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6.1. IlpuBeaeHHas Temiora. JHTPOIUS

N3 paccmoTpeHHoro uukna KapHo (n. 5.4)
BUOHO, 4YTO paBHbl MeXxay cobou
OTHOLLUEHUA TENNOT K TeMrneparypam, npu
KOTOPbIX OHU ObIMXM  NOMy4YeHbl UMK
OTAAaHbl B U30TEPMMNYECKOM MpPOLIeCcCe:
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OTHoLLeHue TennoTtbl O B N30TEPMUYECKOM
npoLecce K TemMmneparype, npu KOToOpou
npoucxoauna nepegada TennoTbl, Ha3biBaeTcA
npusedeHHou mensnomot (J':
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[1na noacyeTta npnBegeHHOW TENNMOThHI B
NPOM3BOSILHOM MpoLecce HeEOHBXoaANMO Pa3duTb
9TOT npouecc Ha DeCcKoHeYHO Marble y4acTKu,
rae I MOXXHO cYUTaTb KOHCTAHTOMN.
[MpuBeaeHHasn Tensiota Ha TakOM y4yacTKe

6ynetpasha  d'(Q/dT.
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CyMMUpYs IIPUBEACHHYIO TEILUIOTY HA BCEX
y4dacTKax mpoliecca, IojayqyuM:

J'\, :j(yTQ

Torma ¢ oopamumom yukne Kapno nmeem:
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OTOT pesynbraTt cripaBeasine angd noboro obpaTtnmoro
npotLiecca.
Taknum obpasom, 0515 ripouecca, rnpoucxoosuw,eao rno

3aMKHymoMy YuKiy | = q Q
00p

§ T O(°6;.1 2)
3 paBeHCTBa HYI0 UHTErpana, B3ATOro rno

3aMKHYTOMY KOHTYpPY, CrieyeT, YTo nogblHTerpansHoe
Bblpa)eHune

doQ

-7CMb 10/HbIU ougbgbepeHyuasr HeKomopou
QyHKUUU, Komopas ornpeoesrisiemcs moJsibKo
coCmosiIHUeM cucmeMabl U He 3asucum om rnymu, Kakum
cucmema rnpuwisia 8 3mMo CoCMOosHUE.




DTO IO3BOJISIET BBECTH HOBYIO (DYHKIIUIO

COCTOSHUA S:
d
dS = 7Q (6.1.3)

DyHKYUs COCMOSIHUA, NOJTHBIU OUhpeperyuan

d¢

KOMOopou pasen . HA3blBAEMC S DHMPONUEU.
Iumponusa S — Imo omHouieHue noJiyueH-

HOU UL OMOAHHOU MENna10msbl K memnepamy-

pe, npu KOmopou npoucxoousl Imom npouecc.




[ToHATNE IHTpPONUK bhKIr10 8riepssie
ssedeHo Pyodonbgom Knaysuycom e 1865
2.

Lrns obpamumbix rnpoyeccos n3MeHeHue

SQHTPOMUMN. dQ
00p

AS - =0, T.k. =0
°0p § T (6.1.4)

- 9TO BblpaXeHne Ha3blBaeTCH
paseHcmeo Knay3suyca.



Knay3suyc Pyoonbd HOnuyc
ImaHyanb (1822 — 1888) —
HEMELIKMN PU3NK-TEOPETUK, OONH
N3 cosgartenen TepMmoanHaMuKm m

&  KMHEeTn4yeckou Teopuun rasos. Ero
W pPaboTbl NOCBSALUEHDI
MOMEKYNApHONU  (@uU3nKe, TepmMoaAUHaAMUKE,
TEOpUM NapoBbIX MaLUMH, TEeOopPeTU4eCcKou
MexaHuke, matematndeckon pusnke. PassmBas
mgen H. KapHo, TO4YHO cdopmMmynupoBarn

NMPUHUNIN SKBUBAJTIEHTHOCTU TEMNJ10ThI U pa6OTbI.




B 1850 r. nony4ynn obLwime CoOOTHOLLEHUS
MeXxay TennoTon U MexaHn4eckon paboTou
(mepBoe Havano TepMoAMHAMUKU) W

paspaboran naearnbHbIn
TepMoanHaMU4eCKnm LMK napoBoOu

MalluuHbl (umkn PaHkunHa-Knaysnyca). Been
MOHATNE SHTPOMMUMN.



6.2. U3MeHeHHe JHTPONUM B
u3onpoueccax

OQHTPONUA cUCTEMbI ABNAeTca PyHKUNEN ee

COCTOSHMUA, onpedeneHHad C TOYHOCTbK [O0
NPOn3BOSIbHOW MOCTOAHHOMW.

Ecnn cuctema coeepluaeT paBHOBECHLIN
nepexoa M3 coctosHUA 1 B COCTOsSHME 2, TO
N3MEHEHNE SHTPOMUMN.

AS

(6.2.1)
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Takum obpasom, No aTon Popmyrne MOXHO
onpenennuTb 3HTPOMNUIO NNLLL C TOYHOCTbIO A0
aganTUBHOM  MOCTOAHHOW, T.e. Ha4alsio
3HMpoONuu rpou3eosibHO.

du3uyecKkuu CMbICZT uUMeem JlUWb
pasHocmb 3HMpoOnuu.

