB p'(p, T)=p"(p, T),
KOTOpO€ CBSI3bIBAE€T TEMIEpAaTypy M naBjeHue B (azax. OmHy wu3
ITHX TEepPEeMEHHBIX MOXHO B3iTh 3a HE3aBHUCUMYIO, TOTJa

p=p(T) (10.55)

— ypaBHEHHE IS 3aBUCHMOCTH JaBJIEHHS OT TeMIEpaTypsl IpH
paBHOBecud. EciaM OTKJagpiBaTh Ha OCSAX KOOPOMHAT TeMIEpaTypy
U JaBJieHHE, TO TOYKHM, COOTBETCTBYIOIME paBHOBecuio (a3, Oymyt
JiexaTh Ha HekoTopoi kpuBoit (10.55), Ha3bIBaeMoi Kpueoii pasHosecus
¢as. Tlpy 3TOM TOYKM, JieXalMe IO CTOPOHAM O3TOH KpPHUBOW,
NPECTABJIAIOT cO0Oi pa3nNu4Hble OJHOPOIHBbIE COCTOsSHMS Tena. [pu
U3MEHEHNM COCTOSIHMS BHOJIb JIMHUH, IEpeceKarolleid KpHBYIO paB-
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A

T T
Purc. 32. Puc. 33.

HOBecHsi (puc. 32; NMyHKTHpP), B TO4YKE IMepeceyeHUs HACTyNaeT pac-
cioenre (a3 ¥ Jajbliie CUCTEMaA MEepexoauT B Apyrywoo ¢azy. Kpusas
paBHOBecust (a3 sBiseTCS, CIEAOBATENIbHO, IPAHULEH YCTOMYMBOCTH
Kakoi-mMb0 (a3bl OTHOCHTENBHO €€ TNpEepbIBHBIX HM3MEHEHHH.

ITIpn paBHOBecuH Tpex (a3 OQHOTO M TOTO XE€ BELIECTBA MMEEM
JIBA ypaBHEHMS

w (T, p)=u"(T, p),
w(T, p)=u"(T, p) (10.56)

C IBYMSI TEPEMEHHbIMH. DTH YpaBHEHHs NAIOT BIIOJIHE OINpeJieJIeHHbIE
3HaueHMss 1 W p TpH paBHOBecMM Tpex (a3 OJHOTO U TOTO XKe
BelecTBa (4uciio creneHed cBoOonsl f=0). CocTosiHUe, onpeaeIsieMoe
9THMM 3HAYCHUSIMM TEepeMEHHBIX 1 M p, Ha3bIBAETCS MPOUHOU MOYKOI.
Ha muarpamme 7, p TpoHHas Touka TMOJIy4aeTcsi B pe3yjbTaTe
TnepecedeHnsl KPHMBBLIX DPaBHOBECHS KaXIblXx JABYX a3 m3 Tpex*
(puc. 33). TpoitHas Todka IS BOIbI HUMeET CIIEAYIOUIME 3HAUYCHUS:
t=0,0100° C, p=509 [Ta=4,58 MM pT. CT.

AHaJIOTH4HBIE KpUBBIE DAaBHOBECHs IBYX (a3 MOXHO MOJYYHThb
4 U1 OMHApHBIX CHCTEM, M300paxkasi, HalmpuMep, JaBjieHue NByxdas-
HOM OMHApPHOM CHCTEMBI B 3aBUCMMOCTH OT KOHLIEHTpAIMU KaKOH-160
KOMIIOHEHTHI B OJIHOW u3 (a3.

PaBHoBece Oumapubix cucreM. OcHOBHOE YypaBHeHHe TeOpHM paB-
HoBecHsi OMHapHBIX cHcTeM. PaccMOTpuM Temepb paBHOBECHE MEXIY
pa3iuuHbIMH Ga3aMm ¢ JBYMS He3aBUCHMMBIMH KOMIIOHEHTaMH, T. €.
paBHOBecHe OMHApHBIX CHCTeM. TakuWe CHUCTEMBl HIpaloT BaXHYIO
pOJIb B XMMHHM U MeETaJLTypIuy.

CornacHo mpaBuiy ¢a3 I'mb6ca, Haumbosbiuee umciao a3,
HaxXONsIMXCS B PaBHOBECHHM, B cJiydae OMHAapHBIX CHCTEM paBHO

*) B HacTosuLee BpeMs HM3BECTHO OJHO BEWIECTBO —IeJMi, y KOTOPOTO KpHBLIE
IUIABJICHUA W HCTIAPEHMS HE IEPEceKaloTcs, T. €. OTCYTCTBYIOT KpuBas cyOnumanuu
M TpoiiHas Toyka: xuiakas ¢asa cymecrsyer Bmiots g0 0 K.
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4. OTH YyeThipe (a3bl COCYIIECTBYIOT TOJILKO B YETBEPHOHM TOUKe, IUIs
KOTOpO#M Bce mapameTpbl cucTemsbl (7, p ¥ cocTaB (a3) HOJHOCTHIO
onpeJesieHbl. B cilydae cocymecTBoBaHus Tpex (a3 cucteMa UMeeT OJHY
CTeneHb CBOOOMBI, T. €. ONUH M3 MapaMEeTPOB MOXET OBITh BLIOpaH
NPOM3BOJIbHO; OOBIYHO TAKMM TNAapaMeTpOM SBJISETCS HaBJICHHME.

Haubonee WHHTEpecHBIM CIYXHT COCYIIeCTBOBaHHME IBYX (a3
OMHApHOM CHCTEMBI, TaKk KaK Jpyrde ciiy4yam MOTYT OBbITb K HeMY
cBelleHbl. B OnMHapHOW cHCTeMe MPOM3BOJIBHO MOTYT BBIOHMpAThCS YXke
JBa TapamMeTpa: MOXHO 3aJaTh, HANpPHUMEpP, TEMIEPATYpy M COCTaB
oaHOM U3 (a3 (KOHUEHTpaLHIo KaKOH-HMOYIb KOMIIOHEHTHI), U paBHOBE-
cue 6yJeT BOZMOXHO TOJIBKO IIPU ONPENEICHHOM JIaBJICHUH, WX MOXHO
NPOU3BOJILHO BBIOpaTh [aBJIeHWE W cocTaB omHod u3 ¢a3. Torma
paBHOBecue OyNeT TOJIbKO NpH ONpeNeieHHO# TeMmmepatype. YCTaHO-
BUM OCHOBHOE YpaBHEHHE paBHOBecHs ABYX (a3 OMHApPHOM CHCTEMBI.

Hdns sToro wHammmieM [uis Kaxaod ¢a3bl OMHApHOW CHCTEMBI
ypaBHeHne ['mb66ca— drorema (5.54):

S'dT—V'dp+ N, dpy+ Ny dp, =0,
S"dT—V"dp+ N’ dp,+N4du, =0

(bazoBble MHOEKCHI Y dT dp, du He cTaBsATCS, TaK Kak IIpH
paBHoBecun T'=T", p'=p", yu'=pn"

Uckmounm du, wus ypaBHeHnn (10 57). VYMHOXMB TiepBOoe Wu3
ypaBHenuit (10.57) Ha N, Bropoe—mHa N, BBIUTEM H3 BTOPOrO
ypaBHEHUsI TIEpBOE, TOrna

(S”N’2~—-S’N’2’)dT—(V”N’2~V’N”)dp+
+(N{Ny—N; N )du; =O0. (10.58)

OTO ypaBHEHHME SIBJISIETCS OCHOGHLIM yPAGHEHUEM Meopuu OUHAPHBIX
cucmem. Ilonb3yscb UM, MOXHO YCTaHOBHTH BCe 3aKOHOMEPHOCTH
Takux cucteM. Haubonbmmii wuHTepec TNpencTaBisieT paBHOBECHE
XUJKAX OWHApHBIX PAcTBOPOB M HX MapoOB.

OcCHOBHbIE 3aKOHOMEPHOCTH TaKMX OMHAPHBIX CHCTEM OLLIM YCTa-
HOBJIeHB! J]. I1. KoHosanogvim.

(10.57)

§ 54. TEPMOANHAMMKA WM3JIYUEHUA

3aKkOHBI TEPMOJWHAMMKH YHMBEPCAIbHBI B TOM OTHOILUEHWMH, YTO
NPpUMEHUMBl K CHCTeMaM M3 OOJIBIIIOrO YKMC/Ia YacTHIl JIH06Oi
NpUPOABI, T. €. KaK K KJIACCHYECKMM, TaK M K KBAHTOBBIM CHCTEMaM,
KakK K BEIIeCTBY, TaK M K IOJIIO, NPEXJe BCETO K IJIEKTPOMATHUTHOMY
TIOJIIO — M3JIYYEHHIO, HpeNCTaBIIsIomeMy co0Oi Takxe KOPIYCKYJsp-
HYIO CHCTEMY.

Wznyyenue, Haxopnsieecss B HEKOTOPOM OO6JIaCTH TNPOCTpaHCTBA
B PaBHOBECHH C OKPYXAaIOIIMMH TeJIaMH, HAa3bIBACTCS MeENL06bIM WIIN
pasnosecHbim. TIpU TEIUIOBOM DaBHOBECHH Tejl MX TEMIIEpAaTyphbl, Kak
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M3BECTHO, OuHaKoBbI. [T03TOMY ¥ M3/1y4YeHHe, HAXONSACh B PaBHOBECHM
C [IpYrMMH TeJlaMH, UMEET TEMIEpATypy O9TUX Ten™.

B TepMonmmHaMuKe paBHOBECHOE W3JIyYEHHME MPEACTABIAET COOOIA
cHUCTeMy, Xapaktepudyemyro obwemom V, temmepartypoir 7 W jdas-
JICHHEM p.

B asiekTpoaMHAaMHKE PABHOBECHOE H3JIYYEHHE €CTh HENpephIBHAS
COBOKYIIHOCTb 3JIEKTPOMAarHMTHBIX BOJIH (¢ yactotamm ot 0 1o
00), H3JyYaeMbIX OecrmopsiIOYHO ABHXYIIMMHCS YacCTUIAMH OKpY-
KaAoImUX Ted. AMmMTYabl W Ga3bpl 3THX BOJIH B CjIy4ae TaKOro
«ECTECTBEHHOTO» H3JIyYeHHsSI pacrpeliesieHbl 1O BCEMY CIEKTPY CO-
BEpIIEHHO OEcropsiIOYHO.

IMycts u, dv—ynenbHast 3Heprusi BOJH B HMHTEpBaJie 4acTOT V,
v+dv (u,—cnekTpaysibHas IUIOTHOCTb WU3JIyueHHs). Torma moJiHas
yIenabHAsi 3HEPTUsi W3JIYYeHHS

]
u= [ u,dv, (10.59)
(1]
a TONHAs OJHEPTUs M3JIyuYeHHs B oObeMe V BCIEACTBHE €ro H30-
TPONHOCTH

U=uV. (10.60)

Anajyiorn4Ho, ecii §,dv—O3HTponusi eIMHUALB oObEMa H3JIy4EHHUS
C YacTOoTaMHM B MHTepBaje v, v+dv, TO MOJNHAs YAejbHasi SHTPONHUS
PaBHOBECHOrO H3JIyYeHH S

S=

s,dv, (10.61)

Ot 8

a JHTpOIHUs MH3JyYeHUs B oObeme V
S=sV.

Ecnu sneprus BosiH g,dv ¢ vactoTamMu B HHTepBajie v, v+dv,
U3JIy4aeMbIX €QUHHIIEH NOBEPXHOCTH Tejla B EOWHHIY BPEMEHH, TO
€, — CNEKMPAAbHAA IHEP2EMUUECKAA CBEMUMOCHb 3TOTO Tejla B JaHHOM
HMHTEpBaJie 4acTOT HNpH ONpeNesieHHOH TeMmepartype.

Ecnu na Teno mnamaer Jsyuncras sHeprusi ®,dv B MHTepBaje
4acToT v, v+dv, To B oOmemMm ciyyae 4Hacth 3Toil sHeprum ®@,,dv
nornomaercsi, 4acte ®,,dv orpaxaercs, yactp @,dv mnepexomur
yepe3 TeJIO, TPHYEM, OUYEBHIHO,

®,,dv+0,,dv+ D, dv=>,dv,

,, q)vp q’v-r__
etate=l. (10.62)

*) MpICTib 0 TeMIepaType PaBHOBECHOTO MW3JyHEHWs Oblia BBICKA3aHA BIEpPBLIE
B 1893 r. pycckum dusukoM B. B. l'osuybinbim, W 3TO TO3BOJWIO B TOJHOH Mepe
NIPUMEHUTb TEPMOJWHAMHUKY K H3JIYYECHHIO.
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3pecy @,/ P, =0 —ko3ddumment mnornomenus tena, P,,/P,=p—
ko3pdunueHT otpaxenns, P,./P,=1—ko3bOULIMEHT nNpPOMycKaHUS.
Bce 3TH BEAMYMHBI OTHOCSATCH K EIHMHHUIIE HMHTEpBaja YacToT OT
v o v+dv, aBisiOTCA Oe3pa3MEPHLIMH W U3MEHSIIOTCS B Tpejesiax
OT HyJs JO EOWHMIBI, Tak Kak, corsacHo (10.62),

a+p+t=1.

Tena, morjomarolMe Bce MANAIoIIee Ha HUX H3IJIyYEHHE Kakou
yroaao 4actotel (=1, p=1=0), Ha3bIBAIOTCS AOCOMOMHO YePHbIMU
(MM TIPOCTO uepHbimu); Teja, OTPaXAIoIMe BCe Majaroliee Ha HUX
mnyuenne (p=1, a=1=0), HA3BLIBAIOTCA 3epPKAAbHLIMU WUIH OeAbIMU;
Tena, TNpoONMYycKaloImue Bce magaromee usnyueHue (=1, a=p=0),
Ha3bIBAIOTCSA AOCOAIOMHO NPO3PAUHBIMU.

B npupone HeT Tea C TakUMHU abCOIOTHBIMH CBOMCTBaMH, OJHAKO
MIIOTHE TeJla MOXHO OTHECTH NPHOMMKEHHO X TOMY WIM HHOMY
kjaccy. Hampumep, npubnusutenbHo uepHas caxa (x=0,95), eme
OoJiee uepHOW SBJAETCS MJATHHOBAas 4YepHb. Hawmnyuymwum npubnumxe-
HHEM K abcCOJIIOTHO 4YepHOMY Teny SBJSETCS Majloe OTBEPCTHE
B CTEHKE MNPOTSKEHHOW mojoctu. M3nydenuwe, momapilee 4epe3 3TO
OTBEpPCTHUE BHYTPh MOJIOCTH, B Pe3yjbTaTe MHOTOKPATHOTO OTPaXCHHS
OT CTEHOK TMpPAKTHYECKH TNOJHOCTHIO TOTJOTUTCS, TaK 4YTO KO3(-
(GUIUEHT TOTJIONIEHUS] OTBEPCTHS MOXHO CYMTATh PAaBHBIM E€IUHHIE.
CornacHo BTOpOMY Hayajy, WH3Jly4eHHME B TOJIOCTH 1O CBOEMY
CIEKTPaJIbHOMY COCTaBY 4, TaKo€ €, KaK B TMOJIOCTH C «YEPHBIMH»
CTEHKaMH, T. €. OINpPE/ESeTCS TOMbKO TEMIEPATYpPOl CTEHOK M COBEp-
IIEHHO HE 3aBUCHUT OT MPUPOABI BEUIECTBA CTEHOK [B TPOTUBHOM
clydyae MOXHO ObLIO OB NOCTPOMTH BEYHBI JBUTaTeNlb BTOPOTO
poma (cM. 3amauy 10.15]. ITosToMy u3nmydeHHe, HCIyCKaeMoe OTBEp-
CTHEM, 1O WHTEHCUBHOCTH W CIEKTPaJILHOMY COCTaBy HAECHTUYHO
M3JIyUeHUIO abCOJIIOTHO YEpPHOTO Tejla ¢ TeMmrepatypod 7T, mpuyeM

e=1/,cu,, (10.63)

A€ ¢c—CKOpOCTh CBeTa B Bakyyme (cM. 3amauy 10.16).

BHyTpH mDONOCTH C 3€pKaJbHBIMH CTEHKAMH TIpU OTCYTCTBUH
B HeHW KakMx-1ubO Ten M3JYYEHHE OTCYTCTBYET, kak Obl HM Oblia
BbICOKa TeMmepaTtypa O0OJIOYKM, Tak KaK TaKde CTEHKHM HMYEro He
uznyqaroT. OJHAKO €caM MBI OTKPOEM 3aCJIOHKY B CTEHKE, BIIyCTUM
M3BHE M3JIYYEHHE Pa3JIMYHbIX YACTOT OT TeJ C PAa3HOM TeMiepaTypon™),
TO 3TO IMPOM3BOJILHOE H3JIyY€HHE, BBEICHHOE B MOJIOCTh, OCTaHETCS
B Heil 0e3 BCAKOrO HM3MEHEHHWs, TaK Kak OHO HE MOXeT ObITh HH
YBEJIMYEHO 34 CYET MCIYCKaHHWs, HM YMEHBIIEHO TyTeM MOTJIOUIEHHS,
HA M3MEHEHO M3-32 B3aUMOJEHCTBHS MEXAY CIEKTPAJbHLIMHU H3Jyde-
HUSIMM, TIOCKOJIbKY, O TIPHHLMITY CYNEPHO3ULNH, OTIC/bHbIE H3Jyye-
HUS MexOy coboii He B3aMMOJEHCTBYIOT. B mosioctn ¢ OenbiMu

*) TemmepaTypa 4YEpHOTO Teja, UCIYCTHBLUETO H3Jy4YeHHE ONpENEIEHHOM Ya-
CTOTHI, M Ha3bIBAETCH TEMHEPATYpOHd €ro H3JydeHHus.
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CTEHKaMH CO3/aeTcsi TEPMOAMHAMMYECKOE pPAaBHOBECHE W3JyueHUH
C pa3NMYHOHM TemIepaTypod, Tak 4YTO B KaxIo# Touke Oymer
VIIECTBOBATh OJHOBPEMEHHO HECKOJIBKO pa3jIMYHbIX TeMIepaTyp.
TO paBHOBEcHe, OJHAKO, He Oyaer ycroituuBbIM (cM. 3amauy 10.22).
C/M TIO3BOJIMTh OJHUM M3JIyYEHMSIM [EPEXOJUTh B ApYyrue, 4TO
flocTuraeTcss BBEJEHMEM B TMOJIOCTh YEPHOM NbUIMHKH, H3J1yyYalolieil
¥ TOIJIOIAIOIIEH CBET M Wrparolliedl poJib MOCpedHUKa Ipu oOMeHe
SHEPTrUil MEXIy 4YacTOTaMH, TO W3JIyYeHHE TEPEXONUT B COCTOSIHHE
YCTOMYMBOTO PABHOBECHUS, CTAHOBUTCS YEPHLIM M BCE CHEKTPAJIbHBIE
H3JIyYEHUST MMEIOT OJHY M Ty X€ TeMIEpaTypy.

B mnpuMeHeHHM K M3JIyYEHHIO TepMOAMHAMMKa II03BOJISIET YCTa-
HOBUTb PSJ 3aKOHOMEPHOCTEH:

1) cymecTBoBaHWE HaBJCHUS H3JIyYEHHs (CBETOBOE IaBJICHHE);

2) 3akoH Kupxroda o He3aBUCHMMOCTH OTHOIIECHHS CIEKTpailbHOU
SHEPreTHYECKOM CBETHMOCTH &, K KO3(DPHUIHMEHTY MOTJOIIEHHS P OT
IpUPOIbl BEILECTBA;

3) 3akoH Credana —bonpiMaHa O 3aBUCUMOCTH TOJIHOM IUIOT-
HOCTH SHEPrMM ¥ PaBHOBECHOTO H3Jy4eHHs OT TeMnepatypul 7;

4) 3axkoH BuHa 0 CTPYKTYpe (QYHKIMH CHEKTPAJbHOH TJIOTHOCTH
JHEprMM W3JyYeHus u, ¥ 3aKOH cMelleHus Buna.

[MonyyuM 3TH pe3yabTaThl [JIi PABHOBECHOTO M3JIYYCHHUS.

CymecTBoBanue CBeTOBOro AaBiienmsi. Hanwuue naBiieHus u3jyye-
HUSI BIEpBble OBLIO J0KAa3aHO Ha OCHOBe BTOpPOro Havajga B 1876 T.
UTANbLIHCKAM (usnkoMm A. Baprosm, ucxons u3 CieAyIOIIEr0 MbIC-
JICHHOTO 9KCIIEpUMEHTA.

Ilycts wuMeroTcs ABa 4YepHbIX Tena 4 W B ¢ TNOCTOSHHBIMH
temnepatypamu Ty u T, (Ty>T,), cOoenMHEHHbIE MEXIy coOoi
OyCTBIM IIMJIMHAPOM ¢ OenbiMu creHkamu (puc. 34). V Havana
U B KOHUE IMJMHApPAa HMEIOTCS INeJM Ul MHOIBHXHBIX IOpIiHEH
C 3€pKaJbHBIMH CTEHKaMHM. YJajluM U3 UWIMHApPA TIoplueHs P,
octaBuB P; y camoii nosepxHocTH Tesna A. Ilpu 3Tom Bech 06BEM
IWJIMHIpA HATOJHUTCS PAaBHOBECHBIM HU3JIydeHHEM OT Tena B. Bmens
nopumieHb P, u ynamus P;, Oynem asurath P, 0 CONPUKOCHOBEHMS
¢ Teqom A. Torma Bce U3nyueHHE B NUJIMHADPE IOTJIOTUTCA TEJIOM
A, a IMIMHADP BHOBb 3aIlOJIHUTCS M3JyueHUEM OT Teja B.

BBenem Tenmepb NOplieHb P; y NOBEPXHOCTH Tesla B M, ynanms
P,, Oynmem nsurath P; po Ttena A. Ilpu 3TOM Bcs 3Heprus,
u3JlyyeHHass B, cHOBa NOTJIOTUTCH TeJdoM A.

[ToBTOpsAst mepuoOaMYECKH 3Ty oOle-
panyio, MOXHO TepeBecTH Jr00oe KO-
JIMYECTBO JHEPTMM HM3JIyYEHHS OT Tejia
B x Teny A, BCAEICTBHE 4Yero TeJO
A narpesaetcs, a B oxnaxpmaercs, T.e. 7/

TEIJIOTa TMEPEHOCUTCS OT XOJIOJHOTO /
Tejia k ropsiyemy. Tak kKak, 10 BTOPOMY T, T,
Hayajly TepMOJMHAMHKH, I3TO MOXET

ObITh TOJIBKO TpU 3aTpaTe paboThl, Prc. 34.

A P, P, B8
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TO, CJIEAOBATENbHO, M B JJAHHOM cJIydae
TIepEeABIKEHNE TOPIUHS TOJDKHO COINpPO-
BOXJaTbcA 3aTpaToit paborhl. OTcrona
CJeNyeT, 4TO W3JIyYeHUE MPOU3BOAUT
JaBJICHHE Ha TOPUWIEHb, NpPUYEM YeM
GoJibllle TeMIepaTypa H3JIyueHHs, TeM
OoJipllle 3TO JaBJICHME.
Puc. 35. Camy xe (QYHKIMOHAJLHYIO 3aBH-
CUMOCTH JaBJICHUS U3JIYHEHUS OT TEM-
nepaTypbl (kak M BOOOIIE TepMHYecKOe M KaJOpHYECKOE YPaBHEHHUS
COCTOSIHUSI JIFOOOW CHCTEMBI) C IHOMOUIbIO TOJBKO TEPMOAWHAMHUKH
onpenenuTh HeBO3MOXHO (cM. § 5). OmHako, Ucnojb3ys djeKTpoMar-
HUTHBIH XapakTep M3Jy4eHUs (T.e. MpUBJeKas 3aKOHbI 3JIEKTPOIHM-
HAMMKH), MOXHO BHIPa3HTh CBETOBOE HARJICHHE p Yepe3 IUIOTHOCTH
SHEPIrUM PaBHOBECHOTO W3JIy4eHMS # W u3 OOIMX 3aKOHOB TEPMO-
JAHAMUKH TIOJYYIHUTH U1 HEro Kak TEPMHUYECKOe, TaK U KaJIOPUYECKOe
ypaBHeHMs cocTtostHAs. COTNAacHO JJIEKTPOAMHAMMKE, UMEEM

p="/5u, (10.64)

4yTO coBmagdeT c GOpMyJOH IS NaBJICHUS DPEIATUBHCTCKOTO HIE-
anmpHOTrO KBaHTOBOTO rasa (3.31). Beipaxenue (10.64) nerko moysyyuth
U3 PAaCCMOTPEHHS PABHOBECHOTO M3JIy4eHHS] KaK COBOKYMHOCTH (o-
TOHOB, yIaphl KOTOPHIX O CTEHKY M OOYyCJIOBIMBAIOT IaBJICHWE (CM.
3amavy 10.16). OxcnepuMeHTaJbHO HAJIWYUE CBETOBOTO [1aBJICHUS
6puto BHepBule ycraHosieHo B 1901 r. I1. H. JleGeneBbiM Ha ¢u3muec-
koM ¢akymstreTe MI'Y.

3akon Kupxroda. ITycTe B 3aMKkHyTON moJioctd (puc. 35) HaxoOsT-
ci IBa Tejla: ONHO duepnoe—A4, a BTOpoe HewyepHOoe— B. Ilpnm
PaBHOBECHH TeMIEPATYPhl TeJl M U3JIYUEHUS OJAWHAKOBBI, 3 KOJHYECTBO
DHEPTUM, U3NTyYaeMoe 3a Jroboe BpeMs eAWHMIEH IUIOIaaAM IMOBEP-
XHOCTH KaXJOro Tejla, PaBHO KOJMYECTBY SHEPIMH, IOTJIONIAEMOMY
UM 32 TO Xe€ BpeMS.

TlocKOJIBKY TUIOTHOCTH SHEPrUM W3JIYHEHHS B TOJIOCTH BCIOAY
ONWH2KOBAa, TO HA ENMHMIY IUTIOIIAJX TOBEPXHOCTH KAaXIOTO Teja
namaer B lc omHo W TO Xe kommdectBo OdHeprum @, dv. Ecmm
€0 —HUcmycKaTeabHas CIIOCOOHOCTh aOCOMIOTHO UYEpHOro Tejla, TO
npu pasHoBecun @, dv=eldv n

=0, . (10.65)

Hevepnoe Tteno morniomaer He BClo naparouryro sHepruro ®,dv,
a Tosbko 4Yacth ee ®,dva,. Ilpu paBHOBecuu ®,dva=¢,dv, oTkyna,
yuuthiBasi Gopmyay (10.65), momyyaem

&,/0, =€y =const (7, v). (10.66)

DTO COOTHOIIEHUE BBIpaxaeT 3axon Kupxeoga: omuowenue cnexm-
PAIbHOLL  IHEP2EMUYECKOT  CBeMUMOCIU Meaa K e20 Kodgduyuenmy
no2AowjeHUA Nnpu OAHHOL Memnepamype He 3Q8UCUM OmM PHu3uuecKux
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ceotlicme meaa U DPAGHO CHEKMPAAbHOU JHep2emuiecKkoli C6emumocmu
ubcosomHo uepHo20 meaa.

OTHOLIEHNE &,/0, — YHUBepcavhan @yHKyus memnepamypel U ya-
cmompi. C TOYHOCTBIO OO YHCIOBOTO koddduumeHta oHa paBHa
CTIEKTPAJIbHOM MIOTHOCTH PaBHOBECHOTO M3JyueHus u,=u,(v, T) B 1mo-
jocTH JmobGoro Tena npu nmaHHOM Temmeparype [cMm. (10.63)].

Kupxrodp mnocraBun nepen ¢usukoit 3amauyy HaXOXICHHS 3TOH
yHHBepcasnbHOl QyHkuuu. [locTeneHHoe penieHde 3TOM 3aJa4M CBS3aHO
¢ uMmedHamu Boavymana, Buna, [ocunca, Muxeabcona, a €€ OKOH-
YaTeJbHOE pelleHHe YAANoCh TONbKO Il1auKy, BIEPBBIE BBELIEMY
JUIS 3TOrO KBAHTOBHIE TIPEACTABJCHHs B (U3UKY.

3akon Crepana — Boabumana. [IpuMeHMM K paBHOBECHOMY HM3JIyye-
Huio ypaBHeHue (3.27), cBs3bIBaloIllee TEPMHYECKOE M KaJIOPHYECKOE

ypaBHEHHS! COCTOSHMUS:
op\ _(oU
(%),~(5).+

st paBHOBecHOro u3nyuenus p=u/3 u U=ul, mnosromy
du
T 7= 4u. (10.67)

OTcrona mocine HHTCTPUPOBAHUSA IIOJIy4YacM 3aBHCUMOCTb TIOJIHOM
INIOTHOCTH J3HEPrUU PABHOBECHOI'O M3JIYYCHHSI OT TEMIIEPATYPhI

u=cT* (10.68)

Ha3bIBaeMylo 3akoHom Cmegana— boavymana: naomuocms snep2uu
PABHOBECHO20 U3AYUEHUA NPONOPYUOHAALHA Yemeepmoti cmeneHu mep-
MOOUHAMUYECKOTI meMnepamypei.

CredaH ycTaHOBWJI 3TOT 32KOH B 1879 I. Ha OCHOBaHMHM OIBITHBIX
naHHbIX, a B 1884 r. BonbiMaH mosyyms1 e€ro NPMBENCHHBIM 37eCh
cnocoOOM Ha OCHOBaHMHM BTOPOTO Hayaja TEPMOIMHAMMKH.

ITocmosnnas unmezpuposanusa S (rocmosunas 3akona Cmegana —
Boavymana) TepMomuHaMMuecku He onpeaenserca. OmNbIT, a Takxe
cTaTHCTHYeckas (GU3MKA JAlOT 3HaueHMe 6 =7,64 10716 JTx/(K* - m3).

3akonnt Buma. 3akon Credana — BosiplilMaHa fgaeT BbIpaXXeHHE
JUTS TIOJIHOM TUTOTHOCTH 9HEPTMHM 4 PaBHOBECHOTO M3JIyYEHMs, OCTaBJIsAs
OTKPBITBIM BONPOC O (QYHKUMH 4, [UIA CIEKTPAJIbHOM ILIOTHOCTH
sHepruu usnaydeHus. OnHako 3akoH CredaHa — bosbiiMaHa COBMECTHO
¢ WHTErpajbHbIM BbIpaxeHueM (10.59) mis v mo3BOJISET YCTAHOBUTH
CcTpykTypy (yHkumu u,. HeiicTBuTensHO, ecau B GdopMmyie

u= [ u,(v, T)dv
0

nePeﬁTn K HOBOW mnepeMeHHOM x, mojaras v=x71, TO MHOXHTEJb
T* B sToii QopMyie mnepeln HHTETpajioM MO X OYIOET TOJILKO TMpH
CTPYKTYpHO# GopMyJie JJisi CIEKTPaJIbHOM MJIOTHOCTH 3HEPTUM B BUME
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uy (v, T)=v3f(x)=v3f<§), (10.69)

TaK KakK
e

u=[u,dv=T*[xf(x)dx=0T*,
0 0

rze f(x ) —Hekoropas GyHKIHS TepeMEHHOMN x=%. Bun sro#t dyukmum

Ha OCHOBAHMM 3aKOHOB TEPMOJMHAMHMKM YCTAaHOBUTb HE YHaeTcs.
DTO BO3MOXHO TOJBKO C TOMOIINBID CTATHCTHYECKOW (HU3HKH.
®opmyna (10.69) 6si1a ycranosiena B 1893 r. B. BunoM u Ha3BaHa
3aKoHOM Buna 041 cmpykmypHoti @yHKYuu CnexmpaavHoii niomHoCmu
JHepeUU PABHOBECHO20 U3AYUCHUA.
Tax kaxk v=c/A u u,|dv|=wu|dA|, To u3 (10.69) momyyaem
CTPYKTypHyIO (opMyNy 3akoHa BuHa s uy:

=275 (AT). (10.70)

Crpykrypable popmyasl 3akoHa Buna (10.69) u (10.70) onpenens-
IOT TUIOTHOCTH J3HEPruM H3JIYYeHHS, NMPHUXONAIIAECS COOTBETCTBEHHO
Ha eAMHMIY WHTEepBaja 4YacTOT WIM HAa EQUHUIY HMHTepBajia [UIMH
BOJIH mpu Temnepatype 7. IlpuMeHeHHWe TepMONMHAMMKH, CJIeIOBa-
TEJIbHO, HE pellaeT MOJHOCThIO 3aJayd 1O OINpPEeHEJICHHIO CIIeKT-
panbHON IUIOTHOCTH paBHOBECHOTO wu3nmydenus u,(v, T). Omnako,
CBEIsl pEIIeHHEe 3aJayd 10 OTBHICKAHHIO O3TOH GYHKUMM OT [JIBYX
nepeMeHHBIX v U T k 3ajadye onpenenenus Qynxuum f(v/T) onmoit
NIepEMEHHOM, TepMOJNHAMUKA TIO3BOJIAJIA MOJIYYUTh AOCTATOYHO 60JIb-
myo HHQOpPMANUIO O CBOMCTBAX H3JIydEHHUS.

CrpykrypHas ¢opMmyna 3akoHa Buna (10.70) mnpuBogutr K
CMEUICHUI0O MaKCMMyMa CHEKTPaJbHOW TJIOTHOCTH O3HEPTUM DPaBHO-
BECHOTO M3JIYYEHHS C M3MEHEHHEM €ro TeMmepatypbl. JledcTBu-
TEJIbHO, OMNpPEAEIUM JUITMHY BOJIHBI A,,, KOTOPOH COOTBETCTBYET
MaKCUMaJIbHasi IUIOTHOCTh J3HEPTUM #, PaBHOBECHOTO W3JIYYCHHUS.
Ipomubdepenmupyem uis 3toro Bbipaxenwe (10.70) mo A wu
npou3BOfHylo npupaBHieM HYMO: —5@(AnT)+AmT¢ (AnT)=0,
OTKyIa

A T=b, (10.71)

rae b—nocmosnnas Buna, paBHasi, Kak mokasan onsit, 2,9-1073 M- K.

®opmyna (10.71) BuipaxaeT 3akoH cmewenus Buna: 0auna 604mbl,
HaQ KOMOPYI NPUXOOUMCA MAKCUMYM CHeKMPAAbHOU NAOMHOCMU 3Hep-
2uu U, paeHogecno2o (YepHo20) U3AYYeHUA, 0BPAMHO NPONOPYUOHAALHA
mepmoounamuyeckoii memnepamype™®.

* JameTuM, UYTO MOJIOXKEHHS MakCMMymoB GyHKUMM @, ¥ 4, HE COBNAMAIOT,
MOCKOJIbKY DaBHBIM HHTEPBATaM 4acTOT HE COOTBETCTBYIOT DaBHbIE MHTEPBAJIbI JJIMH
BoyHBl (cM. 3amauy 10.17).
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Tepmnqeckoe H KaJIOpHYeCKOe¢ YPAaBHCHHNI COCTOSIHMSI H DSHTPONHHA
PABHOBECHOI0 M3JIyYCHHA. Tenepb MOXHO HamucaThb KaK TEPMHUYCCKOC,
TaK U KaJIOPUYCCKOC YpaBHCHHSI COCTOSSHUSA PABHOBECCHOTO H3JIYUYCHHS:

=1/,0T*, (10.72)
U=cT*V. (10.73)
3Hasi 3TH ypaBHEHUS COCTOSIHMS, HETPYAHO BBIYMCIMTH 3HTPOIHIO
u3nydeHus. JledcTBUTENbHO, M3 YypaBHEHUS
dS= 8Q _dU+pdV_ Vdu+(p+u)dv
T T

noJiy4aeM dS=4o'VT2dT+4/30'T3dV=4/30'(3VT2dT+ T3dV)=
=d(*/36T?V), orkyna

=4/,6T3V (10.74)

[anmuTBHAs mocTOsHHas B BepaxeHuH g sHTpormu  (10.74)
B COOTBETCTBHM C TpPeTbUM HayajoM TepMoauHaMukud (S=0 mpu
T=0K) npunsta paBHOH HyJIO ]

Tak xak mpu aamabaTHOM mponecce S=const, TO C TOMOUIBIO
dbopmysant  (10.74) wHaxomuM ypaBHeHHMe aauWabaTsl paBHOBECHOIO
w3nydyeHus V7T °=const unu

pV 3 =const. (10.75)

CpaBHHBaﬂ ypasHenue (10.75) ¢ ypaBHeHHeM aquabaThbl UaeaIbHOTO
raza (2.13'), sameuaem, 4To MpH anna6amblx TpOIeCccax PaBHOBECHOE
W3IYHCHAE BEsET cebs1 KaKk MOeaJbHBIA ra3 ¢ OTHOLIEHHEM TEIJIOEM-
kocteir y=%/,. DTO, OmHAKO, HE O3HAYAET, YTO Y PABHOBECHOTO
u3iydeHuss y=*/;, OHO paBHO 6ECKOHEYHOCTH (cm. 3ajavy 10.24).

TepMoannamMuyeckne NOTEHIHANLI M YCJIOBHE YCTOWYHBOCTH paBHO-
BeCHOro M3iyvenus. JIs paBHOBECHOTO W3JIy4eHHs, Kak M JUIs
HAeasbHOTO ra3a (U1 KOTOPOro M3 OmbITa TakK)Ke M3BECTHBI TEPMHYEC-
KO€ 1 KaJOPUYEeCKOe yPaBHEHUS COCTOSHUS), TEPMOJUHAMHUKA TO3BOJISI-
€T HalTH SIBHLIC Bmpaxcenna IUTS. TEPMOJMHAMHUYECKHX MOTEHLIMAJIOB
UWV,S), F 1 p, T) n H(p, Sl OnpenenuM 3TH  (QYHKIMH.

Tax KaK U 0'T n S= 4/30'T V, TO BHYTpEHHSs] 3SHEpPIHs
U3JIy4eHUs Kak TepMonnHaanecmn NOTEHNMAaJl paBHA

3 8\
u(, S)-cV(Z G_V> , (10.76)
GHCpFHﬂ FeJIbMFOJIbua

F=U-TS=cT*V—T%/,6T*V=~Y,6T*V,  (10.77)
aHeprusi I'm66ca

G=F+pV=—1',6T*V+'/36T*V=0, (10.78)
JQHTAJIbIIUSA

H=U+pV=G+TS=TS=S(3p/c)". (10.79)
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W3 Beipaxenus (10.77) BUIHO, YTO TEPMOJUHAMHMYECKUIA MOTEHIMAI
G (T, p) HE MOXET ObITh XapaKTepHCTHYeCKOW (yHKIMeH s M3jyue-
HUS. JTO OOYCJIOBJIEHO TeM, 4TO XapaKTEPUCTHYECKHe TNepeMeHHbIE
T u p, cornacHo ypaBHeHuio (10.72), He sBIAIOTCA [UIS H3JIy4eHUS
HE3aBUCUMbIMH.

PaccMoTpum Temepb BOmpoc 00 yCJIOBUSIX YCTOWYHUBOCTH PaBHCBEC-
HOTO H3JIy4eHHMs.

Tak xak jus usnydeHuss p="'/,6T* T10 mis mero (dp/dV)r=0,
C,=00, T/Cp,=0. Takoe 3Ha4YeHWEe 3THX BEJMYMH HE O3HAYaeT, 4TO
Ui u3ny4deHus: ycioBus ycroduuBocTH (6.16)

(a_;;) <0 u —T—>O
v )r C,

HapywaroTcst, mockoibky (dp/0V)r, T/C, He XapaKTepH3YIOT YCTOM-
YUBOCTh M3nyueHus. [leJio B TOM, 4TO ycjoBusl ycroitumBoctd (6.16)
TIOJIy9eHbl [UIS OQHOPOJMHOW 3aKpLITOW CHUCTEMBI, KOTOpass He 00-
MEHHMBAETCS YaCTULAMM C OKpYXalolllel Cpeloil, paBHOBECHOE H3JIyde-
HHE Xe TpeNCTaBiseT coOOd chUcTeMy C TIEPEMEHHBIM YHMCIOM YacTHII,
NOJIOOHO XUJKOCTH, HaxoJslleics B paBHOBecHHd C¢ mapoM. KMIMeHHO
MO0 3TOM NpUYMHE y M3IJIYyYeHHs, KaKk M Yy JByx(ha3HON CHCTeMbI
XKUIKOCTb —ap, mapaMmMeTpbl 7' U p He SBJISIOTCS HE3aBHCHMBIMH,
TerwoeMkocts Cp,=o00 u (9p/0V)r=0. CienoBaTeibHO, YCIOBHSA
ycroiunBoctd (6.16) X pPaBHOBECHOMY H3JIYYEHHIO HENPUMEHHMMEBI.
Henb3s HenmocpeACTBEHHO HCNOJIB30BAaTh JUISI HETO W YCJIOBHE YCTOM-
ypBoctd T/Cy>0, Tak Kak coOOOlIeHME TEIUIOTHl H3JIYYEHUIO TpHU
TIOCTOSIHHOM O0BbeMe CBSI3aHO C WCMYyCKaHHeM (OTOHOB CTEHKaMH.

OnHako yCTOWYMBOCTH PaBHOBECHOTO M3JIYUCHHSI MOXHO XapaKTepu-
30BaTh agMabaTHbIM Koadduimentom (dp/dV )s, Tak Kak mpu aguadat-
HOM paclIMpEeHUH M3JIy4eHUs OTCYTCTBYET OOMEH YacTHIIAMH MEXIY HUM
U OKpYXarollMMHU ero OenbIMH cTeHKaMH. Takum oOpaszoM, ycToiuu-
BOCTb U3JIy4E€HHUS OmNpelesiseTcs OOHUM U3 yciioBui (6.17), a UMEHHO:

op
(5—1/)S< 0.

3nas ypaBHeHue amuabathl wanyuenus (10.75), HeTpymHo yOenuTh-
Csl, YTO 3TO YCJIOBUE €r0 YCTONYMBOCTH BBINOJIHSIETCA. JleMCTBUTENBHO,
ucnois3ys ypaBHenue (10.75), Haxomum

op 4p 4cT*
-] =—c-Z=— <0.
(6V)s 3V Y%

§ 55. TEPMOJVMHAMMKA TUIA3MBI

BEICOKOMOHHM30BaHHBIM ras, GOJIBLIIMHCTBO 4aCTHL] KOTOPOIo JJICKT=
PHYECKH 3apsOKCHO NMPOTHUBOIIOJIOXKHBIMHU 3apsaaMH, TaK 4YTO TIOJIHBIH
3apssa paBE€H HYJIIO, Ha3bIBACTCs naasmou.
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Takoe cocTosiHME BellecTBa BCTpeYaeTcs B 3Be3/ax, B HOHOC(epe
3eMuin, mpu ra3oBOM pa3psije, B ra3ax, HarpeThiX JO O4eHb BBICOKOM
TeMIepaTyphl, B IUIAMEHH, TpPU B3pbIBaX 4 T. 1.

Ilna3sMa BO MHOTHX OTHOUIEHHMSIX PE3KO OTJIMYAETCS OT OOBIYHOTO
raza, oOHapyXuBas B HEKOTOPBIX SBJIEHMSX CXOACTBO C 3JIEKTPOJIU-
TaMH W TBEPJbIMU NPOBOJAHAKAMH (METaJJIaMU, IOJIyIPOBOIHUKAMH),
u obiamaer psagoM creuMduuecKUX CBOWCTB, BCJIEINCTBHE YEro ee
Ha3bIBAIOT uemeepmuiM COCMOAHUeM 6eujecmsa.

DTH 0cOOEHHOCTH TLIa3Mbl ONPEEISIOTCS B OCHOBHOM HaJIbHOJEH-
CTBYIOIIIMM XapaKTepOM 3JIEKTPUYECKUX CHJI B3aMMOJEHUCTBHS MEXIY
COCTaBJIAIOUMMH €¢ vacTHLaMu. JIeHCTBUTENIBHO, B TO BpeMsl Kak
B OObIYHOM rase mnoTeHmuan @, MeXMOJEKYISPHbIX CHJI OBICTPO
CmajaeT ¢ paccTosHMEM r (B ciy4ae BaH-IEP-BaajbCOBBIX CHII
nputsxeaus O, ~ 1/r®) u ABMXYyIMecs YacCTHIBI 3aMETHO B3aUMOJEN-
CTBYIOT TOJIBKO BO BpeMs yAapoB, moTeHuman @, B3auMoneHcTBUS
MeXIy 4acTUIaMH IUIa3Mbl M3MeHseTcs no 3akoHy Kynona obGpaTHO
MPONMOPUMOHAILHO TepBOi cremeHu paccrosiHus ®,~1/r, dro npu-
BOIUT K B3aWMOJEHCTBHMIO 4YacTHI[ W Ha OONbIIMX paccTOSHUAX (M
MO3TOMY K JUIMTENBHOMY B3aUMOMAEHCTBUIO).

Takum ofpa3oMm, Kaxnas 4YacTdila OJHOBPEMEHHO B3auMopeil-
CTBYET C ILIeJIbIM KOJUIEKTUBOM COCEOHHMX YacTHI[ M, CJIe[IOBAaTEJIbHO,
ia3Ma MpeacTaBiseT coOod, MO CYIIeCTBY, HE ra3, a cBoeoOpas3Hyro
CHCTEMY, CTSHYTYIO NaJIbHOAEHCTBYIOIMMHM cujlaMu. Biaromaps najib-
HOJIEWCTBHIO KYJIOHOBCKMX CHJ1 ¥ OOJBIIOH TOJIBMXXHOCTH JIETKHX
3JIEKTPOHOB B IUIa3Me OMPEHESISIONIYI0 POJIb MIPAaIOT KOJUIEKTHBHBIE
NPOIECChl, T. €. KoJieOaHWs U BOJIHBl Pa3JMYHbIX THIIOB.

Bonpmas wvacTb HamuMx 3HAHMA O IUIa3Me TOJIyueHa U3 HC-
Clle[IOBaHM ra3oBOro paspsnga. B HacTosinee BpeMsi UHTepec K U3ydye-
HUIO TUIa3MbI PE3KO BO3POC B CBSI3M C MPOOJIEMOM 3HEPreTHYECKOTO
HCIMIOJIb30BAHUS TEPMOSIEPHBIX peakLUi CUHTe3a JIETKUX Sep, a Takxe
B CBY3M C HUCNOJIb3OBAHMEM IIJIa3Mbl B KayecTBe «mapa» (pabodero
BemectBa) B MI'[-reHeparopax. Ilpu Oosbioid TteMmepatype rasa,
KOrJa OH HAaXONUTCS B COCTOSHHMM IUTa3Mbl M YacCTHULbI JBHXKYTCS
¢ OOoNBIIMMH CKOPOCTSIMH, CTAHOBATCS BO3MOXHBIMH TIPEOJIOJICHHE
KYJIOHOBCKOT'O NOTEHIMAJILHOTO Oapbepa Npu CTOJKHOBEHHSX aTOMHBIX
sgep ¥ ux cuHTe3. IIpakTmyeckm o0co6o0 BaxHOe 3HaueHHE Npen-
CTaByiseT BO30YyXIeHUE TEPMOSIEPHbIX peakuuid B JeHTepwH, Tak
KaKk B 9TOM cjlyyae TaKMe peaKUM MOJUKHBI MATH APU OTHOCHUTENLHO
MeHpiuuMx Temmepatypax (T=10° K). «lopeHne» sjmep nAeitepus
B pe3yJbTaTe HX CHHTE3a B O-4acTHIBI TNPUBOJUT K BBIICJICHUIO
Oonpmoit 3HEpruy.

PaccMOTpyM TepMOJAMHAMHUYECKH pPaBHOBECHYIO ILIa3My, COCTO-
SIIyI0 M3 JIBYX COPTOB INPOTHBOMOJIOKHO 3apsDKEHHBIX 4acTHil (e
U —e). Bciencrue ManbHONEHCTBUS KYJOHOBCKHX CHJI Jaxe MpH
YMEPEHHO! CTENeHH WOHW3allMM 0 Ta3a B3aMMOJEHCTBHE MEXIY €ro
3apsUKCHHBIMU KOMIIOHEHTaMHU TpeoOsaaeT Halx B3aHMOICHCTBHEM
C HEWTpaJbHBIMU YacTHLAMHM, NO3TOMY BO MHOTHMX Ciy4afX IUIa3My
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MOXHO pacCMaTpPMBaTh KaK TOJHOCTBIO HOHM30BaHHBIA ra3. Kak
BunHO U3 opmyasr Caxa (10.38)

P any]
a=|14+ e 10.80

[+ e (105
JUTSL TOTO 9TOOBI TOTYIUTH BBHICOKYFO CTETIEHb HOHU3AIMH o, HEOOXOaMMO
TpeXJie BCEro NOHU3MThH NABJIEHHE p. Pa3pesxeHHOCTDh Ma3Mbl OTpeniesis-
€TCsl YCJIOBHEM: CPEIHSS JHEPTUsl KYJJOHOBCKOrO B3auMOJECHCTBHS MEXIY
nByMs dactuuami e?/{r> ({r)—cpenHee pacCTOSIHHE MEXY 4acTHIIA-
MH) MaJia TI0 CPaBHEHHIO ¢ 3Heprueil kT TensjaoBOTO JBXKEHUS YaCTHIL

eZ
—<kT.
<y
Jis moJiydeHus MOJHOCTHEO MOHU30BAHHON ILIa3Mbl HEOOXOIMMO
HarpeTb ra3 [0 Tako# Temmepatypbl 7, 4YTOOBI CpeIHSS SHEPTHSA
TEIUIOBOTO JBIXKEHHs aToMa Obljla paBHa WM OOJbllle SHEPTHHM €ro
noHuzammu I (ycaosue noawoii uonuszayuu):

kT>1. (10.81)

B cnyyae Bomopona WiM AEHTEpHs TMOTEHIMA HWOHW3ALMM paBEeH
13,595 5B, nmo3TOMY NOJIHOCTBIO MOHHW30BaHHAasi BONOpOJHAs IIa3Ma
OyneT mojy4aThCsi TPH TeMIepatype

1_13,595-1,6-10712
k= 1,38-1071¢

ITpn Takoil BbICOKOM TemmepaType IUIa3My YyXe HeNb3si paccMart-
pHBatTh KaK CHCTEMY, COCTOSIHNYIHO TOJBKO M3 3apsHKEHHBIX YaCTHIL.
HeoOxomuMo yuuTHIBaTH M copepxkaiueecs B Heit usnydenne. Mccienys
TEpMOIOMHAMUYECKHE CBOicTBa cHcTeM BIiIoTh a0 1000 K, mbl He
YUATBIBAEM BCEra HMEIOLIEECs B HHX H3JIyYEHHE, TaK Kak €ro
JHEpIMs Maja MO CPaBHEHHIO C BHYTPEHHEH OHEpruei TerioBOre
OBWKEHUS 4acTHML cucteMbl. [Ipu BecbMa BBICOKOW Temrmepartype
Tako# NOIXOX SBJSCTCA HENpaBWJIbHBIM. HerpymHo HaiiT® TeM-
nepaTypy, NOpH KOTOPOM IUIOTHOCTH 3SHEpPruM o1* u3nyveHns cra-
HOBUTCS PaBHOW IUIOTHOCTH 3Hepruu °/,kTn TENJOBOTO IBWXEHHS
yacTun (n—KOHUCHTpPAlUMUAd YacTHUI):

oT*=3/,kTn, T=./3kn/20).

Jns mocratodHO pa3spexeHHOH Iu1a3Mbl, KOT/Aa KOHLEHTpaIMst
vaetun, n~10*' m~3, ara Temmepatypa Tx3-10* K.

Taxum ob6pa3zoM, mpHu TeMmeparype MOJNHOW HOHM3AUUU ILIa3Mbi
(T~10°% K) n10THOCTb SHEPIUM H3JIyYeHWs B HEW CTAHOBHUTCS Npeod-
Jajaromei. ITo NMPUBOAMT K BECbMa BAXHOMY, NPAKTHYECKH HEXKe-
JIATEILHOMY TIPH TEPMOSIEPHBIX PEAKLMSIX CIENCTBUIO — TPYJHOCTH
annabaTHOM H30JIAUUM TaKOW TU1a3MBbl.

YtoObl oOmpenesuTh TEPMOAMHAMUYECKHE CBOWCTBA IUIa3Mbl, Hai-
IEM B KauyecTBe TEPMOJMHAMHYECKOr0 TIOTEHHHAJla €€ CBOOOJHYIO
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SHEPTHIO NPU HE CJIMIIKOM BBICOKOH TeMmmepaTrype, Koria cBoOOAHOM
SHEprHeit M3JlydeHUss MOXHO TpeHeOpeub. YdyeT mociiefHedl He npen-
CTAaBJISCT 3aTPYJHEHUH, M €ro JIETKO CAeNaTh, €CAW TeMIeparypa
miasmel Tx10° K.

BuyTpennsas sHepruss U mua3mbl CKJIaJblBaeTCs U3 KHHETHYECKOM
sntepriu Uy, XaOTUYECKOTO IBMXKEHHS €€ 4YacTul| (BHYTPCHHAS 3HEPrus
UeaJbHOTO Ta3a) U cpenHed sHepruum U, HX OJIEKTPOCTATHYECKOTO
B3aUMOACHCTBUS:

U= Upn+ U..

Kak U,,, Ttak n U, He BBIYHCISIOTCA B TEPMOAMHAMMKe, a 6epyTcs
M3 OMNbITAa WJIH HaXONATCA METOJaMH CTAaTUCTHYECKOH (DH3UKH.
3navyenne U,, wam u3pectHo: U,,=C,T. Boipaxenue ana U, umeer
Buj (cM. 3amauy 10.25)

U,=—e2N/d, (10.82)

rie e—3apsall 4acTui; N-—4UCJIO YaCTHLl OJHOrO copTta B oObeMe
V; d=./kTV/(8nuNe?) — nebaeBckuil paauyc, Onpeaesstonmii riyouny
NMPOHUKHOBEHUSI BHEIIHETO OJJIEKTPUYECKOTO moJis B 1wiasMy. Or-
puiaTenbHoe 3Hauenue U, 00ycioBiieHO npeobyiaianeM CUJ PUTSxKe-
HWS K TIUIa3Me, TIOCKOJIBKY KaXIblH 3apsi OKpyXeH obsiakom
¢ mnpeobnamaHueM 3apsfoB TNPOTHBOIOJOXKHOrO 3Haka (jaeGaeBckoe
9KpaHUpPOBaAHUE).
Takum 00pa3oM, BHYTPEHHSIS 3HEPrusl IUIa3Mbl

U=CyT—Ne?*./8nNe*|(kTV).

1o Beipaxenue mna U(T, V) He sBiseTcs, OOHAKO, TepMOIU-
HaMHMYecKuM noTeHumanoM. Ilpu HezaBucumbix nepeMeHHbx 1 u V Te-
PMOJMHAMHYECKMM TOTEHLMAJIOM SBJseTCS 3Heprus Iesbmronbua
F(T, V), njisa HaxoxIeHus KOTOPOH Mbl BOCHOJIb3YEMCS YpaBHEHHEM
I'm66ca — lesibMmromsua  (5.29):

U=F—T<QI—:> =_T2ﬁ<f) ,
oT Jv oT\ T )v

U
F=—T | dT+I{(V)T,

OTKyIa

4YTO B HaOIEM CJIyuya€ OacT

8nNe?
kTV

TepmoauHamHuyecku HeolpeldeneHHyo nocTosHuyo [ (V) B maHHOM
clydae Hedb3s HAWTH C TOMOIUBIK TPEThEro Havaja, TakK Kak
UAealbHbIA ra3 He YIOBJIETBOPSET 310MYy 3akoHy. OmHako dopmyia
(10.83) nosBousiser BbyMCIUTH I(V) ucxoAs M3 TOro, YTO SHEPTHA
Feabmronbna oueHb paspexeHHOM miasmbl  (N/V —0) posmkHa

F=~CyTinT~ ; Ne? +KV)T. (10.83)
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coBmagaTh ¢ OJHeprueit [enbmroiiblia HIeasbHOTO Trasa. Takum
obpasom, u3 (10.83) monyyaem

8nNe?

kTV ’

rne F,,—cBobGomHas aﬂeprnx UIECILHOTO Tra3a.
ITpu Temneparype T=10° K Heo6X0AMMO YYHTHIBATH H3JIyYEHHE,

nobapyiss x BblpaxeHuto (10.84) cBoOGomHYK 3HEpPruio HU3JIy4eHUS
(10.77). Torma cBobGomHasi 3HEprusi MJIa3Mbl B 3TUX YCJIOBHSIX

F=F,— 3Ne2 (10.84)

8nNe?
kTV

TepMuyeckoe ypaBHEHHE COCTOSHHMS IUIa3MBbl, €¢ SHTPONMS U Te-
IUIOEMKOCTb MOTYT OBITH OmpeAejeHbl C MOMOUIBI0 (Gopmy

oF oF 0°F
p==(5)e 5= (&) &=-1(5),
B pesynasrate m3 BeipaxeHus (10.84) mosydaem:

1 8nNe?
p=pu—3Ne* [0, (10.85)

1 2 ST[Nez
S=SKA—§N3 TV’

F=F,— :;:Ne2 - % oT*V.

8nNe?
kT3V "

JaByieHne M SHTpPONMS IUTa3MBl MEHbILE, YeM HOeajbHOro rasa,
4T0 OOBsCHSECTCA mnpeobiiajlaHueM B Hed CUJI MpUTsDKeHus. TemioeM-
KOCTb e IUIa3Mbl OpQJIbIE TEMJOEMKOCTH HAEaJbHOTO rasa, H4To
GbusMyeckH TaKXe SCHO: TpPH TOBBIIIEHWA TEMIEPATYPhl ILIa3Mbl
NPUXOAMTCSA 3aTPAYHBATh SHEPrHMI0 HE TOJIBKO Ha YBEJMYEHHE KH-
HETHUYECKOW SHEPrMHM XaOTHMYECKOTo [BH)KEHHs €€ YacTHil, HO M Ha
yBeJIM4YEHUE CpPelHelN NMOTEHUMANbHON 3HEPTUM B3aUMOICUCTBUS MEXIy
YacTMLAMM BCJIEACTBUE W3MEHEHHMS OKOJIO KaxJod dYacTuibl obJjaka
IPOTUBOINIOJIOKHO 3aPSDKEHHBIX YaCTHLL.

OTMmeruM Temepb Te cnenuduueckue CBOWCTBA ILIA3Mbl, KOTOpBIE
pe3Ko OTJIMYAIOT ee OT OOBIYHOTO peajibHOro rasa:

1) TepMuyeckoe YypaBHeHHEe cocTosiHMs Tma3sMbel [cM.  (10.85)]
B paccCMaTpMBaEMOM MpPUOIMKEHUH HMEeT BHI

Cy=(Cy)ua+ 5 Ne? (10.86)

A 8nNe?
V=NkT|(1+ — ), A=— —_—
P + ﬁ 6kT kT
OTKyJa 3aMeyaeM, YTO B OTJMYHME OT OOBIYHOIO peaJibHOro rasa
TEPMHYECKOE YpaBHEHUE COCTOSIHHS IUIa3MBI HE BBIpaXaeTcs B BUPH-

anpHOU opme (1.6). DTO 03HAuaeT, ¥yTO B IUIa3Me B3aHMOJEHCTBHUE
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MEXJy 4YacTHIAMH Helb3s pas- F -+ —+ -+ — + - +|-
JIeJIATh Ha TapHble, TPOMHBIE, R
B3aMMOJEHCTBHA, a caMmy __i_'_ t N t N t N f N t -
IIa3My HeJIb3s paccMaTpHUBaTh |
KaK CHCTEMy OKPaHMPOBaHHBXx |~1— + — + —+ —+ —+ —|=
YacTHIl C  KOPOTKOIEHCTBY- =i+ -+ -+ =+ — 4+ = +|=
IOIMM TIOTEHIMANOM B3aUMO- T+dr
IeUcTBHS;
2) naJbHOAEHCTBYIO UMM Puc. 36.
XapaKTepoM KYJIOHOBCKMX CHJI B3aUMOMNEWUCTBHS OTNPENEIISIETCS TaKXKe
U qpyrasi 0cOOEHHOCTh TJIa3Mbl — CyLIECTBOBaHHME B Hell COOCTBEHHBIX
NPOJOJIbHBIX KoJIeOaHUM: co30aHHOe 6 HeKOMOpbili MOMEHmM uU3MeHeHue
nAOMHOCMU 3/1€KMPOHO8 8 Nnaa3me He peaaKkcupyem, KaK HAOMHOCMb
8 00biuHOM 2a3e, a Koaebaemcsa ¢ onpedeseHHOU uYacmomoti, 3agucaujen
MOAbKO Om KOHYeHmpayuyu 34eKmpoHos. ITU KojieOaHUs BBI3BIBAIOTCS
TEM, YTO M3MEHEHHE IUIOTHOCTH JJIEKTPOHOB B KaKOM-JIMOO MecTte
IUIa3Mbl CBSI3aHO C TOSIBJIEGHMEM B 3TOM MecTe OO0BbEeMHOro 3apsna,
1oJie KOTOPOTro, [NEWCTBYS Ha [BIDKEHHE CMEILEHHBIX 3JIEKTPOHOB,
TMPUBOIMT K MOSBJICHUIO BOCCTAHABJIMBAIOLIEH CHJIBI, MPOMOPIMOHAb-
HOM mx cmeuleHuto. Ilon nelictBmeM 3TOM cHiIBL 3JIEKTPOHBI BUO-
pUpYIOT ¢ ompenesneHHol dactoTod. Haiinem ee. [lns atoro Beigenum
MBICJIEHHO B IUIa3Me€ ¢ KOHLIEHTpAUHMed 7 3JIEKTPOHOB NMPSMOYTOJIbHBIH
nmapauiesnienunen JumHOH dx W mwiomansio cedeHus S (00bem
napajutenienunena dV=Sdx; puc. 36). Benencrsue Gosbiioit Maccel
HOHOB CKOPOCTb HMX [IBIDKCHHS MHOTO MEHBIIE, 4eM Yy 3JIEKTPOHOB,
NMO3TOMY HMOHBl MOXHO paccMaTpUBaTh Kak HEMOABMXHblE. IIycTh
B HEKOTOpPbII MOMEHT BPEMEHHM JJIEKTPOHBl BBIAEJIEHHOTO 00BEMa
NpeTepneBaOT IO OTHOLIEHWIO K HOHaM cmeineHue & (x). Torma
BO3HHUKAIOUIMHA B 3TOM mapajulesienumnele OOBEMHBIA 3apsn

dg=enS&(x) —enSE(x+dx)~ —en%de= —en%dV.

CJ'IC)IOBaTCJ'IbHO, IUIOTHOCTBb 3apsaa

dg dg
=—=—en-.
P dv dx
VpaBHeHUE [BHXEHUS 3JIEKTPOHA
m&=eE.
HanpsixesHocts E moJis HaiiieM W3 ypaBHEHHS
. dE dg
divE=4np wm —= —4nen >
pun dx dx’
OTKyAa
E=—4nnet.
IToaromy

m&= —4nne’t u E+4nne2§/m=0,
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YTO YyKa3blBaeT H4 BO3HMKHOBEHUE IPOJOJIBHBIX 3JIEKTPHYECKHX KO-
nebauuii B miasMe C OUKJIMYECKOW 4YacTOTOH

0o =+/4nne?/m. (10.87)

IMpu xonuearpauud n=10'% M~ anekTpoHOB B m1azMe cobcTBeH-
Has 4YacroTa KoJjieGaHMii miaa3Mbl paBHa wo=35-10%8 ¢™!, uro coort-
BETCTBYET NEUMMETPOBBIM BOJIHAM.

BrnepBoie HanMume KojebaHMA B IUIa3Me OBbUIO  YCTAHOBJIEHO
B 1906 r. Paseem u He3zaBucumo B 1929 r. Y. Jlenemiopom, NOTy4UB-
UM q)opMyJIy (10.87) myist 4aCTOTH! M, (KOTOpas MO3TOMY Ha3bIBACTCS
AEeH2MIOPOECKOLL uacmomoid KoJieObaHUM IJIa3Mbl).

B 3akiroueHHe pacCMOTPUM BOMNPOC O TEPMOIMHAMHUYECKOW YCTOM-
ygBocTH 1wiasmel. C momombio dopmyn (10.85) u (10.86) Haxomum
ClleyIolIMe YCIOBUS YCTOWYMBOCTU Ppa3pexeHHON IUIa3MBl:

op __VRT | 1, 5 [8nNe’
=——+:-Ne* [—=<0
<6V> 2R kTV: "7
T _ T

= >0
Cv  (Cy)unt+ '/ Ne2 /8nVe*/(kT?V)

U3 3TuX BbIpaxeHui U1 K03G(GUIMEHTOB YCTOWYMBOCTH BUIHO, YTO
TIPY OIMHAKOBBIX YCJIOBUSIX IU1a3Ma MeHee YCTOMYMBA, YeM HICAJIbHbIN ras:

0 e
W), _WRT_(\* T T
av)r 4 av)r Cy (CV)un

3AJIAYM

10.1. TemnepatypHasi 3aBUCUMOCTH 3. . C. HEKOTOPOro jeMeHTa 3ajzaeTca Qopmyioit
£=0,96446 + 1,74 (r—25)-10"*+3,8(¢—25)>-10"" B

OnpeneuTh, Kakas 4acThb 3. . C. JJIEMCHTA AOCTABIsETCs TEIIOBBIM pe3epBYapoM
M YeMy paBHa Temrora peakuuu npu 25° C.

10.2. Haiitu 3aBUCHMOCTb QJIEKTPOIBHXKYILEH CHUIBI OOGpaTUMOro rajlabBaHUYECKOTrO
JJIEMEHTa OT BHEIIHErO JaBJICHUS.

10.3. Ecan nioTHoCTh rasa Ban-mep-Baanbca Mana, To MMeeM OJHY TOYKY HHBEPCHH.
Ioka3atb, 4TO B 06LIEM CiTy4ae MoObIX IIOTHOCTEH CyILECTBYIOT JBE TOYKH MHBEPCUH
U nath rpaduk MHBEPCMOHHON KpHMBOH rasa Ban-mep-Baanbca Ha auarpamme T, p.

10.4. IToka3aTh, 4TO B TOYKE HMHBEPCHH

op
o A2),

10.5. Haiitu marnurokanopudeckuii 3ddexr (0T/0H)s U BEIIECTB, MOAYMHSIOLIUXCSH
3akony Kropu— Beiicca: ®=C/(T—60), roe 6—mnapamarautHas Touka Kiopu.

10.6. IToka3aTh, 4TO 3aBUCHMOCTb KOHCTaHTbl PaBHOBECHS OT TeMIEPATyphbl ONpEReNs-
ercsi ypaBHeHueM BaHnT-I'oda:

dlnK, 0
oT ), RT?

rae Q,—TemnoBo#t d>QdekT peakuuu NpH NOCTOSHHOM JaBJICHHMH.
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10.7.
10.8.

10.9.

10.10.
10.11.

10.12.

10.13.

10.14.

10.15.

10.16.
10.17.

10.18.

10.19.

10.20.

HaiiTu ycrmoBusi paBHOBECHSI T€TepOreHHOR cucTeMsl U3 n $a3 U k KOMIIOHEHTOB.
B peaknuu o6pa3oBanusi BOASIHOrO rasa

H,0+CO = CO;+H,

paBHOBecue HacTynmwio npu T=1259 K. M3BecTeH MOJCKyIspHbIA pPaBHOBECHBIM
cocTaB: mco,=0,7 MOJIB; Mco=9,46 MONB; My 0=9,46 MONTb; my,=80,38 Mos.
OnpelenuTh KOHCTaHTY paBHOBecHs K.

IMpu temneparype T=717 K peakuus oﬁpasoBaHm HOJUCTOr0 BOJOPOJA

H,+1, 22HI

IOCTHIJIa paBHOBECHs. 3Has Ha4aJbHOE 4YHMCIO MoNed uoga my,=2,94 Monb
U HAYaJbHOE YHCJIO MOJIEH BoJOpoJa my,=8,1 MOJb, ONpeJeNuTh YUCIO MOJEH
HI npu pasnoBecun. Komncranta paBHoBecus mnpu T=717 K wusBecrna:
K,=K.—0,01984.

BRIMHCTHTE JMETY4eCTb PEaNbHOrOo rasa NpH JOOOM IABICHMM IO €ro IKC-
NEepUMEHTANbHOM u3oTepMe V(p).

Hcxonst 43 ycnoBusi paBHOBECHs rasa W TBEpAOro Tejia OXHOTO M TOro e
BELIECTBA, HAWTH BHIpAXECHHE [ BBHIYUCICHHS SHTPONHHHOM NOCTOSHHOK
UJieaIbHOTO rasa.

Haiiti umuciio TepMOAMHAMHUYECKMX CTeneHed cBoOOABI CHCTEMBI, COCTOsLICH
u3 pacrsopa: 1) KCl u NaCl B Bome B NpPHCYTCTBHM KpPHCTaJUIOB obeux
COJICH W [ApoB; 2) 3THX COJIed B NPHUCYTCTBHMH JIbJA, KpHCTayuioB obeux conert
¥ TapoB; 3) caxapa B BOJE M KEpOCHHE DM HaJM4MH JbJa W Tnapa.
Ipasuno ¢as 'nb66ca ycTaHOBIEHO B HPEANOJIOKEHUH, YTO KaX bl KOMIIOHEHT
BXomuT Bo Bce ¢aspl. Kax usmenutcs mnpasuno ¢as, ecnd He Kaxabid
KOMIIOHEHT BXOOUT BO Bce (haspi?

IMokaszaTh, 4TO ecnu Obl ChHeKTpaibHas IUIOTHOCTb OHEPrUM H3JIy4YeHHs
u, 3aBuCeNla OT BEIUECTBA CTEHOK MOJIOCTH, TO MOXHO OblIo 6Bl OCYLIECTBUTH
BEYHBIH JBUraTeb BTOPOrO poOja.

VCTaHOBHTh CBSI3b MEXIY CHEKTPAJIbHOW  3HEPreTHYCCKOM  CBETHMOCTBIO
€, YepHOro Tejla W CNEKTPaJbHOW IUIOTHOCTBIO 3HEPTHM U, €0 PaBHOBECHOTO
U3JTyYEHHUSI.

Hcxons u3 NpeACTaBIIEHHs] O CBETOBBIX KBAaHTaX, BBIYHCIHTDH JABJICHHE PaBHOBEC-
HOFO M3JIyYEHHs] HA 3CPKajbHYIO CTEHKY.

IMokazaTh, 4YTO MIMHA BOJHBI A,, Ha KOTOPYH MNPHXOOUTCH MAaKCHMyM
CNIEKTPAJIbHOM MJIOTHOCTH 3HEPTWM 4, PABHOBECHOIO H3JIYYEHUS, U HACTOTA Vi,
IpH KOTOpOH HMMEET MakCMMyM OYHKLHS u,, HE COOTBETCTBYIOT ADYT ApYTY,
T. €. ApVu7#C. UeM 06yCIIOBIEHO HECOBNAJEHHE 3THX MAKCHMYMOB Y Da3iH4HBIX
CHIEKTpaNbHbIX (YHKIMA ¥ NIPH KaKOM YCIOBHH OHH COBMNanaroT?
Omnpenenuts Temnepatypy 7,, OpH KOTOPOH Ha CHEKTpajbHBIA Y4acTOk A;
A+dA npuxomurcs HauboJbLIAsi OTHOCHTENbHAS IUIOTHOCTh H3JIYYEHHs, TaKk
YTO 3Ta MJIOTHOCTb MMEET MaKCHMYM IpH JJIMHE BOJHBI A WM COOTBETCTBYIOLLEH
eit yacrore v=c/A.

OnpenenuTb, BO CKOJBKO pa3 YBEIHYUTCS OSHTPONMS HYEPHOrO HU3JIYHEHUS
B mojioctu obbeMa V ¢ GenbIMM CTEHKaMH HPH €r0 PACIIMPCHUHM B HOJIHOCTBIO
OTKa4YaHHbI# 00BEM V| C TakMMH XK€ CTEHKaMH.

B rpaBuTaLMOHHOM N0JI€ BEPTHKALHO PACIOJIOKCH BbICOKHMA LMIMHAD C 3epKallb-
HbIMH CTEHKaMH, 3aIIOJIHeHHbm pPaBHOBECHBIM H3JIy4eHUEM Npu Temmneparype T.
JasjieHye BHU3Y, PaBHOE !/; MJIOTHOCTH OJHEPrUH H3JIYYEHUSH, NOJDKHO OBITH
Gonblue, YeM HAaBEpXy, Ha BEJMYUHY OTHECEHHOIO K €IMHHIE IUIOLIAAN Beca BCEX
BBILIENIXALMX clIoeB u3nydeHus. Ho, ¢ apyroi croposnsl, no 3akony Crepana —
BoJibiiMaHa, MIOTHOCTh M3JIy4EHHs! BCIOJY MPONOPLHOHANBHA YETBEPTOH CTEleHu
TEMIIEPATYPBl, YTO IPUBOJHUT K PABEHCTBY IUIOTHOCTEH SHEPrHH U3JYYEHHUS HAa BCEX
YPOBHSIX TPaBUTALMOHHOIO MNOTEHUMANa. Pa3bsCHUTH BO3HHKIIEE MPOTHBO-
peuue.
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10.21.

10.22.

10.23.

10.24.

10.25.

10.26.

IToka3aTh, YTO paBHOBECHE H3JIyY€HHH OT pPA3NUYHBIX Te€d B MOJOCTH C 3ep-
KaJIbHBIMU CTE€HKAMH SIBJISETCSI HCYCTOMYUBBIM, U YCTAHOBUTb, YTO PaBHOBCCHOE
H3JTy4eHNE TpPEACTABIsAeT coboil cucteMy Jydeill, HaXONSIUUXCH B YCTOHYHBOM
paBHOBECUM C ONHOM M TOH Xe TeMIEpaTypod s BCex JIyuei.

IMoka3aTe, YTO YepHOE U3JIy4eHHC NMPU aauabaTHOM MPOLECCE OCTACTCS YCPHBIM,
HO H3MEHSCT TeMIepaTypy.

ITokasats, 4To GopMysia It CHEKTPANbHOM MIOTHOCTH QHTPONUU PABHOBECHOTO
U3JIy4eHUs] UMeeT CIeAyrolyo cTpykTypy: s,(v, T)=v@ (v/T), tae ¢ (v/T)-
HekoTopast (GyHKIHUS.

Onpepenuts Cy, C,, C,—Cy 10s eAuHUIBI 00BEMA PABHOBECHOIO H3JIy4YECHHS.
CpaBuuts Cy mas C,ElHHPlI.lbI obbema omHoaToMHOro rasa ¢ Cy colepxalierocs
B HEM pDAaBHOBECHOTO H3JIy4YEHHUSL.

BbIYHCINTE BHYTPEHHIOK JHEPTHIO Pa3pekeHHOH IUIa3Mbl, 3aHMMaloleil oobemM
V u cocrosmeit u3 OBYX COPTOB HPOTHBOIOJIOXKHO 3apsDKCHHbIX 4YacTun (N
4acTHll KaxJOro copra C 3apsJaMd e U —e).

BcnencTBue 3KBHBAJIEHTHOCTH MacChl W JHEPrUM HapsiAy C IpeBpallieHHeM
BEILECTBA B M3JIyYEHHWE BO3MOXEH W OOpaTHbIN Mpoliecc NpeBpalleHusi U3Ty4eHHs
B BemecTBo. OnpenenuTs TeMiepaTypy, HpW KOTOPOi BO3HUKAeT mapa 3JieK-
TPOH —IO3UTPOH B PABHOBECHON CHCTEME OJJIEKTPOHHBIH ra3— U3JIyuyeHHe.



I'VIABA OAMHHALIATAS

NOBEPXHOCTHBIE SBJEHUSA

PaccmampuBasi paBHoBecue conpukacalmoLuxcs ¢as
remeporeHHON CuCmeMsbl, Mbl He y4YumblBanu 4o cux
nop 0cobbix CBOWCMB NOBEpPXHOCMU pasgefia u ux
BNUSIHUSI Ha paBHoBecue. Ml cyumanu, 4mo aHeprus
U u aneprus lensmronsya F cucmemsbl, cocmosien
U3 gByX UNU HECKONbKUX ha3, paBHbl CYMMe 3HEeprun
unu 3Hepru# lenbmronbya ompgernbHbIX has.

B noBepxHOCMHOM cnoe ¢hasbl MONWUHOA nopsgKka
paguyca MofiekynapHoro B3aaumogencmausi (1 HM)
MOJIeKY bl B3aUMOJeACMBYIOM He MOJIbKO C MOJIeKY-
namu cBoed (pasbl, HO U C bnusnexawum cnoem
yyxoun ¢hassl, N03MoMy ¢husuyeckue cBoUcmBa cnos
omauyammecs om cBoucms BHympu (B o6veme) ¢hasbi.
Tak kaK noBepxHOCMb Mmena pacmem nponopLu-
OHaNbHO KBagpamy pa3MepoB 3moro mena, a o6b-
eM— nponopyuoHanbHo Kyby amux pasmepos, mo
Ans 60nbwuUx men noBepXHOCMHbIMU 3ghhekmamu
no cpaBHeHUK C 06beMHbIMU MOXHO npeHebpeyb.
OgHako ecnu BewjecmBO Haxogumcsi B MefKopas-
BpobneHHOM CcOcCmosiHUU, mo makasi cucmema o06-
nlagaem pas3Bumos nNOBEPXHOCMbIO U NO3MOMY
npeHebpesxeHue noBepXHOCMHbIMU 3hghekmamu Mo-
Jxem B 3mMOM cliydae npusecmu B pes3yfibmamax
BbIYUCJIEHUN K CYL€CMBEHHbLIM NOrPeLHOCMAM.

§ 56. IOBEPXHOCTHBIE HATSOKEHME U JABJEHUE

TepMoanHaMHKa MOBEPXHOCTHBIX siBJieHWM Obla passura [u66coM.
OH npuHMMAJl TOBEPXHOCTHBIM CJIOH 32 HOBYIO «IIOBEPXHOCTHYIO
¢da3y», oTiamyHyro OT OOBeMHBIX (a3 TeM, YTO €€ TOJIIMHA Ype3-
BBIYAaHHO MaJla TO CPaBHEHHIO C NPOTSHKEHHOCTBIO B ABYX APYTUX
U3MEPEHUsIX, W TMO3TOMY pacCMaTpUBaJl MOBEPXHOCTHBIA CJION Kak
TEOMETPUYECKYIO pa3/IEJISIONIYIO TIOBEPXHOCTh, MPUMEHSS K Hell obiue
TEPMOIMHAMHYECKHE YPaBHEHMS.

Tlnouans moBepxHOoCcTH X (a3l sBiseTCS Hapsaay ¢ obbeMoM
V HOBBIM TIapaMeTpOM, XapakTEPU3YIOIIUM COCTOSHHUE CHCTEMBI.
VBenMyeHUe MOBEPXHOCTH CHCTEMBI NPU MOCTOSHHBIX TeMIEpaType
U o0beMe COMpOBOXNAETCS 3aTpaTod paboThl, Tak Kak s 00-
pa3oBaHUs HOBOM TOBEPXHOCTH HEKOTOpPHIE 4YacTUmbl U3 oObeMa
JOJDKHBI IIEPEHTH HAa TOBEPXHOCTb, 4YTO CBS3aHO C paboToil mpotus
CHJI MOJIEKYJIIPHOTO B3aMMOJECHCTBUS.
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O603HauiM G OOOOMIEHHYIO CHJIY, COOTBETCTBYIOLIYIO IapaMeTpy
3. Torma snemeHTapHas paboTa NpM YBEIUYEHUH TOBEPXHOCTH Ha
dX (npm m V=const)

a muddepennman cBOOOTHOW SHEPIUM CUCTEMBI NPH H3MEHEHHH
ee T, V u X

dF=—SdT—pdV+odE.

BenuunHa ©, XapakTepu3ylolllasi paBHOBECHE MEXAY [OBYMS CO-
NpUKacarolMMucs Ga3zaMu, Ha3bIBAETCSA HOBEPXHOCMHBIM HAMANCEHUEM
W paBHA CWJIE€ HA ENUHUIY [UIMHLI HA MOBEPXHOCTH WJIM M3MEHEHWIO
cBOOOMHOM OHEprMM Ha  EOUHHUIYY  YBEJIMYEHUS  IOBEPXHOCTH:
o=dF;/dZ. TloBepxHOCTHAast 3HEPIHs, OYEBMIHO, paBHA

O _ - _79s
Ur=Fe~T o3 TZ(aT> 2<0 T6T>.

PaccMOTpUM yCJIOBHMS paBHOBECHS B CHCTEME, COCTOSILIEH M3 IBYX
da3, pa3neneHHBIX MOBEPXHOCTHIO pasnenia. M3BecTHO, 4YTO 1pH
IpeHEOPEXXEHNH TOBEPXHOCTHBIMHU SIBJICHHSIMHM YCJIOBUSIMH PaBHOBECHS
JBYX (a3 OmHOrO M TOro e BELIECTBa SIBJSIOTCS

TI=TII’ l,l=pll, p,=””, (11.1)
Te xe paccyxaeHus, KOTOpble NpUBOOAT K paBencrtBam (11.1)

U KOTOpble 31eCh HE IOBTOPSIOTCS, [HAIOT [N paBHOBECHUS JIBYX
da3 c y4eToM NOBEPXHOCTHBIX SBJICHUH
TI=TII, ul=ull.

Uro xe kacaercs maBieHuil B (a3ax, TO, Tak Kak Temepb Ha
TPaHULE YUUTBHIBAIOTCSH CUJIbl IOBEPXHOCTHOTO HATSIKEHHS, PAaBHOBECHE
Mexay (a3amMu Hacrynaer, BooOlle roBopsi, NMPU pa3HbIX NABJIEHHSX
B ¢azax. Haiinem 310 ycioBHe MEXaHMYECKOrO PAaBHOBECHS B CHCTEME
u3 nByx ¢a3: xuakocts () w map (’), Mcxoms U3 MHHUMyMa
cBobomHO# HHepruu npu T=const U V=const.

Hduddepennuan cBoOOAHOW SHEPrMUM CHCTEMBI, COCTOSINEH U3
XHUIOKOCTH, Tapa M TOBEPXHOCTH pa3fesia MexIy HHMH, Korja
TeMInepaTtypa ¥ XMMHYECKHH MNOTeHIMal B ¢a3zax OIUHAKOBBI,

dF=—p'dV'—p"dV"+ocdX. (11.2)
[Ipu paBHoBecun dF=0, cnegosarenbHo, cdX—p'dV' —p”"dV" =0,
a Tak kak V'+V”"=V=const, TO
p'=p’ +0' FTL
rne dX/dV’'—xpuBu3Ha mnosepxHocru pasnena ¢a3. Korma sra
NOBEPXHOCTH cepuyeckas, TO

dx _ d(4nr?) _2

dv’ d(“/;nr3) ¥
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[r cuuTaeTcs nosOXMTEILHBIM, €CJIM KPUBH3HA MOBEPXHOCTH HAmpaB-
mena B ¢asy (')]. B ciyyae npow3BONbHOH NOBEPXHOCTH
dx 1 1
_l_

dv’ r 1 r 2’
A€ r;+ U r,—TJIaBHBIE pPaaMyChl KPUBU3HbI IOBEPXHOCTHU. Takum
obpa3om, mpu paBHOBeCHH cepuueckux kamesb x)uIkoctd (') ¢ mapom
(") nmaBneHwe B Kamige p’' M JaBJ€HUE napa p” CBS3aHBl YCJIOBHEM

p'—p"=2c/r unu p'=p"+2c]r.

Otcroia BUIHO, YTO Ha NMOBEPXHOCTH pasjena IByx a3 (xamis—
map) CyLEeCcTBYeT CKAa4oK [aBJICHHs, paBHbH 20/r. Benuuunna
o(l/ry+1/ry) mnu 26/r (B ciayuae chepuueckoi MOBEPXHOCTH) Ha3bIBa-
€TCS NOBEPXHOCMHbIM OasaeHuem WM OasaeHuem Jlanaaca. ns
TUIOCKOM TOBEPXHOCTH (r — 00) pa3fena XUIOKOCTH M Tapa JaBJieHHe
Jlamaca paBHO HYJIO M YCJIOBHE MEXaHMYECKOTO PAaBHOBECHS NPHU
9TOM COBNAJAET C aHAJIOTUYHBIM YCJIOBHEM 0€3 y4yeTa MOBEPXHOCTHBIX
SIBJICHUIA:

p'=p"=pu.

U3 dopmynsr (11.2) BumHO, 4TO MpPH MOCTOSHHOM OOBEME Karliu
(V'=const) ee paBHOBecHass (opma ompenenseTcs MUHUMYMOM
nosepxHocTH X. CrenoBaTesIbHO, XMIKOCTb, HaXOASMIAsCs TOH [CH-
CTBHUEM TOJIbKO CWJI MOBEPXHOCTHOI'O HATSKEHHS, NMPHUHMUMAET IIApo-
obpaszHyro (GopMy, Tak Kak npH JaHHOM oObeMe MHHHUMAJIbHOM
NOBEPXHOCTBIO O0JajmaeT map.

§ 57. PABHOBECHASL ®OPMA MOHOKPUCTAJLIA.
NPUHIMUIT TMBBCA —KIOPU U TEOPEMA BYJIb®A

IlIpu paBHOBeCMM MOHOKPHCTaJIla CO CBOMM HACBHIIEHHBIM MapoM
WM paciyiaBoM ero ¢opma onpefensercs teopeMoit Bymwda, mo-
Ka3aHHOM uM BrepBble B 1885 r. Ota Teopema BbipaxkaeT KOHKPETHOE
YCJIOBME PaBHOBECHSI KPHUCTaJIa M MOXET ObITh yCTaHOBJIEHa MCXOIS
13 OOILIEro ycioBHsS PaBHOBECHS CHCTeMBI mpu T=const u V' =const:

dF=0, 8%F>0.

HpC)KIIC 4Y€M [OKa3plBaThb 3Ty TEOpPEMY, 3aMETUM, 4YTO i
BCSKOI0 KpHUCTaJlsla CYHMICCTBYET TOYKa, YAOBJIETBOPsAMOINAS YCIIOBUIO

O1/h1=03/h,=03/h3=04/hs=c, (11.3)

IJe O;— Y/JeJbHble IOBEPXHOCTHBIE CBOOO/IHBIE SHEPruM rpaneit™, h;— ux
COOTBETCTBYIOILE pAacCTOsAHUSA 1O OJtoid Ttoukm (i=1, 2, 3, 4).

