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NPERHCIIOBHE ABTOPA

drta KHHMra Hanm¥caHa Ha OCHOBE HHMKJ2
Jeklyii, npoudTaHHbIX B Kosym6uiickoM yHM-
Bepcutere Hbio-Flopka B JeTHuil cemecTp
1936 ropna.

XoTs oHa mpejcTaBasieT co0oli eMeHTap-
HBI TpaKTaT, BCEUEJO MNOCBSILEHHBLIH YHCTOR
TepMOJHHAMHKe, TeM He MeHee MpexrnoJiara-
eTcsl, 4TO YHTaTeJb 3HAKOM C OCHOBHBIMH
JNaHHBIMH O TEpMOMETPUH H KaJIOpUMETpHUH.
B oTmesbHBIX MecTax KHHMIH NpHBelEHbI KpaT-
KHe CCBIJIKH Ha CTaTHCTHYECKOe TOJIKOBaHHe
TepMOJHHAMHKH.

I'lpn HanucaHHH 3TOH KHUTH aBTOP HCIOJb-
30BaJl 3aMMCH CBOMX JIeKIH#, cleJlaHHble JOK-
topom Jlsoiix Moruem wu3 KouaymGuiickoro
yHHBepcHTeTa, KOTOpBIfi, KpoMe TOro, mpo-
CMOTpeJl PYKONHCh B OKOHYaTeJbHOM BHIE.
BhiHoluy eMy G6GJaronapHoCTb 3a JnoGe3Hoe
H LeHHOe COTpYJAHHYeCTBO.

3. PEPMH



NPEAHCJ/IOBHE PEJAAKTOPA NEPEBOJA

OnuH W3 KpynHeHIIMX COBpeMeHHBIX (H3HKOB DHpUKO (PepMu Hu3-
BECTEH He TOJIbKO BbIJAIOIIMMHCSA pe3yJsbTaTaMH CBOMX paGor. OH Obl1
IpeKPacHbIM MELAroroM, JeKUHH H KHHTH KOTOPOro BOCIIMTaJH He
OfHO mnokoJeHHe ¢u3nkoB. KHury ®epMu oT/MYaeT Myjapass NpocToTa,
3a KOTOpOH ollyuiaetcs TJy6oKoe MpOHHKHOBEHHE B CAMYIO CYTb Tpej-
meTa. (PepMH BCerfa H3J/araeT caMoe IJaBHOe, He «pa3MeHHBaeTCsl Ha
Mesnou». TIpn 3TOM OH He OrpaHHYMBaeTCsl OOLIMMH yTBepMIEeHHSIMH.
CcopMy.iMpoBaHHbIe 3aKOHBl NPUMEHSIIOTCSI K KOHKPeTHBIM BOIpPOCaM,
pa3bupasi KOTOpble, aBTOp HA HArJISiAHBIX, B3ATHIX U3 XKH3HH, a He Ha-
ILYMaHHBIX T@pUMepaX YYHUT JOBOJAUTb pellleHHe IO CaMOro KOHIA,
<0 4YHCJa».

INepeuncaeHHBIMY 37ieCh KauecTBaMH o6JiafaeT 1 « TepMoaMHaMHKay —
OofHa M3 nmepBbIX KHUr (epmH, BrepBhle H3JaBaeMas B DYCCKOM
nepeBoje.

Xorss depMH — OIIMH M3 co3faTeJleil KBAHTOBOH CTAaTHCTHKH (CTaTHC-
THkH ®epmu — Jlupaka), ero «TepMoaHHAMHKa», BONPEKH MPHHSATON Te-
nepb MaHepe, MOYTH He 3aTparHBaeT BOMPOC CTATHCTHYECKOH (H3HKH,
TeM 06oOJiee KBAaHTOBOH CTAaTUCTHKH. «TepmomnHamukas» @depmu — npe-
IeJIbHO CXKaToe H3JOXKeHHe KJIaCCHYeCKOH TepMOAMHAMHKH, ee Tpex
OCHOBHBIX 3aKOHOB M WX mnpuMeHeHuil. [iy6uHY noHuMaHHs @epMu
«BbIJAeT» KPUCTa/IbHAsl SICHOCTb M3JIOXKEHHs, a TaKke yMeHHe IOJO-
6paTb 1Ji3 FAPUMEPOB TaKue SIBJEHHS H CBOHCTBA, KOTOpble HHTEpeCHbI
cospeMenHoMY unTaTesio (Popmysna Caxa, TepMO3JIEKTPOHHAS 3IMIC-
cua M T. IL).

Cuenyer ewe pa3 moi4yepKHYTb KpaTKOCTb H3JOXeHHs. DBoJbluoe
YHCJIO BOMpPOCOB, OOBLIYHO BKJ/IOYaeMbIX B y4eGHHKH, MOMPOCTY OmMYylie-
Hbl. He ussoxxeHbl Teopusi ¢asoBbix mepexonosB II poxa, Teopus ¢ayk-
tyaunit u T. n. [Tostomy «TepmonnHamuky» depMuH MO CyiecTBy cJe-
IyeT cuMTaTb BBeleHHeM B TepMoAuHaMHKYy. OIHAaKO pasbsiCHEHHe Oc-
HOBHBIX 3aKOHOB TepMOJHHAaMHKH BEJIETCS CTOJ/Ib COBEPIISHHO, YTO KHHIa,
HECOMHEHHO, SIBUTCS BeCbMa TIOJIE3HBIM MOCOGHEM JJIsT BCEX H3yvalo-
IIHX TepMOAMHAMHKY — 3Ty OIHY M3 BaxcHeHimMx obsacteil GU3NKH.

«TepmoanHamika» PepMu MepeBelleHa Ha PYCCKHH s13bIK MO MpeA-
JOXKEHHIO M 10 JKeJIaHHI0 npodeccopa XapbKOBCKOrO YHHBEpPCHTETA
Bennamuna JleoHTbeBHYa [epMana, KoTopblii HeCOMHEHHO Obl1 Obl
PeaKTopoM 3TOrO H3[aHHs, ecJd Obl ero XHM3Hb He obopBaJ/ach TaK
TparHyeCKH HeOoXHJAaHHO.

M. H. KATAHOB



BBEAEHHE

I'naBHOe comep:kaHue TEPMOXHHAMHKHM — 3TO ONHCAaHHE MpeBpa-
LieHHs TEMJIOThl B MeXaHHYeCKylo paboty M, o6paTHO, NpeBpalleHHst
MeXaHHYeCKOH paGoThl B TEIJIOTY.

Tonpko B cpaBHHTEJbHO HeldaBHee BpeMsi GH3HKH OGHapPYKHJIH,
UTO TEMNJIOTa SABJSETCS OXHOH H3 (GOpM 3HEPrHH, KOTOpas MONKeT
ObiTh mpeBpailleHa B apyrue ee ¢opmbl. [Ipexxae ydyeHble CuHTaJH,
YTO TEMJOTa SIBJSeTCs OCOOBIM BHIOM XXHAKOCTH, o0llee KOJHYECTBO
KOTOPOH OCTaeTcsi HeHM3MeHHbIM. HarpeBaHHe Tesl M aHaJOTHYHblE
[1pOLIeCCHl OHH OO'BSICHAJH MEePEX0J0M 3TOH KHAKOCTH M3 OJHOro TeJa
B apyroe. Ha ocHOBaHHM TeopH#d TEMJOBOH XHAKOCTH KapHo cymed
B 1824 roay mOCTHrHYTb CpaBHHUTEJbHO SICHOTO MOHHUMAaHHS TeX Orpa-
HHYEHHH, KOTOpble BCEerfa HMelTCs NpH Npeo6pa3’oBaHHH TEMJOTH
B paboTy, T. €. MO CYLIECTBY TOrO, YTO Telmepb HA3EIBAaeTCSi BTOPHIM
3aKOHOM TepMOAMHaMHKH (cM. raasy I1I).

B 1842 rony,-1. e. auuib 18 ser cnycrsa, Maiiep OTKpbIJI SKBHBA-
JENTHOCTb TEMJIOTH M MeXaHHYeCKOH paboThl U NMepBblil CHOpMyaHpO-
BaJl IPUHIKI COXPAHEHHs] SHEPTHH (IepBbIii 3aKOH TePMOINHAMHKH).

Tenepp Mbl 3HaeM, YTO HCTHHHOe OGOCHOBaHHE 3KBHBAJIEHTHOCTII
TENJIOTHl H AHHAMHYECKOIl 3HEprHH cJelyeT HCKAaThb B KHHETHYECKOM
TOJIKOBaHHH, KOTOPOe CBOLHUT BCe TepMHYeCKHe siBJeHHs K Gecrnopsi-
JOYHOMY IBHXKEHHIO aTOMOB H MoJieKyJ. C 3TOf TOUKH 3pPEeHHS H3yuye-
fie TEeMJIOThl MOXXHO pacCMaTpHBaTh KakK CHellHaJbHYyIO OTpac/b Mexa-
HHKH: MEXaHHKH TaKOTro OFPOMHOr0O YHCJa YacTHIL (aTGMOB HJIH MoJIe-
KyJ), 4TO JeTaslbHOe H3yueHHe HUX COCTOSIHHS H JBHXKEHHS TepsieT
cMbica. [ToaToMy ciienyeT onuchbIBaTh JHIIbL CPeJHHE CBOHCTBA OrpPOM-
HOTO YHCJIa YaCTHL. DTa OTPacJb MEXaHHKH, Ha3biBaeMasi CTATHCT H-
YeCKOH MexXxaHHNKOH, ObJa pa3BuTa riaaBHbIM 06pa3oM pabo-
tamH MakcBedasa, boabliimana u I'n66ca u npusesia K BNOJIHe yJIOBJe-
TBOPUTEJbHOMY NOHHMaHHIO OCHOBHBIX T€PMOAHHAMHYECKHX 3aKOHOB.

Onnako B UHCTOH TepMOJHHAMHKe NOAXOHL K SIBJIEHHSIM COBCEM
PHOH. 3/lecb OCHOBHblE 3aKOHBI NpeaJaralTcsl Kak NocTyJaTk, OCHO-
BaHHble HAa 3KCMIePUMEHTAJLHBIX A0Ka3aTeJbCTBAX, H BHIBOABI H3 HUX
ZenatoTcss 6e3 paccMOTpeHHMs] KHHETHUECKOrOo MeXaHH3Ma SIBJIEHHH.
3TOT cnoco6 UMeeT TO NPeHMYIeCTBO, YTO OH B 3HAUHTEJNbHOH CTerne-
/M He 3aBHCHT OT YIpOIlLeHHH, KOTOpble YacTO JOMYCKAaIOTCsl B CTaTH-
c1uyeckoit MexaHuke. Takum o6pa3oM, TepMOIHHAMHUYECKHE Pe3yJib-
taThl o4YeHb TOYHBL. Ho uHorma GeiBaeT NOBOJIbHO TPYAHO MOJYYHTH
pesyabraThl 6e3 AeTaJbHOrO PacCMOTPEHHs NEeHCTBHTEJbHOrO MOBE-
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JleHHsl, IO3TOMY BO MHOIHX CJy4YasiX YAOOHO JOMOJHHTb TEPMOAMHA-
MHUYECKHEe pe3yJbTaThl, NO KpaiHeH Mepe, rpy0oil KHHETHYECKOH
HHTephpeTamnuei.

IlepBbiii H BTOPOAl 3aKOHHI TEPMOJHHAMHKH HMEIOT CBO€ CTATHCTH-
yeckoe 060CHOBaHHe B KJIacCHYeCKOil MexaHHKe. B mociepuue rojb
HepHer no6aBua TPeTHH 3aKOH, KOTOPBIA MOXKeT GbITb OGBsICHEH CTa-
THCTHYECKH TOJILKO B TepMHHaX KBaHTOBOM MexaHHKH. B BocbMoin
rJjaBe 3TOH KHHTH Mbl KOCHEMCSI BHIBOJOB H3 3TOr'0 3aKOHa.



FJIABA 1
TEPMOJUHAMHUYECKHE CHCTEMbI

1. COCTOIHHE CHCTEM M MNPEBPAIJEHHA B HHX

B MexaHHKe COCTOSIHHE CHCTeMbl B NaHHBIi MOMEHT BPEMEHH IoJ-
HOCTBIO OIpejleJifieTcsl, €CIH M3BECTHBI MOJIOXKEeHHe H CKOPOCTb KaxAo#
U3 ee ToueuHbX Mmacc. Jlis cucrembl, cocrosimiedi M3 N TOYeYHBIX Macce,
Heo6XoquMO 3HaTb 6N nepeMeHHbIX.

B TepmoaMHaMHKe BBOAMTCSL Jpyroe u Gojiee INPOCTOE MOHSTHE CO-
cTosiHUs cucTeMsbl. JleficTBUTEeIbHO, HCIIO/Ib30BaTh JHHAMHUECKOe olpeje-
JIeHHe COCTOSIHHSI HeYHOOHO, TaK KaK BCeé CHCTEMbl, C KOTOPhIMH HMEIOT
JeJo B TepMOJHHAMHKe, COJepXKaT OYeHb MHOIO TOYeYHBIX Macc (aro-
MOB HJIH MOJIEKYJ), IOSTOMY TMpaKTHYeCKH HEBO3MOXKHO OINpe/le/IUTh
6N nepemenuwix. Kpome Toro, B 3TOM Her HeOGXOXHMOCTH, INOTOMY
4TO BEJHYHMHBI, C KOTODbIMH NPHXOIUTCS HMETb J€JI0 B TEPMOJHHAMHKE,
OIHCHIBAIOT CpeflHHe CBONCTBA CHCTEMBbI, CJEJ0BaTe/(bHO, TOYHOE 3Ha-
HHEe [BIXKEHHsS KaXXIOH TOYeYyHOH Macchl OblJIO Obl H3JIHIUIHHM.

st Toro* 4To6bl ‘'0GBSCHHTL TEPMOJAHHAMHYECKOE MOHSITHE COCTOR-
HHSI CHCTeMbl, PacCMOTDHM CHayaJa MpocThie MpHMephl.

Cucrema, cocrosiuiasi M3 XHMHYECKH OJHOPOAHOH JKHAKOCTH.
B TaKoit cHcTeMe MOXXHO U3MepsiTh Temrepatypy ¢, o6beM V 1 naBieHHe p.
TemnepaTypa MoxeT GbiTb H3MEpeHa TEPMOMETPOM, COIPHKACAIOMIHMCS
C CHCTeMOH B TeyeHUe BpeMeHM, JOCTATOYHOrO JJisi HaCTYIIEHHS Tel-
JioBoro paBHOBecHsl. Kak M3BecTHO, TeMnepaTypa, onpene/ieHHas KaKHM-
JH60 crerHanbHbiM TEpMOMETPOM (HampHMep, PTYTHBIM), 3aBHCHT OT
HHJHBHYaNbHbIX CBOHCTB HCIOJb30BAaHHOrO B HeM BellecTBa. B jfaHHOM
cJyyae YCJOBHMCSI IPOBOJHTb BCE H3MEpPEHHs TeMNepaTyphl OJHOTHIIHLIMK
TepPMOMeTpaMH, 4YTOObI pe3yJbTaThl MOXKHO OBbLIO CpaBHHUBATb.

leomeTpusi Hamlefl cHcTeMbl, O4eBHAHO, XapaKTepudyercsi He TOJIbKO
o6bemoM, HO U ¢opMoll. OnHako GO/MBLIMHCTBO TEPMOJHHAMHYECKHX
CBOHCTB B 3HAuMTE/JbHOH Mepe He 3aBHCHUT OT (OpMbl, NMO3TOMY OCBIYHO
00beM fBJSETCA eJUHCTBEHHOH 3aJlaHHOH reOMeTpHYeCKOH BeJHYHHOM.
Tonbko B Tex cayyasix, KOraa OTHOLUEHHe NOBEPXHOCTH K 00beMY O4eHb
BEJIHKO (HampuMep, MeJKO3epHMCTHle BelLIecTBa), CJeNyeT TaKxkKe pac-
CMaTpHBaThb H MOBEPXHOCTb.
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Jna  gaHHOro KoJMYecTBa BEIIECTBA, COAEpKalllerocss B CHCTeMe,
TeMieparypa, o6beM M JaBjieHHe He ABJIAIOTCA HE3aBHCHUMBIMH BEJIHYH-
HaMH, OHH CBs3allbl COOTHOILUEHHEM

f(ptvo f) =0, (1)

KOTOpO€e Ha3biBaeTcsl YypaBHeHHEM COCTOsSHHUA. Buap ero saBucut
OT KOHKDETHBIX CBOMCTB BeulecTBa. Kakylo-HHGYIb OJHY M3 Tpex Iepe-
MEHHBIX B JaHHOM COOTHOIIEHHH MOXXHO BbIPasuTb KakK (yHKUHIO IBYX
ApYrHX, peluB YypaBHeHHe (1) OTHOCHTeJNbHO [aHHOH MepeMeHHOMH.
[TosToMy cocTosiHHE CHCTEMbI MOJHOCTBIO OnpefesisieTcst KAKUMH-HUGY b
LABYMsl U3 Tpex BeauuuH p, V, &

YacTo 3TH ABe BeJMYMHBI YIO06HO NMpeACTaBUTh rpaguyecku B MPSMO-
yroibHOH cucreMe koopauHat. Hanpumep, moxno mpencrasute (V, p),
BbiyepunBasi V' mo ocu a6euucc M p no ocu opauHar. Touka Ha muioc-
koctu (V, p) onpenenur, TakuM 00pasoM, COCTOSIHME CHCTEMBI. TOYKH,
XapaKkTepHu3yiollie COCTOSIHMSI TpPH OQMHAKOBOM TeMIepaType, Jexar
Ha KDHBOH, KOTOpasi HasbiBaeTCsl H30Te PMOIi.

Cucrema, cocrosiasi 3 XHMHYECKHM OJHOPOJHOrO TBEPAOro TeJa.
B 310l cucTeMe A/ ompejnesieHHsl COCTOSIHHsS, KpOMe TeMmmepaTrypel !
i obbeMa V, Mbl IC/DKHBI 33]aTh HaNpsKEHHS, Pa3/M4YHbIE N0 pas/ny-
#gbiM  Hanpasjenusiv. OfHako OObIYHO IpeAroJiaraeTcsi, YTO TBEPLOE
TeJIO MOJBepraeTcst BCECTOPOHHeMY CxKaTHiO. [ToaTomy HeoOXOAMMO, Kak
H B XKHMIKOCTH, ONpPeleJHTb JHIIb BEJHYHHY JNaBJIEHHS.

Cucrema, cocrosiasi U3 OJXHOPOJHOH CMecH pa3JH4YHBIX XHMH4Yec-
KMX COeHMHeHMil. 3lech IepeMeHHbIMH, OlIpele/sIOUMH COCTOsSIHHE
CHCTEMBI, SIBJISIOTCA HE TOJNILKO TeMIeparypa, o0beM U AaBJeHHe, HO H
KOHUCHTPAUMH PA3IHYHbLIX XUMHYECKHX COCTAB/SOUIUX, OOpa3yrouHX
cMech.

Iereporennbie (HeogHopoaHbie) cHcTembl. UToOOLI ompenesHTb CO-
CTOSIHHE HEOJHOPOJHBIX CHCTeM, HeOOXOAHMMO pa3[esiTb HX Ha Psin
onHopoAHbIX yacTefl. Uucsio uyacTel B OQHHX CJaydasix MOXKeT ObITb
KOHEYHbIM, B JPYrHX — GECKOHEUHbIM.

HocnenHsis BO3MOXHOCTb, KOTOpasl PefKO paccMaTpHBAaeTcCsl B Tep-
MOJIHHAMHKe, BO3HHKAeT, KOTJa CBOHCTBA CHCTEMbl, NMO KpaiHeH Mepe
B OTHEJbHBIX ee YacTsX, M3MEHSIIOTCS HeNpepbIBHO OT TOYKH K TOYKeE.
CocTosiHHEe CHCTeMbl OIlpefiesisieTCsl 3ajaHHeM Macchl, XHMHUYECKOro Co-
CTaBa, arperaTHOr0 COCTOSIHMS, NaBJEeHHS U TeMIepaTypbl KaXio# OJHo-
POJHOW 4YacTH.

OueBuaHO, YTO He BCe TEpeMEHHble SIBASIOTCS He3aBHCHMbIMH. Ha-
npuUMep, CyMMapHOe KOJIMYECTBO KaXK/JOro XHMHYECKOrO 3J/eMeHTa, CO-
JiepKallerocsi B pa3jM4HbBIX OJHOPOAHBIX YacTaX, HOJIKHO ObITH IO-
CTOSIHHLIM H PaBHATHCS OOIEMY KOJMYECTBY 2JeMeHTa B cHcTeMe. Kpove
TOro, 0GbeM, JaBjieHHe M TeMIepaTypa KaKIoH ONHOPOAHOH YacTH,
uMerollell 3a71aHHYI0 MacCy W XHMHYECKHH COCTaB, CBSI3aHbl ypaBHEHHEM
COCTOSITHHS.
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Cucrema, cojepxamas ABHXKYyumHecs vactH, OGBIYHO INpejmnosa-
raeTcsl, YTO pa3/JHYHble YaCTH TepPMOJAHHAMHYECKOH CHCTEMbl HJIH Haxo-
JIATCS B IIOKOE€, HJIH JABHXKYTCA TaK MeIJIEHHO, YTO HX KHHETHYeCKOMH
3Hepruedl MOXHO NpeHe6pedb. Ecau B JeHCTBUTENBHOCTH 3TOrO He Mpo-
HCXOJHT, TO, YTOOBI MOJIHOCTBIO ONMpeAE/JHTb COCTOSIHHE CHCTEMbI, CJie-
IyeT 3aJaTb CKOPOCTH pa3JIMYHLIX ee 4Yacrei.

Orciona, Kak Mbl yXKe YyKasblBaJH, OYEBHAHO, YTO HeJOCTaTOYHO
LJs1 ollpefiesIeHHs JHHAMUYECKOro COCTOSIHHSI 3HaThb OJHO JIHILUbL TepMO-
JMHaMHuyeckoe cocrosinne. Mayuas TepMogHHAMUYECKOE COCTOSIHHE Of-
HOPOJHOA XHAKOCTH NpH 3aflaHHOM o0beMe U TeMmepaType (marBjJeHHE
onpejiesisieTcsl B 3TOM CJyyae H3 YDaBHEHHsI COCTOSIHHS), Mbl BHIHM,
4yTO MMeeTcsl GECKOHEYHOe YHCJO COOTBETCTBYIOU[MX €MY COCTOSIHHH MO-
JekyasipHoro aBHKeHHs. C TeueHHeM BpeMEHH CHCTeMa [OCJe0Ba-
TeJIbHO MPOXONUT BCe JHHAMHYECKHE COCTOSIHHSI, COOTBETCTBYIOLLHE
JlaHHOMY TEpPMOJIHHAaMHYEeCKOMY COCTOsIHHIO. KcXomst U3 3TOro, MOXKHO
€Ka3aTh, YTO TEPMOJHHAMHYECKOE COCTOSIHHE eCTb COBOKYIHOCTb JHHa-
MHYECKHX COCTOSIHHH, uepe3 KOTOpble B pe3y/bTaTe MOJIEKYJISPHOTO
JBIXEHHS CHCTeMa OBLICTPO MpPOXOAUT. IDTO OmpeliesleHHE COCTOSIHHS
cKopee abCTpaKTHOE H OTHIOAb He €IUHCTBEHHOE, a MOTOMY Mbl B KaX-
JOM OTIeJIbHOM cJydae GyleM yKasbiBaTh, KaKHMH NepeMEHHbIMH Be-
JIMYHMHAMH OITHCHIBAeTCS COCTOSIHHE.

OcoGeHHO BaXXKHHIMH TEPMOJMHAMHYECKHMH COCTOSIHUSIMH CHCTEMbl
SIBJISIIOTCA COCTOSIHUSI paBHOBeCHSl. DTH COCTOSIHHSI OOJIafalOT CBOMCT-
BOM He HM3MEHATbCS JO TeX Iop, IOKa BHEIIHHE YCJIOBHSI OCTalOTCS
Heu3MeHHbIMH. Hampumep, ras, 3ak/oueHHbIi B COCYJ MOCTOSIHHOTO
o0bcMa, HaXONHTCSl B PaBHOBECHH, KOrJa ero JaBJjeHHe MOBCIOAY [o-
CTOfIHHO M TeMIlepaTypa paBHa TeMIlepaType OKpY:Kalollell cpejbl.

Ouenb yacTo Mbl Gygem paccMarpuBath npeoGpasoBaHHe CH-
CTeMbl OT Haya/bHOTO K KOHEYHOMY COCTOSIHHIO Yepe3 HeNpepbiBHYIO MMO-
€J1eJ10BaTENbHOCTb TPOMEXYTOYHBIX cOCTOstHM. Eciin cocTosiHue cucTeMbl
MOXeT ObiThb H300paxkeHo Ha juarpamme (V, p), TO mNepexol MOXKHO
4300pa3uTb KPHBOH, COefuHsioulell 1Be TOUKH, KOTOpHIE MpPeACTaBJSIOT
HayaJbHOe H KOHEYHOe COCTOSIHHE.

ToBopsrT, 4yro npeoGpasoBanue 06 paTH MO, KOrAa MOC/IEN0BATETbHO
fIPOXOJHMbIE MPOMEXKYTOYHbIe COCTOSIHUSI GeCKOHeYHO OJIH3KH paBHO-
BECHBIM COCTOSAHHAM. [losToMy oOpaTHmble MpOLECCH MOTYT COe-
JOMHATb TOJMbKO TaKHe HayaJbHble U KOHEYHbe COCTOSIHHS, KOTOpbIe
CaMM SIRJISIIOTCS COCTOSIHUSIMU paBHOBecHst. OOpaTHMble MPOLECCHl MOXKHO
OCYIISCTBHTb Ha MpAKTHKe, €CJH U3MeHATb BHEIHHe YCJIOBHS TaK
MeJJIEHHO, YTO CHCTeMa yclieeT NOCTeNeHHO NPHATH B COOTBETCTBHE C
HI3MEHMBIUHMHCS yca0BUsIMH. Hanpumep, Mbl MoxkeM mpou3BecTH o6pa-
THMOE pacCllHpeHHe rasa, 3aKJioyast ero B LHJIMHIP C TMOJABHXKHLIM MOPLI-
HEM W OueHb MeJJIEHHO BbIABHras mopuieHb. Eciu Gbl MBI GHICTPO
TIONHSJIM TOpII€Hb, TO B pacliupsiollefics Macce rasa 06GpasoBaJjiCh
Obl MOTOKH, H TNepeXOoAHOe COCTOSIHHE He GOblIo Obl COCTOSIHMEM DABHO-
BecHsl.
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Ecan Mbl mepeBesn cHcTeMy OGpaTHMO M3 HAYaJbHOMO COCTOSTHHS
A B KoHeuHOe cOCTOsiHHE B, TO TOrla MOXHO MEPEBECTH CHCTeMY IIO-
CpeACTBOM O0paTHMOro mnpeBpalleHHsi OT B K A, npoxoas uepes Te e
camble TPOMEKYTOYHEIE COCTOSIHHS, HO B. O6paTHOM nopsiake. UroGui
clesiaTb 3TO, Mbl NPOCTO JOJ/IKHBI M3MEHATb BHEIIHHUE YCJIOBHS TaK e
MeJIEHHO, KaK H NpH HayaJbHOM IpeBpalleHHH, OJHAKO JBHrasch B
0OpaTHOM HarlpaBJ/IeHHH.

B paccvMoTpeHHoM B mpenpipylieM af3aiie Cyyae Mbl MOXKEM CHOBA
CKaTh a3 0 HayaJbHOrO o6beMa H NpPHBECTH €ro K HayaJbHOMY CO-
CTOSIHHIO, MeAJeHHO IepeMellasi MOPIIEHb BHYTEb
unaunapa. CxaTHe OKasbiBaeTcsi OGpaTHMbIM, H ras
NPOXOJHUT Yepe3 Te Ke caMmble NPOMEKYTOUHbIE CO-
-==|-= &k crosmus, uepes koTOphie oH MpoXOAHJ NpH pacilH-
¥ peHuu.

Bo Bpems mpouecca cHCTeMa MOXKET COBepILaTh
NOJIOKHUTEJbHYI0 HJIH OTpPHLATE/NbHYIO BHELIHIOIO
o pa6oTy, T. €. CHCTeMa MOXKET BHIIOJHATb pa-
6OTy Haj CpeloH WIH e cpefa — HaJl CHCTeMOil.
B kauecTBe mpHMepa pacCMOTPHM TeJsO, 3aKJOYeH-
HOe B UHWJIMHAD, HMEIOWHIl Ha OJHOM KOHLE MOoJ-
BHXKHBIH TNOpLIeHb, Miouiagb Kotoporo S (puc. 1).
Puc. 1. Ecin p — naBieHHe Tesla Ha CTEHKH LHJRHApA, TO
pS —cuna, HeiicTByiomasi Ha nopuenb. Korza
nopilieHp NepeMelnaercss Ha GeCKOHEYHO MaJioe paccTosiHue dh, TO co-
BepluaeTcsi GeCKOHEUHO MaJjasi paboTa

dL=pS dh, @

TaK Kak repemelleHde MPOHCXOAHT napasenbHo cHiue. Ho S dh paBHo
yBesinuenuio oobeMa dV cuctembl. ClieoBaTeIbHO, Mbl MOXKEM HanHcaTh*

dL=pdV. 3)

Ilns KoHeyHoro mpouecca paGoTy, NMpoAe/]aHHYIO CHCTEMOH, moJy-
yaeM, HHTErpupysl ypaBHeHHe (3):

B
L= SpdV, @)
A

rie HHTErpan B3AT [0 BCEMY IMpolleccy.

* OueBHIHO, YTO BHpaxkeHue (3) crpaBelIHBO B OOileM ciyyae H He SaBHCHT OT
¢opMbl, KOTOPYIO MOXET HMeTb cOCyA. PaccMOTpHM Teno, Sak/loyeHHOe B COCYR
HenpaBHbHOA (GOPMH H Haxofsilieecs NPH paBHOMepHOM AaBiieHMH p (puc. 2), Pac-
CMOTpHM Tenepb (eCKOHEYHO Majioec H3MEHeHHe Hallell CHCTEMH, BO BDeMS KOTOPOro
CTEHKH COCY/Aa IepeMewlaloTcss OT HavyaJbHOrO MNOMoXeHHA A K KOHeYHOMY MGIOXe-
10 B, no3Bosss TakHM o6pasoM Teay DacCIHpSTbCA BHYTpH cocyia. Ilycts do —
3/IEMEHT MOBEPXHOCTH COCYAa, a dn — nepeMellleHHe STOrO SJeMeHTa B HalpaBJieHHH,
nepreH UK yJAsspHOM NOBEpXHOCTH cocyla. Pa6oTy, coBeplileHHYIO Ha 9JeMeHTe NOBepX-
HOCTH do TpH JaBJEeHHH p B TeYeHHe MepeMelleHHs COCyAa M3 mojnoxenHs A B nono-
XeHHe B, MOXHO, OUeBHAHO, NpeiCTaBHTb Kak p ds dn. O6myio Bennunny paGoTh,
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EciM cocTosiHHe cHCTeMbl MOXeT ObITb mpeAcTaBiaeHo Ha (V, p)-
IuarpaMme, TO BbIMOJHEHHash BO BpeMs mpolecca pabota 6yneT HMeThb
NpoCTOe reoMeTpHYeckoe TOJIKOBaHHe. PaccMOTpHM mepexoj OT Hayasib-
HOrO COCTOSIHHS, 0603HAUeHHOro TOYKOH A, K KOHEYHOMY COCTOSIHHIO,
NoKa3aHHOMY TO4YKOH B (puc. 3). DTOT mnepexol MOXKHO H306pasuTh
KpuBO#i, coequnsiomeit A u B, ¢opMa KOTOpOH 3aBHCHT OT BHIA pac-
cMaTpuBaeMoro nporiecca. PaGora, coBeplieHHasi B TeYeHHE 3TOrO Ipo-
liecca, BbIpaXKaeTcst HHTErpajioM

v

B
Va

‘ 4

b v

W=

Puc. 2. Puc. 3.

rae V4 u Vg — o6beMsl, cooTBeTCTBYIOWME COCTOSIHMAM A u B. DTOT
HHTErpaJ, a CJefoBaTe/JbHO, H INpoJeJaHHass paGoTa reoOMETPHUYECKH
MOTYT OBbITh IIpeJCTaBleHbl 3alITPHXOBAHHOH Ha puc. 3 MmJolagbio.
OcoGeHHO Ba)KHbI TakHe MPOLECCH, B KOTOPHIX HayajlbHOE K KO-
HeyHoe COCTOSIHHS OJHHaKOBbl. OHHM Ha3bIBAIOTCS HHUKJAHYECKHMH
npomeccaMHd, HJIM UHKJaMH. LIuka — npouece, npH  KOTOpOM
clicTeMa BO3BpalllaeTcsi K CBOeMY HayajJbHOMY cocrosiHuio. Ecin  co-
CTOSIHME CHCTEMbl MNpeAcTaBUTh Ha guarpamme (V, p), TO LHKJA MOXHO
M306pa3HTh TaKOW 3aMKHYTOH KpHBOH, Kak KpuBas ABCD (puc. 4).

coaepmemroﬂ B TeueHHe GeCKOHe4HO MaJioro apolecca, nojsiy4yaeM, HHTErpupys AaHHoOe
BbIpaxKeHie [0 BCeit NOBEPXHOCTH ¢ COCyha. Tak Kak P NOCTOSAHHO, TO Mbl MOJIYYHM

dL=decdn.

HMa puc. 2 suiHo, 410 H3MeHeHHe o6beMa dV cocyna BhipaxkaeTcsi B BHJE HHTerpaia
10 TIOBEPXHOCTH

av =Sda dn.

CpaBunBas 5TH 1Ba ypaBHeHisi, OMATb MPHXOLMM K ypaBHeHwio (3).
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PaGory L, BbIMOJHEHHYIO CHCTEMOH BO BpeMsl LMKJHYECKOro IIpo-
ecca, reOMeTPHYECKH MOXKHO TpeACTaBHTb ILIOWIAZbIO, 3aKJIOYEHHOH
BHYTPH KpHBOH, H300paxatowied nuka. ITyctb A u C — ToukH, COOT-
BETCTBYIOINME HAaHMEHbIIEMY H HanboJblieMy 3HaueHHsM aGCIHCCHI
UMKJIa, U NMycTb cooTBeTcTBeHHO A’H C’ — ux npoekuuu. PaGora, BbI-
nojHsieMast Bo BpeMsi yactH npouecca ABC, mo/oXKHTeNbHA M paBHA
miomany ABCC’A’A. PaGora, BbiNOJHEHHasi BO BpeMsi OCTa/lbHOH Ya-
cru npouecca CDA, siBisieTcsl OTPULATENbHOH M KOJHYECTBEHHO paB-
Ha miomand CC’'A’ADC. OkoHuaTesNLHO: COBeplLIeHHas MOJOXKHTeIbHAS
pa6oTa ecTb pasHOCTb MeXZAY 3THMH JBYMsl IVIOLIANSIMH H, CJel0Ba-
TeJIbHO, PaBHA IUIOWIA[H, OrpaHMYEHHOH KPHEBOH, H300parkarolleil LHKII.

Cnenyer mopuepkHyTb, 4YTO TNpOAeJaHHAast

) Y paGota siB/IsieTCsl MOJIOXKUTENbHOH, TaK Kak

¢ IUKJ TpoTeKasn MO HampapJeHHI0 XoJa 4aco-

Boii crpenkH. Eciu ke oH coBepuiaeTcst B Ha-

NpaBleHHH TNPOTHB XOf@ YaCOBOH CTPEJIKH, TO

pa6ora, KoTopasi Ha STOT pa3 $IBJsIeTCS OT-

puLaTeNbHOH, cHoBa GyJeT MpejCTaBJeHa

IJIOLIAAbI0, OrDaHHYEHHOH KPHBOH, OIMHCHI-
y 7 Baloled LHKJL.

4 4 [pouecc, mpu KOTOpOM CHCTeMa He COBEp-

Puc. 4. waet BHelHeil paGoThl, HA3bIBAETCS H 30 X O-
PHUECKHM.

Pa6ora dL, BeinosHsieMasi B TeueHHe GECKOHCYHO MaJIoro 3JIEMEHTa
npoiecca, 3ajaercsi, CorjacHo ypaeHeHHio (3), mpousBeneHueMm p dV.
Jna usoxopuueckoro mpouecca dV =0, HIH, TOCJe WHTErpHPOBaHU,

V = const.

Takum oGpasoM, H30XOPHYECKHH Mpollece ecThb Mporecc, MpPOHCXOAs-
WM TIpH MOCTOSsHHOM 0GbeMe, YTO OlpaBAbiBaeT ero Hassanue. Cie-
LyeT, OJHAaKO, OTMETHTb YTO TOHSITHE H30XOPHYECKOro mpoiecca siB-
aseTca Gosiee OOLIMM, Tak Kak OHO Tpe0yeT, YTOOBI AJisl J@HHOTO Ipo-
mecca dL =0, naxe korga paGoTa He MOXeT ObITb MNpeACTaBJIeHa
ypaBHeHHeM (3).

Tpouecch, BO BpeMsi KOTOPHIX HaB/ieHHe HJIH TeMIepatypa CHCTEeMbl
OCTAlOTCSi TOCTOSIHHBIMM, Ha3hIBAIOTC COOTBETCTBEHHO H300apHyYe-
CKHMMH H H30TepMHYE CK HMH.

2. HAEAJIbHBIE T'A3bl

YpaBHenHe COCTOSIHHSI CHCT€MBI, KOTOPas COAEPXKHT ONpelesieHHoe
KOJIMYeCTBO rasa, 3aHMMaiomero ofbeM V npu Temnepatype ! H HaBje-
HHH p, MOXET OBbITb BBIPAXKEHO MPOCTBIM AHANMTHYECKHM 3aKOHOM. Mbl
NOJIyYMM ypaBHEHHE COCTOSIHHS rasa B IpocTediwieil ¢opme, 3aMeHHB
SMIIMPHYECKYIO WKy TeMrepaTyp ¢ HOBOH TeMmepaTypHo# mwiKanoi T.
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Bpemenno onpefesum T Kak TeMmIepaTypy, NOKa3blBaeMyio raso-
BBIM TE€DPMOMETPOM, B KOTOPOM ra3 COAEPXKHTCS NPH OYeHb HH3KOM IIO-
CTOSIHHOM JIaBJIEHHH.

Torna Temneparypa T mponopuHonajbHa o00beMy, 3aHHMaeMOMY
rasoM. XOpoIlo H3BECTHO, YTO TOKa3aHHS pA3JHYHbIX Ta30BBIX TepMO-
METpPOB B 3THX YC/JOBHSIX B 3HAYHTEJbHOH CTENleHH He 3aBHCAT OT IIpH-
POABI CofieprKalllerocsi B HHX rasa MHpPH YCNOBHHM, YTO OH JOCTaTOYHO
Iajnek oT koHaeHcauuu. ONHAKO yBHAMM JHanee (pasfien 9), 4TO MOXHO
ONpeleUTh Ty Ke WKany Temneparyp 7' u3 oOIHX TepMOJAHHAMHYeC-
KHX COOOpaKeHHii COBepILeHHO HEe3aBHCHMO OT KakKHX Obl TO HH OHLIO
CllenyajbHbIX CBOFCTB TasoB.

Temneparypa T HasbiBaetcs ab6COJIOTHOH TeMNepaTypoi.
Ee eaunnus BhiGpaHbi TakuM 00pa3oM, 4YTOOBI pasHOCTb TeMIlepaTyp
MeXJIY TOUKaMH KHIIEHHSI ¥ 3aMep3aHHsl BOAbl NpPH JaBJEHHH, PaBHOM
onHoii atMocdepe, Ghima papHa 100°. Toraa, Kak u3BecTHO, TOUKa 3a-
Mep3aHiisi BOABl COOTBETCTBYeT 2aGCOJIOTHOH TeMmepatype 273,1°.

YpaBHEHHE COCTOSIHHSI CHCTEMbl, COjJepxallefi m TIpaMMOB Trasa
C MoJIeKy/sipHBIM BecoM M, 3anucbiBaeTcsi CJAEAYIOMIHM OOpasoM:

m
pV __/WRT' (6)

R sBnsieTcs yHHMBEpCaJbHOH MOCTOSIHHON, T. €. HMeeT OAHY H Ty Xe
BEJIMYMHY IVl Bcex ra3oB: R = 8,314-107 spe/epad, wmu (cM. pas-
zen 3) R = 1,986 xas/epad. YpaBHeHHe (6) Ha3biBaeTCsl y paBH e HH-
eM COCTOSSHHS HAeaJbHOTO I'a3a; OHO BKJIOUYAET B ce6s1 3aKOHbF
Boiins, I'efi-Jlioccaka u ABoranpo.

Hu oamH u3 peanbHbX rasoB He MOAYHHsieTCS ypaBHeHnio (6)
ToyHo. BeiecTBo, KoTOpoe TOYHO MNOAYMHSIETCS ypaBHeHHIO (6), Ha-
3LIBaeTCSl HIeaJbHbIM Ta30oM.

Hns rpaMM-MonekyJibl HIM MOJS Tras3a, T. e. [JS YMCJa TPaMMOB
rasa, paBHOTO €rO MOJIEKYJIADHOMY Becy, HMeeM m =M, nostoMy
ypaBHeHHe (6) cBOAMTCS K

pV = RT. 0
Hcnoabsyss (6) usm (7), MOXKHO BbipasuTh IUIOTHOCTb lasa p 4Yepes
JlaBJIeHHe W TeMIleparypy:

M
P=T=RF ®

Jns  M30oTepMHYecKOro TnpeBpallleHHsl HAeaJbHOrO Trasa (IpeBpa-
HIEHHA TIPH TOCTOSTHHOH TeMIepaType) HMeeM

pV = const.
Ha puarpamme (p, V) H3oTepMHueckoe mpeBpalieHHe HAeaJbHOro

rasa npejiCTaBUICSl, TaKHM 00pa3oM, paBHOOOYHOH runepboJIoN, acHMIl-
TOTaMHM KoTopoii siBasitoTcsi ock V u p.
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JIeTrKo MOXHO BBIYHCJIMTbL paGoTy, COBEpIIAEMYIO a30M BO BpeMsi
H30TEPMHYECKOT'O paCLIMPEHHs] OT HauyaJbHOro obbema V; 1O KoHeu-
Horo V, Crenaem 370, BOCNOJb30BaBIUMCh ypaBHeHHSIMH (5) u (6):

v, v,
dv V
L={pav="tRT (% =TRTIE=FRT 2, (@

Vi

rie p; H p, — COOTBETCTBEHHO HAYaJIbHOE€ M KOHEYHOE JaBJIEHHSA. ,HJIﬂ
OJIHOro MoOJIsi rasa HMMeeM

- Vo _ )
L=RT Ingt = RT lnZ. (10)

CMech pa3/IMYHBIX Ta30B MOAYUHSETCS 3aKOHaM, TOXJIECTBEHHBIM
TeM, KOTOPbIM NOJUHHSIOTCS XMMHYeCKH OAHOPOAHble rasmwl. Mbl Haso-
BeM NapUH aJblibIM JaBJeHHEeM KOMIOHEHTH CMeCH TO JaB-
Jlelide, KOTOpoe OKa3biBasa Obl 3Ta KOMIOHEHTa, eclH Gbl OHa OfHa
6blia  nomewieHa B o0beM, 3aHHMAaeMbI CMeChl0 TIpH TeMmepaTrype
cmecu. Temepb MoxHO chopMynHpoBaTh 3akoH [lanbToHa: dasseHue,
npou3eooumoe CMeCot0 2a308, PABHO CYMMeE NAPYUANLHLIX 0asaeHull
6cex KOMNOHeHm, co0epicalyuxcs e cmecu.

STOMY 3aKOHY peasibHble rasbl NORYHHSIOTCS JHIIb NPUOJIIKEHHO
HO IpejMoJIaraeTcsi, YTO OH COBEpIIEHHO TOYeH JJIsl MeasbHLIX Ta3oB

3anaun

1. Tlogcuuraiite paGoTy, BHIMONHEHHYK TeJOM, PACLUHPSIOUMMCS OT Hauasb-
Horo o6beMa B 3,12 4 no KoneuHoro o6bema 4,01 2 npu naBienun 2,34 amm.

2. Toacuuraiire nasienne 30 2 BOZOpPOAa BHYTPH COCYAa eMKOCTbIO 1 #3 npH
Temnepatype 18° C.

3. Tloacunraiite nNJIOTHOCT H  yAeNbHEIE 0GbeM Bojopoaa MpH TeMmepa-
type 0° C. .

4. Tlopcuuraiite pa6oTy, BhNosHeHHYl0 10 2 KHcJopopa, paclIHPSIOLIErocs
usorepMuyeckH npu 20° C, ecan naeieHwe u3Menusoch ot 1 go 0,3 ams. :



FTABA I
NEPBbIA 3AKOH TEPMOAWHAMMKH

3. ®OPMYJIHPOBKA MEPBOI0 3AKOHA TEPMOAHHAMHKH

IlepBbli 3aKOH TepPMOLMHAMHKH MpejcTaBjsieT coGOH  (opMyJiH-
POBKY TpPHHUMIA COXpPaHEHHs! SHEPrHH AJs TepMOLHHAMHYECKHX CH-
creM. Takum 06pa3oM, MOXKHO CKa3aTb, UYTO H3MEHEHHE 3HEPTHH CHCTe-
MBI BO BpeMs Mpolecca paBHO KOJIHYECTBY 3HEPrHH, KOTOpOe CHCTeMa
MOJIyYaeT OT Cpefbl.

Uro6bl YTOUHHTb 3TO OnpejeJieHHe, HeOOXOAUMO BBLISICHHTH 3Haue-
HHe BbIPaXKeHHil «3HEPrHsl CHUCTEMBI» H «3HEprusi, KOTOPYWO CHCTeMa
roJyyaeT OT OKpYyxKaiolleit ee cpeibl BO Bpemsl Ipoleccas.

B uncro MexaHnuecKMX H30JHMPOBAaHHBIX CHCTEMax SHEprusi paBHa
CymMMe TMOTeHLHaJTbHOH H KHHETHYECKOH 3Hepruil H, CJef0BaTeJIbHO,
ApJsieTcs: QyHkIHel JHHAMHYECKOrO COCTOSIHMSI CHCTEMblI, IIOTOMY YTO
3HaHHe JAHHAMHYECKOrO COCTOSIHMSI CHCTeMBl 3KBHBAJEHTHO 3HaHHIO
MOJIOKEHHS] U CKOPOCTeH BCEeX TOUEYHBIX MacC, COJep:KalluXcsi B CH-
creMe. EciM HHMKakWe BHEIIHHE CHJBI He JeACTBYIOT Ha CHCTEMY,
3Heprusi ocraercs mnocrosiuHod. TakuM ofpasoM, ecmz A W B— nBa
riocJiejoBaTe/IbHble COCTOSIHHSI H30JIMpOBaHHOMH cucteMbl, a Uy n Ug —
COOTBETCTBYIOIIHE HM 3HEpPrHH, TO

Ua=Us

Korza Ha cucremy AeHCTBYIOT BHEIIHHe CHJbl, TO He 00si3atesbHO
coxpausiercst paBeHcTBO Uy u Up. Ecnin— L mpepcraBasier paGoty,
COBeplIaeMyl0 BHEIIHHMH CHJIaMH B Tipolecce Iepexofa OT Hayalb-
HOro coctosiiHss A K KoHeuHoMy B (4L — paGota, BbImoJHsieMadA CH-
cTeMoi), TO JMHAMHYeCKHH TpHHLHMI COXPaHEHHS 3HEepPruH mnpHobpe-
TaeT TaKOH BUX:

Up—Uy,=—L. 11

M3 srtoro ypaBuenus cJenyer, 4to paGota L, BhiNoNHf€Mas BO
BpeMsl Ipollecca, 3aBHCHT TOJbKO OT KpalHHX COCTOsHMH iTponecca
Au B H He 3aBHCHT OT NyTH, MO KOTOpOMy MPOHCXOAMJ MpoLIeCcC
mexay A u B.
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IlpennosioxuM Telepb, YTO Mbl He 3HaeM 3aKOHOB B3aKMOJLENCTBHS
pasMMYHBIX TOYEYHBIX MAacC B Haileil JHHaMHYeCKOH cHCTeMe. Toraa
MBI HE CMOXEeM IOJCYMTATh SHEPTHI0 CHCTeMbl, Haxojsuefics B aaH-
HOM JHHaMHuecKoM coctosiHud. OjHako, Hcmoab3ys ypaBHeHue (11),
MBI TeM He MeHee MOXXEM OMNBITHBIM INyTeM OIIpPeJesINTb 3SHEPrHi0 Ha-
el cHUCTeMbl. DHEPrui0 MPOH3BOJNBLHO BBIGPaHHOrO cocTosiHHs O Hauel
CHCTEMbl IIPUMEM DaBHOH HY.JIO:

Uo =0. (12)

Brnpenb GyneM cChblIaThCSl Ha 3TO COCTOSIHHE Kak Ha CTaHZapT-
HO€e COCTOSIHHe CHCTeMbl. PaccMOTpHM Tenepp HeKOTOpoe Ipyroe co-
crosinde A. BosneficTBysi Ha CHCTEMY BHELIHHMH CHJIaMH, Mbl MOXEM
NepeBecTH ee U3 CTaHAApTHOTO COCTOSIHHS, B KOTOpOM, KaK Mbl Npen-
nojarajd, OHa HaxojuJach MepBoHayasbHO, B cocrosinme A. ITycrs
L, o3HauaeT paGoTy, cOBeplIaeMyl CHCTEMOH BO BpeMsl 3TOrO Ipo-
necca (—Lga, Kak H paHbllle, siBAseTCsl paGOTOH, BBLINONHSAEMOH BHeL-
HHMH CHJIaMH HaJi CHCTeMoH).

Ilpumensss ypaBHenne (l11) K Hamemy npoueccy H BCIIOMHHasi
onpefenenre (12), Haxoaum, 4TO

Ug=—La. (13)

STo ypaBHeHHe MOXKeT ObITb HCIOJbL30BAHO JJISI OMBITHOTO OINpe-
neJieHust sHeprud U, Hamed chcTeMbl B cocTosiHHH A.

OueBupno, npu onpeneneHud (13) Heo6xooMMO HMeTb B BHAY,
yro paGora L, 3aBHCHT TOMBKO OT cocTosiHHd O U A M He 3aBHCHT
OT NYyTH, N0 KoTopoMmy mpomen mpouecc of O ao A. Mbl yxe oTMe-
THJIH, 4TO 3TO cBoficTBO caenyer H3 (11). Ecam Gbl oHO He 6bL10 06-
Hapy»KeHO Ha OlbiTe, TO 3TO O3Hauyajo Gbl, YTO SHEPrusi He COXpaHs-
eTcsl B Hallell cucTeMe, HJIM YTO, KpoMe MeXaHH4eCKo# paboThl, XoJ-
JKHbI OBITb NpPHHAITHl B pacyeT Jpyrue BHABI NpeBpallleHHsl 3SHepruH.

Tenepp mnpeanonokuM, yTo paboTa, BHINOJAHSEMAss MeXaHHYECKOil
cHcTeMoil BO BpeMsl KaKoro-jd6o npoiiecca, 3aBHCHT JIMLIb OT €ro Ha-
Ya/JbHOTO M KOHEYHOrO COCTOSIHME, H MBIl MOMEM HCIOJb30BaTh (13)
KaK ollpefiejieHle 3HepruH.

MoxHo BmiBectH paBeHcTBo (11) HenocpeactseHHo H3 (13) cie-
IYIOILHM 0o0pa3oM: Mpolecc MeXAy JIOObIMH JBYMSI COCTOSIHUSIMH A
u B Bcerna MoxeT OblThb BHIIOJHEH KaK I[0OCJeJOBaTeJbHOCTh ABYX
npoueccoB: oT A o cranaaprHoro cocrosiuuss O u 3arem ot O 10 B.

Tak kak cucrema coBepllaeT NpH 3THX JABYX Ipoueccax paGoTy
—L4s n +Lp, TO OKOHYaTeJbHAsh BeJMUHHA PabOTHI, BLINOJHEHHOM
BO BpeMsl mpouecca oT A 10 B (oHa He 3aBUCHT OT INyTH, MO KOTO-
POMY cOBepIuaeTcsi NpoLecc), COCTaBJsierT:

=—L,+ Lp.
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Tenepb u3 (13) ¥ aHaJOrM4HOIO ypaBHEHHs
UB = LB,
ro1y4aem
Ug—Us=—1L,
yto upaentuuxo (11).

Haxonen 3ametim, uto ompenetenue (13) He sBJSeTCS eIMHCT-
BEHHO BO3MOXHBIM, TaK KaK OHO 3aBHCHT OT BHIOOpa CTaHAApPTHOrO
cocrosinust 0. Ecau 66 BMecto O Ml Bb6pa/ Jpyroe CTaHJapTHOe
coctosiHue O’, TO moayuwnu Gbl Apyrywo Beauuuny U A AN SHEPrHH
cocrossuus A. OJIHAaKO MOXKHO JIeTKO MNokasath, yto Uy u Uy oTau-
YAIOTCA JIHWb HA AJUIHTHBHYIO KOHCTAHTY. lIeHCTBHTe.ano, npotrecc
or 0’ 10 A MOXHO CYHTaTh CYMMOH HIBYX TPOLIeCCOB:  OAHOrO, HAY-

wero or O’ no O, u npyroro — ot O no A. Pafora Lj;, cosepuiaeMas
cucTeMoll Lpu mpoxoxaeHun or O° mo A, paBHa

La=Loo -+ La,
rpe Lo-o — pa6ora, BeinosnsieMass mnpu mnepexoge ot O no O. Toraa

Uas=—Ls Ujs =—L/;:
TaK 4TO
Up—U4=Loo.

D70 noKasbiBaeT, YTO 3HAYEeHMs SHEPTrHH, OCHOBAHHBIE Ha IBYX oOIlpe-
JleJIEHUsIX, Pas3NMYaloTCs TOJbKO aAJMTHBHOH KOHCTaHTOH. DTa Heoll-
pelleIeHHOCTb, BO3HHKAIOLIasi IpH ONpefe/IeHHH SHepruH, NpenCcTaB-
JSIeT Co0OoH, KaK H3BeCTHO, CYLIECTBEHHYI0 OCODEHHOCTb MOHSATHSA
sHeprud. Ho Tak Kak Ha TNpaKTHKe BCerja paccMaTpuUBaeTcs TOJIbKO
PasHOCTb 3HEpruil, TO JOMOJHHTe/bHAsi KOHCTAHTa He BJIMSET HAa OKOH-
yarte/bHble Pe3ysabTaThl. EJNMHCTBEHHBIM MpENNOJ/IOMKEHHEM, NOJIOXKEH-
HbIM B NpUBEJIEHHOE BHIlle 3MIIHPHYECKOE OnpejieJieHHe SHEepruu, siBJsi-
eTcsl TO, UTO Ofllee KOJMYeCTBO PaGoThl, cOBeplIaeMoe CHCTeMOii, 3a-
BUCHT JIHUIb OT HAYa/JbHOrO ¥ KOHEYHOro COCTOsIHUE mpouecca. Mel
y3Ke OTMETLJH, YTO eC/lH 3TO IMpeANo/OXKEeHHe IPOTHBOPEUHUT OIBITY
H ecsll MBI, TEM He MeHee, He XejlaeM OTMEHSITb NMPHHLMI COXpaHe-
HHSl SHEprud, TO CJeAyeT AONYCTHTb CYLUECTBOBAHHE, KPOME MeXaHH-
uecKoil pabothl, Apyroro crocoba oOMeHa 3Hepruelf MexJ1y CHCTEMON
H OKpYyXaiole#i ee cpepoil.

Bo3bMeM, HamnpuMmep, CHCTEMY, COCTOSIIYI0 M3 HEKOTOpOro KOJH-
yecTBa EOAbl. PaccMorpuM fBa cocTosinMs A M B 3Toit cucTeMBl NpH
atMoctepHoM. AaBneHuH. ITycTh TemnepaTypel CHCTEMBl B 3THX JBYX
COCTOSIHMAAX OYAYT COOTBETCTBEHHO {4 M fp, NpuueM {4 < tp. MOxKHO
nepeBecTH Hamy cucTeMy OoT A K B 1BYMsi pasnu4HbIMH MyTSIMH.

llepuiii nmyTs. HarpesaeM Bony, nomeluasi “ee Hajl IlJIameHeM, H
TNOBLIIIAeM TeMnepaTypy OT HayajJbHOH BeJHYHHbl f4 JO KOHEYHOH tB.
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BHewHssa paGora, cosepiiaeMasi CHCTeMOil BO BpeMsl Ipoiecca, MNpak-
THYeCKH paBHa Hymo. OHa Obwia Gbl B TOYHOCTH paBHA HYJIO, €C/H
6bl H3MEHEHHe TeMIepaTypel He COMPOBOXKAaJOCh H3MeHEHHeM o0bema
Eojbl. B neficTBHTE/IbHOCTH, ONH4KO, 0oOBeM BOABI BO BpeMsi IpOLEC-
ca H3MeHsleTCs He3HayuTeJbHO, TaK YTO coBepuiaeTcsi HeGoJsibllas pa-
6ota (cM. ypaBHeHue (3)). B Hammux paccyxpaeHusx OyneM npeneGpe-
ratb 3TOH MaJoil BeJHYUHOH paGoTHI.

Bropo#t mytb. IloBhimaeM TemnepaTypy EOAnl OT {4 1O fp, Harpe-
Bas ee mocpeiacTBoM TpeHusi. C OLHOro KOHIA COCyAa IOTpYXaeM B
BOAY MaJIeHbKYl0 YCTaHOBKY M3 IpPUKpENJIEHHBIX K OCH JiomacTef,
KOTOpble, Bpallasicb, pasMelIMBAlOT BOAY. lemrepaTypa BOJbI BO3-
pacTaeT HenpepeIBHO A0 TeX NOp, NOKa JIONACTH HPOAOJ/IKAIOT Bpa-
matbesd. Ho Tak kak poja OKasbiBaeT COMpPOTHB/IEHHE ABHIKEHHIO JIO-
nacreff, TO Mbl JOJ/KHbl COBEpUINTh MeXaHHYeCKylo paGoTy, 4TOGb
JIONACTH HaXOJMJHCh B IBHXKEHHH JO TeX IOp, MNoka OyleT AOCTHT-
HyTa KOHeyHas TeMmmeparypa fg. B COOTBEeTCTBHH C 3THM JIONacTH
BBINOJIHAIOT B BOJE 3HAYHTEJbHYIO MOJOXKHTeJbHYIO paboTy; INpHueM
Takoe e KOJIHYeCTBO OTpHIaTeibHOH paGoThl coBepilaeTcss EO/101,
co3jaioiel CONpoTHBIEHHE JBHXXEHHIO JiomnacTed.

CnenoBatesibHo, pa6oTa, coBeplliaeMasi CHCTEMOH IIpu Hepexofe
u3 coctosinusg A B cocTosiHHe B, 3aBHCHT OT TOrO, II€PEBOAMTCS JIH
cucteMa or A K B no mepBomMy H/M e MO BTOPOMY IYTH.

