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B § 9 paBencrBo temnepatyp. Ilns 3TOrO paccMorpuM jBe CONpHKA-
caloll¥ecs YacTH Haxojsumedcd B PAaBHOBECHH 3aMKHYTOH CHCTEMEL.
Onuim 13 HeOGXOAMMBIX YCIOBHI MaKCHMaJIbHOCTH 2HTPONHH ABJSIETCS
yCJIOBHE MAKCHMAJIbHOCTH N0 OTHOLICHHIO K H3MeHeHHIo o6bemoB V, u
V, 3THX IBYX uacteil IpH HeU3MEeHHLIX COCTOAHHAX OCTaJNbHLIX YacTel;
HocJeHee 03HAYAeT, B YACTHOCTH, YTO OCTAETCs HEHM3MEHHOH K CyMMa
V,+V,. Ecau S,, S,—>3utponuu obeux 4acTel, TO HMEeM

S _ 0S| 0Sy0V, _3S; aS, _

oV, OV, T av,av, oV, Vs
Ho u3 cootHomenus (12,3), mepenucanHoro B Biae

1 P
dS=—-dE 474V,

BunHo, uto 0S/0V = P/T, tak uro P,/T,=P,/T,. Tak kax Tem-
nepatypul T, u T, IpH PaBHOBECHH OZUHAKOBHL, TO MBI MOJYyYaeM
0TCIoZla HCKOMOE paBeHCTBO paaBJjeHuit: P,=P,.

CnenyeT uMeTb B BHJY, UTO TPH YCTAHOBJEHUH TENJOBOTO PaB-
HOBECHSl PABEHCTBO NABJEHHH (T. e. MeXaHHYeCKoe paBHOBECHe) yCra-
HaBJ/MBaeTcsl ropasno GeiCTpee, YeM paBeHCTBO TeMIepatyp; NOITOMY
9acTo0 BCTpevaloTesl CAydau, Korja jaBjeHHe BOJL TeJa NOCTOSTHHO,
XOTSl TeMneparypa H He nocTosiHHa. [lejo B ToM, YTO HelOCTOSHCTBO
JaBJEHHS CBf3aHO C HaJHMYHeM HEKOMNEeHCHPOBAHHBIX CHUJ, NPHBOMA-
mHX K MOSBJEHAI0 MAKPOCKONHYECKOro NBHMKEHHH, BhIpaBHHUBAIOLIEro
LaBJjeHHe ropasjo OhICTpee, YeM NPOMCXOLUT BHIPABHHBAHHE TeMIe-
paTyp, KoTopoe He CBA3aHO C MaKPOCKOMHYECKUM IBHIKEHHEM..

JIerko BHIeTh, YTO BO BCAKOM DABHOBECHOM COCTOSTHVH JRABJIeHHE
TeJa JO0JKHO ObiTh NoJoXKUTEALHBIM. [leficTBuresbHo, mpu P >0
nmeeM (0S/9V)g > 0, u suTponus Morda Obl YBEJIHYUTHCS JHIb TPH
paclupeHHH TeNa, 4YeMy, ORHAKo, MemaloT OKpYXKalomue ero Ttena.
Hanporue, npu P <0 6wuio 6wl (3S/0V)g < 0, H Teno cTpeMujoch
Okl CaMOTPOU3BOJILHO CHKUMATBCS, MOCKOIBbKY 3TO CONPOBOXKNAIOCH
6bl BO3pacTaHUEM IHTPONHUH.

Hmeercs, oxanako, cymecTBeHHOe pas/nyue Mexny TpeGoBaHHAMH
TIONIOMXKHUTEIbHOCTH TeMNepaTypsl H NOJIOXKHTEJbHOCTH AaBJjaeHud. Tena
¢ oTpuuaTesbHOH TeMnepaTypoil Obili Obl COBEPLIEHHO HeYCTOHYHBbI
U BooOmle He MOTYT CYINECTBOBaTh B npupojne. CocToAHHA ¥Ke (He-
paBHOBECHBIE) € OTPHIATENbHBIM JaBJAeHHEM MOLYT OCYUIECTBIATHCS
B mnpupozme, obGranas orpaHuueHHOH YycTohuuBOCTBIO. [eqo B TOM,
4TO CAMONpPOHM3BOJBHOE CXATHE Tesa CBA3aHO € €ro «OTPHIBOM» OT
CTEHOK COCyZla uau ¢ ofpa3oBaHHeM [oJocTefl BHYTPH HEro, T. e.
¢ o6pa3oBaHHeM HOBOI NOBEPXHOCTH; 210 OOCTOATE/ILCTBO H IPUBONHT
K BO3MOXKHOCTH OCYINECTBJEHHSI OTpHIATEJbHHIX HABJIEHHA B TaK
HA3BIBaeMBIX MeTacTaGHABHEIX COCTOSIHHAX 1),

1) O6 ompelejeHdd MeTacTabuAbHHX cocTostHu# cM. § 21; 06 OTPUIATENBHEIX
IaBJIEHUSX CM. TRKXe NpuMedaHue Ha crp. 285,
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§ 13. PaGora H KousHuecTBO TemJa

