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BBEOEHWE

MpeomeTomM PU3MYECKON XUMUN ABNSAETCA OOBACHEHWE XMMWYECKUX SIBIEHUA Ha
OoCHoBe 6onee o6wWwux 3akoHOB GU3NKN. Ddusmyeckass XUMUS paccMaTpuBaeT [Be
OCHOBHbI€ rpynrbl BOMPOCOB:

1. '3yyeHune cTpoeHust n CBOMCTB BELLECTBA M COCTaBMAIOLWMX ero YacTuL;

2. N3y4yeHure npoueccoB B3aMOLENCTBUS BELLECTB.

B kypce dmnanyeckon xmmmm 06bI4HO BbISENAT HECKOSBbKO pasaesnos.

CtpoeHue BelwecTBa. B 3T0T pasgen BXoAsiT yyeHMe O CTPOEHMM aTOMOB U
MOJIEKYS 1 y4yeHne 06 arperaTHbIX COCTOSIHUSIX BellecTBa. MdyyeHne cTpoeHune BellecTsa

HeobXoaMMO [ONA BbISICHEHUSI BaXHeWLWMUX BonpocoB 06 obpasoBaHun Monekyn wu3
aToMOB, O NPUPOAEe XMMUYECKOM CBS3U, O CTPOEHUU N B3auModenctsnm monekyn. MIMeHHo
B 9TOM CBOEN 4YacTu dumsnyeckass XMMUS OYeHb TECHO rMepensietaeTca Co BCEMMU
HanpaBnNeHUSMN COBPEMEHHOW XUMUW, MOCKOSMbKY W3yYeHUe XUMWUYECKMX CBOWCTB
BellleCcTBa BHE CBSA3M CO CTPOEHMEM aTOMOB W MOJSIEKYlT Ha COBPEMEHHOM YPOBHE
HEBO3MOXHO.

XumMmmnyeckaa TepMoaUMHaAMMKa M3yyaeT dHepretTmyeckne apeKTbl XMMUYECKNX
NpOLIECCOB; NO3BONSAET ONpeaenuTb BO3MOXHOCTb, HanpasneHme un rnybuHy npoTekaHus
XUMMYECKOro npouecca B KOHKPETHbLIX YCITOBUSIX.

Xumunyeckana KmHetuka. B aTom pasgene gomsanyeckon XmuMmnmnm n3y4aeTcss CKOpoCTb
N MeXaHU3M NPOTEKaHMUS XMMUYECKMX MPOLEeCCOB B PasfnU4YHbIX cpedax npu pasnmnyHbIX
YCIOBUSIX.

YyeHne o pactBopax paccmaTpuBaeT npoueccbl 0bpasoBaHWA pPacTBOPOB, MX
BHYTPEHHIOKO CTPYKTYPY M BaXKHeWnLlne CBOMCTBA, 3aBUCUMOCTb CTPYKTYPbl U CBOWCTB OT
NPVpPOAbl KOMMOHEHTOB pacTBopa.

AneKkTpoxumMmsa Kn3y4aet OCOOEHHOCTM CBOWCTB pPacCTBOPOB 3NEKTPONNTOB,
SIBMEHUST  9NEKTPONPOBOOHOCTW, 3MeKTponu3a, Koppos3un, paboTy rarbBaHUYECKUX
SN1EMEHTOB.

Bce pasgenbl puandeckon xumumm obbeauHaeT eanHas OCHoBa — OOLWME 3aKOHbI
NpMpOoAbl, KOTOPblE NPUMEHUMBbI K fobbIM nNpoueccam u NbbIM cUCTEMam, He3aBUCUMO

OT UX CTPOEHUA.



1 XUMNYECKAA TEPMOOUHAMUKA

TepMmoguHaMmnka — Hayka O B3avMonpeBpaLleHUsX pasfnyHbiXx OOpM 3Heprun u
3aKoHax 3TUX NpespalleHnn. TepmoamHamuka 6a3mpyeTcs TONbKO Ha AKCNepPUMEHTanbHO
0BHapy>XeHHbIX 00 BbEKTUBHbBIX 3aKOHOMEPHOCTSX, BblPaXXEHHbIX B ABYX OCHOBHbIX Hayanax
TEPMOANHAMMKMN.

TepmognHamuvka nsyyaer:

1. MNMepexoabl 3Heprum U3 0gHON opMbl B ApYryto, OT O4HOM YacTu CUCTEMbI K APYrou;

2. DHepreTuyeckme apekTbl, conpoBoXaatowme pasnuyHble U3nYeckme N XMmMmmyeckme
NpoLEecChbl U 3aBUCUMOCTb X OT YCITOBUI NPOTEKAHMS AAHHbIX NPOLIECCOB;

3. BO3MOXHOCTb, HanpasrieHve 1 npeaens Camonpou3BOSIbHOrO NPOTEKAaHNA NPOLECcCOoB
B paccMaTpuBaeMbIX YCIOBUSIX.

HeobxoaumMo oTMETUTb, YTO Knaccuyeckasa TepMoguHammka MMeeT cnepylouime
OorpaHunyeHus:

1. TepmoguMHamuka He paccMaTpuBaeT BHYTPEHHEe CTpoeHue Ten W MexaHu3Mm
npoTeKatLmnX B HAX NPOLECCOB;
2. Knaccuyeckasa TepmogmMHaMmmuka nayyaeT TONbKO MaKpOCKONUYECKME CUCTEMBI;

3. B TepmoanHamMunke oTCyTCTBYET NOHATHE "Bpemsa”.
1.1 OCHOBHbIE NOHATUA TEPMOOAUHAMUKU

TepmoduHamuyeckass cucmema — Teno WNU rpynna Ten, HaxoAaswmxcss BO
B3aMMOAENCTBUU, MbICITIEHHO NN pearnbHO 060COBNEHHbIE OT OKpYXatloLen cpeabl.

[omMoceHHasi cucmema — CUCTEMaA, BHYTPU KOTOPOM HET MOBEPXHOCTEN,
pasfnensaoLwmx OTNnYarLWmecs No CBOMCTBaAM 4YacTu cuctemMbl (dasbl).

'emepoeeHHasi cucmema — cuctema, BHyTPU KOTOPOW NPUCYTCTBYIOT MOBEPXHOCTMU,
pasgensowmne oTnmyaroLmecs no CBOMCTBaM YacTu CUCTEMBI.

®a3a - COBOKYMHOCTb FOMOreHHbIX YacTen reTeporeHHOM CUCTEeMbl, OAUHAKOBbIX MO
PM3NYECKUM U XMMWYECKMM CBOWCTBaM, OTAENEHHaAA OT [APYrMx 4Yactenm CUcTembl
BUOMMbIMW NOBEPXHOCTAMW pasgena.

U3onuposaHHas cucmema - cuctema, Kotopas He OOMeHMBaAETCs C OKpyXaloLen
Cpefion HU BELLLECTBOM, HU QHEPTUEN.

3akpbimasi cucmema — cuctema, Kotopas 0OMEHMBAETCHA C OKpyXKaroLen cpenon
SHepruen, Ho He 06MeHMBAETCHA BELLLECTBOM.

Omkpbimas cucmema — cuctema, Kotopas oOMeHNBAETCA C OKpYXKatoLlen cpeaomn

N BELLEeCTBOM, U 3HEpPrmen.
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CoBOKYNHOCTb BCEX (PU3NYECKMX U XUMUYECKUX CBOWCTB CUCTEMbI XapakTepusyeT
€€ mepmMoOuHamu4eckoe cocmosiHue. Bce BenuuuHbl, Xapaktepusylolme kKakoe-nmbo
MaKpOCKOMMyeckoe CBOMCTBO paccMaTpvMBaeMOW CUCTEMbl — rapamempbl COCMOSHUS.
OnbITHBIM NyTEM YCTAHOBIIEHO, YTO ANS OOHO3HAYHOW XapaKTePUCTUKN OAHHOW CUCTEMDI
Heo6xo4MMO NCNONb30BaTb HEKOTOPOE YNCO NapaMeTpoB, Ha3blBaEMbIX HE3a8UCUMbIMU,
BCE OCTaslbHble NMapamMeTpbl pacCMaTpuBalOTCA Kak PYHKLMM HE3ABUCUMbIX NapaMeTpoB.
B kauyecTBe He3aBMCUMbIX MapamMeTpoB COCTOSAHUSA 0ObIMHO BbIOMPAOT NapameTpbl,
noggarmoLlmecs HenocpeacTBEHHOMY W3MEPEHUID, Hanpumep TemnepaTtypy, AaBrieHue,
KOHUeHTpauuio 1 T1.0. Bcskoe namMeHeHne TepMOOUHAMMYECKOTO COCTOSIHUA CUCTEMB
(M3MeHeHMsa xOoTa Obl 0QHOMo NapameTpa COCTOSAHUA) eCTb mepMoOUHaMuUYecKul rnpouecc.

Obpamumbiti npouyecc — npouecc, LOornyckawuwmi BO3MOXHOCTb BO3BpaLLEeHUs
CUCTEMbI B UICXOOHOE COCTOSIHME Be3 Toro, YToObl B OKpYXatoLLen cpefe ocTanucb Kakue-
nmMbo N3mMeHeHus.

PasHosecHbIli npouyecc — npouecc, NpyM KOTOPOM CUCTEMA NPOXOAUT 4epes3
HenpepbIBHbINA PAL PaBHOBECHbLIX COCTOSIHWIA.

OHepausi - Mepa crnocobHOCTM cUCTEMBbI coBepLuaTb paboTy; oblias kayecTBeHHas
Mepa [ABWXEHUS W B3auMOLEWCTBUA MaTepun. OHeprust SABMSeTCS HeOoTbeMSEMbIM
CBOMCTBOM MaTtepuun. Pasnuuaior nomeHyuanbHyto  3Hepauto, O0OYCNOBMEHHYIO
NONOXEHNEM Tena B Nofie HEKOTOPbIX CUM, U KUHEMUYECKYIO 3Hepauto, 06YCNOBNEHHYIO
N3MEHEHNEM NOSOXEHUSA Tena B MPOCTPaHCTBE.

BHympeHHsis1 a3Hepausi cucmembl - CyMMa KMHETUYECKOW N NOTEHUMaNbHON 3HEpPruu
BCEX YacCTuL, COCTaBNALWMX cucteMmy. MoXHO Takke onpefeniTb BHYTPEHHIOK SHEPTUIO
CUCTEMbI KaK €€ MOSHYK SHEPruio 3a BblYETOM KMHETUYECKOM M NOTEHLUMANbHOW 3HEPrum
CUCTEMbI KaK Lienoro.

dopmbl nepexoda 3HEPrun OoT OAHOW CUCTEMbI K ApYyron MoryT 6biTb pa3dbuTbl Ha
ABe rpynnbl. B nepeyto rpynny BXoguT TONbKO ogHa opMa nepexona ABMXEHUS MyTem
XaOTUYECKMX CTOSNIKHOBEHWUMA MOMEKyn [OBYX COMpuKacawwmxcsa Ten, T.e. NyTEM
TENnonpoBOAHOCTU (M OQHOBPEMEHHO NyTEM M3ny4veHus). Mepon nepegaBaeMoro Takum
crnocobom OBwXKeHUsa aBnseTca Tennota. Ternsioma ecmb ¢opma rnepedadyu 3Hepauu
nymém HeyrnopsiOoHeHHO20 O08UXeHUsI MorsieKys. Bo BTOpyk rpynny BKNOYaTCA
pasnuyHble opMbl nepexoda [OBWXEHUA, OOLlen 4YepToM KOTOpbIX SsIBNsieTCA
nepemMelleHMe Macc, OXxBaTblBalwWMX O4YeHb Oonblne 4ucna Monekyn (T.e.
MaKpOCKOMMYECKUX Macc), No4 eNCTBUEM Kakux-nmbo cun. TakoBbl NOAHATUE TEN B nose

TAroTeHunA, nepexon HEeKOTOpOoro KoJim4yecTBa AneKkTpn4yecTBa oT oonbLuero
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9NEeKTPOCTaTUYECKOro NoTeHuMana K MeHbLUeMy, pacluMpeHue rasa, Haxogsueroca nog
nasneHvem u ap. O6Lien mepon nepegaBaemMoro Takumm cnocobamm OBMKEHUS IBNSIETCA
paboma - popma nepedayu sHepauu rnymém yrnopss0o4eHHO20 O8UXEHUS Yacmul,

Tennota n paboTta xapakTepusyrT Ka4eCTBEHHO U KONMMYECTBEHHO ABE pasnunyHble
dopMbl Nepeaayvn OBMKEHUSA OT AAHHOM YacTn MaTepuanbHOro Mupa K gpyron. Tennota u
paboTta He MOryT cogepxatbcs B Tene. Tennota u paboTta BO3HWMKAKOT TOMbKO TOraa,
Korga BO3HMKaeT MpoLEeCcC, U XxapakTepuaylT TOMbKO npouecc. B cTtaTtuyeckux ycrnoBusix
TennoTa u paboTa He cywecTBylOT. Pasnuune mexay tennoton n paboton, npuHMMaemoe
TEPMOANHAMUKON KaK MCXOOHOE MOMOoXeHWe, U NpOTUBONOCTaBreHne TennoTbl paboTe
MMeeT CMbICI TOSbKO AN Ten, COCTOSAWMX U3 MHOXeCTBa MOMekymn, T.K. Ans O4HOW
MOMEKyInbl UMW OS5I COBOKYNMHOCTM HEMHOMMX MOJSIEKYNl MOHATUS TennoTbl M paboTsl
TepsaT cMmbicn. [losToMy TepmoavHaMuka paccmaTpuBaeT Nvlb Tena, COCToswme U3