Ecan Mbl npeanosaraeM, 4TO NPHHIMI COXPAHEHHS SHEPrHH OC-
TaeTcsl BepHbIM JJ51 HaweH CHCTEMB], TO HYXXHO JAONYCTHTb, YTO
3Heprusi, Koropasi BO BTOPOM Clyyae nepefaercs Boje B ¢opme Mexa-
HHUYyeckoil paoThl BpalleHHsi JonacTedf, B NEpBOM CJyuae IepejaeTcsi
BOJle B HeMexaHHueckod ¢opme. Ita (bolpyéo SHEprHH Ha3blBaeTCsl
TenaoTo# TakuM ob6pa3om, Mbl NMPUXOAUM K BbIBOLY, YTO TemJoTa
M MeXaHuyecKkasi paboTa 3SKBUBAJEHTHBI, T, €. SIBASIOTCS ABYMsl pa3-
JMYHBLIMH BH/IAMH OJIHOTO H TOTO K€, a HMeHHO — 3Heprud. Otciona
caefyeT, 4To Mbl JOJDKHBI Oﬁ'beILPIHHTb Ha3BaHUeM «paCoTa» TaKxke
JefCTBHE 3JIEKTPHYECKHX M MAarHUTHBIX CHJI HapaBHE C MeXaHHYeCKOil
pa6oroii. OnHako mepBhle ABa BHOA paGoOTHl [eKO paccMaTpHBAIOTCS
B TepMOAHHAMHUKe.

Uto6b! Bhlpa3uth B €oJsiee ToyHo# ¢opme TOT (akT, YTO TemJoTa
H paboTa 3KBMBAJIEHTHbI, N[POJIOXKHM pacCMOTpPEHHe.

CHauyana TOMECTHM Hally CHCTEMYy B COCyl C HeTelJONpOBOAs-
UMMH CTEHKaMH, 4YTOObl NpeJOTBPaTHTb OOMEH TelJsa C OKpyXKarollei
cpenoi*. Mbl, ofHaKo, nmoJjiaraeM, 4TO CHCTEMa H OKpYyKawiuas cpena
MOTYT BO3JleHCTBOBaTb Jpyr Ha Jpyra (HanmpuMmep, CHCTeMa 3aKJIo-
YeHa B LHJHHAP C HETENJIONPOBOASIIUMH CTEHKaMH, HO C IOJBHXKHBIM
nopiiHeM.) OGMeH 3Heprueil MeX1y BHYTpeHHeH H HapyXHOH 4acCTsMH

* Heo6xoaumo, npaBja, YNOMSHYTb, YTO He CYIIECTBYeT HAeaJbHBIX TepMHuec-
KHX u3ossTopoB. HyXHasi TepMHuecKasi H30JALHS, OLHAKO, MOXeT OblTb MpHOAH-
KEHHO NOJyYeHa MPH TNOMOLH XOPOLIO H3BECTHbLIX B KaJOPHMETPHH MeTONOB.
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CoCya MOXET Tenepb NPOHCXOAMTb TOJBKO B (opme paGoThl, a H3
TNPUHLMIA COXPAHEHHS SHEPrHH CJeJyeT, YTO BeJHYHHa PaGoTHl, CO-
BepLIaeMOil CHCTeMOH BO BpeMsi IIPOLECCa, 3aBHCHT JHWb OT Haya/b-
HOrO M KOHEUHOTO COCTOsIHHH mpouecca®.

Mbl MoOxeM Temepb HCIOJIb30BaTh 3SMIHpHYECKOe OINpefeseline
suepru (13) u paccmatpuBaTh sHeprHio U Kak GYHKUHIO OLHOro
JIMUIb COCTOfIHHSI CHCTEMDI**,

O6o3nauasi uepes AU = Up—U, H3MeHeHHe 3HepPrHH CHCTEMHI,
NpoHcXoJsilee BO BpeMsi Mepexoja OT cocTossHHSI A K COCTOSIHHIO B,
Mbl MOXK€M HamucaTb ypaBHeHHe (11), KoTopoe NpHMEHHMO K 3Tof
TePMHYECKH H30JIHPOBAHHOfl CHCTeMe, B cJjepyolled ¢opme:

AU +L =0. (14)

Ecau Hawa cucTeMa TepMHYeCKH He H30JIMPOBaHA, TO JieBast YacTb
ypasHeHus (14), BooSiue ropopsi, 6yAeT OTJIHYATbCS OT HYJs, NOTOMY
4TO TOTJA OJSMeH 3Hepruedl MoXKeT MNPOHCXOAHTb B ¢opme TenJa.
ITosToMy sameHuM ypaBHeHue (14) Gosee oOwUM:

AU+ L =Q, (15)

rao Q paBHO HyJIO NpH Mpoileccax, HPOUCXOASIHX B TEePMHYECKH
H30/IHPOBaHHLIX CHCTeMax, M B ofllleM cJjyuyae OTJHYaeTCs OT HYJs.
Beanuuny Q MOXHO (PH3UYECKM HHTEPNpeTHPOBATb KaK KOJHYECTBO
SHEpruM, moJyyaemoii cucTeMoil B ¢opme, OTJHYarouieHcsi OT paGoThl.
ATo HemocpeACTBEHHO cJjenyeT H3 TOoro (akTa, YTO H3MeHEHHe 3Hep-
ruu cuctembl AU JO/KHO OBITH pPaBHO oflleMy KOJIHYECTBY 3SHEprHH,
roJiyyaemMoMy CHCTeMOH OT Okpy:Kaiwoulell ee cpeabl. Ho u3 (15)

AU = —L +Q,

a — L —sHeprusi B ¢opme paGotel. Ortciofa Q JOMKHO NpeACTaBJSATh
SHeprulo B ApPyrux dopmax.

BBonsi onmpezesieHne, Mbl Ha3oBeM (Q KOJMYeCTBOM TemJa, IOJY-
YEeHHOro CHCTEMOH BO BpeMs Ipolecca.

* ®opManbHO GbLIO GBI TOUHEee, XOTS H GoJlee aGCTPAKTHO, H3JOKHTb COAEpKA-
HHe MpenbIAYWHX ¢pa3 TakHM 06pa3oM. DKCIePHMEHTH NOKa3bIBAKOT, YTO Cylle-
CTBYIOT HEKOTOpble BellleCTBA, Ha3blBaeMble TePMOH30JSTOPAaMH, KOTOpHEe HMEIOT
ClefyloLlHe CBOHCTBA: eC/]H CHCTeMa MOJHOCTbIO 3aKJII0UYeHA B TEPMOH30MATOP, TaK
YTO MOXET COoBepaTLCsl O6MeH paboToit MeXJAy BHYTPeHHeH H HapyXKHON yacTsaMH,
TO Be/IMUHHA DPaGOTHI, BBHINONHEHHOH CHCTEMOH B TeueHHe MpOLeCCa, 3aBHCHT JHLIb
OT HayaJIbHOrO M KOHEYHOTO COCTOSTHHA.

** CrielyeT OTMeTHTb, YTO eCiH ypaBHeHHe (13) NpHMEHHMO K 3HeprHH COCTOS-
HHS A Haweld CHCTeMbl, TO MOXHO MNepPeBECTH CHCTEMY, MOKa OHAa H30JHPOBaHa,
H3 cTanaaprtHoro coctosiHusg O B cocTosiuHe A. [Janbuwe Mbl MokaxeM (CM. pas-
nen 13), uTo 3TOT mpollecC He Bcerja BO3MOXeH Ge3 H3MeHeHHS TemaoThl. OaHaKO
B TaKHX CJyyasiXx BCerja MOXeT coBepuiaTbcsi o6paTHblii mpouecc A = 0. Pa6ora,
BLINOJIHSIEMAast CHCTeMOH Bo BpeMs o6paTHoro mnpouecca, paBHa — L4, noromy
ypaBHeHHe (13) MOXHO NMpPHMEHSATb TaKXKe M K 3THM CJyyasiM.
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HOas uukavueckoro mporecca ypaBHeHHe (15) npuHEMaeT oueHb
npoctyio ¢opmy. Tak Kak HauajbHble H KOHEYHble COCTOSIHHS IIHKJA
O/lMHAKOBbI, TO M3MeHeHHe 3Heprud paBHO Hymwo: AU=0.

Taxum oGpa3oM, ypaBHeHHe {15) nmpHHUMaeT BHX

L=q, (16)

T. e. pabora, coBepllaeMass CHCTeMOHl B TeyeHHe IHKJIHYECKOro Mpo-
uecca, paBHa TeIJIOTe, MOTJIOUEHHOH CHCTCMOM. '

BakHO yCTaHOBHTb CBSI3b MeXAy aOCTPaKTHBIM H 3JIeMEHTapHBIM
KaJIODUMETPHYECKHM ollpelieJieHHeM TelsoThl. KasopHMerpuueckass enu-
HHI[@ TeIJIOTbl, KaJOpHUS, ompelessieTcsi KaK KOJHUECTBO TEMJIOTHI,
HeoGxoduMoe AJIs1 MOBbllIeHHs TemnepaTypbl 1 2 Boael or 14 mo 15°C
npu atMochepHoM JaBieHuH. TakuM o6pa3oM, IJsl TOrO, YTOGH! NOBbI-
CHTb TeMmmeparypy m rpamMMoB Bogbl oT 14 no 15°C mpu arMmocdep-
HOM JaBJleHHH, TpeGyercst m Kamopuit Temsothl. IlycTb Au, o3Hauaer
u3MeHéHHe 3Heprud 1 e Boabl, a [, — pa6oTy, NpOAeJaHHYIO B pe3y.b-
Tate ee paCIUMpeHHA, KOrja Temmeparypa nosbiiuaercs oT 14 mo 15°C
npu atMocdepHOM JAaBieHud. st m rpaMMOB BoJbl H3MeHeHHe 3Hep-
THH H TIpojieJlaHHasi paboTa COCTaBJSIOT:

AU,=mAu; L, =ml,. (17)

PaccMorpum Temepb cucteMy S, KoTopasi MOABEpraeTcst H3MeHEHHIO.
Uro6bl H3MEpHTh TEIVIOOGMEH MeXIY CHCTEMOH H OKPYIKAIOIUMH Te-
JlaMH, TIOMECTIIM CHCTEMY B KaJIODHMETP, COJAEPXKALIHHA m IPaMMOB BO-
bl npu 14° C. BriGupaeM Maccy BOAbI TakuMm 00pasoM, uToGhl moc/e
3aBeplleHHs Tpolecca remmepatypa ee jgocruria 15°C.

Tak Kak HIeanbHBI KaJOpPHMETP TEPMHUECKH COBEpLIEHHO H30JIH-
pOBaH, TO CJOXKHasi CHCTeMa, COCTOAIasi M3 CHCTeMBl S M BOAHl B Ka-
JopHuMeTpe, B TeyeHHe TIpolLiecca TepMHYecKH H30JHpoBaHa. [lostomy
MBI MOXXeM NpUMEHHTb ypaBHeHue (14) K 3TOMy mporeccy.

OObuee H3MeHeHHe 3HEPrHH

AU=AUs + AU,,
rie AUs— n3veHeHne sHepruu cucreMbl S U AU, — H3MeHeHHe 3Hep-
rHH BoAbl Kanopumerpa. ITono6HO sTomy AJisi BCeil NpofesaHHOH paGoThi
uMeeM
L=Ls+L,.
3atem u3 (14) aamuem

AUs + AU, + Ls + L =0,

AUs + Ls = ——(AUE-I—LC) = —m (Auc-{—lc).

Ho, cornacho onpenenenuio (15), AUs + Ls — KOJHUECTBO TEMJIOTHI
Qs, nosnyuenHoit cucreMoii S. TakuM o6pa3oM, HMeeM

Qs= —m(Au,+1)). (18)
Orciona BUAUM, YTO KOJHYECTBO TEMJIOTHI INPONOPLHOHAJIBHO M.

wmm mo (17):
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C apyroit croponbl, TOT ¢aKT, YTO rm IpaMMOB BOIbl KaJlOpUMeTpa
narpesiocb ot 14 po 15°C B kajnopumeTpe, O3HayaeT, YToO m KaJOPHIH
TerIoThl ObIH TepejiaHbl CHCTEMOH S KaJlopHMeTpy, T. €. cHcTeMa S
NoJIyunsia — m KaJIopHi, HJH, JAPYTHMH CJIOBaMH, Qs, BblpaKeHHOe B
KaJlopHsiX, paBHO —m. Mbl BHUIMM TaKxe, Hcrnosb3ys (18), uto Kouu-
YeCcTBO TEIVIOTHl, BHIpAaXXeHHOe YypaBHeHHeM (15), nponopuHoOHaIbHO
KOJIHUeCTBY TEMJIOTbI, BbIPAXKEHHOMY B KaJIOPHSIX, TpHYeM KO3hduLH-
€HTOM MpOMNOPLUHOHAIBLHOCTH sBAseTcs (Auc + 1c).

CornacHo ypaBHeHHio (15), TemnoTa H3mepsieTcss B €IHHHIAX
sHepruu (3prax). IlocTosiHHOEe COOTHOlIEHHe MeXAY 3praMH H KaJlopH-
SIMH GbLIO H3MEPEeHO MHOTHMH HCCJ/IefOBAaTe/ISIMH, KOTOpble€ }CTaHOBHJIH,
uTO

1 kar=4,185-107 ape. (19

B nanbueiiiueM Mbl OGbIYHO 6yJieM BBIpaXkaThb TEMJIOTY B 3HEpreTH-
YecKHX eJHHHLAX.

YpaBHeHue (15), KoTopoe siBIseTCS TOYHOH (OPMYJIMPOBKOH 3SKBH-
BaJIEHTHOCTH TeIJIOTHI M PaboThl, ONHUChIBaeT MepPBHIH 3aKOH Tep-
MOXIHHAaMHKH.

4. MIPUMEHEHHE NEPBOr0 3AKOHA K CHCTEMAM,
COCTOSIHUE KOTOPBIX MO)XET BbITb H30BPA)KEHO. HA TUAIPAMME

V. p)

Tenepb Mbl NpHMEHHM IeEPBbIi 3aKOH TEPMOAMHAMHKH K TaKHM CHC-
TeMaM, KaK OJHOPOJHAsl KHIKOCTb, COCTOSIHHE KOTOpPOH MOXKeT ObiTh
onpeneseHo 1ByMss H3 Tpex mepeMenmbix: V, p, T. Torma .oGas
(YHKLHAS COCTOSIHMA CHCTeMbl, Hampumep ee sHeprus U, Oynet ¢yHK-
1Hed JBYX nepeMeHHBIX, KOTOpble BHIOpaHbI IJIsi TOro, 4YToObl oOmpeje-
JIUTb COCTOSIHHE CHCTEMB.

Uto6bl H36exaThb HENpaBUJIbHOTO IOHHMAaHHS TOrO, KaKas BeJIMUH-
Ha SBJASIETCSl HE3aBHCHMOH IepeMeHHOH TIpH BBIYHC/IEHHH YacTHOM
NPOU3BOAHOH, Mbl GyleM 3aKJ4aTb CHMBOJ YaCcTHOH INpPOH3BOJHOH B
CKOOKH M NOMeIlaThb BHH3Y CKOOOK Ty BeJIHYHHY, KOTOpPasi MpH YaCTHOM

ou

nnddepeHIHPOBAaHUH OCTaeTcsl MOCTOSIHHOH. TaKuM oGpasom, (7) v

O3HauaeT, YTO 3TO — NMPOH3BOAHAsA OT 3Hepruu U mo T npu nocTosiH-
HoM V, roe T u V B3aThl Kak He3zaBUCHMble nepeMeHHble, OTMETHM,
U

YTO ApHBEJleHHOe BbIpaXKeHHe, BOOOGLIE I'OBOpS, OTJIMYAETCS OT (3;) ’

p

NIOTOMY YTO B NEPBOM CJlydae OObeM COXpaHseTcsl MOCTOSHHBIM, TOTJa
KaK BO BTOPOM — IOCTOSIHHBIM OCTaeTcsl JaBJIEHHe.

Tenepb paccmoTpuM B Haleft cucTeMe GeCKOHEYHO MaJibiff mpotecc,

T. €. TIpoLecC, NMPH KOTOPOM HEe3aBHCHMble NepeMeHHbe M3MEHSIOTCsT Ha

GeCKOHEYHO Maslyl0 BeJHYHHY. Mbl MPUMEHHM K 3TOMY Mpoleccy mnep-
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Bbii 3aKOH TeDMOAHHAMHKH, BbIpaXKeHHBbIH ypaBHeHHeM (15). Bmecto AU,
L n Q caenyer Hanucath dU, dL, dQ, 4to6bl yKa3aTb Ha 6ECKOHEYHO
Masbiii XapakTep 3THX BeJMYHH. Torja mosyyum

dU + dL=dQ. (20)

Tak kak aas1 Hawero npouecca dL onpenessieTcsi BolpaxeHueMm (3), To
HMeeM

dU + pdV=dQ. 1)

Ecin mbl BoiGupaem T n V  HesaBHCHMbIME TNepeMeHHbIMH, TO U
CTAHOBHTCA (PYHKLHeH 3THX MepeMeHHBbIX, [03TOMY

= () +3)

" (21) mpumer BHI

(57), a7+ [( ) + p]dV — dQ. 22)

Ananornyvo, BbiGHpast T M p HE3aBHCHMBIMH T€PEMEHHBIMH, HMeeM

(6 A (5] o s

CquTaﬂ, HaKOH€IJ, V un P HE3aBHUCHMLBIMH IE€peMEHHBLIMH, II0JYy4YaeM

()i (), + » o= e

d
Ten:roemMkocTbh TeJsa a% eCTb, IO ONpeJeJIEHHI0, OTHOUIEeHHe GecKo-

HEeyHO MaJoro KOJIMYecTBa IOIVIOUIEHHOH TeMJIOTH K GeCKOHEeUHO Ma-
JIOMy TMOBBHILIEHHIO TeMIepaTyphl, BHI3BAaHHOMY 3TOil Tem/oToi. Boo6-
ule TeNJIOEMKOCTb Tesla GyleT pasjuYHOH B 3aBUCHUMOCTH OT TOrO,
HarpeBaeTCsl TeJO IpPH IOCTOSHHOM o6beMe HJH IpH IOCTOSIHHOM
nasienuu. Ilyctb Cy u Cp — TENJI0EMKOCTH COOTBETCTBEHHO IpH IIOC-
TOSIHHOM OGbeMe U IOCTOSIHHOM JaB/I€HHH.

[Tpoctoe BhipaxkenHe st Cy moxer ObiThb moayueHo u3 (22). as
6eCKOHEYHO MaJloro Ipoliecca NpH NOCTOSSHHOM o6beme dV =0, orkyna

&r=(28), =(37), @)

. Tlopo6ubiM e oO0pa3oM, HCoJAb3ysl YypaBHeHHe (23), HaXOZUM
caenyioilee Bblpaxenue s Cp:

_ [dQ) _ aQ) _ (av)

Co=(5),=(3F), +»(5), (26)
Btopoit unen B npaBoit yacTH (opMyJibl OMHChIBaeT coGo# 3ddekKr,

OKasblBaeMbl Ha TEIJIOEMKOCTb paboTOH, KOTOpas COBEpIIaeTcsi BO
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BpeMsl pacCliMpeHHsi. AHaJOTHYHBIA WjeH OoTcyTcTByeT B (25), TaK Kak
B JaHHOM cJyyae o0beM OCTaeTcss IOCTOSIHHBIM — He IIPOMCXONHUT HH-
KaKOro pacllHpeHHsl.

TemnuioeMKOCTb OZHOro rpaMMma BellecTBa Ha3biBaeTcsi yJ eJbHOH
TEeNJOeMKOCTbIO 3TOrO BELleCTBa, a TENJOEMKOCTb OJZHOTO MOJS —
MOJNSIPHOH TENJOEMKOCThHIO.

YmenpHblE ¥ MOJISIDHbIE TENJIOEMKOCTH MPH NOCTOSTHHOM o6beMe H
TIOCTOSTHHOM JlaBJIEHHH oIpenessiioTcsi ¢opmysamu (25) u (26), ecau
BMECTO NPOU3BOJILHOIO KOJIMYECTBa B3SIThb COOTBETCTBEHHO OJHMH IpaMM
WJIH OJHH MOJIb BELIeCTBa.

5. MIPUMEHEHHE NEPBOI0 3AKOHA K F'A3AM

B cayuae rasa Mbl MoXeM KOHKpPETH3HPOBAaThb 3aBUCHMOCTb 3HEPrUH
COCTOSIHHSI OT ONpEeNEeJSIOIHX 3TO COCTOSIHHE MEePEMEHHbIX BEJHYHH.
ITpuanmaem T u V 3a HesaBHCHMBble TNepeMeHHble M CHauyajda NOKaXeM,
4TO 3Heprmsi sBAsercss (yHKuHeidl TemmepaTyphl I W He 3aBHCHT OT
o6bema. ITogo6HO MHOTMM JpyrHM CBOHCTBaM ra30B 3TO CBOHCTBO JIMIIb
NPHOJKEHHO BePHO JIJ1s peasibHbIX rasoB. Ilpeamosaraercsi, yTo TOY-
HO OHO BHINIOJNIHSIETCS JJS1 HIeasbHBIX ra3oB. B pasgene 14, ucxoas u3
BTOPOrO 3aKOHa TePMOJHHAMMKH, MBI C/le/laeM Bbl-
BOJl, 4TO 3HeprHs Jo6oro Tesa, NORYHHSAIOASACS
YPaBHEHHIO COCTOSTHUS HIeasbHOro rasa (7), He
JIOJKHA 3aBHceTb oT o6bema V. Ceiluac, onHa-
KO, Mbl IIpHBeJleM S5KCIepUMeHTaJbHOe JO0Ka3a-
TEeJIbCTBO 3TOH TeOpeMbl MJISl Ta3a; 3KCIepHMEH-
Thl ObLTH BHINOJMHEHbI J[XKOyJeM.

BHyTph Kanopumerpa J[Ixkoy.,b MoMemiasn co-
cyn, umelomuii JBe Kamepnl A u B, coejHHeH-
Hble TPYGKoH (puc. 5). OH HAmNOJHHJ KaMepy
A rasoM H oTKayas Kamepy B, mpuyeM CHaya/la
o6e Kamepbl GblJIM NMepeKpbITHl KpaHOM B COEJH-
Hatowelt Hx Tpy6ke. ITocse Toro, Kak TepMOMETp, IOMeLleHHbIH B KaJo-
pUMeTp, IIOKasaJ, YTO HAcTYNW/IO TepMHMyeckoe paBHOBecHe, JIKoy.b
OTKPBbUI KpaH, BCJEACTBHE yero ras mocrynmaa u3 A B B 10 Tex Tmop,
NOKa JlaBJieHHe He CTaJso BCIOAy OAMHAKOBbIM. IIpn 3TOM OH oOGHapyXu-
BaJl JHIIb OYeHb HeOoJbilIoe KH3MEHEeHHe B IOKa3aHHAX TepMOMETpa.
DT0 03Haya/No, YTO MNPAaKTHYeCKH He TIPOHCXOJMJ Tepexo] Temja OT
KalopuMeTpa K KaMepe H HaoGopot. Ilpeanonaraercst, uto ecsu Obl
3TOT ONBIT Obl1 BHINOAHEH C HIeaJbHbIM Ta3oM, TO M3MEHEHHs TeM-
nepaTypel He GblIO Obl BOBCe.

[lpnmenum Tenepb mepBblii 3aKOH K OMNHCAHHOMY Bhillie IpoOLIECCY.
Tak kak Q =0, To u3 ypaBHeHusi (15) mi1s cucreMbl M3 ABYX KaMmep
H 3aKJIIOYEHHOrO B HHX Ta3a HMeeM

AU+ L =0,
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rne L — paGora, coBepwaeMast cucremoil, H AU — H3MeHeHHe 3Hepruu
CHCTEMBI.

[MockoabKy o6beMbl kamep A M B, cocTaBisiiolX CHCTEMy, He H3-
MEHHJIHCh BO BpeMs ONBITA, TO CHCTeMa He MOIJIa BBIOJHHTDH BHELIHEl
pabotul, T. e. L = 0. Iloatomy

AU =0,

T. €. 3HeprHsi CHCTEMBI H, C/Ie/lOBaTe/bHO, SHEPrHus rasa He H3MEHSIETCH.

PaccmoTtpuM Tenephb npoitece B uesioM. CHavasia ra3 3aiiuman o6bem A,
a B KOHIIe mpouecca 3anojHs1 o6e Kamepul A u B, T. e. o6BbeM ero
uaMeHsiicsl, OJHaKO OMBIT MOKasblBaeT, UTO B pe3yJ/bTaTe MpolEecca He
H3MeHHJach TeMIeparypa rasa. Tak Kak He MNPOH30UIO H3MEHEeHHst
SHEPrHH BO BpeMsl mpouecca, TO CJEAYeT 3aKJIOUHTh, YTO H3MEHEeHHe
o6beMa NpE NOCTOSIHHOM TeMIepaType He NPUBOJNT K H3MEHEHHIO 3Hep-
rud. JIpyrMMH CJI0BaMH, 3Hep2us uleanvHo2o 2a3a A8ASemcs (yHk-
yuell moabko memnepamypsl u He 3asucum om o6vema. IlosTomy
JJ1S. SHEPTHH HJeaNbHOrO ra3a MOXKHO 3allucaTh

U=U®). @7)

Yro6ul ONpenesuTh BHA 3TOH 3aBUCHMOCTH, MOXHO HCIOJIb30BaTh pe-
3yJbTaThl OMNbITA, MOKA3bIBAIOIIEro, YTO TENJIOEMKOCTh rasa IpH MoC-
TOSTHHOM o0beMe JIHIb ¢/1a60 3aBHCHT OT TeMmepatypbl. Ilpennosioxum,
YTO JJISl HJIeaJbHOTO rasa TellIoEMKOCTb CTpPOro nocrositHHa. B nanHoM
pasfesie Mbl YXKe CChIaJIMCh Ha TOHsATHEe Moab rasa, myctb Cy u C,
0003HaYalOT MOJISIPHYIO -TEIJIOEMKOCTb COOTBETCTBEHHO MPH MOCTOSIHHOM
o6beMe M TMOCTOSIHHOM JaBJIEHHH.

ITockonbky U 3aBucut TosbKo ot T, TO HeT 0co0ofi HeoGXoaHMoC-
TH YKa3blBaTb, YTO OOBEM IIOCTOSIHHHI B YypaBHeHHH (25); Tak uTo
IUsl HAeaJbHOTO a3a MOXHO 3alHcaTh

cr=19. 28)

Tak kak BesHuMHA CV npearnoJiaraeTcs TIOCTOSIHHOH, TO NOCJE HHTer-
pupoBaHHsA IOJY4YaeEM

U=CT +W, (29)

raie W — KOHCTaHTa MHTErpUpOBaHUsl, KOTOpAsl MPeJCTaB/SET SHEPTHIO
rasa npu Ttemnepatype aGCOJIIOTHOrO HyJs*,

* DTa [OMOJHMTENbHAsh KOHCTAHTA BJHMSET HAa OKOHYaTeJhHble Pe3yJbTaThl BHI-
qucJIeHHt TOJIBKO TOrAa, XOrja MPOMCXOLAT XHMHUECKHe MPOLECCH HJIH H3MeHseTcs
arperaTHoe COCTOsiIHHe BellecTB (cM., Hanpumep, ranasy VI). Bo Bcex ocraibHBIX
cayuasiX MOXKHO JONOJHHUTEJbHYIO KOHCTAHTY MNOJIOMHTb PaBHOH HYJIO.
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B npumeHeHHU K HIeaJbHOMY rasy ypaeHeHHe (21), Bhlpaxarollee
mepBblil 3aKOH TEPMOAMHAMHUKHU JUIs GECKOHEUHO MaJIbIX IIPOIIECCOB,
NpHHHMaeT ¢GopMmy

CvdT + pdV = dQ. (30)
Mubdepenunpyst ypaBHenue (7) A OJHOrO MOJS HIEaJbHOrQ
rasa, nojyuaem
pdV+Vdp=RdT. - (31)
[Toncrasasis ero B (30), Haxomum
Cv+ R dT —Vdp = dQ. (32)

Tak kak npus nporecca IpH INOCTOSAHHOM JaBJ/ICHHH dp=0, TO
3TO ypaBHEHHE JaeT

Co=(g7) =Cr+ R, (33

T. €. Pa3HOCTb MeXIY MOJSIPHOIl TeIJOEMKOCTbIO rasa IpH MOCTOSIH-
HOM JaBJEHHH H IPH TMOCTOSSHHOM oObeMe [aBHa Tra3oBOH IOCTOSH-
Ho#it R.

Tako#t xe pe3y/abTaT MOXKHO NOJAYYuTh H3 (26), (29) u (7). He#-
CTBHTeJIbHO, AJIS HAeaJbHOro rasa us (29) u (7) umeem

(gz_) _Y_ .. (aV) _(0RT _ R

or)=ar =™V \oT),=\oT 7)o~ 1"

[ToncraBass stu Beipaxkenust B (26), cHoBa moayuyaem (33).

[Tpn momolM KMHETHYECKOH TEOpPHH ra30B MOXKHO IOKa3aTh, YTO

3

Cy = 5 R 11st onHoaToMHOro rasa u
5

Cy =3 R 1717 JABYXaTOMHOrO rasa. (34

[NpunuMasi 5TH BEJHYHHBI, KOTOPbIE XOpOILIO COrJIaCyiOTCSl C OMbi-
ToM, M3 (33) AesaeM BLIBOJ, UTO

5
Cp =+ R MIs OIHOATOMHOrO rasa u

C,= % R 1 IBYXaTOMHOTO rasa. (395)
Ecau ofo3naunm c v R R
G _Cv+R_ R
K_Cv_ Ty —1+Cv, (36)
TO Taxxe IMOJYYHM
K =§ L]l ONlHOATOMHOrO rasa M
(37

7
K= 5 AJIs1 ABYXaTOMHOro rasa.
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6. AIHABATHYECKHE NMPOLECCBHI B 'A3AX

[oBopsAT, 4TO TepmojHHAMHYECKass CHCTeMa COBEpIIAeT aauadaT-
yecKHil mpouecc, €CJH OH O5paTHM H eCJIH CHCTeMa TEPMHYECKH H30-
JHpOBaHa, TaK YTO BO BpeMsl IIpolecca He MOXET [POHCXO/HTh
TenJooOMeHa MexJy CHCTeMOHl H OKpyxKarolleH ee cpepoii.

MoxHo annabaTHuecKH pacIUHpsiThb WJH CXKHMAThb ras3, IoMmellas
€ro B UMJHMHJID C HETeNJIONPOEOASIUNMH CTEHKaMH M MOpIIHEM, Mel-
JIEHHO TIepeMellasl MOpIIeHb HAapyXy WM BHYTpb. Ecau mate BO3-
MOXXHOCTb ra3y agHabaTHUecKH PaclUHPSTLCS, TO OH IPOM3BENET BHeIL-
HIOIO paboTy, H BesMuMHa L B ypaBHeHHH (15) GyaeT MONOKHTEIbHOH.

Tak kak ras tepmuueckd usosauposan (Q =0), To sHaueHune AU
NOKHO GbITh OTpHLATEJbHBIM, T. €. BO BpeMsi aguHaGaTHuecKoro pac-
IUMPEeHUs] HEPrusi rasa yMeHbluaeTcs. 3aBHCHMOCTb 3HEPrHH OT TeM-
nepaTypbl onpejeJsieTcsl ypacHeHHeM (29), M3 KOTOPOro CJefyeT, YTO
YMeHblIeHHe SHEepPruH O3HauaeT TaKXKe M yMeHbllUeHue TeMIepaTyphl
rasa.

Uro56l MONYYHTh KOJHYECTBEHHOE COOTHOIIEHHE MeXAY H3Mene-
HHeM Temmnepatypbl U o6beMa B pe3yJ/bTaTe aJuabaTHYECKOTO paciLH-
peHHs rasa, 3aMeTHM, u4rto, NockKonbky dQ =0, To ypaBHeHue (30)
MOXKHO IpEJCTaBHUTb B BHIE

CvdT +pdV =0.
Hcnonbays ypaBHenne coctosinusi pV = RT, MOXHO HCKJIIOYHTb p M3
TIpHBEIEHHOrO Bblillle YPaBHEHHS M MOJYY4HTb
cval + 8T av — o
HJIH

WHTerpupoBanue naet
InT +C% InV = const.

[ToTeHwpys, mosyuaem
R

TVC—V = const.

Hcnonw3yss onpenenenue (36), MOXKHO HamucaTb Tpefblfylnee
ypaBHeHHEe B ¢opme

TVK—1 = const. (38)

DTo ypaBHeHHe MOKa3blBaeT HaM KOJIHYECTBEHHO, Kak ajguabaTu-
YyecKOe H3MeHeHHe OfbeMa HIealbHOro rasa BJIHfET Ha H3MEeHeHHe
ero Temnepatypbl. Ec/i, HampuMep, o6beM NBYXaTOMHOTO rasa ajH-
abaTHYecKH PacClUHPUTh BJBOE MO CPaBHEHMIO C HayaJbHbLIM, TO, MO-
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naras, corjacHo (37), K =-Z, U3 ypaBHeHHs (38) Haxomum, 4TO

TemnepaTypa MOHH3UTCS B OTHOwWeHHH 1:204 = 1:1,32.

Hcnonbayst ypapHenne coctosuusi pV = RT, MoxeM BbpasHTh
ypasHenHe (38), cooTBeTCTBYIOlEe afHabGaTHYECKOMY MNEOLECCY, B CJe-
nLymowel ¢opme:

pVK = const; (39)
—Z___l_ = const. . (40)
p K

Ypasuenne (39) caenyer CpaBHUTb C ypaBHEHHEM
pV = const,

BbIpaXkalolluM H3oTepmuuecknii mpouecc. Ha puarpamme (V, p) wuso-
TepMbl SIBJSIOTCSI ceMeHCTBOM DaBHOOOUYHBIX rumepboJi, anuabaThbl xe,
npejcTaB/ieHHble ypaBHeHHeM (39), KauecTBEHHO MOXOXH HA THIep-
6oJibl, HO OHH MAYT Kpyue, moToMy uto K > 1. M3orepmbl u aguabaTsl
u3ofpaxkeHbl Ha pac. 6, nepsble — CIJIOLI-

HbIMH JIHHHSIMH, BTOpDbl€ — ITYHKTHPOM. P

VIR TepecHBIM B IPOCTHIM NPHJIOXKEHHEM
TEOPHH anHabaTHYecKOro pacllMpeHHs ra-
30B sIBJIsfieTCSl BhIYHCJIEHHE H3MEHEHHS TeM-
nepaTtypbl atMocdepsl BHICOKO HaJl yPORHEM
mopst. OCHOBHO# NPUUHHON H3MEHEHHUS TEM-
nepaTtypbl SIBJSIIOTCS KOHBEKIIHOHHbIE TOKH
8 Tpornocepe, KOTOpble HENpepLIBHO MNepe-
MeUIalT BO3AYX H3 HH3LIHX CJIOEB B BbIC-
ke M U3 BbICIIMX B HusmHe. Korpa Bo3- Puc. 6.

AYX C YpOBHS MOpsl MOJHMMAeTCsi B Bepx-

HHE CJIOM C HH3KHM JaBJeHHeM, OH pacuupsiercl. Tak Kak EO3-
LyX — IJIOXOH TNpPOBOAHHK TelJa, TO TeMmJO OT OKDYXKaillero BO3-
Jlyxa OoueHb IJIOXO IepejaeTcs IOAHSBIIEMYCS BO3AYXY, [03TOMY
MOXXHO CYMTaTh, YTO NPOHUCXOAUT apuabGatHyeckoe pacinpenxe. Coort-
BETCTBEHHO NOHHXXaeTCs TemrepaTypa nopHsBierocst sosnyxa. C apy-
roif CTOPOHBI, EO3[yX BEPXHHX cJioeB atMocdepsl, MOrpyKasiChb B HIDK-
HUe CJIOH, HCHbITbIBaeT anuabaTHyecKoe CXKaTHe, BCJIEJCTBHE Yero
TIOBbIIIAETCA TeMIepaTypa.

Uto6el nopcuutaTth H3MEHEHHE TEMIIepaTypbl, PacCMOTPHM CTOJG
BO3lyXa C IONMEpeYHLIM ceueHHeM, paBHbIM efupHue. CocpeoTOUYHM
BHHMaHHe Ha CJjioe BLICOTOH dh, HHXKHSII TOBEPXHOCTb KOTOPOro pac-
ToJIOXKeHa Ha pacCTosiHUH h Hap ypoBHeM Mopsi. Ecan p —- naenenue
Ha HIDKHell NMOBepXHOCTH, TO NaBJieHHe Ha BepxXHeid IOBEPXHOCTH CocC-
TaBUT p +dp, rae dp npeicraBnsieT H3MeHeHHe JAaBJIEHHS IOJ BO3-
JleficTBHEM Beca Bo3lyXa, Haxopsuierocsi B cjoe. Ecau g — yckopeHue
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CHJIbl TSDKECTH, a p — IJIOTHOCTh BO3JlyXa, TO BeC BO3llyXa B cJjoe
paBen pgdh. Tak Kak yBeJHuYeHHE BHICOTbl CONPOBOMJAAETCS YMEHb-
LIEHHEeM JaBJeHHs, TO

dp = —pg ph, 41)
U4, yuuthiBas (8),
dp = — 482 dn,

rae M —cpenHHil MOJIeKYJsiDHEI Bec Bo3ayxa; M = 28,88. Ilocse
JorapudmupoBanus U AuddepeHuuposanus (40) moaydaem

dT K—1ldp
T="K 5°*
STO BMeECTe C npe;u;myl.uuM ypaBHeHHeM aaetr
dar K—1gM
S=-—"T% &= (42)
IMosaras
K= —;; g = 980,665, M — 28,88; R — 8,214. 107,
MOJTY4HM

Z—Z—‘ = —9,8.10-% gpad/cm = —9,8 2pad/km.

B neiicTBHTENIBHOCTH 3Ta BeJHYMHA HECKOJbKO OoJibllle, YeM Ha-
6ai05aeMoe cpeliHee CHHXKEHHE TeMIlepaTypsl B 3aBHCHMOCTH OT BBICOTHI
Haj ypoBHeM Mopsi. Pa3Huua oObsicHsieTcsl IJIaBHbIM 006pasoM TeM,
yTO Mbl TpeHeOpersaH 3(pdeKToM KOHAEHCauHH BOASHOTO Napa B pac-
IWIHPSIIOIHXCA Maccax BO3JyXa.

3AJAYH

1. Tloncunraiite H3MeHeHHe SHePrMM CHCTEMH, KOTopas coBcpwaer 3,4-10% spe
pa6oTel H norJomwaer 32 ka2 TenJa.

2. CKobKO KaJopHif MOrJoLlaeTCA TPeMsi MOJISMH HI€aJbHOrO rasa, M30TepMH-
UeCKH PaCLIHPSIIOLIErOCs OT H24a/lbHOrO A4BJIEHHs B 5 amm 1O KOHEYHOI'o JaBJeHH:
B 3 amm npu Temnepatype 0° Cp

3. OmuH MoJb IBYXaTOMHOrO HAealbHOro rasa coBepilaeT MpOLECC OT HayaJb-
HOTO COCTOSIHHS, MpPH KOTOPOM TeMnepatypa H o0beM rasa COOTBETCTBEHHO PaBHbI
291° K u 21000 cu3, K KOHeYyHOMY COCTOSIHHIO, B KOTOPOM TeMnepaTypa H o6beM
pasubl 305° K u 12700 cu3. IMTpouecc u3oGpamaercs Ha auarpamme (V, p) npamoi
munuell. Haiith coBepmaeMylo cuctemoii paGoTy M norJollaeMoe €l TemJo.

4. JIByxaToMHbIii ra3 apuabaTHuecKH paciuupsiercs go ob6bema B 1,35 pasa
Goabiwe HauaabHoro. Hawanmpnas temnepatypa pasna 18° C. Kakas KoHeuwas TeM-
nepartypar
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7. ®OPMYJIHPOBKA BTOPOr0 3AKOHA TEPMOAHHAMHKH

IlepBbifi 3akOH TepMOAHHAMUKH Obl1 CHOPMYJHPOBAaH KakK HeBO3-
MOXHOCTb IIOCTPOHTb MalllMHY, KOTOpPasi Morsa Obl CO3[aBaThb 3HEPTHIO.
OnHako OH He HaKJ/ajblBaeT OrpaHHYEHHil Ha MpeBpallleHHe SHEPrHH H3
ofHOro BHAa B Apyroi. Takum o6pa3oM, Ha OCHOBe OJHOrO JHILIb Iep-
BOrO 3aKOHa BCeTAa MMeeTCsl BO3MOXHOCTb IIPEBpaTHTb TEIJIOTY B pa-
60Ty HJH- pabOTy B TENJIOTY, €CJIH TOJIBKO OOllee KOJHYECTBO TEMJIOTH
9KBHBAJIEHTHO OOLUEMY KOJIHYeCTBY paboTbl. 1O, G6e3ycJ/IOBHO, BEpHO
AJs  npeBpauieHHst pa6oTel B Temjoty. Tesno (6e3pasiHMuHO C KaKoi
TEeMIepaTypoil) Bcerja MOXKHO HarpeTb TPEHHEM, IMoJydash KOJIHYeCTBO
aHepruH B (opMe Tela, TOYHO paBHOE NpoaesaHHO! paGote. IToxoGHEIM
>Ke 00pa3oM aJIeKTpHYecKasi dHeprHs BCerha MoxeT GObiTb IIpeBpallleHa
B TEIVIOTY NPH INPOXOXKJEHHH 3JIEKTPHYECKOTO TOKa uepe3 CONpPOTHB-
Jenre. ONHAKO CYLIECTBYIOT ONpeje/eHHble OrpaHWYeHHs] NpPH IpeBpa-
HIEHHH TenJIoTh B pa6Gory. Ecau 6bl storo He OBIJIO, TO MOXHO OblIO
6bl NOCTPOMTH MAllMHY, KOTOpasi CMOrsia Gbl NYTeM OXJIaXKIEHHs! OKpy-
JKalOLUIMX TeJ npeBpalllaTh B3STYI0O U3 OKpYyxKawoleHd cpefbl TEMJIOTY B
pabory.

Tak Kak 3amachbl TemJioBOHl SHEPTHH, COJepIKallliecss B 3eMJsie, BOAe
H atMocdepe, NMpaKTHYECKH He OrpaHHMuYeHbl, TO Takasl MalldHa Obljia
Obl I/ BCeX NpaKTHYECKHX ILieNiefi aKBHMBaseHnTHa perpetuum mobile.
Takyio runorerHyeckylo MallMHY HasblBaloT perpetuum mobile
BTOPOTO pojia.

Bropoit 3akoH TepMOZMHAMHKH HCKJIIOYaeT BO3MOXHOCTb NOCTPOEHHsI
perpetuum mobile Broporo popa. Urto6bl TOuYHO COPMY.IMPOBAaTH ISTOT
3aKOH, OmnpejiesNM, YTO O3HAYaeT BhIPAXKEHHE (HCTOYHHK TeIIOThl NpH
JlaHHOH TeMrepaTypey.

Teno ¢ Temnepatypoit ¢, nocraBieHHOe B TaKHe YCJOBHsl, 9TO OHO
MOXET H3MEHATb TeIVIOTY, HO He MOXeT CoBepllaTb paboTy, B3aHMO-
AEACTBYSl C OKpYXKalollleH Cpefoi, Ha3blBaeTCsi HCTOYHHKOM TEIJIOTHI
npu Temnepatype {. B KauecrBe mnpHMepa MOXEM pacCMOTpeTb TeJa,
3aKJIIOYEHHBbIE B XKECTKYIO 0GOJIOUKY HJIM IOJBeprarolifecs: HeaHauuTelbs
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HOMY H3MeHeHHIO o6bema. Macca Bojibl, KOTOpasi HMEeT IOBCIOLY TeM-
nepatypy £, MoxKeT ObiTb NpPHHSITA 33 HCTOUHHK TEMJIOTHI, TaK KaK ee
o6beM TNpaKTHYECKH MOCTOSTHEH.

MBI MoxeM Temepb YCTAaHOBHTb BTOPOH 3aKOH TEPMOAHHAMHKH B
crenywoued Qopme: He803MOKcEH NPOYECC, EOUHCMBEHHLIM KOHEHHbIM
pesyavmamom Komopoeo 6ydem npespaujerue 6 pabomy menaomet,
U361€4eHHOLL U3 UCMOYHUKA, umeroueeo 8ciody 00UHaKosyw memnepa-
mypy (nocrynat KeabsuHa) *.

DKCrepUMeHTa/IbHOe JOKAa3aTeJbCTBO CIIPABENJNBOCTH 3aKOHA COCTOMT
rJiaBHbIM 00pa3oM B Heyjlaye BceX MNOMBITOK CKOHCTPYHpoBaTh perpetu-
um mobile BrOoporo popa.

Brtopoii 3akoH MOKeT ObITb BbIpaXK€H TaKxKe CJELYIOLMM 00pa3oM: He-
803MOJCEH N POYeECC, eOUHCMBEHHbIM KOHEYHbIM Pe3Yrbmamom KOmopozo
6ota Gbr nepexod menaomel om meaa ¢ OGHKOL memnepamypoti K meay
¢ bonee svicokol memnepamypoii (nocrynar Kaaysmyca).

Jlo cux mop Mbl, OQHAKO, MOJIb30BAJIHCh TOJILKO ONBITHOH TeMrepa-
TypHOH LIKasmoH. UTtoObl nath TOuHYi0 (OpMYJHPOBKY mocrynaTta Kia-
y3uyca, CJIefyeT CHayaJla OMDelesHTb, YTO Mbl NOJpa3yMeBaeM, Korja
FOEODHM, YTO OJHO TeJIO HMeeT GoJlee BBICOKYIO TeMIepaTypy, YeM A pyroe.
Ecin npuBecTH jBa Tesa, HMEIOWMX pa3/JMYHYIO TeMIepaTypy, B Te-
JIOBOH KOHTaKT, TO TeNJIOTa CaMONPOH3BOJILHO INepeiiieT OT OXHOro M3
HUX K gapyromy. Takum o6pasoM, MOXHO 3aKJ/IOYUTb, YTO TeJO, H3
KOTOPOrO TeMJIOTa MepeXOnuT, HMeeT Gosiee BHICOKYIO TeMIlepaTypy, uem
npyroe Teso. Tenepr MOXHO copMynupoBaTh mnoctysnar Kaaysuyca
cleyIoluM 00pa3oM: ecau npu KOHmakme menaioma nepexodum om
meara A Kk Opyaomy meay B, mo nesoamoscen npoyecc, eduHcmeer Hoim
rcotjqetmbm pesyaemamom xKomopozo Obia 661 nepexod menaomor om B
KA.

OnHako crefyeT N0OKa3aTh 3KBHBaJIHTHOCTb MocTyJsaToB Kuaysuyca
n KenbBuna. [l aTOro HyXHO HOKa3aTb, 4YTO ecad mnocrynaar Kia-
y3uyca HeclipaBeJJ/IMB, TO HeCNpaBeJJ/MB M Noctysar KeJsbBuHa, U Ha-
060[oT.

* CyllecTBeHHOM yacTbio noctyJjaTta KesbBHHAa sIBisieTCsl TO, YTO NpeBpalieHHe
TeNnJOTH B paboTy eCThb eIMHCTBeHHbIH KOHeuHbii pe3yJbTaT npouecca. JleficTeu-
TeJIbHO, HEeBO3MOXHO NPeBPaTHTb B PaboTy TeMJOTY, B3ATYI0 OT HCTOYHHKA, HMelo-
lero BCIONY OJAHHAKOBYIO TeMIlepaTypy, TO.MbKO B TOM CJyuae, eCJH B KOHLEe Mpo-
1ecca OTCYTCTBYIOT KaKHe-/HGO H3MeHeHHsl CHCTEMBI.

PaccmoTpHM, HanpHMep, H30TepMHUeCKoe paclUHpeHHe HAeaJIbHOro rasa, KoTopbli
HAXOIHMTCA B TEMJOBOM KOHTAKTe C HCTOUHHKOM TeMJOTH MpH Temmepatrype T. Tak
KaK 3Heprus rasa 3aBHCHT TOJbKO OT TeMmepaTyphl, a TeMIepaTypa He H3MeHsSeTCH
BO BpeMms npolecca, TO Mbl Ro/ukHbl HMeTb AU =0. H3 nepsoro 3akoHa [ypas-
Henne (15) | monyuaem satem, uro L =Q,T. e. pa6ota L, coBepuieHHasi NpH pacLuH-
PeHHH rasa, paBHa TemJoTe (, KOTOpPYIO OH mNorjolaer H3 HCTOYHHKA. Mmeercs,
TakuM o6pa3oM, MOJNHOe TpeBpalleHHe TenjoTsl Q B paGory L. Ho 3To He mpothBo-
peuHT noctrynary KeabBHHa, Tak Kak npeBpailesde Q B L He sIBJsieTCS e AHHCTBEH-
HbIM KOHeYHBIM pe3yJ/ibTaTOM mpouecca. B KoHue npoluecca ras 3aHHMaer o6beM
60.1bILHI, YeM 3aHHMaJ ero BHauale.
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[peanonoxumM, uto nocrynar KesabBuHa HecnpaBeAJuB. Toraa Mox-
HO GblI0 Gbl COBEpLUHTb MpOLECC, eJHHCTBEHHLIM Pe3yJbTaTOM KOTOPOro
sBJsJoch Obl MOJHOe IpeBpalleHHe B paGOTy TEIVIOTH, B3ATOH OT
€MHCTBEHHOrO HCTOYHHKa INpH TemnepaType f,. Toraa mnyreM TpeHHs
MO2KHO Gbl/10 Gbl IPeBpaTHTb paboOTy CHOBA B TEIVIOTY U 6/1arojapsi STOMYy
NOAHSITL TeMrepaTypy TeJia, He3aBUCHMO OT TOro, Kako# Oblia ero Ha-
yaJbHasi Temneparypa f,. B uyactHocTH, Temnepatypy £, MOXHO OblL10
B3Tb TaKoOH, YToObl OHa Oblia Bbile, ueM f,. Takum 06pa3oM, eRHHCT-
BEHHBIM pe3yJIbTaTOM 3TOro mpouecca Obl1 Obl Nepexo], TEIVIOTH OT
onHoro Tesa (MCTOYHHMKA NpPH TeMnepaTrype £;) K Apyromy Teay c GoJee
BLICOKOI# TemnepaTypoil f,, 4To GbiI0 Ob HapylleHHeM nocryJara Kaa-
ysuyca. ,

Bropasi uacTh HOKa3aTesqbCTBa SKBHBAJIEHTHOCTH 3THX ABYX HOCTY-
JaToB TpeOyeT CHayasa OGCYXKIEHHS BO3MOXKHOCTH NpEBPAUlEHHS TeIJIo-
TBl B paGoTy. DTOMYy BOMpOCY IOCBSLleH CJIeAYIOLUH pa3jeJ.

8. HHKJ1 KAPHO

CornacHo moctysaty KesbBuHA, HEBO3MOXKHO MpeBpaTHTh B paGoTy
TEeNJIOTy, NMOJYYEHHYIO OT MCTOYHHKAa ONHOPOJHOM TeMIepaTypel, He
NPOM3BOASl MNpPH 3TOM JADYrHX H3MEHEHHH B CHCTeMe, BKJOYaoLleH
HCTOUHHK. [ToaTomy, uTOo6bl COBEpIIMTH TAKO# mpoiecc, HeoOXOMHMEI, MO
KpaiiHell Mepe, /lBA HCTOYHHKA C pa3/IHUHBIMH TeMmepatypamu f; H i,
Mmess nBa TakMX HCTOYHHMKA, MOXKHO NpeBpaTHTb TEIVIOTy B paGoTy B
XoJle CJeAyIoLIero mpouecca, KOTOpbld Ha3blBaeTcsi HHKJAOM KapHo.

PaccMoTpuM KHAKOCTb, COCTOSIHHE KOTOPOH MOXHO HM300pa3uTh Ha
nnarpamme (V, p), a Takxke jABe aavabaTbl H ABeé H30TepMbl, COOTBeET-
CTByloOLilHe TeMmnepatypaM £; H f,. DTH 4eTblpe KpHBbIE B3aHMHO Iiepe-
cekaloTcss B uerbipex Toukax A, B, C, D, xak nokasaHo Ha pHuC. 7.
[Tycte AB u CD — nBe H30TepMbl, COOTBETCTBYIOLIHE TeMIEpaTypaM
t, u t;. AC u BD — pBe anuabatel. OGpaTHMBIA HHKJ IpeBpalleHHs
ABDCA wuasbiBaetcs nukiaom Kapuo.

INokaxkeM, KaK B JEHCTBHTE/BHOCTH MOXET ObITb BBINOJHEH LHKJ
Kapro. 3ak/oyaeM XHAKOCTb B LHJIMHIADHYECKHH COCYHA, HMEIOLIMI
HeTeIIONPOBOAHbIE GOKOBhIE CTEHKH M HETeIJIONPOBOAHLIH MOpIIeHb, TaK
4TO TEeNJIOTa MOXeT BBIXOAHTb M3 ILHJHMHIApPA MJH IIOCTYNaTh B HEro
TOIbKO 4Yepe3 OCHOBaHHE IHMJIMHJPA, KOTOpOoe BhIGHPAeTCsl TEMJIONpOBOJ-
HbM. TlycTb £, W £, — TemnepaTypbl JBYX MCTOYHHKOB TelUIOTsl. Kcrou-
HHKH CTOJIb BEJIHKH, YTO HX TeMNepaTypbl NPaKTHYECKH He H3MEHSIOTCS,
KOrla HeKOTOpoe KOJIHYECTBO TeIVIOTHI 1006aBJsETCS K HCTOYHHKAM HJIH
oTHHMaeTcsl oT HHX. [lyctb ¢, Gosbwe, yeM f;. Ilycth BHauase o6bem
H JaBJeHHe XHAKOCTH B LHJIHHJApE COOTBEeTCTBeHHO V4 M ps (TOuKa A
Ha puc. 7). Tak KaK TOuKa JIEKHT Ha H30TEepMe, OTBEyYalolleil TemIe-
patype f,, TO CHauaja TeMIepaTypa KHAKOCTH paBHa f,. IlosTomy,
€C/IH TIOMECTHTb LHMJIMHAP Ha HCTOYHHMK C TeMmnepaTypo#t f;, TO He mpo-
H30/i/leT HHKaKoro mepexoja Temaots (puc. 8, A).
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[ocTaBuB LMJHHAP Ha HCTOYHHK C TeMIepaTypoil f,, MelJeHHO
NOJHHMAaeM MOpIeHb W TakKMM 00pa3oM. 00paTHMO yBeJHYHBaeM 06GbeM
JIO Tex mop, NMOKAa OH He NOCTHrHeT BesHuHHbl Vg (puc. 8, B). 3ra
yacTh Mpouecca NpeAcTaBjJeHa OTpe3KoM AB H30TepMbl, OTBeyaioliei
Temneparype f,. Tenepb cocTOsiHHe Halllell CHCTeMbl H3006paXKaercst Tou-

Koii B Ha puc. 7.

2 CraBUM UMJIHHIDP Ha TEIJIOH30JSTOp H
OYeHb MeJJIEHHO YBeJHYHBaeM o00beM, IOKa
0 8 OH He JOCTHrHeT BenHuuHbl Vp (puc. 8, D).

Tak Kak cHcTeMa TepMHYECKH M30/IHpOBaHa EO
BpeMs 3TOH YyaCTH Ipouecca, TO OHa H300pa-
N2, JKaercss Ha puc. 7 oTpeskoMm ajnuabatel BD.
B Teuenne storo apuaGaTHuecKoro pacrumpe-
HHS TeMIlepaTypa KHAKOCTH CHHXAercs C 1,
Puc. 7. J0 !y, H COCTOSIHHE CHCTeMbl 0603HaYyaeM TOu-

Koil D (puc. 7).

TTomemiasi 3aTeM UHMJIHHAP HAa HCTOYHHK C TeMNepaTypoH f;, OuYeHb
MeJJIEHHO CXKHMaeM XXHAKOCTb No usotepMe DC (puc. 7), noka ee
o6vem He ymeHbumtcsl 10 V¢ (puc. 8, C). Haxouen, cHoBa craBuM
UMJMHAP HAa TEIJIOM30J4TOp H no JHHHH CA oOueHb MeNJIeHHO ajHa-
GaTHUeCKH CXKMMaeM XXHIKOCTb, IIOKa ee TeMIepaTypa He MOBBICHTCS .
Io I,

~0

| ¢z I | Z, I I%%@ | Z, | |J§£%‘$;l
A V4 y/j A A,
Puc. 8.

Tenepsb cucTeMa CHOBa HAaXOLUTCS B Haua/JbHOM cocTosiHHH (pHc. 8, A),
KOTOpOe NoKasaHo Toukoi A Ha pHc. 7.

Bo Bpemsi nadrepMHYeCKOro pacluMpeHHs!, H300pa:KeHHOro OTPe3KOM
AB, cucteMa mOrJomaeT KOJHYECTBO TEMIOThl Q, OT HCTOYHHKA C TeM-
nepatypoil f,, Bo BpeMsl H30T€DMHYECKOrO CXKaTHs, NPEACTABJIEHHOrO
orpeskoM DC, cHcTeMa NOrJOLaeT TemIoTy — @; OT HCTOYHHKA C TeM-
neparypoii f,, T. e. otgaer Tem10Ty Q, MCTOYHHKY C TeMmmeparypoil f;.
Takum oGpaszoM, ofllee KOJHYECTBO TEIJIOTHI, MOIJIOUIEHHOH CHCTeMOH
BO BpeMsl LiHKJa, cocTaBasieT Q, — Q,. Ilycts L — paGoTa, mpoje.aH-
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Hasl cucTeMOH Bo BpeMsi mpouecca. Ona paBHa mJowafy, OorpaHHYeHHOH
uuKjom Ha puc. 7. Mcnonbdys ypaBHenne (16), Koropoe BblpaxKaeT
nepBblii 3aKOH TEPMOJAUHAMHKH [IJsi LHKJa, HMeeM

L=Q—Q. (43)

U3 310rO0 ypaBHEHHS BHAHO, YTO TOJBKO YaCTb TeILIOThI,. MOIJIO-
IIeHHOH CHCTeMOHl H3 HCTOYHHKa C 6oJjiee BBHICOKOH TeMIepaTypoH, mpe-
BpalliaeTCsl B LMKJe KapHo B paboty; TenJota Q, NepeziaeTcs HCTOIHUKY
c MeHblleil Temneparypoi.

OnpenensieM K03 GHIHEHT NONE3HOr o AefcTBHUA (K. I A.)
uukaa Kapno 7 Kak OTHOLIeHHe paGOThbl, COBEpLIEHHOH LHKJIOM, K KO-
JIMYECTBY TeEIJIOTHI, MNOIJIOMEHHOH H3 HCTOYHHKAa C GoJiee BBLICOKOI
TeMIepaTrypoi.