NMcxopa ©n3  9T0ro, Hamgem WU3MEHeHUud
SHTPOMMU B rpoLieccax naeanbHOro rasa.



Tak Kak, dU = ﬂCVdT,

1l
4 da=pdy =" gy
u V
“m__ dT tmR
0 AS=S8,-S, =[=C, - dv
b Lo
m I, m V.
mm AS =—=C, In-2 + —RIn—2
M L, (@212)




m.e. USMEeHeHUEe 3HMPOonuu AS,
uodearsibHO20 2a3a rpu rnepexooe e2o U3
COCMOSAHUSA 1 8 cocmosHUe 2 He 3asucum
om 8uoa rnepexooa 1— 2.

Kaxxobiu u3 usonpoueccoe
udeasibHO20 2a3a xapakmepu3lyemcs
C8OUM U3MEHEeHUeM 3Hmponuu, a
UMEHHO:

. m /)
usoxopuyeckui: AS=—C,In—=  rk,
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uzobapuyeckuu:

AS = —C ln— _
T( —
ulomepmMu4eckKUu:
AS = ﬂRln&,
u o N
aduabamuyeckuu:
dQ =0, AS =0

T.K. 1,

agmnabaTtnyecknin npouecc HasbiBatoT
U303HMPONUUHBLIM MIPOUECCOM, 3.k const

1,



3MeHeHMe YJHTPOIINM B M30IIpoIieccax:

N3oxopuyeckuu

m 1, T.K

AS=—C, In—, e V =V

npouecc: 17 1, b

. 7 -
U3zobapuyeckuu |, . _m C 2, k. P =P,
npouecc: u T,
N3omepMuYecKU |ag _ . pin 2 . T =T,
U npouyecc: V
Aduabamu4ecku
) _ dO =0, P AS =0,
u npouyecc. M309HTPOIMMHHBIN IIPOIIECC




6.3. IloBeaeHHe JHTPONMH B MPOIECCAX
N3MEHEHHUS AarPerarHoro COCTOSIHUA

PaccmMoTpum mpu azpe2amHbIix
COCMOSIHUSI: meepdoe, XXUOKoe U
2a3oobpa3Hoe u 0dea nepexoda K

HUM.
Pa3o0eblil nepexod «meepdoe mesio —

XXUOKOCMbY
M3 WKOMbHOroO Kypca @U3NKN XOPOLUO
M3BECTHbI 4YeTbipe gakta 06 9ToMm

nepexoge.




I. Tlepexop BewectBa U3 TBepAOoro
COCTOAHUA (pa3sbl) B XMOKOE Ha3blBaeTCH
rnsiassieHuUeMm, a obpaTHbIN —
KpucmaJssu3sauus.

2. [lpn nnaBneHUWM cuUcTemMa MornoLlaeT
Tenno, a npu oTBepaeBaHUM — OTAaeT.
Tenno.

3. B npouecce nnaeneHuna Temnepartypa
CUCTEMbI OCTAETCA NOCTOAHHOWU A0 TeX Mnop,
Noka BCA CUCTEMa He pacnfiaBUTCcA 3Ta
TemMmneparypa Ha3bIBaeTC4

memmnepamypou nrassieHusl.



4. 3akoH NNaBNeHud: Kkorau4yecmeo merina
00, Komopoe HeobxoouMo Or1s naerieHus
gewecmea maccou dm, rnporopUUuoHasibHo
3Mmou macce:

o0 =Adm. 3.1

KoadbduumneHT nponopLmoHanbHOCTM A
eCTb KOHCTaHTa, 3aBUCSLLLAsA TONbKO OT
BELLEeCTBa CUCTEMbI U Ha3biBaeMas

yoesibHOU mernsiomou rnsiaesieHusl.



OTOT 3aKOH crpaBeanmB U AN
Kpuctannuaauuu, npasga, ¢ OQHUM
oTnn4nem: 0Q B 3TOM criy4ae — Tenso
BblAENAEMOE CUCTEMOMN.

B 0606 weHHOM sude 3aKOH
MOJ)XHO 3anucamb Mmak:
npu nnassieHuu o0 = +\dm,

npu kpucmannusayuu °¢ = —Adm.




IameHeHne 3HTponun B MNpoLiecce 3Toro
doa3oBoro nepexoga MOXHO HaUTW NPOCTO,
ecnu cuuTatb MNpPoUEecC [pPaBHOBECHbIM.
OTO BronHe AJonycTumMoe npubnmxeHune,
eCcni cYmTaTb, YTO pPa3HOCTb TemnepaTyp
MeXay CUCTEMOU U TEM ODBLEKTOM, KOTOPbIN
NOCTaBMNAET CUCTEME TENSO, HE CIULLUKOM
BEnvka, HaMHOINo MeHblle TemnepaTypbl

MriaBJ1I€EHNUA.



