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NPENTUCIIOBHUE

B xiaccuyeckux yHUBepcHTETaX PocCHM XUMHUYECKOe 06pa3oBaHUE TPATUIIHOHHO
HaYWHAaeTCs C Kypca HeOpraHM4eCcKol XMMHH, coIepXaHHe KOTOPOro CYLIECTBEHHO
OT/INYaeTCd OT OOHOMMEHHOIO B GOJIBIIMHCTBE 3apyOeXXHBIX YHUBEPCUTETOB. TaM,
KakK NMpaBWJIO, HEOPraHUYECKOM XUMMH, IIpeNnoJaBacMoi Ha CTaplIuX Kypcax, IIpen-
IeCTBYET U3ydyeHUE (PU3NYECKOM, aHATUTHICCKOM U OPraHM4eCKOd XUMUHU, KOTO-
prie dopMuUPYIOT GYHIAMEHT XMMHUUYECKNX 3HaHUi1. HECOMHEHHO, YTO OTe4EeCTBEH-
HbBII ONBIT XMMWYECKOro o6pa3oBaHHs 00jiee COOTBETCTBYET HCTOPUYECCKOM JIOTHKE
pa3BUTHUI XUMHH, HO OTHOBPEMEHHO CO3JaeT HEMAJIO TPYIHOCTEN, 00YCITOBICHHBIX
OTCYTCTBHEM Y CTYEHTOB-NIEPBOKYPCHUKOB (PU3HKO- XHMHYECKOIH MOATOTOBKH, HE-
00XOIUMOM IS H3y4EHHUS OCHOB HEOPraHUYECKOH XMMHUU Ha YPOBHE COBpPEMEHHBIX
TECOPHUI U MPEACTABICHUIA.

OGpa3oBaTeJIbHBIN CTaHIapT 1o crienranbHocTH 011000 «XuMUS», TIPUHSATHIA B
1999 r., Ho Moka He OOECHeYeHHBI B MONHOI Mepe ydeOHOIl JIUTepaTypoil, Npu-
3BaH B ONPEACIICHHOI Mepe YCTPaHUTh 3TH HEAOCTaTKH.

MHorue y4e6HUKH 110 HEOPraHU4YECKOM XUMHUH HECOMHEHHO 3aCTy>KMBalOT BHU-
Mauusg. K HUM OTHOCATCH, B YaCTHOCTH, KHHI'H, HanucaHHble H.C. AXMETOBBIM,
A.A. Yraem, M. X. Kapanetsguuem, C. . IpakuasM, A. B. CyBopoBeM, A.B. Hu-
KoJbCKUM. IIpensiaraeMelif BalieMy BHUMaHHIO YI€OHUK CO31aH KOJUTEKTHBOM Ipe-
noxaBateneii kadenpbl HEOpraHUYECKONH XMMHH XHUMHYecKoro (dakynereta Moc-
KOBCKOTI'O IOCYIapCTBEHHOTO YHHUBEepCcUTeTa MM. M. B. JIoMOHOCOBA Ha OCHOBE MX MHO-
TOJIETHETO ONKITA M MOJTHOCTHIO COOTBETCTBYET TOCYIapCTBEHHOMY 00pa30BaTeIbHO-
My CTaHJapTy no cnenranbHOCcTH 011000 «XuMusg» ¥ NporpaMMe MOATOTOBKYM 6aka-
JIaBpoB 10 HanpableHUIO 510500 «Xumusi». YueGHUK U3IaeTcd B Tpex Tomax. B mep-
BOM TOME U3TOXEHBI GU3HKO-XHMUMECKHUE OCHOBBI HEOPraHuYeckoi xumuu. Bo BTo-
poM ToMe OYIIET pacCMOTPEHAa XMMHUS 3JIEMEHTOB IMIaBHEIX rpynin Ilepuonndeckoit
cucteMnl a5eMeHToB J[. U. MennesneeBa. HakoHell, B TpeTheM TOME IIPEOIIOIAraeTcs
PacCMOTPETE XUMHUIO d- H f-3iieMeHTOB. OCHOBHOE BHMMaHHUE yIEJICHO YCTaHOBJIE-
HUIO B3aUMOCBS3€ MEXIy CTPOCHHEM BEILIECTB M UX NMPEBpalICHUsIMU B HEOPTaHHU-
YeCKHX CHCTEMax Ul Pa3IMYHBIX 3JIeMeHTOB [lepuonudeckoii cucremsl. Ilonuma-
HHE 3THX B3aUMOCB3€i OTKPBIBAET MYTh K CO3MAaHHMIO HEOPraHUIECKUX BEIECTB U
MAaTepHAIOB C NPUHIUIIHAILHO HOBEIMH QOYHKIHOHANBHEIMH U KOHCTPYKIIHOHHBI -
MU CBOMCTBaMH. SIpKHM MOATBEPXKICHUEM TIOHOTBOPHOCTH TAKOI0 MOAX0AA SBIIA-
eTCs TOSBJICHHE HOBBIX IOKOJEHHIT CBEPXMPOBONSIIIMX KYMPaTOB, MAaHIaHUTOB C
KOJIOCCAIbHEIM MarHUTHBIM CONPOTUBJICHHEM W HAHOKOMIIO3UTOB C ITOMYIIPOBOI-
HHUKOBBIMU KBAaHTOBBLIMHM TOYKAMH, B CO3HaHHE KOTOPBIX 3HAUYMUTEJILHBIM BKIaI BHE-
CJIH COTPYIHHMKH XUMHYeCcKoro ¢baxynbpTeTa u daKyibTeTa HayK 0 MaTepuanax MI'Y.
OCBOCHHE TEOPETHYECKOTO MaTepHasa Mo HeopraHMYECKoH XMMHH HEMBICIUMO 6€3
SKCIIEpUMEHTaNBHOM paboTHl B JaGopaTopuu. B emMHBIN METOMMYECCKUM KOMILUIEKT
BMECTe C JaHHBIM Y4eOHHMKOM BXomuT «[IpakTHKyM MO HeOpraHMYECKOH XHMHH»,
HaITMCAHHBII KOJUTEKTHBOM aBTOpOB NoJx pexpakumeii akanemuka IO. [. TpeTbsaxkona.
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ITpu HanucaHuH y4e6GHMKAa IOMMMO LIHPOKO U3BeCTHHIX KHUI H.C. AxMeToBa,
b.B.HekpacoBa u Opyrux, JaBHO CTaBIUMX KJIACCHYECKWMH, aBTOpPBhI aKTUBHO HC-
MOJIb30BaNK ONHT MOCHEeIHUX H3gaHWil yye6HuKoB II.9tkuHca, H.I'punByna,
Ix. Xeion, K.XayckpodT, 4acTh U3 KOTOpPLIX MpaKTUYECKH HEU3BECTHA POCCHIA-
CKOM CTYNEHYECKOM ayOUTOPHM MO MPHUYWHE OTCYTCTBUS IEPEBOJOB HAa PYCCKHIA
SI3BIK.

Y4eGHMK NpeaHasHAYeH VIS CTYACHTOB XHMUYECKHX (DaKyIbTeTOB YHUBEPCUTE-
TOB M TEXHMYECKUX BY30B, OYHET IOJIE3¢H.acCnUMpaHTaM, HAaydHHIM DaGOTHUKAM H
y4YalUMCs CTApLINX KJIACCOB, MHTEPECYIOIIUMCS XUMHEH.

ABTODBI CTApaJTUCh Y4eCTh GOTaThIi ONBIT M TPALUIIMY NIpeIioaaBaHUs HEOpraHU-
Yyeckoi XMMHH Ha xuMuueckoM dakyibrere MI'Y, MaTepuanbl METOIHYECKHX MO-
cobHif, HamMCaHHBIX IpenojaBaTesaMu Kabenpsl — WM. D.T'paboem, H.A.{oOpkI-
uuHONi, M. A. IIpecuskosbiM, B. . ITytiseBriM, M. T. Po3osoii, I'. B. lllmanyeHko,
A.B.IlleBesbkoBBIM. IleHHEIE COBETH U KPUTHYECKUE 3aME€UaHUs ObUIM MOTYYCHEI
OT MHOTHX IpelnoaaBateieil U COTpYOIHUKOB Kadeapsl HEOPTaHUYECKONH XUMHH —
A.W1.Xuposa, E.A.JlaByr, 1. B.Mopo3soBa, H.H.Oneitnuxosa, B.W.Ilytisesa,
M.T. Po3sosoif, A. M.TackkoBa u Jip. ABTOpH 0c00eHHO GirarogapHsI A. B. Illesenn-
KOBY, O3HaKOMHBILIEMYCSI C TEKCTOM PYKOIIHMCH H CIEJIaBIIEMy MHOIO MOJIE3HBIX U
HeHHBbIX 3aMeyaHuid. ITpu monpGope WTIoCTpanuil U TEXHUYECKOH MOATOTOBKE PYKO-
MHCH HEOLEHUMYIO IToMorb okasanu A.B.JIykammu, C.SI. Uctomun, P. B. ITanun,
C.H.JTunauk, U.T.Tumoxuu, M.II. Hukudopon, K. C.Hamonsckuif, C.H.Cag-
BuH, JI. B. BopoBckux, B. A. Beptiu6, I1. M. Cronspos, K. M. Tpodumos, IT. C. Bep-
noHocoB, C. H.CeMmeHOB.

ABTOpHI 6J1aroapAT peleH3eHTOB KHUTH — 3aBedylomero Kadenpoii HeopraHu-
yecKOM M aHATUTHYECKOI XMMHH TBepCKOro rocyqapCTBeHHOTO YHHBEPCHTETA IIpO-
deccopa U.I1.Topenosa u npodeccopa Bricimero xumuuyeckoro kosmremka PAH
A.B.IpocnaBuena.

CBOH KpUTHYECKHE 3aMeYaHHs U TIPENJIOKEHHUS IO YIIyJIIEHHIO pYKOIIMCH aBTO-
PH TIPOCSIT HaNpaBJIATh Mo aapecy: 119899 Mocksa, Bopobbessl I'opel, MI'Y, xu-
MIdeckuii paxynbTeT, Kadeapa HEOPraHuIeCKON XUMHUH.

Aemopw




OBPAINIEHUE AKAJEMMHMKA 10.J. TPEThbSAKOBA
K MOJIOIOEXH

TpynHO cKa3aTh, OTKyJa OepeT Hayajao HeopraHuyeckas XMMHUSI, HO HECOMHEH-
HO, YTO K €€ HCTOKaM MOXHO OTHECTH HEATeJIbHOCTh MEPBOOBITHOIO 4YejIOBEKa,
OpOCHBIIIETO B KOCTEP KYCKH IpHpoaHoro reMatuta Fe,0O3; U, TeM CaMbIM, BIIEPBLIC
OCYIIECTBUBIIETO BOCCTAHOBJIEHHE €r0 YIJIEPOIOM B COOTBETCTBUM C YPaBHCHUEM
XMMHUYECKOH peakiuu '

2Fe,0; + 3C = 4Fe + 3CO,

OcBOeHHE YEJIOBEYECTBOM OCHOB METAJLTYPIrUM O3HAMEHOBANO PEBOIIOLMOHHBIH
MEPeJOM B HCTOPUH LIMBUJIM3AlIMH — TIEPEXOJ OT OPOH30BOI'0 BEKA K XKEJIE3HOMY.
M xoTs ¢ Toro MOMeHTa IPOIIIO HECKOIBKO THICSUENICTHH, 3Ty PEaKUHIO UCCIEOYIOT
U 1o ceif AeHb. Bo-NepBhIX, U3-3a €€ UCKIIOYUTEIbHON BaXKHOCTH B COBPEMEHHOM
METAJUTYyPrUi U METAJUIOBEICHUH, 4, BO-BTOPBIX, U3-3a MOSABJICHUS HOBBIX (PUUKO-
XUMHYECKHUX METOJOB MCCIACIOBAHUS COCTaBa, CTPYKTYPHl U CIIEKTPOB IPONYKTOB
BOCCTAHOBJICHHMA KaK B 00beMe CUCTEMBI (10 HAHOMETPOBBIX pa3sMEpOB — IOpPsIKa
10~° M), TaK ¥ BO BpEMEHHM (10 MUKOCEKYHIHBIX TPOMEXYTKOB — mopsaka 10712 ¢).

Ho xene3o — nuls OIMH U3 XMMUYECKHUX IIPOAYKTOB, IIOTYYEHHBIX YEIOBEKOM.
OOfmIee Xe YMciI0 XMMHYECKHUX COeAMHEHUT, CHHTE3UPOBAHHBIX MCKYCCTBEHHO MITH
BBIIEJIEHHBIX U3 MIPUPOJHOrO CHIPBSA, COCTaBIAeT OKOJI0 20 MJIH ¢ BO3MOXHBIM IIE-
PHOIIOM YIBOCHHS UX YMC/Ia, PABHBEIM 8 romam.

Eciu Xe NpUHSITE BO BHUMaHUE, YTO XMMHKAM MPUXOAUTCH UMETh JEJIO HE TOJILKO
C YUCTHIMU XUMHUYECKUMH BEILECTBAMH, HO M C Pa3HOOOpa3HBIMM PacTBOpaMHu U
MEXaHUYECKUMHU CMECSIMH, TO YUCIO OOBEKTOB XUMHYECKOIO UCCIICAOBAHUS CTAHO-
BUTCS HEONpeAcieHHO GOJBLUIMM U, HECOMHEHHO, TpeOyeT CUCTEMHOIO MOIXOIa,
OCHOBaHHOI'O Ha TPaMOTHOM HUCHOJIBL30BaHUM (PyHIAMEHTAIBHBIX XUMMUIECKUX 3aKO0-
HOB, YCTAHOBJIEHHBIX B pe3y/ibTaTe 00001ieHUS MHOMOYUCIEHHBIX 3KCIEPUMEHTANb-
HBIX JAHHBIX. B MX YHCIIO BXOASAT OCHOBHBIE 3aKOHBI XMMHYECKO# TEpMOTMHAMMKH U
KWHETUKH, Nepuonudeckuit 3akoH . . MeHneneeBa U ero rpadpuyeckoe u3obpa-
keHUe B BuAe [lepuoaudeckoii CUCTEMBl XUMHUYECKUX 3JIEMEHTOB, KBAHTOBLIE 3a-
KOHBI, OIIMCHIBAIOIINE TTOBEICHUE MUKPOOOBEKTOB, BKIIIOYAsA 3MEKTPOHBI, aTOMBI U
MOJIEKYJIBI, MOJIETH XHUMHYECKOH CBA3H B MOJIEKYJaX, KPUCTaUIaX, KOOpIMHALIM-
OHHBIX COCIUHEHUSX U T. 1.

Bce oM B TOIf MM MHOM Mepe paccCMaTpUBAIOTCS B HACTOAIIEM Y4eOHUKE, XOTA
orpaHHYeHHas MONrOTOBKA CTYIEHTOB-NEPBOKYPCHUKOB 110 MaTEMaTHKe, (PU3HKE U
MeXaHHKe, eCTeCTBEHHO, 3aCTaBWJIa aBTOPOB OrpaHUYUTHL HUINOXKCHHE TECOpETHYEC-
CKMX KOHIUCNUMH HIOCTATOYHO 3JIEMEHTAPHLIM YDOBHEM.

IIpu BCex YyCHOBHAX CIENyeT UMETh B BHUIY, YTO XHUMHS — He MaTeMaTHKa W
MOMUMO JIOTHYECKUX MOCTPOCHUM TpeOyeT OOLIMPHBIX 3MIIUPUYECKUX 3HAHUU U
HHTYMIIMH, POJIb KOTOPOM HMCKITIOYMTEILHO BaXHa. B XMMMH MO-IpeXHEMY Cylle-
CTBYIOT TakMe 00JIaCTH HCCIEeIOBaHUS, YCIIeX B KOTOPHIX OMPEACIseTCS TBOPYECKH~
MH CITOCOGHOCTAMH OTHETBHBIX JWYHOCTEM, M B 3TOM OTHOLLIEHUH XHMHUYECKOE TBOP-
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YECTBO OKA3BIBAETCA CPOITHHU XYHOXKECTBEHHOMY. B 3TOi CBA3H YMeCTEH BOIIPOC, CKOJb-
KO HaIO ITO3TOB MJIM XYIOXHHKOB, CIIOCOGHBIX CO31aTh TBOPEHHE, COU3MEPHUMOE C
tparegusamu Y. Illekcnupa wim Tunmana. DTOT XKe BOMPOC MOXHO aipecoBaTh U MO
OTHOIHEHMIO K OTKpHTHAM M.JloMOHOCOBa U A.JlaBya3be, A.ABorampo u U. Bep-
nenmyca, K. IIpycrta u H. Kypuakosa, [I. Tu66ca u C.Appenuyca, . MeHneineepa
u P. Xoddmana, A.Jle Ilatenne u M. Kiopu-CxknanoBckoit, JI. ITomuura u Y. Ipu-
roXrWHa U MHOTHX APYTHX XUMHKOB-HCCIIEIOBaTeNeH,

B 3akimodeHne CleNyeT OTMETUTh, YTO B YCIOBUAX NedunuTa 3HEPIUH, MUHE-
PAIBHOIO ChIPbS, BOOHI M 3KOJIOTMUYECKH YMCTON OKpyXalouleil cpenpl 4einoBeye-
CTBO HE B CHJIAX CIIPAaBUTLCA C COLHMANBHBIMHU pobiieMaMH 0e3 MHTEHCUBHOIO pa3-
BUTUS XMMUHM M TIpUMEHEHHS ee NOCTIKeHMM. JJOCTaTOYHO cKa3aTh, YTO CBHILIEC
90 % moTpebnsieMoil 3HEprHH OGHIECTBO TIONYYaeT, MUCIOJIB3YA XHUMHYECKHE ITIpe-
BpaneHus. M eciiM coBpeMeHHAas 3HEPreTHKa CO3JacT MHOXECTBO 3KOJOIMIeCKUX
npoGieM, TO BHHOBATa B 3TOM OTHIOAb HE XUMHWUYECKasl HayKa, a HeTpaMOTHOe WJIH
HeHOOGPOCOBECTHOE MCIIONIL30BAHUE TOIO, UTO SBISICTCS MPOALYKTOM €€ HIesITeJIbHO-
CTH, OyIIb TO XHMHUYECKHUE TIPOIIECCH], TPOXYKTH WJIM MaTepHAIEL.

Akanemuk IO. 1. TpeThaKOB



NPEAUCIIOBHE K INIEPBOMY TOMY

B nepBoM Tome (aBropsl M. E. Tamm, 1O. 1. TpeTraK0OB) pacCMOTpeHH (U3UKO-
XMMHWYECKHE OCHOBEI HEOPraHMYECKOM XUMHH, HEOOXOMUMBIE JJIS MOCIEIYIOIIETO
HITOXEHHUA XUMHH 3JIEMEHTOB, NNPOCTHIX BEIECTB U COCIUMHECHHUIA.

B niepBoif m1aBe KHUTH HIATOKEHBI OCHOBBI XUMHYECKOM TEPMOAMHAMMUKH H OIIH-
CaHO MX MPUMEHEHNE K PasHOOOPasHBIM (MHU3NKO-XHMUUECCKUM CHCTEMaMHi U TIpe-
Bpal€HHAM, BKII0Yast (a30BbIE PABHOBECHS, OKHCIUTEIHHO-BOCCTAHOBUTEILHEIE
M KHCJIOTHO-OCHOBHBIE peakliii. BriepBrle B yueGHHKE 110 HEOPIAHWYECKON XUMHHU
BBEIECH Pa3lie, HOCBAICHHE Ha4albHBEIM NMPEACTABICHUSM O HEPaBHOBECHOM Tep-
moxuHamuke. [lanee paccMoTpeHB Haubonee o01ue NOJOXKECHUS XUMHIECKOM KH-
HETHKHM, B TOM YHCIIe U IS TBepaodasHbIX peakiuii. JIunIe 3ateM ciieyioT pasje-
JIBI, IOCBAIIICHHBIE COBpEMEHHBM MPEICTABICHUAM O CTPOCHHH aToMa H XHMHYe-
CKoif ¢cBs3U. B 3TOi1 YacTH 1oCcTaTOYHO noapobHO ISt y4eOHUKA 10 HEOPTaHNYECKOM
XMMHUH IS CTYJEHTOB MJIANIINX KypCOB HINIOXKEHBI BOIIPOCH CTPOSCHHA TBEPIOIO
Tela U KOMIUIEKCHBIX COeHMHEHUM. B KHHUIe TakXe pacCMOTPEHBI HEKOTOPBIE OT-
JIEIbHBIE ACTIEKTH PATMOXUMMH, TPOUCXOXICHUS XUMHUICCKHUX 3JIEMEHTOB U TEOXH-
mun. IIpHHATas noCHeq0BaTEILHOCTE HATOXKEHUSI MaTepHaia COOTBETCTBYET MHOTO-
JIETHEM TpaKTHUKE MPEerojaBaHHUsI HEOPraHMYeCKO XMMHUHU Ha MEPBOM Kypce XMMHU-
yeckoro ¢daxynerera MI'Y.

Kaxnplit pa3nen KHUTH CONPOBOXIAETCA NOIAPOOHBIM pa3bopoM 3a1ad, a B KOH-
1Ie BCeX IVIaB ITOMEIECHEI BONPOCH U 3agaHus. B ITpunoXeHUIX IpHUBeIeHbI TAGTHITEI
TEpPMOIMHAMUYECKUX BEJIMYMH U IPYTHE BCIIOMOraTe/IbHbIE MATEPHANIEI.
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Fnasa 1
HAYAJIA XUMHWYECKO TEPMOJIWHAMUMKU

Xumuyeckass TePMOIMHAMHKA — pPa3lesl XUMUHU, U3y4daloluii 3HEPreTUKY XU-
MHYECKHX M (Ha30BBIX MPEBPAIiEHMI, HANIpaBICHHUE MPOTEKAHUA MPOLECCOB B du-
3UKO-XHUMHUYECKHX CHCTEMaX, XMMUYECKHE U (ha30BbIE PABHOBECHSI.

TepMonuHamMuka (IOCIOBHO — HayKa O IBWKEHWM Teria) 0asuUpyeTcsl HE Ha
MOCTYJIaTaX, a Ha 3KCIEPHMEHTAJILHO MOATBEPXIEHHBIX OOBEKTUBHBIX 3aKOHOMED-
HOCTIX, ChOpMYJIHPOBAHHEIX B OCHOBHHIX Hadanax. [lepBoe Hayano TepMOIUHAMH-
KM ABJIAETCA BBIpAXKEHUEM 3aKOHA COXPAHEHHWS SHEPIWH, a BTOPOE YKa3hIBaeT Ha-
MpaBJIEHHE CaMOIPOM3BOJILHOIO MPOTEKaHMA Mpolecca. Ha OCHOBAaHUU TepMOIU-
HaMMYECKHX PacyeTOB MOXHO, HAllpUMEP, YTBEPXKUATh, UYTO PEaKIUs

2H2 + 02 = 2H2O

OTKPHIBAIONIAA ITYTh K CO3NAHUI0 SKOJIOIMYECKH YUCTON BOMOPOINHON 3HEPIrETHKH,
NPUHUMIHAIEHO BO3MOXHA NpH 1060l Temneparype Hioke 5000 K u naBnmeHuwu,
6mu3KkoM K 1 atM. BMecTe ¢ TeM, XOpOILIO U3BECTHO, YTO CMECh BOLOpOIA ¢ KUCIIO-
POIIOM B ITHPOKOM MHTEPBaJIE COCTABOB U TEMIIEpATyp OCTACTCS XUMHYECKU HEU3-
MEHHOM, €CJIH HE YBEJIUYUTb CKOPOCTh B3aUMOIEHMCTBUS BBEIICHUEM KaTajlM3aTopa,
HanpuMep, TUTaTHHBI. TepMOIWHAMHKa, OTBeYast Ha BOIIPOC O BO3SMOXHOCTH IPOTeE-
KaHHUA Ipolecca, HUIEro He TOBOPUT O €ro CKOpOCTH. CKOpOCTh XUMUYECKHUX Peak-
LM U3y4aeT XUMHYECKasi KHHETHKa, U 00 3TOM pedb IMoiineT B IJI. 2.

1.1. DHEPTETUKA XUMHYECKHUX U ®A3OBBLIX IIPEBPAIIIEHUN

1.1.1. OcHOBHbIe MOHATHA XHMHYECKOH TePMOJIHHAMHKH.
Ilepeblii 3aKOH TepMOIHHAMHKH

OCHOBHEIE TTOHSTHSA XUMHUYECKON TEPMOIUHAMHUKH MB!I BBEIEM, OOpaTUBIUIUCH K
KOHKpeTHOMY nipumepy. IIperncraBuM ceGe, YTO B 3JIaCTHYHOM U FEPMETHYHOM pe-
3WHOBOM OaJUTOHYHMKE HaXOIMTCS HACHIIECHHBIN pacTBOp COJHM, HEPAaCTBOPEHHAs
coJib B (POpME KPUCTAIUIOB U T1ap Hal pacTBopoM (puc. 1.1, a).

ConepxuMoe GaUTOHYMKA ABIAETCH OGBEKTOM HUCCIIENOBaHMs, OGLIYHO Ha3bIBa-
.€MBIM TEPMOIOUHAMHUYECKOM cucTeMoit. Torma Bce, YTO HAXOOUTCS BHE CUCTEMHL,
COCTaBJIAET OKPYXAIOIylo cpeny. B Gojiee 061eM citydae, mepmoouHamu4eckas cu-
cmema — 3TO COBOKYITHOCTD TeJI, CIOCOOHBIX OOMEHUBATHCS APYT C APYTrOM SHEPIH-
€# M BEILIECTBOM M I10-Pa3sHOMY B3aMMOJIEHCTBYIOIINX C OKpyXatomieit cpenoil. B pac-
CMOTPEHHOM BEHILIe TIpuMepe (puc. 1.2, a) cucrtema MOXeT OOMEHHMBATBCS C BHEITHEN
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Cpeo#l TONBKO 3HEPrUE, HO HEe BEIIIECTBOM.

Takue CHCTEMBI IPUHATO HA3KLIBATh 3GMK-

‘ . HymbiMu, UM 3axpoimamu. B oTimame ot
w HUX, CHUCTEMBI, KOTOpbIE MOTYT OOMEHHU-
BaThCA C OKPYXAaWOMIeH CpeHo U 3HEPrH-

P, W, T =" eif, U BEIECTBOM, Ha3bIBAIOT OMKPbIMbIMU

P, Vo, T, (puc. 1.2, 6), a Te, B KOTOPLIX HUKAKOH

OOMEH HE BO3MOXEH — U30AUPOBAHHBIMU

a 6 (puc. 1.2, g). IIpuMepOM OTKPHITOM CHCTE-

MBI SBISCTCS JTIOOOM XUBOM OPraHHU3M,
IOL/IOLEHAH TEIUIOTHL: KU3HEHEATEIBHOCTh KOTOPOIo MOMIEPKU-

a — HayaJbHOE COCTOAIHHE; 6 — KOHEYHOe CO- BACTCA TONLKO Graronapsi HEMpepHBHOMY
CTOSHUE OOMEHY C OKpyXaltonieil cpenoif Kak Bere-

CTBOM, TaK W 3Heprueit (mMpouecch JbIxa-

HMA, MUTaHUA, OUOreHe3a, MeTaboIU3Ma).

Hrak, o6bekT ucciaenoBanud sceH. O6paTUMCS K pACCMOTPEHHIO IIapaMETPOB —
BEIHYHH, XapaKTepusylomux cucreMy. OHU JeisTcd Ha jaBe Tpynmnsl. ITepByio co-
CTABJISIOT TaK HAa3LIBAEMBIE UHMEHCUBHbBle TIADAMETPHI, BEIMUMHA KOTOPHIX HE 3aBU-
CHUT OT KOJIMYECTBA BeqecTBa. K HUM OTHOCATCS, B 4aCTHOCTH, TeMmeparypa (1),
nasnieHue (P), MossipHas KoHueHTpauus (C). BTOpyio Ipyminy cOCTaBASIOT 3KCMeH-
CugHble IAPAMETPBI, 3aBUCAIIME OT KOJIMYECTBA BelleCTBa, HAIPUMEp, Macca (M)
obweMm (V).

YTO NpOU30UIET, €CIIH GAJUTOHYMK HArPeTh, T. €. K CUCTEME TIOABECTH SHEPIUIO B
BHJie TEILTOTHL (pHc. 1.1)? Bo-nepBbix, TemMneparypa noBeicutesd oT 1) no 7. JlioGoe
M3MEHEHUE OOHOIO WM HECKOJIBKUX MapaMETpOB CHCTEMBI Ha3bIBAIOT MepMoouHa-
Muteckum npoyeccom. I1OBBIIIEHHE TeMIIEPaTyphl, B CBOIO O4YepEIhb, BHI3OBET H3MeE-
HEHUE 8Hympetneil 3nepeuu cucteMsl (U). BHyTpeHHAS 3HEPrus onpenenaeTcsd CyM-
MAapHBIM 3a11aCOM COCTaBASIONIMX CUCTEMY MOJICKYJI, aTOMOB, 3JIEKTPOHOB, SIIEP U
T.[. U CKJIaObIBAECTCS B OCHOBHOM M3 KMHETHYECKOM SHEPTrUM YKA3aHHBIX YaCTHI U
SHEPIUH B3aUMOIEHCTBHS MEXIY HUMU. AOcoaomHoe 3Ha4eHue BHympeHHell JHepeui
HU usmepumbo, HU paccHumams HeAb3s, MOXHO ONPEHEIUTh TOJILKO €¢ U3MEHEHHE B
pe3yipTare Kakoro-jiubo nponecca. Heob6XxonuMo UMEThL B BHAY, YTO H3MEHEHHE
BHYTPEHHEH SHEPTUH JIIO00M CUCTEMBI NPH HEPEXOJiE U3 OIHOrO COCTOSHUA B ApY-
roe He 3aBUCHUT OT IyTH Mepexoia, a ONPEHEIeTCs TOJIBKO HAYaNbHBIM M KOHEY-
HBIM COCTOsiHMeM. B HalreM npuMepe 3TO 3HAYMT, YTO MOXHO CHayajia HarpeTh CO-
JEPXKUMOE BAITIOHYMKA 0 TeMIiepatyphl 13 > T,, a MOTOM CHOBA OXJIaAUTh GaJlJIOH-
YUK 10 TeMrepaTypsl 7,, Ipd 3TOM U3MEHEHHWE BHYTPEHHEI 3HEPIHH CUCTEMEI Oy-
JIET TaKUM XK€, YTO ¥ NIpU HarpeBaHUM JO TeMmuepaTyphl 7,. DTO 03HayaeT, 4TO
BHYTPECHHSISI SHEPIUsA CUCTEMBI SBIACTCH QyHKYUel cOCMOAHUA, T.€. HE 3aBUCHUT OT

MyTH Iporecca:

Puc. 1.1. IlpuMep UBMEHEHHUA B CUCTEME TTPH

m E m E m E

a 6 '3

Puc. 1.2. Ilpumepnl 3aKpbITOit (a), OTKPHITOH (6) U H30JIMPOBAHHON (8) cHCTEM
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AU=U,- U, (1.1)

rge MHIEKCH 1 U 2 — CUMBOJIBI HAYaJIbHOIO YU KOHEUHOIO COCTOSIHUSI CUCTEMBL.
3aMeTHM, YTO P HarpeBaHUU GaJIOHUYMKA U3MEHSIETCS HE TOJIBKO TeMIlepaTy-
pa, HO U KOHUEHTpalM pacTBOpa — 4YacTh COJIU JAOMOJHUTENBHO pPacTBOpSETCS U
YBEIMUUBAETCA KOJUUECTRO IMapa, T.€. MPOUCXOIUT IepepacnpeieicHUe Macc.
3a cUeT yBeNIMUEHHUS KOJINUECTBA Mapa CUCTEMa COBEPIIACT pabomy pacuiuperus:

A= PAV. (1.2)

Eciu BHelllHee gaBieHUE MOCTOSHHO, HarpeBaHUE BHI30BET YBEIMUEHUE 0ObeMa
Ha BETUYMHY AV — GaJUIOHUUK pa3AyeTcsl NOA0GHO BO3AYUIHOMY LUapy.

W, HakoHell, TpoM30MAET pacTSKeHUE CTEHOK PE3MHOBOIO SaysIOHYNKA — CH-
cTeMa coBepuT paboty (W).

Takum o6pazom, menaoma ((Q), coODlLLUEHHass CUCTeME U3BHE, pacXoiayercs Ha
yBeIMYeHHE BHYTpeHHe sHepruu (U), coBepiueHe paboThl pacuiupeHus (A), Apyrux
BUIOB pabot (W) (B HallleM cTyvyae pacTsIKEHUE CTEHOK OaTOHYMKA) ¥ pabOTHI ITO
repepacnpeeIeHHIo Mace BEIIECTB B cucteMe (E):

Q=AU+A+ W+ E. (1.3)

[TosyyeHHOe ypaBHEHUE €CTh HU YTO MHOE, KaK BHIPAXKECHUE IEPBOIO Hayaja
TepMOIUHAMUKMY, SBISIOLIETOCS YaCThIO BCEOOIIETO 3aKOHA COXPAHEHUS SHEPTUU.
Ilepsoe nawano mepmodunamury MOXHO c(POPMYITNPOBATE CICAYIOUIUM 00pa3oM:

3akoH coxpaHeHHs MaTepuH. 3aKOH COXPAHEHUS SHEPTUM SIBJISIETCST YACTHBIM CIIy-
yaeM BCeOOILEro 3aKOHAa COXpaHEHWs1 Marepuu (Maccel M 3Hepruum). Macca (m) u
sHeprust (E) cBsI3aHBI APYT ¢ APYTOM ypaBHEHUEM DiHIUTEHHA:

E = mc?,

rAe ¢ — CKOPOCThb CBETa B BakyyMe (2,998 - 108 m-c!).

DHepreTrueckue 3¢h@EKThl, KOTOPbIE COMPOBOXIAIOT XMMUUECKHE pEaKLMM, Ha-
XOMATCA B MHTEPBAJIE OT EAMHUIL A0 ThiCAY KIXX/MOJIb. DTOMY COOTBETCTBYET UPE3BbI-
yaiiHO MaJioe u3MeHeHue Macchl. Hanpumep, s nqucconuyanyy OIHOTO MOJIS XJ10pa
Ha aTOMBI HEO0X0aUMO 3aTpaTuTh 242,8 KIX. MaccoBblil 3KBUBAJIEHT 3TOH 3HEPrUU
cooTBeTcTBYET 2,7 107 1, T.e. npubnuautesibHo 1/200 000 4aCTH Macchl 3JIEKTPOHA.
T1o3TOMY B XMMHUM MOXHO ITOJIb30BAThHCSI HE3ABMCUMO KaK 3aKOHOM COXPaHEHMS Mac-
Chbl, TAK 4 3aKOHOM COXPaHEHHUS DHEPTHUM.

JedekT Macchl HAUMHAET CKa3biBaThCS B SANEPHBIX pEaKLUUAX, TAC SHEPreTUYECKHE
3¢deKTsl 3HAUYUTEILHO BhlllE. JlMana3oH 3HEPrui, COOTBETCTBYIOLIMX DPa3jIMYHbBIM
COCTOSIHUSIM M MpolleccaM, WUTIOCTPUPYETCS CIEAYIOLIEH cxeMOM:

1073 1 10 10° 10}6 E, xIx/monp
{ L | t |
DHeprus cBA3U DHeprust XuMu- DHeprus y-u3Ty4yeHHs, BHeprusa
aroMoB B He (X.) uyecKux peakuuit SAEPHBIX peaKumi B COBPEMEHHBIX
YCKOPHTENSAX
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Hepenko nepBuiit 3aKOH TEpMOIMHAMUKH aHAIUTUYECKH BBIPAXACTCS YPABHEHUEM:
AU= Q- Appens — W, (1.4)

e Ay, — pabora pacluupeHusi; W — apyrue Bumbl pabor.

BaxHO OTMETUTHL TO OBCTOATENBCTBO, YTO HU paboTa, HU TETJIOTa HE ABJIAITCA
(PYHKUUSAMHU COCTOSHUS, T. €. 3aBUCST OT IYTU NIPOTEKaHUs TIPOLECCA TIOLOOHO TOMY,
Kak JJIMHa gopord oT MockBsbr 10 [leTpo3aBoncKa 3aBUCUT OT TOTO, €XaTh JIM Yepes
ITeTepOypr unu yepes Bomorny.

IToMuMO paccMOTpeHHBIX BhIILE (GYHKLIMH B TEPMOIUHAMUKE BBOISIT BEJINYUHEI,
KOTOpBIE TOXAECTBEHHBI CYMME HECKOJIBKUX TEPMOIUHAMHYECKHX TIapaMeTpoB. Ta-
Kasl 3aM€Ha BO MHOIoM obiierdaeT pacyeThl. Tak, (YHKUIMIO COCTOSHUSA, PaBHYIO
cymme U + PV, HaswBalOT sumanvnueti (H):

H=U+ PV. (1.5)

OueHb MHOTHE XUMUYECKHE TTPOLIECCHI TIPOUCXONAT TIPH NMOCTOSHHOM JaBJICHUU
(¥x Ha3BIBAIOT u3obapnbimu). isMeHeHHE SHTAJIBIMM U306apHOTO NPOIIECca BEpaxa-
€TCS YPaBHEHUEM:

AH = AU + PAV. (1.6)

IIpu P = const U B OTCYTCTBHE APYIHX BUIOB paboT, KpoMe paGoOTHI paciype-
HUs, TEIUIOTa paBHA U3MEHEHUIO SHTAILIIUU;

Q, = AU+ PAV = AH. (1.7)

Ecni fiponecc MpoMCXOmUT MpHM MOCTOSHHOM ob6beMe (V = const, usoxopHoti
MpOLECC) U B OTCYTCTBUE APYIMX BUIOB pabOT, BHUIEJIMBIIASCS WIJIM TTOIIONIEHHAS
TENJI0Ta COOTBETCTBYET U3BMEHEHHUIO BHYTPEHHEH 3HEprum:

Qv=AU (1.8)

CootHouienus (1.7) n (1.8) MO3BONAIOT OLEHUTH TAKHEe OCHOBOIIOJIATAIONINE B
TEPMOIUHAMUKE BEJIUYUHBI, KAK U3MEHEHWE BHYTPEHHEH 3SHEpruHd U SHTAJBLIIMU,
UCXONA U3 IKCTIEPUMEHTAILHBIX 3HAYEHUI TEMJIOBHIX 3(h(heKTOB peaKinii.

Benmuunnsl AH v AU 10CTaTOYHO 3aMETHO OTIMYAIOTCS APYT OT APYra TOJIBKO B
rpoueccax, rMpu KOTOPbIX U3MEHSI€TCS KOJIMYECTBO ra3000pa3HbIX BellecTB. Hampu-
MEp, B peakiui oOpa3oBaHUS aAMMHAKa

Nz(r.) + 3H2(r) = 2NH3(F)

AH mennlie AU Ha BeinyuHy PAV.
IIpennonaras, 4To rasbl BexyT ce6Gsa KaK MieaNbHbIE, JJIA pacyeTa MOXHO HC-
TI0JIb30BaTh ypaBHeHne MenneneeBa-— KianeitpoHa

PAV = AnRT, (1.9)

e An — U3MeHeHMNe YMCIa Mojied Ta3000pa3HbIX BEILECTB B pe3ybTaTe MpoTeKa-
HUS Peaxiiny.

B ToM cryuyae, Korma B peaKUMM YY4aCTBYIOT TONBKO KOHIEHCHPOBAaHHEIE (ha3bl
(XunKue W TBepAbie), U3MeHeHue o0beMa CTONL HE3HAYUTEIBHO, YTO UM MOXHO
npeHebpeys. Tak, Ipu pacTBOpeHUN OE3BOMHOIO CynL(daTa MEIH B BOJAE N3MEHEHUS
BHYTpPEHHEHN 3HEepruy U 3HTANBINU ONWHAKOBEI.
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IIpumep 1.1. Onpenenure BeJIMUYMHY U3MEHEHUSI BHYTPEHHEH 2HEPruu B pe3ysibTaTe pe-
akiuu obpazoBaHus 2 Mojib NH;(r.) us mpocrtbix Bewects npu 7 = 298 K, eciu AH =
=-92,28 k/Ix.

Pewenue. Kak OblI0 yKa3aHO Bbllle, CUMUTAs ra3 MACAJIbHBLIM, BeNUYUHY PAV MOXHO
paccyuTaTh Mo GOpMYAE (Anpen — M) RT = (2 — 4)- 8,31 298 = - 4952,79 Ix. YuntbiBad,
yto AU = AH ~ PAV, noayunm AU = -92,28 kJIx + 4,95 kIx = -87,33 kJIX.

1.1.2. Tennosele >pexTHr H TepMOXHMUIecKHe YpaBHeHHsA. 3akoH Tecca

Pasnen XxuMuyeckod TepMOAUHAMUKU, B KOTOPOM MU3Y4alOT TEIUIOTHI XMMHYe-
CKHMX pEAKUHI H 3aBUCUMOCTD UX OT Pa3MYHBIX (PU3HKO-XHMHYeCKHX NTApaMETPOB,
TETUIOEMKOCTH M TEIJIOTH (HA30BBIX TEPEXOJNOB, HOCUT HA3BAHUE TEPMOXUMMU.
B TepMOXMMHU TIONBIYIOTCS MePMOXUMUYECKUMU YPadHeHUAMU PDEAKLIMH, B KOTOPBIX
003aTeJIbHO YKa3bIBAIOT arperaTHoe COCTOSTHHE BELEeCTBA, a TEIVIOBOM 3((EKT pe-
aKLWW paccMaTpuBaloT KaK OJWH U3 IPOMYKTOB B3auMoneiicteusi. Hanpumep, peak-
uusi 00pasoBaHUs BOIBI U3 MPOCTHIX BEIIECTB MOXET OBITH BEIpaXeHa TEPMOXUMU-
YECKUM YpaBHEHUEM:

Ho(r) + 1/20,(r.) = HO(r.) + 242 kJIx.

BTO 3HAYUT, YTO NpHU 06pa3oBaHMM | MOJL ra3oo0pasHOil BOJBI BEIIEISETCS
242 xJIx TetutoThl. IIpy 3TOM M3MEHeHHEe SHTANLMMK AH = -242 xJIX.

TIpoTHBOMNONOXHEIE 3HAKU BeIMYUH AH 1 Q) 03HAYAIOT, YTO SHTAJIBNMS XapaK-
TEPU3YET TETUIOBLIE U3MEHEHUS B CUCTEME, & TETUIOTa — B OKpyXawoluei cpene'.

TIpu sxzomepmurneckom npoyecce Q > 0, AH < 0, a npu sudomepmuveckom —
Q0 <0, AH > 0. BaxXHocTh y4eTa arperaTHOro COCTOSIHUSI OOBSICHAETCA TEM, UTO
TepexXox U3 OJHOTO arperaTHOTO COCTOSHHS B IpYroe CBSI3aH C dHePre THYeCKUMU
3aTpataMM, HampuMep:

H,0(r.) = HO(x.) + 44 KIIx.

CrenoBaTelbHO, TETUIOBOI 3 dheKT 00pasoBaHUs XUIKONA BOABI OTIIUYAECTCA OT
razoobpasHoif Ha BeIHWYUHY TETUIOTH UCTIAPEHUS:

H,(r.) + 1/20,(r.) = H,O(x.) + 286 kJIx.

TeruioBhie 3(h(EKTH peaklM¥ MOXHO He TOJLKO U3MEPSTH, HO U PaCCYUTHIBATD
nio saxony lecca:

S

BTOT 3aKOH OBIJ YCTAHOBJIEH 3KCNepUMeHTaIbHO B 1840 r. pycCKUM XHUMHKOM
I'' . TeccoM. Tecc moapasymeBai Moy TETUIOBHIM 3¢ GEKTOM peakilMi TeIUIOTY, KO-
Topas TIOIVIOIAETCS WM BBLOEJSIETCS B PE3YNETaTe peaKuuu, npoxomdueil imbo
NpU NMOCTOAHHOM 00BeMe, JIUOO NPU MOCTOSAHHOM HABJIEHHH U B CJIy4ae, eClid TEM-
MepaTypbl UCXOIHBIX BEIECTB ¥ NTPOIYKTOB PEAKIIMH PABHEIL. SICHO, YTO 3TO YTBEPX-
JIeHUE SBISETCA TNPSIMBIM CJIEACTBUEM IMEpPBOro 3aKOHA TEPMOAUHAMMKH, TAK KakK

! 310 yTBEpXIACHWE CIIPABeIIMBO UTA ClTyyasi, Tae OTCYTCTBYIOT APYTHe BHAB pabot, KpoMe paboThl
paclUvipeHus.
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TenyoBble apdekthl @, = AU, a O, = AH, a U3MEHEHUs BHYTPEHHEIN 3HEPTUM U
SHTATBIIUU He 3aBUCAT OT TIYTH TIPOTEKAHHUS TIpOLIECCa.

OcHOBBIBasICh Ha 3aKOHe ['ecca, H3MEHEHUs SHTAJIBIIUM, BHYTPEHHEN HEPTUHU U
JIPYTUX QYHKIUA COCTOSHUS MOXHO BBIYMCIIUTD IBYMS TTYTSAMH.

Bo-niepBhix, AH peakuuyd MOXHO paccydTaTh, 3Hass M3MEHEHUE SHTAJILIUMN HA
MPOMEXKYTOUHBIX CTAAUsIX WIK UHEIE IIYTH TIOyYeHUs TIPONYKTA PEAKIIMHA U3 OTHOIO
U TOTO Xe HCXOJHOro BelecrBa. IlycTh HeOOXOMUMO ONpeneiiTh U3MEHEHHE 3H-
TaabMUu AH, Tipu peakyuu rasoo0pasHOro aMMHaka ¢ PacTBOPOM XJIOPOBOIOPOI-
HOU KUCIOTHL

NH;(r.) + HCI(p.) = NH,Cl(p.),

€CJIM U3BECTHHI BEJIMYUHEI A H clenyronux peakimii:
1) o6pasoBaHKe TBEPIOTO XJIOPUIa AMMOHUS U3 Ta3000pa3HOr0 aMMHAKa U XJIO-
poBomopona (AH,):

NH;(r.) + HCI(r.) = NH,CI(TB.); D

2) obpa3zoBaHHUe pacTBOpa XJIOpUIa aMMOHHUS (ag OT JaT. agua — BOAA O3HAYaeT
PacTBOPEHHE B BONE C 0OPA3OBAHNEM OECKOHEYHO pa30aBACHHOIO pacTBopa) (AH,):

NH,CI(1B.) + ag = NH,Cl(p.); 2
3) obpa3oBaHMe pacTBOpPa XJIOPOBOAOPOIHOM KUCIOTH (AH;):
HCI(r.) + ag = HCI(p.). 3

KoMmbunupys peakuyuu 1, 2 u 3, nojgyyaeM UHTEPECYIONIYIO HAC PEaKUHUIO, IS
KOTOPOIA:

AI{x=AH] +AH2-—AI{3

Wcxonnnie
BelliecTBa

TlyTs 2 E .

-AH, NH;(r.) + HCI(r.)
AH,
Iyt 1 NH;(r.) + HCI(p.)

NH,Cl(rs.) |4

AH,

NH,Cl(p.)

TpogyxTot
peakiiu

AH,

a 7]

Puc. 1.3. Cxema (a) u sHTanpnuitHas auarpamma (6), WINIOCTPUPYIOLINE U3MEHEHUE 3H-
TajplMM TIPU B3aUMOINCHCTBMM ra3o00pa3sHOro aMMuaka ¢ pacTBOPOM XJIOPOBOAOPOAHOIA
KUCHIOTbI
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Ha puc. 1.3 npencraBneHa sHTAIbNUKHAs auarpaMma, KOTOpas WUIIOCTPUPYET
[1epeXoabl CUCTEMBI U3 OLHOI'O COCTOSHUSA B JAPYrO€ B pe3yJbTaTe OCYLIECTBICHUS
VKa3aHHBIX BEIIIE XUMHUYECKUX peakiuil. OTa quarpamMma moKasblBaeT, YTO U3MEHeE-
HU€ SHTAIBIIHH 3aBUCHT TOJILKO OT TIOJIOXEHHUS YPOBHEU 3HEPIrUH, XapaKTepHU3YIo-
[UUX Pa3IWYHBIE COCTOSSHUS CUCTEMBI (aOCOMOTHBIE BEIMYWHBI 3THX SHEPTU 3HA-
yeHus He uMeloT). TTono0HbIE JuarpaMMBbI TTOMOTAIOT ONPENEIUTE SHTAJIBITUA MHO-
FMX TIPOLUECCOB, B YACTHOCTH, 3HepTuii oOpa30oBaHUSI KPUCTAUIMYECKUX DPEIETOK
(umxnsr bopHa— IN'abepa) U 3Hepruil cBs3u.

DKCNepUMEHTAIbHOE ONpeNeiecHue TENJioThl peakuM. TeIUIOThl pPeaklui, B TOM
YUCJIE TEIUIOTHl OOPa30BaHUSI U CrOpaHUs BELLECTB, ONPEAEASIOT ITPU NMOMOLLIM KaJio-
PUMETPOB pasnuyHoro Tumna (puc. 1.4). KajopuMerpuueckas 6oM0a mpeacTasisieT co-
60i1 3aMKHYTbII COCy/l, XOPOLIO TEPMOCTaTUPOBAHHbIiA, UYTOObI TEIUIOTA pEaKLMU pac-
XOA0BaNach TOJILKO Ha YBeJIMUEHHE TEMIIEPATypbl BHYTPH KajopuMerpa. Bo BHYTpeH-
HIOIO €MKOCTb GOMObI MOMELIAIOT pearupyioiye BeIecTBa, U PeakKuuo HHULIMUDYIOT
pa3inyHbIMK cloco6aMu, UHOTAA C NMTOMOUILIO HCKPLL. TeMIlepaTypy B KaJIODUMETPE
U3MEDPSIOT TEPMOMETPOM WK TepMomnapoM. TakUM CIocoGoM M3MepeHbI TEILTOTHI 00pa-
30BaHMA MHOTHX Tbicsiu BewecTB. ONHAKO CYLIECTBYIOT BELLIECTBA, KOTOPLIE HE MOI'YT
ObITH MOJYYEHbI MPAMBIM B3aUMOASHCTBUEM MPOCTBIX BELIECTB. TerioThl 00pa3oBa-
HHS TaKUx COEAMHEHHWM MOXHO paccuMTaTh, MCMOJib3ys 3akoH I'ecca. MOXHO Takxe
U3MEPHUTD TEIUIOTY pa3aoXEHUs] MHTEPECYIOLIErO HaC COEAUHEH U, HAalIPUMEP, OKChaa
xnopa(lV):

ClOQ = 1/2 Clz + 02.
O‘ICBI‘[}lHO, YTO TEMNOTbI l'[pﬂMOf/'l nu O6paTHOI>'X p€akunn CBA3aHbl COOTHOLICHHUEM:

an = *Qoﬁp'

HcTopuueck 3To COOTHOLIEHME Ha3bIBAIOT 3akonom Jlasyasve — Jlanaaca.

3HauUTEeNbHLBIH BKIAI B pa3BuTHE TepMOoxuMuH BHeC B. @ JIyruaun (1834—1911),
co3naBiumii B MOCKOBCKOM YHUBEPCUTETE MEPBYIO OTCUECTBEHHYIO 1abopaTopuio Tep-
MOXMMHH, HOCAILYIO ceituac ero mumsl.

7 D
72
%
%
% Tam W 4

MINMIM)

7
Puc. 1.4. CxeMa npocreiiliero KaiopuMeTpa: +E é
1 — tepMormapa; 2 — UccieayeMoe BeIecTBo; 3 — npucrocobie-
HHWE I WHWLMWPOBAHWS peakunu; 4 — repMETHYHBIN cocyn; 7 A}
5 — Boxa 3 2

Bo-BTOophix, AH peakliMi MOXHO pacCUMTaTh, UCTIONL3Ys BETHYUHEI 3HmMAanbhull
0bpazoeanusn pearupyloOIINX BEIIeCTB W MIPOTYKTOB peakiuuu. s pacueta namMeHe-
HUS SHTAJBNUA peaklMii HE 00g3aTeNIbHO TaOyJMpOBaTh BCE U3BECTHBIE TEMJIOTHI
peaKuMit; TOCTATOYHO 3HATH TOJBKO T€, KOMOMHAIIMENT KOTOPEIX MOXHO MOJYYUTH
BCe OCTAJILHEIC.

B kayecTBe Takux peakiuil BEIOpaHBl peakitnu 00pa3oBaHus 1 MOJIb COETMHEHUS
U3 NMPOCTHIX BellecTB npu TeMmmepatype 25 °C (298,15 K) u B cmandapmmom cocmos-
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Ta6uauua 1.1

CraHaapTHble 3HTAJIBIMH 00pa30BaHKA HeKOTOPbIX BemecTB (KK /MoM1b)

Belwectso A4 Bewectso Ao Bewectso AfH3eg || Bewmectso | A
Al(r.) 326,3 | Cl(r.) 121,3 || NHs(r.) -46,19 { H,O(r.) | -241,82
AP*(p.) ~530,0 || CI"(p.) -167,2 | NHj(p.) | -132,4 || H,O(k.) | -285,83
AlF;(1B.) -1510 || HCI(r.) -91,8 || NH,Cl(8.) | -314,2 || H,O(rB.) | -291,85
AlBr;(T8B.) -513,4 | HCl(p.) -166,9 || NoH,(r.) 95,4 | H*(p.) 0
AL O;(TB.) -1676 || ClO(r.) 105 NO(r.) 91,25 || OH(p.) | 230,19
Fe(r.) 416,31 || CLO(r.) 75,7 || NOx(r.) 34,2 || Os(r.) 142,3
Fe3*(p.) 46,39 || HBr(r.) -34,1 [ N,OL(r.) 9,66 | SO4(r.) -296,9
FeO(T8.) 2724 {| HI(r) 26,57 | HNOs(r.) | -135,1 | SOs(r.) | -396,1
Fe,05(1B.) -822,2 || 1CI(r.) 17,41 | NOs(p.) -207,5 || HyS(r.) -20,15
Ca(OH),(18.) | -985,6 [ CO,(r.) -393,5 || PCly(x.) -319 || CaO(@mB.) | -634,9

Huu', T.e. ipu gaBneHun 1 atm (101 325 Tla). HanpuMep, mjist XJopa CTAHZAPTHOE
COCTOSTHUE — 3TO NBYXaTOMHEI a3, Juisi Cephl — TBEPIOE BEIIECTBO, €r0 pOMOM-
yeckasd MogUpUKauus, g 6poMa — XKUAKOCTD.

DHTANTBNUs 00pa30BaHMs TIPOCTOTO BeNIECTBA TIPUHITA paBHOM Hynto. CraHmapT-
HBIE SHTAIBNUU OOpasoBaHMs BEWIECTB (A H39g) CBENEHBI B TaONUIIBI, MOTOOHLIE
Ta6m. 1.1 wm npuo. 1.

Hanpumep, 3HTaNbIMsA 00pa3soBaHUS TPUXJIOpHAA (hochopa — 3TO U3MEHEHUE
SHTANBIUU B pe3yJbTaTe peaKiuu:

P(tB.) + 11/2Cl(r.) = PCl;(x.).

AHanu3upys naHHble Ta6JIULBI MOXHO 3aMEeTHTDb, YTO BeJIMYWHBI SHTAILINH 00pa-
30BaHUA CUJIBHO OTJIIMYAIOTCS KaK MO abCOMIOTHOU BEeIMYMHE, TaK U 1O 3HaKy. Co-
COIUHEHUsI, UMEIOLLUE TOJIOXKHUTEIbHBIE SHTAIBNUN OOpa30BaHUs, UHOIIA Ha3blBa-
10T 3HdomepMmuyeckumuy. DHEPTUA CBI3U B TAKMX COETMHEHUAX MEHBIIE SHEPTHIL CBSI-
31 B MOJICKYJIaX UCXOIHBIX MPOCTHLIX BeuiecTB. X CUHTE3 M3 POCTHIX BEILECTB U0
HeBo3MmoxeH (CLO, NO,), nubo nporekaet ¢ GOJIBIIMMU SHEPIETHYECKUMU 3aTpa-
tamu (O3, NO).

DHTanenus obpazoBaHUus raszoobpasHbix metawioB (Fe, Al) He paBHa HyMmO U
TIpeICTaBIsACT COO0M H3MEHEHUE SHTAILIINU TIEpexona U3 TBEPAOTO COCTOSHUS (CTaH-
JAPTHOIO) B razoo6pasHoe, T.e. SHTAILIHIO UCapeHUs (AaTOMU3aUUH). DHTAILIUS
o0paszoBanus 2udpamuposantozo noHa H* paBHa Hyio0:

H*(r.) + ag = H (p.)

SHTaIhNMUU 0Opa30BaHUs IPYTHX TMIPATHPOBAHHEIX HOHOB PacCYMTHIBAIOT OTHOCH -
TEJIBHO 3TOIl BEJIMYUHBI.

! CrangapTtHOe coctosiHne (0G03HaYaeTCs 3HAYKOM °) — MOHSATHE OTHOCHTENbHOE. B 3aBHCHMOCTH
OT KOHKPETHBIX CJIy4aeB CTaHAAPTHBIMH MOTYT CUMTATBCS, HAMPUMEDP, PACTBOPbI C AKTUBHOCTBHIO pac-
TBOPEHHOrO BeleCTBa, paBHOM eanHunLe, 1160 GecKOHeUHO pa3baBieHHble pacTBOpbl. ONHAKO B Tep-
MOJMHAMWYECKNX PACYETAX 33 CTAHAAPTHBIE COCTOAHNA OOBIYHO MPUHNMAIOT JaBICHNUE ra3006pasHbix
KOMITOHEHTOB 1 at™M, a jJisl pacTBOPOB — aKTHBHOCTE KOMIOHEHTOB, PaBHYIO €IMHHLIE.
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3Hasl HTAJIBIMHY 006pa30BaHUs BCEX UCXOTHEIX Be-
IIECTB U NMPOAYKTOB PEaKLUH, MOXHO BHIYHUCIMTDH
U3MEHEHHE SHTAIBINY J1I000# peakuuu A, H° B cTaH- pIYS;
JapTHBIX YCIOBUSIX MO (hopMyie:

E IIpocThle BelecTBa

HcxonHble ZAf Hipon

AH =Y via H =S v,AH,  (1.10) BeecTsa | g
i J

IIe v;, V; — CTEXHOMETPUYECKHE KO3(D(DULIMEHTHI B ypaB- [IponyKTHl peaKiuu
HEHWN peaxkiiy; j — WCXOIHBIC BEellecTBa; | — Ipo-

IYKTHI PEAKIMU. DHTANbNMIHAS quarpaMma (puc. 1.5) Puc 1.5. DHranbnuitnas aua-
TOATBEPKAAET COrJIAaCOBAHHOCTh ypaBHeHus (1.10) ¢ rpaMma, HiocTpupyioulas
MEPBBLIM 3aKOHOM TEPMOJMHAMMKY M 3aKOHOM I'ecca, PacteT MSMECHCHMA SHTALITMH
OCHOBHIBasiCh Ha 3TOM YPaBHEHUH, U3MEHEHHE 5H- PCAKUMH € HCIONL3OBaHHEM
TAIBIMU TIPU PEAKIIMU B3aUMOICUCTBUS ra3oodpas- SHTANLIU 06pasosaHuA
HOro aMMMaKa ¢ pacTBOPOM XJIOPOBOIOPOIHON KUC-

JIOTHI MOXKHO PACCYUTATh TAKXKE MO (hopMyJie:

AH” = A (NH;(p) + AH(CL (p.)) = AH (NH;(r.)) - AH(H (p.)) -
- AH*(CL (p)),

a c y4eTOM TOTo, 4To no onpexaenenuio A4 (H (p.)) = O:
AH® = AH (NH;(p.)) — AH° (NH;(1.)).

Boob1e nmpu TepMOXMMUYECKUX pacyeTaX OYeHb BaXKHO BBUIEJIUTH TIPOLIECCHI,
JUTSI KOTOPBIX U3BECTHEI CTAHIAPTHRIE U3MEHEHHsT SHTANBNuUA. [I1si HEKOTOpPEBIX TIponec-
COB OHU MMEIT Ha3BaHMs, cioxupliuecss uctopwdecku: NaCl(TB.) — Na*(r.) +
+ CI'(r.) — 3Hepeus kpucmanauveckoli pewemku (xjopunga HaTtpus); Na(r.) — ¢ —
—» Na*(r.) — suepeus (nomenyuan) uonuszayuu xwampus, Cl(r.) + e - CI'(r.) —
3Hepeusa cpodcmea K snexmpoHy amoma xaopa, Na'(r.) + aqg —> Na'(p.) — suepeus
eudpamauuu uona Na*.

Ipumep 1.2. Onpenesnute 3HEepruio (dHTAILINIO) cBA3u H—O B MojieKyne BOJbl, €CJIH
M3BECTHO, YTO A5 HyO(r.) = -242 x/lx/Monb, a 9HEPTMM (IHTANLIMH) AUCCOLHALIUU
Mmornexkyn H, u O, paBHbl 433,8 1 495 k/I5x/M0Jib COOTBETCTBEHHO.

Pewenue. C HEKOTOPBIM NPUOAMKEHHUEM MOXHO CYUTATb, YTO UBMEHEHHUE SHTAJILIIMH B
peakuuy JUCCOLMALMU MOJIEKYJibl BOJbl Ha aTOMbI PaBHA 3HEPruM ABYX cBaseit H—O:

H,O(r.)) = 2H(r.) + O(r.)AH = 2Ey4_o
KoMOGuHUpYs peakuuu, A1 KOTOPbIX U3BECTHbI 3HAYeHUS AH:

H2(F.) + 1/202(F.) = HQO (F) A/Ho H20 (F)
HQ(F.) = 2H (F.) AHR“CHz
0,(r.) = 20(r.) AH,..0,

nonyyaeM, uto 2Ey_o = AHy, -Hy + 1/0AH,, 0, — AH° HO(r.) =435,8 + 247,5 + 242 = 925,3 kI,
a, CAeN0BaTEIbHO, SHEPrus CBSI3H Fy o = 463,65 kJIxX.

1.1.3. TemMnepaTypHast 3aBHCHMOCTH SHTAJILIIHHA

Jo cux rmop Bce Hallll pacCyXIEHHUsT KAaCATUCh TAKUX TIPOLECCOB, MPU KOTOPHIX
TEMITEpATypa PEAareHTOB M TNIPOAYKTOB B3aMMOIEHCTBUSA Oblia oguHakoBa. OmHAaKo
BHYTPEHHSISI SHEPrusi CUCTEMBI, @ COOTBETCTBEHHO, W SHTAIBLIIUS JOKHBI M3MeE-
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HATLCSA ¢ TeMmnepaTypoil. KpoMe Toro, mist HarpeBaHUst pasJIMYHbIX BEILECTB TPeOy-
€TCA pa3Hoe KOJMMYECTBO TeTUIoThl. MTak, cyliecTByeT CBOMCTBO BELIECTBA, ONpene-
JIFIONIEE Er0 CIIOCOOHOCTD HATPEBATLCH. DTO CBOMCTBO — menioemkocms (C).

TerIoeMKOCTh MEHSETCH C TEMIIEPATYPOM JOCTATOYHO CIOXHBIM 00pa3oM, YTO
OBBIYHO BBIpAXAalOT SMIMPHYECKUM MTOIHHOMOM:

c=a+bT+dT?*+ ....

(1.11)

3uaveHus a, b, d popmynnl (1.11) 115 HEKOTOPBIX BEIIECTB IPUBENEHBI B Ta0I. 1.2.
Kak BUgHO U3 TaGIULB], TEMIOEMKOCTh MAJIO MEHSIETCS C TEMIIEPATYPOM, YTO CTIpa-
BEIUTMBO JUIST TEMIIEPATYpP BHILIE HEKOTOPOU TeMIepatyphl (TeMmriepaTyphbl debas) u
BIAJIM OT TeMneparyp (a3oBHIX NEPEeXOHOB. TeruloeMKOCTH MNMpPOCTBIX TBEPALIX Be-
[EeCTB, comlacHo 3akoHy Hiomonra u Iltu, mpu 298 K npubGIM3UTENBHO paBHBI
25 Ax/(monb - K) (cM. Taba. 1.2 u pui. 1).

3aBUCUMOCTD TETINIOEMKOCTH OT TEMIIEPATYPhl HE SBISIETCS HENPEPBIBHON U 11pU
Temreparype (ha3oBbIX NEPEXOIOB U3MEHSETCS CKauKoobpasHo (pHc. 1.6).

OOBIYHO UCTIONB3YIOT BEJIMUYMHY TEIJIOEMKOCTU MPU NOCTOSTHHOM HNABJIEHUH WIN
obbeMe, Torma:

¢, = dH/AT; ¢, = AU/AT. (1.12)

[pacduuecku yBeJudYeHHE SHTATBITMN TIPU U3MEHEHUM TeMriepatypbl ot Ty 1o 7,
paBHO TUIOI@RN Tox KpuBoit ¢,(T) (puc. 1.6), a aHATUTHYECKH 3TO U3MEHEHHE
SHTAJIBITUU MOXHO ONIPENENUTh MO HopMyIie:

T
Hypy = Hy + [ ¢,dT + Y AHgn, (1.13)
T

roe ZAqu — CYMMa U3MeHEeHUs SHTAJLIINU NP Ha30BBIX NEPEXOIAX, TIPOUCXOIA-
UX B JAHHOM MHTepBase TeMmneparyp. Hanpumep, Ui onpeneneHust yBeJIUIeHUS
SHTAJILMUHU TIpY HarpeBaHmnu sBoxabl oT 298 K mo 400 K Hano yuyuTwiBaTh AH, .

Tabauua 1.2

Tenm0eMKOCTH HeKoTOPsIX BemecTs (P = const)

. 3HaueHMsT NOCTOSAHHEBIX g, b, d B popmye (1.11)
Beiectso Tk /(;P(;Hb‘ K) Bewectso a b, 4

Hx/(mons - K) | Jix/(momn - K2) | JIx/(Mous - K3)
Ag(1B.) 25,4 O,(1.) 25,503 13,612 107 | 42,533 - 107
Al(TB.) 244 N,(r.) 26,984 5,910+ 107 | -3,376- 107
H,0(x.) 76.3 COy(r.) 26,648 4226210 | -142,4-107
Fe,04(1B.) 103,9 H,O(r.) 30,206 9,936 107 11,14-107
NaCl(tB.) 50,5 H,0(x.) 39,02 76,64 103 | 11,96 105 **
HCl(r.) 29, 14 H,O(1B.) 4,41 109,87 107 | 46,47 105 **

* TeroeMkocth npu 298 K.
** KoadoduumeuT d B ypasHeHHH ¢, = a + bT + d/T2
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AHAJIOTHYHO MOXHO OTNpPENCIUTL U3MEHE-
HME SHTAILIIMM peakUMH TIpU TeMIIEpaType,
oTIMYHOI oT 298 K, T.e. BBecTH TIONIpaBKy Ha
peaslbHYI0 TeMTIEpaTypy, UCTONb3ysd KaK Tep-
Boe TipubImxkeHue A5, pacCYNTaHHOE U3
TaOJIMYHBIX 3HAYEHU i SHTAILNNA 00pa30BaHMSI.
Torna:

¢, (%) c(r.)

|
|
|
| {
| |
| |
| |
| |
Ton T T

Puc 1.6. 3aBUCMMOCTb TEMJIOEMKOCTH
OT TeMIepaTypbl

'
AHp = A Hye + [A,c,dT + 3 AH g —
T J

Y AHjp, (1.14)

THE AC, = D ViCp — D.V,;Cy ; | —TIDOXYKTBI PEAKLIMH; j — MCXOIHBIE BELIECTBA; V —
i J

CTEXUOMETPHUYECKUE KOIDOUIMEHTH B ypABHEHUH pEaKLMU. DTO ypaBHEHHE HA3bI-
BalOT ypasnenuem Kupxeogpa n, CTpOro roBopsi, OHO, KaK W 3akOH Iecca, sBiseTcs
OpSIMBIM CIIEACTBUEM MEPBOTO 3aKOHA TEPMOITUHAMUKU.

XOTs1 3HTANBNMA BelleCTBA BCETHA PACTET C NOBEBIIEHUEM TEMIIEPATYPBI, N3Me-
HEHUE SHTANBIUU peakyuu TIpA U3MEHEHUM TEMIIEpAaTyphl MOXET OBLITh He3HAUU-
TEJIBHBIM M KaK TIOJIOXUTENBbHBIM, TaK W OTpHULIATENBbHBIM (pHc. 1.7), TaKk KakK B
ypaBHeHUe (1.14) BXOIUT pasHocms TETUIOEMKOCTEH. DTO MO3BOJIUT B JajibHelieM
NMpeHebpeys U3MEHEHUEM 3HTAJIBIINU C TEMIIEPATYpOil U OYeHb OOJIErYMT pacueThl.

IIpumep 1.3. Onpeaenure u3MeHeHMEe SHTAIbNNUM okcuaa cepbl(IV) M peakuuu obpaso-
BaHUs XJIOPUCTOTO cyJibdypuna:

SO,(r.) + ChL(r.) = SO,Cly(r.)

Nnpu u3MeHeHuu tTeMnepatypsl oT 289 no 389 K, ecnau usBectHO, uro Wi okcupa cepbi(1V)
ArH%95 = =296,9 k]I /Monb, ¢, = 39,9 IIx/(Monb - K), st xnopucroro cynbdypuna A e =
=-363,0 k[Ix/Monb, c, = 77,4 Ix/(Monb - K), a anst xnopa ¢, = 34,9 Ix/(Monsb - K).
Pewenue. UzmeHeHne saxTanbnuy peakuuu ripu 298 K, paccunrtannoe no gopmyse (1.10),
coctapasieT A Hjq = —66,1 xJIxk. IIns okcuaa cepbi(1V) nput u3MeHEHUHU TEMIEPATyphl Ha

AHp b————*—\

1
i
1
1
|

Tl T2 T T2 T
a 6

Puc 1.7. HpuMep 3aBUCMMOCTH OT TEMMEpaTypbl TEMIOEMKOCTH UCXOJHbBIX BELECTB U MPO-
JYKTOB peakuuiu (a), U UBMEHEHUS] SHTANbNUU peakuuu AH7 (6):

1 — WCXogHbIe BelllecTBa, 2 — MPOAYKTH PeaKunu
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100 K BenvynHa SHTaNbNUKM YBEJIMYUTCA Ha BeJnuuHy, paBHyo ¢, (7> — Ty) = 39,9100 =
= 3990 Ix/Mounb. dnst pacuera A H 395 clienyeT ucnoib3oBarb hopmyay (1.14):

AH3gs = A HYgg + [€,(SO,CLy) — ¢,(80y) ~ ¢,(C)I(T, -~ T)) =
=-66 100 + 2,6 - 100 = —65 840 JIx.

Taxum o0pa3oM, x0T IHTANBIMS KaXI0T0 M3 PEarcHTOB U3MEHSIETCS 3HAYUTEbHO (IOKa-
3aHo Ha npumepe SO,), noBuilieHUe TeMneparypbl Ha 100 K npuBoaMT K YBEJIMUEHUIO SH~-
TAIBNINU peakly Bcero anwb Ha 0,4 %.

KonTposbHbie Bonpocsl

1.1. K xakoMy TUNY NPpUHAUICKUT KAXKIasd U3 MEPEUNUCIICHHBIX CUCTEM;

a) OTKpHITHIH CTakaH ¢ PacTBOPOM COJiM;

6) 3amasiHHas aMIlyJjla C KpUCTA/UIAaMU MEAHOTO KYIOpoca;

B) '€pMETUYECKH 3aKPBITHIH TEPMOC C TOPSIYUM YaeM;

r) Koiuka?

1.2. CamonneT coBepiuaer nepesier Mocka— Iapux. Kakue u3 nepeunciieHHbIX HUXE Ta-
paMeTpoB SABISIOTCH DYHKUMSIMU COCTOSTHUS JaHHOTO Maplupyra; a) NpoitaeHHoe paccTos-
HUE; 6) u3MeHeHue reorpacduyeckoil LIKPOTHI; B) KOJIMYECTBO U3PAcX0J0BaHHOIO TOILINBA;
T) BHICOTa mnoJjieTa?

1.3. Kak cootHOCATCS BenimunHbl A U° 1 A H° cienyouyx npoueccoB: a) pacTBOpeHue B
Bone NaCl(tB.); 6) cropanue 1 Mons Merunamuaa CH3;NH, ipu 7 = 400 K; B) B3aumoseii-
CTBHE METAVIMYECKOro KEeJie3a ¢ XJIOpOM ¢ o0pa3oBaHMEM TBEpAOro TPUXIIOpUIA Kejle3a
npu T'= 450 K; r) TepMuueckoe pasznoxenue 6pomuaa sogopona npu 7= 300 K. Paccunraii-
Te, HACKOJbKO OHU OTIMYAIOTCs APYT OT Apyra.

1.4. CrannapTtHasi aHTalbMUsA oOpasoBanus BsHy paBHa 62,8 k/1x/Morb. M3MeHeHHI0 3H-
TalbIIMK KaKo#M peakiuy COOTBETCTBYET 3Ta BeJMyMHa?

1.5. Onpenenute AH° NO, ucnoJib3ysi IPUBEAEHHDIE HUXE NaHHBIE:

4NH;(r.) + 50,(r.) = 4NO(r.) + 6H,0O(xk.), AH 55 = ~1170 x[Ix
4NH;(r.) + 30,(r.) = 2N,y (1) + 6H,O(K.), A H 55 = ~1530 kIx

1.6. Ucrionb3ys aanHbie Tadn. 1.1, paccunTaiiTe cTaHAAPTHYIO SHTAIBITUIO UCTIAPEHUST BOAHI,
€CJIN [UTSl peakiUuu

CaO(tB.) + H,O(r.) = Ca(OH),(1B.), AH%s = —-109,1 kIx

Ectb 5in npyroil nyrb pacyera 3HTAIBNUU UCHIAPEHUS BOABI C UCIMOJB30BaHUEM JaHHBIX
Ta6m1. 1.17 :

1.7. Tennora ucnapeHus Boabl npu 35°C paBHa 2421 x/Ix/xr, a npu 25°C paBHa
2444 x/Ix/kr. OueHUTE cpeaHee 3HAUEHUE TEIUIOEMKOCTH (C,) BOASHOIO Mapa B MHTEpBaje
temreparyp 25—35°C, ecin ¢,(H,O(x.)) = 75,3 Ix/(monb - K).

1.8. Ouenure Besnunny 3Hepruu cBs3u N—N B Mosnekyse ruapasuna (N,H,), ucrnosniesys
JNaHHbie Taba. 1.1 u sATaNbMM auccoruarmu H, u N,, KOTOpeie paBHBI COOTBETCTBEHHO
431,6 u 950,5 x/Ixx/Mo1ib.

1.9. Onpenennre cTaHAAPTHYIO 3HTANbNKIO obpa3oBanus Al,Oz(TB.) npu 7= 850 K, eciu
MoJibHBIe TemnnoeMKocTH (JIx/(Mob * K)) paBHBI COOTBETCTBEHHO:

c,(Al(1B.)) = 20,67 + 12,39 10T,
c,(02(r)) = 31,46 + 3,39~ 10T,
¢,(ALO;3(1B.)) = 114,56 + 12,89 1073T.
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1.2. HAITPABJIEHHUE ITPOLECCOB B ®U3NKO-XUMHNYECKHUX
CHUCTEMAX

1.2.1. DATpONNA M BTOpOe HAYAI0 TePMOTHHAMHUKHU

PaHee OBIIO TIOKA3aHO, KakK He Mpuberas K 3KCIIepUMEHTY, MOXHO OIpeIeTUTD
TeTIoBOit adeKkT rnpouecca. Takue 3HaHUd HEOOXOTUMEBI, HO OHH He JaloT BO3-
MOXHOCTH OTBETUTL Ha HanboJee BaXHHIA IJI HAC BOIIPOC: IMOMHET JM IIpoLecc
CaMOIIPOU3BOJIBHO — 0€3 BO3MEUCTBUS U3BHE — WJIM OH IPUHIMITHAILHO HEBO3MO-
XeH. UToOBl MOmONTH K OTBETY Ha HEro, CJIEAYeT ITO3HAKOMMTECS C €Ile OTHOMN
(hyHKuMel COCTOSTHUSI CUCTeMBI, Ha3BaHHOU sumponueii (S) W SBIdiomeiics CTONb
Xe yHIaMeHTaJIbHOW W YHUBEpCAILHOM, KaK 3Heprusa. B kiaccudeckoil Tepmonu-
HaMUKe I10J] SHTPpONUe ITOHUMAIOT TAKOE CBOMCTBO CUCTEMBI, U3MEHEHUE KOTOPO-
0 1npU 06paTUMOM! Tporiecce YUCIEHHO paBHO OTHOLUEHUIO TEIUIOTHI K TEMIIEPATY-
pe TIpOTEKaHUs TIpoLecca:

AS = O/T. (1.15)

Harnpumep, npu ucriapeHuH Boabl B ycaoBusix KureHus (7= 373 K, P=1 atm)
W3MEHEHHE SHTPOIUU paBHO AS = AH,../373 = 44000/373 = 118 Ax/(Mmonb * K).

OAHAaKo CyTh 3TOU (DYHKIUU COCTOSAHUSA YIAIOCh ITOHIThH MHOTO TI03Xe, YeM OHA
Oblna BBeneHa P. KitaysnycoM B K1accHYeCKYIO TepMOIUHAMUKY. B cTaTMcTUYeCKO
TEPMOIUHAMUKE OITEPUPYIOT ITOHATUSIMH MaKpOo- M MUKPOCOCTOSTHU I cucteMbl. Han-
0oJiee HaIMSAHBIM IIPUMEPOM MOXET CIYXKHTh KOpOOKa ¢ suyeiiKkaMu, B KOTOpPOii
HaxXCAATCA apel. HalpyuMeEp, B ACBATH AYCHKaX HAXONATCd YEThIpe luapa — 3TO
Momenb MakpocucTeMbl. IIIapel MOXHO pasoXUTH 110 a4yeifkaM 126 pasnandHBIMU
criocobamMu (puc. 1.8), KaxXablil U3 KOTOPHIX SIBISIETCS MUKPOCOCTOSIHUEM.

Yucimo MUKPOCOCTOSHUM, ITOCPEICTBOM KOTOPHIX PEaju3yeTcsi JaHHOE MaKpoco-
CTOSIHUE, CBSI3aHO C MepMOOUHAMUHMECKOU 8ePOAMHOCHbIO. DHTPOIIUS OIIpeesaeTCs
TEpMOIMHAMUYECKO BEpOSTHOCTBIO: OHa TEM BHIIIE, YeM GOJblle CIIOCOG0B pea-
JIM3aIUH MaKpocOCTOsSIHUS. T103TOMy CUMTAIOT, YTO SHTPOIIUS — Mepa Heylopsao-
YEHHOCTH CUCTeMBI. MaTeMaTHYeCKM CBA3b SHTPOIMHU C YMCIIOM MHUKPOCOCTOSIHUIA
yctaHoBua JI. bonsuMmaH B KoHie XIX B., BEIpa3uB €€ YpaBHEHUEM:

S = klngy y, (1.16)

TIE qy,y — TEPMOIUHAMUYECKAs! BEPOATHOCTh JaHHOILO COCTOSIHMSI CUCTEMBI IIPH
onpeeJIeHHOM 3arace BHyTpeHHelt sHeprun U u oobeme V; k — nocrosHHas bonbi-
MaHa, paBHasa 1,38 1072 Ox/K.

ITpumep c wapaMu, KOHEYHO, OYEHb HarjsaeH, HO M KOBapeH, TaK KakK Ha
OCHOBaHUM €r0 WHTYUTHUBHO TIOJ YIIOPSIIOYEHHOCTBIO CUCTEMBI HHOIIA [TOHUMAIOT
PACITOJIOKEHHME YaCTHIL B IIpocTpaHcTBe. OMHAKO B HEMCTBUTEILHOCTH IO TEPMOIH -
HAMUYECKMM COCTOSTHHEM CHCTEMEI ITOApa3yMeBaeTCs IJiaBHBIM 0O6pa3oM pacripee-
JIEHUe 4acTHII (HaripuMep, MOJIEKYJ) [10 BO3MOXHBIM YpOBHSIM 3Heprun. Ha puc. 1.9
ITOKa3aHO, KaK MOTYT pacIlloiaraThCsl YETHIPE YaCTHUIIBI 10 YPOBHAM 3HEPTHU B CITY-
Yae 0oaboi (a) U Manoit (6) pasHULBI MEXIY SHEPTETUYECKUMHU YPOBHSIMHU, €CITH
o01uii 3arac aHepruu paBeH Eg. 715 CUCTEMHEI C JAlIE€KO OTCTOSILUMU APYT OT JApyTa

' B TepMognHaMuKe o6pamumbim Ha3bIBAIOT TAKOH MPOLECC, KOTOPHIA NMpPOBOANTCH GECKOHEUHO
MEUTEHHO M TakK, YTOOBI CMCTEMAa HaXOAWJIach BCE BPEMS TTPAKTHYECKH B COCTOSHWM PaBHOBECHS.
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Puc. 1.8. Bo3aMoxHBIe cTTocOOB! paCIIOIOXEHUA YeThIPEX 1AapOB B AeBATH AUeHKax

YPOBHAMHM CYUICCTBYET JIBa BAPpHUAHTA pacCIlOJIOXEHUA 4YaCTUIl, a C OJIM3KO pacrojao-

XKE€HHbIMU — JOEBATDL, T.€. OHTPOIUA MMEPBOU CUCTEMBI MEHBIIIE, YEM BTOPOH.

