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NNPEAWCJIOBHUE K TMEPBOMY HM3JAHUIO

Hacrosuiee nocobue siBasiercs nepseiM ToMoM «Kypca dusnueckoi
XMMHHU», NOJATOTOBJIEHHOTO rpynmoil mpemnopxaBateseil kadenpsl ¢usu-
YeCKOH XHMHH XHMHYeCKOro ¢akysabTeTa MOCKOBCKOTO roCynapCTBeH-
Horo yHusepcurera uM. M. B. JlomoHocoBa.

[lepsuii Tom «Kypca ¢u3uyeckoll XHMHH» BKIOYAaeT TepPMOJHHA-
MHKY ¥ ee NpHJoXeHHA. 'JlaBbl, MOCBsIllEHHEIE OCHOBaM TepMOJHHA-
MHKH, TepMOAHHAaMHKe pacTBOPOB H XUMHYECKOH TepMOJMHaMHKe,
Hanucausl 1. M. IepacumoBeiM; pa3pen «FereporeHHble paBHOBeCHSI»—
B. I1. HOpeBunrom; paspen «IloBepXHOCTHble SiBJeHHS M alACOPOLUS»
u gonosHenne «['asoBas xpomartorpadus» — A. B. Kuceneseim.

BTopoii TOM 3TOro Kypca OXBaTHIBA€T XMMHUECKYIO KMHETHKY, yue-
HHe O KaTaJjli3e H 3JeKTPOXHMHIO.

B Kypc He BKJIIOYEHO y4YeHHe O CTPOEHHH BellecTBa, TaK KakK Ha
XHMHYeCKUX (aKyJbTeTax OHO NMpeACTaBJeHO B BHIE OTHENbHBIX yueb-
HbIX QUCHHIINH «CTpoeHHe MoJeKya» H «KpHcTasnoxuMuss.

ABTOpbl CO3HAIOT, YTO MOJIHBIHI O06bEM MpeAsaraeMoro Kypca mpe-
BbIlIaeT MNpPOrpaMMy YHHBepCHTeTCKoro obulero Kypca ¢uauueckoii
xuMud. OJHAKO OHH NOJAraloT, YTO HX TPYL MOXeT OBbiTb HCHOJb30-
BaH NpH H3yYeHHH (U3HUECKOH XMMHM CTYHAEHTaMH YHHBEPCHTETOB.

BoJapwoi o6beM KHUFM CBsi3aH B 3HAYHTEJbHOH Mepe C TeM, UTO
aBTOpbl CTAapajiuCh NOCTYNHO H3JI0XKHTb OCHOBHBIE IOJIOKEHHS H HX
83aMMOCBS3b. MateMaTHueckne BbIBOAbI NPOBeJEHBI JOCTATOYHO MOM-
poGHO ¥ mpocTo. ABTOpH MOJAraloT, 4YTO KHHTa JOCTyNHA JuuaMm,
BIEpBble H3YyYaloIIMM (PHU3MYECKYI0 XHMHIO M 06J1ajlafoliuM 3HAHHUSIMH
MaTeMaTHKU ¥ (PH3MKM B mpejesnax OOBIYHBIX KYPCOB 3THX AHCLHUILIHH
HQ XUMHYECKHX (paKyJ/bTeTax.

[Taparpadnbl kHurH, 0603HaUeHHble 3Be3NL0YKAaMH, MOT'YT GBITb OMy-
lIeHbl NPH M3YYeHHH (QHU3HYECKOH XHMHH M0 0053aTe/IbHON Nmporpamme.
DTOT HOMOJHHTE/NbHBI MaTepuas, H3JOXEHHbIHl ‘B TaKoH XKe Mepe
IOOCTYNHO, KaK H OCHOBHag 4YacThb Kypca, MOXeT OBbITb HCIOJb30BaH
51 Gosee yray6/eHHOTO HU3ydyeHUs NpeaMeTa.

Pasgen «['asoBas xpomartorpadus» HamucaH C y4eTOM 3ampocOB
CTYLEHTOB, CNEeLHaJU3HPYIOLIMXCA M0 ra3oBoi XpoMaTtorpaduu Ha Xu-
muueckux ¢akysabrerax MIY ¥ HEKOTOpLIX [APYyTHX YHHBEPCHTETOB.
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Tekcr aToro pasaena TeCHO CBSI3aH C CONEpXKaHHEM NpelIIeCTBYIOLIUX
pa3fesoB KHHIH, NMOCBSIUEHHBIX pacTBOpaM H ancopOuuH, H MO Xa-
PaKTepy H3J0XKeHHs ABJSETCS BBENEHHEM B JaHHYIO 06J1acTb, HOCTYM-
HBIM [JISi O3HAKOMHBLIHXCS C COZEpXKaHHeM psifa IJjaB 3TOr0 TOMa.
[TosToMy 34ech HM3JaraloTcsi B OCHOBHOM JIHIIb ‘TepMOAHHAMHYECKHE
acrekThl ra3oBoft xpomatorpaduu. [To e6bemy mMaTepuana sToT pasmen
JOBOJILHO BEJIHK, OAHAKO aBTOPBI, YUHUTHIBas OOJIbILIOE H pacTyllee 3Ha-
YeHHe ras3oBoil XxpomaTorpaduu s MHOTHUX MpoGJjeM XHMHH H XUMHU-
YeCKOi TEXHOJIOTHH, BKJIIOUH/IH 3TOT pasjen Kak jononHernue K «Kypcy
(u3NYeCKOH XHMHH».

[lpu moxaroToBKe Kypca aBTOpaM 6blia OKasaHa 60JblIasi MOMOILb
CO CTOPOHBI MHOTHX TOBapHLiel Mo paboTe U CNELHANHCTOB H3 APYTHX
HHCTHTYTOB. [lpouuTanu OTHeNbHBle pa3fessl HJIH OTHAejbHble IJIaBH
PYKOIHCH TMEpBOr0 TOMa M COOGILUHJIM IIEHHBle 3aMeYaHHsi, CoCOGCTBO-
BaBlIXe yJayuymeHuio KHury, B. ®. Bait6ys, . M. I‘uéano, npod.
M. X. Kapanerssiny, npod. B. A. Kupees, npod. I1. B. Kosios,
B. A. Measenes, P. C. IlerpoBa, mpodp. O. M. Iloaropak, npod.
B. K. Cemenuenko, npodp. C. M. Ckyparos, npod. K. X. Xomsakos,
npod. M. U. UHlaxnaponos, K. II. lllep6akoBa. ABTOpB! NPHHOCAT 3THM
JAMUAM ceplevyHylo 61arogapHOCTb.

Kuura MHoruMm o6Gfi3aHa BHHMMaTeJbHOMY KDHTHYeCKOMY pasGopy,
KOTOPBIH MPOBEJH pelleH3eHThl ‘PYKONUCH — KOJUIEKTHB Kadeapsl ¢pHu3au-
YyecKoil XMMHMHM JIGHHHIPAaACKOrO rocyJapCTBEHHOTO YHHBEpCHTETa BO
rnaBe ¢ uiteHoM-koppecnonaentom AH CCCP npod. B. II. Huxoub-
ckuM H npod. B. A. IllymyHoBbiM. ABTOpPHI BHIPAXKaIOT HM CBOI 6.1a-
roJapHOCTb.

Apropsl 6aarogapar cr. HayyH. corp. A. A. JlomaTkuHa 3a nomouib
NpH NOATOTOBKE PYKOMHCH K MeyaTH.

Aptopel 6yayT 6JarogapHbl BceM YHTaTeNsAM KHHIH, KOTOpble C006-
AT O 3aMeYEHHBbIX HeAOCTaTKaxX M YNYIIEHHSAX,

Astopos



BBEJLEHHE

§ 1. Npeamer dusnueckoit xumun. Ee anavenne

XuMHYecKHe peaKLHH BCerja cBs3aHbl ¢ Pa3sHOOOpa3HbLIMH (QH3H-
YeCKHMH IIpolleccaMu: TelJonepenayell, MOIJIOLIEHHEM HJH H3Jyde-
‘HHeM 3JeKTPOMAarHUTHBIX KoJieOaHHH (CBeT), 3JEKTPHYECKHMH siBJje-
HusamMu U gp. Tak, cMech BelllecTB, B KOTOpO# NpoTeKaer KakKas-/iH6o
XHMHYecKas peaKLHs, BblAeJsieT SHEPTHIO BO BHEIIHIOW cpefy B dopme
TeIJIOTHl MJH mnorjowmaer ee u3BHe. [lorgomende csera ¢ororpadu-
YeCcKOli NJIEHKOH BbI3bIBaeT B HeH XHMMHUECKHH npouecc ob6pas3oBaHus
CKpbITOro M3o6paxceHus. XHMHYECKHe peakluH, NpoTeKalollie B aKKy-
MyJIATOpax MeXAy' 3JeKTPOJaMH H PacTBOPOM, fIBJSAIOTCA NpPHYHHOM
BO3HHKHOBEHHsl 3JeKTpudecKoro Toka. IIpu moBbIlIeHHM TeMmepaTyphl
BellleCTBA YBEJHUHMBAETCA HHTEHCHBHOCTb KoJieGaTeJNbHbIX [BHXKEHHH
BHYTPH MOJIEKYJ], H CBA3b MeXJy aTOMaMH B MOJeKyJe ocjabasercs;
noc/ie nepexoja H3BeCTHOH KPHTHYECKOH IpaHHILbl NPOHCXOAUT AHCCO-
HHalus MOJIEKYJbl HJM B3aHMOJIEHCTBHe ee C JPYFUMH MOJIEKYJaMH
IpH CTOJKHOBEHHH, T. €. XMMHYeCKHH mnpouecc. Uncio aHaJOrHYHBIX
NpHMepoB JErKo yBeJHunTb. Bo Bcex ciyyasix HMeeT MecTo TecHas
cBA3b (PU3MUECKUX U XUMHUYECKHMX SIBJIEHHH, HX B3aHMOJEHCTBHE.

B3anMocBfA3b XUMHYECKHX M (U3NUYECKHX SABJIEHUH H3yuyaeT ¢u-
auyeckan xumus *. Ota OGBICTPO Pa3BHBAIOILARCA OTPACIAb XHUMHH SB-
JsieTCsl NOTpaHHYHOA Mexay Xumueidn u ¢usukoii. Ilosb3ysich Teope-
THYECKMMH H 3KCIeDUMeHTaJbHbBIMH MeTOoJaMH o0eHX HayK, a TakKike
M CBOMMH COOCTBEHHBIMH MeTONaMH, (H3HYECKas XHUMHs 3aHHMaercs
MHOTOCTOPOHHHM HCC/IeIOBAaHHEM XHMHUECKHX peaKUHil H CONYyTCTBYIO-

* O xumuueckoii M ¢usnueckux ¢opmax JABHKEHHS MaTepuu (0 XHUMHUECKHX
H (Gu3NuecKHX fBJEHHAX) 4YacTO TOBODPAT TakK, Kak GyATO 3TH pasiauyHble (OpMEI
IBIDKeHHs (pa3/iMyHble fIBJEHMS) BCerAa Jerko ONpeAeNsTb M pa3jHyaTh NpPH HU3-
yueHHH CJIOXKHBIX HX coueTaHufi, Ha caMOM Xe aene BCTPeYalOTCs M TaKue IPOLECChH
¥ ABJEHHS,, KOTOpble N0 CBOEMY CYLIECTBY SIBJASIOTCS IDOMEXYTOUHBIMH MEXAY
X¥MHHYECKHMH H MOJIEKYJISPHO-bH3HYeCKUMH, OTHeNbHble H3 TAKHX SIBJEHHH MOXXHO
PacnoJIOXHTb B HENPEPLIBHBIA DAL OT UHCTO MOJEKYNADHO-QH3HYECKHX K UHCTO XH-
MuueckuM. TakoBol B3aMMOJECTBHSl COCTaBHBIX YacTell B pacTBOpax M B3auMoJeil-
¢TBHE aACOPGHPOBAHHOTO BEILECTBA C BellecTBoM ajpcopbenra. OueBHAHO, ANA ITHX
rpynn fiBleHHil XapakiepHbl (OPMbl JBMKEHMA MaTepHH, IepPeXOaHbie OT (U3Hu-
YeCKHX K XuMmuueckod. Takue siBiIeHHs, €CTECTBEHHO, B NEPBYK O4Yepelb JOJIKHBI
CYuTaThc OOHEKTAMH H3y4YeHHS (PH3HUYECKOH XHMHU.
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WX UM Qusnyeckux npoueccos. [TocKobKy, ofHAKO, H MHOTOCTOPOH-
Hee MCC/IEOBaHHEe HUKOTAA He SfIBJISETCS MOJHBIM UM He OXBaTbiBaeT
fIBJIHHE BCECTOPOHHE, MCYEPNBIBAIOLIUM 06Pa30M, MOCTOJbKY 3aKOHb
H 3aKOHOMepHOCTH (H3HYeCKOH XHMHMM, KaK M JAPYTHX eCTeCTBEHHBIX
HayK, BCerja ynpoulamT siBleHHe U He OTPaxkaloT ero MOJHOCTbIO.

BricTpoe pasBuTHe H pacTyllee 3HaueHHe (U3HYECKOH XUMHH CBSi-
3aHbl C ee MOrPaHHYHBIM MOJIOXKEHHeM MeXIy OH3HKOH H XHUMHeH.
®u3nyeckas XUMHS, KaK NOrpaHUYHAs HayKa, OXBAThIBaeT H3yuaeMble
€10 fABJEeHHS C HEeCKOJbKHX CTOPOH, YUHThIBas NHaJeKTHYECKHH Xapak-
Tep MX B3aHUMOCBSI3W M B3aHMMOJEHCTBHUS, H TaKUM NYyTeM IO3HaeT
CJIOXKHble H B3aHMOCBSI3aHHble SBJIEHHs] MaTepHaJbHOro Mupa. AHaJo-
THYHBIMH (H3HYECKOH XHMHMH B 3TOM OTHOLIEHHH SBJSAIOTCA TaKue
norpaHuyHele u ObICTPO pa3BHBalOIHecs 06JaCTH €CTeCTBO3HAHHS,
Kak OMOXMMHSI M OHO(]H3HKa, F€OXMMHS H reoHsHka, acTpopH3HKa,
3HayeHHe KOTOPbIX HelpepbiBHO Bo3pacraer. CBfi3b U B3aNMOJeHCTBHE
3THX HayK ¢ QU3uyecKoll XMMHell TaKxke BeJHUKH.

dusnyeckas XUMHA yAeJseT IVIaBHOe BHUMaHUE HCCIENOBAHHUIO 3a-
KOHOB TpOTeKaHHfi XHMHYECKHX IpPOIECCOB BO BpEMEHH H 3aKOHOB
XHMHYECKOTO paBHOBeCHsS. 3aKOHOMEPHOCTH TeYeHHS XHMHYECKHX
peakiuil no3HawTcs BO Bce 6oJibllei Mepe Ha OCHOBE H3ydeHUs «3Jje-
MEHTapHBIX AaKTOB», T. €. €IMHHYHbIX KOHKDPETHBbIX B34UMOAEHCTBHIA
OTIeJbHbIX MOJIeKyJ (MOHOB, aTOMOB) MeXIy CO6Oil H C 3JeMeHTap-
HbIMH YaCTHLAMH H H3JyYeHHEM.

OcHoBHas ofmwias 3agaya (pu3HIECKOH XMMHH — NpejicKa3aHHue Bpe-
MEHHOT0 X0Ja XMMHYeCKOro Ipouecca U KOHEYHOro pesysabrata (CO-
CTOSTHHSI pPaBHOBEeCHS!) B Pa3JIMYHBIX YCJIOBHSIX HAa OCHOBAHHM JaHHBIX
O CTPOEHHH W CBOHCTBAaX MOJIEKYJl BeLIeCTB, COCTABJSIOLIUX H3ydyae-
MYIO CHCTEMY.

CoBpeMeHHble HeopraHuyeckas, aHaJHTHYeCKas W oOpraHuyeckas
XHMHH BCe B GOJIbllIel Mepe MOJb3YITC (PU3HKO-XHMHYECKUMH 3aKOHO-
MEpHOCTAMH M MEeTOJaMH [JIfl pa3pelleHHs OOLLMX M KOHKPETHBIX Npo-
6J1eM, CTOALINX Tlepel HUMH.

Ciloza OTHOCHTCA B MepBYI0 ouepelb H3yuyeHHe 3aKOHOMepHOCTeMH
INPOTEKAHHS] M PaBHOBECHSl OTAEJbHBIX KJIaCCOB XHMHYECKHX peakLHi
M CBfi3b 3THX 3aKOHOMepHOCTell C 0COGEHHOCTAMH BHYTPEHHEro CTpoe-
HMSL MOJIEKYJl OTHEeJbHBIX TPYNN XHMHUECKHX COeIMHeHH#. B sTux
HanpaB/eHHsX pasrpaHuyeHHe Mexay (usnuecKoil XumueH, ¢ oJHOM
CTOPOHHI, U JPYTHMH pasjiejaMH XMMHH, C APYTo#, NPAKTHYECKH HCUe3-
n0. MeHHO 3TU HnanpaB/ieHHs] SBJSIOTCS Ba*KHeHUIMMM 1/ KoJuye-
CTBEHHOr0 0GOCHOBAHUSI HOBbIX KOHKPETHBIX TE€XHOJIOTHYECKHX Ipoliec-
COB M yCOBEpPLIEHCTBOBAHHA HCIOJb3yeMBbIX.

OueBHAHO, YTO 3HAHHUE YCJIOBHH NPOTEKAaHUs XMMHYECKOH peaKuUuu
NPUBOAUT K BO3MOXKHOCTH YNpPaBJATb XMMHYECKMM INpOLECCOM, T. .
obecneunTh HaubGosiee GbICTPOe W MOJHOe IpOBeldeHHEe HHTEPECYIOUIHX
TEXHUKY peaklLuil B HY»KHOM HalpaB/eHHH H MpPH YCJIOBHAX, Haubosee
npuemjaeMblX AJsi 3aBOACKHX MacwTaGoB. Takue BaxkHeluue mpo-
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1eccbl XHMHYECKOH TEXHOJIOTHH, KaK CHHTe3 H OKHC/IeHHe aMMMaKa,
KOHTAKTHOe II0JIlydyeHHe CepHOH. KHCJOTBl U MHOTHe ApYTHe BCellelo
OCHOBaHBI Ha pe3ysabTaTax (H3HKO-XHMHYECKOTO M3yUEeHHS] 3THX peak-
uuii. BeqHKo M nocTossHHO BO3pacTaeT 3HaueHHe (H3HKO-XHMHYECKHX
HCCeJOBaHHA B Pa3BHTHH XHMHYECKOH NPOMBILJIEHHOCTH (OCHOBHOMH
OopraHuyecKkuil CHHTe3, HePTeXMMHs, MPOU3BOACTBO NJACTHYECKUX Macc
H XHMHYECKOro BOJIOKHAa H Ap.). BaxHyio posp Hrpaiotr ¢QH3HKO-XH-
MHYeCKHe HCCJeNOBaHHsA M IJs1 MHOTMX JAPYTHX OTpacjell HapOAHOTO
Xo3sificTBa (MeTaJIypruH, He(TAHON NPOMBILIJIEHHOCTH, NPOU3BOACTBA
CTPOMTEJNbHBIX MaTepHaJIoB, CEeJbCKOro XO03fIHCTBA), a TaKXKe IJs Me-
OUIUHBI B OD.

W3 ckazaHHOro BhiTeKaeT 3HaueHHe (DU3HYECKOH XMMHM KaK Bax-
HO! yueOHON NHCUHIJIMHBI, H3YYEHHIO KOTOPOH yJenasiioT 60Jblloe BHH-
MaHHe B XMMHYECKHUX, XHMHKO-TeXHOJIOTHYECKHX, FOpHOMeETaNJIypruyue-
CKHX, CEJIbCKOXO3SHCTBEHHBIX M JAPYTHX BBHICIIHX yueOHBIX 3aBeIeHHSIX.

§ 2. Kparkuii oyepk MCTOPHH pPa3BUTHS (PU3HYECKOH XHUMHH

TepmuH «pu3uyeckas XUMHS» U ONpelesNeHHe 5TOfl HAyYKU BIepBble
6ol panst M. B. JlomoHocoBbIM, KoTOpBI B. 1752—1754 rr. uuran
cryneHTaM AKajJeMHH HayK Kypc (pH3MYecKOil XHMHH H OCTaBHJ py-
KONUCb 3TOro Kypca «BBeleHHe B HCTHHHYIO OHU3HYECKYI0 XHMHIO»
(1752). JIoMOHOCOB BHINOJHHJ MHOTHE HCCJAELOBAHHS, TeMbl KOTOPBIX
COOTBETCTBYIOT COCTaBJeHHOMY UM e «[lnaHy K Kypcy ¢usnuueckoi
xuMuu» (1752) wu mnporpamMMe sKcnepuMeHTaJbHBIX pabor: «OmbiT
¢usuueckoit xumun» (1754). Ilox ero pykoBoACTBOM NMpPOBOLHJICA TaK-
JKe CTYJeHUYeCKHH NpPAaKTHKYM H JAHIVIOMHBle PaboThl mo (u3HUeCKOoi
XMMHH.

JloMoOHOCOB [naJs caeaymllee onpejejeHde ¢GU3NYECKOH XHMHH:
«(pu3nyeckas XHUMHsi eCTb HayKa, oODbsCHSWOLIAss Ha OCHOBAHHH IOJIO-
JKeHHHA M ONbITOB (QU3UKH TO, 4TO MPOHCXOAHUT B CMEIIAHHBIX TeJax NpH
XUMHMYECKHX OlNepalusax». IJTO olpeleseHHe OJH3KO COBPEMEHHOMY.

JIOMOHOCOBY INpHHAIJEXHT OTKPbITHE 3aKOHA IIOCTOSIHCTBA Beca
NpH XHMHYecKMX peakuusax. OH copMysupoBajs 3aKOH COXpaHeHHS
IBHXKEHHUS], CO31aJl CTPOHHYIO H SICHO H3JIOXKEHHYIO KaueCTBEHHYIO KHHe-
THYECKYIO TEOpHI0O MaTepHM H OODBSACHHJ TelJIOTy KaK MpOsiBJIeHHe
NBUXKEHHSI MoOJeKyJ. JIOMOHOCOB BBINOJIHMJ TaKxke psiil APYTHX HCCe-
HoBaHMil Mo (DH3MKe U XHMHUH.

XoTs B TeueHHe IOCJeAyIOlLIero crojeTds (uauveckas xumus He
obocobuaach B OTAENbHYI0 HayKy M caMbli TepMHH «(uanueckas
XMMHSI» He HCIOJIb30BaJjCd, HO MHOTHe KpYIHble (DH3MKM M XHMHKH
Be/id HCCJIeNOBaHNs, KOTOpble CAeAyeT OTHECTH K (PU3HUECKOH XHMMHH,
KaK OHa olpefesseTcs B Hallle BpeMs. B pesyabraTe 3THX Hcc/eno-
BaHH# OBIJIO CIENaHO MHOIO Ba*KHBIX OTKPBHITHH M 06061uennil. MoxHO
yKa3aTb Ha OTKpbiTHe aacopbumu rasos (Illeese B Illseumn, 1773 r.
u @onrtana Bo Ppanuuu, 1777 r.) wu ajgcopbuuH H3 pacTBOPOB
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(T. E. JloBun B IlerepGypre, 1785 r.), OTKphITHE KaTaJHTHYECKHX
peakuuii B Havase XIX Beka JleBn n TenapoM u ycraHOB/EeHHe Ipel-
craB/lieHHa o Karauause Bepuennmycom (1835). OcHOBBI 3/1€KTPOXHMHH
OblIH  3aJI0XKeHbl HCCNeJOBAHHAMH IO rajlbBaHHYECKHM 3JeMeHTaM,
3JIEKTPOJIH3Y M NEPEHOCY TOKa B 3JEKTPOJHTAX, NpoBeJeHHEIMH Bosb-
ta, B. B. IlerpoBnuiM, [eBu, T. K. I'potrycom u Papaneem. Hsyyenue
TENVIOT XHMHYeCKHX peakuuit 6bio Hayato JlaBya3ve M Jlanmacom
(1779—1784) u B najbHeiilleM NPHBEJIO K YCTAHOBJIEHHIO OCHOBHOIO
3aKOHAa TepMOXHMHU — 3aKoHa mnocrosiicTBa cyMMm rtensot (I'. M. Tecc,
1840).

- Jlns pasBHTHS (M3MUECKOA XHMHHM OIpPOMHOEe 3HayeHHe HMeJo
OTKPHITHE J[BYX 3aKOHOB TepMOAHHaMHKM B cepeauHe XIX Beka
(Kapno, Matiep, I'enbmroann, Jdxoyab, Knaysuye, B. Tomcon).

Konnyectso v pasHooGpa3ue HcC/JelOBaHMH, Jexauux B o6JacT,
NOrpaHHYHOH MeXAy (GH3HKON M XHMMeH, IIOCTOSHHO BO3pacTajo B
cepeauHe u B Tpetbeli YerBepTu XIX Beka. Bwmiio passBuro Tepmoau-
HaMHYecKoe yueHHe O XHMHYecKoM paBHoBecuu (I'ynbaGepr u Baare,
I'u66¢). Uccnenopanus BunbresbMu NOJIOKHIM HAUAJI0 U3YYEHHIO CKO-
pocTell XMMHYECKHX peaKUull (XuMHyecKas kHHeruka). HMccaenoBascs
nepeHoc ajekrpuyecTBa B pacrBopax (I'urropd, Koabpaym), usyua-
JIHCh 3aKOHBI paBHOBecusi pacrBopoB c¢ mapom (L. Il. KoHoBanoB) u
pa3BuBaJsach Teopus pacreopoB (. M. Mennenees).

Bosbiioe ' 3HaueHue nand opopmiaeHHss (GU3WYECKONH XHMHH, Kak
ocoboro npeiMeTa NpemnojaBaHHs, a, OTCIONA, KaK H caMocTosiTens!
Hoit Hayku, umena pesitenbHocts H. H. BekeroBa u B. OcrtBasbpa.
IMpogeccop Xapbkosckoro ynuepcutera bBekeros c¢ 1865 r. unuran
JeKIMH 1o (u3HKO-XuMHM, u3fgan (nuTorpadckuM croco6Gom) Kypc
JIeKIHH# M OpraHu3oBan B XapbKOBCKOM YHHBepcHTeTe (QH3HKO-XHMH-
yeckoe OTHesNeHue. Benen 3a BekeToBhIM Havasu npenopaBaHde ¢u-
3M4YeCKOl XMMMH B OpYyrux yHuBepcurterax Poccun: @. M. ®paBuukuil
(Kaszanp — 1874), B. OcrBanbx (IOpneB, Ttenepr Tapty, — 1880),
H. A. Ka6aykos (MockoBckuii yHusepcuter — 1886).

[Tpusnanne GH3UYECKON XHMMHH, KaK CaMOCTOSTe/NbHOM HayKH H
yueOHOH AHCUHIIMHBI, BHIPA3HJIOCh B YUPeXIeHHH B JIeANIHICKOM YHHU-
sepcurere (I'epmanus) B 1887 r. nepsBoit Kadenpol HH3HYECKOH XHMHH
Bo raase ¢ OcTBanbfoM M B OCHOBAaHMH TaM e NEepBOro Hay4yHOro
XKypHata mo ¢usuyeckohi xumuu. B konue XIX Beka Jlefinuurckuit
YHHBEPCHTET OblJ LIeHTPOM Pa3BUTHSI (QHU3HYECKOH XHMHMH, a BEAYIHMH
¢busuko-xuMukaMu sBasauck B. OcrBanapa, Baut-T'odbd, Appenumyc
u Hepuer. K atomMy BpeMeHu ompeleNHJHCh TPH OCHOBHBIX pasfelia
($u3HYeCKOM XMMHH — XHMHYeCKasi TepMOJAHHAMHKA, XHMHYeCKast KHHe-
THKA H 3JIeKTPOXHMHS.

Hcropuio ¢usuyeckoit xuMuu B XX Beke HeT BO3MOXHOCTH H3JIO-
JKUTb B KpaTkOM ouepke. [Tosromy Gyner maHa Juulb oblias xapakTte-
puctuka pasBuTus ¢usnyeckoit xumun B XX Beke. Ecan aaa XIX Beka
OblJI0 XapaKTepHO M3ydYeHHe CBOHCTB BellleCTB 6e3 yyeTa CTPYKTYpH



§ 2. Kpatkuii ouepx uctopuu passutus uauueckol xumuu 15

M CBOMCTB MOJIEKYJ, a TaKxke HCIOJb30BaHHe TEePMOLMHAMHKH KakK
OCHOBHOTro TeOpeTHYeCKoro Meroja, To B XX BeKe Ha mepBHfl NJaH
BBICTYIHJIH HCCAEAOBAHUS CTPOEHHS MOJIEKY/] H KPHCTAJJIOB H TpHMe-
HeHHe HOBBIX TeOpeTHYeCKHX MeroloB. OCHOBLIBasicb Ha KpYMHeHIIHX
ycrnexax (H3HKM B 06JaCTH CTPOEHHS] aTOMa H HCIOJB3Ysl TeopeTnye-
CKHe METOAbl KBAHTOBOM MEXaHHKH H CTaTHCTHUYECKOH MeXaHHKH, a
TaKXe HOBble 3KCNepPHMEHTa/bHble MeTOAbl (PEeHTIeHOBCKHH aHaJsu3,
CNEKTPOCKOMHS, MaccC-CIIeKTPOMETPHSl, MarHUTHble MeTONbl M MHOTHe
npyrue), Gu3HKH ¥ QHU3MKO-XHMHKH JNOGHIHCH GOJBIIHX YCHEXOB B
H3YYeHHH CTPOEHHS MOJIEKYJ M KPHCTaJJOB W B NMO3HAHHH NPHPOIEI
XHMHYECKOI CBA3H H 3aKOHOB, YNPaBJSIOIIHX €lo.

Bosbiioe pasBHTHe NMOJYydHJIa XMMHUYECKass KUHETHKa, Tenepb KOH-
KPeTHO CBsi3biBaeMasi C HCCIeNOBaHHAMH CTPOEHHS MOJIEKYJ M MPOYHO-
CTH CBfi3eH MeXJy aTOMaMH B MoJieKyse. Bo3HHKalOT M pa3BHUBaloTCH
HOBble paszenbl (HU3HYECKOH XHMHUHM (MarHeTOXHMHs, pafHalHOHHAH
XUMHS, ¢Hu3NYecKass XHMHS BLICOKOIOJHMEPOB, ra3oBasl 3JIEKTPOXH-
MHSA Y Ap.).

[IpoHHKHOBeHHe B CTPOEHHe aTOMOB M MOJIEKYJa H ray6okoe H3y-
YyeHHe HX CBOWCTB JaJjo CHJbHelllllee Opyxue B 6opbbe 3a MaTepHaju-
CTHYECKOe MHPOBO33peHHe, KOTOpasi OCOGEHHO OCTPO MPOHMCXOAHJAA B
nayajse XX Beka. B 3ToT mepHon ycnexu TepMOOMHAMHKM KaK yueHHs
O NpeBpalLleHHAX 3HEPrHH H OTKPBITHE PaJHOAKTHBHOCTH, He YKJajbl-
BaBHeecs B pPaMKe CTapbix NpPeACTaBJeHHA O COXpaHEHHH BellecTBa,
NpUBEJH K 3HAYHTEJbHOMY DACNpPOCTPAHEHHIO CPelH YYeHBIX HHAealiH-
CTHYeCKHX B3rasmoB. Tak, OcTBa/ibl NO CYIIECTBY OTpHLAN OGBEKTHB-
HOe CYLeCTBOBaHHe MaTepHH, CBOAS BCe INPOLECCH peasbHOro MHpa
K 3HepreTHYeCKHM H3MeHeHHsIM. Psj yueHBIX mpomoBeabiBajl CyGbeK-
THBHLIH XapaKTep HalMX 3HaHHA 06 OKpyxalolleM Mupe, KOTOphie
TPAKTOBAJ/HCh KaK «yHNoOHafA» CHCTEeMaTHKa HAalIMX OUIylleHHH (3Mmu-
PHOKDHTHIIH3M). .

Iiiy6okas u ocTpas KPHTHKA HJeaJHCTHYECKHX yuyeHu# B ¢usuke
6bi1a nana B. Y. JlenuHbiM B KHMre «MarepHann3M M 3MIHPHOKPH-
tuuuam» (1908). B. H. JleHnH moka3asn HIeaNHCTHYECKYIO CYIIHOCTB
B3rasgoB OcTBajbla, HECOBMECTHMYIO C €IHHCTBEHHO HayYHBIM: MHPO-
BO33peHHeM — AHAJI@KTHUECKUM MaTepuanu3MoM. OTpPHIB JBHXKEHHS OT
MaTepHH, OTPHIIAaHHE MaTepHH HeH36eXXHO NPHBOAHT K OTPHUAHHIO
06BLEeKTHBHON PeaJbHOCTH H3yyaeMOro HaMH MHPa, K CyGbeKTHBHOMY
HIeaNnu3My. :

Pa3surtve ¢usukun u XMMHH B XX Beke NoKa3ajo rayGoKyio mpa-
oty B. M. JlenuHna, Tak Xak MeToJaMH 3THX HayK ObL10 [NOKa3aHO
peasibHOe CYIECTBOBaHHe aTOMOB H 3JIEMEHTapHBIX YacTHL, Kak co-
CTaBHBIX YacTefl MaTepHasJbHOrO MHpa, a B NOCJEeNHHE T'OJbl MI0Ka3aHa
H3MEHYMBOCTb W B3aHMONPeBpAllaeMOCTb 3JeMEeHTapHBIX YaCTHIL

Kak u npyrue Haykd, GH3uYeCKash XMMHA H OTHe/bHbiE €e pas-
AeJibl BO3HHKJIM HJH HauHHAJ/IH Pa3BHBATbCS OCOOEHHO GBICTPO H ycmeli-
HO B Te MeEPHOMAbI, KOrla Ta WJH HHasf MNpakTHyeckas MNOTpeGHOCTD
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BbI3biBaJla HEOGXOZMMOCTb OBLICTPOTO pa3BHTHUS KaKo#-1uGO oTpacau
NPOMBIIJIEHHOCTH, a AJS 3TOr0 pa3BHUTHA TpeboOBa/jach NMPOYHAS TEO-
peTHuecKass ocHoBa. Tak, HanmpuMep, HYXKJAa B KaJHUHHBIX YAOOpeHHAX
JUIST MHTeHCHU(HKALUUU CeJIbCKOr0 X035{CTBA NpHUBeJa K HeOOXOAUMOCTH
106bIBaTh KaJsIMfiHbIE COIH B JaBHO H3BeCTHbIX CTacdypTCKHX CO/ISTHBIX
MeCTOpPOXKIeHHAX B I'epMaHUH, NPeICTaBISIOUHX COO0H 3aMeXKH CJIOXK-
HbIX CMecell MHOTHX cojiel. DTO B CBOIO Ouepelb BBI3BA/JO MHOrOYMC-
JleHHble HCCJe0BaHHSl PACTBOPHMOCTH B CJIOXHBIX BOJAHO-COJIEBBIX CH-
cTeMax M pa3paloOTKy yueHHs O reTeporeHHbIX paBHoBecHsix (Bawur-
Fodd). B Poccun u Coserckom Coio3e Te e 3ampochl NPaKTHKH BbI-
3BaJii 6oJbllIOe pa3BHUTHE IKCIIEPHMEHTANbHBIX HCC/e]0BaHUH, KOTOpbIE
npusenu K cosnanuio H. C. KypHakoBbIM cTpOHHOr0 yueHHs 0 ¢pH3HKO-
XMMHUYeCKOM aHa/u3e, ycrnewHo npumenseMoM B Coserckom Colose
IIpH HCCJeJOBaHUM H IKCIyaTallMH pa3HOOOpa3HbIX COJNEBbIX GOraTCTB
Halllefl CTPAHbI.

[TorpeGHOCTH pa3BuBaloLleiicd MPOMBILIIEHHOCTH HEOPraHHYecKoro
cuHTe3a npuseau B KoHue XIX u Hauase XX Beka K pa3BHTHIO XHMH-
YyeCKOM TepMOJMHAMUKU U ee NIPUMEHEHHAM K ra30BbIM peaKuusiM (CHH-
Te3 aMMHaKa).

Haneko He Bceriga, OJHAKO, MNOTPeOHOCTH MNPAaKTHKU SABJAIOTCA
LOCTaTOYHBIM OCHOBAaHUEM IJIsl pasBUTHUA Hayk. [ls1s aToro Heo6X0LUMO
TaKXKe, YTOObl K COOTBETCTBYIOLIEMY MOMEHTY Obll JOCTHTHYT ONpeje-
JeHHBI ypOBeHb PA3BHTUSl [JAaHHON HAYKH WM CMEXHBIX HayK. ITO
06yC/I0B/IEHO ' T€M, YTO HAayKa pas3BHBaeTCs He TOJbKO IIOJ BJIHMSHHEM
HEMoCpeJCTBEHHbIX TPe6OBaHHH NMPAKTHKH, HO M MO CBOMM BHYTPEHHHM
cneuuduyeckum 3akoHaM. [TosTomy obluee cocTosiHHe HayKH B KaKOMH-
Au6Go mepHol MoXeT He obecrneyuBaTh OBICTPOrO Pa3BHTHS ee B HEKO-
TOPBIX BaXKHBIX /I NIPAKTUKH HalpaBJIeHHsX.

H3yueHne ouyeHb BaXKHbIX [IJI MHOFMX OTpac/ell TeXHHKH Ipollec-
COB TOpeHHs M B3pblBa [JOJro He HMEJO CEepbe3HOH TeopeTHUecKOH
OCHOBBHI. JIHIIE NOCJe TOro, Kak 6Gblna cO3/laHa KBAaHTOBas TeOPHUA H
6bl1M HOCTATOYHO pPa3BUTHI METOAbl HCC/IEOBaHUS CTPOEHHSA M 3Hep-
TeTHYeCKHX COCTOSHHE MOJEKYJ NPH BbHICOKUX TeMIepaTypax (0coBeHHO
HeyCTOMYHMBLIX HEeHACHILIEHHbIX MOJIEKYJ U pajuKasoB), TeOpUs rope-
HHUS M B3pbIBa, Kak oco6as o6J1acTb XMMHYECKOH KHMHETHKH, cTana Obl-
CTPO pa3BHBATbCA.

Baxueiimel ana xuMuuyeckoii u HedrenepepabaThiBalollielt mpo-
MBIIIJIEHHOCTEN, 1Jsi POM3BOACTBA MJAACTHYECKHX MacC, a TaKxe s
IpYTHX NMpaKTHYeCKHX 3ajay fiBjasfeTca npobiema moabopa 3dpderrus-
HbIX KaTa/u3aTOpOB XHMHYecKHUX peakuuit. OnHako OHa, HecMoOTpd
Ha MHOTOJIETHHE YCUJHA LeJI0H apMHH HCCaefoBaTe/el, He NOJy4HJa
IO CHX MOpP NpPOYHOTO TEeOPeTHYeCKOTo (yHAaMeHTa B BH/Ie TEOPHH
reTeporeHHOro Kata/ausa. DTo CBfI3aHO C TeM, YTO HM3yUeHHe MOJIeKy-
JIIPHOT'O B3aHMOZAEHCTBUS B NMOBEPXHOCTHBIX CJ0OSIX M pa3paboTKa Teo-
PHH 3TOTO B3aHMOJEHCTBHS JO CHX NOp He AOCTUIJIH YCIeXOB, KOTOphle
obecneynBa/u Gbl Cepbe3HOe pa3BHTHE TeOPHH Katanausa. Jluwb B mo-
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cIeIHHe AECSITHJETHS B 3TOH 06/1acTH JOCTUTHYTHl M3BECTHbIE YaCTHbIE
yCrexH.

K BaxHeiimiM mnpoGJsemMaM HayKH, pa3BHTHE KOTOPBIX fBJsAETCS
HeOOXOAUMbBIM YCJIOBHEM TeXHHYECKOTO NpOrpecca, OTHOCHTCH HCCJe-
IOBaHHE XHMUYECKHX MpPOLECCOB; (GH3MUECKON XHUMHHM MPHHALIEHKUT
BeAylLlas po/ib B Pa3BHTHH 3TOH Hay4yHON MpobJieMbl.

§ 3. Pasgean tuanueckoii xumMun. Metoabl HcciaegoBaHUs

Knaccudukanus Hayk ocHOBaHa Ha Kjaaccubukauuu ¢HopMm asuxe-
HHSl MaTepuH U UX B3aUMOCBA3U M pasnuuuu. [lostomy mnas toro, uto-
66l HAMeTUTb rpaHULbl (PU3HYECKOH XMMHH C PALOM pa3nesoB (PH3UKH
H XMMHH, CJIEIYeT PacCMOTPETh CBSI3b M pa3/inuyde MeXAYy XMUMHUYeCKOi
1 ¢du3snyeckoit popmMaMu ABHKEHHS.

HOns xumuueckoii GOpMbl ABHKEHHS, T. €. I/ XUMHYECKOro Npo-
necca, XxapakTepHO M3MeHeHHe YHCJIa H PacHoJOXKEeHUS aTOMOB B MoO-
Jeky/ae pearupyiolux BeilecTB. Cpein MHOTHX GHU3HUYECKHX (opm
IBHXKeHHs] (371eKTPOMAarTHUTHOE ToJe, IBHXKeHHe U INpeBpallleHus 3Je-
MEHTapHbIX 4acTHU, ¢HU3HKAa ATOMHBIX filep W Ap.) OCOGEHHO TECHYIO
CBfI3b C XHMHUYECKHMH TMpOLeCCAMH HMeeT BHYTPHMOJEKYyAspHas
¢dopma aBuKeHHs (KosMeGaHHs B MOJIEKYJe, ee 31eKTPOHHOE BO3Gyxae-
HHe W HoHu3auus). Ilpocrefimnii XMMHUecKuit npouecc — 3nemMeHTap-
HbIl aKT TepMHYeCKONl [HCCOLMALHMH MOJIeKYyJbl HMeeT MeCTO [pH
HapacTaHUH HHTEHCHBHOCTH (aMIUIUTYyIBl U 3HEPruH) KoJeGaHHil B
MoJieKyJsie, ocoGeHHO KoJjeGaHUil sinep BHOIb BaJIEHTHON -CBA3H
Mexay HHUMH. JlocTH:KeHHe H3BeCTHOH KDHTHYECKOM BEJIHUHHBI 3HEp-
rMH KoJieGaHHA MO HANpaBJeHHIO ONpeleNeHHOH CBA3H B MOJIEKyJe
NPUBOAMT K PAa3pbIBY 3TOH CBA3M M JIHCCOLHALMH MOJIEKYJbl Ha ABE
4acTH.

Bosee cnoxHble peakuud ¢ y4aCTHEM HECKOJbKHX (OGBIYHO HBYX)
MOJIEKY/1 MOXXHO PaccMaTpHBaTb KaK COeJHHEHHMe NBYX MOJEKy/ MpH
HX CTOJKHOBEHHH B HENDPOYHBLIH M KOPOTKOKHBYLIMH KOMILIEKC (Tak
Ha3blBaeMbll aKTHBHbIH KOMMJeKC) M ObICTPO HAcTymalollee paspyiie-
HHe 3TOro KOMIJIeKCa Ha HOBble MOJIEKYJIBl, TaK KaK 3TOT KOMMJEKC
NpH BHYTPEHHHX Ko/le6aHMAX OKa3blBaeTC HEYCTOMYMBBIM MO ompeje-
JIEHHBIM CBSI3§IM.

Takum o6pa3oM, 3jeMeHTapHBI XHMHUYECKHH aKT siBJsieTcs oco6oi,
KPUTHUYECKON TOYKO# KoseGaTesbHOTO ABHXKeHusi Mosekyd. Ilocnennee
caMo no cefe HE MOXET CUHTATbCS XHMHUYECKHM JBHXKEHHEM, OXHAKO
OHO SIBJISIETCS] OCHOBOH A/ MePBHUHBIX XHMMHUYECKHUX MPOIECCOB.

AT XHMUYECKOro MpeBpallleHHst 3HAYHTEJNbHBIX MacC BellecTBa,
T. e. MHOXECTBA MOJIEKYJ, SBJASIOTCH HeOOXONHMBIMH CTOJIKHOBEHHe
MOJIEKYJT U OOMeH SHepPTUSMH MeXLY HUMH (NmepeHOC IHEPrHH ABHKe-
HHSI MOJIEKYJl TPOAYKTOB peaKUHH K MOJIEKYJaM HMCXOAHBIX BellecTB
nyTeM cToJKHOBeHHH). Takum o6pa3oM peanbHbIl XHMHYECKHH mpolece
TECHO CBfI3aH M CO BTOPOH Qusuueckoll GopMoil ABHKEHHS —XaoTHUe-
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CKUM [BHXKEHHEM MOJIEeKyJ MaKpPOCKOIHYECKHX Tes, KOTOpoe YacTo
Ha3bIBAIOT TENJIOBBIM JBHMKEHHEM. ,

Bhinle HaMeueHbl KPaTKO M B CaMbIX OOLIMX YepTax B3aHMHLE OT-
HOIIEHHA XHMHUYecKoH (OpMbl ABHXKeHHS C ABYMsi Gu3HuecKUMH op-
mamu #BiKeHHs. OueBHIHO HM@IOTCS TaKHe XKe CBA3H XHMHYECKOTro
nponecca ¢ U3JaydeHHeM (ABHIKEHHe 3JIeKTPOMarHUTHOrO IMoJIst), C HOHHU-
3alyeil aTOMOB H MOJIEKYJ (3/IEKTPOXHMHS) H T. I.

Takum o6pa3oM, BCAKOe peasbHOE JBHXKEHHE MaTepHH CJI0XKHO H
elIMHO W pa3felleHHe ero Ha OTHeJbHble (OPMBI JBHUXKEHHS OTHOCH-
TeJbHO H YC/I0BHO. [103TOMY M rpaHHIB BCSKOA HayKH, OTAENAIOLIHe
ee OT APYrHX HayK, BCceria B 3HAUHTeJbHOH Mepe yCJOBHH. Tem Gonee
TPYAHO onpefieJHThb FPAHULUBI MEXAY TaKoH HayKo#, Kak. pHu3HyecKas
XMMHUS, KOTOpasi HAXOANTCA MeXAY QH3MKOA M XHMHUeH, U pa3HYHBIMH
pasnenaMy QH3HKH H XHMHH. DTH TPaHHIbI MOryT GbITb NpPOBEAEHHI
JIMLIb TTpHOGAH3UTENbHO. Tak Xe o6CTOHT HeJo C MoapasneneHHeM ¢u-
3UYECKOW XHMHH Ha OTJesbHble OCHOBHble pasfesst (HepeIKo paccMart-
puBaeMble KaK OTJe/bHble HayKH), NepeyHc/IeHHe W KpaTKas Xapakre-
PHCTHKA KOTODBIX NPHBOAATCA HHUXKeE.

CTpoeHHe BelleCTBa. ITOT pa3fes BKaouaer B cebs cTpoe-
HUe aTOMOB, CTPOeHHe MOJIEKyJ H yYeHHe 006 arperaTHbIX COCTOSIHHSX.

YyeHHe 0 CTPOEHHH aTOMOB HMeeT GoJiblllee OTHOIUGHHEe K (H3HKe,
yeM K'(U3M4YeCKoll XHMHMH. DTO yueHHe ABJAETCH OCHOBOA NAs H3yye-
HHSI CTPOEHUSA MOJIEKYJI.

B yueHHH O CTPOEHHH MOJIEKYJ HCCJAENYIOTCS TeOMeTpPHS MOJIEKY.J,
BHYTPHMOJIEKYJIIPHble [BHXKEHHS H CHJBI, CBSI3LIBAIOIHE AaTOMbI B
MoJekysne. B 3KcmepHMeHTa/bHBIX HCCIEOBAHHAX CTPOEHHS MOJIEKYJ]
HauboJsbllee TpPHMEHEHHe TIOJNYYHJI METOA MOJEKYAsPHOH CHEeKTpO-
CKONHM (BKJIOYas pPaRHOCNEKTPOCKONHIO), LIHPOKO HCMOJb3YIOTCA
TaKXe 3JEKTpPHUeCKHe, peHTreHorpaduuecKkHe, MarHuTHbie H ApYrue
METOLH,

B yyeHun o6 arperaTHbIX COCTOSIHHSIX pacCMaTpHBAIOTCA B3aMMO-
HeACTBHSI MOJIEKYJ B rasax, MHIKOCTSX M KpPHCTa/l/laX, a Takke CBOH-
CTBA BELIECTB B PA3/JIHUHBIX ArperaTHHIX COCTOSIHHAX. DTOT OYeHb BaXK-
Hblf AS1 (GU3NYEeCKOH XHMHH Dasfes HayKH MOXeT CUHTATbCH HaCThIO
Gusuky (MoJiekyJsipHas QusHka).

Becb pasgen o cTpoeHHH BellleCTBa MOXET pacCMATPHBATbCA TaKikKe
KaK 4acTb (PU3HKH.

XumMuueckas TepMoIXHHaMHuKa B stom pasgenre Ha
OCHOBE 3aKOHOB OOLlel TepMOAMHAMHMKH H3JIaraloTcs 3aKOHBl XHMHYe-
CKOre paBHOBECHS H yueHHe 0 (a30BHIX PaBHOBECHSX, KOTOpPOe OGBLIYHO
Ha3bBaloT npaBuaoM ¢a3. YacTbio XMMHYECKOH TepMOAHHAMHKH SIB-
JSIeTCS TePMOXUMUA, B KOTOPOH PacCMaTPHBAIOTCS TeNJIOBble 3¢ eKTH
XHMHYECKUX peakKuui.

YueHHe O pPacTBOpaXx CTABUT CBOEH LEJbIO OOBACHEHHE M
npencKaszaHue CBOHCTB pacTBOPOB (TOMOTEHHBIX CMecCel HECKOJbKHX
BELIECTB) HAa OCHOBAHHH CBOWCTB BELLECTB, COCTaBJSIOLIHX PacTBOP.
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Pewenue stoii 3agauyy TpeGyer NOCTPOEHHs OOLIEH TEOpHH B3aUMO-
JIefCTBHS PA3HOPOAHBIX MOJIEKYJ, T. €. pellleHHs OCHOBHOH 3agauu
MoJiekyasipHolt ¢H3uku. Jlas pa3BuTHA OOGIIEH TEOPHH H Ya€THBIX
06001UeHHF H3Y4YalOTCsl MOJIEKYJsipHast CTPYKTypa pacTBOPOB H pas-
JIHYHble HX CBOHCTBAa B 3aBHCHMOCTH OT cocraBa. B Hamem Kypce
OCHOBHOE BHHMaHHe OyJeT yHeJeHO TepMOIHHAMHYECKHM CBOHCTBAM
pacTBOpOB.

Yyendne 0 NOBEPXHOCTHHX fABJEeHHaAX. I3yuaorcs
pasHoo6pa3Hble CBOHCTBa NOBEPXHOCTHBIX CJIOEB TBEPIbIX TeJ H XKHAKOr
cTell (rpaHHuUB! pa3fena MexAy ¢asaMH); OJHO H3 OCHOBHBLIX H3yuae-
MbIX SIBJI€HH# B NOBEPXHOCTHBIX CJIOSX — 3T0 adcopbyus (HaKoIe-
HHe BelleCTB B NOBEPXHOCTHOM cJoe), KOoTopofi B HaweM Kypce Gyner
yZe/leHO OCHOBHOE BHHMaHHe.

B cucremax, rie NoBepXHOCTH pa3fiesla MeXIY XKUAKHMH, TBepAbIMU
# rasoofpasHbiMH (pa3aMH CHJIBbHO Pa3BUTHl (KOJIJIOMZHBIE PAacTBOPHI,
3MYJbCHH, TyMaHbl, AbIMbI), CBOHCTBA IIOBEPXHOCTHBIX C/10€B NpHOOpe-
TAIOT OCHOBHOe 3HaueHHe W ONpeJe/sIOT MHOTHe cBoeoOpasHble CBOM-
CTBa Bcell CHCTeMbl B lieloM. TakHe MuxkpozerepoeeHHovle CHCTEMbl
M3YyYaIloTCAd KO0AAOUOHOU Xumued, KOTOpas SBASETCA KPYNHBIM caMo-
CTOSITENIbHBIM Pa3fesoM ¢GH3HYeCKOH XMMHHM M CaMOCTOSITe/JbHOH yuel-
HOM IHCUMNJMHOA B XHMHYECKHMX BBICIIHX YueOHBIX 3aBeJeHHSAX.
B HacrosieM Kypce KOJIIOMIHAsi XHMHA He pacCMaTpHBaeTcs.

OnektTpoxuMusa MH3ydaerca B3aUMOLEHCTBHEe 3JIEKTPUUECKHX
fIBJIEHUH ¥ XMMHYECKHX peakuuil (3/1eKTPOJIN3, XHMHYECKHUE HUCTOUYHHKH
SJIEKTPUYECKOTO TOKa, TeOpHs 3JIeKTPOCHHTe3a). B anekTpoxumuio
BKJIIOUAIOT OOBIYHO yYeHHe O CBOHCTBAxX PacTBOPOB 3JIEKTPOJIHTOB, KO-
TOpOe C paBHBIM NPABOM MOXHO OTHECTH H K YUYeHHIO O pacTBOpax.

XuMHuecKkas KHHeTHKa H KaTaaua Hsyvaerca cko-
POCTb XHMHYECKHX peakKIHil, 3aBHCHMOCTb CKOPOCTH PeaKILHH OT BHeLl-
HHUX YCJIOBHHl (AaBMAeHHe, TeMIepaTypa, 3JEeKTPHYECKHH pa3psi H Aap.),
CBSI3b CKODOCTM peaKUMH CO CTPOEHHEeM H 3HEepPreTHYeCKHMH COCTOf-
HHUSIMH MOJEKyJ, BJHfIHHe Ha CKOPOCTb peaKLHH BellecTB, He yua-
CTBYIOIIMX B CTEXMOMETPHUECKOM YDaBHEHHMH peaKUHH (Karaaus).

®otoxumun Hcernenyercs B3auMOneHCTBHe H3JNYUEHHS H Be-
1LIeCTB, YYacTBYIOIUHMX B XMMHYECKHX NpeBpallleHHsaX (peaKLHH, mpore-
KalolllHe TOJH BJHSHHEM H3JyyeHMs, HanpuMep ¢ororpaduueckue
nporueccs ¥ (GOTOCHHTe3, JIOMHHecHeHIHs). POTOXHMHUS TeCHO CBsi3aHa
€ XMMHYECKOH KUHETHKOH M yUeHHeM O CTPOEHHH MOJIEKYJI.

[lpuBeneHHbII NepeyeHb OCHOBHBIX pPasjenoB (H3HYECKOH XUMHH
He OXBaThHIBaeT HEKOTOPHIX HEeNaBHO BO3HMKIUMX o6Jjacreit u GoJjee
MeJIKHX pa3fesioB 3TOH HayKH, KOTOpble MOXHO pacCMaTpHBaTh Kak
yactd GoJiee KPYNMHBIX PasfieJioB HJIH KaK CaMOCTOsITe/NbHBbIE pa3geJibl
¢usuueckoit xuMuu. TakoBbl, HaNpUMep, paiHalMOHHAsA XHMHS, GU3H-
KO-XHMHSI BBICOKOMOJIEKYJIIDHBIX BeIleCTB, MAarHeTOXHMHS, Ta3eBas
5JIEKTPOXHUMHS M JApyrue pasienbl (H3HUeCKOH XMMHH. 3HaueHHe Hee
KOTOpbIX K3 HHUX B HacTosllee BpeMaA OGbICTPO pacTeT,
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Crenyer ewe pa3 NMOAYEPKHYTb TECHYIO B3aHMOCBSI3b pas3JHYHbIX
ornenoB ¢usnyeckolt xumud. [Ipum wmcciaénoBanun J1060ro sIBJAEHHSA
NPHXOAMTCS HCNO/JAb30BAaTh apceHaJs NpeAcTaBJeHHH, TeEOPHH W METONOB
HCC/eOBaHHA MHOTHX pa3fiejoB (H3HYeCKOH XHMHH (a Hepeoko H
IpYrux Hayk). JIMWb npu HadyajJbHOM 3HaKOMCTBe C (DH3MYECKOH XH-
MHeH MOXHO B yueGHLIX LeJsAX paclpelesHTh MatepHasj [0 yKa3aH-
HbIM pasjenam.

Mertonpl Gu3HKO-XMMHYyecKoro HccaemoBaHusi. OCHOBHbIE METOIBI
(pHu3nYeCKON XHUMHH, €CTECTBEHHO, ABJSAIOTCA MeTodaMu (PU3HKH H XH-
MHH. DTO — Npex/Je BCEro 3KCIEePUMEHTAJIbHBIA METO] — HCCelOBaHHe
3aBUCHMOCTH CBOHCTB BelleCTB OT BHEHIHHX YCJOBHH M 3KCNepHMEH-
TaJibHOE H3YyYEeHHe 3aKOHOB INPOTEKaHHs XHMHUYECKHX peakIHuil BO Bpe-
MEHH H 3aKOHOB XMMHYECKOTO paBHOBECHS.

TeopeTHyeckoe OCMbICIHBaHHe 3KCIIePUMEHTAJbHOTO MaTepHasia H
CO3laHHe CTPOMHON CHCTeMbl 3HAHHH CBOWCTB BeEUIECTB H 3aKOHOB
XHMHUYECKHX peakUuii OCHOBAHO Ha CJAEAYMILHX MeTolLaX TeopeTHue-
CKOM (PM3UKH.

KBaHTOBO-MexXxaHUUYECKHH MeTOJ (B YacTHOCTH, METOX
BOJIHOBOH MeXaHMKH), JieKalluil B OCHOBe yYeHHS O CTPOEHHH H CBOH-
CTBAX OTAENbHBIX ATOMOB H MOJIEKYJ H B3aUMOLEHCTBHUHM HX MEXIY
coboi. PaKTbl, OTHOCALINEC K CBOACTBAM OTHAEJbHBIX MOJEKYJ, IOJY-
Yal0TCA, MMIaBHBIM 06pasoM, C NOMOUIbIO 3KCIIepHUMEHTaJ/bHBIX ONTHYE-
CKHX MeTOJOB.

MeTon cTtaTUCTHUYEeCKOHN ¢ HM3HKH, NaOUHKA BO3MOXHOCTD
paccuMTaTbh CBOHCTBA BeILECTBA, COCTOSILIErO H3 MHOXECTBA MOJEKYJ
(«MaKpOCKoMHYecKHe» cBOHCTBA), HA OCHOBAHHH CBEIEHHI 0 CBOHCTBAX
OTAENbHBbIX MOJIEKY/JI.

TepmMonuHHaMHUUEeCKHH MeTOJ, MO3BOJAIOIWIMNA KoJauye-
CTBEHHO CBSI3biBaTb pa3J/iMYHble CBONCTBA BellecTBa («MaKpoCKomuue-
CKHe» CBOMCTBA) M PacCUUTHIBATb OJHHM M3 3THX CBOHCTB Ha OCHOBAaHHH
ONBbITHbIX BEJIMYUH PYTHX CBOHCTB.

CoBpeMeHHble (H3HKO-XMMHYECKHE HCCAEJOBaHUA B JIOOOH KOH-
KpeTHOH . 06/1aCTH  XapaKTepH3YIOTc TNpHMeHeHHeM pasHoo6pasHbIX
SKCNEePHMEHTAJIbHBIX U TeOPETHUECKHUX METOAOB AJIs H3YyueHHS pasjuy-
HBIX CBOICTB BeIEeCTB M BLISICHEHHA HX CBfASH CO CTPOEHHEM MOJIEKY.I.
Bcs COBOKYNHOCTb JaHHBIX M YKa3aHHbIE Bbillle TEOPeTHUeCKHEe MeTOMIbI
HCNOJIb3YIOTCA IS JOCTHXKEHHs] OCHOBHOM LieJId — BbISICHEHHSI 3aBHCH-
MOCTH HanpaBJjeHHsl, CKOPOCTH M IpeJesoB NMPOTEKaHHs XMMHYECKHX
npeBpallleH!# OT BHELIHHX YCJAOBHH M OT CTPOEHHs MOJIEKYJ — ydyacrt-
HUKOB XHMHYECKHX peakuHi.

§ 4. MexayHaponHasa cucrema eaunnn CH

UncsieHHble 3HAYEHHS] PA3JIMYHBIX CBOWCTB BelLleCTB, INOJYYeHHble
B pe3y/bTaTe 3KCIEPHMEHTAJ/bHOTO HCCJeA0BaHHS, MOTYT GbITb BbIpa-
JKeHbl B pasJuuHbIX enuHuuax. [Ipm npuMeHeHuu onpelejeHHOH CH+
cTeMbl €AMHHLL pacyeTsl o6J/eryarorcs. ‘



§ 4. Mewdynapodnan cuctema edunuy CH 1

B okrabpe 1960 r. MexayHapoqHO#i opraHusaunueil mo Mepam H
BeCaM NpHHATA HoBasi MexXAyHapoiHas CHCTeMa eIMHHI, KPaTKo 060-
3HagaeMas kak cucrema eiunun CH (cucrema HHTepHalMOHAJbHAsA).
dra cucreMa BBegeHa U B CoserckoM Coroze ¢ 1 suBaps 1963 r. mns
HpPeNoYTHTENbHOTO TNpPUMEHEHHsI BO BceX 006JacTAX HayKH, TeXHHUKH
H HapOAHOIO XO35HCTBA.

OcHoBHbiMu enuHMLaMu cucTeMbl CH saBasiloTcss MeTp, KHJO-
rpamMM, ceKyHpaa, amnep, rpaanyc KenbBHHau cBevda.

Merp (m)—enunuua AnuHbl, paBHas 1650763,73 mauHBI BOJHBI B
BAKyyMe M3JyUYeHus, COOTBETCTBYIOWLErO NEpPeXOLy MexAy YPOBHAMHU
2p1o v 5ds atoma.KpuntoHna 86.

Kuaoepamm (Kk2) — eavHuIa Macchl, IpeCTABJEHHAS] MacCoOil MexX-
JIyHapOIHOTO 3TaJIOHa Macchl, XpaHsulerocss B MexayHaponaHoM 6opo
Mep H BECOB.

Cexynda (cex) — enununua BpeMeHH, npejcraBasiouas
1/31556925,9747 uyactu Tpomuueckoro roxa mias 1900 r., auBaps 0 B
12 yacos 3¢emepunHoro Bpemend (Hauaso XX Beka).

Amnep (a) — cuna HeM3MEHSIOIIErocs TOKA, KOTOPHI, NPOXOfis Ne
ABYM TMapaJjiebHbIM TPSMOJHHEHHbBIM TNpPOBOXHHKAM OGeCKOHEUHO
IJIHHBl M HHYTOXHO MaJIOro KpPYroBOTO CeYeHHs, PACIOJNOXKEHHbIM Ha
paccrosiiun 1 M OAMH OT APYroro B BaKyyme BHI3BIBaJ Obl MEXIY
3THMH NPOBOAHHKAMU CHAy, paBHyo 2-10°7 egunun cinbl MexayHa-
POIHON CHCTEMbl €MHHUI HAa KaXAblH MeTp JJHHBI.

I'padyc Keavsuna (°K) —enuHHLa H3MepeHHs TeMIepaTyphl IO
TeDMOAMHAMHYECKOH TeMIepaTypHO# IiKaje, B KOTOPOH A5 TeM-
nepaTypnl TPOWHOH TOUKM BOABI YCTAaHOBJEHO 3Hauenne 273,16°K
(TOUHO).

Cseva — eMHHLA CHJBl CBeTa, paBHAa ![gp CHJBI CBeTa, U3Jyuae-
moro 1 cm? moJHoro uanyyarenss (aGCOJIIOTHO YEpPHOrO Tesaa) NpPU TeM-
nepatype 3atBepAeBaHus naaTunbl (1773 °C).

PasMep npou3BOLHBIX €JHHHI NPUHHMAETCs B COOTBETCTBHH C (-
aUYEeCKUMH 3aKOHAMH, YCTAHABJUBAIOIHUMHU COOTBETCTBYIOILYIO CBfi3h
Mex1y (u3uuecKHMH BeanuuHamu. Tak, HanpuMep, eIMHHIA CHJIbI —
HbIOTOH (H) yCTaHaBJMBAaeTCs Ha OCHOBaHHM BTOporo 3akoHa HeloToHa
Kak cuja, coobluiatoias nokosieicss macce B 1 ke ycKopenne, pasHoe
1 m/cex? OueBumno, 1 H=10% dun.

B KauecTBe OCHOBHO! €IMHHLBI AaBJEHHs] MPUHHMAETCS JaBJeHHe
B | HbloToH Ha | M% (#/m?). DTa efMHHLA Maja H MOXHO NPUMEHSThb
KHJOHbIOTOH Ha | mM? (kw/M?) WU MeraHbWTOH Ha | m?
(Mn/m?), a Takxe 6 a p=10% #/u? n nosbHBIE eAUHHUILB Gapa: M U J J U-
6ap (mbap) n mukpob6ap (mgbap). BHecucremHble eIMHHLBI 1aB-
neHus: dusuueckas artrmochepa (1 arm=101325 w/m?=
=1,01325 6ap) wu TexHuueckasa aTMmocdpepa (1 ar=
=98066,5 #/m?=0,980665 6ap).

Iepexon ot eaunuir cucrembl CI'C(canTumerp — rpaMM — cekynaa)
K €IVHHLAM pPeKOMEHAYeMOH CHCTeMbl OCYLIECTBJISETCA YMHOXEHHEM
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Ha UEJOYHCIEHHYI0 (TNOJIOKHTEJNbHYI0 HJH OTPHLATENbHYKI) CTeleHb
necatd. Takum. o6pa3omM, CBs3b JBYX OCHOBHBIX MeXIYHapOHHBIX CH-
creM enunun — crapoit (CI'C) u nosoit (CH) ocymecrBasieTcss nocra-
TOYHO IPOCTO. _

Jlnsi- KpaTHBIX M JOJBHBIX NPOM3BEJEHHH eAMHHI PEeKOMEeHAYIOTCS
clexyiouiie INPHCTABKH. ’

I:al-l?()g;lgenb, O6o3Hayenus MHOXHTENDb, Ha| O603Rauenns
polf
KOTODHIA YMHO-
IpucTaBKa YMHOXAIOTCH arn IpucraBka |yapores eLHHH-
e :é’:’;’ﬁ“‘én pycexoe|" 2700 bt cucreMb CH|pycckoe J'c‘:(T:e"'
; 12 -2 .
Tepa . . . .. 10 T T Cantn . , 10 ¢ c
9 -3
Twra . . ... 10, r G | Muum . . 10_, M m
Mera., . .. . 10, M M | Mukpo . . 10_g ME | B
Kumo, . . . . 10, K K Hano. . . 10_. K n
Fektro . . . . 10 2 h Muko . . . 10_ o n p
Heka. . ... 10_, da da || ®emTO . . 10_ ¢ f
Heun. . . . . 10 7] d Atro . . . 10 a a

B HacTosllee BpeMsi eAHHHIA 00bEMA AUTP TIO ONpPENeNeHHIO paBHa
1 dx% n cornacyercs c¢ cucremoit CHU (MexayHaponHoe corsallesne
1964 r.). Panee npuMensiBiieecs 3Havenne 1 2=1,000028 om® ne muc-
NoJb3yercs. '

Enunuupl 3HepruM M BaKHeHIlMe 3JIEKTPHYECKHE €IHHHLB B CH-
creme CH n mpyrux cucreMax pacCMaTpPHBAIOTCS B COOTBETCTBYIOLLHX
pasgeaax Kypca. '



OCHOBbH TEPMOOAMHAMMUKMH

. TJIABA 1
NEPBbIH 3AKOH TEPMOD,MHAMHKH

§ 1. DHeprusi. 3aKOH COXPaHEHHs M MPeBPalleHHsl
aHepruu

HeorbeMneMbiM cBOlicTBOM (aTpu6yTOM) MaTepHH SIBJISIETCH IBH-
eHHe; OHO HeYHHUYTOXKHMMO, KaK caMa MaTepus. [BuxKeHHe MmaTepuH
nposiBAsieTcsi B pa3HbiX $opMax, KOTOpble MOI'YT NepexoiuThb OfHa B
apyryio. Mepo#i ABHXXeHHsi MarepHu siBasieTcs dHepeus. Kosuuectsen-
HO SHEprus BbIpaxaeTcsi ONpeleseHHHIM 006pa3oM uYepe3 napaMeTphl,
XxapaKTepHble JJISi KaXIOH KOHKpeTHOH (opMbI ABHIKEHHS, H B CIeLH-
¢uueckux aJs 3TOM GopMbl -eAMHHNaAX. Tak, Al1d NOCTynaTeJbHOro
ABHXKEHHS CBOGOLHOM MacChl SHEPTrHsl Bblpa)kaeTcsi BedWunHo# !/, mo?
(m — macca, v — CKOpOCTb). DHeprus 3JeKTPHYeCKOTO TOKa paBHa
npoussefeHuo eE (e — KoanueCcTBO 3JeKTpHuectBa, E — pa3HocTb
3JIEKTPOCTATHYECKHX INOTEHUHa]0B). YKasaHHble, KaK H ApYrHe BO3-
MOXKHble €IMHHIBI H3MEPEHHS SHEepIHH, KaueCTBEHHO CBOeoGpasHHI.

B cucreme eaunny, CH (cM. ctp. 21) eauHuuel sHepruu (TensioThl H paGoThi)
ABAAeTCA MXKOYJb (0%), paBHbiii pabore cusbl B-1 # Ha mytH B 1 M. | O=1 n-m.

B cucreme enunuy CI'C ennnHuuelt sHepruu sBjsscs spe. 1 ape pasen 1 Oun - ca.
OueBupHo, 1 ape=10-7 Ox.

IlIupoko pacnpocTpaHeHHAs EAWHHLUA SHEPTHH (TeIVIOTH) KaJOp H s sBJSETCA
B HACTOsfllllee BpeMs BHECHCTEMHON eXHHHLeH, NomycKaeMofi N/ BPEMEHHOIO NpH-
MeHeHHsl Ha Mepuon nepexofa K enuHuuam cucreMbl CH, T. e.x msoynsam. Hcnosb-
3yeMasi B HacTosillee BpeMsi KaJODHfl He CBHA3LIBAETCS C TEILIOBLIMH CBOHCTBAMH
BOJIBI H N0 OMNpeJieIeHHI0O NMPUPABHHBAETCA ONpeJeNeHHOMY YHCAy jxoyneli: 1 kas
paBua 4,1868 mxoyna. DTa elHHHIA HCMOJb3YeTCA B TENJIOTEXHHKE H MOXKeT GbITh
Ha3BaHA TeENAOTeXHU4ECKOU Kaaopueli. B TePMOXHMHH HCIOJIb3yeTCA HECKONBKO OT-
JUYyHas eIWHHIA, NpHpaBHeHHas K 4,1840 mXoyas M Ha3biBaeMas TepMOXUMULECKOU
kaaopuetl. 1lenecoobpa3HocTh ee TNPHMEHEHHs B HacToflllee BpeMfi M B GuuKafimem
6viylieM cBfi3aHa ¢ yAOGCTBOM MCMOJIb30BaHHS OGIIMPHOrO COGpaHHOTO B CHPAaBOYU-
HBIX H3[aHHSX 3KCTEPUMEHTAJbHOIO TEPMOXHMHYECKOTO MaTepHana, BhIpaKeHHOro B
3THX €JHHHLAX.

[Tpu npeBpamieHun omnHo#t (GOpMBl IBHXKEHHS B APYLyl0 SHEPTHH
HCYE3HYBLIETO H MOSIBUBLIETOCS ABHXKEHHS, BbIpaXKeHHbIE B Pa3/IMYHbIX
e[MHHIAX, 3KBUBAJEHTHH MeXay €000, T. e. 3Heprusi HCYE3HYBIIEro
JBUMKEHHS HAXONUTCS- B IIOCTOSSHHOM = KOJIHYECTBEHHOM OTHOLIEHHH
K 3HeprHH BO3HHKIIEro MABHXKEHHS. DTO OTHOUIEHHe He 3aBHCHT OT
BEJIMYUH 3HEprué. 1Byx (GOpM IBHXKEHHH M OT KOHKDETHBIX 00CTOS-
TeJbCTB, NPH KOTOPHIX NpOH30LIesa Nepexol, oXHOH GHOpMbl JBHKEHHA
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B Apyrywl. Tak, npu npeBpallleHUH 3SHEPrHH 3JEKTPHYECKOI0 TOKa
B SHepPrHI0 XaOTHYECKOTO MOJEKY/SpHOrO JABHXKEHHS BCeTIa OAMH
JUKOYJIb 3JeKTpUdYecKoll 3Hepruu mnpespainaercs B 0,239 xas sHepruu
MOJIEKY/ISIPHOTO JIBHKEHHS. '

Takum o6pasoM, 3Heprus Kak Mepa JBHXKEHHS MaTepHH BCerja
fpOSIBASETCS B KaueCTBEHHO CBOEOOPa3HOM BHIE, COOTBETCTBYIOLIEM
naHHO¥ (opMe [BHXKEHHS, U BbIPaXKaeTCsl B COOTBETCTBYIOIUX eNHHH-
uax usmepenus. C 1pyroii CTOpOHBI, OHa KOJHYECTBEHHO OTpaxaeT
€IMHCTBO BCeX (GOpM [IBHXKEHHs, HX B3aHMHYIO NpeBpalllaeMoOCTb H He-
paspyIIHMOCTb ABHIKEHHS. 4

VI3noxeHHBI# Bbllle 3aKOH 3KBHBAJIEHTHBIX NpeBpallleHHil >Hepruu
ABJseTcss (U3NYECKUM ONBITHBIM 3aKOHOM. B HeM HaxomuT cBoe ecre-
CTBEHHO-HAayuHOe BbIpaxeHHe (GuI0cOPCKOe MOJIOXKeHHe O Hepas3pyLiu-
MOCTH [IBHKEHHMs, KaK aTpubyTa MaTepHH.

3aKon IKBUBANEHTHbIX npespaujerutl sHepaul MOXKeT ObiTb BbICKa-
3aH HHaye, a MMEHHO B BHIE 3AKOHQ COXPAHEHUS U Npespaujenus sHep-
2yu: 5Heprus He CO3JaeTcCsl U He pa3pyliaeTrcs; HOpH
BCeX mpoueccax MU SABJAEHHAX CyMMapHas 3Heprus
BCexX YacTelA MaTepHaANbHOHNCHCTEMB, y4aCTBY O U HX
B IaHHOM mpolecce, He yBeJHUYHBAETCSA H He YMeHb-
uaeTrcsd, ocTaBasicbh NOCTOSTHHOHM.

3aKoH COXpaHeHHs M NpeBpalleHHs SHePTHH SBJSETCS YHHBepCaJlb-
HbIM B TOM CMBbICJ€, YTO OH INPHMEHUM K $IBJIEHHAM, NPOTEKAIOLUIUM
B CKOJIb YrofHO OOJBIUHX TeNaX, NPeACTaBJAILIHX COBOKYMHOCTh
OTPOMHOTO YHCJAa MOJIEKYJ, H K IBJIeHHSM, IPOUCXOASAILNM C yYacTHEM
OJIHO# MJIK HEMHOTHX MOJIEKYJI.

Has pasnuyHbix $oOpM MeXaHUYECKOTO MBUIKEHHS 3aKOH COXPAHEHH 3HepriH
ye 1aBHO BBICKasbiBajicsi B KadecTBeHHOH ¢dopme (Iekapt — 1640) u KosiuuecTaeH-
uoit popme (Jleft6uuu — 1697).

B tpymax M. B. JlomonocoBa comepxxarca oTYeT/IHBble BBICKA3bIBAHHA O mpe-
BPallaeMOCTH PA3MHYHBIX (GOPM ABHXKEHHS M COXPAaHEHHs ABHIXKEHHS NpPH 3TdX Mpe-
BpaleHuax. JTo BHAHO H3 cieayomux uuraT: «OueBHAHO, YTO HMeeTCs HOCTATOY-
HOe OCHOBAHME TEIUIOTHl B NBHKEHHH. A Tak Kak ABUXKEHHE He MOXKET NMPOUCXOIHTD
ez mMaTepuy, TO HeOGXOAMMO, YTOOBl NOCTATOYHOE OCHOBAaHHE TEMJOTH
3aKAKYAJNOCHh B ABMXEHHH KAKOH-TO Martepuu» «Temno cocTout BoO
BHYTpPeHHeM JABHXKeHHH BemecTBa» (1744—1749) (M. B. Jlomouocos.
Couunenusi, Tom 2, ctp. 9 u 11, nepesox B. H. Menmyrsuua).

...<BCeé TIepeMeHbl, B HAType CJYYalollHecs, TAKOTO CYThb COCTOSIHMA, UTO CKOJIBKO
Yero y OJHOTO Tesna OTHHMAETCs, CTOJbKO NPHCOBOKYMHTCA K apyroMy.. Ceii Bce-
06wuil ecTeCTBEHHBI 32KOH MPOCTHPAeTcsi W B caMble NMpaBHJa ABHXKeHUs..» (1760)
(M. B. JlomorocoB. CounHenunsi, ToM 3, crp. 383).

Jasi B3aMMHBIX NpeBpalleHHH TENJAOTHI M PaGoOTHl (CM. HH)KE) 3aKOH COXpPAHEHHS
sHepruu OblJ J0OKA3aH KaK eCTeCTBEHHO HayuHbIH 3aKkoH HccaenobaHusmu 0. P. Mait-
epa, lenpmronbua u Ilwoynsi, npoBeleHHLIMH B CODOKOBBIX IOLAaX NPOULIOTO Bexa.

[Tonb3ysch 3aKOHOM SKBHBAJIEHTHBIX INpeBpallleHUuil, MOXHO 3Hep-
THHM Pa3JHYHBIX GOPM IBHUMKEHHS BbIpa)aTh B eNMHHIAX, XapaKTePHbIX
IJsl OHOTO BUJAa SHepruH (OQHOH (OPMbI ABHIKEHHS), H 3aTe€M MPOH3-
BOJAHUTDb ONEpalHH CJOKEHHSA, BHIYUTAHUA H Lp.
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§ 2. Tenaora u pabGora

Wsmenennss dopm* ABHKeHHs IpU Nepexofe ero OT OTHOTO Teja
K IpyromMy H COOTBETCTBYIOILUE NpeBpallleHHsl SHeprud BeCcbMa pasHo-
o6pa3nbl. PopMBI XKe caMOro nepexojia JBHXKEHHS U CBSA3aHHBIX C HHM
[epexonoB 5HeprHu MOryT GbiTb pa3GHTHl Ha JBe I'DYNILL.

B nepBylo rpynmy BXOZHT TOJbKO OfHa ¢opMa mepexoia IBHIKe-
HUS NYTeM XaOTHYECKHX CTOJIKHOBEHHH MOJIeKyJn [ABYX COIpHKacaio-
IUXCA Tesd, T. e. NyTeM TelJIONPOBOAHOCTH (M OJHOBPEMEHHO NYTEM
u3/yuyeHusi). Mepoii mepefaBaeMOro TakuM Croco6oOM ABHXEHHs $B-
JIIETCS TEnAoTa. _

Bo BTOpyo rpynny BKJIOYAIOTCH pa3jHuyHbie (GOpMBI Nepexona ABH-
JKeHHf, oO0llell Y4epToii KOTOpLIX fIBASieTCS IepeMellleHHe MacC, OXBa-
THIBAWOUINX OYeHb GOJblIHE YHCIAa MOJeKysa (T. €. MaKpPOCKOMHYECKHX
Macc), noj JeficTBUEeM KaKHX-1H60 cuis. TakoBbl MOJHSITHE TeN B MoJe
TATOTEHHS, NIepeXo] HEKOTOPOro KOJIHYeCTBa 3JEKTpHYecTBa OT 60Jib-
IIEro 3JeKTPOCTATHYECKOro IOTeHUMasa K MeHbLIEMY, pacliipeHHe
rasa, Haxojsulerocss nox nabJjeHueM, H ap. Obuiell Mepoli nepenaBae-
MOro TaKHMH cnoco6aMHu ABHXKeHHs sBasercs pabora. Pabora B pas-
JUUHBIX CJAy4Yasx MOxeT ObITb KauecTBeHHO CBoeoOpasHa, HO JI060MH
BUA pabGoTel Bceria MoxKeT ObITb NOJHOCTbIO NpeBpaulleH B pabory
MOJHATHS TSIKECTH M KOJIHYECTBEHHO yuTeH B 3TOH (popMe.

Tensora u pa6ora XapaKTepHSYIOT KauyeCTBEHHO H KOJHUYECTBEHHO
IBe pasjuyHble QOpMBbI nepelaun JBHXEHHS OT QaHHOM YacTH MaTe-
pHaJbHOTO MMpa K JPYTOM.

IMepenaua ABHKEHHs e€CTb CBOEOGPA3HOE CJIOKHOE ABHIKEHHE Ma-
TepUH, JBe OCHOBHble (OpMbI KOTOpOro Mbl pasnuyaem. Tensora u
paGoTa SIBISIIOTCA MepaMH 3THX JABYX CJOXHBIX (OPM ABHIKEHHS Ma-
TepHH, U HX ClleflyeT pacCMaTpUBaTh Kak BHIbl SHEPTHH *.

O6uinM CBOMCTBOM TeMIOTH H pa6oTLl fABAAETCA TO, YTO OHH HMMEIOT 3HAUEHHe
TOJIbKO B TeYeHHE OTPE3KOB BPEMEHH, B KOTOpble NPOTEKAIOT 3TH mpouecch. [Ipu
nepenade ABHMKEHHS B OJHHX TeJaX YMEHblaeTcsl ABHXKEHHE B TeX HJIM MHBIX ¢op-
Max u yGbiBaeT COOTBETCTBYIOILAA 3HEPrus, ONHOBPEMEHHO B APYTHX TeNax YBeJHYH-
BaeTCs JBHXKEHHe B TeX e HJIH JApyrux ¢opMax H BO3PacTaloT COOTBETCTBYIOLIHE
BHJIbl 3HEPTHH.

Mbi He rosopuM o 3amace TemaoThl HIH PaGoThl B KAaKOM-1HOO Teje, a TOJILKO
O TemJoTe M paboTe H3BecTHoro mnpouecca. [Tocsie ero OKOHYaHHS O HAJMHYHM B Te-
fax TenJoThl MM paboThl rOBOPHTb He MPHXOAHTCA.

§ 3. Mpeamer, meTon ¥ rpaHuubl TEPMOAHHAMHKH

TepMOAHHAMHKA SIBJSIETCS OLHHM M3 OCHOBHBIX Pas3llesioB TeopeTH-
yeckoii pusnku.*IIpeameTom TepMONMHAMHUKH ABASIETCA M3YUEHHE 3aKO-
HOB B3aMMHbIX NpeBpalleHHH pasJHUYHbIX BHJOB 3JHEPTHH, CBSA3AHHBIX
C mepexoiaMM 3Hepruu Mexay Telamu B Qopme Tensorbl H paboThI.

* JT0 moJioKeHHe pasjensieTcs He BceMH (H3MKO-xHMHKaMu. CyluiecTByeT Touka
3peHHs, N0 KOTOPOH Tem1oTy M paboTy He caelyeT CYHTaTb BHAAMH SHEPIHH.
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CocpesoraunBasi CBoe BHHMaHMe Ha TelJoTe M pabore, Kak ¢opmax
Tepexofia SHePTHH NPH CaMbIX Pa3/IHYHBIX NpPOLECcax, TEPMOAHHAMHKA
BOBJIEKaeT B KpPYyl' CBOEro pacCMOTPEeHHs MHOTOYHCJEHHBlE HepreTuue-
CKHe CBSI3H M 3aBHCHMOCTH MeXJAy pas3/MYHbBIMH CBOHCTBaMH BellecTBa
M JlaerT BeCbMa LIMPOKO NMpHMeHHMble 0606LUeHHs, HOCsUHe Ha3BaHHe
B3AKOHO8 TepMOOUHAMUKU.

IIpn ycraHOB/JIEHHMH OCHOBHBIX TePMOJHHAMHYECKHX 3aKOHOMeEpHO-
cTefi OOBIYHO He [eTaNH3HPYIOTCS 3SHepreTHYeCKHe IpeBpallleHHs
(uyacto BecbMa CJIOXKHbIE), IpOUCXOAsLHe BHYTpH Tesa. He nuddepen-
UUPYIOTCSl TaKkKe BHAbl SHEPrHH, CBOHCTBEHHble Tely B HTAHHOM €ro
COCTOSIHHH; COBOKYIIHOCTb BCeX 3THX BHJOB 5HepPTHH pacCMaTpHBaeTcs
KaK e[UHas BHYTPEHHAS dHepaus cucTemol *.

[IpenMer TepMOAHMHAMHKH, OUYepUeHHBIH BhILIe, oNpelesseT METOXR
¢ TpPaHULbl 3TOH Hayku. Pasnnune MexAay Tenjoroil u pabotoil, npu-
HUMaeMoe TePMOJHHAMHMKOH KaK HCXOJHOe TIOJIOXKEeHHe, H INpOTHBO-
TIOCTaBJIeHHe TelJIOTHl pab6oTe MMeeT CMBICHA TOJBKO JIS TeJ, COCTOS-
LIUX U3 MHOXKeCTBAa MOJeKYJ, TaK KaK IJs OJHOH MOJIEKYJbl HIH IS
COBOKYNTHOCTH HEMHOTHX MOJIEKYJl MNOHSTHS TeImJIOTHl H paboThl Te-
pator embica. IlosTomMy TepMomMHAMHKa paccMaTpHBaeT JHLIb TeNa,
cocrosiniie U3 GOJIBLIOTO YHCJA MOJIEKYJ, TaK Ha3biBaeMble MAKPOCKO-
nuveckue cucrembl, IpH4eM TepPMOJHHAMHKAa B €€ KJIACCHUECKOM BHJE
He TNpHHHMaeT BO BHHMaHHe TIIOBeJeHHe M CBOHCTBA OTJE/NbHBIX
MOJIeKYJI.

TepMoauHaMuUeCKHH MeTOZ XapaKTepH3yeTcCsl TaKkKe TeM, YTO 06b-
€KTOM HCC/IEJOBAHHA fBJAETCH TeJO HJH TpYNNa Tel, BbIAEISEMbIX
M3 MaTepHa/JbHOTO MHPa B TepMOOUHAMUYECKYIO cucTemy (B HasbHel-
iIeM Ha3blBaeMylo MPOCTO CUCTEMOL).

Cucrema HMeeT onpejesieHHble FPaHHUIbI, OTIENSAIOLINe ee OT BHELI-
Hero Mupa (oKpyxaiowei#i cpenr). CHereMa SBJISIETCS 20MO2eHHOU,
ec/id KaXIbli NapaMeTp ee HMeeT BO BCeX YacTX CHCTEMB OJHO H
TO K€ 3HayeHHe HJH HelNpepLIBHO H3MEHsIeTC OT TOYKH K TOuYKe.
Cucrema SIBJSIETCS 2eTepozenHol, eCJM OHAa COCTOHT M3 HeCKQJIbKHX
MaKpOCKOMHYECKHX (COCTOSIIHX B CBOIO OYepelb H3 MHOXECTBa MO-
JIeKyJ1) uvacTel, OTHE/NEHHbIX ONHA OT JPYrof BHIHNMBLIMH HOBEpPXHO-
cTMH pasfena. Ha 3TuX NOBepXHOCTAX HEKOTOphle MapaMeFphl
H3MEHSI0TCSl CKauKkoM. TakoBa, HanpHMep, cHCTeMa <«TBephasi COJb —
HaCBIIIEHHbII BOJAHBLIA PacTBOP COJIM — HACHILEHHLI BOASIHOH map».
3zecb HaA FpaHHIAX COMb — PACTBOP H PacTBOP — M3p CKauyKoOGpasHO
Y3MEHSIOTCS XMMHYECKHH COCTaB M IJIOTHOCTDb.

TOMOTeHHBle YaCTH CHCTEMbl, OTHe/JeHHBIE OT OCTaJbHBIX YacTel
BHIMMBIMH TIOBEPXHOCTSIMH pasfiesla, Ha3biBaloTCsl gpasamu. Ilpu stom
COBOKYNMHOCTb OTJEJbHBIX FOMOTeHHBIX YacTefl CHCTEeMBI, 06Jamaloiux
OJIMHAKOBBIMH CBOHCTBaMH, CUMTaeTcs OJHOH (pasoil (Hampumep, coBo-

* BoJee crporoe omnpefe/neHHe NOHATHA BHYTpeHHedl 3HEPrHH CHCTEMBl GyjaeT
JaHo B pajbHedweM (ctp. 31),
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KYMHOCTb KPHCTaJ/IJIOB OJHOTO BellleCTBa WJIH COBOKYIHOCTb KaneJsek
KHAKOCTH, B3BeIeHHBIX B rase H cocraBJjdooulux TyMmaH). Kaxnas
¢dasa cHcTeMbl XapaKTepH3yeTcs COGCTBEHHBIM YypaBHEHHEM CO-
CTOSIHUA *.

Cucrema, KoTopas He MoeT OOMEHHBATBhCSi C OKpyXKarwulelf cpe-
IO BeIeCTBOM H 3Heprueil (B ¢opMe TemJOTH UAH pabOTHI), HA3bl-
BaeTCs U30AUPOBAHHOL. .

TepmonunamMuka H3yyaeT B3aUMHYIO CBSI3b TaKHX H3MEPHMBIX
CBOHCTB MaTepHaJbHOH CHCTEMBl B 1eJIOM H ee MAaKpPOCKONHYeCKHX 4Ya-
creil (¢a3), Kak TeMmnepaTypa, IaBJjieHHe, Macca, IJIOTHOCTb U XHMH-
yeckHit cocraB ¢a3, BXOASUINX B CUCTEMY, U HEKOTOpble Ipyrde CBOH-
CTBa, a TaKXKe CBSI3b MEXKIy M3MEHEHHSIMH 3TUX CBOHCTB.

COBOKYNHOCTb H3y4YaeMBIX TEPMOJMHAMHKOH CBOHCTB (TaK Ha3Hl-
BaeMHIX TepMOOUHAMUYECKUX NapameTpog) CHCTEMBl ONpeaenser
TepmoOOuHaMUYeCcKoe COCTOAKUe cucTemol. VIaMeHeHHe MIOGBIX TepMOIH-
HaMHUYeCKHX CBOHCTB (XOTSl Obl TOJBKO OJHOTO) NPHBOAMT K H3MEHEHHIO
TEepMOIHHAMHYECKOTO COCTOSIHHSI CHCTEMBI.

B TepmoauHaMHKe paccMaTpHBAIOTCA IJIaBHBIM 06pasoM TaKue Co-
CTOSIHHSI CUCTEMB!, IPH KOTOPHIX PSill CBOACTB ee (TeMmeparypa, JaBJe-
HUe, 3JIEKTPOCTATHYECKH# MOTeHUHaJ H Ap.) He H3MEHseTcs caMo-
AOpOU3BOJBHO BO BpeMeHH H HMeeT OJHHAKOBOe 3HAaueHHe BO BCeX
Toukax ob6bema oTmeapHbIX (a3 **, Takue cocTosHUS HasbIBaIOTCA
PABHOBECHbIMU.

