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I. OcHOBHBIE ITOHATHUSA TepMOJANHaAMUKN

1.1 BBeseHue B TepMOJIUHAMUKY

TepmoguHaMuKa 3aHIMAETCS U3yUIeHneM (PU3NIECKAX IPOIECCOB, MPOTe-
KAIOIIX B MAKPOCKOIIMIECKNX CHCTEMAX, T.€. B TeJIaxX, COIepKaIuX 00JIbIIoe
YUCJI0 MUKPOYACTHUIL, U B HACTOSIIIEE BPEMST MOXKET ObITh pasjiesieHa Ha Tep-
MOCTATHKY ¥ Ha COOCTBEHHO TEPMOINHAMUKY.

[lepBast m3yuaer cBOiiCTBA MaKpPOCKONUIECKHX CHUCTEM, HAXOMAININXCS B
TaK HA3LIBAEMOM TEpPMOJMHAMUYIECKOM PABHOBECHHU, W SIBJISIETCS HamOOJIee
pa3paboTaHHOI BETBHIO TEPMOJAMHAMUKN. TepMocTaTuKa, j1ajia MHOTO TEeHHO-
0 HayKe: ¢ Heil ¢Bsi3aHbl KOPEHHbBIE BOIPOCH (DUBUKH, HA €€ OCHOBE BbIPOC/IA
(buznIecKass XuUMusI, TEPMOCTATHKA MIHPOKO IIPUMEHSIETCST B MHOIOUKCJICH-
HBIX TEXHUUICCKUX PacdeTax (TeXHUUIeCKas TEPMOJMHAMUKA) JJis MPOCKTHU-
POBaHMS TEIJIOBBIX MAIIIWH.

CoBpemMenHast HayKa 1 TeXHUKa TPEOYIOT M3y deHus CBONCTB MaKPOCHCTEM,
He HAXOMANUXCS B COCTOSTHAN TEPMOJUHAMUIECKOTO PABHOBECHS, U MPOIEC-
COB, IIPOTEKAIOIIUX ¢ KOHETHBIME CKOPOCTAME. B CBSI3M ¢ 3TUM B IOCJIEIHHIE
JIBa, JIECSITHJIETHST OBICTPO PAa3BUBAETCSI YIEHNE O TaK HA3BIBAEMbIX HEPABHO-
BECHBIX MPOIECCaX B MAKPOCUCTEMAX, 00Pa3yoliee HePaBHOBECHY IO TEPMO/I1-
HAMUKY, TJ€ U3YIal0TCsI MPOIECChl BO BPEMEHM. 3aMeTHuM, u4TO 00a HallpaB-
JICHVsST TEPMOIMHAMWKN HAYAJN PA3BUBATHCS TOUYTH OJHOBPEMEHHO B BUJE
"reopun remiopoga" B meproit werBeprn XIX crosierust, HO 3aTEM TEPMOCTA-
THKa TIOJIYIIIa 0COOEHHO MIHPOKOE PA3BUTHE U MIPUOOPEIa He BIOJIHE TOTHOE
naspanne "Tepmonnnamuka'.

B mamem Kypce MbI IOAPOOHO PAaCCMOTPUM TEPMOCTATHKY W B KOHIIE
HEMHOTO KOCHEMCsI HEKOTOPbIX BOIIPOCOB HEPABHOBECHOH TEPMO/IMHAMUKH (Tep-
MO/IMHAMUKHK HEOOPATUMBIX IIPOIECCOB).

1.2 IIpeamer TepMOAMHAMUKN

[TockonbKy TepMOAMHAMUKA OTHOCUTCS K 00JIACTH MAKpOMU3UKHU, OHA, OITe-
pPUPYeT TOJBHKO MAKPOCKOIUICCKIMHI BETUINHAMHE, T.€. TAKIMHI, KOTOPBIE MO-
I'yT OBITH JINOO HETTOCPEICTBEHHO W3MEPEHBI Ha OIMbITE, JJUOO BHIYUCIEHBI PN
HOMOIIHU APYTUX GUBHIECKUX BEJTMINH, U3MePsieMbIX Ha, olibiTe. B ¢y aroro
TEPMOIMHAMUKA HE PACCMATPUBACT MUKPOCKOMUICCKUI MEXaHU3M SIBJICHUI.
Eit ayK1bl MOJeIbHBIE IIPEICTABICHUsI O CTPOCHUH BEINeCTBa U XapaKTepe
JIBVDKEHWST MUKDPOCKOIIMYECKUX TaCTHI], BXOASAIINX B COCTAB MaTepPHUAIbHbBIX
TeJl. DTO 00CTOSITEJILCTBO, ¢ OJHOW CTOPOHBI, 00ECHEIUBACT JIOCTOBEPHOCTD
OOITIX BBIBOJOB U COOTHOIIEHUI B TEPMOJAMHAMUKE, TAK KaK M3MEHEHHE MO-
JIEJIHHBIX TTPEJICTABICHNN O CTPYKType BEIIecTBa B MPONECCe Pa3BUTHS Ha-
YK HUKaK He MOYKET BJIMSATH Ha HUX; & C JPYTrOil CTOPOHBI, OHO HPUBOJIUT



K OIpeieJIeHHON OrpaHrndeHHOCTH TepMoanHaMuKu. JleficTBuTebHO, ocTaBa-
SICh B PAMKAX TEPMOJIMHAMUKY, MOXKHO HAXOJIUThH COOTHOLLICHUSI MEXK/Ly Hapa-
MeTpaMU, XapaKTePU3YIONUMUI MaKPOCKOIIUIECKYIO CHCTEMY, HO HEBO3MOXK-
HO BBIYUCIUTDH 3HAYEHNEe KaKOH-JIM00 M3 HUX Ha OCHOBAHWW 3HAHWS XapaKTe-
pa JIBMXKEHHUsI aTOMOB ¥ MOJIEKYJI, 0OPa3yIOIIX 3Ty CHCTEMY. DTO HPUBOIUT
TaK»Ke K TOMY, 9TO HEKOTOPLIE MTOHSITHsI TEPMOJIUNHAMUKH SIBJISTIOTCST aDCTPaK-
e, TpedyT JOMOJHUTENbHBIX MOosgcHeHnd. UTOObI He 3arpOMOXKIATh U3~
JIOYKEeHWE, MbI JaJUM TOSICHEHUsI TOJHKO HEKOTOPHIM OCHOBHBIM IMOHSTHSM
¥ TepMUHAM, UCIOJb3YyEeMbIM B TEPMOJMHAMUKE: "TepMOgrMHaAMUIECKas CH-
crema", "repmonmnamMuaeckoe cocrosguue", "repmonnHaMuyeckuii KoHTakT"
"repmogmnamuaeckne nepemennabie” n 'mporece”.

1.3 TepmoamHamMmieckasa CHCTEMA

TepMonrHaMUKa 3aHUMAETCS U3YUCHUEM MAKPOCKONUYECKUL CUCTEM, TTPO-
CTPAHCTBEHHBIE Pa3MePhl X BPEMsI CYIIEeCTBOBAHUS KOTOPBIX JOCTATOUHBI JIJIsI
TPOBEJICHIST HOPMAJIbHBIX MPOIECCOB N3MEPEHUsT B 3eMHBIX YCIOBUAX. TaKkne
CHCTEMbBI MOI'YT COCTOSITH U3 OOJIBIIOIO, HO KOHEYHOI'O YMCIa MUKPOCKOIIW-
YeCKUX YACTHUIL (ATOMOB, MOJIEKYJI, SJIEKTPOHOB U T.JI.) Win moJjeil. B jrobom
cJIydae Mbl IMeeM JIeJIO ¢ JUHAMUYIECKUMI CHCTeMaMu, 00JIaJaloliMI Tpes-
BBIYAHHO OOJIBIIM, HO KOHEYHBIM YHCJIOM cTereneil ¢cBoboabl. Cucrembl ¢
MAJIBIM IHCJIOM U ¢ OECKOHEUHBIM THCJIOM CTeIeHed ¢BOOOILI He pacCMaTpH-
BAIOTCS.

Ecan nsyuaercst 9acTh MOJTHON CHCTEMBI, TO OCTAJILHYIO JaCTh HA3LIBAIOT
oKpy:Katomeit cpenoit. OOLITHO MpeIIoaraeTcs, 9To M0 Macce, TeILI0EMKO-
CTH OKPY>KaloIasi Cpejia, MHOTO DOJIbIIE PACCMATPUBAEMOl CHCTEMbI, B 3TOM
cJlydae OHa PacCMaTPUBAECTCS KaK TEPMOCTAT, KOTOPbIH HAJAraeT HEKOTOPHIE
YCJIOBHUS Ha U3yUaeMyt0 CUCTEeMY (HAIPUMEp, YCJIOBUE OCTOSHCTBA TeMIIepa-
TYDbI, JABJIEHUsT W T.J1.).

B 3aBHCHMOCTH OT COOTHOIIEHHST MEXK/y HU3ydaeMOil CHCTEMORl U TepMo-
CTATOM BBOJHMTCS HECKOJHKO TEPMOINHAMUUECKUX CHCTEM:

Hsoruposanmnas cucmema — HE3aBUCHMasl CUCTEMa, KOTOPasi COBEPIICHHO
He B3aWMOJIEHCTBYET ¢ TEPMOCTATOM.

SaMEHYMAA cucmema — CACTEMa, KOTOpasi OOMEHUBAETCS ¢ TEPMOCTATOM
TOJIHKO TEIJIOM.

Omxpvimas cucmema — CACTEMa, KOTOpast 0OMEHUBAECTCS ¢ TEPMOCTATOM
TEIJIOM U BEIIECTBOM.

1.4 TepmoagunHAMWYECKOE COCTOAHIE

B repMommHaMuKe MOCTYIRPYETCs, ITO U30AUPOSAHHAA CUCTEMA, NPEJO-
CMABAEHHAA CAMA CebE, ¢ MEUEHUEM BDEMEHU 6Ce20a NPUTodum 6 COCMOoA-
HUE MEPMOOUHAMUYECKO20 PAGHOBECUA U HUK020A CAMONPOU3BONLHO BbLUMU



U3 HE20 HE MONHCEM. DTO COCTABJSIET COJIEPXKAHKE IIEPBOTO, WK OCHOBHOTO,
LHOCTYJIATa TEPMOIUHAMUKHA.

Ecau roBopuTh 0 MUKPOCKOIIMIECKON KAPTUHE, TO IIPU [IEPEX0JIe CUCTEMbI
B COCTOSIHIE TEPMOJUHAMUIECKOTO PABHOBECHST MUKPOCKOITMIECKIE TaCTUIIBI,
00pas3yolye PacCMaTPUBAEMYIO CUCTEMY, POJIOJIKAIOT CBOE CJI0XKHOE JIBU-
JKeH#e, HO ¢ MAKPOCKOIUIECKOH TOUKM 3PEHUsT TEPMOIUHAMUIECKOE PABHO-
BECHOE COCTOSIHHE SIBJISIETCS HambOJIee IMPOCTBHIM COCTOSIHUEM STOH CHCTEMBI,
KOTOPOE OIPEEIsSIeTCs] HAMMEHBIITUM YUCI0M napaMeTpoB. ONbIT MOKa3bIBa-
€T, YTO eCJIM CUCTEeMa, COCTOSIINAsl U3 JIBYX KOHTAKTUpYyomux yacreit A u B,
HAXOJUTCS B COCTOSIHUU TEPMOJINHAMUIECKOIO PABHOBECHUSI, TO 9TO PABHOBE-
cre He HAPYIIATCS, eCJIN YCTPAHWTh KOHTAKT MEXKJy HUMH, a 3aTeM depes
HEKOTOPOE BPEMsi BOCCTAHOBHUTDH €r0.

CreoBaTeIbHO, €CJIN YCTAHOBICHNE KOHTAKTA MEXKy JABYMs CHCTEMAMMU
A u B, KOTOpBIE JI0 3TOr0 ObLIA M30JUPOBAHHLIME, HE IPUBOIUT HU K KAKAM
U3MEHEHUSIM, TO MOXKHO CIUTATH, YTO 9TH CUCTEMbI HAXOJSITCSI B TEPMOJINHA-
MUYECKOM paBHOBecun JApyr ¢ jipyrom (A ~ B).

Orcroma cieayer BTOPOil mocTysaT TepMoauHaMuku: Eeau cucmemvr A u
B naxodamea 6 mepmodurnamuveckom pasrnosecuu u cucmemv, B u C' na-
TOOAMCA 8 MEPMOUHAMUYECKOM pasHosecut, mo cucmemovr A u C' maxoce
HATOOAMCA 8 MEPMOJUHAMUMECKOM PABHOBECUL MeAHcAY coboT:

A~B & B~C=A~C. (1)

DTOT IMIUPUIECKUI 3aKOH MMOCTYJIMPYET TPAH3UTUBHOCTH TEPMOJIMHAMUYEC-
CKOI'O paBHOBECHs M Ha3bIBAETCA BTOPBIM IOCTYJIATOM, WU HYJEBLIM Hada-
JIOM TePMOJIMHAMUKHA.

3 nysieBoro HavaJjia TepMOJIMHAMUKY CJIeJlyeT caM (pakT CyIecTBOBaHUs
HEKOTOPOTO IapaMeTpa CHUCTEMbI, XapaKTePU3YIOIMET0 COCTOSHUE CHCTEMBI,
KOTOPBII MOJYyUnJI Ha3BaHWe TeMIIepaTypbl. leMIepaTypa CHUCTeM, HaXOsd-
IUXCS B COCTOSTHUM TEPMOJIMHAMUYIECKOIO PaBHOBECHS, ITOCTOsHHA.

ITo pemenuio Mex ynapojnoit komuccun (1963 1.) jiisi u3Mepenusi Tem-
nepaTyphbl IpUHATA TepMOIMHAMUYECKas TeMIepaTypa KenabBuHa, B OCHO-
BY KOTOPOM ITOJIOKEHa TPOilHadA TOYKa BO/IbI, KOTOPOW MPUIUCHIBACTCA TEM-
neparypa 273,16 K, u remueparypa KulleHUsI BOJIbI [IPU JIABJICHUU B OJHY
cTaHAapTHYIO aTMocdepy. Temmeparypa miaBjieHus JbJIa IPU HOPMaJIbHOM
JlaBJICHUH 110 3Toi 1mKaJje paBHa 273, 15K. [losTroMmy TepmomuHaMuIecKas
TeMIiiepaTypa CBsi3aHa ¢ tTemieparypoii B rpajycax Lenbcus (t°C') coorno-
IIEHUEM:

TK = 273,15K + t°C. (2)



1.5 TepmoagmHaMU4eCKii KOHTAKT

B repMopmHaMiike paccMaTpUBAIOTCS TPH BUJA KOHTaKTa (B3anMojeii-
CTBUs1) MAKPOCKOIMIECKUX CUCTEM:

1. Mexanuveckum KoHmaxmom Ha3LIBAETCS TaKOe B3aWMOeHcTBIE, PN
KOTOPOM OJIHa CUCTEeMa coBepliaeT pabory A Haji Jpyroi ¢ HOMOLIbI0 Mexa-
HUYIECKUX WU 3JIEKTPOMATHUTHBIX CHJI.

2. Ten.no6vim KOHMAKMOM HA3BIBAETCS B3aUMOJICCTBIE, KOTOPOE TIPUBO-
JINT K U3MEHEHUIO SHEPIUM CUCTEMbI U COBEpILIACTCA B (popMe Iepeiain Tell-
JIa TIOCPEJICTBOM TEILJIONPOBOIHOCTH, KOHBEKIIMU WJIA TEIJIOBOH paralllii.
Crenka, 1epe3 KOTOPYIO TEIJIOBOE B3AMMOJIEHCTBAE HEBO3ZMOXKHO, HA3bIBAET-
csl anabaTHIeCKOM.

3. Mamepuasvrvim KOHMAKMOM HA3BIBACTCS B3AUMOJIEHCTBHE, COIIPOBOXK-
JIATOITeecs: N3MEHEHNEM MACChl CHCTEMBbI (UUC/Ia, TaCTUIL B CUCTEME).

1.6 TepmognHamMmyueckue repeMeHHBIE

JIr0boe B3auMmojielicTBUE XapaKTepU3yeTcss K3MEHEHIMEM COCTOSHUST CUCTE-
MBbI. DTO U3MEHEHHE COCTOSHUSI MOYKET ObITh OXapaKTepU30BaHO KOJINIECTBEH-
HO 110 M3MEHEHHUIO TePMOJIMHAMUYECKHMX IepeMeHHbIX. Kciu cooTBeTcTBYIO-
UM 00Pa30M BHIOPATH COBOKYITHOCTH HE3ABUCHUMBbIX IIEPEMEHHBIX TaK, YTOObI
oHa, ObLj1a HEOOXOAMMOM M JOCTATOUHOMN JIJI ONMCAHUST COCTOSHUS CUCTEMbI
B JIAHHOM IIPUOJIMXKEHHH, TO OCTAJIbHbIE BEJIMYMHBI, XapaKTepu3yoIue co-
CTOSTHME CUCTEMBI, ABJSIOTCA (DYHKIMIMHU 9TUX HE3aBUCHUMBIX MEPEMEHHDBIX.
YucJ10 HE3ABUCUMBIX [IEPEMEHHBIX, OIMCHIBAIOIIMX PACCMATPUBAEMYIO CUCTE-
My, OIIpeJIeJIIeTCs U3 3aIlPOCOB OIbITa. V3 9TUX olpeiesieHnii BLITEKAeT, ITO
TeMIIepaTypa SBJIACTCA TePMOJIMHAMUICCKON IIepeMeHHOI.

Makpockomnuieckue mepeMeHHble 0ObIYHO pa3dUBAiOT Ha JBE KaTerOpHUu:
BHYTPEHHNE 1 BHEITHIe. BHeNHre nepeMennble OPeIesIsiioTCs XapaKTePoM 1
COCTOSTHUEM OKpY2Kaloleil cpejibl. Hanmpumep, BHEITHUM TapaMeTpoM MOXKHO
cuuTaTh 00BEM OaJIIOHA, B KOTOPOM HAXOIUTCS T'a3, HAIIPI>KEHHOCTb BHEII-
HEro 3JIeKTPUIECKOIO I10JisI, B KOTOPOM HAXOJIUTCs CUCTeMa, U T./I.

BryTpennue nepeMeHHble OIPeesssioTCsl COBOKYIITHBIM JIBUXKEHUEM U Pac-
npeJieJieHneM B TPOCTPAHCTBE YaCTHI], BXOIAIINX B CUCTEMY, HAIIPUMeED, JaB-
JIEHUE, IIJIOTHOCTD, MOJIsIpU3AIs, HAMAarHHIeHHOCT W T.]1.

HekoTopbie 13 9TUX MEPEMEHHBIX 3aBUCAT OT YHUCJIa YACTHI] B CHCTEME
(MACChl CHCTEMbI) U HA3BIBAIOTCS IKCMEHCUGHLMU NePeMenHbMU (HAIPH-
Mep, 00bEM, SHEPTHUs), JIPYTHUe He 3aBUCIT OT MACChl (HAPUMEp, JTaBJICHUE,
TeMIepaTypa U T.J.) U HA3BIBAIOTCA UHIMEHCUGHbLMU NEPEMEHHHLMU,

Ha ocHoBaHUM OIBITHBIX JIAHHBIX B TEPMOJUHAMUKE IOCTYJIUPYETCs, UTO
npU MEPMOUHAMUYECKOM DABHOBECUL BCE BHYMPEHHUE NAPAMEMPYL AGAA-
1omea GYHKUUAMY BHEUHUT NAPAMEMPOS U MEMNEPAYPBL. DTO YTBEPHK Ie-



HUE COCTaBJISET COJEPXKAHUE BTOPOrO IOCTYJIaTa TepMOJMHaMUKU. Bropoii
LHOCTYJIAT HO3BOJISIET OLPEJIEIUTh U3MEHEHUE TeMIIEPATYPbL TeJla 110 U3MeHe-
HUIO KaKOro-HUOY/Ib ero BHyTpeHHero mapamerpa (00béma, DJ1C, Hamarau-
YEeHHOCTH, MOJISIPU3AIMK W T.J1.), HA 9eM OCHOBAHO yCTPOHCTBO Da3JIMIHBIX
TEPMOMETPOB.

1.7 IIpo1iecc n3ameHeHUs COCTOAHUS

Mo cux mop MbI paccMaTpUBaJd CBOHCTBA B TEPMOIMHAMUUIECKH PABHO-
BECHOM COCTOSIHWY, KOIJIa HU OJIMH U3 aPaMEeTPOB HE MEHSIETCSI CO BPEMEHEM
U BHYTPHM HET HUKAKUX MaKPOCKOIMYCCKUX JIBUXKEHUI.

Ecaun mexoropble mapaMerpbl CHCTEMbI MEHSIIOTCS CO BpEMEHEM, TO T'OBO-
PSAT, 9TO B TAKOH CHCTEMe TTPOUCXOIUT TIPOIECC: HATPUMED, TTPU U3MEHEeHNN
00bEMA MOXKET TIPOMCXOJUTH IIPOIECC U3MEHEHUs! JIABJICHUs] 1/ UJId TeMIIepa-
TYpbLI B CHCTEME; TP U3MEHEHUH BHEIITHETO TOJIsT — IPOIECC HaMarHnInBa-
HUSI WIH [OJISIPU3AIUU CUCTEMBI U T.J. Kcim cucrema BbIBeJeHA M3 COCTOSI-
HUST PABHOBECHsT 1 MTPEIOCTaBIeHa caMa cebe, TO 9epe3 HEKOTOPOe BPeMsi OHa,
BEPHETCs B HAYAJIbHOE PABHOBECHOE COCTOsiHUE (OCHOBHOM HOCTYJIAT TEPMO-
JMHAMUKY ). XapakTep BO3BpAIeHus (PEJaKCAINE) CHCTEMbl B DABHOBECHOE
COCTOSTHUE MOYKET MMETh JOBOJILHO CJIOXKHBIA BUJ, HO B PsIjie CAYYaeB 9TOT
[IEPEXO0J], MOYKET OBITh OMUCAH JIOCTATOYHO NPOCTO. IIycTh MBI ciieum 3a 0T-
KJIOHEHHEeM KaKoro-HUOy b mapamerpa F(t) Bo BpeMeH! OT ero paBHOBECHOTO
sHauenus Fy; oueHb 4acTto cKopocTh uaMenenus F(t) B xoporem npubJimxe-
HUM MOYKeT OBbITh onpejiesieHa 1o popmysie

dF(ty  F(t) - F,

dt T ’
BEJIMUNHA, T HA3bIBAETCsl BPEMEHEM peJaKCallui U MOXKeT ObITh pas3jndHONl
JUIST Pa3HBIX TapaMeTpPOB U PACCMaTPUBAEMBIX CHCTEM.
TepMoMHAMUICCKHUI IIPOIECC HA3BIBACTCsl KBA3UCTATUIECCKUM, €CJIA BCE
IapaMeTPhbl CUCTEMbI MEHSIIOTCS (PU3UIECKN CTOJIb MEJJIEHHO, YTO CHCTEMA B
Ka>KJIbIii MOMEHT BPEMEHN HAXOJNTCSA B COCTOSTHUM PABHOBECHSI. DTOT MPO-
1ecc OyJler UMeTh MECTO, €CJIM CKOPOCTh M3MEHEHUs IepeMeHHoi F MeHbIIe
CKOPOCTH M3MEHEHHsI TOI MepeMeHHOi Ipu peslaKCAIIN:
dF(t) < F(t) — F, . (3)
dt T
KBazucrarndeckuii mporece siBjsieTcss OOPaTUMbIM, T.e. IPU BO3BPAIlEHUN
13 KOHEYHOIO COCTOsIHUS B HAYAJbHOE [P TEeX 2Ke YCJIOBUSIX Mbl OyjieM 11pO-
XOJINTH Yepe3 Te Ke COCTOSIHUS, Yepe3 KOTOPbIE IIPOXOINJIN IePBOHATAILHO.
Ecan yenosue (3) He BBITIOJIHSIETCST, TPOTIECC HA3BIBAETCST HECTATHUECKUM, OH,
KaK [PABUJIO, SBJISIETCsT HEOOPATUMBbIM.



Kpowme KBazucrarnieckux u HECTATUIECKUX ITPOIECCOB BBOJIUTCS TOHSITUE
IMKJIA U MHOUHUTE3UMAJIBLHOIO 11POIIECCa.

[IukoM HasbIBaeTCs MpOoIece, MpH KOTOPOM HadaJbHOE W KOHEYHOE CO-
CTOSTHUsI COBIAIAIOT. LIMKI MOXKeT COCTOSITh U3 KBa3UCTATUIECKUX W HECTa-
TUIECKUX BETBEl Wik ObITh CMEIIaHHbIM.

Ecim paszauna MexXjay HadaJbHBIM W KOHEYHBIM COCTOSIHUSIMH CHUCTEMbI
OECKOHEYHO MaJia, TO TaKOil IPOIecC HAa3bIBAIOT MH(MPUHUTEINMAJbHBIM.

2. IlepBoe HavaJ10 TEPMOJAMHAMUKNI

[Tepsoe Hauasio (3aKOH) TEPMOJMHAMUKU BBIBEJEH Ha OCHOBaHWM 0Opa-
OOTKH OOJIBIIIONO KOJMYECTBA SKCIEPUMEHTAJIbLHBIX PE3YIbTaTOB, 0000ITCHUSI
3aKOHOB COXPaHEHMS KJIACCUUECKON MEXaHUKU U MOXKeT ObITh cPOpMYJINpPO-
BaH cJeyronmm obpasom: [lpu nepexode cucmemvt U3 HAYAALHO20 COCNOA-
Hus 1 6 KoHmeuHnoe cocmoanue 2 nosyuaemas cucmemot cymma pabomo, A,
menaomol () U IHEP2UL MEPEHOCA MACCHL 4 He 3a8UCUM 0M POPMbBL NYMU
nepexoda, a 366UCUM AUULDL OM KOHEUH020 2 U HANANDH020 1 COCMOANUA CU-
cmembl. DTO O3HAYAET, UTO CYIIECTBYeT HeKOTOpas Besndnna U, xapakTepu-
3YIOIasl COCTOSHUE CUCTEMBbI B KaXK 0¥ TOUKe Ha IIYTHU [Iepexojia U Pa3HOCTD
e€ 3HaUYeHnil B cOCTOsIHUAX 1 1 2 paBHA 3TOI cyMMe:

A+Q+Z=U,—Uy. (4)

Oyukimio U HazbiBalOT BHYTPEHHE SHEprueil cucreMbl. B paMkax TepMojiu-
HAMUKU HEBO3MOXKHO BbISICHUTH (DUBUYECKUI CMbIC/ W IPUPO/Iy BHYTPEHHEH
suneprun. [lepBoe Havamo TepMOIUHAMUKYI YTBEPIKIAET JIUIIH, UTO BHYTPEH-
HsIsl SHEpPrusi siBjsgeTcs (PYHKIUEH COCTOSHUS W MMeeT PasMepHOCTb SHep-
run. B craTucruieckoit (pusnke BbIsiCHSETCs, YTO BHYTPEHHSISI SHEPIUsi PaBHA
CyMM€ KMHETHYECKOW DHEPI'uu OTJIEJIbHbIX MUKPOYACTHUIL CUCTEMbI U 1OTEH-
MUATHHON SHEPTUN B3aUMOJIEHCTBUS MEXKTy HUMU.

