HanpaBJjieHue mpoumeccon
B GU3NKO — XUMHYECKHUX CHCTEMAX
(uactnp 1)

OHTPOMNUS U BTOPOU 3aKOH
TEpMOANHAMUKN



JloctaTouHo ju 1 3.1.7

« 1 3.T. 3anpeLtaeT HEBO3MOXHbl€ NPOLIECChI, HapyLLatoLMe ero, B 3TOM
CMbiClie OH SIBNAiIeTCcs OocHoBoOMonarawuwnum ”n BceobWuUmMm,
HeHapyLUNMbIM

« 1 3.T., TEM HE MEHee, He npeacka3blBaeT BCE BO3MOXHbIE Clly4au
CaMonpon3BoJyibHOIro npoTeKkaHnda npoueccoB, CTpeMALLUNXCA K
KOHEYHOMY yCTOVIHMBOMy paBHOBECUO, TEM CaMbIM 3TOT 3aKOH
«paBHOAYyWEeH» K HalpaBJieHU TMpoTekaHnAa npoueccoB, 4TO,
KOHEYHO, O4MEeHb BaXHO AJ1d XUMUN N XUMUNKOB

Camornpou3sorsibHbIlU rpouyecc rnpomekaem cam, «be3 3ampam» U
«ycunuu» u3sHe.

B paeHoeecuu cucmemMa HeusMeHHa 6eKoHeYHOo 00s120, ecriu HeU3MEHHb!
yCriogus ee cyw,ecmeo8aHUHA.

Obpamumbil ripouecc MoxXem [1poxooumb KakK 8 rpsiMOM, makK U 8
obpamHOM HanpaeJsieHuUsIXx, Npoxoo0s 4Yepe3 OOHU U me Xxe
MPOMeXXymo4yHblie COCMOSIHUS, pu 3MOoM cucmemMa eo3epaujaemcs 8

UCXO0HOE cocmosiHUe be3 3ampam aHepauu.
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CamMornpoun3BosibHbleé = HepaBHOBECHbLI€e
CaMOlnpon3BOJibHbIE # PAQBHOBECHbLIE

HecamMonpoun3BOJibHblE # HEPaBHOBECHbIE
CaMonpou3BoOJibHbIe = HeobOpaTumMbIle

HeobpaTUMbIE = HEPABHOBECHbIE




JHA0TEPMHUYECCKUEC peaKIuU

JK30TEPMUNYECKMNE peaKkLunmn

[MpnHumn bepTno-TomMceHa:
A+B — AB npn AH<0
A+B - C+D npn AH<O0
QHOoTEPMMYECKME - ?

NH,NO; = NH,*,, + NO; 7, - Q

[lepBbln 3aKOH TEPMOAMHAMWUKN HE MOXET OTNINYNTL OobOpaTUMbIe
npouecchbl OT HeobpaTUMBbIX (MPOCTO AHepreTUyecknin banaHc).

HanpaBneHue camonpou3BosibHO MNpoTeKawuWmnx MnpoueccoB
yCTaHaBMBaET BTOPOW 3aKOH TePMOAUHAMMUKMN.



AHAJIOruM

e

MexaHuKa: CcTpeMneHme K yMeHbLUEHNIO NOTEHLMANbHOW
9HEPrn 1 paccemBaHnIO SHEPIrMK B BUAE Tenna
(TpeHue)

XnmMunyeckas

CUCTeMa: YMEHbLUEHNE BHYTPEHHEN SHEPINU (SHTANbLMNN)
n yBenndeHune decnopanka



CaMonpous3BoJIbHbIE MPOLECCHI

Camornpou3eosibHbIe

-npespauwieHue ("ouccunauyus”)
MexaHu4yeckou pabomsi 80
8HYMPEHHIOK 3HEPauUto mera

h U3-3a MpeHus,
-0ubby3us 8 2azax u
SSSSSSS XUOKocmsix,

mgh unu mv?/2» Q (nyna)  -epemelwiusaHue 2asa...
Q = mgh nnn mv?/2 ?