CocTosiHHsl XapaKTepu3yeMble HepaBHOMEPHBIM ‘U H3MEHSIOLIUMCS
BO BpPEMeHH pacrnpefie/eHHeM TeMIepaTyphl, JaBJeHHUS U COCTaBa BHY-
Tpu (a3, ABJAAIOTCH HepaBHOBeCHBIMH. OHH paccMaTpHBAaIOTCS TEPMO-
AMHAMHKOH HepaBHOBECHHIX (HeoOpaTHMBIX) IIPOLECCOB, B KOTOPOH,
KpOMe OCHOBHBIX TepMOAHHAMHYECKHX 3aKOHOB, HCIOJB3YIOTCS HOMOJ-
HUTEJbHbIE NPENNOOXKeHHs.

B 13BecTHOII cTeneHH NPOTHBONOJIOXKHBIM TepPMOJAHHAMHKE 110 METOLY
H OLHOBPEMEHHO AONOJIHSAIOIIMM ee NpPH HCCJelOBaHUH CBONCTB Mare-
pUANBHBIX TeJ, COCTOSIIMX H3 MHOTMX MOJIeKyJl, fBJSeTCS APYro
oThen TeopeTuueckoll (PU3HKH — cTATUCTU4ecKas (usuxa (WIH CTATU-
cTudeckas mexanuka). st Hee XxapakTepeH yueT CBOHCTB OT/HeJbHBLIX
MOJIEKYJ H BBIBOJ OTCIOJa CBOHCTB MaKPOCKONHYECKHX CHCTEM MaTeMa-
THYECKHMH MeTOLaMM, OCHOBAHHLIMH Ha TEOPHH BEPOSITHOCTH (CTaTH-
CTHYECKMMH METOLaMH).

Mertoabl cTaTHCTHUECKON (DH3HKH OXBATHIBAIOT KaK TEpPMOIMHAMHYE-
CKHe COCTOSIHHS, TaK H KHHETHUeCKHe SfBJEHHS, NMO3TOMYy o6jacTh ee

* YpaBHeHUEM COCTOSIHMS HasbiBaeTcs cooTHomenue Buga f(p, v, T, ...)=0,
cBfisblBalOllee AaBJEHHe, OGbeM, TeMNepaTypy M Apyrie CBOHCTBAa cHcTeMbl ((bassl).

** B cucreMax, HaXOAfIMXCH B MOMAX BHEIUHHX CHJ, MOTYT M NPH PaBHOBECHH
HabM00aTbCA 3aKOHOMepDHble H3MEHeHHs mapaMeTpoB a3kl OT TOUKM K TOuYKe (CH-
CTeMBl B TOJie TATOTEHHs, B 3JeKTpudeckoM nose u ap.). Crejyer oTnvYaTh Takue
CHCTEMBl OT CTalMOHAPHBIX, HO HepaBHOBecHBIX. KpuTepuu paBHoBecus Gyayr pac-
cMOTpeHn B JaubHefimem (ra, IV, § 1 u ra. XII, § 7).
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NpUMeHeHUs Wupe, YyeM 06J1acTb NpUMeHeHUs TepmoauHamuku. OxHaKo
BBHJIY TOrO, YTO CBOHCTBA OTHEJbHBIX MOJIEKYNl H OCOOEHHO 3aKOHBI
HX B3aHUMOJEHCTBHUSI H3BECTHBI IIOKa HENLOCTATOYHO, a TaKXkKe B CBfA3H
C MaTeMaTHYeCKHMH TPYRHOCTSIMH, HCXOMAHbIe IMOJOXKEHHUS CTaTHCTHYe-
CKOU (M3UKH MOYTH BCerga BKAIOYAIOT B ceGs He MOJHOCTbIO 000CHO-
BaHHble MpPEINOJIOKEeHHS H CYLleCTBeHHble YIpolleHHs. Bcejeactsue
3TOrO OKOHYaTesbHble BBIBOABI CTATHCTHUECKOH (PH3HKM IPH HUX NMPHJO-
JKeHHH K KOHKPeTHbIM CHCTeMaM fBJSIOTCS B OOlIeM cjydae HeTOU-
HoiMu. OHH ONpaBIBIBAIOTCA TOJNBKO MJIS CPaBHUTEJbHO MPOCTHIX
CHCTEM.

B npoTHBONO/IOXKHOCTD TOMY TEPMOAMHAMHKA, B YK43aHHBIX BBILIE
rpaHHHAX ee MNPHUJOXHMOCTH, OCHOBLIBA€TCS Ha COBEPUIEHHO TOUYHBIX
3aKOHaX, BBIBeJleHHBIX H3 ONbITA; ee obLIMe pe3yabTaTbl TOYHO OMpaB-
IBIBAIOTCA HA OMNBbITE. ’

[Tpun BceM pa3/iuuuy MeTOAOB TEPMOAMHAMHUKH H CTATHCTHYECKOM
$U3UKKH MexXJy 3THMH pasjle/laMH TeOpeTHUeCKOH GH3nKu HeT M He
MoXeT GbITb HelepexoAHMOil IpaHHIbl, TaK KaK H3MepHMBbe CBOHCTBA
MaKPOCKOIIHYECKHX CHCTEM M TepPMOJHHAMHYECKOe COCTOSIHHE 3THX CH-
CTeM 3aKOHOMEPHO CBfI3aHbl CO CBOHCTBAMH OTHEJbHBIX MOJIEKYI.
OCHOBHble 3aKOHbI T€PMOXHHAMHKH, BBITEKAaIOLIMe H3 ONMbiTa M 0000-
1aloUlHe ONBIT, CBA3BIBAIOTCA CO CBOHCTBAMH MOJIEKYJ MeTOdaMH cTa-
THCTHYECKON (H3HKH, COOTBETCTBYIOUIHHA pa3fes KOTOPOH Ha3biBaeTcs
cTarucrudeckoli Tepmodunamuxod. B oTavume OT 3TOH JMCLHM/MHLI
TepMOJMHAMHKA, NOCTPOEHHAs NeAYKTHBHO, HCXOIsl M3 OCHOBHBIX 3a-
KOHOB TepMOIHHAMHKH, KOTOpbleé DaccMaTpHBAIOTC KakK o06o00uieHue
OMbITa, HA3bIBAGTCS YACTO KAACCUECKOU UAL (heHOMeHOA02U42CKOL Tep-
modunamuroll. B CBOHX KOHKpeTHBIX pe3yJbTaTax 3TH IBa HampasJe-
HHS, eCTeCTBEHHO, COIJIacyIOTCs.

TepMoguHaMHKa AaeT TeOpPEeTHYECKHE OCHOBBI AJI YYEHHs O Tel-
JIOBLIX MallIHHAX; 3TOT pa3fiesl ee Ha3blBAeTCH TEXHUHECKOU repmodu-
namukod. VIsyueHneM XHMHYECKHX MPOLECCOB € TEPMOAMHAMHYECKON
TOUKH 3DEHUsl 3aHHMAETCHl XUMUHECKAS TepmMOOUHAMUKG, SBJSIOLIASCA
OJXHHM M3 OCHOBHBIX pPa3jesoB (pU3HYECKOH XHMHH.

B yueGHMKax (H3HYECKOH XHMHH, B TOM YHCJe B HAcToseM yue6-
HOM MNOCOGHH, H3JaraloTcsi Kak oOO6lHe OCHOBBl TEPMOAHHAMHKH
(s KpaTtkoit ¢opme), Tak u Gojee NOAPOOHO XHMMHYeCKas TepMOIHMHA-
MHKa. .

§ 4. DKBHBAJEHTHOCTb TEMJOTHI M PaGoThHI

[TocTosiHHO® 3KBHBAJIEHTHOe OTHOIIEHHEe MeXJy TelJoTod H pabo-
TOH NpPH HX B3aHMHBIX IEPEXOJaX YCTAHOBJEHO B KJaCCHYECKHX OIbI-
rax Jxoyasa (1842—1867). Tunuunbiit sKcnepuMeHT [Koyas 3sakJio-
yaeTcsi B CJeLYIOLIEM.

[Tapalolnii ¢ H3BeCTHOH BBLICOTH TPYy3 BpallaeT MeLIaJKy, MOrpy-
JKEHHYI0 B BOAY, HaxoAsulywoca B Kajopumerpe. (I'pys n kasnopumerp
C BOJOH COCTaBJAIOT TepMOAHMHAMHYECKyl0 cHcreMy.) Bpaluenue Jo-
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nmacTeil MelllaJIKU B BOJAE BbI3bIBaeT HarpeBaHHe BOAbI B KaJopHUMeTpe;
COOTBETCTBYIOIllee TOBBLILIEHHE TeMIlepaTypbl KOJUYeCTBEHHO (GHUKCH-
pyercsl.

[Tocne Toro Kak yKa3aHHbIH NpoLECC 3aKOHYEH, CHCTeMa HOAMHA
GbITh MpHBeNeHa K HCXOZHOMY COCTOSIHHIO. DTO MOXKHO chesaTb MyTeM
MBICJIEHHOTO ONbITAd. ['py3 NOZHHUMaeTcs Ha HCXOLHYIO BBICOTY, NpH
3TOM 3aTpayMBaeTCss H3BHe paboTa, KOTOpas YBeJHYHBAeT 3HEPTHIO
cucreMbl. KpoMe TOro, ot KaJjJopuMeTpa OTHMMaeTcs (mepenaercd B
OKpYXalollylo Cpelly) TemnjoTra IyTeM OXJaXJeHUsl ero A0 HCXOMHOH
TeMnepatypbl. DTH oNepalHd BO3BPAILAIOT CHCTEMY K HCXOZHOMY CO-
CTOSIHHIO, T. €. BCe M3MepHMbie CBOHCTBA CHCTeMBI MPUHOOPETAIOT Te Ke
3HaUeHHsl, KOTOpble OHM HMeJH B MCXOAHOM cocrosiHuu. [Ipouecc, B
TeueHHe KOTOPOTrO CHCTeMa H3MeHsJa CBOU CBOHCTBA H B KOHIE KOTO-
poro BepHYJaCb K HCXOJHOMY COCTOSIHHIO, Ha3bIBAETCSl Kpy20B8blM
(Yurauseckum) npoyeccom W YUKAOM. '

EQuHCTBEHHBIM pe3y/lbTaTOM ONHCAHHOIO IHKJA SIBASETCS OTHSA-
THe paboThl OT Cpelbl, OKpPYyXKalolllel CHCTeMY, M NepeXox B 3Ty cpeny
TEMJIOThI, B3ATON y KaJopHMeTpa.

CpaBHeHHe 3THX JABYX BeJHYHH, H3MeDEHHbIX B COOTBETCTBYIOLMHX
eIHHHIaX (C y4eTOM psla MONpPaBOK), MOKa3blBaeT NOCTOSIHHOE OTHO-
LIeHHe MeXJy HHMH, He 3aBHCHlllee OT BEJIMUHHB Tpy3a, pa3MepoB
KaJIODHMEeTPa H KOHKPeTHBIX KOJIMYeCTB TEIJIOTHl M PaboThl B pasHbiX
OIBITAX. ‘

Tensoty u paboTy B LHK/JIHYECKOM IIpolecce LejecooGpasHo 3amu-
caTb KakK CyMMy (uHTerpasa) OeCKOHeYHO MaJbiX (3J7eMeHTapHbIX)
tensoT §Q u GeCKoHeYHO MaJbiX (3/7eMeHTapHbIX) pabor 84, mpuuem
HauyaJIbHbI W KOHEUHBbIA Mpe/esibl MHTETPHPOBAHHA COBNAAIOT (UHK).

YcioBuMcA  CYUTaTh NMONO K UTEJbHBIMH TEMJIOTY, M OJ Y-
YeHHYIO CHCTeMOH OT OKpyKawluei cpelrl, H pa6oTy, MpPOH3Be-
LeHHYI0 cucTeMoll (3Heprusi B ¢popMe paGoThl Mepenaercsi MpU 3TOM
OT CHCTEeMBbl K OKpyxKatouleil cpene). Torra 5KBUBaJIEHTHOCTb TeNJIOTHI
¥ paGoThl B LUHKJAHYECKOM IPOLIeCCe MOXKHO 3amHcaTh TakK:

§6A=J(§6Q Ly

B ypasuenuu (I, 1) sHuax § 06Go3HayaeT HMHTErpHpPOBaHHE I10

mukay. [ToctosncTBO Ko3dduunenta J oTpaxaer 3KBUBAJCHTHOCTD Tell-
JOTbl B pabothl (J — MexaHHYeCKH# 3KBHUBAJIEHT TEIJIOTH). YpaBHeHHe
(I, 1) BbIpaxkaeT cofoil 3aKOH COXDaHEHHS SHEPTHH MJIS YacCTHOrO,
OYeHb BaXKHOTO C/yyasl mpeBpallleHusi paGoThl B TEMJOTY.

B uccrenoBanusx xoyius, Poynanna (1880), Mukynecky (1892)
¥ Ap. HCNONb30BANHCh METONBI TPeHHs B MeTaJllax, yAapa, NpsMOro
npeBpalleHusi paGoThl 3JEKTPHYECKOTO TOKa B TEMJOTY, PaCTXKEeHHs
TBepAbIX Ten u Ap. Kosdduuuent J Bceraa noctosiHeH B mpepenax
OLIKGKH OMbITA. -
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B manpHeiilleM H3JIOXKEHHH BCerjga Mmpenmnosaraercs, 4to pabora
H. TENAOTA C NMOMOIUbI0 Ko3dduuuerta J BhIpaxKeHH B OAHHX €IMHH-
nax (6e3pasiauyHO KakMX) H Kosp¢HuuueHt J omyckaercs.

§ 5. Buytpenuss aHeprusi. [lepBbiii 3akoH TepMOAMHAMMKH

Ilna nekpyrosoro npomecca pabeHctBo (I, 1) He coGmiomaercs, Tak
KaK CHCTeMa He BO3BpAlllaeTCsi B HCXOJHOe COCTOsiHHe. Bmecto 3Toro
paBeHCTBa AJs1 HEKPYrOBOTO Ipoliecca MOXKHO 3amucaTh (OmycKasi Ko-
appuunent J);

2 2
faAs«:faQ
1 1

Taxk Kak npegessl UHTerpHPOBAHHA B OOIleM CJaydae IPOH3BOJBHLL,
TO W AAA 3JeMeHTapHbiX BeanuuH 64 u 6Q:

6Q—-08A+#0

O6Gosuauum pasHoctb 6Q — 8A mjis J1060ro 3jMeMeHTapHOro TePMOIH-
HaMHyecKoro npouecca yepes dU:

dU = 6Q — 064 (1,2)
WIH Ads KOHEYHOro Ipoiecca: )
2 2 2 ’
[av=[sa-[0a 1, 2a)
1 1 1

Bosppamasice K KpyroBoMy mpoueccy, NoJy4aeM, B COOTBETCTBHH

¢ ypaBHeHuem (I, 1):
' §dU=§6Q—§6A=o a,3)

Taxum o6pasom, Bennunna dU sBisiercs NOJMHBIM AubdepeHnHaIOM
HEKOTOPOH (QYHKIMH COCTOSIHHSI CHCTEMBl, H IPH BO3BPALIEHHH CHCTEMb
K HCXOJHOMY COCTOSIHHIO ([OCJie LHKJIHYECKOTO H3MEHEHHs1) BeJHYHHA
310/ (QYHKUHMH NpHOOpeTaeT NepBOHayaJbHOe 3HauyeHHe. DyHKUHA CO-
crosHua cucremb U, ompelensiemas pasenctBamu (I, 2) wumm (I, 2a),
Ha3bIBaeTCs BHYTpeHHell 3Hepeueld cucTeMbl. OueBHIHO, BbIpaxeHHe
(I, 2a) moxer GbITb 3aMHCaHO TakK: ’

-~

2 2
) Uz-U,=faQ—j6A {1, 26)
1 1

.OnpenensieMast BoipaxkenueM (I, 2) BesnuMHa HIEHTHYHA C BeJHYH-
HOH, BBeJeHHON paHee (cTp. 26) M MeHee CTPOro OmpeneE€HHOH.

HaHHoe paccyxaeHHe OOOCHOBLIBaeT ONBITHEIM DNyTeM HaJHiHe
onpefe/eHHON (YHKIHMH COCTOSHHS CHCTEMbl, HMEIOLIeH CMBICA CyM-
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MapHOH Mephl BCeX ABHXKE€HHH, KOTOPHIMH cHcTeMa oGJanaert *. Ilpen-
M0JIOXKHUM, YTO LHKJIHYECKHH Npollecc YIaJoch NPOBECTH Tak, 4TO MOC/e
TOro, KaK CHCTeMa BepHyJacb. K MCXONHOMY COCTOSIHHIO, BHYTPEHHsSA
SHEprHsi CHCTeMbl He.NpHHSJA HauaJbHOTO 3HAYEHHS, a YBEJHYHJIacCh.
B 3TOoM ciyuae moBTOpeHHe KPYTOBBIX NPOLECCOB BHI3BaJO GBI HAKOI-
JleHne sHepru B cucreMe. Cosmanach Obl BO3MOXHOCTb NpeBpallleHHs
3TOl 3Heprud B paboTy M MOJYYeHHA TAaKHM NyTeM paboThl He 3a cuer
TENJIOTH,, @ «H3 HHYero», TaK Kak B KpPYroBoM mpouecce pafora u
TeNJIOTAa 3KBHBAJIEHTHBI APYT APYTY, YTO NMOKa3aHO NMPSIMBIMH ONBITAMH.

HeB03MOXHOCTb OCyLIeCTBJI€HHS YKa3aHHOIO LHKJa IOCTPOEHHS
6eunoeo Osuzaters (nepneryym mobuse) 1-2o poda, mawouero pa6oty
Ge3 3aTpaThl 9KBHBAJEHTHOTO KOJHYeCTBAa JAPYroro BHAa 3JHEPTHH,
JOKa3aHa OTPHLATENbHBIM Pe3yJbTaTOM THICSYeJieTHEIO ONBITA YeJoBe-
yecTBa. JTOT pe3yJbTaT NPHBOAUT K TOMY XKe BHIBOLY, KOTOpHIH B Ya-
CTHOM, HO Gosee cTporoii ¢opMe MBI TNOJYYHJIH, aHAJH3HPYSA OMBITHI
Jxoyas.

Ccdopmynupyem eille pa3 moJayueHHbl pesynabrar. Ilosnblil 3anac
3HEPTHH CHCTeMbl (BHYTDEHHSisi 3HEPrHsi ee) B pesyJbTaTe LHKIHYe-
CKOro npouecca BO3BpallaeTcsi K HCXOJIHOMY 3HA4YeHHIO, T. €. BHYT-
PeHHAS >HepPrusl CHCTeMb, HaXOASAWEeNCA B AaHHOM
COCTOSSHHY, HMeeT OJHO ONpeJgeNeHHOe 3HauUeHHEe H
He 3aBHCHT OT TOro, KaKHM H3MeHEHHUAM CHCTeMa
noaBeprajgachb nepex TeM, KakK NPHATH K TaHHOMY
cocTtosaHuo. VHbIMH cnoBaMH, BHYTDEHHSAS 3Heprus CH-
CTeMh €CTh OJAHO3HaYyHas, HeNnpepbolBHAsi H KOHeEU-
Hasg QYHKILHS COCTOSHHS CHCTEMBL

ViameHenyie BHYTPeHHe#l 3HePrHH CHCTeMbl ONpeJeJisieTCsl Bhpaxe-
HueM (I, 26); ana kpyroBoro nmpouecca cnpaBefJHBo Bepaxenue (I, 3).
[Tpu 6eckoHeuHO Ma/OM H3MeHEeHUH HEKOTOPbIX CBOHCTB (mapameTpoB)
CHCTeMbl BHYTPEHHSIf SHEPTHs CHCTeMbl H3MeHseTcs TaKXe GeCKOHEUHO
MaJio. DTO — CBONUCTBO HeNpepbIBHON (PYHKIHH.

B npemenax TepMOAHHAMHKH HeT HEOOXOAHMOCTH MCHOJAb30BAThb
oflllee ompejlejieHHe MOHATHA BHYTpeHHel >Hepruu. PopmasbHoe Ko-
JUYecTBEHHOE ee onpelejenue 4vepe3d Buipaxenusa (I,2) mnmm (I, 2a)
JOCTATOYHO A/ BCeX AaJbHEHIIMX TePMOAHMHAMHYECKHX pPacCyXAeHHH
# BBIBOJOB.

TTocKONbKY BHYTPEHHSI1 SHEPTHsl CHCTeMbl eCTb (YHKUHA ee co-
CTOSIHHSA, TO, KaK yxe OblJIO CKasaHo, MPHPOCT BHYTpeHHed
9HeprHH NpH OGeCKOHEeYHO MaJablX M3MeHEHHUSX na-
paMeTpOB COCTOSHHH CHUCTEMBl €CTb NOJHBHA AHD-
depennunana GYHKLHMH COCTOsAHHA Pa3busas HHTerpan B

* Kak BHAHO H3 ONpejie/ieHNs BHYTPeHHell >HEPrHH, OHAa He MBJAETCA KOH-
KPEeTHbIM, KaueCTBEHHO CBOeOGPA3HHIM BHJOM 3HEDrHH, HE COOTBETCTBYET OMpefes
JeHHO# ¢opMe JABHIKEHHS M He MMeeT XapaKTePHbIX eNWHHL H3MEepeHHS; ee H3MeHe-
Hie MOXeT ObiTh BBIPaX{€HO B JIOGHIX SHEPreTHYECKHX €AHHHLUAX, B KOTOPHIX H3aMe-
PSIIOTCA Pa3NHYHbBIE KOHKPETHbIe BHALI SHEPTHH.
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ypaBHennu (I, 2) na mBa uHTerpaja mo yyacTKam MyTH OT COCTOSHHUS
I no coctosnusa 2 (nytb a) (cm. puc. I, 1) u o6patHo — ot cocTosiHus
2 no cocrosinua I (uHOH MyTb b),— nosyyaem:

2 1

[ avo+ f au® — g (1, 4)
1 2
HJIH

2 1 2
J. dU@ = — f dU(b)=f dau® (1,5)
1 2 1

K ToMmy e pe3ysnbTaTy Mbl NpPHAEM, CPaBHHBAsi MyTH @ H C WIH b
HCHT I

Buipaxenue (I,5) ykasbiBaer, yTo npuHpaleHHe BHYTD e H-

Heldl SHEPTrHH CHCTEeMbl NPDH NMepexojie ee H3 ONHOTO

2 COCTOfIHMSA ,B ApPYyroe He B3aBHCHT

= OT MNyTH mnDpouecca, a 3aBHUCHUT

TOABKO OT HayYaJbHOTO H KOHeEUY-
HOTO COCTOSHHS CHCTEMHL.

[TpuBenenHble Bbie GOPMYJHPOBKH, CBSI-

_—— . 3aunHele ¢ ypasHenuamu (I,3) u (I, 5), asas-

b IOTCSl Pa3/MYHBIMH 3KBHBAJIEHTAMH OIHOTO U

Puc. 1,1. Cxema kpyro- TOTO K€ NOJIOXKEHHsS H CIyXar (OPMYyJHpOB-

Boro (mukamueckoro) npo- KaMHM NepPBOTO 3aKOHa TEPMOJHHAMHKH [B coue-

uecca. TaHuu ¢ ypasHenneM (I, 2), maromum Kosnue-

CTBEHHOE OMNpejeJieHHe BHYTPEHHeH 3Hepruu).

TlepBblii 3aKOH TepMOJAMHAMHKH ABJAETC KOJHYECTBEHHOH ¢op-
MYJIMPOBKOH 3aKOHAa COXpPaHeHHS SHEepPrHH B NPHMEHEHHH K Ipoleccam,
CBfI3aHHBIM C [pEBpalleHHsIMH TeMJOTH H PabOTHI.

Eume omxHa ¢opMyaHpoBKa MepBOrO 3aKOHA TEPMOAMHAMHKHU MOXKET
6biTh noayyeHa u3 Boipaxenus (I,2a). B usonupoBanHOl cHCcTeme
6Q=0 n 84 =0; cnexoBare/ibHO, PHU MIOOLIX Npolleccax, NPOTEKAIOLLHX
B M30/MHPOBAHHOH CHCTEMe:

j dU=0; U= const (1,6)

T.e. BHYTPEHHAS 3HEepPrusg H30JNHPOBAaHHOHN CHCTEM B
noctosHHAa. dra popmyjupoBKa NepBOro 3aKOHa TEPMOAUHAMUKH
€CTb NpHMEHEHHOe K KOHKPEeTHbIM YCJOBHAM H KOHEUHBIM CHCTeMaM
KOJIMYeCTBEHHOE BblpaKeHHe OOLIero 3aKOHa COXPaHEHHsl 3Hepruu, B
COOTBETCTBHUHM C KOTOPbIM 3HEeprus He CO3/1a€TCs H He HCYe3aer.
Caenyer OTMeTUTb, YTO NepBLIi 3aKOH TepMOAHMHAMHUKH He AaeT
BO3MOXXHOCTH HaHTH NOJHOe 3HaueHHWe BHYTPEHHEH 3SHepPruHM CHCTeMbl
B KaKOM-JIHG0O COCTOSIHMH, TaK KaK ypaBHEHMf, BbipaXKalolllHe MNepBbli
3aKOH, TPHBOASAT K BbIYHC/IEHHIO TOJbKO H3MEHEHHSl SHEPrHH CHCTeMbl
B pasanuublx npoueccax. TOUHO TaK .Ke He/b3si HENMOCPEACTBEHHO M3+
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MepHUTb M3MEHEeHHs] BHYTPeHHell 3HepruM B MaKPOCKONHYECKHX Mpo-
[eccax; MOXHO JIMIIb BBIYHCJAHTb 3TH H3MeHEHHsl C MOMOILIbIO ypaBHe-
Hus (I, 26), yuuTsiBasi H3MepHMble BEJHYMHbl — TEMJMOTY U paGoTy AaH-
HOro mnpouecca *,

OtméTuM, 4TO TemsoTra M pabora (Ka)kaas B OTHEJbHOCTH) He 006-
JIafaloT CBOACTBOM (YHKLUHH COCTOSIHHS, Bblpa)kKaeMblM YpaBHeHHeM
(I, 3) nan (I,5) ¢ npucymum BHyTpeHHeil sHepruu. Tensosa u pabora
npouecca, NepeBOASILIETO0 CHCTEMY H3 COCTOfHHMS [ B cocTosiHMe Z,
3aBHCAT, B oOlleM ciydae, OT NyTH mpouecca, U BeaHunHol 6Q u 6A
He sBJsIIOTCA IuddepeHnranamMu QYHKUHH COCTOSIHHS, a CYyTb NPOCTO
GeCKOHEYHO MaJble BEJHUYHMHBI, KOTOpbie Mbl GyleM Ha3biBaTb JAEMEH-
TAPHOU TENAOTOU U 31eMeHTAPHOE paboToLi.

Takum o6pasom, auddepenuuan BHyTpeHHell 3Heprun dU umeer
MHble MaTeMaTHYeCKHe CBOHCTBa, YeM 3JeMeHTapHble Temjora 8Q H
pabora 8A. DTo MMeeT CylleCTBeHHOe 3HauyeHHe NPH TOCTPOEHHUH CH-
CTeMBbl TEPMOAHHAMHKH.

§ 6. Pasnosecnbie npoueccel. Makcumanbnas paGora

Pabota, coBepuiaemass CHCTeMO#l NpH Nepexoje H3 OAHOIO COCTOSA-
HHA B ApYyroe, 3aBUCHT OT BEeJHYMHBI M XapaKTepa H3MeHEHHH BHELIHHX
napamMeTpoB cHCTeMbl B XoAe mnpouecca. Ha puc. I, 2a cxemaTtnuecku
M306paxeHd TpolUecC pacCIIMpPeHHss CHCTEeMbl, NPOUCXONSAIIHA NyTeM
yMEeHbIIEHHS BHEIUHero [JaBJEeHHS Ha HU3BeCTHble KOHEUHble BeJIMUHHDL.
Teuenune npounecca oTo6pa<eHO HHMKKHeH JIOMaHOH KPHUBOM: 3a Ka)kAbIM
CKauKooOpa3HbIM yMeHbIeHHeM BHEIUHEro JaBJIEHUSl CJAEAYET CKauKo-
ob6pa3Hoe H3MeHeHHe oObeMa, NMpoJOJKalolleecs A0 TeX MOp, MoKa
cHCTeMa Hg TNpUIeT B COCTOsSIHHe PaBHOBeCHsi (0603HaYEHHOE KpYXK-
KoM). B 3TOM cocTosinuu cucTeMa OYIeT ocTaBaThCs A0 HOBOTO CKAYKO-
06pasHoro yMeHblEHHS AaBJjeHHsl, IpOM3BOAUMOro ussHe. Pa6ora npo-
necca paBHa mJollaiu NOJ KPUBOH mpouecca. '

Jlomanas KpuBasi He OTpa)Kaer KOJHMYECTBEHHO MpOILeCC, TaK Kak
NpH CKAauKoOOpasHbIX H3MEHEHHAX MAaBJIleHWS BO3HHKAIOT JBHIKEHHS
4acTell CHCTeMbl C KOHEUHOM CKOPOCTbIO, o6pasyioTcsi CTpyH, TypOy-
JIeHTHble [BHXXEHHS B KMIAKOCTH Hau rase. [Ipu sTom jaBieHue B
pasHbIX TOYKAX BHYTPH CHCTEMBI -OKa3hHIBAETCS PAa3JHYHBIM M HEINo-
CTOSIHHBIM BO BPEMEHH H IepectaeT ObiTb NapaMeTpOM, ONpeNes oM
COCTOfIHHE CHCTEMB.

OO6paTHblil poUECC CXKaTHs NPOBOAHTCA TEM e Cnoco6oM H 0TO-
Gpaskaercs BepxHeil siomaHoii Kpusoit. Cucrema Bo3Bpaulaercss B Hc-
XOJIHO€ COCTOSIHHE H J[€JIaeT OCTAHOBKH B COCTOSIHMSIX DaBHOBECHS,
KOTOpPbIM OTBEYAlOT TOYKH, JleXallhe Ha TOH K€ KPUBOH p—uv, 4TO
¥ TOYKH OCTaHOBOK B mpaMoM mnpouecce. OueBHAHO, 4TO paboTa,

* MoxHo H3MEPHTD HNOJIHbIA 3anac 3IEPrHH HEKOTOPbIX 3JIEMEHTAPHBIX 4YacTHLL,
TaK Kak NPH UX NpeBpallleHHsX B H3JyyeHHe BCS 3HEPrus 4acTHL NMEPEXOJMT B 3iiep-
THIO CI)OT(_)HOB. KOTOpasa H3BeCTHA.
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coBepLIeHHAs NPH CKAaTHH Haj cHcTeMol, 60a b e, yem pabora, co-
BeplLIeHHas cHCTeMOH Ha npsmoMm nyTH. OQHaKoO H 3Ty pa0OTy Hesb3s
KOJIMYECTBEHHO OLEHHTb, MOJb3YACh IpaHKOM, IO YKa3aHHBIM BhbilIe
npu4uHaM *. ) ,

Ha puc. I, 26 uso6GpaxkeH mnpomuecc, NPOTeKaOLUHi MeXIy TEMH XKe
HCXOJHBIM U KOHEYRbIM COCTOSIHHSIMH, HO CKAUK{ AaBJieHHS H o6beMa
3lech MeHblle, YyeM B paCCMOTPEHHOM paHblue npouecce. Kpusbie nps-
Moro H o6paTHOro npoueccoB COJH3HIHCH, YHCIO PAaBHOBECHBIX OCTa-
HOBOK BO3pOCJIO H HEONpEeNeNeHHOCTb B OLIEHKE BeJHYUHB paboThi

~

7 o , )

-

(g
—-/0

2

Vi Vv Va Vi — 14 Va .‘g‘:’ —) vz
a 5 ’ 4
Puc. I,2. Cxemarunueckoe u306pakeHHe HepaBi{onecHux npoueccos (a, 6)
H paBHOBECHOro mpouecca (8).

yMeHblHaacb. OueBHAHO, paboTa, COBepIIEHHAS CHCTEMOH B 3TOM
npouecce, GoJsblle, yeM paboTa, COBeplIeHHast CHCTEMOH B MepPBOM
npouecce.

ViameHsis naBJjieHHe NMOCAeJOBAaTeNbHO H MHOTOKPAaTHO Ha GecKoHeu-
HO MaJylo BelMYHHY, Mbl MOXeM NPOBECTH NpolecC TaK, YTO CHCTeMa
GymeT HaxXOAMTbCA B KaM/bli MOMEHT BpeMeHH GeCKOHEeYHO G6JIH3KO
K paBHoBecHio. Torga JoMaHble KpuBble NpPsIMOro H OGpaTHOro Mpo-
[IeCCOB CTAHYT GeCKOHeYHO OJIM3KH HPYT K APYry H K PaBHOBECHOH
KpHBO#, 3aKJlodeHHOH Mexay HuMH (puc. I, 2B). Ilnomanu nox Kpwu-
BbIMHM NPSIMOTO M OOGDAaTHOrO MPOLECCOB C TOYHOCTBIO N0 GeCKOHEYHO
MaJblX BeMMYHH COBNAJAIOT H MOrYT ObITb TOYHO ONpeJeJieHbl, €CJH
paBHOBecHasi KpHBasi M3yYyeHa SKCIEPHMEHTAJIbHO HJH H3BEeCTHO ypas-
HeHHE COCTOSIHHSI ONHOPOAHON cucTeMbl. OuyeBHIHO, YTO B 3TOM IpO-
pecce paboTa pacumiMpeHHsi, coBepiiaeMasi CHCTeMO#, Oyaer Han6OJb-
me#. OyeBHAHO TaKXKe, YTO TaKoOH nIpolecc O6ymer mporekatb GecKo-
HEYHO MeJJIeHHO, TaK KaK YHCJI0 CKayKoB OylerT OeCKOHEYHO BEJIHKO,
a BpeMsi, HeoGXoquMOe MJIsi COBEepIUeHHS ONHOro CKayka, KOHEYHO.

[Mpouecc, usobpakenHnlit rpadudyecky Ha puc. I, 28, npoxogur
B NpsaMOM U o6paTHOM HamnpaBJEeHHH Yepe3 OXHH

* Besmuuny paGoThi peasbHOTO MNPOLECCA MOXKHO OMpEAE/HTb MyTeM MPSAMONG
OMIBITHOrO H3MepeHHs. .
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M Te Xe COCTOSHHS, GECKOHeuYHO GAH3KHEe K pPaBHO-
BeCH10. DTOT npouecc Ha3biBaercsi pasHosecHvim. PabGoTa p aB-
HOBECHOTO Npolnecca HMeeT MaKCHMaldbHYIO Beau-
YHHY NO CpPaBHEHHIO C HEpPAaBHOBECHHMH NpoLec-
camMu (rpaduyeckun u3o6pakeHHbiIMM Ha puc. I,2a u 1,26) u
Ha3bIBAETCsl MAKCUMAAbHOU pabOTOL.

[TpumepoM paBHOBECHBIX MPONECCOB SABJAAIOTCA HleasbHble Mexa-
HUYECKHe TPOLeCCHl, NpoTeKalle Ge3 TpeHus. ‘

[TockoabKYy HAeanu3HpOBaHHbLIE PaBHOBECHBIE MPOLECCH MPOTEKAIOT
GeCKOHEYHO MelJeHHO (KpOMe HAea/bHbIX MeXaHHYeCKHX MpOLECCOB),
OHH Ha3bIBAIOTCSl TAKXKe KBA3UCTATUHECKUMU.

Ecnu paBHOBecHBIH Npolecc NpoTeKaeT B MPSIMOM, a 3aTeM B 06-
paTHOM HaNpaBJIEHHH TaK, YTO He TOJIBKO CHCTEMa ¥, HO U OKpyxKalduas
cpela BO3BpallaeTcs B HCXONHOe COCTOsIHME M B pe3yJbTaTe Ipolecca
(4acTHbI clydyall KPYTrOBOrO) He OCTaeTcsl HUKAa KU X H3MeHeHH i
BO BCeX Yy4YaCTBOBaBIIHX B NpolLecce TejaX, TO NPOIeECC Ha3blBaeTCs
obparumoim **,

PaBHOBecHble MpolecCh MOTYT GbIThb OMUCAHBI KOJMHYECTBEHHO C TO-
MOLIbIO ypaBHEHHS COCTOSIHMA BellecTBa (¢asbl), €ClH OHO M3BECTHO
(cm. Huxe). ‘ '

PaBHoBecHbI!t Tpolecc fBJSETCS TNpefeJbHBIM THIOM MpoLecca,
abcTpaKiHeil; peajbHble (GH3HUeCKHe W XMMHYECKHe NMpPOLECCH BCerna
B Gosblieli WIM MeHblled CTeNneHH HepaBHOBecHH. [Ipumepamu kpaii-
HHX C/yYaeB HePaBHOBECHBIX NPOIECCOB SBJIAIOTCA: NMEPEXOl 3HEpPTHH
ropsiyero Teja K XOJIOAHOMY B OpMe TelJOTbl PH KOHEYHOH PasHOCTH
TeMIeparyp, nepexoj MeXaHMYeCKoll paboThl B TENJIOTY NpPH TPeHHH,
paciIHpeHHe rasa B NYCTOTY, CAMONPOH3BOJILHOE CMeLIEHHe Ta30B HJIH
JKUAKOCTeH myTeM AHGGY3uH, B3pBIB CMECH TOPIOYEro C OKHC/IUTENEM.
DT mpouecchl He MOTyT GObiThb MpOBeNeHbl B OOPATHOM HaNpaBJeHHH
yepe3 Te )Ke NPOMEXYTOUHble COCTOAHHS, YTO H NPSIMble MPOLECCHI.

TepMOAMKAMHKA, KOTOPas H3yyaeT COCTOSHHA pPaBHOBeCHA U nepexons Mexay
HHMH, BBIHYXIE€Ha HCNOJb30BaTh B CBOHX TEODETHUECKMX HCCAENOBAHHAX MNOHSATHE:
paBHOBecHbIX npoueccoB. Mx 3HaueHHe 0COGEHHO BENHMKO B CBSI3H CO BTOPHIM 3aKOHOM
TepMmoannamuku. Ilepsuiit 3akoH B ¢opMe ero OCHOBHEIX YDaBHEHUH NDUJOXKHM B
peBHOH Mepe K DPaBHOBECHHIM M HEpPAaBHOBECHBIM mnpoueccaM. OJHAaKO pacueTsl ToO
NepBOMY 3aKOHY BO MHOTHX C/Y4asiX MOTYT OBITb KOJIHYECTBEHHO NMPOBENEHbl TONbKO
IJIA DABHOBECHBIX NPOLECCOB (BbIYHCIEHHE paGoTH).

[ToHsTHe paBHOBECHOTO MpoLEcca, B KOTOPOM OGBeAHHAIOTCH MPOTHBOMOJOKHbIE
NOHSITHSI PaBHOBECHS M TMpOLeCCa, SABJAETCA NPOTHBOPEUHBHIM H B TO Xe BpeMfA

* TousATHe PaBHOBECHOTO TpollecCa CBSI3aHO CO B3aMMHBIM DaBHOBECHEM BCeX
yacTell CHCTEeMBl H PaBHOBECHeM Ha TDaHMIAX CHCTeMbl C OKpyxaiomeh cpenof,
HO He CBS3aHO C PaBHOBeCHeM BHYTPH uacTefl OKpVKamoleh cpendl, ydacTeyiou
B mpouecce.

Ina monyueHHs GOMBIIOTO. YHC/AA TEPMOAMHAMHUECKHX BHIBOAOB H 3aK/IOYEHHA
ZOCTAaTOUHO, YTOGH COGMIOAANOCh TOJBKO YCJOBHE PABHOBECHOCTH MpoOllecca.

** TIpUMeHSIOT TaKXe H HECKOJNBKO HHYIO TEPMHHOJOTHIO: PaBHOBECHHIH Mpomece
HA3bIBAKOT 00pATUMbIM USMEHEHUEM CUCTeMbl, a O06paTHMBIi mpouecc — Takke 06pa
TUMbIM NPOYECCOM.
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MJOZOTBOPHbIM. Uepe3 3TO MOHATHE CO3[aeTcsi BO3MOXKHOCTb MPHUIOMKEHHS TepMOIH-
HaMHKHM, HAYKH O DAaBHOBECHB X COCTO S HHSA X, K Npoleccam, T. €. K H3 M e-
HEeHHUAM™,

§ 7. YpaBHeHus coctosiHusi. Tepmuueckue Ko3hduuMeHTHI

MHorne cBoficTBa CHCTEMbI, HaXOAsiLleHCsl B PAaBHOBECHH, U COCTAB-
Jqomux ee a3 saBASIOTCA B3aMMo3aBUcUMbIMU. 3Mmenenue ognoro
H3 HHX Bbi3blBaeT W3MeHeHHe ApPyrux. KosanuecTBeHHble QyHKUHOHAJD-
Hble . 3aBUCHMOCTH MeX1y cBoiicTBaMu cucteMbl (¢asbl) MoryT GbITb
OTpakeHbl ypaBHEHHSIMH Pa3/IMYHOrO BUIA.

U3 takux ypaBHeHHII HauGoJiblllee 3HAUEHHE HMeET YpasHeHue co-
cTosHus a3bl, CBS3bIBaIOlllee B MHTErpaJbHOl (opme maBjieHHe, TeM-
nepaTtypy, WJIOTHOCTb (Wax 0GbeM), cOCTaB M APyrHe CBOHCTBA KaX-
Jo#l ¢a3bl CHCTeMbl, HaxoAsillleficss B pPaBHOBECHH.

YpaBHeHHe COCTOSIHUS TECHO CBS3aHO C TEDPMOJAHHAMHUYECKHMH ypaB-
HEHHSIMH CHCTeMBl U ee OJHOPOAHBIX yacTelt ((das),HO He MOXKeT ObITb
B KOHKPETHOH ¢opMe BBIBEAEHO H3 OCHOBHBIX YPaBHEHHH TepMOAMHA-
MHKH H JOJI)KHO ObITb Hal[J€HO OMBITHBIM NYyTeM WJIH MONY4eHO MeTona-
MH' CTAaTHUCTHUECKOH (H3UKH, HCXOAS U3 MOJIEKYJSPHBIX NMapaMeTpoB
(T. e. BeJMUYHH, XapaKTepU3YIOLIUX CTPOeHHe U CBOHCTBA OTAeJbHbIX
MoviekyJs). [lpocreiflinmMu ypaBHEHHSIMH COCTOSIHHS SIBJSIOTCS YpaB-
HeHUsl A/l Ta30B NPH MaJbiX JAaBjeHHsX: ypaBHenue Kuanefipona —
MenpneneeBa, ypaBHenHe Ban-mep-Baanbca u ap.

Hanuuue ypaBHeHH#l COCTOSHHSI M JPYrHX YypaBHeHHH, CBSI3bIBalo-
IMX pasJuyHble CBOHCTBA (pa3bl, MPHUBOAHT K TOMY, YTO AJs OJHO-
3HAayHO! XapaKTEPHUCTHKH COCTOSIHHS CHCTEMBl OKa3biBaeTcs JOCTaTod-
HbIM 3HaHHE TOJbKO HECKOJbKHX, HEMHOTHX He3aBHCHMbIX CBOHCTB.
OTH CBOHCTBA HA3bIBAIOTCS HE3ABUCUMbBIMU NePeMeHHbIMU WIH napa-
merpamu coctoarus cucreMbl. OcranbHble CBOHCTBA ABJSIOTCA (DYHK-
LHAMH apaMeTpoB COCTOSIHASL W ONPENeNsioTCs OQHO3HAUHO, eCyH 3a-
JdaHbl 3HauyeHusa nocaeanux. [Ipu 3TOoM [/ MHOrMX 3ajay He HMeeT
3HAYeHMs, U3BECTHbI JH HaM KOHKDeTHble yDaBHEHHS] COCTOSIHHS HC-
caefiyeMbix (a3; BaXKHO TOJBKO, UTO COOTBETCTBYIOLUHE 32BHCHMOCTH
Bcerjga peajbHO CyLIeCTBYIOT.

TakuM 06pa3oM, COCTOSIHHE CHCTeMbl Onpeje/isieTcss He3aBUHCHMBIMU
nepeMeHHbIMH (mapaMeTpaMH COCTOSIHHMSA), YHCJO KOTOPBIX 32BHCHT.OT
Xapaktepa KOHKPETHO! CHCTeMbl, a BbIGOp MX B NMPHHLUIE MPOH3BOJIEH
M CBSI3aH ¢ cOOGpaxeHUsMH LesecoobpasHocTH. [lia onpeneseHus co-
CTOSIHHSl TNPOCTEHIIMX CHCTEM — OJAHOPOAHBIX H IMOCTOSIHHBIX BO Bpe-
MeHH 10 Macce M 1o cocTaBy (COCTOSILIMX M3 OJHOH (asbl H He H3Me-
HAIOLIUXCA XHMHYECKH) — HOCTAaTOYHO 3HATh [Be He3aBHCHMble mepe-
MeHHble M3 uHcJa Tpex (o6bem v, AaBjeHHe p u Temmepatypa T).

* TpaKTOBKA TePMONMHAMHKH, KaK HAayKH O DABHOBECHBIX COCTOSIHHSX, MpUBesa
K MpelJONKEHHIO HA3blBaTb 3Ty HAYKY TEPMOCTATHKOH, YTO Heab3s CUMTATh Mpa-
BHJIbHBIM.
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B GoJsee cJOXKHBIX CHCTEMaX B YHCJO He3aBUCHMbIX MepEMEHHBIX MO-
YT BXOOUTb KOHIEHTPALMH, 3JEeKTPHUECKHH 3apsi, 3JeKTpocTaTHye-
CKHIi MOTeHUHaJ, HANpPsiXKeHHOCTb MATHHTHOTO MNOJIS ¥ JpYrHe.

HaigeM cooTHOeHMe MeXAY YacCTHBIMH MPOHU3BOAHBIMH NAPaMeTPOB COCTOSHHA,
BbiTeKaoulee U3 (akTa HaJMYUsl yDPABHEHHs] COCTOSIHHS, KOTOpOe CBfI3bIBaeT mnepe-
MeHHble U, p U T mpocreiileli cucTeMbl, XOTs Gbl KOHKPeTHLI BHJ 3TOrO ypaBHEHHS
He Obli u3BecTeH. O6WHi BUA ypaBHEHHS COCTGAHHSA OyaeT

f(o,p, T)=0 L7

Pewast sto YpPaBHEEHE€ OTHOCHUTEJIbHO U, fI0Jy4aeM:

U=f1 (p$ T) (1'73)

T. e. o6beM ©a3bl ecTb GOYHKUHS NABJEHHS H TeMmmepaTyps (MpH MOCTOSIHCTBE CO-

cTaBa M Macchl).
Haxogum noaubii guddepenunan GyHKUHH ABYX NMEpPEeMEHHBIX:

dv dv
do = (0_p)r dp + (FT‘),, ar (1,8)

Beoxum yciiosue mocrosiHcTsa obvema (v=const). Torna
dv du
(35), 40 + (&), e7=0

Ilenum 3T0 ypaBHeHHe HA Beauuuny dT:

(&), (5),+(55), -0

MpousBoanas Op/0T sBaAseTcs 3heCb HaCTHOH MPOH3BOLHON B CBS3H C HaJO-
WEHHBIM YC/JIOBHEM MOCTOSHCTBA OOBEMA.
[peoGpasys mnosyuenHoe ypaBHeHHe, NPHXOAHM K CJAEAYIOUIEMY BbIPAXKEHMIO:

(), (28),(30), =+

YpaBuenne (I,9) wumeer oOwMi XapakTep, aHaJOrUYHble BLIPAXKEHHS MOTYT GHITh
nosyueHbl JJs JIOObIX TpeX MepeMeHHbIX, CBA3aHHBIX (YHKIHOHA/JIbHOH 3aBHCH-
MOCTbIO.

YacrHele NpPOM3BOAMbIE, BXoasulve B ypapHeHHe (I,9), cesizanbl ¢ onpepenen-
HBIMH BaXXHbIMH cBoiicTBaMH (a3. Tak, Kodpuyuent Tepmuueckoeo pacuupenus o.
Tesa OnpejenseTcs COOTHOIIEHHEM:

a") L (1, 10)

avE(ﬁ pvo

rle vo — obbeM a3l npH HEKOTOPOH cTaHAapTHOl Temmepartype T.
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AHaJIOI‘H'IHblM nyTem onpenenﬂeTca KOoahpuyuenT go3apacranus O0assenHus ap W
KOoappuyuent usoTepmuveckozo cxarus B*

_(9p 1 ’
%= (5F), 5 @10
dv 1
= -(—) = a1, 12)
ap T vo

B nocnenHem BBIpaXeHHH U(’)—OGBCM $asel MPH CTaHZAPTHOM NABJIEHHH Do H JI0GOR
3aJ@HHON AJIs1 M30TepMuueckoro cxarus Temnepatype T. IToacTaBMB sHauenws uact-
HBIX TPOM3BOAHBIX, Haimennble u3 ypasnenuit (I,10), (I, 11), (I,12), B ypaBuenune
(I,9), nonyuum:
AN
QyUg

=1 (1, 13)

Bennunnu Uy H vo A TBEPAbIX Ten M XKHAKOCTEH IpH oémqnblx Temneparypax
6IH3KH H MOTYT OHITh COKpallenwl. Torpa

Bappo
Qy

=1 (1, 13a)

. .

Beanuunsl a,, Gp M f Ha3LIBAIOTCA TepmusecKumu kodpguyuentamu. Onun U3
HHX MOXXeT ObiTb BLIYHCJIEH no ypaBHeHuio (I, 13a) ecnn 1sa Apyrie (06HI'HO Oty
H B) onpenesneHbl ONMBITHBIM MyTEM.

§ 8. Kanopuyeckne KoahpuumeHTH

_ BHyTpennss sHeprus cucTeMbl, GYAyYH GYHKUMEH COCTOSIHHS, f B-
aaeTcs QyHKLUHelH HE3aBUCHMBIX mepeMeHHB X (mnapa-
MEeTPOB COCTOSIHHSI) CH C T € M Bl.

B npocreiiinx cucremax

U=f(v, T) (1, 14).
OTKyZa noJiHbil nuddepennnan U:
oU oU
dU—(—aT) dv +(ar\) dT {1, 15)

IMoncraBus 3nayenue dU u3 ypaBHenus (I, 15) B ypaBHenue (I, 2),
HaXOauM:

80 = (if)i) do +(‘;¥) dT + 84 1, 16)

* BeJuYHHH Q,, Op H  SABAAIOTCH HCTHHHB MH KO3bDOHIMEHTAMH H PaBHBI
npeneny, 'K KOTOPOMY CTpPEeMSATCH H3MepsieMble OMNBITHHIM NyTeM CpPpepHHE
KO3QHUHEHTD Gg, Gp H B UPH TPHGMMKEHMH K HYJIO HMHTEPBANOB H3MepeHHs,
HanpuMep:

Vg — U, 1

.= =limd, npu T,—> T,

Oy = llm-T—z-_T vo
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Ecau B u3yyaeMoil cHCTeMe HMEET MeCTO-TOJNbKO pabGoTa paciupe-
HHSl U OTCYTCTBYIOT PaGOThl 3JeKTpHYecKas, CHJbl TATOTEHHs, MOBepX-
HOCTHBIX CHJ H T. 1., To 8A=pdv. Torna

8Q = [( "U\)T+ ]d +(‘g[T1) dr (1, 16a)

O6o3HaunB ko3¢ duuUeHTH NPH AH(pdepeHnHaNaX HE3aBUCHMBIX mepe-
MeHHBIX B ypaBHeHuu (I, 16a) cumBosamu ! u ¢,, mosyunm:

8Q=1dv+cy,dT (I, 17)
U3 ypasueunit (I, 16a) u (I, 17) caenyer:
8Q\ _,_(dU) L . (8Q) _(3U)\ _
(—0_0—)7’—[_(00 )T+p' (aT)v—(aT)v—cv (1, 18)

Bennuunnl (6Q/0v)r u (8Q/0T), He mpeacraBasior coGoll Mpou3-
BOJHBIX KakKoH-1u60 PyHkuuu (cMm. ctp. 33). IlepBas us Hux siBasiercq
TenA0Tol WU30FepMUYECKOo20 pacuwiuperus tena*. Drta BequuynHa, pas-
MepHOCTb KOTOPOH COBMafaeT C Pa3MePHOCTbIO [aBJIeHHS, CKJaJbl-
BaeTcsl U3 BHelIHero AaBJjieHHs u uneHa (OU/dv)r; mocaenHuét orpa-
’KaeT B3aUMHOe NPHUTSIKEHHEe MOJIeKyJ H MoxeT GbiTh Ha3BaH BHYT-
penrum OasieHuem. DTOT YjeH MaJ [AJs peajbHbIX ra3oB U OYeHb
Bequk (1o CPaBHEHHIO C OOGLIYHBIMH 3HAUYEHUSIMH BHELIHEro LaBJIeHH)
IJIS1 XKUAKOCTEH M TBEPABIX TeJ.

BenuunHa c,, B cooTBeTCTBHH ¢ ypaBHeHueM (I, 18), ectb rensoen-
KoCcTb npu nocroaxHom obveme. Tensora, norJoliaemasi CHCTEMOH NpH
MOCTOSITHHOM OGBbeMe, 3aTPayHBaeTCsl IOJHOCTBIO HAa YBeJHYeHHe BHYT-
peHHell 3Heprud (MpH YCJIOBHH OTCYTCTBHSI BCEX BHIOB paGoThl, B TOM
yycse paGoThl paclIMpeHHs ).

W3 ypasuenutt (I, 18) u (I, 15) noayuaem:

dU=(l—p)dv+cy,dT (1, 19)

3nech (0U/dv)r=1— p — sryTpennee Oasaerue.

Kosdduuuenrs nosxoro auddepeninana BHyTPeHHEH 3HePrHH NpH
nepeMeHHbIX ¥ U T-HMeIOT NpOCTOH QH3MYECKHH CMBIC/, KaK MOKa3aHo
BBILLE. ‘

BbiGpaB B KauecTBe HE3aBHCHUMBIX NepPeMEHHbIX p U T wd v u p
H CuWTash BHYTPEHHIOI 3Heprvio (pyHKUHeH 3THX MNap NepeMeHHHIX,
MOZKHO, aHaJIOTHYHO H3JIOXKEeHHOMY, IOJYYHTb:

0Q=hdp+cpdT (1, 17a)
0Q=xdv+Adp (I, 176)

rie BeJUUHHBI K, Cp, ® M A CBA3aHbl C MPOH3BOLHBIMH BHYTPEHHeil
3HEpriu Gosiee CJIOXKHBIMH COOTHOLIGHHSIMH, YeM IpeACTaBJIeHHble B

* TensoThl, MOIVIOLLAaEMble TeJOM NPH MOCTOSAHHON TeMmepaType, HEpPELKO A0 CHX
MOp HAa3bIBAIOT CKPBITBIMM TENJOTAMH (HATIpHMEp, CKPhiTas TEMOTa MJIAB/MEHHS).
TlosTomy BesqHuHHY [/ Ha3bIBAIOT TaKXe CKDHITOH TemJOTOM paciiipeHus. DTOT Teps<
MUH fBJIAETCA NEPEXHTKOM SM0XH TeIJIOPOAa, H MM He CjlelyeT MOJb30BaThCA.
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ypaBHenun (I, 18). OtmetuM, uto cp=(8Q/0T), ecTb Tenaoemxocro
npu nocrosannom Odasaenuu, a h= (6Q[0p)r — Tenaora usorepmuue-
cko0eo go3pactarusn oasaerus. IlocnenHsiss BelMYUHA CYHIECTBEHHO OT-
pHLaTesbHa.

Kosdduuuents I, h, ¢,, Cp, ® 1 A HA3BIBAIOTCS KAAOPUHECKUMU KO-
appuyuentanu. Vimes caMmoctoaTeNbHblll GU3NUecKHit cMbICa (0coGeH-
HO Cp, C, M I), OHM SIBJSIIOTCH TaKXKe MOJIE3HBIMH BENOMOraTe/bHLIMH
BEJIHUHHAMH NpPH TePMOJWHAMUUYECKHUX BHIBOJAX H pacuerax.

BhiBeseM YpaBHeHHe, cBA3bIBaiOlllee MeXAy cOOOH BENHUHHBl Cp U Cp A5 JIIO-
6ofi (aswl.

Boipaxkas Ttensory 0Q, morsowaeMyro ciHcTeMoii B OLHOM H TOM Xe mpo-
1ecce, ¢ MOMOLUBIO Pa3/HYHBIX. 1P NEPEMEHHBIX, MONYYaeM:

0Q=1dv+cydT=hdp+cpdT (1, 20)
U3 tpex nepemeHHblx v, p u T onna ectb ¢yHkuusa aByx apyriux. Paccvatpusas v

Kak ¢yHKumo p u T, 3amenseM dv BblpaxkeHueM INoJHOro nuddepenunana v=
"'f(pr
dv

ov
l(%)rdn—l-[l(ﬁ)p-"c”] dT =hdp +cpdT 1,21)

lMNockonbky p u T — He3aBHCHMBble llepeMeHHBE, KO3((HIIHEHTB NMPH COOTBETCTBYIO-
wHx AudpdepeHunanax B npapoil U JeBodl uacTax ypaBHenus (I, 21) pasuel. Caeno-
BATeJIbHO:

dv Jv
l(o_p)r“ hs z(ﬁ)pwv-c,, a,22)

3 BTOpOro paBeHCTBa nojydyaem:
dv
cp—¢C =l(—.———) (1, 23)
Pt aT J,

Vpasuenue (I,23) nonesHo 1is BLIUMCEHHS 3HAUEHHS Cy MHIKHX H TBEPHBIX
Ten M3 OmpelessieMbiX ONbITOM BEJHUYHH Cp.

Meron, kKotopbM OblIH BhIBeleHbl cooTHoluenus (1,22), HasbiBaercsi meTodom
cpasnenun Ko3(puyuenTo8 ¥ IUHUPOKO HCNOJb3YeTCSH B TEPMOAMHAMHMYECKHX MCCe-
JICBAHHSAX.

"§ 9. Pa6ota pasauuynbix npoueccos. Lluka Kapno

ITon nHa3BanueM paboThl OGBENHHSIOTCS MHOTHE 3HEpPreTHYecKHe
npouecchl; OGUIHM CBOACTBOM 3THX MPOLECCOB ABAETCS 3aTparta 3Hep-
THH CHCTeMbl Ha MNpeojoJieHHe CHJbl, HedcTBylouled usrHe. K rtakum
npoleccaM OTHOCHTCS, HanmpuMep, MepeMellleHHe Macc B NMOTEHIHAJb-

HoM noJje. Ecau mBU)KeHHe NPOUCXOAMT NPOTHB IPajHeHTa CHJBI, TO

chUcTeMa 3aTpayuBaeT 3Heprui0 B ¢opme palboThl; BeJHYHHA PaGoTHI
nojoxurtejabHa. Ilpy JBHXKeHHH NO TpPaiHeHTy CHJBI CHCTeMa MoJy-
yaer 3HeprHio B ¢opme paGoThl M3BHe; BeJMUYHHA PabOTHl OTPHLATEJND-
Ha. TakoBa pa6oTa NMOIHSTHS H3BECTHOH MacChl B MOJie TATOTEHHS.
DneMeHTapHast paboTa B 3TOM cJayuae:

0A=—Wdh

rae W — Bec tesa; A — BbICOTA HaJ HauyajlbHbIM HYJEBbIM YPOBHEM.
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an pacClMupeHHHd CHCTEMbl, HaA KO'TOpy}O HEﬁCTByeT BHElIIHee OaB-
Uy
JIECHHe p, CHUCTeMa COoBeplIaeT pa60Ty J‘vpdv, 3JIEMCHTaPHasAa pa6o1'a

U1
paBHa B 3TOM cayuae pdv (v; U Uz — COOTBETCTBEHHO HauaJbHbId H
KOHEUHBbIH 00BeMbl CHCTEMBI).

ITpu nBHXKEHHH SJIEKTPHYECKOrO 3apsiia e B JEKTPHUECKOM MOJIe
MPOTHB HampaBJeHHs] NMajJeHWs MOTeHlUHaJsa P H Ha yuyacTKe, rIe H3-
MeHeHHe NoTeHUHaaa paBHO d{, a TakXKe NpPHU YBeJHUYEHHH 3apsaa
TeJsia, UMEIOLIEro IoTeHHaJs P, Ha BeJHuuHy de pa6Gora cosepiuaercst
Hall CHCTeMOH, BeJIMYHHA ee paBHa B MepBOM cayuae —edVyp, a BO BTO-
pom cayuae —pde. '

AnanornuHeiM 006pa3oM MOXHO BbIpa3uTb paboTy yBeJIHUYEHHS MO-
BEDXHOCTH § pasjiesia MeXAYy ONHOPOAHBIMHU 4YacCTSIMH cHcTeMbl (da-
3aMHu): 64 =—ods, rie. 6 — NOBEPXHOCTHOE HaTSXKEHHe.

B o6uiem cayuae sseMeHTapHasi pa6ota 84 siBasieTCsi CyMMO#H He-
CKOJIbKHX KaueCcTBEHHO Pa3JIMYHbIX 3J€eMEHTapHbIX paboT:

dA=pdo—Wdh—ods—pde+... (1, 24)

3necs p, —W, —0, —p — cuabl B 06061eHHOM cMbicie (06o6ujennbie
cuavl) UM axktoper untencusHoctu; v, h, s, e — 0606ujerHble KOOP-
OuHaTsL UAN PAKTOPbLL EMKOCTU.

B KaJOM KOHKDETHOM cJyuae cjedyeT ONpPEeNe/UTb, KaKHe BHIbI
pa6oThl BO3MOXKHBI B HCCJelyeMOH cHcTeMe, H, COCTaBHB COOTBETCT-
BylollKe BbIpaxkeHust aasi 6A, ucrnoab3oBaTh HX B ypaBHenuu (I, 2a).
WnrerpupoBanne ypaBHenus (i, 24) ¥ noacuer paboTbl AJST KOHKpeT-
HOTro mpoliecca BO3MOXKHBI TOJBKO B TeX CJydasiX, KOrga npouecc paB-
HOBECeH W HM3BEeCTHO YpaBHeHHe COCTOSIHHS, cBsi3biBalolllee (aKTOpbI
UHTEHCHBHOCTH U (DaKTOpbl €MKOCTH.

Onsi oyeHb MHOTHX CHCTEM MOXKHO OrpaHHuYUTb PsAA YpaBHEHH:A
(1, 24) onHuM uneHoM —.paboOTOi paclIMPeHHs.

PaGora paciuMpeHdsi npu pa3HbIX PaBHOBECHBIX NMpolieccax BbIpa-
3KaeTcsl Pas3JHYHbBIMH YPaBHEHHSIMH,' BbITEKAIOLUIMMH H3 YPaBHeHHs CO-
crosinuga. IlpuBegem cOOTBETCTBYIOHIHE ypaBHeHHs Anasi paboThl pac-
uIMpeHHst NPH HEKOTOPBIX MpoLeccax:

1) Mpounece, npoTeKkalwW Uil NPpU NOCTOAHHOM 06 B-
e Me (u3oxopHbili npoyecc; v=const):

a={sa={pav=0 (1, 25)
2) TMMpouecc, NnpoTeKalwU Uil NP NOCTOSHHOM JaB-
JaeHuu (usobapueli npoyecc; p=const):
Vs
a= [pav=p(=0) (1, 26)

Yy
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N

3) Npounecc, npoTeKAaWINA NPH NOCTOAHHOR TeM I e-
paType (usorepmuuecxkuti npoyecc, T =const). Pabora pacuupenus
HJleasIbHOTrO rasa, Ajs Kotoporo pu=nRT:

2
. A= f "RT iy = nRTIn 22 (1,27)
v U

vy

4) IMpouecc, nporekawwuit 6es Tenanoo6mMeHa Me x-
Ay CHCTeMOH M oKpyXallwell cpenoit (aduabarnoui npo-
yecc; Q=0). Pabora upeasnbHoro rasa, mas Koroporo (0U/dT),=c.,
rie ¢, — TENJ0EeMKOCTb NPH NMOCTOSIHHOM 00beMe

0A=—dU

o
s

IdU= - fc,,dr=c,,(r.-r,) (1, 29)
T T!

B MamuHax, npou3BoAsLINX paGoTy, HaNpUMep B TEMJOBLIX MallH-
HaX, onpe/leJieHHOe KOJIMUECTBO KaKOro-iu6o BellecTBa (HJM CMecH
BEllleCTB), HasblBaeMoe pabo4um TeAOM, COBeplIaeT UHKIHYECKYIO 1O-
CJ€10BATeILHOCT NPOLECCOB, NEPHOMUECKH BO3BPAILASACH B HCXONHOE
cocrosinne. Takum nyTem AocTHraercs
npeBpallleHHe TeNJIOTHL B paGory.

nl
Yy 4y
—_—
Puc. I, 3. Hukan Kapno. Puc. 1,4. Uukn Kapuo (npoek-

. LU Ha KOOPAMHATHYI IJO-
CKOCTb p—U).

IMpocrefiinM ¥ BaXXHbIM A9 JajbHeHIIEro H3JOXKEHHA SBJSETCA
LMKJHYeCKHH Ipollecc, Ha3biBaeMblil yuxiom Kapro.

Huka KapHo —3To 06paTHMBIH LMK/, COCTOSIIUNIA H3 YeThIpex mpo-
UeccoB: M30TeDMHYECKOro paclIMpeHHsi npH Temneparype T, u3oTep-
MHYeCcKOro cxartusi npH temneparype Ty, aauabaTHOro pacuUIMpeHHs H
aaMa6aTHOrO CxXKaTHs rasa. OTOT LHUKJ cXeMaTHYeCKH H300paxKeH Ha
puc. I, 3, ero mpoekuusi Ha KOOPAHHATHYIO IJIOCKOCTb P—U NpPEACTaB-
JeHa Ha puc. I, 4.
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PaccmorpuM TeNJOThl U paGoThl OTAENbHBIX NPOLECCOB U CyMMap-
HBl Pe3yJIbTaT BCEro LMKJMYECKOro mpouecca Misi OAHOrO MOJs Hie-
ajibHOrO.rasa (pa6ouee TeJO MaIUHHbI).

PaGoTtsl H30TepMHUECKHX mpoleccoB Ha yyactkax AB u CD, pas-
Hble TemIoTaM Impoillecca, onpefensitorcsa no ypasHeduio (I, 27):-

Vy

AI—QI—RT] H'Kz— H Aa—Qz-—RTzll‘lV

v, (1,29)

rae V,, Vo, V3 u V4,— 06beMBbl OIHOrO MOJISI Ta3a B COCTOSIHHAX, KOTO-
pbiM oTBeyatoT Toyku A, B, C 1 D cOOTBETCTBEHHO.

Pa6otsl a;maéa'rﬂbxx npoueccoB Ha yyactkax BC u DA onpepge-
asworesa no ypasuenuto (I, 28):

Ay=Co(T1=Ty) n A=Cy(Ty—T))=—Co(T1—Tp) (1, 30)

O6bemst raza V, u V,, a Takke V, u V; cBsi3anbl Mexay coGo#,
Kak Gyler MoKa3aHO HHUXe (CTP. 52), COOTHOLICHHSIMH:

VTl =V, w VYT =VYTIT,
3necy y=C,/Cy— OTHOLIEHHE MOJIBHBIX TENJOeMKOCTeH rasa mnpu

NIOCTOSIHHOM [aBJIEHHH H TOCTOSIHHOM oObeMe.
Pa3jenuB BTOpOe ypaBHeHHe Ha MepBOe, NOJYYHM:

(Vo/ V) ¥ = (Vv ¥t
ValVy=V,/V,

HJH

Cymmupysi paGoThl BceX YeThIpeX NpPOLECCOB WHK/AA H 3aMeHsis
V3/V, sHauenuem Vy/V,, monyuum:

A=ZA;= A + Ay + Ay + Ay =R (T, — Ty) In 22 V’

(1,31)

BuyTpeHHssl 3Heprus rasa He M3MeHHJach, H paboTa, nf)onanenenﬂaa
rasoM, coBepilleHa 3a CYeT TemaOThl Q), MOrJIOIEHHOH CHCTEMOH B
npouecce PacUIMPEHHs OT HEKOTOPOTO HCTOYHHKA TEMJIOTHI C MOCTOSIH-
Hoit Temnepatypoit T, (HarpeBaTenb). OfHAKO TOJBLKO 4acTh TEMJOTHI
npespallesa B pa6ory. [lpyrast yacts Temnorhl — Q, mepenaHa rasom
BHEIHEeH cpefie — HEKOTOPOMY TeJly C MOCTOSIHHOH Temmnepatypoit Ta
(xonopunbHuk). Takum o6pasoM, pabora paBHa anare6panyeckoli cyme«
Me TEIJIOT, NOIVIOIIEHHBIX ra3oM B LHKJE:

A=Qi—Q:

Ornowenne A/Q, noxkasbiBaeT, Kakasi 4acThb TEIJIOTHI, MOIJIOLIEH-
HOHl rasoM 3a OAMH LMKJ, mpeBpauiaercs B pabory. OHo Ha3biBaercd
KoapPuyuenrom noagsnozo Oedcrsus (K. m. A.) n UHKIa. B xanHOM
cayuae —3To K.IL . uukna KapHo ¢ uieasibHbIM rasow, paccMaTpH-
B2eMOro KaK TeIJOBas MallHHa.
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W3 ypauennit (I,29) u (I, 31) nonyuaem:

peA Q=0 _Ti-T,
Ql QI Tl

(1,32)

Benuunna ‘m 3aBHCHT, TakuM 0Gpa3oM, OT pa3HOCTH TeMIlepaTyp, Me-
XKy KOTOpbHIMH paboTaeT TenmJjoBas MauHMHa — uuka Kapuo. [lpu
Ty=T,, oueBuaHo, =0, T. e. nosyueHue paGoThl B MOMOGHOH MalLIMHE
NpHu NOCTOSHHOH TeMnepaType HeBO3MOXKHo. [losHoe npeBpauleHHe mo-
IJIOHIEHHOH TensoThl B paboty (n=1) TeopeTHYeCKH BO3MOXKHO MHpH
T2=0, T. e. ecau 6bl Gbla BO3MOXKEH XOJOAHJIbHHK ¢ TeMnepaTtypoit 0° K.

Lukn KapHo paBHOBeceH, Tak Kak BCe COCTaBJSAOLIME ero- npoiec-
cel paBHOBecHbl. [lpn npoBeneHHH 3TOro uMKJIa B O6pPaTHOM Hamnpas-
JIEHUH BCe XapaKTepu3yloulle ero BeJHUYHHbBI UMEIOT Te XKe 3HaueHUd,
YTO B NPSIMOM ILIHKJeE, HO o6paTHble 3Haky *. Temyora Q, morJowaercs
rasoM y Teja c Hu3ileii TemnepaTypoit T M BMeCTe ¢ OTpHLATEJNbHOM
pabotoii A wuMKJIa mepenaercss Teay C Bhiclieil Ttemmeparypoit 7.
B cymme narpeBaTtesib nonyuaer tenaory Q;=Q:+A. Takum o6pasom,
B o6paTHOoM LHKiae KapHo pabora mpeBpamlaetcsl B TeNJaOTY W OXHO-
BpPEMEHHO TemJoTa (; NMEpeHOCHTCS OT Tesa C HM3WeH TemmnepaTypo#
K Teay ¢ Beiciiell Temnepatypoil. O6paTHelilt kA KapHo naer cxemy
neiicTBus udeassHol x0a00urvroli mauunsl.. Kosdduuuentom nosaes-
HOro meHcTBUsl. 06paTHOro nMKJa KapHo Ha3biBaeTcst OTHOLIEHHe 3a-
TpaueHHoi paGoThl K TemsoTe, OTAAHHOH HArpeBartesio, T. €. Ta Xe
BeJIMYUHA 1), YTO [/151 IPAMOTO IHMKIA.

Ilas. ouenkn 3(pGHeKTHBHOCTH LMK/IA XOJOZMABHOM MalllMHBL, B KOTOPO# 3aTpa-
yupaemMas M3BHe paboTa MHCIOJNb3yeTCsl AJfA llepeHoca TemIONTbl OT Teja C HHu3leli
TeMnepaTypoil (OX/Ma)K[aeMOE TeJO) K Tesqy C Bbiclieli TemMnepaTypoll (OKpyxatoilee
NPOCTPAHCTBO), HCNO/b3yeTcsl BeJHYHHA [, Ha3blBaeMas X0A00UAbHbLM KO3puiyuen-
TOoM:

Q2

B=Ta]

Beanunna f xapakrepuayer 3¢hdekTHBHOECTb HCMOJb30BaHusS paboTe A, 3aTpauu-
BaeMoi [1Js1 OTHSATHS TemnoTh Qs Y XOJOAHJIbHUKA.
Hna wmamunb, paGotaiolleil paBHOBECHO Mo o6GpaTHOMY LMKJAY KapHo, xoJo-
JAWIbHBIA KO3(h¢HIMEHT paBeH
Bpasn, = _ T
BH. —
P Tl - Tz

Has malmnebl, paGoTalollleli HepaBHOBECHO, XONOIHJbHBIA KO3bDMOHUHEHT Puepann
Bcerna MeHblle fpasn A4S oOOpaTHoro uukaa Kapuo, Tak kaxk satpaunBaemas B

* TIpn npoBeleHHH Ka)AOTO OTHENBHOTO MNpoLecca paBHOBECHOTO LHKaa Kapuo
C HfeasbHbIM ra3oM B 0OpaTHOM HaNpaBJeHHH He TOJBKO paboyee Tejo CoOBepilaeT
HMKJ, HO M HCTOYHHKH TeIUIOThl (HarpeBaTejb M XOJOAWJbHUK) OCTAIOTCH MpPaKTH-
YeCKH B HCXOJHOM COCTOSHHH (€C/M OHH OYeHb BEJHKU N0 CPaBHEHHIO ¢ pabouHM
TenoM). IlosTomy wMbl HasbiBaeM wuuka KapHo ¢ wHaeasbHbIM rasoM 06paTumelm
YUKAOM.
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o6paTHOM LHKJe paGoTa 1/ HepaBHOBECHOro Luksaa Gosblue, yeM pa6ora A1si pas-
HOBECHQro IMKJa (npH paBHbix (2):

T,
ﬁﬂepaau< r_zfz“

Beauuuna P MoxeT GuiTb 6OJbllie M MeHblle €JHHHIIHI.

Beie (ctp. 33) roBopHsoch, uTo paboTta (M Temsota) He siBJAsETCA
(yHKUHEH COCTOSIHUS CHCTeMBl M 3aBHCHT OT NyTH Npollecca, XOTs
6l H paBHoBecHoro. Iloab3ysce nukaoM KapHo, MOXKHO WJIOCTPH-
poBaTh 3TO nosoxeHHe. JleHCTBUTENbHO, NP Mepexoje CHCTEMbl M3
COCTOsIHUS, Xapakrepuayemoro Ttoukoit A (puc. I, 4, crp. 42), B co-
crosiHHe, XxapakTtepusyemoe Toukoil C, pa6ora no nytu ABC He paBHa
pa6ore no uyta ADC. VMx pasHocThb paBHa MJoLlagd UMKJa. Oue-
BHUAHO, He paBHBl H TemjaoThl Q; U Q2 mMOJyyaeMble CHCTEMOH, MpH
M3MEHeHHUsX ee COCTOsIHHS, npoHcxoisiuux no nytsM ABC u ADC.

Hukn KapHo ans1 HaeasbHOro rasa siBJsieTCsl MjeaJsibHOM, He ocy-
11eCTBUMOH B NPAaKTHKE CXeMOH TemNJOBOH (XOJOAUJBLHOH) MAaLIHHBL
B TexHnueckoil TepMOLHMHaMHKe PacCMaTPUBAIOTCA JAPYrve UHKJBL, 60o-
Jee 6JIM3KHe K peajibHBIM MpPOLEccaM B TEMJIOBHIX MallMHaX, H BbIYHC-
JSIIOTCSI KO3(Q(PHUUHEHTH! N0Je3HOr0 AEHCTBUS PTHX LHUKJOB.

Cunosble L HUKJIBbI. PaCCMOTpPlM LIHKJIbI, OTpaxarmwiuixe MNpouecchl B HEKOTOPBLIX
OCHOBHbIX THNAX TeNJOBBIX MALIHH.

B nopuHeBblXx napoBLiX MaluHHax pabouee TeJsio — BOASHOH MNap oXJjaxcaaercs

lle B paboueM LUJIMHApE, a B OTAEJbHOM KOHJEHCaTOpe, YTO YyXyJllaeT TEeOpeTH-
yecKHA K03QHUUHEHT Mose3HOro HEeHCTBHS, HO YMEHbUIAeT NPAKTHYECKHe MOTepH

Vi A

—
—_—
S

—y —_—

Puc. 1,5. LHuka Psukuna, Puc. 1, 6. Luxa Odusenas.

TennoThl. LlMKA TNpomeccoB B nmapoBoll MailMHe, Ge3 yyeTa HePaBHOBECHOCTH WX,
oTpamaerca yuxaom Pankuna (puc. 1,5). HsobapHo-uzorepmuveckuii mpouecc. AB
oTBEuaeT MCMAapeHHI0 BOAL B KOTJEe H HamoJiHeHHI0 pabouyero uuanHapa. Ilocae
«OTCeuKn napa» (Touka B) NpPOHCXOAMT -aauabaTHueCcKoe paclIHpeHHe Napa B LH-
nuuape (kpuBas BC), a 3aTem Bhi6pachiBaHMe OX/aXKAEHHOro liapa NpH 0oGpaTHOM
NBHKeHMU nopuins (u3o6pano-usorepMuyeckuil mpouecc CD). Kosdoduiuent mnones-
noro AefcTBMS HuKAa P3HKHHA C HacbiuleHHbIM napoM pased 0,29—0,36, a ¢ nepe-
rpeTbiM napom cocrasiaser 0,34—0,46.

[Mpouecchl B uBUraTe/sx BHYTPEHHErO CropaHis H300pa)kaloTcsi B YNPOLIEHHOM
Bune yukaom Huseas (puc. 1,6).

Touka C oTBeuaeT HCXOAHOMY COCTOSHMIO: LHJMHAP 3aNoJHEH BO3LYXOM M(pPH.
armocdepHOM JaBieHuH. 3aTeM BO3LYX CXuMaeTcd aguabatuyecku (kpwsas CD).
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Tocnie 3TOro OTKPHIBAETCH BEHTH/b H B LWIHHAD NMOAAETCA MOA AABJCHHEM XKHIKOE
TOMJUBO, KOTOPOE BOCMJaMeHsieTcss (NpH BHICOKOH Temnepatype). Touka D orBeuaer
COCTOSIHMIO CHCT€Mbl B MOMEHT BOCIJIaMEeHeHWs TOM/HBA. I'OpeHIle TOMJIHBA MPOXOIMT
npu MOCTOSIHHOM AaBjeHud (npsmas DA), ras _pacuiupsieTcss 10 o0beMa,” KOTopomy
orBeyaeT Touka A. B 3TOT MOMEHT mopava TOMJMBA MPEKPaLlaeTCsi. OcrasbHol uacT
X0/\a MOPIUHSA COOTBETCTBYeT axHaGaTHueckoe paclIHpeHHe (xpuast AB). Ilo no-
CTHKEHHH 06beMa M NaBJEHHS, -XapaKTepH3YeMblX TOYKON B, OTKpBIBaeTCA BHLIXJOIN-
HOM KJIamaH M JaBjleHHe B LUHIHHApPe GbicTpo manaer (npsmas BC).

Ecan mpouecc npoucxogut mexay temnepatypamu T1=2000°K u T.=350°K
¢ nepenajoM JaBJEHHS OT p1=34 atm po0 p=0,56 aTm, TO KO3} GHUHEHT MOJME3HOrO
nefictBua uukaa [useas pasen 0,56. Koabduuuedt nosesHoro neicTBHA UHKAA
KapHo B Tex ke mnpenenax Temmepatyp Gbun 6u paBen 0,82.

§ 10. TenaoemkocTb

OnbiTHOe ompenesieHHe yaenbHOH (c¢) uau moJbHOH (C) TemnoeM-
KOCTH TeJia 3aK/II0uaeTcsi B H3MepeHHH TemIoThl Q, morJoilaemMoi npH
HarpeBaHWH OJHOrO rpaMMa HJIM OJHOTO MOJISi BelllecTBa Ha fp—F;=At
rpajycoB NPH TeX HJH HHBIX YCJIOBHAX (MOCTOSHCTBO AaBJIEHHS HJTH
o6beMa HJIH HHble ycjaoBHd). IIpu sToM Haxomsit cpenHue Temo-
eMKOCTH B HHTepBaJie TeMneparyp £+l

— Qp — Qo
Cp= =1 C""Tz-—_tl \ (1,33)

HcTuHHBIE TENI0EMKOCTH CBsi3aHbl CO CpEAHHUMH TENJOEMKOCTAMHU COOT-
HOUICHHEM!

8Q 2
co=(5¢),=1imEp= tim 22 (1,39

VcTHHHDBIE TEMJIOEMKOCTH BbIYMC/SIOTCS H3 CPeIHHX.

B nocsennee BpeMsi MeTOAbl M3MepeHHS TeNJOEMKOCTEH MOJyuHJu
TaKOe pa3BHTHE, YTO CTaJO BO3MOXHBIM YMEHBLIHTH 3KCNEPHMEHTAJlb-
HYI0 BeJIMUMHY Af A0 HECKOJIbKHX COTBIX rpajyca M AJs HacTOsLLEro
BPEMEHH CUHTaThb MCTHHHBIMH H3MepeHHble B TaKOM HHTepBaJjie TeMre-
paTyp cpeiHHe TeNJI0eMKOCTH.

3aBHCHMOCTb TENJOEMKOCTH OT TeMIepaTyphl He MOXeT GbITb ompe-.
AesleHa Yepe3 J[pyrue CBOHCTBA BellleCTBA Ha OCHOBAaHHH 3aKOHOB
TepMoauHaMukH. OHa H3yuaeTcsi SKCIEPHMEHTANbHO, TEOPUs e 3TON
npobaeMbl paspabaTbiBaeTcsi MeTOAAaMH KBaHTOBOH CTaTHCTHYECKOH
¢bu3UKH.

Xoa TensioeMKOCTeH B LIMPOKOM HHTEpBaJje TeMNepaTyp OXBaThl-
BaeTcst OGbIYHO SMIHPHUYECKHMH CTeNeHHbIMH PAAAMHU:

Cp=a+bT+el2+ ... (1,35)
Cp=a' +bT+eT? (1, 35a)
Cp=a" +b"T+e"'T'2 (1, 356)

TennoeMKocn: Kakoro- J1H60 BelleCcTBa MOXeT ObITb BbIpaxeHa Jio-
6biM H3 )’KaSaHHbIX ypaBHemm, HO, €CTECTBCHHO, B 3TOM CJyuyae K03¢-
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GUILMEHTH B PA3HbIX YDAaBHEHWSIX P a3J HUHbI, KAK PA3JHYHA H TOY-
HoCcTb ypaBHeHuil. ¥YpaBHenusi tuna (I, 35a) uau (I, 356) npepnouru-
TenbHee ypaBHeHusi (I, 35) B Tex ciyyasx, KOTZa ONbITHas KpHBas
Cp=f(T) uMeeT NnpH HEBLICOKHX TeMIlepaTypax GOJbIIYI0 KPHBH3HY,
yeM npH BbicokHXx. ONHAaKO ypaBHeHHsl BCeX YKa3aHHBIX THIIOB HeNpH-
FOJHBLI IPU OYeHb HHU3KHX TeMIlepaTypax. ‘

I/Icmrmyxo TENJIOEMKOCTb MOXKHO BBIYHCJIHTb IO 3KCII€PHMEHTaJIbHO
HaMIeHHOH cpelHell TeNJOEMKOCTH C/1eayIoIHM o6pasom. Ilycte onmit-
HBIM TTyTeM NOJYYeHbl 3HAaueHHs CPe/iHel TemsioeMKocTH Cp ANs HHTEP-
BaJjia Af OT mepeMeHHO# TeMIepaTyphl { A0 HU3IIeH, IOCTOSHHOH TeMIe-
paTtypn #=0°C

.

Ep=

~lo

M M3BeCTHa 3MMNHpHUecKasi 3aBUCHMOCTE Cp OT TeMIEpaTyphi:
Co=a,+bit+et?+... -

Has HaxoxaeHHs: HCTHHHOH TemyoeMKoctH Cp=f(T) wucnosbsyem
COOTHOLLIEHHE!
t

Q= [ Cpat=Cht=(@mtbit+e+ ) t=at+ b2 +ei+ ...
; _

OuddepeHnupys 3T0 BbipaxKeHHe MO f, NOJyyaeM:
(%‘) =Cp=a|+2b|t+3e]t2+ e

Ecu yno6HO nepeiiTH K a6COJIOTHBIM TeMIepaTypaM, To NOJACTaBJIsIeM
t=T-—273,15:

Cp=a,+2b,T —2b,-273,15 + 3e,T? — 3e, - 273,152 4 ...

O6venuuuB cBoGOAHbIE YJeHbl, MOJNy4yuM ypaBHeHue tuma (I, 35).

3aBUCHMOCTb TENMJIOEMKOCTH ra30B H KPHCTAJJIMUECKHX TeJ OT TeM-
nepatypsl Moxer ObIThb TakKxke BblpaxkeHa ¢QyHKuusMH Ilnanka — Diin-
wreitHa u Je6as. DTH GyHKUHH SBJSIOTCS Pe3yJbTAaTOM NPUMEHEHHS
K TEODHH TeNJOEeMKOCTH I[IPHHUHUNOB KBAHTOBOH TEOPHH B YIPOILIEH-
Hoii ¢opme. OHH, B IPOTHBONOJIOXKHOCTb CTENEHHBIM psiiaM, MOFYT
6BITh MCIOJb30BAHBI MPH HEBBLICOKMX M HHU3KHX TEeMIepaTypax BIJIOTh
no 0°K.

Kosne6aTesbHoe ciaraeMoe TeNJIOEMKOCTH ra3a Ha OMHY CTereHb
cBoGoasl no ypaBHeHHIo [TnaHka—3iHIITeiHa paBHO:

8y ReOT 5o ([ ©
Croi.=(—| —ago—5 =PE(—
o (T) (T —1) (T)

EnuHCTBEHHOM NOCTOSIHHOH. 3TOrO ypaBHeHHd, XapakTepHaylouleh
MHIUBHAYAJbHBIA Tra3, ABJAseTcss XapaKTePHCTHYeCKast TeMmmepaTypa
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,h'Vo
k
cranta BosbiumaHa), a nepeMeHHOH siBAseTcs OTHomeHHe O/T.

(vo— uacrora COGCTBEHHbIX KoJieGaHUi MOJeKyJbl, B — KOH-

e .
Oyukuus Hebas D (—T—) Bhipaxaer remnoemkocte C, KpHCTaJ/nHye-

CKOro BellleCTBa B 3aBHCUMOCTH OT oTHoweHHs O/T. D1a dyHKuus 1Q-
BOJIbHO CJIOXKHA, HO BKJIOYaeT TaKXe TOJNbKO XapaKTepHCTHUYECKYIO
hvn,
k
GaHui# aTOMOB KPHCTAJJIMUECKOH PeLIeTKH).

OOCTOSIHHYIO BelleCTBa 0= (Vm—MaKCPIMaJleaﬂ yactora KoJe-

§ 11. dHraabnus

YpaBHeHHe MepBOro 3aKOHa TePMOAMHAMUKH MAJs1 MpOLeccoB, Cae
coBepuiaeTcss TOJNBKO pa6GoTa pacluupeHusi, mpuobGperaeT BHUI:

8Q =dU + p dv (1, 36

Ecau Jipouecc uaer npu NOCTOAHHOM [aBJIEHHWH, TO, HHTErpupys, mno-

Jy4yaem
Qp=U2_UI+P(02—Ul) (1,37)

HJH . .
Qp=(U;+pvy) = (U +pv))=Hy, — H, (1, 38)

Tak kak p ¥ v-—napamerpnl coctosiHusl, a U — QyHKUHST COCTOSIHHA,
to cymma U+ pu sBasiercss Takke QYHKUHEH COCTOSIHHS U ee H3MeHe-
HHe B NpOLeCce He"3aBUCHT OT MYTH Npoilecca, a JHIIb OT HAa4a/bHOrO
H KOHEUHOro COCTOsHHY. Ta dyHkuns HaspiBaeTcs dnTasbnued * u
o6o3snauaercs cuMmBosoM [. OnpenenenneM BequuuHbl H CAYKHUT TOXK-

JAeCTBO:
' H=U+pv (1, 39)

W3 ypasuenus (I,38) BuaHO, uTO TemaoTa, morsollaemMas MPH MOCTO-
SIHHOM [aBJIEHHH, paBHa MNPHPOCTY SHTanAbNUH AH W He 3aBHCHT OT
NyTH Tpolecca.

Alns naxoxpaenuss nosuoro auddepenunana c¢yukuuun H audde-
penuupyem ypaBHenue (I, 39): -

N dH=dU+pdv+uvdp
ITopcraBus 3Hauenue dU u3 ypasuenus (I,36) u 3atem 3Hauyenue §Q
u3 ypasHeuus (I, 17a), nonyumm:
dH =08Q+vdp=hdp+c,dT+uvdp=(h+v)dp+c,dT (1, 40)

Ecau JaBJieHHue NMOCTOAHHO, TO
dH =cpdT (1, 40a)

* Qynkunio. H 4acTo,HasLBAIOT TEIIOCOAEPIKAHHEM. DTOT TepMHH MOXeET BHI-
8BaTb HENpaBHJbHble TPEACTABJICHHS, TAK KaK MPH abcosioTHoM Hyne Ho>0, torna
Kak TenJoTa .He TOMVIOLIAeTCs H He Ebipensercd. Mbl He GyjJeM MOAb30BATBCA 3TUM
TEPMHHOM. )
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_HM3MeHeHHe 3HTa/NbNMH MOXeT ObITb BO MHOTHX CAY4asX JIerKo H3-
MEpEHO, BCJIJCTBHE 4ero 37a (GyHKUHS HAXOJAHMT WIHPOKOe NpHMeHeHHe
NpH TepMOAHHAMHUECKHX HCCJAeNOBaHHUSX, OCOGEHHO MAJs1 MpPOlLIeccos,
NPOTEKAOWHUX NPH NMOCTOSSHHOM [aBJIeHHH.

AGconI0THOE 3HayeHHe IHTAJbIHU HE MOXKEeT GbiTb BBIWMCJEHO C
NIOMOLIbIO YPaBHEHHH TEPMOIMHAMUKH, TaK KaK OHO BKJIOUaeT B cebs
aGCoJIIOTHYIO BEJUYUHY BHYTPEHHEH SHepruu.

DHTanbnuell BelleCTBA YacTO, XOTS M HETOUHO, Ha3bIBAIOT TaKkKe
MPHPOCT 3HTANBIUM NPH Mepexode K AaHHOH TeMmepaType OT CTaH-
naptHoit ‘Temnepatyphl 298,15°K (H7 — Has) wan ot 0° K(HT — Ho)
NpU TOCTOSHHOM [aBJIEHHH.

