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IIpeavicioBue Kk usganuio 1998 roaa

N3paTenbckuit 1oM «YOIMYPTCKUN YHUBEPCUTET) MPEANPUHAT IOBTOP-
Hoe uzganue RHUru Jupuro Pepmu «TepmoauHamuKay, BeilleanIel B mpe-
KPacHOM [epeBOfie ¢ aHTIUiicKoro usganufa B 1969 rogy B mM3gaTenbcTBe
XapbKOBCKOro YHUBepcUTeTa. JTO U3/IaHKe JaBHO cTano Gubanorpaduyec-
KONl peJKOCTbIO M MPAaKTUYECKU HEJOCTYNHO COBPEMEHHOMY YHTAaTello.
Bmecte ¢ TeM, OHO 6bLI0 HACTOJIBHON KHUTOI MHOTHX NMOKOJEHUI CTyIeH-
TOB M acMpaHTOB M NPUTATUBANO K cebe, Ipeiiaraf ecCTeCTBEHHBIN My Th
BBeJIeHHA B KJIAaCCUUYECKYIO TePMOJUHAMURY, IPUHAAJEKAIIN Nepy Belu-
Koro ¢usuxa XX Beka.

BeccnopHo, uTo Kypc TepMOJUHAMHUKHU COCTaBIfAET OCHOBY ecTec-
CTBEHHO-HAaY4HOro 00pa3oBaHUA U HaJ WU3JI0MKEHUEM €ro riaB TPyAUIUCH
MHOrHMe KpYINHble y4YeHble W Temaroru. Beina co3maHa oOmMpHaA MOHO-
rpapuueckad u yuebGHaa auTepatrypa. OgHaro, kHura J.®epmu He no-
TepAlach B 3TOM MOTOKe, MPUBIEKAET COUeTaHHEM MPOCTOThl U ITYOHHbI
M3/103K€HUA aKCHOMaTHUUECKO TEOPUU M HECOMHEHHO MOCITYMUT GopMuU-
poBaHUIO Hay4yHOro MupoBo33peHua uutareneil B XXI Bere. Heciyuaiino
npyroit Benukuil pusuk XX Beka AnbGepT IUHIITEHH yTBep:#aal, 4yTo
... TEpMOJMHAMMKA — 3TO €AUHCTBEHHAA HayKa, OTHOCUTEIbHO KOTOpPOi
A rIy6oKo yOeseH, YTO B JOCTOBEPHOCTH €€ OCHOBHbBIX MOJIOKEHUN OHA
HUKOra He Gy/eT OMpPOBEPrHYTA...».

BTopoe n3naHue KHUTK ocyllecTBIEeHO 0€3 KaRUX-ITUO0 U3MEHEHUH U
no0aBleHMiT TeKCTa, yCTPaHeHb] JUIIbL 3aMeUYeHHble OlleYaTKU.

[Ipodeccop B. A. Hypasies



IIpenucioBue aBTOpa

dTa KHUra HamucaHa Ha OCHOBe IIMKJAa JeRIUii, TpounTaHHbIX B Ko-
nym6uiickoM yuusepcutete Hbio-Hopka B neTHuii cemectp 1936 roza.

XotA oHa npejcTaBiadeT coboil aneMeHTapHBIN TpaKTaT, BCelelo Mo-
CBAIIEHHBIN YUCTOU TepMOAMHAMUKe, TeM He MeHee NpeAnoiaraeTca, 4YTo
YUTaTelb 3HAKOM C OCHOBHBIMU JAaHHbIMH 110 TEPMOMETPUU U KaJOPUMET-
pun. B oTenbHBIX MecTax KHUT'Y NpUBeJeHbl KpaTKUEe CChbUIKU HA CTaTHC-
THUYEeCKOe TOJNKOBaHUE TePMOJUHAMUKHU.

IIpyn HanucaHuu 3ToOI KHUTM aBTOP MCNONbL30Baj 3alUCH CBOUX JEK-
uuii, caenannbie gorTopom Jlnoiim Moruem uz Konymo6uiickoro yHuBep-
cUTeTa, KOTOPbIN, KPOMe TOro, MPOCMOTPE] PYKONHUCHh B OKOHYATelbHOM
Bujie. BoiHomry eMmy GiarogapHocThb 3a 1H06e3HOE U [EHHOE COTPYIHUUECT-
BO.

. Pepmu



BBegenue

I'naBHOe coaep:kaHue TepMOJUHAMUKY — 3TO OMKMCAHUE NpeBpallleHuA
TEIIOThl B MeXaHHUYecKYI1o paboTy U, o6paTHO, IpeBpalleH’A MexaHuuec-
Kol paboThl B TEMJIOTY.

Toabko B cpaBHUTeNbHO HellaBHee BpeMf GU3UKU OOHApy#UIU, YTO
TeIioTa ABIAETCA OAHON U3 HOPM BHEPruu, KOTOpad MOKEeT OBbITh Ipe-
BpalleHa B apyrue ee ¢popMsbl. [Ipes e yueHble cuuTanu, YTo TeIJIoTa fAB-
jadgeTcA 0co0bIM BUIOM MUJKOCTH, o0llee KOJMUYEeCTBO KOTOpPOil ocTaeTcA
HeuaMmeHHbIM. HarpeBaHue Ten M aHaNOrMYHBIE IIPOLECCHl OHU OOBACHA-
U TepexoloM 3TOi KUIKOCTU U3 ogHOro Tejia B Apyroe. Ha ocHoBanum
Teopuu TennoBoii #ugkoctu KapHo cymen B 1824 rogy AOCTUTHYTh cpaB-
HUTENLHO ACHOTO MOHMMAaHUA TeX OrpaHUYeHU, KOTOPble BCerJa UMeloTcA
npu npeo6pa3oBaHUU TENJOTHI B paboTy, T. €. O CYIECTBY TOro, 4YTO Te-
nepb Ha3bIBaeTCA BTOPHIM 3aKOHOM TepMoauHamuku (cm. raasy IIT).

B 1842 roay, T. e. nmumb 18 net cnycTtA, Maiiep oTKpbLI SKBUBalEHT-
HOCThb TEIJIOThI U MeXaHuuyecKoil paboThl U NepBblil chopMyInupoBall NPUH-
LUI COXpaHEHUA 3Hepruu (MepBblil 3aKOH TEPMOJUHAMUKH).

Tenepr MbI 3HaeM, YTO UCTUHHOEe 000CHOBaHUE 3KBUBAJE€HTHOCTH Te-
IJIOTHl U JUHAMHUYECKOH 3Heprum cileiyeT HUCKaTb B KUHETUYECKOM TOI-
KOBaHUM, KOTOPOE CBOAUT BCe TepMHUUYECKUE ABIEHUA K OeCopAJ0UYHOMY
JBUKEHUIO aTOMOB U MoJeKyna. C 3Tolf TOUKM 3peHUA U3YUeHHUe TeMNo-
Thl MO}HO paccMaTpUBaTh KaK CHelUalbHYIO OTpacib MeXaHUKHU: MeXa-
HUKM TaKOro OCPOMHOr0 YMclia 4acTUl (aTOMOB WM MOIEKYT), 4TO [e-
TalbHOE U3yUeHUe UX COCTOAHUA U JBUMEHUA TepAeT cMmbicia. [loaTomy
cleflyeT ONUCHIBAaThL JUIIbL CpeJHHUE CBOCTBA OMPOMHOr0 Yucia 4acTHI.
JTa oTpacib MeXaHUKH, Ha3blBaeMad CTaTHCTHYECKOH MexaHHKOH, Gblna
pasBuTa riaBHbIM 0Opa3oMm paGoramu MakcBenia, Bonbimvana u ['u66ca u
npuBeia K BINOJNHE YAOBJIETBOPUTENbHOMY MOHUMAHUIO OCHOBHBIX TE€pPMO-
JUHAMHUYECKUX 3aKOHOB.

OpHako B UUCTOI TepMOAMHAMUKE MOAXOA K ABJIEHUAM COBCEM HHOIA.
3/leCcb OCHOBHbIE 3aKOHbI NpeJJaraloTcA Kak NOCTYJIaTbl, OCHOBaHHbIe HA
SKCNepUMeHTAalbHbBIX J0Ka3aTelbCTBaX, U BbIBOJbI U3 HUX AenaioTcd 6e3
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paccMOTpeHNA KMHETUYEeCKOr0 MeXaHHW3Ma fIBIeHU. ITOT cnocob uMeeT
TO [IPeMMYLeCTBO, YTO OH B 3HAYUTEIbHON CTelleH! He 3aBUCUT OT yIIpo-
[IeHUit, KOTOpble YacTO AOMYCKAalOTCA B CTAaTUCTUUYeCcKOll MexaHuke. Ta-
KUM 06pa3omM, TepMOAMHaMHUUecKye pe3yabTaThl oueHb TouHbl. Ho unoraa
ObIBaeT NOBOJbLHO TPY/AHO NOJNYYUTh pe3ylbTaThl 6e3 JeTalbHOI0 paccMOT-
PEHUA [eiicTBUTEIbLHOTO IOBEIeHU A, N03TOMY BO MHOIUX clIy4dadx ynoOHO
JONOJIHUTL TepMOJAMHaAMHUUecKue pe3ylbTaThl, 10 KpaliHeil Mepe, rpy6oii
KUHEeTUYECKOH UHTepIpeTaluei.

IlepBbIit 1 BTOpOIl 3aKOHB TEPMOAMHAMHUKM HMEIOT CBOE€ CTaTHC-
TUYecKoe 00OCHOBaHME B KjaccHUyecKoil MexaHuke. B mociegHue ropbl
HepHet no6aBun TpeTuii 3aKoH, KOTOPLIA MO#eT GbITh OGBbACHEH CTaTHUC-
TUYECKH TOJIbKO B TeDMUHAX KBAaHTOBOI MeXaHUKU. B BocbMoii riiaBe aToit
KHUTU Mbl KOCHEMCA BbIBOAOB U3 3TOr0 3aKOHa.



IimaBa I
TepMOL[I/IHaMI/IquHI/Ie CHUCTEeMbl

1. CocToAaHUe cUCTEM U InpeBppameHrAda B HUX

B MexaHuKe cocTofiHME CHCTEeMbI B JAaHHBIH MOMEHT BpPeMEHH MOJ-
HOCTBIO ONpejle/IfieTCA, eCJIU M3BECTHBI MOJOMKEHNE U CKOPOCTb KamIoi
U3 ee ToueuHbIX Macc. [nA cucTembl, cocTodueil U3 N TOYeUyHBIX Macc,
Heo6xoauMo 3HaTh 6/N mepeMeHHBIX.

B TepMoauHamMuKke BBOOUTCA APYTroe U 0ojiee MPOCTOE MOHATUE COCTO-
AHUA cucTeMbl. [JeficTBUTENbHO, UCMOJNb30BaTh AUHAMUUYECKOE OINpesele-
HUE COCTOAHUA HeyN0OHO, TaKk KaKk BCe CUCTEMBI, C KOTOPHIMU UMEIOT eJI0
B TepMOAWHAMUKE, COIEPHKAT OYeHb MHOTO TOYEYHBIX Macc (aTOMOB WU
MOJIeKYll ), MO3TOMY MPAKTUUYECKH HEBO3MOMKHO onpeneauTs 6N nepemen-
HeIx. Kpome Toro, B 3ToM HeT HeOOXOAMMOCTH, IOTOMY YTO BEJIUYUHBI, C
KOTOPBIMH MPUXOJUTCA UMETh JeJ0 B TeEPMOAUHAMUKe, ONUChIBAIOT CPe-
HUe CBOICTBa CUCTEMBI, CllefloBaTelbHO, TOUHOE 3HAHUE IBUKEHUA Kam Joii
TOYEUYHOH Macchl ObLJIO ObI UIIUIIHUM.

IIna Toro, 4ToGbI OOBACHUTL TEPMOJUHAMUYECKOE MOHATUE COCTOA-
HUA CUCTEMbI, PACCMOTPUM CHayaja MpocThle MPUMEPbI.

CucTteMa, cocToAlad U3 XUMHUUYECKH OJHOPOIHOI UAKOCTHU.
B Takoii cuctemMe MOmKHO M3MePATbL Temiepatypy t, oobeM V u nasie-
Hue p. TemmnepaTypa MomeT ObITb M3MepeHa TEPMOMETPOM, CONpHUKaca-
IOIUMCA C CUCTEMOil B TeyeHUe BpeMeHU, JOCTAaTOYHOro [JIA HacTyIJe-
HUA TeIoBoro paBHoBecusA. Kak u3BecTHo, TeMnepaTypa, olnpeeleHHas
KaKUM-1100 crequalbHbIM TEPMOMETPOM (HaOPUMeEp, PTYTHBIM ), 3aBUCUT
OT MHAWBHAYaTbHBIX CBONCTB KMCIOJb30BAHHOTO B HEM BellecTBa. B maH-
HOM cllyyae yCJOBHUMCA NMPOBOAUTH BCce M3MEPEeHUA TeMIepaTyphbl OJHO-
TUMHLIMU TEPMOMETPAMH, YTOGLI Pe3ylbTaTbl MOHO ObLIO CPAaBHUBATD.

T'eomeTpusa Hameil cucTemMbl, OUEBU/THO, XapaKTepPU3yeTCA He TOJb-
Ko 00beMoM, HO U ¢opmoii. OfHAKO GONBIIMHCTBO TEPMOJUHAMUYECKUX
CBOICTB B 3HAUUTENbLHON Mepe He 3aBUCUT OT (OPMbI, NOBTOMY OObLIU-
HO 00beM AiIBJAeTCA eIMHCTBEHHO! 3alaHHON reoMeTpPUYECKON BeTUYUHOM.
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Tonbko B Tex CllydyafdX, Korjga OTHOIIeHHe NMOBEPXHOCTU K oﬁbemy O4YeHb
BeJINKO (Hanpnmep, MEJTRKO3€PHUCThbIE BeH.leCTBa), cllegyeT Tarse paccMar-
puBaThb U MOBEPXHOCTh.

,HJIH JaHHOr'o RoJin4yecTBa BeluleCcTBa, cojepmameroci B CucTemMe, TeM-
neparypa, 00beM U JaBjieHUe He ABIAIOTCA He3aBUCUMbIMU BeJIWYNHaAMMU;
OHHU CBAA3aHbl COOTHOIIEHHUEM

f(p,V,t) =0, (1)

KOTOpO€e Ha3blBaeTCA ypPaBHEHHEM COCTOAHHA. BU ero 3aBUCUT OT KOH-
KpEeTHBIX CBOMCTB BellecTBa. Kakyio-HuOy b OJHY U3 TpeX IepeMeHHbIX
B [JAHHOM COOTHOIIEHMH MOMKHO BbIPa3UTh KaKk (QYHKIMIO ABYX APYTHX,
pemuB ypaBHenue (1) oTHocuTelNbHO JaHHOW TepemeHHoi. IToaTomy co-
CTOfIHME CHCTEMbI MOJHOCTHIO ONpefelndeTcA KaKUMU-HUOYOb ABYMA W3
Tpex BeluuuH p, V, t.

YacTo 3TU ABe BeIMYMHBI YIOGHO MpeACTaBUTh rpadUyecKd B MpA-
MOYTONbHO# cuctemMe koopauHat. Hanpumep, momuo npencrasuts (V, p),
BbIuepuuBas V mo ocu abcuuce ¥ p mo ocu opauHaT. Toyka Ha MIOCKOCTH
(V,p) onpenenur, Takum o6pasoM, cOCTOAHUE cucTeMbl. TOUYKHU, XapaKTe-
pUBYIOI1e COCTOAHUA MPHU OJUHAKOBOI TemIepaType, JeaT Ha KPUBOH,
KOTOpad Ha3bIBA€TCH H30TEPMOI.

Cucrtema, cocToAllad U3 XUMHUYECKH OJHOPOJHOI0 TBEPJOro
Teaa. B aToit cucTeme [yA onpejeneHUs COCTOAHUA, KpOMe TeMmIepary-
pbl t 1 o6bema V, Mbl JOM#HBI 3aJaTh HANPAKEHUA, pa3luyHbIe 0 pas-
JVMYHBIM HanpaBieHUAM. OfHaKo OGLIYHO MpeAnojaraeTcf, YTO TBEPHAOe
Tello MojBepraeTcA BCeCTOPOHHEMY ciaTuio. IloaTomy Heo6XoguMo, Kak
U B MUAKOCTH, ONPEAEIUTD JUIIb BEIUYUHY NaBICHUA.

Cuctema, cocToAllad U3 OJHOPOJHOIN cMecH pa3aUYHBIX XH-
MHUYECKHUX COeJMHEeHU. 3/1eCh epeMeHHbIMU, ONPeAeIAIUINMI COCTO-
fIHUe CUCTeMbl, ABIAIOTCA HE TOJAbKO TemIepaTypa, 00beM U JaBieHue, HO
U KOHIEHTpPAlMK PasiMYHbIX XMMUUYECKUX COCTABJIAIOUINX, 00pasyomux
CMeCh.

TereporeHHsle (HeoAHOPOAHbIe) cucTeMbl. UT06bI ONpenenuTh
COCTOfIHNE HEOTHOPOJHBIX CHCTeM, HeOOXOAMMO pa3feluTb UX Ha PAM Of-
HOPOAHBIX yacTeil. Uucao yacTeit B OJHUX CIydasfX MOMeT ObITh KOHeu-
HBIM, B IPYTUX — GECKOHEUYHbIM.

IlocnenHAA BO3MOMHOCTb, KOTOpafd peJKo paccMaTpUBaeTCAd B Tep-
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MOJUHaMUKe, BO3HUKAET, KOTJa CBOMCTBa CUCTEeMbI, 10 KpaiiHell Mepe B
OTAENbHbIX €€ YacTAX, U3BMEHAITCA HENPEPHIBHO OT TOYKU K Touyke. Co-
CTOAHME CUCTEMBbI ONpeeNfAeTCA 3aJaHueM Macchl, XUMHYECKOTO COCTaBa,
arperaTHOro0 COCTOAIHUA, JaBleHUA U TeMIepaTypbl KamIoH OJHOPOMHOM
YacTH.

OueBUIHO, UTO He Bce MepeMeHHble ABIAIOTCA He3aBUCUMbIMU. Ha-
IpUMep, CyMMapHOe KOJTUYECTBO Kam/JI0r0o XMMUYECKOTr0 3/1eMeHTa, Colep-
JKallerocA B pa3iUYHBIX OJHOPOAHBIX YacTAX, HOMKHO ObITh MOCTOAHHBIM
U paBHATbCA 00LIeMY KOJIUUYECTBY 3jleMeHTa B cucteme. Kpome toro, 06b-
eM, JaBlleHHe U TeMIepaTypa KaxIoi OJHOPOJHON 4acTU, UMelolleil 3a-
JaHHYIO Maccy U XMMHYeCKHil cocTaB, CBA3aHbl ypaBHEHHUEM COCTOAHUA.

Cucrema, coneps;kaiiaa aBH:kylvecAa dyacTu. O6bIuyHO mpenno-
JaraeTcfl, UYTO pasinyHble YaCTH TepMOAMHAMUUYECKOH CHUCTeMbl WM Ha-
XOIATCA B NOKOe, WM ABHMYTCA TaKk MeIIEeHHO, YTO UX KHUHETHUYECKOMH
3Heprueil Mo#HO npeHeGpeub. Eciu B AelicTBUTEILHOCTU 3TOTO HE MPOUC-
XOIUT, TO, YTOObI MOJHOCThLIO ONPEAEIUTh COCTOAHUE CUCTEMBI, CledyeT
3aJaTh CKOPOCTHU Pa3iUUHBIX €e YacTel.

Otciona, Kak MbI yi#e YKasbIBald, OUEBUJHO, YTO HEJOCTATOUHO IJIA
onpejeneHud JUHAMUYECKOI'0 COCTOAHUA 3HATb OHO UL TePMOJUHAMU-
yecKkoe cocTofiHue. 3yyasa TepMoAMHAMUUYECKOE COCTOAHME OJHOPOJHOI
MKUAKOCTH [PH 3aJaHHOM 06beMe U TeMIepaType (JaBieHue onpeenfieTc
B 3TOM C/lyyae U3 ypaBHEHUA COCTOAHUA), Mbl BUUM, UTO UMeeTcA GecKo-
HeYHOe YUCJIO COOTBETCTBYIOMUX eMy COCTOAHUN MOJEKYNAPHOTO IBUMHE-
nuA. C TeyeHreM BpeMeHH CHCTeMa [0CAe0BaTeNbHO IPOXOAUT BCe JUHA-
MUYECKHEe COCTOAHNA, COOTBETCTBYOIINE JaHHOMY TepMOAMHAMUYECKOMY
cocToAHUIO. McxoaAa U3 3Toro, Mo#HO CKasaTh, YTO TepPMOAMHAMUYECKOE
COCTOAHUE €CTh COBOKYIHOCTD JUHAMUYECKUX COCTOAHUI, Yepe3 KOTOpble
B pe3ylabTaTe MOJEKYIAPHOIo JBHMEHUA cucTeMa GbICTPO MPOXOAUT. JTO
onpejeneHne COCTOAHUA CKOopee abCTPAKTHOE U OTHIONb He eJUHCTBEHHOE,
a MOTOMY Mbl B Kak[JOM OTIelbHOM ciyuyae GyneM yKa3blBaTb, KaKUMU
nepeMeHHbIMU BeJlMYHHAMH ONMUCLIBaeTCA COCTOAHUE.

Oco6eHHO Ba#HBIMU TEPMOAMHAMUYECKMMHU COCTOAHUAMU CUCTEMBI
ABIAIOTCA COCTOAHUA PaBHOBECHUA. ITH COCTOAHUA 00JafalOT CBONCTBOM
He U3MEHATbLCA [0 TeX MOop, MOKa BHEIIHWE YCIOBUA OCTAIOTCA HEU3MEH-
HbiMU. Hanmpumep, ras, 3akiIiOueHHbI! B cOCyJ] MOCTOAHHOI'O o6bema, Ha-
XOJUTCA B paBHOBECHH, KOT/la ero AaBjeHHe MOBCIOLY MOCTOAHHO U TeM-
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nepaTypa paBHa TeMIepaType OKpy:Kalolleil cpeabl.

OueHb yacTo MblI OyJeM paccMaTpUBaTh MpeoGpa3oBaHHe CUCTEMBI
OT HaYalbHOT'0 K KOHEYUHOMY COCTOAHMIO Uepe3 HelpepbIBHYIO MocleoBa-
TeJNbHOCTh MPOMEHYTOUHBIX cocToAgHM. Eciu cocTogHe cucTeMbl MOMKET
GbITh u306paseno Ha auarpamme (V,p), TO mepexoj MOMHO U300pa3UTh
KPUBOIl, coeuHAOIIEN [Be TOUKU, KOTOPbie MPEACTABIAIOT HayajlbHOE U
KOHEYHOE€ COCTOAHHUE.

l'oBopAT, uTo mpeoGpa3oBaHWe 06paTHMO, KOrja IOCIEIOBaTEIbHO
IPOXOAUMbBIE MPOMEHYTOUHbIE COCTOAHUA GeCKOHeUHO GIU3KU paBHOBeC-
HbIM cocToAHUAM. [loaToMy oBpaTHMBble poLecchl MOI'y T COEIUHATD TOJb-
KO TaKHe HavyalbHble U KOHEeYHbIe COCTOAHNA, KOTOPbIe cCAMU ABIAIOTCA CO-
CTOAHUAMU paBHoOBecuA. OGpaTuMble NpoLecchl MOMHO OCYILIeCTBUThL Ha
NpaKkTUKe, €CIM U3MEHAThL BHEIIHUE YCJIOBUA Tak MeAJEHHO, YTO CUCTeMa
ycneeT MOCTENEeHHO NPUATH B COOTBETCTBUE C M3MEHHUBIIMMMCA YCJIOBU-
Avu. Hampumep, Mbl MoxeM NMpousBecTd obGpaTUMoOe pacllupeHue rasa,
3aKj04ad ero B LHIUHID C MOJBUMHBIM MOPIIHEM, U OUeHb MeJJIeHHO BbI-
IOBUraf mopiieHb. Ecau 661 MbI 6bICTPO MOAHANM MOPIIEHb, TO B pacIlIupA-
IoleiicA Macce rasza o6pasoBaiuchk Obl MHOTOKH, M MEPEXOJHOE COCTOAHUE
He OblI0 ObI COCTOAHNEM PaBHOBECHUSA.

Ecnu mbl nmepeBenu cucteMy o6paTHMO U3 Ha-
YyalbHOro COCTOAHUA A B KOHeuYHoe cocTofiHue B, To
TOr/la MOKHO TIepeBeCTU CUCTEMY MOCPEACTBOM 00-
"=~~~ ygp  PaTHMOro mpeBpameHuA oT B & A, npoxoasa uepes

t Te e camble IPOMEKYTOUHbIE COCTOAHMA, HO B 00-
paTHoM mopAxnke. YToObl caenaTb 3TO, MbI MPOCTO
JOJHHBI U3MEHATb BHENIHHE YCJIOBUA TaK e Me[-
p JeHHO, KaKk U [IPH HavalbHOM IIpeBpallleHUuHu, OJJHAKO
JBUrafchb B 00paTHOM HalpaBleHUU.

B paccMoTpeHHOM B mpeabiaylieM af3saie ciy-
yae Mbl MO#€eM CHOBA CKaTb I'a3 0 HayalbHOr'o 06b-

Puc. 1. eMa U PUBECTH ero K HayalbHOMY COCTOAHUIO, Me[-
JIeHHO TlepeMellad NopiieHb BHYTpb nuauuapa. Cxa-

THe OKa3bIBaeTCA 06pPaTHUMbIM, U ra3 MPOXOAUT Uepe3 Te e caMble Mpo-
MeKYyTOUHbIE COCTOAHMA, Yepe3 KOTOpble OH MPOXOJUJ MPU pacliMpeHHH.

Bo BpeMa mporecca cucTeMa MOET COBEPUIATH MONOMUTEIbHYIO UIH
OTpHUIIATENbHYIO BHEUIHIOW pa6oTy, T. €. CUCTEMAa MOKET BBLINONHAThL pa-
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00Ty HajJ cpeloil UIu e cpella — Haja cucTeMoil. B KauecTBe mpumepa
paccMOTpUM Telo, 3aKIIOUYEeHHOe B MUIMHADP, UMEIOUNI Ha OJHOM KOHIEe
MOJIBUHBII MOpINeHb, nuomans kKotoporo S (puc. 1). Ecin p — naBnenue
Tela Ha CTEHKM UWJIUHOpa, TO pS — cuia, AedCTBYIOIlad Ha NOpILIEHb.
Rorga nopuienbs mepemMeniaeTcA Ha GecKOHeUHO maloe paccTofsHue dh, To
coBeplaeTcA HecCKoHeYHo Majasa paboTa

dL = pS dh, (2)

TaK KaK nepeMellieHre NpOUCXOAUT napaiienbHo cuie. Ho S dh paBHO yBe-
nudennio o6bema dV cucremsl. ClefoBaTelbHO, Mbl MO#EM HaNUcaTh!

dL = pdV. (3)

11 KoHeYyHOTrO Mpolecca paboTy, NpoJeNaHHY 0 CUCTEMOM, oMy YaeM,
MHTErpupys ypaBHeHue (3):

B

L= !pdV, (4)

rae uHTerpaJj B3AT 10 BCeMYy IIpoHeccy.

lQueBunHo, uTo BhIpameHue (3) crnpaBe;IMBO B O6meM Ciyuae W He 3aBUCHT OT
$hopMbI, KOTOPYIO MOKET MMeTb cocyd. PaccMOTpuM Teno, 3aKIIOUYEHHOE B COCYA He-
npaBuibHON HOPMBI M HaxoJAleecA NPpU paBHOMepHOM AaBieHuu p (puc. 2). Pacemor-
pUM Ternepb 6€CKOHEYHO Majloe U3MeHeHUe Halel CUCTeMbl, BO BpeMA KOTOPOTO CTEH-
KM cocy/ia MepeMemarTcA OT HayalbHOro MoJ0eHUA A K KOHeUHOMY MoJoMeHuIo B,
MO3BOJIAA TaKUM 06pa3oM Tely pacmIMpPATbCA BHYTpH cocypna. Illycts do — snemeHT
MOBEPXHOCTH cocyla, a dn — rnepeMelleHre 3TOT0 3JIeMEeHTa B HalpaBlIeHUU, NEePIeHIN-
KYJIAPHOM MOBEPXHOCTHU cocyna. PaboTy,coBepueHHYIO Ha 3JeMeHTe IMOBEPXHOCTH do
Npu JaBleHUW p B TedeHHe MepeMelleHUA cocyda U3 MoJokeHuA A B monomeHue B,
MOKHO, OUEBU/HO, NPEACTaBUTb Kak p do dn. O6umyio BeauyuHy paboThbl, COBEPUIEHHOMN
B TeueHUe GECKOHEYHO MaJoro mpolecca, rnojyvyaeM, UHTerpupyA [JaHHOe BbIpajeHue
Mo Bceil MOBEPXHOCTH o cocyna. Tak Kak p MOCTOAHHO, TO MbI [OJLYUYUM

dL:p/dadn.

Us puc. 2 BUOHO, YTO U3MEHEeHHe ob6bema dV cocypa BbIpaxiaeTCA B BUAe UHTerpaJa no
[MOBEPXHOCTHU

dV:/dodn.

CpaBHMBaf 3TH [ABa ypaBHEHUS, ONATb NPUXOAUM K ypaBHeHHIO (3).
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B

A //f
7/
/ .,

v, vV, V

Puc. 2 Puc. 3

Ecan cocrosinne cucrembl MomeT ObITh mHpejacrtasieHo Ha (V,p)-
auarpaMme, TO BBINOJIHeHHaA BO BpeMmsdA Ipollecca pabora OygeT MMeThb
IpOCTOe reoMeTpHYecKoe TOJIKOBaHUe. PaccMoTpUM mepexoa oT Havalb-
HOT'O COCTOAHUA, 0603HAUYEHHOT0 TOUKON A, K KOHEUHOMY COCTOAHUIO, TI0-
KasaHHOMY TO4Ko# B (puc. 3). TOT Nepexo] MO}HO U306pa3uTh KPUBOIi,
coenuHAomeil A u B, hopMa KOTOPO#i 3aBUCUT OT BUJa paccMaTpPUBaeMoro
nponecca. PaGoTa, coBepllleHHaA B TeUueHUE 3TOr0 Mpoliecca, BbIpamaeTca
HHTErpajiom

Ve
L:/pmc 5)
Va
rae V4 u Vg — o6beMbl, cooTBeTCTBYIOIUE cocToAHUuAM A u B. dror

UHTerpai, a cleJoBaTelbHo, 1 IPoJiellaHHasA paboTa reoMeTpUYeCKH MOTY T
ObITH IpeCTaBleHbl 3alITPUXOBAHHON HA pHUC. 3 MIOMAMLIO.

OcoGeHHO BaKHbI TaKhe Mpolecchl, B KOTOPbIX HauyalbHOe M KOHEY-
HOe COCTOAHUA OfWHAKOBLI. OHM Ha3bIBAIOTCA HNUKJIMYECKHMH IHpolecca-
mH, uii uuiaamu. [uka — nponece, Ipd KOTOPOM cHCTeMa BO3BpAaLlaeT-
CA K CBOEMY HaualbHOMY COCTOAHHUIO. EcU coCcTOAHNE CUCTEMBI IpecTa-
BUTb Ha guarpamme (V,p), To LUK MO#HO 1306pa3uTh TaKO# 3aMKHYTOM
KpuBoOii, Kak kpuBad ABCD (puc. 4).

PaGoty L, BLIOJHEHHYIO CHCTEMOi BO BpeMA MUKJINYECKOro IIpolec-
ca, TeOMeTPUUYECKr MO#HO NpPeACTaBUTh ILIOMAAbIO, 3aKJIIOYEHHOH BHYT-
p¥ KpuBoii, uzobpasaromeii uuri. [lyets A u C — TOYKH, COOTBETCTBYIO-
e HauMeHblIeMy U HauboJblleMy 3HaYeHUAM abcuucehl [UKIa, U MyCTh
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coorBeTcTBeHHO A’ 1 C' — ux npoeknuu. Pabora, BoImonHAeMasn BO BpeMs
yactu npouecca ABC, nonomurenbua u papHa miomanu ABCC' A’ A. Pa-
60Ta, BbINIONIHEHHAA BO BpeMA ocTalbHOi yacTu npouecca CD A, aBaserca
oTpulaTelbHo 1 KonnvecTBeHHO paBHa mwiomanun CC'A’ADC. Oxonua-
TeNbHO: COBEpIIEHHAA MONOMKUTENbHAA paboTa eCTh Pa3HOCTb MeMAY THU-
MU IByMA IJIOIAAAMU U, cllefoBaTelbHO, paBHa ILIOUA1, O pAHUYEHHOH
KpUBOI, n3obpaskaromieil UK.

CreayeT mOOUEepKHYThb, 4YTO MpojelaHHaA
paboTa ABiAdeTCcA MOJNOKUTENbHON, TaK KaK LUK
npoTeKal 10 HallpaBJleHUIO XoJa 4acoBoil cTpeia- P B
ku. Ecnu ke oH coBepliaeTcd B HalpaBJeHUU C
IPOTUB X0Ja YacoBOil CTpesKy, To paboTa, KOTO- A :
pad Ha 3TOT pa3 ABIAETCA OTpUllaTeNbHOIi, CHOBa |
OylneT mpeicTaBleHa IUIOMAAbIO, OrpaHUYeHHOM E
KPUBOIi, onKCbhIBaIOIEN [TAKII. !

IIponecc, mpu KOTOpOM cucTeMa He COBep- :
maeT BHellHell pabGoTbl, Ha3bIBAaeTCA H30XOPH- A cC'v
YeCKHUM.

Pa6ora dL, BbinoiHdeMas B TeueHHe OeCKO-
He4YyHO Majloro 3jieMeHTa Ipolecca, 3afaeTcs, co-
riacHo ypaBHenuio (3), npousBegenueM pdV. lnfg u3oxopudeckoro mpo-
necca dV = 0, uiu, mociie HUHTEr pUPOBAHUA,

Puc. 4.

V = const.

TaxkuMm o6pa3oM, H30XOPUUECKHUIi Tpollece ecTh Mpoliecc, IPOUCXOaA-
MUY OpYU MOCTOAHHOM 00beMe, UTO ONpaBAbIBaeT ero Ha3BaHue. Ciegyer,
0JHAKO, OTMETHUTD, UTO MOHATHE U30XOPUYECKOTO Ipoliecca ABIAeTcA 60-
Jee o0IKUM, TaKk Kak OHO TpeOyeT, uToObI [JA AaHHOro npouecca dL = 0,
nase Koraa paboTa He Mo#eT ObITh NMpejcTaBleHa ypaBHeHueM (3).

IIponeccrl, Bo BpeMA KOTODBIX AaBleHUEe WM TeMNepaTypa CUCTEMBI
OCTalOTCA NMOCTOAHHBIMH, Ha3bIBAIOTCA COOTBETCTBEHHO H3006apHyeCKHMHU
U H30TepMHYECKUMH.
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2. N peanbHble rasbl

YpaBHeHHE COCTOAHUA CHCTEMbI, KOTOPAaA COAEPKUT ONpeleleHHOe
KO/IMUeCcTBO rasa, 3aHuMalomero oobem V npu Temnepatype ¢t U JaBie-
HUU P, MOMKET ObITh BbIPAKEHO MPOCTHIM aHATUTHYECKUM 3aKOHOM. MbI
[IOJyYUM ypaBHEHUEe COCTOAHMA rasa B pocTeiilieil ¢popme, 3aMeHUB IM-
NUpPUYECKYIO IKaTy TeMmepaTyp { HOBoIl TeMIlepaTypHoit mkanoit 7.

BpemenHo onpegenum T' kak TeMIepaTypy, N0Ka3bIBaeMylO ra3oBbIM
TEPMOMETPOM, B KOTOPOM I'a3 COIep#UTCA NPU OUeHb HU3KOM MOCTOAHHOM
JaB/IeHUH.

Toraa Temnepatypa 1" nponopiuoHanbHa 06beMy, 3aHUMaeMOMYy Ta-
30M. XOpOIIIO U3BECTHO, YTO MOKA3aHUA PA3INYHbIX Ia30BbIX TEPMOMETPOB
B 3THUX yCJOBUAX B 3HAUUTEIbHON CTEeleHU He 3aBUCAT OT NPUPOALI COAEP-
sKallerocd B HUX rasa NpH YCIOBUU, YTO OH JAOCTATOYHO JajleK OT KOH-
nencanud. OnHaro yBuaum nanee (pasgen 9), 4TO MOMHO ONpPENEIUTh TY
e mKrany TemnepaTyp T u3 obuiMX TepMoJUHaAMUYECKUX coobpameHuit
COBEpIIIeHHO He3aBUCHUMO OT KaKuX Obl TO HU 6GbLIO cleqUalbHbBIX CBOHCTB
rasos.

Temnepatypa T HasbiBaeTcA abcoar0THOH Temnepartypoii. Ee equnu-
bl BbIOpaHbl TAKUM 00pa3oM, UTOObl pa3HOCTb TeMIepaTyp Me#ay Tou-
KaM{ KUIEHUA U 3aMep3aHuf BOJbI IIpU [aBJeHUU, PABHOM OJHOH aTMo-
ctepe, 6bi1a paBHa 100°. Torjga, Kak U3BECTHO, TOYKA 3aMep3aHUA BOJIbI
COOTBETCTBYeT abCoNIOTHON TeMnepaType 273, 1°.

YpaBHeHUE COCTOAHUA CUCTEMBI, colepsKalleil m rpaMMoOB rasa ¢ Mo-
NeKyIApHBIM BecoM M, 3amucbiBaeTcAd cleJyOMUM 06pa3oM:

m

pV = MRT. (6)

R ABnAeTcA yHUBepcalbHOU NMOCTOAHHOM, T. €. UMEET OJHY U TY e Be-

nTMYMHY 1A Beex raso: R = 8,314 - 107 opz/zpad, unu (cm. paspen 3)

R = 1,986 ra.t/epad. YpaBHenue (6) Ha3bIBaeTCHA ypaBHEHHEM COCTOAHHA

HTealbHOTO rasa; OHO BKIIOYaeT B ceb6A 3aroHbl Boitna, [eii-Jlioccara u

ABoragpo.

Hun ogus u3 peanbHbIX rasoB He NMOAYMHAETCA ypaBHeHUIO (6) Tou-

Ho. BemecTBo, KOTOpOE TOYHO MOAYMHAETCA ypaBHeHuIO (6), Ha3bIBaeTCA
ujealbHbIM ra3oM.
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Jlia rpaMM-MoOJIeKyJIbl WM MOJA rasa, T. €. JJiA 4ucia IpaMMOB ra-
3a, paBHOrO ero MOJIeKyJApHOMY Becy, uMeem m = M, M03TOMY ypaBHe-
Hue (6) cBOOUTCA K

pV = RT. (7)

Ucnonbsya (6) uau (7), MO#HO BbIpasuThb IIOTHOCTb rasa p yepes
JaBlieHUue U TeMIepaTypy:

_m Mp (8)
P=vV = Rr
,HJIH HN30TepMHUYECKROr'o nMpeBpaljeHufa naeajlbHOr'o rasa (HpeBpa]lleHI/IH
Py MOCTOAHHOW TeMIepaType) UMeeM

pV = const.

Ha auarpamwme (p,V) usoTepMmuueckoe mpeBpallleHHe H[ealbHOro rasa
MpejCTaBUTCA, TAKUM 00pa3oM, PaBHOGOYHON runepGoNoil, aCMMITOTaMU
KOTOpO#l ABiAOTCA ocu V U p.

Jlerko MO#{HO BLIYHCIUTEL paboTy, COBepIIaeMY0 ra3oM BO BpeMA U30-
TEPMHYECKOro pacliipeHusa 0T HadaabHoro o6vema Vi no koHeunoro Vj.
Crenaem 310, BoCIo/b30BaBlIKCh ypaBHeHUAMH (5) u (6),

V2 V2
m dv m Vs m D1
L=[pav="Rr [ L =Rt = g™ 9
/” M v = R g = R 0)
V] Vl
rome p; U pp — COOTBETCTBEHHO HaydallbHO€ W KOHeYHOe [JdaBJ/IEeHUA. ,H.T[ﬂ
OOHOI'O MOJIA raza mMeeM
1%
L=RTIn-2=RTIn™. (10)
Vi P2

Cmech pPas3jru4HbIX Tra3oB I[NOOYUHAETCA 3aKoHaM, TOMAECTBEHHBIM
T€M, KOTOPbIM NOAYUHAIOTCA XUMHUYECKNU OOHODPOAHbIE Ira3bl. Mb1 HAa3oBEeM
napguajJbHbIM JaBjJeHHeM KOMIIOHEHThI CMeCH TO JaBJIeHHe, KOToOpoe OKa-
3bIBaJja Obl 3Ta KOMIIOHEHTa, eC/Iu Obl OHa oJHa OblLia MoMelleHa B Oﬁ’beM,
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3aHMMaeMbIil cMechblo TIpU TeMnepatrype cMecu. Tenepb MomHO chopmy-
nupoBaTh 3akoH [lanbToHa: das.aeHue, npoussodumoe cMecvio 20306, PAEHO
cymme NAPUUAAbHLLY 0a6AeHULl 8CeT KOMNOHEHM, CO0epHcaAUULCa, 8 CMECU.
JTOMY 3aKOHY pealbHble ra3dbl NOAYMHAIOTCA JUIIb NPUOIUHEHHO, HO
npejanojaraeTcA, YTO OH COBEPIIEHHO TOYEH IJA UjealbHbIX ra3oB.

3amauu

1. llogcuuTaiiTe paboTy, BLINOJIHEHHYIO TeJIOM, PacIUPAIOMUMCH OT
HavajlbHOTO o0beMa B 3,12 4 10 KoHeuHoro o6beMa 4,01 4 npu gaBieHUU
2,34 ammn.

2. llopcuuraiite naBieHue 30 2 BoJopoJa BHYTPU COCyAa eMKOCTbIO
1 4% npu temnepatype 18°C.

3. [loacuuTaiiTe MIOTHOCTHL U YAEIbHbINA 00€M BOAOPOAA IPU TeMIle-
patype 0°C.

4. llopcuunraiiTe padoTy, BbinodHeHHYIO 10 2 KUcaopoja, pacuiupAio-
meroca uzoTtepmudecku npu 20°C, ecniu gaBieHre M3MeHUI0Ch OT 1 [0
0,3 amwn.



I'nasa II
HepBbIﬁ 3aKOH TepMOAUHaAMUKHU

3. dopmynupoBKa MepBOro 3aKkoHa TepMOJUHaMUKU

IlepBbIii 3aK0OH TEpMOAWHAMUKHM NpeACTaBIAeT co60it GpOpMYyIUPOBRY
NPUHIIUIA COXPAHEHUA DHEPTUU LA TepMOJAUHAMUYECKUX cucTeM. Takum
o6pa3oM, MOKHO CKa3aTb, YTO M3MeHEeHHe 3Hepruu CHUCTEMbI BO BpeMd
npolecca paBHO KOJUYECTBY dHEPTUU, KOTOpPOE cCUCTEMa MO/NyvaeT OT cpe-
IbL.

YT06bl yTOUHUTH 3TO oNpeaeieHre, He06X0IUMO BbIACHUTDL 3HAUEHUE
BbIPaKEHUHN «3HEPTUA CUCTEMbI» U «3HEPTUA, KOTOPYIO CUCTeEMA MOJy4daeT
OT OKpYy:#alollleil ee cpebl BO BpeMA Mpoleccay.

B uncTo MexaHWUYecKMX HM30JUPOBAHHLIX CHUCTEMaX SHEPrUfA paBHA
CyMMe NOTeHIMalbHON U KMHETUYECKON 3Hepruii u, cieqoBaTelbHO, ABIA-
eTcd PyHRUUeNH NTUHAMUUYECKOr0 COCTOAHUA CUCTEMbI, IOTOMY UTO 3HaHUeE
IUHAMUAYECKOr'0 COCTOAHUA CUCTEMbI DKBUBAJIEHTHO 3HAHUIO NOJ0MEHUA U
CKOpoOCTell BceXx TOUeUHbIX Macc, coAep:Kauuxca B cucteMme. Ecnu HUKakue
BHEIIIHYUE CUIIbl He 1efICTBYIOT Ha CUCTEMY, DHEPTUA OCTaeTCA MOCTOAHHOM.
Takum o6pasom, ecniu A u B — [Ba mocieqoBaTelbHbIe COCTOAHUA U30-
nupoBaHHo# cucteMbl, a U4 u Up — coOTBETCTBYIOIlINE UM 3HEPTrUU, TO

Us =Ug.

Korpa Ha cuctemy neficTBYIOT BHENIHHE CHJbI, TO He 00A3aTelbHO
coxpaHseTcA paBeHCcTBO Uy u Up. Ecniu —L npeacraradeT pa6oty, co-
BeplllaeMyIo BHEIIHUMM CHJIaMH B Mpolecce Mepexoja 0T HayalbHOT'O CO-
croanua A k koneunomy B (+L — pa6oTa, BbimonHfAeMan CUCTEMOIA), TO
JUHAMHUYECKUI NPUHLUIN COXPaHEHUA DHepPruu npuobpetaeT Takoil BUL:

Up —Ug = —L. (11)

U3 sToro ypaBHeHuUA clefyet, 4To pabota L, BbINoNHAEMAanA BO BpeMA
mpolecca, 3aBUCHT TOIAbKO OT KpallHUX cocTofHuit mpornecca A u B u He
3aBUCUT OT MYTH, 0 KOTOPOMY MPOUCXOAUT Tiponecc Memay A u B.
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IIpennonomxumM Tenepb, YTO Mbl He 3HAEM 3aKOHOB B3aMMOJEHCTBUA
pa3iIuyHbIX TOUEUHBIX Macc B Halleil fuHaMHuyeckoil cucteMe. Torga mel
He CMOKeM [OJCUUTATb JHEPrUl0 CUCTeMbl, HaXolAlleiicA B JaHHOM [U-
HamuyecKoM cocToanuu. OfHaKo, ucnoinbays ypaBaenue (11), Mbl TeM He
MeHee MOeM OIBbITHBIM IIyTeM OlpeleluTh 3Hepruio Haileil CUCTEMBI.
JHepruio Npou3BOJIbHO BbIGpaHHOTO cocToAHUA () Halleil cUCTeMbl MpH-
MeM paBHOH HYIIIO:

Uop =0. (12)

Bopenb 6ymem cchllaThCA HA 3TO COCTOAHKE KAK HA CTaHJapTHOE CO-
CTOfAIHME cucTeMbl. PaccMOTpUM Temepb HEKOTOpPOE APYroe cocToAHue A.
BosgelicTBysa Ha cucTeMy BHEIMIHUMH CUJIaMM, Mbl MO#eM IepeBecTH ee
M3 CTAHJApTHOrO COCTOAHUA, B KOTOPOM, KaKk MBI Mpeanojaraiu, oHa Ha-
Xoauiach nepBoHavanbHo, B cocToAnue A. Ilyetb L4 o3nauaeT pa6oTy,
coBeplIaeMyI0 cUCTeMOi Bo BpeMA aToro npouecca (—L 4, Kak U paHblue,
ABJifAieTcA paboToii, BHINONHAEMOM BHEIIHUMU CUJIAaMU HaJl CUCTEMOIA ).

llpumenss ypaBHenue (11) K HauleMy Ipoleccy U BCIOMHHafA Ompe-
aenenue (12), Haxogum, 4TO

Ujg = —La. (13)

JTO ypaBHeHUe MOeT ObITb HCI0JIb30BaHO [JiA ONBITHOIO Olpesele-
HuA 5Heprun Uy Hameii cucTeMsl B cocToAHNU A.

OueBuaHO, npu ompeneneHnu (13) HeoGXxoAMMO MMeETb B BHIY, YTO
pa6ora L4 3aBUCUT TolIbKO OT cocTofgHUl O 1 A U He 3aBUCUT OT MyTH,
no kKoropomy npouten nporecc oT O g0 A. Mbl yike OTMeTHIH, UYTO 3TO
cBoiicTBo caeayer u3 (11). Ecau 661 0HO He GbLI0 0GHAPYHEHO HA ONBITE, TO
9TO 03Havaso Obl, UTO DHEPrUA He coXpaHAeTCA B Halleil cucTeMe, UIH YTO,
KpoMe MeXxaHuyecKoil paGoThl, HOJ#HbI OLITb MPUHATHI B pacueT Apyrue
BU[b! IpeBpalleH’s SHepruH.

Tenepb npeanonoxuM, 4To paboTa, BbIIOIHAEMadg MeXaHHYeCKoli cuc-
TeMoli BO BpeM#A KaKkoro-iu6o npouecca, 3aBUCUT JHIIb OT ero Ha4albHOro
U KOHEYHOTO COCTOAHMI, U Mbl MOM}eM Mcnonb3oBaTh (13) Kar ompenene-
HHle dHepruu.

Mosno BriBecTH paBeHcTBo (11) HemocpencrBenHo us (13) caemyio-
1M o06pasoM: Ipoliece Me# Ay JI06bIMU AByMA cocToAHUAMU A u B Bcer-
Ja MOKeT GbITH BBINOJHEH Kak N0CHeJ0BaTelbHOCTh ABYX IIpolieccoB: oT A
Io cranjgapTHoro cocroanusa O u 3ateM oT O 1o B.
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Takr Kak cucTema coBepliaeT MpU 3TUX ABYX mpolueccax padory —L 4
u +LB, TO OKOHYaTe/lbHasgA BeJIHW4YHWHAa paﬁOTbI, BBINIOJIHEHHOH BO BpeMA
mpounecca oT A ao B (OHa He 3aBUCHUT OT [IyTH, 10 KOTOPOMY CoBepliaeTcHa
rIpOLIeCC), COCTaBJ/lf€eT:
L=—-Ls+ Lp.

Tenepb u3 (13) 1 aHATOrMYHOrO ypaBHEHUSA
Up=-Lp

nonyyaem Up — Ug = — L, uto ugentuuso (11).

Haxonen, sameruM, uyto onpeaenenue (13) He ABIAETCA eJUHCTBEHHO
BO3MOMHBIM, TAK KaKk OHO 3aBUCHUT OT BbIbopa cTaHgapTHoro cocTognua O.
Ecau 661 BMecTo O Mbl BbIGpaiu apyroe crangapthoe cocroanue O', To
nomyuuiau 6bl gpyryio Beanuuny U’y masa sHeprum cocroanua A. OpHako
MOZ{HO JIeTKO NoKas3aThb, 4To U n U4 0TIMYAIOTCA TUIb HA alJUTHBHYIO
KoHcTauTy. JleficTBUTenbHO, npouece oT O’ 10 A Mo#HO CYUTATL CyMMOIi
IBYX mpoleccoB: ogdoro, uaymero or O’ go O, u gpyroro — ot O g0 A.
Pa6ora L';, coBepiraemas cucTeMoii npu npoxoaennu ot O’ no A, paBHa

L'y = Loo + La,
rae Lo:o — pa6ora, BeimosnngeMad 1npu nepexoge ot O’ no O. Toraa
Us=—-La;Uy = -1,

Tar 4TOo
Uas - Ui‘ = Loo.

JTO MOKa3bIBaET, YTO 3HAUEHUA BHEPTHH, OCHOBAHHbIE HA ABYX OINpe-
JeNeHUAX, Pa3inyaloTcA TONbKO aJAUTHBHONH KOHCTAHTOH. JTa Heolpe-
JeNeHHOCTb, BO3HUKAIONIad MPU ONpeJeleHUN d3HEPTUH, MPelCcTaBIAeT Co-
60ll, Kak U3BECTHO, CYNIECTBEHHYIO 0COOEHHOCThL MOHATUA dHepruu. Ho
Tak Kak Ha IpaKkTUKe Bcerja paccMaTpUBaeTcA TONbKO Pa3HOCTh DHEPTHUii,
TO JONOJHUTENbHAA KOHCTAHTa He BAMAET Ha OKOHUYATelbHbIe pe3ylbTaThl.
EAvHCTBEHHBLIM MpPeANoIoKeHNEM, TIOJNOMEHHBIM B MPUBEEHHOE BbIIIE 3M-
nupuyecKoe ompejeleHrie YHEPruu, ABIAETCA TO, YTO 0Ollee KOIMYECTBO
paboThl, COBEpIIaeMoe CUCTEMOI, 3aBUCUT JIULIL OT HAYaJIbHOTO U KOHEY-
HOT'0 cocToAHMI mpolecca. Mbl yi#e OTMETHIU, UTO €CIH ITO MPEIH0N0He-
HHe MPOTUBOPEUHUT OMBITY M €Clid Mbl, TEM He MeHee, He #ellaeM OTMEHATh
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[IPUHIUII COXPaHeHUA DHepruu, To cilelyeT [ONYCTUTH CylleCTBOBaHUeE,
KpOMe MeXaHU4ecKoil paboThl, Apyroro crnocoba oOMeHa 3Hepruei Memxay
CUCTeMOl U OKpy#alollell ee cpenoi.

Bo3bmeMm, HanpuMep, cUCTEMY, COCTOALLY IO U3 HEKOTOPOTO KOJUYeCT-
Ba Bojbl. PaccmoTpuM iBa coctosnua A u B 3Toit cucteMsl npu aTmocdep-
HoM paaBieHuu. IlycTh TemMmepaTypbl CUCTEMBI B 3THUX [IBYX COCTOAHUAX
O6yoyT COOTBETCTBEHHO t4 U tp, IpuueM t4 < tp. MoskHO mepeBecTH Haury
cucteMy oT A kK B IByMA pa3iu4HbIMU MYTAMU.

IIepBo1it nyTh. Harperaem Boay, noMemias ee HaJ NiIaMeHeM, U MHO-
BbINlIaeM TeMIlepaTypy OT HavyalbHOI BeIUUUHBI 4 0 KOHEeUHOl {g. BHem-
HAA pabora, coBepliaemMasa CUCTeMOH BO BpeMsA [poliecca, pakTUYECKU
paBHa Hy110. OHa Gblia 661 B TOYHOCTH paBHa HYIIO, €ClIN Obl U3MeHeHUe
TeMIlepaTyphbl He CONPOBO#AaN0oCch U3MeHeHeM o6beMa Bofbl. B neiicTBuU-
TeJbHOCTH, OAHAKO, 00 beM BOABI BO BpeMA Mpollecca U3MeHAETCA He3Ha-
YHUTENbHO, TAK YTO coBepliaeTcA HeGolbinad pabora (cM. ypaBHenue (3)).
B Hammx paccysaeHuax 6ynem npeHebperaTb 3Tol Majloil BeIUUUHON pa-
60TBhI.

BTopoii myTh. IloBbiliaeM TeMnepaTypy Bofbl OT t4 A0 tp, Harpe-
Baf ee nmocpeJcTBoM TpeHuA. C 0ZHOTO KOHIIA cocyja MOTPYaeM B BOAY
MalleHbKYIO YCTaHOBRY U3 IPUKPEIUIEHHBIX K 0CH JonacTeli, KoTopble, Bpa-
masch, pa3MelnBaloT Bogy. TeMmnepaTypa BoAbl Bo3pacTaeT HelPePbIBHO
[0 TeX Mop, NMOKa JonacTH npojaoiakaioT Bpamatbea. Ho Tak Kak Bojia oka-
3bIBaeT CONPOTUBIEHUE JBUMEHUIO jonacTel, TO Mbl JOJHHbI COBEPIIUTh
MeXaHU4yecKylo paboTy, 4ToObl J0NacTh HaXOAWINCh B ABUKEHUU JI0 TeX
nop, noka OyneT JOCTUTHYTa KOHeyHasa TeMmnepatypa tp. B cooTBeTcTBUM
C 3THUM JIONACTU BBINOJIHAIOT B BOJle 3HAUUTENbHYIO MOJOMUTENbHYIO pa-
60Ty; IpUYeM TaKoe #e KOJIUYeCTBO OTpUllaTeJbHOH paboThl coBepllaeTcA
BOJIOH, co3/alolllell CONPOTUBIEHUEe ABUHEHUIO JonacTe.

CnepnoBatenbHO, paboTa, cOBepliaeMas CUCTEMOI NpH Nepexoje U3 co-
cTofinnfl A B cocTofiHUEe B, 3aBUCUT OT TOr0, IEPEBOJAUTCA U CUCTEMA OT
A B B 0o nepBOMYy WU e 00 BTOPOMY MYTH.

Ecaun Mb1 npeanonaraeM, 4To NPUHIUII COXPAHEHUA YHEPTUU OCTaeTCA
BepHbIM [JIA Halleil cucTeMbl, TO Hy#HO JONYCTUTh, YTO 3HEPruf, KOTO-
pasA Bo BTOpPOM ciyuae IepejaeTcA BoJe B ¢opMe MeXxaHUYECKOI paboThl
BpallleHUA JonacTeil, B IepBOM cilyvae nepejaeTcd BoJe B HEMeXaHUYec-
Koit dopme. ITa popmMa 3Hepruu HasbiBaeTcA Tema0ToH. Takum obpaszoMm,
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MBI MPUXOAUM K BBIBOAY, YTO TelJOTa U MeXaHUYecKas paboTa SKBHUBa-
JEHTHBI, T. €. ABIAIOTCA IBYMA Pa3iN4YHbIMU BUAAMU OJHOI'O U TOTO e,
a uMeHHO, — »Hepruu. OTcioga cielyeT, YTO Mbl JOJKHbI 00bEJUHUTH
Ha3zBaHUeM «paboTay Take AeliCTBUe BIEKTPUYECKUX U MarHUTHBIX CHUJ,
HapaBHe ¢ MexaHuuecKoit paboToii. OqHaKo nepBble ABa BUAa paboThl pej-
KO paccMaTpHUBalOTCA B TepMOJUHAMUKE.