Samevanue 1. B ornmwawe or BayTpenneit sHeprun U 3nadennst BeIUIUH
A, QQ u Z 3aBucaT OT TOr0, KAaKMM 00Pa30M OCYIIECTBJISICTCS IIePEeX0/| U3
HaJaJbHOTO COCTOAHUS B KoHeunoe. Hampuwmep, mepexon u3 coctosgnus 1 B
COCTOSHUE 2 MOYKET OCYTIECTBIATHLCS IyTEM MEXaHUnIeCKOTO BO3/IeMCTBUS NN
IyTeM Iepejiavn TerJa, T.e.

Uy—U; =A nporece 1,
Uy,—U; =0Q poIece 2.

Orcroga cieayer, 9To caMu BeJudnnbl A, () U Z He SBIAIOTCSI (YHKIUS-
MU COCTOSTHWST ¥ X HEBO3MOXKHO TTPEJICTABATH B BUJIE PAZHOCTH KAKWX-JTUOO
dgyukuit cocrosiHui.



Samevarnue 2. Pabora A m KoamdecTBO TEIMIOTH () UMEIOT pasMepHOCTD
SHEPIMK, HO HE SIBJISIIOTCS BUJAAMU SHEPIUU, OHU HPEJCTABJISIOT JBA PA3HBIX
criocoba mepejiadun dHeprun. Mexay A m () uMeroTcs CylmecTBeHHbIE pas-
muaus. [Tox paboroit A mompasymeBaercst mepeada SHEPIUK, CBsI3aHHAsT C
M3MEHEHMEeM BHEITHUX TapaMeTpPoB, MOl TEIIOTON () — MPOIecehl Terjonpo-
BOJIHOCTH, PAJIMAlNNd U KOHBEKIINH, He CBI3aHHBIE ¢ M3MEHEHWEM BHEITHUX
HapaMeTpoB.

[TosTomy, B TO BpeMsi Kak 3arpadnBaeMasi paboTa MOXKeT MONTH Ha yBe-
JInYeHue JI00ro Bujia SHEPIUu (aﬂeKTqueCKoﬁ, MArHUTHOM, YIPYTO#, I10-
TEHIUATHHON SHEPTUH CHJIbI TSPKECTH U T.J1.); TEIJIOTa HEMOCPEICTBEHHO, T.€.
0e3 IpeIBapUTE/IbHOIO IIpeodpa3oBaHus B PabOTy, MOXKET IIOWTHU TOJIbLKO Ha
yBeJIMUYEHNe BHYTPEHHEH SHEPIUH CUCTEMbI. DTO HPUBOIUT K TOMY, 9TO IIPH
IpeoOpa3oBaHuy PAOOTHI B TEILIO MOYKHO OTPAHUYUTLCS JBYMsl TEIaMU, U3
KOTOPBIX TEPBOE (MPH M3MEHEHUH €r0 BHEIIHUX MapaMeTpPOB) MEPeaeT Mpu
TEIMJIOBOM KOHTaKTe SHEPIHuio JpyroMmy teny (6e3 M3MEHEHUsI ero BHEINTHUX
napamerpoB). [Ipu npespaliennn ke TemioThl B pabory HEOOXOUMO UMETh
110 KpaiiHeil Mepe Tpu Teja: IEepPBOE TEJIO OTIaeT SHEPruio B (popMme TeILia
(TEMJIONCTOYHNUK ), BTOPOE — MOJIYIaeT SHEPTUio B (hOpMe Teria, JacTHIHO
nepepabarbiBaer eé B pabory (OHO Ha3bIBAETCs PABOUUM TEJIOM) U TPEThE —
1oJiydaer sHepruto B popme paborbl o1 pabodero resa (1orpedbuTen).

Ecnu cucrema He 0OMEHMBAETCS dHEPTHell HU B KaKoil (hopMe ¢ OKpYyrKato-
IIIMMU TEJTaMU, OHa, KaK ObIIO CKa3aHO paHee, Ha3hIBAETCS M30JMPOBAHHOIA,
€CJTH YK€ CHCTeMa He OOMEHMBAeTCsi SHepruei B (hopMe TeIrjIOThl, TO OHA Ha-
3BIBACTCS AdUAOAMUYECKY, U30NUPOSAHHOT, NI aduabamuyeckol.

Sameyvanue 3. IlepBoe HaYaJ0 TEPMOJUHAMUKU TPUMEHUMO KaK K KBa-
3UCTATUIECKNM, TaK W K HecTarudeckum mporeccam. Orimyane, OJHAKO, B
ITUX CJiydasx OyjieT B TOM, YTO B CJlydae KBa3ucTaTu4iecKoro mnpoiecca 0000~
MEeHHbIe CUIIBI X ABJIAIOTCA (DYHKIUAMY JUITH BHENTHIX MApaMeTpPOB T; U
TeMIrepaTypbl 1', B TO BpeMsl KaK B CJIydae HeCTATHIECKUX MTPOTIECCOB OHU 3a-
BUCSIT OT BHENTHUX W BHYTPEHHUX [apPaMETPOB W IMPOU3BOJHBIX MO0 BPEMEHU
OT HUX.

!/
Pabora, npousBonumast cucremoit A = —A mpu HeCTaTHIECKUX MPOIEC-
cax, BCerjga MeHbIe PabOThI, MPOU3BOJAMMOI CUCTEeMON Npu KBa3ucTaTHde-
CKOM IIpoI1ecce

!

!
Agecr < Akpazucrar

D70 0COOEHHO XOPOITIO BUJIHO Ha MPUMEDPE PACITUPEHUST MJIN CXKATHUST Ta3a.

Samevanue 4. VI3 nepBoro Hauasa TePMOJUHAMUKK CJIEJIYET, 9TO JIJIS K-
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JIMYECKOI'o nponecCa nMeeT MEeCTO COOTHOIIEHUE:
A+Q=0.

3/1eCh yaTeHO, 9TO JUIs NUKJInIecKu paboraiomei Mmamminl Uy = Us u Z = 0.
CuIe/10BATENIBHO, CHCTEMA MOXKET 1pousBectd pabory A Haj OKpyKaiomeil
Cpesoit TOJILKO 3a CUET IMOJydaeMoit OT OKPY2KaIoIeil cpe/ibl SHEPTUN B BUAJIE
remia (. He cymecrByer nmukimdaeckn pabOTAONUIX MAIIKNH, COBEPIIAIONINX
paboTy HaJ OKpy»Kalolieil cpejioi, Hu4dero He noJydapomux ot Heé. Ha oc-
HOBAHUHU STOI'O BBIBOJA IEPBOE HAYAJIO TEPMOIUHAMHUKN HA3BIBAIOT TaKKe
NPUHYUNOM HEBO3MONCHOCTNU GEYH020 J6U2aMers Nepeozo poda.

2.1 IIpumeHeHne mepBOTO HAYaJIA TEPMOJUHAMUKN K MH(UHUTE-
3UMaJIbHBIM ITPOIIECCAM

st 6eckoHeIHO MaJIoro (HHGUHATEIUMATHLHOTO) MPOTIECca HA OCHOBAHUH
(4) MOXKHO 3amMUCATE:

dU = 6A+6Q +6Z. (5)

3mech 0A — snemenTtaprast paboTa, COBEpIIEHHAs BHEITHUMHU TeJaMU Ha/l
cucTeMoii, 0¢) — TeIIo, MOJIyIeHHOEe CUCTEeMOH, n 0/ - OECKOHETHO MAaJioe
M3MEHEHHUEe SHEPIur, 00YCJIOBICHHOE U3MEHEHNEM MACChl (UKCJIa YaCcTHIL) Ch-
crembl. Tak Kak mepeaBaeMoe Teio (), copepiraeMasi MeXaHnIecKas padora
A v sHeprusi, cBsI3aHHas ¢ MEPEHOCOM MACChl Z, 3aBUCIT OT XapaKTepa, [Ipo-
1ecca, TO COOTBETCTRYIOIIE DECKOHETHO MAJIble BEJIMIWHBI TETJIOTH, pabOThI
U Z He sBJsiioTcst TogHbiMEu guddepennnanavmu pyukiuii cocrosinus. O60-
3HAUYCHUE 0 BBEJEHO, YTOODLI MOAIEPKHYTDH 3TOT MOMEHT.

CoriacHo KJIacCHIeCKOil MeXaHuKe sieMenTapHas pabora 0 A MoxKeT ObITh
npejcTaBjeHa B BUJIE:

S
0A =) X{dz;, (6)
i=1
x; — BHEIIHdAS KOOPAWHATA CHCTeMbl, X — CONpPsAKEHHas ¢ ITOH KOOp/InHA-
TOR cuita, JEefCTBYIONMasl CO CTOPOHBI OKpy»KafoIiei cpejbl. CyMMUPOBAHIE
IIPOU3BOJIUTCY 110 BCEM BHEIIHUM KOOP/IMHATAM S .
J1J1s1 HEKOTOPBIX YaCTHBIX CJAy4aeB BbIpaKeHue Jijist PabOThl MOXKET ObIThH
[IPeJICTaBJICHO B CJICJIYIOIIEM BUJIE:

a) TpK KBA3UCTATHIECKOM PACIIUPEHUH CHCTEMBbI, TIOJIBEPXKEHHOI JIeficTBUIO
BCECTOPOHHEI'0 PABHOMEPHOI'O JIaBJICHUA

0A = _pdv (Xze = =D, T = V)n

p — Jjaienue, V. — o0beM CUCTEMBI;
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6) pabora CHJI TTIOBEPXHOCTHOIO HATSIXKEHUsT TIPH U3MEHEHUY TIOIIAJM T10-
BEPXHOCTH 2.

(&
A = odX (X{ =0,2; =1%),
0 — KO3 DUIMEHT TTOBEPXHOCTHOI'O HATSIXKEHUS;

B) cobcrBerHasi paboTa 10 MOJISIPU3AIMT JINIIEKTPUKA, PaBHA

SA=V(E-dP) (X‘=VE,z; =P),

—

V' — obbem juasiekTpuka, [/ — HaNpsi>KeHHOCTh BHEITHETO 3JIEKTPUe-
CKOI'O T10J1s1, P — BEKTOp MOJIIpU3AIiU CUCTEMBbI;

r) cobcrBennast pabora Mo HaMarHWIMBAHWIO MarHeTHKa PaBHa

=

SA=V(H-dJ) (X‘=VH,z;=.J),

—

V' — obbem gauasiektprka, H — Hanpsi>KeHHOCTH BHEITHEr0 MarHuTHOTO
110Jist, J — BEKTOP HAMAIHMYEHHOCTU CHUCTEMBL.

OueBnIHO TaKXKe, ITO 07 JOJKHO OBITH IIPOMOPIUOHAJLHO H3MEHEHUIO
quciia JacTul B cucreme dNj:

0Z = pdNj. (7)
j=1

3/1eCb CyMMHUPOBAHUE PACIPOCTPAHSIETCSI 110 BCEM N COPTAM YaCTHI, CUCTEMBI,
f; — KO3(ppUIUEeHT IponopruonajbHOCTI, HOCAIINI Ha3BaHIe XUMHIUCCKOTO
MOTeHIraJa 9acTuIl J-TO COpTa.

2.2 TensmoémkocThb

[IycTh cucTeme KBa3uCTATUIECKN COODIIAETCS HEKOTOPOE KOJTUIECTBO Tell-
na 0Q). IlpenmonokumM, 9T0 9TO OCYIMIECTBISETCA C MOMOIILIO TAKOI'O IIPO-
1ecca, KOTOPBIN, COXpaHss MOCTOAHHYIO BEJWYUHY TapamMeTpa a CUCTEMBI,
YBEJIMIUBAECT TEMIIEPATyPy CUcreMbl Ha d1', TOr1a BeJIUINHY

oQ
dT

a

Co =

OyJieM Ha3bIBaTh TEILJIOEMKOCTLIO CUCTEMbI JIJIsl TAKOrO IIporecca. Termoém-
KOCTh, MPUXOJSIIAACA Ha €JAUHUILY MACChl CUCTEMbl, HA3bIBACTCS YICIbHOMN
TEeIIOEMKOCTb. TelI08MKOCTL OJIHOIO MOJIsSL BEIIECTBa HA3bIBAETCS MOJISIP-
HOM, MM MOJIEKYJISIPHOI, TEIIoeMKOCThbIo. Tak Kak BeaumuuHa 0() 3aBUCHT
OT TIpOIecca, TO OHa CTAHOBUTCs (DYHKIIMEH COCTOSAHMST TOJLKO B TOM CJIydae,
KOrJia 11potiece (MJm napaMerp a) OnpejieJiéH: HallPUMep, TelIoEMKOCTh [PH
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nocrosiHHoM JlaBsiernn (@ = P) C), TerioéMKOCTb [PH TTOCTOSTHHOM 00béMe

(a=V)Cy uru.

o (0Q) _ (U
"~ \ar), \ar/,
0Q oUu oU 1%
“=\or) ~\or), " |\ov), **| o)

2.3 YpaBHEHHE COCTOAHUSA

Jl1st OJIHOBHAYHOIO 3aJlaHusl TEPMOJUHAMUICCKH PABHOBECHOI'O COCTOsI-
HUsI CHCTEMBI JJOCTATOYHO 3aJ[aTh 3HAUCHNUS HECKOJHKUX MAaKPOCKOIMIECKUX
BesinunH. Hanpumep, TepMOIMHAMUYIECKI PABHOBECHOE COCTOSHHE IIPOCTOIO
rasa OIpeJIeJIsieTCs JIByMsl IePEMEeHHbIMI: JaBjaeHueM P 1 yjaejbHbIM 00bhe-
MOM v. Eciu ojiHy U3 9TUX BEJMYMH CUATATH BHYTPEHHUM I[IAPAMETPOM, &
BTOPYIO — BHEIIHUM, TO U3 HYJEBOI'O HadaJia TEPMOJUHAMUKU CJIEJIYET, UTO
MEXKJIy STUMHU BeJIMUMHAMHU U TEMIIepaTypOil JIOJI?KHA CYyIeCTBOBaTh (DYHK-
[[MOHAJIbHAS CBA3D:

F(P,v,T) = 0.

[Tonydyaemoe BbIparkeHre Ha3bIBACTCS YPaBHEHUEM COCTOsHMS Ia3a.

M ero o cymecTBOBaHNN B3aMMOCBSI3W MEXKJLy TEPMOJIMHAMUIECKIMU T1a-
paMeTpaMy MOXKHO JIEPKO IIePEeHeCTH Ha, JIF0Oble TePMOJMHAMUICCKI PaBHO-
BECHBIE CHCTEMBL.

Ecinn BHyTpeHHUM TIapaMeTpoM b; SIBJISIETCST CONPsI>KEeHHAsT BHEITHEMY ITa-
pamerpy x; obobieHHas cuia X;, TO ypaBHEHUE

Xz' = XZ'(ZCl, L9y ...y Tk, T)

Ha3bIBACTCA TEPMUYCCKUM YPaBHEHUEM COCTOAHUSA CUCTEMBI.
Eciu BHyTpeHHUM napaMerpom b; siBjisiercst BHyTpeHHsist sHeprust U, 1o
ypaBHeHue

UZU(SUl,ZL’Q,...,JZk,T)

Ha3bIBAETCA KAJOPUYECKUM YPABHEHUEM COCTOAHUSA CUCTEMBbI.

YpaBHEHHSA COCTOSTHUST HEBO3MOYKHO ONPEICTUTh TEOPETUIECCKH B PaMKaX
TEPMOJIMHAMUKK, OHU HaXOJATCsS JIMOO SKCIEPUMEHTaJbHO, JUDO TeopeTu-
YEeCKU C MCIOJIb30BaHUEM MOJieJieii 1 3aKOHOB MOJIEKYJISAPHO-KUHETUYECKOM
TEOPUU, [MOITOMY YHUBEPCAJbHON MaTeMaTU4eCKON 3allucu JiJid ypaBHEHUdA
COCTOSIHUSI CHCTeMbl He cyirnecTByeT. CKOJIBKO CYHIECTBYEeT CHCTEM, CTOJIb-
KO MOXKHO 3alucaTh ypaBHEHWH cocTostHUus. B KadyecTBe npumepa mpuBejiéM
yPaBHEHUS COCTOAHUSA JIJIsi HEKOTOPBIX I'a30B.
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Ypasnenue cocmoanus udeasvrozo 2a3a. Tepmudeckoe ypaBHEHHE TTOJTY-
yaercs u3 ypapHenust Kitaneiipona — MenjiesieeBas:

oV = ZRT,
1

rJie M — Macca rasa, (@ — MoJisipaas Mmacca, R — 8,314 Jlxk /mosb-K — 1,9872
KaJ1/ Mosh- K.

Kanopuueckoe ypaBHenne COCTOSHAS UI€AJILHOTO Ta3a CIeIyeT U3 3aKOHa,
J2KOysT 0 He3aBUCHMOCTH €0 YIeJIbHOM BHYTPEHHeH SHeprur OT 00bhEMa:

oU
WV )y
OTCIOJIA
U= /CVdT = CyT,
npuiemM

1

CV — §R,

I — YUCJIO CcTerneHeil cBo0OJIbl Y MOJIEKYJIbI I'a3a.

Peasvrvie 2a3v. Ypapuenne Kianeiipona — MenjeneeBa ouenb npubm-
YKEHHO OITMCHIBAET COCTOsTHWE peasibHbIX ra3oB. CocTaBjeHne TOUHOTO ypaB-
HEHUST CoKATBIX Ta30B U MaPOB SBJISIETCS JIEJIOM BeCbMa CJIOKHBIM, OOBIUYHO He
yJIaeTCs BBIPA3UTh CBOWCTBA PAa3HBIX MapOB OTHOCUTEIHLHO MPOCTBIMHU YPaB-
HeHusiMu cocTosinus. [IpuBejiem 6e3 00Cy K IeHMsT HECKOJILKO YPaBHEHU, OTH-
CBIBAIOIIMX COCTOSIHME HEKOTOPBIX PeasibHbIX 1a308B (st ojHOr0 Mouist). Ecre-
CTBEHHO, 9TU BBIPAXKEHUsI SIBJIAIOTCS YTOUYHEHUEM YPaBHEHUs COCTOAHUSA W16~
aJILHOTO Ta3a, COJIEPKAT PsiJl MapaMeTpOB, ONPeJeIeMbIX U3 SKCIIEPUMEHTa.,

1) B 1873 roxny romnanackum ¢usukom Ban nep Baaabcom 0b110 mpeiio-
»KeHO HamboJiee MpocToe ypaBHEHUe JiJisi PeajabHOro ra3a, B KOTOPOM yUNThI-
BAETCsI PUTSDKEHUE MEXKJIy MOJIEKYJaMU U UX COOCTBEHHBIE Pa3Mepbl. DTO
ypaBHeHUe IPUOJMKEHHO OMUCLIBAET KaK Ira3000pa3Hoe, TaK U XKHUJIKOE CO-
CTOsIHME BellecTBa. TepMuieckoe ypaBHEHHE MOXKET ObITh HaliJIeHO U3 BbIpa-

KEHUA:

(p+ %)(V _b) = RT.
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Puc. 1. Tununanbtit Buji uzorepmbl raza Ban

0 - nep Baasibea
KaJjiopuueckoe ypaBHenue:

a

+ up.
v 0

U= / Cydl —

3nech Cy — mekoTopast (PYHKINSA TEMIIEPATYPhI.
[Tapamerpbl @ u b oupenessatoTcs U3 OlbiTa. THIMYHAT M30TEPMa I'a3a,
Ban-ep-BaaJsibca nzobpaxkena na puc.l. Bersb ab mnzobparkaer nosejenue
BEIIIECTBA B »KUJKOM COCTOSIHUM, BeTBb cd — B ra3000pa3HOM. Y 19acToK bc,

Ha KOTOPOM (g—{}) > (0, cooTBeTCTBYeT abCONIOTHO HEYCTONINBOMY COCTOSI-
T

HUIO W B 9KCIIEPUMEHTE B TAKOM BUJIE HUKOT/a He peajnsyercs. Ha mpakTuke
YYIaCTOK MEPEXoJia BEMeCTBa U3 XKUJIKOTO COCTOSHUS B Ta3000pa3Hoe HabJIIo-
JlaeTcst Kak OJIM3KUI K TOPU3OHTAJILHOMY b’C’ U MOJIOYKEHUE €ro 3aBUCUT OT
TeMIepaTypbl U HAJIMUKs [IEHTPOB KUlleHus njin KoujieHcatuu. [1pu nosbiie-
HUW TEMIEPATypPbl JJIMHA 3TOTO YIAaCTKA YMEHbITaeTcsd W TTPU KPUTUIECKOM
temneparype 1' = T} ero juinna 3anyJsercs. B kpurndeckoit Touke

8 2
oY oy (2R)
oV ). ov? ),
JIUI OJTHOrO MOJIA €l COOTBETCTBYIOT
8a a
FTotry PR T o H

[Ipu OGosiee BHICOKHX TeMIepaTypax, ueM KpuTudecKas, ypaBHeHue Ban nep

BaaJibca onuchIBaeT COCTOsIHUE OJIHO(a3HOM CUCTEMbl 1 HUKAKOE M30TEPMHU-

YecKoe yBeJIUIeHUe TaBJIeHUsT He MOXKET MPUBECTH a3 K CXKWKEHMUIO.
[TockoibKy B 00J1aCcTH IIepexojia »KUJKOCTb-IIap ¥ B ODJIACTU KUJIKOCTU

corylacoBanue ypapHenusi Ban jiep BaaJjibca ¢ onbiToMm 1mioxoe, ObLIM 1pej-

HPUHSTHI TONBITKA YyTOYHUTH 9TO ypaBHeHUE. BOT HECKOJIBKO PUMEPOB:

2) ypasaenue raza Jurepudn (nepsoe):

p(V —b) = Roe ¥/ FTV.
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3) ypasuenue raza Iurepudu (Bropoe):
a
(p + W)(V — b) = RT
4) ypasuenwue raza Baprio:
a
—)(V —b) = RT;

5) Kamepiunr-OHHec 1pejiyioxKul 3alicbiBaTh yPABHEHUS COCTOSTHUS JIJIst
ra3oB B BUJIE

_ A1 Ay Ay Ay As
pU—RT(l-I-?-I-W-i-F-FF‘Fﬁ),

r7ie U — yAeNbHBIH 00bEM, A; - Ha3bIBAIOTCsI BUPHAJLHBIME KO3 D UIIneHTaME
1 TIPEJICTABJISIIOTCS B BUJE MHOT'OYJIEHOB:
bio  biz  bia  bis

Ai:bi’l_'—?—i_ﬁ—i_ﬁ_‘_ﬁ'
YpaBHEHUE COJIEPAKUT, TaKKUM 00pa30M, 25 KOHCTAHT, YMCJICHHbIE 3HAUCHMSI
KOTOPBIX TOJ0UPAIOTCS Ha OCHOBAHUHU JAHHBIX OIIBITA.
6) O. Meitepom u H.H. Borosobosbim Oblta nipejiiioxkena 6osiee obimast hop-
MyJia JIJISI ONIMCAHUST COCTOSTHUS ras3a:

1% Ay
v ]
v+ 1oV (KT)H

pv:RT[l—Fz

v,u=1

Kosdbdumuentsr A, ,, ompenensrorcsa XapakTepoM B3aHMOAEHCTBHA MEXKTY
MOJIEKYJIaMU JTAHHOTO Ta3a.

U3 camoro dakTa CyInecTrBOBaHUs TEPMUUYECKOIO YPABHEHUs] COCTOSIHUS
rasa:

fp,V,T)=0

BBITEKAET CBSI3b MEXKJIY TPeMsl JacTO YIOTpeOJsieMbIMH Ha MPaKTHKe KO-
durmenTamu:
KO3 PUIMEHTOM TEPMUIECKOIO PACIINPEHUsT

vV \oT .

KO3 PUIIMEHTOM U30TEPMUIECKOIO CXKATUS

1 [oV
ﬁzv<a_p>T7
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TEPMUYIECKUM KOIPPUITUECHTOM JIABJICHU S
1/ 0p
= (),
OTn KodpMUIMEHTDI CBI3aHbI MEXKTY CO00# COOTHOIIEHNEM:

a = —ppBy, (8)

II03TOMY HeT HEeOOXOIUMOCTH U3MEpsITh Ha OIBITe BCe TpU KOIPPUITHEHTA,

O JIByM KO3 PunuenTaM u U3BECTHOMY JABJIEHHUIO MOYXKHO HafTH TpeTHil
KO3 PUIIMEHT.
HeiicrBuTesibHO,

oT oT
dl' = — | d — | dV.

Ecsin remneparypa ocraéres nocrosinuoit (1° = const), 1o

-(Z) (&) - (50).
~(57), (&), = (57),

Orciozia JIErKo MoJlyduTh cooTHOIeHune (8).

2.4 OcHOBHBIE TEPMOJMHAMUYECKNE TTPOMECCHI 1 UX YPABHEHUS
B repmoimnaMuKe B OCHOBHOM PAaCCMATPUBAIOT CJEIYIOITHE TTPOIECCH:

a) nsorepmudeckuit (1 = const),
b) mzoxopubiii (V = const),

¢) u3obapHublii (p = const),

d) mommrpormieckuit (C' = const),
e) ajuabarudeckuit (Q) = 0).

OyHKIMOHAJIbHAS CBsA3b MKy 1, p u V' 1Ipu NpOTEeKaHUK IPOIECCa Ha3hiBa-
eTCsl yPaBHEHUEM TOrO 1IPOoIecca. ¥ paBHEHUE HPOIECea Jijist cyydaeB a, b, ¢
MOKHO TIOJYyYHTDb U3 ypasHenus cocrosnus f(p, V,T) = 0, a ypaBuenue co-
CTOSTHWS JIJIsT CIy4daeB d, € — W3 ypaBHEHUSI COCTOSIHUST U TIEPBOTO HAUAJA
repmojuaaMuku dU = 0Q) + pdV .