L _ &= _,_ 4.
"= T Ta T (49

ITockonbky uuks KapHo ofpatuM, OH MOXeT ObITb MNpOBeleH B
00paTHOM HampaBJileHHH. DTO MOXHO ClesaTh, BbINOJHSAS BCE OIHCaH-
Hble Bbillle NPOLECCHl B NPOTHBONOJNOXHOM HamnpabJeHHH. Ilpu 3ToM
IHKJ notpebJsier pa6oty L BMecTo TOro 4YtoGbl NPOM3BOAHTL ee; OH
IOr/IoIaeT H KOJHYECTBO TEMNOThl Q, NMPH TeMmmeparype f; U BO3Bpa-
I1aeT KOJIMYECTBO TelJIOThl Q, MpH Temmepartype f,.

IepBbiM npumeHeHHeM ILiMKJa KapHo 6yneT okoHYaHHe 1OKas3aTellb-
CTBa 3KBHBaJIeHTHOCTH nocryJaroB Knaysuyca u KeabBuna. ITokaxkem,
yTo ecau Obl nocrysnar Ksaysuyca Gbul He BepeH, TO He BepeH Obll
661 M moctysar KenbBHHA.

Honycrum, Bompeku noctyqaty Kiayanmyca, 4TO MOXKHO mnepenartb
HEKOTOpOe KOJIHYEeCTBO TEMJIOThl Q, OT HCTOYHHKA C TeMmepaTypol f,
K HCTOYHHKY c 6oJiee BLICOKOH Temmeparypoil f, TaK, 4uTOObl He IIpo-
H30110 GOsbllle HHKAKHX JPYTHX H3MeHeHHH B COCTOSIHHM - CHCTEMBL.
Torna npu nomomy uukaa KapHo MOXKHO Obl10 Obl NOMVIOTHTb 3TO
KOJIMYECTBO TenJOThl Q, M NpOn3BecTH KoJHuecTBO paboThl L. Tak kak
HCTOYHHK TPH TeMmmeparype f; moJyyaeT H OTZAET TO XKe CaMoe KOJM-
YeCcTBO TEIJIOThl, TO B KOHEYHOM HMTOT€ OKa3blBaerTcsi, YTO OH He H3Me-
HUAcA. TakuM 006pa3oM, eIHHCTBEHHbIM KOHEYHBIM Pe3yJ/bTaTOM -OMNHCaH-
Horo npouecca 6bl10 Obl NpeBpalieHHe B paboTY TeNJOTbl, H3BJEYEHHOM
U3 HCTOYHHMKA, HMEIOLIEro BCIOAY TeMneparypy f;, HO 3TO NPOTHBOpEUHT
nocrynary Ke/bBHHa.

9. ABCOJIOTHASS TEPMOAUHAMHYECKAS
TEMIEPATYPA

B npenpiaymem pasgene Mbl no CyTH leJa ONHCANH HEKYIO Maull-
Hy, KOTopasi coBepluaeT Kpyrosoi uukJa KapHo: TIPOH3BOJIHT paboty L,
norJowas Tenaory Q; OT MCTOYHHKA C TeMmeparypoil {3 H nepejapas
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TermyIoTy Q; HCTOYHHKY c CoJiee HHU3KOH TemmepaTypoil ;. Kak BuaMm,
TaKas MaulMHa pabeTaeT MeXAy TeMmIepaTypaMH f, H f,.

PaccmoTpHM Tenepb MPOHM3BOJIbHYIO MalUHHY, PaGOTAIOMLYIO MeXIy
Temnepatrypamu f; (MeHbliedl) u f, (Goabwed). Ilycts L — paGota, co-
BeplacMasi MallMHOH BO BpeMsl KaX/Oro LHKJa, H OycTb Q, U Q, —
KOJIMYECTBA TENJOThl, MOIJIOUIeHHOH 3a LMKJ INpH TeMmmepaType f, H
OT/aHHO MpH TemmepaType f,. MamnHa He 00s13aTeJbHO JOJKHA Jei-
CTBOBaTb MO LHKJY KapHO; cTaBHTCS eIMHCTBEHHOE YCJ/IOBHE: MallH-
Ha JO/KHA ObITb LHKJHYHOH, T. €. 0 OKOHYaHHM IIpolecca BO3Bpa-
1aThCsl B NEpBOHAYaJbHOE COCTOSHHE.

* MoXHO JIerke moKasaTb, 4To ecad L >0, T. e. ecau Maluuna
COBepillaeT MOJIOXKHTeJbHY0 padoty, To Q, >0 u Q, >0.

HonyctuMm cHayana, uto Q, < 0. 3To o3Havaja Obl, YTO MalIHHA
norJioulaeT BO BpeMs IIMKJa OT HCTOYHHMKA C TeMIlepaTypo# f; Ter.Jo-
Ty Q,. Torma moxHO ObljI0 Gbl MPHBECTH ABAa HCTOYHHKA B TeENJIOBOIl
KOHTAKT W MO3BOJIUTb TENJOTe CaMOIPOH3BOJBHO MEPeXOXUTb OT Gosee
ropsiyero MCTOYHHKA C TeMIepaTypoil {, K GoJsiee XOJIOZHOMY C TeMmIie-
patypoit {, 10 Tex NOp, MOKa NMOCJeNHHH He MOJYYHT TaKoe XKe KO-
JIMYECTBO TeNJIOTH, KaKoe OH Nepejasj MalllMHe BO BpeMs LHKJaa. Tak
KaK MCTOYHHK C TeMIeparypoii f; ocTajcst Obl HEH3MEHHbIM H MalUMHA
CcHOBa Oblla Gbl B CBOEM Haya/lbHOM COCTOSIHHH, TO €XHHCTBEHHBIM
KOHEUHBbIM pe3yJipTaToM Npolecca Obl1o Obl mpeBpalleHHe B pa6oTy L
TEeNJIOTH, IOTJIOUEeHHO! H3 ONLHOr0 HCTOYHHKA, KOTOpbI MOBCIOLY HMeJ
O/IMHAKOBYIO TeMnepaTypy f,. [IoCKOJBbKY 3TO MPOTHBOPEUHT MOCTYJIATy
KesbBHHA, TO J0MKHO ObITb Q; > 0.

HokasaTb, uTo Q, > 0 Tenepb oueHb npocTo. Tak Kak Haiua MallHHa
BO3BpalLlaeTCs IOCJe IHKJA K HayaJbHOMY COCTOSIHHIO, TO H3 MepBOro
3aKoHa (cM. ypaBHeHHe (16)) HMeeMm

L =Q2"“Q1-

Ho L > 0 no npexnoJsioxeHHio, H yxe A0Ka3aHo, yto Q, > 0, caenora-
TeJIbHO, Mbl JIO/KHBI HMeTb Q, > 0.

PaccmoTpuM Temepb BTOPYIO MalUMHY, pabOTalOLLYI0 MeXJy TeMH
xe Temneparypam f; u t,. as Hee L', Q, u Q; sBAsiioTCs BeJH-
YHHAMH, COOTBETCTBYIOUWUMH L, Q, u Q; mepBod MamuHbL MBI J0Ka-
JKEeM CJENYIOIYI0 OCHOBHYIO TeopeMy:

a) ecau nepeas mawiuna aeasemcs obpamumod®, mo

’g—i _Q_ (45)
6) ecau emopas mawuna maxxce obpamuma, mo
&= (46)

* [Tox ofpariiMofi MaiuMHOA MBI MOHHMaeM TaKyi0 MalUHHY, KOTOpas BCIOAY AedcCT-
BYeT MO 0GpaTHMOMY LHKJHY.
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B nepBoit yacTH TeopeMbl Mbl HHYETo He INpeAnosiaraeM O ETOPOH
MallliHe; TaKuM o6pa3oM, OHa MoOxKeT ObITb oOpaTHMOH, JHOO HeT.

Ecan npumenuM ypaBHeHHe (16) (ocofbiit BUA mepBOro 3axoHa AJs
LHKJOB) K JIBYM HallHM MallHHaM, TO YBHJHMM, 4TO paGoTa, BbIMOJHEH-
Hasl Ka)X[oil MalllMHO# B TeueHHe IHKJa, AO0/KHa ObiTb paBHa pas-
HOCTH MEXJY TeNJoTOH, NMoJy4eHHOH OT MCTOYHHKA C TeMIepaTypo# f,,
H TeIJIOTOH, OTZAHHOH HCTOYHHKY C TeMmmeparypoi f;. Takum oGpazom,

uMeeM
L=Q—Q (47
b =Q —Q. (48)
Q

OrtHoleHHe Q KOHEYHO, MoXXeT ObITb BbIpa)K€HO palHOHAJbHOII

2
npoGbio ¢ J06oi Hamnepes 3aJaHHON TOYHOCTHIO. B pesyJbrare MO#HO
Hanucarb

H

- !
=% (49)

rie N 1 N’ — nonoxuTe/bHble. IEeJbe YHEa.

Paccmotpum Temepb mnpomecc, coctrosimuit u3 N’ LHKJIOB BTOPOil
MaluHHbl B N o0paTHbIX LIHMKJIOB MepBO MalMHBL. DTOT NpOLECC SB-
JsieTCst JIOMyCTHMBIM, TaK KaK Mbl IPELNOJIOXHJ/H, YTO IepBasi MaulHHa
obpaTHMa. .

Korpa nepeasi mammuna aeficTByeT B OOpaTHOM HamnpaB/eHHH, OHa
NOrJiouaeT KoJHu4yecTBO paGoThl L BO BpeMst KaxkK10ro o0paTHOrO IMKJA,
OTAaBas TemJoTy Q, HCTOYHHMKY C TeMmnepaTtypoil f, M morJoiass Teln-
JOTYy Q; M3 HCTOYHHKA C TeMmepaTypoi .

Ojwee KonuyecTBO paGoThl, BbINOJHEHHOH ABYMSI MAalUMHAMH BO
BpeMsi ONMHCAHHOrO Bblllle CJIOXKHOIO Ipolecca, COCTaBJsieT

Logwy = N’L’— NL.
OGliee KOMHYECTBO TENJOTHI, TMOIJIOUIEHHOl M3 HCTOUHMKA C TeMIle-
patypo:i f,, TaKoBO:
:
Q;, oom = N'Q; — NQy;
H oflliee KOJHYeCTBO TEMNJIOTH, OTAAHHOE HCTOYHHKY #,, PaBHO

Q1. obw = N,Qll - NQI-
W3 (47) n (48) HenocpeiCTBEHHO moJyyaeM

Lodu; = Q2, obuy, — Ql. obmy,

HO H3 (49) caeayer, uTO
Qz, o, =— 0» (50)

Loﬁm = -Qx, obm,. (51)

OTKyJa
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YpaBHenune (50) ycraHap/HBaeT, YTO IPH 3aBSpLUEHHH Ipoiecca He
NIPOHUCXOANT H3MeHEeHHs KOJIHYeCTBa TEMJIOThl Y HCTOUYHHMKA C BLICOKOH
TemnepaTypo#t f,, a U3 ypaBHeHHs1 (Dl) BHAHO, 4YTO TemJOTa, MOrJO-
JleHHasl M3 HCTOYHHKA C TeMnepaTypo#l !, (paBHas — Qy, o6w), NpeBpa-
maercst B paboTy Logwy-

Tak Kak Bech NpOIeCC COCTaBJeH M3 IMKJOB KaXAOH M3 MallHH,
TO N0 OKOHYAHUH ero o0e MaulMHbl BEpPHYTCS K CBOUM HAaYaJbHLIM CO-
crosinusiM. M3 atoro BhITeKaeT, YTO Logy HEe MOXKET ObITb MOJIOKHTEJb-
HOM, TaK KakK ecsid Obl OHa Obljla TOJOXHUTEJNbHOH, TO €AMHCTBEHHBIM
KOHEUHLIM Pe3yJbTaToM BCero npouecca NO/KHO Oblio OHTb mnpeBpa-
meHHe B PaboTy Losy TEMIOTH —Q, oow, MNOIVIOUIEHHOH H3 HCTOYHH-
Ka, KOTOpblii MOBCIOAY HMeeT TeMmnepaTypy f;. Ho sto mnportusopeuur
nocryjary KesnpBuHa. CiepoBaTesIbHO, Mbi JOJIKHBI NOJYYHTD

LoGu.x <0
Baarogapsi ypaBHeHuio (51), 3T0 HepaBeHCTBO 3KBHBAaJIEHTHO:
Q], ofuy = 0;
H, BCMOMHHAsl BblpaXeHHE IJs Qg osw, MBI IOJyYaeMm
’
N'Q; > NQ,.

Ecan u3 3TOro BbIpaKeHHs HCKJIOYHM' NPH TOMOILH YpaBHEHHS
(49) N’ u N, 10, NOCKOJbKY BCe BeJHYMHbl B (49) MOJIOXKHTEJbHHI,

MO>KHO 3amHucarb
Q2Q1 > Qz Qly

L Q@

1 1

HJIn

’

yTo coBnajnaer c (45).

Ins nosHOro pokasarte/bCTBa Haillleli OCHOBHOM TeOpeMbI Mbl JOJI-
>KHBI TIOKa3aTb, YTO €CJIH BTOpasi MallMHa Takxe o0paTHMa, TO Hauo
NOCTaBUTb 3HAK DPaBeHCTBa (CM. ypaBHeHHs (46)).

Ecnn Bropasi MaiuMHa o0paTHMa, TO, H3MeHsisl HanpaBjeHHs Jel-
CTBHA 00GeHX MAIlMH W TNpHMeHsii HepaBeHCTBO NEpBOH YacCTH TeOpeMbl,
HMeeM

% %
T Qc

[TosiyyueHHOEe HepaBEHCTBO H HepaBeHCTBO (45) NOJ/IKHBI YLOBJIETBO-
pATbCS B HACTOSIIEM cJydyae, MOTOMY 4YTO o0e MallHHbI OGPaTHMLI.
Ho stH HepaBeHCTBa CrpaB2IJHBBI TOJBKO B CJlyuyae paBeHCTBa.

Mpl MOXeM 3aHOBO CGOPMYJHPOBAaTh TOJNBKO YTO NOKa3aHHYIO Teo-
peMy c/ellyiomuM 06pasoM: eCAU UMEOMCS PAAUMHBIE YUK AUHECKUE
menaogele mauwiunst, Oeticmayowjue mexcoy memnepamypamu t, u t,, u
ecAU HeKomopble U3 amux mauiun obpamumoele, mo Koagpuyuenm no-



A6conoTHasi TepMoJAMHAMHYeCKast TeMIeparypa 39

1e3H020 Oelicmeusa 8cex obpamumelx Mauiux o00uHaKo8, moz20a Kak He-
obpamumele umeiom Koppuyuermost noae3no2o Oelicmeus, Komopsle He
npesviuiarom Koagpduyuenm nose3noeo Oelicmeus 06pamMuUMbIX MAULUH.
PaccmorpuM cHavasla jgBe oGpaTHMble MalMHBL TOT ¢akT, 4TO HX
K03 dHUIHeHTb! N0/1e3HOr0 AEHCTBHSI pPaBHHI, CJeLyeT HelmocpeACTBEHHO
u3 (46) u onpegnesieHHss KoaddHumeHTa nose3Horo AeicTBus (44).

Ecan MBl HMeeM oOpaTHMYi0 H HeoOpaTHMYIO MallliHBI, TO MOJYy4a-

eM Hu3 HepaBeHCTBa (45) ,

o _g

S 4

Q. 2’
Orcrona

[ Q
I—%,> 1—q-

CpaBHHBast 9TO C ypaBHeHHeM (44), BHAUM, YTO Ko3(ddHUHEHT mO-
JIE3HOro JelcTBUs HeoOpaTHMOH MalIHHbI HHKOTJa He MOXKeT NpeB3o-
HTH TakOBOH A/ OOPATHMON MAIHHBI.

Q:

&
OJMHAKOBYIO BeJIHUMHY JJ1Si BCceX OOpaTHMBIX MallMH, KOTOpble paGoTa-
I0OT B HHTepBaje OJHHAKOBBIX TeMmIepaTyp f; H f;; T. e., eCJH MallH-
Hbl OOpaTHMBbI, 3TO OTHOLIEHHe He 3aBHCHT OT MX OCOGEHHOCTeH, a ompe-
JessieTcsl TOJMIKO TeMmepatypaMu £, H f,. I103TOMy MOXHO HamHcaTb

=1t t), (52)

rae f (¢, t;) — ynuBepcanbHasi (yHKuMs TeMnepatyp f; u f,. Temeps
noKaxeM, uro ¢yHkuus f(f,, ;) UMeeT cJjeRywllee CBOACTBO:

ty, t
[ty t) = ff———ﬁ:, ,3 (63)

rae t,, ¢ ¥ f{; — TPH NPOM3BOJIbHbIE TEMIEpaTyphl.

[Tycts A, u A, — nBe O6paTHMble LMKJHYECKHE MAIUHHB, KOTOphIE
paboTalT COOTBETCTBEHHO MEXJY TeMmnepatypamu £, H ¢, f, u ¢,. Ec-
JH A, morJomwaer BO BpeMs LMKJAa KOJHYECTBO TEMJOTbI Q; NpH TeM-
nepatype {; H OTAaeT KOJHYECTBO TeIJOThl Q, mpu #,, TO HMeeM

&~ f(t t.

[NTono6Ho sTOMy, eciu A, BO BpeMsi KaxIOro Impolecca HOrJola-
€T KOJIHYEeCTBO TeMJIOThl , NpH TeMmepatype f, M OTHAeT KOJHYECTBO
TenJotel Q, (Mbl nojiaraeM JAJsi NMPOCTOThI, YTO O0e MAlUMHBI BbIGpa-
Hbl T3K, YTO OHH OTAAIOT PaBHble KOJHYECTBA TEIJIOTH NPH TeMIepa-
TYpe ty), TO

Hama ocHoBHas TeOopeMa IIOKa3blBa€T, YTO OTHOILUE€HHEe HMeert

&= fto, 1.
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PasjnesnB sto ypaBHeHHe Ha mpefbiAyliee, 3allHILEM

Q [t 1)
Q= Tt (54)

PaccMoTpuM Temepb CJIOXKHBIM Mpolecc, COCTOSIIHA H3 NPSAMOro
IMKJAa MalHHbl A, M ofpaTHOro LMKJa maummubel A;. DTOT mpouecc,
OYeBHAHO, MpefCTaBAseT cO60M OOpaTHMbIH LIMKJ, TaK KaK OH COCTOHMT
n3 ABYX OOpaTHMBIX UHMKJIOB. BO BpeMsi CJIOXKHOro mpolecca IpH TeM-
neparype f, TeljoTa He H3MeHseTCs, NOTOMY UTO KOJIHYECTBO TEMJIO-
Th Q,, KOTOpOe mepeaaHo MaiunHO# A, npH TeMmneparype #,, CHOBa
norJiouaeTcss npH 3ToH TeMneparype MamHHOH A,, paGoTaiomweid B 06-
patHOM HanpasjeHHH. OJHaKO BO BpeMsl LIMKJA TPH TeMmepaTtype f, KO-
JIHYECTBO TEIVOTH Q, morJomaercss MalHHOH A, H TpH TeMmepaType
t; MaummHe A; nepepaeTcsi KosiuyecTBO TemaoThl Q. IloaToMy MoxHO
Maumnsl A; H A,, Korja OHM paGOTalOT COBMECTHO IO ONHCAHHOMY
Bbille CIOCOOy, pacCMAaTpHBAaTh KaK €IUHYI0 OOpPaTHMYIO LMKJHYECKYIO
MalmHy, KoTopasl AefCTBYeT MeXJy TeMnepaTypaMu f; H f,.

Jas 3TOH MallMHBI, MO ompeleseHHI0 QYHKLUHH f, MB HMeeM

St 1.

CpaBuHBasi 3TO ypaBHeHHe C (54), nosyyaeM paBeHCTBO (53), uTO H
Tpe6OBaNOCh J0Ka3aThb.

ITockosnbKy Temmepatypa #, B NpHBEJEHHOM pacCy>A€HHH SIBJseT-
CA TPOU3BOJILHOH, TO MOXHO 3aHKCHPOBaThb ee BO BCeX YpaBHEHHSX.
U3 storo caenyer, uro f(f,, {) MOXXHO paccMaTpHBaThb KaK (PYHKIIHIO
OJHOH JIMIIb TeMMepaTypbl {, MO3TOMY NPHHUMaeM

Kf (to, 1) =6, (85)

rae K — npousBosibHasi KOHCTaHTa.
" Hcnosbays (55), Buipasum (53) B ¢dopme

Q bty
S =f(t 1) =703 (56)

ITO ypaBHeHKe NOKa3biBaeT, uTO f (f,, {;) paBHa OTHOILUEHHIO (YHK-
MK C apryMeHTOM f, K TaKOH ke (YHKUHH C apryMeHTOM f.

BcanencTene TOro, 4To Mhl HCNOJB30Ba/IM SMIIMPHYECKYIO TeMIepa-
Typy !, OUEBHJHO, HEBO3MOXHO OIpeJe/HTb aHaJHTHYeCKylo Gopmy
¢ynkund 0 (f). OnHako Tak Kak Hamla LIKaja TeMIepaTyp NpOHM3BOJib-
Ha, TO YAOGHO BBECTH HOBYIO TeMNepaTYPHYIO LIKaldy, HCIOJb3Ys
BMecTo ! camy ¢yHKIMIO 8 BMecTO TeMneparyphl.

Cnenyer oTMeTHTb, uYTO 0 (f) ompeliesieHa He eIMHCTBEHHO BO3MOXK-
HbiM criocoGoM. M3 (56) uay (55) Bumuo, urto 8 (f) onpeaesena ¢ Tou-
HOCTBIO JIO NPOHM3BOJILHOIO NMOCTOSIHHOrO MHOXHTEJIS. DTO M03BOJISIET
HaM HajJjexaluuM o6pa3oM BbIOpaTb €IMHHIY HOBOH TeMIepaTypHOIl
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mikasipl. OGbIYHO, BHIGHpAasl 3Ty €JMHHILY, IIOJIaraioT pasHOCTb MeXLY
TeMIepaTypo KHIEHHs M TeMIepaTypod 3aMep3aHHsi BOAbl, DaBHOR
100 rpamycam.

TeMnepaTypHasi 1IKa/na, KOTOPYIO MbI TOJBKO YTO ONpeleJHJIH, Ha-
3biBaeTcd a6COJIOTHOH TepMOIHMHaAMHYEeCKOH MWKaJaoi
TeMnepaTyph. Ee mnpeMMymecTBO B TOM, YTO OHa He 3aBHCHT OT
0CcoObIX CBOHCTB TEpMOMETPHYECKOrO BellecTBa. B janbpHefimem Bce
TepMOJMHAMHUECKHEe 3aKOHBbl IpPH HCIOJb30BaHHH TepMOAHHAMHYECKOi
LUKaJIBl TIPHHEMAIOT TNPOCTYIO dopmy.

ITokaxem Tenepb, 4TO abcoaromuas mepmoauuamauecxaﬂ memne-
pamypa 6 cosnadaem c abcoromuot memnepamypoi T, 68e0eHHOL 60
6mopom pasdese NpU NOMOUWU 2308020 MEPMOMEMPA.

PaccmotpuM coBepiuaeMmblii HaeasJbHbIM rasoM IMKJA Kapro (mas
6oJIbIIel NPOCTOTHI BO3bMeM OAMH MoJb rasa). Ilycte T; u T, — TeM-
nepaTypbl, COOTBETCTBYIOIHE ABYM H30TepMaM IHKJIa KapHo, HaMepeH-
Hble ra3oBbIM TepMomeTpoM (cM. pHuc. 7). Ilomcuntaem cHavaza KoJu-
4ecTBO TeIVIOTH Q,, MOrJomieHHOe mpu Temnepatype T, BO BpeMs H30-
TepmHueckoro paciuupenusi AB. IlpumeHsis nepBblii 3aKOH [ypaBHeHHe
(15)] k npoueccy AB u o6Gosnayasi HHAeKcaMH A H B BeJsLuHHBHI, OT-
HocsiHecsl K cocTosiHusM A U B, umeeM

UB_' UA + LAB = Q2’

rie L,,— paGora, coBepiieHHasi BO BpeMsi HM30TE€PMHYECKOrO PpacilH-
peHusi, KoTopas MOxeT ObITb NOACYHTaHA C nomouibio ypaBHeHHs (10):

VB
LAB = RTz lnﬁ'

WcnoansyeM TOT ¢aKT, YTO - SHEPrHsl HAEaJbHOrO rasa SIBJSETCS
¢yHkune#t Tonbko Temmepatypel T (cM. pasnen 5); Tak kKak A u B
JieXaT Ha OJJHOH H TOH ke H3oTepMe, TO JOMKHO ObiTh U 4 =Ug, Tax

4yToO
VB
Q:=Lap=RT;In 7,

ITonoGHbEIM Ke 06pa3oM MOXKHO JOKa3aTb, YTO KOJHYECTBO TEIIO-
Thl, OTJAaHHOM HCTOYHHKY C TeMmepaTypoil T'; BO BpeMs H30TepMHYeC-
KOro cxkartHsi, Kotopoe H3o6paxkeHo ortpeskoM DC, cocraBiser

VD
Q= RT;In V‘C' .
Tak kak ToukM A u C Jexar Ha JAByX aznuabarax, To H3 (38)

HMeeM
K—1 K—1
T1V c = T2V A
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N aHaJIOTHYHOe ypaBHeHHe
K—1 K—1
T, V& = T,v&,

pas[ie/IMB KOTOpOe Ha Npeiblayllee H HM3BjleKas KopeHb K-1 crenenw,

TIo/1yYaeM

VB
T/7=

Sl

U3 sTOro ypaBHeHHst M BhpaxkeHusi 1Js Q, u Q; Haxoum

& _T,
-7

Q
Q
T &
WEHHIO =* TEMNepaTyp HCTOYHHKOB, KOJa TEMIeEPATyphl BbIPaKeHbI
1
Q

iUKaJsoi rasosoro Tepmomerpa. Ho u3 (56) caemyer, uro g, Takxe
1

PaBHO OTHOLIEHHIO TEMIEepaTyp HCTOYHHKOB, KOTJA TeMIepaTypbl Bbipa-
JKeHbl B eJMHHIAX abCOJIOTHOH TepMOAHEaMHuecKoH wwKaabl. OTciopa:
OTHOLIEHHe IBYX TeMIepaTyp aGCO/IOTHOH TePMOAHHAMHYECKOH LIKAJIbI
PaBHO OTHOLIEHHIO JBYX TeMIepaTyp HO LIKaje ra3oBOrO TepMOMETpa,
T. €. 3TH JBe TeMIlepaTypHble HIKaJbl MPONOpUHOHaJbHBL. Ilockosbky
eMHHLBl TeMIepaTypbl B OGeHX IlKaJaX BbIGpaHbl DaBHBIMH, MOXKIO
3aKJIIOUHTb, YTO 3TH JBe IIKaJbl COBMAJAIOT, T. €.

ITocaennee PpaBeHCTBO IIOKa3biBa€T, YTO OTHOLUEHHE PaBHO OTHO-

2

6=T. (57)

Tak kak & u T paBHb, TO HeT GoOJbile HEOGXOAMMOCTH YNOTpeG-
JATb A8 HMX 0003HaueHHs! 1Be [a3nuuHele OykBbl. B nanbHefilem
Bceraa Oynem o6o3HayaThb ab6COMOTHYIO TEPMOJAHHAMHUECKYIO TeMrepa-
Typy Oykeoit T.

Ilpumensin T BMecTo 6, Mbl MMeeM H3 (56) AJast 06paTHMOro LHKJA
sMexxay Temneparypamu 17 H T,

T
g—j =7 (58)

W koadduiyent mnosesHoro nefictBus (44) oOpaTHMOH MalUHMHBI NPHHH-

MaceT BHI

T,—T
=—272—1'. (59)

oy oyl

n=1—
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10. TEIJIOBbIE MALLIHHDI

Mbl yxe J[OKasalH, YTO HHMKaKasi MalMHa, paGoTaioliasi Mexny
IBYMsI TeMmilepaTypaMH, He MOXeT HMeTb K. M. 1. OOJbIUHH, yeM
K. 1. 1. OGpaTHMOil MallHHBI, paGoTalomiell MeXAy 3THMH iKe TeMile-
parypamu. Takum obpasoM, (59) BelpakaeT HaHGoJiee BLICOKHH K. M. I.,
KaKoll TOJBKO MOXeT HMeTb MalllMHa, pafoTaiollas MexXAy TeMmmepa-
typamu Ty u T,.

Jnsi GonbINMHCTBA TeMJIOBBIX MAlIMH HH3llasi TemnepaTtypa T,
npejcTaBjsieT TeMIepaTypy OKpyKaiollledl cpeibl H NMO3TOMY SIBJsieT-
cs Heperyaupyemoii. M3 TepMonMHaMHuecKHX cooGpakeHHH xKeJaTellb-
HO, yToGbl TemnepaTypa T, Gblla Kak MOXHO Bbile. KoHeuHoO, He ciie-
AyeT 3a6hbiBaTh, YTO JeHACTBHTENbHbIA K. I. Ji. BooOlle 3HAYHTEJbHO
HUXKe, YeM MakKcHMaJbHBIH K. m. 1. (09), Tak Kak Bce TeIJIOBhE Ma-
LUHHLI JaJleKH OT TOro, YTOGhI GHITb OOpaTHMBIMH.

Lnka KapHo, neficTBylomuii B 0OpaTHOM HampaBJeHHH, MOXeT
GLITb HCIIOJb30BaH IJIsl TOrO, YTOOH H3BJ€4b KOJHYECTBO TEMJOTH Qg
M3 HCTOYHHKA C Oojiee HH3KOH TemmepaTypod T; myTeM IHOINIOWEHHS
omnpejeseHHOro Koauuectsa paGotrel L. M3 (43) u (58) Jerko BhiLo-
UM, 4TO ,

Q=Ly—=7. (60)

Ha TakoM NpHHIIMNE MOXHO CKOHCTPYHpOBaTb XOJIOAHJIBHYIO Ma-
1HHY, HCIOJBb3ysl TeMIepaTypy OKpYy:Kaloileill cpelbl Kak 6oJjiee BBICO-
kyio Temneparypy T, Luka KapHo, paGoraiomnit B 0o6paTHOM Ha-
npasJeHHH, MOXHO NO3TOMY HCIIOJIb30BaThb AJs TOro, YTOOH H3BJE€Yb
TemJoTy Q; M3 Tesa, OXJaKAeHHOro A0 TemmepaTypbl T,, KoTopas
HHXKe TeMIepaTyphl oKpyxaiwoweil cpeawl Ty. M3 (60) oueBumHO, uTO
KOJIM4eCTBO paGoThl, HEOOXOAHMOe MJs TOro, 4YroObl H3BJeYb HaHHOE
KOJIHYEeCTBO TemJOThl Q; M3 Tesa, Temmeparypa Kotoporo T,, C NOHH-
JKeHHeM 3TOH TeMIlepaTypbl Bo3pacTaer. ‘

Kak ¥ y oOblYHOH TemJ/OBOH MalIMHBI, K. I. J. XOJIOAHJILHOH Ma-
IIHHB 3HAYUTEJbHO HHXKe, 4YeM TepMOAHWHaMHuyecKH#d K. m. a. (60),
NIOTOMY YTO B XOJIOAMJIbHBIX MAallIHHAX BCerja IPOUCXOASIT HeoGpaTH-
Mble IIPOLIeCCHI.

3anaun

1. OxHH MOsMb OJHOATOMHOrO rasa coBepuiaer ukja KapHo Mexnay Temnepa-
Typamu 400 u 300° K. ITpx BepxHeM H30TepMHYECKOM Npollecce HayajbHHH 06beM
coctaBasier 1 2, a kKoHeunblit — 5 4. Haiitu paGoTy, coBepuieHHYIO BO BpeMs LHK-
Ja, M KOJHYECTBA TEeIJIOThI, TOIJIOEHHbIE H BbljleJIeHHble HCTOUYHHKaMH.

2. KakoB MaKcHMaJbHBI K. N. 1. TelJOBOM MaluHHbI, paGoraiowell mexay
Temneparypamu 400°C u 18° C?

3. Halinnte HamMeHbluee KOJHYeCTBO paGOThl, HEOGXOAHMOe AJS TOro, YTOGBI
#3BJieYb KaJIOPHIO TEMJOTH M3 Tesna NpH TeMmepatype —17,8° C, ecnu . Ttemmepary-
pa okpyxatowel cpepbi cocraaser 37,8° C.



FJABA IV
SHTPOIHS

11, HEKOTOPBIE CBOACTBA LIUKJIOB

Paccmotpum cucreMy S, KoTtopasi coBepliaeT LHKJIHYECKHH mporecce
[TpeanmonoxuM, 4to BO BpeMs NHMKJA OHA MOJydYaeT HJH OTJAAET TeIlo”
Ty NCTOYHHMKAM, HMelomuM temnepatypy Ty, T, ..., T,. Ilycth Q,
Q ..., Q,— COOTBETCTBEHHO KOJIHYECTBA TEILJIOThI, KOTOPLIMH OGMe-
HHBAIOTCS MCTOYHHKH ¢ cHcTeMol. CunTaeM, 4TO Q MOJIOKHTEJNBHO, €CJIH
3TO — TEMJIOTa, MOJyYeHHasi CHCTeMOH, M OTPHLATEJLHO B IPOTHEOIO-
JIOXKHOM CJIyyae.

Tenepb mokaxeM, 4TO

EQ‘ <0 (61)

i=]

U 4yTO mpH obpaTumoM nukJe B (61) crout 3Hak paBeHcTBa. UTOGH jo-
KasaTb HepaBeHCTBO (61), BBeleM, KpOMe 71 MCTOYHHKKOB, 3aMHCAHHbLIX
Bblllle, ApYrHe MCTOYHHKH TEIUIOThI IPH NPOH3BOJIbHON Temnepatype T,
a TakxXe n oOpaTHMbIX HMKJIMYECKHX MaiMH (BO3bMeM 7 LHKJOB KapHo
Cy, C,, ..., C,), NeACTBYIOMWMX COOTBETCTBEHHO MEXK/ly TEMIIEPATypaMH
Ty, Ty «o., T, u Temneparypoit T,. IHeficrBylomuii Mexny Temme-
parypamu T, u T, i-it unkn Kapuo C; Mbl BbiGepem Tak, 4TOGb OH
oTnaBaJ mpH Temnepatype 7'; KOJIHYECTBO TEMJOTH Q;, T. €. KOJHYECTBO,
paBHOe MOIJIOUIEHHOMY cHcTeMmoit S mpu Temneparype T .

CorsacHo (58), KOJHYECTBO TEMJIOTH!, TIOT/IOWEHHOe B LUKJe C, or
HcrouHHKa T, COCTaBJseT

Qo=7Qs (62)

PaccMOTpiM Tenepb C/IOMHBAMA LMKJ, COCTOANMHA M3 OJHOrO LMKJA
cuctembl S M ogHoro u3 uukJoB Kapuo C,, GC,, ..., C,. OkoHua-
TeJbHOE M3MEHEHHe TEIVIOThl KaXKJAO0ro M3 MCTOYHHKOB C TeMIepaTypoil
Ty, Tyy ..., T, BO BpeMsl CJOXHBLIX LHKIOB paBHO HyJio. KcTounuk
¢ TeMmmeparypoi T, nepefaer cucreme S KOJIHYECTBO TeMIOTH Q;, HO
OH IIOJIYYaeT CTO/MBbKO e TemnoTH oT uukjaa C;. C apyroit cropomdi,



HexkoTtophle cBOfiCTBa LHKJOB 45

HCTOYHHK ¢ TeMmepaTypo#t T, TepsieT KOJHYECTBO TEIJIOThI, paBHOE CyM-
Me menaom [gaBaeMbiX ¢opmyaoit (62)], norsomeHHbIX HHKAamMH KapHo
C,, Cs, ..., C,. Takum o6pa3oM, HCTOYHHK C Temnepatypoil Ty oTAaeT
KOJIMYECTBO TENJIOTHI, paBHOE

n n Q
7 {
Q=2 Qo=To ) 7. (63)
i=1 i=1
CnenoBaTe/IbHO, B pe3yJibTaTe CJIOXHOrO LHKJA CHCTEMA, COCTOsLAst
3 SucC, C,, ..., C, nonrydaer HEKOTOpPOe KOJIHYECTBO MMeENAOMbL

Q, or ucroyHuka c Temnepatypoit T,. Ho Mbl yxe Buzenwn, uro npu
LHKJIMYeCKOM TpolLlecce BHIOMHEeHHAsi pabora paBHa obLieMy KOJHYeCTBY
NONy4YeHHON cHCTeMoil TensoThl. TakuM o6pasom, nockombky S, Cj,
C, ..., C, BO3BDAAIOTCH K CBOHM HAaYaJbHLIM COCTOSIHHSM B KOHLE
C/IOXKHOTO LKMKJA, TO €ro eJUHCTBEHHBI KOHEYHBI pe3yJbTaT — 3TO
npeBpaileHHe B paGoTy TEMJIOTHl, MOJVYEHHOH OT HCTOYHHMKA TeMIlepa-
typol T,y Ecan 661 @y GBUIO NONOXHTENbHBEIM, 3TOT Pe3yJbTaT NPOTH-
Bopeunsi Gbl mocTynary Keabsuna. 3naunut, Q, < 0 uau u3 (63)

i=1
yro cosnajaer ¢ (61).
Ecnn mUKJBI, coBepillaeMble CHCTeMOR S, 06paTHMBI, TO MOXKHO CUH-
TaTh, YTO MpOIECC HAeT B OOpaTHOM HamnpaB/eHHH; Torja Bce @ H3-
meHstior 3HaK. [IpuMmenss (61) kK oGpaTHOMy LMKy, MOJydYaeM

n

Q
HJIH
Yo
i=1

Takum o6pa3oM, €C/M IMKJ OGpaTHM, TO MpHBELEHHOE HepaBeHCTBO
JOXHO OBITH YIOBJETBOPEHO TaK e, Kak H (61), 4To BO3MOXKHO
JUWb TOrja, KOrja CTOMT 3Hak paBeHCcTBa. I[lostoMy pasis oGpatHMmoro
IIMKJAa MBI JO/KHBI HMETb

% _o, (64)

YTO 3aBepliaeT MOKA3aTeJbCTBO Hallleil TeopeMbl.
[Tpu BbIBOme coorHowenudt (61) u (64) Mbl npeanosarajd, 4To CH-
cTeMa OOMEHHBAeTCS! TEIVIOTOH C KOHEYHBIM YHCJIOM HCTOYHHMKOB T4,
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Ty, ..., T, Baxno, olHaKo, pacCMOTPeTb CHTYalHIO, NpPH KOTOPOH
cucteMa OoOMeHHBAaeTCsl TEMJIOTOH C HEMNpPEephIBHO paclpefie/IeHHbIMH HC-
TOYyHHKaMH. B 3ToM cayuyae cymmbl B (61) n (64) noszKHBL GbITH 3ame-
HeHbl MHTErpajlaMH, B3SITHIMH N0 BCeMY ILIHKJY.

OGosHayast yepe3 § HHTerpaj, B3ATbIE NO UMKAY, H yepe3 dQ—

GECKOHEYHO MaJoe, KOJIMYEeCTBO TEeIJIOTbl, IOJy4YeHHOe CHCTEMOH OT KC-
TOYHHKa c TeMneparypoii T, HMeeM

dQ
YTO CIIpaBeAJIMBO 1Jisl BCeX LHKJ/IOB, H
d
$22 -, (66)

4YTO CrnpaBeJIMBO TOJIBKO AJIs1 06paTan1x IIMK.IOB *.

12. 3HTPOMNMHUSA

CaoiicTBa 0OpaTHMBIX LMKJIOB, KOTOpPbiE BLIDAXKEHbI ypaBHeHHeM (66),
MOryT ObITb YCTAaHOBJIEHbI TaKxe M B ciepyioweil gopme. Ilyctb A u
B — n1Ba paBHOBECHBIX COCTOSIHHSI cHCTeMbl S. PaccMOTpHM 06paTHMbIi
npoLecc, KOTOPHIi IPOXOAHMT CHCTEMa OT HayaJbHOrO CcOCTOSIHHS A K
KOHEYHOMY COCTOsiHHIO B. B GoJbIMHCTBe C/yyaeB BO3MOXKHO GoJib-
LIOe KOJNHYECTBO OOpaTHMBIX IIPOLECCOB, MNepeBOASINMX CHCTEMY H3 A
B B. Hampumep, ec/iH COCTOSIHHe CHCTeMbl H3006pasMTb Ha JHMarpaMme
(V, p), To HeKoTopasi HempepblBHasi KpHBasi, KOTOpasi COeNMHSIET jBe
ToukH A u B (npeicTaBisiiomye HayalbHOE H KOHEYHOE COCTOSIHMS CH-
CTeMbl), OyleT COOTBETCTBOBATbH BO3MOXKHOMY OGpaTHMOMY MpOLECCY OT
A no B. Ha puc. 9 nokasanel TpM Takux Ipolecca.

B

dQ
PaccmoTpum uHTerpan XT’ pacnpocTpaHeHHBIi Ha oOpaTHMbIi Nnpo-

A
uecc or A 1o B (dQ — KOJIMYECTBO TEMIOTbI, OOpaTHMO MOIVIOLIEHHOEe
cucremoit mpu Temmnepatrype T). JIokaxeM, YTO npusedeHHbil 6buiie UH-
mezpan s6AsemMca OOHUM U mer. dce Oaa 6cex 00pamumblx NPoOYeccos

* Uro6bl u36exxaTh HElpPaBUJILHOTO NMOHHMaHHs Belpaxenuit (65) u (66), cae-
ayer ykasath, yro T npejcTaBisieT TeMnepaTtypy HCTOYHHKA, Nepeflalollero KOJH-
YecTBO TemIoTel dQ, mpHueM 3Ta TeMnepaTypa He o6s3aTeJ>HO paBHA TeMIlepaType
T’ cucreMbl (MM 4aCTH CHCTeMbl), KOTopasi mnojyuyaer Temnory dQ. IleificTBuTeNb-
HO, ec/M UMK/ HeobpaTumblii [cootHowenue (65)], To T/ << T, korpa dQ << moso-
XHTEJbHO, NMOTOMY YTO TENJOTAa He MOXET IepPeXOmuTb OT XOJOAHOro K GoJee ro-
psiveMy Teny; a xoraa dQ orpuuarensHo, To T’/ > T. Ecan, oanako, uuka o6pa-
TUMbI [ypaBHeHue (66)], To Bceraa ROMKHO Guhite T/ =T, mOTOMy 4YTO Tnepejaya
TelJa MeXAY ABYMS TeJlaMH C Pa3JIHYHLIMH TeMIeparypaMH sIBJIseTcsl HeoOpaTHMbIM
npoueccoM. ITostoMy B (66) MoxHo cuutaTh T TemmepaTypoil HCTOUHHMKA, A TaKXe
TeMneparypoil TOll 4YacTH CHCTeMBl, KOTopasi MoJyyaeT Temoty dQ.
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om A 0o B, m.e. eeauduna unmezpaira npu obpamumom npoyecce 3a-
sucum Auwb om naiara A u xkonya B npoyecca u He 3asucum om
camozo npoyecca.

Jlnsi nokasaTesbCTBa 3TOi TeopeMbl HEOOXOJMMO MNOKas3aTb, YTO ec-
au 1 u Il —o6paruMeie npoueccel or A 1o B (Ha puc. 10 cocrosinus
M3006paXKeHbl TOYKAMH W TIPOLIECCHl JIHHHUSIMH — TOJIbKO KaK HarJisiiHoe
JOTOJIHEHHe K J0Ka3aTeqbCTBY), TO

(f 2= (i P (67)

rie JBa HHTerpana B3fiTl COOTBeTCTBeHHO mo mytsm I u IL
)’

Puc. 9. Puc, 10.

PaccmorpuMm wmukimyeckuii npouece AIBIIA. Oto ofpaTuMbli mukJaI,
TaK KaK OH COCTaBJeH H3 [ByX OOpaTHMBIX IIpOLIECCOB, BCJeJCTBHE
Yero K HeMy MOXKHO IpPHMeHHTb (66), Tak uTO

g) Q _ o,
aigia T

DTOT HHTerpal MoxKeT ObiTb MNpeJCTaBleH CYMMOH IBYX HHTErpajioB
B A

(ﬁs #)1 + (BS #)u =0.

o d
Bropoit MHTerpan npHBeJeHHOTrO BbIPaXKEHHs! paBeH — (S —Tg> noTo-

i’
A

My uTO B npeBpauiendn ot B x A no nytu 1I dQ npuHuMaer Te e
3HaueHHS (32 HCKJIOueHHeM 3Haka), Kak M B mpouecce oT A K B no
nytH /1. Orciona nosnyyaem paBeHcTBO (67) H TakuM 0Gpa3oM JOKashl-
BaeM TeopeMy.

CaoiicTBO, BblpakeHHOe paBeHCTBOM (67), JaeT BO3MOXKHOCTb Ompe-
JeJINTb HOBYIO (DYHKLHMIO COCTOSIHHSI CHCTeMbl. DTa (YHKIHMSA, KOTOpas
HasplBaeTcsl SHTpPONHed U sABIseTCS KpalfiHe BaXXHOH B TepPMOJHHa-
MHKe, OnpefessieTcsi CJAeRYIOMM nyTeM. BbiOHpaeM NpOH3BOJILHO He-
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KOTOpOe paBHOBeCHoe coctosinhe O Halleil CHCTEMbl M Ha3blBaeM ero
CTaHAApTHBIM cocTOossHHeM. [Tycth A — HeKoTOpOE Ipyroe pas-
HOBECHOE COCTOSIHHE; PacCMOTPHM WHTErpaJ

A
s = (%, (69)
0

B3ATHIA MO ofpatHMoMy npoueccy. Mbl yxke 3HaeM, YTO TaKof HHTer-
pal 3aBHCHT OT cocTosiHid O U A M He 3aBHCHT OT TOrO, C MOMOLIBIO
Kakoro obparumoro mnpoiiecca nepettyii oT O K A. OZHAaKO INOCKOJBKY
craHzaprHoe coctosiiie O 3apHKCHPOBaHO, MOXKHO CKa3aTb, YTO paBeH-
cTtBO (68) — dyHKUMST oxHOro Jmwib coctosiiust A. HasoBeM 3ty dyHk-
UMI0 3HTPONHEH CoCTOsiHUST A *,

PaccmorpuM Temnepb aBa paBHOBecHbIX coctostHHsi A H B. Ilycrtb
S(A) u S (B) — COOTBETCTBEHHO 3HTpONHH 3THX cocTosinHil. Ilokaxewm,
4TO

B
s(B) -S4 =9, (69)
A

TIe MHTerpaj B3ST MO oGpaTHMOMY IpoliecCy OT cocTosiHusi A o co-
crosiuug B.

Urobbl 3TO NOKa3aTh, 3aMeTHM, 4YTO BeJHYHHA HHTerpaja B NpaBoi
yacTH (69) onMHakoBa AJst Bcex obGpaTHMmbix npoueccoB ot A mo B.
JlosToMy MOXKHO BbIOpaThb NpoLEecC, COCTOSIIIMA H3 JBYX IOCJ/eNO0Ba-
TeJIbHBIX OGPaTHMbIX IIPOLIECCOB: IMepBbIH o6GpaTHMEI mpouecc oT A 1o
craHziaptHoro cocrosinust O, a 3ateM obparuMbiii npouecc ot O 1o B.
Takum ofpa3oM, uHTerpa’ B (69) MOXHO NpeicTaBUTb B BHIE CYMMEI
IBYX HHTerpaJioB:

B 0 B_
ENENE g
A A 0

* Heo6XoaMMOCTb OrpaHMYHTh 3TO OMpejeleHHe SHTPONHH TOJLKO paBHOBeEC-
HLIMH COCTOSIHHSIMH BO3HMKaeT W3 Toro ¢akra, yto mpouecc ot O mo A jomxen
‘ObiTb OOPAaTHMBIM, T. €. HOMKeH GbITb MOCJEJOBATEJbHOCTLIO DABHOBECHBIX COCTOS-
Huit. M3 coo6paxenuii HenpepbiBHOCTH ClefyeT, YTO HayalbHble M KOHEYHbie CO-
crosinna O M A TakKe HNOMKHBI GbIThb PaBHOBECHHIMH.

OnHako BoO MHOFHX Cly4asX MOXHO ONpeNe/HTb SHTPONHIO Haxe VISl HEpaB-
HOBECHbIX COCTOAHHMH. PaccMOTpHM, HanpHMep, cHCTeMy, COCTOSILYIO H3 Pa3jIHYHBIX
TOMOTE€HHbIX YaCTeif NpH pa3IHUHBIX TeMmepaTypax M AaBJjeHHaX. IlycTb Kaxnas
YaCTb HMeeT OJHOPOANYIO TeMmnepaTypy M AaBjeHHe. Ecin pasnHyHble YaCTH HaXo-
AATCA B NMPAMOM KOHTaKTe ApPYr C ApYroM, TO, OYEBHAHO, cHcTeMa He Oyler B
.PaBHOBECHH, TaK KaK TenJsora OyJeT nepeaasaThcsl OoT GoJiee ropsuHx K Gosee Xo-
JIONHBIM YaCTAM H pa3JIHYHsl JaBJeHHH NpPHBEAYT K BO3PaCTaHHIO ABHKeHHs. Tem
He Melee, €CJH Mbl 33KJIOUHM KaX1ylo YaCTb B T€PMOH3OJSALHOHHYIO XKeCTKY10 060-
~IOYKY, Halla cHCTeMa GyJeT B PaBHOBECHH H Mbl CMOXKeM ONpeleJHTb ee 3HTPOMNHIO.
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[To onpenenenu:o umeem (68):

B

s@ = (%
o

TaK Kak npouecc or O o B obpatuM. [lasnee samuuieM
Q _ Q _
ST‘ ST——S(A).
o

INoacrasnsst 3TH JBa 3Ha4YeHHs] MHTerpajoB B NpaByl dacTb (70),
nosyyaeM (69), uro M TpeGoBaJoCh KOKAa3aTh.

Onpenenerue (68) sHTponuHM NOMYyCKaeT IPOH3BOJ B BbiOOpe CTaH-
naptHoro cocrosinusi 0. MoxiHo Jerko [oKasaTb, 4YTO ecJik BMecTo O
BhIOpaTh Apyroe CTaHAapTHoe cocTosiHHe O, To HOBasi BeJauunHa S’(A),
KOTOpYI0 MBI NOJYYHM JJSi 3HTPONHH COCTOSIHUSI A, OTJMYaeTcs OT
npexHero 3HaueHHst S(A) TOJbKO aINUTHBHOH KOHCTAHTOIL.

Ecsin Mbl paccmatpuBaem O’ Kak HOBOe CTaHJApTHOE COCTOSIHHE,
TO IO ONpejesieHHIO HMeeM

dQ

s ay=\%2

rie uHterpan Gepercsi no o6paruMoMy mnpoueccy or O’ no A. HMicmosb-
3ys paBeHcTBO (69), HaxoiuM, YTO

S§'(A)=S8SA)—S(©0),
S(4)— S’ (4) = S(0)). 71

HJIH

Onnako, TaK KaK HOBOe CTaHaapTHoe cocTosiHue O’ 3apUKCHpOBaHO,
To S(0') — nocTosiHHasi BeJHYHHA, T. €. He 3aBHCHT OT IlepeMEeHHOro
coctosiuusi A. Takum o6pa3oM, cooTHowieHHe (71) mHoKasblBaeT, 4TO
Pa3HOCTb 3HTPONHH COCTOSHHS A, NMOJyueHHass NMpH JBYX Pa3/IMuHbIX
CTaHIapTHHIX cocTOsAHUsAX O u O, SBASETCS KOHCTAHTOH.

Hrak, sHTponHs onpejieseHa C TOYHOCTbIO [0 AAJHTHBHOH KOH-
CTaHThl. DTa HeONpeleNeHHOCTb He J0J/IKHA Hac G6GecroKOHTb, Koria
peub HAET O Pa3HOCTH SHTPONHI; BCe K€ B OTHEeJbHEIX 3ajayax Jo-
IOJIHHTEJIbHAsA KOHCTAHTa B SHTPOIIMH HMrpaeT BaXHYIO poJib. Hanbuie
MBI NOKaXkeM, KaK TPeTHH 3aKOH TepMOJAMHAMHKH 3aBepllaeT BBeleHHe
SHTPONIMH M JaeT BO3MOXHOCTb YCTAaHOBUTb KOHCTAHTY B ONpeJeJsIeHHH
sHTponuH (cM. raasy VIII).

U3 (68) u (69) caemyer, uTO ecau Mbl ompelensieM GecKOHEYHO
MaJiblii 0OpaTHMBIX Mpolecc, BO BpeMst KOTOPOro SHTPONHS H3MeHsieTcs
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Ha BeJHUHHY dS W cHCTeMa [OJy4yaeT KOJIMYECTBO TemJOoTH dQ mnpH
Temneparype T, TO

as=%, (72)

T. €. U3MeHeHHe SHTPOIHH BO BpeMsi GeCKOHEYHO MaJoro o6paTHMOro
npoilecca ecThb pe3yJbTaT AeJIeHHs KOJHMYeCTBa TeNJIOTH!, IMOTJIOULEH-
HOH CHCTEMOi, Ha TeMIlepaTypy CHCTEMBI.

DHTpONMHUs CHCTEMBI, COCTOSILIlEH U3 pa3JIMUHBbIX YacTell, paBHa CymMe
SHTPONHI BCeX 4YacTeil. DTO BEpHO, €CJH 3HEPTHsS CHCTEMb! SIBJsIETCS
cymmoil sHepruit Bcex uacTeil M ecau paGora, coepulaemasi CHCTEMOH
BO BpeMsl NpeBpallleHHsl, PaBHA CYMMapHOMY KOJiH4ecTBYy paGoOThl, CO-
BeplleHHOH BceMH 4YacTAMH. OTMeTHM, YTO 3TH YCJIOBUS He BIOJIHE
OYeBHJHbBI H B OTJEJBHBIX CJyyasiX MOTYT GBHITb He BhINOJHEHH. TaK,
HalpuMep, B CJydae CHCTEMBbI, COCTOsIeH H3 JBYX TOMOr'eHHBIX Be-
IEeCTB, MOXKHO BbIPA3HTb SHEPTrHI0 KAaK CYMMY 3Hepruil 3THX ABYX
BellleCTB TOJBKO TOTJa, KOTJa MOXHO IpeHeGpeub NMOBEPXHOCTHOH
5Hepruel IByX BellleCTB, HaXOASIIMXCH B KOHTakTe. Boofuie rosops,
NOBEPXHOCTHOH 3Heprueil MOXHO IpeHeOpeub, TOJBKO €CJH 3TH JBa
BellleCTBA He OUeHb CHJIbHO H3MeJIbUeHbLl; B IPOTHBHOM CJyyae IOBepX-
HOCTHasi 3HEepPrusi MOXeT HIPATb 3HAUMTEJIbHYIO POJb.

JonycTum 1Js1 NpPOCTOTHI, YTO HAIla CHCTEMA S COCTOMT TOJbLKO
H3 JIBYX OTHAJBHBIX CHCTEM S§; H S,. Ilpeamosoxum, uto sHeprus U
cHCTeMBl § paBHa cymme sHeprudn U, u U, cHucteM s; U S

U=U1+U2

¥ uto paboTa L, COBepIIeHHasi CHCTEMOil S BO BpeMs npouecca, pasHa
cymme L, U Ly, T. e. cymMe paGoT, COBEpIIEHHbIX COOTEETCTBEHHO
CHCTEMaMH S; U S,:

L = Ll + L2'

Corsacro 3TOMy mnpepsoxeHnuio, H3 (15) caepyer, yto TemnJsora Q,
NoJlyyeHHash CHCTeMOH BO BpeMsl Ipoilecca, MOXKeT GbiThb 3amucana Kak
CyMMa KOJIHYECTB TeNJIOTHI, MOJYYEHHBIX ABYMS YacTSAMH:

Q=Q1+Qz-

D10 naeT BO3MOXKHOCTb HamucaTtbh HHTerpaJ (68), KOTOpHI onpejeJisieT
SHTPOIHIO B BHAE CYMMbl IBYyX HHTErpaJCB, ONpeJeJsIOMUX SHTLOMHIO
JIBYX OTJEJIBHBIX CHCTEM S; H S, *:

dQ AdQ AdQ
— X — X1 2,
S ) = § [+ [

* CaellyeT OTMETHTh, UTO €CJH CTaHLapTHoe coctosinne O H coctosiMe A Bcefl
CHCTeMBbl 3aJaHbl, TO H3BECTHBI COOTEETCTBYIOUIME COCTOSIHHSI ABYX yacTeil, o6pa3yio-
LIMX BCIO CHCTeMY. DTH COCTOSIHHS LBYX OTA/LHHIX MOJICHCTEM 0603HaualOTCs TEMH
xe Gykpamu O u- A.. :
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Korpa ycsoBusi pas3bueHHsI CHCTEMbl Ha aiJUTHBHble MOACHCTEMbi
BbIIIOJIHEHbl, TO 3TO OINpeJesIeHHe 3SHTPONHMH MO3BOJISET ONpefe/HTh
SHTPOIHIO CHCTEMBI, JaXKe eCJH CHCTeMa He HaXOJUTCS B COCTOSIHHH
paBHOBecHsl. DTO BO3MOXHO CJieslaTh, €CJIH CyMeTb Pas3fleJIMTb CHCTeMY
Ha psj vacTeff, KaxJasi M3 KOTOpPbIX HaXOIHMTCS B COCTOSIHHH PaBHO-
BecHA. TorJa MOXHO BBECTH SHTPOIHIO KaXIOH H3 3THX yacTed H IO
OlpeJesIeHHIO CYHTATh SHTPONHIO BCEH CHCTeMBl PABHOH CyMMe 3HTPO-
nufl Bcex vacreit *.

13. HEKOTOPBIE JAJIbHEAUIHKWE CBOACTBA 3HTPOINHHU

Paccmotpum apa coctosinust A u B cuctemsl. M3 onpenenenus (69)
HMeeM

B
s®—su=[2,
A

ecid TOJIbKO HHTerpan OepeTcst BAoJb o6paTHmoro mpouecca or A
po B. Ecan wunrerpan Gepercsi Bio/Jb HeoGpatuMOro Ipouecca, To
npliBefleHHOe ypaBHEeHHe He BblnoJHseTcs. [lokaxeM, 4YTO B TakoM
cJlyyae CrpaBejJ/IHBO HePaBEeHCTBO

B
S(B)—S(A)>S5’T3- (73)
A

UTto6bl J0Ka3aTh 3TO HEpaBeHCTBO, PACCMOTPUM HeOGpaTHMbIF LMK,
cocTosulMA M3 HeoGpatHMoro mnpouecca / or A po B u obpaTHmoro
npotiecca R or B 10 A (cm. puc. 11). IlpumenuB (65) K 3TOMY He-
06paTHMOMY ILIHKJY, NOJYYHM

A

dQ dQ dQ

0> @ (ST)l_}_(ST)R'

AIBRA B

K o6paruMomy npoueccy R or B K A MOXHO NPHMEHHTb paBeH-
ctBO (69):

f’-T‘—))R —S(A—s@).