— + -
(ONbIT C CamMONpPoOn3BOSbHBIM BO3HUKHOBEHUEM
«MarnnHOBOM» OKpacKu Bcero oobema pacrteopa oT
OOMHOYHOIO Kpuctanmuka )




IlepemeninBaHue ra3on

p1>p2 p2
wnu T,>T,

demoH MakcBenna



OemoH MakcBenna - npuaymaHHoe («BUpTyanbHoe») [

Cyuw,ecTBO, CnNocobHoe «BPY4YHYLO» cOpTUpoOBaThb
MONEKYNbl N pacnpegensTb UX TeM CaMbiM B pPasHbIX
4yacTsax cocyaa 6e3 3aTpar SHepruu.

[lpobriema ece e 8 moM, 4YmMo OH He MoXkem pabomamek
b6e3 3ampam 3Hepauu Ha «omcriexxueaHue» MOJreKyr,
U3MeHeHUs UM umnyrbca u m.0. (YeM numaemcs cam -
Heu38eCmHO U He8a>Ho)

Mamepuanel u ycmpoucmea, peallbHO copmupyrouwue
MOJSIeKyribl — MeMbpaHbl, HO OHU pabomarom nubo 3a
cyem BHeWHUX UCMOYHUKO8 3Hepauu, nubo 3a cyem

yeerniudyeHusi becriopsioka 8 cucmeme U, KOHe4dHo, be3
HapyweHus 1 3.m.




O6paTuMbie H HEOOPATHMBIE IPOLECCHI , 1 .

nrnasBneHue pacTBopeHune
S L, S- - LS (orp. pacTs.)
Kpucrtann3auums ocaxageHue
¢azoBbIn ucnapexue obpaTuMble
S1 ¢ . 82, S ) - V
nepexon KOHOeHCcauus

2NO,=N,0, CO+H,0=CO,+H, 3H,+N,=2NH,

H,SO, + H,0 — H,S0, 1.6, HEobpaTtumbie

Ba(NO,), + K,SO, = BaSO, + 2 KNO,
C,H,+2.50,=2CO, +H,0

HCI + KOH = KCI + H,0

(NH,),Cr,0, = N, + 4 H,0 + Cr,0,




Pabora u Tennjiora
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AnccunatTnBHbIe CUTbI
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IIpeoOpa3oBanue TEJI0THI B padoOTYy , (.
Tennoeol deuzamerib - yCTPOWCTBO, CNOCOOHOE
npesBpaLlaTth Noly4YeHHyo TENSOTY B MEXaHUYECKYHO pa60Ty
(B npouecce paclimpeHns padboyero tena)

P
4

- - - -

\/
-\

OQHOKpaTHBLIN aKT nNpeobpasoBaHns TENNOThl B paboTy He nNpeacTaBnsaeT MHTepeca.
PeanbHble TennoBble ABUratenu padboTatoT UMKINYECKHN.
Pabouee Teno coBepLlaeT KPYroBom npouecc nnm mepmMoouHaMu4yecKull YUK,

NPy KOTOPOM Nepuoanyeckn BOCCTaHaBMMBAETCA UCXOAHOE COCTOAAHME.
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OObIYHLIE IBUTaATEIH

P P
24 2 3
A 4
1 3
I
4 -
! (1) v 0 )
KapObtopaTtopHbIn 4.B.C. [unzenb

1

2



nKapHO = "max’

U3oTepma 1-2: ra3 nornowaet Q, y «Hagpesamersisi»
U3oTepma 3-4: ra3 otaaet Q, «X0/100UNTbHUKY »
2-3 n 4-1: aguabartbl
Q,-Q, — paboTta (nnowaab LUuKna)
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TennoBble MalIMHbI paccMmaTpusaloT And BbiBoga 2 3.T.
OObIYHO MOTOMY, YTO TaK MCTOPUYECKM CIIOXKUIIOCb. ITO
narneko He eAMHCTBEHHbIW crnocob OobbACHEHUNA, YTO Takoe 2
3.T., OOHaKO AOOCTAaTOYHO nMpaBUSlbHbIKM NYTb, MOCKOMbLKY
TennoBasi MallMHa - 3TO YCTPOWCTBO, oOrnepupylollee u
TennoTon («MUKPOCKOMUYECKUM», MUKPODUNINYECKNUM
cnocobomM nepepaynm aHepruunm) M paboTown
(«MaKkpoCKONMU4ecKkumM» cnocobom obOMeHa 3JHeprvmen mexay
cuctemamn). Tem cambiM, OHU PaKTUYECKN (M Ha MPaKTUKE)
NoKasbIBalOT (MpUHUUNUAaNbHYO!) pasHuLy MexXxay TENNOToMN U
paboTon, octaBasicb B pamkax 1 3.T. [lpyn 3Tom TennoBas
MallMHa OObIMHO peanu3yeT camMonpou3BOSibHbIU MpoLecc
ONA COBepLIEHMA rMofe3Hon paboTbl M U3MEHEHUSA