BonbLIOro Yncna Monekyn, T.e. Tak Ha3blBaeMble MaKpOCKOMNUYECKNE CUCTEMBI.
1.2 NEPBOE HAYANO TEPMOANHAMUKH

MepBoe Ha4ano TepMoanHaMUKN NpeacTaBnseT cobol 3aKkOH COXpaHEHUS! SHEPTUK,
OOWH M3 BCeobLMX 3aKOHOB MpuUpoAbl (Hapsigy C 3akoHaMU COXPaHeHust MMnynbca,

3apsiga v CUMMETpUNY):

3H8,08UFI HeyHu4dYmoxaema U Hecomeopsdema; OHa MOoXxXem MmOJIbKO

repexodums U3 0OHOU ¢hopMbI 8 Opy2yto 8 3K8UBANIEHMHbBIX COOMHOWEHUSIX.

lMepBoe Ha4yano TepmoaMHaMUKK NpeacTaBnsieT cobon NocTynat — OHO HE MOXeT
OblTb [JOKa3aHO JIOrMYECKMM MNYTEM WM BbIBEOEHO M3 Kakux-nmbo 6Gonee ob6mx
NONoXeHnn. NCTMHHOCTL 3TOro nocTtynata NoATBEpXO4aeTcsi TEM, YTO HW OO4HO U3 ero
CNeacTBUA He HaxoauTcs B MpPOTMBOpPEYMM C onbiToM. [lpuBegem elle HekoTopble

dopMynnpoBKM NEpBOro Havyana TepMoaNHaAMUKK:
lNonHas aHepausi U3ouposaHHOU cucmeMbl MOCMOSIHHA;

Hego3amoxeH seyHbIl O0suzamerb nepgo2o poda (0suzamersib, cogepuiarouul

pabomy 6e3 3ampamel 3Hepauu).

I'IepBoe Ha4yalno TepMmoaunHaMuUKM yCTaHaBIriMBaeT COOTHOLUEHUE MeXxay TEennoTomn

Q, paboTton A n N3amMeHeHMeM BHYTPEHHEN 3HEPTUM cUCTEMbI AU:

UN3meHeHUe 8HympeHHel 3Hepauu cucmembl PpasHO Kosiu4ecmesy coobuweHHou
cucmeme mersiomsl MUHYC Korudyecmgo pabomebl, cogepuieHHoU cucmemou

ripomue eHeWHUX cursl.



AU=Q- A (1.1)
dU = 5Q - 5A (1.2)

YpaBHeHue (I.1) aBnsgeTca matemaTMyecKkom 3anucbio 1-ro Havyana TepMogMHaMUKM
Ansi KoHeyHoro, ypaBHeHue (1.2) — ana ©6ecKOHeYHO Marnoro WM3MEHEHUsI COCTOSHUSA
CUCTEMBI.

BHYTpeHHAss oHeprnsa aBnseTcs (PyHKUMEW COCTOAHUA; 3TO O3HavaeT, uTo
N3MEeHeHNe BHyTpeHHen 3Heprum AU He 3aBUCUT OT NyTU nepexoga CUCTeMbl U3
COCTOAHUA 1 B COCTOSIHME 2 N paBHO pPa3HOCTU BENUYUMH BHYyTpeHHen aHeprum Uz n Ug B

3TUX COCTOSIHUSIX:
AU = U; - U4 (1.3)

CnepnyeT OTMETUTb, YTO onpeaenuTb abCcontoTHOE 3HAYEHME BHYTPEHHEW 3HEpPrum
CUCTEMbl HEBO3MOXHO; TepMOAWHAMUKY WHTepecyeT nulb W3MEHEHUE BHYTPEHHEW
3Heprumn B xoae kakoro-nvmbo npouecca.

PaccmoTpum npunoxeHve nepBOro Havana TepMOAVHAMUKU AN onpeaeneHus
paboTbl, COBEPLUAEMON CUCTEMOW MPU PasfNYHbIX TEPMOAMHAMMYECKUX Mpoueccax (Mbl

B6yaem paccmaTpuBaTb NPOCTENLLMIA CryYan — paboTy pacluMpeHnsa ngeanbHOro rasa).
M3oxopHbin npouecc (V = const; AV = 0).

Mockonbky paboTa paclUMpEeHUss paBHA MPOU3BEAEHUIO [AABMNEHUS U U3MEHEHUS

obbema, ona M30XOPHOro npouecca nony4vyaem:

AU=Q-A (1.1)
A=PAV =0 (1.4)
AU = Qy (1.5)

N3oTtepmuyeckmn npouecc (T = const ).

N3 ypaBHEHNA COCTOAHNA OQHOIo Mosna naearibHoro rasa noJjiydaem:

RT
P=— 1.6
v (1.6)
OTcropa:
0A = PdV =RT CCI (1.7)

MponHTerpuposas BbipaxeHue (1.6) ot V4 0o Vs, nonyymm



V2
A= IRTﬂzRTIn#:RTIn; (1.8)
1 VvV 1 2

M3o06apHbIn npouecc (P = const).
V2
A= [PdV = PAV=R(T;-Ti) (1.9)
V1

Moacraengasa NnoJiydeHHbl€ BbIpaXeHnAa On4d paGOTbI pa3nnyHbliX npoueccoB B

ypaBHeHue (1.1), Ana TennoBbIX 3dEKTOB 3TUX NPOLLECCOB NOMYYNM:

Qy =AU (1.10)
AL Vi P2

QT_A_RTIan_RTInﬁ (1.11)

Qr = AU + PAV (1.112)

B ypaBHeHun (1.12) crpynnupyem nepemeHHble C OAWHAKOBbIMW MHAEKCaAMW.

Mony4yaem:
Qr =U; - U, +P(V2—V1)=(U2+PV2)—(U1 +PV1) (|13)

BeBegem HOBYHO (OYHKLMIO COCTOSIHUSI CUCTEMbl - 3HTanbnuio H, TOXOecTBeHHO
paBHY0 CyMMe BHYTPEHHEWN 3HEPrMM U NpousBeneHus aasneHuns Ha obvem: H = U + PV.

Torpa BeipaxeHue (1.13) npeobpasyeTcs Kk criegyowemy Buay:
Qr=H;-H,=AH (1.14)

T.0., TennoBon 3ddekT mn3obapHOro npouecca paBeH W3MEHEHMIO JHTanbNnK
CUCTEMBI.

Apunabatnyecknn npouecc (Q = 0).

Mpn apguabatndeckom npouecce paboTa paclMpeHusl CcoBepLuaeTcs 3a CYET

YMEHbLLUEHUA BHyTpeHHeVI QHEeprnuun rasa:
2 T1
A=—de=jcvdT (1.15)
1 T2

B cnyyae ecnn Cy He 3aBucuT OT TemnepaTtypbl (4TO CnpaBeanMBO ANS MHOMMX
pearnbHbIX ra3oB), paboTa, Npon3BeaEHHasA rasom npu ero agnabaTnyeckoMm paclUuMpeHun,

NPSIMO NPONOpLMOHarnibHa pa3HOCTU TeMnepaTyp:

A = - CyAT (1.16)



1.3 NMPUJNIOXKEHUA NEPBOI0 HAYAJIA TEPMOAUMHAMUKH
K XUMUYHECKUM NMPOLIECCAM

1.3.1 3akoH lNecca

Kak n3BecTHO, BOMbLUMHCTBO XMMUYECKNX peakumii CONpoBOXOAKTCS BblAeneHnem
(sk3omepmuyeckue peakyuu) nubo nornoweHnem (3HOomepmuyYeckue peaxkuyuu)
TennoTbl. [lepBoe Hayano TepmMoAMHAMMKM AaeT BO3MOXHOCTb paccyuMTaTb TennoBOW
b heKT XMMMYECKON peakumm Npu pasnmyHbIX YCNOBUSIX €€ NPOBEaEHUS.

Tennosol aghghekm (mernnoma) xumu4deckol peakuyuu — KONMYEeCTBO TEennoThl,
BblaenuBLliencss NMbo NOrnoTUBLLENCS B Xo4e peakuuun. TennoBon adeKT OTHOCAT, Kak
NpaBuIo, K YNCry Mosen npopearnpoBaBLLEro MCXOLHOIO BeLecTBa, CTEXMOMETPUYECKNN
KO3(hpMUMEHT nepen KOTOPbIM MakCMMarneH.

Hanpumep, peakuuio OKUCReHMs BoAopoda B XMMUYECKOW TepMoguHamuke

3anncbiBakoT B BUAE:

H, + '/, O, = H,0

N TennoBoun 3 EKT paccunTbIBaOT Ha 1 MOfb BOAOPOAa.

TennoBble 3MdeKTbl, CONpPOBOXAAKLWME MNPOTEKAHNE XUMWUYECKUX peakuun,
ABMAKTCA NPegMeToOM OAHOrO U3 pas3genoB XMMUYECKON TEPMOOMHAMUKN - TEPMOXUMUIMN.
Onpegenvm HeKoTopble NOHATUA TEPMOXUMUN.

Tennota obpasoBaHusa BewlecTBa — TennoBon apdekT peakumm obpasoBaHus 1
MOMSA CMOXHOro BewecTBa W3 NPOCTbiX. TennoTbl 00pa3oBaHMs MNPOCTbIX BELLECTB
NPUHUMAOTCSA PaBHbIMMU HYIIHO.

TennoTa cropaHus BewlecTBa — TEMNNOBOM 3IPGEKT peakumm okucneHums 1 mons
BewlecTBa B n3bbITKe KNCIOPOAA A0 BbICLUMX YCTONYMBBIX OKCUAOB.

TennoTta pacTBopeHUs — TennoBon 3addeKkT npouecca pacTBopeHus 1 Mons
BellecTBa B 6eCKOHEYHO 6onbLIOM KONMYecTBe pacTBopuTens. Tennota pacTBOPEHUSA
cKnagblBaeTcsl U3 ABYX COCTaBNAKOLWMX: TENMOThI PaspyLIEHNA KPUCTaNIMYeCKon peLLeTKu

(Ans TBEpAOro BellecTsa) M TENNOTbl CoNbBaTaLMK:
AHpaCTB = AHKp.pem."' AHCOI‘IbB

MockonbKy AHuppew BCErAa MOMOXUTENbHO (Ha paspylleHWe KpucTanin4eckon
peLleTkn HeobxoanMo 3aTpaTuTb 3HEPrUI), a AHconws BCErAA OTPULATENBHO, 3HAK AHpacrs

onpeaensieTcs COOTHOLUEHNEM abCoNOTHBIX BEMUUYMH AHp pew. Y AHconws:

AHpaCTB = ‘ AHKp.pel.u. ‘ - | AHconss ‘
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OCHOBHbIM 3aKOHOM TEPMOXMMUN ABNAETCA 3aKOH ecca, ABNAKOWNNCA YaCTHbIM

cny4yaem nepBoro Ha4ara TepmMmoanHaMunKn:

Ternnosol aghghekm xumuyeckol peakuyuu, rposodumol 8 u30b6apHo-
U30MepPMUYECKUX UIU U30OXOPHO-U30MEPMUYECKUX YCII08USIX, 3a8UCUM MOJIbKO
om euda U COCMOSIHUSI UCXOOHbIX eewecmae U rpodykmoes peakuyuu U He

3asucum om rymu eé rnpomekaHus.

Bblwe 6bIN0 nokasaHo, 4YTO M3MeHeHuMe aHTanbnun AH (TennoBon addexkT
nsobapHoro npouecca Qp) M U3MeHeHue BHyTpeHHen 3Heprum AU (TennoBon addpekT
M30XOpHOro npouecca Q) He 3aBUCAT OT NyTW, MO KOTOPOMY CUCTEMA NepexoauT U3
Ha4anbHOro COCTOAHNA B KOHEYHOE.

PaccmoTpym  HekoTopbii  OBOOLLEHHBIN  XMMUYECKMIA MpoLEecC npeBpalleHns
NCXogHbIX BewecTtB A4, Az, As... B NPOAYKTbl peakuumn By, By, Bs..., KOTOPbLI MOXET ObiTb

OCyLlEeCTBIIEH pa3fnMM4YHbIMU NYTAMU B OOHY UM HECKOJ1bKO cTagum:

AHs
_—
AH, AHg
AH
A1 ,A2,A3... ! > B1,Bz,B3...
AH, AH3

CornacHo 3akoHy [ecca, TennoBble 3(eKTbl BCeX I3TUX peakunin CBA3aHbl

crneayoLmM COOTHOLLEHUEM:
AH{ = AH> + AH3 = AH4 + AH5 + AHg (|17)

MpakTnyeckoe 3HayYeHMe 3akoHa [ecca COCTOUT B TOM, YTO OH MO3BONSIET
paccuMTbiBaTb TensnoBble 3M@EKTbl XUMUYECKMX MpoLeccoB. B Tepmoxumumyeckmx

pacyeTax 0bbIYHO NCNONb3YT psAg CNeacTBnin U3 3akoHa lMecca:

1. Tennoson adpdeKkT NPSIMON peakuumn paBeH Mo BeNUYUHE N MPOTUBOMOSIOXEH MO

3Haky Tennosomy adpdekTy obpaTHON peakummn (3akoH Jlasyasbe-Jlannaca).