* BenM4MHy ©; I/ KPATKOCTH HA3BIBAIOT, MO AHAJIOTMH C XHAKOCTHIO, TPOCTO
nosepxrocmubim Hamaxcenuem. HeobXomumo, onHako, WMeTb B BHAY, 4TO 3TO HE
ONHO M TO Xe, Tak Kak mnpouecc oOpa3oBaHUA HOBOM IOBEPXHOCTH Y KpHUCTajia
B obmiem ciy4ae cBs3aH ¢ 0GbeMHOM nedopmarueit.
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B camMoM Jesie, pacCMOTPHM JIB€ CMEXHbIE TpaHU
kpucrasuila OM u ON (puc. 37) ¢ NOBEPXHOCTHBI-
MM HATSOKEHHSMH ©G; M G, W MPOBEIEM Tapaj-
JIEJIbHO 3TUM TpaHsM [IB€ TUTOCKOCTH Ha TaKUX pac-
CTOSIHUSX hy M h, OT rpaHei, YTOObl BBINOJHAIOCH
yclioBHe

01/h1=62/h2. (11.4)

JIuaus mnepeceueHuss miaockocteidt 4, OYeBUIHO,
napauiebHa  pebpy O ¥ TpH  YBEJMYEHUH
hy u h, B OOWHAKOBOE 4YHMCJIO pa3 OymeT mnepeMemiaTbCsd BIOJb
wiockoctd OA. Taxum ob6pa3oMm, miockoct OA SBISETCH TE€OMET-
pHYECKMM MECTOM TOY€K, ompeneaseMbiM yciaoBueM (11.4). Bmons
B PacCCMOTDEHHE TPETbIO, a 3aTeM M YETBEPTYIO I'PaHHU, aHAJOTMYHO
ybemumcs, uTto Ha TwIOoCckoctTH OA cymecTByeT TpsMas JIHHHS,
YIOBJIETBOPSIOIIAS YCIIOBUIO

61/hy=03/hy=03/h;,

a Ha JTOW JIMHMM — TOYKa, yJAOBJEeTBOpstomas yciaosuio (11.3).

CyiecTBOBaHHE TakOW TOYKM HE CBS3aHO C TPEANOJIOKEHUEM
O PpaBHOBECHOCTH KpHCTajUla M, CJIEJOBATENbHO, B 0OWIEM ciyyae
U1 KaXAbIX MaHHBIX 4YeThIpeX IpaHel (M3 ux obmero umcia N)
3T TOYKM pa3Hbple. B ciyuae >xe paBHOBECHOro KpHcCTajlia 3Ta
TOYKa eJUHCTBeHHas. MHaue roBops, paBHOBecHass GopMa MOHOKpPH-
CTajula XapaKTepHU3yeTcs TEM, YTO €ro I'PaHd YAaJleHbl OT HEKOTOPOH
TOYKH (mouku Byabgha) Ha paccTOSHHS, TMPOTNOPUMOHANBLHBIE HOBEP-
XHOCTHBIM HATSDKEHHSIM TpaHei:

Cl/h1=02/h2=0'3/h3= =GN/hN-

OT0 yTBEpXAEHHE HA3bIBAeTCs meopemoii Byavgpa. Iloxaxem ee.

Oubdepennman cBOOOMHON 3IHEPrMH CHCTEMBI B TEPMOCTATE,
coCTOsIIeM M3 KpHcTa/ula, paciuiaBa (') M TOBEPXHOCTH pasjena
MEXIy HUMH,

Puc. 37.

N N
dF=—pdV—p'dV'+ ¥ 0:dZ%i= Y 6:d%i— (p—p)dV,
i=1 i=1

rae X;—IUIoanb - I'paHd KpUCTasuia.

ITpu paBHOBecun dF=0, cienoBaTeNbHO, KPUCTAJUI, HAXOMSLIHIACS
B PaBHOBECHM C pacljiaBoM, TNpPHHAMAET IpH 3aJaHHOM 00beMe
V Ttakyro orpanky (¢bopmy), npH KOTOpOH €ro IOBEPXHOCTHAs
CBOﬁO)JlHaH 3HEeprus UMeeT MUHUMAJIbHOE 3HaueHue (npunyun I'ubbca—
Kropu):

N
Y 6;d%;=0, dV=0. (11.5)
i=1

O6beM KpucTaJUla MOXHO paccMaTpUBaTh KakK CyMMYy MOCTpO-
eHHBIX Ha TrpaHsXx X; oOpeMoB mupamua ¢ oOmieli BepIIMHON
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B TPOU3BOJIbHOM TOYKE BHYTPU KpHCTaJLIa
(puc. 38). OueBuaHO, 4TO

1 1
V=-3- }l: Z,h, 54 dV=-3- Z (2, dh,+h, dZ,)

i

C npyroif CTOpOHBI, BCSKOE H3MEHEHHE h,
0o0BeMa C TOYHOCTBIO JO BEJIMYMHBI BTOPOIO > t
NOpsKa MaJIOCTH PaBHO CMEIIEHHIO IMOBEp- ot
XHOCTH X;, YMHOXEHHOMY Ha H3MeHeHue dh; &
Beicote: dV=) Z;dh;. IToaromy Puc. 38.

i

1 1
ZZ,dh,=§;h,dZ, 54 dV=;z,dh,=§;h,dz,
u npuniun ['m66ca — Kropu (11.5), ompenensroiuii yClIOBHBIA MH-

HUMYM [IOBEPXHOCTHO}M CBOGOIHOI SHepruu Y 0;%;, 3aNHUIIETCS B BU/C
i

N

Y, 0:d%;=0 (11.6)
NP4 YCJIOBUU l;l

Z hid2i=0. (11.7)

i=1

Ho ycmosue (11.7) He uHcCYepmbIBA€T TOJNHOCTBIO CBS3el MeXay
HN3MEHEHHSMU IUIOIIANEH NPU MX BO3MOXHBIX NEpeMeIleHusiX. B yucno
9THX TNEpPEMEIICHUH BKJIIOYAeTCs U MNEpeMEIECHHe KpUCTala B Mpo-
cTpaHcTBe 0e3 wu3MeHeHHs Gopmbl. Bcero Takux HeE3aBHUCHMBIX
NEepEMEILEHNA KpUCTajula B MPOCTpaHCTBe TpU. [103TOMY BO3MOXHBIE
N3MEHEHUS IUIOIanel TIpaHed KpucTajUla MOJDKHBI YIOBJIETBOPSTH
TpEM YpaBHEHMSM CBS3EW:

Z a; dZ,:O, Z bi d2i=0, Z Ci d2,=0 (11.8)

N
s onpeneneHus MHHUMYMa BeJIMYUHBI Z O;Z; TIpU YCIOBHSX
(11.7)—(11.8) Bocmonb3yeMcsi METOJOM Harpgl;xca: YMHOXHM ypaB-
Henus (11.7), (11.8) cOOTBEeTCTBEHHO Ha Ay, Ap, A3, Ay U CJIOXHUM
ux ¢ ypaBHenuem (11.6):
N
Z (0,~+?»1h,-+7tza,~+?»3bi+7L4c,~)d2i=0. (11.9)
i=1
B cBsasu c ycnoBusmu (11.7)—(11.8) uernipe Bapumamuu u3 dZ;
He He3aBUCUMBI, Hampumep d¥,, d¥,, dX;, dX,. IMonbepem Aq, A,,
A3, A4 Tak, 4yTOOBI KO3(DGHMUMEHTHI TNPHU 3aBUCHMBIX H3MEHEHHUSX
omaned obpaTwiuCh B HYJIb:
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01+7\,1h1+7\,201 +)\,3b1 +)\,4CI =0,
02+7\,1h2+)b2(12+?\.3b2+?\.46'2=0,

O3+ Mk +hatts +Ashs +hacs =0, (11.10)
0'4+)\,lh4+)\,2(14+7\,3b4+7\,46'4=0.
M3 3THX ypaBHEHHUH HaXOJUM:
i=A1/A, Ay=As/A, Ay=As/A, Ao=A4/A, (11.11)
roe
hl a bl Cy C; a4 bl C1
hy ay by c; 02 a; by ¢
A= h3 as b3 C3 ’ A1=_ O3 as b3 C3 ’
h4 ag b4 Ca OC4 Qy b4 Cq

hy 61 by ¢

_ hz (e ) b2 Ca
A= hy 03 bs cs H T.[I. (11.12)

h4 O4 b4 Ca

Yyureisas Bbipaxenus (11.10), uz dopmynsl (11.9) npu uezasu-
cumbix dZ; (i=$5, 6, .., N) momyyaem

A; A2 A3 A4 _
o;+ -*A—h,+ Xa,-+Xbi+Xc,~—O. (11.13)

VpaBaenus (11.10) um (11.13) sBisAIOTCS TeOMeTpHYECKOH HII-
JIIOCTpanMeil ycloBUH paBHOBECHs KpHCTAJUla W CIIPaBEIJIUBBI s
000 TOYKH.

ITpumenum ypaBuenus (11.10) x Touke, B KOTOpPOH BBINIOJHSETCS
ycrosue (11.3):
Ci=(,'hi (l=1, 2, 3, 4)
IToacraBisis 3TU BblpaxkeHUs: o; B onpeaenureada (11.12), Haxoaum:
A1=—'CA, A2=A3=A4=0.
N3 ypaBuenuss (11.13) nomyuaem
Gi=Chi (i=5, 6, ceey N),
YTO W COCTABJISIET COJEpXaHHe meopembl Byavda.

CTpeMileHHe KpHUCTAJUIa NPUHATH PaBHOBECHYIO GOpMY, Onpeness-
eMmyro TeopeMmoii Byabda, ¢ yBenuuenmem pasmepa KpucTalia
YMEHBIIAETCS, TaK YTO NPAKTUYECKOE 3HAUCHUE TEOPEMbl OTHOCUTCS
MpexJe Bcero K MajbIM KpUcTajlaM (He mNpeBblLarommM 1 HM).

Ecmu ans wexotopo#t rpaHu o;/h;>c, TO oHa OymeT McmapsThCS

WIM pacIIaBiATbCH, €CIM Xe O;/h;<c, TO Takas TIpaHb Oyner
HapacTaTh, MPUYEM CKOPOCTH ¥; pocTa KpHUcTasuia (MpH NpuOIMKeHUN
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K paBHOBOCPIIO) N0 HOpMaJIK K pa3HbIM TI'paHsIM [PONOPUHUOHAJIBHBI
YACJIbHBIM TIOBEPXHOCTHBIM CBO60)1HI>[M OHEPrUsiM 3THUX rpaﬂeﬁ:

hi/t, hi=0;/c, ui~o0;.

§ 58. POJIb MOBEPXHOCTHOI'O HATS)KEHHWA
ITPU OBPA30OBAHUU HOBOM ®A3blL. 3APO/BIIIU

Kak wu3BecTHO, B YCTOHYMBOM DaBHOBECHUHM BCsiKas CACTEeMa B 3aBH-
CUMOCTH OT XapaKTepa BHELIHMX YCJIOBUH HMMEET MHHHMYM OIHOTO
H3 CBOUX TEPMOJAMHAMHYECKHX TOTEHIMAJIOB M TPU M3MEHEHUH 3THX
YCJIOBUHM MNEPeXONUT M3 OMHOTO YCTOWYHUBOTO COCTOSIHMSL B JPYroe.
Hanpumep, korma Bome cooOmiaercs TemioTa INPH HOPMAJBLHOM
aTMOC(hEpHOM [aBJieHMH, TO OHA WJIM HArpeBaercs, WM 3aKWNaer
U YaCTHYHO NMEPEXOMMT B Nap, Kak TOJBKO €€ TeMmepaTypa JAOCTUTaeT
100° C. OpHako M3BECTHO TAaKXe, YTO IYTEM OYUCTKH IKHIKOCTH
MOXHO HOOMTbCS ee meperpeBa W (asoBblil NEPEXON HE HACTYNHT
Jaxke MPU TEMIEpAType, 3aMETHO NPEBBIMIAIONIEH TeMmepaTypy Kume-
HHAS TNpY NaHHOM JaBJICHMH. AHAJOTHYHO OOCTOMT [eJI0 U B CiIy4ae
apyrux  asoBBIX TEPEXOJOB NEPBOro poma*: B YHCTOM mape
3aTATUBACTCS KOHIEHCAIMs (TMEpeoX/IaXAeHHbIM Map), B YUCTOM XKHI-
KOCTH MJIM pacTBOpPE 3aTATUBAETCS TMEPEXOJ B KPHCTAJUIMYECKOE
COCTOsSIHHE (TIEPECHIIEHHE).

OpHoponHas cucrema (da3a) B 3aJaHHOM OObEME MOXKET CyIlle-
CTBOBaTh B HEKOTOPOM MHTEpBaJleé TEMNEpatyp, UMmes CBOOOAHYO
9HEepruto, 60JbIIyI0 CBOOONHOM 3HEPTUM HEOJHOPONHOM CHUCTEMBI W3
TeX Xe€ 4acTHL. Takoe cocTosHue (a3bl SABJISAETCI METACTAOMJILHBIM.
C TeyeHMEM BpPEMEHH CHCTEMA MEpeHIeT B COCTOSHUE C MUHUMAJIbHBIM
3HaYeHHeM CBOOONHOM B3HEPruy, T. €. CTaHeT HeomHopoaHou. OaHako
9TOT NEPeXoJ 3aTPYAHSACTCS MOBEPXHOCTHBIM 3dekToM, T. €. Tem,
410 0o0pa3oBaHHWe B JaHHOW (aze 0OBEKTOB MaJbIX pa3MepoB IPYroi
¢a3pl u3-3a TMOBEPXHOCTHOW CBOOOIHON OJHEPrMH ITHX OOBEKTOB
NPUBOMUT K YBEJIMYEHHIO CBOOONHOH 3HEPTUM CHCTEMBI M TMO3ITOMY
Nepexo]l TepMOAMHAMHYECKH HeBblroaeH. HampuMep, Hauano KoHIeH-
calluM Mapa 3aTPYAHEHO MO TOH NPHUYMHE, YTO NpH OOpa30BAHUHU
B mape Maybix (pamuyca R) xamneis KUIKOCTH WX UOBEPXHOCTHAS
cBoGonmHas sHeprusi Fy, npomopuMoHanbHas R?, pacteT 6bICTpee,
€M YMEHBIUAETCH HX obvemHass cBobOoaHas 3Heprpm IPOTOPIH-
oHambHas R3. TlosToMy mnoOsBEHHE ManblX Kanedb OKa3bIBAETCS
TEPMOJMHAMHUYECKH HEBBHITOMHBIM M KOHJCHCAIMS 3aJePXKUBAETCH.
Ilpu GoJbIIMX Xe KalisfX, HAYMHAS C HEKOTOPOro R=R,,, HaoboporT,
O0OBEMHBIN 4ileH yMeHbLIaeTcs ObiCTpee, YeM pacTeT NOBEPXHOCTHBII,
H KOHJEHCAlMd CTAHOBMTCS BO3MOXHOW. BO3HHUKIIAs B pe3yjbTaTe
GuykTyanmii Takas kamis OymeT pacTd.

* T.e. Takux NpeBPALIEHUH BEUIECTBA W3 ONHOW (a3bl B APYIyio, KOTOpbIE
CBA3aHBI C TOIJIOMICHHEM MJIM BBIACICHUEM TEILIOTH! (IIaBJleHHE, KMIEHHE M T. [.).
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JIns  Beskoit MeracraOWabHOW (paspl  CyIIECTBYET HEKOTOPBIH
MHHHUMaJIbHBIH pa3Mep, KOTOpHIM OJDKHO 06s1afaTh oOpa3oBaBlueecs
BHYTpU Hee BCieAcTBHe GQUIyKTyauuil ckomieHue Ipyroit ¢asbl, YTOOBI
sra gnpyras ¢asza okaszajacb YycroWuumBee mnepBoHayasbHOW. IIpu
MEHBIIMX pa3Mepax OCHOBHas ¢a3a OCTaeTcss BCE XE YCTOHuMBEE
3TUX (UIyKTyauuit ¥ OHM ¥cye3aloT. Takue CKOIUICHHS HOBOH (dasbl,
obJiafatonie MUHAMAJIbHBIME pa3MepaMu, Ha3bIBAIOTCS 3apOoO0bldamul.

BbIYHCIAM KPUTHUYECKUH paavyc KamuiM Ul HACTYIUIEHHS KOH-
neHcamuu mnapa. [lpenmosioxuM, 4TO B pe3ysibTaTe IpOUCIUEIIIER
¢bnykTyaumu B crapod ¢ase mnpu Temmeparype 1 M JaBJICHUH
p obpaszoBajics ovyar HOBOH (a3bl, Hampumep B Mape — Kamnejbka
XKUOKOCTH pamuyca R. Oueprus I'ub6ca mapa no obpazoBaHus
Kalid paBHa

G0=l'll(pa T)Na

rae Wy (7, p)— XUMHYeCKU! NMOTEHIMA, OTHECEHHBIR K OQHOW 4acTULE
napa; N-—uHCIO vacTHl Iapa.

[Tocye oOpa3oBanus kamm 3Heprus ['m66ca G cucTemsl ¢ yueToM
MOBEPXHOCTHON 3Hepruu IenpMmrosbua Oymet

G=F+pV=N1f1+N2f2+($Z+p (val +N21)2)=
=N (fi+pv1) +No(foa+pv2) +6Z=N1ps (T, p) +Napa (T, p) +0Z,
rne  N;—wuuciao yactuly mapa; N,—4HMCJIO 4acTdl B KaluJie
(N1+N,=N); vy u v,—obbeMsbl; f; U f,—oHepruu [ 'eapMrosbua
Ha OJIHY YaCTHUIy COOTBETCTBEHHO Iapa M Kamm;, W,(7, p)—
XAMHYECKU#M MOTEHIMAJ BellecTBa B HOBOHM Qasze (kamie) Oe3 yuera
MOBEPXHOCTHBIX 3 QeKTOB (T. €. MIA IUIOCKOH MOBEPXHOCTH); ©—
MOBEPXHOCTHOE HATSKEHHE; L — ILUIOIIAAb MOBEPXHOCTH HOBOW (a3sl.
W3smenenne sHeprum I'mb6ca mpm oOpaszoBanuu B cTapoil ¢daze—
nape HOBOHM (a3bl— XKUAKOCTH pPaBHO
AG=G—G0=(H2”‘]J.1)N2+CZ.
Bennunmabl N, U X JIeTKO BBIPAXalOTCA 4Yepe3 paauyC Kaluiu:
L=4nR?, N,=4nR*/(3v,).

Taxum obpasom,

AG=4nR?(n, —p1)/(302) +4nR%0. (11.14)

W3 stoit dopMyasl BHaHO, 4TO AG NO-pa3HOMY 3aBUCUT OT
R B nBYX BO3MOXHBIX CIydasx:

D) pa>py; 2) pa<py.

B mepBoM ciiyyae HOBast (asa umeeT NpH 3aHaHHBIX T M p XUMH-
YeCKHi mnoTeHuMan OoJibIMHA, 4YeM crapas, M SBJSETCA MeEHee
ycroitunBoi. IlosiBieHre Kamejabku XHOKOCTH B mape (WM IMy3bIpbka
B XXHIKOCTH) TpM BCEX ee pa3Mepax R Bemer k pocty AG(AD)
(puc. 39), moatromMy oOpa3oBaHue HOBOH (pa3pl Bcerma TepMOIUHA-
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Prc. 39. Puc. 40.

MHYeCKH HeBbIroqHO. Eciu B pe3ynbraTe QuiykTyauuii m obpasyercs
Kalyii B TakoM Iape, TO, Kakux Obl pa3MepoB oHa HU ObLia, OHa
o0s3aTenbHO OBICTPO MCue3HET. BO BTOpOM cilyyae € yBeJMYEHHEM
pa3Mmepa Bo3HHUKIIEH Quykryamun BTopod ¢asel AG(A®) BHayase
(moxa R<R,,) pacTeT, Tak 4TO MayeHbKkue (iykTyauuun HOBOH (a3bl
SIBJIAIOTCS HEYCTOWYMBBIMM (puc. 40). DTa HEYCTOHYMBOCTH, KaK MBI
yXe TOBOpWUJIM, OOBSACHAETCH TeM, 4YTO MNpU Majbix R BTOpOE
claraeMoe B BblpaxeHUU Uit AG pacteT ¢ yBeJMuYeHHEM R cuiibHee,
4eM yMeHblnaerca mnepBoe. OgHako npd Oonplmx oOpa3oBaHHSX
BTopoit ¢asel, korma R>R,,, Bropas da3za craHoBuTCS 6oJee
YCTOMYHBOIA.

Pa3mep 3aponpiiia HalimeM U3 YCJIOBUS MaKCMMyMa M3MEHEHHs
snepruu ['m66ca AG (koTOpoe BBIpaXKaeT YCJIOBUE HEYCTONYHBOTO
paBHOBECHS):

3(AG)

_ 2 H2—Hy —
R Rer, " 0 wm 4nRS o +8noR,,=0,
OTKyHAa

Rxp=2cl72/(“1 —}Lz) (11.15)

Otcroa BHIHO, YTO KPUTHYECKHH PaJUyC 3apojblllia MPOMOPIM-
OHaJIeH K03 UIMEHTY MOBEPXHOCTHOTO HATSDKEHHs. Pa3HOCT [y —
B 3HAMCHATeJIe MOKa3bIBAeT, YTO 4eM OoJiblle mepechillleH map (4em
Oosplie 3Ta Pa3HOCTb), TEM MEHBINE KPUTHYECKMHd paguyc U TeM
CKOpee HAYHETCS KOHJICHCAIHS.

AHanornyno oOCTOUT [1eJIo U B Ciiyuyae Opyrux (a3oBbIX IEPEX0 0B
MEPBOTO POAA; NPH KAMEHUH XHUAKOCTH 3THMH 3apOJbIIIAMH SBJISIOTCS
Ny3blpbKM Tapa, NpU KpHCTAJUIH3alWu — Kpucraumku. Ho pousb
3apoAblliell B OTUX CIy4YasiX MOTYT WIPaTh HE TOJILKO ITy3BIPHKH
WIM KPUCTAJUIMKH [AQHHOTO BEIIECTBAa, HO M YaCTHIbI MOCTOPOHHETO
BEILLECTBA (3arps3HEHHUs).

Kputnyeckuit pamuyc 3apoppiua (My3sIphbKOB Iapa B HEPErpPeToi
XHAKOCTM WIM KalUld B TEPECHIIIEHHOM Mape) MOXHO HaWTH
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U HETIOCPECTBEHHO M3 YCJIOBHS MEXaHHYECKOrO paBHOBecHs (HEYCTOH-
YHMBOTO) 3apOJBILLA, T. €. U3 PAaBEHCTBA AABJICHUS P, BHYTPH 3apOAbiIlia
CyMMe HaBjeHHUS p; B OCHOBHOW ¢aze u maeieHus 20/R,,, oOyc-
JIOBJIEHHOTO TNOBEPXHOCTHBIM HATSDKEHHEM: p,=p,+20/R,,, OTKyHa

2c
p2—py’
4TO 5KBHBajJieHTHO (opmyne (11.15). Jle#cTBUTENBHO, TO YCJIOBHIO

paBHOBecHs, B pe3yJjbTaTe OOMeHa d4acTHLAMH MEXIy Karuiei
U ee Mapom

Ryp= (11.16)

2 (Ta P2)=!~11 (T9 Pl) (11‘17)
VuuTeiBas Maiyr0 CKUMaeMOCTb XUIKOCTH, T. €. ciaboe u3MeHe-
HHE XMMMYECKOIO MOTEHLMAaa, HaXOAUM

0
Hz(T, P2)=}12(T, p1)+ é%(ﬂz—lh)-
IMostomy u3 coornomenus (11.17) nonayyaem

p2=p1=[m1(T, p1) =2 (T, p1)]/o2
U, ciepoBarenbHO, Gopmyny (11.15).

Iepezpemoii Ha3biBaeTCs XUIKOCTh, Harperas BbIUIE TEMIEPATYPLI
KAMeHus: (T. €. TeMIepaTypbl, MPH KOTOPOH YIPYrocTh NAapOB KHUJ-
KOCTH, HAaXOJAIUEHCs NOoJ BHEIUHUM [aBJIEHUEM p, IEJaeTCs pPaBHOMU
9TOMY BHEIUHEMY NABJIEHWIO), HO HE KHIAlIas, T. €. He obpa3syroiias
M0 TOBEPXHOCTBIO My3bIped mapa, a JMIIb MCTAPSIOIIASCH C MOBEP-
XHOCTH. JlaBJjieHMe HACBHIIEHHBIX MAPOB HAJl ILJIOCKOHW MOBEPXHOCTBHIO
TaKoOM XUAKOCTH p,,>p. Ecium mpu 3TOM B XHOKOCTH OOpasyercs
My3BIPEK, TO €ro KPUTUYECKMH PaaMyC, OYEBHIHO, HAMIEM, MOJIOXUB
B Qopmyne (11.16) p,=pe ¥ p1=p: R;=26/(po—p).

3AHAYN

11.1. 3Has 3aBUCHMOCTb NOBEPXHOCTHOIO HATSXKEHAA OT TEMIEPATyphbl, HANTH U3MeHe-
HHE TEMNEPATYPbl NPH a1¥a0aTHOM PACIIMPEHMH IUICHKM W KOJIMMECTBO TEMIOTHI,
HOTJIOLAEMOE TIPU €€ M3O0TEPMHYECKOM PACIUMPEHHH.

11.2. OnpesenuTh 3aBACHMOCTb [J4BJICHHS HACBHILCHHONO Tapa Haa Kamied or

aZuyca Kaium.

11.3. [Toka3zaTh, 4TO O4YEHb MAJlCHbKAsi 3apSKEHHAA XKamis OYAET pPAcTH HE TOJbKO
B TEPECHILEHHOM Iape, HO JaXe B Nape, He NOCTUIIEM HACBILEHHUS.

11.4. Bo3MOXHO NU OTpULATENLHOE MOBEPXHOCTHOE HATsKeHUE?



I'VIABA JIBEHAJALATASA

®A30BBIE ITEPEXO/bI
N KPUTNYECKME SBJEHUA

lMpu u3MmeHeHuu BHEWHUX BO3[ENCMBUNA Ha pas-
HOBECHYI0 TemeporeHHylo CucmeMy BeLjecmBO U3
O4HOW ¢ha3bl MOXXem nepexogumb B APYryl, Ha-
npumep u3 Xugkocmu B nap, u3 O4HOM Kpucmars-
nu4eckon Mogugukayuu B APYyrylo, u3 HOpMasnbHOro
nposogHuka B CBepXnpoBOAHUK, U3 heppomarHemu-
ka B napamarHemuk u m. J. Takue npespaijeHus
Beljecmsa u3 OgHoO¥ ¢hasbl B [Pyryl0o npu u3smeHe-
HUU BHEWHUX YCNOBUA Ha3biBalOoMCsi Has3oBbIMU
nepexogamu.

Haubonbliuh npakmu4yecKun u meopemuyecKum uH-
mepec npegcmasnsaiom Ha30Bble npespaljeHus
B OBHOKOMNOHEHMHbIX U BGUHapHbIXx cucmemax. Mbi
paccMompum ¢pa3oBbie npespaljeHus nullb B 0f-
HOKOMNOHEHMHbIX CuCmemax.

§ 59. KIIACCU®UMKALIMS ®A3ZOBBIX ITEPEXOIOB.
®A30BBIE TITIEPEXO/bI ITEPBOIO POJIA.
YPABHEHUE KJIALIEMIPOHA —KJIAY3INYCA

[Tpu paBHOBECHOM mepexoje BemlecTBa W3 oawo# (a3sl B Apyryro,
Kak ¥ npu ($a3oBOM paBHOBECHM, TEMICPAaTypa, MABJICHHE U XUMHU-
4eCcKWil MOTEHUMAN BellecTBa B (a3ax OJMHAKOBBI. UTO Xe Kacaercs
APYrux TCPMHUAYCCKHUX U KAJOPUYMECKUX BCIIMYMH HJIM COOTBCTCTBYIOIIHX
¥M TNpOM3BOJHBIX OT sHepruu I'm66ca G(T, p), TO OHM NpPH ONHMX
($a30BBIX Tepexoax TEpPUSAT pa3pbiB, a TNPH IPYTUX — HEMPEPHIBHAIL.
ITosToMy pa3nnMIaroT NpephIBHBIE U HEMPEPHIBHbIE (Pa30BbIe MEPEXOIBI.

ITpepuisivimu HasbiBaroTcs (Ba3oBble NpEeBpallleHUs, NPH KOTOPBIX

oG oG
NepBbIE NPOM3BOAHBIE OT G: V= ) S=— 57 ) UCHBITBIBAIOT
T P

CKa4yKu, a HenpepulgHbiMu — TNIEPEXOABI, NMPH KOTOPBHIX IECPBBIE ITPOHU3-
BOJOHBIE HENPEPLIBHbI, a TEPIAT pa3pbiB TPOU3IBOAHBIE BTOPOIO

%G
1 6oJiee BBICOKMX MOPsAAKOB: TemnoeMkocTs C,=—T| — | , cxuMa-
aT? ),
1/0%*G
eMocTh  fBr= 57 ) K03hUIMEHT TEMIOBOTO  PpaCIIMPEHHS
P~ /)T

V\aTép
nepexodamu nepeoeo poda. Ilpm 3THX mnepexojaax, CleIOBATEIBHO,
CKaYKOM H3MEHSETCS yIeJbHbIH 00BbEM v WM NJIOTHOCTH p BEWIECTBA

1(0°G
oc=~< v T. A. IIpepriBHbIE IPEBpalIeHUs Ha3bIBalOTC ha3zo8bimu
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¥ moromaercs (wnu Bbigeasercs) Temiota A=T(s"—s'). ®dazoBbMuU
IepeXoiaMi TIEPBOTO poAa SBJISIOTCS IUIABJIEHME, KPHCTaJUTH3alMs,
KANEHHE, HEKOTOpble TMpPEBpAINCHUS M3 OJHOW KpHUCTAJUINYECKON
MoauduKkaumu B JPYTyro, IEPEXOi] NPOBOJHMKA B CBEPXIPOBOASILEE
COCTOSIHME B MAarHuTHOM TOJ€ W T. I.

HenpepbiBHBIE TEpeXonbl, MPU KOTOPbIX BTOPbIE NPOU3BOIHBIE
oT aHepruu ['ub6ca (MM XUMHYECKOTO TNOTEHIMAa) HUCTBITHIBAIOT
CKaYK¥, Ha3bIBAIOTCS ¢Ha3oesimu nepexodamu 6mopozo podd, KOTAa
ke 3TH MPOU3BOJHBIE NPH nepexojie oOpaiarorcs B 6€CKOHEYHOCTb —
Kpumuueckumu nepexodamu, a aHOMAaJIbHOE IIOBEIEHWE CBOJCTB Be-
IMeCTB B 3TON OO0JIACTU — KPUMUUECKUMU ABAEHUAMU.

Tepmun «(da3oBble mnepexoabl BTOporo poja» Brepsble (1933)
BBes1 II. DpeHdect npu pacCMOTPEHHH HEMPEPHIBHOTO CBEPXTEKYYEro
nepexona B xuakoM remud. OH cuyMTal, 9TO BTOpBIE NPOU3BOIHBIC
or oaHepruum ['u66ca mnpum 3TOM Tmepexone HCIBITHIBAIOT CKAuKH,
M TOJIyYWJI COOTHOUIEHHSI Mexay HUMH (ypaBHeHHs OpeHbecta, CM.
§ 60). TepmurOM «(a30BbId HEpexon BTOPOro pona» (MM A-EPeXon)
CTaJ¥ IOTOM Ha3blBaTb M BCE [PYTHUE HENPEPHIBHbIE MEPEXOJBbI.
ITo3xe, omHako, 0Ka3ayioCh, YTO NMPHU CBEPXTEKYYEM TEPEXOMAE B IeJIUA
BTOpbIE NPOM3BOJHBIE OT 3HepruM | mbOOCa He HCNMBITHIBAIOT CKaYKH,
a oOpamarTcs B OECKOHEYHOCTb. ITOT MNEpPeXol, ClIeAOBATEJIbHO,
ABJISETCS KPUTHUYECKUM, M K HEMy ypaBHeHHs OpeHdecta Hermpume-
guMbl. Ho B siMTepatype U cefdac CBEPXTEKYYHH TEpEXod B eI
M Jpyrue HenpepbiBHbIE (ha30Bble NMpeBpallleHHs Ha3bIBAlOT (ha30BHIMHU
nepexolaMi BTOpOro pona. Yaie, oHaKO, HENMPEPHIBHBIE NEPEXOIbI
Ha3bIBAIOT KPUTHYECKMMH mepexonaMu, 4to Oosiee mpaBmibHOo. Pa-
30BBIM [IEPEXOJIOM BTOPOTO POJia SIBJISETCS NpEeBpallleHHe MPOBOIHUKA
B cBepxmpoBoHUK npu H=0. KputnueckumMu mnepexomamu SBJISAIOTCS
KPUTHYECKMH TepexoJ JXMIAKOCTb—ra3, mnepexox (eppomarHeruka
B NAapaMarHeTHK, CETHETOXJIEKTPUYECKHH Tepexom M Ip.

HemnpepsiBHbIe (ha30Bble MEpexo/bl OOBIYHO CBS3aHbI C U3MEHEHUEM
CHMMETPHUH CHCTEMBI, IMMO3TOMY MOXHO BBECTH XapaKTEPH3YIOIIMiA
3Ty CHMMETPHMIO TapaMeTp HOpsAKa 1), KOTOpPbI paBeH HYJIFO
4 Oojiee CUMMETPUYHONH W OTJIMYEH OT HYJII B MeHee CUMMETPUYHOMU
¢daze. Takoil mTOAXON B TEOPUM HEMPEPHIBHBIX MEPEXOHOB ObLI
npuMeHeH B pabotax JI. [I. Jlanmay. BcnencrBue HepeanmcTHyeckoro
MPEANOJIONKECHUS] O BO3MOXHOCTH DAa3JIOKEHHS B CTENEHHON pAX
sHeprum I'm66ca B oxpectHOCTH (haszoBoro mepexoma teopus Jlanmay
pacxomuTcs C OOJBIIMHCTBOM OKCIHEPUMEHTOB B 3Toi obOsactu. Ilo
9TOH NpUYMHE, a Takxke MOTOMYy, 4To Teopud JlaHmay mnocBsieHa
oOmmumpHas JjuTepatypa, Mbl He M3yjiaraeM ee 3aech®. ®usuuecku
MOCJIeOBaTEIbHAsT TEOPUSl HENpEepBIBHBIX (Da30BBIX INEPEXOIOB OblLia
pazButa B paborax B. K. CeMeH4eHKO Ha OCHOBE TNpeACTaBJICHHUS
0 TEepMOAMHAMHUECKOH ycToiumBoCcTH (CM. § 62).

*) KpuTHueckull aHanu3 Teophd (a3oBbix mepexogos JlaHmay cM. B KH.
Crensmn I. ®a3oBble mepexofsl MW KpPUTHYECKHE sABJieHMs. M., 1973,
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OCHOBHBIM ypaBHEHHEM, XapaKTepU3YIOUMM (Da30Bbie MEPEXO.bl
nepsoro popna, sBisercs aubdepeHimansHoe ypaBHeHue Kuiameii-
porHa— Kuiay3uyca. 9To ypaBHEHHE NOJy4aeTCs M3 yCJIOBUSI paBEHCTBA
XUMHUYECKHX TIOTEHIMAJIOB TPH paBHOBecMH ABYX a3

w(p, T)=n"(p, T) (12.1)

U CBs3BIBACT MexAy coOoil TemioTy nepexoJa, CkauyoK YAEJIbHOTO
o0beMa M HaKJIOH KpUBOM paBHOBECHSI B TOYKE NEpexofa.
U3 dopmynsr (12.1) cnenyer ypaBHeHME KpWBOH paBHOBECHS

p=p(T). (12.2)

Tak kak KoHkperHblii Bun ¢ymkmuu p(p, T) B GoJbLIMHCTBE
ciIydaeB HEM3BECTEH, TO YpaBHEHMe KpuBO# paBHOBecusi (12.2) Takxke
HEBO3MOXHO HamucaTh B sBHOM Bujae. Okxa3spiBaercs, OJHAKO, YTO
middepeHunanbHOE ypaBHEHHE KPUBOH pPaBHOBECHSI HMMEET Tropaszio
0oJiee MPOCTON BHUI M CBA3BIBAET MeXAy coOOH yka3aHHBIE BBILIE
JIETKO M3MepsieMble BesmuuHbl. [ubdepenmupys (12.1), nomydaem

du'(p, T)=du"(p, T)

(39 () =) ar- ()

dp _(u"/oT),—(0wn'/oT),

dT~ (ow'/ap)r—(n"/1op)r’
dp _ S/I_-sl
dT v —v"’

tak kak du=—sdT+vdp (s u v—oHTpOoIUS M OOBEM Ha OOHY
vyactuny). YpasHenue (12.3) sisercs mubdepeHUManbHBIM ypaBHe-
HUEM KpUBOH paBHOBeCHUS U Ha3blBaeTcs ypasHenuem Kaaneiipona—
Kaaysuyca. Yame ero 3amucbiBaloT B BHIE

d__ *
dT T(@"—v')’

rme A=T (s”—s’)——rennora nepexojia Ha MOJIb WJIM TpaMM BeEIIeCTBa;
v"—v' —u3MeHeHHe 00beMa COOTBETCTBYIOIEH MacChl BEINECTRBA.
I'maBHoe mnpuMeHeHue ypaBHeHUS (12.4) COCTOMT B BBIYMCIICHHM
YIOENbHBIX TEIUIOT HCHapeHHUs, BO3TOHKW, IUIABJICHUS M W3MEHEHHS
MoaubUKaHH.

Eciu Ha cucTeMy [eliCTByeT He JaBjieHMe p, a Kakas-1ubo
opyras obobmieHHass cuya A, To Mbl moiydaeM obmee muddepes-
LMaJIbHOE ypaBHEHWE KpUBOH paBHOBecHs IBYX (a3 OJXHOKOMIIOHEHT-
HON CHCTEMBI;

WA

OTKyna

(12.3)

(12.4)

d4_AS

o= (12.5)
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=

~y

0 03
Pnc. 41. Pnc. 42.

rae As=s"—s'—mu3MeHeHHe (CKa40K) SHTPOIUH NPH NEPEXOE BEIECT-
Ba u3 onHOoM ¢a3sl B apyryw; Aa=a"”—a’'—cCKaioK BHEIIHErO
napaMeTpa, CONpPSKeHHOro o0oOIeHHOH cumie A.

Vpapuenue Kraneiipona — Knay3uyca

dT _ T(v”—v')
dp A

ompenenseT U3MEHEHUe TeMnepaTypsl (aszoBoro mepexona (Hampumep,
TOYKM 3aMep3aHhs WM KWUTCHHS) C HM3MEHEHHEM JIaBJICHHUS.
ITockoJibky MpH Tepexofie XUAKOCTHM B Map TEIIoTa coodiaercs
(A>0) u obveM Bcerma yBenuuuBaercs (v”>v'), TO, CJIEIOBATEIbHO,
dT/dp>0, T.e. Temmeparypa KHMNEHWS TpPU YBEJIWYECHUM 1aBJICHHS
BCerna noBblmaercs. ToYka ke TUIABJICHHS HpPU YBEJIMYCHUM IAaBJICHHS
WM TOBBIIIAETCS, UM MOHMXKAETCS, CMOTPS IO TOMY, YBEJIMYMBAETCS
WM yMeHblIaeicss o0beM NpH IUIaBJieHUH. Y OOJIBIIMHCTBA TeEJ NpHU
IJIABJICHUM 0" >v’, TIO3TOMY y TaKMX Te€J, Kak U B Clydae KHIIECHHUS,
dT/dp>0. Onnako y BoAbI, YYI'yHa, BHCMYTa, TepMaHUs M TaJUIUs
o0beM mMpW TiaBJeHMM TBepnoi (pa3el yMeHblnaetcs (kuakas (asa
B OTHX Ciy4asix TskeJiee TBepaou), mosroMy mis Hux d7T/dp<0,
T. €. TOYKAa IUIABJICHUS C YBEJIMYEHWEM [ABJICHHUS TOHMKAETCS.
TemnepaTypa IMIaBJICHHs C TOBBIIICEHHEM IaBJICHUS MOHMXKAETCS
takxe npu 1<0,3 K y wzoroma remus ¢ aroMHo#t Maccoit 3 (3He),
XOTS y Hero v”>v’'. DTO MPOUCXOTUT NOTOMY, YTO YAEJbHAsl TEILTIOTa
TUTaBJICHHS 7»=T(s"—s'§ tBepaoro 3He npu 7<0,3 K orpunartensHa
(appexm IMomepanuyka), T.e. surpomus s’ xumkoro >He meHblue
3HTpONHH s’ ero TBepaoH (a3bl. Takoe moBeeHUE YHTPONHH Y Pa3HBIX
da3 *He BbI3BaHO TEM, YTO B KXMIAKOCTH CHJILI OOMEHHOIO B3aMMOJIEH-
CTBHSL MEXJy aTOMaMH MNPHBOIAT K YMOPSNOYEHHIO MX CIIUHOB YXKe
npu T<1K, B 1O Bpems kak B TBepmoil ¢asze u3-3a Majoctu
aMILUTATYABl HYJIEBbIX KoJieOaHMH MO CpPaBHEHMIO C MEXAaTOMHBIM
pacCcTOsiHMEM _ Takoe  YNOpAAOYEHHe  HAacTynmaeT JIMIIb  TIpH
T~107%+10"7 K, xorma kT CTaHOBMTCA TOpSIKa MATHHTHOM 3Hep-
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TMH B3aUMOJEHCTBUS NBYX cocelHux aTtomoB. [Ipu T=0,3 K ynenbHas
TENJIOTA IJIABJICHAST MEHsSeT 3HaK M, CJIefOBaTeNbHO, NpH I3TOMH
TEMIIEpaType KpHUBas IUIaBJICHMS HMeeT MUHUMYM (puc. 41). Jns
toro urobel pacmasuth ‘He npn 7<0,3 K, nmasjabHHK JOJDKEH
ObITh X0JIOmHBIM (C Temmepatypoit. T3 <T). B cnydae 3aTBepiaeBaHus
xumkoro >He npu 7<0,3 K Tennora noryomaercst 4, cjieI0BaTeNbHO,
ero aauMabaTHOe CXXaTHe, BbI3bIBAIOIIEE 3aTBEPAEBaHME, JOJIKHO
OPUBOJUTH K TOHWXKEHUIO TEMIIEpaTyphl.

IMpumenuM kx (a3oBoMy mepexody NEpPBOrO pojAa TpeTbe Hadaso
tepmoauHamuku. CoryiacHo emy,

lim (S”—S')=0,

T-0K
IIO3TOMY M3 OCHOBHOI'O YpPaBHCHUSA TEPpMOAMHAMMUKH IJIs (l)a3OBOI'O
nepexona

TAS=AU+pAV

3akmodaeM, 4yto npu T—0 K Moryt npencraBuUTbCs ABa BO3MOXHBIX
clydasi: WIM OJHOBPEMEHHOE WCYE3HOBEHWE MNpPHU Tepexoje pa3sHOCTH
sHepruii AU u pasnoctm 00beMoB AV da3 (4to o3Hayano Obl
HEpa3IMIMMOCTh XHAKOM WM TBepnoid (a3s), MIM pa3HOCTh 3HEprui
AU= —pAV. DxcnepuMeHTH C TenMeM mnokaszam, uro mpu 7-0 K
B JIEUCTBUTENILHOCTH  peayM3yeTcsi  BTOpas  BO3MOXHOCTb:
AU=—pAV#0. Torma [cMm. (12.3)]

lim %o, (12.6)

r-ox 47
T.e. npu T—0 K Bce da3oBbie kpuBble Ha 7, p-qUMarpaMme JOJIKHBI
ObITh TOPU3OHTAJILHBIMH (CM. KPHBYIO IUIABJICHUS TeJUs Ha pHC. 42).
Takum o6pa3oM, He3aBUCHUMOCTb NIpU HHU3KOH TeMmepaType pas-
HOBECHOTO J[1aBJIEHMS CHUCTEMBbl >XHIKOCTb— TBEPAOE TeNO OT TeM-
HepaTyphl SBJSETCH CJIEACTBHEM TPETHErO Havajla TepMOJUHAMMKH.
OHO HaNLIO CBOE MPHUMEHEHWe NP BBLIYMCICHHM KPUBON paBHOBECHS
rpadut —anmas, KOTOPYI0 HeOOXOQMMO 3HATh JIi MCKYCCTBEHHOTO
NPOM3BOJACTBA ajMa3oB M3 rpadura NpU TeMmnepaTtype B HECKOJBKO
THICSY KebBUHOB. OTCIO/1a BUAHO, YTO TPEThe Hayaslo TEpMOAWHAMU-
Kd Wrpaer OOJIbIIYIO pOJIb W TIpUM BeChbMa BBICOKOH TemmepaTtype.

§ 60. ®PA3OBBIE ITEPEXO/JbI BTOPOI'O POJA.
YPABHEHUSA DPEHOECTA

IMpu ¢a3oBbIX mepexomax BTOPOTO PpoOJAa HUCHBITHIBAIOT CKAYKH
ynenbHass TemioeMKocTb C,, CkuMaeMocTb Pr u Ko3pduumeHTt
TEIUIOBOTO pacummpenus o. CBsi3b Mexy 3TUMH CKaiKaMM M HaKJIOHOM
KpUBO#l Iepexoja B COOTBETCTBYIOIEH TOHYKe OIpelesieTCs ypaBHe-
M OpeHdecra. Haiinem 3TH ypaBHeHus.
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IMpomuddepeHuupyeM paBeHcTBa s”=s', v"=v’ BIOJb KpUBOW
nepexoja, Toraa

(0s"/0T),dT+(ds" /dp)rdp=(0s' /0T ),dT+(ds'/op )rdp,
(0v"/0T),dT+(0v"/dp)rdp=(dv'/dT),dT+(dv'/op)rdp,

OTKyza
dp _ Ac,
dt TA(dv/3T),’ (127
dp_ A(ov/0T), (12.8)

dT  A(av/ép)r’

tak kak #u3 dp=-—sdT+vdp cuenyer—(0s/dp)r=(0v/0T),. W3
dopmyin (12.7) u (12.8) monydaem ypaBHeHus dpeHpecta s Ga3oBbix
NIepeXoJOB BTOPOTO pona:

A AN )
AC,= T(d—]:) A(a)T, (12.9)

A<@> __® A(@> . (12.10)
oT),  dT \op)r

M3 paBeHCTBAa XUMUYECKMX TOTEHIMANoB (a3 mnpu Tmepexoje
BEIECTB M3 ONHOM (a3bl B Opyryro ciemyer, YTo npH JioboM dazoBom
nepexojie aBJieHUe sByseTcsd (YHKUUEH TeMmepaTypbl M MO3ITOMY Ha
wiockoctd T, p cymecTByeT kpuBas (a3oBoro mnpespaienus. OmgHako
B oTiMuMe OT KpuBoW paBHoBecus (12.2) nna dasoBoro mnepexona
mepBoro pona (puc. 32) kxpuBasi [Jii HENPEPBIBHOTO TEPEXOJa He
ABJIIETCS KPMBO#H paBHOBecHs (CyIIeCTBOBaHHMA) NBYX (a3, Tak Kak MpH
9TOM Tepexoae HoBas (a3a mnosBiseTcs cpa3y BO BceM oObeMe.
[MosiBenue HOBOM (ha3bl HE CONMPOBOXIAETCS BOSHUKHOBEHHEM NOBEPX-
HOCTHOI 3HEpPruM, U MO3TOMY NPH HENPEPBIBHBIX MEpeXofax Neperpes
WM TIEpEOXJIaXKJACHUEe HEBO3MOXHBI.

B obmem ciyyae, ecu Ha cHCTeMy JedcTByeT 0o0oOIeHHas cuna
A, KOTOpO# COOTBETCTBYET BHELIHH# NapaMeTp 4@, ypaBHEHHs OpeH-
tdecra Oymytr mMeTb BUL

dA4\? da
——_1(%Y) Al
AC4 (dT) A(@A)r’ (12.11)

da dA da
A(a‘f)f ~ar A(é})r'

VYpaBHeHns DpeHdecTa CBI3BIBAIOT CKAYKH BTOPBIX IPOU3BOIHBIX
TEPMOJMHAMHMYECKOTO MOTEHIMAaIa He TOJIbKO NpH (a30oBbIX mepexoax
BTOPOTO poJia, HO M B cCiydae IeJoro psaa (Ga3oBbIX NEPEXoOB
nepsoro poxa. I[Ipumepom Takoro mepexojia NepBOro poja SBJIAETCS
HepeXo U3 YHOPSJOUYCHHOTO COCTOSIHUS B HEYNOPANOYEHHOE B CILIaBax
AuCu;, AuCu m np. XapakTepHO#l OCOOEHHOCTBIO 3THX (ha30BbIX
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NEPEXO0B ABJIAETCA TOCTOSHCTBO CKAaYKOB 0ObeMa M 3HTPONUM Ha
BCEH JIMHMH IPEBPAIICHUS:

AV=Cy, AS=C,, (12.12)

TaKk 4TO Ha auarpamMme 7, p HAaKJOH JUHHM (Da30BOro paBHOBECHS
dp/dT=AS/AV okxa3biBaeTcsi NOCTOSHHBIM M, CJIEIOBATEJbHO, caMa
3Ta JIMHUSA €CTh NpsMas (JIMHeHHbIe (a30Bble MEPEXObI IEPBOTO Poaa).

Huddepenumpys ypaBrHenus (12.12) no Temnepatype BIOJIb JMHUM
paBHOBECHS, TOJIyIaeM:

v av\ dp _ as as\ dp _
A(57) (%) a0 A%) A(3). 50
OTKyHa HENOCPEeACTBEHHO CJeQyloT ypaBHeHus OIpeHbecta (12.9)
u (12.10).
TakuMm oOpa3oMm, ypaBHeHMS JpeH(ecTa ONpeHeNstoT IMPOKHI

kjacc (a3oBBbIX TNpPEBpAICHUH — JIMHEHHbIE (a3oBble TEPEXOnbl Mep-
Boro pojma M a3oBble HEPEXoabl BTOPOTO pOJA.

§ 61. TEPMOJUHAMMKA CBEPXITPOBOJMMEIO ITEPEXOJA

IMpumenum ypasHerus OperHdecra (12.11) x mepexofy NPOBOIHMKA
U3 HOPMAJIbHOTO COCTOSIHMSL n B CBEPXIPOBOAMIIEE COCTOSIHHE § NpPHU
OTCYTCTBHM MarHuTHoro mousis. Kax H3BeCTHO, Takde NpeBpaileHus
OCYIIECTBJISAIOTCA y HEKOTOPBIX NPOBOJHUKOB IpH OMNpeAeeHHON
Temnepatype 7I,. CBepXmpoBOJMMOCTb MOXHO pa3pylMTb, €CJH
HaJIOXHMTb NOCTATOYHO CHUJIBHOE MAarHuTHOe mnoie H,.

3aBuCHMOCTb HANPSHKEHHOCTH H, KpUTHYECKOTO MOJA OT TeM-
nepatypsl 7 aHajmoruyHa 3aBucuMoctd p=p(T) mpu paBHOBeCHU
XHUOKOCTb—Tap M Ha guarpamMme 71, H, usobpaxaercs KpHBOH,
NpUBEJCHHON Ha puc. 43. AHaJIUTHYECKH 3Ta KpHUBas JOBOJBHO TOYHO
MoxeT ObITh mpeacraBiieHa napaboson

H (T)=H,[1—-(T/T.)*]

Eci npoBOAHMK HaxomuTCs B Mar- 44
HUTHOM T1I0Jle, TO TpeBpalleHHe ero
B CBEPXIPOBOAALLIEE COCTOSHHUE COIPO- [~~~
BOXIAeTCAd TEIUIOBbIM dddekToM H, >
ClieToBaTEIbHO, ABJIACTCS (a30BBIM Ile-
pexogoM mepBoro popa. B. Keesom n
NOKa3ajl, 4T0 B 3TOM CJIy4ae Iepexon s
ompenensercs ypaBHeHMeM Kraneiipo-
Ha— Kunay3uyca. Ilpu orcyrcTtBum Mma-
THATHOTO NOJISA TEIJIOTa Mepexoja pa-
BHA HyJII0O U TIpEBpallleHWEe n B S fB-
JSeTCA  (Pa308biM nepexo0omM 6mMopo2o
pooa. Puc. 43.
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Bo BHemHeM MarHMUTHOM TIOJIE CBEPXIIPOBOJHMK BeleT cebsl Kak
JMaMarHeTHK, T. €. HAMarHWYMBAeTCA NMPOTUB BEKTOPA HANIPSKEHHOCTH
MarHdTHOTO MOJI W TPUTOM TaK, YTO MarHWTHAs MHAYKIHMS BHYTPH
CBEpXNPOBOIHMKA paBHa HYyNO (3dgpexm Meiicnepa):

B,=H+4nJ,=0
1
J= = H. (12.13)

IMosToMy oaneMeHTapHast paboTa HaMarHWYMBaHWS, OTHECEHHAs
K 00beEMy CBEpXIIPOBOJHHMKA, paBHA
SW=H4dJ,. (12.14)

[Tonaras B ypaBHenuu OpeHpecta (12.11) A=H u a=J, noayvaem
Ul CKadyka TEIIOEMKOCTH
oJ
. A<5{>7, (12.15)

2

Ac=cs—c,,=—Tc<f;°>"
rae H.(T)— HanpsokeHHOCTb, 3aBHCSINAs OT TEMUEPATYPHl KPUTH-
YeCKOro TmoJisl, IpH KOTOPOM OCYILECTBJIAETCA TEPEXO] HOPMaJlb-
HOTO NpOBOJHMKA B cBepxnpoBomHuk [H.(T) onpenensercs wus3
YCJIOBUSI paBEHCTBAa XMMHUYECKMX NMOTEHIMANIOB 3TUX (a3]; mpousson-
Has dH./dT Geperca npu H.=0 u T=T,. [Ana CBepXnpoBOIHHKA

[em. (12.13)]
J————H (w) __ 1!

6H T 4n i
IUT. HOPMAaJIbHOTO nposozmmca
oJ, p—1
=" H =",
et (),
Takum 00Opazom,

8(5). () (5,

Ho p=1+44nx, a x— marautHas BOCIIPUUMHBOCTE JUIS TIapamar-

HATHBIX ¥ JMaMarHUTHBIX BewmiecTB mopaaka 107°—107°, nostomy
[ oJ 1
A(EE) =
dH,
Cs—C,= <dT> (12.16)

OTO BBHIpaXeHHE IS CKayKa TETJIOEMKOCTH NPH CBEPXMPOBOISAIIEM
nepexoe MpH OTCYTCTBMM MAarHMTHOTO TOJsi Ha3bIBaeTcs (hopmy.roii
Pymezepca. VI3 Hee cnenyet, 4ro Cy>C,. ®opmyna Pyrtrepca xopomo
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COrJIacyeTcsi ¢ OKCNEPUMEHTANbHBIMH NAaHHBIMHM, KaK JTO BUIOHO M3
cnenyomei Tabauus!

Mertann T, K AC,.., Ax/(K-Moib) AC,u. Ik /(K- MoJib)
Caunen 7,22 52,79 41,9
OnoBo 3,73 12,15 10,94
Wupumit 3,37 8,46 8,42
Tannnit 2,38 6,20 6,12
AnmoMuHHi 1,20 1,93 2.97

TemnepaTypHbIf XOJ TEIUIOEMKOCTH NP CBEPXIPOBOJALIEM IIe-
pexose (IpHM OTCYTCTBUM MAarHMTHOTO TIOJI) H300paxeH KpuBOH
Ha puc. 44.

PaccMoTpuMm Tenepb CBepXNpPOBOJAHUK B MarHMTHOM mousie (H #0).
Huddepenuman ynenbHOro TEePMOAWHAMMYECKOTO MOTEHIMAla Mar-
HETHMKAa BO BHEIIHEM MArHUTHOM mnose H paseH

dG=—-SdT-JdH.

Iloncrasisist cloma 1u1si cBepxmpoBojHuka Jo= — H/(4n) u uHTer-
pUpys TOTOM IOJy4EHHOE BBIpaxeHHe no H mnpu HEKOTOpOi
temnepatype 7T, ToJydaeM

G.(H, T)—G,(0, T)=H?/(3x). (12.17)

B HOpPManbHOM COCTOSHMHM MAarHWTHas$i BOCIPHHMYHBOCTH MPOBOJ-
HHMKa Hcye3arolme Mana, noatoMy G,(H, T)=G,(0, T). Baoas Kpusoii
KPHTHYECKOTO TIOJIsl, KOT/IA 7 M § HAXOJATCS B PaBHOBECHH, yAEJbHbIE
TEpMOJMHAMMYECKHE TOTEHIMaNbl 06erx (a3 OMMHAKOBBI, MOITOMY
u3 ycnosus G,(H., T)=G,(H,, T), onpenesnsomero H.(T), nonydaem
OCHOBHOE YpaBHEHHME TEPMOAMHAMHUKA CBEPXIPOBOIHUKOB:

Ga(H., T)—G,(0, T)=H /(). (12.18)

Tak xak S=—(0G/0T)y u Cy=T(3S/0T)y, 10 M3 Qopmynsl
(12.18) mosywaem:

Q.

5,(0, T)—S$,(0, T)=

G| B+ (S

Ilpu T=T. HanpsAXEHHOCTh ch
xputuieckoro nossa H.=0; tor-
Ja u3 ¢dopmynsr (12. 19) Haxo-
mM  S;—S,=0, YTO oOTBedaer /
da3oBoMy mepexomy BTOPOTO
poja, TIpHu KOTOpoM  [cMm.
(12.20) ] nony4yaem cdopmyny Py-

H.
— (12.19)

] (12.20)

trepca (12.16). E
[pu mo6oit 6omee HU3KOM T
temnepatype (0<7<T.) w3 Puc. 44.
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Ss=8p Beipaxenus (12.19) mnoayuaem

Cs=Cp S;—S,<0 u S,<S,, TOCKOJILKY,
dH,
Kak BHOHO M3 puc. 45, 7 <0.

3TO CBHIETEJILCTBYET O TOM,
4TO CBepXxmpoBonsuias ¢asa sB-

al jsiercst OoJiee  ynopsinoueHHOH.
Ilo TperbeMy Hauady TepMO-
maaamuky, npu 7T=0 K spTponuu
(a3 paBHBI HYJIO U, CJIEAOBATENb-
HO, S,—S,=0. B srom mnpenene
MPON3BOIHAS HAIPSKEHHOCTH KpH-
S5=Sn THYECKOTO TMOJIS TI0 TEeMIIEpaType

Jo¥r1a oOpaTUThCs B HYJIb.
Pac. 45. Wrak, saTpommu o6Geux a3
paBHbl (S;—S,=0) mpu T=T, u T=0K, a mpu 0<T<T, pas-
HOCTh Sg—S,<0, Tak YTO Ppa3HOCTH 3HTPONHUH JIOJDKHA IPOXOJUTH
uepe3 MHMHMMYM Ipu Kako#-to Temmepatype (puc. 45). Ilpu T=T,
CKQYOK TEIUIDEMKOCTH MaKCHMaJIeH M paBeH BEJIMYMHE, OIpeAeIsieMoin
tdopmysroit  (12.16). Korma pasHocTs OSHTponmid aAByX (a3 mnpu
HEKOTOpOoit TeMmnepatype Huxe 7T, UPOXOAUT Uepe3 MHHHMYM,
TemioeMkocT! cbeux (a3 (kak yMHOXeHHble Ha T TPOU3BOOHHE OT
S mo T) mokHBI CcTaTh paBHbIMK (puc. 45), a npu Oosee HH3-

Ly

~

KO TemmepaType, NOCKOJBKY %(SS—S,,)<0, pasnocts C;—C,<0,

T.e. Cy Oymer w™ensme C, u npu T-0K o006e BeanunHb!
CTpeMsTCS K HYIIO.

YpenwHas TemjaoTa INepexona NMPOBOAHHKA U3 CBEPXMPOBOMASLIETO
B HOpManbHOE cocTostHue A=T(S,—S;) paBHA HYIIO B HYJCBOM IOJIe
¥ nojnoxurenbHa npu H.>0. Takum obpa3om, Npu H30TEPMHUYECKOM
NIepeX0oJie CBEPXNPOBOJHMKA B HOPMAJIbHOE COCTOSHHUE HPOMCXOIUT
NOTJIONIEHAE TEIUIOThI, a MpPH COOTBETCTBYIOUIEM ammabaTHOM me-
pexone oOpaseny oxyaxmaercs. Ha 3Toif ocHoBe ObL1 IpeIokeH
METOJ TMOJYYEHHsT HU3KHX TeMIlepaTyp aamabaTHBIM HaMarHd4uBaHH-
€M CBEPXIpPOBOIHUKA.

§ 62. KPUTHYECKME U 3AKPUTUYECKHME SABJEHHA

B 1860 r. . M. Menoe.iee6, wucciefys 3aBUCUMOCTb TIOBEPXHOCT-
HOTO HATSXKEHWS XKHMIKOCTEH OT TeMIepaTtyphl, YCTAaHOBHJI, YTO
MpW HEKOTOpOH TeMmepaType, Ha3BaHHOW WM memnepamypoii ab-
coalomIe20 Kunenus, TIOBEPXHOCTHOE HATsKeHMe ucdedaer. [lpwm
3TOM 00e cocymecTBytomue a3l (KAOKOCTH M Iap) CTAHOBATCSH
TOXIECTBEHHBIMU. Takoe COCTOSIHHE XapaKTepu3yeTcsl OIpeesicH-
HbIMA 3HAYCHNAMM Temnepatypbl T,,, MHABJICHHS p,, M oObeMa
Vip W Ha3LIBAETCa Kpumuyeckum cocmosnuem. Kpusas paBHOBe-
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cMsi KMOKOCTH ¥ Tmapa Ha auarpamme 7, p KOHYaeTcs
B KpUTH4YECKOHM TOYKE.

B 1869 r. xputuyeckoe siBjaeHue Obuio MccienoBaHo T. DHoprocom,
a HaugHas c 1873 r.—rpymnmoil kueBCkMX HM3UKOB BO TJIaBe
¢ M. II. Agenapuycom.

Ha oCHOBaHMM 3THUX 3KCIEPHMMEHTAJbHBIX  HMCCJIEIOBaHUMA
Hxc. B. T'u66c (1876) u HesaBucumo ot Hero A. I. Cmoaemos
(1879) chopmymipoBamM OCHOBHBIE TOJIOKEHUS KJIACCHYECKOM Tep-
MOJIVHAaMHYecKo# Teopuu KkputHueckux spieHmil. Ilo Tu66cy —
CroneroBy, kputuyeckass ¢pa3a mnpencraBisieT cobOoi npenebHbIN
cinyvyail nByx($a3HOrO paBHOBeCUsl, KOoraa obe paBHOBECHO COCYIIECT-
pyrolme (as3bl CTAaHOBATCS TOXIECTBEHHbIMM. MHaye rosops, 3TO
YCTOWYMBOE COCTOSIHUE ONHOPOJHOW CHCTEMBI, JIeXalllee Ha TIpa-
HUIE YCTOMYMBOCTH 1O OTHOIICHHIO K BHUPTYaJbHbIM H3MEHEHUSIM
KaXJI0i ee KOOpAMHAThI NPH TNOCTOSHCTBE APYIMX TEPMOIMHAMU-
YECKHX CHJL

MareMaTH4eCKd T'paHHLA YCTONYMBOCTH ONHOPOAHOW CHUCTEMBI IO
OTHOLICHMIO K TAaKUM BHPTYQJIbHBIM WH3MEHEHHSIM €€ KOOpIMHAT
ompenensercss obOpaieHMeM B PaBEHCTBa TEPMOJMHAMUYECKMX Hepa-
BeHCTB (6.16) u (6.20), XapaKTepU3YIOIIMX 3Ty YCTOWYUBOCTb OJHOPOA-

HOW CHCTEMBI:
01’) -0 (0_T) _T_o
(«‘W “\os) G 7 (12.21)

o\ _o () =
(7)o (%),

VCioBUS YCTOMYMBOCTH KPUTHYECKOI'O COCTOSIHMS HailmeM u3
HEpaBEeHCTBA [UIsA ONpeAeMTeNsl MaTpuubl ycroiuuBoctu (6.15),
BBIPaXAIOIEr0 HEOOXOAMMOE M JOCTATOYHOE YCJIOBHE YCTOMYMBOCTH
OIHOPOJHON CHCTEMBI;

ATAS—Ap AV >0.

BuiGepeM B KayeCTBe HE3aBUCHMBIX TIEPEMEHHBIX OJHOPOJHOM CHCTEMBI
mapamerpel V u T. Torga p=p(V, T), S=S(V, T) u upu T=const
u3 (6.15) mosysaem

ApAV( )(AV) <%)(AV)3+%<%)(AV)"’+...<0.

B kpurndyeckoM cocTosHMM, coryiacHo Qopmyaam (12.21),
(0p/8V)r=0, moaromy

1/ 8% 1
§<W)T(AV)3+§<W3) (AV)*+...<0.

OTO HEPaBEeHCTBO BBINOJHsAETCS mpu Jiobom AV  (kak 1mmo-
JIOXKHUTEJIBHOM, TaK M OTPULATEIBHOM), eciM KoddhdumueHT mnpu
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(AV)® obpaturca B Hyas, a kodbppuimment npu (AV)* Gymer

OTpHIATENLHBIM*):
o\ _ a3p
<..—6V2>1_0, <_0V3>T<o. 12.22)

AHAJIOTHYHO, U3 HepaBeHCTBA (6.15) isi KPUTUYECKOTO COCTOSTHHS

HAXOoaUuM:
o\ _ ap > *T\ _
(aT) =0, <F>,<O’ a), =%

3T T 03T
(7),20 ()0 () >0

Takum 00pa3oM, B KPUTHYECKOM COCTOSIHUHM

op _ op - oT\ oT\ _

(BV) 0 (BS> 0. <6V>P_0’ (as)p_o’ (12.23)
2\ o [P\ _n (0T _, [(0°T\ _
(W),‘O’ <W),—°’ (a—y—) =0, (K) =0, @224

a°p Pp\ 50 (0T T
<5I75)r<0’ <F)T<O’ <6V ) =0, (as3> >0, (1225)

T. €. TEPMHYECCKH KPHUTUUYECKOEC COCTOSHHE XapaKTCPUIYETCA COOT-

HOUICHUAMHU
o\ _o. (22 —g (22
(5?),‘0’ <572)r_0’ (aV’) <0 (12.26)

oT o*r T
— = —_— = >
()= ()= () 20

To, 4TO KpUTHYECKOE COCTOSIHME ONpPENesIseTCs YeTHIPbMS ypas-
HeHusMu (12.26) mis GyHKIMA ABYX TEpeMEHHBIX, HE MOXET B JaHHOM
cilyyae TIPMBECTH K MPOTHUBOPEYHIO, TaK KakK, COTJIACHO TEPMOJIHHA-
MHYECKOMY TOXIECTBY

(2) (2)(Z) =

TOJIBKO ABa W3 IMIPUBCACHHBIX HYCTBIPEX ypaBHCHKﬁ SABJIAFOTCS HE3a-
BHACUMBIMHU. HWJIM YPaBHCHHUSA

o\ _ ap\ _
( aV) 0, <W),‘°’ (12.27)

*) Knaccuyeckoil TEOpUM KDUTHUYECKMX SBJIECHMN HE TIPOTHBOPEYANIO 6bI TOX-
ZIECTBEHHOE ofpauesde B HyJdb B KPUTHYECKOH TouKe M TPETbEH NPOUIBOJHOU
@3pjov)r Np#  ONHOBPEMEHHOM obpamenun B Hynb (0*p/0V*)r W oTpuuATENLHOM
3HaYeHHM HATOM NPOM3BOJHONK M T. 1.
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v Torma ypasHenus (0T/dV),=0, (0*T/0V?),=0 sBastoTcs HX
CJIEICTBUSIMH, WM HAOOOPOT.

CucreMa XHIKOCTb—TAp B KPUTHYECKOM COCTOSHHMH —3TO Of-
HokommnoHenTHast (k=1) onHodasHas (n=1) cuctema, JONOJHUTEIHHO
yIOBJIETBOPSAIONIAs IOBYM YCJIOBHMSM YycToiuuBocTH (12.27), mosTomy
no npasuiy ¢a3 (10.51) n<k u yucno cremeHei cBoOOMbl KpHUTHYEC-
KOTO COCTOSIHHS

fip=k—n=0. (12.28)

DTO O3Hayaer, YTO KPUTHYECKOE COCTOSHHME TNPOCTON OJHOKOM-
NIOHEHTHOM CHCTEeMBI BO3MOXHO JIMIIb TIPH OINpPEIESICHHBIX TEM-
nepaTtype, IaBjeHHM U obObeMe, T.e. B OJHONW KPUTHYECKOM TOYKe
Tp, Pxp> Vip- TlapameTpbl KPUTHYECKOH TOYKH 3aBHCAT TONBKO OT
CBOIWCTB JaHHOTO BeIIECTBA.

Eciu Ha cucTeMy JeHCTBYeT KpoMe IaBJIeHHs elle Kakasi-6o
cujga (HampuMep, CHJIa JJIEKTPHYECKOro MOJisl), TO fp=1 ® MH
MMeeM KPHTHYECKYIO JIHHUIO®).

Tak Kak KpPUTHYECKOE COCTOSHHME MPENCTaBISET, C OJHON CTOPOHBI,
NpeNenbHOe paBHOBecHe NBYX(a3HON cHCTEMBI, a C Opyrou —mpe-
JIEJIbHOE YCTOWYMBOE COCTOSIHAE ONHOPOMHOH CHUCTEMBI, TO, KaK BHIHO
u3 cootHomenuit (12.23)—(12.25), ompenensommx KpUTHYECKOE CO-
CTOsIHME, CHCTeMa oOJyilajaeT Kak CBOMCTBaMHU JABYX(}a3HOHW CHUCTEMBI:

?ﬁ) -0 <3_T) =L_p
(aV r ~\d&s), ¢, (12.29)

*p\ _ °T\ _
()= (&)=

Tak M CBOMCTBaMH OJHOGA3HOK:

o%p 3T
(Wa)r<o, <6S3>p>o. (12.30)
TakuMm oOpa3oM, eciu cuUcTeMa NepexOOMT Yepe3 KPUTHYECKOe
COCTOSIHHE M3 OJHOPOJHOTO B JBYX(ha3HOE COCTOSIHUE, TO TpPU 3TOM
BHayajie (B KPUTHYECKOM COCTOSIHMM) y Hee AOINOJHHUTEIbHO MOSBIIS-
FOTCSl CBOWMCTBa JByX(asHO# cucreMbl, a TOTOM (B IByxha3HOM
COCTOSHHH) YTPAuMBAIOTCS CBOMCTBA OMHOPOJHON CHCTEMBI [CM.

(12.30)] u cocrosmume cucremnl Hapsagy c (12.29) ompepensercs
paBeHCTBaAaMHU

Zo\ (2% _ _o (ZTY —(2T) .0
avd ). \ave ), 7 7 \es3), \es*),”

* Kak nokaselBaeT ONBIT, 3Ta JMHUA He sBjiseTcs npsMoi. Takum o6pasom,
B TO BpeMms kak (a3oBble MEPEXOXbl BTOPOTO poJa MNpPEeICTaBISIOT HPENENbHBIN
cny4ai (a3oBbIX NEPEXONOB MEPBOro pPoAa, s KoTopeix AS=c,, AV=c,, kpuTHyeckas
TOYKA SIBJISIETCS HpelesbHbIM ciyyaeM oObiyHOro ()a3oBOro mepexoxa NEpBOro poja.
s xotoporo AS=f,(T,p), AV=f,(T,p).
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[Tpyu mepexoie CHCTEMBI Yepe3 KPMTHYECKOE COCTOSIHHME M3 IBYX(as-
HOro B omHo(ha3HOEe COCTOSHME Y Hee, HAa00OpOT, BHavYaJsie (B KpHTHYEC-
KOM COCTOSIHHHM) TIOSIBJISSFOTCS CBOWCTBA OXHOpomHOM cucrems! (12.30),
a TIOTOM (B OJHOPOJHOM COCTOSIHMM) TPOTAJAIOT CBOHMCTBa ABYX(aszHOU
cucteMs! (12.29) ¥ NOSIBJISIOTCS CBOMCTBA TOJIBKO OAHOPOIHOM CHUCTEMBI:

ap ory _ T
(1) <o, () L0

CJICJIOBaTeJ'[BHO, B KPUTHYECKOM COCTOSHMHA HE MOTIYT HapymiaTbCs

HepaBeHcTBa (6.17)
op oT\ _ T
()< (5)-5>0

OTIpeNIeJIAIOUE YCTONYMBOCTh ONHOPOJHOM CHCTEMBI, Tak KakK 3TH
HepaBeHCTBA He HapymawTcs My aByxdasHoit cucrembl. HHaue
TOBOpSI, B KPUTHYECKOH TOYKE TEIIOEMKOCTb Cy He MOXeT 0OpaTUThCs
B GECKOHEYHOCTh, TaK KaK OHAa OCTaeTCs KOHEYHOW M y IByxdasHoM
CUCTEMBI, B KOTOPYIO 4epe3 KpUTHYECKOE COCTOSIHHE NEpPEeXOauT
omHopomHast cucreMa. OOHAakKO OTOT BHIBOJ M3 TEPMOJIMHAMMKHU
SIBJIIETCS JIMIUb JOCTATOYHBIM, HO He HEOOXOAMMBIM H, ClIeNOBaTesb-
HO, TepMOJMHAMHMKa Ha OCHOBaHMM CBOUX 3aKOHOB MAOMYCKAeT Kak
KOHEYHOe, Tak M OeckoHeuyHoe 3HaueHWe Cy B KPUTHYECKOM TOYKe
B 3aBUCHMOCTHM OT MCIOJIb3yeMOro (NpUOJIMKEHHOTO) YypaBHEHHS
cocrosuus®. OMHO3HAYHO 3TOT BONPOC MOXKET PEIIMTH JIMIIb OIBIT
WM CTaTHCTHYeckass (usmka**®.

B 1947 r. B. K. Cemenuenko*** pa3pun Teopuro (a3oBbIX Iepe-
XOMOB, OCHOBBIBAsICb HAa TNPENCTABJIEHUSX O TEPMOAMHAMUYECKOM
YCTONYHUBOCTH.

PaccMoTpuM BO3MOXHBIE COCTOSIHMSL W (a3oBble TEPEXOAbl Tep-
MOJMHAMHYECKON CHUCTeMbl B 3aBUCHUMOCTH OT BHEIIHHX CHI X;.

Kaxnas ornenbHast ¢a3a CymiecTByeT 10 TeX MOp, TMOKa JUIs
Hee BBINOJIHAIOTCS - YCJIOBUSL YCTONYMBOCTH:

o(T, —p) oX;
Dy=—7>—->0, [ =) >0. 12.
YT V) T \ax i, U23D)

IMpu yMeHblueHUH ycTouuBOCTH Dy K03b(UIMEHTH YCTORYMBOCTH
(KVY, cm. § 28) mocruraror rpanHunbl ycronumBoctd. Kpusas, ompe-
nesiseMasi ypaBHeHUeM (0X;/ 6x,;)x.=0, HA3BIBAETCA CHUHOOAAbIO;, OHA
OrpaHMYMBAET O00JIACTh HEYCTONYMBBIX COCTOSHHIA.

* Cwm.: Baszapos U. II. MaTpuua ycTOMYMBOCTH U TEPMOAMHAMHKA KPUTHUYECKOM
tassl // KypH. ¢us. xumuu. 1971. 45. Ne 1. C. 141; Coanarosa E. 1., Maxapos M. B.
K TepMmomunamuke kputuueckoi Touku //XKypH. dus. xumuu. 1988. 62. Ne 1. C. 214.
*#) TIpencTaBjieHMe€ O  JIOTapU)MHUYECKOM  PAaCXOOMMOCTH  TEIUIOEMKOCTH

Cy B menqecxoﬁ TOYKE HE NOATBEPIMIOCH.
**+) Cm.: Cementenxo B. K. N3bpaunsie rnaBbl Teopernueckoit dpusuku. M., 1966.
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Bynem misi ompenesneHHOCIM pac-
CMaTpUBaTh OUAarpaMMBbl Ha IIOCKO-
ctu ¢ ocsmu V, p. Ha 3Toil nmarpam-
Me (puc. 46) cnuuonmanb I [ee ypaB-
nenne (0p/0V)r=0] sBaseTcs reoMer-
pPUYECKMM MECTOM 3KCTPEMYMOB pas-
JuyHbIX u3oTepM 4. CylecTBoBaHMe
CIIMHONAJM TPUBOJUT K TOMY, 4YTO
u3obapa MOXeT Iepecedb HU30TEPMY
B JIByX TOYKaX, COOTBETCTBYFOLIMX
pa3aM4YHBIM 3HaYeHHsIM obbeMma. 1o
03HaYaeT BO3MOXHOCTb PaBHOBECHS
IBYX (a3 ¢ pa3IMYHbBIMM 0OBEMaMU —
gazoBoe paBHOBECHE NEPBOro poja.

TH (a3l pasjeneHsl 00JacTbiO He-
YCTOMYMBBIX COCTOSHHM, M TaK Kak Puc. 46.
OHa He peaju3yeTcs, TO HEBO3MOXEH HeNpepbIBHbIA H300apHbIHA
nepexon omHo# ¢asel ¢ obvemMoMm Vi B apyrywo ¢a3y c obbemMoMm
V,. Jluaus (a3oBOro paBHOBECHS ONPENEISAECTCS PAaBEHCTBOM XHMHU-
YeCKMX IOTEHIMAJIOB BemecTBa B (a3zax M Ha3bIBAETCH OUHOOAAbIO
(xpuBas 2). Ha Ounomanu ko3d¢uiMeHTH! yCTOWYMBOCTH HE PaBHBI
HYJTI0; MeXAy OHMHONAJIBI0 M CIMHOAAJIBIO CYIIECTBYIOT 00JIacTH
MeTacTaOMJIbHBIX COCTOSHMH CHCTEMBI, B KOTOpBIX Kaxmas M3 a3
MOXeET CYIIECTBOBaTb TOJBLKO MpU OTCYTCTBHM HOpyroil ¢assl.

C u3MeHEHHEM TEPMOJMHAMHYECKMX CHJI, JeHCTBYIOIIMX HAa CH-
CTeMY, M3MEHSIOTCS pa3jIMYHble XapakTepUCTUKH (pa3oBoro mepexona
nepBoro pona (®I1 Ipopa). Tak, npu nNOBBILIEHHH TeMIEpPaTypsl
U JaBJICHUS B CUCTEME IKUAKOCTb—TIap YMEHBIIAIOTCS YIeJIbHas
TEIIOTa mepexoJa W o00JIaCTH MeTacTabWIBHBIX U HEYCTOWYMBBIX
cocrosuuit (puc. 46). IlpemenvubiM cinydaem ®DII I poma sBisercs
KpUTHYECKMH mepexod. B KpUTHYECKOM COCTOSIHUM COMHOJAdb U OH-
HOJIaJIb CIIMBAIOTCS B OJHY TOYKY, yIeJIbHbIe 00beMbl a3 CTAHOBATCS
OIMHAKOBBIMU, a (ha3bl — TOXIECTBEHHBIMH. KPUTHYECKOE COCTOSIHUE
OTIpeNeNAeTCS TEM, 4TO JAeTepMHMHAHT yctounmBoctd M UKY paBHbI
uymo: D,=0, (dp/dV)r=0, (07/8S),=0.

Kak noka3splBaeTcsi B CTAaTHCTHYECKOH (u3HKE, KOIPHUIMEHTHI
YCTOHYMBOCTH OOpaTHO NMPOMOPUHOHANBHBI (DIYKTyalHsM pa3JIMIHbIX
gnsmecxnx BenmuuH. C mpubimkeHWMeM K KpUTHYECKOH TOuKe

JYKTyalldd pacTyT. 3a KPUTHYECKOH TOYKOH CYIIECTBYIOT TOJIBKO
YCTOMYMBBIE COCTOSIHMS, TIO3TOMY B O3TOi 00JacTH HEBO3MOXHO
cocymiecTBoBanue a3, HMMEIOMUX TpaHULy pas3gena. AHaau3 Tep-
MOJMHAMHMYECKON  YCTOMYMBOCTH 3aKpUTHYECKOH (a3pl  MpHBeEN
B. K. CeMeH4Y€HKO K TIOCTPOCHHIO TEPMOJMHAMHUKH HEMPEPbIBHBIX
($a3oBBIX TEPEXOIOB.

Kak yxe ynoMHHasoCh, paCCMOTpPEHHE M30TEpM BOJIM3U KPUTHYEC-
KOH TOYKM TIIOKa3bIBaeT, YTO TOYKU Ieperuba Ha ITHX H3OTEPMax
HMEIOTCS U B 3aKpUTUYeCKO# obsactu. B aTux toukax KY MuamMmaex.
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Jluamo Haummenbme#t ycroiumBoctn B. K. Cemenuenko Ha3bIBaeT
KBa3UCIHHOAANbI0. B Toukax KBazucmuHOAATM (IIYKTyamMH HOCTHTa-
IOT NP [AAHHBIX YCJIOBUSX HauOOJIBUIErO 3HAUYeHWS W CcUCTeMa
TpeBpamaeTcs B cMechb (UIYKTyanMOHHBIX 3apoJbllel 0O0eux rpaHuy-
HBIX (JAJIEKUX OT 3TOrO cOCTOsIHMSA) a3 —kBa3udasy mwiu Me3ohaszHoe
cocTosiHue®, He TepsAsl CBOEH MAaKPOCKOIMYECKOW ONXHOPOMHOCTH.
ITockoabky MHMHMMYM YCTOMYHMBOCTH SBJISIETCS IIOBOPOTHOM TOYKOM
B OTHOILICHWW W3MEHEHWsS CBOWCTB (a3, OH MO HEKOTOPOH CTemneHH
aHaJIOTMYEeH Touke (a30BOrO IepexoJa BTOPOTO pPOAa U YCIOBHO
€ro MOXHO CYMTATh 3a TOYKY 3aKpUTH4Yeckoro mepexoma. [Ipm 3ToMm,
KOHEYHO, HE HYXHO 3a0bIBaTh, YTO 3aKPHTHHYECKWH MEPEXOJ MpPOWC-
XOOUT HA KOHEYHOM HuHTepBaje I, p U APYrUX TEpMOIAMHAMHUYECKHUX
cun. IToatoMy B ycnoBHOM TOYke 3aKpUTHYECKOrO Tiepexona He
NPOUCXOOUT CKAYKOB OJHTpONUH, oObeMa M [PYrux X;, a TOJBKO
ux ObicTrpoe u3MeHenme. PabGora W ynmenbHas TemwioTa Iepexona
TaKXXe paBHbl mnO J3Tod mnpuyuHe Hymo. Camu ko3 UIHEeHTHI
YCTOHYMBOCTH M3MEHSIOTCH TaKXe HENPEPBIBHO, & HE CKAYKOM; B 3TOM
COCTOMT OTJMYHe 3akpuTmyeckux mnepexonoB ot PIT Il poma mo
Opendecry.

Jo cux mop Mbl IS ONpPEAENeHHOCTH MNOJB30BAJMCh Uarpam-
MaMH, OTHOCAUIMMHCSA K (QIIIOMTHBIM CHCTEMaM, T.€. CHCTEMaM
ra3—xuakoctb. ONHAKO BCE M3JIOXKEHHOE MPUMEHMMO M K aHHM3OT-
PONHBIM CHCTEMaM, a TakXe K cUcTeMaM, (a3bl KOTOPBIX OTJIMYAIOTCS
O CBOMM MArHUTHBIM WM 3JIEKTPUYECKMM CcBoHcTBaM (deppo-
1 aHTAGEPPOMATHETHKY, CBEPXMPOBOJHUKA M CETHETOIJIEKTPUKH pas-
HBIX THIIOB).

TimaTeapHbIt aHAMM3 3KCIEPUMEHTAJIBHBIX [aHHBIX TOKa3bIBaeT,
4YTO 3aKpUTUYECKME TEpPEXOAbl OYEHb PACIPOCTPAHEHBI, HO MX YacTo
OPUYMCIISIOT K IepexojlaM HHOro Tuma. B OojbumHCTBE CiyuaeB
HabmrolaeMble CKAayKH SBJISIOTCS pe3yJIbTaTOM HEYAayHOH 3IKCTpa-
MOJIALMM JKCINEPUMMEHTANbHBIX AAHHBIX WIM Iepexoja B NOKpUTHYEC-
Kyro 00JacTb. JTH Hepexolbl BCTPEYAIOTCS BO BCEX TPEX arperaTHBIX
cocrosHusx. Hanpumep, B kpucrasmmmyeckoM (o-B-mepexoa B KBaplig;
B CMeCH OpTO- M mapa-AeiTepus; B (eppOMarHeTMKax M CErHETO-
9IEKTPHKAX), B XUAKOM COCTOSIHUM — B PACTBOpAX M XHUAKUAX KPUCTAJ-
Jlax, B rasax-—KpHTHYECKHMI Iepexol XUOKOcTh—ra3. QueHb WH-
TEPECHBIA KPUTMYECKUH ciyyall mepexoja B aHM3OTPONHOM cpene
NpeAcTaBiseT a-f-mepexox B kBapue. OH CONMPOBOXIAETCS PE3KO
BBIpaXXEHHOM KPHUTHYECKOM omajecueHmUed M 3KCTpeMyMaMH HECKOJIb-
kux KY. Ho caMbIM MATEpECHBIM SBJISETCS BO3MOXHOCTbh HENOCPEN-
CTBEHHOTO HaOIONEHUS CMEIIAHHOTO COCTOSHHSA OO0euX TIpaHHYHBIX
¢da3 Omaromaps pasiM4YMIO MX KPUCTAJUIMYECKMX CTPYKTYp: o- # -
KBapibpl HMMEIOT pa3jIMyHble MOKA3aTeIM TNPEJOMIICHUS, IO3TOMY,
ocBenjas KBapu B CMEIIAHHOM COCTOSIHUH, MOXHO BHM3yaJlbHO HJIH

* DTOT TEPMHMH B3AT U3 TEOPHHM KUAKHX KPHCTAJUIOB, OOJaalomux Kak
CBOMCTBaMH KpHCTaJUIH4eckod (a3pl (aHM3OTPOUHMSA), TaK W KUIKOH (TEKYYecTsh).
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Ha ¢oTorpaduu 3aMETHUTh MHMKPOIE€TEPOrEHHOCTb CHMCTEMBI, T. €.
OIHOBPEMEHHOE COCYLIECTBOBAHUE OOEHX KPHUCTAJUIMYECKUAX CTPYKTYP.
MaxpocKOHMYeCKH KBAapL OCTA€TCS COBEPIIEHHO OJHOPOIHBIM, IIO-
BBIIIEHHE TOYHOCTH TEPMOCTATHPOBAHHUS TOJIBKO YIIYYILAET BbISBIIEHHE
3TOTO CMEXHOTO COCTOSHHUSIL.