BHYTPEHHEN 3HEPTNUN CUCTEMBI.
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XonoagnnbHUK

OBurartenb
BHYTPEeHHero
cropaHus (a...c.)
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Korga ny4yiwe pabotaeTr XonoaunbHUK -
3MMOU NN NeToM?
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[PyCTHbIN OTBeT -— XOnoaAunbHUK nydwe paboTaer
3MMON, NOTOMY Y4TO Jydlwle oxna)gaeTtcs paauatop
xonoaunobHuka. OH Oonblle rpeeT oOKpyXxarluee
NPOCTPAHCTBO, YeM oxnaxgaeT cedba BHYTPU.

AHanorn4yHo, HEBO3MOXHO KYMUTb, Kak Obl HN XOTENOCh
(a Begb peknamupytoT ©!) koHAMUMOHEP 6e3 «CnnuT -
CUCTEMbI» UMW LUMaHra, OTBOAALWErO ropsynini BO3AyX.
Ecnn KoHOUMUMOHEP NOCTaBUTb B LEHTP KOMHaTbl 0e3
TAKoro LwfaHra, To oH Oyaet Oonblle rpeTb ee, a He
oxnaxnaTb.

Obe 9T cuctembl He paboTalT 6e3 BKIIHOYEHUS B
PO3€ETKY, TO €CTb OHW (paKTUYECKM 3a CYET COBEpLLUEHUNS
pPaboTbl (BHELUHEW 3MIEKTPUYECKON SHEPrnK) pasgdensawoT
ManeHbKU MOTOK XenaTenbHOro XOSI0AHOro BO3ayxa U
60nbLWNK NOTOK HeXenaTenbHOro HarpeToro Bo3ayxa.
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®opmyaupoBku 11 3.T.

B UMKNUYeCKW [eiCTBYIOWEN TENNOBON MalUUHe &
HEBO3MOXEH Mpouecc, eAUHCTBEHHbIM pe3yrbTaToMm
KOTOporo Obifio Obl npeobpasoBaHME B MeXaHWUYECKYHO
paboTy BCero KoriuyectBa TensnoTbl, MOJSIYYEHHOrO OT
edVNHCTBEHHOIO TennoBoro pesepsyapa (KenbBuH)

HeBoO3MOXeH npouecc, eANHCTBEHHbLIM
pe3ynsLTaToM KOTOPOro obina Obl
nepeaava aHeprum nytem
TennoobmMeHa OT Tena C HU3KOU
TemMmnepaTtypou K Teny c dbornee
BbICOKOU TeMmniepaTtypou (Knaysuyc)

(YaMHUK Ha XONnoagHOW NINTE He
3akunaet!) Kamnbenn. Obwasa xmmus:
~ 21 popmynumposka Il 3.T. 18




HeB0o3MOKHBIE MPOILECCHI

T,>T,

Q

3anpewaet 1 3.1.

- BeYHbIN ABUrartesnb

1 poaa,
- K.n.A4.>100%

Paspewaet 1 3.1., HO

3anpewaert 2 3.T.

-BeYHbIN ABUraTenb
2 popa,
-ugeanbHbIN
XOonoausnbHUK)
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% M % ~0 [Mpn nonHom ob6xone 3aMKHYTOro Z L= (obpaTHMEIH [HIKT),
T, T, 7 obpatmmoro yukna ¥

AQ./ T, — «<npuBegeHHoe Tenno» (QHTPOINNA S, P. Knayauyc, 18651 )

NMonHoe npuBeaeHHoe TenJsio Ha nooom 06paTVIMOM LUKIie paBHO HYIHO.