—
2

Iloacraenass 3to Bblpa)KEHHe B npeAbiAyuiee HEpaB€HCTBO, IOJyyaeM
d
0> (S Q) —1s® —s @,
A

* Jlerko moxer ObiTb JOKa3aHO, YTO BCE YXe PacCMOTpPeHHbie CBOHCTBA 3HTPO-
NHH NPUMEHHMbI TaKXKe K SHTPONHH B 3TOM OGOGLIEHHOM OlipeAeseHHH.
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Orcrona nas npou3BoJibHOTO mpouecca or A 1o B umeem
B

S$<S@—smy
LA

1M I0Ka3aHO HepaseHCTBO (73).
Insi coBepiIeHHO H30JIMPOBaHHBIX CcHCTeM (73) NpHHHMaeT OueHb
npoctyio opmy. Tlockoabky ans takux cucrem dQ = 0, To Haxonum,

4To
S(B) > S (A), (74)

T. e. 021 406020 npoyecca, npoucxodauiezo0 8 U30AUPOBAHHOL cucmenme,
IHMPONUL KOHEYHO20 COCMOAHUA HUK020a He modxcem Obimb MeHblie
anmponuu Hawaavrozo cocmoanus. Ecau npouecc obpatum, To B (74)
CTOMT 3HaK paBeHCTBa — SHTPONHUSA CHCTEMbl He
Vs A H3MeHsleTCs.

CaepyeTr NoA4yepKHYTb, YTO FaBEHCTBO (74) mpH-
“MEHHMO TOJBKO K H30JHPOBAaHHbIM CHCTEMaM.
A I'4 ‘C [OMOIIBIO BHEIIHEH CHCTEMbl MOXHO yMeHb-
WHTh 3HTponuio Tesa. OnHako sHTpomus o6Genx
cHCTeM (BHEWHSAS CHCTeMa -+ Teso), B3ATBIX CO-

BMECTHO, 'YMEHBLIATHC HE MOXKET.

Korna usonupoBanHast ccTeMa HaxofHTCS B CO-
CTOSIHMM C MaKCHMaJbHOH SHTpONHeH, COOTBEeTCTBYIOLIell ee 3Hepruu,
TO B He He MOryT NIPOHCXOAHTb HHKaKHe JajbHeilllHe M[OLECCHI,
NOTOMy 4TO JIt0GOH mpouecc npuBes Obl K YMEHbLIEHHIO 3HTPOINHH.
Takum o6pa3oM, cocmosHue ¢ MAKCUMabHOU 3IHmponuell ABAfeMCA
Hauboree Yycmouldusbim COCMOAHUEM U30AUPOBAHHOU cucmembt. ToT
¢dakT, UYTO Bce CAMOIPOHM3BOJIbHbIE NMPOLECChl B H30JIMPOBAHHOHA CHCTEME
MIPOMCXOJAT B HANpaBJIeHUH YyBeJHUEHNsI SHTPOIHH, MOXeT ObIThb XOpOLLIO
NPOJIeMOHCTPUPOBAH ABYMSI TPOCTHIMH IIPHMEpAMH.

B KkauecrBe mepBoro npuMepa pacCMOTPHUM TeNJOOOMEH MyTeM TeIJo-
MPOBOJHOCTH MeXAY JABYMSI 4YacCTSMH CHCTeMbl— Mexay A; u A,.
ITyctp T; u Ty— COOTBETCTBEHHO TeMIlepaTypbl 3THX ABYX uacTeii, H
nyctb Ty < T, Tak Kak TemJjota paclpocTpaHsieTcss oT Gosiee rops-
yero Tesa K Gojiee XOJIOZHOMY, TO Teno A, OTIaeTr HeKOTOpoe KOJH-
YecTBO TeIJoThl Q, KoTopoe norJjomaercss tejgom A,. Takum o6pasoM,

Puc. 11.

SHTponusA Tesa A; H3MEHSIETCS HA BEJUYHHY % , asHTponust Tena A,—
1

Ha ' BeJHYHHY — % - OO6luee H3MeHeHHe SHTPOITHH BCeil CHCTEMBI COCTaB-
2

Jaser
L_Q
T, Ty
\
Iockonbky T, << T,, TO 3TO H3MeHEHHe, OYEBHHO, ITOJIOKUTEJbHO,
¥ SHTPONIUS BCeil CHCTEMbl yBeJHYHBaeTCH.
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B kauecTBe BTOpOro mpHMepa pacCMOTPHM Bbl€JIeHHE TeNJOThl IIPH
TPeHHH. DTOT HeOGPATHMBIH NpollecC TaKxe MPHBOAMT K YBeJHUYEHHIO
SHTPONHH. HacTb cHCTeMBbl, KOTOpasi HarpeBaeTcsi NPH TpeHHH, NOJy-
YaeT IOJIOKHUTEJbHOE KONHYECTBO TEIJIOThbl, U €€ 3SHTDONHS YBEeJHYH-
paetcd. Tak Kak TelJoTa IoJyyaeTcss H3 paboThl, a He OT JAPYTHX
yacTeil CHCTEMBbI, TO 3TO YBeJHYEHHE 3HT[ONHH He KOMIIEHCHpPYeTCs
yMeHbllIeHHeM SHTPONHH B JPYTHX 4YacTAX CHCTEMBI.

ToT ¢akT, 4TO SHTFONHSA M30JHPOBAHHOH CHCTEeMbl HHKOTJa He
MOXKeT YMEeHBIUHTbLCS BO BpeMsl Ipouecca, HMeeT o4eHb SICHYIO HHTeprpe-
TaMI0O CO CTATHCTHYECKOA TOYKHM 3peHHsl. DoJiblMaH J0Ka3aJ, 4TO 3H-
TPOMHs JAHHOTO COCTOSIHHSI TEPMOJHMHAMHYECKOIl CHCTEMBbl CBSI3aHa Ipo-
CTbIM COOTHOILIEHHEM C BE[OSITHOCTbIO COCTOSIHHSA.

Mbl yxKe NOJYEPKHBAJH PasHHIy MeXAY AHHAMHYECKHM H TepPMOIH-
HaMHYeCKHM IIOHSITHSIMH COCTOSIHMS cHcTeM. [ljsi Toro, uyroGbl omnpe-
JeJUTh JHHaMHYecKoe COCTOsIHHE, HeoOXOAMMO HeTaslbHO 3HaThb IOJIO-
)KeHHe U NIBHKEHHe BCeX MOJeKyJ, KoTopble o6pasyioT chcremy. C apy-
roi CTOLOHBI, TePMOJAHHAMHYECKOE COCTOSIHHE OIlpejiesisieTCsl 3ajaHHeM
JHMIUb HeGOJIBLIOTO YHCJa NapaMeTpoB, TaKHX KaK TeMmmeparypa, AaB-
genne u T. A. Orcioga cjenyeT, YTO OJHOMY TepMOAHHAMHUYECKOMY
COCTOSIHHIO COOTBETCTBYeT G6OJIbIIOe YHCJIO JHHAMHYECKHX COCTOSIHHHA.
B crarucTHYecKOl MeXaHHKe IPHHAITO XapaKTepH30BaTb KaX]0e TepMo-
JHHaMHYecKoe COCTOSIHHE BeJHYMHOH T — YHCJIOM COOTBETCTBYIOLIMX JH-
HaMHYeCKHX COCTOSIHHH, OCYLIECTBJSIOHX NaHHOEe TepMOAMHAMHYECKoe
coctosiide (cM. Takxke pasfen 30). BesnunHa = 0GbiYHO HasbiBaetcs
BEPOSITHOCTbLIO JaHHOTO TEePMOJHHAMHYECKOTO COCTOSIHHS, XOTS,
CTpOTro ToBOpsl, OHA JIMWb MpPONOPUHOHANbHA BEpPOSITHOCTH B OGLIYHOM
cMbicste. TlocnenHsis MoXeT GbiThb NOJIyyeHa JeJieHHEM m Ha YHCJIO ECeX
BO3MOXKHBIX JHHAMHUYECKHX COCTOSIHHH. ’

Hcnoab3ys craTHCTHYeCKHE COOGDaXKeHHsl, NPeNNOJIONKHM, YTO B
H20JIHPOBAHHOH CHCTEMe CaMOIpOH3BOJIbHO MOT'YT NEOHCXOAHTb TOJLKO
TaKHe INpolecchl, KOTOpble NMPUBOAST CHCTEMY B Hau€ojiee BELOSATHOE
cocTosiHMe. DTO O3HayaeT, YTO HaHGOJee YCTOHYMEOE COCTOSIHME CH-
creMbl GyJeT COCTOsIHMeM C HaHGoJIblleH BepOSITHOCTBIO, COBMECTHMOH
C TOJIHOIl SHEeprHeH CHCTeMKI.

Mbl BHAMM, YTO 3TO NPEANOJIOXKeHHe YCTaHaB/IMBaeT MNapaJliesHaM
MeX]y BepOSITHOCTBIO ® M JHTpONHeld S HaleH CHCTEMBbl; HHBIMH CJIO-
BaMH, MpeANoJaraeTcsl CyulecTBoBaHHe (GYHKIHOHAJbHOH 3aBHCHMOCTH
Mex1y HUMH. Takass 3aBHCHMOCTb JeHCTBHTEJIbHO Obljla yCTaHOB/IE€HA
BonbuMaHoM, KOTOpLI J0KasaJs, YTO

S=klnx, (75)

rjie k— NocrosiHHasi, HasbBaeMass NMOCTOSSHHOH BoJabuMasHa u
paBHasi OTHOLIEHMIO Ia3oBOH NOCTOSIHHOH R K uucay Aporagpo A:

R
k== (76)
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He mpuBozist CTpOroro J0KasaTesbCTBa COOTHOLIEHHS (75), MBI JOKaxeM,
npejrionaras CylecTBoBaHHe (pyHKIHOHAJIBbHON 3aBHCHMOCTH MeXAy S U«

S =f(x), @7

4TO SHTPONHS MPONOPUHOHAIBHA JIOTapH(MY BePOATHOCTH.
PaccMoTpuM cHcTeMy, COCTOsiLLYIO M3 ABYX 4acTeil, TpHYeM NyCTb
S, U S,— 3HTPONHH, a w; H T, — BE[OATHOCTH COCTOSIHHH 3THX vac-

Ted. Hs (77) umeem
Si=1[(m); S3=[(my).

Ho sutponust Bceit chcTeMbl paBHa CyMMe SHTPOTHiI ee uacTeii:
S= S+ Sz,
a BepOSITHOCTb BCeH CHCTEMBI PaBHAa IPOHM3BENEHHIO BEPOSITHOCTEM:
ﬁ = T,
H3 sTHx ypasneﬂm‘i' u. u3.(77) .}nonyqaem clepyioiee:
f(“‘f"z) = f(“‘l) + f (xg).
Oynkuust [ pomkHa, TaKHM o0pa3oM, MOAYHHATBECH (GYHKIIHOHAJb-

HOMY YpaBHEHHIO
- Fey) =) +F Q). (78)

SH cBoficTBa (QYHKUMH [ 1alOT HaM BO3MOXHOCTb OIPENENHTh ee
BHll Tak Kak (78) BepHa A/ BCeX 3HAYEHHH X H Y, TO MOXHO B3fTb
=1+4e, rie e — GecKoHEUHO Ma.nax BeJIHYHHA TIepBOrO MO[si/Ka.

Torna
f x4 xe) =)+ (1 +e).

Paanaras o6e wactu B psan Teiinopa mo e u npeHeGperast BceMd
ujleHaMH Bblllle NEepBOro NOpsifika, HMeeM

[ (0) + xef’ (x) = F (x) + F(1) + ¢f* (1)
Hast e =0 nHaxomum f (1) = 0. Orciona
X' =F (1)=&,
rae' & npejicTaBisieT KOHCTAHTY, WJIH
F ==

Hurerpupys, nonaydaem
f(x) = kln x 4 const.



DHTpONHS CHCTEMbl, COCTOSIHHE KOTOPOf MOXeT GbiThb H306paxeHo ... 55

Benomunas (77), OKOHYaTeNIbHO HMeeM
S = kln~w <+ const.

M&I MOXKeM TNIPHHSITb KOHCTaHTY HHTeTPHPOBaHHSI PaBHOH HYJIO. DTO
JIONyCTHMO, TIOTOMY YTO SHTPONHs OMNpejiesieHa C TOYHOCTBbIO 0 aijlH-
THBHOH mnocTosiHHOR. TakuM 06pa3oM, OKOHYaTeNbHO MOJy4YaeM BbIpa-
weHnue (75).

KoneuHo, cC/leyeT NOAYEPKHYTb, YTO 3TH pacCyXXAeHHs He J[OKa-
3LiBalOT ypaBHeHHsw BosblMaHa (75), Tak Kak Mbl He MOKasaiH, 4TO
cyllecTByeT (YyHKUHOHAMbHASA 3aBHCHMOCTb Mexay S u =. OnHako
MOXXHO JYyMaTb, Y4TO 3TOT BHIBOJA JeJaeT CylleCTBOBaHHe (YyHKIHOHA/Ib-
HOH 3aBHCHMOCTH IpaBIOTONOGHBIM.

14. S3HTPOMHSA CUCTEMBI, COCTOSIHUE KOTOPOM
MOXET BbiTb HU30BPA)KXEHO HA JHAIPAMME (V, p)

Jisg 3THX CHCTEM COCTOsIHHE OmnpefessieTcss KaKHMH-IH00 ABYMsi
u3 tpex nepemeHHbix p, VU T. Ecmu T u V Bbl6paHbI He34BHCHMbIMH
nepeMeHHbIMH, TO Temsota dQ, mMojyyeHHasi cMCTeMO# BO Bpemsi Gecko-
HeyHo MaJioro Tmpoiecca, B pedyJbrare Kotoporo T u V uameHsiorcs
na seauuunbl dT u dV, paercs puddepeHUHaNIbHBIM BbipaxkeHHeM (22) u

dQ = ( ) dT—}—[( ) -}—p]dV. (79)
M3 npuseneniHoro BhIpaXkeHHsl, HCnoab3ysi (72), monayyaeM
dQ 1 ou
dS=—T—=T—( )dT—}—T[( ) —I—p]dV. 80)

Stu xBa quddepeHuHaNbHLIX BoipaxkeHus Aas dQ u dS orsnmyaiorcs
B OTHOM OYeHb Ba)KHOM OTHOLIEHHH. Mbl 3HaeM u3 0OlueH TeopHH,
uTo uMeercsi QYHKuUHSI S COCTOSIHHS cHcTeMbl. B Hauem caydae S —
¢yHkuusi nepemeHHbix T M V, KoTOpble ONpefessiioT COCTOSIHME CHC-

TE€MBI:
S=S(T, V). ®1)

HnddepernyanbHoe BolpaxkeHHe B mnpaBoit 4YacTH (80) sBisiercs
nostomy AH¢pdepeHuHasoM GYHKUMH JABYX HE3aBHCHMBIX IepeMeHHbIX
TulV.

Boobuwe Takoe rupdepeHuyanbHoe BblpaKeHHe B Clyyae JABYX He-
3aBUCHMBIX TIeDeMEeHHbIX X H Yy, Kak

dz =M (x, y)dx + N (x, y)dy, (82)
Oyner mosaHbM auddepeHLHaSOM, ecaH OHO— auddepeH-

uidan GyHkuuu ot X M y. CienoBarenbHO, MOXCHO CKasaThb, 4to (80) —
noJHblil AHdpepeHIMan NpH He3aBHCHUMBIX mepeMeHHbIX T u V.
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Xopolo H3BeCTHO, YTO eclH dz — mnoJHbH AuddepeHuman, o M
H N [0/KHBl YIOBJETBOPATH CJEAYIOIEMY COOTHOLIEHHIO:

OM(x, y) _ ON (x, y)
oy ox (83)

Ecan ycnoede (83) BHIIOJHSAETCS, TO MOXHO IIPOMHTErDHPOBaTh YpaB-
Henve (82) u omnpeneauTb GYHKIMIO, YIOBJETBOPSIOLULYI0 YPaBHEHHIO
(82). C mpyroft cTOpoHBI, KOrja TaKoH OYHKIHMH HeT H dz HeJb3d
paccMaTpuBaTh Kak AuddepeHiHan HEKOTOPOH (YHKUMH X H Yy, TO
nHTerpan (82) mo nmyTH, COeIHHSIONIEMY JBE TOUKH Ha IIOCKOCTH (X, y),

3aBHCUT He TOJIBKO OT 3THX ABYX TOYeK (mpe-
2 JleJIOB HHTETPHUPOBAHIIS), HO TaKKe H OT MYTH,.

7
4 COEJIMHSIIOLIETO HX.
A Uto kacaercs AByX nH¢pdepeHIHANIBLHBIX Bbl-

T paxenuit (79) u (80), To MBI yXe oTMeuyaJH,

' ! yto dS siBAsieTcss NoaHBIM JAHGdepeHLHa-
A/' 'ﬂ’

H 1 aoM. Eciam Mbl paccMOTpHM 1Ba COCTOSIHHSA

VA u B ua nuarpamme (V, p), cOefuHEH-

Puc. 12. Hble JBYMSI pa3jMYHbIMH OOpPaTHMBIMH IpOLIeC-

camu I u Il (cM. puc. 12), u mpounTerpupyem.
dS no nyram I u II, To mosmyuyuM onuHaKOBBIA pe3y/bTaT B OGOHX
cayyasx, a umeHHo: S (B) — S(A). Ecau xe npounrerpupoaTs dQ mo
9THM JBYM pa3/H4yHbIM NYTAM, TO MOJYYHM [Ba pas3/HYHbIX pesyJib-
tata Q; u Q,, KoTopele, BoOGIle TOBOpsi, HE pPaBHBI APYr APYry. DTO
YTBEPXKJEHHEe JIerKO MOXKHO NPOBEPHTb, NPHUMEHSssl NMEepBLIH 3aKOH Tep-
monnuamuku (15) k npoueccam I u II. [leiicTBUTEbHO, HCIOJDb3YS
(15), nHaxonum

Q=UB)—UA) +L,
Qu=U(B)—U (4) + Lu.
B3siB pa3HOCTb 3THX BHIpaXKEHHil, TOJYYHM

Q—Qu=L—Ly,

npuueM BesJMuMHBl Li M Ly onpenensiioTcsi COOTBETCTBEHHO IVIOLIAASIMIL
AIBB’A’A u AlIBB’A’A.

PasHoctb ayx miowmane#t pasHa miowagu AIBIIA. Orciopa cie-
nyer, uro L;— Ly, a chaefoBaresibHo, H Qi — Qi He paBHHI HYJIiO.
Takum obpasoM, ypaBHenHe (79) He siBisiercs mnosHbBIM AuddepeHLHa-
JIOM H He MOXET ObITb HailifleH0 HHKaKoil ¢yHKuMH Q COCTOSIHHSI CHC-
Tembl. CJIelyeT OTMETHTb, YTO €CJH Obl TemJoBasi XHIKOCTb (¢soruc-
TOH) JIeHCTBUTEJbHO CYLIECTBOBaJa, Kak MpejanoJarajd A0 PasBHTHA
COBPEMEHHOH TepMOAHHAMHKH, TO MOXHO ObwO Obl HaHTH (QYHKIHIO
cocTostHus Q.
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PaccMotpumM B KauecTBe IpHMepa K MpeAbIAYLIEMY PacCy»kAeHHIO
BoipaxkeHue A dQ u dS ojHoro Moss uieanbHoro rasa. Ms (30)

Hmeem
dQ = CydT + pdV,

HJIM, 1ocJie HCKJIIOYEHHA p C ITIOMOLILBIO ypaBHeHHﬂ C;)CTOﬂHHﬂ pV = RT,
dQ = CvdT + R—VTdV. (84)

D10 BbipaxkeHHe He SIBISETCs MOJHBIM JubdepeHIHANOM, H MOXKHO
IIPOBEPHTb HENOCPEACTBEHHO, 4TO ycjoBHe (83) He BBIMOJHSETCH.
U3 (84) u (72) nomyuaem

dQ Cy R
dS == = FdT +3 dV. (85)

Tak kak Tenepb ycJoBue (83) BBHINOJNHSETCH, TO 3TO BhIpaxe-
HHe TIpefiCTaBJsieT MOJHbIH AuddepeHiHal.
Iocnie uuTerpupoBanus (85) nmeem

S = Cy1nT + R1aV +a, C o (86)

rlie a—KOHCTaHTa WHTErpUpOBaHMf. DTa aJJMTHBHAs KOHCTAHTa OC-
TaeTcsi HeoNpelleJIeHHOHN B COOTBETCTBHII C BBelleHHeM HTponHH (68)
(cMm., onHako, pasnen 32).

MoKHO M3MeHUTb BbipaxkeHre (86) SHTPONHH OXHOTO MOJSi Haealb-

T o
HOro rasa, BBeasl BMECTO V ero snauenue V = R— HaHJeHHOoe H3

P ’
ypaBHeHHS] COCTOsIHHSI. Bcrnomunas (33), moayyaem
S =CpInT —RInp+a+ RInR, 87)

BosBpaiuasice K oflieMy CJaydai Kakoro-ju6o BellecTBa, COCTOSIHHE
KoToporo ompeznesasiercsi nepeMeHHbiMH T WV, Bocmosb3yeMcsi BbIpa-
xkennem (80) nns auddepeHuuana sHtponuH. [IpuMeHsisi K 3TOMY BhI-
paxkenuto ycsoBde (83), sanuiuem

S8 =3H (+)

rie uuaekcel V u T omyileHsl, motoMy urto 3fech Be3fe V u T mpu-
HATbl HE3aBHCHMBIMH TepeMeHHbIMH. EciM Mbl Boimosnum Auddepe-
LIMpPOBaHHE, YKa3aHHOe B MNpejblAylieM YyPaBHEHHH, H cobepeM OXLHO-
pONlHble YJIeHbl, TO MOJYYHM BaXKHbIH pe3yJibTar:

(), =7 (5),—» 9)
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Ucnone3yst (88), mnokaxkem, uto sHeprusi U BeliecTBa, KOTOpoe
nojJlunHsieTcss ypaBHeHHIO cocTostHust pV = RT, sBasetcs QyHKumei
OLHOH JMUIb TeMIepaTypbl W He 3aBHCHT OT oObeMa. Kak yxe oTMe-
4aJ10Ch, 3TO ObIJIO SKCIICPUMEHTaNbHO noaTBepkeHo xkoynem. OgHako
JaHHBI pe3y/IbTaT HHTEPECHO TMOJYYHTb KaK MpsiMOe CJENCTBHE H3
YPaBHEHHSI COCTOSIHHSL.

T
[MoacTapasisi  BbipakeHHe p = RT o (88), Haxomum

v
ou 9 (RT RT
)73 (0) % o

yeM jpokasbiBaetcs*, uto U ne 3aBucut ot V.

Ecin B kauecTBe He3aBHCUMBIX TnepeMeHHuiX (BMecto T, V) BbiGe-
peM T, p uan p, V, To moayyuM [Ba APYrHX ypaBHEHHsi, KOTOpbIE
no cyuectey skpuBaneHTHbl (88). Takum obpasom, ecan Mbl Gepem
T W p Kak BeJMUHHbI, ONpeJeJisiollHe COCTOSIHHe CHCTeMbl, To dQ

dQ

onpepensiercsi cootHoweHneM (23). Tak kak dS = =7 SIBJISETCS MOMHbIM

nupdepeHasom, To ¢ noMoubio (83) serko mnosyyaem
ou oV v
(o0 == (38— 7 (a7), ®

/

[Tomo6rHo sToMy, NpuHHMasi 3a He3aBHCHMLIE TepeMeHHble p u V?
HaxoauMm u3 (24) u (83)

[,

15. YPABHEHHE KJIAMEAPOHA

B stom pasnene Mpl npuMeHHM ypaBHeHHe (88) K HachllleHHOMY
mapy, T. €. K CHCTeMe, cOCTOsllledl H3 HaXOASILIUXCS B PaBHOBECHH
XKHUIKOCTH U ee Tapa.

PaccMOTpHM XHIKOCTb, 3aK/IOYEHHYI0 B LHJIMHAD C MOPLIHEM.
IlpocTpaHCTBO MeX1y TNOBEPXHOCTBIO KHAKOCTH H IOBEPXHOCTHIO
nopiiHsl GyjgeT 3amoJiHeHO HAachlleHHBIM I1apoM IpH JaBJeHHH p, KO-
TOpOe 3aBHCHT JIHUIb OT TeMIlepaTypbl Napa H He 3aBHCHT OT ero
obbema.

H3zorepMbl J/if  cHCTEMBI KRIKOCTb — Map, H300paKeHHble Ha
Auarpamme (V, p), noayyaloTcsl CJAELYIOLIUM MyTeM: COXpaHssl TeMmnepa-
TYpPy TOCTOSTHHOH, Mbl TNOAHSTHEM MOPLIHA yBeJHyuBaeM oGbeM napa.
ITpu 3TOM HeKOTOpOEe KOJIHYECTBO KHAKOCTH HCHApsieTcs, YTO noajep-

* 3ameTHM, UTO 5TOT pe3yJbTaT He BIOJXHe He3aBHCHM OT ombiTa J[koy.d,
onucaHHoro B maparpage 5. JleficTBUTesNbHO, JaHHOe B pa3fese 9 J0Ka3aTelbCTBO
HAEHTHYHOCTH TeMmmnepaTyphi T', H3MepeHHOIl ra30BbIM TEPMOMETPOM, TepMOAHHAMHYEC-
Koii Temnepatype 6, 6u110 OCHOBaHO Ha pe3yJbTaTax omnbita J[xkoyns.
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JKMBaeT JaBJeHHE I1apa HeH3MeHHbIM. - TakuM 00pasoM, MOKa HMeeTCsi
JIOCTaTOYHOe KOJIMYECTBO KHIKOCTH, yBeJHuYeHHe o0beMa He H3MeHsieT
nasnends. [TosToMy u3oTepma AJsi PaBHOBECHOH CMECH XKHIKOCTH H ee
Tapa — 3TO - JIMHHUsSI TIOCTOSIHHOTO JaBJleHHsi, napajsesbHas ocH V, Kak
I0Ka3aHO Ha pHC. 13 (06JacTb NOA IYHKTHPHOH JIHHHEH).

Korna oGbeM yBe/qMYMBAeTCS HACTOJIbKO, YTO BCSl 2KHUAKOCTb HCIa-
pHTCS, JanbHefillee yBeJuyeHHe oGbeMa yMeHblIaeT AaBjenue (puc. 13).
AHajiornynnM o6Gpa3oM BefeT ce6Gsi JoGoi ras.

Ecsiu Temepb CXXHMMaTb Hally CHCTeMY, COXpPaHsIsi MO-NpeXXHeMY TeM-
nepaTypy IIOCTOSIHHOH, TO JaBJeHHe MOBbILAeTcss MO TeX Nop, IMoKa
He CTAHOBHTCSI PaBHbIM JIaBJIEHHIO HAChbl-
IleHHOTO mapa JJIsl AaHHOH TeMmmepaTryphl. /2
C >Toro 3dHayeHusl JaBJieHHe He YBeJH-
yiBaeTcAd TNpH JAajibHeHIleM yMeHblUeHHH
o0beMa, a BMECTO 3TOr0 4acCTb napa KOH-
JeHCHpYeTCsl, M JaBJeHHe OCTaeTCs HeHs-
MeHHBIM (TOPH30HTaJIbHbI YY4acTOK H30-
TePMbl).

Korana o6beM yMeHblleH Tak, 4TO Be-
UIeCTBO TMOJHOCTBIO HAXONUTCS B JKHIAKOM
COCTOSIHMH, TO'NPH JajbHEHLIEeM CXaTHH
CIIJIbHO NOBLILIAETCS! JlaBJleHHe, NOTOMY YTO v
JKHIKOCTb HMeeT OuYeHb MaJjlylo CxKHMae-

MocTb. B pesysibTate 3Ta yacThb H30TepM Puc. 13.
oueHb KPYyTa, KaK M MOKa3aHO Ha puc. 13.

Ha puc. .13 n306paxeHO HeCKOJbKO H30TePM TOJBKO YTO ONHCaH-
HOro BHAA 1/ Pa3HbIX 3HAueHH Temmepartypsl (JIHHHH a, b, ¢ H d).
M3 pucynka BUAHO, YTO AJMHA TOPH3OHTAJbHOrO y4acTKa H30TEpM,
T. €. HHTepBal oGbema, INpPH KOTOPOM JKHAKOCTb H Iap MOTYT IpH
IAHHOH TeMrepaType HaXOIUTbCA B PABHOBECHH, YMEHblaeTcsi C Mo-
BLILIEHHEM TeMrepaTypsl 10 TeX Iop, MOKa HHTepBaJ He clesaercs
6GecKOHEYHO MaJsibiM, T. €. JO TOuYKH neperu6a. Maortepma, comepxauias
TOUKY Nepernba, HasbiBaeTcsi KPUTHYECKOH H30TepMOH, acooT-
BeTCTBylollass ed Temmeparypa I.,—KpDHUTHYEeCKOH TeMOepary-
poil. O6bem V. u pmaBieHue p. TOYKH Neperu6a, B KOTOPOHl TOPH3OH-
TaJIbHasi KacaTeJibHast, Ha3blBAlOTCA KPUTHUYECCKHUM 06O beMOM H K P H-
TuuecKUM JaBaeHueM. Cocrosiiue, coorBerctByiouiee V., p., T:,
Ha3blBaeTCd KPHTHYECKHM COCTOSSHHEM HMJIM KPDHUTHYECKOI
TOYKOH CHCTEMBI.

HsoTepMbl a1 TeMIepaTyp Bolllle KPHTHYECKOH — MOHOTOHHO  yGbi-
Baiouide (YHKUMH, He HMeouiHe H3/10MOB. Il OUeHb BHLICOKHX TEM-
nepaTyp OHH NPHOJIMKAIOTCS K PaBHOOOYHLIM TrHmep6osiaM, MOTOMY
yTo J060e BeulecTBO B 00JIaCTH OYeHb BBICOKHX TeMIepaTyp CTaHo-
BUTCs1 Bce Gosiee U GoJiee MOJOOHBIM HJEaNbHOMY rasy.

[TynkTHpHast JMHHMSI Ha pPHCYHKe W KpDUTHYeCKas H30TepMa JHeJsT
naowansb (V, p) Ha yeTblpe yacTH: yacTb, OGO3HAYeHHYIO L — KHAKOE
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COCTOsIHHE; YacTb, NOMeuyeHHyw L, V —cMmech XKHIKOCTH M HAChIlleH-
HOro mapa; 4YacTb V — HacbllleHHBIH nap; W yactb G, KoTopasi COOT-
BETCTBYeT rasy.

[NpumennM Tenepb BeipaxieHHe (86) K CHCTeMe >KHAKOCTb — nap,
usobpaxkeHHolt Ha mJockoctd (V, p) puc. 13 oGnacteio L, V.
B >3Toft o6GJjacTH japjieHHe M IJIOTHOCTb JKHAKOCTH M TNapa 3aBUCAT
TOJBKO OT Temmeparypbl. llycTh v, UM v, — ynenabHble 0GBEMBI COOT-
BETCTBEHHO XHJKOCTH M Tapa, T. €. oGbeMbl, NPHXOAsILHECS Ha enH-
HULy Maccol (o6paTriass BeJMYHHA IJIOTHOCTH), M NMYCTb U; U U, — HX
yaeJbHble 3HEPrHH, T. €. SHePrMH Ha eJUHHLY Macchl. BennuuHsl p,
Uy, Uy, U;, Up— QYHKUMH TOJIBKO TeMmmepatypbl. Ecau m — nonnas
Macca BellecTBa, a /M; W M, — COOTBETCTBEHHO MAacChl YKHMAKOH W Mapo-
obpasHoii yacTeil, TO

m = my -+ m,.
ITono6Ho 3TOoMy Becb 06beM M BCS 3HEPrHsi CHCTEMbl COCTaBJSIOT

V = myu, (T) + myv, (T).
U = myu, (T) 4 mou, (T).

Tenepp paccMoTpHM B 3TOH CHCTEMe H30TEPMHUYECKHH MpoLece,
BCJIEICTBHE KOTOPOTO KOJIMYECTBO drm BelllecTBa NMEPEXONUT H3 KHIKOIO
B NapooGpasHoe COCTOSIHHE M KOTOPHIA B pesyJibTaTeé H3MeHsleT o6l
o6beM Ha dV u o6y sHepruio cucremsi Ha dU. Torga B KoHue
nipouecca 6yaeT NPUCYTCTBOBaThb (m; — dm) rpaMMoOB XXHAKOCTH H (m, +
+ dm) rpaMMoB mapa, Tak 4TO BeCb 00beM OyjeT paBeH

V4 dV = (my— dm) vy (T) + (my + dm) v, (T) =V +
+ {02 (T) —U (T)} dmv

HJH
dV = {v, (T) — v, (T)} dm. 91)
ITogoGHO 3TOMY BCsl 3HEprusi U3MEHHTCS! Ha BEJNHYHHY
dU = {uy (T) — u, (T)} dm. 92)

M3 nepBoro 3akoHa TepMogMHaMHKH [ypaBHeHue (21)] nmeem
dQ =dU + pdV = dm{u, —u, + p (v, —vy)},

Bty — s+ ploa—v) = 93)

HJIH

YpaBHenne (93) mpexpcraBisieT coGofl BbipaKeHHe JIJIsi TeIJIOTHI,
KoTopas TpeOyeTcsi, 4TOSHl HCMapHTb OXMH TpaMM XKHAKOCTH IIpH
NIOCTOSAHHOMA TeMIlepaType; OHa Ha3biBaeTCsi CKPBITOM TeNJIOTOH ucnape-
Husg A BennumHa \ pasinyHa Ansi PasHBIX JKHAKOCTE M 3aBHCHT OT
temneparypbl. [l BoAbl NpH TeMnepaType KHIEHHS H HOpMalbHOM
naBiaenud A = 540 xaa/e.
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Tak kak Bbipaxenus (91) u (92) OTHOCATCA K H30TEPMHUECKOMY

1
npeBpauleHH0, TO OTHOLIEHHE av paBHO

U\ _ uy(T)—uy (T)
(aV)T_ 0, (T) — v (T)?

uad, ucnonnp3dys (93), mosnyuaem

vy _ 2
(OV)T T u,—uy p-

CpaBHHM 3TO ypaBHeHHe ¢ ypaBHeHHeM (88) W Hamumem Z—’;. BMeC-

g .
TO (5’%) , UTO MOXHO ClesnaTb, TaK KaK JaBJieHHe B Halleil CcHCTeme
v

seasiercss QyHKIHeHA TOJbKO TeMIlepaTyphl. Torza

dp I\

dT — T(w,—uvy) " (94)
D10 ypaBHeHHe Ha3bBaercss ypaBHeHHeM Kuaane#ipona, [Has
TOro, uro6bl IPHMEHHTb YypaBHeHHe KianefipoHa, mojcCYHTaeM BeJH-

d

YHHY # IJ/1s1 BOASIHOTO Tapa IpH TeMIlepaType KHIEHHS U HOpMaJbHOM
naegenud. Fimeem

A = 540 kaa/e = 2260 - 107 3pe/e;
v, = 1677; v, = 1,043; T = 373,1.

IToacrasnsist 3TH BesqMyuHbl B (94), Haxoaum
% = 3,62 - 10* Qun/cm® - 2pad = 27 cm pm - cm./epad.

d
[TpuGnkeHHOE 3HayeHHe ‘ﬁ. MOXeT ObiTb NOJy4eHO H3 ypaBHEHHS
KaanefipoHa, ecad MNpeANONOXKHTb, YTO U, 3HAUHTENBHO MEHblIE Us,
a s BbIUHCJEHHSI U, HCIOJb30BaTh IPEAMNOJIOKEHHe, YTO TMap yJOB-
JIETBOPSIET YPaBHEHHIO COCTOSIHHSI MJea/IbHOrO rasa.

Jnsi onHoro rpamMma napa M3 ypaBHeHHs (6) umeeM

po, = RT, (95)
rae M — MoexyJsIpHEIA Bec mapa. YpaBHEHHe Tellepb NPHHHMAeT BHA

d M

= TP (96)
HJIN

dlnp WM

~dar = RTYC 7
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Jlns BojsiHOro Napa NpH TeMmnepaType KHIEHHS 3Ta ¢opmyJa naer
dp _ 356 . 104, 4To OUEHD XOPOLIO COIACYETCS € BeHIHHOM 3,62 - 104,
dT ’ ’

MOJIyYeHHOH NPH TOYHOM pacuyeTe.
Ecau Tensiory ucnapeHHst A NPeAIOJIOXKHTb TOCTOSHHOM B ILIHPOKOM
WHTepBaJle TeMIepartyp, To, IIPOHHTErpupoBaB BeipaxeHHe (97), nmosnyuum
A

Inp=— R_jg -+ const,

HJIH
M

p=const e” RT" (98)
dra ¢opmyaa Aaer rpy0yl0 3aBHCHMOCTb JaBJIEHHS! HaCbILEHiOro
napa OoT TeMmneparyphl.

Mbr BhiBesn ypaBHeHHe KulamefipoHa JJ/1s1 CHCTeMbl XHIAKOCTb —
nap, HO €ro MOXHO NDHMEHHTb H K KaKoMmy-JH60 ApyroMy H3MeHe-
HHIO COCTOsIHMSI BeluecTBa. [lpumeHuM, Hanpumep, ypaBHeHue Kiameii-
pOHa K TIJIaBNeHHIO TBepAbIX Tes. TBeploe TeJo, Haxopsileecs MpH
JIAHHOM J|aBJIeHHH, TJIABHTCS NPH CTPOro orpefie/leHHOH TeMIepaType,
KoTopasl H3MeHsleTCs C JaBJIeHHeM, IPUJIOKEHHBIM K TEEPAOMY TeJay.
Orciona A/ CHCTeMbl TBEPAOE TeJIO — JKHAKOCTb JaBJeHHe, TPH KOTO-
poM MOTr'yT COCYIeCTBOBaTb B PaBHOBECHH TBeplOe H JKHIKOe CCCTO-
siHHA, ABAsieTcsl (yHKUHMelA TOJbKO TeMmeparypbl. Tellepb HCIOJIb3yeM
ypaBHeHHe (94) asst TOro, 4ToOLI MOACYUTATH MPOM3BOZHYIO 3TOH (yHK-
uuH. BeauunHel A, v; M U, B JaHHOM CJyYae INpPeACTaBJSIOT COOTBET-
CTBEHHO TEIVIOTY IJIaBJACHHS U YJeJbHble O0beMbl TB2PJOTO W KHA-
KOTro COCTOSIHHH.

Ecan Mbl paccmoTpuM B KauyecTBe IpuMepa IJIaBJieHHe Jbjaa, TO
6ynem nmerb A = 80 xas/e = 335 - 107 ape/e.

v, = 1,0907 cmd¥/e; v, = 1,00013 cm¥/e, T = 273,1°.

INoacraBasis 3TH BeqMuuHbl B (94), mosyyaeM

4 — — 1,35 10% dunjcm® - 2pad = — 134 amm/epad.
T. €. NOBbllIEHHe JaBleHusi 10 134 amm TOHMXKaeT TeMIepaTypy
IJ1aBJIeHHs1 JibJia Ha OAMH rpapyc. '

B uactHoCTH, cslefoBaso 6Ll OTMETHTh, YTO TOYKA IJIABji€HHS Jbja
NIOHHKAeTCsl C YBeJHYeHHeM JaBjeHus. B 3ToM oTHoLIeHHH MNoBejeHHe
BOJIbl OTJIMYAETCS OT NMOBEJEHHs APYTHX BEUECTB, TaK KaK B OOJIbLUHHCTBe
C1y4aeB TOYKa IJIABJIEHHS TOBBIILAETCS C YBeJHYEHHEM JaBjeHHs. 370
aHoMaJlbHOe MOBeJeHHe BOALI INPOHCXOAHT BCJEACTBHE TOrO, YTO Jej
HMMeeT MeHbIUYI0 IJIOTHOCTb, 4YeM BOJa, TOrAa Kak B GOJIbLIHHCTBE
c/lyyaeB TBepOe TeJO IJIOTHee XHIKOCTH.

Tor dakT, uro TOYKa NJaBJEHUS JbJa NMOHHXKAETCS C YBeJHUYEHHeM
JlaBjieHHsi, UMeeT GoJbllioe 3HaueHHe B I'e0JIOTHH, MOTOMY YTO 3TO §IB-
JIeHHE CBfI3aHO C JIBHXKeHHeM JefHHKoB. Koria JegHHK cTajKHeaercs
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C BaJlyHOM Ha CBOeM pycJe, BbICOKOe JaBjeHHe Jbla (Ha BaJyH) Mo-
HHXKAeT TeMIepaTypy MJIaBJeHUsl JibJa y TOYKH CONPHKOCHOBEHHS —
Jiell TIJIaBUTCS C ONHOH CTOPOHLI BaJyHa M 3aMmep3aeT CHOBAa Cpa3y e
nocje TOro, Kak JaB/leHHe CHHMaeTcsl. TakuM o0pa3oM Macca JbAa
MOXET OUeHb MeNJIEHHO O6TeKaTb MNPEeNsiTCTBHSA.

16. YPABHEHHE BAH-JEP-BAAJIbCA

YpaBHeHHe COCTOSIHMSI MJ€aJbHOrO rasa JOCTaTOYHO XOPOLIO H30-
6paxkaeT noBefleHHe peaJbHbIX Ia30B NPH BHICOKHX TeMIlepaTypax W HH3-
Kux gaBneHusX. ONHAaKO KOria Temmepatypa M [aBjeHHe TaKOBHI, UTO
ra3 OJH30K K KOHjeHcanuH, To HabJoja-
ICTCS 3HauMTeNbHbIe OTKJIOHEHHS OT 3aKOHOB
HJea/bHOrO rasa. P

Cpenu psila ypaBHEHHil COCTOSIHUS, IIpefl-
JIOKEHHhIX /11 H300paKeHusl IOoBeJeHHs
peasibHbLIX Ta30B, 0COGEHHO HHTEPeCHO ypaB-
Henne Ban-nep-Baanbca BcaencTeie ero
NPOCTOTHI M BCJEACTBHE TOrO, YTO OHO
YIOBJIETBOPHTEJbHO ONHCHIBAET IOBeJEeHHE
MHOTHX BelleCTB B IUHPOKOM HHTepBaJjie ~
TeMrepaTyp H AaBJIeHHIl.

Ban-nep-Baasbc BoiBes1 CcBoe ypaBHe-
HHe U3 cooGpakeHHi, OCHOBAaHHbIX Ha KH-
HETHUECKOH TEOpHH, YUYHTbiBasi, B KauecTse Puc. 14.

MepBOro NpHGIHKEHHS BJIMYHHY MOJIEKYJI
H CHJIbI B3aUMOJefCTBHSI MeXIy HuMMH.Ero ypaBHeHHe COCTOSIHHSI (Ha-
[HCaHHOe [/ OJHOTO MO/ BeliecTBa) TaKOBO:

(p + 7) (V—t) = RT, (99)

rie @ U b — KOHCTaHTbl, 3aBHCSIUIHE OT CIOCOGHOCTeH JaHHOro Belile-
ctBa. Ilpy @ = b = 0 ypaBHenue (99) npeBpalllaeTcst B YpaBHEeHHe HJieaJlb-
Horo rasa. YUneH b onucbiBaer 3ddeKT, CBsI3aHHBIA C KOHEYHOH BeJH-

o a
UHHOH MOJIeKYJ, a uleH z usobpaxkaeT 3(QPeKT MOJEKYJSPHLIX CHJA

B3aHMOJEHCTBHS.

Ha puc. 14 noka3aHbl HeKOTOpLIE H30TEPMEI, BHIUHCJIEHHbBIE COTJIaCHO
ypaBHenuto BaH-nep-Baanbca. CpaBHHBasi 3TH M30TepMbl C H30TEpPMaMH
puc. 13, Mbl BUIHM, YTO MX OUEpPTAHHS HMEIOT MHOTO cXoAcTBa. B oGomx
caydasix Ha OJIHOI u30TepMe ecTb Touka neperu6a C. HMsorepMma, co-
Aepxalasi TOYKy TieperH6a — KPHUTHYeCKasi H30TepMa, a CaMa TOYKa
nepern6a — KpHTHYecKasi Touka. I3oTepMbl mnpu TeMneparype Bbiile
KPHTHYECKOH B OOOHX caydasix BefyT ceOst moxoxe. OIHAKO M30TEpMbl
HHXXe KDHTHYECKOH TeMrepaTypbl CyLIeCTEeHHO pas3sHuyaiorcsi. Ksorepmbl
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Ban-nep-Baanbca siBasitoTCS  HenpepLbiBHBIMH KPHBBIMH C  MHHHMYMOM
H MaKCHMYyMOM, TOTAA KaK H30TepMbl Ha pHUC. 13 HMeIOT JBe «yrJ/IOBhie»
TOYKH H SIBJSIOTCS T[OPH3OHTAJNbHBIMH B TOH 06J1acTH, TA€ H30TepMbl
Ban-pep-Baanbca coepkaT MakcUMyM M MHHHMYM.

IlpuynHa KayecTBEHHO pa3JIMYHOTO IOBENEHHsl ABYX CeMefiCTB H30-
TepM B pailoHe, o6o3HaueHHOM L, V Ha puc. 13, 3akiiouaercss B ToM,
4TO TOYKH TOPH30HTaJBHOTO OTpe3kKa M30TepM Ha puc. 13 He cooTBercT-
BYIOT TOMOreHHOMY COCTOSIHHMIO, TaK KaK Ha 3THX y4acCTKaX BeLIECTEO
pasfesHsIoch Ha XHAKYIO H 1apooOpas3Hylo 4YacTH.

Ecnu Mbl H30TepMHUeCKH CKHMaeM HeHacChulleHHbIH map 10 Tex Iop,
MOKa He JIOCTHTHEM JaBJieHHs HaCbllleHHs, a 3aTeM IO-NpexXHeMy IIpo-
AoJKaeM yMeHblaTb 06beM, TO KOHJEHCallMsl 4acTH mapa He COIIpo-
BOXKJaeTCsl JaJbHEHILMM yBeJHUYeHHEM JaBJeHHsl, YTO COOTBETCTBYeET
rOpPH30HTa/bHbIM H3oTepMaM puc. 13. OnHako eciH OYeHb OCTOPOXKHO
CXKHMaTb Map H COXPaHATb €ro CBOGOAHBIM OT YaCTHYeK MbUIH, TO
MOXXHO JOCTHTHYTb JAaBJIeHHS 3HauHTeJbHO GoJiee BLICOKOTO, YeM JaB-
JieHHe HachlllleHHsi B MOMEHT HacTymnJeHHs: KoHZencauumu. Korpa ocy-
ImecTBAsieTCsl Mojo6Hasi CHUTyauusi, nap oKasbiBaercs meperpethiM. Ho
neperpeToe COCTOSIHME HeycTOHYMBO (s1aGusbHO). B pesyabTaTte Kakoro-
JHO0 Jaxe JIeTKOTO HapyileHHsI COCTOSIHHSI MOXKET NpPOH3OHTH KOHJEH-
cauusi, NMPHYEM CHCTeMa IepefifieT B ycroiuuBoe (CTaOGHJIBHOE) COCTOSA-
liHe, XapakTepu3yeMoe HaJIMYHeM XXHJKOH H mapooOpa3HoOH uacTeil.

Heycroliunbie cocTosiHMs BaKHb! JJ1s1 Haulero oOGCyXJAeHHs, TaK
KaK OHH HJIIICCTPHPYIOT BO3MOXHOCTb CYIIECTBOBaHHS TI'OMOTEHHBIX CO-
CTOSIHHHA B TOH 006/1aCTH 3HaueHHH IapaMeTpoB, KOTOPble XapaKTepHb
ANsl HaCbILEHHOrO fapa Haj KUAKOCTbIO. IIpenmnosioxuM, 4tro 3TH He-
yCTOHuYHBbIe COCTOSIHUS H306paxeHbl yyacTKoM BCDEF u3otepmbl Ban-
nep-Baanbca ABCDEFG Ha puc. 15. TopusoHTanblbiii yuactok BF He-
npepoiBHOH u3oTepMbl ABHDIFG mnoxassiBaeT yCTOAYHBBIE COCTOSIHHS
XHAKOCTb — nap. Eciu Gbl MOXKHO OblJIO GCYLIECTBHTb BCE HEYCTOHUH-
Bble COCTOSIHMS Ha u3oTepme BaH-zep-Baanbca, To oHM moxoau/u Obl
[IpH HeNpephlBHOM H30TEPMHYECKOM Mpolecce OT napa, NMOKa3aHHOTo
yuactkoM FG u30TepMbl, 10 >XHAKOCTH, H306pakeHHOH yuacTkoM BA.
Ecin ussectHa usorepma Bau-pep-Baanbca, ToO MOXKHO ONpefesMTb Ka-
KOBO JaBJleHHe HacCblILeHHOro Mapa INpH 3aJaHHOH TeMIepaType, HJH,
Ha TeOMEeTPHYECKOM si3biKe, KaK BbICOKO Hajx ocbio V caenyer Hauep-
THTb TOPH3OHTAJ/IbHBEIA OTpe30K BF, KOTOpbI COOTBETCTBYET COCTOSIHHIO
XKHIKOCTb — nap. JloKa)keM, YTO 3TO PAcCTOSIHHE JOJDKHO ObITb TaKHM,
qTo6bl muowast BCDH w DIFE Gouin peBHbl. [asi oKasatenncTBa
TMOKaXkeM CHauyasa, yTo paboTa, coBepuiaeMasi CHCTeMO# BO BpeMsi o6pa-
THMOTO H30TEPMHYECKOTrO IMKJa, Bcerja paBHa Hymo. M3 ypaBHeHHs
(16) cnenyer, uto paGora, coBepiuaemasi BO BpeMsl IIMKJa, paBHa Tell-
Jote, morsowmaemoil cucreMod. Ho pasi o6paTHMOro mHkJ/a ocraercs
B cuJe paBeHCTBO (66), a TaK KaK Haul LMKJ H30T€PMHYECKHH, TO

‘MOXXHO BBIBECTH —17-, u3-Moj 3HaKa HHTerpana B (66). YpaBuenue (66)
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noKasbiBaeT, YTO BCs MorJollaeMasi TeMJ0Ta H, CJeL0OBaTeJbHO, BCS
BhIIIOJIHSIEMasl BO BpeMsl LHMKsia pa6oTa PaBHBI HYJIO.

Tenepb paccMoTpuM o6GpaTuMblit H3oTepMuyeckui uuka BCDEFIDHB
(puc. 15).

Pa6ora, cosepiiaemasi BO BpeMsi LHKJa, JO/’KHA OOpaTHTbCS B HYJIb.
Yuactok DEFID npoxoauTcs NHO XOAY YacoBOH CTpPeJKH, IO3TOMY
COOTBETCTBYIOUIAs IJIOIAb MOJIOXKHTEJNbHa, a yuactok BCDHB —
HPOTHB YacoBOH CTpeJIKH, H COOTBETCTBYKillasi IJIOWIa[b OTPHLATEJbHA.
[NockonbKy Besi maowmanb wikaa BCDEFIDHB paBHa Hymo, To a6co-
JIOTHbIE BEJTMUMHBI mJouianel gByx uukjaoB BCDHB u DEFID pomxHbl
6biThb paBHbI, YTO H TpeGOBaJOCH JAOKa-
3aTh. r

Morsio 6bl BOZHHKHYTH Clepyloliee
BO3paK€HHe MPOTHB IPUBELEHHOTO Bbl-
e J0Ka3aTeJbCTBA: TaK KaK IJOLafAb
n3otepmuueckoro uukaa BCDHB, oue-
BHJHO, He paBHa HYJIO, TO He BepHO,.
yto paboTa, CcoBepllaeMas BO BpeMs
06GpaTHMOro0 HM30T€PMHUYECKOr0 LMK/, -
Bcerga paBHa Hyuo. OTBeT Ha 3TO BO3- v
paxeHnue TtakoB: uuka BCDHB ue gB- Puc. 15.

JfieTcst 06paTHMBIM.

Uro6bl y6eAuTbC B 3TOM, 3aMETHM, 4YTo TOuKa D Ha jguarpame
H3o0paxkaeT [Ba Pa3/JHYHLIX COCTOSIHHSI, B 3aBHCHMOCTH OT TOrO, pac-
CMaTpHBAaeTC JIM OHAa KaK Touka u3otepMbl Ban-nep-Baanbca BCDEF
HWIH KaK Touyka Ha usorepMe BHADIF xupkoctb —nap. O5beM M JaB-
JieHHe, H3o0pakeHHble TOYKOH D, oAMHaKOBHl B OGOMX CJydyasix, HO Ha
H3oTepMe Ban-nep-Baanbca D H306paxkaer HeycTOHYMBOE TOMOreHHOE
(onHOpORHOE) COCTOSIHHE, a Ha H30TepMe XKHMAKOCTb — map D — ycTo#-
4YHBOe HErOMOTreHHOe (HEOJHOPOJAHOE) COCTOsIHHE, 05pa3soBaHHOE H3 MKHJ-
KOt M rasoobpa3noi#i yacredl. Korna mel coBepuiaem nuka BCDHB, To
IPOXOAMM OT cocTosiHHs D Ha usotepme Ban-mep-Baasnbca K cocTosiHHiO
D Ha nsorepMe XKHAKOCTb — nap. Tak Kak cocrosiHie D Ha u3oTepMe
XKHIKOCTb — Map GoJiee YCTOHYHBO, 4eM Ha u3orepMe. Bau-zep-Baasibca,
TO 3TOT NyTb HeoOpaTHM — ero HeJb3s OblJIO Gbl CaMOIPOM3BOJIBHO
OCYLIeCTBHTb B OOpaTHOM HamnpaB/eHHH. TakuM 00pa3oM, BeCb LHKJI
BCDHB sBnsietcst HeoOpaTHMbIM, H O3TOMY IJIOLIAMb IIHKJIA He JOJ/KHA
PaBHATbCS HYJIO.

Kpurnueckne 3nayenuss T, V. u p. Bemectsa Moryt GbiThb Bbipa-
XKeHbl 4Yep23 KOHCTaHTHl @ M b, KOTOpble BXONAT B ypaBHeHue Bawu-
aep-Baasnbca.

YpaBHenne Bau-nep-Baanbca (99), korna p u T 3alaHbl, siBisiercs
ypaBHeHHeM TpeTbeil cTeneHH orHocHteabHo V. IlostoMy, BoOGwwe ro-
BOpSl, CYIIECTBYeT TPH Pa3/H4HbIX KOpHSI V (mpH (HKCHPOBAHHBIX 3Ha-
yenusx T u p). OnHako KpuTuyeckass usorepMa T = T, HMeeT TOpH-
30HTaNbHYI TOYKY neperuba mpu p=p, V=V, 1. e. ipu V=1V,
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KpHBasi TpeTbero Mopsiika — KpHUTHYecKass H30TepMa — KacaeTcsi TOpH-
30HTaJMbHOH JHHHH p = p.. Orciona caeayer, 4to KyOHuecKoe ypaBHe-
Hue 1asa V, KoTopoe MOKy4HTCs, eCJH MOJOXKHTb B (99) p=p. u T =
= T, umeeT TPOiHOH KopeHb V = V.. 10 ypaBHeHHe MOXKHO 3amucaThb
B BHJE

pcva - (pcb + RTC)V2 + aV —ab=0.

Tak kak V,— TpoiiHO#i KOpeHb NMpHBEJEHHOIO ypaBHEHHs, TO JeBas
yacTh Ho/kHa uMethb ¢opmy p.(V —V,)3. CpaBuupasi, HaxoiuM
3 ab 2 a b+ RT
Ve=2; 3Vi=l y 3V, =POTRTe

c — ’

Po Pe Pc

PewmB sty tpu ypaBhenust nas V., p. u T, nonyuum

i To= 28 (100)

Vo= 3b; p. = 7RG

a
27b?
OTH ypaBHeHHsl BbIpaXalOT KPHUTHUYEeCKHE 3HaueHHs uepe3 @ H b.

Ileniecoo6pasHo oTMeTHTb, 4TO ecau V., p. u T, UCNOJb30BaTh KaK
elMHHIbl OObeMa, NaBJeHHS M TeMmepaTypbl, TO ypaBHeHHe Ban-zep-
Baanbca nmeer oxmHakoBylo ¢opMy aJs Bcex Belects. Ilosaras
T

_pP.yv_V. o r_
P=piV=vil=r,

K ucnosb3ysi paseHctBo (100), us (99) nosmyuum:
3 1 8
(P+_V§) (V—g) =3r. (101)

Tak Kak 310 ypaBHEHHe CONEPXKHT TOJNbLKO YHCJAEHHbIE KOHCTaHTHI,
TO OHO OJHHAKOBO JJs1 BceX BeuectB. COCTOSIHHSI pa3/IMUHbIX BelLECTB,
KOTOpbIE ONpeAessioTcs TeMH e peinunHamu P, V, I', Ha3bBaioTcs
COOTBETCTBEHHHIMH cocTOsiHMsIMH, U (101) yacto HasbiBaeTcs «ypasile-
HueM Ban-nep-Baajibca /151 cOOTBETCTBEHHBIX COCTOSIHHIA.

B pasgene 14 6bui0 mokasaHo, YTO €C/M BelleCTBO NOAUHHSETCS
YPaBHEHHIO COCTOSIHHMSI HAeanbHoro rasa pV = RT, TO MOXHO BbIBECTH
TEPMOJHHAMHMYECKH, YTO €ro SHeprus ompefessiercs JHIUb TeMIepaTypoil
M He 3aBHCHT OT o0beMa. DTOT pe3y/bTaT BepeH TOJBKO AJIS HJealb-
HbIX Ta3oB. [lis peanbHbiX ra3oB SHeprusi U 3aBUCHT TaKkKe W OT
obbema.

U3 (99) BuiBoguM

(102)

Hcnoab3ys (88), monyyaem

[oU d ( RT a RT a a
(a‘v),*Ta—r{v—_p—’vT}"—v_ﬁ V=T
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I1pouHTerpupoBaB 3TO BblpaXKeHHe 10 06beMy V Iipu MOCTOSIHHOR
T, uaiinem

U=—3+FfD. (103)

Koncranta wunTterpupoBaHusi f(7T) — KOHCTaHTa TOJIbBKO OTHOCHTEJIBLHO

V u, KoHeuHO, — QyHKuHs Temmepatypel 7. Umen — % B (103) mpen-

CTaBJIsieT NOTEHLHAIbHYIO 3HEPrHio CHJ1 B3aHMOJEHCTBHSI MEXAY MoJe-
KyJaamy; f(T) HeJb3s YTOUHHTb, HCIOJB3Ys JHIUb TePMOJHHAMHYECKHE
cooGpaxKeHHusi, A/1s1 ee ompejieJieHHs] HEOOXOAMMO 3HAaTb YJEeJbHYIO Ten-
JIOEMKOCTb.

ITycTb, HanpHMep, MOJISIPHAs TEMJIOEMKOCTb TIPH MOCTOSIHHOM O6beMe
Cy nocrosiuHa. Torpa u3 (25) u (103) nonyuaem

¢ =(37), =1 .
HHTterpupys, Haxonum
f(T)=CyT + w,

rie w — KoHcranTa. Torza ypasHeHne (103) mpuMer BuA

U=OT—y +w. (104)

Ilpu nomowd 3TOro BhipaXeHHsl 1JS SHEPTHH JIETKO MOXHO BbLIYHC-

JIHTb 3HTPOMHIO oHOro MoJist BaH-zep-BaasbcoBa rasa. M3 (72), (21), (102)
u (104) nonyuaem

ds =L — (U + paV) = - (CV dT + 5—, dV) +

+iT(TR—T—b vz)dv CVT +Ry—3

HJH TIOC/I€ MHTEr pUpOBaHHs
S =CyInT 4+ RIn (V —b) + const. (105)

OTMeTHM CXOACTBO 3TOil (opmyJnl ¢ ¢opmysoit (86), Bbipaxatomed
SHTPONHIO MAEaNbHOro rasa yepe3 o6beM H TemnepaTypy.