VCTaHOBJIEHHE CYIIECTBOBAHMS KBA3WCIMHOMAAM IO3BOJISET Olpe-
JIeNUTb  KPUTHYECKYIO TOUKY K4K TOUKY, OOIIyI Uil COMHOMAMM
gﬁp/aV)T=0, xBasucnuHoganu (0%p/dV?)r=0 u OmHomaymm p'=p”.

LEJIOM 3aKPHTHYECKHE MEPEXOMbl MOXHO XapakTepH30BATh Tak:

X:-:X;l, (aXi/ax,')xj>0,

12.32
xi=x}, (62X,-/6x,-2)xj=0. ( )

§ 63. TEPMOJAMHAMMNYECKAS TEOPUS KPUTUYECKHWX HWHJIAEKCOB

Kax yxe oTMeyanoch, Ipu NpHOIMKEHUN K KPUTHIECKOMY COCTOSHUIO

JOETEPMHUHAHT yCTOHYMBOCTM D, u K03h(HUIMEHTH YCTOHYUBOCTH

(0Xi/0x;)x. CTpeMsTCS K HYNIO, a TEIIOEMKOCTb, CKHMAaeMOCTb,
J

BOCIPUMUMYMBOCTH (BTOPbI€ NPOM3BOIHBIE TEPMOIMHAMMYECKOTO IIO-
TEHIMAJIa) BO3PACTAIOT N0 OGECKOHEYHOCTH, YTO SBJISETCH MAaKPOCKO-
NUYECKMM TpOosiBJeHHEM Oonplioro pa3BuTus ¢uiykryanmit. Jta
MaTeMaTH4ecKasi OCOOEHHOCTh BTOPBIX NPOM3BOJHBIX TEPMOJUHAMH-
YECKOT0 NOTEHIWaJa M CBSA3aHHBIE C Heil Oousblune QIyKTyanuy
B KDHTHYECKOH TOYKE 3aTPYINHSIOT TEOPETHYECKOE M HKCIepUMEH-
TaJbHOE W3yYeHHe KPUTUYECKUX siBieHMit. OIHAKO pe3ysbTaTbl HH-
TEHCUBHO IPOBOAMMBIX HCCIENOBAaHHHA ITHX SBJICHUH MO3BOJIIOT
NPUHSATD, YTO CHHTYJISPHOCTH OCHOBHBIX TEPMOIMHAMHUYECKUX (DYHKIMH
BOJIM3M KPUTHYECKOH TOYKH HMEET NPOCTON CTENEHHOW BUJ

f(X)NX)',

rAe Xx—-Majasi OKPEeCTHOCTb KPUTHMYECKOM TOYKH TO Temieparype
x='c=|(T —~T.)/T.| unu no npyromy napamerpy. [lokasarens creneHu
A Ha3bIBAIOT KPUTHYECKMM WHIEKCOM (IOKa3aTejeM) M OIpENeIaioT
COOTHOILIEHUEM

Ero mMoxHo HalTH MO HakjOHy NpsiMOil Ha rpaduke, m3oOpaxeH-
HOM Ha TIJIOCKOCTH ¢ ocamu Inx, Inf(x).

IloBeneHue aHAJIOTHYHBIX XapaKTEPUCTHK PA3JMYHBIX CHCTEM OIH-
CBIBAETCS OJHOMMEHHBIMH KPUTHYECKUMH TOKA3aTENsIMH, XOTS II0
3HAYCHUIO OHM OTJIMYAIOTCS MJIS Pas3HbIX CUCTeM. Tak, moBeacHHE
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TEMJIOEMKOCTH NPU NOCTOSHHOM TEepMOAMHAMMYECKOH cuile (TeroeM-
KOCTb JKMIKOCTH TpH TOCTOSHHOM JaBjieHuM C,, TEIIOEMKOCTD
¢GeppoMarHeTuka B INOCTOSSHHOM MarHuTHoMm mnose Cy M JAp.) IpH
T<T,, onuceiBaeTcss OJHMM U TeM >X€ ACHMITOTHYECKHM 3aKOHOM

—y —w
C,~17%, Cy~17t.
IIpu TeMnepatype Bbimle kpuTHyeckod (7>T,,) moBeneHue Te-

IUIOEMKOCTH OIMCHIBAETCS TEM X€ 3aKOHOM C MoOKa3aTejieM Oo.
Ilokazatemn y' (npu T<T,,) u y (mpu T>T,,) ONUCHIBAIOT

. 1/oV
NIOBEACHUEC HM3OTCPMHUYCCKOU CHKHUMACMOCTH kT= —~I;<a—> A MAarHuT-
pJjr
. oM .
HOH BOCIIPUMMYMBOCTH % = 0 B OKPECTHOCTH KPUTHYCCKOH TOYKH:
T

kp~t1"", wp~1"" upu T<T,,
kr~17", wr~1"" npu T<T,,.

IToxazateny B onpenmensier npuOIMKEHHE K KPUTHYECKOW TOYKE
BHOJIb JIMHMM DPaBHOBECHUS:

AV=V,~V,~18, M~1P.

Yacto nokasatesb [ Ha3bIBaIOT IOKasaTesieM MOPsAKa, HMes
B BUAY, 4TO AV um M paBHB HYJIO BbIIE KPUTHYECKOM TOYKH.
IMokazaTeny & ompenensieT NOBENEHHE KPUTHYECKOW H3OTEPMBI:

P‘Pnp"’(A V)S’ H~M?.

Kputnueckue mHAekcH o, o; v, Y'; B, & cramm ceifyac obuenpus-
HAHHBIMH.

3ajgaveil TeOpMM KPUTHYECKMX NOKa3aTesiel SBJISETCS ONpenesieHue
YUCJIOBBIX 3HAYEHWH TIOKa3zaTesied HCXONS W3 MOJEJbHBIX NaHHBIX
U YCTAHOBJICHME Da3JIMYHbIX COOTHOIUEHHHA MEXIYy KPUTHYECKMMMU
noKa3aTeas M. 3HA4YeHUs KPUTHYECKUX TMOKa3aTesied XapaKTepu3yIoT
CTerneHb NPHOMKEHNs. K KPUTHYECKOH TOYKe, a CpaBHEHHE MOKa3aTesiel
pasIUYHBIX MOJEJieM ¢ 3KCNepUMEHTAJbHBIMH JaHHBIMHM IO3BOJISET
CYIUThb O PpEAJMCTUYHOCTH paccMaTpuBaeMoi Mojaemu. Hanpumep,
Teopusi Ban-nep-Baanbca KpUTHUECKON TOYKH XHAKOCTH —TAp M TEO-
pus Kropu —Beiicca nns mepexonma ¢deppoMarsHeTik — HapaMardeTuk
OPUBOJAT K CIENYIOIMM 3HAYCHUSIM Nokasatened: a=ao' =0, y=y'=1,
B=1/,, 8=3. Takue xe, HE COTJIACYOIIMECS C OTILITOM TOKA3aTeJIH AT
Teopus Jlanmay Ga3oBbIX IepexofOB BTOPOTO poja. DKCIEPUMEHTAIb-
Hbl€ 3HAYCHUS] KPUTUYECKUX MOKa3aTeN el Ul CUCTEMBI XHAKOCTh — ra3
aprona TakoBbml: 0<0,4; o' >0,25 y=0,6; y=1,1; p=0,33; 8=44.

CoOTHOILIEHUS MEXy NMOKa3aTeJIMH TIO3BOJISIIOT MO JABYM H3BECT-
HBIM HaXOIUTb TPETHH, a CaMO HX BBINOJIHEHHE CIYXHUT NPU3HAKOM
KPUTHYECKOTO Tepexojia.

OTnenpHBIE COOTHOIUGHHS MEXIY NOKa3aTeas MH ObUIM YCTaHOB-
JICHbl Pa3HbIMM aBTOPAMH pa3JIMYHBIMU MeTOJaMu. EcCTecTBEHHBIM
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SBJISETCS CTPEMJICHHE NMOJIYYUTh 3TH COOTHOLIEHMSI HA OCHOBE €IUHOTO
noaxona. OQMH W3 TaKMX MOOXOJOB OCHOBaH Ha TUNOTe3e NoaoOus
TEPMOJUHAMHUYECKIX (DYHKIMHA, UM TEPMOAMHAMUYECKOM CKEHJIMHTE.
CoryiacHO 3TO# rumoTe3e, BOJM3M KPUTHYECKOTO COCTOSIHUSL TEPMO-
JMHAMUYECKHE TOTEHIMAIBl CTAHOBATCS ONHOPOMHBIME  (DYHKUMAMU
CBOMX apryMeHTOB. CKEAJIMHI He J@eT YMCIIOBBIX 3HAYCHHH KpHUTHUeC-
KMX KO3()GUIUMEHTOB, HO NPUBOJMT K YCTAHOBJEHHIO COOTHOLUCHHM
Mexny HuMH (B (GopMe paBeHCTB) M TOJIYYEHMIO BHAA YpaBHEHHMS
COCTOSIHMSI CHCTEMBI BOJIM3U KpuTHYeckod Toukd. OOHAKO BOMIPOC
00 00OCHOBAaHHOCTH CKEHUJIMHIa SBJSETCS OTKPBITHIM.

ITpy TakoM MNOJIOXEHNH NPEJCTABISCTCS 3aMedaTeNbHBIM MOJTy4e-
HUE Pa3/IMYHBIX COOTHOLUCHUI MEX/y KPUTHYECKHMH IIOKA3aTe/ MU Ha
OCHOBE TEOPHH TEPMOAMHAMUYECKOH yCTonanocm 6e3 kxakux-ymb0
TMNOTe3 U NMPEATOJIOXeHUi MofiebHOro xapaktepa®). IIpenmMyiiecTBoM
TAKOTO MeToJa fBJseTC OOOCHOBAHHOCTh M OOINHOCTH MOJAXOJA.

PaccMoTpuM s NMPOCTOTHI M30TPONHBI MarHeTMK B MaJlod
oKkpecTHOCTH Kkputmyeckodl Ttouku (touku Kropu) mpu TS T, Korma
OTCYTCTBYET MAarHUTHOE TIOJIE.

OcCHOBHO#M BeJIMYHUHOM, XapaKTepU3YIOUIEH YCTOMYMBOCTD, SIBJISIETCS
JETEPMHUHAHT YCTOMYMBOCTHM, KOTOpPBIM Uil JAHHOM  CHCTEMBI

HMECT BUL
_O@H)_(OT\ (0H) _(oTY'
b YT, J)_<BS>J<BJ>1 <5J)s>0’ (12:33)

rae paseHCTBO 1o I'MOGCY COOTBETCTBYeT KPUTHYECKOM TOYKE.
Hcnonb3ys cBOWCTBa SKOOHMAHOB, MMeeM

o(T, H) (T, J)_(3H\ (8T\ _1 T
D,= (T, J) 3(S, J) (a;>r<“‘),-;rg (12.34)

oT 0H 1 T
l)y - (55;)" <’§>1=%—S C—H, (12.35)

b)) @), wo

BBeneM KpuTHyeckue TMOKasaTesM (eppoMarHeTvka, YuMTHIBaS,
YTO OHM Pa3JIMYHBI JJIS BEJMYHMH, W3MEPSIEMBbIX MpPU TOCTOSHHBIX
cuaX M KOOpAMHATAaX:

H, aHaJIOTHYHO,

*) Cm.: Conpmarosa E. /., Cemenuenxo B. K. Teopuss TOpMOIMHAMHYECKON YCTOM-
YHBOCTH ¥ COOTHOWICHMS MEXAY KPUTHYECKMMHM HHAekcamu [/ Ykp. ¢us. xypa. 1974.
19. Ne 5. C. 844; Coapatosa E. /I. HexoTopble COOTHOLICHHST MEXAY KPHTHYECKMMHU
HHAEKCAMH Uil MarHMTHBIX cucteM//Ykp. ¢u3. xypH. 1974. 19. Ne 11. C. 1906;
Coaparosa E. JI., Txauenxo T. B. HekxoTopble COOTHOLIEHHS MEXAY KPUTHYECKAMHU
uHaexcamu cerneroasiektpukos /[ OTT. 1975. 17. Ne 1. C. 52; Coaparosa E. JI. Coort-
HOIICHUSI MEXIY KPUTHYECKAMH HHAEKCAMH [UAJIEKTPHYECKOH BOCIPHUAMYHUBOCTH aHU-
30TPONHOrO CerHeTodiekTpuka // Yxp. ¢us. xypu. 1975. 11. Ne 6. C. 997.
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Cy~1"%, Cy~17 %, J~1b,
wp~1"", ug~1"¢, D ~14

(12.37)

rAe d—KpUTHYECKUH II0Ka3aTesib JETEPMHHAHTa YCTOWYMBOCTH,
a IWTpUXU B MHAEKCaX oO3HAyaroT, 410 T'<STy,.

IMoncraBnsas B (12.34) m (12.35) acHMNTOTHYECKHE BBIPAXECHHUS
(12.37), nmonyvaem

d=a'+y=d+c'. (12.38)

CootHomenue (12.33) mocyie MOACTAHOBKM B HErO0 TMPOHU3BOAHBIX
(0T/0S); m (0T/0J)s m3 (12.34) u (12.36) npuHHMaeT BUA

®r oJ\?
2D (a‘r),,' (12.39)

IMoncraensas B (12.39) acumnrotuku (12.37), umeem
YR S a2 D),

OTKyAa, TOCKOJBKY T<I,
d+2(B—-1)=c—y.
VuuteiBas (12.38), mosmyyaeM coommowenue Pawbpyka
o +284+7 =2, (12.40)

KoTOpoe OBUIO YycTaHOBJIEHO MM B 1963 1. ucxons u3 aHajiu3a
pasHoctu TemnoeMmkocted Cy—C; s GeppoMarHeTHKOB BOJIM3H
touku Kropu. Takoe ke cooTHouleHHe OOHAPYXHMBAETCSA IJISI CHCTEMBI
KUIKOCTb — AP U CETHETOIEKTPHKOB [eciu B (opMyJiax MpH BbIBOJE
(12.40) wucnosbzoBath 3ameny H——p, J-oV u H-E, J-P].

CootHomenne PamOpyka cCBsi3bIBaeT KpUTHYECKHE TOKa3aTesu
OCHOBHBIX TEpPMOJMHAMHMYECKHX BEJIMYMH B NOKPUTHYECKOH obsacTy.
MeTton TepMOAMHAMUYECKON YCTOMYMBOCTH MO3BOJIET HAWTH COOT-
HOIIEHME /U1 KPUTHYECKHX MoKa3zaTesed M B 3aKpUTHYECKON 06JjacTH.
C aT0if nenblO, yYMTHIBAsA, YTO JIMHUSA paBHOBecHs (a3 (OMHOMAJID)
KOHYaeTCcs B KpUTHUYECKOM TOuYke, BBENEM MoKa3aTesib U (BMecto ),
onpeeISFoIIn CHHTYJISIPHOCTH TEPMHYECKOTO pacuMpeHus
@V[0T),~t™* (i CHCTEMBl XHMAKOCTb—MAP) MM MATHUTOKAJIO-
puueckoro sddexra (0J/0T)y~1"* (mis marseruka). Torma mis
3aKPUTHYECKOH OOJIACTH TMOJIy4deM COOTHOIIEHHE

aty =2, (12.41)

xotopoe B 1976 r. BnepBbie ObuLio ycraHoBieHo E. JI. ConmatoBoid.
DTO COOTHOUIeHHe SBJiSETCS Oojiee OOIMM, 4YeM COOTHOINEHHE
Pamibpyka, Tak kak chnpaBeUIMBO U IS JOKpUTHYeCckOoH obJactu
(TOJBKO HYXKHO HCNOJIb30BaTh o, y', W), a cooTHomeHne PamOpyka
B 3TOM CJIyyae cjelyeT M3 HEro, €CiM Y4ecTb, 4YTo W=1-—P
[mockonbky J~tP m (0J/0T)y~1P " t~17 "]
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Haiiem eie psa COOTHOILCHMH Il KPUTHYECKHX IMOKa3aTesieH.
Hns storo 3amumieM Bbipaxenue (12.33) B Buze

() ()o(2):

nockoibky (07T/0J)s=(0H/0S);. Tlomp3ysce cBoiicTBamMHu SKOOHMaHOB
u acumnrorukamu (12.37), umeem:

OH\ _(0H\ (0T _ ps-1+a’
as )y \oT )s\os /s ’

SN _p(28) (%) () () ~awmwrpeoD
(01 )s_D<aT>J_<6S)J<6J)H (5T>H T . (1243)

IMonacrasnss (12.43) B (12.42), nony4yaeM coomrowenue I'pugpgumca
o« +B(1+0)=2, (12.44)

KOTOpoe ObUIO MM ycTaHOBJIEHO B 1965 r. B pe3yiabTaTe rpoMO3AKHX
BBIYMCIICHUIA.

W3 (12.34), (12.35) u (12.37) nonyyaeM Jpyroe coomHouieHue
TI'pugppumca

Y=B@B-1). (12.45)

OTH COOTHOIEHUS OBUIM TOJIy4eHBl JJISI MaJOH OKPECTHOCTH
KPMTHYECKOHM TOYKHM TpH NpHOIMKEHUH K Hell mo Temmepartype (x=T1),
HO K Hed MOXHO mnpubymxarbcs no Jro00H TepMoAWHAMMYECKOH
cwie (MaBJIEHWIO WJIM HaNpsHKGHHOCTH moJjisi). HailineM tepmonamHa-
MHYECKME BeJMYMHBI (eppoMarHeTuka Kkak (YHKUMM MAarHUTHOTO
noss (x=H) Boonp xputuyeckoit usorepmei (I'=T,,, H—0). Beenem
KpUTHYECKHEe TOKa3aTeNd M 3TOro ciydyas:

Cy~H™V, S~H* (J~H 'P) (12.46)
3amuceiBas cootHomieHue (12.33) B Bune

as\ (a1} (oY’
0T Ju \6H )r” \0H Jr
u ucnojb3ys (12.46), nonyyaeM coommowienue Kynepcmuma (1968)

Y+2e—1/5>1. (12.47)

ITostyyeHHBIE COOTHOILIECHUS BBINOJHAIOTCA MU B OKPECTHOCTH TOYKH
Kropu misi cerHeTO3JIEKTPUKOB.

TakuM 00pa3oM, TeOpUsi KPUTHUECKHX NOKa3aTeeid, OCHOBaHHAas Ha
METO/Ie TEPMOAUHAMUYECKOH YCTOHYMBOCTH, BbISIBUJIA OOIIYIO IPHPOJLY
KPUTHYECKOTO IEPeXoAa XMIAKOCTb—Ta3 M NePexXonoB B (heppomarte-
THKaX, CETHETOJIEKTPUKAX M JPYTUX CHCTEMax Kak IEepexoloB uepe3
MUHUMYM YCTONYMBOCTH, CONMPOBOXAAKIIMXCS MTO3TOMY MaKCHUMaJIbHO
Pa3BUTBIMA (QUIYKTYalHsAMHA psia TEPMOJMHAMUYECKMX BEIMYHH. DTO
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orMeuan B. K. Cemenuenko B 1947 r. IloTpebosanocy Gosnee 30 Jer,
4TOOBI TPOM30ILLIO W3MEHEHHE TOYKM 3peHMs Ha (GeppoMarHUTHBIH
U CETHETOZJICKTPUYECKUI Tepexoabl Kak IMpeBpallleHus, NP KOTOPIX
HCTBITHIBAIOT CKAYKM BTOpPHIE TPOU3BOJHBIE TEPMOJAMHAMMYECKUX
MMOTEHINAJIOB.

3aMeTUM B 3aKJIIOYEHHE, UYTO COTJIACHO M3JIOXKEHHOM TepMOIH-
HAMMYECKOM TEOpHMH KPUTHYECKHMX TIOKa3aTejiel 3HAaK paBeHCTBA
B COOTHOMICHHMSX IS HHUX MOJIy4aeTcss B CaMON KPHUTHYECKOH TOuKe
COBEPILIEHHO €CTECTBEHHO, MOCKOJBKY B 3TOM coctosiHud D, =0.

12.1.

12.2.

12.3.
124.

12.7.

12.8.

12.9.

12.10.

12.11.

12.12.
12.13
12.14.

3AJAYM

Cuntas YIOENbHYIO TEIUIOTY Mepexoia A IOCTOSHHOM BCIHYMHOM, MOKa3aTh,
YTO [JABJICHHE HACHILIEHHOTO Mapa H3MEHAETCH C HW3MEHEHHEM TeMIIEpaTyphl
[0 3KCHOHEHUMAJLHOMY 3aKOHY.

Touxa masnenns Hona I, pasHa 114 °C. BospacraHue ynpyroctd napa BO6nu3m
TEMIEPATYphbl IJIABJICHAA NpHU YBENIUYEHHH TeMmepaTypbl IUiaBjenus Ha 1°C
paBHo 578,6 I1a/K. Haiiti TemnoTy BO3rOHKM HoJa NpH TeMIEpaType IJIaBlCHUS,;
yIpyrocte mapa TBEPAOro MOAAa npu 3TOM Temmepartype pasHa 11821 Ila.
ITox xaxum pasneHueM Boxa Oymer xumetrs mpu 95 °C? Vaenbuas Temwiora
ucnapenus Bomsl 2258,4 J{x/r.

YCTaHOBUTh CBA3b MEXAY YAEJbHBIMH TEIUIOTAMH IUIABJICHUA Ag3 [Temuiora
mepexofa TBEpXOro Tela 3 B KMAKOCTH 2], ucmapeHus  KHIKOCTH
A1z M cyOnumanuu Ags.

Haifity TeMnepaTypHylO 3aBUCHMOCTbL TemioTsl (asoBoro mnepexoma dA/dT.
IMonyyuTe BBIpaXKEHHE IS TEIUIOEMKOCTH HachllleHHOro mnapa. OGBACHHUTS,
noyeMy npu aauabaTHOM CXaTHH HAachILEHHOro Boasd€oro mapa npu 100 °C
OH HE KOHHEHCHUDYETCH.

IMpu Hu3kol TemnepaType TemioeMkocTh C, METAIOB MPONOPLHOHANbHA
Temnepatype. EciH MeTaan mnepeXOmMT B CBEPXNPOBOAAIIEE COCTOAHHE, TO
ero TtemnoeMkocth Cg nponopuuoHanbHa kyOy rtemmepatypbl. Ilokasath, 4TO
npu kputuueckoil temneparype Cs=3C,.

Jo 1933 r. cuuranock, 4TO CBEPXNPOBOMHUKH MPELCTABIAIOT CO0OM HIeabHbIE
NOPOBOJHUKK (NMEKTPONPOBOAMMOCTh G =00). Iloka3ath, YTO Takoe MpeacTas-
JICHHE TNPOTUBOPEYUT TEPMOJMHAMUKE CBEPXIPOBOLHHMKOB.

Halitu BbIpaxenue I8 ckayka Kod3(p@duIMeHTa TEIIOBOTO  pacClLIMpPEeHUs
Ao=o,—0, U ckayka Moayssa ynpyroctd AK=K,—K, npu CBEpXIpOBOIALIEM
nepexome.

KpuByI0 HampshKeHHOCTH KPUTHYECKOrO MHOJS MOXHO JOBOJIBHO TOYHO IIpel-
crasuth mapabosoit H,(T)=Hy([1—(T/T,)*]. Tlonb3yach 3THM nRhIpaKEHUEM,
HaWTH DPAa3HOCTH 3HAYEHHH YNENbHBIX SHTPONMA M YHENBHBIX | ILJIOEMKOCTEN

B n- U S-COCTOAHUAX. )

0
?_%0.

ovaoT

Onpenenuts koddduument [xoyns—ToMcoHa B KPUTHYECKOH TOYKE.

Haiiru BbIpaxxeHHE LIS CKOPOCTH 3ByKa B KPHTHYECKOM TOUKe.

OnpefenuTb KPUTHYECKMH HHAEKC Y H30TEPMUYECKOH CXKUMAEeMOCTH rasa

Ban-nep-Baanbca.

IMoka3aTth, 4TO B KPUTHUYECKOH TOYKE NPOU3BOAHAA




BBE[JEHVE
B HEPABHOBECHYIO TEPMOAWHAMMUKY

[JIABA TPUHAJILIATAS

UCXOJHBIE ITOJIOXEHMSA
HEPABHOBECHOW TEPMOJUHAMMKHA

HepaBHoBecHass mepMmojguHaMuka siBrsiemcsi cpas-
HUMEeIbHO MOJIOL4bIM U UHMEHCUBHO pa3sBuBamoLjum-
ca pasgenoMm meopemuyeckou ¢pusuku. OHa BO3-
Hukna B pesynbmame 06006WeHUs1 Knaccu4yecKou
mepMoguHaMuku Ha o651acmb MasbiX OMKAOHEeHUN
cucmeMm om paBHoOBecus U B pganbHedwem O6bina
pacnpocmpaHeHa Ha nocmpoeHue meopuu npouec-
COB B CU/IbHO HePaBHOBECHbLIX cucmemax.

B Hawem Kypce u3naralomcsi OCHOBbl MepMmo-
AQuHaMuku HeobpamuMsix npouyeccos B 06oux
cnyyasx HepaBHOBECHbIX cucmeM. Paccmompum
34ecb UCXOQHble NONOXEHUS HepaBHOBECHOU mep-
MOQUHaMUKU.

§ 64. JOKAJIBHOE PABHOBECUE M OCHOBHOE
YPABHEHUE TEPMOJAWHAMMKHN HEPABHOBECHBIX INTPOLIECCOB

B TepMoAMHAMHMYECKH PaBHOBECHBIX CHUCTEMAaX, KaK H3BECTHO, TEM-
nepatrypa 1 ¥ XMMHYECKHH TNOTEHIHWAJ |L TOCTOSHHBI BIOJIb BCeH
CHCTEMBI:

grad T=0, gradp=0.

Ecnu st ycnosust He BuimoiHsitorcs (grad 7#0, grad p+#0), To
B CHCTEeMe BO3HHMKAIOT HeOOpaTHUMble MpOLECChl MEPeHOoca MAacchl,
3HEprvu, 3JIEKTPUYECKOTO 3apsaa M T. A.

Ilpu 0600meHnHn KiIaccuyeckoi TepMOJ{MHAMIKN Ha HEpaBHOBECHbIE
NPOLECCHl MCXOMAT W3 NPEACTaBJICHHS O JIOKAJIbHOM pPaBHOBECHH.
N3BecTHO, 4TO BpeMs peslakcallid pacTeT C YBEIWYEHHEM Da3MepoB
CHCTEMBI, TaK 4YTO OTJEJbHBbIE MAaKPOCKONHYECKHM MaJbieé YacTd
CHCTEMBI TPUXOIAT caMHM MO cebe B PABHOBECHOE COCTOSIHHME 3Ha-
YUTEJIbHO paHbllle, YEM YCTaHABJIMBAETCS PaBHOBECHE MEXIY STHMH
yactsmu. [losToMy B HEpaBHOBECHOW TEpMOJMHAMUKE NPUHUMAIOT,
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4TO, XOTS B IEJIOM COCTOSHHE CHCTEMbl HEPaBHOBECHO, OTHEJIbHBIE
€e MaJibie YacTH paBHOBECHbI (TOYHEE, KBAa3UPABHOBECHBI), HO UMEIOT
TEPMOJAHAMHYECKHE TTapaMeTPhbl, MEIJICHHO U3MEHSIOLIMECS BO BpeMe-
HU M OT TOYKH K TOYKE.

Pazmepbt 3THX (QU3MUECKH MaJjbiX pPaBHOBECHBIX 4YacTedl Hepas-
HOBECHOM cHucTeMBI M BpeMeHa W3MEHEHHUS TepMOIUHAMUYECKUX
IapaMeTpoB B HHMX ONpENeNsioTcs B TEPMOJWHAMHKE IKCIIe-
pumMenTaibHO. OOBIYHO TPUHUMAETCS, YTO (GH3UYECKUH 3J1eMEHTapHBIH
o6veM /3, ¢ omHOH CTOPOHBI, CONEPKAT OOJBIIOE  YHCIIO
yactuy (v,<</®, v,—o00beM HAa OmHY dYacTuuy), a C JpYroi
CTOPOHbI, HEOJHOPOJHOCTHM MaKPOCKONMMYECKHX mapaMeTpoB a;(r)
Ha JUuiMHe [ Majbl MO CPaBHEHHIO CO 3HAYEHHEM OTHX NapaMeTpoOB
(l0ajox|l<a;), T.e.

vl <l| - % (13.1)

a;

BpeMﬂ T U3MCHCHHSA TCPMOMUHAMUYCCKHUX NAapaMETpPOB B (bI/IBI/I‘ICCKI/I
MAaJIBIX PaBHOBECCHBIX 4YaCTAX HAMHOIO OoJble BPEMEHH T; peilakcanuu
B HAX ¥ HAaMHOIo MEHLIIE BPEMEHHU T;, 32 KOTOPOE YCTAHABJIMBACTCs
PaBHOBECUE BO BCell cucreme:

KT T, (13.2)

B ycnoBusix, korma AONMYCTMMO NPEACTaBJIEHHE O JIOKAJbHOM
paBHoBecun (13.1), (13.2), MOXHO TOCTPOHTH TOCIEAOBATEILHYIO
(heHOMEHOJIOTHYECKYI0 TEPMOAMHAMUKY HEOOPAaTHMBIX TPOLECCOB.
CBolicTBa HEpaBHOBECHOM CHCTEMBI MPU 3TOM OINPEACIIAIOTCS JIOKAJb-
HBIMM TEPMOJMHAMMYECKHUMM TNOTEHUUAIaMH, KOTOpble 3aBHUCAT OT
IPOCTPAHCTBEHHBIX KOOPJMHAT M BPEMEHHd TOJIBKO 4Yepe3 Xapak-
TEPUCTHYECKHE TEPMOJMHAMHYECKHE MapaMeTpPhl, JUIS KOTOPHIX cCrpa-
BE/VIMBbl yYPAaBHEHUS TEPMOINMHAMMKU. Tak, €CllM B KayecTBE Xapak-
TEPUCTHYECKUX TEPEMEHHBIX BBIOpaHBI JIOKaJIbHAS IUIOTHOCTh BHYT-
penHeil sHepruM u(r, t), ymenbHBIA ob6bem v(r,t) (v=p !, p—
JIOKaJIbHasi IUIOTHOCTh MAcChl Cpellbl) M JIOKaJIbHble KOHLEHTPaLMu
¢;(r, t) pa3JMYHBIX KOMIIOHEHTOB, TO COCTOSIHME (QHU3MYECKH 3JIeMEH-
TapHOro o0OBeMa B OKPECTHOCTH TOYKM ¥ B MOMEHT BpeMeHH
t ONHKChIBAa€TCA JIOKaJbHOW sHTponmed s=s[u(r,t), v(r,¢),
¢, (r, t),....,c,(r, t)], onpenensemoii ypaBHeHueM I'mOGOca

Tds=du+pdv—) p;dc;. (13.3)

OO0benuHsIONIEE NEPBOE M BTOPOE Hayajla TEPMOJMHAMUKH ypas-
Henue (13.3) ansg ynenbHBIX (O Macce) JIOKAJbHBIX BEJIMYMH ABJISETCS
OCHOBHBIM ypaBHEHHEM HEPaBHOBECHOW TEPMOIMHAMUKHY.

Tak kak JOKaJbHas SHTpPONMS S (€AMHMIBI Macchl WJIH ps—
enuHMIBl Oo0beMa) 3aBHCHT OT TEPMOJIMHAMHMYECKHX MapaMeTpoB
a;(r, t) Tak Xe, KaKk ¥ IIpH MOJIHOM PaBHOBECUM, TO NPH HEOOpaTHMOM
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npoiiecce B aauabaTHOM CUCTEME CKOPOCTh BO3HHKHOBEHHS 3HTPOINHUM
B emuHuIEe oObeMa (MPOM3BOJACTBO JHTPONMH) paBHA

_d(ps) _ v 0(ps) day
G“a“;‘%idf (13.4)

PaCCManHBaﬂ YBCJIMYCHUE SHTPONMHUA NPH HU3MCHCHUU JIOKAJIBHBIX
MAaKpOCKOTIMYECKUX TIIapaMETpOB d4; B anuabaTHBIX YCJIOBUSAX KaK

a(ps
«IpUYMHY» HeoOpaTUMOro mpouecca, BEJMYAHbI %’—)EX,. Ha3bIBAIOT

a;
da;
mep MOOUHAMUYECKUMU CUAAMU, A BEJTMYAHbI EEI,., OTpeIeISIoIIne

CKOPOCTh W3MEHEHHS! NapaMeTpoB a;,— MepMOOUHAMUYECKUMU HOMO-
xamu. Boipaxenune (13.4) s TPOM3BOACTBA 3SHTPONUH MOXKHO
3amucaTh B BHE

c=YIX, (13.5)

SHTPOHI/ISI Bcel HepaBHOBCCHOﬁ CUCTEMBI aJUTUBHO CKJIaABbIBACTCs
U3 3HTpOl’II/Iﬁ €e OTHEeJIbHbIX 4YacTew:

S={psdV. (13.6)
| 4

§ 65. YPABHEHMSA BAJIAHCA MU 3AKOHBI
COXPAHEHMS PA3JIMYHBLIX BEJWYHUH

s onpenenenusi ¢ moMoIpio OCHOBHOTO ypaBHeHus (13.3) tepmonu-
HaMHMKM HEpPaBHOBECHOM CHCTEMbl NPOU3BOACTBA IHTPONMMU U H3MEHe-
HUS BO BPEMEHH BCEX JIPYTHX ee TepMOAMHAMUYeCKUX DYHKIMA K 9TOMY
ypaBHeHMIO HeoOXxoaumo 100aBUTH ypaBHeHHs OajlaHca psiiaa BEIMYHMH
(Macchbl, BHYTPEHHEH 3HEPTHM U 1p.), @ TAKXE YPaBHEHHUS, CBA3BIBAIOIIHE
NMOTOKH I; 3TUX BeJIMYMH Cc TepMoJMHaMMyeckuMu cwiamu X;. Haiinem
ypaBHeHus OajnaHca W 3aKOHBI COXpaHEHWS pa3JIMYHBIX BEJIMYMH.

Besixas okcTeHcMBHas BeqmuuHa B(X, y, z, 1) MaKpOCKOTHYECKOH
cUCTeMBbl TOMYMHSETCH YypaBHeHHIO OanaHca

B diviz,+op (13.7)

ot

rae Ip ,—IJIOTHOCTH MOJIHOTO NOTOKAa BeJIMYMHBI B=pb (p—mioT-
HOCTb BEUIECTBA, b—3HAayYeHHe BEJMYMHBI B, OTHECEHHOE K Macce),
Op—U3MEHEHHe B 3a cYeT ee HCTOYHUKOB, OTHECEHHOE K O0BEMY
U BPEMEHHU.

VpaBrenue (13.7), B KOTOPOM Gy paBHO HYJIIO, BbIpa)kaeT 3aKOH
COXpaHEHUs: BeJMYMHbI B. Tak, 3akOH COXpaHEHMS Macchl HMMeeT
BHUJ THIPOJMHAMUYECKOTO ypaBHEHUS HENPEPBIBHOCTH
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‘;—‘: = —div pu, (13.8)

rae u—maccoBasi CKOpOCTb B JAaHHONW TOYKE X, )y, z B MOMEHT
BpEMEHHU ¢.

[T10THOCTE TOJHOTO TMOTOKA Ip ,, BOOOIE TOBOpsS, HE CBOIUTCA
K KOHBEKTUBHOMY NOTOKY Bu, T. €. K IEpEHOCY BeJIMUMHBI B ¢ NOTOKOM
BelllecTBa, a COAEPXUT TakXe WIEHbI JOPYroi mNpuUpoasl (TETIOBOM
noTOK, MuGY3UOHHBIA MOTOK M T. A.):

Ip.=Bu+l, (13.9)

(I;— HEKOHBEKTUBHAsl 4acTb IIOTOKA).
TakuM oOpa3om, ypaBHeHue OasiaHca (13.7) aXOUTHUBHOM BEJIMYUHBI
MOXHO 3amMcaTb B BHUIE

@: —div(pbu+1;)+05, (13.10)

ra¢ vaCTtHas HOPOU3BOJHASA

a(gtb) onpenesyseT N3MEHEHUE BEJIMYUHBI
B=pb B JaHHOW HEMOJBUXXHOU TOYKE NPOCTPAHCTBA. DTY MPOU3BOJ-
HYI0 MOXHO BBIPa3UTh Yepe3 MOJIHYI (CyOcTaHLMaIbHYIO) MPOU3BOJ-
HYIO BEJIMYUHBLI B, OTHOCAIIYIOCS K MepeABUIaroleiicss B NIpOCTPaHCTBE
«JacTvie» BellecTBa (Kak CIUIOMIHOM cpenwbl). s 3TOro 3ametum,
4TO HU3MeHeHHe dB BeJWYMHBI B yacTUOBl BellecTBa CKJIAAbIBAETCS
U3 OBYX yacTedi: U3 M3MEHEHHMS B B JaHHOM MeCTe NPOCTPaHCTBa
U M3 U3MEHeHHs B mnpu mnepexoJe OT HAaHHOM TOYKM K TOUKeE,
yOaJleHHOW OT Hee Ha paccroside dr, mpoWAeHHOe paccMaTpuBaeMOi
yacTuIied BelecTBa B TeueHue Bpemend dt. Ilepsas w3 3tux wacreit

0B
paBHa —a—t-dl, a BTOpas 4YaCTb paBHa

0B 0B 0B
dx 5;+dy 5;+dz 5—2-—(dr, V) B.
CreoBaTebHO,
0B 0B
ot ot

ITostomy 3akoH coxpaHeHuss Macchl (13.8) u ypaBHeHme OajaHca
BesiunHbl B (13.10) MOXHO 3amucaTh COOTBETCTBEHHO B BHJE
dp

=" pdivu, (13.12)

+(u, V) B. (13.11)

p $=—divy+o, (13.13)

B cootBercTBuM ¢ oOme#i ¢opmysoit (13.13) ypaBHeHue OajaHca
3HTponuHu Oyner
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0 §= —divig+o, (13.14)

rae Ig—IUIOTHOCTH MOTOKa SHTPONMH, O —JIOKaJibHas CKOPOCTh
BO3HHKHOBEHHS 3HTPOTIHH.
JAnsa HaxoxneHus ssHoro Buma Iy m o dopmyny (13.14)

ds
COTIOCTABJIAKOT C BBIPAXCHHUEM [JIS P —&;, MOJIY4a€MBbIM H3 YPaBHCHUSA
Iu66ca (13.3)

ds_pdu ppdv puidg
P ta Ta = T dt’ (13.15)
B KOTOPOE TOJCTABJISIOT BBIPAXEHUS IS MPOU3BOIHBIX MO BpPEMEHH
U npousBojacTBa sHTporuu (13.5).

B kayectBe mnpuMepa HaineM ypaBHeHHMe OajiaHca SHTPONMHA
¢ sBHBIM BuUIOM Jis I, ¥ © B OJHOPOAHOM TBEpIOM Tele,
B KOTOpPOM HMeeTcsl T'paJieHT TeMIepaTyphl.

Ilyctb u(x, y, z, t)—yneabHas BHYTPEHHSS 3Heprus. V3zMeHeHneM
obbemMa Tena BCJIEACTBHE TEIUIOBOTO paclUMpeHdss Oynem mpeHeO-
peraTh; NOTOK YacTUI[ B cCJy4yae TBEPAOTO Teja TakKXe HCKJIIOYEH.
IMostomy wm3 (13.15) umeem

ds_1du cydT
dt Tdt Tdr

ITo 3akoHy coxpaHeHHs 3HepTuM (B COOTBETCTBHMH C 0Omied dopmyioi
(13.13) nmpu oz=0),

du .
Pg= —divIy,

rie l,—nnoTHOCTE mnoTOKa TemwloThl. M3 3THX ypaBHeHMH s
6ancha SHTPONMH TIOJIyYaeM

p - _Laivi,, (13.16)

H TakK Kak

1 1. 1
dl -7% —ileIQ+<IQ’ V —>='7~_‘ le IQ—F(IQ’ VT),
TO
ds__ A l_Q~
Py~ div
Comnocrasnsis  ypaBHenue (13.17) ¢ TUIpPOAMHAMHYECKHM YypaBHe-
HueMm Oananca sHTponuu (13.14), HaxomMM, YTO IUIOTHOCTH TIO-

TOKa JHTponud I, ¥ TPOM3BOACTBO 3HTPONUHM G COOTBETCTBEHHO
paBHBI

= (1o, VT). (13.17)
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Is='li I, (13.18)

3
o=(lg = VT)= Y I, X, (13.19)

i=1

roe X;= L %—nexaproaa KOMIIOHEHTa TEPMOANHAMMYECKOM CHIIBI,
i
COOTBETCTBYIOLIasl JAEKAPTOBOW KOOpAMHATE TMOTOKa ;.
JIOTIOJTHUTEIHO TPUBJIEKasi YCTAHOBJIEHHBIE HA ONbBITE COOTHOILIE-
HUS MEXJIy MOTOKAMH H TEPMONMHAMMYECKMMH CHJIAMH, MOXHO
10Ka3aTh, YTO B COOTBETCTBHM CO BTOPBIM HAyajoM TepMOJUHA-
Muku ©>0. JlefcTBUTENbHO, HCMOJIB3YS, B YAaCTHOCTH, 3aKOH Tell-
nonpoBofHocTd Pypbe 0 nponopuMoHanbHOCTH I, rpamueHTy Tem-
nepaTypsl

Iy=—uVT (x>0), (13.20)
u3 (13.19) monyuyaem

o= (VT)- (13.21)

3amMeTuM, 4TO MaTeMaTH4eCKH pa3JeJieHHe TMpaBOi 4YacTH Ypas-
Henus (13.16) Ha motok W wucroyHwk 3HTpormuu B (13.17) samasercs
HeoHO3HaYHbIM. OTHO3HAYHOCTh JOocTUTaeTcs Gusmyeckumu TpeboBa-
HUsIMH 0 >0 W MHBapUAaHTHOCTHIO BbIpaxenus (13.19) oTHocHUTEBLHO
npeoOpa3oBanuit ["amies.

IMono6HO paccMoTpeHHOMY mnpuMmepy, ypaBHenue ['u66ca (13.15)
NO3BOJIAET TOJIYYMTh BBIpaXeHHs OajlaHca OSHTPONMM JUIS pas-
JINYHBIX HEPABHOBECHBIX CHUCTEM B COCTOSHMM JIOKaJIbLHOTO paB-
HOBECHSI.

B ofmeM ciiydsae HeoOpaTHMBIX INPOLECCOB TNPOU3BOJICTBO 3HT-
ponun OOYCJIOBJIEHO KaK SIBJICHUSIMH TepeHoca (3HEpruu, 3JIeKTpHhyec-
KOTO 3apsjia ¥ T. A.), TaAK U BHYTPEHHUMH MPEBPAICHASIMHA B CUCTEME
(XMMHYECKUE PpeaKlUH, PpeJIAKCAlMOHHbIE SIBJICHHUS).

Haiinem BblpakeHHe Ui MPOU3BOJCTBA 3HTPONMU IMPU XUMHYECKHX
peakuusix B cucteme. IlockoJbKY OHM He CBSI3aHbl ¢ MpoliecCaMHi
NepeHoca, CUCTEMY MOXHO CYMTaTb TOMOTEHHOM M M3O0TPOTHOM.
[Totokm B 3TOM ciyyae HampaBjeHbl K COCTOSHHIO pPaBHOBECHS
U NMPOTEKalOT He B NPOCTPAHCTBEHHbIX KOOpPAMWHATAX, a B KOOpAMHATAX
coctaBa cucTteMbl N; (YHCJIO 4YacTUI[ copTa i).

ITycTh roMoreHHasi cucTeMa COCTOMT U3 n BellecTB i (i=1, 2,...,n),
MEXIy KOTOpPbIMH MOTYT TPOTEKaThb r XUMHYECKHX peaKiuid
jg=1,2,..,r). Ecim N;—umncio 4acTHIL copTa i
V;j— CTEXMOMETpHYECKMH K03()QUUMEHT BellecTBa i B peakiWM j, TO
u3MeHenue yucna d;N; vacTui copTa i 3a NPOMEXYTOK BPEMEHH
d¢t B peakuuu j paBHO
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i (
;=L dN,_dg,

(v e (13.23)
— cKkopocmb peakyuu j, a maddepeHuman
dg, =% (13.24)
Vij

ONpENENSET «CTENEHb Pa3BUTHUS pPeakiuM» ¥ MMEET OJHO M TO Xe
3HaueHWe M 3HAK JJIS BCEX BEIECTB, YYACTBYIOUIMX B peakuuu®.
ITo 3Toit mpuyKHe &; NPUHAMAETCS B Ka4eCTBE BHYTPEHHETO NapaMerpa
CHCTEMBI M HA3BIBACTCS CHIENEHbI0 NOAHOMbL PEeaKyuu j.
W3MmeHeHue 4iciia YaCTHI[ i-TO COPTA NMPH BCEX peakuMsiX B 3aKpbl-
r r

Toit cucreme paBHo dN;=) d;N;=) v;;d&; IlosTomy ocHOBHOE
j=1 j=1

ypaBHenue (13.3) npu OTCyTCTBUM IPONECCOB NMEPEHOCA M MOCTOSHHOM

oObeMe cHuCTEMbl NPUHUMAET BHI

TdS=-Y ¥ wvidg, (13.25)

i=1 j=1
158) 14

TdS=Y 4;dg, (13.26)
=1

J
rac

A= —

J

v

H; V,'j (13.27)

i=1

— Xxumuueckoe cpoocmeo peakyuu j (j=1, 2,...,r). Ilpoussoacrso
HTPONMM G B PpPAaCCMAaTPUBAEMOM CJIyyae XHMMMYECKMX peakuui

B OJHOPOJHOM MHOTOKOMIIOHEHTHOM CHCTeME, COTJIacHO (opMysam
(13.26) u (13.23), paBHO**

l r
o= ,.; L4, (13.28)

*) Hanpumep, B peakuuu 24 +3B=4C xoadduuueHTs!
va=—2, vg=-3, ve=+4,
d§=dN,/V,= —dNA/2= ~dNB/3=ch/4,
E=—[Na(t) =N2]/2=~ [Np(t) =N§]/3=[Nc(t) = N2]/4.
**) B ypasuennn (13.26) S— o0bemMHas MIOTHOCTH 3HTPONHMH, KOTOpas C Mac-
COBOM IUIOTHOCTBIO § CBsi3aHA COOTHOLICHHWEM S=ps, I¢ p—IUIOTHOCTb CPEbl.
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B cnydae oTaenbHOM peakiMd B 3aKpbITOH cHCTeMe
c=1JA|T.

lIJ'[SI JaJIbHENIIIETO pPacCMOTpPEHUS HEOOXOOMMO 3HATh CBSA3b NOTOKOB

I, ¢ cunamu X; (M3BeCTHBIMM (DYHKIMSMHU KOHIIEHTDAIMH).

3AJAYM

13.1. Ha npumepe mnpouecca TEIUIONPOBOAMMOCTH B CHCTEME MOKa3aTh, YTO NOMYLICHHE
JIOKQJIbHOTO pABHOBECHS MO3BOJSIET BBIYMUCIMTH NpPHU HEPEXOJEe OT OTHEJIbHBIX
9JIEeMEHTOB 00BEMa K CHCTeME B LEJIOM M3MEHEHHE OJHTPONHM, BbI3BAHHOE
HeoOpaTHUMOCTBIO 3TOro mpoLecca.

13.2. HaiiTi npOM3BOACTBO BHTPONMH NpH MpOLECCe MEpexoja TEeIIOTHl OT OXHOro

Tela K APYromy.
13.3. BerYuCIMTh NPOU3BOACTBO 3HTPONMM INPH NPOXOXKIEHMM TOKA B IJEKTPHYCCKOM

Ji(F10%



I'/IABA YETBIPHAAUATASA

TEPMOJANHAMUKA JUHENHBIX
HEOBPATUMBIX TPOLIECCOB

lpu ManbiXx OMK/IOHEHUSIX CUCHTieMbl OmM paBHOBECUS
nposBnsemcsi NUHEAHAsl CBSi.o MEX[Y NPUYUHOMN
U crnegcmsBueM mMoOro usau UHOro Heobpamumoro
npoyecca, kKak, Hanpumep, nponopLyuOHasibHOCMb
mensioBOro nomoka rpagueHmy memnepamypsi npu
mennonpoBogHocmu. Hayano nocmpoeHus mepmo-
[UHaMU4YeCKoW meopuu JIUHEAHbIX HEepPaBHOBECHbIX
npouyeccos npuHagnexum J1. OHcarepy (1931). B Ha-
cmosiujee BpeMss ama meopusi nosyqusna cmamu-
cmuyeckoe 060CHOBaHUE U LUPOKO UCNONb3yemcs
npu U3yYyeHUU pPasniuYHbIX (U3UYECKUX SBIIEHUM.

§ 66. JUHENHBIN 3AKOH.
COOTHOWEHUSA B3AMMHOCTU OHCATEPA M NMPHHLIAIT KIOPU

B paBHOBECHOM COCTOSHHM TEPMOJMHAMMYECKHE CHUJIBI X;, MOTOKH
I; ¥ NpoOM3BOACTBO 3HTPONMU G paBHBI HyJHO0. [To3TOMY mpW MaJjbIx
OTKJIOHEHHSIX OT PABHOBECHSI €CTECTBEHHO IOJIOXHUTH JMHEHHYIO CBS3b
MEXAy NOTOKAaMH U CHJIAMHA

Ii= Z Lik Xk‘ (14.1)
k=1

Kosdduumentsl L;; B 3TOM JMHEHHOM 3aKOHE HA3BIBAIOTCS (HeHO-
MeHOoA02uuecKuMy VUM KuhemuyecKumu Kodgguyuenmamu. Ilpuyem
JAvaroHajbHble KOIQQUIMEHTBl L; ONPENENSIOT «IPAMBIEY AGACHUA
nepenoca, a HeAMaroHaJIbHbE KO3GGUIMEHTHI L;;, HENPEPBIBHO CBSI3aH-
HbI€ C TNPSMBIMH,— «IIEPEKPECTHBIE» WIIH «COTPSKEHHBIE» MPOYECChl.
Tak, mo 3akoHy TemonpoBogHocTH Dypre (13.20) rpagueHT TEM-
nepaTypbl BBI3BIBAET MOTOK TemIOThHl L;=L=%x; mno 3akony ®Puxa
rpajeHT KOHLEHTpauuu Bbi3bIBaeT muddysuto I=—Dgrade, L=D;
1o 3akoHy Oma rpaJueHT MOTeHIMaja BbI3bIBAET TOK j= — o grad o,
L=c u T1.n Hapsany ¢ 3tuMu npsMbIMH TpolieccaMd TepeHoca
BO3HUKAIOT M CONpPSDKEHHbIE C HMMH mpoiecchl. Hanpumep, npu
CYILIECTBOBAHMM TpajveHTa TEMIEpAaTypbl KpoMe MEepeHOca TEeIUIOTHI
MOXET IPOUCXOAMTb M TepeHoc Macchl (Ttepmomuddysus). Takue
NEPEKPECTHBIE MPOLECCH XapPaKTEPU3YIOTCS HEOUaroHaJbHBIMU KO3(d-
dunuentamu L;,. Tak, IWIOTHOCTH TOTOKAa Maccel I, npu Haauyuu
rpaJyieHTa KOHLEHTpAalMd M TpaJMeHTa TEeMIepaTypbl paBHa

I,=—L;gradc—Ly,grad T.
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B swmneiinpiii 3akoH (14.1) BxomuT Oousblioe 4MCIO (heHOMEHO-
JIOTHYeCKUX TapaMeTpoB L;. OnHAaKO 4YHCIO HE3aBUCHMBIX 3THX
k03hQUIMEHTOB YyAAaeTCs YMEHBIIMTb, €CJIM YYeCTb COOOpPaKeHHs
BPEMEHHON M TPOCTPAHCTBEHHOM CHMMETPHUH.

B 1931 r. JI. OHcarep, ucxons U3 UHBApPHAHTHOCTH MUKPOCKOIIHMYEC-
KAX YpaBHEHHI [BHUXXEHHUS OTHOCUTEJIHLHO M3MEHECHHs 3HaKa BpPEMEHM
(BpeMeHHasi CAMMETpHS) M W3 TPEACTABJIECHUS O HEPaBHOBECHOM
COCTOSIHMM CHCTEMBI, BBI3BAHHOM BHEIUHUMH CHJIAMH, KaK KpYNHOH
GiykTyamud paBHOBECHONW CHCTEMBI, YCTAHOBHWJI, 4TO B 0O0JIacTH
JIMHEHHOCTH HEOOpPAaTHMBIX TPOIECCOB MaTpHLA KUHETHYECKHX Kod3(-
(GULMEHTOB CUMMETPHUYHA:

L,’k=Lk,' (l, k= 1, 2, ...,n). (14.2)

®u3nyecku 3TOT BTOPOM 3aKOH TEPMOIMHAMMKM JIMHEMHBIX HEOO-
pPaTHUMBIX TIPOIIECCOB O3HAYAET, YTO MMEETCS HEKOTOpas CHMMETpHUs
BO B3aMMOMAEHCTBUM pa3jMYHBIX IPOIECCOB: BO3pacTaHWe NOTOoka I,
00yCJIOBJICHHOE YBEJIMYEHHMEM Ha EOMHUIY CHJIbI X; (TIIpH NOCTOSHHBIX
Xy 4i), PAaBHO BO3pAacTaHHIO NMOTOKa [;, OOYCJIIOBIEHHOMY YBEJIMYEHHEM
Ha eguHHULy X,.

Umeercst ogHO BaxkHOe BHIOM3MEHEeHMe cooTHoweHnid OHcarepa,
CBSI3aHHOE C OCOOEHHOCTSIMM TIPUHIMIA MHKPOCKONHUYECKON obpa-
TAMOCTH B CJiy4ae JBHXXEHHs O3JIEKTPHMYECKHX 3apsAIOB B MarHUTHOM
moJie ¥ B 3ajayax, Ile BcTpevaroTcs cuibl Kopuosmca. YpaBHeHus
NBVDKEHHST B MAarHATHOM T1I0Jie, KaK M3BECTHO, HE W3MEHSIOTCA
Npd TlepeMeHe 3Haka BPEMEHH JIMIIb NpPU YCJIOBUM ONHOBPEMEHHOTO
N3MEHEHHWS HANpaBjeHUS HHAYKIMU TNOJA. B cooTBeTcTBUM € 3TUM
IUIS CACTEMBbl B MAarHATHOM TIOJie BeaW4uHBI L;; ¥ L,; B paBeHCTBE
(14.2) Hamo OpaTh [UI TPOTHUBOMOJIOXHBIX HANpPaBJICHUA WHIYKIHMU
TOJIAA:

Ly (B)=Ly.(—B). (14.3)

Psn cBoiicTB kuHeTHYECKHMX KOI(DGOHUIMEHTOB MOXHO YCTAaHOBUTH
HCXOIS HEMOCPEACTBEHHO M3 TEPMOIMHAMMYECKUX 3aKOHOB JIMHEHHBIX
HeoOpaTUMBIX TporeccoB. JIeHCTBUTENBHO, IS TAaKUX IPOIIECCOB
oburas ¢dopmyna (13.5) s npow3BOACTBa SHTPONUM TNPHHAMAET
KBaJ[paTHYHOE MO TEPMOAMHAMUYECKHM CHJIaM BBIpaXKeHHE

G=2LikXiXk' (14.4)
ik
[To BTOpOMYy Hayajny TEpMOIMHAMMKHU Ui HEOOpaTHUMBIX NpOIEC-
coB, 6>0 u, cienoBaTeabHO, kKBajapaTH4Has opma (14.2) sBisercs
NIOJIOXXUTEJILHO OTpPENEJICHHOW, YTO HAKJIaJbIBa€T HEKOTOpbIE Orpa-
HUYEHUsST Ha KHUHETHYeckue KO3hDGHIMEeHTHI L.
Kakx wu3BecTHO, HEOOXOOMMBIM U JOCTATOYHBIM YCJIOBHEM IIOJIO-
XUTEJILHOCTH CHUMMETPUYHOM MaTpuibl L; SBISETCA TOJIOXKUTENb-
HOCTb JIeTepMMHAHTa
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Liy Lyp ... Lya

det L, = Lot Lop o Lan (14.5)

M TJIaBHBIX MHHOPOB, T. €. AHAroHaJIbHbIE KOS(’I)CI)I/IHI/ICHTBI JOJI’KHBI
OBITh TIOJIOXKHUTEIHLHBIMM:

L;>0, (14.6)
a HeauaroHaJIbHbIC KOC-)(b(l)I/IIJ,I/IeHTbI yJIOBJ'IeTBOpﬁTb HECpaBCHCTBaAaM
L. L:
i Bivlo150, 14.7)
Li+1,i Li+1,i+1

L; L i1 L
Livii Liv1,i+1 Lit1,i42 | >0, m T. 1. (14.8)

Li+2,i Li+2,i+l Li+2,i+2

HanbHelinne ynpouieHuss MaTpuibl (HEeHOMEHOJOTMYECKUX KO3d-
¢bunMeHTOB (YMEHBILEHHE HX 4YHCIA) MOXHO TOJYYUTh TP y4eTe
CMMMETpPUHU Cpeabl. B BhipaxkeHue JMHeHHOro 3akoHa (14.1) Bxondr
NOTOKM H CHJIbl, U3 KOTOPBIX OJHM SBJISIIOTCS CKaJSIPHBIMU (B
npoieccax C XHMHYECKMMHM peaklMsMH, a Takke C OOBbeMHOM
BS3KOCTBIO), Ipyrue — BEKTOpaMM (MMOTOKM MAacchl M TEIUIOTHI), a Tpe-
TbU — TEH30paMHU (B MpoIeccax CO CIBUTOBOH BSI3KOCTBbIO). B 3aBu-
CMMOCTH OT CHMMETPHMH Cpelbl cHcTeMa JIMHEHHbIX ypaBHeHuMi (14.1)
JOJDKHAa OBITh HMHBAapMaHTHA OTHOCHTEIBHO COOTBETCTBYIOLIMX Op-
TOTOHAJILHBIX Tpeobpa3oBanuid. [Ipym mpeobpa3oBaHMAX KOMIOHEHTHI
BXo/siuwx B (14.1) pasiuMuHBIX BEJIMYMH NMPEOOPasyIOTCA MO-pasHOMY,
B TO BpeMsl KaK YCTAHOBJICHHAasl CBSI3b MEXJY IIOTOKOM M CHJIOH
HE MOXET M3MEHSTHCS NP Npeobpa3oBaHusix. ITO NPUBOJMT B CiIy4dae
H30TPOTHBIX CHUCTEM K COXPAHEHHIO CBSA3€H JIMIIb MeXAy NOTOKaMH
M CHJIAaMH OJHOW TEH30PHOM Da3MEpPHOCTH, YTO BBIPAXAET MPUHYUn
Kiopu o coxpanenuu cummempuu npuuuHbl 6 CUMMEMPUU CAEOCMBUIL.
[ToaTomMy, XOTS corylacHO JIMHERHOMY 3akoHy (14.1) xaxxmas nekapToBa
KOMIIOHEHTa TMOTOKa [; MOXET 3aBHCETb OT [EKapPTOBBIX KOMIIOHEHT
BCEX TEepMOJMHaMH4eckux cuJi, no npuHuuny Kropu B 3aBucumoctu
OT CTPYKTYpHl (CUMMETpPHUM) Cpellbl MOXET OKa3aThCs, YTO KOMIIOHEH-
TBI IOTOKOB OyAyT 3aBHCETb HE OT BCEX KOMIOHEHT TepMOAMHaMMYec-
KUX CHJI U, CJIENOBAaTeJIbHO, HE BCE MPUYMHBI BHI3bIBAIOT NMEPEKPECTHBIE
abdexTel. Hanpumep, B pe3ysibraTe XUMHYECKOH peakiu (CKaJisipHbIi
nmporecc) He MOXET BO3HUKHYTh Mu(dy3MOHHBIA NOTOK (BEKTOPHBIA
MpoLEecc).

OcHOBHOE ypaBHEHME HepaBHOBECHOH TepmomuHamuku (13.3) npu
UCIOJIb30BAHUM JIMHEHHOTO 3aKOHa U COOTHOIIEHWHM B3aMMHOCTH
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Oncarepa 1MO3BOJISIET YCTAHOBUTH OOIME CBS3M MEXAY KHHETHYECKUMH
ko3(duIMenTaMl pa3IMYHBIX MPOLECCOB MNEpeHOca B paccMaTpHBa-
€MOH CcHCTEME.

§ 67. BAPUALIMOHHBIE TMTPUHLMIIBI TEPMOJUHAMMKHA
HEOBPATUMBIX INMPOLIECCOB

OCHOBHBIE 3aKOHBI M YpaBHEHUS TEPMOINMHAMHMKHA HEOOpaTUMBIX
HPOIIECCOB OBbLIIM YCTAHOBJIEHBI B pe3yJibTaTe 00OOIEHUs KiIacCHuecKon
TEPMOJMHAMHMKH U 3aKOHOMEPHOCTEN M3BECTHBIX JIMHEHHBIX MPOLECCOB.
I[ToMuMo Takoro HMHAYKTUBHOTO MNyTH BO3MOXEH W [JpYrod myTh
M3JIOKEHUS! TEPMOJMHAMHUKM HEOOPATHMBIX INPOILECCOB, MPH KOTOPOM
€e YypaBHEHUS [eAYKTHMBHO TIOJIYYarOTCS K3 HEKOTOPOro oOIIero
NpUHLOMNA Kak Ul HEpaBHOBECHBIX MPOLECCOB OOIIEro Tuma, Tak
U Ul TIPOLIECCOB HEKOTOPOTO OrpaHMYeHHOro kjacca. B MexaHuke
U 23JIEKTPOAMHAMUKE TAKOW MYTh XOPOILUO HM3BECTEH.

IIpu nepBonayanbsHOM (GOPMHPOBAHHM MOHATHE TEPMOJMHAMMKH
HeoOpaTUMBIX TpoleccoB OoJiee LesiecooOpa3eH MEPBBIN MyTh U3JIOXeE-
Hus. IIpu 3aBepiuaromeM cTaHOBJIEHHH TE€OpHMM HEOOPATHMBIX MpOIEC-
COB W JUIS NMPUIAHUS €€ M3JIOKEHHUS 3aKOHYCHHOCTH M CTPOMHOCTH
CIIyXWT [JEeNyKTUBHBI METOJ, Takxe YHOOHBIM I aHaju3a.

Oncarep mepBbiIM nokazajd (1931), 494TO ero COOTHOIIEHWS B3a-
UMHOCTH [UIs JIMHEHHBIX TPOLECCOB 3KBUBAJIEHTHBI HEKOTOPOMY
BapHAaMOHHOMY TPHHLMINY, KOTOPbIA OH Ha3Bajl NPUHYUNOM HAUMEHb-
wezo paccesnun 3Hepeuu. Takoe Ha3BaHME OOYCIIOBJIEHO Te€M, 4TO
B CTallMOHAPHOM cCJIyYae NPWHLMI BBIPAXAaeTCI MUHMMYMOM BBe/IEH-
Hbix OHcarepoMm auccHMnaTUBHBIX GyHKIMA (GYyHKIMA paccesHus):

o, X)=3 ¥ LaX;X,>0, (14.9)
i,k=1
o, 1)=% Y Li'L1L>0, (14.10)
KOTOpBIE, KaK H b=t
o(l, X)=Y IX, (14.11)
i=1

SIBJISIFOTCS  JIOKAJIBHOH Mepoil HeoOpaTUMOCTH ¥ OTJMYAKOTCS Py
OT Jpyra JIMIIb CIOCOOOM ONMMCAaHUS HEPaBHOBECHOTO COCTOSHHS.
OueBUIHO, YTO B cily4ae JIMHEHHBIX 3aKOHOB G paBHA YIBOEHHBIM
muccunatuBHBIM QyHKmmsM OHcarepa.
Hcnonw3ys cootHomenus B3ammHocTH OHcarepa (14.2), HeTpymHO
MOKa3aTh TMOTEHIMAJBHBIM XapakTep Bcex 3THx (yHkmmit. B camom
nene, u3 Bbipaxenus (14.9), Hanpumep, HaXOmaUM

2 _1=Y LyX, (14.12)
axi k=1
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al, al,

(’TX_,,——— ik = ki=5(;a

(14.13)
oTkyaa cienyer, uro ¢yHkums @ (X, X) [kak ®(,]I) u o(], X)]
SIBJISETCS HepaBHO8eCHOl nomeHyuatbHou gynkyueti. IIpu 3TOM nepBbie
npousBoaHble 3TOH ¢yHKimu (14.12) BbIpakaloT JIMHEHHBIA 3aKOH
(14.1), a BTOpBIE NMPOM3BOAHBIE OSKBHUBAJICHTHBI COOTHOIICHHUSM B3a-
umHoct Omcarepa (14.2).

B 1947 r. H. IIpuzoxncur yCTaHOBWI, YTO CTAlMOHAPHBIE MPOIECCHI
XapakTepu3yloTCsi MHHMMYMOM BO3HMKHOBEHMs J3HTponud. J[lonroe
BpeMs CYMTAJIOCh, YTO mnpuHIMN I[IpuroxuHa sBISETCS HOBBIM
HE3aBUCUMBIM NPUHIMIIOM TEPMOAWHAMHUKH HEOOPaTUMBIX MPOLECCOB.

B 1965 r. Jvapmamu® mpemioxun Gosiee o6y GopMyIMpOBKY
BapHaNMOHHOTO TPHHIMINA HAUMEHBIETO paccesHUs SHEPIUHd M TO-
Kaszaj, yTo B oTimMuue oT mpuHiuna Owncarepa npuHmun [Ipuroxuna
CTpaBeUIMB TOJILKO IS CTAaMOHAPHBIX MPOLECCOB M B 3TOM Clly4ae
9KBMBAJIEHTEH NPUHIMNY HAUMEHBILETO PpACCesHUS ISHEPIHH.

B 1961 r. Iuzaep** chopMyMpoBaj NPUHIUI MAKCHMAJILHOM
CKOPOCTH TOPOXIEHHS 3HTPOINMH, COTJIACHO KOTOPOMY CHUCTEMa,
TMOABEPXKEHHAS NEMCTBHIO 3aJaHHBIX TEPMOJIMHAMUYECKMX CHJI, CTpe-
MHTCS K CBOEMY KOHEYHOMY COCTOSIHHIO KpaT4aWIlIMM BO3MOXHBIM
CrocoboM (C MaKCUMaJIbHbIM TIOPOXAEHUEM SHTPONUM NPU NMpUOIHKe-
HUM W30JIMPOBAHHOM CHUCTEMBI K COCTOSIHUIO C MaKCHUMAaJIbHOW 3HT-
pomnmeit). Llurnep mokaszal, 4TO €ro NMPUHIMI 3KBUBAJICHTEH NMPHHIMITY
Omcarepa.

Taxum obOpazom, Hambojee oOLMM BapHMALMOHHBIM TNPUHIMIIOM
TEPMOJMHAMUKYA HEOOpPATUMBIX TPONECCOB SIBJISCTCS TNPUHIUN MHU-
HAMAJIbHOTO PpaCCEesiHUSI JHEPTHH.

B 1967 r. HU. ®. baxapesa*** chopmyiuposaia oOLmMi BapHaly-
OHHBIY TPUHLMI HEPABHOBECHON TEPMOAWHAMUKA Ha OCHOBE aHAJIOTHA
¢ JsarpamxeBoil (GHOpPMOH aHATUTHYECKOH MEXaHWKH, CIpaBeIIUBbIH
Kak B JIMHEHHOM, Tak W B HEJUHEHHOH oOiactw.

B 1982 r. uHTerpanbHble BapWalMOHHbIE IPUHIMILI TEPMOJIHU-
HaMUK# HeoOpaTUMBIX mnponeccoB Obutn mnpemitoxedst U, IT. Boi-
POMOBBIM* ***),

Bapuanuonnpiii npunmun Oncarepa. CorjlacHO 3TOMY [MPHHIMITY,
IUISL AEHCTBUTENIBHO NPOMCXOMASAIIETO B CHCTEME Mpolecca BbIpaKeHHE

pS+divI,—o (X, X)=c(, X)—¢ (X, X) (14.14)

* Cm.: Jpsipmat M. HepaBHoBecHas Tepmonusamuka. M., 1974.
**¥) Cwm.: Huraep I'. DxcrpemMabHble NPHHIMIE TEPMOAMHAMHKHE HEOOPATHMBIX
MPOLECCOB M MeEXaHWKa CIUIOHMIHOH cpeapl. M., 1966.
**%) Cwm.: Baxapesa V. ®. Henmneiinas nepaBHOBecHas TepMOAMHaMuka. CapaTos,

**%%) Cm.: Boipogos M. TI. O BapHallMOHHBIX HPMHIMNAX (EHOMEHOTOTHYECKOM

TEPMOJMHAMHKM HeoOpaTuMbIX mpoueccoB //XKypH. dusndeckoit xumunm. 1982. T. 56.
Bemm. 6. C. 1329—1342.
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AMeeT MaKCHMyM MO CPAaBHEHHIO CO BCEMH BHPTyaJIbHbIMH HeoO-
paTHMBIMH TPOIECCAMH C TEMH € NOTOKaMH, HO DPa3JMYHBIMH
COTIPSKEHHBIMA MM CHJIaME™),

HewcteutenbHo, Bapbupys (14.14) mo cuiam X; mpd mOCTOSIHHBIX
MoToKax I; mojiyyaem

n l n
6[(’(L X)—o(X, X)]1=5[ Z IiXi_E Z LikXiXk]I=
i=1 k=1

= Z IiSXi_ Z LikaSXi= Z (Il_ Z Lika)SXi (14.15)
i=1 i,k=1 i=1 k=1
4TO MPU HUCMOJIb30BAHUU JIMHEHHBIX 3akOHOB (14.1) mpuBOomMT K yCio-
BUIO 3KCTpeMyMa

5 (c—@);=0. (14.16)

Tak xak miccunaTuBHBIA moTeHimal (14.9) sBiaseTCS OXHOPOAHBIM
KBaJ[pAaTHYHBIM ¥ TIOJIOXKUTEJIBHO ONpE/CIEHHBIM BbIpaXEHHEM He3a-
BUCHMBIX CHJI X;, TO 3KCTpeMyM, ompejeiiseMblii yciaosuem (14.16),
MOXET OBITh TOJIBKO MaKCHMYMOM.

OueBunHO Takxe, uro npuHmun Owmcarepa (14.16) comepXuT Kak
JWHEHHBIA 3aKOH, TaK M COOTHOIIeHHs B3auMHocTH OHcarepa,
NOCKOJIbKY BBIMOJIHEHHE SKcTpemyMa (14.16) HemocpeacTBEHHO MpHU-
BomuT K BbipaxeHusMm (14.1) u (14.2).

Bapuayuonnwiii npunyun Oncazepa Moxet ObITh cHopMysupoBaH
Kak B JIOKaJbHOH (mubdepenmmanbHoit) dopme (14.16), Tak u B Trjo-
OanbHOM (MHTErpaibHON) (opme:

5[ [o—@];dV=0 (14.17)
1 4

NnJIn . .
[P—9]);=[S+S*—];=max, (14.18)
rac

P=[odV=[pSdV+[divL,dV=S+S*,
| 4 |4 |4

d=[odV.
| 4

N3 oOmeil unTerpanbHoi ¢opmel npuHimna Omncarepa (14.18)
JIETKO HAWTH ero vacTHble (GOpMBI Ui HEOOpaTHMBIX MPOILECCOB
B aquabaTHO W30JIMPOBAaHHBIX CHCTEMax W IS CTAlMOHAPHBIX
NPOIIECCOB B OTKPBITBIX CHCTEMaX.

* [Mpuauun Owncarepa MoxeT ObITh CHOPMYTHPOBAH ¥ C NOMOINBIO  JHC-
cunatuBdoro noreHuuana @ (7, I). Hecmorps Ha To 4TOo dyHKIMH paccesdnus ¢ (X, X)
u @ (I, I) >xBUBaJIGHTHBI IpYr IpYry, kak moka3an JlpapMmaTi, Goyiec panuoHaIbHBIM
ABJIAETCA MCMOJIb30BaHHe QyHKIMA © (X, X).
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1. B cinydae HeoOpaTHMBIX MPOIECCOB B aauabaTHO HU30JIUPOBaH-
HbIX CHCTEMax MOUIHOCTh NMOTOKA SHTpomud S* CKBO3b NMOBEPXHOCTH
CHCTEMBI DaBHAa HYJIIO, MO3TOMY IUIS TaKUX MPOLECCOB U3 (GopMyibl
(14.18) Haxomum

[S—$],=max. (14.19)

2. Ilpu cranmmoHAapHBIX MPOLECCaX B OTKPBITHIX CHCTEMAaX MOJIHAS
SHTPOMUS CHCTEMBI NOCTOsIHHA (S=0) ¥ BeJIMYMHA S* MPH MOCTOSHHBIX
norokax / 3ajaHa, MOITOMY JUIS CTAIMIOHAPHBIX MPOILECCOB

[$*—¥],=max (14.20)
WIn

Y= [ydV=min (14.21)
v

OTo 03Ha4YaeT, YTO NpH CTAIMOHAPHBIX MPOIECCaX B OTKPHITHIX
CHCTEMaX MUCCHMNAIMS JHEPTHM MUHMMasibHA. CTanMOHapHBIE MPOLEC-
Cbl B HM30JIAPOBAHHBIX CHCTEMax, OYEBUAHO, HEBO3MOXHBI, TaK Kak
JUIsl TOJAAEPXAaHUS 3THX IPOIECCOB HEOOXOMUM IOTOK IHEPIUH.

ITpunmmn MunmMyma npou3soacTsa JuTpomuu Ilpuroxmma. Bompoc
o cnenuduyeckol 0COOEHHOCTH CTaMOHAPHBIX HEOOPAaTHMBIX MpOLEC-
COB, OTJMYAIOLIEH MX OT HECTaMOHAPHBIX INPOLECccoB, oOCyxkmascs
MHorumu ¢u3nkamu u 6uosnoramu. KoHKpeTHO Bompoc 3akiirodalics
B YCTAQHOBJICHHH (GU3U4ECKOH BEJMYUHBI, KOTOpas MPH CTAIMOHAPHOM
npomecce uMesia Obl 3KCTpeMaslbHOE 3Ha4YeHHe, MOAOOHO TOMy Kak
PaBHOBECHOE COCTOSIHHE XapaKTepU3yeTcs MAaKCHMaJbHOW SHTpOIHEH.
Otser Ha 3TOT Bompoc Obu1 gaH OHcarepoM B BHJE NpPUHIMIA
HauMEHBUIETO DPAcCEesiHUsl SHEPrUM M He3aBUcUMO OT Hero Ilpurosxwu-
HbIM B BHMIE MPUHYUNA MUHUMYMAQ NPOU3BOOCMEA IFHMPONUU. CMayu-
OHApHOE COCMOAHUE CUCHEMbl, 8 KOMOPOU npoucxooum Heobpamumbiii
npoyecc, Xapakmepuzyemcs mem, Ymo CKOPOCMb 603HUKHOBEHUA IH-
mponuy umeem MUHUMAAbHOe 3HAYEHUe NPU OAHHBIX BHEUHUX YCAOBUAX,
npenaAmcmgyIoWux O0CMUNCEHUI) CUCMEMOLI PABHOBECHO20 COCMOAHUA.

YcraHoBuM 3TOT mpuHimmn, cienys [Ipuroxuny, mus dero ompe-
JeJIMM TIPOU3BOJACTBO 3HTPONHM NPH TNEPEHOCe SHEPTWH W BeUlecTBa
MEXAy OByMs (a3aMH ¢ pa3HbBIMH TeMIEpaTypaMH.

CornacHo dopmynam (14.11) u (14.1)

o=0LX\+5L,X,, I)=L1X\+L;X,, L=L; X1+LX;,

rae I, —noTok TENJIOTHI; I, —mnoTok BEILECTBA;
X1 # X, —CONpSIKEHHBIE 3TUM MOTOKAM CHIJIBI.

Ilpn 3amanHO# pa3HocTH Temmepatyp (X;=const) cocTosiHHE
cucTeMbl W3 ABYX ¢a3 OydeT cTanMOHAPHBIM, €CJIH IOTOK TEIIOTHI
I, nocrosHeH (I;=const), a mNOTOK BemiecTBa [, paBeH HYJIIO
(Iz=Ly; X1+ L3, X,=0). Ilo3ToMy C y4eTOM COOTHOIUEHHS B3aUM-
Hoctu OHcarepa L;,=L,; NpOU3BOACTBO SHTPONHMH B CTAIMOHAPHOM
COCTOSIHUH
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G=L11X%+2L12X1X2+L22X%>O.
IMpousBoanass 3Toi GyHKIMH 1O X, NPH TMOCTOSHHOM X
(56/6X2)X1=2(L21X1+L22X2)=212=0,

YTO SBJISETCA YCJIOBHEeM J3KcTpeMyMa. [lockosibky © sBiseTCs TO-
JIOKUTEJILHOM KBaJpaTW4HOM (yHKumeH, TMOJIyYeHHBIH 3KCTpEMyM
COOTBETCTBYET MUHHMYMY.

3TOT BBIBOX Jierko o0oOIaeTcs Ha Ciy4ail 7 HE3aBUCUMBIX CHJI
X4, .., Xp, W3 KOTOPBIX Kk cuil Xy, .., X; C TMOMOIUBIO KaKAX-THOO
BHEUTHUX BO3JIEHCTBUH OCTAIOTCSA MOCTOSHHBIMH (4€MY COOTBETCTBYET
MOCTOSIHCTBO TOTOKOB Iy, ..., Iy). IIp MuUHMMalbHOM BO3HHKHOBEHHH
SHTPOIMH O BCe MOTOKM ¢ HoMepamu k+1, k42, .., n wucuesaror
U CUCTEeMa HAXOMUTCA B CTallMOHAPHOM COCTOSIHUH.

ITo me I'pooty, cuctema HaxoOUTCSd B CTaLMOHAPHOM COCTOSHUU
k-ro mopsinoka, eciii W3 n HE3aBUCUMBIX CWJI k (UKCHPOBaHBI U IPH
3TOM BO3HUKHOBEHHE OJHTPONUH HMeeT MHUHMMYM. Torija TOTOKH,
CONpSDKEHHble HEQPUKCUPOBAHHBIM CHJIAM, MCYE3alOT ¥ BCE MapaMeTphl
COCTOSIHASI CHCTEMbI NMPUHUMAIOT NMOCTOSHHOE BO BPEMEHU 3HAUCHUE.

Ecim Hu onHa u3 cui He Qukcupyetrcst (k=0), HO BBIOJHIETCS
yCJIOBHE MHHAMYMa BO3HUKHOBEHUSI SHTPOIHUH, TO TOI/AA BCE MOTOKHA
¥ BO3HHUKHOBEHME JHTPONUM DPaBHBI HYJIO W, CJIeIOBATEJbHO, Takas
CcHCTEMa SIBJIIETCS 3aMKHYTOM # paBHOBecHO#H. Takum oOpasom,
CTallMOHAPHOE COCTOSIHHME HYJIEBOTO MOPSAKAa COOTBETCTBYET TEPMO-
JUHAMHYECKOMY PAaBHOBECHOMY COCTOSHUIO U30JUPOBAHHOW CHCTEMBI.

HerpyaHo mnoka3aTb, 4TO NPUHOUI MHHHMYMa BO3HHKHOBEHHUS
SHTPONUYU HEMOCPEJCTBEHHO CJelyeT W3 TpUHIMIA MUHAMAaIbHOU
maccunamuu sHepruu OmHcarepa B cramuoHapHoM ciydae (14.21),
TIOCKOJIKY TIpH JIMHEHHBIX 3aKoHax muccunatuBHas (ynkmus (14.9)
paBHa NOJIOBMHE npou3BojcTBa 3HTpormu#d (14.11) ¥ MX MUHEMYMEI
coBnagaroT. IlpuHIMN MHHUMAJILHOTO MPOW3BOACTBA IHTPOIMH CIpPa-
BEIUIMB TOJILKO B cCJly4ae, KOIJAa KUHeTH4Yeckue Ko3hPUIHEeHThI
TIOCTOSIHHBI ¥ YJOBJIETBOPSAIOT cooTHouueHusasM OHcarepa. Ecmu ata
yCJIOBUSL HE BBINOJHSIOTCS, TO CTalMOHAPHOE COCTOSIHHE peau3yeTcs
0e3 MHHMMAJBLHOTO TPOU3BOJCTBA JHTpONUH. Tak, pacnpenesicHue
TeMIepaTypbl B NPOIECCE PACIpPOCTPAHEHWsS TEIUIOTHI B CJIOE MEXAY
TEIUIOUCTOYHUKaMH ¢ TeMmmepatypamu T; u T,, COOTBETCTBYIOIIee
MUHUMYMY TPOU3BOJCTBA SHTPOIMHU, HE SBJISETCS CTAIMOHAPHBIM TPH
ko3bduimente TemtonposonaHoctd ®=C/T3 cnoa (C— KOHCTaHTa).

§ 68. YCTOHMUMBOCTH CTALIMOHAPHBIX COCTOSIHUN,
NMPAHUUIT JIE WATEJIBE U HEBO3MOXHOCTDb YIIOPAJOUYEHUA
B OBJIACTU JIMHEVIHBIX HEOEPATHUMBIX ITPOLIECCOB

CornacHo paBHOBCCHOﬁ TCPMOAWHAMHUKE, HU30JIMPOBAHHAs CHUCTEMaA
C TCYCHHUEM BPEMCHU IIPHUXOJAUT B PABHOBECHOEC COCTOSSHHEC C Mak-
CHMAJIbHOM! 3HTp01'II/IeI71, a CACTeMa B TEpMOCTATE IIPpA INOCTOAHHOM
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o0beMe —B PaBHOBECHOE COCTOA-
€ ¢ MHUHUMaJIbHOH 3Heprue
ub0ca W T. . AHAJIOTHYHO, KakK
MPKa3bIBA€T ONBIT, B CHCTEME, Ha-
XOOdIIecss mod BO3JEHCTBHEM HE
3aBHCAIMX OT BpeMeHH (aKTOPOB,
MO TPOLIECTBHA HEKOTOPOro Bpe-
MEHH yCTaHABJIABAETCS CTAalMOHAP-
HOE COCTOSSHME C MHHUMAaJIbHBIM
MPOU3BOACTBOM 3HTporu ©. [Ipum
BAPTYAJILHOM W3MEHEHUH COCTOS- Puc. 47.
HHASL TaKOW CHUCTEMBI, AOCTATOYHO
OJIM3KOM K paBHOBECHIO, OHA CHOBa BO3BpAILACTCS B NEPBOHAYANLHOE
cranroHapHoe cocrosiuue (puc. 47; p® —3HaueHre napaMeTpa CACTEMEI
B CTAalMOHAPHOM COCTOSIHHH). 1o yka3plBaeT Ha YCTOWYMBOCTD
CTaIMOHAPHOTO COCTOSIHHS.

IIpu BHEIIHEM BO3NCHCTBHM HAa CHCTEMY B CTAllMOHAPHOM CO-
CTOSHMM B HeW BO3HUKAIOT BHYTPEHHHE TMOTOKH, OCIa0nsrouye
pe3ybTaThl 3TOTO Bo3xaelcTBUst (npunyun Jle ILlamesve B JAHEHHON
TEpMOIWHAMHUKE HEOOPATHUMBIX MPOLECCOB).

TaxuMm o6pa3om, B 00acTé JMHEHHOCTH HEOOPATHMBIX MPOIIECCOB
MPOU3BOACTBO JHTPONMH HUIPAET TaKyI0 XK€ POJib, KAK ¥ TEPMOJIH-
HaMHMYeCKHe NOTEHIMAJbI B TEOPUM DPABHOBECHBIX CHCTEM.

IIpu otcyrcTBMM BHEIIHWX TOJieH OnuW3KHE K PaBHOBECHIO CTalU-
OHApHBIE COCTOSIHHAS OOHOPOAHBI B TpocTpaHcTBe. M3 ycroiumBOCTH
3THUX COCTOSIHMM CJIE[lye€T, 4YTO CINOHTAaHHOE BO3HHUKHOBEHWE YNOPS-
IIOYEHHOCTH B BH/IE NMPOCTPAHCTBEHHBIX MJIM BPEMEHHLIX pacmpejielie-
HUM, Ka4eCTBEHHO OTJIMYHBIX OT pPaBHOBECHBIX, HeBO3MOXHO. Kak
Oyner mokazaHo B 1. XV, MOJIOXKEHWE MOXET PE3KO H3MEHUTHCS
Ul CUCTEM, [AJIEKUX OT pPaBHOBECHUS.

PaccmoTpuM Teneph HEKOTOpble NMPUMEHEHWS HEPABHOBECHOM Tep-
MomuHamuku OHcarepa.