Ecin cunrarh HesaBucuMbiMu niepeMentbivu Vou T 1o

oU
dU = CydT — | dV.
v+ (57),
[Tpu nosmurporimyueckom 1poiecce
0Q) = CdT.

Orcroma mosyaaem

oU
— dl' = || = av.
c-cnar=|(57),+7
C npyroit cTOpOHBI,

e [(8),4] (%),

OTcrona o
(C — C)dT = 2 "Vav
(7).,
o C,—Cy (0T
7=V .
G (9
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[Tonydeno quddepennmalibHoe ypaBHEHUE TIOJUTPOTILI B iepeMeHHbIx 1 u V.

Yro0b! 10J1ydnTh ypaBHEHUE HOJUTPOIILI B IEPEMEHHBIX V U P, JIOCTATOYHO

y4eCTh, YTO

oT oT
dl'=— ] d —
(av>p ‘/Jr(al@)vdp7

TOT'/la, YpaBHEHHE TTOJIMTPOIILI B TEPEMEHHDBIX Vo p 1IpuHUMaeT BUJIL:

oT oT
— ) d —— ] dav =o.
(), e () v =

3/1ech N — TOKa3aTeNh TTOJUTPOIIB:
Cy —C

Hns apnabarudeckoro mporecca (C' = 0) mosyqaem

oT oT
) q =) av =
(), (), -0

BeJINYUHaA ’}/ Ha3bIBaeTCd IIOKa3aTeJIEM a,,ZI;I/Ia6aTI)I:
v = S
Cy

n
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Jast ogHOro MoJIdg UAeaJIbHOrO ra3a uMeeM

a) uzorepmuveckuit npornecc, pV = RT = const, A’ = RT ln(%),
Q=A%

b) usoxopusrit mporiece, p/ T = R/V = const, A’ =0, Q = Cy (T, — T1);

¢) wzobapubiii nponece, V/T = R/p = const, A = R(Ty, — T1),
Q= Cp(T2 —T);

d) mosmTpOnMUecKuii mporece,
oT or P
op )y ’ o), R ’

14
R
TOIJ1a

Vdp + npdV = 0,
OTKY/la IMOJIYyH9a€TCA YypaBHEHUE ITOJUTPOIDLI JJIAd WICAJIbHOI'O Ia3as:

pV"™ = const.

e) ajmabarudeckuii mporecc. YpapHeHue aauabarThl JIJIs UIeAJTbHOTO Ta3a
uMeeT BUJIL:

pV7 = const, A =Cy(Ty —Th).

Baece A' = —A — pabora raza 1pOTUB BHELIHUX CUJI P HEPEXOJE U3 CO-
crosanus 1 B cocrosnue 2.

2.5 PacmipocTpaHeHme 3ByKa B ra3ax

[azbl 06J1a/1210T T1JI0X0i TEIJIOIPOBOJIHOCTHIO, OJ1arojiaps 4eMy B HUX 1pU
OTCYTCTBUM KOHBEKITUU TEIJIOOOMEH ¢ BHEITHE# cpeJioil Bcerja 3aTpy/IHEH.
BenencrBre 3TOTO BO MHOTHX CJIydasx MPOTECCHI U3MEHEHNs COCTOSTHUS Ta3a
COOTBETCTBYIOT MOJUTPOMUIECKUM TIPOIECCAM € TTOKa3aTeJeM MOJUTPOTIH 1,
OJIM3KUM K 1OKa3aTes 1o ajinabarhbl .

Pacnpocrpanenue 3BYKOBBIX BOJTH B BO3JIyXe IpeJICTaBJIsieT coboit depe-
JIoBaHKe OBICTPBIX C2KATHl M PaspeKeHuil Cpejibl, U 13-3a BBHICOKON YaCTOThI
U IJIOXOM TEIJIOIPOBOJIHOCTH BO3JIyXa TEIJIOBOM OOMEH MEXJIy COCeHUMU
yUaCTKaMU CKATUs U Pa3PeKeHns 3aTPYAHEH, TO3ITOMY MPOIECe PAcIpocTpa-
HEHWsT 3BYyKa MOXKET pacCMaTpUBAThCA Kak ajuabaTnyeckuit. B 3Tom Jerko
yOeInThCsi, BHIUUCJIMB CKOPOCTh PACIPOCTPAHEHUsT 3ByKa B ra3ax.

B MexaHuKe CIUIONTHBIX CPeJl JOKa3bIBaeTCs, 4To cKopocTh C' pacipocrpa-
HEHWST BOJIH TeM OOJIbITe, UeM pe3de MEHSeTCs JIaBIeHue ¢ M3MEeHEeHNeM I1JI0T-
HOCTHU BEIIECTBA, T.e.
dp

O:
dp
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IIpeanonoKum, 4To pacnpocTpaHeHre 3BYKOBOM BOJIHBI IPEJICTABIIACT COBO-
KYIHOCTb 4epeJlyoIuXcs ajaunabaTHbIX IPOLECCOB, JIIs KOTOPbIX MOXKHO 3a-
IACATD:

pV7 = const,

TTH
p = const - p’.

Orcrojia HaX0 MM

dp v—1 p RT
— =7y-const-p’ T =y==vy—.
dp p I

[oscraBisist B (hopmysty Jijisi CKOPOCTH, HAXOJIUM

DTOT pe3yabTAT HAXOJUTCS B XOPOIIEM COTJIACHU C ONBITOM W MOYKET OBIThH
UCIIOJIL30BAH JIJIsl HAXOXKJICHUS 1T0Ka3aTessl ajinabaThl 7y 110 CKOPOCTH 3BYKA.

2.6 IIpumeHeHVEe MEPBOTO HAYAJIA K XUMUIECKNM ITPOIleCccCaM. 3a-
KoH I'ecca

M3BecTHO, UTO MPU BCSIKOW XUMUYECKOW PEAKITUU BhIJCISICTCS WA TTOTJI0-
aeTcsi HEKOTOPOE KOJIMYECTBO TEIJIOThl. Peakiuu, KOTopble MpH JIaHHbIX
YCJIOBUSAX WX MPOTEKAHNA UJAYT C BBIJEJEHUEM TeTJIOTHI, HA3bIBAIOTCS 9K30-
MEPMUMECKUMU, & Te, KOTOPbIE YT C MOTJIOMEHNEM TEIJIOTHl U3BHE, HA3bl-
BarOTCsT andomepmureckumu. B repmoxumun, msydarorieil TermioBoit adgexT
@, T.€. KOJMYECTBO TEIIOTHI, BbLIE/ISIEMON HJIH HOTVIOMAEMOf [IPH [0JIY 9eHIH
OJIHOTO MOJISI TAHHOTO XUMWIECKOTO COeTMHEHNS, TPUHITO CIUTATD BbIJIEIEH-
HYIO TEIJIOTY TOJIOKHUTEJBHOM, a MOJydaeMyio TEeIJoTy — OTPHUIATETbHON.
Orciofa cieayer, 9To Termiosoit addexr @ cBsizan ¢ Temioroit Q, durypu-
pyIoleii B IEpBOM HadaJsle TepMOIMHAMUKH, COOTHOIMeHneM @ = —Q.

[Ipu Bcex xuMu1IecKnX MpeBpaIeHNIX BBITIOJHAECTCA 3aKOH, OTKPBITHIN TTe-
TepOyprckuM akajiemukom L'eccom B 1840 rojy. IIpasuio ['ecca ykaswiaer,
4TO TEIJIOBOH 3 PeKT XUMUIECKON peaKIinu, IPOTEKAIOIIEH IPU OCTOAHHOM
o0béMe V' miim IpU MMOCTOSTHHOM JIABJICHUH P, HE 3aBUCUT OT MPOMEKYTOU-
HOUl peakIuu, a ONpejesseTcs JINIb HAYaJbHbBIM U KOHEYHBIM COCTOSTHAEM
pearupyolmux BemecTs.

DTO HPABUIIO SABJISIETCs CJICJICTBUEM [IEPBOI0 HavaJ1a TepMouHaMuku. [eii-
CTBUTEJIBLHO, ecaiu V' = const, TO U3 mepBOro Havaja TePMOJMHAMUKHN TOJTY-
qaem

@:U]._U27
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T.€. TEIJIOBOM 3(PPeKT HEe 3aBUCUT OT IyTH [€PEX0jia U3 MePBOIr0 COCTOSTHUS
BO BTOPOE, & €CTh PA3HOCTh BHYTPEHHEN SHEPIuu.
Ecmm p = const, To u3 nepBoro HadaJja TepMOTUHAMUAKH CJIEyeT

Q=U, — U+ (pVy — pVa) = (U + pV1) — (Uy — pWa),

T.€. TEIJIoBOi 3 (PeKT TaKk>Ke He 3aBUCUT OT IIYTH.

[Tpasuso I'ecca mO3BOJISIET BHIUUCIISITH TETJIOBBIE 3D MEKTH TAKUX Peak-
IUil, KOTOPbIE TPYJHO PEATU30BATH, WU JJIsi KOTOPHIX TEIIoBbie 3(DPeKThI
HEe MOTI'YT OBITH HEIIOCPEJICTBEHHO M3MepeHbl. B TaKuX cydasix cOCTaBJISIOT-
Cs TEPMOXUMHUYECKHE YPaBHEHUS, PELIeHNs] KOTOPBIX OIIPEIEsISIOT TeILI0BO
ahderT ncKkomMoit peaxkium.

2.7 Obparumas TensoBasg mammHa KapHo

Obparumas maruna KapHo mnpejcrapiser cod00 U1eaJi3nPOBAHHY O Tell-
JIOBYIO MalluHy, pabOTaOINY0 II0 IUKJIY, COCTOAIIEMY M3 JIBYyX M30TEPM U
JByx ajuabar. [Ipwaim eé jgeficTBrust CBOANTCS K CJIEAYIONIEMY: B IUJINHJIPE
¢ TIOpIIHEM HaXOJUTCd ra3. LIuanHap u mopineHb U3rOTOBJIEHBI U3 HETEILIO-
IIPOBOJIHOIO MaTepuaJia, TOrjia KaK JIHO IUJIMHIPA BBIIOJHEHO U3 OUYeHb XO-
poITero MpoBOJHNKA Teria. [lopirens 6e3 TpeHust MOYKeT CKOJb3UTh BJOJIb
cTeHoK 1unHpa. C MOMOIIBIO 9TOTO YCTPORCTBA MOXKHO CMO/JICTUPOBATH Pa-
60Ty TpocTeiiIieil TemIOBOi MaIlIMHbBI, JIOMYCKAIONMEl MaTeMaTHuIecKoe OI-
caHue BCEX IIPOTEKAIoNMUX B Heil mnporeccoB. [Iycrh B HavabHBIA MOMEHT
BPEMEHU IMJIMHJIP CTOUT Ha MaCCUBHOM rraTdopMe, NMeEOIIeil TeMiepaTypy
T1, u ra3 1o HOPIIHEM HAXOJUTCS B TEIJIOBOM PAaBHOBECHH C IJIAT(OPMOTi-
TepMmocTaToM. He HapyIas TenaioBoro paBHOBECHs NUJIKHIPA ¢ ILIaT(OPMOi,
PEJOCTABUM Ta3y BO3MOXKHOCTH M30TEPMUIECKN PACTITUPSITHCS OT WCXOLHO-
ro oobema Vi 10 obbema V. OueBuiHO, 9TO ISt MOJJIEPIKAHUST IOCTOSTHHOM
TeMIIepPaTyphbl Ta3 JIOJKEH IOJydaTh TEIJIO OT IIAT(OPMBbI, TOITOMY JIaH-
HBIfl TEPMOCTAT MOXKHO HA3bIBaTh HaIrpeBaTeJeM. 3aTeM IUINHJID TOCTABUM
Ha TeIJIOM30JMPYIOIIYIO MOJACTABKY W JaJUM ra3y 0e3 Mo/BOja Tera BO3-
MOXKHOCTH PaCHIMpUThest 0T oobema Vo j10 odObema V3, 1ipu 910M Temiepary-
pa ymenbIurcs ot Ty go Ts. IlepectaBum MuJInHAP Ha JPYLYIO MIaTGOPMY
¢ TeMIeparypoil 1p v IpU IOCTOsAHHOI Temueparype Th HauYHEM CXKHMATb
raz jio obbema Vy. IIpu 3TOM Tersio JIOJXKHO OT/laBaThes 1aTdopme, 1o-
9TOMY ILIAT(OPMY B 3TOM CJIyUuae MOXKHO TPaKTOBATh KaK XOJ0AnabHUK. Ha
IOCJIeTHEM STalle NMUJIKMHJP CHOBA IIepPECTaBUM Ha TEILJIOU30JIUPYIOIIYIO 101
CTaBKY W, CKMMasi, BEDHEM Ta3 B MCXOJHOE cOCTostHIe (MCXOHAsT TOUKa 1).

Ha puc. 2 npejcrapiena jguarpaMma paccMaTpUBaeMOro MK/ B repe-
MeHHBIX V 1 p.
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Q2 S, Puc. 2. Huka Kapno

[IpoBejiém TeopeTnueckoe MojIeJIMPOBaAHNE U3MEHEHUsI COCTOSIHUS I'a3a, [IPU
JIBUYKEHUH 10 PACCMATPUBAEMOMY IUKJIY, BBITUCIUM PabOTy U KOIPDUITUEHT
IOJIE3HOTO JEHCTBUA JAHHON TEIIOBOil MaImuHbl. Pajau ympornenus BbIKJIa-
JIOK IIPUMEM, 9TO B KaYecTBe Pabodero rasa BbICTYAET OJUH MOJIb 11€aIbHO-
ro raza. OueBu iHO, nOJIHAsT paboTa ra3a 3a MPOWJIEHHDbIN UK/ OyeT paBHa
aJirebpanieckoit cymme paboT Ha BCEX BETBSX IMKJIA.

A=A+ Agz + Asg + Agr.

st MOJIst MieaJibHOTO ra3a MpH M30TEPMHUIECKOM U a[uabaTUIeCKOM IIPO-
1eccax mMeeM

Va

Ao = RTiIn—=
12 1HV1,
Agz = Cy(Th = Tv),
Vi

Asy = RT51In —
34 2HV3,

A41 = Cv(T2 — Tl)

Orcroa nostydaem
£ |7
A=RT1In =+ RT5In—.
Vi Vs
Ternyiory MaluHa 1mojydaer 1npu u30TepMudeckoM 1porecce 1 — 2, npuuem
KOJTMIECTBO TTOJYIeHHON TeIIOTH ()1 paBHO
Vs
Ql = A12 = RTl In —.
Vi
OtrHomerune mOJHON paboThl A K KOJUYECTBY TEIJIOTHI, MOJYyYeHHOH OT Ha-

rpeBaTess (1,

A

Q1
HA3bIBAETCs KOIP(DUIIMEHTOM MOJE3HOr0 JIeHCTBUsI MAIIUHBl 1 0003HAUACTCS
m: v
RTQ In 7‘31

2
' RTy In %
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YarémMm, 9To TOYKKM 2 W 3 JiexKar Ha OjHON ajmadbare, a Touku 4, 1 — Ha
Jgpyroi. st ujeajbHOro rasa ypabHenue ajipabarbl B nepeMmenHbix 1', V
nMeeT BHJT

TVt = const,

I[IO3TOMY MO2KHO 3allMCaTb

nVy =TV
WJIN
A A A
Vi - \V '
Takum obpazoM, 4TO KOI(MDPUITUEHT II0JE3HOTO JIeCTBUSA MallnHbl KapHo
OIIpeiesIsIeTCs JINIIL TeMIIepaTypaMi HarpeBaTe st U XOJI0U/IbHUKA:
L
n=41i- T
DTO COOTHOIIEHNE CHII'PAJIO BaXKHYIO POJIb B IOHKMAHUHU BTOPOI'O HAYAJIA Tep-
MOJIMHAMUKH.

3. Bropoe Ha4YaJ0 TEpMOANHAMUKHA

Bropoe Hauajo TepMOJIMHAMKUKHI BbIBEJCHO HA OCHOBAHUU HAOJIIOJCHUS U
OIIBITA, TIO9TOMY CYIIECTBYET HECKOJILKO (DOPMYJIMPOBOK, KOTOPbIE 0OhopMmIie-
Hbl B BUJIC IPUHIMIIOB ¥, KOHEYHO, SKBUBaJeHTHbI. [IpuBejeM HeKoTophie u3
HUX:

a) mpuamn Knaysnyca (Clausius). IIporece, npu koropom He mipowc-
XOJIUT HUKAKUX M3MEHEHMil, KPOME MepeJladd TeIla OT TOPSIero Teja
K XOJIOJIHOMY, SIBJIAeTCs HeoOpaTuMbIM. VHade roBops, TEIIoTa HE MO-
JKeT CaMOIIPOU3BOJILHO MEPeXOJUTh 0T GoJiee XOJIOJHOrO Teja K boJee
ropsiueMy 6e3 Kakux-jaubo JPyrux u3MeHeHUuil B CUCTEME;

b) npunnun Tomcona (nopaa KensBuna)(Thomson W.). Ilponece,
IIpU KOTOPOM paboTa IMePEeXouT B TeIao 0e3 KaKux-jando JPYIrux u3-
MEHEHHUI COCTOsIHUSI CUCTEMbI, siBJisiercs: HeoOparuMmbiM. MHade roopsi,
HEBO3MOYXKHO MPeodPa3oBaTh B pabOTy BCE KOJIUIECTBO TEILIA, B3ATOE
OT TeJa ¢ OJHOPOJHON TeMIepaTypoil, He CoBepIas HUKAKUX JIPYTHX
U3MEHEHUI B COCTOAHUU CUCTEMBDI,;
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6) IPUHIAI HEBO3MOXXHOCTHU CO3J[aHUS BEYHOI'O JABUTATEJsI BTO-
poro poaa. HeBo3MoxKHO co3jiarh HUKIMIECKH PabOTAIONLYIO MALIKHY,
KOTOpasi IIPOM3BOJIMIIa ObI PADOTY 38 CUET IIOIJIOMIEHUS TEILIa OT OJHOTO
Tesa, He COBepIas IPU 9TOM HUKAKWX JIPYTUX U3MEHEHUH B COCTOSIHUM
CUCTEMbI U OKPY2KaIoIIeil cpeibl;

2) mpuamn Kapareomopu. B6imsn jir060ro paBHOBECHOIO COCTOSTHUSI
TEePMUYECKHU OJIHOPOJHON CHUCTEMbI CYIIECTBYIOT JIPYI'HME COCTOSIHUS, KO-
TOpPbIE MOTYT OYEHb MaJIO OTJIMYIATHCA OT JAHHOI'O COCTOTHUS, HO HUKO-
IJ1a, He MOI'YT ObITh JOCTUI'HYTHI M3 HEro IIyTeM aJuabaTuiecKoro mnepe-
X0/1a.

31ech 1Mo TepMUHOM " Apyrue n3Menenus' moapasyMeBaiOTCs TAKAe N3-
MEHEHHUsI CUCTEMbI, KOTOPbIE COXPaHSIOTCA II0CJe 3aBeplleHus Ipoiecca. B
bOpPMYJIMPOBKE 6) CYIIECTBEHHO YCJIOBUE MUKJIMIHOCTH PabOThI MallUHbI.
JleiicTBUTEIBHO, TPU U30TEPMUICCKOM PACIIMPEHUN HJICAJIHLHOIO I'a3a, BCIO
TEIJIOTY, B3STYIO U3 TEIJIOBOI'O pe3epByapa, MOXKHO Ipeodpa3oBaTh B pabo-
Ty. OJIHAKO TaKOii MPOIECC He MOXKET ObITh IUKJIMICCKIM.

3.1 Teopema Kapno - Kiay3suyca

[Tonb3ysich BTOpbIM HadaJOM B (OpMyaupoBKe Kiaysmyca, MOXKHO JOKa-
3aTh MIPUHIUIINAJIBHO BaykKHOE IOJIOXKEHHE, H3BeCTHOe KaK Teopema KapHo -
Kiaysnyca: Koappdpuyuenm noresnozo deticmeus oopamumoti mawunsve Kap-
HO He 3ABUCUM OM BEAUNUHDL U POOA PabO¥E20 MEAR, COBEPULAIOULL20 PabOMYy
6 9motl mauLure.

Hoxasamenvcmeso. llpencraBum cebe nBe obparuMble MaIImHbl KapHo,
paboTalolire B CHUCTEME ¢ OJHAM M TeM K€ HArpeBaTeJeM W OJHWM U TEeM
YKe XOJIOJMIBHUKOM, TEMIIEPATyPbl HOCJIEJIHUX COOTBETCTBEHHO PaBHbI 1] u
T5. JomycTum, 9TO 9TH MAIIMHBI MOI'YT IlepejiaBaTh JAPYT JPYry 0e3 moTepb
COBEPITIEHHYIO PabOTYy.

[Tycrs B neppoii mamune (1) pabounmM BemecTBOM sIBJISIETCs U/IeasbHbIIl
ras, BO BTOPOii (2) - kKakoe-sub0 jpyroe Bermectso (puc. 3). Eciu koadduru-
€HT II0JIE3HOI'O JICHCTBHS IIEePBOMl MalllMHbI OOJIBIIIE, YeM Yy BTOPOIi, 7 > 7)o,
TO 3allyCTUM IEPBYIO MAIUHy B MPSMOM HalPaBJIEHUM, & BTOPYID — B 00-

)

1
parHoM. [lycrb nepBasi MaliHa 3adupaeTr y HarpeBareist TeILIo Q§ , OTJlaeT
1 1 1
XOJIOJMIBHUKY TEILIO Qg ) , upousBojuT pabory A = Qg ) Q; ), Torpga BTO-
2
pasi MaiHa OyjieT oTOupaTh y XOJI0/MJIbHUKA TEILJIO Qg ), J1I00aBJISITH K HEMY

2 2
SHePIruio A u orjaBaTh HArPEBATEIIO TEILIO Q§ ) = Qg )y A [TockouibKy 110
YCJIOBHIO
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HarpeBarenb

1

T

XOJOIUTBHUK

| Puc. 3. Cucrema us jByx maiun Kapro

B A B A
771—Q—(11)>772—Q—(12),

TO le) < Q?), T.e. TaKasg CUCTeMa U3 JBYX CONpPsKEHHbIX Malnd Kapno
OyJleT repekavunBaTh CaMOIPOU3BOJILHO TEIJIO U3 XOJIOJMJIbHIKA B HarpeBa-
TeJib, YTO 1IpoTUBOpednT nputiuiny Kiaysuyca.

Ecau 11 < 12, TO MyCTUM MEPBYIO MAITUHY B 0OpATHOM HAIPABJIECHUH, a,
BTOpPYIO — B IipsiMOM. [IpoBejist aHAJIOrHUHbBIE PACCYKJICHUS, TaK>Ke TTPUJIEM
K [IPOTUBOPEYHUIO.

[TosTomy ocTaéTcst eIMHCTBEHHDBIN CITyvail

m =12,

9TO U TPebOBAJIOCH JI0KA3ATh.

3.2 Nnrerpan Knay3uyca. DHTpOnus

Kaxk 0bl10 1moKazaHo paHee, KO3 (DUIIMEHT MOJE3HOr0 JeicTBUsT 00paTH-
MO#i MammmHbl KapHo paBen

A Ty -1,
’]] = — = —
@1 T
HO IJIsI KPYTI'OBOT'O IIPOIECCa U3 IIEPBOI'O Ha4dYaJla TEPMOJNHAMWKN CJICAYET

AU =0Q1 — Qs — A, mnpuuem AU =0.

Taxum obpazom,

n:Tl_TQZQl_QQ

T Q1
T.€.
L _ @
i @
HHAYUEe
oo o
o Ty

Bemuuuna /T HazbiBaerTcss NPUBEJIEHHON TEIJIOTON, 9Ta BEJUUMHA BIEp-
Bbie ObL1a BBejieHa Kiaysuycom. Takum obpazom, jiJjisi oOpaTuMoil TerjioBoi
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Maruabl KapHo 1mosiydenHasi mpuBeiéHHas TEIJIOTa PaBHa OTIaHHON TIpUBe-
JIEHHOU Tel1oTe.

Mo:kHO mOKa3aTh, UTO MMPOCTEeinii MUK KapHo Bcermga MO:KHO pa3OUTh
Ha JiBa mjim Oosiee MUKJI0B KapHO MPpOMEXKyTOUHBIMU aJinrabaTaMu, TP STOM
yeaosue (9) we vapymures (puc. 4). Takoe jiesienue nuKJIa sBJISETCA 3aKOH-
HBIM MOTOMY, 9TO 1) Ha ajmabarax TeIIo He MOJBOJUTCS, MOITOMY TIPHBE-
JEHHDBIC TEIIOTHI Ha ajabarax paBHbI HYJIO U 2) Ha M30T€pPMax TEIIoTa
ABJACTCA AJJIATUBHON BEJIMYUHOMN:

Ql - Q(ll) + ng)a QQ - Qél) + Q;Q)a

OuesniHO,
1 1 2 2
' @& o e
T T’ T T,
P,
i\\H“,QQJ, 2
AN \
%%;\:};3 Puc. 4. Pasbuenne nukina Kapno na nBa,
Qs IO/ KJIA,

O0600611ast 9TO yTBEPXKJIEHKE Ha [POU3BOJIBHOE KOJUUECTBO PasOUEHUil,

Q(i) B Q(i)
2n T

1
1 i=1

MO2KHO 3alliuCaTb

DTOT 110/1X0/] MOXKHO PACHPOCTPAHUTH Ha JIIO0OH 1uKJl (puc. 5).