2. Ina gByx peakumn, UMeKLWUX OOUHAKOBble UCXOOHble, HO pa3sHble KOHEYHble
COCTOSIHMS, pa3HOCTb TennoBbix 3ddekToB npeactaBnsetr cobown TennoBon 3addekT

nepexoaa n3 ogHoOro KOHe4YHOro COCTodaHuA B Apyroe.
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C+0, > CO+',0, AH4

C+0, - COy AH;
co+',0, - CO, AH;
AH3 = AH, — AH; (1.18)

3. nsa gByx peakumn, MMerLWmnX OAMHAKOBbIE KOHEYHble, HO pa3sHble UCXOOHble
COCTOSIHUS, Pa3HOCTb TennoBbiX 3AEKTOB npeactaBnser cobon TennoBon 3ddekT

nepexoga u3 o4HOro UCXO4HOro COCTOSIHMSA B ApYyroe.

Clanmas) + O2 > CO2 AH;
C(pagur) + O2 — CO> AH;
C(anmas) - C(rpadww) AH3
AH3=AH1 —AHZ (|19)

4. Tennoson 3MPEKT XMMUYECKOM peakuum paBeH pasHOCTU CyMM TennoT
obpas3oBaHnss MNpPOAYKTOB  peakuMm U UCXOOHbIX  BELWECTB, YMHOXEHHbIX Ha

cTexmomMeTpudeckne KoapuuneHTsI.

AH ZZ(Vl«AHOGp )npon _Z(V[AHoﬁp)ucx (|20)

5. TennosBon 3PPEKT XMMUYECKOW peakumnm paBeH pasHOCTM CyMM TenmnoT
CrOpaHMs  MUCXOAHbIX  BEWEeCTB M NPOAYKTOB  peakuuu,  YMHOXEHHbIX  Ha

cTexmomMeTpudeckue KoapuuneHTsbI.
AH:Z(ViAHCI'Op)MCX _Z(Vl«AHcrop)npo.q (|21)

B kadectBe npumepa paccMOTpUM pacdeT Tennosoro adpdekTa peakuum
OKMCNEHUS OQHOr0 MOSSA MOKO3bl (TennoTa obpasoBaHMs Kucrnopoga no onpeaeneHuto

paBHa HymM):

CgH1206 + 6 O, =6 CO, + 6 H,O

AH = [6 AHoep(H20) + 6 AHo6p(CO2)] — [AHo6p(CsH1206)]

BennunHbl TennoBbiX 3aPPEKTOB XMMUYECKUX peakunn 3aBUCAT OT YCrOBUW, B
KOTOpbIX MpoOBOAATCA peakumn. [loaToMy TabnuyHble 3HaYeHus TEennoT pPasfnU4YHbIX
NpoueccoB MPUHATO OTHOCUTb K CTaHOAPTHOMY COCTOsiHUIO — Temnepatype 298 K u

pasnexmio 101325 IMa (760 mm. pT. cT.; 1 aTtM.); BESIMYUHbLI TEMMOBbIX 3PeKTOB Npwu
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AaHHbIX YCMOBMAX Ha3blBaOT CTaHO4APTHbIMK TennoBbiMU 3ddekTamn 1M obo3HayarT

AH®598 1 AU°595 COOTBETCTBEHHO.

1.3.2 3aBucumocTb TensnoBoro adcekra peakuum oT TemnepaTypbl.

3akoH Kupxrodda.

B obwem cnydyae TennoBon 3PdEKT XUMUYECKOM peakuun 3aBuCUT OT
TemnepaTypbl U OaBMNEeHUs, NP1 KOTOPbIX NPOBOAUTCA peakumsa. BnusaHnem gasneHust Ha
AH n AU peakuun o6blMHO npeHebperaoT. BnuaHwe TemnepaTypbl Ha BeNUYMHDI

TennosbIX 3¢pdekToB onuckiBaeT 3akoH Knpxrodga:

TemnepamypHbIli  KO3ghcbuyueHm mernioeoeo aghghekma  Xxumu4deckou

peakyuu paseH UMeHeHU meriJioeMKocmu cucmembl 8 xoo0e peakuyuu.

MpoauddpepeHumpyem AH n AU no Temnepatype npu NOCTOSAHHbIX JaBreHUN

n TemMnepartype CoOoTBeTCTBEHHO!
) (%) (2
oT ), \aT ), \aT ),
) () [
aT )y aT )y aT ),

Mpon3BOAHbIE 3HTANbLMUN U BHYTPEHHEWN 3HEPTUN CUCTEMbI NO TeMnepaTtype ecTb

TENNOEMKOCTN CUCTEMbI B |/|306apr|x N N30XOPHbIX YCIOBUAX €, N Cy COOTBETCTBEHHO!

oH; ) _ .

(—aT jp— Co, (1.24)
U, _~

[_aT jv - CV,I (|25)

MoactaBsme BbipaxeHuna (.24, 1.25) B (.22, 1.23), nonyvyaem maTemMaTU4eCKyt

3anucb 3akoHa Kupxrodda:

(a (aATH)jP = Cps—Cp = ACp (1.26)
[a gATU)jvz Cvz—Cys = ACy (1.27)

Ona xumunyeckoro npouecca M3MEHEHUE TEMNJIOEMKOCTU 3agaeTcd U3MEHEHUEM

COCTaBa CUCTEMbI N pacCHNUTbIBaeTCA cneayrwmnm O6p830MZ

ACP ZZ(ViCP,i)npon _Z(ViCP,i)Mcx (|28)



13
ACv :Z(Vicv,i)npo.q _Z(Vicv,i)wcx (1.29)

Ecnun npouHTerpmpoBath BblpaxeHus (1.26, 1.27) ot T = Ty go T = Ty, cuntaa ACp

(ACy) He 3aBucAWMM OT TemnepaTypbl, MNOMyYUM WHTErpanbHyt0 OpMy 3akoHa
Kupxrodda:

AHt, = AHp, + ACP(TZ - T1) (|30)
AUT, = AUt + ACV(TZ - T1) (|31)

nOCKOHbe OObIYHO WM3BECTHbI TabnM4YHble 3HAYeHUs CTaHOapPTHbIX TenjoBbIX

appekToB AH 295 1 AU°295, Npeobpasyem BoipaxkeHus (1.30, 1.31):

AH°t = AH®>95 + ACOP(T - 298) (|32)
AU°T = AU®298 + ACov(T - 298) (|33)

Mpn pacyeTe mMameHeHust TennoBoro adpdekra peakumm B OOMbLIOM MHTEpBane
TemnepaTtyp HeobXxoOuMO y4uuTbiBaTb 3aBUCUMOCTb TEMNNIOEMKOCTM OT TemnepaTypsbl,
KOTOopasi BblpaxaeTca creneHHbiM psgom C°p = aT + bT? + cT>; koadbpuLMeHTHl a, b, ¢

npuBeeHbl B CrpaBOYHMNKaX.
1.4 BTOPOE HAYANO TEPMOAUHAMUKU. SHTPOINA

[MepBoe Hayano TepmMoOAMHAMMKM YTBEPXOAET, YTO NpuM NpeBpaLleHUn OOHOW
OpMbl 3HEPrMN B APYryt MOfHAs 3HEpPrnsi CUCTEMbl HE M3MEHSeTCA, OOHaKO He
yKa3blBaeT HUKAKNX OrpaHNYEeHNn OTHOCUTENBHO BO3MOXHOCTM 3TOro npouecca. lNoatomy
nepBoe Hayano TepMOAMHAMMKM MO3BOSISET paccyuTatb IHepreTndecknin ekt
npouecca, 0gHaKo He OJaeT OTBeTa Ha BOMpoCbl O TOM, BydeT nu npouecc npoTekaTb
CaMOmnpon3BOSIbHO, O HanpasneHun n rmybuHe NpoTekaHnsa npolecca.

CamorpouseosibHbIU rpouecc — NPoLecc, KOTOPbIN MOXET npoTekaTb 6e3 3aTpaThl
paboTbl M3BHE, NMpMYeM B pesynbTaTe MoXeT ObiTb nonyyeHa paboTa B Konmn4yecTse,
NpONopUNOHaNbHOM npounsoLwlegLemy N3MEHEHUIO COCTOSIHUSA CUCTEMBI.
CamMonpomn3BOSbHbIM NPOLIECC MOXET NpoTekaTb Unn obpamumo, unn Heobpamumo. XoTs
onpegeneHve obpaTtMMoro nmnpouecca Yyxe npuBoaUNoChb, cnegyeT noapobHee
pacCcMOTpeTb 3TO MNOHATUE. YTOObI CaMONpon3BOSIbHBIN NPoLEecCc npoTekan obpaTumo,
HeobBX0OUMO MPUNOXUTb W3BHE Takoe COMpPOTMBNEHME, 4TOObl nepexon Obin OYeHb
MegneHHbIM U Npyu BECKOHEYHO MariloM M3MEHEHUN NPOTUBOAENCTBYIOLLEN CUNbI NpoLEeCcC
MOr NOWTM B oGpaTHOM HanpaeneHuu. B cnyyae obpatmmo npomcxogsawero M3MeHeHus

COCTOAHNA CUCTEMblI Npon3BoAUTCA MaKCUMalibHOE KOJIM4eCTBO pa60TbI. Bcakun
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pearbHbIN NPOLECC B KAKOW-TO CTEMEHN ABNSAETCA HeobpaTumbIM, 1 Nonyyaemas paboTa
MEHbLLE MakCUMasibHO BO3MOXHOIO TEOPETUYECKOrO KONMYecTaa.

BbiHy)X0eHHbIU rpoyecc — npouecc, Ana NpoTekaHuss KoToporo TpebyeTcs 3aTpaTa
paboTbl W3BHE B KOMMYECTBE, MNPONOPLMOHANbHOM  MNPOM3BOAMMOMY  U3MEHEHWUIO
COCTOSIHMSI CUCTEMBI.

BTtopoe Havyano TepmMoaMHaMUKM OdaeT BO3MOXHOCTb OMpeaenuTb, Kakou u3
npoueccoB byaeT NpoTekaTb CaMOMNpPOU3BOSIbHO, Kakoe KONM4ecTBO paboTbl MOXeET ObiTb
npy 3TOM MOSIyYEHO, KaKOB MNpeden camMonpou3BOSIbHOrO TedeHusa npouecca. [anee,
BTOpPOE Havarno TepMOAUHAMUKM OAET BO3MOXHOCTb ONpeaenuTb, KakKMMu OOMKHbI ObiTb
yCnoBusa, 4TOObl HYXHbI npouecc npoTekan B Heobxo4MMOM HanpasfeHun u B
Tpebyemon cteneHn, 4To 0COBEHHO BaXXHO ANA peLleHns pasnnyHbiX 3agady npuknagHoro
xapaktepa. [logobHo nepBoMy, BTOpOE€ Ha4vano TepMOAMHAMUKM  BblBELEHO
HEenocCpeacTBEHHO M3 onbiTa. B TO e Bpemsi BTOpOe Havano TepMOAMHAMUKM MMeeT
OrpaHUYeHHy0 06nacTb MPUMEHEHMSA: OHO MPUMEHMMO fUWb K MaKpPOCKOMUYECKUM

cucrtemam. (DOpMyJ'II/IpOBKI/I BTOpPOro Ha4arna tTepMmoanHaMuKun:

Ternnoma He Moxem camoripou3gosibHO nepexo@umb om MeHee Hacgpemoeo

merna k boree Hazpemomy.

Heesos3moxeH ripouyecc, €0UHCMBEHHbIM pPe3ysibmamoM KOmopoecOo A8JIAemcs

npeepaweHue menaomsi 8 pabomy.

Hego3moxxHO nocmpoume mMawuHy, ece 0elicmeusi Komopol ceoduriuck bbi K
npouseoocmey pabombl 3a cyem oxnaxo0eHUs meryio8020 UCMOYHUKa

(8e4HbIlU 0gu2amersib 8Mopo20o poda).

PaccmoTpum paboTy TennoBon MalluHbI, T.€. MalUMHbI, Npom3BosLllen paboTy 3a
cyeT TennoTbl, MOrnowaemMon OT Kakoro-nmbo Tena, HasblBaEMOro HarpeBaTesiem.
HarpeBatenb ¢ Temnepartypon T1 nepegaet Tennoty Qq pabouyemy Teny, Hanpumep,
naoeanbHOMY rasy, copepLuatowemMy paboTty pacwmpenunsa A; 4yTobbl BEPHYTLCA B UICXOQHOE
cocTosHue, paboyee Teno [OMKHO nepegaTtb Teny, wumerowemy 06onee HU3KYHo

Temnepatypy T, (XONoAWUNbHUKY), HEKOTOPOE KONMYECTBO TennoTbl Qo, NpUYem
A=Q-Q (1.34)

OTHoweHne paboTbl A, COBEPLLEHHOWN TEMIOBON MALUMHOW, K KONMYECTBY TENMOThI

Q4, NonyyYyeHHOMy OT HarpeBaTens, HasblBaeTCs TePMOAMHAMUYECKUM KOIPDULMEHTOM

nonesHoro gencteusa (KMO) mawmHel N:
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S (.35)
Q, Q
Q, Q;
Harpe_?_aTenb PaGouee Tero Xono,l:l,Tl/lnb HUK
1 2
A

Puc. 1.1 Cxema TennoBov MaluHbI

[na nony4yeHns maTemMaTMyecKoro BbIPaXXEHUS BTOPOro Havyana TepMoavHaMKKU
paccMoTpum paboTy naeanbHOW TEMNOBOW MalUMHbl (MawwwWHbI, obpaTtnmo paboTatoLlen
6e3 TpeHuss M notepb Tenna; pabodyee Teno — uvageanbHbin ras). Pabota maluuvHbI
OCHOBaHa Ha npuHUMNe obpaTUMOro LUMKIMYECKOro npouecca - TepMOANHAMUYECKOro

uunkna KapHo (puc. 1.2).