§ 69. TEPMOJJIEKTPUYECKME SABJIEHWSA

OmHuM U3 BaxHEHIIMX TNPUMEHEHWH JIMHEHHOM TEepPMOJMHAMUKY
HEOOPAaTUMBIX IPOIECCOB SBJSIETCS TOCTPOCHHE TEOPHH TEPMOIJIEK-
TPUYECKHX SBJCHMH, KOTOpBIE Bcerga CBSI3aHBI C HEOOpaTHMBIM
IIEPEHOCOM TEIUIOThI. DKCINEPHUMEHTAJNILHO U3BECTHBHI TPH TEPMOIJIEK-
TPUYECKUX SBJIEHUS B H3OTPONHBIX Tejax.

1. Opgexm 3eebexa: Ha cThIKE IBYX Ppa3jMYHBIX MPOBOAHHMKOB,
HMEIOIIMX pa3HocTh TeMmnepatyp d7, BO3HHWKaeT 3. A.cC. &=o4,dT
(a1 =014 — 0ty — KOIDPUIMEHT TEPMO-3. [1. C. MEXAY JaHHBLIMH IPOBOI-
HUKamu; o — koadduiment qur))(bepeaunanbﬂon TEPMO-3. 1. C. JaH-
HOTO HpOBOIIHPIKa) IToaroMy ecnu u3 OBYX pa3jMYHBIX MPOBOJHUKOB
COCTaBUTL 3aMKHYTYIO HENb M MeCTa HX KOHTAKTOB TMOJAEPXHBATH
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NpU pa3jMYHbLIX TEMIIEpATypax, TO B 3TOM LEN: BO3ZHUKAET 3. I. C.*.
BesmunHa of CYMTAETCA TOJIOKUTEIHLHOM, €cllM BO3HUKAIOLMHA B mpp-
BOJIHMKE TEPMOTOK Te€YeT OT TIopsA¥ero KOHTAaKTa K XOJOJHOMY.

2. Dppexm Ileabmpbe: TPU TPOXOXKACHUU DJIEKTPHYECKOTO TOKa
B TEpPMHYECKA OINHOPOJHOWA CHCTEME B MeCTe COeNUHEHMS [BYX
pPa3MYHLIX NPOBOJHUKOB BBIEJSETCS WJIM MOTJIOINAETCS TEIIoTa
(mensoma Ilesvmove), TIPOMOPHMOHANBLHAS CHJIE TOKA.

3. Dppexm Tomcona: TPUA TPOXOXKACHUH IJIEKTPHYECKOTO TOKA
B TNPOBOJHMKE C TIpaJMeHTOM TEMIEPATYpPhl TNOMHMO JKOYJICBOH
TEIUIOTHI BBbIEJISETCS [100aBOYHOE KOJIMYECTBO TEIJIOTH (mentoma
Tomcona), NpONOPIUOHAILHOE TPAJUEHTY TEMIEpPaTyphl U CUJIE TOKA.

Hdns Teopetrdeckoro oObSCHEHUs ITUX SBJICHMH Hainem, moAoOHO
TOMY, KaK Mbl 3TO JeJiaJld B cliydae TemionpoBoaHoctd (cMm. § 65),
JIOKQJILHYKO CKOPOCTH BO3HUKHOBEHHS JHTPOIMH © B HEOQHOPOIAHOM
NMPOBOAHUKE TPH TPOXOXIACHUH MO HEMY TOKAa W HAJIMYUUA B HEM
rpajgdeHTa TeMmmepatypsl. bynem wucxomuts u3 ypaBueHuid (13.3),
(14.1), (14.2).

IlycTp TOK IUIOTHOCTH j NMEPEHOCHUTCS 3apslaMH —e (e>0) oA
nIedictBueM aJiekTpudeckoro mnojsi E= —grad @ (¢ —anexTpudeckuit
noteHimai). VI3MeHeHueM o0ObeMa BBLIIEJIEHHOH 4YacTd MeTajUla MpH
TIPOXOXIEHUHM TokKa OyneM mnpeHeOperath.

IIpn HaU4UM SJIEKTPUYECKOTO TIOJIsS PaBHOBECHE HACTYMAaeT B CIIy-
Yae pPaBEHCTBA OJJIEKTPOXMMHUYECKHX MMOTEHOHAJOB fi=p—e@, a He
XUMHYECKUX TIOTEHIMAJIOB L.

Eciii {1 OTHOCHTH K MOJIIO IBHXXYIIUXCS 3apsDKCHHBIX YacCTHII,
1o dN Oymer ompemensaTh HYMCIO MOJEH O3THUX YacCTUL, BXOIAIIMX
B JaHHBIH 00beM MeTasula, # ypaBHeHwe (13.3) OymeT UMeTh BHJI

TdS=dU—(u—Fg)dN, (14.22)

rae F=eN,—abcoyiloTHOE 3HAvYeHHWE 3apsia MoOJA 3JICKTPOHOB —
nocrosinHas Papanes, paBHas 96500 Ki/monp (N, — nocrosiHHas
Asorazpo), Tak uto W/F=p/(eNp)=E/e (§=p/Ns— xumudeckuit
MOTEHIMAaJ, paccyuTaHHbIM Ha | oasekrpoH). U3 ypaBHeHus (14.22)
NoJIy4yaeM

as_1oU 1 oN
= (u—=Fo)

_____ _5

wrta TV (14.23)

IMpousBonnyro ON/0t HalioeM H3 3aKOHa COXpaHEHHS 3apsja,
a npousBoaHyo 0U/0t—wu3 3akoHa coxpaHeHus sHeprud. Iloncrasus
ux B ¢opmyny (14.23), HalimeM BblpaxkeHHe I G.

Uucno Hocutesed 3apsga B 11 Meraiua paBHO NN, raoe
N—uucno Monelt ABUXYIMXCS 3apsfgoB B I T. Ecnn MaccoBas
3JeKTPOHHAs TUIOTHOCTL (T. €. Macca 3JeKTpoHoB B 1 cm® Meraa)

*) B uemM, cocTosmled M3 HBYX CBEPXIPOBONSILMX METAJUIOB, CNAM KOTOPHIX
HOMIEPXHUBAIOTCA NIPH DPAa3HBIX TeMIepaTypax, TepMoO-3.A.C. He BO3HHKAET.
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paBHA p, TO— pNyNe—3apsia emuHuNBl 00beMa H, CJIENOBATENHLHO,
00 3aKOHY COXpaHEHHWs 3apsia,

0

—E(——pNANe)=divj,

OTKyZHa
oN 1 ,. .
PS5 =7 divj. (14.24)

[Ipr npoxoXIeHHH TOKa Kaxiaas emuHuna obbema, ¢ omHOU
CTOpOHBI, TepsieT SHEPTrHI0 H3-3a TeoBoro mortoka I (3Ta moreps
paBaa—divI), a ¢ Opyroil CTOpOHBI, NMOJIy4aeT B €IWHUIYY BpPEMEHH,
BO-TIEPBBIX, 9JIeKTpHyeckyro sHepruio (j, E) u, Bo-BTOpHIX, HOMOI-

0 o
HATENLHYIO NOTEHIHMATLHYIO HEPIHIO (—pNaNe)o=—qdivj Bcnen-
CTBHE BO3pacTaHWs 3apsAa eAMHunbl obvema. Takum oOpasom, mo
3aKOHY COXpaHEHHs JHEpTHH,

p 2= —divI+(j, E) - divj (14.25)
IMoncrasnsas dopmynsl (14.24) u (14.25) B (14.23), noayyaem
p%§+div%[l+§j}=
L) A i &
—T{I, Tgrad T)+<J,E+ T grad eT)}' (14.26)

3TO ypaBHEHHE TMOKAa3bIBAeT, YTO W3MEHEHWE SHTPOINUH B JAHHOM
MECTE MOXET NPOUCXOMUTH KaK 3a CYET MPUTOKA 3HTPONUHM W3BHE,
TaK ¥ HeOOpaTHMBIX MPOLECCOB, MNPOTEKAIOIMX BHYTPH HaHHOTO
obbema. 3amumieM 3TO ypaBHEHHE B BHIE

pDtdivl,=o, (14.27)
roe L= % [I+&j/e ] —mnoTHOCTS TMOTOKA 3HTpONHY;

Ly =L i L]
o== {(I, - grad T)+<], E+ T grad Te)} (14.28)

— JIOKQJIbHBI TPUPOCT JHTPONMMM B €IUHUILYY BPEMEHH.
Bripaxenne (14.28) B COOTBETCTBMM C ONpEAEIEHHEM CHII
OHcarepom

1
—?Zi, LI
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sByseTcs JMHEHHON ¢yHKiMedl motokoB I u j. Camu Xe NOTOKH,
coTjlacHO JiMHeNHOMY 3akoHy (14.1), ecTh jmHelHble GYHKLMU CTOSIIUX
npu HuX B ¢dopmysie (14.28) xo3d¢unueHTOB:

I= —Lu—]];grad T+L12<E+ Tgrad;“‘i), (14.29)

. 1
i=—Ly; -];grad T+L22<E+ Tgrad%).

Cornacio dopmyiie (14.2),

Li;=Ly;. (14.30)

Pemas ypaBHenust (14.29) otHocutenvHo 1 w E, monyuaem
I= —xgrad T—1IIj, (14.31)
=— ] agrad T— gradg (14.32)

rae xo3boumuentsl ¥, I1, o, 1/c Beipaxarorcs uepe3 Ly, Li,, L,y,
L,, v cMBICII HX JIETKO BBISICHUTD U3 aHaim3a Qopmyi (14. 31) u (14.32).

HeiictButensHo, u3 cootHowenus (14.31) nmpm oTcyTcTBHM TOKa
B NPOBOJHUKE TNOJy4YaeM

I=—xgrad T,

rA¢ ®— TEIUIONPOBOAHOCTD; U3 cooTHouueHus (14.32) mpu oTCyTCTBUH
TpagdeHTa TeMIepaTyp B OJHOPOJHOM IMPOBOIHHKE HMEEM

j=oE,

Ifle O — 3JIEKTPONPOBOIUMOCTD.
Ecmu B mpoBopmuke j=0, To dopmyna (14.32) mokaswiBaeT, 4TO
B TaKOM IIPOBOAHMKE cyiecTByeT noJje E, o6ycinosnennoe grad T u grad &:

E= —agrad T—grad &/e,

TAe o—mepmodsekmpoosuncywas cusa (TepMo-3. I. c.). Ecmm
grad T=0, To [cM. (14.31)] moTox Temnotsl I#0, a MMeeT 3HaYeHUe
ITj. 9ToT moTox obycnoBieH nepeHocoM 3apsina. Benwunna IT Ha3wiBa-
erca koagpduyuenmom Ilesvmue.

N3 cootHomenuss (14.30) HaxoouM CIEAYIOIIYIO CBSI3b MEXIY
ko3 dunuentamu I1 u o

M=aT. (14.33)

OTO COOTHOIIEHHE, Ha3BAaHHOE 6mopbim coomuouwehuem TomcoHa,
BIEPBBIE TIOJIy4WJ, TpaBla, COBceM JpyruMm nyTteMm, Tomcon. OuHo
BbIpaXXaeT B 4YacTHOM ciydae npuHimun OHcarepa.

N3 Boipaxenus (14.28) mis npow3BOACTBAa SHTPONMU BHJIHO, YTO
TepMoaAMHaMHuYeckue cuibl, mo OHcarepy, Ip¥ HEOOpaTHUMBIX MpoLec-
cax paBHBI
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a) MpH TEMJIONPOBOJHOCTH

X=— %, grad T;
6) NMpd TPOXOXIEHHUHM 3JIEKTPHYECKOTO TOKA
x=E= —grad g;
B) npu aubdy3un
x=-—T grad%

(3aMeTHM, YTO B [JAaHHOM ciyyae sJjekTpuyeckuit morox I,= —j).

PaccMOTpUM Temneph TEPMOIJICKTPUUECKUE SBJICHMS HAa OCHOBaHUU
MOJIYYEHHBIX YPaBHCHMM.

IIpencraBumM cebe pa3OMKHYTYIO UeNb M3 JBYX DPa3jM4HbIX
NPOBOJHMKOB C pas3Hoit Temnepatypoii. CormacHo ¢opmyne (14.32),
MEXIy 3THMH TPOBOJHUKAMH KpOME KOHTAaKTHOW DPa3HOCTH MOTEH-
IIMAJIOB BO3HMKAET TAKXE€ TEPMO-3. I. C., 3aBUcAIas OT (U3MYecKoi
NpUPOABI TPOBOJHUKOB () M HX TEeMIEpaTyphl:

2
(pTZ—(pTI=j.0th.
1

Ecimm Takas menb 3aMKHyTa M TeMIEpaTypbl CNaeB B Ppa3HbIX
Mectax paBHbl Ty u T,, TO B IENH BO3HUKAET TEPMO-3. . C.
T

2 1 2
E=§(E, dl)=fadT=[a; dT+[a,dT= | (o;—a,)dT,
1 2 T,

a npu HeOOJIBIION pPa3HOCTH Oy — 0Oy
TZ
&= j (0(1——az)de(ocl—ocz)(Tz—Tl),
Tl
rae 1T;—rTtemnepaTtypa XOJIOOHOTO cmasi, a 1, —Topsyero.

CrnenoBaTesIbHO, 8 3AMKHYMOU yenu mepmo-3. 0. C. B03MONCHA
AUWb 8 CcAyYae DA3HLIX Memdanlo8 Npu pA3HOU memnepamype Chaes.

Bo3HUKHOBEHHE TEPMO- 3. 1. C. OOYCIIOBJICHO TNepepacnpefesicHueM
HOCHMTeJIe TOKa BCJEACTBHE TIpajueHTa TeMIEpaTypBhl.

PaccMoTpuM TepMHYeckH OJHOPOIHYHO CHCTEMY HPOBOJHUKOB,
MO KOTOPBIM Te€YeT TOK IUIOTHOCThIO j. CoryacHo dopmyne (14.31),
B cJlyyae J[ABYX pa3HbIX TPOBOAHMKOB [ W 2 (IWIOMaAb CEYECHUS
1 cM? xaX[a0ro) K MECTy CThIKa 1O HATPABJIEHMIO TOKA IO TEPBOMY
NPOBOAHUKY mpuxomut B 1 ¢ sueprusa II;j, a yxomutr mo BTOpOoMy
npoBoanuky sHeprus II,j. CrnemoBarenbHO, B CTBIKE TaKMX INPOBOJ-
HUKOB BBbIAENSAETCS B BHIE TemIoThl (Temwiora IleiabThe) 3Heprus
(IT,—1I1,)j. D10 siBiCHMEe M3BECTHO NOX Ha3BaHWeM s¢gekma Ilers-
mve. Kakx BuaHo, Temnora IlenbThe mpomopmMoHajibHA cHJlE TOKa,
YTO COOTBETCTBYET OIBITY.
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Bo3bMeM Temepb TEpPMHUYECKM HEOAHOPOIHYIO CHUCTEMY C TOKOM
4 HaiiieM u3MeHeHue SHeprum poU/0t B eAMHWIy BpeMEHHU B eAWHMIE
o0beMa TakoW XMMHYECKHM ONHOPOINHOW cucTeMbl. COIJIacHO ypaBHe-
auio (14.25), npu mojacraHoBke B Hero BblpaxeHud s I m E u3
(14.22) u (14.32) B ciyyae TOCTOSHHOTO WIH MEIUJICHHO H3MEHS-
romerocsi Toka (korma divj=0) noayuaem

=div(xgrad T )+§+<%—a> (j, grad T). (14.34)

W3 storo BbIpaxeHHs BHIHO, YTO H3MEHCHHE OSHEPTMH B Tep-
MHYECKM HEOJHOPOJHOH cucTeMe OOyCIIOBIMBACTCS TeTLIONpoBOA-
HocThio div (x grad T), BbIeJICHHEM JUKOYJIEBOM TEIUIOTHI j 2/G U cOB-
MECTHBIM JeHCTBUEM TEIJIONMPOBOJHOCTH M  3JIEKTPONPOBOTHOCTH
(0T1/0T—a)(j, grad T').

KonnuecTBO TEMJIOTHI, AOMOJIHUTEIbHO BbIAEIAIOLIEECS B NPOBOJ-
HUKe BCJIEACTBUE TEMIIEPAaTYpPHOW HEOJHOPOAHOCTH, Ha3bIBaeTcs me-
naomoti Tomcona, a camo sBiaeHue — aggdexmom Tomcona. denome-
HOJIOTHYECKH 3Ta TEIUIOTa paBHA

gr="(j, grad T),
rae t—xoagppuyuenm Tomcona. Kax crnenyer u3z (14.34),

T=—m—o (14.35)

OTO COOTHOILUEHHE HAa3bIBACTCS Nepebim coomHouwlenuem Tomcoma.
Tennora TomcoHa MOXeT OBITb TNOJIOKUTENBHOM M OTpPHUIATEHLHOU
B 3aBUCHMOCTH OT 3Haxa ( j, grad T'). IIpu H3MeHeHNH HAaNpaBJICHAs WA
TOJIBKO j, WM TOJIbKO grad 7 Ha IPOTUBOMOJIOKHOE BEJIMYNHA ¢ MEHSET
3Hak. [lo ortoit npuumHe osddextr TomMcoHa HHOrAa Ha3bIBAIOT
obpamumbvim. Heobxommo, olHaKo, UMeTh B BHIY, YTO 3Ta «obOpaTH-
MOCTB» HE UMeEeT HUKAKOTO OTHOIIEHUS K TOMY NOHSATHIO 0OpaTUMOCTH,
KOTOpO€ BBOJMTCS Ha OCHOBaHHM BTOPOTO Hayajla TepMOJUHAMMUKH.
B 3TOM TepMoAMHaAMIYECKOM NTOHUMaHUU OOPaTUMOCTH U HEOOpaTUMO-
cTu sBjeHUe TOMCOHa SIBJISIETCS Heobpamumbim, TaK KaK NPENCTaBIISET
coboif yacTh mporecca, Hepa3pbIBHO CBSI3aHHOTO C TaKMMH HeoOpaTu-
MBIMHU SIBJICHHSIMH, KaK TEIUIONPOBONHOCTb M BBbIAEJIEHUE TEIUIOTHI.

§ 70. TEPMOMEXAHMYECKUN
W MEXAHOKAJIOPUYECKUI IOOEKTHI

IMono6HO TepMmoanekTpuueckoMy 3ddekty 3eebeka, TepMoMexaHUYEC-
Kuif 3¢ dexT COCTOUT B BO3HUKHOBEHHH Pa3HOCTH AaBJicHwid dp=p, —p,
B pe3epByapax C XHUIKOCTbIO, COEJUHEHHBIX KaNWJUISIPOM, TIpH
noafepXaHud B HUX pasHoctH Temmepatyp d7=T,—T,;. B cayuae,
KOorja pe3epByapbl OTHEJIEHbl OAMH OT APYTroro MOPUCTOH NEpPEropoj-
KO, 3TOT 3pdeKT HaA3bIBACTCS MEPMOOCMOCOM.
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SABnenue, oOpaTHOE TepMoMexaHM4YeckoMy 3ddexTy, T. e. MosBJe-
HUE Pa3HOCTH TEMIEpaTyp B pe3yjibTaTe CO3JaHMs Pa3HOCTH JaBJeHUM
B COCyIaX, Ha3bIBAETCS MeXaHOKAA0pUudecKum 3gdexmom.

PaccMoTpuM TeopHio 3THX IBYX HeoOpaTumsbix siBieHmit. Ilyctb
nBa cocyma I W 2 TNONAEPXHUBAIOT NpPU TNMOCTOSHHBIX TEMIlEpaTypax
T u T+dT. O6o3nauuMm: I;—mOTOK OSHEPTMM MexXIy COCylaMH,
I, —Bo3MOXHBINH nOTOK BemecTBa. COOTBETCTBYIOIIME 3TUM IOTOKAM
cuibl, coryacio Gopmyse (14.28), paBHBI

X;= —%grad T, Xp=— Tgrad%. (14.36)

[To nMHEHHOMY 3aKOHY,
Li=L X1+ L:X;, Li=Ly X+ L X, (14.37)

B crammoHapHOM cocTosiHMM TOTOK I, paBeH Hy/lO, a TMOTOK
sHeprud I ocraercs mocrosiHHONW BesmumHOM. [lostomy M3 dopmyn
(14.36) u (14.37) monyuaem

—L22X2 =L21X1 s L22 Tgradf;;= -%_—lgrad T,

L, dT
d<;>= o (14.38)
J1s OSHOKOMIIOHEHTHOM KHMIKOCTH

py_dp p _—SdT+Vdp
d<T>_T 7dT= T

_Prar=Ye,- 2
Tsz— po Tsz, (14.39)
rae V u H—o6beM W 3HTAJbINHMS MOJS XHUIAKOCTH.
IMoncrasnsst dopmyny (14.39) B (14.38), Haxomum
_c_l£=H_L21/L22
dr vr
a mucrnonb3ys cooTHowenne Omncarepa (Li;=L,;), uMeeM

dp_ LifLy-H

a7 = (14.40)

W3 3TOro BbIpaXXeHHs BHIOHO, YTO TEPMOMEXaHWYeCKui 3hdekT
OyAeT CylIecTBOBATh TOJBKO TOTJA, KOT/AA MOJISIpPHAs JHTAJIbIMS
XKUOKOCTH He paBHAa Opobu Li,/L,,. s BBISCHEHMsS CMBICIA 3TOM
JpoO¥ paccMOTpUM JBa cOocylJa NpH OAWHAKOBOW TeMmmepaType (CHia
X, paBHa Hymo). Torma u3 ypaBHenus (14.37) nosyvaem

Ii=1,Li2/Lss, (14.41)
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T. €. npodb Ly;/L,,=U* —snepeun nepenoca (3Heprus, NnepeHeceHHas
eNMHMIEed Macchl M3 cocylla I B 2 mpH H30TEPMHYECKOM TIIpoIecce).

Ilpn TakOoM mepeHOoce 3HEpruM B cocyAe [ TOANEPKUBAIOTCH
NIOCTOSIHHBIMHM TeminepaTypa 71 M [JaBJieHHEe p 3a CYeT TOTJIOIEHHUS
TewIoThl Q* OT BHEIIHETO TEIUIONCTOYHMKA W COBEpIICHUS paboThl
[ToaToMy M3MeHeHHMEe BHYTpPEHHEH SHEPrduM XMIKOCTH B cocyde / mpu
BBIXOJAE M3 HEro MOJIS >XHAKOCTA 1O TEpPBOMY Hayajly paBHO
—U=Q*-U*+pV, orkyna

0*=U*-H. (14.42)

KommuectBo Ttemnorsl Q*=U*—H, mNOIJOIMIEHHOE B COCYIE
1 MoneM >XHUIKOCTH, TEepeHeceHHOM M3 cocyma I B cocyl 2 mpH
NIOCTOSIHHBIX TeMIlepaType M Pa3HOCTM NaBJICHMM, Ha3bIBAa€TCS men-
aomot neperoca. Taxum ob6pazom,

dp %

T T (14.43)
U, CJIefOBaTeJIbHO, NPH TOJIOKUTEILHOM 3HaueHuH Q * B crammoHap-
HOM cocTOsSHMM O0oJjiee BBICOKOE [aBJICHHME YCTAHABIMBAETCS TaM,
rae Oojiee HHU3Kas TeMmepaTypa.

B xauecTBe KOHKPETHOTO MpHUMepa NMpUMeHeHHs ypaBHeHus (14.43)
paccMoTpuM 3ddext KHynceHa IS CTanMOHAPHOTO COCTOSIHHUS
paspexeHHbIX HAeabHbIX Ta30B C pa3HOH TeMmepatypodt B OBYX
cocyzax, COeIMHEHHbIX MajbIM oTBepcTHeM. Ha ocHOBaHMM KMHETHYeC-
KOM TeopHM JIeTKO HAWTH, 4TO 3HEprus NepeHoca Ha MoOJjb rasa
paBHa (cMm. 3amauy 14.3)

U*=2RT, (14.44)

a MoussipHas sHTanbmus H=U+pV=3/,RT+RT=">/,RT. Tlostomy
TEWIOTa TNepeHoca

Q*=U*-—H=-'/,RT (14.45)

HMeeT OTpULATEIbHOE 3HaYyeHMUe.
Iloncrasnss Beipaxenue (14.45) B (14.43), moayuuM coomuowierue
Kuyocena:

p2—p1 _ R _py P2—p1_ 1 TZ_TI

Tz—Tl 2V 2T D1 T

[_)3_1+1 Tz—-Tl 1+T2~'T1 Tz
P 2 T1

D1 P2
= , (14.46)

A/ Tl eV TZ

T. €. TIPU COCOWHEHUH KAIMLIAPOM IBYX COCYIOB C YJIbTpapa3pexeH-

HbIMH ra3amMu (utiHa cBOOOJHOTO mpobera MoJiekya Oosblie pas-
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MEpPOB COCyAa) C pa3HOM TeMmmepaTypoill naBiieHne Oyaer Oosblue
B TOM COCyZAe, KOTOpBIA ropsuee.

B o0OblMHOM cCiyuae HIEajJpHOrO rasa, T.€. KOrga OTBEPCTHE
MEXIY COCyAaMH TaK BEJIMKO, YTO ra3 MPOXOAMT MaKpOCKONUYECKUM
NOTOKOM, OJHEeprus mnepeHoca U™* BKIOYaeT KpOME€ BHYTPEHHEH
suepruu U ewe u paboty pV, tak d4ro

U*=U+pV=H, Q*=U*-H=0, dp/dT=0, p;=p,.

3AAYN

14.1. Haiith nuddepennmansiyo GopMy IMHAMUYECKOTO YPABHEHHS COCTOSHHA O[-
HOPOIHOH CHCTEMBI M, IOJIb3YACh MM, ONPENENIATh BBIPAXEHHA IS pejaKcallud
obbema, TeMnepaTypbl M JaBJIEHHS.

14.2. Bripasuts xo3bduumentsr ITenbThe, ToMCOHa M TEPMO3INIEKTPONBHXKYIUEH CHIIBI
Yyepe3 NMOTOK OSHTPONMM, BbI3BAHHBIH [BHXKEHHEM 3apSXEHHbIX YACTHLI.

14.3. BerycnuTh cpedHiolo dHepruto U*, mepeHocHMylo MosieM rasa Kuyidcesa npu
TIPOXOXJCHUHM Yepe3 Majoe OTBEPCTHE, COENMHSAIOLIEE [Ba pe3epByapa C ra3oM.

14.4. TToxa3aTb, 4TO NPH YCTAHOBJIEHUM CTALHOHAPHOTO COCTOAHMS B IBYX COEIMHEHHBIX
KanmwuispoM tocyhax ¢ rasoM KHynceHa 3HTponHs rasoB yMEHbIIAETCA.



I'JTABA TIIATHAJUATASA

OCHOBBI HEJMHEWNHOW
HEPABHOBECHOW TEPMOJAWHAMMKMU

B nocnegHue rogbl pabomamu pspga asmopos,
u npexge scero WN. [lpuroxuHa u [1. (neHcgopga,
6bi1a pas3Buma mepMojuHamMuKa CUJIbHO Hepas-
HOBECHbIX CUCMEM, B KOMOPbIX CBSA3b MEXZy mep-
MOQuUHaMU4YeCKuMuU nNomoKamu U cusamu nepecma-
em 6bimb J/IUHEUHOU, @ MaKkXXxe He BbINOJIHAIOMCS
coomHoweHuss B3aumHocmu OHcarepa.

3Omo HoBoOe, fanieko euje He 3aBepLIeHHOoe u3u-
yeckKoe y4eHue, NOJly4uBLIEE Ha3BaHUE HEIUHENHOU
HepaBHOBECHON MepMoguHaMuKu, npusogum K BO3-
MOXKHOCMU CNOHMAaHHOro BO3HUKHOBEHUSI ynopsifo-
YeHHbIX CMPYKMyp B pPasfiuvHbIX CUSIbHO Hepas-
HOBECHbIX OMKPbIMbIX cucmemax, m. e. K npoyeccy
ux camoopraHusayuu.

OmpgenbHbie npumepbl Nogo6HbIX npoueccosB O6binIu
usBecmHbl. 3mo ob6pa3oBaHue s4YEe4YHOU CMmpyK-
mypbl B HEO4HOPOLQHO Harpemom ropu3oHmMasibHOM
croe xugkocmu, BO3HUKHOBEHUe mypOyneHmHo-
cmu, Buxped u m. g.

O6ujum BO BCex siBrieHusix ob6pa3oBaHuUsi ynopsgo-
YEeHHbIX CMPYKmMyp npu HeobpamuMbiX npouyeccax
B CU/IbHO HEPaBHOBECHbLIX OMKPbLIMbIX CUCMeEMax
AB/ISsemcsi COBMecmHoe (KoonepamuBHOe€) p[BuUXe-
Hue 6onbwux rpynn MmoneKkyn. Hemeukun yqeHbin
. XakeH npegnoxxun g[ns makux npoLeccoB ca-
MoopraHu3ayuu o6Lwun mepMuH «CuHepremuka» (om
rpey. synergeia—coBMecmHoe, usu kKoonepamus-
Hoe, gevicmBue).

dusuyeckas npupoga CuHepremuku cocmoum
B mMOM, Ymo B HeJlUHeMHoW obnacmu, Bganu om
paBHOBECHOIr0  COCMOSIHUSI, cucmema mepsiem
ycmonyuBocms U Manbsie aykmyayuu npuBogsm
K HOBOMY peXuMy—COBOKYNHOMY [BUXEHUID MHO-
rux 4acmuy.

VYcraHoBjeHue caMOOpraHu3aliui B CHJIBHO HCPaBHOBCCHBIX CH-
cTeMax HUMEET BaXKHeEWIlee 3HaueHHWe s q)I/IBI/IKI/I, XMMHH U 0COOEHHO
s Omosorum. IlCJIO B TOM, 4YTO XHUBBIC OpraHu3mMbl H HX
Ppa3jIMYHBIE OpraHbl MNPEACTABJISIOT coboit BecbMa HEPaBHOBECHBIE
MaKpOCHCTEMBI, B KOTOPBIX CYIIECTBYIOT Oosbime rpadAU€HTBI KOH-
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HEHTpAalMi XMMHYECKMX BEIECTB, TEMIEPATypbl, [aBJICHHS, 3JICK-
TPUYECKOTO TOTEHIMAIA.

3TOT BBIBOJ MMEET Takxke OOJIbIIIOE MHPOBO33PEHYECKOE 3HAYECHHE.
M3BecTHO, 4TO CTPOMHO OpPraHM3OBaHHBIM OKpPYXAaKOUWMHA HAC MU
PEJIMIHO3HbIE MIOEOJOTH OOBACHSAIOT ero 00XEeCTBEHHBIM COTBOPEHHEM.
CuHepreTuka NoKa3blBaeT, KaK 3aKOHBI NPUPOABI NPHUBOIAAT K TOSB-
JIEHUIO OTPEEIEHHOTO TMOpsiIka B HEYNMOPSAAOYEHHBIX CHCTEMax M 3a-
TEM K YCJIOXHEHHIO M DPa3BUTHIO OOpa30BaBIIUXCH YNOPSIOYEHHBIX
CTPYKTyp. M. DiireHoM OblJIO MOKa3aHO, YTO B CJOXHBIX CHJIBHO
HEpaBHOBECHBIX CHCTEMax BO3MOXHO BO3HMKHOBEHHE 3amucH HHDOp-
MaluM B BHJE HEKOTOPOTro KOJa, C NMOMOIIbI0 KOTOPOTO YNpaBiseTcs
caMOBOCIIpOM3BeicHHEe 00pa3oBaBLUIMXCS CTPYKTYp. Pa3Butue HenmHEH-
HOW TEepMOAMHAMMKH MO3BOJISIET BbICKa3aTh TMIOTE3Y, KaK C TOYKH
3peHuss GHU3MKM MOTJIa BO3HHUKHYTH JKU3Hb.

HenuneliHass TepMoJMHaAMUKa KOPEHHBIM O0pa3oM H3MEHSET CTa-
TyC BTOPOro Hayajia TepMOAWHAMHKH. JleHCTBUTENHHO, 3TOT 3aKOH,
KaK BHUIMM, OINpeNeiseT He TOJIbKO pa3pylleHHe CTPYKTyp TpH
HeoOpaTUMBIX Iporeccax BOJIM3M paBHOBECHOTO COCTOSIHHMS, HO M BO3-
HUKHOBEHHE CTPYKTYp Tpd HeoOpaTUMBIX mponeccax BHaId OT
paBHOBecHs OTKpbITOM cucTeMbl. Otpaxas HeoOpaTUMOCTh Bcex
peajibHBIX TPOLECCOB, BTOpPOE HAyajo BBIpAXaeT, TakuM oOpa3oMm,
3aKOH pa3BUTHS MaTepud. Takoe NOHMMaHMEe BTOpPOro Hauaja
TEPMOJMHAMHUKM CHMMAET KaxyIleecss NPOTHBOPEYHE MEXIYy ITHUM
3aKOHOM O BO3pacTaHMM OSHTponuM U Oecnopsiaka B 3aMKHYTOH
cuCTeMe M Teopuel sBosronuu JlapBUHa O BO3HMKHOBEHMH Bce OoJiee
CJIOXHBIX W CaMOBOCIPOM3BOJSUIMXCA CTPYKTYp B JKUBOW TpPUPOIE.
3aMeTuM, YTO [JEJ0 3/1eChb He TOJILKO B TOM, 4YTO XHMBasi CHCTeMa
ABJSETCA OTKPBITOM, ITOCKOJBKY BMeECTE€ €O Cpedod oHa oOpasyer
3aKpBITYIO CHCTEMY, OHTPONMS KOTOPOH TakXe BO3pacraer npHU
YCIOXHEHHN JXHBOW CHUCTEMBI.

§ 71. YHUBEPCAJIbHbIVI KPUTEPUI 3BOJIIOLIUU
TJIEHCAOP®A —IMTPUTOKUHA

OOmas Teopusi NPOLECCOB CaMOOPraHU3AaMM B OTKPBITHIX CHJIBHO
HEPaBHOBECHBIX CHCTEMAaX pa3BUBAETCH B HEJIMHEHHON TEPMOJMHAMUKE
Ha OCHOBe ycTaHOBJIeHHoro I'ieHcmopdom u IIpuroxwmHbiM yHUBEp-
CaJIbHOTO KPUTEPHS 3BOJIONUU. DTOT KPUTEPHA sBIseTCA 00001eHEM
MPYHIUIA MPHMMAjbHOTO MPOU3BOJCTBA SHTPONUM HA HEJIMHEHHBbIE
IPOLECCBl U COCTOMT B CJEAYIOUIEM.

[TostHOE TPOM3BOACTBO JHTPONMHU B CUCTEME PpaBHO

P=[cdV=[Y LX.dV. (15.1)
| 4 Vi

[IpencraBuM mnpousBomnyro O0P/0t B BHOE ABYX cCjlaraeMbIx
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JZ I aX’dV+IZ Wxidy =22 27, (15.2)

| 4

NepBOE M3 KOTOPBIX OINpelessieT CKOPOCTh M3MeHEHHs MpPOU3BOICTBA
SHTPONMH, OOYCIOBJICHHYI0 H3MEHEHMEM TEepMOAMHAMMYECKUX CHJI,
a BTOpoe OOYCJOBJIEHO H3MEHEHHEM IOTOKOB.

B o6nactu sumHEHHBIX mponeccoB o6a ciaraeMbix B (15.2)
OMHAKOBBHl U TpOM3BOAHAs OP/0t BblpaxaeT NPUHIUI MHUHHMYyMa
NPOU3BOACTBA JHTpoNnuH. B camoM Aese, UCIONB3ys JIMHEHHBINA 3aKOH
(15.1) u coorrHomenuss Omncarepa (15.2), umeem

2 JZI Mgy=| ¥ LaXy 2tdv=
i,k

14 | 4

JZX,, (LiuX;)dV = Jz"’*xde_

| 4

=——=-—t-<0. (15.3)

HepasenctBo (15.3) cienyer M3 NpuHOMIA O MHHMMAJbHOM IIPOM3-
BOJICTBE SHTPOTHH.

B HequHeHHOX 06jacTH BelMYMHA CKOPOCTH NPOM3BOACTBA JHT-
pomuu OP/0t He uMeeT Kakoro-nmub6o oOmiero cpoiictea. OpnHako,
kak nokazanu I'nmencmopd um IlpuroxuH, BenuuyuHa OyxP/0t yHooBJeT-
BOpSIET HEPABEHCTBY OOIIEr0 XapakTepa

&P o, (15.4)
“or
KOTOpoe sBiseTcs 000OIIeHneM NMpHUHIMIA MHHAMAJIBHOTO MPOU3BO/I-
CTBa JHTPONMHU. OTO HEpaBeHCTBO HE 3aBUCUT HHM OT KakHX
NPeANOJIOKEHUH O XapakTepe cBA3ed MexIy NOTOKaMHM U CHJIaMH
B YCJIOBHUSIX JIOKaJIBHOTO paBHOBecHs. BBumy OGosbmioit oOmiHOCTH
cooTHoleHue (15.4) Ha3bIBACTCS YHUBEPCAAbHLIM KPUumepuem 360M10Yuu
Fﬂencdopgﬁa—ﬂpueoofcuna CorjacHo 3TOMYy KpUTEpHIO, B J000M
HepaBHOBECHOH cucreMe ¢ (PUKCUPOBAHHBIMH T'DaHUYHBIMHU YCIOBUSMH
NpoLecChl UAYT TaK, YTO CKOPOCTh U3MEHEHHS IPOM3BOJICTBA JHTPOINH,
00ycoBIeHHAs U3MEHEHHEM TepMOIMHAMMYECKUX CHJI, YMEHBIIIAeTCsl.
3Hak paBeHcTBa B (15.4) OTHOCHTCS K CTalMOHAPHOMY COCTOSHMIO.

Kputepuit spomouun (15.4) moxeT OBITh pacnmpocTpaHeH M Ha
CUCTEMBI C KOHBeKIMell nmytem mobGasienus B (15.4) rupponuHammyec-
KHX YJI€HOB.
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3aMeTHM, YTO YHHBEPCAJIbHBIA KpUTepuil sBosronuu I nercaopda —
INpuroxuna (15.4) sBiseTCS KOCBEHHBIM CJIEJCTBUEM BTOPOrO Hadyaja
TEpMOJMHAMHKH [UIS HEpaBHOBECHBIX IponeccoB. He mpuBols 3lech
JIOBOJILHO [IOJITMX BBIYMCJCHHH [JIsi OOIINEro M0Ka3aTelabCTBa 3TOrO
KPHUTEpHsi, TIOKaXEM €ro CIpaBelJMBOCTb [Jisi NpoOLECca TEIIONPOBOA-
HOCTH B TBEPIOM Teje C TOCTOSHHBIM OOBEMOM H 3aJaHHBIMH
TeMmrepaTypaMd Ha rpaHune (cM. § 65). Hcnoab3ys [uis 3TOro
ciydasi Beipaxenue (13.19), mmeem

a2 _ (1 %y ({10, 2y7)ay—
_at__ng, X dV—J(IQ, atVT)dV

14 14
N Ot
=jd1vET IQdV—JET divIpdv. (15.5)
| 4 | 4

IIpeo6pa3yeM 3TH HHTErpajbl.
ITo Teopeme Octporpanckoro—Iaycca,

o0 - Y
J‘leET IQdV—§alT IQ,,,dZ,,.

| 4 z

HHTerpan BAOAL TpaHUNBI X C (GUKCHPOBAHHOM TeMIeEpaTypoil
oOpaiaercs B HYJIb.
B paccmarpuBaemMoM ciy4yae (cM. § 65)

. 07
[,= — bl
div 0= —PCy Y

IMostomy u3 (15.5) momyuaem

aXP__ pcy 0T 2
P JF(E) 4V <. (15.6)

| 4

Kpurepuit 3pomonuu (15.4) omnpenensieT TOJILKO 4YacTb MpHUpOCTa
SHTPONHUH, CBS3aHHYIO C HM3MEHEHHEM TEPMOJMHAMHYECKUX CHJI,
NO3TOMY OH HE MO3BOJISIET BBECTH TaKOH (QYHKUMM COCTOSIHHS —
TEPMOJUHAMHUYECKOTO TNOTEHUMasa, KOTOpbI 6bl B CTallMOHApPHOM
COCTOSIHUM HMMeJl 3KCTPEMYM, MOJOOHO SHTpomuM, 3Hepruu IeiabMm-
rojpia, sHeprun I'm66ca nmpu MasbiX (CHOHTAHHBIX) OTKJIOHEHHSX OT
paBHOBecHs. OHAKO NpPH HEKOTOPBIX YyCJIOBHAX ¢opma dx P mpHoO-
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peTaeT CBO¥cTBa MOJHOTO AUddEepeHIHana, YTO NO3BOJSET ¥ B CHJIBHO
HEPABHOBECHOH 00JIaCTH BBECTH JIOKaJIbHbIE INOTEHIMAJBI C 3KCT-
peMaJIbHBIMH CBONCTBaMH.

VYnopsiioueHHbIE CTPYKTYpbI, BO3HHMKAIOIIME COTJACHO KPHTEPHUIO
I'nencmopda — Ipuroxuna (15.4) npu HeoOpaTUMBIX mpoueccax B OT-
KPBITBIX CHCTEMax BJaJii OT pPaBHOBeCHs B HEJMHEHHOH oOiacTH,
KOr/JIa TMapaMeTpbl CHCTEM HPEBBILIAIOT ONpeAeICHHbIE KPHTHYECKHE
3HaueHHs, [IpUTOXHH Ha3Bal OUCCUNAMUBHBIMU  CHIPYKMYPAMU.
CyIIeCTBYIOT NpPOCMPAHCIMBEHHble, 6DeMeHHble W NPOCMPAHCMEEHHO-
8pemeHHble  OJuccunamueHvle Ccmpykmypel. PaccMOTpUM  HEKOTOpBIE
U3 HUX.

§ 72. IPOCTPAHCTBEHHBIE JUCCUIIATUBHBIE CTPYKTYPBL
AYEVIKM BEHAPA

IpocreiiimM puMepOM NPOCTPAHCTBEHHBIX AUCCUMATUBHBIX CTPYK-
Typ saBasitoTca sAueiiku benapa, obHapyxenHbie UM eme B 1900 r.

Ecnu ropu3oHTaIbHBIA CJIOM XHUIKOCTH CHJBHO NOJIOTPETh CHU3Y,
TO MEXIy HI)XHEH W BEpXHEH NOBEPXHOCTSIMH BO3HHMKAaeT pa3HOCTh
temnepatyp AT=T,—T7,>0. IIpu Majoii pa3HOCTH TeEMHEpaTyp
AT <AT,, HMXE HEKOTOpOro KpuTHueckoro 3HaueHus AT,,, mojaso-
JUMOE CHH3Y KOJIMYECTBO TEIJIOTHI PaclpOCTPAHSIETCs BBEPX MyTEM
TEIUIONPOBOJHOCTH M KUAKOCTb OCTaeTcs HemoABWXHOH. OmanHako
NpH Pa3sHOCTH TEMIEPATYp Bbllle KpUTHIECKOH AT >AT,, B XUIKOCTH
HAYMHAETCSl KOHBEKIMS: XOJIOJHAs XXMIKOCThH ONyCKaeTcs BHU3, a Ha-
IpeTasi NMOAHUMAaeTcs BBepX. PacmpeneneHue 3THX IOBYX NPOTHBOIO-
JIOXXKHO HAaINpaBJIEHHbIX NOTOKOB OKa3bIBAE€TCS CaMOOPTraHM30BaHHBIM
(puc. 48), B pe3yabTaTe uYero BO3HHUKAET CHCTEMa NPaBUJIbHBIX
HIECTUYTOJIbHBIX sueek (puc. 49). Ilo kpasm xaxaoll Takodl sueiku
KHUOKOCTb OIMYyCKaeTcs BHU3, a B LEHTPE IOJAHNMAETCS BBEPX.
3aBUCUMOCTDH NOJHOTO TEIJIOBOTO NMOTOKa / B €IMHMIy BPEMEHH OT
HIDKHEH TIOBEPXHOCTH K BepXHEH OT pasHocTH TeMmmeparyp AT
n3obpaxena Ha puc. 50. Ilpu AT>AT,, cocTOsiHME HENMOABMXXHON
TETUIOTIPOBOISAIIEN XKUAKOCTH CTAHOBUTCS HEYCTOMYUBBIM (IIYHKTHpHas
JMHUS Ha pHuc. 50) U BMECTO HEro HAcCTyMaeT YCTOMYMBHI PpEXUM
B BHJE KOHBEKLMOHHBIX sueek beHapa. OOyCIOBJIMBaeTCS 3TO TeM,
4TO0 mpH OONBIIOH pPa3sHOCTH TEMIEpaTyp MNOKOSAIIAACH KUIKOCTD
yxke He oOecrneyuBaeT MEPEHOC BO3POCIIETO KOJHUYECTBA TEIUIOTHI,
U TO3TOMY YCTaHABJIMBAE€TCS HOBBIH KOHBEKIMOHHBIA DPEXUM.

Ilpn nmepexome OT JOKPUTHYECKOTO K CBEPXKPUTHYECKOMY DPEXUMY
CIOHTAaHHO MEHSETCS CHMMETPHS CHCTEMBI, 4TO aHAaJIOTHYHO Te-
pMoarHaAMUUecKuM (pa3oBbIM nepexonam. Ilo-
3TOMY Tepexofbl B HEPABHOBECHBIX CHCTEMAX
Ha3bIBAIOT  KuHemuueckumu (Hazoeeimu ne-
pexooamu.

Kak yxe oTmeuasoch, AHUCCHNAaTHBHBIE
CTPYKTYPBI BO3HMKAIOT JIMIIbL B CUJIBHO HEpPaB-
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HOBECHBIX MHOTOYaCTHYHBIX CHCTEMaX, COCTOSIHUE KOTOPBIX OMHCHIBA-
€TCsl HEJIMHEHHBIMH YPaBHEHHSIMH JUIsi MaKPOCOKOIMYECKHX BEJNYMH.
Jl1s omHMcaHMsT BO3HHKHOBEHHs sueeK beHapa B XHAKOCTH HCIOJIb-
3yIOTCSl HEJIMHEWHbIe YpaBHEHHs TuApoauHaMuku. [1pu 310M npussiexa-
IOTCSl KPUTEPUH HEYCTOMYMBOCTH pelleHHi muddepeHnnanbHbIX ypas-
HEHU#, YCTaHOBJICHHbIE U3BECTHBIM PyCCKMM MatemaTukoM A. M. JIs-
nyHoBbIM. McciemoBanus mokasbiBaioT, uTo npu AT>AT,, pemenne
ypaBHEHU# THAPOIUHAMUKH, COOTBETCTBYIOIIEE MOKOSIIEHCS XUIKOCTH
U OOBIMHOHM Temjionmepenaye, CTAHOBUTCS HEYCTOMYMBBIM H KHUIKOCTH
IIEPEXOUT B HOBBIA YCTOMYMBBHIA KOHBEKIMOHHBIA DPEXHM.

JpyruM NpUMEpPOM NPOCTPAHCTBEHHBIX IUCCUNATUBHBIX CTPYKTYP
SIBJISIETCSl PEIlIeTKa BAKAHCHOHHBIX Map, SKCIEPHIMEHTAILHO OOHApYyXeHHas
Jx. OBancoM B 1970 r. npu HMccaeq0BaHUM MUKPOCTPYKTYPbI MOJIMOI€EHa,
00JlyueHHOrO0 HOHaMHM a30Ta. VI3BeCTHO, 4YTO OOJIyueHHE MeTaslia
OBICTPBHIMH YacTHLIAMH (HEHTPOHAMHM, MOHAMM) NIPUBOAUT K 0Opa30BaHUIO
B KpHCTaJUIMYECKON peleTke TOYEYHBIX Je€PEKTOB—BaKaHCHH M MeX-
y3€JbHBIX aTOMOB. [IpH MOBBILIEHWH TeMIEpaTypbl 3TH BaKaHCHH,
JIBUTasiCh B KpHcTaJljie, 00pa3yroT CJIOXHBIE KJIacTePHl 1ePEKTOB B BHIE
cepuyeckux BaKaHCHOHHBIX NMOP U IUIOCKHX AMCJIOKALMOHHBIX TETENb.
OObIYHO TakHe KjacTepbl 00pa3yroT NPOCTPAHCTBEHHO OIHOPOAHYIO
cucreMy. OIHAKO NPU ONPEAEICHHBIX YCIOBUSX OOJTyYeHUs] BaKaHCUOHHBIE
HOPBI PacloJIaratoTCs YIOPSAAOUYEHHO B BUJIE MPAaBUJIBHBIX «CBEpXpelle-
TOK», THI KOTOPBIX COBNAJaeT C TUIOM KPHUCTAJUTMYECKOH peleTKH
MeTajula KOTOpble UMEIOT NEPHOM, B COTHA pa3 MPEBBILIAIOIINI Neproa
3TO# pemeTku. O6pa3oBaHWe TaKUX YIOPSIOYEHHBIX CTPYKTYP BaKaHCH-
OHHBIX TODP BBI3bIBAHO HEJIWHEHHBIM JUHAMHYECKAM B3aUMOIEHCTBHEM
TOYEYHBbIX NePEKTOB C MEJIKUMHU BaKaHCHOHHBIMHU KJIacTepaMu U auddy-
3MOHHBIM B3aUMOJIEHCTBHEM MEXAy IOPaMH.

K wunciy mpocTpaHCTBEHHBIX AMCCHNATHBHBIX CTPYKTYp NpUHAN-
JexaT Takxe kKojabna CatypHa. OGpa3oBaHue 3TON CTPYKTYpbl (Oosee
90 xoJjer, pa3/JMYaeMBIX COBPEMEHHOW ammapaTypoil) OOYCJOBJIEHO
HEPaBHOBECHOCTBIO BpAIIAIOIIETOCs BOKPYT IJIAHETHI BEUIECTBA U MpH-
TshkeHHeM ero k CaTypHy M B3aUMOJEHCTBHEM OTAEIbHBIX YaCTHI[
BEILIECTBA MEXIYy COOOM.

Obpasobanue
Ryeex

Nowoswanca
Kudrocms

Puc. 49. Puc. 50.
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§ 73. BPEMEHHBIE M NTPOCTPAHCTBEHHO-BPEMEHHBIE
JUCCUNIATUBHBIE CTPYKTYPhbI.
PEAKLIUSL BEJIOYCOBA —KABOTUHCKOI'O

SBneHNs caMOOpraHu3aliM, NPUBOASIINE K 0Opa30oBaHMIO YNOPSAIO-
YeHHBIX BO BpPEMEHH IUCCHNIATHBHBIX CTPYKTYp, BO3HHMKAIOT IIpH
IPOTEKAaHUH HEKOTOPBIX HEJMHEHHBIX XMMHMYECKHX pEeaKLUi, B KOTOPbIX
CKOpOCTb 00pa30BaHMs MPOJYKTa peaknud, HaApUMep, KBaApaTUYHO
3aBUCHT OT KOHLEHTpAUUi peardpyromux KOMIIOHEHTOB.

B 1951 r. B. Il. benoycoB OTKpbUT TOMOTEHHYIO MEPHOIUUECKYIO
XHMHYECKYIO PEaKIHI0 OKUCJIEHUs JUMOHHON KHMCIOTHI CMeChio OpoMa-
ta Xamusi KBrO; u cymbdpara uepus Ce(SO4),. B cmecum oTux
BEIIECTB, PACTBOPEHHBIX B pa30aBiIeHHOH CEpHON KHCJIOTE, NPOUCXOJUT
peakuusi BOCCTAHOBJICHHS IIEpHS

Ce**>Ce** +Br~ (15.7)
M peakuds €ro OKHCJICHHS
Ce3* »Ce?* (15.8)

Peaxmus (15.8) aBTOkaTajuMTHYeCKasi—B HeH NPOAYKTHl peaKIUH
SBJIAIOTCS €€ KaTaJM3aTopaMH M YCKOPSIIOT MpOTEKaHHe CaMoi
peakuu. CBomHbii MOH Br~ peakuuu (15.7) meHcTByeT kak CHJIBHBIN
uHruONTOP (3aMemuTesip) peakuuu (15.8). ITosToMy BHavase mporeka-
er Tonbko peakumus (15.7), moxa Bce mombl Ce** me mpesparsaTcs
B Ce3". 3ateMm HaumHaeTcs BecbMa ObICTpoTekyinas peakuus (15.8),
Bce uoHbl Ce3" mpeppamarorcs B Ce** u mpomecc HaumHaeTcs
CHayasa. B pe3ysbTaTe BO3HHMKAeT NepUOAMYECKas BPEMEHHasl CTpPYK-
Typa, JJIs KOTOpOH XapaKTepHO H3MEHEHHE LBETA pacTBOpa OT
kpacHoro (u36eiTok Ce®') x cumemy (u36eiTox Ce*™) m obpaTHO.
KonebaHusi okpacku MPOUCXOISAT C MEPHOIOM OKOJIO 4 MUH M IPOIOJI-
KaroTcs O TeX NHOp, NMOKa HE H3PacXOJIOBaHbI BCE peareHTHI, T. €.
MoKa CHUCTEMa JiaJieka OT TEPMOJUHAMHUYECKOTO PaBHOBECHSI.

BcnencTBue npuHnmnuajibHOM HOBU3HBI HccienoBaHus b. I1. be-
JIOyCOBa CBOEBPEMEHHO HE ObUIM MOHSTHL €r0 CTaThbU HE MPUHUMAJIUCh
k omyOsukoBaHHto HM B 1951 r., HM B 1957 r. pemakuusmMu 1BYyX
HayYHBIX XXYpHAJOB «BBHIY TEOPETUYECKONH HEBO3MOXHOCTH» OIHU-
cbiBaeMbIx B HuX peakumii*). Wccnemosanus bB. I1. Benoycosa ObLiu
IpOAOJDKEHbI M AeTaibHO pa3BuUThl A. M. Kaborunckum. B 1980 r.
rpynne aBtopoB—b. I1. Besnoycoy (mocmeptHo) 1 A. M. KaboTtuHc-
KOMY C COTpyOHMKaMH — ObUla OpUCYXIeHa JIeHWHCkasi mpeMus 3a
OTKPBITHE HOBOTO KJacca a8mMo8OAHO8bIX W  ABMOKO.1ebamesbHbIX
npoyeccos.

*) Kpatku#i pedepat pa6otsi b. I1. Benoycosa 6but omyGaukoBaH juib B 1959 r.
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3aMeTHM, YTO OJUH U3 OCHOBaTejel oOuel TeOpHHu BOSHUKHOBEHHUS
miuccunaTuBHbX cTpykTyp W. P. Ilpuroxun (beabrus) B 1977r. 3a
paboThl mo TepMoaMHaMuke Obul ymoctoeH HoOeneBckodt mpeMum.

Uctopus ¢ paboroit b. Il. benoycoBa mnoka3biBaeT, kak HHOTIa
HOBbIE (GakThl M HAEH, NPOTHUBOpEYAllMe CJIOXUBIIMMCS paHee Ipen-
CTaBJIEHUSM, JUIUTEbHOE BpeMs HE MPUHUMAIOTCS U HE pa3BUBAIOTCH.
He momycTuTh 3TOrO MOTYT JIMIIb Hay4yHble KaJpbl, INO-JEHHUHCKH
BJIQJICIOIME OHAJIEKTUKOM.

B pspe ciayvaeB HenMHeHHbIe XHMHYECKME peaKUUH, HIOyIIHe
B TOHKOM CJIO€, IPHUBOAAT K 0Opa30BaHMIO MPOCTPAHCTBEHHO-BPEMEH-
HOH CTPYKTypbl, KOTOpas MMEET BHJ KOJBIEBBIX H CIHUPaJbHBIX
BOJIH. BO3HUKHOBEHHE TakuUX CTPYKTYp B HEJMHEHHBIX XUMMYECKHX
peakuusix CBA3aHO C JIOKAJIbHBIMH QUIYKTyalMsiMH KOHIEHTpauui
1 aubdy3ueil peareHTOB.

3AJAYA

15.1. OmpenenuTh NOHATHS «MOPSAOK» M «XaoC» M MCXOAA M3 3TOr0 YCTaHOBHUTD,
Kakoe [BIXKEHHE XHUIKOCTH Ooyiee yNnopalouYeHHOE (MEHee XaOTHYECKOe) —
JlaMMHapHOe HIH TYpOyJIeHTHOE.



3AK/IIOYEHUE

B oriMume OT Opyrux pasziesioB TeOpeTH4ecKOdl (u3MKM TepMo-
JMHaAMUKa SIBJSIETCS €IWHCTBEHHOH oOImmei ¢usnueckoit Teopuei,
KoTOpasi, o ybOexaeHuto A. DiHIITEHHA, «B paMKaX NPUMEHHMOCTH
CBOUX OCHOBHBIX IIOJIOKCHMH HHMKOTAa HE OyAET ONMpOBEprHyTa». ITO
obycrnoBnuBaeTcsi (YHIaMEHTaJbHOCTbIO 3aKOHOB TEPMOIMHAMHKH
U BBIIEISET €€ Cpeld OCTAJbHbIX KypCOB TEOPETHYECKOH (H3UKH.

TepMonMHaMUKa COCTOMT M3 €€ OCHOB M NPUJIOXEHWA. B OCHOBBI
BXOJSAT MCXOIHBIE NOJIOXEHHS, OCHOBHBIE 3aKOHbI (Hayajia) ¥ METO/IbI
TepMoauHaMuKu. IIpuioxeHus xe TepMOAWHaMHUKH BeCbMa MHOT000-
pasHbl. BaxHEHIINM 1npH H3JIOXKEHHMH TEPMOJUHAMUKH SBJISETCS
oOCyX/JeHHE €€ MCXOIHBIX IOJIOKEHUH, ONpENesSIONINX DaMKH ee
NPUMEHHUMOCTH. VIMEHHO BcjeACTBHE HEIOCTAaTOYHOH YSCHEHHOCTH
o0JacTH NPUMEHHMMOCTH TEPMOJMHAMHUKHM OBbUI CHieJIaH B CBOE BpeMs
BBIBOI O TEIUIOBOM cMepTH BceseHHOI.

HenmoctaTkoM MHOTHX y4eOHBIX KYpCOB TEPMOJWHAMHKH SBJISETCS
OTCYTCTBHE B HHUX TJIaB, MOCBSILEHHBIX H3JI0XKEHHIO METOJOB Tep-
MOJMHAMHUKU. MexIy TeM OBJIaJieHHe HMH OIpENesseT YCHeX Kak
B YCBOGHHM CTyINEHTaMH Y4YeOHOrO MaTepHaja, Tak M B YMEHHH
pemaTte 3amadd. [JlyOOkOMYy NHOHMMAaHHIO TEPMOAWHAMHKH CHOCOO-
CTBYeT TakKxe aHaiau3 owmubok U 3abiayxJeHuidl, H3BECTHBHIX U3
UCTOPUH €€ pa3BHUTHS.

Krnaccuyeckasi (paBHOBECHasl) TEPMOJUHAMUKA TOJIY4YHIa B MOCTIEA-
HUE TOAbl JajbHellllee pa3sBUTHE HA OCHOBE NPEACTABJICHHUS O JIOKAJIb-
HOM paBHOBeCHH. B HacTosilee BpeMs NOCTpOEHa TePMOJAWHAMHKA
JIMHEWHBIX HEPaBHOBECHBIX MPOLIECCOB M TOCTUTHYTHI OOJIBIINE YCIEXH
B M3YYEHMH CHJIbHO HEPAaBHOBECHBIX CHCTEM, UTO BCEJSET HaJEXIy
Ha BO3MOXHOE€ DpeELIeHHe NpOoOJIeMbl BO3HMKHOBEHHS >XHBOTO.

W3noxeHne HEepaBHOBECHOH TEPMOMWHAMMKH COCTABJISET COMIEP-
XaHHe CIeIMaJbHOTO Kypca, B paMKax XK€ Kypca KJIaCCHYECKOM
TEPMOJMHAMUKHU CJIENYET PAacCMOTPETHh JIMIIb 3JEMEHTHI TEPMOJMHA-
MHUKH HEPaBHOBECHBIX MPOIECCOB.



PEMIEHUSA 3AJAY

1.1. U3 BTOpPOro HCXOAHOrO TIOJIOXKEHHS TEPMOJHMHAMHKU CiIEAyeT, YTO TpH
TENJIOBOM DABHOBECHM [BYX IOJCHCTCM, ONpeleIseMbIX NapaMeTpamu oy, Ty U ai,
T, COOTBETCTBEHHO, MX BHyTpeHHMe sHepruu 6yayt U,=U,(a;, T1), U2=U,(az, T3),
H Tak kak T,=T,, TO

Ty(a,. Uy)=T,(az, U,). )

Cnenylomas U3 ONbITa €IUHCTBEHHOCTH PACMpPENENICHHS JHEPTUH CHCTEMBI MO Ce
9YacTM TNPUBOOMT K TOMY, YTO TpU HU3BECTHBIX d;, a3, U, ypaBHeHue (1) umect
TONBKO OJHO pemenue mis U;. 310 o3Hauaer, 4yro T (al, U;)—-MOHOTOHHaﬂ
¢yukuua U, .

M3 omHOBPEMEHHOCTH POCTAa JHEPTHMU YacTeH CHCTEMBI NMpPH yBEIMYCHHM ee oOluei
3Hepruv BbiTekaeT, 4to T;, T,, T3 ¥ T.A. OAHOBPEMEHHO JUOO MOHOTOHHO
Bo3pacrarouye, 6o MOHOTOHHO yOrniBatoue GyHKuMM cooTseTcTBeHHO OT Uy, Us,
Uy u 1.8 Ilyrem mnpocroro mnpeoOpa3oBaHHS MX MOXHO CAEIATE MOHOTOHHO
BO3PACTAIOLIMMH M BBIOpaTh TemmepaTypHsie Gynkuun T=T(a, U) Tak, uT06BI
T pocno ¢ poctom U. Ilpu Takom BbIOOpE TeMMNEPATYPHBIX (GYHKLMH NPOU3BOAHAS
(U/0T) mns Bcex Ten TNONOXHTENBHA.

1.2. CocTosiHHE CHCTEMBI OmpefeisieTcs TeMneparypoil T M BHELIHMMHU Mapamer-
pamu aj, ..., a,. B BbIpaxeHHe 31eMEHTapHOW paboTLI

dW=Y A;da; ™

nudbepeHunan TeMmnepaTypsl He BXogMT [T.e. kKoddduuuedt npu dT B dopmyne
(1) paBen Hymo]. Ecau 6bl BblpaxeHue (1) 6Gbuto monHBIM  JuddepeHuuanom
KaKOH-I60 (YHKIUH COCTOSIHHUS CHCTEMBI, TO

;00
(7T_6a,-_ ’

Y0 O3Hayano Obl HE3aBHCUMOCTL OOOOLIEHHBIX CUJ (HampuMmep, HAaBIEHHs) OT
TEMIIEPATYPhI, @ 3TO NMPOTUBOPEYUT UCXOIAHOMY TOJIOXKEHHIO TEPMOINHAMHUKH O CYLIECT-
BOBAHMM YPaBHEHUsI COCTOsHUS A=A(ay, ..., ap; T)‘

1.3. DnemeHTapHas paboTa NpOTHB CUJI AaBiieHUs paBHa dW=pdV. Ipu p=-const
paborta W=p(Vz~ Vy ), rae Vi U V,—-COOTBETCTBEHHO MOJSApPHBIE OOBEMBl BOABI
u mnapa. Tak xak V,>V,, 10

W=pV,=pRT/p=RT=31257 Ax.
Temnora HCMapeHHs MOJIA BOABI paBHA
Q=Am=2258-18 Nx=40624 [Ix

(A—rTemiota mapoobpa3oBaHus, paBHas Ajs Boant 2258 Ix/r). Passocte Q— W,
3HaguTenpHo Oonpwas W, uaeT Ha paboTy NPOTUB BHYTPEHHHX CHJI CLETUICHHS
MEXIYy MOJIEKYJIaMM XHAKOCTH NpPU TNPEBpALICHHM €€ B Tap.

1.4. 3aBUCUMOCTE HAMATHHYEHHOCTH J OT HANPSOXKEHHOCTH H MarHMTHOTO TOJS
B deppoMarteTHke u306paxaeTcs Ha auarpamme H, J ructepesucHoii kpusoi (puc. 51).
OneMeHTapHass pabOTa HAMATHUYMBAHMS, paBHAs
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]4 OW=—-HdJ,

T mngamaemn Ha 3TOH AMarpaMme TOPH3OHTaJIb-
47 SRS Ho# mwiomankoii. Pabora 3a umky nepeMarHM4uBa-
HHUS CepJCYHHKa COJICHOMJA, OYEBHAHO, paBHA

W=—-§HdJ=-S5,

T. €. (CO 3HaKOM MHHYC) ITUIOLIaJM NETJIH KPUBOH
rucTepe3duca Ha nuarpamme H, J.

1.5. B tepmoauHamuke paboTa cUMTaeTCs MO-
JIOKHUTENIBHOH, €CJIM OHAa COBEPLUAETCH CHCTEMOH
HaJ BHewHMMH Tedamu. ITosromy pabora BHew-
HHX HCTOYHHKOB NpPH CO3[JaHHH 3JIEKTPHYECKOTO
Mojis B OUIJIEKTpHKe W paboTa AMAJIEKTpPUKA TNpPH
3TOM HMEIOT pa3HbIe 3HaKH.

OmnpenenuM 3JIeMEHTapHy0 paboTy H30TpOM-
HOTO [HIJIEKTPHKAa NpPH HU3MEHEHHH B HEM O3lie-

Puc. 51. ‘KTpuyeckoro cmemenuss Ha dD. PaccMorpum
JMAJIEKTPUK C JHAJIEKTPUYECKOH NMPOHHIAEMOCTEIO

€ MexAy IUIaCTHHAMHM Iulomand S TUIOCKOrO KOHJEHCATOpa C paccTOsHHEM [
Mexay HuMH. Ecim Ha IUlacTHHaX KOHIEHCATOpa HAXOAMTCH 3apsi IUIOTHOCTBIO
+0, TO anekTpHYeckoe cMelleHHe D W HampsXeHHOCTs E B [MAJIEKTPHKE paB-
HEBI D=4no, E=4no/e, pasHOCTH MOTEHI{HAJIOB Mexay o0KnaaKaMu
©;—@;=FEl=4ncl/e. Tlpu nepeHeceHnn 3apsna de c OAHOH IUIACTHHBI Ha

APYTyI0 BHEIUHHE CHJIBI COBepuwialoT paboty (@,—@,)de=Edde, mosromy pa6ora
JUJIEKTPUKA paBHA

OW,=—Elde
WA

8W, = — EISd[D/(4n)]= — V/(4n) EdD,

Tak kak de=d(So), SI=V—obvem muanexTpuka. Takum o6pa3oM, sJeMeHTapHas
paboTa moONApU3ALMH, OTHECEHHass K O0OBbEMY M30TPOMHOrO MAMIIEKTpHKa, Oynmer
dw=[-1 /(41:?] EdD, wmn, mockonsky D=E+4nP,
1 <E2>
0W=—-—EdE—EdP=-d| — |- EdP.
4 8n
IlepBriii 4eH B 3TOM BBIPaXEHHH ONpeAeNsieT paboTy Ha BO3OYXKIECHHE SJIEKT-
pudeckoro mons [E?/(8m)—IOTHOCTH 3HEPTHM MIEKTPHYECKOTO MOJS B BakyyMel;
BTOPOi#i wWieH mpencraBiser cobo#i paboTy mojspu3ald B COOCTBEHHOM CMBICIE Ha
enuHUIly ob6beMa H30TpOmHOro muanekrpuka: dSW.=—EdP.
1.6. YpaBHeHHe BOJIHBI, pacnpOCTpaHAIOLIEHCS MO CTPYHE CO CKOPOCTBIO U W 4a-
cToTOi Vv BHOJL OocH X (pHC. 52), uMeeT BHA

y=acoso(t—x/v),

rie a— aMIUIMTYyAa BOJIHEL.
Cunoit, cosepuaronieii pabory, sBiseTcs

Y
cuia HaTskeHHss T CTDYHBI, KOTOPYIO IJisl 1
MaJjibiX KoJjieOaHHH MOXHO CYHTaTh MOCTO- T/\
N g

SHHOH M BO BpEeMEHH H BO BCEH CTpYyHe.
JleBasi yacTp CTpyHBI OEHCTBYeT Ha MNpPaBYIo
B Touke P ¢ cumoit T mo HenpcpbIBHO
MEHSIOLIEMYCSl HamNpaBJICHHIO KacaTeIbHOH. Puc. S2.
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IMockonbKy KoyieGaHHS MONEpedHbl, CMelleHHe TOYkH P 3a Bpems df paBHO

)
dy=—(%dt, a pabora 3a 3TO BpeMs

3W="Tdycos(T, y)=—Tdysin(T, x).
Tpu maneix Komebanusx sin(T, x)~tg(T, x)=0y/0x, mosromy

dy o ay
SW=— T—d =-T—
ox ot
Pa6ota 3a mepuonm t
p2 I

6 15 Ta*w? Ta?
w=—T|224="22 | sn%e t—— =229
6 ot v v

Ora paboTa MONOXKHTENbHA, TaK KaK BOJHBI PAacMpOCTPAHSIOTCS CJICBA HANMpaBo
M JleBas CTOPOHA CTPYHBI MeEpeNaeT 3a TMEpHOA SHepruio n72a®/v NMPaBoOH CTOPOHE.
Ilpu pacnpocTpaHeHHH BOJIH MO CTPyHE pacH POCTpAHAETCA M _OHEpryd, MpHYEM Ha
ONHY IUIMHY BOJIHBI NpUXomuTcsi 3Heprust nTa“w/v. Jins koneGaHMH, pacnmpocTpaHs-
IOUIMXCA Chpasa HajeBo, pabora OTpHIATENIbHA, TaK Kak B 3TOM Ciydae
y=acosm(t+x/v) H JHEpIusi TNepenaeTcs JIEBOM CTOPOHE OT MNpaBoOM.

1.7. Bropoe HcXOomHOE MOJIOKEHHE TEPMOAWHAMHKH NPUBOAUT K CYIIECTBOBAHHIO
TepMHYeCKoro ypasHenus cocrosHus: A=A(T, a), oTkyna

04 0A
A= :
d (a> da +(6T> ar

IMMpu d4=0 nonyyaem

((3): () (A3

B cnyqae A=p u a=V umeeM

@)

1.8. Tepmuueckue k03GPUIHEHTH, MO ONpeNesieHHI0, pPaBHEI

o 1 LAV N C AN .
B ), T Vo\dp Jr Y_Po oT )y’
o (v (3 (oT
By Pe\ar)\av ).\ ),

Ha ocHoBaHuMM ycTaHOBJICHHOro B 3ajmade 1.7 ToxaecTsa

OGS

NOJIy4aeM CIEOYIOINYI0 CBS3b MEXAY TEPMHYECKHMH KOo3(hdulueHTaMHu:

o= poPy.

OTKyaa
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1.9. Vpasuenue Bas-mep-Baansca (p+a/V?)x
x(V—b)=RT moxer ObiTh 3anuCaHO B BHuE

V3—(RT/p+b)V*+aV/p—ab/p=0.

Orciona BHOHO, YTO NMpPU AAHHOW TeMmepaType

T omHOMY 3HAY€HHIO p COOTBETCTBYIOT TPH 3Have-

Hus V, Tak 4ro Ha mmarpamme V, p (pu.. 53)

npsMas, napajuleibias ocu aocuuce (u3obzpa),

MepeCcexdeT H30Tepmy, BOOOILE IOBOPS, B TpeX

Toykax. JIis BBICOKOH TEMMNEPATypHl JBA KOpHSA

SIBJIIOTCY MHHMBIMH H KaXJOMY 3HA4€HHIO JaB-

JIEHHSI COOTBETCTBYET BCerja JIMLIb OJHO 3HAYEeHHE

obwema. Ilpu Ooyiee HH3KOH TemmepaType ompe-

JeJIeHHOMY 3HAYeHHMIO [aBJICHHS MOIYT COOTBET-

CTBOBATh TPU JCHCTBUTCIIbHBIX 3HAYEHUS OOBEMA.

U3 3tux Tpex 3navenuid, 0OO3HaYEHHbIX Ha dYep-

TeXe TOYKAaMH o, f H 7y, TOAbKO KpAaiHue

o M Yy MOryT OBITh 1OJy4eHbl B LpHpPOJE.

CocrosiHde [ HEBO3MOXHO, Tak Kak abCOJIIOTHO

>V HEYCTOHYMBO, MOCKOJIbKY B YCTOHYHMBOM COCTOSHHH

JaBJICHHE TPH MNOCTOSHHOH TEMMepaTtype yMeHb-

Puc. 53. HIaeTcs ¢ ypeluyeHueM obbema (cM. § 29). Touka

0. COOTBETCTBYET XHAKOCTH, a TOYKa Y —ra3000-

pa3sHOMY COCTOsMHHIO HanHOro BemiectBa. OOHAKO M3 3THX [BYX COCTOSHHH Ooiee

YCTOHYHBEIM SIBJISIETCS COCTOSIHHE, COOTBETCTBYIOLIEE TOouke o. Kak nmukasbisaeT OmBbIT,

NpH CKAaTHH Ta3a COCTOSIHHE Ha H30TEpME JOCTHUraeT ompefesieHHOH Touku C M mpHd

JaJIbHEHILIEM H30TEPMHYECKOM CKATHH HE MEPEXOAMT mosoxeHust C Mo TeopeTHUECKOH

KpUBOM; ras CXWXXAeTcsi H OJHOBPEMEHHO B PaBHOBECHH CYILECTBYIOT ra3oobpasHoe

C u xunkoe A COCTOSIHHS, HMEIOIME OAMHAKOBBIE TEMMEpAaTypy H JaBlieHHE.

COBMECTHOE CYIIECTBOBAHHE 3THX ABYX COCTOSHHH MPOJOIIKAETCS MPH H30TEPMHYECKOM
CKAaTHH [O TeX NOp, MOKAa BECh ra3 HE MepedneT B XKHUAKOCTH.

Ha Bompoc 0 TOM, Kak BMECTO 4aCTH Ha TEOPETHYECKOH KpHBOH npNBeCTH
npsaiMyr0o CBA, COOTBETCTBYIOIIYIO JEHCTBHTEIBHOMY XOAY #BJICHUS, MOXHO OTBETHUTb,
NOJNB3ysACH MpaBWJIOM MakcBeia (KOTOpPOE JIETKO YCTaHOBHTH HA OCHOBAaHHH BTOPOTO
Hayaja). IUTOLLAJIKH, OrpaHHYeHHbie KpuBOH Bau-nmep-Baanbca u mpsmoii CBA cBepxy
H CHH3Y OT I3TOM NpsSMOi, JOJKHBI OBITH OJUHAKOBBIMH.

TIpu moBBILIIEHMH TEMNEPATYPhI PA3HOCTH Mexay obveMamu V¢ u V4 yMeHbLIaeTcs,
OoTpe30k npsiMoit ABC CTaHOBUTCS BCE MEHBIIIE H MEHBIIIE H NMPH HEKOTOPOH TeMnepaType
Toukd A, B, C cnuBaioTcs, Tak YTo H306apa nmepecekaeT TaKyko H3OTEPMY B OJHOM TOUKE.
DTa TOYKa SBJISETCS, CJIEHOBATENbHO, TOYKOM mepernb6a M30TePMbl, KaCdTeJIbHAS
K KOTOpOii mapaJuiensHa ocd abenuce. OHa ONpefessieT KPUTHIECKOE COCTOSHHE BELLESCTBA,
Ha3bIBAETCH KPUMUYECKOl mOuKo W XapaKTepH3YeTCs ONpeNeNeHHOH KPHUTHYECKOH
TemrepaTypoit Tp, KPHTHIECKHM 06BEMOM V., W KPHTHYECKHM JABJICHHEM p,,. B sTOM
COCTOSIHHH CHCTEMA C MaKPOCKOMUYECKOH TOYKH 3pEeHHs MpeACcTaBlisieT coboi oany ¢asy.

ITockoyibKy KOOpPOHHATHI KPHTHYECKOH TOYKH YAOBJIETBOPSIIOT ypaBHeHMO Ban-
nep-Baamsca (p+a/V?)(V—b)=RT u ypaenennsm (0P/0V)r=0, (0%p/0V?)r=0,
KPHTHYECKHE NapaMeTphl Py, Vi, Typ ONPENENAOTCS U3 COBMECTHOTO DCIICHHS
CHCTEMBI 3THUX YDaBHEHHHA M PpAaBHBI

Vep=3b, pp=a/(27b%), T, =8a/(27Rb). )

OTH mapaMeTpsl MOXHO TaKxke HAWTH HCXOAf M3 TOro, 4ro ypaBHeHHe BaH-
nep-Baanbca MMeeT B KPHTHYECKOM COCTOSIHHM TPU DPA4BHEIX KODHS M TNO3TOMY
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momxHo mMmers BHA (V—V,,)*=0, mm V33V, ,V>+3VZV-V3=0. Cpasuusas
5TO ypaBHEHHE C ypaBHEHMEM Ban-mep-Baaikca B KPHUTHUECKOH TOYKe

RT, b
yi- ( "+b> v Ly_L,
pKP pKP pkp
HMEEM

3Vp=RTp/pep+b, 3VE=0a/pp, Vi,=0ab/p.y,

oTkyna mnoay4aem (1).

Kpurndeckuit xodpduuueHt s=RT,,/(p,pV.p) 015 ypasuenuss Bau-nep-Baanbca,
TakdM oOpasoM, paseH s=8/3=2,67, T.e. HMeeT OAHO H TO X€ 3HAYCHHE
JUIS BCEX BEIECTB (HE 3aBHCHT OT a H b). B [eHCTBHTENHHOCTH s pasHbIX
ra3oB s HMEET pa3jidyHbie 3HAYEHHs, NMpHYEM OHO Bceraa oOojbie 2,67 U uUMeeT
B CpelHeM 3HayeHHe s=3,7.

1.10. [ns rasza, COCTOSSHME KOTOPOTO OINpPEAEINISAETCA MEPBbIM ypaBHEHUEM [lutepHyu

p(V—b)=RTexp[—a/(RTV)], (¢Y)

Pxp> Vips Tip MOTYT OBITB HAHACHBI PCILEHHCM 3TOrO ypaBHEHUS COBMCECTHO
¢ ypasHenuamu (9p/0V)r=0, (0%p/0V?)r=0. Iuddepenunpys ypasnemne (1) mo
V npu nocrosHHoH T ABaxApl W NMPHPABHHUBAS 3TH MPOHM3BOAHBIC HYJIO, TNMOJyYaeM
COBMECTHO ¢ ypaBHeHHeM (1) cucremy ypaBHEHHH

pxp( lp_b) exp—[a/(RTKP VKP)]’

(RTpVip)):

a
Pvp= pr

O0=a=/(RT,V,,)—2,
OTKyJa
Pp=a/(4e2b?), V,,=2b, T,=a/(4Rb).
Kputuueckuit ko3¢ duuneHT
S=RT /(P Vip)=€2/2=3,695,

4TO XOPOILO COTJIACYeTCs C OMBITHHIMH JAHHBIMH LIS MHOTHX BEILECTB, AJS KOTOPBIX
3HayeHHe s kojebiercs B mpemenax ot 3,5 mo 3.95. Kpuruyeckuit xo3pduumeHT,
MOJIyYEHHBIH [ ypaBHeHMs Bas-mep-Baanbca, paBen 2,67.

VpasHenue [lutepuyud npH GonbliMx o6bemax ¥ HEMOCPENCTBEHHO TNEPEXOAUT
B ypaBHeHHe Bau-nep-Baanbca. [leiictBuTtensHo, pasnaras exp [ —a/(RTV)] no enuuune

a/(RTV), manoii npH GoibluMx V, W OTPUHHYMBAACH BTOPHLIM WICHOM pa3JiOXCHHS,
noyiyyaeM U3 ypasHeHus JUTepHyH, 4TO

p(V=b)=RT[1—a/(RTV)], mau p(V—b)=RT—a/V.
Ipu Gonpwmx V 3navenus a/V u b/V Manei, nostomy %z%(l—%). Torma
(p+a/v?)(V-b)=

1.11. KpuTHueckue MapaMeTphl p,p, Vyp, Typ MUIS BELICCTBA, YPABHEHHEM COCTOSHHS
KOTOPOTO SIBNneTCs BTOPOE YpaBHEHHE jlmepmu

(p+a/V3B)(Vv-b)=

HAaXO[MM, pewas 3TO YpaBHEHHE COBMECTHO C ypaBHeHHamu (9p/0V)r=0,
(0%p/8V?)r=0. Torma

Po=a/[4{40)*], Viy=4b, Top=>5ab/[4R(4b)%"].
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Kputuueckuil kuapHIHEHT
5=RT o /(PepVip)=3,75,

YTO XOpOLIO COIJIACYETCS C OMBITHBIMH JAHHBIMH U1 «HOPMAJIbHBIX BELIECTBY,

y KOTOpBIX 3Ha4eHHE § KoJyebiercs B mpeaenax ot 3,5 mo 3,95. B 3ToM OTHOLICHHH

BTOPOE YpdBHEHHE J[IMTEpHYM HAeT JIyYIIMH pe3yJbTaT, YeM YypaBHeHHE BaH-nep-

Baanbca, XOTOpOe NPHUBOAMT K 3HAYEHHIO KPHUTHYECKOro KospduuueHTa s=2,67.
1.12. TloacraBnsas B ypaBHeHHe BaH-nmep-Baanbca

(p+a/V?)(V—b)=RT

BMeCTO p, V, T COOTBETCTBEHHO Tp,,, @V, 1T, H BMeCTO a, b, R HX BBIpaXECHUA
4epe3 Pup, Vips Txp, MBI MOJYyYHM NpHBEAECHHOE YpaBHeHue BaH-nmep-Baanbca

(m+3/9%) (39 —1)=8r,

KOTOpO€ HE COAEPXKHUT HHUKAKHX TMOCTOSHHBIX, 3aBHCALUX OT TNPHPOALI BEIIECTBA.
OTO ypaBHEHHE BBIPAKAET 3aKOH COOMBEMCMEEHHLIX COCMOAHULL: ecAu 08e U3 NpusedeH-
HbIX NepeMeHHbIX T, @, T 04A pA3HbIX Bewecme COBNUOAoM, MO Mpembs NepeMeHHAA
makoce cognadaem u COCMOAHUA IMUX Gewjecms 0yOym CcOOMEemcmeeHHbiMU.

BemecTBa, MOAYMHSAIOIIMECS 34KOHY COOTBETCTBEHHBIX COCTOSHHH M YIOBJIET-
BOPSIIOLIME OJHOMY M TOMY XE€ TPHUBEJECHHOMY YP4BHEHHIO COCTOSIHMS, HA3bIBAIOTCH
mepmoouHamudecku nododHeImy eewjecmeamuy. TepMOAHHAMHYECKOE NMOXOOHE TO3BOJIAET
JenaTh BbIBOABI O CBOHCTBAX OJHOTO BELIECTBA, €CIH H3BECTHbI CBOWCTBA APYroro
(MpHHIMN TEPMOAUHAMHYECKOIO MOAO0HUs).

AHaJIOTHYHO, TOJACT4BJIsAs B TEpBOE YpaBHEHHEe JlUTepHuH

p(V—b)=RTexp— [a/(RTV)]

BMecTO p, V, T COOTBETCTBEHHO Tp,,, @F,,, TT,, U BMECTO a, b, R UX BbIpaXKECHHS
Yepe3 KPHTHYECKHE TNAPAMETPH Py, Vip W T,,, MONyYaeM TNpPHBECHHOE INEPBOE
ypaBHeHHe Jlutepuyu

n(29—1)=texp{2[1-1/(x9)]}.
ITpuBeneHHOE ypaBHEHHE MOXHO TOJIYYHTb ISl BCAKOTO YPABHEHHS COCTOSHHS,
B KOTOpOM COJEPXHTCH He Ooyiee TpeXx TMOCTOSHHBIX, 3dBHCAINMX OT TNPUPOIBI
BEIECTBA. JTO CJedYeT M3 TOro, YTO NpPH ONPEAENICHHH KPHTHYECKHX MApaMeTpoB
Pxps Vips Tup M3 TpPEX YpaBHEHHH

p=p(V, T), (0p/oV)r,=0, (2°p/0V?*)r,=0

Mbl TOJIyYdeM JUIS HHX 3HAYEHHS, BBIDAXKEHHbIE 4Yepe3 BXOAALIHE B ypaBHEHHE
COCTOSIHHSI TIOCTOSIHHbIE, H €CJIH 3THX TOCTOSHHBIX, 3aBHCAIIUX OT MPHPOIbI BELIECTBA,
Gonblie TpeX, TO BBLIPA3UTh HX TOJBKO Yepe3 pup, Vip B Typ, OYEBWAHO, HEJb3S.
IlpuBeneHHOE ypaBHEHHE MO3BOJIAET GOJIEE TOYHO YKA34Th KPUTEPHH, MPH KOTOPHIX
YPA4BHEHHE COCTOSIHHUS HICAJIBHOrO TIa3a MOXET OBITb XOpOIIMM NpHGIHXeHHEM
K JedicTBUTeNbHOCTH. ITokaxceM, HaMpHUMep, YTO BO BCEX CNIyYasX, Korga oOBbeM rasa
BEJIMK MO CPABHEHHIO C €ro KPUTHYECKHM O0OBEMOM, ypaBHeHHe Bau-nmep-Baanbsca
nepexoauT B ypaBHeHHe KiameiipoHa — MeHeneeBa H, CIENOBATENIbHO, B 3THX CIy4asix
NpHOJIMKEHHE HICANBHOTO Td3d XOPOLIO COOTBETCTBYET JEHCTBUTEIbHOCTH.
IpuBeneHHoe ypaBHeHHe BaH-nep-Baanbca

(n+3/07) Bo—1)=8t
B ciyuae @=V/V,,>>1 npubIMKEHHO MOXHO 34amucaTh B BHAE T@=28t/3. A Tak

KaK Jus rasa Ban-mep-Baanbca kputudeckuit xodddumuent s=RT,,/( p,Vs,) PaBeH
8/3, To 3TO0 ypaBHeHHMe mpeobpasyercs:
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p V RT, T
1@ =RTt/( pepVip) mH — 7 =_Vp =
Pxp Vxp PxpVxp Lxp

247]

op

onpenenser kpusyro Boiins. Ipu p=0 u3 ypaBHenus (1) Haxogum Temmepatypy Boins.
VYpaBHeHHEe COCTOSHUA B BHPHAIBHOH (opme

B C D
pV=RT[l -+t —5+-—>5+ ]

4, ciepoBartenbHo, pV=RT.
1.13. YpasHeHue

v o v2 y3
3amdIieM B BHAC

Bp Cp? D3
pV=RT[l+—- + 5+t 3+ |
pv o (pV)* " (pV)
Huddepenimpys obe 4acTH 3TOr0 ypaBHEHHS NMO p MPH NMOCTOSHHOX T W mojaras
o(pV
o |r
nony4yaeM B=0 (npu temnepatype Boiisis Bropoii BUpHaJIbHEIH KO3G(PUIMEHT pealbHOrO
rasa paBeH HyJIO).
B cnyuae rasa Ban-nmep-Baanbca
RT a RTpV  ap
p=——7— 1722 py= - T»
V—-b VvV pV—pb pV

( RT —l)(pV)2=ap.

pV—pb
, . P\ ] _
ITocne nuddepeHUUPOBAHUS TMOCIEAHETO YPABHEHHA MO p TPH o =
P T
=0 u p=0 nonywaem
T|;=a/(Rb)
1.14. B BupuanpHOH (opMe ypaBHEHHS COCTOSHHS Tra3a
B C D
V=RT|(1+ -+ —S +—= + ...
p ( tytat st )
BedMHB B, C, D, ... Ha3bIBAIOTCS COOTBETCTBEHHO BTOPBIM, TPETBHM H T. [.

supuassroimu koad@uyuenmamu. OUEBUAHO, YTO IJIA MACAIBHOTO ra3d BCE BHPHAJIBHBIC
xo3pdumenTel paBHH Hymo. IlpefcTaBiss ypdBHEHME COCTOSIHMSI rd3a Bam-mep-
Baaneca B BUpHaJBbHOH (opMe, MOXHO HAWTH BBIpAXEHHA I BUPHAJIbHBIX KO3(-
bunmentoB sroro rasa. U3 p=RT/(V—b) —a/V? nonydaem

1-b/V V

Tak xak b/V<1, TO

RT b b b
— =RT(1+ =+ — + — + ...
1-b/V R ( tytyEtest )
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H, CJICIOBATEJIbHO,

b—afRT) b* b
pV=RT<1 + —Vﬁ—) tatst )

OTKYAd BTOPOH ¥ TpeTHH BUpHaJbHbic KodpduumeHTh raza Bau-mep-Baanbca paBHBI
B=b—a/(RT), C=b".

fipn Ttemnepatype boitns B=0, nostomy mis rasa Bas-nep-Baameca 3ta
Temnepatypa paBHa Ty=a/(Rb). [Ipn Temnepatype Bbille Ty CKHMaEMOCTh PeasibHOTO
ra3a TMPH BCEX MNABJCHHAX MEHbUIE CKHMAEMOCTH MMEa]bHOrO Tra3d.

