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1. OKCEPTUSA PA3JINYHBIX HEPABHOBECHbBIX CUCTEM

Ha npouunoii nexiuu Mbl MO3HAKOMUJIMCH C TIOHATHEM HKCEPrUU. IKCEPrusi MPeCTaBIsSeT
co00lf MaKCUMAaJIbHYIO TTOJIE3HYIO pa0OTy UCTOUYHHMKA pabOTHI, COBEPIIAEMYIO B H30JIMPOBAHHON
TEPMOJIMHAMHYECKON CHCTEME MPU Mepexo/ie U3 HEPAaBHOBECHOT'O COCTOSHUS B PABHOBECHOE 3a
cuéT o0paTUMBIX MporeccoB. [ ucrounnka paboTel 00béMOM V 3Kceprus MOKET OBbITh
oTpeieNieHa CIeIyIoIUM 00pa3oM:

E,=(U-U,)-To(S-8)- n(%— V) (1)

PaccMoTpuM KOHKpeTHbIE INpHMEp ONpeaeneHus skcepruu E, w1 usonupoBaHHON

CHCTEMBI, B KOTOPOM TojIe3Hass paboTa MpOU3BOAUTCS 3a CUET MEXAaHHYECKOH U TepMUYeCKOM
HEPABHOBECHOCTH.

Ha pucynke m300pak€H mpoliecc rmepexojia MeXaHH4eCKH HepaBHOBECHOIH CHUCTEMBI B
PaBHOBECHOE COCTOSIHME TP IOCTOSIHHON TeMmeparype T, 3a cu€r nmepemnaja JaBleHUus P, > P,.

Touka 1 nmpezacraBisieT coO0¥ HaAYAIBHOE COCTOSIHIE UCTOYHUKA paboThI; Touka O COOTBETCTBYET
napaMmeTpam cpesl Py, T;.
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HMCTOYHHMK PabOTHI U3 HadadbHOTO cocTosiHus 1 mepeiiaer B cocrosiaue O, T. €. mocie Toro, Kak
W30JIMPOBAHHASI CHCTEMa JJOCTUTHET PAaBHOBECHOT'O COCTOSIHUS. [IJIst TOro 4TOOBI CHCTEMOM ObLia
MpOM3BE/ICHa MaKCHMAaJbHO BO3MOXKHass paboTa, HEOOXOJWMO, YTOOBI TpoIlecC TMepexoaa
CoBepIIaliCs MOTHOCTBIO oOpaTumo. CremnoBaTebHO, HEOOXOAMMO TPEXKIE BCErO ONMPEACIUTh
BO3MOYKHBIN OOpaTHMBIi Tporecc (MM COBOKYITHOCTh OOpaTHMBIX MPOIECCOB) MPH IEPEXOjIe
UCTOYHHKA paboTel u3 1B O.

Tak kak paccMarpuBaemas HW30JUPOBaHHAs CHCTEMa BKJIIOYaeT B ceOsl TOJBKO OJIUH
MCTOYHUK TEIJIOTHI, 00JIa a0l HEM3MEHHOW TeMIlepaTypoid, a8 IMEHHO OKPYXKAIOIIYI0 Cpeay,
TO 00PATHMBII MPOLECC MOKHO NMPEACTABUTHL cede TOJbKO B BHJAe M30TEPMHUYECKOr0 MJIH
aauadaTHOro mpoueccoB. Bo Bcex OCTanbHBIX MpoIeccax HEM30EKHO OyneT UMETh MECTO



TEII000MEH MEXy HCTOYHHKOM PabOThl U Cpefol MPH KOHEYHOI Pa3HOCTH TeMIepaTtyp; B
I3TOM cJIydyae OCYIecTBJeHHEe OOpaTHMOro mpolecca HeBO3MOKHO. B paccmarpuBaeMom
cllyuae IIE€pexoJ] B PAaBHOBECHOE COCTOSHHE C HCIHOJb30BaHMEM aquadaTHOTO Ipolecca
HEBO3MOJKEH, T.K. B CHJIy CBOMCTB aguadaThl TpeOyeT 0oJiee BHICOKOW TeMIlepaTyphbl B Hadale

mporecca, 4eM paBHOBECHOE C OKpyKaromeill cpemoil 3Hauenue Ttemmepatypsl (T, >T)).
EauHCTBEHHBIM 00PaTHMBIM MPOIECCOM SIBJISIETCH H30TEPMUYECKHIA.

