OMCKAA TOCYOAPCTBEHHAA MEOULWHCKAA
AKAOEMUA
KAGEAPA XUMUU

Nekuuns 1

OCHOBbI XUMNYECKON TEPMOAUHAMMUKMN

e OCHOBHbIE MOHATUA XUMUNYECKOM
TepMOAUHAMMUKM.

e PYHKLUMNUN COCTOAHUA CUCTEMDI.
* [lepBbiN 3aKOH TEPMOOUHAMMUKM.

JlekTop: CtenaHoBa UpuHa lNeTpoBHa
OOKTOpP OMOnorn4yecKkmnx Hayek,
npodeccop, 3aB. Kacheapom

XUMUUn



EJA JEKIIUA

OBYYARKLWAA: chopmupoBaTb 3HaHUA 00
OCHOBaX XMMN4Y€CKOU TepMOaANHAMMUKHN, NEepPBOM
3aKoOHe TepMoaMHaMMKU U 3aKoHe lNecca.

PASBUWBAIOLAA: pacluMputb Kpyrosop
o0y4arLmnxcs Ha OCHOBE MHTEerpauuu 3HaHuu,
Pa3BUTb JIOrM4YecKoe MblilusieHue.

BOCIIUTATEJIbHAA: copencrtBoBaTthb
doopmupoBaHMIO y OOy4aroLLMNXCA YCTONYUBOrO
MHTepeca K U3y4eHU0 AUCLUUNSTINHbI.



OCHOBHbIE MOHSIMUS XUMUYeCcKoU mepmMoOUHaMuKu

-

n3yvarowjasi B3amMHbIe
npeBpaLleHnst pa3fnyHbIX

ﬁ TepmoanHaMuKa - 3TO HayKa,\

BUOOB 9HEpruu, cBsisaHHble C
nepexoaom aHepruu B hopme

TennoTbl U paboThbl. /




eaAunKo-ononiornyeckoe sHauyeHue



Me,DMKO-ﬁl’IOHOFVI‘-IeCK(o)e 3Ha4eHue

TepM&@Mikdmnka -
TeopeTnyeckas ocHoBa npu
OCYyLUeCTBIIEHUN XUMNYECKOro
U OMONOrM4YecKoro cMHTesa
NMPY U3roToBJIEHUMN
JieKapCTBEHHbIX Npenapar,

DOCHATUANNHHOINTON-

Wnoauron- B

uuuuuuuuuuuuuuuuu

Mownoaumnrnuuepon

nnnnnnnnnnnn



Meauko-ononornyeckoe sHa4yeHue TeMbl

TepMmoauHamMmn4yeckun metoa nccnenoBaHus
ABNSAeTCA OAHUM U3 Haubornee HaaeXHbIX
CNocoboB n3y4yeHMss oOMeHa BeLleCTB U 3HEepPrum

[NpeBpalleHus
3Heprum,
npoucxogsiiue B
XUBbIX OpraHu3smax,
ABNAIOTCA NpeaMeToM

OMO3HEPreTUKMU.




OCHOBHbIE NOHATUA U TEPMUHDI

TepmoanHamunyeckana cucrtema (T
CUCTEMaA) - 3TO JNTIIOOOU OO BLEKT

npupoabl, COCTOALLMN N3 AOCTAaTOYHO
OONbLUOro YNcna CTPYKTYPHbIX
eAVHUL, B YaCTHOCTU MOJIEKY,

OTAESIeHHbIX OT APYrMX 00 HLEKTOB
npupoabl peanbHON UNU
\Boo6pa>|<aemov‘| rpaHuueun pasgena. /




OCHOBHbIE MOHSIMUS XUMU4YecKkoU mepmMoOUHaMuKu

YacTb 06BeKToB npupoAabl, He
BXOOSALWMUX B CUCTEMY, Ha3blBaeTCH

cpeaou.

BaXHbIMU XapaKTepucTukamm CucteMbl
ABNAKOTCA Macca BewectBa (m) u aHeprus (E
unu U).



Knaccudukauma cucrtem no '
XapakTepy
B3anMoaemncs 7

“

OTKpbITas
p 3akpbITas WU3onupoBaHH
CUCTEMa cuctemMma as
Xnsowu
( (3anasiHHas cucTema
OpraHu3m) amnynac (Tepmoc)
neKapcTBoOM

)
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OCHOBHbIE MOHSIMUS XumMu4yeckolu mepmMoOuHaMuKu

.'-..A' B .




OCHOBHbIe MoHSIMUS XuMu4eckol mepmMooOuHamMuKu

B 3aBMCUMOCTU OT (pa30BOro COCToA
pa3nuyatorT: ?

1. loMOreHHble cUcTeMbI. ATO CUCTEMBI, B
KOTOpPbIX BCe KOMMOHEHTbI HAXOAATCA B O4HOWU
daze, B HUX OTCYTCTBYIOT rpaHULbI pa3gena.
[lpumep: pacTBOpPbI MMKOKO3bl, CONeu, KUCNOT.

2. l[eTeporeHHble cuctembl. OHM COCTOAT U3
HEeCKONbKUX ha3, oTaerieHHbIX rpaHulen
pasgena. [lpumep: apuTpoUUTbI - NNla3Ma KPOBMU,
XXUBOU OpraHmn3m.




OCHOBHbIE MOHSIMUST XUMUYECKOU mepmMoouHaMuKu

TepmognHammnyeckoe coctosiHue cuctembl( @
COBOKYMHOCTb BcexX hM3NYECKUX U XMMUN4ec
CBOMCTB cuctembl. KauecmeeHHO
XapaKkrtepu3yeTcs Yucrnom pas n XuMmu4Yeckum
COCTaBOM, KOJIU4E€CMBEHHO -
TEPMOANHAMMNYECKNMU NapaMeTpamMu.

Ona tepmoguHaMmMKn ocoboe 3HaYeHne nmeet
paBHOBECHOE COCTOSIHUE CUCTEeMbI - NTOCTOAHCTBO
BCeX CBOUCTB B NIOOOU TOUYKEe CUCTEMbI U
OTCYTCTBUE NOTOKOB MacCCbl U 3HEpPrum B CUCTEME.




OCHOBHbIE MOHSIMUS XUMU4YecKkoU mepmMoOUHaMuKu

* IepmoauHaMmM4eCcKue NnapameTpbl - 3TO COBOKYMHOCTb
dU3nYECKuxX BeNNUYnH, onpeaenatowmx cCoctToasHue
cuctembl: Temnepartypa (t), aasnenue (p), ob6vem (V).
KOHLEeHTpauua (c).

* @OYHKUMOHANbHAA 3aBUCUMOCTb TEPMOANHAMUUYECKUX

nMapameTpos Bbipa)KaeTca ypaBHEeHMEeM COCTOAHMUA.

 AnA ra3oobpasHbiX CMCTEM 3TU NapaMeTpbl CBA3AHbI
mexay cobon ypasHeHunem MeHpgeneesa — KnaneumpoHa:

p:V= n(x):R-T,
n(x) =m(x)/M(x) [monb]
> R= 8,3 14 Ok - monb 1K1

Mm@
PV=Me

)\

R-T




' OcCHOBHbI€e rMoHSIMUS Xumu4eckou mepMoOuHamMuKu

TepmoanHammnyeckme napamMeTpbl
Ha3bIBalOTCA CTaHOAPTHLIMU, €CJTU OHU

onpenensaoTcs Npu cTaHAapTHLIX
YCIOBUSIX.

K cTtaHpapTHbIM ycn
t=25°C unwu

T= (t°C +273) =298 K L 4
p=101,3 klla=1aTm

C(x) =1 monb - gm>3

OTHOCHAT:




OCHOBHbI€e MoHSIMUS Xumu4eckol mepMoOuUHaMuKu

epMoOuUHaMu4decKul rnpouyecc - nepexon
TeMbl U3

HOro paBHOBECHOI0 COCTOSIHUS B A pYyroe,

NMPOBOXAAaLWKNNCA U3MEHEHUEM XOTSA Obl
HOro

pMoAWHaMU4YecKoro napameTpa.