YTo6bl BbIpa3uTh B Oojee TOYHOU (opMe TOT (paKT, YTO TemloTa U
paboTa KBUBaNEHTHBI, IPOJOIHKUM PacCMOTpPEHUE.

CHayana moMecTHM Hally CHCTEMY B COCY[ C HEeTEeIIONPOBOJAIUMU
CTeHKaMHU, YTOGbI MpeloTBPaTUTL 0OMeH Tela ¢ OKpy#alomeil cpemoii’.
Ms1, ogHaKo, monaraeM, YTo cucTeMa W OKpy:Kamwllafd cpeja MOTYT BO3-
IefcTBOBaTH OpPYT Ha Apyra (Hampumep, cHcTeMa 3aKIi0YeHa B LUIUHID
¢ HeTEeIIONPOBOAANIUMYU CTEHKAMH, HO C MOIABUKHBIM mopinHeM). O6Men
SHepTHeil Me oy BHY TPeHHel U HapyKHOM 4acTAMU coCya MOMKET Tenepb
MPOUCXOJUTDH TONBKO B ¢opMe paboThl, a U3 NPUHIIUIA COXPAHEHUA DHEP-
Uy clefyeT, YTO BelUuMHa paboThl, COBepLIaeMOll CUCTEeMOil BO BpeMA
mpoliecca, 3aBUCUT JHUIIL OT HAYaJlbHOr0 U KOHEUHOT'0 COCTOAHUI mpolec-
ca.

Me1 MoseM Tenepb MCNONb30BAaTh SMIHUPUYECKOE ONpeeleHne dHep-
run (13) u paccmaTpuBaTh 3Hepruio U Kak QyHKIUIO OJHOrO JHIIb COCTO-
AIHUA CHCTEMBI®.

O6o03Havasn yepe3 AU = Up — U, u3MeHeHMe 3HEPTUU CUCTEMBI, IIPO-

lHeo6xoauMo, npaBaa, yNmoMAHYThb, UTO He CyIMeECTBYeT HealbHbIX TePMHUECKHX
nszonATopoB. Hy#HaAa TepMuyeckaa M30JALUA, OOHAKO, MOKET ObITh MPHUGIUNKEHHO MO-
JydeHa IpU MOMOIIM XOPOIIO U3BECTHBIX B KaJOPUMETPUU METOJOB.

2@opmManpHo 6110 6bI TOUHee, XOTA U Golee aGCTPAKTHO, M3AOMUTL COflepHiaHUe
npeaplaymux ¢pas Takum o6pa3oM. JKCIIEPUMEHTHI [OKa3blBalOT, YTO CYIECTBYIOT
HEKOTOpble BellecTBa, Ha3blBaeMble TEPMOU30JATOPaMH, KOTOpPble UMEIOT cleaylomue
cBOMiCTBa: €C/M CUCTeMa MNOJHOCTBLIO 3aK/l04YeHa B TePMOU30/ATOP, TAK YTO MOMET CO-
BepmaTbcA o6MeH paboToil MemAy BHYTpPeHHeil W HapyKHOH 4dacTAMMU, TO BelUUYMHa
paboThl, BbIMOJHEHHO! CUCTeMOl B TeyeHHe fpoliecca, 3aBUCUT JIMIIb OT HA4yalbHOIO U
KOHEUYHOT'0 COCTOAHMI.

3CaemyeT 0TMeTHTb, UTO ecau ypaBHeHue (13) NMpPUMEHMMo K BHEPTUM COCTOAHUA
A Hameil cucTeMbl, TO MOHO I€PEBECTU CHCTeMy, [OKa OHa M30JMPOBaHAa, U3 CTaH-
naprHoro coctoaHua O B coctoaHue A. Janbme Mbl nokazem (cM. pasgea 13), urto
3TOT Ipoliecc He Bceraa Bo3MoxeH 6e3 n3MeHeHUA TemnoThbl. OlHaKO B TaKUX CIy4daax
Bcerja MokeT coBepimaTbcA o6paTHbI mpouecc A — O. Pa6Gora, BbloJHAEMas cHc-
TeMoii Bo BpeMA obpaTHoro npouecca, paBHa —L 4, a notomy ypasHenue (13) mosHO
NPUMEHATb TaKk#e U K 3TUM Cly4daAM.
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UcXojsflllee BO BpeMA mepexoja oT cocTOAHUA A K coctosHuio B, Mbl Mo-
#eM HanucaTb ypaBHenue (11), KOTopoe NPUMEHUMO K 3TOi TepMUYECKH
W30/ UPOBAHHON cucTeMe, B cilejylolleil popme:

AU + L = 0. (14)

Ecny Hama cucTemMa TepMHUUYecKHM He H30JMpPOBaHA, TO JeBafd 4acTb
ypaBuenus (14), BooGie roBops, GyieT OTIXYATHCA OT HYJH, IOTOMY 4TO
Torga oOMeH 3Heprueil MoMeT NpoucxoauThb B popMe Temna. [loaTomy 3a-
MeHUM ypaBHenue (14) 6oiee o6muMm:

AU +L=Q, (15)

rae () paBHO HyJIIO IIpU Ipoleccax, IPOUCXOJAIIAX B TePMUUECKU U30JHU-
POBaHHBIX cHCTeMaX, U B 00IeM cllydae OTIM4aeTcA oT HyJd. Bennuuny Q
MO#HO GDU3UYECKU UHTEPIPETUPOBATh KaKk KOJIUYECTBO SHEPTUH, MOy Ya-
eMoii ciucTeMoli B popme, oTarYaloIecA oT pa6oThbl. DTO HelocpeaCTBeH-
HO clieqyeT U3 Toro GaKTa, YTo U3MeHeHue sHeprun cucteMbl AU NOM#HO
ObITh paBHO OOIIEMY KOJIMYECTBY BHEPrUM, MOJYYaeMOMY CHCTEMOH OT
okpy#aiomeit ee cpeast. Ho uz (15)

AU = —L+Q,

a —L — »sHeprua B ¢dopMe paborbl. OTcioga () AOMKHO HpeACTaBIATh
SHEPTUIo B ApPYrux dopmax.

BBoaa onpeseneHne Mbl Ha30BeM () KOIMUYECTBOM TEILIA, IOy Y€HHOTO
CHUCTeMOi BO BpeMsdA Ipolecca.

Jlns nukIMYecKoro npouecca ypasienve (15) npuHuMaet oyeHb mpoc-
Ty10o popMy. Tak Kak HavaqbHbIE U KOHEUHbIE COCTOAHUA IUKIA OJUHAKO-
Bbl, TO U3MeHeHHUe 3Hepruu paBHo Hymo: AU = 0.

Takum o6pasoM, ypaBHenue (15) npuHMMaeT BUA

L=Q, (16)

T. €. paboTa, coBepliaeMas CHUCTeMO}l B TeueHHe LUKINYECKOro [polecca,
paBHa TemI0Te, NOMJIOMIEHHON CUCTEMO.

BaskHO ycTaHOBUTE CBA3L Me#/AY aOCTPAKTHbLIM U BleMEeHTapHbIM Ka-
JOpUMETpPUYECKUM olnpeaeneHneM TemnoThbl. KajopuMeTpuueckasa eIuHU-
1la TEeMI0Thl, KaJlopHA, OpeJeNfdeTcA KaKk KOJUYeCTBO TEMIOThl, HeoOX0au-
Moe JIJIA TIOBbIIeHUA TeMnepatypbl 1 2 Boasl ot 14 1o 15°C npu atmocdep-
HOM fAaBieHuu. Takum o6pa3oM, I TOro, YTOGbI HOBLICUTH TEMIEPATYPY
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m rpamMoB BojbI 0T 14 g0 15°C npu aTMocdepHoM JaBleHUU, TpedyeTcH
m ranopuii TenaoTel. [IycTs Au., 03HaYaeT u3MeHeHue sepruu 1 2 BoIblI,
a l, — paboTy, npoJelaHHYIO B pe3ylbTaTe ee paculipeHus, Korja TeMme-
paTypa noBbimaerca oT 14 go 15°C npu arMmocdepHoM gaBieHuu. dnd m
rpamMMoB BOJbl U3MEHEHHE dHepruu U npojeiaHHasg paboTa cOCTaBIAIOT:

AU, = mAue; L, = mli,. (17)

PaccmoTpum Tenepb cuctemy S, KoTopas NojABepraeTcA U3MeHEHHUIO.
Y1066l U3MEPUTH TEMI006MEH MeMIYy CUCTEMON U OKPY:RAIOIIUMU Tena-
MM, TIOMECTUM CHCTEeMY B KajoOpUMeTp, coJeprrallluii m rpaMMOB BOJbI
npu 14°C. Bbibupaem maccy BoAbl TakKMM 00pa3oM, UTOObI moclie 3aBep-
IIeHWA Tpoliecca TeMnepaTypa ee gocturiaa 15°C.

Taxr rak mMaeanbHbIl KaTOPUMETP TEPMUYECKH COBEPIIEHHO U30JIUPO-
BaH, TO CIOKHAfA CUCTEMA, COCTOAIIAA U3 CUCTEMBI S 1 BOAbI B KAIOPUMET-
pe, B TeyeHMe Npollecca TEPMUUYECKH U30JupoBaHa. [[03TOMy MbI MOeM
NpUMeHUTHL ypaBHeHue (14) kK aToMy mporueccy.

O611ee n3MeHeHUE JHEPTUU

AU = AUs + AU,,

rae AUg — uaMmenenue sHepruu cuctemsl S 1 AU, — ndMmeHeHune 3Hepruu
BoJbl KanopuMetpa. llono6HO aTOMY 11714 Beell IpojiellaHHOlN paboThl UMeeM

L=1Ls+L..
3atem u3 (14) 3anumem
AUs+ AU, +Ls+ L. =0,
nau no (17):
AUs + Ls = —(AU: + L.) = —m(Au, + 1.).

Ho, cornacuo onpenenenuio (15), AUg + Lg — KoauyecTBo TemIoThl (g,
nonyuenHoit cucremoil S. Takum o6pasom, numeeM

Qs = —m(Auc + ). (18)
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OTcioga BUOUM, UTO KOJUYECTBO TEIIOTHI IPONOPIUOHATLHO M.

C Opyroil cTopoHbI, TOT (paKT, YTO M PaMMOB BOJIbl KajopuUMeTpa
Harpesaoch oT 14 go 15°C B KamopumeTpe, 03HAayaeT, 4TO m Kajlopuii Te-
IJIOThI GbLIM MepeJaHbl CUCTEMO# S KalopuMeTpy, T. €. cucTeMa S MOTY-
Yuia —m Kanopuil, uiu, JPyTUMH clIoBaMU, () s, BbIpaMeHHOe B KAlIOPHUAX,
paBHO —m. MbI BUAMM Tak#e, UCNoab3yA (18), 4To KONUYECTBO TENIOTHI,
BbIpajeHHoe ypaBHeHreM (15), NpONOPIHOHANILHO KOIMUYECTBY TElIOThI,
BbIpaseHHOMY B KajlOpHUAX, MpUYeM K03 HUIHEHTOM MPONopLUOHATbHOC-
tu ABaderca (Au, + 1¢).

Coraacuo ypasHenuio (15), Teniora uaMepaercd B eJUHULIAX SHEPTUH
(sprax). IlocTogHHOE COOTHOMEHNE MEMAY APraMu 1 KaJopUAMHU ObLIO U3-
MepeHO MHOTMMH HCCleoBaTelAMHU, KOTOpPble YCTAHOBUIH, UTO

1 kaa = 4,185 - 107 ape. (19)

B manbzeiimeM mMb1 06bI19HO OyJeM BbIpaskaThb TEIIOTY B SHEPreTHYEeCKHUX
eUHUIaX.

Ypasuenue (15), KoTopoe ABIAETCA TOYHON HOPMYIUPOBKOI SKBUBA-
JEeHTHOCTU TEIUIOThI U pabOThl, ONUCHIBAET MepPBbIH 3aKOH TepMOAHHAMHU-
KH.

4. IlpuMeHeHHe NEePBOro 3aKOHa K cUcCTeMaM,
COCTOAHNE KOTOPbIX MOMET ObITh U300paxeHo
Ha gquarpamme (V,p)

Tenepb Mbl IPUMEHUM IepBbIN 3aKOH TEPMOAMHAMUKH K TaKUM CHUC-
TeMaM, KaKk OJIHOPOJHAA KUAKOCThb, COCTOAHHE KOTOPOWl MOKeT ObITh
ompeneneHo ABymMA u3 Tpex nepemennbix: V, p, T. Toraa nwob6asa ¢yHEK-
L[UA COCTOAHUA CHCTeMbl, HanpuMep ee sHeprus U, 6yaeT pyHRIUeN IBYX
nepeMeHHbIX, KOTOpble BbIGPAHBI AJIA TOr0, YTOOLI ONPENEeNUTb COCTOAHKE
CUCTEMBI.

YT0o6b1 U36emaTh HENMPABUILHOTO IOHUMaHUA TOT0, KaKafA BelUUYUHA
AB/AeTCA He3aBUCUMOIi TIepeMeHHO TpU BbIYMCIEHUU YacTHON MPOU3BOJ-
HOil, MbI OyJeM 3arII0YaTb CUMBOJ YacTHOU NPOM3BOAHOI B CKOOKH U
noMenlaTh BHU3Y CKOOOK Ty BeJIMYHMHY, KOTOpAad NMpU YacTHOM AuddepeH-
IIUPOBaHUN OcCTaeTcA mocTofAHHOU. Takum obpazom, ou 03HAYaeT,

ar ),
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YTo 3T0 — mnpousBoaHad ot 3Hepruu U nmo T npu moctogHHom V, roe T
u V B3ATHI KaKk He3aBUCHUMbIe MepeMeHHble. OTMETUM, UTO NMPUBEJEHHOE
oU
oT
BOM cilyuyae 06beM COXpaHAeTCA MOCTOAHHBIM, TOUJa KaKk BO BTOPOM —
NOCTOAHHBIM OCTaeTCA JaBjeHHe.

Teneps paccMoTpuM B Halleil cucTeMe 6€CKOHEYHO Malblil mpoiecc,
T. €. poILecc, IPU KOTOPOM He3aBUCHMbIe lIepeMeHHbIe H3MEHAITCA JIHIlb
Ha OECKOHEYHO Malylo BeJIMYMHY. Mbl OpUMEHUM K 3TOMY Mpoleccy
nepBblii 3aKOH TEPMOAUHAMUKY, BbIpaseHHbll ypaBHernueM (15). Bmecto
AU, L u @) cnegyet nanucatb dU, dL, d(), uTo6bl yKazaTbh Ha G€CKOHEYHO
Malblii XapakTep 3TuX BeanuuH. Torga moayuum

dU + dL = dQ. (20)

BbIpaKeHue, BOOOIIE ropopf, oTaiu4aeTcCa OT ( ) , IOTOMY 4YTO B MIep-
p

Tak kak 14 Haiero npoiecca dL onpenengerca Bpipasenuem (3), To
nMeeM

dU + pdV = dQ. (21)

Ecau mbl Boibupaem T u V' He3aBUCUMbIMU NepeMeHHbIMU, To U cTa-
HOBUTCA QYHRIUEN 3TUX NepeMeHHbIX, I03TOMY

ou oU
dUu = (8_T>VdT+ (W)TdV,
1 (21) npumer BUA

(39) 0 [(), - oo

AHaJ’IOl"I/I‘lHO, BbIﬁI/Ipaﬂ Tu Pp He3aBUCHUMBIMU IIepeMeHHbIMU, UMeeM

(g—g)erp (g—;)p dT + [(3_U)T+p (3_V)T] dp=dQ. (23)

dop dp
C‘{I/ITaﬂ, HaKoOHeIl, V U p HE3aBUCHUMbLIMHU [I€epEMEHHbIMH, 10JYy4YaeM

oU U
(a—p>vdp-|- l(w>p+p dv = dQ. (24)
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TennoeMKocTh Tela d_T €CTb, 10 ompegelleHnI0, OTHONIEHe O6ecKo-

HEYHO MaJoro KOJMYecTBa MOIJIOMEHHON TemIoThl K HeCKOHEYHO MajloMy
NOBBIIEHUIO TeMIepaTypbl, BLI3BAaHHOMY 3Toi TeminoToil. Boo6ie Temio-
€MKOCTh Tella OyAeT pa3iuyHOll B 3aBUCMMOCTU OT TOr0, HarpeBaeTcA Te-
JI0 IpU MOCTOAHHOM 06beMe MU Npu nocTogHHOM aaBneHuu. Illycts Cy u
C)p — TennoeMKOCTU COOTBETCTBEHHO IIPU NOCTOAHHOM 0GbeMe U NMOCTO-
AHHOM JaBIEeHUH.

Ipocroe Boipamenne miaa Cy MomeT ObITb moiaydyeHo us (22). Ilas
6eCKOHEYHO MaJloro mpoiecca npu NocToAHHOM o6beMe dV = 0, oTKyaa

_(dQ\ _ (oU
Cv = (d—T>V - (a—T)V' 2)

Iono6HbIM e 06pa3oM, UCIOIb3yA ypaBHeHue (23), HAXOOUM ciefy-
ioliee Bbipasenue aiaa C, :

0 ()G,

BTopoit unen B mpaBoii yacTu Gopmyiibl onuchiBaeT co6oit apdexT,
OKa3bIBaeMblii Ha TEMIOEMKOCTh paboToM, KOTOpasA COBEPIIAETCA BO Bpe-
Mf pacuidpeHuA. AHAIOTHYHBIN YileH OTCYTCTBYeT B (25), Tak Kak B 1aH-
HOM cilyyae 06beM OCTaeTCA MOCTOAHHLIM — He IPOUCXOAMT HUKAKOTO
paciiupeHus.

TenioeMKOCTh OJHOI'O IpaMMa BellleCTBa Ha3bIBAeTCA yAeIbHOH Tell-
JIOEMKOCTbIO TOT0 BEIeCTBa, a8 TEINIOEMKOCThb OJHOI'0 MOJIA — MOIAPHOH
TeJI0eMKOCTBIO.

YaenbHble ¥ MOIAPHbIE TEIIOEMKOCTH IPU MOCTOAHHOM 06heMe U 0~
CTOAIHHOM [aBlleHnu omnpeaensaoTca Gopmyiaamu (25) u (26), eciu BMecTo
IPOU3BOJILHOTO KOIMYECTBA B3ATh COOTBETCTBEHHO OIUH I'PAMM WJIH OIWH
MOJIb BellecTBa.

5. Hp[/IMEHEHI/]e InepBoro 3akoHa K rasamMm

B cllyyae raza Mbl MOMeM KOHKPETU3HUpOoBaTb 3aBUCHUMOCTb dHEPruu
COCTOAHUA OT OIIpeleNAIIINX 3TO COCTOAHUE NIepeMEeHHbIX BEJIMYUH. le/l-
HumaeM 1T u V 3a He3aBUCHMbIe nepeMeHHbIe MU CHaydajna JOoRKaxeM, 4YTO
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SHepruA fAiBifAeTcA QyHKUUed TemmepaTypbl T U He 3aBHCUT OT oObeMa.
[Togo6HO MHOTMM JPYTUM CBOWCTBAM ra3oB 3TO CBONCTBO JIHUIIbL HPUGIH-
#MEHHO BepHO ANA pealbHbIX rasob. IlpeamnonaraercsA, 4TO TOUHO OHO BhI-
NoJNHAETCA 1A UealbHbIX ra3oB. B pasjaene 14, ucxoad u3 BTOPOro 3akoHa
TepMOAMHAMHUKHU, MbI CiellaeM BbIBOJA, YTO dHEprud JM06oro Tena, Noguu-
HAIONAACH YPABHEHUIO COCTOAHUA UaeanbHoro rasa (7), He JOIMHA 3aBH-
ceTb oT oobema V. Ceituac, ogHaKo, MblI NMpPUBEJEM JKCIepUMeHTalbHOe
JOKAa3aTelbCTBO 3TOM TeopeMbl AJA rasa; 3KCIHepUMeHThl ObLIM BbIMNOIHE-
HbI IR0y neM.

BuyTpb KamopumeTpa [#oynb nmomerian co-
cyn, umeromuii nBe Kamepol A u B, coeanHeH-
Hble TPYOKoit (puc. 5). On HamomHua kamepy A
rasoM W oTKayaja kamepy B, npudeMm cHauaja o6e
KaMepbl ObLIY MEePEKPbITHI KPAHOM B COEIUHAIO-
mweit ux Tpy6ke. Ilocie Toro, kak TepMomMeTp, Ho-
MeIlIeHHbI B KaJlopuMeTp, HoKasal, 4To HacTy-
110 TepMHUYecKoe paBHOBecue, [I0y b OTKPbLI
KpaH, BCleJCTBUe yero ras nocrynan us A 8 B 1o
Tex Nop, MoKa JaBlieHKe He CTajlo BCIOAY OAMHA-
KoBbIM. [Ipu 3TOM OH OOGHapYKUBAJ JHUIIb OUYEHb
He6o/bIloe H3MEeHeHUe B MOKa3aHUAX TePMOMET-
pa. 9To 03Hauyalo, 4TO NPAKTUYECKU He HpPOHUC-
XOIUJ Iepexo] Tela OT KajlopuMeTpa K Kamepe u HaoGopot. Ilpegnona-
raeTcf, 4To eciu 6bl 3TOT ONbIT OblI BLINOJIHEH C HUAealbHbIM Ia3oM, TO
U3MEeHeHUA TeMIepaTypbl He ObLIo Obl BOBCE.

IIpuMeHuM Tenepb NepBbIil 3aKOH K ONUCAHHOMY BbiIile nmpoueccy. Tax
kak () = 0, To u3 ypaBHenus (15) a1A cucTeMbl U3 ABYX KaMep U 3aKIIO-
YeHHOr'0 B HUX rasa uMeeM

Puc. 5.

AU +L =0,

raie L — paGota coBepmiaemas cuctemoil 1 AU — u3dMeHeHHe 3Hepruu
CUCTEMBI.

[MockonabKky 06bembl KaMep A U B, cOCTaBIAIOIUX CUCTEMY, He H3-
MEHWJINCh BO BPEMA ONbITA, TO CHCTeMa He MOrja BbINOJHUTL BHEIIHelt
pa6otel, T. e. L = 0. IloaTtomy

AU =0,
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T. €. DHEpPrud CUCTEMBI U, CJeJoBaTelbHO, JHEPrUA rasa He U3MeHAeTCH.

PaccmoTpum Tenepr mpouecc B neiom. CHavana ras 3aHuMain 00b-
eM A, a B KOHIle mpollecca 3anoiHaAl o6e Kamepel A u B, T. e. 06beM ero
u3MeHsAncA. OJHAKO ONBIT MOKA3bIBAET, YTO B pe3yibTaTe Ipolecca He 13-
MeHHIach TeMIeparypa rasa. Tak Kak He IIPOU30IIIO0 U3MEHEHUA YHEPTUU
BO BpeMA Mpoliecca, TO CleJyeT 3aKII0UYUTh, YTO U3MeHeHre o6beMa Tpu
NOCTOAHHON TeMmepaType He NPUBOAUT K U3MEHEHUIO 3Hepruu. [ pyrumu
clI0BaMU, 9HEPruA UAeajlbHOIro ra3a ABIAETCA GYHKIHEH TOJbKO TeMIlepa-
TYpbl H He 3aBUCHT OT o6bema. lloaToMy anA sHepruu uieanbHOro rasa
MOHO 3alucaTh

U=U(T). (27)

YT0o6b1 OnpeaenuTb BU/ 3TOU 3aBUCUMOCTHU, MOKHO UCIIOIb30BaTh pe-
3ynbTaThl ONBITA, IOKA3bIBAIOLIET0, YTO TEMJIOEMKOCTh ['a3a MpU MOCTOAH-
HOM o0ObeMe JHIIb clabo 3aBUCUT OT TeMmepaTypsl. llpeamonoxum, 4To
IJIAl HleallbHOT'O T'a3a TelIOEMKOCTh CTPOro nocToAHHa. B maHHoM paspeine
MBI yi#e cchlIalich Ha NMOHATHe Moib rasa; myctb Cy u C)p o603HavaoT
MOJAPHYIO TEeINIOEMKOCTb COOTBETCTBEHHO IPU NOCTOAHHOM 00'beMe U II0-
CTOAHHOM JIaBJIE€HUU.

Ilockoabky U 3aBucHUT Tonbko oT T, To HeT oco6oii HeoOXoaMMOC-
THU yKas3biBaTh, YTO 060beM MOCTOAHHBIA B ypaBHeHUHU (25); Tak 4To IiA
UJealbHOr0 ra3a MO#HO 3alucaTh

dUu

Cvzﬁ.

(28)
Tar rak Benrnuuna Cy nmpejanoJaraeTca NOCTOAHHOM, TO MOCHIe HHTET-
pUpPOBaHUA NONYYaeM

U=CyT + W, (29)

rae W — KoHCTaHTa MHTErpupoBaHUA, KOTOpad MPEeACTaBIAET JHEPrUio
rasa npu TemnepaType abCOMIOTHOro Hyaa.

43Ta fOnMONHUTENbHAA KOHCTAHTa BIMAET HAa OKOHUATENbHbIE Pe3yIbTaThl BbIUKMCIIE-
HUI TONBKO TOrna, Korja MPOUCXOJAT XMMHUUECKHe MPOLEecChl WUJIM U3MEHAETCA arpe-
raTHoe COCTOAHHUE BelecTB (cM., HanpuMmep, raaBy VI). Bo Bcex ocTambHbIX ciay4danx
MOMKHO JOMOJHUTENbHYIO KOHCTAHTY MOJOKHUThH PABHON HYIIO.
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B npumenenuu K ujeaibHOMy rady ypaBHeHue (21), BbIpamaioliee
nepBbIfl 3aKOH TEePMOJUHAMUKU 1A OECKOHEUHO MalbIX IPOLECcCOB, NPU-
HUMaeT GopMy

Cy dT + pdV = dQ. (30)

Nluddepenuupys ypasuenue (7) A4 0fHOTO MONA MIEalbHOIO rasa,
MOy YUM

pdV +Vdp = RdT. (31)
Moacrasanas ero B (30), Haxoaum
(Cyv + R)dT —V dp = dQ. (32)

Tar wak AnA mpoliecca MpU NOCTOAHHOM AaBieHuu dp = 0, To 3TC
ypaBHeHMe JaeT

_(dQY _
C, = (ﬁ)p =Cy +R, (33)

T. €. PA3HOCTb MeHy MONAPHON TEMIOEMKOCThIO rasa IpH NOCTOAHHOM
IaBleHUU U TIPU NOCTOAHHOM OObeMe paBHA ra3oBoii MOCTOAHHON R.

Takoit e pe3yIbTaT MOMHO NOIy4YuTh u3 (26), (29) u (7). leitcTBu-
TeJNbHO, /1A UjealbHoro rasa us (29) n (7) umeem

ovN _dU _ . . (9V\ _ (9 BT\ _R
aor), ar ~ " \oT), " \oT p ), p

[logcraBnsaa stn Boipamenusa B (26), cuoBa nomydaem (33). [Ipu nomomu
KMHETHYeCKOH TeopUHU ra3oB MOHO NOKa3aTh, UTO

3
Cy = §R I/l OIHOATOMHOr0 ras3a U

5 (34)
Cy = §R IJIA 1By XaTOMHOTI0 rasa.
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IpuH¥Man 3TU BETUYKMHBI, KOTOPbIE XOPOILIO COTJIACYIOTCA C OMBITOM,
u3 (33) menaem BBIBOJ, YTO

5
Cp = -R naA ofHOaTOMHOrO rasa u

2
(35)
Cp = §R /1A By XaTOMHOT0 rasa.
Ecan o6o3uaunm
C Cyv+R R
K=-2=="_"_"=-14+_—, 36
Cy Cy Cy (36)
TO TaKkike MOJyUYUM
5
K = 3 IJA 0JHOATOMHOIO rasa u
7 (37)
K = 5 IJIA ABYXaTOMHOTO rasa.

6. AguabaTHuecKkHe mpolecchl B rasax

l'oBopAT, 4To TepMoaNHaMUUecKas cUcTeMa coBepllaeT agrabaTuyec-
KUH npouece, ecliv OH o0paTUM U ecJu cucTeMa TepMUYeCKU U30JUpOBaHa,
TaK 4YTO BO BpeMs Ipoliecca He MOMET NPOUCXOJUTh TelmiooOMeHa Mer Ay
CUCTEMON U OKpYy#arolleil ee cpenoi.

MosHo aguabaTUyecKd paclIMpATb UIU CKUMAaTb ras, noMenasd ero
B LUJIUHAD C HETEIJIONPOBOJANIMMHU CTeHKaMU U NOpUIHEM, MeJeHHO Ie-
pemelasa moplieHb Hapy:Ky WM BHYTpb. Eciu AaThb BO3MOKHOCTH rasy
aguabaTUyecKM paclIMpATLCH, TO OH NIPOU3BeJeT BHEUIHIO paboTy, U Be-
avumnHa L B ypaBHeHuu (15) GyfeT nonomuTenbHOI.

Tak Kak ras TepMudecku uszonuposan (@ = 0), To 3Hauenue AU
JOJI#HO ObITh OTpPULIATENbLHBIM, T. €. BO BpeMA ainabaTu4ecKoro pacmupe-
HUA DHEPruf raza ymeHblllaeTcA. 3aBUCUMOCTb SHEPrUU OT TeMIlepaTyphl
onpefenfieTcA ypaBHeHUeM (29), U3 KOTOPOro clefyeT, YTO yMeHbIIeHHe
3HEPrUU O3HayaeT TaK#e U yMeHblleHHe TeMIepaTypshl rasa.
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YTo6bl MONYYUThL KOJMYECTBEHHOE COOTHOIIEHHE MEeKIy W3MeHEeHM-
eM TeMmIlepaTypbl U 00beMa B pesyibTaTe aanabaTHUeCcKoro pacilupeHusa
rasa, 3aMeTHM, 4TO, NOCKOIbRY d@) = 0, To ypaBHenue (30) MoHO npes-
CTaBUTbL B BHUJE

CydT +pdV = 0.

Ucnonn3yda ypaBHeHue coctoanuf p¥V = RT, MO#HO UCKIIOYUTD D U3 NPU-
Be/IEHHOT'0 BbIIll€ YPaBHEHUA U MONYYUTh

T

Hin

NuTerpupoBanue gaet

InT + Ean = const .
Cy

[oTeHnupyd, nomyyaeM

B
TVCv = const.

Hcnones3yn onpepenenue (36), MoxHO HanucaTb OpeAbIAylilee ypaBHeHUE
B ¢opMe

TVE=! = const. (38)

JTO ypaBHeHUe MOKa3bIBaeT HaM KOJNMUYECTBEHHO, Kak ajnabaTuyec-
Koe u3MeHeHHe oObeMa uealbHOro ra3a BIMAET Ha U3MEeHEHUE ero TeMIle-
paTypsl. Eciu, Hanpumep, 065€M JBYXaTOMHOI0 ra3a agnabaTH4yecKHu pac-
WHUPUThL BABOE [0 CPABHEHHIO C HAYAJbHBIM, TO, IoJaras, coriacHo (37),

K = R 13 ypaBHeHus (38) HaX0AUM, UTO TemmepaTypa NOHU3UTCA B OT-

Homenun 1:20% =1:1,32.

Hcnoabays ypaBHeHue cocTosHuA pV = RT, Mo#eM BbIPa3uUTh ypaB-
nenue (38), cooTBeTCcTBYyIOIIEe aguabaTHyeckoMy Ipoleccy, B clefyloueii
dopme:

pVE = const. (39)
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——— = const. (40)

YpaBuenue (39) cieayeT cpaBHUTL € ypaBHEHHEM
pV = const,

BbIpaKaolUM u3oTepMudeckuii npouecc. Ha guarpamme (V, p) nzorepmsr
ABIAIOTCA ceMeliCTBOM PaBHOGOUHBIX T'UIep00, anuabaThl #e, IpeacTaB-
neHHble ypaBHeHUeM (39), KauecTBEHHO MOXOMHU HA rUNEpPOONbI, HO OHU
UOyT Kpyue, notomy uto K > 1. 3oTepmbl u aguabaThl U306paieHbl Ha
puc. 6, mepBble — CILIOMIHBIMY JUHUAMU, BTOPbIE — IIYHKTHUPOM.

HNHTepecHbIM U OPOCTBIM TNPUIIOHKE-
HUEM TeOopuU aauabaTHYecKOro pacuiupe-
HUA Ta3oB ABIAETCA BLIYHCIEHUE U3MeHe-
HUA TeMmIepaTypbl aTMocdepbl BbICOKO Haj
ypoBHeM mopA. OCHOBHO! NMPUYUHON H3Me-
HEHUA TeMIlepaTyphl ABIAIOTCA KOHBEKIIH-
OHHbIE TOKHU B Tponocdepe, KOTopble Hempe-
PBIBHO NepeMelaloT BO3AYX U3 HU3IIUX CII0-
€B B BbICIIME M U3 BhIcmKX B Husmue. Kor-
Ja BO3AYX C YPOBHA MopA MOJHUMaeTcHd U
BEPXHUE CJIOU C HU3KUM JaBJeHHeM, OH pac-
mupAercA. Tak Kak BO3AyX — IJIOXOU Mpo-

Puc. 6. BOJAHHUK TeIa, TO TEILIO OT OKPY:Karollero

BO3/lyXa OYeHb MJOXO NepelaeTcA NOAHAB-

IeMycA BO3IYXY, I0O3TOMY MOMHO CUMTATh, YTO MPOUCXOAUT aguadaTH-

yecKkoe paciiupenre. COOTBETCTBEHHO MOHUMAETCA TeMIepaTypa MOJAHAB-

merocA Bo3gyxa. C Apyro#l cTOpoHbI, BO3JyX BEPXHUX CJI0€B aTMocde-

pbl, HOrpysKaAch B HUMHUE CJIOU, UCHBITHIBAET agnabaTHUYecKoe ciraTue,
BCJIEJCTBHE UYEro MOBBIIIAETCA TeMIlepaTypa.

YTo6bl moAcuMTAThL U3MEHEHHE TeMIepaTypbl, PacCMOTPUM CTONO
BO3/yXa C MONepevyHbIM ceYeHHeM, paBHbIM efunHuIe. CocpegoTOUNM BHU-
MaHHe Ha cjloe BbIcOTO# dh, HUMHAA MOBEPXHOCTh KOTOPOI'0 pacnonoeHa
Ha paccTogHuu h Haj ypoBHeM mopA. Eciu p — naBieHue Ha HuMHeH no-
BEPXHOCTHU, TO JaBleHUEe HA BepXHell NOBEPXHOCTH COCTABUT p + dp, rie
dp npencTaBifAeT U3MeHeHHe JaBlleHUA I10J Bo3jelicTBUEeM Beca BO3[IyXa,
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Haxogdameroca B cJjoe. Ecau 8 — YCROopeHue Cuibl THAMHECTU, a p — IJIOT-
HOCTb BO3AyXa, TO B€C BO3yXa B Cli0O€ paBeH pgdh Tar rak yBeln4deHue
BBICOTbI COMMPOBOMIaeTCA YMEHbIIEHWEM OaB/ieHuA, TO

uiu, yuutsias (8),
__&Mp
dp = R T dh,

roe M — cpenHuii MoleKynApHbIi Bec Bo3ayxa; M = 28, 88. Ilocne nora-
pudmupoBanusa n audbdepennupopanusa (40) noaydaem

dI' K —1dp
T K p’
JTo BMecTe C MpeablAyIIUM YpaBHEHHEM HaeT
dT K-1gM
—_— == 42
dh K R (42)
ITonarasa

7
K=g: g=0980,665 M=2888% R=8214. 107,

oMy YUM
dT _
i —9,8-1075 2pad/cm = —9,8 2pad/kn.
B neficTBUTENLHOCTH 3Ta BelIMUYMHA HECKOIbKO 60lbIle, 4eM HabJIoaemoe
cpe/lHee CHU#SEHME TeMIlepaTyphbl B 3aBUCHMOCTH OT BBICOThI HaJl yPOBHEM
Mops. Pasuuna o6bACHAETCA [IaBHLIM 06pa3oM TeM, YTO MbI NpeHebpe-
riu 3@ PeKToM KOHIEHCAllMd BOJAHOIO Napa B PacUIMPAIOIMXCA Maccax

BO3ayXa.

3amauu

1. HoacuuraiiTe U3MeHEeHUE BHEPTUM CUCTEMbI, KOTOpafd COBepUIAeT
3,4 - 10® apz paboThl u norJomaer 32 ka4 Tema.

2. CKOIBKO KalopuU TIOTJIONIaeTCA TPeMA MOJAMU UJealbHOr'o rasa,
M30TepMHUYECKH pacIIMPAIOIIErocA 0T HAyalbHOTO JaBJeHUA B 5 amm 10
KOHEeYHOro JaBineHuA B 3 amm npu Temnepatype 0°C?
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3. OnuH Mosb IBYXaTOMHOI'O U/€aTbHOr0 rasa coBepllaeT IpoLecc OT
HayvalbHOr0 COCTOAHUSA, IPU KOTOPOM TeMIlepaTypa i 06beM raza cooTBeT-
ctBeHHo paBHbI 291°K u 21000 cu®, K KOHEUHOMY COCTOSHUIO, B KOTOPOM
TemnepaTypa u 06beM paBHbl 305°K u 12700 cu®. Ilponece usobpaxaer-
ca Ha puarpamme (V, p) npamoii aunueii. HaiiTu coBepmaemyio cuctemoii
paboTy U morJoliaemMoe elo TeIJo.

4. IByxaToMHbI# ra3 aguabaTuyecKku pacmupsaeTca go oobeMa B 1,35
pasa Goiblie HayaibHoro. HauannbHaa Temnepatypa paBua 18°C. Karas
KOHeYHaf Temmepatypa?



TiaBa I11
BTOpOﬁ 3aKOH TepMOAUHaAMUKU

7. ®@opMyavpoBKa BTOPOIro 3aKOHa TepMOJAUHaMUKU

IlepBolit 3aKOH TepMOAMHAMUKHU ObLI CHOPMYIUPOBAH KaKk HEBO3MOMK-
HOCTb MOCTPOUTHL MAIMHY, KOTOpasA MorJa Gkl co3gaBaThb 3Hepruio. OnHa-
KO OH He HaKJaJbIBaeT orpaHUUYeHUIl Ha MpeBpalleHre SHePIuu U3 0JHOro
Bujga B apyroi. Takum o6pa3om, Ha OCHOBE OJHOTrO JHIIb NEPBOr0 3aKOHA
Bcerja UMeeTcA BO3MOMHOCThL NMPEBPATUTh TEIIOTY B paboTy uiau pabo-
TY B TEIUIOTY, €CJIW TONbKO 06Ilee KOMUYECTBO TEIIOThl 3KBUBAJEHTHO
o61ieMy KoJU4YecTBY paboThl. ITo, 6€3YyCI0BHO, BEPHO [JIA MpeBpalleHus
pa6oTel B Temnory. Teno (6e3pa3iuyHo ¢ KaKoWl TemIepaTypoii) Bceraa
MO{HO HarpeTb TpeHHeM, MoMydasd KOJIMYeCTBO 3HEpruu B ¢popme Tella,
TOYHO paBHoe mpojenanHoii padore. [logoGHbIM #e 06pa3oM sreKTpUYec-
KafA BHepruf Bcerga MoeT ObITb NpeBpallleHa B TEILIOTY IPU MPOXOHK-
JeHUHU 3MEeKTPUYECKOro ToKka 4epes conpoTuBieHue. OQHAKO CyIIeCTBYIOT
onpejeneHHble OrpaHUYeHUA MpU NMpeBpallleHuu TemloThl B paboTy. Ec-
a1 Gbl 3TOro He ObLIO, TO MOMHO ObLIO Gbl MOCTPOUTH MAIIUHY, KOTOpas
cMoriia O6bl MyTeM OXJam JeHUA OKPYKAaOIUX Tell MpeBpalaTh B3ATYIO U3
OKpYy:#Kalollieil cpelbl TEIOTY B paboTy.

Tak Kak 3amachl TEMJIOBOW BHEPrUH, cOjep:saliiecA B 3emie, Boje
1 aTMocdepe, IPAKTUYECKU HE OIPAaHUYEHBl, TO TAKafd MallWHa GbLIa Obl
I BceX MPaKTUUYECKUX Ileleil sKBUBaleHTHa perpetuum mobile. Takyio
TUNOTETHYECKYIO MallMHY Ha3bIBalOT perpetuum mobile BToporo poja.

Bropoit 3akoH TepMOAMHAMHUKKM HCKII0OYAeT BO3MOMHOCTH MOCTPOE-
HUA perpetuum mobile BToporo poma. YToGbl ToyHO chopMynHpoBaThb
3TOT 3aKOH, ONpEJelUM, UYTO O3HAUYaeT BbIpameHHe (MCTOUYHUK TEMI0Thl
NpU JaHHOI TemIepaTypey.

Teno ¢ TemnepaTypoii ¢, NocTaBleHHOEe B TaKUe yCIOBUA, YTO OHO MO-
JKeT U3MEHATH TeNIOTY, HO He MOeT coBepllaTh paboTy, B3auMoaeiicTBy A
¢ OKpy:aroleil cpefoil, Ha3bIBA€TCH UCTOYHUKOM TEMJIOThI PU TeMIepa-
Type t. B kayecTBe mpumMepa MomeM pacCMOTPETh Tela, 3aKJII0OYEHHbIE B
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#KECTRYI0 060JI0YKY MU MOABEPramlnecs He3HAUUTEILHOMY U3MEHEHUIO
o6bema. Macca BoJbl, KOTOpaA UMeeT MOBCIOAY TeMIepaTypy t, MOMeT
ObITb NMPUHATA 33 MCTOUHUK TEINOThl, TAK KaKk ee 06beM NpPaKTUUYECKU
HOCTOAHEH.

Mbl MO3eM Telepb yCTAHOBUTH BTOPOI 3aKOH TePMOIMHAMUKH B clle-
aytoleit popme: HesodmoNceH npouecc, eOUHCMBEHHbLM KOHEYHbLM Pe3yib-
mamom Komopozo Gydem npeepawjeHue 6 padomy Mmeniomol, U3BLeLeHHOl
U3 ucmovHuKa, umeloule2o 6ciody odunakosyw memnepamypy (moctyaat
Kenbbuna)?l.

JKcnepUMeHTalbHOe J/IOKa3aTeNbCTBO CIPaBeIMBOCTH 3aKoHa Co-
CTOUT TJaBHBIM 00pa3oM B HeyjAaue BCeX MOMBITOK CKOHCTPYHPOBATh
perpetuum mobile BToporo poja.

Bropoii 3ak0H MoOeT ObITh BbIpaseH TaKkxe ClIedyIoI[UM 00pasoMm:
HeB803MOdKHceH Tpoyecc, e0UHCIMEEHHbIM KOHeYHbLM Pe3yibmamom Komopozo
Obli Obl Nepexrod menaomyv. om mead ¢ 0aHHOU memnepamypoii K meay c
Goaee evicoroli memnepamypoii (noctynar Kaaysuyca).

llo cux mop Mbl, OJHAKO, MOJb30BaIKCh TOJIbLKO ONBITHOW Temiepa-
TypHO#i mKanoil. YTo6bl gaTh TOYHYIO HOPMYJIMPOBKY mocTyiaTa Kiay-
3uyca, cilelyeT cHayana ONpejAeNuTh, YTO Mbl MOJApa3yMeBaeM, Korja ro-
BOPHUM, YTO OJHO TeJ0 UMeeT Ooiee BLICOKYIO TEMIEPAaTypy, YeM ApYyroe.
Ecnu npuBecTu JBa Tena, UMEIOMIUX Pa3iMUHYI0 TEMIEPATYpPY, B TEIJIO-
BOIl KOHTAKT, TO TEIIOTA CAaMOIIPOU3BOJIbLHO NepeiiieT OT 0OJHOro U3 HUX K
apyromy. Takum o6pa3om, MO#HO 3aKIIOYUTh, YTO TENO, U3 KOTOPOrO Te-
II0Ta MepexoJuT, MeeT 6ojiee BHICOKYIO TeMIlepaTypy, 4YeM Jpyroe Tejo.

lCymecTBenHoll yacTbio MocTynaTa KelbBUHa ABAAETCA TO, UTO MpeBpallleHUe Te-
MJI0THI B paboTy ecTh eAMHCTBEHHbI KOHEUHbIN pe3yabTaT npouecca. JelicTBUTeNbHO,
HEBO3MOKHO [PeBpPaTUThb B paGoTy TEIIOTY, B3ATYIO OT UCTOYHHKA, HMEIOIEero BCIOLY
OJIMHAaKOBYIO TeMIlepaTypy, TOIbKO B TOM Cily4ae, €CilIM B KOHIIe polecca OTCYTCTBYIOT
KaKkue—1u60 M3MEHeHUA CUCTEeMBI.

PaccmoTpuM, HampuMep, U30TePMUUECKOe paclIMPEeHUEe UJealbHOro rasa, KOTOPbIi
HaXoAUTCA B TeINIOBOM KOHTaKTe ¢ MCTOYHMKOM TeIIoThl npu Temnepatype 1. Takr
KaKk SHePTufA rasa 3aBHCHUT TOJbKO OT TeMIlepaTyphbl, a TeMIepaTypa He U3MeHAeTCH BO
BpeMsA Ipoliecca, To Mbl JolkHbl uMeTb AU = 0. U3 nepBoro sarkona [ypaBHenue (15)]
nonydaem 3ateMm, uto L = (Q, T. e. paboTa L, coBeplieHHasA NPy pacliipeHUU rasa, paBHa
TemnoTe (), KOTOPYIO OH MorJomaeT U3 UcToyHuKa. IMeeTcsa, Takum o6pa3oM, MOMHOe
npeBpameHue TemaoThl ) B pa6oty L. Ho sTo He npoTuBopeuuT nocrynaty KeabBuHa,
TaKk Kak npeBpameHue () B L He ABIAeTCA e€JUHCTBEHHBIM KOHEYHBIM pe3yJbTaTOM
npouecca. B koHIe mporiecca ras 3aHMMaeT 06beM 60JbIINI, YeM 3aHUMaJl ero BHavale.
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Tenepb MoxHO chopmynupoBaTh noctyiat Kiaysuyca cnenyromum o6pa-
30M: eciu npu KOHMakme menaoma neperodum om meaa A ¥ dpyeomy me-
Ay B, mo nesosmoxcen npouyecc, eduHcmEeHHbLM KOHEYHBLM PE3YAbIMAMOM
K0mopo2o Obla Obl nepexod menaomst om B K A.

OnHako cieayeT moKa3aTh SKBHUBaJeHTHOCTb mocTyjaToB Kiaysuyca
u KenbBuna. [lnd 3Toro HyHO JoKa3aThb, UTO eciu mocTynaT KRiaysuyca
HeclpaBeJIuB, TO HeclpaBelIuB U nocTynaT KenbBuHa, U HA060pPOT.

[Ipennonoxum, uto noctynat KeabBuna HecnpaBeqauB. Torga Mos-
HO ObLJI0 Obl COBEPIIMTHL MpPOLECC, eIMHCTBEHHbIM pe3ylbTaTOM KOTOpPOro
ABJAANOCH Obl MOJHOE NpeBpalleHrde B paboTy TeIoThbl, B3ATONH OT €QuH-
CTBEHHOI0 UCTOYHUKA Npu TemiepaType t;. Torga nyTem TpeHUA MO#HO
Ob1;10 ObI MpeBpaTUThL paboTy CHOBa B TellJOTy U Ojgarojapfa 3ToMy IOX-
HATH TeMIepaTypy Teja, He3aBUCHUMO OT TOro, Kakoii Oblia ero HavalbHas
TeMIepaTypa t2. B yacTHOCTH, TemnepaTypy t2 MO#HO GbLIO B3ATH TAKOI,
yToObl OHa ObliIa Bbllle, YeM t1. TakuM o6pa3omM, eAMHCTBEHHbIM pe3yJibTa-
TOM 3TOTO Ipolecca 6b11 Gbl Nepexo] TEIIOThI OT OJHOT0 Tela (MCTOYHUKA
npu TeMiepaType t1) K Ipyromy Terny c Gojiee BbICOKOI TemMnepaTypoii ta,
yTo ObLT0 Gb1 HapylleHHeM mocTylata KRiaysuyca.

Btopas yacTb qoKasaTenbcTBa SKBUBATEHTHOCTHU 3TUX ABYX [IOCTYIa-
TOB TpebyeT cHayala o0CyJAeHUA BO3MOMHOCTHU NpeBpalleHud TellJIOThI
B pa6oTy. ITOMY BONpPOCY NOCBAILIEH CIeIyIOUUil pa3aen.

8. IMuka Kapuo

CornacHo noctynaty KenbBuHA, HeBO3MOMHO NpPeBpaTUTb B paboTy
TEeNJO0TY, NOJYYEHHYIO OT UCTOYHUKA OJHOPOJHON TemIlepaTypbl, He NPO-
M3BOJA NIPU 3TOM JIpPYTUX U3MEHEHUH B CUCTeMe, BKIIOYAIoIlell HCTOYHUK.
[losTomMy, 4TOOBI COBEPIIMTL TAKOH Ipolecc, Heo6X0AMMbl, 0 KpaiiHeii
Mepe, IBa UCTOYHUKA C Pa3iM4YHbIMHU TeMIepaTypaMu i u ts. UMen nBa
TaKUX UCTOYHUKA, MOMHO NIPEBPaTUTh TENJOTY B paboTy B XOZ€E clefylo-
Iero npoiecca, KOTOpbIli Ha3bIBaeTcA OUKEJIOM KapHo.

PacecmoTpuM muUIKOCTB, COCTOAHNE KOTOPOH MOMHO U300pa3suThb Ha
nuarpamme (V,p), a Takme aABe aguabaThbl U JBe U30TEPMbI, COOTBETCTBY-
[olie Temneparypam t1 U to. ATH YeThbIpe KPUBbIE B3aUMHO NlepeceraloTcA
B ueThipex Toukax A, B, C, D, kak noxasauno Ha puc. 7. [lycte AB u CD
— JIBe U30TE€pPMbl, COOTBETCTBYIOMINE TeMmnepatypam t; u ty. AC u BD



40 TI'nasa IIT

— nBe aauabatel. O6paTuMblil nuKa npespaienna ABDC A na3biBaeTcA
nuraoMm KapHo.

IlorkaseM, KaKk B AeCTBUTEILHOCTU MOMKET

p A ObITH BHINOJNHEH HUKA KapHo. 3armioudaeM kup-

KOCTh B UUIUHJAPUYECKHUI cocy[, UMeIoluil He-

TEIIONPOBOJHbIE OOKOBbIE CTEHKU U HETEIJIOMNPO-

BOJHBI! MOpIIeHb, TAK YTO TEMJIOTA MOKET BbIXO-

t, JUTH U3 NWIMHPA WIK NOCTYNATh B HETO TOJLKO

DYt yepe3 OCHOBaHUE LUIUHIpPA, KOTOPOE BbhIOUpAET-

cA TemnonpoBoaHbIM. IlycTh ¢ u to — Temme-

V  paTyphbl ABYX UCTOYHUKOB TemaoThl. IcTOUHUKH

CTONIb BEJIMKH, YTO UX T€MIIepaTyphl MpakTUyec-

KU He U3MEHAIOTCH, KOorJla HEKOTOPOe KOJIuvecT-

BO TeIJIOThl H06aBNAeTCA K UICTOUHUKAM U OT-
HuMmaeTcA oT Hux. Ilycthb ¢, Gonbine, ueM t;. IlycTh BHauane o6bem u
JaBlieHne HUJKOCTH B UUIUHAPE COOTBETCTBEHHO V4 U p4 (Touka A Ha
puc. 7). Tak Kak ToYKa IeMUT HA U30TEPMe, OTBeYalolleli TeMnepaType iz,
TO cHayvala TeMIlepaTypa #HUIKOCTH paBHa to. [loaToMy, eciu noMecTUTH
UUIVHAP Ha UCTOYHHUK C TeMIepaTypoil ty, TO He NMPOU30UJET HUKAKOIo
nepexoja TemioTel (puc. 8, A).

ITocTaBUB HUUAMHADP HAa UCTOYHUK C TeMIEpaTypoil {3, MeAJIEHHO NOJ-
HUMaeM MopllleHb U TaKUM 00pa3oM o6paTUMO yBeInYrBaeM 06beM 10 TeX
op, MOKa OH He JOCTUrHeT BeanuuHbl Vp (puc. 8, B). dTa yacTh npouec-
ca mpejJcTaBieHa oTpe3koM AB uszoTepMbl, oTBeuamwlleil TemnepaType to.
Tenepb cocToAHMe Halllell cUCTeMbl U300paxaeTcA Toukoil B Ha puc. 7.

CTaBUM HUIUHIP HA TEMJIOU30JATOP U OUeHb MeJJIEHHO YBEINY1BaeM
0o06beM, MOKa OH He JOCTUTHeT Beanuuns! Vp (puc. 8, D). Tar kar cuc-
TeMa TepMHYeCKH H30JMPOBaHa BO BPeMA 3TOi YacTH Ipoliecca, TO OHA
uzobpanaeTca Ha puc. 7 orpe3roM aguabatrel BD. B Teuenue storo agua-
6aTUYECKOro pacliupeHus TeMIllepaTypa #UIKOCTH CHUKaeTcH ¢ £y 0 g,
U COCTOAHME CHUCTeMbl 0603HauaeM Toukoit D (puc. 7).

Ilomemasa 3aTeM HUIMHAP HA UCTOYHUK C TeMIEpaTypoil ti, 0UeHb
MeJUIEHHO CiUMaeM #HuAKocTb 1o usotepme DC (puc. 7), noka ee 06beM
He ymenbiutea go Ve (puc. 8, C). Hakonen, cHOBa cTaBUM HUIUHID HA
TenNou30aATop U o MuHuu C A oueHb MeJllIEeHHO afuabaTUUeCKU CRUMAeEM
MMUTKOCTh, IOKAa ee TeMIepaTypa He MOBbICUTCA 10 fo.

Puc. 7.
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‘ ! [ o
: _____
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A B D C A,
Puc. 8.

Tenepb cucTeMa CHOBA HAXOJAUTCA B HAYAJILHOM COCTOHHUHU (pHc. 8,
A), KoTOpOe MoKa3aHo Toukoit A Ha puc. 7.

Bo BpemsA u3oTepMuuecKoro paciipeHus, u306paseHHOI0 0TPEe3KOM
AB, cucreMa morJomaeT KOJU4YeCTBO TEIUIOTHI ()2 OT MCTOYHHMKA C TeM-
nepaTypoii t2. Bo BpemA n30TepMUyeCcKoro c;xaTuf, PeJCTaBJIeHHOT0 OT-
peskom DC, cucTema moriomaer TemIOTy —(J); OT UCTOYHUKA C TeMIlepa-
Typoii £, T. €. OTHaeT TEIIOTY ()1 UCTOUYHUKY C TeMIlepaTypoii t;. Takum
o6pasoM, obliee KOJIUYEeCTBO TeIlJIOThl, NOIVIOLIEHHON cucTeMoil BO BpeMA
MKJIa, cocTaBafgeT Q2 — Q1. [lycts L — paboTa, npojenaHHas cucTemoil
Bo BpeMA npolecca. OHa paBHa mJomany, orpaHuYeHHO UKIOM Ha puc. 7.
Hcnons3syna ypaBuenue (16), koTopoe BbIpamaeT NepBbIA 3aKOH TepMOIH-
HaMUKU [Jd UUKJIa, UMeeM

L=Q:- Q1. (43)

U3 sToro ypaBHeHUA BHUIHO, YTO TOJbLKO YacTh TeIJIOTHl, NOTJOIIEH-
HOI cucTeMOl M3 UCTOYHUKa ¢ Oollee BBICOKOW TeMIlepaTypoii, npeBpa-
maetrcA B nukie KapHo B paboTy; Temnora () nepegaeTcA UCTOYHUKY C
MeHblIeil TeMnepaTypoil.

OmnpepnenseM K03 (pHIHEHT Moae3HOro aedicTBuA (K.0.4.) uukia Kapuo
7) KaKk OTHOILIeHWe paboTbl, COBEPIIEHHON UKIOM, K KOJIUYeCTBY TeIJIOThI,
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MOTJIOHIEeHHONW U3 MCTOYHHKA C 60Jlee BbICOKOM TeMHepaTypoﬁ.

L Q-G Q1
—=———=1- =\ (44)
Q- Q2 Q2

Mocronbry nura KapHo o6patum, oH Mosx#eT ObITh POBeeH B oOpat-
HOM HalNpaBJeHUU. ITO MOMKHO CHelaTh, BLIIOJHAA BCE ONMCAHHBIE BbIIIE
npolecchl B IPOTUBOMNOJOHOM HanpasieHud. [Ipu 3ToM nura norpebas-
eT paboty L BMecTo TOoro 4To6bl NpOU3BOAUTHL €€; OH IMOTJOLIAaeT U KO-
JUYECTBO TEIIOThl ()1 MpU TeMnepaType t; M BO3BpalllaeT KOJUYECTBO
TemI10Thl (J2 MpU TeMmepaType is.