Pabora, mpou3BeIeHHAas HCTOYHUKOM PabOThl B 3TOM IIPOLECCE, IKBUBAICHTHA IIIOIIAIN
1-0-ba-1.

Ho =e Bcst mpousBeneHHas paboTa MOXKET OBITH MCIIOJIB30BaHA 110 HAIIEMY YCMOTPEHHIO:
94acTh MPOU3BEACHHON paboThI, SKBUBAJICHTHAs TUIomaan a-c-0-b-a, Hem30exxHO pacxoayercs Ha
BBITECHCHHUE Cpeabl (CoBepIIaeTcs IPOTHB HEM3MEHHOTO JAABJICHUS CPEIbl Py ).

JKceprusi paBHa Pa3HOCTH BCEW MPOM3BEICHHON pPabOThI M pabOTHI, 3aTpayeHHOM Ha
BBITECHEHUE CPe/Ibl, SKBUBaNIeHTHA rutomaan 1-0c-1.

ToT e pe3ynbTaT JErko MOJY4YduTh M HemocpeacTBeHHO u3 ypaBHeHus (1). Tak kak
TEMIICpAaTypa UCTOYHHUKA B COCTOAHUAX 1mu 0 OIWHAKOBA, TO BHYTPCHHASA SHCPTHUA NUCTOUYHHKA
pabotsl B coctostHUsAX 1 m O Ttakxke onmmuHakoBa. [lepBoe ciaraemoe ypaBHEHHS PaBHO HYIIIO.
Bropoe crnaraemoe ypaBHEHUS TpPEACTaBIsSeT CO0OHM TEIMJIOTY, MOABENEHHYIO K HCTOYHHKY
paboTel B Ipoliecce HM30TEPMHUYECKOrO paclIMpeHusi, paBHYyI0 paldoTe, MNPOM3BOAMMON B
nporecce pacmupenus. llocnenHee crmaraemoe mpeacraBiser coboil paboTy HPOTHB CHII
JIaBJICHUSI OKPYKAIOIIECH Cpebl.
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Ha pucynke n300paxéH mporecc nepexoja TePpMHUYECKH HepPaBHOBECHOW CHCTEMBbI B
PaBHOBECHOE COCTOSIHME IIPU IIOCTOSIHHOM JABICHUU [, 3a CU€T mepenajaa temneparyp 1, >T,.
Touka 1 npeacrasisieT coO00H HaYaIBHOE COCTOSIHUE MCTOYHHKA pabOoThI; Touka O COOTBETCTBYET
napameTpam cpelsl P, T, .

Kak u B mpeasiayiemM npumepe, OyaeM cuuTaTh, 9TO MPOIECC UAET M0 TE€X MOp, MOKa B
CHCTEME HE YCTaHOBHTCS paBHOBecHe. BO3MOXXHBIMH 0OpaTUMBIMH MTPOIIECCAMH TTPH HAJTUYHH B
CHCTEME JIMIIb OJHOT0 HCTOYHMKA TEIUIOTHI C HEM3MEHHOH TeMmepaTypoil MOryT OBITh
anuabaTHRIA M HM30TEPMHYECKUN Tporecchl. [lo3TOMY eIMHCTBEHHBIM BO3MOKHBIM
0o0paTUMBIM TYTEM IEpexoja MCTOYHHKA paboThl M3 COCTOSHHUS 1 B paBHOBECHOE CO Cpenon
coctosiare O siBjsieTcst aqnadaTHOe paclIMpeHue U3 HAYaIbHOTO COCTOSIHUSI JI0 COCTOSIHUS C

TeMmneparypoil cpensl T, (agmabGara 1-a) u JajdbHelillee cxKaTHe TNPH HeU3MEHHOI

temnepatype T, (u3otepma a-0).