B pasmene 6 Mbl onpenesusH aauabatHyecKuil mpouecc, Kak obpa-
THMbIfl TIpollecC, BO BpeMsi KOTOPOro CHCTEMa TePMHYECKH H30JIHpOBaHa.
Takum oGpa3oMm, npu aauabGarnueckom mpouecce dQ = 0. Ho u3 (72)

das =d—$. CaenoBarteabHo, dS =0, uau S = const, 1. e. ecqn B cuc-
TeMe coBepllaeTcsi aaMaGaTHYecKHuil Mpoilecc, TO ee SHTPONHs OCTaercs

noctosinioil. Ilo atoif npuuMHe aavaGaTHYeCKHE IPOLUECCHl HHOTJA Ha-
3biBalOT H303HTPOMHYECKHMH.



68 DHT ponus

YpaBHeHHe ajguabaTHuecKoro mnpouecca rasa BaHn-gep-Baasneca cpasy
#xe mosyyaercs u3 (105), ecau NpHpaBHSITH SHTPOMNHIO MOCTOSIHHOM:

CvInT + RIn(V —b) = const,

L3
T (V —b) v = const. (106)

HITH

310 ypaBHeHnHe JJs aauabartsl BaH-nep-Baasibca rasa oueHb CXoAHO
¢ ypaBHenHeM (38) nsisi amuabaThl HIeasbHOro rasa.

3agaun

1. Kak uaMenurcs sutponus 1000 e BoAnt, Korja Temmepatypa BO3pacTeT OT
TOYKH 3aMmep3anHs A0 ToukH KHmenusi? ([Ipeamonaraercsi, uTo yAesabHas TemJoeM-
KOCTh, paBHast 1 kas/e - 2pad, NOCTOSHHA).

2. Teno monuuHseTCA ypaBHEHHKIO COCTOSTHHSA

pV:? = 100T%!

HamepeHne ero TemoeMKOCTH BHYTDH COCYAa C MOCTOSIHHBIM of6bemom 100 2
MOKA3bIBAaeT, YTO MpPH 3THX YCJAOPHMSX TEMJOEMKOCTb He H3MEHSeTCd H COCTaBJsleT
0,1 xasfepad. BbipasHTb 3SHEpPrHIO H SHTPONHIO CHCTeMb Kak ¢yHkuuio T H V.

3. Touka kunenuss sTHaOBoro cmupra (CyHg0) — 78,3° C; Tennora HcnapeHus

coctaBaser 865 da /2. Haitgure % B TOYKe KHIEHHSA.



FJABA V
TEPMOJAWHAMHUYECKHE NMOTEHLUAJIbI
17. CBOBOAHAA SHEPIusa

B uyHcTO MeXaHHYecKHX CHcTeMax paGota L, cosepuwaemMas BO
BpeMsl MpeBpallleHHsl, paBHa u3MeHeHHI0 AU 3HepruH CHCTeMbl, B3si-
TOMY CO 3HAaKOM MHHYC, T. €.

L=—AU. (107)

Jns TepMo/lMHAMHYECKHX CHCTEM HeT TaKoro IPOCTOro COOTHOLLUEHHS
MeXJy COBEeplIeHHO# DafoToii H H3MEHEHHeM 3HeprHH, INOTOMY YTO
MOXXET IPOUCXOJMTb OOMEH 3Heprueil MexIy CHCTEMOH H OKpYyXalo-
meil cpenoi B BHIe TemsaoThl. Baamen paBenctsa (107) cywecTByer
nepBhiil  3aKOH TepmoaHHaMMKH (15), KoTopbifi MOXHO 3amucaTh B
BHJlE

L=—AU+Q. (108)

BO/IBIIMHCTBO TepMOAHHAMHYECKHX IIpOLECCOB COBeplLIaeTcss Haj
cHcTeMaMH, KOTOpble HaXONfTCs B TENJIOBOM KOHTAaKTe C OKpYXKaio-
el cpefol, NMOSTOMY MOXET HMeTb MeCTO OOMeH TeNJIOTOH MexAay
cucTeMOH H OKpyxxaioweil cpenoit. B sTom ciayuae L Moxer 6biTh
6osbiie MM MeHbiie, yeM —AU B 3aBHCHMOCTH OT TOro, MOTJOLWAET
CcHcTeMa TeIJIOTy HJIH OTJaeT ee OKpyXaioleH cpeje.

IlpennoJioxkum Tenepb, 4TO CHCTeMa S HAXOAUTCS B TENJIOBOM KOH-
TakTe C OKpYXKawlled cpenoi, TemnepaTypa KOTOpOiH OCTaeTcsl IOCTO-
SHHOH, W PacCMOTPHM IIepeXoJ CHCTeMbl H3 HayaJbHOrO COCTOsHHs A
B KOHeyHoe cocTosiHHe B. IlpumeHsia K 3TOMy IIpeBpallleHHiO Hepa-
BeHCTEO (73), UMeeM

B
(2 <s@—sa.
A
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Tak Kak cHCTeMa MoJyyaeT TemJoTy TOJLKO H3 HCTOYHHKA, TeM-
1
nepaTypa KOTOPOTO MOCTOSHHA, MOXHO BbIHECTH — W3-TIOX 3HaKA HMH-
TerpaJa; Torjia

B
Q= [aq<Ti5B) 504, (109)
A

Takum o6pa3oM, Mbl YCTaHOBHJIM BepXHHH Mpejies KOJMYeCTBa Te-
MJOTbl, KOTOPYIO CHCTEMa MOXeT NMOJYYHTb OT OKpYKaloilueH Cpexbl.
Ecau npouecc obpatuMm, To B (73), a Takxke B (109) croutr 3HaK pa-
BeHcTBa. B sToM cuayuae paBeHcTBO (109) ompenesisieT KOJIHYECTBO Te-
IJIOTHI, TOJIyYeHHOe CHCTeMOH EO BpeMsi Ipolecca.

Uz (108) u (109), Beipaxkas AU = U (B) — U (A), Haxogum

L<U@A) —UB)+T{S(B)—SA). (110)

DTo HepaBeHCTBO OINpejesseT BepXHHil Npelesa KoJuyecTBa pabo-
Thl, KOTOpO@ MOXeT ObiTh NMOJIyueHO Bo BpeMmsi mpouecca or A 1o B.
Ecan mpouecc ofpatuM, To B (110) cTOMT 3HAaK paBeHCTBA M COBep-
[eHHasi pa6oTa paBHa CBOEMY BepXHeMy IpeneJy.

[Ipeanonoxum Tenepb, YTO TeMmepaTypbl HAYaJbHOTO H KOHEYHO-
ro cocrosHuit A U B onMHAaKOBbl H DaBHbI TemmepaType T OKpyaio-
mei cpexsl. OnpeneduM ¢yHKuMIO F COCTOSIHHSI CHCTEMBI CJeNYI0-

MM ofpasom:
F=U-—-TS. (111)

Hcnonb3ys ¢yskumio F, KoTopas HasbiBaeTcd CBOGOAHO#
5Hepruei cucreMbl, MoxeM Hamnucatb (110) B BHIE

L < F (A) —F (B) = —AF. (112)

PaBeHcTBO OcylllecTBJsIeTCsl, €CJH IpeBpauleHHe 0OpaTHMO.

Cwmbict ypaBHeHHs1 (112) MoxeT ObITb BhIpa)KeH CJelyloluM ofpa-
soM. Ecam cucTeMa HcnmbiThiBaeT oOpaTHMOe IpeBpalleHHe OT Hadalib-
HOTO COCTOSIHHSI A K KOHEYHOMY COCTOsIHMIO B, npuueMm o6a 3TH co-
CTOSIHHS HMMEIOT TeMIlepaTypy, pPaBHYylO TeMIlepaType OKpYy:Kaiouiel
cpefibl, U €CJH cHcTeMa BO BpeMs IpeBpauleHHsi 0OMeHHBAeTCs TelJo-
TO! TOJBKO C OKpyXKaiouiei cpefoit, To pab6oTa, npojeJaHHasi CHCTe-
MO BO BpeMsl NpeBpallieHHs], paBHA YMeHbILEHHI0 CBOOOIHOH 3HepruH
cucteMel. Ecau mpeBpaumieHHe HeoOpaTHMO, TO YMeHblleHHe CBOGOX-
HOH 3HepruM CHCTeMbl — BEeDXHHUH Ipefes pa6oThl, COBEpIIEHHOH CH-
creMo# *.

*3TOT pe3ysNETAaT OUEHb YACTO YCTaHaBJMBaeTcs cjaepylouuM o6pasom. Kor-
KA CHCcTeMa NOJBepXeHa H30TeDMHYSCKOMY NpeBpallleHkI0, TO COBepLIeHHas elo
pa6oTa L HHKOrja He MoxeT GBITb 06OJiblie H3MEHeHHsi ee CBOGOAHOH SHeprum
AF, B3sTOoro c o6paTHbIM 3HakoM. EcsiM nmpempaiieHHe o6paTHMO, OHO paBHO —AF.
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CpasnuBast (112) ¢ ypasHenuem (107), KoTopoe crpaBejJIHBO TOJb-
KO [IJs YHCTO MEeXaHHYeCKHX CHCTeM, Mbl BHAHM, 4TO CBoCOAHAast
SHeprus B TepMOJAMHAMHYECKHX CHCTeMaxX, KOTOpble MOTYT OOMeHH-
BaTbcsl TeMJIOTOH C OKpyXKailodled CpeJloi, HrpaeT poJib, aHAJOTHY-
HYI0O 3HEPrHM MeXaHHYecKHX cucTeM. Pa3HHua 3akjioyaeTcs B TOM,
yto B ycaoBuH (107) Bcerja CTOMT 3HAaK paBeHCTBa, TOraa kKak B (112)
paBEHCTBO OCYLIECTB/ISETCS TOJBKO NPH OGPaTHMBIX TpeBpalleHHsX.

Tenepb paccMOTpHM CHCTeMy, KOTopasi XHHaMHYeCKH (He TepMH-
UecKH) HM30JIHpOBaHa OT OKpY:Kaiollefl cpelbl B TOM CMBICJe, YTO Ka-
Kol 6hl TO HM ObLIO OOMeH 3Hepruedl MeXIy CHCTeMOH H OKpYy»Kaio-
el ee cpenoil B ¢opMe paGoThl 1€BO3MOXKEH. Torjga cHCTeMa MOXeT
coBepiuaTh TOJBKO H30XOpPHYECKHe INpeBpalleHHsl.

[Tyctb naBneHHe B HEKOTOpHII MOMEHT BpeMEeHH OXHMHAKOBO JIJs
BceX uyacTedl cucTeMbl. Tak Kak pafora MoxeT OblITb COBeplleHa CH-
CTeMOii TOJIbKO B pe3yJibTaTe NeHCTBHSI CHJ JaBJeHHS Ha CTEHKH, TO
CHCTEMa IHHAMHYECKH H30/IMpOBaHa, eCcJI OHa 3aKJ/IYeHa BHYTPH CO-
cyaa ¢ HeuaMeHHbIM o6beMoM. MHoria ans AHHaMHYECKOH H30JSALUH
MOTYT NOHAf06GHTbCA GoJiee CJIOXKHbIE MPHCNIOCOOEHHS.

Mbr npeamosiaraeM, YTO XOTsl Halla CHCTeMa AWHAMHUECKH H30JH-
pOBaHa, OHa BCe K€ HaXOAMUTCS B TENJIOBOM KOHT2KTe C OKpYXKaio-
el cpemoit U TemrnepaTypa ee paBHa Temmeparype T cpenbl. [das
TaKoro NpeBpallleHHsi paccMaTpuBaeMoil cHcTeMbl WMeem L = 0; mo-
sTtomy u3 (112) nonyuaem "

0<F(A)—F (B), ,
HJIH
F (B) <F (4), 113)

T. € €CJHM CHCTeMa HaxXOQMTCS B TENJIOBOM KOHTaKTe C OKpY2KarouleH
cpelloil MpH HEKOTOpoil TemmepaType T HJIM ecJM OHAa JUHAMHYECKH
H30/IMPOBaHa, TaK YTO HHKaKasl BHewmHssl paGoTa He MOXeT ObITh CO-
BepllleHa WJH MOrJouleHa, TO CEBOOOIHAs SHEPrust CHCTEMbl He MOXeT
6hiTh YyBeJHueHa BO BpeMs TpeBpalleHHsl.

CnenoBaTesIbHO, ecau C80000HAR 3HepeUs uMmeem MUHUMYM, MO
cucmema HaxoOUMCA 8 COCMOSHUL YCMOLU4UB020 pasHoBecus, TAK Kak
ecnt Obl Kakoe-HUOYAb MpeBpalleHHe MOTJIO YBEJHYHTb CEOGOAHYO
SHepruio, To 3To MNpoTHeopeunso Obl (113). B ciyuae MexaHHueckHX
CHCTEM YCTOHYMBOE paBHOBECHE YCTAaHABIHBaeTCs IPH MHHHMAJbHOMN
noreHuua/ bHol sHepruu. ITockoJbKYy ycC/IOBHEM YCTOHYMBOTO pPaBHOBe-
CHSl TepMOAMHAMHYECKO{l CHCTeMbl, 3aKJIIOUEHHOI B XKECTKHi peésepBy-
ap H HMelolled TemnepaTypy OKpyKaiwouleii cpefbl, SBJsSeTCS MHHH-
MaJbHOCTb CBOOGOJHOM 3HEprud, TO CBOGOJHAs 3HEpPrusl 4YacTo Hasbl-

* Haw pesyabrat GoJee o6uiuil, MOTOMY YTO OH NDHMEHS/ICA He TOJBKO K
M30TEPMHYECKOMY MPEeBPAIUEHHIO, HO H K MpeBpallleHHsIM, BO BpeMsi KOTOPBIX, MO
Npe/nooKeHHio, TeMrnepaTypa CHCTeMbl OTJHYaeTCs OT TeMmepaTypsl T B npome-
JKYTOYHBIX COCTOSIHMAX, NPH YCJIOBHH, 4TO OOMEH TerJIOTOR MPOHCXOXHT TOJNBKO C
OKpyKaiollleit cpefloii MpH OoxHOpoAHOH Temnepatype T.
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BaeTCs TepPMOAMHAMHUYECKHM IOTEHIHMAIOM NPH NOCTOSIHHOM ofbeMe.
Crporo roeopsi, ycsaoBne ofocHOBaHuS HepaBeHcTBAa (113) cocTouT He
TOJbKO B IOCTOSIHCTBE OObeMa cOCcyJa, HO H B HEBO3MOXHOCTH CO-
BEpLIMTh Haj CcHcTeMoll BHemmHiol pa6oty. OfHaKoO, eClU B CHCTeMe
llaBJleHHe OHOPOJHO, TO 3TH JBa YCJIOBHS 3KBHBAa/IEHTHHI.

PaccMoTpuM Temepb H3oTepMHYeckoe NpeBpailleHHe | CHCTEMBbI IpH
temrieparype T oT cocrosiiusi A K cocTosiHHiO B, a Takxe H30TepMH-
yeckoe INpeBpaileHHe [/ cHCTeMbl MeXAy ABYMSI COCTOSIHUAMH A’ u
B’ npu Ttemneparype T + dT. A’ noayuaercs U3 A nmpu 6GecKoHeuilo
MaJIoM HM3MeHeHnH, BO BpeMsi KOTOpPOTO TeMmepaTypa TMOBbilIaeTcsi Ha
pennuuHy dT', TOrAa Kak HHMKakasl BHelUHssi paboTa He COBepLIAETCS.
Ecan paBieHue B cHCTeMe OJHOPOLHO, TO 3TO MOXKeT GbITb OCYIIECT-
BleHo, ecad o6beMbl A U A’ paBHBl (M30XOpHYECKOE MpeBpalieHHe).

Bo BpeMsi 6GecKOHeYyHO MaJioro npeBpauieHns ot B po B’ Ttakxke
He coBepllaeTcsl HHKakoi paGoThl.

Ilyete L u L 4 dL — MakcumajbHLIE KOJIMYUeCTBA paGOTh, KOTO-
prie MOryT ObITb TOJy4YeHbl COOTBETCTBEHHO NpH mpeBpaienusx I u Il.
Torna mosnyunm

L =F (4 —F (B), 1
L+ dL=F@A)—F@®B, )
HJIH

dL dF(A dF (B

i =“ar = 1)

rne uepe3 dF (A) u dF (B) o6o3HaueHbl cooTEeTcTBeHHO F (A') — F (A)
u F(B')— F (B). Ho Mbl umeem

FA)=UA)—TS4),
uH, auddepeHuupys obe CTOPOHbI,
dF (A) = dU (A) — T dS (A) — dT S (A). (116)

Tak kak npu npesBpauieHun ot A o A’ HuKakas paGora He CcoO-
BepIllaeTCsl, TO KOJHYECTBO TENJOThbl, NMOJYUYEHHOH CHCTEMOH BO BpeMst
3TOro GeCKOHEYHO MaJsIoro npeBpallleHHsl, COCTaBJ/sieT, corJacHo (15),

dQA = dUA ’
H u3 (72)
as@ay="a -2

YpaBuenue (116) Temepp maer

dF (A) FA UA

T =—SA@) =7 —"7.
Ilopo6Ho sToMy noJsyuaem

dF (B) _ FB U(B).

a =SB T T T T
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Takum o6pasom, u3 (114) u (115) Haxopum
dL
L—T—7=—AU, (117)

rae AU = U (B) — U (A) — n3MeHeHHe >HEprHH NpH MNpeBpalleHHH OT
A no B. Ypaeuenue (117) HasbiBaetcst m3oxopoit Baut Todda
H MMeeT MHOTO IOJIE3HBIX NMpUMEeHeHHH.

BriBeieM Bbipa)keHHE [1Js1 JaBJleHHS B CHCTeMe, COCTOsSIHHE KOTO-
poii MoxeT GhiITh M30GpakeHo Ha auarpamme (V, p). PaccmoTpum Gec-
KOHEYHO MaJjioe H30TepMHuecKoe o0paTHMoOe IpeBpalleHHe, KOTO[Oe
H3MeHsieT 00beM cucTeMbl Ha BesqHuHHy dV. K 3ToMy mnpeBpauieHuio
MOXHO INpPHMeHHTb YpaBHeHHe (112) co 3HaKOM paBeHCTBa, IOTOMY 4YTO
npespaiieHse obpatumo. Tak Kak

L = pdV

H
dF
AF = (W)r av,
T0 u3 (112) umeem
oF
pdV = = (7)Y

WIH

oF\ .

()=

3akaHuMBasi 3TOT pasfiesl, NpPHUBEJEM BbipaXKeHHe IJs CBOGOIHOI
SHepruu MoJisl HJealbHOrO0 rasa, KOTOpOe cpasy e IMOJyyaeTcs H3
ypasdenuit (111), (29) u (86):

F=C,T+W—T(C,InT +RInV +a). (119)

Ecau Mbl ucnonssyem (87) Bmecto (86), TO MOJyYHM 3KBHEAJNEHT-
HYyIO ¢opMyJy:

F=C,T +W—T(C,InT—RIlnp+ a+RInR). (120)

18. TEPMOAUHAMUYECKHUA MOTEHLLUAJ
NMPH NMOCTOIHHOM JABJIEHHH

B CosbluMHCTBE TepMOAMHAMHYECKHX TIpeBpallleHHil NaBjieHHe U
TemrepaTypa CHCTeMbl He H3MEHSIOTCs, @ OCTAlOTCS paBHbIMH JiaBJie-
HHIO H TeMIepaTvpe OKpyxaiolleil cpennl. IIpH Takux 06CTOsATENBCTBAX
BO3MOXKHO OMpeeuTh GYHKUMIO P COCTOSIHHSI CHCTeMBbI, KoTopasi oG-
JlajiaeT CJelYIOUWHM CBONCTBOM: ecH @ HMeeT MHHHMYM ISl JTaHHBIX
3HayeHHH J1aBJjeHHs M TeMIepaTypbl, TO CHCTEMa NPH 3TOM HAXOJHTCS
B PaBHOBECHH.
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PaccmoTpuM H3oTepMHYecKoe H H3o6apHuecKoe IpeBpallieHHe, T. €.
npeBpailleHHe TPH NOCTOSHHOHA Temnepatype 7 M TOCTOSHHOM JaBJle-
HHH p, TIDH KOTOPOM CHCTeMa IepeXONMT H3 COCTOsHusi A B cocCTo-
sauue B. Ecau V (4) u V (B) npeicTaBisioT Haya/lbHBIH H KOHEYHbIH
o6beMbl, 3aisThie CHCTeMOH, To pa6oTa, COBeplleHHasi BO BpeMs Iipe-
BpalleHHs, Gyler paBHa

E=p[V(B)—V (A

Tak kak npeBpalleHHe H30T€PMHYECKO€, TO MOXHO NPHMEHHTb K HeMy
ypaBHenue (112), mocse uero nmoJyuum

pV (B)— pV (A) <F (A) — F (B).

Teneps onpepesanM HOBYIO GYHKUHIO D COCTOSIHHS CHCTEMBbI CJiely-
ICIIHM 00pa3om:

P=F+4pV=U—TS + pV. (121)
3amucaB mpeniAylilee HepaBeHCTBO uepe3 P, umeeM
D (B) <D (A). (122)

Oynkuust P HasbiBaeTcsi TEPMOAHHAMHYECKHM OTEHIIH a-
JOM NIDH MOCTOSSHHOM AaBaeHuu. M3 (122) caenver, uto mpH
M300apruecKOM MpeBpallleHHH CHCTEMbl TEpPMOJHHAMHUYECKHi IMOTEHIHAJ
IpU MOCTOSIHHOM JaBJeHHH HHKOrJAa He MOXEeT YBeJHYHBAThCS.

IlosToMy MOXHO CKasaTb, YTO €CJIH TeMIlepaTypa H JAaBJieHHe CHC-
TEMbl COXDAHSIOTCS MOCTOSIHHBIMH, TO COCMOAHUE cucmemsl, 0L KO-
mopoil mepmoduramuyeckuii nomenyuas € munumaren, S8ALEMCA
cocmosxuem Yycmouuusoeo pasHosecus. IlpuuvHa B TOM, YTO NpPH MH-
HHUMaJbHOM @ BCSIKOE CaMONpPOM3BOJIbHOE H3MEHEHHEe COCTOSIHHSI CHCTe-
MBI TIpHBeJIO Obl K yBesJHuyeHHI0 ¢, HO 3TO IPOTHBOPEUHJO Obl Hepa-
BeHCTBY (122).

PaccmotpeHHble HHXe cBo#icTBa P CHCTEM, COCTOSIHHE KOTOpbIX
MoxeT ObITb H300paxeHo Ha nuarpamme (V, p), MHOrAA MOJIE3HBI.

Ilpunsie T ¥ p 3a He3aBUCHMLIE MepeMeHHblE H NpoAuddepeHIHpo-
BaB (121) mo p, Haiinem

0P o\

($)T=(‘$)r ( ) +P<ap) +V
I'IO U3 Onpelleﬂeﬂl/lﬂ SHTPOIMUHU H H3 nepBOFO 3aK0OHa TepMORHHaMHKH
AJIg OépaTHMOFO IpeBpalieHusi HMEEM

dQ = TdS = dU + pdV,

H/IM B HalleéM cjaydae JJs H30TepMHYECKOro M3MEHEHHU: AaBJCHHSA

- e
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Orciona HaxonuM
0P
(a;) —V. (123)

.=
Ilono6HbIM ke ob6pasom, auddepenuupys (121) mo 7, MoxHO mHoO-
Ka3aTb, 4TO

(3—‘;)” ——8. (124)

B kauecTBe mpHMepa MOJIE3HOCTH NOTeHUHasa P HCHOJb3yeM ero
IJIs BbiBoJa ypaBHeHust KuameifipoHa, KOTOpoe IpYrMM METOIOM YXKe
MOJIyueHo B pa3sgetie 15,

PaccMoTpuM cHcTeMy, COCTaBJIEHHYIO M3 KHAKOCTH H HACHIUEHHOTO
napa, 3aKJIOYeHHYIO B UHJIMHAD, M OyleM MNOANEp)KHBaThb ee INpH IOC-
TOSIHHOH TeMIepaType H NOCTOSIHHOM jAaBienuu. Ecam U, U,, S;, S,
u V;, V,— cOOTBETCTBEHHO 3HEprusi, SHTPONUS H OOBEM XKHAKHX H
rasoo6pa3Huix yactedl, a U, S 1 V — coo1BeTcTBYyIOUIHE BEJIHYHHBI I/
BCEH CHCTEMBI, TO

U=U,+U,, S=31+Szg V=V1+Vz’

Tak uto M3 (121) cmepyer:
b= ¢1 + ¢2’

rae P, u P, — NoTeHUHaALl COOTBETCTBEHHO XXHAKON M ra3oo6pasHoft
yacTeH.

[TycTs my W m, — MacChl XXKHAKOH M rasoo0pa3Hoil yacTeil, H NyCTb
Uy, Si, Uy, 91 H Us, S, Us, P — YyHeJNbHble 3SHEPrusi, SHTPONHSA, 06bEM
H TepMOJHHAMHYEeCKHi NMOTEHIHaN XKHAKOCTH W mnapa. Toraa

D, = mye,
¢2 = mzc?f_).

M3 ofwux cBOACTB HacChIlleHHbIX NapoB M3BECTHO, 4YTO BCe ylellb-
Hble BeJNHYHHBl Uy, Us, Sy, Sz, U;, Uy H JAaBJEHHE p — QYHKUMH JHWb
oznHoit Temmepatyphl. CieoBaTe/IbHO, @; H ¢, — TOXe (QYHKUHH TOJBKO
TeMIepaTypbl, H MOXHO 3alHcaTh

D = myp1 (T) + myo, (T).

PaccmoTpuM paBHOBecHOe cocTosiHMe cHcTeMbl. CoBepuiuM H30TEp-
MKUeCKoe IpeBpauleHHe, COXpaHss JaBjeHHue IOCTOSIHHKIM, TaK uTO
MOT'YT M3MEHSITbCS TOJBKO /M, U my. IlycTh B pe3yJsibTare 3TOrO Ipe-
BpallleHus1 m, YBeJHYHTCS Ha BeawuuHy dm,. Torma, Tak Kak m, -+
-+ my, = m = const, macca m, yMeHbUIHTCS Ha BequunHy dm,. Temeppb
TepMOJAHHAMHYEeCKHi MOTeHIHAN 3anHChIBAETCS B BHJE

(my-+dmy) @y 4 (my — dmy) o = P + dm, (91 — ).
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Tak Kak Mbl paccMaTpHBaeM CHUCTEMY B COCTOsAHHHM DaBHOBECHs, TO
& umeer MHHHMYM. [lo3TOMy M3 BhillleNpHBEJEHHOrO ypaBHEHHS Clefy-
€T, YTO ‘
‘?1=‘-Pz,
UJIIH
(uy—uy) —T (s3-=5;) + p (ve—10vy) = 0.

Huddepenunpyss no T, Haxoaum
d d
d‘d'f (g —uy)—T a7 (S2—51) — (82— 31)‘*‘3% (v —vy) +

d
+ PV —vy) = 0.

Ho
das

’ du dou,
T =ar + Par

C momoIublo 3TOro paBeHCTBa Ipelbiayllee ypaBHEHHE INDHHHMAaeT BHJI:
dp
- (32 - Sl) + ﬁ (02— 01) = 0.

Ho (s;— s;) fiBAsieTcss M3MeHEHHeM SHTPONHH NPH H30TEPMHYECKOM
HCMapeHHH OJHOTO rpamMMa xHAKOCcTH. CiefoBaTe/IkHO, 3Ta PasHOCTb

A
paBHAa —=* TJe A — TemJsioTa HCIapeHHsi BemiecTBa. TakuM o006pa3oM,
nosiyyaeM ypaBHeHHe Kuaneiipona:

_ 0
dT ~ T (v, —uvy)

Tenepb 3anuieM BblpakeHHe AJI TEPMOAHHAMHYECKOro MOTEHLHA-
Ja TpH TOCTOSTHHOM JaBJieHHH ONHOro MoJis HjieanbHoro rasa. Hs
(121), (120), ypaBuenusi cocrosiuss pV = RT u (33) nonyuaem

P=C,T+W—T(@CpoInT—RInp+a-+ RInR). (125)

19. MPABHJIO ®A3

Koraa cucremMa COCTOMT TO/IbKO H3 OHOTO T'OMOT€HHOrO (OJAHOpOJ-
HOrO) BeulecTBa, TO TOBOPSIT, YTO OHA COCTOMT M3 OXHOH (pa3bi. Ecau
reTeporeHHasl CHCTeMa COCTaBJeHa M3 Das/lMYHbIX 4YacTell, Kaxjgasi M3
KOTOPbIX B OTJEJNbHOCTH SIBJASIETCSI TOMOTEHHOH, TO TOBOPAT, YTO B
cHucTeMe CTOJIBKO (a3, CKOJIBKO B Hefl rOMOT€HHbIX 4YacTeid.

Kak npumep cucteMnbl, coctosileil JHIb H3 ORHOH (ha3bl, MOXHO
P3CCMOTPETb T'OMOTEHHYIO JKHAKOCTb (He 006s13aTesIbHO XMMHUECKH YHC-
TOe BEe(lleCTBO, MOTYT pacCMaTpHUBaThCS TaKXkKe pPacTBOpbl), TOMOreHHoe
TBEPAOEe BeIeCTBO HJIM ras.
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[puBeneM HeKOTOpble INPHMepbl CHCTEM, COCTOSILIMX M3 JBYX (¢a3:
BOJla M BOJASHOM Map; HaChIlleHHbII pPacTBOpP COJIH B BOJAe INpH HaJu-
YUH HEKOTOPOrO KOJIMYeCTBA COJH B TBEPAOM COCTOSIHHHM; CHCTEMa H3
IBYX HECMEIUHBAIOIHXCS XKHAKOCTell H T. A. B nepsoM mpumepe AByms
(pazamMu ABASAOTCA XKHAKas ¢asa (Boaa) M rasoobpasHasi (BOASIHOH nap),
BO BTOPOM IpHMepe — DacTBOP COJIM B BOJE H TBepAas COJib, B TPeTbeM
npuMepe pa3HYHbBIMH (a3aMu SIBASIOTCS Da3/IMUHbE XKHIKOCTH.

Bce cneuuduueckue cpoiictBa ¢asbl, T. €. BCe CBOHCTBA, KOTOpbie
OTHOCATCSl K €HHHLIE Macchl BelllecTBa, COCTaBJsiolero ¢asy, HamnpH-
Mep IJIOTHOCTb, YAeJbHas TemJoTa H T. ., 3aBUCAT OT TeMnepaTtypul T,
IaBJIeHHs p U XHMHUYecKoro cocraBa ¢asbl.

Yrobbl OmpeleNuTh XUMHYECKHI cocTaB (a3bl, Hao HAHTH NPOLEHT-
HOe cojlep¥aHHe KaXKJI0ro XHMHYeCKOro BellleCTBa, CofiepKallerocs B dase.

Kopoue roBopsi, cienyer ymeTb MO H3BECTHOMY IPOLEHTHOMY CO-
IepKaHHI0 KaXJAOro 3JieMeHTa, KaK CBOOOJHOrO, TaK H XHMHYECKH
CBSI3aHHOTO C JPYTMMH 3JIeMEHTaMH, HaXOJMTb COCTaB KaxJoi ¢asbl
npy JaHHOH TeMIlepaType M JaHHOM JaBjeHHH. JleficTBUTe/NbHO, U3
3aKOHOB XHMHHM XOpOUIO H3BECTHO, YTO XHMHYeCKOe paBHOBeCHe IIpU
OInpefle/IeHHO# TeMIepaType H ONpelesleHHOM JaBJeHHH JOCTHraetcs
IpH BIOJIHE ONpeJe/ieHHbIX KOHLEHTpAlUMsAX 3JeMeHTOB B ¢a3ax. (Pa3a
SIB/ISIETCST TOMOTEHHOfl CMeChl0 BCeX BO3MOXKHbIX XHMHYECKHX COeMlHHe-
HHH, KoTopble MOryT ObiTb 00pa30BaHEI H3 XHMHYECKHX 3JIEMEHTOB,
BXOASAMHKX B (pa3y, npHueM NpPOLEHTHOe CONePKAHHE KAKNO0H COCTaBHOM
YacTH IOJIHOCTbIO ompefensieTcst T, p H OTHOCHTE/NBHBIMH KOHIEHTpa-
UMSMH BCeX 3JIEMEHTOB (ha3sbl.

PaccMoTpuM, Hanpumep, ra3 InpH oOmnpefesleHHOH TeMmImepaType H
ornpenesieHHOM JaBJieHHH, COCTOSIIIMH H3 BOLOPOAA M KHcaopona. Kol-
IleHTpalHio Kaxaoro sJjemeHTa O6yLeM cuuTaTh 3ajaHHOH. Bopgopox u
KHCJIOpoA ofpasyioT Mogekyabl H,, O, u H,O (an1s npoctoTs! npeHe6-
pexxeM Gosee peakumu Mojekysaamu H, O, O, u H,0,). Uucao Mosexkya
BOJbI B ra3oBOil CMecCH, a CJiefoBaTeJlbHO, H COCTaB ra30BOH CMeCH NpH
3THX YCJIOBHSIX, ONPpENENsIOTCS TOJbKO KOHLUEHTpauHeld BOJOPOAa H
KkHcaopona. Kopoue roBopsi, Hajo NMOMHHTb,YTO HE3aBUCHMBIMH KOMIIO-
HeHTaMH (pa3bl SIBJISIIOTCS XMMHUYECKHe 3JIeMeHTHl, cojepKaliuecs B Hell
(kax/aplil 3JIeMEeHT HYKHO pacCMaTPHUBaTh Kak HE3aBHCHMYIO KOMIIOHEHTY,
llake eclM OH NPHCYTCTBYeT He TOJBKO B CBOeii 3jieMeHTapHOH opme,
HO H B XMMHYECKOM COeJMHEHHH C ApyruMH sjemeHTamu). OnHako u3
XHMHH H3BECTHO, YTO NPH OINpe/esIeHHbIX YCJIOBUSX XUMHUYECKOe paBHO-
BECHe OCYILECTBJsIeTCS Yepe3 HeKOTOpbIH NMepHoJ BPeMeHH, Ype3BhluafiHo
IUIMTEJIbHEIHA 10 CpaBHEHHIO C OObIYHBLIMH HHTepBaJjiaMu BpeMeHH. Takum
o6pa3oM, ecJH Mbl uMeeM rasoByio cMecb H, u O, mnpu HOpMa/bHO#
TeMIepaType M HOPMaJbHOM JaBJIeHHH, TO XHMHYeCKOe DaBHOEeCHe
JloCTHraercst Torja, Korja 6oJblIoe KOJHYECTBO BOJOPOAA H KHCJIOpO-
la coeHHsOTCs, YToObl 00pa3oBaTh EoAsiHON nap. Ho peakuus

2H2 + 02 = 2H20



78 TepMoaMHaMHYECKHE MOTEHIIHAJBI

NpoTeKaeT NpPH HOPMAJIbHBIX YCJIOBHAX TaK MeNJIEHHO, YTO IpaKTHye-
CKH 33 CPaBHHTEJbHO KOPOTKHE IPOMEXYTKH BpeMeHH HHKAKOTO COEeH-
HeHHsl BCIOpOJa H KHcjopoja He npoucxonut. KoweuHo, peakuus
npoTekaer GbICTpee, ecJM TeMmIepaTypa JOCTATOYHO BHICOKA HJIH €CJH
HMeeTCsl. COOTBETCTBYIOLHMH KaTa/u3aTop.

W3 blulenpyuBe/ieHHbIX PacCyKAeHHH BHAHO, YTO BO BCEX CJyuasix,
Korja Mbl HMeeM XHMHYeCKH CJIOXKHble BellecTBa, 0Opasylollyecs HJIH
pacnajaiolyecs KpaiiHe MeIJIEHHO, MOXHO PacCMaTpHBaTh KaK NpaKTH-
YeCKH He3aBHCHMble KOMIIOHEHTHl (a3bl CJ/IOXHble COeJHHEHHs, a He
cOCTaBJsIOIMe HX 3JeMeHThl. EciM, Hampumep, MMeeTcsi ras, cOCTOS-
UMA M3 BOXZOpOAA, KHCJIOpOJAa M BOASHOTO Mapa IPH TaKOH HH3KOM
TemIeparype, YTo Boja NpaKTHYeCKH He oO6pasyercs M He JHCCOLH-
HpYeT, TO MOXHO CYHMTaTh, YTO ra3 CONEPXKHT TPH HE3aBHCHMblE KOM-
noHenTsl O,, H, u H;O, a He 1Be KOMIOHEHTh! — EOLOPOA U KHCJIOPO.
XuMuyeckuil coctaB rasosoi ¢asel ompeneJisiercsi torga Maccamu O,,
H, u H,O Ha egunuuny Mmaccol ¢asbl.

Orciofa sICHO, YTO 4YHCJIO HEe3aBHCHMbIX KOMIIOHEHT MOXeT ObiTb
GoJiblile MJIM MeHblle Yicja BCeX IPHCYTCTBYIOIIMX 3JleMEHTOB. B mpe-
IbLIYLUIEM IIpUMepe Mbl MMeJH TpH He3aBHCHMble KoMmnoHeHThl (H,, O,
u H,0) Bmecto asyx (H u O). C npyroii cTopoHbl, €ciH MPUCYTCTBYET
ONMH JIMIIb BOASIHOA Iap, TO MOXHO mpeHeOpeub €ro AHCCOUHMALHER
Ha BOJOPOA M KHCJOPOL H paccMaTpuBaTh (asy KaK COCTOSILYK) M3
OJIHOH JIHLIb KOMIIOHEHTHl — BOJbI, 8 He JBYX KOMIIOHEHT.

PaccMoTpuM Temnepb CHCTEMY, COCTOSILYIO H3 f ¢a3 H N He3aBHCH-
MbIX KOMIOHEHT. [1ycTb m;, — Macca k-ii KOMNOHeHTHI B i-H ¢ase. Toraa
pacrpefie/ieHHe KOMIIOHEHT MeX1y pa3iHuHbiMH (ha3aMH MOxeT OLiTb
OIUCAHO CJIeYIOLUM IyTeM:

myy, Moy, o o o mfu
Myo, Moy, « o o My,

(126)

Min, Mony « - « Min.

Ilpu ompejesieHHOH TeMmrepaType H ONpeJe/JeHHOM JaBJEHHH YCJIO-
BHE PABHOBECHS Halllell CHCTeMbl €CTb MHHHMYM TE€PMOAMHAMHYECKOro
noreHuMasna. dTo YCJOBHE — OCHOBA psila COOTHOLUEHHA MEXAY BeJH-
yunamu (126).

JlonycTHM, YTO MOBEPXHOCTHOH SHepruell B pacCMaTPHBaeMOH CMC-
TeMe MOXHO NpeHeGpeub, TaK YTO P MOXKeT ObITb IPHHSAT paBHBIM
CyMMe TepMOJMHAMHYeCKHX NOTENHaNoB Bcex ¢as:

D=+ P+ +Pr. (127)

®dyukuus D, 3apucur or T, p u Macc My, Mg, « « « , Mip Pasiny-
HbIX KOMIIOHEHT B [-i (pa3se:

By =Dy (F, Py Migy « o o Min). (128)
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@opma 3TOH (YHKUMHM 3aBHCHT OT OCOObIX CBOHCTB j-H (a3,
OnHako OTMETHM, YTO, KaK (QYHKLHMS n IepeMeHHBIX My, Mig, . . . ,
m;, TepMOJUHAMHYeCKHH moTeHuHan P; sBiasieTcs ONHOPOAHONH JIHHeH-
Hod (pyHKuHel. JleACTBUTEJbHO, €CIH YMHOXHTb My, Mig, . . . , My,
Ha HeKOTOpblii MHOXHTesab K, To coctaB ¢asbi He H3MEHUTCS, TaK
KaK OH 3aBHCHT TOJIbKO OT OTHOIUEHHS MacC m, a NpH YMHOMXEHHH
YBEJIMUMTCS JIMIIb MoJHasg Macca ¢assl B K pas. Takum oGpasom,
@, npuoGperaer MHOXHTeJb K.

Ecnn cuctema mnpu maHHOH TeMmepaType H JAaHHOM JiaBJieHHH
HaxoguTcss B PaBHOBECHH, TO @ NO/KeH ObiTb MHHHMaJbHbIM. AHa-
JIMTHYECKH 5TO O3HayaeT, YTO €CJH B CHCTeMe IPOHCXOXHT OecKo-
HeyHO MaJjioe IpeBpalleHHe Ge3 H3MeHEeHHs TeMIepaTyphl U AaBJeHHUs,
TO pe3yJbTHpYIOllee H3MeHeHHe D JO/KHO ObiTb HCYE3alolle Majo.

PaccMorpuM mnpeBpailleHHe, B pe3yJbTaTe KOTOPOrO O4YeHb MaJjioe
KO/IHuecTBO k-H KOMIIOHEHTH, oOo3Hauaemoe Odn (M NPHHHMaeMoe 3a
6ecKOHeYHO MaJslyio BeJMYHHY), NepexoiuT u3 j-ii ¢asbl B j-10, IpHUeM
BCe Jpyrie KOMIIOHEHTh M (pasbl ocTaloTcs 6e3 H3MeHeHHs. DTO 3Ha-
YHT, YTO mMi, CTAHOBHTCS PaBHLIM my, — dm, a mj, PaBHO mij, -+ dm.
Ilpu usmenenun @ GyayT H3MEHATbCS TONBKO D; H D,

Takum obpa3oM, H3 YCJOBHSI MHHHMYMa MOJydaeM

— 3, 0%y _0Pi s
3D = ¥3P; 4 3P; = ami, dm iy dm =0,
HJIH
od; 0Py

omiy, = omjp * (129)
Tak kak mopoSHble ypaBHEHHsi JO/KHBI ObiTh IJS JIOGbIX JBYX
¢a3s U 18 Kaxaoil KOMIIOHEHTHI, TO TMoJyuaeM cHcTeMy H3 n (f— 1)

YPaBHEHHH paBHOBeCHSI:

0P, 0Py, 0byf

omy,  0omy, Tomg ?

b, 0D, oy

am12 - 617122 == 6mf' ’ (130)
0Py _ 9% _ ., _ 9%

omy, Omg, om; *

OTMeTHM, YTO 3TH paBEHCTBAa 3aBHCAT TOJbKO OT XHMHYECKOro
cocTaBa KaxJo# (a3bl M He 3aBHCAT OT oOllero KOJHMYeCcTBa Belie-
CTBa, Haxojsilerocs B ¢ase. JleficTBHTebHO, Tak Kak (128) sBasiercs
OHOpPOJHOH (YHKUHMeH MepBOH CTeNneHH OTHOCHTEJbHO m, TO ee
NIPOH3BOIHASA MO KaKoH-HHOYJb ONHOH M3 m mpejacTaBiaseT coSol of-
HOPOJHYIO (QYHKLHMIO HYJIEBOH CTeNleHH, T. €. ee IPOM3BOJHbLIE 3aBH-
CAT TOJBKO OT OTHOUIEHHH Macc miy, My, -+ , my,. W3 (126)

’ n*

BHIHO, yTo HuMeeTcs (n— 1) f Takux oTHowenui#t ((n — 1) oTHowe-
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HH{l n nepeMeHHbIX, coJepKauuxcsi B KoJoHKe (126), ompenensior
coctaB Kaxpao#d ¢asbl). Kpome stux (n— 1) f nepemeHHnx B (130)
ecTb Takxe nepemenuble T M p. Takum o6pa3oM, ofliee UYHCJO Ie-
peMeHHbIX cocTaBisieT 2 -+ (n— 1) f. PasHocTb Mexny u4HcaoM mepe-
MeHHbIX (n—1 f+ 2 u uncaom ypapHenuii (130), koropwix (f— 1) n,
o0o3HadaeTcss GYKBOH v. DTO YHCJIO HE3aBHCHMBLIX NepeMeHHhIX, KOTO-
pele MOTYT OBITb 3aflaHbl MPOM3BOJIbHO. Torga ocTasibHble NepeMeHHbIe
onpefensitorcs U3 ypaBHeHu# (130). ITosToMy v HasbiBaeM cTenmeHb 1O
H3MEeHUYHBOCTH HJIH HHCJOM CTeNneHel CBOOGOJBl CHCTEMHL

Hrak:
v=mn—1)f+2—(F—1)n,
v=2+n—f. (131)

HJIH

D10 ypaBHeHHe, KOTopoe Onuio BbiBeeHO I['H66coM, BhipaxKaeT
npasuao ¢a3. lopopar, uTO cHcTeMa, cocTosiuass M3 f ¢as u n
He3aBHCHMbIX KOMIIOHEHT, HMeeT CTeleHb H3MEHUHBOCTH, paBHYIO
v=2+4+n—f.

Urobbl H30eXaTb HENpPaBHJIBHOrO TOJIKOBAaHHS, CJelyeT OTMETHTb,
YTO [accMaTpHBaeTCs TOJNBKO COCTaB, a He ofliee KOJHYECTBO Be-
1eCTBa KaxJoH ¢asbl, NMOTOMY YTO TepMOAMHAMHYECKOe paBHOB2CHe
Mexxay AByMSI ¢a3aMH 3aBHCHT TOJIBKO OT COCTaBa, a He OT ofuiero
KOJIHYecTBa B2IeCTBa, KaK sicHO u3 ypaBHeHHs (129). Ha Heckoub-
KHMX TIpEMepax Mbl NOKaXeM, Kak cJelyeT NpHMeHATb IpaBHIO (a3.

INpumep 1. CucteMa cocTaBlieHa H3 XHMHUYECKH OLHOPOIHOII rOMO-
TeHHOH XHIAKOCTH. MBI HMeeM ToJbKO OfHY a3y (f=1) u omHy
xomnoHeHTy (n=1). Torma u3 (131) caenyer, uro v=2. Takum
.06pa3oM, MOXHO HpH JKeJaHUH BbIOpaTh IPOH3BOJIBHO JBE IepeMeH-
Hoix: T u p. Ilpy 3TOM HeT BO3MOXHOCTH H3MEHSTh COCTaB, TaK
KaK Bel\ecTBO SBJSETCS XHUMHYECKH OlpefeJeHHbIM (OTMETHM, 4TO
MOJIHOE KOJIHYECTBO BelIecTBA, KaK Mbl YXKe YCTaHOBHJIM, He pac-
CMaTpHBaeTcsl Kak CTeneHb CBOOOABI.

MNpumep 2. I'omoreHHast cHcTeMa COCTaB/leHa M3 ABYX pa3lHYHAIX
TasoB. 3Jecb Mbl HMeeM OnHY a3y (f=1) M jgBe KOMIIOHEHTHI
(n = 2). HUs (131) cnenyer, uto v =3. [lelicTBUTE/NLHO, MOXHO CBO-
€onHo BeibpaTb T, p M OTHOLIEHHE MacC JBYX KOMIIOHEHT, KOTOpbie
orpeJessiloT COCTaB CMECH.

Npumep 3. Bona HaxoauTcs B paBHOBeCHH C HacChIUlEHHbIM Ia-
poM. 3mech aBe ¢asbl— KHAKAA H rasoobpasHasi H TOJbKO OIHA
‘KOMIIOHEeHTa, TaK uto f=2, a n = 1. Ilostomy v = 1. IlpousBosbHO
MOXKHO BbiOpaThb TOJIBKO TeMIepaTypy, TOTAa JaBjieHHe GyleT paBHO
NaBJEHHIO HAaCBllleHHOro mapa MNpH JaHHOM TemmepaType. Tak Kak
‘AMeeTcsl TOJIbKO OfHa KOMIIOHEHTa, TO, OYeBHJHO, HeT Bbidopa B CO-
craBe AByX (a3. IlopuepkHeM, 4To NpH (HUKCHPOBAaHHOH TemmepaType
‘PaBHOBECHE MOXET HACTYMHTb MEXIY IPOH3BOJIbHLIMH KOJHYECTBAMH
:BOJbl M BOASIHOrO Napa JIMIUb NpH YCJIOBHH, YTO JaBjeHHe DaBHO NaB-
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JIeHd0 HacellleHHoro napa. OJHaKo KoJIMYeCTBa BOXB M BOASIHOTO
napa He SIBASIOTCS CTelleHSAMH CBOOOJBI.

lNpumep 4. CucreMa cocTaBleHa M3 CMeCH TpeX pasaHUHBIX (a3
OJIHOTrO BellecTBa: TBepAOH, XXHUAKOH M ra3oo6pasHOH, HalpHMep, Jex,
BOla M BOASHOH mMap. Mbl HMeeM 31eCb OIHY KOMIIOHEHTY H TPH
daser: n=1, f=3. U3 (131) maxomguM, utro v = 0. DTo 3HAYHT,
YTO HET HHKaKoH cBOOOAbI BbiGopa: TpH ¢asbl MOTYT ONHOBPEMEHHO
CylllecTBOBaTh TOJBKO IPH OMNpeJie/leHHbIX 3HAYeHHAX TeMrepaTypsl
U JaBJIeHHSI.

3TOT GaKT MOXKHO NPOHJMIOCTPHPOBATb INpPH IOMOLIM JHAarpaMMbl
puc. 16, Ha KOTOpPOM HaHeceHbHl TeMIepaTypa H [aBjieHHE, COOTBET-
CTBEHHO KaK afcuucca M OpAMHAara.
KpuBass AB wusobpaxaeT pnaBjieHue P
HAaCBILIEHHOr0 1apa B 3aBHCHUMOCTH OT
Temnepatypbl. Korjga Benmuunber T H
p COOTBETCTBYIOT TOYKe Ha 3TOH KpH-
BOH, TO BoJa M BOJSIHOH Iap MOTIYyT
CyliecTBoBaTb OJHOBpeMeHHO. Ecum,
COXpaHsisi TeMIlepaTypy IOCTOSIHHOI,
YBEJIMYUTb JaBJieHHE, TO paBHOBECHE
MeX1y BOJOH H BOASIHHIM IapoM He
MOXeT COXPaHATbCS M BCE BeLIeCTBO
KOHJEHCHpyeTcsl B XHAKYI ¢as3y.
Ecnn  B3aMeH STOro  yMeHBIUHTb
JiaBjeHue, TO BCce BewecTBo Hcmapurcsl. CilefoBaTeJIbHO, TOYKH Hap,
KpuBoit AB wu300pa)kaloT Bogy, a MOA Hed —mnap (KaK M YKa3aHO Ha
pUCYHKe).

Kpupas AC aHanoruyHa kpusoii AB, HO OHa COOTBETCTBYeT AaB-
JIEHHIO HACHIIEHHOro mnapa Hajo JIbAOM, a He Han Bojod. Hapx kpu-
poii AC ycToiiuuB Jlef, a MOA Hel YCTOHYMB map.

Tak Kak Boja H Iap MOTYT CYyLIeCTBOBAaTb OJHOBPEMEHHO IIpH
suavenusix p u T Ha Kpusoit AB, a nen u map—Ha AC, To HeoG-
X0oauMO, uTOGBI TOYKA JAHArpaMMbl, COOTBETCTByioLlast BejauudHaMm T
H p, IS KOTOpPHIX Jiel, EOJa H INap CyIEeCTBYIOT OJHOBDEMEHHO,
Jexana Ha ofeHx KpHUBbIX, T. €. OHa JO/DKHa COBMAfaTb C TOYKOH
nepeceyeHuss A 3THX JBYX KpuUBbIX. Takum o6pa3oMm, TpH (¢asbl
MOTYT CYILECTBOBAaTh ONHOBDEMEHHO TOJIbKO IPH OIpeleJeHHOM 3Ha-
YeHUHM TeMIepaTypbl U JaBJIEHHS.

Touka A HaspiBaeTcsi TPOHHO#H TOYKOH, MOTOMY YTO OHa
SIBJISIETCSl TOYKOH IepecedeHHsi He TOIbKO KPHBBLIX BOJa— Map H Jejy —
nap, Ho u Kpusoi AD jnex —Boja. dtH TpH Kpusble gneast (T, p)-
MJIOCKOCTb Ha TPH 06JaCTH, KOTOpble COOTBETCTBYIOT JHaNas’oHaMm
YCTOHYHBOCTH MNapa, JibJa H BOJAHI; TPOHHAsh TOUKA IpeACTaBJjseT co6oi
rpaHully Tpex obJjacTteil.

TpoitHasi Touka BoAbnl Haxomutcsi npu T =0,0075°C u p =
= 0,00602 amm. Tak Kak JaBjieHHe B TPOHHOH TOUYKe MeHbI€ aTMO-

Puc. 16.
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cepHOro, TO ropusoHTasbHasA JUHHA p = | amm (NyHKTHpHast JMHHS
Ha JMarpamMme) IepecekaeT TpPH O0O0JacTH: Jel, XHIAKOCTb H Tmap.
Touka nepeceyeHHs] MYHKTHPHOH JIHHHM C KpHBoi AD cooTBeTCTBYeT
TeMIiepaType, PpaBHOH TOuKe f 3aMep3aHHMsl BOIbl IIPH aTMOCHEPHOM
nasnenun (0°C). TIlepeceuenne c kpusoit AB (Touka b) cooTBeTCTBYeT
TeMIepaType KHIEHHS BOAn IpH artMochepHoMm Jasnenun (100°C).

Hsisi HEeKOTOpLIX BeLleCTB [aBJieHHe B TPOHHOH TouKe GoJiee Bbl-
cokoe, ueM arMoctepHoe. ISl TaKHX BelleCcTB NYHKTHpPHas TOPH30H-
TajbHas JHHHS, COOTBETCTBYylOmasi aTMochepHOMY [aBJIEHHIO, JIEXKHT
HUJKE TpPOIHOA TOYKH M TMOSTCMY MNepexoX M3 06JAaCTH YCTOMYHBOCTH
TBEpAOro TeJa B 00/1aCTb YCTOWYHMBOCTH TMapa NPOHCXOAMT, MHHYS
XuaKylo obsaactb. IlpH aTMochepHoM JaBJeHMH 3TH BelulecTBa He
pacliaBjSIOTCS, @ HCHapsoTcess NpsiMo M3 TBeploH dasnl (cybuinMa-
LMsl); OHH MOTYT COCYILECTBOBaTb C XKHAKOH (a3oifi TOJBKO IpH JAO-
CTAaTOYHO BHICOKOM JaBJIEHHH.

20. TEPMOAWUHAMHKA OBPATHMOIO rAJIbBAHHYECKOIO
3JIEMEHTA

Jlo cHX mOop Mbl pacCMaTpUBAaJH CHCTEMbl, KOTOpble MOIJIH COBEp-
laTh TOJBKO MeXxaHHyeckylo pabory. Ho, Kak yxe yKasbiBajoch B
naparpade 3, M MeXaHHYeCKasl M 3JIeKTPHYeCKas paGOThbl IORYHHSIOTCS
OJIMHAKOBHIM TEPMOJHHAMHYECKHM 3aKOHaM; OHH TEPMOJAMHAMHYECKH
SKBHBaJIEHTHbI. [IpHuMHAa 3TOro 3aK/o4aeTcss B TOM, 4YTO eCTb Mpo-
llecchl, B KOTOPhIX MeXaHHueckass paboTa TMOJHOCTbIO Npeobpa3yercs
B 3JI€KTPHYECKYIO 3HEepruio, U HaoGOopoT.

B KkauecTBe NpHMepa CHCTEMbl, KOTOpasi MOXXET COBEpIIaTh 3JeKT-
pHYecKylo paboTy, H3yuyuM OOpaTHMbiH 3JIEKTPOJMTHYECKHH 3JIEMEHT.
ITox «oOpaTHMbIM 3JEKTPOJHTHYECKHM TraJlbBaHHYECKHM 3JIEMEHTOM»
Mbl TIOfpa3yMeBaeM TAKOH 3JIeMEHT, B KOTOPOM H3MEeHeHHe HarpabJe-
HHSI TIPOTEKAIOIEro yepe3 HEro TOKA BhI3blBAET XHMHUECKHE DeaKIlHH,
TPOTHBOMOJIOKHbIE TeM, KOTOpble IIPOHCXOAAT B 3JIEMEHTe IIpH HOp-
MaJIbHOM HamnpasJieHHH Toka. OOpaTHUMBbIH 3J1€eMEHT BCerja MOXHO NpH-
BECTH K HauyaJbHOMY COCTOSIHHIO, M3MEHHB B HeM HalnpaBJ/ieHHe Toka
Ha o6paTHoe.

[Tycts v — 3/1€KTPOABHKYLLAA CHAA (3. A. C.) 3JIeMeHTa. DJIEKTpH-
yeckasi pa6ora, coBepliaeMasi 3JIeMEHTOM, KOrja 4epe3 HEro mMpoxo-
IHT KOJIHYECTBO 3JIEKTPHYECTBA €, COCTABJISET

L =ev. (132)

KoHeuHO, 3/1eMEHT NeACTBHTE/NbHO COBEpLIAeT 3Ty PaGoTy TOJBKO
B TOM CJyyae, KOTJa uepe3 HEro NpoTekaeT OYeHb Maljblii TOK, T. €.
ec/H mpouecc JAefCTBUTEJbHO OOpaTMM. B mpOTHBHOM cilyyae Heko-
TOpOe KOJHYECTBO SHEPrHM B pesyJbTare doekTa Jxkoyna mnpespa-
TUTCS BHYTPH 3/1€eMEHTa B TeIUIOTY.
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ITycts U (T) — sHeprusi sJjeMeHTa AO TOro, Kak yepe3 Hero Ipo-
mea Kakoil O6bl To HH OblIo TOK. Ilycts U (T) 3aBHCUT TOJIBKO OT
TeMIlepaTyphl: Mbl CUMTaeM, 4YTO OOBEM 3JIeMEHTa IPAaKTHYECKH He
H3MeHseTCst (T. €. 3TO — M30XODHYECKHH 3JIeMEeHT), U COOTBETCTBEHHO
npeHe6GperaeM Kakoii-TH60 3aBUCHMOCTBIO 3HEPrHH OT JaBJEHHSI.

Tenepb pacCMOTpPHM COCTOSIHHE 3JIeMEHTa IoCJe TOro, Kak uepe3
HEro IpOWJIO HEKOTOPOe KOJMYECTBO 3JEKTPHYeCTBa e. OJeKTpHye-
CKHMIl TOK, MPOXOASi uepe3 3JIEMEHT, NpPUBOIUT K HEKOTOPbIM XHMHYe-
CKMM H3MGHEHHSIM BHYTPH 2JIleMeHTa, M KOJIHYeCTBO XHMHYECKH Ipope-
arvpoBaBILIEr0 BellecTBa IPOMNOpUHOHAJbHO e. TakuMm o6pasom, sHep-
rus sjementa GoJblie He Gyger paBHa U (T), a GyleT OTJIHYaThesi
or U (T) Ha BeJuuuHy, InponopuHoHa/ibHyi0 e. OGo3Hauasi yepe3
U (T, e) HOBYIO 3Hepruio 3jeMeHTa, HMeeM

U (T, e=U (T)—eu(T), (133)

rae u (T) — yMeHblueHHe 3HEPrHH 3JIeMEHTa INIPH INpPOTeKaHUH uepe3
Hero eJHHHIIbI KOJHYEeCTBa 3JEeKTPHUYeCTBa.