5@@) 5@@
Z Tli :Z.Z T; '

Puc. 5. IlpejcraBienue 1pou3BOJILHOIO

IUKJIa cucreMoil 1ukJioB KapHo

3nech Th; n Ty - TemniepaTyphl HarpeBaTe/Ist W XOJOUIBHUKA 1-TO IINKJIA,
Kapmo.
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Ommbka, 1peJicTaBleHnsl TPOU3BOILHOIO IIUKJIA, COBOKYIHOCTHIO ITUKJIOB
Kapho Oyjer TeMm MeHbliie, 4eM CujibHee JIPpOOJICHUE TOrO IUKJIA, MEHbIIEe
SJIeMEHTapHbIN UK/ KapHo, MOJI0XKeHHbII B OCHOBY JipobJsieHus. Torma, Ie-
pexojist K 1pejiesly 6eCKOHEIHOro JIpOOJICHUST, TTOJTy YUM

/5Q1 /5Q2
[ [m_, "

Ec/in 110J1y4eHHYyI0 IPUBEJIEHHYIO TEIJIOTY CUUTATH OJOKUTEJbHOM, a 0T 1a~

nJjin

BAEMYIO — OTPHUIATENIbHOI, TO ypasuenue (10) mpumer Buj

f% ~0. (11)

DTO BBIpaXKeHNe Ha3bIBACTCs WHTerpaJoM Kiaysumyca.
U3 aroro yrBepKaeHus cjiejlyeT, 9TO HHTErpasl OT IPUBEJIEHHON TEIOTHI
JUIs JII00Or0 0OpaTUMOTO IUKJIa ¢ JIFOObIM pabounM BEIecTBOM PaBeH HYJIIO.
Asirebpandeckasi CyMMa TEIJIOTHI, HOJYy4YaeMON TeJIOM 3a UK,

f&@ = A (12)

paBHa paboTe, coBepIIaeMOoii MaINHOM.
[TockonbKy 3Hadenue unrerpaja Kiaysuyca He 3aBucut oT (pOpMbI IIHUKJIA,
(3aMKHYTOrO KOHTYpa uHTerpupoBanus), 10 Q) /T ectb nosnbiit guddepen-

0Q
?.

[raJ

ds = (13)

OyHKIMst S Ha3bIBAETCS SHTPOITHEI.

[Tosiozkenne o CyecTBOBAHUN Y PABHOBECHOT CHCTEMbI OJIHO3HATHO (DY HK-
IIIH COCTOSTHUST — SHTPONUU U COCTABIISIET COJCPIKAHIE BTOPOTO HAYAJA TeP-
MO/IMHAMUKH JIJis KBA3UCTATHIECKUX HporeccoB. Boipaxkenne (13) ecth Ma-
TeMaTrIecKas 3alMCh BTOPOro HaYaa TEPMOJIMHAMUKI JIJIst 9TUX [TPOIECCOB.

13 (13) mosywaem, ato

5Q = TdS, (14)

CJIEJIOBATEIHHO, aAuabdaTuIecKuii POIECC — 3TO HPOLECC UPU MOCTOAHHON
SHTPOINN.
I3 neproro (9) u Broporo (14) Hadas TepMOJMHAMUKHI MOJTYyYaEM BbIpa-
YKEHHE
dU =TdS + ) Xdx; + pdN, (15)
i=1



27

KOTOPOE HA3bIBAETCsl OCHOBHBIM YPaBHEHHEM TEPMOJIMHAMUKY JJIsl KBA3UCTa-
TUYECKUX [IPOLECCOB.

ObcyuM Tenepb BOIPOC 0 cMbicjie SHTporuu. OgHo3Ha Hass PYHKIU CO-
CTOSTHWSI — HTPOIHSI, CYIIECTBOBAHNE KOTOPOM JIJIsT PABHOBECHON CHUCTEMbI
YCTAHABJIMBAECT BTOPOE HAYAJIO TEPMOJUHAMUKN, HE sIBJISICTCSI HALJISTHON: €€
MOXKHO BBIYUCJIUTH, HO HEJIb3s1 HEIOCPEJCTBEHHO U3MEPUTH MOJ00HO TeMIle-
paType uian o0bEMy — SHTPOIMOMETPOB HE CYIIECTBYeT. DHTPOIUS — YUH-
CTO MaTeMaTHuIecKasl BeJIMUNHA, KOTOPas XapaKTepu3yeT HallpaBJIeHIE ecTe-
CTBEHHBIX [IPOIECCOB B IIPUPO/IE.

[1yOOKMit CMBICT SHTPOIINK PACKPBIBAETCS B CTATUCTUUECKON (PUBUKE, TIe
¢ MOJIEKYJISIPHOM TOYKY 3PEHWST SHTPOIIHST CHCTEMBI BHIPAYKAETCs IepPe3 TUCII0
I crarucTraecKuX COCTOSIHUM |, B KOTOPBIX MOXKET HAXOJMThCS CUCTEMA,

S =kInT, (16)

rje k — nocrosinnast Boabnmana, I' — 4uciio MUKPOCOCTOsIHKI, B KOTOPbBIX
MOKET HaXOJUTLCS CUCTeMa IPHU JAHHBIX 3HAYCHUSIX TEePMOIUHAMUYICCKUX
epeMEeHHbIX.

Inmponus udearvrozo 2a3a. Ilycrs JaH OJUH MOJIb UIEAJIHLHOTO Ta3a. Kro
apaMeTpPhbl CBSI3aHbI COOTHOIICHUEM:

pV = RT,

COTJIACHO OCHOBHOMY YPaBHEHUIO TepMogunHaMukn (15)

1
dS = (AU + pdV)

nJjinm

1 (oU 1 [(oU
as=— () ar+ ~ |(22 av.
T\ar)," "7 |\av ), "

BHyTpeHHsist 9HEPIHs WeaJbHOrO ra3a He 3aBUCUT OT 00bEMa rasa

oy _,
ov ) ’
a 1epBasi IPOU3BOJIHAS €€ eCTh TEIJIOEMKOCTh 1IPU MOCTOSIHHOM 00'bEéMe
v\ _
ar), "

Taxum obpazom,

dl’ p dTl’ dV
dS = CV? + Tdv = CV? + RV.
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ITocae WHTErpupoBaHuA IIOJIYyHa€M BbIDAXKCHUEC [JId SHTPOIIMN HJICaAJIbHOI'O
rasa

S=CyInT+RInV + 5, (17)

rjie Sy - HEKOTOpasi IIOCTOSHHASI.
AHaJOrHIHBIM 00Pa30M MOXKHO BBIBECTH (OPMYILY JIJIsl SHTPOIMK Ta3a
Ban jep Baasinca:

/—dT+R1n(V+b) + S,

3.3 CBa3b MeX/Jay TEPMUYECKNM U KAJOPUYUECKNM ypPaBHEHUAMMU
COCTOAHUA

[Tpu BBIYMCTICHUN MHOTUX BEJTMIUH HEOOXOJMMO 3HATH KaK TEePMUIECKOe,
TaK ¥ KaJOpUUECKOe ypaBHEHUE COCTOSHWUS CHCTEMbl. DTH ypaBHEHUS KakK
9KCIIEPUMEHTAJbHO, TaK U METOJ[@MU CTATUCTUYECKON (PUBUKU MOTYT OBITH
10JIy YeHbl HE3ABUCUMO JIPYI' OT Jipyra. Bropoe HauyaJio TepMOJMHAMUKN yCTa-
HABJIMBAET MEXKIy STUMU YpaBHEHUIMU TU(dHepeHnnaabHyIo CBA3hb, KOTOpas
B HEKOTOPBIX CJIyYadX JeJlaeT HEHY>KHBIM OJTHOBPEMEHHBIH MTOUCK ITUX yPaB-
HEHUil. YCTaHOBUM 3Ty CBHA3b.

ds = T [dU+pdV] {(g—g) dT + [(gg) +p] dV},
a5\ 1 [/0U
(or), =7 (ar),
05\ 1 ]|[/0U
(ov), =7 (ov),
[Tpomudpdepentupyem obe qacTu mepBoro ypapaenus mo V', Broporo — 1o 1’

*s 1 02U
OVoOT T oVoT’

028 _L oU - LL[U (o
oIV ov ), P\ T |arov " \or ), |

[Tockosibky

9SS
ovoTr — oToV’

JIEBbBIC YaCTH IIOCJI€IHUX JIBYX ypaBHeHI/IfI COBIIa/JaX0T, IIO3TOMY JOJI2KHbI COB-

najarTh u npasbie. [loce HeDOIBITNX MaTeMaTHIecKUuX Tpeodpa3oBaHuii 110~
JIy4aeTCsl UICKOMOE COOTHOIIEHUE:

(5v), =7 (5r),
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[IpumenrM 9TO BhIpaXKeHue Jijisi OlpejiesieHusi BHYTPEHHE SHePIruu HEKOTO-
PbIX I'a30B.
1. Uneanbublii ra3. 13 ypaBnennsa Kiraneiipona - MenneneeBa

pV = RT

g\ _R
or), vV

Orkyna ciaejpyer 3akon Jlxkoyiis

ou
(o), =

BHa‘{I/IT, BHYTPEHHAA SHEPI'UA OAHOI'O MOJIA NJI€AJIbHOI'O I'a3a 3aBUCUT TOJILKO

nMmeeM:

OT TeMIlepaTypbl

dU = CydT,

oU
o= (1),

— TEIJIOEMKOCTD IIPU IOCTOSIHHOM OObEMe.

rje

Orcrona

U:/CvdT+UO.

VY ujieasbHOIO KJacCu4eckoro rasa reiioéMkoctb Cyy He 3aBUCHT OT TeMlle-
paTyphbl, a aJJINTUBHYIO IOCTOAHHYIO HHTerpupoBanus Uy Hy>KHO MOJIOKUTh
paBHOi1 Hy/10. OKOHYATEILHO II0JIydaeM

U=CyT.

2. I'az Ban jep Baasibca. 13 ypasuenusi Ban jep Baasibca ciemyert:

_ RT  a o\ R
P=v =y v or), V—b

oU\  a
o), V¥
Huddepenrupyst ero 1no 1" u yunTbiBas, 9TO (g—g)v = Cy, TOJyInM:

oCy 0 a 0
oV T \V —-b)

OTcrona
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T.€.
Cy = Cy(T).
Taxum obpazom,
oU oU a
dU = | =— | dT — | dV =Cydl + —=dV
<6T>V ! (aV)T SAE
T
a
U:/CvdT—VJrUO.

3.4 Bropoe HayaJio TepMOJIUHAMUKU JIJi HECTATUYECKUX IIPO-
IIeCCOB

Paccmorpum JiBa OJIM3KUX COCTOSIHUSI PABHOBECHsT 1 U 2 HEKOTOPOIl cucre-
Mbl. CorjlacHO IIEPBOMY HavaJ/ly TEPMOJMHAMUKU [IPU HECTATUYECKOM Iepe-
XOJIe U3 COCTOSIHUS 1 B COCTOSIHKE 2 CHCTEMa MOJYUIUT KOJUIECTBO TEILIOTDHI
0Quect ¥ coBepiiuT pabory 0 Apect, IpHIEM

U2 - Ul = 5QH€CT - 5AH€CT-

Eciu e cucrema nepexojinuT u3 CoCTosiiust 1 B COCTOsIHUE 2 KBa3UCTaTHYE-
CKH, TO KOJTUIECTBO TEILJIOTHI, TOJYIEHHON! OT TepMOCTaTa, U COBEPIICHHYTO
crcreMoil pabory obosnaunM depe3 0Qxpaz U 0 Axpas, IpuIeMm

Uy — Uy = 0Qkpasz — 0Akpas-

[TocKoJIbKY MCXO/HBIE U KOHEUHbBIE COCTOsIHUSI B TOM M JIDYIOM IIPOIECCE OJI1-
HAKOBBI, TO OTCIOJIa CJIeTyeT

5QHGCT - 5QKB8,3 = 5AH€CT - 6AKB&3-

Kak namu ObLI0 1MOKa3aHO paHee,

d0Anecr < 0Akpas,

IOTOMY
0Quecr < 0QkBaz-
[TockosibKy
0Qkpaz = T'dS,
OJTy YaeM
TdS > 0Quecr
U

0Quect
d v
S > T
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1ocJjie UHTEIPUupOBaAHU S

2

SQ — S1 > /@ (18)
T
1

Ecsn cucrema nepexogur ns cocroanusa 1 B cocroanue 2 aguabaTHdecKUM
nyrem (0Quect = 0), 10

dS > O, SQ — Sl > O, (19)

T.€. SHTPOIMSI IPU ITOM BO3PACTAECT.

DTO MOJIOXKEHNE O BO3PACTAHUU SHTPOIUU B CUCTEME IIPU HECTATUIECKUX
anabaTHIeCKUX MPOIECCax U BhIpayKaeT coDOI0 BTOPOE HATAJIO TEPMOJIMHA-
MUKW JIJIsT HECTATHIECKUX 1PoIeccoB. OHO JJaeT BO3MOYKHOCTH XapaKTepPU30-
BaTh YHTPOIMIO KAK MEpPy HEOOPATUMOCTH MPOIECCOB B CUCTEME.

[TockonbKy BCe ecTecTBEHHBIE, CAMOIPOM3BOJIBLHBIE IPOIECCHl UAYT ¢ KO-
HEYIHOI CKOPOCTBIO, T.e. HECTATUUIHBI, TO, CJIeI0BATE]bHO, IPU TAKKX aguada-
TUIECKUX ITPOIeccax SHTPOINs BCerga Bo3pacTaer. Takum odOpa3oMm, BTOpoOe
HAYAJI0 TEPMOJIMHAMUKY JIJIs1 €CTECTBEHHBIX HECTATHICCKUX aJInadaTHIeCKuX
IIPOIIECCOB YKA3BIBAET UX HAIIPABJICHNE: €CTECTBEHHBIE aInadaTHIeCKHe IPO-
IIECChl UAYT B HAIPABICHUU POCTA SHTPOIIMH.

Juist kpyrosoro tporecca u3 (18) umeem

0Quecr
f{ = <o, (20)

9TO HEPABEHCTBO Ha3bIBAETCsT HepaBeHcTBOM Kitaysmyca.
B obiiem ciydae MOXKHO 3alIMCaTh

0Q)
}[ =<0, (21)

3HaK paBEHCTBa OTHOCUTC:A K KBa3UCTATHUYCCKUM IIpOIeCCaM, HEPABEHCTBO —
K HECTATUYIECKUM ITPOIECCaM.
U3 nepBoro navaJjia TepMOJIMHAMUKK U U3 (18) cJeyeT BayKHOe COOTHO-
ImeHue
TdS > dU + Y Xidw; — Y pidNj, (22)
i=1 j=1

IpUMEHIMOe K JTIOOOMY IMpoTiecey.
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4. MeToabl TepMOIAMHAMUKN

s ananmsa CBA3M MEXKTy MaKpPOCKOMUYECKUME MapaMeTpaMu TPy Mpo-
TeKaHWW KaKUX-JIMOO TPOIECCOB B CHCTEME B TepMOJUMHAMUKE pa3padboOTaHO
HECKOJIHKO TTOJIXOJIOB, B 9aCTHOCTH METO/bI KPYTOBBIX TTPOIECCOB, TEPMOIN-
HAMUYECKUX TTOTEHIMAJIOB, olpejiennreseit dkodu.

4.1. MeToa KpyroBbIX HNpPOIECCOB

U gest MmeToj1a IMKJIOB COCTOUT B TOM, UTO JIJIsT YCTAHOBJICHWST CBSI3ZU MEXK LY
TEPMOJMHAMUYECKUMHU [apaAMETPAMU PACCMATPUBACTCS MOJIXOSAIINM 00pa-
30M TOJIOOPAHHBI 0OPATUMBIN UK ¥ K HEMY MPUMEHSETCs TepBoe HAYaJI0

j[aQZA
f%;o.

C IIOMOIIBIO 3TUX ypaBHeHI/Iﬁ yYAa€eTCsd BCKPBITh NCKOMYIO 3aKOHOMEPHOCTD.

TepMOJIMHAMUKHN

U BTOPOE HadaJlo

YCTaHOBUM € MOMOIIBIO 3TOTO0 METOJ[a 3aBUCHUMOCTH KO DUIHMEHTa T0-
BEPXHOCTHOT'O HATSXKEHUs YKUJIKOCTU OT TeMiiepaTypbl. st 9roro paccmor-
puM 1ukj KapHo ¢ »KuJIKO# [1JIEHKON, HATSHYTOW Ha [IPOBOJIOYHYIO PAMKY
C TIOJIBVKHON TepeKIaInHKoii. M300pa3uM 9TOT MUK Ha AuarpaMMe o , .
(puc. 6). 31ech 0 - KO3IDOUITUEHT TOBEPXHOCTHOTO HATSAKEHUA, X - IIOMIAH
[MOBEPXHOCTH I1JICHKU.

o

y

Puc. 6. Hukn Kapho ¢ uszmenennem Kodg-
S, durmenTa MOBEPXHOCTHOIO HATSIKEHUST |

TeMIIepaTypPbl

[Ipu nzorepMuvecKoM pacTAruBaHUU JIEHKNA KOI(MD@PUITUEHT TOBEPXHOCT-
HOI'O HATSIKEHUsI HE MEHSIeTCsi, IIO9TOMY STOT MPOIECC HA PAcCCMaTPUBAEMOil
JrarpamMmme OyJeT m300parkaTbCsl FTOPU30HTAJBHBIM OTpe3KoM. [Ipu ajguada-
TUYECKOM PACTSKEHUN TeMIepaTypa TJIeHKW yMEeHbITaeTcss u K03 duim-
€HT MMOBEPXHOCTHOTO HATsIKeHWsT Bo3pacraeT. Keyn ajgunadbarnaeckuit mporece
OYeHb MaJl, TO MOoJIe3HAsT padoTa MJIEHKW MOXKET ObITh 3aIuCcaHa

AW == —(22 - Zl)AO'.
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Orcrona KoadDUIreHT moJIe3HOro JeicTBUST UK

o A_W o _(22 — El)AO'
S Q Q '

C apyroit cToponbl, KO UIMEHT 0JIe3HOro JAeiicTBust nkJa Kapao paBen

n

T (T—AT) AT
= T T T
[IpupaBuuBas jieBble YaCTH, MOJIYIAM

_(22 — El)AO' . AT
Q T

do _____Q

dI T3y — %)

4.2. MeTtoa, TepMOANHAMUYIECKNX MOTEHIINAJIOB

nJjin

Meto1 TepMOAMHAMUIECKUX OTEHIINAI0B Obl1 co3pan ['nbbcom. On siB-
JISIeTCsI AHAJIUTHIECKUM METOJIOM 1 Da3upyeTcst Ha, UCI0JIb30BaHUE OCHOBHOTO
ypaBHEHUsI TePMOJIUHAMUKHN

TdS =dU + )  Aida; + pdN.

Unes meTosia cocTouT B TOM, YTO OCHOBHOE YpaBHEHUE TIO3BOJISIET JIJIs Pac-
CMATPUBAEMOI'0 0OPATUMOIO TTPOIECCa BBECTH HEKOTOPYIO (DYHKITUIO COCTOSI-
HUsI, HA3bIBAEMYIO TEPMOJMHAMUIECKIM TTOTEHITUAJIOM, U3MEHEHnEe KOTOPOi
B JIAHHOM IIpolecce siBJisierTcst oJinbiM jguddepenimaom. [lombaysich aTum,
MOXKHO COCTaBUTH TaKue ypaBHEHUs!, KOTOPblEe HEOOXO/MMbI JIJisl aHAJIU3a TO-
IO U UHOTO TTPOTIECCA.

1. PaccmoTpumM cnadajia mpocToit crydail, KOrJa BO BpeMs Mporecca KOH-
TPOJIUPYEMBIMU BEJUUUHAMU SIBJISIOTCA SHTpomus S, 00bém cucrembl V' n
qucyo gactuil N. CorjiacHO OCHOBHOMY YPaBHEHUIO TEPMOJIMHAMUKN TMEEM:

dU = TdS — pdV + pdN.

Orcroga ciemyer

oU
— =T
S )y n ’
oU

=D,

WV )

)
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Uy
ON gy

Ecsn B3s1Th inaronasibibie Bropbie npon3sojiabie or U (10 0JIMHAKOBBIM ITe-
PEMEHHBIM ), TO MOJTY UM

(82U> B <8T> T
95%)yn \9S)yy Cv’
CUN (%
V2 )gn  \OV /ey
EC.HI/I B34ATH HEAHUAI'OHAJIbHBIE BTOPbIE TTPOU3BOJHbLIE OT U (HO pPa3HbIM TIEpE-
U\ _(or
ovasS ),y \oV )y’

PUN  (op
asov ).~ \os),

HOCKOﬂbe SHa4YC€HUA BTOPbBIX CMEITaHHBIX 9aCTHBIX ITPOU3BOJHbIX OT U o S

MEHHBIM), TO MOJTYYUM

u V| crosiiye B JIEBbIX YACTSIX, HE 3aBUCST OT 1OPsiJIKa JinpdepeHiinpoBanmsi,
CJeIOBATELHO, PABHBI, TO JIOJMKHBI COBNAIATEH U TTPaBble 9acTh

(@), (&),

Taxum obpasom, Gyukuust U(S,V, N) B 9T0M Cilydae 1OJHOCTHIO OIPEJIesisi-
eT COCTOSIHUE CUCTEMBI B B JIIOOOI MOMEHT BpeMeHH, no3ToMy U Ha3LIBAIOT
TEePMOJAMHAMMYECKUM IIOTCHIINAIOM B nepemennnix S, V u N.

2. Eciin nesaBucuMbiMu iepeMenHbIMU siBysttoTes S, p u N, Torja

U=U(Y,p,N).
JobaBuM K 0OEMM 9acTsAM OCHOBHOIO yPaBHEHWSA TEPMOJIMHAMUKY IIOJIHDIA
muddepennman d(pV), Torja;
d(U +pV)=TdS + Vdp+ pdN.

O603HaYNM

U+pV =H,

KOTOpasl HAa3LIBAETCS SHTAJBIHEH (TEIUIOCoIepKaHIeM, TemIoBoi (hyHKnu-
eit),

dH =TdS + Vdp + pndN.
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Ecisin nporiecc npoucxoguT Py MOCTOSHHOM JIABJICHUN P U 9UCJI0 JaCTHUIL HE
MeHSeTcsd, TO

dH = TdS = §Q,
U3MEHEHNEe SHTAJIbIUK IIPU IIpoleccax ¢ p = const u N = const paBHO
KOJIMYECTBY TEIJIOThI, TIOJIYYEeHHOMY CUCTEMOIA.
OueBniHo

oOH

- =T,

95 )y n

oH

- =V,

I ) s

OH\

ON ), 1"

S,V
Ecan B3sTh iaronaibHble BTOpPbIE MPOu3Bo/iHbIe 0T H (110 0jiHHAKOBBIM ITe-
PEMEHHbBIM ), [OJIY UM

(55),,~ (). @
057 ), v \0S),x G

O*H ov

op* ) s x Op)sn

ECIH/I B34ATb HEAHNAI'OHAJIbHBIE BTOPbLIE ITPOU3BOJHbLIE OT U (HO Pa3HbBIM IIE€peE-
(82}[ ) B (8T)
OpdS ) n ) ns

PHY [V
050p) y ~ \0S )y,

HOCKOﬂbe SHa4YCHUA BTOPBIX CMEITaHHBIX 9aCTHBIX ITPONU3BO/IHBIX OT H, CTO-

MEHHBIM ), MOJIy YUM

SIAE B JIEBBIX YaCTsiX, HE 3aBUCAT OT HOPsiaKa JuddepeHinpoBatusi, TO
JIOJIZKHBI COBITQJATh U MPaBble YaCTH

Y _ (s
oT N,S_ oV )y,

Takum obpasom, 3nanue Gyukiuuu H(S,p, N) B 310M cilydae MOJHOCTHIO
olpejiesisieT COCTOsiHUE CUCTEMbI BO BCE MOMEHTbI BpeMmeHu, 1nodromy H Ha-
3BIBAIOT TEPMOIUHAMUYIECKIM [TOTEHIINAJIOM B IMepeMeHHbIX S, p u N.

3. Oynknuu U n H B KavecTBe TEPMOJMHAMUYECKNX TIOTEHI[MAJIOB HEY100-
HbI TeM, 9TO SHTPOINHs S IKCIEPUMEHTAIbHO HEN3MEpPUMa.
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[Tycth HesaBucuMbIMU niepeMeHHbiME siBJisitorcsd 1T, V' u N. Boriarem n3
obenx gacTeil OCHOBHOI'O ypaBHEHUsI TEPMOJIMHAMKUKY 110JIHbIA jinddepeniiu-
an d(TS):

d(U —TS)=—-SdT — pdV + udN.

O603HaYNM

U-TS=F,

KOTOpasi Ha3bIBaeTCsi cBOOOIHOM sneprueit. Ona Obl1a BBeIeHA B HAyKy Lesibm-
TOJIbIIEM W HA3BbIBAETCS TAK IMOTOMY, YTO ITPU M30TEPMUUECKUX TTPOIEccax pa-
OoTa COBEPITACTCs CHCTEMOT He 3a cueT yobuin BHyTperHei sueprum U (kak
970 ObLIO TIpK ajuabaTHIecKux 1poreccax), a 3a caer yobuin dynkiun F.
HeitctBurenbno, ecim 1T’ = const, N = const, To

dF = —pdV.

CuteloBaTe/IbHO, TIPU U30TEPMUUYECKUX TpOIeccax CBOOOHast sHeprust F =
U — TS urpaer Takyio »e poJib, KaK BHYTPEHHsIsl SHEPIUsi 1pK aJinadaTnde-
CKuX Tporieccax. Bemmunna T'S Ha3biBaeTCs CBA3AHHOI SHEprueii.

Ouesn o
oOF
(57).0p =5
oFN
WV)sn D
ory
ON gy "
Orcrona
(572). =~ (7),, =7
072 VN 0 DN T’
(#5) () L
oV?2 SN oV ) sn V3’
rie

— M30TEePMUUECKUN KOIPPUITUCHT CHKATHSI.
3 BTOpPBIX CMEMIAHHBIX MPOU3BOHBIX MOJTYIaeM

(). ().
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Takum obpazom, suanue Qyukipu F(T,V,N) B 310M ciiydae MOJHOCTHIO
OLIPEJIEJISIET COCTOAHUE CUCTEMbI BO BCE MOMEHThI BDEMEHHU.

Ecaun 3a nesapucuMbie mepeMeHHbie B3ITh 1, p u N, TO XapaKTepucTuIe-
ckoit pyuknueit oyyer pyuknusas G = U — T'S + pV, koropasi Ha3biBaeTcsi
TepMOJIMHAMUIECKUM HoTeHuaioM ['uboca. [Tpubasisist d(pV') k obeum ua-
CTSIM BblparkeHus s guddepenimaia ¢cBobo HON sHeprun F', moaydum:

d(F +pV)=-=5dT" + Vdp+ pdN

nJjim

dG = —SdT + Vdp + pdN.