OCHOBHbIE MOHATUS XUMNYECKON TepMmoaAnNHaMUKN

B 3aBMCUMOCTU OT TOro, KAaKkou u3
napamMeTpoB COCTOAHUSA NMPU NPOTEKaHUN
TepMoANHaMU4YEeCKOro rnpoLwecca ocrtaeTcs
NMOCTOSAHHbLIM, Ppa3nNnM4yaloT cneayowme
TepMoanHamMunyeckue npouecchbl:

usomepmu4deckuu (T = const),
u3lobapHbiUu (p = const),
U30XOPHbIU (V = const),
aduabamuyeckul (Q= const).




(Dynmguu cCocCmosaRuUuA cucmemal

onpepeneHna MSMeHeHUsA
JHEePIrmm CUCTeMbl NOJIb3YHOTCAHA
Pa3JIN4YHbIMUN SHEePreTu4eCKNMu
XapakKTepuctnkamu, Kotopblie
HAa3bIBAOTCA
TepmoaAnHaMnyieCKNMun

HKMFI MU COCTOAHUA




@yHKUUU COCMOSHUS cucmeMbl
UHaAMUYECKUM (PYHKLUAM CUCTEMBI

Hyrpennss dueprus (U).
Ouraabnus (H).

= Jueprus I'nooca (cBodonnan yueprus) (G).

Xumuyeckuii morenumnaua (p).




QyHKUUU COCMOSIHUS cucmeMbl

1. BHYTpeHHAA 3Hepruga (U)

BHYTpeHHﬂﬂ dHeprmda CMnCtemMmbl
CKJIAABIBACTCH U3 KHHETHYCCKOM IHEPIruM
JABMIKEHMSA MOJICKYJ UJIM aTOMOB, 00Pa3yOIIUX
CHCTEMY, IOTCHIIHAJIbHON JHEPIrUH UX
B3aUMOAENCTBUA U BHYTPUMOJIEKYJISAPHOMI
3ﬁ§}'f) H.

S




HASA 3Heprus

THOEe 3Ha4YeHue BHYTPEeHHen 3Hepru
Tb
MOX>XHO, MO3TOMY U3MEPSIIOT ee NpupaLleH

AU =uU__-U

CUCTEeMbl KOH Hay

CKOHe4YHO manoe naMmeHeHue U aBnsaeTtcs
biIM anddepeHumnanom du.



3Ha4YeHus: cucTema nony4yuna
pruio;
(-) 3HaAYeHus: cucTtema norepsna

H2 (r), O2(r)
A

2H_(r) + OL(r)

2H,0(r)

BHyTpeHHAa aHeprus

U




BHYTpeHHSAA aHeprus

U

H2(r), O2(r)

+ 9Hep
(BblOErs

—\

AU< 0

143
1A€TC

> 2H,(r) +

JHEprus

OrroLlaeTcs)




DyHKYUU COCMOSIHUS cucmeMbl

BHyTpeHHAA 3Heprusa ecTb yHKUUA
COCTOSIHUA CUCTEMbI, NpUpaLleHne KOTOpPou
(AU) paBHO TennoTe, nocrtynarwLwen B
CUCTEeMy Tnpu U3OXOPHOM npouecce
(AV=const).

AU=Q ,rge Q, - TennoTa U30XOPHOro
npouecca.

AU - kOxx/monb unu kAx- monb™

N




bl U3MepeHus

TMn.
xoynb = X

Tak kak [1)>x oueHb ManeHbKas
BeJIMYMHA,

OObIYHO NCNOSb3YHT KO X.
Kanopusa =kan 1kan=4.184

x

1 Kan
4.184 x

<+— KoadpdhumumeHTt
nepecyera!



@yHKUUU COCMOSHUSA
cucmemel

Kanopusa - ato
KOJIN4eCTBO TennoThl,
HeoOxoaumoe Ans

HarpeBaHusa 1 r BoAabl H
1°C (oT 14.5 to 15.5°C)



[lepBbIV 3aKOH

TEPMOAOUHAMUKMN  MepBbIi 3aKOH

TepMoaANHaAMMUKU ABNAETCA
NOCTYrlaTOM: OH HE MOXeT
ObITb AOKa3aH JIOrM4YeCKUM
nyTeMm, a BbITeKaeT U3 CyMMbI
4yenoBe4YeCcKoro onbITa.
Bbonblasa ponb B 0000LWeHUun
3MMNUPUNYECKOro onbITa Npwu
OTKPbITUM 3aKOHa
npuHapgnexut I.K. 'eccy, P.
Mawnepy, Oxoynto,
lenbmMronbuy.

RV

/'\




[lepBbIN 3aKOH

TepMoOaANHAMUKHU
@

XumMuyeckme npoLecchbl CONPoOBOXAalOTCA U3MEHeHUeM
3Heprum.



[lepBbIV 3aKOH
ABnséres KonniteereeHHbIM BbipaXKeHUeMm

BCceoOLllero 3akoHa npupoabl 0 BEYHOCTHU
MaTepVIVI N ABMNXXeHWUNA: 3Hep3Uﬂ 8 cucmeme He
co30aemcs U3 HU4ea20 U He ucyeszaem




[lepebiti 3aKOH MepMoOuUHaMuKu

BeuyHbIV aoBUratenb
nepBoro poaa
HEeBO3MOXeH (paboTa
TpeodyeT aHeprun).




[lepebit 3aKoH

a nonyuaer "P"U"¢Hérema Tepsier Tenno

OTY 3a cyeT paGOTH CcyeT coBepuieHune ero pa
LUHUX CUN. NMPpOTUB BHELLWHUNX CUJI.

Q>0 Q<0
w<0 w>0



€HAETCA BHYTPEHHSAS 3Heprus CUCTe

Q>0
w<0




acxopyeTtcsi Tensora, nogBeAeHHas K
?



[lepebit 3aKkOH MepMoOUHaMUKU

aearibHbIU ra3s
axoauTcs B
30J/IMPOBAHHO
uunuHape c
OpPLUHEM.




[lepebiti 3aKkOH MepMoOUHaMUKU

pounsongeTt c
a3om, ecnu
NOpLEHb
oyaer

nepemMellaTbCs
?




lNepenbili 3aKOH MepMoOUHaMUKU

U UNITNHAP

BUraTbCs
bICTpee, a
aBreHue
BbILLATbLCH.




[lepebit 3aKOH mepMoOUHaMUKU

HeLHNe CUnbI
oBepLiaT
paboTty B
npoaBUXEeHUU
NOPLUHA:

W = PAV




[lepebiti 3aKoH mepMoOUHaMUKU

borTa,
poaenaHHas
Hapg rasom,
paBHa
U3MEHEHUI
BHYTpPeHHeun
dHepruu rasa:

W =AU




[lepebiti 3aKkOH mepMoOUHaMuKuU

opas
UTyauus:
UNUHAp
nomMeLleH Ha
ropsyvyro niuTy.
Y10 nponsonper
C rasom?




[lepebiti 3aKkOH mepMoOuUHaMuKuU

OMbI OyayT
BUraTbCA
ObicTpee, B
cucrteme oyaert
yBenn4ymnBaTbCH
BHYTPEHHSAA




UTo
npounsonaert,
eclin K cucteme
OAHOBPEMEHHO
noaBecTu
TensnoTy u
NPOABUHYTH
nopleHb?

[lepebiti 3aKOH MepMoOUHaMuKU ‘




[lepebiti 3aKOH MepMoOUHaMUuKU !

-

5
3

lNoaBepneHHas
Tennota oyaer
pacxonoBaTbCH
Ha yBerin4eHue
BHYTPEeHHEeWU
3HEeprum n Ha
coBepLUeHue
CUCTEMOW
pabdoTbI NpoTUB
BHELUHUX CUIT:

Q=AU +W




llepebilu 3aKk0H mepMOOUHaMUKU

Tennoma, nooeeoennas kK cucmeme,
pacxooyemcs MOAbKO Ha yeenuuenue
GHYMPEHHEU  IHep2uu  Cucmemsvl U  Ha
coeepuieHue Cucmemou  paoomsl nPoOmMue
GHEUIHUX CUI.

+0Q =dU + oW
(andhepeHumnanbHas
¢popma)
+Q=AU+ W
UHTerpanbHaga cdoopma)




Ta n pabota: npupatllieHme BHYTP

"+Q=AU?