1.15. Monacrasasas B ¢opmyny (1.7) moreHuman @ (r) B3auMOOEHCTBHS TBEPABIX
chep, moJgyUaEM

B(T)= “Z“N{J[e'“"”/("“_ l]rz dr+
0

. 2
+ J[e"’"”"‘”— l]r’dr}:i aNG3.
0

Mogens MeXMOJIEKYJIPHOTO B3aMMOJAEHCTBUS TBepAbIX HEMPOHHUAEMBbIX cdep
YaCTO HCTOJIb3YEeTCS B BBIYHCICHHAX OJArojaps ee MpPOCTOTE, HO OHA HA€T JIMIIb
rpyboe npeicTaBiieHHe O OOJIBLUIMX KOPOTKOACHCTBYIOLIMX CHJIAX OTTAJIKMBAHHA. JTa
MOJC/Ib XOpOLIO OINpPABJBLIBAETCS TNpPH BBICOKOH TeMMepaTtype, KOIAd B3aHMHOE
NPUTSDKEHHE MOJIEKYJl CTAHOBHTCS HECYUIECTBEHHbIM (HanmpHMep, B CiydYae TOpSYHX
IIOPOXOBBIX Ta30B). BenuunmHa © ompenenseTcs METOAOM NPHPABHUBAHHS 06beMa
chepbl 06beMy MOJIEKYJIBI TIO YpaBHeHHIO BaH-mep-Baabca.

IMoncrasnss B dopmyny (1.7) noreHuman @(r), rpadux xoToporo umeer BHI
HPAMOYTOJIbHOH MOTEHUUANIbHOH SMbI, HAXOAHM

Ro

B(T)=—2nN {j[e“’"”“‘“— 1]r2dr+ J [e=®®&D_1]r2dr +
0

o
¢

+ J.[e—o(rmkn_ 1]r2 dr}=§1tNo3 [1- (R2=1)(e**"—1)].
Ro

Mopenb TaKOro MeXMOJIEKYJISPHOrO B3aMMOAEHCTBHS TPEACTABIISET TBEPAYIO
chepy HOHAMETPOM O, OKpYXKEHHYIO CJIOEM C TOJIEM TMpPUTSKEHUsT &, KOTOpBIH
NMPOCTHPAETC A0 pACCTOsIHUS RO. D14 MOIENb YYHTHIBAET B MPOCTEHIIEM BHIE KK
CHJIbI OTTAJKMBAHHMS, TaK W CHJIbI NPHTSKEHHS; OHA OCOOEHHO yHmOOHa Juis ra3oB
H3 CJIOXHBIX MOJIEKYJl, T4dK K4aK COAEPXHT TpH MOAOHpaeMbiX TMapaMeTpa, HO
HEMpUMEHUMA K HUM TpH BBLICOKOH TEMIEPATYpE.

1.16. U3 ypaBHeHUss COCTOSIHMS HMOEAJBHOrO NapaMarHeTHKa

J=f(§) (/0)=0)

npd MajioM OTHowenuu F/T npuUOIIMKEHHO HMeEEM
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Jdns mnapamarHeTukoB J=xH, MO3TOMy TEMMEPATYPHas 3aBMCHMOCTbH MATHWTHOR
BOCTIPUHMYHBOCTH HICAJIbHBIX TMAPAMATHETHKOB B OJTHX YCIOBHSX ONpEaensicTCs
ycTaHOBJIEHHBIM B 1895 r. 3akoHom Kiopu:

0 ¢

T T

3akoHy KiopH MOTUMHAIOTCH Ta3bl, MOJIEKYJIbI KOTOPBIX HMEIOT MOCTOSHHbIC MATrHUTHBIE
MoMeHTHl p (N,, NO), mapbl JIETOYHBIX METAJUIOB, pa30aBleHHEIE XUIKHE PACTBOPBI
NMapaAMATHUTHBIX COJICH pEAKO3eMEIbHBIX 3JIEMEHTOB M HEKOTODbi€ TNapamMarHMTHbIE
COJIM B KDHCTAJUIHYECKOM COCTOSIHHH. B CHIIBHBIX MarHMTHBIX TOJSAX M TPW HH3KHX
TeMnepatypax 3akoH KiopH He BBINMOJIHSETCS.

2.1. Tlepsoe Hagano TEPMOAHHAMHKH IMO3BOJISET MONYYHTb npaguio Ilecca (3aKon
nocmosHcmea menaogvlx Cymm), OTKpHiToe WM B 1840 r. eme 10 yCTaHOBJIECHHS
MEPBOFO HAYAIA: MCNA080H IPHCKIM XUAUMCCRON PCUKyid, RPOMEKWOMCU NpU HOCHO-
AHHOM 003cMe V uau npu NOCMOAMHOM 0GACHUU P, HE 3AGUCHMT M RPOMCHCYHIOURBIX
Dpeakyuii, a onpedeAAemcs Aulb HAYAAbHbIM U KOHEUHbIM COCTOANUAMU DPeazupyrouux
sewecms.

OTO NpaBHIIO ABNISCTCA CIECACTBHEM MNEPBOrO Hayana TepMmoAuHamuku. [leHcT-
BHTEJILHO, ecliH V'=const, To #3 8Q=dU+pdV nonyyaem Q=U,— U, T. e. KOJIHYECTBO
TEIUIOTH HE 3aBHCHT OT MyTH MepexoJa H3 MEpPBOro COCTOsHUSt BO BTopoe. Ecium
pPeakuMs MPOXOOMT MpH p=const, TO

30=dU+pdV=d(U+pV),

U=

M KOJMYECTBO TETJIOTHI
Q=(U2+pV2) — (Ui +pVy)
TaKkXe HE 3aBHCHT OT MyTH.

TMpaBuno Tecca mMO3BOJAET BHIMUCHAATH TeMIOBbie J(h(EKTHl TAKHX peakiui,
KOTOpbIE HEMOCPEACTBEHHO HJIH COBCEM HE TPOMCXOAAT, WM JUlS KOTOPBIX OHHM
HEMOCPECTBEHHO He MOryT ObITb M3MepeHbl. B Takmx ciyyasix COCTaB/SIOT TEpPMO-
XHMHYeCKHe YpaBHEHMs, pelias KOTOpbie OMpSACNSIOT TCIioBoH 5ddekT mnckomoi
peakLuH.

Tepmoxumuueckue ypasheHus TPEACTABIAIOT 06O ypaBHEHHS XHMHYECKOH pe-
aKL¥M, B KOTOPBIX BMECTO CHMBOJIOB PEArHPYIOHIMX BEIIECTB 34MUCBHIBAIOT BHYTPEHHHE
SHEPrUM 3THX BEUICCTB W TeruioBble 3(¢ekTh peakuuit. [Ipu 3TOM, Tak KaKk BEUIECTBO
B Pa3JIMYHBIX arperaTHHIX COCTOSHMAX (C pasNM4HOW BHYTPCHHCH 2Heprueit) uzobpaxa-
€TCs OJOHMM M TEM X€ CHMBOJIOM, MNpPUHATO 0003HAYaTh BHYTPEHHIOIO SHEPTHIO
TBePIBIX BEIIECTB B KBAaJPATHBIX CKOOKAaxX, XMAKOCTeH — B KPYMJIbiX ckobkax M ra3ood-
pasHbIX BelecTB—B (uUrypHeix ckobkax. Tak, cumsonst [H,0}, (H,0) u {H,0}
03Ha4yal0T COOTBETCTBEHHO BHYTPEHHIOIO JHEPIrHIO JbAA, BOJABI M BOJASHOTO mapa.

IMpuBencM npuMep peleHUS TEPMOXMMHMYCCKHX YPAaBHCHWH [ BHIYHCIICHUS
TerioBoro 3(dekTa peaKuuym HENOJHOTO CropaHus TBEPAOrO Yrjiepoaa B OKHCh
yriepoaa. OTO KOJHYECTBO TEMJIOTHI HE MOXET OBITh HEMOCPEANCTBEHHO H3MEPEHO
NMOTOMY, YTO IPH OKMCIEHMH Yyriepoxa obpasyercss cmech okucioB CO u CO,.

M3BecTHO, 4YTO mNpH MOJHOM CrOpaHMHM yriepoga BoiachsieTcs 394 xx/mMois,
a npu cropanuu okucu yrimepona CO, Beimensercs 283 x[{x/monb. TepMoxnmuueckue
yYpaBHEHHs 3THUX Deakiuii MMEIT BHI

[C] + {0,} — {CO,} =394 xJix,
{CO} +'/,{0,} — {CO,} =283 k[x.
Briyutas u3 NEpBOro ypaBHCHUS BTOPOE, noJry4aem

[C] +1/2{0;} — {CO} =111 xx,
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T.e. TP HEMOJHOM CropaHud yriepoga seigensdercs 111 xIx Ha Moae CO.

Temnoso#t 3¢p¢dekT peakuHd 3aBHCHT OT TEMINEPAaTypbl M JABJICHHS, NMPH KOTOPbIX
npotekaer peakuus. OOBIYHO, €CIM HE CHENAHO HHKAKHX OrOBOPOK, CYHTAETCs, 4TO
JaBlicHHe HOpMallbHOe aTMochepHoe u Temmepatypa 25° C.

XapakTep TeMMepaTypHOR 3aBHCHMOCTH TEIUIOBOro 3¢dekra peakuun onpelenseTcs
ypasHeHHeM Kupxroda, xoTopoe Jjierko YCTaHOBHTh Ha OCHOBAaHHH TNEPBOro Hayaja
TepMOAMHAMHKH (CM. 3amady 2.3).

2.2. Hano onpeneiaMTs TEIUIOTY OOpa30BaHHS BOOSHOTO Mapa M3 3JIEMEHTOB, T. €.
Q, 43 TEPMOXHMHYECKOIO YpaBHEHHUS

{H,} +%/,{0,;} — {H,0}=0.
TepMoxuMuyeckue ypaBHeHMs o0pa3oBaHUs M HCTIAPEHHS BOMbI
{Hz} +'/2{02} — (H20)=Q1, (Hzo) — {H,0}=-0,.
CxnagpiBasi 3TH ypaBHEHHUS, MOJy4aeM
{Hz} +'/2{0;} — {H:0}=0,-0.
Otcioga Temnora 0Opa3oBaHHS BOASHOTO Mapa M3 €ro 3JIEMEHTOB paBHA
0=0;—0,=247 x[Ix/Mons.

CrnenoBatenbHo, npH 00pa3’oBaHWH BOAAHOIO Mapa M3 JJIEMEHTOB TeEILIOTA
Boigensercs (Q>0).

2.3. 3aBHCHMOCTH TEILUIOTHI PEAKIMH OT TEMIEPATYpPHI OMpENeNsSieTCs ypaBHEHHEM
Kupxroga, xoTopoe Jierko yCTaHOBHTb, Mu(pdepeHIUpPYs MO TeMNEPAType BBHIPAXKECHHE
s Q, naBaeMoe TEpBBIM Ha4ajioM TepMOIUHAMHKH.

Ecnu peakuusi mpoHCXOOUT mpu V=const, To mo mepsoMy Hadany Q=U,— U,
a TemnoBoit dpdext peakmun Q= —Q=U;—U, [uddepeHuupys 3TO BEIpaxeHHE
no T, nonyyaem ypaBHenMe Kupxroda nns TemmepaTypHOH 3aBHCHMOCTH TEILIOTHI
peakUMHd TNPH H30XOPHBIX INpPONECCax:

(2)(5)- (%)

IIpu wu306apHBIX NpeBpaIEHHAX
Q=(U2+pV;) = (Uy+pV1)=H,—H, u Q=H,—H,,

rae H=U+pV.
ITpoussoanas or H no T npu p=const pasHa C,; B caMoM gene, 8Q0=dU+pdV=
=d(U+pV) —Vdp=dH—Vdp=(0H/0T),dT+ [(0H/0p)r—V ]dp, oTkyma

& =(5Q/ 0 T)p = (aH /0 T)p'

Takum obpaszoM, ypaBHenue Kupxroda s TeMnepaTypHO# 3aBHCHMOCTH TEILIOTHI
peakuuH NpH H300apHBIX MPOLECCax

(5@/6T),=(3H1 /3T),— (aHZ/aT)p=(Cp)l - (Cp)Z

(uHgexcel 1 M 2 03HaYarOT COOTBETCTBYIOLIME TEILIOEMKOCTH CHCTEMEI Tepel peaximeit
H MOCJiE PEAKIHUH).

JIns HaXOXAEHHS TEMIIEPATYPHOIO U3MEHEHHS TEILUIOTHI CrOPaHHS MOJis BOAOpoOIa
¢ obpa3oBaHHEM JXKHIAKOH BOABI BHIYTEM H3 TemupoeMKocTH (C,); CMeCH, cocTosmiei
U3 Mojsi BOMOpoAa M '/, Mons kucnopoaa, TerioemkocTb (C,); Mons BOomel. [ins
JBYXaTOMHEIX ra3os (xucnopon, BOJOpPOX) Cy=20,95 Ix/(K - Moim);
C,=Cy+ R=29,26 Ix/(K - MoB). ITostomy (Cp)1=417,89 Nx/(K - Monb);
(Cp)2=7542 x/(K -Mons) u (8Q/dT),=—27,43 Ox/(K-Monb), T.e. C yBenuucHHeM
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TemnepaTypsl Ha | K BoiiesieHHE TEIUIOTBI NPH CropaHHM Mojs BoAopoda ¢ 06-
pa3oBaHHEM XXUIXOH BOIbI yMeHbluaercs Ha 27,43 k.

2.4. Tlpu pacnpoCTpaHEHHH 3ByKa Cpela HAXOOUTCA B CTallHOHAPHOM, HO He
paBHOBECHOM CocTOsiHMH. [103TOMy TepMONMHAMMYECKH ONpENENeHHON BEJIMYMHON
SIBJISETCS CKOPOCTH 3BYKa NpENebHO HU3KOH (HyJeBO#) 4acToTel uo. CKopoCTb 3ByKa
u TIp4 J1r060# APYroit 4acTOTe 3aBHCHT OT BPEMEHH PEIaKCAallHH M APYTHX XapaKTEPHCTHK
npornecca. CUHTast MPOIECC PACIPOCTPAHEHHS 3BYKa CIaGOHEpaBHOBECHBIM, MIPHMEM U X .

B ynpyroii cpere CKOpPOCTb pacmpOCTpaHEHHMsi NMPOJOJBHBEIX BOJH

u=/Klp,

rie K—Moayis ynpyroctd, p—IUIOTHOCTs Cpedpl. BrICTpOTa CKaTHS W pa3pexeHHs
yNpyro#l cpeisl NpH PacrmpoCTPaHEHHH 3BYKa TaK BEJMKA, YTO 3a MEPHOH, TEIUIOOOMEH
HE YCTeBaeT MNPOU3OHTH, MO3TOMY MPOLECC PACNpPOCTPAaHEHHs 3ByKa SBISETCH alu-
abaTHBIM H, CJIEIOBATEJIBLHO,

(5T [T

Tak kak Ks/Kr=vy, Ks=—V(dp/dV)s, Kr=—V (0p/0V)r.

MMpoussoanyto (dp/0V)r MOXHO HAlTH, €C/IM M3BCCTHO TEPMMYECKOE YyPaBHEHHE
COCTOSHHSL ra3a.

B ciyyae uaeasbHOro rasa

pV=RT, (9p/0V)r=—RT|V?, u=\/YRT/M.

IMpunuMmas mis Bosayxa y=1,4, npu 0° C nony4saem u=331,6 M/c, 4TO HaxomUTCA
B COTMAacHH C pe3yNbTaTaMH OMNBITOB.

M3meneHue ckopoctd 3Byka € Temmnepatypoit du/dT=u/(RT) mpu 0 °C paBHO
0,6 m/(c - K).

2.5. CoryacHo ypaBHeHHio (2.6),

e ()3,

Jna napamarHetuka A= —H, a=J, nosromy

e (57), ().

B cnydae uaeassHOro mapamarHeTuka, xoraa (0U/0J)r=0, ucnone3ys TepMHYECKOe
ypaBHEHHE COCTOsHHA J=xH, rie mnapaMarHUTHas BOCNPHUMYHUBOCTH, TO 3aKOHY
Kropu, paBHa x=C/T (C—noctosiHHas Kriopu), nonydaem

CH— CJ= CHZ/TZ.
2.6. I3 ofbuiero ypaBHeHHs aguabaThl

or T
— )} d4 — ) da=0
(6A),, +Y(3a>4 a
B Clyyae mnapaMmarHetruka, korma A=—H W a=J, HaxoauMm

or or
) am+y( %) ai=o.
(6H>,d ”(aj),,d 0

Tak xak ana uaeansHoro napamarsetuka J=xH=CH/T (C—rmnoctosHHas Kiopu)
u (0T/0H);=C/J, (0T/dJ)g= —CH]/J?, To muddepeHnnanpHOe ypaBHEHHE €ro agHaGaThl
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dH__dM

H 'J°
oTkyna, cuutas y=Cpy/Cy=const, mocjie WHTETPHPOBAHHS TNOJYYaEM YpABHEHUE
HJ™Y=const, 6))
aHAJIOTMYHOE YPaBHEHHIO aauabaThl HAEANBHOIO rasa
pV7=const. 2)

N3 cpaBHeHus ypaBHeHud (1), (2) BuOHO, YTO TNpH mnepexole OT OAHOH
TEPMOAMHAMHYECKOH CHCTEMBI K JApyro 3ameHa p— —H, V —J BO3MOXHA JHILIb
B dubdepeHIHaNbHbIX YPaBHEHHSIX TEPMOJHHAMHKH H, BOOOLIE TOBOPs, HEBO3MOXHA
MoCne WHTETPHPOBAaHUST 3THX YPaBHEHHH.

2.7. Tlo neproMy Havyaly TepMOJHHAMHKH,

au U
= V: —_ —_
8Q=dU+pd (6T>VdT+ {<6V>T+p:|dV,

80 ou dv
eg-o| ()77

Ins upeansHoro rasa (0U/0V)r=0, mostomy
C.=Cy+p(0V/0T)-.

Tem0eMKOCTs MOJIsl MEATIFHOrO Ta3a B MPONECCax TPH pa3MYHBIX X =Const paBHa:
a) npd x=pV 2=const

OTKyZAa

x ov x vV
V=RT, pV?=RTV, V=", () == —55=— =,
P P RT (ar)x RT? T

14
prz=CV— p7=CV—R,

6) npu x=p2V=const
pV=RT, p*V-V=(RT):, V=(RT)*/x,
(0V/8T),=2R*T|x=2V|T, Cpy=Cy+2pV|/T=Cy+2R;
B) Ipu x=p/V =const
pV=RT, xV?*=RT, V=./RT/x,

v\ 1 [R v oV 1
<3—T>x—§ —]‘,,}—Z—T, Cl,/V—CV'l' 2_T—CV+ ER

3ajayy MOXHO pPeWIMTh M APYyruM crmocoboM. Bce paccMaTpuBaeMeie NpOIECCHI
NPEACTABISIOT COOOH MONMTPONHBIE mpolueccsl ( pV"=const) ¢ pa3iHYHBIMH TIOKa3a-
TENSMH TIOJHTPOIBI

n=(C,—C)/(Cy—C)=(Cy+R—C)/(Cy—C)
H COOTBCTCTBYIOIIUMH TCMJIOCMKOCTAMH
C=Cy—R/(n—1).

B cnyuae a) pVZ=const, n=2, noatroMy Cpy:=Cy—R.
B cmyuae 6) p2V=const umu pV'?=const, n=1/2 u C,:y=Cy+2R.
B caysae B) p/V=pV "'=const, n=—1, C,p=Cy+'/,R.
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2.8. lpn coobureHHH KaxAOMy IUApy KOJHYECTBA TEMIOTHI 00 LEHTP TSKECTH
JIEBOrO 1Hapa TIOAHUMETCH, a NPaBOro—oONyCTUTCH. YacTb KOJMHYECTBA TEIUIOTHI,
COOOLIEHHOTO JieBOMY Iuapy, mno#aeT Ha paboTy MOAHATHS Iiapa, NO3TOMY OH
MeHplle Harpeercs, 4eM JeBnid. Crnemosarensao, C, >C,.

2.9. Mpn TemgOBOM pABHOBECHH TEMIMEpPAaTypa rasa B LHJIHHApDE BCIOAY OJHA
U Ta e, a JIaBNeHWe p majgacT ¢ BwcoTrod h. Ilpu stom

dp=—pgdh, 0

rae p—TJIOTHOCTh ra3a; g— YCKOpEHHEe CBOOOJHOro majeHHs.
W3 ypaBHeHHs cocTOsHHS HAeanbHoro rasa pV=mRT/M Haxomum

m RT RT RT
dp=—dp. 2
P=y =P =9 (2)

IloacraBnsas BeipaxeHue (2) B (1), mociie MHTErpUPOBAaHHUS TOJIyYaeM
p=poexp [ —Mgh/(RT)] u p=poexp(—Mgh/(RT)].

Eciu S— ceycHue IMJIMHApA, TO MOTCHUHAJIbHAsA 3HECPrusi MOJid ra3a B LHWJIHHADPE,
TOMCUICHHOM B OJHOPOIHOC TIOJIC TSAXECTH,

V,= [ pgShdh=p,Sg | exp[ — Mgh/(RT)] hdh=RT,
0 0

ko] 0
T2k kak M= [ pSdh=poS | exp [— Mgh/(RT)]dh.
0 0

Ilpu HarpeBaHHH ra3a HeoOXOOUMO COOOLIATH TEIUIOTY HE TOJBLKO HA YBEIHYEHHE
BHYTPEHHEW OSHEpruM (TeMMepaTypsl) HOEaJIBHOTO ra3a, HO M Ha YBEJIHMYECHHE €ro
MOTEEN#ANKHOM 3Hepruu (UEHTD TSXECTH rasa B HWIMHAPe mnogHumaercs). IMojwas
SLCPrus CTOJIGAa rasa paplHa CyMMme BHYTPerHeH M TOTEHUMANLHON 3JHeprHii:

E=U(T)+V,=U(T) +RT,
OTKyAa
=(0E/0T)y=(8U/0T)y + R=Cy+R=C,.

TakuM o00Opa3oM, TENMJIOEMKOCTh HE OrpaHHYEHHOTO CBEpXy CTOJIOA HMOEaJILHOro rasa,
HaxoHfLIerocs B ONHOPOAHOM TOJIE TSDKECTH, paBHAa TEMUIOEMKOCTH Trasa TpH
TIOC rOSIITHOM  JIABJICHHH.

2.10. Taz pacmrpeercss MONUTPONHO, MNMOIXTOMY pVi=p, Vi uma 4V"=3V)",
OTKyJa MmoKasaTtenb HOJuUTponsl n=In4/ln3=1,26.

Pabota npu MOJIATPONHOM nNpoLEecce

We JpaV J‘const ayoconst] o, Ve
1-n v,
VampV.
’”—;ﬂ—’ 03 6(4 5-10—15- 10*) Tk = 1884,54 k]I
TerioTa Npd TMOJIHTPONHOM TPOIECCE
szc(tz—ll),

rae m-—macca rasa; c—THOJMTPONHAs YJACJbHas TEIUIOEMKOCTb, KOTOPYIO MOXHO
BEIPA3UTH Yepe3 mokasatenb monutponel. Kak ussecTHo, n=(c,—c)/(cy—c), oTkyna

ce=cy(n—y)/(n—1).
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)i Takum o6pasoM,
Q=mcy (t2—1,)(n—7)/(n—1).

Ho mcy (t,—t;)=AU—u3MmeHeHHe BHY-
TpeHHel SHepruu rasa, KOTOpoe Mo TEPBOMY
Hayany paBio AU=Q-W, mnosTomy
0=(Q—-W)(n—v)/(n—1), otkyna (y=14)

0=W(y—n)/(y—1)=659,59 xIx,
AU=Q—W=1225 x[Ix.

Pabota pacumpeHus cosepLiaeTcs ra-

- 30M 32 CYET COOOIIEHHS €My TEeIUIOThI

v U YMEHBIIEHHs €ro BHYTpPEHHEH SHEpPruu.

Puc. 54. 2.11. ITycts mpouecc u3obpaxaeTcs mo-

sutponot AD’ (puc. 54). IlposeneM uepes

D' aguabaty S; u usorepmy T;. M3otepma T nexuT Ha guarpamMme V, p Bbillie

u3oTepMb! T, MO3ITOMY, Kak cieAyeT U3 pV=RT, e cCOOTBETCTBYeT GoJice BHICOKas

Temnepatypa. W3 ypapnenus ammabater plVY=const=C(y=C,/Cy>1) cneayer, 9rto

6onee BhicOKOH ammabate coorBeTcTByeT Oosbmiee C. KpoMe Toro, mo mepBoMy
Hayany, 1 uaeanpHoro rasa 8Q=CydT+pdV, m Tak kak u3 pV=RT

dT=(1/R)(pdV+Vdp),

TO

op o
R3Q=Cy Vdp+C,,pdV=CypV<—f +y7>=cyde(1anV)=cyde1n C,

OTKyJa BHIOHO, 4YTO mepexod K Oonee Boicokod anuabate (xorma C pacreT)
CONPOBOXAAETCS TMOIJIOIEHHEM TEILIOTHI.

Taxkum 06pa3oM, NpH TOJHTPONHOM Imporecce AD’, xora Mbl NEPEXOOUM OT
Husleld aguabaTel K BhICIUEH W OT BhICHICH H30TepMbl kK Husmed, 6Q>0, dT<0
H, CIEflOBaTeNIbHO, NPH TakoM Tmpormecce TemwtoeMkocte C=0Q/dT oTpHIaTeNnbHA.
ITpu mpouecce D'A umu AD TemioeMKOCTh TaKXe OTpHI@TENbHA, TaK Kak HOpH 3TOM
80<0, a dT>0. Ilpu mnpomeccax C OTPHUIATEIbHOH TEIUIOEMKOCTBIO paboTa,
coBepHIaeMast CHCTEMOH, Ooibllie KOJMYECTBAa IOJiyyaeMo#i €l TemwioTel (80 >0,
dT<0) wmm, HaoGopor, paGoTa Haa cHcTeMo# OoJibllie OTIABAEMOrO KOJIMYECTBA
Temwiotel (6Q <0, dT>0).

Ipu npouecce AE NMPOHCXOMUT TOTJIOINEHHE TEIUIOTHI U NMOBBIIICHHE TEMIEPATYPHI,
Tak T,>T u S,>S. CrneaosaTesibHO, 3TOT HMPOLECC MPOUCXONUT NPH TOJIOXKHUTEIBHOM
TETIOEMKOCTH.

2.12. Koraa Bo3ayXx NMOAHHUMAETCS BBEPX (OMYCKAIOLIMMHCS XOJIOAHBIMH MacCaMH
WM NpPH BETPE HAa TOPHBIX MAaccHBax), OH, momajas B OOJIACTH MEHBLIHX JaBJieHHH,
pacimmpsieTcsi. OTO pacHIMpeHHE MOXHO CYMTAaTh aAHabGaTHBIM, IOCKOJBKY BO3AYyX
wioxoi mpoBoaHuk TemwnoTel. Ilpu ammaGaTHOM mpomecce

Tp" =™ =const,

OTKyAa mocyie JorapudMHpoBaHHS U JUdEpPEHIUPOBaHUS HAXOJUM
dTr 1-y d
a7 1y _dp_
T vy »p

C npyro#t CTOpOHBI, H3MEHEHHE NABJICHHS C BHICOTOH DaBHO
dp=—pgdh,

rie p—IUIOTHOCTh BO3AyXa.
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W3 ypaBHEHHS COCTOSIHMS uwjaeaysbHoro rasa p=m/V=Mp/(RT), nostomy
dp Mg dT vy—1 Mg

p RT " dh Y R

Jaa Bosmyxa y=1,4; M=0,029 xr/Mosib H BBLICOTHBIH IpafiMEHT TEMIEPATYphI
B aTtMoctepe

T s
5= ~98°107° Kjew —0,01 K. i)

TlonyyeHHoe 3HaveHHe Gosiblile HabJIOJAEMOro CpEJHEro W3MEHEHHs TeMIepaTypsl
po3ayxa ¢ Beicotoif (1 K Ha kaxaeie 200 M). Pasnuuve ompenensieTcss IJiaBHBIM
06pa3oM HeyueTOM BIIaXHOCTH BO3fyxa (MBI CUHTAlH €ro copepiieHHo cyxum). Korma
NpH HEKOTOPOH TeMmepaType BO3AYX OKaXEeTCH HACBHILEHHBIM BJIArod, ¢ JajdbHEHIIHM
HNOHWKEHHEM TEMIIEpAaTYphl HayHETCA KOHJCHCAlMs BOASHBIX IApOB H BhIICICHHE
TEIIOTH KOHAeHcauu. 1o 3Tol NpHYHHE MOHWKEHHE TEMIIEpaTyphl 6yaeT NPOUCXOaUTh
MeJUIeHHee, YeM cieayeT u3 ¢opmyinsr (1).

AnuabaTHoe OXJIaXJEHHWE BOCXOISAIIMX TOKOB BO3JyXa, BBI3EIBAs IOHMXCHHE
TeMnepaTypsl C BBICOTOM, MPHBOJHT K TOMY, YTO B MECTHOCTSX, Ilé MacCHBHI rop
3aCTaBJIsAIOT BO3AYIUHbIE TEYCHUS YCTPEMIIATECSA KBEPXY, BhINagaeT OOJIBILIOE KOJIHYECTBO
aTMOCQEPHELIX', OCAAXOB BCJIEACTBHE INPOUCXOASIUEH INpPH 3TOM KOHINEHCALMHM TapoB.
Oro HabaroJaeTcs Ha BCEX TOPHBIX HEMAX, CTOSINMX Ha TNYTH BIAXHBIX MOPCKHX
BeTpoB (Anbnei, TmManau u ap.). Tak xak 3TH BeTphl, NEPeBajJHB Hepe3 IpeOHU
FOp, OMNYCKAaIOTCS BHH3 M NpPH 3TOM BCJIEACTBHE aauabaTHOro CXaTHs BO3OYX
HarpeBaeTcs, TO 31eCk OH BCErJa HMMEET Mallyl0 OTHOCHTENBHYIO BJIAXHOCTD.

3aMeTHM B 3aKJIIOYEHHE, YTO IIMPOKO pPAcHpOCTpaHEHbI TPH OMMOOYHBIX OOBsC-
HeHHMS TOHHXEHHs TeMIepaTyphl aTMochepbl C YBEJIHYEHHEM BBICOTHI.

1. Atmocthepa oueHp cnabo HarpeBaercs sydyamu ConHIA, a TOSy9aeT TEIUIOTY
OT HarpeToif 3eMJHM WyTEM TEIUIONPOBOAHOCTH, MOJITOMY BEpXHHE CJIOM BO3JyXa
XOJIOIHEE, 4YE€M HIDKHHE.

310 0OBjCHEHHE HEBEPHO MOTOMY, YTO B rase M JKHAKOCTH TEILIONMPOBOAHOCTD
HEBEJHKA H €10 MOXHO NpeHeOpeyb MO CPaBHEHHIO C KOHBEKIHMEH, NMpPH KOHBEKIHMH
e TeMIlepaTypa B pa3iM4YHBEIX MecTax BeipaBHHBaeTcs. IToatomy ecnm Gpi aTMocdepa
Obuta XMAKOH, TO NPH HArpeBaHMM CHH3Y OHa HMesia OBl BCIOAY OOHY H Ty Xe
TemmepaTypy. XoTs B artMocdepe Toxke NPOHCXOAMT HEpeMELIMBaHHE BO3AYIIHBIX
Macc NpH HarpeBaHHM ee OT 3eMJIH, OJHAKO 3TO He NPHUBOAHT K BBIPABHABAHWIO
TeMmepaTyphl, TaK Kak BO3yX, IOJHMMAaloUiWiics BBEpX, aauabaTHO pacHIMpseTCs
M OXJIAXAAETCH, a BO3MYX, ONYCKAIOIHUACA BHHU3, aAuabaTHO CXMMaeTCs W HarpeBaeTcs.
B pe3ynbTaTe BepxHHE CJIOM BO3[yXa HMeEIOT 0oJjiee HH3KYIO TEMIEPATypy, 9€M HWDKHHE.

2. Bo3myx, nomHMUMasiChb BBEPX NPOTHB CHJIBI THXECTH, 3aTpauyHBaeT B axmabaTHHIX
YCIIOBHSIX HAa MPOHM3BOAMMYIO HpH 3TOM paboTy CBOIO BHYTPEHHIOIO 3HEPIHIO,
BCJIEAICTBHE 4Y€ro ero TeMmepaTypa majaeT. Tak, KaXkAslf KWJIorpaMMm Bo3jyxa,
NMOJHHUMASACh B BOCXOAsUIEM NOToke Ha 427 M, JOJDKeH TepaTh sHepruio 4184 Ik,
No3TOMY ero TemmepaTypa Oymer moHMxaTbcsi Ha AT=4184 Tk/C,=4 °C, nockoneky
yAenbHAs TeIIoeMKoCTh Bosayxa C,=1046 Ix/(xr-K). Taxum o6pasom, mogusaTHe
Bo3ayxa Ha 100 M JOJDKHO CONPOBOXIATHCS MOHMXEHHEM ero Temmepatyphl Ha 1K,
4Tro OnM3ko k HabmomaeMoMy B AeHCTBHTEIIBHOCTH.

IMonyyeHHOE yHNOBJIETBOPUTEIBHOE KOJMYECTBEHHOE COTJIACHE C ONBITOM SBISETCH
Clly4aifHbIM, TaK KaK IPUBEACHHOE OOBACHEHHE OCHOBAaHO Ha HEJOPA3yMEHHH H MOITOMY
COBepllleHHO ommboyHo. B camMoM pene, COrjacHO MH3JIOKEHHOMY, NIpH TOXBEME
B TIOJIE TSDKECTH HEKOTOPOH Macchl BO3JyXa €ro BHEIHMA mapamerp (0O6beM) He
MeHsteTcs. [ToaToMy coBepiiaemast B aaHabaTHBIX YCJIOBHSAX paboTa MOAHATUS BO3IyXa
(a He paboTa Bo3myxal!), Kak IeJIOro, MPOM3BOJUTCS HE 3a CYET BHYTPEHHEH SHEPru,
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a BCJIEJICTBHE YMEHbILEHHS BHELIHE JHEpruu —- najeHus ApYrodl (XoJoAHON) Macchl
BO3ayxa. Tdakoe JBHXEHME BO3/1yXa, KaK Lenoro, 0e3 H3MCHEHWS €ro BHELIHHMX
napaMeTpoB U OOMCHA TEMJIOTOW HE MOXCT BBI3BATb WU3MEHEHUC €ro TeMIEpaTyphl.
noJoOHO TOMY Kak 3TO HE MMEeT MecTa B Ciyyae OpOILUEHHOTO BBEPX KaMHS,
MOCKOJIbKY paboTa MOOHATHS KAMHS COBEPILAETCS 33 CYET €ro KHHETHYECKOH 3HEpruu
IBUXEHUS, KaK LEJIOro, a He 3a CYET €ro BHYTPEHHel SHCprum.

Ecnu ke yuyecTb yBenuyeHHe oObeMa BO3JyXa INpH €ro NOMHATHM B 00nacThb
C MCHBILMM JIaBJICHHEM, CJICAOBATE]bHO, NPOM3BOJMMYIO MM HpH 3TOM aauabaTHyIo
paboTy, TO Mbl DIpHAEM K HaOMOgacMOMYy OXJIAKACHHWIO BO3;1vXa C BBICOTOH.

3. C noapcMOM Kaxaoid MOJIEKYJIl BO3JlyXa Ha BBICOTY /I ee KHHCTHYecKas
9HEPrus YMEHbLIAETCH MO 3aKOHY

mv3 /2 —mv?/2=mgh.

To3ToMy 1 Cpe/HAf KHHETHUCCKAS DHCPLIA HMaCtuil, @ CAC/IOBATCILHO, H 1eMuepaTvpa
HaBepXy MEHbLIC, 4YeM BHK3Y. TaKoC YMEHBIUEHHC TCMICPaTYPH BO3AyX1 € BHICOTOHR
HE CBA3aHO C BOCXOISIIMMH TMOTOKAMH aTMoOCheprl M [JOJDKHO NPOHCXOAMTb IpPH
TEPMOAMHAMHYECKH PABHOBECHOM COCTOSIHHM Ta3d, HATIPUMED B KOMHATE.

OnHako 3TOT BBIBOA SBASCTCHS OWUOOYHBIM. Ien0 B TOM, YTO Ui ONpeaecHHOM
TPYNNbl MOJIGKYJ HMX oOiias KUHeTHYeckas OHEPrHs IpU TNoabeMe Bbepx YObIBaeT,
HO B TOH e nponopuun yObiBaeT M oOllee 4UCIO MOJIEKYJ 3a CYET BbINAICHHUS
MCUICHHbIX MoJiekysl. Ha BbicoTy h OyayT NpPOHMKAaTh TOJIBKO TE MOJICKYJIBI, VIS
KOTOPHIX Mv3/2>mgh. TI03TOMY Cpe/IHsIA SHEPIUS HA O/iHY MOJIEKYJy, A CIEA0BaTEbHO,
U TeMnepatypa aTMochepbl Ha Jit0OOH BBICOTE COXPAHSIOTCH MOCTOSHHBIMH.

2.13. B cucteme, cocrosiuieii M3 JbId, BOABI U e¢ MApa. BO3MCKHBI Pa3JIMUHbie
U30TEPMUYECKUC TPOIECCHI: NPEBPALUCHAEC BOABl B JICA WIIM nap, MPEeBpAUICHHE BOJbI
YACTHYHO B Jjcl, 4acTu4HO B map u ap. Ilpu usorepmuucckom (¢=0,01 °C) cxatum
cuctembl gaBieHue (p=609,2 ITa) uaMeHsATbCS He OyAeT, HO YACTb Mapa mepeier
B XKHAKOCTb, 4 BBIJACIUBILANACS NMPU 3TOM TEIUIOTA MOXeET ObITh MO HAmIeMy YCMOTPCHHUIO
HCTOJIb30BAHA B OINIPEACJICHHOM KOJIMYCCTBE HIIM HA TUIAB/ICHMC JIbAd, WJIM OTHAHA
TepMocTaTy. TakuM 0Bpa3oM, NpH 1300a PHO-II30TEPMUYCCKOM CKATHH Tap  jen 6ymyT
npeBpaiwathes B Boay. Ilyctb 1 r Boabl oOpa3yercs M3 @ rpaMMOR Mapa H H 1paMMOB
apaa, Torma a+b=1 u a=1—5b. Ecnu ymensHas Temnora cxuxeHus mapa A, (A, <0),
a TemIoTa TasHUA Jibaa A, (A;>0), To Temnota obpaszosaHus 1 r BoAb

Q=a}»1 +b)»2=)»1 +b(}»2—)\1)

3Ta TEWIoTd paBHA HyJIO M, CIEHAOBATCIBHO, W300apHO-U30TEPMHYCCKUIl Mpouece
CoKaTHs CHUCTeMBI OymeT Takke U aauabaTHBIM, €cid npu OOpPa3OBaHMM KaX/IOTO
rpaMMa BO/Ibl PACIUIABISETCS b rpaMMOB JibJa:

S S LY
A=Az A +Ay

(o _a(p. S)_a(p S)a(p. T)_
21 (W>s‘a(v, 8 a(p 1) 2V, 5)

U ([ 9*U\?_é(aUfaV, 0UJdS) §(—p, T)_
dv2oes? \ovas) o, s) A, S)

b
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3.1. Takoif 1npolecc BO3MOXEH, HO B COOTBETCTBMH CO BTOPBIM HAyalloM
TEPMOJIMHAMMKH OH TaKXe CBA3aH C KoMIeHcalMeil. KoMmneHcanus npH nNpeBpallcHUM
TEJIOTBI B paboTy MOXET COCTOATH HE TOJBKO B IHlepejdye Y4aCTH TEIUIOTHI
TeIUIONPHEMHUKY, HO M B M3MEHCHMH COCTOSHMS pabouero Tena, €cid Mpolecc He
kpyrosoii. Hampumep. » ciyuae uyieanbHOro rasa, AN KOTOPOTO BHYTPCHHAS JHEPrus
HE 3aBHCUT OT 06heMa, TEMIOT4, B3ATas Yy TEIIOOTAATYMKA TPH H30TCPMUYCCKOM
Ipolecce, NEINKOM NPEBPAIIAeTCs B PabOTy PACIIMPCHUS; KOMICHCALUMEH NPH TaKOM
npouecce Oyner u3MeHeHHe oObeMa rasa. Ecnu Mbl, JIMKBUAMPYS 3TO H3MEHEHWE,
COXMeM ra3 A0 HNPEXHEro 00beMa, TO NPH ITOM MNPHACTCS 3ATPATHTH TNONYYCHHYIO
paHee paboTy, OTZaB B3ATYIO y TEIUIOOTAATYHKA TEIIIOTY.

3.2. 910 mpeacTaBicHHE OIUMO0YHO MOTOMY, YTO B OTJIMYME OT TNPEBPAILCHHUS
MOTCHUMATbHOH JHEPTHH OMYCKAIOLIErOoCs BHM3 BECOMOIO Tejla TeEpexon TEIIOThl OT
TeJa ¢ Gonblued TeMnepaTypoil Kk Tedy C MEHbIICH TeMNepaTypod HEBO3MOXCH 0e3
KOMIIEHCALIAH.

3.3. OnbIT He TOJILKO HE NPOTUBOPEYMT BTOPOMY Hadasay, HO W Obljl CeUUaIbHO
npuaymaH JIapiMHroM AN HAMJIAIHOW WIMIOCTPALMH DTOTO 3AKOHA.

JBMXKCHHE KAIUIM aHWIMHA OOYCIOBJIGHO TEM, YTO TNPH HATPEBaHMH CTaKaHa
AQHWJIMH BCJIEACTBHC OOABLIOTO TCIUIOBOIO PACHINDEHHS CTAHOBUTCS Jierde BOJbI
M BCIUILIBAET HA e¢ MOBEPXHOCTb; 31€Chb, CONPUKACASICH C BO3AYXOM, OH OXJIAXKAAETCs,
CTaHOBMTCS CHOBA T#Kelee BOABI M OMYyCKaeTci Ha JHO cTakaHa. IloTom
BeCb MpOIECC TMOBTOPSCTCS CHOBAa. JTO CBOEro pojia  TEIUIOBOH  ABUraTelb,
B KOTOPOM TEIUIOOTJATYMKOM SBIISIETCH TMecyaHas OaHsA, a TerIONPHEMHHKOM —
aTMOC(HEPHBIA BO3AYX.

3.4. Ilpn ucnapeAud BOJibI € MOKDOH TOJIOBKM NITHYKH TEMMAEPATypa €¢ HEMHOro
MOHMXAETCHA; BCJIEACTBHE ITOTO YNPYrOCTh MNAPOB B TOJIOBHOH 4YACTH CTAHOBUTCH
MeHbIlIE YMPYroCTH NapoB B cektopc A (CM. pHC. 13), XHUAKOCTb MOAHMMAaCTCH
K TOJIOBKE M TOJIOBKa OMNyckaerca. IIpHM HakjJOHE CTBONA KOHEN €ro BBIXOJUT M3
KUOKOCTH M [JaBJIeHUs B A M CTBOJE BbIpaBHHBaIoTCH. JKHAKOCTH BBITEK4CT U3
TOJIOBKM, M OHA MOAHHMAETCA. Tak NMPOJOIKAETCS IO TEX MOp, MOKA rOJoBKa Oyner
MOKpOH. B oTOM «aBUTaTesne» UCTOYHHKOM TEIJIOTHI B MACCHI UCMAPSIOLIMXCH MOJIEKYJ
SIBJISCTCS BOJ4 B CTAKAHYMKE, a TEIUIONPHEMHHK — OKpYXaroias atMocdepa. KOTOpor
OTAACTCH TEINIOTA NMPH UCIAPEHHH BOABI C IONOBKH NTHuky. KoMIeHcanueil mpeBpatie-
HHUS TEIOThl B PpaboTy CIyXHT 34eCb OTAd4d 4YACTH TemIoTel atMoctepe. Ecnu
NTHYKY ¥ CTAKAHYMK C BOJOH 3UKPBITh CTEKJISHHbIM KOJIOKOJIOM, TO 4Yepe3 HEKOTOpoe
BpeMsl, NOKa 0Opa3yroTCs HACBIILICHHBIC MAPBI MOJ KOJIOKOJIOM U He Oyaer co3maBaThes
P4a3HOCTE TeMMNepaTyp, KosiebaHus NTUYKH mnpekpatarcs. Ilocne CHATHS KOJNOKOJNA
UTHYKd CaMOCTOSTEJIbHO HadHET KojcOaTbes. Ilpm Hu3KOH TeMnepaType WM TpH
MOBBILUEHHOH BJIAXHOCTH BO3/yXa (HAMpHMEpP, MOCNIEC AOXK/ASA) OHA CHJILHO 3dAMEMJISET
CBOE JBMXCHHE H MOXET OCTaHOBHTBCH.

«[Ituuka XotTabblua», «kosieco MuHTO» M «paboTarommil caM mo cebe HAcOC
1. A. PagueHko» TNpeBpaliatOT TeMIOTY B pabOTy NpH HENPEeMEHHOM H3MEHCHHH
COCTOSHHS OKPYXAIOIUMX TeJ, T. €. B TIOJIHOM COOTBETCTBMH CO BTOPBIM HA4ajioM,
4 HE BOIPEKH eMmy, KdK ITO MHOTAA yTBepxiaercs™. I'poMaamble 3amachl BHyTpeHHei
JHEPrHM MOPCH M OKEaHOB HEJb3sl MCMOJB30BaTh O¢3 TNpHBJICYeHWS JUIA ITHX Leliel
Ipyrux TeJl, KOTOpHIE NPH 3TOM H3MEHSIOT CBoe coctosiHue. Mcmonb3oBanue e
BHYTPECHHEH JHEPTHU ITHX KOJIOCCANbHBIX MCTOYHUKOB C OJHOBPEMEHHBLIM OXJAXIACHHEM
WM H3MEHEHMEM COCTOSHHUA JPYIHX Tel He TNMPOTHBOPCYUT BTOPOMY HAudly.

3.5. B citywae TepMHYECKH HCOMHODOJHOM DPAaBHOBECHOW CHCTEMbl NPHHLMIT A[H-
a0aTHOH HEJOCTHXHMMOCTH, d CJICJOBATCABHO, U TOJIOHOMHOCTb MOTYT HE MMETh

* Cm.: Mamontos M. A. Oxosul IMpomeres. Tyna, 1976.
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Mecta. IlokaxkeM 3TO Ha TNpPOCTOM mpuMepe, npuBeacHHOM T. A. AdaHaceesoii-
OpeHoecT.

PaccMoTpuM B 3aMKHYTOM 000JI0YKe [ABa MIACANbHBIX Ta3d C pA3JIHYHBIMU
TennoeMkocTamu C; u C, U Temnepatypamy T, U T, B3ATHIX KaxKAbli B KOJIMYeCTBE
ONHOrO MOJS W OTJIeJICHHBIX APYT OT ApYra MOpIIHEM, He NPOMYCKAIOUUM TEMJOTHI.
JUis Takoi CHCTEMBI

8Q=6Q1+5Q2=C1 dT1+pdVl+C2dT2+pdV2=
=(C,+R)dT,+ (Co+ R)dT,— (R/p)(T1 + T)dp, (6]

rae p—obuee AaBJICHHE CUCTEMBI.

He3aBucuMpiMH mapaMeTpaMHu sBiisiioTcss 7y, T, H p. JIerko IpoBepuTh, 4TO
yciioBue moJyiHoro anddepeHnnana s dopmynsl (1) He BhmonHserca. ClleaoBaTenbHO,
OH4 HETOJIOHOMHA. DTOT Pe3yJbT4aT ANS TCPMHYECKH HCOJHOPOJHOM CHCTEMBI O3HAYACT,
YTO OHTPONHS TAKOM CHCTEMBI TpeOyeT CrelMalbROro ompeaciicHus. OGRYHO mOX
SHTPONMHEH TEPMUYECKH HCOAHOPOJHOH CHUCTCMBI TOHMMAIOT CYMMY O3HTDOMHI ee
TEPMHUYECKH OJHOPOAHBIX 4YACTEH.

3.6. o 3axony [lanpTcHA, NaBjieBHE HICaJbHOM Tra3oBOH CMECH PaBHO CyMMe

MApPUMANBHGIX JABNCHMHA OTACHBHHIX rasoB: p=y p;. [loaTomy sHTpOmHMS CMecH
i

PACANIbHLIX TA30B paBHA

dU+pdV_ ., (dUstpdV
S=j +p =zj +T” =Y S

T

YTO BbIpaxkaeT TeopeMy I['MO6ca IS SHTPONMM MOCANIBHOW ra30BOM CMECH.

3.7. Temnepatypa T no mkaie KenbBuHa sBiisercs «a6CONIOTHOH» B CMBICIE
HE3aBUCHMOCTH OT CBOMCTB JIt0OOr0 TEpMOMETPHYCCKOrO BELECTBA. TAKOBBIM SIBJIACTCS
u otnowenne T(2,)/T(ty) [em. (3.20)], Ho me pasHocts T(f,) —T(t;). Ortcrona
ClleAyeT, 4YTO paBHele HHTepBadbl AT He SBIAIOTCA 3KBHBAJICHTHBIMH; Ppa3HOCTb
TeMmepaTyp, Hampumep, Mexay 1073 u 10~5 K 3kBuBaJeHTHa pasHOCTH TEMMEPATyp
mexnay 3 u 300 K. K. n. g mukinoB KapHo Mexay 3THMH pPasHOCTSIMH TeMIEpaTyp
OyoyT OQMFaKOBBIMH.

3.8. B nepemeHHbIX p, V ypasHeHue aqua®aThl 3JIEKTPOHHOIO rasa, IS KOTOPOro

pV="/3U, O

MOXHO HaliTH, MHOJB3yACh JMWE NepsbM HauanoMm: 0Q=dU+pdV=0, 3/,pdV+
+3/,Vdp+pdV=0, otkyna

pV 53 =const. (¥}

JUns ToNydYeHHs ypaBHCHWA aaWabaThl JJICKTPOHHOIO ra3d B mNepeMeHHbIX T,
V HEOOXCAMMO TaKkke H BTOPOE HAYalo:

5Q=(%¥>Vdfr+ [(g—g)r+p]dV=0,

dT_ (8U/dV)r+p
dv— (aUseT),
dT  T(@p/oT)y

Hcnonb3ys BTopoe Ha4ajao, HAXOOUM W m W3 ycnosus (1) nmonyyaem

vV % —2 6—q TMO3TOM dT— 2T H
ot ), "3\ ar), TN
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TV 3 =const. &)
W3 ¢dopmyn (2) u (3) BuOHO, 4TO mNpH aAMAGATHBIX TMpoLECCaX HACABHBIR
9JIEKTPOHHBIH ra3 BeleT ce0s KaK OOBIYHBIH OJHOATOMHBIN HIealibHBIA ra3 ¢ y=5/3.
3.9. 3Q0=dU+pdV=CydT+ [(0U/0V)r+p]dV=CydT+ T (0p/0T)ydV. Ho
(6p/eT)y=0/B, moaromy
3Q=CydT+ (To/p)dV.
IMpu amumabatHoM npouecce (6Q=0)
dT=— [To/(CyB)]dV.

Orciona BHAHO, 4TO BOoAa B mHTeppale 0° C<t<4°C, korma y Hee o<0, mpu
anuabatioM cxatun (dV'<0) oxymaxmaercs.
3.10. OcHOBHOC ypaBHCHHEC TCPMOIHHAMHKH

TdS=dU+pdV a
B MPUMCHCHHH K H30TCPMHYECKOMY HHUKIY abcdea naer
T§dS=$dU+§pdV.

Ho §dS=0 u §dU=0, nostomy §pdV'=0, oTkyma cieayer, 4ro mwiomanu abca
U cdec OOUHAKOBBI.

3aMeTHM, YTO MBI HCTIOJIb30BAJIM OCHOBHOE YPABHCHHC PABHOBECHOM TEPMOAMHAMH-
KH JJIS BCEX COCTOSHHMH (MCTACTAOMJIBHBIX M HECTAOMIILHBIX), MOCKOJIBKY MO YCJIOBHIO
JUIS HUX TIPHHAMACTCS CNPABCIIMBBIM ypaBHeHHe Ban-aep-Baansca. 3ameTHM Takxe,
YTO OCHOBHOC ypaBHCHHE TepMOAMHAMHKH (1) Henb3si MPUMCEHATH K wuKkiy abca, Tak
K4K MPH Mepexojie ¢ y4acTka bc HA MPAMOJIMHCHHBIA yYaCTOK €4 B TOYKE ¢ MPOHCXOAMT
HCOOPATHMEIH TpolecC TpPEBPALLCHAS BeLICCTBA M3 oAHOdazHoro B IByxdasHoe
COCTOSHHE M BMeCTO ypaBHeHus (1) Hafo MONA30BATHCA OCHOBHBIM HEPABEHCTBOM
TEPMOIUHAMMKH.

dU+pdv [ CydT+T(0p/oT)ydV [CydT ap
3.11. §S= = = — . =
T J T T + ar vdV N3 p

=RT/(V—b) —a/V? npoussognas (0p/0T)y=R/(V—b), noatomy

CydT
s{ "T +RIn(V—b) +S,.

IMockonbky Cy cinabo 3apucHT OT TeMmepatypsl, T0 S=CyInT+RIn(V—b) +S,.
a
Ins amuabatsoro npomecca S=const, nostomy T (V—b)X=const wm | p+ — |x

x (V—b) € *RICv — const.

2
(@p/oT)
U 1% ap\ (ov v
3.12. C,—Cy=| | — b T B G Y A R
Y [(W)r“’ (a ) g6T>V(6T>, ©p/oV)r 1
RT a (ap p RT 2a
53 HAXOdUM: —_— = —_

VTV ot ), v=p \av ).~ " -pr T V¥
Taxum o6pazom,

P

o R
YT 1-2a(V—b)}(RTV?)

Jlns He OYeHb TUIOTHOTO Ta3a, YAEPXKHBAS B 3TOM BHIPDAXKCHUM JIMHCHHbIE
OTHOCHTCJIBHO @ W b 4ieHbI, MNOJyuydeM

C,—Cy=R[1+24/(RTV)].

C,—
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3.13. U3 nuddepeHINATBHOrO COOTHOIICHUS MEXAY TEPMHYECKHM H KaJOPHYECKUM

YPABHEHUSIMH COCTOSHUS
ap ou
T(2) = =

B ciyrae p=f(1) T naxenum
ou
— ) =0.
v /r

3.14. UpcanbHblii  MapaMarHeTHK  OMPEACNSACTCS  TCPMHYCCKUM  ypaBHEHHEM

COCTOSHUS
H
J=f ( ?>, M

H
rae J—HaMarHM4eHHOCTh, H — HANPAXKEHHOCTh BHEIIHETO MATHHTHOTO moJs, f| (?

—HekoTopast (yHKIMS apryMeHra, ylosieTopstoiuas yciosuio f(0)=0.
JuddepenunansHoe COOTHOIICHHE Mexay TepMuueckuM A=A (T, a) 4 Kajopuuec-
¥um U=U (T, a) ypaBHEHHSIMH COCTOSIHWS

Ta—A _6U +4
6Ta_ 0(11‘

s MarHetuka (A= —H, a=J) umeer BHJ

0H ou

Tak xak T u J—He:amwcumwie npepemensrtie, TO u3 (1) Ons  mreamsworo

napaMarHeTHKa HaX0JuM
oH
T| —= ) =H 3
(57). ®

oUu
Moacrapnas (3) B (2), mony4yaeM FYi =0.
T

3.15. U3 ¢opmyn (2.6) u (3.26) Haxomum

a4 fa
c-C=T|=) =),
! (6T>”(6T>A

raic A U a—CONpSKCHHBIC BEJHYHHBI, TaK 4T0 dW=Ada.
Pabota pacrsxenus OW=—fdl=—ESdl, rae S—niowans CeYCHHS CTCPXKHS;
l—ero jumHa;, E—Hanpskenne. OtClona a=[/, A= —ES. Takum o6pa3om,

OE\ [
—G=-1s!{=) (=),
=G (6T>u(6T>s

e A—dl/l— pedopmanns.

04 0
316. C,—C,=T| — o . Ans pesunbl a=/[, A=—f, Tak kak OW=—fdl.
oT ).\ 0T ) 4

IMostomy
[+ (/) ]?

C;—C=Cl
T R 2l 1)?
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oTkyza BumHo, 4to C;—C; He 3aBuUCHT OT TemmepaTtypsl u C,>C,. V3 vpaBHeHUSA

o4\ [oU
T(ar) (60 )T+A’ o

CBS3bIBAIOIIETO TCPMHUYECKOC M KAJIOPUUYCCKOE YPABHCHUS COCTOSTHHSA, B JAHHOM CJIy4ac HMEEM

() (5

T. €. BHYTPeHHSS 7JHeprus U pe3uHsl 3aBHCHUT TOJBKO OT TEMIMEPATYPEHI.

U3 dopmyasi (1) Takxke crneayeT, YTO BHYTPEHHSS 3HEPIHs BEILECTBA C TEPMHYECKUM
ypaBHCHHEM COCTOSHHS BUAA A=T@(a) He 3aBHCHT OT a. I3 OCHOBHOro ypaBHCHHS
TEPMOAMHAMHKH

TdS=dU—fdl=C dT—fdl

I PEe3HHBLI HAXOAHM, YTO TIPH DPACTSDKCHHH OHA HATPEBACTCS:

oT\ f
(—a—l>s—a>o,

Tak Kax f>0 u C;>0 no onpenmenenuto (xak Cy>0 u Boobme C,>0).
3.17. Monaras B ¢opmyie

04 Jda
=T =
Ci—Ca= (6T> (6T>A

=D u A=—E/(4n), nonydaeM Cp—Cp= L(OE) (D
a= N ’ Y E b= 4n\ 0T D oT E.

OE o (D E de de TE? [ 9e\?
T Z) =- iy had
o m(ar),, aT a),, e oT <6T> o ™0 Cem Co= (0T> >0

d, ciaenosarensHo, Cp>Cp.
3.18. U3 soipaxeHus nubdepeHnnana sHTponuu

45— 8Q _CydT+T(9p/3T)ydV
T T

0 CV 0 Bp 6Cy 62
—\ = win —=T—=.
GV( T>1 6T(6T> v oT?

OTcrof]a BUAHO, YTO €CNH p JIMHEHHO 3aBHCHT OT TeMnepatypsl T, To (0Cy [0V)r=0,
T. ¢. Cy He 3aBHCHT OT 00beMa. Takosa Cy HAcaNBHOrO rasa M rasa Bas-mep-Baansca,
TAK K4K B OOOHX 3THX ClIyyasX NABJICHHE SABJISCTCA JIMHCHHOM (yHKLHEH TEMMepaTypHI.
VY raza Bau-gep-Baaneca C, 3aBucut ot V.

3.19. B COOTBeTCTBHH C JACHCTBHUTENLHOCTBIO JABJCHHEC BO3[JyXd B KOMHATE
NPUHUMAEM P4BHBIM HAPYXXHOMY. BCJE/CTRME TOCTOSHHOTO HABJICHHS M PACLUMPCHHA
BO3[yXd TpPH HATPEBAHUM 3HAYMTEIBHAS €0 Y4CTh NMPH 3TOM BBIXOAMT H3 KOMHATHI.
B pe3ynbTaTe OKa3bIBACTCS, YTO BHYIPEHHSS 3HCPTHS KOMHATHOTO BO3AyXa H €ro
SHTPOMHS NMPH OTOMJICHUH KOMHATBI YMEHBIIAIOTCS, 4 BHECCHHOE B KOMHATY XOJIOZHOE
TEJIO HArpeBACTCS HE 3d CYET JHEPrMH KOMHATHOTO BO3AyXa (KOYOpas MpH 3TOM
CdMa YBEJIMYUBACTCS), 4 3@ CYET 3HCPTUM NMPUXOMASAILCIO B KOMHATY HAPYXHOTO BO3[yXd.

B camMoM pene, Tak kak 3Heprus, coobuiaeMas | Kr BO3dyXxa TPH OTOMJIEHHH
KOMHATHI, u—uo=Cy (T—T;), 2 H3MCHEHHE SHTPONHH 3TOR Macchl s—so=C, In (T/T,),
TO JHCPIHSl M JHTPOMHS, OTHECCHHBIC K OOBEMY BO3MyXd, COOTBETCTBEHHO DABHEL

HaxoauMm
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7'71 16, b 0 ! 7‘ 7 f ?
a < 2 ¢
¢} 0.
T2 4 : d at 4 7 4
A g 5 s
Puc. 55. Puc. 56.

uy=pu=CypT+p(uo— CyTo),
si=ps=C,pln T+p(so— C,In Tp).

Honcraanaa CI0Zla BBIPAXCHHE UIA MJIOTHOCTHU BO3JAyXa U3 YPaBHCHHUS COCTOSHHA
p=pRT/M, nony4aem:
Cyup | upluo—Cy To) Coup up(so—C, In Tp)
= , Si= InT4+—2 2 "9
M= YT RT W= " RT

M3 3Tux BBIpaXeHUH BHIHO, YTO BHYTDEHHSS OJHEPrUs M SHTPONMS BO3AYyXa
KOMHATBI MPU €r0 HAPEBAHHM YMEHBHIAIOTCA. DHEPrHs, KOTOpas BBOMUTCA B KOMHATY
NpY OTOIUICHHH, YXOOMT 4Yepe3 TOpbl B CTEHKaxX Hapyxy. Takum oGpasoM, 3uMoi
MOMEIEHHs OTAIUIMBAIOTCS MJIS TOro, YToObl MOANEPXHMBATH B HUX OINPENENICHHYIO
TeMnepaTypy. [Ips 3TOM UCMOJIB3YETCS OHVIKEHHE SHTPOTIHHU, 2 HE YBEJIHYEHHE SHEPTHH.

3.20. Ilycte Ha 3HTpomuiiHOM nuarpamMme S, T HEKOTOpBIH LMK abcd orpaHUYeH
npenedbHbiMU u3otepmamu T, u T, (puc. 55). Ero k.n.a.

_W_§TdS  nnabcda mn.12341—0,~0,—0;—0,
T]_Q,_ i TdS_nn.AachA_ m A12BA—c,—c,

(abc)

YuuteiBas, 4TO NpH NPHOABJICHAM K YHUCIMTENIO W 3HAMCHATENO TNpPABHIBHOK
JpoOU TIONOXHMTENBHOTO 4Yhcna Apobb YyBEIMYHMBAETCH, MOJIYYAEM:

=(T1—Tz)(sz—S1)—0'1"‘0'2—0'3—04<(T1“Tz)(Sz“Si)“cl“0'4

T,(S;—S;)—0, -0, T,(S,—5,)
(Tl'_TZ)(SZ_Sl)= TI_T2=,n
T,(S,—5,) T, Kapuo:

Takum o6pasom, mukia KapHo oOnajaeT HauGOJBIIMM K.ML.I. MO CPaBHEHHIO CO
BCEMH ADYrMMH HMKJIAMH B TeX X€ TEMMNCPaTYPHBIX MNpeaeiax.

3.21. Ha suTponuitHo#t amarpamme mukn CrupiuHra u3oOpaxeH Ha pHC. 56.

Mo onpenencHuio,

T]E vV/Ql&
2 3 4 1
W=§TdS=[TdS+[TdS+[TdS+[TdS,
1 2 3 4

1 2
Q.= | TdS=[TdS+[TdS.

412 4 1
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T. €.

HaxoOauM, 9YTO HU3MCHCHHC TEMIEpATYphl IPHU aauabaTHOM PaCUIMpECHUH CHUCTEMBI

H T

Hna upeansHoro rasa dS=(Cy/T)dT+(R/V)dV, nosromy
W=T,RIn(V,/V1)+ Cy(T,—T1)+ T,RIn(V{/V3)+ Cy (T, — T,) =
=R(T,=T,)In(Vo/Vy), Q1=Cy(T1—=T,)+RT In(V,/V,),
n= R(T,—T,)In(V,/V;) _ T,-T, )
RTIn(V,/V,)+Cy(Ty—T,) T,+Cy(T,—T,)/RIn(V,/Vy)

Orcroga BHAHO, YTO

I,-T,
Tl

n<

= n Kapzro?®

K. m. A mmia CrupiamHra MeHeiie K. o 4. mukiaa KapHo B Tex ke
TeMmepaTypHHIX npeneiax. KpoMe toro, B omiMuue oT mukia KapHo k. m. 1. muKJIa
Crupjyuura 3aBHCHT OT MpHpoAbl pabowero BemecTsa.

3.22. I3 OCHOBHOIO ypaBHEHHS TEPMOIHHAMMKH
TdS=dU+pdV=C,dT+T(p/oT),dV

T(0ploT
_ (©@p/ )VdV.
Cy

dT=

IMosToMy HakjoH ammabatel Ha miockoctd V, T ompenensieTcs dopMytoi

(gz) __TG@pTy,
av)s c
ak kak (0p/oT),=a/B, 10 (3T/0V)s=—aT/(BCy).

Otciopa BHAHO, 4TO mpH (>4 °C HakiIOH aguabaTel oTpuparteiedH (o>0), npu
t<4 °C —mnonoxwureineH (2<0) u npu t=4 °C xacatesnpHast K agMabaTe rOpU3OHTAJNIBHA.
Takum o6pa3om, He cymecTsyeT aauabaThl, coequnstomeit u3otepmel t=6 °C u t=2 °C,
4, CIECAOBATECNIbHO, yKa3aHHbI# B 3aJave HUKJI KapHo HeBO3MOXeEH.

3.23. Tlo ompenesneHuo,
n=Ww/Q,.

2 1 2
B muxne Jlenyapa W=¢TdS=[TdS+[TdS, Q,=[TdS, nosromy
1 3 1

3
fTds

n=1-3
frds
1
Cuyutas pabodee Teno MOCAIHHBIM Ta30M, HAXOMHM:
C dv C d
dS=—YdT+R —=="2dT-RZ,
T vV, T p

T3 - Tl

3 2
§TdS=C,(T;=T,), [TdS=C,(T,—T,); n=1-
1 1 2— 4
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Ho T/p;=Ty/py To/Ti=pafpi =38, Top, " " "=T3p, """, T3/T,=(pa/py)" "=
=8N T T, = T, T,/(T,T,)=8'".

Y@'""-1)

8—1
3.24. PaboTra B [BUraTeNifX BHYTPEHHErO CropaHus MpPOM3BOAMUTCA HE 3a CUET
TEIUIOTHl M3BHE, a 3a CUET BHYTPEHHEH 3Hepruu pabouero BewiecTBa (roproyeil CMecH).
B uuxne OTTa roprouas cMech, BOLUEAIIas B WHIMHAP, aauabaTHO Cxumaetcs (1—2);
BOCIUIAMEHEHHass MCKpO#, H30XOpHO cropaer (2—3J3); ammabatHo pacumpsercs (3—4)
U BHIOpackBaeTcs B atMmochepy (4—1).
K. n. a. uukia

Takum obpaszom, n=1-—

"I=W/Q1,
roe
3 1 3
W=§TdS=[TdS+[TdS, Q,= [ TdS=[Tds.
2 4 A23B 2

4 3
Mostomy n=1—[TdS/[TdS.

1 2
Cuntas cMeCh HIEaNbHBIM ra3soM, HaxoJuM:

C, v ¢
dS=—2dT+R—, [TdS=Cy(T,—T)),
T 2
3

T,—T,
TdS=Cy(T,—T.). n=1-

Ts—T,

2
Buipasum 7 uepes & W3 ypasueHus aamabatei TVY"!=const naxomum T;=
=T, (Vo /V3)" '=T,e"™' u T,=T,(V,/V,)" '=Te""'. Takum obpasom, mn=
=1—1/e""!. IlpakTHyecKH € HAXOOMTCS B HHTepsane OT 3,5 g0 7 u N~25%.
3.25. Ilo onpenenexuto, n=W/Q,. B uuxne Husens

3 1 3
W=§TdS=[TdS+[TdS, Q,=|TdS,
2 4 2

4 3
nostomy n=1-§ TdS/[ Tds.
CuuTas pa6olqee ‘l‘er‘IO HOCAJIBHBIM Ta30M, HaxoJIuM:
Cy dv ¢, dp ¢
dS=—dT+R —=—dT—R—, deS=CV(T4— T)),
T Vv T r

}TdS C,(Ty—T,) 1 Loh
= 3—41;), N=1—- .
2 ' Y T3=T,
Ho T2V2_1=T1 Vl—l’ Tl/Tz=(V2/V1)7_l=l/ey—l,TTz/l;z=yT%/V3’ T/T,=V5/V,=
=p, LV !=T,V1" ! T,V '=T, V1", otxyma =232 =pp' '=p' U OKOH-
3¥3 4V 2 1
T, T,\V,
1 p'—1
yartenbHo n=1-— .
ye'™! p—1

312



A
o« v V2 , 1 2 2
' N\ '
|
! 2 PR
A B
Pue. 57. Puc. 58.

3.26. O6GpaTUMOE CMelueHHe U pasfelieHue MICAIbHBIX ra30B MOXHO, B Y4CTHOCTH,
OCYILECTBHTb TPHUMEHSS TOJIYNPOHHLAeMble TieperopoAkud. IIpy 3TOM BO3MOXHBI
BOSIKOTO pPOAA YCTPOWCTBA. B OAHMX CMEIUMBAIOMIMECS Ia3bl MMEIO! OJUHAKOBYIO
TEMIEPATypy, HO 00beMbl MEHbiLHE, YeM 0OBeM CMECH, HOITOMY UM IIPeLOCTaBISETCS
BO3MOXHOCTh OOpATHMO pacliMpsATCS A0 oObeMa CMeCH M CoBepliaTh paGoTy,
B APYruX — TakoW BO3MOXHOCTH ra3bl HE HMEIOT H CMeEIleHHe (Pa3/iesiecHHC) OCYIIECT-
BiseTcss 0e3 coBepileHHs paboThi.

YCT4aHOBK2, COOTBETCTBYIOIAA MEPBOMY Cilydaro, H3o0paxeHa Ha puc. 57. Tas
I otpenseTcs OT ra3a 2 B UMIHHIpPE TMOCPEACTBOM JIBYX H30HpaTeNbHO MPOHMLAEMBIX
nopiuHed: A, cBOOOJHO MPOHMIAEMOrOo JUIA rasa /, HO HEMPOHHMIAEMOIO A Trasa
2, u B, nponunaemoro nns /. Tlopwenb A Oyner mepeMemaTbCs MOJ JaBJIEHHEM
ra3a 2, a mnoplieHb B—mnoa paBieHdeM rasa /. EcnM 3THM JaBieHMs ra3’oB Ha
MOPIUHA YPaBHOBELICHbl BHELTHHMH NABJICHHSMH Ha TIOPIUHH M BECh ANNapaT MOTPYXeH
B Oonbluyto BaHHY C TeMnepatypoii T, cMellieHHe MOXer Obl1b TMPOBENEHO H30TEp-
MHYeckH H obpatumo. IlyTeM [aBjeHHs Ha NOPLIHH CMECh Ta30B MOXET ObITh
00paTHMO pa3fieicHa Ha COCTABHbIC 4YacCTH.

Pabora, cosepluaemas NpM DACIUMPEHHH ra30B, OYEBHAHO. paBHA

V1+V2 V1+V2
Vi+Vv, Vi+V,
W= p,dV+ p,dV=v,RTIn ————+vVv,RTIn ——,
v, V,
vy vy

rae v, U v, —uHcia Moaei rasos I u 2. llpu v, =v,=1u V=V, pabota W=2RTIn2.

B ycraHOBKe, COOTBETCTBYIOWIEH BTOPOMY Ciyd4alo (pHC. 58), cMeCb M3 [ABYX
ra3oB 3aHMMaeT o6beM ¥, co3gaBaeMblii IOByMs BXOOAUMMH OAWH B JAPYroi
HWIHHADPAMH C TOJYNPOHULAEMBIMH CTCHKAMH, TOMEUIEHHBIMH B TEPMOCTAl.

JleBas cTeHka A npaBoro cocyia MPOHHLAEMA TOJBKO Ul TMEPBOro rasa, mpasas
CTeHKa JIEBOTO COCyJa —TOJNbKO [uls BToporo. Korma cocyibl CHBHHYTBI, B HHX
HaxoJUTCA cMech oboux rasos. Ilpu pa3mBHXKEHHH COCYIOB B 44CTH | AaBjeHHE p,,
B 4YacTH [+2 pAaBneHue p,+p, ¥ B 4acTH 2 AaBlieHHe p,. Ha nesyio u mnpasyio
CTEHKH JIEBOrO CoCyia JcicTByeT nHapiende p,. CremosaTenbHO, Ha BeCh JIEBBIi
COCYH HAEHCTBYET CHJa, paBHas HyJll0o, H MOJITOMY paboTa NMpH MEPEMELIEHHH COCy/a
Takke pasHa Hymo. Komuuectso temnorst 0Q=dU+6W, nonyyacMoe HpH 3TOM OT
TEPMOCTaTa, TOXKC PABHO HYJIO, TOCKOJbKY BHYTPEHHSAS 3JHEPrUs HJEANBLHOTO ra3a
NpH TMOCTONHHOH TeMmepaType He 3aBHCHT OT o6beMa M dW=0. CMeiueHHe ra3os
OJMHAKOBOH TeEMNepaTypel, NPOBEAEHHOE NOJOOHBIM o6pasoMm, Takxke Oynaer o06-
paTHMBIM, HO TNpH 3TOM 0ObEM cMecH M 00BEM KaXJOH KOMIOHEHTbI CMECH 0
CMEIUEHHs. M TOCJE CMEIUEHHs OOMH H TOT Xe.

OTOT pe3yiabTdT O BO3MOXHOCTH CMEILEHHS HIOCANBHBIX [a30B, B3ATHIX TPH
OJIMHAKOBOH TEMINepaType, OOpaTHMBIM IyTeM G6e3 COOOLIEHHs TEWIOThI M 3aTPaTHl
paboTLl NPUBOAMT K TOMY, YTO €CHM KaXAbH a3 10 CMEIIEHAS 3aHUMANl 00beM
V u obnaman 3HTponueii COOTBETCTBEHHO S, M S, TO NOCJIE TakOro OGPAaTHMOro
CMELICHHAS HTPOMHUA CMECH, 3aHMMalomied obveM V, Oymer S,+S,. Takum o00pa3om,
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9HTPOMHA pa3feMMON Ha TMepBOHaYaJbHbIE YaCTH CMECH HJCaJbHBIX Ta30B paBHA
CyMMe OHTPONHi 3THX Tra30B, KOrJa KaXAhili H3 HHX B OTHEIBHOCTH HMeeT
TeMnepaTypy M o6bemM cmecH (Teopema I'mbG6ca).

3.27. U3MeHeHHe OHTPONMM TMNpH CMELIEHHH [BYX MOJIEH OJZHOrO H TOro
ke rasa, HMeoolUx TemnepaTypy T u o6veM V, HalineM, HCNOJB3ysd BhIpaXCHHE
mns suTporum (3.40).

Jlo cMelieHHs SHTPOMHsA CHCTEMBI

§i=2[CyInT+RIn(V/N)+S°].
TMocne YyOaJIeHHs TEPEropoakH H CMCIUCHHUA 3HTPOMHUA CHCTEMBI
Sy=2{C,InT+RIn[2V/2N)]+S°}.

ITosToMy H3MEHEHME SHTPONMH TNpH CMELICHHH JBYX NOpHHH OJHOrO M TOrO
Xe rasa C oguHakoshiMH T ® p pasHO Hymo: S;—S,=0. W3 BeIpaxeHns s
SHTPOMHH HACAIBHOTO rasa

S=v[C,InT+RIn(V/N)+S°] 1))

HETMOCPEACTBEHHO ClEAYeT aJAMTHBHOCTE JHTPONHH. JEHCTBHTENBHO, eCiH B 06BeME
V copepxurcs N 4acTHI, TO, NPEACTABNIsAA 3TOT OOBEM COCTOAIMMM U3 JBYX 00BEMOB
Vi u Vo(Vi+V,=V) c uucioMm yacran -coorsercTsee N; u N, (N,+N,=N),
MOJIyYa€M, YTO OJHTPOINHMA BCErO rasa paBHA CyYMME J3HTPONHH ero dacrei:

(N/No)[CyInT+RIn(V/N)+S°]=(N,/No) [CyInT+RIn(V,/N,)+S°]+
+(N,/No)[CyInT+RIn(V,/N,)+S°],
nockonbky V/N=V,/[N,=V,/N,.
Bripaxenne (1) MOXHO NpeACTaBUTh B BHIE
S=v(CyInT+RInV+S,), ?)

rae So=S°—VRInN=S'°—kNInN 3asucut or wmcna N uacTun. 3aGeeHue 3TOro
OGCTOATENBCTBA ¥ NpHBENO K OwWMOKe B 3aJade. B camoM fene, SHTpONHS MBYX
MOJIell Tasa [0 CMeElleH s

§=2(CyInT+RInV+S,),
a MocNe CMeLUeHNs, KOTja KaXibli ra3 saHuMmaer ob6bem 2V,
Sy=2(CyInT+RIn2V+S,).

Benuuuny S;, MOXHO HAWTH H3 CBOKCTBA AJUMTHBHOCTH SHTPONHH: 3HTPONHA
BCEro ra3a B obbeMe 2V mocne CMELIEHHA paBHa CyMME OJHTPONHH AByX 4Yacreit
IO MOJIO Ta3a B KaXAOH:

2(CyInT+RIn2V+S;)=2(CyInT+RInV+S,),
oTKyza
S%=—RIn2+8S,,

8,=2(CyInT+RIn2V+S,)—2RIn2, S;—S;=0.

KonburypanuoHsas 4acTb 3HTPONHM raza u3 N vacrun pasHa kNIn(V/N), a ue
kNIn V+const, kak 3T0O OIMOOYHO NPHHHMAETCH B YCJIOBHH 3aJayd.

TakuM 06pa3oM, e€cid B BBHIpAXEHHH (2) B NPOTHBOPEYHH C IEHCTBUTEIHLHOCTBIO
BEJIMYHHY S, CYUMTaThb HE 3aBHCAINEH OT uMcia N YaCTHI, TO yAaJieHHE INeperopoikH
NpHBOJUT K yBelM4YeHHIO 3HTponmuH AS=KkNIn2 He TONLKO I pa3HBIX rasos, HO
TakXe W [Jid OJMHAKOBBIX Ia3oB, XOTA TEPMOAHHAMHYECKOE COCTOSHHE B IOCIIEAHEM
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ciyyae He M3MeHserca. Ha caMoM e genie 31eCb HMMeET MeECTO HE NapajoKc,
a MapasiorM3M — HEOPa3yMEHHe, KOTOPOE YCTPAHAETCHA, €CIH MNOJIb30BATHCA MPaBHIIb-
HbIM BbIpaxeHHeM (1) mns suTponuu. JieHcTBHTENBHBIH CMbICT napajgokca ['ub6ca
COCTOMT B CKaikoOOpa3HOM WH3MEHEHHMH OJHTPONMHH AS NpH NepexoJe OT CMECH,
pasfenMMoi Ha MEPBOHAYAJNILHBIE YacTH CKOJIb YrogHO OJM3KHX NO CBOMM CBOMCTBAM
ra3oB, K CMECH OJMHAKOBBIX Tra30B. IJTOT cKka4ok AS cyuiecTByeT OOBEKTHBHO,
TO3TOMY €r0 HeNb3s YCTPAHUTH®).

3.28. B 3anade 3.26 moka3aHO, YTO BO3MOXHO CMellieHHE (pa3ielieHHe) HACaJIbHBIX
ra3oB OJMHAKOBOH TeMIepaTypbl OOpaTHMBIM myTeM 0e3 COOOUICHHS TEmiIoThHl
H 3aTpaThl paboTbl. DTO MPHBOAUT K meopeme Iubbca 06 sumponuu 2a3080i Cmccu:
SHMPONUA Pa3zdeaumoli HA NepeoHAUAAbHbIE YACMU CMECU UOEeAAbHbIX 2A308 PABHA C)..i.vie
IHMPONUil  COCMABAAIOWUX 2a308, KaAMCObLL U3 KOMOPHLIX umeem 6 OmMOeAbHOCHU
memnepamypy u 06vem cmecu.

B ciyyae TOXIOECTBEHHBIX ra3oB CABHIAHHE COCYJOB C TaKUMH [a3aMH TPHBOIUT
HE K CMELICHHIO, 4 K CXKATHIO rasa, 4TO MPH HAJHYHM TEPMOCTATA CBA3AHO C OTHAYEH
TerioThi AQ M, CleNOBaTeNbHO, C yMeHbleHHeM 3HTponud Ha AQ/T. TakuM ob6pasom,
IUI TOXOECTBEHHBIX razoB Teopema ['m66ca He cnpasennusa. Bcneactsue sToro
H3MEHEHHE JSHTPONHM NPH CMEIUEHWH [BYX HICHTHYHBIX Ta30B HENb3s MNOJYYHThb
B MPEIETbHOM CJIy4ae CMELICHHS ABYX Pa3jIHYHbIX I'a30B, MOCKOJIbKY MPH PACCMOTPEHHH
pa3NHYHbIX Ta30B HCMOJIb3yeTCs Teopema I'M66ca, He MMeloIas MECTa B MpeIesibHOM
cnyyae. [ TOXAECTBEHHBIX [a30B SHTPOMHH «CMECH» MOCjiEe OOpaTHMOro CMELIeHHS
paBHA HE CYMMe JHTPONHN CMELIMBAIOLMXCA YACTEH, BHIYMCIEHHBIX B IPEAMOJIOKEHHH,
YTO KaX[Jasd 4acTb 3aHUMaeT oObeM V, a CyMMe 3THUX OSHTponui Oe3 BEIHYUHBI

|AQ| -W 2vRTIn(2V[V)

T T T

rae vV—4HCIO MOJied B KaXIOW YacTH rasa OO CMeWIeHHs, korja o0beM KaxIoH
4acTH paseH V W obeux wacred 2V.

3.29. KonopurypaudoHHas 4acTb OSHTPONHHM MJAEajbHOrO ra3a M3 N 4acTHI
B obbeMe V pasHa

=2vRIn2,

S=kNIn(V/N).

IToatomy sHTponus razoB A U B 1mo cMeluenus

2
S;=k Z N;In(V/N,),
i=1

a TMNOoCJIC€ HMX CMCIICHHUA
Su=k(N,+N,)In[2V/(N, +N)]. 1)

W3MeHenne SHTPOMHH CHUCTEMbl B pPe3yJbTaTe HEOOPATHMOIO TMPOLECCa H30Tep-
Muyeckoil auddy3nu

2
N,
AS=Sy—S;=k ) N;In ———+k(N,;+N,)In2. 2
u—S; i;x N+ N, (N1 +N,) 2

OTO H3MEHEHHE OHTPONMHH HasbiBaeTcs afdexmom [Iei-JTioccaka. HerpymHo
YCTAHOBUTb, 4YTO MNpPH 3agaHHOM oOumeM umcie N,;+N,=2N 4YacTHU CHCTEMBI
BBIpaXCHHE AJI1 AS HMeeT MHHHMYM Tmpd N;=N,=N. DTO MHHHMAJbHOE 3HAYEHHE
AS paHo Hymo. Ipu usmenenuu N, ot 0 go 2N BenuuuHa AS U3MeEHAETCA B HHTEpBaJe

* Cm.: Baszapos W. II. Merofonoruyeckue Npo6ieMbl CTATHCTHYECKOH (U3UKH
U TepMoauHaMukH. M., 1979,
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0<AS<2kNin2. (€)

3TO COOTHOLIEHHE YKa3bIBa€T HA TpeAeNbl H3MEHEHHS OHTPONMHH B TMpOLEcce
Ieii-JItoccaka mpu HEMpepbIBHOM H3MEHCHMH [ABJEHHH p; H p, CMCIIHBAIOLIHXCA
MOpUMA OMHOTO H TOrO Xe€ ra3a C 3aJdHHBIM OOIMM uuCIOM 4YacTdL 2N H, Kak
COBEPLICHHO OYEBHIHO, HHKAKOTO OTHOLIEHHS K mapajokcy I['m66ca He HMeerT.

