JleKkuma 2.
BTOpoW 3aKOH TEPMOANHAMMUKMN.
JHTpoNuA, aHeprmm fMbbca n fenbmronbua.
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CamonpousBo/bHble HecamonpoussonbHble
1. MpoxopnATt 6e3 3aTpaTbl paboTbi. 1. TpoxoaaT TONbKO C 3aTpaTon paboTbl.
2. C "X NOMOLLLbIO MOXHO MONYYUTb 2. C X NTOMOLLbIO HENBb3S MOAYYUTb PaboTy.
pabory.
llpumeper:

TennoTa nepeAaeTcs OT ropsAYero Tesa K XoNoAHOMY, HO He HaobopoT
Boaa camonpoun3BO/IbHO He pa3naraeTcs Ha BOAOPOA U KUCA0POA,

[@3 3aHMMaET BeCb NPeAoCTaB/eHHbIN 06beMm

B Hawem mupe B Les oM NpoTeKatoT HeobpaTMble NPOLLECChI:
«B 0fiHY 1 Ty }Ke peKy Henb3a CTYNUTb ABaXKAbl...»

A Bce 3aKoHbl GU3NKK 06paTMMbl BO BpemeHMu !
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TennoBas aHepruA
CaMonNpPon3BOJIbHO
CTPEeMUTCA K pacCeaHunto

MaTtepua
CaMOoNpPoOn3BO/IbHO
CTPeMUTCA K
pacceAHUIo

~

(pasynopagoyeHuto)



BTOpoW 3aKOH TepMOAUHAMUKHU
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L —n HeBo3md&BH npouecc, e4MHCTBEHHbIM pPe3ybTaTOM KOTOPOro
ABNSETCA nepexon TensioTbl oT 6bonee xonoaHoOro tena K bonee ropayemy

TP O: FeAnOTF Hanbonee X0NOAHOIO M3 Y4ACTBYIOLLMX NPOLLECCe Ten He
MOXKET CNYXKUTb UCTOYHMUKOM PaboThl

CywecTtByeT YHKLMUA COCTOSSHUA CUCTEMbI (3HTpONKA), onpedensawoLLasn
HanpaB/ieHMe CaMONPON3BO/ILHOIO NpoLEecca: B U30IMPOBAHHOMN cucTeMmeE
CaMONpPOU3BO/IbHO MOTYT NPOTEKATb TO/IbKO T€ NPOLECCHI, MPU KOTOPbIX
NPOUCXOANT YBENNYEHME SHTPOMUMN.

dHTponwusa (S)

AS — [ Ox/K ] nnamn sHTponuitHbie eAnHULbI 3.€.

Bo ecem Hawem mupe 8bIrnosIHAemMcCcAa 30KOH COXpAaHeHUA sHepauu-maccoel —
Haw mup (BCeﬂeHHGFI) — U3071UPOBAHHAA cucmema —
E)Hmponu,q ecesnieHHol ece epemMA eo3pacmaem



dusnueckunii cmbicn sHTponuu: mepa becnopsagka B cucrteme

dopmyna bonbymaHa:
S=KelnW

k=R/N,= 1.38*10-23 [)k/K — nocTosiHHaa BonbumaHa

Jltoasur bonbymaH
1844-1906

W - 4ncno MMKPOCOCTOSIHUI, KOTOPbIMWU Peann3yeTca gaHHoe
MaKpPOCOCTOAHME

CaMOI'IpOI/I3BOJ'IbHO peannsyetca bonee BEPOATHOE COCTOAHUNE
U3 meHee BeEPOATHOIO COCTOAHNA M30ﬂMpOBaHHOﬁ CUCTEMDI.
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PacnpeaeneHune 6 pasnMUYMMbIX YacTUL, MO 3-M Pa3IUYUMbIM SALLLUKAM:
N! W - yucno cnocobos,