@), AQYF
Mpwn nepexofe u3 cocTosHMsA 1 B cocTosHMe 2 AS =5, — &) = Z T
(1)
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T.n. popmyaupoBka 11 3.1.

«CyLlecTByeT HEKOTOPOE IKCTEHCUBHOE CBOMCTBO
CUCTEMbI S, HA3bIBAEMOE IHTPONUNEN, N3AMEHEHNE
KOTOPOro crneayrLwmm odbpasom CBA3aHO C
nornowiaemMoun TennoTon N TemMnepaTypou:

dS > 6Q/T (camonpoun3BonbHLIN NpoLecc)

dS = 6Q/T (paBHOBeCHbIN npouecc), 6Q = TdS

dS < 8Q/T (Hecamonpon3BONbHLIN NpPOLECcCc)»

d, 6 - «Mmarsioe UsMeHeHue»
He nytate: C = 8Q /AT

‘\ OmHoweHue nepedaHHOU mernnomel
u ABCOJTOTHOU memnepamypsbi

21
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JHTPONHUS B H30JMPOBAHHON cHcTeMe , fi .

UsonnpoBaHHaa cuctema: U=const, V=const, 6Q = 0.
AS > 0 (camonpoun3BONbHbLIU NPOLIECC)

AS =0 (paBHOBECHbIU NpoLecc)
AS < 0 (Hecamonpoun3sBOSibHbLIN NpoOLLEeCC)»

AS [Ix/(Monp*K)] =0

1 3.e. = kan/(monb™K) ~ 4.18 [Dx/(mornb™K)

NMpu nOBLIX npoueccax, NMpoTeKawWux B
TepMoauHaAMNYEeCKMX U3ONIMPOBAHHLIX CUCTEMaX,
3HTpONUA nubo ocTtaeTcd HEU3MEeHHOWu, nuobo

yBeIrininBaeTCHl.
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3aKOH BO3pacTaHUA SHTPOIIUH

S
3
§ ;i
S ™~
S \\\
S \
S \
ht» a 0

nimeHenu s ouUCmemMs/

PocTt aHTponuu gasBnsdetcsa oOWMM CBOMCTBOM BCEX
CaMOMNpPOMU3BOJIbLHO MpoOTeKalWwmMx HeobpaTUMbIX

npoueccoB B WU3ONMUNPOBAHHbLIX TepMOAMNHaAMNYECKUX
CUctemMax.

23



OTKpbBITHIE CHCTEMBI

WU.MpuroxuH - HobeneBckasa npemus

L
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Camoopranusauna xuaxkocreii.
B3aeTca CcHH3Y. B NPHCYTCTBHH ANIOMHHH
conpiKacaiomeiics ¢ BO3AYXOM, MOXHO

pa (no Nicolis G, Dewel G., Turner I.
and Nonequilibrium Statistical Mecha

Inc.: cuuMok npenocr

Cuankonosoe Macsio pasiomepno mogorpe- CA0ft KHAKOCTH HAXOAMTCA MEXAY ABYMS r°P"3°’:(T“a)""l'-'|:;' "":;:,.?;gl“
CBOTO NOPOIUKAa HA BepxHeil MOBEPXHOCTH, KaMil ¢ pasHoit remneparypoil (xosoauas ¥ ropsavasn r;-'!?:‘C;‘:: Ko;;sexmmme aveli-
HabAl0AaTh KOHBEKUHOHHMeE Auefiky Dena- 3HaycHuy pasHocTH TeMmnepatyp AT nosBAAIOTCH yCTOHY 2 B MDOTHBONONONK-
W., Order and Fluctuations in Equilibrium ki, uMetoute popmy poankos, Coceanne «poNHKH» BPAUAIOTC P

nics, ¢ paspemenus John Wiley and Sons, p Hanpasaenusax (no Velarde M. G.,

asnel E. L. Koschmieder).