BepxHuit HHAEeKC yKa3biBaeT Ha CTaHAapTHOe COCTOsIHHE BeILeCTBa,
a VMEHHO: OJHH MOJb HHAMBHAYaJIbHOTO XHMHUYECKOrO COeJIMHEeHHS,

B3STOTO B YUCTOM BHUfe mpu 1 arm u temnepatype T B TOM arperat-
HOM COCTOSIHHHM, KOTOPOe YCTOHYMBO MpPH AAHHBLIX yCJOBHAX (ecJH HeT
criellHanbHOi oroBopky) * .

Benuunnsl Hr — Ho uan Hr — Has CKNAIbIBAIOTCA M3 BEJHUHH, 110-
JlyuaeMbIX NMyTeM HHTErPHPOBaHHSA TEIJIOEMKOCTH B COOTBETCTBYIOLIHX
npegenax TeMmlepaTyp ¥ NPHPOCTOB 3HTAJNbIIHK NMPH arperaTHbIX ope-
BpalleHusx (T.e. TEMJIOT arperaTHbIX NMpeBpalleHHH A):

A= AHarp = Qp, arp

Tak, ans Monsi BoasiHoro napa BeaumuuHa Hr—Hy, npu 400° K naxo-
AUTCA KaK Cymma:

273,15 373,15 400
Hy—Hy= f CprdT+hgy + [ CprdTthen+ [ C,al  (L41)
273,15 373,15

rA€ Agg M Agen — MOJIbHBIE TEMNJIOTHI MJIABJEHHS M HCNaPeHHUS BOIBI.

MHaeKcH r, w U r O3HAYalOT TBepJoe, XHAKOe H ra3oo6pasHoe co-
CTOSIHHe.

BenuuuHbl Hr—Ho H H7— Has OKaSLIBAIOTCS BEChMa MOJE3HBIMH
npH pacuerax XHMHUECKHX PaBHOBECHH M NMOMELIAIOTCS B CIIpaBOYHbIE
Ta6auubl TePMOJIHHAMHYECKHX OYHKLIHE.

Ha puc. 1,7 npencrasieHbl MOJIbHbIE 3HAUEHHS BEJHYHH (HT — Ho)
HEKOTOPBIX BelleCTB KaK- (YHKIUHMH TeMnepaTyphl.

Hal’meM BbIpaxKeHHe AJs1 3aBHCHMOCTH HCTHHHOM TEMJIOEMKOCTH H 3HauYeHHs

NPHPOCTA SHTANBNMM MoJsl CBMHUA npu Temmepatypax 50--200°C, mpu KoTOpbix
cpe/HHe yleJbHble TENMJOEMKOCTH CBHHIA HMEIOT C/elylollHe SHAueHHS:

t,°C. . . ... B0 100 150 200
Cp, karfz-2pad . . . .-0,0299 0,0304 0,0306 0,0312

* B cnpaBoYHBIX Ta6JHLaX NPUBOAATCSA BEJHUMHBI, XapaKTepH3YIOUIHE BELECTBO
B CTaHAapTHOM COCTOSHHH, omnpeaeasieMoM GoJjee y3Ko, a HMeHHO mpH | arm u
298,15°K.
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C noMobio MeTONa HAMMEeHbUIHX KBajpaToB nojaéupaeM kospdHLHEeHTH ypas-
HeHUs Cp=a+bt: ) } .

a=0,0297; b=0,05679

Cp=0,0297 4 0,0;679¢

Qp = Cpt = 0,0297 + 0,04679¢2

Cite0BaTeNbHO

OTtkyna

=(8Q) _
Cp= ( = )p =0,0297 + 0,0,1358¢

TMoabsysico ypasuenuem (I,40a), BbIUKHCASIEM TPHPOCT MOJBHOA SHTAJbIHH:

MM = Hy— Hygg 5= Hy— Hy =M [ C,dt =

= 207,19 - 0,0297 (¢ — 25) + 207,19 - 0,05679 (12 — 252) = '— 154,7 + 6,154¢ + 0,001407¢2
£ae M — aTOMHBIft BeC CBHHUA, paBHbift 207,19.

16000
GHgy | (1)
12000
8 :
N A1
N cOlr) - "':/J
' N7 =2 L
S 1 CgHg (%)
N wf
h I 3
‘ _ J_—-%
o 000 02(‘.) ____1.___— = 2
|
0 100 200 300 w0

- r'o/(
Puc. 1,7. IlpupocT 3HTa/NbNHH HEKOTOPHX BELIECTB Kak

GYHKUMS TEMIepaTypHl.
~

3uavennss Hy;— Hps 178 yKasaHHBIX Temmepatyp paHb: 157; 474; 799;
1130 xaa/moarb.

§ 12.. lIpumeHeHne nepBOro 3aKOHa TEPMOAMHAMHUKH
K HJealbHbIM ra3am

T'a3, cocTosiHHE KOTOPOrO OMHCHIBAETCS ypaBHelmeM Knanefipona—

MeHnjeseeBa o
pV =RT {1, 42)

(Aans omHoro MOJISl Ta3a), Ha3blBaeTCs UOeANbHbILM 2A30M.
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CocTosiHHE HAea/JibHOrO rasa — 3TO npeaesibHoe COCTOSIHHE peaJib-
HBIX rasoB INpH 6eCKOHEYHO MaJioM JaBJjeHHH. Yem Bbille TeMnepa-
Typa, TeM 6JIMXKe COCTOsSIHHE peaJbHOro rada K HAeaJbHOMY IPH OaH-
HOM JaBJIEHHH. OILHaKO cBOHCTBA peaJibHOro rasa Bcerja OTKJOHSAIT-
Csl OT CBOHCTB HJeasbHOro rasa, Tak Kak ypaBHenue (l[,42) saBasercs
npegejbHbIM 3aKOHOM AJi51 HEOCYLUECTBHMOIO COCTOSIHHS, NPH KOTOpPOM
JAaBJIEeHHE PAaBHO HYJIIO.. B NpHMEHEHHH K peaJjbHblM ra3zaM ypaBHe-
Hue (I,42) saBnsiercss npuUONHIKEHHBIM, COTJIACYIOLIHUMCS  C AEHCTBH-
TeJIbHBIMM CBOHCTBaMH rasa TeMm Jyulle, yeM.MeHblle [aBJjeHHe (H
BbIILIE TeMMepaTypa).

ﬂ.pyl‘I/IM NPpU3HAKOM HH€aJbHOI0 rasa fBJde€TCsa €ro MnoAYHHEeHHe
YCTaHOBJIEHHOMY ONBITHBIM mnyTeM 3akowny [ei-JIroccaka — ooy,
COr1aCHO KOTOPOMY BHYTpDEHHAAd 3Heprus HAe€eaJbHOTO
rasa 3aBHCHT TOJNbKO OT TeMneparypbl H He 3AaBHCHT
OoT o6beMa H [OaBJEHHS.

DTO CBOHCTBO HIEaJNbHOTO rasa, Kak 6y11e1* MMOKAa3aHO HHXKe
{ctp. 119), BriTeKkaeT U3 ypaBHeHus Knaneiipona — MeHaeneeBa u BTO-
poro 3akoHa TepMOJMHAaMHKH,

3akon Tefi-Jlioccaka — [Ixkoyna sasaserca BbiBogoM H3 onbitoB [eid-JTioccaka
(1809) u IDxoyas (1844). .

Onwbit Te#i-MTioccaka — dKoyns 3akaiouaeTcs B cieaywomeM. JlBa 6Gaasoua,
coefHHEeHHble TPYGKOA C KPaHOM, MOTPyXKeHbl B BaHHY € BOJOH, TeMmepaTypa Ko-
TOpoll M3MepsieTCs TepmOoMeTPoM. B onHOM H3 6anOHOB HAaXOAWTCHA ra3 MpPH HeKo-
TOpOM JaBJeHHH p (KpaH 3akphiT), apyroil cocya mycroit (p=0). Ilpu oTkphiBaHHU
KpaHa ras 4aCTHYHO NEPEXOJHT .H3 MepBOro cocyaa BO BTOPOH M [@BJIEHHSI YpaBHH-
palotcs. TemnepaTypa BOXbl B BaHHe INIPH 3TOM OCTAaeTCHd HEH3MEHHOHR.
CrlefoBaTe/bHO, TeMJIOTA paciiMpeHHs rasa pasna Hymo. Tak kKak o6beM cHCTeMbl
M3 IBYX COCYAOB OCTaBa/Csi MOCTOWHHBIM, TO H paboTa paBHA HYJO (HM30XOPHBIA
apouecc). CnenosaTesnbHo, NO NepBomy 3akoHy TepmoauHamukn Uz — U;=0, T. e.
BHYTPEHHSAS SHEPrHs rasa He H3MeHAETCA NPH H3MeHeHHH ero o6weMa. TakuM o6pa-
30M, ,BHYTPEHHSAS 3HePrus ra3a NpH HeOOJbLINX [aBJIEHHAX He 3aBHCHT OT o6beMa.

[Noapuenune, Gosnee TouHble onbiThl [xoyas u ToMcoHa moKasa/d, YTO MpH
H3MeHeHHH o6beMa peanbHBIX rasoB Bceria HaG/I0AIOTCA OTKJOHEHHS OT 3aKOHA
Teti-JTioccaka — JIKOyifl, KOTOPbI TeM TOYHee BBHINOJHSETCH, YeM GJHXKE COCTOsIHHE
rasa K HjlealbHOMY.

W3 sakona Tleit-Jlioccaka—JIxoyns chaenyer, 4To Las HAeasbHbIX
ra3oB:
aUu
( dv )r =0

T. . BHYTPEHHee JaBJieHHe B HJeasibHbIX ra3ax pPaBHO HYJIO M KaJjo-
puueckuii koadduunent [ [cm. ypasHenue (I, 18)] uncienHo pasen

BHEIUHeMY JaBJIEHHIO
I=p (1,43)

HoacraBus 310 3Hauenue [ B ypaBHenue (I, 17), moayuum npu no-
CTOSTHHOH TeMmnepartype: -

0Q=Ildv=pdv=04
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T. e. pa6oTa H30TEepMHUYECKOr0 pacUIMPeHHs HAeasJbHOro rasa paBHa
NIOTJIOLIEHHOH TelJoTe.
Ucnonbaysa ypasuenus (I, 43) u (I, 22), nonyyaem 1715 npeajbHoro

rasa:
=—v (1, 44)

PasHocTb TemjoeMKoOCTel HaeasbHBIX Ta30B MOXKHO HalTH H3 ypaBHe-
J
uus (I,23). Onpenenus u3 ypaBuenus (I,42) npoussognyio (%)p:%
(mns omHOro MoJsis rasa) M NOJCTAaBUB 3TO 3HAUeHHe, a TaKXKe 3Haue-
nue | us ypasHenus (I,43) B ypaBuenue (I,23), nonyunm:
_(90VYN _ R _
C‘,,—-C.,,—I(W)p—p P =R (1,45)

-

PaccmorpuM anunabaTHble npouecchl (6Qv=0) B HIeaJibHbIX rasax.
U3 ypasuenuit (I,17) u (I, 43) nonyuaem:

pdV+CodT=0 (1, 46)
ITomcraBum p u3 ypaBHenus (I, 42) u pasgenum mepemeHHble:
R

Cy _
—V"dV'l'TdT_O

Tlonaras C, He3aBUCUMBIM OT T W HHTErpHPYS, MOJyYaeM:
RInV+Cyln T =const

3amensieM R=Cp—C, [cornacHo ypasHenuto (I,45)], neaum na C,
H TNOTEHIHPYEM: '
VCF/C'”-IT= vy-ir — econst/C,”:K (1, 47)
rae y=C,/C, u K — nocrosinuas.
: 14
ToacranoBKa T=—pR— NPUBOAUT K H3BECTHOMY YDaBHEHHIO aaua-
Garbl:

pV¥=KR=K’ (1, 48)

WUckmouns V u3 ypasuenuit (1,47) u (I,48), nosyuum Tperbio
BO3MOXHYI0 $GOpPMYy ypaBHeHHS] aguabarThl:

~ p' YTV =K" (1, 49)

YpaBHeHHe pa6oThl anuabaTHYeCKOro pAacCIUHPeHHUs] WIeabHOro
rasa 6b10 noJyueHo paHee [cM. ypaBHeHue (I,28)]. IlomcraBisis B

310 ypaBHeHHe T = % 1 ucrnoab3ys ypasHenue (I, 45), noayuaewm:
_Coy _ _piVi=pVy, _ piVi—psV,
= R (pIVl p2V2) - Cp/c‘(}_ 1 = v — 1 (I’ 50)

Pa6ora 3Toro mpoluecca COBepuIaeTcss 3a CUET BHYTDEHHeH 3Heprus
rasa. ‘
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YpaBuennst (1,47), (1,48) u (1,49), Tak e KaKk W ypaBHeHHUs
(I,43) u (I,46), ABasiloTcA TepMOJZHHAMHUYECKHMH YypaBHe-
HHSIMH, TaK KakK OHHM BbITEKAIOT H3 NEPBOro 3aKOHa TePMOAMHAMHKH.
OnHOBPeMEHHO OHH SBJSIOTCS CJEICTBHEM YPaBHEHHSI COCTOSIHUS Hje-
aJIbHOTO ra3a M MO3TOMY NPHJOXKHMBI JIHIMb K HAeasIbHbIM rasaM W He
SIBJSIOTCA OOLMMH TePMOAMHAMHYECKHMH YDaBHEHHSIMH, CIpaBelJiH-
BbIMU /15 JIIOGBIX CHCTEM. | '

B nanbHeiiuieM MBI paccMOTpPHM G6OJIBIIOE YHCJIO TEPMOLHHaMHue-
CKHX ypaBHeHHH, BHITEKAIOLUINX U3 3aKOHOB TePMOAHHAMHMKHU H U3 TOro
HJIH HHOTO ypaBHeHus cocTosHus. Cienyer
OTJIMYaTb 3TH OrPaHHYEHHO IPHJIOXKHMbIE
ypaBHeHHs] OT OOLIMX TepMOAHHaMHYeCKHX
ypaBHEHWI, He CBfI3aHHBIX C YypaBHeHHEM n=0
COCTOSIHHA.

PaccmoTpeHHble pDaHee OT[Ae/bHble THIIbI
npoueccos (M30XOpHbI, H306apHBIH, H30- n=1
TepMHUeCKHil M ajnuabaTHbll) SABJSAIOTCA
YaCTHBIMH Npele/bHbIMH CJY4YasiMH peaJib-
HbIX niponeccoB. COOTBETCTBYIOLMe UM Tel-
JIOEMKOCTH TaKXKe SIBJIAIOTCS YaCTHBIMH BH-
IaMH TennoeMKOCTH. PeanbHble NpOUECCHl  pye, 1,8. Ipocreiimne mou-
B rasax 4acTo NPOTEKaloT MO NyTHAM, Npo- TPONHHE NPOLECCH.
MEXYTOUHbBIM MeXJy YyKa3saHHbIMH. ITH
npolecch HOCAT ofliee Ha3BaHHE NOAUTPONHLLX MPOYECCO8 WIH NOAl-
TPOn W MOTYT NMPHUOJMNKEHHO XapaKTepH30BaThCsl 3HAUEHHSAMH HEKOTO-

poro kosdoduireHTa =35 HoMUTpONnHON TenysoeMkoctd C uiu mo-

pv ' const

—_

—_—

Ka3areJs MOJIUTPOIbl 1 B YpPABHEHUU NOAUTPONDbL.
YpaBHeHHe MNOJIMTPONDbI HAEAJBHOrO ra3a uMeeT BUL:.

pu” = const (I,51)
TennoeMKkocTb NMOJIUTPOMHOrO Imnpouecca BbipazxKaeTrcd ypaBHEHl/Ie\l
C, 8Q
== I,
C - Cy Fiii (I, 52)
Huxe NPHUBOAATCA 3HAUEHHA 1 H C Aas HpOCTEﬁMHX npoueccos:
n C n C
HazoBapumit . . . . .. ... 0 Cp Anuabatamit* . ., .. ... ¥y 0
Hsorepmuyeckuii* . . . . . . 1 oo Hsoxopuuft . . . . .. ... 0Cyf

* TenJoeMKOCTb H30TEPMHUYECKOro npouecca AONKHA GHITh NpHpaBHeHa G6ECKOHEUHOCTH, " TaK
KaK KOHeYHoe NOTrJouleHHe TENJOTH MPH TakOM npolecce (HalpuMep, TeNJoTa H30TEPMHYECKOro

paciuHpeHHs). He CONPOBOXAAeTcs MOoBbiLIeHHEM TemnepaTypsl (At = 0), nostomy C = A =%
AHaJIOTHYHBlE PACCYXAeHHs AJA anuabaTHOTO Npolecca NPHBOANAT K BbiBOAy, uTo C = 0.

Ha puc. I, 8 cxematnuecku u3o6pakeHsl 3TH NpOCTelllke npouec-
Cbl KaK YacTHble cJyuau ceMelcTBa I'lOJIHTpOl’leIX NpOLeCccoB, Ans Ko-
TOpBIX 1 Gosblue 0 u ‘Moxer npeBbiath y=Cp/C,,.



TTABA I
-TEPMOXHMHA

§ 1. Tennors xumuuyeckux peakumii. 3akon lecca

[Npu XMMHYECKHX NpeBpalleHHsX MPOHCXOLHT M3MEHEHHe BHYTpeH-
Hell SHepruM CHCTeMbl, 00YC/IOBJIEHHOE TEM, YTO BHYTPEHHSl HEprus
NPOAYKTOB pEeaKUHH OTJHYAeTCs OT BHYTPEHHEeH 3SHEPrHM npopeart-
POBABILIHX BEILECTB.

H3ayyenne uaMeHeHHHl BHYTDEHHeil SHepPrHH NPH XMMHYECKHX Mmpe-
BpalleHHsIX HMeeT OOJblUOe 3HAauyeHHe [/l Pa3BHTHA TEOPETHYECKHX
OCHOB XHMMHMH, TaK KakK fBJSETCS OJHHM H3 OCHOBHbIX MyTeH QJs H3Yy-
YeHHS] SHEPrHH OTHeJbHbIX XHMHUYECKHX CBsi3eHl B MOJIEKYJe H KOJIH-
4eCTBEHHOTO MO3HAHHSI NPOYHOCTH STHX CBfA3ell U pPeaKUHOHHOH Cr0CO6-
HOCTH MoJeKysn. Kpome Toro, u3MeHeHHs] BHyTDPeHHell 3Hepruu mnpu
peakuuu (MM TemjoTa peakUHH) SBJASIOTCS HEOGXOAUMBIMH HCXO-
HBIMH BeJIHYNHAMH [JISl TEPMOJMHAMHUECKHX PAcueTOB XHMHYECKHUX pe-
aKUMH (ompedesieHHe KOHCTAHThl PAaBHOBECHS, BBIXOJ NMPOAYKTOB peak-
[HMH), HMeOIIHX 6oJbilioe 3HAaueHHe AJ1S XHMHUYECKHX HCCJeIOBaHHH H
B XHMHKO-TEXHOJIOTHUECKOH MpakTHKe.

H3meHeHHe BHyTpeHHell 3HEPTrHHM B mpolecce XMMHUECKOro mpeBpa-
1leHHsl BellleCcTBa NMPOHUCXOAHT, KAK U B JPYTHX CJydasix, MyTeM IOrJo-
1weHusi (WM BbIAeJIEHHs1) TensoThl U coBeplueHusi pa6otel. [locneanss
OGBIYHO MaJsia; OHa MOXeT ObiThb BbIYHCJEHAa WJIH €0 MOXHO IpeHe-
6peub. TensioTa e peaklUHH YacCTO 3HAYUTeJbHA; OHA MOXeT GbIThb BO
MHOTHX CJyyasiXx HemocpeACTBeHHO H3MepeHa. M3yuenuwem remjor xu-
MUUECKHX PpeaKUMH 3aHHMAaercsi TepMOXUMUA.

M3meHenne BHYTpeHHell 3HEPrHH IPH XMMHYECKOH peaklHH, B CO-
OTBETCTBHH C NMEPBHIM 3aKOHOM TePMOAHMHAMHKH, He 3aBHUCHT OT MyTH,
110 KOTOPOMY NpPOTEKaeT peaklHs, a JHUIIb OT XHMHYECKOH NMPHPOABI H
COCTOSIHHSI HAYaJIbHbIX U KOHEUHBIX BelecTB peaKLHH *.

TensioTa peakuuu B OGILEM He siBJsieTCH H3MeHeHHeM (QYHKIHH CO-
CTOSIHMSI H 3aBHCHT OT myTH npoiecca. OfHaKo mo KpaiHed mepe B
ABYX MPOCTEHIINX c/aydyasix He3aBHCHMOCTb OT NMYTH PacCnpoCTpaHseTcs
Ha TemJOTHl mpouecca (B TOM YHCJe H XHMHYECKOH peakuHH).

Ecau peakuusi nporeKkaer NpH MOCTOSIHHOM O0beMme H NPH 3TOM He
COBepIIaeTCsl MEKTPHYECKON M APYrHX BHAOB pabotel (A=0), T0, co-

* Mbl paccMaTpHBaeM HCXOAHble BEIIECTBA H MPOMYKTHl DEeaKLUHH BCerfia NpH
OAHOR W TOW e TeMmepatype.
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rnacio ypasnenmio (I,26), npm T=const Temjora peakuuu Gyner

paBHa:
Qu=U,—U,=AU (1, 1y

Ecnu peakuusi mpoTekaer NpPH NOCTOSSHHOM [HABJEHHH H COBep-
maeTcss TONbKO paboTa O06BLEMHOrO pAacIIMPeHHsi (ApyrHe BHIbLI pa-
60TH OTCYTCTBYIOT), TO B
COOTBETCTBHH C ypaBHEHHS-
mu (I, 26), (I,36) u (I, 38),
npu T=const Tenjora * pe-
akuuu 6yner paBHa:

NHg(r); HCI(r). ag
7.

Qp=H;—H,=AH (I1,2)

a=-37942

Takum o6pa3om, B yKa-
3aHHBIX  JBYX  cJayyasx
TenJioTa Ipolecca paBHa
H3MeHeHHI0 GYHKLUHH Co-
CTOSIHHA, TNOSTOMY OHa He
3aBHCHT OT NYTH Npolecca,
a 3aBHCHT JIMIIb OT Ha4yaJb-

HOrO H KOHEYHOrO COCTOS-  pye II,1. CxeMa ZJS BHYHCAECHUS TEIJOTH
HHSA. peakuuH 1o 3akoHy [ecca.

O, =-41850 —
a=-019%2

NH,+HCI +ag

+3918

45

Hanpumep, BOZHBIA pacTBOpP XJIOPHCTOTO aMMOHHSI MOXET ObITb NOJNYYeH H3-
rasoo6pasHbix aMMHaKa H XJODHCTOro BOJAOPOAA H XKHIKOH BOABI CeLYIOUIHMH JBY--
MA NYTAMH:

I II

NH; (r) + aq = NHjaq (I)** NH; (r) + HCI (r) = NH,CI (1) (IV)
HCI (r) + aq = HCI aq (II) NH,CI (1) + ag=NH,Cl aq (V)
NH; aq + HCl aq = NH,Cl aq (III)

Kak BupHo u3 puc. II, 1, Ha KOTOpOM cCXeMaTHY€CKH -NpejcTaBjeHH 06a mpo--
Hecca M MNOKA3aHbl TEMJIOTH COOTBETCTBYIOUIMX peaKUuHl, Tem1ota mpouecca, npo-
BEEHHOTO TNO TNepBOoMYy NyTH, paBHa —37.942 kas, a TensnoTa BTOPOro mpoilecca
cocrapasieT —37 932 Kax, T. e. MPAKTHYECKH COBMNAajaOT (Pa3HHLA COCTABJAET OKOJO:
0,02%). Takum o6pasoM, Qi+ Q2+ Qs=Q4-+Qs.

VKka3auHbli 32KOH HEe3aBUCHMOCTH CyMMapHOH TemJOTbl XHMHue-
CKOH peaklHH OT MyTH mpomecca Obl OTKpuiT B 1836 r., eme no

* TennOTa XAMHMYECKOH DEakUHH MPH MOCTOSIHHOM [aBJEHHH MNPH OTCYTCTBHH
Bcex BHIOB paboT, KpoMe pabOTH pacHIHPeHHs, Ha3blBaeTCA TaKKe Ten108biM-
appextom peaxyuu. Mer He © 11eM M0JIL30BATLCA 3THM TEPMHHOM, KAaK H3JIHUIHHM,.
u GyneM HasbiBaTb BEJIHYHHbLI =AH u Q,=AU rtenioTamu peaxyuu npu nNOCTOAH- .
Hbix Oassenuu WA obveme COOTBeTCTBeHHO

** aq— CHMBOJ GOJIBIIOrO KOJMYECTBA BOABI, JOCTATOYHOrO [JIA MOJYYEHHS
pa3Bap/eHHOTO pacTBOpa OAHOrO MOJs BeLlecTBa.
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YCTAHOBJIEHHS I1€PBOr0 3aKOHA TepPMOJHMHAMHKH, PYCCKUM YUEHLM
' . TeccoM M HOCHT ero HM4.

3axon ['ecca, Ha3blBaeMbll TaKKe B3aKOHOM NOCTOAHCTBA CYMM
TenAoT peaxyutl, iBNsieTCS OCHOBHBIM 3aKOHOM TEPMOXHMHH; OH rJa-
CHT: €CJIH U3 JAaHHBIX HCXOAHBI X BELU[ECTB MOX HO MO J V-
YUTb 3aJaHHbIe KOHEUHble NPOLYKTH DPa3HBIMHU NYT -
MH, TO CyMMapHas TeNnJoTa “npounecca Ha, OZHOM
KaKOM-HHOYyAbNyTH paBHa CyMMapHOH TenaoTe np o-
HeccaHaJ JO60M APYroM NyTH, T. €. HEe 3aBHCHT OT NYTH
mepexofa OT HCXOLHBIX BeUleCTB K IPOAYKTaM peak-
I HH.

OueBuaHO, YTO 3aKOH ['ecca BbITEKaeT M3 MEepPBOT0 3aKOHa TEPMO-
AVHAMHKH TPH OrpaHUYHUBAIOLLIHUX YCJAOBHUSX:

v=const uam p=const

Ina o6GaerueHus pacyeToB TEMJNOT peaKLHH MOXKHO [10/1b30BaThCsl
AByMsi cnoco6aMH 3amHCH 3THX BeJIHYHH.

K npaBofi uyacTH CTeXHOMETPHUYECKOrO YypaBHEHHSI XHMHUYECKOM
peakuuy npub6aBJASIOT uJjeH, MOKa3blBaOWUH Pa3HOCTb MeKIy BHYT-
pPEHHHUMH 3HEPrHaIMH (MJHM 3HTAJNBbMHAMH) HCXOJHBIX BELIECTB H IPO-
AYKTOB peakLHH, T. e. yOblIb BHYTPeHHeH 3Hepruu (SHTajbIHH) CH-
ctembl. Ecain 312 yObIIb NOJIOXK HTENbHA, TO IPH PEaKUH TEMJNOTa
BhHAeJqsieTCs, ecii yObl1b OTPH L A TeJ b Ha, TO TENJOTA MOIJIO-
utaetcss u3BHe *. YpaBHeHHs], 3anicaHHble TakMM 0Gpa3oM, Ha3LIBAIOT-
CSl TePMOXUMUYECKUMU. :

Hanpumep, OKHCJeHUE KHIKOrO 6eH30.na no rasoob6pasHoit ABY-
OKHCH YIJIepofa H XKHIKOH BOJBI, NMpOTeKallllee C BblJeNeHHEM Tel-
JIOTBI, 3aMUILNETCs CJAeAYIOIIUM o6pa3oM:

CeHjg (%) + 7'/50, = 6CO, + 3H,0 () + 780 980 xa

Psajgom ¢ xumuueckHMH GOpMYyJaMH CTaBAT CUMBOAB (T), (k) U
(r), yka3biBamollue Ha TBepJOe, XHAKOe H ra3oob6pasHoe COCTOsIHHE
‘COOTBETCTBYIOLEr0 KOMNOHEHTa. JTH CHMBOJIBI OGBIYHO OMYCKaKT, KO-
rJa NPH YCJIOBHSAX NPOBENEHHs PeaKUHH arperaTHOe COCTOSIHHE KOM-
TIOHEHTa DeaKLHH SBJSETCS BNOJHe ompenenennbiM. Tak, Hanpumep,
TenJoTy 06pasoBaHHsl alleTHJeHAa MOXHO 3alHCcaTh CJedyIOWUM 06-

pasom:
2C + Hy,=C,Hy; — 54 190 kax

B 3TOM cayyae TensoTa MOTJIOWAEeTCH.

2. Bosee mpuHsiTa B HacTosllllee BpeMsl HHas 3amuchb TEMJIOT XH-
MHYECKHX peakUuH.

Hapsiny co crexuoMeTpHuyecKHMM YpaBHeHHeM DeakLUHH 3amuchl-
BAETCsl BEJMYMHA DA3HOCTH MEeXAY BHYTPEHHHMH SHEprHsMH (ama.nb-
N¥AMH) MPOAYKTOB peaKUHH H HCXOAHBIX BENIeCTB, T. €. BejHUHHA

* DTa cucTeMa 3HAKOB AJf TENJOThl peakiiin HasbiBaeTcsa Tepmoxumuyeckod,
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Quo=AU(Qp=AH)—npupocT BHyTpeHHell 3Hepruu (3HTanbnuu). Ecau

3TOT OPHPOCT MOJOXHUTEJ €H, TO TEMIOTa NPH peaKUUH MORJIO-

uaerTcs, ecJlM OH OTPHLATEJN €eH, TO TeNIOTa —BBIAENASAE€TCH.
Takas sanuch npuBeAeHHBIX Bbille PeakUUil HMeeT BHI:

CeHp (%) + 7'/30, = 6CO, + 3H,0 (x); Qp= AH® = — 780 980 xax
2C+ Hy,=CyHy; Qp=AH°=54190 xaxs

3nauok ° npu AH° yka3biBaeT Ha cTaHAapTHblE COCTOSIHHSI BCEX HC-
XOJHBIX BEUEeCTB U MPOAYKTOB peakuuu (cM. ctp. 50).

Takas cucTeMa 3amHCH TEMJIOT XMMHUECKHX peakiuil Ha3blBaeTcst
repmodunamudeckod. OHa, KaK NpaBu/ao, OyaeT NPUMEHSAThCS B 3TOH
KHUre. B oTHenbHBIX ciyyasix, KOorja NpUMeHSIeTCs TepMOXHMHYecKas
cucrema, BBoAsTcs o0Go3HaueHus Q, U Qp.

Peakuuu, npuH KOTOpbIX Temsota mnorjaomaerca (AH>0), Hasbi-
BAIOTCA 3HOOTEpMUYECKUMU, A PeaKIHH, NPOTEKAoUUe C BblIeJEeHUEM.
rensothl (AH <0), Ha3bIBaIOTCS 3IK30TEPMUUECKUMU.

CootHoulenne Mexay BeanunHaMi Q,=AU n Qp=AH naerko ycra-
nHasauBaetca caenyiomwum nyreM. CorsnacHo ypasHenuio (I, 19) npu
noctosiHoM AaBieHun AU=Q,4 (0U/0v)rAv, a Qp=AH=AU+pAv.

Orclona
crmor[ (28], ]

Ecnn B peakuuu yyacTBYIOT TOJIbKO TBepible M XKMJKHe BeIlecTBa,
TO AU HE3HAauuTeJBHO H MOXHO CUHTaThb Qp=~Q, Ecau xe B usyuae-
MO XHMMYEeCKOH peaKUUM 06pasyloTcsd HJM HCUE3al0T TaKXe raso-
o6pa3Hble BelllecTBa NPH HeGONBIIHX NaBJEHHSX, TO CBA3aHHOE C 3THM
u3MeHeHHe o6beMa TNpPH MOCTOSIHHBIX JAaBJEeHHH H TeMIepaType 3Ha-
yutenbHo. OHO onpelensieTcsi U3 YpPaBHEHUSI COCTOSIHHS HAeaJsibHBIX

rasoB M paBHO:
RT

Av = An —
P

rae An— npHPOCT yucjaa MOJ€H ra3oo6pas3HblX yY4acTHUKOB peakiny
B COOTBETCTBHH C ee CTeXHOMeTpHuecKHM ypaBHeHHeM. [lomcrasnssa
310 3Hauenne Av B ypaBHenue (II,3) M mpuHHMas BO BHHMaHHe, YTO
U5t HaeanbHblX razos (0U/0v)r=0, nomyuum:

Qp=Qu+p Av=Qy+ AnRT (11, 4y

Hafimem 3HaueHHe Q, 1Ja peaknuH OKHCJeHWs GeH3ona (cM. crp. 57) npu
T=298°K, ecau npu Toit ke TeMnepaTtype Qp=AH°=—780980 xaux.
B stom cayuae An=6— 7!/;=—1}/;, nostomy

Qu=Qp— AnRT = — 780 980 + 1,52 298 = — 780 086' xar
BoJsbmoe 3HaueHue 3akoHa Iecca 3akJjouaercs B TOM, 4TO, IIOJb-

3ysiCb MM, MOXHO BBIUHC/SATb HEH3BECTHYIO TEIJIOTY peakUHH MyTeM
KOMOHHHPOBAHHS CTEXHOMETPHUECKHX YyPaBHEHHH M TEIJOT JLPYrux
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peakuuii, U3yyeHHbIX TepMoxuMHueckd. IIpu 3ToM HeO6X0AHMO TOJDL-
KO CPaBHHBATh TEMJOTbl Pa3/IHUHBIX peaKUHH B OJHHX U TeX XKe yc-
JIOBUSX. .

Tak, 3Has TemjaoTHl peakuufl OKHCJIeHHs yriepona (rpaduTa) M OKHCH Yyriepoja,
MOXHO BLIYHCJIHTH TeNJIOTy o6pasoBaHusi OkucH yriepoaa C+1'/;0;=CO u Temnory
peakuun C+COs.. .

Hanucas cooTseTcTByIOIHEe ypaBHEHHSA

C (rp.) +0,=CO,; AH} = — 94030 1))
CO + 1/,0,=CO,; AH} = — 67640 kax (I
C(rp.) + !/,0,=CO; AHy =? (1)
C (rp.) + CO, = 2CO; AH}y=? {Iv)

# Bboiyutas u3 peakuuu (I) peakumio (II), monyunm peaxuumio (II1). CnemoBatennHo

AH | =AH; — AH | = — 26 390 kax

Peakuusa (I1I) HeocywecTBMMa B YHCTOM BH7e, MO3TOMY TeMJOTY 06Gpa3oBaHHA
«CO MOXHO HaWTH TOJILKO MyTeM BbIUMC/IEHHS YKA3aHHBLIM CMOCOGOM HJIH.MyTeM KOM-
6mmxosanm| NaHHBIX /18 APYTHX XHMHYECKMX peakuHi.

HaJOTHYHO HaXOAHM TemjoTy peakuuu (IV):

(IV)y=(I)—2(11) u AH}, =AH] —2AH}, =41250 xas
TakuM nyTeM MOXHO HafTH TENJIOTH MHOMECTBAa NPYTHX peaklui,

uBo.nbmoe 3HaueHue HMEeT HAXOXKIEHWe TaKHM NYTeM TEeIJOT peak-
uMi OpPraHWYeCKHX COEIMHEHHWH, KOTOpble MOYTH HHKOrZa He MmpoTe-
Kal0T OJHO3HAYHO H OO0 KOHLaA *.

Ilns cOOTBETCTBYIOLIErO pacueTa 4acTo HCHNOJAb3YIOT TEMJNOTHI Cro-
PaHHsi OPraHMYeCKHX COeIHHEHHH, UTO OGBACHSETCS OBYMS MPHUH-
HaMH. Bo-nepBbIX, ropeHne B KHCJOPOZe SBJsIETCS peakiuel, o6leit
AJIST BCeX OPraHHYeCKHX BeLIeCTB U HAyllell mpH cOBJIONEHHH HEKOTO-
pbIX yc/aOBHH 10 KOHLA, T. €. MOJIHOCTBIO M OJHO3HauHO. Bo-BTOpBIX,
‘TEXHHKA COXJKEHHS OPraHMYecKHX BeIllleCTB NPH MOCTOSIHHOM OGbeme
IOCTHIIa BLICOKOTO COBEpIIEHCTBA H MO3BOJISIET ONpPedessTh TEMJOThI
cropatus ¢ TouHocteio no *=0,02%.

KoMOGuHHpYSs TenJoTHl CrOpaHHs, MOXHO BBIUHCJAHTH TEMJIOTHI JIIO-
60/ XMMHYEeCKO! peakuud MeXAYy OpraHHueCKMMMU BellecTBaMH.

Haiinem, HanpuMep, Ten/joTy peakuuH:

CgH,y(x) =3C,H,; AH;=? (i

* [IpHMepaMu peaKUMH OpPraHH4eCKHX BeLIeCTB, MPOTEKAIOWHX OLHO3HAYHO, MO
KOHUA M [OCTAaTOYHO OBICTPO (B HECKONBKO MUHYT) SBJSIIOTCS DEAKUHs COeJHHEHHS
XJIOPHCTOrO BOAOPOAA C ra3006pa3HbIMM M TBEPABIMH aMMHAMH, @ TaKkKe H3yyeHRas
B. ®. Jlyruaunsiv u M. A. KabayxoBeim (1906) peakuus npucoeauHeHns 6poma K
HemnpejenbHbIM COE€LMHEHUSAM. !
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TeﬂJIOTbl CropaHus GeH30/1a M alleTHJEHa HMEIT ¢lenylouiHe 3HaYeHHUs:
CGHG ()K) + 71/202 = 6C02 + 3H20 ()K);
AHY = — 780980 xaa 4 an
C,H, +2!/,0,=2C0O, + H,0; AH[ = — 310620 xas (I11y

Tax xak (I)=(I11) — 3(III), cnenyer, uto
AH} = AH{ — 3 AH};; =150 880 kaa

OG6o6iasi nosyyeHHbIH Pe3yJabTaT, JIETKO NMPUATH K CJAEAYIOLIEMY
BBIBOJY: T€NJOTa PeaKUHH paBHAa cyMMe TenJaoT Crop a-
HHS HCXOJHBX BeLUeCTB 3a BHIUETOM CYMMBl TENJOT
CrOpaHNs NMPOAYKTOB peakUHH.

BosibiuM, HO HeM3GeXXHbIM HeJOCTATKOM pacueTa TemioT peakiuit
N0 TEMJOTaM CrOpaHHs SIBJSIETCS YMEHbllleHHe OTHOCHTEJbHOH TOUYHO-
CTH MOJYyYaeMblX Pe3yJbTaTOB O CPaBHEHMIO C TOYHOCTbIO UCXOIHBIX
N aHHBIX.

KpoMe cioxeHHuss omMGOK, NONMYLIEHHbIX NPH H3MEPEHHH TEIJIOT
CropaHUsi PeareHToB, 3[eChb HMeeT 3HaueHHe TO, YTO TEMJIOTa PeaKIHH
MEeXIy peareHTaMH MOYTH Bcerga MeHblle (H OOLIYHO MHOIO MeHbIue)

. (-]
TenJaoT cropaHus peareHtoB. Tak, B paccMoTpeHHoM npuMepe AHy
B N5IThb pa3 MeHbllle BeJHUMHbl AH|1,M owH6Ka B NOCJaeHeH, BEPOATHO,

paBHas +200 kas, cocraBasier yxe 0,15% or BeauunHbl AHS.
Bo MHOrMx ciayyasix OTHOCHTe/bHasi OIIHGKA. MOJyYaeMOH TaKUM My-
TeM BeJHYHHbl PaBHSIETCS HECKOJbKUM MNpPOUEHTaM, a [Jsi peakuHi,
TenJ0Ta KOTOPbIX HEBEJHKAa, Hampumep MJs PeaKkUHH H30MepH3alHH,.
omn6Ka MOXET A0XOAHTb 0 MHOTHX AE€CSTKOB NPOLEHTOB.

§ 2. TenaoTsl 06pa3oBaHHs XMMHYECKHX COeINMHEHHH

3akon 'ecca naeT BO3MOXKHOCTbL PacCUHUTaTh TEMJIOThHl MHOXKECTBA
pPa3JMYHBIX peaKUHil N0 MHHHMAaJbHOMY YHCJAY TENJOT HEKOTOPHIX pe-
akuuit. B kauectBe mocjegHHX 0O6bIYHO NMPUHUMAIOT TEmJOTH 06pa3o-
BaHUS XHMHMuecKHX coelvMHeHHH. Tenaorod ob6pa3zosanus coeduHerHus
HasbiBaeTcss TenJoTrta o6paszoBaHUSd (OGbIUHO NPH TNOCTOSSHHOM
JaBJEHHH) OOHOTQ MOJIfI COeHHEHHNSA U3 COOTBETCTBYIO-
MUX TPOCTH X Bem ecTB. [Ipy 3TOM CYUHTAIOT, YTO NPOCTHIE Bellle-
CTBA pearupyioT B BHOe TOH MOOHUGMKAUUM M B TOM .arperaTHOM Co-
CTOSIHHH, KOTOpBIe OTBeyaloT HauboJjice yCTOHYHBOMY COCTOSIHHIO 3Je-
MEHTOB NpH JaHHOH TeMIepaType W NMpH AaBJeHUH | aTm.

Peakuun o6pa3oBaHHsl COeAMHEHHS W3 NPOCTHIX BELECTB B psife
cJyyaeB MOTYT OCYLIecTBJAATbCSA (COelHHEHHe XeJse3a H cepol ¢ obpa-
30BaHHEM CEpPHHCTOro eJje3a, o6pas3oBaHHe JBYOKHCH yrJjepoaa MpH
TOpPEeHUH YrJyiepofa U T. I.), M Temjora o6pa3oBaHHs MOXeT ObITb #3-
mepena. OnHako GoJsiblliel YyacTblO TeMJOTH 06pa3oBaHHs COeLHHEHHI



60 Ta. 1. Tepmoxumusn

NoJyyaloTCsl MyTeM pacueTa Mo 3akoHy I'ecca M3 JpPyrux TepMOXHMH-
YeCKHX BeJHUHH.

Tak, Hanpumep, Temjota o6pa3oBaHHA GeH30Ja
6C (rp.) +8H,=CH, (x); AH]=? M

MOXET ObITh BHIYHC/EHA, €CNM W3BECTHBl TEMJIOTHl Cropanus GeHsosa, yraeposaa
(rpaduTa) ¥ BOmOpOAA:

CeHg () +7!/,0, =6CO, + 3H,0 (x); AH| = — 780980 kas (I1)
C (rp.)+0,=CO,; AH[=— 94050 xas (11
H, +',0,=H,0 (x); AH, =— 68320 xax (Iv)

Heiicreurensho, Tak Kak (I)=6(I11) +3(IV)—(II), cnenyer, uto
AH] =6 AH |+ 3 AH [y, — AH( = — 564 300 — 204 960 + 780 980 = 11720 xaz

CoeauHeHHst, TemjoTa 06pa3oBaHUsl KOTOPBIX MOJIOXKHTEJNbHA
(AH° > 0), Ha3blBaloTCA IHOOTEpMULECKUMUL; COETHHEHUS, TemIoTa 06-
‘pa3oBaHUsl KOTOPbIX oTpuuarenbHa (AH°<0), HasbiBaloTCA 3K30Tep-
mudeckumu. Berson, TakuM o6pa3oM, SIBASETCS SHAOTEPMUUYECKHM CO-
elHHEeHHeM, a JABYOKHCb yrjiepofa H BoJa — 5K30TepMUYECKHMH.

Tensora o6pa3oBaHHs COeNHHEHHS MoOXeT ObITb BbluMCIeHa no 3akoHy Iecca
nyTeM COCTABJIEHHS] LMKJIOB, B KOTODble BXOAST pas/iMyHble Npoliecch (oGpasoBanue
‘KPHCTAJIIHYECKON pelleTKH, PacTBOPEHHe, THAPATALHs, MCIapeHHe U Ap.).

Ha puc. II,2 nso6Gpaxenbl B KadyecTBe NpHMepa HEKOTOpble TepMOXHMHYECKHE
LUHKJB, TOMb3YACh KOTOPHIMH, MOXHO HaHTH TemnIoTy 0O6pasoBaHUs XJOPUCTOTO
HaTPHs, NPH YCJIOBHH, KOHEYHO, UTO TeIIOTHl BCeX OCTaJLHBIX IPOLECCOB, BXOMASA-
{IHX B LHKJ, U3BECTHB (aHAJOTHYHBlE LHKJIBI MOTYT ObITb COCTaBJIEHB MJIfl HaXO-
KAEeHUsT TEMmIOT 06pa3oBaHHs JIOGBIX APYrux coenuHenuit). [To seBomy HuKAy Tem-
nota obpasosanuss NaCl paBHa TemsnoTe ucnapeHusi Na IJIOC TEMJIOTa AHCCOLHAIIMH
Cl; Ha artombl muoc Temjota HonusauumH atomoB Na nm Cl MuHyc Tennora oGpaso-
BaHus Kpuetasnuueckoii pemerkn NaCl u3 wonos. ITo Mmanomy - cpenneMmy wuukay
Tensota o6pasosanus NaCl paBHa TensnoTe o6pasoBaHHsI BOJHOrO PacTBopa HOHOB
Na’ u Cl’ munyc Tennora pacrBopennss NaCl.

YkaszaHHasi BEHIE OTHOCHTe/NbHAs OLIMOKA, MOJy4aiollascs MPH pacuyeTe TEnsoThl
‘oépaacinanuﬂ COeJINHEHHs TO 3aKoHy [ecca, ocoGeHHO BenHKa [Jisi JIEBOFO I[MKJA
(puc. 11, 2).

B mensix comocTaBsieHHs HCMOJB30BaHUS AJSI PACUETOB MO 3aKOHY
Tecca, TennoThl 06pa3oBaHHsl XHMHUECKHX COEIMHEHHi BBIYHCASIOTCS
s crangaptHoA rtemmepatypnl (25°C, 1. e. 298,15°K) u npamaenus
1 atm. OHH 4YacTO Ha3BIBAIOTCH CTAHOAPTHLIMU TenaoTamu obpaszosa-
Hua* n o6o3Hauaorcss AH .

CranpaprHble TenmyoThl o6pasoBaHust TabysnupoBanbl. [Ipu stoMm
115 yno6CTBa pacyeToB BO MHOPHX CJydyasiX BBIUHCASIIOT M MOMELIAI0T
B TaGJMUBl CTaHJAapPTHbIE TENJIOThl 06Pa30BaHHMS XHMHUYECKHX COeIHHe-

o
* Bemuuurnl AH gy HepPeKO Ha3bIBAKT TaKKe CTAHOUPTHOIMU SHTAALAUAMU 06-

pasoBanus. OueBHjHO, YTO CTaHAAPTHBIE 3HTA/MbNMH 0OPAa30BAHHS NPOCTHIX BEILIECTH
PaBHbl HYJIO,
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HHI B TaKUX arperaTHbIX COCTOSIHHSIX, KOTOpDble HEYCTOHUHBHI (M Haxe
HEBO3MOXHBI) MNpPH CTAaHAAapTHBIX ycJOBHUAX. Tak, Hampumep, B Tab-
JIMIBI BKJIOYAIOT TEIJIOTY 06pa3oBaHHsl BOASHOrO Mapa B [HIOTETHYE-
CKOM COCTOSIHHH HpeaJbHoro rasa npu 25°C u | arm, paBHyio

—57798 kaa.
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Puc. II,2. TepMoxumuyeckHe LHKJbLI JAJS pacyera TemJoT
o6pasoBaHHuSs.

[Monb3ysach TaGanlaMH, MOXKHO BBIYUCJHThL TEMJIOTY JI060H XHMHs
YyecKOH peaki(Md B CTAHAAPTHBIX ycJaOBUAX. [LJf 3TOr0 HYXKHO U3 CY M-
Mbl TeNnJOT O6Gpas3soBaHHS NPOAYKTOB pPeaKLUHH BBH-
YeCTh CYMMYy TenaoTrT o6Gpas3oBaHHUS HCXOAHBIX Be-
wecTtB. [IpakTuueckn 370 yHOGHO AenaTh, 3aMHCaB HHTepPeCyIOILYID
peakuuio ¥ Hamucas moj (opMyJoH Ka)AOro XHMMHYECKOro CoelHHe-
HUSl CTaHAApPTHYIO Tem1oTy ero o6pasoBanus. Hampumep:

Ca0 +3C=CaC, + CO
—151700 0 —14 100 —24 420
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ﬂ.ﬂﬂ 3TOH peakuuy, corjlaCcHO CKa3saHHOMY Bbillle, NMoJyyaeM:
AHggg = — 14 100 — 24 420 + 151 700 = + 113 180 xaz

B psine ciyuaes mpencTaBJisieT HHTEpPEC ONpelesieHHEe TEmIOThl 06-
pPa30BaHHS XUMHUYECKOrO COeJHHEHHS He H3 MNpPOCThIX BElIeCTB, a M3
aTOMOB, T. €. U3 THMNOTETHYECKHUX ONHOATOMHBIX ra3oB (aromuas ren-
Aota obpasosanus). Beigeasiomiascs npu TakoM (MBICJAEHHOM) mpo-
Hecce TemJaoTa sIBJSETCS MepoH 3HepruM Bcex cBsidefl M B3aUMOHEHCT-
BHH ‘MEXJYy aToMaMH B MOJIEKyJie H HMeeT 6oJiblIOEe 3HaYeHHe Aas
NO3HAHHS 3HEPTHH XUMHUECKHX CBsi3eil.

Inas BbluMcjaeHHs aTOMHOH TenmsioTl 06pa3oBaHUs HeOGXOQHMO
yyecTb TeMJIOTY BO3TOHKH TBEPAbIX BELIECTB M TeMJOTY NHCCOLHALNU
MOJIEKYJ ra3000pa3HbIX BelleCcTB Ha aTOMBI.

Hanpnmep, aToMHaa TemaoTa 06p830BaHHﬂ MO.TS F33006p33H0ﬁ BOAN 1mOJYy-
YaeTCa NyTEM COMOCTABJEHUS] TENJOT C/AEAYIOLUX peaKuHﬁ:

H,+1/,0,=H,0 (r); AH} = — 57800 kas (I
H,=2H; AH'; =103 800 xax (I
0,=20; AH Yy = 117 400 kaa (111
2H+0 =H,0 (r); AHy =? (IV)

Tax kax (IV) = (I)—(I)—!/3(IIT), To
AH}y = — 57800 — 103 800 — 58 700 = — 220 300 ka4

§ 3*. Lluka BopnHa — XaGepa

Llukany, H3o6pakeHHble Ha puc. 11,2, nawT BO3MOMXHOCTb BHIYHC/AHTH TEIJIOTHI
JIO6LIX BXOASILIHX B HUX npolleccoB. Tak, HMKJ, H306paKeHHbI cJeBa, KOTOPHI
naspiBaetcsi yukaom Bopra — Xabepa, ucnonb3yeTcs LJsi pacueTa Idnepauu KpucTas-
audeckoil pewerku. Tak HasbiBaeTcs 3He€pPrMs, NorJaouaeMass NpH pas-
pPyWeHHH OLHOTO MOJIAA KPHCTANJNHYECKOIo BeluecTBa ¢ o6pa-
30BaHHeM Tra3006pasHBIX ONHOATOMHB X HOHOB, YHaleHHBIX
OPpYyr OoT Apyra (MaeaibHblii ras), uan y6bJab 3Hepruu npu obpar-
HOH peaxkllHH BHYHCAHTL 3HEPTHIO KPHCTAJIHYECKOMH - PEUIETKH MOMHO ClEeLYIOo-
muM o6pasoMm.

OcyuiectBuM MbicsieHHO 1HK/1 BopHa — XaGepa, npoBoasi nocaeloBaTesNbHO MPO-
1IeCChl, YKa3aHHble HHxe *:

. 1. Boaronka Na n puccounaunsi Cly Ha aTOMBI:

Na (r-) —> Na (r); AH}, =2598 (Ia)
1/,Cl, —> CI (v); AH'}=29,01 (16)
AH} = AH, + AH}g = 54,99 ~ 55,0

> Coome‘r(:’raylomue TENJOThbl 6le€M OTHOCHTb K CTAaHAapTHOMY COCTOSiIHHIO H
BbipaxKaTbh B KKa/l/MOAb.
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11. Monusauusa aToMOB HATPHA H XJOpa: /
Na (r) —> Na* (1) +e7; AH 1. =1186 (11a)
Cl(r) +e =CI(r); AH} 4= —87,3* (116)

AH}; = AHyp, + AH s =313

II1. CoenuHerne ra3oo6pa3HbIX HOHOB C OGPa30BAHHEM MOJISl KPHCTA/NJIHYECKOTO
XJIOPHCTOrO HaTPHA:

Na* (r)+ CI” (r) — NaCl (7);
AHpy =? (1)

Tensota 06paTHOM peaKUMH H €CTh 3HePTHsi KPHCTANHYeCKOM peIUeTKH:
U= — AH |

1V. Pasnoxenne Moss Kpucranmuyeckoro NaCl Ha HcxomHble KpHCTa/HYecKHi
H4TPHUH M MOJIeKYJApHBIH xJop. Tensora 3Toro mpouecca paBHa CTaHJapTHOH Tem-
JI0Te 06pa30BaHHsl KPHUCTANNHYECKOTO XJAOPHCTOTO HaTpHA Qp ¢ OOGpaTHBIM 3HAKOM:

NaCl (1) — Na (1) + !/;,Cl; (r)
AH}y = — Q,=98,232 ~ 98,2 (Iv)

Lluka 3aMKHYT, H CyMMapHOe H3MeHeHHe 3HTAJbMHH PaBHO HYJIO, T. €.
ZAH =55,0+313—-U+982=0

OrTcloa SHEprusi KPUCTAIHYECKOH pPeleTKH:
U =184,5 kkaa/moase

TouHOCTb MOJYYEHHOH BETHYHHBI OMNpefe/sieTCsi MOTPeLIHOCTbIO HAHMEHee TOYHO
M3BECTHOTO CJAaraeMoro, KakuM fIBJIS€TCA CPOACTBO K 3JEKTPOHY aTomMa xJjopa. JTa
BeJIMUMHA YacTO HAXONMTCS M3 TOro ke Uukia DBopna — XaGepa; B 3TOT UHMKJI
NOACTaB/AsAETCA BEJHUHHA SHEPTHH KPHCTAIMYECKOH pelleTKd, BhIUMCASEeMas [0
ypasHenuo Bopra, KOTOpOe YUHTHIBAET SHEPrHIO 3/EKTPOCTaTHYECKOTO B3aUMOAEH-
CTBUS HOHOB B KPUCTaJ/IM4ECKOH pelueTke.

§ 4*. Hekotopble TepMOXHMHYECKHE 3aKOHOMEPHOCTH

B HacTosiilee BpeMsi SKCNEPHMEHTAJbHO YCTAHOBJEHH TeMAOTH 06pasoBaHHA
OuYeHb MHOTHX, HO [ajleKO He BCeX XHMHYECKHX COeAMHEHHI. DTo OGBACHSETCH TeM,
YTO HEBO3MOXHO TNOJBEPrHYTb TePMOXHMHYECKOMY HCC/JIeAOBAHHIO BCe H3BECTHbIE H
BHOBb OTKpbIBaéMble XHMHUYeCKHe coelHHeHHs. BMmecTe ¢ TeM /10 CHX MOp OTCYTCTByeT
TOUHAA TEOPHU$, MO3BOJAIOILASI BHIYHC/HTD, TEMIOTY 06pa3oBaHHs JIOGOr0 coeqHHeHHs
M3 HeGOJIBIIOro YHC/Ia NAaHHBIX (HampHMep, H3 3HePTHH XHMHueckux cBs3ed). [lo-
3TOMYy, Hapsiay C HEOOGXOAMMOCTBIO HAKOIJEHHS TOUHBIX SKCIIepPIiMEHTaJbHbIX JaHHbIX
Z1si BO3MOXHO GOJIBLIEr0 YHCJIa BeLIeCTB, BeCbMa MOJe3Hbl MPHOJIHKEHHblE 3aKOHO-
MEPHOCTH, YaCTO JIHILIEHHble NMOKAa TEOPeTHYecKoro 0GOCHOBAHHS M HalJeHHble MyTeM
COMoCTaB/IeHHSI GOJIbLIOTO YHC/A OMBITHBIX JAHHBIX. TakHe SMIHPHUECKHE 3aKOHOMEp-
HOCTH MOTYT CJAYXHTb MJA NPHGIHKEHHOTO pacueTa TemjaoT O6GDa3OBaHHA B TeX
cayvyasx, KOIZa ONbITHble AaHHble OTCYTCTBYIOT, a TaKXe .IJs NpeJBapHUTe/bHOMH

* Dra BeauuMHa (CO 3HAKOM [UIIOC) HOCHT HasBaHHe CpPodCT80 (aToMa xJ0pa)
& 31exTpony. OHa u3BeCTHA MeHee TOYHO, YeM JAPYyrHe BeJHYHHBI 3TOTO ILHK/A.
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OLIEHKH 3KCMePHMEHTa/NbHbIX [aHHbIX, HaleXHOCTb KOTOPBIX MOABEPraeTrcs cOMHe-
HHIO *.

PaccMOTpHM HEKOTOphie M3 3MIHDHYECKHX 3aKOHOMEpHOCTeH s TepMOXHMHYe-
CKHX pacueToB.

A. M. DBepxkenureiim ycraHoBud (1925) nasi TensoT o6pa3cBaHHs HeOpraHuue-
CKHX CcCelqMHeHHil TpHOJHXKEeHHOe MpPaBHJO, COMJIaCHO KOTOPOMY TemJaoTa o0pa3oBa-
HHsl 'OQHOTO FpaMM-3KBHBAJNeHTa COEJHHEHHA KaKOro-mu6o 3jemMeHTa NpHGIAH3UTENbHO
paBHa cpefHeMy apH(pMeTHUeCKOMY M3 TEeRJOT 0Opa30BaHHSI AHAJNOTHYHBIX COejlHHe-
HHA 3JIEMEHTOB, COCEJHHX C JaHHBIM B PSIAY HJIH mepuoxe Tabauubpl MenneneeBa

A. ®. Kanycrunckuit ycrauosua (1948), uto TensoThl 06pa3oBaHdsi COeJHHEHUS
9/1eMeHTa € APYTHMH 5/eMEHTAMH OJHOrO psija HIH OLHOH MOATPYNNE! Tabauubl
MenpeneeBa, paccuuTaliHble HA OJMH FPaMM-3KBHBAJeHT, JIHHEHHO 3aBHCAT OT JoOra-
pHdMa MopAAKOBOro HOMepa Z 3THX 3JEeMENTOB:

AH°
—n——ang+b

31ech n — BaJIeHTHOCTb, @ H b.— NOCTOSHHDBIE.

[NpuveHsas 3To NpaBHIO K Y3KHM TpyNNiaM aHaJOTHYHBIX COEJMHEHHH pe/CTBeH-
HBIX 3JIEMEHTOB, MOXXHO MOJIyYHTb OPHEHTHPOBOYHbIE [aHHble AJS TEMJOT 06pasoBa-
HHsl HEH3YUYEHHBIX COelHHEeHHH.

Oco6eHHO MHOTO 3MNHPHYECKHMX NPaBHJ HaHNEHO AJs TemIOT o6pasoBaHus (WM
TECHO CBA3AHHBIX C HMMH TEMJIOT CTOPAHHs) OPraHHYECKHX COENMHEHHH B rasooGpas-
HOM cocTosinvH. [IpaBuia 3TH OCHOBAaHEI Ha SMIHPHYECKOM MOAGOpEe BeNHYHH, Xa-
paKTepPHBIX [/ Pa3jHUHbIX (YKKUHOHAJbHBIX IPYNN H 3JEMEHTOB CTPYKTYpHI.
B OJHOM HU3 METOAO0B 3TH BE€JIHUHHbBI, CBEJAEHHbIE B TaﬁﬂH].[bl BBO,ElﬂTCﬂ KaK MnonpaBKH
(106aBounble u/IeHBI) K TeNJoTe OO6Pa30OBaHHA OCHOBHOIO, NMPOCTEHINEro npeacTaBu-
TeNisl JaHHOTO KJacca CoeJMHeHH#, KOTOPYIO HaxO0 3HATh.

Tak, Hanmpumep, A8 BHYMC/IEHMs TeMJOTH 06pa3oBaHHA O-IUMeTHI(TaNaTa
CeH4 (COOCH3) 2 HEO6X0AMMO CJ®KHTH TEMJNOTH! CEAYIOUWMX MPOLECCOB:

1) 00pa3oBaHUs OCHOBHOTO BeLIECTBA (rasoo6-

pasHplil Gensou) . .. . . . 19,8 kraa/mors
2) mepBHUHOrO 3amemeﬂuﬂ H rpyuuou CH3 .. —45 »
3) samewenus H rpymmoit CH; B opromoio-

JKEHHH . . . —-6,3 »

4) 3ameleHHs }lByX rpynn CH3 rpyrmaMH COOH 2 (—87,0)»
5) samemwenus H B aByx rpynnax COOH rpyn-
mamu CHy . . . . . ... ... ... ..2:95 »

Cymmupys, ToOJyyaeM, YTO TelIoTa 06pasoBaHHA oO-juMeTHIdTasaTa paBHa
—146,0 kxaa/sone.

Pacuyer mo TensioTe cropanus jgaer —147,1 KKa/l/MO/Lb

TensoTel 06pasoBaHus OPraHKYECKHX COeMHEHWIl HauGosee PalHMOHANbHO pac-
CUMTBIBATb MyTeM MNPAMOro CJOMKEHHs SHePrud (WJM TEmJIOT) OTLENbHbIX CBs3edl B
MoOJieKyJle, TpPH KOTOPOM TILATENbHO YYMTHLIBAETCH BJHSIHHE COCEJHHX aTOMOB Ha
SHEPrHI0 NaHHOH CBSA3K (cM. cTp. 65).

IDMnUpHuecKue 3aKOHOMEPHOCTH HM3BECTHBI H AJIAi TEMJIOT CrOpPaHHS.

. T1. KonosasnoB (1924) nns BBIYHC/AEHMs TENJOT CropaHusi (ka4/moas) npen-
JNOXHUA Gopmyay:

AH = — (47 020m + 10 500n + x)

crop

Te M — YUCJAO aTOMOB KHCJOPOAA, HEOGXOAMMBIX [Js1 IOJHOLO CrOPaHUS JAHHOTO
BEILECTBY; 1 — UHCJI0 MoJieH oOpasylolileics BOAbl, X — MONPaBKa, XapakTepusyiomas
rOMOJIOTHYECKUH pAA.

* HasnoxeHHble cOOGpa)K€HWsi O 3HAUYEHHWH IMIHPHUECKHX 3aKOHOMepHOCTeH
HMeloT O6WMit XapakTep M CNpaBeAJWBH [Js 3aKOHOMEDHOCTeH YKAa3aHHOroO THMa B
caMblX Pas/JH4HBIX pasjenax (QH3HUKH H XHMHH.
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§ 5. dHeprusg XHMHYECKHX CBS3ei

TonsitHe anepeus xumu4eckol c6a3u o3HauyaeT (B NPSIMOM CMbIC/IE)
NPUPOCT SHEPTMH MOJS HHAHMBHIYaJbHOTO BellleCTBa NpPH pa3pylleHHH
OTZAEJbHON ONpele/IeHHON CBSI3H B Ka)XKJ0H MOJIeKyJie U IIDH B3aHMHOM
yhajenny oOpasoBaBLIMXCA JBYX 4YacTedl MOJeKy/bl. DTy BeJHYHHY
MOXKHO pacCuHTaTh H Ha €JHHHYHYIO CBA3b. Takas UCTUHHAA 3Heprus
OTHE/JbHOH XHMHYECKOH CBf3H B OFPOMHOM OOJIBLIMHCTBE CJAydYaeB He
nonjfaercs NpAMOMY oOMpejeeHHI0 (KpOMe IBYXaTOMHBIX MOJIEKYJI).
B ormenbHbIX Cayyasx AJs NMPOCTBIX MOJIEKYJ, COCTOSILIMX H3 HEMHO-
rMX aTOMOB, HeprHsl TOH HWJH HHOH CBfI3H MOXeT ObiTb OnpejeseHa
M3 CNIeKTDOB.

[ITpakTu4eCcKH HCNOJb3yeMble SHEPTHH XHMHUYECKHX CBsidel Cy-
11{eCTBEHHO OTJIMYHBI OT pacCMOTPeHHBbIX Bhille. [IpakTuueckas sHeprus
CBSI3H SIBJISIETCS TOH J0JIeH 3HEPrHH, MOTJIOIAaeMol MPH MOJHOH AHCCO-
UMaudd MOJIEKYJbl Ha cBOOOJAHBIE aTOMbi, KOTOpas NPHXOAHTCH Ha
IaHHyio cBs3b. CKJa[blBast BeJMYHHBI TaKHX SHePruil A/t BCeX XHMH-
YeCKMX CBSi3efl B MOJIeKyJle, OJy4yaeM TO XKe 3HaueHHe 3Hepruu (Ten-
JI0TH) 06pa30BaHUs MOJEKYJb H3 CBOOOJHBIX aTOMOB (aTOMHOM Teml-
Jotel 0o6pa3oBaHMfA), KOTOpOE HCNOJb30Ba/IM MpPH pacueTe 3SHEPrHH
csizell. [IyTh pacueTa aTOMHBIX TemJOT 06pa3sOBaHUS COeAUHEHHH GbLI
paccmoTpeH Bbime (cTp. 62). 3HasA aTOMHBIE TeMJIOTH OGpasoBaHH
coeIMHEHHH M UCMO/b3Ys 3aKOH [ecca, MOXHO HalTH 3HepPrHU CBsi3eil.

Hanpumep, paccuutath sHeprun cBsuzei C—H u C—C moxHO cienywoomum o6-

pasom. . N
HafineM aToMHble TelsOTH 06pa30BaHHs MeTaHa M 3TaHa, NOJAB3YsCh TEMIOTAMH

CJeYIOHUX peakuuit *:

C (rp.) + 2H,=CH,; AH} = — 15,99 xxaa I
2C (rp.) +3H, = C,H,; AH} = — 16,52 xxaa (10
C (rp)=C (r); AH} = 1727 xxaa (I11)
H, = 2H; " AH}, =103,05 kxax (V)
Kom6unupys ypabhenns 1—IV, noayuaem:
CH,=C (0 +4H; AHYy = 394,80 (V)
C,H,=2C (r) +6H; AHYy = 671,10 (VI)

TennoTw (3Hepruu) puccouHauuu Ha atombnl npu 0°K pasrbl cymmam sHepruit
BCeX CBfi3eHl B MOJIEKYJe. -

AHS, = 394,80 = 4E_yy; AHYy; =671,10=E¢_c +6Ec_y

Pelnas cucteMy M3 3THX ABYX YpPaBHEHUH, MOJY4YHM:
Ec—H = 98,70 xkxaa/monv; Ec_c=7890 KKaA/MONE

* [lpu pacyere HMCNOJb3YIOTCA 3HAUEHHs TEMJIOT peakuud,” oTnecenHoie k 0° K.
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3HaueHHs1 3Hepruii cs3ef, Koro'pble MoOrJii Obl OBbITh IOJIOMXEHb}
B OCHOBY pacueTa TelJOoT 06pa3oBaHHsl LIMPOKOTO Kpyra COeAMHeHHii
MOJIy4aloT KaK CpelHHe BEJHYHMHBI, BbIYHCJEHHBIE H3 ONBITHBIX TEPMO-
XHMHUYECKHX JaHHBIX 1Jsi GOJbLIOro YHCJa COeLMHEHHH NAHHOTO Psifia.
DHepruu HeKOTOPBIX BaXKHeMIIUX CBsA3ell, MOJy4YeHHble NyTeM ycpenHe-
HHA, IpHUBeJleHbl B cjenyouiel tabaune.

JHeprus XHMHYECKHX CBf3ed

dHeprus dHeprus

[03:F:E) Mousnekyana CBA3H [0:1:1:33 MouJiekyaa CBA3H
KKanr/monv KkKaa/moab

C—-H |Amkasm . .. ... 98,7 | C=N AMHHBI, HUTPOAJ- 65,9

KaHbl . . . . .
C—H |AnkeHsl . . . . . . 99,4 || C=N HCN; (CN), . . 207,9
C—H | Ankunn, HCN, CHCI, 96,3 | O—H H,O .. ... . 109,4
C—H |Bensonr ... ... 100,7 || O—H Cnuptel . . . . 104,7
C—Cl |Angkuaxjgopuas . . . 76,0 | O—F F,O .. .... 45,0
C—-Cl |CCly u CHCI; . . . 758 || O-Cl ClbO...... 48,9
C-Cl {COCl, . . ... .. 744 | O-0 HyOp. . . . .. 33,3
C—Br | AakuabpomMuas . . . 63,3 || S—H HS ... ... 86,8
C—-1 Ankuavonuas . . . . 47,2 || S—CI S,Cl, .. ... 71,0
C—C |Aunaxkauw (CN), . . . 793 || S=0O 80, . ..... 125,9
C—C |RCHO; RRCO . . . 83,8 S-S S.Cly. v . . L. 69,0
C—C |BeH30JbHOE KOJBLO . 116,4 | N—H NHj, amuyHb . . 92,0
C=C |AnkeHn . .. ... 140,56 | N=O Hurpoankans . . 103,9
C=C |Amunn . .. .. .| 1967

C—O | Couprh, npocThle = NO ...... 149,4
3QUPE . . . . . . 796 | N—N NOg.o v v v v 42,5

C=0 [RCHO; RR’CO . . . 168,7 || As—H |[AsHs; .. ... 47,5
C=0 [CO, ... ... .. 191,0 | AsCl AsCl; . . ... 60,3
CZ0 [CO ..o v v .. 255,8 || As—Br [ AsBr; . . . .. 51,8
As—1 Asl; . ... .. 33,1

As—As [ Asy . . . ... 15,1

Ananoruusble TaG/auLbl, TPUBOJUMBIE B Pa3JHUHBIX CIPaBOYHHKAX
u MoHorpaduax, CONepKaT BeJHUYMHLI SHEepPTHH CBs3el, YaCTO 3aMeTHO
pasnuyampliyecss Mexnay co6oi. [TpHumHOA 3TOro sABJAANOTCS, BO-TeEp-
BbIX, PacXoXJeHHe B BeJHYHHAX 3HEPTUH BO3TOHKH YIjepoja, MoJo-
JKEHHBIX B OCHOBY pacuera. JTH pAaCXOXJIEHHS HeCylleCTBEeHHbl /19
NPaKTHYECKOTO HCMOJNb30BAHUA TaOJHL, TaK KaK BJMAHHE 3THX BeJIH-
YMH 3JIMMHHHpYeTcs Npu o6paTHOM pacyeTe TemJoT o6pasoBaHHs coe-
JMHEHHH M3 MpPOCTHIX BELIECTB C NOMOLIbIO TOH HJIH HHOH TabJHUbL.
Bropoii, GoJsiee cyllecTBEHROH NPHYMHOM PACXOXKIEHHA (MeHee 3HAuH-
TeJIbHBIX), ABJSIOTCS pas3/iHyHble HaG0pEl HCXOAHBIX JaHHBIX, MOJNOXEH-
Hble B OCHOBY OTZAEJIbHBIX TaO6JIHIL.

Tax xak TaG/JHLbl COJAEpXKAaT CpelHHe BeJHYHHBI, TO pacCCYHTaHHbIE
¢ MX TMOMOUIbIO TEMJOThl 06pa30BaHMs OPraHUYECKHX COEIAMHEHHH CO-
aepxat omubky no 1—2 xxaa.

TouHocTh NMOXOGHBIX pacyeTOB CHJILHO BO3PAaCTaeT, €CJH YUeCTh,
Kak BJIHfIeT Ha 3HepPrHI0 JAaHHOH CBA3M ee OKpyXeHHe B MOJeKyJe,
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a MMEeHHO THUNBl CBSI3M aToMa YIJepoja, y4acTBYIOIMEro B H3yuaeMoi
CBSI3H, C APYrHMH aToMaMu (HampuMep, CBS3H oObluHas, ABOMHas,
TpoilHasi M T. 1.) M NMPHPOJA aTOMOB, CBSI3aHHBIX C aTOMOM yIJIepoAa.

B. M. TareBckuii nokasan (1851), uto CYIIeCTBEHHOE BJIMSIHHE HAa SHEPTHIO
CRSI3H MMeeT BANEHTHBI THN YuYacTBYIOIIMX B Hefl aToMoB. Tak, HM YCTaHOBJ/EHbI
tpu 1una ceasu C—H, pasnuyaiomuxcs no xapakTepy CBsiI3H aToMa yrjepona ¢

Apyrumit atomMaMu (KpoMe [JaHHOro aToMa BOZOpOAa), a HMeHHO—C—H; /C—-H;

=C—H. Bce Tpun THna pasauualorcs no BeanuuHe sHeprunm cBsgsn C—H. BosmoxHo
yCTaHOBJIEHUE MOJTHIIOB B 3aBHCHMOCTH OT TOTO, SIBASIETCA JH aTOM yrjiepoaa mnep-
BIYHBIM, BTODHYHBIM MJIH TPETHUIibIM.

AHanornuHbIM 06pa3oM YCTaHABJIMBAIOTCR THMBI M noaTumbl cBsszeft C—C. Cpen-
HHe 3HAUYEHHs SHEPIHM THNOB H INOATHIOB OCHOBHBIX CBfi3eli B MOJeKy/nax opra-
HHUECKMX COEJHHEHHIl PpACCYMTHIBAIOT HAa OCHOBe GOJIbIIOrO 3JKCNEPHMEHTANbHOrG
Martepuana Mo TEIJIOTAaM CropaHdA. 3HAas 3TH 3HAYEHHs, MOXKHO 10 METOAy, ONHCaH-
HOMY Bbllle (cTp. 65), ¢ GosplIOil YBepPeHHOCTbIO pPAaCCUHTHIBATL TeMJOThl 06pa3o-
B3aHHA COEJHHEHHH ¢ W3BECTHOH CTPYKTYpOH.

TOM cjyuae, ecJH SKCIepUMEHTAJbHO HafJeHa aTOMHa® TemIoTa oGpasoBa-
HUS COENHHEHHSl, CTPYKTYPA MOJIEKYJEl KOTOPOTO HEH3BECTHA, MOCJENHIOn MOXKHO
YCTAHOBHTB, CPABHHBAs ONbITHOE 3HAYeHHe ATOMHOH TEMJIOTH OGDA30BAHUA ¢ BbI-
YHCNEHIBIM B TNPEANOJIOKEHHH, YTO MOJIeKYJa COeJHHEHHS HMEeeT Ty WJIM HHYIO

CTIPYKTYpY.
§ 6*. TeunoTbl pacTBOpeHMs

[pu cMeleHHH IKUAKOCTEH M NpPH PAacCTBOPEHHH B MKHUIKOCTSAX TBEPABIX TeM H
ra30B NPOMCXOAMT MOT/IOWEHHE HIH BbiNEJeHHe TEMOThl, KOTOPOe HEPENKO AOCTHraeT
‘3HaUYMTENIbHON BeJHYMHBL. DTa TemIoTa OMNpele/sieTcss IKCHEepPHMEHTaJbHO NyTeM He-
MOCPEACTBEHHOrO CMelleHHs KOMIOHEHTOB B KalOpHMeTpe, a TaKXKe MOXeT ObiTh
BBIUMCJEHA W3 APYTHX TePMOJIMHAMHUECKHX BEJHYIiH.

“O6bluiI0 TEMJIOTa PACTBOPEHHS] DACCYUTBIBAGTCSI HA MOJb PACTBOPEHHOTO Belle-
CTBa, OAHAKO ANA PACTBOPOB JKUIAKHX KOMIOHEHTOB OHAa HEPENKO OTHOCHUTCS K OJHO-
MY MOJIIO pPacTBopa.

Tennota pacTBOPEHHs] 3aBHCHT OT OTHOCHTEJbHBIX KOJHMYECTB CMEIIMBaeMbIX
KOMIIOHEHTOB M OT TOTrO, ObIIM /M OHH BHayaje B3STbl B 'YHCTOM BHAE WU OAHH
U3 HUX BDOJIMJICA B PACTBOP C HEKOTOPON HayaAbHOM KOHLEHTpauueii.

TennoTa, BBIAEAIOUIASACS HMJIH MOIVIONAIOWLANACSA MPH CMEUIEHHM YMCTHIX BEILECTB,
HABIBACTCS UNTE2PAALHOL TenA0TO PACTOOPeHUs. 3aBHCHMOCTb WHTErpasbHOM Tem-
JIOTHl pacTBOpeHHs Qn OLHOTO MOJIfl BelleCTBa OT 4YHCNAAa MoJefi pacTBOpHTens n
MOXKET OblTb BhIpaKeia SMOnpHYecKoli (opmyaoi. Bua sTofi (popMyabl B ciyuae
CMEjUEHNs PA3HbIX BEIEeCTB MOXEeT ObiThb PA3/JHUHBIM.

Uspectna ¢opmyna Tomcena aas Temnotshl pacrsoperus CuCly-2H,O B BOe
¢ o6pasOBaHHeM pacTBOpa, Cojepikallero n Mosae# Boabl Ha Moab coau (CuCly):

— 10 Kan (11,5)

U3 stoit ¢opmyas caenyer, uto pacrBopeHue CuClp-2H,O B 8 moas Bogbi
(pactBop coaepxutr 10 moss Bomel Ha | Moab CuCly; n=10) compoBoKaaercsa mo-
rnouwenuem 800 kar TenaoTwl.

Ilpu pacTBopeHHH 3Ke B OueHb OOJLIIOM KONHYeCTBe BOJAM (R=00) BHI O e-
naeTcsa 4223 kaa tennotel. Takem 06pa3oM, 3HAK HHTErpasbHOM TEMIOTH PacTBO-
peHHs MEHSeTCS Npy W3MEHEHHM KOJHYECTBA DACTBOPHTENs; TEMIOTAa DACTBOPEHHH
npu n=14 paBHa HyJIO.

TennioTa pacTBOpeHKs MOJs BelllecTBa (YCJOBHO CHYHTAEMOTO BTOPBIM KOMIIO-
HEHTOM) B ouelib GOJIBIIOM KOJIHYECTBE PacTBOPAa HEKOTOPOH MOCTOSIHHON KOHLEHTpa-
dHH (M) MOAb DACTBOPHTE]S HAa My MOA4b DACTBOPEHHOIO BellleCTBA) HAa3blBaeTcA
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Oupdepenyuarbrol wau nAapyuarbroi Tenaoroli pacteoperus (Qq). dtomy onpe-
JIeNIEHHIO COOTBETCTBYET PaBEHCTBO:

% =(G), 0,

ApanornyHas BeJHYHHAa IJA PAacCTBOpHTeNs (NepBOro KOMITOHEHTa) — TemioTa pac-
TBOPEHHS MOJIA PACTBOPHTENs B PAacTBOPe MOCTOSHHOA KOHLEHTDAUUH — HA3LIBAETCA
napyuaaskor unu Oupgepenyuarvrol Tenaotoi pasbasaenus (Q,). IMapunanbubie
TEMJOTH He MOryT ObITb ONpPEeJeJeHB MeTOLaMH KaJOPHMETPHH M BBIUHUCJSIOTCA
M3 MHTErpajbHbLIX TENJOT WJH H3 JPYrHX AauHbiXx. Tak, u3 ypaBHenus (II,5) wuau
eMy MNOAOGHLIX AHGbdepeHUHPOBAHHEM HeMoCpeICTBEHHO MNOJAydYaeTcs TeMIOTa pas-
6aBnenuss (ny=n; ny=1):

61___(6Q,,) - — 50232124
T

(n +11,24)2

an (11, 6)

Vpasuenne (II,6) noxkasbiBaer, YTO nNapuHa/ibHasf TemJIoTa pa3GaB/jeHHs paBHA
OTHECEHHOMY K OJHOMY MOJIO pPacTBOPHUTEJs] H3MeHeHHI0 HHTErpasbHOH TenaoTsl
pacTBopenusi Moss BellecTBa dQn NpH GeCKOHEUHO MAajOM H3MEHeHHH Macchl pac-
TBOpHTenss dn. DTa BeJWYHHA paBHa HYMO NpU GECKOHEYHOM pasBeleHHH U
—236 xas B mouTH HacwileHHOM pacTeope (n=10) CuCl,.

[Mapuna/jbHyio TemioTy pacTBopeHuss Qg MOXHO HANTH MO ypaBHEHHIO:
Q:=Qn—nQ (I, 7)

B GeckoneuHo pa3GaBNeHHOM pacTBOpe Q:=Qn—w=—4223, a B mMOYTH HaCH-

menHoM pacteope (n=10) Q=3160 xas ST BeNHUHHHI, CHJBHO pasNHYAIOLIMeCs
MexAy CoGofl, HAsHIBAIOTCSA Nnepsoli W nocaedHell TeNAOTaMu PACTBOPEHUS. -

3uaHue TENJOTHl DPacCTBOPEHHSl COMM B Boje (MM APYroM pacTBOpHTene) H
91eprHH KDHCTa/JJIWYeCKON peUIeTKH TOH e COJMH HaeT BO3MOXHOCTb BBIUHCIHTB
TENAOTY COAbBATAYUW CONH, T. €. TEIJOTy 06pa3oBaHUS CONBBATHBIX 060JIOYEK BO-
KpPyr HOHOB COJMM NpPH HX B3auMoleficTBuM ¢ pacTsoputesneMm. Hanpumep, Temsnora
COJIbBATALMH XJOPUCTOrO HATPHSA COOTBETCTBYET MPOLECCY: h

Na* (r) + CI™ () + aq=Na* aq+CI” aq
e e—— ————

ras3oo6pa3Hble HOHbI pa36GaBieHHBbI pacTeoOp

Hcnonb3yss OfMH M3 ILMKJOB, HM300pameHHbIX Ha- puc. 11,2, MoxeM 3amHcaTh
—OpaCTB+U+QCO-ﬂbB=0 H MO0 JaHHBIM pHC. 11,2 (QpacTB'—:O,S; U= 184,5) Ha-
xo1uM Qc o np 5=—183.7 KKaa/mone.

§ 7. 3aBucuMoOCTb TEMJIOTH MpoLEcCa OT TEMNEpPaTyphbl
(ypasHenne Kupxrodda) :

PaccMoTpeHHBle Bbllle TENMJIOTH XMMHYECKHX peakuui (M Apyrux
TNPOLIECCOB) SABMASAIOTCS TeNMJOTAMH H30TEePMHUYECKHUX MNPOUECCOB
¥ 3aBHCAT OT TeMNepaTyphl, IPH KOTOPOH Mpolecc MpoTeKaer.

JIlnsi BbISICHEHHS! 3aBHCHMOCTH TeNJOTHl PeaKUHH OT TeMIepaTyphl
nponuddepenuupyem ypabrenua (II,1): Q,=U,—U; u (II,2);:
Qp=H;— H, no temneparype npu NOCTOSIHHBIX U HJIH p COOTBETCTBEH-
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Ho. [lpunumas Bo BHumanue ypasHenus (I,19) u (I,40), noayuaem
0Qy (OUZ),(GU.)_
( oT )'0— oT v oT v—cv.z C'U;l (II’B)
Q 0H, 0H,
( < =( - =Cp,2—=Cp,1 (I1,9)
oT ), \7oT ), \7oT ),
3necs C, u Cp — MOJIbHBIE TENJOEMKOCTH NpPH NOCTOSIHHBIX 06beMe H
nassenud. naekcol 2 1 1 OTHOCATCSA K COBOKYNHOCTSIM KOHEUHbIX M Ha-
yaJbHBIX YYaCTHHKOB peakUHH NpH NocTostHHOH Temmepartype T. Cue-
noBaTenbHo, BeqnuuHbl C, o U C, 1, a Takke Cp g u Cp 1 ABISIOTCA
COOTBETCTBEHHO CYMMaMH TEIJIOEMKOCTENl KOHEUYHBIX MPOAYKTOB H

HCXOAHBIX YYACTHHKOB PEaKIHH M MOIYT ObITb 3alMUCaHbl" CJAENYIOUINM
o6pasoM:

o
Cpo—Cop 1= 2 VECh k= D VeCo = zi, vCo s (11, 10)
K H

Cp.2_ Cp. 1= 2 VKCp. K 2 vucp, Ho Z V,'Cp,g (11, 11)
K H i

WHEeKCHl ; M y OTHOCSITCS COOTBETCTBEHHO K KOHEUHBIM H HayaJb-
HbIM NPOAYKTaM PeaKLHH; HHIEKCH ; — KO BCeM yYaCTHHKaM peakUHH;
Vi, Va M Vi — KO3Q(PHIHEHTbl CTEXHOMETPHUYECKOrO YpaBHEHHS XHMMYe-
CKOH peaKIHH.

CyMMBl 2 H ) COOTBETCTBEHHO OXBATHIBAIOT BEJHYHHBI /s

K H

KOHEeUYHbIX W HaydaJbHBIX YUYAaCTHHKOB peaKLHH, 2 — 3HaK a.nre6paw-1e-
i

CKOll CyMMbl BEJHYHH A/ BCeX YYaCTHHKOB pPeaKLHH.
Takum o6pa3om, 3aBHCHMOCTb TEIVIOTHI XHMHUYECKOH PpeaKUHH OT
TeMIepaTypbl BbIpAXKaeTcs CJIeNyIOUIMMH YpaBHEHHSIMH (ypasHenus

Kupxeogpa):

a a
( GQTW )1, =57 AU, =Tv,Cp (11, 12)
0Q b}
(a—Tp) =57 &), =vC,, (1, 13)

Huas pacueros Tensor peakuuu ypasnenus (II, 12) u (II, 13) moa-
XHbl ObiTb MNpoHHTerpupoBaHbl. OrpaHuuuMcs B JajbHedLIeM pae-
cmorpenuem ypaBHenus (II, 13) m or6pocum nHgexc p.

BeanuuHy Zv;C; MOXKHO CYMTaTb He 3aBHCALIEH OT TeMIepaTyphl,
ec/qii MOC/AefHssT M3MeHAeTCs B HeOOJbIIOM HHTepBase (HECATKH rpa-
nycos). Torna

T2
Q7 =Q + [ 2v,C, 0T = Q7 +2(%,C,)(T,~ T)) (11, 14)
Tl
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Bennuyuna Xv;C; fiBNfieTCs NepeMeHHO! BEJIMYHHOM, Korja Temre-
paTypa M3MeHsieTCsl B LIHPOKOM HHTepBaJe; TOTAa [/ HHTErPHPOBA-
nus ypaBHeHus (lI, 13) Heo6Xx0omHMO SHATb 3aBHCHMOCTH TEIJIOEMKO-.
cTell OT TeMIepaTyphl.

B mupokoM uHTepBasie TemmepaTyp (He CJAMIIKOM HH3KHX — Bbllle
200° K) 3aBHCHMOCTH TeNJIOEMKOCTEH YHCTHIX BELIECTB OT TeMmIepa-
TYpbl MGTyT ObITb Bblpa)KeHbl SMIHUPHYECKHMH CTEeNEHHBIMH psilaMH
[cm. ypaBuenus (I, 35) ctp. 46.]. Anre6panuecKyo CyMMy TEMIJIOEMKO-
CTell MOXKHO T&KXKe BBIPA3HUTb CTENEeHHbIM PSNOM:

Sv.d
2v,Cy=2v,a, + 2v,b, T+ Svie, T2 + —L (11, 15)
[Mocne MOACTaHOBKU 3TOrO BblpaxkeHHs B ypasHenue (II, 14) u unre-

rPHPOBAHHUS MOJYYHUM:
T
2

AN (Zve)) v,
QT.2=QT.I+[(zviat)T+ o P+ ——a—T— T]

T| B
D |2
f T Tl

Ivib;
3nech A, B, E, D — cuMBoJIbl BeJIMYHMH Zv;a;, 5 “u T L
Cuuras npenes uHTerpupoBanus To=T Texkywum, a npegen Ty —
IIOCTOSIHHBIM, TOACTABUB 3TH NPELeJbl U 06beAUHSIA NOCTOSHHBIE YJEHDI,
NOJNYYHM:

D
T,

D

% =[QT1‘AT1-BTf—ET?+ ]+AT+BT2+ET3—?=

= Qo+AT+BT2+ET3—% (11, 16)

[Mocrosnubiil umen Qo HaA3bBIBAIOT HHOTAA TEMJIOTON peakUHH OpH
0° K, HO Ha caMOM [esle OH He SIBJISIETCA TAKOBOH, TaK KaK HCNOJL3O-
BaHHble AJA cocTaBienns ypaBHenusi (II, 16) smnupuveckue ypasnue-
HUS TeMmJOeMKOCTeH HempUMEHHMbl NPH HH3KHX TeMmepaTypax. Kpowme
Toro, skcTpanoasuusi K 0 °’K HeBO3MOXKHa TIpPH HAJHYHH YJICHOB C OTPH-
uaTeJbHbIMU CTeNEeHsIMH TeMnepaTypsl. TakuMm o6pasoMm, Qu— mpocro
CBOGO/IHBIA Y/eH 3MIHPHYECKOTO YpaBHEHM#, MPHUMEHHMOTO JHLIb NpH
He CJMIIKOM HU3KHX TeMIepaTypax.

Bennunna Qr CpaBHHTENBHO MasJo HM3MEHsleTCl C TeMIepaTypoi;
3TO MMeeT MeCTO AJs GoJsblleli YacTH XHMHYECKHX peakuuit. B rex
C/y4asx, KOrja YHCJAO M THI MOJIEKY/l He M3MEHSIOTC B pesyabTaTe
peakuud, nanpumep npu peakuusax Np+O0;=2NO u H;+Cl,=2HCI,
H3MeHeHHe BeJUYHHB Qr OCOGEHHO MaJo.

HalaeMm TenjoTy peakin

Cu (1) + /305 =CuO (1)
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npu 500 n 1000° K. Temora sroit peakunu npu 298°K paBHa Ques=—37 500 xa4.
3aBucuMocTh TemjoeMkocTed Cp OT TeMmepaTypbl HMeeT CJEAVIOLULMA BHL:

BeurecTso Cp =f ()
Cu (1) 544 + 1,46 - 107°T
0, 8,27 + 0,26 - 1073T — 1,88 . 10°/T2
CuO (1) 10,87 + 3,58 - 1073T — 1,51 - 10°/T? '

HanunueM BbipakeHHe JJisi CYMMBbl TeNJIOEMKOCTeH:

=,y 1=C, cuo— Cp.cu—"12Cp, 0, = 1,30+ 1,99+ 107°T — 0,57 - 10°/T*

TloactaBuB 310 Bhipaxkenue B ypaBHenue (II,14) u uHTerpupys, noayuum:

Qq = —37 500+ [1,30T + 0,99 - 10772 0,57 - 105/T]1og

INoncTaBasieM Npeaenbl HHTEPUPOBAHHA M OOGbefHHSEM MOCTOSIHHbIE YJEHBI

Q= — 38170+ 1,307 + 0,99 - 107°7% + 0,57 - 105/T

Orcioga npu 500 1 1000° K nonyumm:
Qs0o=—37159 kar u Qyg00=— 35823 kax

M3MeHeHHe TENJIOTHl peAaKUUHM C TeMIepaTypoH MOXHO Jerko pac-
cudTaTh NO ypaBHeHHIO Kupxrodda, nospsysice tabiaunaMu BeJHYHH
T

Cyon. 1 BENHUHH -;— f CdT or 0 no T°K kak ¢yHKuuii napamerpa

0/T no ypaBHeHHAM l'I.naHKa—-SnHmreuHa u He6Gas (cm. cTp. 47, 48),
ec XapaKTepHCTHYECKHe TeMnepaTyphl @ yYaCTHHKOB PeaKIuH H3-
BECTHBI.