To20a MooHCHO UCNONBL308AMD
MepMOOUHAMUYECKUU CMBICT IHMPONUL: C
TOYKH 3PEHUA TEPMOJIUHAMUKN IHTPOIHUS
— 3TO0 TaKaA (PYHKIUA COCTOAHUSA
CHUCTEMbI, U3MEHEeHHUeEe KOTOpoil dS B
3JICMEHTAPHOM PABHOBECHOM Ipolecce
PABHO OTHOILIECHHUIO MOPIUMH Teria 0Q,
KOTOpOE CUCTEeMA I0JY4YaeT B 3TOM
nmpouecce, Kk rTemmneparype cucremsnl 1

as = %2
T



amm AS=S,-S, = de:faQ
|

[logcTaBum croga BbipaxkeHue gnga o0,
NONTYyYNM:

< ndm

AS = +j



Tak KaKk Temnepartypa cuctembl B JaHHOM
doa3oBOM nepexoae He MEHAETCS U PaBHa
Temneparype nnaBrneHud, To
noabIHTEerpanbHOE Bbipa)XeHne 3T1o
BeNnn4ymnHa, Kotopaga B xode npotecca He
MEHSeTCA, NO3TOMY OHa OT MacCbl m
BellecTBa He 3aBucut. Toraa:

.3.4)



AS =+m/T

N3 oaToM opmMmynbl crnegyet, JTo ripu
nnaesieHUU 3HMpPOnnusi eo3pacmaem, a npu

Kpucmannu3sayuu YMEeHbWaemcs.
Qu3u4yeckuu cMbICT 3mMoO20 pe3yribmama
docmamo4Ho ACEeH:

dazoBasd obnactb MOSeKynbl B TBEPAOM Tese
ropasgo MeHblle, YeM B XWUOKOCTWU, TaK KaK B
TBEPOOM Tene KaXOdoW MOoreKkyne [OocTynHa
TONMbKO Manad obriactb MNPOCTPaHCTBaA MeXay
cocCegHUMN y3namMun KpUCTaninyeckoun peLleTKu,
a B XWOKOCTU MOSMEKYNbl 3aHMMalOT BCO 0bnacTtb
NPOCTpaHCTBA.



[ToaTOMY Npu paBHOW TemnepaType
SHTPONUA TBEPOOro Tera MeHbLLE SHTPOMNUK
XXUOKOCTMN.

OTO O3HA4aeT, YTO meepdoe meJsio
npedcmasrsisiem cobou 6osiee
yrnopsiOOYeHHYH, U MeHee XaOmuy4HYyH
cucmemy, MO3MOMYy U 3HMPOIuUsi e2o
MeHblUWe, YeM y >XuodKocmu.



da306bil nepexod «KUOKOCMb —

2a3»
ITOT nepexon obnagaet BCEMU

CBOMCTBaAMU Mepexoaa «TBEPOOE TENO —
XNOKOCTb».

CyllecTBYyeT 4eTbipe daKkrta Takxke
3HaKOMbIE€ N3 LLKOSTIbHOIo Kypca OU3unKu.

I: nepexon BewlecTBa M3 XWUOKOCTU B
ra3oByto a3y Ha3bIBAETCS uUcnapeHuem,
a obpaTHbIN Nnepexon — KoHOdeHcauueu.




2: PN CNapeHnn cuctemMa MnorrfoLlaeT Tenno,
Npu KOHAEHCcCAUNN — TEPSIET.

3. npouecchkl UCnapeHUsa U KoHOeHcauun
NpOTEKAaOT B LUMPOKOM Anarna3oHe Temnepartyp,
HO 0a30BbLIM MEPEXOAO0M OHU ABMSAOTCA NMANLLb
TOrga, Korga rnpolecc 3axBaTbiBaeT BCO Maccy
BeLLecTBa. OTO NPOUCXOAUT Npu onpeaerneHHOU
Temnepatype T , KoTopas Ha3blBaeTCA
memMnepamypou KuneHusi. [1nsa kaxagoro
BelllecTBa TemMnepaTtypa KUneHns cBos.



B npouecce gpa3oBoro nepexopa
«KMNOKOCTb — ra3» TemMneparypa OCTaeTcs
NOCTOAHHOU N paBHOW TeMnepaType
KUNEHUSA OO0 TEX MOop, NOKa BCA CUCTEMA HE
nepenaer U3 ogHou gasbl B gPYrylo.

4: 3aKOH UcnapeHUs . Koiu4ecmeo
mernna 00, Heobxooumoe OJig ucrnapeHus
geuwjecmea maccou dm, rnporopUuoHasibHo
amou Macce:

aQ = rdm (6.3.5)




KoadhunumeHT nponopunn r B 3TOM
BbIpa)XXeHUN, eCTb KOHCTaAHTa, 3aBucsiLlas oT
BelllecTBa CUCTEMbI, Ha3blBaemMas yoesibHoU
mersiomou ucrnapeHuUs.

OTOT 3aKOH crnpaBeasiMB 1 AN KOHOeHcaLuuu,
npaBga c ogHUM oTnndmnem: 0Q B 3TOM Cry4yae —
Tenmno BblaeNndemMmoe CUCTEMOMN.

3aKoH ucrnapeHusi MOXHO 3anncaTb B 00LLEM

suae 00 =+rdm,, .

rae 3HaK Ntc OTHOCUTCS K UCMapeHuto, a 3HaK
MUHYC — K KOHOEHCcaLUM.