Normand C., 1980, ¢ paspewenus Scienti-
fic American).

Bua ceBepxy CTpoeHue

Advenkn beHHapa
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BrO3 , Br~, MA —= BMA, H,0

Boicmpas peakyus, HBrO, —
NPOMEXYMOUKOE 8euecmeo

A

1 Becygemnas
UAU KPACHAR Br03 ,MA, Ce>*—= Ce“*, BMA H,0
f v 4 vosdues 4 HBrO, — 2HBrO, + -
Beicmpas kamanumuyeckas peakyus
Jeaman unu CuKAR
BMA,MA Ce** — Br™,CO, ,Ce>" H* 2
J

OcHOBHEle TpOMEXYTOUNbIC BellecTBa KoJeGarenpHoR peaxuun BXK.
Mexauusm peakuur B)K BKIOuaeT He MeHee ABaAUATH 3JAEMEHTAPHBIX CTaiMil,
KOTOpHE Ha cxeme pa3GuTH HA TPH TPYNNEL.

«XMmnyeckKume 4yacbl» -
| TOHKWM CITOU - BOJIHbI

l‘;‘ ‘ 5 <
Boanosofi ¢ppout, pacnpocrpausniomuiics or GecnopaaouHo pasGpocaHHbIX
nefcmeiixepos (cHuMox npepocrasied A. Pacault u C. Vidal).

Peakuuns benoycoBa - )KaboTuUHCKOro
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3akonbl Mepohu

Cneocmeus Il 3.m.:
«4yoec He bbieaemy
«3aKoHbl Mepu»

3akoH Mapdwm
Ecnun Kakaa-HMoyab HENPUATHOCTb MOXET NMPOU30ONTU, OHA CrlyYaeTcs

Cnencreus:
1. 13 Bcex HENPUATHOCTEN NPOU30OMNOET UMEHHO Ta, yLepPO OT KOTopown

oonbLlue;
2. NpenocTaBneHHble camu cebe, cobbITUA UMEKOT TEHAEHLMNIO

pa3BMBaTbCS OT MSIOX0ro K Xyawemy;
3. Ecnn akcnepuMeHT yagancs, 4To-To 34ecChb He Tak (NepBbiv 3aKOH

duHanrna)

8eposimMHOCMb y0aqyu < CyMMbI 8ePOSIMHOCMU Heyday
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[lpeackasaHue noroabl Ha AOONTMA CPOK HEBO3MOXHO.
dopmMupoBaHMe MNOroAHbIX SABMNEHUUW — peanusayuns
ncyesawlle Marion BeEPOATHOCTU KOHKPETHOro cobbiTMA B
OMHHOW LEenn rnocrneaoBaTesfibHbIX U TOXE BEPOSATHOCTHbLIX
cobblTun. NHorga 9TO Ha3biBAT «AETEPMUHUCTCKUM
XaoCcoM», nHorga «3ddekTtom 0aboyku» - pasgaBneHHasd B
anoxy AuHo3aBTpoB 0Oabodka morna Obl NpPUBECTU K
N3MEHEHUIO couuanbHOro ctpos 3emnu B oyaywem (dounbm
Nno n3BecTtHon HoBeernrne daHTacta Pesa bpenbepwn).

P.S. llesnua 3umBepT BO dpase «3T0 6aboykm aPpdeKkT»
MONMHOCTBI0 UCKaXXaeT CMbICIT UCXOAHOro TepMmuHa ©
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TepmoduHamu4veckas eeposmHocmb W
COCTOSAHNSA CUCTEMbI — 3TO YUCNO CNOCOOOB,
KOTOPbIMU MOXET ObITb peanu3oBaHo gaHHOe
COCTOSIHME MaKPOCKOMNYECKON CUCTEMBI, U
4YMNCIT0 MUKPOCOCTOSHUWN, OCYLLECTBNSAOLLMNX
OaHHoe MmakpococTtodaHue (W >>1).

OHTponns - Mepa CTaTUCTUYEeCKoro Oecnopsaka B
3aMKHYTOW TepMoanHaMNYEeCKON CUCTEME.