TIpunoXeHHEIE K TeJIy BHEMIHHE CHJIH MOTYT NMPOU3BOAHTL Haj
HUM pabomy, KOTopas omnpefensieTcs no obmUM NPaBHIaM MeXaHHKH
NpoM3BeJEeHUSMH 3THX CHJ HA BHI3LIBaeMble MMH repeMelieHusi. Srta
paboTa MOXKeT TPAaTHThCS HA NpPHBEJEHHE Tesla B COCTOSTHHE MAaxpo-
CKOTIHYECKOTO ABUXKEHHS (BoOOLIE HAa H3MEHEHHE €f0 KHHEeTHYEeCKOH
SHEPTHH), HA [epeMelleHne Tesa BO BHeliHeM noje (HanmpuMep, Ha
NONHSTHE ero B moJie TsiKecT#). Hac, ogHako, 6ymetr GoJjbine BCero
HHTepecoBaTh c/Ayvai, KOria B pesyJ/braTe NMPoH3BeAeHHOH HaX TeJIoM
pabotel MeHsieTcst ero o0beM (T. e. BHEWIHHE CHJIBI IPOM3BOASIT CXKaTHe
Tesna, OCTaBJsisi €ro KaxK liesioe HENoABHUAKHBIM).

YcnoBuMcs Besle B HafibHefinleM CYMTATH TIOJOXKHTEJILHOH pa-
60Ty R, nMpoW3BONMMYIO BHEIUHUMH CHJAMH HaJ JaHHBIM TejoM. Or-
puiaTesapHas e pabora, R <0, 6yler COOTBETCTBEHHO O3HAYaTh,
YTO JAaHHOE TeJO CaMO NPOM3BOAUT pabory (paBHYIO | R |) Haj KaKHMH-
JAH60 BHEUIHHMH OGBEKTAMU (HANpPUMEpP, IPH CBOEM DACHIMpPEHHH).

HMes B BHAY, 94TO CuJa, AeHCTBYOIIAS HA EIUHHUILY NJOMAAHN
NMOBEPXHOCTH TeJa, €cThb JaBJeHHE W 4YTO NPOU3BEAEHHE INJOUIANH
3JIEMEHTA [IOBEPXHOCTH HA €ro nepeMelIeHHe eCTh ONMHUCHBAEMBIN 9THM
sjieMeHTOM 00BeM, HafijeM, 4To paboTa, NPOU3BEACHHAS HAJX TEJOM
npH u3MeHeHuH ero ofbeMa (OTHECEHHAs] K eJMHHUIE BPEMeHH), eCTh

dR dv

Ez_P'd—t (13,1)
(npu cxkaruu Tena dV/dt <0, tak uro dR/dt > 0). 3ra ¢opmyna
IpHMeHnMa KakK K o6paTUMBIM, TaK H K HeOGpaTHMBEIM Npoiieccam;
np# stoM Tpebyercs cobaIofeHue JHIB OXHOIO YCJOBHS —B TEYEHHE
BCErO MpoIecca TeJO AOJKHO HAXOANTHCH B COCTOSIHUM MeXaHH4Ye-
CKOr0 PaBHOBECHS, T. €. B KaXKJblfi MOMEHT BPEMEHH JABJEHHE JOMKHO
OLITL MOCTOSIHHBIM BJIOJIB BCErO TeJsa.

Ecan rteio Ten/sion3oNHpPoOBAHO, TO BCE H3MEHEHMe €ro SHepruu
CB3aHO C MOPOM3BOAMMOM Hajx HUM paboroit. B obinem ke cayuae
HeTEenJION30/IMPOBAHHOrO TeJsia, TMOMHMO PabOTH, Tea0 mojayvaeT (MIu
OTJaeT) 3HEPTHI0 M MNyTeM HEMOCPEACTBEHHOM Nepefayd OT APYrux
CONMpPUKACAION(MXCA ¢ HHUM Tes. DTa 4acTh H3MEHeHHS SHepruu Hashl-
BAeTCH KOJMYECTBOM IOJNYYEHHOro (MJn OTAAHHOro) TesioMm menaa Q.
Takum oGpasom, u3MeHeHHe SHEPIHH TeJa (B 8AHHHILY BPEMEHH) MOMKHO

Hamnmucathr B BHIE

dE _ dR | dQ
=gt (13,2)

IMono6no paGore, YCIOBHMCS CUHTATh TOJOXKHTENbHBIM TENJO, TMOMY-
qaemoe TeJNOM OT MOCTOPOHHHUX HCTOYHHKOB.

[Ton smeprueit E B (13,2) Hano, Boobuie roBopsi, IOHUMATh ITOMHYIO
3HEPrHI0 Teja, BKJIOYAIOMYIO KHHETHYECKYIO SHEPTHI0 MaKPOCKOIH-
YECKOro JBHIKeHHS. Msl, ofHaKo, OyxeM OGHIYHO paccMaTpPUBATH
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paboTy, CBA3aHHYIO ¢ M3MeHeHueM o6bema HeTOJBHIKHOIO Tena; B Ta-
KOM CJydae SHEpPTHs CBOAMTCA K BHYTPEHHEH 3HEpTHH Tesa.
B ycaosusix, Korga pabora onpegeasiercs gopmyioi (13,1), nmeem
JJIs KOJMNYecTBa TerJa 0 dF W
=zt P . (13,3)
[TpeamosioXuM, 4TO B TeYEHHE BCEro Mpouecca TeJaO MOKHO CYUTATH
HAXONAIIMMCH B KaXKibfl JaHHBH MOMEHT BpeMEeHH B COCTOSIHMH TEll-
JIOBOI'O PaBHOBECHS, COOTBETCTBYIOIIEM 3HAYEHHSIM SHePTuM ¥ 06beMa
TeJia B 3TOT MOMEHT (NOoJYepKHEeM, YTO 3TO He o3Hayaer, 4To npouece
00513aTeNbHO J0oJXKeH OblTh ofpaTuMbBM, TaK KaK TeJO MOXKeT He
HaXOJHUTbCA B PaBHOBECHH C OKpyXKaomuMi tenamu). Torja MoXKHO
HamHcaThb HA OCHOBAaHWH CcooTHoweHHs (12,3), onpepeadioumero and-
depernnuan dynxunn E (S, V)—>sHeprun Tena B pPaBHOBECHOM CO-
CTOSTHHM: i

dE _
@

as
a7

dv

T P—.