I3ameHeHne SHTponuM B 3TOM NpoLiecce
MO>XHO HaWUTW NPOCTO, cHMUTada npouecc
paBHOBECHbLIM. VI onaTb 3TO BMNOJSIHE
OONyCcTUMOE NpubnmxeHne, npu ycrnoBuw,
YTO Pa3HOCTb TeMMepaTyp Mexagy cucTemMou
N «NOCTaBLUMKOM» Tenna HeBEesrukKa, T.e.
HaMHOIo MeHbLle TemnepaTypbl KUMEHUS.
Toropa nsSMmeHeHne SHTPOMNUMN:

AS=S,-S5, =TdS =T8Q/T —_j‘rdm =+rm/T,
1

S 1



AS=S,-8,=xrm/T,

N3 doopMynbl crnegyert, uTo rnpu
ucnapeHuu 3aHmMponusi eo3pacmaem,
a rnpu KOHOeHcayuu yMeHbWaemcsH.



du3nyeckMnM CMmbICN  3TOrO  pesynbrarta
COCTOUT B pas3numimn dasoBon obnacTtu
MOSIEKYNbl B XWUAKOCTU U rase. XoTa B
XNOKOCTU U rase Kaxkgoum Mosiekyne OoCTynHa
BCA  obrnactb  MPOCTpaHCTBA,  3aHATas
cuctemMon, HO cama 93Ta obnactb Ans
XUOKOCTU CYLUECTBEHHO MEHbLLE, 4YeM [On4
raza. B >XMOKOCTU cUMbl MPUTSDKEHUST MeXay
MOJSIEKYNaMUNU YyOEPXUBAOT Ha onpeaeneHHOM
PacCTOsIHUM Opyr OT Apyra, No3ToMy Kakaas
MOJSieKyna XoTd U UMEEeT BO3MOXXHOCTb
CcBOOOHO MUTPUpoBaTh no obnactu

NPOCTPAaHCTBA,



3aHATON >KUOKOCTbKO, HO HEe UnMeerT
BO3MOXXHOCTWN «OTOPBAaTbLCA OT KOMMeKTBa»
OCTalbHbIX MONEKYM. CTOUT e OTOpBaTbLCA
OT OOHOWM MONEKynbl, KaKk TYyT Xe
nputarnsaetca gpyrasa. [loatomy ob6bem
JXudKkocmu 3asucum om eé Kosiu4yecmea
N HUKaK HE CBSA3aH C 0bbeMOM cocyaa.



Morekynbl ra3da BegyTt cebsa nHaye. Y Hux
ropasgo bonblle cBobodbl, cpeaHee
PaCCTOSHME MEeXOYy HUMU TaKOBO, YTO CUJSIb
NPUTSDKEHUA OYEeHb Marbl, U MOIMEKYIbl
«3aMedaloT  Opyr gpyra»  JiMllb - Npu
CTOINIKHOBEHUAX. B pesynbrate 2a3 eceaoda
3aHuUmaem secb 06BLem cocyoa.



[TloaTOMYy npu paBHbIX Temnepartypax
doasoBas obnacTb MOJIEKYIT rasa
3Ha4YUTENbHO Oorblle dra3oBoM 00acTu
MOJSIEKYN XWUAKOCTW, W SHTpONuUs rasa
bonblue SHTponuu xXmnakoctn. ras, rno
CPaBHEHUK C XUOKoCmbKO, 20pa3a0o
MeHee yrnopsioo4YeHHasd, 6osiee
xaomu4yHasi cucmemMa u 3Hmponusi 2a3a

6os1bWwe sHMponuu >XuokKkocmu.



6.4. U3MeHeHunsa aHTponuu npwn
oopaTMbIX U HEOOpPaATUMBbIX

npoueccax

NTak, aHmponus — oTHoLlEeHne nory4YeHHou
MM  OTOAHHOM  CUCTEMOU  TennoThbl B
obpaTumMoM npouecce, K Temneparype, npu
KOTOPOW MPOUCXOOUT 3Ta nepenava.

S=[d0y,/T

IHMponusi — eesiuqduHa adodumueHasi, T.e.
OHA paBHa CYMME OJHTPOMNMUA BCEX Ten
BXOASALUNX B CUCTEMY: | ¢ _ v g

i




O6pamumbit yukn KapHo

M3 m. 5.2 MBI 3HaeM, 4TO, B TCILIOBOU
MaIllMHE, PpadoTAOMEn 110 NPUHIIMITY
KapHo, NMEIOTCA TPpHU TeJa:
XOJIONWJILHUK, HarpeBareiib, padouee
Teno (ras).

Hsmenenue sumponuu 2aza  AS =0,

mdaK KdK 2ds eosepawiaemcsi 6 UCXOO0HOE
cocCmosHue.



IameHeHne SHTpOoMNMM HarpeBaTens:

- (6.4.1)

Harp
1

[1na xonoaunbHUKA:

A T.K.

~0_0
L T,




TO
AS, « =AS, . —AS _Z9 9,

Har X0J1
' L1

T.C.

dQ
AS — O 0bp — O
S om § T (6.43)

T.€. S — Koncmanma.
DTO BBIPAXKECHUE HA3ZBIBAKOT PUABCHCHLEO
Knaaysuyca.




Heobpamumbil UUKIT

Mbl 3HaeM, 4TO n06p > nHeO6p9

OTcroga 0,
T2

AS

HEOOp

= AS

T.e.,
1 % <1—% (6.4.4)
1 1
9| Torma
]-i )
s + AS oy = —9, 9
LT



Takum obpasom

NI

§d—Q>O

I

AS

HEOOP

> (0

(6.4.5)

OT0 HepaeeHcmeo Knay3uyca.

lpu nro6om Heobpamumom

rnpouecce 8 3aMKHymou cucmeme
aHmponus eo3pacmaem (dS > 0).