OueBnHO, 9TO

oG
(6T>p,N‘ >
.
op SN 7
oG
(o), =

Orcrosa nostydaem

CGN __(95) __a
1) v  \oT/),n T’

0*G 1%
()., (5).,
dp SN dp SN

N3 BTOPBIX CMENMIaHHBIX ITPOU3BOJAHBIX IMOJIyY9aEM

(), =~ (),

SamMernm, 9TO MoTeHIrag ['nbbca ecTh aJINTUBHAST BEJIMIUHA 1
G=G(T,p,N),

II03TOMY IIPU YBEJUUIEHUN Pa3MePOB CUCTEMbI B v pa3 IpH HEU3MEHHbBIX 3Ha-
YeHUsIX TeMIepaTypbl 1' U JlaBjieHuH p 3HaUYeHue moTeHnuaa ['uboca ypesu-
YUBAETCS B (v Pa3

G(T,p,aN) = aG(T,p,N).

Huddepenimpyst 370 paBeHCTBO 10 (v U ToJIaras 3aTeM o = 1, ToJIydnm

oG
G = ((9_]\7) N,
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HO

OTcrona

dG = pdN + Ndp.

Ecin CPaBHUTb HJaHHOE BbIPazKCHHE C paHEEC IIOJIYI€HHBbIM BbIPDa2KCHUEM J1J151

nuddepennuaia G, TO mogLyIaeM

SdT — Vdp + Ndu = 0.

D10 ypaBHeHMe Ha3bIBaeTcs ypapHenneMm ['mboca — [lrorema.

B rabsiuiie npuBejieHO HECKOJILKO HarboJjiee 4acTo UCHOJIb3YEeMbIX TEPMO-

JMHaAMHUYECKUX ITOTEHIIMaJIOB.

TepmomunaMm. EcrecrBennnre | [Tomabrit
dynknms nepemennbie | gqudpdepenimall
Bryrp. sneprus S, V.N dU =TdS — pdV + pudN

Durponus S UV, N dsS = %(dU + pdV — /LdN)
DHTAJBIIUS

H=U+pV S,p, N dH =TdS + Vdp+ pdN
CsobojiHast sHEPTUs

F=U-TS T, V,N dF = —=SdI' — pdV + pudN
Ilorenmuan I'nb6ca

G=F+pV =uN|T,p N dG = —SdT + Vdp + pdN
Boubnioit morenmuan

O=F—-G=pV |T,V.u dQ = —SdT — pdV — Ndy
Oyuknnsa Maccee

v=-% Vo dip = —Ud() + 5dV — £dN
Oyuknusa Kpamepca

¢=-7 T Vik dq = ~Ud(7) + 7V + Nd(7)

B ciaydae C/IOXKHBIX CHCTEM JIETKO MOTYT OBITH HaiileHbl 000OIMEHHBIE Xa-

PaKTEpUCTUIECCKHUE (byHKLLI/II/I Mer JOJIZKHDBI IIPU 9TOM UCXOAUTDH M3 OCHOBHOI'O

YpaBHEHUA TEPMOINHAMUKHA

dU =TdS + Y Xidz; + Y pdN;.

J
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4.3. IIpeobpazoBanue Jlexkanapa
B obiem ciydae xapakTepucTuieckast TepMojimHaMmuieckas pyHknus L

OT €CTECTBEHHBIX MEPEMEHHBIX X, Y, 2, ... UMEeT CJIEJYIOMMNN MOJTHBIH Jud-
depennman
dL = Xdx+Ydy+ Zdz + - --
Suecw X, Y, Z, -+ -~ hyHKIUU TIEPEMEHHBIX T, Y, Z, ...
[IpeobpazoBanuem Jlexkanjpa Ha3bIBAETCs 11€PEXOJ], OT €CTECTBEHHbIX I1e-
PEMEHHBIX T,1, 2, -+ K €CTeCTBEHHbIM IIepeMeHHbIM X, ¥, Z, -+ 1 OT (DyHK-
L x L

L—T=L-Xuz
ZC,y,Z,"'—>X,y,Z,"' .

Jlerko BujieTh, 4T0
L=—2dX +Ydy+ Zdz+ - --

Pazjinunbie xapakrepucruieckue (pyHKIMK, PUBEJIEHHBIE B TabJIUIIe, 110J1Y-
YAIOTCsI C TIOMOIIBIO COOTBETCTBYIOINX IIpeobpa3oBanuii JIexkauapa u3 pyHK-
it U nnn S. Kpome dynknumii, mpuBeéHHLIX B TabJIUIE, CyIIecTByeT 00/Ib-
I10€ KOJINIECTBO APYTHUX PA3HOOOPA3HBIX TEPMOIUHAMUIECCKNX (PYHKIIHH, KO-
TOpbie MOXKHO 1oJyuuTh u3 U, ocyiiectBisisi npeodpaszoBanue JIexxkaHjpa.
OTux (YHKIMHA TaK MHOIO, 4TO I HUX TPYJIHO IOJ0OpATH IOIXOJSINee
Ha3BaHNe.

4.4. CootrHonieHns MakcBeJia

[Ipr oTbICKAHUM TEPMOJUHAMUUECKUX IIOTEHITMAJIOB Mbl HAIILIN CJIEIYIO-

().~ (@),
(ar), =~ (@),
(@), = (&),
(o), (@),

ODTU COOTHOIIECHUs] HA3LIBAIOTCsI OCHOBHBIMU JipdepeHIua bHbIMI YPaBHe-

e COOTHOIIICHNA:

HUSIMU TEPMOJIMHAMWKY, WJIU COOTHOIIeHusIMu Makcpesiia, KOTOPhIi MmoJIy-
yusi ux B 1863 1oj1y 1yremM reoMmerpudeckux moCTpOeHU.
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TaK KaK JIJId UX IOJIYHICHUA MCIIOJIb30BaAJINCH O6H_H/Ie BbIpa2Ke€eHnsd IIEPBO-
I'o u BTOPOI'O HadaJl TEPMOJMHAMMHWKHN, TO OHU ABJIAIOTCA UX CJICJCTBUAMU U
CIIPaBEJJINBbLI B TO# K€ CTEleHM, B KaKOW MOYKHO CUHUTATh CIPaBEJIMBLIMU
OCHOBHBI€ 3aKOHBI TEPMOJMHAMWKHN.

4.5 YpaBHuenus I'mo6o6ca — I'eapmMmrosbiia

TepMmomHAMIYECKIE TIOTEHITUAJIBI HE SBJIAIOTCS HE3aBUCUMbIMU, U MEXK LY
HUMU JIETKO YCTAaHOBUTDL CBA3b. HpI/I BbIBOJIE€ TEPMOANHAMNYICCKUX IMOTEHIIN-
aJIOB Mbl HalllJIM, 9TO

H=U+pV,
F=U-TS,
G=F+pV=H-TS,

a TaKkKe oF
[
or),’
oG
S=—-|=—
orj,
Orciofia mosrydaem
OF
F=U+T|—=—
ti\er),
oG
G=H+T|—=—
),
WJTH
U=F-T or = -T2 ij,
or /., orrT ).,
oG , [ 0 G
H=e-Tor) =" \or7),

OTHU JiBa, COOTHOIIEHHSI Ha3bIBAIOTCA ypaBHeHusiMu ['ub0ca - I'esibMroJibiia.
B npuioxkennsax OHM YaCTO 3alUCBLIBAIOTCSA B HECKOJLKO MHOM Buje. Ha-
IpUMep, CYIIECTBYeT MHOXKECTBO pa3HOOOPA3HBLIX IIPOIECCOB, IJle COBEpIla-
ercst paboTa IIPU MOCTOSIHHON TeMieparype 1’ ¥ B OTCyTCTBHE BUIUMOIO N3~
MeHeHus: 00béma cucreMbl V. K HUM oTHOCHTCsT OOJIBIION KJaCe sABJICHUI B
pacTBOpax U IPOIECCHI B DJIEKTPUIECKUX U MATHUTHBIX IOJISIX.
PaccmoTpuM mepexoji cucreMbl U3 COCTOAHUS 1 K COCTOSTHUIO 2, IIPUUEM

0Fy

U=F-T|—
1 1 (9T V7
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0F,
aT V )
Boranrasi 3 BTOpOro ypaBHEHUs TIePBOE, UMEEM
8AFV’T

aT V ’

Upy=Fy,—T

AUV’T = AFV’T - T

Ho yObLIb cBOOOIHOM SHEPTUU IpHU MOCTOSIHHON TeMIepaType paBHa pabore
Wy, coBepiiaeMoii cucTeMoit,

Ay =Wy,

[IO3TOMY
oWy
or ),

Mzmenenve BHyTpeHHEH SHEPIUU 1IPU HHOCTOSTHHOM OO'bEME MOXKET 1POUCXO-

AUV’T =-—-Wy+T

JIATH 3a CUET TIOTJIONIEHNs WJIN BBIJEJeHUs TemaoThl. Hcan Temnora Bbije-
JIIeTCsl TIPU XUMUWYECKON peakiiuu, TO TerjioBoil 3¢ dekT @ 9TOI peakIn
[IPUHATO CUYUTATDH ITOJOXKUTEJIBHBIM, €CJIM TEIJIO HOIVIOIAETCs, TO TEIJIOBOU
3¢ dekT OyIeT OTpUIaTeIbLHBIM.

Q = —-AUyr.
OTcrona
— oWy
=Wy =T .
Q % or ),

4.6 Metoa nerepMuHaHTOB AKobOu

B repMmojimHAMUKE CYIIECTBYET TaKOE€ MHOXKECTBO COOTHOILIECHUI MEXK/Ly
JACTHBIMHU IPOM3BOAHLIMHU, UTO HE MMeeT CMBICJIA WX 3alloMuHaTh. Jlerue
3aIIOMHUTH OCHOBHOE YPaBHEHKE TEePMONHAMIKI

dU = TdS — pdV + udN,

ornpeaesiennsd TepMOJMHAMUYECKNUX TTOTEHIINAJIOB

H=U-+)pV,
F=U-TS§,
G=F+pV

¥ OJIHO M3 IIPaBWJI Ipeodpa3oBaHust OJHOro Habopa IIepeMEeHHBLIX B JIpyToii
Habop, B YACTHOCTH, METOJ jleTepMUHAHTOB AKobOu (sikobnanos). ITpu srom
MCHOJIB3YIOTCs CICYIONINE UX CBOMCTBA:
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1. Ecimm
O(r) _ O(w1, 29, ,Tp)
oy) Oy, )’
8(y) 8(y17 Yo, 7yn)

0(z) — O(21,20,7 5 2n)
SABJIAIOTCS (PYHKIIMOHAJbHBIMU JIeTepMUHAHTaMU fIKoOu IpeobpasoBa-
HUSI IEPEMEHHbBIX T = X1, Ta, -+ , Ty B HAOOD Y = Y1, Y2, , Yn (T — Y)
1 Habopa Yy B HADOD 2 = 21, 29, * * * , Zn, TO JIJISI IIPSIMOTO IIPEOOPA3OBAHUSI
(x — z) MBI HUMeeM

0) _ Oar s o) 0)d)
0(z)  O(z1,22,-+ ,2n) Oy d(z)

D10 00YCIIOBJIEHO TeM, UTO MPH MPeoOPA3OBAHUM MEpeMeHHBIX (7, j)-ii

9JIEMEHT olpejiesinTeist FKobu mpeodpas3yeTcs 1o CJeyoIeMy IpaBu-

(33), "5 -Tamor =2 (5). (55).,

[Tosromy sikobuan 00J1a/1aeT TEM CBORCTBOM, UTO €10 MOXKHO KaK yI'oJIHO

pacUYIeHATD: o(x) _ d(z) 0(y)
d(z)  O(y)o(z)

2. Bropoe cBOiicTBO 3aKJ/0UaETCSI B TOM, UTO JIIOOYIO YaCTHYIO IIPOU3BO/I-

HYI0 MOXKHO 3alucaTh B BUJIe TKOOMAHA, HAIIPUMED, B CJydae JIByX Iie-

PEMEHHDIX:
ﬁ o 8(f7 $2) _ 36_951 aa_xfz
8x1 Lo N a(xl,xg) - 0 1

IIpumep: Tlycrb 110 usBecrHomy ajinadarnieckomy KodduiueHTy

e (7
S_ﬁxs

HEOOXO/IMMO ¢ HOMOIIBIO OIMUCAHHOIO METOJ1a HAWTH COOTBETCTBYIOMINNA 30~
TepMuIecKnii KoahdunnerT
_[OY
= (5),
DTO MOXKHO JIEIKO CJleJIaTh

L _0n8) 00V, 5) o T) B, T) (85)/” (8_T> Oy

d(x,S) oY, T)0(x,T)0(z,95)
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5. Tperbe HAUAJO TEPMOANHAMUKN

5.1. TennmoBas Teopema HepHcta

OcHoBbIBasich Ha O0JIBIIOM (DAKTUUECKOM MaTepuaJie, HeMeIKuii (pu3nKo-
xuMuK B. HepHer mpuiies K 3akJIFOYeHUIO, 49TO IIPH TeMIeparypax, CTpe-
MSIIIIUXCsT K aDCOIIOTHOMY HYJIIO, B PABHOBECHBIX CHCTEMAaX PU KBa3UCTATHU-
YECKUX M30TEPMUYECKUX IIPOIECCax U3MeHeHue cBoDOHOM sHeprun Fo — F)
IIepecTaeT 3aBUCETh OT TEMIIEPATYPhl, T.e.

0

DTOT ONBITHBIA (paKT HOCUT Ha3BaHME TEILIOBOI TeopeMbl Heprcera.

oOF
(a—T), =

TO TeopeMy HepHCTa MO?KHO 3alliCaThb B BUJIE

Ecnn ydectn, 910

lim AS = 0. (24)
T—0

OcnoBbiBasich Ha ujaesx M. Ilnanka, BbICKa3aHHBIX [PH U3YUEHUH 3aKOHO-
MEpHOCTEl M3/IydeHuss abCoIOTHO dYepHoro Tesa, B 1905 r. Hepuer yeuinin
TEIJIOBYIO T€OpeMy, TTPUHSIB
lim S = 0. (25)
T—0
DTO yTBEPKJICHUE CTAJI0 HOCUTh HA3BAHUE TPEThEro Ha4Ya 18 TePMOJHHAMUKI.

5.2. CnencTBus TpeThero Ha4YaJjia TEPMOIAMHAMUKNI

1. Iosedenue mepmuveckur koappuyuernmos npu T — 0. Tepmudeckuit
KO3 DUIIMEHT pacIUpeHnst (& U JIaBJICHUs 7Y PABHbI

o= L (Y (o
~vi\er), T p\or),

Uz dG = —SdT + Vdp n dFF = —SdT — pdV nmeem
(or),= (&), » (7).~ (&)
A Y et " =) == ,
oT ’ op )¢ or ), ov )

oo L (95 _ (o
-V \dp/; IAlfy_p ov ),

[IO3TOMY
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[Tockosbky 1ipu I — 0 SHTPOINS CTPEMUTCS K TTOCTOSHHOW BEJIMYUHE, TO
a—0 u v—0. (26)
2. Ilosedenue mennsoemrocmedi C, u Cy npu T"— 0. Cormacuo onpeie-
JIEHUTO
co-r(), « emr(%).

Taxum obpazom, npu 1T — 0

Cy —0 u C,—0. (27)
Orcrona
’ C ’ C
_ [ =V _ [ =
S—/ T dl’ n S / TdT. (28)
0 0

Takum obOpasom, BaxkHeilIas 3a/a49a BbIYUCACHUS SHTPOIIMU CBOJIUTCS K
OTIPEJICJICHHUIO JINIIH TeMIepPaTyPHO 3aBUCUMOCTH TEIJIOEMKOCTH.

3. Hedocmuotcumocms abcorrommozo wyas memnepamyp. Teopema Hepa-
cTa HMPUBOJIUT K HEJOCTHXKUMOCTH TEeMIepaTyphbl aOCOJIIOTHOTO Hyss. [leit-
CTBUTEJIBbHO, paccMOTpuM KA Kapro ¢ Temnepatypoit narpesatens 17 = T
1 TeMuepaTypoii xosiomuiabanka To = 0. Ha guarpamme (7',.5) nuka Kapuo
BBIPA3UTCS B BUJE TTPSIMOYTOJILHIKA.

CoriacHO BTOpOMY HAYaJIy TEPMOJMHAMUKHA,

%% = %ds = ASIQ +A523+AS34+AS41 = 07

HO
ASi =2,
ASy3 =0, aJinabaTuyecKuii mporece,
AS3y =0, COIJIACHO TPETheMy HavaJly,
ASy =0, aJinabaTudecKuii porecc.
CrenoBarebHO,
%:0, xorst () # 0.

DTO IPOTHUBOpEUNE 03HAUAET, UTO CIIYCTUThCS Ha U30TEPMY C HYJIEBO ad-
COJIIOTHOM TeMIepaTypoii HeBO3MOXKHO. MIHBIMU CJIOBaMU, COCTOSTHHE C TEM-
reparypor, paBHOH abCOJIOTHOMY HYJIIO, IIOJIYYUTh HEBO3MOXKHO.
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4. Buipootcdenue udearvnoz0 2a3a. Bpipaxkenue st SHTPONNN KJlacCHde-
CKOI'O M/JI€aJIbHOIO I'a3a

S = CylnT + RInV + Sy, (29)

noJjiyuentoe us ypasaenus Kianeitpona — MewnjiesieeBa, He yjoBjeTBopsier
TpeThbeMy Hadajy TepMOJUHAMUKHU, Tak Kak mpu 1" — 0.5 # 0.

DTO yKasbIBAET, UTO MPU HU3KUX TEeMIepaTypax ra3 BeJeT cedsi He Tak,
KakK ero onuckiBaer ypasuenue Kitaneiipona — Menjeneesa. Ilpun nuskux
TeMIIepaTypax ra3 MepecTaéT MOTIUHATHCSI 3aKOHAM KJIACCUIECKOH MeXaHu-
KU, B €ro TOBEJICHNN HAUMHSAIOT CKa3bIBaThCs KBAHTOBBLIE 3(PdeKThl. Takoe
MOBEJICHUE Ta3a HA3bIBAETCs BhIPOXK[CHHUEM.

5. Buvucaenue anmponutinott nocmoannot oas udeasrvrozo 2asa. Pop-
myJia (29) HeBepHa B 00JIACTH OU€Hb HU3KUX aOCOJIOTHBIX TEMIIEPATyD U3-32
BLIPOZK/IEHUsI Ta3a WU €ro KOHJIEHCAIUN, HO TPeThe HAYaJO O3BOJISET BbI-
YUCJUTD MOCTOSIHHYIO S)).

PaccMoTpuM ABYXaTOMHBIH ra3, JOCTATOYHO PA3PEsKEHHBIH, UTOOBI MOYKHO
ObLIO cunTaTh ero uiaeadbibiM (C, = 5/2R) u HAXONAIIUMCS B PABHOBECUH
CO CBOMM KOHJIEHCATOM Ipn TeMiepatype ¢aszosoro nepexoja 1 = Ty,

OueBuJIHO, YTO SHTPOIKA KOHJEHCaTa Ipu TeMieparype 1y onpejiesisercs

dopmyitoit
Ty
Cy
= | —dT.
Se) / -
0

Orcroa sHTpOIUs apoobpa3oBaHus paBHA,

Ty
C A
Ste) — Ste) = CylnTy — Rinpy + Sy + RInR — / T
0

ryie A - reruiora 1apoobpasoBaHust, Py - JABJICHUE 1IAPOB 1IPU TeMIlepaType

Ty, Cp - TEIIOEMKOCTb TIPH TIOCTOAHHOM JIABJICHUH, BBIPAXKEHHE JUId S,

BbIBEIeHO U3 (29) mepexogom ot nepementbix (1, V) k nepementbivm (17, p).
CuiejloBaTesibHO, OCTOSIHHAST S) PaBHA

Ty
A C,
So=—+ / —dT' — CplnTy + Rlnpy — RInR.
Ty T
0
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6. YcjaoBus TepMOIMHAMUYECKOTO PABHOBECUS

[Tpexk e dem nepexoiuThb K YCTAHOBJIEHUIO YCJIOBUN PABHOBECH, PACCMOT-
pUM BHaJYaJje HEKOTOPYIO KJIACCH(DUKAIINIO TEPMOJIMHAMUYECKUX CHCTEM.

Bcee TepMoimHaMUYIecKe CUCTEMbI Ppa3JIe/IsiioTcs Ha JBa OOJIBITUX KJIacca,
— IOMOTEHHbBIE U TeTePOreHHbIE.

ToMorenHple — 3TO TaKWe CHCTEMbI, BHYTPH KOTOPBIX BCe CBOMCTBa (BCe
MaKPOCKOIMYECKHE TAPAMETPbI) U3MEHSIOTCS HEIPEPbIBHO [PU EPEX0JIE OT
OJTHON TOYKM K JpyTroil. JacTHBIM cJIydaeM NOMOTEHHON CUCTEMBI SABJISETCS
OJTHOPOTHASI.

l'ereporeHHBIMI CUCTEMAMU HA3BIBAIOTCSA TAKNE, KOTOPBIE COCTOSAT U3 HECKOJTh-
KUX TOMOTEHHBIX JacTeil, Ha TTOBEPXHOCTH, OTACJISIONEH IPYT OT APYTa TOMO-
IeHHbBIE YAaCTH, BCE UM HEKOTOPhIE MAKPOCKOITMIECKNE XaPaKTEPUCTUKHU TEP-
AT pa3pbIBbl. [OMOTEeHHAS YaCTh TeTEPOreHHON CUCTEMbI Ha3bIBACTCS (Das0H.

Kpowme pasjiesienunsi cucreM Ha, FTOMOIE€HHBIE W T'eTePOreHHbIE BasKHOE 3Ha-
YeHWe TPU UCCIEOBAHUIX PABHOBECHS TEPMOJMHAMUYECKUX CUCTEM MMeeT
MOHATHE KOMITIOHEHTDI.

Kommonenra — 3T0 Takasg 4acTh CHCTEMbI, COJIepXKaHUue KOTOpOil He 3a-
BUCUT OT COJIepxKaHus Jpyrux dacteil. [Iporie Bcero KOMIOHEHTY CBA3aTh C
COPTOM YaCTHIL, BXOJSIINX B CUCTEMY.

Hampuwmep, cmech ra3oB — romMoreHHasi MHOTOKOMITOHEHTHAsT CHCTEMa, a,
cucreMa — lap-Bojia-Jiej] — rereporeHHasi 0JIHOKOMIIOHEHTHas CUCTEMA.

6.1 O61me yciioBUg TEPMOAMHAMUYIECKOTO PABHOBECHUS

Pacnpocrpansis MexaHnIeCcKuil IPUHITUIT BUPTYAJIbHBIX IepEeMEIeHuii (puH-
nun Jlarpam:ka) Ha TepMoJMHAMEUYECKIEe cucreMbl, ['ub6¢ yeranosus obime
HEOOXOIMMbIE U JIOCTATOYHBIE YCJIOBUS TEPMOMHAMUICCKOTO PABHOBECHSI.

PaccmoTpum ycioBre paBHOBECHST MEXAHUIECKON CHCTEMBbI.

[Tyctsh cocrosinve MexaHWIecKO# CHCTEeMBI, COCTOSIIEH W3 N Marepuah-
HBIX TOYEK, OMpejessercs 3N KOOpAUHATAMU (1, (2, q3, - - - , {3y W MyCTh Ha,
9Ty CUCTEMY HAJIOXKEHO a UJCAJbHBIX CBA3ei

fk(q17q27Q37"'7Q3n):07 k:172737"'7a'

Torma mepemermenust 0qp,0qs, 0q3, - . ., 0Q3,, TOIMYCKAEMbBIE 3TUMHU CBSI3SIMH,
HA3bIBAEMbIe BUPTYAJbLHLIMUA WM BO3MOXKHBIME II€PEMEICHUIME, yI0BJIe-
TBOPSIIOT YCJIOBUIO UJICAJLHOCTH CBsI3eii

3n

O f

—d0¢; =0, k=1,2,3,...,a. 30
> 90, a (30)

=1
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Ecin 00001eH O CHIION, CONPSIXKEHHON ¢ KOOPJANHATON ¢;, siBjsiercs ();,
TO IIPU PABHOBECHHU CHJI, JIEHCTBYIOIIMX HA CHUCTEMY, CyMMa, SJIEMEHTAPHbIX
paboT Bcex CHJI, JIEHCTBYIONMKUX Ha CHCTEMY Ha JIF0OOM BUPTYaJbHOM IIepeMe-
IIEHUH, PaBHA HYJIIO

3n
=1

13 (30) u (31) coemyer, 9To He BCe BUPTYAJbHBIE TIEPEMEICHNST HE3aBUCHMB,
HE3aBUCHMBIX HepeMertiennii Beero (3n — a). Pemas copmecrro (30) u (31),
[I0JTy4aeM ypaBHEHUe JJis HE3aBUCHMBIX TlepeMeleHnil

3n—a

Z @5%’ =0,
i=1

OTKYyda CJIEeAYIOT yCJIOBUA PaBHOBECHA CUCTEMbDI, 3allMCaHHbIC 9€PE3 O606LLL€H—

HbI€ CUJIbI
le"':Q?m—a:O-
Eciu cucrema KoHcepBaTHBHA, TO 000DIIEHHBIE CHJIbI KMEIOT BH]T
~ oU .
Qi=—, 1=1,2,...,3n —a.
dq;
CutejtoBaTe/IbHO, YCJIOBUST PABHOBECHsT KOHCEPBATUBHbBIX CUCTEM OyJIyT:
oU oU
e S
8(]1 aQ?m—a

Tak Kak 1ocJjieiHIe PaBEHCTBA MPEACTABJIAIOT COD0I HEOOXOIMMbIE YCIOBUS
OTHOCHUTEJILHOIO sKcTpeMyMa pyHKImu U, TO, CeJoBaATeIbHO, JIJIs PABHOBE-
CHsI KOHCEPBATUBHON CUCTEMbI JJOCTATOUHO, ITOOBI B ITOJIOXKEHUN PABHOBECHSI
cunoBas Gyakius U jocTurajia OTHOCUTEIBHOIO SKCTPEMYMA.

PacripocrpanumM 3T0T MOAXO0J, Ha, TEPMOJUHAMUIECKYIO CHCTEMY.

CoracHO TOJIOXKEHUSAM TePMOJMHAMUKHI, TIPU PABHOBECUU BCE BHYTPEH-
aue napamerpbl (b, i = 1,2, ....m) gBisorcs HYHKIUIMA BHEIIHUX TTapa-
merpoB (2,7 = 1,2,...,s) n remneparypsl 1. Ecin cncrema e HaxopuTes
B IOJIOXKEHWKM PABHOBECHUsl, TO BHYTPEHHUE [aPAMETDPbl HE SIBJISIFOTCS I10JI-
HOCTBIO 3aBUCUMBIMHU BejudnHaMiu. [IosToMy HepaBHOBECHOE COCTOSHHE Xa-
paKTepus3yeTcs OOJIbIIUM YUCIOM [IapaMETPOB, T.€. HepaBHOBECHOE COCTOSHHE
CHCTEMbBI MOXKHO PacCMATPUBATL KaK PaBHOBECHOE, HO ¢ OOJIBIIAM YHCJIOM
HaPAMETPOB.