NleN.le NI !\I-qmcnoqacmu,
1 2 ! | - YNCNIO N HOMEP ALLMKA

6 6e5e4e3e2e] 720 5! _60504030201_720_

_ -1 w, = 90
Be0e0) 6e5e4e3e2elelel 720 DeZe2  2ele2ele2el 8

VV|=

S= k*In1=0 S=k*In90 = 6.2*1023 /K

BbiBOAb.
1. Haubonee BbirogHO paBHOMeEPHOE pacnpeaeneHune (cuctema ll) — makcmanbHasa aHTponumA
2. DHTpONMA NONHOCTbIO YNopAaoYeHHOM cucTeMbl paBHa O (cuctema )

JHTpONUA naeanbHOro Kpuctanna pasHa 0 npu 0K — 3- - _oe _hao

Bo3amoxkeH pacyet ABCO/TIOTHOIO 3HauyeHuna aHTponun (B oTAINYME OT BHYTPEHHEN 3HEPTUn)



U3meHeHue 3HTPpONUM B Pa3/IMUYHbIX NpoLueccax

1.da30BbIi Nepexoa c POCTOM TemnepaTypbl

~ 323 Temnepatypa
TS LR
3 3 3 0000 YBenunyeHne becnopagka
3 3.0 0.0.0 0.
sy
Tepaoe YBenmyeHume sHTponum

o ot > -
: 235

R e A E&a _—
Q,.5(NaClms.)) = 72.4 [inc/mons - K ,45(NaClp-p)) = 115.4 [xc/mone - K

3. XuMmunueckan peakuma ¢ BblaeneHnem ra3oobpasHbixX Bel,ecTs
CaCQ(ms.) > CaO(mes.) + CO, (2), A, = 248.05 Ox/monsb - K

4. YcnoxXHeHue XMMUYeCcKoro coctaBa: ‘

‘T‘ — ‘/NOZ\‘

=210 Ox/monsb - K =240 Ox/monb - K



PacueTt usmeHeHusa sHTponuu

1. das3oBblit nepexoa;

_ AH_ =6.01 k[>x/monb _ AH,, 6010
Mnasnenue nbaa: H,0 ., mmm) H,0,, T 273K AS= T =273 " 22 [x/monb K
2. TemnepatypHaa 3aBUCMMOCTb SHTPONUU
C
ds= dTQ - T
> C pocTom TemepaTypbl SHTPOMNKUA pacTeT
T2(:p
St =S+ I T dT
T1
3. U3ameHeHune SHTPONUU NPU XMMHNYECKON peaKuum:
Ha(r) + %205 = Hy00
Ha Oy H200)
5,05, dK/Monb K 131 205 70

AS =5°(H,0,) -S°(Ha) - 1/25°(0,)= 70 — 131 — 205/2 = -163.5 /K < 0

o
298 peakumu

4. N3ameHeHune SHTPONUM NpU pacliMpeHnmn rasa:

V

AS = nRIn =2 . »  KoHUeHTpauMoHHasA 3aBUCMMOCTb SHTPOMUN

1



HanpaBneHue camonpou3BO/IbHOIrO NPOTEKAHUA NpoLecca

CTPEMUTCA K MaKCUMYyMy

Camonpown3Bo/ibHO ® o ©
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2. 3aKpbITaa cucrema:

a) Cuctema cTtpemmnTcs oTaaTb N3ObITOK aHEpPrumn
6) Cnuctema cTpeMuTbCA K yBennYeHuto becnopaakKa

p,T=const, AH AS

(

Cira) * O = €Oy

ASVICTEMbI = AFS

1 Q

-AH

;
-> ASIPEAbI = Q/T= 'ArH/T

Ecnv npouecc naeT camonponssosibHo, To AS, >0
AS>6u.|, = A&pe,ﬂ,bl + A&MCTEMbI = _ArH/T-I- ArS> 0
AH-TAS<O



®dyHKuMA (3Heprua namn ceoboaHan aHeprus) MMbbca:

G=H-TS (p, T=const)

lMpu p, T=const KpuTepUI CamMonpomn3BONLHOCTU NPOLECCa

AG=AH-TAS<0

[xxo3amna Ynnnappa mb6c
1839-1903

®OyHKUMA (3Heprua nnm ceoboaHas saHeprua) fenbmronbLa:

F=U-TS (V, T=const)

Mpwn V, T=const KpuTepmnit camonpomn3BoabLHOCTU NpoLecca

AF=AU-TAS<0

[MOCKONbKY XMMUKK paboTatoT npu atmocdepHom (const)
[laBNeHUN — Yyalle ucnosbayetca sHeprua MMbbcea

lepmaH ¢oH lenbmronbl,
1821-1894



Hyr) + %205 = Hy0(

A H°=-241 kx; A, S=-44.5 Ox/K
t=25°C; T=298K. Bo3moXHa nn peakuma?