O6e mopuu# raza B AAHHOM MNpPUMEPE COCTOAT H3 OJHMX M TeX XK€ YacCTHL,
HO OTJIMYAalOTCA ApPYr OT Apyra BHYTPEHHHM MapaMeTpoM — naBineHHeM p. Ilpu Bcex
3HAYEHHAX MapaMeTpa O6JM30CTH MopuMi rasa

1p2—pil

n" )
P1t+D2

usMeHstomerocs or 0 mo 1, cMecH 3TMX MOPLUMA HepasJenuMbl H, CIIEJOBAaTENbHO,
cuyvait ¢ =0 He obnamaer ¢uU3HYECKOH OCOGEHHOCTBIO MO CPABHEHHIO C JIIOOBLIMH
APYTHMHU CIy4YasiMH CO CKOJIb YrOJHO MAaJIbIM 3HAYEHHEM T1).

330. Tazsi A ¥ B mpeAcTaBisAlOT COOOH OAHOPOAHbIE CMECH M3 YaCTHL
C ¥ D pa3nu4HbIX ra3oB: ra3 A coaepxut N, =Nx, yactuu raza C u Nj=NXx, 4acTHL
raza D, a ra3 B—N,=Ny, vactiu C u N3=Ny, vactuy D(x;+x,=y,+y,=1).
B xauecTBe HEMPEPHIBHOTO MapaMeTpa, XapakTEPHU3YIOLWIErO CTEMEHb OJHU30CTH TAKUX
cMecel, BbIGepeM BenWYHHY M =|x, —y,|=|x,—y,|. Ipu n=0 (x,=y,, x,=y,) obe
cMecH A B B abconoTHO OauWHAKOBbL, a mpH M=1 (x,y, =x,y,=0) Mb HMeeM neno
C OByMs MpenesibHO pa3iuyuMbIMH rasamMu C u D. Jlo ynaneHHs NEPErOpOIKH MEXIy
rasaMi 4 H B 3HTpomHsa CHCTeMbI mo TeopeMe I'HOGca paBHa CyMMe 3HTpPOMHA,
OTHENbHO 3aHMMaloUMX 00beM P ueTbipex NOpuMii YHCThIX rasoB u3 N;, N, N,,
N’ yactHi cooTBeTcTBeHHO. Ilocne ynasieHHs MEperopoAKkd SHTPOMHS CHCTEMbI paBHA
cymMe 3HTponu# ra3oB C ¥ D, xoraa xaxAbld U3 HUX 3aHHMaeT o6beM 2V, T. e. cyMme
SHTPONMHUH Sy, BbIYHCIEHHOH no Qopmyine (1) mpeabiaymied 3afayd, BCETO rasa CopTa
C u3 N, + N, yacTuu (moJiyyarolerocs B pe3yjbTaTe H30TEPMHYECKOrO HEOOpaTHMOro
npouecca auddy3un yaciuu copra C NpH pa3NHYHOH HAYAJILHOW KOHUEHTPALMH HX
B rasax A u B) u surponuu Sy Bcero copra D 3 N+ N’ dacTuu (mojyyarouierocs
B pe3yJbTaTe H30TEPMHYECKOTO HEOOpAaTHMOro mpouecca IUbQY3HH HaCTHL 3TOrO
copra). Mamenenue suTpomuu rasa C mnpu Hu3otepmuyeckod nuddysuu ero yacreii,
cornacHo ¢opmyse (2) npeasimyuieii 3amavd, paBHO

AS°=k i N:In[N,/(N;+N,)]+k(N,+N,)In2,
i=1
a HM3MEHEHHE J3HTPONHMH NpH H30TepMmHueckol MubPy3uu mnopuui rasa D
AS'=k i Niln[N{/(N1+N3)]+k(Ni+N3)ln2.
i=1
Cornacuo ¢popmyie (3) npeasiaymeit 3aaauu, AS® 1 AS’ H3MEHAIOTCH B MHTEpBaJax
0<AS°<k(N;+N,)In2, 0<AS'Sk(Ny+Nj%)In2,

nosToMy yBesHuenue uTponuu AS=AS°+AS’ Beeil cucTembl, 06pa3oBaBIIeiics nocie
nubdy3un cMeceii 4 M B, M3MEHICTCA B 3aBUCHMOCTH OT N (MJIH MHCIA YacTHL,
KaKIOrO COpTa) B HHIepBane

0<AS<2kNIn2, (1))

nockoiabky N;+N,+N|+N,2=2N.
Bripaxenue (1) coBnasaer ¢ popmynoit (3) npenviayuieit 3agauu. Kak u B npensi-
Oyilicd 3ausdde, MHICPBAT M3MEHCHMA IHTpOuMH (1) NPH cmeuicnky TasoB A U B obyc-
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noBneH npoueccom Ieii-Jlroccaka kakmoro copia 4acruy C W D NpH H3MSHCKHH
HX KOHLEHTpauuMid B cMecsx A M B, U mno3romy Boeipaxende (1), mouodHo (3)
npeAbiayLied 3aJayd, K mapaiuoxcy I'M66ca OTHOLuEHHA He MMeeT. 3TO BHIHO TaKxke
M3 TOro, 4TO CMeCh ra3oB 4 M B, Kak W B Ciydyae CMeCH JIBYX MOpLMH OJHOrO
H TOTO € ra3a, HeBO3MOXHO pa3leNIUTh HH TMPH MX TOXAECTBEHHOCTH (N, —N,=0,
1"—N%5=0), sy npu ux pasmuuun (N, —N,#0, N1—N3#0). IloatoMy TeopemMa

IMi66ca x razsam A4 W B HeOpuMeHUMA H SHTPONMIO CMECH 3TMX TasOB  Huibsi
BBLIYHCIISTh 110 Teopcme Iu6GOua Ous cmecH pasdbiXx rasoB 4 u B

Ha ocuobe pidyapiata (1) Ang uHicpsajia hsmeHeHnd AS Npd CMCIICHHHM 1a30B
A ¥ B nekOTupble 4BTOPbI MPUXOAAT K BbIBOAY 00 OTCYTCTBMM mMapauokca I'HoOua
H CYHTAIOT, YTO TPH HEMPEPHLIBHOM H3MEHEHHH MapaMeTpa Pa3jIM4Hs ra3oB M3MEHEHHE
sHTpormud AS npu Ouddy3uH razoB H3MEHSETCH HEMPEPBIBHO.

3TOT BBHIBOJ, OJHAKO, HEMPABHJIEH, MOCKOJIbKY, KaK NOKa3aHO BblllEe, pe3yJbTaT
(1), nozio6no (3) npenviayiei 3amauu, obycnosned npoueccoM INeii-Jlroccaka (CMeieHns
Q3yX TMOPIMH OAHOTO M TOrO X¢ rasa Pd3HOH KOHUEHTPAUMM) M HE MMoeT O1HOMIEHMS
k maparorcy Iub6ca. B paccmaipusaemoM ciydae cmecd rasoB 4 u B, kax
H B CIyYa€ CMCCd [LBYX NOpLUud OAHOrO M TOIO JKE€ rasa, OICYl1C1byeT CaMO
(bu3nueckoe OCHOBaHUE mapajvokca I'66ca —OCODEHHOCTh HEPa3AEMMOCTH CMECH
ra3oB A U B TONBKO NpH HMX TOXAECTBEHHOCTH (korza mapamerp pasiuuus n=0),
MOCKOJIBKY €€ Hellb3sl pa3fieNIMTh H NPH CKOJb YrOJHO MaJIOM pa3jMuuM rasos 4 ¥ B.

ITpoBeneHHOE paccMOTPEHHE CMELLUEHHS ra30B MPMBOIMT K YCTAHOBJIEHHIO CYILECT-
BOBAanHA ABYX COBEPLIEHHO PA3JIMYHLEIX BHJOB H30TEPMHYECKOTO CMELICHMA HACH..onbiX
razoB. K mnepBoMy BHIy OTHOCHTCA TaKOe CMeLICHHE ABYX mopuuid no N wactam,
NpH KOTOPOM M3MEHENHME SHTPONEM COBCPIIEHHO HE 3abnCMT OT PulLuiKs ra3os
(teopema I'm66ca) u pasHO

AS=2kNIn2. 2)

ITosyyaeMyto MpH 3TOM CMeECh MOXHO pa3fenuTh (C MOMOIUBIO MOJYNPOHHIAEMBIX
NEPErOPOMOK HJIH BHEIUHUX MNoJied) HAa MOPLUMM CMEIIUBAEMbBIX Ta30B.

ITpu BTOpPOM BHIE CMeEIUECHHS MOPHHMH ra3oB MOJYyYaeMYH CMeECh NMPHUHIMMHIJIBHO
HENb3s pa3leniTh HAa CMELIIBACMLIE MOPIIM. B OTimiuize OT MEpBOTYO BHAA CMEWICHESA BO
BTOPOM BHAE M3MEHCHWE IJHTpuilkid hipM CMCdiCnnk (InihponuA cmewleiusn) 3ABUCHT OT
CTcTeHH pa3JiMyis CBOUCTB CMEIUHBAEMBIX [a30B, M3McHSACH B HHTepBatie (1). BTopoit sin
CMelLeHHs ObLT H3BECTEH 3HAYUMTEBHO PaHblie, YeM nepBriid. OH HMeeT MeCTO B TPOLIECCe
ammabaTHOro pacumpeHus rasa (cMeceif ra3o) B 06J1aCTb € TEM e ra3oM (CMECBIO TEX Xe
ras’oB) MeEHbUIEr0 NABJEHHS, HO OIMHAKOBOK C HMUM TeMnepatypoit (mpouecc [Ieii-
Jlioccaka). Io.ydaemMyro npu 3TOM CMeCh HEBO3MOXHO Pa3fIE/UTb HA TICPBOHAYaJibHbIC
NOPLMH, a JHTPOnMA AS CMelleHMS HeNpephiBHO H3MeHsicics B uuicpeziic (1).

Herpynuo HafTH 3aKkoH H3MEHEHWsi AS C H3wCHLHRUM DNdpameTpa  Pasihifisd
nopauit rasos. Ilycib B 00btme V codcpxuTcd N; Hacivy Tasa, 8 B ALYy oM
obBeMe TOi ke BeMHUMHBI 2N — N, 4acTHL TOro Xe ra3a. JHTPONHUS CHCTEMbI, VYEBHIHO,

8$;=N,In(V/N,)+(2N—N;)In[V/2N—-N)],
a NOCJC YAsiCHHS IEPErOpPOAKH MEXEY COCYJaMM SHTPONMH CUCIEMBI
Sy=2NIn[2V/2N)]=2NIn(V/N).
Taxim oGpazoM, SHIponud CMciticHds ra3oB (3pdext [eit-Jioccaxa)
AS=Sy—S,=2kN{In[2—N,/N]=N,/@N)In[2N/N,—1]}.

BBoAs B KauecTBE HEMPEPHIBHOTO NapameTpa pasjdydsl CMELIMBAEMEIX MOPIMi
ra3os Hu3MeHstowyrocs or 0 mo 1 Benuuuny
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AJY(ZkN)M ¢ 1 8 n=|pz_—P_1_|’ ToJTyYaeM
17 fer—r P1tD;

AS=2kN {In(1+71)—
—(1-n2hn[A+n)/(-m]}. Q)

COBEpILEHHO OYEBUAHO, YTO HEMPEPHIB-
HOE H3MEHEHHE OJHTpONHH cMemeHus (3)
/ TIPH HENPEPHIBHOM M3MEHEHHWH CTENEHH pas-
/ ) ) . JIMYAS CMEIUMBAEMBIX Ta30oB B Tpolecce
0 02 04 06 08 7 [eii-JIroccaka (T. €. IPH CMELLEHAH BTOPOTO
BH/Ia) He TIPOTHBOPEYMT HEHM3MEHHOCTH Be-
Puc. 59. JMYHHb (2) TIpH HW3MEHEHMM CTeneHH pas-
JIMYMS ra30B B TPOLECCE M30TEPMHYECKOrO CMeLIeHHs mnepBoro BHAa. Pesymstar (3)
HE HMMeECT OTHOLIEHHS K BBIBOAY (2), Tak Kak OH OTHOCHTCS K J[ApPYroMy BHAY
cMerenus. I103TOMy Henb3sl YTBEpXAATh, YTO, BHIOpDAaB HeNpepHIBHHIA NapaMmeTp NpH
CMeIleHHH ra3oB B mponecce Ieid-JIroccaka m monyuuB dopmyny (3), MBI HCIpaBWIH
dopMyny (2) U ycTpaHWIM OCOGEHHOCTH CMELIEHHS, ONpeAesiieMyio 3ToH (opMyIoii,
OKOHYaTeJIbHO pelMB mapajokc ['m66ca, T.e. moka3aB €ro OTCYTCTBHE.

M3 M3JOXEHHOro BHAHO, 4YTO B OOIIEM Clly4yae H30TEPMHYECKOTO CMELICHHS
HIEaNIbHBIX Fa30B KPUBasi 3aBUCHMOCTH SHTPOMHH CMeLleHHs! AS OT napaMerpa pas3jiuuus
CMELIMBAEMEBIX Ta30B COCTOMT U3 JBYX BeTBei. OqHa u3 Hux BA [cMm. (2)] cooTBeTCcTBYET
CMEILEHHIO MEPBOro BuAa, a aApyras OB [cM. (3) | —cMemenuto BToporo Buaa (puc. 59).

H3oTtepMuyeckoe CMelleHHE NOPHMH OJNHOrO M TOrO XK€ rasa TNpPHHAMJIEXKHT
K MHOXECTBY CMelueHMH BToporo BuAa (cMewieHue [@edi-Jlroccaka), a He mepBOro
(cMemeHne ['u66ca). [ToaTOMy cMeuleHHe TOXIECTBEHHBIX ra3oB HeJib3sl pacCMaTpHBATh
KaK TpeHesibHBIA cilyYali CMEIUEHHS ABYX pa3jiMYHBIX (pa3sfesIMMBIX M3 CMECH) ra3oB.
OTO0 sBlICHHE HAa3bIBACTCH napadokcom Ilubbea: npu nepexode om cmecu CcKkoAb Y200HO
Oau3Kux no ceoum ceoiicmeam (u pasdesumvlx U3 CMecCu) 2a308 K CMeCU O0OUHAKOBbIX
nopyuii moxcoecmseHHvlx 2a308 3umponua cmewenua AS ucnvimoisaem cxavox [cMm. (2)].
MartemaruyeckuM M Qu3nyeckuM o6oCHOBaHMEM mnapamoxkca I'mbGca sBISETCS OTIHYHE
aTOMOB CMELIHBAaeMbIX ra3oB. CMellleHHEe TOXJECTBEHHBIX Ia30B NMPHHAMJIEKHT K MHO-
XKECTBY CMELIEHHH Hepa3JelIMMBIX ra3oB, a HE K MHOXECTBY CMEIICHHH CKOJIb YTOJHO
GJIM3KMX M pa3feNIEMBIX ra3oB. BcieacTBHE 3TOro OHO (GHM3HYECKH BbIIENIEHO, obiamaeT
cBOEOOpa3HOH OCOOEHHOCTBIO NMO CPaBHEHHMIO CO CMEILEHHEM CKOJIb YIOAHO OIHM3KHX
pas3eMMBIX Ta30B.

CymecrBoBanHe cMewieHust I'eii-JIioccaka W HenpepslBHOE H3MEHEHHE SHTPONHH
cMelieHus AS B 3TOM cilydae HH B KOEH Mepe He HCKIIo4aroT cMelueHus ['u66ca
M HHMKAKOro OTHOIUEHMS K mapadokcy I'm66ca e umeror. TakoBO pasbsiCHEHHE (WIH
pelueHne) mapanokca I'm66ca.

Bo3HuKaeT BOIPOC: HACKOJIBKO JIETKO IKCIIEPHMEHTAIILHO OOHAPYXHUTh TEOPETHYECKH
ycraHoBnieHHbIH ['m66com mapamokc?

I OTBETa Ha 3TOT BOMPOC PacCMOTPHM NpHMep U3 MexaHukd. Kak m3BecTHO,
HEOIPaHHYEHHO MOJITOE MNPAMOJMHEHHOE M PaBHOMEPHOE [BHXEHHE Tela BO3MOXHO
TOJILKO B HMACAJH3UPOBAHHBIX YCIOBHUAX MOJHOrO OTCYTCTBHS KaKoro-nubo neicTus
JApYrux Tel Ha JBWXKyuwieecs Teno. IlpakTHueckd BiIMsHME ApPYrHX Tenl (TpeHHe,
COMPOTHBJIEHHE H T. [.), YCTPaHACMOE JIHLIb C KAaKOH-TO CTENEHbIO TOYHOCTH, HE
03HAY4eT OrpAdHHYEHHOCTH TPAJAMIHOHHOIO MOAXOAa K 3aKOHy HHEpLMH M TeM Ooiee
€ro OICYTCTBUS. YHYET 3TOT0 BHEUIHEr0 BIMSHUA TPUBOAUT TOJNILKO K H3MEHEHHIO
JBUXCHHS Tela, HO HE K M3MEHEHHIO 3aKOHA WHEPIHH.

AHajlOru4yHoO, BBIBOA O cKayke AS npH mepexolie OT CMEIUCHHS Tra30B U3
OJIMHAKOBBIX 4TOMOB K CMELIEHIiI0 [430B C OTJMYAIOLIMMHCH TO KaKOMY-TO TPH3HAKy
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aromaMu (napagokc I'mb66ca) uMeeT MeCTO B WICaJIM3HPOBAHHBIX YCJIOBHMSX pa3leneHHs
CMeCH TpH CKOJIb YIOAHO MaJiO pasHHMIE MapaMeTpa pas3jIMyds aTOMOB.

To, 4TO MpPaKTHYECKH «OMO3HAIOMIEE YCTPOWCTBO» OydeT HeiiaTh OWMOKH TNpH
pasfeneHHH CMeCH U3 OJIM3KHX MO CBOMM CBOWCTBAaM aTOMOB M HE MOJHOCTBIO OTAENATH
HX IOpYr OT apyra, HU B KoeH Mepe He O3HayaeT HEAOCTATOYHOCTH TPAaTHIMOHHOIO
noaxona k mnapagokcy I'm66ca u TeM Gonee ero ortcyrcteus. Ilpu ydere owmGoOk
OMO3HAIOLIEro YCTPOWCTBA MpPH pa3lefieHHH TPYAHO PAa3JIMYUMbIX KOMIIOHEHT OCObeH-
HOCTBb CMELLICHUS TOXAECTBEHHBIX Ta30B HcYe3aeT (YCTPOMCTBO MOJHOCTBIO HE pasfenser
U GJH3KHE MO CBONMCTBaM aToMel!). DTO MPUBOAMT K HEMPEPHIBHOMY H3MEHEHHIO AS
B 3aBHCHMOCTH OT CTEMEHH pa3jiMyHMs aTOMOB, HO He K OTCYTCTBHIO mapajgokca I'mG6ca,
HMerollieMy MeCTO (Kak M 3aKOH HHEPIHMH) B MpPENENIBHOM Cliyyae OTCYTCTBHSI OIIMGOK
OTMO3HAIOLIEro YCTPOHCTBa (OTCYTCTBHS BJIMSIHMS BHEIIHHX TeJI Ha [BHXKYILUEECHd Teso).

BenuunHa AS, onpeaenseMas NpH yueTe OLUMOOK OMNO3HAIOILETO YCTPOWCTBA,
3aBHCHT HE TOJIKO OT CTENEHU pa3jIUYus aTOMOB, HO ¥ OT MPHUPOABI CAMOrO YCTPOUCTBA.
Takum o6pa3om, 3KCnepuMeHTalbHOe OOHapyxeuue mapamokca [u0OGca cBsizano
C HEKOTOPOH TPYAHOCTbIO, TaK KaK OH MPOSBJIAETCA MpH paboTe C MpeneibHO TOYHBIM
ONpeIENsONIUM YCTPOHCTBOM (MOZOGHO TOMY, KaK SKCIEpHMEHTaJIbHOE OOHapykeHHe
HEOrPAHHYEHHO MOJIFOr0 MPSAMOJIAHEHHOIO M PaBHOMEPHOTO ABHXCHHS Teja CBA3aHO
C 3aTpy/[HEHHEM TMOJHOTO YCTpAaHEHHs BJIMSHHS HA 3TO JBMXEHHE Npyrux Ten)®,

HenpeprisHoe noseneHre AS € yueTOM OIIMOOK OMO3HAIOIIETO YCTPOHCTBA BhIpaXaeTcst
yepe3s WHTerpan owmbok**). Bonee ToYHOMY YCTpOHCTBY (C MeHblUeH AMCnEpcHedl o)
COOTBETCTBYET MNyHKTHpHas KpuBas OC (oTcioma BHOHO, 4TO mapagokc I'ub6ca
obOHapyxuBaeTCs mpu paboTe C MpeAebHO TOYHBIM MPUOOpOM). JTa KpuUBask He UMeeT
Hu4ero oburero ¢ kpuBoit OB, cooTBeTCTBYlo1LEH cMenieHuto [ eii-JIroccaka, npa KoTopoM
HEBO3MOXHO pa3ZielieHHe CMECH Jake B MACAJILHOM Clly4ae ONO3HAIOMIEro YCTpOMCTBA.

3.31. Usmenenne sHTponuH mnpd Aupdy3MH ABYX pa3HBIX Ta30B B KOJHYECTBE
v; M v, MoJel, 3aHUMAIOUUX COOTBETCTBEHHO OOBeMBI V- U V, H HMeIOUHX
OIMHAKOBYIO TEMMeEpaTypy, coriacHo dopmyne (3.41), paeno

Su—=Si=v,RIn[(V,+ V)[V ]+ Vv,RIn[(V, +V,)/V,].

B nawem ciydae V,=V,=3m? v,=v,=v=300/1, 12 (nockonrky npu 2020 I'Tla
u 0°C obvem Mons pased 1,12-1072 m®), mostomy

Sni—S8;=2vRIn2=2-300/1,12-2In2~2891 Ix/K.
3.32. DHTponus v Molel uaeanbHOro rasa B obbeme V mpu Temmepatrype T
S=v[CyInT+RIn(V/v)+S,],

rae S,—He 3aBHCAIas OT V TOCTOSHHAS BEJHYHHA [l JAHHOTO rasa.
Tak xax V/v=RT/p, 10

S=v(C,InT—RInp+Ss) (So=S,+RInR).

1. DHTPONUM CHCTEMBI JO M TOCIE CMEIIEHHA paBHBI
§;=v(C,InT,—RInp+S5)+v(C,InT,—RInp+S,)=v(C,InT,T,—2RInp+285),
Su=2v(C,InT—Rlnp+585),

rae T=(T,+T,)/2.

* CorjiaCHo TepMOJMHAMHKE, HEBO3MOXHOCTb TMpPAKTHYECKOTO OCYMIECTBIICHHS
TOrO WJIH HHOTO MBICJIEHHOTO 3KCTEPHMEHTa He YMEHbBIUAET €ro JOoKa3aTeJdbHOW CHIIbI,
eciu TONEKO OHO He MPOTHBOPEMHT HAdalaM TepMOJMHAMHKH.

**¥) Cm.: Bapmasckmii 1O. C., IHeiinun A. 5. JJAH CCCP. 1963. 148. C. 1099.
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l'loaTomy M3MCHCHHC SHTPONHM B pPE3yJibTaTe CMELUCHUS
AS= Su - S[ = VCP(TI + Tz )2/(4T1 Tz )

Tax xak (T,+T,)*>4T,T,, T0o AS>0.

Ipu pukcUpOBaHHOH TeMmepaType OAHOM mopuuu rasza (Hampumep, T;=const),
H3MEHEHHH TeMmepaTypbl T, BTOpOH mnopuuu (B MPEANOJIOKEHUH, YTO HAEANIbHBIN
ra3 CyuleCTByeT mnpu moObIx TeMnepaTypax) AS H3MeHseTCs B HHTepBaye

0<AS< 0.

Hynesoe 3nauenue AS umeer npu 7T,=7T,, Korja TMoCjic CHSTHS TNEPEropoKH
MEXAy ra3aMH B CHCTEMe HE MNPOHCXOAMT TepMOAMHaMHueCKoro mnpomecca. Heor-
paHudeHHoe 3HayeHHe AS npuobperaer npu 7,=0K u T,=.

2. Jlo ¥ mocie CMELIEHHS] Ta3oB JHTPONHU CHCTEMbl DPaBHbBI

S$i=v(C,InT—RInp;+S5)+v(C,InT—RInp,+S5)=
=v(2C,InT—RInp;p,+28)),
Sy=2v(C,InT—RInp+Sj),

rae p=2pp,/(p1+p.), 4TO cnemyer w3 ypasHemmii V,;=vRT/p,, V,=VRT/p,
u Vi+V,=vRT(1/p,+1/p2)=2vRT/p. Tloatomy

AS=S||—S;=VR In [(p1 +p2)2/(4p1p2)]

Haumenbiee (nynieBoe) 3HayeHue AS HMeeT MPH p;=p,, KOIJa [OCHE CHATHS
pasfensroueil raspl NeperopoikH B CUCTEMe HHKAKOrO TEPMOJMHAMHYECKOTO Mpouecca
HE TPOUCXOAMT.

3.33. Ilycts B OOHOM M3 J[ABYX paBHbIx 00BeMOB F HaxomuTcs N aTromoB
uieajbHOro rasa A, a B JPyroM —cCTOJIBKO € aToMOB rasa B. Temmepatypri raszos
OJMHAKOBBI.

Jlo CMellieHHsT BHYTPEHHSS JHEPrHS CHCTEMBI

U1=NCV| T+ Uy, +NCVCT+ Ups.

IMocne cMeleHUs KaxIbl# 43 ra3oB 3aHEMaeT o0beM 2V npH Hem3MeHHOH
TeMnepatype 7, MO3TOMY

U"=1VCVl T+ Uy, +NCy2 T+ Uy,

U M3MECHEHHE BHYTPEHHEH OHEPrMM MpPH U30TEPMHYECKOM TNEPEMENIMBAHHU TIa3oB
AU=U;—U;=0. Takoit pe3yabTaT OyAeT Kak B cCiy4ae pa3HbIX, TaK M B Ciydae
OIMHAKOBBIX ra30B, T.e. HHKakoro ckauka AU mnpu mnepexole OT CMeCH pa3HBIX
ra3oB K CMeCH HMICHTHYHBIX ra30B He HCILITHIBAET.

AmnanorunuHo, sutansnus H=U+pV cuctemn no cMmewenus Hy=U;+2pV, a mocne
cMmemieRuss Hy=Uy+p 2V +p,2V=Uy+2pV, nockonsky p;=p/2.

Vi3MeHeHHe SHTAJIBNMHMH TNpPH CMeUIEHMH HIeadbHBix ra3oB AH=Hy—H;=0 He3a-
BHCHUMO OT CBOWCTB CMeIUHBae€MBIX ra3oB. TakumM o0Opa3oM, HHKAaKOro aHajora
napagokca I'm66ca amnuTuBHbIE (YHKIHM COCTOAHHS HIeansHoro raza U u H He
00HapyXHUBAIOT.

3.34. IlpencraBum cebe OBa OMMHAKOBHIX 00BEMa V, pa3fesieHHBIX TEMJIONPOHHIA-
eMOl MeperopofKoil U 3amoJIHEHHBIX rasaMu A M B u3 N yactun kaxaeid. I1inoTHOCTE
YHCJIA YaCTHI ra3a A OO0 W TOClie CMeuweHus paBHa n;=N/V, n2=N/(2V). Taxum
06pa3oM, B pe3yjbTaTe CMELIEHHS IUIOTHOCTH ra3a A4 YMEHbLIWIACH:

Any=ny—ny=—ny[2, m)
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NpUYEeM 3TO YMEHBIUCHHE He 3aBHCHT OT MPHUPOABI M KOHIEHTPALMH JPYroro rasa,
€CJIH TOJIBKO rassl A U B pa3nuyHel MO KakoMy-JIHOO mapameTpy H MOcCje CMELICHHs
pasfeNiiMbl Ha MEPBOHAYANbHBIE MOPLHH.

C npyro#f CTOpDOHBI, ecnH 00a oObeMa 3amoOJHEHBI OJAHMM U TEM X€ Ta3oM,
MIOTHOCTh ra3a A Toche yHaleHWs NEperopofkd COXpaHutcs: n3=2N/(2V)=n,.
M3MeHeHHe TIOTHOCTH Ta3a B pesyNbTaTe CMEMIEHHs DaBHO Hyno: And=n}—n;=0.
Orcrola BHAHO, 4YTO CMEIICHHE [BYX MOPIMH OMNHOTO H TOro € rasa HeJb3s
paccmatpuBaTh 1o Gopmyiie (1) kak mpeneNbHbIA Cilyvad CMEIICHHs ABYX DPa3jIMYHBIX
rasos. JTO NpPHMED IOHAJEKTHYECKOrO MepexoJa KOJMYECTBA B KayeCTBO, KOrJa IpH
JIOCTHXXEHHH KOJIMYECTBEHHOrO DABEHCTBA CBOHCTB OOOHX ra3oB NPOHMCXOMHT CKayKo-
o6pa3Hbill MEPEXOA OT OMHOro Ka4ecTBa (CMeCh C HM3MEHEHHOH IUIOTHOCTBIO Ia30B)
K [IpyroMy KayecTBy (CMeChb C COXPaHHBLIEHCS TMJIOTHOCTBIO Ta3oB).

DTOT mepexoi HACTOJBKO OYEBHICH, YTO HE MpEICTABJISETCS B KAKOH-TO CTEMEHH
HeoObYHBIM. OIHAKO OH TMPHUBOAHUT K CIEACTBHSM, KOTOPBIE KaXyTCs NapaaoKCcalbHBIMK.

Cka4yox H3MEHEHHsl IUIOTHOCTH ra3a NpH MEPEXOfe OT €ro CMEIIECHHS! CO CKOJIb
YrOAHO OJIM3KMM MO CBOHM CBOWCTBAM ra3oM K CMELIEHHIO C OIAMHAKOBBIM Ia30M
An=AnS —An,=n,/2 06GYCIOBIEH TeM, YTO TOJbKO B HPEJEIHLHOM Cly4ae CMELICHHs
OJMHAKOBEIX Ta30B IUIOTHOCThL rasa A He H3MEHseTcs M B JABa pa3a Oouiblle, YeM
MOCJE CMEIIEHHs €r0 CO CKONb YroaHo 6im3kuMm rasom®. DT1oT addext Bo3HHKaeT
NpH OTJNMYMH OJHOrO ra3a OT CKONb YrofHO 6Jm3koro Apyroro**), He cBs3aH
C KODMYCKYJISIPHO-BOJIHOBBIM XapaKTepOM IBHXKEHHS YaCTHI, MOHATEH IO CBOEMY
NPOUCXOXIEHHIO M €ero HeOOXOOMMO YYMTHIBATH MPH ONpEdeSICHHH H3MEHEHHS TeX
WIH HHBIX TEPMOAMHAMHYECKHX (YHKLIHMH rasa npH NMEPEXOAE OT CMELIEHHS Pa3HbIX
ra3oB K CMELICHHIO OJWHAKOBHIX TIa30B.

SAcHo Takxke, YTO CKaykooOpa3sHOe H3MEHEHHE IUIOTHOCTH An He CBSI3aHO
C [JHUCKPETHOCTBHIO DAa3JIMYMsi AaTOMOB CMELIMBAEMBIX Ta30B H BO3HMKAeT KaK NpH
HEMpepHIBHOM, TaK M MpPH JUCKPETHOM OTJIHYMH Ta3oB APYr OT Apyra.

3aMeTHM, YTO MOMHMO MOAOGHOTO BHAA CMEILEHHS BO3MOXXHO TaKXKe CMeEILICHHE
TEPMOJMHAMHUYECKH pa3JIMYHBIX Tra30B, NpPH KOTOPOM HM3MEHEHHE NJIOTHOCTH rasa
A 3aBHCHT OT IUIOTHOCTH ra3a B. [lelicTBuTennHO, mycTh B obbeMax V HaxonsTcs
ra3sl U3 ONHHX M TeX )X€ aTOMOB NpH pa3JM4YHBIX MAABJICHHSX (WIM CMECH Tras3oB
C n D pa3nuuHbIX KOHUEHTpamui) H mNyCThb TEPMOAMHAMMYECKOE pa3jMiHE 3THX
rasoB OMpeAeseTcs napamMeTpoM 1 (HampHMep, OTHOCHTEIBHON Pa3HOCTBIO JAaBJICHHH).
Torma muoTHocTH raza A A0 M mocie CMELIEHHss COOTBETCTBEHHO paBHBI ny=N/V
u n;=(N+N')/(2V), roe N'—uucno aromMoB rasa B.

H3MmeHeHne niuoTHOCTH ra3a A B pe3ysibTaTe CMEILCHHS

Any=n,—n; =(N'=N)/(2V). @

OHO HempephiBHO 3aBHCHT OT NapameTpa TEPMOJMHAMUYECKOrO DPa3jIM4Hs ra3oB
A u B (n~N'—N), He oOHapyxuBas CKauka TpH TepexoAe OT CMeIUeHUs

* PaccMaTpHBAaeMBIl CKAYOK H3MEHEHHS TUIOTHOCTH rasa IIpH TEpexofe OT
€ro CMEILEeHHSI CO CKOJIb YrOAHO OJIM3KMM MO CBOMM CBOMCTBaM ra3oM K CMELIEHMIO
C ONMHAKOBHIM Ta30M aHAJOTHYEH H3BECTHOMY CKayKy TEIUIOEMKOCTH, K0o3(pduimeHTa
pacUIMpeHHss M CKHMaeMOCTH B Touke (a3oBoro mepexoja BTOPOrO poAa TNpH
HeNpephIBHOM H3MEHCHHH MapaMeTpa MOpSAKA.

*¥) CmelleHHe OJUHAKOBBIX Ta30B, TAKMM 00pa3oM, (HU3HYECKH BBHIACIEHO MO
CPaBHEHHIO CO CMelIeHHeM JroOBIX ra3oB. ECM yYHTHIBATB, YTO IKCIEPUMEHTAIBLHO
TPYAHO pa3NH4YHTh OJM3KHE rasel ApPYr OT Ipyra, TO, OYEBHIHO, PacCMATPHBAEMOTO
ckayka TUIOTHOCTH rasa He Oymer. Ho 310 HM B Koeil Mepe He yCTpaHseT Tex
CNE[ICTBHIi TEOPHH, KOTOpBIE MOJIYYAIOTCS B MACAJIBHOM Cilyyae MOJIHOM BO3MOXHOCTH
YCTAHOBJICHHS Da3JIM4YHA CKOJb YrOAHO OJIM3KMX Tra3oB (CKAYOK TUIOTHOCTH rasa,
napagokc JiHIITeHHa, mapagokc I'mb66Gca u ap.).
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TEPMOAWHAMHYECKH pa3HbiX ra3oB (N'#N) K CMELIEHHIO TOXIECTBEHHBIX Ta3oB
(N'=N).

Takoit BTOpOi BHI CMElLIEHHS ra30B MMEET MECTO Toria, Korja rassl A U B nocie
CMEUICHAS HeJIb3S Pa3feNIUTh (MOJHOCTHIO WM YaCTHYHO) HA MEPBOHAYANILHBIE TOPLHH.
Ilpu 3TOM HEMpepHIBHOM MO TUIOTHOCTH CMELICHHH Ta30B HE HCIBITHIBAIOT CKAYKOB
U ApyrHe TepMOJMHaMHueckHe (yHKHMM rasa.

CoBeplIeHHO OYEBHAHO, YTO CYILECTBOBAHHE CMELUEHHS BTOPOTrO BHUA HE MCKJIIOYAET
ONMHCAHHOTO BHIllle CMEIICHHS TNEPBOrO BHUAA H YTO HX HENb3s IyTaTh.

PaccMorpuMm Temeppr mnapagokc I'm66ca B ciyuae cinaGo BBIDOXKIEHHOrO rasa,
HCNONB3ysl TPUBEAECHHOE B YCIOBHH 3aJa4H BBIPDAXKEHHE €ro SHTPOMUH. OHTPOMHS
rasoB A u B ¢ MaccaMH aTOMOB m; W m; [O CMEIICHHA

v.s N (1 1
$i=2kN| 1 (i 3
= [nN+64 V{kT)" <m§/2+m3/2>]’ &
a TOoCJIC HX H30TCPMHYECCKOrO CMCLUCHHUSA
w 8 Ne (11
Su=2kN| 1 S - — )|
" [" 28 V(nkT)3’2< +mg/2>] @

Ilpn u30TEpMHYECKOM CMELICHHH CKOJIb YTOAHO OJHM3KHUX ra3oB (myxm;=m)
2V ) Nh3
N 64 V(mmkT)? |
S Nh3
AS'=Sy—81=2%N| In2—— —————
e [“ 64 V(nka)W]

C IOpyroil CTOPOHBI, COIrJIACHO TEPMOAMHAMHKE, SHTPONMMS JBYX OAMHAKOBBIX

MOpLHMH OOHOrO H TOro Xe rasa (my=m;=m)
vV 8 Nh3

N 32 V(rmkT)*? |’
4TO HE COBMAJaeT ¢ pe3yyibTaToM (5). 3TO O3HAYaeT, YTO HEMOCPEACTBEHHO MEPEXOIUTH
K mnpeneny my,=m;=m B Qopmyie (4) HeIs3s, INOCKOJILKY OHAa HE YYHTHIBAET
NMPOUCXOASIIErO [pPH TakOM MNpelelILHOM MNepexoje CKauka IUIOTHOCTH Ta3oB.

s Toro 4to6si ¢ moMousio GopMyIis (4) HAHTH SHTPOMMIO CHCTEMBI B MPeEIEHOM

cllyyae CMELIEHHs TOXAECTBEHHBIX Ta30B, HAZIO B Hel, COINIACHO BHIIEN3IOKEHHOMY, NPH
nepexoje K Mpefelly m,=m;=m 3aMeHHTh IUIOTHOCTb N/V Ha 2N/V. Torma

vV 8§ Nk
N3 VmkT)? |

sn_sz[m ®

S =2kN [m ©)

S%= lim S,.—ZkN[l
my=m;=m

N/V~2N/|V

HOSTOMy M3MCHCHHUC J3HTPOMHUHU TNPH CMCUICHHH TOXIACCTBCHHBIX ra3oB

AS°=S3-5,=0,

a TIpH NEpexoae OT CMECH CKOJIb YrOJHO OJM3KHX ra30B K CMECH TOXAECTBEHHBIX
BBIDOXKACHHBIX Ia30B BCJIMYHHA H3MCHCHHS 3HTPONMHUHU CKAYKOM YBCIIHYMBACTCSA Ha

) Ni3
= ’ 0_ N l -
AS=AS'—AS"=2k [ n2— 7 V(ka)s/Z:I @)

YTO cocTapiiseT mapagokc ['u606ca mas cnabo BHIPOXKAECHHOTO HICAIBHOTO rasa.
B knaccuyeckoM ciyyae (h—0) CKauyoK BEJMYHHHI HE 3aBHCHT OT TMPHPOABI rasa:
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AS=2kN In2. ®8)

Takum o6pasom, mnapamokc I'mG6ca uMeeT MecTo Kak B KBaHTOBOM, Tak
H B KJIAaCCHYECKOM CJIy4asix, NMPHYEM B KBAaHTOBOH 00JacTH H3MEHEHHE 3SHTPONHH
NpH CMEIIEHHH Tra30B 3aBHCHT OT MX NPHPOABI, a B KJIACCHYECKOM mNpexdesie 3Ta
3aBHCHMOCTb HCYE3aeT.

Kak ormedasocs B § 16, B JuMTeparype H3BeCTHa TOYKa 3pEHHS HA MNapaaokc
Tu66ca, corjlaCHO KOTOPOH peilleHHEe 3TOro MapaJoKca CBSI3BIBAETCA C AUCKPETHBIM
pasiuyHeM cmelndBaeMbix ra3oB. ITapagokc I'm66ca cBOAMTCS K CKauKy B MOBEACHHH
AS mpH HempepsIBHOM COJMXXEHMM NapaMeTpoB pasmuyusi razoB. Ho B peansHoM
(UM3HYECCKOM MHpe pAa3IMYHe MEXAY ra3aMH OMNpEAeNeTCs OTJIMYHEM JApYr OT Apyra
HX aTOMOB, KaKMM-THOO ITMCKPETHBIM KBAaHTOBBIM YHCJIOM (3apsiiOM, YHCJIOM HYKJIOHOB
H T. .), KOTOPOE IO CAMOMY CMBICIIy MOHSATHS JUCKPETHOCTH HE MOXET H3MEHSATHCA
HenpepsiBHO. IIpenmosiaras HeNpepoIBHOE H3MEHEHHE DPa3JIMYMi MEXAY ra3aMH, Mbl
BCTYNaeM B MPOTHBOpEYHE C 3aKOHAMH (DM3UKH H B pe3yJibTaTe MPUXOAUM K Mapamokcy
I'n66ca: «Ecnu mepedTH K mnpedebHOMY Clly4alo CMECH TOXAECTBEHHBIX MOJIEKYJI,
1O ¢popmyna (8) He H3MeHseTCs. DTO HeJieno, Tak KaK NpH YJAJIEHHH MNEPEropodKH
MEXJy ra3aMH, COCTOSILIAMH M3 COBEPLICHHO OJMHAKOBBIX MOJIEKYJ, HE MOXET OBITh
H peyd HU o KakoM mponecce mubdysuu. CrenoBaTenbHO, npedebHblii nepexod 30ect
nedonycmum. OH TPOTHBOPEUYMT aTOMHU3MY BELIECTBA M TOMY (aKTy, 4TO MEXAy
pasiMYHBIMH BUIaMM aToMoB (Hampumep, atoMamm H u He) Her Hukakoro
HenpepeiBHOro mepexofa»®. Takum 06pa3oM, COINACHO ITOH TOYKE 3PEHUs, 3HAYEHHE
S§ nns SHTponmmM mOCNE CMELIEHMS TOXKAECTBEHHBIX Tra30B HENb3sl MONYYHTH U3
¢dopMyibl (4) MOTOMY, 4TO HE3aKOHEH NpEAeNBHBIH mNepexold m;—>m;, TOCKONBKY
m HM3MEHSETCS JUCKPETHO.

B kBaHTOBOM ciyyae AS 3aBHCHT OT BENMYMHBI Pa3M4Hs Tra3oB (pa3sHOCThb
MacC HMX aTOMOB) H TMO3TOMY MOXHO YKa3aTb Ha «HE3aKOHHBI» INAr TpH
nepexoie K CMELICHHIO TOX/IECTBEHHBIX [a30B. B KIIACCHYECKOM Cily4Yae B BHIpaKCHHE
s AS He BXOOMT kakas-TMOO BCNIMYHHA, XapaKTEPH3YIOIas pa3jiMyHe Tra3oB.
3TO, OYEBHAHO, O3HAYAET, 4YTO BeJIMYMHA CKayka AS He 3aBHCHT OT TOIO,
KaKk HM3MEHSeTCS [apaMeTp DasjiMuMs ra30B—IMPEPBIBHO MM HenmpepsiBHO. OnHako
CTODOHHMKHM H3JIaraeMoOd TOYKH 3pEHHS B ITOM Cly4ae YTBEPXKHAKOT, 4YTO OyATO
ObI CaMH MAaKpOCKONHYECKHE 3aKOHHI TEPMOAWHAMHKH OTDAaXaloT JUCKPETHYIO
CTPYKTYPY MHKpPOCKOMHYECKOTO MHpa, TaK UYTO HEMPEPHIBHBIH INEpeXoj K TO-
KIECTBEHHLIM Ta3aM NPOTHBOPEYHT TepMOmMHAMEKe*™. Brille MBI TOKa3anm, Kak
3 dopMynel (4) mONYYHTb OSHTpONMMIO S{ TOCHE CMEIUEHHS TOXIECTBEHHBIX
ra3oB, Ul O3TOr0 HYXHO B BbipaxeHMH (4) mnpU NOACTAHOBKE my=m;=m
3ameHuTb N/V Ha 2N/V, T. €. y4eCTh NPOHCXORAIUMI NMPH NEPEXOAE K TOXIECCTBEHHBIM
ra3aM CKayoK TUIOTHOCTH Tra3a A. be3 ydyera 3TOro ckauyka IMJIOTHOCTH Trasa
tdopmyiy (4) npuMeHATb K CMEUICHHIO TOX/IECTBEHHBIX Tra30B Hels3s. OnHaKo
CTOPOHHHKM TOYKH 3pEHHS JUCKPETHOCTH pAa3jiddusi [ra30B 3Ty HEBO3MOXHOCTh
npuMeHeHus: Gopmyisl (4) mepersafbiBalOT HAa HE3aKOHHOCTH HEMPEPBIBHOTO TeEpexona
K Tpedeny mp=m,, TOCKOJIbKY B TNpPHPOAE HeNr3sh HOOHTHECA CKOJIb YrOOHO
GJIN3KAX Ta3oB.

KoHeuHO, mpu JOUCKPETHOM MW3MEHEHMH mapaMeTpa OJIM30CTH CMeEIIMBAEMBIX
KBAaHTOBBIX I'a30B CKA4KOM HM3MEHSETCS W OSHTPOMUS CMELIEHHS W NPOUCXOMUT CKayOK
AS, mpu mepexone OT CMELICHHS MNPEAENbHO OJIM3KMX Ta30B K CMELUEHHIO TOXJECT-
BEHHBIX ra3oB. OXHAKO y4eT MAMCKPCTHOCTH DA3jM4yUst CMELINBAEMBIX ra3oB, BO-TEPBEHIX,
HC TO3BOJIIET MOJIYYHTH W3 BhIpaxeHHs (4) Iyt SHTPONHM Sy IOCJIE CMEIUEHHs

* 3ommepdenna A. TepMomuHaMHKa ¥ CTaTHcTHueckas Qusuka. M., 1955.
**) Cm.: Kybo P. CratucThueckas Mexamuka. M., 1967. C. 209.
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Pa3sHEIX T430B JHTPONHIO S§ MoOCie CMeEIEHHs TOXAECTBEHHBIX Ta30B H, BO-BTOPBIX,
CKa4oK 3HTpOMHH AS,—3TO He TOT CKa4yoK, KOTOpHIH BEIpaxaeT napaaokc I'mb66ca.
B camoMm gnene, ompemenss mo ¢opmyiaam (3) u (4) sHTpommio cMemeHHs AS”
npelnejsHO OJHU3KHX ra3oB (m;=m, m;=2m) U HCTIONB3yS BBIPAXEHUE [UIS SHTPOMHH
CMEHIEHHS TOXAECTBEHHBIX Ta30B AS®=0, HaXOMMM, 4TO CKa4OK JHTPONMHH CMEILEHHS
AS,=AS"—AS° pasen

5 AR
AS,=2 —————(142%?)].
\ kN[an o5 V(nka)3,2(1+2 )]

Otciofa BHOHO, YTO CKa4yOK 3HTPONMHH CMewieHHS AS,, oOyCIOBIEHHBIH IUCKpET-
HOCTBIO pa3jIM4Ms CMELIMBAEMbIX KBAaHTOBBIX TIa30B, HE COBMAaJaeT CO CKavyKoM
SHTponuM cMelieHus (7), BO3HUKAIOUIMM TNpPH HEMPEPHIBHOM COJIMKEHHH NapaMeTpoB
pasiMuMs rasos M BbIpaxaroummM mnapagokc I['u66ca. TIpusemeHHoe paccMoTpeHHE
NOKa3LIBAET, YTO mapajokc I'm66ca He CBA3aH C JMCKPETHOCTBIO Pa3IMYMsi CMELLHMBA-
€MBIX Tra30B, a OOYCIOBJEH CKaykoM IUIOTHOCTH ra3a NpH MNEPEXOAe OT CMELieHHs
CKOJIb YrOmHO OJHM3KHX ra3oB K CMELIEHHIO TOXAECTBEHHBIX ra3oB. JIMCKPETHOCTB
pa3anuus CMEIUMBAEMbIX ra30B He MTPAeT POJIH B NPOHMCXOXJAEHHH mapanokca I'm6bca,
M CYLIECTBOBAaHHC 3TOr0 MApajiokca HH B KOEH CTelmeHH HE OTPaxaeT MMCKPETHOH
MPHPOJAbI MUKPOCKOTHYECKOTO MHpA H HE 3aTParMBaeT CHPaBeIMBOCTH TePMOJHHAMH-
ku. [TostoMy npu peiueHun mapagokca I'm66ca paccmarpHBaeTcs Hacaau3MPOBAHHbINA
ciyyail NOCTHXKEHHS CKOJb YrOJHO MAaJIOro pasjHyYMs MeXIy ra3aMu.

Tlepeiinem x mnapamokcy ODiiHluTei#iHa. B cBoed mnepBo#i pabore Ho KBaHTOBOH
TEOPHH HOEATbHOro ra3a OWHIITEHH o6paTHyI BHHMaHHE Ha MAPAJOKC, K KOTOPOMY
NpUBOAMT 3Ta TeopHs. OH COCTOMT B TOM, YTO CMECh BBIDOXICHHBIX Ia30B M3
N, atoMmoB ¢ Macco#t m; u N, aTOMOB ¢ Maccoif m, (Kak yroJHO Majio OTJiHYaroleHcs
OT m;) NMpH JAaHHOH TeMmepaType MMeeT HHOe AaBIeHHe, YeM MPOCTOH ra3 ¢ 4YHMCIOM
atoMoB N; + N,, obnajaroliuii MpakTHYECKH TOH ke Maccoi aTOMOB M Haxouduuics
B TOM Xe¢ oOBeMe.

B oro#t pabore O#umTellH mnHCan, YTO €My He YOAloCh DPAa3bICHATL 3TOT
napagokc. OOHaKo B CleQyIOIIEM COOOIIEHHH MO KBAaHTOBOW TEOPUH HIEAIBHOTO
rasa OH OTMETHJ, YTO YMOMSHYTbIH MapagoKC OOYCIOBJIEH BOJHOBBIMH CBOHCTBAMH
Mukpoyactun. Kak u3BectHo, HHTepdEpeHIUs! BOIH MPOMCXOJUT TOIbKO NMpPH YCJIIOBHH
MOJIHOM TOXJIECTBEHHOCTH 3THX BOJIH H CKODOCTH HX pacmpocTpaHeHHs. Bomxel ne
Bpoitsis yooBIETBOPSAIOT 3TOMY YCJIOBHIO TOJBLKO B TOM Clly4ae, €CJIM OHH NPHHAJJIexaT
aToMaM TOXJECTBEHHOM MacCchl M OfWHaKoBOH ckopocTd. Takum o6GpasoMm, HH-
TepepeHIHOHHOE B3aHMONCHCTBHE HAOMIONAETCS TONBKO MEXAY TOXICCTBEHHHIMH
aTOMaMH H HCYe3aeT [Jaxe MNpPH O4YeHb MaJOM OTJIHYHM TNPUPOMAB! CMEILHBAEMBbIX
ra3oB. B 3ToM KopeHuTcs, mo DiHIuTeHHY, ¢H3MYecKas TNPHYMHA OOHAPYKEHHOrO
napanokca. BmocnencrBum M. E. Tamm WCTONb3OBaN Ty X€ HAE0 HHTEpOEpEHIUH
BoJH ne Bpoins s paspicHeHHss napagokca I'u6G6ca. A HECKONBKO NO37Hee
3. llpeounzep B xHuUre «CTaTUCTHYECKAss TEPMOAMHAMHKA» IHCAJ, 4TO BCErJa CYHU-
TajoCh, 4TO mapagokc I'm6Oca Taut B cebe riiyOOKHII CMBIC]I, OJHAKO TO, 4TO OH
OKa3bIBAE€TCSl TECHO CBA3aHHBIM C YEM-TO YpE3BbI4aHHO BAXHBIM M COBEPLICHHO
HOBBIM, €lBa JIH MOXHO OBLIO TNpeABHAETD.

B [eiCTBHTENILHOCTH €, KaK Mbl YyBHIHM, HENOCPEACTBEHHOH usmueckoi
NpHYHHON mnapajokca OiHWITelHA, kak M mapagokca ['u66ca, sBiseTcs He BOJHOBas
NpUpOAa MHKPOYACTHI, a CKa4yOK HU3MEHEHHS IUIOTHOCTH Ta3a MNpH MNEpeXoie OT €ro
CMELIECHHS. CO CKOJIb YrOOHO OJIM3KMM ra3oM K CMEIIEHHIO C TOXIECTBEHHBIM Ia3oM,
NPOUCXOAALIMA NPH CMEIICHMH KaK KBAHTOBBIX, TaK M KJACCHYECKHX HOCAJIbHBIX
razos. [lpaBma, mnapajokc OJWHIITEHHA CylIECTBYeT TOJNbLKO B KBAaHTOBOM Cllydae,
H 3TO, Ka3ajoCh Obl, MO3BOJISET CBA3BIBATH €O C BOJIHOBBIM XapaKTEPOM IBHXEHHS
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gactunl. OQHAKO U B KBAHTOBOM cCilyyae Ge3 yueTa ckauka MJIOTHOCTH rasa NpH nepexose
K CMEILIEHHIO TOXIECTBEHHbIX Ia30B M (HM3H4ECKOH BbIACJIEHHOCTH 3TOTO CMEILEHHUS
TIOJIy4aeTCsl BbIpAXCHHE U1 BHYTPEHHEH 3HEPTHH CMECH 3THX ra3os, MPOTHBOpeYallee
tepMoauHaMHuke. UTo ke Kkacaercs mapagokca I'm66ca, TO OH BO3HHKaeT Kak
B KBaHTOBOH 00JacTH, Tak M B KJIACCHYECKOM TNpedesie H, CIEAOBATENbHO, HE HMeEeT
OTHOIUEHHS K HHTepQepeHIUH BOJH A€ bpoHis W HE COoLepXHT B cebe HHYETO
Ype3BbIYaifHO BaXKHOTO M COBEPLIEHHO HOBOTO (IO OTHOIUEHHIO K KJIACCHYECKOH (U3HKE).
Hcnonb3yss W3BECTHOE IJISl HIOCANbHOTO ra3a COOTHOILCHHE

PV=2/3 U,

rae p— naBlicHHe rasza B obseMe V M U-—ero BHYTpPEHHAS HEPIus, chopMynupyeM
napadoxc DJiiHwmeilHa: u3meHeHue eHympehHeii sHepauu AU npu uzomepmuueckom
CMeueHUU BbIPONCOCHHDIX UOEAbHbIX 2308 XOMA U 3ABUCUM OM NPUPOObL CMEUUBAEMbIX
2a308, HO NpuU nepexooe om CMecu CKOAb Y200HO OAUSKUX 2A308 K CMECU MONCOeCMBEHHbIX
2a306 AU ucneimwisaem cKayox.

BHyTpeHHsisi 3Heprus cnabGo BBLIPOXKIECHHOTO HIOEAJIbHOIO rasa M3 N 4acTHL
B obbeme V mpu Ttemneparype T

3 5 Nk
U=NkT| 142 — |
2™ [ 16 V(nka)3/2]

IMycts Maccbl aTOMOB Ira30B A H B COOTBETCTBEHHO paBHbI my H m; W NMapaMeTp
[my—my|
pasmmuns rasos n=——— (0<n<1). Torma A0 HX CMeWEHHA BHYTPEHHSs
my+m;
SHEPTUsi CHCTEMBI

) Nh3 1 1
U=3NkT| 1+ = ———5| —=5+—5 | |»
! [ i V(nkT)3’2<m?’z+m%’2>:|

a Tocje CMEIIEHMsl, KOrJa Kaxabii ra3 3anuMaer oObeM 2V,

5 NA® 11
Un=3NkT| 14— ——— | —+—— |. 9
n [ e V(nkr)3/2<mi/2+mgﬂ>] ©
Torna M3MeHeHHE BHYTPEHHEH 3HEPTHH CHCTEMBI MPH H30TEPMHYECKOM CMEILEHHH
33 NI 1 1
AU= Ull“‘Ul:-——6—4———-————Vn3/2(kT)1/2(W+m——%/2)‘ (10)

Otciona BuAHO, YTO AU mpH CMeIUEHHH BBIDOXACHHBIX Ta30B 3aBHCHT OT HX
NPHPOJLI.
[Mpu cMeweHUn CkoOjb YromHO OJH3KHX ra3oB (myxm;=m)
) Nh3
Unw=3NkT| 1+ = ——= |,
! [ 32 V(nka)3’2]
38 N2n3
32 V{nm)*? (kT)?

HemnocpencTBeHHO mepexomuTh K mpemelly mp=m;=m B (opMyie (9) Hemb3s,
MOCKOJIbKY OHAa HE YYUTHIBAET MNPOMCXOAAILETO TpPH 3TOM TNpPEAEIbHOM TMepexone
CKayka TUIOTHOCTH Ta3oB.

Hnsa toro urtobel ¢ momoubio ¢GopMynb (9) HaWTH BHYTPEHHIOIO 3SHEPTHIO
cucteMbl U B mpenensHOM Cliyyae CMEIEHHS TOXIECTBEHHBLIX [a30B, HAjA0 NpH

AU’= Ui|—U|=
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nepexoge K mpefeay N=0 3aMeHHTh ILIOTHOCTL ¥ ¥ Ha 2.V'V. Torma B COOTBETCTRHH
C TepMOIHHAMHKOR

8 Nh3
10— i = [ —
Un ,1111:2) Un 3NkT[l +16 V(nm/cT)m]'
N 2N
vV
IModToMy H3MeHEHHE BHYTDEHHEH OHEPrHM NIDH CMEWICHAA TOXKIECTBEHHBIX Tra30B
AU°=UJ—U;=0 n npu nepexode OT CMECH CKOTh JTNIHO HIAIKHX Fa303 X CMecH
TOKISCTBEHHbIX [a30B H3MEHCHHWE BHYTDEHHEH “SHEPrHA BHLIDOKICHHLIX #JCAIHHBIX
ra3oB CKadkOM H3MEHAETCA Ha BCIHIHHY

38 N2*h?
32 V{mm) 2 (k1) 7

YTO H COCTaBJIseT Mapajokc OHHmTEHHA.
Jna Bo3se-raza 3TOT CKauoOK paBeH

3 N
T2 V)P k1)
a CKa4d0K [JaBJICHMS COOTBETCTBECHHO 6y11e1'

3AU 9 N2p?
2 V64 Vi(um)kT)V?

U3 ckasaHHOro Cjenyer, 9TO HCTOYHAKOM NapafoKca DUHIITEHHA, KaK ¥ Napajgoxca
T'u66c¢a, ABJIFETCA CKAY0K H3MEHCHMS ILIOTHOCTH ra3oB MPH NEPEXONE OT ero CMEIUCHAR
CO CKONb YIrOAHO ONM3KAM ra3oM K CMCHICHHIO C TOXIECTBEHHBIM TraioM. Yd4er
ITOFO CKadyka pas3bsCHAET Iapajokcel Jjimmreina ® ['ubbca.

B xiaccuveckom ciydae (h—0) ckadox AU paser Hymo, T. €. napaJokc JiHIITEHHA
HE HMeeT KJIACCHYECKOTOo aHajiora. 370 OOYCIIOBNEHO HE3aBHCHMOCTBIO BHYTDCHHEH
SHEPrHH KJIAaCCHYECKOrO HJEaJbHOTO rasa oT ero miotsoctH N/V. B ormaume ot
U nioTHOCTh BHYTPEHHEH SHepruu 3Toro rasa u=U/V 3aBHCAT OT IUIOTHOCTH ra3sa
H [O3TOMY WCHLITHIBAET CKAa4OK INPH IEpexone OT CMEIEHHS OIM3KHX Tra30B
K CMEIIECHHIO TOXAECTBEHHBIX ra3oB. JTO YOEIMTEILHO NOKa3biBaeT, YTO HApPamOXChi
T'u60ca ® JifHIWTeiHAa He CBA3aHLI C JUCKPETHOCTHIO a3 THYAA CMEUIHBAEMEIX [a3OB;
B NPOTHBHOM CJIy4ae MNOJy4ajoch ObI, YTO IS ONpENCJICHAA H3MEHEHHS BHYTPEHHel
JHEPrHA HICAbHOIO ra3a HEMPEPHIBHLIH NEPEXOJ K TOXKICCTBEHHBIM ra3aM HONYCTHM,
a Ul ONpenecsieHAs H3MEHEHMs ILUIOTHOCTH €ro BHYTDEHHEH OJHEPrMHM TakoH Wepexox
NPOTHBOPEYAT 3aKOHaM ¢Gu3HKy.

3aMeTnM, 9T0 BoOOLIE TEPMOAHHAMMYECKUE BETHIHHDI, HE 3aBUCAIINE OT IUIOTHOCTH
HACATLHOTO ra3a, He HCHMBITHIBAFOT CKauka MpH NEepexole OT CMEWCHAA PalTAYaroiHXcs
12308 K CMEIICHAKO TOXIECTBEHHBIX Ta30B; T€ K€ BEIHTHHbI, KOTOPHIC 32BHCAT OT TLIOTHOCTH
rasa, Takod CKauoOK HCHBITHIBAIOT BCJIEACTBHE COOTBETCTBYIOUIETO CKa¥ka LIOTHOCTH.

PaccMOTpuM H3MeHeHHE BHYTPEHHEH 3JHEPrAM H JHTPONHH INIDH BTODOM BHIE
H3OTEPMHYECKOrO CMEIICHHs C1a00 BHIPOXKICHHBIX [a30B, KOTHa MOCHE CMEIUECHHA
rasli A 9 B npWHUANHAILHO HeNb3d BHIJCIHTL H3 CMECH

B npocredimieM ciiydae Takoro cMeleHAA fadki 4 # B TepMOIHHaMM49ECKH
OTJIMY2IOTCA ApYr OT Apyra mioTHocThio. IlycTs mioTHocTH razos 4 ® B cooTser-
cTBeHHO paBHbl N/ ¥V @ N,/V, obmee uncio atomMoB N+ N,=2N B napamerp

{Ni—N;|
wams (6MM30cTA) r23oB N=——2> (0<n< )
pas ( ) T =N, o<n<h

AU'-AU®=

AU

Ap=
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o cveuleddss BHYTDEHHSIS SHCPIHS H OHTPONAS Tak4X ra3oB

3 NA® ]
U’""‘T‘;N[Hls V{umkT)*? |

2 v o5 VA
kY N o2
Lz [“N.- n V(ka)“]

Mocne cmemesus. korJa raz w3 2N atomMoB 3aHEMaeT oObeM 2V, BHYTpeHHAS
JHEDTAA # JHTPOIAS CUCTEMBI

U= 3ver| 145 — 0
n= 16 ViwmkT)

Nh3
=2kN|1

[“N+32 V(nka)”z]
H3menenns BHyTpeHHeﬁ JHCPTHA H DJHTPONHH CHCTEMBI NIpH CMCLICHHA
35 A

V(nm)’ Z(kT)l ‘20
I-n 1407 & , KN%
- In(141)—— LIS S

AS=5— 5= 2kN[n( +T]) ) l—n] V(nka)3/2

HenpepsiBHOe H3MEHEHHE TNPH CMELICHWH IUTOTHOCTeH razos A u B, T.e.
napaMeTrpa MX OAH30CTA 71, TPHBOAMT K HETpepbIBHOMY H3MeHeHmio AU u AS
KBAHTOBBIX ra30B B HHTEpBalax

AU=Uy—-U=

33 NP
16 V{um)> 2 (kT)"2°

0<as<2uN| m2-> M
ST 32 V(mmkT )2 |

Otcrona BugHo, 4To M3Menenne AU u AS B npenenbHeix ciydasx (n=0 u n=1)
CMellleHHs BTOPOrO BHAA HE coBmajaeT ¢ u3MeHeHmsiMu BenmanH (10) u (7)
B COOTBETCTBYIOIUMX FMpeACbHBLIX CIy4asXx CMEUICHHS TNEPBOTO BHAA.

Kak yxe yxa3piBasoch, GU3WYECKON MPHIMHON mapamokcoB Difuiureitna u 'ub6ca
ABJAAETCA CKa490K ILUIOTHOCTH ra3a IpH NEpexofie OT CMELICHHS CKOJb YrogHO Oyu3Kkux (U
pa3eNUMBIX M3 CMECH) Fa30B K CMEILCHHMIO TOXACCTBEHHBIX (M HEpasaesdMBIX MOCie
CMEIICHAS) Ta30B, KOrAa, CIEHOBATENbHO, CMELICHHE YOCTCAHHY (H3HYECKH BRIGENICHO.

Tlpr cMelIeHWH BTOPOrO PpO&A HET 3TOr0 (PH3H4ECKOro OCHOBaHHS, MOITOMY
IPONCXOASAIIHE NPH TaKOM CMEILEHHA HenpepbiBHnie u3MeHeHHA AU u AS He umelor
OTHOWIEHW HH K Mapamoxcy JiHwiTeiiHa, HH Kk mapamokcy @'ubGca.

3.35. PaccMoTpenHbiil B TIpemblOyliell 3ajaye mapajgokc DHHmITelHa HaOmiogaeTcs
ApH H30TEPMHYECKOM CMEIICHHHM KBRHTOBBIX McanbHeix ra3op. Ilpd ammabatHOM
CMEWIEHWH TaKUX fa3oB OH OTcyTcTByer. Ommaxko B 3TOM ciydae OOHapyXuBaeTcs
HOBBIH MapafiokC—CKa90K X3MECHEHMsl TEMIEpaTypel IpH Nepexofe oT amMabaTHoro
CMELICHHS CKOJb YroJHO OJIA3KMX KBAHTOBBIX HACANbHBIX Ta30B K CMEUICHHIO
TOKIECTBEHHBIX Ta30B.

B camom gese, paccMOTpHM aauWabaTHOe CMelieHHE Cjiaf0 BBIDOXJICHHBIX [azoB
A 4 B no N sacTum C MaccamMM COOTBETCTBEHHO /M; M m; B ONHHAKOBBIX 0OOBemax
¥, pasnencHHBIX TEIUTONMPOHHNAEMON MEPErOpOAKOd H HMEIOINHX, ClENOBATENbHO,
“JdWHakeBYrO Temmepatypy 7.

0<AUS -
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Jlo CMelueHHss BHYTPEHHSAS 3HEPrHs ras3oB

U= 3WkTo| 1425 — N L]
T TR (kT )P\ mi2 m3? ) |

IMocne ymaneHHs neperopoAkd H aanabaTHOrO CMEILEHHs ra3oB, KOTJa Kaxabli
ra3 3aHuMaeTr o6bveM 2V TNpH HEM3MEHHON BHYTpPEHHEH 3HEPrHH CHCTEMEI, TeMIepaTypa
T razos Gymer Apyro#f W BBIpaXXE€HHE MJI BHYTPEHHEH 3HEPIrHH CMECH NPHHHUMAET BUA

8 NK® 1 1
Upy=3NkT| 1+ — ——| —+—5 | |- 1
! [ +64 V(nkT)3’2(m?’2+m%’2>] @
Ipu amuaGaTHOM CMELUEHHH CKOJIb YrOAHO OJIM3KHX Ta3oB (myxm;=m)
) Ni3 S Nh3
Ui=3NkTo| 1+ ——————=5 |, Un=3NkT| 1+ —= ———=5 |. 2
: °[ 16 V(nkao)3’2] n [ 2 V(nka)3/2] @

IIpoucxoasuiee npu 3TOM H3MEHEHHe Temnepatypbl 17— T, HaXOOUM H3 YCJIOBHUS
Uy=U}, T.e. U3 ypaBHeHH:

) Nh?3 2 1
T_ TO =‘3'2‘ m —— . (3)
(rmk)*2\ /T, T
B npenenbHOM ciyyae aaMabaTHOrO CMELUEHHS [ABYX MOPHMH TOXIECTBEHHOTO
rasa (m;=m; =m) BBIpaXE€HHE AJI BHYTPEHHEH SHEPTHH CHCTEMBI HaiileM u3 GopMyJbl
(1), yyuTeiBas mpH 3TOM INPOMCXOASUIMH CKAYOK TIJIOTHOCTH:

U= lim U —3NkT[l+ 8 _ N ] @)
! my=m;=m ! 16 V(nka)3/2 ‘
’N/V—»ZN/V‘

N3 popmyn (2) u (4) 3aMedaem, YTO NpH aAMabaTHOM CMELUEHHH JBYX OJHHAKOBBIX
MOPIHH OJHOTO M TOTO Xe€ raza TeMIepaTypa, KaK CJIeOBaJIO OXHAATH, HE U3MEHSETCS.

Takum obpa3oMm, NpH nepexofie OT aAHabaTHOTO CMELIEHHs CKOJIb YrOJHO OJIM3KHX
KBAHTOBBIX HJCAJBHBIX Ta30B K CMEIUEHHIO TOXIECTBEHHBIX Ta30B H3MEHEHHE TEM-
nepaTypsl CMEIUEHHS MCIBITHIBAET CKa4yoOK, onpeaensieMbli ypasHeHHeM (3). IJrtoT
napajokc IS TeMIepaTypbl IpH aAdabaTHOM CMELIEHHH KBAaHTOBBIX MAEAJIBHBIX
ra3oB OOyCJIOBJIeH CKaukOM IUIOTHOCTH Tra3a NpH Iepexolie OT CMELIEHHS CKOJIb
YTOAHO OJM3KHX Tra3oB K CMEILCHHIO TOXJIECTBEHHBIX TIa30B.

HaiinieHHOE Xe€ H3MEHEHHE TEMIIEpPAaTyphl NpH aauabaTHOM CMELIEHHH KBAHTOBBIX
UICANbHBIX Ta30B SBJAETCH YHCTO KBAHTOBBIM 3ddexTom.

Hetrpyano y6enurtscs, 4TO NMpH BTOPOM BHAE CMELUEHHS, KOTrJa IUIOTHOCTH rasa
HU3MEHSAETCS HEMpEpPBIBHO, HM3MEHEHHE TEMINEpaTyphl NpH aadabaTHOM CMeEILeHHH
KBAHTOBBIX HJCAJIHHBIX Ia30B TAaKXKE H3MEHSETCH HENPEPHIBHO IPH NEPEXOAC K CMele-
HHIO TOXIECTBEHHBIX Ia3o0B.

3ameTHM, YTO B OTJMYHE OT Napajokca OWHIITEHHAa, KOTOPBIH OTCYTCTBYET
npH aguabaTHOM CMELIEHHH BBIPOXKAEHHBIX ra3oB, napajokc I['mb6ca mmeer mecto
H B 3TOM Cly4ae.

3.36. Ilpouecc paciiMpeHHss rasa B IYCTOTY SBISETCH HEOOpAaTHMBIM, IO3TOMY,
HECMOTpPST Ha ero aauMabaTHOCTh, OSHTPONHS Trasa IIpH 3TOM  YBEJIHYUBAETCH
(AS=S,—S,>0). YuureiBas, 4TO SHTPONHUS SBIAETCS ONHO3HAYHOU (yHKIHMEH Co-
CTOSIHMS, H3MEHEHHe OSHTPONHH AS npH HeoOpaTHMOM Ipolecce MOXHO Ha#TH,
NepeBolss CHCTEMY H3 HayaJbHOTO COCTOSHHN B KOHEYHOE KaKHM-JIHO0 pPaBHOBECHBIM
nyreM H omnpefeisis AS no 3toMy nyTH. B OaHHOM ciydYae B KauecTBe TaxKoOro
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NYTH MOXHO B3ATh H30TEPMHYECKHH Mpolecc, p
TIOCKOJIbKY TEMIIEPAaTypbl HAYaJIbHOTO M KOHEY-
HOTO COCTOSHHH OIMHAKOBHI (Tak KaK ONHHA-
KOBBI BHYTPEHHHE JHEPIHH, & OHH OT obBeMa
raza He 3asucaT). [losTomy

Vs

2
50 [dU+pdv v,
AS=| ==} ———=RIn—.
JT J T 72

3.37. Ilo BTOpOMY Hayajly TepMOAUHAMH-
KH, U3 OJHO3HAYHOCTH SHTPOMHH CIEAYET, YTO
NpH PaBHOBECHOM H30TEPMHUYECKOM KPYTrOBOM

npouecce (T. €. IPH OMHOM TepMocTate) pabora -
3a IMKJI paBHa Hymo. OIHAKO €CIIH HCHOJIb- v
30BaTh B IHMKJIE HEPAaBHOBECHBLA MpOIECC, TO Puc. 60.

MOXHO OCYIIECTBHTh NPH OJHOM TEPMOCTaTe

KPYroBO# MpOLECC ¢ OTJIMYHOM OT Hyns paboToif, HO 00s3aTeNIbHO OTPHLATEILHOM.
B camoM Jere, mycTh CHCTEMa HMEET B HayaJIbHBIH MOMEHT TeMneparypy T TepMocrara
(cocrosiuue A Ha puc. 60). M3omupyeM cucTeMy H 3acTaBHM ee alHabaTHO pacHIMPATHCS
no temnepatypbl 7T; (cocTrosHHe B). YCTaHOBHM 3aTeM TEIUIOBOH KOHTAKT CHCTEMBI
¢ tepmocratoM. Ee Temmeparypa HecraTH4yecku moaHumaercs Jo mpexHel (7; oTpe3ok
BC). Cxumas CHCTeMy HM30TEPMHYECKH, MOXHO BEpHYTH e B HauaJIbHOE COCTOSIHHE.
IMo wuanpaBneHdro 06XxoJa KOHTYpa Ha JMarpaMMe BHAHO, 4TO paboTa 3a LHKI
OyoeT OTpHULATEIBLHOM.

3.38. Ilponecc Temmoo6MeHa Mexay TeJlaMH pa3HOW TeMmepaTypbl SBJISETCS
HECTaTHYeCKUM (HeoOpaTHMBIM). JIJis BHIYMCIICHHS MPOHCXOASILErO NMPH 3TOM H3MEHEHHS
SHTPONHH CHCTEMBI TNPOBEJEM TEMIOOOMEH pPaBHOBECHO.

Bynem cudtaTh, YTO TEMMEPATyphl TeJ H3-32 KPATKOBPEMEHHOCTH TEILIOOOMEHa
He u3MeHsIOTCA. BpiGepeM B kadectBe pabouero Tena IS paccMaTpHBaeMOM
H30JIMPOBAHHOM CHCTEMBI MOJb HAeanbHoro rasa. Ilycte HadansHBIE ero o6BeM
V, u temneparypa T, (cocrosHue /). Ilpm TemnoBoM KOHTakTe rasa C TNeEpBHIM
TEJIOM H HM30TEPMHYECKOM pAcCIUMpEeHHH Traza 1o obwsema FV, (cocrosHHe 2)
ra3 BO3bMET y Tena KonwuecTBO TemwioThl Q=RT,In(V,/V;). AnnabaTHbiM pac-
IIMpEHHEM ra3 JOCTHTaeT Temmepatypbl T, W 3aHuMMaer obbeM V3 (cocrosmme 3).
IpuBenas ra3 B KOHTAKT CO BTOPBIM TEJIOM, M30TEPMHYECKMM CKAaTHEM rasa
mo obvema ¥V, (cocTosiHHE 4) OTHaeM BTOPOMY Tely TO XK€ KOJHYECTBO TEIUIOTHI
Q=RT, ln(V3/V4 ). Ecnmu Temeph ra3 NpHBECTH B Ha4allbHOE COCTOSHHME I, TO
H3MEHEHHE €ro JSHTPONMHM pPAaBHO HYJIO, a H3MEHEHHE OJSHTPONMHH CHCTEMBI IIpH
3TOM paBHO €€ M3MEHEHHMIO IIPH HEPABHOBECHOM MPOLECCE TEIUJIONEPEAAadd B pPe3ysIbTaTe
KPaTKOBPEMEHHOTO TEIIOBOTO KOHTakTa. IlockoyibKy mpoLecc nepexoja rasa H3
coctosHuss I B 4 Obul paBHOBECHHIM (OOpaTHMBIM), TO H3MEHEHHE 3HTPONHH
Bcelf M30JMpPOBAHHOH cHCTEMBI (0OOMX Ten H rasa) IpH 3TOM IIPOIECCE PaBHO
Hymo. CremoBaTeibHO, M3MEHEHHE JHTPONHH AS Tel IpH HX TEIUIOBOM KOHTaKTe
H oOMEHE TEIIOTOH paBHO HM3MEHEHHIO OSHTPONHH ra3a MNpH €ro pPaBHOBECHOM
nepexoAe U3 cocTosHUs 4 B I, T.e.

AS=8,-8,=Cy ln(Tl/T2)+Rln(V1/V4)

Tak kax, COrJacHO IOJIyuYeHHBIM ¢opmynam mis Q,
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T0 V V
Rn2-_2.2 gl
Vs T, T, Vs
Y T Vs
AS=——+—+CyIn—=—RIn—.
VT, T V2
Cocrosimuss 2 u 3 nexar Ha oxHOM ajguadare, HmOITOMY
Vs 1 T,

Vl=Tp ! n—=——In—.
A vV, v=1 T,

T; Vs R 7,
Cyin=—RIn2={ Cy——— |In=t=0.
T; Va v T,
1ak kak Cy—Ri{y—1)=0.
TakuM 00pa3oM. H3IMEHEHHe IHTPOIMH NPH KPATKOBDEMEHHOM TEILIOBOM KORTZKTE
ABYX Tei DA3HOM TEMIEPATYPH, PABHOE CYMME H3MEHEHMA OJHTDONHMHA ITHX Tel.

. 1Y 11
= -+ = —= —_———
AS=AS,+AS; Tl+ T, Q(T2 T;) ()

Orcioaa, oxsaxke. He ciaeayer, uro AS;=—Q/T; u AS,;=0Q T,. Kak 370
NpUHMMAETCs OOBYHO BO MHOIrMX Y4YeDHHKaX MO TEPMOJMHAMMKE NpH BHIBOJE
dopmyasl {1). MOCKOIBKY 3TH PaBeHCTBA CHPABELIMBBI TOIBKO 0P PaBHOBECHUM
TeILIOOOMEHE.

®opmyna (1), ouesuano, OyHmeT u@MeTh TOT Xe BuA U npu AS,=—-Q/T,—1,
AS;=Q/T,+a, rae a#0.

Jns BBYACIEHHS W3MEHEHHS OJHTPONAM KaXJAOTO Tela HPH HEPaBHOBECHOM
TeIUI0O6MeHe Hajo 3HaTh MX HavajbHbie M KOHEYHbIE COCTOSIHHS.

3.39. ITo BTOpOMY Hawaily, ATf HEPaBHOBECHBIX NPONECCOB

80y, — 60 =0W,,—3W<0.

OTrcrona BUIHO, YTO COCTOSHME, JOCTIDKMMOE H3 JaHHOTO, aquabaTHO paBHOBECHO
(80 =0), HemocTmimMoe —amabaTHo HepaBHOBECHO (80, =0), TaK Kak B 3ToM Ciydac
804, —080 =0. INoaToMy ecim cucTeMa NEPexoaUT U3 cocToAHns / B 2 amuabaTHO paBHOBEC-
HO, cosepiuasi pabory dW,,=—dU, 1o amnabaTHbii HEpaBHOBECHBIH NEPEXOl CHCTEMBI M3
COCTOSIHUA | BO3MOXEH JHMIIL B HEKOTOPOE COCTOsiHME 3, HE COBMAZAIOLIee C COCTOSHMEM
2; Opu 3TOM BIIOJTHE BO3MOXHO, 9T0 (3W)3 )= —dU H, criesoratesbro, SWy,=(3 W13 )up,
OJHAKO 3TO HE NPOTHBOPCYMT BHIBOAY H3 BTOPOro Havana SW,2>(5W1;)_,,,

3.40. Tlo npuruuny Bombimana S=f(W). Ecim cHcTeMa COCTOMT M3 ABYX 9acTed,
10 S} =f(W,8, S;=f(W>) ¥ Ba OCHOBaHHHM aJUTHBHOCTH SHTpOmHH S=S,+S>=f(W,)
+(Wa)=f"(W).

[Ans HesaBucHMEIX cucteM W= W; W,, nostomMy s onpenenenus f (W) noayYaem
GYHKUMOHAJILHOE YpaBHEHME

SWL)+f(W2)=f (W, W>),
mubdeperupys kotopoe mo W; m W, Baxomum:
L (W)= (W W))W, ["(Wa)=f"(W, W)W,

FAW)AWL)=Wo Wy, W, [ (Wy)=W.f" (W,)=k,
rae k— NOCTOSIHHas BEJIMYMHA.
Tlocne MHTErpHPOBAHHA JTOTO YPABHEHHS MOJY4aeM COOTHOLIEHHWE

S=khW,
KOTOpO€ 4YacTO Ha3bIBAIOT npunyunom borsymana.
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Mocrosannas k onpeleIseTcs NPUMEHEHHEM IOJYYCHHOIO YPaBHEHHS K KaKOMYy-
H#OyIb 4aCTHOMY CIY4alo. HanpHMep K #ACaTbHOMY ra3y; OHA OKa3bIBaeTcsl PaBHOH
nocrosHHo#l Boabumana (k=1,38-1072% Ix/K).

3.41. Obwas 3HTponMs OOOMX TEd HIMEHHTCH Ha

AS=————— 1071 Ix/K.

Cornacso npueuuny boasumana, AS=klIn(W,/W;), rae W,-—BeposTHOCTH
HavyaJIbHOro COCTOSHHSA O000HX Tej, W;- BEPOATHOCTD HX KOHEYHOTO COCTOSHMSA
B DACCMATPHBACMOM [POLIECCE. MOITOMY

p 12
WZ - W, eAS/k= u/lel() /12‘

T. € BEPOATHOCTb BTOPOIO COCTOSHMS B HEBOOOPa3MMO 0O0/bIIOE YHCJIO Pa3 NPEBBILAET
BEPOATHOCTh HEPBOIO COCTOAHHS ¥ TNpH CONPUKOCHOBCHMM TEILIOTA NEPEXOOMT OF
Te1a C Dosibuleit TemnepaTypoil K Tejdy C MeMblueHd TeMNepaTypoll HpaKTHYECKH BO
Beex cavyasax. U3 W, W x ~ 10001 €:1y4acs B CPEAHEM OJHMH pa3 TeILIOTa NEPEXOAHdT
OT Tejla ¢ MEHbIlieM TeMmIeparypos K Teiay ¢ Ooabuieil Temnepatypoit. Mbl BHIuM,
YTO TPAKTHYECKH BEPOSTHOCThL NEpexolia TEILIOTh, TpedyeMas TePMOXMHAMHKOW. He
OTJIAY4ETCS OT JAOCTOBEPHOCTH.

Ganakc pe3ynsrat 6)ge7 MHOK Npy nepexolie 3HAUHTENbHO MEHBINEro KO.IHUYECTBA
Terworsl, seM 1077 IIx. B cavaae AQ=12-1071° JIx noiysaem W,/ W;=e=2]7,
T. €. Mepexol TAKOro KOJUYECTBAa TEILIOTH OT XOJOJHOIO Telda K TrOpsYeMy XOTH
U OypeT ocymiecTBaATbCA OoJjiee pemaKko, 4eM OOpaTHBIA Tepexod, OHHAKO YacTOTHI
9THX NEPEXOJ0B OJHOTO MNOpPAIKA.

3.42. ITo ycnoBmio, B cocTosHMsAX | m 2 fnaBieHHs p;=p,=2p, a B COCTOSIHHSAX
3 1 4 py=ps=p. Pabouee Teno moayyaeT TEIUIOTY NpH HM300apHOM npomecce [—2,
a oToaeT —npH u3zobapHoMm mponecce 3—4. Iloaromy

01 =Cp(T2— Ty}, Q2=CP(T3-— T.),

=Q1-Q2=1_T3—T4
O T,-T,
1—_1
Ipu ammabatoM npomecce Tp ¥ =const, CIENOBATENbLHO,

I-y i-y 1-y 1-y

TSPT _ (Zp )T 4p

S 1‘—;—’" =1_1‘—;1
-7, \2 n 2) -

OnucaeHulf B 3aZade pe3yAbTaT OOYCHOBIEH TeM, 9TO A8 MACATLHOrO rasa
KOJIHYECTBO TeIwioThi { mpm m30bapHOM npoliecce NPONOPLHOHATLHO COBEPLICHHOM
pabotre W, moatomy, xota Q#W, ortHowenus Q,/Q; u W,/W; OXHHAKOBHI
Heticrutemuo, Q,=C,(T.—T1), W,=2p(V2—V,). Ho 2pV,=RT,, 2pV,=RTy;
CIeAOBATETbHO,

OTKyZa

C,

Wi:R( ) Ql‘—pwl: Q‘,:;
Q:_We
0, W,
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3.43. Takoii BbiBoA owmboueH. JIeno B TOM, YTO XHBOH OpraHW3M — HEpaBHOBEC-
Hasl, OTKpBITasi CUCTEMa U B COOTBETCTBHH CO BTOPBHIM HA4YaJIOM TEPMOAWHAMHKH €ro
YNOPAMOYEHHOCTh MOANEPXKHBAETCS OTTOKOM SHTPONHMH B OKpYyXarouyio cpedy. Ecmu
H30JIMPOBATh OPraHU3M BMECTE C BELIECTBAMH, HEOOXOAUMBIMH UTSl €T0O CYLIECTBOBAHHUS,
TO B 3TOH M3OJMPOBAHHOH CHCTEMe SHTpomus OyldeT BO3pacTaTh.

3.44. TlokaxeM, 4YTO Ha MOCJIEOHEM 3Tame BTOPOro MYTH, KOIJa C MOMOLIbIO
cBera Bei3piBaeTcs peakuus Mexay H, u Cl, B cMecu ¢ moinem HCl u Bcs cMech
nepexomut B asa Mons HCI, usmenende surporun pasHo —gq/(27)—2RIn2, a He
—q/(2T).

ITockosibky Bce mNpOLECCHI H30TEPMHYECKHE, TO JUIS BBHIYMCIICHHS W3MEHEHHs
JSHTPONMH TNpH 3THX NPOLECCAX MOXHO HCXOOUTH TOJIBKO M3 KOH(HIypanMOHHOH
YaCTH JHTPONMMHM HACAJNILHOTO rasa, KoTopas MJis MOJis paBHa S=Rln(V/N ).