Tak kak B mporuecce anuabaTHOro pacimupeHus l-a naBieHune HUCTOYHMKA pabOThI BCe
BpeMsl MeEHbIIE MAaBICHUS Ccpelbl [,, TO cOBepllaeMas B 3TOM Ipolecce paboTa rasa,

9KBHBaJCHTHAs Tutomaan l-a-c-e-1 (agmabara), MeHbIe pabOTHI, SKBHBAIICHTHON Tutomaan 1-d-
c-e-1 (n3006apa), KOTOPYIO HY)KHO 3aTPaTUTh Ha CXKAaTHE CPE/bl C MOCTOSHHBIM JaBICHUEM [ .

CJ'IC,Z[OBaTeJ'H:HO, B JaHHOM cnyqae HC TOJIBKO HE€ MOXKCT GBITB HpOI/IBBeI[eHO HHKaKOﬁ HOHCBHOﬁ
paboThl, HO A OCYyIIECTBJIICHHS Tporecca l-a, HaoOopoT, HeoOXoauma 3arpara padoTHI,
OKBUBAJICHTHOW 1womaagn 1-d-a-1. MoXHO mpeacTaButh cebe, YTO HeoOXoaumas Jyis
MPOBEJCHUS JTOrO TMpollecca paboTa BpeMEHHO Oepercs W3 KaKoro-Tm0o BHEITHETO B
OTHOUIICHUH pPacCMaTpPHBAEMON CHCTEMbl MCTOYHHMKA (Hampumep, 3a CYET JBIIKCHHUS MOPIIHS
co31aéTcs HeOOXOUMOE Pa3psKEHNUE).

[Iponiece m3oTepmuueckoro cxkatust a-0 Tpebyer 3aTpaThl pabOThI, SKBHUBAJICHTHOM
wiomanau a-0-b-c-a. Pabora sta Moxer OBITh MpOM3BEAEHA CPEIOi, HEU3MEHHOE IaBICHHE
KOTOpO# P, Ooblle NaBiIeHHs HCTOYHHKA paboThl (OoJbliee MaBiIeHHE OKpYXKaioieil cpelsl

NPUBOJINT B JIBU)KEHHE MOPILICHb, paHee NePEIBUHYTHIH 3a CUET BHEUIHEI0 UCTOYHHMKA PabOThI).
[TockonbKy IaBlleHHE OKpY’Karolled Ccpeasl HE H3MEHSeTCs, TO paboTa, KOTOPYIO MOXKET
COBEpUIUTh Cpefa B M300apHOM Ipolecce [P, = CONSi, Gonblie pabOThl Ha M30TEPMHUUYECKOE

ckatue T, = CONS! Ha BeJIMYUHY, SKBUBAICHTHYIO utontaau d-a-0-d.

OueBUIHO, YTO HMCKOMAas BEJIMYMHA DKCEPrHM pPaBHA PA3HOCTH H30BITOYHON pPabOTHI,
skBHUBajeHTHOU momaau d-a-0-d, u paboThI, 3aMMCTBOBAaHHOM paHee y BHEIIHErO HCTOYHHUKA U
SKBUBAJICHTHOMU ruiomaau 1-d-a-1.