IlepBeiM npuMeHeHneM nukaa KapHo GyneT okoHYaHUe I0KA3aTENbCT-
Ba 3KBHBalleHTHOCTH mocTyiaToB Kiaysuyca u KeabBuna. Ilokaxem, 4To
ecau Obl moctynat Kinaysuyca Gbl1 He BepeH, TO He BepeH ObL1 Obl U MOC-
tyaat KenbBuHa.

JomyctuMm, Bonpeku noctynaTty Kunaysuyca, 4To MOKHO epeJaTh He-
KOTOPO€e KOJIIMYECTBO TEIJIOThI ()3 OT UCTOYHUKA C TeMIepaTypoi t; K uc-
TOUHUKY c 6oJjlee BbICOKOH TeMmepaTypoil ly Tak, YToObl He MPOM3O0IILIO0
00Jbllle HUKAKUX IPYTUX M3MeHeHuil B cocTOAHUU cucTembl. Torpa npu
nomMomny nukiaa KapHo MomHO OblLI0 6bI MOTNOTUTH 3TO KOJIMYECTBO Te-
I0ThI ()2 U mpousBecTu KonuuecTBo pa6oTehl L. Tak Kak UCTOYHUK TpU
TeMIlepaType {y NoldyvyaeT U OTJAeT TO #e caMoe KOJUUYeCTBO TelJIOoThl, TO
B KOHEYHOM KTOre OKa3bIBaeTCA, YTO OH He u3MeHuiIcA. Takum o6Gpasom,
eJUHCTBEHHbIM KOHEUHbIM pe3ylbTaTOM ONUCAHHOr'O IMpolecca ObLI0 Obl
npeBpalleHye B paboTy TemJIoThbl, U3BJeYeHHOH U3 UCTOYHUKA, UMEIOLEero
BCIOJY TeMIlepaTypy ti, HO 3TO NpoTUBOpeduT noctynaty KenbBuHa.

9. AGcoaroTHaA TepMoaHHaAMHUuyecKad TeMIepaTypa

B npenbigyuieM pasjeie MbI 10 CYTHU Jejla onucalyd HEKYIO MalluHy,
KOTopas coBepliaeT Kpyrosoii nuka KapHo: npousBoaut pa6oty L, morio-
mafd TemioTy (J2 OT UCTOYHMKA ¢ TeMNepaTypoil t, U mepejaBaf TeIJo-
Ty ()1 UCTOUHUKY c Gojee HU3KON TemmepaTypoil ;. KRak Buaum, taras
MalrMHa paboTaeT MemJy TemnepaTypaMu ¢; U ta.

PaccmoTpum Tenmepb Mpou3BOJMbLHYIO MallUHY, paboTaOIIYI0 MemIy
Temneparypamu £; (MeHbuieit) u ty (6onbieit). lyers L — paGota, co-
BeplllaeMas MalllHOM BO BpeMA Kam Joro MKIa, U ycThb (J2 U ()1 — Kolu-
YyecTBa TelJOThI, IOTIOLUIeHHON 3a LIUKJ NIPU TeMmIlepaType to U OTAaHHOHN
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npu TemmnepaTtype t;. MamuHa He 006fA3aTelbHO [OJ#HA JAeHCTBOBATb MO
nukay KapHo; cTaBUTCA eIMHCTBEHHOE ycClOBHe: MallllHA JOJ#HA ObITh
OUKJIWYHOM, T. €. 10 OKOHYaHUM IIpoliecca Bo3BpalaThCcA B IepBOHAYalb-
HOe COCTOfHUe.

MoskHO nerko nokasaTtb, uTo ecau L > 0, T. e. ec1u mManinHa coBep-
aeT MOJOMUTENbHYIO paboTy, To Q2 > 0 u Q1 > 0.

Jlonyctum cHavana, uto 1 < 0. JTo o3Hayano Gbl, YTO MalIUHA 1O-
rjomaeT BO BpeMA [UKJIA OT UCTOUYHUKA C TeMIepaTypoii t; Temioty ;.
Torpa moxHO ObLI0 GbI NPUBECTU [BA MCTOYHUKA B TENJIOBOH KOHTAKT
U MO3BOJUTL TeIlJIOTEe CaMOIPOU3BOJbHO NepexoJUTh OT OoJjiee ropfadero
WCTOYHUKA C TeMIepaTypoil to K Gojlee XOJNOAHOMY C TemmepaTypoil ip
[0 TeX Top, [0Ka MOcIeJHUN He MONYYUT TaKoe e KOJIUYeCTBO TeIllo-
Thl, KAKO€ OH Ilepefal MalliHe BO BpeMA IHMKJIa. Tak KaKk UCTOUHUK C
TeMnepaTypoil ¢; octaincA Obl HEM3MEHHBbIM M MallllHa cHOBa Oblia ObI
B CBOEM HayalbHOM COCTOAHUM, TO €AUHCTBEHHbIM KOHEUHbIM pe3ylbTa-
TOM mpolecca O6b110 ObI MpeBpalleHre B paboTy L TenjaoThl, NOTJIOMEHHOM
M3 OJIHOT0 UCTOUYHMKA, KOTOPBII MOBCIOAY MMeJ OAMHAKOBYIO TeMIepaTy-
py ts. IlockonbKy 3TO mMpoTHUBOpPeUUT mMocTynaty KelabBuHA, TO JOIHHO
6bITH Q1 > 0.

JlokazaTb, uTo Q2 > 0 Temepb o4yeHb npocTo. Tak Kak Halia Mamiu-
Ha BO3BpalllaeTcd Iocie NUKIa K Ha4albHOMY COCTOAHUIO, TO U3 IIE€PBOr0
3aKoHa (cM. ypaBHenue (16)) umeem

L:Q2_Q1-

Ho L > 0 no npeanofioxeHuio, 1 y#e qokasano, uto Q; > 0, ciemgoBaTelb-
HO, MBI JOM#HBI UMETb Q2 > 0.

PaccMoTpuM Tenepb BTOPYIO MalluHy, paboTalIy0 MEH Iy TEMU He
TemnepaTypamu t; u to. s Hee L', Q4 v Q) ABIAIOTCA BeanvuHaMHy,
cooTBeTcTBYyOIUMHU L, Q)2 u ()1 nepBoii MamuHbl. Mbl JOKameM Cleayio-
YO0 OCHOBHYIO TEOpeMy:

a) ecau nepeas MAWUHA AeAAemcA obpamumotl 2, mo

@ Q3
0 2o (45)

2Tlon o6paTUMOli MamMHON MbI OHUMaeM TaKylO MaIlMHY, KOTOpaA BCIOAy AeifcT-
BYeT 10 06paTUMOMY LHUKIY.
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6) ecau smopas MAWUHA MAKKce 00pamuma, mo

Q  Q

2O (46)
loxasameavcmeo.

B nepBoit yacTu TeopeMbl Mbl HUYEro He IpeAroNaraeM 0 BTOPOH
MallliHe; TaKUM obpa3aM, OHa MO#eT ObIThb 0OpaTUMOIi, 1U6O0 HeT.

Ecan npumenum ypaBuenue (16) (ocoGbiit BUI NepBOro 3aKkoHa MM
[MKIOB) K OBYM HallUM MallyHaM, TO YBUIUM, YTO paboTa, BbINOIHEHHAA
Kam /0l MallMHOW B TeyeHUe LIMKJA, JOJA#HaA ObITh paBHa Pa3HOCTU MeH-
Iy TelJI0TOi, 0JYUYeHHOI OT UCTOYHUKA C TeMIlepaTypoil i, U Tel1oToi,
OTJAHHOI UCTOYHURY C TeMnepaTypoii t;. Takum obpaszoMm, UMeeM

L=Q:—0Q1, (47)

L'=Q5 - Q. (48)

Q2 "
OTHomeHWe —-, KOHEYHO, MO#eT ObITh BbIPa#eHO palHOHATbHOM
2
OpoObio ¢ mo6Goil HamepeJ 3aJaHHONW TOYHOCTbIO. B pe3yiabTaTe MOMHO

HamnucaTthb

Q2 N’ (49)
Qy N’
roe N u N/ — noJomuTenbHble Lielble yucaa.

Paccmorpum Teneph mpomnecce, cocToAmuin U3 N’ MKJIOB BTOpOi Ma-
muHbl 1 N 00paTHBIX LUKJOB MEPBOi MamIMHbI. ITOT Mpolecc ABIAeTCH
JONYCTUMBIM, Tak KaKk Mbl PEANOJO¥UIN, UTO lepBad MalliHa obpaTuMa.

Korpa nepBasa MaiiuHa jeficTByeT B o6paTHOM HampaB/eHUH, OHA MO-
rjomaeT KoiuvyecTBo paboThl L Bo BpeMsA Kamaoro obpaTHOro HUKIA, OT-
naBaf TemIoTy (J2 UCTOUHHKY ¢ TeMIepaTypoil o U morjiomas Temioty (1
U3 UCTOYHUKA ¢ TeMIepaTypoil ;.

Ob1ee KonMyecTBO pabOThI, BbINOJHEHHOM ABYMA MallMHaMU BO Bpe-
Mf OIIMCAHHOIO BbILIE CHO#HOIO Ipolecca, cocTaBiafAeT

Losw = N'L' — NL.



Bmopoii 3arxon mepmodunamuru 45

Obmee KONMMYECTBO TEIOTHI, MOrJOMEHHON U3 UCTOUYHUKA C TeMIepaTy-
poit t2, TaKOBO:

Q2,061u = NIQ,2 - NQ27

1 oblilee KOJIUYECTBO TelJ0Tbl, OTOAHHO€ NCTOYHURY tl, paBHO

Q1,0m = N'Q} — NQ1.

U3 (47) u (48) HenocpeaCTBEHHO MOIYYaeM

Loﬁm = Q2,06m - Ql,oﬁma

Ho u3 (49) cnenyet, 4To

Q2,06m = 07 (50)

OTKYyIa

Loﬁm = _Ql,oﬁm- (51)

Ypasuenue (50) ycraHaBiuBaeT, YyTO [pHU 3aBepUIEHUH Ipolecca He
MPOMCXOAUT HU3MEHEHHA KOJIMYecTBa TEINOThl Y HUCTOYHHUKA C BBICOKOM
TeMIepaTypoit ¢z, a u3 ypaBHenusa (51) BUIHO, YTO TEIIOTA, MOTJOMIEH-
Hafl U3 UCTOYHUKA C TeMnepaTypoil ¢; (paBHaA —Q)1,06m ), IPEBpallaeTCA
B pa6boTy Logy-

Tak Kak Bech Ipollecc COCTaBAeH M3 IUKIOB Ka#J0W U3 MalllH, TO
N0 OKOHYAaHUU ero obe MallMHbl BEPHYTCHA K CBOMM HayajibHbIM COCTOA-
HUAM. U3 3TOro BhITEKaeT, UYTO Loy HE MOMET GbITb MONOMUTENbHOM,
TaK Kak eciu Obl OHA GbliIa MOJOHUTEIbHON, TO € IMHCTBEHHLIM KOHEUHbIM
pe3yabTaTOM BCEro mporecca JoM#HO GbLI0 ObIThH IpeBpalleHue B paboTy
Logw Tem10Thl —Q1,06m, NMOTVIOMEHHOH M3 HCTOYHMKA, KOTODBINA MOBCIO-
oy uMeeT Temmepatypy t1. Ho 3To nporuBopeunT moctyiaty KenbBuHa.
CnenoBaTenbHO, MbI JOMKHBI MOJIYYUTh

Loy < 0.
Baaropapsa ypaBHenuio (51), 3To HepaBeHCTBO 3KBUBaIEHTHO:

Ql,oﬁm 2 O;
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", BCIIOMHWHAaA BbIpa:ieHue OJjA quoﬁm, MBI [oJIy4aem
1N/
N'Qy > NQs.

Eciu 13 aT0oro BhipameHna UCKIIOYUM IIpU oMoy ypaBHenud (49) N' u
N, To, MOCKOJIbRY BCe BeIMUYUHbI B (49) M0J0MUTENbHBI, MOMHO 3alKCaTh

Q:2Q > Q53Q1,

uinu
o a,
Q1 ~ QY
4TO coBnagaer c (45).

JlnA mosHoOro [oKa3aTelnbCcTBA Hallleli 0CHOBHOM TEOPEeMbI MbI JOJAHbBI
MOKa3aThb, UTO €CJIM BTOpad MallMHa Takie obpaTuMa, TO HaJ0 NOCTABUTh
3HaK paBeHCTBa (cM. ypaBHeHuA (46)).

Ecau BTopas mamuHa o6paTima, To, U3MeHAA HalpaBieHue NefACTBUA
o6erx MallMH ¥ NPUMeHAA HePaBeHCTBO MEPBOH YacTW TeopeMbl, KMeeM
@, Q2
Q1 ~ @1

IlonyuenHoe HepaBeHCTBO U HepaBeHCTBO (45) HOMMHBI YIOBIETBO-
pPATbCA B HACTOAIEM clIydae, IOTOMY 4To o6e MammuHbl o6paTuMbl. Ho
3TH HepaBeHCTBa CIpaBeJUBbl TOJIbKO B Cllyuyae paBeHCTBa.

Mb1 MoeM 3aHOBO CPOPMYIUPOBATH TOMBLKO UTO TOKA3aHHYIO Teope-
MY ClefyIouM 06pa3oM: ecAu UMEIMCA PA3AULHblE YUKAUYECKUE Menio-
8ble MawuHbl, deticmeyiowjue mexcdy memnepamypamu ty u te, U ecau HeKo-
mopble U3 SMUT MAWUH o6pamumbie, mo kosPduyuenm noaesnozo deticm-
6UA 6cex 006PAMUMBLT MAWUH 00UHAKO8, Mo2da KAk Heobpamumble UMeIom
roodduyuenmol noaesnozo deticmeus, Komopvle He npesvlulaiom kodPdu-
UueHm noaesnozo delicmeus 06PAMUMbLE MAULUH.

PaccmorpuM cHavana aBe o6paTHMble MamMHbL. ToT (GakT, YTO UX
K03(QPUIUEHTHI MONE3HOr0 NEACTBUA PAaBHbI, ClleJyeT HemocpeIcTBEHHO
u3 (46) u onpenenenus koadduurenTa nonesHoro geicTeua (44).

Ecau mMbl nMeeM 06paTUMYIO 1 HEOOPATUMYIO MalluHbl, TO MOXYYaeM
U3 HepaBeHCTBa (45)

o _Q

Q2 ~ QY
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Otcroaa
!
Ql 1
1-—2>1-—,.
Q2 Q3
CpaBHUBas 3T0 ¢ ypaBHeHueM (44), BUAUM, YTO KO3(DOUIUEHT TONE3HOr0
neiicTBUA HeoOpaTUMOlN MallMHbl HUKOT'Ja He MOKET NPEB30MTH TaKOBOI
A 06paTUMOil MallVHbI.
2
Hama ocHoBHaA TeopeMa MoKa3bIBaeT, YTO OTHOIIEHNE Q_ nMeeT OAu-

1
HaKOBYIO Be€JIMUYUHY A BCeX OﬁpaTI/IMbIX MaluH, KOTOpbIe pa60Ta}0T B

HHTepBale OJAMHAKOBLIX TeMIiepaTyp t; U tz, T. €., €Clld MallluHbl 00pa-
THUMBbI, 3TO0 OTHOLIEHHE He 3aBUCHUT OT MX ocoGeHHOCTeil, a ompejendeTca
TONbLKO TeMIlepaTypami t1 U ts IloaTomMy MokHO HamucaThb

Q2
= f(t17 ta 9 52
o ) (52)
rae f(t1,t2) — yHuBepcanbHaa QyHKOUA TemmepaTyp t; U te. Temepb
nokaeM, uto ¢dyHruua f(t1,ty) uMeeT clelyoliee CBOMCTBO:
f(to, t2)
[ty te) = T—= 53
( 9 f(t(], tl) y ( )

rae to, t1 U o — TPU NPOU3BOJbHbIE TEMIIEPATYPhI.

Hycts A; u As — nBe o6paTUMble HUKINYECKHE MAIIUHBI, KOTOPbIE
paboTaloT COOTBETCTBEHHO Me Iy TeMmepaTypaMu to U tq, to U t2. Ecau
A1 morJommaeT Bo BpeMA [[UKJIa KOJIMYECTBO TEINOTHI ()1 OpU TeMmepaTy-
pe t1 U OTAAET KOJIUYECTBO TEINOTbI (Jg mpH ty, TO UMeeM

& = f(t07 tl)
Qo
HOI[OﬁHO 9TOMY, eClik A2 BO BpeMA Raxygoro mnpopecca norJomaeT
KOJIN4YeCTBO TeIJOTbI Q2 Ipu TeMIiiepaTrype t2 1 oTgaeT KOoJIn4yecCTBO Te-
10Tkl (Qg (MbI monaraem /M OPOCTOTHI, YTO 06e MalIMHbI BHIOPAHbI TaK,
4YTO OHHM OTAAlOT paBHbIe KOJHMYECTBa TEIJIOTEHI IIPU TemMIiepaType t()), TO

@ _

Q0 flto,t2).
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Pa3,£[eJII/IB 9TO ypaBHeHHe Ha peabigyliee, 3alluliemM

Q2 _ f(to,t2)
QO f(tﬁatl).

PaccmoTpuM Teneps ciI0HbBIN Npoliecc, COCTOANMNI U3 IPAMOro HUK-
Ja mMaluHbel Ay U 06paTHOrO MUKIA MaliuHbl A;j. ITOT Ipouecce, OUeBUI-
HO, NpejAcTaBafgeT coboif o6paTUMBbIl LUK, TAK KAK OH COCTOUT U3 JBYX
obpaTuMbIX LHMKJIOB. Bo BpemA ciloHOro mpolecca npu TeMiepaTtype tg
Tem10Ta He U3MEHAETCH, IOTOMY YTO KOJIMYECTBO TEIIOThI (Jy, KOTOpPOE
nepefiaHo MalnHoii A, Ipu TemmnepaType to CHOBa MOTIOMIAETCA PU 3TOMU
TeMmmepaType MaimnHoit A;, paGoTaiouieli B o6paTHoM HanpaBienuu. On-
HAKO BO BpeMsf LUKJIA IPHU TeMiepaType tp KOIUYECTBO TEMIOThI (Jo TIO-
riouaeTcA MaumuHouW A, U mpu TemmepaTtype t; MamuHe A; nepeaaerca
KOIMYecTBO TemioThl (J1. [losTomy mono mamuubl A; u Ao, Korjga oHu
paboTal0T COBMECTHO N0 ONKCaHHOMY BbllIe crnocofy, paccMaTpuBaTh Kak
eIMUHYI0 00paTUMYIO NUK/IWYECKYIO MalluHy, KoTopad JelicTBYeT MemIay
TeMInepaTrypamu t; u ta.

lna 3TOi1 MaluHbI, N0 onpeeneHu0 GYHKIUU f, Mbl UMeeM

Q:
o

CpaBHuBas 3To ypaBHeHue c¢ (54), noiydaeMm paBeHCTBO (53), 4TO U Tpe-
60BajloCh JOKAa3aTh.

MockonbRy TeMnepaTypa to B NPUBEIEHHOM paccyIeHUM ABIAETCA
IPOU3BOJbLHON, TO MOAHO 3aMKCUPOBATh ee BO BCeX ypaBHeHUAX. U3 3To-
ro ciegyer, uTo f(to,t) MOHHO paccMaTpPUBaTh Kak GYHKIMIO OHOMN JIUIIb
TeMnepaTypbl £, I03TOMY MPUHUMAaEM

Kf(tmt) = B(t)? (55)
rie K — npousBoibHaA KOHCTaHTA.
Hcnonbays (55), Boipasum (53) B popme
Q2 6(t2)
— = f(t1,l2) = .
o f(t1,t2) a(tr)

dTo ypaBHeHUe NoKasbiBaeT, uTo f(t1,fs) paBHA OTHONIEHHIO (YHK-
I[UU C apryMeHTOM t; K TaKoii ke GYHKIHMH C apryMeHTOM f.

(54)

= f(t1,t2).

(56)



Bmopoii 3arxon mepmodunamuru 49

Benencrsue Toro, 4To Mbl UCIOIb30BAIN 3MIUPUUECKYIO TeMIepaTy-
py ¢, OUEBMIHO, HEBO3MOMKHO ONpeJelTh aHATUTUUECKYIO (GopMy (YyHK-
nuu O(t). OgHako Tak Kak Hallla HIKaja TeMIepaTyp IpPOM3BOJbHA, TO
yI06HO BBECTH HOBYIO TeMIIepaTypPHYIO MIKaly, UCIOIb3yH BMECTO ¢ caMmy
GYyHKIUIO § BMECTO TeMIepaTyphl.

Cienyer oTMeTuTh, yTo O(t) ompeneieHa He €IUHCTBEHHO BO3MO-
HbIM cnioco6om. U3 (56) unu (55) BugHO, uTo f(t) OnpeneneHa ¢ TOYHOCTHIO
10 TIPOMU3BOJNILHOTO MOCTOAHHOTO MHOMHUTENA. TO MO3BOJAET HAM Hajie-
amuM o6pa3oM BhIGPATh eJUHUIY HOBOI TeMIepaTypHO# ImKaabl. O6b14-
HO, BbIOMpAsA 3Ty eUHUILY, IONaraioT pa3HoCcTh Me# 1y TeMIepaTypoil Ku-
NeHUA ¥ TeMIepaTypoil 3aMep3aHud Bofbl, paBHoit 100 rpagycam.

TeMnepaTypHas IIKajla, KOTOPYIO Mbl TOJIbKO YTO ONpeeii, Ha3bl-
BaeTcA abCoJTIOTHON TepMoAHHaAMHYeCKol mKkaioi Temmnepatypsl. Ee npe-
UMYIIECTBO B TOM, UTO OHA HE 3aBUCUT OT 0COGLIX CBONCTB TEPMOMETPH-
YecKoro BelllecTBa. B manbHelineM Bce TepMoguHaMUYeCKHe 3aKOHBI TIPU
UCHO0/b30BAHMK TEPMOIMHAMUYECKON WIKalbl NPUHUMAIOT MPOCTYIO hop-
My.

IokameM Tenepb, 4TO AGCOAMHAA MEPMOOUHAMUYECKAA MeMnepa-
mypa 0 cosnadaem c aGcoaromuoti memnepamypoti T, 66edenHoll 60 6MOPOM
pasdede npu NOMOULU 24306020 MePMOMEMPA.

PaccmoTtpum coBepuiaemblit uaeanbHbIM razoM nuki Kapuo (s 60ib-
1ell TPOCTOTHI BO3bMeM OfuH Moib rasa). Ilycts T; u To — TeMmepaTty-
pbI, COOTBETCTBYIOMINE JBYM U30TepMaM lukiIa KapHo, namepenHsbie raso-
BbIM TepMOMeTpoM (cM. puc. 7). [logcuntaem cHayana KOJIUYECTBO TEMIO-
ThI (Q2, MOJIOIEHHOe pKU TeMnepatype Th BO BpeMA M30TE€PMHUYECKOr0
pacupenusa AB. Ilpumenss nepsblit 3akoH [ypaBaenue (15)] k npoueccy
AB u o6o3Hauadg uHOekcamu A ¥ B BeIMUYUHBI, OTHOCANIMECA K COCTOA-
HuAM A u B, umeeMm

Up —Us+ Lap = Q2

rae Lyp — paboTa, coBeplieHHad BO BpeMA M30T€PMHUYECKOr0 pacuiupe-
HHUfA, KOTOpasa MoeT ObITh NOJCYMTaHA ¢ noMoulbio ypaBuenus (10):

Lap = RT5In V—B.
Va

Hcnonb3yem TOT paKT, YTO SHEPTHUA UJEATLHOr0 ra3a ABIAETCA PYHK-
nuei ToibKo Temnepatrypbl T (cMm. pasgen 5); Tak Kak A u B nemar Ha
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OJTHO! U TOM e u30Tepme, TO A0MHHO O6bITh Uy = Up, Tak 4To

Vs

=L = RT51 .
Q2 AB RznVA

Ilono6HbIM #e 0Opa3oM MOMHO JOKa3aThb, UTO KOIUYECTBO TEMJIOTHI,
OTIaHHON HCTOYHUKY C TemmepaTypoit 77 Bo BpeMA H30T€PMHYECKOro
caTHA, KoTopoe udobpaneno orpeskom DC, cocTaBiadgeT

Vb
= RT;In —.
Q: 1 HVC

Tar xark Tousu A n C nemar Ha OBYX a)maﬁaTax, TO U3 (38) nMmeem
K-1 K-1
T1 VC = TQVA
1 aHajJorudyHoe ypaBHeHUe
K-1 K-1
T1VD - T2 VB 5

paszienB KOTOpOe Ha NpedblAyllee U U3BlIeKkad KopeHb K — 1 cTemeHwu,
noJxyvyaem

VB Vp
Va Ve
U3 sToro ypaBHeHHA U BblpaeHus A1A Q2 1 @ HAX0AUM
@ _m
Q1 T
Q-
llocienHee paBeHCTBO NOKA3bIBAET, YTO OTHOIIEHHE 0, paBHO OT-
1

T
HOWIGHUIO = TEMNEPATYP UCTOUHMKOB, KOT/la TEMIEDATYPh BbIpaKeHbl
1

. Q2
mkasnoit rasooro Tepmomerpa. Ho u3 (56) crefyer, 4To —= Takme paBHO
1
OTHOIIEHHIO TeMIepaTyp HCTOUHHKOB, KOI/Ja TeMIepaTypbl BbIpaKeHbl B
eMHALAX a0COMOTHON TepMOANHAMUYECKOH mKanbl. OTCIOfa: OTHOLEHHE
ABYX TeMIepaTyp abcoMIOTHOI TepMOINHAMHYECKON IKAIbl PABHO OTHO-
IEHMIO BYX TeMIepaTyp Mo IIKajle ra3oBoro TepMOMETpa, T. €. STH JBe
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TeMIlepaTypHble ITKa/bl IIPONOPHHXOHAJNbHBI. HOCHOJ]bHy €IUHHUIBbI TeMIle-
paTypkI B obeunx MIKanax BbIﬁpaHbI PaBHbBIMU, MO HO 3aRJIIOYUTDb, YTO 3THU
JABe IIRKaJlbl coBllajgarwT, T. €.

0="T. (57)

Tak kak 6 u T paBHbI, TO HeT GoJbllle HEOOXOAUMOCTH YHOTPEOIATDL A
ux o003HauYeHNA JIBe pa3nuyHble 6yKBbI. B nanbHeiiinem Bcerjga 6ynem o6o-
3HayaTh abCoNIOTHYIO TepMOJUHAMUYECKYIO TeMnepaTypy OykBoii T'.

Hpumensasa T Bmecto , mbl umeeM u3 (56) anAg oGpaTUMOro HUKJIA
Memxay Temneparypamu 11 u To

0

Q. Ty
1 K03 PUIMEHT none3Horo feicTBuA (44) 06paTUMOIi MalIMHbI NPHHIMA-
eT BUJ

(58)

n Th-T

T, T, (59)

n=1-

10. TenaoBblie MalINHBI

Mer1 yse nokasanu, 4TO HUKaKafA MalllHa, paboTamolas MemKIy OBY-
MA TeMnepaTypaMy, He MOMeT UMeTh K.N.J. OonbIIuii, 4eM K.I.O. oOpa-
THUMOI1 MallnHbl, paboTaloleil Me#aAy 3TUMU #e TeMliepaTypaMu. Takum
obpasoM, (59) BbipamaeT Haubonee BbICOKUH K.N..I., KAKON TONLKO MOMKET
UMeTb MallnHa, paboTawmas Mexay TeMmnepatypamu 17 u Ty, Ina 6onb-
[IMHCTBA TEIJIOBBIX MAllMH HU3IIafA TeMmmnepaTypa 1) mpeicTaBifeT TeM-
nepaTypy OKpy:alolleii cpelibl U NOATOMY ABNAETCA Heperynupyemoii. 3
TepMoJUHaAMHUYeCKUX coobpaskeHUll elaTelbHO, UTOObI TemnepaTypa 1s
Obl1a Kak MoxkHO BbIe. KoHe4Ho, He clieiyeT 3a6bIBaTh, YTO AeCTBUTENb-
HbIN K.[.A. BOOGIE 3HAUUTENLHO HUKE, YeM MaKCUMalbHbIi K.m.4. (59),
TaKk KaKk Bce TEIJIOBble MAIlMHbI JajeKu OT TOro, YTOGbI ObITH 06PaTUMbI-
MH.

Ilurn KRapHo, neficTBytomuii B o6paTHOM HampaBleHHH, MOKeT ObITb
HCIONb30BaH AJdA TOro, 4YTo6bl M3BAEUYb KOJMYECTBO TEMJIOTHI ()1 U3 HC-
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TOYHUKaA c Gojlee HU3KOI TemmepaTypoil T MyTeM INOTIJOEeHUA ONpefe-
JeHHOro KoinvecTBa pa6otsl L. U3 (43) n (58) nerko BHIBOAUM, YTO

T

=L_——+r.
Q1 T

(60)

Ha TakoM mpuHINMIIE MOHO CKOHCTPYHMPOBAaTh XOJOAUIbHYIO Mallu-
HY, UCNOJb3yA TeMIepaTypy OKpy:amwlieil cpeapl Kak 0ojiee BBICOKYIO
temnepatypy T>. llukn KapHo, paGoTarmomuii B 06paTHOM HampaBleHUU,
MOMHO NO3TOMY MCIONb30BaTh AJAA TOTO, YTOObl U3BIEYhL TEMNOTY (); U3
Tena, OXJamJAeHHOro J0 TemmnepaTypbl 7}, KOTOpad HUMe TeMIlepaTypbl
okpymaromieii cpeabl Ts. U3 (60) oueBHAHO, YTO KOIMYECTBO paboThI, He-
06X01MOE€ I TOro, YTOGbI U3BJeYb JaHHOE KOJNUYECTBO TEIJIOThl ()1 U3
Tena, TeMiepaTypa Kotoporo 17, ¢ HOHUKEHUEM 3TON TeMIlepaTyphl BO3-
pacraer.

Kak u y oObIYHO! TennoBoil MalIMHBI, K.1I.[. XOJOAWIbHON MallUHBI
3HAUYUTENbHO HUMe, YeM TepMoJUHAMUUecKUil K.I.J. (60), noToMy 4TO B
XOJNOJMUILHBIX MallIMHAaX BCerja MpoUCXOAAT HeoGpaTUMbIe MPOIecChl.

3amauu

1. OpuH Monb ogHOaTOMHOro rasa coBepinaeT HUKI KapHo memnay
temnepatypamu 400 u 300°K. Ilpu BepxHem H30TepMUUECKOM Mpolec-
ce HavyalbHbIi 060beM cocTaBiafeT 1 ., a KoHeuHbIl — 5 4. HaiiTu paboty,
COBepIIeHHYIO BO BpeMsA LUKJIa, U KOJIMYecTBa TEIJIOTbl, NOrJIOMEeHHbIe U
BbIJI€IeHHbIE UCTOYHUKAMHU.

2. KakoB MaKcHMalbHbId K.N.J. TEMJOBOW MallMHbI, paboTatolieii
Meay Temnepatypamu 400°C u 18°C?

3. HalinuTe HauMeHblllee KOIUYeCTBO paboTbl, HE0OOXOJUMOE AJIA TOTO,
4yTo0bl M3BNEYL KaJlOPUIO TEIOThbI U3 Tela mpu Temnepatype —17,8°C,
eclv TeMIlepaTypa OKpy:katomeil cpefbl cocrapiset 37,8°C.
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JHTpoONUA

11. HekoTophble cBoiicTBa IIUKJI0B

PaccmoTpum cucrtemy S, KoTopasA coBepliaeT UUKIUYECKHE Tpo-
necc. IIpeamonoskum, 4yTo Bo BpeMA LUKIA OHa MOIyYaeT WUIN OTAaeT
TEIJIOTY HMCTOUYHWUKAM, uMelomuM Temnepatypy Ti, Ts,...,T,. Ilyctb
Q1, Q2,... ,Q;, — COOTBETCTBEHHO KOJMYECTBA TEIJIOThbI, KOTOPLIMHU 00-
MEHHUBAIOTCA UCTOYHUKM ¢ cucTtemoif. CunTaeMm, uTo () MOJOMUTENBHO,
eclid 3TO — TeIJI0Ta, Moly4YeHHasdA CUCTEMOM, U OTPULATEILHO B IPOTUBO-
MOJIOKHOM clTydae.

Tenepb gokameM, UYTO

39 <, (61)

1 4To npH obpaTuMoM nukie B (61) ctouT 3Hak paBencTBa. YToObI d0Ka-
3aTh HepaBeHCTBO (61), BBeleM, KpOMe n MCTOYHUKOB, 3alUCAHHBIX BbI-
me, Jpyrue UCTOYHUKYU TeIUIOTHI NPU IPOU3BONbHOI TeMmepaType Ty, a
Takie 7 00paTUMBIX NMKJIMYECKHX MamuH (Bo3bMeM n nukioB Kapho
Cy, Cs,...,C}), NefCTBYIOMUX COOTBETCTBEHHO Me 1y TeMIepaTypaMu
Ty, Ty, ... ,T, u Temnepatypoii Ty. [leficTBytomuii Mexay TemnepaTypa-
mu T; u Ty i-ii uukn KRapHo C; Mbl BeiGepeM Tak, 4TOGbI OH OTAaBal NMpU
Temneparype T;, KOTUYECTBO TEMIOThI ();, T. €. KOIUYECTBO, paBHOE MO-
ryIomieHHoMY cucTeMoit S mpu Ttemneparype T;.

CoraacHo (58), KOIMUYECTBO TEIUIOTHI, MOTJomeHHoe B uukie C; oT
uctouHuka Ty, cocraBaser

Qi = %Qi. (62)

PacecmoTpuM Tenepb CAOMHBIA LOUKI, COCTOANIMA M3 OJHOTO IME-
na cucteMbl S u ogHoro u3 nuwioB RKapuo Ci, Cs,...,C,. OkroHua-
TelbHOE M3MEHeHHe TemJIOThl KamJoro M3 HCTOYHHKOB C TeMIepaTypoil
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T, Ts,...,T, BO BpeMA CNO*HbIX IIMKJIOB paBHO HYy10. ICTOYHUK ¢ TeM-
nepatypoii T; nepegaet cucteMe S KOIMYECTBO TEIIOTHI ();, HO OH MOy Ya-
eT CTOJbKO #e Tem1oThl oT nukia C;. C pyroil cTOpoHbl, HCTOYHUK C TEM-
nepatypoit Ty TepfeT KOIMYECTBO TEIUIOTbI, PABHOE CyMMe menaom [na-
BaeMbIx ¢opmyioit (62)], normomennsix nukiamu Kapuo Cy, Cs, ... ,Cy.
Takum o6pa3oM, UCTOYHUK C TemnepaTypoil Iy oTJaeT KOJUYECTBO Te-
IJIOTbI, paBHOE

n n Q
(2
Q=) Qio=To» = (63)
. —~ T;
=1 =1
CienoBaTenbHO, B pe3ylbTaTe CIOMHOIO IUKIA CUCTEMA, COCTOAIIAsA
uz S uCy,Cy...,C,, HoNyyaeT HEKOTOPOE KOJIUYECTBO menaomst Qg OT

ucTouHuKa ¢ Temnepartypoii Ty. Ho Mbl yae Bugenu, 4To Opu HUKIUYeC-
KOM Ipoliecce BbINOJHEeHHad paboTa paBHa 00lleMy KOJIMYECTBY IOLYYeH-
HOIl cucTemoil TennoThl. TakuMm obpasom, mockoabky S, Ci, Ca,...,C,
BO3BpPALIAIOTCA K CBOMM HauyalbHbIM COCTOAHUAM B KOHIE CIONHOIO [MK-
Ja, TO ero eMHCTBEHHbI KOHEUHLIH pe3ynbTaT — 3TO NpeBpalleHue B
paboTy TemaoThl, NOJYyYEeHHO! OT UCcTOYHMKA TeMnepaTypbl Ty. Eciu Obl
Qo ObLIO MONOMKUTENLHLIM, 3TOT Pe3yibTaT IPOTUBOPEeYn] Obl HOCTYIATY
Keabsuna. 3uauut, Q¢ < 0 miau us (63)

~ Qi

yTO coBnagaer c (61).

Ecan nurael, coBepinaemMbie cCUCTeMOM S, 06paTUMBbI, TO MOMHO CUU-
TaTb, 4TO Mpollecc UAeT B o6paTHOM HalpaBleHHUM; Torga Bce (); U3MeHA-
10T 3HakK. [Ipumenss (61) K oGpaTHOMY UUKIY, TOJIYyYaeMm

n
Q;
_xig
.Z T, — 0
=1
niu

n
Qi
;Ti > 0.



Inumponus 55

Taxkum oGpa3oM, eciu HUKI o6paTHM, TO NPUBeJeHHOEe HEPAaBEHCTBO
IOJHO ObITH yNOBIETBOPEHO TaK e, Kak U (61), 4TO BO3MOMKHO IHIlIb
TOr'Ja, Korja CTOUT 3HaK paBeHcTBa. [loaToMy A/A 06paTUMOro UK/IA MbI
JOJHHBI UMETh

2

=0, (64)

N

n
i=1

YTO 3aBepllaeT JOKa3aTelbCTBO Halllell TEOPeMBI.

[Ipu BbIBOme cooTHomeHun (61) u (64) MBI mpemonaraiv, YTO
cucTemMa oOMeHUBaeTcA TEIUVIOTOM € KOHEUHBIM YHCIOM HCTOYHUKOB
T,,T5...,T,. BaxHo, oqHaKko, pacCMOTPeTh CUTYalUIO, TP KOTOPOii cuc-
TeMa 06MeHUBAeTCA TeIIOTOH ¢ HelpepbIBHO paclpeleleHHbIMU HCTOY-
Hukamu. B aTom ciaydae cymmbl B (61) u (64) monskHbI GbITH 3aMeHEHbI
HHTerpaiaMu, B3ATBIMU N0 BCEMY LURIY.

O6o3Hauan yepes § uHTerpai, B3ATHIA N0 UAKILY, U Yepe3 dQ) — Gec-
KOHEYHO Majloe KOJIMYeCTBO TEIUIOTHI, IOJTYYeHHOe CUCTEMON OT UCTOUYHU-

Ka ¢ Temnepatypoii T, umeeM
dQ
— <
]{ 7 <0, (65)

4YTO clipaBeJJUuBO IJA BCeX LHUKJIOB, U
dQ

4YTO ClipaBedJNBO TOJbKO OJA OﬁpaTI/IMBIX LII/IHJIOBI.

1YTo6b1 M36emaTh HempaBUILHOrO MOHUMAaHMA BhipameHuit (65) u (66), caenyer
ykasaTb, 4yTo T npeacTaBifeT TeMIepaTypy UCTOUHHKE, epeJalolero KoJMuecTBO Te-
a0t d@, IpUYeM 3Ta TeMIepaTypa He o6A3aTenbLHO paBHa Temnepatype T’ cuctembl
(nam yacTH cUcTeMbl), KOTOpaa noiydaer TemnoTy dQ. leicTBUTENbHO, €Cay UMK He-
o6paTtumblii [cooTHomenue (65)], To T/ < T, worga dQ MOJOKUTEIBHO, IOTOMY YTO
TelIoTa He MOMET [ePEeXOIUThL OT XOJOAHOro K Golee ropAdeMy Tendy; a koraa d@ or-
puuateabHo, To T’ > T. Ecau, ogHaxo, uuka o6paTumelit [ypasHenue (66)], To Bceraa
nonHo 6bITe T’ = T, moToMy 4TO Mepedauya Telula MexJAy ABYMA TeJaMH C pasinu-
HBIMH TeMIlepaTypaMi fIBIAeTCA HeoGpaTuMbIM mnpoueccoM. IlosTomy B (66) MoxHO
cyutaTh T TeMIepaTypoll UCTOUYHHKA, a TaKMe TeMIepaTypoil Toi uyacTH CHUCTEMBI,
KOTOpas HonyyaeT TemIoTy dQ.
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12. dHTponuA

CBoiicTBa 06paTHMbIX IUKIOB, KOTOpbIE BbIpaeHbl ypaBHeHueM (66),
MOryT ObITh YCTAHOBIEHbI Tak#e U B cieayomeil popme. llyects A u B —
IBa paBHOBECHbBIX COCTOAHHA cucTeMbl S. PaccMoTpuM 06paTUMBIi Opo-
1ecc, KOTOPbI NPOXOIUT CUCTEMa OT HAaYalbHOrO COCTOAHUA A K KOHEYHO-
MY COCTOAHUIO B. B GonbIIMHCTBE CiIyYaeB BO3MOMHO 60JIbIIOE KOJUUECT-
BO 0GpaTUMBbIX MpolleccoB, nepeBoaAmux cucremy us A B B. Hanpumep,
€CJIM COCTOfIHME CUCTEeMbI U300pa3uTh Ha auarpamme (V, p), To HekoTopad
HelpepbIBHAA KPUBasf, KoTopad coequHAeT JBe Touku A u B (npeacrasna-
I0lllMe HavyalbHOe U KOHEUHOe COCTOMHHA CHUCTEeMbI), GyJeT COOTBETCTBO-
BaTb BO3MO#HOMY o6paTuMomMy npoueccy ot A no B. Ha puc. 9 nokasaHsl
TPU TaKUX [poliecca.

B

[F
PaccmoTpuM uHTerpan . bacnpo-

p CTpaHeHHbIN Ha 0O6paTUMbIit n?)ouecc or A g0
B B (d@ — roanyecTBO TENIOThI, 0GPATUMO MO-
riomeHHoe cucteMoit npu tremneparype T'). llo-
KameM, UTO npusedeHHbuill evlule UHMeE2PAA A6-
A AAEMCA 0OHUM U TeM dce OAA 6cex 00pamumbly
npoueccos om A do B, m. e. seauduna urmeez-
paa npu o6pamumom npouecce 3046UCUM AUULD
V' om navasa A u Konua B npouecca u He 3asu-

cum om camoz0 npoyeccd.
Puc. 9. 1A gokasaTelbcTBa 3TOU TeopeMbl HEOO-
XOAMMO MOKa3aTh, uTo eciu I u II — obpaTu-
Mble mporneccol oT A 1o B (Ha puc. 10 cocTon-
HUA U300pazeHbl TOUKAMU U MPOIEeCcChl JMHUAMU — TOJAbKO KaK HarafAf-

HOe [IONOJHEHHe K J0Ka3aTelbCTBY), TO

B B
[)-(]4)
A 1 A I

rge aBa MHTerpajga B3ATbI COOTBETCTBEHHO [0 IIyTAM Iull
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Pacecmorpum nurinuueckuii npounece AIBIIA. 1o
o6paTUMBINl IIUKJI, TAaK KaK OH COCTaBJIeH U3 ABYX 00- I B
paTUMBIX HpOIleccOB, BCAeACTBUE UYero K HeMy MOMKHO
npuMeHuTH (66), Tak 4TO

A II
frmun T
T =0
ALBIIA Puc. 10.
JTOT uUHTerpal MOMET ObIThb NpeACTaBIeH CyMMOii
IBYX HUHTErpaion
7 d ; d
/ Q) / @l
T T
A 1 B II
B
y / dQ
Bropoii uHTerpan npuBENEHHOTO BLIPAsKEHUA paBeH — T , Ho-
A 11

ToMy 4TO B mpeBpaienun or B kK A mo nytu II d) npunumaer Te e
3HaYeHUA (3a UCKIIOYeHHEM 3HaKa), Kak U B mporecce oT A K B no my-
tu II. Orciopa nonyyaem paBeHcTBo (67) U TakuM 06pa3oM HOKa3biBaeM
TeopeMmy.

CBoiicTBO, BbIpaskeHHOe paBeHCTBOM (67), 1aeT BO3MOMHOCTh OIpesie-
JUTh HOBYIO PYHKIIMIO COCTOAHUA CUCTEMBI. JTa QYHKIMA, KOTOpPaA Ha3bl-
BaeTcA SHTPONHeH U ABIAeTCA KpaiiHe BaKHOH B TepMoJUHAMUKe, OIpe-
JenfeTcA clelyOMUM myTeM. BribupaeM Hmpou3BoIbHO HEKOTOPOE paB-
HoBecHoe cocToAHue () Hallefl CUCTeMbl U Ha3bIBaeM €ro CTaHJapTHBIM
cocroauuem. Ilyctb A — HeKoTOpoOe Apyroe paBHOBECHOE COCTOAHUE; pac-
CMOTPUM HUHTErpai

A
S(A) = / %, (68)
(o}

B3ATHIN Mo o6paTuMoMy mporeccy. Mbl yie 3HaeM, UTO TaKoil UHTerpain
3aBUCUT OT cocToAHMit O U A ¥ He 3aBUCUT OT TOrO, C HOMOIIbIO KAKOI'0
ob6patumoro npoinecca nepemuin oT O Kk A. OfHaKo MOCKOIbLKY CTaHaapT-
Hoe coctofnre O 3ahUKCHPOBAHO, MOAHO CKA3aTh, 4TO paBeHcTBO (68) —
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GbyHKIUA ogHOro auib coctoanua A. HazoBem aTy (QyHKUMIO 3HTpONUEH
coctoanua A2,

PacemoTpum Teneps ABa paBHOBecHbIX cocTofnua A u B. Illyets S(A)
u S(B) — COOTBETCTBEHHO SHTPONUHU TUX cocTofHMil. [lokameM, 4TO

B
&m—smri/%% (69)

A

rje UHTerpasa B3AT 1o o6paTHUMOMY Ipoleccy OT cocToAHUA A [0 cocTosA-
HuAa B.

YTo0Ob1 3TO JOKa3aTh, 3aMEeTHUM, UTO BeJWUYMHA WHTerpalia B HpaBoil
yactu (69) oauHaroBa QuA Beex o6paTUMbIX mponeccoB ot A go B. Io-
3TOMY MOMKHO BbIGpPAThb MPOIECC, COCTOANIMI U3 ABYX MOCIeI0BaTelbHbIX
06paTUMbIX IIPOILECCOB: MepBbIii 06paTUMBIii polece oT A 10 cTaHAapTHO-
ro cocroaiuua O, a 3aTem o6paTuMsblii mponecc ot O g0 B. Takum oGpasom,
unTerpai B (69) MoMHO OPEACTABUTL B BUE CYMMbl ABYX HHTErpajoB:

BdQ OdQ BdQ
!?:!?+J?. (70)

Ilo onpexnenennto umeem (68):

B
sw) = [ T
[0

2Heo6X0AUMOCTh OrPAHUYHTL BTO ONpeJeNeHHe SHTPOMUKM TOIbKO PABHOBECHBIMH
COCTOAHMAMU BO3HHMKAET U3 TOro (arTa, yTo npouecc or O g0 A moazkeH 6bITh 06paTH-
MBbIM, T. €. JOJKeH GbIThb [OC/IeJ0BaTElbHOCTbLIO PAaBHOBECHBIX cocToAHMi. U3 coobpa-
JKEeHMI HeNmpepbIBHOCTHU CjeyeT, YTO HayalbHble U KOHeuHble cocToAHuA O u A Tarie
IO/ HbI GbITb PaBHOBECHbIMU.

OqHaKO BO MHOTHX CIYy4YafAX MOKHO ONpPEJeNUTh SHTPOINUIO [1aMe AJNA HEPaBHOBECHbIX
coctoAHuil. PaccmoTpuM, HanpuMep, cUCTEMY, COCTOANLYIO U3 Pa3iMYHbIX FOMOT€HHBIX
yacTeil pU pasiUYHbIX TeMIlepaTypax W gaBieHuAX. IlycTh kampaada yacTb UMeeT of-
HOPOAHYIO TeMmnepaTypy M naBiaeHue. Ecam pasiauuHble yacTU HaXxoOATCA B MPAMOM
KOHTaKTe JpPYyT ¢ APYTroOM, TO, OUYeBUJHO, cUCTeMa He GyaeT B pPaBHOBECHM, TaK KaK Te-
miaota 6yaeT nepegaBaThbcA OT Gojlee ropAYUX K GoJiee XOJNOOHBIM YAaCTAM U PasinuKA
[aBJeHUi NpPUBEJYT K BO3pacTaHUIO [BUeHHA. TeM He MeHee, €CAU Mbl 3aKIIOUYUM
KaM/Iyl0 4acTb B TE€PMOM3OJALMOHHYIO KECTKYIO 000J0YKy, Halla cucTeMa OyneT B
PaBHOBECHM, U MbI CMOKEM ONPEAEIUTDH €€ SHTPONUIO.
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Tak Kak npouecc ot O go B o6patum. Janee sanuinem

on AdQ
[ﬁrz—Zﬁ;z—ﬂm.

[opcTaBnAsa 3TU [OBa 3HAYEHUA MHTErpanoB B mpaByio 4dacThb (70),
nony4aem (69), 4To U TpeGoOBaIOCh NOKA3ATE.

Onpepeinenvie (68) SHTPONUU MOMYCKAeT NPOU3BON B BbIGOpE CTaH-
napTHoro coctoauua (. MoxHo Nerko IoKasaTb, 4To eciu BMecTo O BhI-
Opatrh apyroe crangaprHoe coctoanue O, To HoBas Beauuuna S’'(A), koTo-
PYIO Mbl MONYYUM 1A BHTPOMUU COCTOAHUA A, OTIMYAETCA OT MpeHHEro
3HauennA S(A) TONbKO aaAUTHUBHON KOHCTAHTOM.

Ecau mb1 pacemaTpuBaem (' Kak HOBOe CTaHIapTHOE COCTOAHHE, TO

o omnpeneleHuo nMeemM
A

§'(4) = O/ -,

rje uHTerpa’a 6eperca no obparumomy npoueccy ot O’ go A. Ucnoanays
paBeHcTBO (69), HAXOAUM, UTO

§'(A) = S(A) - S(0"),
S(4) — S'(A) = S(0"). (71)

OnmHako, Tak Kak HOBoe cTaHgapTHoe cocTofgHue O’ 3adUKCHPOBAHO,
To S(O') — nocToAHHAA BeIUYMHA, T. €. He 3aBUCUT OT NEPEMEHHOro co-
croanua A. Takum o6pazoM, cooTHomenue (71) NoKa3bIBaeT, YTO PA3HOCTh
SHTPONUU COCTOAHUA A, NONYyYeHHAd NPU ABYX Pa3IMUHbIX CTAHJAPTHBIX
cocroguuax O u O, ABNAETCA KOHCTAHTOM.

Urak, sHTponuA onpejeleHa ¢ TOUHOCThIO [0 aJAUTUBHON KOHCTaH-
Thl. JTa HEONMpPEJENEeHHOCTDb He JoN#Ha Hac 6eCHOKOUTh, KOrjla peub UIeT
0 PasHOCTH DHTPOINMUIL; BCe #e B OTIeNbHBIX 3aa4yax JONOJHUTeIbHaA KOH-
CcTaHTa B DHTPONUHM WUrpaeT BaxHYIO poib. [lanbine Mbl NMOKa#eM, Kak
TPeTHil 3aKOH TepMOJUHAMHUKHU 3aBepllaeT BBeJeHHe SHTPONHUH U JaeT
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BO3MOHOCTb YCTAHOBUThH KOHCTAHTY B OpeJeleHUd SHTPONUHU (CM. ria-
By VIII).

U3 (68) u (69) creayer, 4yTo ecau Mbl onpejenseM GECKOHEYHO Ma-
b1l 0OpaTUMBIH Hpolecc, BO BpeMA KOTOPOro 3HTPONUA U3MeHAeTcA Ha
BeNMUUUHY dS ¥ cucTeMa MolydaeT KOJIMYEeCTBO TEIIOThI d() mpu TeMmile-
patype T, To

_
=
T. €. U3MeHeHHe SHTPOIUHU BO BpeMf O€CKOHEeYHO Majloro o6paTuMoro mnpo-
1ecca ecTb pe3yabTaT JlelleHUuA KOoJuuyecTBa TeIJIOThbl, NOTIIOIeHHON cuc-
TeMoii, Ha TeMIepaTypy CUCTEMBI.

JHTpPONHUA CUCTEMbI, COCTOALIel U3 pa3INYHBIX YacTeill, paBHa CyM-
Me DHTPONUII BceX yacTell. ITO BEPHO, eClIU S3HEPTHUA CUCTEMBI ABIAETCA
CyMMOI1 3Hepruil Bcex yacTeil U eciu pabora, coBepliaeMad CUCTEMON BO
BpeMA IpeBpallleHld, paBHa CyMMapHOMY KOJM4YecTBY paboThl, COBEpILIEH-
Hoil BceMu yacTAMU. OTMeTUM, UTO 3TH YC/IOBHA HEe BIOJIHE OUYEBHAHBI
U B OTAeNbHBIX CIydyagX MOryT ObITb He BblojHeHbl. Tak, Hanmpumep, B
cly4dae CUCTEMbI, COCTOALIENH U3 JBYX T'OMOIEHHBIX BeIlecTB, MOKHO BbI-
pa3suTh BHEPrul0 Kak CyMMY BHepPTruil 3TUX OByX BellecTB TOJIbKO TOTAa,
KOrJia MOHO npeHeOpeyb NOBEPXHOCTHO! 3Hepruell AByX BellecTB, HAaXO-
OAIUXcA B KOHTaKkTe. BooOlie roBops, moBepXHOCTHOU 3Heprueil MOMHO
npeHedpeyb, TOJbKO €C/IM 3TU [Ba BellleCTBa He OYeHb CUJIbHO U3Melbye-
Hbl; B IPOTUBHOM CJyYae I0BEPXHOCTHAA 3HEePTUA MO;eT UrpaTh 3HAYM-
TeJbHYIO POJb.

JonycTuM [JA NPOCTOThI, YTO HAllla CUCTEMA S COCTOUT TOJNbLKO U3
IBYX OTJEIbHBIX CUCTEM S1 U S [Ipeanonomxum, uto aneprud U cucteMsl s
paBHa cymMme 3Hepruu U; u Us cucTeM S M So:

ds (72)

U=U; +U,,

U uTo paboTa L, coBepllleHHasA CUCTEMON § BO BpeMA Mpollecca, paBHa CyM-
Me L1 n LQ, T. €. CyMMe paﬁoT, COBEpPIIEHHBIX COOTBETCTBEHHO CUCTEeMaMun
S1 U 891

L =1L+ Ls.

CoriacHo aToMy npejioxenuio, us (15) cienyer, uro Temnora @, 1o-
Jy4yeHHaf CUCTEMOI BO BpeMA Ipollecca, MOMET ObITh 3alicaHa Kak cyM-
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Ma KOJIMYECTB TeIJOThbI, IOJYYEHHBIX OABYMA YaCcTAMU:

Q=0Q1+ Q.

JTo JaeT BO3MOMHOCTL HamycaTb UHTerpan (68), KOTopblil ompeaenseT
SHTPOMNUIO B BUJE CYMMbI JBYX UHTErpaloB, ONpeleJANUX SHTPOMUIO
IBYX OTJENbHBIX CUCTEM S1 U S3°:

AdQ AdQ AdQ
S(A):O/?zo/Two/T?.

Horua ycioBusa pa361/IEHI/Iﬂ CHCTEeMbI Ha aJJuTHUBHbIE IIOACUCTEMbI Bbl-
MNOJTHEHBI, TO 3TO OIlpeeJeHre SHTPOIIKNN N03BOJIAET OIpeaeJuTh SHTPOIHIO
CUCTEeMbI, Oase ecCiIin CchucTeMa He€e HaXxoOUTCA B COCTOAHUU pPaBHOBECHUA.
JTO BO3MO#HO caejlaTb, €eClIU CyMeThb pa3leJuThb CUCTEMY Ha pAa qaCTeﬂ,
Ramaad U3 KOTOPBIX HAXOAUTCA B COCTOAHMU paBHOBECHUA. Torga MoHO
BBECTH IHTPOIIHIO Kam ol M3 3TUX 4YacTed U 10 OlpeaeeHno CUuTaThb

3HTPONUIO BCEl CUCTeMbl PaBHOW CyMMe 3HTPONUN BcexX yacreii?.

w

13. HeroTopsle naiabHeilire cBOicTBa 3HTPONUU

Paccmorpum aBa coctoanua A u B cuctemsl. U3 onpenenenus (69)
nMeeM
B 10
sB)- st = [ .
A

eci¥ TONbKO MHTerpai 6epeTcs BAOJIbL oGpaTuMoro mponecca oT A o B.
Ecnu unterpan GepetcA BHoJab HeoGpaTUMOTo Npollecca, TO NPUBeJeHHOE

3Creayer oTMeTUTB, UTO eciM cTaHAapTHoe cocToaHne O U cocToAHue A Bceit cuc-
TeMbl 3a/laHbl, TO U3BECTHbl COOTBETCTBYIOIIME COCTOAHMA ABYX udacTeil, 06pasyomux
BCIO CUCTeMY. JTU COCTOAHMA ABYX OTAEIbHBIX MOoAcUcTeM 0603HAUAIOTCA TEMU 3Ke
6ykBamu O u A.

4Jlerko Mom<eT GbITH JOKA3aHO, YTO BCE y ke PAaCCMOTPEHHbIE CBOMCTBA SHTPOIUU
NPUMEHUMbl TaK#e K SHTPOMUU B 3TOM 0606IEHHOM ONpENeSeHUN.
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YpaBHEHHE HE BBINIOJIHAETCA. HOHa}‘KeM, 4YTO B TAKOM CJj1y4dae ClipaBelJinBO
HepaBeHCTBO

B
S(B) — S(4) > / %.