Bce camonponsBofibHO npoTeKkawuwme npouecchbl B
3aMKHYTOW cucteme, npubnuxawuwme CcUctemy K
COCTOSAHMIO paBHOBECUSA W COMPOBOXOANLLNECH POCTOM
QHTpONUN, HanpaBfeHbl B CTOPOHY YBENUYEHUS
BEPOATHOCTN COCTOAHUA (BonbUMaH).
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S=kinW,
roe k=1,38-10-230/K
(nocTtoaHHasa bonbumaHa)

1 moaw 2a3a, uucao N cnocobos
PA3SMEUCHUA MOAEKYAbL NO 08YM
NOAOBUHKAM cocyéa

) N=2Na
(MUKPOCOCMOAHULL): - .

1/N — 0 — MOJIEKYJIbI TOJBKO B OJTHOM IIOJIOBUHKE COCY/a
(OTHO M3 MUKPOCOCTOSIHU).

HaunOoJblee 4uciaio MUKPOCOCTOSSHUM - MOJIEKYJIbI
PAaBHOMEPHO paclpeAcaCHbI IO BCEMY 00BEMY.
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[Tox0oXy0 PopMyny MOXHO WUCMONb30BaTb AN BblpaXXeHUs
TOro, YTO Takoe ecTb MHpopmauus no LLleHHOHY.

Knog LLUeHHOH npeanoXun, YTo NpMpOoCT MHopMaLun paBeH
yTpayeHHON HeonpeneneHHOCTU, (aKTUYeCKn 3TO
MaTeEMaTUYECKOE OXUOaHUEe «Konmyectsa WHdoOpMaUnny,
cogepKallenca B UCTOYHUKE MHAopMaLnN.

LleHHOCTb WMHOopMauum B TOM, 4YTO 3TO OOHO (4acTo
HeoXngaHHoe) cobbiTne cpegn OrpoMHOro KormdecTBa
OXXMOaeMbIX BapnaHTOB.

Cnedcmeue: criyxu He gensaromcs uHgopmayuet ©
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HoBbIM NPU3HAK PABHOBECHUSI

* PaBHOBeCHOEe cCOCTOdHME — Haunbomnee BepPOATHOE
cocTosiHme Haumbonbllero Oecnopsgka WM COCTOSAHUE C

MaKCUMarnbHOUN SHTPOMUEWN.

* CamMornpon3BosribHOE OTKIMOHEHME CUCTEMbI OT COCTOSIHUSA
paBHOBecua - dpnykrtyaumn. B cuctemax, copgepkawimx
borblIOoe 4YMCNO YacTul, 3Ha4YUTENbHbLIE OTKMOHEHUA OT
COCTOSIHUSA paBHOBECUA UMEIOT Manyto BEPOATHOCTL.

v’ bonbluue cuctemsl - "3aKoH 6onbLux Ymcen"
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BaXXHO OTMEeTUTb, 4YTO C TOYKM 3peHuUs BBEOEHHbIX
onpeneneHn cam TEPMUH «IHTPONUA» 6GeCCMbICIIEHEH MO
OTHOLLUEHUID K MaJioMy KOnn4yecTBy aTOMOB WU MOJSIEKYI
(HanpuMep, HEKOPPEKTHO MbiTaTbCA cyuTaTtb, a WHorga
NbITAlOTCHA, SHTPOMUIO OAUMHOYHOroO OObeKkTa, OOLEKTOB ASA
9TOro OOMKHO BbITb MHOIO, Ny4lle OYEHb MHOrO).
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JHTPONUA-ITO...