Hafinem, HanpuMep, TeMOTY, NpeBpalleHus Ceporo ojosa B Gesoe
Sn (@) —> Sn (f)

npn 0°K, ecan npu 19%9C (TemmepaTypa mpeBpallleHHsi) 3Ta BeJHYHHa paBHa
522,5 kaaf(e-ar).

DKCNepUMEHTaJAbHEIM BeJHYHHAM TeNJoeMKOCTell MOAM(MKALMA os0Ba HaHayy-
WwHM oGpasom oTBeuaioT komOGuHauuu ¢yHKuui Ilnanka — Dittelina u [ebas ¢
[LBYMsl XapaKTeDHUCTHUECKMMH TeMrepartypaMu A8 KaxKAoH MojubHKaLHH:

Sn (a): Cp=—D(2?.0)+ ! D(76)+12 10747%2

Sn (B) : c,,_gp('oo) 3p5('6°)+12 10747

rae D — ¢yukuus Ie6asi; PE — dyukuns [lnanka — DiiHmTelina (nocnenuve yaeHsl
ypasuennii paBubl Cp —C,, H HeobGxomumbl 1as nepexoga ot C,, npaBaeMmoro
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KBAaHTOBOM TeopHell, K onuiTHOR Benuunte Cp). Ilo sakony Kupxrodda:

T 3U, (ﬂ)

T
1 T
Qr=Qo+ [ €, dT= [ Cpadl=Qo +T |5 —m—L+
0 0
160 280 76
1 () 5 W (*F) 1 30(T)
) T 4 T 4 T

/
(Y1poense ¢yuxuuit Up u Upp neo6xonumo ns yyera KoseGaHufi mo TpeMm Koop-
JHHATaM.)
INoacraBus T=292, HaxopuM mno Tadauuam * 3sHauenuss ¢yHkunn Upg u Up

100 160 N JE—
ANSl apryMeHTOB oo, Soo M T. L. H YUHM:

522,56 = Qo + 292 (2,612 + 2,229 — 3,108 — 1,350) = Q 4+ 292+ 0,383 = Qo + 112

Orciona
Qo =410 kaxr/(2-ar)

rae Qo — 3TO pasHOCTb SHEPTHi IPaMM-aTOMOB O0JIOBA B JBYX MOXMHKAUHAX MpH
aGecoaotHoM Hyje. OHa sABAAeTCSl peanLHOM BeNMYMHOM B INpefesnax HETOYHOCTH
YP@BHeHHUH, T. €, OTpaXkaeT AcHCTBHTE/JbHbE JHEPreTHYeCKHE COOTHOLUEHHs NpH abco-
JIIOTHOM HyJe.

§ 8*. Kasnopumerpus

PaspaGoTka MeTOJOB 3SKCIEDHMEHTAJbHOrO ONpeJeJNeHHsl TeIJIOT XHMHYECKUX
peakuuit, TemynoT (has3oBbIX NpeBpalleHHH, TENJOT pacTBOPEHHS H TeMJIOeMKOCTel,
a TakxKe H3MepeHHe ITHX BEeNHUYHH COCTaBJIseT cojlepxaHue xasopumerpuu. [lpsMoe
SKCIepUMeHTaNbHOe ONpefeseHHe TEMJIOTH Npoilecca (ecau OHO BO3MOXKHO) SIBJISET-
cq, KaKk NpaBHJIO, Haubojee TOYHBIM METOJOM HAXOXK/EHHsS 3TOH BaXHOH BeNHYHHEL
Huxe paercss KpaTtkass XapaKTePHCTHKA OCHOBHBIX KaJOPHMETPHYECKHX METOXHK.

AOCHOBHO!M YacCTbi0 KaJOPHMETPHYECKOH YCTAaHOBKH sABJAeTCA Kajopumerp. Tunb
¥ GopMBl KaJOPUMETPOB pa3HOOOpasHb. B mpocTefimieM cayuae KanopumeTp nped-
cTaBaseT coOOH COCYH, HANOJHEHHbII KaJOPHMETPHYECKOA XKMAKOCTBIO C H3BECTHOH
TEIJIOEMKOCTbIO H OKDYXKeHHBIi Maj0 mpoBoAslled TemnoTy 0GOJIOYKOH (BMECTO co-
cyJa ¢ XHIKOCTbIO MOXET NPHUMEHATbCA MAacCHBHOe MeTajlHueckoe Tejo). Ksyuae-
MBIl TIpoliecc NPOBOAHMTCS Tak, YTOGH! TelJOTa NpOiecca MO BO3MOXKHOCTH ObICTPO
M TOJIHOCTBIO OT[aBajach KanopuMmeTpy (MJIH OTHHMajaacb OT Hero); OCHOBHOW H3Me-
psieMoii BesMUHHON SABJSieTCS H3MeHeHHe TemmepaTypbl Kamopumerpa AT. 3uasi Ten-
JIOEMKOCTb KaJIOPHMETPHYECKON CHMCTeMBI, T. €. COBOKYMHOCTH BCeX 4YacTeHl KaJjopHu-
MeTpa, MeXIy KOTODHIMH pacmpejessieTcsl NOrJoilaeMas TemaoTa (Tak HasbiBaeMoOe
Tena0goe 3nauenue Kasopumerpa W), monydaoT H3Mepsemylo Temiaoty Q:

Q=WAT

D10 ypaBHeHHe CNPaBeJUIHBO TOJBKO B OTCYTCTBHe Tensoo6MeHa KaJjoplmerpa ¢
okpyxatoweh cpenofi. [Ipu pacyetrax Heo6XxoaHMO BBeJeHHe PfAa TIONPAaBOK, CaMOH
B4XXHOH U3 KOTOPHIX fIBJISIETCS MONpaBKa Ha TeNJIOOOMEH.

MHorouucneHHble, BecbMa DPa3/H4YHble MO CBOEMY YCTDOHCTBY THMbI KaJOpHMET-
POB MOXHO pasfeNHTh Ha JBa OCHOBHHIX THNA — C TMOCTOSIHHOH TeMmnepaTypo# (Ha-
npHMep, JieAfHOM KaJOpuMeTpP) M c nepemeHHoH Temneparypofi. [Ipu pabore ¢ mo-
CJIEJHHMH TIPOBOAAT SKCIEDPHMEHT OJAHHM H3 JBYX CMOCOOOB: JHaTepMHYECKHM (Mo

* TaGauubl 3navenuit atux ¢ynkuuit cm. B [Iprnoxenun 5, crp. 573,
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cTapofl TEPMHHOJOTHH — H30TEDMHMUYECKHM) WM afnaGaTudeckuM. [lis mepBoro cro-
cofa xapakTepeH OOMeH TEIJIOTOH C KaJOPHMETPUYECKOH OOGOJIOYKOH, KOTOPHI
HCOOGXONHMMO TILATENbHO YYHTHIBaTh. IIpH apuaGaTHyeckoM crocoGe H3MepeHHS Tel-
JI0OGMEH yCTpaHseTCs H INONPABKA He HYXHa.

Ilepexomsi K KpaTKOM XapaKTepHCTHKE OTJe/NbHHIX METONMK, OCTaHOBMMCS Ha
onpejeJeHHH TEIJIOT TOPEHHs OPraHHYeCKHX coelHHeHu#. Baxuoh wacTbio KanopH-
MeTpa B 3TOM cJayyae fIBJIsieTCsi KajJopUMeTpuueckas Gom6a, npeasoxenHas Beptio
Iisl ONpefie/ieHHss TEeNJIOT ropeHHs B Kucaopoje noj aasjenveM 20—30 arm. B ka»
JopuMeTpuyeckoli 6oMGe NMPOBOAATCS COXKIKEHHSi OPrallMuecKux BellecTB, MeTaJlIoB,
MeTaJJIMieckKHX CyJabGUAOB, HHTPHIOB, XJOPH/IOB; TPOBOAATCS TaKkKe peaklUHH 06-
pa3oBaHUsl HUTPHIOB, CYyJb(HAOB, CHIHIMLOB H IP. ‘

Onpenenenne cpejpHell TEMIOEMKOCTH TBEPABIX H KHIKHX BeEIUECTB IIPOH3BO-
IUTCA OGBIYHO NO MeTony cMemledusi. Kamopumerp, mpeaHa3HayeHHBI JJis 3Toilt
Lead, NpeAcTaBaseT cO60H MeTaJJMYECKHH UHJIMHAD C BHYTDEHHHM yrayGJeHHeM
IJ NpHeMa MCCIeNyeMOro BelllecTBa. KasnopuMmeTp MNOTpyXeH B MacjsiHylo G6GaHio;
Haj HMM HaXONWTCHA Teyb, B KOTOPOH HarpeBaercss o6pasell H3yyaeMOro BeLIECTBA.
Mexay meybl0o M KaJOpDHMETPOM HAaXOQMTCA OXJaxKJaeMas BONOH 3ac/OHKA, KOTO-
pas OTOABHraeTcsi B TOT MOMEHT, KOrja Harpetoe Tej0 NajgaeT B KaJOPHMETD.

[lIupokoe NpHMeHeHHe HAIIIH METOXbl ONpeleNeHHs HCTHHHBIX (TOYHee — GuH3-
KHX K HCTMHHBIM) TerJIOEMKOCTell NyTeM HemocpeicTBeHHoro HarpeBa. OGpasey B
BHIE TNOJOr0 LMJIHHAPA MOMEIIAOT BHYTPb MEAHOTO LHAHHAPA, TEPMHUYECKH H30JIH-
poBaHHOro OT o6pasua. O6Ga Tena HarpeBaloTCsl € NOCTOSHHOR CKOPOCTBIO B 3JI€K-
TpCNeYd, a HceaejyeMoe Teslo JOMOJHHTENbHO MepPHOAHYECKH HarpeBaeTcst TOYHO
KOHTPONMPYEMBIM TOKOM Yepe3 ChellMaJjbHHIA HarpesaTesb Tak, 4To HeGosbluas pas-
HOCTb TemmepaTypsl o6pasua u 6/0kd, MOCTOAHHO KO.1€6/1Ch OKOJMO HYJf,, MPOXOIUT
nepuoaMYecKH uYepe3 HyJab. B 3TH MOMeHTH Temn0oo6MeH He NMPOHCXOLHT, H OTHOMIe-
HWe MojaBaeMoil B oOpasell TeMJOTb K MNPHPOCTY e€ro TeMnepaTypbhl 3a MaJblil
MPOMEXKYTOK BPEMEHH eCTb BeJHYHHA, GJHM3Kas K €ro HCTHHHOH TEeNJOEMKOCTH.

Bce Gosbllee mprMeHeHHe, 0cOGeHHO NpPH BBHICOKHX TeMmmepatypax (mo 800°C),
HAXOAAT anuaGaTHYECKHe KaJOpUMETpHI, 060JIOUKA KOTOPBIX, TaK e KaK W caM Ka-
JIOpUMETP, HarpeBaloTCs ¢ MOMOIMBIO CHElHaNbHHIX 3/JEKTPHUECKHX HarpesaTeseil Tak,
4yTOGbl pasHOCTh MX TeMmepaTyp Obl1a OYeHb MaJa.

Oco6ble mperMyllecTBa aaeT NBOHHOM anHabaTHYECKHH KaloOpHUMETp, COCTOSIIHA
M3 ABYX, MO BO3MOXHOCTH HIEHTHYHBIX KaJOPHMETPOB, B OJHH M3 KOTOPHIX MOMe-
waloT OGBEKT HCCJeOBaHHS, a BO BTOPOA — GJMH3KOE MO TENJIOBLIM CBOHCTBAM Be-
L{eCTBO, HE WCTBbITHIBAIOllee B H3yyaeMOM TEMMepaTyDHOM HHTepBaJjie XHMHYECKHX
uau (Ha3oBBIX H3MEeHEHHH, CBA3aHHBLIX C IOIJIOIIEHHeM HJH BblJeJleHHeM TelJOTEHL
TensoTa mnpouecca omnpeaensieTcss 3SHepruell 3JeKTPUYECKOro TOKa, MOJNaBaeMON BO
BTOpOft KajopuMeTp M obecrneunBaiouiefi MOCTOSHHOE DPAaBEHCTBO TeMMEpaTyp o0GOHX
KajopumerpoB. [IpH 3ToM yc/I0BHM NOJAaHHAS BO BTODOHM KalOpHMETP SHEPTHsl PaBHA
TenJIOTe, BHIIENEHHOR B NEPBOM kajopuMeTpe. B Takom karopumeTpe MOMKHO u3y-
YHTb He TOJNBKO CYMMAapHYIO TeMJoTy mpolecca, HO AJf AOCTATOUYHO MEeNJIEHHO HAy-
IIHX MPOLECCOB M TeUeHHe ero BO BpeMeHH, T. €. KHHETHKY *. ‘

* Bosiee noapoGHble CBefleHHS O KaJOPHMETPHYECKHX METOAAX MOXHO TOJYYHTH
B kHure M. M. TlonmoBa, TepMomerpus M Kamopumerpus, Hsa. MIY, 1954.



FTABA 111
BTOPOH 3AKOH TEPMOAHWHAMHUKH

§ 1. CamonpoH3BOAbHbIE H HECAMONPOU3BOJbHBIE MPOLECCHI

M3 nmepporo 3akoHa TepMOAMHAMHMKH W BbITEKAIOIIHX H3 HEro 3a-
KOHOMepHOCTell oOMeHa 5Hepruell MexAy TeJaMH IpH PasJHUHBIX MPO-
leccax He/b3sl Cle/18Tb BbIBOZA O TOM, BO3MOXeH JH, BooOile rosops,
AaHHbIH NPOLECC H B KAKOM HaNpaBJeHHH OH IpOTeKaer.

Mexay Tem peasbHble NPOLECCH NMPOTEKAIOT B ONpeJeseHHOM Ha-
npaBJieHHd H, KaK NpaBHJO, He H3MEHHB YCJOBHH, He/lb3si 3aCTaBHTb
npouecc NoiTH B 00paTHOM HamnpaBjeHHH, «BepHYTbca BcnATby. [lo-
5TOMY OYeHb BaXXHOH [/ HayKH W TEeXHUKH SIBJIIETCA BO3MOXKHOCTb
npeJBUAETb HalpaBJeHHe TOTO HJIM HHOTO Npouecca.

PeasbHbie * nponecchl SBJAKTCA, KakK 3TO YKasblBaJoCh Bbllle
(cTp. 27), HepaBHOBEeCHBIMH NPOLIECCAMH.

HepaBHoBecHble Tponecchl (HEemoCpeACTBEHHbIH Mepexof TeM/IOThl
OT Tesla c GoJlee BbICOKOH TeMIepaTypol K Tesy ¢ 6Gojiee HH3KOM TeM-
nepaTtypo, npespallieHHe paboTbl B TEMJOTY NPH TPEHHH, CMeELIeHHe
ABYX Ta30B, B3pbIB I'DeMyvero rasa M Ap.) HpOTEKAIOT C KOHEeuHOH,
HHOTAa GOJIBIION CKOPOCTBIO; MPH 3TOM CHCTeMa, SIBJASIOLLASACA Hepas-
HOBECHOH, M3MeHssCh, NpubanKaeTca K paBHoBecHo. C HacTyl/eHHEM
paBHOBecHsl (HampHMep, CPaBHSIOTCA TeMIepaTypbl Tes, OOMeHHUBAalO-
IHXCA 3Hepryedl B (popMe TEIJIOTHI; MeXaHHYeckoe NBHXKeHHe OJaro-
Japs TPEHHIO NMpeKpaTHTCA M TOJHOCTBIO NepeiifieT B MOJEKYJApHOe
JIBUXKEHME; [Ba ra3a B pe3yabTaTe CMelleHHs AaAyT PaBHOMEPHYIO
CMeCb M T. A.) MpOLeCC 3aKaHYNBAeTCsl.

OueBHHO, 4TO 'BCe HepaBHOBeCHble MpPOLECCH MPOTEKAlOT B Ha-
[paBJeHUH AOCTHKEHUS] PaBHOBECHS H MPOTEKAIOT «CcaMH COOOM», T. e.
6e3 Bo3jeiicTBus BHellHe#l cuiyibl. OYeBHIHO TaKiKe, UTO OGpaTHBIE MO
HampaBJ/eHHIO Npolecch (Mepexof TemJIOTbl OT TeJa C HHU3LleHd TeMIle-
paTypoil K Tesly C BbICIUell TeMIepaTypoH, CaMONpOH3BOJIbHOE pa3sje-
JieHKHe .KOMIIOHEHTOB ra3oBOfl CMeCH M T. A.) OYAyT yAa/iaATb CHCTEMY
OT paBHOBeCHs, H, Ge3 BHEIIHEro BO3JAeHCTBHSA, «CaMH cOOOH» He MOTYT
noiitu. [lepeuncienHble Bbllle NpOLECCHl H UM NOAOOHbIE, MPOTEKAlO-
upe camMu coboil u npub/IMKAKOLIHE CHCTEMY K PAaBHOBECHIO, SIBJIAIOTCA
Camonpous3sosbHoiMu, OHH HA3LIBAIOTCA Takxke nosoxcuresvroimu. Tpo-
IecChl, He MOTylHe NMpOTeKaTb CaMu co0oH, 6e3 BO3LEHCTBHS H3BHe,
yAaJsolide CHCTeMy OT PaBHOBECHS, 3TO — HECAMONPOU3BOLbHLIE TIPO-
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1ecchl, HasbiBaeMble TaKxKe oTpuyaresvHoimu*. B ns3onaupoBaH-
HOH cucTeMe, Tle HCKJIIOYEHbl BHelllHHe BO3AeHCTBHS, MOTYT NpoTe-
KaTb TOJIbKO CaMONpPOU3BOJIbHBIE (MOJMOXKHUTENIbHBIE) Mpoueccht **,

Takum o6pasoM, MO 3SMIHPHYECKOMY MPHU3HAKY — BO3MOXHOCTH
npoTeKaHus npouecca, 6e3 CONpoBOXKIEHHA KAaKMM-IW60 APYTrHM MNpoO-
11eCCOM, BCe peaJsibHble MPOLECCH AeJSATCS Ha ABA THIA — NOJIOXKHTENb-
Hble M OTpHlLaTeNbHble. PaBHOBeCHbIE Mpolecch, OYEBHAHO, JieKaT Ha
rpaHylle MeXJy YKa3aHHbIMH [IBYMsl KJaccaMH MPOLECCOB, He OTHO-
csicb K KaKoMy-nub0 H3 HHUX (BepHee, coelyHssi B cebe mnpoluecch
060MX THMOB) ***,

Tak, paBHOBecHbIi W o6GpaTuMBIi UMKA KapHo o6bennHsieT nBa
npouecca; cam coboi HAyLIHH, CaMONPOU3BOJbHBIH MpolLecc nepexoia
TenaoTsl Qp OT HarpeBaTenst K XOJOIUJIBHUKY U caM cOB0l He MAYIUHH,
HeCcaMONpOM3BOJIBHBIA MNpolecc npeBpalleHHsi Temyaotol (Q; — Q) B
paboty (0o6a nmpouecca uayT uepe3 pabodee TesO0 LHKJA, KOTOpOe §B-
JIsieTCsl CHCTeMOo#l, HaMH pacCMaTpHUBaeMoii).

ITOT HECaMONpPOH3BOJbHBIH MPOLECC NPOUCXOAUT 3a cyeT 0Obenu-
HEHHOTro C HHM CaMOMNpPOHM3BOJILHOTO Mpolecca, KOMMNeHCUHpYyeTC d
uM. TakuM o6pa3om, B PaBHOBECHOM IIpollecCe HMMeeT MeCTO KOMIIeH-
calMs HeCcaMONpPOH3BOJBHOTO OTPHIATENbHOIO IpoLecca CaMOMpPOH3-
BOJIBHBIM TTOJIOXKHTENbHBIM.

Ecau nmeercss BO3MOXHOCTb 1O KaKOMY-JAH60 TNpPH3HAKY OTHECTH
N1060i1 MHTepeCyIollHii Hac MpoUecc K THNY CaMONpPOU3BOJBHBIX MpO-
neccoB (a oOpaTHBI — K HeCcaMONPOM3BOJIbHBIM), He HCHBLITHIBAS Ha
onbiTeé BO3MOXKHOCTb TOTO HJH JAPYLOro, TO MOXHO MpeACKa3aTh
HanpaBJeHHe Nporecca. JDTy BO3MOXKHOCTb JaeT HaM 8To-
oLl 30KOH TePMOOUHAMUKLL.

'§ 2. BTopoii 3aKOH TePMOAMHAMHKH

Haunbosee uacto BCTpeuyaloUMUCA M 6e3yC/OBHO CaMONPOH3BOJIb-
HbIMH fIBJISIIOTCS MPOLECCHI TepeJayd TeNJIOThl OT ropsiuero Teja K Xo-
J0JHOMY (TEMJIONPOBOAHOCTb) M Tepexoda paboOTbl B TEmJOTy (Tpe-
nue). MHorosekoBasi MKHUTeHCKasi, TeXHHYeCKash M HayyHas NpaKTHKa
yesoBeYECTBA MOKa3a/ju I[0BCEIHEBHYIO peaJbHOCTb 3THX IPOLECCOB,

* Pasnuune MeXAy TMOJOXKHTEJbHBIMM H OTPHIATENbHLIMH NpoleccaMd He
HMeeT 3HAUYeHHsl C TOUKM 3peiHsi MepBOTO 3aKOHA TePMOAMHAMHKH.

** Jle#CTBUTE/ILHO, YAajieHHe H30JHMPOBAHHONA CHCTEMBI OT DPaBHOBECHH HEBO3-
MOXHO, T4K KaK TaKOM MpOLecC He MOXKeT NpoTeKaTb CaMONpPOM3BOJbHO. Ecau e
1/30/1HPOBANNHAA CHCTEMA JOCTHI/A PABHOBECHS, TO NPH OTCYTCTBHM BHELIHHX BO3-
JefCTBUH OHAa He MOXET H3MEHHTbL CBOETO COCTOSIHHS, T. €. B W30JHMPOBAHHOM CH-
cTeMe paBHOBECHBIH NPOLECC HEBO3MOMKEH.

*** HamoMHHM, 4TO Mbl paccMaTpuBaeM ceHuac NpoLecchl, npeacTaBasolie
co6ofi H3MeHEHHs CHCTeMBbl, H TpebyeM, YTOOH BC6 YAaCTH CHCTEMBbI HAXOIHJHCH
B PaBHOBECHH MeXJy COGOH M C HenocpeACTBEHHO CONMpPHKACAIOWMMHCH C HHUMH Ya-
CTSIMH BHeUIHeH cpejbl; B MNOCJAeRHeH MOTYT OIHOBDEMEHHO WATH H HepaBHOBECHbLIE
npouecchl, TaK YTO B LEJIOM paccMaTpHBaeMblil mpouecc MoxKeT GbiTh HEOGPaTHMBIM,
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a TakxKe HEBO3MOXHOCTb CaMOIPOU3BOJIBHOTO NpPOTEKaHHA OOpaTHBIX
NPOLECCOB, OUYeHb 3aMaHYUBLIX C NPAKTHYECKOH TOYKH 3peHUs (HO-
JIyueHHe paéo'rbl 3a CYeT OTHATHS TEIVIOTH Yy TeJs, OKPYyXKaloLIMX pa-
6oyee Teso). 3TO AaeT OCHOBaHHe YTBEPXKAaTb, YTO €A UHCTBE H-
HbBIM pe3yJbTaToOM nAWO6GOH COBOKYMHOCTH mNpoilec-
COB He MOXeT OBITh NepeXOoJ TEeNJOTH OT MeHee
Harperoro Teana K 6onee Harpetomy (nocryrar Kaay-
3uyca).

OO0patHbli YKa3aHHOMY IepeXoJ TeIJIOThl 0T GoJiee HarpeToro Teja
K MeHee HarpeToMy — 3TO OGBbIYHBIH HepaBHOBECHBII NpOLecC mepeaaun
TEMJIOTHI IyTeM TeNionpoBoAHoCTH. OH He MoxkeT ObITb obpalleH, T. e.
npoaenen B o6paTHOM. HalpaBJeHUH depe3 TY ke MO0CJelI0BaTeNbHOCTh
cocrosnuii. Ho sToro mamo: ecau B cucteMe mpomies mpouecc NpsiMoi
nepefayy TEIJIOThl, TO HHKAKHUM 00pa3oM HeJb3sl OCYILECTBUTb TaKylo
MOC/1eJ0BATEJNbHOCTh JIOGBIX IPOLECCOB, B pe3ysbTaTe KOTOPOH Bce
TeJja, yyacTBOBaBlIMe B Nepefauye TeMJOThl, NPUIIJIM Obl B HUCXOIHOE
COCTOSIHHE M He TMpPOM3eLLI0 Obl HUKAKUX M3MEHEeHUH B IPYrHX TeJax.
Ilponecc TenJonpoBOJHOCTH HeoO6paTH M.

Ipyroe ofluee moJoOXKeHHe, HMeIOLlee TY JKE OIBITHYIO OCHOBY,
yTBepXKIaeT CaeAylollee;: €AHHCTBEHHBM pe3yJbTaToOM
AI060H COBOKYNHOCTH NpPOLECCOB He MOXeT O6bTh
npeBpalieHue TENJOTH B pab6oTy (T. e. NOIJOLIEHHe CH-
CTEMOM TeIJIOTH M3 OKpYKalollled cpelbl W OTJaya SKBUBAJeHTHOH
atoit Tenjote paboTel). Takum o6pa3oM, CaMONIPOM3BOJIbHBIN 1 p O-
pecc npeBpalleHuss paboTh B TenJoTy (DyTeM Tpe-
HHS1) HeoO6GpaTuM (Tak XKe, KaK M TEMJONPOBOIHOCTD).

[locsenHee yTBep:KaeHHe MOXKeT ObITb H3/I0XKEHO HHAYe: T e M Jo-
Ta HaunboJee XOJNOJLHOrO TeJNa M3 YyYaCTBYWIIHX B
KpPYyroBoM npouecce He MOXET CJUYXHUTb HCTOYHH-
KoM pab6orTn (nocryrar Tomcona).

OGa M3/10KeHHbIX MOJOXKeHus mnoctynate Kmnaysuyca u Tomcona)
ABJAI0TCA QOPMYJHPOBKAMH BTO[ Oro 3aKOHA TEPMOAHHAMHKH H 3KBH-
BaJIEHTHBI JIPYr Ipyry, T. e. KaxJoe M3 HHX MOXKeT OBITb LOKa3aHO
Ha OCHOBAHHH JAPYroro.

Tak kak nepexopn TemJoTH HJH ee NpeBpalleHHe B pabory pac-
cMaTpUBaeTcsl KaK €IHHCTBEHHBIH pe3y/braT mpolecca, TO, OYEBHIHO,
Heo6XoauMO, 4TOObI CHCTEMa, yyacTBYyIollas B Temaoo6MeHe, BO3Bpa-
ulanach B pe3y/bTaTe NpoLecca HJIH COBOKYMHOCTH IpOLECCOB B Mmep-
BOHaua/JbHOe cocTOosiHHe. [IpH TaKoM HHK/IMYECKOM IIpolecce BHYTPeH-
Hsfl SHepPTUsl CUCTeMbl He H3MEHHTCH.

[TpeanosoxuM, 4To BTOpasi W3 NMPUBENEHHLIX Bbllle (GOPMYJIHPOBOK
'(ocoGenHo B nocnaefHeii ee ¢dopme) HenpaBH/IbHA. Torja MOXHO GBLIO
6Ll MOCTPOUTh MaUIMHY, paboTaroLIYI0 UHKIAMH, «paboyuee TeJ0» KOTO-
poii MepHOAMYECKH BO3BpalllaJoCh Gbl B HCXOAHOE COCTOSIHHE, npudem
3Ta MallliHa JaBaja Obl paboTy 3a CUeT TENJOTHI, NOIJIOaeMOl H3BHE
oT Teja, He Gojiee HArpeToro, 4eM caMa CHCTeMa M Bce JIpyrue OKpy-



§ 3. Teopemor Kapro 77

Kalolue cucTeMy tesa. Takoil mpouecc mporekan Obl 6e3 HapyHleHHUs
NnepBOro 3aKoHa TepMOAHHAMHKH (paGoTa 3a CyeT TEMJIOTH), HO AJA
NpaKTHKH OH Obl1 paBHOLICHEH NOJYYeHHIO paboThl U3 HHYEro, Tak Kak
BCfAKas MallMHa HMesaa Obl' NPaKTHYECKH HeHCUeplaeMhlH HCTOYHHK
TEIJIOTH B OKpykamwuieir cpene. Tak, KopaGaip Mor Gbl JBHUraThCsi, OT-
HUMasi TEeNJIOTy OKeaHCKOM BOABI H He HyXJascb B TolJuBe. Takas
MallkiHa Ha3blBaeTCs nepnetyym mobuse (8edHvili Osuzaresv) 8TOpPO20O
poda. Vicxona u3 aToro onpenesneHus, MOxHO copMyaupoBaTh BTOPOi
3aKOH TepMOAMHAMHKH, NpHAAB MHOCTyJaty ToMcoHa HHYI ¢opMmy:
nepneTyym .MmoO6nsae BTOPOTrO poja HEBO3MOXeH.

OueBugHo, nocrynatel Kaaysuyca u ToMcoHa MOXKHO 00beIHHHTD
B OJHMH, COrJIacCHO KOTOpPOMY: € AMHCTBEHHB M pe3yJabTaToOM
HMKJa He NOXeT OBITh OTPHIATEJbHBH NpoOIEcCC.
10 — Hanbosee wupokass GopMyJIUPOBKA, OJHAKO ee HENOCTATOK 3a-
KJIoyaeTcs B TOM, 4TO OHa TpeOyeT AOMOJHHTEJNbHOrO OMpele/eHHs
OTpHLIATeNbHOTO (HECaMONPOH3BOJIBLHOrO) . nponecca. Mcexonnble mo-
crynatol Kaaysuyca u Tomcona, umess BHA 4acTHBIX (POPMYJIHPOBOK,
OKasbiBaloTcsl (KaXAbli B OTHAENbHOCTH) COBEPLIEHHO AOCTATOYHBLIMH
IJisi IIOCTPOEHHs BCeX BbIBOAOB, CJAEAYIOWINX M3 APYTOro MnocTyJarta.

Caenyer noAyepKHyTh, 4TO Kak noJioxkenus Kmaysuyca n Tomcona,
Tak M YTBepXJeHHe O HEeBO3MOXKHOCTH NeprneTyyM MoGHJE BTOPOro
poia He J0Ka3blBAlOTCS Ha OCHOBAHMHM JAPYTHX 3aKOHOB HJIH TOJIOXeE-
gufi. OHM ABAKIOTCA TNPEANOJOXKEHHAMH, KOTOpblie ONpaBIbIBAIOTCA
BCEMH CJIEICTBHSIMH, U3 HHX BBLITEKAIOIUHMMH, HO He MOTYT ObITb JOKa-
3aHbl A/ BCeX BO3MOXKHBIX CJydaes.

3aKaryuBas H3/0XKeHHe OCHOBHBIX NOJIOXKEHHA BTOPOrO 3aKOHa TEepPMOAHHAMHKH,
npuBeaeM HEKOTOphie BbicKasbiBanus M. B. [lomoHOcoBa, ocHOBaHHBle Ha paspa6o-
TaHHOM HM MEXaHHYeCKOM TEOPHH TeNJIOTH H ONyGJMKOBaHHBIE 3a CTO JET A0 TOFO,
KaK yTBEPAM/ICA BTOPOH 3aKOH TePMOJAHHAMHKH. .

«XosonHoe Teno B, morpyxeHnHoe B (Temsoe) Teno A, He MOMeT BOCHPHHSTDH
6oJblIYI0 CTENMEeHb TeMJIOThl, YeM Kakyilo uveer A (1747 r)» (M. B. JlomoHocos.
Counnenns, T. 2, ctp. 37, 1951 r.).

«[To HE06X0AMMOCTH HOMMHA CYLIECTBOBAaTb HauGoJ/iblllas M MOCAEAHAR CTeNeHb
XO/I048, KOTOpas AOJKHA COCTOATb B MOJHOM NpEKpalleHHH BPaJlaTeJbHOrO ABUMKe-
HHUA yacTuu» (Tam xe, cTp. 39).

§ 3. Teopemn KapHo

Lukn Kapro (ctp. 42) siBAsieTCA NMPOCTEHIUHM KPYTOBBIM MpoOLEC-
coM. OH Obl pacCMOTpPeH Kak CoueTaHHe NPOLECCOB CXKATHA M pac-
[IMpeHUsl HAeaJbHOro rasa, Hamllee MexaHuueckylo paGory. Cyue-
CTBEHHHIM B HUKJe KapHo AB/sieTCs TO, UTO TENJOOGMEH B 3TOM LUKJe
COBepLIAeTCs TOJAbKO NPH JABYX NOCTOSIHHBIX TeMIEpaTypax.

B o6weft dopme unka KapHo MoxeT GBITL OCYLIECTBJIEH H HE Ha OCHOBE paciid-
PeHHSi W CKATHA rasa, a TakuM OOPa3oM, YTO pO/b paboyero Tesa MOXKET HLpaTh,
HanpuMep, raJbBaHHYECKHIl 3/IeMeHT. .

B Takom umkne KapHo ranbBaHHUecKMH SjeMeHT fpH HM3BECTHOM TemmepaType
MOr/IOULAeT TEMJIOTY HarpeBaTels W NPOH3BOAWT aaeKTpuueckyilo pabory, Ilocaepuss
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MoxeT OhTb 3aTpayeHa Ha MNOJHATHE TAXKECTH H TakKUM o6GpPa3oM COXpaHeHa Kak
TOTeHIMa/NbHAA MEeXaHWueCKasi SHEPrus. 3acTaB/sifl 3aTeM 3JeMeHT paGoraTh B ycjQ-
BHAX HIeanbHON TenNOBOH W3O/SLHMH, MOXKHO aAHAaGaTHO NOHH3UTL (MJIM MOBBICHTD)
ero TeMmmnepaTypy, Mmocje 4Hero, HCIOJb3ysl COXPaHEHHYIO paBoTy, MOXKHO HpOBECTH
XHMMHYECKYI0O DeaklHIoO B 3/JeMeHTe B OOpPAaTHOM HampaBJeHHH, NDH HHOM 3HaYeHHH
9/IEKTPOJBHKYIIEHl CHIBL, a 3aTeM aanabaTHO AOBECTH 3/EMEHT A0 NepBOHauaJbHON
TeMnepaTyphl.

KospduuueHt nosiesHoro AefCTBHA TaKOrO LHKJAA, PaGoOTAlOWEro PaBHOBECHO,
Bomien GbiTh TeM JXKe, UTO M y UMKIAa Kapho, paboTaioulero ¢ HAeaNbHbIM Ta30M.
BaxHo TOJIbKO, 4TOGL! cHCTeMa OGMeHHBanach TeNJIOTOH C OKpyXaiwoulell cpenoil npH
IByX TeMmnepaTypax, OAHHAKOBbIX B OBOMX LHKJaX.

ITyrem uccnemoBanuss nukna KapHo ¢ HcnoJb3oBaHHEM BTOPOTO
3aKOHa TepMOJHHAMHKH MOTyT ObITh JOKa3aHbl [Be BaXKHble Teope-
Mbl, U3 KOTODbIX MOXHO HaHTH KOJIMYECTBEHHBIH KpUTepHH HamnpasJe-
HHUA Tnpolecca.

7 4 4

‘

7 4 4

Puc. III,1. Cxema a7 [nOKasaTesqbCTBa TEOPEMb:
Kapno.

Paccmorpum nee Mawmubl— /I wu I (puc. III, 1), paGouumu Tte-
JlaMH B KOTOpPbIX ABJSIOTCA JBa pasHbiX BellecTBa. O6e MatuuHbl pabo-
TaloT no uukay KapHo B ogHOM H TOM Xe MHTepBase OT T, (narpe-
BaTenb) 10 T2 (XOJOIUJIBHHUK).

Mamuna [ paGoraer paBHOBecHO H oOpatumo. O6 obpaTuMocTH
mMawuHb /] MBI MOKa He uMeeM cBejeHuii. 3acraBuB MawuHy / paGo-
TaTb B OGpAaTHOM HampaBJeHHH, a MaIlHHy // B MpsAMOM HanpaBJieHHH,
noxbupaeM pa3Mepbl MalUHH TakK, YTOObl NPOH3BOAHMBIE HMH PaGOTHI
6biiM paBHbl mo aGcoaioTHOi Besuuuue: |Apr|=|Ar|. Ilycte npu
3TOM TemJoTa, Nojyyaemasi pabouum Tejom MamuHbl // y Harpea-
Tens, ¥ TeNJoTa, OTAaBaeMas MM XOJOIWJbHHKY, paBHH Qi H Q},

a Temjora, OoTAaBaeMasi paGounM TeJoM MaluHbB | HarpeBaTesdio, H
TensioTa, NoJyyaeMasi HM OT XOJIOJH/bHHKA, paBHH Q, H Q) cooTBeT-

crenHo. Tak Kak 4,=Q,—Q}, a A, =Q,,—Q}, To0
(Q—-@)=(Qn—Qu) (111, 1)

[TpeanonoxumM, uto KosduUHEHT NoJe3Horo AefcTBHA (K.M. A.) myjy
mawmuHbl /1 Gosblie, yeM K. I 4. 1)y MaluHb I, T. e.:

Q” _Q]] QI _QI _
N, = Q” > Ql =, (I11,2)
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[TpunumMas Bo BHuUManHe ypaBHenue (III, 1), monyuaem:
Q>Q >Qy (111, 3)

[Tycts o6e MauiuHbl paGoTAIOT COBMECTHO TaK, 4ro paGota Ay,
nosyyeHHass B MamuHe [I, 3arpaunBaercs B MawuHe /. Ilpn 3sTom
HarpesaTte/b OTHaeT MauwuHe /] TenaoTy Qry ¥ HOJydYaeT OT MAaLIHHBI
I rennory Q. Tak kak Qr>Q;r [ypasuenue (III, 3)], To B wurore
HarpeBaTeJb monayudaetr Ttemnory (Qr— Qrr). XoJoZHABHUK OT-
HaeT TemIoTy (Q;—-Q;,), paBuyo Qr— Q. Cymmapnas xe pabora
o6eux MmawuH paBHa Hymo (A;=—Ar;). Takum o6pa3oM, eIHHCTBEH-
HbIM pe3y/bTaTOM COBMECTHOTO HeHCTBHS ABYX MAlllHH SIBJSIETCS mepe-
HOC TeIJIOTHl OT XOJIOAMJIbHHKA K HarpeBartesio. [lo BTOpoMy 3aKoHY
TepMonuHaMuKH (dopmyaupoBka Kimaysuyca) 5TO HEBO3MOKHO H,
cJieloBaTeNbHO, NpeMIONOXKEHHe, YTO Mrr>>1y, HENPaBHJBHO.

OueBuaHO, He3aBHCHMO OT Toro, paGoraer MauinHa I/ oGpaTHMO
HJIM HeoGpaTUMO *, BO3MOXKHBI TOJIbKO JBa Cjaydas:

ny, <n, (111, 4)

JonyctuM, yto MamuHa /] pab6oraer o6paTtumo. B srom cay-
Yyae MOXHO 3aCTaBHTb 06e MalIMHbl OOMEHATbCS pONsAMH (MamuHa [
o6paTuMa MO mNepBOHaya/JbHOMY YycaoBHIO). [ToBTOpHB H3/0XKeHHOE
paccyXjaeHHe, MOXKHO NPHATH K BBIBOAY, UTO:

=N (I, 4a)

O'-leBHllHO, 4qTo OSTOT BbIBOJ COBMECTHM C MNpeablAyllHM JAHLIb MpH
yCa0BHH, YTO 3HAKH HepaBEeHCTBA HE HMEIOT 3HAYEHHA, T. €. UTO €IHH-
CTBEHHOE peUICHHE — 3TO pPaBEHCTBO K.II. A. ABYX MAaUIHH:

"'l”="ll=fP(le T2) (III, 46)

Takum o6pasoMm, Ko3bPHUUEHT NONE3HOTO AEHCTBHUSA
TenJoBo# MalmuHH, pa6oTatmed no uukay Kapso,
He 3aBHCHT OT NPHpPOAL pabouyero TeJa MallHHBbI,
a JUIWb OT TeMAepaTyp HarpeBaTeasd U XOMOAHUJb-
Huka (reopema Kapro—Karaysuyca).

Tak kak ¢ynkuusa ¢ (Ty, Ty) He 3aBUCHT OT npupoAbl pabouero
Teja MAUIMHBL, TO Mbl MOXeM Ha#TH BUL 3TOH QYHKIUHK, HCIOJAb3ys
Jawo6o# yacTHHIA cjayual, HanpuMep TakoH, Koraa paGouum TesoM 00-
patumoro nukna KapHo sBiasieTcs MueanbHbIH ras.

Buipaxkenue (III,4) nonydyeno 6e3 Kakux-muGo HpPeANOJIOKEHHH
oTHocuTesibHO oBpatumoctd MamuHw //. T[losTOMy OHO MoxKer OTHO-
CHTbCA Kak K 00paTHMOMY, Tak H Heo6paTMMOMy mpoueccaM. M3 Bh-
paxenus (III,46) cnemyer, uTo 3HAK paBeHCTBAa OTHOCHUTCS K 06 p a-

* HanomuHaeM, yTo unKjioM KapHo Mbl Ha3elBaeM MamuHy, paboyee Teso Ko-
TOpOA BCTYMaeT B PABHOBECHBI TemI006MeH JHWb C ABYMS HCTOUHHKAMH TENJIOTHI,
HaXOAALUIMMHCA NPH NMOCTOSHHbIX TeMmnepatypax Ty u To. .

dTa MallyHa MOXeT paGoTath OGPaTHMO WM HeoOpPaTHMO.
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THMB M 1uka1aM. CjenoBaTe/ibHO, 3HaK HepaBeHCTBA OTHOCHTCS K
HeoOpaTUMBIM IHKJIaM. B 3TuX LuKIax HeoOpaTHMOCTb CBs3aHa, Ha-
npHMep, ¢ TeM, YTO YacTb paboThl NyTeM TPEHHS MpeBpaLlaeTcsi B
TEIJIOTY, BCJEICTBHE Yero yMeHblIaeTcss K03GGHUHEHT MoJe3HOro AeHcr-
BHSA IHKJa. TakuM obpasoM, Ko3dbOHILHEeHT NONEe3HOTO Ae -
CTBUS TenJaoBOH MamuHbB, pabGoTawieit Heob6pa-
THUMO, MeHblle, 4eM KO3(PPHUHEHT MONEe3HOro Jnei-
CTBMS MallnHb, paborTatoueid mno o6paTumMoMmy
nukay KapHo Mexay TeMu Xe TeMnepaTypaMmu.

—_—

2 &

Puc. 111, 2. TTpou3Bo/ibHBIA IHMKI H3 GECKOHEYHO MaJmX LukJIoB KapHo.

TTonyueHHble DPE3YyJbTaThl OTHOCATCHA He TOJIbKO K uukay Kapho.
OHu ABAAOTCA OOWIMMH [/ JMIOGBIX HHKJIHYECKHX IPOLECCOB. ITO
BbITEKaeT M3 IOJIOXKEHMsl, YTO JIOOH LHKJ MOXHO 3aMe-
HUTb O€CKOHeuYHO OOJBIIHM YHCJOM O6GE€CKOHEUHO
MaJablXx UHKJ0OB KapHo, orpaHuuYeHHbB X GECKOHEUHO
MaJiblMH OTpPe3KaMH H30TepPM H KOHEUHBIMU OTpe3-
KaMu aguabar. ‘ _

Paso6bem mnpousBosbHblit uMka abed (puc. III,2a) 6Geckoneuno
GOJBLIMM KOJIMYeCTBOM afvabar, a uepe3 OTpe3KH KPHBON IHKJa,
3aKJI0UeHHble MeXAYy agnabaTtamy, nposeneM H3otepMul. [Ipu aTom mo-
JAy4nTcst GeckoHeuHo G0JbIIOE KOJHYECTBO GECKOHEYHO MAaJIbiX LHKJOB
Kapno. OueBuano, mjomanb Mo60ro W3 3THX LHKJIOB OTJIHYAETCS OT
MJOLIaAH, COOTBETCTBYIOLLEH 3N1eMeHTapHOH 4YacTH GOJBIIOTO LHKAA,
Ha OeCKOHEeYHO MaJylo BeJHYHHY BTOPOro MOpPSiAKa, T. €. MOMKHO CYH-
TaTh, YTO NJOWLA/b BCEro IHKJAa abcd coBnajgaeTr ¢ CyMMOM mJowianei
Bcex GecKOHEYHO MaJbix 1HKA0B KapHo.

Ha prc. 111,26 npencraBnesa B yseanyeHHoM pasmepe uacTb puc. III, 2a; Ha
Hell 1306pakeHbl BepXHHE YYACTKH ABYX OecKOHeYHO MaJsbix uukaoB Kapho (u3o-
TepMhbl ace W [gi) ¥ OTXOAsillMe BHH3 OT TOYEK &, e W i yyacTkH aguabar. CooTser-

CTBYIOWKH OTpe3ox 60blIOro MPOH3BOJBLHOTO [HKJAA H300pa)keH KpuBoA bcedgh.
PaGorta, coBepiaemMas CHCTEMOH NpH ee ABHXEHHH MO y4yacTKy dd GOJIbLIOTO LHKJAA,
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01/1M4aeTcsi OT paBoThl MO COOTBETCTBYIOILUEMY MajoMy uHKAY KapHo (uM3otepma ae)
Ha mjowanb [cde — abc] — GeckoHeYHO MaJIyl0 BeJHMUHHY - BTOPOro (Wi elle Gosee
BhicoKOro) mopsiaka. TensoTa, norouiaemass no bcd, OTiHYaeTcsi OT TEMJIOTH BAOJb
H30TEpMbl ace Ha Ty e BequuuHy [cde — abc], kxak 3To cleayeT H3 paccMOTDEHHS
6eckoHeYHO MaJsoro Iuk/aa cdecab. To ke paccyXaeHHe HMeeT CHUNY I/ HHIXHeH
rpaHuubl y3koro nukjaa KapHo, BepXHIOK 4YacTb KOTOPOrO MB!I paccMoTpend. TakuM
0o6pa3oM, OeckOHeyHO Maublii UHKA KapHO 3KBUBa/eHTEH COOTBETCTBYHOUIEH YacTd
GOJIBIIOrO LIHKJA B OTHOLIEHHH BEeJWYHH KaK TEMNOTH, Tak M paGOTHL.

W3 ckazasHOro BhHIIE cjaefgyeT, YTO JOOOH LHUKI MOXHO 3aMEHUTh
COBOKYMHOCTbI0 GecKoneyno manblx uukiaoB Kapuo. Otcioma caenyer,
YTO TemyoTa ¥ paboTta NMPOU3BOJBHOTO LMK/IAa PaBHbl COOTBETCTBEHHO
CyMMe TEemJIOT H CyMMe paboT COBOKYNMHOCTH OECKOHEYHO MaJblX LHK-
a0 _Kapno.

Jlerko nokasatb, 4TO CpelHHE KO3(Q(HUHEHT MOJE3HOro AeHCTBHS
[POU3BOJIHOTO IIMK/Ia MeHblle Ko3(p@HIHeHTa IOJe3HOro IeiCTBUS
uvkna KapHo, NpOTeKaioIlero Mexay JABYMSI KpalHUMH TeMIepa-
typami Ty u T» (uuka ABCD ua puc. I11,2). IleiicTBurenpHo, Kax-
AL 3neMeHTapHbIl UHKA KapHo nporexaer MexXay TeMIepaTypaM
T; u Ty (cm. puc. III,2a), mpuuem T{=T, —AT, u To=T,+AT
(AT;>0 u AT,>0). [Tostomy Ko3pdHIHEHT MONe3HOr0 AEHCTBHUSA 3Jje-
MeHTapHOro nukiaa Kapno '

Ti— Ty _ Ti— T,— (AT, +ATy) Nt

7/
T T, —AT, T,

n; = (11, 5%

Cpennuil K03QPHIHEHT 1); JAI000r0 LHMKIA, OYEBHAHO, TaKXKe MEHb-
we n uukaa KapHo Mexnay KpaiiHMMH TemnepatypaMHu. Takum oGpa-
30M, KOo3bPHumHMeHT MNOJE3HOro JeHCTBHSH ULHUKIaA
KapHo Goanbme Ko3bdHUMEeHTa MONE3HOTro HekcCT-
BufA JIOO6Oro LHKJAAa MeXAYy TeMH Xe TeMmepary-
pamu (reopema Kapro).

Tax Kak KospoduuueHT MOJNE3HOTO AEeHCTBHS 0OpaTHMOrO UHKIa
KapHo He 3aBHMCHT OT poja pafouero Beulectsa, To ypasHenue (III, 5)
OTHOCHTCH K JIOOBIM oOpaTuMblM uukjaaM KapHo (3Hak paBeHCTBa) u
JA106bIM TPOU3BOJNBHBIM LHK/IaM C MaKCHMaJsbHON TeMmepatypoit Tp u
MHHHUMAaJbHOH TeMmmepatypoit Tp (3Hak HepaBeHcTBa). ClieqoBaTesbHO,
BhIpaXeHue NI Ko3(h(HUHEHTA IOJe3HOro MeHCTBHA LHKIHYECKOro
npoiecca, 3anucaHHoOe B BHJE

Qi —Q, T,
1 Qi < T,

(rme T, u To— MaKcHMaJbHas H MHHHMAaJbHasi TeMIepaTypbl TEIJo-
o6MeHa pabouero Tesa ¢ HCTOYHHKAMH TEIJIOTH) SBJISETCS OGLWHM 3a-
KOHOM.

(111, 5a)

§ 4*. TepMoaHHaMHYecKas WKana TeMmnepatyp

®yuxkuua M=@(T1, T?) [ypasuenue (III, 46)] 6bina packpeita B dopme (III,5)
NyTeM HCMONL30BaHHA CBOMCTB MJeaJbHBIX Ta30B M MOC/E/YIOUIero JA0Ka3aTeqbCTBS
CNpaBel/IHBOCTH TOMYYEHHEIX COOTHOWIEHHA aaa JoGoro seulectsa. He ucmonnsys
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3TOro 4acCTHOTO CJy4as, MOXHO, onupasicb Ha ypasHenue (III,46), mocrpouts abco-
QMOTHYIO TEPMOOUHAMULECKYIO WKAAY TemnepaTypbl, He CBA3AHHYIO CO CBOHCTBAMH
KaKMX-TM60 KOHKDETHbIX peajibHbIX (MJIH HAeajJH3HPOBAaHHbIX) BewmecTB. BoamoxHO
QIOCTPOUTh GECKOHEUHOE YHCJIO pAas/IMUHBIX TepMOJMHAMHMUECKHX IUKaJ, TaK KaK B
ypaBHenuu (III, 46) MOXHO HCNO/MB3OBaTh MIOGYI0 NMPOM3BOJMBbHYIO ¢yHKuMio @. ITpo-
crefiliell U3 BO3MOXKHBIX INKAJ U ABJAETCA (QYHKUHA:

@t 1) = O‘Tlﬁ’ (111, 6)

rae 01 u O, onpenensloTCA TOXKAECTBAMH:

Q1 —Q: ¢ — 0y
Q = 9,

N

(111, 7)

&9 _ 5 (111, 7a)

ITokaxeM, KaK MOXHO TNOCTPOHTb TEPMOAMHAMHYECKYI0 INKajly TeMIepaTyphl,
nioab3ysice onpenenenusmu (I11,7) wam (IIl,7a) v He cBsi3bIBas BENMYUHBl TeMIle-
PaTyp ‘C TEPMOMETPOM, paGouHM BeLIECTBOM KOTOPOTO SIBJSIRTCS HAeaJbHbIA ras.

[Tyctb mawnna Kapuo paGotaer ¢ oguum HarpesatesneM (0;) U pasHbIMH X0Ji0-

U n”
AHJNbHHKAMH (’02. '&2, ) TaK, 4TO OH&a Bcerja 0T6upae'r Yy HarpesaTeas TenJo-

1y Q;. Tox6upaemM TemnepaTypy XOJOLH/BHUKOB TAK, YTO6LI PaGOTHl OXHOMO LHK/AA
MalKHBl ¢ PA3HBIMM XOJOAHJbHHKAMH OTHOCHJIMCH ADYT K APYTY, KaK 0pOCTbie Lie-
Jble Yucna:

rn
A A" A ...=(QI—Q;):(Q1—Q£') :(QI—QQ): Le=1:2:8:...
ITo ypasuenuto (III,7) B aTom cayuae
'& _0” 0 _ ﬁ',,
L

2 3
HJH

0, — By =0, — 0y =0) — 0 = ...

Takum o6Gpa3oM, HHTepBajbl TeMNEPAaTyp XOJOLHJIbHHKOB MO TEPMOIHHAMHUUECKOM
wKase GyAyT paBHH Mexay co6oi.

IMonaras 3TH, paBHble MexIOy cOGOi, HHTEpBaJbl TEMNEPATypP PABHBIMH efHHHLE
uaH Mo6oMy UYHCAY TPajdycoB, MOXHO CO3L&Th IUKaJAy TEMNEPATYp, He 3aBUCSILYIO
0T MPHPOABI BelleCTBa TePMOMETpPA; 3TO — aBCONIIOTHAS TePMOAMHAMHYECKAs IIKaJja
TeMnepaTyp.

OTa wmKana cBs3aHa C Ha/JH4YyHeM aGCOJIIOTHOTO HyJsl TeMNepaTypbl, KOTOPbIi
JIOCTHraeTcsi B TOM cjyuae, KOraa

AV = Q- Q(zi) =Q

AP=0 n 8P =0

Ilpu stom

Cpasuum Bbipaxenue (1II,7a) c soipaxenuem (III, ba), B kotopom Ty u T —
TeMnepaTypel N0 TEPMOMETPY C HAEAJbHbLIM Ta30oM:

T=1¢t+273,15
(t — 1eMnepatypa mo mkasne Ilenbcus). Mb y6emgaeMcs, YTO YCTaHOBJIEHHAs Ha

OCHOBE BTOpPOTO 33aKOHa TepMOAHHAMHUKH ﬂpOCTeﬁlﬂaﬂ M3 BO3MOXKHDLIX WIKaJ M LIKaJa
TeMIepaTyp HAeaJjqbHOro rasa COBmagaroT, €CJ/IH MOJOXKHUTDH

_ﬁz =T;=1;+ 273,15
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CrneoBaTenbHo, TeMnepaTypHOH IIKanof HAeanbHBIX Tra30B MOXKHO [0/b30-
BaThCH, HE CUHTAsl ee CB3AaHHOM CO CBOHCTBaMU HJea/IbHbIX I'a3uB.

CoBpemeHHasi TeMnepaTypHasi 1LIKaja OCHOBAaHa Ha OMNpeJeeHHH, MPHUHATOM
lenepanbHoit koH(pepeHnueil Mo Mepam u BecaM B 1954 roay. TepmomnHamuueckast
TeMMepaTypHasi IKaja ONpejessieTCss NPH NOMOLLIH TPOMHOH TOYKH BOAH * B Kauye-
CTBe OCHOBHOI pelepHOM TOUKH, KOTOpOi TmNpucBaWBaeTcs Temneparypa 273,16 °K
(Touno) **. Takum oO6pa3oM, coBpeMeHHas TeMNepaTypHas IUKaja OCHOBaHa H2
OHOMl TOYKe (BTOpasi TOYKa — abCOMIOTHBIA HYJIb).

Ta xe KoHdpepenuus noctaHoBu;aa cuutath 0° wkanel Llenbcus cOOTBeTCTBYyIO-
uwm temnepatype 273,15°K (Touwo).

YKasaHHOe omnpejeneHHe TepMOAMHAMHUECKOH TeMmepaTypHOH IWIKadbl sBJsSeTCs
W ompejnejeHHeM BEJHYMHBI Tpajyca TeMIepaTypHO#l WKa/abl — rpagyca Kesbsuba,
KoTophli paBeH 1/273,16 TemnepaTypHOro WHTepBaja OT aGCOJIOTHOTO HYJAS 10 TPOH-
HOHM TOUKH BOAB. DTa €JMHMLA TeMNepaTypbl NPHHATA B KauecTBe ONHOH H3 IUECTH
OCHOBHBIX eJMHHL MexnynapoaHoit cucteMn eauannt CH (cm. crtp. 21).

Tlo npuHsTOk TeMnepaTypHol WKaje HOPMa/bHAs TEMNEPATypa KHNEHHS BOAH B
COOTBETCTBHM C HOBEMLIMMH HCCJIeioBaHHAMM paBHa 373,148 °K, a uHTepBasm MeXALy
HysneM wwkajabl Llenbcusi ¥ HOpManbHOM TOYKO#N KumeHusi Boabl pased He 100 °K (Tou-
HO), a 99,998 °K.

§ 5. durponus

W3 ypasnenus (I,32) nns Kosdpoduunerta mnoNe3HOro JeHCTBHS
ob6paTumore uxkjaa Kapxo crenyer, uro

Uk
Q1 Q _ (111, 8

Otnowenve Q/T (morJjoumeHHo#l CHCTEMO!M TEMJOTH K TeMIiepa-
Type) HasbiBaercsl npusedenuol renaorou. YpapHenue (III,8) noka-
3blBaeT, YTo aJre6pauHyeckass CyMMa NpHBeXeHHB X
TenaoT no o6paTtuMoMy uukany KapHo paBHa HyaIo.

Js GeckoHeuno MaJgoro o6patuMoro uukiaa KapHo, oueBHIHO:

8Q,  6Q, _
=gk =0 (111, 9)

()
rae -—TQ— — 3JIeMeéHTapHasa NpHuBeeHHas TenJoTa.

JIio6Goi UMKJa MOXeT ObiThb 3aMeHEH COBOKYNHOCTbIO OeCKOHEeYHO
Mmaabix unkaoB KapHo (cm. ctp. 80), nostomy, cknanbiBasi BblpaXKeHUs

* Tpoitnoit TOYKOM BOAB! HA3bLIBAETCA TeMMepartypa, NpH KOTOPOH COCYLIEeCTBYIOT
JKUIKAS BOAA, Je4 H HAcCHILEHHbA BOASIHOM Map MPH OTCYTCTBHM APYrMX rasos. Jra
TeMnepaTypa, no npasuay ¢as (cM. ctp. 333), fiBJseTCS MHBapHAHTHOH.

** TenepanbHas KOHDepeHIMs TNO MepaM M BecaM OCYILECTBW/A B CBOeM pe-
menun Mbicap B. Tomcona (KesbBuHa), kortophifi B 1854 roay ykasan Ha mNpHH-
LHNHAJBHYI0 TMpPEAROYTHTENbHOCTb TEMNEPTYpPHOH MLIKajbl, OCHOBAHHOH Ha ONHOK
penepHo#i Touke. Ty xe Mbicab Beickasaa . M. Menpenees B 1873 roay.
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(I11,9) nns Bcex GeCKOHEYHO MaJblX LLMKJIOB, nosiy4aeM 1Jsa Jo60ro

o6paTuMoOro LMKaa:

0Q, [ 0Q,
T,

T, =0 (I11, 10)

8Q, 8Q,
PasHoCTh HHTErpajioB MOTJIOMEHHbIX |—7= ) H BBIIEJEHHBIX (=7
1 - 2

NPHBEJEHHbIX TENJOT ABJsETCsl anre6bpauyeckoil CyMMO#i BceX .puBe-
JICHHBIX TEIUIOT N0 06paTUMOMY LHKJY:
=0 (111, 11)

Ilna Heo6Gpartumoro uukia KapHo (cM. mpumeuaHuwe Ha
crp. 79), npunuMas Bo BHuManue ypaBHenue (III,4), monyuaewm:

Q _Q
T, T, <O

W 0Js a06oro Heo6PaTHMOTO LHKJIA
8Q

- <0 (I11, 11a)

D10 — TaK Ha3blBaeMoe HepasercTso Kaaysuyca.
HMurerpan no koutypy (II1,11) moxHo pasbuth Ha ABa WHTErpaja

{cMm. cTp. 32):
vﬁQ 2 6Q(a) ! 6Q(6)
‘§ T =lf "‘! r =0

T

HJIHA

(111, 12)

2 s0@ '50® f 60©
J£QT_=_J6QT =|I QT

1

Takum ob6pa3oM, cyMMa DNpHBeLeHHBI X TeNnJOT -(HH-
TerpaJa 3/JeMeHTAapHB X NPUBEeLEHHB X TeNJOT) NpH
nepexoje CHCTeMbl PAaBHOBECHB M NyTeM U3 COCTO -
ansa (1) B cocrtosnue (2) He 3aBUCHT OT NYTH 0po-
gecca, a TOJAbKO OT HavaabHoro (l) W KoHeuHOTO
(2) coctoanuii. CnenoBaTeNbHo, HHTEerpaJ 3JeMeHTap-
HbIX NpHBEeNEeHHBHX TeNJOT B pPaBHOBECHOM Mpo-
uecce paBeH NpPHPOCTY HeKOTOPOH GYHKUHH Co-

CTOAHHA CHACTECMBbI!
2

1.[ (éTg)pm =S-S5 - (111, 13)

a NoJsIHTerpaJjbHoe BhipasKeHHe ecTh Auddepenuuan ¢pyHguup S:

G_Q) = )
( 7 oo =4S (111, 13a)
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Bripaxenus (III,13) u (III,13a) sBasiorca ompeneneHus-
MHu QyHKUHH S, KOTOpasi Ha3bIBAETCs IHTponuell.

Iurponus cucremobl ectb P YyHKLUHUS COCTOSAHHS CHCTE MBI
ee U3MeHeHHe pPaBHO cyMMe NpHBEeJAEHHB X TENJOT,
NOTrJOUEeHHbBX CHCTeMOl B PABHOBECHOM Npouecce.
SHTpomm ABJAsleTCd] ONLHO3HAYHOMH, HeNpepboBHOH H KO-
HeuYyHOH GYHKLHEH COCTOSAHHSA.

DHTPONHS M3MepseTcs B TeX Xe eNMHHIAX, YTO M TeMJ0eMKOCTb,
T. €. B KaJIOpUSIX Ha rpagayc Ha MoJab (ka4/epadyc - mOAb) WIH Ha
rpamMmm (xa/l/epaayc 2). DTa eIMHHLUA H3MEpEHHs YacTO Ha3biBaeTCs
aHTpOnuiinoli -eOunuyelp. (3. e.).

Kak yka3biBasjoch Bbillle, 3/J]eMeHTapHas TelJoTa He SBJseTCS B
obuiem caydae .umbcl)epeﬂuuanom ¢yukuun. M3 ypabnenus (III, 13a)
BHIHO, 4yTo 6Q mocse neneHus Ha T craHoBUTCA Auddepennnasom
GYHKUHMH, T. €. C MaTeMaTHueCcKoi Touku 3penus, /T asaserca mas
TENJIOTHl HHTETPUPYIOLIUM MHOXHTeJeM (HaAH T — HHTerpupYOUIEM Je-
JIUTENEM).

Ecny omMH M3 NyTeil nmepexofa CHCTeMbl B IHKJ/JIe HepaBHOBECEH,
a JIpyroil nNyTb paBHOBeCeH, T. €. KDyroBOH NpoLecC B LeJOM HepaBsHo-
BeceH, To, ucxoist u3 ypasseuus (II, 11a), nonyuaem:

2 1
1-[ (6_7(?)uepann + 2f (%Q-)pann <0 (111, 14)

- [MonyuenHoe BbipaXKeHHe He O3HAYAeT, YTO B pe3ysbTaTe HEPABHO-
BECHOTO KpYroBOTO Npoliecca H3MEHSEeTCs SHTPONHSI CHCTEMbl. DHTPO-
nud CHCTeMbl KaK (YHKUMS COCTOSIHHS NpPHHHMAaeT MepBOHAuYa/bHOE
3HaueHue, U ee H3MeHeHHe PaBHO Hy/10. CyMMa Ke MpHBELEHHbIX Tell-
JIOT, MOJNYYeHHBIX CHCTEMOH, MeHbllie HYJs, CJeJ0BaTesNbHO, OKpy»XKa-
oumas cpeaa B pesdyJabraTte HHK/AA NOJYyYaeT OT CUCTEMbI HeKoTopoe
KOJINYECTBO MpHBENEeHHOH TemsoThl. Ecsu uumka mpsmoit, 1O, caenosa-
Te/NbHO, XOJIOAH/BHHK MoJydaeT 6oJjiblie TeMJOTbl, Y4eM B PaBHORECHOM
LMKJIe A1 TOH XKe BeNHUMHB Qi M 4YacCTb TemJOTH HeoGpaTuMO ne-
PEXOIHT OT HarpeBaTe/sl K XOJNOLHABHHKY.

W3 ypaBuenns (III,14) nonyuaem *:

IJ? (.GTQ)HepaBH < IJ? (.‘STQ)paBH (111, 14a)

Huterpan nmpaBo#l 4acTH ypaBHeHHs MOXeT ObITb 3aMeHEH B COOTBET-
crBuu ¢ ypaBHenueM (III, 13) pasnocTbio anTponui

2
J‘ (‘5_79 ) <8,—S, (111, 15)
; HepaBH

* Jlas paBHOBECHOTO mMpoMecca NONMyCTHMa NEPECTAaHOBKA [IPeNe/]oB ¢ 3aMeHOH
3HaKa Ha oGpaTHbIH [cM. Takxe ypaBHenue (III, 12)].
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\

COOTBETCTBYIOLIlee HEPABEHCTBO WOXeT ObITb 3anucaHO B IU(¢epeH-
nuaabHol (opme:

0Q
s > (T )He,m (111, 15a)
O6o6iasn seipaxkenus (II1,13a) u (111, 15a), nonyyaem:
A EIQ.— (III, 16}

B ToM cayuae, Korja OTCYTCTBYeT TENJ0OOMEH MeXAy CHCTeMOlt
u okpyxatwueit cpenoii (8Q=0), T. e. cucremMa siBasieTCs aJHabaTHOH,
ypaBHenue (III, 16) npunnmaer Bun

dS>0 (I11, 17)

MM E MHTErpasbHoil popme:
S —85,0 (111, 17a)

Takum oOpasom, sHTponus afAuabaTHON CHCTeMBl
NOCTOAHHA B paBHOBeCHB X TMmMpoLeccax U BO3pa-
cTaeT B HepaBHOBecCHB X. MHaue rosopsi, aguaGaTHble pas-
HOBEeCHble NpOLECCH SABJSIOTCS B TO XK€ BpeMs H39HTPONHBIMH. IDTO
noJjioXeHue TeM OoJiee cnpaBeAIMBO I/ H30JHPOBAHHOH CHCTEMBI,
KoTopasi He oOMeHHBaeTCs C BHeIIHeil CpeXOM HH TEMJOTOH, HU pa-
6oToil.

Hccnenys sHTpomnuio, o4eBH/1HO, MOXKHO IpeJCKa3blBaTh HampasJe-
nye mnpouecca. Ecam B H30MpOBaHHOM cHCTeMe [JIsi KakKoro-in6o
npouecca 3HTPONHs BO3pacTaer, TO NpPOLECC BO3MOXKeH (MOXeT Mpo-
TE€KaTh CaMONPOHM3BOJIbHO); €CJIH 3HTPOIHS M30JHPOBAHHOH CHCTEMbE
COrJ1acHO pacyeTy JOJKHa yOblBaTh, TO NpOIleCC HEBO3MOXKeH (OTpH-
narteseH). I1pu nocTofiHCTBE HTPONMH MPOLIECC PABHOBECEH, CHCTEMa
OeckoHeyHO 0J1M3Ka K paBHOBECHIO. ,

Cnenyer MOAYEPKHYTb, 4YTO B CHCTeMe, OOMeHMBAIOUIEHCS] TEMJO-
TOH M paboTON C OKpyKalolleli cpelod, BOSMOXKHBI IPOLECCH], COMNpO-
BOXJAIOIIHECS KaK BO3pacTaHHEM, TaK U YO B JI b0 SHTPONHH
cucrembl. TloaToMy A/51 OJHO3HAYHOTO pelleHHs BOMNpOCa O HampasJe-
HHUH Mpollecca cjeiyeT BKIIOUHTb B CHCTeMY BCe TeJja, yYacTBYIOIHE
B mpoilecce, H TaKHM 06pa3oM clesaTb CHCTEMY H30AHPOBAHHOH.

B u3oaupoBaHHON cuHCTeMe TpOLECCH TNPeKpaTATCs, OUEBHIHO,
TOTJla, KOrJla HTPONHUS CHCTEMbl JOCTHIHET MaKCHMaJbHOTO 3HaueHus,
BO3MOXKHOTO [/11 JaHHOH CHCTeMBl NIPH NOCTOSHCTBE HEKOTOPLIX ee na-
paMeTpoB, a MMEHHO NPH NOCTOAHCTBe BHyTpeHHel 3Hepruu U u 06b-
eMa v (yC/lOBUs U30JMPOBAHHOCTH cHMCTeMbl). [laJipHelilee H3MeHeHHe
COCTOSIHMSI CHCTeMbl MAOMKHO Obl1o Obl BbI3BAaTh yMeEHbIIEHHE
SHTPONHH, YTO B M30JHPOBAHHOH CHCTeMe HeBO3MOXHo. Takum cOpa-
30M, TIPU3HAKOM PABHOBECHSI H30JMPOBAHHON CHCTEMbI SIBJISIETCS MakK-
CcHMaJIbHO® 3HaueHHe SHTPOMHH MpPH NOCTOAHHBIX BHYTPEHHeH sHepruu
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u o6beMe cHCTeMbl (ecjH HeT APYruX BHIOB paboThl, Kpome paboThI
paciwnpenus). CienoBaTesqbHO, IPH PAaBHOBECHH HOJIXKHbI CO6/MI0AATBLCS
yCJIOBHS:

08)y =0 u (028)y , <0 (I11, 176)

OueBugHO, yCJOBHE MaKCHMyMa pacCMaTpPHBAeTCsl 1O OTHOLIEHUIO
K SHTPOMNMH, Kak (YHKUMH KaKuX-1M60 NepeMeHHbIX (3a HCKJIOYe-
HueM U M v, KOTOpble MOCTOSHHBI N0 YCJOBHIO). TaKUMH NnepeMeHHbIMH
SIBJISIIOTCSA, HanpHMep, HaBJeHHe Napa Hajk XKHUAKOCTbIO, KOHIEHTpALHH
B pacTBope H Ap. )

§ 6. Meroabl pacuera IHTPONUH

YpaBuenusi (III, 13) un (III, 13a), ompepensionye 3HTPONHIO, SAB-
JISIIOTCS €IUHCTBEHHBIMM MCXOJAHBIMH YPABHEHHAMH JIf TEPMOAWHAMH-
YeCKOTo pacyera HSMEHEHHH 3HTPONHH CHCTEMbl, KOTOpLIH BO3MOXKeH
TOJbKO NyTeM Nojcyera NMPHBEJEHHbIX TeIJIOT B PAaBHOBECHBIX MpO-
neccax. 3aMeHss 3jeMeHTapHylo Ttenjory B ypaBHenuu (III,13a) ee
BbIpAXKEHHUAMH 4Yepe3 KaJopuHyeckHe Ko3(pdHUHeHTH [CM. ypaBHeHHs
(1,17) u (I, 17a) Ha crp. 39], monyyaem A/ PaBHOBECHBIX MPOIECCOB:

8Q ! o )
dS——79-=7dV+ 2 ar (111, 18)
h Cy
dS=—dp +— dT (111, 18a)

Vpasuenus (III,18) u (III, 18a) sasasworca nonneimMu auddepen-
uManaM#d SHTPONHUH KakK QyHKuuH nepemeHHbx V, T uau p, T. Kosd-
¢UUHEHTBl 3THX ypaBHEHHH —4aCTHble NMPOHU3BOLHBIE 3HTPO-
[IHK MO COOTBETCTBYIOLIMM IepeMeHHbIM.

Moxacrasus B ypaBHenue (III, 18) 3nauenus Kamopuueckux Kosd-
duuKMeHTOB a8 MoJs HieadbHoro rasa: [=p=RT/V [ypaBHenue
(1,43)] u h=—V=—RT/p [ypaBuenue (I,44)] u nonaras C, u C,
He3aBUCHMBLIMH OT TeMNepaTyphsl (YTO JONYCTHMO JIHMIIb B HeGOJbIIHX
HHTEpBaJaX TeMIIepaTVphl), NOJYYHUM IOCJe HHTeIPUPOBAHHS B U3-
BECTHbLIX Npejenax:

v, T,
S;—8; = f-’]l-dv+ f%dT=R1n—l‘;—f+cwln—§—f (111, 19)
Vl Tl

Py Ty

Vv Cp P2 Tg

Si=Si== [ dp+ J—T—dT=—Rlnp—,+CplnTl (I11, 19a)
Py T
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dukcupys seauyudnl Vy, u Ty (unmum py u T,), a cnenosatenbHo, u
Si u, 06beIHHSAS TOCTOSIHHBIE YJIEHBI, TIOJYYHM: -

* Sz=R1nV2+Cayh'lT2+(S]—RIHV|—CgInT1)
Sg='—Rlnpz"l'CplnTz'l'(Sl+Rlnp|—CplnT1)

O6o3nauus cumBonaMu S; u S, CyMMbl B CKOOKax (sBJsOLIHeCs IMO-

CTOﬂHHbIMH) H ONYCTHUB HHIEKC 2, NOJYUYUM IJs OLHOTO MOJA HAEAJb-
HOro rasa.
S§=S;+RInV+C,InT (111, 20)
S=S,~Rlnp+CplnT (111, 20a)

3nech S) u S, — KOHCTAaHTbl HHTETPHPOBAHHS.

Ypasuenus (II1,19) wu (III,20) Heroumwl 'Jaxe AAST HAeaJIbHBIX
ra3oB, Tak kak C, u Cp, He SIBJIFIOTCH INOCTOSHHBIMH BeJHUYHHAMH.
Ucnonb3oBanue ykasaHHbix 3aBucuMmocteil B ¢Gopme (III,19) wuam
(I1I, 19a) c norapudmMamu TemMnepaTyp BO3MOXKHO JIHIIL B HEGOJbUIMX
MHTEepBaJax TeMNepaTyphl H NpH HeOOMbIINX AaBjeHusx. [Ipu pacuiu-
pPEHHH TeMIepaTypHBIX HHTePBAJIOB HEOOXOAMMO 3aMEHHTb INOCJeIHHIM
yned B ypaBHeHun (III, 19a) mHTerpasoM mepeMeHHOH TeNJI0EMKOCTH.

Beipasum rennoeMKocte Cp KaK CyMMY NOCTOSIHHOH TEMJIOEMKOCTH
Cp,0 ¥ TNepeMeHHON TennoeMKoCTH Cgy, CBSI3AHHOH C BHYTPHUMOJIEKY-
JISIPHBIMH JIBHXKEHHSIMH:

Cp= Cp_. o+ Con

IMomcrasus ato 3nauenue B ypaBreHue (III, 19a), moayuum
T2
Sz—S|=—Rlnp—2+Cp,oln&+ Jl CBH dT
P1 T, T
Tl
K B (GOpMe HeolpeleNeHHOro HHTerpasna:
§=Sy=Rlnp+CpolnT+ [ S ar a1, 21)

DTo ypaBHeHHe NPUMEHHMO K HIeaJbHBIM rasaM B JI06OM HHTepBaJe
Temnepatyp. 3HeCb So— IHTPONULHAA KOHCTAHTA UOeaAbHO20 2a3a.
Ona uMeeT COBepLIEHHO ONMpeJeJeHHYIO BEJIHYHHY IS KaXKIOro rasa.

YpaBHeHud, BBITEKalOlHe H3 BTOPOTO 3aKOHA, He HAIOT BO3MOXKHO-
CTH BHIYHC/JUTbL 3HauYeHHe So W aGCO/IOTHbIE BeJHYMHBI SHTPONHIL.

DHTpONUs HEHIEaJbHOTO rasa MOXeT ObITh BbIYHCJAEHA NyTEM HCHOJb30BaHHA
ypasuenus (111, 18a), u3 Koroporo BHTeKaeT, YTo

n (dS
- = (a—p)r (111, 22)

B nmanvbHefitem (ctp. 119) 6yner mokasano, 4To AJsi Bcex ¢as

du
h=—T (ﬁ),, (111, 23)
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INoxctabup 3naueHve h M3 mocnenHero ypasHeHus B ypasuenue (III, 22), momyunm:

), --(3),

Hnrerpupyem ypaenenue (III,24) npu nocrosHHO# TeMmepaType OT MajblXx AaBJje-
HHI, IpH KOTOPBIX ra3 HuaeajeH:
p

Jdv
S=8,50- f(—ﬁ dp (111, 25)
p
p=>0
Jlns BHYHCJEHHSI SHTPOMMU [O 3TOMY yPaBHEHHIO HEOGXONHMO 3HATb ONbITHBIE Be-
v
JIHYHUHBI '0—7'.") = OgUo pP€ajbHOr0 rasa MnpH pasJHYHbLIX AABJEHHAX HJH YypaBHeHHE
P

coctosnus v=f(T, p).
IIpuMeHUM TOJNYYeHHBIE Bbillle COOTHOINEHHS /IS PAcyeTOB H3MEHEHHs SHTPONHUH
[Ipd HEKOTOPBIX Mpoleccax: ) )
1. ®asoBbe npeBpaumeHHs (H30TepMHYECKHE TNpoIeccCH;
T=const): :

—As= [SQ_ 1 _Q
So= Sy =485 = [ = ijQ-T (111, 26)

YiaenbHas TenjoTa miaaBneHHs Gensona paBHa 29,92 kaafe; TemmnepaTypa mJjasJe-
HUf {nn=>5,5°C. CnenoBateqbHO, H3MeHeHHe sHTponuu | 2 GeHsosna npH MJaBJEHHH
(3HTpONMSA NNaBJeHHs) PaBHO:

29,92
278,65
2. HarpeBaHue mnpH NOCTOSHHOM JaBJeHHH (H30GapHHH

npouecc; p=const).
U3 ypaBrenus (111, 18a) moayuaewm:

ASpn= =0,107 kaa/(e- epad) =0,107 3. e.

T

Cp
S;—S;=AS = j Zar (11, 27)

Tl

Hajinem uaMeHeHue SHTPOMHM OJHOTO FPaMM-aTOM@ AaJIOMHHHS NPH HarpeBaHHH
ot 25 po 600°C. HcTuHHas aToMHas Ten/aOeMKOCTb a/IOMHHHMS MOXeT GBITb Bbipa-
XeHa ypasHeHHeM: )

Cp=15,006 4+ 0,002 564T
Mo ypasneunuwo (I11,27) usmeneHue sHTponuu GYAET pasuo:
e, - 873
AS = I T dT =5,006 - 2,303 g 598 + 0,002 564 (873 — 298) = 5,38 + 1,47 = 6,85 3. e.
298 ’

3. CMemeHne JABYX HAeaJbHHX Tra3oB (M30TEPMHUYECKH-
uso6GapHBi#l npouecc).

B cMecH uaeanbHbIX rasob KOMMOHEHTH BelyT ce6a He3aBUCHMO JPYT OT Apyra.
TlosToMy SHTPONHMsS PaBHOBECHBIX CMeceil MJea/bHbIX ras’oB fABAAETCS a LA M T H B-
HO i dyHKUHelH cocTaBa. i

Ilpu cMmelleHHH ABYX ra3oB B KOJHMYECTBE 73 H 7y MoJefl NPH MOCTOSIHHEIX TeM-
nepatype T u o6lieM RaBJeHHH P Kax bl ras H3MenseT cpofl o6beM OT mepBoHa-
YaJbHOTO 10 OoGbEMa CMeCH, PABHOTO CyMMe HCXOLHHIX O6BbeMOB rasa.. Mameneunue
SHTPONUM TNpPH CMEIUEHHM ABJAETCHA CYMMOH H3MEHeHHA SHTPONUHM KaXJAOro rasa
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npH €ro H30TepMHYeCKOM pacumupenHd. B coorsercrBuu ¢ ypasnenuem (III, 19) aro
M3MeHeHHe PaBHO:

AS=nR1In ZL"',’I& +naR In V—':;zﬁ (111, 28)

PaccynuraeM H3MEHeHHs SHTPONHH, NPOHCXOASILHE NpPH CMEIIEHHH ABYX MoJjed
a30Ta M OJHOTO MOJSI BOJOPOAA (3HAueHMs TeMIepaTypbl H CyMMapHOTO JaBJEHHS
Ge3pasinyHbl JJIs pacyera).

Tak xak o06beMbl as30Ta, BOAOPOAA W CMECH HAXONATCS B OTHOIIEHHNX
Vi:Vo: (Vi4+V2)=2:1:3, To u3MeHeHHe SHTPONHH COCTABMT:

AS=2RIn%/;+R1In%,=4,576(21g3/; +1g3)=3,79 3. e.

4 Ilepexon nepeoxJJa>XAeHHOH XHUIKOCTHU B TBepLOe CO-
CToOsiHMe (HepaBHOBECHBH mpouecc).

PaccyutaeM B KauecTBe NpHMepa H3MeHeHHe SHTPONHHM M NPHBENEHHOH TEMJIOTbI
NpH HEPaBHOBECHOM MNpoliecce — Nepexole B Jie[ OJZHOTO MOJS JKHAKOH BOABI, nepe-
oxJaxjeHHol no —5°C

MameHeHHe 3HTPOMHU MOXeT GbITb BBIYMCJIEHO KaK CyMMa NPHBELEHHBIX TENJOT
N0 KakoMYy-JH60 DaBHOBECHOMY MYTH MeXHy 3TUMH cocTosHuaMH. [as npepsarae-
MOTO Npoliecca pacyeT MOMXKHO MPOBECTH 10 IBYM DPABHOBECHBIM HYTSIM.

I. Xunkas Bona HarpeBaercss oT —5 mo 0°C (1), saTeM o6GpaTuMo 3aTBepje-
BaeT (2), u, Hakomell, Jep oxJyaxpnaercs o —5°C (3). Viamenenus sHTpOnuu mnpu
Tpex MpoLeccax 3TOro MYTH BBIYMCHSIOT H3JI0XKEHHBIMH Bhillle cllocob6amu *;

(1) ASy=Cp nIn & T2 =18-2303 1 ;gzg = 0,334 xas/(#oa6 - 2pad)
- Am - 1438
(2) AS, Tor = 2738 5,264 xaa/(moas - epad)
B T, 2682
(3) AS;3=Cp,r1n T, = 9.2303Ig 35 = 0,166 xas/(moars « 2pad)

CyMMapHOe W3MeHEHHe SHTPONHH PaBHO:

AS=AS;+ AS, + AS3 = — 5,096 kaa/(mors - 2pad)

II. )Kugkas Boma wucnapsiercsi o6paTtuMo (MOJ NaBJieHHEM CBOETO Hachlllell-
voro mapa p;=3,156 mm) npu —5°C (1). 3aTeM BOAAHOH map H30TEPMHUECKH
pacwypsieTcsi 10 TeX IOp, NMOKa NaBjeHHe He CTaHeT paBHbIM pp=3,008 mm (masuse-
HHe HaCbIl.lleHHOI‘O napa Jabaa) (2). Hakonen, nap koHZeHcHpyeTcsi. B Jex mpH
—5°C (3).

Boiunenum cHavasa Heo6xozmmyio II1s1 pacyeTa BeJHYHHY TeIJIOTH 3aTBepje-
Banus Boabl [H20 (k) == HoO(1)] mpu —5°C no dopmyae Kupxrodoa:

H,0 (x) === H,0 (1)

Agare (-5°C) < Ayars ot ACp (t - tO)
Agars @ ) T (Cp' — Cp' )K) (t —f)=—1438-9 (—5) = — 1393 kaa/moas

(l) AS|= A’lfl(ﬁl‘l — A'HCH

T 268,2
3,156
(2) AS, = Rln =4576 g 3008 =0,095
- Aposr —_ Asosr
@) ASs‘ T 2682

* Cp, x=18  Kaa/(m0oarb-epad) — TenjoeMKocTb  XHAKOH  BOAbl; Cp, r=
=9 kaa/(#moab - 2pad) — TeNMIOEMKOCTb JbAa; Ama=1438 KQ.4/MOA6 — MONBHAA Tem-
noTa naasaedus abaa npu 0°C.
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CyMMHpys, noJaydaem:
AS =AS; +AS; +ASy = ———}‘"“‘T_ Rooar 4 0,005

3aTB
Tak Kak Auen — Asosr=Asars=—1393 kas/moss, T0

1393
AS = — 685 + 0,095 = — 5,194 4 0,095 = — 5,099 xa+/(mo6 - 2pad)

Bennunuet AS, Haiinenunble 148 OLHOTO mpolecca, MPHBEIEHHOrO ABYMS Pasfiuu-
HLIMH DaBHOBECHBIMH MYyTAMH, PaBHBl MeXKAY Co60i (pacxoxjeHHe, COCTABJSIOLIEe
0,002 xaa/(Moab - 2pad), cBSI3AHO C HEU3GEKHOH HETOUHOCTBIO HCNOJIB3OBAHHBIX AaH-
1IbIX). DTO CNejoBaj o OM¥HAATh, W60 SHTPONMHA siBAsieTCs (YHKUMEH COCTOSHHA.

Ipusenennas Tensora, NoJydyeHHas BOLOH B HeoGpaTHMOM INpouecce NpPH Heno-
cpeacTBeHHOM 3aTBepieBatnu ee npu —5° C, pasHa:

Q _ Agars _ 1393 ..,
T=TT =~ o682 = 5,194 kaa/(moas - 2pad)
CpaBHeHHe BeJUYHH AS u —?— MOKAasblBaeT, YT0 B COOTBETCTBHH C ypaBHeHHeM
(111, 15) AS > %.

§ 7. Nocryaar Iaanka. AGconoTHbIE 3HAYEHUSI IHTPONUH

Mo ypasuenusim (II1,18) u (III, 20) 1HeBO3MOXKHO BBIUMCIUTBL a6Co-
JIIOTHbIe 3HAYEHHS SHTPONMHM CHCTEMbl. TaKyl0 BO3MOXHOCTb JaeT Ho-
BOe, HeJOKa3yeMmoe IMOJIOXEHHe, He BbITEKawollee M3 JBYX 3aKOHOB
TEepMOIMHAMUKH, KoTopoe Oblio chopmyaunposano [lnankom (1912).
CorJiacHO 3TOMY .MOJIOXKEHHIO, HasbiBaeMoMy nocryaarom I[laauka *,
SHTpPONHUS HHAUBHAYAaJbHOTO KDPHCTAJNJHYECKOTO
pemectBa nNnpu abCONIOTHOM HyJe paBHAa HYJIO:

Se=0 (11, 29)

Ctporo roeops, nocryjar [lnaHka cnpaBensMB TOJNBKO MJISi HHAH-
BHIYaJbHbIX BeILEeCTB, KPHUCTaJ/Ibl KOTOPHIX HJIeaJbHO MOCTPOEHbl (B
KPUCTAJINYECKOH pellleTKe BCe y3/bl 3aHATHI MOJIEKYJaMH HJH aTo-
MaMH, NpPaBHJbHO UepelyIOIIHMHCA W 3aKOHOMEDPHO OPHEHTHPOBAHHBI-
mu). Takue KPUCTaMIbl HA3bLIBAIOTCA UOLANbHbIMU TBEPObIMU TEAAMU.
Peasiblible KPUCTAJJIbl He SABASIOTCS TaKOBBIMH,. TaK KaK HX KPHUCTaJl/IH-
yeckasl peLieTKa NMOCTPOEHA He HAeallbHO.

B peasbHOil KPHCTaJUIMYECKOH pelleTKe HEKOTOpble Y3Jbl MOTYT
O6LITH HE 3aHSATHl YaCTHLAMH, COCTAB/AIOLIMMH KPUCTAJJbl; CAMH 3TH
YaCTULbl MOTYT ObITh CMelLleHbl M3 TOJIOXKEHHS DPaBHOBECH#, Helpa-
BHJBHO OpHEHTHPOBaHb. YacTH pemeTkH MOTYT ObITb CABHHYTHI

* Fro Taxkxe HasbiBalOT TPeToUM 3QKOHOM TepMOOUHAMUKL B (opmyupoBKe
Tlnanxka. Oauako wesecoo6pa3uocTb Tak HaseiBaThb noJsoxenue (III,29) wacto ocna-
PHBAIOT, TaK KaK OHO MO CBOEMY 3HAYEHHIO YCTYMaeT NEPBBIM ABYM 3aKOHaM TepMO-
AHHAMHKH. DTO TOJIOXKEHHe TeCHO CBfA3aHO C KBAHTOBO-CTATHCTHYECKUM OGOCHOBA-
HHEeM B}‘;)poro 3aKOHA TEPMOAMHAMHKH H BEPOSTHOCTHOH TPAKTOBKOH SHTPOMHH (CM.
ctp. 101).
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OTHOCHTEJIbHO APYr Apyra. Takue HapylleHHs, 3aKOHOMepHbIE NPH BbI-
COKHX TeMIlepaTypax, B KaKol TO Mepe HeH36eXHO COXpaHSIOTCH NpH
OXJIaXKJIeHHH H «3aMOpa)KHBaloTcs» 1o abcosioTHoro Hyas. ITostomy
HJeaslbHO MNOCTPOEHHble KPHCTAJLIbl SIBJSIOTCS INpeesNbHBIM COCTOS-
HHeM, abcTpakuuel.

DHTpOnUs KpHUCTaNJHYeCKOH pelIeTKH, MOCTPOEHHOH B HEKOTOpPOH
CTeleHH 6ecrnopsouHo, GoJbllle SHTPONHHM HIeaabHO MNOCTPOEHHOM
KpucTanauueckoil pemtetku *. ITostoMy peasnbHble KpPHCTaJJbl U NpH
0°K o6napnaiwot sHTponuell, Gonbuielt Hy1s. OXHAKO HTPONHH peasib-
HBIX XOpOIIO 0Opa30BaHHBLIX KPHCTANJIOB HHIWUBHAYaJbHbIX BELLECTB
npyu aGCoOMIOTHOM HyJle HeBeJHKH.

W3 dopmyaupoBku nocrysnata [lnaHka ciaenyer, 4To TBepIble pac-
TBOPHI, T. €. OJHOPOLHble KpHUCTaJHyecKHe (pa3bl MepeMEHHOro Co-
CTaBa, COCTOsILIME M3 ABYX H/in OO/bLIEro 4ucja BelLeCTB, He 110JYH-
HSIIOTCST 3TOMY 3aKOHY.

O6pa3oBanye TBepJOro pacTBopa M3 TBepIbIX KOMIOHEHTOB — ca-
MOMNPOH3BOJIbHBIN (IOJOXKHUTEJNbHLIM) MpOlecc, XOTA OH H NMPOTEKaeT
HeCpaBHEHHO MeJJIeHHee, YeM COOTBETCTBYIOLIHE MPOLECCHl CMeLIeHUs%
B XKHJAKOCTAX M ocobeHHO B rasax. Ilpum Temneparypax, GAH3KHX K
aGCOJIIOTHOMY HYJIO, TpPOLIECC CMEIIeHHs] TBEpABIX TeJl 3aMemJsercs
HaCTOJIbKO, YTO He MOxkeT ObITb OCYIIeCTBJIEH, OJHAKO OH OCTaeTCs
NPUHLUHUNNANBHO BO3MOXHBIM. Tak Kak Tako#l mporecc mpu a6color-
HOM HyJe, KaK M BCAKHUIl APYroil, mpoTeKasn Gbl 6e3 TemaoBoro o6MeHa
C OKpY)Kalollel Cpejloil, TO SHTPONHA CHCTEMbl MPHU 3TOM JIOJ/KHA Ghlia
Gbl BO3pacTH (CaMONPOM3BOJBHBIN Heo6paTuMbIH mpouecc). Cienosa-
T€JbHO, SHTPONHS TBEPAOro pacTBOpa (CMemaHHOTO KPHCTaJ/ia) W MpH
a6cooTHOM HyJie GoJibllle, 4eM CyMMa SHTDPONHUi TBEPIABIX KOMIIOHEH-
TOB, T. €. He paBHA HYJIO.