Tenepp nmpumenuMm u3oxopy Baut-T'obda (117) kK n3oTepMHUecKOMy
NpeBpalleHHI0 OT HAuaJbHOIO COCTOSIHHSI — Iepe]l NMPOXOXIEHHEM TOKa
yepe3 sjemeHT (3Heprusi paBHa U (T)) — K KOHEYHOMY COCTOSIHHIO —
rocJie TOro Kak INPOTEKJO KOJIHYECTBO 3JIEKTPHYECTBA e.

U3 (133) umeem 1151 M3MeHEHHMS SHepruH

AU = —eu (T).

Cosepuiennast pabGora jaHa ¢opmyaoil (132). IloacraBasisi 3T
BoipaxkenHus B (117) u menst o6e yacTH Ha e, NoOJyuaeM

d
v—T% =u. (134)

dro ypaBHeHHe, KOTOpoe HasbiBaeTcsi ypaBHenueMmM [eabwm-
roJablia, YCTaHaB/JMBaeT COOTHOLIEHHE MeXAy 3. A. C. U H 3Hep-
THed u.

OTMeTHM, UTO ecJH HeT TemJooOMeHa MeXJy 3JEeMEHTOM H OKpy-
XKaiouieil ero cpejoit, To cJjegoBaso Obl oxujath, 4ro v = u. Cia-

dv o
raemoe Tzr B (134) onuceiBaer 3ddekT, CBA3aHHLIA C TNOIJIOLIEHHEM

(MM oTnaued) TeIJIOTHI 3JIEMEHTOM H3 OKpyKaioueH Cpefbl BO BpeMsl
NPOTEKaHHsl 3JIEKTPHYECKOIO TOKa. »

MoxHo Takxe nonyuntb (134) HemocpeICTBEHHO, He HCIOJb3ys
nsoxopy Banr-Todda. IlycTb s/emeHT coefuHsieTCS C IE€PeMEHHbIM
KOHJleHcaTopoM, HMelomHM eMkoctb C. KoJsmuecTBO 3J/1€KTPHYECTBa,
TNOTJIOLIEHHOe KOHJAEHCAaTOpOM, COCTaBJsieT

e = Cou (T).
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Tenepp paccMorpuM C u T Kak nepeMeHHble, KOTOpble ompeje-
JISIOT COCTOSIHHE CHCTEMbl, COCTaBJE€HHOH H3 3JieMeHTa M KOHJeHca-
Topa. Eciu npu nepeMeuleHHH IJIAaCTHH KOHJeHCaTopa €ro eMKOCTb
u3MeHsieTcsl Ha BeJHuuHY dC, TO CHCTeMa COBEpLIHT HEKOTOpOe KOJIH-
yecTBO paGOThl BCJIEJCTBHE IPUTSKEHHS MeXAy IJacTHHaMH. 3ta
BeJHYHHA COCTaBHT*

dL = + dC v* (T).

Duzprusi Hawed cHcremMbl paBHa cymme sHepruu (133) asnemenTa
UT)—euT)y=UT)—Cov(T)u(T)

1 2
M SHepru¥ KOHjeHcartopa 7Cv (T). U3 nepsoro 3akoHa TepMOIH-

Hamuku (15) caenyer, uTOo TemsoTa, INOrJIOUlEHHAasi CHCTEMOHd IpH
GecCKOHeUYHO MaJjioM mpeBpauieHHH, Bo BpeMss Kotoporo T u C uame-
HsloTc Ha BeanunHbl dT u dC, cocraBiser

dQ — dU + dL = d[u (T) — Cu (T) u(T) + 4 C&* (T)]—I—

du

di
b _cu +Cvd—;—]—}—dC[02—uv].

+ 4 dCo* (T) =dT{§%—CU
ITostroMy auddepeHunans 3HTPONUH IPHMET BHJ

_dQ _ dT|dU du dv dv dC o
dS = T = T[ﬁ—Cvd—T _CudT +CU ‘Tf] +—T—[U —UUI.
Tak kak dS gnomkeH ObTb NONHBLIM JAUbdepeHIHAIOM, TO MbI
HMeeM
U du dv dv
a ﬁ—Cvd——Cuﬁ—{—Cvﬁ iv'

_ — Uy
aCc T —oT T

()]

BuinosHuB yKasaHHble AH(¢epeHUHPOBAaHHS M BCOMHUB, uto U, u
H U SIBIAOTCA QYHKUHMAMH TOJbKO TemnepaTypwl T, noayuum (134).

*dra QopMyJa MNoayuaeTcss CJAeAYOUMM TYyTeM: SHEPrHs H30JHPOBAHHOTO
ez
KOHJeHCATOPa COCTABASET o ~= . IIpu usmenenuu C mponenannas paGora pasia
H3MEHEHHI0O SHEPrHH CO 3HAaKOM MHHYC, T. €.
dL = —d(L &) -2 ae
2 C/) 2 ’
rae e coxpaHseTrcsl IIOCTOSIHHhIM, ITOTOMY UYTO KOHJAEHCAaTop H30JIHpOBAaH. Tak xax
e= Cu, To Mu noxyuaeM (opMyJIy, HCIOIL3OBAHHYIO B TEKCTe.



TepmonuHaMHKa 06paTHMOro rajbBaHHYECKOr'O 3/1eMeHTa 85

3agauu

1. C nomomplo mnpaBuna (a3 o6CynHTe YCJIOBHS PaBHOBECHS HACHILLEHHOIO
pacTBopa H DacTBOPEHHOTO TBEepAOrO BeLlecTBa.

2. CKoJbKO cTemeHefl CBOGOAW HMeeT CHCTeMa, COCTOSWAs H3 HEKOTOPOro
KOJIHYeCTBa BOABI H HEKOTOpPOro KoJHuecTBa Bo3fnyxa? (ITpeneGpeub copepxaru-
MHCS B BO3JyXe DeJKHMH rasaMH H JBYOKHCbIO yrJepoja).

3. 3. #. c. 06paTHMOro 3JIeKTPHYECKOTO 3JieMEeHTa KaK (yHKLHsS Temmepa-

TYPH TaKoBa:
0,924 + 0,0015¢ -+ 0,0000061¢% (soabT),

rie ¢t — remneparypa B °C. HafinuTe TemnoTy, morjouiaeMyio 3/eMeHTOM, KOrza
yepe3 Hero H3oTepMHueckH npH 18° C npoTekaeT OIMH KYJIOH 3J/IEKTPHYECTBa.



FAABA VI
PEAKLUHH B I'A30BOA ®A3E

21. XHMHYECKOE PABHOBECHE B IA3AX

PaccmoTpuM ras, COCTOsILHHA M3 CMeCH BOJOpPOAA, KHCJOPOAa H BO-
ASAHOro nmnapa. KOMHOHCHTH CHUCTEMbI MOryT B3aHMOlIGﬁCTBOBaTb MeXay
co06oii COryiacHO CJefylolled XHMHYECKOH peakuuH:

9H, + 0, = 2H,0.

CuMBOJI = O3HayaeT, YTO DeaKiHsl MOXKeT MPOHUCXOIMTb CJeBa Ha-
npaBo (o6pasoBaHHe BOJAbI) HJIM ClpaBa Ha/jeBO (ZMCCOUHALHUS BOAbI).
HeficTBUTeIbHO, W3 3aKOHOB XMMHM H3BECTHO, YTO NPH ONpefieJIeHHOM
TeMrmepaType M ONp2fie/leHHOM AaBJeHHH JOCTHIacTCsl COCTOSIHHE PaBHO-
BeCHsl, NP KOTOPOM KOJIHYECTBO 'BOASIHOTO Mapa OCTaeTcsl HeH3MeH-
HbIM — OYEBHIHO, BOAsIHO! nap He o6pa3yeTcst H He quccounupyet. B neil-
CTBUTEJIbHOCTH K€ B TOYKe PaBHOBSCHSI YKa3aHHaES Bhlllle peaKuMst mpo-
JOJIKaeTCsl C PaBHbIMH CKOPOCTAMH B OGOMX HanpaBleHHSX, TaK 4TO
ofllee KOJHMYECTBO NMPHCYTCTBYIOUEH BOMbI OCTaeTCsl MOCTOSIHHBIM. Ecsin
nocjie TOro Kak YCTaHOBHTCS PaBHOBECHe M3 CHCTeMbl YJAJHTb HEKOTO-
poe KOJIMYeCTBO BOASIHOTO Mapa, TO peakuHsi cjeBa HanpaBo OyjeT mpo-
MCXOAUTb C GOJIblueH CKOPOCTbIO, YeM CrpaBa HajleBO 0 TeX Mop, No-
Ka He obpa3dyeTcsl COQTBETCTBYIOILlee KOJMYECTBO BOAbI, AOCTATOYHOE
IJ1 YCTAHOBJIEHHS] HOBOIO COCTOSIHMAI paBHOBecHs. Ecau no6aBuTh He-
MHOTO BOASIHOTO Mapa, TO Ha HEKOTOpHIH OTPe30K BpEMEHH CTaHeT
npeoGJajarouiefi peakuusi cnpaBa HajeBO. XHMHYeCKHM pPaBHOBeCHEM B
rasoBbIX CHCTEMaxX YNpPaBJsIeT 3aKOH JAeHCTBYIOIIHX Macc.

Hanuiem ypaBHeHHe XHMHYECKHX peakuuil B obued ¢opme:

nlAl -+ nzAz + e n,A,=m181 + m232 "}“ v "}"msB‘, (135)

rae Ay, A, ..., Ar— cHMBOJIHYECKO2 O0GO3HaueHHe MOJIEKYJ, yua-
CTBYIOUIHX B peakuud, a Bj, By, ..., Bs 00603HayaioT MOJEKY.JIbl,
noJiyyaiolecst B pa3yJbTaTe peakuud. Beauuunw ny, n,, ... H m,,

My, . . . — LleJIOYHC/IeHHBle KOo3pdHuiueHThl p2akiuu. O6o2HayuM KOH-
HEeHTPauUM pa3HUHbLIX BellecTB, BhLIPAXEHHHE B MOJISIX Ha €HHHILY
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o6bema, cumBosiaMH [A;], [A], . . . [By], |B:], . . . Tenepp MoxHO
copMyIHPOBaTh 3aKOH AEHCTBYIOIHX Macc CJeAYIOUHM 0GpasoM:
Koeda e xumuuecxoil peaxkyuu Oocrmuzaemcs pagHosecue, mo 6vipa-
Jcenue
(A1) [A]™. . . [A]"r
[By]™s [By]™: . . . [Bs]™s

=K(T) (136)

a6AAemcs (pyHKyueld moabKo memnepamypet.

Beanunna K (T) pasiuyHa AJ1sl PasiIHYHBIX XHMHYECKHX peakiuii.
B HekoTOpbIX CJyyasX OHa OYeHb MaJja, M paBHOBeCHE CMeCTHTCS
BNpaBo, T. €. P4BHOBeCHe JOCTHraeTcsl NPH KOHIEHTPAUHUSX MOJIEKYI,
CTOALMX B NPABOil CTOPOHE PeaKLUHH, 3HAYHTEJbHO NPEBbILAIOINX KOH-
LEHTPALHMIO MOJIEKYJ, CTOSAUHX B JeBoi cTopoHe peakuuu. Ecau K (T)
BeJIHKO, To HabJofaetcsi o6paTHOE NOJIOXKEHHE.

[lesiecoofpasHo NpHBECTH OYeHb NPOCTOe KHHETHYECKOe HOKasaTellb-
CTBO 3aKOHA JeHCTBYIOIIHX Macc. XHMHYeCKOe PaBHOBECHe B peakLHH
(135) npaBHJIBHO Ha3bBaThb KHHETHYECKHM PaBHOBECHEM», TaK KaK Ja-
e TIoc/le YCTaHOBJIEHHs PaBHOBECHS peakLHsl MeXAY MoJeKyJamH Ipo-
nonxaercsi. OIHAKO NpPH PaBHOBECHH YMCJO peaKUHH, KOTOpble NpOHC-
XOISAT 32 eJUHHUY BpeMeHHM cJjeBa HampaBo [cM. (135)], paBHO umcay
pedKUHMH, NPOTEKAIOIKX ClpaBa Ha/leBO, TaK YTO JiBa MPOTHBONOJIOXKHbLIX
sa¢pdekTa B3aHMHO KomneHcupylorcs. [lopcumraeM umcso peakuuii, Ko-
TOpble TPOMCXOJSAT 3a €AMHMIY BpPEMEHH CJieBa HanpaBo, H IIOJIOXKHM
€ro paBHbIM YHCJY OOpaTHBIX PeaKIHil.

Peakuus cjieBa HarnpaBo MOXKeT NPOHM3OHTH B pe3yJ/ibTaTe MHOTOKpAT-
HLIX CTONKHOBEHHH n, MoJekya A;, n, mojaekyn A, ..., n, MoJje-
Kya A,. YacroTa TakMX CTOJKHOBEHHH HECKOJBKHX YaCTHL, OYeBHIHO,
NpONopLUHOHAJbHA Nny-H cTemeHH [A,], n,-# cremeHu [A,] ..., n, cTe-
neHu [A,], T. e. MPOU3BeACHHIO

(A" [Ae]™ ... [A]™.

Takum oOpasoM, 4YacTOTa peaKuMd CJesa HamnpaBO JOJKHA ObITb
NPONOPLHOHANIBHON 3TOMY BbipaxKeHHIO. Tak KaK Temmeparypa omnpeje-
JIsleT CKOPOCTH MOJIEKYJ, TO MHOXHTeJb IponopuHoHanbHoctd K’ (T)
HO/KeH ObiTh (QyHKuHell Temmeparypbl. IlosToMy AJ1s1 yacTOThI peakiumit
CJleBa HamnpaBO INOJYYHM BbIpaX<eHHe

K (T) [A" 4] ... [A]".

Ilopo6HO 3TOMYy JAJS1 4acTOTHI OGPaTHLIX peaKiuuil (CpaBa Ha/leBo) Ha-
XOIHM

K*(T) [BJ™ [By]™ ... [B]™s.

Ilpu paBHOBeCHH 3TH YacTOTbl JOJIKHBI GbiTb PaBHbI
K'(T) [A]" [Ae)™ . .. [A" = K"(T) [B{|™ [B,)™ ... [Bs]™s,
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HJIH
(A (el . .. [A I _ K"(T)

[By]™ [By]™s . . . [BJ™s  K'(T)’

ST0 coBmajaeT ¢ 3aKOHOM JeficTByOmHX Macc (136), ecsH IOJIOKHTD

KM _ g1y

K'(T)

Tako# npocTofi KHHeTHYeCKHMH BbIBOJ He JaeT HaM CBeJeHHH O

¢yukunn K (T). Temepp mokaxeM, 4To, HpPHMeHsis TepMOLMHAMHKY K

peakuMsM B ra3osoil ¢ase, MOXHO He TOJbKO JOKa3aTb 3aKOH JeHCT-

BYIOIUX MacC He3aBUCHMO OT KHHeTHYeCKHX cooOpa)keHHH, HO M ompe-
JeJHuTh 3aBHCHMOCTb GyHKuuH K (T) OT TeMmepaTypsbl.

22. AWUK BAHT-FO®PA

PaBHoBecHe XHMHYeCKHX peaKIlHH B rasax MOXKHO ONHCaTh TEPMOJH-
H4MHYeCKH, NpejlnoJarasi, YyTo CYIIeCTBYeT HJeaJbHas IOJYyIPOHHIae-
Masi neperopojxa, HafleJleHHast CJefYIOUMMH IBYMSI CBOIiCTBaMH:

1) nmeperopoaka, mosynpoHHuaemasi AJisi rasa A, IOJHOCTBIO Hempo-
HHLAeMa 1/ APYTHX ra3os;

2) Korja meperopojika, NOJYNpOHHLUaeMast AJs rasa A, paspenser
IBa o6beMa, KaX[Abli M3 KOTOPbIX CONEPKHT cMeCb rasa A ¢ KakuM-
Ju60 ApYruM rasoM, To raz A nNpoXoAuT uepe3 IEPEropoiKy M3 TOi
CMeCH, TIe ero mnapiHajbHOe JaBjeHHe Bbillle, B cMecb C 0ojee HH3-
KHM MapuuajJbHEIM JaBjeHHeM. PaBHOBecHe HOCTHraetcsi, Koria mapiui-
albHble JaBieHHs rasa A c o0eHX CTOPOH NepelOHKHU CTAHOBATCS paB-
HBIMH.

OtmeTuM, YTO ra3 MoKeT Teub CAMOIPOHM3BOJILHO H3 o6JacTH ¢ 6o-
Jlee HH3KHUM OOWIMM JlaBleHneM B 06JacTb C Gosiee BBICOKHM OOLIMM
JaBJIEHHeM, €CJIM MapuHajJbHOe JaB/jeHHe Tras3a, KOTOPbIi INPOXOJHT ue-
pes3 neperopofiKy, Bbillle B TOi 06JacTH, Te ofllee AaBJeHHe HHXe, H
HHXe B 00siaCTH GoJiee BLICOKOro o6uiero JjaBjieHus. TakuM o6pasoMm,
€C/H Tleperopoiika, IOJYNpOHHuaeMasi IJsi BOAOPOAa, pasfesseT SUIMK,
colepXaliliii BOJOpOA IOJ JHaBjeHHeM B OAHY arMocdepy, OT sLIMKa,
CoJleprKalllero KHCJOPOL NpH ABYX aTMocdepaXx, TO BOmOpox OyneT Teub
yepe3 NEpenoHKy, HeCMOTps Ha TO, YTO ofllee JaBjeHHe C JPYrod cro-
POHBl BBOe GoJiblle.

Cnenosano Gbl cKas3aTh, YTO B JeHCTBHTEJbHOCTH He CYLIECTBYeT
HIeaJbHbIX TOJYNPOHHLAEMLIX Teperopofok. s BOAOpoAa HaH/IyyLlHM
NpUGIIKEHHeM K TaKOH Ieperopofike sBJs€TCs ropsiyas naJJaguvenast
¢oJbra.

UroObl BBIBECTH YCJ/IOBHSI PaBHOBECHSI XMMHuecKHX peakuuit (135),
omuIlEM CHayaja Ipouecc, NPH KOTOPOM PeaKLHsi MOXKET ObiTb BHIIOJ-
HeHa HM30TepMHYeCKH M 006paTHMO. DTO MOXKHO ciesaTb IIPH TNOMOLIM
TaK HasslEaeMoro siyka Baut-Togda.
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SlmMK npeAcTaBasieT co6oil OrpOMHBIA pe3epByap, B KOTOPOM Haxo-
autcst GoJbluoe KoJauyecTso rasoB A,, A, ... H By, B,, ... B xamH-
yecKoM paBHOBecHH npu Temneparype T. C OIHO/ CTOPOHbI filllHKa (Ha
puc. 17 cnesa) pacrioJiOKeHO 7 OKOH, NpPHYEM k-€ (Mbl CYHTaeM CBEpPXY
BHH3) TOJYNMPOHHIAEMO ANsi rasa A,, a ¢ JApyroil CTOpOHel (a puc. 17
CripaBa, Ha KOTOPOM Mbl II0JIaraeM r = § = 2) HMMEeTCSl S OKOH, IOJy-
TPOHHIIAEMBIX /ISl HEKOTOPbIX APYTHX rasoB By, B,, ... Bs. CHapyxn
K OKHaM NPHCOEJMHEHbl LMJIHHAPH C TMOABHXHBIMH MOPLIHAMH, KaK NO-

Ka3aHO Ha DHCYHKe.
Zi =

1
- 2 f
ZA;!

Havanoroe
COLIIORNUE

Puc. 17.

Tenepb omueM o6GpaTHMOe H30Tep-
MHYeCKoe IpeBpallleHHe Hallefl CHCTeMbI |
M TOACYUMTAEM HeNocpeJCTBEHHO paboTy — ——; :
L, nponenaHHYIO CHCTeMOH BO BpeMst '

sTOoro mnpespaieHusi. ORHAKO COrJaCHO Tpamenymovnas

pesysabtaty § 17, pabora L mnpu npe-
BpalleHHH J0/KHA PaBHATbCS CBOGORHOM
SHEPrHH HauaJIbHOTO COCTOSIHHSI MHHYC
cBOOOJHAsl 3HEePrusi KOHEYHOro COCTOS-
Hus. CpaBHHMBasl 5TH JBa BbipaXKeHUs 1.1
L, nonyunM BbiBeJleHHbIH paHee pe-

3yJabTar. Horeuroe
PaccMoTpuM  CHayaja  MOJIOXKEHHE cocmar e
cHCTeMbl, B KOTOPOM S TOpLIHeH LH- Puc. 18.

JUHAPOB B ¢ mnpaBoil CTOPOHBI SIIHKa

CONPHKACAOTCSI C OKHaMH, TaK YTO 3TH UMJIMHADbl HMEIOT HyJeBble
0o6beMnl, TOrJa Kak MOPILHH 7 UMJIHHIAPOB A c/ieBa HAaXOAATCA B TaKOM::
TNOJIOXKEHHH, 4TO A-H LMJIMHAP COAEPXKHT n, MoJei rasa A, (cv. puc.
18) npu KOHLEHTpau«H, PaBHOH KOHLeHTpauuHu [A,] 3Toro rasa BHYTpH.
sILMKA.

Flpu sToM mapuuasibHble JaBJeHHs rasa ¢ o6eHX CTOPOH MOJyIpo--
HHLlaeMO!l TeDEeNOHKH OAMHAKOBbl, OJarofapss ueMy MOALEPKHUBAETCS !
COCTOSIHHE DPABHOBECHSI.

O6partumoe npeBpailleHHe H3 HayaJbHOr0O B KOHEYHOE COCTOSIHHe:
MOXKeT ObiTb COBEPLIEHO CJeIYIOUMMA ABYMs lLaramH.

1-i war. HauuHas ¢ neppoHayasibHOro noJioxKeHHs (puc. 18), menen-
HO mepeMellaeM BHYTPb IOPIUIHH B LMJMHIpPAX —C JIEBOH CTOPOHbLK
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smUKa — JO TeX Iop, NOKa raskl, coiepXauiyecss B 3THX LHJIMHApAX,
HPOHAYT uepe3 IOJNYNPOHHIIAEMYIO IEPENOHKY B OGOJbLIOH SAIIHK.
B koHue mpouecca cucreMa GyfeT HaXORHUTbCS B IPOMEKYTOUHOM CO-
CTOSIHHH, KOTopoe H3o6pakeHo Ha puc 18. Mpl npepmnosaraem, uTo
0o6beM 6OJbLIOro SIIHKa CTOJb BeJMK, YTO OTHOCHTEJbHOE H3MEHEeHHe
KOHUEHTPALUMH B pe3yJbTaTe TaKOro BTeKaHHs rasa IpeHeGpexxHMO
maJio. [ToaToMy KOHUeHTpauuH rasoB A Bo BpeMsi Ipoiecca IpaKTHYeCKH
NOCTOSIHHBI M paBHbl [A;], [Ae], ..., [A/].

CoBepiieHHasi CHCTeMOH BO BpeMsl 5TOro mpouecca paGora L, oue-
BUIHO, SIBISIeTCS OTPHIIATEJbHOH, TaK Kak OHa IpOofie/aHa IOPILHSMH
B HampapJieHHH, NPOTHEOIOJIOXHOM 1aBJeHHIO ra3oB. B mepBoM UMJHH-
Ipe JaBjeHHe CCTaeTcs NMOCTOSIHHLIM H PaBHbIM INaplHaJbHOMY JaBie-
HUIO p, rasa A, BHYTPH sllHKa, TOTAA KaK OGBEM LHJIHHIpPA H3MEHs-
eTcsl OT HayasnpHOro o6wvema V; 10 KoHeuHOro o6bema, paBHOIO HY.JIO.
PaGora paBHa NPOW3BEACHHIO MOCTOSIHHOTO JaBJEHHs p, HAa H3MeHeHHe

obbeMa, T. e.
p1(0—Vy) = —p,V,.

Tak Kak LUMJHHAD IlepBOHAYaJbHO COAEpPXKaa n, MoJjed, TO M3 YpaB-
HeHHus COCTOSSHHS HMeeM p,V; = n;RT. Pa6ora, Takum 006pasoM, pas-
#a —n, RT. CyMMHpyst IO BCeM LMJIMHApDAaM CJeBa, NOJydYaem

r
LI = —RT 2 ni.
=1

2-if war. HaunHasi ¢ nmpoMeKyTOYHOTO COCTOSIHHSl, OYeHb MeJJIeH-
#O MepeMecTHM HapyXy NOPWHH B § UHJIHHAPAX C IpPaBoil CTOPOHBI
ALMKA (MepBOHAYaJbHO OHHM CONPHKAcaJHCh € OKHaMH). Tak Kak JHO
k-ro UWJMHApaA, CUMTasi CBepXy BHM3, IOJYNpPOHHLAeMO HIJs rasa B,,
TO 3TOT LMJMHAD ITOrJowWwaeT BO BpeMmsl npouecca ras B, H ero KOH-
UeHTpauus B IHUJIMHApe GyaeT paBHa KOHLEHTPAuUHH B GOJILIIOM SIIH-
ke, T. e. paBHa [B,]. IlepemeliaeM NOpIIHH B LHJMHAPAX CBEpPXY BHH3
10 TeX NOp, NOKa He NOCTHTHEM my, My, ..., m, MoJeil rasoB B,
B, ..., B,

Takum o6pa3oM, Mbl NMPHIEM K KOHEYHOMY COCTOSIHHIO, ITOKa3aHHO-
My Ha puc. 18 cnpaBa. ¥ uuauHApoB A TNOPLIHH KAacaloTCs OKOH,
BCJIC/ICTBUE Yero UX oObeMbl PaBHHl HYJO, TOTAAa KaK BCe IOPUIHH B
UMAHHApPaX B pacnosioxeHbl Tak, uyTO k- LMJHMHAD, CUHTasl CBEpXY
BIIM3, COJNEPXKHUT m, Moseil rasa B, npH KOHLEHTpALHH, PAaBHOA KOH-
ueHTpauuH [B,] 3Toro rasa BHYTpH suiuka. CaenosaresibHo, rasbl B,
B,, ..., Bs B uMaMHApax M siUHKe HaXONATCS B PaBHOBeCHH OJiaro-
Japsi TOJIYNPOHHLIAEMOCTH AHMUL LHauHApoB. Pabota Ly, npopenan-
Has CHCTEMOI BO BpeMsi BTOpOro liara, 6yjeT, OueBHAHO, IMOJIOXKHTE/b-
Ho#t. OHa MOXeT ObITh NOACYHTAHA TaK XKe, Kak H paHbuie.

Haxonum

s
Lu = RT Elm,.
j=
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OGwas paboTa, BhIIOJIHEHHAs BO BpeMsi BCero IpeBpalleHHs — CyM-

Ma Ly u Ly, T.6e.
8

L=RT (Zlm,- — 2 n). (137)

= =1

Sra paboTa paBHa pa3HOCTH MeXAY CBOGONHLIMH 3HEpPrHsiIMH Ha-
4aJbHOTO M KOHeuHoro cocrosiuuil. Uto6bl HafiTH 3Ty pasHOCTb, OTMe-
THM, YTO B HauaJbHOM H KOHEYHOM COCTOSIHHSIX COAep:KHMoe GOJbllO-
ro flMKa OXHO U To xe. [leHCTBUTeNbHO, NPH Iepexofie H3 ORHOTO
COCTOSIHMsSI B JIPyroe Mbl CHayaJla BBeJH BHYTpPb GOJBLIOrO SIUIMKA 71,
moJnedl A,, ny, Monelt A,, ..., n, Moneit A, (1-i mar), a 3arem us-
BJIeKJIH m; Moselt By, m, mone#t B,, ..., m, moaeit B,. Ho, cornac-
HO ypaBHeHHIO peakuuHu (135), BellecTBa, BBeJeHHbIE B 6OJIbLION SIUIHK,
5KBHBaJIeHTHHl H3bATHIM. ITo3TOMY Hamo yuyecTb TOJNBKO PasHOCTb MeX-
Jly CBOGOIHO# 3Heprueil rasoB A, cojepkauuxcs B UMAHHApaXx A BHa-
yajse, ¥ CBOOOJHOH 5HeprHell rasoB B, cogepxamuxcs B LUMJAHHApax B
B KOHLE.

CeoGozxHasi sHeprusi n, mosell A, B MepBoM LMJHHApE (HayalbHOE
COCTOSIHHE) MOXKeT ObiThb BHIUHC/JEeHa ciaefywowuM obpasoM. O6beM, 3a-
HHMaeMbli OFHHM MOJIeM Tas3a, O4YeBHJHO, paBeH OOpaTHOM BeJIHUHHE
KoHueHTpaunu [A;]. CBoGonHass sFeprusi ogHoro moJas A, nosyyaercs
Torza Hu3 ypaBHeHust (119) noxcraHoBkoil B Hero 1/[A;] mnsa o6beMa
onHoro Moas. Tak Kak Mbl UMeeM n, Mose#l A;, To cBoGoaHasi 3Hep-
rds 3TOrO rasa CCCTaBJseT

ny {CvlT + W, —TCvilnT — RIn[4,] + al)},

rae Cyi, W, H @, — MoJIsipHbIe TeNJIOEMKOCTb, 3HEPrHs M SHTPONHH-
Hasl nocrosiHHas rasa A;. Hcnoabsys mopoGHble oGo3HaueHHs AJsl ra-
aoB A,, ..., A, nonyuaem Ajs cBoGOAHOH 3Hepruu rasoB A, Haxo-
JALIKMXCS MepBOHAYaslbHO B LMJIHHApaX A, caeiyiwoliee BbipaXKeHHe:

i‘:lni {CviT +W:—T (CviinT — R In[A] + a)).

ITogo6no 3TOMY CBOGOAHYIO 5Hepruio rasoB B B uuauHgpax B B Kou-
ue mpouecca NpeiCTaBuUM B BHIE

?:‘lm, {CVT + W —T (Cy;InT — R In|Bj] +qj)},

rae Cv;, W, ¥ aj — MONApHbIE TEIJIOEMKOCTb, SHEPrHsi M SHTPOINHI-
Hasl TIOCTOSIHHAA rasa B;.
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PasHoCTb MeXZIy 3THMH JBYMs BbIpaXKeHHsIMH JOJKHa GbITb paBHA
pabote L, npueenensoit B (137). CrnenoBatesibHO, HMeeM

r

RT (Z,lm, — Elm) = Elm {CviT -+ Wi—T (CvilnT —
1= iI=

— RIn[A] 4 a)}— Zlm, {C¥iT + W] —T (Cy;InT —
l=
— RIn|[Bj] + aj)}. (138)

Pasnenus na RT M mnoTeHuupysi, npusojum ypasHeHHe (138) k
cjefymoleMy BHAY:

s

r
1
ry {Z m{R+Cy —a )—Z ni (R4-Cy—a,) }
j=1

[A1)7 [42] . L [A]r —e i=l
[B,]™: [B]™s . .. [By]™s — X
r 8 T 8
1 , niW;— mw
?(2 Vin— 2 CV/'"/) _}1:' g i
xT = - RT . (139)

[TpaBasi yactb ypaBHenHsi (139) sBasieTcst yHKUHeE TOJNBLKO Temne-
patypbl. Takum 06pasoM, 3TO ypaBHeHHe He TOJBKO JOKa3blBaeT 3aKOH
nefictsyromux Macc (136), Ho M mokaswiBaer BHA ¢yHKuMu K (7).

Mbsr ob6cynum ypaBuenue (139) B § 24; B caeayiomeM naparpade
JaJuM ellle OAHO JO0Ka3aTeJbCTBO TOH Ke (PopMY.JIbl.

23. IPYTOE NOKA3ATEJIbCTBO YPABHEHHUS
FA30BOro PABHOBECHS

B 3ToM mnaparpage Mbl BbiBezeM ypaBHeHHe (139), ucmoabsys pe-
3yJbTaThl, NoJyyeHHble B § 17, B KOTOpOM ObIJIO NOKa3aHO, YTO CO-
CTOSIHME DaBHOBECHSI CHCTeMbl NpH 3ajaHHOH TeMmepaType H 3aJaHHOM
o6beMe COOTBETCTBYeT MHHHMYMY CBOGOZHOH 3HEpruH.

Paccmotpum cMmech rasoB Ay, ..., A, ¥ By, ..., B, npu temne-
patype T, 3aK/IiO4eHHBIX B COCYJ omnpeleseHHOro o6rwemMa V u Xxumuue-
CKH B3aHMOJeliCIBYIOLIMX corJjacHo ypaBHenHio (135). Korza cmech
BHYTPH cocyja NPHHHMAaeT yyacTHe B XHMHYeCKHX peakIIHsiX, TO KOH-
LeHTpalUsl pa3lHyYHLIX Ta30B H3MeHseTCs, B pe3dyJ/ibTaTe Yero HaMeHs-
eTcsl Takxe cBoGOAHasi SHEPrHsi cMecd. BhiBejeM yci/ioBHe paBHOBecHS
XHMHYECKHX peaKuHii U3 Tpe6OBaHHS MHHHMAJbHOCTH CBOOOLHOH 3Hep-
rud. aa aToro cienyer cHauasa HafTH BbIpaXKeHHe [JA €BOGOAHON
SHEPTHH CMEeCH rasoB C 3aJJaHHbIMM KOHIIEHTpalHUsIMH.

3akoH [ambrona (cM. § 2) ycTaHaBIHBaeT, 4TO JaBjieHHE CMeCH
(¥:AeasbHBIX) TasoB COCTaBASieT CyMMy NapuUHaJIbHBEIX JaBJIEHHH KOMIIO-
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HEHT cMecH (TapuHaJjbHOe JaBjeHHe KOMIIOHEHTH — 3TO JaBJeHHe,
KOTOpoe KOMIIOHEeHTa oOKa3aJja Obl, ecqu Obl OHa OfHA 3aHHMMaJja BCe
MPOCTPAHCTBO, 3aHSITOe CMech0). DTOT 3aKOH YKa3blBaeT, YTO Ha Kax-
IyI0 KOMIOHEHTY He BO3JefCTBYeT NpPHUCYTCTBHE APYTHX KOMIIOHEHT H
CBOYICTBa KOMIIOHEHTH B CMeCH He MeHs:OoTcsl. Temepb 0GOGI{HM 3aKOH
JlanbToHa, moJiarasi, YTO AJISI CMEeCH HIeaJbHbIX Ta30B SHEPrHs H 3HT-
POIHUS TaK¥Ke PaBHbl CyMMe SHepruil M SHTPONHH (MapLHaJbHBIX 3HEp-
THi U MapuUHaNbHBIX SHTPOMHH), KOTOphHe KaXKAas KOMIOHEHTa HMeJa
6bl, ecd Obl OHa OfIHA 3aHUMaJla Becb O0beM, 3aHSTHIA CMeChbio, IpH
TOH Ke TeMIeparype, YTO H CMeCh.

W3 onpepenennit (111) u (121) cBoGonHO# 3HEpPrHH H TepMOIHHa-
MHYECKOTrO IMOTeHuHasla MpH MOCTOSHHOM [aBJeHHH HermocpelCTBEHHO
cJelyer, 4YTO JJs1 CMeCH HIeaJbHbIX Ta30B 3TH BEJHYHHBl COOTBET-
CTBEHHO paBHbl CyMMe IaplHaJbHbIX CBOOOJHHIX 3HEpPrHil M CymMe
MapuHaibHbIX TEPMOJHHAMHUECKHX MOTEHUHAJIOB MpPH MOCTOSIHHOM JaB-
JIeHHUH KOMIIOHEHT cMecH. Mcxonst M3 3THX IpPeNNoJIOKEeHHH, MB MOXEM
HanucaTh BuIpa)keHHe Jis CBOOOMHOW 3HEPTHH paccMaTpPUBAEMO# CMeCH
rasoB. CBoOonHasi 3Heprust OJHOro Moss ras3a A, npeicraejeHa, Kak
B NpeIbAYIEM pa3jesie, BhpaKeHHEM

CV]T + Wl —T(Cvl InT — R In [A 1] + a,).

KoHuentpauust rasa A; B o6veme V cocrasisier [A;]. DTo 3Hauur,
uyro Bcero HMeercss V [A;] moaeit rasa A,. IlosTomy napumajbHas
CBOGOHAsl HEPTrHsl 3TOH KOMIIOHEHTHI CMeCH COCTaBJsieT

VIA{CHT + W, —T Cvi InT — R1n[A] +a}.

CBoGoaHyIO 3HEPrHi0 BCeH CHCTEMbl NOJMydyaeM, CYMMHpYSl NapLH-
a/lbHble CBOOOJHbIE 3HEPTHH BCeX ee KOMIIOHeHT. B pesyabrarte cym-
MHpOBaHHs JJis1 BCell CBOGOAHO! SHEPrHH HMeeM

F=V 121 [A {CviT + Wi —T (Cv:InT — RIn[A] + a)} +
+ V%{B,} {CVT +W; —T (Cy;InT —RIn[B;] +a;)}. (140

Tenepp paccmoTpHM GecKoHeYyHO Maayio peakuuio THma (135), T. e.
peakuuio, B KOTOpPOi B NpeBpalleHHH IPHHUMAIOT yyacTHe GeCKOHeyHO
Masibie KOJIMYecTBa BellecTBa. EC/AHM peakiusi NPOMCXOAHT CJeBa Ha-
npaso B (135), To GeckoHeuHo Masble KOJiMyecTBa rasoB A;, Ao, . . .,
A, Hcue3al0T H 006pa3yioTcsi GeCKOHeYHO MaJible KOJIHYeCTBa Ta3oB
Bi, Be, . . ., Bs.

Yactu mouseit rasos A, A2 . .., A, KOTOpble HCU€3aiOT, npo-
NOPUHOHAIbHEL COOTBETCTBEHHO Koddduumenram ny vng, . . . , n,, a
4acTH MoJsied, 0OpasyioUMXCS B pe3ysbTaTe peakUuH rasoR B,



94 Peaxunu B raszoeofi ¢dase

B,, ..., B, nponopuHoHaJbHEI COOTBETCTBEHHO YHCJIaM My, My, ... ,
ms. CienoBaTenbHo, KoHueHtpauuu [A], [A2] ... u [Bil, [Bz], . ..
I0JIBEpPraloTCst H3MEHEHHAM:

—€ ni, —€ ng, ..., "‘Enr; eml, €m2) ce ey Emsy

rae € sBasieTcss GECKOHEYHO MaJloif KOHCTaHTOH IPONOPLHOHAJLHOCTH.

Eciu F pomkHa ObiTh MHHMMajbHa B JAHHOM COCTOSIHHH, TO H3-
MeHeHHe F B pesynbrare GeCKOHEYHO MaJsOH peaKlUWH JAOJ/DKHO ObiTh
paBHO HYJO. TaK Kak 3TO M3MeHeHHe MOXKHO IIOJCYHMTaTb, KaK eCJH
6ul OHO OblI0 mHddepeH1HaloM, TO HMeeM

. dF oF oF
BF__-MEnl—E[—mEnz—- o T4 €n, +

oF oF oF
+73[—13—1]—6m1+m6m2+ .o +m ems = 0.

PasnenuB 3To ypaBHeHHe Ha €V H 3aMeHHB NpPOHM3BOAHLIE MX BEJIH-
YHHAMH, BBIYHCJEeHHbIMH H3 (140), mosnyuyaeM cJjepaylollee ypaBHeHHE:

— ;l n{CviT +Wi—T (Cvi InT — R1n [Ai] + a)) +RT} +

+ ,an'{c‘;’T +W;—T Cv;InT —RIn [B;] 4 a/) + RT} = 0.

Cpasy BuaHO, 4TO 3TO ypaBHeHHe H ypaBHenue (138) mmeHTHUHBI.
CiienoBaTesbHO, ypaBHEHHE DaBHOBECHSI MOXET ObiThb IIOJIyYyeHO TakK
e, KaK H B NpejbAylleM pasfielie.

24. OBCY)XKJAEHHE YPABHEHHS TrA30BOro PABHOBECHS.
NPHHUHN JIE WATEJILE

W3 ypaBuenu#t (136) u (139) MOXHO NOJYYHTH BIIOJIHE OIpese-
sennbit BuA ¢ynkumH K (T'), KoTopasi CTOMT B NpaBOi YacTH paBeH-
crBa (136). (K (T) wuHorpa HasbiBaeTci KOHCTaHTOH B 3aKOHe
JeHCTBYIOUIHX MaccC; KOHEYHO, OHA SIBJSIETCA KOHCTAHTOH TOJIbKO
npu nocrosiiHodl temmeparype). CpaBuuBasi (136) m (139), wouayuaem

N r
N
21X ®icy~apmi— Y Rcy—ar)
KT)=e i=! =1

r s r s
%(Z CWI,‘Z C{;;m,)-e—RLT(Z nwy —Emiw;}\
xT =1 i=1 =1 =l ) (141)

Yto6b1 06cyauTh 3aBicumocTb K (T') oT TeMmepaTypbl, ONpele]HM
ciayasa Tensory H xumuueckoil peakuuu (135).

X
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PaccMoTpuM cMech razoB A m B IIpH NOCTOSIHHBIX 06beMe H TeM-
neparype. IlycTb 5TH rasbl y4acTBYIOT B peaKUHMH COIVIaCHO YpaBHe-
uuto (135), Tak uto ny, Ny, ..., N, MoJeii razoB Ay, A, ..., A,
BCTYMAIOT B PeaklMio, B pe3yJbTaTe 4ero BO3HHKAET My, My, . . ., M;
Mmosieit rasoB B;, B,, ... , Bs. Tensnora H, pa3Butas crcTeMoHl EO
BpeMs 3TOrO H30TePMHYECKOro Ifolecca, Ha3biBaeTcsi TeNJOTO H
pPeaKUHU NPH NOCTOSSHHOM oObeMme. Peakuuio Hasmbpaor
5K30TEepPMHYECKON HIH 3HAOTEePMHYECKOH B 3aBUCHMOCTH
OT TOTro, BbIleJAeTCS HJH IOMVIOIMAeTCsl CHCTeMOil TemJoTa IpH Ipo-
TekaHum peakunu (135) ciesa Hamparo.

Tak Kak peakudsl NPOUCXONUT IPH IOCTOSHHOM oObeMe, TO CH-
cTeMa He coBepilaeT HHKakof paGotel. ITosTomMy Tensora, morJowennas

cucreMoil (= — H), paBHa, COr/1aCHO NepBOMY 3aKOHY T€PMOAMHAMHKH
(15), HaMeHeHHI0 3Hepruu cucremsl AU:
H=—AU.

BcnomuHasi, 4yTo 3Heprus OfHOro MoJsi rasa, Hanpumep A,, paBHa
Cy,T + W, u uro B pesysbrate peakuuu (135) KomuuecTBo rasos A,
A, ..., A, u3MeHHTCI HAa —ny, Ny, ... ,— N, MOJNEH, a KOJH-
yecTBo racoB B,, B,, ..., Bs Ha my, m,, ..., ms, MoJe#i, wus-
MeHeHHe SHeprHH 3alHIleM B BUle

r

AU = /21 m(CyiT + W[) — 2 ni CviT + W)).

i=l

Takum o6pa3oM, TelJoTa peaKUHH COCTaBJIsET
H= 21 ni (CviT + W) — /Ex m; (Cv;T + W}). (142)
Jlorapudpmupys u puddeperuypys pasenctso (141), monyuaem
dinK(T)

r N r s
$ CV,n,—XC{,,m/ Zw,n,—g W,-'m,
daT - RT + RT?

W3 storo ypaBHenwuss M ypaBHeHHsi (142) Haxopum, uTO

dInK (T H
ndT( )=W‘ (143

W3 ypapHeHusi (143), koropoe G6blio BbiBefeHo [eabmroabuem*,
sicho, uto K (T') siBnsetcst Bospacratwouleii HIH yObiBawowell ¢yHKuueh
TemnepaTypsl T B 3aBHCHMOCTH OT TOrO, IOJIOXKHTEJbHA MJIM OTpHLA-
TeJbHa TenyioTa peakund. K (T) yBesnuuBaeTcsl C EO3pacTaHHEM TeM-

* OHo MOXeT ObiTh NPSIMO BHIBEEHO TaKXKe C HCNOJb30OBaHHEM H30XOpHL
Bant-T'odda (117), mono6Ho ToMy, Kak 9To clenaHo B § 22.



96 Peakunu B rasoeofi dase

TlepaTypbt INPH 3K30TEPMHUECKHX peaKUHsIX W YMEHbIUAeTCs C IOBbllLe-
HHEM TeMIlepaTypbi NPH SHIOTEPMHYECKHX peaKIHsX.

U3 ypasHenus (135) serko MOxHO BHAeTb, uTo yBeauueHHe K (T)
‘03HayaeT H3MeHEHHe YCJOBH pPaBHOBEeCHsI B HaNpaBJeHHH IOBLILIEHHS
KOHUEHTpaunu rasoB A W CHHXKEHHS KOHUEHTpauuH rasos B, T. e.
TiepeMellleHHe paBHOBecHsl crpaBa HaneBo B ypaBHenun (135). M Ha-
o6opor, ymenbienne K (T') nokasbiBaeT, YTO paBHOBECHE B 3TOM CJYy-
Hae nepeMellaeTcsl CJeBa Hampago.

Bausinme M3MeHeHHs BHEUIHHX YCJOBHH, KOTOPOE CKa3blBaeTCs Ha
PaBHOBECHH XHMHUUYECKOM DeakiHH, Jy4Ylle BCero MoxeT ObiTb 0600LIEeHO
npuHuunom Jle HlaTeabe. DTOT NpPUHLUHMN, NO3BOJSIOWHUA OI-
penesutb Ge3 BHIUUCJIEHHH HampaBJeHHE, B KOTOPOM IlepeMecTHTCS
paBHOBecHe TEePMOAMHAMHUYECKOH CHCTEMbl NIPH M3MEHEHHH BHELIHHX YC-
JoBHil, bopMyJHpyeTCsl CJeLYIOWHM 06pa3oMm.

Ecau suewinue ycrosusa mepmoOuHamuseckol CUCMeMbL USMEHIOMCS,
mo pasHosecue cucmemvt 6ydem cmpemumocs usmerumecs mak, 6y0-
mo 661 cucmema NPOMUBUMCA UBMEHEHUID BHEUIHUX (CA08ULL.

[IpuBeneM HeECKOJBKO MPHMEPOB, pa3bSACHSIINX 3TO NOJOXKEHHE
Mbl yxxe mokasanu, uro ecau peakuusi (135) u3orepmuyeckas, TO IO.
BbllIeHHEe TeMIepaTyphl NepeMelaeT XHMHUECKOe paBHOBeCHe B ypaBHe-
Huu (135) BneBo. Tak Kak peakiusi CleBa HanpaBo sIBJISETCS 3K30Tep-
MHYeCKOH, TO B pe3yJibTaTe CMelleHHs] PaBHOBECHSI BJIEBO, CHCTeMOM
NOTJIOIAeTCS TeMJOTa, H TaKHM 06GPa3oM MPOUCXOAUT CONPOTHBJICHHE
BO3PaCTaHHIO TeMIepaTypsl.

B kauectBe BrOporo mpuMepa npuMeHeHusi mpuHuuna Jle Hlaresne
H3yYyuM BJIMSIHHE, KOTOPOe OKa3biBaeT H3MeHEHHe JaBJeHHs (IIpH I0-
CTOSIHHOH TeMIeparype) Ha XHMHuYecKoe paBHOBecHe B peakuuu (135).
OtMmerum, 4TO Koraa mnportekaer peakuust (135), To uucio MoJedl B
HauleH rasoBoil cucreMe H3MeHsieTcs. Ecin

n4n+ ... Fn<m4myH ... 4 mg, (144)

TO YMCJIO MOJIeli NPH peakuud cJeBa HampaBO YBeJHUYHBAETCS, a €CJH
HepaBeHCTBO HMEET NPOTHBOMOJIOXKHLIH 3HAaK, TO YHCJO MOJell YMeHb-
waercsi. ECIH NpennosioXXuTh, 4TO MMeeT MecTo HepaBeHCTBO (144),
TO CMellleHHe paBHOBeCHsI HampaBo OYIeT YBeJHYHBaTb JaBJEeHHE H
HaoGopor. Iloatomy, corsnacuo mpunHuuny Jle Illarenne, cienyer OxH-
JIaTh, YTO YBeJHYEHHe JaBJIeHHsI Ta30BOH CMeCH CMECTHT YypaBHeHHe
BJIEEO, T. €. B TaKOM HanpaBJeHHH, YTOObl MMPOTHBHTLCS YBEJHUEHHIO
JaBeHHs (BooOuie yBeJMueHHe NaBJeHHs GyJIeT CMellaThb paBHOBECHE
B HampaB/JeHHH yMeHbllleHHsl 4YWcia MoJied B CHCTeMe M Haobopor).
D TOT pe3yJbTaT MOXKeT ObITb HENOCPEeJACTBEHHO TMOJy4YeH M3 3aKOHa
JeHCTBYIOLLHX Macc.

Ecan Mbl yBe/IMYHM [aBjieHHEe B CHCTeMe, a TeMIepaTypy COXPaHHM
HOCTOSIHHOM, TO KOHIUIEHTpAlMsl KOMIOHEHT -Ia30BOHl CMeCH BO3pacTaert.
Ecau Gbl XHMHYECKO: paBHOBECHe He Hapylanocb, TO KOHLEHTpaLHs
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BCeX KOMIIOHEHT NOJKHA Obl1a Obl BO3pAacTH, NMpHOOpPeTss OOUHMHA MHO-
kuTesab. CupTasi, YTO HMeeT MeCTO HepaBeHCTEO (144), Mbl IOMKHBI
6biid Obl OXKHJAThb yMeHbuleHHst JeBoi yactd (136). Ho Tak kKak BbI-
paxkeHue B mpaBoil yactH (136) ocTaeTcst NMOCTOSHHBIM, TO H JieBast
yacTb He MOxer yMeHbIUHTbcs. ClleloBaTtesbHO, paBHOBECHE JAOJKHO
HIepeMeCTHTECS BJIEBO, YTOObI COXPaHHUThb JIEBYIO 4acTh ypaBHeHHs (136)
TIOCTOSTHHOH.

Takum o6Gpa3oM, Mbl MOXeM CAeJiaTb BbIBOA, YTO HH3KHe JaBlle-
HHSl CIOCOOCTBYIOT MpOIeccaM JHCCOLHALMH, a BBICOKHE JaBJIEHHS —
npoueccam CHHTe3a.

3anaum

1. Ons xumuyecko#t peakumu tHna 2A = A, KOHCTaHTa DaBHOBECHSI B 3aKOHe
JeficTBylowHXx Macc npu TeMmnepatype 18° C cocrarasert 0,00017. OGuee naBienue
rasoBofi cMecH paBHO 1 amm. Halith mpolueHTHO® cofepxKaHHE AHCCOLMHPOBAHHBIX
MoJleKkyJ1.

2. 3Has, YTO TeINIOTa peaKUUH, pacCMOTpeHHoi B 3ajlaue 1, cocTaBiser
50000 xax/moab, HalTH CTeneHp AUCCOLHMaluM npH Temnepatype 19° C u jaB-
Jeuud B 1 amm.



TAABA VIl
TEPMOAUHAMHUKA CJIABbIX PACTBOPOB

25. PA3BABJIEHHBIE PACTBOPbI

PactBop cuuraercss ciaGbM, KOrjJa KOJMYECTBO PacTBOPEHHOTO Be-
IIECTBA MaJIO IO CPaBHEHHIO - C KOJMYECTBOM pacTBOpHTeNs. PasoBbeM
OCHOBHBIE TPHHIHIBI TEPMOAHHAMHKH CJa6GhIX PacTBOPOB.

PaccmorpuM  pacTBop, oOpa3oBaHHBIi M3 N, MoJeil ~pacTBOpHTeNs

¥ cooTserctBeHHO Ny, N,, ... , N, MoJjei paa.nuqﬂbxx PacTBOPEHHbIX
BemectB. [las ciabbix pacmopos
N1<<No; N2<<No; cee 3 Ng << No- (]45)

Haiinem cHayana BblpakeHHs1 A/ 3Heprdd, oObeMa, SHTPOIHH
¥4 T. I. Hawero csaboro pactBopa. HemocpencrBeHHoe npHMeHeHHe
TepMOJMHAMHUYECKHX YPaBHEHHIl MO3BOJHUT TOrAa BBISICHHTb BCE CBOM-
cTBa CJabblX pacTBOPOB.

PaccmotpuM cHavyasna sHeprHio U pactBopa. IlycTh u — sHeprus
HeKoTopo#l HeGOJIbILOW YaCTH pacTBOpa, COjepKallieii OJMH MOJb pac-

TBOpHTEJISl. DTa YacTh PacTBOpa GYNeT COAEpXaTh % MoJIeil pacTBOpeH-
0

HOro BellecTBa A, % MmoJsielt BeumiectBa A, ... , %‘5— MoJiell Belle-
0 [}
crBa A,. dueprus — ¢yukuus T, p H BeJIH'lHH%—l 2’—/’, cees xﬂ T. €.
u—u!T p, = ,...,I—VN‘L). (146)
0

Taxk xak Becb pacTBop comepxut N, MoJell pacTBOpHTENsl, TO €ro
sHeprus U B N, pa3 Goabiue, uem (146), T. e.

N, N N
U=Nou(7', p, I‘T‘l), W:, cee o Wﬁ). (147)
n 5 N, N, Ng
OCKOJIbKY pacTBOp CJja blff H OTHOLUEHHS N ’ N 9 eve F OueHb

Majibl, NPeAINOJIOXKHM, YTO MOXKHO Pas3jOXHTh <bym<umo (146) no cre-
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TNeHsM 3THX OTHOILEHHH W NpeHeGpeub BCEMH CTelEHsSIMHM, Kpome Iiep-
Boi. Ecsim npopenatb 310, TO MOJyuMM

N N, N
u=u,(T, p)+ g (T, D+ Fu T, 0+ +5Eu (T, p).
INToncraBnsis npuBenenHoe BbipaxkeHue B (147), Haxogum
U= Nouo (To p) +N1u1(Ti p) +N2u2(Tv p) + ot +Ngug(T’ p) =

g
= i}; Nu (T, p). (14§)

YuutbiBasi HepaBeHcTBO (145), caemoBasio Obl OTMETHTb, UTO XOTS
pa3/HyHbie ujieHbl B BbipakeHnu (148) nns u ¢opmanbHO BnojHe 1O-
JIOOHBI, TEpBbIl YJieH 3HaYMTEeJbHO GOJIbllle OCTaJbHbIX.

ITono6GHbLIMH pacCyXI€HHSIMH MOXKHO IIOKa3aThb, YTO B TaKOM 3Ke
npubJIKEeHHH 06beM MoxeT OHIThb HamHcaH Kak

V= Novo(T, P) +N101(T1 p) + .- +Ngvg(Ti p) =
g
= [zzo N, (T, p). (149)

Tenepb Mbl JOJKHEI TOJNYYUTb BbpaX<€HHe JJISI SHTPONHH pacT-
Bopa. s sTOoro paccMoTpum GecKOHEUHO Majloe oGpaTHMoe IpeBpa-
LleHHe, BO BpeMsi Kotoporo 7" M p H3MeHSIOTCS Ha GECKOHEUYHO Ma-
Jble BenuuuHnl dT u dp, Torma Kak BeauuuHel N, Ny, ..., N, He
u3MeHstoTcsl. B pesysibraTe H3MeHeHHe SHTPONHH COCTABHT

g
d 1 d du; .
dS=TQ=T(dU+PdV)= E N‘% (150)

im0

Tak Kak dS sBasercs nojHbM AuddepeHuHaloM IJs NPOH3BOJIb-
Horo N, To KoabduumenT npu KaxaoM N B (150) mosmkeH ObiTh moJi-
HbM auddepernHanoM. IIporHTerpHpoBaB 3TH MOJHbE AHGdepeHIHalIb,
nonyyum pap yukumit s, (T, p), (T, p),..., sg(T, p), TaK uTO

du dv,
ds, (T, p) = 2t pdo (151)

Ecnn Tenepp Mbl mpouHTerpupyeM (150), To Haiinem BblpakeHnue

JJIs1 SHTPOIHH:

g
S=.}jo N (T, p) +C Ny, Ny ..., Np. (152)
Koncranta unrterpupoBaHusi C He 3aBucHT OT T M p, OJHaKO 3a-

BHCHT OT BceX N; AJIsi HarjisiRHOCTH Mbl OTMeTHJH 3T0 B (152). Be-
JIMYHHY 3TOH KOHCTaHTbl MOXCHO ONpPEJEJNHTb CJelylolnHM obpasoM.
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. .Tak Kak He OblIO cCleJaHO HHKAKHX OrpaHHYEHHH OTHOCHTEJbHO
Toro, Kakobl 7" M p, To Bbipaxenue (152) pns S ocraHercsi mpume-
HUMBIM M B TOM CJydYae, €CJH Mbl BoiOepeM JaB/leHHe p TakKHM Ma-
JbM, a Temnepatypy T Tako#l GOJIbUIOH, YTO BeCb pacTBOp, .BKJIIOYast
BCe pacTBOPEHHOe BelllecTBO, Mcmaputrcs. Toraa Hama cucremMa 6yner
LleJIMKOM Ta3oo0pa3Hoil, a, KaK Mbl yXe 3HaeM, SHTPONHS IJ TaKHX
CHCTeM paBHa CyMMe IapuHaJbHbIX 3SHTPONHH KOMIIOHEHT TIa30B
(cM. § 23). Ho sHTponusi ogHOro MoJsi rasa ¢ NapuajbHLIM JaBJe-
HUEM p, H MOJSIPHOH TemjoemKocTbio C,, cocCTaBiseT (CM. ypaBHe-

Hue (87)).
C,InT—RInp,+a,+RInR. (153)

CnenoBare/bHO, TaK Kak Mapuua/bHOe JAaB/eHHe p, Belnectsa A,

pN;
paBﬂoo Ay R ofluee naBleHHe, TO AJs PacCMaTpH
BaeMOil CMeCH rasoB HMeeM

g
S = ZN‘(CpllnT—Rlnp-ﬁvfﬂ:+a,+RlnR)—_—

i=0

g g
= Y N,(CyInT—RlInp+ a,+ RInR) —R ¥, NyIn 2

=0 =0

CpaBHHB 3TO paBeHCTBO ¢ ypaBHeHneM (152), KoTopoe TaKxe IpH-
MEHHMO K Hallled rasoBod CMeCH, HaXOIHM, 4TO

$;=C,,InT—RInp+a+RInR

g
N,
C(No, Nl’ LI Ng) = -—R ZN‘IH_N-O——}--_-‘-_-—I-—N;' (154)

‘-=0

Ho xoucranta C (Ny, Ny, ..., N,) He 3aBucut ot T u p. Ilo-
3TOMYy ee BesiHuMHa (154) He 3aBHCHT OT Toro, SIBAsS€TCS JIH PacTBOP
cMmechio rasoB. Ee MoxHo HcnoJsb3oBath Bceraa. 3HauuTt, (154) MOXKHO
3anucaTh Kak

8 g
= VY Ns (T, p)— N 155
S %,m,m REMmMJﬁm+M (155)

. Ilpunumast B pacuer HepaBeHctBo (145), yno6HO YHpOCTHTB moO-
cnenuuit uned B (155). IlpeneGperas uineHamu mnopsigka Boille mnep-
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BOTO OTHOCHTENBHO MasblX BeauuwH Ny, N,, ..., N, .Haxomum, uro

N | NEIRY
N,In 2 =N, In = ..
No+ Ny+ -+ Ny 0 Ny Neg
]."*"1\/0‘*""'*"/\70
- M N, _”_Ng)_. — ——t o
- 0(_m_m_ ¥)=—N—N, N,
H YTO
N, _ Ny .
N;In Iy A —NilnNo (s i >1).
Orciona

& g
S = N5, (T, p)+ X, N,{s, (T, p)+ R} —R Y, N,InRt.

i=1 i=1
BMecTo GyHKuHI s BBeseM Ternepb HOBble (YHKIHU:

% (T, p) =5, (T’ P,

(T, p)=5.(T, p) +R,

oy (T, p) =5, (T, p) + R, (156)
o.(T, p) = 5, (T p)+R.