Cpasuusas ¢ (13,3), naxomum Ans KoJiduecTsa Temna

dQ ds
= T —F (13,4)

Pa6ora dR u xonuyectso tenna dQ, mojaydaeMuie TeJOM npu Gec-
KOHEUHO MaJioM H3MEHEHWH ero COCTOsHHS, He NpeACTaBisfioT Ccoboil
nonHnx auddepennuanos Kakux-aHGo Beamdun?!). Toabko cymma
dQ 1-dR, T.e. uamernenve 3Heprun dE, ectb nmOJHBIE quddepernua.
TTosTOMy MOXHO TOBOPHUTH 00 3Heprun E B JaHHOM COCTOSIHHH, HO
He/lb3s TOBOPHUTHb, HAalpHUMep, O KOJWYeCTBe TEeIsa, KOTOpHIM 006Jja-
daeT B JAHHOM COCTOSIHMU Tejio. Jpyrumu cJoBaMH, HEPruio Tesa
HeJb3s HeJHThL Ha TEJOBYIO H MeXaHWdyecKyi. Takoe jgeneHHe Bo3-
MOXHO JIHIIb KOTjJa peub uieT o6 usMeHeHuu 3Hepruu. Msmenenue
SHEPTHH TPU nepexofe Teja U3 ORHOTO COCTOAHUS B APYroe MOXKHO
pasge/uTh Ha KOJHYECTBO Tel/a, NOJYdYeHHOE (WJIH OTAAHHOE) TeJOoM,
H paGoTy, IPOM3BEJEHHYIO HaX HUM (UJM NPOM3BEAEHHYIO HM CaMuM
Hajl APYTMMH TeJaMH). DTo pasie/eHne He ONpelensieTcs OMHO3HAYHO
HauaJbHbIM M KOHEYHHIM COCTOSIHHSIMH Tesa, a 3aBHCHT OT Xapaktepa
camoro mpouecca. Jlpyrumu cjosamu, paboTa M KOJMYECTBO TEmja
ABASIOTCS PYHKIUAMH NpPOIecca, TPONCXOAAIIETo € TEJI0M, a He TO.1bKO
HAYAJHHOLO M KOHEUHOTrO COCTOAHMH Teja. ITo OCOOEHHO HANJSIHO
NIPOsABISIETCS B cJYyae, KoTja ¢ TeJioM NPONCXONHUT KPYroBO# mporece,
HAuyuHAMUACH 1 KOHYAIOWIHICS B OIHOM H TOM Xe€ COoCTosiHHu. Jicii-
CTBUTE/ILHO, IPH 3TOM M3MEHEHWE HEpTHH PaBHO HYJMIO, B TO BpeMs
KaK TeJIO MOXKeT MOJAYUHTh (MY OTAATh) HEKOTOPOE KOJUYECTBO Terlia

1) B sroMm cmeicae ofosuaueHdss dR u dQ He BOJIHE TOYHBI, H NO3TOMY MBI
usferaeM HMH NOJIb30ORATHCA, :
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(unm paborel). MaTtemaTHUeCKH 3TO BHIpAXaeTcs TeM, UTO WHrerpaJ
[I0 3aMKHYTOMY KOHTYPY OT IoJiHOro AnddepeHnuana dE paBeH HYJIo,
a uurerpan or dQ uam dR, He ABJAOMHUXCA NOTHEIME Audde pernua-
naMH, OTJIHYEH OT HyJd.

Konuuecrso Temya, nmpH NoJyuYeHHH KOTOPOTO TeMIiepaTypa Tena
NOBBILIAGTCSA Ha EQMHHIY TEMIEPATYDPLl, HOCHT HA3BaHHE IMeNn0eMKO-
cmu. QueBUIHO, YTO TEMJIOEMKOCTL Tela 3aBHCHT OT TOTO, B KaKHX
yCAOBUAX MpOHCXoAuT ero Harpesanue, OGHYHO pas3JUYAOT TEIIO-
emkocts C, nph mocrosHHOM oGbeMe H Temsoemkoctb C, mpH mo-
cTofiHHOM nasJjeHHM. OyeBHOHO, YTO

=T (5), (13,5)
Q:T(ﬁwi (13,6)

OcranopuMes Ha Tex cayyasx, Korja dopmyaa (13,4) naa xomu-
UecrBa Tel1a HEMPUMEHHMA K B TO K€ BPeMSl OKa3HIBaercs BO3MOK-
HBIM YCTAHOBUTBH JJIA 3TOH BeJHUHHB HeKoTophie Hepasencrsa. Cymie-
CTBYIOT [IpOUECCHl, TIPY KOTOPBIX TeJIO He HAXOLUTCA B TelIOBOM
paBHOBECHH, XOTSl TeMIepartypa (M jAaBJeHue) MOCTOSHHA BJOJb Teja.
TaxkoBnl, HampHMep, XUMHYECKHE DeaKUUH B OJHOPOXHOH CMecH pea-
THPYIOIUX JAPYr ¢ Apyrom Bellecrs. DJaronapsi HaJu4uio B CaMOM
TeJie HeoOpaTUMOro nponecca (XUMHYECKOH DEaKuHu) SHTPONUS Tena
BO3PAacTaeT TakXKe H He3aBICHMO OT NOJyYyaeMOro HM Teilsia, TaK YTO
MOXHO yTBepxKjath, uro 6yjleT cnpaaerxnuao HepaBeHCTBO