OHTpONHS HAYaJIbHOTO H KOHEYHOTO COCTOSIHHH CMECH COOTBETCTBEHHO paBHA

S;=RIn(2V/N)+RIn(2V/N)=2R1n(2V/N),

S;=2RIn(V/N).

Mo ycnosmio, AS;=S,—S;=—¢q/T, otkyaa —RIn2=—gq/(27).
OHrponus cMecHd B obveme 2V u3 H,, Cl, u mons HCl pasna

S;=RIn(4V/N)+RIn(2V/N).
nO3TOMy OHTPOMHUA HAa TMOCJICAHEM 3J3Tamne€ BTOPOro NyTH
S;—S3=—RIn2—2RIn2=—g/(2T)—2Rn2.

Takum oOpaszoM, AS,=—q/T=AS,.

4.1. JTokaxxeM O3KBHBAJIEHTHOCTb TNpPUBEJCHHBIX (OPMYJIAPOBOK TPETHErO Havala
TEpMOJMHAMHUKH, TOKa3aB, YTO €CiM mepBas (OpMyJNHpOBKAa HEBEpHA, TO HEBepHA
U BTOpas, U HaoOOpOT.

ITpenanosioxuM, 4TO MEPBOE YTBEPXKICHHE HEBEPHO, T. €. 4TO npH T—0 K sHTponus
S 3aBHcuT OT mapamerpa F (puc. 61). Torma MoxHO moctuub Temmepatypsi 0 K,
cosepuiass obpaTuMoe aguabaTHoe pacumpeHHe u3 coctosHus I B 2. Ilpu 3Tom
TemnepaTypa 7'y Ha4aJbHOTO COCTOSHHS [OJDKHA OBITH Tako#, YTOOBI BBHIMOJIHAIOCH
cootomenue S(Vy, T;)=S(V2, 0).

Ilpeanosnoxum Teneps, uro Temnepatypsi 0 K MoxHo noctuyp. ITokaxem, 4uro
pa3sHOCTh 3HAYCHHH OSHTPOMHM [T DA3NIMYHBIX 3HA4YeHHH mapaMeTpoB OydeT npH
3TOM OTJIMYHA OT HyJs. DTO BHAHO M3 pHC. 62. [lelicTBuTensHO, eciu mponecc I—2
Bo3MoxeH, To nmpd 0 K 3HTpomus cucTeMsl, uMeroleil o6beM V', NOIKHA OTIMYATHCS
OT ee 3HAa4YeHHs JUIS CHCTEMBI C 00BEMOM V,, TOCKOJNBKY OHTpPOMHS SBJIAETCH
MOHOTOHHO Bo3pacTraromeii (yHKUHEH OT TeMmepaTypsl TNpH TNOCTOSHHOM o6beMe
[(6s/0T)y=Cy/T>0)].

4.2. Tlycte S, (To) u S(To)—93HTponuu TpH TeMmmepaType NEPEXONa OMHOrO
MOJIS COOTBETCTBEHHO ceporo H Oenoro ojoBa. OueBHOHO, TNpH MNepexofe

)\.=T0(S2—S1).
Ho no TpeTseMy Havany TepMOAHHAMHKH,
T, T,
a(T Co(T
sl(To)=J‘—(—)dT, Sz(To)=j (1) 47
T T
[ 0o
H TO3TOMY

Ty

L=To[ JCZ(T)dT—Ji?iT]; A=2158,64 JIx/mMonb.
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Puc. 61. Puc. 62.

COOTBETCTBEHHO MEXAy OSTOH BEJMYHHOH H IKCMEPHMEHTAJIBHBIM 3HAYEHHEM
A=2242 JIx/M0JiIb MOXHO paccCMaTpHBAaTh KaK XOpOUIEE MOATBEPXICHHE TPETHETO
Havasa. HeGonpliyio pasHUIy MexXIy 3THMH BEJIMYHHAMH MOXHO OOBSCHHTH MOrpeul-
HOCTSIMH OTIBITA.

4.3. OCHOBHOE YpaBHEHHE TEpPMOAMHAMHKH JUIS TNapaMarHETHKa

TdS=dU—-HdJ.

Ipubasus k 06eWM uacTsam 9Toro ypasHenus muddepenmman d(—TS—HJ),
TIOJIY4HM

d(U-TS—HJ)= —SdT—JdH,

otkyna (8S/0H)r=(8J/0T)y. Mo 3axony Kiopn, J=uH=cH/|T, noaromy (0S/0H )r=
=—cH/T? Ortcrona npu T—0K nonysaem (8S/0H)r——00, 4TO NPOTHBOPEHHUT
TpeTseMy Hadaily, CorjiacHo kotopoMy (8S/0H)r—0 npu T—0 K. 1o mportuBopedne
yKa3bIBa€T HAa HEMPUMEHHMOCTh 3akOHa KIOpH [UIs CKOJIb YrOJHO HH3KHX TeMNepaTyp
napaMarHeTHKOB. Pe3ynbTaThl OMBITOB MOKA3bIBAIOT, YTO MNPH JOCTaTOYHO HU3KOH
TEeMINepaType % TNEPECTAaeT 3aBHUCETh OT TEMMEPAaTyphl H CTAHOBHTCH MOCTOSHHOM.
4.4. Tlpu amuabatueix npoueccax dU= —pdV. Vuutsisas, uto pV =2/, U, nonyyaem

w_ 2
v 3y TR

U=const - n3, @)

rae n=N/V —KOHUEHTpalusi 3JIEKTPOHOB.

ITo Tpersemy Hauany, npu 0 K aguabaTHeIi npoLecc COBMAAaeT ¢ H30TEPMUYECKUM,
noatomy ¢opmyia (1) HaeT 3aBHCHMOCTB «HYJIEBOH OJHEPTMH» OT KOHIEHTpAaLHH
3nekTpoHOoB. [IpuMeHenue craTHCTHKH PepMH K 3JIEKTPOHHOMY rasy NMPHBOIHMT K TakoH
%€ 3aBHCHMOCTH U OT n U MO3BOJISET BBHIMUCIMTH 3HAUYeHHE KOHCTaHTHI B dopmyrne (1).

4.5. Ina oHpendeseHHs HM3MECHEHHS TeMMepaTypbl C H3MCHEHHEM MAaBJICHHS TpH
aauabaTHOM TNpoIlecce 3aMHIIEM NMPaBYIO YaCTh OCHOBHOIO YPaBHEHHS TEPMOAHHAMMKH
NpH HE3aBHCHMBIX TNEpeMEHHbIX T H p:

ou 1) v
dS=dU+pdV= dT d
T +p (6T> +( ap) p+p(aT> dT+

A ADARAD A o
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oTKvA2

o5 (7). () Jorif
S G
()5 (%),

Mostomy ypaesenne (1) npeoGpasyercs:

av
TdS=C,dT— T(T> 4 @
T/,
WK
Trds=C,dT—aTVdp.
W3Menenne TemmnepaTypbl npu aamabatHom nponecce (7dS=0)
dF=(TaV/C,)dp. (3}

fle rtpetbemy wuavany, mpu 7—0K o—0 u C,—0, #HO oV/C, crpemuTcs
X KoHewromy npedeny (oM. mmpker [lodromy w3 ypaBHerus (3) HaxoawMm, 970 Hpw
T-0K a4 u3MecHEHMS TeMIEpatrypbl Ha KOHEYHOE 3HAYCHHE HM3MCHEHME HABJICHHS
JAOJKHO HEOrpaHHYEHHO BO3PacTaTh, T.€. YTO C YOMOINBIO KOHEYHBIX M3IMCHEHMH
TEPMOAMHAMHYECKUX IAPAMETPOB CHCTeMY HeBO3MOXHO oxiagute no 0 K.

M3 ypasHenus (2) monysaem (dS/op)r=—(0V/oT),.

ITosTomy
T T
ov oS o [C aC, dT
Vel =l=- =) =—= | Zdr=— | =2 —. )
* (aT), (ap), a1 T o T @
0 0

IIpr uu3Ko0il TEMnepaType
C,=T"a+bT+cT*+..), )

roe n>0, a kodbdummeHTH a, b, ¢, .. 3aBucAT OT Haeienus. JAuddeperumpys
BBIpaXeH¥e (5) DO AAaBNCHMIO M MOACTABNSAA NOJIyY4eHHOE BhbipakeHue B (4), mosydaem

T

©

a bT c'T?
+... ).
n n+l n+2

—IdT(a’T"“+b'T"+...)=-T"(~+_+
0
Pasnemue ypasenme (6) Ha (5) u mepexoas kx T—0 K, maiizeMm, 4o

a¥V/C,—const.

4.6. Bo3HWKHOBeHHE Da3HOCTH YPOBHE#l B HamoOJIHEHHBIX XXHAKOCTBIO COCYZAax,
COEJIMHEHHBIX KAMAUIIPOM, NPH NMOANEPXKAHAM B HUX Pa3HOCTH TEMIIEPATYp Ha3bIBaeTCS
TepMOMeXaHAdeckHM 3(pdeKToOM H B OOGBIYHBIX KUIKOCTAX NpeAcTaBifeT coboif
HeoOpaTuMoOe sIBNCHWE, aHAJIOTMYHOE TepMoOIeKTpHueckoMmy IbdekTy (Ha cThike ABYX
pa3IMYHBIX NPOBOAHHKOB C Pa3sHOM TeMnepaTypod BO3ZHMKAeT TePMoO-3. . €.; eM. § 69).
Taxoro poaa repmomexanmdeckuit 3pdext cymecrsyer # B He 1I, onnaxo B 3Tom c1ydae
OH NEPEeXpLIBAETCA 3HAYMTEIbPHO HPEBBILIAIOIIHEM €ro ApyruM, cuenuduyeckum ms Hell,
obpatumbiM 3drbekTOM (KOTOpBIM TakXke HA3bIBAECTCA TEPMOMEXAHMYECKHM).
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Puc. 63. Puc. 64.

Kak yxe cka3aHo B ycioBuy 3axaus, He Il Bener cebs kak «cMech» [IBYX
KHIKOCTEH ~-CBEPXTEKYYEH (3 ) ¥ BOpMEToHOM (n)*. Korga B COOOWIANOLMXCS COCYHax
¢ Hell 1emnepaTypz OIMHAKOBA. <«KUEUCHTPuIY¥» ChEPXTEKYYEIO M HOPMAIBHOIO
KOMANOHEHTOB B OOOHMX COCY/JaX COOTBETCTBEHHG OJMHakoBbl. EciM e TeMmepatypa
B OJHOM H3 COCVAOB VBEIUSMBAETCH. TC LOHUEHTPAIMS CBEPXTEXVYEro (HOPMAIBHOTO)
KOMIOHCETA B HECM YMEHbBIIACTCS (VBEJHYMBAETCA), TdK KdK 9aCTh S-KOMIIOHEHTa NpH
JTOM NEPeXGIMT B HOPMATbEYIO BO3HMKINAS DA3HOCTh KOHMEHTPANMH KOMIOHEHTOB
B pasHbIX cocyiJax OyldeT BbIpaBHMBATHCHA. S-KOMIIOHEHT OyleT mepeTekarh B Oomee
TEwTni COCYI, 2 HOPMAIbHBIE — Ba060po71. Ho s-xoMIOoHeHT cBODOAHO nepeMeHIaeTes
O KAMWUIAPY, JIBHKEHHE X n-KOMNOHEHTa CBA3aHO C TpeHWeM. B pesyabraTe
B cocyae ¢ §oiee HM3KOH TeMrepaTypod KMAKOCTb MOJHHMAETCS, CO3/laBas pPa3HOCTh
nasnesui Ap (pumc. 63).

Ces3p Mexay Ap u BopBaBmedd ee A7 HaieM M3 YCIOBHA «XMMHYECKOro
paBHOBECHS» TeJMs B COCYZaX, KOTOpDOE YCTAaHABJIABAaeTCH B pe3yjibTaTe «OOMeRna»
s-xomrioHeHTOM. Takoe paBHOBECHE HACTYNAET NpPH PAaBEHCTBE XHMMYECKMX NOTCHINAJIOB
(xoTopsie MBI OyneM OTHocHTh k 1r rems):

P(Pl, Tl)=u(p2’ TZ)s (l)

rae p;, Ty ¥ p;, T,—jaBleRne W TeMmIepaTypa B HEPBOM H BTOPOM COCYyAax.

Tak kak IpH OIOWHAKOBBLIX TEMIEPATypax B COCyAaX HABJCHHA B HUX Ha OIHOM
H TOH ke BBICOTE OJWHAKOBHL, TO NMp# HeGousbmo# paznocTH Temmepatyp AT=T,—T,
GymeT Manoii M pasHOCTh HaeieHud Ap=p,—p,. Ilostomy, pasmaras p(p,, T;) mo
crenensM AT m Ap, u3 ycnosus (1) momydaeM

cu op)
I’ T - Y T = = — T:
w(p2, T2)—n(p1, T1) (ap)TAp+(6T),A 0

W
vAp—sAT=0
(v m. s—obbem u sHTpomus 1r Hell), otkyna Ap/AT=s/v, nmm
Ap/AT=ps, @

rae p—miotHocTs Hell npu pammo#f Temmepatype.
Tax xak ps>0, To Ap/AT>0 u, cnenopatenbHo, npu AT>0 pasHocTh AaBREHHH
Ap>0, T.e. XHMEKOCTP NOJHKMAeTcs B cocylde ¢ bonee BHICOKOH TeMmepaTypoi.

* Taxoe paccmorpenme He II sBiseTcs, KOHEYHO, KaKk BCAKOE KJIACCHHYECKOE
NpEACTABICHAC KBAHTOBLIX SBJICHUH, JHMb YAOOHBIM CIOCOGOM AU BHIpAXEHAS
TOBE/ICHAs] KBAHTOBOM JKHIKOCTH, kakopoil sBnsercs He II. Hmkaxoro pasaenemms
4aCTHIl FeJTHS HAa «CBEPXTEKYYHMe» H HOPMAJbHEIE» HE CYIIECTBYET.
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®opMmyna (2) Osita BmepBeie ycraHoBieHa B 1939 r. I Jlondonom wmeTomoM
LUMKJIOB, 4 JByMS TOJIdMH TO3Xe OH4 ObUId KOJIMYECTBEHHO MOATBEPXKIECHA ONMBITAMH
II. JI. Kanuyv! 4 TOJIyuYeHa METOJOM TEPMOAMHAMHUYECKHX mnoTeHuuanos JI. [J. Jlanoay.

TepMmoMexaHnueckuii 3d¢hekT momyckaeT oOpalleHHE, T. €. €CJIM Pa3HOCTh TEM-
nepatyp B He Il Bri3biBaeT mosiBJiCHHE PA3HOCTH [ABJIEHHH, TO H PAa3HOCTH NABJICHHH
BBI3BIBAET COOTBETCTBYIOLIYIO Pa3HOCTH TemrepaTyp. OOpalleHH bl TepMOMEXaHUYECKUH]
addexT HazbiBaeTCH Mexanokaropuueckum ggexmom. B Hell oH Obin mccnenosan
B 1939r., xorma Osuio o6GHapykeHo, uyTto TeueHue Hell wepes kammuisip ot Goiee
BBICOKOTO YPOBHS K 60Jiee HI3KOMY CONMPOBOX/IAETCS MOSIBJICHHEM PA3HOCTH TEMMEPATYP
B cocymax (puc. 64).

KosnuuectBeHHo 3aBucHMocTs AT oT Ap TpH MeXaHOKaJopu4yeckoM 3ddekte
OTpENENIAETC TEM XE€ COOTHOLUEHHEM (2), KOTOPOE MbI 34MHMIUEM TENMeps B BHIE

AT]Ap=1/(ps).

W3 a1o#i ¢dopMynbl BHIHO, YTO B HIDKHEM cocyle (C HaBJIEHHEM p,<p;, TAE
P1 — IABJIEHHE B BEPXHEM cocyle), B KoTopbiit BrekaeT He II, TeMnepaTypa noHuxaercs:
npu Ap=p,—p, <0 pasHocte AT=T,—-T;<0 u T,<T,.

3TOT pe3yJbTAT OMNpeNeNiseTcs TOH ke OCOGEHHOCTBIO CBOOOMHO BTeKarOMIEH
yepe3 KANMWUIAP CBepXTekydero kommoHeHTa He II: 3HTpomms 3Toro KoMmoHeHTa
PaBHA HYJIO H, CJENOBATENBHO, OH4, MO TPEThEMY HAYally, CHAXOMMTHCA» TPH
temmepatype 0 K.

4.7. ConepxaHHe TPETHETO HAayalla ONpENENACTCS He TOJBKO HEBBIPOXAEHHOCTHIO
OCHOBHOTO YPOBHSl, HO M OCOOEHHOCTBIO 3HEPIETHYECKOTO CHEKTPA MAKPOCKOMHYECKOTO
TeJla MPH MaJbiX BO3OyxIeHUAX. JIeHCTBUTENBHO, €CIIM CBA34Th TPEThE HAYAJIO TOJBKO
C OTCYTCTBHEM BBIPOXJECHHS OCHOBHOTO COCTOSIHHS, TO CBOMCTBA Tell, ONpelelsieMbie
TPETHUM HAYaJIOM, Haualu Obl OOHAPYXKHBATHCA JIMILL TIPH OYEHb HU3KOH TeMmepatype
T, onpenensieMoit u3 ycinoBus T<T;=E, [k, rae E, —nepBbiii JHEPreTHIECKUH ypOBEHB
Tena. JIns xpuctaiia B ¢popMe kyba co cropoHodt 1cm Ty=1075 K, B To Bpems
K4aK M W3 JKCNMEPUMEHT4 H M3 TEODHH TBEPAOrO TeJld HM3BECTHO, YTO TEIUIOEMKOCTH
KPHUCTAJIJIOB MaJlda TPH TEMMNEPAType, MeHbllell Ne6aeBCKOH (HECATKH KeJbBHH). ITO
O3HAY4€T, YTO NPH Y4YeTe JIMLIb HEBBIPOXAEHHOCTH OCHOBHOIO COCTOSIHMSL [eHCTBHE
TPETBEr0 HA4YaJia JOKHO ObUIO OBl CK4a3BIBATHCA TNPH TEMIEPATYPAX NPUMEPHO
B 10° pa3 6onee HU3KHUX, YeM OOHAPYXHUBAETCS HA ONbITE. TAKUM 06pa30M, HENPABHIILHO
CBA3BIBATh TPETHE HAYAJIO TOJIBKO C OTCYTCTBHEM BBHIDOXIECHHS OCHOBHOTO YDOBHS,
HEOOXOOMM Y4YeT OCOOEHHOCTH 3HEPreTHYECKOro CMeKTpa MpH MalbiX BO30YXICHHUSIX.

5.1. Paccmorpum umkn KapHo, B KOTOPOM paboOYHM TeJIOM SIBJISIETCS CHCTEMa
M3 KHAKOCTH H HACHIIEHHOro mapa. M306pa3suM 3ToT uMki Ha pauarpamme V),
p (puc. 65). Ha yyactke /—2 cucreMa u30TepMHueckH (nmpH Temnepatype T')

1
g
1 S z
! 2
dp —
“ T-dr 3
4 3
v e
Puc. 65. Puc. 66.

336



PACILHUPSETCA, NMPH 3TOM €AWHHLA MACCHI XHUAKOCTH TEPEXOJUT B TN4p; A4BJICHHE He
H3MEHACTCS. B3ftoe y HarpeBaTenss KOJHYECTBO TeIIOTBI paBHo Q;,=A. Ilpn
aaMabaTHOM pacIUMpeHHH 2—3 TEMMepaTypd M MA4BJIEHHE TMAJAOT COOTBETCTBEHHO
Ha dT u dp. TIpH H30TEpMHYECKOM CXATHH 3—4 XOJIOOHJIBHUKY OTHAETCA TEIUIOTa
Q,, a npu aguabaTHOM CkaTHu 4—] TeMnepatypa mossiaercs g0 7.

Pabora 3a umkn pasHa Q,—Q,=(v;—v,)dp, rAe v, ¥ v, —yHenbHblE OOGBEMBI
napa u xuakoctH. IToatomy

N=(Q:—02)/Q:=[(v2—v:)/A]dp.

H na Kapao T-(T—d7)_dT H, ClefOBATENBHO, 2 td 7
o mas umkia Ko = =y, ATENILHO, =—.
Gl pHo M T T A r PTT
TaxkuMm oOpa3om, mnoiyyaeM ypaBHeHHe KiameiipoHa — Knaysmyca
dp A

217"= T(vz—vl )’

5.2. IIpoBeneM ¢ OOPATHMEIM TaJIbBAHHYECKHM 3JieMeHTOM uuki KapHo, 3acrasiss
ero paboTaTh CHavYaJia M30TEPMHYECKH, MOTOM aJHabATHO, 4 3a4TeM, MPOMYCKas 4epe3
HEr0 TOK OT BHELIHEro HCTOYHHKA, COBEPIUMM H4Jl HHM pabOTy TAKKe U30TEPMHYECKH
H aauabaTHO.

Ha puarpamme c ocsiMH e (3apsn, mpoluealini yepe3 3jdeMeHT) U & (3. 4. C.
JNIEMEHTa) UMKJI OydeT HMeTh YK4a3aHHbIH Ha pHC. 66 Bua. KonuyecTtBO TemioTsi,
B3SITOE Y HAarpesaTens, Ha uzorepMe | —2 Oyner Q,=U,— U, + W, rae nu3orepMuyeckas
pabora W=eé.

MN3meHenue BHyTpeHHe#l sHepruM U, — U, paBHO TemioBoMy 3(P(heKkTy XHMHYECKOM
peakuMH B 3jeMeHTe (ecam Obl 3JieMeHT He mpou3Bogui pabory). U,—U;=—gqe
(q—TennoBoit 30bdexT, oTHeceHHmIH X mNpollemmieMy 3apsay), Tak uto Q,=ed —qge.
Ilpu apuabatHOH paGote 2—3 3. 4. cC. 3MEMEHTA YMeHbIUHTCS Ha d&, HU3IMEHUTCH
U Temmnepatypa. IIpomyckas MOTOM TOK uepe3 3JIEMEHT OT BHELIHEr0 HCTOYHHKA,
3aBepIMM 3TOT UMK KapHo. PaGoTa 3a UMKJI paBHA TUIOWIAAH LMKIA ed&, MOITOMY

_QI_QZ_ edé& _ d&
T 01 eb—qe E—q
T—(T—-dT) dT dé dT

=—H, CJIC€A0BATCIBHO, —— =——, OTKYId
T T e—q 1 7

nosny4yaeM ypaBHeHHe [ensMmronpua (cM. § 49)
E=q+T(06/3T).

53. F(T, V)=U—TS=CyT+Uo—T(CyInT+RInV+So)=C,T(1—InT)— RTn V' —
- TS()+ Uo;

n

Ho mns umkna Kapro n=

O(T, p)=U—TS+pV=CyT+Uo—T(C,In T— RInp+ So) +
+RT=C,T(1—InT)+RTInp—TSe+ Uq;
H(S, p)=U+pV=CyT+Us+RT=C,T+U,,
Ho S=C,InT—RInp+S,, otkyma T=p' 'Texp[(S—So)/C,]. IMoaromy
H(S, p)=C,p' " exp[(S—So)/C, ]+ Up.

54. 1. dH=TdS+Vdp, oTkyma BHAHO, YTO MNpPH HE3ABUCHMEIX MEPEMEHHBIX
p 4 H TepMONMHAMHYECKMM MNOTEHLHMANIOM sBaseTCH SHTpomus S(H, p):
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dS=%_dH~—;;dp " T=(—5;§;—}(ﬂ, V= —;—C%E%.
2. dF=—-S8dT—-pdV, oTkyaa BHIHO, 9TO NPH HE2ABUCHMBIX TlepeMeHHbIX T U F Tep-
MOJIMHAMHMYECKHM [OTEHIMAIOM sBiseTcs ofsem V(T F):
3 1 _(eVIET)
(eVieh; (CVioF),

1
dv=—3dr-tdF u p=
p P

cs G, cs | .
55. C,= T(ﬁ p, (E)r= Té‘p(;’T' Uz (®=-SdT+Vdp nonydaem
(6S/ép)r=—(8V,éTj,. Hostomy

s <62V) . (ac,) _ T(alrx)
por \or?), " \op /s aT?),;

OTKyJa BUAHO, YTO Y BeuleCTB, O0BEM KOTODHIX STHHEWHO 24BUCAT OT TeMIepaTypsl,
TeruoeMkocTh C, HE 3aBUCHT OT [JaB,ICHHA.
U U-7s F
5.6. p=S——=— =——, F(T, V)==To(T. V), U=T(S—o).
® T T 7 F(T.V)==To(T. V) (S—o)
Ho dF=-SdT-pdV, nodtoMy TepMH4ecKOe H KajlOPHYECKOe VDaBHEHHS
COCTOAHHS

p=—(2F/eV)r=T(@IdV)r, U=T[—(2F/iTy —0)=T(20'¢T)

MOXHO HaliTH, eciM TEePpMOOMHAMHIECKMi moTeHuMa1 Macke H3BEeCTeH, Kak
bynkuus V u T.

5.7. U+pV  U-TS+pV G
o=s-—F-——"F . 2, m
G=-To,
dG=—-Td0o—-®dT= _[T(é_@) +(D]dT—T(6—?> dp.
oT), ap)r
Ho dG=-SdT+ Vdp, cienosare;bHo,
S=T(6D/0T),+®, )
V=—T(®/dp)r. 3)

VpasHenue (3) mpeacrasiager co0OM TEPMHYECKOE YPaBHEHHE COCTOSHHA, ABHBIH BHI
KOTOPOTO MOXHO Haiith, 3Has ®(T, p). M3 cooTHowenns (1) noxydaem

U=TS—Th—pV.

Tloacrae:;ifs B 9TO YpaBHEHHe Bwipaxenwe (2) u (3), mo;rydaeM KajlOpHYeCcKoe
ypaBHEHHE COCTOSHHUS

U=T[T(3®/2T),+p(0®/dp)r).
58. dH=TdS+Vdp, orxyna
T={0H!3S),. N

MAns ypaBueHus aguafhatsl noslydaeM Buipakenune V=I{CH/dp)s, xoTOpoe = ciayvae
AgeasbHOTO rasa ¢ 3ajannoi dynxumed H npwHAMaeT BUI
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vy—1

b

V=

Cpp T exp [iS_ SO}/ Cp] (2)

w pVY¥=const.
W3 ypaBHenms (1) 179 KIeaTBHOTO ra3a HaxOIuM

T=p" "exp[{S—S:)/C,]. 3)
Pa>zenmB ypaeuenua (2) Ha (3}, noaydaeM YDaBHEHHE COCTOAHAS
pV=RT.
5.9. G=U-TS5+pV, 1)
dG=-Sd7T+ Vdp. (3]

Ecmu moteHusan G 3ajaH kak ¢yHkuAR T @ p, TO TEPMMYECKOE YpaBHEHRE

COCTOSHHA CHCTeMbI ToNy4aeM npocTeiM mubdepeHnapoBandeM 5TOR QyHKIHM:
V=(5’G/3p)1~
B pausom ciaywae V=RT,p u p¥V=RT.
Kanopuueckoe ypaBHeHWe COCTOAHWA HaxommM a3 ypasHeHas (1), ucnoassys (2):
U=G+TS—pV=G-T(éG/eT),—p(dG/op)r.
Mpu 3agassOoM G
U=aT(1-InT)+RTinp—TSe+ Uy—T[a{l-InT)~—
—d'?'Rlnp—S:)}—RT:(G—R)T‘Q—L’o.

5.10. Cmecy pazmHuYHBIX HOSATbHLIX T330B MOKHO H30TEPMHYECKHM OOpaTHMo
pa3leTMTh Ha KOMITOHEHTHI 0e3 COOOIIeHHS TEII0ThI M COBEpUICHHA paboTel ¥,
ClleNOBaTeNIbHO, 0€3 HM3MEHEHHA CBOOOMHOW 3HepraW cucreMnl. [losTomy cBOGOmH2SA

JHEPTUA CMECH UOCAIBHBLIX Ta3n3 paBHA CyMME CBOOOIHBIX 3HEpr Ui ee KOMIIOHEHTOB,
KaxObii M3 KOTOPBIX 3aHHMAET 00BeM CMech:

F(T; I/: Vi, V2, oo vn)= Z E(Ta ;,7 vi)=

i=1
n V
=y v,«[Ui—T(Cy‘ln T+ Rln ;+Sm)]. )
i=1 :

Monb3yach 3THM BBIpaXEHHEM [.11 CBOOOJHOH JHEPTHHM, Jierko YOemMThCA, 9TO
npd u3orepMmuueckoil auddy3un ceoGonHas dHeprus ywemsmiaercs. IlycTe umeercs
V) MOJeil OZHOTO H V, MOJie{ ApYroro ra3a, pa3zfesieHAbIX B COCYJE NEePerepnIxof,
Tak 9TO KaX/IBIH 32HUMAET COOTBETCTBEHHO 00beM V| u V,. Torma mo auddyium
cBOBOOHAs JHEPTHA CHCTEME

F;=V1{L71 - T{Crl in T+Rln(V1, V;\.ﬂl'Sol];‘ +
+V2{Uz— T[CV2 In T+Rln(V2/V3)+Soz]},
a nocne madoysmm, cornacHo ¢opwmyae (1),
Fa=vi{U,=T{Cy nT+RI[{V. + ¥} v ]+ So ]} +
+v2 {U;=T{Cy In T+ RIn{(V, +173) v, ]+ S0, )
Tornma
AF= F“— H =- RT{VL In {(I”: + l”z)/ pa}"‘ Va In [{ !/1 + Vz)/ ,”2}} <0.

Ecrw V=V, a vi=v,=1. To AF=-2RT2
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Ipu cMeweHuH ABYX NOpUMHA oAHOro M Toro e rasa AF=0. ITostomy mnpu
nepexolie OT CMECH [BYX pPa3HBIX ra30B K CMECH [ABYX NOpHMHA (MO MO0 Kaxzaas)
OHOrO M TOro xe rasa AF u3MeHsercs ckaukoM: AF=—2RTIn2 (mapamoxc I'm66ca).

5.11. CornacHo ¢dopmyie (5.49),

G(Ta P, Vi, V2)= viGy (T, P1)+ v,G, (T, P2)=
=v;[U;—T(Cp,InT—Rlnpy + So1)+p1V ]+
+v, [Uz'— T(sz In T—Rlnp2+Soz)+p2 V]=V1K1 (T)+
+V1RT1ﬂp1+V2M(T)+V2RT]HP2, (l)
roe ®(T)=U(T)—TC,InT+RT+S,, a p; U p,—HaBIEHHs MEPBOr0O H BTOPOTO
ra3oB M CMECH.

IMonb3ysice 3THM BolpaxeHHeM it G CMeCH, Jierko YOeOuThCH, YTO TpH
u3orepmuyeckoi nudpdysuu sHeprus I'm66ca ymenpwaercs. ITycts v; Modeit ogHoro
ra3a M v, MOJieH J[Apyroro rasa pa3fieJieHsl B COCyJe Ieperopoakoit H HMEIOT

COOTBETCTBEHHO HauvajibHbi€ JaBJICHUS p?=v1RT/ Vi, u p3=v2RT/ V,. Torma pmo
IupOy3UH MOTEHLMAT CHCTEMBI

Gi=vi%1 (T)+VviRTInp?+v,%, (T)+ v, RTInp?,
a mocie nuddy3uu, corimacHo ¢opmyne (1),

Gu=V1%1(T)+VviRTIn py +v:%,:(T)+v,RTIn p,,
rae py=ViRT/(Vi+V3) u p,=v,RT/(V,+V,). Toraa

AG=Gy—G=RT[viIn (ps/pY)v2In (p2/p3)] <0,
TIOCKOJIBKY

141 Vi P2 Vs,

» V1+V2< "8 V1+V2<L
Eciu V=V, u vi=v,=1, To AG=—-2RTIn2.
Tpu cmelueHun ABYX MOPHHA ogHOro M Toro xe rada AG=0. [Toaromy npu nepexoae
OT CMECH JIBYX Pa3HBIX ra30B K CMECH ABYX MOPHMIt (O MOJIFO KaXJas) OJHOTO H TOFO Xe
rasa u3MeHeHue AG cKkaykoMm u3MeHsercss Ha AG= —2RTIn2 (mapagokc I'm66ca).
5.12. Ilo ycnoauio,

S=aT. 1)

Js onpenenenus C,—Cy=T(0p/0T)y(0V/0T), w3 sbipaxenuii dF=—SdT—
~pdV u dG=-SdT+Vdp naxomam (dp/0T)y=(0S/0V)r, (0V/0T),=—(3S/op)r
IMoatomy

C,—Cy=—T(05/3V)r (25/0p)r.
Ho u3 dopmynst (1) cinenyer, uro (0S/0V)r~T, (0S/0p)r~T 1, cieosateibHo,
C,—Cy~T?3.
* 513. C,—C,=T(0p/0T), (0V/0OT),. U3 voipaxenmii dF=—SdT—pdV u dG=
=—SdT+Vdp Haxomum: (6p/6T)y=(6S/6V)T, (ov/oT),= —(8S/dp)r, moatomy

C,—Cy=—T(3S/3V)r(3S/dp)r.
Tak xak Cy=T(0S/0T)y=0aT? TO 3aBHCHMOCTb 3HTPONHH OT TEMIEPATYpHI
onpenenseTcs popMynoi

T
S={aT*dT=3aT>
0
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Moatomy (8S/0V)r~T?, (8S/dp)r~T* u, cneposatensio, C,—Cy~T". U B00G-
me, eciu npu T—0 K sHTpomHs H3MeHsieTcs mo 3akoHy S=aT", TO pa3HOCTh
Cp_ CV~ T2n+ 1.

C R
6.1. lns upeanpHoro rasa dS =7Vd T+—I;d V. U3 Beipaxenus 6Q=CydT+podV

npu anuabaTHo# m3odsmmu (3Q=0) Haxomum CydT= —podV, mostomy
1/RT 1
dS==|——po |]dV==(p—po)dV,
T( 7 Po) +(p=po)

rae p=RT/V— nasnenue raza. Orcroga BHAHO, uTo paBHoBeche (dS=0) BO3MOXHO
TOJILKO TP p=po, TpPHUYEM, KaK MbI ceHyac MOKaXeM, SHTPOMHS B 3TOM Cliy4yae
MaKCHMaJlbHasi. DHTPONHS MAEAJBHOIO ra3a paBHA

S= Cyln T+ Rln V+So

IMycte 06BmeM rasa m3menmics Ha OF, a temnepatypa—Ha 87. Torma

T+8T V+oV 8T
AS=Cyln T +Rln v ~CV7+
I 7 R L LT L O D S 6
721 TR B 7 ) R
otkypa 8S=(1/T)(p—po)dV u
3T? &
82S= —[CVF‘I— R-I-/—z—] . 1)

N3 Beipaxenus (1) BumHO, 4YTO OHO OTpHUATENBHO nNpH JobObix 8T u OV.
CrnefoBaTeNbHO, NMPH DPABHOBECHMH 3HTPOMHS MAKCHMAJIbHA.

6.2. OCHOBHOE HEPaBEHCTBO TEPMOJMHAMHKH IS HEPABHOBECHBIX MNPOIECCOB
(3.59), npuBeNEHHOE K HE3ABHCHMBLIM TEPEMEHHbIM S M p, NPHHHMAET BHI

dH<TdS+Vdp,

OTKyla BHAHO, YTO B CHCTeMe C S=const M p=const paBHOBECHE HACTyMaeT MNpH
MHHHMyMe SHTaIbnuH. K3 ocHOBHOro HepaBeHcTBa (6.3)

dU<TdS—pdV

BHIHUM TaKxke, YTO B CHCTEME C MNOCTOSIHHOH 3HTpOIHMEH W OO0BEMOM paBHOBECHE
HACTYNaeT NpH MHUHHMYME BHYTpPEHHEH 3HEPruH.

6.3. Mimeem aByxdasHylo CHCTEMY, COCTOSIIYIO H3 Da3HbIX BELIECTB (HampHMep,
BOJa M KEPOCHH). DHTDPOMHS TAKOH CHCTEMBI

S=N1S1+N2S2,
a BHYTPCHHHUEC TNApaMETPbI Nl, Nz, Uy U3, H Uy H u; YAOBJIETBOPAIOT YCJIOBHSAM

N,=const, ,=const, Nyu;+N,u,=U=const, Nyvy;+ N,v,=V =const.
TakuM o6pa3oM, M3 1LIECTH TNApAaMETPOB HE3aBHCHMBIMH SIBJISIIOTC  JIBa,
HampuMep v; H uj.
YcnoBue paBHOBecHst HaiimeM M3 0S=0 TmNpH JOMOJHHTENBLHBIX  YCIOBHSX
8N1 =5N2 =0, N15u1 +N25u2 =0, N1801 +N251)2 =0. Nmeem N16S1 +N2852 =0, HIH

5“1 +p1501 6“2 +p2502 6“1 +[7161)1 61{1 +p2601
N +N =0, N -N =0,
! Tl 2 Tz ! Tl ! Tz
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OTKyza

11 b1 P2
———98 ———=18;=0 u T,=T,, py=p,.
(Tl T2> u1+<Tl Tz) Ly 1=12, pr=p2

Ha xuMuyeckue noTeHHMaNIBl HUKAKOE YCIOBHE B JAHHOM Cllydae He HAKJIA/bIBAETCS,
TaKk KaK y pa3HbIX BEIUECTB He MOXET ObITh OOMEHa YacTHLAMM.

6.4. Ilo onmpeneneHuIo TEPMOAMHAMHYECKOrO PABHOBECHS, TEMIEPATypa BO BCEX
qacTax Tea Oyuer ommod M ToM ke. Haiimem BTOpoe yclioBHE paBHOBECHS ISt
Tella, HaXOHsULErocst B ToJie, B KOTOPOM TOTEHIMAasIbHAs JHEPTrUsi Ha OJHY YaCTHHy
paBHa @, UCXOAS U3 MHHMMYMa TEpMOAMHAMHUYECKOrO MOTEHUMAa NMPH pPABHOBECHH.

PasznuyHble YacTH Tejla HAXOMATCH B DPA3NIMYHBIX YCJIOBHSAX MpH HAJMYMH MOJIA.
HN3MeHeHHe JHCPTHMHM MaJioff 4acTH Teja OMpenesfeTCs He TONBKO, KaK pamblie (TpH
orcyrctBur  nods), BemuuuHod dU=TdS—pdV+udN, HO ewe H H3IMEHCHHEM
HOTEHHUAJLHOW 3HECPTMH YaCTHIl, BXOHALIHX B PAacCCMATPUBAEMYIO 4acThb Teia. [loaromy
ans cucrembl B mojie dU=T7dS—pdV+udN+@dN, oTkyma

dG=—-SdT+Vdp+(p+@)dN, p+o=(0®/N),, 1,
a Tepmonﬂﬂamuqecmﬁ NMOTCHIMAJI BCEro Tena
G={(n+o)dN.
Us YCJIOBHSI PABHOBECHS OTHOCHTCJIBHOIO pPaCnpCACICHHS YaCTHL
3G={(n+0)3(dN)=0

MpH COXpAHEHHM NOJHOTO YHCNa vacTHl B Tene [3(dN)=0 nomyuaeMm, yTo mpH
PABHOBECHH TeJla B MOJIE ZODKHO COOSIFONATHCSA YC/IOBHE [+ @ =CONSt, T. €. «MOIHBIE»
MOTEHUHAJ bl BCEX 4YacTell TeNia MOJDKHBI ObITb DAaBHBI APYr APYTY.

B mone TATOTEHMs @ sBuseTCs (YHKIHMEH KOOpHMHAT X, V, z IIEHTpa Macc
MOJIEKYJI, TOITOMY TPH DPABHOBECHH

w(T, p)+o(x, y, z)=const. (¢))

OTtcloga BUOHO, 4YTO J[aBJIEHHE B Ppa3HbIX YaCTAX NPH DPaBHOBECHH CHCTEMbI
B ToOJie pa3Hoe; MpH OTCYTCTBMHM MOJsA p Be3de OAHO M TOo xe. dudpdepenuupys
Boipa-<eHue (1), monydaem du+doe=0.

B ciyyae OBHOPOINHOTO TOJS TSDKECTH, KOrga @=mgz,

vdp+mgdz=0,
H TaK KaKk m/v=p-—IUIOTHOCTb Cpelsi, TO
dp=—pgdz

—OOBIYHOE BBIPAXEHHE 1A H3MEHECHHS THIPOCTATHYECKOTO [ABJICHUS Traza MM
XUAKOCTH C BBICOTOM.

6.5. lns cuctembl B HENOM YCOBHS yCTOH4MBOCTH (6.17) cnpaBemiuBbI B Cilydae
ONHOPOIHOM CHCTEMBI, KOT[a JABJICHHME BO BCEX TOYKAX OJMHAKOBO, & TEILUIOEMKOCTb
BCEll CHCTEMbI paBHA CyMME TEIUIOEMKOCTEH 4YacTeil. [ljis HEOOHOPOJHOH CHCTEMBI
3TH YCJIOBUS BEpHbl JIMIIL JIOKAJIBHO M HX HEJIb3S MNEPEHECTH Ha BCIO CHCTEMY
B HeiaoM. [IpH HajIM4YMM 1OJsA, HANpUMeEp, JaBIeHHE B Da3HbIX MECTaxX pa3HOE,
SHEprus, a CJEeAOBaTEIbHO, W TEIUIOCMKOCTb HE ammuTuBHBL. IlosromMy H3 Toro, 4ro
Cy>0 [y Masoit YacTH 3Be3[ibl, He CJEIYET, YTO TEMUIOEMKOCTb OYHET NOJIOKHUTENbHOM
y BceH 3Be3nbl B LEJIIOM.

6.6. YcroituuBble COCTOSHMS, onpeaeadembie ydacTkamMu BC u FE xpusoit
BaH-mep-Baanbca, B OOBIYHBIX YCJIOBHAX He HabGmogarorcas. MIx MoxHo HaGmomats
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JIMIIb B HEKOTOPBIX CMEHHANbHBIX YCIOBUSAX, YTO M YKa3blBAaeT HA HMX MEHBILYIO
yCTOHYUBOCTh (METAcTabMWILHOCTB). CoCTOsIHUS y4acTka BC JOCTHraroTes, HampuMmep,
6BICTPBIM OXJIaXICHHEM BOISHOTO Mapa, B pe3yJibTaTe 4ero Npy OTCYTCTBHHM B COCy[e
MBUIM M 3JIEKTPHYECKHX 3apAOOB B HEM HEKOTOpoe Bpemsi OyIeT CyLIeCTBOBAaTb
nepeoxyaxAeHHbIN (MEPECHILICHHBIH) Map, COOTBETCTBYIOLMA OJHOW M3 TOYex y4acTka
BC. CocrosiHusi yyactka FE NOCTHTalOTCS MPH MEAJIEHHOM PaCUIMPCHHHM >XHAKOCTH
B COCyZJE, 3aKpbITOM BIUIOTHYIO MOPIUHEM (TaK YTO MEXIY XHIAKOCTBIO M MapoMm
HET HHKAkO# Ta30BO# MPOCIOWKH), HO OHM HE COOTBETCTBYIOT MEPETPETOH XHIAKOCTH.
Jleno B TOM, 4YTO Hepezpemoti XHWIKOCTbIO, KaK M3BECTHO, HAa3bIBAaeTCH >KHUAKOCTD,
HarpeTas BBIIE TEMMEPATYpbl KHMEHus (T. €. TEMIEpaTyphl, PU KOTOPOH yNpyrocTb
NapoB JKHAKOCTH, HAaxXOASAILEHCS NOA HEKOTOPHIM BHEUIHHM JIABJICHHEM, HanpUMep
aTMOChEPHDBIM, [ENaeTcs PaBHOM 3TOMy BHCIUHEMY AABJICHHIO), HO HE KHmAIas, T. €.
He ofpasyiomas MOA MOBEPXHOCTbIO My3bIpeH Mapa, a JMiIb UCTAPSIOINASCS C MOBEp-
xHocTH. OHa, CJElOBATENILHO, MOXET KaK MCHapsAThcs, Tak M Kumere. Ho 37O
NIPGUCXOAHUT JIMILE B CITy4Yae, KOIA HCTApSAIOUIHECS MOJIEKYJIbi YAAJISIFOTCS U3 XHIKOCTH,
T. €. KOrjJia COCy/l 6yeT MM OTKPBIT, HJIH 3aKPBIT MOABMXHBIM NOPUIHEM, HaXOAALIUMCS
NOJA MOCTOSHHBLIM JaBiieHHeM. I103TOMy roBOpHTb O MEperpeTol XHAKOCTH B 3aKPBLITOM
COCyfle M COOTBETCTBHH TOYEK Ha BeTBM FE TakoMy ee COCTOSHHMIO HE MMEET CMBICIA.
M3otepMa 3a BbiYeTOM Yy4yacTka EC OMHCHIBAET PaBHOBECHBIC COCTOSHHS, KOTOpPbLIE
NpH OTCYTCTBHM BO3MYINAIOIIMX BHEUIHHX ()aKTOPOB MOIYT CyIIECTBOBATH CKOJIb
YrOMHO MPOJOJKUTENbHOE Bpems. Ileperperas xe XKHIOKOCTb IIOCPEACTBOM HCMAPEHUs
C MOBEPXHOCTH TMOCTENEHHO MNEPEXOAMT B Map.

6.7. Pabota Ha enuHUIy oObeMa M30TPONHOrO MAarHeTHKa, COBepLIaeMasi IpH
H3MEHEHHM B HEM MHAYKIMH MAarHHTHOTO TMOJS, PaBHa

8W=——(H, dB).

1

o

Tak xak B=H+4nJ, T10 &W=-—1/(4n)(H, dB)=—1/(4n)(H, dH+4ndJ)=
=—d[H?/(8n)]—(H, dJ).

Jlns napamarseTukoB # ¢eppomarserukos H 1T 1J, mostomy

H, d))=HdJ, 3W=—d[H?*/(8n)]-HdJ,
dU’'=TdS—pdV+HdJ.
Jna nuamarseruxos J71 |H, mosromy (H, dJ)=-—HdJ,
dW=—d[H?/@n)]+HdJ u dU'=TdS—pdV—-HdJ.

CnenosaTeinbHO, YyCJIOBHE yCTOﬁ‘KPlBOCTPl JJid OUAMarH€THKOB HMCEET BHI

oH _1<0
allsv »

YTO MPUBOAMT B COOTBETCTBUM C OMBITOM K % <0.

TaxuMm 06pa3oM, COMHEBaTbCA B MPABWIBHOCTH TOJb30OBAHHA U1 MAarHETHKOB
peymuHHOM J BMecto B HeT ocHOBaHMiL.

6.8. IlpH TEemIOBOM paBHOBECHM KOJMYECTBO O3JIEKTPOHOB, HCMyCKaeMbix 3a 1 c,
pPaBHO KOJIMYECTBY TMOTrJIOLIaeMbIX. PaBHOBECHAas TUIOTHOCTb n JJIEKTPOHOB B 0ObeMe
V mpu Temneparype T ompenensercs M3 YCJIOBUS MHHHMyMa CBOOOJHOW SHEPruM.

ITycte V'=1. BHyTpeHHSs 3HEprHsi JJIEKTPOHHOIO rasa CKJIA[bIBAETCS M3 CpEIOHEH
KHHETHYECKOH 3HEPTHM M CyMMbI paboT BbIXOAA:

U=3/,nkT+nl,
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a ero cBobGOMHAS JHEPTUS
F=U-TS=3/,nkT+nl— Tnk(*/,In T—Inn+Inb).

Us ycnosus mummyma F[(0F/0n)r,y=0] HaxodMM paBHOBECHYIO ILIOTHOCTb
3JIEKTPOHHOTO Ta3a B MOJIOCTH:

2.-1/k
n=bT¥2e 16T,

rae b—nocTosHHAs BenMuMHa, pasHas 2 (2mmk)*?/h3.

IMonb3ysice nosy4eHHOH (GOPMYJIOH, MOXHO HalTH YHCIO N 3JIEKTPOHOB, BBIXO-
JAIIHX M3 ropsvedl MeTaJUTHYeCKOH MOBEPXHOCTH. OHO HEMOCPENCTBEHHO OMpeNeNseT
CHJIy TOKa HACBIIIEHHS HAKAJEHHOTO KaToAa.

6.9. U3 ycriosuii ycroituusoctu pasHosecus [ T/Cy >0 u T/C,>0] HenocpeACTBEHHO
cJenyeT, 4To OHM OyayT BumoJHATHCS nmpu T—0 K, ecrm mpu creneHHoi Temneparyp-
HOM 3aBHCHMOCTH TertoeMkoctei C=aT” moxasatemb n>1.

ITockoyibky YCNIOBUS YCTOHYMBOCTH TMOJIYYEHBI W3 OCHOBHOTO HEPAaBEHCTBA Tep-
MOJHHAMHKH JJIS HEPABHOBECHBIX IPOIIECCOB, KOTOPOEe OOBEAUHSET MEPBOE H BTOpOE
Hayaja, TO, CJIEOBAaTENbHO, BbIBOJ 00 HCUe3HOBEHMH TeruioeMkocteii nmpu T=0 K
MOXHO TNOJYYHTP M H3 3THX [BYX Hayal TEPMOJHHAMHKH, a HE TOJILKO H3 ee
TpeTbero Hayaya. bonee Toro, B TO BpemMss Kak MO TpeTbeMy Hadany n>0, TO
HCXOll M3 TEpBOTO W BTOpOro Havan n>1.

CnenoBaTeNbHO, NEpBbie ABAa Haiaja TEPMOJHHAMHKH HE TNPUBOIAT C HeEoO-
XOJMMOCTBIO K BbIBOAY 00 oOpallleHHH B 6ECKOHEYHOCTh KOI((GHIMEHTOB YCTOHYMBOCTH
T/Cy u T/C, mpu T=0K.

6.10. [IBa OiM3KMX yCTOMYHBBIX PABHOBECHBIX COCTOSIHHS OJHOPOMHOM CHCTEMBI
CBSI3aHbI HEPABEHCTBOM ISl JETEPMHHAHTa MAaTPHIBI YCTOHYMBOCTH:

ATAS—ApAV>0. mMm

BribepeM B KauecTBE HE3aBHCHMBIX INEpEeMEHHBIX mapameTpei V' u T, Torma
p=p(V, T) u npu T=const u3 Hepasencrsa (1) moiyyaem

ApAV= (ZV> (AV)*+ 1(::/”) (BV) +— (;;) (AV)*+...<0.

Ecnu (9p/dV)r=0, To

%(:_:/”2>T(AV)3+ (SVP> Av)*+..<o.

DTO HepaBeHCTBO OymeT CNpaBelMBO MPH JI0OOM AV (MOJOXKHUTENIBHOM H OT-

PHIATENILHOM), €CIH
% %
— ] =0, | =) <O.
(@), (),

6.11. ByneM xapakTepu30oBaTh OQHOPOOHYFO CHCTEMY HE3aBHCHMBIMH NMEPEMEHHBIMH
S, p; Torma T=T(S, p) U H3 HepaBeHCTBA IS MATPHLBI YCTONYHBOCTH

ATAS—ApAV>0

npu p=const moyiy4aem

ATAS= (‘;g)(As) ;(Z;f)p(zxs)% 31 (Z;T) (AS)*+...>0,

a ecnu (0T/0S),=0, 10
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%(g)pmsy 3'(ZST> (AS)*+...>0.

Ins Toro utoObI 3TO HEPaBEHCTBO OBbINO CHpaBelUMBO mpH JioboM AS,

JIOJDKHO OBITh
0T 6 3 T
— | =0, 0.

6.12. BoibepeM B KaueCTBE HE3aBHCHMBIX TNEPEMEHHBIX OJHOPOJHOW CHCTEMBI
napametps V u p. Torna T=T(V, p) u S=S(V, p). U3 HepaseHCTBa IS MaTPHILI
ycroituuBocth ATAS—ApAV>0 npu p=const monyyaeM ATAS>0; cremoBaTeNBLHO,
B 3TOM Cjly4yae NpH H3MEHEHHH 0OBbeMa V CHCTeMa MEepeXOJHT H3 OJHOrO YCTOHYMBOIO
COCTOSIHHSL B Takoe Jpyroe YCTOMYMBOE COCTOSHHE, B KoTopoM T, uW S, HIH
OIHOBPEMEHHO OOJIBIIE MHIH OJHOBPEMEHHO MEHblIE HAayajIbHbIX 3HAYEHHH COOTBET-
creenHo T u S. ITostomy ecnmu AS>0, TO

oT o°T
AT= (av) AV+ (6V ) (AV)*+...>0,

AT=(§——£> AV+ (Zf) (AV)2+... <o.

Ecnu B HekoTOpoM ycToHuMBOM cocrosHuH (0T/0V)r=0, To B NepBOM ciiyyae
(AS>0, yro cooTBercTBYeT, Hampumep, AV >0) umeeM

1(0°T , 13T ,
E(W>p(AV) +§(W>p(AV) +...>0,

a Bo BTOpoM ciydae (mpu AS<O0, coorsercTBylomeM AV <0)

%(g)p(AV)uy(ZVT) Av)3+..<o.

O1u HepaseHcTBa (0omHO mpu AV>0, a apyroe npu AV <0) BbINOJHSAOTCH, €CIH

(62T> 3 (63T> -0
wv?), 7 \dv?),

VcCraHOBJIEHHBIH TOJIOXHUTEIbHBIH 3HAK TpeThel NPOM3BOAHOM CBA3aH C Mpea-
TIOJIOKEHHEM, 4YTO C YyBelMYeHHEM oObeMa NpH TOCTOSHHOM JaBJICHHH SHTPOMHSA
cucteMbl yBenmuyupaercs (AS>0 npu AV>0), npu o0OpaTHOM NpPEANONOXKEHHH
(03T/oVv 3),<0. Wnaue rosops, npu (0T/0V),=0 yCclOBHS yCTOMYMBOCTH DaBHOBECHS
He ONpEeeNIAIOT 3HaKa TPEThell NPOU3BOJHOM (3TOT 3HAK MOXET ObITh KaK NOJIOXKHTENb-
HbIM, Tak M OTPUIATENbHBbIM, €CJIH CaMa MNPOH3BOJHAS HE paBHA HYJNO).

6.13. BribepeM B KayecTBe HE3aBUCHMBIX II€PEMEHHBIX OJHOPOIOHOH CHCTEMBI
Tu S. Torna p=p(T, S) u V=V(T, S). 3 HepaBeHCTBA IS MATPHLBI YCTOHYHBOCTH

ATAS—ApAV>0

ecmn xe AS<O0, TO

npu T=const nonyyaeM ApAV <0 u, ciefoBaTelbHO, B 3TOM Cily4yae NpU HU3MEHECHHH
3HTpONMHH S CHCTEMa MEPEXOJHT H3 OJHOTO YCTOHYHMBOIO COCTOSIHMS FV, p B Takoe
JIpyroe, B KOTOPOM HJH p;>p H OJHOBPEMEHHO V)<V, WIH p,>p U OJHOBPEMEHHO
Vi>V. Iloatomy ecnmu AV>0 wmi AV<0, TO COOTBETCTBEHHO MOJIy4aeM:
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op %p ,. 1 (&% s

Ap= (as> AS+- (as> (AS) +3'(“S3 T(AS) +...<0,
op o°p a°p

Ap= (as> AS+ (asz>(os) +3'(as3> (AS)3*+...>0.

Eciu B HekoTopoM cocTosiHud (9p/dS)r=0, To B mepsom ciydae (AV>0, uro
COOTBETCTBYET, Hampumep, AS>0)

1{3% 133
E(W>T(AS)2+3'(683> (AS)*+...<0,

a B ApyroM ciuyyae (mpu AV <0, coorsercrBylomeM AS<0)

1(0%p 133
HZ2) (a8) >+~ AS)*+..>0.
2(as2>r( ) +3!(as3 a8y >

Jns Toro yTOOBI BLIMOJHSUIACHL 3TH HEPABEHCTBA, HEOOXOAHMO, 4TOOBI

a’p a°p
(F)T—O, (683 T<0.

OTpunatesibHbii 3HaK TpeTbeH NPOM3BOAHOH CBA3aH C TPEAMOJIOKEHHEM, YTO
C YBEJMYEHHEM SHTPOMMH TPH MOCTOSHHON TeMmepaType oObeM CHCTEMbI yBEJMYHBA-
eTcs, TpH 06paTHOM mpemnonoxenud (9°p/0S3)r<0. DTo o3HAauaer, uTO TpH
(dp/aS)T=0 YCJIOBHSL YCTOMYHBOCTH JOMYCKAIOT Jt00OH 3HAaK TpeThedl NMpPOM3BOAHOM
(ecnmi OHa He paBHa HYJIIO).

6.14. BoibepeM B KauyeCTBE HE3aBHCHMBIX MNEPEMEHHBIX OJHOPOMHOW CHCTEMBI
napametpsl ¥ u S. Torma p=p(V, S), T=T(V, S) n npu S=const u3 HepaseHCTBa
ATAS—ApAV>0 nns MaTpHubl YCTOHYHBOCTH TMOJIy4aeM

ApAV=<%>S(AV)2+%(§—Z>(AV)3+ (3:/ )(AV) +...<0.

Eciu B HekoTopom cocTosiHuu (0p/0V)s=0, TO YCNOBUSMH YCTOHYMBOCTH 3TOTO
COCTOSIHHSL SIBJISAIOTCH

(@2p/0V?)s=0 u (8°p/oV *)s<0.

6.15. [ns pelwieHHst 3amavyd pPAcCMOTPHM CIIEAYIOLIMH M30TEpMHYECKHil LMK,
MPOTEKAIOUWHA NpH HeM3MEHHOM obwveme. IlycTh cHCTeMa HAaxomuTCcs B PaBHOBEC-
HOM COCTOSIHHH Xo. BkimouuM OeCKOHEYHO MeIUIEHHO Takoe cuwiosoe moje U, uTo
CHCTEMa NpHOOpETaeT COCTOSHHE X. OTOT MNpOLECC OOpaTUMBbIH M TNpPH HAIHYHH
JOTIOJIHUTEILHOIO CHJIoBOro moisi U cocTosHHe X paBHOBeCHOe. Pabora cHcTeMsl
NpH 3TOM Tpouecce

W=\l!(x0)—\ll(x)
Beikmrounm MrHoseHHo moje U. Tlpu atom cosepmiaetcs pabora W, =U,
a cucreMa 6e3 MOJIs OKa3bIBAETCS B HEPABHOBECHOM cocrosiHMU. IlocteneHHo u 6e3
cosepiieHHss paboTel (V'=const) OHa NMPHAET B COCTOSHHE paBHOBECHA Xxo. Tak Kak
BEYHBbIH IBUTATE]L BTOPOro poJa HEBO3MOXEH, TO paboTa 3a LHKI HE MOXET ObITh
TOJIOXKHUTENILHOH, T. €.

W+ W, =Y (xo)—¥(x)+U<O,

F(x)=Y(x)=U>V(xo)=F(xo), F(x)>F(xo)

OTKyZa
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o AF=F (x)—F (xo) <O0.

4TO BBIpaxaer oOllee YCJIOBHE pPaBHOBECHS Unarc “‘\\\T< 0K
CHCTEMBI B TEPMOCTATE NPH MOCTOSIHHOM 00BeEMe. N

7.1. TlockoJbKy Mepexod OT MOJIOXHTEIbHOH A
TepMOAMHAMHYECKOH TeMMepaTypbl K OTpHIA- Up T= % oo
TeJIbHOM ocyiecTsisiercs He yepe3d 0 K, a depe3
GECKOHEYHYIO TEMIMEPATYPy, TO Pa3sHOCTh MEXIY
TIOJIOKUTENLHOMH M OTPHHATEILHOM TeMmeparty- 2 1
pamMu Bcerna OeckoHeyHa. OJTO yKa3biBaeT Ha
HEYMOBJIETBOPUTENBHOCTb  CYIIECTBYIOIIEH Tep-
MOJHMHAMHYECKOH ILKaJlbi H Ha HeOoOXOMHMMOCTb

V)
nepexoga k wkaire 7T=-—1/T, xoTopas He MUK Swaxe S
o6J1ajaeT OTMEYEHHBIM HEMOCTATKOM.
7.2. VI3 OCHOBHOTO ypaBHEHHS TEPMOIHHA- Puc. 67.

MHKH HaxoJumM
T=(8U/3S), o))

IlpuHuMasi 3TO paBEHCTBO 3a ONpenesieHHe TEPMOAMHAMMYECKOH TEMMEpaTypsl,
MbI BHIHMM, YTO €CJIM BHYTPEHHSS SHEPrUsl CHCTEMbI B HEKOTOPOH OOJIACTH COCTOSHHMI
MoxeT ObiTh Takod, 4TO 4YacTHas mnpousBoaHas mno OSHTpornuu (1) oka3wiBaeTcs
OTPHIATENILHON, TO COOTBETCTBYIOLIEE COCTOSIHHE OYINET COCTOSHHEM C OTPHLATENIBLHOM
TeMnepaTypoi.

B 0ObIYHBIX CHCTEMax He CYILECTBYET BEPXHEro Mnpedena M 3HAYEHHH JHEPTUU
u (ysxuus U(S) MOHOTOHHO BO3PAcTaeT, Tak 4TO TemnepaTypa T BCErha MONOXKHTEb-
Ha (puc. 67, xpuBas J). OmgHako y HEKOTOPbIX (HEOOBIYHBIX) CHCTEM 3HEPIUs
OorpaHHYeHa CBEPXY, MOITOMY JUIS 3THX CHCTEM

Um < US UMSKC .

ITockonbky HeoOBIYHBIE CHCTEMBI MOTYT MMEThb KaK INOJIOXHTENbHYIO, TaK M OT-
PHLATENBHYIO TeMMepaTypy, To (yHKuMs U(S) MOHOTOHHO BO3pacTaeT JHIUb 0
HEKOTOpOro 3HayeHust 3Heprum Uy, B KOTOPOH 3HTPONMHS MOCTHIaeT MaKCHMaJIbHOTO
3HaYeHUS. S=S,... IIpH JaibHelillleM yBeTMYEHHH SHepruH mpoussoanas (AU/4S),
6ymer orpunarensHoit (T<0 K, kpusas 2).

8.1. TIpeo6pazosanus JlopeHna HIJs HAaBJIEHHS MOXHO TOJIYYHTb HCXOAS M3
OMpeE/ieNICcHUs aBJICHUsA, 3Has 3aKOH NMpeoOpa3oBaHMA CHIIbI, JEHCTBYIOIIEH Ha MOBEpX-
HOCTb TeNia, ABHXYILETOCA BIOJNb OCH:

F,=F?, F,=F%./1-B% F,=F2./1-p>

Tak Kak TMOBEPXHOCTb, MEPNEHAHKYJIAPHAs OCH X, HE HCMBITHIBACT COKPALICHUS
JlopeHna, a TOBEPXHOCTH, MEPMEHIMKYJSAPHbIE ABYM JAPYTHM OCSIM, COKPAILAIOTCH
B oTHOweHuH ./1—B2, To p=p,.

OTOT pe3yibTaT SBIAETCH YaCTHBIM CJIy4aeM pEJSTHBUCTCKHX MNpeoOpa3oBaHHi
KOMIMOHEHT HAMpPSXKEHHH, KOrga OHH CBOAATCS K HOPMAlbHOMY [aBJCHHIO:
P=tu=t,=tl,, 1;=0 (i#j).

8.2. B peniATHBHCTCKOH TepMOJHHAMHKE CTEHKH, OTpPAHHYMBAIOIIHE CHCTEMY,
HrparoT CyIIECTBEHHYIO pOJIb. PacCMOTPUM CHCTEMY B INUIMHAPC C IUIOLIAJbIO
S TOPLOBOH CTEHKH, KOaKCHAJILHOM C HampasjeHHeM npikeHus. IlycTs cucrema
JABHXETC CO CKOPOCTBIO ¥ OTHOCHTEJIbHO HabGmiomatens. Eciu maBneHue BHYTpH
CHCTEMBI p, TO 3ajHss CTEHKAa LHJIMHIpA coBepuiaeT 3a 1 ¢ paboTy psv Haj CHCTEMOH,
a cucTeMa—Takylo ke paboTy Ha mnepemHedl cTeHke. CiieoBaTeNIbHO, SHEpPrus
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NpOTEKaeT 4epe3 CHCTEMY BIeped, BO3Bpalllasick OOpaTHO Yepe3 OOKOBbIE CTEHKH.
DTOT NOTOK OHEPTHH BHEpe] Yepe3 CHCTEMY M OOpaTHbif MOTOK uepe3 CTEHKH
YBEJIMYMBAET HMMIYJILC CHCTEMBI M YMEHDBIIAET HMIYJbC CTEHOK.

WIMNyJibC, MEPEHOCHMMBIA 3THM TOTOKOM 3HEPTHH, MOXET ObiTh MOACYHTAH HA
OCHOBE TPOCTOrO MBICJIEHHOIO 3KCNMEPUMEHTa, KOTODBii OOHApyXHMBaeT pealbHOCTH
TaKoro mMotoka. JJomycTdM, 4To 00€ TOpIOBbiE CTEHKH OJHOBPEMEHHO B COGCTBEHHOM
CHCTEMe HHJIMHApA GBICTPO YOMPAIOTCH M MBI TIPUXOAHM K «OCBOGOXIEHHOM» CHCTEME.
B cobGCTBEHHOH CHCTeMe OTCYeTa paccMaTpuBaeMas TepMOIOMHAMHYecKas CHCTeMa
6yner 6ypHO pacCIMPATHCS, CAMMETPHYHO BNEPE] W Ha3aJ OTHOCHTEJBLHO HAMpaBJICHUS
nBuxeHuss. OMHAKO LEHTP MAacC CHCTEMBI HE M3MEHHT CBOErO TMOJIOXEHHS OTHOCHTENILHO
HeHTpa Macc creHok. Ho Habmomatesiio BeChb 3TOT MPOLECC NMPEACTABISETCS COBCEM
uHauye. OH OGHAPYXHT, YTO 3a/HSAS CTEHKA YAAJIAETCA DaHbIle, a TEPEAHss CTEHKa —
no3xe, NMPHYEM BPEMS 3amas3AbIBAHHUSA

A MO+ ol

9
J1-p2 c2 /J1-B?
rae [ —nammmea munMHEApa B COGCTBEHHOW CHCTEMe OTcyeTa. JTOT HabmoaaTens
YCT2HOBHT, 4TO CTEHKH COOBLIAIOT CHCTEME HMIYJIbC CHIlbl— ps At=vpV @ [(c? /1 —B2).
TeM He MeHee MEHTPHI MAacC CTEHOK M CHCTEMBI, KaK M paHblle, COBMNAAAlOT. DTO
MOXeT 6bITh TONLKO B TOM CJydae, €Cid CHCTEMAa B HayaibHbi MOMEHT O6JafaeT
HEKOTOPHIM H3OBITKOM HMMyJbca (TOTAa KaK y CTEHOK €CTh HEKOTOpas HEXBAaTKa
HMIyJIbCa), KOTOPBI B TOYHOCTH KOMIEHCHPYETCS MMMYJLCOM, NEPENaBaeMbIM B Teue-
HHE TIPOMEXyTKa BpeMeHH Af. DToT H3bbITok MMmymsca Ag=pV @/c2, /1—B2.
8.3. Ilycts B mWIMHApE MABHXYTCS JBa (OTOHA B pa3HbIX HAMpPAaBJIEHHSX
¥ B COGCTBEHHOM CHCTEME OTPAXAIOTCH OT MEPEHErO M 33[HErO TOPLOB OJXHOBPEMEHHO.
Ilo OTHOWIEHHIO K IBHXYLIEHCS CHCTEME OTCYETA OTPAXEHHs OTHX ABYX (OTOHOB
HE OJIHOBDEMEHHBI, @ OTJHMYAIOTCS Ha MPOMEXyTok BpeMeHH Ar=0vl/P/(c?./1—B?).
B Teuenue 3Toro mpoMexyTka o6a (pOTOHA MBHXYTCH Breped. M36bITOK HMMyJibca
Ag ¢oToHOB, HabmomaeMblii OTHOCHTEJIBHO MABHXYILEHCS CHCTEMBI OTCYETa, pPaBeH
HMIIYJIbCY 3THX (OTOHOB.
Jsuwxymuiics HabIONATENL YCTAHOBHT, YTO B TEYEHHE TPOMEXYTKA BpeMEHH At
cTenku coobmaroT GoToHaM HMMYIsC CHisl psAt=vpV @[(c?,/1—PB?), BCnencTsue

4yero MX OOIMA HMMyJibC
g=pV@/(c*/1-B2).

9.1. U3 ypaBHeHHs
30=CydT+T(dp/0T),dV
HaxoJUM, 4YTO TNpH H30TEPMHYECKOM NpoOLecce
30="T(op/dT),dV.

3aBucHMocCTb MPom3BOAHOH (9p/0T), o T U V, Kak M CaMO ypaBHEHHE COCTOSHHSA
p=p(V, T), Henlb3% OTpENEIUTL HCXOAS M3 TEPBOrO H BTOPOrO Hauaj TePMOJHHAMHKH.
ITosToMy Ha OCHOBAaHHM 3THX 3aKOHOB HEJIb3sl CAENaTb OJHO3HAYHBIA BBIBOA, YTO
Hynesast usotepma (T=0) cosmajaer ¢ amuabatoii (8Q=0) wiM He cosnagaer.

JIeHCTBUTENLHO, €CIM YPaBHEHHE COCTOSHHS CHCTEMBI TaKoBo, 4To (9p/dT),—~const
npu T—0 K (xak, Hampumep, B cCiiyyae HAaeajbHoro rasza), to 8Q=0 npu T=0K;
€CIIH XKe CHCTeMa TakoBa, 4to s Hee (Op/0T),—const/T npu T—0 K (uro Gymer
MMETb MECTO, HANpUMEpP, B ClIyyae CHCTEMbI C ypaBHEHHeM cocTosHus pV=alnbT),
o 0Q0#0 mpu T=0K. BeiBog 0 coBnmafieHWH H30TEpPMHYECKOrO TMpouecca MpH
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T=0K c agumabaTHBIM MOXHO CcHeNaTh TOJLKO HAa OCHOBAaHUM TPETLErO0 Hayajia,
cornacHo kotopomy (9p/0T),=0 npu T=0K ana scex Ten. OTcioma CiemyeT, 4TO
HH HICanbHbI ra3, HH BELIECTBO C ypaBHEHHEM COCTOSHUA pV=alnbT mno TperseMy
Havany mpu T—0 K cyuiectBoBaThb He MOIYT, XOTS MO NMEPBOMY M BTOPOMY Havajiam
OHH BO3MOXHBI TpH JIOOOH TeMnepaType.

9.2. Omnbka B TMPHBEAEHHOM [OKa3aTeJbCTBE COCTOMT B TOM, 4TO, NMpPHHHMAs
cOBMajieHHe H30TePMbI AB C OCbIO JHTPOMHH, OMYCKAETCH BO3MOXHOCTH IHMKJIA
KapHo ¢ T,=0K. A 3T0 NpOTHBOpPEYHT BTOpoMy Hauainy (cMm. § 18).

9.3. Owmbka COOEPKUTCH B TIEOMETPUYECKOM JOKA3aTeJIbCTBE TOrO, YTO TPH
gonymendd C%=co sneMeHTapHas IUIOmIaAKa B BEPLIMHE MPAMOrO yria, o6pa3oBaH-
HOTO KpDHTHYECKMMH H30XOpoH M H300apoii Ha r1uiockoctH V, p, Hcuesaer Ha
wiockoctd S, T H, CIEAOBaTebHO, B MPOTHBOPEYHH C MEPBHIM HAYAJIOM SKOOHAH
D suipoxpaercst (paBeH HyJ0). B IeHCTBHTENIBHOCTH Xe, KaK CIEAyeT H3 MpPOCTHIX
BBIYMCJICHHH, 3jieMeHTapHas miomaaka d Vdp Ha miuockocTd V, p OKOJIO KPUTHYECKOH
TOYKH, MMeIOIas BUI MPAMOYIrOJIbHUKA, Mpeobpa3yercs Ha TIIOCKOCTH S, T B BBITAHY-
THIl TApaUIesorpaMM, y KOToporo Tpd C%—co OCHOBaHHE yBENMYHUBAETCS BO CTOJILKO
ke pa3 (CcTpemsch K GECKOHEYHOCTH), BO CKOJIBKO Pa3 yMEHBIIAETCS BbICOTA (CTPEMSACH
K HyJlO, TaK YTO KacaTelbHas K KPUTHYECKOH H30xope Ha S, T ILUIOCKOCTH B Npexelie
COBMaJaeT C KacaTeJibHOM K KpUTHYeckod wu306ape), a miomaip mnapauiesiorpaMma
He M3MEHSIETCS, OCTaBasChb PaBHOM MiIowaaud npsmoyrojsHuka d Vdp. Ilostomy D=1
B COOTBETCTBHH C MEPBbIM Ha4ajioM TepMOAWHAMHKH. TakuM o6Gpa3oM, JomyieHHe
CY%=00 He MPOTHBOPEYHT 3ITOMY 3aKOHy (cM. § 62).

B pamkax TepMOAHHAMHMKH HEBO3MOXHO OMpEAENHTh noBeleHHe Cy B KPUTHYECKOH
Touke. Ee 3akoHaM He npoTuBopeuuT HU C% =const, Hu C%— c0. Tak, ras Ban-nep-Baansca
HMeeT KOHeYHbIe 3HAUYeHUs TeIIoeMKoCTH Cy NPH NMOAX0J€ K KPHTHYECKOH TOYKe C 0Oenx
CTOpOH (T< Ty n T> T,‘), HCTILITHIBAS B 3TOM TOYKEe KOHEYHbIH ckayok. OAHAKO 3TO He
NMPOTHBOPEYHT TEPMOJHHAMHKE, XOTS B HACTOsIlee BpeMs H3BECTHO, YTO TEOpHS rasa
Ban-nep-Baanbca HenmpaBUIIbHO OMUCHIBAET XapaKTep CHHTYJIAPHOCTH B KPHTHYECKOM TOUKE.

9.4. OmubKy B NMPHBEJECHHOM J[I0Ka3aTeNbCTBE JIETKO OOHApYXHTh O3HAKOMHBLIHCH
C MpaBWJIbLHbIM BBLIYHCJICHHEM K. M. A. mukia CTHpJIMHra B pemieHHH 3ajgaud 3.21.

9.5. ITo BTOpOMY Hauany TepMOAMHAMHKH, SHTPONHS CHCTEMbI SBJISETCA OJHO3HAY-
HOM ¢yHkuMedl ee cocrosiHus. M3MeHeHHe OHTPONMMH TNpH TeEpeXole CHCTEMBI H3
OHOTO COCTOSIHHSL B APYroe He 3aBHCHUT OT crmocoba mepexola — paBHOBECHOIO HITH
HEPaBHOBECHOTO, €CIM OHM 004 BO3MOXHBI. B NMpPOTHUBHOM ciiyyae MOXHO Oblio OBl
MOCTPOMTh BeYHbIH JBUraTenb BTOporo poaa. OIHAKO Mepexol CHCTEMbI W3 OJHOTO
COCTOSHHS B JpYroe, COBEPIIAEMBIA aauaGaTHO paBHOBecHO (3Q=T7dS=0), Heub3s
OCYILECTBHTb aaHabaTHO HepaBHOBeCHO (8Q,,=0, dS>0), u HaobOpOT, Tak Kak 3TO
NPOTHBOPEYUT BTOPOMY Hadany OO OJHO3HAYHOCTH SHTPOTHH.

9.6. Ilpu o6paTHMOM COOOILEHHH TeJIy TEIUIOTHI TEJIO TEPEXOAUT B pasHbe
COCTOSIHMSl, TOCKOJbKY, MO BTOPOMY Hayajly TEpPMOJHHAMHKH, TpH OOpaTHMOM
COOOIIEHHH TEIIOThl &0 Tesly OT TEIUIOHCTOYHMKA C TeMrnepaTtypoit T H3MEHEHHe
sHTpomuu Tena paBHo dS=08Q/T, a npu Heobpatumom dS'>dQ/T.

9.7. CornacoBaTb NpHBEACHHbIE YTBEPXKICHHUSA HEBO3MOXHO, TaK KaK OOHO U3
HUX ouminGoyHo. st poTOHHOro rasa aguabarTa ONMUCHIBAaETCS He ypaBHeHHeM Ilyaccona
pV'=const, rae y=C,/Cy="/5, a ypaBHeHHeM pV4’3=const, B KOTOPOM TMOKa3aTelb
creneHd */; He MMeeT HHMYero oOLIErO C OTHOLIEHHEM TEMIOEMKOCTEH Y.

9.8. ITo mpuumuny Kapateomopu He TOJIBKO BOJM3H, HO H CKOJb YrOJHO BAAJIH
OT J060r0 PaBHOBECHOTO COCTOSIHHSI TEPMHYECKH OJHOPOJHOW CHCTEMBI CYLIECTBYIOT
COCTOSIHHMSI, B KOTOpble HeNb3s MOMAacTb MNpPH MNoMou aauabaTHOro mpomecca,
MOCKOJIbKY TPH 3TOM IIPOLECCE CHCTEMa MPOXOAMT TOJILKO Yepe3 COCTOSHUA C OAMHA-
KOBOH J3HTpOMHMEH W MOITOMY BCE APYrHE COCTOSHHS (HE3aBUCHMO OT HX OJIHM30CTH
WIH JaJbHOCTH) IS Hee HENOCTHXKHUMBL.
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10.1. CornacHo ypaBHeHHI0o I'm66ca— IenbMmronbia,

Q
=" (aT>

rae Q,—TeioTa peakiHH, OTHECEHHas K Moo, a Q,/(zF)— Temwiora, OTHeceHHas
K 3apsapy (z— BaJleHTHOCTh, F—nocTosiHHas Papapes).

IIpu t=25°C 3. ;. c. anemeHTa &£=0,96466 B, mpuyeM 3a CYET TEIIOBOrO
pesepByapa AOCTaBJIsETCA

T(0&/0T),=4,585-10"2 B.
Tertota peakuumu Ha 1 Ki mpoluexiero 4epe3 3neMeHT 3apsiia paBHa
0,/(zF)=6—T(06/8T),=(0,96466—4,585 - 10 ~2) Ii/Kn=0,9188 /K.

10.2. TIpenmnosnoxum, 4TO XUMHYECKasi peakius, MPOUCXOIAILAs TMPH MPOXOXKACHHH
TOKa 4epe3 JJIeMEHT, CONPOBOXJaeTcs u3MeHeHHeM obbema. ITycth 3Heprust ['eibMroin-
Ha U 06beM HMEIOT NepBOHaYalbHbie 3HauYeHHs Fj, V;, a mocie mpoTekaHus eQUHHIbI
3apsna oHU pasHbI Fp, V,. BHemHee naBneHue p u teMneparypa I MOCTOSIHHBL. YObUIb
sHepruu ['enpMroiibia paBHa paboTe Ha MepeHECEHHE SOUHMIILI 3apsa U Ha yBeJIHYEHHE
obsema: & u p(V,—V,). Takum obpasoMm, Fi—F,=&+p(V,—V,), oTkyna

0F,; 0F, il 4 v, oV,
-t 2 20 Gy,
(0p> (01’) (6P> * (6p 5P>1+ B
W3 seipakenus dF=—SdT—pdT uaxomum (0F/dp)r=—p(0V/0p)r, mosromy

(65/6[))1: Vl—Vz.

Orta ¢dopMyna yKa3bIBaeT, YTO €CJIIH XMMHYECKAas DEakKUUs B 3JIEMEHTE COMPOBOXK-
naercs ypenuwueHHeM ofbeMa (V,>V;), TO 3. 4. C. YMEHbIUIAETCA MpPH yBEJIHYECHHH
BHEIHEr0 JaBjieHWs M Haobopor. Ecim peakumus NMpoTekaeT MEXAY >XUAKHUMH HIIH
TBEPABIMH TEJAMH, TO HU3MEHEHHE OO0beMa HE3HAYHTENIbHO W B 3TOM Ciy4ae 3. [. C.
NPAKTHYECKH HE 3aBHUCHT OT MAABJIEHHS; B ra30BbIX XK€ JJIEMEHTaX 3aBHCHMOCTb 3. 1. C.
OT [aBJIEHUSI BeCbMa CyIECTBEHHA.

10.3. U3 (10.8) B cimyyae rasa Bau-mep-Baanwca mns TemmepaTypbi MHBEPCHH
NOJIy4aeM YpaBHEHHE

2a  RTb

vt (V-b)?

Ecnu orcroga onpenenuTs V' M MOACTaBHTbL B ypaBHeHHe BaH-mep-Baannbca, To
Mbl HaiiieM T; Kak GYHKIHMIO JaBJEHHS p:

=0.

p 8 1 3p2 \?
Ti=——/(14= [1-2—p ),
9Rb\ T2 a’
mm BBOJIS KPHTHYECKYIO TEMINEPATypy
I Tp=38a/ (27 Rb) " KDUTHYECKOE  [aBJICHHE
% Pp=a/(27b),
I
| 1 2
| Ti=3T,p(li§ 1—9" > )
1 'Dx
Sl 3T 2k T . i
U3 stoit dopmynbr BuAHO, uTO TpH p<9p,,
Puc. 68. CYLIECTBYIOT nBe TOYKH HHBEPCHHU T
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u T}. C poctom masnenuss T7—T¥=6T,,/1—p/(Op.,) ymenblnaeTcs u npu p=9p,,
o6e Toukd MHBEpcHH ciuBaioTcs B omHy T;=3T,,. Haob6opoT, mpu Majbix AaBJICHHSIX

T¥=3T,,/4=2a/(9Rb), T?=27/(4T\p)=2a/(Rb).

JUis GoJIbIIMHCTBA ra30B HWXKHSAS TOYKA WHBEPCHH HaXOAUTCA B O0JIACTH XHIKOTO
cocrosiHua. Ha muockocth ¢ ocamu 7T, p KpuBas HHBEPCHU [CM. (1)] HMeEET
Kynosoo6pasuyro Gopmy (puc. 68). O6nacTb MOJOKUTENBHOIO IhdeKTa JEKHUT BHYTPH
KpuBoi. KauecTBeHHO BCE ITO COIJIACYETCS C OMBITOM.

104. C,—Cy=T(0p/0T)y(0V/0T),. B Tour= musepcuu T(0V/3T),=V, mosromy

Cp—CV= V(Bp/BT)y.

10.5. Marnurokanoputeckuit 3bdexr (07/0H)s MOXHO HAHTH H3 BBIPAXCHHS
nuddepennmana 3HTanLNUM J, OTHECEHHOH K OOBEMY MarHeTHKa

dI=TdS+Vdp—JdH.

oJ aJ\ (o
Mpu nocrosuHom nasnenuu (0T/0H )s=—(8J/0S)u. Ho (;ﬁ)}l:(ﬁ)" (Eg>y=

I« MO3TOM

“c,\oT)y y
oT\ T (01
0H)s  Cy\oT)y

JUis BeliecTs, MoAuMHsIomuXcs 3akoHy Kropu— Beiicca I=CH/(T—6), nonysaem

oT CTH

O0H J CH(T—(-))Z’
OTKyJa BHIHO, YTO MarHHTOKaJopuueckuil 3ddekt Benux BOMM3M Touku Kriopu, uTo
B JEeHCTBHUTEJILHOCTH H HabjroJaercs.

10.6. Pa6oTa XMMHYECKMX CWJI NMpPH H300apHO-H30TEPMHYECKHX MpOIECCaX paBHA
yOBUTH TEepMOAMHAMHYECKOTO TOTEHIMANa H OmpeleisieTcs ypaBHeHHeM I[mn66ca—

TenpMmronbua (10.2)
W,=Q,+17 g
P oTr),’

rae Q,—TemnoBoit 3¢dekT peakuun. M3pecTHO, yTO
i

H TpH H306apHO-H30TEPMUYECKHX MPOLECCaX
dG=Y wdN;=dn} wvi,

rae dn—4HCIIO «eIUHHYHBIX PEAKUMi», OMpPENENSEMBIX OJHMM HAaGOPOM MOJIEKYJI
COTJIaCHO ypaBHEHHMIO peakuuu. PaGota

W=—AG=—AnYy vipy=—AnY v;[kTIn c;+kTlnp+pu(T)]
i i
U3 gopmyner  (10.36) kTInK.(p, T)=—kTY vilnp—3 vipoi(T), mosTomy
i i
W=AnkT(In K.~ v;Inc;). Onpenenssi otcioma (0W/dT), u moacTasnsis B GopMyJsl
i
(10.2), Haxomum
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JdlnkK, _ O
oT J, RT?
T. €. BIHSAHHE TeMmnepaTypsl Ha K., a cienoBaTelbHO, W Ha YCJIOBHE PaBHOBECHS
[0 OTHOILUEHHIO K HEKOTOPOW XMMHYECKOH peakiMd ONpeaesieTcs TeIUIOBBIM 3(ddexToM
Q, 3TOH peakuHH.

10.7. PaccMOTpHUM TreTepoOreHHYI0 CHCTEMY M3 n a3 ¢ kK KOMIOHEHTaMH TMpH
MOCTOSIHHON Temnepatype 7T W [aBJICHHH p M HalileM YCIOBHS paBHOBECHSI TaKoO
CHCTEMBI.