Torna

& 4
S=YNo T, p—RYN, 1n’,‘(,—:). (157)

i=0 i=1

(OTMeTHM pa3HMLY IIpefiesIoB B IBYX CyMMax).

Xors BeNWuYMHBl u;, U; U o, CTPOrO TOBOpS, SIBJSIOTCS (QYHK-
uMaMH T M p, U3MEHEHHs 3THX BeJHYHH MNPH H3MEHEHHH JaBJeHHs
OYeHb MaJbl, TaK 4TO u;, U;, o; LJs1 BCeX NMPAaKTHYECKHX liesiell MOXHO
paccMaTpHBaTh Kak (GYHKUMH OJHOH JIMILD TeMIeparypbl *.

* PaccMoTpenne V; Kak BeJHYHMHB, He3aBHCslled OT p, PaBHO3HAYHO Mpele-
6pexeHHI0O Majlofl CIKHMaeMOCTblo XKHAKOCTei. [Tof06HO 3TOMy M u; MOYTH He 3a-
BHCHT OT p. JleACTBHTENbHO, €CJH H30TEPMHUYECKH CXKaTh MHIKOCTb, TO, Kak
M3BECTHO M3 SKCMepHMEHTa, BHJeJseTCs NpeHe6PeXXHMO Majoe KOJHYeCTBO Tel-
JoTel. Pa6oTa mpH STOM TOXe OYeHb Masa, MOCKOJbKY OYeHb HEe3HauHMTeJIbHO
H3MeHsieTcsi o6beM. M3 mepBoro 3akoHa ciepyer, 4To H3MeHeHHe SHEPIUH OUYeHb MaJio.
UTo6bl MOKa3aTh, YTO B; TaKiKe MPAaKTHYECKH HE 3aBHCHT OT p, HcnoJap3ys (156)
H (151), sameuyaeMm, uto

a, 9s; 1 (au,+ pav,-
op oOp T\op dp

Tak Kak u; M v; NPaKTHYECKH He 3aBHCHT OT p, TO YaCTHHIMH MPOHM3BOA-
HEIMH B NMPaBofl 4yacTH MOXHO npeHeGpeub. CriefoBaTeNbHO, NPOM3BOAHAsI (@)

dp
OYeHb Mana M d;, TaKHM 0o6GpPa3oM, NMPAKTHYECKH 3aBHCHT TOJbKO OT T
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:B.TeopuH cJabblXx pacTBOPOB Mbl Bcerja GyleM NpHMEHSITh 3TH
npubnuxkenus. Ilostomy ypaBHeHus (148), (149) u (157) Hanuiem
B CJejyIolleM BHJE:

g
U= }-l‘ Niul (T),
=0

g
|4 =‘X0Nivi (1), (158)

Y

X N
S';Z Ng, (T) — RL Ning.
= N,

TIpu nmomoum 3THX Bblpaxkenu#t pas U, V u S MoxHO cpasy xe
Hanucath GopMyJibl AJs CBOGOAHOH SHepru# F M TepMOAHHAaMH4ecKo-
ro norenuuana @ (cM. ypasHenus (111) u (121)):

8 g
F = YN[, (T) — Ta ()] + RT X Niln ! =
= = 0

gﬂ & N
= SN/ (T) + RT X Ngn e, (159)
=0 =1 []
roe
t;(T) = u;(T) —To,(T) (160)
H

g o
@ = XN, [, (T)—To,(T) + poT)] + RT 3 N‘lnxi -

Z {F,(T) + po, (T)) +RT2,N1nN‘.

(161)

§ 26. OCMOTHYECKOE JABJIEHHE

Hwmest peso ¢ pactBopamu, Mbl Ha3oBeM MOJIYNPOHHIAEMOH TaKyio
neperopofKy, KOTopasi MpONYyCKaeT pacTBODHTeJb H He IpOMycKaeT
pacTBopHMoe BellecTBo. IToJynpoHHIaeMbie MeperopoaKH AJs BOXHBIX
pacTBOpOB BCTpedaloTcsl B IpHpoie oueHb YacTo. Hampumep, mepe-
MOHKH JMBBLIX KJETOK B GOJIBIIMHCTBE CJIy4aeB IOJYNPOHUIAEMBI.
Becbma ymo6HOH HCKYCCTBEHHOH IIOJIYNIPOHHIIAeMOH IeperopoxKoii
SIBJISIETCS TOHKHH CJIOH KeJIe30(HaHMCTON MeJH, BHEIPEHHOH B CTEHKH
MOPHCTOrO MaTepHasa.

Korpa pacTBOp OTAe/NeH OT YHCTOTO pacTBOPHUTEJS IIOJYNPOHH-
uaeMoil meperopoikoi, TO Hab/MIOfaeTCsl PasHOCTb JaBJeHHH MexXny
pacTBOpOM H YHCTHIM pacTBOpHTeJIeM, HaXOASUIUMCA C HHM B DaBHO-
BEeCHH. OTO MOXHO TI0OKa3aTb Ha CJIefYIOolleM IPOCTOM OILITE,

B cocyn c¢ noaynpoHHiaeMoii IepernoOHKOH HaJiMBaeM pacTBOp
caxapa B Bole. Uepes BepXHIOIC CTeHKY COCyJa BCTaB/sieM BepTH-
KaJbHYI0 TPYyOKYy, KaK IOKa3aHO Ha puc. 19, rae noJaynpoHHiaeMbie
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CTeHKH O0003HaueHH NYHKTHpHbIMH JHHUAMH. [losokeHHe MeHHcKa
B TPyOKe CIyXHT YyKasaTesJeM JAaBJeHHS DacTBOpa BHYTpPH cOCyJa.
3areM morpyxaeMm cocyl B BaHHY C YHCTOM BOLOH M 3aMeuaeM, YTO
MEHHCK BHYTPH TPYOKH NOZHHMAeTCsi M CTaHOBHTCS Bhillle YpOBHSI B
BaHHe. DTO CBHAETEJbCTBYeT O TOM, YTO HEKOTO-
poe KOJHYecTBO BOIbl MNepeunio H3 BaHHH B pa-
CTBOD.

PaBHoBecHe JocTHraercs Torja, Korja MeHHCK
B TpyOKe HaXOIHTCS Ha HEKOTOpOH BbicoTe A Hap
ypOBHEM BOAH B BaHHe, IOKa3sblBasi, YTO JaBJIEHHE
pacTBopa Bblllle JaBJIEHHSl YHCTOH BOAbl. PasHoCTb

- . L.
JaBJeHHH Ha3blBaeTcCd OCMOTHUYE€CKHM JaB- L .jpgcmg/o :\_”j

NeHnueM pacteopa. Ecian mpeHeGpeub HesHauH- 1 ]
TeJIbHOH pasHHuei MeXAY MJIOTHOCTBIO BOAB! H IJOT- [\ tI=="T7r~—

—a—

HOCTBIO pacTBOpa, TO OCMOTHYECKOe AaBJIEHHE 6yneT
paBHO JAABJIEHHIO, OKAa3bIBAEMOMY XHAKHM CTOJI-

6oM h, ¥ BbIpasuTCsl NPOH3BEJEHHEM: Prc. 19.

BBICOTa A X IJIOTHOCTb X YCKOpEeHHE CHJIBI TSAKECTH.

YUTo6bl TepMOIHHAMHYECKH IOJNYYHTh BbIpaXKeHHE JJIfl OCMOTH-
YeCKOro [IaBJieHHsl, MCHOJb3yeM TOT OOWMA pesyabTaT, 4YTO Mpoje-
JlaHHasi CHCTeMOH BO BpeMsi M30TepMHYE€CKOr0 OGpaTHMOro mpeBpalle-
HHUs paboTa paBHAa H3MEHEHHIO CBOGOAHOH SHEPrHH CO 3HAKOM MHHYC.

PaccmoTpuM cucTeMy, H300paXKeHHYIO

A f ¢ Ha puc. 20. ILluanHIpHYecKHid cocyn

' e pa3jie/leH Ha JBe 4acTH NOJIyNpOHHIIae-

Moii nepenoHkoi EF, mnapajjesbHOM

ero ocHoBaHusM AB u CD. Jlesas

' yacTh CcOCyJa HanoJiHeHa pacTBOPOM,

g ! 2 cocrosiiuM U3 N, MoJieli pacTBOPHUTEJIs

V2 U Ny, N,, ..., Ny MoJell pasiHYHbIX

pacTBOpeHHbIX BeulecTB. [IpaBasi uyacTb

Puc. 20. cocyza 3samoJiHeHa N, MOJISIMH YHCTOro
pacTBOpHTEJIS.

Tak kKak nepenoHka, pasfesiollasi 1Be YacTH coCyJa, IPOHH-
naema JIJs YHCTOrO pacTBOpHTesisl, To OH OyaeT IpoTekaTb uepe3
nepenoHKy B o0OHMX HampaBleHHsx. Korjga sTH 1Ba TeueHHS CpaBHs-
I0TCSl, CHCTeMa INpHAeT B paBHOBeCHe, M TOrjJa pasHOCTb JaBJIEHHH
MeXJy JIeBOH M NpaBOH 4acTsIMH cocyja GyleT paBHa OCMOTHYECKOMY
J\aBJIEHHIO. :

Temepb mnpeAmnosoxuM, 4YTO IOJYNPOHHIaeMasi Meperopojxa Io-
JBHXXHA, H pacCMOTpUM OeCKOHEYHO MaJioe IpeBpallleHHe B CHCTeMe,
BO BpeMsl KOTOPOT'O IlepellOHKa IMepeMelnaeTcss Ha GeCKOHEYHO MaJioe
paccTosiHHe BIpaBO, TaK YTO OGBEM CJeBa YBeJHUHBAaeTC Ha BeJlH-
upHy dV, a o6beM cIpaBa yMeHblaeTcsl Ha Ty Ke BeJHYHHY. Tak
KaK JaBJieHHe pacTBOpa Ha JieByl0 MOBEPXHOCTb IIepelOHKH GoJibiie

1
Pacmbop :_p;:m fopu-
oo
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Ha .BeJHYHHY P, yeM JaBjeHHe YHCTOIO pAacCTBODHTeJsl Ha IIpaByio
NOBEPXHOCTb ITEePeHOHKH, TO IpoJeJaHHass CHCTeMOH paboTa paBHa
PdV.

- Bo BpeMsi [IBHXEHHS IIepelIOHKH HeKOTopoe KoJjuyecTBo (dN,
MoJIeH) pacTBOpHTeJsl IepeTeKaeT C IpPaBOH CTOPOHBI COCYJa B pacT-
BOp, HAXOASILMIACA C JIeBOH CTOpOHbI, pasbasisis ero. O6bvemb V
1 V' (cooTBeTCTBEHHO pacTBOpa M YHCTOIO DacCTBOpHTENs), COIJIaCHO
BTOpOMYy ypaBHeHHIO (158), mepex mpeBpallleHHeM COCTaBJSIOT

V = Ngvo + N1vy + - + - 4 Ngog,

V' = Nige. (162

Ecan N, yBenuuuBacTcsi Ha BeJH4HHY dN,, TO H3 IepBOrO ypas-
HeHusi (168) mosayuum*

dV = v,dN,;
nosToMy pafoTta, NpoJe/iaHHAsi CHCTEMOH, COCTaBJSICT
Pu,dN,. (163)

CpoGonHass sHeprus pacTBopa oOmnpefesisieTcst ypaBHeHHeM (159)
H paBHa

Nofo + Nofy 4+« + =4 Nofg + RT(Nlln 4+« 4+ Ngn %_i)’

CBOOOZHYI0O 3SHEPrHi0 YHCTOrO pAaCTBOPHTENSI MOJYYHM H3 3TOH
¢opmyabl npu 3amene N, Ha N, nonoxus Ny = N, =+ .- = N, = 0.
310 Aaer

NO,O'

Bcesi cBoGonHast sHEprus CHCTeMB! paBHA CyMMe 3THX JABYX SHeprHii:
£
= (No+ N fo+ Nofs + - - - + Nyfi -+ RT SNdn i
= 0

Tak xak B pesysbrate npespaiieHHss N, u N, H3MEHSIOTCA COOT-
BeTCTBEHHO Ha BeJuuuHbl dN, U —dN,, To H3MeHeHHe F 3anuchi-
BaeTCH CJIeJYIOLHM o6pa30M

2
d0F
dF = 3 dNo— aN, dN, = {fo_%_rn ¥ N,} dN, — f,dN, =

i=1
R
RT
= __I_V—ndNo Z N‘.
i=l

* Ilockonbky Ny ymenbmaercs Ha Bennunny dN,, 10 dV’ = — v,dN,, Tak
YTO BeCh OGBEM OCTAaeTCs HeH3MEHHHIM,
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dTa BeJqMuMHA, B3fATas C OOpPaTHBHIM 3HAKOM, JOJIKHA OHITb paBHa
pabore (163), mockonbky npeBpalieHHe oOpaTHMO.. TakuMm o6Gpa3om,

g
Pu,dN, = ’-?ATTO dN, YN,
i=l1

HJIH
g
Pu,N, = RT X N,. (164)

i=l

Bennuyuna Ngv,, paBHas o6beMy, 3aHATOMy N, MOJSIMH YHCTOro:
pacTBOpHTeJNsl, HE3HAUMTEJbHO OTJIHYaercss OT obbeMa V pacrBopa
(cM. (145) wu nepsoe ypaBHenue (162)). IlpeHeGperas 3Toil -HeGOJIb-
woi pasHHilei* U sameHss B (164) N,v, Ha V, noayyaem

g
PV =RT N, (165)

i=1
HJIH

P=5T (Wit Nyt - +Np. (166)

IlpuBeneHHOe BblpaxKeHHE OCMOTHUECKOTO JaBlieHHs pacTBopa
OYeHb NOXOXEe Ha VpaBHEHHe COCTOSHHSI HJealbHOTO rasa. ¥YpaBHe-
Hue (166) MoxeT ObiTb C(POpPMYJIHPOBAHO CJELYIOILHM OOpa3oM:
ocmomuueckoe Oagaerue €aab020 pacmeopa pPasHo 0agAeHUr0 udedaib-
HO20 easa, KOMopeli npu memnepamype pacmeopa 3anumaem 00uHa-
Kogblul ¢ Hum 00Bem U codepycum HuCA0 MoAel, PABHOe HUCAY MOAeil
PacmeoperHbLX  8eliecms.

DTOT NpoCTOH TEpPMOAMHAMHYECKHH pe3yJsbTaT JIerKO MoxeT OblTh
HHTEPIPEeTHPOBaH C TOYKM 3pEHHS KHHETHUECKOH TeopHH. PaccMOTpum
Cocyll, pasfieJieHHbll MOJIYNpOHHUAeMOil IeperopoJKod Ha JBe YacTH,
C UMCTBIM pacTBOpHTeJieM B KaxIOH 4YacTH. Tak KaK pacTBOpHTe/Nb
MOXeT CBOGOAHO IIPOXOAMTb uYepe3 MOJYNPOHHLAEMYIO IE€PENCHKY,
TO AaBJleHHe C OOeHX ee CTOPOH OYHeT OXHHAKOBBIM.

Tenepb pacTBOpHM HEKOTOphLIE BelleCTBA B OJHOH YacTH H He
6yzeM pacTBOpsTb HX B Apyrofi. Torja naBieHHe cO CTOpPOHbI Iiepe-
NOHKH, O0OpaulleHHOH K pacTBOpYy, YBEJHYHTCS BCJeJCTBHE YAapoB
O Hee MOJIEKYJl PaCTBODEHHOrO BellleCTBa, KOTOphieé HEe MOr'yT IpPOHTH
yepe3 MeEpeNOHKY H JBHIAIOTCA OKOJO Hee CO CKOPOCTbIO, 3aBHCALIEH
ot T. Uem GoJjblllee YHCIO MOJEKYJ pPacTBOPEHO U YeM Bbillle TeMre-
paTypa, TeM OGoJbllie YHCJIO YNapoB B eIHHHUY BpPeMeHH H, CJelo-
BaTeJbHO, TeM GoJbllleé OCMOTHYECKOE JaBJIeHHe.

* Cpasy BHIHO, YTO 3TO NPHOJHMKEHHe 3aK/IOYaeTcsi B TUpeHeGpexeHHH dJe-
HaMH, COLEPIKALIMMH KBaApaThl KOHLEHTPAUHA DPAacTBOPEHHHIX BEIIECTB, H MO3TOMY
COBMNAJZIaeT CO BCEMH YIKe C/Ie/IaHHBIMH B TEOPHH CJIaGHX PacTBOPOB INPHO/HKEHHSMH.
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CorAacHO KHHETHYECKO#l TEOpHH, CKOPOCTb JBHXKEHHSI MOJIEKYJI
PacTBOpPEHHLIX BeleCTE He IOfiBepXKeHa BO3IEHCTBHIO MOJIEKYJ, HaXO-
JAWMXCS B pacTBope, a paBHa CKOPOCTH, KOTOPYIO OHH HMeJH OGbl,
ecqu Obl ObliM B ra3o06pa3HoM cocTosiHHH. I[lo3TOMy Kak uHc/o, Tak
H HHTEHCHBHOCTb YJapoB MOJIEKYJ pPacTBOPEHHbIX BellecTB MO Iepe-
ropofiKe paBHbl YHMCJY H MHTEHCHBHOCTH YJapoB, KOTOpble OhlH Gbl
B rase. BcsenctBue sToro B 0GOMX Ciyuasix JaBJeHHS PaBHbI.

Uro6bl oNpefe/HTh OCMOTHYEeCKoe JaBjeHHe ¢ rnomoubio (166),
HaJo 3HaTb ofliee KOJHYECTBO MOJIeil pacTBOPEHHBIX BellleCTB B PacT-
pope. Ec/iH He NPOHCXOAMT HHKAKHX XHMHYECKHX Ppeakuuil Mexny
pacTBOPEHHbIMH BeIECTBAMH, TO YHCJO MOJIeil MOXHO OMNpeeJHTb
cpa3y e, 3Has MOJIEKYJSIpHHI BeC pacTBOPHMBIX BelLeCTB H IIpoO-
LHEHTHHH COCTaB INPHCYTCTBYIOIMX B pacTBope Beilects. Hanpumep,
HOpPMaJIbHBLIH  pacTBOp, T. €. pacTBOp, coiepakauuil 1¢ moab pacTBo-
PEHHOTO BellecTBa Ha JHTp BOAb, HMeer npu 15°C: ocMoTHueckoe
JaBJjieHue: i

Pﬂopmanbuoe = &%3,1 =24- 107 auH/CM2 == 23,7 amm.

OnpHako BO MHOTHX CJy4asiX, KOTAa BeleCTBa pacTBOPSIOTCS,
TIDPOHCXONAT XHMHYeCKHe TIipeBpallleHHsl, MO3TOMY YHCJO MoJeH Be-
uieCTBa B pacTBoOpe He 00s3aTesIbHO JOJIKHO ObITh TaKHM XKe, Kak
fiepe]i pacTBOpPeHHeM. 3ac/yXKHBAIOIMM BHHMaHHS TNPHMEPOM 3TOrO
sIBJIsIeTCST pacTBOp SJeKTposiuTa B Bofe. Koraa, Hampumep, XJIOPHCTHIH
Hatpuii (NaCl) pactBopsiercs B BOje, TO IIOYTH BCE MOJIEKYJbI €ro
puccouuupyior Ha woHsl Nat u Cl—. Takum o6pasom, yHCIO Mose-
KyJ B pacTBope HOYTH BIBoe O6OJbllle YHCJIa MOJeKyJ, KOTOpOro
cjefoBajo Obl OXHIaTh, €CJH Obl He IPOM30ILJIA JHMCCOHMALHS.
HekoTopbie 3J1eKTposMTH, KOHEYHO, pacnajaiorcs GoJsee yeM Ha JBa
WoHa. [/ CHJIBHBIX SJIEKTPOJIMTOB AHCCOLUMAlHs NMPAKTHYECKH MNMOJAHAs,
JaXke KOrja pacTBOp He oueHb pa3b6aBieH. C Apyroit CTOpPOHHI, B CIy-
Yyae CaOblX 3JIEKTPOJIHTOB YCTAHABJIMBAaeTCS XHMHYECKOe pPaBHOBECHE
MEXNY HX JIHCCOUMauHeldl Ha HOHbI M peKOMOHHANMeH 3STHX HOHOB.
ITosToMy B cnabplXx 3JIEeKTpOJIMTax, BooGiie TroBops, HET IOJHON
JUICCOIHALHH.

27. XHMHYECKOE PABHOBECHE B PACTBOPAX

Msl yxke BuAead, 4TO 3aKOH AeficTBylomux Macc (136) mpumeHser-
Cfl K XMMHYECKHM peaKUHsM, NPOUCXOASUIMM B rasax. Tenepp BbiBefeM
COOTBETCTBYIOILHHA 3aKOH JJIl XUMHYECKHX peakuuil, NPOHCXOAALIHX
B pacTBOpax.

“Ilycte A, o6Go3HayaeT MoJeKysay pacTBoputens, a A, ..., A
U By, ..., Bs—MoJeKy/bl pacTBOpeHHbIX BetlecTB. IIpexnonaraem,
YTO MEXAY 3THMH BeleCTBaMH MOXET IPOHCXOAHTb XHMHYeCKas peak-
uys, Kotopasi onpefesisieTcsi ypaBHeHHEM

nvo + n1A1 + L + n,A,:_"mlBl + LA + msBs. (167)
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Ecnu n, + 0, T0 pacTBOpHTE/Ib TaKXKe yyacTBYeT B PeakUHH, a NpH
n, =0 TONBKO PacTBOpEHHble  BellleCTsa B3aHMOJEHCTBYIOT MeEXIY
co6oii.

. TouHo TaK XKe, Kak H B § 23, morpe6yeM, 4To6bl CBOGOAHAs SHep-
rus Gblla MHHHMAJIbHOH B COCTOSIHMH XHMHYeCKOro paBHoBecHsi*. CBo-
GoxHyio 3Hepruio, corsacHo (159), mpeacraruM Kak

F = fuNot Zf.M+2fN +RT zmm ZN In

{=1 i=1 (=1 j=1

(168)

rae f, 1 f; —dyHKuuu Temnepatypsl T pacTBOpPEHHEIX BelLieCTB A,
By, KOTOpbiE COOTBETCTBYIOT (YHKUHAM fi» - fg B ypaBHenuu (159),
a N.,, N; u N; —uucia Mosell pacTBOPHTeJNsS1 H PaCTBOPEHHbIX BelECTB
u Bj.
Toqﬂo TaK JKe, Kak B § 23, paccMOTpUM Tellepb GECKOHEUHO Majibie
u30TepMuYecKue peakuuy Tuna (167), B peayabraTte KoTopuix Ny, Ny, ...,
N, u Ny, ..., N’s U3MEHSIOTCS COOTBETCTBEHHO Ha BEJIHYHHbI

—€ny, —€ny, ..., —€n,; €my, ..., €m,

rae € — 6ecKoHeYyHO Masiblit o6mMi MHOXHTeNb. Tak Kak B paBHOBe-
cun F MuHMMa/bHA, TO ee H3MEHeHHe, KOIJa CHCTeMa HaXOIHMTCS B
COCTOSIHHH PaBHOBeCHsl JOJUKHO OHTb Hcuesarowle ManbiM. Takum ofpa-
30M, HMeeM

BFZ—G”OaN 62 *av'*‘ez ’aN'—O

i=l1

Pa3jesnB Ha € M BbLIYHCJIMB UPOH3BOLHLIE C NOMOLIBIO YpPaBHEHHsS
(168) (f — dyHKRuMH Tombko T H TNO3TOMY He H3MEHSIIOTCS BO BpeMs
H30TEPMHUECKOT0 NPeBpallleHHs), HAXOAHM, NpeHeOperasi BCeMH UJIeHaMH,

N N

NPOMOPIHOHAJBHBLIMA MaJIbIM BeJIHYHHAM N—‘ H Wl_;
0 )

r

0=—nof0—2ﬂ¢{h+RT +RT1HN£:}+

=1

s
N/
]
+ Ym{fi +RT + RT3,
i=1
* Tak Kak M3MeHeHHe 06beMa pPaCTBOpAa BCErNa OYeHb Majo, TO 6e3pa3sHYHO,

paccMaTpHBaeM JH Mhl YCJOBHSI PABHOBECHS NPH TNOCTOSTHHOM oG6GbeMe HJH npH
TNNOCTOSATHHOM JaBM€HHH.
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HJ';H‘
,, ,. ] s )
(Ai) 1(&) P (&) T Lmi @+ RN TN (ART) o,
In ‘ N° Ny No =l=l =1 l
e e
No) \ N, Ry

IlpaBast uacTb ypaBHeHHs siBsieTcs yHKUMeH TOJBKO TeMIepaTyphi.
Ecmu nonoxum ee pasHoit In K (T), rne K — npaBusbHO BeIGpaHHAs
GYHKUMsS TeMnepaTypbl, TO OKOHYATEeJNLHO MOJYYHM '

(Nl )"l (Nr )"r
Ny Ny

LA e = K (T). (169)
w)" - (w)

DTo ypaBHeHHe sIB/SieTCS BblPaXKeHHEM 3aKOHa JAeHCTBYIOLIHX Macc
ANl XHMHYECKOro paBHOBECHSI B pacTBOpax.

'BoBoanl M3 ypaBHenust (169) ans ciayuas, KOrha pacTBOPHTENb He
NPHHHUMaeT yyacTHs B peakuuu (T. e. Korga n,= 0 B dopmyae (167)),
COBMAfalOT C BLIBOJAMH M3 3aKOHA JeHCTBYIOIMX Macc IJisi rasoB (cM.
§ 24). B uactHocTH, U3 ypaBHeHHs1 (169) caenyer, uto mpu pasGasie-
HMH pacTBOpa paBHOBecHe IlepeMelllaeTcs] B HanpaB/IeHHH YBeJHYEHHS
nucconnanud. KoHeyHo, B 3TOM cjlyyae MBI He MOXeM IIPOCTO ompejfe-
autb Buf ¢yukumu K (T), Kak AJs ciaydas rasos. MaeecTHo TosibKo,
uyto K (T') 3aBHCHT TOJIBKO OT TeMIepaTyphl. '

Kak sipkuii nmpumep ciyyasi, KOria pacTBOPHTe/b IPHHHMAeT yyacTHe
B XWUMHMYECKOH peaKlHH, PacCMOTPHM DeaKIHo

H,0 = H+ + OH-, (170)

T. €. JHCCOLMAIMIO BOAbl Ha HMOHBI BOAOPOJA M HOHBI I'MAPOKCHJA (THA-

posu3 Bozwl). Ilyers [H*] u [OH™] — KoHueHTpauuu HOHOB Bomopona

H THAPOKCHJA (4Mcjo MoJeH B KyOHueckoM caHTHMeTpe). Jlas KyOu-
1

uecKoro cantumerpa Boisl N, == 15. CiiefoBaTesbHO, OTHOLEHHE uKC/2

mosielt [H+] u [OH—] K uHcay MoJsiel Bofbl COCTaBJISIET COOTBETCTBEHHO
18 [Ht] u 18 [OH-].
[NpumeHnss ypaBHenHe (169) k peakuuu (170), Haxomum
1
i [H+] [OH—] — K(T),
HJH

(H+] [OH™] = gy = K* (D, 71y

rie K’ (T) — byHKuHsI TONBKO TeMIepaTyphl.
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W3 storo ypaBHeHHs] BHIHO, YTO NpPOH3BeJeHHE HHCeJ HOHOB BOJO-
pola H THAPOKCHJIA B BOJE INOCTOSIHHO MNPH NOCTOSIHHOH Temmeparype*.
[lpu koMHaTHOH TeMmmepaType OHO NpHGJHXeHHO paBHO 10—, Korpma
KOHIIEHTpauusi BbipaXKeHa B MOJIIX Ha JHTp, T. €.

[H+] [OH-] = 10-1¢, (172)

B uncro#i Bome xoHueHtpauun [H+] u [OH™] pasHbl Ilostomy pas
IaHHoro ciaydasi u3 (172) umeem

[H+] = [OH—] = 10—.

Ecnun Mbl 10GaBHM B BOE HEKOTOpPOE KOJIHYECTBO KHCJIOThI, TO YBe-
JuuuTcsl KoHueHTpauus [H+], a Tak kak npoussenenue (172) momkHO
OCTaBaThCsl MOCTOSIHHBIM, TO COOTBETCTBEHHO YMEHBIIHUTCS KOHLEHTpa-
nust [OH™].

[lpn poGaBneHHH B BOJY OCHOBAaHHS pPaBHOBeCHe CIBHraercs B Ipo-
THBOMNOJIOXHYIO CTOPOHY. OOGBLIYHO KHCJOTHOCTb BOJHOrO PacTBOpa
yKa3bIBaeTCsl CHMBOJIOM:

pH = —Ig[H*] (173)

(3naK g o6o3HauaeT Jorapudm npu ocHoBanud 10; [H+] Bolpaxkaercs,
KaK U Tpexie, B Moasax Ha JuTp). Takum o6Gpasom, pH = 7 osnauaer
HeiTpaJIbHYI0 peakuHio; pH < 7 ykasuiBaeT Ha KHCJIOTHOCTb, @ pH > 7—
Ha OCHOBHYIO PeaKLHIO.

[TpuBeneHHOe Bbillle OOCYXKA€HHE XHMHUYECKOrO paBHOBECHSI B pacT-
BOpax He 3aBepllieHO, TaK Kak B pacyeT He INPUHHMAJHCh 3JIEKTPOCTa-
THYECKHE CHJIbI MeX1y HoHamu. J[le6alt u XioKKeab IOKas3ajH, 4ToO
TaKHe CHJIbI YacTO OY€Hb BaXKHbl M MOTYT CYLIECTBEHHO BJIMATb Ha XH-
Muueckde peakuud. OJHaKO OGCYXKIEHHE 3TOro BONpOCAa He BXOAMT B
3alayd JAHHOH KHHTH.

28. PACAPEJEJIEHHE PACTBOPEHHOIO BELIECTBA
ME)XY IBYMS ®A3AMH

[Tyctb A ¥ B — 1Be HecMeLIHBAIOLIHECS XKHAKOCTH, HalpuMmep Boja
M 3THJIOBLIH 3Hp, Haxo4sllHecs B conpuKocHoBeHUH. I1ycth C — TpeTbe
BElLleCTBO, pacTBopuMoe Kak B A, Tak W B B. Ecsiu Mbl pacTBopHM He-
Kotopoe KoJHuecTBo C B xuakoctH A, To BeiectBo C npoauddynau-
pyeT uepe3 NOBEPXHOCTb, KOTopasi pasfeaser A u B; H, cnycTss He-

* TlpumeHsisi 3aKOH AeHCTBYIOIHX Macc K peakuuu (171), caenosano 6hl 0XH-
[H+] [OH—}
JaTh, YTO OTHOLIEHHe —E0] 6yner ¢yHKuHe# TosbkO TeMnepatyphi. Ho
2

TaK KaK 3HaMeHaTeJlb NPAaKTHYeCKH MOCTOSIHEH, TO YHCJHTeab, corsacHo (171),
TaKkxKe J0JKeH GHTh GyHKuHeld ToAbKO TeMnepaTypnl. Takum o6pa3oM, Mbl BH AHM,
4yTo ypaBHenHue (171) no cylecTBy 9KBHBAJEHTHO 3aKOHY HeHCTBYIOUIMX MacC B
ero oGeiuHON opMe.
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NpOJOJIKHTeJ IbHOe BpeMsi, C pacTBOPHTCS B 06€HX XKHAKOCTSAX. KOHuEeHT-
pauuss C B XHJAKOCTH B OGyner HenpephiBHO YBEJHYHBATHCS, a KOHIEHT-
pauusi C B xuakocTH A yMeHbIaeTcsi JO TeX NOp, IOKa HE HACTYNHT
paBHOBecHe MeXJy ABYMS - pPaCTBOPaMH.

ITyctb No u Np—uncaa Modefi nByx pacrBoputeneit A u B, u
nycte N; u N’;— uncnia mosel BemectBa C, pacTBOPEHHOTO COOTBETCT-
BeHHO B A u B. TepMojsuHaMuuecKHil MOTeHUHa] P Haweld CHCTEMb
6yneT CyMMOH MOTEHUHaNoB IBYX PacTBOPOB.

Bo-nepBuix, Mbl HMeeM pactBop N; Mogeii BeiectBa C, pacTBOpeH-
HblX B N4 moasix xumkocty A. TepmopuHamMuuecKHii NMOTEHIHAJ IIPH
NOCTOSIHHOM JlaBJIEHHH 3TOrO pacTBopa, corsiacHo (161), paseH

@4 = N {fa(T) + poaT)) + Ny 1) + pouT} + RTNy In gt . (174)

rae fa, fi, va u vy coorBetcTBYIOT fo, f1, Uy M U; OGie# GopMyJBl
(161).

Bo-BTophiX, MBI HMeeM pacTEOp, KOTOpbii coaepxHT Np MoJei
pacteoputenss B u N’; moaeir pacrBopenHoro BemectBa C. Ero Tep-
MOJMHAMHUECKH IIOTEHUHaJ [aeTCs CJEAYIOWHM BhipaXKEeHHEM:

®a = Np [a(T) + pos(T)} +N"1 (1) +po's(T)+RTN' In g2 , (175)

rae BeJHuHHbl fp, f'y, vp U U’y COOTBeTCTBYIOT f,, f1, Uy U v; B (161).
TepmoguHamMuuecKkuil MoTeHuHan ¢ BCel CHCTeMbl paBeH

® = by + Pp. (176)

Ilpu c¢ukcupoBaHHOH TeMnepatype M (GUKCHPOBAaHHOM JaBJIEHHH
yCJIOBHEM DaBHOBECHS SIBJII€TCS] MHHHUMYM .

PaccmoTpuM GecKOHEYHO MaJioe IpeBpalieHHe B CHCTeMe, B pe3yJib-
TaTe KOTOpOro KoJsuyectBO dN, BeuectBa C NepeXoRHT U3 XKHUIKOCTH B
B XuakocTh A, uucaa N; u N’; H3MeHSIOTCS COOTBETCTBEHHO Ha BeJiH-
ypHe dN; U — dN,, a u3MeHeHHe @ MOXKHO TpPEACTaBHTb TaK:

0P ob
le—aN1 — le_aN'l .

Tak kaK TepMOAMHAMHYeCKHH NOTeHUHaJ @ J0J2KeH HMETb MHHHMYM,

TO 3TO BhipaXkeHHe JOMKHO O6paTHTbCA B HYyJb. TakuM o6pa3oMm, noJy-

yaeM ypaBHEHHE
0P 0P

W = N7 (177)

Hcnoaw3ys (176), (175) u (174), 3anmmem ycnosHe paBHOBECHS:
h(T) + puy(T) + RT In g + RT =

F.(T) + pu () + RT n V1 4 RT,
NB
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HJIH
2’_,1_ f, (T) = F1 (T) + p [0, (T) — 0, (T)]
_;f.-:e RT =K(T'p), (178)
1
Ns

rae ¢ynkuus K (T, p) 3aBHCHT TOJbKO OT TeMIIEPaTypbl H AaBJIeHHA
H He 33BHCHT OT KOHUEHTPaLHH.

YpaBHenue (18) BbipaxkaeT caefyloWHH 3aKOH: Koeda déa pasbas-
AEHHBIX pacmeopa 00H020 U MO20 e PacmEOPeRHO20 Beuyecmsea 6 08yx
PA3BAUYHBLX HeCMEULUBAIOWUXCA PACMBOPUMENaX HAX00AMCA 8 pagHO-
8ecuu, conpukacasco, mo OmHOUleHue KOHYeHmpayul 8 amux pacm-
eopax npu ¢uxcuposartol memnepamype u PuKCuposaHHoM OasreHuU
ecmb BeAUMUNHA NOCMOAHHAS.

PaccMOTpHM 3ajady, aHAJIOTHYHYIO NpeAbliylleH: pacTBOPEHHBIH B
JKHMKOCTH a3 CONPHKACAeTCS C CAMHM r'a3oM. ¥ CTaHOBHM COOTHOLUEHHe
MeX1y JAaBJeHHeM ra3a H KOHLEHTpauueil pacTBopa, KOTAa CHCTeMa
NpH JaHHOH TeMIepaType HaXOZHTCS B paBHOBECHH.

ITyctb Ny u N, — COOTBETCTBEHHO YHCJIAa MOJeH KHIKOrO pacTBO-
pHTeNs M ra3006pa3HOro pacTBOpEHHOrO BellecTBa B pacTBOpe, H NMyCThb
NI' —uHC/I0 Mosiel ra3a B rasoobpassoil ¢asze. Tak Kak u3MeHeHue
o6beMa pacTBOpa NpeHeOpeXHMO MaJo IO CPaBHEHHIO C H3MeHeHHeM
o6beMa rasoo0pas3Hoil ¢asbl, TO MOXHO He IPHHHMAaTh BO BHHMaHHe
ujieH pV B BblpaxkeHHH [/ TePMOAHHAMHYECKOro NOTeHIHaJa pacTBopa
H CUMTAThb 3TOT MOTEHLHA] paBHbIM CBOGOAHOH 3Hepruu pacteopa. Co-
rnacHo (159), cBoGonHasi sHeprus pacTBopa paBHa

Nofo (T) + Nify (T) + RTN, In 1. (179)

TepMozuHamuyecku#i mnoTteHuHas rasoobpa3Hoil ¢asbl  mojyuyaeM,
. VMHOXas Bbipaxenne (125) na uuciao N Moneit rasa:

N IC,T+W—T(C,InT—RInp+a+RInR)]. (180)

Ilpu nmomown (179) u (180) HaxomuM TepMOAMHAMHYECKHH IOTeH-
nuas Bced cucreMbl. TOYHO TaK Ke, KaK H B TNpeiblAylled 3anauve,
npujeM K ypaBHeHuio (177), kak K ycjaoBuio paBHoBecHs. IloxctaBnsist
COOTBETCTBYIOLIME BbIPAXKEHHSI MJS NpPOH3BOAHbIX B (177), 3anHweM B
KayeCTBe YCJIOBHSI PaBHOBeCHsl CJeJylollee ypaBHeHHe:

fi(T) + RTIng + RT = C,T + W —
—T (C,InT — RInp + a +RInR),
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M, pasgeauB Ha RT W mOTEHUUPYs, HAXOAHM, YTO

CpT+W—T(CpInT+a+RINR)—f, (1) —RT

= RT = K(T), (181)

rae K (T) sBnsercsa GyHKuHeH TOJBKO TeMIlepaTyphl.

YpaBHenue (181) BoipaxkaeT ceqyOMH 3aKOH: KOHYeHmpayus pa-
cmeopa easa 6 scudkocmu npu OaHHoUl memnepamype nPONOPYUOHANL-
Ha OasaeHuro easa HAO0 pPacmsopom.

ITono6HbIM 06pa3oM MOXKHO JOKa3aTh, YTO €CJH HaJ KHAKOCTBIO
HMeeTCsl CMeCh pas/IMYHbIX ra3oB, TO KOHUEHTPalHsl KaXIOoro rasa B
pacTBope IPONOpPLUHOHAJbHA €ro TNapuHajJbHOMY JAaBJIE€HHIO B CMeCH.
KoncraHTta npornopiuoHa/lbHOCTH B KaX[JOM CJydae 3aBHCHT OT TeMile-
paTypbl, a Takxe OT NPHPOABI PAaCTBODHTEJNsSI M KaXKJOro H3 rasos.

29. JABJIEHHE IAPA, TOYKA KHIMEHHS H TOYKA
3AMEP3AHHS PACTBOPA

IapsieHde mapa, TOYKa KHIEHHsl M TOYKAa 3aMep3aHHsl pacTBOpa He
‘Takde, KaK JJis UHCTOrO pacTBOpHTeJsl. DTOT (pakT OueHb BaxkeH C
JIPAKTHYECKOH TOYKH 3peHHsi, NOTOMY YTO, KaK OyJeT IOKasaHO HHXe,
H3MEHEHHs B TOYKax KHIEHHS M 3amep3aHHsi, IO KpaiiHeli Mepe A/
pa36aB/IeHHbIX PacTBOPOB, IPONOPLUHOHAJNbHBI MO-

Lopsr
pocmbnpumens JIIDHBIM KOHIIEHTpalLHsIM PacTBOPEHHbLIX BelLeCTB.
WamMepeHue 3THX H3MeHEHHil JaeT O4eHb Y/00-
I Hbll MeTOJ Onpeje/ieHHS] MOJISIDHOH KOHLEHTpa-

MK pacTeopa.

IlpennosioxkuM, YTO pacTEOp He JeTYuHil.
B TakoMm cayyae map Haj pactBopoMm GYZHeT co-
JIep>KaTh TOJIbKO YHCTbIHi HCIIAPUBILMHACH PacTBO-
putesb. JlonmycTHM jajiee, 4YTO KOrjia pacTBOp
3aMep3aeT, TO TBepAeeT YHCTbIH pacTBOPHTEJb,

“qumens a BCe pAacTBOPEHHble BelleCTBa OCTAalOTCS B pa-.
CTBODE.
Puc. 21. Tenepb MOXHO JIerKO II0Ka3aTh, YTO JaBJle-

HHe Tapa HaJl pacTBOpPOM IIpH [JaHHOH TeMIle-
‘parype ‘HHXKe, YEM HaJ YHCTHIM PacTBOpHTEJEM IIPH TOH Ke TeMIle-
parype. PaccMOTpuM ammapat, nmokasaHHblii Ha puc. 21. OH cocTouT
M3 TPYOKH INpPSAMOYTOJNILHOH (OPMbl, B KOTOPOH YMCTHIH PacTBOPHTE/b
H pacTBOp OTHeJIeHbl OJMH OT JPYroro B HHXKHeH yacTH (y TOYKH B)
NoJIyNIpOHHIIAeMOll TlepenoHKoH. BcisleficTBHe OCMOTHYECKOro JaBleHHS
ypoBHH A u C COOTBETCTBEHHO YMCTOTO PacTBOPHTE]sI M PacTBOpa He
OyayT HaxoAMTbCS Ha OIHOH BbicoTe. YposeHb C pactBopa Oyaer
Bolle. Tak Kak pacTBOpeHHOe BeLIEeCTBO HeyJeTy4HBaiwolleecs, TO 06-
Jactb B TpyOke Hafl A u C Gyner 3ano/iHeHa NapaMH TOJIBKO YHCTOTO
pacTBopHTeJISI.
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[TonoxxneM, moka ycraHOBHTCS paBHOBecHe. [laBieHue mapa B He-
nocpeficTBeHHOH GJIM30CTH MeHHCKa A OyleT paBHO JaBJEHHIO Hachl-
IIEHHOro Mapa B paBHOBECHMH CO CBoefl »XHIKOH (asoil, a HaBieHHe
napa y C OyneT TaKoOBbiM [J/51 HAChllleHHOro Iapa B paBHOBECHH
¢ pacropoM. OueBHIHO, YTo naBneHHss Yy A u C He paBHbl, TaK Kak
Au C nHaxomsATcsl Ha pasnMYHbIX YpoBHsX. ITockosbKy C JIEXHT Bbillle,
yem A, To naBneHue mapa y ToukH C HMKe, ueM y TOYKH A4, T.e.
llaBJleHHe Tlapa HajJ pacTBOPOM HIDKe, 4YeM JaBjeHHe Mapa Hal YHCThIM
pacTEOpHTEJIEM.

Yrto6hl KOJIHYECTBEHHO OMNpeleJHTh 3Ty PasHOCTb AaBJeHHH Ap or-
MEeTHM, YTO OHa paBHa JaBJIEHHIO, OKa3blBaeMOMY CTOJIGOM Iapa BbICO-
Toil h. Ecnu p’ — mJIOTHOCTD mapa, a g — yCKOPeHHe CHJIbl TSIXKeCTH,
TO

Ap = p'hg.

C mpyro#i CTOpoHbI, JaBJieHHe, OKa3blBaeMOe XHUIAKHM ctoJjiGom CD,
paBHO OCMOTHYECKOMY HarjeHHI0 P pactBopa. Ecu p — mioTHOCT uH-
CTOr0 pacTBOpHTEJNsl, TO HJsi OCMOTHYECKOro JaBJeHHsl, NpeHeOperas
pasHuLell MeXAy IJIOTHOCThIO DPacTBOpa M IJIOTHOCTBIO YMCTOrO pac-
TBOPHTEJISl, a TaKXe IUIOTHOCTBIO Mapa, MO CPaBHEHHIO C IJIOTHOCTBIO

*KHJKOCTH, TOJYYHM
P = phg.

PasnennB nepeoe ypaBHeHHe Ha BTOpOe, 3allHILEM
AP ¢’

P [
HJIH

rie v, i v, — o0beMbl, 3aHSTble OJHHM MOJIEM YHCTOrO pPacTBOPHTeJs
COOTBETCTBEHHO B JKHIKOH M rasoofpasHoil ¢asax (v, u v, o6paTHO
nponopuxoHabHbl p H p’). IloacTaBnsgs B nocjeniHee BbipaXKeHHE OCMO-
THUecKoe AaBjieHHe P, corjacHo ¢opmyJe (165), u mosarast pjas mpo-
CTOTbI, YTO B PacTBOPe HaXOAMTCS TOJBKO ONHO pPacTBOPEHHOe Belle-

CTBO, IIOJIY4YHUM T
N

YTO MpEACTaBJIsieT Pa3HOCTb MeXAY [aBJeHHeM Iapa pacTBOpa M JaB-
JleHMeM Iapa 4HCTOrO pacTBODHTeJIS.

ToT ¢akr, 4TO maB/ieHHe Mapa AJsl pacTBOpa HHXKe, YeM JJIs YHC-
TOrO PacTBOPHTEJISl, HEMOCPEACTBEHHO CBsSI3aH C TeM, YTO TOYKa KHIle-
HHSI pacTBOpa Bhlile, YeM YHCTOrO pacTBOPHTEJS, TaK KaK TOYKAa KHe
NeHHsl sIBJsieTCs TeMIepaTypoil, TMpH KOTOpOH JaBjleHHe INapa paBHO
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oftHOH aTMocdepe. PaccMOTpHUM uHCTHIi paCTBOpHTe/Ib B TOUKE KHIIEHHS,;
JaBJieHHe ero napa paBHO ojaHoH# artMocdepe. Ecsm pacTBOpHTL He-
KOTOpO€ KOJIM4YeCTBO BeleCTBa B 3TOM paCTBOpHTeJe, MOLLEPXKHBast
TeMIepaTypy MNOCTOSIHHOH, TO NaBJieHHe Napa ymajeT HHXXe OLHOH at-
mocepsl. CitenoBate/bHO, YTOGbI BEPHYTh AaBJieHHe BHOBb K €ro mnep-
BOHAyYaJIbHOH BeJHYHHe B OHY arMocepy, Mbl JO/IKHBI MOBBICHTh
TemnepaTypy pacteopa. Ilpu nomouw ypaBHeHus (182) u ypaBHeHHs
KnanefipoHa JIerKkO MOXXHO BbIBECTH BblpaXKeHHe 1,51 H3MEHEeHHs TeMIle-
paTypbl KuNeHHs1 pacTBopa. BMecTo 3TOro mojcunTaeM MpsiMbiM METOIOM
M YMeHbllleHHe NaBJIeHHsi Tapa, H MOBblIlEHHe TeMIepaTypbl KHIIeHusl.

Paccmotpum caaGbifi pactsop, cocrosiuiiét M3 N, moJell pacTBOpH-
Tenss ¥ N; Mosiel pacTBOPEHHOrO BellleCTBa B PaBHOBECHH C MapoM
YHCTOTO PacTBOPHTEJIS.

[Mycte N, — uHuc/IO MOJell pacTBOpUTeNs, cojepxKatieecsi B 1apool-
pasHou ¢ase. Mz (148), (149), (155) n (121) past TepMOAMHAMHYECKOro
noteHuMana Ppuers NoOMyuaeM

N
Poacrs = Noo (T, p) + Nyoy (T, p) + RTN, In _N_:,"
rue
¢ (T, p) =ty —Toy + pvy ¥ ¢ = ty — Toy + pv,.

[lycrs ¢, (T, p) — TepMOAHHAMUYECKHH MOTEHIMAJ] OLHOro MOJs
napa pactBopuTesisi. Torma TepmoavHamHueckuil moTeHiwman N, MoJeil
napoo6pa3noil ¢asbl COCTaBJsIET

(pnapa = No Po (T’ p)v
a TepMOAMHAMHYeCKHH MOTeHIHa/a BCell CHCTeMbl

D = Dpaers + ¢’napa = Nopo (T, p) + N1¢s (T, p) + RTN; In [I‘VT: +
+ Ny g (T, p)- (183)

YcnoBHeM paBHOBecHsl SIBIsieTCSi MUHUMYM @ MOpH MNOCTOSIHHOIN
TeMIepaType H [OCTOSIHHOM JaBjieHHH. [loatoMy 1/1s1 GecKOHeYHO
MaJ/ioro HM30TePMHYECKOrO M H306apHyYecKoro mpomecca JOMXKHO ObiTh
d® = 0. Ecan dN, moJseli pacTBOpHTeJIs1 B pe3yJ/ibTaTe TaKOro INpeBpa-
ILEeHHs MepeulIo M3 rasoo6pasHoii ¢asbl B pacTBop, T. e. eciH N, d
N, uamensiorcsi cooTBeTcTBeHHO Ha dN, H —dN,, To

0D P
d@ = dNo()I_V;—dNOW:): 0,

HJIH
o _ 0P
3N, aN.*



NlasneHne napa, TOYKa KHIEHHSI H TOYKA 3aMep3aHusi pacTBOpa 115

3aMeHsisT MPOM3BOJHLIE B 3TOM YpPaBHEHHH HX BblpaXKEHHSIMH, Bbl-
yhcaeHHbIMH K3 (183), nosayuyaem

®o (T, p)—Rva'—; = o, (T, p),

UJIH .
¢ (T, P) — 9o (T, p) = RT —%ﬁ (184)

VYpasHenne (184) BhipaxkaeT COOTHOLIEHHE MeXIy TeMIepaTypoll

JlaBJIeHHeM Mapa Hajl pacTBOPOM.

[Tycts p, — HaBJieHHEe HACBILEHHOrO Mapa YHCTOrO PacTBOPHTeJIs
npu Temnepatype T. Besnuunsl T u p, OyayT ynoBieTBOPSATb ypas-
Hennio (184), ecan noaoxutb N; =0, moToMy 4YTo B 3TOM C/yyae
PacTBOPEHHOE BeliecTBO OTCYTCTBYeT. TakuM o6pa3om,

0 (T, o) — @4 (T, pg) = C. (185)

Korga B pacTBopHTese HaxomuTcss N; MoJiell pPacTBOPEHHOro Bellle-
CTBa, TO JaBJeHHE p Mapa paBHO

p=p, + Ap,

rie Ap —mMajasi BenHuuHa. Pasnaras neByio uwacte (184) mno crene-
HAM Ap M HCNOJb3Ysl YJeHbl NepBOro MOpsiaKa, HAXOJHM:

9% (T, po) _ 9%(T, Po)} _

N P
RT',VZ = @0 (T, po) — 95 (T, Po) + Ap{ dp, dpo
— Ap {6% (T,po) 9% (T, Po)} )

e 0p, (186)

Tak Kak ¢, fBIAdeTC TePMOAHMHAMHYECKHM MOTEHLHAaJ0M OJHOro
MOJISl HAlllero pacTBopHTessi, To H3 (123) mmeem

0?0 (Ts pO) —
ops Vo

rie v, — oGbEM OJHOTO MOJIsI PAacTBOPHTENS, H NMOAOGHO 3TOMY

a‘?(; (Tl Po) . 1]
0p, =Uo»
rie v, —oGbeM OIHOro MOJS Napa YHCTOro pacrBopHte.ssi. [Toxcrasass
nocneaxee BbipaxkeHHe B (186), umeeM
RT N,

vakd
U‘;—UuNo

Ap=— (187)

Tak kak o6bem v, onHOoro MoJas mnapa GoJsbie, uyeM o6beM U,
OHOTO MOJISi KHJIKOrO pacTBOpuTeasi, T0 Ap ortpuuaTessHo. Cieno-
BaTe/bHO, JaBJieHHe Mapa HajJ pacTBOPOM HHXKe, YeM JaBJieHHe Hal
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YHCTBIM pacTBopHTeseM. Ecau BennuHHOH v, MOXKHO npeHeGpeub IO
CPaBHEHHIO C U,, KaK Mbl IpelnoJsiarajy NpH BbiBOAe ypaBHeHHs (182),
TO MOXHO CYMTaTh, 4ro ypaBHeHue (187) coBmamaer c ypaBHeHHeM
(182) (3HaKk MHHYC O3HayaeT, 4YTO JaBJIEHHe Mapa HaJ pPacTBOPOM MeHb-
e, yeM JaBJieHHe Mapa Hal YHCTbIM PacTBOPHTEJIEM).

Takum ob6pa3oM, u3 ypaBHeHHs (184) Mbl BbiBesIH BbipaxkeHHe JJIs
yMeHbleHHs JaBjeHHs mnapa. IIpH moMomu 3TOro e YypaBHEHHS H
METOJOM, AHAJIOTHYHBLIM TOJBKO YTO HCMOJb30BaHHOMY, MOXKHO BbIYHC-
JUTb TaKXKe H3MeHeHHe TeMIlepaTypbl KHIIEHHsl pacTBopa.

PaccmoTpuM pacTBop, TeMmmepaTypa KOTOPOrO TaKOBa, YTO JABJ/EHHE
p ero mnapa paBHO onHo# arMoctepe. Ilyctb T, — TOUKa KHIEHHUS
yucroro pacropuredsi, a T = Ty 4+ AT —Touka KuneHHsi pactBopa. Tak
KaK JaB/ieHHe Tapa NpH KHIEeHHH paBHO aTMOchepHOMY MaBJIEHHIO p,
TO JiaB/IeHHe Mapa 4YHMCTOro pacTBOPHTesss NpH Temneparype T, PaBHO
p. TlockosbKy pJsi uuctoro pactBoputesss N, =0, TO npd MOMOLIH
ypaBHeHusi (184) nHaxomum, 4TO

¢o (To» P) — 0 (T, P) = 0. (188)
Ipumensia ypaBHeHHe (184) K pacTBOpy, mosyyaem

' N.
90 (To + AT, p) — 94 (To -+ AT, p) = RT .

Pasjarasi JieByl0 4acTb NpPEALIAYILErO YpaBHeHHs! MO creneHsm AT
¥ Oomyckasi Bce WYJEHbl Bhllie NEepBOH CTENeHH, 3alHilieM, HCIOJb3Ys
(188), caenyioiiee ypaBHEHHE:

0% (T, P) _ 99, (Ty, p) _ N,
AT { oT, oT, } = RT, Ny

N3 (124) umeem

9%0 (T, P) — —gnt 9% (T, p) = _g'
aT, o oT, 0

rje g, U o, — SHTPONHSI OJHOTO MOJISI PacTBODHTEJNSI COOTBETCTBEHHO B
JKHJKOH U B mapooOpasHo#l ¢asax.
W3 nByx mpepblnyliMX YypaBHeHHH HaxonuM

AT {o; — o0} = RTo . (189)

IMycTs A — TensoTa HcnapeHHsi OXHOTO MOJSL pacTBopuTens. Ecin
JaTh BO3MOXKHOCTb OJHOMY MOJIIO PacTBODHTeJs HCIApPHThCA B TOUKe
kuneHusi Ty, TO KOJMYECTBO IOIVIOLEHHOH TEMJIOThl COCTaBHT A, a

TA NnpeACTaBUT H3MEHEHHE SHTPOIHH. ChepoBaTenbHoO,
0
A

'
Oo—do=—770,
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IloncraBnsis sTo BhipaxeHue B ypaBHeHHe (189), mosyuaem

RT;
TA == 3 (190)

INoayuenHoe Bbipax<eHue — (opMyJsia IJIs1 PasHOCTH MeXAy TeMre-
paTypoil KHIIEHHsl pacTBOpa H TeMIepaTypoH KHIIEHHsI YMCTOTO PacTBO-
purens. [lockoabky AT >0, To TOYKa KHIIEHHs] pacTBOpa Bhlllle, 4YeEM
TOYKAa KuIeHUsn uyHcToro pactBoputensi. K3 ypaBHenusi (190) BugHO
TaK»XKe, YTO H3MeHeHHe TOYKH KHIeHHsl IPOMNOPLHOHAIBbHO MOJISIPHON
KOHLEHTpAllMH pacTBopa.

B kauectBe npuMepa NMpPHMEHHM INOJyYeHHOe YpaBHEHHE K HOpMaJlb-
HOMY pacTBOpY HEKOTOpOro BellecTBa B Boje. Jlisi Takoro pacrBopa
HMeeM:

N, =1, No=%; A =540 x 18 xauz;

R = 1,986 kas/epad; T, = 373,1°K.

(MoxHo Beipaxatb U RT u A B Kajopusix, MOTOMY YTO HX OTHOLIe-
HHe, OYeBHIHO, Ge3pa3MepHO).
ToacraBasia s3tH Beauuunsl B (190), Haxomum, 4TO

AT = 0,51 epad.

Ty xe ¢opmyny (190) MOXHO TaKKe HCHOJB30BaTh JJISI TOro,
4TOGLI ONpefie/INTh H3MeHeHHe TOUYKH 3aMep3aHHsi pacTBopa. Pasuuua
3aKJIlOYaeTcsl JIMUb B TOM, YTO BMECTO MapooOpa3HOH ¢asbl Mbl HMeeM
3nech TBepaylo ¢a3y. BeianunmHa A B JaHHOM clyuyae IMpeiCTaBJsieT
TENJIOTy, MOIJIOIWEHHYI0 OXHUM MOJIEM pAacTBOPHTEJSI MNPH H30TEPMH-
yecKOM Tepexojie 4Yepe3 TOYKY 3aMep3aHHsl H3 JKHIKOTO COCTOSIHHS
B TBepioe. JTa TelJoTa OTpHLATeJbHa M paBHa — A’, rge A’—
TEIJIOTa MJIaBJEeHHs] OXHOrO MOJIs pacTBopHTessi. B cayuae 3amepsaHus
ypaBHeHue (190) ynoGHo 3anucaThb TaK:

RT§N,
AT = ——+x, " (191)

M3 s10r0 ypaBHeHMs BHIHO, YTO TOYKA 3amep3aHusi JJs pacTBOpa
HHXKe, 4eM JJIs YMCTOrO pacTBOpHTEJsl, NMpHYeM MOHMKeHHe IpOMOpLH-
OHAJbHO MOJIAPHOH KOHUEHTpAaUMH pacTBOpa.