Kak u B mpenpigyimem npuMepe, BennuuHy E, MOXKHO onpenenuTs HEMOCPEICTBEHHO U3

ypasuenus (1). IlepBoe cimaraemoe 3TOro ypaBHEHHs MpEACTaBIIET co00# paboTy aanadbaTHoro
paclipeHus Mexay TeMmneparypamu [, U T, BHE 3aBHCHMOCTU OT 3HAYEHUH HAa4aIbHOIO W

KOHEYHOro JaBjieHuil. Btopoe crnaraemoe ypaBHenusi (1) mpencrasisier co0oii TEIIoOTY,
COOOIIICHHYIO OKPYXKAIOIIEeH Cpene MCTOYHUKOM padoThl. Tak kKak B agumabaTHOM Tpoliecce
TEIUIOTa OKPYXKAIOLIEH cpele He mepenaércs, TO TeIloTa, COOOIeHHas: cpelie paBHA TEIUIOTe,
nepeJaHHOM B M30TEPMHUUYECKOM Ipoliecce, KOTopas paBHa paboTe cxKaTHsl B 3TOM IpoOIiecce.
Haxkownen, nocneauuii wien ypaBHeHus (1) sxBuBasieHTeH miomaau 1-0-be-1.

Ecnu ncxoaHast U30JMpoBaHHAs CCTEMA HAXOAUTCS OTHOBPEMEHHO M B MEXaHHYECKH H
TepMHYeCKH HEPABHOBECHOM COCTOSIHMU C OJHUM MCTOYHHMKOM TeILIOTHI, TO M0 aHAJIOTHH C
NPEIBIAYIIMHU PACCYXACHUSAMH MOXHO TOKa3aTh, YTO MaKCHMallbHas Moje3Has pabota Oyzaer
COOTBETCTBOBATH IUJIOLIAJAN OTPAHUUEHHOM JBYMsI M30T€pMaMU U JByMs anuabatamu. Jpyrumu
CJIOBaMH, SKCEeprus B TaKOU crcTeMe paBHa pabore oOpaTtumoro mukia Kapro:

T
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IMockonbky numkn Kapuo mnpencrasisier coboii Hambonee 3¢ddexTuBHBIN cr1ocob
npeoOpa3oBaHus TEIUIOTHI B pabOTy BHINIE PACCMOTPEHHOE COOTHOILICHHUE JUIS YKCEPTUH YacTo
Ha3bIBAIOT IKCEPrHei TEMI0THI 1 0003HavaT E .

2. TPETBE HAYAJIO TEPMOAUHAMUKHAU

Temneparypa ecTb Mepa MHTEHCHUBHOCTH TEIUIOBOIO JIBUXKEHHS YacTHUI[ BEIIECTBA. JTO
no3Boiuiio Hoapuery B 1906 romy mnpeamonoxuTth, 4yTO € NPUOIMKeHHEeM al0CoJIOTHOM
TeMIEepPaTyphbl K HyJII0 HHTEHCHBHOCTD TEIJIOBOI0 ABHKEHUS] M SJHTPOIHUS TOKe CTPEMATCSH
Kk HyJ10. B 1911roay Ilnank pa3Buil 3TO MOJIOKEHUE IO YPOBHS 3aKOHA.



JlanHOE MpEANooKEHNE, COTJIacylolleecss C OMbITOM, HO HE MOJJAIOLIEECcs OIBITHOMN
mpoBepke, 100 aOCOTIOTHBIN HYJIb TEMIIEPATyphl HEAOCTIXKUM U3-3a HEOOPATUMOCTH peallbHbIX
MPOIIECCOB OXJIAXK/ICHHS, HOCUT Ha3BaHUE TPEThEro 3aKOHa (Havyalsia) TePMOJIUHAMHUKY:

imS=0 3)

Ha ocHOBE 3aKOHOB TEPMOAMHAMMYECKOIO PABHOBECHS, COXPAHEHUS DHEPIHUH,
BO3PACTaHMUsA SHTPONUHM M CTPEMJICHUS SHTPONMU K HYJIIO MO Mepe MaJeHHs abCONOTHOU
TEMIIEPATYPHI, Ha3bIBAEMBIX COOTBETCTBCHHO HYJIEBBIM, IIEPBBIM, BTOPBIM U TPETHUM HadaJlaMU
TEPMOJMHAMMKNA M TOATBEPXKACHHBIX MHOTOBEKOBBIM OIIBITOM YE€JIOBEYECTBA, CTPOUTCS
JIOTUYECKUI U MaTeMaTUYECKUH anmnapar TEPMOAMHAMUKH.