A

(73)

YT106bI JOKa3aTh 3TO HEPABEHCTBO, PACCMOTPUM HeoOpPaTUMBIH LUK, CO-
cToAmMii U3 HeobpaTumMoro nponecca I ot A g0 B u oGpaTuMoro mpouec-
ca R or B o A (cm. puc. 11). Ilpumenus (65) & 3ToMy HeoGpaTUMOMY
[UKILY, NOJYYUM

B A
OzilBRAgz :4/'? - ‘/‘?

T B R

K o6parumomy npoueccy R ot B K A MoKHO NpUMeHUTH paBeHcTBO (69):

A
dQ
/? = S(4) — S(B).

B R

HO,HCTaBJ'[ﬂﬂ 9TO BbIpameHue B IIpejblayiiee HepaBeHCTBO, NoJy4daeM

B
oz | [F) - - s
A I

OTCI'OI[a JIA IPOU3BOJBHOIO IIpoHecca oT A pi(e) B umeem

rdQ
/TS ) — S(A).
A

JTUM J0Ka3aHO HepaBeHCTBO (73).
JlnA coBeplIeHHO W30JAMPOBaHHBIX cucTeM (73) OpUHMMaET OYeHb
npoctyio ¢popMy. IlockonbRry maa takux cucteMm d@ = 0, To HaxoguM,

S(B) > S(A), (74)
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T. €. 0aA 4106020 npoyecca, NPoucroiauLezo 8 U30AUPOBAHHOL cucmeme, SH-
Mponus KOHeYH020 COCMOAHUA HUKO020a4 He MOxcem Oblimb MeHbUle IHMPO-
nuu Hawaavhozo cocmosnus. Eciu npouece o6patum, 10 B (74) CTOMT 3HAK
paBeHCTBa — 3HTPOIUA CUCTEMBI He U3MEHAETCH.

Cienyer mopuepkHyThb, 4To paBeHcTBO (74) mpume-

HUMO TOJbKO K M30JMPOBaHHBIM cucTemaM. C nomMolbio

BHeIlIHEN CHUCTEMbl MOHO YMEHBUIUTH SHTPONUIO Tela. I B
Onunako sHTponusA oGeux cucTeM (BHEWIHAA cucTeMa +

TeJ0), B3ATHIX COBMECTHO, YMEHbIIATLCA HO MOKET.

HKorpa uzonupoBanHasA cucTeMa HaXOJUTCA B COCTO-

AHUM ¢ MaKCHMalbHOI SHTPONHKeNH, cOOTBeTCTByOImel ee A
SHEPTHH, TO B Heil He MOI'Y T TPOUCXOAUTH HUKaKue Jalb-

Helillide mpolecchl, MOTOMY YTO JM06OI Mpoliecc MpUBEN Puc. 11.
Obl K YMeHblIeHUIO 3HTponuu. Takum ob6pa3oM, cocmos-

HUe C MAKCUMAAbHOL SHMponuel Asaaemca Hauboree Ycmoluiussvlm cOCmo-
AHUEM U30aUPOoBaHHOU cucmemsbl. TOT darT, YTO Bce caMONPOU3BOJIbHbBIE
Ipoliecchl B U30JMPOBaHHON CHUCTeMe NMPOUCXOAAT B HAaNpaBIE€HUU YBENU-
YeHUA DHTPONMUM, MOMET ObITh XOPOIIO MPOJAEMOHCTPUPOBAH JBYMA MpoC-
ThIMU NPUMEPaMHU.

B rauecTBe nepBoro npumMepa pacCMOTPUM TeIIO0OMEH Iy TEM TeILIO-
MPOBOJHOCTU My ABYMA YaCTAMU cucTeMbl — Memay A; u A,y. IlycThb
T, u T — COOTBETCTBEHHO TeMIepaTyphbl 3TUX ABYX yacTeil, U IycTb
T, < T,. Tar rar Temnota pacnpocTpaHsAeTcA oT Golee ropAa4yero Tejla K
6ollee XOJIOAHOMY, TO Telo As OTAaeT HEKOTOPOe KOMUYECTBO TEMIOThI (),
KoTopoe norJomiaercA TenoMm A;. Takum o6pasom, sHTponua Tela A; us-

MeHAeTCA Ha BeIIMYHUHY T—, a 3HTpomnuAa Teqla A2 — Ha BEJIMYHUHY —?.
1 2
06111ee HN3MEeHeHUue 3HTPOIIUU BCeil cucTeMbl COCTaBIAET
Tn Ty

Mockonbry Ty < T5, TO 3TO NU3MeHeHNe, OUEBUIHO, NOJOKUTENbHO, U
SHTPOMNUA BCcell cucTeMbl YBelIUUYNBaeTCA.

B kauecTBe BTOpOro mpumMepa pacCMOTPUM BbIJI€J€HHE TEMJIOThI MPH
TpPeHUHU. ITOT HeoOGpaTUMBIii MpoLece TaKHie NPUBOJUT K YBEJIUYEHHUIO dH-
Tponuu. YacThb cucTeMbl, KOTOpad HarpeBaeTcA NPHU TPEHUU, TIONyYaeT M0-
JIOUTENbHOE KOJIMYECTBO TEIOThI, U ee SHTPONUA yBenuuuBaeTcA. Tak
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Kak TeIoTa IoayJyaeTca U3 paboThl, a8 He OT IPYTUX 4YacTell CHCTeMbl, TO
3TO yBeJlUYeHUe SHTPONUHN He KOMIEHCHUPYeTCA YMeHbIIeHHeM 3HTPONUU
B JPYTHX YacTAX CHCTEMBbI.

ToT ¢arT, YTO BHTPONUA H30JIUPOBAHHON CHUCTEMbl HUKOIJa HE MO-
#eT YMeHbIIUThCA BO BpeMA Mpoliecca, UMeeT OUeHb ACHYIO UHTepIpeTa-
I[UIO CO CTATUCTUYECKON TOUKM 3peHUA. BolbliMaH foKa3al, 4To SHTPONUA
JaHHOT'0 COCTOAHUA TEPMOJUHAMHYECKON CHCTEMbI CBfi3aHa MPOCTBIM CO-
OTHOIIEHUEM C BEepPOATHOCTBIO COCTOAHUA.

Mb1 yie moquepKuBany pa3HULY MemIy AUHAMHUYECKUM U TE€PMOIU-
HaMHYeCKUM IOHATUAMU COCTOAHUA cucTeM. [lna Toro, uToObl ompeje-
JIUTH AMHAMHUYECKOe COCTOAHUE, He0OXOJUMO JeTalbHO 3HATH MOJOMEHUE
U JIBUKEeHHUe BceX MOJEeRYJ], KoTopble oOpa3yioT cucteMy. C npyroit cro-
POHBI, TEPMOJJUHAMUYECKOE COCTOAHUE ONpeeAeTCA 3aJaHueM JUIb He-
60JBIIOr0 YUCIa MapaMeTpoB, TAKMX KaKk TeMmepaTypa, AaBjleHue U T. A.
OTcioga cienyer, 4YTO OQHOMY TepPMOAMHAMUYECKOMY COCTOAHHUIO COOT-
BeTCTBYeT Go/bIIoe YUCI0 JUHAMHYECKUX cocToAHUMN. B cTaTucTnyeckoi
MeXaHUKe IPUHATO XapaKTepu30BaTh Ka#10€e TepMOJAUHAMUUECKOE COCTO-
fIHWE BEIMYUHON 7T — YHUCJIOM COOTBETCTBYIONMINX AMHAMUUYECKHUX COCTOA-
HUIA, OCYIECTBIAIOMUX JaHHOE TEPMOANHAMUYECKOE COCTOAHME (CM. TaK-
se 30). Bernunna m 06bIYHO HA3bIBAETCA BEPOATHOCTHIO JAHHOTO TEPMO-
OUHAMHYEeCKOT'0 COCTOAHUA, XOTH, CTPOro roBopfA, OHa JUIIb MPOMNOPIHO-
HalbHa BEPOATHOCTH B 06bIYHOM cMbicie. [locnequAaA MomeT ObITh MOTY-
YyeHa JeleHWeM 7 Ha YMCJI0 BCeX BO3MOKHBIX AMHAMUUYECKUX COCTOAHMIA.

Hcnonb3ysa cTaTucTuYecKUe coobpameHus, IPeanoio#KuM, YTO B U30-
JUPOBaHHON cHCTEeMe caMONpPOU3BOJBHO MOLYT NMPOUCXOJUTH TOJbKO Ta-
KHe Mpolecchl, KOTOpble MPUBOAAT CUCTEMY B HauGollee BEPOATHOE CO-
CTofiHWe. JTO O3Ha4yaeT, YTO HanbGolee yCTOWUYMBOE COCTOAHUE CHCTEMBI
OyneT cocTogHNeM ¢ HaubGoablleil BEPOATHOCThIO, COBMECTUMOM C MOJHOM
3HEpTueil cucTeMbl.

Mp1 BUAMM, YTO 3TO NpEINONO#eHHe yCTaHaBIUBAeT Mapajlielu3M
M€Ky BEpPOATHOCTBIO 7 M 3HTponuei S Haleil cUCTeMbl; UHBIMH ClO-
BaMM, MpejNoJaraeTca cyllecTBOBaHHe (QYHKIIMOHANIbHON 3aBHCHUMOCTHU
Mexay HuMH. TakaA 3aBUCUMOCTb JAeWCTBUTENLHO Oblia yCTaHOBJEHA
BoabiMaHoM, KOTOpbIH JoKasal, YTO

S =klnm, (75)
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rae k — nocroAHHad, Ha3biBaeMad MOCTOAHHOH BoabimaHa w paBHaf oT-
HOIIIEHUIO Ta30Boi nocToAHHOM R K uucny ABorajgpo A:

k=2 (76)

He npuBojs cTpororo pokasaTelbcTBa cooTHomeHuA (75), Mbl 10Ka-
#eM, Ipejnogaras cyljecTBoBanne QpyHKIMOHAILHON 3aBUCUMOCTH MeHi-
ay Sum

S = f(n), (77)

4TO BHTPONUSA NPONOPLUHOHANLHA JT0rapudMy BepOATHOCTH.
PaccmoTpuM cucTeMy, COCTOANIYIO U3 ABYX 4acTeil, mpuyeM MycTb
S1 1 Sy — SHTpONUM, @ T U Ty — BEPOATHOCTH COCTOAHMI STUX YacTeil.
N3 (77) numeem
S1=f(m);  S2 = f(ma).

Ho »HTponuAa Bceil cucTeMbl paBHa CyMMe 3HTPONUN ee yacTeii:
S =51+ S,
a BEPOATHOCTb Bcell cUCTeMbl paBHA NPOU3BEEHUIO BEpOATHOCTEI:
w™=TmT1T9.
N3 sTux ypaBHenuii u u3 (77) noiyuaem ciegyioliee:
f(mime) = f(m1) + f(m2).

@OyHEOUA f HoMMHA, TAKMM 06pasoM, NOAUMHATbCA PYHKIUOHATBHO-
MY ypaBHEHUIO

flzy) = f(@) + f(y)- (78)

JTu cBoiicTBa GYHKUUU f AalOT HAM BO3MOMHOCTH ONMPEJEIUTDH €€
Bujg. Tak kar (78) BepHa 1A BCeX 3HAUEHHUIl T U Y, TO MOMHO B3ATHb
y =1+4¢€, rie ¢ — GecKOHeUHO Masafd BeJIMYMHA NepBoro nopsaaka. Toras

f(@ +we) = f(z) + f(1 +¢).
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Pasnaras o6e yactu B pag Teitnopa no € u npeHeOperas BceMu uje-
HaMH BblIllle MIEPBOTO MOPAAKA, UMeeM

f(x) + e f'(z) = f(x) + f(1) +ef' ().
lIna ¢ = 0 waxogum f(1) = 0. Orcrona
wf'(x) = f'(1) =k,

rage k npeagcraBiafdeT KOHCTaAHTY, UJIH

fla) =~

€T

Hurerpupys, noiyyaem
f(z) = klnx + const .
Benomunan (77), okoHUaTENIBEHO HMeeM
S =klnm + const .

MbI MO3eM NPUHATL KOHCTAHTY UHTErpUpPOBaHKA PABHON HYII0. ITO
[OMYCTUMO, MOTOMY YTO BHTPONMA ONpeJeleHa ¢ TOYHOCTHIO [0 ajju-
TUBHOH nocTosiHHOli. TakuMm 06pa3oM, OKOHYATENLHO TOLyYaeM BbIpase-
uue (75).

KoneuHo, cieyeT N0A4epKHY Th, YTO 3TU PacCy# AeHUA He 10Ka3bIBa-
10T ypaBHeHus Boabumana (75), Tak Kak Mbl He IIOKasald, 4TO CYLECTBY-
eT QyHKIMOHANbHAA 3aBUCUMOCTEL Mexay S U w. OfHaKO MOKHO IyMaThb,
YTO 3TOT BHIBOJ [lellaeT CyllecTBOBaHMe (YHKIMOHANLHOH 3aBHCHMOCTH
paBIoNoA0GHbIM.

14. JHTPONUA cUCTEMbl, COCTOAHHE KOTOPOI MOKeT
6bITh n306paeHo Ha quarpamme (V,p)

1A 3TUX cCUCTeM COCTOAHHE olpefeldeTcd KaKUMU-IU60 OByMA U3
Tpex nepemeHHbIX p, V u T. Eciu T u V BbIOpaHbl HeE3aBUCUMbIMU Ilepe-
MEHHBbIMH, TO Temnota d(), nony4yeHHasa CHCTEMON BO BpeMA GeCKOHEUHO
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Majoro mpoiecca, B pe3yibraTe KoToporo 1’ u V n3MeHAIOTCA Ha BelUYU-
uel dT' u dV, naerca nguddepeHuranbHbIM BhipasenueM (22) u

oU ou
dQ_-(5f>V¢ﬂ“+[(5V>7;+é]dV (79)
W13 npuBeeHHOr0 BbIpaseHus, UCIONb3yA (72), noiydaem
aQ 1 (oU 1 [[oU

dTtu ABa auddepeHIMANbLHBIX BbipaneHud aiad d@) v dS ornuyaoTcs
B OJHOM OYeHb Ba#HOM OTHoIIeHUU. MbI 3HaeM u3 obumeil Teopuu, YTO
uMeeTcA QYHKIHUA S COCTOAHUA cucTeMbl. B HameMm ciydae S — ¢yHKUUA
nepemeHHbIXx T' 1 V, KOTOpble ONpeenAalOT COCTOAHUE CUCTEMBI:

S = S(T,V). (81)

JluddepennnansHoe Bhipasenue B npaBoil yactu (80) ABIAeTCA M03-
ToMy quddepernrantom GyHRIUY ABYX He3aBUCUMBIX nmepeMeHHbIXx T u V.

Boo6me takoe guddepeHnnanbHoe BbIpameHHe B cilydae JBYX He3a-
BUCHUMBIX NIepeMEHHBIX X U Y, Kak

dz = M(m,y) dr + N(m? y) dy? (82)

OyneT NoJHbIM AU GepeHIHATIOM, eciu oHO — OuddepeHuan GyHKUUU
oT = u y. CiefoBaTenbHO, MOMKHO cKasaTb, 4To (80) — moaHbIil audde-
peHIMal NpU He3aBUCHUMBIX nepemeHHbIXx 1" u V.

Xopoliio U3BECTHO, YTO eciiu dz — TONHbIA guddepennuan, To M u N
JOJN#HBI YIOBIE€TBOPATH CleAYIOEMY COOTHOUIEHUIO:

OM(z,y) _ ON(z,y)
oy Oz

(83)

Ecau ycnosue (83) BbINONHAETCH, TO MOAHO IPOMHTEr PUPOBATH Y paB-
Henue (82) u onpeeiuTh GYHKIHUIO, yA0BIETBOPAIOIIYIO ypaBHeHuio (82).
C apyroit cTopoHbI, KOT/la Takoil GYHKIMU HET U dz Helb3fA paccMaTpu-
BaTb Kak JuddepeHnran HeKOTOpoil GyHKIMK U ¥y, TO uHTerpan (82) mc
MyTH, COEAUHAIONIEMY IBE TOYKH Ha MIOCKOCTH (z,Yy), 3aBUCUT He TOMBKC
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OT 3TUX ABYX TOYeK (IpejeloB HHTErpUpPOBaHUA), HO TaKKe U OT MyTH,
COeJUHAIOIIEro UX.

Yro racaerca OByX nuddepeHunanbueix Boipamenuit (79) u (80), To
MbI y#e oTMedanu, 4To dS ABIAeTcA NONHBIM AuddepennuaroM. Ecau
MbI paccMoTpuM fBa cocTofinua A u B na guarpamme (V,p), coenuHeH-
Hble JBYMA pa3nuuHbiMu o6paTumMbivu npoueccamu I u IT (em. puc. 12), u
npounterpupyem dS no nytam I u I, To monyuum ogMHAKOBBIN pe3yabTaT
B ofoux ciyuvanx, a umeHno: S(B) — S(A). Ecau me npounTerpupoBath
d(@) mo 3TUM ABYM pa3iUyHbIM OYTAM, TO NOJYYHM [Ba Pa3IUUHBLIX pe-
3ynbraTta ()1 U (Q2, KOTOpbIe, BOOOIe rOBOPA, HE PaBHbI APYT APYry. ATO
YTBep:#IeHNe Jerko MOMHO MPOBEPUTh, IPUMEHAA NMePBbIN 3aKOH TEPMO-
aunamuiru (15) & mpoueccam I u II. [leitcTBuTenbHO, Ucnonb3ysa (15), Ha-
XOAUM

Q1 =U(B) —U(A) + Ly,

QII = U(B) - U(A) + LH.

B3AB pa3HOCThL 3TUX BbIpaKeHUil, MOMYUUM

Q1— Qu=L1— Ly,

npuueM BeauuuHbl Ly u Lip onpeaensiioTcA COOTBETCTBEHHO MIIOMAIAMU
AIBB'A’A u AIIBB'A’A.
PasHocTbh OBYX miolnajeil paBHa miolia-

HalileHo HUKaKkoi pYHKIUK () COCTOAHUA CHUC- i
TeMbl. CllelyeT OTMeTUTh, YTO €clau Obl Tel- !
10Baf MUIKOCTDb ((DIOrMCTOH) AefiCTBUTEIbHO \%
cyllecTBOBajla, Kak NpeAnonaralu A0 pa3BU-
TUA COBPEMEHHOI TepMOAMHAMUKU, TO MOHHO Puc. 12.
Ob110 ObI HAUTU YHKIMIO COCTOAHUA ().

PaccmoTpum B KauyecTBe mpuMepa K IpeIbIAylleMy paccy#IeHUIo
BoIpasmenue aiA dQ) v dS ogHoro moas ugeansHoro rasa. Us (30) ume-
eM

ou AIBIIA. Otcionma cnenyert, uto Ly — Ly, a P I
ciefioBaTelbHO, U Q1 — Q11 He paBHbBI HYIIO. IB
Takum o6pasoM, ypaBHenue (79) He ABIfAeTCA A !
NOJHBIM AuddepeHnUaloM U He MOMeT ObITb : 11 i

dQ = Cy dT + pdV,
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WY, T0Ce UCKIIYEHNA P ¢ TIOMOIIbIO ypaBHeHUsA coctoAguusa pV = RT,

T
dQ = Cy dT + R7 av. (84)

JTo BbIpamieHne He ABIAETCA HOJHBLIM AU pepeHnraIoM, U MOKHO
NPOBEPUTDH HENMOCPeJCTBEHHO, YTO yciloBue (83) He BbINOJHAETCA.
U3 (84) u (72) nonyuyaem
dQ Cvy R
dS = — = —dT + —dV. 85
T T Vv (85)
Tak Kak Tenepb ycioBue (83) BbINOIHAETCH, TO 3TO BhIpaMeHUe Npej-
cTaBlAeT NonHblA U depenuuan. [locne uHTerpupoBanud (85) nmeem

S=CyInT+RInV +a, (86)

rjle a — KOHCTAaHTa MHTerpUpoBaHUA. dTa afJUTHUBHAA KOHCTAHTa ocTa-
eTcAl HeolpeJeleHHO! B COOTBETCTBUU C BBeleHHeM 3HTponun (68) (cMm.,
OflHAaKO, pazgen 32).

MosHo nu3MeHUTH BbipaxeHnue (86) SHTPONUN OJHOrO MOJIA UAeaNbHO-

RT
rorasa, BBejfd BMeCTO V ero 3Hauenue V = ?, HailleHHOe U3 YpaBHEHHUA

cocrosinud. Benomunas (33), noryuaem
S=C,InT—-Rlnp+a+ RInR. (87)

BosBpamanch Kk 06lieMy ciyya0 Kakoro-iméo BellecTBa, COCTOAHUE
KOTOpOro onpejengerca nepeMeHHbiMU T' 1 V, Bocnob3yemcd BblpazeHH-
em (80) mnaa guddepennuana suTponuu. [IpuMeHAA K 3TOMY BbIpameHHIO
ycaoBue (83), 3anuuiem

0 (LoU\ _ 9 [1(oU

ov\rtaor) " or|T\or "?)|"
rae uHaexcel V u T omymieHbl, IOTOMY 4YTO 3Aech Be3fae V u T NpPUHATHI
He3aBUCUMbIMU HepeMeHHbIMI/I. ECJII/] MBI BBIIIOJIHUM I[I/]Cb(pepeHHI/IpOBaHI/]e,

YKa3aHHOe B NpeJbIAyIeM YpaBHEHUHU, U coGepeM OJHOPOHbIE WIEHbI, TO
NONYyUYUM BaxHbIM pe3ynbTaT:

@), @),
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Ucnonbsys (88), mokasmem, uto sneprusa U BelecTBa, KOTOpoe MOA-
yuHAeTcA ypaBHeHUIO cocToAHUA pV = RT, aBndetcA ¢yHRUueN oxHON
JUIlb TeMIlepaTypbl U He 3aBUCUT 0T o6beMa. Hak yme oTMeualnoch, 3To
ObLIO PKCIEPUMeHTalbHO NoATBep#aeHo [moynem. OfHaKO JaHHBIA pe-
3yNbTaT UHTEPECHO MOJYyUYUTb KaKk MPAMOEe CleJACTBHe U3 YpaBHEHHA CO-
CTOAHUA.

RT
MoncraBans Beipamenne p = — B (88), HaxoguUM

Vv

ou T d (RT RT 0
ov ), arT\v | %4 ’
5
yeM JJoKa3biBaeTcA®, 4yTo U He 3aBucUT OT V.
Ecan B KauecTBe He3aBucUMBbIX nepeMeHHbIX (BMecTo T', V') BbiGepem
T,p unn p,V, To noIy4YNM ABa JPYTUX ypaBHEHUA, KOTODPbIE MO CYLUIECTBY
sxBuBaieHTHb! (88). Takum o6pasom, ecau Mbl Gepem T’ U p Kak Beanyu-
HbI, OMpe/endlolie COCTOAHNE CUCTEMBI, TO d() onpeendgeTcA COOTHOIIe-

d
HueM (23). Tar kar dS = ?Q ABIAETCA NOJHBIM AuddepeHuaioM, To ¢

noMolibio (83) serko nonyvaem

@), (@), (@), o

MogoGHO 3TOMY, IPUHUMAA 3a He3aBHCHMbIe NepeMeHHble p U V, Ha-
xonum u3s (24) u (83)

=), (5),- (), ), o

15. YpaBHeHnue KiuaneiipoHa

B aTom pasgene mbl npuMeHuM ypaBHeHue (88) K HacbIIEHHOMY Hapy,
T. e. K CUCTeMe, COCTOANlell U3 HaXOOAIUXCA B PAaBHOBECUU KUJKOCTU U
ee mapa.

53ameTuM, UTO STOT pe3yabTaT He BIIOJIHE He3aBHCHM OT ombiTa JI#0y/IA, onucaHHO-
ro B naparpade 5. [leiicTBUTeNbHO, faHHOe B pa3fele 9 10Ka3aTeqbCTBO MAEHTHUYHOCTH
TeMmnepaTypsbl T, U3BMepPeHHO# ra3oBbIM TEPMOMETPOM, TEPMOJUHAMUYECKOH TemIiepa-
Type 6, 6blJI0 0OCHOBAaHO Ha pe3ylbTaTax omnbiTa lmoynd.
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PaccmoTpuM #UIKOCTD, 3aKIIOYEHHYIO B UMIMHAP ¢ nopiHeM. IIpo-
CTPaHCTBO Me#Jy 0OBEPXHOCTbIO UIKOCTH U IIOBEPXHOCTbIO MOPLIHA By-
JeT 3alo/JHEHO HachlIeHHbIM [IapoM NP NaBlIeHUU p, KOTOPOe 3aBHCUT
JAUlb OT TeMIepaTyphl Iapa U He 3aBUCUT OT ero o6beMma.

N3oTepmbl 4718 cUcTeMbl MUAKOCTb — Map, uU3o0paseHHble Ha Aua-
rpamme (V, p), monydaoTcA CIeAyIOIUM MyTeM: COXpaHAA TeMIeparypy
NOCTOAHHOMN, Mbl IOJHATHEM [OPLIHA yBeluduBaeM o6beM napa. Ilpu sTom
HEKOTOpOe KOJIMYEeCTBO #UJKOCTU UCNapAeTcA, YTOo Nojdep:K1BaeT faBie-
HUe napa HeusMeHHbIM. TakuM o6pa3oM, NOKa MMeeTcs JOCTAaTOUYHOE KO-
JUYeCTBO #UJKOCTH, yBellUeHe o6beMa He u3MeHsAeT JaBiaeHus. lloato-
My M30TepMa [JIfi paBHOBECHOIl CMeCH #MJKOCTH U ee lapa — 3TO JMHUA
NOCTOAHHOI'O JlaBlleHus, napaulenbHad ocd V, Kak mokasaHo Ha puc. 13
(06aacTb moA MyHKTUPHON JUHKEH).

Korzaa o6beM yBenuuuBaeTcA HacTOlb-
KO, YTO BCA MUAKOCTb UCIapUTed, AalbHel-
ee yBeJuyeHue o0beMa yMeHbIIaeT jJaBile-
Hue (puc. 13). AHanorn4HbIM 06pa3oM BeleT
ce6a 1100607 ras.

Ecnu Tenepb cuMaTbh Hally cucTemy,

coXpaHfii MO-MpeHeMY TeMIlepaTypy Mo- s
CTOAHHOM, TO [JaBleHUe MOBBINIAETCA [0 TeX l{;
nop, NMOKA He CTAHOBUTCA PaBHBIM JaBlle- fg
HHUIO HACBIMIEHHOTO Mapa A JaHHOU TeM- :b
nepatypbl. C 3TOro 3HaueHUA JaBleHUE He a
yBeJIMYMBaeTCA NpPHU AalbHelileM yMeHbllle- \4

HUM o0beMa, a BMECTO 3TOr0 4YacTh Hapa
KOHJEHCUPYeTCH, U JaBleHHe 0CTaeTcA He-
M3MEeHHBIM (TOPM30HTANBHBIN YyYacTOKR U30-
TEPMBbI).

Korza 06beM yMeHBbINEH TaK, YTO BEILECTBO NMOJHOCTBIO HAaXOLUTCA
B MUIKOM COCTOSHHH, TO IPH JalbHENIIEM CKaTUH CHIBHO MOBBIIIAETCH
JaBleHye, IOTOMY YTO #HMIKOCTb HMeeT 0YeHb Malyio CHUMaeMocThb. B
pesyabTaTe 3Ta 4acTh U30TEPM OUYeHb KPyTa, KaK W NOKasaHO Ha puc. 13.

Ha puc. 13 n3oGpameHo HECKOIbKO M30TE€PM TOIbKO YTO OMHUCAHHOTO
BUa [UIA Pa3HbIX 3HAYEHUN TemmepaTypbl (UHUM a, b, ¢ u d). U3 pucys-
Ka BUJHO, YTO IJIUHA FOPU3OHTANLHOIO y4acTKa M30TEPM, T. €. HHTEpPBal

Puc. 13.
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o6bemMa, MpU KOTOPOM HMAKOCThL M Nap MOI'YT NpH JaHHOU TemIiepaType
HaX0JUThCA B PABHOBECUU, YMEHbBIIAETCA C MOBBIIIEHUEM TEMIEPATY PbI 10
TeX IOp, MIOKa UHTepBal He clelaeTcA 6ECKOHEYHO MajbIM, T. €. 0 TOUKHU
neperu6a. M3orepma, comepsaiiad TOURY neperuba, Ha3bIBaeTCA KPHTH-
YecKoll M30TepMoOI, a COOTBeTCTBYIoLlasA et Temnepatypa T, — KpHUTH-
yeckolt Temnepatypoii. 06beM V, u naBieHue p. TOYKHU neperuba, B KOTO-
poii ropus3oHTalbHaA KacaTelbHafA, Ha3bIBAIOTCA KPUTHYECKHUM 00BHEMOM
H KpuTHYecKuM jgaBieHHeM. CocTosAHUe, coOTBeTcTBYWOWEee Ve, pe, T,, Ha-
3bIBAETCA KPHTHYECKHM COCTOAHHEM WU KPUTHYECKOH TOYKON CUCTEMBbI.

H3oTepmbl [ TeMmepaTyp Bblllle KPUTUYECKONH — MOHOTOHHO YObl-
Balnue QyHKINY, He UMeoIue U3noMoB. [A oueHb BBICOKUX TeMIepa-
TYp OHU NPUGIMHAIOTCA K PaBHOGOUHBIM runep6oiaM, IOTOMY 4TO ni06Goe
BelllecTBO B 06/1aCTH 0YeHb BBICOKUX TeMIIepaTyp CTAaHOBUTCA Bce Gosee u
6osiee MOMOGHBIM HealbHOMY rasy.

[yHKTHpHAA TUHUA HA PUCYHKE U KpUTHYECKad U30TepMa AeAT III0-
manab (V,p) Ha yeThIpe YacTU: 4acThb, 0003HAUEHHYIO L — MUAKOE COCTOA-
HUe; YacTb, NoMeueHHy0 L,V — cMmech #UAKOCTU U HACBIIIEHHOIO Mapa;
yacTh V — HacbIlleHHbIH Nap; U 4acTh (G, KOTOpaA COOTBETCTBYET rasy.

IIpumenuM Temepb BbipameHue (86) K cucTeMe MUAKOCTHL — map,
usobpasmenHoit Ha miaockoct (V,p) pucynra 13 o6rnacteio L, V. B atoii
061acTH naBieHue U MIOTHOCTD #UJKOCTH U apa 3aBUCAT TOJNLKO OT TEM-
nepaTtypsbl. [lycTb v; U v — yZAelbHbIe 06bEMbI COOTBETCTBEHHO HUIKOC-
TU ¥ mapa, T. e. 00beMbl, IPUXOJAIIUeCH HA eJUHULY Macchl (oGpaTHasA
BeMYMHA IUIOTHOCTHU), U MYCTh %] U Uz — HUX YAeNbHble HEPIrHH, T. €.
SHEPTUU Ha eJUHUIy Macchl. BenuuuHsl p, vy, v, %1, Us — QYHKIUU
TONBKO TeMmepatypbl. Eciu m — monHas Macca BelllecTBa, a my ¥ Mg —
COOTBETCTBEHHO Macchl #HUAKON U Mapoob6pa3Hoil vacTeii, TO

m = my + mas.
IMogo6HO 3TOMy Bech 060beM M BCA 3HEPTHA CHCTeMbl COCTABIAIOT
V = mqv1(T) + mava(T),
U =myui(T) + maus(T).

Tenepb paccMOTPUM B 3TOH cHCTeMe H30TepMHYEeCKHIl mpouecc,
BCIIEICTBHE KOTOPOTO KOJMYECTBO dm BellecTBa MEPEXOAUT U3 HHUAKO-
ro B mapoo6Gpa3Hoe COCTOAHUE U KOTOPbLIi B pe3ynbTaTe U3MeHAET 00Iuii
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o6beM Ha dV u obmryio sHepruio cuctembl Ha dU. Torga B KoHIle mpolec-
ca GymeT mpucyTcTBOBaTh (m; — dm) rpammoB MUIKOCTH U (Mg + dm)
rpaMMOB I1apa, Tak 4YTO Bechb 00beM GyIeT paBeH

V +dV = (my — dm)vi(T) + (ma + dm)ve(T) =
= V+ {v(T) — v (T)} dm,

M
dV = {va(T) — v1(T)} dm. (91)
[lon06HO 3TOMY BCA 9HEPTUA UBMEHUTCA Ha BENUUUHY
dU = {ux(T) — uy (T)} dm. (92)
13 nepBoro 3akoHa TepMoavHaMUKK [ypaBHenue (21)] numeem
dQ = dU + pdV = dm{us — uy + p(va — v1)},

Hin

%zuz—ul +p(ve —v1) = A (93)

YpaBHeHue (93) npencraBiseT co6oil BbIpameHue AIA TEIOThI, KOTO-

pas TpebyeTcs, UTO6bl UCNIAPUTH OOUH FPaMM HUAKOCTH NPU HOCTOAHHOM
TeMIlepaType; OHa Ha3blBaeTCA CKPbITOH Tel10Toll ucnapenua A. Beanuu-
Ha A pasiqMuHa A pa3HbIX KUIKOCTeN W 3aBUCUT OT TemnepaTypsl. Jlad
BOJ(bI IPU TEMIIEpAType KMIEHNA U HOpMAIbHOM AaBieHuu A = 540 kaa/e.
Tak Kak Boipamenus (91) u (92) oTHOCATCA K M30TEPMUUYECKOMY IIpe-

BpaleHnui, ToO OTHOWEHUEe —— paBHO

av
(3_U> _ U2(T)—u1(T)
3V T Vg (T) — ’l)l(T) ’

1y, ucnonbsyAa (93), noaydaem

AN
aV T_’Ug—’l)l p.
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p
CpaBHUM 3TO ypaBHeHHe ¢ ypaBHeHueM (88) u Hamuimem T BMec-

Op
TO <6_T , 4YTO MOMHO CcOel/laTb, TaKk KaK [OJaBjJeHUue B Haueil cucremMe
\7%4

ABndeTcd QyHKIMEH TolbKo TeMmneparypbl. Torga
dp A

d_T - T(’Uz — ’Ul). (94)

JTo ypaBHeHUe HasbiBaeTcA ypaBHeHHeM HiameiipoHa. [nd Toro 4to0Obl

" 14
IIpUMEHUTh ypaBHEeHUEe KnaneupOHa, nmoagcyuTaeM BeJIIMYUHY ﬁ IJIA BO-

JAHOTO Mapa IpHY TeMIepaType KUIeHUA ¥ HopMalbHOM faBieHuu. Hmeem
A = 540 raa/2 = 2260 - 107 apz/e;

ve = 1677; wv; =1,043; T =373,1.
MoxncraBaan 3Tu Beauuunsl B (94), HaxoaUM

3—5, = 3,62-10* dun/cm® - 2pad = 2,7 cm pm - cm./2pad.

dp
le/lﬁ.ﬂl/l}l{eHHoe 3HayeHue ﬁ MO#eT ObITh IoJIy4YeHO U3 ypaBHEHHUA

Rnaneiipona, eciii mpegnoio#uTh, YTO v; 3HAUUTENbHO MeHbIIE Vg, a JIA
BBIUMCJIEHUA V2 HMCIOIb30BaTh MPEANONOMEHUE, UTO Hap YAOBIETBOPAET
YPaBHEHHIO COCTOAHUA UJealbHOro rasa.

llnsa ogHoro rpaMMa napa u3 ypaBHenus (6) umeem

o (95)

pv2 = M

rae M — MolleKynApHbI Bec napa. YpaBHeHHe Telepb MPpUHUMAaeT BU]

dp AM
nin
dl AM
! (97)

aTr RT?’
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1A BoaAHOro mapa mpu TeMIepaType KUNEHUA 3Ta Gopmyia JaeT

% = 3,56 104, YTO 0YeHb XOPOIIO corjacyeTcA ¢ BeJIUUuHoi 3,62 - 104,
NOJYy4YeHHOU MPU TOYHOM pacuyerTe.

Ecau TensoTy uvcnapeHus A\ NpeAnooMUTh NOCTOAHHON B HIMPOKOM
MHTEepBalle TeMIepaTyp, T0, IPOUHTErpUupoBaB BhipaxeHnue (97), nolydum

In ——ﬂ—i— nst
p= T const,

HiIn

AM

p = const e” BT, (98)

dra popmyia naer rpyCyio 3aBUCUMOCTb AaBI€HUA HACBILIEHHOTO 8-
pa OT TemIepaTypsl.

Mb1 BbIBenn ypaBHeHue KiameiipoHa 1A cuCTeMbl HUAKOCTb — nap,
HO €ro MOKHO NPUMEHHTb U K KaKOMY-I160 APYroMy M3MeHEHHIO COCTO-
AHUA BeiecTBa. [IpumeHnm, HanpuMep, ypaBHeHne Knameiipona k mias-
JMeHUIo TBepAbIX Teal. TBeploe Telo, HaxoAAlleecA NPU JaHHOM JaBlIeHNUH,
MIIAaBUTCA [IPU CTPOTo ONpe/eleHHOll TeMepaType, KOTopaf H3MeHAeTCH ¢
JaBleHHeM, IPUI0KEHHbIM K TBepaoMy Tely. OTciofia 1Al CUCTEMBI TBep-
o€ Tello — }KUAKOCTb faBileHue, IPH KOTOPOM MOTYT COCYLIeCTBOBAThH B
paBHOBECHH TBepJOe U KUAKOe COCTOAHHUA, ABAAETCA (QyHKUUEH TONbKO
TeMIiepaTypbl. Ternepb ucnonbayem ypaBHeHue (94) fuf Toro, 4To6h! MOA-
CYNTATb MPOM3BOAHYIO 3ToH GyHKuMH. Bernuuubl A, v1 ¥ vz B HaHHOM
cllydae MpeJCTaBIAOT COOTBETCTBEHHO TEIUIOTY IUIAaBIEHUA U yIelbHble
00'beMbI TBEPAOT0 U HUJKOTO COCTOAHMUIA.

Ecau MbI paccMOTpPHM B KadecTBe MpHMepa IIaBlIeHue Ibja, To Gy 1eM
umetb A = 80 kaa/2 = 335- 107 opz/e,

vy = 1,0907 cn®/2; vy = 1,00013 cu® /2, T = 273,1°.
[logcraBnsad sTu BenuuuHsl B (94), noiayyaem

d

ﬁ = —1,35-10® dun/cm® - 2pad = —134 amm/2pad,
T. e. MOBblIleHYe AaBieHuA o 134 amm moHMKaeT TeMnepaTypy NiaBie-
HUA IIbJa Ha OJUH Tpajyc.
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B YaCcTHOCTH, cJjeaoBajo Obl OTMETUTBb, UYTO TOYKAa IIJIaBJe€HHUA JibJa
IIOHUMAaeTCA ¢ YBeJIWYEeHUeM [JaBJICHUA. B a3ToM oTHomenuu noBegeHne BO-
Obl OTINMYaeTCA OT IOBeJeHUA NPYTuX BelecTB, TAK KaK B 00JbIINHCTBE
Cly4dyaeB TOYHKa IlJIaBJIeHUA IOBBIINAETCA C yBeJHWYEHHEeM [OaBJ/I€CHHA. JTo
aHoMal/lbHOe IMoBeJeHre BOAbI IPOUCXOOUT BcCJieJCTBHEe TOro, 4YTO Jea nMme-
€T MeHbIIYIO IIJMIOTHOCTb, YeM BOJa, Torga KakK B 00JbLIIMHCTBE cly4daeB
TBepJaoe Tello INIOTHee HMHUIKOCTHU.

Tot (paHT, 49TO TOYRa IlJIaBJ€HHA JbJa IOHHaeTCA C yYBeJIUYEeHUeM
naB/iIeHuA, UMeeT 60JbllI0€e 3HaUeHNe B reojioruv, nOTOMy 4TO 3TO fIBJICHHE
CBAA3aHO C IBU#i€HUEM JIeJHUKOB. Hor;[a JeJHUK CTajJKHBaeTCA C BaJlyHOM
Ha CBO€M pycie, BBICOKO€ JaBJIeHUe JibJa (Ha Ba.flyH) IIOHW}KaeT TeMIiepa-
TYypYy njaaBjJeHUA JibJa 'y TOUYKH COIIPUKOCHOBEHHUA — Jied IIJIaBUTCA C OJIHOM
CTOPOHEI BallyHa W 3aMepa3aeT CHOBa cpaly #e Iocjle Toro, Kak JaBlieHue
cHumaetrcA. Takum 06p330M Macca JbjJla MOKEeT OUueHb MeIJIeHHO 00TeKaTh
NpenAaTCcTBUA.

16. YpaBHeHnue Ban-gep-Baaabca

YpaBHeHUE COCTOAHUA HAealbHOTO rasa JOCTaTOYHO XOpoIlo 13o6pa-
sKaeT MOBejleHUe pealbHBIX ra3oB IIPU BBICOKUX TeMIepaTypaX U HU3KUX
naBiaenuax. OqHaKo Korja TeMnepaTypa U JaBjieHUe TaKkoBbl, UTO ra3 6au-
30K K KOHJeHcalWM, To HaGIIoJaloTcA 3HaUUTelbHbIe OTKIOHEHUA OT 3a-
KOHOB U/I€allbHOTrO rasa.

Cpenu pAfa ypaBHeHHI COCTOAHMA, NMPEIJNOHEHHBIX AJMA H306pare-
HUA NOBeleHUA pealbHbIX ra3oB, 0COOEHHO HHTEpPecHO ypaBHeHUe Ban-
nep-Baanbca BelegcTBUe ero NpocTOThl U BCIeJCTBUE TOTO, UTO OHO Y/IOB-
JeTBOPUTENbHO ONKChIBaeT IOBeJeHHE MHOTMX BelleCTB B MIHUPOKOM HH-
TepBaje TeMIepaTyp U JaBileHUi.

Ban-pep-Baanbc BbIBen cBoe ypaBHeHUe U3 coobpameHUil, OCHOBaH-
HbIX Ha KUHETHUYECKON TeOopUU, YUNTbIBad, B KauecTBe IIepBOro MpUbIM-
JKEHUA BENUYUHY MOJERYJI W CUIbl B3auMofelicTBUA Memay HUMU. Ero
ypaBHeHHe COCTOAHUA (HAMKMCaHHOe MJIfl OJIHOTO MOIIAl BelllecTBa) TaKoBO:

a
(v + W) (V —b) = RT, (99)
riae a 1 b — KOHCTaHTBI, 3aBUCALINE OT 0COGEHHOCTEN JaHHOT'O BellecTBa.
Ipu a = b = 0 ypaBuenune (99) npespaijaerca B ypaBHeHUe HjealbHO-
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ro rasa. Ynen b onuckiBaeT 3¢ PeKT, CBA3AHHbIA ¢ KOHEUHOU BelUYUHOUN

MOJIEKYl, @ YNeH % uszobpasaeT 3pHeRT MOJERYIAPHBIX CHI B3aUMOJeii-
CTBUA.

Ha puc. 14 nokasaHbl HEKOTOpble U30-
TepMbI, BBHIUUCIEHHbIE COlJIACHO yPaBHEHUIO
Bau-pnep-Baanbca. CpaBHUBafA 3TU U30TEPMBI
¢ uzotepmamu puc. 13, Mbl BUAUM, UTO HX
oyepTaHWA HUMeEIT MHOro cxojacTBa. B o6o-
UX ClIydYaAX Ha OJHOU M30TepMe ecTh TOUKa
neperuba C. U3oTepma, cofiepraimiafa TOURY
nepernba — KpuUTHYecKad U30TepMa, a caMa
TOYKa epernba — KpuTudeckad Toura. M3o-
TePMBI IPH TeMIlepaType Bhlllle KPUTUYECKO
B 000oux ciyuyasax BeqyT ceba noxoe. OqHaKO
M30TEePMbl HUME KPUTHUUYECKON TeMmepaTyphbl
cyllecTBeHHO pasianyaiorcA. Usorepmbl Ban-
nep-Baanbca ABnAOTCA HenpepbIBHBIMU KpU-
BBIMU C MUHUMYMOM U MakCUMYMOM, Torna Puc. 14.

Kak U30TepMbl Ha puc. 13 UMeloT ABe «yTJo-
BbI€» TOYKH W ABIAIOTCA OPU30HTANbHBIMU B TOU 06J1acTU, Ije U30TEPMbI
Ban-nep-Baanbca comepskaT MakcUMyM U MUHUMYM.

[IpyynHa KayecTBEHHO Pa3MWUYHOI'O MOBEJEHUA ABYX CeMelCTB U30-
TepM B paiioHe, o6o3HaueHHoM L, V Ha puc. 13, 3armovaeTcd B TOM, YTH
TOYKM IOPU3OHTANbLHOI0 OTpPe3Ka U30TepM Ha puc. 13 He cOOTBETCTBYIOT
rOMOTeHHOMY COCTOAHUIO, TaK Kak Ha 3TUX yYyacTKax BellecTBO pa3fenu-
JOChb Ha MUJIKYIO U DapooGpasHyIO YacTH.

Ecau Mb1 u30TepMuUYeCKU cUMaeM HeHachIlIeHHBIN map 1o TeX mop,
NoKa He IOCTUTHEM JaBJEeHUA HACBIIEHUA, a 3aTeM MO-NpeHeMY MPOJO-
#aeM yMeHbIIaTb 00beM, TO KOH/IEHCAllUA YacTH lapa He COMPOBO#AaeTCA
JalbHENIIUM yBeluuyeHNeM AaBJeHUA, YTO COOTBETCTBYET FOPU3OHTAlb-
HbIM u3oTepMaM puc. 13. OgHakro, eciy 0UeHb OCTOPOMKHO CKUMAaThb Nap U
COXPaHATHb ero cBOOOAHBIM OT YaCTHUUEK MbLIU, TO MOMHO JOCTUTHYTh AaB-
JIeHUA 3HAUUTeNbHO Gollee BLICOKOT'0, UeM JlaBjleHUe HachIlleHUA B MOMEHT
HacTyI/JIeHuA KoHjeHcauuu. Korjga ocymecTBifgeTcA nojo6Had cUTyanuA,
map orasbiBaeTcA neperpeThiM. Ho neperpeToe cocTofgHue HeycTOHUYHUBO
(1a6unbHo). B pesynbrare Kakoro-1u6o Aaske 1erKOro HapylleHHA COCTOA-
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HUA MOMKET NPOU3OUTHU KOHJeHcalus, IPpUYeM cucTeMa NepeiiieT B yCTOH-

uynuBoe (cTabUiIbHOE) COCTOAHME, XapaKTepu3yeMoe HaludhueM KUIKON u
napoo6pa3Hoii yacTeil.

HeycToliuuBble COCTOAHUA BauHbI

1A Haulero obcy#JeHud, Tak Kak OHU

Pt A U/TIOCTPUPYIOT BO3MOMHOCTh CYIIECT-
E BOBaHUA T'OMOTE€HHBIX COCTOAHUI B TOH

o6iacTW 3HAYeHUN MapaMeTpPOB, KOTO-

B ¥ F pble XapaKTepHBI [JIA HACBINIEHHOTO Ma-

pa Hap suAKocThio. [Ipeanonosxum, yto

G »5TH HeycTOUMBBIE COCTOAHMA H300-
pasenbl yuactkom BCDEF wusotep-

Mbl Ban-pep-Baanbca ABCDEFG na

A74 puc. 15. I'opusonTanbHeiii yuactok BF
HenpepbiBHOM wu3orepMbl ABHDIFG
[OKa3bIBaeT YCTOHYMBBIE COCTOAHUA
MUTKOCTb — nap. Eciau 661 MoxHO GbI0
OCYIIECTBUTDb BCe HEYCTONYUBLIE COCTO-

AHUA Ha uzoTepme BaHn-nep-Baanbca, To oHM noxonuau Obl NMpU Hempe-
PHIBHOM H30TEPMHUYECKOM Ipollecce OT Mapa, MoKa3aHHOro yyacTkoMm F'G
M30TEPMbI, 10 MUAKOCTH, U306paseHHol ydyacTkom BA. Eciau usBecTHa
usorepma Ban-gep-Baanbca, To Mo#HO onpegenuTh, KAKOBO AaBJleHUe Ha-
CBIIEHHOI'0 Napa NpU 3aJaHHOIl TeMmepaType, WM, HA TeOMeTPUYECKOM
Ai3bIKe, KaK BBICOKO HaJ ocbio V cleayeT HaUepTUTh FOPU3OHTATLHBIN OT-
pe3ok BF, KOTOpbIl COOTBETCTBYET COCTOAHMIO MUIKOCTb — mnap. Joka-
#eM, 4YTO 3TO PACCTOAHME JONHHO ObITh TAKUM, 4T00bI momanu BCDH u
DIFFE 6vlnu paBabl. 14 nqokasaTelbCcTBa NMOKa)eM cHayala, 4To pabora,
coBepllaemMas CUCTEMOIl BO BpeMA 00paTUMOI'o M30TePMHUYECKOT0 LKA,
Bceria paBHa Hyimio. U3 ypaBuenus (16) cienyer, uro paGora, coBepiia-
eMasd BO BpeMA LMKJIa, paBHa TeIOTe, moriomaeMoii cuctemoii. Ho ana
06paTHMOro LMKJIa 0CTAaeTCA B cuile paBeHCTBO (66), a Tak Kak Hall LUKJ

1

Puc. 15.

HU30TEePMHUYECKHU, TO MOMHO BHIHECTH 7 U3-TIOJl 3HAKA MHTerpaia b (66).

VYpaBuenue (66) mokasbiBaeT, 4TO BCA MorjoljaeMas TeILUIOTa W, ClIe10Ba-
TellbHO, BCA BbINOJAHAEMad BO BpeMA IMKJIa paboTa paBHbI HYIIO.

Tenepb paccMoTpuM 06paTUMBbINA U30TEPMUUECKUN LUK
BCDEFIDHB (puc. 15).
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Pa6oTta, coBepumaemas Bo BpemsA LUKJA, JOJ#HA 00paTUThCA B HYIb.
Yuactok DEFID npoxoauTcd Mo X04y 4acoBO#l CTPeNKH, MOITOMY COOT-
BEeTCTBYIOMad MIomaAb MmoJjoMuTenbHa, a yuactok BCDHB — npotus
YacoBOil CTpeNKH, M COOTBETCTBYIOIaA miomans oTpunareinba. llockons-
Ky BcA miomanb nukia BCDEFIDHB paBHa Hyllo, To aGCcoNOTHbIE
BelnunHbl miomaneit Asyx nukiaoB BCDHB u DEFID non#Hbl ObITh
paBHbI, 4YTO U TpeGoBalOCh A0KA3aTh.

Morno 6bI BO3HUKHYTBH cllefylolllee Bo3paxieHHe MNPOTHUB IMPUBeJeH-
HOT'O BBIIIE JIOKa3aTeJbCTBa: TaK KaKk IUOmIaAb M30TEPMHUYECKOTO LHKIA
BCDH B, oueBUHO, HE paBHAa HYIIO, TO He BepHO, YTo paboTa, coBepliae-
Maf BO BpeMA 06paTUMOro U30TEPMHUUECKOr0 KA, Bcerja paBHa HYJIIO.
OTBer Ha 3TO Bo3pasenue TakoB: nukd BCDHB ue ABnfeTcA obGpaTu-
MBIM.

Yto6bl yOeAUTbCA B 3TOM, 3aMETHUM, UTO Touka [ Ha quarpamMe u3-
obGpakaeT ABa pa3iMYHbIX COCTOAHUA, B 3aBUCHMOCTU OT TOr0, paccMmar-
puBaeTcA JU OHa Kak TO4Yka u3oTepMbl Bau-nep-Baanbca BCDEF winu
Kak Touka Ha usorepme BHDIF xuakoctb — nap. O6beM U JaBiieHUe,
n3o6paseHHble TOUKOU D, 0JUHAKOBBI B 060MX CIyYaAaX, HO Ha U30TEPMeE
Ban-nep-Baanbca D usobpasaer HeycTOMUYNBOE FOMOT€HHOE (OZHOPOJHOE)
COCTOAHUE, 8 Ha U30TepMe KUJKOCTb — nmap DD — ycToiiuuBoe HEeromo-
reHHoe (HEOJHOPOAHOE) COCTOAHUE, 00pAa30BaHHOE U3 MUAKONW U rasoob-
pasHoii uvacTeit. Korga mbl coBepmiaeMm nukan BCDH B, To npoXogum OT
cocroanua D Ha usotepme Bau-mep-Baanbca K coctoanuio D Ha usorep-
Me MUAKOCTh — map. Tak Kak coctognue D Ha u3oTepMe KUAKOCTh —
map 6ojiee ycToiUUMBO, YeM Ha u3oTepMe Ban-mep-Baanbca, To 3TOT myTh
HeoOpaTUM — ero Hejlb3fl GbL10 6GbI CAMOIPOU3BOIbLHO OCYIIECTBUTDL B 06-
paTHoM HampaBieHuu. Tarum oGpasom, Bech uukan BCDHB saBaserca
HeoOpaTUMBIM, U NMO3TOMY IIOMAAL HUKJIA He [JOJ#HA PaBHATbLCA HYJIO.

Kputuueckue snayenus T, V, u p. BeliecTBa MOr'y T ObITb BbIpa#eHbl
Yyepe3 KOHCTAHTHI a U b, KOTopble BXoAAT B ypaBHeHue BaH-nep-Baanbca.

YpaBuenue Banu-nmep-Baanbca (99), korma p n T 3ajgaHbl, ABAfAeTcA
ypaBHeHHeM TpeTbeii cTenenu oTHocuTenbHO V. IloaTomy, Boobiie rosops,
CYLIECTBYeT TPU PasnuuHbiXx KOpHA V (Upu QUKCHMPOBAHHBIX 3HAYEHUAX
T u p). Onnako kputudeckan usorepma T' = T, UMeeT ropU30HTANbHYIO
TOURY Neperuba npu p = p., V =V,, 1. e. npu V = V, KpuBad TpeTbero
nopAgKka — KpUTUYECKaA U30TepMa — KacaeTCAl TOPUIOHTATLHOU JUHUU
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p = p.. Orcioma cinenyer, yTo KyGuueckoe ypaBHeHHe 1A V, KOTopoe
[OXYYUTCH, ecly NoJ0#UTh B (99) p = pe, 1 T = T, UMeeT TpPOiiHOi
KopeHb V = V.. 3To ypaBHeHUe MOM#HO 3anucaTh B BUje

pV?3 = (peb+ RT)V? + aV — ab = 0.

Tak rak V, — TpoitHOIl KOpeHbL IPUBEJEHHOr0 ypaBHEHUA, TO J€Bas YacTh
noaxua umeth dopmy p.(V — V.)3. CpaBHuBas, Haxoaum
ab

Vi=—; 3V =— mn 3V.=-"—-"F
Pe Pc Pc

Pemus stu Tpu ypaBueuud anga V., p. u 1., nonyyum

a 8 a

o U T, = ——.

27b 27 Rb

JTU ypaBHEHUA BbIpamalOT KpUTHUYECKHe 3HaUeHuA yepes a U b.
Ilenecoo6pasHo oTMeTUThL, uTo eciu V., p. u T, ucnoib3oBaTh Kak

eIUHUILI 00beMa, AaBIeHUA U TeMIlepaTypbl, TO ypaBHeHue BaH-nep-
Baanbca umeeT ognHakoByio hopmy aiA Becex BemecTB. [lonaras

Ve=3b; p.= (100)

U ucnonb3ysa paBeHcrsa (100), us (99) nonyunm:

(P + %) (V - %) = gr. (101)

Tar Kak 3To ypaBHEHHE COAEPKUT TOJBKO UYUCIEHHblE KOHCTaHTBI,
TO OHO OAMHAKOBO 1JA Bcex BellecTB. COCTOAHUA Pa3iUUHBLIX BellECTB,
KOTOpbIe oNpefeldloTcA TeMU e BennuuHamu P, V, ', Ha3piBaloTcA co-
OTBETCTBEHHbIMHU cocTOAHUAMM, U (101) yacTo Has3bIBaeTcA «ypaBHe-
HueM BaH-znep-Baanbca 118 coOTBETCTBEHHBIX COCTOAHUIY.

B pasgene 14 6b110 NoKa3aHo, UTO €CJIM BelleCTBO NOAYMHAETCA YpaB-
HEHUIO COCTOAHUA UjealbHoro raza p¥V = RT, To MOHO BbIBECTH TEPMO-
OUHAMHYECKH, YTO €ro 3HEPTUA ONpeJeNfeTcA NULIbL TeMIepaTypoil u He
3aBHCUT OT 00beMa. ITOT pe3ynbTaT BEPEH TOIbKO AJIA UJeaTbHbIX Ia30B.
Ona peanbHbIX ra3oB 3Heprud U 3aBUCUT Takke U OT o6beMa.
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U3 (99) BriBOOMM
P=— -2 (102)

Hcnonesyn (88), nonyyaem

U _p 0 (RT o) RT o o
17d% T_ orT\V-b V2 V-b vz y?
IIpouHTerpupoBaB 3TO BhipasxeHue 1Mo o6beMy V npu nocrosnuoi T,
HalijeM

U=- (D) (103)

Koncranra unrerpupoBanud f(71') — KOHCTaHTa TONbKO OTHOCHUTENbHO V/
a
M KOHe4YHO, — GyHKIUA TeMnepaTypsl 1. Unen — v B (103) npeacraBaser

NOTeHIMAaNbHYIO SHEPTUIO CUll B3auMojeiicTBuA Memay Monekynamus; f(T')
Helb3f YTOYHUTH, UCHOAbL3YA JHIIb TEPMOLUHAMUYECKHE COOOpaMEeHUS;
17 ee onpejieleHrnA HEOOXOAMMO 3HATh YAEIbHYIO TENI0EMKOCTh.