B oTsinune oT MeXaHUIEeCKUX CUCTEM TePpMOJIMHAMUYECKAs CUCTEMAa XapaK-
TEPU3YETCsT HE TOJIHKO MEXaHMIECKUMHU TapaMeTPaMu, HO U YUCTO TEPMO/II-
HAMUYECKUMU (TeMIeparypa, SHTPOIMs, JaBJeHIe, XUMUUECKUTT TTOTeHIUaI
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¥ JIp. ), HOITOMY YKCJIO TEPMOJMHAMUICCKUX TAPAMETPOB, UX PA3MEPHOCTH U
XAPAKTEPUCTUKU MOTI'YT CYIHIECTBEHHO OTJIMYATHCS OT YUCJIA U CBOKCTB 0000-
IMEHHBIX KOOPJIMHAT MEXaHUIECKOH CUCTEeMbI (COOTBETCTBEHHO, cuit). OmHa-
KO TIEPEHOC METOJIOB UCCJICJOBAHUST U MATEMATHICCKOIO alllapaTra TeopeT-
YeCKOW MeXaHWKM Ha TEPMOJMHAMUKY OKa3bIBAETCS OYEHB IJI0JJOTBOPHBIM,
MO3BOJIIET TJIyOyKe BHUKHYTDH B CYTh MPOUCKOJIANINX TTPOIECCOB.

[Iycts TepMmojmHaMuyuecKast cucreMa xapakrepusyercs m + s + 1 mapa-
METPOB, W3 HUX M BHYTPEHHUX MapaMeTPOB, KOTOPHIE TTPU PABHOBECHH MTPH-
HuMator sHadenus b)) b3, ..., 00 u na Tepmojmnamuueckue napamerpbl (B
TOM YHUCJE W TeMIepaTypy, KOTOPYI MOYKHO BKJIOYUTH B UUCJIO BHEITHUX
napaMeTpoB) HAJIOXKEHbBI CBsI3U, KOTOPbIE MOTYT ObITh MPEJCTABICHbI B BHJIE

M yCJAOBUI

fe(b,r) =0, k=1,2,3,...,m.

NUsmMmenenus IIapaMeTpoB, JO0IIyCKaeMbl€ 9TUMHU CBA3AMU (BI/IpTyaJII)HbIe n3mMe-
HGHI/IH), OY€eBU/IHO, YJIOBJIETBOPSAIOT yPaBHEHUAM
m s+1
d fr A [

——0b; +

5 =0, k=12,....m. 32
1 (%Z i1 8ZUZ o m ( )

1=

[To anaJjiorum ¢ TeopeTnvIeckoil MexaHuKOi MOXKHO YTBEPKJIaTh, YTO TTPU PaB-

HOBECUU
s+1

jézm%f+§:xw%::0 (33)
1=1 =1

Uckmouas w3 mocjaegHux ypaBHEHUN Bapuaruu 0b;, IMOJydaeM ypaBHEHHE
JIJIsl Bapualiuii BHEIITHUX MTapaMeTpPOB

s+1

1=1

Orcroyia ycJoBreM PaBHOBECHSI TEPMOJMHAMUYECKOI cucreMbl Oyjier (Kak u

MEXaHUIeCKOil )
Q= =Qun=0.

Cunrasi TepMOJIMHAMUYECKYTO CHCTEMY KOHCEPBATUBHOM, MOXKHO 3aIUCAThH
oU

Q; i=1,2,...,s+1.

= 5.

8371'
CueoBaresibHO, HEOOXOMMbBIM YCJIOBUEM PABHOBECHUsI TEPMOUHAMUYECKONM
CUCTEMDBI ABJIAETCA YCJOBHUE OTHOCHTEJILHOI'O 3KCTPEMYMa (byHKIH/II/I []j BbI-
MOJTHSIOIIEH POJIb (DYHKIIMU COCTOSTHUS (TepMO,B;I/IHaMI/I‘{eCKOFO HOTeHL[I/Ia.Ha)
Ipyn JaHHbIX BHEIITHUX ITapaME€Tpax.
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PaccMmorpum ycjioBrsi paBHOBECHsI HEKOTOPbBIX CUCTEM.

Hsonuposannas cucmema (U = const, V = const, N; = const). OyHk-
IUell COCTOSTHUST N30JMPOBAHHON CHCTEMBI SIBJISIETCS SHTPOIHs S (aHAJIOT Ch-
n0Boii dyukiwn U 115 MEXaHWIeCKON CHCTEMBI), B POJIM HE3ABUCHMBIX KO-
OpJIMHAT BBICTYHAOT Makpockonuueckue napamerpbl (U, V) Ny, No, ...). U3
OCHOBHOTO YPaBHEHUS TEPMOJUHAMUKH UMEEM

dS>%ﬂdU+pﬂ/—§:uﬂNﬁ,
=1
T.€. QHTPOIHUA IPU HECTATUUICCKUX IIPOIleccaX BO3pacTaeT IIPU Iepexojie CHU-
CTeMbI B COCTOsIHHE paBHOBecHs. Koria 3Tu mporecchl IpeKpaTaTcs 1 HaCcTy-
[IUT PABHOBECHE, SHTPOIMS CUCTEMbI, OY€BUJIHO, OyIeT MakcuMaJibHa. OTcio-
J1a YCJIOBI/IeM paBHOBECHUA I/ISOJII/IpOBaHHOﬁ CUCTEMBI 6y,Z[eT MaKCUMaJIBHOCTbH
SHTPOIINN

68 =0, 6S<0. (34)

DTO yCJIOBHUE SIBJISIETCs JOCTATOYHBIM, TaK KaK ecjii Obl CHCTEMa, UMesi MaK-
CUMAJIbHYIO SHTPOINIO, He HAXOJIMJIACh B PABHOBECUHU, TO IIPH NPHUOJIMKEHNN
K HEMY ee SHTPOIIKS HadaJia Obl pacTu, YTO IPOTUBOPEUUT IIPEJIIIOJIOKEHHUIO O
ee MakcumaJjbHOCTH. JlokazaTh HEOOXOJMMOCTh MAKCUMAaJIbHOCTU SHTPOITUY
IIPU PaBHOBECUU U30JIMPOBAHHON CUCTEMbl MOXKHO, OTOXK/I€CTBUB IHTPOIUIO
S 110 cBoicTBAM JIJISI K30JIUPOBAHHON TePMOIMHAMUIECKON CHCTEMBI CO CBOIi-
cTBaMu cuyioBOit pyHkiyu U Jijisi MEXaHUYECKOW CUCTEMBI.

Bamwxnymasn cucmema (T = const, V = const, N; = const). dus ra-
KOl CHCTEeMbl TEPMOJUHAMUYIECKUM MOTEHIINAJIOM CJIY:KUAT CBODOJHAST SHEP-
rus ['esibmrosibiia F', 1 13 OCHOBHOI'O ypaBHEHUS TEPMOJMHAMUKHK [OJIYYaeM

dF < —SdT — pdV + Y mdN;.

=1

T.e. CBOOO/HAST DHEPIHS 1IPU HECTATUUECKHUX IIPOIeccax yObIBaeT P mepe-
XOJI€ CUCTE€MbI B COCTOSIHUE PABHOBECUA U UMEET MUHUMYM IIPU PABHOBECUU.
[IpoBojist aHaIOrMIO MEXKJIy CBOCTBaMK CBOOOJHON 3HEepruu [eabMIoJibia
JUIA 3aMKHYTOW CACTEMBbl M CBOWMCTBAMUW IHTPONUN JIJIsT U30JIMPOBAHHON CU-
CTEMbI, IIPUXOJIMM K BBIBOJY, 9TO HEOOXOJMMbBIM M JIOCTATOYHBIM YCJIOBUEM
PaBHOBECHUSI 3AMKHYTON CHCTEeMbI OyIeT MUHUMAaJIbHOCTH CBOOOIHOM SHeprun

SF =0, &°F>0. (35)

Cucmema 6 mepmocmame ¢ nocmoanuvm snewnum dasaenuem (T = const,
p = const, N; = const). B takoii cucreme TepMOJMHAMUYIECCKUM MOTEHIINA-
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JIOM CJIY>KHT TEPMOAMHAMUICCKUN moreHiuas ['nobca G u st HecTaTude-
CKHUX IIPOLECCOB U3 OCHOBHOI'O YPABHEHUSI TEPMOJMHAMUKN UMEEM:

dG < —SdT +Vdp+ Y _ mdN;,

=1

T.e. TIOTEHIMAJ YOBIBAET NPH IEPeXojie CUCTEMbl B COCTOSHHE PABHOBECHSI.
Orcroa HEOOXOUMbBIM U JIOCTATOUYHBIM yCJIOBHEM paBHOBeCH:d OyJjieT MUHK-
MaJIbHOCTH TEPMOJMHAMUYIECKOTO MoTeHrasa ['nbbeca,

6G =0, &G >0. (36)

Omxpomas cucmema (I = const, V. = const, p; = const). Jns ra-
KO# CHCTE€Mbl TEPMOIMHAMUYIECCKUAM MOTEHIIMAIOM OYJIeT CJIY>KUTH OOJIBIIONM
TepMoAMHAMuUecKuil morennuan ['uboca 2 1 0OCHOBHOE ypaBHEHHE TEPMOJIN-
HAMUKW CBOJUTCS K BULY

dQ < —SdT — pdV + Y~ Nidy,

=1

T.e. OOJIBINOM TTOTEHIINA YOBIBAET MPU MEePEX0jie CUCTEMBl B COCTOSHUE PaB-
HoBecusi. OTCIOIa yCJIOBUEM paBHOBeCHsT Oy/ieT MUHUMAJIHHOCTH OOJIBIITOTO
TePMOJUHAMIYECKOrO ToTeHIraaa I'uboca

N =0, 50>0. (37)

Takum obpasoMm, obIIHue ycjgoBUs PaBHOBECHS TEPMOJUHAMHIECKHX CHCTEM
B pa3JIMYHBIX CJIydasix OIPEJeISOTCS SKCTPEeMaJbHbIMU 3HAUYCHUSIMH COOT-
BETCTBYIOIAX TEPMOJAMHAMHICCKUX ITOTCHI[HAJIOB. DTHU YCJIOBUS SIBJISIIOTCS
HE TOJBKO HEOOXOMMMBIMU, HO U JIOCTATOUYHBIMHU. TepMoJuHaAMUUECKHE II0-
TEHIUAJBl MOT'YT MMETh HECKOJBKO SKCTPEMYMOB (SHTPONUS — HECKOJBKO
makcruMyMoB). CocrosiHne, cOOTBETCTBYOIIEe HAUOOJIbIIEMY 3HAYECHUIO (9H-
TPOIMHU JIJIsi U30JIMPOBAHHON CHCTEMbI) MJIM HAMMEHbBIIEMY 3HAYEHUIO (CBO-
OonHoil SHEprun, moreHwaga ['mbOca B JAPYrux CHCTEMax) MO CPABHEHUIO
CO 3HAYEHUEM COOTBETCTBYIOIIMX BEJUYMH B JIDYTUX COCTOsIHMAX, Ha3bIBa-
ercsi crabuiIbHbIM (aDCOJMIOTHO YCTONYMBBIM COCTOSIHUEM CHCTEMBbI), JIpyrie
COCTOsiHUSE — MeTacTabusibibiMu (HeycroiuuBbiMu). [lpu Hasmunu GoJibIIMX
duryKTyalumii cucreMa MOXKeT IepeiTi U3 MeTacTabuJIbHOIO COCTOSIHUS B CTa-
OMJIbHOE.

6.2. TepmoanHaMudecke HEPABEHCTBA

[Tosryuennbie obIMe yCaOBUST PaBHOBECHST TEPMOAMHAMWIECKUX CHCTEM
[O3BOJISIIOT MOJIYUNUTh PsiJl KHTEPECHBIX COOTHOIIECHUIA.
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Pajin npocToThl paccMOTPUM OJHOPOJHYIO 3aMKHYTYIO CUCTEMY, B KOTO-
poit remueparypa 1T', japjaeHue p u 4ucio dacrul] N; pasHoOro copra yjiepxKu-
BAIOTCA TOCTOSAHHBIMU. MoryT (hJyKTynpoBaTh (OTKJIOHATHCSA OT PABHOBEC-
HBIX 3HAUEHWH) SHTpONHs S, 06beM crcTeMbl V' 1 XUMUYECKHE TTOTEHIHAbI
(i TIoCKOJIbKY KOHTPOJIMPYEMbIMU TEPMOJIMHAMUYECKUMU [TapaMeTPaMu siB-
nsiiores T, p, N;, ycaoBueM TepMOJIMHAMIYECKOIO paBHOBECHs OyIeT yCJIOBHe
MUHAMAJILHOCTH TEPMOINHAMUIECKOTO roTennuasa ['nboca G-

0G =0, (38)
5G > 0. (39)
CoryiacHO Onpejie/IeHnio, TepMoInHaMIIecKuii moreruat ['nodoca G ecthb
G=U-TS+pV (40)
WJTH
G=> N (41)
i=1

Corusacuo (38) n (40), nmeem

i=1

rjie
Opy = p' — p.
[IIrpux obozHadaeT BEJUUUHY, OTJIUUYHYIO OT PABHOBECHO.
[Tockonbky Bee IN; OTTUIHBI OT HYJIs, TO U3 TIOCIeHE (POPMYJIbI Ceyer

fo=p,

XUMUYECKHI TTOTEHIMA HE OTKJIOHSIETCs OT PaBHOBECHOIO 3HavYeHUst, hJIyK-
TYUPOBATH MOI'YT TOJILKO S9HTPOINUS U 0ObEM.
Cormacro (38) u (40), nmeem

oU oU
=) -7 - SV = 49
({ 75 O )05+ ({ 3y O+p)V' 0, (42)
371€Ch
5S =5 -8,
V=V -V,

HYJIUK Y HpOHSBOﬂHOﬁ O3Ha4daeT, 9TO IIPOMU3BOAHAA B34ATa B TOYKE TEPMOIN-
HaAMMYI€CKOI'O PaBHOBECH .
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Ecyn yaecTb, 9T0 Ipy T€PMOAMHAMUIECKOM PABHOBECUN

oU
(%X -0

ouy _
ov),” P

TO MOXKHO 3aKJIOYUTh, UTO ypaBHeHue (42) HUUIEro HOBOTO HE JIAET, OHO
yTBEPKIAeT, 4TO TeMIeparypa B 3aMKHYTOI CUCTEeME JIOJ2KHA ObITb paB-
Ha TeMmIilepaType TepMocTaTa, a JiaBJieHue cO CTOPOHbI TepMocTaTa JIOJIXKHO
YPaBHOBEIIUBATHCS JIaBJIEHUEM B CUCTEME.

3 (38) u (41) cremyer

(%)O (5S)2 +2 ( aas*ng>o (5S5V) + (%)0 (BV)?>0.  (43)

DTO yC/I0BUE MOXKHO TIepenucaTh B KOMITAKTHON (opme

02U
0yi0y; > 0, 44

ecJIn BBeCTU 000O3HAUYEHUS
Yy = S7
Y2 = V.

Yeaosue norostcumenvrocmu sapuarut 6mopozo nopadka. Ecim 0y u 6y
HE3aBUCUMBI, TO YCJIOBHEM IMOJIOXKUTEJIHLHOCTH BapHAIMM BTOPOIO TOPSIIKA
noreHiuaJja ['uboca OyIeT M0J0KUTETLHOCTD JIMAarOHaJIbHBIX 3JIEMEHTOB

—5 > 0, 1 =1,2. (45)
CiefioBaTesIbHO, €CJIH MOJIOXKHUTDL ¢ = 1, TO IoJiydaeM
02U oT T
o) =\las) ==~ >0 (46)
05% /), 0s), Cv
Eciu T > 0, T0o orciojia ciejlyeT MoJI0KUTEIbHOCTh TEIJIOEMKOCTH TIPU T10-

crognnom oobeme Cy > 0.
Eciin 110j102kuTh ¢ = 2, TO 10J1y4aeM

R C
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T.C. a,,ZLI/Ia6aTI/I‘I€CKa5{ CXKUMaEMOCTDb 7Y = —% (%;) BCerjga JOJIZKHa OBITH 110-
s
JIO2KUTEJIBHA.

Ksajgparnast ¢popma
2

O = ai;0ydy

i=1,j=1

MOXKeT ObITh InpuBeacHa K JJUalrOHaJbHOMY BUJY

2
§ : 2
b = waUZ
=1

C MOMOIIBIO OPTOT'OHAJILHOT'O Hpeo6pa3013aHHﬂ

2
(Syl = Z ,Ti,jxj-
7=1

[TonoxkurenbHas onpejieneniocts © o3Havaer, 4To BCe JIUaroHaJIbHbIe 3J1e-
MeHTBl MaTpulpl B = {b; ;} nonoxuresnsbust b;; > 0.
Orcrona caeayer, 9To
by 1b22 > 0,
HO

b11bogs = Det(T 1 AT) = Det(T ') Det(A)Det(T) > 0.

Bnech A = {ai;} v T = {1, ;}. CumBon Det(A) o3nadaer BbluncseHHE
ompejeuTess MaTpuisl A. Ecin yiaecTs cBOiCTBA MATPHUITBI OPTOTOHATHHBIX
1Ipeodpa3oBaHMIi:

Det(T) = Det(T) =1,

TO TIOJIyYaeM

2
Det(a; ;) = Det(((;jgy) ) > 0. (48)
i9Y5/ 0

B namem ciiydae nmeem

Det( O°u ):82_U.82_U_ U 2:%>0 (49)
oyoy; ),  0S* OV? aSoV a(s, V) '

[Tonydennslit onpenenuTenb KOO MOXKHO IIpeodOpPa3oBaTh JUOO TaK:

0(%.%5%) a(T,—p) A(S,—p) O(T,—p) (S, —p)

a(s, V) — a(S,V) a(S,—p) a(S,—p) a(S, V)

8T> (@p)
= (Z) (Z2) o,
(as v



6(8_(]? 8U) a(Tv _p) a(Tv ) a(T7 _p) a(Tv V)

e . e . =

S’ oV
a(S,V) as, vy o, vy o, V) 9(S,V)

B Op oT
= (W)T' (%)KO'

B nmepBoMm ciyuae nmeem:

T (0
Sl (—p> <0,
Cp, \ oV g
BO BTOPOM:
T (0Op
— | — <0
o (),
Ecau BBectn oboznauenud:
oU
Yi=—= =S
1 35 ’ n )
oU
Y = — = — = V
2 av D, Y2 )

TO MO2KHO JOKa3aTb CJICYIOIMNE COOTHOIICHUA:

(&), > () o

3%‘) (ayz>
< : (51)
(8}/; Yj Y Y;

Orcroa ciejyer, HallpuMep,

oS oS
(8_T)V < (8_T>p = C, > Cy,

TEIJIOEMKOCTDb IIPU IMMOCTOAHHOM JIaBJICHUHN BCEIr'JIa OOJIbIIE TEIJIOEMKOCTHI npun

MMOCTOAHHOM OO'beMe n
0
SN AN
oV g ov )

ajpradaTa Beerja uIeT Kpyde H30TePMbI.

nJjin

ﬂO%demeﬂbcmSO

(836-) _ oY, Y)) Oyi,y;)  Oyi,y;) 9V, Y))

Nyi,Y;) Oyiy;) Oy ;) Oy, y;)



%)

_ (% oY\ (Y, v\ (9v;) | _
N? ov;\ (0Y; Y,
B <8yz~)y< - (3%)% <8yi>yj/ <3_yy)y

J

Yurem, 4To

TOLJ1a

(&), @), -5,/ (5), < (&)
Yy Y, Iy " 9/, \0vi/, Iy yj’
4T0 U TPebOBAJIOCH JIOKA3ATh.

6.3 IIpunnun Jle-IllaTrenbe u Jle-Illarenre — Bpayhna
[Tosyuennsie yemosus (44), (50) u (51) MoxKHO 060OIHUTH Ha JIOOBIE CH-

CTEMBI € JIFOObIM YUCJIOM HepeMeHHbIX (i, j, = 1,2,3,4,...),n=1,2,3,...
1 3al1CaATh: 2 5
U Y
(_82) :(a ) -0 (52)
yi Yj1,Y52,Y53 Yi Yi1,Y52,Y53
oY; aY;
&), (&) (53
Yi Yi1,Y52,Y53 Yi Yi1,952,953
NI 5 5
< aiy/i > < ( aiﬁ) . (54)
i/ 1,952,953 i/ Yj1,953:953

Orcrona ciemyior Baxkubie npuaIiunol Jle-Illarense u Jle-Illarenne — Bpa-
yHa. [Tpunnun Jle-ITaresnbe siBiisiercss 00o0IeHUEM U3BECTHOIO 3aKOHA
9.X. JleHna o 3/leKTPOMarHuTHON MHAYKIIMHE Ha TEPMOJUHAMUICCKUE CUCTE-
MbI ¥ TIpeJicTaBiisieT coboil (hpu3nveckyro nHTeprpeTannio HepaBeHcTra (52).

[Ipunamun Jle-Illarenre — Bpayna siBisieTcs jgajbHeRmuM o0OOIeHHEM
9TOr0 MPHUHIUIIA HA KOCBEHHYIO PEAKIIUI0 CUCTEMBbI U sBJISeTCs (PpU3MIECKOil
wHTeprperanueil Hepasencrs (53) u (54).

Ipunyun Jle-Ilameave. Ecin cucrema S B COCTOSHUU PABHOBECHS I10]I-
BEPraeTcst BO3JIEHCTBUIO ¥;, TO psIMast PEAKIIUST Y; CUCTEMBI S Oy/ieT Hampas-
JIEHA, B CTOPOHY YMEHbIIEHUS ITOI0 BO3/IEHCTBUSI.
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Hanpuwmep, eciim MbI 1iepejiaeM Terjio or repmocrara K cucreme AS > 0
(970 BO3MOXKHO, €CJIM TeMIEepATypa TePMOCTATA BbILIE TEMIIEPATYPbl CUCTe-
MBbI), TO CUCTEMa TIPOTUBUTCS STOMY TIPOIECCY MOBBIIIEHUEM CBOEH TeMIepa-
rypel AT > 0.

Ipunyun Jle-Illameave — Bpayna. Ecin cucrema S B COCTOSHUEN PaBHO-
BECHUsl TIOJBEPTaeTCs BO3AEHCTBHIO ¥;, TO OOYCIOBIEHHAS STHM BO3/IeiiCTBAEM
KOCBeHHasl peaKlus Y cucreMmbl S OyJleT CTPEMUTLbCA YMEHBIIUTh 3TO BO3-
Jeicraue.

Hanpumep, npu nepejgade tera IpsMoil peakieil cucreMbl OYIeT MOBbI-
IIIeHIe TeMIepPaTyphl, 8 KOCBEHHON — paboTa M0 pacIIupeHuio, TP KOTOPOii
YaCTh IOJIYICHHON SHEPIUU OT/IACTCs B BUJIe MEXaHUUECKOH paboThl, II03TOMY

C, > C,.

7. PaBHOBecme B TOMOI'€HHOIl cucTeMe

B romorennoit cucreme BO3MOXKHbBI TaAKKE [IPOILECCHI, KAK XUMUICCKAsT Pe-
aKIIWsI, JIMCCOIUAIINS, TIOJUMEePU3alid U T.JI.

PaccMoTpuM HEKOTOpbIEe YaCTHBIE CJIydau.

7.1 YcjaoBue XUMUYIECKOrO PaBHOBECUH

Besikast XuMuuecKast peakiiysl IPOTeKaeT, BOOOIEe NOBOPs, KaK B IIPSIMOM,
TakK U B oOpaTHOM Halpapjennu. /lo HacTyIJIeHHsT paBHOBECHUSI IpsiMasi pe-
aKIus mnpeodJiajaer Haj oOpaTHoil. [Ipu paBHOBecun obe IPOTUBOIIOJIOXKHBIE
PEAKIIMHU UJIyT C OJUHAKOBBIMU CKOPOCTSIMK, TaK 9TO KOJHUIECTBO BEIIECTBA
KayKJIOTO COPTa C TeUCHHEeM BPEMEHH He MEHSIeTCs.

XuMudeckast peakiisl 3aliChbIBACTCS B BUJIE

> A =0, (55)
1=1

rjae A; — XUMHYECKUl CUMBOJI pearupyromnero BenecTsa, a v; — YUCJ0 MOJIe-
KyJI 9TOro BemiecrBa (crexnomerpuueckuii koaddurment). Hanpuwmep, st
peaxiuu

2A509 +1A05 — 2A505 =0

CTEXHOMETPHUIecKe KOIPDUIUEHTDI Vyy, = 2, Vo, = 1, Vgp, = —2.

[TycTh peakiust TPOUCXOAUT MPU MOCTOSTHHOW TeMIIepaType W JaBJICHWUH.
B aTom ciydae rnpu paBHOBECUHU TepMoJiMHaMudecKuit norennnaJ ['nbobca cu-
crembl umeer MuHUMyM 0G = 0, T.€.

—SdT + Vdp+ > ;dN; = 0
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nJIn
Z pidN; = 0,

nockosibky I’ = const u p = const.
Yucno nmpopearupoBaBIInx MoJieKysl d/N; Tpu XUMUIECKON peaKIuu Tpo-
MOPIUOHAJILHO CTEXUOMETPUIECKOMY KOIDPUITHEHTY V;

N
dNQ_V27

1109TOMY 110CJIeJIHIOI0 (POPMYJIy MOXKHO 3allUCaTh B BUJIE

> vip; = 0. (56)
i=1
CpasruBas (55) ¢ (56), MBI BUANM, UTO JJIsI TIOJYIEHUS YCIOBHS XUMU-
YeCKOr0 PABHOBECHSI HYXKHO B YPABHEHHH XUMHUIECKOH DEAKI[MH 3aMEHUThH
CUMBOJIBI A; COOTBETCTBYIOIMMHI XUMUIECKUME TIOTEHI[MATAMH [1;. 3aMETHM,
qTO Jist IPUMEHeHUs yciioBrst (56) K KOHKPETHBIM XMMUYECKUM DEAKIUsIM
HEOOXO/IMMO 3HAHUE BBIPAXKEHUST JIJIT XUMHUICCKUX TTOTECHITHATIOB [U;.
7.2. 3aKOH JAeCTBYIOMINX MAacCC
Haitnem xuMuyeckunii moTeHmuas nieajbHOro ra3a

_(9G
"=\an),,
IIPX 9TOM

G=U-TS+pV =CyT —-T(CynT — Rlnp+ s,) — RT =

RTInp+ C,T(1 — InT) +TS,.
Orkyna cienyer

1= EkTInp + C,T(1 — InT) + 5,1 = kTlnp + po(T). (57)

Paccmorpum xumMudeckne peakin B ra3oBoit aze. Corsacto (56) u (57),

Z vikTlnp; + Z Villoi = 0.