Puc. 1.2 Lukn KapHo

3anuwem BbipaxeHus Ansa paboTbl Ha BCEX yYacTkax LuMKna:
Yyactok 1-2: M3omepmuyeckoe pacuwupeHue.

A =Q= RTdn(\\;zj (1.36)

1
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YyacTtok 2-3: Aduabamu4eckoe pacuwupeHue.

A, =-AU = Cv(T1 - Tz) (|37)
Yyactok 3-4: M3omepmuyeckoe cxxamue.

A;=-Q;= RTzln(wj (1.38)
Vs
YyacTtok 4-1: Aduabamuyeckoe cxamue.
As=-AU=Cy(T.-T) (1.39)
O6wasa paboTa B LMKIe paBHa CymMe paboT Ha BCEX yyacTKax:
A=A +A+ A+ Ay (1.40)

MpoBeasa psag HecnoxHbiX npeobpasoBaHuin, nonyyum ans KM waeanbHow

TEennoBoM MallunHbl, paboTtatowwen no umkny KapHo:

:Q1-Q2 _T1-T:
Q, T,

n (1.41)

T.0., makcnmaneHbii KM TennoBon mMalwuvHbl HE 3aBUCUT OT npupoabl pabouero
Tena, a onpegenseTca TOMbKO Pa3HOCTbIO TemrnepaTyp HarpeBaTens M XOonoAwsbHUKa.
OueBugHo, 4YTO b6€3 rnepernada memnepamyp rnpespaweHue menaomsi 8 pabomy
HEeB803MOXHO. [lony4YeHHOe BbipaXXeHMe crnpaBeasiMBo AN TENNOBON MalUMHbI, 06paTnmMo
paboTatoLier no nobomy LKKNy, NOCKONbKY N0O0M LMK MOXHO pa3buTb HA MHOXECTBO
BeckoHe4yHO Manbix umknoB KapHo. [Ons Heobpatumo paboTatowen TensoBoM MallUHbI

ypaBHeHue (1.41) npeobpasyeTca B HEpaBEHCTBO:

T1-T2
< 1.42
n T, (1.42)
[ns obuiero cny4yaa Moxem 3anucarb:
n:Q1-Q2£T1-T2 (1.43)
Q1 T1

Ha ocHoBe aHanuaa paboTtbl ngeanbHOM TENNOBOW MalLMHbI KapHO MOXHO caenartb
cnefylowun BbiBOL, SABMNANWWMNCA Takke ofHOM u3 POPMYNMPOBOK BTOPOro Havarna

TepMoaAnNHaMUKKn:
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Jlobasi ¢popma 3sHepauu Moxem [OSIHOCMbIO repeudmu 8 mersiomy, HO

menioma npeobpasyemcsi 8 Opyaue ¢hopMbi 3Hep2uU UL YaCMUYHO.

T.0., MOXXHO YCMOBHO MPUHATb, YTO BHYTPEHHASA SHEPIMM CUCTEMbI COCTOUT M3 ABYX
coctaBnsaowmx: "ceobodHol" X n "ceszaHHoU" Y aHeprun, npuyem "cBoboaHas" aHeprms
MOXeT OblTb nepeBefeHa B paboTy, a "cBA3aHHaAA" SHEpPrns MOXeT NepenTy TOSNbKO B

TEeNnnoTy.
U=X+Y (1.44)

BenuunHa cBA3aHHOM 3Heprun Tem Bornblue, YemM MeHblLUe pas3HOCTb TeMnepaTtyp, U
npn T = const TennoBass MalwmHa He MOXeT npou3BoauTb paboTty. Mepown cBsa3aHHOWM
SHEeprun 4BNAeTCs HoBad TepmoAMHamuyeckass (YHKUMSA COCTOSHUS, HasblBaemas
3HmMponuedu.

BBegoem onpegeneHve aHTPONUKM, OCHOBLIBasiCb Ha uukne KapHo. lNMpeobpasyem

BblpaxkeHue (1.41) k cneayrowemy Buay:

n:1_gj:1_1T'j (1.45)

OTcloga nonyyaem, 4YTo Ans obpatumoro uukna KapHo oTHoLleHue Konu4yecTBa
TEennoTbl K TeMnepaTtype, NpM KOTOPOW TenroTa nepedaHa cucteme (T.H. NpuBeAeHHas

TeI'IJ'IOTa) €CTb BeJIn4nHa NoCToAHHAadA:

Q_Q (1.46) @ Q& _, (1.47)

T T T T2

910 BepHO Ans nboro obpaTMMOro UMKNMYECKOro npouecca, T.K. ero MOXHO

npeacTaBUTb B BUAE CYMMbl 3NEMEHTapHbIX LUMKNoB KapHo, AN KaXaoro U3 KoTopbix

8Qi_8Qi+1 3
Ti Ti+1

0 (1.48)

T.0., anrebpavdeckas cymMma nNpUBEOEHHbIX TEennoT AN NPOM3BOSbHOMO

obpaTMMOoro uukna paBHa Hyrmio:
Z(SQ_'] —0 (1.49)
Ti

Boipaxxenne (1.49) gna nwoboro umkna MOXeT OblTb 3aMEHEHO WHTEerpasiom mno

3aMKHYTOMY KOHTYpY:
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Z(Sﬁij=§ds=° (1.50)

Ecnn wuHTerpan no 3aMKHYTOMY KOHTYpYy paBeH Hyni, TO MOAbIHTErpasnbHoe
BblpaXXeHne ecCTb MONHbIN AnddepeHuman HeKOTOPOn PYHKLUM COCTOAHUSA; aTa (PYHKLNA

COCTOSIHUS €CTb 9HMpornus S:

as =@ (1.51)
T

BoipaxxeHne (1.51) saBnsetca onpegeneHnem HOBOW (OYHKUUM COCTOSAHUA -
SQHTPONUM N MaTeMaTUYECKOM 3annCbio BTOPOro Havana TepMoanHamukn ans obpatmmbix
npoueccoB. Ecnn cuctema obpatumo nepexoaut M3 COCTOSAHUS 1 B COCTOsSIHME 2,

N3MeHeHne 3HTponumn byaeT paBHO:

AS=Sz—S1=

Q
= (1.52)

Moactaesnas (1.51, 1.52) B BblpaxeHna ans nepBoro Havana TepmoauHamukm (1.1,
[.2) nony4yMMm COBMECTHOE aHanMTU4Yeckoe BblpaXKeHne OBYX Havan TepMoAMHaMWKX ONns
o6paTUMbIX NPOLLECCOB:
dU = TdS - 5A (1.53)
AU =TAS - A (1.54)

[nst HeoGpaTMMbIX MPOLECCOB MOXHO 3anMcaTb HEpaBeHCTBa:

das > 9@ (1.55)
T

dU < TdS — 5A (1.56)

5A < TdS — dU (1.57)

T.o., kak cnegyet u3 (1.57), pabota obpaTumoro npouecca Bcerga Gonblle, Yyem
TOro >Xe npouecca, NpoBoguMoro Heobpatumo. Ecnu paccmaTpmBaTtb M30NMPOBAHHYIO
cuctemy (6Q = 0), To nerko nokasatb, 4YTO Ans obpatumoro npouecca dS = 0, a aons

CamMonpoun3BOSIbHOro HeobpaTtnumoro npouecca dS > 0.

B U3071upo8aHHbIX cucmemMax camMoripou3gosibHO MOo2ym rpomeKamsb MmoJsibKoO

rpoueccel, cornposoxxoaroujuecs yeernu4eHuemM 3HmMpornuu.

3HmpOI'IUFI U3OJ7Up068HHOL7 cucmemMmbl He MOXXem  CcaMoripou380JibHO

ybbieame.
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Oba oaTux BbIBOAA Tawkke SABMAOTCA OPMYMPOBKaMM BTOPOro Hayana

TEPMOANHAMMKMN.
1.4.1 CraTtucrtnyeckasa nHTeprnpeTaums aHTponum

Knaccuyeckaa TepmoaMHammuka paccMaTtpuBaeT Npoucxogsiime  npoLecchl
6€30THOCUTENBHO K BHYTPEHHEMY CTPOEHUIO CUCTEMBbI; NMOSTOMY B paMKax KIacCUYeCKOW
TEPMOOMHAMMKM MOKasaTb PU3NYECKMM CMbICIT 3HTPOMUM HEBO3MOXHO. [Ans pelleHus
aTon npobnembl Jl.bonbumaHoM B Teopuio TennoTbl ObiNM BBEAEHbI CTaTUCTUYECKUE
npencraBneHuns. Kaxgomy COCTOSHMIO CUCTEMbI MPUNUCBLIBAETCS TepMoguMHaMmudeckas
BEPOATHOCTL (onpegensiemasl Kak YMCrO MUKPOCOCTOSIHMM, COCTaBnSOWNX AaHHOE
MaKpOCOCTOSIHME cuctembl), Tem 6Oonbwas, 4em 6onee HeynopsaAOYEHHbIM UMK
HeonpeaeneHHbIM SBMASETCA 3TO COCTOSIHME. T.0., 3HTPONUS eCTb PYHKUUS COCTOSAHUSA,
onucbiBaoLlass CTeneHb HeynopsigoYeHHOCTU cUCTEMbl. KonmnyecTBeHHas CBA3b Mexay
SHTpONMEn S U1 TepMoanHamMmyeckon BeposaTHocTbto W  Bbipaxkaetcsa opmynon
BonbumaHa:

S =k InW (1.58)

C TOYKM 3peHus CTaTUCTMYECKON TEPMOANHAMMUKN BTOPOE Havyano TepMoanHaMUKM

MOXXHO CcChopMynMpoBaTh crieqytoLmm obpasom:

Cucmema cmpemumcsd camMoripou380JibHO nepeL“lmu 8 CcoCcmosHue ¢

MakcumarsibHol mepMoOuUHaMu4ecKol 8epPOSIMHOCMbI.

Cratuctnyeckoe TonkoBaHMe BTOPOro Havana TepMoauHaMuKn npuaaeT SHTPonuu
KOHKPETHbIAN (PU3NYECKNA CMbICIT MEPbl TEPMOLNHAMUYECKON BEPOATHOCTU COCTOSAHUA

CUCTEMbI.
1.5 TPETbE HAYANNIO TEPMOANHAMUKH

PaHee Mbl nokasanu, 4YTO BHYTPEHHIOK 3HEPruid CUCTEMbl MOXHO YCITIOBHO
npeacraBnTb B BuAE CyMMbl ABYX BenuumH "cBobogHon" u "cBsi3aHHOW" SHepruw.
Bo3MOXHOCTb paccunTaTb BENUYUHY "CBOOOAHOW" 3HEpPruu, T.e. TON 4YacTu BHYTPEHHEN
9HEpPrMM CUCTEMbI, KOTOPYKD MOXHO npeBpatuTb B paboTy, AaeT TennoBas Teopema
HepHcTa, HasbiBaeMasd Takke TPeTbUM Hayano TEPMOANHAMUKMN.

OcHOBHbIE NOMOXEHUs TENSTIOBOWN TeOopEMbIl 3aKno4arTCA B crneaytoliem:

1. llpu abconromHoM Hyrne memrnepamypbl ce80600Hass aHepaus X pasHa

merisiome ripouyecca.

Xo = Qo (1.59)
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2. lpu memnepamypax, 6nuskux Kk abcosromHOMYy Hyr0, MENI0eMKOCMb
cucmembl pagHa HyIio.

dQ _dx _, (1.60)
dT  dT
O,D,HOVI n3 (bOpMyJ'IVIpOBOK TpeTbero Hadana TepMOAMHaMUKUN ABIAETCA TakKkKe

noctynart lNnaHka:

OHmponusi udeanbHO20 Kpucmarna rpu abconomHoOM Hynne memnepamypbl

paseHa HyIimo.