K18 (13,7)

Jpyroii cnydafi, Korma MmoxeT OHITh HANHCAHO AHAJOTHYHOE He-
paBeHCTBO, MPeACTaBAseT HeoGpaTUMBIN mpouece, B Pe3yabTare KoTo-
poro Tes0 nepPexonuT M3 OILHOrO PaBHOBECHOTO COCTOSHHS B JPyroe
paBHOBeCHoe e COCTosHNe, GJH3Koe K HCXONHOMY, HO B TeueHHe
npouecca TeAO He HaXOAMTCH B paBHopecum!). Torma mexny Kouiu-
YecTBOM TOJTYYEHHOTO TeJOM B TeYeHHe 3TOro mpouecca temna 6Q
M H3MEHEeHHeM ero 3HTponun 0S mMeercs HepaBeHCTBO

8Q < T 8S. (13,8)
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Cpenu pa3nuyHOrO poja BHEUIHHX BO3AeHCTBHI, HCIBITHIBAEMBIX
TeJIOM, 0COGYI0 TPYNNY COCTaBJSIOT BO3AeHCTBHSA, CBONAMMECT K U3-
MEHEHHIO BHEIIHHX YCJIOBHH, B KOTOPHX 3TO Teqo Haxogurcs. Ilox
BHELIHUMH YCJOBHfIMH Mbl IOHHMAaEM B IIMPOKOM CMBICJIE Pa3/IH4HBIE
BHeWwHHe Nosd. IIpakTuyecku nHauGosee 4acTo poJib BHEIHHX yCJo-
BHIl Hrpaer BHeEMIHe 3amgaHHBI 0oObeM Tesa. B H3BeCTHOM cMklcie
3TOT CJy4afl ToXKe MOXKHO pacCcMaTpHBaTh KaK 0co6Oro poja BHeIHee
noJe, TaK KAaK orpaHunuupatomiye o6beM CTEHKH 5KBUBAJIEHTHH MO
CBOEMY JelCTBHIO NOTeHUHAJBHOMY Gapbepy, NPensTCTBYIOMEMY BbI-
X0y MOJIEKYJ TeJa Hapyxy.

Ecnau rteslo ne nopBepraercsl HHKAKHM JIPYTHM BO3AEHCTBHSAM,
KPOME H3MEHEHMsI BHEWHHX YCJIOBHH, TO TOBOPAT, 4YTO TEJO MEnso-
usoauposaro. TlonuepkHem, 4To XOTS TENJIOH30JIHPOBAHHOE TEJIO U HE
B3aHMOJEHCTBYeT HENOCPEJCTBEHHO C KaKUMU-JHGO fPYTHMH TeJaMH,
OHO, BOOOLIE rOBOPS, He FABJSAETCS 3AMKHYTHIM, H €ro 3HEPTHS MOXET
CO BpEMEHEM MeEHSATHCA.

C yHCTO MeXaHHYeCKOl TOUKH 3pEHHs TeNJIOH30JIHPOBAHHOE TEJNIO
OTJIMYAeTCA OT 3aMKHYTOro JIHIUb TeM, 4YTo Gaarofaps HaJH4YHIO Te-
peMeHHOro BHEWIHEro NoJdA ero ¢yHkuus ['amusibroHa (9Heprus) 3a-
BHCHT sBHO oT BpeMenu: E=E (p, q, f). Ecau Obl Teno B3aumopeii-
CTBOBAJIO TAaK¥Xe M HENOCPEACTBEHHO C JIPYTUMH TeJaMH, TO OHO €aMo
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no ceGe BoBce He uMeso Onl GyHKuuHu [aMHJILTOHA, TaK KAaK B3au-
MozeficTBHe 3aBHCeJ0 OBl HE TONBKO OT KOOPAMHAT MOJEKYJ JaHHOTO
Tesqa, HO M OT KOOPIHHAT MOJEKYJ APYLHX TeJ.

210 06CTOATENLCTBO NPHUBOAHT K TOMY, YTO 3aKOH BO3pacTaHus
3HTPOMHM OKA3LIBAETCA CHPABENIHUBLIM HE TOJbKO AJdA 3aMKHYTHIX
CHCTEM, HO W JJ TENJOM30JUPOBAHHHIX Ted. JleHCTBUTENRHO, MbI
paccMaTpHBaeM 37eCh BHeIHee MoJe KaK NOJHOCTBIO 3afaHHYI0 (yH-
KIHIO KOOpAHHAT W BpeMeHH, npeHeGperasi, B YacTHOCTH, 0OpaTHLIM
JeficTBHEM caMoro TeJa Ha moJgie. JIpyruMu CJCBaMH, MoJe SBJSETCS
3J€Ch UYHCTO MEXAHHYECKHM, a4 HE CTATHCTHYECKUM OODBEKTOM, H B
3TOM CMEIC/IE MOXKHO CKa3aTh, YTO €0 2HTPonMs paBHa Hymo. Orciopa
U BLITEKAET CAEJAHHOE BHINIE YTBEPKACHHE,

TlpennonoXuM, YTO TeJdO TENMJIOM3OJHPOBAHO H YTO BHeIUHHE YC-
JIOBHSI, B KOTOPHIX HAXORWTCS TEJNO, MEHAIOTCSH JOCTATOYHO MeEJIEHHO.
Taxkofl npounecc HOCUT HasBaHue aduabamuueckozo. IlokaxeM, uro
npu aguabaTHYECKOM Mpollecce SHTPONHSA Tesla OCTaeTcs Heu3MeHHOH,
T. €. mponecc oGpaTuM.