DHTPONHS XKHAKOCTH GOJiblile SHTPONHM KPHCTAJIHYECKOTO Belle-
CTBa M HeT OCHOBAaHWH MoOJaraTh, YTO 3TO Pa3JHUYHe HCYE3HET MNpH
a6comoTH0M HyJle, eC/IH JKUAKOCTb BO3MOXKHO OXJAIUTh 1O 3TOH TeM-
nepatypbl *

B COOTBETCTBHH ¢ nocryiatom Ilnanka ypasmenue (III,27) mas
HIeaJbHOTO TBEPAOTO Tesa NPUMET BHA:

T

Cp
S= J' ~£ar (111, 30)

Kax BHUIHO W3 3TOro BhIpaXKeHHs, €ClH Gbl TEMIOEMKOCTb COXpa-
HAJAa KOHeyHOe 3HaueHue a0 aﬁCOJIlOTHOI‘O HYJ'[H, TO HpH OXJIaXXJ1€HHUH
IO aBCo/IIOTHOTO HYJIA TOABIHTErpajbHas QYHKIMS, a CJAel0BaTeNbHO,
U SHTPONHS, LOJNKHa Oblyia Obl yBEJHUYHBATLCA JO OGECKOHEUHOCTH.

* BospacTtanue sHTpoONHH ¢ yBeNHUeHHEM Gecriopsiika B PaCnosiOKeHHH 9aCTHIL
BbITEeKaeT H3 MOJIOXKEHHUA CTaTHCTHYeCKOH TepMOAHHAMHUKU (ch 97 u CJI)

** B xuakocTH M npu 0 °K cOXpaHAIOTCs GecnopsiouHble PAaclosOKeHHe H OpH<
€HTHPOBKA MOJICKYJL.
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OueBngro, nocrynar Ilmanka mMoxeT MMeTb MecTo JHIIb TOTOMY,
YTO TEMNJIOEMKOCTH KPHCTAN/IMYECKUX BelleCTB CTpPeMsSTCS, KakK 3TO.
YCTAHOBJIEHO 3KCIEPHMEHTAJNbHO, K HYJI0 NpH NPHOJMKEHUH TeMIle-
paTypsl K a6comomomy Hyqao. TemyoeMKOCTh H3MeHsieTCst Nponop-
[{HOHAJIBHO HeKOTopou CTeleHH TeMNepaTypbl Bbilile NepBoil (A MHO-
X KpUCTANJHUYeCKUX BellecTB — nponopunonanbHo 712%). Tlostomy
noxbiHTerpa/sbHas ¢ynakuus ypasnenus (lII,30) crpemutca k mymio
ObicTpee, yeM TeMmiepaTypa, M SHTPONHs HIEaJbHOrO TBEPHOro TeJa
He TOJIbKO paBHa HyJawo npu 0°K (uto, cTporo rosopsi, He ClemyeT 3
CBOMCTB TEMJOEMKOCTH), HO H CTPEMHTCS K HYJIO, KaK K npefenay, no
Mepe MOHHXEHHUS TeMIepaTyphl: lTin})S=O.

+

MoXXHO NoKasaTb, YTO NMPH OYEHb HU3KHX TeMIepaTypax He TOJNbKO
SHTPOMUA H TENMJOEMKOCTb TBEPJOro Teja CTPeMATCs K HYyJdI0 H Iepe-
CTAlOT 3aBHCETb OT TeMMepaTypbl, HO H MHOTHe [pyrue CBOHCTBa
TBEpAbIX Tea (06beM Tesa, AaBjeHHe HACHILIEHHOrO mapa M Jp.) H3-
MEHSIIOTCSl ¢ TeMIepaTypol TakK, YTO HX NMPOU3BOAHbIE MO TeMIepaType
CTPEMATCS K HYJI0. DTUM OODBACHACTCA npuHyun HeOOCTUNUMOCTU
abCcoONOTHO20 HYASl, COTJACHO KOTOPOMY HHKaKHe NpOIeccCH
He MOTYT CHHU3UTb TeMNnepaTypy TeJja A0 abCcoJaioT-
noro Hyasd. Takum oGpa3om, TeMmepaTtypa, paBHasi aGCOJIOTHOMY
HYJII0, B IPHHIIHIE HeOCTHIKHMA, XOTA HauboJiee HH3Kas TeMmepartypa,
KOTOpasi AOCTHUTHYTa 3KCNepHMEHTaJNbHO, BecbMa OJiM3Ka K abCoJIOT-
HOMY HYJIIO * U ¢ pa3BHTHeM TeXHUKH 3KCIIepUMeHTa MOXeT GbiTb CHH-
}KeHa elle GoJblle.

[Moctynar [lnanka ucnosb3yercst OpH TEPMOLHHAMHYECKOM HCCIle-
IOBAaHUH XHMHYECKHX IMPOLECCOB MJs BbIYHC/IEHHS a6 COMIOTHH X
3HauyeHHil sHTponuil (abcoaroTHolX SHTponud) ** XUMHYECKHX COEIH-
HeHHil — BEJHYHH, KOTOpble HMelT O6oJblloe 3HaYeHHe NpH pacuere
XHMHYECKHX paBHOBeCHH.

DHTPONMUs1 TBEPAOr0 BelLeCTBA BHIYHCISETCS 10 YpaBHEHHIO
(111, 30). Hns BbiuucaeHHs HeOOXOAMMO 3HATb 3SKCNEepPUMEHTaJbHbIE
3HaYeHHs TEMJIOEMKOCTH, ONpeieseHHbie 10 BO3MOMXHO 6o/iee HU3KUX
TeMnepaTtyp — A0 10°K uau, B KpailHeM cayuae, 1o 80°K. 3uauenue
tensioeMKocTl 10 0 °K HaXoAAT nyTeMm SKCTPamoJsUHMH MO ypaBHEHHSIM
Ie6as uau TapacoBa /160 C NOMOIIbIO SMIHPHYECKHX TPHEMOB.

[Tpn nmepexose B HAKOE COCTOsSIHHE NPH HOpPMAaJbHOH TeMnepartype
NJaBJeHUsT 3HTPONMUS BO3pacTaeT Ha BeJMYHMHY NPHUBENEHHOH TENJOTHI
naasjaennsi. HarpesaHHIO XHIKOCTH OTBEYaeT YBeJHYEHHE SHTDOIHH,

* CpepxHH3KHE TeMNepaTyphl AOCTHTAIOTCA MOCAeN0BaTeNbHO: 10 =~1°K — nytem
HCTIapeHHs XKHAKOTO TeMs NPH HH3KUX AaBijeHusx; ao =0,01 °K —nyrem anuada-
THYECKOTO Pa3MarHHYMBaHHA 2JIEKTPOHHO-APAMATHUTHBIX KPHCTAJMHUECKHX BeILeCTB
¥, BakoHell, 10 HanGoJee HU3KHX Temmepatyp (~107%°K) nyTem Takoro xe pasmar-
HHUHBAHHS $11ePHO-MArHHTHLIX BEILECTB.

** B panpHefimemM Mbl He GydeM [OJb30BaTbCH TEPMHHOM «abCOJIIOTHAS 3HTPO-
nHA», a GyfeM FOBOPHTb NPOCTO 06 SHTPOMHAX BeLLECTB.
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BbluHcasieMoe no ypasHenuio (III, 27), mpuuem B mNoAbIHTErpaJIbHYIO
GYHKIHIO BXOAUT TEMJIOEMKOCTb KHIKOCTH.

Hcnapenunio XKHAKOCTH NPH IOCTOSHHOM JaBJjeHud (Hampumep,
npu p=750 mm pT.cT.) W HarpeBaHHIO rasa COOTBETCTBYET YBeJHue-
HUe SHTPOIHH, AHAJOTMYHO TOMY, KaK 3TO MMeeT MecTO IpH MNJaBJje-
HHUH TBEPJAOTO Tejla U HarpPeBaHUM XKUAKOCTH.

Takum o6pasoM, ypaBHEHHe [JIfl BbIYHCJEHH 3HTPONHH rasa NpH
HeKoTopoil Temneparype T 6yleT WMeTb BHA:

Tl'lll ch
Cpr Ly, Cp. Liycn Cp,r
dT f dT f dT (1L, 31
r ATt F T T )T (11, 31)
0 ’ nn Hen

[To sTomy ypaBHeHHIO MOXXHO BLIYHCJHTb SHTPONHIO PEaJbHOTO
ra3a npu temneparype T u 1 arm (ecau ucnapeHue UPOBOLUIOCH NPH
HOpMaJ/IbHOl TeMnepaType KuneHnus). Jua nmosydyeHusi 3HaUueHHS SHTPO-
Iun ugeasbHoro rasa npu 760 mm pr.cr. u 25°C, KoTOopoe MPHUBO-
AMTCA B TabJHle CTaHAApPTHBIX BeJHYHH, HEOOXOAMMO BBECTH MONpaB-
Ky *. Beqnunna stofi monpaBKH, KaK NpPaBHJO, HeBe/MKAa H NpH NpHU-
O/IM2KEHHBIX pacyeTaX ee MOXKHO He YYHTHIBATb.

OueBHIHO, YTO IHTPONHMIO BeLeCTBa, HAXOJsALlerocs NpH TeMmnepa-
type T B XHAKOM COCTOSIHHM, TaK»e MOXKHO BBIYHC/IHTb MO YPaBHEHHIO
(II1, 31), nmpuyem ABa MocC/aeJHHX YJeHAa NMPaBOH YACTH YypaBHEHHS HC-
‘4e3HYT.

B ToM cayuae, Korja BeLIECTBO B TBEPAOM COCTOSIHMHM HMEET lie
OIHY, a ABe MM OGosee MoaudHUKalUWM, B NpPaBoil 4acTH ypaBHEHHUS
(111, 31) moGaBsiTcss COOTBETCTBYIOLIME UJEHbl — IPHUPOCT IHTPONHH
npu nepexofie NepBoii MOAM(HKAUMM BO BTOPYIO, NMPHPOCT SHTPONHHU
npd HarpeBaHUH BTOPOH MOAH(DHKALHH H T. .

Wurerpanbhble uieHsr ypaBHeHust (III, 31) naxomsit rpadpmnueckum
uHTerpupoBaHueM. as storo crpoar kpusble Cp/T=¢(T).u uncien-
HOe 3HAUeHHWe HHTerpasa ompelessiOT [0 BeJMYHWHe MJIOILAAH, Orpa-
‘HHYEHHOH KPHBOH M OCbIO abGCUHCC, 3aKMOYEHHBIMH MEXIY COOTBET-
CTBYIOLIMMH TeMIepaTypaMH.

Ha puc. 11,3, unaocrpupylomem rpaduyecknit metonx pacuera
SHTPONMHMH Ha NpUMepe BLIYMCJIEHHA SHTPONMH 3THNEHA, H306pa’keHbl
kpusble Cp/T=¢(T) nas TBepAOTo, XKHAKOTO H rasoo6pa3noro 3TH-
JeHa; LITPUXOBKOH MOKa3aHb! MJIOLIAH, COOTBETCTBYIOLIHE NPHPOCTAM
SUTPONHH NMpPH HarpeBaHuH **. (VI3aMeHeHMs SHTPONMMH NpPH arperaTHbIX
TpeBpalleHHsX, eCTeCTBEHHO, He MOTYT NOJYYHTb OTPaKeHHs Ha [aH-
HOHl IMarpaMMe.)

* YpaBHEHHA [Js pacyeTa 3TOM MOMPaBKH MNOJy4alOT, COYETasn ypaBHEHWE CO-
CTOSIHMA peasibHOro rasa c¢ ypasuenuem (III, 24).

** B npaBoM BepXHeM YIJy PHCYHKa MpeaCTaBjeHa 3aBHCHMOCTb TEl/IOEMKOCTH
sTHieHa oT Jorapudpma TteMnepatyps: Cp=¢(lg T); nonw3ysch, 3THM rpadUKOM,
MOMKHO, KaK 3TO BMAHO H3.puc, lIl, 3, Takxke HallTH 3Ha4eHH SHTPOMHUH ITH/IEHA.
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Huxxe npuBoAsTCs 4YHCIOBble 3HAUYeHHs OTHEJbHBIX Cllaraemblx
ypaBHenus (III,31) u cranmaprtHoil 3HTpONHH ra3zoo6pasHOro 3THJEHA
[xaa/(moas - 2pad)]:

St 15k — ST, ek OKCTPAMOMALHT « o v v o v « &« » o 024
87 1039°k — ST, 155k TPaduueckoe muterpuposanne . . . 12,21
Ana  800,8
F e U v (1
M T 103,9
S 1604 — S, 103.9°k» TPadHueckoe muterpuposanue . . 7,91
Aucn 3237
e N § |
M Ten 169,4
S 008k — Sr, 160,40k, TPAHUECKOE MHTErpHpoBaHme . . . 5,12
[lepeXxom K MICAJLHOMY Ta3Y « + v + « v « o+ o . . . 0,15

CraHnapTHasi SHTPONHSI 3THJEHA: Sgss = 52,44 kaa/(moas - 2pad)

AHaJIOTHYHO MOXKHO pacCyuTath JHTPONMMH Jioboro Beuwectsa. On-
HaKo 1Js pacyeTa SHTPONHH, OCOGEHHO Tra3006pas3HOro BelleCTBa,
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Puc. 111, 3. T'padrueckoe BHUHCJIEHHE SHTDPONHUH ITHJEHA,
Tpe6yeTca BbINOJIHUTD CE€PHIO TOUYHBIX H TPYAHbIX 3KCNECPHMEHTAJbHBIX

Hecae10BaHui. HOSTOMy YHCJIO BEWEeCTB, AJA KOTOPbIX 3THM METOAOM
HaliieHa SHTPOIHA, YBE€JHYHBACTCA MEAJICHHO,
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OHTPONHK BEILECTB MOryT ObITb HaiileHBl H APYTHM METOAOM —
nyTeM KBaHTOBO-CTAaTHCTHYECKOrO paciera. DTOT METOJ ONHCAH B IJa-
Be X, § 3*.

Be/sinunHa SHTPONHH CJOXHBIM 06pasoM OTpa)kaer BCIO COBOKYI-
HOCTb CBOWCTB COEJIMHEHMs B JAaHHOM ero arperaTHOM COCTOSIHMH. M3
Ta6/ULbl, NPUBEJEHHON HHIKE, BUAHO, YTO SHTPONMS BEILECTB 3aBHCHT
OT MOJIEKYJsIDHOrO Beca (M
yBEJHYHBAETCA C €r0 pOCTOM
B paAly OJH3KHX IO CBOM-
CcTBaM BellecTB), OT arperar-
HOTO COCTOSIHMSI BellecTB (M
BO3pacTaeT NPH MepPexofe OT
TBEPABIX Tel K JXHIKUM U
0coOeHHO K rasoo6pasHbiM), a
2 7 ¢ Takxke OT KpPUCTaJ/JIHYeCcKOoro
: CTpOeHHs (Cp. SHTPOMHH rpa-
| ¢duTa M aamasa), M30OTOMHOro
5 % coctaBa (H;O u D,O) u ctpyk-

. TYypel MoJeKya (x-OytaH W
Puc. III, 4. Cxema suTpOnui#HON IuarpamMbl. u306yTan).

<

—7

Yurn Kapno

DHTpPONMHA UIMPOKO MCIOJIb3YyeTcsi B TeXHMYEeCKOH TepMOAHHAMMKe (TennoTexHHu-
Ke) Kak OIMH H3 BaXXHbIX ITapaMeTpoB paGouyero Teia B TeMJIOBOH MallWHe, Hampu-
Mep BOASHOrO napa. BeJMYHHE SHTPONMMH BOASHOrO Napa B JAaHHOM COCTOSIHHH
BLIYHCJSIOTCA N0 CPABHEHHIO ¢ HEKOTOPbIM CTaHAAPTHHIM COCTOSIHHeM — 06hiuHo 0°C

CrangapTHble 3HTPONHH (S;ge) HEKOTOPBIX BeEllECTB
[B kaa/(moas - 2pad]

Bemecrso So98 BemecTtso Sa98 BemecTtBo Song
B()..... 1,7 H,O (r) .. .| 45,106 |CyHg) (r). . .| 54,85
C (1), anmas 0,585 [[H,O (k) . . .| 16,75 [u-C,Hyo (r). .| 74,10
C (1), rpacur . 1,361 | D,O (x) . 18,08 | u30-C4H, (r) .| 70,42
P (1), Gex. . . 106 |CO(r) ... .| 4732 |[CeHs (r) . . .| 64,457
P (1), xpacu. . .| 15,1 CO, (r) .. .| 51,07 ||[CeHg(x). . .| 41,49
Hy (). .....| 3,2 |JNO (r). .. .| 50339 |CHsOH (x) .| 305
Dy (). .....| 3462 |NO,(r) .. .| 5747 |[C,HsOH (r) .| 66,39
O, (r) . ....| 4906 |N;Os (r) . . .| 81.8 |C,H,OH (x) .| 384
O3 (r) .. ...| 57,07 NacCl (1).. . . 17,31 CH;COOH (r) 70,1
Io() . .....| 6229 (Nal (r) .. .| 225 C,H3;COOH (x)| 42,1
L@M......| 279 CH, (r) .. .| 4446

* CrnepyeT OTMETHTb, YTO KOJIHYECTBO JAHHbLIX MO 3HAYEHHAM IJHTPONHI Be-
wecTB, cO6PaHHBIX B CEOAHBIX TabJHIaX, CPABHUTEBHO MaJo.

B cBA3M ¢ STHM BaxkHOe 3HaueHHe NPHOOPETalOT NPHOIMKEHHBIE SMIHDPHYECKHE
COOTHOIIEHUs NJIfi SHTPONMHH OTAE/NbHEIX KJIaCCOB W TPYNN HEQPraHHYeCcKHX coejiHHe-
Hii. Tak Kak BO MHOTHX H3 3THX COOTHOIUEHMH HCMOJb3YIOTCH 3HAYEHHS H3MEHEeHUH
SHTPONHH, NPOHCXOAALIMX NPH XHUMHYECKHX peakuMsX, TO HEKCTOpble CBeleHHs 00
STHX H3MeHeHHAX OYAYT AaHbl Huxke (c1p. 307).
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H 1 ar. DTH 3HAYEHHS] PHTPONMH HCMONB3YIOTCA JJIfi MOCTPOEHHS TaK Ha3blBAEMbIX
HTpONULiHbLX Ouazpamm COCTOAHUA BOAAHOro napa B koopaunatax S — 7T uwau S
(mnarpamma Mosbe). B Takux auarpaMmax HOROGHO. QiHarpamMmaM v — p, MOXHO
n3o6paxaTh pasiHYHble MPOLECCH, MpoTeKawlle B paboyeM Teje TENJIOBOH MaLIHHBI
M COCTaBJALIHEe paGouue LHUKJbl MALIMHBL

HOuarpamma $ — T o6najaeT TeM NpeMMYLIECTBOM MO CPaBHEHHIO ¢ AuarpamMoi
U—p, Y4T0 H30TEPMHYECKHe M annabaTHYECKHe NPOLECchl H306DaXKalOTCs Ha 3TOH
JMarpaMMe TOPH3OHTAJIbHBIMH H BePTHKAJbHLIMH NPAMbIMH JHHHSAMH. [lromaap Luk-
aa Kapno (BennunHa paGoThl 1HKJIA) ONpeLe/sieTCs MNJIOLIAAbI0 TPSIMOYrOJbHHKA
ABCD, a tennotsi Qi u Q»— miomansmu npsmoyronbunkos ABS,S; u DCS,S,
(puc. 111, 4). OTHOCHTe/NbHOE DACIOJIOKEHHE JUHHM, H300paXalcIUX NPOCThle YacT-
tHble Tpolecchl, NOKa3aHO B BePXHEM NpPaBOM YIVIy 3TOTO PHCYHKa B TOH XKe cHCTeMe
KoopauHat S —

OpnHa M3 guarpamm, npenjoxeHubix Mosbe, a umenne guarpamma S — H oGna-
/l4eT TeM LOCTOMHCTBOM, YTO, MOMHMO NpPOCTOTHI H306paKe€HHsI aguaGaTHYECKHX MpO-
1leccoB (BepTHKaJbHbIe MPsAMble), PA3HOCTb HTAJbNHE, OTBEYalollas TeluoTe, MOrJo-
uraemMoil paGoYHM TeJIOM NpH MOCTOSIHHOM [aBJIEHHH, ONpe/Ie/sieTCsl PA3HOCTbIO OpIH-
HAT KOHEYHOHM M HayasJbHON Touek mpouecca. Mso6apel u u3oTepMbl H306paxamTcs
Ha quarpaMMe MoJibe CETKOM ABYX NepeceKaloLMXcsi CeMeHCTB KPHBBIX.

§ 8. CrarucrHyecKHii XapakTep BTOPOro 3aKoHa
TePMOANHAMHKH

TepmonuHaMHuecKuit MeTOH, KakK yKa3biBajoch Bblille (cTp. 26),
HEMPHUJIOXKHM K CHCTEMaM, COCTOSILIMM H3 MaJoro uyucnaa (eAMHHLBI,
IecsiTKH, COTHH) MOJIeKyJ. DTO CBSI3aHO C TEM, YTO B TAKHX CHCTEMAX
ucye3aeT pa3jHyHe MeXAY TensoTod M paboroii. OLHOBpEeMEHHO HcuUe-
3aeT OAHO3HAYHOCTb HampaBJeHHs Npollecca, YCTaHAaBJIMBAeMOTO BTO-
pbIM 33KOHOM, H KaTeropHieckoe yTBepXkKAeHHe O HEeBO3MOXKHOCTH
OJHOTO M3 HalpaBJieHHH Npolecca 3aMeHsieTCs OLUEHKOH OTHOCHTeJbHOH
BEPOSITHOCTH OOOHUX, TNPOTHBONOJOXKHBIX HanpasseHu#i. Haxonen, mis
OueHb MaJjloro yucja MoJekysn o6a HamnpaBJeHHs mpouecca (mpuobpe-
TalOIEero B TAaKOH CHCTeMe HHOH XapakTep, 4eM B MaKPOCKONMHUYECKOH)
CTAHOBSITCS PaBHOLIEHHbIMH. UHCTO MeXxaHHYecKoe IBHKEeHHEe OT[e/bHDLIX
MOJIEKYJ] 0OpaTUMO U NpeHMYILeCTBEHHOTO HanpaBJeHHS He HMeerT.

Cka3aHHOe Bbillle MOXHO HJIJIIOCTPHPOBATh CJENYIOLUHM MBbICJEH-
HbIM OIIBITOM. '

B nepBhifi M3 Tpex SfLIMKOB MOMELLAIOT COPOK XXETOHOB, TepeHy-
mMepoBaHHEIX oT Ne | mo Ne 40. Bo BTOpoii SIlIMK NMOMeLIAlOT COPOK
OJMHAKOBBIX TaKKe IMepeHyMepoBaHHbIX MapoB. TpeTHil SIIHK mycT.
BhIHHMalOT Hayraj >KeTOH M3 NepBOro sllHKa, 3alUCHIBAIOT ero HoMep
M KJaayT oOpaTHO B 3TOT Ke filUMK. M3 Broporo fuiuka BBIHUMAIKOT
ap ¢ TaKuUM Ke HOMEepOM, KaK 3alHCaHHbIH, U NMepeKJafblBaloT ero
B Tperuit Auuk. [Ipogo/kas BbIHUMATb XKETOHB H3 NMEPBOTO AILKKA U
3alMCbiBaTh HOMeEpa, MEepeKJaAblBalOT lIapbl, HUMelollyde 3anucaHHbIe
HOMepa, H3 BTOPOro sliHKa B TPRTHH, HJIH H3 TPETbero BO BTOPOIi,
€c/IM 3TH Wapbl yXKe paHbllie OblJIH MepeMelleHbl W3 BTOPOro AIIHKA
B Tpetuil. M3o6pasuM Ha rpaduke pe3yJbTaT 3TOTO ONbITa (KOTOPHIH
JI0JIKeH ObITh NOCTATOYHO AJHUTEJNbHBIM) TakKHM o0pasoM, YTO Ha OCH
a6Gcuuce OTKJaAbiBaeM HOMep OMNbiT4, @ Ha OCH OPAHMHAT abCOJIIOTHOE
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3HaueHHe Pa3HOCTH YHCeJ I[1apoB BO BTOPOM H TpPeTbeM silIMKax (Ha-
yasjbHas BeJIMYMHA 3TOH Pas3HOCTH paBHa, OYEBHJHO, COpPOKa).

Ha puc. (III,5) nokasan npumepHbii Xon onbitTa. HeusGexHoe
BHayase NajeHHe Pa3HOCTH CMEHSETC 3Ur3aroo0pas3HbIM ABHXKEHHEM,
cTpeMsAIIHMMCS B oflieM BHH3, K YMeHbIIEHHIO DPa3HOCTH B YHCJe Ina-
poB. dTa pa3HOCTb NOXOAMT A0 Hyasl. OnHako ¢ Heu36eKHOCTbIO Celf-
Yac jKe IIPOHCXOJHUT BO3pacTaHHe Pa3HOCTH, H OHA, OCTaBasch GJIU3KOM
K HyJio, Kojebjercs B npefenax HeGosabmux BeanyuH. CoxpaHsiercs
BO3MOXHOCTb M 3HaUYHTE/JbHOIO YyBeJHYEHHSI Pa3HOCTH; BePOATHOCTDb
TaKoro pocra GBICTPO yObIBaeT 51 GOJBIINX BEeJHYHH Pa3HOCTH.
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Puc. II1,5. PesyjabTaTh oneTa ¢ LiapaMH.

M3noxeHHBIH ONBIT NMOKa3blBaeT Takke HEH30EXKHOCTb OTKJIOHEHHS
CHCTeMbl OT COCTOSIHHMS, DU KOTODOM HMeeT MeCTO paBHOMepHOe pac-
npejlejieHHe MOJIEKYJ B NpeJOCTaBJeHHOM UM o0neMe.

PaBHoMepHOe pacnpefesieHde MOJIEKYJ MeXJy OTHeJIbHBIMH 4Ya-
CTSIMH 3aHUMaeMOro HMH OoGbeMa OCYILeCTBJISETCS JHIIb KaK cpelHee
BO BpeMeHH. B KaXKIblli NaHHBII MOMEHT, B pe3yJ/bTaTe XaOTHUeCKOTO
JBHXEHHS MOJIEKYJ, MMeeTCsl BpeMeHHOe YBe/HUYeHHe KOHLEHTpalHH
MOJIEKYJ1 B OJHHUX ydyacTkax ob6beMa U yMeHblIeHHe ee B JIPYTHX.

Ha6uawnaemoe (MaKpOCKOMNHYECKOeE) COCTOSIHUE, XapaKTepH-
3yeMoOe olpeleJleHHBIMH TepMOJHHAMHYECKHMH IlapaMeTpaMH, MOXKeT
CyLieCTBOBATb MPH PA3JIHYHOM pacClpeleseHHH MOJEKYJ, T. €. OHO OCy-
LLeCTBJISIETCA Pa3HbIMH MHKDOCOCTOSHHSA MH, OTJHYAIOWHMHCA
ApYyr OT Ipyra 1o onpejejieHHOMY NpU3HAKY.

BeposiTHOCTb KaXKAOT0 MaKpOCOCTOSIHHSL NPOMNOPLHOHA/IbHA YHCJTY
MHKPOCOCTOSIHHH, KOTOPBIMH OHO OCYyLIEeCTBJIsieTCsl. DTO YHMCJIO Hasbl-
BAEeTCsl TepMOOUHAMUMECKOU B8EPOATHOCTbIO. DTOH BeJHYHHOH B cTa-
THCTHYECKOH (HU3MKe NOJb3YIOTCS KaK MePOH BEepPOSITHOCTH COCTOSIHH.
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Hnst pasHbIX COCTOSIHMH MOJIEKYJSPHBIX CHCTEM TepMOJHHaMHYe-
CKasi BEPOATHOCTb $IBJISI€TCS OYeHb OOJIBIINM YHCJIOM *.

Ecnu us N Mosekysa cHCTeMBl, HMeilolleil o6beM v, B OJHY MOJO-
BHHY 3TOro o6bema. nomnanawt Ni, B apyryio Ny=N — N; monekys, TO
YHCJO BO3MOXHBIX pacnpefeseHHii Pa3JMUMMBIX MOJIEKYJ, OTBedalo-
IHHX YKa3aHHOMY CyMMapHOMY paclpefleJIeHHIO MeXIy ABYMsl MHOJIO-
BMHaMH o6beMa (YHCIO MHKPOCOCTOSIHHH, T. e. TepMOAMHAMHUecKas
BepositHocTb), W onpenensiercs ¢popmysoit:

N
NN =N

+

W = (111, 32)

Tak, Bo3MOXHBI CJeLylollue pacnpees eHust YeThIPEX MOJIEKYJ MeXAy-
nsyms nojosuHaMu cocypa: 4—0; 3—1 u 2—2. CoorBercTBylOlIMe
«BeposiTHocT» o opmyae (I11,32) papnel ** 1; 4; 6. DTu yucna no-
Ka3bBAlOT OTHOCHTE/bHYIO YacCTOTY OCYIIECTBJIEHHS YKa3aHHBIX KOM-
OuHalui npH GoJbIIOM YHCJe Hab/101eHH.

MaremaTuyeckas BepOSITHOCTb TOTO, UTO B pacCMaTPHBAaeMOM BhILIe
OMBITE COPOK INAapoB MOCJe pPABHOMEPHOTO pachnpeieeHHs] MeXAY
o6onuMH SIIIMKaMKU CHOBa cofepyTcs BO BTOPOM SsLIHMKe, OCTaBHB Tpe-
THH AIIMK NYCThIM, paBHa 2-4=10"!2, T. e. 370 COOBITHE MOXHO OXH-
JAaTh OAMH pa3 W3 TPUJIJNHOHA cJydaeB. «[epMoanHaMHyecKas BeposT-
HOCTb» TOTO XKe CJyyasl paBHA eUHHIe.

«TepmoanHaMHUueCcKHe BEPOSTHOCTH» TOrO, YTO B KaKOH-TO MOMEHT
B ONHOM sfillMKe Haxoxutcs 19 mapos, a B Apyrom 21 map, uix B
KaxJoM HaxoauTcsi mo 20 wapoB, paBHbl mo ypasHenuio (III, 32)
coorBercTBenno 13,3-10° u 14,0- 10 Takum o6GpasoM, pacmpene--
nenne «19—21» MeHee BeposiTHO, 4YeM pacnpenenenue «20—20» B
13,3
40
HOMEPHOr0 pacHpeiesneHUs B NAaHHOM ciaydae HabJiloLaercsi MOYTH Fak
e YacTo, KaK U paBHOMepHOe pacnpefiesieHue.

AHasloTHUYHBIE pacyeThl A/ MaTepHAJbHBIX CHCTEM, COCTOSIIIHX H3
OoYeHb GOJIBLUIOTO YHMCJA MOJIEKYJ, MOKa3biBalOT, YTO -JaXKe OTHOCH-
TeNMbHO HeOoJiblIMe OTKJIOHEHHS OT pPaBHOMEDHOTO pacnpejeseHHs
(B 3HAauUMTENBHBIX yyacTKax oGbeMa) HMEIOT KpaiflHe MaJsyio BeposiT-
HocTb. Tak, mMaremaTHyeckasi BepOSITHOCTb TOro, Yyto B | mm® rasa
NJOTHOCTb GydeT OTHYaThCs OT cpeanel B 1 ¢cmd storo rasa Ha 0,019,
pasHa 1070, 1. e. ucyesawome Mana. OgHako B o6beme 0,2 k3, T. e.
0,2-107'2 cm3, orknoHeHue muoTHocTH Ha 1% oT cpexHed mpomucxo-
IOUT B cpenHeM Kaxjble 1079 cex, T. e. oyeHb yacro.

Ot He6oJblIMe CTAaTUCTHYECKHE MeCTHble OTKJIOHEHHUS CBOMHCTB
BellleCTBa OT CPeJHHX BeJHYHH HMEIOT MeCTO NOCTOSSHHO H TOBCIONY.

=0,95 pasa, T. e. MHHUMaJbHOE BO3MOXHOe OTKJIOHEHHE OT paB-

* Jlns mepexoja K MareMaTHYECKOH BEPOSITHOCTH HYXKHO 3layeHHe TePMOLHHA-
MHYeCKOH BEPOATHOCTH Da3fAeNuTb HA TOMHOE YHCAO BCEX BO3MOMHBIX pacnpejese-
HHUil MOJIEKYJl IO AaHHOMY NpPH3HAKY.

** CuepyeT MMeTb B BHAY, uTO ¢axTopHal HyJs paseH epuuuue (0!=1),
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TakumMn Koje6aHHAMH MJOTHOCTH BO3AyXa OOBsCHsIeTCs, Hampumep,
paccesitHHe COJTHEYHBIX Jydell 3eMHOH atMmocdepoir u roay6o# user
He6a. B HekoTophIX CiayyYasix OTKJOHEHHS TaK BeJHKH, YTO 3aMeTHHI
M B 3HAUUTEJbHBLIX Maccax BellecTBa. TaKoOBbl GJIYKTyalHH MJIOTHOCTH
BeClIEeCTBA B KpHTHYeCKON obaactu (onaJecuennus). Hanpumep, B nBy-
OKHCH Yyryiepofia BO/IH3H KpHTHYECKOH TOYKM CpelHee OTKJOHeHHe
NJIOTHOCTH OT cpefHell BejauuuHsl pasHo 1,6%.

Bcesakue, XoTs Gbl OYeHb Majible MeCTHble OTKJOHEHHS OT cpeiHei
BeJIMYMHBI NJIOTHOCTH ra3a, ObIBIIE 10 3TOrO paBHOMEPHOMH, SBJIAIOTCS
CaMOIpPOHU3BOJIBHBIMH OTPHIATEbHBIMH IIPOLECCAMH, KOTOphIE, TAKUM
06pa3oM, He TOJNBKO OKa3blBAlOTCS BO3MOXHBIMH, HO H IOBCEMECTHO
OCYLIeCTBJAAIOTCS. 3HAUUTENbHble OTKJIOHEHMS] OT CpelHHX BEeJHUYHH B
GOJIBIINX CHCTEMAX HMeIOT HCYe3alollle MaJyl BeposTHOCTb, HO B
NpPUHIHIE OHH TaKXKe BO3MOXHBI.

Takum 06pa3oM, yTBepKAeHHe, 10 KOTOPOMY HeCcaMONPOU3BOJIbHbIE
(oTpHLaTe/NbHBIE) TPOLECCH He MOTYT ObITh €AWHCTBEHHBLIM pe3yJibTa-
TOM COBOKYNHOCTH IIPOLIECCOB, OKa3bIBA€TCS HECTPOTH M, a OTPH-
nartejqbHble NPOLECCH B MAaKPOCKONMYECKHX CHCTeMax OKa3hiBaloTCs
He HEBO3MOXHB MH, a KpallHe MaJoO BEpPOSITHBIMH CO-
ObiTHsIMH. BTOpoil 3aKOH TepMOJMHAMUKH HABJSETCs, C/IEL0BaTEbHO,
He a6CoJIIOTHBIM 3aKOHOM INPUpPOJBl NMONOOHO NepBOMY 3aKOHY, a cTa-
THCTHYECKHM 3aKOHOM, KOTOPBIH co6JilofaeTcs C BLICOKOH CTeNeHblo
TOYHOCTH JJisi 3HAYUTEJbHbIX KOJHYECTB MOJEKYJ] U TeM MeHee TpHMe-
HHM, YeM MeHbILe pa3Mephl CHCTEMBI, IBJSIOILEHCS OOBEKTOM H3yYeHMUs.

YcTaHoBJIeHNe CTaTHCTHYECKOrO XapaKTepa BTODOro 3aKOHa Tep-
MOJHHAMHKH sIBJseTCsl BejiMKo# 3acsayroil JI. Bospumana, o6bsicHHB-
[Iero TakUM NyTeM MpPOTHBOpeude MexXAy OoOpaTHMOCTbIO MeXaHHye-
CKOTO [BHXKEHHsI M HeoOpaTHMOCTbIO H HAaNPAaBJEHHOCTBIO PeasibHbiX
(GU3HYECKUX M XMMHUYECKHX NPOLIECCOB; 3Ta HANpaBJEHHOCTb SIBJISETCS
C/Ie[ICTBHEM MOJIEKYJNSIPHOTO CTPOEHHSI MaTepHaJIbHOTO MHpA.

B paGorax BosbuMana, CMONYXOBCKOTO U APYTMX Y4eHbIX NMOKA3aH
CTATHCTHYECKHH ‘XapaKTep BTOPOTO 3aKOHAa TEPMOAHHAMHUKHM M KOJIH-
YeCTBEHHO M3Yy4eHbl HaOJi0faeMble OTKJIOHEHHS OT 3TOTO 3aKOHA. DTH-
MH paGoTaMH OKOHYATeJbHO NMOKa3aHa HECOCTOSITENbHOCTb aHTHHAYU-
HOMl HJeH TeNJIOBOH CMepTH BCEJIeHHON, BhICKa3aHHo# Kiaysuycow.

Kinaysuyc HempaBuJbHO TPAKTOBaJ BTOPOH 3aKOH TePMOAHHAMUKH (OLHHM U3
TROPLOB KOTOPOro OH Gbla), Kak aGcomoTHBIH 3akoH npupoxnl. HesakonHo pacnpo-
CTpaHfis CBOH TNOCTY/aT Ha BCEJEHHYIO, KOTOPYK OH YMOA06.1sa H30IHPOBaHHOA
CHCTEMe, M Ha HEOTPAHHIEHHEIl NpOMexyTok BpeMeHd, Kaaysmyc nan Bropomy
33KOHY cnenylomyxo (OPMY/IMPOBKY: 3HTPOMHUA BCENEHHOH CTPEMHTCH K MaKCHMyMY.

W3 3T0r0 non0XeHHs BBITEKAIOT Ba BHIBOJA:

1. Yepes MOCTAaTOMHG GOJbLLIOH IPOMEKYTOK BPEMEHH BCeNeHHas npuﬁnnsmcn
K TaKOMY COCTOSIHHIO, YTO, ee SHTponus GyieT GJHM3Ka K MaKCHMAajbHOH BENHUHHE;
coctosiHe BCeJEHHOH OVA@T OJHM3KO K DAaBHOBECHOMY M BCE MPOLSCCHI YracHyT —
OCTaHyTcsi. paBHOMEPHO pagnpeneneuﬂme B IPOCTPAHCTBE MaTepus u sHeprus. aib-
HeHIJas SBOJIIOIMS BCEJIEHHOH NMPEKPATHTCs, HACTYMHT «TEMJIOBAas CMePTb BCEJEHHOM».

2. Tak Kkak B HaCTOsillee , BpeMsl BCEJNEHHAs [aseka OT «TelJOBOH CMepTH»,
XOTA ¥ JABHKETCH TOJNbLKO B HAMpaBleHWH K Hef, TO, CJeN0BaTeJqbHO, BCeJeHHas
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HMesna Hayajio, OHAa BO3HHMKJA B IPOTHBOPEYHH -CO BTOPHIM 32KOHOM TE€PMOJHHAMHKH
(uMerownM aGCcoNIOTHOE 3HAYEHHe) B pe3y/bTaTe KAKOro-To TBOPHeCKOro akTa, He
MOAUMHSIOLETOCST 3aKOHAM NIPHPOJHL.

Buisonbt Knaysuyca o TenI0BoH CMepTH BCeJIEHHOH He3aKOHOMepHBl, TaK Kak
TepMOLUHAMHYECKHEe CBOMCTBA KOHEUHOH H30/1MPOBAHHOM. CHCTEMbI PACHPOCTPAHAIHCDH
WM Ha BCeJEHHYIO, Ge3rpaHAYHyl) B NpoCTpaHCTBe M Bpeménn. PaboTsl Bonbumana
M JAPYTHX YYEHBIX, YCTAHOBHMBIIMX OTPAHHMYEHHDbIH CTATHCTHYECKHH XdpakTep' BTOPOrO
3aKona TepMOIlHHaMHKH NOKa3aMH BO3MOXHOCTb M HeOOXOAHMOCTb HAMMYHS BO
BCeJIEHHOM JTIOOBIX MO -BeJMYHHE OTKJIOHEHHA OT TpeGoBaHuMH BTOpOro 3akKoHa anf
paBHOBecHbix cHcTeM. CaMo MpeACTaBieHHe O IBHXKEHHH BCeJennoll (Kax ue.noro)
K paBHOBECHIO He3aKOHOMEpHO.

O6a BhiBoaa Kiaysuyca coBepIEHHO HECOBMECTHMbI C OCHOBHBIMH MOJIOKEHUAMH
ANANeKTHYECKOTO MaTepua/HaMa. JHre/bC MOAREPr yKasaHHble BbickaseiBauus Kuay-
auyca ectko#t KpuTHke. Ou nucan: «B xakom Obl BHIE HN BBICTYNAJO Mepef HaMH
e8Tcpoe noaoscerue Kaaysuyca u T. A., BO BCAKOM C gqae COTJIACHO™ €My, JHeprus
TEpPACTCH, eC/lH He XOJHYECTBEHHO, TO KAueCTBEHHO. JHTPONUS He MOMeT YHUUTO-
2ATbCSL CCTECTBEHHbIM NYTeM, HO 3ATO MOXceT ¢030a8aTbCA. MHPOBLIE YACH CHayasa
NOJKHB ObITb 3aBeAEHDbl, 3aTeM OHH MAYT, MOKA He NMPHAYT B COCTOSTHHE PABHOBecHS,
H TOJIBKO YYJ0 MOMKET BbIBECTH HX M3 3TOTO COCTOSHMSI M CHOBA NYCTUTD B XOX.
[MoTpaueHHan Ha 3aBOJ 4YacOB 3HEDPTHMsl HCYe3sa, MO KpaliHell Mepe B KaUeCTBEHHOM
OTHOWIEHHY, M MOXKET ObITh BOCCTAHOBJIEHA TONBKO MyTeM TOAYKA u36HE. 3HAuMT,
TOJYOK H3BHE OB HEOOXOAWM Takxke W BHauyaJe, 3HAYHT, KOJHYECTBO HMeroLierocs
BO BCEJEHHOM [BHXKEHHMS, WJIH 3HEPTHH, He BCErJa OJHMHAKOBO; 3HAUHT 3HEprus
NO/DKHA Oblia GLITH COTBOpelA; 3HAUHT, OHA COTBOPMMA; 3HAYHMT, OHA YHHUTOKMMA.
Ad absurdum! [do abcypna!l» (®. dureanbc, Huanektuka npuponn, [ocronut-
uanat, 1953, ctp. 229).

PaccmoTpuM Tenepb Moc/ae H3JMO0XKEHHs 0OLIMX MNpeicTaBJeHUH o
rpaHulax NPHMEHHMOCTH BTOPOTO 3aKOHAa TePMOIAMHAMHKH CBSI3b
MEeXJy SHTponuel CHCTeMbl 1 BEPOATHOCTbIO COCTOSIHHSI 3TOH CHCTEMBI.

TepMonuHaMuyecKass BepOSATHOCTb cocTossHHss W u 3SHTpomusi u3o-
JUPOBAHHOH CHCTeMBI S fBJAIOTCA DPa3/JHYHBIMH MepaMH CTPeMJIEHHS
cucreMbl K paBHoBecHlo. O6e BeJHMUHHBI BO3pacTalOT HpU HeoGpaTu-
MBIX Tpoleccax, MpuOJHKAIOLIUX CHCTEMY K DaBHOBECHIO, M AOCTH-
raloT MakCMMyMa TpH DPaBHOBECHOM COCTOSIHHH CHCTeMbl. Mexny Be-
muuuHamup W u S nMeerca KomuuecTBeHHas cBsi3b. OGWUi BHI 3TOM
CBSI3H LEPPYAHO YCTANOBHTh, €C/H YYeCTb aJAMTHBHOCTD SHTPONHH,
KoTopasl sIBJISIETCS] CYMMOH 3HTPONMIT OTZe/bHbIX YacTell paBHOBECHOM
CHCTeMbl, U MYJbTHIIMKATHBHOCTb BEPOSITHOCTH CJIOXKHOTO COOHITHA,
KoTopas siBJsieTCA NPOM3BENEeHHEM BEePOSTHOCTEH OTAE/NbHBIX HE3aBH-
CUMBIX COOBITHH.

Ecau paBHOBecHas cuctema ¢ BeposTHoctbio W u sHTponuen S
cocrout U3 ABYX yacreil ¢ BeposatHocTamMu Wy u W, u 9HTpO]‘IHﬂMH

u S, 10
§=8+8;; W=W,W,

Tak kak S=f(W), Si=f(W)) u S;=f(Ws), 10
S=f(W,W,)
Si+Se=F(W))+F(W,)

HJIH '
f (W) =f(W W) =F(W,)+[(Wy)
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Jlis cHCTeMbl H3 MHOTHX 4YacTell:

FW)=F(W,W,W;5...)=F(W)+F(Wo)+[(Ws) + ... (I11, 33)
Pewenuem ypasuenus (III, 33) sBasercs ypaBHeHue Bosbumana:
S=kInW (I11, 34)

rae k — KoHcTaHTa BoJsbiMaHa.
- Jlns naxoxpenus Buaa ¢yuxuuu f(W) npoauddepenunpyem ypasuenne (II1, 33)
noouepento no Wy, W u 1. 1.

of (W\W,W,...) — Of (W, WoWsa...) W,W,W,... _ of(W,)
oW, 3 (W, W, W5 ...) W, oW,

OF (W WaWs..) _ Of (W WaWs..) WWWs... _ 3f (V)
oW, (W, W,W,...) W, ow,

H T. I
JIens nonapHo npaBble YaCTH STOrO PaBEHCTBA, MOJY1aeM:

Wy _ 0i(Wy) /9] (W)
W, oW, “0W3
Wy _ 91 (Wy) /Of (W)

W, 0w, oW,

M T. 4. aaa mo6uix nap Wi — W,.
[IpeoGpa3yeM MpOHOPLHK:

of (W) _ 0f(Wy)
aw, V1= 5w, Ve
of (W,) _ 0f (W)
* W, Vr=Taw, Vs
T of (W) of (W)
i L= O AWk =
—W'W,— aWk We .COHSt
HJIH P W
ath—Wf:_=c°nSt=k
Hurterpupyem
PHPY f(W)=kInW;+C
T. e.

S=kInW;+C

PaBerictBo C=0 BBOAUTCS YCJIOBHO M Ha3biBaetca nocryaarom Boasymana. Pasen-
eTBo const=~ (koHcTaHTa DoJbiiMaHa) MOKa3biBaeTCsl JISI HAaCTHOTO ciyyas HaeaJb-
HOro rasa; 5TO fBJSETCS [JOCTAaTOYHBIM JOKa3aTeJbCTBOM, TaK KaK KOHCTaHTa &
siBJIsIeTCSl YHHBEPCANbHON KOHCTAHTOH B COOTBETCTBHH C H3JOMEHHBIM BHIBOJOM.

WsjoxeHHble Bhillle COOépa)KeHHﬂ 006 umeasbHOM KpucraJjie MOryTt
ObITD BbIpaX€EHbl HA fA3bIKe BepomHocreﬁ uepe3 COOTHOIUEHHE:
Wo=1 (I11, 35)

HeicTBUTENbHO, MIEAbHBI KPHCTANA NpU aOCOMIOTHOM HYJIe MOXKeT
ObITb OCYILECTBJIEH TOJIbKO ONHHM paclpelie/ieHHEM MOJIEKYJ, TaK Kak
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BCE MOJIEKYJIbl (HJIH aTOMBI, HOHbI) JAHHOTO COpPTAa TAKOro KpHCTaJ1a
Hepa3/HYHMBI 10 CBOHM 3HEPTHsIM H PacloJIOXeHHIO H 0OMeH MecTaMH
pasjuyHbIX M0 KaKOMY-ITHOO NMPHU3HAKY MOJeKya HeBo3MoxeH. [Toao6-
HOe COCTOsIHHE JOCTHraeTcsi KpUCTa/JOM MpPH OXJaxKIeHHH acCUMIITOTH-
YecKH 10 Mepe IOTepPH MOJIEKyJlaMH KpHCTa/sa INOCTeIHero KBaHTa
SHEPrHH MoJeKyJaspHoro asuxenns. M3 ypasnenust (III,34) u (I1],35)
HernocpeACcTBeHHO BbiTeKaeT ypaBHeHHe (III,29): Sy=0.

§ 9*. O6 akcHOMaTHKe BTOPOro 3aKOHa TePMOAMHAMHKH

B H3/70XKeHHbIX BbIlllE PACCyXKAEHHAX M BbIBOJAX, HMEBUIHMX HCXOAHBIM NYHKTOM
BTOpOH 32KOH TepMOAMHaMHKH B (opMmynupoBke Knaysuyca (uam B. Tomcona),
OCHOBHOe BHHMaHHe YIeasJioch KOo3((hHIHEHTY INOJEe3HOro HeHCTBHS TeNJOBBIX Ma-
WVH, T. €. BOMPOCY, HMelolleMy, Ka3a/JoCb Obl, C TOYKH 3PEHHs] TEOPHH HYACTHBHIA H
Y3KMil XapakTep (XOTSl M OuUeHb BaXXHOMY JJIA MPaKTHKH). Mexny TeM pe3y/bTaTOM
BCEX pPacCyX[eHHH SIBUJICA BBbIBOJ OYEHb IIHPOKOIO, XOTS He BCceoGbeMJIOLIero 3a-
KOHa NMpPHPOAB!, KOTOPLIH MpaBH/bHEE BCErO HA3BaTh 3aKOHOM CYLIECTBOBAaHHA (YHK-
IIHY COCTOSIHMSI SHTPONHH M ee BO3DacTaHMA NPH CaMONPOU3BOJBHBLIX HEOGPATHMBIX
npoueccax. (Psn uccnegonaTenelt BUAAT 34eCb ABa OTHAE/bHBIX, HE3aBHCHMBIX MO~
JIOKEHHUS. ) ’

HeonnokpaTHo yKa3biBajoch, YTO KJACCHYECKHH BbIBOJ 3aKOHA CYILECTBOBAHHA
SHTPONHMH HEY/IOBJETBOPHTE/EH, TAaK Kak MIJfi BbLIBOJA HCHNOJB3YIOTCH YacTHbE CO-
ofpaxeHHs 0 paGoTe TElJIOBbIX ABHraTesedl, MPH 3TOM KOJIHYECTBEHHble COOTHOLIE-
HMsl BBIBOAATCSI CHayana [J/s HIeadbHBIX [a3oB, a NOTOM pAacNPOCTPAHSAIOTCH Ha
JApyrue Tena.

Onanako B M0Jb3y KJAaCCHYECKOTO NYTH MOCTPOEHHS BTOPOro Hauaja TOBOPAT
caenyiouie coo6pakeHHs. Meroa M rpaHMubl TePMOAMHAMMKH TNPHUBOASIT K HEH3-
6eXKHOCTH KOHLEHTPHPOBATh BHMMAHHE HA ' B3AUMHLIX INpeBPALIEHHSX TEMJIOTH H
paboThl, Kak MakpoCKomuyeckHx ¢opMm mnepemayu sHeprud. Cama MaTeMaTHuUecKas
gopmynnpoaxa NepBOro 3aKOHAa TEPMOAMHAMHKH CBSI3aHa C 3THM OGCTOSITEJbCTBOM.

CSIKMEe TONBITKH (OPMYJHPOBATb 3aKOHOMEDHOCTb, KOTOPOH CJIEAYIOT BCe Ha6Jio-

naeMble B3aHMHble NPeBpAleHHs TEMJIOTHl H pPaGoThl, €CTeCTBEHHO - MPHBOAAT K
dopmynnposkam Knaysuyca, B. Tomcona uau Ilnanka. Orpanuuenus BO3MOMKHOCTH
npeBpallleHuss TemIoThl B paGoTy MNPHBOAAT K OOGIUHM, KPHTEPHSM HanpaBJjieHHA
nmpouecca M ycJIOBHUSIM PaBHOBECHH.

C 37Ol TOUKHM 3PEHHSI pacCyXAeHHs O KoapdulHeHTe MONE3HOrO AEHCTBHS LHK-
JIMYECKHX TPOLECCOB TOJNbKO BHEIIHHM 06pa3oM CBfI3aHbl ¢ YacTHOH mnpobJaemon
MCNIO/Ib30BAHUA TEMJIOTHl B MalIHHAaX, MO CYLIECTBY Ke B 3THX PACCYyXKIEHHSX peub
Haer o6 OCHOBHBIX 3aKOHOMEPHOCTAX B3aHMHBIX NpPeBPAlleHHH pasJHYHBIX (HOPM
3HEPrHH B MaKPOCKOMHYECKHX CHCTEMaXx.

B03MOXHO, KOHEYHO, M TaKHe MNOMBITKH AEJaJHCb, NOCTPOUTb HHbIE, OTNHYHbIE
OT KJ/IaCCHYECKOH CHCTeMBl BBIBOAbl M J0Ka3aTeJbCTBA, HCXOAfALIME H3 ' HHave cdop-
MYJIHDOBAHHOTO HCXOJHOTO TNOCTyJaTa (MJAH aKCHOMBI) M HAa BCeX CTaAHsX AAlOLlHe
coBeplIeHHO O6LiHe MOJIOXKEHHs, NPHMeHHMble [JISi BCEX CHCTeM M mpoueccoB. Takum
06pazoM BO3HHK/IA NpobJjeMa aKCUOMATUKU 8TOPOZO 3AKOHA TELMOOUHAMUKU,

D1y npobaeMy MoxKHO (GOPMaJbHO NOCTABUTL CJEAYIOWIMM 06pasoM: Heo6Xo-
JMMo copMysHPOBATL MOCTYJIAT, HA OCHOBE KOTOPOIrO B COBeplieHHO oflueil ¢opMe
MOXKHO J0Ka3aTh, 4TO 3jeMeHTapHas Temitora 0Q npu ymHoxeHun Ha 1/T npespa-
waerca B noanbit anddepenuran. TakuMm o6pasom, AJ1s NOJNyYeHHS BCEX CJEACTBHI
BTOPOTO 3aKOHA TEPMOJHHAMHKH HEOOGXOAMMO AO0Ka3aTb, YTO aGCOJIOTHAs TeMmepa-
Typa SIB/ISI€TCA MHTETPUPYIOLIUM Je/IHTeNeM A/ 3NeMEHTapHON TemIoTHI.

Crnenyer OTMETHTB, YTO, KaK NOKasbiBAeT COAep)KaHHe NMpeiblAyliero naparpada,
KPHTepHil HaNpaBJeHHsi TPOLECCOB M MOCTYJaT O CYLUIECTBOBAHHH M BO3DPACTaHHH
SHTPONHH B OCHOBHBIX BaM{HeHIINX YepTax BHITEKAIOT H3 MOJIEKYJSADHO-CTaTHCTHYE-
ckHx coo6paxenuil. [losTomy (a TakKe Ha OCHOBaHHH H3J/IOKEHHOTO BhIIE) He
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cleflyeT CUHTaTh NpoOseMy AaKCHOMATHKM BTOPOTO 3aKOHa TepMOJMHAMHKU (T. e.
npobseMy GOpMyJHPOBKH €r0 B COBEpINEHHO oOlled dopme B mpejejax YHCTO TEPMO-
JHHAMHYeCKOro MeTOA3 H OTOPBAHHO OT MeTOJOB H MOJIOXKEHHH CTaTHCTHYECKOH
GH3UKHM) CYIECTBEHHOH HAYYHOH npoGjeMoH. YHHTBIBasA 3TO, JIHIIL KPAaTKO OCTaHO-
BHMCSi HAa OJHOM BHAE AKCHOMATHKH BTOPOrO 3aKOHA TEPMOAHHAMHKH, IpeNJIOXeH-
Hoil B 6jiu3kux ¢opyax Ilunnepom (Kues, 1895) u Kapareogopu (1911). Ux akcuo-
MaTHKa He CBfA3aHA C TENJIOBHIMH MaLIHHAMH H KO3 (HILHEHTOM MNOJIEe3HOro AEHCTBUS
noc/e HHX.

HerpyaHo Ha ocHoBaHMH OOBIYHBIX (OPMYJHPOBOK BTOPOTO 3aKOHAa MNOKAa3aTb,
4TO KpHBHE DaBHOBECHBIX aAHabaTHBIX IIPOLECCOB JJs AAHHOH CHCTEMbl He mepece-
KawTcs, T. e. MMeeTCs CeMeHCTBO KPHBBIX aanabaT — H33HTPOI.

HeficTBuTe/1IbHO, €C/iM JBe aauabaThl NEPECEKAIOTCH, TO MOXHO NMOCTPOHTb LUK
M3 3THX JABYX ajuabaT W Kako#i-nu60 OnHOH H30TepMbl, KOoTOpas mepecekaer oGe
anuabaThl B TOUKaX C paBHbIMH TeMmnepaTypaMmu. Crefys 3ToMy LMKy, paGouee
TeJI0 TEIVIOBOH MaUIMHbI MOIJIOTHT TemaoTy NpH OAHOH TeMIepaType yKasaHHOMH
H20TEPMBl H He BCTYIHT B TemJooOMeH C OKpy)Kawouled cpeiofi npH APYrHx TemIe-
partypax, a NOIVIOLIEHH&S! TemoTa IPeBPaTHTCA B PaGOTy, PaBHYIO IIOWIAAH LHKAA
Ha aMarpamMme p — v. DTOT HTOr NPOTHBOPEUHT MOCTYyJaTy TOMCOHA, H TaKOM IMKJI,
a cnejosaTenbHO, M IepeceyeHHe aauabaT HeBO3MOXHBI C TOYKHM 3DEHHA KJaccuye-
CKH MOCTPOEHHOTO BTOPOro 3aKOHa TepMOAHEAMHUKH. TakuM o6pasoM, Ka)kaoe paBlio-
BEeCHOE COCTOsIHHE CHCTeMbl JIEXHT Ha Onpeje/ieHHOH, TOJbKO OJHOH aauabare —
ussnTpone cucrembl. OTciofa BbITEKaeT, UTO /A JIOGOTO PABHOBECHOTO COCTOAHMUS
CHCTEMBbl HMEWTCA COCelHHe DaBHOBECHBIe COCTOAHMS, JiexallHe Ha APYTHX, cocej-
HUX, XOT# M OuYeHb O/NM3KHX K HCXOQHOH, H33HTPONAX, KOTOpPble He MOryT OBITh
JOCTHTHYTBl H3 HCXQAHOTO COCTOSIHMS aauabaTHeiM nyTeM. KapaTteoqopu mnpuHsi
NOJMOXKeHHe O HaAMMHKM [18 KaXAOTO pPAaBHOBECHOTO COCTOSIHHSI CHCTEMbl TaKHX
HEJOCTHXHMBIX aaMabaTHBIX COCEIHHX DPABHOBECHBIX COCTOSIHMH 3a HMCXOAHBIH HOCTY-
JnaT (aKCHOMY) BTOPOro 3aKOHAa M MOKa3aj, HCNOJb3ys [OBOJEHO CJIOXKHblEe MaTe-
MaTHYeCKHe NpPHEMAI, YTQ H3 3TOTO MOCTyJaTa MOXKHO MOJYYHTb BHIBOJ O HaJHYHH
IS 3/1eMeHTapHOH TeNJOThl HHTErPUPYIOLIero MHOXKHMTe/Ns, 3aBHCSIIEr0 TOJLKO OT
TeMNepaTypsl, KOTOPbIl Je1aeT 3JeMEHTapHYIO TenJoTy noJubiM auddepeHunasom
¢yHkUMM  cocTofHuA, TakuMm oOpa3oM [AOKa3biBaeTCs, YTO eCTb Takas QyHKuus
COCTOSIHHA (3HTpONHA), AupdepeHIHan KOTOPOH Bceraa MoxKeT OBITb MOJydYeH -MyTeM
YMHOXKEHHSI 3JIeMEHTapHQH TeMJOTH MNpolecca Ha MHOXKHTeb, B KauecTBe KOTOPOTO
moxHO BbiGpaTe 1/T. [laabHeiilnee pasBHTHE BONMpPOCA COBNAfAeT C KJAACCHYECKHM.
[Tpn dopmanbHBIX AOCTOMHCTBaX OOGIIHOCTH TaKOR CMOcO6 W3/I0XKEHHS BTOPOro 3a-
KOHa HEBBITOJHO OTJIHYAETCA OT KJAaCCHYECKOTO TeM, YTO HCXOAHHIA MOCTY/aT OTO-
PBaH OT peaJjibHbIX IIPUPOIHBEIX MPOLECCOB.

[Mpunuun KapaTeomopu oueHb GAH30K K YTBEPMAEHHIO, YTO CyleCTBYeT (GYHK-
LHA COCTOSIHMSI CHCTEMbI, OCTAOLLAfICS IOCTOSHHOH INpPH DPaBHOBECHOM ajHaGaTHOM
u3MeHeHuH cuctembl. OpHolt M3 (opM mocTysnaTa — BTOPOro 3aKOHAa TepMOJHHAMH-
KH — MOXeT GBITb NMOCTYJATHBHOE YTBepXKJAeHHe O CYIIeCTBOBAHHH (YHKLUHH COCTOS-
HHSl — SHTPONMH, H3MEHeHHS KOTODOH CBA3aHbl C PAaBHOBECHBIM TeM/JI00GMEHOM.

Cnenyer o6paTiTb BHMMaHHe YMTaTeNss HAa METOJ M3JIOXKEHHS OCHOBHBIX BOMPO-
COB BTOpOrO 3akoHa, npeasoxeHnbiit K. A. IlyTuioBbIM, KOTOpHIi cBOeoGpa3HO pas-
pabaTbiBaeT KJacCHUYECKHE MpeiCTaBJEHHS.

§ 10*. TepMoaHHAMHKAa HepPaBHOBECHBIX NMPOLECCOB

PaccMoTpeHHble Bbllle CQOTHOLIEHHS, BbITEKalOLUlMe H3 BTOPOrO 3aKOHAa TEpMo-
JHHAMIKH, MOTYT OBITb NpPHMEHEHBI AJS PAcyeTOB TOJNBKO PAaBHOBECHBIX IPOLECCOB,
H60 B 3TOM C/Jy4Yae OHH BBIPAXKalOTCH paBeHCTBaMH. JlJis HepaBHOBECHBIX NPOLECCOB
KadccHyeckasi TepMOAMHAaMUKA [aeT COOTHOLIEHHA, KOTOpble BHIpa)kaloTcf HepaBeH-
CIBaMH U [OITOMY HE MOTYT ObITb HMCMNOJb30BAaHHBIMHM [JIsl PAcueTOB 3THX MPOLECCOB.

Takyio BO3MOXHOCTb 4a€T TepPMOJAHMHAMHKAa HepaBHOBeCcHB X (T. e.
HeoGpaTHMBIX) MPOLECCOB, KOTOpas MOJyuWIa B HocaeAHee MAeCATHJETHE
311aYHTe/IbHOE pa3BHTHe.
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[ocrpouts OG0 TEPMOJXHHAMHUKY HEDaBHOBECHBIX NpoIec-
C OB BO3MOXKHO JIMUIIb NMyTéM BBeJeHHA MONOJHHTENLHBIX MOCTYAdTOB H HCIOJBb30Ba-
HHS BpeMeHH B KaueCTBe HOBOIl ‘He3aBHCHMOJ NepeMeHHOH.

HepaBHOBeCHBIe MNpOLECCH! BO3HHMKAIOT NPH HAJIHYHH MeXRY Dd3HBIMH HaCTSAMH
CHCTeMbl KOHEUHBIX Pa3HOCTel 3HAUEHHI TaKMX NapaMeTpoB, KK TeMmepaTypa, nas~
JieHne, KOHUEHTPAIHH, MeKTPHYECKHH MOTeHIHaL.

[MpocrefiiumMy HeOGPAaTHMLIMH MpOLlECCAMH SABJISIIOTCS TaKWe, NpU KOTOPBIX He-
pPaBHOBeCHOE pacrpefe/ieHHe 3HAYEHHH KAaKoro-1M60 mnapaMeTpa MM HECKOJBKHX
napaMeTpoB Mo 06bEMY CHCTEMBbI MOCTOSIHHO BO BPeMeHH, a CJIeIOBATENbHO, MOCTOSH-
Hbl B Ka)XXZIOH TOUKE CHCTEMBbI H TPalHeHTHhl 3THX NapaMeTpPoB (NALZEeHHUS BEeJHYHH
napamMeTpoB Ha eNHHMLY IJUHBI B K3aKOM-1HG0 HanpasnaeHuu). [Ipu 3TOM mepemeéme-
HHE TENJIOTHI, 3JMEKTPHYECTBA, MacC BEULECTBA BJOJb JHHHH IPanMeHTa TPOUCXOAUT €
NOCTOSIHHOA BO BPEMEHH CKOPOCTbIO. DTH HPOLECCH HASBIBATCS CTAYUOHAPHLLMU,

KonnuecTBo nepemelnaionierocst 4epes H3pecTHYIO MJOLLaAb B €IHHALY BpPeMeHH
3/]EKTPHYECTBA, TEMJOTH, BElleCTBA HA3bIBAETCS MOTOKOM *,

Hewxymell cuaofi Tpouecca SBAAIOTCH TPafMeHThl (AKTOPOB HHTEHCHBHOCTH,
Ha3biBaeMble B OGLUEM ciIyyae O60GUEHHbIMU CUAAML.

Bennuuua MOTOKa MPOMOPLHOHAJbHA COOTBETCTBYyIOllelt oGoGuieHHo# cuae. Ha-
npuMep, TNPH MNPOTEKAHHH MOCTOSHHOrO TOKA MO NPOBOJHHKY IMOTOK 3JIEKTPOHOB i
(chma WAIH MAOTHOCTL TOKAa) MPONMOPLHOHAJEH TPaJHeHTy 3JNEKTPHUECKOTO MOTeH-
nHaja P, T. e. HaNPSKEHHIO 3JEeKTPHYECKOTro MNOJS BADJIb NMPOBOAHHKA:

j=rde —_y W
i=—= Ygradp=—Y PP

rfie & — KOJHYECTBO 3/IeKTPHUECTBA; T — BpeMs; Y — KO3QGdHUHEET NPONOpPLUHOHAND-
HOCTH, KOTODBIM fBJIAETCS l_(oscp(i)nuue'u'r 5JIeKTPOIPOBOIHOCTH TNPOBOJHUKA; X — KO-
OpIMHATA JUIHHB NPOBOAHMKE, '
3HaK MHHYC CBfi3aH ¢ T€M, YTO MOTOK 3JEKTPHYECTBAa HMEEeT HanpasjieHHe, MPO-
THBOTIOJIOXKHOE TOMY, B KOTOPOM BeJHYHHA d{/dx TOJIOKHTENbHA.
[Torok TemioThl w BHOJb TpagueHTa TEMIEPATYpPbl ONPENENACTCS YPaBHEHHEM:
6Q

w=-2~;=—-xgradT

3zech ¥ — KO3 DHUHEHT TEMIONPOBOSIHOCTH.

PéaccMoTpuM cayuall CTallMOHApPHOM mMepejauH TemJoTbl Yepe3 CTEepKeHb, COMPH-
Kacaiolufics KOHUAMM C TeMJIOBLIMH DPE3EPBYapaMH, KOTOpPbie HMEIOT NOCTOSIHHBIE
temnepatypst Ty u To (T2>T))¢ OrcuuThiBaeM KOODAMHATY IJMHBI CTEPXHS X OT

., . d
KOHL@ ¢ HH3Wed TeMmepaTypod, Torja B Kaxaoll Touke cTepxHsa grad T=7d7"

a NOTOK TemJIOThlI yepe3s Kakoe-n160 nonepevyHoe cevyeHHe CTEPXKHI

dT
©= =%y

IMoTok 3HTpONMHU (CKOPOCTb M3MEHEHHS] SHTPOMNHH BO BPEMEHH) TakXKe OyHeT (YHK-
uuell 060G6IIeHHOA CHABL. .

DUTPONHIO CHCTEMbl MpU HEPAaBHOBECHOM IpOLECCe MOXHO ONpPEeLeNuTb, MOJb-
3yACb TeM, YTO 3HTPONHA ABASeTCH (YHKUHeH cocTORHHS. DPUKCHPYS 3TO COCTOSIHHE
B /1060t MOMEHT B TeueHHe HepaBHOBECHOTO MPOLEecca, MOKHO B NpPHHIMIE oOfnpe-
JEJUTb 3SHTPOMHIO CHCTEMBI, TNPHBOASI CHCTEMY PasHOBECHHIM NyTeM K [aHHOMY
COCTOSIHHIO OT COCTOSIHMS C H3BECTHOM 3HTpONMHeH M MOLCYMTBHIBASI Ha 3TOM  MyTH
npHBe/leHHble TEIVIOTHl, OTAAHHBIE CHCTEMe OKpyxKaiouell cpenoii.

* CucreMa, B KOTOPOH HPOTEKAKT TOJBKO CTalMOHADHblE NPOLECCHl, HAaXOAHTCA
B CTalHoOHapHOM COCTOAHHH. OYeBHAHO, UTO PABHOBECHOE COCTOSIHME ABJSETCA YaCT-
HBIM CJydaeM CTaliOHAPHOTO COCTOSIHHS, KOTAa TPajHeHTHl W TNOTOKH DPaBHHl HYJIO.
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Ecnn HepaBHOBECHOE COCTOSIHHE CHCTEMBl XapaKTepH3yeTCs MepeMelleHHeM Be-
mecTsa B IMPOCTPAHCTBE (CTPYH, MOTOKH B rase HJHM KHAKOCTH) M mepenayeit
TEMJ0Thl OT OAHUX YacTell CHCTeMbl K APYTHM (TeNJIONPOBOIHOCTB), TO MapaMeTpbl
cHcTeMbl (TaKHe, Kak JaBjeHMe, TeMIepaTypa, MJIOTHOCTb, COCTAB) H3MEHSIOTCS NpH
nepexoje OT OJHOM YaCTH CHUCTEMBbl K JPYyroH, a TaKKe C TEYeHHEM BpEMeHH B KaX-
oM yacTH cucTeMbl. B Takux ciayyasx AJs NOAcYeTa SHTPONMHH CHCTEMBI B Kaabli
JaHHBII MOMEHT OblIO Gbl HEOG6XOAMMO PA3[ESHUTb CHCTEMY Ha YacTH, BHYTPH KOTO-
pHIX 3TH BeJHYHHBI HMEIOT B JaHHBIi MOMEHT oOnpejesenHoe 3HaueHHe. B kpaliHux
C/y4asix HHTEHCHBHOIO IlepeMelleHHs BellecTBA H TENJNOTH (B3PHIB) HEOGX01HMO
pasienuTb CHCTeMy Ha GECKOHEYHO Mallble YacTH, YTO BO3MOXKHO TOJIBKO B MPHHLHIE.

ITonHoe *H3MeHeHHe SHTPOMHH NpPH HePaBHOBeCHOM mnpouecce dSuyepans PABHO
CyMMe U3MeHeHHs SHTDOMHH CHCTEMBI dSc,,,”=dSpa,;.. H U3MEHEHHS SHTPONHH

%Q
QKPy)KalOU.[eﬁ cpenpl, T. €. HCTOYHUKOB TENJOTHI T (3HaK éQ B3AT MO OTHO-
LWEeHHI0 K HCTOYHHKAM TeﬂJ'[OTb])I
: 8Q 8Q
dsl{epaaa =dSpasn+ 2 - T = dScycr + 2 - (111, 36)

|

HafineM ckopocTb H3MeHEHHSI SHTPONMHH TNpPH Ipoliecce Temaonepefayd depes
crepxkeénb. Ecin cTepxXeHb M30mMpOBaH BoJb CBOeHl [JMHBI B TEMIOBOM OTHOLUe-
HHH, TO MPH CTALMOHAPHOM IpOLECCe 3HTPONHA €ro NOCTOSIHHA, a CyMMapHOe BO3-
pacTaHHe 3HTPOMHMH B €JHHHIY BPeMEHH CBS3aHO C MpOLECCAMH Nepeayd TensoThl
pe3epByapaMH Ha KOHILIAX CTEPXXHS H PaBHO B cooTBeTCTBMH ¢ ypaBHenueM (III, 36):

(dS) _6Q 1 0Q 1=6Q(l 1)_‘w(l 1
dt HepaBH dv T] dt Tg dv T, T, Tl Tz
rae T— Bpemsa; T;— TeMnepaTypa XOJIOLHOTO KOHLA cTepXHs; T — TeMmepaTypa
ropsiuero KOHUa cTepxHs. IT0JIOKHTeNEHBIAl MOTOK TENJAOTH @ B HANpPAaBJIEHHH yGbLIH
TeMnepaTyphl OAHHAKOB Ha OOGOHMX KOHLAX CTEPXKHS.

pH CTALHOHADHOM MpOIleCCe Mepejiaud TemIol1bl BIOJb CTEPXKHS BelIeCcTBa
noctosiHHoro cocrasa grad T =y fBasercs nocrosiHHo# BesnuunHOH. IIpH oTcuere

.
KOOPAMHATHI X BIOJIb CTEPXKHS OT ropa4ero KOHILA BeJHYHHA TIpajJHE€HTa  OTpHIA-
TeJbHA: 7;-<0. YyuTBIBasi M3J0XKEHHOE, MOXKHO DasHOCTb TEMIEPATyp Mexiy ro-
psiuuM KOHLOM cTepkHA (Ts; x=0) M XOJOZHBIM KOHLOM HJH JIOGBIM CeuyeHHeM
CTepXKHSA C KOODAMHATON x H ¢ TeMnepaTypoli T BHIDA3HTh TaK:

' daT

Tz-—T1=AT=—E;c-x

B csaywae cranuoHapHoro mnpouecca npu HeGoubiuoi pasHoctH AT (AT & T)):
dS AT AT w dT

T T L YT T T ax

Tak Kak MOTOK TemJOThl HampasJ/ieH BCeraa IPOTHB HANMPABJIEHHA C IOJIOXKHTE/b-
HbIM TpaaHeHTOM T, 10 npouaBeneHHe_ WEPCQI‘J.IG OTpHLATeJbHO, & NpaBas 4acTb
paBeHCTBa INOJIOXKHTEJAbHA. Hs NpHBENEHHOIO0 YypaBHEHHsi BHIAHO, YTO CKOPOCTb BO3S-
pacTaHHs 3HTPONHMH pacCMaTpHBaeMOro mpounecca NnpomnopuHoHaNbHA TPaaHEHTy TeM-
AepaTypbl H NMOTOKY TEIJIOTHI.

. * 3pech X 3HaK CyMMbl KOHEYHOTO, XOTs 6bl H GOJILUIOTO YHCJIA YacTell CHCTEMB,
o6MeHHBAIOLINXCS 3/eMeHTapHBIMH TenJoraMH 0Q ¢ okpyxalomell cpenofi.
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dT
TMoxcTaBus B 970 ypaBHeHHE w =~ ——, NOJNYYHM /LIS ELMHHUB! AJHHH

1(4S - _X_(E_T_)’
X ( dv )Hepaau T T? \dx <0

B ofuiem cayyae BenuudHa notoka K; 3aBHCHT OT HECKOJIBKHX OGOGLIEHHBIX CHA
X». Hanpumep, NOTOK BelleCTBA 3aBHCHT OT IPAJHEHTa KOHUEHTpauud (aucddysus),
OT rpajyeHTa IJIOTHOCTH (KOHBeKUMsi) H T. A. IIpH HEGOMBbIINX OTK/JIOHEHHSAX OT
paBHOBecHsi (He3HauMTeJbHAasi BeJMYHHA cHa Xp) nmoTok K; ecTb B ofuieM ciaydae
JiuHeAHas (QYHKUMA BCe X CHI Xp:

K;=3a;pXp

BaXHEIM 1NOJIOXKEHHEM TEODHH HEepPaBHOBECHBLIX NPOLECCOB SABJSETCH COOTHOIIEHHE
B3aUMHOCTH, npeanoxeHHoe OH3arepoM, 1O KOTOpOMY, NIpH ONpefesNeHHOH cucTeMme
BbI6Opa CHJI, Qip=ar; (B HEKOTOPHLIX CJyYasAX Qip=—0yi). 3AECb Q1 — KOIDPH-
LMEHT NPONOPLUHOHANBHOCTH moToka K; u cuasl Xk, a api — Ko3d(dHIUHEHT nponop-
LHOHAMbHOCTH MOToKa Ki ¥ cuibl X;.

Tak, notok antdysnn BelecTBa JHHEHHO CBA3aH C TEPMHYECKHM TpPajHEeHTON
dT/dx v ppyruMHu (a He TOJILKO C TPaJueHTOM KOHUeHTpauuu dc/dx):

dm dT dc

71—=¢IDTE€—DW+ ‘e

CTepKHA:

’

Takum Xe 06pa3soM MOTOK TEMIOTH @ JIHHEAHO CBf3aH ¢ IPajHEHTOM KOHLEH-
Tpauuu dc/dx, a He TOJILKO C IPafiHeHTOM TeMnepaTypw dT/dx:

o e dT
gy *ax T

[Mpununn Onsarepa MOXKeT ObiTb OGOCHOBAH HCXOAf H3 OGLUET0 NMPHHIHKIA MHKPO-
CKOMHYecKoi 0GPaTHMOCTH *, MM B KaX{JOM OTZHEJbHOM YacTHOM cjaydae ajs Gojee
NpOCTHIX ra30BblX CHCTEM BBIBOJMTCH H3 OCHOBAHHH KHHETHUECKOH TeopHuH.
BaxxHbIM crneacTBHEM COOTHOMIEHHst B3auMHocTH OH3arepd €BJsIeTCA TO, YTO
B pe3yabTarte HEACTBHA OAHOM OOOGLIEHHOH CHJibl NMOSBJSIOTCH ADYrHe BO3MOXKHLIE
B JaHHOM cHcTeMme cuibl. Tak, Ha/MMuHe B rasoBOl CMeCH TeMNepaTypHOrO rpajHeHta
BeNleT K O6GPa3oBaHMIO rpajueHTa KOHLeHTpauuu (TepMopnpdysus, sdpoekt Cope)
¥ rpaaMedta AasneHus. OG6GpaTHO, HaJMuUHe TIpajMeHTa KOHLUEHTPAUHH BbI3biBaer
nosiBJieHHe TeMmepaTypHoro rpaaventa (aucddysnonsmi Tepmosdpdert Hiodypa —
Knyanyca). AHanOrH4HbIM 06pa3oM HaJOXeHHe TEMIepaTypHOro IpajMeHTa Ha npo-
BOAHNK, N0 KOTOPOMY TeYeT 3JEKTPHUECKHH TOK, BbI3bIB3aeT NOSBJIEHHE AOMOJHHTENIb-
HOro rpajHeHTa noTeHuuana (seneHue Tomcona). TakoBo xe mnosiBreHne aHOPY-
3HOHHOTO CKauyKa MoTeHUHana npH A Y3HH HOHOB B 3/EKTPOJIHMTAX M T. 1.

* Ipunuun MHMKPOCKOTHYECKOH OGPAaTHMOCTM B NpDHMEHEHHH K XHMHUECKOMY
npoueccy ecTb OGbIYHOe IJISi XHMHKA YTBepXKIeHHe, YTO B DaBHOBECHOH CMecH BCe
YacTHb e peakUHH NPOTEKAlOT B OGOHX HANpPaBJeHHAX C OAWHAKOBOH CKODOCTHIC.



FrJ1ABA IV

XAPAKTEPHUCTHYECKHE ®YHKLUHH.
NPHJIOXXEHHSI BTOPOIO 3AKOHA TEPMOJHHAMHKH

§ 1. HU30x0pHO-H30TEpMHUYECKHI MOTEHIHA

PaGora mpouecca B ofLlem cayyae, Kak 3TO yxe FOBOPUJIOCH
(ctp. 45), 3aBuCHT OT myTH mnpouecca. Pa6ora HePaBHOBECHOTO NpO-
necca MeHblle, YyeM paboTa paBHOBECHOrO Mpou€cca, MPOTEKAIOLEro
MeXAYy TeMH XKe HayaJbHbIM U KOHEYHBIM COCTOSIHHSIMH cHcTeMbl. B ca-
MOM [eJie, HCXOASl U3 YpaBHEHHS MepBOro 3akoHa TepMonuHaMuki (I, 2)
u ypaBHenus (III, 16), monydaem B obuem cayuae:

0A=0Q—-dUZTdS—dU (Iv,1)

Bennunna npaBoil 4acTH 3TOTO YpaBHEHHs] He 3aBUCHT OT TOTO,
paBHOBECEH HJIM HepaBHOBeCeH INpouecc. B ciyyae paBHOBeCHOro mpo-

necca:
0A =dApsen=TdS —dU (IV, la)

Jns HepaBHOBeCHOro mnpouecca:
0A < TdS—dU (Iv, 16)

Cpasnubas ypasnenus (IV, la) n (IV, 16), nonyuaem:
' dApasn > 04

Takum o6pa3om, pa6GoTa paBHOBECHOTO mpomneccd
MaKCHMaJbHa.

MakcumaJjbHasi pa6oTa He 3aBHCHT OT NYTH, a ONpee/sieTcs JHIlb
HayaJbHbIM H KOHEYHBIM COCTORHHSIMH cHcTeMbl. Tak, mpu S=const
(paBHOBecHBIHl afnabaTHbIA mpolecc)

dA=—dU n Amaxc= Ul""U2

T. €. BeJHYHHA MaKCHUMaJbHOH paboTbl ONpepessieTcsi U3MeHEeHHEeM
BHYTpeHHEH HeprHH CHCTEMBL.
Wurerpupys npu nocrosnHo#t T ypasnenune (IV, la), nonyuaem:

Amaxc =T (82 - Sl) - (Uz - Ul) (IV» 2)
WJIN
Ayaxe = (U1 = TS)) — (U2 —TSy) (1v, 22)
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Buipaxenus, crosimue B CKOOKaX, SIBJASIOTCH (PYHKUHSIMH COCTOSI-
Husi cucreMbl. Beens B ypapuenue (IV, 2a) oGosnauenue

F=U-TS (1V, 3)

nosyyaem (nmpu T =const)
Auaxe = Fy— Fy = — AF (v, 4)

rae F — GOYHKUHA COCTOSHHUS, Ha3blBaeMasl U30XOPHO-U30TEPMULECKUM
notenyuasom (Gosiee KOPOTKO — USOXOPHbIM NOTEHYUAAOM) HIH CBO-
600n0l aHepeued cuctembl. Takum o6pa3oM, MaKCHMaJdbHaf
pab6oTa mMpH H30XOPHO-H30TEPMHUHUYECKHX pPaBHOBEC-
HBIX mpoueccax paBHa yObauM cBOOOXHON 3Hepruu
CHCTEM B

[Tepenucas ypaBnenue (IV,3) B Buae

U=F+TS

MOXKHO PacCMaTPHBaTh BHYTPEHHIOIO 3HEPTHIO, KaK COCTOSILYIO H3 ABYX
vacrelt — cB06GOHOH sHepruH F u cBsazaHHON sHepruu TS.

Jlnmb yacTb BHYTpeHHell 3HeprHH — CBOGOXHAsI SHEPrusi, KOTOPYIO
cucTeMa oThaeT BoBHe mpH T =const, MoxeT npeBpaTHTbCS B paboTy
(ycnoBHeM AJsi TAKOro NpeBpallleHHsl SBJSETCS PaBHOBECHOCTb MPO-
lecca; B HepaBHOBECHOM Ipouecce CBOGOAHAsA SHEPTHsl YaCTHYHO HJIH
MOJMHOCTBIO NEpPeXOAHT B Temaory). Ipyras yacTb BHYTpeHHeH 3Hep-
IHM — CBSI3aHHAsl SHepPrusi — NPH H3MeHeHHH cHcTeMbl mpu T =const
He naer paGoThl, a IepeXoJUT TOJ bKO B TEIJOTY:

) TAS=Q

DHTponHs eCTb, TakKUM 006pa3oM, (GakKTOp eMKOCTH CBSI3aHHOM
9HEprUH.

Ilas  npoueccoB, MpPOTEKAOIHX € H3MEHeHHEM TeMIepaTypbl
(T+const), nenesve BHyTpeHHell SHEPTHH Ha CBOGOJHYIO H CBSI3aHHYIO
He MOXeT ObIThb MPOBEJEHO H, CJeJ0BATeNbHO, CAMH TEPMHHBI HE HMEIOT
o6iero 31auenus. [Tosromy 6ynem noJse3oBaTtbecsl mas QyHkuuu F Ha-
3BalMeM H30XOPHO-H30TEPMHUYECKHH MOTeHUMa . ~

[Toanwpi nuddepernuan ¢GyHkuud F MOXHO MOJYyYHThb, AU GepeH-
uupysi ypaBHenue (IV, 3):

dF =dU—TdS —SdT (1V, 5)

ComnocraBuB 310 ypaBHeHHe ¢ ypaBHenuamu (IV, la) u (IV, 16), nony-
4uM B oOLIeM BHIe:
dF £ —-8dT —0A (IV, 5a)
Otkyna npu T=const
(dF); < -4 (IV, 6)

HJIH
F;—F =AFZ—-A;, FI—F,>A (1V, 6a)
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Bripaxenue (IV,6a) oTpaxaeT yKe H3BECTHOe HaM IOJOXKEHHE, YTO
paGoTa HepaBHOBECHOro Ipouecca MeHblle paGoThl paBHOBECHOTO
npouecca. .

Ecnu npu paBHOBeCHOM IpOLleCCe COBEpLIaeTcsi TOMbKO paGora pac-
wupenus (84 =pdv), o us ypassenus (IV, 5a) noayuaem:

dF = — SdT—pdv (v, 7)

3To BhIpaXeHHe SBJAsETCA NONHBIM AuddepeHnuanom ¢yHkuuu F npu
nepeMeHHbX v 1 T. HacTHEle POH3BOAHBIE 3TOH QYHKIHH

Bcerga orpuuatedbHel. ClefoBaTe/bHO, H30XOPHBIH MoTeHUHan Yy 6 bi-
BaeT NpH BO3pacTaHHM o6beMa M INpPH BO3pPACTaHHH TEMIEpaTyphl.
Mepoii yObIIH H30XOPHOTO MOTEHIMAJ/a CHCTEMBl IDH BO3paCTaHHH TeM-
nepatypbl (OpH YC/JIOBHH v=const) SBJISETCS SHTPONHS CHCTEMBI.

[Tonaras T=const u v=const, a TakKe NpPH YCJIOBHH OTCYTCTBHSA
BCex Apyrux BumoB pabotel (64 =0), nosyyaem u3 ypaBHenus (IV, 5a):

(OF),, ;0 1V, 9)

T. € H30XOPDHB A NOTEHU HAJ CHCTeMbB, HaxogsauweHcs
NpH NOCTOAHHBIX v U T, He H3MeHsieTCs NMPU paBHO-
BEeCHBIX Npoueccax U y6sBaeT NpPH HepPaBHOBECHH X
npouneccax.

Tak kKak cucreMa, B KOTOpPOH IPOTEKAalOT (M MOTYT IPOTEKaThb)
TOJMbKO paBHOBeCHbIe Npolecchl, 6eCKOHeYHO GJIH3Ka K pPaBHOBECHIO,
TO cOpMyJUPOBaHHBIE CBOHCTBA H30XOPHOTO NOTEHLHAasaa MO3BOJSIIOT
CYAHTb O TOM, HaXOAMTCH JH JAaHHAasi CHCTeMa B DaBHOBECHHM WJ/IH HeET.
B nocnenneM ciyuae HampaB/ieHHe HepaBHOBECHOTO Npolecca ompeje-
JsieTcsl yObJIbIO H30XOPHOro MOTeHIHaJjia NpPH MOCTOSHHBLIX TeMIiepa-
Type H 00beMe CHCTEMHI.

YcnoBus, KOTOPBIM JOJDKHBI YAOBJETBOPATH INPOLECCH, AJAS TOTO
yTOObl MO H3MEHEHHSIM BeJHYHHBI F MOXKHO ObIJIO CYAHTb O Hampaaie-
HHM 3THX IpPOLECCOB, HHble, YeM AJA SHTPONMH. Jli1si 3HTpomuu 3TO
Gbl/IM YCJIOBHS NOCTOSIHCTBA BHYTPEHHeH 3HEPTHH W o6beMa (M30.1HpO-
BaHHAasi CHCTeMa), AJA H30XODHOro MOTeHIHaJa 3TO — YCJIO0BHE [MO-
crosiucTBa ofbeMa M TeMIepaTyphbl — JIETKO H3MEPHMBIX NapaMeTpoB
cucreMbl. M130x0pHbI# NOTeHIHaJ, ABJSACh NPOU3BOLHBIM NMOHSTHEM M0
OTHOILEHHIO K SHTPONHH, IHpeiacTaBjaseT Co0of mnpakTuyecku GoJee
yaoGHBIH KPHTEpHiH HaNpaBJjieHHs MPOLECCOB, YEM 3HTPONHS.

H3noxeHHble coo6pakeHHs] MOTYT ObITb BbIpakeHbl CJeLyIOLIHM
710J0XKeHHeM: H3O0XOpDHBIH NMOTEeHIHAaJd CHCTEMB, HaXxo-
asiugedicd Npu NOCTOAHHBIX o6beMe H TeMIeparType,
CTPEMHUTCH YMEHbIIHTbCA B €CTECTBEHHB X (caMmo-
Npon3BOJbHBX) npoueccax. Koraxa oH JgocTuraer
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MHHUMAaJdbHOTrO 3HaYeHH A (COBMECTHMOIO ¢ HaHHBIMH v u T),
cHcTeMa NOPHUXOLHUT B paBHOBecCHE.

B camoM nese, BenuunHa, HAXOAAIIASACA B MHHUMYyMe, MOXET TOJ/b-
KO BO3pacTaTh, HO M30XOpHbIH MOTeHIHaJ CHCTEMbl MpPH CaMOMpPOH3-
BOJIBHBIX Mpolleccax, NPOTEKAaIoLIHX MpH NOCTOSHHHX v M T, MOXeT
TONbKO YyObiBaTh. CllegoBaTeqbHO, CHCTEMa, H30XOPHBIH INOTEHLHAJ
KOTOpO#l MMH¥MAaJIEH, HaXO[UTCS B pPaBHOBECHH.

Ycenosus

(0F),, 7 =0; (8°F), ;>0 (1V, 9a)

ABJSIOTCA YCJAOBHSAMH pPaBHOBeCHS [Jf CHCTEMbl NpH IO-
CTOSIHHBIX o0beMe H TeMIeparype.

Bce Bhlllecka3aHHOe CIpaBefJIMBO, €CJIHM HET JPYrHX BHIOB paGoTHl,
KpoMe paboThl pacuiMpeHHs. B NpOTHBHOM cJydYae B BbIpaKeHHs
(IV, 9a) ekarmouyaercs ycJoBHe NMOCTOSTHCTBA (DAKTOPOB, XapaKTepH3YIo-
[IMX APYTHe BUAbI paboOTHI. .