ArG°298 =ArH°298 - TArS°298 =-241000 — (298x%(-44.5)) =-227739 k<0 —
Bo3moXKHa.

Pacuet sHeprumn Mmb6Ca peakuuu:

nA+n,B+n,C=n,D+nE

8,6 = NGy NGl MG, - DG, C NG

NMpoAayKThbl PeareHTbl




Korpa npouecc ocTaHOBUTCA MU HACTYyNUT paBHoOBecUue?

G 4
npoyecc AG=0 npu pasHosBecuu npm P, T=const
\\/ Hag ¢ o o= 2Hlc e
7 N l-a l-a 20
MuHUMyMm (ArG=0)/ > (ot - cTeneHb NpeBpaLLeHnA BeLLlecTsa)

. h t h“aochno . o ""'Fe o 0 c h o't * e

* < (o0] * 1T <

M30fIUpOBGHHaﬂ cucmema: AS>O (3HTpONUA CTPEMUTCA K MAaKCUMYMY)
P, T=constAG<0 (aHeprua mbbca cnctembl CTPEMUTCA K MUHUMYMY)
V, T=constAF<0 (aHeprua lfenbmronbLa CUCTEMbI CTPEMUTCA K
MUHUMYMY)

Kputepuit pasHoBecua cuctembil:
N3onmpoBaHHas cuctema: AS=0

P T=const: AG=0

V, T=const: AF=0




TemnepaTtypHasa 3aBUCMMOCTb 3Heprum MMb66ca xMmuuyeckom peakumm

AG=AH-TAS, AH v AS-Hesasucaror T

AG AG AG

r r

0
MOET NPU BbICOKMX T HE naet npu nobbix T naeT NP HU3KMx T

AG

r

Mpumep:
Hyi + 720, = H,0

AHe=-241 kO, A,S=- 44.5 [x/K
AH<0; AS>0 — peakuua Mpu Kakmux T nonaeTt peakuma?
naeT npu nobbix T




3aKknwuyeHume:

1.

BTopou 3aKoH TepMoAUHAMUKN 0O BACHAET HanpaB/ieHUE
NPoTeKaHUA NpPoLEccoB 1 BBOAUT NOoHATUE sHTponun ASQ/T.
Kputepmem camonpomnsBoibHOro NPOTEKaHMA npoLecca B
N301npoBaHHOM cucteme aensetca AS0, pasHoBecua — AS=0.
IHTpONUA ABNAETCA PYHKLMEN COCTOAHNA U €€ CMbIC
pacwmndpoBbIBAETCA B CTATUCTUHECKOM TEPMOANHAMMKM KaK Mepa
becnopsaaka cuctembl. Yem 6onblie becnopanok, tem bonblue
SHTpONMUA.

Kputepruamm camonpomsBoabHOro NPOTEKAHMA NPOLLECCOB Npu P,
T=const aBnsetca AG<0; V, T=const - AKO. Kputepuamwm
paBHoBecna — AG=0 npu P, T=const n AF=0 npwn V, T=const.

Pacyumeieasa AGu AF mbl moxcem oyeHUMb mosibKo 803MOXHOCMb
(mepmoOuHamu4ecKyo 8eposmHOCMb) MPomMeKaHus npoyecca.

lpu peasnbHOM MPedCKa3aHUU 803MOXHOCMU MPOMEKAHUA rnpoyecca Haoo
ydyumel8ame ewje U CKopocmeo e20 rnnpomeKkaHusa, m.e. KWNHETUKY
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