W L Pabota, coBepluaemas

L cCUCTEeMoM (+)

BHyTPBHHRARIBHEPrAAEMON.
™ Tennofd'fi5f8aemasn (+)

wnun otgaHHas (-)
CUCTEMOM.




[lepebit 3aKOH
mepMoOUHaMUKU

B Ouonormyeckux cucremax TtensoTta
OObLIYHO OTAAeTCA CUCTEMOU BO BHELUHIOK
cpeny, a pabora coBepwiaeTcA 3a CYeT
yObInn BHYTpeHHen aHepruun. NMNoatomy ang
Ononornyeckux cCcuUCteM MaTemMaTUYeCKYHo
3anmMcb MNepBOro Havara TepMOAWHAMMUKU

&GF’I,C)'I' aflgﬂ HOT:

-Q=AU-W.




[epenbili 3akO0H MepmoduHaMuKu

a (Q) - bopma nepenaum aHepr
€4CTBOM XaOTU4YeCKOro CTOsfikHOB
TUL, CONMpPUKacaroLMXCcs CUCTEM,
CTeMbl u cpeabl.

Q= C-AT [Ox], rae
- MonsipHaa TennoemMkocTb [[XX monb/K



[lepebiti 3aKOH MepMoOUHaMUKU

PaboTta (W) - hbopma nepeaaym aHeprum ot
CUCTEMbI B OKPYXXaroLlyro cpeny unuv apyrou
cUucTemMe, nocpencTBOM ynopsano4eHHoOro
B3aMMogeucTBUA YacTul, Bbi3BaHHasA
npeonorneHnemM ConpoTuBEeHUS.

lIpocmetweu pabomoli aBnsieTca padora
paclinpeHna naeanbHOro rasa B uunuHape ¢
nopLuHeMm (OTKpbITaa cuctema): W = p AV.



[lepebit 3aKOH
« MmepmMoOuUHaMuKu

Naparowmii rpy3 noBopaunBaeT fonacTu
BEPTYLUKA B WU30NMUPOBaAaHHOM cCTakKaHe BoOAbl.
Temnepatypa Boabl BoO3pacTaeT  M3-3a
MeXaHn4eckon paboTbl BHYTPU CUCTEMbI.

Insulation
s




[lepebit 3aKOH
mepMoOUHaMUKU

[Map, maywmn m3 4YauvHukKa, 3acTaBnsieT
BEPTYLLKY KPYTUTbLCA B OObLIYHOM nNapoBOw
TypOuHe. Pabota, coBepwaemas napom,
noAHUMaeT HeOOoNbLUOU rpys.
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2.9utanenus (H)

JHTanbLNusa (om e2peu.
entalpio - HarpeBaro) - 3TO
YyacTb BHYTPEeHHeN aHeprum
CUCTEeMbI, KOTOpas MOXeT
COBEpPLUNTDb NMOJIE3HYHO

TennoTta pacwupeHuns B
n3obapHoM npouecce:
W= p-AV, rge
AV - nameHeHue
o00bema cuctemMbl,
AV=V -V,

V+dv




SHmManenus

w  PpacTteop pacTBoOp




QyHKUUU COCMOSIHUS cUCMeMbI

* U3 nepBoro sakoHa TA:
Q=AU+W
Qp =AU + p-AV =(U_+p-V,) - (U + p-V.), F@e:
Qp - Tennorta n3odapHoOro npouecca npu
p=const;
U+ p-V=H, T.e. aHTanbnus,

=>Q=H,-H=AH, Te. AH=Q_



QyHKUUU COCMOSIHUS cuCcmeMbl

AHTANbLNUA - 3T0 (PYHKLIUA COCTOAHUS
CUCTEMbI, NpUpaLleHNe KOTOPOU paBHO

TenJaoTe, nocTynuBlWEen B CUCTEMY B
n3obapHOM npotiecce.

T.K. AH=Qp, => AH =AU + p-AV [k[dx-Mmonb™]
JHTaNbLMNUIO YacTO Ha3bIBAaKOT «TEeNJ10OBOM

PYHKUMEeN» UNun «tensoconepxaHuem»
CUCTEMbI.



@yHKUUU COCMOSIHUSA
DIK30TEepMUUYeCKUv oMbl AHpoTepmMmnyeck
npouecc, AH<O0. U




Hoe 3HaYeHue 3HTanbLNUun usmep
)XHO, MO3TOMY U3MEPSAIOT ee Npupall

AH =H -H

CUCTEeMbl  KOH

AH=Cp AT



3. SuTponus (S)

(a) ib)
IJHmMpornus (S) xapakrepusyeTt CBA3aHHYIO
3Hepruio. B peanbHbIX HEOOpPaAaTUMbIX cUCTEMaX
TONILKO YaCTb 3HEepPrum rpeBpaLlaeTcs B padorTy,
Apyrasi YaCTb 3HepPruun ABMNSAETCH Kak Obl
cBfi3aHHOMU. Mepa Heynopaa0o4eHHOCTHU
CUCTEMbI.




(DyHKL{UU COCMOAHUA cucmemMbl

/ JHTponua (mo Kiaay3mycy) - beHKLWIFh
COCTOSIHUA CUCTeMa, NnpupalleHue KOTopow
(AS) paBHO MMHUManbHou TennoTe (Q ),
nocTynuBllen B CUCTEMYy B oOOpaTumMmom
N30TEePMUYECKOM npoLecce, AeNeHHOU Ha
abconoTHyo Temnepartypy (T), npu KoTtopoun

QosepmaeTcn 3TOT NpoLecc. /

As=Q__ /T, [Ax - monb™ - K™].




CDyHKL(UU COCMOAHUA cucmemMbl

JHTpONuA cBsi3aHa C BePOATHOCTbLI COCTOSIHUS
CUCTEeMbIl ypaBHeHueM bonbumaHa:

rae
Kc-nocTosiHHas bonbumaHa,
Kz =R/N_= 1,38 10" [Ix- K*;
W-BEepPOATHOCTb COCTOSAHUSA CUCTEeMbI, T.€. YUCTIO

MMKpOCOCTOHHMﬁ, KOTOPbIM MOXEeT ObITb
peajyimn3oBaHO AaHHOE MaKpPOCOCTOAHUE.

OnbITHLIM nNyTeM onpepensroT
npupaiieHue aHTponuu: AS=S_-S..



Yem BbiLle SHTPONuUA, Tem OonblLue HeynopAaao4YeHHOCTb
CUCTEeMbI.




SHMponus

Bl
A oA a A A oA A

KpucTtan < xupgkoct <




SHMpornus

JHTpONUS,

TemnepaTypa, il




@yHKUUU COCMOSHUS cucmeMbl

3HTponuu AS>0 conpoBOXpalTCA TaK
NMPOMU3BOJIbHbLIE NMPoLeCcChl, Kak ncnapeHue
KOCTM, TasitHMe NbAa, pacTBOPEHMe BellecTB B
TBOpUTEnNAX, T.e. NpoLuecchl, KOTOPbIe NPUBOA
ennyeHuro becnopsgka B cucteme.

CHuXeHunem aHTponuu AS<0 conpoBOXaaroTcs
ouLeccCbl Kpuctannusauumm BewecTB, peakuuu
nMepusaumu, NOIMKOHAEeHcauuum, T.e. npouecc
opble NPUBOAAT K YBENINYEHUIO
AA0YEeHHOCTU B CUCTEMe.




Kak Ob1 Bbl onncanun oo6bLeKT, y KoToporo
592 )
AOCOnIOTHO TBepAbIU
KpucTtann 6e3 oBMXeHUs

Uncrto TeopeTuyvecku

HeBO3MOXXHO AOCTUTHYTb
abconrTHOro HynsA!




JHTponua BceneHHon Bcerpa
D3pacTaeT!

Ma, 3mo He MOsI 8UHaA...
BceneHHast xouem, Yymobnbi

a ebla2sisgodernia mak!”