[IycTh, HanpUMep, MOAAPHAA TEIIOEMKOCTh [IPH MOCTOAHHOM 06beMe
Cy nocrosnna. Torga us (25) u (103) nonyyaem

Oy = (g_g)T - ().

HuTerpupyn, HaxXoauM
f(T) =CyT + w,
rae w — KoHctauTa. Torga ypasuenue (103) mpumer Buj

U=0CyT - % +w. (104)

IIpy mOMoOIIK 3TOr0 BbIPAMEHUA MJIA YHEPTUH JIETKO MOMKHO BbIUMC-
JUTb SHTPONHUIO ofiHOro MoiA Bau-nep-Baanbcosa rasa. U3 (72), (21), (102)
u (104) monyuaem

1 1 a
dS = 7= = S(dU +paV) = = (CvdT+ de) +

T
1/ RT a T av
T V-b

d
)t
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WK T0c/le UHTerpUPOBaHuA
S=CyInT + RIn(V — b) + const. (105)

OTMeTHUM cX0ICTBO 3ToN (opMyinsl ¢ popmynoit (86), Belpamaroei
SHTPOIHUIO UJealbHOro rasa yepe3 o6beM U TeMIiepaTypy.

B pasgene 6 mb1 onpenenunu aguabaTyecKkuil mpoiecc, Kak obGpa-
THUMBIH Ipolecc, BO BpeMA KOTOpPOro cUcTeMa TepMUYECKU U30JMpOBaHa.
Takum o6pasom, npu aguabaTuyeckoM npouecce d@) = 0.

Ho us (72) dS = % CnepgoBaTtenbHo, dS = 0, unu S = const. T. e.,
eclid B cHcTeMe coBepllaeTcA aanabaTHUYeCcKHUil mpoliece, TO €e 3HTPOIUA
ocraerca nocroauHoii. Ilo aToit npuynHe aguabaTyecKye Mpolecchl HHOT-
Ja Ha3bIBAIOT H303HTPOIHYECKHMH.

YpaBHeHue aguaGaTHYecKoro mpouecca rasa Bau-mep-Baanbca cpasy
me nonyvaerca us (105), ecnu nprpaBHATL SHTPOMNUIO NOCTOAHHOI:

CyInT + RIn(V — b) = const,

nin

R
T(V —b)Cv = const. (106)

JTo ypaBHeHUe 1A annabaThl Bau-nep-BaanbcoBa rasa oueHb ¢XOQHO
¢ ypaBHeHueM (38) mna aguabaThl WeanbHOrO rasa.

3agauu

1. Kak usmenutca sutponua 1000 2 Bogbl, Korjga TeMmiepaTypa Bo3-
pacTeT OT TOYKM 3aMmep3anuf no Touku kuneuua? ([Ipeamonaraercs, yro
yAenbHafA TEIIOEMKOCTb, paBHad 1 kKa.a/e - 2pad, OCTOAHHA).

2. Teno noguuHAETCA YPaBHEHUIO COCTOAHUA

pVh? =102,

H3mepeHue ero TemioeMKOCTH BHYTPU cOCYyJAa C MOCTOAHHBIM 00b-
emoM 100 . moraspIBaeT, YTO NMPHU 3TUX YCIOBUAX TEINIOEMKOCTb He W3-
MmeHseTeA U cocraBadetr 0,1 ka.i/zpad. BeipasuTh 5HEPrUIO ¥ SHTPOIUIO
cucteMbl Kak ¢yHruuo T u V.

3. Toura kunenusa stuioBoro cnupra (C2HgO) —78,3°C; Temnora

. 14
ucnapeHud cocraBiafgeT 855 due/e. Haitnute ar B TOYKE KHUIEeHUA.
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17. CBobGoaHasA sHepTruda

B uuncro mexanmyeckux cucreMax pabora L, coBepliaemas BO Bpe-
MA MpeBpalleHuA, paBHa uaMeHeHnio AU 3HepPruM CUCTEMbl, B3ATOMY CO
3HAKOM MHUHYC, T. €.

L=—-AU. (107)

JIna TepMoOUHAMHYECKHX CHCTEM HeT TaKOro MPOCTOTO COOTHOIIe-
HUA MemAY COBepllIeHHOU paboToil U U3MeHeHHeM 3Hepruu, MoTOMY YTO
MO3eT NPOUCXOJUTb 00MEH 3Heprueil MemIy CUCTEMOU W OKpYyrrarouei
cpefoit B Buie TenioThl. Baamen paBeHcTBa (107) cymecTByeT mepBblii
3aKOH TepMoauHaMUKH (15), KOTOpBIN MOMHO 3amucaTh B BUIeE

L=-AU+Q. (108)

BoabmuHCTBO TEPMOAMHAMHUYECKHX TIPOIIECCOB COBEPIIAETCA HAJl CUC-
TeMaMH, KOTOpble HaXOAATCA B TEMJOBOM KOHTAKTe C OKpYy:Kalollel cpe-
JIOi, IO3TOMY MOET UMETh MeCTO OOMeH TeIIOTOW MeIYy CUCTEMOR U
oKpyaloleit cpenoit. B atom cnyuae L MomeT ObITh 0OJibllle WU MEHb-
me, yeM —AU B 3aBUCHMOCTH OT TOr0, IIOTJIOIIAeT CUCTEMA TeIIOTY WU
OTHaeT ee OKpy#Kalolleil cpene.

IIpeanonoxumM Temnepb, YTO cUcTeMa S HAXOAUTCA B TEIIOBOM KOH-
TaKkTe C OKpy:awollei cpegoil, TeMiepaTypa KOTOPOil ocTaeTcA MOCTO-
AHHON, U pacCMOTPUM Mepexoj] CUCTEeMbI M3 HAauyalbHOI'0 COCTOAHMA A B
KoHeuHoe cocTofinne B. [IpumeHAA K 3ToMy NpeBpalleHUI0 HEPaBEHCT-
Bo (73), uMeeM

B
dQ
/ﬁrgam_smy
A
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Tar rak cucrema nony4vaeT TelJJoTy TOJbKO U3 UCTOUHURKA, TeMIlepa-

1
Typa KOTOPOro MOCTOAHHA, MO#HO BbIHECTU T W3-10] 3HaKa MHTerpala;
TOrga

B
Q= / dQ < T{S(B) - S(A)}. (109)
A

TakuM o6pa3oM, Mbl yCTAHOBWJIM BepXHHUIl Mpejel KoludecTBa Te-
IJI0ThI, KOTOPYIO CCTeMa MOKET MOMYUUThb OT OKpyatoieil cpenbl. Ecau
npouecc obpatum, To B (73), a Tarme B (109) crout 3Hak paBeHcTBa. B
9TOM ciydae paBeHcTBO (109) onpejensieT KOMUYECTBO TEMIOThI, OLY YeH-
HOe CHUCTeMOi BO BpeMmsA mpolecca.

W3 (108) u (109), Boipaman AU = U(B) — U(A), Haxonum

L <U(A) - U(B) + T{S(B) — S(A)}. (110)

JTO HepaBEeHCTBO ONpeJelNAeT BEPXHUI Mpejen KoIuuyecTBa paboThl,
KOTOpOe MOeT ObITh HOoNyuYeHo BO BpeMs npouecca ot A o B. Ecau nopo-
necc o6patum, To B (110) cTouT 3HaK paBeHCTBa W coBeplieHHaA paGoTa
paBHa CBOEMY BEpPXHEMY OpeJerny.

IIpeanonomxumM Tenepb, 4TO TeMIepaTypbl HayalbHOrO0 U KOHEUHOTO
cocTtofiHuil A U B onuHakoBbI U paBHBI TeMnepaType 1T oKpy#kaioiileii cpe-
nel. Onpenenum GyHRIUIO F' COCTOAHUA CUCTEMBI ClIefYIOMUM 06pa3om:

F=U-TS. (111)

Hcnonvsya ¢ynrnuio F', koTopad HasblBaeTc CBOOOJHON 3Heprueri
cucTeMbl, Mo#eM HamucaThb (110) B Buge

L < F(A) — F(B) = —AF. (112)

PaBeHcTBO ocyuecTBiafAeTCA, €ClU NpeBpalieHne 00paTUMO.

CMmbicn ypaBHenus (112) mMomeT ObITh BbIpameH CIeAYIOIUM o6pa-
30M. Eciin cucteMa ucnbIThIBaeT 06paTHMOe TpeBpalleHlue 0T HayalbHOro
cocTofiHUA A K KOHEYHOMY COCTOAHHIO B, mpruyem o6a 3TH COCTOAHUA
HMeIT TeMIepaTypy, PaBHYIO TeMIepaType OKpy:kaiolleil cpelbl, U ec-
JIU CUCTeMa BO BpeMA MpeBpalleHUA 0OMEHUBAaeTCA TEMJIOTON TONbKO C
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OKpY:Kalolleil cpeloii, To pabora, NpoAelaHHasA CUCTEMOIl BO BpeMs Ipe-
BpallleHUA, paBHA yYMeHbIIEeHUIO CBOOOIHOI 3Hepruu cucTeMmsbl. Ecau npe-
BpallleHue HeoOpaTUMO, TO YMeHbllleHre cBOOOAHON SHEPTUU CUCTEMbI —
BepXHMUIl npejes paboThl, coBeplUIeHHOi cucTeMoit’.

CpasuuBas (112) ¢ ypaBuenunem (107), KoTopoe cnpaBelJIMBO TOIbKO
A YMCTO MeXaHUYECKUX CUCTeM, Mbl BUJAUM, YTO cBOOOAHAA DHEPTUA B
TepMOJINHAMHYECKUX CUCTEMAX, KOTOpble MOTYT 0OMeHUBAaThCA TEMIOTO
¢ OKpyarmolleil cpeloiil, UrpaeT poib, aHAJOTUUHYIO 3HEPIUU MeXaHuyec-
KUX cucTeM. Pasnuua sakiiouyaerca B ToMm, 4To B ycioBuu (107) Bcerna
CTOMT 3HaK paBeHCTBa, Toraa Kak B (112) paBeHCTBO ocyllecTBIAETCH
TOJbKO NpU 06paTUMBbIX NpeBpalleHUAX.

Tenepb pacCMOTPUM CHCTEMY, KOTOpasA JUHAMUYeCKU (He TepMuUec-
KH) HM30JMPOBAHA OT OKpYKAIOIell CPeibl B TOM CMbICIe, YTO KaKON Obl
TO HU ObLJI0 OOMEH dHeprueil Mem/ay CUCTEMON U OKpY:#Kalolleil ee cpenoit
B ¢opMe paboThl HeBo3MoeH. Torga cucteMa MoMeT coBeplIaTh TOJILKO
M30XOpuYecKye NpeBpalleHus.

IIycTb naBieHUe B HEKOTOPbIi MOMEHT BpeMeHU OAMHAKOBO A BcexX
yacTeil cucTemMbl. Tak Kak pa6oTa MozkeT GbITh COBEpIlIeHa CUCTEMOI TONb-
KO B pe3y/ibTaTe JefCTBUA CUJ AaBlI€HUA Ha CTEHKH, TO cCTeMa AUHaMU-
YeCKU U30JIUPOBaHa, eclli OHA 3aKjIl0YeHa BHYTPU cocy/la ¢ HeM3MEeHHbIM
o6bemoM. NHorga 1A TuHaMUYeCKON MU301AIMH MOT'YT MOHagoObUTbeA 60-
Jlee ClOHbIe MpUcnocobieHu .

Mbe1 npennonaraem, YTo XOTA Halla cUCTeMa AMHAMUYECKU U30JIUPO-
BaHa, OHa Bce e HaXOAUTCA B TEINIOBOM KOHTAKTe ¢ OKpYy:Kaloleil cpeoii
U TeMIepaTypa ee paBHa Temneparype T cpenbl. [nfa Takoro npespaiie-
HUA paccMaTpuBaeMoii cructeMbl uMeeM L = 0; noaTomy us (112) noayua-
eM

0 < F(4) - F(B),

13ToT pesynbTaT oueHb YacTO yCTaHaBIMBaeTCA cilelylomuM obpasom. Korma cuc-
TeMa IMoABep:;eHa HW30TePMHUYECKOMY [peBpalleHHIo, TO COBeplleHHaA el pabora L
HUKOTIa He MoKeT ObITb Gosiblne W3MeHeHUA ee cBobGomHoit sHepruum AF, Ba3faToro c
ob6paTHbIM 3HakoM. Ecnu npespamenue o6patumo, oHo paBHo —APF.

Ham pesyabTtat 6oJee 061Uii, IOTOMY YTO OH IPUMEHAJCA He TOJAbKO K U30TEPMUYeC-
KOMY [pEeBpAaleHHIO, HO U K MpeBpalieHuAM, BO BpEMA KOTOPbLIX, M0 MPEANON0MKEHHUIO,
TeMIepaTypa CHUCTEMbI OTIMYAETCA OT TeMIepaTypbl 1" B MPOMEHKYTOUYHBIX COCTOAHU-
AX, IPY YCJOBUM, YTO 0OMEH TEIJIOTON MPOUCXOJUT TOJAbKO C OKpYarommel cpenoit npu
oIHOpPOaHOM TeMnepaType T.
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F(B) < F(4), (113)

T. €. €ClIi CUCTeMa HaXOJUTCA B TEIJIOBOM KOHTAKTe C OKpy:aloileil cpe-
Ioit mpu HeKoTopo# TeMmnepaType T', MIu eciiy OHA AUHAMUYECKHU U30IUPO-
BaHa, TAaK YTO HUKaKafA BHEIIHAA paboTa He MOeT ObITh COBEpIeHa WIH
norJjoiieHa, To cBoO0OAHAaA 3HEPrUA CUCTEMbI He MOMET ObITh YBelIMYeHa
BO BpeMA IpeBpaleHus.

CnemoBaTenbHO, ecal c80600HAA dHEpeUs umeem MUHUMYM, MO CUC-
mema HATOOUIMCA 8 COCMOAHUU YCMOU4UE020 pABHOBECUA, TAK KaK ecld
Obl Kakoe-HMOYOb MpeBpalleHre MO0 YBEIUUUTh CBOGOJHYIO 3HEPTHUIO,
TO 3TO HpoTUBOpeunIo Gbl (113). B ciyvae MexaHHUYeCKUX CHCTEM YCTOM-
YiBOe paBHOBeCcHe yCTaHABIMBAaeTCA MPU MUHUMAIbHOU MOTEHIMATLHOM
sHepruu. [lockolbKy ycloBHEM YCTOWNYMBOro paBHOBeCHA TepMOJMHAMU-
YeCKOU CUCTEMbI, 3aK/II0YEHHON B #eCTKUI pesepByap U UMerolleil TemIe-
paTypy OKpy#arolieii cpefibl, ABIAETCA MUHUMAIbHOCThL CBOGOIHOM dHEp-
Iy, To cBoGOJHAA SHEPIUA YacTO HA3bIBAETCA TEPMOAMHAMHUUYECKUM II0-
TEeHI[HANOM MpPHU MOCTOAHHOM 00BbemMe. CTporo ropops, ycioBue 060cHOBa-
HuA HepaBeHcTBa (113) cocToMT He TONBLKO B MOCTOAHCTBE 06bEMa coCy-
Ja, HO U B HEBO3MOM#HOCTHU COBEPIIUTh HAJ CHUCTEMOI BHENIHIOI paboTy.
OpaHako, ecii B cUCTeMe JlaBlleHHe OJJHOPOAHO, TO 3TU ABa YCIOBUA IKBH-
BalleHTHbI.

PaccmoTpuM Tenepb uM3oTepMuuecKoe mnpeBpaiieHne [ cUCTeMbl NpH
Temnepatype T oT coctoanuA A K cocToAHuo B, a Takie nsorepmuyec-
Koe npespaienue I cuctemsl Memay aByMAa coctoanuamu A’ u B’ npu
temnepatype T + dT. A’ nonyyaerca us A npu 6eCKOHEUHO MajloM M3Me-
HEHUHU, BO BPeMA KOTOPOro TeMIlepaTypa MOoBhINIaeTcA Ha Beanuyuny dl,
TOrJa Kak HUKaKkafA BHellHAA paGoTa He coBepiuaercA. Eciau naBieHue B
cucTeMe OJHOPOJHO, TO ATO MOMET ObITh OCYIIEeCTBIEHO, ecin 00beMbl A
u A’ paBHbl (M30X0pHUeCKoe MpeBpameHnue). Bo Bpema GeckoHeuHO Manoro
npeBpailienud oT B no B’ Takme He coBeplaeTCA HUKAKON paboThI.

Ilycts L u L 4+ dL. — MakcuMalibHble KOJUUYeCTBa paboThbl, KOTOpbIE
MOTr'YT GbITh MOJYUY€HbI COOTBETCTBeHHO npu npeBpaienusax I u I1. Torpa
HONY YUM

L = F(A) — F(B),

L+dL = F(A') — F(B'), (114)
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Hin

dL dF(A) dF(B)

dT ~  dT dr

rae yepes dF(A) u dF(B) o6o3nauens! coorBercTBeHHO F(A') — F(A) u
F(B') — F(B). Ho mbl umeem

(115)

F(A)=U(A) —TS(A),
unu, nuddepeHnrupya obe CTOPOHBI,
dF(A) = dU(A) — TdS(A) — dT'S(A). (116)

Tar kax npu npespamenun ot A 1o A’ HuKakaa paGora He coBep-
[IaeTcA, TO KOJUUYECTBO TEIUIOThI, MOJYYEeHHON cHCTEeMOil BO BpeMA 3TOro
GeCKOHEeYHO Malloro npeBpalleHusd, cocTaBadet, cornacho (15),

dQA = dUAa
u us (72)
_dQa  dU4
dS(A) ==~ = 7~
YpaBuenue (116) Teneps gaet
dF(A) _F(A) U4
ar = S =T

[Togo6HO 3TOMY HOTyUYaeMm

dF(B) _F(B) U(B)
a - B =
Takum o6pasom, us (114) u (115) Haxoaum
dL
L-T— =-A 11
@ v (117)

rae AU = U(B) — U(A) — u3aMeHeHMe 3Hepruu mpu mpespalienun or A
1o B. YpaBuenue (117) uasviBaerca usoxopoii Bant I'ogp¢pa u umeeT MHOTO
NoJNe3HbIX TPUMEHEHUH.
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BeiBemem BbIpaeHue 1A NaBleHHA B CHUCTEeMe, COCTOAHHE KOTOPOii
MosieT ObITh u3o6pameno Ha guarpamme (V,p). Pacemorpum Geckoneu-
HO Majloe U30TepMHuUecKkoe obpaTUMOe MpeBpalleHne, KOTOpoe U3MeHAeT
o6beM cucTemsbl Ha BennuynHy dV . K 3ToMy npeBpalieHU0 MO#HO pUMe-
HUTb ypaBHenue (112) co 3HaKOM paBeHCTBa, [I0TOMY YTO IpeBpalleHue
obpatumo. Tar Kar

L = pdV,
! dF
AF=|—) d
()
To u3 (112) umeem
dF
pdV = — (W) TdV,
WK
dF
i = —n. 11
(dV)T p (118)

3akaHuuBafA ITOT pasjiel, IPUBEeM BbIpaxeHue 1A cBOOOLHOI sHep-
TUM MOJIA UfiealbHOro rasa, KOTOpoe cpasy #ie I0ol1yYaeTcA U3 ypaBHeHUit
(111), (29) u (86):

F=CyT+W —T(CynT + RInV + a). (119)

Ecnu mMb1 ucnonbzyem (87) BMeCTO (86), TO MOJYYUM SKBHBAJIEHTHYIO
bopmyiy:

F=CyT+W —T(C,InT +Rlnp+a+RInR). (120)

18. TepmognHaMHU4YecKHII MOTeHIIHAIT
Npy NOCTOAHHOM JaBJeHUU

B GonbmnHCTBE TepMOAMHAMUYECKUX [TpeBpalleHuil faBleHue U TeM-
nepaTypa CUCTeMbl He U3MEHAIOTCA, a OCTAIOTCA PABHBIMU JaBIEHUIO U
TeMIepaType okpysxatieil cpeibl. I[Ipu Takux 06cTOATENbLCTBAaX BO3MO-
HO ompeaenuTb GyHKIUIO ¢ cocTOAHUA cUCTeMbl, KoTopasa obi1afaer cie-
OYIOMUM cBoiicTBOM: ecii ® ©UMeeT MUHUMYM [IJIA IaHHBIX 3HAYEHU 1aB-
JeHUAl 1 TeMIepaTyphl, TO CUCTEMAa NMPU 3TOM HAXOJUTCA B PABHOBECHH.
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PaccmoTpuM m3oTepMuyeckoe u uzobapuuyeckoe MpeBpalleHue, T. €.
npeBpalleHue NPU NOCTOAHHOI TeMnepaType 1’ U NIOCTOAHHOM JaBlIeHUH P,
pU KOTOPOM CHUCTeMa MepexoquT u3 coctoauua A B cocrosnue B. Eciau
V(A) u V(B) npelcTaBifiOT HaYalbHbIl U KOHEYHBIH 0GbeMbl, 3aHATbIE
cHUCTeMOl, To paboTa, coBepllleHHasA BO BpeMA NMpeBpaileHus, 6yieT paBHa

L=p[V(B) - V(4)].

Tar kak mpeBpallleHHe U30TEPMHUUYECKOE, TO MOKHO NMPUMEHUTb K HEMY
ypaBHenue (112), mocie 4ero noay4um

pV(B) —pV(A) < F(A) - F(B).

Tenepsb onpenenum HOBYO GyHEIHUIO ¢ COCTOAHUA CUCTEMBI Cleaylo-
muM obpasoM:

b=F+pV=U-TS+pV. (121)
3anucap npe/bifylilee HepaBEeHCTBO Yepe3 &, umeem
®(B) < (A). (122)

Oyurnua ¢ HazblBaeTCA TepMOJHHAMHUYECKHM MOTEHIHAJOM IPH M0-
croanHoM fnaBiaeHud. U3 (122) cnenpyer, uyTo npu u306apriyeckoM mpeBpa-
[EHUU CUCTEMbl TepMOJUHAMUUYECKUN MOTEHLUAaN MPU MOCTOAHHOM [aB-
JeHUM HUKOTJa He MOKeT YBeINYUBATbCA.

IloaToMy MO#HO cKazaTh, YTO eclid TeMIlepaTypa U JaBleHUE CHC-
TeMbl COXPAHAIOTCA TMOCTOAHHBLIMM, TO COCMOAHUE cucmeMbl, 0ag KOmo-
potl mepmodunamuieckutl nomenyuas ® MuHumareH, A6AAMCA COCMOA-
Huem ycmoiiiueozo pasHosecus. llpuurHa B TOM, YTO OPH MUHUMAaIbHOM
$ BcAKOe caMONPOU3BOIbHOE U3MEHEHUE COCTOAHUA CUCTEMbI PUBEIO GbI
K yBeaudeHuio ®, Ho 3To mpoTuBOpeuno Gbl HepaBeHCTBY (122).

PaccmoTpenHble Hue cBoiicTBa ¢ cucTeM, cOCTOAHUE KOTOPbIX MO-
#eT ObITh n3o6paeHo Ha guarpamme (V,p), uHOrga Mo/e3HbI.

[Ipunsae T u p 3a He3aBUCUMbIE lepeMeHHbIe U MTpoauddhepeHUpOBaB
(121) no p, Haiigem

(&),= (%), 7(%), (%),
op)r o/ r o) g o)y .
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Ho u3 ompeneneHua sHTPONUU U U3 NEPBOT0 3aKOHA TEPMOJUHAMHUKH A
o6paTUMOro mpeBpalleHuA UMeeM

dQ =TdS = dU + pdV,
WK B HallleM cllydae [JJd U30TepMUYEeCKOro U3MEeHeHUd NaBjleHUd
oS oUu oV
1(5), = (&), (3),+"
/)y o) r o) r

OTcrona HaXoouM

0P
(—) =V. (123)
op)r
MomoGubIM e obpasom, aquddepenuupys (121) mo T, MoHO NOKa-
3aTh, YTO
0P
— ] =-S. 124
(57). (124)

B rauvecTBO nmpuMepa MoJe3HOCTH MOTeHIIHada ¢ ucnoabL3yem ero ajif
BbIBOJa ypaBHeHud Kiamneiipona, KoTopoe ApYyTrUM MeTOAOM y:#ie N0oJyYeHo
B pa3geie 15.

PaccmoTpum cucteMy, cocTaBleHHYIO U3 MUIKOCTH U HACBIIEHHOTO
napa, 3aKJI0UYeHHYI0 B IUIMHAD, U OyeM Nogdep#UBaTh ee MPHU MOCTOAH-
HOIt TemnepaType U nmoctoaHHoM gaBienuu. Ecau Uy, Us, S1, Sy u Vi, Vo —
COOTBETCTBEHHO 3HEpPruf, S3HTPOMUA U 00bEM HKUIKUX U ra3000pa3HbIX
yacreii, a U, S u V — cooTBeTCTByIOlINe BeIUUYUHbBI IJIA BCeil CUCTEMBI,
TO

U=U; +U,, stl+52, V=V+V,,

Tar urto u3 (121) caepyer:
P =P, + Py,

roe ¢; u $2 — noreHHUadbl COOTBETCTBEHHO KHUIKOM M razoobpasHoOii
yacTei.
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IIyeTb m; ¥ mg — Macchl UAKONM U ra3oobpa3Hoil yacTeil, U IMyCTb
U1,81,V1,1 U U2, S2,V2,p2 — yIelbHble 3HEPrUf, BHTPONUA, 00beM U
TepMoAMHaAMUYECKUi MOTeHINaN }UJKOCTU U Tmapa. Toraa

S =mip1, Py = maps.

N3 obmux cBOMCTB HaCbINIEHHBIX NMApOB HU3BECTHO, YTO BCe Y/Elb-
Hble BEJIUYUHBI U1, Uz, S1, Sz, V1, Uz U JaBleHUE p — GYHKIUH JUIIb OJHON
TemnepaTypbl. CilieqoBaTelbHO, Y1 U Py — ToMe PYHKIMU TOIbKO TeMIle-
paTypbhl, ¥ MOKHO 3amucaTh

‘I) = m1<p1 (T) — ngoz(T)

PacecmoTpum paBHOBecHoe cocTofiHMe cucTeMbl. CoBepUIUM H30TeEp-
MHYecKoe NpeBpalieHne, coXxpaHaf JaBieHue IOCTOAHHbIM, TaK YTO MOTYT
U3MEHATBbCA TOJILKO My U Mme. IlycTh B pe3ynbTaTe 3TOro mpeBpalieHUuA
M1 YBEIUUUTCA Ha Beauuuny dm;. Torga, Tak Kak mi +ms = m = const,
Macca Mg YMEHbIIUTCA Ha Belu4yuHy dm;. Tenepb TepMoauHaMHUUeCKUA
NOoTeHIIMal 3alKiCchbIBA€TCA B BUJE

(m1 + dmy)pr + (mg — dmy)ps = @ + dma(p1 — p2).

Tax Kak MbI paccMaTpuBaeM CUCTeMY B COCTOAHHMHW paBHOBeCHUA, TO
® umeer MHWHUMYM. HOBTOMy M3 BbIICINIPUBEJAECHHOI'O YpaBHEHHUA cielyeT,
4To

Y1 = P2,
Uin
(’U,2 — ’U,l) — T(82 — 81) +p(U2 — ’Ul) = 0.

Ouddepennupys no T', HaxoaUM

d d
ﬁ(UQ — ul) — Tﬁ(82 — 51) — (52 - 51) +
d
+ %(Uz —v1) +Pﬁ(vz —v1) =0.

Ho
dsS du dv

& -4 0
aT — ar " Pg
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C IIOMOIIbIO 3TO0 paBeHCTBAa Iipeablayliee ypaBHEeHHe [IPUHUMaeT BUL:

P
—(s2 —81) + —(vy —v1) = 0.
( dT
Ho (s — s1) ABIAeTCA U3MEHEHUEM SHTPONMU NMPU UB0TEPMUYECKOM HC-
napeHMHU ofHOro rpaMMa mujgkocTu. CleqoBaTenbHo, 3Ta pa3HOCTh paBHa

A
f’ rage A — TemioTa hUcClapeHuda BeljecTBa. Tarum 06pa30M, nory4daemMm

ypaBHenue Knamneiipona:

dp A

ar N T(U2 —1)1).

Tenepb 3anuineM BbIpameHue NJIA TEPMOJUHAMHYECKOr0 MOTEHI[HAla
[P NOCTOAHHOM [aBlIeHUH OJHOro MOJIA HeanbHoro rasa. Us (121), (120),
ypaBHenus coctoanusa pV = RT u (33) nomyvaem

®=C,T+W —T(C,InT — Rlnp+a+ RInR). (125)

19. IIpaBuJio tda3s

Korga cuctema coCcTOMT TOIbKO U3 OJHOTO FOMOTE€HHOTro (0OJHOPOLHO-
ro) BeIECTBa, TO MOBOPAT, YTO OHA COCTOUT U3 04HOM da3nl. Eciu retepo-
reHHad cUCcTeMa COCTaBleHa U3 pa3lINYHbIX yacTeil, Kamaad U3 KOTOPHIX B
OTIEeNbHOCTH ABIAETCA M'OMOT'€HHOI, TO FOBOPAT, YTO B CHCTEME CTOJNbKO
(a3, CKOIbKO B Hell TOMOTEHHBIX YacTel.

Rak npumep cucTeMbl, COCTOALIEH JMHUIIL U3 OJHOM (a3bl, MOHHO pac-
CMOTpEeTb I'OMOTEHHYIO KHAKOCTb (He 06A3aTelbHO XUMHUUYECKU YHCTOE
BeI[eCTBO, MOTYT PAacCMaTPUBATbCA TaKiKe PAaCTBOPbI), TOMOTeHHOE TBep-
Joe BellleCTBO WU Tas.

IIpuBenemM HeKoTOphble MPUMEPHI CHCTEM, COCTOANIUX U3 JABYX ¢as:
BoJa M BOAAHOI Map; HAChIMEHHBIN pacTBOpP COMW B BoJe IIPU HaIUUYUU
HEKOTOPOr'o KOJNWYEeCcTBa COMU B TBEPJOM COCTOAHMUM; CHCTeMa U3 JBYX
HeCMelINBalIMUXCcH HKUAKOCTell U T. 1. B nepBoMm npumepe AByMA dasaMu
ABNAIOTCA AuAKaA (asa (Boma) v razoo6pasHas (BOJAHOIA nap); BO BTOPOM
npuMepe — pacTBOp COJIM B BOJe U TBeplad COJb, B TPeTheM IIpUMepe
pasnuuHbIMU pa3aMyu ABIAIOTCA pa3iUyvHbIE HUTKOCTH.
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Bce cnenquduyeckue cpoiicTBa ¢asbl, T. €. Bce CBOUCTBA, KOTOPhIE OT-
HOCATCA K eJWHHIle Macchl BellleCTBa, cocTaBidiomero ¢asy, HampuMep
IOTHOCTh, yJelbHad TemnoTa U T. J., 3aBUCAT OT TeMnepaTypbl T', naB-
JeHUA p U XMMHYECKOro cocTaBa ¢asbl.

YrTo6bI onpegenuTb XMMUUECKHI cocTaB (asbl, Haflo HAUTH MPOLEHT-
HOe cojlepkaHue Kam[1oro XMMHUYEeCKOro BelllecTBa, cojiepskaiierocd B ¢da-
3e.

Kopoue rosops, ciefyetr ymeThb Mo U3BECTHOMY NMPOLEHTHOMY COfep-
JKAHMIO KaMIoro sjieMeHTa, Kak CBOGOJHOr0, TaK U XUMHYECKH CBA3aHHO-
ro ¢ ApyruMu 3jJeMeHTaMU, HAXOJUTh COCTaB KamIoil (asbl pU JaHHOM
TeMIlepaType U JaHHOM JaBieHuu. leficTBUTENbHO, N3 3aKOHOB XUMUHU XO-
pOIIO U3BECTHO, YTO XUMUYeCKOEe paBHOBeCHe NIPH OllpeeNeHHON TeMIlepa-
Type U ompeJeNeHHOM JaBleHUU JA0CTUraeTCA NMPU BNOJHE ONpeaeleHHbIX
KOHIIEHTpaluAX 3JeMeHTOB B ¢a3ax. ®a3a ABNAeTCA TOMOIeHHON CMeChIO
BCeX BO3MOKHbBIX XMMUUECKUX COeJUHEHUI, KOTOpbIe MOT'YT ObITh 00pa3o-
BaHbl U3 XUMUYECKHUX 3JIeMEHTOB, BXOAAMUX B a3y, IpruieM NMpPOLEeHTHOE
coJlep;aHue Ka# ol cOCTaBHOI yacTH MONHOCThIO ompenenderca T, p u
OTHOCHUTENbHBIMU KOHIEHTPAUAMH BCEX 3I1E€MEHTOB (a3bl.

PaccmoTpumM, HanpuMep, ra3 npu onpeeneHHON TeMIepaType U olpe-
JeNeHHOM NaBJeHUH, COCTOAIMN U3 Bojopoaa u Kuciopoga. KoHueHTpa-
OUIO Ka#Aoro ajleMeHTa OyJeM cuuTaTb 3agaHHoil. Bogopon u ruciopon
o6pasyoT moieryibl Ha, O u HoO (a1a mpoctoTsl npenebpexemM Goaee
peakumu Moiaeryiamu H, O, O3 u Hy02). Yncno mMoneryn Boabl B raso-
BOil cMecH, a clleIoBaTelbHO U COCTaB ra3oBoil CMeCH MPU 3THX YCIOBHAX,
onpeJenAOTCcA TONbKO KOHIIEHTpalueil Bogopoaa u kuciopoaa. Kopoue ro-
BOPA, HAJ0 MOMHUTb, YTO HE3AaBUCUMBbIMYM KOMIOHEHTaMHU (asbl ABIAIOTCA
XUMUYECKUE 3IEMEHTbI, CofiepKalluec B Hell (Kamablil 3JIeMeHT HYHHO
paccMaTpUBaTh KaK HE3aBUCUMYIO KOMIIOHEHTY, Aae ecld OH MpHCYT-
CTBYET He TOJIbKO B CBOeil 3jeMeHTapHoii (hopMe, HO © B XUMUUYECKOM CO-
eIMHEHUHU C APYyTUMHU sieMeHTamu). OJHAKO U3 XUMUHM U3BECTHO, YTO NPU
onpeeNeHHbIX YCIOBUAX XUMUYeCKOe PaBHOBeCHe OCYIIECTBIAETCA Uepes
HEKOTOPBIN Mepuoj BpeMeHH, Upe3BbIYailHO NJIUTENbHBIN 10 CpaBHEHUIO
¢ OObBIUHBIMM MHTepBalaMHu BpeMeHU. TakuM o06pa3oM, eciu Mbl UMeeM
rasoByio cMecb Ho u O, mpu HopMaldbHO# TeMmepaType U HOpMalbHOM
JaBleHUU, TO XUMHUUYECKOe paBHOBecHe NOCTUraeTcA TOrja, Korja 00ib-
I10e KOJUUYEeCTBO BOAOPOJa U KUCI0POJa COeJUHAIOTCA, YTOGbI 06pa3oBaTh
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BoAAHoi nap. Ho pearuus
2H, + O = 2H,0

[IpoTeKaeT NpPHW HOPMAalbHBIX YCIOBUAX TaKk MeJJeHHO, YTO NpaKkTuyec-
KU 3a CpaBHUTEJIbHO KOPOTKUE IPOMEKYTKU BPEMEHU HUKAKoro coeiuHe-
HUA BOJOpOJa U KUCJIOpoaa He mpoucxoauT. KoHeuHo, peaknuf npoTeKaeT
ObIcTpee, ecii TeMIepaTypa A0CTaTOUYHO BbICOKA UMM €ClId UMEETCA COOT-
BeTCTBYIOLUI KaTalnu3aTop.

U3 BeImenpuBeqeHHBIX paccy#JeHUIl BUIHO, YTO BO BCeX ClIyuvafX,
KOrja Mbl MMeeM XUMUYECKM CIOMHble BelllecTBa, oOpa3yoluecd WIH
pacnajampouiyeca KpailiHe Me/JJleHHO, MO#HO pacCMaTpuBaTh KaKk MpaKTH-
YyeCKU He3aBUCHMble KOMIIOHEHTHI (pa3bl ClOKHble COeJUHEHUA, a He COo-
cTaBlApIYe UX 31eMeHThl. Ecnu, HanpuMep, nuMeeTcA ras3, COCTOAIUN U3
BOJIOpPOJa, KUCI0pPOJa U BOAAHOIO Napa Npu TaKkoi HU3KOW TeMIepaType,
YTO BOJa NpaKTUYECKU He 00pasyeTcA U He AUCCOLUUPYET, TO MOHHO CYU-
TaTh, UTO 'a3 COJEpP:KUT TPU He3aBUcUMble KoMNOHeHThI Os, He u Hy O,
a He JIBe KOMIIOHEHTbI — BOAOPOJ U KucJopoj. XUMUUeCKUil cocTaB raso-
Boii (ba3bl onpepenserca Toraa maccamMu Oz, Ho u HoO Ha equHuny maccebl
(assl.

Otcroga ACHO, YTO YUCIIO HE3aBUCHUMBIX KOMIIOHEHT MOMKET ObITh 60JIb-
Ile WU MeHbllle YHcla BceX PUCY TCTBYIOMUX 3ieMeHToB. B npeapiaymem
npuMepe Mbl UMeN TpU HedaBucuMble KoMmoHeHThl (Hy, Oy u HaO) BMmec-
to 1ByX (H u O). C npyroit cTOpOHbI, €ClU NPUCY TCTBYET OJUH JUIIb BOASA-
HOH [ap, To MOKHO [IpeHeOpeyb ero Juccolualnyeil Ha BOLTOPOA U KUCI0PO]
U paccMaTpuBaTh (Gasy KaKk COCTOALIYIO U3 OJHOH JNUIIb KOMIIOHEHTbl —
BOJbl, @ HE ABYX KOMIIOHEHT.

PaccmoTpuMm Temepb cucteMmy, coctoAmyio u3 f ¢as u n He3aBUCU-
MbIX KoMnoHeHT. [lycTh m;, — Macca k-if KoMnoHeHTHI, B i-if ¢asze. Tor-
Ja pacnpejielieHle KOMIIOHEHT MeAy pasiuyHbIMU da3aMu MOKeET ObITh
ONMCAaHO CJAEAYIOUIUM MyTeM:

mi1, M2, ... Myf1,
mi2, Ma22, ... myga, (126)
Min, M2p, ... Mfp.

IIpu onpeneneHHoil TeMIepaType U ONpe/leIeHHOM JaBleHUU YCI0BUE
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paBHOBecHA Hallell cuCTeMbl eCTb MUHUMYM TepMOAMHAMUUYECKOr'0 OTEH-
nuana. JTo ycloBHe — OCHOBa pAJa COOTHOIIEHUI Me:kIy BelUdYUMHaMU
(126).

JonycTuM, 4TO MOBEPXHOCTHOIi 3HepPrueil B paccMaTpUBaeMoii cucTe-
Me MOKHO mpeHeOpeub, Tak 4YTO ¢ MoseT GbITh MPUHAT PaBHBIM CYyMMe
TepMOAMHAMUYECKUX MOTEHIIMANoB Beex ¢as:

S =P +P5+ -+ Py (127)

Oyuruua ®; 3aBucut ot T, p u Mace m;y, Mia,... ,M;yp PA3IUUHBIX KOM-
NOHEHT B ¢-I1 ¢ase:

(I)l' = (I)l'(t, Py My1ye.e ,mm). (128)

®opma 3Toil PyHKIUU 3aBUCUT OT 0COOBIX CBOHCTB 4-if dpa3bl. OiHAKO

OTMeTHUM, YTO, KaK YHKUUA 1 [IepeMeHHBIX 11,12, ... , My TEPMOIU-

HaMuuyecKkuil norennuan $®; ABnAETCA OJHOPOAHON JWUHENWHON GYyHKIME.

JleficTBUTENbHO, €CIU YMHOMUTE M;1,Mi2, . .. , Mj; HAa HEKOTOPHIA MHO-

suTelb K, To cocTaB ¢a3bl He U3MEHUTCA, TaK KaK OH 3aBUCUT TOJNBLKO OT
OTHOIIEHUA Macc Mm, a MPU YMHOKEHUU YBeINYUTCA JUIIL [OJTHAA Macca
¢asbl B K pa3. Takum obpasom, ®; npuobperaer MHOxuUTeIb K.

Ecau cuctema nmpu JaHHON TeMIepaType U JaHHOM JaBlI€HUH HaXo-
OUTCA B paBHOBecuH, TO ¢ nonseH 6bITh MUHMUMAJIbHbIM. AHAIUTUYECKU
3TO O3HAYaeT, YTO €CIU B CUCTeMe MPOUCXOJUT OecKOHEeYHO Majoe Ipe-
BpalleHue 6e3 U3MeHEeHUA TeMIepaTyphl U JaBleHNA, TO Pe3yIbTUpPYIOllee
u3MeHeHnue ¢ nonuHO OBITL HCUe3alolle Malo.

PaccmoTpuM npeBpalieHue, B pe3yibTaTe KOTOPOTo OUeHb Maloe Ko-
an4ecTBO k-ii KOMIOHEHTHl, 0603HauaeMoe dm (U mpuUHHMaemoe 3a Gec-
KOHEUYHO Malylo BEIUYHHY), IEePEeXOAUT U3 i-il pasbl B j-t0, MPUUEM Bce
JIpYyTHe KOMIOHEHTbI U ¢a3bl OcTalOTCA 6e3 U3MeHeHUA. ITO 3HAUUT, YTO
My, CTAHOBUTCA PaBHBIM M, — 0M, a@ M, paBHO mj) + dm,. Ilpu usme-
Henuu P 6yayT uaMeHATbeA ToabKko ®; u P;.

Taxkum o6pa3om, U3 yCJI0OBUA MUHUMYMa MONYYaeM

0%, om — 00 om =0,
8mjk 8mik

o =5<I)i+($(1)j =

niun
0%, 09,
Tl (129)
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Tak rak nmogo6HbIE YpaBHEHUA JOJ#HBI ObITh /A JIOObIX ABYX a3 u
1Al KaM 0l KOMIOHEHTHI, TO noiy4aeM cucteMy us n(f — 1) ypaBHeHuii
paBHOBecUA:

9%, 0%y 0%

6m11 N 8m21 o - 3mf1’

8(1)1 . 6<I>2 I . 8(I)f

6m12 8m22 o f)mf2’ (130)
9%, 0%y, 9%y

omi,  Oman, T Omg,

OTMeTuM, 4TO 3TH paBeHCTBA 3aBUCAT TONbKO OT XUMHUYECKOI'O CO-
cTaBa Kasaoi (as3bl U He 3aBUCAT OT 00Ilero KoJUYecTBa BelllecTBa, Ha-
xopameroca B ¢ase. NeiicTBuTenbHo, Tak Kak (128) ABiaAeTcA omHOpOI-
HOIt hyHKIMell nepBOil cTeNeHU OTHOCUTENLHO M, TO ee MPOU3BOAHAA MO
KaKkoi-HUOYOb OAHON U3 m mNpencTaBiAeT co6oii OJHOPOOHYIO (PYHKIIUIO
HYJEBOI CTeleHU, T. €. €e IPOU3BOJHbIE 3aBUCAT TOJbKO OT OTHOIIEHUH
Mace mj1, M2, ... ,Min. U3 (126) BugHo, uTo Umeerca (n — 1)f Tarux
oTHomeHn# ((n — 1) OTHOeEHHH n NepeMeHHLIX, COAepHalIUXCA B KO-
nouke (126), onpegendoT cocraB Kasaoit ¢daswl). Kpome stux (n — 1) f
nepeMennbix B (130) ectb Tawme nepeMennble T' u p. Takum oGpasom,
oflee 4uciao HepeMeHHbIX cocraBiafeT 2 + (n — 1)f. PasnocTs Memay
yuciaoMm nepemenHbix (n — 1)f + 2 u uncnom ypasuenuit (130), KoTOpbIX
(f — 1)n, o6o3HayaeTca GYKBOR v. TO YKUCIO HE3ABUCUMBIX [EePEMEHHBIX,
KOTOpble MOT'yT ObITb 3ajaHbl npou3BoiabHO. Torjga ocraibHble nepeMeH-
Hble onpenenAoTea u3 ypasuenuii (130). [losroMy v HaszbIBaeM CTeNeHbIO
HM3MEeHYHBOCTH WU YHUCJIOM cTeleHeil cBo60oabI cucTeMbl. UTak:

v=(n-1f+2-(f -1,
Nnin

v=2+n-—f. (131)
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JTo ypaBHeHHe, KOTOpoe ObLI0 BbiBeneHO ['n66GcoM, BbIpamaeT mpa-
BuJIo ¢pa3. [oBopAT, 4TO cucteMa, coctodman u3 f ¢ha3 u n He3aBUCUMBbIX
KOMIIOHEHT, UMeeT CTeleHb U3MEHUMBOCTH, PaBHYIO v = 2 + n — f.

Yro6b! n36ekaTb HENpPABUIBLHOTO TOJNKOBaHHA, CleJyeT OTMETHUTh,
YTO paccMaTpPUBAETCA TONbKO COCTaB, a He o0llee KOIMYECTBO BellecT-
Ba Kamaoi (asbl, IOTOMY YTO TEPMOJUHAMHYECKOE PaBHOBECUE MEMIY
IByMA ¢azaMu 3aBUCUT TOJbKO OT COCTaBa, a He OT 0o0lIero KoJuvecTBa
BelllecTBa, Kak ficHo u3 ypaBHeHusa (129). Ha HeckonbKMX mpuMepax Mbl
noKameM, Kak clleflyeT NPUMeHATb NpaBuio ¢as.

[IpuMEP 1. Cucmema cocmaeaena u3 rumuiecku 00HOPOOHOU 20MO2eHHOL
audkocmu. Mot umeem moavko odny gasy (f = 1) u odny womnonenmy
(n = 1). Toeda us (131) caedyem, umo v = 2. Takum 06pasom, Mo#HO
npu HeAaHUU 6bL0PAmMb NPou3eosvio dse nepemenuviz: T u p. IlIpu smom
Hem 803MONCHOCINU U3MEHAMb COCMMAB, MAK KAK 6eW,ecineo AGAAeMCA TU-
MUYeCKU onpedeseHHbLM (OmMmemum, 4Mo NosHoe KOAUYECB0 8eu,ecmsd,
KAK Mbl yrHce YCMAHOBUAL, He PACCMAMPUBAEMCA KAK CIMeneHs c60600bl.

[IPUMEP 2. [omozennas cucmema cocmasieHd U3 08Yr Pa3AUYHbBLY 20306.
3decy mot umeem odny dasy (f = 1) u dee komnonenmot (n = 2). Hsz (131)
caedyem, wmo v = 3. JeticmeumeabHo, MOIHO c680600H0 6biOpamsd T, p u
OmHoOUleHUe Macc J8Yxr KOMNOHEHM, KOmopble onpedensiom cocmas cmecu.

[IpuMEP 3. Boda Haxodumcsa e pasHosecuu ¢ HACLIUEHHBLM NAPOM. 30eCh
dee gaszv. — awcudras u 2a3000pasHas u MoAbKO 00HA KOMNOHEHMA, Mak
ymo f =2, an = 1. Hosmomny v = 1. lIpou3seoavHo modxcHO 8bL0pamd MOAL-
KO0 memnepamypy, mozda dasieHue Gydem pasHO OABAEHUI0 HACHIULEHHO20
napa npu danunotl memnepamype. Tax kak umeemcs moavko 00HA KOMNO-
HeHma, mo, o4eeudHo, Hem 6vl60opa 6 cocmase dsyx ¢as. llodveprrnem, ¥mo
npu PukcupoeanHoll memnepamype pagHOBECUE MONCETL HACITMYNUMb MeHcY
NPOU3BOALHbLMU KOAUYeCMBAMU 800bl U 800AHO20 NAPA AUWD NPU YCA08UL,
ymo daeaeHue pasHo 0A6AEHUI0 HACLIULEeHH020 napa. 00naro Koaudecmea
800bL UL 800AH020 NAPA He ABAAIMCA CMENEHAMU CB80600bL.

[IPUMEP 4. Cucmema cocmasiena u3 cmecu mper pasiuinwvlr $as o0Hozo
seujecmea: meepdoil, Hudkoll u 2a3006pasnoli, Hanpumep aed, 800a U 8007-
Hol nap. Mvt umeem 30ecv 00ny Komnornenmy u mpu gasv: n = 1, f = 3.
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Hs3 (131) naxodum, wmo v = 0. Imo 3naxwum, 1Mo Hem HuUKakoil ceo6o-
Ovi ebi6opa: mpu gasvl Mmo2ym 00HOBPEMEHHO CYULECINBOBANL MOALKO NPU
onpedeseHHbLT JHAYEHUAT MmeMnepamypsl U JasieHUA.

JTOT PaKkT MOMHO NPOUIIIOCT-
pupoBaTh IpU IOMOIIM Auarpam-
MbI puc. 16, Ha KOTOPOM HaHECEHbI
TeMIepaTypa U JaBleHue, COOTBeT-
CTBEHHO Kak abcuucca M opAauHaTa.
KpuBasa AB wusobpamaeT naBieHUe
HAacCbIIleHHOr'o [apa B 3aBUCUMOCTH
oT TeMmepaTypbl. Horga BenrnynHbI
T u p CcOOTBETCTBYIOT TOYKe Ha
3TOI KpPHUBOH, TO BOoJa U BOAAHOWU
map MOryT CyllecTBOBaTb OJHOBpe-
MeHHo. Eciu, coxpaHsas Temnepary-

Puc. 16. py NOCTOAHHOH, YBEIMUYUTL [AaBie-

HUe, TO paBHOBecHe Mex Ay BOAOH U

BOJAHBIM [IAPOM He MOKeT COXPaHATbLCA U BCe BelleCTBO KOHIEeHCUpyeTCcA

B muakyto ¢asy. Ecau, B3ameH 3Toro, yMeHbIIUTH JaBleHUE, TO Bce Be-

mecTBO ucnaputcA. CliefoBaTeNbHO, TOUKU Hajg KpuBoit AB usobpamaiot
BOJY, a moj Heii — nap (Kak ¥ yKas3aHo Ha PUCYHKe).

KpuBas AC ananoruyna kpuBoii AB, HO OHa COOTBETCTBYeET JaBlle-
HHUIO HACBII[EHHOTo Iapa Ha;o JbJoM, a He Haa Bopou. Han kpusoit AC
YCTOWYUB Jell, a 0] Heil yCcTOHYUB nap.

Takr kak Bojia W map MOT'YT cylllecTBOBaTh OJHOBPEMEHHO IpU 3Haye-
Huax p u T ua kpuBoit AB, a neq u nap — Ha AC, To He06X0AUMO, YTOOBI
TOYKa JuarpaMMbl, COOTBETCTBYIOMAasA BearuunHaMm I U p, 0JIA KOTOPBIX
lell, Boga U Iap cyLecTBYIOT OJHOBPEMEeHHO, Jexaja Ha 00euX KPUBbLIX,
T. €. OHa JIO/IKHA COBNAJaTh C TOUKOU NepeceyeHUA A 3TUX JBYX KPUBbIX.
Tarkum obpaszom, Tpu $aspl MOT'YT CyIleCTBOBATh OJHOBPEMEHHO TOJIbKO
[IpU onpejeleHHOM 3HaueHUU TeMIlepaTyphbl U JaBIEHUA.

Touxka A HasbiBaeTCA TPOHHOH TOYKOMH, NOTOMY 4YTO OHa ABIAETCA
TOYKOI NepeceyeHUd He TOJbKO KPUBBIX Boja — Map W JeJ — [nap, HO U
kpuBoit AD nex — Boaa. 3tu Tpu Kpusble 1eaAT (T, p)-MI0CKOCThL HA TPH
o6sacTH, KOTOpPble COOTBETCTBYIOT Auana3oHaM yCcTOHUYMBOCTH mapa, Jbja
U BOAbI; TPOiHAA TOYKa NpejacTaBiafAeT co00il rpaHully Tpex obmacTeil.
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Tpoitnaa Touyka Boabl Haxogutca npu I' = 0,0075°C u p =
0,00602 amm. Tak kak gaB/ieHUe B TPOHHOI TOUKe MeHblle aTMocdepHOro,
TO ropu3oHTanbHad MMHUA p = 1 amm (IyHKTUpHAA JUHUA Ha AUArpam-
Me) mepecekaeT TPU o6GJacTH: JNel, MUAKOCThL U nap. Touka nepeceyeHusn
MYHKTUPHOW JUHUU ¢ KpuBoi AD coOTBeTCTBYeT TeMmepaType, paBHOii
TouKe f 3aMep3aHusA Boibl npu arMocdeproM pasienun (0°C). Ilepeceue-
Hue ¢ KpuBoil AB (Touka b) cOOTBETCTBYeT TeMmIepaType KUIEHUA BOJbI
npu aTMocdeprom nasiaenuu (100°C).

1A HEKOTOpBIX BeleCTB JaBleHUe B TPOHHOU ToYKe GoJlee BHICOKOE,
yeMm aTMocdepHoe. A TakuX BelleCcTB MyHKTUPHAaA MOpU3OHTaNbHAA MU-
HHfA, COOTBETCTBYOIAA aTMochepHOMY [JaBIEHUIO, IEKUT HUME TPOHHOM
TOYKU U MO3TOMY Ilepexo] M3 o6JacTU YCTOHYMBOCTU TBepJOro Tela B
o6nacTb YCTONYMBOCTHU Mapa IMPOUCXOJUT, MUHYA #MUAKYIO o6nacTh. [lpu
aTMochepHOM JIaBIe€HUU 3TH BellecTBa He paclliaBiAKTCA, a HCIapAOT-
cAl IPAMO U3 TBepAoil pasbl (cyOGauManua); OHM MOTYT COCYIIEeCTBOBATh C
HMUAKOM (pa3oil TOILKO MPU JOCTATOYHO BHICOKOM JaBJIEHUU.

20. TepmoauHaMnka o6paTUMOro raljbBaHUYeCKOTO
3jJeMeHTa

o cux mop MbI paccMaTpHUBalu CUCTEMbl, KOTOpble MOINIM COBEpIIATh
TOJbKO MexaHuueckyio paboty. Ho, Kak ye yrasbiBanoch B naparpadge 3,
U MeXaHUYecKafd M dJIeKTpuuyeckasa paboThbl MOJAUYUHAIOTCA OAMHAKOBLIM
TepMOJMHAMHYECKUM 3aKOHaM; OHU TepMOAWHAMHUUYECKU DKBUBAJIEHTHLI.
[IpuyuHa aTOrO 3aKII0YaETCA B TOM, UYTO €CTh IPOIlecChl, B KOTOPBIX MeXa-
Hu4yecKad paboTa NOJHOCThIO Ipeobpa3yeTca B 3JIEKTPUUECKYIO DHEPTUIO,
1 HaoOopoT.

B rkauecTBe npuMepa cucTeMbl, KOTOpad MOKeT COBEPIIATH BJIEKTPU-
YeCKyIo paboTy, U3Yy4YUM 06paTHUMbIil 3IeKTPOIUTHYecKuil aneMeHT. Ilog
«0OpaTUMBbIM 3JIEKTPOIUTUYECKUM raJbBaHUUYECKUM JI€MEHTOMY MbI MOJ-
pasyMeBaeM TaKoOil 3leMeHT, B KOTOPOM H3MeHeHHe HalpaBjieHUd NpoTe-
Kalolllero yepe3 Hero TOKa BbI3bIBAeT XMMHUYECKUE PeaklUH, NPOTUBONO-
JO3KHble TEM, KOTOPbIe IPOUCXOJAT B 3jleMeHTe [IpU HOpMalbHOM Halpas-
JeHun Toka. O6paTUMBIi 31eMeHT Bcerja MO#HO IPUBECTU K HaYalbHOMY
COCTOAHUIO, U3BMEHUB B HEM HalpaBlieHUWe TOKa Ha oOpaTHoe.

[ycTb v — 3MeKTpOABUMYINAA cuia (3.4.C.) BleMeHTa. JIeKTpudec-
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RafAa pa60Ta, coBepliaemMas dJIEeMEeHTOM, Korjga 4dyepe3 Hero npoxXoauT KOJIU-
YeCTBO JdJIEKTpHU4yecTBa €, cocraBlifieT

L = ev. (132)

KoHeuHo, 3/eMeHT [eficTBUTENLHO COBEpIIaeT 3Ty paboTy TONbKO B
TOM clly4ae, KOT[a yepe3 Hero npoTekaeT OYeHb Malblii TOK, T. €. €ClH
npolece AedCTBUTENLHO 00paTuM. B NpoTHBHOM ciiy4yae HEKOTOpoOe KO-
JIMYECTBO PHEPruM B pesyibraTe sdderta JHoynda npeBpaTUTCA BHYTPU
3/eMeHTa B TeIIoTy.