1
Byjem cunrarh crexuomerpuieckiue KodMOUIUEeHTb! V; 1OJIOKUATEIbHbIM J1JI51
BEITIECTB , TIOJIYIAIOIUXCSA B PE3YJIBTATE PEAKIIUN (V;=Vp, ), U OTPHUIATETHHOI
JUIsT BEIIECTB, BCTYMAIOIINX B PEAKINIO (1;—-VR,). [lomenum 0be vacru na kT’
U [IPOIKCIIOHUPYEM, TOLJIA [1OJIydaeM

Hrit _ K,(T). (58)

HRO p EH:
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DTO BBIPaXKEHUE HA3BIBACTCA 3AKOHOM 0etcmEyouwur Macc: OTHOIIEHNAE
LIPOUBBE/ICHUsI IIaPIUAJIbHBIX JIaBJICHUN IIPOJAYKTOB PEAKIUKA B CTEIICHU, PaB-
HOI CTEeXHOMETPUUIECKOMY KO3(D(DUIMEHTY, K IPOU3BEICHUIO ITapirabHbIX
peareHToOB PeakIiuyi B CTEIeHN, PABHOI cTexuoMerpudeckomy KoahduimeH-
Ty, €CTh BEJMYMHA [TOCTOSIHHAS IIPU [TOCTOSIHHOR TeMIlepaType.

Bemuuuna

K,(T) = exp(— Z Vittoi | KT')

HA3bIBAETCsl KOHCTAHTON XMMUUYECKOIO PaBHOBECHS B 3aKOHE JECHCTBYOITUX
Mace, 3alMCaHHOM [Yepe3 JIaBJIeHne.

B HeKOTOpbIX Cjiydasix 3aKOH JIEHCTBYIONIMX MacC yjo0Hee 1PeJICTaBUuTh
qepes KounenTpanuu ¢; = N;/(N4V'), rme N; — 9ncjio 4acTuii -ro copra,
Ny — aucso Asorasipo, a V' — obbem cucrembl. (OOBITHO KOHIIEHTPAIHAIO B
DUBHIECKON XUMUY BBIPAYKAIOT B I-MOJIb /J1. )

YdreMm, 9TO corjacHo ypaBHeHuio Kmaneiipona — MenngeneeBa

Pi = Ci/RT,

rae R — yumBepcasibHas ra3oBast HOCTOSTHHAS.
Torja Beipaxkenue (58) npumer Buji

[Ter
pr

VRo

H CRo
Ro

Beanuuna
_ - r
K.(T,p) = K,(T)(RT) S v =Eno o)
HA3bIBAETCsl KOHCTAHTON XMMUUECKOTO PABHOBECHSI B 3aKOHE JIEHCTBYOITUX

MacC, 3allMCAHHOM 4epe3 KOHIICHTPAIUH.
Ouesnjiro, uro ecan . v; = 0, o KorcranTel K. n K, coBnaaor:

KC(T7 p) = KP(T)

7.3. 3akoH pa3BeqaeHusa OcTBajbaa

[Ipr pacTBOpeHnn HEKOTOPHIX BEIECTB MPOUCXOJAUT JUCCONMAINAST MOJIE-
KyJI ¢ oOpaszoBanreM noHOB. Hampumep, npu pacTBOPEHUN OBAPEHHON COJIN
B BOJe IIPOUCXOIUT obpaszopanue nounos Na®™ u Cl:

NaCl — Na™ —Cl” = 0.

[Tpumennm K paBHOBECHUIO ATOTO MPOTECca 3aKOH JieficTByIONnX Mace. Ko-
JINYECTBEHHO JIMCCOIMAIIMS XapPaKTepu3yerTcs: BeJIMInHOMN

a=—

N7
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HA3bIBAEMOM CTEIEeHbIO JUCCONMAINN. 3JeCh N — KOJUIECTBO JUCCOIUUPO-
BAHHbBIX MOJIEKYJI PACTBOPEHHOI'O BeliecTBa, N — obiiee 4ucjio MOJIEKYJI pac-
TBOpEeHHOro BeriecTBa. OUeBUIHO, YTO KOHIICHTpAIUsl PACTBOPEHHO ITOBa-
PEHHOI COJIM B PACTBOPE MOXKeT ObITh OIpejiesieHa U3 BhIPAXKEHUSsI

N
N,V

CcC =

3nech V' — obbeMm pacTBopa.

Konnenrpanus noJoxKuTebHbIX noHOB Hatpust ¢1 = n' /(N V),
KOHIIEHTPAIMsT OTPULIATEIBHBIX HOHOB XJ10pa ¢2 = n” /(N V),
kounenrpaiust nepacuasiuxcs mosiekysn NaCl c3 = (N —n't)/(N,V).
Tora coryiacHO 3aKOHY JIEHCTBYIONIMX MACC

C1C2

T = K,(T)RT.
Yurém Takxke, 9To nT =n" u
cic nL.nlo N o?
232 - JJVVN_TL]*V Ny T Toac KT
OTKya nMeeM:
1;—20‘ _ ¢/K,(T). (60)

D10 ypaBHeHue npejcrasisier codoit 3akon passejenust OcrBasbia. OHO CBsI-
3LIBACT KOI(MDMDUIIMEHT TUCCONUAIMN (¢ ¢ KOHIIEHTPAIHEl paCTBOPEHHOIO Be-
IEeCTBA C.

[TocKoJIbKY MBI CUMTAJM, 9TO MOJIEKY/IbI PACTBOPEHHOIO BEIECTBA BEJLyT
cebs1 KaK WMJealbHbIA a3, TO MOXKHO OXKUJIATh, 9TO 00Jiee TOYHOE BBIIIOJI-
Henune 3akona OcrBaJjibia Oymer HAOJI0IaThCA IPU BHICOKAX pa3BejieHusIX. B
CJIydasiX MaJIbIX pasBejeHnii OyayT Hab/I01aThCsl 3SHATUTEIbHBIE OTKIOHEHHUSI
9KCIIEPUMEHTAILHBIX PE3Y/ILTATOB OT NpeJicKazannbix. [Ipennsnonnnie n3me-
penunsi Ocrasibia (1888), Bogdan (1907), Kosbpayma (1907) noxrsepiuiiu
9TU TPEIOJOKEHNUSI.

8. YcjoBus paBHOBeCHUs I'eTEPOT€HHBIX CUCTEM

BoisicHuM, KaKUMK CBoiicTBaMu OyJeT o0JiajaTh reTeporeHHasl CUCTeMa,
HAXOJSIIIASACS B TEPMOJIMHAMUYIECKOM PABHOBECHM BMECTE CO BCeMu draszamiu
1 KOMIIOHeHTaMu. Pajiu yIpoIeHusi BbIKJIa/ 0K Mbl UCKJIIOUaeM BO3MOXKHOCTb
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XUMHUYECKUX peaKIuil B cucreMe, HO OyJieM yUUThIBaTh, YTO 38 CUET [1ePexo-
J1a, KOMIIOHEHTOB M3 OJIHOM 4aCTu CUCTEMbI B JIPYI'YIO cOCTaB (a3 MOXKET Me-
HATHCA. YCJIOBUs PABHOBECHSI OIPEJIEIUM OOBIYHBIM IIYTEM, BBO/JIsI BapHallln
rnapamMeTpos.

8.1. N3osmpoBaHHas cucreMa

HomycTum, 4ro cucreMa cocTouT u3 k ¢a3 u n kommnonenToB. Ha ocHoBa-
HUU [I€PBOI0 HAYaJIa TEPMOJMHAMUKKI Mbl JIOJXKHbBI CIUTATH, YTO, KaKue Obl
TEPMOJAMHAMUYECKUE IIPOIECChI, (PA30BbIE 1IEPEXO/ibl HU IIPOUCXOUIN B Ta-
KOl M30JIMPOBAaHHOI crcTeMe, ODIIuii 3a11ac BHYTPEHHEe SHEPIUH €€ OCTAeTCs
MMOCTOSTHHOM, TIpUYIeM

U= Z U; = const;
V= Z V; = const;

N/ =) N/ =const, j=1,23,...n
=1

31tech © HyMepyeT da3bl, a j - KOMIOHEHTHI.

UzosupoBannas cucrema OyjeT HAXOJUThCsS B COCTOSHUU TEPMOJIMHAMM-
YECKOTO PaBHOBECHSI, €CJIU ee SHTponusa S Oynaer MakcuMaJbHOR. st oTbic-
KaHWs MaKCUMYMa MOYKHO BOCIIOJIb30BAThCSI METOJIOM HEOIPEJICJICHHBIX MHO-
xureseit Jlarpamka. ¥Yvmuoxkum U Ha MOCTOSHHBIH MHOXKUTENH , U — Ha 3,
a InCI0 MOJIeKYJT j copTa N7 yMHOKMM Ha TOCTOSIHHbII MHOKHUTEIb 7, MO~
Jy9eHHbIE BBIPAYKEHUS CJIOXKHUM ¢ S. YCIOBHEM MaKCHMAJLHOCTH SHTPOIINH
CUCTEMbI OYJIET yCJIOBME MaKCUMAJbHOCTH MOCTPOEHHOTO (DYHKIIMOHAJIA

<I>:S+@U+BV+Z%-Nj.
j=1

Ecnu ydectn, 910

08; = (5U — pidVi + Z ploNY),

j=1
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TOI'’la MO2KHO 3all1CaTb

}:{ -+ 0)oU; - (T 5V+§:u“+%)NQ—O

7=1

Cunras, uro Bee 0U;, 0V; u ON; nesaBucnMble mepeMeRHbIE, Oy IaeM

1
Ti—f-Oé:O,
Di
2L B3=0
7-% b

J
M
E‘F’Yj:o.

I3 nepBoro ycjioBusi BBITEKAET, YTO TEMIEpaTypa BO Bcex (asax JOJKHA
OBITh MOCTOSHHOI

T =Ty=Ty= =T, (61)

M3 BTOPOTI'O YCJIOBHA CJIeayeT, YTO CYMMapPHOE JaBJ€HUE BO BCEX cbaeax JOJI2K-
HO OBITD OZINHAaKOBbLIM

pL=p2=Dp3=-- =Dy, (62)

a U3 TPEThEro ycjaoBusd 1MOJyYdaeM, 9YTO IIPU PaBHOBECUN XUMUWYECKUN 1TOTEH-
IHaJI KazKJ10I'0 KOMIIOHEHTa JIOJI2KEH ObIThH O/IMHAaKOB BO BCEX (ba3ax CHUCTEMDbI

o= py o= gy o= o =
pPo= s o= a3 o= = g (63)
pro= py = p3 o= .. = iy

8.2. 3aMKHyTas CHUCTE€Ma IIPU IMOCTOAHHBIX OJAMHAKOBBIX JIaBJie-
HUAX BO Bcex (pazax

IlycThb cucrema u3 m KOMIIOHEHTOB U k (a3 HaXOMUTCS B TAKUX YCJIOBH-
AX, 9TO 3a CYET XOPOIIel TEeINJONMPOBOAHOCTU MEXK/Y OTJECJIbHBIMA YaCTAMU
CUCTEMbI BCerjia obecrieunBaeTcst ObICTPbINA TeIJI000MeH, ITPUBOISAIIII K BbI-
PaABHUBAHUIO TEMIIEPATYP, U TPOUCXOIUT OTBO/] TEILIa B TEPMOCTAT

T'=Ty=T5=---=1T,. =T = const.

CoryiacHo ompeJie/ieHrIo, JTaBjeHne BO Bcex ¢ra3ax JIOKHO OBITH OJUHAKO-
BBIM
p1=p2 =p3 = =pp=p=const.
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Cucrema OyjieT HAXOAUTHCS B paBHOBeCHH, ecyin norennuas ['nbdca G Oymer
MUHUMAaJICH. J[jist OThICKAHUST MUHUMYMa BOCIIOJIb3YEMCsl BAPUAIIMOHHBIM Me-
TOJIOM HeOIpe/ie/IeHHBIX MHOXKUTeNell JIarpanka, yaTeM Hen3MeHHOCTD THC-
JIa YaCTHUI] KaXKJIOT0 cOpTa BO BCell cucreme:

k
NI => N/ =const, j=1,23,...n

1=1

[TocTpoum ¢yHKIMOHA

k n
EDICES
i=1 j=1

rjie 7y; — IOCTOAHHbBIE MHOXKHUTEJIN.
Toria u3 ycjioBusi MUHMMAJIbHOCTH 9TOI0 (DYHKIIMOHAJIA 110J1yYaeM

i

Ti—i—’YjZO.

3j1ech yureHo, 9To Bce Bapuaiuu 01; u 0p; paBHbI HYJIO.

13 momyvuennoro BbIpaXKenusl BLITEKAIOT YCJIOBUS TMOCTOSHCTBA BO BCEX
bazax XUMHIECKOTO MOTEHIHAJA, JJAHHOIO KOMIIOHEHTa, T.e. yciaosue (63).

8.3. 3aMKHyTad cucTemMa C MOCTOTHHBIMU Oobbemamu (a3

[TycTb 3aMKHyTast cucreMa HaXOJUTCS B TaKUX YCJIOBUSAX, YTO pa3Mepbl
a3 ocraiorcd HeM3MEHHBIMU, T.€.

Vi = const,
Vo = const,
2 (64)
Vi. = const.

TemmepaTypbl Bo Beex (pazax MOCTOSHHBLL U PABHBLI TeMIIEPATyPe TePMOCTATa.

B 5TOM cilydae ycsoBueM TepMOJIMHAMUYECKOIO PABHOBECUS CUCTEMbl Oy-
JIeT YCJIOBAE MEUHUMAJLHOCTH CBOOOIHOM sHeprun cucreMbl F.

[IpoBo/IsT MaTEMATHICCKUE BLIKJIAIKA, AHAJOTMIHLIC IPUBEICHHBIM BBIIIE,
MbI TIOJIy 9UM YCJIOBHsT paBHOBecust (63).

8.4. IIpaBusio a3 I'mbGb6ca

Byjem cuurarb, 4TO COCTOSHUE MeTePOreHHON CUCTEMbl 3aaeTCs TeMIle-
parypoit T, napjenueM p W NAPIUATLHLIMU JABJCHUSMEA P, HE3ABUCUMBIX
KOMIOHEHTOB BO Beex (azax. OUeBMJIHO, YTO YKMCIO ITUX BEJNYUH PABHO

nk + 2.
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Corstacuo (63), uncio ypasuenuii pasHo (kK — 1)n, Kpome 3rtoro, Heob-
XOJIUMO Y4eCTh yCJoBUe, 4To cyMMapHoe jaBjenue B dase p; paBHO CyMMe
NAPIUATBLHBIX JIABJCHUN KOMIIOHEHTOB B 3Toi (aze p] 1 Iucao Takux yeJao-
BUit paBHO dncay das k.

Beero, rakum obpasom, B (kK — 1)n + k ypaBHenuii paBHOBECHsi BXOJUT
kn + 2 menspectunix. OTCIONA YNCIO HE3ABUCHMBIX ITAPAMETPOB

f=nk+2—[(k—n+kl=n+2—k (65)

Bemvauna f HazniBaeTcss 9UMCIOM TEPMOJMHAMUYECKUX CTEleHeil CcBOOOJIHI.
OueBu/1HO, 9TOOBI HAPAMETPhI ObLIIM HE [IEPEOIPEJIEICHbI U HE BOSHUKJIN IIPO-
TUBOpEUNsI, HEOOXOIUMO OTPeDOBATD

f=0

nJjim

n+2>k. (66)

HpI/I paBHOBECUN CUCTEMbBI 9YUCJIO (1)8,3 MEHbIIE NJIN PaBHO YUCJIY KOMITIOHEH-
TOB TJTIOC JIBa. DTO yTBEPXKJIEHWE W HOCUT Ha3BaHue npasuia ¢a3 ['nbbca.
8.5. PaBHOBecue oJHOKOMIIOHEHTHBIX CHCTEM
[Ipu paBHOBECHU JOJIZKHDBI BLIOJHATHCS YCIOBUS

n="T = ... =1T, = T,
pr = p2 = ... = P = D
g1 = M2 = M3 = ... = Hk-
Corsacno npasuiy ¢das ['uboca,
f=n+2-k=3-k. (67)

Takum obpazom, npu [ = 0 aucyio paBHOBecHBIX da3 k = 3. BosbIero ancia
¢a3 B paBHOBeCHMHU OJIHOKOMIIOHEHTHOM CHCTEMbI HE MOXKeT ObITh. Tak Kak
YUCJIO cTeneHeir ¢cBo0OIbl PABHO HYJIIO, TO paBHOBecHE Tpex a3 BO3MONKHO
JIAIIb [IPK BIIOJIHE ONPEIeJICHHBIX, (PUKCUPOBAHHBIX apaMeTpax COCTOSHHUSI,
T.e. IIPY OIpeJieJIeHHbIX 3HadeHusix p u 1.

Ecmn f = 1, 1o uncno das k = 2. JIpyxdasznast cucreMa XapaKTepu3yercst
BCEr0 OJIHMM HE3aBUCHUMBIM IIAPAMETPOM: 9TO MOXKeT ObITh Temieparypa 1
UM JIABJIEHUE P.

Ecmu f = 2, ro ancio dhas k = 1. Mbl umeeMm j1ej10 ¢ onnodasnoii cucre-
MOTA.

Paccmorpennble 3j1eCh 3aKOHOMEPHOCTH MHOIO(A3HON CUCTEMbI MOI'YT ObITh
HAIJISIIHO I'PaPUUIecKH [IPEJICTaBICHBI C IIOMOIIBIO (Pa30BbIX JUArPAMM, IPHU-
YeM JIJISI OJJHOKOMIIOHEHTHOW CHCTeMbBI IeJecO00Pa3HO MOJIb30BAThCs (ha30-
BbIMU JiarpaMmamu B riepemennbix p u 1. Ha puc. 7 npejcrasiena dhaszobas
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JirarpaMMa Juist BoJIbl B obstacTi MaJibix jasiennii. Ha jguarpamme rouka A
COOTBETCTBYET COCYIIECTBOBAHUIO Tpex (pa3, T.e. siBJIsieTCsl TPOMHON TOUYKOM

(T = 0,0076°C, p = 6,02 - 10 3arm ).
Pl B

\» KUJIKOCTh /K

| /

'A nap Puc. 7. ®azoBasi guarpamma OJIHOKOMITO-

- HEHTHOU crcTeMbl (BOJIa): KUJKOCTD - 1ap
T - e

Kpusass AD — kpuBas cyOaumaiiuu, KpuBasi AB — KpuBasl IJIaBJIeHNS,
a kpubast AK — kpusast kunenusi. Kpubast KUIICHUsI 3aKaHUNBACTCS TOYKOIA,
B KOTOPO# CBOHMCTBa, »KMUJIKOCTH U I1apa CpaBHUBaIOTCs. Takasi TOUKa Ha3bl-
BAaeTCsI KPUTUIECKOH TOUKOI, 17151 Bojibl 1) = 374°C' u pi, = 220 aTm.

Qopma pasrpaHUINBaONINX KPUBBIX HE MOXKET ObITh BhIBEJ/IEHA B paMKaX
repmogmHaMukn. OHa MOXKeET OBIThH MMOJIydeHa JT00 IKCIePUMEHTAJIBHO, JTUOO
U3 CTATUCTUYECKON (PUBUKHU.

9. O61mme Bompochkl Teopun (pa30BBIX MEPEXO/I0B

9.1. HekoTopsbie orpeieeHns

Da30BbIME [IPEBPAIIECHUAME, UK (DA3OBBIMU IIEPEXOJIAMU, HA3BIBAIOT IIPO-
IIECChI, B KOTOPBIX IIPOUCXOJIAT IIEPEXO0/ BellecTBa U3 OJiHOI (pa3bl B IPYIYIO.
XopoIo W3BeCTHbIE M3MEHEHWsT arPeraTHOr0 COCTOSTHIS BEIECTBA TTPEICTaB-
JISTIOT cOoDOM JacTHbIe ciaydan (as30oBbix 1mepexojioB. K Hacrosiiemy BpemeHu
U3ydeHo eIre MHOIO JIPYTUX (Pa30BBIX MEPEXO0B, KAK-TO: IIePEeX0]l U3 OTHO
KPHUCTAJUIHIECKON MOMudUKAI B JApyryio (Hampumep, xkeatoro docdopa
B KPACHBIH ), epexoji MeTajljioB u3 (peppoMarHuTHONO COCTOSTHUSI B [TApAMAar-
HUTHOE U T.]I.

[Tos0:kK1MB B OCHOBY KJIacCH(DUKAIUN XapaKTep U3MEeHeHUs TePMOIMHAMK-
YeCcKUX CBOMCTB IpU (Pa30BbIX IIepexojiaX, T.e. BHYTPEHHEW SHepruu, Tell-
JIOEMKOCTH, YIEJIhHOTO 00beMa, IHTPOINN, MOXKHO Pa3dWTh BCE W3BECTHHIE
nepexojipl Ha JiBa Bujia (poja).

Daszosvie neperodvs nepsozo poda. B o1y rpylily npeBpaiieHuit BXO/sT
YVIOMSIHYTBIE IIPOIECCHI Iepexo/ia BeIecTBa U3 OJHOIN0 arperaTHOro COCTOsI-
HUsI B JIPYrOe, HEKOTOPBIE MEPEXObl U3 OJHOW KPUCTAINIECKOH hOpMBI B

APYTYIO.
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OrmmauresibHble 0COOEHHOCTH IPEBPAIEHUN TIEPBOr0 PO CBOIATCA K
CJeJYIOIIEMY

1. IIpu nepexojie 3aTpaduBaeTCs WM BbIJIEJISIETCS OIIPEIeIeHHOe KOJIIe-
CTBO TeIlIa.

2. IIpu nepexojie B HOBYIO (pa3y IPOUCXOJUT CKAUOK YIEJTHLHOI'O 00beMa
BEIIECTBRA.

3. TerioeMKOCTh B TOUYKE 11epexo/jia 0ECKOHEYHO BeJIUMKA.

4. Bo3MOXKHO CyIIECTBOBAHUE HEYCTONYUBBIX, METACTAOUJIbHBIX COCTOSI-
HU: COCTOSIHUSI TIEPEOXJIaXK IeHUsI, TIePEChIIEeHNs, IeperpeBa u T. /1.

Daszosvie nepexodu, 6mopozo poda. B 3Ty rpymiy BXOJST IPOIECCH: Iepe-
x0J1 peppoMarHeTuka B IapaMarHeTUK, [Iepexo MeTaJslJIOB B CBEPXIIPOBO/Is-
Iee COCTOsIHAE MPU OTCYTCTBAKM MAIHUTHOIO II0JIsI, MEPEXOJ] KUJIKOIO TeJIHsT
13 HOPMAJLHOIO COCTOSHUSI B CBEPXTEKydee U T.J..

OTanuanTe/bHbIe OCOOEHHOCTH ITUX TEPEXOJI0B CJIeYIOIIHe:

1. VienbHbiit 00beM HE MCIBITHIBACT CKAUKA B TOUKE HEPEXO/IA.

2. TenioTa nepexoja OTCYyTCTBYET.

3. TermoeMKoCTh BEIECTBa B TOUKE IIePexo/ia MEHSIETCST CKaTKOM.

4. KoadpuimenT TemioBoro pacuiupeHus U U30TePpMHUYECKUil K03 u-
[IMEHT CXKUMaEMOCTH M3MEHSIIOTCS TaK»Ke CKaAIKOM.

5. MeracTabuiIbHBIX COCTOSHII BOJIM3U TOUKHU IIepexoia He HabII0IaeTCs.

[Tepeunciiennbie XapakTepHble TPU3HAKK (PA30BBIX IEPEXOJIOB EPBOTO 1
BTOPOI'O POJIOB YCTaAHOBJIEHBI U3 OIBITHBIX JAHHBIX, T.€. sIBJISTIOTCsT 0000IIeHU-
eM pe3yJIbTaTOB FKCIepuMenTa. Ha ocHOBaHMM 3TUX JaHHBIX MOXKHO CJIeJIaTh
BBIBOJIBI 00 ITUX IEpexojiax C MO3UINI TePpMOJINHAMUK.

[Ipexxjie Bcero cienyer mojuaepKHyTh, 9TO B TOUKE Iepexojia, T.e. Ha pas3-
rpAHUIUBAIONIEH JTuHUN Ha guarpamme (p, 1), obe ha3bl HAXOASATCS B PABHO-
BECHH U, CJIEJ0BATEJIHLHO, UX XUMUUIECKUE IIOTEHIINAJIBI 10 TEOPUH PABHOBECUSI
reTePOTEHHBIX CUCTEM JIOJIXKHBI OBITH OJIMHAKOBDI

H1 = H2- (68)

DTO 03HAYAET, UYTO U y/IeJIbHbIE TEPMOJINHAMUIECKIE TToTeHnnabl ['nboca,
obeux a3 B TOUKE 1EPexojia PaBHbI JPyT JIPYLy

Gy (p7 T) - GQ(pv T) (69)

DTO PaABEHCTBO MOKA3bIBAELT, IYTO MPHU (PA30BHIX MEPEX0/1aX TEPMOJIMHAMU-
yecKuil morenimaa I'nbbca n3MeHsieTcss HelpepbIBHO.
Paccmorpum 1ojipobHee 0CHOBBI (ha30BbIX MEPEXOJIOB MEPBOIO ¥ BTOPOI'O

pojia.
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9.2 OcHoBBbI Teopuu (pa30BBIX IIE€PEXOI0B IIEPBOTO PoOJa

CoryiacHo ompejiesieHuo, Ipu (ha30BbIX IIEPEX0/aX IePBOI0 POjia CKATKOM
MEHSIETCsI YJIeJIbHBI 00'beM U TOTJIONIAETCS] MJIK BbIJIEJISIETCS TeIio, OTCIO-
Jla, CJIEJLyeT, 4TO 1IPU 9TOM (PA30BOM IIEPEXO/IE FHTPOIIUS MEHICTCS CKAUIKOM.
HeiicTBUTEIHHO,

d@) =TdS.
Barpadennas Teriora () sABJISETCs yIeJAbHONR TEIJIOTOH mepexo/ia

Sa
Q:T/ dS = T(Sy — S)),
S

1

OCKOJIbKY () # 0, To, ciieioBaTebHO,
Sy #£ 5.