3. IMODPEPEHIINAJIBHBIE YPABHEHUSA TEPMOJAUHAMUKAU

B mpenpinymux Jneknusx Mbl cOpMyIHpoOBaIM OObEIUHEHHOE ypaBHEHHE IEPBOrO U
BTOPOT'0 3aKOHOB TEPMOJIMHAMUKH, UMEIOIIIEE CIACAYIOIIMNMI BU!

TdS= du+ dL 4)

[IpuMeHssT 9MCTO MaTeMaTHYeCKHE METOJbI, MBI MOKEM Ha OCHOBE 3TOTO YpaBHEHUS
HO.Hy‘II/ITI: COOTHOIIICHHUA, yCTaHaBHI/IBaIOH_II/IG CBs3HU MG)KI[y paS.HI/I‘-IHBIMI/I TepMOI[I/IHaMI/I‘-IQCKI/IMI/I
CBOMCTBaMH BEIIECTBA.

Bce tepMoavHamMu4ecKre BEIUYMHBI MOXKHO IMOAPA3ACIUTH HA JBE TPYNIBl - (PYHKIHH
npouecca u PyHKIHH COCTOSTHHS.

@dyukouu mpomecca (HampuMmep, padoTa M TEMJIOTA) ONPEICISIOTCS XapaKTepoM
npolecca U3MEHEHUs COCTOSHUS TEPMOAMHAMUYECKON CUCTEMBI.

@DYHKIMH COCTOSHHUSI OJHO3HAYHO OIPEAEIAIOTCS IapamMeTpaMu JaHHOIO COCTOSHUS.
CnenoBarenbHO, U1l onpezeseHuss U3MEHEHUsI QYHKIIUU COCTOSIHUS HEOOXOIMMO 3HATh JIMILb
3HaYeHHs 3TOM (YHKIMM B Hadaje M B KOHILE Ipolecca. XapaKTepHOe CBOMCTBO (yHKITHIA
COCTOSIHHS 3aKJTFOYACTCS B TOM, YTO UX AudepeHnnan apiasercs moaHbM TudepeHInaioM.

N3 wmaremarmdeckoro aHaims3a s TOJHBIX guddepeHnmnanoB QGYHKIUH — JBYX
nepeMeHHbIX Z = f(X,Y) M3BECTHBI CACAYIONINE MPaBHUIIA;

Omnpenenenne noiaHoro nuddepeHimana:

dz=(§5j dx+ 9z dy (5)
ox ), ay ),
3HaYeHHEe CMEIIaHHOM MPOM3BOAHOM HE 3aBUCHUT OT NOpsiiKa u(PepeHIMpOBaHUS:
0’z 0°z
= : (6)
0oxoy 0yox
OTKya Jiy1s mosiHoro auddepeHnnana cieayer:
dz= Mdx+ Ndy, | M =(6—Nj )
ay ), \ox ),

CBsI3b YaCTHBIX MPOU3BOJHBIX ISl PYHKIIUHU JABYX NEPEMEHHBIX:

oz (ﬂj (%j _ 1 8)
dy ) \ox J,\ 0z ),



Cnencreue u3z popmyisl (5) npu auddepeHurpoBanuu €€ Mo X NpU MOCTOSHCTBE KaKOro-

160 mapamerpa & = Const:
BREREIE]
ox Jg \0x), \0y) \ox/;