CTtporo roBopsi, TennoBasi TeopemMa HepHcta u noctynaTt [naHka sBRslOTCS
CNeACTBMSIMM U3 BTOPOro Havana TepMoAWHAMWUKM, HO HE3aBUCUMO OT 3TOF0 OHU UMET
0o4YeHb OonblLOEe 3HaYeHne, NO3BONSAS PacCUNTbiBaTb abCOMNOTHYIO SHTPOMUIO CUCTEMbI U,

cnepoBaTernbHO, BENUYMHY CBOOOOHOWM 3HEPTMN CUCTEMBDI.
1.5.1 PacueT abCcoOnOTHON IHTPONUMN

PaccuntaeM M3MeHeHMe SHTPOMUM HEKOTOPOW CUCTEMbI MPU HarpeeBaHun eé oT
abCcontoTHOro Hyns Ao TemnepaTypbl T Npy NOCTOSIHHOM AaBneHun. 13 nepBoro n BTOporo

Ha4van TepMoanHaMmnkn nveem:

0Qp = CpdT (1.61)
ds = 0Q, (1.62)
OTcropa:
dS = Cpg = Cpd(InT) (1.63)

YuntbeiBas, 4to St-0 = 0, nony4yunm:
T
S; =[Cpd(inT) (1.64)
0

Mpn T = 0 noboe BeLWECTBO MOXET HAXOAUTLCA TONMbKO B TBEPAOM COCTOSIHUW.
Mpn HarpeBaHMM BellecTBa BO3MOXEH €ro nepexoq B XMAOKOE M 3aTeM B razoobpasHoe
COCTOsIHME; Ana ¢as30BbIX MNEpPexodoB, MPOUCXOAAWMX B M3006apHO-N30TEPMUYECKNX

YCINoBUSIX, UBMEHEHME SHTPOMMU PaBHO NPMBEAEHHON TennoTe ha3oBoro nepexoaa:

AHgp

ASon =
T¢|'|

(1.65)
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Takmm  obpasom, HarpeBaHuMe BeuwectBa 06e3  (¢as3oBbIX  MNEpexoaoB

COMpOBOXAAETCS HEMNPEpPbIBHbIM POCTOM 3HTPONUK; Npy da3oBOM nepexone NpoucxoauT

ckaykoobpasHoe M3MeHeHue 3HTponuun. [padmyeckas 3aBMCMMOCTb SHTPOMNUN BELLIECTBA
OT TemMnepaTypbl NpuBedeHa Ha puc. 1.3.

YuuTbiBasa 310, paccuntaTb abCOMNOTHYO 3HTpoNuio Nboro BellecTsa npu nobon

TeMnepaType MOXHO criefyrLwmm obpasom:

s.— T dunmy+2Hm . Fo  gqanmys M, Te. danT .66
T_'([ P, 7B (n )+ Tm.l +TI P,x (n )+ TKM" +TI P,ras (n ) ( )
S .

|
TrIJ'I TKMn T

Puc. 1.3 3aBnCMMOCTb SHTPOMNMM BELLLECTBa OT TemnepaTypbl.

MocKonbKy SHTPONUS €CTb (PYHKLUMSI COCTOSIHWS, U3MEHEHWE JHTPOMMM B XOAe
XMMMWYECKOro npouecca onpeaensieTcs ToNbko BUAOM U COCTOSIHUEM MCXOAHbIX BELLECTB
M NPOOYKTOB peakuuMu M He 3aBUCUT OT MyTW peakuun; OHO MOXET OblTb paccuyMTaHo Mo

ypasHeHuto (1.67):
AS =3 (V.S )apoa — D (V,S; Jnex (1.67)
Ana MHOrMX BewecTs BenUYMHbl abCOMNOTHON SHTPONUU B CTaHOAPTHBIX YCNOBUAX
npuBeAeHbl B CNPaBOYHOM nuTepaType.
1.6 TEPMOOUMHAMUWYECKUE NMOTEHLUWAIDI

N3meHeHune QHTpONMM OOHO3HAa4YHO oOnpependeTr HanpasneHne wun npeagen
CaMonpon3BoOJiIbHOIo rMpoTeKaHunda npouecca b AnA Hanbonee NPOCTbIX CUCTEM —

n30nMpoBaHHbIX. Ha npaktuke e Oonbluel YacTbid NPUXOAUTCA WUMEeTb Aeno C
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cucteMamu, B3aMMOOEMWCTBYIOWMMW C  OKpyxatwowen cpegon. [ns xapakTepucTuku
npoueccoB, MpoOTeKawwWmMx B  3aKpbITblX cucTeMax, Obinn  BBedeHbl  HOBble
TepMoanHaMmudeckne (YHKUMM COCTOSHUA: u30b6apHO-u3omepmMuyecKul rnomeHyuarl
(ceobo0Hasi aHepaus [ubbca) n u30XOPHO-uzoMepmuyYeckul rnomeHyuan (ceoboOHas
aHepaus [enbmeonbua).

[MoBeneHne BCAKOWM TEpMOANHAMMYECKON CUCTEMBI B 00LLEeM crnyyae onpegensercs
O[JHOBPEMEHHbLIM  [AEeCTBMEM [OBYX (PaKTOpoOB — SHTaNbNUWUHOIO, OTpaXaroLlero
CTPEMSIEHNE CUCTEMbI K MUHUMYMY TEMNMOBOW 3HEPrUN, U IHTPOMUMHOIO, OTpaXkaroLlero
MPOTMBOMONOXHYKD ~ TEHOEHUMID —  CTPEMSIEHMEe  CUCTeMbl K  MaKCMMarbHOW
HeynopsigovyeHHoCTU. Ecnn ana nsonupoBaHHbix cuctem (AH = 0) HanpaBneHue n npegen
CaMOMNpOM3BOSIbHOIO MNPOTEKaHMs npouecca OAHO3HAYHO onpeaenseTca  BeNUYUHOMN
N3MEHEHNA 3IHTPOMUM CUCTEMbI AS, a ONs CUCTEM, HaxoOAWMXCS Npwu Temnepartypax,
6nu3kmx Kk abconoTHoMy Hymo (S = 0 nnbo S = const) KpuTepuem HanpasrEeHHOCTU
CamMOonpou3BOSIbHOIO npouecca ABNSAeTCs U3MeHeHue 3HTanbnuu AH, To Ana 3akpbiTbIX
CUCTEM MpU TemnepaTtypax, He paBHbIX HyN, HeOBXOOMMO OAHOBPEMEHHO YYUTbIBaTb
oba cpakTopa. HanpasneHvem u npegern caMornpou3BOSIbHONO MpPOTeKaHWs npouecca B

nobbIx cuctemax onpegensiet 6onee o6LWMA NPUHLMNT MUHUMYMa CBOBOAHOWN SHEPIUN:

CamorpousgosibHO Mo2ym rpomeKamb MOJIbKO me pouecchl, KOmopbie
rnpusodsim K rnoHuUXXeHur ceobodHOU 3Hepauu cucmeMbl; cucmema rnpuxooum
8 CcocmosiHue paeHoeecusi, Koeda ce0bo0OHasi 9Hepauss docmuzaem

MUHUMaJIbHO20 3Ha4YeHUH.

[Ona  3akpbITbIX CUCTEM, HaxoddAwmMxcsa B u306apHO-M3oTEpMUMYECKUX nnNbOo
N30XOPHO-U30TEPMUYECKNX YCIOBUSX CBOBOOHAs aHeprns npuvHuMaeT Bug usobapHo-
n3oTepMmnyeckoro nmbo M30XOPHO-U3OTEPMUYECKOrO MoTeHuunanos (T.H. cBoboaHas
aHeprusa mMbbca n MNenbmronbLa COOTBETCTBEHHO). [JaHHble PYHKUMWN Ha3biBaKOT MHOrAa
NPOCTO TEepMOAMHAMUYECKUMM MOTEeHUManaMmm, 4YTO He BMOJSIHE CTPOro, MOCKOSIbKY
TepMOANHAMUYECKNMWN NOTEHUMANamMmm ABNATCA TakKe BHYTPEHHASA 3Heprus (M30XOpPHO-
N33HTPOMHbIN) N SHTaNbLNNSA (M306apPHO-U33HTPONMHLIN NOTeHuman).

PaccmoTpyM  3aKkpbITyt0 CUCTEMY, B KOTOPOW OCYLLECTBNAETCA pPaBHOBECHbLIN
npoLecc nNpu NOCTOSIHHbIX Temnepatype n obbeme. Boipa3um paboTy gaHHOro npolecca,
KoTopyto 0603HauMMm Amax (NOCKOMbKy paboTa npouecca, NPOBOAMMOrO pPaBHOBECHO,

MakcumarnbHa), n3 ypasHeHum (1.53, 1.54):

dAmax = TdS — dU (1.68)
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Anmax = TAS — AU (1.69)

lMpeobpasyem BblpaxeHue (1.69), crpynnupoBaB uYneHbl C OAWUHAKOBLIMU

MHOeKcamMu:
Amax = T(SZ— S1) — (U2— U1) = (U1 — TS1) — (Uz— TSz) (|70)

Besens ob6o3Ha4eHme:

F=U-TS, (1.71)
nonyyaem:
Anax =F1—F2=—AF (1.72)
AF = AU — TAS (1.73)

®OyHkumsas F = U — TS ecTb M30XOpPHO-U30TEPMUYECKUA NOTeHUuman (cBoboaHas
9Heprusa [enbMmronsbua), onpeensrowun HanpasneHne v npegen camonpou3BOSIbHOMo
NpoTeKaHnsa npouecca B 3aKpbITOM CUCTEME, HAaXOOAWENCA B U3OXOPHO-U30TEPMUYECKUX
YCINOBUSIX.

3aKkpbITyl0 CUCTEMY, Haxoasduwycsa B M3006apHO-U30TEPMUYECKUX  YCITOBUSX,

XapaktepuayeT n3obapHo-n3otepMmmyeckmin noteHumnan G:
G=U+PV-TS=H-TS (1.74)
AG = AH — TAS (1.75)
Mockonbky -AF = Amax, MOXHO 3anucaTthb:
— AG = Anax — PAV = Ao (1.76)

BenuunHy A'nax HasbiBaT MakcumarbHou rnosne3Hou pabomol (MakcumanbHas
paboTa 3a BblMETOM paboTbl pacwmpeHusi). OCHOBbIBAACbL Ha MNPUHLMNE MUHMMYMa
CBOOOAHONM 3HEPIUK, MOXHO COPMYNNMPOBATL YCINOBUS CAaMOMNPON3BOSIbLHOIO NPOTEKaHNS

npoLecca B 3aKpbITbIX CUCTEMAX.

YcnoBeus camonpousBOfibHOro NPOTeKaHUs NpoLeccoB

B 3aKpPbITbIX CUCTEMaX:

N3obapHo-usomepmuyeckue (P = const, T = const):
AG <0, dG <0

U3oxopHo-uzomepmudeckue (V = const, T = const):
AF <0, dF <0
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lMpoueccbl, KOTOpblE COMPOBOXAAKTCA YBEMUYEHNEM  TEPMOAUHAMUYECKNX
noTeHuManoB, NpoTeKalT NMLb NPU CoBepLUEHNN paboTbl M3BHE Hag cucteMon. B xumun
Hanbonee 4acto wucCNonb3yeTcsa Wn300apPHO-N30TEPMUYECKMI MNOTEHUMarn, MNOCKOSbKY
BOMbLUMHCTBO XMMUYECKUX (M BUONOrnyecknx) nNpoueccoB NPOUCXOOAT NPU NOCTOAHHOM
AasneHun. [na XMMmnyeckux npoueccoB BenmyunHy AG MOXHO paccuuTaTb, 3Had AH n AS
npouecca, no ypaeBHeHnto (1.75), nmbo nonb3ydAcb Tabnuuamu CTaHOApPTHbIX
TepMoanHaMu4eckux noteHumanos obpasoBaHusa BewecTB AG°6p; B 9TOM cnydae AG®

peakummn paccunTbiBaeTcs aHanorniHo AH® no ypasHeHwuo (1.77):
AG°® =D (V. AG06p) o — 2 (V AG 06p) (1.77)

BenununHa ctaHgapTHOro uaMmeHeHusi U306apHO-U30TEPMMYECKOro MoTeHunana B
xoae xummuyeckon nobon peakumm AG°s €CTb MEpa XMMUYECKOro CPOACTBA MCXOAHbIX
BewecTB. OCHOBbIBasiCb Ha ypaBHeHUW (1.75), MOXHO OLEHWUTb BKMNag 3HTaINbMNUAHOIO U
SQHTpPONUMUHOIO pakTopoB B BennunHy AG UM cgenatb HekoTopble obobuwatowime
3aKnNi4YeHUss 0 BO3MOXHOCTU CaMOMNPOU3BOSIbHOIO MPOTEKaHMA XMMUYECKMX NPOLEeCcCOoB,

OCHOBbIBadChb Ha 3Hake BenuynH AH u AS.

1. dk3omepmuyeckue peakyuu; AH < 0.

a) Ecnrm AS > 0, To AG Bcerga oTpuuaTernbHO; 3K30TEpPMUYECKME peakLuuu,
COMpOoBOXAAKLWMNECS YBENMYEHNEM SHTPOMNUK, BCErga NPOTEKaT CamMonpoOn3BOSIbHO.

6) Ecnun AS < 0, peakums 6yget natm camonpomsBonbHO npu AH > TAS (Hu3kue

Temnepartypbl).

2. SHOomepmu4eckue peakuyuu; AH > 0.

a) Ecnn AS > 0, npouecc 6yaet camonponsBosibHbIM npu AH < TAS (BbiCOkMe
Temnepartypbl).