TakuMm 00pa3oMm, 0142 npou3zeo0ibHO20 npoyeccd,
(6.4.6)

NS, 3HAK PABEHCMEa — 011 00paAmuUmMo2o
npouecca; 3HaK 0oabwie — 0,1 HeoOpamumozo.

Torma myist 3aMKHYTOM CMCTEMbI

—mMamemamudecKkasn 3anucb 6mopozco

Haudida mepmoduuamuku.



6.5. Bropoe Ha4yano TepMoanHaMUKIN

TepmooOuHamuka, 9TO HayKa O
TENNOBLIX NMpoLueccax, 0 NpeBpaLleHUn
TENNOBOW 3Heprun. [na onncaHmg
TepMognHaMNYECKMX NPOLIECCOB MNepPBOro
Ha4Yana TepMoaAnHaMUKMN HEOOCTATOUHO.
Bbipakasg o0LLMKN 3aKOH COXpaHEHUSA U
npeBpaLleHna aHeprun, nepBoe Havyarno
He NO3BONAET onpenennTb HanpaBneHne
NpOoTEKAHUA NPOLIECCOB.



icTopunyeckn BTopoe Ha4vano TepmMoanHamMmmnKm
BO3HMKIO N3 aHanns3a paboTbl TEMSOBbIX
aBuUraTeneu.

PaccmMmoTpum cxemy TenmnoBOro Asuratens.

1 O Pabouee O, /i
- -
Harpesarenb TEJIO XOJIOIUIBHUK
A

OT TepmocTaTa ¢ bornee BbICOKOMN TEMMeEpPaTypou

,,» Ha3bIBaeMoro HazpesamersieM 3a LMK OTHNMAETCS
KOnM4YecTBO TennoThl Q,, a TepmocTaTy ¢ bonee HU3KOW
Temneparypou T,, Ha3blBaeMOMY XO/100USIbHUKOM 3a
LIMKN nepegaeTca KonmyecTBo TernoTbl Q. v

coBepluaeTcs paborta A= Ql — ).



0, 3
- 2

XOJIOMWJIBLHU K




YUTo0BI TEpMUYECKHUN KOA(P(PUIUECHT MOIEC3HOTO
NICNCTBYUS TEIJIOBOTO ABUTATEINs ObUT 1] = 1,
TTOJDKHO OBITH BeIMONHEHO ycnosue (), = (t.e.
TEIJIOBOM JIBUTATE/Ib JOKEH HMETh OJIMH
MCTOYHHUK TEMJIOTHI, & 3TO HEBO3MOINCHO.

H. Kapno B 1824 r. gokazain, 4To 015 paoonivi
MENnJ106020 08U2AMENA HEODX00UMO He MeHee
08yX UCMOYHUKOB8 MENI0Mbl C PA3ITUYHBIMHA
TeMIIEpaTypaMHu.

Heesozmooicnocms coz0arnus 6euHo2o
osucamesi BMopo2o pooa NOOMBEEPHCOAEM A

6MoposIM HAUA/IOM mepMO0MHClMMKM.'



1. HeBoamoxeH npolecc, egMHCTBEHHbIM
pe3ynsLTaToM KOTOPOro ABMSAETCH
npeBpalleHne eceu mernsomel,
NoryyYyeHHOW OT Harpeeartensd B
9KBMBANEHTHYIO el paboTy
(bopmyrnnpoBka KernbBuHa)

2. HeBo3amokeH eeyHbIl dsu2amerib
emopozo poda ((popMynnpoBKa
TomncoHa-l1naHka).

3. HeBoamorkeH npouecc, eAMHCTBEHHbIM
pe3ynsLTaToM KOTOPOro ABMSETCH
nepenada sHeprum om xosio0HO20 meJsia
K 2o0psidyemMy (popmynuposka Knaysunyca).



Mamemamu4yeckou opmysiuposkou
emopoz20 Ha4vasia SIBMISETCA BblpaXeHne

dS >0

IHMponusi 3aMKHymou cucmemMbl npu
JIIo6bIX  npoucxoduswux e Heu
npoueccax He moxem ybbieamb (unu
yeesnu4ueaemcs unu ocmaemcs

Heu3MeHHoU).




Ilpu oopamumommnom npouecce

dQ = TdS (6.5.1)

Ipu neoopamumom npouyecce, Kak 1oKa3all
Kiay3unyc

dS >dO/T
(6.5.2)

— U3MCHECHME DHTPOIUM OO0IbIIE IIPUBEACHHOM
TCIIOTHI.
Torma Torma 3TH BBIPAXKECHUS MOKHO

00ObETUHUTD: ng< TdS

5.3)

Vos./ o;l




Ilepsoe u emopoe nauana mepmoouHAMUKU
8 00bEOUHEeHHOU (hopme umerom euo:

7dS > dU + dA.es4



6.6. CBOOOAHAA u cBA3aHHaNA
3Heprnm

Kak cnegoyetr u3 nepeo20 U 8mopoeo
Ha4vyasla mepmMoOuHaMUuku e ob6beOuHeHHOU
¢gbopme B obpaTUMOM MpoLiecce:

d' A = —(dU — TdS)

ITO PaBEHCTBO MOXHO lNnepernncarb B BNAOE

d'A=—d(U—-TS)—SdT -



O6osmaunm, U —T7S = Frne F

Pa3HOCTH JBYX (DYHKIUM COCTOSIHUM, ITOTOMY
caMa SIBJISICTCS TaKXKe (PyHKIUEH cOCTOSHUS. Ee
Ha3BaJIU C8000OHOU IHEp2Uell.