ByneMm XapakTepH3oBaTh BHEUIHHE YCJOBHS HEKOTOPHLIMU IapaMer-
paMi, ABJSIOUMMHCS 3aJaHHBIMH GYHKIHAMH BpeMeHH. ITycTh, Ha-
[IpUMep, HMeeTCs BCero OJHH Takoi mapamerp, KOTOpHi 0603HayuM
6yksolt A. ITpoussonnas suTponmuu no BpeMeHu dS/dt 6ymer kKak-to
3aBHCETb OT CKOpocTd dA/df w3meneHusi mapaMerpa A. Ilockoanbky
d)\/dt Mano, MoXHO pasJoXHTb dS/df B papx no creneHsMm dMh/dt.
HyaneBoli uneH 3Toro pasnoxkeHus, He copepxamuit dA/dt, ncuesaer,
tTak Kax npu dijdt =0 goaxHo OuTh H dS/df=0, TOCKOALKY 3H-
TPOMHSI 3aMKHYTOH CHCTEMBI, Haxoismefics B TEPMOJHHAMHYECKOM
paBHOBECHH, NPH NOCTOSHHBIX BHEIIHHX YCJIOBHAX NOMKHA OCTABAThCS
Hen3MmenHolt. Ho u 4neH nepBoro nopfagka, NpoNOpUHOHAMLHbI dA/dE,
foJKeH ofpaiaTthcs B HYJb. B caMoM jgedie, 3T0T 4jeH MeHfeT CBoi
3HAK TIpH U3MeHEHHH 3Haka dA/df, MEXIY TeM Kak, COr/acHO 3aKOHY
Bo3pacraHug 3HTpomud, dS/df Bcerga nonoxurennHo. Orcioga cie-
JyeT, 4To pasJjoxenue dS/df HauuHaeTcs ¢ YJeHa BTOPOro HOpANKA,
T. €. NpH Manabix dA/dt uMeeM

g _a(dy,
dt dt
OTKYZa
dhv 7 dte
CaefoBatebHO, Korga dA/df crtpemutcs XK HyJo, ofpamaercs B
Hyas ¥ dS/d)h, 4To JoKa3bBaeT 06paTHMOCTb anHabGaTHYECKOro npo-
necca.

[ToguepkHeM, uTo X0Ts agHabaTHuecKuit npouece 06paTtuM, OTHIONb
He Beakuit o6paTuMblil mpouecc aguabatuyeH. YcJoBue o6paTHMOCTH
nponecca TpebyeT JHIIb NOCTOSAHCTBA MOJHOH 3IHTPONMU BCEl 3aMK-
HYTOH CHCTEMBI, a SHTPONMH €€ OTHeJbHBIX YacTell MOryT Kak
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BO3pacTaTh, TaK 4 yOniBaTh. [Ipy annadaTHUeCKOM XKe€ NPOHECCE BRINOJI-
Hiercd Oojiee CHJbHOE YCJIOBHE — OCTaeTCsl MOCTOSIHHOH Takke H
SHTPONHUS JaHHOro Teda, KOTOpoe caMo no cebe COCTABJSET JIMUIb.
YaCTb 3aMKHYTOH CHCTEMEL

Baiie Mbl onpefeaunu aaHabaTHYECKHH Mpolece KaK JOCTATOUHO
MeasenHbfl. TouHee, BHeWiHUe YCJIOBHS JOAXKHB MEHATHLCA HACTOJILKO
MeJIAeHHO, 4To6Hl B KaX[bli MOMEHT BPeMEHH MOXHO OHIJIO CHHTATDL
TeJ0 HAXONAIMMCA B COCTOSHHM pABHOBECHA, COOTBETCTBYIOIIEro
AMEIOLMMCA B 9TOT MOMEHT BHEIHHM YCJOBHAM. JIpyrumu cjoBaMi,
npouecc A0/UKeH OGHTh MEAJIEHHLIM 110 CPABHEHHMIO C HpoueccaMu yc-
TAHOBJEHUS PABHOBECHA B HAaHHOM TeJel).

BrseneM dopMyny, Koropas mosso/isieT BHYHC/ATH YHCTO TepMo-
IHHAMUYECKMM fyTeM pas/uyHbie cpeiHue 3HayeHua. [aa 3toro
MPEATIONONKHUM, YTO Te/I0 COoBepIiaeT aiMabaTHYecKHUi npolecc, U onpe-
ReAuM npoussonnyio dE/df ot ero smepruu mo spemens. [lo ompe-
JleJIeHII0 TepMoau HaMuyecKast sneprust E=E(p, q; A),tae E (p, ¢; A) —
¢byukuua [amuabToHa Tesa, 3aBHCAWIAA OT A KAk OT mapamerpa.
Kaxk umssectHo u3 mexauugu (cM. 1, § 40), moaHas npoussojaHas no
BpeMeHH oT QyHKuMM ['aMuUJIbTOHA paBHA €€ YACTHOH MNPOH3BOAHOH
0 BpeMeHHU: :

dE(p, ¢; M) __ GE(p, g; M)
dt ot
B nauHoM caygae £ (p, g; \) 3aBHCHT IBHO 0T BpEMEHH [IOCPEICTBOM
A{f), nosTOMy MOXKHO HATIHCATD:
dE (p, ¢; M) _ OE(p, q; }) dh
dt - oA dt ”