§ 2. H300apHO-N30TEPMHUYECKHIl MOTEHLHAN

Jenasi yuectp B oblieit popme Apyrue BHAb paboTH, KpoMe pa-
60Tbl paclIMpeHusi, NMPEACTaBHM 3JIeMEeHTapHyl paboTy Kak cyMMmy
paGoThl pacIIMpeHUsi U APYTHX BHIOB PaboOThI:

8A =pdv+ 84’ (1v, 10)

-

rie 0A’ —cymMa sJieMeHTapHbiX paboT Beex BHIOB, KpoMe paGoThl
paciikpenus. Mbl Ha30BeM 3Ty BeJIHUHHY 34eMEHTAPHOU NOAe3HOLU pa-
6oroii, a Bequunny A’ — noaeanoil paboroi *.

Us ypasuenunt (IV, 10) u (IV, 1) noayuaem:

0A'ZTdS —dU—padv (Iv, 11)

Orciona MOXHO HaiiTu BenuuuHy A’, mosyyaeMmyio NpH mepexoje CH-
CTeMBbl M3 COCTOSIHHsI 1 B  COCTOSIHWe 2, MHTErpUpYsl 3TO ypaBHEHHe B
COOTBETCTBYIOLIUX Tpejenax NpPH IOCTOSIHHBIX TeMIeparype M AaB-

JICHUH.
AZT(S,—-8)—(Uy~U)—p(v3—0y)

CprHHHpOBaB BCe BEJIHYHHDbI, OTHOCAUWHMECA K OOHOMY COCTOMIHHIO,

MOy qHM:
A2 (U, =TS, +pv,) —(Uy = TS, + pvy) (v, 12)

O6o3HaunuM uepe3 G BoIpaXeHHs, CTosilMe B CKOGKax MpaBo# yacTH
ypaBHeHHs, KOTOpble ABJIAIOTCA QYHKUHAMH COCTOSHHS, T. €.

GmU—-TS+pv=F+pv=H-TS (Iv, 13)

* Hau6onee uacto B XHUMHuecKOR TEDMOJAHHAMHKe pacgMaTpuBaeTcs pa6oTa
SJIeKTPHUECKOTO TOKA rajbBaHHYecKoro sieMeHTa A’=2zFE . (E — saexrponsuikyman
cuna, F—uucao dapames U 2 — YHCIO TpaMM-3KBHBaJeHTOB). Besauuuna A’ oxsa-
ThIBaeT TaKke PabOThl NOJHATHA THANKECTH, YBeJHYeHHA MOBepXHOetH (asw H Ap.
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Torna ypaBHenue (IV, 12) MoxHO 3anucaTh CAeAyOLUM 06pa3oMm:
A<G —-G,=—-AG (IV, 12a)

Tak kak AG He 3aBHCHT OT NYTH Ipolecca, TO, IPH YCJAOBHH MOCTOSIH-
crBa p u T, nnist paBHOBecHHIX mpoueccoB A’ Gyaer MaKCHMAaJbHO:
Al =G —Gy=— AG (1V, 14)
rae G — QyHKUUS COCTOsIHMA, ompelenseMass paserctBoMm (IV,13) n
Ha3biBaeMasi u300apHO-u30TepMUYECKUM NOTEeHyUuarom (Kopode —u3o-
b6apHoiIM NOTeHYUAAOM) HWIH C80000HOU aHepeueli NP NOCTOAHHOM
Oasaenuu®. TakuMm o6pa3oM, MaKcHMaJbHas MNOJe3Hasd
pa6oTa npH H300apHO-H30TepPMHYECKHX TMNpolec-
cax paBHa yObJH H306apHOro NOTEHIIHALJa.

Ina nonyuenus nossoro auddepenunana ¢ynkuud G npu mepe-
MenHbiX p U T nuddepennupyem ypasHenue (IV, 13):

dG=dU—TdS—SdT+pdv+uvdp
Tax kak
dUZ TdS —pdv—0A’
TO
dGZ —SdT+vdp— 04’ 1V, 15)

M3 3T0oro ypaBHeHHS] IPH NOCTOAHHBIX T H p MOJyYaeM ypaBHeHHe
(1V, 14) B nuddepennnanbuoil popme.

ITpu orcyTcTBUM BceX BHAOB paboTH, KpoMe paboThl pacluMpeHHs
(8A’=0), noayuaem B obiueM caydae:

dG&€ —-SdT+vdp (IV, 15a)
a JJIs paBHOBECHBIX IIPOLIECCOB
dG=— SdT+uvdp (I, 156)
YacrHbie npousBoaHble GyHKuUH G:
G G
(28], s (38), =

NOoKa3blBalOT, 4TO H300apHbIfi MOTEHLHA] YBeJIHYHBAETC C POCTOM
JlaBJIEHHS U YMEHbHIAETCsl C TMOBbIIIEHHEM TeMIEepaTyphl.

CoxpaHssi 3Hak HepaBeHcTBa B ypaBHeHuH (IV,15), T. e. mosnaras
npouecc Temjoo6meHa HepaBHoBecHbIM (TdS>6Q), nomyyaem mpu mo-

cTosinHbiX p U T: »
(0G), < — 04 (I, 126)

* B sapy6e:kHoll M coBeTCKOll HayyHOH M yueGHOH sntepaType ans ¢yskuuu G
6bUIO  TaKKe IIMPOKO PACMpPOCTPAHEHO Ha3BaHHe TePMOOUHAMUYECKU NOTeRyuaa,
KOTOpOe cJellyeT MCNOJb30BaTh KaK OGO3HAayeHHe LEeJOro Kjacca TepMOJMHAMHYECKHX
¢yHKuMR (cM. HuXke cTp. 115).
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T. e. ypaBHenue (IV,12a) B muddepenunansuoit dopme. Ilpu orcyr-
CTBHHM BCeX BHIOB paboThbl, KpoMe paborsl pacmupenus (84'=0):

0G), ;<0 (Iv, 17y

V300apHblii MOTEHUHA] CHCTEMbl NpHU NOCTOSSHHBIX p U T yMeHb-
maeTcss NPY HEPABHOBECHBIX IIPOLIECCAX M OCTAETCS] MOCTOSIHHBIM MpH
paBHOBecHBIX mporeccax. O4eBUIHO, paBHOBECHOE COCTOfNHHUE
CHCTeMbl NPHM NJAaHHHX p H T COOTBEeTCTBYET MHHHU-
MyMy us3o6apHoro noteHunuaJga. TakuM o6pa3om, yCJIOBHEM
paBHOBECHS CHCTEMBbI IIPU IOCTOSIHHBIX p U T sBJAseTcs:

06), r=0; (0%G), + >0 (IV, 17a)

[1pu Haymuuuu APYrux BUAOB paboThl, KpoMe paboOTH pacUIMPEHHS,.
puipaxkenne (IV,17) nns ycnoBusi paBHOBECHS HOJIXKHO GHITH YCJIOXK-
HeHO (BBeleHHE JOMOJHHTENbHOTO YCJIOBUS — IIOCTOSIHCTBA HEKOTORbIX
napameTpoB, Kpome p u T).

§ 3. YpaBHeHHe MakCHMAJbHOH PaGoThHI
(ypaBHenue I'm66ca — leabmroabua)

PaccMoTpesHble cBoiicTBa QYHKUMH cocTosfHHuss F u G 1awr so03-
MOXKHOCTb YCTAQHOBHTb CBSI3b MeXAy MaKcHMaJsbHOH pa6oroil fipo-
necca, NPOTEKAIOLUIEr0 PaBHOBECHO, H TENJIOTOH TOro XKe mpolecca, HO
NnpoTeKalollero HepaBHOBecHo. B caMoM JeJe, MOACTAaBHB B ypaBHeHHUe
(1V, 2a) snauenue snTponuu u3 ypasHenus (IV, 8), naxoaum:

Awre==7[2E2 D) ;-0

AN
a Tak Kak no ypasHenHwo (IV,4) F; — Fy=—Ayake. U 10 ypaBHeHHIO:
(11, 1) U — U;=Qy, TO:
Avare= = Qy + T 2 ) (v, 18)
v

W3 storo ypaBHeHHA ™ BMAHO, 4TO, 3Hasd MaKCHMaJbHYIO paboTy
(M1 H3MeHEHHe H30XOPHOTrO MOTEHIHasna) MNpouecca W 3aBHCHMOCTDb
3TOM BEJHMYHMHBI OT TeMIepaTyphbl, MOXKHO BBLIUYHC/JIHTE Temnotry Q, mpo-
necca (T. e. H3MeHeHHe BHYTPeHHeH 3Hepruu).

Ecay Ke H3BecTHa TelJOTa Npolecca, TO [Js pacyeTa MaKCHMaJib-
HOl paboThl HeOOXOLMMO MHTerpupoBaTh ypaBHenue (IV, 18), nmpuuem
NOfABJASETCS KOHCTAHTAa HHTErPHPOBAHHUA, AJfA ONpelleleHHs KOTOpOk
HeOGXOMUMEI ONOJIHUTE/bHbIE CBeAEeHHUS.

* Wupgekc v y 4YacTHO# NpOM3BOJHOM 3ech HAJ0 MOHMMATb TaK, YTO NPH Aud-
tepeHLupoBaHyy Nno T OCTalOTCA NOCTOSIHHBIMH (HO Da3HBIMH) OGBEMBI CHCTEMHl U
U Uy, COOTBETCTBYIOIME Hadaly H KOHIY H30TePMHYECKOro mpouecca, B TeyeHHe
KoToporo coBepuiaercs pa6ota Amaxc..
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Ypapuenue (IV,18) HasviBaerca ypasnenuem [I'ub66ca — Ferom-
20A64a WJIH YPaBHeHueMm MaKcumarvHot pabore.. OHO MoXeT O6bITh
3anucaHo H B ¢opme:

AF =AU + T (AF),, (IV, 18a)
YpaBHeHus, anajoruunsle ypasHenusm (IV, 18) u’ (IV, 18a), noay-

yaloT, ucxoas u3 ypaBHenus (IV,12), HamucanHoro B chaepywoiem
BHJE:

Amaxc_H —H,—-T(S,~ S,)
aG
TloacraBus 3HaueHne S = —(ﬁ) [cm. ypasrenue (IV, 16)], monyunm:
bl
d
Ao =H, = Hy+ T == (G, = Gy),

Vicnoabays ypaBuenus (IV, 14) u (II, 2), naxogum:

’ aA;faKc
Ayage=—Qp+T 3T R (IV, 19)
HIIH *
AG = AH + T (AG)p (IV, 19a)

DTu ypaBHeHHs SABJAIOTCA BapuaHTamMu ypaBHeHus ['u66ca — [enbM-
roJbLa.

Cnenyer noMBuTb, 4to AU=Q, u AH=Q, npu yciaosuu, 4TOo B
TlepBOM CJyyae He cOBepuiaeTcss HHKakoi pa6otsl (A=0), a BO BTO-
pOM clyyae — coBepIIaeTcsi ToJbKo pab6ora pacmupenus (A’=0).
[Mostomy B ypaBHenusax (IV,18) u (IV,19) rtennorsl Q, u Qp OTHO-
cAITCA He K TpoueccaM, KOTOPbIM COOTBETCTBYIOT paGothli A uau A,
a K TmpoleccaM, NMPOTEKAIIHM MeXAy TeMH e HayaJbHbIM H KOHeu-
HEIM COCTOSIHHSIMH, HO 6e3 coBepilenusi paGotel (A=0 ana Q,) wuian —
c coBepllleHHeM ToJabKo pabGoTel pacmupenus (A’=0 gas Qp), T. e
8 HEPaBHOBECHBIX YCJOBHAX, KOTOpHle OGLIYUHO HMEIOT MecTo B KaJio-
pUMETpPUYECKOM OmnbiTe. TensoThl Xe PaBHOBECHOrO NpoLecca, paBHbIE
TAS, BbpaxalmoTcss NOCAefIHMMH ujeHaMHu ypasHeHuit (IV,18) u
(IV,19). D1y ypaBHEHHS MOXKHO, HCXOAS U3 H3JIOXEHHOTO, 3alHCaTb
TakK:

—AF = Amaxc‘—‘ ‘Qz/. Hepasﬂ+ Qv, paBH (IV, 185)

—AG= Amaxc Qp. HepaBH + Qp. paBH (1V, 196)
Ypapnenns (IV, 19)' u (IV,192) nonesso npuBecTH K BHAYy, NOA-
rOTOBJIEHHOMY MJIsi HHTerpupoBaHusi. s 3TOro OGBEAHHMM B mpa-

’
sofi yacTH uieHnl ypaBHeHus (IV,19), Bkaouaomme A’ u %-,
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¥ pasnenuM obe yactu ypaBHeHus Ha T2, [IpaBas yacte npeo6pasoBaH-
HOrO ypaBHeHHs1 paBHa npousBopHoit or A’/T (T. e. T? ABAfAeTCA HHTe-
TPUPYIOLIUM JeJHTeNeM):

Q oT A
T_:’ ————— =37 (T) (IV, 196)
HJH
a (AG AH
= (_T) -2 UV, 198)
HnTerpupoBanye NPHBOAHT K YPaBHEHUIO .
. o 2
=] 7 dT+C (1v, 20)

KOTOpPOe TO3BOJISIET BBIYMCANTh MaKCHMaJsbHYI0 paboTy mpolecca, 3Has
€ro TemJOTYy, eC/IH BO3MOXHO HaiTH NOCTOSHHYIO HHTerpupoBanus C.
YpaBHeHHe, aHasnoruyHoe ypasHeHuio (IV, 20), monyyaem u3 ypas-
Henusa (IV, 19a):
AG AH

rae I — nocrossHHAsA HHTErpupoBaHud.

§ 4. TepmoanHamMHuYeCKHe MOTEHLHAJBI.
Xapakrepucruyeckue GyHKUHH. YCJIOBHS pPaBHOBECHS

H30xopHo-H30TepMHYECKHH H H300apHO-H30TepMHYECKHH NMOTEHNHA-
Jbl TpHHAAJMEXKAT K KJaaccy (QYHKUHH COCTOSIHHS CHCTeMbl, HOCSLIMX
Ha3BaHHe TepMOOUHAMUHECKUX NOTEHYUaA08. DTO — BEJUUHHbI, KOTO-
‘pble HMEIOT PA3MEepPHOCTb 3HEPIHH M CTPEMSITCA K MHHHMYMY, eCH
npouecchl B CHCTeMe MPOTEKAaloT B ONpelesieHHBIX YCJIOBHSAX. TepMo-
AVHAMHUYECKHE MOTEHIHAJbl SBJAIOTCH B 3THX YCJHOBUAX KPHUTEPHAMH
HanpaB/ieHHs Npollecca; MUHHMMaJbHble 3HaUYEHHA HX NPH TeX XKe ycJo-
BHAIX OTBEYAIOT DABHOBECHIO CHCTEMbl H SIBJSIIOTCS YC/IOBHSIMH DaB-
HOBecHS. .

U3 ypasuenus (IV, 1), yuntbiBas, uto 6A=pdv, Haxoaum:

dUZTdS—pdv (1v, 21)
[Tpu noctofHHbIX S U v
(@l)g, , €0 (v, 22)

Ilpn Bcex HepaBHOBECHBIX H30XOPHO-H33HTPONHBIX npolieccax (S =const;
v=const) BHyTpeHHfis 3Heprusa yObBaeT; Korxa BeauyuHa U
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JA0CTHraeT MUHHMYyMa, CHCTeMa INPHXOIAUT B PAaBHOBECHE. Ycaoeue paB-

HOBeCHSA:
(0U)g, ,=0; (0?U)g , >0 (IV, 22a)

Jlns sHTaJabNMM BbIpaxKeHHe, aHaJsornunoe ypasHenuio (IV,21),
JIETKO TIOJTy4uTh, A Pepenunpys ypasuenue (I, 39) u coueras noay-
yeHHOE BhIpakeHue ¢ ypaBHeHuem (IV, 21):

dH=d (U+pv)ZTdS+vdp (1v, 23)
[Ipyu nocrosiHHbIX S u p
(0H)g, , <0 (1V,24)
YcnoBue paBHOBecHS:
(0H)g, ,=0; (0°H)g, ,>0 (IV, 24a)

BHyTpeHHsisi 3Heprusi, TaKHM 06pasoM, fABJISETCH H30XOPHO-H3-
SHTPONHBIM NOTEHIIMAJIOM, a SHTaJbIHA — H306apHO-H33HTPOMHBLIM M0~
TEHLHaJOM. DTH (QYHKLUHH MOTYT CJAYXKHTb KDPHTEDHSIMH paBHOBECHS
NpH YCJIOBHH MOCTOSHCTBA IHTPOINHH. DHTPONMIO HENOCPEACTBEHHO H3-
MepSATb Hesb3sl, U KOHTPOJb ee MOCTOSIHCTBA MPH HEPaBHOBECHBIX MPO-
neccax sarpynnurenes. ITosromy ¢yskuun U u H He HaxoAT wupo-
KOrO NpPHMEHEHHs B KayeCTBe KDHUTepHeB HaNpaBJeHHS Npouecca H
paBHeBecHs.

Comnocrasum Bmipaxenus (I1V,21), (IV,23), (IV,7) n (IV, 156) *
Aas nonnbix auddepenunanos dynkuuin U, H, F u G:

dU=TdS—pdv

dH=TdS+uvdp
dF=—-8SdT—pdv
dG=—8dT+vdp

Aty BoHpaxKeHHss 006pa3ylOT 3aMKHYTYIO TpyIIy, B KOTOpOii IBe
f1apal nepememﬂblx——T u S (mapaMeTpsi, CBfi3aHHBIE C TEMJOTOM),
€ OJHOH CTODOHBI, H p W U (MapaMeTphl, CBA3aHHbIEe ¢ paboToit), ¢ Apy-
roii CTOpPOHBI, — JAIOT BCe BO3MOXHble cOyeTaHHs. B 3aBHCHMOCTH
OT XapaKTepa M3yuyaeMOro Ipolecca MOxeT ObITb HCIOJb30BaHA Ta
HJIH HHAS U3 3THX (QYHKUHH.

YacTHeIMM NPOM3BOJHBIMH YeTbipex (PYHKUMH NpPH JAHHOM, Xapak-
TepHOM AJs KaXJOH H3 HHX Habope He3aBHCHMbIX MePeMEeHHbIX SfB-
JSIIOTCS OCHOBHBIE NapaMeTphl COCTOAHHSI CHcTeMbl: p, v, T u S.
Orclona BhITEKaeT BaKHOe CBOMCTBO 3THX (PYHKUMH: Yyepe3 KaX-
AV U3 3THX OYHKUHMH M e€ee MPOH3BOAHLIE MOXHO

* CnepyeT NOMHHTB, YTO 5TH BHIPAXXEHHS OTPAMXAIT YacTHhlE CIy4aH — CHCTe-
Ma CoBepLIaeT TOjibke PabOTy pacLIMpPeHHsi; APYrHe BHAB PAGOT OTCYTCTBYIOT,
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BHIPAa3HTbh B ABHOM Q)opMe n1060e TEpMOLHHA MHY e-
CKOe CBOHMCTBO cUCTeMBl *
Kaxpas gyskuus

U=f(S, v); H=f(S, p) F=f(v, T); G=f(p, T) (IV,25)

naet, TakuM o0pa3oM, MOJHYI0O TepMOAHHAMHYECKYIO XapaKTepHCTHKY
cucrembl. [TosToMy ykasanHbie QyHKUUH (TepMOJMHAMHYECKHE MOTEH-
[[MaJbl) HA3BIBAIOT TAKXKE XAPAKTepUcTU4ecKumu. 3aMeHa AJs LaHHOM
¢$YHKUUM YKa3aHHBIX HE3aBUCHMBIX NepeMEHHBIX APYTHMH, BIOJHE BO3-
MOXKHAf, JIHACT QYHKIKIO ee CBOMCTB XapaKTePHCTHUECKOH (QyHKUHH.
TloaToMy He3aBUCHMBbIe IlepeMeHHbIE B P v
ypasHenusx (1V, 21), (1V, 23), (IV,7) u
(1V, 156) Ha3BIBalOT ecTecT8eHHbiMU ne-
pemennvimu dyukuud. Ha puc. 1V, 1 no-
Ka3aHa cXeMa B3aHMOCBfI3H XapaKTepH- s 7
CTHYECKHX (YHKUHMH H HX €CTeCTBEHHBIX
{iepeMEeHHbIX.

Jlerko BHIeTb, YTO XapaKTepHCTHUYe-
CKUMH (YHKIHSIMH MOTYT SBJATbCS He
TOJIbKO YKa3aHHble 4eThIpe IMOTEHUHANa, puc [V, 1. Cxema B3anmocBisu
HO W napametpbl T, p, S U v, €C/iH, NOJIb-  XapaKTePHCTHUECKHX  yHKLHI
3yace ypaBHeHuaMHu (IV,25), BbIpasuTb M HX eCTeCTBEHHBIX MepeveHHbIX.
HX KaK (QYHKUMHM ApYTHX BeJUYHH, Ha-
npumep S=f(v, U); p=f(S, H) u 1. 1. 3xecb napamerpamu sB/soOTCs
v, U nim S, H COOTBETCTBEHHO, a S M p — XapaKTepHCTHYECKHMHU
q)yHKuuﬂMH.

Bssip npousBoanylo ¢yHKuuu F no o6bemy A Kakod-nu6o ¢asbl
CHCTeMbl, B COOTBETCTBUH ¢ ypaBHeHusiMH (IV, 8) nonyuaem

(gvﬁ)r - [%ﬂ] ——p=f(v, T) 1V, 26)

/4 H £ 6

Ho 3To ypaBHeHHe ecTb ypaBHEeHHE COCTOSIHHU A (asbl, CBA3HI-
Balollee OCHOBHble H3MepHMBble TepMOAMHAMHYECKHE CBOHCTBA

* TepmoOunamudeckum Cc60UCTBOM HasbiBaercs Ji060e H3MepUMOe CBONHCTBO
MaKPOCKONHYEeCKOH DaBHOBECHON CHCTeMbl, KOTOpPOe MOMeT ObiTb BBIDAXKEHO Kax
$yYHKUHA NapaMeTpoB TepMOJHHAMHYECKOTO COCTOAHHA cHCTeMbl. TakMM CBOMCTBOM

Hanpumep, ABAACTCA Kan)q:)Hl.lHeHT H30TEPMHUECKOTO CXKaTHA ﬁ:—(ﬂ 1

\Op)T vy
OH MoXeT ObITb BhpaMeH uepes nponssomusie GyHkuud G. JeHCTBHTEJABHO, MO

ypasrennio (IV, 156) v = = cJIeJ0BATeNbHO

(55, - (&)
op/r \op*)r

=_(3_’£) /(.‘?_G_)
op* Jr/ \ dp Jr, p=1

op

HIIH
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¢a3pl. AHaJIOTHYHBIM 06pa30M ypaBHEHHE COCTOSIHHS MOXeET GObiThb IO-
JydYeHo H3 J11000f1 XapakTepucTHYecKoi (QyHKUuH nyTeM auddepeHuu-
poBaHusi coorBeTcTBylollero ypasHenus (IV, 25). Cama xapakrepuctu-
yeckass (QyHKUMSA, KaK (QYHKUHMA CBOHMX eCTEeCTBEHHBIX IlepeMeHHbIX,
npeacrapjsier co6oii TepMOLMHAMHYECKOe YpaBHEHHE COCTOSIHHS.

Opnako B ofwem cayyae ypaBHenus (IV,25) B uHTerpasbHO#
¢opme He Moryr ObiTh HaliieHbl. YacTHble GOpPMBI 3THX ypaBHEHHI,
COOTBETCTBYIOIIME Gosiee IPOCTHIM CHCTEMaM, HaXONATCS HAa OCHOBAHHH
ONbITa U MOJIEKY/ISIPHO-CTaTHCTHYECKHX BBIBOJOB, KaK HHTErpaJbl ypas-
nenunit (IV, 26).

XapaKrepucTHyeckHe (YHKIHH (HanmpuMep, TepMOAHHAMHYECKHE
MOTEHIHAJDBL, a TaKXe SHTPONHsA, KakK 3TO SCHO M3 CKa3aHHOrO BhIlIe)
MOTYT CJYXHTb KDUTepHSMH HanpaB/ieHHs Ipolecca H paBHOBeCHS.
ConocraBuM HalijeHHble Bbille Bbipaxenus (IV, 22a), (IV,24a),
(Iv, 9a), (1V, 17a), a Takxe (III, 17):

(00),, s=0; (e20),, >0
(OH), ¢=0; (0%H),, s> 0
(0F),, r=0; (0*°F), >0
(9G),,, 7 =0; @6), 7 >0
©@S)y, , =0 ©28),, , < 0*

Ha ocHOBaHMM 3TOro CONOCTaBJeHHS MOXHO CHOpPMYJIHPOBATH
YCA08UA PABHOBECUS CUCTeMbL CIELYIOHM 06pa3oM: B COCTOSIHHU |
paBHOBECHSA CHCTEMbl TEPMONHHAMHYECKHE MOTEH-
HHaJdb ee HMEWT MHHHMaJlbHOe 3HauYeHHEe OPH 0oO-
CTOSAIHCTBE CBOMX €eCTECTBEHHBIX MNepeMEeHHBH X, a
SHTPONHS MMeeT MaKCHMaJdbHOe 3HAaYeHHEe NMPH NO-
CTOSAHCTBEe BHYTpPeHHeH 3HepPriuH o6beMa CHCTEM Bl

O6wuM CBONCTBOM TEPMOJHHAMHYECKHX MOTEHIIHATOB SBJAETCH TaKXe TO, UTO
y6blsiL, MX B PaBHOBECHOM Tpolecce NpPH MNOCTOAHCTBE eCTECTBEHHBIX NepeMelHbIX
paBHa MaKCHMaJsbHOH nosesHol padore.

Tak, HanpHMep, 3aM€HHB B YPaBHeHHH

dH=dU+pdv+vdp

pesnunny dU ee BbIpaKeHHEM:
dU=TdS—pdyv—dA’

Makc

noNyInM: ,

dH=TdS+vdp—dA,,,.
Tlpu S, p=const umeem:
(0H)g, = — dA, (AH)g, == Apage

.
Makc?

* Kak Jnerko BHAeTb, H3 OCHOBaHMM CHMMeTpHH ypasHenufi (IV,22a) u (IV, 24a)
MOX(HO HanHCaTh TaKKe:

©08)y,,=0  (0°S),,<0
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§ 5. Hexoropbie NPHMEHEHUS] TEPMOJAMHAMHYECKHX NOTEHHHAJOB.
BHyTpeHHee naBjeHHE

TepMoanHaMuuecKHe NOTEHIHAJbl SIBJASIOTCS BaXKHBIM MaTeMaTH-
YeCKUM OpyAHEM TepMOAHMHAMHYECKHX uccienoBanuii. OHM, B YacTHO-
ctd, MOTYT GBITb MCIOJb30BaHbI [/ BbIBOJAA Pa3JHYHbIX COOTHOIUIEHHH
MeX1y TepMOAHHAMHYECKHMM NapamerpaMu cHcreMbl. PaccMoTpum B
KauecTBe MpHMepa BbIBOJ HEKOTOPBIX COOTHOLIEHUil, ¢ KOTOPHIMH yXKe
HOPUXOLUJIOCH BCTPeYaThCs.

Hcxons us ypashenus (IV,7) n (IV,8), cocraBuMm cmewanHbie
BTOpble MPOH3BONHble QYHKUHH F:

(war)=-(ar):  (ors) =~ (&)
door)~ ~\oT )y’ oTov )~ " \30 Jr

[MpupasuuBas 06e BTOpPHle NPOU3BOAHBIE * (KOHEUHBIH pe3yJabTaT, He
3aBHCHT OT NOpPAAKA NocJaenoBaTesNbHOro JuddepeHLHpOBaHUA (DYHK-

uuil), nosyvyaem:
[¢) 0S
( 0,7)' )1; - ( Ov )T av.2n

dt1o BbipaxeHue aHajsoruyHo BuipaxeHuio (III, 24) —(0v/0T) =
= (0S/0p)r, npuBenesHoMy paHbie (ctp. 89), KoTOopoe MOXKeT ObITb
HoJyueHo IyTeM THepekpectHoro pnuddepeHnHpoBaHUs YpaBHEHHS
(IV, 16).

Tak kak us ypasaenus (III,18) dS = —lf-dv +CT"dT C/Iellyer, 4To
(0S/0v)r=1/T, To u3 ypaBrenus (IV, 27) monyuum:

_r(2e
= T( 4 )v 1V, 28)

3To ypaBHeHHe CNpaBelJIMBO IJs JIOGBIX CHCTEM, T. €. sIBJsieTca 06-
KM TePMOJAHHAMHYECKHM ypaBHeHHEM, IPUMEHHMBIM BO BCEX CJIyYasix,
KOT/la MPUJIOKHUMBI 062 3aKOHA TEPMOAMHAMMUKH.

Ilns upeanbHbix raszoB p=nRT[v u u3 ypaBHenus (IV, 28) mnoay-
yaeM ypaBHeHue (I, 43): /=p u najee Ha ocHOBaHuH ypaBHeHus (I, 19)
MPUXOAMM K BbIBOLY, UTO (0V/0v)r=I[— p=0, T. e. BHyTpPEHHSAs 3Hep-
THsl HOeaJbHOrO ra3a He 3aBHCHT OT o0beMa. DTOT pesyJ/bTaT, paHee
paccMoTpeHHBIH (cTp. 51) Kak cjefcTBHe ONbITA, BHITEKAET U3 BTOPOrO
3aKoHa TepMoAauHaMHKH. Takum o6Gpa3oM, ypaBHenne KiamnefipoHa —
MeHpeneeBa siBJseTCSl NOCTATOYHBIM ONpeHeJeHHEM HILaJbHOTO
rasa.

YpaBuenne h=—T (0v/0T), (III,23) MoxeT GHITb mosiy4eHo Ta-
KHM Ke MyTeM, Kak M aHajoruyxHoe emy ypasHenue (IV,28), T. e. oHo
TaKXKe fBJASETCS OGLIUM TepMOAMHAMHYECKHM ypaBHEHHEM.

* MeToa NpHpaBHHBAHHA CMEIUAHHBIX NPOM3BOMHHIX HA3HIBAETCA METOAOM [epe-
KpPecTHOro AH((epeHIHDOBAHHS; OH NPHMEHHM KO BCeM NOJHBIM AHddepeHUUanaM,
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Tennora, mosyuaemas CHCTEMOM MpHU TMOCTOSIHHOH TeMIepaType,
MoxeT GbITh NpeAcTaBaeHa Kak ABywieH: 8Q= (I — p)dv+pdv. Tlep-
BBl 4JeH NpaBoOii YACTH — NPUPOCT BHYTPeHHeH SHEPrHU — He eCTb
paboTa, OAHAaKO OH MpeacTaBJasieT COOOH NpOH3BeAEHHE BEJHUYUHbI
(Il — p), uMelOllell pa3MepHOCThL JaBJeHHs, Ha NPHPOCT oGbeMa, T. e.
BblpaXKaercs Tak e, Kak sjemeHTapHas pabora 0A. [Tostomy mpowus-
BeneHue (I — p)dv uHOrna Has3piBalOT paboOTON NPOTHB BHYTPEHHHX
cuir (cun MeXXMOMIEKYJIIPHOTO NMPUTSIXKEHHS ), UM BHYTpeHHeH paGoToil,
a pa3HocTb (! — p) Ha3bIBAIOT BHYTPEHHUM OasAeHueM.

B ypaBrenuu (IV,28) npousBoanyio (—g%)v MOXHO 3aMeHHTb ee
BHIpaXKEHUSIMH KaK MoJydYeHHbIM U3 ypaBHenuit (I, 9), Tak u moJiyuen-
HbIM nyTeM conocraBjeHus ypasHenud (I, 11) u (1,13).

dv dv a0
f=-T{—| /=) =122 1V, 29
(aT )p/ ( op )r Bug (V.29

3pmech v, © vy Npu HeGOJbIIMX [aBJEHHX JOCTATOYHO GJIH3KH

N0 BEJIHYMHE.
apHeHHe (IV,29) mnosBonsieT TOYHO BHLIYHC/IMTL BeJHUYHUHY [ H,

CleHOBaTeNbHO, (I — p) U3 ONBITHHIX KO3GOHIHEHTOB o, U B AJS JIO-
6bix ¢a3. B peanbHbix rasax Npu OOBIYHBIX NABJEHHSX BEJHYHHA [
¢Jlerka npeBblllaeT BeJHYHHY p M BHYTPEeHHee JaBJjeHHe MaJjo. Tak,
IUIS ABYOKHCH YIriiepofa NpH HOpMaJbHBIX ycjaoBuax (I—p)=0,021 arm.
Ilnsi HopMaJsIbHON XKUIKOCTH BeJMYHMHA [ U3Mepsercs THICAYaMH aTMO-
cdep. Tak, nna n-nedrana [=1465 arm npu 20° C. B xugkux merad-
Jax, 3HaueHHe | M3MepseTCs NeCATKAMH M COTHSIMHM ThiCSY aTMocdep.

OueBunHO, Ans KUAKOCTeH (I — p) TMpakTHYeCcKH pasHO [ npu He-
GOJIbIIMX BHEIIHHX [aBJIeHHSX, MO3TOMY IOCJHENHsS BeJHYHHA (KOTO-
pasi, KaKk Mbl 3HaeM, eCTb TellJOTa H30TePMHYECKOIO pacUIHpeHHs)
YacTo HAa3biBaeTCsl TaKXKe BHYTPEHHHM JaBjeHueM xuukoctH. OHa
XapaKkTepu3yeT B3aHMHOE NMPHTSIKeHHe MOJIEKYJ KHAKOCTH.

[TpubsmkeHHOe 3HaYeHHe BEJNHUYHMHB [ JJIf KUIKOCTH MOXKHO [MO-
JIY4UTh, HCTIONIb3Ys AOCTYMHbIE: ONBITY BEJHUHHDI, CJIEAYIOUUM 06pas3oM.

[Tpupoct BHyTpenHelt 3Heprunm AUycy UPH PacCIIHPEHHH KHUIKOCTH
10 06beMa HaCBILIEHHOTO NMapa (mpouecc, SKBUBAJNEHTHBIA HCIAaPEHHIO)
onpéjensieTcsl BhipaxKeHHeM

V== 00 V=00
AUsen = f (%%)Tdv= f (= p) do (IV, 30)
v° v°

3nech v° — o06beM ONHOrO rpaMMa KHAKOCTH.
Tax xak 3HauyeHHe ! OueHb OLICTPO YMeHbLIAGTCH C yBeAHYEHHEM
o6béMa, TO

, (l—p)zle—[{;'f—'l- (v, 31)
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Ecau BelecTBO MomyHHsIETCS YpPaBHEHHIO BaH-nep-BanIbca, TO

(l—p)=T(—g’%—)v—p=f'

a
—P=7r (Iv,32)

v—>b

[ToxcraBus 310 3Hauenue B ypasHeHue (IV, 30), moayuum:
t
0o
a a
M= [ 5 dv =2 (IV, 33)
o

B srom cayuae ypaBHenue (IV,31) sBiasieTcs TOUHBIM BbIpaXKeHHEM
IJisl BeJIHUMHEL [.

BHyTpeHHee naB/ieHHe XKHAKOCTH SIBJSIETCSl BaXXHOH TepMOAMHAMH-
YeCKOH XapaKTepHCTHKON H HCIOJb3yeTCs IpPH NOCTPOEHHH TeOpHH

XKHAKHX pacTBOpoB. B tabar. IV, 1 mpencrasiiens! Beuuntbl — 0=t ~ [

JUIST HEKOTOPBIX KHAKOCTEH. .
Ta6auma IV, 1

BHyTpeHHee JaBJieHHE HEKOTOPBIX MKHUAKOCTEH

Temne- AUyen/? Temme- Aungn/" »
BewecTso patypa BengecTso parypa | ]

°C arn  |kaalcm) °C arm  lkaslcm®
H3o-CsHyp © . 25 1965 488 K . . .. 62 17530 | 425
{CyHs),0 . . . 25 2290 5551 Cd. . . . 349 66000 j 1600
SnCly . . . . 25 2630 685 Zn. . . . 419 115000 ] 2800
CeHg . . . . 25 3600 872 | Al . . .. 658 180000 7 4500
CHBr;. . . . 25 4230 102 Cu. ... 1083 350000 | 8500
L ...... 25 7860 190 Ni.... 1450 404000 | 9800

TennoemkocTH Kak ¢yHkuun obbema u nAaBjeHHs. C moMolplo MeToda nepe-
KpecTioro AHddepeHpoBaHHA MOXKHO MOJNYYHTb B SIBHOM BHJE BBIDPAXKEHHE TemJo-
€MKOCTH KakK GYHKUHH o6beMa W/IH JaBJEHHS.

U3 ypasuennit (1V,28) u (I, 19) nonyuaem:

dU=[T (—g’;—) —p] o+ cydT (IV, 34)
v

TlpuMenHM K 3TOMY YPABHEHHIO MepeKpecTHoe NH((epeHLupoBaHHe;

a7 7 (37), )= (52,

Bouinonnue anddepepnposante B JEeBOH 4acTH, NMOJYYHM:
9p Fp\ _ (G_P - (02P
(), + 7(57), - (3F),= (57,

Jcy\ d%p
(52), =7(5%). (1V, 35)

ChnepoBalenpHo
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ATo ypaBHEHHe OTPaXKaeT 3aBHCHMOCTb TEINIOEMKOCTH €, OT o6beMa H HMeeT obliee
3naueHue, :
Has upeanbHOro rasa

(J@l)._lﬂi. (fﬁl) -0 -
oT J, v ° oT? ),

M B 5TOM CJy4Yae TEMIOEMKOCTb C, HIea/JbHOro rasa He 3aBHCHT OT ero o6wvema (a
cnefoBaTeNbHO, H OT jAasjeHus). Ilasi rasa, noaYMHSIOLIErocs ypasHenHio Bau-nep-
Baasnbca

__"RT _ na
T v—-b 0?
oTKyaa
Op\ __nR o\ _
(OT)z,_v—b’ (arﬂ),,“o (1V, 36)

H B 3TOM CJjiy4ae TeNJIOeMKOCTb C, HE€ 3aBHCHT OT o6beMa (H llaBJleHHﬂ).

§ 6. Tepmonnuamuqecxue NMOTEHUHAJbl HACAJBHBIX H PC€AJNbHbLIX Ta30B

BHyTpeHHﬂH SHépI‘I/IH MOJIA HAeaJbHOro rasa, 3aBHUCALLAA TOJbKO
OT TEMIIepaTyphl, BbipazKaeTCsd ypaBHEHHEM:

T e
U=U,+ j CopdT @IV, 37)
0

3HTaﬂbﬂHﬂ MOJISI UaeaJIbHOTO rasa.:
\T T
H=U+pV=U+RT=U,+ f (Co+R) dT = Uy + f CpdT  (IV,38)
0 0

VpaBHeHHs1 AnA SHTponuH HueasnbHoro rasa (III,20), (III, 20a)
u (111, 21) npuBenennl Bhile (cM. cTp. 88).

H3orepMHyeckHe NOTeHNUHMA/bl HAea/bHBIX Ta30B, KakK (QYHKUHU
NaBJIeHUs] WKW 00beMa, JerKo HaXONATCSl MYTeM HHTErPHPOBAHHUS MOJI-
Hbix au¢pdepenunanos F u G [ypaBrenus (IV,7) u (IV, 156)] npu no-
CTOSTHHOM TeMmepartype. 15 MoJss HIeaJIbHOTO rasa:

dF=—pav=—=L av
oTKya
F=F(T)=RTIaV 1V, 39)
H
dG=Vdp=%dp
OTKyZaa '

G=G(T)+RTInp (1V, 40)
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Hnrerpuposanue dF u dG nposefeHO NpH NOCTOSIHHOH TeMmepa-
Type, MO3TOMYy KOHCTaHThl HHTerpupoBanusi F(T) u G(T) saBasiorcs
GYHKUHAMH TeMIlepaTyphl. _

ITpu yBennuyeHun oGbemMa MOJIi ra3a OO OYeHb GOJIBLINX BEJHUYHH
(M yMeHbLIEHHH JaBJIEHHS! 10 OYeHb MaJIbiX BEJHYMH) BTOPbie YJeHbI
ypaBraenu#t (IV,39) u (IV, 40) ana ¢yskuuu F u G cTaHOBATCA CKOJb
yrogHo GOJBIIMMH OTPHIATENbHBIMH Be-

apunHaMu. OmHAKO BeIMYHUHBI YJEHOB
F(T) u G(T) Heu3BeCTHBl, H 3HauyeHHS y
F u G ocraiorcsi HeonpegeeHHBIMH. y PN T
Ha puc. 1V, 2 cxemartnueckyu usobpa- §.§
JeHbl 3aBUCHMOCTH TEPMOJMHAMHYECKHX  §3 s
MOTeHUHANOB HIeaNbHOTO rasa OT ero S8
o6bema. £°
YpaBHeHust /s TepMOAMHAMHYECKHX S /———/—f
MOTEHUHAN0B PeaJbHOro rasa MOXHO IO- } _
JyYUTb, HCHOJb3Ysl yPaBHEHHS COCTOSI- / ——fsem
HHS peasibHOTO rasa, HalnpuMep ypaBHe-
uue Ban-nep-Baanbca uau mpyroe. Puc. 1V, 2. 3aBucumocts Tepmo-
" BHIDA BHVTDeHHeR JAWHAMHYECKHX NOTEeHUHaJOB
oo, spanetun aan seypemel eiiincro s 5 sbueus
ra3a, NMOAYHHSIOLErocs ypaBheHuio Ban-gep-Ba- :
aJbca.

Moncrasus B ypasuenue (IV,34) suauenue (9p/0T), us ypaBHenus (IV,36),
OJyYHM: :

. RT a
aU= (3355 =p) dV + CodT = JrdV +Codl
Hurterpupys, noayuum .
Up=Uy= =3+ +Co (T, =T, (1V, 41)
2 1
npu V= oo:
U-U,_ = —% +Co(Ty—T)) (IV, 41a)

‘BuyTpeHHsSiA 3HePrusi peajbHOro rasa, MOAYMHSAIOUIErocs ypaBHeHHIO Bau-gep-
Baanbca, MeHbllle 3HEPTMH MIeaJbHOTO ra3a, 3aHMMAIOLIEro TOT e O6beM, Ha Be-
auyudy afV. Beanunsa —afV sBnsieTcss sHepruell B3aMMHOTO NPHTSKEHHS MOJIEKYJ
raza, oHa MeHblle HyJs. BHyTpeHHee HaB/leHHe peaJjbHOro rasa (/—p) B 1aHHOM
cayuae pasHo a/VZ '

ToncraBus 3nayenue ! u3 ypasueHus (IV,28) B ypaBuenue (III, 18), moayuum
471 noJjiHoro nHddepeniHasa SHTPONHH OLHOIGC MOJS rasa:

op

—(9p Ly
dS—(aT)vdV+ 2T

Ha storo ypaBHeHHs, NpHUHHMas BO BHUMaHHe cooTHowenue (IV,36), monyuaem
IJifl MOJISi peaslbHOro rasa, K KOTODOMY NpHMeHHMO YypaBHeHHe Bau-nep-Baanbca,
BBIpaXeHHUe: :

R

- R _wile
dS=——pdV+=%dT
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H 1ocje HUHTEerpupOBaHHA!

S;—8,=RIn %:I’;—+C,, In T,/T, (IV, 42)
=

Ypapnenus naa ¢yukuuii F peasnpHOro rasa, moguyMHsiouerocs ypassendto Bau-

nep-Baasbca, mMoxker GHTb mojydeHo coudeTanuem ypasHeHn#t (IV,41) u (IV,42).
AHaJIOTHYHO MOKHO BHIBECTH COOTBETCTBYIOLHE ypaBHeHHs aasi ¢yHkuuu G.

YpaBuenne Ban-mep-Baanbca sBiAsieTcsi HETOUYHHBIM, NpUMEHeHHe
e Npyrux, 6o/ee TOUYHbIX YpPaBHEHUH COCTOSIHUS MPUBOJHUT K CJIOXKHBIM
bopmysaM 15 TepMOAHHAMHUYECKHX MOTEHIIHANOB YHCTEIX ra3os. Oco-
OeHHO CJI0XKHO JaJjbHeillllee HCIOJAb30BaHUE MOJYYEHHBIX dopMyna s
HCCJeIOBAHNS XMMHUECKUX DAaBHOBeCHN B ra3oBhiX cmecsix. K tomy ke
ypaBHEHHS COCTOAHHA Ta30BbIX CMecell M3BEeCTHBI HEJNOCTATOYHO.

I'. Jlbionc mpennoxua (opMmanbHbIfi NpPHEM, KOTOPHIi MO3BOJSET
cBfi3aTb HalilleHHble ONBITHBIM NyTeM CBOMCTBa peasibHOro rasa (oT-
KJIOHEHHS! ero OT HJeaJIbHOI'0 COCTOSIHHSI) C ero TepMOAHHAaMHUYECKHMH
napaMeTpaMH W H3yuaTb TaKHM IlyTeM TepMOAHHAMHUYECKHE 3aKOHO-
MEpPHOCTH B peaJsibHBIX Ta30BhIX cMecsiX. [Ipu 3TOM coxpaHsioTcst npo-
cThie GOPMEI, NPUCYLIIHE MATEMATHUIECKUM YDABHEHHSM, ONMHUCHLIBAIOLIHM
CBONCTBA HJeadbHBIX rasoB. Merox 3ToT pacnpocTpaHserci M Ha
pPacTBOpHI.

§ 7. Jleryuectb

[To Merony Jlelonca BBomurcsi HoBasfi GyHkums f. dta ¢yHKuwns
HasplBaeTcst Tepmodunamuueckol AeTy4ecToro Mau 0606uientold aery-
wecToro uaH, BoJiee KpaTko, feTy4ecToro (a TakkKe (QYTHTHBHOCTHIO).
Mbl 6yieM MOJIb30BATbCS TEPMHHOM AETY4ECTb.

Bua saBucumoctH H3o6apHoro morteHuuwana @G or 3Toil GyHKuMn
NOCTYJNHPYETCs; LA MOJSA rasa

G=G(T)+RTIn} 1V, 43)

3Hauenus [ NMpYM PaSJHUHBIX NABJEHHUAX M TeMOepaTypax Heo6Xo-
INMO HaAMTH AJS1 Ka)KJOro peajibHOro raza.

Honoauutensno Kk Toxaectsy (IV,43) BBoguTCA ycaoBHE, MO KO-
TOpOMY BeJMYHHa QYHKIMH f MO Mepe YMeHbLIEHHs [aBJEHHS rasa
npubamxkaerca K BeJHUYHHE [aBJIEHUS:

limf/lp=1 (upu p—>0) (1V, 44)

Takum o6pasoM, Meton JIblouca MO CYLIeCTBY MpeACTaBJsIeT MaTe-
MaTHYeCKH# npHeM, KOTOPHIi COCTOMT BO BBeJeHUM HOBOH dbyHKuun f,
NPOMEXYTOYHON MeXIy mapaMeTpaMH COCTOSIHHA rasa p W T, ¢ onHOR
CTOPOHBI ¥ M300apHBIM MOTEHIHANOM, C IPYTroft CTOPOHHL.

Us toxpecrsa (IV,43) ¢nenyer, uto /s H30TEPMHYECKOTO MpoO-
ecca:

AG=02—GI=RT1n§’— (1V, 43a)
1
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Takum o6pasom, TpyZHOCTH BblUMcJaeHHs AG 1/ MPOLECCOB C pealib-
HbIMH ra3aMy NepeHoCATCS Ha NOHCKM 3aBHCHMOCTH JETyUYecTH peaJib-
HOTO ra3a OT JaBJIE€HHS ¥ TeMOepaTyphl.

®opMyabl s BennyuHbl G, KaK U BCe BBITEKAIOLIHe W3 HHUX, CO-
XPaHSIIOT BHEIIHMH BUI YPABHEHHH [/ HIealbHbIX Ta30B, B KOTOpbIe
BMECTO NaBJEHHH BXOAAT JETYYeCTH.

Ypasuenne (IV,43a) u ycnosue (IV,44) ssasiorcs ocHoBo# a/s
Bblunc/eHus Jerydectu rasa. Huddepenunpys Beipakenue (IV,43)
no nasjenuto (T =const), noayuaem:

WJIM, 3aMeHss JIeBYIO 4acCTb ee 3HaueHHeM mo ypaBHeHuio (IV, 16):

dlnf—RT

I/IHTEI'pHpOBaHI/le B npenesax Mexnay COCTOAHHUSIMH 1 u 2 paer:

mda o L f Vdp (IV, 46)

BbiuvcauTh JetyyecTb ONHOro MoJsst rasa mno ypasHeHuio (IV, 46)
MOXXHO pa3MHYHBIMH NyTAMH. Tak, MOXHO B MNOABIHTErpajibHOE BhI-
pa)keHHe TOJCTaBHTb MOJIbHbI 00beM, BbIPAXKEHHBII KaK (yHKIHs
IaBJleHHsi 1O YPaBHEHHWIO COCTOSIHHS, HANpHUMep MO ypaBHeHuio Ban-
nep-Baasnbca.

HauGonee Tounblil cnocob 3akJ/ioyaercss B rpadHyecKoM HaxoxKie-
HuM uHrerpasa ypapHenus (IV, 46) HOns storo mo SKCHepHMEHTaJIb-
HBIM 3Ha4eHHAM 06beMa, KOTOPLIH 3aHMMaeT OfMH MOJb rasa IpH pas-
HbIX JaBJIeHHsAX, CTPOST KpuBylW 3aBucumoctu V or p. Benuuuny
WHTerpaja BBbIYHC/IAIOT, ONMpeleasis IJOWAAb NOL COOTBeTCTByIOUJ,EPI
U4CThIO KPHUBOH.

WmMes onbiTHble HauHble nas V=f(p), uenecoo6pasao BBIYHCJ/IHTD-
TaK Ha3biBaeMylo 06beMHYIO MONPaBKy PeaJibHOTO rasa o, onpejesse-

MYIO 110 YpaBHEHHIO:

V—%—a (IV, 47).

[MoncraBuM 310 3Hauenne V B ypaBHeHue (IV,46) u uHTerpupyem:
Py
RT _ Pz _ !
TJ.( a)dp npl Wfadp
Py

YMeHblIaeM HHXKHHH Tpefie]] HHTEerPUPOBAHHA Py O OYeHp MAMbIX
BEJIMYMH TAK, 4YTO6bl B COOTBETCTBHH C yciosheMm (IV,44) fi=py.
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Puc. 1V, 3. 3asucumocts o6bemHOM mompaBku ais NHj or
JlaBJICHHS,

Cokpawaem Infi=Inp,, 3aTem npupaBHMBaeM p; HYJIO H, OmycKas

HHIEKC 2, NIOJYyYaeM

P
1nf=1np—% J‘adP
p->0

p
1

; ~RT fadp

I _. p=>0

p
OTHolleHHe [/p HA3BIBAIOT KOIPPUYUEHTOM AKTUSHOCTU WIH

HJTH

(Iv, 48)

(IV, 49)

K0ag-

puyuentom seTyvecTu rasa W 0003HAyalOT rpedeckoil GYKBOH y:

v=flp

Ha puc. 1V, 3 n3obpaxeHna njs aMMHaKa 3aBUCHMOCTb BeJ
o OT NaBJIEHHs, XapaKTepHad AJS. MHOTHX pea/ibHbIX ra30oB NpU

HUYHUHBI
o0blyY-
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Hoit Temneparype. [liowanb nox KpuBoit oT p=0 COOTBETCTBYET BeJH-
ypHe HHTerpana B ypaBHewuu (IV,48). Ilpu noBblIeHUH [gaBAeHUA
GYHKUMA o=@ (p) LA MHOTHX ra3oB MeHsieT 3HaK; HHTerpaj TaKxke
M3MEHHUT 3HaK (IpH 3HAaYeHHH NaB/eHus GoJiblieM, YeM TO, NPH KOToO-
poM a=0). [TosTomy, kak BuaHo u3 ypaBHenus (IV,48), meryuectsb
MHOTMX peaJibHBIX ra3oB, OYAYyYH cHayaja MeHbllle JaBJeHHs, IPH yBe-
JHYEHHH NaBJIeHHs! CTAHOBHTCS DaBHOM, a 3aTeM M GOJbllie NaBJEHHS.
1o namocrpupyer Taba. 1V, 2.

Ta6bnuua IV, 2

O6nemuas monpaska (a) u aeryuects (f) ‘oKHcH yraepoaa
npu 0°C u pasubix aasaenusix (p)

p o i p a

arm cm3[monb artm arm cm¥moab arm
1 11,0 { 0,999 ~ 400 -39 408,3
~ 1,0

25 12,5 2462 | 500 | _74 547,6

50 10,6 48,60 600 —198 714,1

75 8,5 72,13 800 - 17 6 1152,0
100 6,3 95,38 1000 —243 1778,0
150 2,0 141,7 . 1100 —148 2183,0
200 —-2,1 189,0 1200 - 25 3 2663,0
300 -9,0 298,0

CMbicn TMONMpaBkH & B ypaBHeHuu (IV, 47) BHIABASCTCA OTUETJHBO MPH HCHOJb-
30BaHMH TAK HAa3blBaeMOTrO YPaBHEHHS COCTOSIHHA PEAaJbHOTO rasa C BHPHAJIbHBIME
Ko3pduureHTaMH. DTO ypaBHeHHe HMeeT jBe (GOpMbL:

pV=RT+Bp+Cp2=Dpd+ ...

pV=RT+B'|V+C'/V2+D/V3 +

3nec B, C, D ... n B, C’, D’ ...— supuairbroie Ko3pduyuents, BTOpoi, Tpe-
THiH, YeTBepThll W T. A.*. OHH He 33aBHCAT, eCTECTBEHHO, OT AABJICHHS, HO SBJISIOTCSE:
tdyukunamu Temnepatypbl. CTaTHcTHYecKas ¢H3MKa [aeT oOlHe YypaBHEHHs /s
pacuera 3THX Ko3((QHLHEHTOB, KOTOpble OTpaKkaioT mapHuie (B uau B’), Tpoiidvie (C
uwan C’), uerBepHbie (D waum D’) W T. 4. B3aUMOZeHCTBHS MoJeKya. KoHKpeTHbli
pacueT BO3MOXEH TOJIbKO C HCIO/b30BaHHEM TOrO HJH HHOTO 33aKOHA [JIfi 3HEepruu
B3aHMO/IEACTBHS ABYX MOJIEKYJ B 3aBHCHMOCTH OT B3aHMHOrO HX pacCTOSHHUA H.
OpHEHTHPOBKH. 1pn Manblx JaBneHHsX TpoHHBIE H Gosiee BLICOKOrO NOpPSIAKA B3auMO-
LeHCTBUSI MOJIEKYJ HeCcyLlecTBEHHB! MO CPABHEHUIO C NMAapHBIMU H

pV=RT+Bp
HIH
—y-RT
p

;l’lepwm BHDHA/bHBIM KO3G(HIMEHTOM A7 BCEX Ta30B SBJSETCA BeJUYH-
Ha



128 Ta. 1V. Xapaxtepucruseckue dynxyuu. [Tpurosenus eropozo 3axoxa

Takum o6pasom, nompaBka o B ypaBHeHun (IV,47) mpu MaJjblx faBleHHsiX paBHA
BTOPOMY BMDHAJIbBHOMY KO3(DQHIHEHTY CO 3HAaKOM MuHyc (e=—DB), T. e. nocrosiu-
HO¥ /1S JJaHHOH TeMIepaTyphbl BeJHUHHE.

an [IOBBIMICHHBIX TeMIlepaTypax MonpaBka o MaJ/Jio H3MEHAETCHA B
LIUPOKOM HHTEpBaJe ﬂaBﬂeHHﬁ, HadYuHadg OT MaJiblX BEJHUYHH p. dto
BHAHO Ha puc. IV, 3.

[Tpu HeGosIbLIMX HaBJIEHHSIX o NOCTOSIHHA. B 3ToM cayuae-ypasHe-
uust (1V, 48) u (IV, 49) npuobperaror BUA:

_ _9p
Inf=1In RT (1V, 48a)
‘U
VE% — ¢=OPIRT (1V, 49a)

[Mpu ManbiX BeMHYHHAX o M MaJblX NaBJEHHSIX MOKasareabHas QYHK-
uus MoxKer ObIThb pasjioXKeHa B psl, NpepbiBaeMblil Ha BTOPOM UJIEHe:

—1-% _p (RT_ )__Pl_p
y=1 (p o) =RT = pmm (1V, 50)

‘RT ~ RT
3nech pyg — AasieHHe, KOTopoe HMeJs Obl HIEaJbHBIA ras, ecjaud Gbl OH
3aHMMaJ TOT XKe 00beM V, KOTOpbii 3aHHMaeT peaJsibHBIi ras.

Ypasrenue (IV,50) naer Bo3MOXKHOCTb NMPHOGJMIKEHHO BBIYHCIATD
JIETYYeCTb IPU MaJblX NaBJEHHUSAX.

B ra6n. 1V, 3 npusegeHbl JeTyuecTH BOJOPOLA, PacCUHTAaHHble MO
ypaBHenuio (IV,48a) u (IV, 50), a Takxke snauenus a/RT.

Ta6auua IV, 3
Jleryuects (f) Bomopona npu 0°C u pasumx AasaeHusix (p)

f, arm f, arm
[» A a
p. atm —_— - 103 p,atm | —= - |0°

RT fo (IV, 48a) | mo (IV, 50) RT o (IV, 48a) | 1o (IV, 50)
100 —69 107,4 106,9 600 —71 919 859
200 —69 230 228 700 -72 1152 1053
300 -70 371 363 800 -72 1413 12F2
400 -71 532 517 900 —-72 1707 1484
500- —71 714 678 1000 —-72 2037 1720

Kak BugHo u3 rta6a. 1V,3, nociaeanue 3HauyeHHsI IOCTOSHHBI [0
[ aBJIeHUH B HECKOJbKO coT atMocdep. [ToaToMy 3HaueHUs JeTY4ecTH,
BblUHCJIEHHbBIe N0 ypaBHenuio (IV,48a), ABAAIOTCA TOYHBIMH B IUHPO-
KOM WHTepBaJe JaBjeHHH. 3HaueHHS JIETy4eCTH, pDaCCUMTaHHblE IO
ypaBHeruio (IV, 50),— npu6anxenHsl, npuyem owHbKa B 3HayeHHH f,
CBs3aHHasl C pasjioKeHHeM 3KCIIOHEHTHl B PAJll, YBEJHYHBAETCH C pO-
CTOM JlaBJICHHS.

Jlna npuGMHKEHHOrO BBHIYHCJEHUS JIeTydecTeHl peasbHBIX Ta3oB
MOKHO BOCIIOJIb30BATbCSI METOAOM pacyera, OCHOBAHHBIM Ha npuHyune
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cooT8ercTeennbix cocToArull. COTJIaCHO 3TOMY NPHHUMNY, pSiA OAMHA-
KOBBIX CBOKCTB, B TOM YHCJe H KO3(pPHUIHEeHT aKTHBHOCTH pasjHYHBIX
peasbHBIX ra30B, OKa3blBAIOTCS PAaBHBIMHM NPH OJMHAKOBBIX 3HAYEHHAX
NpPHBEIEHHON TEMIepaTyphbl H NPUBELEHHOrO JaBJeHHUs *.

HHave roBopst, K09 GHUHEHT aKTHBHOCTH rasa eCTb YHHBepcCaJ/lbHast
GYHKUHS NpUBEJEHHBIX NaBJEHHH 7 H TeMIepaTypH T:

E§ o, ) (IV, 51)

DTa 3aKOHOMEPHOCTb fIBJIsieTCs MPUOJIHIKEHHOH.
Ha puc. 1V, 4 nokasan rpaduK 3aBHCHMOCTH y OT n. Kaxnas kpu-
Basl AIBJISETCA H30TEPMOH, Koropou OTBeyaeT oNpefie/eHHas BeJHYHHA T.

ITonb3ysicb 3TUM rpaduKoOM, JIEFKO HaHTH JieTyyecTh Kakoro-iu6o rasa. Beluue-
UM, HANpUMep, JeTydecTb ammHaka npu 450°C wu 300 arm (ans ammuaxa
Prp=11,6 arm; Typ=406°K).

anBe}leHHble BeJIHYHHE], COOTBETCTBYIOLLHE 450°C u 300 arm, paBHBI:

300
n= P = 11T, = 2,69
T 450 + 273
=T = 4w L8

Oteickae Ha guarpamme (puc. IV,4) wusorepmy t=1,78 (HeckoJbKo HHXKe
§=1,80), oTcunThiBaeM 3HaueHHe Ko3(hdHIHEHTAa aKTHBHOCTH aMMHaka npy =269,
oayuaeM yyy, =0.91. Caenosatespho, JeTydyecTh aMMHaKa::

f=vp=091-300=273 amn

§ 8. ®asossie mepexonbl. YpaBHeHne Kaaneitpona— Kinaysmyca

B cucreme, cocrosillieft U3 HECKOJbKHX (ha3 YHCTOrO BellleCTBa, Ha-
XOAAIIMXCS B paBHOBECHH, BO3MOXHBI MepeXoibl BeliecTBa U3 OXHOMN
¢asbl B apyrylo. TakHe mepexoJsl Ha3blBaOTCS (ha3osvimu nepexodamu
HJIM [IpeBpaLIeHUsIMH arperaTHbIX COCTOSIHHH,

" PaccMoTpuM.- paBHOBeCHBIH Hepexo] OJHOTO MOJIS BelHecTBa M3 O-
Hoit ¢pa3bl (1) B Apyryio (2), coBepmialOUIMACA NPH MOCTOSHHBIX JaB-
nennn ¥ TeMneparype. CooTBeTCTByIOLlee H3MeHEHHe BHYTPEHHeH
PHEPTHH CHCTEMbl PaBHO (IPOM3BOAMTCS TOJNbKO PaGoTa pacuIMpeHHst)
=Uy=T(S;=S)—p(Vo=V))

dTKyOa -
Up—TS;+pV,=U, =TS +pV,

40 CyMMBI, CTOAILIUE B 06eux YacTAX paBEHCTBA, MO ONpee/NeHHIO
paBHbl u3oGapHbiM norennuanam (Gy u G;) Mossi BellecTBa B (asax
1 u 2. CnegoBaTesbHO

* [IpuBelcHHOA TeMnepaTypoil H NPUBENEHHbIM [aBJeHHEM HA3bIBAIOTCA COOT-

BeTcTBeHHO OTHOWeEHHs T=T/Txp U A=p/pxp, TAe Txp H Pxp — KPUTHUECKHE TEM-<
nepaTtypa ¥ AaBJIEHHE,
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T. ¢ H3060apHbBe MOTeHUUAJNH €AHUHHILBL MaccCh YHu-
CTOro BemecTBa B ABYX ¢asax, HaXOoOAAWHUXCH B
paBHOBECHH, PpaBHB MeXJy cobGoii™

Hannmwewm ypasrenus (IV, 156) noJsnbix nugdeperunanos nis u3o-
GapHbIX NMOTEHIHAJOB OJHOTO MOJS YHCTOrO BellecTBa B ABYX paBHO-
BeCHbIX ¢asax 1 u 2:

dG|=V1dp—'SldT}

dGy=V,ydp—S,dT (Iv, 53)

Briuntast BepXxHee ypaBHEHHe M3 HHIKHETO, MOJNYYHM:

dGy—dG,=(V,— V) dp—~ (S, = Sy) dT

Hsmenennst p u T 31ecb ObUIM He He3aBHCHMBIMH, a TaKHMH, MpH
KOTOPBIX COXpaHfJOCh paBHOBecHe Mexay ¢asamu 1 u 2. Takum 06-
pasom, Mexny p H T coxpaHsanach (pyHKUHOHAJNbHAs CBSI3b, COOTBET-
crByiowias ¢asoBomy pasHoBecuio. Ilostomy, ecain G;=G, (paBHoBe-
cue mpH AaBiaeHuH p u temnepatype T), To Gi+dG,=G,+dG, (pas-
HOBecHe NpH naBieHuH p+dp u Temneparype T+dT), T. e. dG;=dG,
nunn dG,— dG,=0. CnexoBaTesbHO

(Vo=Vy)dp—(S;—8)dT=0

HJIH .
dp _$3=$5
- TETV—T (IV, 54)

BsauMHoe mpeBpalleHde ¢a3 paccMaTpHBANOCh 3leChb Kak paBHOBeC-
HOe M H30TepMHUYEeCKoe, I03TOMY:

Q A
3pech A — Temyiota $a30BOro mpespalileHHsl, MOIJIOLlaeMass NpHU mepe-
xoJe MoJs BewecTsa u3 ¢aswl 1 B dasy 2; Vy— V) — pasHoctb MOJIb-

HBIX 060BbeMOB IBYX ¢as.
U3 ypasuennh (IV,54) u (IV, 55) nomyunm:

Bk ‘
d T(V,-V)

d .
A=T-d—; (Vo= V). (1V, 56)

HJH

* OueBHIHO, YTO H30XOpHBIe MOTEHIMAJB KBYX PAaBHOBECHBIX ¢$a3 He pasHH
Mexay coGofl, ¥ pasHOCTb HX PaBHA MaKCHMaJbHOH pafoTe mpolecca Nepexona;

Fy—Fy=— Ayaxc=—p (vy~v))
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MoxHo OTHeCTH BCe BE€JUYHHBI K OJHOMY IpaMMy BellecTBa, NpH
3TOM

L= T— (vg—vy) (IV, 56a)

rie L=MM u (Vo— V) = (vg — vy) M; M — MoJekyasipHbiil Bec *.

YpaBuenne 1V,56 [unu (IV,56a)] nasviBaerca ypasuenuem Kaa-
neiipona — Kaayauyca v siBisietcst oOLKM TepMOAHHAMHYECKHM ypaB-
HEHHEeM, NPHJIOXKHUMbBIM KO BCEM (a30BbIM NEPexogaM YHCTEIX BELLeCTB,
T. €. K IpeBpalleHHsiM arperaTHbIX COCTOSIHHH.

Ilpun npeBpauieHun opaHo#l ¢asbl B ApPYyrylo yjaenbHble (HUTEHCHBIIblE) CBOACTBa
BELLECTBA (yNe/NbHHI HJIH MOJbHBIA 06bEM, BHYTDEHHSIS SHEPTHA M SHTPOMHUST OJHOTO
rpaMMa HJH OJHOTO MOJIsi) H3MEHSIOTCS cKaukoobpasHo. Ojuako orciona ue cae-
JlyeT, YTO BHYTPEHHAs 3Heprus BceH AByX¢hasHOM CHCTeMbl He SIBJSETCS B 3TOM C.y-
uyae HenpepblBHOM ¢QyHKuHell ee cocTosHHA. B camom pgese, cucrema, cocTosBuias
B HayaJje mnpolecca, HampuMep, M3 LIEKOTOpOro Kosudecrsa Jpja npu 0°C u 1 arm,
Npy NOCTOSHHOM JHaBJIEHHH M TNOJBeJeHUHM TemJOThl NpeBpallaeTcs B ABYX(asHylo
CHCTEMY JieJl — XKHJAKasi BOJa, B KOTOPOH MO Mepe MOIJIOLLEHHS TEeMJOTH Macca Jbaa
NOCTENeHHO U HempepblBHO YGbIBaeT, a Macca BoAbl pacTer. Iloatomy Tax e nocre-
MeHHO H HENPepbIBHO H3MEUSIOTEsl 3KCTeHCHBHLIE CBOHCTBA CHCTEML! B LeJoM (BHY-
TPEHHSI 3HEeprusl, SHTAJbIHs, SUHTPONHS H [IP.).

§ 9. Pa3osbie nepexoant nepsoro popaa. Ilaasaenne. Hcnapenne

®aszoBble nepexofbl, XapaKTepH3YIOIHeCs PaBEHCTBOM H306apHbIX
NOTEHUHAJIOB ABYX COCYLIECTBYIOIIHX B paBHOBecHH (a3 M CKauyKoo6-
pa3HbiM H3MeHEHHeM 3HTPONHHM H Oo6beMa MpH Nepexoje BellecTBa H3
onHOH ¢pasbl B ApPYryio, HasbIBalOTCS has3osuimu nepexodamu nepsoeo
poda. K HUM OTHOCATCSl arperaTHble npeBpallleHusl — NgaBJaeHHe, HCMa-
peHHe, BO3rOHKa U [Ip.

W3 ¢asoBbix nepexoJoB NepBOro pofa paccMOTPHUM niaBieHHe 1
HCapeHHe, nNpeacraBidouiie Gojee oO6LIME HHTepec, YeM Apyrue
NPOLECCHI.

Maasnenne. Tensnora mnsaB/JeHUs — nepexofa TBepHo# asbl B
KHIKYIO — Bceraa nojoxureabia. O6beM (MOJIbHBIH, YAEIbHBIA) XKHI-
Kol a3l (U="0s) B 0oOlleM ciyyae MOXKeT ObITb GOJblile UJIH MeHbLie
o6beMa TOro e KoJiuuecTBa TBeploé (asel (vr=0v;). OTciona B cooT-
BercTBUM ¢ ypaBHenueM (IV, 56) BbiTekaer, yto BenuunHa dp/dT wiau
o6paTHas eil BenuuuHa dT/dp, xapaKrepH3ylollasi H3MeHeHHe TemIe-
paTyphl C yBeNHYEHHEM NaBJaeHHs **, MOXKeT ObITb NOJIOXKHTEJIbHOH HJH

* Beanuuesl A n L, sBAAIOUMECH H30TEPMHYECKHMHU TEILIOTAMH, TIeTKo  cBA3aTh
¢ KaJopHYeCcKUM Ko3(GHIUHEHTOM [, KOTOpBHIf paBeH TemsoTe, MOIJOLIaeMoll TpH
PaclIMpeHHH CHCTEMbl HA eIHHHUILY o6ema. Ovuesupno, temnora L pacuupenns 1 e
veliectsa mpH (asoBoM npespaileHun paBHa L=I[(vy— v;). IToacrasus B 3To pa-
BeHCTBO 3HaueHue ! no ypasueuuio (IV,28a), nmpuxonum K ypasrenuio (IV,56a).

** Benuunna OT[/dp — uakjoH Kpupoil T=[(p) B TOuKe mnaBjeHus. DTa Ben-
YMHA B CBOIO ouepeib fBJseTcsl DYHKUHEH AaBJeHnsi, HO H3MeHSeTCsl He3HAYHTCablio
NPpH JAOCTATOYHO OOJIBIIOM YBeJHYEHMH NAaBJEHHS.
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OTpHLl&TEJIbHOﬁ. DTO 3HAYMT, UTO TeMIepaTtypa IJiaBJ€HUA MOXKET IIO-
BbIIIATbCA HJH CHHXKATbCA C YBEJHYEHUEM HOaBJCHHS.

Tax, nns Geusona (fnx=>5,4°; L=30,6 kas/e=30,6-41,29=1263 cm?.arm/e;
v =1,119 cM¥fe; v:=1,106 cm®/2) monyuaem no ypasuenuto (IV,56):

dp Lun 1263

dT ~ T(o,—0;) _ 2786 0,013

=349 arm/epad

O6patnas Benuuuna dT[dp=0,00285 epad/arm. Takum oGpasom, C pPOCTOM naB-
Jeus B6MM3M TOYKM NJIABJEHHs TEMIepaTypa IJIaBJeHHst G6eH3C/a TOBBILAETCs.

Beauunna dT/dp mosoxuTenbHa [Js1 OTPOMHOr0 GOJILLIMHCTBA Be-
wects. OHa HMeeT OTpHLATeNbHOE 3HAYEHHe JIHLIb AJisi BOABI, BUCMYTa
¥ HeMHOTHX ADYTHX BeLIeCTB, MJIS KOTOPBIX INIOTHOCTb KHAKOCTH TpH
TemIepaType IJaB/leHHss 6oJbIle IJIOTHOCTH TBepaoit ¢asbl H
(v — vg) <O0.

Hcnapenne. Tensora ucnapeHus — nepexona XKHAKoH ¢assl B raso-
0o6pa3Hyio, TaK XKe KaK M TellJloTa IJIaBJeHHs, NMONOXHTeNbHa. B sTOM
cayyae Bceraa oGbem (yIenbHbI, MOJIbHBIH) rasa GoJibllle COOTBET-
crBylollero o6beMa XHUAKOCTH, T. €. B ypaBHeHuu (IV,56) Bceraa
v,>vy. [lostomy dp/dT, a 3nauut, n dT/dp TaKkKe Bcerga MOJOXKH-
tesbHbl. ClleqoBaTe/IbHO, TeMIlepaTypa HCHApeHHsl Bcerja MoBbillaeTrcs
C pOCTOM [IaBJleHHS.

JaBnenye HacCbILEHHOTO Mapa MHJAKOCTH MOXKHO CDaBHHTENbHO JIETKO M TOYHO
WU3MEpHTb B ILIHPOKOM MHTepBaJie TeMNepaTyp; 3HAUUTENbHO TPYAHEE H3MEPUTb Tell-
J0Ty HcnapeHus. [TosToMy mocsiefHIOI0 OOGBIYHO BBLIUMCASIOT MO 3HayeHuio dp/dT,
KOTOpOe HaXOAAT, ONpelNeNHB HAKJOH KacaTeJbHOH K ombiTHOH kpusoit p=f(T) npu
3ajanHoit TeMmepatype. Boamoxuo 3amenuts dp/dT=Ap/AT, npuuem uutepsan AT
noMKeH ObITb HeGOJbLIMM, TaK KaK HakJOH KpuBoH p=[(T) u BeauuuHa Lycn
CHJIbHO M3MEHSIOTCS ¢ H3MEHEHHEeM TeMmepaTyphl.

[Mpu TemnepaTypax, AajJeKHX OT KPHTHYECKOH, MJOTHOCTb HaChi-
IEHHOTO NMapa BO MHOrO pa3 MeHblle MJIOTHOCTH XKHAKOCTH, a o6par-
Has BEJHYMHA — MOJIbHBIA (YHeJbHbIH) 0o6beM Mapa BO MHOro pas
Gonbllle MoJbHOTO (yaenabHoro) o6bema XHAKocTH. [losTomy 3Haue-
uinem Vy=Vy B ypaBnenun (IV,56) MoxHO npeneGpeub, H OHO NpH-
MeT BHA:

dp

A=T i Ve (1v, 566)

Ecau, Bmanum OT KpHTHYECKOH TeMMepaTypbl, HaCHILEHHBIH mNap
MOXHO CUHTATh HAeasbHbIM ras3oM, toraa V.=RT/p, u u3 ypaBHeHus
(IV, 566) mosyuum *: -

dp 1 dlnp
= 2 L —= 2
A=RT ar " o RT T

(Iv, 57)

* Bce ckasanHOe Bblle OTHOCHTENbHO HCMADPEHHS AEACTBHTEJbHO M AJA Mpo-
LEcca BO3rONKH. -
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PacyeTbl TenmsoT HcnapeHus (BOSrOHKH) no ypaBHenuio (IV,57) sasasiorca npu-
6n1KEeHHBIMH. ODTO MOXHO NMOKa3aTb Ha NMpPUMepPe pacueTa TEILIOTH HCNAPeHHs 3TH-
JIOBOTO CITHpTA.

Japnenne HacolileHHoro napa cnupra npu 19,6°C paBno 42,64 mm pr. cT., NpH
20,5° C — 44,96 mm pr. cr, :

TnotHocTs xuaxoro cnupra npu 20° C=0,7894 &/cm®, NAOTHOCTH HACHILIEHHOTO
napa 0,000111 2/cu3. O6paTHble MIOTHOCTAM BeJHYMHBI (yae/jbHble OGBEMB!) COOTBET-
cTBeHHO paBubl 1,27 u 9010 cmdfe. '

Haxonnm *

dp  Ap 44,96 — 42,64

fp 8P _
AT 760 1

] = 0,00306 arm/epad

IMoncraBuB cooTBeTCTBYyIOUHE BeH4YHHBI B ypaBHeHue (IV,56a) u BBOAS MHO-
wutenb 0, 0242 (ans nepeBoja cM?-arM B Ka4), HAXOLUM:

L =293,2 - 0,00306 (9010 — 1,27) 0,0242 = 195,7 xaas/e

BuiyncauB TennoTy McnapeHHsi cnupTta mo ypaBHeHuio (IV,57) u yuutbiBas, 4To
npu 20°C naBieHHe HACBILLEHHOro mapa paBHO 43,8 mm pr. cT., MOJTy4uM:

0,00306

= 03.9)2 .
A = 1,987 (293,2) 38

- 760 = 9064 xa1/moas

oTKyAa L=A/M=1968 Kas/e. D10 3HauUEeHHe HeCKOJNbKO Go.bllle 3HAYEHHS, PacCHit-
TalHoro mo Gosee TouHOMY ypaeHenuto (IV,56a).

- Tennora HCnapeHHs MKHAKOCTeH H3MeHSeTCA C TeMIepaTypoil, He
CH/IbHO y6biBasi IPH CPEeIHHX TeMmepaTypax M OYeHb CHJIbHO — BBJAH3H
KPUTHYECKO# TeMmmepaTyphl, npu Kotopo# A=0. Hanpumep, nns H,O:

#C .. ..... 0 2 50 100 200 300 350 370 374
%=L, xkaafe . .5947 584,1 5679 539,1 4634 3351 2130 107,0 353

Tennotsl HCMapeHHss pAa3JHYHBIX KHAKOCTeH 3aKOHOMEpPHO QRS-
88HBI C HX HOpMaJbHbIMH TeMnepaTypamu Kunenus. ITo npasury Tpy-
rona (1884) MonbHBIe 3HTPONHMHM MCMapeHHUs pa3aHy-
HBIX XHJAKOCTeH B HOPMAaJbHBIX TOYKA2aX KHNeHHS
ONHHAaKOBBLL '

ASyen = —’}ﬁ“; ~ 20— 22 xan/(moab + 2pad) (1V, 58)

9To npaBuUJO He BBIMOJHAGTCS B OTHOLIEHHH MHOTHX BeILeCTB
(cm. Taba. 1V, 4), Hanpumep A5 acCOUMMPOBAHHBIX XHAKOCTe#l (Bola,
aMmuak, cnuptel). [IpaBuno TpyToHa npuGaKHKEeHHO BLINMOJHSETCS A
YIJIeBOXOPOJOB. H HX NMPOHU3BOIAHBIX, 3QUPOB M APYrHX K/AAcCOB Hemo-
JISIPHBIX BelLeCTB.

* B naHHOM cCjaydYae 3aMeHHTb oTHoweHue dp/dT otHomennem Ap/AT BO3MOXK-
1O, TaK Kak pasHocTb Temneparyp mana (AT=1°C).
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Tab6uauua IV, 4
IHTPONUM MCHAPEHHS HEKOTOPHIX KHIAKOCTEA B TOYKAX KHIEHHS

T A AS
Bewectso l‘fll(m Kar/more  |gaa/(moas ngaa)

Femit . . . . ... 42 22 5,2
Bomopom . . . . .. 20,4 216 10,6
Oxuch yraeponaa . . . 81,6 1414 17,3
A3oT . v . ... 77,3 1362 18,0
. Kucaopox . . . . . 90,1 1630 18,0
Harpuii, . . . . . . 1155 23300 20,2
Cepoyriepos . . . . 319 6490 20,4
DTUIOBHH 30HUp . . . . 307 6466 21,1
Bensor . . . . . .. 353 7497 21,2
IMponujaueratr . . . 375 . 8310 22,2
Prytsb . o . . . . 630 14200 226
Ouvk . . . . . . .. 1180 27730 T 235
XJsopucThiit Kamui . 1690 40500 24,0
Boma. .. ..... 373 9700 26,0
STua0BHR coupr ., . 351 9448 26,9

Ipasusro I'urvdebpanda (1915), ananornynoe npasusay TpyToHa,
BLINOJIHsieTcs: Goslee TOuHO. [lo 3TOMy NpaBu/ly 3HTPONHM HCHAPEHHS
JKHKOCTeH paBHBI MeXAy coOoff NpHM TeMmepaTypax, AJsf KOTOPHIX
MoOJIbHble OGbeMbl HacChillleHHOro napa oAMHAKOBHL. [Ipu stom ASycn
paBHo 20—22 xax/(moas - 2pad) npu V=495 a/moxe. ’

§ 10*. da3oBbie nepexoabl BTOPOro pojaa

Kpome ¢asoBbix nepexpaoB NMEepBOro poja, CyLIeCTBYIOT TakxKe (asoBble mepe-
XOIbl BTOpOro poja. Jnsi HMX XapaKTepHO He TOJIbKO PaBEHCTBO H300apHLIX MOTEH-
LMaJ]0B, HO M PaBEHCTBO SHTPONMHH H 06BEMOB COCYILECTBYIOLWIHX B PaBHOBeCHH (a3,
T. e. OoTcyfcTBHe TemjoBoro 3ddexra nmpouecca M H3MeHeHHss oObeMa IpH TeMe-

aType TpeBpaILEHHS:
patype nipesp AG=0; AV=0; AS=0

Bropble TMpPOH3BOAHble M306apHOrO MOTeHUHAasJa NPH (asoBLIX MEPeXonax BTO-
poro poia M3MEHSIOTCH CKauyKoo6pasHo (KaK M NpH Nepexofax MepBoro poja):

[62 (AG) ]p=_ [0(AS)]F=_ & =0

T | ToT T
[aza(ﬁza) ]r = [ 2 (f;ApV) ]T =A(0y) Vo#% 0

Puc. 1V,5, HA KOTOpOM NpeACTaBleHAa 3aBHCHMOCTb TEMJIOEMKOCTH KHIKOTO
renus OT TeMnepaTyphl BOaH3H abcomoTHoro Hynas (Kesom u Knysuye, 1932), noka-
3biBaeT TaKoe CKauKoo6pasHoe H3MeHEHHe TeIJIOeMKOCTH, NMPOMCXoAsiulee MpH mpe-
BpalleHAH ABYX MoaudHKauui xuakoro renus npu 2,2°K (3To mpeBpauende oTHO<
CHTCS K NEepexoiaM BTOpOro poza) *.

* Kpusas ua puc. 1V,5 HamoMHHaer r{eqem(yxo 6ykBy A, MOSTOMYy TOYKa Mpe-
spamends Herr =~ Her yacto HasbiBaeTcs A-TOUKOH, a caMo -TMpeBpAIUEHHE — A-Tpes
BpallleHHeM. .
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Kak Bunre u3 puc. IV,5, B HekoTopoM HHTepBaje TeMmnepaTyp BelIECTBO MO-
rJiollaeT 3HauHTesbHO Gosiblliee KOJHYECTBO TEMJIOTH, YeM TO, KOTOPOE COOTBETCTBO-
Baso Gbl KPHBOM TENMJIOEMKOCTH NPH OTCYTCTBHH NHKa. DTa AONOJHHTeNbHAA TeNJoTa
CBA3ala C MpeBpallleHHeM BTOPOTO POJa, HO OHA MOIJIOLLAeTCsl B HEKOTOPOM HiTep-

Baje TeMmepaTyp M BhI3blBaeT

Jo aHOMA/bHOE YBe/HYEHHe Temno-

% €MKOCTH B 3TOM HHTepsaJe. [Ipu

25 TeMnepaType MAaKCHMYMa KpH-
BOH TemjoTa He MOIJIOLLAeTCsl.

j: K ¢a3oBbiM nepexogam BTO-

Y & pOro poma OTHOCATCA MHOTHE.

Y [peBpalleHHs, BecbMa pasauuiiblie

a g no npupoge a3 M xapakTepy

§IJ Q ABaeHnst. K HUM, Hanpumep, oT-

X o/{{ HOCATCA  OpeBpallends  (eppo-

? Vi MariHTHBIX Ten TNpH TeMnepaty-

< 0 c pe, HasbiBaeMoii Toukoit Kiopu,

° /0 . BHIIIE KOTOPOH Teja TepsioT

5 / . APY ¢deppoMaruuTHble CBOMCTBA; Mpe-

BpallleHue OOLIYHBbIX MeTas/0B B

CBEPXMPOBOJHUKH [MPH  IHIU3KIX

0 TemMnepaTypax, NpOLeCCH pacna-

2 14 46 18 20 22 24 26 28 J0 na n oGpasosaHus HHTEpMeTan-

T, % . JMUeCKHX COeAHHEHHIl B TBepibiX

MeTaJIINYeCKHX PacTBOpAX M AP.

Puc. 1V, 5. 3aBHCHMOCTD TE€NNOEMKOCTH XKHIKOTO [IpumepoM npoleccos, KOTO-

He ot TeMmepaTypH (Kesom u Kiuesunyc). pHe MPOTEKAT B KPHCTaMaHue-

KHX Tenax ¥ MOryT ObiTh OTHe-
ceHbl K (ha30BbIM IMepexofam BTOPOro poOja, SBJSIOTCH TPOLSCCH B KPHUCTaAHue-
CKOM TNeNTarHapaTe CePHOKHCJOH MeXH, OTPaXKeHHble HAa KPHBOH TeNIOeMKOSTH
stoif conu. Ha puc. 1V,6 wuso- :

6parieHa  3aBHCHMOCTb  TemJo- "gm

emkocth  CuSO,-5H:0  (mpu N }/1f
navaennn 692 mm pr. cT.) or & 4 R -
temnepatypel. Ha «kpuBofi oG- § }| el
HapyXHBAIOTCS TPH OCOGbIE TOU- E” o—0—1 o) 18!

KH — OCTpble MakcuMymbl. Mox- <X - :

HO CYMTAaTh, YTO MpH COOTBET- <& , L

) |
CTBYIOIIMX TeMmepaTypax moJy- 0w 0 J0 s90 S0 60 0 89 0
yaloT cBOGOAY BpaUlEHHA MoJle- P
KyJbl  KPHCTaJIIH3aLlHOHHON  BO-
JIbl — cHayaja jJBe W3 NATH, 3a-
TeM ApYyrHe [Be H, HaKOHeL, MO- .
cnennAs. JlefcTBHTENbHO, B KPH-
craaanyeckoit pemerke CuSQs-5H,0  MoJexky Bl KpHCTaNIH3ALMONNON BOALI 3alH-
MaloT TPH Da3JMYHbLIX reOMETPHUYECKHX IOJIOXEHHS, 1IePaBHOUEHHbIX H B 3lepreri-
ueckoM oOTHowennu. [Ipu Temneparypax 96—145°C u ykazawsoM 1asJelnin
NITHBOAKBIY THADAT TepsieT KPHCTAJJIM3ALHOHHYIO BOAY TaKXe B TpH 3Tala C mepe-
XOIOM B HH3ILHe THAPATH M OGe3BOAHYIO COJb.

Puc. 1V,6. 3aBHCHMOCTb  TENJIOEMKOCTH
CuSO,-5H,0 ot TemnepaTyphl.

§ 11. 3aBucHUMOCTb JlaRJeHKHsI HACbILIEHHOTO Mapa OT TeMnepaTtypbi

JaBjieHHe HaCBHILIEHHOIO Mapa XHAKOCTH DPe3KO YyBeJHUHBaeTcs
C ToBbllIeHHeM TeMnepaTypnl. dTo BMAHO H3 puc. IV, 7, na xoropom
¥300pazKeHbl KPHBLIE 1aBJeHHs Napa HEKOTOPLIX MKHAKOCTEll, HAaUHHa0-
Liidecqd B TOUKAX NMAABJCHHUA H OKAHYHMBAIOILHECH B KPUTHUCCKHX TOYKaX.
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[

dyHKUHOHAJNbHAA 3aBHCHMOCTb JaBJEHHs HACHILIEHHOro MNapa
MHAKOCTH OT TeMIepaTypbl MOXeT OblTh BbIpaXKeHa ypaBHEHHEM
(iV, 56), a Bpanu ot KpuTHYecKoil TeMnepatypsl ypaBHenuem (IV, 57).
CuuTass TemJOTy HCHa-

peuus (BO3rOHKH) NMOCTOSIH- T
HOIl B HeGOJMBIIOM HHTEPBA- 70 S
Je TeMIepaTryp,  MOXHO o Jouna munewus. &)
MHTCTPHPOBATh ypaBHEHHe o Apumuveckas mosna
(1V, 57) '
1n£z=__7v_(_1__L)= 0t
P R)\. (;‘2 T])‘l T
2— 1 Ay
== RFT (1V, 59) fr 5”
. : i gz
MoacraBus  uuciosoe 97 T o &
3HauenHe R W mepexonst K S ‘ 8§ s
HOECSITHUHBIM JiorapHdMam, "o
TONYYHM: wh N 3‘
1o P2 A . T,—T, é
8 T 45T T INT, S
(1v,59a) =
[pencraBuB ypaBHeHHs  Jo} g:' §
(IV,59) u (IV,59a) B BH- ;‘?S
Jle HeonpeleseHHOro HHTe- s
rpaJja, noJiyuuM: N
2 1 201 S
lnp=—ﬁ--—T—+C (1V, 60) :E"T %51
H .
I = ———-h i +—-£— = N §
€P=""T4575 T " 2,303 ) NI
0”ON
=-’7‘;+B (1V, 60a) 2 & 'Zi
o
B cOOTBETCTBHUH C 3TH- PA-—A

-/00;-.727 0 50 00
1%

MH ypaBHEHHAMH 3aBHCH- =273 =200 ~150
MOCTb JlaBJIeHus HacCbilleH-
HOTO napa  WHAKOCTH  pyc [V, 7. 3aBucHMOCTh AaBJIEHHS HACHILEHHOTO
(nan KPHCTAJUIMUCCKOTO  napa HEKOTOPBIX XKHAKOCTe# OT TeMmepaTyphl.
BelllecTBa) OT TeMmeparty- .

pbl  MoxeT ObLITb Bblpa)keHa INpPAMOH JIMHHeH B KOOpPAMHATaX

1 o A
lg p——F (B 5TOM cJyuae TaHreHC HAKJIOHA NMPSMOH paBeH 4g==, OT-
ks

Ky#a Jerko Haxogutcsi A=const). Takas 3aBHCHMOCTb HMeeT MeCTO
JHLIb B HEKOTOPOM HHTEpBaJje TeMmepaTyp, Aa/JeKHX OT KPHTHYECKOH.
Ha puc. IV, 8 uso6pakeHbl NaBjeHHs] HacHILIEHHOr0 Napa HEKOTO-
pbIX »KIIAKOCTeH B KoopauHartax lg p— 1/T, ynoBieTBOPUTEIbHO yKJa-
AblBatoLlMecss Ha mnpsiMble JuHMM B uHTepBase 0—100°C.



138 Ta. 1V. Xapaxrepuctuseckue ¢ynryuu. I1punoxenus 8Topoeo saxona

Onnako ypasHenne (IV,60) He oxBaThiBaeT 3aBHCHMOCTH JaaBiie-
HHSl HaCbILIEHHOrO mapa OT TeMIepaTyphl BO BCeM HHTepBaJe TeMie-
patyp — OT TeMIepaTypHl IJaBJeHHsi N0 KputHyeckoid. C omHo# cTo-
DOHBI, TENJIOTa HCIapPEHHs] 3aBHCHT OT TeMIlepaTyp, ¥ HHTerpHpOBaHHe
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2
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Puc. 1V,8. 3asucumocts Jorapudpma JgaBJeHHST HACHILIEHHOTO
napa HEKOTODHIX KHAKOCTEH OT oOpaTHOH TeMIepaTypHl.

