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Таким образом, энтропия-параметр системы, характеризующий переход энергии в тепло.
[image: ][image: ][image: ]
image1.png
Qu3nuecKne BeJHUMHB], XapaKkTepH3yloHe MaKPOCKOMHUecKHe
COCTOSIHHSI TEJ, Ha3bIBAIOT mepmodunamudeckumu. Cpefn 3TUX BelH-
YMH €CTb TakKHe, KOTODhe Hapfay C TePMOJHHAMHYECKHM HMEOT
TaK¥e M YHCTO MEXaHMYEeCKMHl CMBICH; TaKOBBI, HAMPUMEP, SHEPrus
1 o6beM. CylecTBYIOT, OJHAKO, W APYIOre poja BeJHYHMHH, IO-
ABJIAOUIHECS HMMEHHO KaK DPe3y/bTaT YHCTO CTATHCTHYECKHX 3aKOHO-
MepHOCTefl M BOOOmIe He HMeIollHe CMEIC]a B NPHUMEHEHHH K HeMa-
KPOCKOMHYECKHM CHCTEMaM; TaKoBa, HalpPHMep, SHTPOMHUSA.

B jpanbuefimieM Mbi BBeeM LEJbi PSiI COOTHOWIEHHI MEXAy Tep-
MOJMHAMHYECKHMH BeJHYHHAMH, KOTODble HMEIOT MECTO He3aBHCHMO
OT TOro, K KaKHM HMEeHHO KOHKDETHBIM TeJiaM 3TH BeJHYMHB OTHO-
carca. Takue COOTHOWIEHUS HA3HIBAIOT TePMOAMHAMMYECKHMH.

Ilpn WCHONB30BAHMM TEPMOAMHAMHYECKHX BEJHYHH OGBIYHO He
MPeJCTaBAAIOT HUKAKOro HHTepeca Te HHUYTOXKHBE (QIYKTYalHH, KO-
TOpble OHH HCHHLTHBAIOT. COOTBETCTBEHHO 3TOMY MBI M OyjeM IoJ-
HOCTBIO NpeHeOperath sTHMH QIYKTYalHSIMH, PacCMaTPHBAS TEPMOJIH-
HaMuuecKHe BeJMUMHBI KaK MEHSAIOMHEeC JHHIb [PH HM3MEHEHHHU
MaKpPOCKONHYECKOIr0 COCTOSTHHA TeJal).

PaccvoTpuM jgBa Tesa, Haxoisquecid B TENJOBOM paBHOBeCHHU
JpYT ¢ gpyrom, mpuyeM o0a Tesja BMecTe COCTABJAIOT 3aMKHYTYIO
cucreMmy. Torma sHTponus S 3TOH cHCTeMH uMeeT HauGosbinee BO3-
MOXKHOe ([IpH JaHHOH 5Hepruu E cHcTeMbl) 3HaueHue. DHeprus E ectb
cymma sHepruit E, n E, xaxjoro u3 ten: E=E,+E,;. To xe ca-
MOe KacaeTcsl SHTPONHMH S CHCTeMEl, NpHYEM SHTPONMHA KaxKJIOro u3
Tes ABafeTcs GyHKIUeH sHepruy 31010 XKe Teq1a: S =S, (E,) + S,( E,).
ITockoabxy E,=E—E,, tae E—rnocrofiHHasd, 10 S ecThb B feficTBH-
TeJLHOCTH QYHKIMA OJHOHN He3aBHCHMOH MepeMeHHOH, U HeoGXoguMoe
ycJIoBHE MAaKCHMyMa MOXHO HamMcaTb B BHje :
dS _ dS, | dS, dE, _dS; dS,
@, = aB, G, GE, T A aE,
OTKYIa

ds, _ ds,
dE,  df,
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Aror BHBOA 6e3 Tpyaa o6ofumiaercs Ha cayda#i J060ro 4ucja Ted,
HAXOAAUUXCA B PaBHOBECHH JAPYL C JIPYroM.

Takum o6pa3oM, ec/M CHCTeMa HAXOAHTCHA B COCTOSIHHH TE€PMOJH-
HAMHYECKOro PaBHOBECH{, TO NPOH3BOAHAA IHTPONHUU [0 FHEPTHU AJd
BCEX €€ YacTeld oJjuHaKoBa, T. €. NOCTOSHHA BJOJAb BCEll CHCTEMHL.
BesnuuHy, o6paTHyl0 NPOH3BOAHOH 3SHTPONHHM Teaa S TO ero 3Hep-
rud E, HasHBaOT ero abcoaomnoll meunepamypoti, HiIH TIPOCTO TeM-
neparypoi T:

1
> ©,1)

S

Temneparypul Tes1, HaXOAAIUXCA B PAaBHOBECHH ApPYT ¢ APYroM, cJje-
JoBaTeNbHO, OFMHAKOBHL T,=T,.