Hns usonupoeaHHbIX cucm

rnmpomeKaHusi ripoyeccoas.

mpo

a
umepu
ﬂenﬂemc@ Mpbmonpouseoanoao

a) CamMonpou3BOJIbHBIN OPOLECC
b) OOparnkbIi1 IpolLecc

¢c) CocrosiHue paBHOBECHS

AS>0

AS<0

AS=0




=

MpupallueHne 3HTPONUN: §

1.) Ag — CI'(p p)—>AgCI 1)AS<0

2.) NH4CI — NH3( * HCI 2)AS >0

2
3.) Hz(r) I Brz(r) 2HBr(r) 3)AS:




4. CBo0oiHas pHeprus [ enpMroibna

BOOOHAaA 3HEPrus I efibMrosfibLa -
TepMoaAnHaMMU4YeCKMN noTeHuman, yobinb
KOTOPOro B U30TEepMMNYECKOM npouecce
paBHa paboTe, cOBepLUEHHOU CUCTEMOM Haa
BHELWHUMMU CUNaMM.



CDyHKL(UU COCMOAHUA cucmembl

9. CBodonHas yHeprus I'nodca (G)

QHeprma [mbbca (G) - I3TO yYacTb
noTeHUMaribHOM JHEeprun  pearnpyroLmx
BeLlecTB, KOTOpasa MOXeT ObITb MCNOSIb30BaHa
ANA OCyLleCcTBIIeHUA NOJIe3HOU paboThl.

[Mpy npoTekaHUn N306apHO-N30TEPMUNYECKUX




DyHKUUU COCMOSIHUS cUCMEMbI

NIN3 YPaBHEHUA:

1 SHTanbLNuuHbLIN chakTop AH. Onpepenser
pemMrieHue CUCTeMbl CHU3UTb CBOKO 3HEpPruio 3a
YyeT obpasoBaHUA CrIOXHbIX YacTul U3 bonee
FIPOCTLIX, MPX 3TOM COoBepLUaeTcA norne3Has
paborTa.

2 QHTponunHbIN chakTop TAS. Onpenenser
TPemMrieHne CUCTEeMbI K XaOTUYHOMY
eynopsano4eHHOMY COCTOSAHUIO 3a cYeT pacnaga
OXHbIX YacTuL Ha 6ornee NpocTbie U
npeaerieHNo X No Bcemy o6 bLemMmy CUCTEMb




DyHKUUU COCMOSIHUSI cucmemabl

YyuHa AG CnyXuT Kputepuem BO3MOXH
NPOU3BONIbLHOIO NPOTEeKaHUA NPOLLeCCOB.

pouecc npoTeKkaeT cCamonpounu3BoOJibHO, eC’l
<0.

Ilpu AG>0, npouecc camonpousBOSibHO He
poTeKkaerT.

Ecnu AG=0, To B cMctemMe yCTaHOBUIIOCb
CTOSIHMe paBHOBeCUS.



UsiHWe TemnepaTypbl Ha BenuunHy AG: @

1. NMpu AH>0, AS>0, npouecc npoTeKaeTt
CaMOrNpPOU3BOJSIbLHO TONMbKO NMPU BbICOKUX
Temnepartypax.

2. [Mpn AH>0, AS<0, npouecc camonpon3BOJSiIbHO
He NpoTeKaeT HY NPU KaKnxX Temnepartypax.

3. [Mpun AH<0, AS>0, npouecc caMmonpou3BOSIbHO
NMpPOTEeKaeT npu nbbIX TemnepaTypax.

4. [Mpn AH<0, AS<0, npouecc caMmonpon3BOSIbLHO
NMPOTEeKaeT TOSIbLKO NMPU HU3KMUX TeMnepaTtypax.




QyHKUUU COCMOSIHUS cucmeMbl|

HMHNYCCKNH NMOTECHIIMAJ

A N 1 &

K W1V

orrer-
BelllecTBa B CUCTEeMe paBeH OTHOLLUEHUIO
aHepruu N'nMbobca (G) K KonnyecTBy BellecTBa

(n).
u=G(x)/n(x), orcropa G(X)=n(x)-p(x).
Ecnu cucrtema COCTOUT U3 HECKONMbKUX BelleCTB
%, 10: G=n(x_) -pu(x )+n(x,) -p(x,)+n(x,) -pfx

.'c 'c'. . '..
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QyHKUUU COCMOSIHUS cucmeMbl

Insa BewecTBa, HaXo4siLerocsl B pactBope, n
3aBUCUT OT KOHLleHTpauuu pacTteopa, n npupoabl
pacTBopuUTens.

YpaBHeHueM U3oTepMbil:

w(x) = u°(x) + R'-TInC(x), rme
i(x)- xumMmmnyecknmn norteHuman [x - monb™j;
1’(x)- cTaHAapPTHLIN XMMMYECKUA NOTEeHLMnan;
C(x) - MOonsipHasa KOHUEeHTpPauua BelwecTBa x [Monb -
aMm3].
C yBennyeHnem KOHUEHTpauum BewlecTBa B

CUCTeMe u yBenunumBaeTcH, T.e. A u(x)>0,ac
YMEeHbLlIeHneM -cCHuxaetcH, T.e. A p(x)<O0.

A




Bonpochbl Ans caMOKOHTPO

YUmo Bbi noHumaeme rnod

mepmMoOuHaMu4yecKou cucmemour?

2. Oxapakmepu3yume mepmMoOuUHaMu4ecKue
YyHKUUU COCMOSIHUSI (BHYMPEHHSISI IHepausi,
3HMarsnbnusi, 3HMponus,, ceobo0Has1 sHepausi
lenbmeonbuya, ceaobo0Hasi aHepausi [ub6c¢ca,
XumMu4yeckKuu nomeHuyuarn,).

3. Coopmynupyume nepebiu 3aKOH

mepMOOUHaMUKU.



CIACUBO 3A
BALLE
BHAMAHMWUE!




OMCKAA TOCYOAPCTBEHHAA MEOULWHCKAA
AKAOEMUA
KAGEAPA XUMUU

Nlekuyus 2

Tepmoxumusa. Bropoun 3akoH
TepMmoaAuHaAMUKN. XMMUYeCKoe
paBHOBecuUe
e OCHOBHbIE NMOHATHA.
e 3aKoH [lecca u ero cneaocTBuUA.
e BTOpOoun 3aKOH TepMOOAUHAMUKM.
e XMmunuyeckoe paBHoBecue.
Jlektop: CtenaHoBa UpuHa lNeTpoBHa

OOKTOpP OMonorn4yecKkmnx Hayek,
npodeccop, 3aB. Kacheapon

NIARALALA



EJA JEKIIUA

OBYYARKLWAA: chopmupoBaTb 3HaHUA 00
OCHOBaX XMMN4Y€CKOU TepMOANHAMUKN, BTOPOM
3aKOHe TepMOAMHaAMUKU U XUMUYECKOM
paBHOBECUM.

PASBUBAIKOLAA: pacluMputb Kpyrosop
o0y4arLmxcs Ha OCHOBE MHTEerpauumu 3HaHuu,
Pa3BUTb JIOrM4YecKoe MblilusieHue.

BOCIIUTATEJIbHAA: copencrtBoBaTthb
cdoopmupoBaHMIO y OOy4aroLLNXCA YCTOUNYUBOrO
MHTepeca K U3y4eHUI0 ANCLUUNSTINHbI.



Tepmoxumus

Pa3oden T[], usyvyarowuu

-

U3MeHeHue
3Hepauu rnpu npomeKaHuu
XUMUYecKux
rnpoueccos, Ha3bleaemcsi
Xxumuyeckou

A
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mepmMoxumuedu.




OcHO8HbIE rNoHsIMuUs mepmoxumuu

XnMu4yeckas peakuumsa Kak
TepMoanHamMn4yeCcKuUu npouecc, 3akn4vyaeTcs
B NpeBpaLleHMn oaHUX BellecTB B Apyrue 3a
CYeT N3MeHeHUsa cocTaBa U (UNTN) CTPOEHUA.

Onga donsnko-xumMmm4yeckmux npoueccoB
AEeNCTBYeT 3aKOH COXpaHeHUs1 MaccChbl,
YCTaHOBJIEHHbIW M.B.
JlomoHocoBbIM (m_ =m,).



OcCHOBHbIE MOHSIMUS mepmMoxumuu

TepMoxXxnmMmuyeckoe ypaBHeHue
- YCITOBHOE N300paxeHune
don3nKo-XxMMmn4eCcKoro rnpotLiecca.