Hcnonb3ys Beipaxenue (8) ierko mokasaTh, 4TO s JIFOOOM TPYIINbI TEPMOIMHAMUYCCKUX
byHKIMH, ABIAIOMUXCS PYHKIHUSIMH [TapaMeTPOB COCTOSIHUSI, CIIPABEITIMBBI COOTHOILICHUS:

mis p,v, T (QBJ (QIJ (QX] =-1
oT ), \ov )\ 0p J;

ap) (0T (oS
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W3 tepmoamnamuueckoro Toxaectea (4) B Buge du= Tds— pd\ ¢ yuéToM H3II0KEHHBIX
MaTE€MaTU4YeCKUX COOTHOILIEHUN MOXHO IOJIY4YUTh Ipynny Au(¢epeHIHaJIbHbIX YPaBHEHHH

MakcgeJiia:
; (ﬂ’j Sfal (11)
0s/r \dp),

S (55 (9155

N3 TepMOAMHAMHYECKOrO TOXIAECTBA € YYETOM NPUBEAEHHBIX MAaTEMaTUYECKUX
COOTHOIIICHUH U ypaBHEHUN MakcBeIia Jjisl U30TEPMUYECKOTO IIPOIecca CIEayeT:

- 3aBUCUMOCTh BHYTPEHHEH SHEpruu OT yAeNbHOro 00bhEMa:

o) (0 _
()75 @

- 3aBUCHMOCTb BHYTPEHHEH YHEPIUU OT JNABJICHMUS!

ou) _ _pfov) _ (v
(a—pl‘ T(aTl "(apl 49

- 3aBUCUMOCTD DHTAJIBIINU OT YACJIBHOI'O 00BéMa.

IR @
ov J; oT ), ov ),
- 3aBUCUMOCTB DHTAJIBIINH OT OJABJICHUS.
oh =v—T(ﬂj (15)
op ), 0T ),
Hexoropsie mpon3BOIHBIE OT SHTPOIUU:
ou), T \ov), T \oh), T (dp), T

HexoTopble COOTHOIIEHUS 11 TETUIOEMKOCTEM
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Muorue u3 npuBen€HHbIX AU GEepEeHITUATBLHBIX YpaBHEHUNH OyayT HaMH HMCIOJIb30BaHBI

npu pacCCMOTPCHHUU B MOCICAYIOIHNX JICKIUAX 0oJiee CIIOKHBIX TCPMOANHAMUYCCKUX CUCTCM —

MHOFO(l)aSHI)IX CUCTEM, CHCTEM C TICPEMCHHBIM KOJIMYECTBOM BCIIECCTBA, XHMUUYCCKH

pearupyrommux CUCTEM U Jp.



4. BOITPOCHI AJIA JZMCTAHIIMOHHOI'O OCBOEHUA JIEKIIUA

1. Kakoii u3 Tpéx ciaraembix B (opMyJsie pacuéra SKCEpriuu 3aHyISIETCS TPH pacyéTe paboTh
MEXaHUYECKH HEpaBHOBECHOW CHCTEMBI?

OrtBerT:

2. Kakue 13 4aCTHBIX MPOLIECCOB MOTYT OBITh PeaJIN30BaHbl 00PAaTUMO B HEPAaBHOBECHOM
M30JIMPOBAHHON TEPMOAMHAMHYECKOM CHCTEME C OTHUM HCTOYHMKOM TEIUIOTHI?

OrtBerT:

3. 3anumute popMyny pacuéra IKCEPrui MEXaHUIECKH U TEPMHUUECKH HEPABHOBECHON CHCTEMBI
M30JIMPOBAHHOM CHCTEMBI C OJTHUM HCTOYHUKOM TEIJIOTHI.

OrtBerT:

4. Chopmynupyiite TpeThe Ha4aI0 TEPMOJMHAMUKH.

OrtBerT:

5. 3anummTe pacuimpeHHoe ypaBHeHne Maiiepa, cipaBeisTuBoOe ISl IIOOBIX JKUJIKOCTEH,
peanbHBIX Ta30B U UICATBHOTO ra3a, MoJy4eHHOE Ha OCHOBE AU(PepeHIINATbHBIX YPaBHEHUN
TEPMOJMHAMUKHU.

OrtBerT:

damvumug Uma OtuecTBO:

I'pynna:

IToamnuce:

Jara:




