Pasnen 4. DHEPTETUKA U HAITPABJIEHUE
XUMMNYECKHX PEAKITNN

4.1. OcHoBHBIE IOHATHSA U ONpeNeIeHus XUMUIECKOH TepMOIUHAMUKH

XuMudecKasi TepMOAMHAMUKA. Pasnerr XxuMmm, KOTOPBIN 13y-
yaeT MpeBpallleHUs] SHEPIUX MTPU XUMUYECKUX PEaKIIMUsIX.

Tepmomurammdeckasi cucrema. COBOKYITHOCTD TEJT, CITOCOOHBIX
0OMEHUBATbCS C APYTUMU TeJJaMU W MeXITy cOO0it sHeprueil u(uim)
BEIIIECTBOM, T.€. CUCTeMa, B KOTOPOil BO3MOXEH MacCco- U TepMOIie-
PEHOC MEXY €€ COCTaBHBIMM YacTSIMM. [10 HAIMYMIO WJTH OTCYTCTBUIO
MaccooOMeHa U(MJIM) TEeIJI000MeHa MEXIy CUCTEMON U OKpyxKalo-
1IIeil BHEITHEW Cpenoil mepmoduHamu4eckue cucmemot noOpa30ensom-
cs Ha OMKpbimble, 3aKPbimble, U30AUPOBaHHble. XumuuecKas cucmema—
YACTHBIM CIydail TEpMOIMHAMUYECKOM CUCTEMBI.

ITapameTpsl cocTOsIHMSA, TePMOAMHAMIYECKHE napameTpsl. Be-
JIMYMHBI, XapaKTepU3YIOIINe pa3IMIHbIe COCTOSIHUS M CBOMCTBA Tep-
MoauHaMM4YecKux cucteM: gasieHue (P), oobem (V), remnepatypa (T).
[TapamMeTpsl COCTOSTHUST M3MEPSTIOT HETIOCPEICTBEHHO M3 OITBITA.

Cocrosinne cuctembl. OripeieieHHass COBOKYITHOCTh YMCJIEH-
HBIX 3HaYCHUI TTapaMeTPOB COCTOSTHUSI.

Havanbnoe (ucxommoe) cocrosiame. COCTOSTHHE CHUCTEMBI IO
Hayajla XMMUYECKON peakLuu ¢ rapameTpamu cocrosauus PV, T;

Koneunoe cocrosnue. COCTOSTHIIE CHUCTEMBI TTOCJIC OKOHYAHUS
XMMUYECKON peakluy ¢ rapameTpamu cocrosauus PV, T,

DyHKUMHM COCTOSAHUA. XapaKTePUCTUKKU, 3HAYEHUS KOTOPBIX
3aBUCST TOJBKO OT UX PA3HOCTUM B KOHEYHOM M HAaYaJIbHOM COCTOSI-
HUSIX. DTH XapaKTePUCTUKH NCITOIB3YIOTCS VTSI TePMOIUMHAMMYIECKO-
TO OIMMCAHMS PeATBHBIX CHCTeM. He 3aBUCST OT MyTH 1 BpeMEHH IIPO-
mecca, IIPUBOISIIINX CUCTEMY B TaHHOe cocTossHre. K (hyHKIIMSIM co-
CTOSTHUSI OTHOCSTCSI: TIOJTHASI SHEPIHSI CUCTEMBI, BHYTPEHHSISI SHEp-
TUsl, SHTPOIMS, SHTAJIBIINS, CBOOOTHAS 3Heprus [ eTbMrobpia, CBO-
o6omHasg sHeprust ['mooca.

BHyTtpennss sneprus (U). OOwMii 3anac 3HEPruM CHUCTEMBI,
XapaKTepU3yIOIMii ee cocTosHre. [Ipy M3ydeHUHN CHCTEeMBI BaXKHO
3HaTh U3MEHEHUE €€ BHYTPEHHE! SHepruu Mpu Iepexoae U3 Hayalb-
HOT'O COCTOSIHHSI B KOHEUHOE.

TepmonuHaMuyecKas BepPOSITHOCTb. UMCIIO MUKPOCOCTOSTHUIA,
yepe3 KOTOpble MOXET ObITh peajrn30BaHO JaHHOE MaKpOCOCTOSIHHUE.

DHeprus XHMHYECKOi peaKkmun. DHEPTsl, XapaKTepU3YIOIIasiCsT
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pPa3IMYHbIe Xumuteckue npoyeccol. OnpenessieTcss U3BMEHEHUEM SHEPruu
CHUCTEMBI MPU Mepexo[e U3 OAHOIO COCTOSIHUSI B APYroe B pe3ysbTaTe
TIPOTEKAHUS XUMHWUYECKON peakini. [1posBisieTcs B pa3IMIHbIX BUIAX
(bopmax), HarpuMep TEIUIoBasi SHEPIusi, MEKTpUIecKasl SHeprusl.

Temnora (Q). Bun sHeprum, CBI3aHHBIN ¢ XaOTUYECKUM TBH-
JKEHIUEM aTOMOB, MOJICKYJI 1 APYTUX XUMUUECKNX JacTull. ExmHniia
Ter10Thl (CN)— xkunomxkoynb (kJ[k). B HEKOTOPBIX U3AAHUSIX YACTO
BCTpeYaeTCs M ApyTas eIMHMIA TEIIOTBI— KajJopus (Kajl) WIM Ku-
nokaopus (kkam). 1kJIx= 0,2388 kan. XuMmuaeckne u pU3NIECKUC
MPOLIECChl COMPOBOXAAIOTCSA BBIAEICHUEM WM TOIJIOIIEHUEM TeIl-
Jotel. Hammpumep, npu u3maeckoM mpoliecce rmepexona BOIbI U3 Ta-
3000pa3HOTO COCTOSTHUS B KMAKOE TEIIOTa BhIIEIsIeTCS. XUMHUUEC-
KUIii TIpoliecC MOJyYeHUsT ra3000pa3HbIX MOJIEKYJT BOIBI U3 KMCJIOPO-
J1a ¥ BOIOPOIIA TaKKe COMPOBOXIAETCS BBIACICHUEM TEILIOTHL.

DK30TepMHUYECKas peakuysi, S5K30TepPMUUYECKUI Mpolecc. Xu-
MHUYECKasl peakiusi, COIPOBOXIAIOIIASICS BBIACICHUEM TEILIOTHI
(+Q), MOTOXUTEIBPHBIM TEILIOBBIM 3((HEKTOM.

DHAoTEepMUYECKAsA peaklus, SHAOTepPMUUYECKUI Mpolecc.
XumudeckKast peakiiusi, COIPOBOXIAIOIIASICS IMOTIOIIEHUEM TEIIO-
THl (-Q), OTpULIATEIEHBIM TETUIOBBIM 3(PdeKTOM.

N3orepmuyecknii nponecc. ITpoiiecc, mporekaronmii B CUCTe-
Me€ TP TIOCTOSTHHOM TeMIiepaType.

N3006apusiii npouece. [Tpoiiecc, mporekaronnii B cucTeMe Mpu
MOCTOSTHHOM JaBJICHHM.

M3oxopnblii nponecc. [Tporiecc, nmpoTekaroiuii B CUCTeMe Mpu
MOCTOSIHHOM OOBbEME.

Tennosoii a¢pdexT xummuueckoii peakuuu (Q; AH). Konmnuectso
TEIUIOTHI, KOTOPOE BBIACIISICTCS WUIM TIOTJIONIACTCS B PE3YJIBTATe XH-
MMYECKOM peaklnu

A+B=C+D=*Q

wmA+B=C+D; + AH;

XyMIYecKre peakIi MOTYT IIPOTEKATh IIPH ITOCTOSTHHOM 00Bbe-
Me (B 3aKPBITBIX COCYAaX) WIM IIPU MMOCTOSTHHOM JaBJIEHUU (B OTKPbI-
TBIX COCYIIaxX). XMMUYECKHE peaKIiMy Yallle MPOBOIST MPU IMTOCTOSTHHOM
nasneHnn. TeroBoit 3p@eKT Takux peakuuii 0003HavaroT Q,.

DHTaabpnua (Temaocogepxkanue) cucrembl (H). @yHkIMs co-
CTOSTHUASI CUCTEMEBI, KOTOpast OOJIbIlle BHYTPECHHEH SHEPTUN CHCTEMBI
(U) na BenmuuHy pabotsl pacuupeHus (PV):
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H=U+ PV,

rne P— naBsnenue, V— o0beM.

EnvHuua sHTanbnuu— axoyib (JIX).

Ouransnusa xummueckoil peakuun (AH). VisMeHeHMe SHTATD-
MU TIPA XUMUYECKON pPeakInm.

OHTAIBINS peaKIIXA PaBHA TEIDIOBOMY 3(MdeKTy peakiuu IIpu
MOCTOSAHHOM HaBieHnu (Q,) ¢ 0OpaTHBIM 3HAKOM:

AH =—Q,

TepMoxnMHUYeCKOe ypaBHeHHE. Y paBHCHIEC XUMHIECKOM peak-
LIMM, B KOTOPOM IPUBEACHO 3HAYCHUE DHTAJILIIMU (WU TEILIOBOM
3¢ deKT) 3TO peaKIIMy U yKa3aHBI arperaTHbIe COCTOSHUSI pearcH-
TOB Y IIPOIYKTOB.

CylecTByeT dea cnocoba 3anucu mepmMoXUMUYECKUX ypasHe-
HUil: TePMOTUMHAMMYECKUI 1 TepMoxXuMudeckuii. [1o coBpeMeHHOMY
mepmoduHamuyeckomy Croco0y TerioBoit 3¢hdeKT peakilud B BUOE
SHTAJIBIINU 3aIMCBIBACTCSI OTAEIBHO OT XMMWYECKOIO YpaBHEHUS.
Hanpumep,

2H,5(r) + O,(r) = 2H,0(x), AH'=— 572 k]Ix

ByKBBI B KPYIJIBIX CKOOKaX Yy XUMUYECKUX (DOPMYJT yKa3biBa-
10T Ha TBepaoe (T), razoodpaszHoe (I') WM KUAKOoe (3K) arperaTHoe
COCTOsIHME BellecTBa. [0 TepMOXMMHUUECKOMY CITOCOOY TEILTOBOM
3 PeKT peakuuud B BUAE Qp YKa3bIBalOT B YPaBHEHUU XUMUYECKOM
peakiiuy crpasa mocjie mpoaykToB. Toraa 1ist 5K30TepMUYECKOM pe-
aKlMy 3HayeHue Qp 3aMUChIBAIOT CO 3HAKOM “+”, a ISl SHOOTEP-
MMYECKOM peakKlMu— CO 3HaAKOM “—”:

2C(1) + O,(r) = 2CO(r) + 220 x/Ix
C(r) + H,O(r) = CO(r) + H,(r) — 132 x/Ix

Eciu BeiecTBO moMMop(HO — YKa3bIBalOT €ro MoauMopd-

HYI0 MOIU(UKAIIAIO, HAIIpUMED:
2Mg, + O,(r) = 2MgO  + 1242,0 klx

Hopmaubhsie yenosua. Temreparypa 273K (0°C), naBieHue
1,013 - 10°ITa (1 at™, 760 MM pT. CT.).

Cranpaprubie yeaosusa. Temneparypa 298K (25°C), nasnenue
1,013 - 10°ITa (1 at™, 760 MM pT. CT.).

Mousipnas Temiora odopasosanust semecrsa (AH), Temora 00-
pa3oBanus BemecTBa [K/K; kkan]. TerioBoit a¢deKkT peakimu oopa-
30BaHUSI XMMMYECKOIO COEAMHEHMS U3 MPOCTHIX BELIECTB B KOJIMYE-
CTBE OJVH MOJIb MIPU MOCTOSIHHOM AaBjieHuu. MHaye roBopsi, MOJIsIp-
Hasg TerioTa oO0pa3oBaHMS BeEllECTBa— 3TO TEIUIOTA, BbIACIMBILASICS
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WA TIOTJIOIIECHHASI TP 00pa30BaHWM COCIMHEHUS U3 NPOCmbiX 6e-
ujecme B KOJIMYECTBE 00UH MOb.
2H, (r) + O, (r) = 2H,0(x) + 572 x/Ix

572
TerwioTa oopasosanust H,O = B3 =286 kIIx

1/2 H, + 1/2CIL, = HCI + 92 k[Ix
1/2 H, + 1/2Br, =HBr + 36 x/Ix YCTOIYABOCTH
1/2 H, + 1/21, =HI— 26 x[Ix

CraHmapTHas SHTAJIBOMA 00DPA30BAHKS BEUIECTBA, CTAHAAPTHAS
Teniota obpasosanus semectsa (AHC ., AHS, AHC ) [kIx/mMoab].

N3MeHeHne sHTAJIBIINN Ipn O6p330BaHI/II/I BE€ILIECTBA KOJIU-
YeCTBOM 1 MOJIb M3 MPOCTHIX BELIECTB TP CTAHIAPTHBIX YCIOBHSIX.

Hamnpumep, 13 TEpPMOXMMUYECKOTO YPABHEHMS PEAKIIUH 00-
pasoBanus okcuza asora(ll) us mpocteix Bewects N, u O,

N,(r) + O,(r) = 2NO(r), AH°= + 180 xx
caenyer, uro AH Ooﬁp(NO)Z +180k/Ix/2monb= + 90kJI>K/MOJIb.

CraHpapTHas 3HTaJbIUS 00pa30BaHUsI MPOCTHIX BEIIECTB
IIPUHSTA PABHOU HYJIIO.

Hyneeoe 3nauenue CTaHAAPTHOM SHTAIBINUKM OOpa30BaHMS
IIPOCTOIO BELLECTBA IPUITUCHIBAETCS MOAKO OOHOMY COCMOSHUIO STOIO
BellectBa. Hampumep, AH‘)oGp(lz ,T)=0k/I>X/MOJb, a A1 KUAKOTO U
ra3oo6pa3Horo uojua AHOOGP yXe He paBHbl HYIIO:
AH006p(IZ,}K)=22KH}K/MOHB, AH°06p(IZ,r)=62K,Z[>K/MOJIL.

BoNBIIMHCTBO BEIIECTB MMEIOT OTPUIATECNIBHBIC SHTAIBITHI
00pa3oBaHusI. DHTAILIMNA 00pa30BaHUS TBEPABIX COEIMHEHUI OObIY-
HO uMeIOT OoJiblive (1Mo abCOJIOTHON BEIWYMHE) OTpUllaTeSIbHbIE
3HAYCHUs, YeM BHTAJIbIIMKA 00pa30BaHUS I'a30B.

Yem Ooavue (10 aOCOMIOTHONM BEIWYUHE) ompuyamenvHoe
3HA4eHUe SHMAAbRUL 00PA308aHUs Geuecmea, mem 6onee YCMOUYUBO
MO Beulecmeo.

CieflyeT IIOMHUTD, YMO HMAAbNUSL 00PA308AHUSL OMHOCUMCA
K npodykmy 6 peakyuu e2o 00pa308anus, HAIIPUMEpP, DHTAJIbIINAS 00-
pazoBaHus CO onpenensieTcss M3 peakiluu:

2C(1) + O,(r) = 2CO(r), AH® =— 220 x/x
AH° . (CO) = AH°/n (CO)= -220 x/Ix/2momb = -110 KJIX/MOIb

obp
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Temmora cropanus (Q, — AH) [kkan; k/Ix]. TeroBoil a¢-

(hekT peakiMy TOpeHUsI OJHOIO MOJISI BellleCTBa, HapuMep:
C+0,=CO, + 393, 6 xklIxx

B o0meM ciyyae xapakTepu3yeTcss KOJUYECTBOM TEIUIOTHI,
BBIICIISIONIEIICA TP IIOJIHOM CTOpPaHWU B KUCIOpoae (BO3Myxe) OIl-
peneleHHOM MacCH BelllecTBa (ToIuiiBa). Ha mpakTuke TeTuioTy cro-
paHMsI OTHOCAT K OOHOMY MoJjito, 1kr, 1M® BelecTsa.

Crannapraas Temiora cropanns (AH®,,.) [kx/moub]. Vzme-
HEHUE SHTAJBIINY IIPY CTOPAaHMH BEIIECTBA KOJTMISCTBOM 1 MOJIb IIpH
CTaHIAPTHBIX YCIOBUSIX, HAIIPUMED:

CH, +2,50,=2CO, + H,0, AH®,, = -1295 kJIxx/monb

Crannaprnas sHTanbnusa cropanus (AH® ) To ke, yTo cTaH-
JIapTHas Teruiota cropaHus. CiemyeT IOMHUTb, M0 SHMAAbRUS C20-
PaHUS OMHOCUMCS K peazeHmy 8 e2o peakuuu c Kucaopodom. Harpm-
Mep, sHTaibNus cropaHus CO ornpeaesieTcsl U3 peakiiuu:;

2CO (r) + O, (r) = 2CO, (r), AH® = -566 x[Ix
AH®_(CO) = AH°/n (CO) = -556 k[Ix/2monb = -283 kJIx/Momb

Tepmoxumvusa. Paznenr TepMOIMHAMUKY, KOTOPBIA M3ydaeT 13-
MEHEHME SHTATBIIUU B XUMUYECKUX PeaKIUsIX.

Pacyer suTagbmiu xumuyeckoii peakuun (AH).

(AH)— 310 pa3sHOCTbL MeXIY CyMMOI SHTAILIINI 00pa30BAHUS
MPOIYKTOB PeaKIIMd U CYMMOI SHTAJIBIIMI 00pa30BaHUS PEareHTOB C
YYETOM KOJIMYECTB BEIIECTB, KOTOPhIC YIACTBYIOT B PEAKIIUU:

AH = 3 (nAH) (mponyktel)— 2 (nAH) (pearenTsi)
Hanpumep, cranmapTHasi 9HTaJIbIMS peaKkiuy OKMCICHUS] aMMUaKa;

4NH,(r) + 50,r) = 4NO(r) + 6H,0(r)
n, MOJIb 4 5 4 6
Aoy, I/ mom 46 0 +91 242

AR = [n(NO)AH'(NO) + n(H,0)[AH(H,0)] —
—[n (NH,)[AH(NH,)+n (0,)[AH(0,)=
=[4[(+91)+6[(—242)]—[4[(—46)+5[00)] = — 904 x[Ix

4.2. OcHOBHbBIE 3aKOHBI TEPMOXHUMHUHU

IlepBblii 3aKkoH TepMoxumuu (3akoH JlomoHocoBa-JlaBya3sbe-
Jlannaca). I1pu pasnoxeHuU CJIOKHOTO BellleCcTBa Ha MPOCThIE BElle-
CTBa MPOUCXOAUT M3MEHEHUE SHTAJBIIMMU, PABHOEC M3MEHEHUIO 3H-
Tanbnuu ( ¢ MPOTUBOMOJOXHBIM 3HAKOM) TIpU OOpa3oBaHUU 3TOTO
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CJIOXKHOTO BEIIECTBA M3 MPOCTHIX BELIECTB.
Hanpumep:
2HI(r) = H, (r) + L(r), AH*= —104 x[Ix
H,(r) + L(r) = 2HI(r), AH® = +104 xIx

Bropoii 3akon TepMoxumun (3aKoH I'ecca). DHTAIBIINS peak-
LIMM 3aBUCUT OT BMIA M COCTOSIHMSI peareHTOB U IPOAYKTOB, HO HE
3aBHCHUT OT IIPOMEKYTOUHBIX COCTOSIHIIT 1 ITYyTH TIepexona OT pearcH-
TOB K MPOIYKTaM.

3akon Tecca— OCHOBHOM 3aKOH TEPMOXUMUU, YACTHBIN CIIy-
Yyaif 3aKOHA COXPAaHEHMSI SHEPTUM.

Hampumep, okcup yriaepona (IV) MOXHO MOJTYYUTh ABYMS ITYyTSIMH:

1) U3 TIPOCTHIX BEIIECTB:

C(r) + O,(r) = CO, (1), AH® = -393 x/Ix

2) U3 MPOCTBHIX BEIIECTB CHayaja MOJYYUTh OKCHUI yriepoaa
(IT), a motom oxuciuTh ero Kucnopogom go CO,:

C(1) + 1/20, (r) = CO (1), AR = -110 x[Ix

CO(r) + 1/20, (r) = CO (1), AR = -283 x]Ix
CJIOXWB 3TU IBa YPaBHECHUS U UX TCIUIOBEIC 3(D(MEKTHI, ITOIYINM:

C(t) + O,(r) = CO, (r), AH = -393 k[Ix

Taxkum obpa3oM, B COOTBETCTBUU C 3aKOHOM ['ecca cymmap-
HBII TerutoBoi 3¢ @EKT ABYX ITOCIEIHNX PEAKIMii paBeH TEILIOBOMY
3¢ dheKTy NepBoro OAHOCTAAUMHOIO Mpoliecca.

Cnencreue n3 3akoHa I'ecca. TerioBoit 3(h(hHeKT XMMUIECKOU
peakIIuy paBeH cymme TEIUIOT 0OPa30BaHUS KOHeYHbIX TIPOTYKTOB 3a
BBIYETOM CYMMbI TETUIOT 00Pa30BaHUSI UCXOOHBIX BEIIECTB.

Hanpumep:

2Al + Fe 0, = 2Fe + ALO,

AR = 2% Hpy+ A H°(A1203)_ @% Hi +4 Hc(FezOs)Q

CaMonpou3BoJIbHbIE XUMIYECKHE peakiuu. Peakiim, KOTopbie
HUIOYT caMU I10 cebe (6e3 IToMOIIN U3BHE).

Ourpomus (S). OyHKIMS COCTOSTHMS, KOTMYECTBEHHAsT Mepa
Oecrnopsiika B CUCTEME:

S =k/nW
roe k— mocrosiHHas BbonblimMana, W— TepmMomuHaMu4eckKasi BepOsIT-
HOCTb OCYILECTBJICHUS JAHHOTO COCTOSIHUSI CUCTEMBI, T.€. YMCIIO MUKPO-
COCTOSIHUI, KOTOPBIE MOI'YT CYILIECTBOBATh B JAHHOM MaKPOCOCTOSIHHM.
Taxkum o6pa3oM, U30IMPOBAHHAS CUCTEMA CTPEMUTCSl TOCTUYDL Haubo-
Jlee TepMOIMHAMUYECKN BEpPOSITHOTO cocTostHUs. MHade roBops,
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CHUCTeMa CaMOITPOM3BOJILHO OKa3bIBaeTCsl B COCTOSIHUM, KOTOPOMY
COOTBETCTBYET HauOOJIbIlIee YNCIO BOBMOXHOCTEI ero peann3aliuu.

Teepiple BellecTBa, KOTOPIE XapaKTepU3YIOTCS YIOPSIOYEH-
HOH CTPYKTYpOIii, UMEIOT caMble HU3KME 3HAUEHUS SHTpONuUU. [a3bl,
MOJIEKYJIBI KOTOPBIX JBVIKYTCSI XaOTUYECKU, UMEIOT CaMble BBICOKHE
3HAUEHWs SHTPOITUW. DHTPONMS SIBJIsieTCs (PYHKIIMENH COCTOSTHUS CHC-
TEMBI, CJIeJIOBATEIbHO:

AS =S—§,

riae S,— SHTPONUS HAYAJIbHOTO COCTOSAHMSA CUCTEMBI, S,— SHTPOIMs
KOHEYHOTO COCTOSIHUSI CUCTEMBI.

B m3onmpoBaHHOI crcTeMe BO3MOXKHBI TOJILKO TaKHUe CAMOTIPO-
W3BOJIBHBIE TTPOLIECCHI, KOTOPBIE MPUBOAST K YBEJIUYEHUIO SHTPOIIUU:
AsS>0

DHTpoONMsI BO3pacTaeT J0 TeX Top, MOoKa B CUCTeMe He HacTy-
MUT COCTOSTHME TMHAMUYECKOTO paBHOBecus1. Koria cucrema HaxonsiTest
B COCTOSTHUW PaBHOBECUSI, SHTPOIHS UMeeT MaKCUMaJIbHOE 3HAYCHHME.

Craunnapraag surpomust (S°) [Ix/K]. DHTpomus BeLIeCTBa IPU
CTaHIAPTHBIX YCIOBUSIX.

Crangapraas MoaspHas satpomud (S°) [[Ix/K - Moib]. DHTpO-
MHSI BelIeCTBa KOJMYECTBOM | MOJIb.

M3MeHeHre CTaHAapTHON SHTPOIMUU XMMUYECKOU peakinu

(AS®) BbUMCHAIOT TIO (POpMyIIE
AS’ = 3 (nS)(ipomykTe)— 2 (nS°)(peareHTHl)

Hampumep, M3MeHeHNe CTaHAAPTHON 3HTPONMUU 00Opa3oBa-
HHUS aMMHaKa OyIeT MMETh CJIEAYIOLIEe 3HAYEHNE:
3H,(r) + N,(r) —» 2NH,(1)
n, MOJIb 3 1 2
S, Ox/(Khkons) 131 192 193

AS® = 20193 — (3031 + 192) = —199 Ixx/(Kkosb)

Oueprus I'nb6o6ca, ceodonnas sneprust (G). Oynkius cocrosi-
HUS CHCTEMBbI; Mépa BHYTPEHHEH 3HepruM, KOTopas MOXKET ObITb
MpeBpallieHa B MOJIe3HYI0 pabOTy MPU MOCTOSIHHOM JaBJICHUM U TEM-
nepatype. Omnpenensietcs: BeipaxkeHuemM G = H— TS, rme H— aH-
Tajaelmsi, T— abcoMoTHAsT TeMmIepaTypa, S— SHTPOIMS. DHEPTUS
I'u66ca yuursiBaet BimgHue AH u AS Ha XMMUYECKYIO peaKLuIo.

ITpu mocTostHHOI Temirepatype (71 = const)

AG= AH — TAS
rae AG — usmenenue sHepruu ['n66ca.

97



Bce camonpou3sBojibHbIe DU3MYECKUE U XUMUYECKHE ITPOoLIec-
Chl MAYT B HaIpaBJIEHUN YMeHbIIeHU 3Heprun I'mooca: AG <0

Takum o6pa3oM, TIPH CaMONPOU3BOAbHBIX NPOUECCAx SHTAIb-
MUs U SHTPOMUS MOTYT KaK YBEJIUYMBAThCS, TAK U YMEHbIIATHCSI, HO
suepeus Tubbca éceeda ymenvuiaemcs.

Ecau ja xumuueckoit peakuuu AG < 0, TO rOBOpAT, YTO
TaKasi peakuus 803MOJNCHA.

Eciu cuctema HaxomuTcs B COCTOSTHUY AUHAMUYECKOTO paB-
HOBECHUS, TO

AG= 0.

OOBIYHO OMpeNeNsIIoT cmandapmuoe uzmenenue suepeuu Tuo-
6ca AGQ, xorjga peakuus MPOTEKAET MPYU CTAHAAPTHBIX YCIOBUSX.

75 Toro yToObl BHIYUCIUTD CTAHAAPTHOE U3MEHEHUE SHEp-
run T'nub6ca G°, Hago 3HATH CTAHAAPTHOE U3MEHEHUE SHTANbIU AP,
CTaHIapTHOE M3MeHeHue sHTponuu AS 1 abCOMIOTHYIO TeMIEpaTy-
py, IpY KOTOPOI MIET NaHHas peakius:

AG°® = AH— TAS?

Hanpumep, crangaptHoe uaMeHeHue sHepruu I'mddca mist

peakumu pasnoxeHus: kapooHata maraus rpu 400 u 1000 K:
MgCO, (1) - MgO(1) + CO,(r)

AR, xIx/monms  —1113 —602 —394
SO, JTIxx/(K[sonb) 66 27 214

AH° = Z(nAH)(npoayktel) — 2(nAH %) (peareHTsl) =
= (—602) + (—394) — (—1113) = +117 xIX/MOJb;
AS°= 2(nS°)(mponyktel) — 2(nS°)(peareHTh)=
=27 + 214 — 66 = 175 Ix/(Khkonr)=0,175 xkIx/(Komb);
AGYy, = +117-40000,175 = +47 KJIX / MOJIb
NGy = +117-100000,175 = =58 kI / MOIb

Takum o6pazom, npu T =400K caMmomnpounsBojibHas peakiys
pasnoxeHnst MgCO, Heso3moxkHa (AG°>0), anpu 7' =1000K — Bo3-
MoxHa (AG?<0).

Credyem nomuums, ymo snax NG ykaswieaem moavko Ha 603-
MOJICHOCHb NPOMEKAHUs peakyuu, HO HUYEro He TOBOPUT O CKOPOCTHU
JTAHHOM peakiMu, KOTopasi 3aBUCUT OT BEJIMUMHBI SHEPTUM aKTUBALIWU.

Csooonas sneprus I'eanmrossna (F). TepmommHamuueckast
GYHKIIAST COCTOSIHUSI CUCTeMBI. Mepa YCTOMYMBOCTA CHCTEMBI TIPHA
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MOCTOSIHHOM 00BbeMe M TemIieparype. OrpenessieTcsi ypaBHEHUEM
F = U— TS, rne U— BHYTpeHHSsIsI 3Heprusi, T— abco0THas TeMIle-
parypa, S— surpomms. AF = AU— TAS.

ITepBoe HaYaI0 TEPMOAMHAMMKHM, IEPBBIA 3aKOH
TEPMOAMHAMUKH.

TermtoTa, cooblIeHHAas CUCTEME, PacXomyeTcsl Ha Ipupalie-
Hue BHyTpeHHeil sHeprun (AU) u Ha coBepuieHue paboThl (A) mIpo-
TUB BHEIIHUX CWJI. MaTteMaTuyecKoe BhIpaXKeHUe MepBOro Havaja Tep-
MOJMHAMUKM 3aMMChIBAETCS B BUJIE:

Q=AU+ A

IlepBoe Havyano TepMOIMHAMUKU— YACTHBIN Cllyyail 3aKOHa
coxpaHeHus sHepruu. M3 Hero ciemyer, 4yTo Il CUCTEMBI, Y KOTO-
poitl OTCYTCTBYET TEIUIOBOM OOMEH C OKpYXKalollei cpemoii, oOuui
3arac €€ BHYTPEHHEW 3HEPIUU OCTAETCS MOCTOSIHHBIM.

IlepBoe Hayajso TEPMOAMHAMUKM MOXHO 3alucaTb U B ApPY-
roM BUIIE:

AU =Q—A

Taxkas 3anuch 03HAYaeT, YTO B JIIOOOM MPOLIECCE YBEIUUEHUE
BHYTPEHHEI SHEPruU CHUCTEMbl BEIECTBA PABHO KOJMUYECTBY COO0-
IIEHHOW CHCTEeMe TEILJIOThI 32 BHIYETOM PadOThI, COBEPILIEHHOM CHC-
TeMoii. 3amacoM BHYTPEHHEH 2HEPIHHU o0JlagaeT Kaxkdasi CUcTeMa—
Oyab TO BEIIECTBO UM COBOKYITHOCTb BellleCTB. BHYTpeHHsIs1 sHeprust
CKJIAJbIBACTCSI U3 SHEPTUM BCEX BUIOB JABUXEHUS YACTULL, UMEIO-
IIUXCSI B CUCTEME (JIEKTPOHOB, Siiep, HYKJIOHOB, aTOMOB, MOJICKYI).
I1epBblit 3aKOH TEPMOJAMHAMUKY MO3BOJISIET COCTABUTh SHEPTreTUYEC-
KUl OGayiaHC Tpoliecca, HO He pacCMaTPUBAET BOIIPOCOB, CBSI3aHHBIX
C BO3MOXHOCTBIO MPOTEKAHUSI U HaNpaBIe€HWEM IPOLIECCOB.

BTopoe HA4YaJi0 TEPMOJIUHAMUKH, BTOpOl7] 3aKOH
TEPMOIAUHAMUKH.

JI106011 caMOmpOM3BOJIBHBIN MpoIecC MPOTEeKaeT B HaIlpaB-
JIEHUH, TIPY KOTOPOM CHCTeMa MEePEXOIUT U3 MeHee BEPOSITHOIO CO-
CTOSTHMSI B 00JIee BEpOSITHOE, T.€. COITPOBOXKIAETCST YBEIMUCHUEM SH-
tporuu (S). MHaue roBopsi, B MU30JIMPOBAHHOM CHCTEME CaAMOITPOU3-
BOJIbHBIE IIPOLIECCHI IIPOTEKAIOT B CTOPOHY YBEJIMYEHMSI SHTPOIIMMU.
Ipu AS>0 mpouecc TepMoarHAMUYECKH Bo3MOXeH, ipu AS<0 ca-
MOIIPOU3BOJIbHOE IIPOTEKAHKE IIPOLIECCa HEBO3MOXKHO.

MaremMaTu4eCcK BTOPO€ HAyaj0 TEPMOAMHAMUKU MOXKHO
BBIPA3UTh B BUIIE:
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AS = Q
T

B aTOM ypaBHeHMU 3HAK HEPaBEHCTBA OTHOCHUTCSI K HeoOpa-
THMBIM CaMOTIPOU3BOJIHBIM IpolieccaM, 3HaK PaBeHCTBA K oOpaTu-
MBIM TIpOLIECCaM.

BTopoe Hayano TepMOAMHAMUKY TO3BOJISIET:

— ONpeaeNuTh, KaKhe U3 MPOIIecCOB B JAaHHOU cHcTeMe Mpu
3aJJaHHBIX YCIOBUSIX MOTYT IPOTEKATh CAMOITPOU3BOJILHO;

— YCTaHOBUTb IPeJIe)T BO3MOXKHOTO CaMOITPOM3BOJIEHOTO TPO-
TEKaHUSI MTPOLIECCOB;

— ONpeaeNUTh, KAaKUMU JOJDKHBI ObITh BHEIIHWE YCIOBUSI,
YTOOBI MHTEPECYIOLIUIA TIPOLIECC TTPOTEKAI B Hy>KHOM HaIlpaBJICHUMU.

®a3za. ['oMoreHHast (OMHOPOHAST) YACTh T€TEPOTeHHON (HEO-
JTHOPOIHOM) CUCTEMBbI WJIM COBOKYITHOCTb OITHOPOIHBIX YacTell cuc-
TEeMBbI, 00J1amaoIasi OJUHAKOBEIM XUMHWYECKUM COCTaBOM M CBOWI-
CTBaMU, OTIEJICHHAs] OT OCTAIbHBIX YACTEW CUCTEMBI ITOBEPXHOCTHIO
paznena. Ha puc. 34 nana tpexdasHasg cucreMa: 1-g gaza— pryts (Hg),
2-9— Boma (H,0) u 3-a— Genson (CH)).

Puc. 34. TpexdaszHas cucrema: pTyTh
(Hg), Boma (H,0) u 6enson (CH)).

IIpasuao ¢a3. 3aBucumocth MexXay ynucioMm das (P), guc-
JIOM He3aBHCUMBIX KOMIOHEHTOB (K) paBHOBECHOI CUCTEMBI U YKUC-
Jiom cterneHeir cBooonbl (C), BbIpakeHHasi B BUAE COOTHOIICHUS
®d+ C= K+ 2. IIpaBuio (a3 omnpenessieT CBI3b MEXIY YNCIOM BHE-
LIHUX ¥ BHYTPEHHUX (PAaKTOPOB 1 KOJMYESCTBOM CYILIECTBYIOIINX (as3.
J1s XMMHUYECKHUX CUCTEM M3 BHELIHUX (PaKTOPOB PAaBHOBECHS HAU-
OoJibliiee 3HaYCHME MMEIOT ABa (pakTopa: JaBlIeHUE U TeMmIleparypa.
Ilon BHYTpeHHUMHM (aKTOpaMu paBHOBECHSI TOHUMAETCS YHUCIIO He-
3aBUCUMBIX KOMIIOHEHTOB cucteMmbl K. CiiegoBareibHO, 00lLee YUCIIO
¢akTOpoB, ompenessaolnuX (ha3oBoe paBHOBECHE, PABHSETCS CyMMe
BHEITHNX 1 BHYTPeHHMX (PakTopoB, T.c. K + 2. Yncio creneneii cBo-
6ombl C ompeaessieTcsl KaK pa3HOCTh MEXITy MaKCMMAaJIbHO BO3MOX-
HBIM 4yucioM a3, paBHbBIM K+ 2, 1 AeHCTBUTEIBHO CYIIECTBYIOLIUM
yucioM a3 B cucreMe: C= (K + 2)— @ wim @ + C= K + 2. [Ipasuio
(a3— OCHOBA MOCTPOECHUS Ouazpamm COCMOSAHUA.
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Jlmarpamma cocrosinus, (a3zoBas aumarpamma. [ paduueckoe
OIMCaHMUE BCEX BO3MOXHBIX (ha30BbIX COCTOSIHUI TePMOAMHAMUYECC-
KO# CUCTEMBbI B CUCTEME OCHOBHBIX ITaApaMETPOB COCTOSIHUS — TEM-
reparyphbl, 1aBjieHus1, o0beMa U coctaBa. Ha puc. 35 naHa auarpamma
COCTOSIHYSI OTHOKOMITOHEHTHOI1 CUCTeMbI BOIBI: 1— KpuBasi BO3rOH-
KM, 2— KpuBas IUIaBleHUsI, 3— KpuBasl UCIapeHus, A— TpoiiHas
Touka, K— kputuyeckasr Toyka.

Jaenenue

0 Temnepamypa
Puc. 35. IluarpamMmmMa COCTOSTHUST BOITbI

Tpoitnas Toyka. Touka Ha muarpaMMe COCTOSIHUSI, COOTBET-
CTBYIOII[as] PABHOBECHOMY COCYILIECTBOBAHUIO TBEPIAOW, XXUIAKONH U
razoo0pasHoii (ha3bl BelecTsa (cM. puc. 35).

Kputnueckas Touka. Touka Ha quarpaMme COCTOSIHUS, XapaK-
TepU3YIOIIasl KPpUTUIECKOE COCTOSTHIE BelllecTBa (CM. puc. 35).

Kputyeckoe coctosinue. CocTosiHUE BelleCTBa, MPU KOTOPOM
HCYE3aeT pasinuyre MEXIYy XUAKOCTbIO U HACHIILIEHHBIM ITapoM, T.€.
KOTI/JIa TJIOTHOCTD Mapa CTAHOBUTCSI PABHOM TIJIOTHOCTH XXUIKOCTH.

Kunkag dasza. 2Kunkas yacTb reTeporeHHO CUCTEMBI; 00J1aCTh
CYIIIECTBOBaHMS BELLIECTBA B XKUIKOM BUJIE HA IMarpaMMe COCTOSTHUSI.
OmHO U3 BO3MOXHBIX COCTOSIHUI TEpPMOAMHAMUYECKON CUCTEMBI.

Teepaas ¢a3a. Teepaast 4acTb reTEPOreHHOUN CUCTEMBI; 00JIACTh
CYIIIECTBOBAHMSI BELIECTBA B TBEPIOM BUE HA JUarpaMmMe COCTOSIHUSI.
OmHO 13 BO3MOXHBIX COCTOSTHUI TePMOIMHAMUYECKON CUCTEMEL.

®aszopblii nepexon. I1epexon BeliecTBa U3 OMHOM (asbl B Ipy-
ryto. I[TpoucxonuT npu UcnapeHuu, KpUCTALIU3AUM, TUIABJIEHUU U
Ipyrux npoieccax. Paznmyaior a3oBblii mepexo IepBoro U BTOpOro
pona. B nmepBoMm ciiyyae rIOTHOCTb, SHTAJBIIMS U IPYTrUe TepMOIMHA-
MHYecKre (YHKIINH NU3MEHSIOTCS CKauyKOM, BO BTOPOM YKa3aHHEBIC
BEJIMUMHBI HEMPEPBIBHBI, & CKAYOK MCIBITBIBAIOT ITPOU3BOIHBIE 3TUX
¢yHKUMI 1O AaBJIEeHUIO U TemIieparype. [Ipumepamu (azoBoro rnepe-
X0Jla TMEPBOrO poJa CIYXKAT BCE arperaTtHble MpeBpalleHusi, BTOPO-
ro— nepexon deppoMarHeTuka B rapaMarHeTHK.
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