[TockoabKY Onepauns yCpeAHeHHS IO CTaTHCTHYECKOMY pacnpenene-
HHIO ¥ Omepaius AUdepeHiupoBanls [0 BpeMeHH MOTYT, OUEBHAHO,
IPOU3BOJUTLCH B NPOH3BOJNLHOM MOPAAKE, HMeeM

dE _ G, ¢ D _ OE(p. ¢ 1) dh
7 e T2 LD

da
(mponssoanas —- eCTb 3ajaHHaA GYHKU¥S BpeMeHH X MOXKeT OHTh

BhIHECeHa H3-M0jJ 3HAKa CpejHero).

1) @akTHYECKH 5T0 YCJOBHE MOXKET 0Ka3arbcs OueHb CJalHM, TaK UYTO «Mefl-
JAeHHLIY afAabaTHYeCKUH polece MOMKET NPAKTHYECKH OBITL J10BOJIbHO «GbICTPhIMY.
Tak, HanpdMep, NPH PaciiHpeHHH rasa (CKaxeM, B LUJHHJPe C BbiBHT AIOMIUMCH
IQpLUHEM) CKOPOCTb NOPIIHA JOJ/UKHA OWTb Ma’ioH JiMWb IO CDPaBHEHHIO CO CKO-
POCTDBIO 3ByKa B rase, T. €. NPaKTHYeCKH MoXeT ObiTb ouedb G60J1bUIOH.

B ofm#x Kypcax ©uswku aguaGarwyeckoe pacmmpelne (HAM CKarHe) 9acro
onpefeisieTcs Kak «JocTaToudo Gmicrpoe», IIpH sToM umeercst B BRAY Apyrad CTo-
pOHa BOAPOCa— HPONECC AOANKEH MPOH3IOATH HACTO.IbKO OHCTPO, HTOGH 3a 3TO
BpeMs Tedo He YycCnedo BCYYRuTb B Tem/iooGMen ¢ okpymawuledl cpepoi. Taknm
obpa3oM, HuMeeTCsl B BHAY YCJOBHe, KOTOPOE [O0TKHO [PaKTHIECKH ofecneuHThb
TEeNNON30NHPOBAHHOCTD TeJa, 3 YCJIOBHE MELACHHOCTH [10 CPABHEHHIO C [POEeCcaMH
YCTAHOBJICHHA DABHOBECHS MOJYEJAHBO TORPa3ymeBacTCs! BHUIOJIHCHHEIM,
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QOuenb cymecTseHHo, 4ro Gnarofaps anuabaTHMHOCTH mpguecea

o OE (p, q; M
crosmee B (11,1) cpennee 3HaueHue TpPoOH3BOAHOK _(Laki‘—) MOXKET
NOHMMATBhCA KAaK CpejiHee IO CTATHCTHHECKOMY pachpelielleHHIo, COOT-
BETCTBYIOIIEMY DAaBHOBECHIO IpH JAAaHHOM 3HaueHHU IapameTpa A,
T. €. IpH UMEIOHEMXCH B TAHHEI MOMEHT BpEMEHH BHEHIHHX YCJIOBUAX.

7 MOXHO Hanucate M B IPYroM BHJE, pacCMaT-

puBas TepMOIHHAMHYECKYIO BeJHyuHy E Kak (yHKIHIO OT SHTPOIHH
Tesia S ¥ BuemHUX napamerpoB A. [lockosbky npu azuabarugeckom
npolecce SHTponHA S OCTaeTcsl NOCTOSHHOH, TO HMeeM

Tponssonayio 2E
d

dE (6E> dh (11,2)

dt T\ oA Jgar?
rae 6yksa nojJ cKoOKaMH NOKa3hlBaeT, 4TO NpoM3BOJHag Oepercs

npu mocTosiHHOM S.
CpasuuBasn (i1,1) ¢ (11,2), Haxonum

OE (p, g; N)'__ [ OF
o ( ax,)s' (11,3)

310 u ectb ncKkoMas dopMyna. Ona No3BOJFET BHIYUCAATH TEPMO/IH-
HaMHYecKHM IYTeM CPefHHe (0 paBHOBECHOMY CTATHCTHYECKOMY pac-

OE (p, ¢; »)
npefieIeHHI0) 3HaYeHUA BeJIMYUH BHIA —55—— - C TakuMu Besuuu-

HAMH{ CIJIOIIb ¥ PSJAOM NPHXOAHMTCH MMETh JeJsIo IPH H3YYeHHH CBOHCTS
MaKpOCKOIMYeCcKHX TeJ, B CBsi3u ¢ Yem dopmyaa (11,3) urpaer B cra-
THCTHKE BechbMa BaXHy0 poJb. Cloa OTHOCHTCS BHUHMC/AEHHE Pa3Any-
HEIX €HJ, AeHCTBYIOIMX Ha Teso (UpHUEM napaMeTpaMH A fBJSITES
KOOPIRUHATEI TOH HJIM MHOA 4acTH Tesa; CM. B cJepylolieM naparpage
O IaBJICHHH), BHUHC/EHHE MATHUTHOTO WJIM 3JIEKTPHUECKOTO MOMEHTA
Tesl (Ip¥YeM MNapameTpaMu A SIBJIAIOTCA HANpsKeHHOCTH MarHUTHOTO
HJH 3JeKTPHYECKOro NoJs) 4 T. 0.

Bce paccyXaeHus, KOTOpEie MB DPOBEJH 3jech JJs KJIACCHUeCKOM
MEeXaHHMKH, NOJHOCTHIO NEepeHoCATC H B KBAHTOBYIO TEOPHIO, TONLKO
BMecTo snepruk E(p, ¢; A) Bazo Besje TOBOPHTb O TIaMHJALTO-

uuane H. Popmyna (11,3) npumer npu sToM BHJ

oA _ ("E) (11,4)

o ar /g
TAe Hepra o3Hayaer roJHoe CTAaTHCTHYECKOe ycpenHeHnne, aBTOMaTHICCKH
BKJIIO4aiolee B ce0 KBAaHTOBOMEXaHH4ecKoe ycpeanenue.
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§ 12. Maprenue

Dueprus Teqa E Kak TepMOAMHAMHYeCKas BeJxuuHa obJjajaer
CBONCTBOM aJUIUTUBHOCTH; PHEPrusl Teja paBHA CyMMe 3Hepruil or-
JenbHLIX (MaKpockonuueckux) ero yacreii'). Tem Xe cBoiicTBoM 06-
JaflaeT B Apyras oCHOBHAasl TepMOAMHAMHUECKas BeHYHHA — SHTPOMHA.

AIMTUBHOCTD SHEPIHMH K 3SHTPONUU IPHBOLHT K CHAELYIOWEMY
BaXKHOMY pe3yJbTaTy. EcaM Telo HAXOAWTCS B TEIJIOBOM PABHOBECUH,
TO MOXHO yTBEepXAaThb, YTO €r0 SHTPONHUA NPH 3aJAHHOM 3SHAUCHHH
SHepruM (UM 3HEPrus npu 3aJaHHOH SHTPONMH) 3aBHCHT TOJbLKO OT
obvema Teida, Ho He or ero ¢opmei?). leficrBuTe/IbHO, M3MEHEHUE
dopMEl TEa MOXHBO NPEICTABUTb KAK NEPECTAHOBKY OTAEJAbHHX €ro
gacTell, OTYEro 3HTPONUS U SHeprud, OyAyun BeIUYMHAMM AJAHUTHB-
HEIMH, He wu3MeHATcs. [Ipu 3TOM, KOHeuHo, mnpeAnojaraercs, 4TO
TEJO He HAXOMUTCH BO BHEUIHEM CHJIOBOM TOJie, TaK YTO NepeMelleHne
yacTefl Tesa B NPOCTPAHCTBE HE CBf3aHO ¢ M3MEHEHHEM HX SHEPrHH.

Takum o06GpasoM, MaKpOCKONHYECKOe COCTOSIHHEe HaxOosLLerocs
B pABHOBECUH HENOABHIXHOrO TeJa NOMHOCTHIO ONpeReseTcst BCEro
ABYMSl BeAWdYHHAMM, HalpuMep oObeMoM u 3Hepruedl. Bee ocTajbHEBIE
TEePMOAHHAMHYECKHE BEJHYHHB MOTYT OHITb BHIpaXKeHbl Kak (yHKUHK
3THX ABYX. Pagymeercs, B cuJy TAKOH B3aMMHOH 3aBHCHMOCTH pas-
JUYHBIX TEPMOAHHAMUYECKHX BEJMYMH B KauecTBe HE3aBUCHMBHIX Ie-
pPEMEHHLIX MOXKHO NoJb30BaThed u Ji00OH Apyroft ux napoi.

Haiizem Tenepr cuay, ¢ Koropofi Tesno JeficTByer Ha rpaHHOyY
cBoero oObema. CorjacHo u3BecTHHIM GOpMYJaM MeXaHHKH -CUJA,
HeficTByIOLIas Ha HEKOTOPHI 3J€MEHT NMOBEPXHOCTH (S paBHa

_ _OE(p, g5 1)
F=— or :

rae E (p, g; r)—>3Hepruq Tefa Kak QYHKUHUA KOODAHHAT M HMIOYJb-
COB €0 4YacTHl, a TaKXe pajHyca-BeKTopa JAHHOTO 3JeMeHTa Ho-
BepXHOCTH, HrpaIOllero B JTAaHHOM cJydae poJib BHEIIHEro napaMerpa.
YcpenHsifi 3TO pPaBEHCTBO M ROCNOJMb30BaBIukch dopmyaoin (11,3),

NONYIUM
Fo_OEG @ _ _ (0B _ __ 95) 4
- or - or /s oV )g or?

1) TlocroabKy, NOCKodbKYy MBl IpeHeOperaeM 3Hepruell B3aHMOJEHCTBHA 3THX
yacTefi; 3TOrO HeJIb3s JeJaTh, €CJM HAC HHTEPECYIOT KaK pa3 Te fBJEeHHs, KOTO-
pble CBA3aHBI € HaJWUHeM [OBepPXHOCTeH pasjeda MeXAY PAasJHuUHLIMH TesiaMH
(usyueHnio STHX sBJeHHH noceAmena raasa XV).