6) Ecnu AS < 0, To AG Bcerga nofIOXUTENBHO; CaMONpPOU3BOSIbHOE NpOTEKaHue

9HAOTEPMUYECKNX peakLmMin, CONPOBOXAAIOLNXCA YMEHbLLUEHNEM SHTPOMNNA, HEBO3MOXHO.
1.7 XMMWYECKOE PABHOBECHUE

Kak ©Oblno nokasaHo Bbiwe, MpOTEKAaHME CaMOMPOM3BOSIBHOIO Mpouecca B
TEpPMOANHAMUYECKOM CUCTEME COMPOBOXOAETCA YMeHblUeHMeM CBOOOAHOW 3JHeprum
cuctembl (dG < 0, dF < 0). O4eBMOHO, YTO PaHO UMM NMO3AHO (HANOMHUM, YTO MOHATME
"Bpemsa" B TepMOAMHaAMMKE OTCYTCTBYET) CUCTeMa [OOCTUITHET MWHMMyMa CBOBOOHON

SHEprun. YCnoBmeMm MmHMMyma HekoTopon dpyHkumm Y = f(X) sBnsieTcss paBeHCTBO HYIHO
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NepBoii NPOV3BOAHON U MONOXUTENbHBIA 3HAK BTOpPOW npoussoaHoii: dY = 0; d?Y > 0.
Takum obpasom, ycrosuem mepmMoOUHaMUYeCKo20 PasHOBECUsI 8 3aKpbimol cucmeme
ABMSETCA  MWHUMarnbHOE  3HA4YeHWe  COOTBETCTBYKLWEro  TepMOAMHAMUYECKOro

noTeHumnana:
UN3o06apHo-uzomepmuyeckue (P = const, T = const):

AG =0 dG=0,d°G>0

U3oxopHo-uzomepmu4veckue (V = const, T = const):
AF =0 dF =0, d°F>0

CocTtosHMe cuctembl C MUHUManbHOW CBOOOAHOW 3HEpPrnen ecTb COCTOSHUE

TepMoanHamMmmn4eCckoro paBHoBecus.:

TepMmoOuHaMU4YeCcKUM pasHo8ecueM Ha3bleaemcss maxkoe mepmModuHa-
MUYECKOE COCMOSIHUEe CUCMEMbI, KOmOopoe rnpu OCMOSHCMEe 6HEeWHUX
ycroguli He U3MEHSIiemcsi 80 8PeMeHU, MpuYyeM 3ma HEeUu3MEeHSeMOCMb He

obycriosneHa Kakum-siubo 8HEWHUM rpoyeCCOoM.

YuyeHne o paBHOBECHbIX COCTOSIHUAX - OOWH U3 pa3fenoB TepMoanMHaMuku. [anee
Mbl Oygem paccmatpuBaTb YacTHbI  CryYyall TepMOAMHAMWYECKOTO pPaBHOBECHOMO
COCTOSIHUSI — XMMUYEcKoe paBHoBecue. Kak M3BEeCTHO, MHOrMe XMMUYECKUe peakuumn
ABMAOTCS 06paTMMbIMK, T.€. MOTYT OOQHOBPEMEHHO MpoTekaTb B 060MX HamnpaBrneHusix -
npsiMoMm n obpaTtHom. Ecnu npoBoanTb obOpaTvMylo peakuuio B 3aKpbITOW CUCTEME, TO
yepe3 HekoTopoe BpPeMsi cucTemMa NpUAET B COCTOSIHUE XMMMUYECKOro paBHOBECUS -
KOHLIEHTpaLUMN BCEX pearvpyroLlmx BeLEecTB MepecTaHyT WU3MEHSTbCA BO BPEMEHMW.
HeobxoanMo 0TMETUTb, YTO OOCTUMKEHNE CUCTEMON COCTOSIHUS PaBHOBECUS HE O3HAYaeT
NpekpaLleHns npouecca; XMMUYEeCcKoe paBHOBECWE SBMNSieTC OUHaMUYecKuM, T.e.
COOTBETCTBYET OAHOBPEMEHHOMY MPOTEKAHWKO npouecca B NPOTMBOMOSIOXHbIX
HanpaBneHusix C OAMHAKOBOM CKOPOCTbI. XMMWYECKOE paBHOBECUE SIBMSIETCS
MoOBUXHbIM — BCSKOE OECKOHEYHO Marnoe BHELHee BO3OEWCTBME Ha PaBHOBECHYHO
CMCTEMY Bbl3blBAaeT OECKOHEYHO Maroe W3MEHEHME COCTOSIHUSI CUCTEMbI, MO
NnpekpaLleHn1 BHELIHEro BO3OeNCTBUS cMcTeMa BO3BpPALLAeTCsl B UCXOOHOE COCTOSIHUE.
Eweé oaHMM BaXHbIM CBOWCTBOM XMMWYECKOTrO paBHOBECUSI SIBMSIETCS TO, YTO cucTema
MOXXET CaMOMNpPOM3BOSIbHO MPUATM B COCTOSIHME PaBHOBECUSI C ABYX MPOTUBOMOMOXKHbLIX

CTOPOH. NHaue roBop4, noboe cocTosiHne, CMEeXHoe C paBHOBECHbIM, ABJIAETCA MEHEee
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YCTOMYMBBLIM, W TMNEPEXOA B HEro u3 COCTOsSIHUS paBHOBECUS Bcerga cBsi3aH C
Heob6XoaMMOCTLIO 3aTpaThbl paboThbl N3BHE.

KonnyecTBeHHOW XapakTePUCTUKON XUMNYECKOrO paBHOBECUSA SIBMSETCHA KOHCTaHTa

paBHOBECUS, KOTOopass MOXeT ObiTb Bblpa)keHa 4epe3 paBHOBECHble KOHueHTpauun C,

napumarnbeHble gasneHns P unn mosnbHble gonn X pearmpyrowmx seLlecTts. [1na HekoTopown

peakummn
aA+bB+.. © mM+nN+...

COOTBETCTBYHOLLMNE KOHCTaHTbl paBHOBECUA BblpaXakoTCA cregyrowmm o6pa30M:

K. = CM—C: (1.78) Kp = ﬂ (1.79)
CiCe PiPs
S T
XaXg

KoHcTaHTa paBHOBECMsSI €CTb XapaKkTepHasi BenuyMHa Ans Kaxgow obpatmmon
XUMUYECKON peakunn; BenuymHa KOHCTaHTbl PaBHOBECUSA 3aBUCUT TOSbKO OT NPUpOoAbl
pearvpyrowmx BelecTs U TemnepaTtypbl. BbipaXeHue gns KOHCTaHTbl paBHOBECUS ANs
anemMeHTapHon obpaTtMmMon peakuunm MoXeT ObiTb BbIBEOEHO W3 KMHETUYECKMX
npeacTaBneHun.

PaccmoTpum npouecc yCTaHOBEHUSI paBHOBECUSI B CUCTEME, B KOTOpPOW B
HavanbHbIh MOMEHT BpPEMEHU MPUCYTCTBYKOT TOSMbKO ucxogHble Bewectsa A un B.
CkopocTb npsamMon peakuun Vi B 9TOT MOMEHT MakcumaribHa, a CKOpocTb obpaTtHon Vi

paBHa HyIo:

V; = kiCA?Cg” (1.81)
V2 = kszmCNn (|82)

Mo mMepe yMeHbLUEeHWUsi KOHLEHTPaUMM UCXOOHbIX BELLECTB pacTeT KOHLEeHTpauus
NPOAYKTOB peakuuu; COOTBETCTBEHHO, CKOPOCTb MPSMOM peakuum yMeHbLUaeTcs,
CKOpPOCTb 0GpaTHOW peakumn yBenuumeaetcsi. O4eBMAHO, YTO Yepe3 HEKOTOPOE BpPeEMS
CKOPOCTU MpsiIMO/ K obpaTHOM peakuuuM CpaBHSATCA, MOCHe Yero KOoHLUEeHTpauuu
pearvpyloLlmx BeLecTB MNepecTaHyT W3MEHSITbCS, T.e. YCTAHOBUTCS XMMU4YECKoe
paBHOBecKe.

MpuHsaB, yTo V4 = V3, MOXHO 3anucarb:

ki1Ca?Cs® = koCy™C\" (1.83)
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ki _ CWCK _

ko CiC3

K (1.84)

T.0., KOHCTaHTa paBHOBECUSI €CTb OTHOLUIEHME KOHCTAHT CKOpPOCTM NpPSIMOA U
obpaTtHon peakuuun. OTcioga BbiTEKAaeT PU3NYECKUIA CMbICIT KOHCTAHTbl PaBHOBECUS: OHa
NMOKa3bIBaAET, BO CKOMbKO pa3 CKOPOCTb NPsIMON peakumnmn 6ornblue CKopocTu obpaTHoM npwm
AaHHOW TemnepaType N KOHLUEHTpaLmMsxX BCeX pearnpyowmx BelwecTs, pasHbiX 1 Monb/n.

Tenepb paccmoTpum (C  HeKkoTopbIMM  yrnpoweHusmun) 6onee  cTporum
TEPMOAMHAMUMYECKMIA BbIBOA BbIPaXeHUs [ON9 KOHCTaHTbl paBHoBecus. [ns aToro
HeobXoauMO BBECTU MOHATUE Xumu4yeckuli rnomeHyuan. O4eBMOHO, YTO BENUYUHA
cBobOAHOM 3Heprum cuctembl ByageT 3aBUCETb Kak OT BHewwHux ycrnosui (T, P unun V), Tak
M OT NPUPOAbI N KONUYEeCTBa BeLecTB, COCTaBnsaWmNX cuctemy. B cnydae, ecnu cocTtas
CUCTEMBI U3MEHSIETCA BO BpeMeHUu (T.e. B CUCTEME MpOTEeKaeT XMMUYecKas peakums),
HeobXoOMMO Yy4YecCTb BIIMSIHUE W3MEHEHWSA COCTaBa Ha BenMYuMHY CcBOBOOHOM 3SHeprum
cuctembl. BBegem B HEKOTOpPYKO cucteMy GECKOHEYHO Manoe Konm4yecTtBo dn; MOMewn i-ro
KOMMOHEHTA; 9TO BbI30OBET OECKOHEYHO Manoe MW3MeHeHMe TepMOLMHAMUYECKOro
noteHuywana cuctembl. OTHoOWweHMe 6eCcKOHEYHO Maroro W3MeHEHUS  BESTIUYUHBI

cBobOAHOM SHeprmn Ccuctembl K OecKkoHe4YHOo mMarniomy KoJin4eCtBy KOMIMOHEHTA,

BHECEHHOMY B CUCTEMY, €CTb XUMUYECKMN NOTEHUMan Wi AaHHOro KOMIMNoOHeHTa B CUCTEME!

Wi = 46, (1.85)
dni P,T,j=i

i = dF; (1.86)
dn, VT, ji

XUMNYECKMI NOTEHUMAN KOMMNOHEHTA CBSA3aH C ero napuuanbHbiM OaBJiEHUEM UITN

KOHUEHTpaLumen creayowmnumMmm COOTHOLLEHUSIMU:

L = !J,Oi + RTInP; (|87)
Wi= },loi + RTInGC; (|88)

30ecb u°i — CTaHOapTHbLIN XUMUYECKNn noTeHumnan komnoHeHTa (P = 1 atm., C; = 1

mMonb/n.). O4eBMOHO, YTO M3MeHeHMe CBOBOLHOW 3HEePrMM CUCTEMbl MOXHO CBHA3aTb C

M3MeHeHnem coCtaBa CUCTEMDI ClieayrLnm o6pa30M:

dG = u1dn1 + Mzdnz +...= Zuidni (|89)
dF = de + Mzdnz + ... = Zuidni (|90)



28

MocKkonbKy YCroBMEM paBHOBECUS SIBNSIeTCA MWHMMYM CBOOOOHOM 3HEeprum

cuctemsbl (dG = 0, dF = 0), MOXHO 3anucaTb:
>udn; =0 (1.91)

B 3akpblTOoM cucTEME U3MEHEHMEe 4ucra MonenW  OAHOro  KOMMOHEHTa
COMPOBOXOAETCA IKBUBANEHTHLIM U3MEHEHMEM YMCrla MOSIEN OCTallbHbIX KOMMOHEHTOB;

T.€., AnA I'IpVIBeﬂ,eHHOVI BblLLIE XMMUYECKON peakunm nmeet MeCcto COOTHOLLUEHME:

dn, dng _dn, dn, (1.92)

OTtctoga MOXHO nonyynTb cneaywwiee ycnosne XMMUYECKOro paBHOBECUA B

3aKpbITON cucTeme:
apa + bug = muy + nuy (1.93)

B obLliem Buae ycroBue XMMUYECKOrO PaBHOBECUSI MOXHO 3anucaTb CneayroLimnm

obpasowm:
2niyi=0 (1.94)

BoipaxeHue (1.94) HocuT Ha3BaHue ypaBHeHus [Mb6ca-[diorema. MNoactaBuB B Hero

3aBUCMMOCTb XMMMNYECKOIro noteHumnana ot KOHUeHTpauun, nonyyvyaem:

Znipi = Znim + RT 2n; InC; = Zniwi +RT In % (1.95)
A™B
Mockonbky Znipi = AF, Zniwi = AF’, nonyvaem:
AF=AF° + RT In C"'ic': (1.96)
CiCs

[na n3o06apHO-M30TEPMMYECKOro NpoLecca aHanorMyHbIM 06pasoM MOXKHO MONYYUTh:

PuPy

PAPg

AG=AG° +RT In (1.97)
[Mony4eHHble Hamu BblpaxeHna 1.96 — 1.97 ecTb usomepma xumudeckou peakuyuu.
Ecnn cuctema HaxoguTcs B COCTOSIHAM XMMUYECKOrO pPaBHOBECUS, TO W3MEHEHWe

TepMOAMHAMNYECKOIro noTeHuuaria paBHO HYJIO; NMoJly4YaeM:
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CmCy

AF°=—RTIn "N = _RTInKc (1.98)
cAcB

AG®=—RTIn PPy - RTinks (1.99)
PaPs

34€ecb Cj 1 pi — paBHOBECHbIE KOHLEHTPALMM U napumanbHble OaBfeHUs UCXOOHbIX
BELLIECTB M NPOAYKTOB peakumn (B oTnudme ot HepaBHOBECHbIX Ci u P; B ypaBHeHusAX 1.96—
1.97).

lMockonbKy Ans  KaXOoW XMMWYECKOM peakumm CTaHOapTHOe  WU3MEHeHue
TepmoanHammuyeckoro noteHumnana AF® n AG® ectb CTporo onpegeneHHas BenuMynHa, To
nponsBegeHne paBHOBECHbIX NapuuanbHbiX OaBfieHUA (KOHLEHTpaunn), BO3BEeAEHHbIX B
CTerneHb, pPaBHYD CTEXMOMETPUYECKOMY KO3((PMUMEHTY MNpu [OaHHOM BellecTBe B
YPaBHEHUN XMMUYECKON peakunm (CTtexmomeTpudeckne koapduumeHTbl Npu UCXOAHbIX
BeLlecTBaX NPUHATO CYMTaTb oTpuLaTenbHbIMU) €CTb HEKOTOPasa KOHCTaHTa, Ha3biBaeMas
KOHCTaHTOM paBHoBecuda. YpaBHeHusa (.98, 1.99) nokasbiBalOT CBA3b KOHCTaHTLI
paBHOBECMS CO CTaHAApPTHbIM W3MEHEeHMeM CBOOOLHOM 3JHEeprn B XoOe peakuuu.
YpaBHeEHNE U30TEPMbl XUMMUYECKOW peakumm CBA3bIBAET BEMUYMHbI  pearnbHbIX
KOHUEeHTpauun (OaBreHun) peareHToB B CUCTEME, CTaHAApTHOMO  U3MEHEHUs
TEepMOANHAMUYECKOrO NoTeHUMana B xoge peakumm u U3MeHeHUst TepMogNHaMUYECKOro
noTteHuMana npu nepexoge u3 JaHHOro0 COCTOSIHMSA CUCTEMbl B paBHOBecHoe. 3Hak AG
(AF) onpegensieT BO3MOXHOCTb CaMOMNPOU3BOSIbHONO NPOTEKaHMSA npouecca B cCUCTEME.
Mpn atom AG® (AF°) paBHO M3MeHEHNIO CBOBOLHOM SHEPINN CUCTEMBI NPU nepexone u3
craHgapTtHoro coctosHua (P = 1 atm., C; = 1 monb/n) B paBHOBECHOE. YpaBHEHue
N30TEPMbl XMMUYECKOWN peakumm no3BonsieT paccuntaTtb BennunHy AG (AF) npu nepexoae
n3 nboro COCTOSHUA CUCTEMbI B paBHOBECHOE, T.e. OTBETUTb Ha Bonpoc, byaer nu
XMMUYecKass peakuus npoTekatb CaMOMpOM3BOSIbHO MpU [aHHbIX KoHueHTpauuax C;

(naBneHusx P;) peareHTOB:

AF = AF° +RT In MO8 _ g SuCn i, (1.100)
CA B CAC:B

AG=AG®+RTIn TN —pyn PPy ppyn (1101)
APs P:Pg

Ecnn nameneHune TepMoaAMHaMM4ECKOro noTeHuunana MeHblle HyI4, npouecc B

AaHHbIX YCroBuUsix 6yaeT npoTekaTb CamMOnpPoOU3BOSbHO.
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1.7.1 BnuaHue BHELWHUX YCNOBUNA HAa XMMMUYECKOEe paBHOBeCUe

Mpy NOCTOSIHCTBE BHELUHMX YCIOBWUIA CUCTEMA MOXET HaXOAUTbCH B COCTOSIHUM
paBHOBECUSI CKOJb YroAHO Aonro. Ecnu nameHnTtb 3Tu ycrnoBus (T.e. okasaTb Ha cUCTEMY
kakoe-nnbo BHelLLHee BO3[AENCTBME), pPaBHOBECME HapyLLlaeTCs; B CUCTEME BO3HUKaeT
CaMOnpPOM3BOJSIbHBIA NPOLECC, KOTOPLIN NpoAomKaeTcs A0 TeX Nop, noka cucteMa onsitb
He [OOCTUIHEeT COCTOSIHUSI paBHOBECUS1 (Y>KE MpW HOBbIX YCNoBusX). PaccmoTpum, kak

BIMSIIOT HA NONOXEHNE PaBHOBECUSA HEKOTOPbIE DaKTOpbI.
1.7.2 BnuaHue aaBneHnA N KOHLEHTpauum
PaccMoTprm HECKONBKO BO3MOXHbIX CIy4YaeB CMELLEHNS paBHOBECUS.

1. B cucmemy dobasrneHo ucxodHoe sewecmeo. B aTom crnyvae

HA PPy

a a < KP;
CiCe PPs

Mo ypaBHeHMO nsotepmbl xummyeckon peakuum (1.100 - 1.101) nonyyaem: AF < 0O;
AG < 0. B cucteme BO3HUKHET CaMOMNpPOU3BOSIbHbIA XUMUYECKUIA NPOLIECC, HAanpaBfeHHbIN

B CTOPOHY pacxOAOBaHUS WUCXOAOHbLIX BelecTB M obpas3oBaHMs NPOAYKTOB peakuuu

(XMMUYeCKoe paBHOBECUE CMeLLIaeTCs BNpago).

2. B cucmemy 0obaerneH npodykm peakyuu. B aTom crnyvae

S PyP;

> Kp;
cicy PR

CornacHo ypaBHEHUIO U30TEPMbl XMMUYeckon peakummn, AF > 0; AG > 0
Xvmunyeckoe paBHoBecume ByaeT CMeLLleHO BeBO (B CTOPOHY pacxodoBaHWs NPOOYKTOB

peakumm n 06pa3oBaHUS UCXOAHbIX BELLECTB).

3. IsmeHeHo obuwiee dasrnieHue (0ns1 peakyuli 8 2a3080U ¢hase).

MapumanbHble gaBreHus BCeX KOMMOHEHTOB P; B 3TOM cCnyyae WU3MEeHSTCA B
OLMHaKOBOW CTEMNeHWn; HanpasfieHne CMeLleHns paBHoBecua OyaeT onpenenaTbcs
CYMMOM CTEXMOMETPUYECKUX KOIPPULMEHTOB An.

YuntbiBasi, YTO NapumanbHoe AaBfeHue rasa B CMeCcu paBHO OOLLeMy AaBMEHMIO,

YMHOXEHHOMY Ha MOJIbHYI0 [OMN0 KOMMOHeHTa B cmecu (P; = PX|), nsotepmy peakuum

MOXHO nepenucaTb B criegyrowemM Buae (3aecb An = 2(Ni)npoa - 2(Niuex):
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AG = AG® +RT In TUEN = AGe 1 A RT In P WX (1.102)
aPs XaXg
AG = AG® + An RT In(PKyx) (1.103)

Mpumewm, yto P, > P4. B aTtom cny4vae, ecnu An > 0 (peakumsa nget ¢ yBenmyeHnem
ymncna monen razoobpasHbix BewecTts), To AG > 0; paBHoBecue cmellaeTca Bneso. Ecnum
peakuus MaeT ¢ yMeHbLUEHMEM Yncna Monen razoobpasHbix BewectB (An < 0), To AG < 0;
paBHOBecuMe cMmellaeTcs BnpaBo. KMHaye roeops, yBenuueHve ob6wero aaBneHus
CMeLlaeT paBHOBECME B CTOPOHY Mpouecca, uayulero ¢ yMeHbLUEHWEM 4ucna Monen
razoobpasHbix BeLlecTB. YMeHbLUeHe obLiero gaeneHus rasos B cmecu (P2 < Py) byget
CMelwaTb paBHOBECME B CTOPOHY peakumn, naywewm C yBEeNMYEHMEM Yucra Monen
razoobpasHbIX BELLECTB.

HeobxoaumMo OTMETUTb, YTO M3MEHEHME KOHLEHTpauun WUnu OaBneHus, cMmellas
paBHOBECUE, HE N3MEHSIET BENMMYNHY KOHCTaHTbl PaBHOBECKUS, KOTOpas 3aBUCUT TOSTbKO OT

NPVPOAbI pearnmpyoLmMx BeWecTB U TemnepaTtypsbl.
1.7.3 BnusaHue TemnepaTtypbl Ha NOsI0XXeHUe paBHOBECUA

MoBblweHne nMbo NOHWXeHMe TemnepaTypbl O3Ha4vaeT npuobpeteHne nmnbo
NOTEpP0 CUCTEMOW 3HEPrnn 1, criegoBaTenibHO, OOIMKHO M3MEHSTb BENMYMHY KOHCTaHTbI
paBHOBECKSI.

3anuwem ypaBHeHue (1.99) B cnegytowem Bmae:

RT InKp = — AG® = — AH° + TAS® (1.04)
Ik, =— 2H" , AS (1.05)
RT ' R

MpoonddpepeHumnposas BbipaxeHune (1.05) no Temnepartype, nonydyaem Ans

3aBUCUMOCTW KOHCTaHTbl paBHOBeCUs OT TemnepaTtypbl ypaBHeHue (1.06) - usobapy BaHm-

[ogppa:

dinK, AH°
dT RT?

(1.06)
Paccyxpas aHanornyHbiM obpasom, Ans npouecca, NpoXOAdAlWero B M30XOPHbIX
YyCNoBUAX, MOXHO NONy4nTb u3oxopy BaHm-loghgpa:

dinK; AU°
dT RT?

(.07)
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M3o06apa n nsoxopa BaHT-lodbda cBA3LIBAOT MBMEHEHME KOHCTAHTbI XMMUYECKOIO
paBHOBECUSA C TEMmoBbIM 3PEEKTOM peakumm B M300apHbIX MU M30XOPHbIX YCMOBUAX
COOTBETCTBEHHO. O4yeBMAHO, 4YTO 4Yem Oonblie No abConTHOM BeNUYMHE TEMNSIOBOW
aPPEeKT XMMMYECKOW peakumn, TeM CUNbHee BIIMAET TemnepaTtypa Ha BenuyuHy
KOHCTaHTbl paBHoBecus. Ecnu peakuma He conpoBoOXaaeTcsa TennoBbiM 3PGEKTOM, TO
KOHCTaHTa paBHOBECUA He 3aBUCUT OT TemnepaTypbl.

Jk3omepmuydeckue peakyuu: AH° < 0 (AU° < 0). B atom cnyyae, cornacHo (1.06,
1.07), TemnepaTypHbIN KOIPPULMEHT forapndma KOHCTaHTbl paBHOBECUS OTpULATENEH.
[MoBbiWeHWe TemnepaTypbl YMEHbLUAET BEMUYMHY KOHCTAHTbl paBHOBECUS, T.€. CMeLLaeT
paBHOBeECKE BMEBO.

AHdomepmu4eckue peakyuu: AH° > 0 (AU°® > 0). B atom cnyyae TemnepaTypHbIi
KOa(ppuuMeHT norapupma KOHCTaAHTbl PaBHOBECUA  MOSIOXUTENEH;  MOBbILEHNE
TemnepaTypbl yBenMuMBaeT BESIMMMHY KOHCTaHTbl paBHOBECUS (CMellaeT paBHOBecue
BMpaBo).

[padpkm  3aBUCMMOCTEM  KOHCTaHTbl paBHOBECUS OT TemnepaTtypbl  Ansd
9K30TEPMUYECKNX N IHOOTEPMUYECKUX peaKkunin npuBedeHbl Ha puc. 1.4.