JIOJXKHO TPOHM3BOAUTBCS C yueToM 3To 3aBucumoctd. C fmpyroit cro-
pOHbI, HACBHIILEHHBIH Map NpPH BBICOKHX TeMNepaTypax Heslb3s CYMTaATh
HaeanbHbiM rasom. [Tos3ToMy ypaBHeHHe, OXBaThiBalollee 3aBUCHMOCTb
p=f(T) B WHpPOKOM HHTEpBaje TeMmepaTyp, HeH30eXKHO CTAHOBHUTCS
SMIHPUYECKHM.

Takoe ypaBHeHHe MOXeT GBITb MOJYYeHO NMyTeM NDHMEHeHHs ypas-
nenna Kupxrodda (ctp. 68) k mpoueccy napoobpasoBaHusl.
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[To 3akony Kupxrodopa

di
ar = Chac. map — Cx = AC) (Iv, 61)

rae Cuac. map — TENIOEMKOCTb HACBILEHHOLO Mapa; 3Ta BeJMYHHA ‘MO-
xer 6biTh 3aMeHeHa Ha Cp (IPH BHICOKHX AaBJIEHHSX TaKas 3aMeHa
7BJSETC T'Py6GBIM IlOl'lleleHPIeM)
Huterpan Buipaxenus (IV,61) sanuceiBaercss B olueM BHze:
T

h=ho+ f AC, dT (Iv, 62)

rie Ao — MOCTOSIHHAS BeJHUHHA, MoJydyaeMasi SKCTpanofsiiuei Kpmsou
A=f(T) mo 0°K.
HOJ.lCTaBHB 3TO BbhlpaxkeHHe B ypaBHeHue (IV,57), maxomumy

S

Ao+fAdeT
dinp 0
. ar = RT?
OTKyla ;
[ ac,ar
Inp= —1“9-+—1- S 4T+ (1V, 63)
RT T2 ’

3JleCb j — TOCTOSIHHASI HHTErPHPOBAHHS.

B 3aBUCHMOCTH OT TOYHOCTH HCIIOJIb3YEMBIX NAHHBIX MO TEIJIOEM-
KOCTSIM, KOHCT&HTBl Ag M j MOIYT NPHHHMAaTb DPa3jIHuHble 3HAUYeHH$,
nog6upaeMble TaK, uto6bl ypasHenue (IV,63) ynoBieTBOpsIO OMBITY.
Ecaun AC, U3BeCTHO TOYHO M B IIMPOKOM HHTepBaje TeMmepaTtyp (4YTo
BLINONHSETCS PEeAKO), TO j onpenensieTcss OJHO3HAYHO H Ha3bIBaercst
UCTUHHOU XUMUYECKOU KOHCTAHTOU (MJIM WUCTUHHOU Xumuueckou no-
CTOAHHOU).

Ora BenMYHHA CBA3aHa C ra3oBOH SHTPONHAHON KOHCTaHTOH Sy
(cM. cTp. 88) ypaBHeHHeM:

‘ . So=Cp,o
!=T (IV, 64)

Vpasuenue (IV,63) uacto 3ameHsieTcs MeHee TOYHBIMHM YpaBHe-

HUSIMH, Hanpmwep ypaBHeHHeM Hepx—xcm*

+1751gT— T+1i (I1V, 65)

lgp=- 4575 4575
rae BEJHYHHBL Ao, € U [ NMOAOHMPAIOTCA 3MIHUPUUECKH; BeJHYHHA [ Ha-
3bIBAETCS YCAOBHOU XUMUYECKOU KOHCTAHTOU. DTa BeJWYMHA IJS MHO-
rHX BelleCTB C ABYX- 1 MHOTOAaTOMHBIMHM MOJIEKyJaMH GJH3Ka K TpeM
(eciu naBJieHHe Bbipa)keHo B aTMocdepax).
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KpuBble naBleHHsl HACHILIEHHOrO NMapa MOMHO 3KCTPANOJHPOBATb K BHICOKHM
[laBJIEHHAM H TeMIEpaTypaM MeTOOaMU CPABHUTEAbHO20 pACYeTd. DTH METOAbl OCHO-
BaHbl Ha MOAOGMHM KPHBBIX, BHIPAXKAIOLMX 3aBHCHMOCTb IABJEHHS Mapa XKHAKOCTeH
(ocoGeHHO GJM3KHX MO XMMHYECKHM CBOHCTBAM W TeMnepaTypaM KHIEHHA) OT TeM-
nepaTyphl.

OcranoBuMcs Ha Merode Kupeesa, ocHOBaHHOM Ha mNpHMEHEHHH YpaBHeHHs
Kananeiipona — Knaysuyca K JBYM XXHIKOCTSIM, AJSi OJHOH M3 KOTODBIX H3BECTHa
3aBMCHMOCTb [aBJIEHHS HACBILIEHHOrO Napa OT TeMNepaTyphl.

Hanuwewm ypasuenns (IV,57) nia aByx xunpkoctell (1 H 2), HaxoasluXcsa mpH
OfHOHM TeMneparype:

dlnp, _ A]
dT  RT?
d Inp, - Ag
dT RT?

PasnenuB nuxXHee ypaBHEHMe Ha BepXHee, MOJYYHM NPH N10GoH Temmeparype,
OJMHAKOBOM A/ ABYX JHAKOCTeEH:

dlnp, A,
dinp, ~ A (IV, 66)
Cunrasi oTHOWEHHE Ag/A; MOCTOSHHBIM * M uHTerpupys ypasuenune (IV,66), mosyuum
lnp2=%lnp.+c=Alnp,+c (IV,67)
1

(rne A=2Xy/M), T. e. JHHeHHYI0 CBSI3b MeXAY BeJHUHHAMH JOrapH(PMOB HaBJeHHii
HaCblIEHHOTO Tapa JBYX XHAKOCTeH NpPH PaBHBIX TeMmepaTypax. :

Bui6pas 3a cTaHZapTHYO OLHY M3 XHAKOCTell (HanmpHMep, Boay), /AaBJjeliie
napa KOTOPOH XOpOIIO H3y4YeHO, M HM3MEPHB [Ba 3HAYEHWs JaBJEeHHS Mapa pp nay-
YaeMO#l XHUAKOCTH, MOXHO NMOCTPOMTb NMpsAMYI0, H306paxkalomyio ypasHenue (IV,67),
W HalTH BEJHMYMHBI Py AJS JIOOHIX TeMNnepaTyp B HEKOTOPOM HHTepBaJe.

Ha puc. 1V,9 uso6paxieHnl B jorapHdmuyeckoii WKajse AaBJEHHS Mapa HeKo-
TOPBIX JKHAKOCTeH KaK QYHKUUM NaBJeHHA BONSHOTO NMapa MpH TOH e TeMmeparype.
(Beepxy naHa IKaja TeMIepaTyp, MO3BOJAIONIAS AeNaThb OTCYETHl AJISI OKPYTJIEHHLIX
3HaYeHHlt TeMmepaTyphl.)

JluHeiiHasi 3aBHCUMOCTb COXPaHfeTcsl B psfie CJydYaeB JO NaBJEHHH B HECKOJLKO
atMoctep. Ilpu BBICOKKX TeMmepaTypax HeTouHocTb ypasneHus (IV,67) Bospacraer
B CBSA3H C PE3KHM yMEHbIIEHHeM BEJHYHH Ag M A1 M BO3pacTaHWeM OTKJOHEHHS napa
OT NJeasNbHbIX 3aKOHOB.

Jlyumue pe3yabTaThl NPH BBICOKHX TeMIEPaTypax BIVIGTb L0 KPUTHYECKOH
MOTYT GBHITb NOJYYeHbI NMPH CPaBHEHHH [aBJeHHH HACBILIEHHOTO Tapa ABYX MH/KO-
cTeil He NpH paBHbIX TeMmepaTtypax, a NPH PaBHBIX NpHBEAEHHBIX TeMIepaTypax:
T1=T2="T. an 3TOM T1=‘[T1,np. a T2=‘FT2, xp; dT|=T|,,(pdT; dT2=T2, ](pdT, u
ypapnenus (IV,57) mns aByx xujaKocTelt MOXHO 3amucaTh Tak:

dlnp, _ Ay
Ty wpdt  RTT]
dln P2 _ lg

- 272
T._,' Xp dt Rv T2. xp

* Dro pomylleHHe sBaseTcA NpuGAMxKeHHBIM. ClleayeT, OQHAKO, OTMETHTb, UTO
OTHOUIEHHE -Az/hi M3MEHsIeTCs C TEeMIepaTypoil 3HAYHTEJbHO MENbLIe, YeM caMH Be-
MHYMHBL Ay H Ay, TaK Kak oGe 5TH BEJHYHHB M3MEHSIOTCH C TEMMEPATypoil B OAIOM
HanpasJieHHH. '
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Ilpu penennn monyyum:
‘dln p, Ay Ty

LR 2 IV,
dlnp, 1 Ty (1v, 68)

Ortuowenue A2/M B 1aHHOM ypaBHeHHH GoJee NOCTOSIHHO, YeM B ypaBHeHuu (1V, 66),
TaK KaK .00 XKMIKOCTH HAaXOAATCA B COOTBETCTBEHHBIX COCTOSHHAX. MWHTerpupys
ypaBuenue (IV,68), nonyunm:

npam e T

Inp;+c’=A"lnp,+¢ IV, 69)
v Ty, kp :

310" ypaBHenHe XOpOUIO COrjacyerTcst € OMLITOM /1A MHOTHX Nap JKHAKOCTeld npu
TeMnepatypax BIJIOTb JO KpuHTHYeckod (cM. puc. IV, 10, kpykkamu ua npsmeix
[I0Ka3aHbl OMBITHBE 3HAYEHHS NaBJEHHH HaCHIEHHbIX NMapOB XUAKOCTeH).

7
455 060 065 a70 475 080 085 0395 490 /,0‘,
00 : lh‘
70 AL
5 £=9(Pu0) 14| T=Tip0 Eouis
30 LA
L | LAOW N
20 vaf7aWrses
- i!)’*‘rjr‘ R
g 7
10 éﬁ' Q.
. V4 (@)
7 A O
.‘z“‘\ N .
5 CJ _)‘5 _P
A ‘L‘A
S AT
J AT
4 Y z
. 2 A(}"_ |
/7 A
/ » p l
47 7
a5 /.
a9
V
92

97 :
a6 67 1 2 .3 5 70 20 30 S0 70 100 200
0

Puc, 1V, 10. [laBneHus HaCHILEHHOTO Mapa HEKOTOPHIX JKHAKO-
cTell Kak GYHKIUHH NaBJIeHHA HACKIIEHHOrO 1apa BOAbl (" = TH,0).
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§ 12*. BausiHMe NMOCTOPOHHHX ra3oB, Ha JaBJeHHEe HACBIIIEHHOTO0 napa

3aKOHOMEPHOCTH, H3JOXKEeHHble B TMpejblAylleM naparpade, OTHOCATCA K AaB-
JIEHMI0 HaCBHILEHHOTO Mapa, HaXoAfLIErocss B PABHOBECHH C YHMCTOH JKHMAKOCTLIO
(TBEpABLIM TEJOM) B OTCYTCTBHE NOCTOPOHHMX ra3oB. BBexeHne B eucremy mocto-
POHHEro rasa M3MeHsieT [aBjeHHe HAcCHILIEHHOTo Mapa NPH HEH3MEHHOH TeMmepaType.
ATo M3MeHeHHe NPOMCXOAHT HayKe B TOM Ciyyae, KOIJa NOCTOPOHHMI ras He pacTBo-
psieTCsT B KOHAEHCHPOBaHHON ¢ase. OHO NpOABJsieTCs] NPH BHICOKUX AaBJEHHSX,
NP KOTOPbIX 3aKoH [lanbTOHA HEeNPHMEHHM K ra3oBbIM CMECSIM.

MsMeHenne [aBNeHHsi HaCHILIEHHOTO Mapa B NPHCYTCTBHM NOCTOPOHHEro rasa
NPOHCXOAHT BCJEACTBHE MOJIEKY/NSPHOTO B3aaUMOLENCTBHS IIOC/JEJHEr0 C IapoM
H BCMeACTBHe BJHMSHHA OGLIErO [JaBJeHHs Ha CBOHCTBAa KOHJEHCHPOBAHHO# (hasbl,
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Puc. 1V, 11. 3aBucHMOCTb KOHUEHTPALHH HachlmeHHOro mapa H;O B cxaThx
rasax or oOluero AaBJeHHS.

PaccmoTpuM 37ecbh TOJILKO POJIb BTOPOTO (haKTopa.

CoagaauM NpH NMOCTOSIHHON TeMnepaType NOMOJHHTeNbHOE AaBjeHde dP Ha KoH-
JleHCHpOBaHHYI0 ()asy ¢ NoMOuWbo HHAHG(EpPeHTHOro rasa H MPEAMNoJIOKHM, UYTO
B3aMMO/elfCTBHA MEXAYy STHM r[asoM H [apoM He mpoucxonuT. MsoGapHblii moTery
1va’ KOHAEHCHPOBaHHON ¢as3bl BO3pacTaeT, M A/AA COXPaHEHH PABHOBECHS H3®"
GapHbIfi TOTeHUMAN Napa AOMKeH BO3pacTH Ha Ty Xe BenHuHHY: dGnap=dGxous.
CornacHo ypasnenuto (IV,156) npu moCTOsHHOH Temmepartype Mosayyaem:

dGyonn = VdP = dGnap = Vr dp (Iv, 70)

3nech Vi 1 Vi — MoOabHbIE 06beMBl KOHJIEHCHPOBAHHOM (asbl M HaCHILIEHHOTO Napa;
dp — npupOCT naBjieHHs HACBLILIEHHOTO Mapa.
[Tpu neGonbmux nasneHusx napa p B ypasHenie (IV,70) MoxKHO moxcTaBHTDH

Ve = R—pT— , Torja

Ve _ VP
dp = A dP—-—-RT dP
WIH v
dinp=-2dP (1v, 71)

RT
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[Ton0K 1M, 4TO 06BEM KOHJEHCHDOBAHHOH ¢asbl V. He 3asucUT OT naBJenHs.. Torxa
nuTerpiposanne ypaBhenuss (IV,71) B npemenax oT po (KaBneHMe HACBILIEHHOTO
napa B OTCYTCTBHe HHAHMGGEDPEHTHOro rasa) [0 3HAUHTEJbHOrO CyMMAapHOTO jaBie-
HUs P paert:

P2 _Vu p_ ]
In £ =2 (P=po) (1V,72)

VpasHenue (IV, 72) ne oTpaxaeT BJMAHMA MPHPOABl rasa, BBOJHMOTO B CH-
cTeMy, Ha JaBJieHHe HACHILIEHHOTO Mapa, TaK KaK NpH BbIBOLE 3TOTO ypaBHEHHS - 10-
MyLIEHO, YTO B3aHMONEHCTBHE MEXAY rasoM H NMapoM oTcyTcTByeT. B nmeficTeutesn-
HOCTH Takoe B3aHMOJeHCTBHe, KaK yKasblBasloch Bblile, MNPOHCXOLHT (MOXHO ro-
BOPHTb O PacCTBOPHMOCTH mapa B rase). DTO B3aWMOJeHCTBHE Pa3JMYHO IS Pa3HbIX
ras3os. IlosTomy 3aBUCHMOCTb [OaBJ/ieHlsi HAChILEHHOrO Napa OT O6LIEro AaBJIeHHS
3aBHCHT OT IPHPOIBI Ta3a; ¢ MOMOLLbIO KOTOPOro cosnaercs nabjaeHHe P. DTo BH/HO
ua puc. IV, 11, Ha koTopoM H306paxkeHa 3aBHCHUMOCTb KOHLEHTPALHH BOAAHOrO
napa (BeJHYMHbI, MPONOPLHOHAJIEHOH €ro AaBJieHHIO) B HEKOTOPbIX CXKaThlX rasax or
o6liero AaBJeHHs.

§ 13*. 3ddekr OAxoyaa — TomcoHa. JlpoccenupoBaHue rasos

Hxoyap u B. ToMcOH yCTaHOBM/IM ONBITHBIM MyTeM, YTO MPH pacLIHpPeHdH

peasibHbIX I'a30B HX TeMnepaTtypa uaMmensiercs (3pgexr Hocoyasa—Tomcora), 1 Koau-
YeCTBEHHO M3Y4YMJH 3TO siBieHue (1852—1862).

Onbit Jxoyna—ToMcoHa cXeMaTHUECKH 3akJjiouaercsi B ciefytoieM (puc. 1V, 12).
B TpyOKke, H30/IMPOBAHHON B TENJIOBOM OTHOLIEHHH, MEXJAY MEIHBIMM CETKaMH MoMe-
weHa mpo6ka I u3 Bartbl. CseBa W crnpaBa OT Npo6KH Mexay mnopuwHamu 2 u 3

7 J
\

2
\
%

f— — 4 4 — —

Puc. IV.12. Cxema ommra Jxoyas — TomcoHa.

HAXOAMTCS Tra3 MPU PAa3NUYHBIX [AABJEHHAX: pi>ps. a3 MpoxomuT ckBO3bL NpPoGKy
ciea nampaso. [lopwHn 2 M 3 JBHXKYTCA OJHOBPEMEHHO HampaBoO Tak, 4TO Japie-
¥ Py M P2 OCTAIOTCS MOCTOsIHHBIMH. UacTb rasa, npoulejailas CKBo3b Lpo6Ky, pac-
UIHpSIeTCs], NABJEHHE ITOH YAaCTH rasa YMEHbIIAeTCs] OT BEJHYHHBL Py 10 BEJIHUHHLI Pa.
TemnepaTypa rasa npH 5TOM CHHAKAeTCH.

Ipu TmPOXOXKJAEHUH CKBO3b IIPOOKY Mosist rasa ofmeM rasa cieBa OT MNpOCKH
yMeHbIlaeTcs Ha BeauuuHy Vi; cnpasa oT mpoGku oH ysenuuusaercst Ha Vi OjHo-
BpeMeHHO TeMmmepartypa rasa usMmenurcs or T, no T.. Pa6ora, cosepiwenHas npu
sToM rasoM (cucremoiry, papua poVo—piV). Tlpouecc mporekaer aauabatio (Q=0).
CuaenoBaTesibHO

Q = U2 i Ul + A = 0
OTKyna .
Uz—U|+p2V2—DIV|=0
n
Up+peVo=U,+p,V,

‘Hy=H,
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Taxkum obpasoM, npolecc nepexoia rasa CkBo3b NPo6Ky B 3aJaHHBIX YCJOBHSX
(1. e. anguabaTHO M TNpH MOCTOSIHHBIX P; U po) TNPOUCXOAUT MPU HNOCTOSAHHOM
SHTANBONHUH U MOXeET OBITb HAa3BaH TaKXe H33HTANbMNHBIM

ITpouecc mMpOXoXaeHHA rasa CKBO3b Y3KHE OTBEPCTHS, CONMPOBOXKIAMOUIHACA pes-
KHM TIOHMXKEHHEeM [aB/eHHs, HasbiBaeTcss 0poccesuposanuem rasa. YacTHeIM cayuaem
J{POCCE/IHPOBAHNS, MPOBOLHMOIO B ONpejeseHHbIX YCIOBHAX, ABJsercs ombitT I[xoy-
as—TomcoHa.

Mepo#t CHHXXEHHSI TeMIepaTypbl ra3a MpPH ero JPOCCEJHDOBAHHH SIBJISIETCS Be-

(!517 H
370r0 KospduuHeHta Haxoautcs u3 ypasHeuns (I, 40): dH=(h+V)dp+CpdT. Tlpu-
HHMas BO BHUMaHHe, uto dH =0, Haxoaum, uto

a_(ﬁ_T_) -tV
7 \op H_ Cp

JHUMHA @) = HasbiBaeMas Kodggpuyuentom Iwmoyss—Tomcona. Beanuuua

Mo;crasus 3navenue k u3 ypasuenns (III,23) (cTp. 92), mosayunm:

av
| r(5r),-v '

Q= IV, 73
= v, 73)

Has upeanbHoro rasa h=—V [cm. ypaBuenne (I,44); ctp. 52] # oy=0, T. e
NPOCCeHPOBAHHE HAEAJNbHOTO Ta3a MPOXOJHT (€3 U3MEHeHHs TeMnepaTypbl *.

das peanbubix rasos koddpduunent Jxoyas — TomcoHna B obweM cayuae He
paseH HyJI0 M 3aBHCHT OT JaBJenHs M TeMmmnepaTyphl. OnHAKO NpH onpeneseHHbX
3HayeHusx p ¥ I OH CTAHOBUTCS PaBHLIM HYJIO. THM 3HaueHHsM p u T coOTBer-
cTBYIOT TO4KU uneepcuu spodexra JIxoyns—ToMcona, Tak Kak KOTAa HaBleHHe U
TeMnepaTypa rada JOCTHIalOT YKa3aHHbIX 3HAYeHMI, MPOMCXONUT HsMeHeHue (uxeep-
cus) 3Haka Ko3poHuHeHTa .

[Tpu6nMXKEHHO MOXKHO HaWTH TOYKY MHBEPCHH TNyTE€M HCMNONb3OBAHHS ypaB-
HeHHsi COCTOSIHMSI pPEasbHOrO rasa, Hanpumep ypaBHeHHs Bau-mep-Baasbca.

3aMeRUM % ) B ypasrenuu (IV,73) ero BupaxenneM us ypabuenus (I,9):
(2) - (22) /()
oT J, T ),/ \ oV )r

TOr Ll

~7(5).-v(37)

o, = - I (IV, 74)

c, (=2 -
, OV T .

Tlo ypaBHenuio Bau-nep-Baasbca:

(an') __kR_. (ﬂ)__L+&
0T ), V=0 aV)r~  (V—=b)2 V3

* Hp}l MOCTeNneHHOM ymemimeﬂuu AaBjeHud no oueHb _Ma.flblx BeJIHUYHUH YHUC-
auteap B ypasHeduu (IV,73) cranourcs paBubiM RT/p—V; npu p—>0 sra Benu-
YuHa CTPEeMHUTCS He K HYJIO, a K Masioil KOHeYyHOoH BejuuHHe (cM. cTp, 128).
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INoxcTasue 3TH sHayeHusi B ypaBHeHue (IV.74), Haxomuwm:

_RT_, _RTV 22 _RT(V—b) _RIV__ 2%
. TV—=b (V=b2F VZ (V=02 " (V=02 V2
= dap n : (OL =
CP(W)T Co 'OV)T
RTb 2
—_ 2 2
=-_(V__b)ap_V (IV, 75)

(5 )

Unsepens addekta Mxoyns—ToMcoHa MMeeT MecTO, KOTZa YMC/IHTeIb BLIpa-
xennn (IV, 75) pasen Hymio, T. €. Koraa

JRTib___ 2a
(V=02 V2
—b)2
oTkyna T; — temneparypa unsepcuu: T;= 2a(V—b)* (IV, 76)

. RbV?

ITpy ManbIX AaBJMEHHAX, KOTAA OOBeM BeNHK MO CPaBHEeHMIO ¢ b, mocjenHel Be-
nuyuHOH B umcautesie ypaBHenus (IV, 76) moxHo npeHe6peub, TOraa
_2a

Rb
IMpu npoccenHpoBaHUM rasa Mpu TeMOepaTypax, MeHbUINX TeMNepaTypsl HHBep-

cvH, ras 6ymeT HarpeBaTbcsi, W60 NpH 3TOM, Kak BuaHo H2 ypaBHenus (IV,75),
a;<0.

Ty (1v,77)

Bonee TouHOe peleHne ypaBHeHHs
(IV,75) nokasbiBaeT, UYTO INpPH KaxJa0M
600 [aBjleHHH (B M3BeCTHOM HHTepBaljie) HMe-

/7 I0TCSL 1Be TeMIepaTypel HHBEPCHH, - MEXAY

400 ~ kotopbiMu  a;>0. Haipennas Bbiue mno
x npubJIMKEHHOMY YPaBHEHHIO TeMIlepaTypa

MHBEDPCHH COOTBETCTBYET HHXKHEeH H3 3TuxX

w 200 . S
) D TeMneparyp.
0 = Ha puc. 1V, 13 usoGpaxensl HiBepCH-
,o""é 2 OHHble KDHBBHIE [JIf1 BO3[yXa: BbIYMCJIEH-
-200 = Has [0 YypaBHEHHIO cOCTOsHMs Bau-mep-
. Baasbca u onbiTHas (o maHHbiM Hosass),
Vi 100 200 J00 400 kauecTBEHHO COBNAKAOIHe MEXAY cO6OM.
5 QM "Pacuer  koaddunuenta xoysas —
- ToMcoHa M HaxOXIeHHe HHBEDCHOHHBIX
Puc. 1V,13. Unupepcuonnsie kpuppe KPMBBIX DasHUHBIX Ta30B HMeIOT Gosiblioe

IS BO3AYXa: iH:xquHi Ans TeXHHKH NOJYYEHUs HH3KUX
I—to ypasmenmo Ban-nep-Baamsca; 2— o eMnepaTyp, B KOTOPOH HCNOJb3YeTCA Mpo-
nansbM Hosnas, lecc ApPOCCENMPOBAHHS Tras3oB. Tak, nJs

BOJOPOJia BepXHHE TeMIepaTypsl HHBEPCHH
npu pabneHusix 1 u 100 arm paBubl co-

oteetctBeHH0 —73 n —92°C. CnenoBaTesbHO, NPH KOMHATHBIX TEMIlepaTypax apoc-
ce/MpoBaHye BOJOPOAA NMpPHBEAET K ero HarpeBanuio (oy<0). UToGn nmpu apoccenn-
pOBAHNK BOJOPOAA TeMIEPATypa CHHXKaJacb, HeOOXOJAMMQ CHAuasa, OTHHMAas TEMJIOTY
(HanpuMep, XKHUAKHM BO3NAYXOM), OXJAAHTH €ro A0 TeMmmnepaTyp HHxe —100°C. ~
Baxuyio poab KoshQHLUHEHT oy HrpaeT NPH HCCIEJOBAaHHW CBOMCTB peabHBIX
rasos, ABJAACH ONHOM W3 BeJHYHH, OmpelejsseMblX sKcnepuMeHrassio *. [lo skcne-
- — Iy~ T,

3 ONMbITa ONpefensfeTcsl CPeAHAA BEJIHYHHA Oy, paBHas =p "
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PUMEHTaNbHLIM 3HAYeHHAM Oy H Cp MOKET ObiTb, HAMPHMED, BBIUHC/IEHA SHTalb-
flis — OIHO H3 OCHOBHBIX TePMOJHHAMHYECKHX CBOHCTB peajbHbiX rasos. B camom
nene, u3 ypasuenuit (IV, 73), (II1,23) u (I, 40) Buaso, YTO

2% oH
o,C ‘T(ar) V='(Fp‘)r

C.ie10BaTeNbHO, y6b1JIb SHTAJIbIIUK MPH nepexoue oT uneanbuoro rasa K peaJsibHOMY
NPpU AaBJEHHH p ONpPENeJIHTCS TaK:

)4
Hp_o-Hp=ofaJcpdp IV, 78)

§ 14. 3aKoH cMelleHHs PaBHOBECHS
(MpaBuio MOABHKHOrO PaBHOBECHS)

Hcxoas M3 o6LUX ypaBHeHHH TepMOOMHAMHKH, MOXHO cPOPMYJIH-
poBaTb He TOJIBKO YCJOBHSI DaBHOBeCHsl, YTO GBIJIO CHEJNaHO BhIIIE
(cM. ctp. 118), HO u yc/i0BHSA, NO3BOJSIIOIIKE NpPeICcKasaTb, B KAaKOM
HamnpaBJeHUH CMECTHTCS PaBHOBeCHe NMPU H3MEHEHHH TOTO WJHM HHOrO
napaMeTpa CHCTeMbl. B KaXI0M KOHKDETHOM cJydae 3TH YCJIOBHSA
MOXHO BBIPa3HThb ONpejiesieHHbIMH HepaBEeHCTBAMH. '

Takue HepaBeHCTBa, INOKa3blBalOIlHe, B KAaKOM HaNpaBJIeHHH CMe-
CTHTCS paBHOBecHe ABYX (a3 YHCTOrO BelECTBA, MOXHO MOJYYHTh
¢ nomouipio ypaBHenus Kaanelipona — Kaaysuyca. B camom pgeue,
JIErKO BHIEThb, UTO HamnpaBJieHHe, B KOTOPOM CMECTHUTCSI paBHOBeCHe,
HanpuMep NPH yBeJHYEHHH [ aBJEHHS, ONpelessieTcsi 3HaKOM PasHo-
cTH vy — vy. Ecan v — v > 0, TO ¢ NOBLIIEHHEM [aBJeHHsl TeMIepa-
Typa nsaBJjeHHs: (T. e. TeMImepaTypa coCyllecTBOBaHHs ABYX ¢as) mo-
BhICHTCS. B TOM cayuae, xorja JaB/ieHHe YBeJHYHBAeTCs$ NMPH MOCTO-
STHHOH TeMmepaTtype, AOJXKHO MPOH30HTH YMeHbIUeHHe oObeMa, T. e.
npou3oiiieT 3aTBepleBaHHe XHAKOCTH. Ecan vy — vy <0, TO yBesnnue-
HHe NaBJeHHs OGYCJOBHT MOHHMXKEHHe TeMNepaTypbl MJaBJeHHs, HJH
‘(npu T=const) nnasnenye TBepaOro Tesa.

YMeHbIlleHHe NaBJeHHsI IPH NMOCTOSIHHOH TeMIepaType BhI30OBET 06-
paTHble npolecckl, B OGOHX C/Iy4asix CBSI3aHHble C yBeJHUEHHEM O6b-
ema. Takum o6pa3oM, MOXXKHO 0GOGLINTb BCe CAy4YaH H3IMeHeHHs daso-
BOTO PaBHOBECHS NOJ BJIHMSIHHEM JaBJIeHHS YCJOBHEM:

(@p)r (A0), <O

3mech 3HaK 6 yKasblBaeT M3MeHeHHe BHelIHero (akrtopa, a 3Hak A —
H3MeHeHHe oGbeMa npu (Ha3oBoM nepexoje, eCJH OH NPOHCXOLHUT MPH
MOCTOSIHHOM BHelIHeM (aKTope, HO B TOM HamnpaBJjieHHH, KOTOPOEe BbI-
3BaHO BHEIIHHM BO3JeHCTBHEM, T. €. H3MeHeHHeM [aBJIeHHs Ha Op.

Pasbupas BJHMsSIHHe TeMIepaTypel Ha TOT e NpOoLecc, MoJaydaeM
ycJaOBHE CMEIIEeHHS] PaBHOBECHS:

@7),(88),, 1 >0
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Ilpn u3MeHeHuu Temmepatypbl (a3oBoe MpeBpalileHHe CMellaerTcs B
HanpasJ/IeHNH, B KOTOPOM - (Y NOCTOSIHHOM TeMIepaType) H3MeHeHHe
SHTPONHH (a cJefOoBaTe/ibHO, M TeIJIOTa Mpolecca) HMeeT TOT ¥Ke
3HAK, YTO H U3MeHenune temnepatypsl (67)p.

O6a yxkasaHHble mpaBHJia MOXHO OGOGUIUTH, ecid OOGpaTHTb BHH-
MaHHe Ha 3HaKM 4YacTHbIX AHpdepeHuuanos B ypasHenud (IV,21),
HanucaHHoM s ofllero cayudas, ¢ yuetoMm ypaBHeHus (I,24):

dU=TdS—8A=TdS—pdv+Pdh+0dS+Pde+ ... =3Xidxy

3mech Bce KO3 @HUUHEHTb MoJyyaloT 06oGileHHbIH cuMBosn X; a He-
3aBHCHMBIE TiepeMeHHble — cUMBOJ X;. Koadduuuentol npu audodepen-
:JMajaX BCEX HE3aBHCHMEBEIX NepeMeHHbIX HMeIOT MOJIOXKUTe/bHble 3Ha-
XH, KPOMe JHaBJieHHs p. YCJOBHMBIIHCh NPHMHCHIBATbL MOJNOXHTENBHOMY
HU3MeHeHHIO [aBjieHHsi §p 3HaK MHHYC (YTO DABHOCHJIBHO H3MEHEHHIO
NPHUHSATOM CHCTEMBl 3HAKOB AJs1 paboThl Ha OOPATHYIO), MOJYYHM 00-
uiee MpaBHJIO, IO KOTOPOMY

(0X1),, [xy, >0 (v, 79)

Jlerko yGemuTbesi, YTO He TOJIBKO (ha3oBble TpeBpalleHHs, HO H
JpyrHe mpouecchl NepeMellleHHs M H3MeHEeHHs BellecTsa (aacopbuus,
XMMHUecKas peakuusi M Ap.) NOJYMHSAIOTCS 3TOMY MNPaBHJY, KOTOpOe
npencTaBaseT coGoil OJIHH H3 BapHAaHTOB NPABUAQ CMEUeHUS PABHO-
secusn Jle-lllareave—bpayna *.

OHO NPHMEHHMO H K CMEILEHHSM DPaBHOBECHS, BbI3BAHHBIM H3Me-
HeHHeM TaKMX MapaMeTpOB, KaK NoJie TArOTeHHS, 3JEKTPHUYeCKHi no-

TeHHHaJ A H Ap.

* Tlpasuso Jle-lllateave — Bpayna Qopmynupyercs pasiHyHBIMH, CHIBLHO OTJIH-
YalOUMMHCA CNOCO6aMH, MHOTHE H3 HHX CJHIIKOM LIHDOKH, HECTPOTH, H NpHMEHeHHe
¥X MOXeET NMPHBECTH K OWIMOKaM. 3jech NAeTCA Takas 4acTHas (OPMyMHPOBKA npa-
puna Jle-lllateabe, kKoTOpasi NpHMeHHMa TOJNBKO K ‘(pa30BbIM MpeBpaLIEHHsM Belue-
cTBa. B Takoil gopme oHa MoxceT GbITb jJ0Ka3aHa B oCiueM cjayyae,



TEPMOOMHAMMUKA PACTBOPOB

TJTABA V
TEPMOJAMHAMHMKA PACTBOPOB. FA30BbIE CMECH
‘ (PACTBOPDI)

§ 1. PacrBopnl (onpeﬁe.uenne). KoHuenrpauus

Pacreopamu HaspiBaloTca (asbl, COCTaB KOTOPBIX MOXHO H3MEHATH
HenpepbiBHO (B M3BeCTHBIX mpejenax), T. e. ¢a3bl NEPeMEHHOro Co-
craBa *. TakuM o06pasoM, pacTBOPHl — 3TO OAHOPOAHLIE CMeCH MoJe-
Kya (B YacTHBIX CJydYasix — TaKXKe aTOMOB, HOHOB) [IBYX HJH Gosee
BelLeCTB, MEXAY KOTOPBIMH UMeIoTCs (HU3NUecKHe H, HEPeAKO, XHMHYe-
CKHe B3aHMOJAEHCTBHS.

Accoumauusi MOJIEKYJn KaKoro-nn6o cOeIHHEHHS U COJbBaTalus
(coenvHeHHe MOJEKYJ DacTBOPEHHOTO BellleCTBA H MOJEKYJ PacTBo-
puTessi B HEeNPOYHble KOMILIEKCH), He BeAyllle K 06Pa3oBaHHIO OCO-
GeHHO GOJLLUIAX MOJIEKYJl, He HapyllaloT OJHOPOAHOCTH PacTBOpa.

WHoit Xapakrep HMeIOT CMeCH, B KOTOPBIX YaCTHIbl OAHOM H3 cO-
CTaBHBIX yYacTell cCMecH COCTOST M3 OGOJBLIOrO YHCJAa MOJIEKYJ M SB-
JIFI0TCS, KaK INPaBHJIO, MHKPOKPHCTAJJIaMH CO CJOMXHOH CTPYKTypoil
noBepxXHocTHOro cnosi. TakHe cMecH HEOLHOPOAHB, XOTsI Ha MepBbIit
B3TJISIA M MOTYT Kas3aTbCcsl OAHOPOAHBIMH. OHH MHKPOreTepOreHHb.
DTH CMecH Ha3BIBAIOTCS KOAAOUOHbIMU cucTemamu. Mexay o6oumu
KJacCaMH cMeceil BO3MOXKHBI HelpepbiBHbIE Mepexoabl **.

PacTtBOpe!, KakK MNpaBHJO, TEePMOAMHAMHUYECKH YCTOHYHBH, H HX
CBOMCTBA HE 3aBHUCAT OT NpeAbIAyLIed HCTODHH, TOTAA.KaK KOJJOHA-
Hble CHCTEMbl OUeHb YacTO HeYyCTOHUMBBHL H OOHAPYKHBAIOT TEHAEHLHIO
K CaMOMPOH3BOJLHOMY H3MEeHEHHIO.

IpocTeiilune cocTaBHble YaCTH PacTBOPa, KOTOPble MOTYT GHITh Bbi-
feneHbl B YUCTOM BHJAE M CMeLIeHHeM KOTOPBIX. MOXKHO MOJYYHTb pac-
TBOPHI J1I060r0 BO3MOXKHOrO cocTaBa, 6y/leM Ha3biBaTb KOMIIOHEHTaMH
pacTtBopa ***,

* HanomHuM, 4TO ¢asaMH Ha3blBAalOTCS1 OAHOPOAHble (FOMOT€HHBIE) YacTH CH-
CTeMbl, OT/eJieHHble OT OCTaJbHBIX uacTelf NOBepXHOCTAMM pasfena (cM. cTp. 26).
da3a uMeeT BO BCeX TOYKaX OJMHAKOBHIA cocTaB M cpoitcTsa. Kaxnas ¢asa xapak-
TEpPH3YeTCS CBOMM yPaBHEHHEM COCTOSIHUSA.

** Jlo HelaBHero BpeMeHH KOJJIOHIHBIE CHCTEMbl Ha3bIBAJHCh KOJJIOMJHLIMH
pacTBOpaMH, B MPOTHBOMOJOXHOCTL KOTOPBIM MOJIEKYJIiDHblE CMeCH Ha3bBaluCh MO-
JIEKYASPHEIMM HJH HMCTHHHBIMM pacTsBopaMd. Mbl Oynem Hasb/BaTbh MOJIEKYJAPHBIE
CMEeCH MPOCTO PacTBOPAMH.

KosnnonnHbie cucTeMbl B HacTOsILEM Kypce paccMaTpuBaTbes He 6yayT. Msyue-
HHe HX CBOHCTB COCTaBJSIET NMpeiMeT KOJWIOHUHOH XMMHH.

*#%¥ B HecKONLKO HHOM CMbICJIe TePMHH KOMMNOHEHT OyLeT HCMOAb30BaH MpPH
H3yuekHMH reTeporeHHoro pasHoBecuss (ctp. 331).
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Bo MHoOrux cayuasx gesieHue X Ha PacCTBOPUTENb U PAaCTBOPEHHBIE
BellecTBa YycJa0BHO. OGBIYHO KOMNOHEHT, HaXOAsILUiCH B H3GbITKe
0 CPaBHEHHIO C IPYTHMH, Ha3blBAIOT PACTBOPHUTENEM, OCTaJIbHbIE XKe
KOMIIOHEHTbl — PacCTBOPEHHBIMH BellecTBaMH. TakK, MOXHO HMeTb pac-
TBOPHI CIIHPTa MJIM CEPHOIl KHUCJOTHI B BOAE W PAacTBOPHI BOABI B CITHP-
Te HJIM B cepHOH kucjaore. Ec/iH OZHHM H3 KOMIOHEHTOB pacTBOpa
SIBJIAETCS JKHUIKOCTb, @ APYTHMM — raskl WIH TBEpAble BEIIECTBA, TO
PacCTBOPHUTEJIEM CUMTAIOT XKHAKOCTD.

OcHOBHBIMH NapaMeTpaM# COCTOSIHHSI pacTBOpa, Hapsay C AaBJe-
HHEM U TEMMEePaTypol, ABASIOTCS KOHYEHTpauyuu, T. e. OTHOCHTEJbHbIE
KOJIHYeCTBa KOMIIOHEHTOB B pactBope. KoHueHTpauuu Moryt ObiTh Bbi-
paXkeHbl 'pasHBIMH crnoco6aMH B pasHYHBIX €IVHHLAX: KOJIHYECTBa
KOMIIOHEHTOB MOTYT GBITb OTHECEHbl K HM3BECTHOMY KOJIMUECTBY pac-
TBOpa HJIH DAacTBOPHTEJS, KOJMUYECTBA PACTBOPEHHBIX BELIECTB MOTYT
ObiTh BbipaXKeHbl B BECOBBIX €IHHHLAX H B MOJSIX; KOJIHYECTBO PacCTBO-
pUTeNsl. MM pacTBOpa — B BECOBHIX e[NHHLAX, B MOJSX H B 06beM-
HbIX €IHHHIIAX.

PaccMoTpuM HekoTopble ynotpeGHTe/bHblE CIOCOOBI M eJHHHLbI H3-
MepeHHusl KOHIeHTpauuit pacTBopoB. O603HauUM NpPH 3TOM Macchl KOM-
MOHEHTOB, BbIpa)KeHHble B IpaMMaX («BecOBhie» KOJIMYECTBAa), yepes

w,, W, ..., W; a CYMMy MacC KOMIIOHEHTOB — uepe3 IW;. 4YHcJa
TPaMM-MOJIEKYJT HJH MOJIeH KOMIIOHEHTOB — 4epe3 Ay, fg, ..., M a HX
cyMMy — Zn;; o6beM pactBopa —uepe3 V, 06beMBl YHCTBIX KOMMO-
HeHtoB — uepe3 Vi, Vo, ..., V. MHAeKc | OTHOCHTCS K pacTBOPHUTENIO

B TeX CJydYasix, eC/JH TAKOBBIM MOXeT ObiTh ONHO3HAYHO Ha3BaH ONMH
U3 KOMIIOHEHTOB pacTBOpa. -
1. KoauuecTBa BelleCTB OTHOCATCS K H3BECTHOMY KOJIHYeCTBY pac-
TBOpA.
1. Becosas doas W;— Macca KOMIOHEHTa B eQMHHIE MaccChl pac-
TBOpa:
w; -

Vi=Sur

(V, la)

Becogod npoyent P; — Macca KOMIIOHEHTa B CTa eIHHHLAX MacChl
pacrtBopa: .
P;=100W; (V, 16)

2. Moasras 0osa x—uucao MoJieH KOMIIOHEHTA B OLHOM MoJe
pacTBopa:

Xy = (V, 1s)

.
Zn;
MoJabHble J0aH Haubosiee YNOGHBI NPU TEOPETHUECKOM (TEPMOAH-

HaMUUeCKOM) H3YyUeHHH PacTBOPOB.
W3 Boipaxenus (V,1B) BUAHO, 4TO

Txi=1
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3. Obvemnan noisi @;— OGBEM UYHCTOTO KOMIIOHEHTa B e[UHHLE
o6beMa pacrtBopa:

Vi _ Vim
o=y =7 (V, Ir)
3nech V;— Tak HasbiBaeMblil MapuuasbHbli 06bEM HaHHOTO KOM-
nouenta (cM. crp. 165).
4. MoabHO-00BeMHAA KOHYEHTPAYUS — MOALHOCTL C; — YHUCJIO MO-
Jell KOMIOHEHTa B eHMHHIE O6beMa pacTBopa:

=" (v, 1)

B ToMm cayuae, korna enMHHIeH o6beMa pacTBopa siBAseTCS JHUT P,
MOJIbHO-OG'bEMHYIO KOHIIEHTPALHIO Ha3bIBAIOT MOAAPHOCTHIO. .

DTO0 BbIpaXKeHHe KOHUEHTPalHM IIHPOKO NMPUMEHSIeTCS B aHaJMTH-
YyecKo#l XHMHH, OCOGEHHO KaK 9KBUBANEHTHO-00DemMHas KOHUEHTpauus,
T. €. YHCJO 'DaMM-3KBHBAJIECHTOB KOMIIOHEHTa B JIUTPE pacTBoOpa.

II. KonuyecTBa BeleCTB OTHOCATCA K H3BECTHOMY KOJIHYECTBY
pacTBopuTeas.

5. MoasHoe OTHOWeHUe r;— UMCJIO MoJiel KOMIIOHEHTa Ha OHH
MOJIb APYrOro KOMIIOHeHTa, OOLIYHO pacTBOpUTeJIs:

ni .

ry=—
1= (V, ley
6. Moabro-8ecosoe OTHOULeHUe — uMCIO MOJel KOMIIOHEHTa, NpH-
XOAsillleecs Ha H3BECTHOE BECOBOE KOJHYECTBO JPYroro KOMIIOHEHTa,
0GBIYHO pacTBOpHTES. MoanbHO-BecoBoe OTHOIIeHHe, BLIpaXKeHHOe YHC-
Jom Moseilt koMmnoHeHta B 1000 2 pacTBoOpHTes, HA3LIBAETCH MOAAALL-

HOCTbIO my:

_ ng-100 _ ni- 1000
my= o M, (V, Ix)

rie M; — MoJieKyIsIpHBIH BeC pacTBOPHTeNS. A

KoHueHTpauuu MOryT GBITb BbIPaXKeHbl Takke M B ADYrHX efH-
HHIAX

[TepefiT OT OOHHX eIMHHI KOHLEHTPAUHH K LPYTHM MOXKHO, CO-
CTaBHB YypaBHeHHe CBSI3H MeX/y 3THMM eluHuLaMH. B cayuae nepe-
cueta 0GBEMHBIX eIHHHI KOHIEHTPAUWH Ha BECOBHIE MJH MOJIbHBIE U
o6paTHO HeOGXOAMMO 3HaThb MJIOTHOCTb pacTBopa. Cienyer NOMHHTH,
YTO TONBKO B OYeHb pa3baBJeHHB X pacTBOpax (T. e
IJisl KOMIIOHeHTa, KOJIMYeCTBO KOTOPOrO MaJjo 110 CPaBHEHHIO C JPYrH-
MM) KOHLEHTpPAalLUHWH, BHIDaKeHHbe B Pa3AHUYHHX eJH-
HUIAaX, TPONMOPUHOHANbHB MeX Ay co60i.

IpuBeneM B KauecTBe NpHMepa COOTHOIUEHHE MeX]y HEKOTOPHIMH .eIHHHUAMK
KOHLEHTpalluk /JS pPacTBOpa [BYX KOMIIOHeHTOB (6uHaprozo pacTsopa), _conepxka-
mwero B o6weme V JIHTPOB f; MoJel NMepBOro KOMNOHEHTAa, MOJIEKYJSPHEI Bec Ko-
Toporo pased M), m np MoJjiel BTOPOrO KOMIIOHEHTa C MOJIEKYJSIPHEIM BecoM Ma.
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CBsi3b MeXKIy MOJbHO-OGBbEMHOH KOHLEHTpauneHl ¢y (M04b/a) M MOJBHOH 10-
Jel X2
c _'ng _ npp-1000 _ 1000pn, 1000px, (V,2)
2 14 W) + we n,M1+n2M2 M1+x2(M2—M1) ’
TAe p — MJIOTHOCTb PacTBOpA.
CBs13b MeXAY MOJINILHOCTBIO My H MOJIbHOR n0el Xs

ny - 1000 _ 10007, _ _ 1000x,

2= w) - mM, (1 —xo) My

(v, 2a)

§ 2*. O MoJeKyasIpHOH CTPYKType PacTBOpOB

IpeacTaBneHHe O XHAKOCTH, KaK O COBeplIeHHO aMop(HOH da3e, B KOTOpOil
MOJIEKYJIBl PACIOJIOXKeHbl XaOTHUECKH, MOJOGHO MOJieKysaM rasa, B HacTosillee Bpe-
Ms ocrasieHo. HccnenoBanus mno paccesiHHIO cBeTa M PEHTTeHOBCKOrO  H3Jy'eHHs
1I0Ka3aaH, YTO XKHAKOCTH 06/7aJaloT 3JeMeHTaMH KDHCTaJNHYecKOH CTPYKTYpHl H B
3TOM OTHOLUEHHH SIBJSIIOTCH NPOMEXYTOUHBIM
06pa3oBaHHeM MeXAY TBepAbIMH KPHCTa/llaMH
u rasamu. [lo Mepe wHarpeBanus KHIKOCTH
CXOJACTBO ee CTPYKTYPHl ¢ KpHCTaJ/IaMH
YMeHbIlIaeTcst ¥ YBeJHYHBAETCsl CXOACTBO C
rasamH.

VIHTeHCHBHOCTD paccesiHUsi PEHTTeHOBCKO-
TO H3JlyYeHHs B BELIeCTBE 3aBHCHUT OT Yrija,
NMoJ KOTOPHIM 3TO paccesiHHe HaGaiogaercst
(MO OTHOLIEHHIO K HaNpaB/IEHHIO Nafaioulero
Jayya). DTa 3aBHCHMOCTb B CJyuae rasoB Bbl-
parkaeTcsi HempephLIBHOH KpHBOH 6e3 MHHHMY-
MOB M MaKCHMYMOB .H MOXeT ObiTb TEOpeTi-
yeckH OOGDLSICHEHA HAa OCHOBAHHM NpejcTaBie-
HHMS1 O He3aBHCHMOCTH JBHXKEHUS OTHeJbHBHIX
MoJieky 1 rasa *. Teepible KPHUCT@J/uIbl pacceu-
BalOT PEHTreHOBCKHE JIyYH TOJbKO B OMNpeje-
JICHHBIX  HaNpaBJIeHHSX, HTO SBJISETCS -CJef-
CTBHEM (HKCHPOBAHHOTO PACHOJIOXKEHHSI aTo-
MOB B y3/laX KPHCTA/NJIHYECKOH peIeTKH 1
JlacT BO3MOJXKHOCTb NOJIHOTO aHAJ/IH3a MOJEKY-
JIIPHOH CTPYKTYPBI KPHCTaJIa.

) T R T Ha p:lic. V,1 usobpaxeHa 3aBHCHMOCTD
OT yri1a HHTEHCHBHOCTH PACCEHBAHHST MOHO-

ar 4z 45 04 45-46 47 XPOMAaTHYECKOTO PEHTI€HOBCKOTO H3JIyYeHHs
sin /A JKHAKHM aprOHOM, SIBJSIOUIMMCA TNPHMEpOM

npocreilieil 0HOATOMHON XHAKocTH. Kpusast
paccesiHusi HMeeT 3KCTPEMyMbl M IQBTOPSET
B pa3MbITOM BHIE KPHBYIO paccesiHus AJf

§
f

Pu¢. V, 1. HurencusHocTs paccesi-

HUS PEHTTEHOBCKHX Jyyed KHIAKHM
4proHom p::? "" I;‘;i*jz:mt;MHePaTY TBEpPOro aproHa.

1-1493°K 46,8 Grc; 2 — 1441 °K. 37.7 araes Usyuenue paccesinus DEHTTEHOBCKOTO 13-

~126,7° K, 183 arm; 4— 9] 8 K, 18ar.u: ﬂyquHﬁ KHUOKOCTSAAMHU MNPUBOAHUT, TaAKHUM 06-

5—84,4° K, 0,8 arn. pa3oM, K TPEACTABJEHHIO O HAJIMYHH B XKHJ-

KOCTU GJHXKHETO TOPSiAKA B DACHOJIOXKEHUH

monekys, Kaxpass MoJseKysa OKpyXKeHa CoCelNsIMH, KOTOPbie pPacloJOXeHbl BOKPYr

Hee NMOYTH TaK JXKe, Kak B KDHCTajjle TOro K& BellleCTBa, OJHIKO B CJAedYIOLIEM,

* Tlpu BBICOKHX HaBJIeHMSIX M B rasax HabmI0zaloTcs fIBJEHHSA, yKasblBaioLlHe
Ha HaJHYHe npennoq'rmenbumx PacCTOSIHUMH  MeXly MOJIeKyJ1aMH M Jaxe MeX.Iy arto-
MaMH (Hanpumep aprosa), T, e. Ha o06pa3oBaHHe BpeMEHHbIX accoUHaUufl ABYX
MOJIEKYI.
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.

BTOPOM CJ/0€ MOJEKYJ PpAacrnoJioeHHe (IO OTHOWIEHHIO K HCXOJIHOH LEeHTpanbHON
MoJieKyJie) YXKe 3HAUMTENbHO OTKJOHSAETCS OT KPHCTaJ/UVIMYecKoro, a B cJelyIOLIHX
c10fX Topo6Gue ymopsaOYeHHOH CTPYKTypbl Hcye3aeT. [Ipy 3ToM Hajzo NOMHHTB
0 CYLIeCTBEHHOM OTJIMYHM MHIKOCTH OT KpHCTaJJa, 3aK/loyalolleMcsi B TOM, 4TO:
yKa3aHHaf CTPYKTYpa JKHAKOCTH HOCHUT CTaTHCTHYECKHH XapaKTep; BcjielCTBHe Gec-
NOPSIAOYHOrO JBHXKEHHst MOJIEKYJ pacCTOssHUS MeXAYy HHMH H3MEHSIIOTCS, M OHH
B3aUMHO BHITECHRIOT APYr APYyra B H3GPAaHHBIX MOJIOXKEHHSX.

Hayyenué paccesiHus DPEHTFEHOBCKHX Jy4ell B JKHAKOCTAX C MHOTOaTOMHBIMH
MOJIEKYJJaMi TIOKa3blBaeT, YTO He TOJIbKO OTHOCHTEJbHOE paclOJIOXKEHHe MOJIEKY. T
B HEKOTOPOH CTeneHH yNMOpAJOYEeHO, HO M MX B3aHMHAs ODHEHTALHS He BNOJIHE Xao-
THYHA. JTO, MO-BUAMMOMY, CNPaBeNJHBO Jaxe MO OTHOLIEHHIO K TAKHM CHMMeTpHU-
HbiM  MosiekyaaM, kak CCly; B cyyae e HeCHMMETPHUHBIX MOJIADHBLIX MOJEKYJ, Ha-
npuMep BOjbl, UMEET MeCTO BNOJIHE 3aKOHOMEepHasi B3aMMHas OPHEHTALMsS COCEAHHX:
MOJIEKYJ1 BOJbl C 06pa3oBaHHeM BPeMEHHBIX BOJOPOAHBIX cBfideft Mexny HuMmH. HHTe-
pecHo, 4YTo npeo6Jafaioliasl «KpHCTANJIHYeCKas CTPYKTypa» KHUAKOH BOAbI MpPH TO-
BBILIEHHEIX TeMNepaTypax COOTBETCTBYeT HE CTPYKTYpe OOBIYHOTO . Jbaa, KOTOpas
TOXEe WMeeTcsl B XHUIAKOH Boje, a GoJiee MJOTHOM CTPYKTYype, OTHocAUleHCH K CTPYK-
Type JbLa TaK e, KaK OTHOCATCS APYr K APYTY ABe KPHCTaJJiHyecKHe MOIAH(HKALHW
KpeMHe3eMa—KBapll U TPHAHMUT.

YKasaHHbIH BHIILE CTAaTHCTHYECKHH XapakTep ynoOpsAAOYEHHOTO PACHOJIOXKEHHS MO-
JIleKyJl B KMAKOCTH NPHBOAMT K TOMY, 4TO B XHIKOCTH (KaKk H B rase) HMelOTCs
BCerja BpeMeHHble MeCTHble OTCTYMJEHHS OT CPefHeH MJOTHOCTH H OpHEHTalHUH. DTH
GJyKTyauuy NJIOTHOCTH H OPHEHTALMH TEM perke OCYLIECTBJSAIOTCSI B NAHHOH 06s1acTH,
YeM OHM Goablle NMoO BenuuhHe. B uakocTH QJyKTyaluu Bcerna uMeloTcsi, HO OHH
0COGEHHO BEJHKH BOJIM3H KDPHTHYECKOA TOUKH, Tle Bbi3bIBAIOT ONaJeCLeHIIHIO.

B pacrsopax’ Ha6a0a10TCA Te XKe: SBJAEHHS GJIHKHETO KPUCTAJIHYECKOTO Mo-
psiika v GAYKTYalUHH, OCNOXKHAIOLLIHECS HAiMYHeM MOJeKYJ HEeCKOJNbKHX, N0 KpanHeir
Mepe aByx copToB. K ¢ayKTyauusaM NJIOTHOCTH M OpPHEHTALMH npu6as.nm0'rcn dayk-
Tyallid KOHUEHTPalMH, BCJeNCTBHE KOTOPHIX B JI060M HeGOJIbUIOM ydacTKe PacTBOpa:
OYEHb 4aCTO OCYIIECTBJISieTCS BPEeMEHHOe YBejHYeHHe KOHLEHTPAUMH TOTO HJIH Apy-
roro KOMIOHEHTa 0 CPaBHEHHIO CO CPeJIHHM COCTaBOM pacTBOpa.

B MHKDOCKOIMYECKHX yYacTKaxX, OYeBH[HO, BPEMEHHO 06pasyloTcs KBa3HKpHCTaJ-
JuiyeckHe TPYNNMHPOBKH OJHOPOAHBIX MOJIEKYN (B pacTBope HMEIOTCH aMHKDOCKOIH-
YeCKHe KalJH YHCTHIX >KHAKOCTeH), T. e. CTPYKTypa TaKOro pacTBOpPa MHKPOTeTepo-
renHa. Takue CTPYKTYpbl ObliH OGHapyiKeHB! pemreﬂorpaqmqecm B . pacTBOpax
pb—Bl (CHa)zCO—HzO CsHs—CHaOH CC]4—CH30H H 1p.

B HeKOTOpHIX cilyyasx B pacTBOpax HaGMIONAIOTCA He MeCTHble CTPYKTYPH YH-
CTOH JKM/JKOCTH, a MHble CTPYKTypbl. Tak, Hampumep, NyTeM M3ydeHHs paCCesTHHS
PEHTTEHOBCKHX JyueHl yCTaHOBJEHO, YTO OXHOPOAHAS MOJEKYJSApHAasi CTPYKTypa
pacTBopa XJOPHCTOTO JIMTHS B 3THJIOBOM CIHpTe NpPHOJHXKAeTCs MO Mepe yBeJHye-
HHA KOHUEHTPAaUMH coaM K CTpPYyKTYpe TBepioro coemuHeHus LiCl:CoHsOH. To xe
HalileHo [ PAacTBOPOB XJOPHCTOrO JIMTHA B MPOMHJIOBOM H GYyTHIOBOM CIHpTax.

CJl0XKHBle 1 elle Majo u3yueHHble CTPYKTYPbl BO3HHKAOT B BOJLHBIX PacTBOpax
3JIEKTPOJIMTOB, Tle MOJIeKy/bl BOAbl CBSI3aHbI B DHIXJYIO CeTKY, H3 CTPYKTYpy Ko-
TOPO#l OKa3biBalOT 6GOJbLIOE BJAHAHHE HOHHEI 3JeKTpoJiMTa. Boxpyr nocaeanux obpa-
3yetcs Oosiee NJOTHas TUApPaTHas o0G6GOJOYKA 3a CYET HOHHO-AHMOJNBHOIO B3aHMO-
npeficrBus. OTjenbHble MOHB MOT'YT 3aMellaTb JHNOAb BO/Jbl B €€ CTPYKType Hill¥
nonajath B MYCTOTHl 3TOH CTPYKTYpHI, B 06OHX CJAyuasix HCKa)as ee CBOHM 3JjeK-
TPiluecKUM . moneM. Kaxk TNOKa3biBaeT HM3yueHHe CMEKTPOB KOMGHHALMOHHOTO pacces-
1S PacTBOPOB, BAlSiHHe HONOB HA CTPYKTYpPY BOAbl MOR0G!HO BJHSAHUIO TeMmmepa-
TYphbl, T. €. CTPYKTypa BO/]bl CTAHOBHTCSl MeHee MpouHoil 1 Gostee amopdHOH.

§ 3. MexxMoJekyasapHOe B3auMoJeiiCTBHE B pacTBopax

BsaumoneiicTeiie MeX Ay MONeKyJaMu B YUCTHIX XKHAKOCTAX sAB-
JAeTCs1 B  OCHOBHOM BaH-ﬂe'p-Baa.ﬂbCOBblM B3aUMOIEHCTBHEM. HOI[
9THUM Ha3BaHHeM 00BbeJHHSIIOTCA HECKOJbKO THIOB MEXMOJIERYJNAPHOTO



154 Ta. V. Tepmodunamuka pacreopos. 'asogeie cmecu (pacteopst)

HPUTSKEHHUS], SBJSIOWUXCS YACTHBIMH CJYYyasiMH 3JEKTPOCTATHUECKOro
B3auMojeicTBUsl. K HEM OTHOCATCS: OpHEHTALlHOHHOE NPHTSXKEeHHe Me-
XAy MOJIEKYy/laMH C MOCTOSHHbIM AMIIOJNeM, HHAYKHHOHHOe MNpHTsXKe-
HHe MeXJy MOJIeKyJaMH C NIOCTOSSHHBIM JHIOJIEM U MQJeKyJaMH C Ha-
BeJeHHbLIM [HIIOJEeM M JHCIEePCHOHHOe MNPHUTSXKEHHe MeXAYy B3aHMo-
HaBeJeHHBIMU JHIOJSIMH MOJIEKYJ, MOMEHT KOTOPBIX KOJieGJeTCsl OKOJIO
Hyas.

OHeprusi B3aHMHOTO NPHTSKEHHs Monexyn IS BCeX YKa3aHHBIX
THIIOB B3aHUMOAEHCTBHS NpPHGJIU3UTENbHO OOPAaTHO NPOMOPIHOHAJbHA
LIecTOl CTeNEeHU PACCTOSTHHS MeXAy MoJeKyJaMH. YKasaHHble B3aH-
MOJEACTBHSI B HEKOTOPHIX CJAyYasiX MPHUBOIST K ACCOLHALMH MOJIEKYJ
JKHAKOCTH (T&K HasblBaeMble acCOUMHMPOBaHHBIE KHIKOCTH). Mexny
MOJIEKYy/JTaMH aCCOLHMPOBAHHON KHUJIKOCTH 06pasyloTCsi KPaTKOBPEMEH-
Hble HeNOCTOsIHHbIe ¢Bfi3H. K TakuM CBS3SM OTHOCHTCS BOJOPOAHAS
CBfi3b, KOTOPas CO3[aeTcsi 3a CUET 3JEeKTPOCTATHUECKOTO NPUTSKEHHS
OpPOTOHa OJHOH MOJIEKYJBI K aHHOHY HJH 3JeKTPOOTPHIIATEJbHOMY
aToMy ([‘JIaBHbIM o6pa3om K atoMaM ¢rTopa, Kucjaopona, a3ora, XJo-
pa) Apyroil MoJeKyJibl.

TIpuTsiKeHHIO MOJIeKYyJl TNpPOTHBOJEHCTBYEeT OTTaJKHBaHHE, HMelo-
llee 3HaueHHe NPH MaJblX PacCTOSHHSAX H OBGycJOBJEHHOE, B OCHOB-
HOM, B3aHMOJefiCTBHEM 3JIEKTPOHHBIX 0GOJIOUEeK. DTO OTTaJKHBAHHE B
COBOKYMHOCTH C TEIJIOBLIM JBHXKEHHEM YypaBHOBelIMBaeT MPHUTSKEHHe.
TakuM 06pa3oM YCTAHABJHBAKTCS CPelHHE PAaBHOBECHBIE PACCTOSHMS
MeXAY ABHXKYILMUMHUCS (KOJNeGMIOMHMHCS, BpalllaloIMMHUCS U 3MH30[1HU-
YecKH IepeMeLaloIIUMHUCS) MOJIeKyJaMH JKHUIKOCTH.

TepMomuHamMuyecko Mepo#i MOJIEKYJNSIDHOTO B3aHMOAEHCTBHA B
XKHIKOCTH MOXET B H3BECTHBHIX I'DaHHMUAX CJYXHTb BHyTPeHHee AaBJe-
Hue ®ugkoctu (0U/dv), [cm. ypaBHenus (IV,30—33), crp. 120—121].

B pacrtBOope Hapsioy C B3aHMOAeHCTBHEM MeXAY MOJIEKyJaMH Of-
HOTO H3 KOMIIOHEHTOB (OJHOPOJHBIE MOJIEKYJbl) CYLIECTBYET B3aHMO-
AeHcTBHE MEXAY MOJIEKYJaMH pasHbIX KOMIOHEHTOB (pa3HOPOXHbIE MO-
JIeKyJbl). OTH B3aHMOJEHCTBHS NMPH OTCYTCTBHM XHMHYECKOH peaKIHH,
TaK Xe KaK MU B YHCTOH JKMIAKOCTH, SIBJSIOTCS BaH-Iep-BaajibCOBLIMH.
OpHako MoJIeKyJbl PacTBOPEHHOro BellecTBa (BTOPOro KOMIIOHeHTa),
M3MEeHsisl OKPYXKeHHe MOJIeKyJ/bl PacTBOPHTEJs (NepBOro KOMIOHEHTa),
MOTYT CYyLeCTBEHHO H3MEHSITb MHTEHCHBHOCTb B3aHMOJEHCTBHS MEXIy
MOJIEKYJIaMH TOCJeJHEr0 H CaMH B3aHMOJeHCTBOBaTb MeXJAy cob6oit
vHaye, yeM B YHCTOM BTOPOM KOMNOHeHTe. BsammojielicTBHe Mexay
Pa3HOPOJHBIMH MOJIEKYJaMH MOXKeT CJie0oBaTb HHbIM 3aKOHOMepHO-
CTAM, HeXeld B3aMMOZEeHCTBHE MeXAYy OJHODOAHBIMH MOJIEKYJaMH.
Kpome TOro, Pa3HOPOAHBIE MOJIEKYJbl MOIYT B3aHMONeHCTBOBaTbH XH-
MHYECKH, odpaayx NpPOYHble HJIH JIErKOAUCCOUUHPYIOLINE COeNHHEHHs *
(nocjieiHHe YacTO He MOryT ObITh BblJeseHbl B YUHCTOM BHIE).

* B Takux HEMpPOYHBIX COEAHHEHHAX HEPEAKO OCHOBHYIO DOJb HrpaeT BOAOPOAs
Has CB3b,
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B kauecTBe npUMepa MOXHO YKa3aTb Ha BEPOSITHOCTb CYLIECTBOBA-
HUSI B COOTBETCTBYIOIUHX pacCTBOPaxX TAaKHUX MOJIEKYJSIDHbIX cOefAHHe-
HI/Iﬁ, KakK H2SO4°H20, H2504’2H20; H2304'4H20; CaC]2-6H20;
Hg(CN)z(C:)HsN)z, HgBI’ (C5H5N)2 H.T. O. ' '

OueBHIHO, YTO XapakKrep cBsidefl MOJIEKY/] KOMNOHEHTOB, BXOASUIMX
B TaKHe COeJMHEHHs,, B pa3HbIX cayuasix passuuyed. Tag, B KOMIIekce
TpuHuTpO6eH3oa — HadtunaMud  [CeH3(NO,)3- C1o0H,NH,]  mumoasn
rpynnel NO, HMHOyLHpyeT AHNONIb B apOMaTHYECKOM siipe aMHMHa H
o6a nunoJs HNPUTATrHBalOTCA (MHAYKHMOHHOe B3auMozefictBue). B Toik
e CHCTeMe, NMO-BHIMMOMY, HMeeTCss U OpHeHTallHOHHOe B3aWMOJeHCT-
Bue aunonell Hutpo- u amuuorpynnsl [CeHz(NO;)s - NH,CioHy]. Tlpou-
HOCTb COEIMHEHHH TAaKHX THIIOB, eCTECTBEHHO, pa3/HYHa.

OnHopoznHble MOJIEKYJIbl TaKXXe MOTYT [aBaTh JHMepbl H NOJHMeEpHI.
B ormenbHBIX cayuasix TakHe o6pa3oBaHHs He MMEIOT XapakTepa Bpe-
MeHHBIX CTAaTHCTHYECKHX COYETAHHH MOJIEKYJ, a MOTyT paccMaTpH-
BaTbCA KaK HOBLIE MOJIEKYJIbl, TPOYHOCTb KOTOPHIX, ECTECTBEHHO, TaK¥XKe
BecbMa pasauuHa. Tak, Aas MypaBbHHOH KHCJOTHl XapaKTepeH AHUMep.

/O—H e O\

C—H
No...H—0"

H—C

KOTODHI cOXpaHsieTcss M B ras3oBoH ¢ase.

TeHZeHUMH K acCOLHAlUHHM (COeAHHEHHe ONHOPOIHBIX MOJEKyJa) n
cosibBaTaluM (coeJuHeHHe Da3HOPOAHBLIX MOJEKYJ) SIBJASIOTCS KOHKY-
pupytomumu. Tak, GeH30HHast KMCJIOTa B HEMOJISIPHBIX PAaCTBOPHTENAX
(CCly, Ce¢Hg) accouuupyer u obpasyer auMepbl. B pacrBopuresnsx
e, Iie BO3MOXHa BOJOpPOJHas CBA3b (auleToH, (eHos), GeH3olHas
KHcs0Ta 06pa3yeT co/bBaThl, HANpHMep, TAKOTO COCTaBa

CgH;—COOH - - - OC(CHy),

Hannuve ¥ COCTAaB XMMHYECKHX COEJMHEHHH B DAacTBOpPe B OTHEJbHHIX CAydasx
MOTYT GbITb YCTAHOBJIEHbI C MOMOLIbIO H3MEPEHHs MAKPOCKOMHMYECKHX (CYMMapHBIX)
cBoficTB pacTBOpa B HX 38BHCHMOCTH OT coctaBa. COOTBETCTBYIOLIHHl METON HOCHT
Ha3BaHHe (PUBUKO-XUMUYECKO20 AHUAU3A. )

MoapoGree MeToAB (H3UKO-XHMHYECKOTO aHaju3a OyayT pacCMOTPeHbl B pas-
nene «lereporeHHble (asoBble PaBHOBECHS», 3/1€Ch e OrPaHHUMMCS JIHIIb KpPaTKO#H
XaDAKTEPHCTHKON HCIO/b30BaHHA (HU3IMKO-XMMHYECKOTO aHa/H3a. NMPH HCCJeN0BaHHH
XMMHYECKMX B3aHMOZIEHCTBUH B pacTsope.

OauH H3 TepBbLIX NPHMEpOB (DH3UKO-XHMHYECKOTO aHa/lH3a pacTBOPOB MOXKHO
naittu B uccaeposannax J. M. MenjeneeBa no  MJIOTHOCTAM BOAHBIX PAacTBOPOB
cepHOH KHCJIOTEI M 3Tua0Boro cnupra (1887). J. M. MeHjenees paccmaTpupan pac-
TBOPHl KaK CMeCH HeNpOYHBIX XHMHUECKHX COeNHHeHHH onpeneeHHOTO co-
cTaBa, HaXONSIUMXCH B COCTOSIHHM Aucconmuauuu. M3yuas mnoTHOCTH pacrBopos
B 3aBHCHMOCTH OT cocTaBa, MeHJeneeB HCKan «0COGble TOUKH», KOTOPble YKaabl-
BaJii Gbl HA COCTAaB ONpele/ieHHBIX XHMHYeCKHX coenuHeHHi. Takue TOYUKH oH Halen
Ha rpadukax NPOM3BOAHBIX MJOTHOCTH mo cocraBy dp/dW B 3aBHCHMOCTH OT co-
CTaBa, BHIPAXKEHHOro B BecoBbx aoasx (W). : )

Ha puc. V, 2 nso6paxena 3aBucumocts dp/dW - 102 or W npu 15°C ans pactso-
pos HyO+C,H;OH. Tpaduk cocrour u3 uernipex npammix (I, II, III, 1V), nepe-
CeKaloUUXcsl B ONpefleleHHBIX ToukaxX. Ilo Muicain MeHzeneeBa lpsiMble H306paxaior
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JiMHeliHblt xon Beawunnbnl dp/dW B cMecsix ABYX THMADATOB CNHPTAa ONpeNE/EHHbIX
cocraBoB. CyllecTBOBAaHHIO THAPaToB B 0oJlee MJIH MeHee HHAMBHIYaJbHOM BH[E
‘ OTBEYAIOT TOUKHU ' llepeceyeHns nps-
mbix. Takum nytem MeHaeneeB npu-
XOAMJ K BHIBOLY O CYIIECTBOBAaHHH
B pacTBOpax COefHHeHHHl cnupTra ¢
BOJOH C MOJIEKYJSIPHBIMH OTHOLIE-
uuamu 1:12; 1:3; 3:1. Ananu-
3Upys alaNoOrHYHBIM 06pa3oM jaH-
Hble 1.5 pacTBOPOB CEPHOM KHC-
JoTHl B Boje, MeHpenee cuutan
BO3MOJXHBIM  yCTAQHOBHUTb Ha/iH4yue
rugparoB HoSO4 ¢ 150 (1); 6; 2
7 04 06 08 0 1 MoJieKynaMH BOJBL i
w Hcnosb3onahue mNJOTHOCTER M
== §X T[POH3BOAHBIX B LeJAX (U3HKO-
Puc. V, 2. 3aBucHMMOCTb NMPOM3BOAHBIX MJOT-  XMMHUYECKOrO aHaJu3a pacTBOPOB
noctu pacrBopa C,H;OH—H,O 1o cocraBy oxasanoch MajomioioTBODHBIM, TaK
ot Becopoii jouu cnupra (mo J. M. MeHue- xak 3Ta BejMuMHa MaJjo YyBCTBH-
JeeBy). : TeJqbHa K XHMHYECKMM B3auMopeil-
cTBusiM B cucreMe. Opnako cama
Haes MeToja, MCIOJAb30BAaHHOro MeHesieeBbiM, ‘HAllIA BIOCAEACTBHH WHPOKOE Pa3BH-
tue B Tpyaax H. C. KypHakoBa M ero yyeHHKOB, paspaboTaBlUMX TEOPHIO H METOAbI
(H3HUKO-XUMHYECKOTrO aHa/aHu3a. 16
B nacrosiiiee BpeMsi B Leasx (u3HKO- '
XUMHYECKOI'0 aHa/j{3a pacTBOPOB HCMOJIb-
3yI0TCSl CaMble pas/iHuHble CBOHCTBA.
PaccMoTpuM 31ecs B KauecTBe MpHMe-
pPOB JAHArpaMmbl, H3o6paxaloliye 3aBHCH- 12
MOCTb HEKOTOPBIX CBOHCTB GHHAPHBIX XKHA-
KHX CHCTEM OT HX COCTaBa, MO KOTOPhIM
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Puc. V, 3. 3aBHCUMOCTb HEKOTOPBIX Puc. V,4. 3aBHCHMOCTb TENJOTH
CBOMCTB pacTBopa cMemenus (Q) u renmoemkocty (Cp)
C4HsNCS—CsHoNH ot cocrasa. pacrBopa (C,H;);0—CHCI; ot co-

cTaBa.

MOXKHO YCTAaHOBHUTb HaMHYHe XHMHUYECKOro COe/IMHEeHUs MeX/J1y KOMMNOHEHTaMH pac-

TBOpA. ,
Ha puc. V, 3 usobpaxkeHp! H30TepPMbl TelIOTHl cMeledHst (Q) KOMNGHEHTOB,

obveMHoro ckatus (AV) mpu cMmelleHHH UM BfI3KOCTH (1)) pacTBOPOB MUMEPHAHH —
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aanunosoe ropuiynoe macao (C3NsNCS). Bce cpoiicTBa o6GHapyxuBaiot, GoJiee HJH
MeHee pe3KHN H3JOM B MAaKCHMyMe NpHM OTHolIeHHH komnoHeHToB I :1. Touka wu3-
JOMa B MakCHMyMe, Has3blBaeMasi CUH2YAAPHOU TO4KOU, yKa3blBaeT Ha oGpa3oBaHHe
MPOYHOTO XHMHYECKOTO COENMHEHHSi, COLEePIKallero KOMIOHEHTH B MPHUBENEHHOM OT-
HOLIGHHH. _

Ha pauarpamMme CcBOFMCTB CHCTeMBl 3THJOBBI sbup—xaopodopm (puc. V, 4)
MaKCHMyMbl Ha KDHBBIX SICHO BbIpa{€Hbl LJsi TEMJOTH cMelleHHs1 (Q) M Lis Temmo-
emrocteit (Cp), ONHAKO H3JMOMOB Ha KpPHBBIX 1eT. 3aech obpasyeTcst coefHHeHHe
1:1, B 3HAYUTENBHOH Mepe NHMCCOLHHpYIOLULee.

TakuM o6pa3oM, QHU3UKO-XMMHYECKHH aHAMH3 OZHO(A3HBLIX XKUAKHX CHCTEM JaeT
B OT/eJbHBIX CJy4Yasix OTYeTJHBble YKa3aHHs Ha CYIIeCTBOBaHHE OlNpeAeseHHbIX
XMMHYECKHX coelHHeHHH. DoJbluell e 4YacTblo, Korjaa oGpasyeTcs, HO-BHAHMOMY,
HECKOJIbKO COeJMHEHHH, K TOMY >Xe CHJbHO NHUCCOLUMMPYIOLIMX, (DH3UKO-XHMHUYECKHH
aHa/u3 He NaeT fCHBIX pe3yJbTaTOB M CYILIECTBOBAHHE ONpeleeHHbIX COeJHHEeHHH B
pactBope He MOXeT ObITb YCTAHOBJEHO 3THM MeTOJAOM C JIOCTAaTOYHON [0cTOBep-
HOCTBIO.

§ 4. O Teopusix pacTBopoB

B TeueHHe AJNHTENBHOrO BPeMeHU PacCTBOPeHHe PacCMaTPHBAJOCh B
OCHOBHOM KaK XMMHUecKHil npouecc. Toro B3rjsjga NpuaepKUBaJCS H
. W. MeHzeneeB, HCKIIOYaBLUIMHA NPH 3TOM H3 PaCCMOTPEHHSI CMeCH
JKUIKocTel, OM3KHX 1O cBoel NpHpoae (HanmpHMmep, CMECH YIJeBOAO-
postos). MHoit B3rasiA Ha Mpolecc pacTBOPEHHsl pa3BHBAJ OLHH H3 sip-
KHX npeACTaBme.neu «(pusuueckoii» Teopun pacreopos B. ®. Anekce-
eB, KoTopblil u3noxua (1870—1880) sicHylo TOuKy 3peHHs Ha pacTBO-
peHHe, KaK Ha CYMMapHBIH pe3ysJbTaT MOJIEKYJNSIPHOrO [BHXKEHHS H
B3aMMHOTO CIeMJIeHHs MOJieKyJ. AJiekceeB CYHTaJ] XMMHYECKOE B3aH-
MOJIEHCTBHE BaXKHBIM, HO He 06Gsi3aTeNbHEIM (AaKTOPOM PaCTBOPEHHS M
nosieMu3upoBan ¢ MeHeneeBbIM.

‘BriocnenctBun MeHzesieeB NPH3HAJA BaXKHYIO pOJb (DH3HYECKOTO
haktopa mpH 06pa30BaHUH pPaCTBOPOB, HO BBHICKA3bIBAJICS MPOTHR
KpaiiHero, uMcTO ()M3MUECKOTO B3rJsiAa Ha NpHpPoOAy pactBopoB. O
nucan: «JIBe ykazaHHble CTOPOHBI pacTBOPeHUs] (dusnueckas u XHMH-
yeckasi — QATOP) M THIOTE3bl, 10 CHX NOP NPUJIOXKEHHBIE K paccMoTpe-
HUIO PACTBOPOB, XOTSI MMEIOT OTYACTH Pa3JIHUHbBIE HCXOAHBIE TOYKH, HO
6e3 BCSIKOTO COMHEHHsI CO BPeMeHeM, MO Bcell BepOSTHOCTH, NPHUBEAYT
K o6lleii TEOPHH PAacTBOPOB, NOTOMY YTO OJHM OOLIHe 3aKOHbI ynpas-
JISIOT KaK (DU3MUECKHUMH, TaK H XHMHUECKHMH SIBJEHUSIMH, GO JHIIb
OT CBOHCTB M ABW)KEHHH aTOMOB, ONpeleJsIOLINX XUMHUECKHE B3aHMO-
neficTBHS, 3aBHCAT CBOHCTBA W IBHIKEHHS YaCTHIl, COCTABJEHHBIX H3
aTOMOB M onpele/silolInX (u3udyeckHe cooTHowenus» (. M. Mennge-
aees, Counnenus, Tom IV, Pactsopsl, ctp. 530, 1937).

dusnyeckass TEOPUST PacTBOPOB NOJYYH/Ia OCOGEHHOE pasBHUTHE
nocse 80-Xx rOAOB NPOLIJIOTO BeKa B CBS3H C YCeXaMH B H3y4eHHH
pasz6aBneHHblx pactBopoB (Baut-Todd, Appennyc, OcrBanbn). Bruia
cO3aHa TepBast KOJIMUECTBEHHAsl TEOPHs pacCTBOPOB, CBS3aHHAf ¢
npencTaBJeHHeM O PAcTBOPEHHOM BellleCTBe KaK O rase, pacmpocrpa-
HsilOUleMcsl B MHepTHOM pactBoputese. OaHako Bckope Oblio 0oGHa-
pyXeHo, uYTo KosuuectBeHHast Teopusi Baurt-Topda — Appennyca
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CnpaBeAJHBa TOJbKO [Js OYeHb pa3baBJeHHBIX PacTBOPOB. MHorue
GaxTs yKa3blBaJdM Ha B3aMMOLeHCTBHe KOMIOHEHTOB pacTBopa. Bce
NOMNBITKH pPacCMOTpeTb C €IHHOH TOYKH 3PEeHHs] PacTBOPbI JIIOGLIX KOH-
LeHTPAUMH NPHBOAHIN K HeOOXOAMMOCTH yuyeTa XHMHYeCKOro ¢akropa
W TOATBEp:KAaJy IpaBUJbHOCTb MHOTMX Mblcaeit [I. M. MenpgeseeBa,
KPHTHKOBaBIIEro (pU3HYeCcKyI0 TEOPHIO. ,

Bospoxpaenue B Hauyané XX Beka XHMHYECKO#l TeOPHH PacCTBOPOB
BbI3BaJIO MpOSiBJIeHHe HHOH KPalHOCTH: BCe OTKJIOHEHHSI OT 3aKOHOB
pa36aB/ieHHBIX PaCTBOPOB MBITAJHCh OOBSICHHUTL HajJHYHeM ONpegeseH-
HbIX XMMHUYECKHX COeJHHEHUH, He YUUTHIBasl HeHU3B6eXKHBIX OTKJIOHEHHH,
BbISHIBA€MBIX DPa3JUuUHEeM MOJIEKYASPHBIX CHJOBBIX moJieil.

B nocneguue necsatunetHss Gopb6a OBYX TOUYEK 3peHHsI YCTYMHJAA
MECTO TPH3HAHHIO BaXKHOro 3HaueHUst POOUX (PakTOPOB U HEBO3IMOXK-
HOCTH HX NPOTHBOMOCTaBJeHHs. Pa3BHTHe yueHHs O MeXMOJeKyJsp-
HBIX B3aHMOJEHCTBHAX H IPHMeHeHHe MeTOJOB CTaTHCTHYeckoH ¢u-
3MKM TI03BOJIMJIH HauyaTb Pa3paboOTKy KOJIHUeCTBEHHOH TEOpHH pacTBO-
pOB NI06BIX KOHLEHTP alUHH.

OaHAaKO CJIOXKHOCTb H pa3Hoo6pa3He 3aKOHOMEePHOCTEH, 0XBAThIBAIO-
WHMX CBOMCTBAa PacTBOPOB DPa3/IMYHBIX BELIECTB, Je/al0T TEODHIO pac-
TBOPOB TpyAHeHmeil npo6neMOit MOJEKyJNSapHOH GH3HKH M yueHHs
0 XMMHueckux cBsi3six. OOLieH KoJHuecTBEHHOH TEOPHH pacTBOPOB
noKa He CYLLeCTByeT, UMeEIOTCS JHIIb € YCexoM paspabaTbiBaemble
YacTHbIe TEOPHH PACTBOPOB HEMONSAPHLIX BeLUECTB C MOJIEKYJaMH, CHM-
MeTpHsi CHJIOBOTO MOJIsi KOTOPHIX 6/MM3Ka K W1apOBOH, HAH pa36GaBieH-
HBIX PacTBOPOB 3JEKTPOJIUTOB.

VYnpoiiasi BONpOC M 3aMeHSiA COBOKYMHOCTb CHJ MEXMOJEKYJAPHOro B3auMo-
neficTBUs  (MOJIeKyJ/IsIpHOe CMJIOBOE [M0Je) ee MAKDOCKONMMYECKHM aHaJIoroM — BHYT-
PEKHHM [LaBJEHHEM, MOXKHO TNOJIOXHTb, 4TO. MPH OTCYTCTBHH XHMHYECKOTO B3aHMO-
neficTBUST CBOWCTBa pacTBopa OMmpelesisilOTCA © OCHOBHOM pa3aHuYHeM BO
BHYTPEHHHX J1aBJeHHSX KOMIOHEHTOB. MOXKHO JAOMYCTHThb, YTO NPH paBeH-
cTBe BHYTPEHHUX [ABJEHHH NBYX CMEWIHBAIOIHXCSA XKHUIKOCTEH MOJNEKyNspHbIE CHIO-
Bble TOJISI HE HM3MEHSIOTCA CYIIECTBEHHO MpPH CMEUIeHWH H MOJEKyJbl OGOHX KOMMO-
HEeHTQB MCHBITHIBAIOT TaKoe e BO3AeHCTBHE OKPYKAIOUIMX MOJEKYJ, YTO H B cpexe
ce6e moAOo6HBIX. B 3TOM ciydae MOKHO OMXHAATh NPOCTHIX 34KOHOB JJISi MHOIHX
CBONCTB PACTBOPOB, B YaCTHOCTH OTCYTCTBMA TeMJOThl CMelleHWsh H HAJHYHA I1po-
NOPLHOHANBLHOCTH MeXy AaBJEeHHEeM HACHILEHHOTo Mapa KOMMOHEHTAa W €ro MOJIbHOH
ncnei B pacteope. Ilociennee cBfi3ano ¢ TeM, YTO BO3MOXKHOCTb M OTAeabHOA
MOJIeKYJIbl PACTBOPHTe/s MepedTH M3 JKHMAKOA ¢asbnl B map ocTaercs B pacTBope
(B paccMaTpHBaeMoOM TpocTeiileM cjydae) TOH ke, YTO H B UHCTOH IJKHAKOCTH;
YHEAO K€ MOJIEKYJ, HCHapAoUIUXCA B eAUHHIY BpeMeHH, YMEHbLlaeTcs Rponop-
I{HOHAJILHO MOJILHOH HOJIe. )

Yem G6osblle pas3nuyHe MEXAY BHYTPEHHHMH [aBJAEHUAMH KOMIIOHEHTOB, TeM
6onblile NOMKEO GbITh OTKJOHEHHE OT yKa3aHHBIX MpOocTeHWIHX cBolicTB. MOXHO mo-
Ka3aTh, YTO 3TO OTKJOHEHHE JO/IKHO HUMEThb ONpeleeHHbIl 3HAK: TEMIOTa IpH CMe-
[eHHN JOJDKHA MOIVIOUaThCs, a JaBJieHHe HACLILEHHOTO Mapa YBeJHYMBATBLCS MO
cpaBHEHMI0O C HpeanpHbIM ciaydaeM. C mpHHATOM 3/ech NpPH NepPBOHAYaJbHOM pac-
CMOTpPEHHH YNpPOLIEHHOH TOYKH 3peHHsi PaBEHCTBO BHYTPEHHHX [aBJeHHH sBisercs
HeoOXOJMUMbIM, HO HEJNOCTATOUHBIM YCJOBHEM 0OOpPa30BaHHA pPacTBOPA C YKAa3aHHBIMH
npocrefiiumMy  ceolictBamu. IlosToMy naxe npu paBeHCTBe BHYTPEHHHX [aB/ieHHR
KOMIIOHEHTOB CBOHCTBAa PacTBOPOB He 06A3aTelbHO ABAAIOTCS NPOCTEHIUHMH,
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OTKJIOHEHHSI OT MpOCTEeAWIHX CBOHCTB O0O6YyCJOB/IHBAaeT, HampuMmep, MNOJSPHOCTD
MoNieKyJ, B pacTBopax NOJAPHBIX MOJEKYJ INPOHCXONAT SBJEHHSl acCOLHALMUH H
cOJbBaTallK, B pe3yJbTaTe KOTOPHIX CBOHCTBA pacTBOpa CTAHOBATCA 6oJiee CJIOXK-
HbiMH. OTK/IOHEHHs] CBOWCTB pacTBOpa OT MPOCTEHUIHX BLI3LIBAIOTCH TaKXKe XUMHYe-
CKHM B3aHMOJEHCTBHEM KOMNOHEHTOB pacTBOpa. OHO OGLIYHO CONPOBOXKAAETCA Bblae-
JIeHHeM TeMJOThl M YMeHbIIeHHeM BePOSTHOCTH Mepexofa B ras3oByl0 ¢asy MoJieKyJ
KOMIOHEHTa, YaCTHYHO CBS3aHHBIX B 6oJjiee CJOMKHbIE COeqHHEHHUS.

Jnsi MOHMMaHHA CJOXKHOM CyMMapHOH MNPUPOABI pacTBOpa, OGYCJOBJEHHON CO-
BOKYNIHOCTbIO Pa3HOOOpa3HbIX B3aUMOJEHCTBHAI MEXAY MoOJeKy/naMH, HeoO6X0ZHMO
H3yYeHie MHOTHX DA&3JHYHBIX CBOHCTB pacTBOpa, B YacTHOCTH Tel/IOT OGpPasoBaHHA
P4CTBOPOB H AABJEHHH HACHILIEHHOrO Napa.

B. HacTosilleM Kypce OCHOBHOe BHHMaHHe GYHET YAeJEHO TepMOAHU-
HaMHKe DacTBOPOB, KoTopasi B cBoeil o6lefi ¢opMe He 3aBHCHT OT
CBeIeHHH O MOJIeKYJSIPHOH CTPYKTYype PacTBOPOB H O MOJEKYJSIPHBIX
B3aUMOJeHCTBHAX. B KoHle pasjena JaHbl OYeHb KpaTKHe CBeleHHS
0 MOJIEKYJISIPHBIX MOJENsIX HEKOTOPHIX NMPOCTEHIINX KJIaCCOB PacTBOPOB
M HEeKOTOpble pe3y/bTaThl CTATHCTHYECKOH TEOPHH S3THX pacTBOPOB.

§ 5. TepMoaHHaMHKa MHOFOKOMIOHEHTHBIX CHCTEM.
XuMHYECKHE NMOTEHIHAJbI

Pacteop o6pasyercsi H3 cOCTaBASIOIIHX €ro KOMIIOHEHTOB CaMo-
NPOU3BOJILHO, N103TOMY ero o6pa3oBaHHE TNpPH MOCTOSHHBIX TeMIepa-
Type H JaBJIeHHU-CBSI3aHO C YMEHblUeHHEeM
n3o6apHoro moreHuuana G CHCTEMBI.

BeanuynHa w306apHOro MoTeHIMajga Of-
HOro MoJsi pacTBopa G 3aBHCHT OT cOcTa- g,
Ba pacrsopa. Ha puc. V, 5 cxematuuecku
loKa3aHa TaKas 3aBHCHUMOCTb Ans GuHap-
HOTO pacTBOpa, COCTOSIIIEro H3 ABYX XKHI-
KHX KOMIOHeHTOB A u B, cMmewmBaromuxcs 1
BO BCeX OTHOLIEHHSIX. DTa 3aBUCHMOCTb
‘uzo6paxaercss KpuBol GoGGp, BBIMYKIOH
BHM3 Ha BCEM MNpOTsKeHHH. JIio6ad TOYKa
G 3Tolt KpUBOH JIeXKHT HHXe Touku G’ Ha
npsimoil GaGg, KOTOpasi oTBeyaeT H306ap-
HOMY IIOTEHLHAJy CHCTEMbl, COCTOSIIEH M3
KOMIIOHEHTOB A u B, B3ATHIX B Tex Xe KO-
JU4ecTBax, YTO H B PacTBOpe, HO He CMe-
IIAHHBIX APYT C APYroOM.