B cirydae peanbHBIX YaCTULL YPOBHU KOJIeGaTeIbHOM SHEPTAM PACTIONOXEHBI JANTbIIE

JIpYT OT APyTa, YeM YPOBHU BpPAIATEILHON SHEPTrHH, a Te, B CBOIO 04epe b, 3HAYM -

TEJLHO peXe YPOBHEH IOCTymareJdbHON 3Hepruu. ITostomy cucrema

, B KOTopoit

YacTULbI MOTYT KO0J1e6aThCsl TOJIBKO OKOJIO HEKOTOpOTO COCTOAHUA paBHOBECHA (KpI/I—

CTaJUIbI), HUMEET Iropa3io MEHBIIYIO SHTPOIMUIO, YEM XKHUAKOCTHU, TaK KaK B IOCIICT-

HEM CJIydyae BO3MOXHO MW BpallCHUE. raBbI, COOTBETCTBEHHO, UMEIOT CaMylo 00JIb-
IIYI0 SHTPOIIMIO, TaK KakK I UX YaCTULl BO3MOXHBI BCe TPU BUOA ABUXKCHUS.

BcsAKoMy BeILECTBY MOXHO IPUIIMCATh OIpeaeficHHOe abCONIOTHOE 3HAYEHUE
SHTPOMUU. DTO BO3MOXKHO, TaK KaK B MI€aIbHOM KPUCTAIIIE IIpY aGCOIOTHOM HyJe
aTOMBI TOJDKHBI HAXOAUTHCS B ¢AUHCTBEHHOM, CAMOM HU3KOM SHEPreTUUYECKOM CO-

CTOAHWH, BEPOATHOCTb KOTOPOI'O paBHA €IMHNIIE, a SQHTPOIINUS COOTBETCTBEHHO HYITIO.

TS W1EATLHOTO |

o

Durpo

Puc. 1.9. 3aBUCHMOCTH TepMOAMHAMUYECKOM BEpOSITHOCTU OT Pa3HHULBI MEXIy SHepreTUJe-

CKMMH YPOBHSIMU TIPU OAMHAKOBOM OOILEM 3ariace 3HEepruu
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DT0 yTBEPXIAEHWUE HA3BIBAIOT HOCMYAAMOM g
Iranka vyt TpETBUM 3aKOHOM TEPMOIUHAMU-
ku. CieayeT oTMETUTh, UTO 31eCh pedb UIeT 00 .
WIealbHBIX KpUCTaIax, He cojepXalux rpu-
Mecelt 1 He umelonmx nedexkroB. Crporo ro-
BOp$I, TAKME BEIIECTBA HEBO3MOXHO MOJYYUTD,
a SHTPOTIUS PEAJIbHBIX KPUCTAJIJIOB JaXe IpH .
0 K ominMyHa oT HyJIsI, XOTS U MMeeT OYeHb
HEOOJBIIIOE 3HAYECHUE. ASus

KoHeuHo, HTpONINY BEILLECTB OOLIYHO HE TB.
pacCUUTHIBAIOT HAa OCHOBAHUMU YpPaBHEHUS
Bonpumana. MIx oTpenesstior 1o ypaBHEHUIO Ton T T
KJ1aCCUYECKON TepMOAMHAMUKY C YyUETOM TETI-
JIOEMKOCTH JaHHOro BeulecTBa U TeruioT ¢da- Puc. 1.10. 3aBUCUMOCTE SHTPONHNY He-
30BBIX IIEpeXxoAoB. PaccMoOTpuM, KaK M3MEHsI- KOTOPOro BEllleCTBa OT TeMIlepaTyphi
€TCsI SHTPOIIMA HEKOTOPOIO BEIIECTBA NpH 1o~  (TB. — TBEPOE BELIECTBO; XK. — XKHA-
BBILICHUN TeMIlepatypsl (puc. 1.10). KOCTb; I. — raaoo@paaﬂoe BELLECTBO)

ITpn narpesanum Bhinre 0 K u 1o TeMmepa-
TYpHI TUIABJICHUSI SHTPOIUS BEIIECTBA BO3pAacTaeT Tpexke BCEro 3a CUET YBeJIWYe-
HUS pacTipeieJIeHNsT YaCcTH1L TI0 Kojie0aTeIbHBIM YPOBHSIM 5Hepruu. B 3ToM uHTEpBa-
Jie TeMIiepaTtyp IJisi oOpaTuMoTo HarpeBaHUs TpY NOCTOSSHHOM JaBJIeHUU SHTPOTINS
MOXeT OBITh paccynTana 1o dopmyre:

ASKVIH

T c,
Sr, = Sr, +£7dT. (1.17)

DTo BBEIpAXE€HWEe OCHOBAHO HA TOM, UTO TEIUIOTA IIpolecca IPH IOCTOSTHHOM
JMABJICHUW paBHA U3MEHEHHIO SHTANBIIUU (CM. Noapasn. 1.3), KoTopasi, B CBOIO oUe-
penb, OTIpeaessieTcs U3 TeIIoeMKOoCTH. [Tpu TeMrieparype TutaBjieHUs SHTPOIINS YBe-
JINUUBAETCSI CKAYKOM, TaK KAaK TOSBISETCS BO3MOXHOCTL BPAallaTeIbHOIO JIBUXKE-
HUSI, ¥ KOJJUYECTBO BO3MOXHBIX COCTOSTHHM Bo3pacTaeT. IToCKoJbKY TUTaBIeH e TTPo-
HWCXOJNUT MpH TIOCTOSTHHOM TEMIIEpaType, TO NPUPOCT SHTPOIIMU MOXHO OTIPENEIUTD
no dhopmye:

AS = AH, /T (1.18)

M3MeHeHWe SHTPOIIMM TIPY HAaTPEBaHUM XUIKOCTU PacCUMTHIBAIOT I0 (hopMyIie
(1.17), noacTapnsisa 3HAUEHHUE TETUIOEMKOCTH XUIKOCTH. [1pH UCTIapeHU N SHTPo U]
BHOBb YBEJIMUMBAETCS CKayKoOM, TIpUYeM 3TO YBeJIWYEeHUE 3HAUYUTEJbHO OOJIbIIE,
yeM TIpH TUIaBJIEHUH, TIOCKOJLKY YHUCIIO COCTOSTHUM TIpU UCNapeHUH pe3Ko Bo3pac-
TaeT. 3aTteM TIPOMCXOJUT HarpeBaHWe Ta3a IpH TIOCTOSTHHOM aaBieHun. Utak, sHT-
porius J1000ro BeiecTsBa Mpu HeKoTopol Temriepatype T MoXeT OBITh paccyuTaHa
o ¢opmyie:

Teun
Sp =S, + jc”(;B)dT jc(T Dar + Tc( D AT +3 AHyu /Tyn. (1.19)

0 Tn_n Kun

3Ha4YeHUsI SHTPONINH Pa3NMUYHLIX BewecTB rpu 298 K u maBneHnn 1 at™ (S5)
cBeneHbl B Tabnmuubl (tabn. 1.3 1 nipui. 1). DHTpoNuM NpOCTBIX TBEPABIX BEILECTB
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Tab6auua 1.3

CranaapTHbie 3HTPONMH HeKoTOPBIX BemecTs (Jxk/Mous - K)

Beuecrno 508 BeurectBo S%s Beurectno 8%s Bewectno 898
Al(r.) 164,4 | Cl(r.) 229,9 [ Ny(r.) 199,9 | H,O(r.) 188,72
Al(1B.) 28,35 (| Cl(r.) 165,1 | NH,(r.) 192,6 [ H,O(x.) 70,08
AlP*(p.)* -301 Cl(p.) 56,54 || NH3(p.)* 114,4 || H,O(t8.) 39,33
AlCl(1B.) 109,3 || HCI(r.) 186,8 NH4C1(TB.) 95,8 H,(r.) 130,6
AlBr,(1B.) 180,2 [ HCl(p.) 56,5 || NO(r.) 210,6 || H*(p.) 0
Al O.(1B.) 50,92 | Cl1O(r.) 257,0 | NO,(r.) 240,1 || OH~(p.) -10,87
Fe(r.) 180,4 | CLO(r.) 266,2 || N,O,(r.) 304,3 || O,(r.) 205,04
Fe(B.) 27,15 || Br,(r.) 245,5 || HNO,(r.) 266,9 O,(r.) 238,8
Fe*(p.) -309,3 | Br,(x.) 152,2 | NO3(p.)* 147,3 [ SOLr.) 248,1
FeO(1B.) 60,75 || HBr(r.) 198,6 || P, (1B.) 41,1 SO,(r.) 256,4
Fe,O,(tB.) 87,4 HI(r.) 206,5 Pxpac(TB.) 22,8 |H,S(r) 205,7
NaCl(tB.) 72,12 | CaO(1B.) 39,7 || COLr.) 213,68 CaCO,(m8.) | 92,9

* ]I MOHOB B PacTBODPE BHTPONMsI U3MEpSIETCH OTHOCHTENbHO 3HTponuM uona H'(p.), KoTopas
NIPUHATA 33 HONb, MO3TOMY 3HTPONXM HEKOTOPHIX WOHOB OTPUIIATENBHBI.

cocTapAIoT gecsi Tk Ik /(Monb - K). s ra3006pa3HbIX BEIIECTB SHTPOIMS 3HAUU -
TEJIbHO BbINIe — MOPSIKA HECKOJBKUX COTEH M 3aBMCUT OT MAacChl YacTHIl U UX
reoMeTpuueckoro crpoeHust. Tax oxcun yriepona(lV), Monekyna KoToporo JTHHeH -
Ha, UMEET SHTPOIUIO MEHBIIE, YeM MPUOIN3UTENBEHO PAaBHBIM €My 110 Macce OKCHIL
azota(lV), uMeommit HeMUHEHHOE CTPOCHUE. BTO MOXHO OOGBSICHUTH TeM, UTO Y
MoJtekynel NO, Gonbuie BpamareJbHBIX CBOOON.

Ha ocHOBaHMM HaHHBIX O CTAHJAPTHON SHTPONMUH BEILIECTB MOXHO PacCUUTATh
U3MEHEHUE SHTPOIMMM PA3TUYHBIX XMMUYECKHUX MPOLECCOB. [TOCKONBKY SHTPOMUS
aBaAeTCd PYHKIMEH COCTOSTHUS, TO €€ U3MEHEHME He 3aBUCHUT OT ITYTH Ipoiecca U
PaBHO Pa3HOCTH HTPOIMNMUI NMPOAYKTOB PEAKIIMM U UCXOMHbBIX BEILECTB.

AS = viS =Y v 8 (1.20)
! J

Bo MHOTUX ciyyasXx U3MEHEHHEe DHTPOMHUM MpPOollecca MOXHO OLEHUTL Kaye-
CTBEHHO:

o DHTPONMS BCETAA YBEJMUUBACTCS MPU Mepexoie U3 KOHIEHCUPOBAHHOTO CO-
CTOSIHMA (TBEPAOTO WMJIM XUIAKOTO) B NAapooOpa3Hoe, HANpUMep, Sy [,(TB.) =
= 117 xIx/(Mons - K), a S5 [5(r.) = 260,6 Ix/(Mons - K);

o DHTPOMUST BO3PACTAET MPHU PACTBOPEHUU TBEPIOTO WIM XMIKOTO BEIECTBA,
MPUYEM YeM GOJIbIIIE CTENEHb JUCCOIMAIIMM, TeM 3aMeTHEH YBEJIMUUBAETCH HTPO-
nvst. ITpy pacTBOpeHUU ra3oB, HAMPOTUB, SHTPOIMUS YMEHBIIIAETCA:

Be