A

Kp
AH<0 AH>0

Puc. 1.4 3aBNCMMOCTb KOHCTaHTblI paBHOBECUS

S
>

T OT TemnepaTypbl

[enctBne pacCMOTPEHHbIX HamMu akTopoB (OaBNeHUs, KOHUeHTpauum wu
TemnepaTypbl), PpaBHO Kak M MobbIX APYrMx, Ha CUCTEMY, HaXoOsLYHCS B COCTOSAHUU
paBHOBecUusi, 0006WaeT rpuHUUN CMeweHUss pasHoB8ecUs, Ha3blBaeMbli Takxke

npuryunowm fle lllamense — bpayHa:

Ecnu Ha cucmemy, HaXOOFILL{nyCFI 8 COCMOosAHUU UCMUHHO20 pasHOo8ecCuUA,
OKasblgaemcsi eHewHee 8o30elicmeue, MO 8 cucmeMe 803HUKaem

CamMorpou380sibHbIL Mpouecc, KoMneHcupyruwul daHHoe so3delicmesue.
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MpuHunn Jle WaTtenbe — bpayHa aBnsieTca ogHUM U3 CrefCcTBUM BTOPOro Havana
TEPMOANHAMUKA U NPUMEHUM K MOOBbIM MaKpOCKOMMYECKMM CUCTEMAM, HaXOOALMMCS B

COCTOSIHUW UCTUHHOIO PaBHOBECUS.
1.8 ®A30BbIE PABHOBECUA

BelwectBo npu M3MEHEHMM OaBNEHUS U TemnepaTypbl MOXET nepexoauTb U3
OOHOro arperaTtHoro COCTOsiHUS B Apyroe. OTu nepexofbl, coBepLualolmecs npu
MOCTOSIHHOW TemnepaType, HasbiBaloT a3oBbIMM  NepexojaMu NepBoro  poAa.
KonunyecTBo TennoTbl, KOTOPOE BELLECTBO NOMy4YaeT U3 oKpyxarowen cpenbl NMbo otoaeT

OKpy>atoLueun cpege npun grasoBoM nepexone, ectb CKpbiTasd Tennota ¢as3oBoro nepexona
Aon. Ecnn paccmatpuBaeTca reteporeHHasi cucTemMa, B KOTOPOW HET XUMUYECKUX

B3aMMOLENCTBMA, a BO3MOXHbl JMWb a3oBble Mnepexodbl, TO NpU MNOCTOSHCTBE
TemnepaTypbl U OaBfeHUs B CUCTEME CYLLECTBYET T.H. ¢ha3oeoe pasHosecue. Pa3oBoe
paBHOBECUKE XapaKTepu3yeTcs HEKOTOPbLIM YnCroM ¢a3 (CM. C. 2), KOMMNOHEHTOB M YMCITIOM
CTENEHeN TepMoaNHaMN4eCKon cBoboabl CUCTEMBI.

KomrnoHeHm - XxMMunyeckn ogHopoaHas CoCTaBHasi YaCTb CUCTEMbI, KOTOpasi MOXET
ObITb BblgeneHa U3 CUCTEMbI U CyLLeCcTBOBaTb BHE €€. YNCro He3aBUCMMbIX KOMMNOHEHTOB
CUCTEMbI PaBHO YUCITY KOMMOHEHTOB MWHYC YMCII0 BO3MOXHbIX XUMWUYECKUX peakuun
MeXay HUMMW.

Hucno cmeneHeli ¢e0600bl — 4YMCIIO NapamMeTpPOB COCTOSIHUS CUCTEMbI, KOTOpPbIE
MOryT ObITb OAHOBPEMEHHO MPOM3BOSIbHO W3MEHEHblI B HEKOTOpbIX npegenax 6es
N3MEHEHNS Yncna u npmpoapbl a3 B CUCTEME.

Uncno creneHenm cBoGoabl reTEPOreHHoM TEPMOAMHAMUYECKOW CUCTEMBI,
HaxogsLWencss B COCTOSHUKM (pa3oBOro paBHOBECUS, onpedensieTcs rpasusiom ¢has,

chopmynupoBaHHbIM K. [MB6com:

Yucno cmeneHel ceo0600bl pasHoB8ecHOU mepmoduHamuyeckol cucmembi C
pasHo 4ucry He3asucuMbiX KOMIOHeHmMoe cucmembl K MuHyc 4ucrno ¢a3 @

rJ110C 4Yucrio sHeWHUX qbaKmopoe, eJiuadrnwWux Ha pasHoeecue.

,D,J'IFI CUCTEMbI, Ha KOTOPYH U3 BHELUHUX C*)aKTOpOB BITMAKOT TOJIbKO TemMmnepartypa U

AaBlrieHne, MOXXHO 3anmcaTb:
C=K-®+2 (1.108)

Cuctembl npuHATO  KnaccuduumpoBatb MO YUCY  KOMMOHEHTOB  (OAHO-,

ABYXKOMMOHEHTHbIE U T.A4.), N0 Yncny da3s (ogHo-, AByxdasHble 1 T.4.) U YUCNY CTeneHen
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cBoboabl (MHBapWaHTHblE, MOHO-, OMBapWaHTHble M T.4.). Ons cuctem ¢ dasoBbiMU
nepexogamm 0bbl4HO paccMaTpuBaloT rpadn4ecKyto 3aBUCUMOCTb COCTOSIHUSI CUCTEMbI OT
BHELLHMX YCITIOBUW — T.H. AnarpaMmmbl COCTOSIHUS.

AHann3 aguarpaMm COCTOSIHUS MO3BONSET onpeaenntb 4ucno as B cucteme,
rpaHvubl KX CyLWEeCTBOBaHUS, XapakTep B3auMMOAEWCTBUSA KOMMOHEHTOB. B ocHoBe
aHanusa auarpaMmMm COCTOSIHUS NnexaTt [[Ba NpuHUMna: MPUHLUUN HENpepbiBHOCTU U
npuHUMn cootBeTcTBUA. CorfacHo NPUHLMNY HEeNpepbIBHOCTU, MpU  HENpepbiBHOM
N3MEHEeHNN napameTpoB COCTOSHUSA BCe CBOWCTBA OTAEMbHbIX (da3 M3MEHSITCH Takke
HenpepbIBHO; CBOMCTBA CUCTEMbI B LIENIOM U3MEHSIIOTCH HEMPEPBLIBHO 40 TEX Nop, Nnoka He
M3MEHUTCA 4ucno unu npupoga a3 B CUCTEME, YTO MPMBOAMT K CKaykoobpasHoMy
N3MEHEHNIO CBOWCTB cucTeMbl. CorfacHo MpUHUUNY COOTBETCTBUA, Ha Aunarpamme
COCTOSAHUSA CUCTEMbI Kaxaomn pase COOTBETCTBYET YacCTb MIIOCKOCTU - rnone gasbl. JInHum
nepecevYeHunst NIIOCKOCTEN OTBEYAlOT PaBHOBECUIO MeXay ABYMsS dpaszamu. Bcskas Touka
Ha guarpamme CocTosiHUA (T. H. ourypatmBHasa To4Yka) oTBevaeT HEKOTOPOMY COCTOSHUIO
CUCTEMBI C onpeaeneHHbIMU 3Ha4YEeHNSMU NapaMmeTpoB COCTOAHUS.

PaccmoTpym 1 npoaHanuavpyem auarpammy COCTOsSHMA BoAabl  (puc.1.4).
lMockonbky BOAA — €OWHCTBEHHOE MNPUCYTCTBYKOLWLEE B CUCTEME BELLECTBO, YUCIO
He3aBUCUMMBbIX KOoMnoHeHToB K = 1. B cucteme BO3MOXHbl Tpy (Pa3OBblIX PaBHOBECUSA:
MeXay >KMAOKOCTbI M rasom (nNuHus OA — 3aBUMCMMOCTb [aBIieHUs] HacbILWEHHOro napa
BOAbl OT Temnepartypsbl), TBEpAbIM Tenom 1 rasom (NMuHuA OB — 3aBUCUMOCTb AaBreHuUs
HaCbILLLEHHOro napa Hago NbAOM OT TeMnepaTtypbl), TBEPAbIM TEMNOM U XUOKOCTbIO (NMUHUS
OC - 3aBMCUMOCTb TemnepaTypbl NNaBneHus fnbaa OT AaBneHus). Tpu KpuBble UMELOT
TOuky nepeceyeHuss O, Ha3bIBaeMyto mMpPoUHOU MOYKOU 800bl; TPONHAA TOYKa OTBeYaloT

paBHOBECUIO Mexay TpeMs hasamu.

Puc. 1.4 [narpamma cocTosiHUSA BOAbl
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B TponHom TOouke cuctema TpexdasHa U YUCno CTEMNeHen cBOOOAbI pPaBHO HYNO;
Tpu pasbl MOryT HAXOAUTLCS B PaBHOBECUW MWLLb MPU CTPOro onpeaeneHHbIX 3Ha4YeHUsIX
TemnepaTypbl U AaBneHus (455 BoAbl TPOMHAA ToYKa oTBevaeT coctoaHuo ¢ P = 6.1 kla
nT=273.16 K).

KpuBas OB TeopeTudeckum npogomkaetTca A0 abConTHOrO Hynsd, a Kpueas
AaBnNeHNss HacbIWEeHHOro napa Hapg xuakoctbto OA 3akaHYMBAETCHA B KPUTMYECKOW TOUKE
BoAabl (T = 607.46 K, P = 19.5 Mla); Bbile KpUTHMYECKON TeMnepaTtypbl ra3 u XUAKOCTb
He MOryT cyuwecTBoBaTb Kak otaenbHble dasbl. KpuBas OC B BepxHen 4actu (npwm
BbICOKMX AaBNEHUSX) M3MEHSIET CBOW HAKMNOH (NOSABNAKOTCS HOBbIE KpUCTanimn4veckue
asbl, NAOTHOCTb KOTOPbIX, B OTAMYME OT 0ObIYHOMO NbAa, Bbille, YEM Y BOAbI).

BHyTpun kaxgon n3 obnacten guarpammel (AOB, BOC, AOC) cuctema ogHodasHa;
yncno creneHen cBobogbl CUCTEMbI paBHO ABYM (CUCTEMa AMBapUaHTHA), T.e. MOXHO
OAHOBPEMEHHO M3MEHATb U TemnepaTypy, U OaBfieHWe, He Bbi3biBasi UBMEHEHUSA 4yucna

d¢as B cucteme:
C=1-1+2=2

Ha kaxgomn n3 nuHum Ymcno ¢gas B CUCTEME paBHO ABYM W, COrfiacHo npasuny gas,
cucTtemMa MOHOBapuaHTHa, T.€. ONS KaKOOro 3HavyeHus TemnepaTypbl UMEeTCs TOSbKO

0[HO 3Ha4YeHne AaBneHus, Npu KOTOpoM cuctema AsyxdasHa:
C=1-2+2=1

BnusHne paeneHus Ha Temnepatypy ¢a3oBOro nepexopa OnucbiBaeT ypaBHEHMWE

Knayswnyca-KnanenpoHa:

dP  Agn

CT __fen (1.109)
dT T, AV,

3pgecb AVon = V, - V4 ecTb u3MeHeHne MonsipHoro obbema BewlecTBa npu
daszoBoMm nepexoge (Npuyem V, OTHOCUTCA K COCTOSAHWUIO, MNepexoq B KOoTopoe
conpoBOXaaeTca  nornoweHvem  Tennotbl).  YpaBHeHue  Knaysuyca-KnanenpoHa
nossonseTr OObACHUTb HAaKMOH KPMBbIX pPaBHOBECUMS Ha guarpamMMme COCTOSHUS
OAHOKOMMOHEHTHOW cucTembl. [N nepexogoB "KuAOKOCTb-nap" v "TBepaoe BeLLecTBO-
nap" AV Bcerga 6onblle Hynd; NO3TOMY KpMBblE Ha guMarpaMme COCTOSIHWUSA, OTBevarome
9TUM paBHOBECUAM, Bcerga HakroHeHbl BnpaBo (MOBbieHMe TemnepaTypbl Bcerga
yBenvuuBaeT [aBrieHne HacblWweHHoro napa). MNockornbKy MoOnspHbIi 06beM rasa MHOro

bonbLlue MOJAPHOro obbema TOro e BewEecTBa B XUOKOM UMK TBEPOOM arperatHomMm
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coctosaHusax (Vr >> Vy, Vr >> V7), ypaBHeHne (1.109) ons 4acTHbIX Cny4YyaeB UCnapeHust u

BO3rOHKM NPUMET crieayroLmin Bua;

dP Ao

ST _ Den (.110)
dT T,V

[Ona MHormx BeLwecTB CKpblTad Tenmnota I'Iap006pa3OBaHVIFI nnnm BO3IrOHKA

NOCTOsIHHa B 60MbLIOM UHTEpBane TemnepaTyp; B 3TOM criyqae ypaBHeHue (1.110) MmoxHo

In(sz:}W'(1—1J (1.111)
P,/ RI\T, T,

KpvBasa paBHOBecus "TBepaoe BELLECTBO-XWOKOCTb" Ha Auarpammax COCTOSHUS

NPOUHTErPUpPOBaATb:

BOAbl U BUCMYTa HaKNOHEHa BreBO, a Ha AnarpaMmmax COCTOSIHUS OCTarlbHbIX BELLECTB -
BNpaBO. JTO CBSA3AHO C TeM, YTO MMAOTHOCTb BOAbl Bonblle, YemM NAOTHOCTbL Nbaa (M
NNOTHOCTb XMAKOro BMCMyTa 6onblie ero MNAOTHOCTM B TBEPAOM COCTOSIHUW), T.e.
nnasneHve conposoxgaeTcs yMeHbleHvem obvema (AV < 0). Kak cnegyet wus
BbipaxkeHus (1.111), B aTOM cnyyae yBenuyeHve gasneHnda 0yaeT NoHwKaTb TemnepaTypy
¢a3oBoro nepexofa "TBepaoe TENO-XMAKOCTL" (BOAY M BUCMYT OTHOCAT MO3TOMY K T.H.
aHoMarslbHbIM gewjecmeam). [Ins Bcex ocTarnbHbIX BEWECTB (T.H. HopMaribHble 8euiecmasa)
AVpn > 0 u, cormacHo ypasHeHuio Knay3auyca-KnanevpoHa, yBsernvyeHwe [JaBrneHus

npmMBOOUT K NMOBbIWLWEHNIO TEMNEPaTypbl NiaBleHNA.