Mycts U(T) — sHeprud sneMeHTa [0 TOTO, KaK Yepe3 Hero mpomien
Kakoii 6b1 TO HU ObLI0 TOK. IlycTb U(T') 3aBHCUT TOJBKO OT TeMIEPATY Phl:
MbI CUMTaEM, UTO 00beM 3jleMeHTa NMpakTUYeCKH He uU3MeHAeTcA (T. e.
3TO — HM30XOPUYECKUIT BIIEMEHT), U COOTBETCTBEHHO IpeHebperaeM KaKoii-
1160 3aBUCUMOCTBIO SHEPTUU OT JABIEHUA.

Tenepb paccMOTPUM COCTOAHHUE dJI€MEHTa [ocje TOro, Kak yepes He-
o MPOIILJI0 HEKOTOPOE KONUYECTBO BIIEKTPUYECTBa €. JNeKTPUIECKUI TOK,
IIPOXO/IA Yepes 3JeMeHT, IPUBOJUT K HEKOTOPbIM XMMHUUYECKUM M3MEHEeHHU-
AM BHYTPH 3/eMeHTa, U KOAMUYecTBO XMMHUYECKH [pOpearupoBaBIlero Be-
ecTBa IpPoNnopHuoHaibHo e. TakuM o6pa3oM, 3HeprusA 3jeMeHTa Godblie
He Gynet paBHa U(T), a 6yaetr otanvarbea or U(T) Ha BenrnuuHy, npo-
nopunoHanbuyio e. O6o3nauan yepes U(T,e) HOBYIO 3HEpruio sneMeHTa,
umeeM

U(T,e) = U(T) — eu(T), (133)

rae u(T) — yMeHbllleHHe 3HEPTUU dIeMeHTa IpU NPOTEeKaHUN Yepe3 Hero
€JUHUIbI KOJHUUYECTBA BIEKTPUYECTBA.

Teneps npumenuM uszoxopy Baut-Todda (117) & usorepmuyecromy
IpeBpalleHUI0 0T Ha4yalbHOI'0 COCTOAHHUA — Mepef MPOXOiJIeHHeM TOKa
yepes snemeHT (sHepruf paBHa U(T)) — K KOHEYHOMY COCTOAHHUIO —
nociie TOro Kak MPOTEKI0 KOJMYEeCTBO BJIEKTPUYECTBa e.

3 (133) umeem aiA U3MEHEHUA 3HEPrUu

AU = —eu(T).

Cosepinennas pabora gana ¢popmyioii (132). MloacTaBnAn 3Ty Bbipa-
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menufl B (117) u gens obe yacTu Ha e, MONYyYaeM

dv
v-T— =u. (134)
dT
dTo ypaBHeHMe, KOTOpOe HasbiBaeTcA ypaBHeHHeM IeiabMmro.bia,
yCTaHaBIUBaeT COOTHOLIEHNE MeMAY 3.4.C. U U dHeprueit u.
OTMeTUM, 4TO ecliM HeT TelIoo6MeHa MemJy 3IeMEHTOM U OKpYy-

Maroleil ero cpe}101‘/‘1, TO cjiefjoBano Obl OuagaTb, 4TO v = U. Cnaraemoe

dv
Td_T B (134) onuceiBaeT 3¢ heKT, CBA3AHHBIA ¢ MOrioleHneM (1iu oTaa-

ueii) TEMIOTHI HIEMEHTOM M3 OKpY:aloleil cpelbl BO BpeMsA POTEKaHKA
3JEKTPUYECKOr0 TOKA.

MosHo Takse noayuuTsb (134) HemocpeJCTBEHHO, HE UCHOIbL3YA U30-
xopy Baut-T'odda. I[IycThb s1emeHT coequHAeTcA ¢ HepeMeHHbIM KOHJeHca-
TopoM, uMmeImuM eMkrocTb C. KonuuecTBO 3neKTpUYeCcTBa, NOTIOIEHHOE
KOH/IEHCATOPOM, COCTaBIAET

e =Cu(T).

Tenepb pacemotrpuM C' u T Kak nepeMeHHble, KOTOpPbIe ONPENENAIOT CO-
CTOAHME CUCTEMbI, COCTABIEHHOI 13 dlleMeHTa U KoHAeHcaTopa. Ecau npu
NepeMellleHUN MIAacCTUH KOHJAeHCcaTopa ero eMKOCTb U3MeHAeTCA Ha Belu-
yuny dC, To cucTeMa COBEPIIUT HEKOTOPOE KONUYECTBO paGoThl BCIEACT-
BHe NPUTAMEHNA MeMIy IacTUHAMU. DTa BelMUYMHA COCTABUT?

1
dL = §dCU2(T)'
dHepruAa Hameil cucTeMbl paBHa cymMMe 3Hepruu (133) snementa
U(T) —eu(T) =U(T) — Co(T)u(T)

23Ta GopMmyna MoNyyaeTCA CAeAYIOMUM [IyTeM: dSHEePTHUA M30JMPOBAHHOIO KOHJEH-

caTopa cocTraBiafdeT —-—. Hp]/l usmenenun C nponeilaHHasa pa60Ta paBHa U3MEHEHHIO
dHEeprumu co 3HaKkoM MHUHYC, T. €.

1e2 e?
dL=—-d|-—= ) = —2dC,
2C 2C
rie e coxpaHAeTcA MOCTOAHHBIM, MOTOMY YTO KOHJeHcaTop M3oaupoBaH. Tak Kak e =
Cv, To Mbl noayuaeM GopMyly, UCIIONb30BAHHYIO B TEKCTE.
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Y dHEpruu KoHAeHcaTopa —C’v (T'). U3 nepBoro 3akoHa TepMOIMHAMUKH
(15) cnenyert, 4TO Temi10Ta, MNOTIOLIEHHAA CUCTEMO NpH GECKOHEYHO Ma-
JIOM TpeBpalleHuu, Bo Bpemda Kotoporo 7' u C' U3MeHAIOTCA HA BEIUYUHBI
dT wn dC, cocTtaBiager

dQ = dU +dL =
=d [U(T) — Co(T)u(T) + %Cvz(T)] + %dC ViI(T) =

dU dv dv
= dT — - — — d —
[dT CU(]T CudT—l—CvdT]—i— C’[v uv]
IosTomy auddepeHuan SHTPONUY NPUMET BU [
dQ
dS = — =
dT [dU du T d dC
[ l v
=T [W—C a7 Cuﬁ_l_CUdT] —|—? [v? —uwv].
Tak kak dS moieH ObITh MOJTHBLIM AU PepPeHInanoM, TO Mbl UMEEM
du
dU
o d_T_CUT CUﬁ‘f’CUﬁ o 'U2—UU
ac T ToT T

BrinonnuB yrasaHHble JuddepeHIIMpOBaHUA U BCIOMHUB, 4To U, u u
v ABIAIOTCA QYHKIUAMY TOMbKO TeMneparypsl T, moayuum (134).

3agauu

1. C noMoinblo npaBuia ¢as o6cyauTe yCIOBUA paBHOBECHUA HACHILIEH-
HOr0O pacTBOpa ¥ pacTBOPEHHOI'0 TBEPAOI'O BelleCcTBa.

2. CRonbKO cTeneHell ¢cBOOOIbI HMEET CHCTEMA, COCTOAINIAA U3 HEKOTO-
POro KoJuuyecTBa BOALI U HEKOTOporo koaudectna Bozayxa? (IIpene6pedn
cojep:alUMicA B BO3AYXe PeJKUMHU razaMu U JBYOKHCHIO YTiepona).

3. J.4.c. 0OpaTHUMOTO JIEKTPUUECKOTO 3JeMeHTa Kak GYHKIUA TeM-
mepaTyphbl TakoBa:

0,924 + 0,0015¢ + 0,0000061¢> (BoabT),

rae t — temnepatypa B °C. Haiigute TemmoTy, moriomaemylo >jleMeH-
TOM, KorjJa uyepe3 Hero usorepmuuecku npu 18°C mpoTekaeT oJHU KYJIOH
3JEKTPUYECTBA.



I'nmaBa VI
Peakiniuu B ra3oBoii ¢a3se

21. XuMuHuUyecKoe paBHOBecHe B rasax

PaccmoTtpum ras, cocrodmuii U3 cMecd BojOpojia, KUCIOpoda U BO-
nAHoro napa. KoMnoHeHThbl cCHCTEMbl MOTYT B3aMMOJENHCTBOBATb MeEHIAY
co60it cornacHo ciegyiouieii XUMUYECKON peakluu:

2H, + 05 = 2H50.

CHUMBOJI = 03HAYaeT, YTO PEaKIUA MOMET IIPOUCXOAUTD CleBa Halpa-
Bo (oGpa3oBaHMe BOMbI) WIM CIpaBa HaleBo (gucconuanus Boabl). [leict-
BUTEJbHO, U3 3aKOHOB XMMHUU HU3BECTHO, YTO IIPU ONpejleleHHOo TeMIepa-
Type U onpejel]eHHOM JaBJIeHUH AOCTUraeTCAd COCTOAHUE PABHOBECUA, IPU
KOTOPOM KOJHYECTBO BOJAHOIO [Tapa 0CTAaeTCA HEU3MEHHBIM — OYEeBUIHO,
BOJIAAHOI Map He oGpa3yeTcA U He JuUccolUUpyeT. B meiicTBUTEILHOCTH e
B TOYKe paBHOBECUA yKa3aHHaA BhIlIe PeaKklUA MPOJ0NKAETCA C pABHbIMU
CKOpPOCTAMHU B 000MX HampaBleHUAX, TaK 4TO obllee KOIMYECTBO MPUCYT-
CTBYIOIEN BOJBI OCTaeTCA NOCTOAHHBIM. Eciu mocne Toro Kak ycTaHOBUT-
cA paBHOBeCHe, U3 CUCTEMbI YIalUTh HEKOTOPOE KOIMYECTBO BOAAHOIO Na-
pa, TO peakI[UA cleBa HanpaBo OyJeT NPOUCXOAUTH ¢ 00Jbllell CKOPOCThIO,
YyeM cIIpaBa HajleBO [0 TeX IOp, IoKa He o6pa3yeTcAd COOTBETCTBYIOIIEE KO-
JUYECTBO BOAbI, I0CTATOUHOE /Al YCTAHOBIEHUA HOBOI'O COCTOAHUA PaBHO-
Becud. Ecin 1o6aBUTH HEMHOrO BOJAHOrO Napa, TO Ha HEKOTOPbIit OTPe30K
BpeMeHH cTaHeT Ipeobiaajarolieil peakllid clpaBa HajleBO. XUMHYECKUM
paBHOBeCHEM B r'a30BbIX CUCTeMaX YIpPaBifAeT 3aKOH JeHCTBYIONIUX Macc.

Hanumem ypaBHeHHe XUMUUYECKUX peaKluil B obieil ¢popme:

TL1A1 + TL2A2 + ...+ TLTAT =mBy + meBs +...+m,By (135)

rae Aj, As, ..., A, — cuMBonuuyeckoe 0603HaUYEHEe MOJIEKYJ, y4acTBYIO-
MUX B peakuuu, a By, Bs,..., B; 0603Ha4YalOT MOJEKYJIbI, MONYYarou-



104 Tnasa VI

ecA B pe3ylbTaTe pearuuu. BeruuuHel ni,ng,... U my, Mz ... — leno-
yKcieHHble K03 dunrenTsl peaknuu. O603HAUMM KOHIEHTPAUK Pas3iny-
HBIX BEIECTB, BhIpasKeHHbIE B MOJAX Ha €IUHHUIY o6beMa, CUMBOJAMU
[A1],[A2],...[B1],[Ba],... Temepb MomHO chopMyIupoBaTh 3aKOH Aeii-
CTBYIOI[UX Macc ClIeyIOIM o6pasoM:

Koeda 6 rumuueckoil peaxyuu docmuzaemca paeroeecue, mo evipaice-
Hue

B g = K (D) o

asasemcea PyHkyuell moibko memnepamypol.

Bennuuna K (T) paziauuua A pasivuyHbIX XUMUYECKUX pearuuii. B
HEKOTOPBIX CclIyvyafX OHa OYeHb Maila, U paBHOBecHe CMeCTUTCHA BIPaBo,
T. €. paBHOBecHe J0CTUraeTcA NpU KOHLEHTPalUUuAX MOJERYJ, CTOAIUX B
[IpaBoil CTOPOHE peaKlMy, 3HAUUTEJbHO NPEBLIIAIOIUX KOHLEHTpPaluio
MOJIERY I, CTOAINMX B JieBoii cTopone peakuuu. Eciu K (T') Benuko, To Ha-
6nrofaeTca oOpaTHOE MOJOMEHUE.

Ilenecoo6pa3Ho NpUBECTU OYeHb NMPOCTOEe KMHETHUUECKOE JOKa3aTelb-
CTBO 3aKOHa [elcTBYIOIUX Macc. XHMHUYeCKOe paBHOBecHe B peak-
uuu (135) npaBUIbHO HA3bIBATH (KUHETHUYECKUM pAaBHOBECHEM», TAK Kak
Jase 1ocje yCcTaHOBIEHUA paBHOBeCHA peaklUA MeAy MOJNeRylaMu npo-
nomaercd. OIHAKO MPU PABHOBECHH YMCJIO peaKliuii, KOTOpble POUCXO-
IAT 33 eJUHUIY BpeMeHM cieBa HampaBo [cM. (135)], paBHo duciy peak-
Ui, IPOTEeKalOUMX clpaBa HaleBO, TaK UTO [ABa NPOTUBONOJIO#HBIX 3(-
(erTa B3auMHO KoMmrneHcupytotcd. [loncuntaemM 4mcio peakuuii, KOTopble
MPOUCXOAAT 3a eIUHUIY BPEMeHH clleBa HAIPaBo, U TOMOMUM €ro paBHbIM
yycdy oOpaTHBIX peaKIuii.

Pearuusd cneBa HanpaBo MOkeT IPOU30ATH B pe3yibTaTe MHOTOKpaT-

HBIX CTOJKHOBeHUI n; Moaeryn Ai, ng Moderyn As,...,n, Moleryl
A,. YacToTa TaKUX CTONKHOBEHMH HECKOIbKMX YacTHl, OYEBUIHO, MPO-
MOpUUOHANbHA Nnq-i cTeneHu [A;], ny-i crenenu [Asz], ..., ny-it cTreneHn

[A,], T. e. mpou3BeeHUIO
[A1]" [Ag]™ .. [A]".

Taxkum o6pa3om, yacToTa peaKkiuil clleBa HapaBo JOJ#Ha ObITh MPO-
NOpIMOHANbHON 3TOMY BblpaskeHul0. Tak Kak TeMmepaTypa OlpeenfaeT
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CKOPOCTH MO/IeKYl, TO MHOMUTelIb nponopuuonanbnoctu K'(T) pomsen
ObITb PyHKEIUel TeMnepaTypbl. [loaToMy Al1A yacToThl peakuuii cieBa Ha-
MpaBo NOJYYUM BhIpakeHue

K'(T)[A]™ [Aa]"2 .. [A,]™"

[Mono6HO 3TOMY AJifi YacTOThI OOPATHBIX peaklMii (copaBa HaneBO) HaXo-
IUM
K"(T)[B1]™ [Bs2]™ ...[Bs]™.

le/l paBHOBECHHU 3TH YaCTOThI OOJHHBI OBITH PaBHBI
K'(T)[A]™ [Aa]™ ... [A,]™ = K"(T)[By]™ [Ba]™ ... [By]™,
ninu
[A1]" [Aq] . (A K(T)
[Bi]™ [Ba]™2 ... [Bs|™e  K'(T)

JTo coBmajaeT ¢ 3aKOHOM JelicTBYOmux mMace (136), eciii MOA0MUTH

K1) _ gy
K'(T) '

Taxoiit npocToif KHUHETHUYECKHUI BBIBOJI He 1aeT HAM CBeJleHui 0 QyHK-
uun K (T'). Tenepb mokaskem, 4To, IpUMeHAA TEPMOJUHAMUKY K peaKkiy-
fAIM B ra3oBoii (a3e, MO#HO He TOJbKO JOKa3aTh 3aKOH JelCTBYIOUUX Mace
He3aBUCUMO OT KHMHETUYECKHUX cooOpaeHHUil, HO U oNpeJeluTb 3aBUCU-
mocTb ¢yuruun K (T') or TemmepaTrypsl.

22. flmuk Baut-T'odda

PaBHOBecue XMMUUECKUX peaKlUii B ra3aX MOHO OMKUCATb TEPMOJIU-
HaMHUYeCKH, NpeAnoiarafd, 4To cyllecTByeT UealbHad MOJIYIpOHUIIaeMan
neperopojka, HaJe/leHHad CclelyIOIUMHI JByMA CBOHACTBaMU:

1) meperopojka, nonynpoHuiaeMas Jid rasa A, NI0IHOCThIO HEIPOHU-
aema Aid OpyTUX raso.;

2) Korja nmeperopojka, molynpoHunaemMas 114 rasa A, pasgenser qBa
o0beMa, KamIblii U3 KOTOPBIX COJEPUT cMech raza A ¢ KakuM-1ubo aApy-
UM Ta3oM, TO ra3 A MpoXoJuT 4yepes Meperopofiky U3 TOil CMecCH, [/e ero
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napuuaibHoe JJaBleHue Bblllle, B cMech ¢ 6ojlee HUBKMM MaplHalbHbIM aB-
nenueM. PaBHOBecHe mocTuraercd, Korja napluaibHble naBieHud rasa A
¢ 06erX CTOPOH MEPeNoHKU CTAHOBATCA PaBHBIMHU.

OTMeTUM, Y4TO Ta3 MOMKET Te4Yb CaMOIPOU3BOIbLHO U3 061acTu ¢ Golee
HU3KMM OGIUM JaBleHreM B 06J1acTh ¢ 6o/iee BICOKMM OOIIMM [JaBleHueM,
eciy maplialbHOe JaBlleHKe ra3a, KOTOPbI MPOXOAUT yepe3 Meperopoj-
Ky, Bblllle B TO# o6iacTH, rje obliee AaBleHHe HUe, U HUMe B 06JacTu
6onee BbICOKOro obiiero gaBieHusa. Takum o6pa3oM, eciu Heperopojika,
HonynpoHUIlaeMasn [IJf BOJOPOJa, pa3felfeT AUINK, COAepMHKaIluii BOIOPOI
MO/ JaBle€HUEM B OJHY aTMocdepy, OT ALIMKA, COAEPHKAIero KUCIOPO/ Ipu
IOBYX aTMocdepax, To BogopoJ GyIeT Teub yepe3 MEepPenoHKy, HeCMOTPA Ha
TO, YTO 0Olllee AaBleHKe C APYTroil CTOPOHBI BABOE GOJbIle.

CuenoBalio 6bI cKa3aTh, YTO B efICTBUTENLHOCTH HE CYLIECTBYET Ujie-
allbHbIX MOMYIPOHKUIIAEMbIX Teperopoaok. [lifa Bogopoaa HAUMY YIIUM NPH-
GJKAeHUeM K TaKol nmeperopojke ABIfAETCA ropAYan najiiaauenas Gpoibra.

YToObl BbIBECTH YCIOBUA paBHOBeCHA XMMHUYecKuXx pearnuit (135),
ONHUINEM CHayaja Mpolecc, Ipy KOTOPOM peaKklUf MOeT GbITb BbINOJHE-
Ha U30TE€PMHUYECKM W 0OpaTUMo. ITO MOMHO celaTb NMPHU IOMOIMIU TaK
Ha3bIBaeMoro fimuka Baut-T'ododa.

Amuk npencraBaget co6oit orpom-
HbIN pe3epByap, B KOTOPOM HaxXoJUTCA
6o/blIoe KOJMYecTBO rasoB Aq, Ao, ...
u Bi,Bs,... B XUMHUUYeCKOM paBHOBe-
cun npu temnepatype T. C ogHoit cTo-
poOHBI AlKEKa (Ha puc. 17 ciesa) pacro-
JI0KEeH0 T OKOH, mpuyeM k-e¢ (Mbl cum-
TaeM CBepXy BHHU3) MOMYIPOHULIAEMO
nmA rasa Ay, a ¢ Apyroit cTopoHsl (Ha

Puc. 17. puc. 17 cnpaBa, Ha KOTOPOM MbI MoJa-
raeM r = § = 2) UMeeTCA § OKOH, MO-
JYyTIpPOHUIIAeMBIX [JIA HEKOTOPBIX APYTux rasos B, Bs,...,B,. CHapymsu

K OKHaM MPHUCOeIVHEHbI UIUHIPBI C NOABUMKHLIMY NOPIUIHAMU, KaK NOKa-
3aHO Ha PUCYHKE.

Tenepb onumieM o6GpaTuMoe M30TEPMUUYECKOe MpeBpalleHHe Hallei
CHUCTEMbl U TOJCYUTAEM HeNMOCPeJCTBEHHO paboTy L, mpoJelaHHYIO CHUC-
TeMoii BO BpeMA 3Toro npespaiienusa. QqHaKo, corjacHo pesyiabraty § 17,
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pa6otra L npu npeBpalleHUU JO/MHA pPaBHATbCA CBOGOJHON SHEPTUHU Ha-
YalbHOr'0 COCTOAHUA MHUHYC CBOOOJHAaA DHEPrufd KOHEUHOr'0 COCTOAHUA.
CpaBHUBasA 3TH [Ba BbIpaseHuA 1A L, MOJydYUM BbIBEJEHHbIN paHee pe-

3yJIbTAaT.

PaccmoTpuM cHauana nonoeHue
cUcTeMbl, B KOTOPOM § IOpINHeH Iu-
AMHApPOB B ¢ npaBoil cTOpoHBI AlKKA
CONPHUKACAIOTCA C OKHAMM, TaK 4TO 3TH
HUIMHAPLI UMEIOT HylleBble 00beMbl,
Torja Kak IOPINHY T HUIUHAPOB A cile-
Ba HAXOAATCA B TAKOM MOJNOMEHUHU, YTO
k-fi UMIUHIDP CONEPHUT Ny MoJeil ra-
3a Ay (cM. puc. 18) npu KOHIEHTpaNuy,
paBHOI KoHUeHTpauuu [Ag] aTOroO rasa
BHYTpPH ALIMKA.

IIpu s3ToM napuuaibHble JaBIeHUA
rasa ¢ 06eux CTOPOH MOJYIPOHUIAeMOM
NepenoHKH OJWHAKOBHI, Giarogapa ue-
My MOJJepHUBAETCA COCTOAHNE PABHO-
BeCHA.

O6paTumoe TpeBpalieHde U3 Ha-
YalbHOro B KOHEUHOE COCTOAHNE MOMET
GbITb COBEpUIEHO CleJyIOMUMHU IBYyMA
araMmu.

1-i#i mar. Hauunaa c nepBoHa-
vanbHOro nonoseHus (puc. 18), men-
JEeHHO MepemelnlaeM BHYTpPb NOPIIHK B
HUIMHApPAX — C JEeBOW CTOPOHBI ANIM-
Ka — [I0 TeX Nop, NOKa rasbl, CoAep-
Malueca B 3TUX HWIKHIPAX, MPORIYT

HauasabHoe cocTosHMe

KoneuHoe cocTosHMe

Puc. 18.

depes MOy NPOHULIAEMYIO EePENoHKY B GobLIoN AIMK. B KoHIle npomecca
cucreMa OyfieT HAXOAUTbCA B IPOMEKYTOUHOM COCTOAHUH, KOTOPOe U300-
paseHo Ha puc. 18. MbI npeanonaraeM, 4To 06beM GOIbIIOrO ALIUKA CTOIb
BEJIHK, YTO OTHOCHTEIbHOE U3MeHeHNe KOHIEHTPALuK B pe3yabTaTe TaKko-
ro BTeKaHHA rasa npeHeGpexumo Maino. IlosToMy KoHLeHTpauuu rasos A
BO BpeMA pouecca NpakTHYeCKH OCTOAHHBI U paBHbI [A1],[A2], ... , [Ar]-
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CoBeplileHHaAg cUCTEeMOi BO BpeMmsA 3TOro mpoiecca pabora L, ode-
BHUJIHO, AIBIAETCA OTPULATENbHOI, TaK KaKk OHa INpojelaHa MOPIIHAMU B
HanpaBJeHUuU, MPOTUBOIOJO}HOM JaBleHUIO ra3oB. B nmepBoM HuiauHipe
JaBlleHle 0CTaeTcAd MOCTOAHHBIM M PaBHBIM MapLUalbHOMY OaBlIeHHUIO Py
raza A; BHYTpH fIIMKA, TOrAa Kak o0beM HWJINHApPA U3MEHAETCA OT Ha-
yajibHOro o6bema Vi 1o KoHeuHoro o6beMa, paBHoro HyJio. Pabora paBHa
NPOU3BEIEHUIO MOCTOAHHOTO AaBJEeHUA P, HA U3MeHeHUe 00beMa, T. €.

p1(0—V1) = —p1 V4.

Tar Kak UMIMHIP NepBOHAYalbHO COAep:kal 71; MoJeil, TO U3 YpaBHEHUA
coctoAnuA umeeM p1V; = nq RT. Pa6oTta, Takum o6pa3om, paBHa — ni RT.
CyMMmupysa no BceM IWJIHHIPaM CleBa, MOy dYaeM

LI = —RT i ;.
=1

2-i1 mar. HaunHasa ¢ mpoMesyTOYHOro COCTOAHUA, OUeHb MeJeHHO
nepeMecTHUM HapysKy NOPIIHK B § HMIMHIpaX ¢ NMpaBoil CTOPOHBI AIMIUKA
(mepBoHayYalLHO OHU coNpUKacanuch ¢ okHamu). Tak Kak gHO k-ro uu-
JIUHJpa, CYUTaA CBepXy BHU3, NOJYNPOHHUIIaeMo 1A raza By, To 3TOT 1u-
JUHJp NOTJOoIaeT BO BpeMA Ipollecca ra3 By U ero KOHIEHTpaluA B -
auuape GyleT paBHa KOHLEHTpauuu B GOJAbIIOM ALIMKE, T. €. paBHa [By].
Ilepemenjaem nmopuiHu B MUIMHADPAX CBEPXY BHHU3 JI0 TeX MOp, MOKa He J0-
CTUTHEM M1, M3,... ,Ms Molei razoB By, By, ..., B;.

Taxkum o6pa3oM, MbI IPUAEM K KOHEUHOMY COCTOAHUIO, MOKA3aHHOMY
Ha puc. 18 cnpaBa. ¥ HUIMHAPOB A NOPHIHU KacalOTCA OKOH, BCIEJCTBHE
yero ux o6beMbl paBHbI HYIIO, TOra KaKk Bce MOPIIHU B HUAUHApax B
pacnonokeHbl Tak, YTO k-l QUIANHAP, CUYNTAA CBEPXY BHU3, COAEPHUT 1My
MoJleil rasa By, IpH KOHLEHTpaluH, paBHOI KOHLeHTpauuu [By] sToro ra-
3a BHyTpu Amura. CnefoBaTenbHo, rassl By, Bs,...,Bs B uMIuHapax u
AIIMKe HAXOAATCA B paBHOBecHM GJarojapf MOJYITPOHUIAEMOCTH AHMII
uuanHapoB. Pa6ora Ly, npojenaHHaA cUCTeMOil BO BpeMA BTOPOro Iiara,
6yaeT, 0OUeBUIHO, Mook UTeNbHO. OHa MOMeT ObITh MOACUKMTAHA TaK e,
Kakr u pasblne. Haxoaum

Ll] =RT imi.

=1
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Oﬁ]l[aﬂ pa60Ta, BLINIOJIHEHHAA BO BpeMA BCEro npeBpalnjeHna — cyMmMa
L[ 148 LH, T. €.

L =RT imj—ini . (137)
i=1

j=1

JdTa paboTa paBHaA Pa3HOCTH MeHy CBOGOIHBIMHU IHEPTUAMM HAYAb-
HOT'O U KOHEYHOT0 COCTOAHUN. UTOGBI HANTH 3TY PasHOCTh, OTMETHM, YTO
B HAayalbHOM M KOHEUHOM COCTOAHMAX COAEPKUMOEe GONbUIOro ANMKA Of-
HO U TO se. JleicTBUTENbHO, IPU [epexoe U3 OJHOT0 COCTOAHUA B JpY-
roe Mbl CHavaja BBEJU BHYTPb GOJbIIOro AIMUKA 1 Mojei Ai,ny Monei
Ay, ... ,n, Moneit A, (1-it mar), a 3aTeM U3BJIEKIN My Moueit By, my Mo-
aeit Ba,... ,m, moneit B,;. Ho, cornacto ypaBHenuto peakuuu (135), Be-
lecTBa, BBeJeHHbIE B GOJbIION AIMK, SKBUBAJEeHTHBI U3BATHIM. [loaTomy
HaJo yYecTb TONbKO Pa3HOCTb Mem Iy cBoGOJHOU 3Heprueil raszos A, co-
JepallixcA B UUIMHApaX A BHauale, U CBOOOIHOI 3Heprueil rasos B,
coflepsKaliuxcA B NMIAMHApPax B B KoHie.

CBoGoaunan sHeprusa ni; moneit A; B mepBoM HWIMHApe (HavalibHOe
COCTOAHUE) MOKET ObITb BbIUMCIEHA cleaylomumM obpasoM. O6bem, 3aHu-
MaeMbIil OJHMM MOJEM rasa, OYeBUIHO, paBeH 0OpaTHON BelMYHHE KOH-
nentpanuu [A;]. CBoGogHad sHeprus ogHOro mMoid A; moiydaercs Torja
u3 ypaBHenus (119) noacraHoBkoii B Hero 1/[A1] Ana o6bema ogHOro Mo-
aa. Tak Kak Mbl uMeeM ni Moneilt Aj, To cBoGOIHAA SHEPTUA ITOTO rasa
coCTaBiIAeT

ni {CVlT + W, — T(Cvl InT — Rln[Al] + 0,1)},

rae Cyi, Wi ¥ a1 — MolfipHble TEMIOEMKOCThb, YHEPTHA U SHTPONUU-
HafA mocToAHHAaA rasa A;. Mcnoab3ysa mogo6Hble 0603HAYEHUA AJA T'a30B
As,...,A,, monyyaeM miaA cBOGOAHON 3Hepruu rasoB A, HaXOAAIMHUXCA

neppoHaydyalbHO B THJIHUHOIPax A, cilegytouiee BbIpaxeHue:

Z n; {CviT + W; —T(Cy;InT — RIn[A;] + a;)} .
=1

[Togo6HO 3TOMY CBOGOJHYIO 3HEpPruio ra3oB B B nuiauHapax B B KoHIe
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nponecca npeactaByuM B BUE

Y m; {Cy,;T+ W] —T(Cy;InT — RIn[B;] + a}}) } ,

J=1

rue C{,j, W, u a} — MonfpHbIe TemI0eMKOCTh, SHePIUA U BHTpPONHUiHAA
nocTosAHHasA rasa B;.
Pa3HocTb Memay 5TUMM ABYyMA BbIpaMeHUAMH J0J#HA ObITh paBHA

pabote L, npusegennoii B (137). CiegoBaTenbHo, uMeeM

RT(ZT)’LJ—ZTL,) =
j=1 i=1
= E ng {CVZ'T +W; - T(CVZ' InT — Rln[Ai] + (),)} — (138)

i=1

- -Zl m; {Cy, T+ W] —-T(Cy;InT — RIn[B,] + a})} .
J:

Paspenus na RT u norexuupys, npuBogum ypasrenue (138) k cne-
OytoueMy BUIY:

[Aa]™ [As]™ .. . [A,]"

[Ba™ (B . [BuJ™ (139)

1 J r
= exp E(Z mj(R+C{/j—a,;~)—Zni(R—i-Cv,-—a,,-))]x
j=1 =1
1 r s T s
= | X Cvini — Y Cyym; Wi =Y mW]
R \iz j=1 1 1
xT -exp | —

RT

IlpaBaa yacTh ypaBHenun (139) ABasercA GyHKIUEH TONbKO Temie-
patypbl. TakuMm o6pa3oM, 3To ypaBHEHUE He TOJbKO NAOKA3bIBAET 3aKOH
neiicTBytomux Mace (136), Ho u nokasbiBaeT Bua dpyuruuun K(T).

Mb1 06cynum ypaBaenue (139) B § 24; B ciepytomniem naparpade gagum
ellle OJTHO JOKA3aTelbCTBO TOi #e HOPMYIIbI.
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23. JIpyroe gokasaTejbCTBO YpPaBHEHUA ra3oBoro
paBHOBecHA

B sToM maparpacde Mbl BoiBeeM ypaBHeHue (139), ucnonb3ya pesyib-
TaThbl, MOJyUYeHHbIe B § 17, B KOTOPOM GbILJIO OKAa3aHO, YTO COCTOAHUE paB-
HOBeCHA CUCTeMbl NIPU 33/laHHOI TeMIepaType U 3aJaHHOM 06beMe COOT-
BETCTBYeT MUHUMYMY CBOGOIHOI dHEPTUM.

Paccmorpum cmech rasos Ay,...,A, u By,...,B,; npu Temnepary-
pe T, 3aKk;II0YeHHBIX B COCY[ ONpeeleHHOro o0beMa V 1 XUMUUYECKHU B3au-
MO/ieliCTBYI0IIMX corsacHo ypaBHenuio (135). Korga cmech BHYTpH cocya
MPUHUMAET y4yacTHe B XMMUUYECKHUX peaKIMAX, TO KOHIIEHTpalud pa3iuy-
HbIX ra30B M3MeHAETCA, B pe3ylbTaTe 4Yero M3MeHAeTCA Tak#e CBOOOA-
Haf ®HepruA cMecu. BeiBeieM yciioBUe paBHOBECUA XUMHUUYECKUX peaKiuil
u3 TpeGOBaHUA MUHUMAaNbHOCTU cBOGOAHOI 3Hepruu. Jlnsa storo cienyet
CHavajla HallTu BbIpakeHHe AJA cBOOOIHOI 9HEpruu cMecu ras3oB ¢ 3aJaH-
HbIMU KOHIlEHTpaluAMU.

3akon JanbToHa (cM. § 2) ycTaHaBIMBaeT, 4To AaBleHde cMecH (uie-
albHBIX) Ta30B COCTABIAET CyMMY NapUUalbHbIX IaBI€HUNA KOMIOHEHT
cMmecu (mapluaibHOE JaBleHWe KOMIOHEHTbI — 3TO [aBieHHe, KOTOPOe
KOMIIOHEHTa oKasaJna Gbl, eciii Obl OHA OlHA 3aHHWMala Bce MPOCTPaHCTBO,
3aHATOE CMEChIO). ITOT 3aKOH YKa3bIBaeT, UYTO HA Ka[yI0 KOMIOHEHTY He
BO3JelicTBYyeT NPUCYTCTBHE JPYTUX KOMIIOHEHT U CBOWCTBA KOMIIOHEHTHI
B cMecu He MeHAOTcA. Tenepb 0606mum 3akoH JanbToHa, mojaaras, 4yTo
U CMEeCH HealbHbIX ra30B 3HEPTUA U DHTPONUA TaKie paBHbI CyMMe
SHEPruil ¥ SHTponuil (mapuuaibHBIX SHEPrHil U NapUUanbHbIX SHTPONUii),
KOTOpbIe Ka/Jad KOMIOHEHTa uMeda Obl, eciy ObI OHA OJIHA 3aHUMala Becb
06beM, 3aHATHIN CMechblo, IPU TOU e TeMIepaType, YTO U CMECh.

W3 onpenenennii (111) u (121) cBoGomHOl 3HEPrUM U TEPMOIUHAMHU-
YeCKOro MmoTeHIMana MpU [NOCTOAHHOM [aBleHHH HEeNOCPeICTBEHHO cle-
OyeT, YTO AJIA CMeCU HAealbHbIX Ta30oB 3TU BEIUUYUHbI COOTBETCTBEHHO
paBHbI CyMMe MaplUaibHbIX CBOGOJHBIX 3HEPTUl U CyMMe MapuualbHbIX
TepMoAMHAMUYECKHX TIOTEHIUAI0B IPU MOCTOAHHOM JaBJleHUN KOMIOHEHT
cMecH. Mcexond M3 3TUX NMpeIIoNoMeHUi, Mbl MOMeM HamucaTh BhIpaike-
HUe [JIA CBOOOMHON 3Hepruu paccMaTpuBaeMoil cmecu rasoB. CBoGoaHas
SHeprud oJHOTo Mound rasa A; npejcTaBieHa, Kak B IpeIblayIeM pa3sjeie,
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BhIpa:ieHnuem
CviT + Wy — T(CV1 InT — RIH[A1] + al).

Konnenrtpanus rasa A, B o6beMe V coctaBiader [A;]. ITo 3HAYUT, YTO
Bcero umeerca V[A;] moueit raza A;. [losTomy napuuanbhasa cBoGoaHasA
HEpPruf 3TOW KOMIIOHEHThI CMECH COCTaBIAET

V[Al] {Cv1T + W — T(Cvl InT — Rln[Al] + 0,1)} .

CB06OHY0 3HEPTHUIO Beeil CUCTEMbI MOy YaeM, CYMMUPYA Napliuaib-
Hble cBOGO/IHbIE 3HEPTUU BCeX ee KOMIIOHEHT. B pesyibTaTe cyMMupoBa-
HUA JJA Bcell cBOOOAHON SHEPTUU UMEeM

F =V S [Ai]{CviT + Wi — T(CyiInT — RIn[A;] + a;)} +
1=1
. (140)
+V S [Bj] {C(,jT + W] —T(Cy,;InT — RIn[B;] + a;.)}.
i=1

Teneps paccMOTpUM GeCKOHEYHO Mailyio peakuuto tuma (135), T. e.
peakiiio, B KOTOPOil B NpeBpallleHud NPUHUMAIOT ydacTue GeCKOHEeUHO
Malnble KolMuecTBa BellecTBa. Eciu peaknuA NPOUCXOAUT clieBa HalpaBo
B (135), To GeckoHeuHO Mallble KoanyecTBa rasoB Ay, As, ... , A, ucuesaoT
U obpa3yloTcA 6eCKOHEUHO Malble KolndecTBa razoB By, Bs,... , B,.

Yactu moneit razoB Ap, As, ..., A,, KOTOpble HCYE3AIOT, MPONOPLUO-
HaJbHbI COOTBETCTBEHHO KO3 PUIUEHTAM 71, No, . .. , Ny, @ YACTH MOJEIA,
obpasylomuxca B pe3yibTaTe peakuuu rasos By, B, ..., B,, nponopuuo-
Ha/lbHbl COOTBETCTBEHHO YHUCIAM My, Ma,... ,Ms. ClefoBaTelbHO, KOH-
uedtpauun [A;], [Az],... u [Bi], [B2],... nogBepraioTcA U3MeHEHUAM:

—EN1y —€EN2yeve y —ENp; EMLEMy... yEMg,

rae € ABjfAeTcA O€ECKOHEYHO MaJjloli KOHCTaHTOU [IPOMOPUHUOHAILHOCTH.
Eciu F JoJHa ObITh MUHHMMAalbHA B JaHHOM COCTOAHUU, TO U3Me-

Henue F' B pesyliibTaTte 6eCKOHEeYHO MaJioi pearknun OOJIH{HO ObITh paBHO

HYJIIO. Tak xak 3To U3MeHeHHe MO#HO noacyuTaTb, Kark eClin ObI OHO ObLIO
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nuddepeHyuailoM, To UMeeM

OF = —a—Fenl - B—FE’I’I,Q — e — €N, +
9[A4] 0[A2] d[A,]
+ B—FEml + 6—FEm2 + ...+ B—FEmS =0.
0[B] 0[B,] 0[B]

Paspenus »aTo ypaBHeHHe Ha €V 1 3aMeHUB NPOU3BOAHbBIE UX BeIUUUHAMHU,
BbIuKcieHHbIMU U3 (140), nomyyaem cieayiolee ypaBHeHMe:

=Y ni{CviT + Wi = T(Cy;InT — RIn[A;] + a;) + RT} +

=1

+> m; {Cy,T + W] - T(Cy;InT — RIn[B;] + a}) + RT} =0.

i=1

Cpasy BHJHO, YTO 3TO ypaBHeHWe M ypaBHeHue (138) uaeHTHUHBI.
CnemoBaTenbHO, YpaBHeHHe PaBHOBECHA MOKET ObITH MONYUYEHO TaK e,
Kak ¥ B OpeablaylleM pasfele.

24. OOcy#aeHUe ypaBHEeHUA ra3oBOro paBHOBECHUA.
Mpunuun Jle IllaTenbe

W13 ypasuenwuii (136) u (139) Mo#HO MOMYYUTDH BIONHE ONpe/leeHHbII
B pyuruun K (T), KoTopas cToUT B npaBoil yacTu paBeHcTBa (136).
(K(T) nnorpa uasblBaeTCA KOHCTAHTOH B 3aKOHE NEeHCTBYIOIIHX MAacc; Ko-
HEYHO, OHa AIBIAETCA KOHCTAHTOMN TONLKO MPU HOCTOAHHOM TeMmepaType).
Cpasuusas (136) u (139), monyuaem
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1 £l T
K(T) = exp 7\ 1(R + Cyj — aj)m; — ZI(R +Cvi —ai)n; || %
j= 1=
1 T S
7 | X Cvini = 30 Cyym;
x T \=t =1 X (141)

1 14 £
X exp ~RT igln,-Wi—ngij; .

Yto6b1 06cyauTh 3aBucumocTb K (T) oT TeMmepaTypsl, ONpeleinm
cHavana temnoty H xumunueckoii pearnun (135).

Paccmorpum cMmech rasoB A u B npu NOCTOAHHBIX 00beMe U TeM-
nepatype. IlycTe 3Tu rasbl y4acTBYIOT B peakLUd COIVIacHO ypaBHe-

uuio (135), Tak urTo ni,ns,...,n, Moiaeil rasoB A, As,...,A, BcTyna-
10T B peaklyio, B pe3yjibTaTe 4ero BO3HUKAET M1, Mz, ... , M, Moneil ra-
30B By, Bs,...,Bs. Tennora H, pa3BuTaf cucTeMoil BO BpeMA 3TOr0 U30-

TepPMUYECKOro polecca, Ha3bIBaeTCA TEIIOTOH peakUuH MPHU NOCTOAHHOM
o6beme. Peariuio Ha3bIBAIOT 9K30TE€PMHUYECKOIH HUJIH 3HIOTEPMHUYECKOH B
3aBHCUMOCTHU OT TOTO, BBIJEJAETCA WIN MOTJOIAeTCA CUCTEMOI Tem1oTa
npy nporexkanun pearuuu (135) ciaeBa HampaBo.

Tak Kak peaklMA TIPOUCXOAUT NpPHU MOCTOAHHOM 00beMe, TO CUCTEMA
He coBeplaeT HUKakoil paborsl. [loaToMy Temnora, moriomieHHaA cUCTe-

Moii (= —H), paBHa, COrJlacHO NMepBOMY 3aKOHy TepMmoauHamugru (15),
M3MEHEHUIo 3Hepruu cucrteMmbl AU:
H = -AU.

BcnoMunas, 4To sHeprud OJHOTO MoJA rasa, Hanpumep Aj, pas-
Ha Cy1T + Wy u uto B pesynbrare peakuuu (135) rommvecTBo rasoB
Ay, As, ..., A, U3BMeHUTCA HA —Ny, —MN3,... , —N, MOJNEH, 8 KOIAUECTBO
razoB Bi, By,... ,Bs; Ha m1,ma2,... , M, MoJeil, UI3MeHEeHUe DHEPrUu 3a-
NUIleM B BHUe

AU = ij(C{/jT + WJ/) - Zni(CViT + W5).

j=1 i=1
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Tarum o6pa3oM, TeniaoTa peaklUU COCTABIAET
r 8
H =Y ni(CviT+W;) =Y m;(Ciy;T + W)). (142)
=1 Jj=1
Jorapudmupys u auddepenuupys pasenctso (141), monyyaem

T E T 8
o ! n; — Lo
din K (T) %:Cvm,, ZI:CV]mJ Zl:Wn zl:W]mJ

a RT + RT? .

W3 sToro ypaBuenus u ypaBHenud (142) vaxogum, 4to

dnK(T) H
dT( - RT?" (143)

U3 ypasuenua (143), koTopoe 6b110 BhiBeeHo [enrbmronbiem!, AcHo,
uyro K (T) ABiasAeTcA Bo3pacTaoleil uiy yobiBaoueil GyHkuueil TeMnepa-
Typbl T B 3aBUCHUMOCTHU OT TOr0, IOJOHTEIbHA WM OTpULlaTelbHa Te-
miora peakuud. K (T) yBennuuBaeTca ¢ BO3pacTaHUEM TeMIlepaTypbl IPH
SK30TepPMHUUYECKUX PEeaKIMAX U YMEHbIIAeTCA C MOBbIIIEHHEM TeMIlepary-
pbl IPY 3HAOTEPMHUYECKUX PEaKIHAX.

N3 ypaBuenus (136) nerxko momuo BujeThb, uro yBenunuenue K (T)
o3HayaeT M3MeHeHUe YCJIOBUI paBHOBeCHA B HalpaBleHUHW INOBBLIIIEHUA
KOHI[EHTpalK ra3oB A W CHUMEHUA KOHIIEHTpaluu rasoB B, T. e. me-
peMelleHre paBHOBeCHA clipaBa HaleBo B ypaBHenuu (135). 1, Hao6opor,
yMmenbuienue K (T') nokasbiBaeT, 4TO PaBHOBECHE B 3TOM Clydae HepemMe-
aeTcA cleBa Hampaso.

BrausHue maMeHeHWA BHENIHUX YCIOBHil, KOTOpOe CKa3bIBaeTCA Ha
paBHOBECUU XUMHUUYECKON peaKINH, Jy4lle Bcero MoskeT ObITh 06001IeHO
npuHiunom Jle IllaTeapbe. TOT NPUHINI, MO3BOJIAIONINI onpeaenuTb 6e3
BbIUMC/IEHU! HampaBlieHHe, B KOTOPOM IepeMeCTUTCA PaBHOBECUE TEPMO-
JUHAMHUYECKON cUCTeMbI TP U3MEHEHUH BHENIHUX YCJIOBUHl, GopMyaupy-
eTcA cleAyomuM obpa3oM.

1OHo MoseT 6bITh IPAMO BbIBEJEHO TaKHe C HCI0ab30BaHUeM n3oxopbl Bant-Todda
(117), nogo6HO ToMy, Kak 3TO caeaaHo B § 22.
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FEcau snewnue ycaosusa mepmodunamuieckoll cucmemsvl UMEHAIOMCA,
mo pasHoeecue cucmemyvl 6ydem cmMpemMumsbca UIMEHUMbCA Mak, 6Yyomo Gvl
cucmema nNPoOMuBUMCA USMEHEHUI0 BHEUHUX YCA08UL.

IIpuBeaemM HeCKONbKO MPUMEPOB, Pa3bACHAIOIUX 3TO Moa0seHne. Mbl
y#e NoKasainu, 4to eciu peakuua (135) uzorepMuueckas, TO NOBbILIEHUE
TeMIepaTyphbl MepeMeniaeT XUMUYecKoe paBHOBecue B ypaBHeHuu (135)
BieBo. Tak Kak peakIuA clieBa HAapaBo ABJIAETCA 3K30TEPMHUYECKOH, TO B
pe3yibTaTe CMellleHUA paBHOBECUA BJIEBO, CHCTEMO MOTJoIaeTcaA Telio-
Ta, 1 TAaKUM 006pa3oM MPOUCXOJUT CONPOTHUBIEHNE BO3pacTaHUIO TeMIlepa-
TYypBL.

B rauvecTBe BTOporo mpumepa npumenenusa npunnumna Je Ilatense
U3YyUYMM BIMAHME, KOTOPOE OKa3blBaeT W3MeHeHUe JaBleHufl (IpH MOCTO-
AHHOl TeMmepaType) Ha XUMHUYECKoe paBHoBecue B pearuuu (135). Or-
MeTHUM, 4YTO Korga mporTeraeT pearkuusa (135), To uucio Mouneii B Hameii
rasoBoii cucreMe usMenaercA. Eciu

ny+no+...+n, <mg+ms+...+mg, (144)

TO YUCIO0 MOJeii pU peaKllUu cjleBa HallpaBo yBeJlUYuBaeTCA, a eclid Hepa-
BEHCTBO MMeeT MPOTHUBOMNOJOMHBIM 3HAK, TO YUCIO MoJell YMeHbIIaeTcA.
Ecau npeanonosxuts, 4To HMeeT MecTo HepaBeHCTBO (144), To cMmelenue
paBHOBecuA HampaBo OyJeT yBelUYHUBATh HaBieHue U Haobopot. IloaTo-
My, coriaacHo npuHnuny Jle Illatenbe, cienyeT ouAaTh, YTO YBelUUeHNE
JaB/leHUs ra3oBoll CMeCH CMeCTUT ypaBHEHUe BleBO, T. €. B TAKOM Hanpas-
1eHuHu, 4TOObI IPOTUBUTLCA YBeIUUYEHUIO AaBieHuA (BooOlle yBennueHue
JaBieHUsA OyleT cMelllaTh paBHOBecHe B HallpaBAeHUU YMeHbIIEHUA yucia
Mollell B cucTeMe U HaoGopoT). TOT pe3ylbTaT MOMKeT OGbITh HEMmoCpeacT-
BEHHO IOJyUYeH U3 3aKOHAa [JelicTBYIOUUX Macc.

Ecnu mbI yBennuuM JaBieHue B CHCTEMe, a TeMIepaTypy COXpaHUM
[OCTOAHHOM, TO KOHIIEHTPAaLUA KOMIIOHEHT Ira3oBoii cMecu Bo3pacTtaert. Ec-
an 6bl XMMUUYeCKOe pPaBHOBecHe He Hapylllaloch, TO KOHIEHTpalUA BceX
KOMIIOHEHT [oJHa Oblia Obl BO3pacTu, NMpuoOpeTA OOMUIA MHOMKUTEINb.
CunTas, 4To UMeeT MecTO HepaBeHCTBO (144), Mbl ZOTKHbBI ObLIU Gbl OHH-
narth yMeHbuieHud JeBoil yactu (136). Ho Tak kak BbIpazeHue B mpaBoii
yactu (136) ocTaeTcA MOCTOAHHBIM, TO U JIeBaf YacThb HE MOMET YMEHb-
mutbed. CnegoBarenbHo, paBHOBECHE JIOJHHO MEPEMECTUTLCA BIEBO, UTO-
Gbl COXPAHUTD JIEBYIO YacTh ypaBHenus (136) nocToAHHOI.
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Taxkum 06pa30M, MbI MOMeM caejlaTb BbBIBOA, UYTO HU3KHE OaBJE€HUA
CHOCOﬁCTByI'OT npogeccamM gucconuanru, a BbICOKHWEe OaBlIEeHWA — Ipolec-
caM CHHTe3a.

3amauu

1. Ina xuMudeckoit peaknuu tuna 24 = A, KOHCTaHTa paBHOBECHUA B
3aKoHe JelicTByIomKuX Macce npu temmepatype 18°C cocrasasget 0,00017.
O6uee naBneHune razoBoil cMecu paBHo 1 ama. HaiiTu npoueHTHOe conep-
KaHMe JUCCOIMUPOBAHHBIX MOJIERYJI.

2. 3Has, 4TO TeIIOTa peaklly, pacCMOTPEHHOI1 B 3afaye 1, cocTaBian-
et 50000 ka.t/moab, HAITH cTeleHb AuccouUanuy npyu temmeparype 19°C
U AaBieHuu B 1 amm.



I'imaBa VII
TepMOJlI/IHaMI/IRa cjabbIX pacTBOpPOB

25. Pasz6aBieHHble pacTBOPbI

PacTBop cumTaeTca ciabbiM, Korga KOJAW4YeCTBO pPacTBOPEHHOTO Be-
[ecTBa MaJjo [0 CPaBHEHHUIO ¢ KOJIMYeCTBOM pacTBopuTensa. PazoBbeM oc-
HOBHbIE MPUHIIUIILI TEPMOJUHAMUKY cJIaObIX PacTBOPOB.

Pacemotpum pactBop, o6pasoBaHHbIi U3 Ny MoJjeil pacTBopuTedd U
cooTBeTcTBeHHO N1, N3, ..., N, Moieil pa3iu4YHbIX PacTBOPEHHLIX Be-
mecTB. [InA cnabbix pacTBOPOB

N1 << N(); N2 << N(); cees Ng << N(). (145)

Haiinem cHavana BbipaseHud [JA 3Hepruu, o6beMa, SHTPONUU U T. 1.
Hamero cinaboro pactBopa. HemocpeacTBeHHOe NMpUMeHeHHWE TepMOIUHA-
MHUUYECKUX ypPaBHEHUI MO3BOJUT TOrJa BBLIACHUTL BCe CBOMCTBA cJabbIX
pacTBOPOB.

Pacemotpum cHavana sHepruto U pactBopa. IlyeTh v — 3Hepruf He-
KOTOpO# HeOONbINONH YacTu pacTBopa, cojepsaiiell OqUH MOJlb PacTBOPHU-

1 o
Telld. dTa YacThb pacTBopa 6y;[eT coepsmaThb F MoOJied pacCTBOPEHHOI'o
0

N N
BemecTBa Ap, 2 \oneii BemecTBa Ap, ..., —2 Moneil BelecTBa Ag.
No No
N N, N,
Aueprusa — ¢yHrnua T, p U BeIUYUH —, —, ..., —5 T. €.
p bYHRIL D No' No' T N
Ny N,
u=ul|T —, ..., =£). 146
(op s 3) (146)

Tak Kak Bech pacTBOp cofepUT Ny Mojeill pacTBOpUTeNA, TO €ro
sueprusi U B Ny pas Gonbine, uem (146), T. e.

N; N: N,
U:N0u<T,p, ! 2 —g).

I s (147)
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N1 Ny N,

IlockoabKY pacTBOp cabblii U OTHOMEHUA —, — —£ ouenb
TNy’ " No

MaJlbl, IPeANON0KIM, YTO MOHHO Pa3NoKUTh q)ylmumo (146) [10 CTENeHAM

STHUX OTHOUIEHUH U MpeHeGpedb BCeMH CTeNeHAMH, KpoMe nepBoil. Ecan

npogejaThb 3TO, TO MOJYYHUM

Ny N N,
u=up(T,p) + Foul(T ,p) + FOUZ(T’IJ) +--- 4+ Fjug(Tap)-

[logcraBnsAa npuBenenHoe Bbipasenue B (147), Haxogum

U = Nouo(T,p) + Nyus (T, p) + Noua (T, p) +

148
+ oo+ Noug(T Z Niu;(T (148)

YuutbiBag HepaBeHcTBO (145), ciemoBano 6bI OTMETUTb, YTO XOTA
pasauyHble YieHbl B Bbipamenun (148) mid u popmanbHO BronHe MOAOGHbI,
NepBbIil WieH 3HAYUTEIbHO GoJbllle 0CTaTbHbIX.

ITomo6GHBIMYU paccyIeHUAMHU MOKHO II0Ka3aTh, YTO B TAKOM e NpU-
OauKEeHUU 00BeM MOMET ObITh HalMcaH Kak

V= N()U()(T,[)) + val(Tap) + N2v2(Tap) +

+ oo+ Ngug(T p) = Z Nivi(T (149)

Tenepb Mbl J0OMHbI MOJNYYUTh BbIpameHue JJfA SHTPOMUU pacTBopa.

Jlna sToro paccMoTpuM GeCKOHEYHO Majioe oOpaTHMoOe MpeBpalleHue, BO

BpeMA KoTtoporo T' U p U3MeHAIOTCA Ha GECKOHEYHO Mallble BenuuuHbl d1’

u dp, Torga Kak BenuunHel No, N1, ..., Ng He uaMeHAloTcA. B pesynbraTe
M3MeHeHHe SHTPONUU COCTABUT

dQ 1 g du; + p dv;
—_ — T e = Nii. 1
dS T T(dU +pdV) ;:0 T (150)

Tar kak dS ABaAeTCA NOMHBIM AU epeHnrasoM JJfA MPOU3BOIbHOTO
N', To koappunuenT npu kaxaom N B (150) monzieH ObITh MOJHBIM JUD-
depennuanom. [IponHTerpupoBaB 3TH MmojHble TUdHepeHIIuanbl, MOTYYUM
pan oyuruuit so(T,p), s1(T,p), ..., sg(T,p), Tak uTo

du; + pdv;

dsi(T,p) = T

(151)
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Ecan tenepb mbl npounterpupyem (150), To HaiineM BbIpaseHue Aif
SHTPOMUU:

g
S = Nisi(T,p) + C(No, N1, ..., Np). (152)
i=0

Koucranta unrerpupoBanusa C He 3aBUCUT 0T 1" U p, 0JHAKO 3aBUCUT
or Beex N; 1A HATAAJHOCTH MbI OTMeTHIH 3T0 B (152). Beauuuny sToi
KOHCTAHTbhl MOKHO ONpPEJENUTh CleJyIoMUM 00pa3oM.