00EeHHOCTU TEPMOXMUYEC

YPaBHEHUMN:
aBHeHuA 3anucbiBaroTcs c yyetom T4

KUUKN cocTosiHuA cuctembl (AH, A S).

YUTbIBaeTcs 1 MOJSib BeLlecTBa, NO3TOMY
3MOXXHbI APOOHbLIe KO3 PNLMNEHTDI.

. YKa3bIBaloTCH darperatHblieé COCTOAHUA BeLLeCTB

. C TX ypaBHEHUAMUN MOTYT NPON3BOAUTBLCH
ObIYHbLIe anredbpanyeckne oenNcTBuUA.

Nz(r)+ v Oz(r)= NO(r),AH>O.




1. OCHOBHbIE MOHATUS TEPMOXNMUNN

ennoBoun adppekT (Q, kKOx-Monb™) - aHeprus
TOpasa BbioensieTcs unuv nornowiaetcs B hop
ennoThbl, NPy HeodpaTUMOM NMPOTEKaAHNN (PUSUK
UMUYeCcKoro npouecca npu ycnoeuu: I, p = const
UInun p, V = const, cuctema coBepLuaeT TOJNbKO
paboTty pacwupeHun (A'=0).
Ecnu npouecc npoBoANTCH B aBTOKfaBe

(V=const) TennoBoun ahdeKkT paBeH npupaLleHUuIo
BHYTpPEeHHeu aHeprumn: Qv = AU.

ECnun npouecc npoBoaUTCA B OTKPbLITOU CUCTE
= const) TennoBou 3ahdekT paBeH npupaLleHu
Tanbnuu: Qp = AH.



OCHOBHbIE MoOHSAMUS mepmMmoxumuu

[lpu aTOM TBEepAable N XnaKkvue BellecTBa
HaxoAasaTcA B yCTOUYMBOU moaudmkaumm, rasbl
ONMU3KU K COCTOSAHUIO naeanbLHOro ra3sa.

CtaHpapTHble TennoBble 3¢ dheKTbl
3KCnepumMmeHTasribHO onpeaerieHbl U NPUBOAATCS B
cneumanbHbIX CNPaBOYHUKAX.



3akoH I'ecca

YacTHbIM BbipaXxeHuem 1-ro Havyana
TepMoAUHAMUKN NPUMEHNTESNIbHO K XUMUYECKUM
npoueccam siBnseTca 3akoH lecca (1840 r):

Ipupawenue snmanvnuu (menoeou I¢hghexkm)
XUMUUECKO20 npouecca 6 uzodapHo-
U30MEPMUYECKUX YCI08UAX 3A6UCUNL MOTBKO OM
NPUPOOBL U COCHOAHUA PeazeHmOo8 U nNPOOYKHO0e
PeaKuuu u He 3a8uUcum om nymu RPOMeKaHu
peaxkuuu.




JHTanNbLNMA aABnaetTcsa PyHKUunen

COCT

lMpupalleHue aHTanNnbLNUU
(AH)
AH=H, -H,

OAHWNA.

— >3

[MpupawieHune

3HTanbLNuu
He 3aBUCUT
OT NyTH
npouecca.




3akoH lecca

Hanpumep: Ecin
C(r)+ 0, ([=CO, (), AH ;

HJIM IIPOBECTH MPOLECC 10 ITAIIAM:
C (r) + 120, (r) = CO (r), AH,;
CO (r) + 120, (r) = CO, (1), AH,,
TO

AH =AH,+AH..



eHue 3HTanbnuu (AH)
eakuuu:
AH=H -H
NpPoAyKThbI peareHTbl
AH >0 - TennoTa nornoLwaeTcs,

AH <0 - TennoTa BblaenseTcs.

Okpyxarwas Okpyxawuias
cpeaa cpeaa
p&ﬁCTeM A 'D'CMCTe
a Ma
Tenno ~_Tenno

T

AH <0



OHeprusa BbigenseTcs = JK30TepMUYyecKas
peaKkuus

Tennorta

JK30TepMnYecK FS
umn |




eprua nornouwjaertca = JHAoTepMUYe
peakuus

AH>O0 -
TensfoTa

JHAOOTEepMMHNYeCcK
717



3akoH
lecca:

3 NepBoOro 3aKkoHa
TepMmoaAnNHaMUKW:

AU =-

cuctema

AU

cpeaa

Kaxgomy aK30TepMUYECKOMY
oueccy

OTBETCTBYET 3IHAOTEePMUNYECKUMN
Lecc.




Aava:
eaKuunusd npouncxoaumtT B NpuUCyTCTtBmnNn
KaTarim3aTtopa |V|n02:

2KCIO, (k) — 2KCI(k) +30,(r) AH =-89.7 kX

Kakoun 3Hak umeeTt AH obpaTHOM
peakuuun?

+89.7 k[



2

—a

Onpepenute 3HaK TennoBoro acdpdgekra
npouecca:

lNnaBneHune .‘

nbga?
Kpucrannusauus

BOoAbl ?
opeHue

cBeun?
B3pbIB

aAnHamuTta?




3akoH [ecca

PacyeThl TennoBbIx achpekToB peakumnmn (AHx.p.)
MO TEPMOXNMNYECKUM YPpaBHEHUAM NPOU3BOAAT
Moo no Tenniotam oopasoBaHuUA BeLlecTB, IM0O no
Tennora nx cropaHusi, KoTopble onpeneneHbl
3KCNnepuMeHTasrlbHO U ABNAIOTCA TaONUYHbIMU

BEJINYUNHAMM.



b

A

KanopumeTt
D

CrtanbHa

»

"

Kanopumetp (ot 1am.
calor - TENNO U metor -
n3mMepsaTb) npmnbop ans
N3MepeHunsa KonmyecrtBa
TennoThl,
BblaenswoLweuncs unu
nornoLwjaroLencs B
KaKoM-nno6o cpmanyecKkom,
XUMUYECKOM Unu
OUOoNorn4ecKkom
npouecce.

4



anopumer

3akoH lecca

IHmanbnua 00pa3oeanus eeuiecmed
(menioma 00pa3zo6anus) — HToO

TEIJI0BOM 3P (PEeKT peakuuu
oOpazoBanusa 1 MoJis BelnecTBa U3

IPOCTHIX BEHIECTB, 0003HAYAETCS:
AHo6p(X) [k - Moab].




3akon ['ecca

/" Duranbuus 00pa3oBaHMsA, M3MEPEHHAA NPH
CTAHAAPTHBIX YCJIO0BUSAX, HA3bIBACTCH
CTAHAAPTHOM HTAJbIIUEH 00PA30BAHUA U
SIBJISICTCH CIIPABOYHOM BEJIUYMHOU,
o0o3HaYaeTcH:

AH00p(X) [k - Moab!].

\_

/

J1J1st mMpOCTBIX BelIeCTB CTAHAAPTHAS
IHTAJBINUA o0pazoBaHus = ().
AH06p(npocThix BemecTs) = 0




[lepeoe criedcmeue 3akoHa [ecca

Tennoeoii a¢hghekm npouecca pasen
anzeopauyeckou cymme IHMabnuil 00pa3oeanu
NPOOYKMOB 3a 6bIYEMOM A/12e0PAUUECKOU CYMMbl

IHMAALNRUU 00PAZ0BAHUA PEAZEHINO0E8 C YUEeMOM UX
cmexuomempuyeckux Koighuuuenmos.

AH’npoun. = Y nAH00p(nipon) - > nAH06p(pearent),
AHmpon. [x/Ix -Moun™].




CS (k) + 30, (r) — CO,(r) + 2S0,(r)

AH%6p: 87.9xMx/monb 0 kx/monb -393.5 Kx/Monb -296.8
k[>x/monb

Kaxxgoe saHauyeHne AH? ponxHo
ObITb
YMHOXEHO Ha KOfIu4ecTBO MOMb
BellecTBa B YypaBHEHUMN.




S (k) + 30,(r) — CO.(r) + 2S0.(r)
: 87.9kMx/mMonb 0 kx/monb  -393.5 K[x/Monb -296.
o5b

AH’nipon.= Y nAH06p(mpox.) - > nAH06p(pear.