Kak u suTponufl, TemMneparypa fBJgercs, OYeBHAHO, BeJHYHHOH
YHCTO CTATHCTHYECKOTO XapakTepa, HMEIIEell CMBIC/ HCKJAIOUHTENbHO
11 MaKPOCKONUYECKHX TeJl.

PaccMoTpuM, zanee, JBa Tesaa, COCTaBJSIOUIHE BMeCTe 3aMKHYTYIO
CHCTEMY, HO He HaXxojdllHecs B paBHOBECHH ApYr c Apyrom. Hx
temnepatypel T, u T, pasauynel. C TeueHneM BpeMeHH MEXKIY TeJaMu
6yneT yCTaHAaBJIHBATBHCA DPABHOBECHe, NPUUYEM HX TeMmeparyphl OyIyT
nocTeneHHo BrlpaBHuBaTheAl. Mx obmas surponns S =S, + S, flomxua
npu 3TOM BO3pacTarh, T. €. €€ IPOH3BOZHAA MO BPeMeHH IOJOXKH-
TeJbHa:

ds _ d81 azs2 _ds, dE1 ds, dE,
F=a T @ =aE @ Tar a0

ITockonbKy noJinas HEPrus COXpaHSETCs, TO + —2 =0, TaK 4to
dt

dS _(dSy  dS,\dE; _ (1 1 dEl 0.
di —\dE, dE,) di \Ty T, >

[TycTb TemmepaTypa BTOpOrO T€Ja BhIllE TEMIEPATYphl NEPBOro
(T,>T,). Torma dE,/dt > 0 (coorerctBenno dE,/dt <0). Ipyrumu
CJ0BaMH, SHEPrdf BTOPOTrO TeJA YMEHLINAETCS, a HEPrusf NepBOro
yBeuuuBaeTcs. 3T0 CBOHCTBO TEMIEPATYPH! MOXKHO cHOpMYAHPOBAThH
TaK: HEPrus NepexXoiuT Ot Ten c Gojee BHICOKOH K TesaaM ¢ GoJee
HHU3KOH TemIeparypol.

durponna S ecrb GespasmepHasd BeauuuHa. IlosTomy u3 onpegme-
jgeuns (9,1) crenyer, uro TemnepaTypa MMeeT Pa3MEPHOCTb IHEPTHH
H NIOTOMY MOXET H3MepsAThbCH B €JHHUNAX 3HEPruH, HANpHMep B 3prax.
Onnako 3pr okaswiBaercss B OGHIUHBIX YCJAOBHAX CJHMIIKOM GOJBIION
BEeJTHYMHOH W Ha NPAKTHKE NPUHATO M3MEpsiTh TEMIEparypy B OCOGHIX
€INHHIIAX, HA3LIBAEMBIX 2padycamu Keavsuna MM NPOCTO 2padycami.
IMepesopnoit KoapdUIUENT MEXAY 3pramMH H TpajycaMu, T. €. HHc-
Jo 3proB B rpajyce, Ha3bIBACTCA NOCHMOAHHOL BoAbYMOHG W
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o6o3tayaeTca oObuHO GYKBOH k; oHa papHal)
k=1,38-10"1 3pz/epad.

Mar yenosuMes B masbHefimeM Bo Bcex GopMYJIax NOApas3syMeBaTthb
TEMIEpaTypy H3MEPeHHOH B sHepreTHYecKux epupunax. as nepe-
X0ia NPH YHCJIEHHBIX pacyerax K TeMnepatype, W3MepeHHOH B Ipa-

Aycax, HOcTaToyHo mnpocto 3ameHuth 1 Ha ET. [loctosinnoe e
HCNONb30BaHNE MHOXHTENS k, eJMHCTBEHHOE HA3HAYEHHE KOTOPOro
COCTOHT B HaNnoOMHHaHHH 00 YCJIOBHBIX €IMHHIAX H3MEpEHHS TeMe-
PaTyphl, JHLIL 3aTPOMOXKAAN0 Obl (GOPMYJIH.