Tornma d' 4 = —(dF + SdT)6.6.1)

Eciu Teno coBepiacT 0OpaTuMBbIil
n3oTepMuaeckuii mponecc, To d7 = (0

2
d'4=—-dF =—|dF =—(F, - F)=F, - F,

1



A =F —F,

N30T

criegoBaTeribHO ce0b600Hast 3Hep2usi eCcmb
ma paboma, Komopyro Mo2Js10 6bI
cosepwumb mesio 8 obpamumom
u3omepmMu4YeCcKoOM ripouyecce  WUNMw,
ce0b600Has1 aHepausi — ecmb
MaKcumMaJsibHasi B03MOXXHasi paboma,
KOmMOopYyr MOXem cosepluiumsb cucmema,
obsiadasi KakuM-moO 3arnacomM eHympeHHeu
3Hepauu.



Buympenusasn snepeus cucmemuor U paBHA CyMMeE
ceoooonoi (IF) v ceazannou suepeuu (TS):

U=F+1TS

CesizaHHasi aHepausi — Ta YacTb BHYTPEHHEN
9HEPrum, KoTopasi He MOXET ObITb NpeBpaLleHa B
paboTy — amo obecuyeHeHHasi Yacmb
8HympeHHeUu 3Hepauu.

[1pn ogHOWM K TOWU Xe TeMnepaTtype, cBA3aHHaA
9Heprusa Tem donblue, Yem bonbLUe SHTPONUS.
Takum obpasom, aHmponusi cucmembsl ecmk
Mepa obecueHeHHocmMu ee 3Hepauu (T.e. Mepa
TOW SHEPrnmn, KOTopasi He MOXET ObITb NpeBpallieHa
B paborTy).



B TepmMogmMHamMunKke ectb eLle NoHATUE —
3Hep2emu4yeckKkasi nomeps e
u3osiupoeaHHoOU cucmeme

=T __AS

MHH

(6.6.3)



[lpn nobom HeobpaTMMoM npouecce
QHTpONUA YBENMMYMBAETCA OO0 TOro, noka He
NPeKpaTATCA Kakme-nmbo npoLecchl, T.€. Noka He
ctaHeT F=0.

OTO NMPOU3OUAET, NPU AOCTUXKEHUN 3aMKHYTOM
CUCTEMbI PaBHOBECHOINO COCTOAHUA, T.e. Korga
BCE MnapameTpbl cocToAHua cuctembl (P, T) BO
BCEX TOYKaX CUCTEMbI CTaHYT OAUHAKOBLIMW.
BoiBeECTM cucTeMy mn3 9TOM0 PaBHOBECHOIO

COCTOAHNA MO>XHO TOJIbKO 3aTpatmB SHEPINKO U3
BHE.

Ha ocHoBannu stux paccyxuaeaunt Kiuayzuyc B 1867

I. 6blOBUHY]I 2UNOmME3y O MmMEeNn1060U CMepmu
Bcenennoii.



6.7. CtaTuctTuyecKkum CMbICI
3HTpONUN

[TocMOTpPMM Ha SHTPOMUIO C APYron
CTOPOHbI.



Makpococmosnue — 3TO COCTOSHHUE
BEIIIECCTBA, XapaKTEePU3yeEMOE €ro
TEPMOANHAMUYECCKUMU [apamMeTpamHm.

Cocmoanue oce cucmemol,
xapakmepuszyemoe - COCHOAHUEM  KaAXHCOOU
86xX00AUCH 6 CUCMEM) MOJIEK)ibl, HA3bIGAIOM
MUKPOCOCMOAHUEM.

Tak xak MOIEKyIbl ABUXKYTCS XaOTHYECKHU, TO
MMEETCSI MHOI'O MHKPOCOCTOSIHAM, COOTBETCTBYIOIIHX
OJTHOMY MAaKpPOCOCTOSIHUIO.

O6o3HauuM W — 4HCIO  MHKPOCOCTOSIHHUU
COOTBETCTBYIOICE JAHHOMY MAKPOCOCTOSHHMIO (KakK

npaBuiio W>>1).



Tepmoounamuueckou eeposamHoOCmbio Uil
CHAMUCMUYECKUM 8€COM MAKDOCOCMOAHUA W
—  Ha3bIBACTCA  YHUCIO  MHUKPOCOCTOSHHU,
OCYIECTBIIAIIUX JTAHHOEC MaKpOCOCTOSHUE
(MM 4YHCJI0O MEPECTAaHOBOK  OJHOMMECHHBIX
3JIEMEHTOB, IPU KOTOPBIX COXPAHAECTCA JAHHOE
MAKpPOCOCTOSIHHE).

Tepmoounamuueckan eeposmuocmo W —
MAKCUMAIbHA, KO0204 cucmemda HAX00UMCS 6

PA6HO6ECHOM COCMOAHRUU.



B cocmosiHuu pasHoeecus 8
mepMoOOUHaMUKe U 8eposimHOCMb
MaKcuMalsibHa U aHmponus

MaKCUMalJlbHa.