H’x.p. = [-393.5 + 2(-296.8)] - [87.9 + 3(0)]
H’x.p. =-1073.4 kx



3akoH lecca

JlJIst MHOTMX OpraHUYeCKUX COCIMHCHUH
HEBO3MOKHO OTHOBPEMEHHO CUHTE3UPOBAThH
CJIOKHOE BEIEeCTBO U3 MPOCTHIX U MPH ITOM
OIpeaeJUTh TENJI0BOH 3P (PeKT XUMUYECKOU
peaxkmnuu, mMo3TOMY JJIsi HUX OCHOBOH pPacyeToB
SIBJISICTCH DHTAJBIIMA CTOPAHUS.



3akoH ecca

Iumanvhua ccopanus (menioma
c2copanus) — TersioBou 3ppexr

peakuuu cropanus 1 moJs

BelleCTBAa 10 BLICIINX OKCH/I0B,
0003HaUYaeTcH:

AHcrop.(X) [kJ:x - Moab].




3akoH lecca

JHTAJBIINSA CTOPAHMSA, U3MEPEHHAA NPH
CTAHAAPTHBIX YCJIOBUSIX, HA3BIBAETCS
CTAHAAPTHOM,
o6o3nauaerca AHcrop.(X) [kx - Mmoab].

DHTAJBIIMYA CTOPAHUS BbICIINX
OKCHI0B paBHbI ().




/Bmopoe ciedocmeue 3axona Iecca: \

Tennoeou 3¢hghexkm xumuueckozo npouecca pasex
anzeopauueckou cymme IHMAaAbnul C2Opanusi
Peazenmaoe 3a 8bluemom aizeopauyeckou cymmol
IHMATbRUU C2OPAHUA NPOOYKIOG C YUCHIOM UX
Qmexuomempuuecxux Koaghhuuuenmoe. /

AH°np0|.}. = Y nAHrop(pear.) -> nAHcrop(npoga.), [kOx -
MOJ1b -]



- 3akxon l'ecca

R

3adaya 2. Paccyumamb merisioeou
eKm

peakyuu cnupmoego20o bpo)xeHust
2JTF0KO3bl, UCXO00S51 U3 CMmaHOapMHbIX

3HMasnbnuu c2copaHusi:
C.H O (k) =2C H_OH(x) +2CO, (r).
AHcrop(C H,.O_(k)) =-2815,78 k[x - Mmonb™

6 12 6

AH°crop(C,H_OH(x)) = - 1366,9 k[1x - monb™

PeweHue: no BTOpOMY CrieACTBUIO 3aKOHa

ecca:

AH®x.p. = AHcrop(C_H,O_ (k)) - 2AH crop(C,H_OH

(k) = - 82 KK - MONE™.

Peakuusa aKk3oTepmMmuyeckas.



3axon ['ecca

aKoH I'ecca u ero cjeacTBUs NPUMEHAKOT B
YYHOU AueTo10ruu. C ero noMoub OleHUBAKOT
AJJOPUAHOCTDH MUIIEBBIX NMPOAYKTOB.

Kosgppuuuenmom xanopuunocmu nHazvlieéaemcs
mMenoeou I¢hghekm peakuuu c2opanus 00H020
2pamma eeuiecmea, 63amoulil ¢ NPOMUBONOJ10HCHBIM

3HaKOM.
= - AHcrop(X)



AJTIoOH4YMK C KAaNOPUUHOCTBLIO B 500 KKan Ha caMoOM

B ABA'Y¥E86 b1 6bIn

OH!)



[InmeBas
KaJIOPUMHOCTH




3akxon l'ecca

KoadhhnumneHTbl KarNnopumnHOCTH
OCHOBHbIX KOMMNOHEHTOB NULLU PaBHbI:

j K (6enkoB n yrneBogoB) =16,5-17,2 KX :
y

K (xupoB) =37,7-39,8 kIIx - r’.

[lepBOe 3Ha4veHue (16,5 u 37,7) — HNXKHASA
rpaHuua. Bropoe 3HauyeHue (17,2 - 39,8) —
BepXHAA rpaHuua.




3akxon l'ecca

Insa pacyeTta KanopMnHOCTU NULLEBbIX
NPOAYKTOB UCNOSbL3YT (hOpMYynbl:

1o HMXXKHeun rpaHuue:

K=16,5m(0)+ 16,5 m(y) + 37,7 m(x) [kIX]
[lo BepxHeun rpaHuue:

K=17,2m(0) + 17,2 m(y) + 39,8 m(k) [kOX]



= 3akxon l'ecca

el

3adaya 3. Paccuntante KanopmnHocTb 300
rpaMmoB nopunn pbiObl, €CIfIM U3BECTHO, YTO B
100 r 3TOrO NPOAYKTa coaepXntca 12 r oenka, 8 r
XuposB u 0,3 r yrnesonoB. KoadpunumeHTbI
KariopunMHOCTU BO3bMUTE NO HUXKHEU rpaHuue.

PeweHue:
K=3:[16,5 m(0) + 16,5 m(y) + 37,7 m(x)] [kOX]
K= 1514 k[1x (336 kKan)




3akoH ecca

e Ha oCHOBaHMU AaHHLIX MO KANTOPUNHOCTU
NULLEBbLIX NPOAYKTOB, COCTaBNsAeTCA Hay4HO-
000OCHOBaHHbIe HOPMbI UX NOTPeOneHnsa Ans
pas3finvHbIX rpaxaaH HaceneHus, B
3aBUCUMOCTM OT NoJia, Bo3pacTa, XxapaKkrepa

TpyAaa.

e [lonb3ysacb 3TUMU AaHHbLIMU KaK cpeaHnMHU
BeJfIMMMHamMu, Bpa4y cocTaBrnsieT HOPMbl
noTpeodneHns NuLLEBbLIX BELLEeCTB ANS KaXXaoro
nauneHTa B oTAeNIbHOCTM.

e Hopma cyTouHOro notpedbneHus Ansa B3pOCroro
opraHu3ma: —

benkoB-80-100r.
KnpoB-60-70r.
YrneBonoB-370-450T.



3axon [ecca

CyTo4yHasa noTpedOHOCTL YenoBeKa B
3Heprmmn cCoctaBnserT:

1. NMpu nerkomn paboTte B cugsayem
NonoxeHmnn-8400-11700 kO (2000-2800 KKarn).

2. [lpyn ymepeHHOU N HanpsAXXeHHOWU
MbilLe4YHOU paboTe- 12500-15100 kx
(3000-3600 KKan).

3. [Npun Taxenbix PU3NYeCKUX
Harpyskax-16700-20900 k[1>x (4000-5000 Kkan).




b

Bropoe Haya10 TepMOAMHAMUAKHI

TepMoaAnHaMUKH

ycTaHaBnuBaeT
HanpaBneHue
npoTeKaHus
CaMOMNpPOU3BOSbHbLIX




Bmopoe Ha4yano mepmMoouHaMuKu

CywecTBYHOT pa3finyHbie
paBHO3Ha4YHble NO CMbICIY
bopMynUpPoOBKHU 2-ro
Havyana TepMmoauHaMUKMU.
M.B. JlomoHocoB (1850),

P. Knaysuyc, (1850):
mernsioma He MoXxem
nepexoodums camMma cobou
om 6o0Jsiee x0s100HO20 merna
K 6os1ee mensiomy.




Bmopoe Ha4ario mepmoouHamMuKu




Bmopoe Ha4ario mepmoouHamMuKu

200° 100°




Bmopoe Ha4ario mepmoouHamMuKu



Bmopoe Ha4ario mepmoouHamMuKu



Bmopoe Ha4ario mepmoouHamMuKu



Bmopoe Ha4yarno mepmoouHamMuku




Bmopoe Hayarno mepmModuHaMuKu
Kast mensioeast | T1 |
UHa He MoXxem

HOCMbIO Y 3
espamumb mernJo ‘ A ‘
abomy: yacmeb 4 4

obsizamesribHO
MKHa 6bIMb %
T



Bmopoe Hayarso

mepMOoOUHaMUKU

B. Oceasib0 (1888):

Heeo3moxeH eeyHbIU
dsuz2amersib 8Mopo20o
pooda, m.e.
HeB803MOXXHO IOJIHOE
rnpespaujeHue
mensiomsbl 8 pabomy.