Ckauko0bpa3Hoe H3MEeHEHNe SHTPONNN S U YIEILHOTO 00beMa U IIPUBOJIUAT
K TOMY, 9TO IpH (Pa30BbIX MEPEX0axX MePBOTO POja YAeabHasl BHYTPEHHSIS
SHEPIUsl U3MEHSIETCST TAKXKE CKAIKOM.

[l st iepBoit 1 BTOPOit pa3bl Mbl MOYKEM 3aIUCATDH

G, =U, =TS, + pvy,

Gy = Uy — TSy + pug,
IIOCKOJILKY B Touke mepexona (G = Gy, TO
Uy — Uy =T(Sy — S1) — p(vs — vg)
WK
AU = Q — pAv.

DT0 PABEHCTBO 110KA3BIBAET, YTO BHYTPEHHsisl SHEPIUs 1pu Pa3soBOM Iie-
PEXO0JIe M3MEHSIETCST CKAUKOM, UTO OOYCIOBJICHO 3aTPATON KOHETHO TEIIOThI
Iepexo/ia U KOHEUIHBbIM U3MEHEHUEM YJIeJILHOIO 00beMa.

Yarem, 9T0 Tpw (Ha30BOM TEPEXOJIC UMEET MECTO HEMPEPLIBHOCTD Y/IITh-
noro norenruaa ['nb6ca (69), nam

e 0Gs\ , _ (9G: el

<a—T>dT+<a—p>dp—(aT)d“(ap)dp’
dp (%) - (59
(%) - (%)

T.C.

o))
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HO (g—g) = -5, (%—g) = .

Orcrozna
dp . SQ — Sl
d_T N Vo — Vg (70)
W g
p Q (71)

d_T B T(Ug - U])'

D10 BbIpaXkeHue M3BeCTHO Kak ypasHenue Kiarneiipona — Kitaysuyca.

YdareMm, 9TO )
0°G\ oS\ _%
(o72) =~ (57) =% )
9*G ov
(G) = (5) = )

(fﬁgp) N (%) - (%ﬁ) = av. (74)

3necy C) — yjesbHas TEIMJIOEMKOCTb [P MOCTOSHHOM 00beMe, 7y — KO-

b PUIUEHT N30TEPMUIECKON CKIMAEMOCTH, & — KOI(DDUITUEHT U30TEPMU-
YECKOI'0 PaCIINpPEHHSI.
[Tockoabky v u S pu Pa30BBIX IEpexoIax MepPBOro poja MEHSIIOTCST CKad-
KoM, 10 Cp, ¥ 1 & B TOuKe Pa30BoIo 1epexo/ia 00palalorcs B 0CKOHEYHOCTb.
9.3. OcHoBbI Teopun (Hpa30BBIX IIEPEXOJ0B BTOPOIO PoIa
[Tocko/ibKy 1pu pa30BBIX IIEPEX0jiaX BTOPOI'O Pojia HE IPOUCXOJUT BhIJe-
JIGHWSI WJIW TIOTJIOIIEHUs Telia U He HabJII0MAeTcss CKauKOOOPa3HOI0 N3MeHe-
HUsl YJIEJIbHOIO 00'beMa, TO

v B npapoit dacru ¢dopmysbl (70) cyliecTByer HeolpejeJIeHHOCTh TUIIA %,

KOTOPYIO MOXXHO PacCKpbITh C IOMOIIbIO 1paBuja Jlonurass. [Ipu jaudde-
PEHIMPOBaHUS 110 1 WJIN TIO P TOJKHDBI TTIOJIYUATH OJINH U TOT K€ Pe3yabTar.

[Ipomuddepennupyem cuauasa mo 7', Torja

OAS

dap _ ot
T 0Aw?
a aTv

npuHuMas Bo BuuManue (72) u (74), MOXKHO 3aucarh

d_p B AC,
dT  TvAa

(75)
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ITpu juddepennupoBannu 1Mo P 1noJydaem

a5
dT 8(%@ ’
¢ yaerom (73) u (74) MOXKHO 3amucaTh
j—; _ i—‘;‘. (76)
[Tockosbky JieBbie wactu (75) u (76) coBmnasaor, T0 nMeeM:
vTAa? = AC,AY. (77)

Boipaxkenust (75) u (77) sijisitorcst ypaBHeHusiMU jiist (Da30BbIX 1EPEXOJI0B
BTOPOI'O POJia, ¥ HA3bIBAIOTCs ypaBHEHUsIMU JpeHdecTa.

9.4. TepmoamHaMuKa ITPOIecca 00pa30BaHMs 3aPOIbITIEl HOBOM
dazbl

IIporieccer obpazoBanus HOBOM (pa3bl ABJSIOTCSA BEChbMa, Pa3HOOOpa3HBI-
mu. OueHb 9acTo HOBas (a3a MOJydaeTcsa U3 CTapoil B Bujie OOJIBbIION Mac-
ChI, HATIPUMED, TIPH TLJIABJIECHUH, HO XOPOITIO W3BECTHBI SIBJIEHHUsI, KOT/a HOBAasI
daza cuavasia 1osiBisiercs B (popmMe HEOOJIbIIUX YACTUIL, KOTOPbIE PACTYT 110
pasMepaM M MOIYT CJIMBATLCS JIPYT C JAPYTOM. Tak oOpa3yloTcsa KaleJabKu
JKUJKOCTH B Mape, KPUCTAJINKU B PACTBOPE, KPOIETHbIE My3bIPhKU TTapa B
YKHUJIKOCTH.

Bo MHOruX npakTHYecKHX CJIydasix HOBas ¢paza odOpa3yeTcs Ha IIOCTOPOH-
HUX IIeHTpaX. B BO3jlyxe TaKMMU 3apOJIbIIIAMU CJIYKAT IbLIMHKH, I'a30BbIE
MOHBI 1 T.JI. Ecim Takux mMOCTOPOHHUX IEHTPOB HET, TO CUCTEMa, MEPEXOINT
B HEYCTOWNIMBOE MeTACTabMJIbHOE COCTOSIHUE, NIPUA 9TOM B CHCTEME HAYUHAIOT
00pa30BBIBATHCSI CAMOIIPOU3BOJIbHBIE, CIIOHTAHHBIE IEHTPHI (PA30BOIO Iepe-
XOJIa.

PaccmoTpum Teopuio CrioHTaHHON KOHieHcannn, pa3puTyio PosbMepoM B
1926 r. CorsacHo 9Toit Teopun HOBas (hba3a BOZHUKAET B JAHHOM CjIydae OJa-
rojiaps (pIyKTyaluyd IIJIOTHOCTU Iapa, T.e. 33 CUYeT CJydaiHbIX CKOILJICHU
MOJIEKYJI TTapa. DTHU CKOIJIEHUST TO UCIE3ai0T, TO BHOBL 00pa3ytoTcst OJiaroia-
Pst TETJIOBOMY JIBUXKEHHUIO MOJIEKYJT U B ODIIEM CJIydae He MOT'YT JIaTh HAIaJI0
obpaszoBanus HOBOI (pas3bl. JJjisi 9TOro HEOOXOAUMO COOJII0/IeHIEe HEKOTOPBIX
YCJIOBHl YCTOMUNBOCTH TaKUX CKOILJICHUI MJIM 0YaroB HOBOII (ha3bl, KOTOpas
MoOTJIa Obl PacTH JiaJibilie U ObITh yCTOWIUBOIL.

PaccmoTpum KOHJICHCAIMIO TTapa HA MOHE, JIJIst 9TOro OyjieM CIUTaTh, ITO
KallJId paJinyca 7 IIPUoOpeTaeT MOH C 3apsiioM € U PaJMycoM a; IpU paBHO-
BECUHU MOH COCPEJOTOUNTCST B IEHTpe Karin. JnajekTpraeckyio mMpoHuIae-
MOCTH T1apa 0003HAYNM 4Yepe3 €1, a KUJJIKOCTU — €9, OUEBUJIHO, £1 < 9.
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CoryacHo onpejesiennio, norennual ['mooca G cucreMmbl paBen
G=F-— inljk

3ech F' — cBobOIHAS SHEPTHSI CUCTEMBI, X — CHUJIa BHEIIHEI'O BO3/IeCTBHSI,
a Tj — KoopJuHaTa, CONpsizKeHHas ¢ 3TOW CUJION.
[Torennuas ['ubOca napa ¢ noHom j10 oOpa3oBaHus KalleJIbKU PaBeH

Gy = Iy, — Wy,

rjie Wy, — sHeprus 3JIeKTpUIecKoro IoJisl HOoHa:

o0 9 0.0}
€1 9 e dr
Wy=— [ E°dV = — | —.
b 87T/ 2¢1 ] r?

[Tocsie obpasoBanust Karin noreniuas I'nboca ¢ yueTom moBepxHOCTHO HEP-

ruu OyjieT paBeH:
G.=F,—W,— 0%,

rie ¢ — K03 QUIHEHT TOBEPXHOCTHOIO HATSXKEHNS KIJIKOCTH, Y = 4712 —
ILJIOINA b [TOBEPXHOCTU Kallid, W, — SHeprusi 3JeKTPpUIECKOI'o II0Jis MOHA,
HaXOJIAIIErocs B Karlje:

T o0

2 2 7
€2 9 €1 5 e dr e dr
We=—|[| E{dV+— | E°dV = — | —4+— | —.
87r/ 1 + 81 2e9 r2 2e1 r2

Orciona u3menenue cBoOOLHON sHEPIUU NPKU 0OPA30BAHMK KAILJIM PABHO
AF =F,— F,=AG+ X+ W, —W,,
HO B CJIydae OJIHOKOMIIOHEHTHOM CHCTEeMbI
G = uN,

T.C.

AG = (:uQ - :U’l)N7

rje N — 9UCJI0 MOJIEKYJI, IPUHABIIUX yuacTue B 00pa30BaHUK KAILIH,

N:_3 m»
3r/v

Uy, — 00'beM, TPUXOJAIIUICS Ha OJHY MOJIEKYJIY B KUJIKOCTH.
[Ipr TepmMomHAMUTIECKOM PABHOBECHH

H1 = U2,
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HO MPU POCTE KAIJIM HET PABHOBECHS, TIOITOMY [1] F [lo.
Uzmenenue sHepruu 3JIeKTpUiecKoro moJist HoHa,

Taxum obpazom,

473 ez 1 1.1 1
— 4 2 (o (2= D). 78
S0 (po — p1) + 4mor” + 2(52 51)(7° a) (78)

AF =

Ecin cBobojiHast sHeprus npu oOpa3oBaHuu Kalljin OyJIeT YMEHbIAThCs, TO
Kamjsg OyaeT ycroitumpa m Oymer pactu; ecan xe AF yBeIwmduBaeTcs, TO
Kaljisg OyJeT HeyCTONIrBa U OHA MCUYE3HET.

Bamerum, uTo TocseAHui diaeH B (78) orpuiiaresieH, npuueM OH YMEHb-
iaeTcsi pu ypejndeHun pajuyca kaiiu. CrejoBaresibHO, 33 CUeT JIeKTPU-
YECKOTO 3apsijia YCJIOBUE YCTONIMBOCTU KAIJIU YCUJIUBACTCS, NMPU HAJTHIUH
HOHOB IIPOIECC KOHJICHCAINN OY/IeT IIPOUCXOIUTD JIaXKe B HEHACBITIEHHOM 18-

pe p2 < p.

10. CucremMbl BO BHEIITHUX HOJIIX

Jlo cux 1mop Mbl CUNTAJU CUCTEMbI OJHOPOJIHBIMU WJIM, IO KpaiiHeil Mepe,
COCTOSIIITUMHU U3 OIPAHUYEHHOI'O UMCJIa OJJHOPOJIHBIX YacTeil. DTO IIPeIoio-
JKEeHUe, OYEBUJIHO, CIIPABEJJIMBO, €CJIU OTCYTCTBYIOT IIOJIsI BHEITHUX CHJI U
BHYTPEHHUE HAIIPSKEHUSI, KPOME TEX, KOTOPbIE BbI3BAHBLI M30TPOIIHBIM J[AB-
JnenueM p. Eciu cucreMa HaXoIUTCsA B HEKOTOPOM II0JI€, 3aMEeTHO MEHSIIOIIeM-
Csd OT TOUYKHU K TOUKE, TO HeJib3sl IpeHedperaTh HeoJHOPOHOCThI0. PacecmoT-
pUM B KauecTBe IpuMepa I'paBUTAIMOHHOE 110JIe, KOTOPOE BCErJia CyIIeCTBYET,
HO JIO CHX IIOP He IIPUHUMAJIOCh HAMU BO BHUMAaHUE, TIOCKOJILKY €ro BJIUSHHE
B OOJILIIIMHCTBE CJIy4daeB IPeHeOPEKIMO MaJIo.

Yrobb! ccae0BaThL TaKNE CIYyYar, MbI JOJKHBI TPUOETHYTH K JIOKAJIHLHO-
My OLMCAHMIO U PACCMOTPETb HACTOJILKO MaJible yactu obbema AV, urobbl B
UX IIpejiesiaX MOXKHO OBLIO ¢ JIOCTATOYHON CTENeHbI0 TOUHOCTH CUUTATDH MOJIe
IIOCTOSIHHBIM. Pa3buB Bech 00beM CHCTEMbl Ha TaKue 4aCTH

V=Y A
J

1 0003HAYMB BHYTPEHHIOI SHEPIUIO, SHTPOIUIO W THCJIO JACTHUI[ I-TO COPTA
B j qactu coorsercTBenno uepes AU;, AS; w AN | nomyunm nabop oTkpbI-
THIX TEPMOJMHAMUYECKIX CUCTEM, HAXOJSIIINXCS B KOHTAKTE JIPYT C JAPYTOM.
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[TocKOIbKY rpaBATAIIMOHHOE MTOJIE€ MOYKHO CUMTATH MOCTOSTHHBIM B IPEJIEIaX
KaKJIOH OTJICJIbHON 4acTh CUCTEMbI, OHO HE OyjleT BXOJUTH B SIBHOM BHUJIE B
ompejiesienne norennuasia ['ndboca st oTAeabHOl JacTi 00beMa:

AGj = AU] — T]ASJ —I—ijV}' (79)

}:wANJ (80)

uz — XUMWYECKUN MOTEHIMAJ YaCTHll -0 copta B j-it vactn obbema. Cym-
MUPOBaHUE TIO ¢ PACIIPOCTPAHIETCS MO BeeM copTaM 4acTuil. M3 mocnennmx
JIBYX BbIPpaXKCHUI ITOIyIaeM

AS :—[AU + p;AV; — Z,MNJ

Bnech AS; moxno caurars bynknueit T}, p; u N} | Ho npn sT0oM HEOGX0AUMO
YUIUTLIBATD, UTO TH BEJUUYUHBI MOTYT MEHATLCS MPU Tepexojie OT OJIHOI
CUCTEMbI K JIPYTOi, T.e. MOI'YT ObITh (pyHKIMsIMU KoopinHaT. [lokaxkem, 4To
npu paBHOBecun Temmeparypa 1'(7) mokHa OBITH MOCTOSTHHON B Tpejesax
obbema V' crcTeMbl TOUYHO TaK e, KAK B OTCYTCTBHE TIOJIsd, a JIaBJICHUE P U
XUMWYECKUl moTeHnuras (b OyayT pyHKIUAMEI KOOPAUHAT. I T0ObI yOe InThes
B 9TOM, 3aMETHUM, 9TO SHTPOIHUIO OTJIEIbHON JaCTH CUCTEMbI MOXKHO 3aITUCATH
B BUJIE

AV~ 5 &+
ASj == cl(ul —ul) +p)],
I

o ; |
ecim BBecTH KOHIeHTparmio ¢, = AN/ /AV; u naprmansubie MOIEKyIspHBIE
sueprun u; = AU/ /ANY.

[lepexons k npeneny apobienus AV; — 0, MOXKHO 3aIucaTh SHTPOIUIO
S, BuyTpennioro suepruio U u uuciio gacrui i-ro copra N; B BUjie HHTErpaJia
110 0bbemy:

awv . ., - -
5= / TP+ ) — Ol 81)
U= / dv Z ci(F)u; (7 (82)

Ny = / AV ei(F (83)
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HOTGHL[H&JIBH&H QHEPI'uA CUCTEMDI

Enon = / VY elFmid (),

\%4

rjae m; — macca i-it yacrunpl, ®(7) — rpapuranmonnbii norennual. Ipu or-
CYTCTBUU JIMCCUTIATUBHBIX CUJI CYMMa BHYTPEHHEI 1 TOTEHIINAJBbHON SHEePTUN

Enonn = U + Enor = /dVZCz [ui () + m;®(r)] (84)

JIOJKHA OCTABATHCA MOCTOAHHOM. TakKe IPU OTCYTCTBUY JIUCCUIIAIAN SHED-
UM M MOCTOSHCTBE YUC/Ia YaCTUI] SHTPOIMsI CHCTEMbl OyJIeT MaKCUMaJbHa
NP TEPMOTMHAMUICCKOM paBHOBechu. Takmm oOpa3oM, HEOOXOJNMO Haii-
TH MaKcuMyM Bbipazkenus (81) mpu cobmomennn ycaosuii coxpanernns (82)
u (84), JJIst STOTO BOCIIOJIB3YEMCsi METOJIOM HEOIPEJICJICHHBIX MHOXKHUTE el
Jlarpanaka.

[Toctpoum HOBBI (pyHKIMOHAT V!

U=35-aFE-> BN

U HaiijieM MakcuMyM 31oro ¢gyHkinunonasa. OueBujHo, BhIpaskKeHue JJisl Ba-
puanuu OV nMmeeT BUJL:

ov = /dV{T ;Z( — 1) 0Ci+ = ch (Ou;—0p;)+ p+ch

\%4
—a Y [(u; +mi®)dc; + ¢;ou] - Bide;} = 0. (85)

YureMm, 4TO HEKOTOPbIE BAPUALIMK B3aUMOCBA3AHbL. JIefcTBUTEILHO, JIJIs KarK-
noit gactu cucrems! oobemom AV; muddepentman norenmuasna ['nboca AG

d(AG)) = —AS;dT; + AVidp; + Y pld(ANY),

HO B TO ke BpeMst coryacto (80)
S

CunenoBaresbHO,

> AN/dp! = —AS;dT; + AV;dp;
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nJjim

Z CiOl; = — Z cis; 0T + Op.

BJ1eCh $; — IHTPOTHsI CUCTEMbI, TIPUXOJIAIIAS HA OJIHY YACTHUILY i-I'O COpTa.
[ToscraBus nocsejtee Boipaxkerue B (85), mosydaem

/dV{Z[(# — a(u; + m;®) — 5;)dc; + (% — a)cou;]+
7 i

1
+ﬁ[—p + Z(Tcisz’ —¢i(ui — p))0T} = 0.

Cormacro (79) u (80),
Z Cifti = P + Z Citly — Z CiSi,
CJIEJIOBATEILHO, OKOHYATEIBHOE BhIDasKeHue i Bapuanun WU uMeer B
i — i 1
/ WVAS I — afus+ mi®) = e+ (1 — ajedul} = 0.
v 7

[Tockoabky Bapuaryuu 0¢; U 0u; MOI'YT ObITH ITPOU3BOJILHBIMU, TO 9TO COOT-
HOIIIEHUE OYJIET BCET/Ia BBITIOJHITHCS, €CJIN

T=1/a, (86)

Wi + mZCI)(F) =T ﬁZ (87)

MOCTOSTHHBI B MPejesiaX CUCTEMBbI.

Mpbl BuuM, UTO B IPpaBUTAIIMOHHOM IIOJI€ HE 3aBHUCAINECH OT KOODJUHAT
BEJIMUMHON OKA3bIBAETCA HEe XUMUYECKU MTOTEHIUAJ 2-I'0 COPTa YaCTHIL [, &
XUMWYECKNH TTOTeHIraJl MJII0C MOTEeHIuaIbHAS SHEPTU KaXK 10U JacTUIhL:

pi +mip(r) = Ai.
Temneparypa MOCTOAHHA, KAK U IIPEKJIE, JIABJICHNE Ke HEIIOCTOAHHO, OO OHO
JOJI2KHO YIOBJIETBOPATH COOTHOIMEHUIO

i (p1 (7)) + myp(F) = const.

[Tosryuennbie pe3yabTaThl JIETKO OOOOITUTH Ha CJIydail JIIOOBIX MOTEHINATh-
HBbIX II0JICH, B YaCTHOCTHU, HA CJIyYail JICKTPUICCKUX I10JIeI

pi + qip(r) = Ai.
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31eCh @; — DJIEKTPUYUECKUIT 3apsi)i YaCTUIbl -0 copra, (7)) — IOoTeHIrall
9JEKTPUIECKOrO 10Jist. B 9TOM cilydae \; Ha3bIBACTCS DJIEKTPOXUMUYECKUM
HOTEHITUAIOM.

PaccMoTprM HEKOTOpBIE TTPUMEDDHI TPUMEHEHHS TI0JIy YeHHBIX BhIParKeHHii.

Hzomepmuneckan ammocpepa. Ecim armocdepa HAXOAUTCS B COCTOSTHUN
PABHOBECHSI, TO MbI JIOJI2KHBI IIPEXKJIE BCETO YUECTh JUHAMUYECKOE PABHOBECUE
MEZKJTY CUJION TAXKECTH KazK0r0 3JIEMEeHTa MaCChl M BLITAJKUBAIOIIE CAJION,
JEHCTBYIONIEH Ha 3TOT JIEMEHT:

p(r)grad®(r) + gradp(r) = 0,

riae p(7) — miaoTHOCTH arMocdepbl B Touke 7. Eciu 4ucjio KOMIIOHEHTOB
OOJIbINE eIMHUIIBI, TO ITO YCJIOBHE HEOOXOJIMMO, HO HE JOCTATOYHO, YTOOBI
YJIOBJIETBOPUTD YCJOBUIO T€PMOJMHAMUYCCKOI'O PABHOBECUS:

w; + m;®(r) = const,
13 KOTOPOro 1yreM JinddepeHnnpoBatus 1Moy daem
gradu; (1) + mgrad®(r) = 0,

HO
Ol
gradu; (1) = a—/;gradpi(F),

dp;/dp; = v; - 00beM, TPUXOJSIIINACT HA OJHY YACTHILY i-T'O COPTa, B OKOH-
yaTeJbHOI (popMe MOXKeM 3alncaThb:

gradp;(7) + p;(7)grad®(r) = 0.

o — MJIOTHOCTHL KOMIIOHEHTa -I'0 COPTA.

3necn p(r); =

Jljist IpOCTOTHI PACCMOTPUM TOJILKO ujeasbhbie ra3vl (p;/p; = kT/m;),

Haxojsmecss B noje cuibl tskecru (P(7) = gz), ocb OZ mneprenuky-

JISIpHA, TOBEPXHOCTH 3€MJIA M HAIIPABJIEHA BBEPX, § — YCKOPEHHE CBOOOIHOIO

najenusi, k — nocrognnas BosnbiuMana. Torma us mocjenHero BbIpaykKeHUst
nosiydaeM JinddepennnaibHoe ypaBHEHNE
dp; mig

1= kT Pe

OTKY/la MOJIydaeM

_ m;gz

pi(z) = pi(0)e” *,

pi(0) — maprmajabHOe JlaBiaenue Ha nosepxHoctu semun. OTcroga ciejyer,

4YTO COCTaB aTMOCCbepr MeHdAeTC A C BbICOTOfI, TAXKEJIbIE I'a3bl BBICOKO HE T10/I-
HUMaIOTCA.
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CymmapHoe jiaBjietue paao p(z) cymMMme napiuasibHbIX JaBJIeHuUil

p(z) = 3_pilz) = D _pi(0)eF. (33)

Eciu BBecTH B paccMOTpeHue CpeHuil MOJIEKYJ/IsIpHbI Bec aTMocdephl 1M

- kT pZ(O) _ mjgz
m=——In e+
9% (Z_: p(0) )

1 1npeHedpeyb ero 3aBUCMMOCTBIO OT BBICOTHI, TO 10JIy4aeM U3BECTHYIO 06apo-

MEMPUYECKY10 (HopMyry

_ mgz
p(z) = p(0)e™*r, (89)
KOTOPO#i IMPOKO HOJIB3YIOTCS B METEOPOJIOIMU. 3aMETUM, 4TO 3Ta (POPMYyJIa
o TouHOCTH ycTymaer dhopmyie (88).
Xumuueckoe pasnosecue 6 2pasumanuonHom noie. YCIOBUE XUMUIECKOTO

pPaBHOBECHUA CUCTEMBbI, HaXOZ[HH_[eI';ICH B I'PaBUTallMOHHOM I10JI€, UMECT BU/J]
E Up Ay — g vpAp = 0.
r p

3J1ech nepBast cymMmma 0epeTcsi 110 KOMIIOHEHTaM, BCTYIAIOIMM B PEAKIINIO, a
BTOpAas - 110 NPOAYKTAM PEAKIUH, Vy U V), — CTeXUOMeTpUUIecKre Kodhhun-
€HTHI PeareHTOB U MPOJIYKTOB PEaKIINN.

st ujieajibHOTO ra3a uMmeem

HOﬂCTaBﬂHH 9TO B YCJIOBUEC XMMHNYICCKOI'O PaBHOBECH:A, 1TOJIydaeM

My 1 ®()
H]:pzr - Kp = exp(k‘_T[; VTSOT—; prp])f%p( T [Z VTmT_Z mep])-

r p

Msmenenue ob1ieil Macehbl BELECTBa,
Am = E Vrm, — g Vpy,
r P

HE H&6.HIO,ZL&6TC${ B XUMHUYECKUX PEaAKIUAX, IIOTOMY

1
Ky, = exp(k_T[Z Vr$r — Z Vp#pl),

p

T.€. KOHCTAHTa PABHOBECUsl sIBHO He 3aucut or P (7).
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Takum 0Opa3oM, TEPMOJMHAMUKA [TO3BOJISIET ¢ OOIIMUX MTO3UIUIA, Oe3 0COo-
0ol Jleraju3alny paccMaTpUBaTh IMUPOKUA KPYyI' (PUBMUECKUX siBJCHUHA B
MaKpPOCKOIIMYECKUX CUCTEMaX.
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