13 3TOro MOXXHO caenaTtb BbIBOO, YTO
MeXagy HUMK cyllecTtByeT cBAa3b. Holll
DHTpONHUA S — aAJUTUBHAS BEJINYMHA.

n
§=%'s,
p— , T.6. OHa paBHa cymme
SHTPONUIN TEN, BXOAALMX B CUCTEMY.



A BEPOATHOCTb CINOXHOro cobbITUS, ECTb
npoun3sBegeHne BEPOATHOCTEN

W =WwWw,

rne W, — mepBoe cocTosiHue; W, — BTOpoe
COCTOSHHUE.
AOJJumueHOoU eestuq4uUHoU s1esissemcs

Jio2apucm W:
InW=InW,+InlW, = —Zan

—1
TepMoanHamMmmyeckas BepOFITHOCTb NN
cTaTUCTUYEeCKUn BecC.



bosibumMaH NpeanoXxun, 4Yto

S=klnWw, ©7.7)

riae k — koapdumuent bonsiMaHa.

C 3TON TOYKU 3PEHNA IHMPOrNus
ebicmyrnaem, Kak mepa 6ecrnopssoo4YHocmu,
Xaomu4yHOCMuU COCMOSIHUSI.

Hanpumep, B dLuKe YepHble 1 6enble wapbl. Ouu

IIOPO3Hb, €CTh HOPSAJIOK U W HeBenuka. llocine BCcTpsaxuBanus
— [Iapbl HepeMEIaroTcs U W — yBEIUYMBACTCS U DHTPOIIUAI.

N cKkonbko Obl HE BCTPAXUBATb NMOTOM ALLUK, HUKOTOa

YepHble Lapbl He cobepyTcs y OAHOM CTEHKM, a benble Yy
[IPYron, XOTS 3Ta BEPOATHOCTb HE paBHA HyIo.



CBs3b MEXIY S U W IO3BOJISAET

HECKOJIBKO MHAa4Ye cpopMynnpoBaTh
emopoe Ha4vyaJsio

mepMOOUHaMUKU:

Hanbornee BEpPOATHbLIM

N3MeHeHUeM 3HTPONUuU ABnaeTcs
ee Bo3pacTaHue.



Iumponus — BEPOATHOCTHAS CTATUCTUYECCKAS
BEJIIMYMHA.
YTBEPKICHUE O BO3PACTAHNUU SHTPOIINHU
IIOTEPSIIO CBOKO KATETOPUYHOCTb.
E€ yBennueHne BEPOATHO, HO HE UCKIFOYAKOTCS
(bIIyKTyaluu.

J1o atux paccyxxuaeaun Knayzuyc B 18367 T.
8bLOGUHYJ1 2UNOME3Y 0 MENI080I CMEPMU
Bcenennoii (0 HeY Cka3aHO paHee).

JI. Bonvuman 00un u3 nepevix onposepz Imy

cunomesy u noKdsadi, Umo 3dKOH 603pacmaHuA
IHmMmponuu — CIMAmMuUCmMu4ecKuu 34AKOH, m.ée.

GO3MOIICHBI OMKJ/IOHEHUA.



Poccunckmne domnsmkn A.b. 3enbaoBuy um
.. HoBukoB, Tak Xe onpoBeprnu 3Ty
Teopuo, U nokasanu, 4to P. Knaysnyc He
yyen, yto BceneHHaa He cTtauuoHapHa U B
oyaywem He nepenger K ogHomy
COCTOSAHMUIO, TaK KaKk OHa 3BOMOLMOHUPYET,
OCTaeTc4 He CTaTU4HOMW.

IHMponus cucmemsbl — MakcumarsibHa,
fnpu oOocmu)XeHuu 3aMKHymou cucmemou

pPaeHoOBEeCHOcO COCIMOAHUA.



6.8. TpeTbe Ha4Yano TepMoaANHAMUKMU

Heoocmamku  nepeozo u emopo2o Haua
MepMOOUHAMUKU 6 MOM, UHMO OHU He NO3BO0AIOM
onpeoenumso 3HAYeHue IHMponuu npu
aoconrommuom uyne T = 0° K.

Ha ocHoBaHuUM 0000IIEHUS SKCIEPUMEHTAIbHBIX
MCCIIENOBAHUN CBOMCTB PA3JIMYHBIX BEIIECTB IIPHU
CBECPXHHU3KHMX TEMIIEparypax ObLI YCTAHOBJICH 3aKOH,
YCTPAHUBIIHUU YKa3aHHbBIN HEJIOCTATOK.
CohopmynupoBan ero B 1906 1. HepHer w
HA3bIBACTCS OH TPETHUM HA4YaJIOM TEPMOAWHAMUKHU,
Wi Teopemon HepHcra.



HepHcT Bankstep Ppugpunx
lepmaH (1864 — 1941) —
HEMeLKUN PU3NK U PUINKO-
WK,

OAVH N3 OCHOBOMOJSTOXXHUKOB
dounanyeckon xmmun. PaboTtbl B
obrnactn TepMmognHaMukn, U3NKN HU3KNX
Temnepartyp, dusmnyeckon xmummn. Bbickazan
YTBEPXKOEHNE, YTO SHTPOMUS XUMUNYECKU
OOHOPOAHOro TBEPAOro UM XXNOKOro Tena npu
abCOIOTHOM HyJie paBHa Hymnto (Teopema
HepHcTa). [Npeackasan addeKT «BbIPOXOAEHUA

ra3a.