Bmopoe Ha4yarno mepmoduHamuKku

N —

[ \[C]Cﬁ nt Ol
C ©
NMapoBowun

ABUrartersib



Bmopoe Ha4ario mepmoOuHamuku

bosibUMaH:
camMorpou3e80sibHO
Mo2ym ripomeKamab
moJiIbKO maKue
rnpoueccsl, rnpu
KomopbIx cucmemMa u
MeHee eepOosImHO20
COCMOSIHUS
nepexoodum e 6osie
eeposimHoe
COCMOSsIHUE.

o
L
<
[
I
o
=
o

CNMOHTAHHO




' Bmopoe Ha4yario mepmMoOuHaMuKu '

Hna usonupoeaHHou cucmemsbli (npu E=const,
V= const) Kputepuem camonpon3BosibHOCTU
npouecca aBnseTcsa aHTponuA (S).

[lpouecc npoTekaeT CaMONpPoOU3BOJILHO, eCNnu
AS > 0.

[lpoTekaeT oOpaTHbIN npouecc, ecnm AS<0
B MoMeHT paBHoBecus AS = 0.

b



CamonpousBornbHbIe npouecchl

e [Ipumep
— CB0oOOOHOE NnepemMeLleHme rasa

W

BeHTUN
b a3

3aKpbIT

Bakyym



dMOINpPon3BOJibHbIE NMpPoLUecCChb

— lNpumep
— CBoOOAHOE nepemeLleHne rasa

BeHTMn

YBenunyeHue
3HTpOMNUN

a3
OTKprT



Bmopoe Hayarno mepMOOUHaMUKU

CoBpeMeHHas OPMVJIMDOBKA. IHCPI'NA

JIO00ro BHJAA MOXKET IepPexoauThb OT OJXHOI0
TeJa K JAPYIroMYy TOJBKO B TOM CJIy4ae, €CJIH
TEPMOAUHAMUYECKHUHA MOTEHIHAJ €€ Y MepPBOro
TeJia BbIIIE, Y€M Y BTOPOIO.




Bmopoe Hayano mepmodOuHaMuKu

poLieccoB, MPOoTeKalLWmUX Npur p=cons

st, poNb TepMOoAUHaMUYECKOro noTeHUma
FNIHAEeT 3Heprua 'mbooca (n3obapHo-
epMUYECKUN NnoTeHuuan),

crly4yae npoueccoB, NnpoTeKarowmnx npu V=cons
=const — aHeprusa Nenbmronbua AF (M30XOPHO-
TepMUYeCKUU noTeHuyman).



—
—

Bmopoe nauano mepmoounamuxu ‘

ﬁ YCJOBUSAX IOCTOSTHHOW TeMIeparypsl M
AaBJICHUSA CaAMONPOU3BOJIBHO MOLYT
POTEKATHL TOJbLKO TaKue TMpouecchbl, MNpPH
KOTOPBIX CHCTEMa CIOCOOHa coBepllIaTh
padoTy NPOTHB BHEINHHUX CWJI, TO €CThb IJIA
KOTOPBIX H3MeHeHHe »HHepruu I['uddca -—

\BQJ’II/I‘IHHa oTpHIaATC/JIbHAas. /




Bmopoe nauano mepmoournamuxu

aTuYecKoe BbIpakKeHue 2-ro HayaJjia
HHAMUKHU:

’np. = Y nAG06p(npoa) - > nAG’°06p
reHT),
0 = AH°-TAS.



buosHepreruka




HHOCTU OpraHn3auumnun XmuBbIiX Cl

OIIECCHI B )KUBBIX CHCTEMAX B x { )‘,.-:;?:'1
€4HOM HTOre HeOOpaTHUMBI. -

UBbIE€ CUCTEMbI HEe HAXOASATCHA B
OSIHUU PABHOBECHA.

e OMoJIornuecKme CuHCTeMbl
OIr'eHHDbI.



buosHepzemuka

OCHOBHbLIM UCTOYHUKOM 3HEpPruu AnAa opraHnama
yerioBeka aBnsieTcd XuMmmyeckasa aHeprus, 3aknoyeHHas B
NULLEBLIX NPOAYKTaX, YaCTb KOTOPOU (32 BbIYETOM
3Hepruu, BbIBOAMMOUN U3 OpraHM3mMa ¢ NnpoayKramu
XXN3HepeATeNbHOCTU) pacxoayeTcs Ha: 1) coBeplueHue
pPaboTbl BHYTpU opraHu3ma, CBA3aHHOMU C AbIXaHUEeM,
KpoBOoOOpalweHuem 1 T.4.; 2) HarpeBaHune BObIXaemMoro
BO34yxa, noTpebnsaemoun Boabl U NULLMK; 3) NOKPbITUE
[OTEepb TENNOThbl B OKPYXaKLYyHo cpeny C BbiabIXaeMbIM
BO3QYXOM UM C NpoAyKTaMu XXusHeaeATenbLHOCTU U T.A.




buosHepeemuka

Kas 3Heprus Takxe pacxoayeTcs Ha coBe
en paboTbl, CBA3aHHOM C NepemMeLleHNAMHU
BeKa, ero TpyaoBou aeAT

Qy

~ YMEHblLaeTc




buosHepzemu |
G-
Benku, Xupbl n'Yrnesoabi ngonery
y>KaTt cyocTtpatamu
DKUCTINTESIbHOIO
cocchopunmpoBaHuns -
OOHOro N3 BaXXHEULLUX
KOMMOHEHTOB KJIeTOYHOro
AbIXaHUSA, NpUBOASLLEro K
NOJSIy4eHUI0 3Heprmm B Buae

ATO.

High H* concentration
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~ | low-energy
@ electrons

e .

e 3

H*pump in electron
transport chain
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energy from
electron transfers

Low H* concentration



JHepreTu4eckum oomeH

Ucnonb3yeTcs
ANA MHOIMMx
peakuumn

HepreTu4yeckum oomeH B KrieTke B OCHOBHOM
f13aH C pacliensieHneM Makpo3prm4eckux
3en ATO.



JHepreTU4eCKnmn
obmeH

[MpoayKT

PeareHT

rma AT® ncnonb3yeTcs,
Mep, Ans
e3a benka.



buosHepzemuka

CocTosiHMe OTKpPbITON
CUCTEeMbI, AN KOTOPOU
XapaKTepPHO NOCTOAHCTBO
ee napameTpos,
HEM3MEeHHOCTb BO BPE€MEeHM
CKOPOCTEU NPUTOKa U
yAarneHus BelecTB U
3Hepruu, Ha3biBaeTCH




buosnepeemuxa

TEPMOAUHAMUKE OTKPBITHIX CHCTEM BAKHOM BeJWYN
JISIETCH MPOM3BOIHAS JHTPOINMH [0 BPEMEHH, KOTOpPas
OKa3bIBaeT MIPUPOCT SHTPONUU B ¢ITUHUILY BpeMeHu. B
TANMOHAPHOM COCTOSIHMM OPraHU3Ma 3Ta NPOU3BOAHAS
Bceraa 0oJibIe HyJIs.

CHMKEHUH JHTPONMH (HErIHTPONMS) 32 CHeT MoTpedIeHus
OPraHU3MOM M3 OKPYKAKIIel Cpelbl MUTATEIbHBIX BelIeCTB
C HU3KHM 3HAYEeHUEM SHTPONMM MPOMCXOAUT OJITHOBPEMEHHO
C YBeJIMYEeHHEM YHTPOIMH 32 CHET BbIICJCHHU B CPeay
POAYKTOB pacnajaa, 00J1a1a0IMX BbICOKOHA YHTPOIHEH.



Teopema lNpuroxumHa

I1pouM3BOACTBO SHTPONIUMU CUCTEMOM, HAXOASIIIEHCH
B CTAIIMOHAPHOM COCTOSIHMH, CTPEMHUTCH K
MHUHUMYMY.

dS/dt = dS opr/dt opr + dS cpena/dt cpena
dS/dt — CKOPOCTb U3MEHEHUSA BHTPOMNUM;

dS opr/dt opr — CKOPOCTb U3MEHEeHUSA BHTPONUMU
BHYTPW OpraHn3ma;

dS cpena/dt cpena — CKOPOCTb U3MEHEHUSA
3HTpPONUU BCrieacTBMe oomMeHa opraHmsma c
Kpy>XaroLien cpeaov ¥ Maccou U aHepruemn.




buosHepzemuka

OM3BO/JICTBO SHTPONIMM BO3PACTAET B Nep
pHUoOreHe3a, pu npoueccax pereHepauum u 1
CTe 3JI0KAa4YeCTBEHHbIX HOBOOOPAa30BaHMIA.