1. TennoBasa KoopanHaTta, (pakTop eMKOCTHU, NOA00HO
oobemy (A=pAV)

2. Mepa BepOATHOCTUN COCTOAHUA CUCTEMDbI

3. DYHKLUA COCTOAHUA CUCTEMbI, NO3BOSAIOLL AN
onpenenuTb HanpaBfieHUe NPoTeKaHUsa Npoueccos
B CUCTeMe

4.NMpounsBeneHne TS aBnaeTca mepon CBA3aHHOWU
3HEepPrum CUCTeMbl, KOTOpasa HU NPU KaKMX YCITIOBUAX
He npeBpallaeTca B paboTy

1. AH<0 n AS>0 - camaa bnaronpusTHaa cutyauus

2. AH>0 n AS<0 - camasn HebnaronpuaTHas cuTyaums

3. AH>0 n AS>0 - npouecc moxeTt npoTtekatb npu AH < TAS
4. AH<0 n AS<0 - npouecc moxeT npotekaTtb npu AH > TAS
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JHTPONUA naearnbHOro

Na“*)/?
/ Yﬁ 1/Y Kpuctarnia YnCctoro sewectBa

npu abConTHOM Hyrle paBHa

‘)—j,* ;”/ HYIO-  nhank (1911)

* (abcosriromHoe 3HadeHUe 3HMPOruu, Kak
‘)_ L v rnapamempa cucmembl, 8M10JSTHE OrpPeoesieHo,
h‘% = )’ 8 omsu4ue om eHympeHHel 3Hepauu... HO

‘)/ gakmu4ecku rno do2oeopeHHocmu!)

* CoBepLueHHbIN KpucTtann 6e3 pedekroB

TpaHcnauun, cMMMeTpuUs *Yncroe BeLecTBO

Teopema HepHcrTa:
“INpounsBoagHaga TennoBoro adpdpekra No Temreparype
CTPEMUTCH K HYIIO C MOHMXKEHNEM TemnepaTypbl”
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[MocTtynar [lnaHKka CAMWIKOM MNpOCT WU uaeaneH, 4Ttodbl B
peanbHOCTU paboTaTb Ha NPakTUKe.

Teopema HepHCcTa cnoxHee W HeonpeaneneHHee, HO
ONMUCbIBAET OYEeHb pacnpocTpaHeHHoOe noBegeHune
NPpakTU4YEeCKN BCEX WU3BECTHbIX CUCTEM B obnactu
CBEPXHU3KMX TemnepaTtyp. WM 9Ta 3aBUCUMMOCTb HOCHUT
COBepPLUEHHO PyHOAMEHTAamNbHbLIN XapakTep.
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JHTpoONUA (ha30BbIX MEPEXoA0B

&.n. nepBoro pofa (nNnaenexune, kunewue..., T=const=T . )

dS=6Q,/T (paBHOB.!),
Q,=AH,
ASy . =AHy [ Ty o (T=const, p=const)

* [1py nnaBneHnn, ucnapeHnn, BO3roHKe TensnoTa
nornowlaeTcsd, BCe OHMN CBA3aHbl C yBENTMYEHNEM SHTPOMUN

* [1paBuno TpyToHa: «MONbHOE yBENMYeHne SHTPOMnn B
npolecce napoodbpasoBaHUA NP HoOpMasribHOW
Temnepartype kuneHus (1 atm) ~ 21-22 3.e.»

Cl, (20.34), C,H, (19.6), He (4.7), H,O (26)
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AS.  (NaCl)=24]x/mon*K~

B—a Agl

(14.5 JIx/monb*K)
(«IaBJICHHUE» MOJPEIIECTKH
cepedpa, MOHHAasI
IPOBOAMMOCTD )

_|_

aAgJ— L
(11.3 Ix/Momb*K)
(pazynopsiiouHeHue J-)

CxemarHueckoe u3zobpaxkenue “paciuiaBieHHOH
KaTHOHHOH moapemeTky” cepebpa B MOAENBHOM KpHCTaLIC OL-
Agl (KpynHsie Waphl — aHHOHbI HOAR).
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dopmysaa Kupxrogpdga

Heobxooumo sHamb: AH = f(T)...

peakuna v,A, + v,A,+...=v,'B, + v, B, + ...

AH - ano‘q - Hpear_ - V1' H1' + VZ' H2' + s "\’1 H1 - '\'2 H2 ™ aun

d(AH)AT ot = V4" (Co)i" + V' (Cp)' * e = vy (Co)y = V2 (Cp)y = -ov » ToK.