Taxr kak He 6b110 cleTaHO HUKAKUX OMPAHUYEHUIT OTHOCUTEIbHO TOTO,
kakoBbl T U p, To Bbipazenue (152) aiaa S ocTaHerTcA NPUMEHMMBIM U B
TOM cJy4Yae, eclid MbI BbiGepeM JlaBleHue p TAKUM MaJbIM, a TeMIIepaTypy
T Takoii 60abII0i, YTO BECb PaCTBOP, BRJIIOUaA BCE PACTBOPEHHOE BelleCT-
BO, ucnaputcAa. Torja Hama cuctema GyeT [eJUKOM ra3oo0pa3Hoii, a, Kak
MBI y#e 3HaeM, SHTPOMUA [JA TaKUX CUCTEM paBHA CyMMe HaplualbHbIX
SHTPOIMI KOMIOHEHT rasoB (cMm. § 23). Ho sHTponusa ogHoro Moid rasa c
napuuanbHBIM JaBleHUeM p; U MOJAAPHOI TeloeMKocTbio C)p; cocTaBiadeT
(cMm. ypaBHenue (87))

CpilnT — Rlnp; + a; + RInR. (153)
C.ﬂe}lOBaTeﬂbHO, TaK Kak MnmapuuajbHOe JaBjJeHue p; BellecTBa Al paB-
pN;

0 ———
No+---+ Ng’
CMeCH rasoB nMeem

H rie p — oblee AaBieHue, TO AJA paccMaTpUBaeMoi

g
N;
S:;Ni (CpilnT—Rlnpm-Fa,‘—l—R]nR) -
& B . |
= ) Ni(CpilnT —Rlnp+ai+RInR)-RY Niln .
; (Cpiln np+a nR) ; T TN

CpaBHUB 3T0 paBeHCTBO ¢ ypaBHeHueM (152), KoTopoe Tak#e MpuMe-
HUMO K Halleii ra3oBoil cMecH, HaX0AUM, 4TO

8;=CpInT —RInp+a; + RInR,

8
N‘
C(No, N1, ..., Ng) = —RY Niln —————. (154)
i=0 No+ -+ Ng
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Ho woncranta C(Ng, Ni,...,Ng) He 3aBucut ot T u p. Iloatomy ee
BeauunHa (154) He 3aBUCHUT OT TOro, ABIAETCA JU PACTBOP CMEChIO ra3oB.
Ee moxHO ucnonb3oBaTh Beerga. 3Haunt, (154) mMo#HO 3amucaTh Kak

g g
N.
S:ZNisi(T,p)—RZNilnNo+Nl +‘W+Ng. (155)
=0 i=0

[Ipunuman B pacyeT HepaBeHCTBO (145), yA06HO yIPOCTUTHL MOCHen-
Huit wied B (155). IpeneGperan dieHaMu NOPAAKA BbIlle NEPBOr0 OTHOCH-

TelbHO ManbIx BeruuuH Ni, Na,..., N, HaxXoaum, uTo
Ny 1
Ny In = Ny ln =
0 N0+N1+-..—|—Ng 0 1+&+“.+&
Ny Ny
Ni N, N,
= Ny -2 -2 _..._ ) =_N,-No—...— N
0 < NO NO NO) 1 2 g
U 4TO N N
N;In : = N;In = (aas i > 1).
i N0+N1+-~-+Ng i No ([l 2 )
OTtcrona
g g N,
— Ny — n —
S = Noso(T,p) + ; Ni {si(T,p) + R} R; Niln .
Bwmecto pyHKEUUMIT s BBeeM Tenepb HOBble GyHKIUU:
oo(T,p) = so(T,p),
Ul(Tvp) = S1 (Tvp) + Rv
02(T7p) = S2 (Tvp) + R7 (156)
Ug(T» p) = Sg(T» p) + R.

Torna

g g

N,

S=Y NioiT,p)-RY Niln F; (157)
=0 i=1
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(OTMeTHUM pasHUIly NpeIeioB B AByX CyMMax).

XoTA BENUYUHBI U;, V; U 0;, CTPOTO TOBOPA, ABIAIOTCA QYHKIUAMU
T v p, U3MEHEeHUA STUX BEJIUUUH NPU U3MEHEHUH IaBIeHMA OYeHb Malbl,
TaK 4YTO U;, V;, 0; JJIA BCEX MPAKTHUECKUX Illeleii MOMHO paccMaTpuBaTh
Kak QYHKIMH OJHOM JUIIb TeMIepaTyphI'.

B Teopuu ciabbix pacTBOpPOB MbI Beerja GyaeM NPUMEHAThL 3TH NPU-
Gnumenus. [losaromy ypaBuenus (148), (149) u (157) Hanumem B cieayio-
meM BHUje:

8
U= Z Niui(T)v

=0
g
V = Z Ni’l)i(T), (158)
g =0 g va
S = Z NiO','(T) - R Z Niln—.
=0 =0 NO

[pu momomnu 3TUX Bbipamenuit mia U, V u S MoxHO cpasy e Ha-
nucaTh GopMylibl 1A cBoOOLHON 3Hepruu F' v TepMoagnHAMMUYECKOrO Mo~
teryuaina ¢ (cm. ypaBnenus (111) u (121)):

8 8 .
F = Z N; [UZ(T) - TO',(T)] + RT Z N; In & =
i=0 i=1 No
(159)
g g N;
= E szz(T) + RT E Nz In -
i=0 i=1 No

lPaccMoTpeHne v; Kak BelMUMHBI, He3aBMCAIIEH OT p, PaBHO3HAUHO MpeHeOpese-

HUIO Majoil cKUMaeMocTblo MuakocTell. [[0406HO 3TOMY U u; MOYTH He 3aBHCHUT OT P.

JleficTBUTENbHO, €CIM U30TEPMHUUYECKH CKAThb MUAKOCTb, TO, KAK U3BECTHO M3 DKCIIE-

pUMeHTa, BbIeJAETCA NPeHeOPEeKMMO Majloe KOJAMUeCTBO TemloThl. Paora npu sTom

TOMe OUeHb Maia, MOCKOIbKY O4YeHb He3HayuTelbHO M3MeHAeTcA o6beM. W3 mepBoro

3aKOHa ClIeJyeT, UTO M3MeHeHHe dHepruu ovyeHb Mano. YTo6bl NoKasaTb, YTO 0; TaKKe
NpaKkTUYeCKH He 3aBUCUT OT p, ucnoabsya (156) u (151), sameuaem, uTo

do; 0s; 1 [ 0Ou; ov;

= —_— — p
op op T \ Op op

Tar Kak U; U v; NpakTUYEeCKU He 3aBUCAT OT p, TO YaCTHBIMHU IIPOU3BOAHBIMH B

do;
npaBoii yacTu MomHo nmpeHebpeub. ClegoBaTeqbHO, MPOU3BONHAA 5p CUcHb Maia u
P
0, TAKMM 06pa3oM, MPAKTUUECKU 3aBUCUT ToabKo oT T.
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rue
Ji(T) = u(T) — Toy(T), (160)
n
g g N;
d = Z N; [’U,Z(T) - TO'i(T) + pvi(T)] + RT Z N;In Fl =
=0 . . i=1 . 0 (161)
= 3 Ni{fi(T) + poi(T)} + RT 3 Niln =
i=0 i=1 0

26. OcMmoTHUyecKkoe gaBJjeHUe

Hmesn peno ¢ pacTBopaMu, Mbl Ha30BeM TOJYNPOHULAEMOI TaKYIO Ie-
peropoary, KoTopad INpolycKaeT pacTBOPUTENb U He NPONYyCKaeT pacTBO-
puMoe BemlecTBO. [lonynpoHuniaeMble neperopoaku Ajlf BOAHBIX pacTBO-
pPOB BCTpeualoTcA B npupoje ouyeHb uyacTo. Hampumep, nepemnoHKM #u-
BBIX KJETOK B GOJbIIMHCTBE Clly4aeB NoJylnpoHullaeMbl. BecbMa yno6HoOIA
MCKYCCTBEHHOI MOJYINPOHULAEMON IMEePEeropoJKoil ABIAEeTCA TOHKUNA ClOi
#ene30MaHUCTON Melu, BHEeJPEHHO! B CTEHKM NOPUCTOro maTepuaJa.

Korpa pacTBop oTeneH oT 4uCTOro pacTBOPUTEINA MONY IPOHULAEMOiA
neperopoiKkoii, To HabJalo4aeTcA pa3HOCTh JaBileHUul MeM ]y pacTBOPOM U
YUCTHIM pacTBOpUTENEM, HAXOAAMUMCA C HUM B PaBHOBECUU. ITO MOMHO
NoKa3aTh Ha cleylolieM [[POCTOM OIbITe.

B cocyn ¢ nonynpoHunaeMoil nepenoHkoil HajluBaeM
pacTBop caxapa B Boje. Uepe3 BepXHIOIO CTONKY cOCY-
la BCTaB/feM BepTHUKa/JIbHYIO TPyOKy, Kak NOKa3aHO Ha
puc. 19, rie nonynpoHunaeMble CTeHKU 0003HAUYeHbl Iy HK-
TUpHbIMU AUHUAMHU. [lonomeHue MeHUCKa B TPyOKe ciay-
MUT yKazaTeleM JAaBleHUA pacTBopa BHYTpH cocyja. 3a-
TeM Iorpy#iaeM cocyj] B BaHHY C UYMCTOH BOJOH U 3aMe-
yaeM, YTO MEHUCK BHyTpH TPyOKM NOJHMMaeTcA U cTa-
HOBHUTCA BbIllle YPOBHA B BaHHe. JTO CBUJETENbLCTBYET O
TOM, UTO HEKOTOpPO€ KOJHUYECTBO BOJbI NE€PEILIO U3 BaHHBI
B pacTBOp.

PaBHOBecue pocturaeTrca ToOrjga, Korga MeHHUCK B
TpyOKe HaXOJUTCA Ha HEKOTOPOW BbIcOTe h Haj ypOBHEM

Puc. 19.
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BOJbI B BaHHe, IOKa3bIBafd, UTO JaBlIeHUEe pacTBOpPA Bblllle TaBIeHUA YNCTOM
BoAbl. Pa3HoCTh [aBieHUll Ha3bIBaeTCA OCMOTHYECKHM JaBJe€HHEM pac-
TBopa. Ecau npeHe6peub He3HAUUTENBHOU pa3HUIlel Me#ay MIOTHOCThIO
BOJbI M MJIOTHOCTBIO pacTBOpa, TO OCMOTHYECKOe JaBileHHe Gy/leT paBHO
JaB/eHUIO, OKa3bIBAEMOMY MUIKUM CT0JI60M h, U BbIpasUTCA MpPOU3Beje-
HUEM:

BbIcOTa h X MIOTHOCTb X YCKOPEHHE CUJIbl TAMKECTH.

Uto6bl TepMOAMHAMHUUECKU IIOXY-
YUThH BbIpasKe€HUE [JIA OCMOTHYECKOro

A l:: ¢ /@BICHHA, UCTIONL3YeM TOT o6muil pe-
! 3y/NLTaT, YTO MpOJeJaHHAA CHCTEMOl
! UncThlit BO BpeMfl U30T€PMUYECKOr0 06paTUMO-
Pacteop ro npespaleHud paboTa paBHa U3MeHe-
| PACTBOPH- .
S e HMIO CBOGO/HOI SHEPrUHU cO 3HAKOM MU-
I
B F D Hyc. PacemoTpum cucTeMy, uzobpasies-

Hyto Ha puc. 20. Hununapudeckuii co-

Cya pasfeleH Ha [Be 4YacTU MHONYIPO-

Puc. 20. HUllaeMoii nepenonkoit FF, napaineib-

Hoil ero ocHoBauuaM AB n CD. JleBasa

YyacTh cOCy/a HaIloJlHeHa pacTBOPOM, COCTOAMUM U3 Ny Moneil pacTBOpU-

tena u Ny, Na,... , N, Moneli pasiu4HbIX pacTBOPeHHbIX BemecTs. IIpa-
Baf yacThb cocyna 3amojHeHa Ny MOJAMH YUCTOI'0 PacTBOPHUTENA.

Tar Kak mepenoHKa, pasjelflolad JBe YacTH cocyja, MpOHUIaeMa
IJIfl YUCTOT'O PAcTBOPHUTENA, TO OH OyJeT MpOTeKaTh Uepe3 MEepeNoHKY B
o6oux HanmpaBneHuAx. Korga aTu Ba TeUeHUA CPaBHAIOTCA, CUCTEMA MPU-
IeT B paBHOBecUe, U TOTJa Pa3HOCTb JaBleHUIl MemAy JeBOil U mpaBoii
yacTAMHU cocyja GyleT paBHAa OCMOTUYECKOMY JAaBJIEHUIO.

Tenepb NpeAnonouM, 4TO MOJYIPOHUIIaeMas MeperopoKa moJBHHK-
Ha, U paccMOTpUM GeCKOHEeUHO Maloe NpeBpalleHUe B CHCTEMe, BO Bpe-
MA KOTOPOTO [epernoHKa IepeMelaeTcA Ha 6eCKOHEYHO Malloe pacCTOAHNe
BIIpaBO, TaKk UTO 00beM CJleBa yBelUWUUBaeTcA Ha BeluuuHy dV, a o6beM
cIpaBa yMeHbIaeTCA Ha Ty #e BeluuuHy. Tak Kak JaBlieHHe pacTBopa
Ha JleByl0 MOBEPXHOCTh NepenoHKy Goiblile Ha BeluuuHy P, yeM JaBieHue
YUCTOr0 PacTBOPHUTE/A Ha IPaBYIO NOBEPXHOCTb MEPENOHKH, TO MPo/eIaH-
HaA cucteMoii pabota paBHa P dV.

Bo Bpems OBUeHUA EPENIOHKN HEKOTOPOe KoauuecTBO (dNg Moneit)
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pacTBopHUTeld NMepeTekaeT ¢ MPaBoil CTOPOHLI cocya B pacTBOP, HAXOOA-
WIMHCA ¢ 1eBOil CTOPOHbI, pa3basiaa ero. 06beMbr V u V' (cooTBeTCTBEHHO
pacTBoOpa U YHCTOr0 pacTBOPUTEIIA), COTIIACHO BTOPOMY ypaBHeHuio (158),
nepej NpeBpalleHHeM COCTABIAIOT

V = Nov, + N1vp +"'+Ng’l)g,

V' = Njvo. (162)

Ecau Ny yBennuuBaerca na Bernuuny dNo, TO U3 1epBOro ypaBHeHUA
(168) nonyuum?
dV = Vo dN();

No3TOMY paﬁoTa, InpoaeilaHHana CUCTEMOH, cOCTaBIAET
PUO dN() (163)

CBoGojgHasa 3Heprusa pacTBopa omnpefgenseTcA ypaBHeHuem (159) u
paBHa

N. N,
Nofo+Nifi+- 4+ Ngfg+RT (NyIn—=- + .-+ NyIn—£ ).
No No

CB0GOJHYIO 3HEPTUIO UYHUCTOI'0 PacTBOPUTENA MOIYUYUM U3 3ToU dop-
Myibl npu 3amene Ny Ha Ng, nomo#uB Ny = Ny = -+ = Ng = 0. 310
naet

N fo-

Bca cBoGogHad sHepruA cUCTEMbI paBHa CyMMe 3TUX ABYX SHEPTHil:

g
N;
F'=(No + No)fo+ Nifi +---+Ngfg-|—RTZN,-lnFO.
i=0

Tak Kak B pesyibTare npespauieHua No U [N] U3MEHAIOTCA COOT-
BeTCTBEHHO Ha BeauuuHbl dNg u —dNy, To uamenenue F' 3amuceiBaeTcs
caeqyomuM o6pa3om:

No =X f RTiN- ANy — fo dNy =
6N0 81\76 0 — 0 NO s 7 2] 0 &ivo —

2TMockonbKry N{, ymenbmaetca Ha Beanuuny dNo, To dV' = —vg dNog, Tak uTo Bechb
06'beM OCTaeTCA HEU3MEHHBIM.
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RT 8
- —VOdN();N.

dTa BelM4MHa, B3ATad ¢ 06paTHBIM 3HAKOM, JOJ#Ha ObITH paBHa pa-
Gore (163), nockoabKy npeBpauieHue o6patumo. Takum o6pazom,

RT g
PvgdN,y = N dNo ; Ni,
nin

8
PvyNy = RT Z N;. (164)

i=1

Benuuuna Nyvg, paBHasa 06beMy, 3aHATOMY Ny MOJAAMH YUCTOTO pac-
TBOPUTEIAl, HE3HAYUTENbHO OTIMYaeTcA oT oobeMa V' pactBopa (cm. (145)

u nepBoe ypaBHenue (162)). [Ipene6peran aToii He6oabwOl pasHuuei® u
samensifi B (164) Nyvg Ha V, monydaem
g
PV = RT Z N;, (165)
i=1
ui
RT
PZT(N1+N2+"'+Ng). (166)

[IpuBeaenHoe BhIpameHe OCMOTHUUYECKOr0 JaBlIeHUA pacTBOpa OYeHb
[I0XO3e Ha ypaBHeHHe COCTOAHUA MjealbHOro rasa. ypasHenue (166) mo-
#eT ObITh cHOPMYIUPOBAHO CledyIONUM 06pa3oM: ocuomuieckoe das.e-
Hue caaboz2o pacmeopa pasHo dasieHulr uUdea.ibHO20 2a3d, KOMOPHLI npu
memnepamype pacmeopa 3anumaem 00UHAK06bLLY ¢ HUM 066em U codepicum
qucao moaetl, pasHoe wucay moaell pacmeopeHHbLLY 8eu,ecms.

JTOT MPOCTOIl TepMOAUHAMHUUYECKUN pPe3ynbTaT JEerKO MOMKET ObITh
UHTEpPNpPEeTUPOBaH ¢ TOYKYM 3PEHUA KUHEeTHUUYecKoil Teopuu. PaccmoTpum

3Cpﬂ3y BHUOHO, 4TO 3TO npuﬁ.ﬂumeﬂue 3aRrJII04yaeTcCA B npeHeﬁpemeHuu 4jleHaMHu, Co-
Agep;aiuuMi KBaapaThbl KOHHeHTpaHMﬁ pPacTBOPEHHLIX BelleCTB, U [I03TOMY coBnagaeT
CO BCEeMHU y:e caellaHHbIMHU B Te€OpUU caabbix pacTBOopoB l'lpl/lﬁﬂld?KeHldﬂMld.
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cocyll, pa3feleHHbI! MOJTYNpPOHUIIAeMOi IeperopojJKoii Ha IBe YacTH, C
YHCTHIM pacTBOPUTENEM B KamJoi yacTu. Tak Kak pacTBOPUTEIb MOMKET
¢BOGOIHO IPOXOJUTH Yepe3 MOJyNpPOHUIIaeMYIO IIEPENOHKY, TO AaBleHUE C
o6enx ee CTOPOH OyJeT OJUHAKOBBIM.

Tenepb pacTBOpUM HEKOTOpbIe BellleCTBa B OJHOW YacTH U He Gyaem
pacTBopATb UX B Apyroii. Torga gaBieHHe cO CTOPOHBI NEPENOHKH, 00-
pallleHHOil K pacTBOpY, YBEIUWUYUTCA BCAENCTBHE YJapoB O Hee MOJEKY.
pacTBOPEHHOI'0 BellleCTBa, KOTOPble He MOTYT MPOATH Yepe3 MepenoHKy U
JBUTalOTCA OKOJIO HEE CO CKOPOCThIO, 3aBucAleil oT 1. YeM Goabiiee yncio
MOJIEKY]l pacTBOPEHO U YeM BbIIIe TeMIepaTypa, TeM Ooiabllle YUCIo ya-
pPOB B eIMHUIY BpeMeHU U, cleloBaTelbHO, TeM 0O0Jblle 0CMOTHYECKOE
JaBleHHe.

CornacHo KUHETHUYECKON TeOpuu, CKOPOCTb JBHMEHUA MONEKYJ pac-
TBOPEHHBIX BEIIECTB He MOABep:keHa BO3eifiCTBUIO MOJERY/, HAXOAAIUX-
cA B pacTBOpeE, a paBHa CKOPOCTHU, KOTOPYIO OHM UMelu Obl, eciu Gb1 ObLIK
B razoo0pa3HoM cocTofAHUHU. [lo3TOMYy Kak 4HCIO, TaK U MHTEHCHBHOCTb
yIapoB MOJIEKYJ pacTBOPEHHbIX BEHIECTB [0 MepPeropoike paBHbI UUCTY
1 MHTEHCUBHOCTH YJapoB, KOTopble ObLTM Obl B rase. BeieacTsue sToro B
o60oUX clydanaXx AaBleHUA paBHbI.

YT0GbI OHpEAeNUTb OCMOTHYECKOE AaBieHUe ¢ moMolnbio (166), Ha-
[0 3HaThb o6lllee KOJUYECTBO MoJeil pacTBOPEHHBIX BelIeCTB B pacTBOpeE.
Eciu He MpoUCXoAUT HUKAKUX XUMHYECKUX peaKlHil MemJIy pacTBOpPEH-
HbIMHU BelleCTBaMU, TO YUCIO MOJell MOMHO ONpeldeNUTb cpady e, 3Hafd
MOJIEKYIAPHBIN BeC pacTBOPUMbIX BELIECTB U MPOLEHTHBIN cocTaB MIPUCYT-
CTBYIOIIUX B pacTBope BemecTB. Hanpumep, HopMaibHbIN pacTBOp, T. €.
pacTBop, coaep:amuii 1 Moab pacTBOPEHHOIo BellleCTBa Ha JUTP BOJBI,
umeeT npu 15°C ocmoTHYeCKOe [JaBJeHUe:

R -288,1

Piopmansroe = oo - 2,4-107 0un/cm2 = 23,7 aman.

OnHako BO MHOTHMX clyuvadX, KOTJla BelllecTBa pacTBOPAIOTCA, MpoO-
HCXOJAT XMMHYecKUe NMpeBpalleHNA, N03TOMY YHUCJIO0 MoJedl BellecTBa B
pacTBope He 00A3aTelbHO JONMHO ObITh TAKUM e, Kak Iepe] pacTBO-
peHHeM. 3acayUBalOUIMM BHUMAaHUA IPUMEPOM 3TOr0 ABNAETCA PacTBOP
snekTponuta B Boje. Korja, Hanpumep, xaopuctoiii Hatpuii (NaCl) pac-
TBOPAETCA B BOJie, TO MOYTH BCE MOJEKYJbI €ro JUCCOMUUPYIOT HA HOHBI
Nat u Cl7. Takum 06pa3oM, 4HCI0 MOJEKYy] B pacTBOpe IOUTH BJBOE
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fosbllle yucaa MOJEKYN, KOTOpOro clefoBano Obl OHAATh, eclu Obl He
npousomia gucconuanufa. HekoTopble aneKTPONUTBI, KOHEYHO, pacnajga-
10TcA 6ojiee yeM Ha JBa HMOHA. [lA CUNBHBIX 3JIEKTPOIUTOB JUCCOLUALUA
NpaKkTUYecKy IONHafA, Jaxe KOT/la pacTBoOp He oueHb pasbasieH. C Apyroii
CTOpPOHBI, B CiIyyYae clabbIX 3JEKTPOJUTOB yCTaHABIUBAETCA XUMUUYECKOE
paBHOBecHe Me#Ay MX Auccolualueil Ha WOHbI U peKoMOUHaIueill 3Tux
uoHoB. [loaToMy B ciabbix 3JMeKTpoauTax, BooOlle roBopA, HeT IOJHOM
JOUCCOLHMAlHH.

27. XuMuuecKoe paBHOBecUe B pacTBopax

Mb1 yse BUJeNH, UTO 3aKOH JeilicTByromux Mace (136) npumenserca
K XMMHYEeCKHM pearUUAM, IPOUCXOAAMMUM B razax. Temepb BrIBeeM co-
OTBETCTBYIOIIUI 3aKOH [JJIA XUMUUYECKUX peaKlUil, IPOUCXOJAIUX B pac-
TBOpax.

IIyects Ao o6Gosnauaer Molekyny pacrBoputens, a Aip,...,A, n
By,...,B; — Monerynbl pacTBopeHHbIX BellecTB. IIpenmonaraem, 4To
MeMAY STUMM BellecTBaMHM MOMET IMPOUCXOAUTb XUMHUUECKafd peaKluA,
KOTopas onpejenfaeTcA YpaBHEHHEM

’I"L()A() +ni A+ + n,-AT =miBy +---+mgB;. (167)

Eciu ng # 0, To pacTBOpUTe/Ib TaKk#e ydyacTBYyeT B peakluu, a Ipu
no = 0 TOTbKO pacTBOpPEHHbIE BelllecTBa B3aUMOJENHCTBYIOT Mex Y co6Oil.

TouHo Tak e, Kak U B § 23, noTpe6yeM, 4T0ObI CBOGOAHAA IHEPTUA
6bl1a MUHUMABHON B COCTOAHMY XHMHUYeckoro paBHoBecus*. CBoGoanyio
3Hepruto, coraacuo (159), npeacraBum Kak

F= f0N0+Zsz+Zf'N'

=1

(168)

I

N;
+ RT N; ln + Njln ,
Zl Z A

4TEIH KaKk M3MeHeHUe ob6beMa pacTBOpa Bcerja o4yeHb Malo, TO 683])83.!114'-IHO, pac-
cMaTpuBaeM JIM Mbl YCIIOBHA paBHOBeECHA MPU IIOCTOAHHOM obbeme UIU IpH MNOCTOAHHOM
AaBJIeHUN.
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rae f; u fJ' — ¢yHrOouM Temnepatypbl T' pacTBOpeHHBIX BelecTB A; u
Bj, KoTopble COOTBETCTBYIOT QYHKIUAM f1,..., fg B ypaBHenun (159), a
No, N; u N; — 4ucia Moleil pacTBOPUTeNA U pacTBOPEHHBIX BellecTB A;
u B;.

TouHo Tak e, Kak B § 23, paccMOTpUM Temepb OECKOHEYHO Ma-
Able uM3oTepMUueckue pearkuuu tuna (167), B pesyibraTe KOTOPbHIX
No,Ni,...,N. u N{,...,N| namensrorcs CooTBeTCTBEHHO Ha BEIMYUHbI

—ENQy —ENTyeee ENpy EMIye.. yEMyg,

rae € — 6eCKOHeYHO MallbIfi OOIUI MHOMUTEID. Takr xak B pPaBHOBECHUH
F MUWHUMaAaJIAbHa, TO €€ UI3MEeHEeHHe, Korga cuctTeMa HaXOoOUTCA B COCTOAHHUHA
paBHOBeCHUA NOJHHO ObITb HcUe3alolle MajbIM. Taxum 06pa30M, nMmeemM

oF OF oOF
5F:—5n08 EanaN +EZmJaN,:0

Pa3pgenuB Ha € U BBIYKCIAUB NPOU3BOAHbIE C MOMOILILIO YypaBHe-
nus (168) (f — ¢yHruuu Tonbko T U N03TOMY He U3BMEHAIOTCA BO BpeMA

M30TePMUUECKOro peBpallleHn ), HaX0AUM, peHeOperasa BceMU WieHaMHu,
!

N; N;

MpONOPHUOHAILHLIMY MalbIM BeIUYHHAM — U —2;
No  No’

™ Nl
0=—nofo— Y ni (f,-—|—RT+RT1nF> +

=1 0

8 N/
+ ) m; (fj’-+RT—|—RTlnF’),

=1 0
ni N2 ne Nr Ny
(&) (R) (%)
N2’ mo N; mg
)T ()
m; (ff+ RT) = 3 ma (£ + RT) = nofo

RT

Hin

-

<
Il
-
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IIpaBasa yacTb ypaBHeHUA fIBAAETCA GYHKIUEH TOILKO TeMIlepaTy-
pbl. Ecan monoxum ee pasuoii In K (T'), rne K — npaBuiibHO BbIGpaHHasA
(GYHKIUA TeMInepaTypbl, TO OKOHYATEIbHO MONYUYUM

No No = K(T). (169)

N{ m1 N; ms T
No No

JTo ypaBHeHHe ABIAETCA BbIpameHHeM 3aKOHa AelCTBYIOIIUX Macc
1Nl XUMUUECKOT0 paBHOBeCHA B pacTBOpax.

BoiBogbl u3 ypaBHenus (169) mna ciaydas, Korja pacTBOPUTENb He
NpUHUMAaeT yd4acTufi B peakuuu (T. e. Korga ng = 0 B dopmyne (167)),
COBNAJAIOT C BbIBOJAMHU M3 3aKOHA JEHCTBYIOMMX Macc MJA rasoB (CM.
§ 24). B wacTHOoCTH, U3 ypaBHenua (169) caepyer, uTo npu pazGaBieHUU
pacTBopa paBHOBecHe [epeMellaeTcA B HalpaBlIeHUU YBeIUYEeHUA JOUCCO-
nuanuu. KoHeuHo, B 3TOM ciiyyae Mbl He MO#€eM MPOCTO ONPeJeNuTh BUJ
¢yuruuun K (T), kak mia cnyvas razoB. UaBectHo Toabko, uto K(T') 3a-
BHUCHUT TOJbKO OT TeMIlepaTyphl.

Kar apruit npumep ciyuad, Korja pacTBOPUTeNb IPUHUMAET yUacTue
B XUMHYECKON peakllii, paCCMOTPUM pPeaKIHio

H,O = H* + OH™, (170)

T. €. JUCCONMAIMUIO BOJAbI HA MOHBI BOJOPOJAA M HOHBI THAPOKCcHIA (ruf-
poaus Boabl). IlycTh [H"’] v [OH™] — KOHUeHTpanuu MOHOB BOJOPOJA U
ruJpoKkcuia (4ucio moiedl B Ky6uueckoMm canTumerpe). [ia KyGuuecko-
ro cautumerpa Boabl No = 1. Cilef0BaTeNbHO, OTHOIEH)E YHCIa Modeii
[H*] u [OH™] & uncry Modeit Bofibl cocTaBnfer cooTBeTcTBerHo 18 [H]
u 18 [OH™].
Mpumenss ypasuenue (169) k pearuuu (170), Haxogum
1
————— = K(T
182[H*][OH™] @
unu
1

[HF)[OH™] = 2K (T) K'(T), (171)
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rae K'(T) — ¢GyHKUHMA TOAbKO TeMNepaTyphl.

U3 5TOr0 ypaBHEHUA BUIHO, YTO MPOM3BEEHUE YUCE] HOHOB BOIOPO-
1a U THIPOKCHIA B BOJle IOCTOAHHO IPU MOCTOAHHOH TeMnepaType®. Ilpu
KOMHATHOIi TeMIepaType oHO NpubaueHHo papHo 1074, Korja KoHueHT-
palus BbIpaieHa B MOJAX Ha JUTP, T. €.

[HT][OH™] =107, (172)

B uwucroit Bome KoHIEHTpauuu [H+] u [OH™] paBubl. [loaTomy mas
naHHoro cayyvas us (172) umeem

[H*] = [OH"]=10"".

Eciau mbl g06aBUM B BOojle HEKOTOpPOE KOJMYECTBO KMCJIOTHI, TO yBe-
JUYUTCA KOHIEHTpaLua [H+], a Tak Kak npousBefenue (172) nonmHo
ocTaBaThCA IIOCTOAHHBIM, TO COOTBETCTBEHHO YMEHLIINTCA KOHIEHTPaliA
[OH™].

IIpu nobaBieHuyn B BOgy OCHOBaHUA paBHOBecHe CABUTaeTcd B MPOTU-
BOMNOJIO#HYIO cTopoHy. O6LIUHO KMCIOTHOCThL BOJHOIO pacTBOpa yKasbiBa-
eTCA CHUMBOJIOM:

pH = — Ig[H"] (173)

(3Hak lg o603HavaeT norapudm mpu ocopanuu 10; [H] Bbipamaercs, kan
M Tpexje, B MoaAX Ha auTp). Takum obpasom, pH = 7 o3Havaer Heii-
TpalbHYylO peakuuio; pH < 7 yrasbiBaeT Ha KUCJIOTHOCTb, a pH > 7 —
Ha OCHOBHYIO peakIHuIo.

[IpuBenenHoe BhIme 06CysH/JeHHE XMMUUYECKOT0 paBHOBECUA B PacTBO-
pax He 3aBepllieHo, TaK KaK B pacyeT He MPUHUMAIUCh DIEKTPOCTAaTHYeC-
KHe cuibl Memay moHamu. [e6aii u XiOKKenb MOKa3ald, YTO TAKUE CHIIbI
YacTO OYeHb BaHbl U MOI'YT CyIIeCTBEHHO BIUATH Ha XUMHYECKHUE pe-
aknuu. OnHako oOcCys#ieHHe BTOro BOMpOca He BXOAMT B 3aJauyd JaHHOU
KHUTHU.

5HpumeHﬂﬂ 3aKOH AelCTBYIOIUX Macc K peakLUu (171), ciaegoBajo Obl 0}KUAATH,
HH[OH™) .
4TO OTHOIIeHHue H,0] O6ynet pyHKUuMell Tonbko TemnepaTypbl. Ho Tak kak 3Ha-

MeHaTellb IPAaKTUYEeCKH MOCTOAHEH, TO YACIHUTElb, coraacHo (171), Takse HoaseH GbITh
¢dyHKuMel Toabko TeMnepaTypsbl. TakuM o6pa3oM, Mbl BUAUM, YyTo ypaBHeHue (171) no
CYILIECTBY SKBUBAJIEHTHO 3aKOHY NENCTBYIOMMX Macc B ero oO6bIYHON dopme.
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28. PacnpeneneHuve pacTBOPEHHOr0 BellecTBa MeMAY
aAByMmA ¢daszaMu

Ilyetb A u B — nBe HecMelIMBAIOIUECH #UIKOCTH, HAIPUMep, Boaa
U 3TUJIOBLIN 3uUp, HaXoAAmMUecA B conpukocHoBenuu. Ilycts C' — TpeTbe
BelllecTBO, pacTBOpUMoOe Kak B A, Tak u B B. Eciu Mbl pacTBOpuUM Heko-
Topoe KoanvecTBo C B smugroctu A, To BemectBo C npoauddyHaupyer
Yyepe3 MOBEPXHOCTb, KoTOpas pasjenfaeT A u B, U, CIycTA HENpOJONHKU-
TenbHoe BpeMA, C' pacTBopuTcA B o6eux sugxoctax. Konnenrpanusa C
B MUAKOCTU B GyneT HempepbIBHO yBeIMUYMBaTbCA, a KoHleHTpauua C' B
MUIKOCTH A yMeHbIlaeTCA [0 TeX MOp, MOKa He HACTYNUT paBHOBecHe
Me#Ay OBYMA pacTBOpaMU.

IIyets N4 u Np — uncia modeii gByx pacTBoputeieii A u B, u nycTb
N; u N| — uuciaa Modeit BemectBa C, pacTBOPEHHOI'O COOTBETCTBEHHO B A
u B. Tepmoaunamuueckuii moreHnnan ® Hameil cuctems! 6yaet cyMmoit
NOTEHLUANoB JBYX PacTBOPOB.

Bo-nepBbix, Mbl uMeeM pacTBop N; Moueit BemectBa C, pacTBOpeH-
HbIX B N4 Moasx :ugrkoctu A. TepMoaguHaMuuecKkuil HOoTeHIMAN MPU TO-
CTOSIHHOM J[aBJIeHUY 3TOr0 pacTBopa, coriacHo (161), paBen

@4 =Na{fa(T)+pva(T)}+ N {fi(T) +pui(T)} +
A

rae fa, f1, V4 4 v1 COOTBETCTBYIOT fo, f1, Vo U v; 0Oweii popmyint (161).

Bo-BTOpBIX, MbI UMeEM pacTBOp, KOTOPbIi cogep#uT Np Moleil pac-
tBoputenss B u N| moneit pactBopentoro Bemecta C. Ero repmoanna-
MHUYECKHUI NOTEHIUal JaeTCA ClefYIOUMM BbIpameHueM:

@5 = Np {/5(T) + pos(T)} + N} {fi(T) + poi(T)} +

N
+RTNﬂnNi

(175)

rie BeluvuHs! fp, fi, vp U v] COOTBETCTBYIOT fo, f1, vo ¥ v1 B (161).
TepmoarHamuyeckuii norennuan ® Beeii cucreMbl paBeH

=0y + &p. (176)
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IIpu ¢urcupoBaHHO!l TemnepaType U (GUKCHPOBAaHHOM [AaBJIeHUU
yCJ0BUEM paBHOBecHUA fAIBIAETCA MUHUMYM P,

PacemoTpum GeckoHeuHO Maloe MpeBpalleHue B CUCTEME, B pe3yib-
TaTe KOTOPOro KonuuecTBO d/V; BemecTBa C MEpPeXOAUT U3 HMUIKOCTU B B
#muakocTh A, uncaa N; u N{ U3MEHAIOTCA COOTBETCTBEHHO HA BEIMYMHbBI
dNy u —dN;, a uameHenue ¢ Mo#HO MPeACTAaBUTh TakK:

AN 0P AN 0P
150 — AV1 577
0Ny ON]

Tar rark TepmoauHaMuyeckuil norteHuuan ® moaxmeH MMeTb MUHU-
MYM, TO 3TO BbIpaeHHe JOMHO 00paTUTbCA B HYJIb. TakuMm obGpasom,
nojyJaeM ypaBHeHUE

0P 0P

Ucnonbsyna (176), (175) u (174), sanuuem ycloBre paBHOBECHA:

N,
fu(T) + pur(T) +RTlnN—1 +RT =
A

!

N
= fi(T) + pv}(T) + RT In N—l + RT,

B
HIHn
N
N = e (LD LD =0 gz, ars)
No

rae oyuruua K(T,p) 3aBUCUT TONbKO OT TeMIepaTypbl U JaBIeHUA U He
3aBUCUT OT KOHIIEHTpAalUU.

YpaBuenue (178) BbipamaeT cleayoOluil 3aK0H: kozda dsa pasbasaen-
HBLE PACmeopa 001020 U MO20 jce PACIMEOPEHH020 6eULeCMed 6 06YT PA3ALY-
HbLX HECMEUUBAIOULULCA PACMBOPUMEAAT HATOOAMCA 6 PAGHOBeCULL, CONPU-
Kacasacob, mo oMHOWEHUE KOHUEHMPAYULl 8 9MUT pacmeopar npu gurcupo-
B8aHHOU memnepamype u GUKCUPOBAHHOM 0ABACHUL €CTMb BEAUYUHA NOCTO-
AHHAA.
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PaccmoTpuMm 3ajgauy, aHalOrMYHYIO OpeAbIAyLIeil: pacTBOPEHHbIH B
JRUJIKOCTU ra3 compuKacaeTcA ¢ caMHM I'a3oM. YCTaHOBUM COOTHOLIEHHE
Me 1y [OaBjleHHeM rasa U KOHLleHTpalueil pacTBopa, Korja cucrema Ipu
JAaHHOW TeMInepaType HaXOAUTCA B PaBHOBECHUU.

Ilyects Ng u N; — COOTBETCTBEHHO 4ucia MoJeil #UJKOro pacTBO-
puTeid U ra3oobpa3Horo pacTBOPEHHOI'O BelllecTBa B pacTBope, U MyCThb
N{ — uucio moleil raza B razoo6pasHoii pase. Tak Kak usMeHeHUe 00b-
eMa pacTBopa lpeHeOpeuMO Majo 10 CpaBHEHUIO ¢ U3MeHeHneM o6bema
razoo6pas3Hoil ¢asbl, TO MOKHO He MPUHUMATh BO BHUMaHUe uieH pV B
BbIpaMeHUn AJaA TepMOJUHAMHUUYeCKOro IoTeHI[Mala pacTBopa U CUUTaTh
9TOT HOTEHIMal paBHbIM cBOOOIHOM 3Hepruu pactBopa. Coraacuo (159),
cBoboJHasA 2Heprud pacTBOpa paBHA

N,
Nofo(T) + N1 f1(T) + RT N, lnﬁl. (179)
0
TepMmoanHAMUYECKUIA NOTEeHIMAN ra3o06pasHoil (hasbl noxyyaeM, yM-
HozkaA BbIpamenue (125) Ha yucino N| Monei rasa:

N} [C,T + W —T(CoInT — Rlnp + a + RInR)]. (180)

ITpu nomomu (179) u (180) HaxoAUM TepMoAUHAMHUYECKUN NOTEHIH-
an Bceit cucTeMbl. TOYHO Tak e, KAK U B IpeAbIIyIIeii 3ajade, MpUgeM
K ypaBHenuio (177), kak K ycnoBuio paBHoBecud. IlogcTaBaAf cooTBeT-
CTBYIOILIMe BbIpameHudA A mpousBoiHblx B (177), 3anuiieM B KayecTBe
YCIIOBUA paBHOBECHUA Cllefylollee ypaBHEHHe:

Ny

No

—T(CpInT — Rlnp+a+ RInR),

UM, pazaenuB Ha RT n NOTeHUUPYA, HAXOLUM, YTO
1N
P No
C,T+W —-T(C,InT +a+RInR) - fi(T)— RT

= exp =
RT
= K(T),

A(T)+ RTIn =X + RT = C,T + W—

= (181)
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rae K(T) aBnAercA ¢QyHKUUEH TOMLKO TEMIEPATYpBhI.

YpaBuenue (181) BbipamaeT CIeAYIOWUIl 3aKOH: KOHUEHMPAYUs pac-
meopa 2asa 8 yudkocmu npu daHHOU memnepamype NPonopyuUOHALbHA 0a6-
AEHUI0 2a3a HAJ pACMEopoM.

Ilogo6HbIM 06pa3oM MOKHO A0Ka3aTb, YTO €CIU Hajl #UJKOCTbIO HMe-
eTcA CMeCh Pa3UYHbIX a30B, TO KOHIIEHTpAIUA KaJJOro ra3a B pacTBope
MpoNopLIHOHalbHA ero napiuualbHOMY JaBieHuIo B cMecu. KoHcTaHTa npo-
NOPLUUOHATBLHOCTH B Ka#JOM ClIy4Yae 3aBUCUT OT TeMIlepaTyphl, a TaKkke
OT MPUPOALI PACTBOPUTENA U Kam10ro U3 ra3oB.

29. JlaBieHue Mapa, TOYKa KUIIEHUA U TOUYKa
3aMep3aHHA pacTBopa

llaBreHue napa, ToYKa KUIEHUA M TOYKA 3aMep3aHUA pacTBopa He
Takue, Kak JJIA YUCTOro pacTBopuTelnd. ITOT GaKT OUeHb BaeH C Npak-
THUYECKON TOYKHU 3peHHA, IOTOMY UTO, Kak GyleT MOKa3aHO HUMEe, U3Me-
HeHUA B TOYKax KUIEHUA U 3aMep3aHufd, [0 KpaiiHeil Mepe and pas3bab-
JIeHHBIX PacTBOPOB, IPOMNOPLUOHAIbLHBI MOJAPHBIM KOHIEHTpaluAM pac-
TBOPEHHBIX BellecTB. I3MepeHNe 3TUX U3MeHEHUI NaeT o4YeHb YNOOHBII
MeTOJ onpejeleHUA MONAPHOI KOHIEHTpalK pacTBopa.

[Ipeamonosxum, uto pacTBop He JdeTyuuii. B Takom ciyyae map Hapg
pacTBopoM OyJeT colep;aTh TOJIBKO YUCTbIM KCIApUBLIMICA pacTBOpU-
Tenb. JonycTuMm pganee, 4TO Korja pacTBOpP 3aMep3aeT, TO TBepJAeeT YHcC-
ThIl pacTBOPUTEIb, a BCe pacTBOPEHHbIE BelllecTBa OCTAIOTCA B pacTBOpe.

Tenepb Mo HO 1erko nokasaTh, UTO JaBlleHHe apa Haj pacTBOPOM
IpyU JaHHOU TeMIepaType HUe, YeM HajJ YHUCThIM pacTBOpUTENEM IIpU
TOH e TeMnepatrype. PaccMoTpum anmapat, nokasaHHblil Ha puc. 21. OH
COCTOUT U3 TPYOKU NPAMOYTOJLHOU (OPMBI, B KOTOPO# YUCTHINA pacTBO-
pUTEIb U PAacTBOD OTAENEHbI OJUH OT APYTOro B HUMHeH 4acTu (Y TOUKH
B) nonynponuiiaeMoii nepenoHkoii. BeiegcTBrue 0CMOTHYECKOr0 JaBIeHUA
ypoBuM A 1 C' cOOTBETCTBEHHO YHCTOTO PACTBOPUTENA U pacTBOpa He By-
OyT HaXOAUTbCA Ha 0qHOI BbicoTe. YpoBeHb C pacTBopa Gymet Bbiie. Tak
KaKk pacTBOpPEHHOe BelecTBO HeyleTyuduBamwlleecHd, To o61acTb B TpyOKe
Hag A u C Gynet 3anonHeHa mapamMu TOJbKO YHUCTOTO PacTBOPUTENS.

Ilomoxinem, nmoka ycraHoBuTcA paBHoBecue. [aBieHue mapa B Hemo-
CpeAcTBeHHO 61u30cTU MeHucKka A GyeT paBHO JaBleHHIO HACHIIEHHOTO
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napa B paBHOBECHHU CO CBoeil UKot ¢asoil, a naBienue napa y C' 6yget
TaKOBbIM /Il HACBINIEHHOI'0 Tapa B paBHOBecHU ¢ pacTBopoM. OueBHIHO,
yro naBnenus y A u C He paBHbl, Tak Kak A u C HaXOAATCA HA Pa3IUYHbIX
ypoBHAX. [lockonbky C' nemuT Bblllle, YeM A, TO IaBieHHe Napa y TOUKH
C Huse, yeM y TOuKM A, T. e. JaBlleHUe Mapa HajJ pacTBOPOM HUie, Uyem
JaBlleHle mapa Hajl YHUCThIM pPacTBOPUTENIEM.

YT06bl KOMMUECTBEHHO ONPENEIUTh 3TY pas-

HOCTh AaBieHuil Ap oTMeTHUM, YTO OHA paBHA AaB- Hapot

- pacmseopumenst
JIeHHNI0, OKa3bIBaEMOMY CTOJOOM Iapa BbICOTOI h.
Ecau p’ — miotHocTb napa, a g — YCKOpeHUe cu- C

JIbBI TAMECTH, TO

Ap = p'hg. h

T T T 11T

C napyroil cTOpoHbl, JaBieHUe, OKa3blBaeMoe A
mugsum cronbom CD, paBHO OCMOTHYECKOMY
nasiaenuio P pactsopa. Ecau p — mioTHOCTh unc-

Pacmeo- B Pacmeop

TOT'0 pacTBOpPUTEJA, TO AJIA 0OCMOTUYECKOr0 JaBie- pumenr
HUA, npeHebperasa pasHulleil Me# 1y MIOTHOCTLIO
pacTBopa U IJIOTHOCTbIO UKMCTOrO pacTBOPUTENA, Puc. 21.

a TaKiKe INIOTHOCTbIO Mapa, Mo CPAaBHEHUIO C MIOTHOCTHIO MUJKOCTH, MO-
Iy YUM

P = phg.
Pasnenus nepBoe ypaBHeHHe Ha BTOpPOe, 3aMUIIeM
ar _ 0/
P p’
uinu .
P Vo
ap=PE =P,
p Yo
rge vgp U vy, — 00bEMbl, 3aHAThIE OJHUM MO/JEM YHCTOTO PACTBOPUTENA

COOTBETCTBEHHO B HUAKON 1 rasoobpasHoii pasax (vg U v} 06paTHO mpo-
nopuuoHanbhbl p u p'). llogcraBissa B nocnejgHee BbIpazeHe 0CMOTHYEC-
Koe faBienue P, cormacuo ¢opmyie (165), u monaras A4 NpOCTOTbHI, YTO
B pacTBOpe HaXOAUTCA TOIbKO OJHO pacTBOPEHHOE BELIeCTBO, MOIYYUM
RT N,

Ap = — 182
p U(l)NO, (8)



Tepmodunamura caabvlxr pacmeopos 137

YTO NpefcTaBifAeT Pa3HOCTb Me# Ay [JaBjeHUeM Iapa pacTBopa U AaBile-
HUEeM Mapa 4UCTOr0 pacTBOpPUTEJA.

ToT darT, uTo gaBNeHUe Napa AJNA pacTBoOpa HUME, UYeM AJIA YUCTOTO
pacTBOPUTEINA, HEOCPEACTBEHHO CBA3aH € TeM, UYTO TOUKa KUIeHUA pac-
TBOpAa BbIlllE, YEM YHUCTOI'0 PacCTBOPUTENA, TaK KaK TOYKA KUMEHUA ABIA-
eTcA TeMIlepaTypoil, IpU KOTOPOIil JaBlieHUe Mapa paBHO OAHON aTMocde-
pe. PaccMoTpuM 4YMCTHIN pacTBOpPUTENhL B TOUKe KUIEHUA; JaBleHUE ero
mapa paBHO OfiHOI1 aTMocdepe. Eciu pacTBOpUTb HEKOTOpOe KOJIUYECTBO
BelllecTBa B 3TOM pacTBOpHUTee, NOoJepAKUBaA TeMIepaTypy NOCTOAHHOI,
TO JaBlleHue mapa ynaaeT Hu#xe ofiHoi aTMocdepbl. CnegoBaTenbHO, YTO-
Obl BEPHYTh [aBleHle BHOBbL K ero epBoHaualbHOH BelM4MHe B OAHY aT-
Mocdepy, Mbl JOJNKHBI MOBBICUTb TeMIepaTypy pacTBopa. IIpu momouu
ypaBHenus (182) u ypaBHenusa KianeiipoHa erko MO#HO BbIBECTH BbIpa-
MeHue AJA U3MeHeHUA TeMIlepaTyphbl KUIeHUA pacTBopa. BmecTo aToro
nojcyuTaeM NMPAMBIM METOAOM U yMeHbllleHHe JaBleHUA Napa, U MOBbI-
meHUe TeMIepaTypbl KUNEHNA.

PaccmoTtpum craabelit pacTBop, cocToAmuil us Ny Mojeil pacTBOpuTe-
adg u N1 Moneli pacTBOPEHHOI'0 BellleCTBa B PABHOBECUU € MAPOM YUCTOI'0
pacTBOpUTeNA.

[Mycts N} — umcno moneit pacTBOpuUTels, cojepsianieecs B Napoob-
pasHoii ¢aze. Uz (148), (149), (155) u (121) ana TepMogMHAMHUYECKOTO
norexuuana ®pacrs NodyvaeMm

N
P pacrs = Nowo (T, p) + N1g1 (T, p) + RTN; In Fl
0

rge

wo(T,p) =uo — Tog +puo 1 1 =ur — Toy + puy.

Myctb v (T, p) — TepMOAMHAMHUYECKUI IOTEHIIMAA OJHOTO MOJA Napa
pactBoputead. Torga TepmoanHamMuyeckuil noreHyuan Nj mMoaeii napoo6-
pasHoii da3bl cocTaBasAeT

(I)napa = N(;‘)O:)(Ta p)a
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a TepMOZ[I/IHaMI/I‘{eCHI/Iﬁ NOoTeHIhaa BCeil cucTeMbl

d = (I)paCTB + (I)napa = NO‘PO(Tv p) + NIQDI (Tv P) +

Ny (183)
+ RTN1ln— + Njoo (T, p).
No

YenoBueM paBHOBecHA ABAAETCA MUHUMYM ® NpU MOCTOAHHON TeM-
mepaType W MOCTOAHHOM AaBieHuu. [loaTomMy /1A 6€CKOHEYHO MaJjoro u3o-
TEePMHUUYECKOr0 ¥ M300apuyecKoro mpouecca Joi#Ho ObITh d® = 0. Ecin
dNy Modeit pacTBopuUTe/A B pe3ylbTaTe TAKOro NMpeBpalleHud neperio us
rasoo6pasHoil (asbl B pacTBOp, T. e. ecii Ny 1 IV} U3MeHAIOTCA COOTBET-
ctBenHo Ha dNy u —dNy, TO

0P od

d® = dNg—— — dNg—— =
Y dN, YON} 0,
Nin
e 0
Ny~ ON}

3aMeHsAl IPOU3BOJIHbIE B 3TOM YPaBHEHUU MX BbIPaAeHUAMHE, BbIUUC-
neHHbIMM U3 (183), monyyaem

N
4,00(T,p) - RTﬁl = QOG(T,])),
0
Nin
N
o(T,p) — po(T,p) = RTEI). (184)

YpaBuenue (184) BbIpamaeT COOTHOIIEHHe MexIy TeMIepaTypoil u
JaB/eHWeM Mapa HaJ pacTBOPOM.

IlyeTb pg — AaB/ieHUe HACBINIEHHOTO Iapa YUCTOr0 PacTBOPUTENA MPH
temnepatype 1. Beauuunel T u py GyAyT YHOBIETBOPATb ypaBHEHUIO
(184), ecau monoxuts Ny = 0, HOTOMY YTO B 3TOM cCJyd4ae pacTBOPEH-
HOe BellleCTBO OTCYyTcTBYeT. TakuM o6pasom,

©o(T,po) — o(T,po) = 0. (185)
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KOF,HH B pacTBopHTe/ie HaXOOHUTCH Nl MoJeit pacTBOpPEHHOI'o BeulecT-
Ba, TO JaBJ/IeHHWe p Iapa paBHO

p=7po + Ap,

rme Ap — Manasa BenuuuHa. Pasnaras nesyio yacThb (184) mo cTemeHam
Ap ¥ HCTONB3YA WieHbI MEPBOTO MOPAIKA, HAXOIUM:
Ny

0o (T, po)
RT=L = oo(T, po) — @) (T, po) + A (7’—
No ®o(T,po) — ¢o(T,po) + Ap O,

Opy(T Opo (T O (T (186)
_ o ( »Po)) :Ap( wo(T', po) _ o ’Po)).

dpo Opo dpo

Tak Kak g ABNAETCA TEPMOJAUHAMUYECKUM MOTEHIIUAIOM OJTHOT0 MO-
JA Hawero pacrBopurend, To u3 (123) numeem

0o (T, po)

=
3}’0 05

rae vg — 00beM OJHOT'0 MOJIA pacTrBopuTelf, U nogo6Ho ITOMY

3¢6 (T7 p()) — 1),
Jpo ”

rge vy, — o6beM OJHOT0 MOJA napa 4ucroro pactBopurens. llogcraBaan
nocieanee Boipaxsenue B (186), nmeem

RT N

Ap= ————.
P U(,)—U()N()

(187)

Tak Kak 06beM v, OJHOr0 MOIA Hapa Goiablue, YeM 06bEM vy OTHO-
ro MoOJiA MMIKOTO pacTBoputeis, To Ap orpunartensto. CienoBaTenbHo,
JaBlieHKe Ilapa HaJ pacTBOPOM HU#ke, YeM JaBieHHe HaJ YUCTbIM PacTBO-
puteneM. Ecin BenrnunHoit vg Mo#HO MpeHeGpeyL N0 CPAaBHEHUIO C V), KaK
MBI NpeAnojaraiu 0pu BbiBoje ypaBHeHud (182), To MOKHO cUMTATh, YTO
ypaBuenue (187) coBnamaer c¢ ypaBHenuem (182) (3HaK MHUHYyC 03HAYaerT,
4TO JaBlieHUe apa Haj pacTBOPOM MeHblle, YeM HaBieHKe lapa Hal 4uc-
ThIM PACTBOPHUTENEM).
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Taxkum o6pasom, u3 ypaBHeHus (184) Mbl BbIBenu BbIpazkeHue MIf
yMeHblLIeHUA JaBileHud napa. IIpy noMomu »Toro e ypaBHEHUA M Me-
TOJOM, aHAJIOTUUHBIM TOJAbKO UTO HCHOJIb30BAHHOMY, MO#HO BBIYMCIUTh
TaKke U3MeHeHNe TeMIlepaTypbl KUIIeHUA pacTBopa.

Pacecmotpum pacTBop, TeMnepaTypa KOTOPOro TakoBa, YTO JaBleHUE
p ero napa paBHo ogHoit atMocdepe. [lycTh Ty — TouKka KMNEHUA YUCTOIO
pactBoputend, a T = Ty + AT — Touka KuneHus pactBopa. Tak Kak gaB-
JleHHe Tapa Npyu KUIeHUU paBHO aTMoc(hepHOMY AaBJEeHUIO p, TO JaBleHUe
mapa 4YHUCTOro pacTBoputTend npu TeMmepatype Ty paBHO p. [lockonbry
anfa ductoro pactBoputens Ny = 0, To mpu nomoinu ypaBHeHusa (184)
HaXoauM, YTO

¢o(To,p) — #o(To,p) = 0. (188)

[Ipumenss ypaBuenue (184) k pacTBopy, morydaem
wo(To + AT, p) — po(To + AT,p) = RT—.

Paznaras sneByio yacTb mpejbIayllero ypaBHeHusa no cremneHim AT
U ONlyCKas BCe WeHbI BbIlIe NEepBOii cTeleHu, 3anuneM, uenoiabays (138),
ciefyioliee ypaBHeHHe:

9o (To,p) Oy (To, p)
AT ( 9T T

Ny
) -

U3 (124) umeem

0po(To,p) ~ 0py(To,p) )

aT, 03 aT, 70

rie 0o U 0y — SHTPONUA OJHOI0 MOJA PACTBOPUTENA COOTBETCTBEHHO B
JUIKON M B mapooOpa3Hoit da3zax.
N3 aByx npeapiaymux ypaBHEeHUI HaxoauMm
I\

AT {0’6 - 0'0} = RT()— (189)
Ny
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HyCTb A — Temnora HUCIIapeHuAa OJHOI'o MOJIA pacTBOPHUTeEJIA. Ecau
AaTb BO3MOMHOCTb OJHOMY MOJIIO paCTBOPHUTE/IA UCIIADUTHCA U TOYKE KHU-
NnNeHufd T(), TO KOJMYECTBO MOTJOLUIEHHONW TEeNJI0Thl COCTABUT A, a %0 npen-
CTaBUT N3MEHEHHE SHTPOIHH. CJIeI[OBaTeJIbHO,

A

!
TOg — 00 = —.
0 Ty

[opcraBass 3To BbIpaseHue B ypaBHeHue (189), nomrydaem

RT2 N,
AT = —0 -,
A N

(190)

ITonyueHHOe BhIpaseHne — GopMyia A1d Pa3HOCTHU Mem Iy TeMIepa-
TYpoil KMIIEHUA pacTBoOpa W TeMIepaTypoil KUMEHUA YMCTOr'0 pacTBOPH-
tens. [lockonbry AT > (0, To ToYKa KUNEHUA pacTBOpA Bblllle, YeM TOUYKA
KUIEHKUA YucToro pactBoputend. U3 ypaBuenus (190) BugHO Tarse, 4yTO
U3MeHeHHe TOUYKM KUIEeHUA MPONOPIHOHATbHO MOJAPHON KOHIIEHTpaluu
pacTBopa.