Bonpocbl ANna CaMOKOHT

. B yem cocmossim ocobeHHocmu
mepMoOXUMU4YeCKUX ypasHeHuu?
2. Coopmynupyume 3akoH 'ecca u e2o
csiedocmeusi.

Copopmynupyume 3akoH Kupxaoghgpa.
B yem cywyHocmb cogpemMeHHoU
¢hopMyriupoeKU 8MOPO20 3aKOHa
mepMOOUHaMUKuU?

AW



CIACUBO 3A
BALLUE
BHAMAHMWUE!




PISIIIIIIIIIII S0, 5 A




PaBHOBeCHOe COCTOSAHUe -

TaKoOe COCTOsIHNEe CUCTeMbl, Korga npu
NMNOCTOAHHbLIX BHELWHUX YCJITOBUAX
napamMmeTpbl CUCTEMbl HE USMEHAITCAH BO

JInHaMU4YEeCKOE paBHOBECHE:

-

C OJIMHAKOBOM CKOPOCTBIO




XuMmmnyeckoe paBHoBecC

UcTuHHOe e MeTactabunbHoe

o/

+H,0— CO,+H, 2H,+0,=2H,0



' TepMmoanHamMmmkKka XxMmMun4eckoro paBHoBecus '

CoCTOsIHMe XMMNYECKOro paBHOBECUS XapaKTepUsyroT
3aKOHOM AEenUCTBYHOLMX MaccC.

Ona obGpaTumMon XMMUYECKOU peakuum
BUAa:
aA +bB < dD + eE

NMPNU MNOCTOAHHbLIX BHEWHUX YCITIOBUAX
OTHOWEeHune npouvdseaeHmnsAa KOHUEeHTpauuu
NMPOAYKTOB K npomnseaeHnro KOHUEeHTpaunuu

peareHTOB C y4YeTOM CTeXUOMeTpUn ecTb
BeqivdMMHa TMNOCTOAHHAA WU Ha3bliBaeTcH
KOHCTAHTON XMMNYECKOro paBHoBeCcUs (k).




3aKOH OeNCTBYHOLWMUX Macce
(roMmOoreHHble CUCTEMbI)

aA + bB=—dD + eE
* ¢(A) = [A] = const
e ¢(B) = [B] = const [D]d
* ¢(D) = [D] = const K, = [A]“[B]b

* ¢(E) = [E] = const

BemiecTBa B TBepioM (pa3e B ypaBHEHHUE HE BXOIST.



TepmoduHamuKa XUMUYEeCKO20 pagHOBECUS

KoHcTaHTa XxXuMmnyeckoro paBHoBecus
3aBUCUT OT Npupoabl pearupyroLmx
BellecTB 1 TeMmnepaTypbl U He 3aBUCUT OT
X KOHLIeHTpaLuuu.

KoHcTaHTa paBHOBecwusi (K ) moxeT
N3MEeHATbLCA OT 0 4O <o,

Ecnu k = 0, peakuusa He NpoOTeEKaeT,;
K = ©, peakuua ngert Ao KOHUa;

K> 1, XMMn4yecKkoe paBHOBeCHE CMELLEHO B
CTOPOHY OOpa3oBaHNA NPOAYKTOB;

K< 1, XMMn4ecKkoe paBHOBECHE CMELLEHO B
CTOPOHY OOpa3oBaHuNA peareHToB.



CaBuUr Xxmmm4yeckoro

paBHOBeCUS

e AHpu Jlyu Jle LllaTenbe (1884):

* Jlloboe Bo3aencTBME HA CUCTEMY,
HaxoAALWYCH B COCTOSAHUN
XUMUYECKOro paBHOBeCHUS, Bbi3biBaeT B
Hen N3aMmeHeHus, cTpemMsLumecs
OCNabunTb 3TO BO3aAeUuCcTBME.




BnnaHue temnepartypbl

Peakuus e Peakuus
3HAoTepMnYyeckas 3K30TepMUnYecKas
-Q,AH>0 e +Q,AH<0

NPy NOBbLILWEHUN ° NPV NOBbIWEHUN

TeMmnepartypbl <‘"~M¥m~47
| =

NPY NOHMXEHUU * MPY NOHWUXEHUMN
TeMnepaTypbl TeMnepaTypbl

- | '




lpuruyun Jle LLlamernbe

* CaCO, = CaO+CO,-Q(AH>0)
I

* NP NOBbLILWEHUU TeMnepaTypbl

*2NO —= N,+0,+Q(AH<0)
S —

NP NoBbLILWEHUN TeMINepaTypb




BrnnsaHue KoOHUeHTpauun

d e
© _[DI'[E]
c a b
[A]"[B]
Npu V = const:
e BBegeHue peareHTta  BBepeHue npoaykra
 YpaneHue peareHTa * YpaneHue npoaykra




lNpuHyun Jle LLlamernbe

S0,+0, .. 250,
PU yBeJIM4YeHUUN KOHLUEHTPaunu 02

E—



BnusHue npaBneHus

aA + bB=dD + eE
-D-d e

KC — '_ _' [E]b
A]"[B]




lpuruyun Jle LLlamernbe

An(ras.)>0 e An(ras.)<0
Npu" NOBbILWEHUN ° NPV NOBbIWEHUN

asroenia—— miAENS

* NP NOHNXEeHUU °* NMPU NOHNXEeHUU

— ~<eneees




BnusHue npaBneHus

't 3H2 = 2NH3
An(ra3.)=2-4<0
npu NnoBbIWeHNN oaBleHus

—



lpuryun fle Llamernbe

Katanusatop

* He BNusieT Ha K_

* He ABNAETCA peareHTOM UM NPOAYKTOM
=> He cMellaeT XMMU4YecKoe paBHoBecue
YCKOpPSieT ero 4OCTUXeHue



TepmMoOuUHaMuKa XuMu4YecKo20

paesHoegecus )
HanpaBneHue 4aHHON XMMUYECKOU peaKLuuun

obLllero Buaa:
aA+bB — cC+dD

Npuv 3agaHHbIX KOHUEeHTpauuax BewecTs (A, B, C,
D) npu NOCTOAHHOU TeMnepaType MOXHO
npeacTtaBUTb C NOMOLLbLIO YpaBHEHUSA
N30TepMbl:

AGp-a = AGp-5a1 + RT €n c,

rae AGp-sa —u3menenue sHepruu I'nd0ca peakuuu,

AG ’p-s1 — u3menenne crangapraoii sneprun I'né6ca
AG’p-s1 = -RT€nKc.



TepmoduHamuKka XUMUYECKO20 paBHOBECUS

[lc - Benn4YnHa ctexmomeTpu4veckoro
COOTHOLLUEeHUA KOHLEeHTpaLunn BeLecTB,
yHacTByOLMX B peakuum Npm 3afaHHbIX

yCnoBusx: 11, = Cc Cb
C,*C,

Npeo6pasgBaHHoe yRaBHeHNe 3oTepMbI:
AGpﬂ- -RT €n rt RT €n =RT (€n -en )
AGp-ﬂ = RT @n K¢



TepmMoOuHaMuKa XUuMU4YEeCKO20 paBHO8ecuUs]

AHanus3 ypaBHEHUS U30TepMbl

Ecnun |'|C> Kc' 10 Lot s Agso
K K

— NpoTeKkaeT 06paTHbIN NpoLecc.

EcrmN_ <K, 10" o1 1! o ag<o
K, K,
— MpoTeKaeT NPSIMOM NPOLIECC.

IT I1

= ¢=1, In—<=0, AG=0
Ecnu I'IC KC, TORC , In—==0, AG

- COCTOSiIHUE paBHOBECHUA.




Cnacunbo
a Bawe sBHumaHume!