O6umM ycioBHeM paBHOBeCHS B 3TOM ciy4dae Oyaer 8G=0. TepMoauHaMHYECKHi
noTeHHan G reTeporeHHo# CHCTEMbI paBeH CyMME TEPMOAHHAMHYECKHX NMOTEHIHAJIOB
G' xaxao#t dass:

d .
G=7Y G(T, p, Ni, .., Ni), )
i=1
MpHYEM

Y Ni=N; (j=1,2, ..., k). V)

TaxkuM 00pa3oM, HYXHO HAWTH MHHHMYM BbipaxeHus (1) MpH JOMOJHHTENLHBIX
cBs3sx (2). [ns onpeneneHHs YCIOBHH, NMPH KOTOPBIX AOCTHUrAaeTcs 3TOT MHHHMYM,
peIIMM COBMECTHO CHCTEMY YpaBHEHHH

n k oG ; -
8G=2 X3 FIARE ZZu,SN €)
i=1 j= 1
ZSN}:O (j=1, 2, .., k). )
i=1

VYMHOXHB KaX[0€ M3 ypaBHEHHH (4) HAa COOTBETCTBYIOIIMH MHOXHTEIb A; M CIOXHUB
NOJIy4eHHbIE ypaBHEHHs C ypaBHeHHeM (3), Haiimem

n k
2 X (wi+2y)8Nj=0. ®

i=1j=1
Bapuauuu ON| cps3ambi k ypapHeHHsMH (4), TMOITOMY k H3 HUX 32BHCHMBI,
Hanpumep N} (j -l 2, .., k), T.e. BApHALMH YHMCIA YACTHI KaXIOTO KOMIIOHEHTa,

BXOJSILETO B MEPBYIO cl)aay. BeibepeM MHOXHTENH A; TAKHMH, 4TOObI KO3GhGHIMEHTHI
npu 3aBuchmx Bapuanusax ON} B ypasHenuu (5) obparmnucs B Hyae. Torna
Aj=—W] M B YpaBHEHMH OCTAHYTCA JMIIb WIEHB C HE3ABHCHMBLIMH BapHAIUAMHU
8N L)

S ¥ (wimn} )Ni=0,

i=2 j=1

OTKyZa
uwh=p} (=1, 2, .., k; i=1, 2, .., n)
HIIK
pi=pi=pi'=..=pp,
pr=pi=ps=..=p¢,
Mi=pi=pi' =..=pf,

T. €. TIPA PABHOBECHH l‘CTCpOl‘CHHOﬁ CHCTEMBI XHUMHUYCCKHE TMOTCHLHAJIBI KaXI0ro
KOMIIOHCHTAa BO BCEX tbaaax OIHHAKOBBI.
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10.8. Peaknust o6Gpa3oBaHMs BONSHOTO rasa mnpoTekaeT Oe3 H3MEHEHHS YHCla
moutei. TToaromy
CHZOCCO 9,469,46

K.=K =
r CCQZCHZ 0,780,38

=1,591.
10.9.
va,=1, vi,=1, v=2, cu,cr,/chi=K.=K,.

Ecin x monbp u3 a=8,1 momb H, pearupyer ¢ tem xe uucioM Moneit I, (u3
obmero uucna b=2,94 monb) U obpasyercs 2x Moib HI, To mpu paBHOBecun

a—x 8,1—x b—x 294—x 2x 2x
C = ————— C ==, C ==
T b 11,040 2 at+h 11,04 T M axb 11,04
NO3TOMY
(8,1—x)(2,94—x)/(4x?)=0,01984,
otkyna x=2,82. Yucno moneit HI npu pasHOBecuu my;=5,64.
10.10. M3 sbipaxenuss dp=—sdT+vdp Haxomum v=(0pn/dp)r, a HCMONB3Ys

tdopmyay (10.39), monyuaem
dlnf\ v
op Jr kT

P2

len?:Jvdp. @)

1

H TIpH H30TCPMHUUECCKHX YCIIOBHAX

Py
3T0 ypaBHEHHe SBISIETCA OCHOBOH MeToAa onpefencHus Jyerydectd. Ilycts
H3BECTHA HM30TepMa peasibHOro rasa I—2 (puc. 69) mo Takux HaBJICHHH po, KOraa
B MpeAesiax MOTPEMIHOCTH OMbITa MOBEAECHHS PEaIbHOrO H HICAJbHOTO ra3oB 3aMETHO
HE OTIMYAIOTCA. PaccMOTpMM B HEKOTOPOM MHTepBaje JaBieHWH u3oTepMsl v(p)
peajbHOrO M HOEAJILHOTO Ta3os.
Jins peanbHOro H HAEAJIbHOro rasos, cornacHo dopmyne (I),
p
kTIn=—= | vdp=Spa2p,,
Jo
pl
rae S—rmiomanb.

Jns upeanbHOro rasa
14

kTln £=jvdp=sp4'2po.
Po
Po

Io ompenencHuio, AaBlieHHE p, BLIOHPAETCA TAaKHUM, 4TOOBI po=p*=xf,, MOITOMY
JIETY4ecTh f TpPH TPOM3BOJLHOM p paBHa®

Inf—Inp=w/(kT),
rae o—imiowaar, AA'2A4.

*) 3HaveHust f JUIS pasHbLIX AABNEHHH U TeMNepaTyp NPHBOAATCA B CIPABOYHHKAX
Mo TepMOJUHAMMKE.
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10.11. Tperbe Hauaso TepMOAHHAMHKH
MOXeT ObiTb KOCBEHHO HCIOJIb30BAHO IS
HaXOXOEHUS DHTPONUHHONW TOCTOSHHOW uUIe-
ajpHOro rasa. JIeHCTBHTENBLHO, PacCMOTPUM
TBEPIOE TEJIO B pABHOBECHM C rasom. Mx
XHMMYECKHE TNOTCHIMANbI TMPH 3TOM JOJKHBI
OBITb OMMHAKOBBL: 3 =H;.

Ho p=u—Ts+pv, MOITOMYy XHMHMYECKHE
MOTEHIHAJbl [a3a H TBEPAOTO TeJla COOTBET-
CTBEHHO paBHBI

om T T—Rinp 1) 0,
“2=u2—'Ts; +pvz

H, CJICAOBATECIBHO,

<\

Puc. 69. RTIp=[u;—uy +p(v2—v1)]+
+¢,TIn T—Ts, 4 Ts,,

T

¢
rae Sz:J%dT (o TpeTbeMy Hayajly TEpMOJAHAMHKH), a BbIPDaXCHHE B KBaJAPATHBIX

o
cKkoOKkax mNpencTaBnsieT COGOH TEIUIOTY BO3rOHKM (), TOITOMY
T

So= _%_c,m T+ji;d T+Rlnp.
[

Omnpeaensis 3KCNepUMERTanbHO Q, ¢p, p U T, MOXHO BBIYHCIMTb JHTPONHHHYIO
MOCTOSHHYIO Sp JUIS rasa.

10.12. Yucno TepMOAMHAMMYECKHX CTeOeHEH CBOOOZBI ONpEAENseTCS YpaBHEHMEM
f=k+2—n.

1. WmeeM opry rasoobpassyio ¢a3y (map), omHy XHaKyi0 (pacrBop) H [Be
TBepble: n=4; YHCJI0O KOMIIOHEHTOB PaBHO YMCIIy XHMHKYECKHA HE3aBUCHMLIX COCTAaBHBIX
gactedt cuctemnr H,0, NaCl n KCl—k=3. CnegoBartennHo, f=1. Cucrema ¢ omHoi
CTenenblo CBOOOABI Ha3mIBaeTCs MoHosapuawmnoii. He wusmeHas umcna ¢a3 Takoi
CHCTEMBI, MOXHO M3MEHSNTh W.IH TEMIEPaTypy, HJH [aBJIcHHE, WM KOHI[CHTPALHIO
omHOM u3 cojeil pacTBOpa.

2. k=3, n=5 (pacTBop, TpH KpHCTa/Ula, Naps BOHHI), CIECKOBATEIHHO,
f=k+4+2-n=0.

3. k=3 (soma, caxap, kepocun), n=4 (map, aBa pacTBopa, Jiel), CIEXOBATEIBLHO,
f=1
10.13. TIpaBmno ¢a3 He w3MemHTCsA. JleHCTBHTENLHO, €CTM B IEJIOM BO BCEX
(azax cHCTeMBI HEAOCTaE€T M KOMIIOHEHTOB, TO 3TO YMEHBUIACT YHCJIO NEPEMEHHBIX
HA m, HO ONHOBDEMEHHO HA CTOJNBKO XK€ YMEHBHIMTCS M 9HCIO YpPaBHEHHM Ui
XHMHYECKHX HOTCHIHAJIOB.

10.14. ®Oynxuws u, 3aBACHT TOJBKO OT v H 71, HO He 3aBHCHT OT CBOMCTB
BENIECTBA CTEHOK, OKPYXAIONIMX IOJOCTh. JTO HENOCPEACTBEHHO ClEAYET U3 BTOPOFO
Ha4ana TepMOAMHAMHMKH. B camoMm gene, mycte AaHbl gBe monoctH A w B, creHkm
KOTOPHIX COCTOAT M3 Pa3sHbIX BEWIECTB, HO IPUBEACHK! B CONPHKOCHOBEHHE C TETLIOBHIMHE
pe3epByapaMu ogHOM W ToH ke TemmepaTyphl 7. IIpeamonoxum, 4TO B 3THX
TIOJIOCTAX AJIs OJHOTO M TOFO XK€ ONPEACHEHHOTO Y4acTKa CHeKTpa YCTaHOBHIIMCH
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pa3suyHble 3Ha4eHHus u,. CrnpoenupyeM HebOOJIbIIOE OTBEPCTHE, CAEJAHHOE B A, HA TAKOE
K€ OTBEPCTUE, CHENIAHHOE B CTEHKE NOJIOCTH B. [IpUKpoeM OTBEPCTUS LBETHHIMU
CTeKJIaMH, T4K TNOA0OpaB MX, 4TOOBI OHM NPONYCKATM CBET TOJILKO TEX 4YACTOT V,
KOTOPBIM COOTBETCTBYIOT DP43JIM4HbIE 3HAYeHUSA u,. IlycTh, Hampumep, u, B I110JIOCTH
A Gonblue, yeM B nosioctd B. Toraa B nonydaet oT 4 Gonblue 3HEPTMH, YEM H3Ny4aeT
CaMO B OOPATHOM HANpPABJIEHHUM. 3HAYHT, TEMIEPATYPA PE3EPBYAPa, OKPYXAIOIIEro A,
CTAHET TMOHMXAThCS, 4 TEMIEPATYPA Pe3ePBYAPd, OKPYXKAIOILETO B,— yBEJIHYUBATHCH 10
Tex 1nop, nmoka o0a 3HAYeHMs u, HE CAENIAIOTCA PABHBIMH. BO3HUKLIYIO pPA3HOCTH
TEMIIEPATYp MOXHO ObUIO ObI HMCNONB30BATH C HOMOIIBK TEIJIOBOM MAIUMHEL IS
noJydeHus: paboTei. Cliea0BaTENBHO, PA3JIHYME 3HAYECHHH u, IS 1OJIoCTeH A U B 1no3so-
Jiniio Obl NOCTPOUTH BEYHBIN ABHUraTeNIb BTOPOro poaa. I1o3ToMy, Mo BTOPOMY Hauaiy
TEPMOAWHAMUKM, 3HAYEHHS u, Ui BCEX YaCTOT B 00eux MOJOCTAX AOJDKHBI ObITh
OAMHAKOBLIMH HE3dBUCHMO OT BELIECTBA CTEHOK.

10.15. Kak M3BECTHO, OTBEPCTHE B MOJIOCTH BeJET CeOsi KaK YepHAs NOBEPXHOCTD
U U3JIy4YeHHe, NOKHUIAIoLIee 4Yepe3 Hee INOJIOCTh, 1O MHTEHCHMBHOCTH M CIIEKTPaJbHOMY
COCTABY MAEHTHYHO H3JIyYeHHIO abCONIOTHO uYepHOro Tela C Temmepatypoi T.
BbiuuciuM, KakylO SHEPTUI0O B HMHTepBajle 4acToT dv MCIycKaeT 3a | C 1moJioCTh
Yyepe3 OTBEpPCTHe MIOMAAbI0 dS INpU NJIOTHOCTH M3JIyYeHHs U, B TOJIOCTH.

OHeprus H3JIyueHHss B HHTepBaie dv, BBIXOAAILIEro M3 OTBepCTUA 32 1 ¢ 1o
HAnpaBJieHHI0O HopMaid Kk dS B TenecHOM yrie d®, OYeBMIHO, paBHA [JOJie dm/(41t)
OT 3HEPIMH B NWIMHADE C OCHOBaHMeM dS M BBICOTON ¢ (c—CKOPOCTH cBeTa):
uvdvdScdo)/(41t), 4 JHEPrusl H3JIYYCHHUs, BBIXOAALIETO M3 OTBEPCTUS NOA YIJIOM
0 x HOpMaJmH,

u,dvd Scdw cos 6 /(4). 6)

OOmast sHeprust B MHTEepBajne dv, HCXOAsfm@s 3a 1 C M3 OTBEPCTHS, ONPEAEIUTCS
HHTETpUpOBaHHEM BbipaxeHus (1) no mnomycdepe.
Tak xaxk do=sin8d6de, To HckOMas 3Heprus paBHA

n/2 2n

1 1

EuvdvdScJ Jcosesin9d9d<p=‘—‘uvdvd5c. 2)
00

C 1pyroii CTOpDOHBI, OTBEPCTHE HMEET Ty X€ CHEKTPAIbHYIO 3HEPreTHYECKYIo
CBETUMOCTb, YTO M YEpHAs MOBEPXHOCTb TOM € TIUIOMAAM, 4 HMEHHO

g, dSdv. ©)]
IpupasuuBas BbipaxeHust (2) u (3), NojyyaeM COOTHOILLEHHE
g, =cu,/4

MEXAY CHEKTPaJIbHOH 3HEPreTHYECKOH CBETHMOCTbIO HYEPHOTO Tejld M IUIOTHOCTBIO
H3JIyYEHHS TOH K€ Y4CTOTBI BHYTPH TOJIOCTH.

10.16. Umnynbc doroHa yacToThi v pased hv/c. Eciu 0-—yron nasenus potona
H4 3€pKajio, TO HM3MEHCHME €ro HMIMYJIbCd B pPE3yNbTATE yaapa O 3epKalio Oyner
2hvcosB/c, Tak KaK H3MEHSETCH TOJIBKO HOPMallbHas €ro CocTaisiomas. Eciu
najarouee M3JIyYeHHE TNOJHOCTbIO Auddy3HOE, TO 4YHCIO (OTOHOB, NAJAIOIHUX CO
BCEX CTOPOH H4a IUIOIIAAKY, OAHO M TO xe. Ilostomy, ecid B 1 cM® comepxutcs
n (OTOHOB, TO MIOTHOCTb (OTOHOB, HATIPABJICHME ABMXKEHHMSI KOTOPBIX 3aKJIIOYEHO
BHYTPH TejecHoro yria dw, paBHa pdw, rae p He 34BHCHT OT 0 M onpeaensieTcs
M3 TOTO, 4YTO IONHAS IUIOTHOCT p=n/(4n). TakuM o6pasoM, uucio GoToHOB,
nagaromux Ha 1 cM? B cekyHay B TenecHOM yriie d® € OCbIO, HAKIOHEHHOH 1O
yriaoM majaeHus 0, paBHO pccosOdw, a naBiieHHe 3THX (POTOHOB
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(2kv/c)cos 8- pccosOdw=nhvcos®Bsin 6d6.

IlonHoe paBieHue PABHOBECHOIO H3JIyYCHHUSA HanaeM HHTEIrPUPOBAHUEM 3TOI'O
BBIDAXCHUA 110 BCEM YIJIdM NAACHHUA:

n/2
i nhv u
p=nhv | cos?0sin@db=—=—,
3 3
o
rje u—IUIOTHOCTb 3HEPTHH H3JIyYCHHUS.

10.17. Ecnu Ha CnekTpasibHbIM WHTEpBaJ, OTPAHHYEHHBIH JIMHAMU BOJIH OT A 1O
A+dA MIM COOTBETCTBYIOIUMMH Y4aCTOTAMH OT V 10 V-+dv, NPUXOAUTCA SHEPrus
manydeHuss dE, 10 dE=u|dA|=u,|dv] M cnekTpanpHas KpHBAs pacnpenesieHHs
U3JIyYCHUS] CTPOUTCH KAK KPUBAS 3aBUCUMOCTHU Uy OT A U u, OT v. Tak kak A=c/v, TO

[dMI/A=dvi/v 1 u=22um]c.

Otcrofa BUAHO, YTO IIOJIOXKEHHS MAaKCUMyMOB QYHKIMH u, M u, HE COBMNAJAIOT,
NOCKOJILKY PAa3JIMYHbI T€ 3HAYEHHS A, NPH KOTOPbIX MAKCHMAJBHBI u, H AZu, o,
CJIEZI0BATENIBHO, AJIMHA BOJHBI A,, Hd KOTOPYIO NPUXOAMTCS MAKCHMYM (YHKIHH u,,
H 44aCTOT4 V,, HA KOTOPYIO NPHXOAUTCS MAKCMMYM GYHKUMH u,, HE COOTBETCTBYIOT
APYT APYTY (AmVm#c).

B 3TOM MOXHO TaKXe HENOCPEACTBEHHO YOEOUTHCS, €CNIM ONpPEAENUThb V, H3
¢dopMynbr TlnaHka Uis CHEKTPAJIbHOM TUIOTHOCTH 3HEPTHH MO [IKAJE YACTOT:

8nv? hv 8nk3T?® X3

T exp [w/(kT)]-1_ c*h® expx—1 o

¥3 Ay, u3 GopMysib TTaHKa AIS CIEKTPAJIbHOM TUIOTHOCTH SHEPHH 110 LIKaJle ATHH BOJH:
8mhe 1 8nk’T®  x°

"T85 exp[h/(MKTY[=1 c*h* expx—1 @

rae x=hv/(kT)=hc/(kTA).
Huddepenimpys dopmyny (1) no v, nomyyaeM ypaBHeHHE

X
1-exp(-3)
KOTOpOE HMeEeT pelueHHe x=2,8412, mpuBoasiiee K 3dKOHY CMEILLCHHUS
T/Vm=TX=0,005097 M- K.
Huddepeniupys dopmyny (2) no A, nojydyaeM ypaBHEHHE

=3, &)

X
exp(n) @

KOTOpPOE TMPHUBOAUT K 3HaYeHHIO0 x=4,9651 win k 3akoHy BuHa B ero ob6wiuHoOi# dopme
AmT=0,002896 m-K.

Otciopa crneayeT, 4YTO MAKCUMYM (YHKUMH 4, TNPHUXOAMTCH HA HYACTOTY Vp,,
KOTOpO# COOTBETCTBYET [UIMHA BONHBI A B 4,9651/2,8214=1,759 pasa 6Gonblue, yeM
Ta AJIMHA BOJIHBI A,, Ha KOTOPYIO MPHXOJUTCH MAKCUMYM ).

To, 4TO MakCHUMyMBbI (GYHKUMH u; W u, HE COBMAJ4lOT OOYCIOBJEHO TEM, 4TO
PABHbIM HHTEPBAJdaM AJMH BOJIH HE COOTBETCTBYIOT pA4BHbIE MHTEPBAJIbI 44CTOT.
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Ecin paspenuTh BCHO IUIOLIA[b, OXBATHIBAEMYIO KDHBBIMH u, W u,, Ha OoJibloe
YHCJIO BEPTHKAJbHBIX MOJIOC, TO COOTHOLUEHHE IUIOIAajeil NOJIOC B TOM H JAPYroMm
Clly4asix TpPEACTABUT HEKOTOPOE pachpejesieHHe IUIOTHOCTH 3HEPrud 110 CHEKTpY,
KOTOpoe OyHeT OnpefeNsaTbCs TOJIBKO BbLIOOPOM IIMPHHBI 3THX 10J0C. DYHKIHUA
U, [A€T CNEeKTPaJIbHOE PpACIPEAENICHHE SHEPTHH IO DPABHBIM HMHTEPBANIAM [JIMH BOJIH
dA. OyHKIMSA U, A4€T APYroe pacHpeesiecHHe, KOTJd PABHBIMU HHTEPBAJAMH SIBJISIOTCS
pasHocty 4actoT dv, KoTopbie He paBHbI dA. BooOme, kaxigas HOBast (QyHKUHS
JUIMHBI BOJIHBI, OTJIOXKEHHAs 10 OCH abCIucC, J4€T CBOE pellieHHe BOIPOCY O PABEHCTBE
CHIEKTPaNbHbIX HHTEPBAJIOB M CBOE COOCTBEHHOE IIOJIOKEHHE MAKCHMYMa H3JIyYeHHs.

Jns ycTpaHeHHsi 3TOH NPOU3BOJILHOCTH B TOJIOKEHHH MAKCUMYMA4 H3J1yYeHUs

da
HeOOXOQUMO OTJIOXKUTb MO OCH abcuuce Oe3pa3sMEpHYIO BEJIMYHHY T=d(ln7\)=

jdv] |dA| |dv]|
=——=|dInv|. Tormsa dE=wyA——=u,v—— H COOTBETCTBYIOLIME CNEKTPAJILHbIC
v A v y P

TUIOTHOCTH M3JIY4€HHS U, =uA=u,v OyAyT HMMEThb COBMAAAIOIIME MAKCUMYMBI TPH
TaKOM Ap,=C/V,, KOTODOE OIpPEAENAETCS H3 YpPABHEHHS

=, ®
1—e
d d
TMOJIy94IOMIETOC U3 TPUPABHUBAHUS HYJIO HIIHM a;(uvv), WM d—):(uﬂ»).

Haiizem kopeHb ypasHenus (5). 3anuceiBasi ero B Buze 4(1 —e ™ *)=x, 3aMedaeM, 4To
KOpeHb O1U30K K 3HaveHHIo 4. I10J10XUB MO3TOMY X=4—0, TIOJIy4deM ISl 0, yPABHEHHE
4e %e*=q. Tak KaK O—Majlas BEJHYHHA, TO MOXHO 3dMEHHTH €® Ha l+0, Toria

1

o= 1/4e4_l

=0,0793

H, CJIeJOBATENBHO,
X=hVp[(kT)=he |(AmkT)=4—0=3,9207.
IToatomy
AmT=0,003668 M- K.
AHanoruyHo pewatotr ypaBHeHus (3) u (4).
10.18. Iio dopmyne IlnaHka, MIOTHOCTb SHEPTHU H3iyueHus dE, mpuxoisiuascs
HAa CHEKTpajibHbiH cocTaB v; v+dv uwnu A; A+dA, paBHa

8mhv? dv
c* exp[hv/(kT)]-1"

dE=u,dv=

HIIK

dE—wd 8nhe di
A% exp[he/(MT)]—-1"

4 TNOJNHAS IUIOTHOCTb 3JHEPrMM M3IydYeHHs, 1o 3akoHy Credana — Bonbnmana,
paBHa u=cT* [l03TOMy OTHOCUTENLHAS CNEKTPAIbHAS IIOTHOCTb H3JIY4EHMS,
NPHXOASLIAACS HA CHEKTPAJbHBIA Y44aCTOK V; V+dv MJIM COOTBETCTBYIOIMH €My
uHTEpBaN A; A+dA, paBHa

u,dv  8mk* x4

oT* c3hicvexpx—1
W

_wmdh 8mkt x*
M= 5T~ Shon expx—1
rae x=hv/(kT)=hc/(AkT).
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Juddepennupys mobGoe M3 3THUX BbIpaxeHHH 1o x (T.e. nmo Temneparype T)
¥ TIpUPaBHMBAs NpPou3BOAHY0 dm/dx Hymo, NPHXOAUM K YPABHEHHIO

X

e ®

otkyna x=hc/(AkT»)=3,9207 u AT,=0,3668 (T,--TeMnepaTypa, IpH KOTOPOH Ha
y4dCTOK A; A+dA Wi COOTBETCTBEHHO V; v+dv npuxoauTcss Haubonpluas OT-
HOCHTEJIbHASL CIEKTPaJibHAsL IUIOTHOCTb u3NyyeHus). VI3 BbIpakeHWH AN 1 BHAHO,
YTO MA4KCHMMA4JIbHOE 3HAYEHHE T|, BO3MOXHOE IPU KAXAOH J[UIMHE BOJHBI A, Oyner
OIMHAKOBO 1O BCEMY CHEKTPY, €CIM IOCTOSHHO IO BCEMY CIEKTPY OTHOCHTEJIbHOE
3Hayenue dA/A=|dv|/v=|dInv].

10.19. Tlpy anuaGaTHOM paCIUMPeHMH CHCTEMbl 0e3 coBeplueHusi paboTbi ee
BHYTpEHHsisi JHeprus He wu3MeHsercs. IostomMy U=oT*V=cT$}(V+V,), oTkyaa

T/T,=%/(V+V,)/V. Ho S=4cT>V/3=4U/(3T), S1=4U/(3T,), nosromy
Si/S=TIT, u S;/S=%/(V+ V)V

10.20. 3akon Credana — Bonbumana u=cT* u BbipaxeHue p=u/3 CIpaBeJIUBHI
U B TPABMTAIMOHHOM moJjie. BMecTe ¢ TeM BepHO Takxke, YTO [J4BJICHHE U TUIOTHOCTD
M3JIyYEHUS H4 HHUXKHEM YypoBHe Oounblue, 4YeM Ha BepxHeM. Jleno B TOM, ¥TO
k03pdunmesT o B 3akoHe Credpana —BoybIMaHa 3aBHCHT OT CKOPOCTH CBET4
B B4KyyMe, 4 OH4 He IIOCTOSHHA B TPABUTAIMOHHOM TOJIE.

10.21. M3nyyeHus: OT pa3HbIX TeJ, BIYIIEHHblE B NOJOCTb C OENBIMH CTEKJIAMH,
H4XOJMTCS B TEPMOAWHAMHYECKOM DABHOBECHM, XOTS TEMIEPATYPbI PA3JIMYHbIX JIydeil
pa3Hbie. DTO PaBHOBECHE HE SIBJISETCH YCTOMYMBBIM, TAK KAK HE OOJNaadeT MaKCHMyMOM
sHTponud. Ho eciM B 1OJOCTh BHECTH IBUIMHKY, TO IIOJYY4€TCH PABHOBECHOE
U3JIy9eHHE, COOTBETCTBYIOILEE YCTOHYMBOMY DpABHOBECHIO C OJHOH M TOH Xe TeM-
nepaTypod [Uisi BCEX JIy4eH.

VYCToif4NBOE pPABHOBECHE MEXJY H3JIYYEHHSMH PA3JIMYHBIX Y4CTOT HACTYNAET INpPHU
MA4KCUMYME 3HTPONHH

S={ S(v)dv, o)
o

©
ecnd oHeprus (WIM IUIOTHOCTb Hepruu) u= [u(v)dv OCTaeTCS NOCTOSHHOK. ITO
0

O3H4Y4€eT, YTO IPH NEPEXOJE BO3MOXKHO MAJIOH HEPIUM OT H3JIYYEHHs OJHOM YaCTOTHI
K H3JIyYEHHIO APYroi YaCTOTHI Bapuauus 3HTponud 8S=0 npu Su=0, T.e.

as:Jas FSV v)dv=0
oulv
0 0

npu Su= jﬁu( v)dv=0.

yMHO)Kdﬂ TNOCJIEAHEEC PABCHCTBO HA MHOXHUTEIIb J'[arpamxa (—Q U CKJIaabIBaA
C INEPBbBIM DPABEHCTBOM, IIOJIy4YUM

f[‘;‘z 8 - c] Bu(v) dv=0.
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BBHiy HE3aBUCMMOCTH OTACJIBHBIX MOHOXPOMATHYECKHX TpYNI JIyYeHd Apyr OoT Apyra
NOJBHTErPaibHOE BBIPAXEHHE PABHO HYIIO M, CleAoBaTeNbHO, 0S(v)/du(v)=C.

Benuunna C umeeT IS KaXZOrO YEPHOTO H3JIYYEHUS OIPEIENICHHOE 3HAYEHHE,
ONHO M TO e st Bcex 4acToT. OTcroa cienyeT, YTO OHA MOXET OBbITh TOJIBKO
¢dyHKIMeR TeMnepaTypbl M, KaK Mbl ceifdac mokaxeM, paBHa 1/T. JlefCTBHTENLHO,
nycTh npu coobmieHun TonoctH o6bveMoM V=1 cM3=const HEXOTOpPOTrO KOJIMYECTBA
TEIUTOTLI TeMnepaTypa Hu3iydeHus crada T4d7. Torna sHTponus S HU3MEHWIACH HA
ds 1 du

ﬁdT=7" ﬁdT, Tak kak TdS=du (upu V=const). Ho u3 ypasuenus (1)
dS [aS(v) ou(v) ou(v)
— =5 —=dv=C | —=dyv,
a7 Jau(v) ar & ar
) 0

1.¢. dS/d7=Cdu/dT, nostomy C=1/T.

Takum 06pa3oM, paBHOBECHOE H3JIyY€HHE, KOTOPOE YCTAHABIMBAETCH B MOJIOCTH
TOC/ie BHECCHHA TBUIMHKH, TNPEACT4BIseT coboif cHCTeMy Jiyuedi B YCTOHYHUBOM
PABHOBECHHM C OJHON M TOH Xe TeMMepaTypoll — TeMnepaTypod MbUIMHKH MJIM CTEHOK.

10.22. [IipemrnonoxuM NPOTHBHOE: MYCTh TIOCIE DPABHOBECHOTO aaMabaTHOTO
PACHIHPEHHs OT IUIOTHOCTH u4; O TUIOTHOCTH U, H3JIy4CHHWE IEPECTaIO ObITH YEPHBIM
MO CHEeKTpallbHOMY COCTaBy. Tak Kak H3JIydeHHEe — CHCTEMa, KOTOpast HAXOMMTCS
B YCTOHYMBOM Dp4BHOBECHH, TO, €CJTH H3Iy4€HHE U, TNPHBECTH B CONPHKOCHOBEHHE
C TeJOM TeMmepaTypbl T, C KOTOPHIM OHO OyJeT H4aXOAUTbCS B paBHOBECHH (T. €.
obmias SHeprus. W3jydeHWs He HM3MEHHWTCS), H3JyyeHHe C TeueHHEM BpeMeHH Oyner
depHbiM. CHcTeMa Ge3 M3MEHEHMs IOJIHOH JHEPTrHM MepeiIeT B yCTOWYHBOE PaBHOBECHE,
YTO CBS3dHO C pOCTOM HSHTpommy. CJleNOBAaTENIbHO, J3HTPONAS YEPHOrO H3JIy4eHAS
C TUIOTHOCTBIO u; JOJIXHA ObiTh GOJIBIIE 3HTPOMUA YEPHOTO H3JIYyYEHWS HAYaJIBHOrO
COCTOSIHHSL C IUIOTHOCTBIO Uj.

PaccMoTpuM Temepb OOpaTHBIH npouecc aaMabaTHOTO CKATHA [0 HAYaJIBHOI
ILIOTHOCTH %;. DHTPONHA H3JIYYEHHS TNPH JTOM He M3MEHHTCS, HO H3JIyYeHHe, 10
HalleMy NpPEANOJIOKEHUIO, 001aJaeT NPYrHM COCTaBOM, YeM YepHOe H3JyueHHe MNpH
HauanbHOH Ttemmnepatype 7;. B To ke Bpems 3HTpomus ero O0oJbiie 3SHTPOIMH
9epHOro M3iyucHHst npu Tod xe oHeprau. [Ipu compukocHoBeHuu € TeioM T; 3TO
A3Ty9eHHE CTAaHET YEPHBIM, COOTBETCTBYIOLUMM YCTOHYABOMY PpaBHOBECHIO, OAHAKO
9TOT Tpomecc Nepexola B YCTOWYABOE paBHOBECHE AOJIXeH OBITH CBA3aH C yMEHbIIEHAEM
SHTpOorHH ©e3 BCAKOH KOMIEHCAIMH, T.€. 03 HM3MECHEHHS B OKDYKAIOUIMX Telax,
YTO NPOTHBOPEYHT BTOPOMY Hadary.

Takum o6pa3om, aguMabGaTHBIH NPOLECC C YEPHBIM H3JIYYCHAEM NEPEBOAHT €ro
CHOB2 B 4EpHOE MH3JIydeHHE APYIrOff TeMIepaTyphl.

10.23. [lonHas IIOTHOCTH IHTPONHH PaBHOBECHOrO H3JIyYeHHS DaBHA

4
s=Jsv(v, T)dv=§ o T3
)

Ecna B muTerpane nepeiiTd k HOBOH NepeMeHHO#H MHTerpupoBaumg x mojaras v=xT,
TO MHOXHTeNb T fiepel MHTErpajoM mO x 6yNeT TOIbKO NPH CTPYKTYpHO# dopmyie

IUIS CHEKTPAIBHOH IUIOTHOCTH 3HTponmu B Baze s, (v, T)=vZ¢(x)=vZe (;, , TaK Kak

s=[s,dv=T> [ x?@(x)dx.
0 [
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10.24. [Ins paBHOBECHOIO HU3JIYYEHHS
U=cT*V u p=cT*3,
nostoMy C,=4cT3V u yaeneHas TEMIOEMKOCTh TpH TNOCTOSHHOM o6beme
cy=40T3=30,56-10"1°T3 Ox/(K - M>).

Tak kak mns H3JIy4YCHUSA H3063prlﬁ NPpOHECC OAHOBPEMEHHO ABJIACTCS HU30TEP-
MHYECKUM, TO C,,=CT= 00, TOCKOJIBKY HM30TCpMHYECKAass TCIUIOEMKOCTh paBHa Gec-
KOHEYHOCTH. ITO CJIEAYEeT TAKXE M3 COOTHOILUCHHSA

ap\?
T(Ia‘?>y

MOCKOJIBKY HOABJICHUE H3JIYYCHHS HE 3aBUCHT OT obbeMa. HO3TOMy
y=C,/Cy=00, C,—Cy=c0.

3Hepl'l/lﬂ MOJIA OJHOATOMHOro rasa

U= 3/ 2 RT,
MOJIgpHasas TEIIOEMKOCTH
Cy= 3/ 2 R,
yAclibHasg TEMIOEMKOCTh
3R 3-8,314

=575 a.10-3 M3
CV_ZV 2-224-1073 545 Mx/(K - M%),

TakuMm obpasom,
P fe?=56-10"18 T3

Ilpu o6bryHoO#M Temmepatype (~300 K) oTHomieHHe TemymoeMmkocTeilf 4pe3BbIYailHO
Majio. CpaBHMMBIMH 3TH BEIMYMHBI CTAaHOBSTCH npu T=10° K.

10.25. BuyTpeHHss 3Heprus U TuiasMbl CKJIaJbIBA€TCH M3 KHHETHYECKOH SHEpPruu
X20THYECKOTO ABHXEHHS 4acTHL U,, (BHYTPEHHSS 3HEPTHs HACAIBHOIO ras3a) W CpemHe
3HEPIHH MX 3JIEKTPOCTATHYECKOro B3auMojekcTus U,:

U=Upn+U,.

1 2N
3mecy U,=C, T, Ue=§ Y e
i=1
rle ¢;— NMOTEHUHAJ] MOJfA, CO3MABAEMOr0 B MECT€ HAXOXAEHHS i-TO 3apsAda BCEMH
OCTANbHEIMH  3apAJaMH.

B cnyyae mia3sMel U3 ABYX COPTOB NPOTHBOMOJIOXHO 3apsXKEHHBIX YaCTHIL
U,="/;Ne¢* —'/,Ne¢™ ="/, Ne(¢p* —9"),

rae @' (¢~)—nmnoTeHnMan mONSA, CO3JABAEMOTO BCEMH 3apsiaMH, KPOMe NAaHHOTO
TIOJIOXHUTENBHOrO (OTPHULATENBHOrO) 3apsfia B MeCTE HAXOXICHHS 3TOrO 3apsia.
Halinem ¢* u ¢ . B HenmocpeacTBeHHOW OJIM3OCTH OT [JAHHOTO 3apsaa
e mpeobiaJaloT, OYEBHAHO, 3apsAbl MPOTHBOMOJIOKHOrO 3Haka. EcnM Ha HekoTopoM
DACCTOSHHM r OT 3TOTO 3apsfia KOHIEHTDAIMs MOJIOKHTENbHBIX 3apsAdoB n', a or-
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PHUATENBHBIX 3apAfoB n~, TO TIOTHOCTH 3apaia B 3TOM Mecte p(r)=e(n’ —n").
IMoTeHuMan mons, CO3JABAEMOTO BCEMH 3apsiamu (B TOM 4YHCIE M 3apsaioM e),
onpefensercs ypaBHenuem [lyaccoa A¢(r)= —4np(r).

3apsokEHHBIE YACTHIB!I HAXOMATCS B 3TOM, HMH CO3[aBAEMOM (CaMOCOITIaCOBAHHOM)
none KouuenTpauus ux n* M n~ B J[JAHHOM MeCTe oOmpenensercs (opmynoi
BonbiMaHa [nogo6Ho 6GapoMeTpuueckoil ¢GopMyiie IS IUIOTHOCTH YacCTHI B TOJi€
TSXKECTH Ha BbicoTe Z: n(Z)=nge ™21

nt (r)=nee T u n= (r)=nyes*T),

rae T—TepMomMHaMuueckas Temmeparypa; k=R/N—nocrosHdas bBosbsuMana;
no=N/V —cpeiHss KOHUEHTPALMA 3aPSDKEHHBIX YaCTHI OJHOro 3Haka. Takum obpasoM,

p=eny [e™ T _ee0/T)] Y20 =4men, [eAT) —¢ 0TV,

B cnyuae paspexeHHOH IUIa3MBl CpENHsSs JJEKTPHYECKas SHEPrus 3apsja eQ
Maja N0 CPABHEHHIO C SHEPTHEHl €ro TEmIoBOro mBWxenus °[, kT, mosromy e®*T)=

=1+e¢/(kT) u A*@=x2¢, rae »*>=8ne’ny/(kT). ,

Beiencreue cepuueckoit cumMmeTpud mons Vie=- 37 (r¢). Torma 7 (ro)=
r
=%2(r¢), oTKyda
ro=Ce > +C,e* u o(r)=(C,fr)e ™ +(C,jr)e".

Moctosunas C,=0, Tak Kak B NPOTHBHOM Ciiy4ae MOJY4YHICH ObI OeCKOHEUHO
GoNBIION TMOTEHUMa)! BAAIH (r—00) OT MAHHOTO 3apsia, 4YTO HE HMMEET CMBICHA.
Takum obpasom,

@ (r)=(Cyfr)e™™". )

IoTeHunan moys, CO3JaBAaeMOrOo BCEMH 3apsAdaMH, KpOMe [aHHOro 3apsiaa
€ B TOYKEC Ha pPaCCTOSSHHH r OT HEro, O4Y€BUOHO, paBEH

@, (r)=(Cyfr)e™ " —e]r,

a B MeCTe HaXOXIeHHs camoro 3apsga (r=0)
1 1 1 C,—e
+— lim - % _o)=lim - — - 2_ .. —e |=lim 21 ——
(0} —}1_{% p (C,e e) rh_rg p [Cl Clur—f—2 Cy(ur) — .. e] 'll_r}(l) . Cn.

Jina Toro urtoOBl 3Ta BeJMYMHA OBUIA KOHEYHOH, HEOOXOOMMO TMOJNOXHTh
C,=e, TOTAA

ot=—ex u @ =ex, (p(r)=§e'”’ 74 (pi(r)=§ (e™* —1).

Y3 popmyasr (1) ans ¢ (r) BHOHO, YTO MOTEHUMAN TOJIS OKOJNO 3apsda e B IUla3Me
yOBIBAET MO IKCTOHEHTe. OJTHM IUIa3Ma NPUHUMMHAJIBHO OTIHYAETCS OT JHIJIEKT-
pHYeckoil OJHOPOAHOM Cpelbl, B KOTOPOH MOTEHUMAJI MOJS OT BHEIUHEro 3apsaja Ha
JI0OOM pacCTOSHHH OT HEro yMEHBILAeTCSs B € pa3 MO CPAaBHEHHIO C TMOTEHLHAJIOM
nojisi B BaKyyMme.

3ameTHM, YTO MOTEHLHAJ @ (r) CO3JAeTCsA 3apsoM e M BCeMH APYTHMH 3apsiaMH
TUIa3MBI; €ro HeNb3s pPACCMATPHBATh KaK MOTEHLUMAJd NapHOrO B3aUMOAEHCTBHS
9KpaHHPOBAHHBIX YaCTHLL.

Benuuuna d=1/x=./kTV/(8ne’N) xapakTepu3yeT GBICTPOTY yMEHBILEHHs MOTEH-
MaJia MoJsA B IUIAa3Me C YBEJIMYEHHEM pACCTOSHHS OT JaHHOTO 3apsja e, T.e€.
riayOHHY TNPOHHUKHOBEHHS BHEILHETO 3JEKTPHYECKOTO MOJIS B TUIa3My, H Ha3biBaerTcs
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debaesckum paduycom. Bosiee ObICTpOE, YeM KYJIOHOBCKOE, CMAJIeHHE 3TOTO MOTEHIHaNa
obycnoBneHo 06pa3oBaHHEM BOKDYT NAHHOTO 3apsAa OOjaKa YacCTHL NMPOTHUBOMOJIOK-
HOro 3Haka. TakuM o6pa3om,

U,='/,Ne(¢* —¢@ )= —Ne*n=—e*N/d= — Ne? ./8ne’N/(kTV),
U=Cy, T—Ne? . /8ne’N/(kTV).

B To BpemMs KaK BHYTpeHHsis 3Heprus U,, HIealnbHOro rasa He 3aBHCHT OT
obbema, sHeprus U, oOpaTHO mNpONMOPUHOHAJIBHA ﬁ U TpPH BECHMA CHIbHOM
paspexeHud wiasMmel (V—oo) U,—0 BCIEACTBHE CTpEMJIEHHS K HYJIIO B3aHMOJCHCTBHS
MEXAy YaCTHLAMH.

10.26. ITyctse B 06veMe V npu TemmepaTtype T H3JIyueHHE HAXONUTCH B PAaBHOBECHH
C HAcIBHBIM ra3oM u3 N anekTpoHOB. Ilpu paBHOBecHH ABYX (a3 OAHOI H To#
K€ OOBEKTHBHOH DEaJIbHOCTH XHMHYECKHH MOTEHUMA] W’ IEKTPOHHOrO rasa paBeH
XHMMYECKOMY NOTEeHIMany p’=0 H3JIyueHHS H, CJeJOBaTelIbHO,

W=u-Ts+pv'=0, @

YI€ u, S, V—COOTBCTCTBEHHO OJHEPIHA, OSHTPONHS M OOBEM Ha OMMH IJIEKTPOH
ri£3a, MpAYEM

w'=mc>+3/,kT ?)

(mc? —3Heprus NOKOSHIErOCs MEKTPOHA, 3/, kT—ero cpeaHss KMHETHYECKAS JHEPrus);

QrmkT)2 VeS2

"=kl ,
s n 7

3
pv'=kT, “
nockoiabky pV=RT. [logcraBnsas BeipaxeHus (2), (3). (4) B (1), uosnywaem mias
KOHIIEHTPAIMA JJIEKTPOHOB, HAXOMSINUXCA B DPABHOBECHMH C YEPHBIM U3IYYEHHEM,
”_N_(2nka)3’2
N2
TMoacrasnss B 3ty  dopmyary m=9-10"2%r, k=1,38-10"2% Ix/K,
h=6,624-1073* JIx -c, HalimeM, 9ro B eqMHHUE 00bEMa H3TY4CHHS MOXET HOSBATHLCS
OfHA Tapa I3ICKTPOH —NO3WTPOH (n=1) NpH TeMnepaType HW3IydeHHS NPHMEDHO

108 K (3Be3gmas Temmepatypa).
11.1. Cpoboanas 3HEPIMA INOBEPXHOCTH

e —mc)(kT ), (5)

F;=0Z,
€€ 3ATpOIms
5o B 500
Uoer  Tdr

Tax kxax mpH paBHEOBECHOM aauabaTHOM mpolecce 3HTPONHS He MeHAeTcd, TO
H3MEHEHHE TEMIEPATYphl NpH agAabaTHOM pACIUADCHMM IUICHKH ONpEIE/seTcs U3
ypaBHECHHA

Yy g-;: const.

KonndyecTBO TEMWIOTH, MOFIOMIAEMOE MNEHKON NPH PaBHOBECHOM H30TEPMHYECKOM
npouecce, KOrga IUIONIANL e¢ YBEJMYHBACTCH OT L, A0 X,,
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d
Q=T[S:(T, )= $e(T, )] = T 3. (,-E,).

11.2. TToBepXHOCTHOE HATSXKCHHE, H3MEHSS YCIOBHE MEXAHHYECKOTO PaBHOBECHS,
NPHBOAMT K TOMY, 4YTO JAaBJ€HHE TMapa, HaxXONSUIErocsi B DPaBHOBECHH C KarUleH,
T. €. JaBjeHHe HACBIUIEHHOTO mapa Karuld, 3aBHCHT OT ee pasMmepa. Haiimem sty
3aBHCHUMOCTbD.

ITycte uMeeTcs Kamis >KMAKOCTH (mepBast (asa) paiauyca r, HaxoAsIIasCs
B paBHOBECHH C ee mapoM (BTopas ¢asa). Ilpu pasHOBecHH

pi (P> T)=pz(p2, 7).
Ilpu niockoif MOBEPXHOCTH

u'l (p: T)=P«2 (p9 T)'
BcnencTeHe Maliod CKMMAeMOCTH >XHOKOCTH MOXEM HaINHCATh
0uy 20
w21, T)—py (p, T)=(P1-P)_a—=v1 —_- o
p r
Cynurasts mnap HAOCaJbHHIM Ta30oM M 3Has XHMHYECKHH TMOTEHIMAJ TaKoro

rasa, Haxoaum

H2 (P2, T)—p2(p, T)=kTn(p,/p). )

Tak xax nesble 4acTH ypaBHeHH#H (1) W (2) paBHBl, TO, NMPUPAaBHUBAs MpPaBbIC
4acTH, MOJy4aeM

pz=pe2vlo’/(rkT).

W3 stoit dopmyinsl BUAHO, YTO JaBiieHHEe HACBHIIEHHOIO Mapa MaJbIX Kamelb
Gonbile YeM OOJBLIUX.

TToaTOMy CHCTeMa M3 Kamejib pa3jMYHbIX Pa3MepoB OyAeT HAXOAUTHCHA B COCTOSHHH
HEYCTOHYHBOrO PaBHOBECHS: Malible Karuid OyAyT MCHapsAThCs, OOoMbLIME — PacTH.

11.3. Eciu xaminu B mape mMpHOOPETAIOT JIEKTPHYECKHH 3apsii, TO OHH HAa4YMHAIOT
pacT, Oaxe Oyayid OYEHb MaJIBIMH, M HE TOJBKO B MEPECHILEHHOM TNape, HO
W B Mmape, He [AOCTUTIIEM HachilleHHs. JleHCTBUTENBbHO, NYCTh KAl pajamyca
r MpHOOpETAaeT HOH C 3apAJOM e M PaJUuyCoM a; MPH PaBHOBECHH HOH COCPENOTOYMBA-
ercs B HeHTpe Kamid. Eciu Takas kamwis HayMHAaeT DacTd, TO 3TO MNPHBOIHUT
K yMeHbllicHHIO 3HeprHH I'm66ca cucrembl. B camom gene, aHaynorumiHo Qopmyse
(11.14), BbipaxeHue s AG npu 00pa3oBaHHM BOKPYr HMOHA KalUld XHIKOCTH

AG=47r%/(3v;) (1y —py) +4m0r2 + AG,,

rie AG,—wu3meHeHue o3Heprum ['u6G6ca onekTpudeckoro mojs mnpd 0Opa3OBaAHHH
3apsOKEHHOM KamiM (1, — XMMHYECKHH TOTEHUMANl Kaljid), PaBHOE Pa3sHOCTH MEXIY
9HEepruedl MoJjs, CO34aBa€MOr0 HOHOM, HAXOASLIMMCH B IEHTPE Kaluld, H SHEpPrHel
moJjisi CBOOOAHOTO HOHA:

g
AG,=—
¢ 8n

a

1 1
E}dV+§;JEZdV—5JEZdV=% E3dV—

a

1 e (dr e (dr ¢? 1\ e*/1
e |Eav= | S T () (2o
SuJ strz ZJ‘r2 2r< s>+2a<s >
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(E, —HampsokeHHOCTb TOJIA B Karie; E— HanpsokeHHOCTh TOJISl BHE KamjiH; € —
JIHUJIEKTPHYECKash MPOHUIIAEMOCTh Karuid). Takum obpasowm,

anr 20 1\(1 1
AG=""" (uz—p,)+41tor2+%(l——)(———) (0))

3v, eJ\r a

TMocnenuuit wieH B ¢Qopmyine (1) oTpumareieH, mMpUYeM MO MOAYJIIO OH TEM
Gonblue, YyeM Oonblie kamis (Bropas ¢asa). CiemoBaTenbHO, C POCTOM Kard 3a
CYET 3JIEKTPHYECKOro 3apsfa AG yMEHbHIAETCA M €CIM NMpPH OTCYTCTBUH 3apsiia NpH
M, >4, Kamis JioObiX pa3sMepoB BCerja HCMapsiaach, TO Temeph Aaxe Majas Karmjis
NpH p,>p, TPH CBOEM pOCTE MOXET NPHBOJHTL K YMEHbIICHHIO AG H, TakuM
0o6pa3oM, pacTH, Bbi3biBasi KOHIEHCALHIO.

310 TeM Oonee OyneT MPOMCXOOHTH B CIA0O MEPECHILIEHHOM Nape, KOra i, <fiy.
Takoe cocrosHMe mNapa co3gaeTcs B Kamepe BuibcoHa, W 3ddekT ero ycuieHHOH
KOHJ/ICHCAIlAM HCTOJIb3yeTcss Ui OOHapyXeHHS TpPEKOB OBICTPbIX HOHH3UPYIOLIHX
YaCTHL: MNOAG/AEHUE UOHO8 HA Nymu CAe008aHUA UYACMUYbL GbI3bIBAEM KOIOEHCAYulo
nepechlyeHH020 napa HA HUX, 4Mo OeAaem 6UOHbIM CAe0 YACHUuYbl.

Jns oOHapyxeHHS 3JIEMEHTapHbIX 4YacCTHI BBLICOKMX 3Hepruii kamepa BuiibcoHa
He SBJISETCH YAOBJIETBOPUTENBHBIM TPEKOBBIM MPHUOOPOM BCIIEACTBHE CIHMILIKOM MaJoH
TOPMO3HO#H crmocobHocTH pabouero BeuiectBa (mapa). IlosToMy B ciydae YacTHL
BBICOKHX 3Hepruil ynorpebisiercss CKOHCTpyHpoBaHHast B 1952 r. ny3wipvkosas kamepa,
npencrasisonas coboil cocyl, HamoJHEHHbIH Kako#H-THOO Npo3payHOH meperpeToi
XHOKOCThIO. VIOHM3MpylOIasi 4YaCTHIA, MPOXOIs uYepe3 KaMepy, BBI3bIBAET DE3KOE
BCKHMAHHE XHIKOCTH B Y3KOM o6iacTd BHONB BCero cijefa, M TakuM obpa3oM ee
NyTb OTMEYAaeTCsl HEMOYKOH mMy3bpbKOB mapa.

11.4. OOBIMHO MPUHUMAETCS, YTO NMOBEPXHOCTHOE HATSXKEHHE CTPEMHTCS YMEHBLIUTH
noBepxHOCTb. CyuieCTBYIOT JIH HATSDKEHHS TPOTHBOMOJIOKHOTO 3HAKa, KOTOpBIE
CTPEMIIHCh ObI YBEJIMMMTH TMOBEPXHOCTh? Takue NEHCTBHS U3BECTHbI Ha CaMOM Jelie
H OOHApPYXHBAIOTCS TNPH SBJICHHASAX B3aUMHOIO DPAacCTBOPEHHS XUAKOCTEH.

BHayajie Ha MOBEPXHOCTH COTMPHUKOCHOBEHHS JABYX HECMELUHBAIOLIMXCH >XHAKOCTEH,
TaKHX, Kak BoAa U (eHON TNpH HEBBHICOKHX TEMMEpPATypax, BO3HHKAeT OObIMHOE
MOBEPXHOCTHOE HATSXEHHE, CTPEMsILIeeCss YMEHBIUHTh MOBEPXHOCTb XHAkocTH. C mo-
BBILIEHHEM TEMIMEPATypbl 3TO HaTsbkeHHe (B TO BpeMs Kak >KHAKOCTH Bce Oouee
H Goyiee pacCTBOPSIOTCS APYr B ApYre) CTAaHOBUTCS BCE MEHbILE M HAaKOHEL HeNaeTcs
paBHbIM Hymro. OOHOBpeMEHHO 00€ >KMAKOCTH DPacTBOPSIOTCS ApPYr B ApYre NpH
mobeix KojmuecTBax. M3 3TOr0 MOXHO 3aKJIIOYHTB, YTO MEXAY KHIKOCTAMH,
PacTBOPHMBIMH TIPH JIIOOBIX KOJIMYECTBAX, YCTAHABJIMBACTCH MOBEPXHOCTHOE HATSHKEHHE
NPOTHBOMOJIOXKHOTO 3Haka. ECIM MX NpPHBECTH B COMPHKOCHOBEHHE, TO HX oOmas
MOBEPXHOCTh CTPEMHTCS NMPHHATh HauboJjbllee 3HAUYEHHE, a 3TO TNMPOHCXOIMT, KOrja
00e XHAKOCTH MOJHOCTBIO CMEIUUBAIOTCA APYr C ApyroM. Takum obpa3oM, siBIeHHE
PacTBOPEHHsl CBA3BIBAETCH C SBJICHHAMH IOBEPXHOCTHOIO HATSXKEHHS.

12.1. Mo ypasuenuto Kianeiipona — Knay3uyca,

dT T(V,—V,)

rae V,—MonspHeiii o6keM mapa; ¥V, —MonspHeiii 00beM XHAKOCTH. Bpanu or
KpUTHYECKOH ToukH V,>>V,. Tlomaras, 4To HachillleHHbiE TNapbl YIOBJIETBOPSIOT

d A
ypasHenuto Kianmeiipona —MeHpeneesa, ypaBHeHHe (1) npHHMMAaeT BHI d_l;“ =R—]’iz,
OTKyAa

Inp=—XA/(RT)+i u p=const-e ¥&T)

e i— XuMuueckasa NOCMOAHHAA.
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12.2. U3 ypasuenus Kianeiipona — Kinaysuyca
dp
}L=Td—7—" V2=V1)

rae V, u V,—MonsapHble 06beMbl TBEPAOTO Tela M €ro mapa COOTBETCTBEHHO. Tak
Kak V,>V,, To, NpUMEHAs K napy 3aKOH COCTOSHHMS H/JCAJIBHOTO rasa, MOJIyYHM

12.3. Ompenenurs JlaBJICHHE, noj KOTOPBIM KHIHT BOJA npu
T=95°C+273° C=368 K, 3TO 3HA4YWT HAWTH [aBJiCHHE HACBLILEHHOTO Mapa TMpH
sToit Temmeparype. Cornacio 3amaue 12.1, p=Ce ™RT) [Ipu T=373 K nasnenne
napa p,=Ce MRT1)=1033,6 ['Mla, oTkyna

A A1 1
C=piexp| g | B p=psexp| —p | 7= 7 ) |=
1 1

539-18( 1 1
= 1033,6 exp[——z—— <§6—8—§7—3>] =745,9 rla.

12.4. CBa3b MexIy TeIIOTOH IUIaBJIEHHS Ay3, TEIUIOTON HCMApPEHHs XHUIKOCTH
Ai2; M TemwnoToH cybmMMamuM A;3; HEMOCPEACTBEHHO CJEAyeT H3 TOro, 4To NpH
KPYrOBOM H30TEPMHYECKOM Mpolecce paboTa, a ClieqoBaTeIbHO, H KOJIHYECTBO TEIUIOThI
paBHBI HYJIIO:

7\.23+;\'1+)\131 =0,

OTKyIa Aj3=2Az3+A;;.

12.5. Ins onpeneNicHUss 3aBHCHUMOCTH TeMIOThI (pa3oBoro mnepexoga OT TeM-
nepatyps! mpousBoAHyro dA/dT Halo BBLIYMCIATH BIOJIb KPUBOH (pa3oBOro paBHOBECHS
p=p(T). Tlosromy

dn_(any () dp () (A) %
dr \oT ), \op JrdT \oT ), \op Jr (v'=V')T

Terora nepexoma BemiecTBa u3 mnepBodt ¢assl Bo BTOpylo A=TAS=T(S"-S')
win A=H"—H', mocKkoibKy (pa30Bblii MNEPEXod SBISETCH H30TEPMHO-H300apHBIM
nponeccoM. Toraa

oA 0 " 1N ’
(ﬁ)p;—ﬁ(}{ —H')=C};-C),

oA 0 0
—_— - H//_H/ =T_ S//_S/ V/I_V/=VIV_VI_T VII II_VI !
(ap>T ap( ) ap( )rt Vo o),

Tak Kak (0S/0p)r=—(0V/0T),= — Vo (0 —KOo>pYHIMEHT TEMIOBOro PpaCIIHPEHHUs).
Takum obpazom,

dr A AV V')
-4 = "7
dT p C P+ T V/r _ V/

B cayuae mapoobpa3oBaHHs WIH CyOiIHMAiuH, KOTAa BTOPYIO a3y MOXHO MNPHHATH
3a upeanpHelit raz (V'>V', a"=1/T),
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da

57= C,—Ch

12.6. TemnyioeMKOCTb CHCTEMBI
_ 8Q _ ds
Tdr AT

Huns onpenenenuss temoeMkocTH C” HachIUIEHHOro mapa mnpousBofHyio dS”/dT
HaJlO BBIYHCIATH BJOJIb KPHBOW paBHOBeCHS XUAKOCTb—mnap p=p(T) (YTO COOTBET-
CTBYET MpOLIECCY HArpeBaHMs, NMPH KOTOPOM Map BCE BPEMS OCTAETCH HACBILICHHBIM):

ds” (88" . as"\ dp
dr "\ a1 ), \op JrdT

Monb3ysice ypaBHeHuem Kuameiipona —Knay3uyca u paseHcTBOM (0S”/0p)r=
=—(8V"[0T),= — V"a" (0" —xo3)uIMEnT TenjoBOro pacIMPeHWs napa), Ajs Ten-
JIOEMKOCTH HAaCBHIIIEHHOTO Mapa TMoJiy4aeM

Clr = CZ_XVUQH/(VVI_ Vr ).

Bpanu ot kpuTHuecko TodkH V'>V’, cuumTas map MOCAILHBIM TIa3oM
(¢"=1/T), Haxomum

C'=Cy—MT.

dr A
Ho C;—C,=~dA/dT (cM. 3apady 12.5), moaTomy C"=C;+ﬁ—?. B 3aBucuMocTH

OT YCJIOBHH C"%O. [ns BoIbl, Hampumep,

Cp=4,23-10° Ix/(xr -K), L=2,26-10° Ix/xr,

di ,
7= —2:6810° Jlx/(xr ' K),

MO3TOMY  TEIUIOEMKOCTb  HACBILIEHHOro BoAsHoro mnapa mnpu 100° C pasHa
C"=4,48-10° Ix/(xr - K). Boobme, ¢ ysenuueHHeM TemmepaTypsl C” yBEJIHYMBAETCS
npu 489,43° C nmpoxomuTr uepe3 Hynb, NpH eme Oojiee BBICOKOH TeMmepatype
CTaHOBHTCS TOJIOXHTEJILHOM.

Ilpu C”"<(0 TemmepaTypa HACBIIIEHHOTO BOASHOTO Mapa yBEJIMYUBAETCS, KOria
y CHCTeMbI OTHHMaeTcs Temiora. [ToaroMy ecnu cxuMaTh aanabaTHO HACHILECHHbIH
soasHoM map npu 100° C, TO mpH 3TOM MNOBBILIEHHE TeMMNepaTypsl OyAeT HACTOJIBKO
GONBIIAM, YTO [JaHHbI# Nap CTAHOBHTCA HEHACHILEHHbIM H HE KOHIEHCHPYETCH.
Hao6opot, anuabaTHOe pacCIUMpEHHE BbI3bIBAET KOHJCHCAIHIO, 4YTO HCMOJb3YyeTCs
B kKamepe BuibcoHa mnpu HabmroneHuH mnpobera HOHH3MPYIOIIHX 4YacTHL. Beile
489,43° C mnoseJeHHe BOASHOTO Mapa CTAHOBHTCH OOpAaTHBIM, a MPH 3TOH TeMneparype
OH OCTaeTCsi HAChIUIEHHBIM Kak TPH CXAaTHH, TaK M MpPH PacHIMPEHHH.

12.7. Tlo ycnosuo, C,=oT, C,=BT>. Ho C=T(3S/dT), nostomy S,=aT,
S,=!/;BT>. Tlpu kputuueckoit Temmepatype S,=S, ((a3ossii nepexoa BTOPOro
pona). CnenosatensHo, oT,,='/38T3, u C,=3C,.

12.8. IIpeacrapieHHe O TOM, UTO CBEPXMPOBOJHHKH —3TO MPOCTO HJCaJIbHbIE
NPOBOJHHKH, TPHBOAMT K 3aTPYOHEHHIO TEPMOJHHAMMYECKOIO XapakTrepa M NpPOTH-
BOPEYMT TEPMOJAMHAMHKE CBEPXNMPOBOAHHMKOB, T. €. MX ACHCTBHTENILHOMY TMOBEICHHIO
B MarHMTHOM TioJie. B caMoM Jiefie, COrjacHO OAHOMY M3 ypaBHEHHH 3JIeKTPOJMHAMHKH

10 1
totE= 2 a mo 3akoHy Oma, E=—j. Korma osnekTpHueckoe COMpPOTHBIICHHE
c G
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CTPEMHTCS K HYJIIO, G CTPEMHUTCS K GECKOHEYHOCTH H HaNpsHKEHHOCTh E 3JIeKTPHYECKOro
noJis CTpeMHTCs Kk Hymto. IToaToMy B npenesne HyieBoro comportusiieHus 0B/dt=0,
T. €. MarHATHas MHAYKOUS B=const. OTcioaa cielyer, 4TO €CIIM MPOBOAHHK HAXOMMTCS
B MarHMUTHOM TOJIE JO TOro, Kak ObUI OXJaXAEH HWKE TeMMepaTypbl Mepexonaa, TO
uHaykuus B OydeT coXpaHATh CBOe NEpPBOHAYalbHOE 3HaueHHWe. EciM ke MpOBOAHHK
OBl CHavaJla OXJIaX/JIEH HHXE TEMIEPaTyphl MEPEXoja, a 3aT€M MOMELIEH B MarHUTHOE
noyie, TO B HeM No-npexHemy B pasHo Hymo. TakuM o6pa3oM, KOHEYHOE COCTOSIHHE
3aBUCHT OT TOTO, KaKHM IIyTEM 3TO COCTOsHHE ObLIO AOCTUTHYTO. MIHBIMH clioBamH,
BHYTPEHHEE COCTOSIHHE OTNpeNeNseTcs He TOJNbKO BHEIUHWMH 3HauewusmMu H u T, HO
Takxe H Hcropueidl obpasma. CocTosiHHe OGECKOHEYHOH NPOBOAHMMOCTH HE SIBJISETCA
MO3TOMY COCTOSIHHEM TEIUIOBOTO DPAaBHOBECHS, TaK KaK ONHH M Te€ X€ BHEUIHHE
YCJIOBHSL HE NPHUBOAAT OJHO3HAYHO K OJAHOMY M TOMY € BHYTPEHHEMY COCTOSHHIO.
DTO0 TepMOJHMHAMHYECKOE 3aTPyIHEHHE yKa3bIBa€T Ha TO, YTO CBEPXMPOBOJHMOCTb —
HeyTo Goubliiee, YeM MPOCTO COCTOSIHME OECKOHEYHOH MPOBOJMMOCTH: CBEPXMPOBOAHMK
H MeTa)ul ¢ GECKOHEYHON NPOBOAMMOCTBIO OTJIHYAIOTCH APYr OT Apyra. OKOHYaTebHO
3T0 OBUTO 3KCTEPHMEHTAJIbLHO YCTaHOBJICHO B 1933 r. Meiicnepom, KOTOpbIA Hammeln,
YTO Kak TOJIbKO MeTall OXJIaX[aeTcs HHXKe TEMIepaTypsl Mepexoa, MoJie W3 Hero
BeiTayikuBaercs 1 B=0. Takam oGpa3oM, B ceepxnpoBomuuke B Bcerma paBHa Hymo
HE3aBUCHMO OT HCTODHH BHECEHMs INPOBOJHHKA B MAarHHTHOE TMOJIE.

12.9. Ilpu pacCMOTPEHHH TEPMOJMHAMHMKH CBEPXMPOBOAALIECIO Iepexoma He y4u-
TBIBAJIUC H3MEHEHHMsT OoObeMa IpH 3TOM TNepexoje, a TakkKe 3aBHCHMOCTb H, OT
NaBjieHAs. Yu4TeM 3TH H3MEHEHHS W HalJeM BbIpaxeHHs [UIA CKaykoB Aa H Ae.

Jns xBa3nOECKOHEYHOro CBEPXMPOBOAALIErO LMIHHIApPAa oO0veMOM F, B mapai-
JieIbHOM MarHuTHoM noste H, cormacHo ¢opmyne (12.17), umeem

G,(H, T)=G,(0, T)=V,H?/(8n),

oTKyla, nudpdepeHuupys no p npu uocrosHHeix T u H, noaydaem

8n \ op
JOubdepeHuupoBaHne 1O p NPH NOCTOSHHOM T OCHOBHOTO YpaBHECHMS
G,(H, T)=G,(0, T)+V,HZ/(8m)

TEPMOAAHAMHUKHA CBCPXIPOBOJHHKOB O2ACT

2
V,(H, T)—V,(0, )= (a V‘) . )
T

HZ? (V. V.H, (0H
VaH,, T)=V,0, T)= — ) +——\==]- 2
8n\dp Jr 4n \ ép )1
Boruras Boipaxenue (1) u3 (2), nmony4aeM H3MeHeHHe oObema IpH Tiepexofe:
V.H_ (0H
V.(H, T)-V,(H, T)=—— < ). 3
W(H, T)=V,(H, )=+ (ap)T ®

TIponsBoanbie oT obGenx wacter QopMmynst (3) mo T U p NAFOT BLIPAKCHHA VIS
TNPOMCXOAMIAX TNpH mepexole H3MeHeHud KkoddduumeHATa TEMIOBOrOo pacumMpeHus
a u Mmoayas ympyroctd K. [lpu T=T_, m H.=0 mnonydaem:

_ 1 0H, 0H, K _Kf 0H_\?
T4n 3T dp’ " T am\dp )
12.10. Ins marsermka B moyie H

dG=-SdT—-JdH.

0 — 0ty
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IMoncrasnss croma Ais cBepxnpoBomaHHka M = — H/(4m) U MHTErpupys, MojiyyaeMm
G,(H)=G,(0)+1/(8n) H>.

Bnoib KpPlBOﬁ KPHUTHYECKOIO MOJIA, TA€ ©# K § HAXOAATCA B pABHOBECHH, YIACJIbHBIC
TCPMOAUHAMHYCCKHC TMOTCHIHAJIbI B 000HX COCTOSIHHSX OJHWHAKOBBI, TMO3TOMY

1

H_dH,
S,—S.= 1
"0 T am dT ®
rae S, GepeTcs MpW OTCYTCTBHH TONs. Pa3HOCTH TertoeMkocTed
TH, dzH T (dH_\?
AC=C,—C,= T S,—S,)= < 2
& S=0 T 41t(dT> @

IMpu T=T, HampspkeHHOCTb KpHTH4Yeckoro moys H =0, u u3 ypaBHeHus (1)

nonyyaeM S,=S,, a u3 (2)
T (dH,\?
AC=— <.
¢ 41t(dT)

Mpu H (T)=H, [1-(T/T.)?] nony4aem:

H3T T\? H3T T\?
$,—8,= 1-|— = 1-3(=) |
moT 21:73,[ (T) ] GG 2nT? T,

12.11. B xputHyeckoil TOUKe
(@p/oV)r=0, (D) (@*ploV?*)r =0, @
@3p/oV3)y <.

W3 nByx He3aBHCHMBIX ypaBHeHH# (1) H (2) 0mHO3HAYHO OMpPENEAIOTCS KPUTHYECKHE
napamerpel V., u T,,. [IBa ypasHenus f(T,V)=0 u o(7T, V)=0 ssusorcs
He3aBHCHMbIMH, ecii 0 (f, ©)/0 (T, V)#0.

B npoTHBHOM cilyyae OJHO M3 ABYX YpaBHEHHH eCTb CJIEACTBHE OPYroro H OHH
HMEIOT GECKOHEYHOE MHOXECTBO PELICHHIA.

B pamnom cnyuae f=(0p/oV)r=0, ¢@=(3%p/0V?);=0, mo3TOMy H3 YCIOBHS
HE3aBHCHMOCTH ypaBHeHudt (1) u (2)

d(dpjov, o2 /6V2) o (0% £0
oW, T) “ovar\ov® )r
HaXO[MM, YTO B KDHTHYeCKO# Touke 93p/dVOT#0.
12.12. Koaddumment dxoyins— TomcoHa
_T@V/)eT),—V
B C

14

)

B Kpl/lTl/l‘leCKOﬁ TOYKEC CTAHOBHTCHA HEONPEOCIICHHBLIM, NMOCKOJIBKY B 3TOH TOUKe Cp=00
U omnpeaeiseMass U3 HU3BECTHOIO TEPMOAHHAMHMYECKOrO TOXIACCTBA MpPOU3BOAHAA

(a V) __@pfT),

3T )= " (GploV)s @
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Takke paBHa oo. [lostomy BHauane npeo6Gpasyem Bbipaxenue (1). Jns artoro,
ucrnoyib3ys Gopmyny (2), mpuBeleM UYHCIHTENbL W 3HAMeHATeNb BhipaxeHds (1) Kk BHOY

ov T@ploT), [, . V @ploV)r
) _y== 14—
T(ar>p V=""@nion), [ +T(ap/pmy]’

_ ap\ (3 __T@pRTI}[, _Cy (@ploV)y
C"'C”T(é?)V (ar),," (BpJoV)y [1 T (ap/ar)s]‘

IMoncraBnss atu BbipaxeHus B ¢dopmyay (1), monydaem

_[1a Y @levys] (a0, _Cy @oion)y T
W= T ey, |\oT ) T @oaT)? | °

OTKyJda B KpPlTPl‘leCKOﬁ TOYKE

1
~ (@p/aT),

Takum ob6paszoMm, kxoad¢umuent Jxoynsi—ToMcoHa B KPUTHYECKOH TOUKE
paBeH BeJHYHHE, OOpaTHON YIJIOBOMY KO3(GUIHEHTYy KpHBOH HaBlieHHS Kak (yHKIUH
TeMnepatypel B 3ToHf Touke. BemmuuHa (0p/0T), BONH3M KPHTHYECKOH TOUKH
noyTH He usMensercs, a (0V/Op)r pacxomutrcs ObicTpee, uYeM C,, KoTopasd,
MO TNOCJIETHHM 3KCMEPHMEHTAJIbHBIM MAAHHBIM, MEHSETCS MO CTENEHHOMY 3aKOHY
CVNIT_Txpl_u’ a=1/8‘

12.13. CxopocTb 3Byka B HH3KOYaCTOTHOM Tpelese

(B 58

rae M —wmonapHas Macca.

[To pesynpratam usmepenuit (0p/0V)s npubmukaercs k Hymo npu T-T,,.
[Mo3TOMy CKOpOCTb 3ByKa B KPHTHYECKOH TOYKE paBHa HYyJIO.

12.14. TToBeneHUe H3OTEPMHHYECKOH CKHMAEMOCTH %y B OKPECTHOCTH KPHTHYECKOMH
Toukd (mpu T>T,) ompenensiercs KPUTHYECKHM HHIEKCOM Y:

1 /ov (T—T,)
Up=———) ~(T— .
T V\dp)r .

i

av
BbIYHCIIMM TPOU3BOAHYIO (E—) s rasa Ban-mep-Baanbca npu V=V, u TS T,
p)T

RT a (ap ) RT 2
T

=y v \av T T —by v
Ve=3b, T=mr,
27Rb
ap RT RT, R
(<3T/>T=_ZL7+TM=_W(T_T")’

av
— ) ~(T—T,)""; cnemopatensHo, y=1.
op Jr
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13.1. BoimenuM B HEPaBHOMEPHO HarpeToM Tejie HekoTopeii oO0wem. Ilpm
JOMYIICHHH JIOKAJIbHOTO pPaBHOBECHS M OTCYTCTBHM TMOTOKa YaCTHI OCHOBHOE
ypaBHEHHE TE€PMOJMHAMHKH HeoOpaTHMBIX MPOLECCOB AJIS paccMaTpHUBaeMoro odnema
NpHHUMAET BHI

6Q dU
dr dt
Ecnu I—TUIOTHOCTH TOTOKA TEMJIOTHI, TO JHEprHs B [JAaHHOM O0OBEME MOXET
H3MEHATBCS TOJIBKO 32 CYET TMpPHTOKA TEIUIOTHI M3BHE 4Yepe3 MOBEPXHOCTh X,
OrpaHHYUBAIOUIYIO BBIICICHHbIH 00BEM, MO3ITOMY

= I,,dZ:—JdivIdV
de

3

dq
H KOJIMYECTBO TEIUIOTHI, COOOIIEHHOE 3JIeMEeHTY oObeMa, d—dV=—d1vldV, oTCrOJ1a
t

ds 1
— dV=—=divldV
dt T

H HM3MCHECHHE 3HTPONHH CHCTEMBI

ds 1 .
—=—| =divIdV,
de T

|4

ds . 1
—=—|divIdV+ | {1, grad — |dV=
dr T

| 4 14

_ _3§’? d}:-J[I, (1/T]grad TV,

WM

roe —1,dX=0q,—KOJIHMYECTBO TEIJIOTH,, KOTOpPoe B 1 C BXOOHUT B CHCTEMY uepe3
3JIEMEHT TMOBEPXHOCTH. YuuThiBas, 4rto I= —wugrad 7, nonyyaem

dS [oq, grad T'\?
—= dv. 1
dr § T +fu( T > ®

3nech mepBoe caraeMoe OMpedeisieT HM3MEHEHHe SHTPOMUH CHCTEMbI 3a CHeT
MpUTEKalolied B Hee TEIUIOTHL. ODTa BEJIMYMHA W CTOMT B NMpaBOd 4acTH HepaBEeHCTBA
Knay3uyca xkiaccuyeckoit TepMoauHamukH. Bropoe ciaraemoe mpencraBisier coGoit
HU3MEHEHHE JHTPONHM, BbI3BAHHOE HEOOPAaTUMOCTBIO Tpollecca TEILIONPOBOJHOCTH
BHYTDH BbifielIEHHOro o6beMa. Tak Kak 3TOT WiEH BcerJa MOJIOKHUTENCH, TO BhIpaKeHHE
(1), a takxe obwee BoipaxeHue (13.6) He mpoTHBOpeuuT HepaBeHCTBY Kiraysuyca.
13.2. Koraa mpu TemioBoM KOHTakKTe JBYX TeJl OJHO C Temmepatypoit T mojydaer
KOJIMYECTBO TEIJIOTHI Q, a Jpyroe Teno ¢ Temmepatypoit T+ AT oTHaer 3Ty TEMWIOTY,
TO CyMMapHoe HW3MeHeHue dHTporuH (mpu manoMm AT)
Q Q0 oAT
S=—=——"= >0.
T T+AT T?
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Ecnu 3a uHTepBan BpeMeHu d: npousouwien oO6MeH TemioToil B obneme V=F:Ax
(F—nuowajab CONPHKOCHOBEHHS TeJ), TO CKOPOCTh BO3SHHKHOBEHHS! SHTDONUH B €IH-
HHuIEe obbema

ld(AS)ISQlAT Il
g=—— =_——————— = — -_
v de F dt T? Ax T2
rae I,—cocTapsiomas no OCH X ILIOTHOCTh MOTOKa TemioTsy = —(1/72)grad, T—
COOTBETCTBYIOLIAS 3TOMY MOTOKY CHJIA.

B obmemM ciyyae TeriooOMeHa

grad, T=1 X,

1 3 12
o=——(, grad )=} L X;== ) Lix;
T i=1 TZ,

133. Ecniu B memum 3. 4. c. & mpoTeKaeT TOK CWIOH [, TO MO 3aKOHY
Hxoyns—JleHna B He#l BbIAEJISETCS B €JHHHIy BPEMEHH KOJIMYECTBO TemioThl O=§&1,
a B eaMHHie obbemMa KOHTypa (B oOwmieM ciiyyae ¥ He OJHOPOJHOrO) B EIMHHLY
BPEMEHH BbIIEJISETCH TEILIOTa

q=— (ja gfad (P),

rie j—IUIOTHOCTb TOKa; (@ —TMOTEHIHAJ 3JeKTpHyeckoro mnois. B cramuoHapHOM
COCTOSIHMH, KOTAQ TeMIepaTypa KOHTypa MOJAEPXHBACTCH MOCTOSHHOM, 3JIEKTpHYecKas
JHeprusi TOJHOCTBIO MEpeNaeTCs B BHIE TEIUIOTHI OKpyxkatoweit cpeme. [losTomy
CKOpPOCTb BO3HHKHOBEHHMS! 3HTPONMHH B KOHTYpE

§=Q/T=(1T)EI,
a MpPOM3BOJACTBO JHTPOMHH, T. €. CKOPOCTh €€ JIOKAJIbHOTO BO3HUKHOBEHHS,

g 1.
o=7=—70 grado).

14.1. TpencraBuMm cebe, 4TO B CMECH MOAJNCPKHBAETCA TEMMNEPATYpPHbIA IpaJHEHT,
BBI3bIBAIOIMH MONBJICHHE TpaJHeHTa KOHUEHTpauud. IIpeanonoxum Takxke, YTO CMeECh
COCTOMT M3 JByX koMmnoHeHTOB. ITycThb KOHHEHTpamus KOMMOHEHTA | YBEJIMYHBAETCH
y ropsiueii CTEHKH pe3epByapa, B KOTOPOM 3Ta CMeCh 3akiiroyeHa. JlobaBUM HeKoTOpoe
KOJIM4ECTBO BELIECTBA B XOJIOJHYIO 4aCTb pe3epByapa. TorJa rpaiMeHT KOHLEHTpPaUUH
noHwxkaercsi. ITo mpunimuny Jle Illatenbe, BO3HHKaeT NOTOK, KOTOPBI mepeMelnaeT
HEKOTOpOE KOJIMYECTBO BelecTBa / Kk ropsided cropoHe pesepByapa. Takum obpasom,
BO3MYILIEHHE KOMIMEHCHPYETCS 3THM MOTOKOM, Kak Toro Tpebyer mpunnun Jle IllaTense.

CpenHuii NOTOK DJHEPrHH B €JUHMIly BpPEMEHM Yepe3 eJHHHMLY T[UIOAAd
OTBEPCTHA NO OCH X

mv? kT
IL=|—v.dn(,)=nkT [—.
2 2nm
0

Kaxgas MoJieKyla NEPEHOCHT KHHETHYECKYIO SHEPTHIO
Yyomoi=1),mpi+t,mo2+t, mul.

CpenHee 3HaueHWe mv?2 /2 I7sl Tex MOJEKYJ, KOTOpBIE MPOXOMAT 4EPE3 OTBEPCTHE,
PaBHO OTHOIUCHHIO CPEIHET0 MOTOKA 3HEPTHH K CpefHeMYy INOTOKY MOJIEKYJI:

(mv2y2=1,/I,=kT.
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Orta BejqMYMHa B [Ba pa3a OoJibllie CpefHEd KMHETHYECKOW OHEPrHH Ha OJHY
creneHb cBoGonabl (k7/2), MOCKOJIBKY MOJIEKYJbI C OGOJIBIIMMH CKOPOCTSMH HMEIOT
GONbIIYI0 BEPOATHOCTb MPOHTH Yepe3 OTBEPCTHE, YEM MOJIEKYJIbI C MEHbIIHMH
CKOPOCTSIMH.

Cpennue 3Hauenns (mv?2/2> u ((mv?/2)) pasubi kT/2. [ToaToMy cpenHsis 3Heprus,
NEpeHOCHMAas TPOXOISALIMMH Yepe3 OTBEPCTHE MOJIEKYJIAaMH,

Yy mo,>=kT+),kT+1/, kT=2kT,
a CpeoHsas MOJIApHass J3HCPrus ImneEpeHoca
U*=2RT.

14.4. CornacHo mpunuuny ITpHroxuHa, Mo Mepe mepexoJa CHCTEMBI B CTALHOHAp-
HOE COCTOSIHHE TPOM3BOJACTBO OSHTPOTMHH YMEHBIUAETCS M, KOTJa CTAalmHOHAPHOE
COCTOSIHHE HOCTHUTHYTO, 3Ta BEJIMYMHA NMPHHUMAET HaMMEHblee 3HaueHHE, COBMECTHMOE
C BHEIIHHMH YycioBHsMH. Cama SHTPOMHS CHCTEMBI B 3TOM TMPOIECCE YCTAHOBJICHHS
CTalMOHAPHOTO COCTOSIHMSl TaKXke€ 4acTo YMeHbiuaercs. IlokaxeM 3To Ha mnpHMepe
¢ rasom Knyncena. IlycTh coeauHeHHble KamMUIApoM cocylabpl ¢ rasoM KHyacena
HMEIOT OJMHAKOBbI# OOBEM H B HA4YaJIbHOM COCTOSIHHH HMEIOT MO MOJIO rasa:

vi=vi=1, v+v'=2. )
PacnipefiesieHHe BEIECTBA B CTAIMOHADHOM COCTOSHHH OMNPENENSETCS ypaBHEHHEM

plp’ =TT,

VIIV'=/T|T' =/1+AT/T, )

nockosieky p'=v?RT/V u p”"=v"RT/V. A3 Broporo ypasHeHus (1) U ypasHeHus (2)
HaXOJUM:

HWIH

, _ 20+AT/D)” . 2
TTI+(1+ATITHV? T 1+ (1+AT/THV*
3HTp0rm$l v MoJei HOCAJIbHOTO Trasa

3 ], (38 vrm ¢
S-v[f(T)—Rln V:I " <6T>V_ 7 T

ITo3ToMy 3HTpPOMHS CHCTEMBI
S=v'[f(T)-RIn(@'[T)]+v"[f(T+AT)—RIn (v"/V)].

IIpuMmeHss 9TO ypaBHEHHE K Ha4uaJlbHOMY H CTAIMOHAPHOMY COCTOSIHHSIM M paszjaras
notoM f(T+AT) no creneHam AT/2T, mnosyyaeM

Sex—So=—"/16(4C,+ R)(AT/T)*<0.

3TO O3HAyaeT, YTO OHTPOMHS CHCTEMbl B CTAl[HOHADHOM COCTOSHHH MeEHbILE,
yeM B HavyalbHOM. To ke camoe HabGmogaercs npu TepMmoauddysuu. IMpoucxoasmee
NpM 3TOM pas3jieJiecHHe BEIECTB COOTBETCTBYET YMEHBIUEHHIO SHTPONHU TMO CPaBHEHHIO
¢ HavyaJbHBIM coCTOsHHeM. OJHAKO B HEKOTOPBIX APYTHX ClIy4asiX SHTPOMHS BO3PACTaeT.

15.1. Topsanok onpenensercs Kak NpaBHILHOCTL B PACMONOXECHHH 4ero-HuOyIb,
a xaoc—Kkak Gecnopsmok. ITo3TOMy KpHCTall Mbl Ha3bIBAEM YHOPAOOYEHHOU, A XUA-
KOCTb (M Tra3)—COOTBETCTBEHHO HeYnopAOOUeHHOU CUCMeMol uacmuy.

Ho, xak M3BECTHO, NMpPH TMOHHXEHHH TeMIeEpaTypbl KyOHueckas pelleTka KpHCTajuia
NEPEXOHUT B rekcaroHasbHyro. Kakas u3 aTux kpucrayumyeckux das Gonee ymopsaoueH-
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Ha —KyOu4Yeckass WK rekcaroHaipbHas? Bo3HHKaeT BOMPOC O Mepe YMOPSANOYEHHS
(M3MEHEHHs TMOopsAIKa).

Takoit Mepoil sBisieTCs HapylIEHHE CHMMETDHH CHCTEMbl. B paccMaTpuBaeMoM
cilyyae TMOJHMOP(HOro mpeBpailieHHs KpUCTaJula TNPH TNOHHXKEHHH TeMIEpaTyphbi
BO3MOXHA yTpata CHMMETDHH, TOCKOJIbKY KyOudeckas peileTka obiamaer Gosee
BBICOKOW CHMMeTpHE#. AHAJIOrHYHO, KPHUCTaJUl, BO3HHKAIOMMH TMOCNE OXJIaXICHHS
KHIKOCTH, MeHee cHMMeTpuyeH (Oosiee ynopsmodyeHHas CHCTeMa), HYeM HCXOOHAs
KHUIKOCTh; JXHAKOCTb MOCJE BO3HHKHOBEHHS B HeH KOHBEKIMOHHBIX TeYeHHH B 3ajaue
Benapa MeHee CHMMETpHYHA, 4Ye€M Ta XK€ TMOKOSAINANACA XHIKOCTb, (peppoMarHeTHK,
rie BCe MarHUTHbiE MOMEHTbI OTJEJIbHBIX aTOMOB OPHEHTHPOBaHbI B OJHOM Hampas-
JICHHH, MeHee CHMMETPHYEH TnapaMarHeTHKa cO CJy4aWHbIM HamnpaBJICHHEM 3THX
MoMeHTOB. M BOOOIlE, BO3HHKHOBEHHE JHOGOH NPOCTPAHCTBEHHOH WJIM BpEMEHHOH
CTPYKTYpbl HapylIaeT OJHOPOJHOCTb CpEAbl, T.€. CHMMETDHIO MO OTHOIICHHIO
K TPaHCJIAIMAM B TNpPOCTPAaHCTBE WIH BO BpeMeHH. IToaToMy TypOyneHTHoe TeyeHHe
KHIKOCTH, BO3HHKAIOLIEE TNMpPH CHJILHOX HEPAaBHOBECHOCTH M XapaKTepH3yeMoOe MOsB-
JICHHEM CIJIOXKHOH CTPYKTYpBl (CamMOOpraHmsamus), sBiseTcsi OoJiee YMOPATOYEHHBIM
(MeHee XaOTHYECKHM), 4€M JIAMHHADHOE Te4YeHHE.

BenuyuHa nMopsaka U €ro W3IMeHEHHs (YMOPSZOUYCHHS) XapaKTEPU3YETCH napamempom
nopsAoka, KOTOpbIA CBSA3aH C CHMMETpHEH CHCTEMBI. MeHee CUMMETPHYHBIE COCTOSHHS
6onee yCTOHYMBBI MO OTHOIIEHHIO K BHELIHUM BO3JEHCTBUSM.
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