B kauecTBe mpuMepa NpuUMeHUM MOJTYYeHHOE YpaBHEHHE K HOpMalb-
HOMY pacTBOpPY HEROTOpPOro BellecTBa B Boje. [l1A Takoro pacTBopa uMe-
eM:

1000
Ni=1, No= F;

R = 1,986 raa/epad; Ty = 373,1°K.

A =540 x 18 raux;

(MosHo BbipamaTs 1 RT u A B KalopufAx, NOTOMY YTO MX OTHOLIEHMHE,
OYeBH/IHO, Ge3pa3smMepHo).
Moacrasaas stu Beauuunbl B (190), HaxoauM, 4TO

AT = 0,51 2pad.

Ty me popmyay (190) MoHO Taks;Ke HUCNONb30BATHL A TOrO, YTO-
Obl OITpelleIUTh U3MeHeHe TOURY 3aMep3aHuA pacTBopa. Pa3nuna 3aniio-
YyaeTcA JUIIb B TOM, UTO BMeCTO mapooGpa3Hoii ¢a3bl Mbl UMeeM 37eCh
TBepayio ¢asy. Benuuuna A B JaHHOM ciiydae MpeAcTaBifeT TelIoTy, 10-
[VIOLIEHHYIO OJJHUM MOJIEM PacTBOPHUTENA NPH U30TEPMUUECKOM Nepexoje
Yyepe3 TOUKY 3aMep3aHUA U3 MUJKOT0 COCTOAHUA B TBepJoe. JTa TeIIoTa
oTpuuateilbHa u paBHa —A’, rme A’ — TemioTa miIaBlIeHUA OJHOTO MOJA



142 TI'nasa VII

pacTBoputens. B cayuae samepsanua ypaBuenue (190) yno6uo sanucathb
Tak:

RT3 N,

AT = - =R

(191)

N3 sToro YpaBHEHHUA BUAHO, YTO TOYKa 3aMep3aHUA [OJ1A pacTBoOpa
HHUMKEe, 4yeM [OJA YUCTOro pacTBOpUTENA, IPDUYEM IOHUMHEHHE TIPOMNOpPIHUO-
HaJbHO MOJIﬂpHOFl KOHIIEHTpanuu pacTBopa.

B Ccllyyae HOpMallbHOT'O pacTBopa B BoJe, OJA KOTOpOﬁ

1000
18’
R = 1,986 kaa/epad; To = 273,1°K.

Ni=1, Nyo= A" =80 x 18 kau;

Haxogum, uto
AT = —1,85 2pad.

CnenoBaio 6bI OTMETHTh, UTO BO Bcex 3TUX ¢popmynax [Ny mpecTas-
nAeT AelicTBUTEIbHOE UUCIO MOoJell BelllecTBa, COJAepKallerocsa B pacTBO-
pe. OoHaKO 1A BNEKTPONUTUUECKUX PAaCTBOPOB KaJbIil HOH MOMET pac-
CMaTpUBaThCA Kak He3aBUcUMafA Mojeryiaa. Takum o6pasom, AlA Oo4YeHb
CUJIbHBIX 3JIEKTPONUTOB (MMEIOIIMX BbICOKYIO CTENeHb AUCCOUUAINHN) 3Ha-
yeHne [N; HaXOAUM, YMHOKafA UUCJIO MOJeil pacTBOPEHHOI'0 BelllecTBa Ha
YHUCJIO MOHOB, Ha KOTOPOE pacnafaeTcAd HaXoAAIIaACA B pacTBOpe OHA MO-
JeKy/la pacTBOPEHHOI'0 BellecTBa.

3amauu

1. OnpenenuTe ocMOTHYECKOE JaBleHNe U U3MeHeHUe TOUeK KUIeHNus
U 3aMep3aHuA pacTBopa, conepsaiiero 30 2 NaCl B 1 . Boabl.

2. PactBop caxapa (CgH120¢) u pactBop xaopucroro narpus (NaCl)
B BOJle UM€IOT OJMHaKoBble 06'beMbl U ocMOTHYecKkue naBineHud. Haitaure
OTHOIIIEHWEe Beca caxapa U XJOPUCTOro HaTpHA.

3. Hcnonb3ys mpaBuio ¢as, o6CyiuTe paBHOBecHe pacTBopa M Iapa
pacTBOPUTEINA.

4. KoHueHTpalyA HACHIIEHHOro pacTBopa (OTHOIIEHHE YKcaa MO-
Jeifl pacTBOPEHHOrO BellecTBAa K UYUCIY Moljeil pacTBOPUTENfl) ABIAET-
cA ¢pyHKUMell TemnepaTypbl. BripazuTe norapudMudeckre nNpou3BoJHbIE
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3TOoi GYHKIUU 4Yepe3 TeMnepaTypy U TemoTy pacTBopenus. (IIlpeamona-
raeTcf, 4TO 3aKOHBI cJabbIX PacTBOPOB MOT'YT GbITh TaKe MPUMEHHMbI
K HacblllleHHOMY pacTBopy. @opMy1y Mo#HO MONYUYUTb METOAOM, aHajlo-
FMYHBIM HCNOMbL30BAaHHOMY NpH BbiBode ypaBuenusa Kuaneitpona.)



T'nasa VIII
IlocToAHHaA B 3aBUCHUMOCTHU SHTPOINHUU OT
TeMIlepaTyphbl

30. Teopema HepHcTa

Kaxr yme oTrmeuanoch, onpejeienue suTponuu (68)

A
s = [
(o}

rae O — npousBoNbHO BhIGpaHHOE HAavalbHOE COCTOAHME, HE 3aBepIleHo,
NOTOMY 4YTO NMPOU3BOJILHOCThH B BhIOOpE HaYalbHOI'O COCTOAHHA BBOAUT B
SHTPONUIO HeollpeleleHHYIO alJUTUBHYIO KoHcTaHTy. [loka uMeels aeno
TOJNBKO C Pa3HOCTBIO SHTPONUI, TO 3TA He3aBePIIEHHOCTh HeCyllecTBEH-
Ha. OJHAKO MBI ye HaIUIH, YTO ObIBAIOT Clydvau [Hampumep, IpHU pac-
cMOTpeHUH paBHoBecuAa B rasax (ria.VI)|, korja suHanue 3Toil KOHCTaHTBI
CyllecTBEHHO.

B nanHoii rnaBe Mbl BBeieM M 00CYAMM NMPUHIUI, KOTOPBI NO3BOJIUT
HaM HalTH aJOUTHBHYIO KOHCTAHTY, BO3HUKIIYIO MpPHU ONpEeNeNeHUU IH-
TpPONUHU. TOT NPUHIUN, OTKPBITHIN HepHcTOM, YacTo Ha3bIBAIOT TPETHHM
3aKOHOM TepMOJHHaMHKH HIH TeopeMoii HepHcTa.

B dopwme, nepBonauyanbHo yctanoBienHoil HepaeTom, Teopema npume-
HANAch TONbKO K KOHJEHCHPOBAHHBIM cCHCTEMaM, HO 3aTe€M ee HCIHOJb30-
BaHHe ObLIO pacnpoCTpaHEeHO Tak#e U Ha rasbl. MosHO chopMyarpoBaTh
3Ty TeopeMy CleAyIOUM 00pa3oM: dSHMponua 40060t cucmemst npu a6co-
AIOMHOM HYae ece20a moxcem Gblmb NPUHAMA PABHOU HYAIO.

Tar Kak Mbl ONpefelAld TONbKO Pa3HOCTU BHTPONUI MeMIY HEKO-
TOPLIMU OBYMA COCTOAHUAMU CHUCTEMBl, TO NMpHUBEJEeHHAA Bbllle HOPMY-
nupoBKa TeopeMbl HepHceTa pusuvecku monzHa ObITb MHTEPHIPETHUPOBaHA
TaK: Bce BO3MOMHbIE COCTOAHUA CUCTeMBI Tpu TeMnepatype T = 0 uMmeroT
oJlUHaKOBYO 3HTponuio. [loaTomMy, oueBUIHO, YIOGHO BRIOpPATh COCTOAHUE
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cucteMbl mpu T' = 0 Kak cTanjgapTHoe coctoanue O, BBefieHHoe B § 12.
JTo JaeT HaM BO3MOMKHOCTH MOJOMHUTDH SHTPOMNHUIO CTAHAAPTHOIO COCTOA-
HUA paBHOW HYIO.

JHTPONUIO HEKOTOPOTO COCTOAHUA A Temepb ompefendeM, BRIKOYad
JOOTONIHUTEIbHY 0 KOHCTaHTY, UHTErpajoM

;i d
sw= [ . (192)
T=0
rjae uHTerpan 6epercAa BI0Jb 06paTUMOro mpoliecca, HAYMHAIOMErocA npo-
M3BOJbHBIM cocTofinveM nmpu T = 0 (HUKHMI Ipefen) U 3aKaH4YKMBaIOIe-
rocsa coctofineM A.

B »Toii KHUre MBI MpuMeM Teopemy HepHcTa kak moctynat. OgHa-
KO Npeje AaguM KpaTKoe TeopeTHUUYecKoe 060CHOBaHUE 3TOH TeopeMbl,
yToObl YOEIUTh UNTaTelA B €e NpaBAoNog0oOHOCTH.

Mb1 y#e BUAeNH, YTO TEPMOJUHAMUYECKOE COCTOAHUE CHCTEMbI He
omnpenenfaeT TOYHO COCTOAHUE CHUCTEMbI, IOTOMY UTO €My COOTBETCTBYET
OrpOMHOE UKCJIO AMHAMHYECKUX COCTOAHMI. ITU coobpaxeHUA MPUBOJAT
K cooTHoleHu0 Boabiumana (75)

S=klnm,

rfie T Ha3bIBa€TCA BEPOATHOCTHIO cocToAHUuA. CTporo roBops, m He ABIA-
eTcA BePOATHOCTHIO COCTOAHUSA, a8 B IeiCTBUTEILHOCTH OHO NpeJCTaBlAeT
co00il YUCNo TMHAMUYECKUX COCTOAHUI, KOTOpble COOTBETCTBYIOT JaHHO-
MY TepMOJUHAMHUUYECKOMY cocToAHUIO. Ha mepBbIil B3riAj KameTcA, U4TO
3TO MPUBOJUT K CEPhE3HBIM TPYAHOCTAM, TaK KaKk JaHHOMY T€PMOJUHAMU-
YeCKOMY COCTOAHHUIO COOTBETCTBYeT GECKOHEUHOe UYUCIO JUHAMHUUYECKUX
COCTOAHUN. JTUX TPYAHOCTEH ynmaloch u36eaTb B KIACCUYECKON cTa-
TUCTHYECKOI MeXaHWKe cledyomuM o6pa3oM.

JliHaMuvecKre COCTOAHHA CHCTeMbI 06pa3yioT MHomecTBO (0o2f),
rae f — uucno creneHeii cBo6oabl cucteMbl. [loaTOMy Kasoe cocTogHNe
MO#eT ObITh MPEJCTaBIEHO TOUYKOH B 2 f-MepHOM MpPOCTpPaHCTBE, KOTOPOE
HasbIBaeTCA (pa30BbIM MPOCTPAHCTBOM cHcTeMbl. OJHAKO BMECTO TOYHOTO
n3o6paskeHuA TUHAMHYECKOTO COCTOAHUA, KOTOPOT'0 MOMHO IOCTHUYb, 060-
3HAUUB TOYHOE MONoMeHUe B $pa3oBOM MPOCTPAHCTBE TOYKH, U306paralo-
mei cocTofiHue, BBOJUTCA cllefyiollee pUOIUKEHHOe TpeicTaBleHue.



146 Tnasa VIII

®azoBoe NPOCTPAHCTBO pa3fieNAeTCA Ha DA OYeHb MAaibIX AUeek,
Ka#/J1afd U3 KOTOPBIX MMeeT OJMHAKOBBIN «CBepX»-00heM (runepodbem) T.
Toraa cocTofiHMe XapaKkTepusyeTcA 3ajaHueM fiueilkd, B KOTOPYIO moma-
laeT TOYKa, ONKMCHIBAIOIAA TO cocToAHMe. TakuM 06pa3oM, Bce COCTO-
AHNA, KOTOPbIE ONpeleNATCA TOUKaMH, ealliMK B OIHOH Aueiike, He
CUNTAIOTCA PA3IUYHBIMU. JTO U306paHeHnue COCTOAHUA CUCTEMBI 6110 Obl
abCoNIOTHO TOYHBIM, ecliu Obl AYEiiKM GbLIN BbIGpPAHbI 6ECKOHEUHO MAallbl-
M.

IlpefcTaBienre IMHAMUYECKOTO COCTOAHUA B BU/Ie AUeeK BBOJUT Mpe-
PBIBHOCTb B MOHATHE COCTOAHUA CUCTEMBI, YTO NO3BOJAET BbIYUCIAUTEL T
MeTO/I0M CTATHCTHYECKOro aHalu3a, a OTCIOa ¢ MOMOUILI0 COOTHOMEHHUA
Boabumana gaTh craTucTHUYecKoe onpejelnenue suTponuu. CienoBaio 6bl
OTMETHUTb, 4TO 7, 8 IOATOMY U BeJIMUYMHA SHTPONMH, 3aBUCAT OT BHIOPAH-
HBIX pasMepoB Aueek. JeficTBUTENbHO, eclii 06hbeM AUYeeK eNaeTcA ucye-
3aiolle MajbIM, TO Kak 7, Tak U S obpamaloTcA B 6€CKOHEUHOCTD.

OfHAKO MOKHO M0KA3aTh, YTO NPH U3MEHEHUU T B T MOABIAETCA He-
KOTOpbIi MHOKUTeNb. Ho u3 cooTHomenus Boabumana S = kIn caenyer,
YTO HeolpeJieleHHbIil MHOMUTENb B T MPUBOIUT K HeolpejielleHHOM aiu-
TUBHOW KoHcTaHTe B S. Takum o6pasoM, KiaccuyecKkas CTaTHCTUYECKAs
MeXaHUKa He MOKeT NPUBECTH K ONpe/eNeHUI0 KOHCTAHTHI B BHTPONHH.

[Ipou3BOALHOCTD, CBA3AHHAA C T, 8 IO3TOMY U € BHTpOMNHUeil, B Kiac-
cHYecKoil MHTeplpeTalud MO#eT ObITh ycTpaHeHa NPH HCIONb30BAHUH
NPUHIHMIOB KBAHTOBOW TEOpHMH, NOTOMY YTO KBAHTOBAaf TEOPHA BIOJHE
eCTeCTBEHHO BBOJHUT MPEPHIBHOCTL B ONpe/ieleHue JUHAMUYECKOro COCTo-
AHUA CUCTeMbI (IUCKPEeTHbIe KBAHTOBbIE COCTOAHNA) 6€3 NPUMEeHeHUsA Mpo-
M3BOJILHOTO Jle/leHUA MPOCTPAHCTBA Ha Aueliku. Mo#HO NoKasaTh, 4To /A
CTAaTHCTUYECKUX leleil 3Ta MPepbIBHOCTb SKBUBANEHTHA NeleHHI0 (pazo-
BOTO MpOCTPaHCTBA Ha AYelkU, UMelolmue o6beM, paHbiii hf, roe h —
nocroannasa Ilnanka (h = 6,55 x 10727 ape - cex), a f — uucio cre-
neneil cBo6ozbI cucTeMbl. [loguepkHeM, He BXOIA B NOAPOOHOCTH, UTO B
nocle10BaTelbHON KBAHTOBOM CTATUCTUYECKOl TEOpHH HCYe3aeT BCA He-
oTpe/ieleHHOCTh B ONPe/leleH|H T, 8 I03TOMY U B ONpe/lelleHUd SHTPOIUHU.

CornacHo cooTHomenuo Bonbimana, Bennuuna m, KOTopas COOTBET-
crByer S = 0, ectb m = 1. [loaToMy B cTaTHCTHYECKO# MHTepHpeTaluu

punaToe ceiiuac 3sHauenue noctoaHHol Ilnanka paBHo 6,625 x10~27 ape - cex (npu-
MeyaHHe peJaKTopa NepeBoja)
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TeopeMma HepHcTa ycTaHaBnIuBaeT, UYTO mepmMOOUHAMUYECKOMY COCTNOAHUIO
cucmembvl npu a6COAOMHOM HYie COOMBEMmCcmeyem MmoabKo 00HO JuHAMU-
yecKoe cocmosHue, d UMEHHO: JUHAMUYeCKoe COCIMOAHUE ¢ HauMmeHbulel
oHepeuell, coemecmumoe ¢ 0AHHOU KpUCMAAIULECKOU CMPYKMYPOL UAL C
OGHHbLM a2pe2amHbLM COCIMOAHUEM CUCIeMbL.

Teopema HepHcTa Gbliia 661 0IMOOYHOIM TOMBKO B TOM ClIydae, eClIu Gbl
MMeJIoCb MHOTO AMHAMHMYECKHX COCTOAHUI ¢ HauMeHbineil sHeprueii. Ho
Jaske W TOrJa YKCIO TAKUX COCTOAHUI NOJ#HO ObITb HeoObIUAHO Belu-
K02, uTO6LI OTKJIOHEHHEe OT TeopeMbl GbLI0 3aMeTHO. XOTA TeopeTHUecKH
Hellb3Al IOKa3aThb HEBO3MOKHOCTb CYLIeCTBOBAHUA TAKUX CUCTEM, KameT-
cA KpaiiHe HeNmpaBJONOAOGHBIM, UTO TaKHUe CHUCTEMbl NeHCTBUTEILHO CY-
mecTBYIOT B npupoje. [loaToMy MBI MozkeM NpeAnoloKUTh, UTO Teopema
HepHcrta Bcerga npaBuiIbHa.

PaccMmoTpuMm Tenepb HeKoToOpble ciedcTBUA U3 TeopeMbl HepHeTa.

31. IIpumeHeHue TeopemMsbl HepHcTa K TBepAbIM TellaM

PaccmoTpum TBepaoe Te0, KOTopoe HarpeBaeTcA (HanmpuMmep, Ipy o-
CTOAHHOM JaBJ€HUHU) JI0 TeX M[op, MOKa ero TemIlepaTypa He BO3pacTeT
OT abCONIOTHOrO HYJA 10 HEKOTOopoi ompejeneHHoi Beauuunsl 71'. IlycTb
C(T) — remnoeMKocTb Teia (IpH NMOCTOAHHOM [aBIEHWH) MpPU TeMIIe-
patype T. Toraga mpu u3MeHeHUM TeMIepaTypbl Ha BeaunuuHy dI' Teno
noryomaeT KoiaudectBo Temwnotsl dQ = C(T') dT. llosToMy sHTpONUA Tela
npu Temnepatrype T MoeT ObITh NpejacTaBieHa (cMm. ypaBHenue (192)) B
cleqyIoleM BUJE:

T

_ [ CT)

S= / S ar. (193)
0

U3 ypaBuenusa (193) MoxHO HOAYYUTH MEPBOE CIEICTBHE TEOPEMbI
HepHcra: BugHO, 4TO ecnu Gbl TeMI0eMKOCTh mpu abcotoTHoM Hyne C(0)
oTJaMYaiach OT HyJA, To uHTerpan (193) pacxoguica Gbl Ha HUMHEM Ipe-
nene. [losaToMy mon#HO ObITH

C(0) = 0. (194)

2Tlopsanka eV, rae N — uuciio Mosekyn cHCTeMBI.
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JTOT pe3yabTaT HAXOJUTCA B corJa-
C(T) CHH C OMBITHBIMHU JaHHBIMHU IJIA TENJI0eM-
KOCTYU TBEpAbIX Tel.

Ind mpocTOThI OrpaHMYUMCA pac-
CMOTPEHHEeM TBepAbIX XUMHUUYECKHUX 3Jie-
3R MeHTOB U BbINONHUM BbIYMCIEHHAA AJA 011
HOro rpamM-aToMa. PucyHok 22 saBnsert-
cA KayeCTBEHHBLIM rpauuecKuM U300pa-
MeHueM H3MeHeHHA aTOMHOH TemjIoeM-
KOCTHM OT TeMIIepaTyphbl COrJAcHO 3KCIe-

Puc. 22. pumMeHTy. W3 pucyHKa BUIHO, YTO aTOM-
Haf TEeMI0eMKOCTb AelCTBUTEIbHO 0Opa-
maeTcA B HYlb B aGcomoTHOM HyJe. [Ipn Gonee BhICOKMX TeMIlepaTypax
C(T) npubnusaercA K NMpelelbHOll BelnunHe, KOTOpasg Malo OTIMYaeT-
cA JJA pasiuYHBIX 3JE€MEHTOB M JIeMUT OueHb OJU3KO K BennuuHe 3R.
IIpenenbHOe 3HaYeHUe JOCTHTaeTCA MPU KOMHATHON TemmepaType. dTOT
pe3yibTaT fAIBJfAETCA BbIpameHneM XOpoIlo HW3BecTHOro 3akoHa [ionoHra
u [ITu, KoTophIit MoKeT GLITH cHOPMYIUPOBAH CleAYIOIUM 00pa3oM: 6ce
meepdvle daeMEHMbL NPU KOMHAMHOU memnepamype umelom 00UHAKOBYIO
amomHylo menaoemrKocms, komopas pasia 3R. JApyeumu caosamu, npous-
sedeHnue ydeavbHoll mensoemMKocmu U AMOMHO20 8ecd 00UHAKOBO OAsL 6Cex
meepoblx d.aemeHmos u pasHo 3R.

Teoperuueckasa gopmya Iiad yaelbHOU TEMJI0EMKOCTH TBEPIbIX 3Jje-
MEHTOB, KOTOpasA XOPOIIo coryiacyeTcA ¢ ObITOM, Gblia BoiBeaeHa eGaem
Ha 0CHOBe KBaHTOBOi1 Teopuu. Beipamenue Jle6aa MoxHO 3anucaTh B BUIe

0

rie § — xapakTepucTHUYeCKaA KOHCTAHTa BellleCTBa, KOTOpad UMeeT pas-
MepHOCTb TeMIepaTyphl; OHa Ha3bIBaeTcA Temnepartypoii [Je6aa; D npen-
cTaBifAeT coboil creayiomyio GyHRIUIO:

1/¢
D(¢) = 12¢° /

0

C(T) = 3RD (Z) : (195)

dr 3/
et —1 ol _71’

(196)

Mockonbry A Gonbmux 3Hadenuit & ¢pyuruua D(€) crpemuTes K
enuuune, To u3 (195) cregyer, yTO aTOMHAA TENIOEMKOCTh IPU BBICOKUX
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TeMIlepaTypax CTpeMHUTCA K mpefely, paBHoMY 3R, kak u TpebyeTcA 1o
3akoHy [Hiononra u IlTu.

Ilpu manbix 3HaveHuax £ BepxHuil mpegen uuTerpaia (196) momHo
3aMeHUTh GECKOHEYHOCTbIO U ONYCTUTh BTOPOE claraeMoe BhbIpazkeHUf,

NOTOMY YTO OHO OY€Hb OBICTPO CTPEeMHUTCA K Hy/Io npu £ — 0 (rv Z—’e — %) .

[Mostomy ana & — 0 3anuiiem

< 3 4 4
vde %53. (197)

D(¢) — 1253/ )

0

W3 3T0oro acumMnToTuyeckoro Beipamenud quAa D(£) noayuum cnempy-
Iolllee BbIpasieHUe HJA aTOMHOH TeI0eMKOCTH B 061acTH HU3KUX TeMIle-

paTyp:

120¢ R
= 9—3T3—|—..., (198)

U3 KOTOPOI'o BHUAHO, YTO IPU HU3KUX TeMIlepaTypax aToOMHaf TelloeM-
KOCTb MpONopIyoHalbHa KyOy TeMiepaTypbl. ITOT BbIBOJ U3 Teopuu [le-
6afd XOpOIIO COrJacyeTcd C ONbITOM.

Hcnoabsysa dopmyny lebad, MO#HO BBIUUCAUTL SHTPOMHUIO paMM-
aToMa TBepjoro tena, noacrasiaa (195) B (193). [Ipopenas aTo, HaxX0AUM

T
T T '}
c d d
S:/%)dT:iiR/D(%)TT::%R/D(&)%. (199)
0 0 0

o(T) =
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3amenana D(¢) B (199) ero TouHbIM BbIpa#eHHeM, MOLY UM

a
T

T3 [ 23dx e
S—3R 49—3/—6:':_1—111(1—6 ) = (200)
0

= 3RInT + 4R — 3RIn6 + - -

locnegusas ¢opmyna cnpaBeanuBa ana 1' > 0, T. e. B o6nacTu TeM-
nepaTyp, AJA KOTOPbIX MpUMeHUM 3aroH [rononra u IlTu.

IIpn nomomu Teopembl HepHera o6¢cygum Tenepb npeBpalieHue TBeEp-
Joro Tella U3 ONHOM KpucTalnuyeckoil popmel B aApyryio. B kauecTBe mpu-
Mepa pacCMOTPUM MpeBpallieHre 0J10Ba U3 ceporo B 6enoe. Cepoe 0J10BO fAB-
JifieTcA ycToiiunBoii ¢opMoli Mpy HU3KUX TeMIlepaTypax, a 6ejoe ycToiuu-
BO IIpU BBICOKMX TeMmepaTypaXx. Temnepatrypa nepexoaa Ty paBHa 19°C,
uin 292°K.

IIpeBpamenue oJoBa M3 ORHOIN awIOTpoONMUYecKOl MoAudbUKaNUU B
IPYTyI0 BO MHOI'MX OTHOLIEHHWAX aHAJOTMYHO IIJaBI€HUIO TBEpJOro Te-
na. Hanpumep, onoBoM noriomniaeTcA HEKOTOPOE KOJINMYECTBO TEMIOTh] IPU

3HMcnonb3oBana cregyioman Gopmyia;

w d w 1/€ 34 w d_2§_
as _ 2 T “i _ 3
/D(Oé 12/£0I§/eﬂf—1 3/81/5—1'

0 0 0 0

MeHAA MOPANOK MHTErpUpPOBaHMA W BBOAA 1/ Kak HOBYIO NepeMEHHYIO BO BTOPOM
WHTerpasne, 3anuiem

1/w oo 1/z

“ 3 i 3
[po% =12 [ 22 [¢acrrz [ 22 [ eac

¢ er —1 er —1
0 0 0 1/w 0

oo 1/w 3

—3/ da :4w3/ @” do —ln(l—e_%>.
et —1 et —1
1/w 0

IIJ'IH 60AbIMUX BEIUYUYUU W nojgydaem ciefyroniee acCMMIITOTUYECKOe BbIpa:ieHue

[ de 4
O/D(f)? = S +nwt-



Ilocmosannas 8 s3asucumocmu HmMponuu om memnepamypvt 151

nepexojie OT cepoit K 6eloii MoguduKanuu. JTa TeloTa npespamenus @
paBHa 535 KaJlopufAM Ha rpaMM-aToM NpHU TeMIepaType nepexoja.

YeroitunBoi MoguduKalnueil HU#e TeMIepaTyphbl nepexojia ABIAETCA
cepoe onoBo. [Ipn HU3KKMX TeMmepaTypax MOMET, OJHAKO, CyIecTBOBATb
1 Gejoe 0JIOBO — B HEYCTOMYMBOM MeTacTabuibHOM cocTogHuU. [loaTomy
MO#{HO U3MEPUTD YIeIbHYIO TeMJI0eMKOCTh KaK Ceporo, Tak 1 6eoro ojo-
Ba OT HU3KUX TeMIepaTyp BILIOTb 10 TeMIepaTypbl nepexoga. ATOMHbIE
TEIOEMKOCTH 3TUX IBYX MOAUGDUKALUN He paBHBI: MIPU ONHOM U TOW e
TeMIepaType aToMHaf TelJI0eMKOCTh Ceporo 0jl0Ba MeHbllle, 4eM 6eJoro.

[IpeBpamienue ojoBa U3 ceporo B 6efoe ABIACTCA HEOGPATUMbIM MPU
TeMIlepaTypax HUe TeMIepaTypbl nepexoja (Tak Kak cepoe 0J0BO yCTOM-
YKMBO HUMeE TeMIIepaTypbl Nepexoja, TO caMONpPOM3BOJIbLHbBINA Mepexoa Mo-
#KeT MPOM30WTH TOJbKO OT Genoil K cepoil Moaudburanuu). OnHAKO npH
TeMIlepaType lepexofia MpeBpalleHne Mex Iy AByMA MoAuGUKaUAMU 06-
paTumo.

Oycts S1(To) u S»(Tp) — sHTpONMM OpU TeMIepaTypax Hepexoja
OJIHOr0 TpaMM-aToOMa COOTBETCTBEHHO ceporo u Gemoro ojosa. [lpumenas
cooTHolenue (69) kK 06paTUMOMY M30TEPMHUUECKOMY IIPEBpAIEHHUIO CepPO-
ro onoBa B Genoe, MoNyJaeM:

Genoe

Sy(Ty) — S1(Tp) = /

cepoe

dQ _ Q
—_— = —. 201
T o T (201)

0603HauNB aTOMHYIO TEMIOEMKOCTb CEPOro 1 6Gejoro 0joBa COOTBET-
crBenHo uepe3 Cy(T) u C2(T), momuo Boipazutb S1(Ty) u S2(Ty) npu
nomoiy ypasHenus (193) ciaeayromum o6pasom:

T, Ty

Sy (Tp) :/@dT; 52(T0):/%dT. (202)

(=}

T T
0

Tarum o6pasom, u3 (201) Haxogum ypaBHeHHe

T() TO
C(T) Ci(T)
Q=T ar — | ==2dr |, (203)
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KOTOpOe BhbIpakaeT TeIJOTY MpeBpalleHud () mpoliecca yepe3 TeMmepa-
Typy nepexoga Ty U aTOMHYIO TeINIOEMKOCTb ABYX ¢opM oioBa. YToGbl
[IPOBEPUTH CHPaBeIUBOCTL ypaBHeHUA (203), BBINONHAM HHTErPHPOBa-
Hue. B pe3yinbTaTe 4ncleHHOIO MHTErPpUPOBaHUA MOIYYUM

To

/% dT = 12,30 raa/epad.;
0

Ty

/ % dT = 10,53 raa/epad.

0

Tak kar Ty = 292°K, To u3 (203) MbI noiayuyaem
Q =292(12,30 — 10, 53) = 517 raa.

Xopoliee cornacre Me#y 3TON BeIMYNHON U 3KCNepUMEHTaNbHON Be-
auuyuHOi () = 535 ka4 MOMHO paccMaTpUBaThb KaK cepbe3HOe MOATBepHK-
nenne TeopeMbl HepHeTa. HeGonbIyio pasHUIly Me#ay 3TUMU BelMYUHAa-
MM MOKHO 00BACHUTh OMUOKAMU ONbITA.

32. JHTpoNnuiiHaA KOHCTaHTa ra3oB

B § 14 Mbl BbIYMCININ SHTPOMUIO OJJHOI'O MOJA HA€albHOTO rasa (cMm.
ypaBHenue (86)) u noaydnnu

S=CyInT+RInV + a.

Heonpenenennaa agquTHBHaA KOHCTaHTa a, KOTOpad MOABIAETCA B
3TOM BbIpa#eHU!, Ha3blBaeTCA SHTPONHIHON KOHCTaHTOI rasa.

Ecnu 651 Mo#HO ObLI0 HemocpeAcTBEHHO NpUMeHUThL Teopemy Hepae-
Ta K popmyae (86) 1A SHTPONKMHU, TO YCIOBUEM ONPeIeleHIA KOHCTAHTHI a
6b110 GbI paBeHCTBO HYI10 3HTponuu S npu T = 0. OgHaKO eciyu MbI MOMbI-
TaeMcAl cllellaTh 3T0, TO yBuauM, uto C'y InT B npaBoil yacTu paBeHCTBa
(86) oGpaiiaeTca B GECKOHEYHOCTh U KOHCTAHTa OKa3biBaeTcA GeCKOHeY-
HOWM.
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[IpuuuHoit 5TOll Kamymeiica omuboyHocTH Teopembl HepHera ana
HleallbHbIX ra30B ABIAETCA Hallle NPeJIoJoMkeHe 0 NOCTOAHCTBE yaelb-
Holl TemnoeMkocTu Cy, Kak 06 0OJHOM M3 CBOHCTB HjaealbHOro rasa. Kax
MBI yie BUJEIM B Hayajle MpeIbplAylIero pasiena, 3T0 HECOBMECTHMO C
Teopemoii HepHcra.

Bbixoa u3 3TOl TPYIHOCTU MOM#HO ObLIO Obl UCKATh B TOM, YTO HU-
KaKkoe HMCTHHHOE BelleCTBO He BeleT ceOA Jaxe NpUOIUMEHHO MOJ0OHO
HealbHOMY a3y BOGIM3U abCOMIOTHOI'0 HYNIA: BCe Ta3bl KOHIEHCUPYIOTCA
IpYU CpaBHUTEIbHO HU3KUX TeMInepatypax. [loaToMy dusnuyecku Hepomyc-
THMO TpUMeHeHHe Gopmyibl (86) K rasaM mpu TeMneparype, GIU3KOH K
abCoMOTHOMY HYIIIO.

Ho, nase He yuuThIBag 3TUX cooOpaseHUil, U3 KBAHTOBOI MeXaHURU
njeajlbHOro rasa (ompejeifieMoro Kak ras, MOJNEKYJIbl KOTOPOr0 HMEIOT
npeHeGpeUMO Malylo BeJUYNHY U He B3aUMOJEeHCTBYIOT APYT ¢ APYTOM)
MO#HO cllelaThb BbIBOJ, UTO yJelbHafA TEIO0eMKOCTh MPU OYeHb HU3KUX
TeMIepaTypax yMeHbIIaeTcA TakUM 00pa3oM, uTo obpalnaeTcd B HyJb IPU
T = 0. CnemoBarenbHo, nase A UIealbHbIX rasoB Gopmyiny (86) MouHO
MPUMEHATb TOMILKO B TOM clyuae, eclii TeMIlepaTypa He CIUIIKOM HU3Ka.

Hcnonb3yA cTaTucTyecKue METOMIbL, 8 TaKHe HeloCcpeJCTBEHHO NpU-
MeHAA Teopemy HepHcTa, MO#HO NOACUMTATb SHTPONUIO UAealbHOIO ra3a
IJA BceX TeMmmepaTyp. B o6nacTu BbICOKMX TeMIepaTyp DHTPONUA HMe-
et Bua (86), oJHAKO He C HeolpejelleHHON KOHCTAHTON a, & ¢ M3BECTHOI
(yHRIUEeH MOJEeRYIAPHOro Beca U JPYTUX MOJEKYIAPHbIX KOHCTAHT rasa.

Haunpocreiiimum ABAAETCA OAHOATOMHBIN ra3, QA KOTOPOTO 3HTPO-
MUA 0JHOTO MOJIA AaeTcA GopmyJioii

3 (27 M R)?/?web/?
S:R(ilnT—l—an—l—ln 13 Al , (204)
rie M — atomHbiii Bec, h — nocroanHad [lnanka (h = 6,625 -

10727 5pe - cex); A — uucao Asoranpo (A = 6,03 1023 1/moav); a w —
11eJI0€ YUCIIO MOPANKA €AMHUILI — CTATHCTHYECKHI BeC 0CHOBHOI'O COCTO-
AHHA aToMa. 3HavYeHNe w JUIA Pa3iduyHbIX aTOMOB M0IYy4YaeTCA U3 KBAaHTO-
BOW TEOpHH; Mbl YKaxeM BelMYUuHY w A BCeX paccMaTpuUBaeMbIX 3[eCh
NPUMEpPOB; € — OCHOBaHWe HATypalbHbIX JOrapupMoB.

®opmyia (204) Boepsbie 6bl1a noaydyena Terpogom u Cars. [as Toro,
4TOoGbI OKA3aThb, uTo (204) MozeT ObIThL BbhipaeHo B Gpopme (86), cienyer
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npuHATE B pacueT (34). Torga AifA KOHCTAHTHI 3HTPONUU OLHOTO MOJA
0JIHOATOMHOTI'0 rasa MoJlyYuM

a=Rln

QT MR)3/2e5/2
(2rMR)*?we :R(

2
3 A -5,65+ - InM + lnw) . (205)

3

MosHO Tak#e 3anucaTh HTPOMUIO UealbHOI0 OJHOATOMHOTO ra3a B
dopme, coorBeTcTBYOmEN (87):

P (206)

5 (2 M)3/2 R5/2web/?
S:R<§lnT—lnp+ln )

B 310t KHUTre MBI He HaeM JoKasaTelbCTBa 3Tol (Gopmyibl. Orpa-
HUYKMMCA TOIbKO HEKOTOPbIMM IIpUMepaMu ee NpUMeHeHUA. B KauecTBe
[epBOro mprMepa BbIYMCIUM JaBleHKe mapa Haj TBepIbIM OXHOATOMHbIM
BeIeCTBOM.

MycTb p — naBienue napa npu tremnepatrype 1. lloqnepausan Temie-
paTypy ¥ JaBieHKe NOCTOAHHLIMM, IPU MeIJeHHOM YBeJudYeHUn oObema
ucmapuM OJWH MoJb BemlecTBa. Bo BpeMA 3TOro mpolecca Telo Morio-
aeT U3 OKpYaollell cpelbl KOIMYECTBO TEIJIOThl A, paBHOe TemioTe
ucnapenus (Ha Moib, HO He Ha rpamm). Tak Kak ucmapeHue BellecTBa
IPOUCXOIUT 06pPaTUMO, TO U3MEHEHHe SHTPONUU BO BpeMA IpeBpalleHuA

cocTaBideT
A
T
Mpumensas npubauzentoe Boipaxenue (200) 1A SHTPONUYU TBEPIOro Tela
u dopmyny (206) anA sHTPoONUU Hapa, NoiydaemM

Snapa - STB =

5 (2w M)3/2 R5/?web/?
R(ElnT—lnp—l—ln 3 A4 —

A
—3RInT — 4R+ 3RInf = T
UJIHM, MOTEHIUPYA, HAXOJUM, UTO

(2n M)*/?R5/?w6* 1 _ A
= 31213 A4 ﬁe RT. (207)
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A1y dopmyay cienoBaio 66l cpaBHUTL ¢ hopmyioit (98), KoTopas no-

1
nyyeHa u3 ypaBHeHus Knaneitpona. MHomxuTenb ﬁ B (207) Bo3HUK U3-3a

NPUHATON HAMU B pacyeT 3aBUCHUMOCTH TeIJOThl UCIAaPEHUA OT TeMIlepa-
Typbl. MBI BUAMM, UTO MHOHUTEb MPONOPLUOHATBLHOCTH, KOTOPbIi1 OcTa-
BaJicA HeolpeeneHHbIM B (98), Tenepb MOJIHOCThIO ONpe/ieNeH IPU HOMOIIH
TeopeMnl HepHcta u ¢dopmynbl Caks — TeTpopa ana sHTponuu rasa.
Tar kak BO MHOTHX CJIy4YafAX MbI HUMeeM [eJI0 ¢ UCIIapEHUEM HUJKOC-
TH, @ He TBepJOro BeuecTBa, To Gpopmyiaa (207) He Becerga npumenuma. B
KayecTBe NMpUMepa UCHapeHUd }UJAKOCTH PacCMOTPHUM HCIapeHKe 0JHOIro
MOJA PTYTH, IOTOMY UTO 3TOT DJEMEHT UMeeT OJHOATOMHBIN map.
Toura runenua ptytu —630°K. 3To 3HauMT, 4TO JaBlIeHHe HAachl-
meHHoro nmapa pryTH npu 630°K paBHO oaHoit aTMocdepe.
Tenepb nogcunTaeM AByMA pa3inYHbIMU METOAAMHU SHTPOMHUIO OJHO-
ro Mosa prytu npu T' = 630°K u p = 1 amm u cpaBHUM o6a pe3yJibTara.
Meton 1. ®opmyina Cars — Terpoaa (206), npuMeHeHHas K HaLIeMy
cayyaio (aroMublil Bec prytu 200, 6), naer

S =191-107.

MeToa 2. Mbl HauHeM C OJHOTO MOJIAi PTYTH IPHU a0CONIOTHOM HYJIE.
Ee sHTponus, cornacHo Teopeme HepHcTa, paBHa Hyqi0. 3aTeM Harpeem
OJUH MOJb PTYTH, COXPaHAA AaBleHUe paBHbIM OJHOI aTMocdepe 10 TeM-
nepaTypbl naaBieHUA Tynaprennn = 234,2°K. Bo Bpemsa aToro mporecca
SHTpONUA PTYTU yBeJuuyuBaeTcd; ee BenuuuHa gia T = 234,2°K momeT
ObITh BblYMCIeHA Npy oMoy Gpopmyast (193):

234,2

S.5(234,2) = / %dﬂ
0

rage C(T) — aToMHaf TEeIJIOEMRKOCTb PTYTH IIPpU MNOCTOAHHOM [aBJIEHUH.
HpHBe,IleHHbIP'I HHTerpal MOMHO MNOoACYHUTaTb YHUCIE€HHO, HCIOJb3yA
sKcIepuMeHTanbHO onpefenennyto Beanunny C(T). B pesynbrate nony-
Yum
Srs(234,2) = 59,9 x 107,

3acTaBUM Temepb MOJIb PTYTH IJIAaBUTbCA NMPU aTMOCHEPHOM [JaBIEHUU.
Bo BpeMA gaHHOro mpoliecca pTyTb MOTJIOMAET 06paTUMO KOJIUYECTBO Te-
MIIOTHI, paBHOE TemnoTe MiaBieHus Moad ptyTu (2330 - 107 apz/moas).
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B pe3ylbTaTe H3MEHEHHE DHTPOIIMHU BbIpamaeTCA OTHOIIEHNEM TellJlo-
Thbl IINIaBJI€EHHUA K TeMliepaType IJlaBJIeHHuA, T. €. ©BME€HEeHHe dHTPOIINU paB-

2330-107 _ 7
HO =53 = 9,9-10". Bca suTponud mMoid pTyTH Telepb cOCTaBIAET

S, (234,2°) = 59,9107 +9,9-107 = 69,8 - 107.

3aTeM Harpeem KHAKYIO pPTYTh U OBLICUM ee TeMIIepaTypy OT TOUKH
IUIaBleHUA [0 TOYKYU KUIEeHNA, BCIeJCTBYUE Yero SHTPONUA U3MeHAETCA Ha
BEJNUYUHY

S, (630°) — Sy (234,2°) = G(T)

234,2

dr,

rae Cy(T) aToMHasA TEMIOEMKOCTb IIPH MOCTOAHHOM AaBieHuu. Menonbayn
sKcnepuMenTainbible 3uayeHus Cp(T'), Mbl MO}EM OLEHUTH NPHBEJEHHbIN
HHTerpan KoiuuyecTBeHHo. Ero Bennunna coctaBinfet 26, 2 X 107. No6aBnan
3Ty BeIMUYUHY K 3HAYEHUIO SHTPOMUU MUAKON PTYTH B TOUKE MJIaBIEHUA,
HaX0JUM, YTO

S (630°) = 69,8107 + 26,2 - 10" = 96,0 - 10”.

HaxoHen, paspemudM MOJIO #UAKON PTYTH HUCHAPUTBLCA MpPH aTMO-
chepHoM naBieHuu. B pesynbTaTe pTyThb npu Temmepatype T = 630°
[orjiomaeT KOJINYeCcTBO TEIIOThl, paBHOE TEIJIOTe MCNapeHusd OJHOI'0 MO-
asa prytua (59300 - 107 pe/moan). [loaTOMy M3MeHeHHe BHTPONUU PABHO
59300 - 107/630° = 94 - 107, n MbI Nony4aeM, HaKOHell, 1A SHTPONUH Of-
HOT'0 MO Mapa pTYTHU IpH TeMIepaType KulneHusd

S =96-10"+94-107 = 190 - 10".

JTo 3HAUEHUE HAXOAUTCA B MPEBOCXOJHOM COTJIACHUU C BEJNUYMHOM
HaiijeHHO!l HemocpeAcTBeHHO Mo Gopmyne Caks — Terpoga.

TonbKO YTO MONYyUEHHBIN Pe3yNbTaT MOKHO IPUHATL 3@ YKCIEPUMEH-
TalbHOE [JOKAa3aTelbCTBO BbIpasKe€HUA HJA SHTPONUU OJHOATOMHOIO rasa.
Ilomo6GHbIe BhIuKcIeHNA GbIIM BHIOTHEHDI /1A aproHa 1 yriepoja, U TaK#e
ObLJIO HaliIeHO BIOJHE yJOBJIETBOPUTENbHOE COTacue.
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33. Tepmuueckaa voHU3allUA rasa. TepMOUOHHbIHI

adpdeKrT

B rnaBe VI Mbl ycTaHOBUIM 3aKOH HAelicTBYIOIMMX Macc (ypaBHe-
uue (139)) mnA XxuMudYeckoro paBHOBecHA B rasoBbIX cucremax. Ilocto-
AHHBIA K03(h(GUINEHT (MHOMUTENb, KOTOPBIH He BKIIOYAeT TeMIlepaTypy)
B JeBoil 4acTu ypaBHeHuA (139) colep:KUT KOHCTAHTBI SHTPONUM rasoB,
NPUHUMAIOLIKUX yyacTHe B peakllMU. JHaHUe KOHCTaHT 3HTPONHHU faeT HaM
BO3MO{HOCTb BBIUUCIUTh 3TOT KO3 GUIMEHT MOJHOCTbIO.

Tar Kax HaM U3BECTHO BbIpameHle KOHCTAHTbI BHTPONUH TOJbKO AJA
0JHOAaTOMHBIX ra3oB, TO HaJl0 BbIOPATh TaKylO peakllio, B KOTOPOI NPUHU-
MaloT ydacTHe JUllb OJHOaTOMHbIe ra3pl. OueBHAHO, YTO TAKUX pearkUuil
B xumuu HeT. IloaToMy paccMoTpuM clelylomuil HeXuMHUUeCcKHUil Ipolecc.

Korpa rakue rassl, kKak, HanpuMmep, Hapbl LMeJOYHBIX MeTall0B, Ha-
rpeBalOTCA JI0 OYeHb BBICOKOH TemIepaTypbl, TO HEKOTOpble U3 aTOMOB
MOHU3UPYIOTCA, T. €. TEPAIOT OJUH U3 CBOMX 3JIEKTPOHOB U IpeBpallaloT-
cA, TAKMM 06pasoMm, B HoHbI. Eciu, Hanpumep, o6o3naunuTh yepes Na, Nat
¥ e COOTBETCTBEHHO aTOM HaTpHA, UOH HATPHUA U 3IEKTPOH, TO Mpolecc
MO3#HO U300pa3uTh pearyuein

Na = Na* + e. (208)

YeTaHoBJIEHO, UTO NPY KamJol TeMmepaType 3Ta MOHU3aLUA JOCTHU-
raeT COCTOAHUA TeNJOBOr0 PaBHOBeCUH, KOTOPOe BIIOJHE aHAJOTMYHO XU-
MHYEeCKOMY PaBHOBECHIO JJIA OOLIUHBIX XMMUYECKUX PeaKiuii.

B napax HaTpuA Ipu oueHb BLICOKMX TeMIepaTypax HeldCTBUTeIbHO
MMeeTCA cMech TPeX PasidYHLIX Ia3oB: HelTpalbHoro HaTpua Na, KOH-
uentpauud Kotoporo [Na], HOHOB HATpuUA Na® ¢ koHuenTpamueit [Na+] u
BIIEKTPOHHOIO rasa (rasa, COCTaBJIEHHOIO U3 3JIEKTPOHOB) ¢ KOHLEHTpallu-
eii [e]. Kam/oe U3 aTUxX Tpex BewmecTs BefleT ce6A NoJ0OHO 0JHOATOMHOMY
ragy. Ilostomy K mpoueccy uonusauuu (208) MO#HO NPUMEHUTH OGIIHE
pe3ylbTaThl TEOPUHM XUMUUYECKUX PaBHOBECHUil B ra3006pa3HbIX cHCTeMax,
B yacTHOCTH ypaBHeHue (139).

Tak Kak Bce rasbl B CMeCH OJHOAaTOMHbIE, MbI JOJ#HBI IPUMEHUTh
nepBoe U3 BbipaeHuii (34) mia MonApHoOi TenaoeMrocTH rasos. Konceran-
ThI SHTPONUM MOHO HANTH pu nomMoinyu ypaeuenus (205). Cratuctuyec-
KMii Bec w paBeH 2 A HeliTpaibHOro HaTpuA, 1 — [JIA WOHA HATpPUA U
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2 — puA snertpoHa. Mbl npumem, uto M = 23 (aTOMHbIN Bec HAaTpuUA)
u npeHeOpexeM OUYeHb Malloll pa3HHIleil B Maccax aToMa M MOHa HaTpuA,
03TOMY aTOMHBI! BeC HATPUEBOr0 NOHA TaKe NpUHUMaeTcd paBHbIM M .

ATomHbIN Bec 3eKTpoHa (T. e. Macca 3MEKTPOHOB, pa3jeleHHad Ha
1/16 maccer kuciopopa) cocraBager M, = ﬁ. O603HauuM, HaKoHell,
yepes W = 4,91-10712 5pz/ moav sHepruto, He0GXONUMYIO 1A HOHU3ALUA

BCeX aTOMOB B OJHOM MOJIe HaTpPHUeBOro mnapa. TOFHa
E mJW] - E ;Wi = Waonos + WsneHTpOHOB — Waromos = W.

Cuenas Bce Heo6XOAUMbIE MOACTAHOBKYU B ypaBHenue (139), noayuum
yClIOBHe TelJ0oBOro paBHOBECHA PU TepMUUeCKoil HOHU3alui HAaTPHeBhIX
[apoB B BHJE ClefyIOllero ypaBHeHNA:

3 44
[Na] _ h”A T—3/2e%
[Nat]le] (2mrM.R)3/?

JTy dopMyly MOMHO 3amucaTh B 6ojee yHoOHON ¢Gopme: MycTh X — CTe-
[eHb UOHU3alUM, T. €. OTHOIIEHNEe Yhc/a MOHOB K [IOJHOMY YHUCIY aTOMOB

B [Na*]
= [Na] + [Na*]’

u nyctb n = [Na] + [Nat] — obmee uucio atomos naTpua (aTomsr +
uonbl). Torga
[Nat] = nx; [Na] =n(1 —2).

Tagr kax OYeBUIHO, YTO UMeeTCA OAUH JJIEKTPOH OJA Kamaoro HaTpueBoro

HOHA, TO UMEeM
[e] = [NaT] = na,

U, HaKOHelIl,

z? (2r M R)3/? 26000

n = T3/~ %t =3,9-107°T%/210""T . (209)
1-=z h3 A4
CreneHb MOHU3AIUN MOMET GbITH HalifieHa ¢ MOMOIIbIO 3TOM hopmy-
JIBI.
Ypasuenue (209), Bnepeble BbiBeneHHoe Caxa, HaIlIO pasiUvHbIE
BajkHble pUMeHeHUA B GpU3NKe 3Be3JHOI aTMoCcdephl.
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B rauecTBe emie ogHoro npumenenusa ¢opmynsl Caks — TeTpoaa no-
JTy4UM BbIpazkeHue A MI0THOCTH 3NEeKTPOHHOI0 ra3a, KOTOPbIi HAXOMUT-
cA B paBHOBECHUH C ropAYeil MeTalinvecKkoii moBepxHocThio. Korjga merani
Harpet [0 AOCTATOYHO BbICOKON TeMIepaTypbl, OH HCIyCKAeT HEmpepbIB-
HbIlf MOTOK anekTpoHoB. [Ipu HarpeBanuu Gpycka meTalia, CoAepHallero
NOJIOCTD, BIEKTPOHBI, BLIXOAAI[UE U3 MeTalla, 6y yT HAMOIHATD MO0JOCTh
IO TeX Mop, MOKa He HACTYNHUT COCTOAHNE PaBHOBECHUA, IPU KOTOPOM KOJU-
YeCTBO 3JEKTPOHOB, NMOJIONMIEHHBIX METANIOM 33 €IMHUIY BPEMEHU, paB-
HO KOJNMYECTBY UCIYHIEHHbIX 3JeKTPOHOB. Mbl HaMepeBaeMCA BbIYMCIUTD
PaBHOBECHYIO KOHIIEHTPALUIO dJIEKTPOHOB BHYTPH NOJOCTHU KaKk QYHKIMIO
TeMIepaTyphl.

IIyets N — yucio Moieil 371eKTPOHOB BHY TPU NosocTU o6beMa V. JH-
TPOINHUIO ITUX IEKTPOHOB noixydaeMm u3 (204), yMHOAA 3TO BbIpameHue

Ha N u 3amennasa V Ha %, TaKk KaRk v npeacraBadaeT 06’])eM, 3aHUMaeMbli

N
OJIHUM MoJIeM 3JeKTpoHHoro rasa. Ucnoabsys (34) u (29), noayuaem ans

JHEpPIruun 3JeKTPOHOB

U:N(%RT+W),

rage W — JHeprum, HeoOxoauMan A TOoro, 4yToObI U3 MeTajjia U3BJedb
OOUH MOJIb 3JIEKTPOHOB.
Tenepb Iy cBOOOJHOM QHEPIrumr 3JJeKTPOHHOI'0 ra3da HaxoauMm

B 3 3 1% (2rM,R)3/2¢5/2

rie aTOMHbLIN Bec JJIEKTpOoHa Me = , @ 3Ha4YeHue w OJA 3JeKTPOHOB

1
1830
paBHO 2.

CBoGoaHas sneprus F' Bceil cucTeMbl — cymMMa cBOGOJHOI dHEPruu

JJIEKTPOHOB U cBoOOAHOI JHepruun FM MeTajlia:

F=Fy+N gRT+W—RT<%lnT+an—lnN +
(210)
In

2(2r M R)3/2e%/?
h3A4 °
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YcinoBuem paBHOBeCUA ABIAETCA MUHUMYM F npu IaHHOM TeMIiepa-

Type U JaHHOM obbeMe. Ilonaras, uro Fiy; He 3aBucut? ot N, moryuyaem
dFF 3 3
2(2r M R)*/25/2
+ In 13 A4 + RT.

Ilorenuupys, nonydaem ypaBHeHHe

N 2(2rM,.R)/? _w _ _w
v = Wﬂ/ze RT =7,80-10"°T3%/2¢"RT, (211)
KOTOpoe gaeT To, 4YTO TpeﬁOBaJIOCb — KOHIEHTPauuio 3JIEKTPOHOB BHYTPHU
IIOJIOCTHU.

3amauyu

1. BeruvcauTe cTeneHb AMccOlMalMM HATPHUEBOro Iapa mpu TeMmepa-
type 4000°K u paBnenuu B 1 cu pm. cm. (IpuMuTEe B pacueT jJaBieHue,
BbI3BAHHOE He TOMLKO aTOMaMH HAaTPHUA, HO U UOHAMHU, U IMEKTPOHAMH).

2. Haiigute cooTHouieHue Mexjay temnepatypoii [lebasa 6 u Temme-
paTypoil, 1J1A KOTOpOii aTOMHAA TeNI0eMKOCTb TBEPOro ajleMeHTa paBHa

> (mpuMeHHTE rpadUUeCKHl UKW YUCIEHHbIA METOIbI).

4dKCnMepUMeHTaNbHO 3TO NPEANONoHeHre OOOCHOBBIBAETCA TEM, UTO BIEKTPOHbI
BHYTPH MeTaJjljla He BHOCAT BKJaja B y[elbHYIO TellJIOEMKOCTb MeTajja. YelbHaa Ten-
JI0EMKOCTb TIOJIHOCTHIO yUHUTHIBAeTCA ABUskeHUeM aToMoB. CTporue onpaBgaHuUA 3TOr0
MpeAnoJoeH!A OaHbl B Cllel[UalbHBIX paboTax MO TeOpUM MeTalIoB. (JTO yTBep#ae-
HUe cIpaBeyInBO TOJbKO MPH BBICOKUX TeMieparypax. — [pum. ped.).



IIpeameTHbIN yKa3aTelb
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RoadppunueHT mnomesnoro neiicTBUA
TeIIoOBbIX MamuH 45, 50-52

— — — nukaa Kapuo 41

Kpucrannuyeckasa cTpykrypa 144

Kpurnueckasa temnepartypa 77

Kputuueckoe cocroAnue (KpuTHYec-
KHe TOYKH) cucTemsl 71, 75

Jle-IllaTenbe npuHun 116
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12
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— abcomoTHaa 47-49
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86—-88, 91 u np.
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— HKunaneitpona 70, 73, 74, 89, 90, 137,
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— Caxa 158
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78, 88
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40, 47, 53-55, 77
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dueprusa 19-23, 27, 37 u op.
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