Ecnu noab3oBaTthest TeMmepaTypo#l B rpagycax, TO BO H3bexaHHe
NOSIBJIEHNUS] TOCTOSHHOH £ B OOLIMX TepMOAMHAMHYECKHX COOTHOIUE-
HUAX IPHHATO BBOZUTb 5TOT MHOKHUTENb TaK¥Ke U B ofipenenenue

SHTPONHH, Hanoucans
S=FkIn AT 9,2)

pmecto (7,7). Torza dopmyna (9,1) ompefesleHuss TeMNeparyphi,
¢ Hel0 W Bce OGIIHe TEPMOZMUAMHUECKHE COOTHOIIEHWS, MOJYyYaeMble
HUXKE B 3TOM rJjaBe, He M3MeHATCS NDH NepeXxofie K rpazycam.
TakuM 06pasoM, NpaBuJIo nepexosla K rpajycaM COCTOHT B 3aMeHe
B opMyaax
T—kT, S—3. (9,3)
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§ 10. MaxkpockonH4ecKoe ABHKEHHE

B orsudne OT MHKPOCKOMUYECKOTO ABHIXEHHS MOJEKYJ, MaKpo-
CKONHYECKHM Ha3bBaloT JBHZKCHHEC, B KOTOPOM Yy4aCTBYIOT KaK IeJioe
OTAeJIbHble MaKPOCKONHYECKHe 9acTu Tesa. PaceMoTpuM Bompoc o Bos-
MOMKHOCTH MaKpOCKONMH4ECKOTO JABHMKEHHS B COCTOSIHHM TePMOIMHA-
MHYECKOIO PaBHOBECHS.

Pasnenum Teno va GOJIbIIOE YHCJAO MAJBIX (HO MAKPOCKOTIHYECKHX)
vacrelt, 1 nycts M,, E,, P, 0603Ha4aioT Maccy, SHEPIHI0 H HMIYJLC
a-# vactd. JuTponua S, KaXAOH 4YacTH eCTb (YHKUHS €€ BHYTpeH-
Hefl 3HEPruW, T. €. Pa3HOCTH MeXAy ee moaHofi smepruet E, u
KMHEeTHYecKoll snepruet PZ/2M, ee MakKpOCKONMHYECKOTO JBHKEHUs 2).
IMosToMy nOJIHYI0 3WTPONMIO TeJa MOXKHO HANKMCATL B BHJE

2
s=Ys, (Ea -—54—) (10,1)
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Byaem npeanonarate Tesao samMkuyTeiM. Torla Hapsjly c sweprued
COXPAHSAIOTCH NOJHBIA HMIYJbC ¥ HNOJHLIT MOMEHT MMOYyJbca Tena:

2 P,=const, X [r,P,]= const (10,2)
a a

(r,— paluyCLI-BEKTOpHl YacTeil Tesa). B cocTOAHUH paBHOBECHS MOJ-
Has sHTponusi S Tesa kak GYHKUHA HMOYJbcoB P, HMeeT MakCHMyM
NpH JONOJHHTENbHBIX ycaoBHsX (10,2). Caexys ussecTHoMy MeTony
HeonpeJleIEHHBIX MHOXHuTeNeH Jlarpanika, HafiieM HeoOXOUMEIE YCJIO-
BHS MaKCHMyMa, NpHpPaBHSB HYJIO NPOM3BOAHEE N0 P, OT cyMMEL
2 {Sa + apa + b [rapa]}? (10’3)
a
rie a, b—nocroannsle BexTOpHl. Huddepernuposasne S, no P, 1)
JacT B CHJY ONpefieNieHHS TeMIepaTyphl:

2
P
é_f)':sa(Ea_____a_):_.._e_=_!g

(v,=P,/M,—ckopoctb a-it yactu Tena). Ilostomy, Audipepenuupys
(10,3), waitiaem: —v,/T+a—+[br,]=0, uiu

v,=u-+[Qr.], (10,4)
e u=7Ta, Q =Tb—nocTofiHHLIE BEKTOPEI.

IMonyuennslit pe3yapTaT uMeeT npocTol Pusuueckuii cMeica. Ecau
CKOPOCTH BCeX uacTell Tesa ompenensiorca gopmyJoit (10,4) ¢ oau-
HAKOBHIME AJIf1 BCeX dacTedl u ¥ Q, TO 3TO 3HAUHT, UYTO Mbl HMeEEM
JeJI0 ¢ NOCTynaTeJbHBIM ABHXKEHHEM Tesla KaK HeJOro ¢ NOCTOSTHHOH
CKOpPOCTBIO U1 U €r0 BpallgHHeM Kak NeJoro C NOCTOSIHHOH YTJIOBO#
ckopocthio Q. Takum o6pasom, Mbl IPHXOAHMM K CYHICCTBEHHOMY pe-
3yJbTaTy: B TEpPMOJHHAMHYECKOM paBHOBECHH 3aMKHyTasi cHCTeMma
MOXeT COBePIIaTh JHIb PAaBHOMEpPHOe MOCTyNaTe/bHOE H BpalllaTe/ib-
HOe JBMIKeHHe KakK LeJoe; HHKAaKHe BHYTpPeHHHe MAKPOCKONHYECKHe
JIBHXeHHA B COCTOfIHMH DABHOBECHs HEBO3MOXHEI ?).