B canyyae HOpMasibHOrO pacTBopa B BOje, AJISi KOTOPOH

N, =1; No=-%; A’ = 80-18 kauz;

R = 1,986 kaa/epad; T, =273,1 °K.

Haxonmum, uro
AT = — 1,85 2pad.
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Cnenosano Gbl OTMETHTb, YTO BO BCeX 3THX ¢opmyaax N, mpex-
CTaBAsieT NefACTBHTE/NbHOE WYHCJIO MOJIeH BellecTBa, COJepXKaulerocsi B
pactBope. OnHako IJsi 3JEKTPOJHTHYECKHX PacTBOPOB KaXIbii HOH
MOXKET paccMaTpHUBaTbCsl KaK He3aBHCHMasi MoJieKyJa. TakuM o6pasom,
IJIS. OUeHb CHJIbHLIX 3JIEKTPOJIHTOB (MMEIOIIHX BEICOKYIO CTENeHb JHC-
couMalliy) 3HaueHHe N, HaXOXHM, YMHOXKas YHCJO MoJiell pacTBOPEHHO-
ro BellecTBa Ha YHCJO MOHOB, Ha KOTOpOe pacmajaercsi HaxoAsasics
B pacTBOpe OJiHa MOJIEKYJ/a paCTBOPEHHOro BeLlecTBa.

3anaun

1. Onpenesnte OCMOTHYECKOE NaBJleHHe H H3MeHeHHe TOYeK KHIEHHS H 3aMep-
3aHHs pacreopa, coaepxkaiero 30 2 NaCl B 1 2 Bonm.

2. Pactsop caxapa (CgH;,04) # pacteop xsopucroro Hatpusa (NaCl) B soge
4AMeI0T OIMHAaKOBble OGBEMbl H OCMOTHYecKHe AaBJjeHHd, Halinure oTHoweHHe Beca
caxapa M XJIOPHCTOrO HaTpHs.

3. Ucnone3ys npasusio ¢as, o6CynuTe paBHOBeCHe pacTBOpa H mapa pacTBo-
pUTENs.

4. KoHUeHTpallHsl HaCHILEHHOro pacTBOpa (OTHOLEHHe uHCAa Mosedl pacTso-
PEHHOrO BeuleCTBa K UHCJy MoJiefi pacTBOpHTeJsl) sBisieTcs GYHKLHell Temnepa-
Typhl. Buipasure sorapupmuueckue mpoussonnbie STofi (QYHKUHH wepe3 TeMmepa-
Typy R Tennory pacrBopenus. (ITpeamonaraercsi, 9TO SaKOHH CNaGbiX pPacTBOPOR
MoryT GbiTb TaKiKe MPHMEHHMbl K HaChlUIEHHOMY pacTBopy. PopMy.y MOXHO moay-
4UTb METOJIOM, aHAJIOrHYHLIM HCMOJ/Ib30BAHHOMY NPH BhIBOJe ypaBHeHusi KJaneiipoua),



rJABA VI

NOCTOSIHHASI B 3ABUCMMOCTH 3HTPOITHH
OT TEMIIEPATYPbI

30. TEOPEMA HEPHCTA

Kak yxe oTMeuasioch, onpefesenHe sHTponuH (68)
A

S(A)=‘§‘17Q.
0

rae O — npou3BOJIbHO BbiGpaHHOe HayaJsIbHOE COCTOsIHHe, He 3aBep-
IIEHO, TIOTOMY YTO MPOH3BOJBLHOCTb B BbIOOpE HAYaJBLHOrO COCTOSTHHSH
BBOAUT B 3HTPONMIO HeONpeleseHHYI0 aJfHTHBHYylO KOHCTaHTy. [loka
HMeelllb JeJI0 TOJBKO C pasHOCTbIO SHTPONHH, TO 3Ta HesaBeplleH-
HOoCTb HecyulectBeHHa. OjHaKo Mbl yKe HalIH, YTO ObIBAIOT CJydan
[Hanpumep, mpH pacCMOTpPeHHH paBHOBecus B rasax (ra. VI)], koraa
3HaHHE 3TOH KOHCTAHThbl CYIIECTBEHHO.

B naHHO#l rsaBe Mhi BBeeM M OOCYIUM IPHHUMI, KOTOpLIH IO-
3BOJIMT HaM HaWTH ajIMTHBHYI0 KOHCTaHTY, BO3HHKIIYIO IIpH oOrmpeje-
JIEHHH SHTPONMHMH. DTOT MNPHHUMI, OTKpuIThIH HepHcToM, yacTo Haswl-
BalOT TPETbHMM 3aKOHOM TepMOJHHAMHKH HIH TeOopeMOik
HepHcrTa.

B ¢opme, nepeonauasbHO ycTaHoB/eHHO# HepHcToM, Teopema mpu-
MeHslJIaCb TOJMIbKO K KOHJEHCHPOBaHHbIM CHCTEMaM, HO 3aTeM ee
HCNOJIb30BaHHe ObLIO pacnpocTpaHeHO TaKxkKe M Ha ra3bl. MOXHO
cpopMyJ/IHpOBaTh 3Ty TeOpeMy CJeELYIOmHM o0pasoM: sHmponus aw060u
cucmemot npu abcoatomuom Hyae ecezda moxcem Obimb npurama pas-
HoU HYyaro.

Tak Kak Mbl onpefiesisliM TOJNbKO DPasHOCTH SHTPONHH Mex1y He-
KOTOPLIMH JIBYMSI COCTOSIHHSIMH CHCTeMbl, TO NpHBeleHHas Bbiue ¢op-
MyJHpoBKa TeopeMbl HepHcra ¢usuuyecKH HOJKHA ObITb HHTEPIpETHpO-
BaHAa TaK: BCe BO3MOXKHbIE COCTOSIHHSI CHCTeMbl TmpH Temnepatype T =0
HMEIOT OLMHAKOBYIO sHTpomHio. ITosToMy, oueBHIHO, YIOOGHO BbIGpaTh
cocrosiHue cucteMbl Npy T = 0 Kak craHAapTHoe coctosinue O, BBeleHHOe
B § 12. 310 naeT Ham BO3MOXKHOCTb IOJIOXKHTb SHTPOIHIO CTaHAAPTHOrO
COCTOSIHHSI PaBHOH HyJIO.
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SHTPOHPHO HEKOTOpPOro COCTOSAHHA A TeNnepb omnpeneJisieM, BKJOYasn
JONOJIHUTEJIbHYIO KOHCTAHTY, HHTErpaJ/ioM

A

S() = § 4 (192)

J T
Te=0

rie HHTerpaj Gepercsl BIOJb OOpPaTHMOro INpouecca, HauHHAIOLLErocs
TIPOM3BONILHBIM cocTosiHHeM npH T =0 (HuXKHHH Tpefes) U 3aKaHUH-
BAIOIIErocs COCTOsiHHEM A.

B stoit kHure mbl mpumem Teopemy HepHcra kak mocryJaar. OnHa-
KO mpexie NajuM KpaTKOe TeopeTHYeCKoe OGOCHOBAHHE 3TOH TeopeMbl,
4T00Ll YOEeAUTb YHTATe/Isl B ee NpaBaoNCHOOHOCTH.

Mbr yxe BHAeNH, YTO TEPMOAUHAMHUECKOE COCTOSIHHE CHCTeMbl He
OMpefeJ/isieT TOYHO COCTOSIHME CHCTEMbI, NOTOMY YTO €My COOTBETCTBYET
OTPOMHOE YHCJIO AHHAMHYECKHX COCTOSIHHH. DTH COOOpaXKeHHsl MPHBOART
K cooTHoweHHo Bosbumana (75)

S=klnm,

rie = Ha3hBaeTcsl BepOSTHOCTbIO cocTosiHus. Crtporo rosops, = He
SIBJISIETCS] BEPOSITHOCTbIO COCTOSIHMSI, @ B JEHCTBUTEJIbHOCTH OHO Mpes-
cTaBjsieT co0olf YHCJIO JMHAMHYECKHX COCTOSIHHH, KOTOphle COOTBET-
CTBYIOT NaHHOMY TePMOAHMHAMHUECKOMY COCTOsiHHMio. Ha mepBbifi B3rJsif
KaXeTCsl, YTO 5TO NpPHBOJMT K Cepbe3HbiM TPYAHOCTSIM, TaK KaK JaH-
HOMY TePMOIHHAMHYECKOMY COCTOSIHHIO COOTBETCTBYeT GecKOHeyHoe
YUCJIO IMHAMHUYEeCKHX COCTOSIHMA. DTH TPYIHOCTH yJaaJjoch H36exarhb
B KJIACCHYECKOH CTAaTHCTHYECKOH MeXaHHKe cJiefyloumuM o6pasoM.

JluHaMuuecKHe COCTOSIHHMSI CHCTeMbl OGpa3yioT MHOXecTBO (oo*f)
rie f—uHcio creneneil cBOGOAK cucreMmbl. Ilo3TOMy KaxJjoe cocTos-
HHE MOXeT OblTb TNpeACTaBJEHO TOYKoH B 2f-MEpHOM NpOCTpaHCTBeE,
KOTOpoe Ha3biBaeTcsi (¢ a30BbIM MNPOCTPAaHCTBOM CHCTEMBL
OnHako BMECTO TOYHOrO H306GpaKeHHsi JMHAMUYECKOro COCTOSIHHS, KO-
TOPOrO MOXKHO JOCTHYb, 0OO3HAUMB TOYHOEe IoJIOXKeHHe B (pa30BOM
NIPOCTPAHCTBE TOUKH, H300pazartouleil cocTosiHHe, BBOAUTCS CJepyollee
nprOJIMKEHHOe TIpe/ICTaBJIeHHe.,

®a3oBoe NpOCTPaHCTBO pa3feJsieTcsi Ha psl O4YeHb MaJbiX sYeek,
KaXk1asi U3 KOTOPbIX HMEeT OJIMHAKOBHIH «CBepX»-00beM (ruziep-oobem) t.
Torna cocrosiHHe XxapakTepudyeTcs 3allaHHeM s4YefiKH, B KOTODYIO
flajaeT TOYKa, ONKChHIBAaOIlasi 3TO cocTosiHHe. TakuMm o6pasoMm, Bce
COCTOSIHHSI, KOTOpbl€ OINpefesisioTCS TOYKAMM, JIeXKAlMMH B OJHOH
siueflKe, HE CYMTAIOTCA pa3/JHYHBIMH. DTO H300pakeHHe COCTOSIHHS
cucTeMbl GbIO Gbl aGCOMOTHO TOYHBIM, €CJIH Obl SiUefiKu OblJIH BHIOpaHs!
6eCKOHEYHO MaJIbIMH.

[lpencraBneHHe JHHAMHUYECKOrO COCTOSIHMS B BHAE siu€eK BBOJHUT
OpepsiBHOCTb B NOHSITHE COCTOSIHHSI CHCTEMbl, YTO IO3BOJISIET BHIYH-
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CJIATb © METOJOM CTAaTHCTHUECKOrO aHa/u3a, a OTCIOfa C IOMOIIbIO
cooTHOolweHUss BoJbuMaHa HKaTh CTaTHCTHYeCKOe OMNpefesieHHe 3SHTPO-
nuu. CiienoBajio Gbl OTMETHTB, YTO T, @ MOITOMY H BeJMYHHA SHTPOIHH,
3aBHCAT OT BLIOPAaHHLIX pa3MepoB siyeeK. [leficTBHTENIBHO, eciH 00beM
fueeK JeNaeTcs Hcuesaiollle MaJjbiM, TO Kak =, Tak ¥ S obpauatorcs
B 0€CKOHEYHOCTb.

OnHako MOXKHO INOKa3aTh, YTO NpPH H3MEHEHHH T B = IOSBJIsAETCA
HekoTOpuilf MHOXxUTesnb. Ho M3 cooTHoweHuss Bosbumana S=kIn=
clenyer, 4YTo HeonpejesieHHBII MHOXHTeNL B = IiPHBOAMT K Heompeje-
JIeHHOl aiiuTHBHOR KoHcTaHTe B S. Takum o6pasoM, KJaccHuecKas
CTaTHCTHYECKasi MeXaHHKa He MOXeT MPHBECTH K OnpejeseHHI0 KOH-
CTaHTbl B SHTPOINHH.

[TpousBosibHOCTb, CBSI3aHHass C %, a IO3TOMY M C 3HTpoONHedl, B
KJIACCHUYECKOH MHTEPIPETALHH MOXeT ObiTh YCTpaHeHa IpPH HCIIOJb-
30BaHMH NMPUHUMIIOB KBAaHTOBOH TEOPHH, MOTOMY YTO KBAHTOBasi TEODHs
BIIOJIHE eCTECTBEHHO BBOJHMT IPEpPHIBHOCTb B OINpesieJieHHe AHHaMHue-
CKOTO COCTOSIHHSI CHCTeMbl (IMCKpeTHble KBaHTOBblE COCTOSIHHs) 6e3
MpUMeHEHHs] TPOM3BOJILHOIO JeJIeHHs! MPOCTPAHCTBA Ha suelKH. MoXHO
NoKa3aTh, YTO I/ CTAaTHCTHYECKHX Liesiel 3Ta IpepbiBHOCTb SKBHBa-
JIeHTHa JieJieHHio (a30Boro NMpoCTPaHCTBA Ha siUeiiKH, HMelolHe 00beM,
paBHbilt Af, rne h — nocrosnHas Ilnanka* (h = 6,55 10— ape - cex),
a f—uncyo cremeHeil cBoGombl cucTeMbl. IlopuepkHeM, He BXOAS B
NoIpoGHOCTH, YTO B NOCJEeNOBaTeJbHOH KBAaHTOBOH CTaTHCTHYECKOH Te-
OpHH HCYe3aeT BCSl Heomlpeje/IeHHOCTb B OMpefle/ieHHH ©, a MO3TOMY H
B ONpeJieJIeHHH 3HTPOIMHH.

CorJiacHo cootHomeHHio BoJbliMaHa, Be/iMYMHA w, KOTOpas COOT-
BercTByeT S =0, ectb = = 1. [loaToMy B cratucTHuecko#t HHTepmpe-
TauMd TeopeMa HepHcTa ycraHaB/MBaeT, UYTO mepMOOUHAMUMECKOMY
COCMOARUID cucmembt npu a6COAMOMHOM HYyAe COOMBEMCMmeyem MmoAbKo
00HO OuHamuyeckoe COCIMoOsHUe, a UMEHHO: OUHAMUMECKOe COCMOosHue
C HaumeHvuwiell 9Hepaueli, coemecmumoe ¢ OQHHOU KPUCMAAIULECKOL
cmpykmypoll ual ¢ OQHHbIM A2pe2amHbiM COCMOSHUEM CUCMEMbL.

Teopema HepHcra Gbiia Gbl OWIMGOYHOH TOJMBKO B TOM CJlydae,
ec/JH Obl HMMeJOCh MHOrO JHHAMHYECKHX COCTOSIHHE C HaWMeHblued
sHeprueii. Ho naxke M Torga 4YMC/JIO TaKHX COCTOSIHHH JOJDKHO GhITh
HeoObIYaiiHO BeJIMKO **, 4TOGHI OTKJIOHEHHe OT TeopeMbl ObLJIO 3aMeTHO.
XoTa TeopeTHYeCKH HeJsb3sl JI0Ka3aTb HEBO3MOXKHOCTh CYLIECTBOBaHHS
TAKHX CHCTeM, KaxKeTcsl KpaiiHe HempaBlONOAOGHbIM, YTO TaKHe CH-
CTeMbl JeHCTBHTE/IbHO CYLIECTBYIOT B npupone. [TostoMy Mbl MoxeM
NpelnosioXUTb, 4To TeopeMa HepHcTa Bcerja npapHJIbHA.

PaccMotpuM Tenepb HekoTOphie C/eAcTBHsi H3 TeopeMbl HepHcra.

* [lpunsroe cefivac 3Hauenue nocrosinHoft [lnanka paBHo 6,625 x 107 epeXx
X cex (NMpuMeuaHHe pelaKTopa MepeBoia).

** Topsanka eN, rpe N — unciio MoJsieKyJ CHCTEMHL.
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31. MIPUMEHEHHE TEOPEMbI HEPHCTA
K TBEPIbIM TEJIAM

PaccMoTpHM TBepioe Teslo, KOTOpOe HarpeBaercsl (HampHMep, IIpH
NOCTOSIHHOM JaBJeHHH) 0 TeX MOp, IOKa ero TemIepaTypa He BO3-
pacTer oT abCOJIIOTHOIO HYJS 10 HEKOTOpOH OIpejeJeHHOH BeJH-
upnbl T. Ilycts. C (T) — TensoeMKoCTh Tesa (MpH NOCTOSIHHOM J@B-
Jennd) npu Temneparype 7. Torga mpH H3MeHeHHH TeMmepaTypel Ha
BeqMunHy dT Teslo morJoumaeT KoJHuecTso Temyothl dQ = C(T)dT.
IlosToMy 3HTponHs Tesa npu TemnepaType 7 MoxeT ObiTb IIpeaCcTaB-
JeHa (cM. ypaBHenMe (192)) B cuaepyouieM BHJe:

T

s= [¢@ar. (193)
0

W3 ypaBuennss (193) MOXHO MOJYYHTb NEPBOE CJEACTBHE TeOPEMBI

HepHcra: BuaHO, 4TO ecau Gbl TemJioen KocThb npH abcostotHoM HyJle C (0)

OTJIHYajach OT HyJs, To uHTerpan (193) pacxoguics Gbl Ha HHXKHEM
npepese. [109ToMy JOMKHO ObITH

C (0) = 0. (194)

DTOT pe3yJbTaT HAXOAMTCH B COMVIACHH C ONbITHBIMH JAHHbLIMH
/15 TENJIOEMKOCTH TBEPABIX TeJl.

[as1 npocToThl OrpaHMYHUMCS PacCCMOTPEHHEM TBEpAbIX XHMHUECKHX

S/EMEHTOB U BBLINOJHHM BbiYHCJIEHHS JJS OJHOrO TIpaMM-aToMa.

Puc. 22 saBasiercs KauecTBeHHbIM rpagu-

Ci YeCKUM H300pakeHHeM U3MEHEHHsS] aTOMHOMH

TEMJIOEMKOCTH OT TeMIepaTypbl COrJIacHO

skcnepuMenty. M3 pucynka BupHo, uTO

JR  aTOMHasl TelJIOEMKOCTb IEeACTBHTENBHO 06-

pawiaercsi -B HyJb B a0COJIOTHOM HyJe.

t Ilpu Gousee Buicokux Temmnepatypax C(T)

T IpUOJIHKAeTCS K MpefeJbHOH BeJHYHHe,

Puc. 22. KOTopasi MaJIo OTJIM4aeTcsl M/ PasHyYHbIX

3JIEeMEHTOB H JIEXXHT OYeHb OJIM3KO K Be-

auunHe 3R. [lpenesbHoe 3HaueHHe JOCTHraercsi MPH KOMHATHOH TeM-

nepatype. DTOT pe3y/bTaT SBJSETCS BbIPA)KEHHEM XOpOLIO H3BECT-

Horo 3akoHa [iosonra u IltH, KoTopeii MOXeT ObiTh CGOPMYJHPOBaH

cJaenyromuM o6Gpa3oM: 8ce meepdoie INeMeHmbl NPU KOMHAMHOU mem-

nepamype umerom O0OUHAKOBYIO QMOMHYIO MENnI0eMKOCHIb, KOmopas

paéna SR. [pyeumu croeamu, npoussedenue yoeabHOU mensoem-

Kocrmu U QmomHO20 6eCa O00UHAKOB0 OAsL 6Cex meepObLx SAeMeHmo8

u paéro 3R.
Teopernueckast ¢opMysa AJsi yHeJbHOH TENJOEMKOCTH TBEPAbIX
S/1eMEHTOB, KOTOpasi XOpOLUO corJacyercsi ¢ OMNbITOM, Oblla BhiBeJieHa
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Ile6Gaem Ha OCHOBe KBaHTOBOH TeopHH. Boipakenue Jle6asi MOXHO 3a-
nucatb B BHJE

C(T) = 3RD ({) (195)

rae 0 — xapakTepHCcTHUecKas KOHCTaHTa BeilleCTBa, KOTopasi HMeeT
pasMepHOCTb  TeMIlepaTypbl; OHa HasblBaeTCsi TeMIepaTypoib
He6as; D npegcraBasieT co6oil cienyoulylo QyHKIHIO:

T 3
3 ("x3 dx 3
D () = 12 Sex_l— e (196)
0

TlockonbKy n/1st Gousbliiux 3HaveHuit § ¢ynkuus D (§) cTpemurcs
K eguHuue, To u3 (195) ciepyer, u4TO aTOMHasi TENJIOEMKOCTb IIpH
BHICOKHX TeMIepaTypaXx CTpeMHTCS K Ipexeny, paBHoMy 3R, Kak
u TpebyeTcst no 3akoHy [osonra u [lru.

Ilpu ManbiX 3HaueHHsiX & BepxHHH mpemes HHTerpana (196) MoxHo
3aMeHHTb GEeCKOHEYHOCTbIO H ONiYCTHTb BTOPOE CJIaraeMO€ BhIpaXKeHHs,
[IOTOMY YTO OHO O4YeHb OBICTPO CTPEMHTCS K HYJIO IpH

£ 0(~—2e— —é) [Tostomy past & — O 3amuiem

D ()~ 128 j—"—l L) (197)
0

‘M3 sToro acumnToTHuecKoro BelpaxkeHHs Aas D (§) momyuum cie-
Jytoliee BblpaXkeHHe JJ1si aTOMHOH TeNJIOEMKOCTH B 06GJIaCTH HH3KHX
TeMIeparyp:

cn=8r (198)

H3 KOTOPOTO BHJHO, 4TO NpPH HH3KHX TeMIepaTypaX aTOMHasi TeIJo-
eMKOCTb MpOMOpLHOHaNbHA KyOy TemIepaTypbl. STOT BHIBOA H3 TEOPHH
Jle6ast Xopolio corJacyercsi ¢ OIBITOM.

Hcnonbsys ¢opmyny Ile6Gast, MOXXHO BbIYHC/IHTD SHTPOIHIO I'PaMM-
aTtoMa TBepporo TeJsa, noacrasasis (195) B (193). IlpomenaB sto, Ha-

XOLHM
XT—TE - R(D(e pHE (199)
0

]

S—

.

“‘lﬁ
ot—’ﬁc\\l
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3amensss D (§) B (199) ero TOuHbIM BbIpakeHHeM, Mosydyaem™
0

[}

3=3R{4_, ’e‘:"" 1n(1_e—7)}=

=3RlnT—[—4R—3R1n6+ (200)

[Tocnepnsis dpopMyna cnpaeepiuBa aass T > 6, T. e. B obJaactd
TeMmnepaTyp, AJs KOTOPbIX HpuMeHHM 3akoH [iosnoHra u IlTu.

[Ipn nomomu TeopeMnr HepHcra o6cynum Temepb INpeBpauleHHe
TBEpPAOro TeJa U3 OAHOH KpHCTassIHuyeckoit ¢opMbl B apyryilo. B ka-
yecTBe NpHMepa pacCMOTPHUM IIpeBpallleHHe 0/10Ba M3 ceporo B Geuloe.
Cepoe o0JI0Bo sBJsieTCsl YCTOHYHBOH (popMOH IpPH HH3KHX TeMIepa-
Typax, a 6esioe yCTOHYHBO NpPH BLICOKHX TeMIeparypax. Temmneparypa
nepexona T, paBHa 19°C, uau 292°K.

[TpeBpaiuenne oJioBa H3 OXHOH aJIOTPOMHMYECKOH MOAHGHKAIUH
B JPYTYi0 BO MHOTHX OTHOLIEHHSIX aHAJOTHYHO IJIaBJIeHHIO TBEPAOTro
tesa. Hanpumep, oJioBOM morJouaercss HEKOTOpPoe KOJHYECTBO Tell-
JIOTHI NIPH Nepexofe OT cepod K Oesoii moaudukauuu. DTa TeoTa
npeBpaieHuss Q paBHa 535 KaJopHsIM Ha TrpaMM-aTOM HpH Temmepa-
Type Nepexoja.

YcroiiunBoii MonupuKaumell HuKe TeMrepaTypbl Nepexojga sBJfA-
ercs cepoe oJsioBo. IIpH HHM3KHX TemIepaTypaXx MoOXeT, OJHaKo, CY-

* HcnonbsoBana caepylomas Q)opmy.na'
d&

x3 dx Iz
SD(E) 12}&24{( _3§ e

Menss nopsgok um‘erpupoaaﬂna H BBoAA 1/§ Kak HOBYI0 mNepeMeHHYIO BO
8TOPOM HHTErpaJe, 3anHiIeM

o |/x

ag _ xdx | . x3 dx 2 g5
‘S;D(E)— 12 Se”—lSE d€+12Sex_1S §2 dt
() 0

o
—

Ias GonbluMX BesMYMH © MNOAyYaeM CJeAyloulee aCHMITOTHYECKOe BHIpa-
WeHHe

, ds
S;D(&? §+lnm+...
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IIeCTBOBaTh H OeJloe OJIOBO — B HEYCTOHUHBOM MeTacTaGUJIbHOM * CO-
crosiHud. [lo3TOMy MOXHO H3MEpHTb YHAeJbHYIO TelJOEMKOCTb Kak
ceporo, Tak H 6eJioro 0JioBa OT HH3KHMX TemIepaTyp BILIOTb [0 TEM-
neparypel mepexoga. ATOMHBbIE TeIVIOBMKOCTH STHX JABYX MoAu(dHKa-
IMi He paBHbI: Y OJHOH M TOH Ke TeMIepaType aTOMHas TeIJIO-
€MKOCTb Ceporo 0J/10Ba MeHbllle, 4eM 6eJioro.

IlpeBpalleHHe oJioBa M3 ceporo B Oesioe sB/seTCs HeoGPaTHMBIM
NpH TeMIepaTypax HUXe TeMrepaTypsl Iepexoia (Tak Kak cepoe
0JIOBO YCTOHYMBO HHXKe TeMnepaTyphl Hepexoia, TO CaMONPOH3BOJIb-
HBIl [lepexofl MOXKeT IPOH30HTH TOJBKO OT 6eJioH K cepoii Moau-
¢uxanuu). OnHako NpH TeMmepaType Iepexoja MpeBpallleHHe MeXAY
IBYMsi MoauduKaluUsIMH 0GpaTHMO.

Mycrs S, (T,) u S;(T,) — 3HTpONHH TNpH TeMnepaTypax mepexona
ONHOro rpaMM-aTOMa COOTBETCTBEHHO ceporo H Gesoro osioea. Ilpu-
Mensisi cootHoureHust (69) k oGpaTHMOMY H30TepMHYeCKOMY MpeBpa-
IleHHIO ceporo osoBa B Gesioe, MmoJydaeMm:

GeJioe

ST)—8Ty= [ R-2, (201)

cepoe

OG6o3HauMB aTOMHYIO TEIIOEMKOCTb ceporo M 6eJioro 0JioBa COOT-
BercTBeHHO 4Yepe3 Cy (T') u C,(T), moxHO Buipasuth S, (T,) u S, (T,)
npu noMomu ypaBHeHusi (193) cienyroum obpasom:

T, T,

{Cy (T | Co (T

81T = | 2D ar; 5,1y = (S P ar. 202)
0 0

Takum o6pasom, u3 (201) HaxomuM ypaBHeHHe

T, T,
Q=TO{S92—‘TT—’dT—j91‘TﬂdT}, (203)
0 0

KOTOpoe BbipaxkaeT TeNJIOTy IpeBpallleHHss (Q Ipomecca Yepe3 TeMie-
parypy mnepexoia T, M aTOMHYIO TelJIOeMKOCTb IBYX (OpM OJIOBa.
Yrto6bl TNpOBEPHTb CIpaBeAJHMBOCTb  ypaBHeHHs (203), BbINOJHHM
MHTErpHpoBaHHe. B pesyJsbTaTe YHCJIEHHOro HHTErPHPOBAaHHS MOJY-
YHM

T,
S'C_zﬂT_Tl dT = 12,30 xas/epad.;
0

T,
j ¢y <TT. ) 4T = 10,53 Kas/zpad.
1]
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Tak kak T, = 292°K, 1o u3 (203) Mbl mosyyaem
Q=292(12,30 — 10,53) = 517 «aa.

Xopoulee corjacie MexXAy 3TOH BEJUYHHOH H 3KCIEepHMEHTab-
HOfl BesIMuMHOM Q = 535 ka2 MOXKHO paccMaTpHBaTh KakK CepbesHoe
noxteepxkieHrHe Teopembl HepHcra. HeGosbluyio pasHuiy MeXAy STHMH
BEJIMYHHAMH MOXKHO OOGBSICHHTb OLIWGKAaMH OTbITa.

32. 3HTPOMUMAHASI KOHCTAHTA I'A30B '

B § 14 Mpl BBIYMCJIHJIM SHTPONHIO OXHOTO MOJSI HIAEaJbHOrO rasa
(cM. ypaBHeHHe (86)) M IOJY4YHJIH

S=CyInT+RInV +a.

Heomnpenenensass agquTuBHasi KOHCTAHTa a, KOTopas MOSIBJsSETCS B
3TOM BbIpa)KeHHH, Ha3blBaeTCs! 3 HTPON U A HOH KOHCTAHTOM
rasa.

Ecan 6bl MOXKHO OBIO HENOCPEACTBEHHO IIPHMEHHTb TEOpEMY
Hepucra K ¢opmyse (86) pjst SHTPONHH, TO YCJIOBHEM ONpeaeJeHHs
KOHCTaHThl @ OblI0 Obl paBeHCTBO Hymo 3HTpomuu S npu T == 0. Ox-
HAaKO eCJH MBI INOINKiTaeMcsl cienath 3To, TO YBHAWM, uTo CyInT B
npaeoil yactu paBeHCTBa (86) obpawaercss B 6ECKOHEUHOCTb H KOHCTaH-
Ta OKa3blBaeTcsi 6eCKOHEYHOH.

[lpuuunoit stoft kaxyweiica ownGoyHOCTH Teopembl Hepuera pas
vIeaJbHbIX Ta30B SIBJASETCS Haile MpelloJoKeHHe O IIOCTOSTHCTBE
yaeabHoN TemnsnoeMKocTH Cy, Kak 06 ONHOM H3 CBOHCTB HA€aJbHOTO
rasa. Kak Mbl yxe BHIOeJH B Hauajle NpelbiAYILero pasaena, 3TO He-
coBMecTHMO ¢ TeopeMmoii HepHcra.

Brixon M3 3TOl TPYIHOCTH MOXHO OblIO Gbl HCKAaTh B TOM, YTO HHKa-
KOe HCTHHHOE BellleCTBO He BefeT cebsl JaxKe IPHOJHKEHHO MOJOOHO
HIeaJbHOMY rasy BO/IM3dM abCOJIIOTHOTO HYJIS: BCE ra3bl KOHLEHCHPY-
tOTCA TIPH CPaBHHTEJbHO HH3KHUX TeMnepatypax. [loatomy ¢usnuecku
HeJONMyCTHMO npuMeHeHue dopMyasl (86) K rasam mpu TemmepaType,
6/1M3KOH K abCOJIIOTHOMY HYJIIO.

Ho, naxe He yuuThiBass 3THX cooGpa)KeHUH, H3 KBaHTOBOH - MeXa-
HUKH HJealbHOro rasa (OmpefeJisieMOro Kak ras, MOJIEKYJbl KOTOpPOro
UMeIOT TpeHeOpeXXUMO MaJyi0 BeJIMYHHY M He B3aHMOIEHCTBYIOT ApPYT
C JpyroM) MOKHO CjaeJaTb BbIBOJ, YTO YAeJbHas TEJIOEMKOCTb MpH
oueHb HH3KHX TeMIlepaTypaX yMeHbllaeTCss TaKuM o0pa3oM, uTo o6pa-
uwaerct B Hyab npu T = 0. CienoBaTesibHO, Jaxe ISl HIeaJbHbIX
rasos ¢opmy.ay (86) MOXHO NpPUMEHSTb TOJBKO B TOM cJy4ae, ec/H
TemrepaTypa He CJIMILIKOM HH3Ka.

Hcnonb3yss craTHcTHUecKHe MeTOIbl, a TaKMkKe HEIOCPeACTBEHHO
npuMeHsis TeopeMy HepHcTa, MOXKHO MOACYHTATL SHTPONHIO HAEaNb-
HOro rasa AJs BceX TeMmepatyp. B obJsacTH BbICOKHX TeMmepaTyp 3H-
‘Tponusi umeeT Bup (86), ONHAKO He C HeoNpele/eHHOH KOHCTaHTOH a,
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a ¢ u3BecTHOH (yHKuMel MOJIEKYJSIDHOro Beca M APYLHX MOJIEKYJIsIp-
HBIX KOHCTaHT rasa.

Haunpocrefiuunm siB/1sieTCst -ONHOATOMHBIH a3, AJs KOTOPOro 3HTPO-
nust ogHoro MoJs jaaetcst popMyJion

(@2rMR) 3/20e8 2 }’ (204)

S=R{§1nr+mv+m 3 i

rie M —artomHul Bec, h— nocrosiiHasi [lianka (A = 6,625 % 107
ape-cex); A—uncino Aboragpo (A = 6,03-102 1/moab); a © — uesoe
YUCJIO0 MOpsAfKa eJHHHIbL —CTaTHCTHUECKHH Bec OCHOBHOTIO
COCTOSSHHSA aToMa. 3HaueHHe  JJs1 pa3jIHYHbIX aTOMOB IOJY-
yaeTcsl M3 KBAaHTOBOH TEODHH; Mbl YKakeM BeJHYHHY « M BCeX
paccMaTpHBaeMbIX 3[eCb IIPUMEPOB; € — OCHOBaHHe HaTypaJbHbIX
JIorapu(moB.

dopmysa (204) BnepBole Gbia noaydyena Terpomom u Caka. [las
TOro, 4trobnl mnokasatb, 4Tto (204) MOxeT GbiTh BbIpaxkeHO B ¢opme
(86), cnenyer npuHsaTh B pacuer (34). Torma A/ KOHCTaHTbl 3HTPO-
MM OJHOrO MOJIsI OJHOATOMHOrO rasa MOJIYYHM

3/oweb/
a= R In @MRPoct: R(—5,65+3—1nM+ mm). (205)

MoxHO Tak)Ke 3anHcaTb SHTPONHIO HIEaJbHOrO OXHOATOMHOrO
rasa B ¢opMe, cooTseTcTByloLIeH (87):

(21:M)312R5/2me5/2}

etk (206)

S=R{g_lnT—lnp+ln

B sTofi KHHre Mbl He JaeM JoOKasaTejbCiBa 3TOi GopMyJsl. Orpa-
HHYMMCS TOJIbKO HEKOTOPbLIMH IIpHMepaMH ee NpHMeHeHHs.. B kauectse
NepBOro mnpuMepa BLIYHC/IHM JaBJieHHe napa Haj TBepAbIM OJHOATOM-
HbIM BeIlEeCTBOM.

[Tycte p — naBnenne napa mnpu Temneparype T. Ilonnepxusas
TeMnepaTypy H JaBjeHHe IOCTOSIHHbIMH, NMpPY MeJJEeHHOM YBeJHYEeHHH
o0beMa HCnapuM OIMH MOJb BellecTBa. Bo BpeMs 3TOro mpouecca Teso
TIOrJIOMIaeT W3 OKpYy:Kawoulell cpefibl KOJHYECTBO TeIJIOTh /, paBHOe
TEIUIOTe HCrapeHHs (Ha MoJb, HO He Ha rpamm). Tak Kak HcnapeHue
BElleCTBA MPOMCXOAHT 0OpaTHMO, TO H3MeHeHHe SHTPONHMH BO BpeMsl
npeBpalleHHs] COCTABJsIET

/>

Snapa - STB =

[Npumensiss mpuGmukeHHoe Buipaxenue (200) gasi 3HTponMH TBep-
Joro Tena u ¢opmyny (206) nns sHTpomMM mNapa, HoJydaeM

R{g‘"T_l“”"L‘“W}—amnr_uwmme:%
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WJH, NOTEHLHPYs, HAXOLHM, YTO

-4
(2 M)3/12R5[2063 | RT
P=omma e (207)

3ty ¢opMyay chaenoBajo 6bl cpaBHHTb c ¢opmyson (98), Kotopas

nonyyeHa u2 ypasHeHusi Knaneitpona. Muoxuremb 5 =B (207) Bos-

VT
HUK HM3-3a NpPHHATOH HAaMH B pacyeT 3aBHCUMOCTH TEIVIOThl HCIapeHHs
OT TeMrepaTypbl. Mbl BHUIMM, YTO MHOXHTe/b MPOIMNOPIHOHATBLHOCTH,
KOTOpblif oOCTaBaJicsl HeompejeneHHbM B (98), Tenepb MOJHOCTBIO
onpejeneH mpd nomowu Teopembl HepHcra u ¢opmyasr Caks — Ter-
poja IJisi SHTPONHH Trasa.

Tak Kak BO MHOTHX CJydYasiX Mbl HMeeM J[eJI0 C HCIapeHHeM XKHI-
KOCTH, a He TBepjoro BewiectBa, To ¢opmy.a (207) He Bcerga npHMme-
HuMa. B KauecrBe mpuMepa HclapeHHs XXHIKOCTH PacCMOTPHM HCIIapeHHe
ONHOTO MOJSI PTYTH, IIOTOMY 4YTO 3TOT SJIEMEHT HMeeT OIHO4aTOM-
Hbiii Dap.

Touka kumenuss pryta — 630° K. 3ro sHauutT, uTO HaBjeHHE
HacbilleHHoro napa prytd npu 630* K paBHo oxHo#t atMocdepe.

Tenepp moacuntaeM [BYMs pPa3JMYHBIMH METOJAMH SHTPOIHIO
onHoro MoJast prytu npu T =630° K u p=1 amm u cpaBHuUM o06a
pe3yJibTara.

Meroxn 1. ®opmyna Caks — Terpona (206), nmpuMeHeHHasi K HalleMy
cayvaio (atomueili Bec prytu 200,6), naer

S=191.10%

Merop 2. Mbl HauHeM C OJHOrO MOJISI PTYTH NpH aGCoJIOTHOM
HyJe. Ee sHTpomus, corsiacHo tTeopeme HepHcra, paBHa Hymo. 3ateM
HarpeeM ONMH MOJb PTYTH, COXPaHssl JaBjeHHe paBHbBIM OLHOH arTMoc-
tdepe mo Temmepatypbl NJaBIeHUSA T pnapnenns = 234,2° K. Bo Bpems
3TOro npolecca SHTPONHs PTYTH YBeJHYHBAeTCs; ee BelHYMHa jasi T =
= 234,2® K Moxer ObITb BhYHcJeHa npH nomowu ¢opmydsl (193)

234,2
Srs(234,2) = S Dyr,
0

rae C (T) — aTOMHasi TeNJIOEMKOCTb PTYTH IIPH MOCTOSIHHOM JaBJIEHHH.

I1puBeneHHbI MHTErpas MOXKHO MOJCYHTATh YHUCJIEHHO, HCLOJb3Ys
SKClepuMeHTa/bHO onpexnesneHHyio BeaumunHy C (T). B pesysbrarte
[0Jy4nM

S:8(234,2) = 59,9 x 107,
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3acTaBUM Temepb MOJIb PTYTH IJIaBUTBCSL NPH aTMOcepHOM JaB-
JeHuH. Bo Bpemss maHHOro mnpouecca pTyTb IOIJIOLUlaeT OGPaTHMO
KOJIMYECTBO TEIJIOThl, paBHOE TEIJIOTe IJIABJE€HHsI MOJSL  PTYTH
(2330- 107 spe/mons).

B pesy/braTe H3MeHeHHe SHTPOIMH BbIPaXKaeTCsl OTHOLIEHHEM Tell-
JIOTHI IIJ1aBJIeHHs1 K TeMIepaType IUIaBJleHHs, T. €. H3MeHeHHe SHTPOIHH
2330.107

234,2

Sx 234,20y = 59.9-107 4 9,9-107 = 69,8-107.

paBHo = 9,9.107. Bcsa sHTpOnHsI MOJst PTYTH Telepb COCTaBJIsieT

3atem HarpeeM 2KHIKYIO PTYyTb H IOBbLICHM €€ Temiepatypy oT
TOYKH ILIABJIEHHMS JO TOYKH KHINEHHS, BCJIEACTBHE YEro >SHTPONHS
H3MeHsieTCA Ha BeJIMYHHY
630

Su(630°) — Sw(234,2 = ( S0,

234,2

rae C,(T) atoMHast TeNJOEMKOCTb IpPH NOCTOSIHHOM JaBjeHHH. Hcmosb-
3yst 3KcnepuMmeHTasnbHble 3HayeHHst C;(T), Mbl MOXEM OLEHMTb IIpH-
BelleHHhI HHTerpan KoJH4YeCTBeHHO. Ero BesnunHa cocTaBisier
26,2x 10°. [o6aBasii 3Ty BeJMYHHY K 3HAUEHHIO SHTPONHH KHIKOM
PTYTH B TOYKe IUIaBJIEHHsl, HaXOAWM, YTO

Sx (630°) = 69,8107 +- 26,2107 = 96,0 10°.

Hakonen, paspeminM MOJIO JXHAKOH PTYTH HCHIApUTbCS NPH aTMOC-
¢epHoM JaBieHHH. B pesyibTate pryTh npH Temmepatype T = 630°
TIOTJIOLAeT KOJIMYeCTBO TEeIUIOTHl, paBHOe TeIJIOTe HCIapeHHs1 OJHOro
moast pryta (59300-107 aspe/moav). IlosToMy H3MeHeHHe 3SHTPONHH
pasHo 59300-107/630° =94-10?, u ™Mbl mojyyaeM, HaKoOHel, AJs
SHTPONHH OXHOTO MOJISI mnapa pPTYTH MNpH TeMmepaType KHIIeHHst

S =196.10" 4+ 94-10? = 190-10°.

AT0 3HaueHHe HAXOAHUTCS B MPEBOCXOAHOM COIJIACHH C BEJHYHHOI,
HaiilleHHOH HerocpeacTBeHHO mo ¢opmyJsae Caks—Terpona.

TosbKO YTO NO/MyueHHbIH pe3yJbTaT MOXHO NPUHATH 3a 3KCIepH-
MeHTaJIbHOe J10Ka3aTe/IbCTBO BbIPAXKEHHsl IJIS1 SHTPONHHM OAHOATOMHOro
rasa. Ilopo6Hble BblHCAEHHS OblIM BBINOJHEHH JJ1s1 aproHa U yrJe-
pona, M Takxe OblJIO HalJeHO BIOJHE YIOBJETBOPHTENbHOE COIJacHe.

33. TEPMHYECKASI HOHU3ALUHSA TA3A. TEPMOHOHHbIA 3d®EKT

B rnaBe VI Mbl ycTaHOBH/IM 3aKOH AeHACTBYIOIMX Macc (ypaBHeHHe
(139)) nas xMMHuecKkoro paBHOBeCHsI B rasoBbix cHcTeMax. IlocTosiHHLIN
Ko3(hHILHeHT (MHOXHTe/b, KOTOpBbIH He BKJIOYaeT TeMIeparypy) 8
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JieBoil uacTH ypaBHeHHs1 (139) comepXHMT KOHCTaHTbl SHTPOIHH Ta3oB,
TIPUHUMAIOWKX  YyYacTHe B peakudH. 3HaHHe KOHCTAHT 3HTPONHU
IaeT HaM BO3SMOXHOCTb BBIYHCJHTb 3TOT KO3((PHIMEHT MOJHOCTBIO.

Tak Kak HaM H3BECTHO BbIpaXK€HHE KOHCTAHTHl SHTPONHH TOJIBKO
IJIS1 OJHOATOMHBIX ra3oB, TO Hajo BhiOpaTh TaKyl0 peaKlHIO, B KOTOPOH
MpPHHHUMAIOT y4acTHe JIHIb OJHOaTOMHble raspl. OueBHIHO, YTO TaKHX
peakuuii B XuMHH HeT. [losToMy paccMoOTpuM cienyroolMA HEXHMH-
YecKdil npouecc.

Korma Ttakue rasel, Kak, Hanpumep, Napbl IIeJOYHbIX MeTaJslJIOB,
HarpeBalOTCs JO OYeHb BLICOKOH TeMIepaTypbl, TO HeKOTOphle H3 aTo-
MOB HOHH3HDYIOTCS, T. €. TepSIOT OJHH M3 CBOMX 3JIEKTPOHOB M IIpe-
BpallaloTcs, TaKUM 06pa3oM, B HOHbBL. Ecaun, Hanpumep, 0003HauHTh
yepe3 Na, Nat u e COOTBEeTCTBEHHO aTOM HaTpus, HOH HaTpus H
3JIEKTPOH, TO MPOLECC MOXHO H300pasuTh peakuHen

Na & Nat+ +e. (208)

YCTaHOBJIEHO, YTO NPH KaXKIOH TeMIepaType 3Ta HOHH3aLHs AOCTH-
raeT COCTOSIHHSI TeIlJIOBOIO paBHOBeCHs, KOTOpOe BIIOJIHE aHaJOTHYHO
XMMHYECKOMY DPaBHOBECHIO ]Il OOBIYHBIX XHMHYECKHX peaKuHH.

B mapax HarpHs mpH OYeHb BEHICOKHX TeMIlepaTypax IeHCTBHTEbHO
MMeeTcsl CMechb TpeX pas/MYHLIX Tas3oB: HeHTpajbHoro Hartpusi Na,
KoHueHTpauuss Kotoporo [Na], uoHoB natpuss Nat ¢ KoHueHTpauueh
[Nat] u anekTpoHHOro rasa (rasa, COCTaB/JEHHOTO M3 3JIEKTPOHOB) C
KOHLeHTpauned [e]. Kaxnoe M3 3THX Tpex BellecTB BejieT cebs IO-
106HO onHoaToMHOMY ra3y. [lostomy K mnpoueccy uoHusauuu (208)
MOXHO HpPHUMEHHTb oOwye pe3yJbTaThl TEOPHH XHMHYECKHX pPaBHO-
secuil B ra3oo0pa3HblX CHCTeMax, B 4acTHOCTH YypaBHeHHe (139).

Tak kak Bce rassl B CMECH OJHOAaTOMHBIE, Mbl JO/DKHbI NPUMEHHTD
fleppoe M3 BblpaeHH# (34) 1/ MOJSPHOH TEMJIOEMKOCTH Ta30B.
KoHCTaHTH 3HTpONHHM MOXKHO HaHTH mpH momould ypaBHeHust (205).
CraTuCcTUYeCKUH BeC ® paBeH 2 1/ HeHTpaiabHoro Hatpus, | — aus
YOHAa HaTpusi U 2 —jas1 3sekTpoHa. Mbl mpumeM, uro M= 23
(aToMHbI/f Bec HAaTpusl) K IpeHeOpeeM OuYeHb MaJjof pasHuLeHd B
MaccaX aroMa H HOHA HaTpHs, MO3TOMY AaTOMHBI Bec HaTpPHEBOTO
MOHa TaKXe NpHHHMaeTcs paBHbIM M.

AToMHBII Bec 3JeKTpoHa (T. e. Macca 3JIEKTPOHOB, pasjiesleHHas

Ha 1/16 Maccel Kucaopopa) cocrasiser M, — O6o3nayuM, Hako-

1
1830
ven, 4epes W =4,91-10—'2 aspe/mose 3Hepruio, HeoOXOAUMYIO AJIS
HOHM3alHMH BCceX aTOMOB B OJHOM MoJie HaTpueBoro napa. Toraa

2 mIWI - anW:‘ = Wuouoa -+ Ws.'!ex'rpox-xoa - Wa-ro.won =W.
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CnenaB Bce HeoOXoAuMble MNOICTAaHOBKH B ypaBHeHHe (139), moay-
YUM YCJIOBHE TeNJIOBOTO PaBHOBECHSI NPH TepMHYeCcKOH HOHH3aLUH
HaTpHeBbIX NapoB B BHJE CJEAYMIIEro ypaBHEHHS:

[Na] _  h34¢
[Nat][e]  (2=MR)l2
3ty dopmyay MOxHO 3anucate B Gojee yao6HOH c¢opMme: mycTh

X —CTeneHb HOHHM3alUWH, T. €. OTHOWEeHHe YHCJAa HOHOB K IOJIHOMY
4HCJIYy aTOMOB

w
T—3/2 RT-

. [Na+]
* = [Na] ¥ [Na+]'

U nyctb n = [Na] + [Nat] —oG6uee uucio aToMoB HaTpus (aToMbl -+
vonbl). Toraa
[Nat] = nx; [Na] = (1 —x).

Tak kak o4eBHIHO, UTO HMEETCsl ONUH 3JIEKTPOH /s KaKAOro HaTpue-
BOro HMOHa, TO HMeeM

[e] = [Na*] = nx
H, HaKOHel,

26 000

w
x2 (2aMR)32 T312¢ = RT =39 10—2T3/210 -7 . (209)

T —x = A

CreneHb HOHM3aUMH MoXeT ObITb HaiJeHa C MOMOLLbI0 3TOH
(opMyJbL.

Ypasuenue (209), Bnepsble BbiBeleHHoe Caxa, HAILIO pa3nHYHbIE
Ba)KHble NMpUMeHeHUs B (DH3UKe 3Be3JHOH aTrMocdepsl.

B kauecte eme onnoro npumeHeHusi ¢opMyasl Caks—Terpona
MONyYUM BblpaXKeHHe JJisi IUIOTHOCTH 3JIeKTPOHHOTO rasa, KOTOpbIii
HAXOAMTCS B DABHOBECHM C TOpsiyell MeTaJIJIM4eCKOH IOBEPXHOCThIO.
Korma Meransn HarpeT JO AOCTATOYHO BLICOKOH TeMIepaTyphbl, OH HC-
NyCKaeT HeNpepbiBHLIH MOTOK 3JeKTpoHoB. IIpu HarpeBanuu Gpycka
MeTaJ1a, COHNepXKaluero IOJOCTb, 3JIEKTPOHbI, BLIXOASLIHE M3 MeTaJlla,
OyAyT HAaNOJHATH NOJIOCTb AO TeX MOp, MOKa He HACTYNHT COCTOSIHHE
paBHOBecHsl, MPH KOTOPOM KOJHMYECTBO 3JIEKTPOHOB, IOIJIOLIEHHbIX
METaJIIOM 3a e[JHHHIy BPeMeHH, PaBHO KOJHMYECTBY HCIYIIEHHLIX 3JIeK-
TpOHOB. Mbl HamepeBaeMCsl BBIYMCJIMTH DPaBHOBECHYIO KOHLEHTPALMIO
3/71eKTPOHOB BHYTPH MOJIOCTH KaK (YHKIMIO TeMIepaTyphl.

ITyctb N — uncsio Mosiei 3/1eKTPOHOB BHYTPH mosiocTH obbeMa V.
SHTpomHI0 5THX 3JEKTPOHOB mNosnydaem u3 (204), yMHOXasi 3TO Bbl-

paxenne Ha N u 3aMeHsis V Ha_, Tak Kak N TPeACTaBIsIeT 0GbeM,

3aHMMaeMblii OHUM MOJIeEM 3JIEKTPOHHOro rasa. Mcmoansys (34) u (29),
nojly4yaeM JJisl SHEPrHH 3JIEKTPOHOB

U=N<%RT+W),
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rne W — sHeprusi, Heo6XonuMasi JJifi TOro, 4TOGHI H3 MeTa/lla U3BJ€Yb
OIIHH MOJIb 3JIEKTPOHOB.
Tenepb nssi cBOGOAHOH SHEPIHH 3JIEKTPOHHOrO rasa HaxOLMM

3 _ 3 \i 2xM, R)*/22¢%2
Fu +N (3 RT+W)—NRT {3 InT +Ing + In @M R,

o 1
rjie aTOMHbIH B€C 3JIEKTPOHA Me = 1830 a 3HaueHHe o JJIs1 3JIEKTpO-

HOB paBHO 2.
CpoGoznHas sHeprusti F Bcell cHcTeMbl — cyMMa CBOGOAHOH 3HEpPrun
3JIEKTPOHOB M CBOOOJHOI 5Hepruu Fy MeraJda:

F=FM+N[%RT+W—RT{§’1nT+1nv—1n1v+

2 (2rMR) */2¢°/2
'l‘ll'l_—(TC :sAl ‘ }]

(210)

YcaoBreM paBHOBecusi SIBJIsieTCss MHHHMYM F 1pH JaHHOH TeMIle-
paType U gJaHHOM o6GbeMe. [lonaras, uro Fy He 3aBucut* or N,
noJiyyaem

_ 4F _3 _ 3 —
=~ S RT+W RT{2 InT+1nV —InN +

3/2,5/2
+In 2EMRYTE | R

[NoTeHuupys, nosyyaem ypaBHeHHe

3/2 - LA
=2 TogTRT — 7,89. 10~ KT, (211)

KOTOpOe JaeT To, YTO TPe6OoBaJOCh, — KOHUEHTPALHUIO 3/1€KTPOHOB BHYT-
pH TOJIOCTH.

3ajnauu

1, BeluncanTe cTemeHp JHCCOLMALHMH HaTPHEBOrO MNapa MpH TeMmepaTtype
4000° K n nasneHnu B 1 ¢cu pm. cm. (NpHMHTe B pacueT JaBieHHe, BEI3BaHHOE
He TOJbLKO aTOMaMH HaTpHs, HO M HOHaMH, H SJeKTPOHaMH).

2. Haiigure cooTHoweHnne Mexay Temnepatypoil ebas 0 m Temnepatypoi,

Ans KOTOpOﬂ aTOMHasl TeMJIOEMKOCTb TBEPAOro SJieMeHTa paBHa -Q— (npumeﬂn‘re

rpadHyecKHX HJIH YHCJIEHHBbIi METOMH).

* DKcnepHMEHTaJbHO STO NpeAnoJioXKeHHe 0GOCHOBLIBAETCSI T€M, YTO SJIEKT-
OHH BPYTPH MeTajsa He BHOCAT BKJaja B YJeJbHYIO TENJOEMKOCTb MeTamlja.
g’ll&.'lbﬂaﬂ TENJIOEMKOCTb NOJIHOCTBIO YUHTHIBaeTCS ABHIKeHHeM aToMoB. Crporue
ONpaBJaHHA STOTr0 NpEeANOJIOXKEHHs JaHu B CMeUHaJbHHX pa6GoTax MO TEOPHH
MeTajsioB. (DTO YTBepKJAeHHe CIpaBeJJIHBO TOJBKO NPH BHICOKHX TeMmmepary-
pax. — IlpuM. pen.)
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ITpexmeTHuit yKa3ateab

AGCoMIOTHasE TepMOAHHAMHYEeCKas TeM-
nepatypa 35, 41—42

— — wKana teMneparyp 41, 42

ABoragpo sakoH 15.

ArperaTHoe COCTOSIHHe CHCTeMbl 121

ApnutuBHas  (ZOMOJIHHTEJIbHasl) KOH-
cranra 18, 26, 49, 56, 101, 119,
121, 127

A quabatuweckHe npoueccn 28, 29, 67

Anuabarta 33, 42

Bofina sakoH 15
BonbuMana cdopmyaa
53, 120, 121

Bau-pep-Baaabca uzorepma 63, 65
—ypaBHeHne 64, 66—68

Baut-T'odpda usoxopa 73, 83

— auuk 88, 90

BepositHocTs cocTosiHua 53, 120

Bropofi 3akoH (BTOpoe Hauano) TepMmo-
AuHaMuku 31, 32

(cooTHOmeEHHE)

laszoBasi noctosiHHas 27

[efi-JTioccaka 3akoH 15

l'enpMrossua ypasnenue 83, 95

leTeporeHHnle (HeOAHOPORHLIE) CHCTe-
mer 10

'u66¢ca npasuno ¢as 76, 80

Fomorennbe (OZHOPOAHEIE)
8, 65, 81

Hasnenne 8, 10, 49, 56, 59, 64, 82,
91, 101, 106, 112, 113 u ap.

— KpuTHdeckoe 60

— napuuansHoe 89, 90

HanbToHa 3aKoH 16, 94

JByxdasHue cucteMun 78

He6ass ¢opmyna 123 —

— remneparypa 123

HeficTByomux Macc 3akoH 86—89, 93,
95, 97, 98, 108—110, 130

Hxoyas onut 25, 59

Junamuueckoe cocTosiHHe cHcTeMH 10,
16, 17, 121, 122

Hiwonoura u I[lth sakon 122—125

CHCTEMH

3axoH ABorajpo 15
— bBofaa 15
— Tefi-Jlioccaka 15
—HanbroHa 16, 25
—neficTByowux Macc 86—89, 93,
95, 97, 98, 108—110, 130
—Hwaonra u [Itu 122—125

W neansuuifi ras 14, 15, 26, 60, 63, 67,
106, 127
H3o6apuueckuit npouecc 14, 75, 115

Hsorepma 10, 33, 34, 42, 59, 60, 64, 65
H Ap.
H3orepma kpurnueckas 60, 63, 67
Hsotepmuueckuft nmpouecc 14, 15, 32,
34, 41, 62, 66, 73—76, 84, 97, 115, 126
Hsoxopa Baur-Topda 73
Hsoxopugeckuit nponecc 14, 71, 84
H3osnTponuuecknit npouecc 67
Hcnapenne 127—128

Kanopus 22, 23

Kapuo nukn 33, 35, 36, 41—A47

KeneBuHa noctynar 32, 33, 35, 36, 38,
46

Knaysuyca nocryaar 32, 35

Knanefipona ypaBuenue 58, 61, 62, 76,
77, 115, 128

Koauuectso Temnotu 22, 42—48, 51,
53, 73, 123, 125

Kounencauus 29, 60, 64, 82, 127

KoHcranta sHTponuu 126, 131

Kosd¢miueHT nosesHoro nedcTBHA Te-
mioBelx MamuH 39, 43, 44

— — — nukaa Kapuo 35

K pucrannngeckas cTpykrypa 121

Kpuruueckas temmeparypa 59

KpuTtHueckoe cocTosiHHe (KpHTHYECKHe
TOYKH) cHCTeMH 59, 63

Jle-llatease npuHuun 96

Maftepa npHHUMN COXPaHEKHS SHep-
rud 6

Meracra6uabHoe
crosnue 64, 125

Moaungpukanus anjaorponugeckas 124

(neycrofiuuBoe) co-

Heo6GpaTuMble MammHer 39

— mnpouecch 46, 126

HeoznHoponHble (reTeporeHHnie) cHcTe-
mul 10

Hepgc‘ra Teopema 120—123, 125, 127,
12

HeycrofiunBoe (n1aGuabHOe) COCTOsIHHE
64

OGpaTtumeie MammHue 38, 39, 40

— npoueccs 10, 27, 40, 43, 46-—5l,
57, 66, 71, 74, 90, 126

O6vem 9, 59, 60, 91, 99, 100, 106,
114, 116, 132, 133

O6beM KpuTHYecKufi 59

Onﬂsopgimue (romoreHHnle) cucrems 10,
6 'y

OnHodasusle cucteMu 77

OcMoTtHueckoe paaBienHe 102—106, 113

Mapa naBnenne 113, 115—117
[NapuunancHoe Jaenenue 16
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[lepBufi 3akoH (mepBOe Havyano) Tep-
MoAuHamuku 16, 23—26, 35—37, 57,
61, 70, 75, 85, 96

INaaBnenue 62, 64, 125, 129
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