CornacHo HepHcTy, usameHeHue aHmpornuu AS
cmpemumcs K Hyrro rpu mobbix obpamumbix
u3omepmu4vecKux npouyeccax, cogepuiaemMsbix
MEXOY 08yMSl pa8HOBECHbBIMU COCMOSHUSMU Ipu
mewmrnepamypax, npubnuxaruwuxcs K
abcornromHomy Hyrio

(AS — O opu 7' — 0).

HepHCT cdpopmynupoBan Teopemy ans
N30MNPOBaHHbIX cucTeM, a 3atem M. [lnaHk
pacnpoCTpaHun ee Ha criydamn fnodbiX CUCTEM,
HaxoAALWKMXCA B TEpMOANHAMNYECKOM

paBHOBECUM.



Kak nepBoe 1 BTOpOE Ha4yana

TepMOANHaAMUKKN, Teopema HepHcTa
MOXET paccMaTpuBaTbCS KaK
pe3yrnbraTt 0000LEeHNA ONbITHBLIX
doakToB, MO3TOMY €€ 4YaCcTo Ha3blBaloT
mpembUM Ha4yasioMm
mepMOOUHaMUKU:

3aHmponus sirobou pasHoeecHoOU
cucmembli npu abcosIromHOM Hyre
memMrepamypbl MO)XXem 6bimb paeHa

HYJ1HO.



Orcrona cnenyert, 4ro 1upu I'— (0 uHTErpal
T
do
——— CXOOUTCS Ha HIDKHEM IIpeJiene, T.¢.
I
MMEET KOHEUHOE 3HadeHue S(0) = const min
S(0) = 0, mpryeM paBEHCTBO HYJIIO
pacCcMaTpUBACTCS KaK HAan0O0JIee BEPOSITHOE.
A HYJIEBOEC 3HAYECHME SHTPOIHNHU (MEPHI
OECIIOpsIAKA) COOTBETCTBYET OTCYTCTBHIO

TCIIJIOBOI'O IBUKCHMA IIPU a0COJIFOTHOM HYIJIC.



Ilpu 7T = 0, BHYTPEHHSASA DSHEPrus u
TEINIOBAasA (PYHKIHS CHCTEMBI IMPEKpAIIArOT
3aBHCETh OT TEMIIEPATYpPbl, KPOME TOIO,
MCIIOJIb3YS METOJI TEPMOJIMHAMMHYECKUX
(PYHKLMK, MOKHO ITOKa3aTh, 4To Ipu 1 = 0,
OT TeMIepaTypbl HE3aBUCHUT KOA(PPHUIIHECHT
OOBEMHOI0 PACHIMPECHUS, TEPMHUYCCKUM
KOA((UIMECHT  JaBJICHHUS W JPYTHUE
[IapaMeTPbl CUCTEMHEI.



ComacHO KJIACCUYECKUM IIPEICTABICHUASM
IIpy A0COJFOTHOM HYJIE, BOBMOXKHO
HEIIPEPBIBHOE MHOKECTBO MUKPOCOCTOSTHUM

CHUCTCMBI.

ObbsicHeHMe TeopeMbl HepHcTa MOXHO
0AaTb TONMbKO HA OCHOBaHUN KBAHTOBO-

MeXaHU4YeCKUX nNpeacTaBrieHnn.



TpeTbe Ha4Yano TepMoaANHaMUKHN
UHo20a opmyrupyrom credyrouwum
obpa3som:

npu abcos1romHoOM Hyne
memMrnepamypbl JIlobbie USMeHeHUs1
mepMoOUHaMUu4yeCcKoUu cucmemMabl
rnpoucxoosim 6e3 usMeHeHuUs!
aHmponuu: AS,_, =0,

Te. S,_, =const

NN @



lNMpunyun HepHcma 6an pazsum [MlnaHKoMm,
NPeanonoOXmMBLLNM, YTO rpu abcosTlomHoOM HyJie
memMrnepamypbl 3Hepa2usi cucmemabl
MUHUMaJIbHa (HO He pasHa Hyrlio).
Torga MOXXHO cyuTaTb, YTO rpu abcosIrMmHoOM
HyJle cucmemMa uMmeem OOHO K8aHMoOB8o0e
COCMOSsIHUE: ST: 0= 0,

S=kInW,a W =1, to
Sr_o=kinl=0

3Ha4YUT TepMO,u,MHaMquCKaﬂ BEPOATHOCTb W npu 1 =0°
IOJKHA OBITh PaBHA €AUHULIE, YTO HEOOCMUNCUMO
(NPUHYUN HEOOCUICUMOCIU ADCOIIOMHO20 HYJISL meMnepanypbul)



CaencrBueM Tperbero HauaJia
SIBJISIETCH TO YTO, HEBO3MOKHO OXJIAAUTH
TeJI0 10 A0COJIOTHOIO HYJIA (RpUHUUN
HeOO0CMUNCUMOCHU AOCOIIOMHO20 HY1A
memnepamypbol).

NHade ObLI OBI BOBMOKEH BEUHBIN

nBurareib 11 poga (Kakor 3TO IBUTATEIIb?)