2) Otn yTBEpXKJCHHH (AKTHUECKH I[PHMEHHMBI K JKHAKOCTAM H rasaM, HO He
K TBepAbIM TesaM. VismeHenne ¢opMbl (AehopMHpOBaHHE) TBEpAOTO Te€ja TpeGyer
3arpaTel HeKOTOpoii paGoTHl, T. €. 9HEpruA Tela INpH 3TOM MeHsercd. 1o o6Crof-
TEJABCTBO CBA3ZHO € TEM, 4TO Ae(OpMHPOBAHHOE COCTOSHHE TBEPAOro Te/Ia ABJAETCH,
CTPOTO r'OBOpPS, HENOJHBIM TePMOAHHAMIYECKHM DaBHOBeCHeM (HO BpPeMfl peJlakCaid#
AJ8 YCTAHOBJEHUS IIOJIHOTO pABHODECHST HACTO/IBKO BEAHKO, YTO BO MHOTHUX OTHO-
meHHAX JAethOpMHPOBAHHOE TeO BefieT cebst KaK PaBHOBECHOE). :
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rae V—o0ObeM. Tak Xak usMmeHendne o6beMa paBHO dsdr, rape ds —

oV
JIEMEHT IIOBEPXHOCTH, TO -éFZdS " NOTOMY

= oE
Fe— ——) :
ov sds
Orciofa BUAHO, UTO CpENHAA CHJA, JeHCTBYIOMAs Ha 3JEMEHT MNo-
BEPXHOCTH, HAmpaB/JeHa N0 HOPMAJH K 3TOMY 2JIEeMEeHTY W Tpornop-
HUORAJbHA €ro nuaomagu (3axox ITackaas). AGconmornas BeJH4YMHA
CHJIBI, JeHCTBYIoWIeH HA €NHHHLY NJIOWAAH NOBEPXHOCTH, paBHA

P:-(%%)S. (12,1)

STa BellMUHHA HA3KIBAETCH OasieHueM.

Tlpu onpemencrun Temneparypel dopmynoit (9,1) peus mia no
CYIECTBY O TeJe, HENOCPENCTBEHHO He CONPHKACAIOUIEMCH HH ¢ KAKHMH
JPYTHMH TeJaMH 4, B 4aCTHOCTH, HE OKPYKEHHOM HUKAKOH BHENIHEH
cpeoil. B aTHX yCI0BHAIX MOXKHO GBLIO FOBOPHTb 06 H3MEHEHHH IHEP-
rMH M 2HTPONHH Tela, HE YTOUHAA Xapakrtepa mnponecca. B ofuem
XKe caydae Tesa, HAXOAFIIErocst BO BHEWIHeH cpere (WIH OKpYXKeH-
Horo CTeHKaMH cocyna), dopmynaa (9,1) nonxHa OHTL YTOUHEHa.
JleficTBUTENBHO, €CIH B XOJE NPOLEcca MeHSIETCA 06beM JaHHOro Teda,
TO 3TO HeH30eXHO OTPAa3HTCA H HA COCTOAHHU COTPHKACAIOMIUXCSH
C HHUM Tel, U JJif ONpELETeHAsl TeMnepaTypu Hano Obiio OB pac-
CMaTpuBaTh OJHOBPEMEHHO BCE CONPHKACAIOUHECA Tena (HanpHMep,
TEJO BMECTE C COCYJIOM, B KOTODHI OHO 3aKJi04eHo). Ecimu XKe Mul
XOTHM ONpPEJeNIUTh TEMIEPATYPY MO TEPMOJUHAMHYECKHM BEJHUMHAM
OJIHOTO TOJBKO JAHHOrO Tela, TO Haj0 CudTaTh O0OBEM 2TOro Teqa
HeusMeHHeM. JIpyruMu cJjoBaMH, TeMmrepaTypa ONpeieqnTCs KaK mpo-
H3BOJIHAA OT SHEPIUH Teda 10 €ro SHTPONHH, B3ATas NPH NOCTOAH-
HOM ofbeme

T= (%%)V (12,2)

Papencta (12,1—2) MoryT ObiThb 3anucaHbl BMecTe B BHJE Cle-
AVIOLIEro COOTHOLIEHHA MeX1y AuddepeHnuasaMu:

dE=TdS—PdV. (12,3)

DT0—OAHO U3 BaXKHEHIUHX TEPMOIHHAMHYECKHX COOTHOLNEHHH.
HaBJennsi HaXonsliuxcs APYr C IPYroM B PABHOBECHH TE€J PaBHLI
APYr JAPYry. D10 Caenyer yiKe HENOCPEACTBEHHO H3 TOrO, YTO TEMJIo-
BOE DABHOBECHE BO BCAKOM CJyyae TpeANoJsaraer HaJauuHe MeXaHH-
YECKOr0 pPABHOBECHSI; HHAYE TOBOPSA, CHJbI, € KOTOPLIMH JAEHCTBYIOT
APYr Ha Jpyra jiofble 1Ba M3 3THX Tesa (IO MOBEPXHOCTH UX CONPH-
KOCHOBEHHS1), IO/ HE B3AUMHO KOMIIEHCHPOBATLCS, T. €. GHITH PABHEIMH
no abCoMOTHON BeJUYMHE H NPOTHBONOJOMKHEIMH [0 HANPaBJEHHIO.
PaBencteo jaBaeHHH NpH PABHOBECHH MOXKHO BLIBECTH TAKXKE U
H3 YC/JAOBHSA MAaKCHMyMa SHTPONUH, NOAOOHO TOMY KakK MbI JOKAa3aau