(Cp) = d(AHNAT o oney - AC, =2 wiC

it

Hj
Hj'ld(M)=M2 - AH| = ?J;&deT + EiAqu~”~(i)

1. npuonuxenue: AC, =0 — AH, - AH.; =0
2. npubnuxeHue: AC, = const — AH,, - AH;, = AC (T,-T,)
3. npubnmxeHune: AC, = Aa + AbT + AcT? + ... (...+ AdT?)

42



Pacuer 3HTpONIMHA

dQ = C,dT (V=const)
0Q = C dT (p=const)
dS =dQ/T

2
AS = le (AC/TYAT +...+ E AS,,

1.C = const: AS= C*In(T,/T,)
2.C = nonnHom (T>>0K)

C ~ T3 (B6nun3n 0K)

C=0 (npwn OK, Il 3.1.)
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3a0ay:xaeHusa M NapagoKChl

CoanacHo emopomy Havany mepMoOuUHaMUKU He Mo2ym rnpomeKamb Mpoueccsl, sedyujue
K opaaHu3ayuu U yCrIOXHEHUI CUCMeM. — 8 OMKPLIMbIX cucmeMax pearnusyemcs

Ecnu paccmampueamb BcerieHHyt0 Kak OOHY U30/IUPOBaHHY cucmemy U rnpuMeHUmsb K Heu
8mopoe Hayasio mepMoOUHaMUKU, MO MOXHO rpulimu K ycmpawaruwemy ebigody. CymmapHasi
3Hmponus BceneHHol dormkHa eo3pacmambe 00 mex rop, rnoka He docmuaHem mMakcumMaribHO20
3HayeHus. [locrnie amoeo nobble MakpoCKornuyYeckue rpoyeccbl 8 Hawem mupe 6yoym
HEBO3MOXHbI — Hacmyrnum «mersogass cMepmb». — caM MEePMUH «cucmemay sersemcs
HEKOPPEKMHbIM 10 OMHOWEHUO KO 8cel BcerneHHoU

Mapapgokc 'M66ca. PaccMoTpuM cuUCTEMY, COCTOSALLYID W3 TENNOM30SIMPOBAHHOIO cocyaa,
pas3geniéHHOro Ha [Be paBHble YacTuM TOHKOW XECTKOW Neperopofkon, Mo pasHble CTOPOHbI OT
KOTOPOW HaxoAATCs ABa pasnuuHbIX maeanbHbix rasa. OTKkpoem neperopofky. [asbl HauHyT
cMmewmBaTbCA. Tak Kak OHW maearbHble, TO MPOLECC MOXHO NpeacTaBuUTb, Kak He3aBUCUMOE
paclumpeHne OByX maearnbHbIX ra3oB B BakyyM. PacluvpeHune rasa B Bakyym — HeobpaTuMbIn
npouecc, B HEM 3HTPOMUS CUCTEMbl BO3pacTaeT. 3HauuT, AN Kaxgoro pacCMOTPEHHOro rasa
9HTpONUA BO3pacTaeT, a B cuy eé agguTMBHOCTWU, COOTBETCTBEHHO BO3PACTET W 3HTPONUSA
cucteMbl B uenom. [lapagokc BO3HMKaeT, ecnn npeactaBuTb, 4YTO No obe CTOpPOHbl OT
neperopoakM HaxoguTCcs OOUH M TOT Xe ras rnpu oAnHaKoBOM AaBrfieHUU U Temnepatype. Torga
OTKpbITUE MEeperopofkn HWKaK He BIUSET Ha COCTOSIHUE CUCTEMBbI, 3TO MNPOCTO COCTOSIHME
paBHOBECUS. JHTPOMUA — YHKUUA COCTOSIHUA, MO3TOMY B COCTOSIHAM paBHOBECUS OHa
HensMeHHa. OTO NPOTUBOPEYNT YTBEPXKOEHMIO O TOM, YTO SHTPOMNUS CUCTEMbI BO3pacTeT nocre
OTKPbITUA NepPeropoakn. — ro cpopmyrne bornbuymaHa ece 8 rnopsioke, mo ecms 0CHO8HOU 80rPOC —
KaK rnpaesusibHoO cHumamb MOJIeKyribl 2a308 (U KaK rpaesusibHO U3 pasiu4yams)
A4,