B paabmeiinieM MH GyJeM oOuluHo paccMaTpuBaTb HeNOJBHXKHEIE
TeNa; COOTBETCTBEHHO, 3Heprus E OyJeT NpeACTaBisiTbh COGOH BHYT-
PEHHIOI0 3HEpTHIO Teha.

Jo cux nop Hcmosb30BaJ0CH JHLb HEOGXOAMMOE YCJIOBHE MAaK-
CHMaJbHOCTH 3HTPONMHH Kak QPYHKIHH HMIY/AbCOB, HO He JOCTATOUHOE

1) ITpousBogHYIO MO BEKTOPY HAJAO NOHHMATh Kak BEKTOP, COCTABJIOUINE
KOTOPOrO paBHBI NPOH3BOZHBIM IO COCTABJSIOWUM BEKTOPA, 10 KOTOPOMY IPOU3-
BORHTCS pH(ppepeHi HpoBaHue,

2} Bo uabexkanue HefopasyMeHHi OTMETHM CYLleCTBYyIOIiee HCKJIOUeHHe U3
3TOTo NpaBHJa: CBepXTeKyyuil >KRAKHH resnfi He MoXeT Bpamatecs Kak IleJIoOe.
dro saBiaenne 6yjeT paccMOTpPeHO B APYrOM TOMe 5TOTO Kypca; 31ech YKaXKeM
JEflb, YTO [POBeJileHHOE AOKAa3aTeJbCTBO B 3TOM CJyyae HENPHTORHO TaK KakK
pacnpejeaenne ckopocrefl NOguHHAETCS JONOJHATENBHOMY YCAOBHIO (TOTEHIHAdb-
HOCTH CBepXTCKYUero [BHMKenHs), NPH KOTOPOM H [OJIXeH OTHCKHBATbCH MakK-
CHMYM 3HTPOIHH,
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ycJoBHE, HajlaraeMoe Ha €€ BTOpble NpOH3BOAHHIE. JIerKO BHIETH,
4TO TOCJeqHee NPHUBOZHT K BecbMa BajXHOMY 3aKJ/IOYEHHIO O TOM,
YTO TeMllepaTypa MOXKeT OHTb TOJBKO NOJOXKHTENbHOH: T >01).
Has atoro Her paxke HeoGXOZMMOCTH QaKTHYECKH BHIYUCJATH BTOpPHIE
NpPOH3BOAHbIE, a JOCTATOYHO MPOU3BECTH CJAELYIOUIEe pacCyXIeHHE.

PaccMoTpuM HeNMOZBHIKHOE KaK Ilesloe 3aMKHYyToe Tesio. Ecau 6B
Temneparypa Obi1a OTpPULATENBHOH, TO 3HTPONHS Bozpacrana Gbl NpH
YyMeHDbIIEHHH CBOETo apryMenta. BBuay cTpemsieHHSl SHTPONHH K BO3-
pacTaHHIO TeJO CTpPeMHJIOCh ObI CAMOTPOM3BOJIBHO pAacHacThC Ha
passieraromuecst (¢ cymMMapHbIM uMmnyJascom 3 P,=0) uacTH, Tak
yToOH apryMeHT Kaxnoil u3 S, B cymme (10,1) npuusaa no Bo3MOX-
HoCTH MaJjioe 3Hagenue. Jpyrumu chaosamu, npy T <0 Obuio Owi
BOOOIIE HEBO3MOXKHO CYILECTBOBAHHE PABHOBECHHX TEJ.

OrMeTHM, ogHako, yiKe 37ech Ciaeqyoliee o6CTOATENLCTBO. XOTS
TeMIepaTypa TeJa KAH KakoH-lH00 erc OTHAENbHOH YacTH HHKOrJa
He MOXSBT OBITh 0TpuuaTeanoﬁ, MOT'YT 0Ka3aTbCs BO3MOXKHBIMUY TAKHEC
HeNoJIHble PaBHOBecHs, NPH KOTOPHIX OTpHUIATE]bHA TEMIOEpPaTypa,
COOTBETCTBYIOMASl ONpPEReJICHHOR YacTH cTeneHell cBoGonb Teja (moj-
pobuee o6 3ToM cM. § 73).