Ecnu npy naHHOM TeMmepaTtype ONMH H3 KOMIOHEHTOB, HampHMep
KOMMOHEHT B, HaxXomHTCcs B TBepAOM (KPHUCTAJJIHYECKOM) COCTOSIHHH,
10 OH Gyler pPacTBOPSITHCS B XHAKOCTH A 10 TeX 1oOp, MOKa He o6pa-
3yeTcsi HACBILIEHHbI PacTBOP, B KOTOPOM MOJIbHAsl O/l KOMIOHEHTa
B paBHa x. MaMmeHnenne n306apHOro moTeHuHasa pacTBOpPa C H3MeHe-
HHEM ero coctaBa B 3TOM cJyuae H3oOpaxaercss yuactkom G,GG,
KpuBO#, NMokasaHHo# Ha puc. V,5. Touka G, oTBeuaer H30GapHOMYy
noTeHLHany HacbllleHHoro pacrtBopa. Ilpu po6aBieHHH TBepaoro

Puc. V,5. HaoGapumit mo-
TeHUUaJ 6HHaPHOTO PacTBOpa.
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KOMIOHeHTa B K HacbllleHHOMY pacTBOpPY HaJjbHeHIIero pacTBOPeHHS
€ro- He NPOHCXOAHT M CHCTEMAa COCTOMT H3 ABYX (a3 — HACHIILEHHOro
pacTBopa M KDHCTaJJOB KOMNoHeHTa B. 3aBucumoctb H306apHOro
NoTeHIMaJsa 3TOH cHCTeMbl OT cocTaBa H3oGpaxaercs npamolt GG, 1,
npuueM Gg r— 3T0 ¥306GapHBINl MOTEHLHAJ YHCTOrO TBEPAOrO KOMIMO-
HeHta B.

3HayeHHsIM H306apHBIX NMOTEHUHAJ0B PacTBOPOB, B KOTOPHIX MOJIb-
Hasi [0Jig TBepPAOro KoMmoHeHTa B GoJblle BeqHUHHBI X (TMepechillleH-
HbBle PacTBOpHI), OTBeyaeT yuacTok Kpupoil G,Gp. DTU 3HaueHHs H30-
GapHbIX MOTeHUMaJoB Gosblue 3HaueHHH G/, COOTBETCTBYIOLIMX MpS-
moit G.Gg .. IlosTomMy mnepechllieHHble PAacTBOPBl HeycTOHuuBBL. I3
{HHX CaMONpPOH3BOJLHO BBIKPHCTAJIJIH30BBIBAETCSl YaCTb TBEPAOTO KOM-
noHeHTa B, mpuuem ero MoJibHasi [0S B pacTBOpe yMeHbllaeTcs J0.
BeJIMYHHBI X — KOHIIEHTPAIMH HachlLIeHHOro pacTtBopa. TakuMm o6pa-
30M, KOHLEHTpalusl HacCbiLleHHOro pacTBopa olnpejessieTcss TOUKOH Ka-
canusi KpuBoi GoGGp c nmpsiMol, mpoxoasulest yepe3 Touky Gg, 1.

W3 ckasaHHOro cjenyer, 4To BeJHYHHA H306apHOro moreHuuana G
NPOM3BOJIBHOH Macchl pacTBopa siBjsieTcs GyHKIHei# He TOJNBKO AaBJjie:
HHA H TeMnepaTypbl, HO U (YHKUHEH CyMMapHOH MacChl H COCTaBa
pacTBOpa, T. €. KOJHUYecTBAa (Macchl) KaXJOro W3 KOMIOHEHTOB pac-
TBOpa. DTO OTHOCHTCH KO BCeM TepPMOAHHAMHYEeCKHM I[OTeHLHajJaM H
IpYrUM 3KCTEHCUBHBIM CBOHCTBAM CHCTEMBI, T. €. CBOHCTBAaM, NpOMNop-
LIMOHAJILHBIM Macce pacTBopa.

PaccMOTpHM KOJIMUECTBEHHYIO CBSI3b TePMOIMHAMHMYECKHX MOTEH-
1[HaJ0B PacTBOpa ¢ ero COCTaBOM. ' .

BHyTpeHHsis1 3Heprus pacTBopa H3MeHSIeTCsl NMPH MOINJMOLUEHHH HJIH
BbIJEJIEHHH TeMyIOThl, COBEpLIeHHH paboThl M NpPH H3MEHeHHH Macc
KOMIIOHEHTOB, T03TOMY BhipaxeHnue (I,2) nepsoro 3akoHa TepmouH-
HaMHKH CJleayeT PacLINpPHTh:

AU =98Q —8A + pdn, +pydng + -+ (v, 3)

AN AJs PaBHOBECHOrO mpolecca MPH HAIMYKHHM TOJMBKO paboThl pac-
IIMPEHHS:

dU=TdS—pdv+3p;dn; (V, 4)
3neck 7y, My, ... N;— MacChl KOMIIOHEHTOB pacTBOpa, BbIPa’KeHHBIE
yucaoM MOJIeH; Wi, M2, ..., Wi — KO3(DPHUUHEHTB NPONOPLHOHAIBIOCTH

mexny dU u dn; cMBICJ KOTOPBIX PAaCKpPbIBaeTCsi HUXKe.
W3 ypapnenus, (V,4) u ypasuenns (IV,5) dF=dU—TdS
noJiyyaem: :

SdT

dF = —pdV —SdT+3Ip; dny (v, 5)

Ato BhHIpaxeHne ecTh noaHbi Auddeperunan byukunn F=f(V, T, ny,
ng...), oTCiona
aF

dllj)v' T,] n
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T. €. KO3((HUHEHT p; SIBJASIETCS 4YaCTHOH MPOM3BOAHOH H30XOPHOro
NOTeHIMana No Macce i-TOrO KOMIIOHEHTa NPH MOCTOSHCTBe OoGbeMa H
TeMIepaTypbl CHCTEMbl H MacC OCTaJIbHbBIX KOMIOHEHTOB (HHAEKC |n).

BeJIMyMHb [1; HA3bIBAIOTCS XUMULECKUMU NOTEHYUAAAMU.
Bripaxenue ajasi nogHoro auddeperurana n3o6apHOro IorteHiHa-
na noayuaeM, couerast ypaBuenus (V,4) u (IV, 156):

dG=Vdp—SdT +Zp; dn; v, 7

=(29)
ani p, T, I_’_,l

M3 onpepneneHus XMMHUeCKoro NOTeHIMaNa KaK 4acTHOH MPOM3BOA-
noit F u G BeiTekaer cJjeayioliee. Eciiu npy mocTosiHHON TeMmnepatype
K. 6ecKOHeuHo GOJBLIOMY KOJHYECTBY pacTBopa ® ompelneseHHOro co-
ctaBa (T. e. ¢ onpejeseHHbBIMH KOHUEHTPAlLHUsIMU KOMIIOHEHTOB) mofa-
BHTb OXHH MOJb KaKOTO-HHOYAb OLHOrO KOMIIOHEHTa, TO XHMMHYECKHH
noTeHuHan Oynetr paBeH NPHPOCTY H300apHOro mnoOTeHIMasa B TOM
cayuae, Korga p=const, WM npHpocTy H30XOPHOrO MOTEHIHaNa B TOM
cayuae, Korga V=const.

XHMHUeCcKHH MOTEHLUHAasJ MOXKHO TaKXe BbIPa3HTh KaK YaCTHYIO
NPOM3BOAHYI0 BHYTPEeHHeH 3Hepruu u3 ypasHenus (V,4) i Kak ua-
CTHYI0 NPOM3BOJAHYIO SHTaJbNHH M3 aHaJOTHYHOTO BBHIpAXKEHHs M
nosioro Aud¢epernana 3HTaNbINH:

dH=Vdp—~TdS +Zp;dn; (V,8)**

rie

Bce 3Th yacTHble NPOH3BOAHbIE PaBHBI MeXay co6oil:

u.=(_‘zli) ___(O_H) =(iF_) =(_OG ) v, 9)
¢ anl v, S, /2 afli p, S, ’2 : On[ V. T, /Ll. Oni E' T"ﬁ ’

T. e. XHMHUECKHH MOTEHIHas] KOMIOHEHTa pacTBOpa HaHHOrO COCTaBa
npu JaHHbIX p U T HMeer onpejesieHlioe YKC/JIOBOE 3HAYEHHE, XOTH H
Heu3BecTHOe Mo aGCoJIIOTHOH BeJjinuuHe ¥*¥,

* TonbkoO B 3TOM ciayuyae po0aBJjeiiHe B PacTBOP OZHOTO MOJs KOMIIOHEHTa
He H3MEHHT COCTaBa (KOHLEHTpPalHA KOMNMOHEHTOB) pacTeopa.

** Bce pacCMOT[EHHble ypaBHEHHs NMPHMEHHMbl KO BCell cHCTeMe B LeJOM H K
Kaxofl (hase mepeMeHHOro coCTasa — PacTBOPY — B OTAEJbHOCTH.

*** B ofuweM cjayyae TepMOJAMHAMHYECKHe MOTEHUHANB! ABJAAIOTCH (QYHKLHAMH
He TOJbKO JaBJIeHHs, TeMmepaTypbl H MacC KOMIOHEHTOB, HO H APYFHX NMepeMeHHBIX
(noBepxHoCTH (a3 CHCTEMBl § SJIEKTPHYECKOrO 3apfAia €& M T. 1.), B COOTBETCTBHH C
TeMH BMAaMH pPabGoThl, KOTOpBIE MOTYT NpOSBHTbCA NPH H3MEHEHHAX CHCTEMBI [CM.
ypaBuenue (I,24), ctp. 41].

B 3THX cayuasx onpejesieHHe XHMHUECKOro MOTeHlHana [ONOJHAETCH YC/I0BHEM
NOCTOSAHCTBA HE3aBHCHMBIX MepPeMEeHHBIX JJ/If Pa3JHYHBIX BHJOB PaboThl, H BhIpaxe-
ane (V,9) npunumaer BHA

o ( G
B on;

) (V,9a)
p,T,s ¢ "'Iﬁ
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[pu nmocrosnublx p u T ypaBuenue (V,7) npuoGperaer BHI:
dG =3p;dn; (v, 10)

Oyukuusa G=f(ny, ny, ...) obaagaer ciefyOLUIUM CBOACTBOM: ecau
Macchl BCeX KOMIOHEHTOB CHCTEMBl BO3PACTAIOT B OAHO H TO e UHCJO
pas, To u u306apHBIA MOTEHIHAJ CHCTEMB BO3PACTaeT B TO XKe YUCJI0
pas. JleAcTBUTeNbHO, yBEJHUEHHE Macchl BCeX KOMIIOHEHTOB pacTBOpa
(npu mocrosiHHBIX p U T), HampuMep, B IBa pas3a HIEHTHYHO yBeJHdUe-
HHIO Macchl BCEro pacTBopa B JBa pasa 0e3 M3MeHEHHS €ro CocTana.
OueBuano, yto penuunHa G=U—TS+pV Bo3spacraer Takxke B ABa
pasa (U, S u V Bo3pacraioT nponopuyoHasbHO Macce, CM. HUXe, § 6).

Takum oGpasoM, uHTerpupys ypasHenue (V,10) mpu nmocTossHHBIX
OTHOLIEHHAX MeXJy MaccaMH (IOCTOSIHHBIH cocTaB pactBopa), moJy-
UHM:

G =2Zp;ng (v, 11)

ITpn yKasaHHBIX YCJOBHSIX BEJHUYHMHBI W; OCTAIOTCH MOCTOSIHHBIMH B
npoluecce HapacTaHMs Macchl, T. e. (IPH NMOCTOSHHBIX p U T) oHm 3a-
BHCSIT TOJIBKO OT COCTaBa PacTBOpa, a He OT aGCOJIIOTHLIX Macc KOM-
HOHEHTOB H sABJAAIOTC GpaKTOpaMH HHTEHCHBHOCTH.

H3/10KeHHOe BBILIE MO3BOJSIET ONMPENENUTh XUMHUYECKUH MOTEHIM AN
KOMIIOHEHTa KaK H306apHblil MOTéHIHMA] cHCTeMBl (MM ¢aswl), npu-
XOAAIMUACS Ha OJUH MOJIb KOMIIOHEHTA.

Huddepenunpys ypasuenue (V, 11), nonyuum:

dG=nydp +nydp,+ <o+ +nydu;+p dn +p,dng+ <o +pydn, =
=Zn,dui+2u,dn,

ITpaBeie vactn storo ypaBHenus H ypasHenus (V,10), oueBunHo, pan-
Hbl, nostomy (mpu p, T=const)

Zn,dp, =0 (V. 12)
Hana GuHapHOro pacteopa
ndp, +n,dp, =0
HJTH

- =X .
duQ— P du, s dp,! (V, 13)

Vpasuenus (V,12) u (V,13) nasuBatorcs ypasnenuamu I'ubbca —

[rozema; onn uMeloT GOJbLIOE 3HAUEHHE B TEPMOJMHAaMHKE pacTno-
*

poB *.

* HcxonublM ToJoxeHHeM A48 BhiBoaa ypasrenuit (V,12) n (V,13) cayxuio
yTBepxaenue, yTo (GyHKNHA G TPONOPHHOHAJbHA Macce CHCTeMbl, €ClM COCTaB ee
NOCTOSIHEH. DTO yTBepXIeHHe BHITEKAeT M3 ONBITA KaK JOCTATOYHO TOYHOE A.1s1
MaKPOCKOMHYECKHX CHCTEM C MaJo PasBHTOH NMOBEPXHOCTBIO pasjie]a Mexay ¢asami,
Ono ue sBasieTCsi 00s5i3aTeNbHBIM CJAENCTBHEM ABYX 3aKONOB TePMOAHHAMUKH.
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BbiBegeM BaXKHOe COOTHOLIEHHEe MeXAY XHMHYECKUMH MNOTeHHHa-
JiaMH KOMIIOHEHTa, BXOASIILLEr0 B COCTaB HECKOJBbKHX (a3 rereporeH-
HOH CHCTEMBI.

[Mepexon Macchl dn; KoMnoHeHTa Hu3 opHoll ¢aswl (/) B apyryio
'(”) npu paBHOBECHH M TOCTOSIHHBIX NaBJEHHH M TeMIepaType 00ycJo-
BJIMBAaeT H3MeHeHHe H306GapHoro moreHuuana dG cHcTeMbl, KOTOpoe
CKJalbiBaeTcss M3 HM3MeHeHHH H306apHbIX norteHuuanos dG’ u dG”
oGeux ¢as:

dG=dG" +dG’ =p] dn] +p}dn;

TaK Kak dn] =—dn] v npu ycJaoBun pasHoBecus dG =0, To

wy dnf +pydny=npy dny —pjdn] =(u; —nj)dny =0
nJan
14 7 7
Ry —p;=0; =y (v, 14)

OueBUAHO, AAHHBLI BLIBOL MOXKHO PacnpoCTPaHHTb Ha TPEThbIO H
tak panee ¢asb. TakuM 06pa3oM, XHMHUECKHEe MOTEHIUHAJ b
JaHHOTO KOMNOHEeHTAa BO BceX dasax cucTeMbl, HaXo-
nsiuefics BpaBHOBECHU, PAaBHBI MeX Ay co6oii

IIpn OTCYTCTBUM pPaBHOBECHS, B COOTBETCTBHH C YpaBHEHHEM
(IV, 17)

da =(p,;' - u;) dn;' <0

Otciona caenyer, yto ecan p;y—p;>0(uy>p;), to dn} <O,
ecmn ke uy<pj, T0 dny>0, T. e. KOMIOHEHT MepeXOmHUT U3 BTO-

poit ¢a3pl B NMepBYyl0, €CJH €ro XMMHUeCKMH MOTeHuMasn B 31O (ase
GoJibllle, yeM B TepBO#; ecJqM Ke XHUMHUECKHH NMOTeHUHAaJ KOMMOHEHTA
Bo BTOpOil (ha3e MeHbIUe, yeM B TNEPBOH, KOMNOHeHT GymeT nepexo-
AHTb M3 TepBod ¢asel Bo BTopylo. TakuM o6pa3oM, KOMNOHEHT caMo-
NPOU3IBOJBHO TepeXoaHT W3 (a3bl, B KOTOPOH ero XMMHUeCKHH MOTeH-
nuan Goablue, B da3y, B KOTOPOH XUMHUECKHH TNOTEHLHAJ] MeHbLlIe.
[Mepexon GymeT NMPOROMKATbCS A0 TeX TMOP, NMOKA XMMHYECKHe MOTeH-
uuaabl KOMINoHeHTa B o6enx dazax He CPaBHSIOTCA.

B Tom cnyuae, KOTAa XHMUYeCKMA MOTEHIHAN ABJIAETCA (YHKUMEN e TOJLKO
NaBJeHHs M TeMmmepaTypel, HO W JNPYTHX nNepeMeHHBIX [cM. ypasienue (V, 9a)],
nepexoj Macchl KOMMOHeHTa U3 OfHOM (aspl B APYryl0 HJIH M3 OIHOM YacTH dasbl
B APYryio 4acTb ¢asbl MOXKET COMPOBOKNATLCA M3MEHEHHEM He TOJbKO MAacChl KOMIIO-
HeHTa f;, HO W JPYTHX MapaMeTpoB.

Tak, HanpuMmep, NMpu Mepexoje HOHOB H3 PacTBOpPa Ha SJEKTPOA C MpeojoJe-
HHEM CKauKa 3/1eKTPOCTaTHUeCKOro mnoTeHnuana $”’—y’ (uaMeHsictcs sapansl das)
3aTpayuBaeTcs ajeKTpHueckas paGora zF(Y”"—y’), rme 2-— BaJeHTHOCTh HOHa,
F — uncno ®apapnesn. Cnenosatensno, dG npu 3TOM Nepexofe CKIAAbIBAETCH H3 ABYX
cJlaraeMuix:

dG = (p] = p7)dn; + 2F (p” = ') dn,
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Tlpy paBHOBeCHH H MpH MOCTOSHHBIX p, T M obweM 3apsje cuctembl dG HOMKHO
6LiTh paBHO Hymo. CleloBaTeNLHO

uy 2Py =p)+2FY; nf =y v, 14a)

- -7/ 7 ’ /4 =7
rie i) = p; +2F9”; ;= pj+ 2Fy’. Bemuunnn i u jiy HaspiBaioTcss 94eKTpoxu-
MUYECKUMU NOTEHYUAAAMYU KOMIIQHEHTOB.

Takum o6pa3oM, B cucTeMe, Iae Ha rpanunax $as MMeIOTCA CKAYKH IJeKTpHue-
CKHX TDOTenuuasnoB, co6ioaeTcss He PaBEHCTBO XHMHYECKHX TMOTEHUHANOB M; B
IByX (asax pPaBHOBECHOM CHCTeMbl, @ PaBEHCTBO 3JMEKTPOXHM!UYECKHX MOTEHIHAJOB
i

AnanornyipiM o6pa3oM Hu3MeHeHue H3oGapuoro noteHuxana dG oaHOpOAHOI
(ha3sbl, HaxoAdlelcss B MOJMe TATOTEHHS M HMeroulell GOJbLIYIO MPOTAMEHHOCTb BAOJb
rpaaMenTa mnoJs, o6ycioBieHHOe NepeiBHKeHMeM Macchl dn; Ha paccrosune h”"—h’
BAOMb T'PajMeHTa [OJs, BbIPAXKAETCA YPaBHEHHEM:

dG=(p; —n))dn, + Mg (h"” —n') dn,

rae M; — MoneKyasipiblil Bec [-TOro KOMIOHEHTa; g — IrPaBHTallMOHHAS MOCTOSIHHASA.
Ecnu cucreMa siBasetcst paBHoBecHOl, T0 dG=0 u

ny +Mgh” =p;+ Mg’ (V, 146)

T. €. ONATb-TAKM B Pa3NHUHBIX 4acTAX (aspl paBHbI He BeNHYUHBI i, a GoJee obuie
BEJIHYHHBL 0;=W;+M;gh.

Beanunnsl Wi, 7; W JpYTHe, AHAJIOTHYHbIE UM, GOJee MO0 XapaKTepH3yloT
SHepreTHYeCKOe COCTOsIHHE KOMIIOHEHTa, YeM XUMHUYECKHH NOTeHUHan Wi, onpeaensie-
Mbi#t Boipaxenuem (V,9a). 3T BeIHUHHBI Ha3BIBAIOTCS NOAHbIMU noTeHyuaramu. Oun
BKJIIOYAIOT, KpOMe uJeHa M, 'IeHH, OTpaalolllie Bce BHAB PaGOTH, KOTOpbie
HMEIOT MeCTO NMpH NepeMellleHHH Macchl KOMIOHEHTa M3 OJHOM YacTH CHCTEMBl B ApY-
FYIO 4acTh.

6*. OngHopoaHble (rOMOreHHbIe HKLHH COCTaBa cMmecei
¥

CeoitctBo ¢yukuun G=f(n;, ny, ...), oTpaxkenHoe B ypaBHenusix (V,10) wu
(V, 11), MoxeTr ObLITh 3aMHCaHO TaK:

G (k"ll, knz, kna, ...)=kG (ﬂl, g, N3, ...) (V, 15)

rae k — HeKOTOpbIll MHOKHTEb.

DyHKUUH HECKOJIBKHX TEPEMCHHDLIX, MOAYHHAIOULIeCs ITOMY YpPaBIIEHHIO, 11a3bi-
BAIOTCS OOHOPOOHbIMU (20MO2eHHbIMU) DYHKILHSIMH.

ITokasartenb creneHH MHOXKHTedss kB B mpaBoil uactu ypaBuenus (V, 15) — no-
Kasaress 00HOPOOHOCTY — B NAHHOM CJyYae paBeH efHHHLE, U (YHKUHS Ha3blBaeTcs
00ropoOHoll Pynkyueil nepsozo usmepenus (ecaw Obl [0KasaTenb OLHOPOLHOCTH
6bi1 paBed 2, 3, .. m, To GyHKIHA HMena Obl H3MepeHHe BTOpOe, TPeTke, ... Mm-e).

H3o06apHblil moTenuuan pacTtBopa sBAsSETCH ONHOPOAHOA ¢yHKuMeH macc mep-
Boro Hu3mepenust. TakuMH ke (YHKUMAMH Macc OPH NOCTORAHHBX p u T
IBNAIOTCA BIYTPEHHSS SHEPIUsl, SHTAJbIHSA, SHTPONMA, o6beM pacTBopa H Ip.

[To Teopeme JHJEPa OLHOPOAHBIE (DYHKUHH M-TO U3MEDPeHUs 00JanaioT ciefyo-
WM CBQJCTBOM:

af  of

of
xw'i'ygy-

tag-t e =mix g 2 00) (v, 16)
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B npumenenun K ¢yukuun G=f(ny, ny, ...), Aag Koropoit m=1, momyuum:

OG) (OG)
m\=— +ny |\ 5— + =G v, 17
l(a"' p, T,In *\ony Jp, 7, In .10

IMoncTaBuB B 3TO ypaBHEEHHe 3HAYEHHA YACTHBIX MPOU3BOAHBIX H3 ypaBHeHus (V, 9),
npuxoaum K ypasuennio (V, 11):

nlpl -+ n2u2 F oo = znipi =@ (V, 173)

OueBHAHO, aHAJOTHYHBIE BLIPAXKEHHS MOXHO HamucaTtb H Ana o6beMma, BHYTpEH-
Heill SHCPrHH, SHTPOMHH. H30XOPHOro NOTEHLHaNAa pacTBoOpa H Ap.

Zny (ﬂ) =V
oni Jp, 1, In

T (iU_) =U
anl p T, /ﬁ
aS (V, 18)

Iny (—— ) =S8
an,- p. T, In

Zn; (ﬂ-) =F
0ni p, T, /f‘.

HT. I
0G60311auuB YacTHbIE NPOH3BOANLIE CEAYIOLHM 06pasom
v = aUu —
- =V T =U;nr R (V,19)
Rilp, T,In ™ Ip, T, In
MOXHO 3anucarth ypasHenus (V, 18) rtaxk:

S Vi=V
SnU;=U"
nS; =S (V, 20)
Sn;Fil=F
Snifl;=H

Beanunnnt pi, Vi, U, Si, Fi n H; aBasioTcs napuHajgbHBIMH BeJHUHHAMH *,
IMapyuasereimy BeAuUdUHOMU HA3bIBAIOTCA YaCTHBE NPOHU3BOXHLIE OT
9KCTEHCHBHOTO cBolicTBa ¢ as3mb (00beM, K306apHbI MOTEHIHAA, SUTPO-
U ¥ Jp.) N0 Macce KOMNOHEHTAa, NPH MOCTOSAHHBX JaBAEHHH,
TeMnepaType M Maccax OCTaJbHBIX KomMmoHeHToB **. Tax, xumuueckuil noreu-

Uuaa W; ecTh Napuuanibiblit H306apHb nmotenunan Gi.

* Ilapunanbuble BlyTpeHHHe sHepruu U; H napuuanbHble H30XODHHIE MOTEH-
unany (cBoGopuble sueprun) F; He paBHBl XMMHYECKHM [OTEHUHAJaM W, He-
CMOTPsi Ha TO, YTO 3TH NOCJTEAHHE BEJIHYHHBI SABJAAIOTCA YACTHBIMH NPOH3BOAHBIMU OT
U wm F no n;, Tak Kak yCJIOBHSl MOCTOSIHCTBA NepeMenHublx B ypaBHeHusix (V, 9)
n (V, 18) pasanussL.

* [Tapuuaabubie [JaBJAeHHUS He SBAAIOTCA NapIMajbUbIMH BeJaHYH~
HaMH C TOYRM 3peHHsl yKa3aHHOTro ompejenenMsi M He 06.1aHalOT COOTBETCTBYIOLIAMH
MaTeMaTHUECKUMH CBOHCTBAMH, '
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ITapuuanbHble BEJTHYHHB MOIYT GBITh MOJIbHBIMM HJIH YIEJbHHIMH B 3aBHCHMOCTH
OT TOTO, BHIp@XKeHbl MAcChl B MOJfIX WM B rpaMMax.

He TOJBKO HWHTErpajibeble 3KCTEHCHBHblE CBOHCTBA PacTBOPOB SIBJSIIOTCS OJIHO-
poanbiMu  QyHRUMAMH Macec H ynosserBops:or ycmosmio (V, 20). Hsmenenus artux
BeJHYMH NPH O06DA30BaHMH PAacTBOPAa M3 YHCTHIX KOMIOHEHTOB (TIPH MOCTOSIHHLIX P
n T) Take fBAAIOTCS ONHOPOIHBIMH (QYHKIHAMH Macc KOMIOHEHTOB.

TIpuMepoM MOTYT CJIY:KHTb HHTETpa/NbHBE H Mapuuanbhble (KuddepeHLHaNbHEIE)
TeIJIOTHl pacTBopeHus (cM. cTp. 67, 68).

JeficTBHTeNBHO, NPH 0OpPA30BaHMH pacTBoOpa M3 Ay, flg M T. A. MOJEH YHCTHIX
KOMNOHENTOB (p U T MOCTOSIHHBI):

Qy=H—ZHn,
duTanbnus pactBopa H — omHoponHas (yHKUMSA Macc; BesJHUHHBI H; MOCTOSIHHBL
npH Jio6biX u3MeHeHHsax macc. [ToxcraBus Beauuuny H, pasHyo
H=3Hn;
B BbipaxeHne ans Qp, moMyuuM:
Q,=2Hn,—2Hn,=2(H,—H})n,

Ipoueccy pacTBopelust MOJSi KOMNOHeHTa B GeCKOHeYHOH Macce pacTsopa AaH-
HGrO COCTaBa OTBEYaeT MO ONpeJeJeHHIO Mapluajbliasi TEeNJOTa PacTBOPeHHs KOM-

nonenta. Vi3MeHeHWe SHTANbNHH NP 3TOM, OUYEBMAHO, PaBHO Hl—-H;. Cnenosa-

TeJNbHO
( on )
i p, T, /ﬂ

—_ °

Eai=Hi_H

i

Hango oTMeTHTB, YTO TepMOAHHAMHYECKHE MOTEHIHAJbl MOTYT ObITh BbIpAXKEeHDLI
KaK oaHopoaHbie (YHKIHMM HE TOJbKO MAacC KOMMOHEHTOB, HO M JDYTHX 3KCTEHCHB-
HbIX CBOHCTB CHCTEMDI, HanpuMep oO6beMa pacTBOpa HJH €ro BHYTPEHHell SHeprum.
Tak, ecan_F=f(ni, ny ...) npu noctosuusix p u T, 1o mo (V,18) u (V,20)
F=ZniF,-. IMpu Tex xe nocrosiHHbIx GyHKuus F=f(ni, ne, ... V) oxasbiaercs
oxnoponHoit ¢yHkuHelt macc U 06beMa, T. €. YJOBJETBOPAETCS YCJIOBHE

F (kny, kny, ..., RV)=FkF (ny, ny, ... V)

Ipu nponopnHoOHAJbLHOM H3MEHEHHH BCeX Mace M oObeMa JaBjieHHe noctostHHo. [lap-
UMaJbHBIMA BeanuuiaMy Qyrkund F [pH TakoM paccMOTpeHHH siBisioTcs He Fy, a pi:

oF oF
() (3],
; ony )z, V.in ' oV T, n

uno (IV, 8), (V,9) u (V, 17a):
F=Z3pn,—pV=G-pV

TlapunanbHble BEJIHYHHB MOTYT OBITb ONpENENeHbl M3 HHTErPaNbHBIX BEAHYMH
aHANUTHYECKHM H rpadHyeckKuM MEeTOJaMH.

[MpumepoM aHaAHTHYECKOTO pacyeTa MOXET CJYXKHTb NPHBENEHHHIA BhllIe
(cTp. 68) pacuer napuuanbHoOii TennoTel pactBopenus coau CuClye 2H,O ¢ nomoinsio
sMnupuueckolt dopmyaer (I, 5). B stom ciyyae usmepsiemas BeHYHHA — HIITErpab-
nas Teniota Q. 00pa3oBanusi pacTBOpa H3 ORHOTO MOJA TBEPAOro rMApaTa
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CuCly-2H;0 u r; Mojiefl BOAb — paBHAa HM3MEHEHHIO SHTAJBLNIHH NPH 3TOM IPOIECCE:
o (-]
er =H—H2—’1H]

0%, M) b, —H,—t,=0
or )y \ar ), =i =
rae H, H; HH;—SHTa.rlbmm COOTBETCTBEHHO pacTBOpa, BOAbl H cosH; Q) — map-

LHaJbHas Temrora pasbasjeHus.

Jns rpadnyeckoro onpefeneHds NaplMajJbHblX BeJHYHH B OMHAPHOM DacTBope
yaobua Ouaepamma Pcsebyma, usobpaxcaiomlas IKCTEHCHBHOE CBOMCTBO, paccuu-
T4HHOE Ha OAMH MOJb (MJM OQHH IPaMM) pacTBOpPa, KaK (PYHKLMIO MOJBHOA (X) wiu
Becosoil aomu (W) pacrBopenHoro BeliectTBa. HekoTopble cBoOHCTBA AHAarpaMbl
PoseGyma, ynoGHble mJjs pacdera NapUHabHBIX BeJHYMH, GYAYT pacCMOTPEHH Ha
YacTHOM TpHMepe.

Ha puc. V, 6 uzobpaxena 3aBHCUMOCTb H3MeHenus o6GbeMa AVw =Av/(w, +
+w2)=Bw cucremnr (o6bemiioro 3ddekra) oT coctaBa NpH 0OpPa3OBAHHH OIHOTO

Orciona

rpaMMa pacTBOpa TOJYOJ — Me- 00
THJOBLII  COHPT M3  UHMCTBIX .
KHAKOCTEH  NMPU  HECKOMbKHX B
Temnepatypax. Beawuuna Bw L
SIBASIETCS]  OQHOPOAHOH  (hyNK- 0

Mell macc, noa06u0 Beauunie Qq:
) o
By =Vy = [(1=W) o]+ W]
(a)
3pecy (1—W) u W — peco- %
BElE IOMM TOAYONa H CnupTa B o3 44
o
pacrsope, U; H Uy — yJesbHbe
06beMbl  UHCTBIX KHAKOCTEH — —4300 L | \ 1
Tonyona (1) u cnupra (2). [/ 20 40 60 80 09
Hawa 3apauva Hafitu Besu- Cocmad, mos % CHaOH
Ypilpl  MapuHaJbHLIX  00BEMOB
KOMIOHEHTOB B pacrBope ¢ Ka- Puc. V,6. 3amucumocts 06beMHOro 3doerra
Ko#i-1u6o KoHueHTpauuell, Ha- o6pasoBanus pactsopa C;Hz—CH;O0H ot co-
npumep npu W=025. {uarpam- cTaBa pacTBopa.
ma PoseGyma obnanaer cienylo-
wum coiictBoM. Otpesku B u Bj, oTcekaembie KacaTeyibHoll K KpuBoli PoseGyma na
JIeBOH W NpaBoOH OCAX OPJAHHAT, PaBHbl NAapUHAJbHLIM BeJHUHMHAM NEPBOTO M BTOPOrO
KOMIIOHEHTa B PacTBOpPEe, KOTOPOMY COOTBETCTBYET TOYKA KacaHWsl.
Taurenc Hak/JoHa KacaTenbHoH H Kpuoil PoseGyma [B namem cayuae — Kpusas
Bw=[(W)]
dBy, ABy,
dw AW
IMpu W=0,25 stu otpeskin (cM. puc. V,6) umeior pasivie anaku n |AB|=|Byl+|B].
Jlas TOro 4TOGB! €Bsi3aTh OTPE3KH By M By ¢ napuuasbHbiMK BeJHYHHAMH W J0-
Kasath YKasaHioe Bblile cpoficTeo pauarpamMmbl PoseGyma, BbHIpasHM MPOU3BCAHYIG

(Bmoab KacaTeabHoH) = B, — B, (upu AW =1) (6)

dB
——— UYe€pe3 BeJHYIIIbI AV u macchl KOMIOHEHTOB W H Wg:

aw
d( AV )
dB w, + w
Lo _NTF1T e (8)

aw d( W, )
Wy + Wy
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[Nponugdepenuuposan Bbipaxkenuss 10j AuddepeHunanamy Hpapodl 4acTH MO O~
HOHl W3 Macc, HanpuMep WO Wy, NOJNYYHM:

B — o - °
Z—W-=(v2—v2)—(vl-vl) (r)

DTO paBeHCTBO CNpaBeMIHBO I Ji0GbiX 3Haveunt W.
CpaBHuB BbipaxeHus (r) w (6), mosyyuM, 4To AJst JOOOH TOUYKH KDUBOH BesH-
yuHa (B,—B;) paBHa mpaBoil 4acTH ypaBHeHHs (I) U C/JeXOBaTeNbHO:

B =v;—v, By=vy—v,

MoXHO Takxe rpadHyeckH nokasats, yto B=(1 — W)B,;+ WB,.
Hcnonb3dysn pnarpammy, saxogum (W=025, t=>50°C):

B,= ;-1. - v: =0,0,88 cu?/e
By = vy — vy = — 0,00252 cud/e
Yaeaviible 06-eMbl YHCTBIX TOJMyoJa M cnupTa paBubl npu 50°C
v: = 1,193 cmd/e; v; = 1,307 cm3/e

CrenoBaTe/sbHO, HCKOMble MaplHa/ibHbie yre/bHble OGBEMbl TOJYyOJa (v1) u mern-
JIOBOTO CIHpPTa (V) PaBHLL:

0y =1,193 + 0,0,88 = 1,194 cu?/e

0, = 1,307 — 0,00252 = 1,304 cud/e

YMHOKHB 3TH BeJHYHHbI HA MOJIEKY/ISiDHbIE Beca, MOMYYUM MaplHaJibHbIE MOJb-
Hble 06beMbl Komnonenton (x=0,484):

Vi=110,0; V;=41,78 cud/noas

§ 7. TepMoauHamMuyeckHe GYHKUMH MIEANbHbIX PACTBOPOB rasos
(cMmeceii MaeanbHBIX ra3oB)

Cmecb HIealbHBIX ra3oB, MOAYHHSAIOLWIAscA ypaBHeHuio Knanef-
poHa — MeHjeseeBa, eCTb Hiea/bHBIH PacTBOp TrasoB.

BuyTpennsas sHeprus uaeasbHOr0 pacTBopa ra3oB paBHAa CyMMe
BHYTPEHHHX SHEPrHil KOMIIOHEHTOB (Kax1as M3 KOTOphlX paBHa n,Uj,

T. €. BHyTPEHHEH SHEPrUu YHCTOTO KOMIIOHEHTA, Macca KOTOPOro paBHa
Macce KOMMoHeHTa B pacrBope). CienoBaTesbHO, YYUTBIBAsi ypaBHe-
Hue (V, 20):

U=3nU,=3nU; (v, 21

rie U;— BHYTPEHHSiIi 3HePTHs YHCTOTO KOMIOHEHTA.

TakuM oGpa3oM, napuHa/bHble BHYTPEHHHE 3HEPTHH KOMIIOHEHTOB
B HJea/bHbLIX PaCTBOPAaX ra30B DaBHbl MOJIbHBIM BHYTPEHHHM 3Hep-
THSIM YHCTBIX Fa30B.
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DHTpoNHUs MIeaNbHOr0 ra3oBoro pacTBopa S paBHA CyMMe 3IHTPO-
nuil 7;S; KOMOOHEHTOB, KaXblil H3 KOTOPbIX 3aHHMaeT 0GbeM CMeECH.
H1st MoJisi KaXKIOTO KOMIIOHEHTa HMeeM:

T
§1=S;,°+fcp,idT+RlnV,-=S¢(T)+RlnV; (V,22)
0

rne S;(T) —cymMMa ujeHOB, OTpa’KaloUIMX 3aBHCHMOCTb 3HTPOIHH
HIeaJbHOTO ra3a oOT TeMmepaTypbl; V;— ob6beM, NmpUXOASWIHiCS Ha
OIMH MOJb KOMIIOHEHTa [, 3aHuMawllero Becb o00bemM V rasosoit
cMecH, T. e. Vi=V/n;

YmHoxuB ypaBHeHue (V,22) Ha BeJMYHHY n; H CKJaanbiBas n;8;
IJIS BCEX KOMIOHEHTOB, NOJYYHM [IJ15i BCel CMeCH:

S =3n;8; =2 Sy (T) + REn; In -f_llii =3n;S; (T) = RZn;In¢; (v, 23)

n
3nechb c,-=7‘—K0HueH'rpaunﬂ JAQHHOTO KOMIIOHEHTa B pacTBOpe.

Jlnst napeanbHbIX rasoB

[MoncTaBuB 3T0 3HaueHue ¢; B ypasHenue (V, 23), HaxoguM IJst 3HTpoO-
MK HAEaJbHOTO pacTBOpa ras3os:

S =3n;S; (T) = REn; In x; — REn; In R—”T

S=32n,S,(T) = REn, Inp, + RZn, In RT

HJINH

OGbenHHUB B 3THX BbIpaxKeHHAX YJEHbl, 3aBHCSALHE OT TeMIepa-
typut T u o6uiero napjeHusi p (B NepBOfi CTPOYKe) HJM TOJIBKO OT
Temnepatypbl T (BO BTOPOH CTPOUKe), MOJYUHM:

S=3n,8; (T, p)=RZn; In x (V, 23a)
S=3n;S] (T)=R2n; Inp, (V, 236)
Hcnonb3ys ypaBHenus (V,21) u onHo u3 ypasrennit (V,23), (V,23a)

uin (V,236), MOXHO COCTaBHTb ypaBHEHHSI AN H30XOPHOrO IOTEH-
IHalia uAeaJbHOro pacTBopa rasos:

F=U=TS=3nU;~=T2n,S;(T)+RTZn; Inc, (V, 24)
F=3nU;—T2n,S; (T, p)+RTZn; lnx; (V, 24a)
F=3nU;~T2n;S] (T) + RTZn; In p, (v, 246)
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Jnst HaxoXIeHHS 3aBHCHMOCTH XHMHYECKHX MOTEHLHAJO0B KOMIIO-
HEHTOB OT KOHIeHTpaluH caelfyer AuddepeHIHpoBaTb ypaBHeHHE
ny .,

(V, 24) no n; npu nocrosaHdux V u T, yuntoiBas ¢; = S

_ oF I a ﬂ_
pL"_( ony )v, T, /Q—Ui I8 (D +RT ony (Zn, In V)
3aecp auddepeHuupyercs TOJAbKO OIMH YJeH CYMMBI, COmep:Kalluil
n;, 10 KOTOpOMY mpoBoauTcst auddepeHnpoBaHue:

ny

Vv +1=In¢;+1

9 (ilnn —ne = M =
a—nl-(n,lnn, ntan)—lnn1+ni InV=In

TIO3TOMY
p,=U;=TS;(T)+RTInc;+RT (V, 25)

IloacraBus B 370 ypaBHeHHE ¢; =x,k%.=%.. MONYYUM:

p,=U; =TS, (T)+RTlnp, —RT InRT +RT (V, 25a)
H
#y=U;= TS, (T) + RT Inx, +RT In - + RT (V, 256)

O6wbenunus B ypasHenusx (V, 25), (V, 25a) n (V, 256) unenn, ne 3a-
BHCAIHC OT KOHUEHTPAUHH I/ MapLHAaJbHOTO XABJACHHS KOMIOUEITA,
TOJIYYUM:

u,=g; (1) +RTIng, (V, 26)
w;=g; (T)+RT Inp, (V, 262)
p,=g; (T, p)+RTInx, (V, 266)

Bce Tpu BbipaxieHHs MalOT OXHY H TV Xe BEJHUHNY
XUMUYeCKOro MOTeHMana AJs1 JaHHOTO COCTOSIHHS.

B stux Boipaxenusnx g;(7T) — XMMHYECKHHl MOTeHUHAJ KOMIOHEHTA
NpH KOHUEHTPauuHu, paBHOH eamuuue; g;(7) — XUMHYECKHH MOTeuL 1A
KOMIIOHEHTa NpPH NapuyaJbHOM AaBJEHHH, paBHOM 1 arm (3Ta BCIH-
YuHA paBHa W300apHOMY NOTeHLHa/y KOMIOHEHTa B YHCTOM BHIe MpH
p=1 u temneparype T); g7 (T, p) — xumuueckuit nortenunan (u3obap-
Hblfl TMOTEHIHas) KOMIOHEHTa B YHCTOM BHJE IPH AABJEHHH p H TeM-
nepatype T.

Unensr g,(T), gy(T) u g7 (T, p) pasnauuaioTcss no Be.ai-
yuHe. AGCOMIOTHBIE HX 3HAYEHHS] HEU3BECTHHl, TAaK KAaK HEH3BECTHbI
sennunnnl U, 3aBucumocts g,(T), g} (T) u g7 (T, p) or Temnepa-
TYpBl MOXeT ObITh paccuHTaHa no ypasHeHusMm (V,25), eciiu U3BECTHH
renoeMkocTH Cy, 4.
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§ 8. Heupeanbhnie pacTBOpbl ra3sos.
JleTyyecTb KOMIIOHEHTOB pacTBOpa

YpaBHeHHe [J151 XHMHYECKOTO NOTEHLHANa KOMIOHEHTA B HeHJealb-
HOM pacTBOpe rasoB, T. €. B CMeCH peaJbHbIX rasoB, MOXKeT OBbITb
HalileHO TeM XKe NMyTeM, YTO H YpaBHEHHd /s UIeaJbHOTO pacTBOpa,
Ho B ypaBHeHuu (V,21) craenyer yuectp s3aBucumocts U ot V [cm.
ypaBnenue (IV,34)], a B ypaBHenun (V,22) — saBucumocts S ot V
[cm. ypaBHenne (IV,42)]. KonkperHblii BHI 3THX ypaBHEHUH NOJIKEH
ObITb HalfleH U3 ypaBHEHHH COCTOSIHHSI CMECH peaJsibHbIX ra3oB, B KOTO-
poil moBeljeHHe KOMIIOHEHTA OTJIMYaeTCcsi OT €ero MoBeJeHHs B HHIH-
BHYaJIbHOM COCTOSIHHH.

YpaBHeHHs1 COCTOSIHHSI CMecell peaJ/ibHbIX ra3oB B TeX HEMHOIHX
cayyasiX, KOrja OHHM HaiJeHbl M TOYHO OTPaKalT CBOHCTBA CMeceH,
OueHb CJIOXKHBI M HMEIOT XapaKTep SMIHPHYECKUX ypaBHeHuil. Mcmoss-
30BaHHe ITHX YpaBHeHHIl NpuBeso Obl K KpaiiHe CJIOXHBIM Bblpaike-
HUSAM /15 XMMHYeckoro nortesuuasna. Kpome rtoro, mns GoJbLIMHCTBA
rasoBblXx CMecCell ypaBHeHHs COCTOsiHMs HeusBecTHHL. IlosTomy Xumu-
YyeCKHe NMOTeHLHaJbl U HEKOTOpble Ipyrue CBOMCTBA peasibHBIX CMecei
rasoB M JKHJKHX pacTBOPOB HaXOJSIT, NPHUMEHSS METOH JIeTydecTH
(cM. cTp. 124).

[MapunanbHas JeryuyecTb KaKAOTO KOMIOHEHTa f; ONpegesiercs
ypaBHEHUsIMHM, aHaJoTHYHbIMH YypaBHenuam (IV,43), (IV,43a) u
(IV, 46):

p;=p, (1) +RTInf, (v, 27)
P'” l", f” p”
i T i =
—_—=n—=—\ V;d V, 28
RT f: RT J iap ( )
npudeM f; — p; npu p—0, T. e.
f.
lim—==1 V, 29
» ( )

3gech V; = (g—,‘;)p T—napuua.nbﬂbm o6beM KOMIIOHEHTa, p; — nap-
HyajbHOE NaBJIEHHE.

[Mapunanbuas JeTyyecTh KOMIOHEHTA OJHO3HAUHO CBsi3aHa C €ro
XMMHYECKHM MOTEHIHAJIOM; KaX/as U3 3TUX BEJIUUHH MOXKET sIBJSATbCSA
XapaKTepHCTHKOH paBHOBECHOTO COCTOSIHMA pactBopa. 3 paBeHcTBa
XHMHUYECKHX NOTEHLHaJ/ 0B KOMIOHEHTa B PaBHOBECHHIX (hasax ciaemyer
pPaBeHCTBO B HHMX M JeTyuecTeli KOMIOHEHTa NPH OJHO3HAYHOM BBI-
Gope cocroanusa aasa pi(T).

Hudodepennupya ypabnenne (V,27) u NOACTaBASAS INOJMYUEHHOE
3HaueHHe dyp; B ypaBHeHnne (V,12), HaliieM 3aBHCHMOCTb NapluaJb-
HBIX JIeTyuecTeil KOMIIOHEHTOB PacTBOpPa OT €ro COCTaBa NpPH HOCTOSIH-
HeIX p U T

Zn;dp;=RTEndInf;=0 (v, 30)
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OTKyZa AJis1 GMHApHOTO pacTBopa

nd lnf,+n2d lnf2=0 (V, 30a)
HJIH

dlnf.=—%f—dlnf,=-—i—:dlnfz (v, 31)

OueBHHO, ecit GUHAPHBIH PacTBOP ra3oB HJIM HACHIIEHHbIH nap
Haj GHHAPHBIM XXHAKHM PacTBOPOM SIBASIOTCA HAEaJbHbIMH, TO [i=p;
H fo=ps. COOTBETCTBEHHO

dln p,=—-§f-dmp, (V, 31a)

Ypasuenus (V,31) u (V,3la) sasasoTca BapuaHtamit ypaBblelins
I'u66ca — JloreMa, uMelOIHMH 0oJbIIOe 3HaueHHe B TEPMOLHHAMII-
ueckoii Teopuu pactsopoB. YpasueHue (V,3la) uwacro mnasnipacrtcs
ypaBHeHuem Jliorema — Mapryaeca.

Tak xak XMMHYECKMIl MOTCHUIUAJ KOMIOHEHTa B PasHHuHbLIX (hazax
pPaBHOBECHON CHCTEeMbI MMeeT OJHY H Ty XXe BeJHUHHY, TO B ypasuc-
uuax (V, 30), (V,30a) u (V,3l) jeTyyectH OTHOCHATCH K KOMIIOieH-
TaM B J06oi (a3e cuCTeMBl, a YHCJA MOJEH H MOJbHBIC AOJN — K
KaKo#-mn6o onHoi us ¢pas. Ecam umeercs paBnopecue Guuapiioro
JKUJAKOTO (MJIH TBEpJOro) pacTBOpa C ero HACBIIUEHHLIM Maj:eM, a fo-
ClelHUl — HJeaJbHbIl PaCTBOP HIEANbHLIX Ta30B, TO B YPABHCHHH
(V, 31a) MoXHO MOJIbHBIE NOJIM X; H Xz OTHECTH K ra3oBoii dase iy
K XHAKoMy pacTBopy. B mnepBom cayuae ypasuenne (V, 3la) npneo-
auTca K.ocoBoit popme ypaBHeHHs JlanbToHa (B ueM Jierko yGejirbes)
1 MOXeT GBITb HCNOJB30BAHO Kak TakoBoe. Bo BTOopom cnyuae, onpe-
IeNMB H3MEHeHHS NapUHaJbHBIX [AaBJAEHHH KOMIOHCHTOB MHIKOro
pacTBOpa C M3MeHeHHeM €ro COCTaBa, MOXHO HAHTH H3MEHeHIIC NIIAH-
YeCKUX TOTEHLIHAJ0B KOMIIOHEHTOB XHJIKOI0 PacTBOpPa C Cr'o COCTHROM.
3uanue saBucumoct# Inf;(In p;) Ham p; or cocrasa pactsopa naet
BO3MOXKHOCTb BBIUUCJAATH MHOrHe TEpMOAHHAMHUECKHe cBOWCTBA pac-
TBOpa NpH JaHHOH TeMmepaType, a H3ydeHHe TeX Ke BeNHUHH 1IN
pa3/IMUHbIX TeMIepaTypax NPUBOAMT K pacyery TensaoT o6pa3oBaHus
pacTsopa.

§ 9. OrpaHuyeHHas B3aMMHas PacTBOPUMOCTb ras3os

B reuenne NMpOAOJIKHTENBHOTO BpeMEHM CUHTAJIOCH, YTO RCC ra3bl
npHu JIOGBIX YCJHOBUSX CIOCOGHBI CMELIMBATLCS BO BCEX OTHOLICHHSIX H
YTO OrpaHHYeHHAs PaCTBOPUMOCTb OJHOTO rasa B JIPYrOM He MOKeT
nMetb Mecra. OmHako Ban-pmep-Baasbc eie B 1894 romy npensuaen
BO3MOKHOCTb HEIOJIHOH CMEIIMBAaeMOCTH ra3oB M o6pa3oBaHHA [BYX
rasoo0pasHbelx (a3, HaXOAAIMXCA B PaBHOBECHH Bblllle KPHTHYECKHX
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TeMneparyp KOMIIOHeHTOB. BriepBbie orpaHuyYeHHas pacTBOPHMOCTb ra-
30B Gblna 3KCIEpHMeHTaJbHO OTKphiTa (1941) COBETCKMMM yyeHbIMH
Y. P. Kpuyesckum, [1. E. Bonbmakosbim 1 [. C. Lluknucom B cmecu

aMMHaK — a30T, a B MNOCJelyo-
mue roabl oGHapy)KeHa H H3Y-
yeHa B psAe HAPYrdX rasoBbIX
cMeceil.

Puc. V, 7 unntocTpupyer orpa-
HHYEHHYIO B3aHMHYIO DacTBOpH-
MOCTb aMMHaka M asora npH
pasHbIX TeMIepaTypax H JaBJje-
HHUSIX.

Kaxpmas KpuBass — 37O H30-
tepma. JleBasi BeTBb KpHBOHl Aa-
€T npelesbHOEe COJAEpKaHHEe aM-
MHaKa B a30Te NpPH LaHHOH TeM-
neparype M pas3HbX AaBJEHHUSX,
T. e. PAacTBOPUMOCTb aMMHaKa
B a30Te; NpaBasi BeTBb KPHBOH
JaeT pacTBOPMMOCTb a3oTa B
aMMHaKe.

FomorenHsli pacTBOp cyile-
CTBYeT MNpu HaHHOA TeMmeparty-
pe JIMLIb NpPH AABJEHHSAX H KOH-
LHeHTpalHaX, KOTOPbIM Ha pHC.
V,7 orBeuaroT o6GJsacTH, pacro-
JIOXKEHHbIE HHXe COOTBETCTBYIO-
weil n3otepmbl. [Ipn paBaeHusx
A KOHLEHTPalHAX, KOTOPHIM OT-

10000

N\t
NRIANI
/

\
o \j\\ T 7
3000

W% W W

Cocmab, mosn. % NHg

Puc.. V,7. OrpaHuueHHas B3auMHas:
pacTBOpHMOCTb ra3oo6pasnbix Ny u NH,.

BeuaeT 06JacThb, JeXallas BHYTPH KPHBON, CMeCb ra3oB pacmagaercs

(paccaanBaercs Ha JBe rasoBble (pa3bl, HAXONsLLMEC B DPaBHOBECHH)

CocraB 3THX (a3 onpejedsercqd TOYKAMH NepeceyeHHs COOTBETCTBYIO-
el ropH3oNTaNN ¢ OOGeHMH BETBAMH H30TEPMbl (HANpPHUMep, TOUKaMH
a u b npun Ttemnepatype 100°C u aasnennn 5000 arm).



FTIABA VI
PABHOBECHE: )KXUOAKHHW PACTBOP — HACBIILEHHBIN TAP

§ 1. JlapaeHue HacCbILIEHHOrO mMapa GMHAapHBIX XKHMAKHX PacTBOPOB

FasooOpasnas (asa, HaxoAsIlascs B PaBHOBECHH C JKHIAKHM pac-
TBOPOM (HACBIILEHHBIA Nap), COAEPIKHT, B oOlIEeM ciayuyae, Bce KOMIO-
HEeHTBl pacTBOpa, U AaBJieHHe HACbILeHHOTO Iapa sBJAETCS CYMMOH
napuua/bHbBIX [AaBjeHUil KOMIOHeHTOB *. OjfHaKo 4YacTo OTAe/bHble
KOMIIOHEHTH HeJleTyud [pH JAHHOH TeMIlepaType M NPaKTHYECKH OT-
CYTCTBYIOT B rasoo6pasHoii dase.

CyMMapHoe JaBJjieHHe HACBIIIEHHOTo napa (MOJIHOe [AaBJeHHe) H
nmapuuagbHble JaBJeHHS SBJAITCA (QYHKIUAMH TeMIepaTypel H CO-
craBa pactBopa. IIpu mocTosiHHO#A TeMmmepaType COCTOsiHHe OGHHApHOTO
pacTBopa KoMmmoHeHToB A u B omnpenensiercsi onHoi nepeMeHHON —
KOHIIeHTpalHed OAHOrO M3 KOMIIOHEHTOB.

Yno6Hoil Mepoli KOHLEHTPALMH SIBJAETCS MOJbHas noJs. Bynem
00603Ha4YaTh MOJIbHYIO HOJIO X, BTOPOro KOMIIOHEHTa B pacTBOpe ue-
pe3 x. OueBHIAHO, MOJIbHAsl MOJs NEpPBOro KOMIOHEHTa xj=1— x.
I'pannuaMn M3MEHEHHS X; M Xp fIBJAAIOTCA HyJb H €JHHHIA; CJIeNOBa-
TeJbHO, Juarpamma, oro6pakaimolias 3aBHCHMOCTb [aBJieHHs mapa
pacTBopa OT ero cocraBa (muarpaMma JaBJ/eHHe — COCTaB), HMeer
KoHeyHoe npoTsiKeHHe. ONHH M3 BO3MOMKHBIX BHJIOB JHArpaMMhbl p — X
ISl pacTBOpa MABYX XHJIKOCTel, CMEIIMBAIOIIHXCA BO BCeX OTHOIIE-
HHUSIX (MOJIbHAsi 10/ X TPHHMMaeT J000e 3HauYeHHe — OT HYJs [0
enuHMIb), H3o6paxeHn Ha puc. VI, 1. KpafinumMu Toukamu KpuBoii
p=[(x) ABAAIOTCA AaBJieHHs Mapa YUCTbIX XKUAKOCTel pi u p,. ObLice
JNaBJeHHe Napa NpH JoOOM 3HaUYeHHMHM X PAaBHO CyMMe HapuUHaJbHBIX
NaBJIeHU KOMIIOHEHTOB: p= P+ pa.

* BO3MOXHOCTH NMPSMOTO M3MEPEHHs MapUHANbULIX AaBAeHMA OTCYTCTBYOT. las
ujeanbsbiXx ra30BbIX CMeceH, OCHOBbIBasich Ha 3akoHe [lanbTona, nuuem:

p; pr; (VL 1)

4
roe p — 1OJIHOe JaBJeHHe; p; — MaplHaJjsbHOEe NaBJIeHHE H X; — MOJIbHAsA 10/ KOM-

NOHEeHTa B Ta30BOH cMecH. DTO xe BbIpDaXKEHHE CJYXHT ollpenesednemM nap-
LHaJbHOTO JAaBJIEHHA B CMECH peaJbHBIX TrasoB. l'[apunanbnoe AaBJjieHde ecTh, B

CYILHOCTH, Mepa MOJIbHOH JO/IM KOMIiOHEHTa X;, YCJOBHO NepecYHTaHHOA Ha jaBae-
uue rno ypasdenuio (VI, 1) ans HaeanbHBIX ra3oBbIX cMeceil.
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CocraB HachbIllleHHOTO napa onpeneJssaercs MOJIBHOH HOJeH BTOpPOro
’

KOMIIOHEHTa B mape X, KOTOpPYylo Mbl Gyldem o6o3Hauartb uyepe3 y. [lo
onpenejeHH0 NapuHaibHbIX BeanunH [cM. ypaBHenue (VI 1)]
xy=y=p,p.

Ecin HacpllleHHBI map SIBJASeTCSl HA€aNbHBIM ra3oM, TO XHMHUYe-
CKHe NOTeHUUasJbl KOMIOHEHTOB Iapa ONpelensioTcs ypaBHeHHeM
(V,26a). CunenoBaTeJbHO, Hampumep,

51 BTOPOrO KOMIIOHEHTa P8
7,
7 7,
po=g5(T)+RT Inp,y (VI, 2) P ///://
e
Tak Kak XUMHYeCKHe NnoTeHIHaJ bl KOM- //;/ ///
MOHEHTa B paBHOBeCHHIX (asax paBHbL, T
TO 3TO ypaBHeHWe uMeer cuay # aaa | |[-7 T
KHUAKOro pactBopa. st 4HCTOro XKUAKO- A~y S
ro BTOPOro KOMIIOHEHTa TIpH TOH Xe S Pa
TeMneparype: e \\\\
ny =gy (T) + RT In p, (V1, 2a) [/ NN
A L N\ A
o 4 a5 /
ﬂqu;I:M).lpaBI-IEHHH (VL,2) u (VI’ Qa) no- Cocmab, mon. Gong 8
o P2 Puc. VI, 1. TTonnoe u napuuass-
o=y (T) + RT In - (VL,3)  wupie naBsienuss napa GuHApHOro
Py pacTBopa.

IIpu BBICOKHMX TeMIepaTypax H, CleIOBATENbHO, NaBJEHHAX HAChl-
IeHHbI Nap pacTBopa He sBIAETCA HAEAJbHBIM rasoM, B 3TOM Ciyyae
XHMHYCCKHI MOTEHUHAaJ] KOMIOHEHTa pacTBOpa OYAeT onpeneasiThCs
ypaBHEHHEM

By =g (T) +RT Infyff; (V1, 3a)

anajornynniM ypashenuto (VI, 3), B xotopoM fr— napumanbunas Je-

TY4€CTb BTOpPOIro KOMIIOHEHTa B pacTBOpe, a fz—J'IETleeCTb 3TOr0 XKe
KOMIIOHeHTa B BUJAE YHUCTOH KUIKOCTH Inpu TOH XKe TemIepartype.

§ 2. 3akon Payaa. HpeanbHble pacreophl.
MpenenbHo pa3GaBiieHHble PACTBOPHI

B mpocreiiurem cnydyae 3aBUCHMMOCTb MaplHabHOTO AABJEHHS Mapa
pacTBOpPHUTEJISl OT COCTaBa GHHAPHOTO PACTBOPA HMEET CJEAYIOIHI BHA:

py=pix =p; (1=%) (VL 4)

T. . Iaplua/JbHOe JaBJeHHe H3006paxaeTcs Ha JuarpaMMe p — X nps-
Mo# nuHHel (cM. puc. VI, 2),
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Ypasnenuto (VI, 4) MOXKHO npuaaTh HHOH BUJ:

Py =Py
Py

=x (VI, 5)

10 ypaBHeHHe NOKa3bIBaeT, YTO OTHOCHTEJbHOE MOHHIKEH I €
napuuanlbHOro JfaBJeHHsA TNapa pacTBOpUTenas
paBHO MOJbLHOH JNOJEe pPacTBOPEHHOTrO BellecTBa
(sToporo KomMnmoHeHTa). Ypasuenusa (VI,4) u (VI,5) ss-

JSIOTCA BHIpaXKeHHAMH 3akoHa Payas

200 T Y
t=85°C (1886). 3akon Payas, BblpaKeHHbIH B
160 | fozo__ul,-ﬁ tdopme ypaBHenus (VI,4), PHMEHHM K
g . TaKUM pacTBOpaM, HacChILUeHHBIA nap
S 20 KOTOpbIX BefleT ce6Gs Kak HAeasbHbIA
8 e ras, mpHyeM JIHIIb HEMHOrHE pPacTBOPHI
T w NOJUUHSAIOTCS C JOCTATOUHOH TOUHOCTBIO
< 3TOMY 3aKOHY INpH JIOOLIX KOHIEeHTpa-
0 A N uuax (T. e. IpH 3HAUEHHSX X, H3MEHSIO-

/ NG wuxes B uATEpBane or 0 mo 1).

0 OG6blyHO NpH MOBBILIEHHH TeMmepa-

ge 04 06 G6 0 Typn (moka LaBJieHHE HACBILEHHOTO

CocmaB, ron. dons C;H,Br,  mmapa OTHOCHTENIBHO HEBEJMKO) OTKJOHE-

Puc. VI, 2. [lapnenue napa pac- HHf OT 3aKoHa Payns B ¢opme (VI, 4)

TROpa: AnGpommponan—nuGpom- YMeHbalores. Ho mpu gocratouno Bbl-

STaH. COKHX TeMmnepaTypax, Korga jaBJjeHue

HaCbILIEHHOrO Mapa pacTBOpa OYeHb Be-

JuKo ypaBHeHHe (VI,4) cTaHOBHTCS HETOUHBIM, TAK KakK BO3pacTaloT

OTKJIOHEHHSl Napa OT 3aKOHAa HJeaJbHbIX ra3oB. B aTux ycja0BHAX TepMoO-

OUHaMHYyeCcKHe CBOMCTBA ra3oB lieJecoo6pa3HO CBA3bIBaTh He C JaBJie-

HHEM, a C JIeTy4ecTsiIMHU f; W COOTBETCTBEHHO, 3aKOH Payas Buipaxkats
B (¢opme ypaBHeHHS

Fo=f=Ff (=2 (VI, 4a)

anaJjoruyHoro vpassenuio (VI, 4).

PacrBopn, cnenyromue 3akony Payas B dopme
ypaBunenusa (VI,4a) npu Bcex KOHIHEeHTpaUMUAX HBCEX
TeMnepaTypax, Ha3bBalOTC udearbHoimu (COBepuieHHbIMU) pac-
TEOpamu, OHU SMBJSIOTCH NpeNeJbHbIM, NPOCTEHIIMM THIOM MKHIKHX
pacTBOpOB.

Jlerko mokasaTb, YTO ecaM /IS nMapa pacTBOpUTeJsl coGalonaercs
ypaBHeHue (V1, 4a), To fo/KHO COO/MIONATLCS aHAJNOTHYHOE YpaBHEHHE
L1l mapa BTOpOro, pacTBOpeHHoro komnoHenta. M3 ypasuenns (VI, 4a)
noJayyaem: ’

df,=Fd(1=—x)=—| dx
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IpencraBum ypasHenue (V,31) I'm66ca — liorema B BHIe:
1—x

dlnf2=— p

dln f|

[Ipeo6pa3oBaB ero npaBylo 4acTb NMyTeM NOACTAaHOBKH 3HAauyeHHS fy U3
ypasuenusi (VI, 4a) u cOOTBeTCTBYIOILEro BhIpaXKeHHsa Aaa df;:

1—x 1—x dfy 1-—x fi dx dx
- dinfj=——— 1 —= = =— (VI, 6)
x x fy x =% x
HOJIYUHM: ;
d 2 dx
dl =-——=—
nfy A P
OTKyZa
Infy=Inx+1Ink
HJIH
fo=rFx VL7

Ecnn ypasnenne (VI1,4a) cnpaBennnBo N5 BCeX KOHUEHTpallil
(nneanbHbIH pacTBOp), To ypasHenne (V1,7) Takxke crpaBedJuBo A5
Bcex konrentpanuii. [lpn x=1, ouesunno, f,=*k =f; u, cienoBaresbHo

fo=lox (V1,8)
B Henpeasbubix pactBopax ks=f;.
Il11 MHOTOKOMIIOHEHTHOIO HJeaJbHOTO pacTBopa:

Fr=Fx; (VL, 9)

[Tpu HeBLICOKMX TeMmepatypax, KOrAa NapuHa/bHble HaBJeHHA
KOMMNOHEHTOB HEBEJUKH W JIETYYeCTH KOMIOHEHTOB NOCTAaTOUHO GJIH3KH
K MX MapluHaJbHbLIM NaBJeHHsIM, BO3BpallaeMcsl K Bbipaxkenusam (VI,4)
n (VI,5) mns nepsoro komnonenta (3akoH Payas), a ypasuenne
(VI, 7) npuoGperaer BuI:

pa=kx (VI, 10)

Ypapuenve (VI, 10) Boipaxaer 3axkon [lenpu: mapuuanbHoOe
LaBleHHEe Mapa PAaCTBOPEHHOTOo BelUleCTBA NMpOMO p-
HMOHaNbHO ero MoabHOH nome. 3akon eHpn HafizeH omnbIT-
HBIM NyTeM AJs pacTBOPOB rasoB B xuiakocrax ([enpu, 1803). Benu-
uypHa k HasbiBaeTcs kKoagguyuenton enpu.

Us ypasuennit (VI,7) u (VI, 8) BriTexkaer, uto B 1xeasnbHoM pac-
TBOpE MpPH MaJbiX JIaBJEHHAX HACBILEHHOTO mapa (Koraa fa=p,):

k=py; Py = pox (V1, 10a)

Vpasrenusa (VI,4) u (VI, 10a) orpakalor cBoHCTBa napunaibHbIX
JaBleHHH HIealbHBIX PacTBOPOB NpPH Majbix naBaenusix. Coeokyn-
HOCTb 3THX ypaBHEeHH# HOCHT Ha3BaHue 00BeduHenH020 3akoHa Pa-
yas— lenpu. B o6wem BHAe AN MHOTOKOMMOHEHTHOTO HAEA/JIBHOIO
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pacTBopa npH HeBLICOKMX JaB/eHHAX U3 ypaBHenusa (VI,9) noayunm:
Py=p.x; (V1, 106)

Ypaenenua (VI, 4), (VI, 10a) u (VI, 106) 6yayr B nanbHeiinem
M3J0XKEHUH CJYXKUTb MCXOXHBIMH JJIsi H3yYEeHHS TepPMOAMHAMHYECKHUX
CBOHCTB HI€aJbHBIX PacTBOPOB NpH HEGOJBIIHX JaBJeEHHSX.

[Moanoe maBneHve mapa HaeasbHOro GHHAPHOrO pPacTBOpa, paBHOE

p=p,+py=p; (1= x)+ pyx = p; — (p; — pp) x (VI 11)

ABJSIETCA TaKxKe JUHeHHON QYHKUHHEH MOJIBHOHN IOJH.

[MpumMepaMy HIeasNbHbLIX PACTBOPOB MOTYT CJAYKHTb CMecH AHGpOM-
nponad — gu6pomaran (cM. puc. V1, 2), 6enson — roayos, GeHson —
NIXJOPITal, TeKCaH — OKTaH M Jp., a TaKXKe CMeCH H30TOIOB.

CocTaBbl HAeaJbHOrO pacTBOpa M ero HacbllleHHOro napa p as-
JUUHB, T. e. ys=x. B HaHHOM cCjydae Jerko HaHTH CBS3b MeXIY
y u x. B camom neJe, KOHLEHTPauust BTO-

7l poro KOMIOHeHTa B nape y=p,/p. Ilox-
o /| CcTaBMB B 3TO BbIpaXKeHHe 3HAUEHHS Py M3
S N / ypaBHenust (VI,10a) u 3unauenne p u3
< Y e ypaBHenust (VI,11) u BBensa o6GosHaueHue
3] -7 o o .
§ P py/p]=a, noJyuum:
// \ o
I oL pox ax
Ve Jy=-—= S N (Vl) 12)
[ p1+x(p2—p,) l+(@—-1=x

OTtclona BHAHO, YTO y=X NpPH BCEX KOH-
LEelUTpPalUUAX TOJIbKO B TOM CJydae, €C/H
Puc. VI, 3. CocTabh XIIKO- a=1, 1. e. Npu paBeHCTBe [aBJeHHI Hachbl-
cru i napa Gunapuoro mme- LEHHOTO Tapa OGOMX YHMCTBIX KOMIIOHEHTOB.

aJbHOro pacTBOpa. Ha puc. VI, 3 cxemaTtnuyecku mnokasaHa

CBSI3b MEXJAYy Y U X B HOeaJbHOM GHHap-

HOM pacTBOpe NpPH HEKOTOPbIX 3HAUeHHAX a (CIJIOIUHbIe KPHBBIE).

CaenyeT OTMETHTb, YTO BEJHYHMHA @ H, CJeJOBaTeNbHO, Xapakrep 3a-
BHCHMOCTH 4 OT X MOI'YT CHJIBHO M3MEHSThCS C TeMIepaTypoi.

B peanbnsix pacrBopax ypasuenue (VI, 12) nenpumennmo u cBs3b
MeXIYy y H X CJOXKHee, ueM CBSI3b, M300pakenHasl CIJIOLWIHBIMH KpH-
BbiMH Ha puc. VI, 3. KpuBas y— x MoxeT nepecckatb AHAroHaslb
(nyaxkTHpHas kpuBas Ha puc. VI, 3).

Couerasn ypasuenus (VI, 3) u (VI, 106) ansa cayuaes, koraa nap —
uneasapubli ras, wau ypasuenuss (VI,3a) u (VI,9) nas mapa — He-
UeasbHOrO ra3a, nojaydyaeM I/ XHMHYECKOro MOTeHIa a KOMIIOHEeHTa
UJleaJbHOTO JKHJKOTO pacTBOpa ypaBHeHHe:

p,=p;(T)+RTInx; (VI, 13)

coBnajatoilee no ¢opMe ¢ ypaBHeHHeM AJIs1 XHMHYECKOTO MOTEHIMAaJa
w; MleajbHOH Tra3oBoil cMecH. AHaJOTMYHO MHOrMe TepMOAHHAMIye-

— Cocmal swuBkocmu
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CKHe 3aKOHOMEPHOCTH HIeasIbHBIX Tra3oBBIX CMecell MOTYT ObITh mepe-
EeceHbl Ha uaeanbHble pactBopbl. ¥paBHenneM (VI, 13) moxuo 3ame-
Hutb ypaBHenue (VI, 106) u ucnonb3oBaTh ero Kak HCXOJHOE NMpPH H3Y-
YeHHH TePMOLHHAMHYECKHX CBOACTB HAEAJbHLIX DPAaCTBODOB.

Bo MHOr#x cjydasix JaBjeHHS Mapa pacTBOPHUTeNs NpPH MaJbiX KOH-
LIeHTpaLUsiX OCTa/JbHBIX KOMIIOHEHTOB CJeAylOT 3akoHy Paysns u B
pacTBOpax, He SBJSIOIIUXCS HIeadbHbIMH, T. €. B CHJIbHO pa3GaBJeH-
HbIX pactBopax. Ili1s HHX, OueBHIHO, BhiNoJansieTca ypasHenue (VI, 4),
T. e. p,=p; (1 —x). OnnoBpeMeHHO H 0053aTeJbHO BHINOJHAETCS
u ypapHenue (VI,10) po=*kx, rne k<p;. Takue pacTBOpbl Ha3bIBAIOTCS
npedeabHo pa36asACHHbIMU.

Hcxonss W3 onpeleseHusi HAeasbHBIX PacTBOPOB, JNAaHHOTO BEHILIE,
MOXHO NMOKa3aTbh (MeToJaMH TepMOIMHAMHKH), YTO NpH 06pa3oBaHuu
uleasbHbBIX PacTBOPOB H3 YHCTHIX XKHJIKHX KOMIIOHEHTOB TeILIOTa He
NorJjolaeTcs ¥ He BhJensercd, a o0beM pacTBOpa paBeH CyMMe
06beMOB KHAKUX KOMIOHEHTOB (IpH PAaCTBOPEHHH HET CXKAaTHA HJH
pacmupenus). Muaue rosops, sntanenus H u ob6vem V uueanbHbix
pacTBOPOB SIBJASIOTCS afJUTHBHBIMH CBOHCTBaMH:

Qp=AH=0; H=Zni”;

R (VI, 14)
AV =0; V=3n,V;

W3joxeHHble BBIILle CBOWCTBA HIeajJbHbLIX PacTBOPOB COBMAAOT
C TeMH, KOTOpble MOXXHO NpeaBHIeTb (CM. cTp. 158) nnas cmeceil Kom-
NOHEHTOB C PABHBIMM BHYTPEHHHMH OaBJIEHHSMH, MOJIEKYJsIPHbIE CHJIO-
Bble 0JI1 KOTOPbIX (KOMIOHEHTOB) paBHbl M He H3MEHSIOTCH MpPH CMe-
menuu. TakuMm o6pa3oM, HieabHble PacTBOPbI OOHAPYXKHBAKOT HaH-
6oJ/iee MpOCTblE COOTHOLUEHHS] KaK JJI KCIEPHMEHTAJbHO H3ydYaemblX
CBOHMCTB, TaK M C TOYKH 3PeHHsl MOJIEKYJSPHBIX B3aHMOAEHCTBHI.

§ 3. PeaabHble pacTBOPbI.
MonoxuTeabHble W OTpULATEbHbIE OTKJIOHEHHsI OT 3akoHa Payas

3akon Payna He BhnosnsieTcs AJs peaJsbHBIX pacTBopos. [lap-
uHaJbHble [aBJeHHs (MM JIeTyueCTH) STHX pacTBOpon GoJiblle HJIH
MeHblle NaBJeHHH (MM JieTydecTeil) NapoB HAeasbHbLIX PacCTBOPOB.
OTKJIOHEHHsI OT 3aKOHAa Payns B mepBOM cJ/lyYae Ha3bIBAWOTCH 10A0KCU-
TenavHbimu (oOllee naBjeHde mapa GoJsblle aJJWTHBHOH BEJHYHMHHI), a
BO BTOPOM CJydyae — OTpuyaresvroimu (obliee faBleHHe Napa MeHblle
aJAUTHBHOI BeJIHYHIibl).

[lpuMepaMu pacTBOPOB ¢ IOJIOXKHTEJbHBIMH OTKJIOHEHHSIMH QT 3a-
KOHOB Paysist MOryT CllyXHTb pacTBOpBL:

Asor — xucaopon YeTHIPeXXJIOPHCTHIH YrJepo] — GeH3o.
AlieTOH — cepoyIIepOR YeTBIPeXXTOPHCTHI YIJIEPOA — TOMYO.T
Aneron — THIOBHI cnypT  YeTHpeXXJOPHCTHHE Yyraepod — xjaopodopm
Bensosn — aneron OTHNOBBIN CIHPT — STHJIOBHH 3¢up

Bona — mMeTHJMOBHE COHPT
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Ha puc. VI, 4 usob6paxena nuarpaMma p — X [/ OJHOTO H3 3THX
pactBopoB (GeH30.1 — aneroH). Ilpn Manbix KoHHeHTpanusx GeH3o.s1a
(x<0,1) nasneHHe HaCBILIEHHOTO Mapa aueToHa (pacTBOPHTENS) MOJL-
yuHsieTcss 3aKOHy Payns, a JaBjeHHe HacCBHILEHHOTO Mapa PacTBOPEH-
Horo BelllecTBa — GeH3o/a NogyuHseTcs 3akoHy I'enpu. 1o o6jacTtb
npefenbHo pas3baBiieHHbIX pacTBOpoB. [lpy MasbiX KOHIEHTpamusx
aleToHa (B JIeBOW YacTH JHArpaMMbl) OTYETVIHBO BbIpaXKeHHO# ob.sa-
CTH npejle/IbHO pa36aBJeHHbIX PacTBOPOB He HabsroxaeTcs.

24—
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Cocmaé, ron. ans (CHa),CO Cocmab, mon Gans CHCly
Puc. VI,4. JlaBneHue mnapa cucre- Puc. VI, 5. Nasnenre mnapa cucre-
Mbl Cells - (CHs)g CO. MbI (C2H5)20~CHC13.

K pactBopaM C OTpHIATEeNbHBIMH OTKJIOHEHHSMU OT 3aKOHOB Payas
OTHOCHATCS, HaNpHMep, pacTBOPLI:

Boja — a3oTHas KHCJIOTa Xsopogpopm — aueToH
Boja — XJIOpPHCTHH BOAOPOSA, Xnopopopm — GeH304
YKcycHas KHCJIOTA — NHPHAKH Xnopotdopm — 3TUJIOBHIE 3(HD

Jlnarpamma JaBjleHHs Napa pacTBOpa XJOpopopM — 3THJIOBBL
s¢up nokasaua ua puc. VI, 5.

O6.a1acTh mpejenbHo pa3baB/leHHbIX PAacTBOPOB 3aMeTHa B HHTep-
BaJe MaJblX KoHUeHTpauuit xsopodopma (x<0,05) m B HHTepBase
MaJblX KonlleHTpauuit 3THaoBoro s¢upa [(1—x)<0,1]. asienus
napa pacTBOPEHHOTrO BeLIeCTBAa B 3THX MHTepBajaX MeHbIle JaBJeHHH
uaeanbiibix pacTsopos (k< pj).

Beanunubl 0611ero AaBjdeHHs p B 3THX CHCTeMaX H3MEHSIIOTCSI MOHO-
TOHHO ¢ H3MelieHHeM BeJHUYKHbI X. Ec/aM OTKJIOHEeHHS OT 3aKOHa HeaJib-
HBIX pacTBOPOB BEJIHKH, TO KpHBas OOLIero AaBJ/eHHs Napa NPOXOLHT
yepe3 MakKCclMyM uau MHHHUMyM. Hem Oinxke Mexay coboli naBieHHS
HACHILLEHHOTrO fapa YHCTbIX XKHAKOCTEH, TeM MeHbLIHe MOJIOXKHTe/bHbie
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HJIM OTPHLATE/IbHble OTKJIOHEHHS MaplHaJibHBIX AaBjAeHHH OT 3aKoHa
Payss BbI3bIBAIOT NOSIBJIEHHe 3KCTPpEMyMa Ha KpHBOR o0Oilero aaB-
JIeHH 1,

[TonoxuTenbHEle W OTpHLATE/]bHbIE OTKJIOHEHHSI peaJbHBIX pac-
TBOPOB OT 3akoHa Payas o6ycJioBjeHbl pasHbiMH (haktopamu. Ecan
pas3HopoaHble MOJIEKYJ/bl B PAcTBOPE B3aHMHO NMPHUTATHBAIOTCH C MEHb-
el CUJIOH, YeM ONHODPOAHBLIE, TO 3TO O6Jeryaer mepexoj MoJIeKy.a H3
JKHAKOH ¢a3bl B ra3oByilo (IO CPaBHEHHIO C YHCTBIMU KHAKOCTAMH) U
O6yayT Hab/ai0gaThcsl MOJOX HTEJJbHBl € OTKJIOHEHHS OT 3aKOHa
Paynsa. Ycunenue B3avMHOTrO NPHUTSXKEHHS Pa3HOPOLHBIX MOJIEKYJa B
pactBope (co/bBaTalusi, 06pa3oBaHHe BOJOPOJHOM CBsI3H, 0Gpa3oBa-
HUe XHMHYECKOrO COelHHEHHs) 3aTPyHHSeT Iepexol MOJIEeKYJbl B
rasosyio ¢a3y u modToMy OyAyT Hab/a04aThCs OTpHLATeJbHBIE
OTKJIOHEHH# OT 3aKoHa Payus.

[Tpoueccsl B3auMHOro ypaJjieHust OLHOPOJHBIX MOJIeKysa NpH obpa-
30BAaHHH PacTBOpPA CONPOBOXKAAIOTCSA MOTJIOLIEHHEM TENJIOThI, MO3TOMY
B MepBOM CJy4ae Ten/aoTa CMEIIeHHSI YHCTbIX KOMIOHEHTOB OyHAeT
nonoxuTeabHol. Bo Bropom cayuae, 1pu OoJee CHJIbHBIX B3a-
HMOEHCTBHAX PA3HOPOANBLIX MOJEKYJ, YKa3aHHbIX BhIlIE, TENJOTa CMe-
ielina KOMIOHeHTOB Oyner oTpHuaTeabHoO Takum obpasowm,
311K OTKJOHEHHS OT 3akona Pay/s H 3HaK TenJoTbl CMeLleHUs H0.J-
JKHBI B OOLIeM ciayuae coBmagaTh. Takoe coBnajenue, Kak NpasHIIO,
HabJalonaercs.

Cuaenyer uMeTb B BHAY, YTO (aKTOPBI, BLI3BIBAIOLLHE NMOJOKHTE/b-
Iibie ¥ OTpHLATe/bHble OTK/JIOHEHHS, MOTYT HeHCTBOBaTb B pacTBOpe
0/IHOBpEMEHHO, NO3TOMY HalJ/iofaeMble OTK/JIOHEHHS YacTO SIBJAIOTCA
pe3y/nbTaTOM HaJOXeHHSl NPOTHBONOJIOXKHBIX MO 3HAKy OTKJOHEHHI.
OnHoBpeMeHHOe JeficTBHEe NMPOTHBOMOJOXKHBIX (HaKTOPOB 0COGEHHO Ha-
rASIAHO TPOSIBJSIETCS B pacTBOpaX, B KOTOPBIX 3HAaK OTKJIOHEHUH OT
sakoHa Paysss— enpn un3MeHsiercsi ¢ HM3MeHeHHeM KOHIEHTPaIHH.

W3sMeHeHHe 3Haka OTKJoHeuus oT 3akoHa Paynab — I'enpu naGro-
JjlaeTcsl, HampHMep, B pacTBope nupuaunl — soja npu 79° C (puc. VI, 6).
B nntepBane KoHuentpauui nupuauna (1 —x)=0+0,59 nabmoznaorcs
NONOKUTENbHLIE, a NpH OOJBIIHX KOHUEHTPAUHAX — OTPHIATebHbIE
OTKJIOHeHHst oT 3akoHa Paynas. OueBHAHO, YTO KOHUEHTPAUUH MHPUMAHU-
na (1 —x)=0,59 napuuasbHoe AaBJjeHHe NMHPHAMHA UMeeT 3HaueHHe,
CGOTBETCTBYIOLlee HJeansHoMy pactsopy. Ilo-suaumomy, 3HaueHue
napuxajibHOro jaBJjieHus Boabl mpu x=0,96 Taxxke cooTBeTcTBYeT
1/1calbHOMY PacTBOpY. :

HaGaonaloTcs TakKe H3MEHEHHS 3HAKa TEIJVIOTHl CMEIIeHHS ¢ H3-
MeHeHHEM cocTaBa (pacTBopbl XJopodopma B cnupTax, BOLHHEE pac-
TBOPHI 3THJIOBOrO cnupTta npu ¢ 2> 50° C). dto namoctpupyer puc. VI, 7,
la KOTOPOM MMOKa3aHa 3aBHCHUMOCTb OT COCTaBa PacTBOPa TEMJOTHI 06~
pasoBaHdsi ojHoro kujorpamma pactsopa CoHsOH—H,0 n3 komnonen-
TOB TIpu pasHbix Temnepatypax. IIpu 50°C pacrBop ¢ 709% cnupra,
a npu 80° C pacrBop ¢ 34% cnupra ob6pasyoTcs 6e3 NOTJIOLEHHS HIH
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BbIACJIEHUSA TEIJIOTHI, T. €. IIPU 3TOM COAEpXKAHUH CIIUPTA MPOHCXOAUT
H3MEHEHHe 3HaKa TelJIOThl CMELICHHST KOMIIOHEHTOB.

Us CKa3aHHOro, MexXay NnpoduM, BBITEKAET, YTO OTCYTCTBHE OTK.10-
HeHHs] OT 3aKOHa Pame HJIM paBE€HCTBO HYJIO TENJIOTBI CMEIIEHHUS NpH
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Puc. VI1,6. aBieHne mapa cucre- Puc. VI, 7. Tennora o6pasoBauust
mu C;HsN—H,0. pacteopos C,H;OH—H,O.

06pa303a1-1pm pactBOpa OIHOroO KakKoro-aubo cocraBa He SBJAIOTCS
NnpuU3HakKaMu TOro, YTO AaHHble KOMIIOHEHTHI NPH CMELICHHUH o6pasy|0'r
njeaJibHble pacTBOPHI.

§ 4. AmarpamMMbl PaBHOBECHS XHIKOCTb—Nap B GHHAPHBIX CHCTEMaXx.
Nepsoiii 3akon KoHoBanosa. PpakuuoHHAs neperoHka

Ha puc. VI, 2, 4, 5 u 6 obuiee naBjenne napa GHHApPHOTO pacTBopa
6blT0 MpeACcTaB/IeHO KaK QyHKuMA cocTaBa pacTtBopa. B kauectse apry-
ME@HTa MOXHO TaKxe HCIOJb30BaThb COCTAaB Napa, oNnpenenaseMblii KpH-
BbIMH NaplHaJbHBIX TaBJAEHHH U OTIHYAIOLIMICS OT COCTaBa XXHIKOro
pactBopa. TakuM HyTeM MOXHO IIOJYYHTb BTOPYIO KDHBYIO TOrO Ke
CBOMCTBA CHCTeMbl — OOIIEro JaB/eHHS HacChlIEHHOro Napa pacrBopa
B 3aBHCHMOCTH OT JPYroro aprymeHTta — cOCTaBa mapa.

Ha puc. V1, 8 uso6paxkena cxemaTuueckass AnarpaMMma — u30Tepma
paBHOBecHsi OMHapHBIH pacTBop — nap. Jlio6as ToYKa Ha MJIOCKOCTH
IHarpaMMbl XapaKTepu3yeT BaJIOBbIH COCTAaB CHCTEMbl (KOOpAMHATA X)
U naBjeHHe (KOOpAMHATa p) U Ha3bIBaeTCsl QueyparusHol TOUKOI.
Bepxusin KpuBass OToGpa)kaeT 3aBHCHMOCTb [aBJIEHHS HaCbILIEHHOrO
napa OT COCTaBa XHAKOCTH, a HHXKHSAS KpuUBas — 3aBUCHMOCTb AaBJle-
HHSl HACHIIIEHHOTO Mapa OT COCTaBa mapa. DTHMU KPHUBBIMH IIOCKOCTD
AuarpaMMbl pasfgensiercs Ha TpH moas. Bepxnee nose oxBaTbiBaer
3HAUYEHHS X W p, NPH KOTOPLIX CYILECTBYeT TOJNBKO OAHA KHAKas
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¢asa — pacTtBop mepeMeHHOro cocraBa. HHkHee mose oTBeyaeT raso-
BOIl CMecH mepeMeHHOro cocraba. JIio6ass GurypaTuBHas TOYKa B BepX-
HEM W HIDKHEM IOJIAX H300paxkaeT COCTOSIHHE OJHOHN peasbHO Cylie-
cryoileii ¢aspl. [lose, 3akauyeHHOe MEXAY [ABYMs KDHBLIMH,
cooTBeTcTByeT AByXx(dasHoil cucreme. CucTema, naB/eHHEe H COCTaB
KOTOpOoil orToGpaxaer (uUrypaTHBHAs TOYKA, HAXOAAILASCA B 3TOM
noJjie, COCTOUT H3 JABYX (a3—pacTBo-
pa u HacwimeHHoro mnapa. Cocras 2
5THX (ha3 ompepessieTcssi KOOpPAUHATA-
MH TOYEK, JIeKAllHX Ha IIEpPeCeueHHd  p
n3o6aprl, Npoxojisieil yepe3 ¢Hry-
PATHBHYIO TOYKY CHCTEMBI C KPUBBIMHU
naBJeHust napa. Hamnpumep, cucrema,
xapakrepusyemass (pUrypaTHBHOH TOY- :
KOl kB, COCTOUT M3 IBYX PaBHOBECHBHIX |
(a3, cocTaB KOTOPBIX OINpefaenasieTcs |
toukamu a u b. Touka a, Jexalas Ha |
|
|
|

t=const
HMudkocme €C

qp

HHXKHeH KDHBOH, XapaKTepHsyeT CO-
CTaB HaCBILICHHOrO mapa, a Touka b,
Jexamas Ha BepXHell KpHBOH,—cCO- — A-g—F——F %
cTaB pactBopa. Huxuss kpusas Ha- cgc;mb’ Maz” z?om?;
3bIBAaeTCs BETBBIO Mapa, BePXHAA KPH- > M

Basl — BETBBIO JKHKOCTH. Puc. VI, 8. duarpamMa cocraB —

KoanuectBa (Macchl) COCYIIECTBYIOMIMX IaBJeHHe OUHAPHOH CHCTEMBI.
XHUAKOH W mapoo6GpasHoi a3 Moryr ObiTh
onpenesienbl rpaduyecKy.

Bo3bMeM ofMH MOJb HCXOXHOTO pacTBOpa, B KOTOPOM MOJbHAS HOJAS KOMIO-
nenta B pasua x. Ha nuarpamme p—x npum masnenuu pp; cucteMe GymeT COOTBeT-
CTBOBAaTh (QHrypaTHBHAsi TOYKAa R, a MAapoBOH M XKHAKOH (asaM — COOTBETCTBeHHO
TOUKH @ u b. MonbHble noau KomnoHenta B B maposoil u uukol ¢asax Gyayr pas-
Il COOTBETCTBEHHO X3 M Xz, [lycTh Macca (uMcao MoJseit) mapa paBHa m, Toria
4iCA0 MOJieH KHAKOCTH 6ymeT pasno (1 — mi).

Ouesnpno, 4To Macca KommoneHta B B ucxoasoM pacTsope foMKHA GHITH paBHa
CyMMe ero Macc B-Nape H XHJIKOCTH, T. e.

Iy
I

I :
R
|:’70,0I
i
P |

Xo=mx, + (1 = m) x,

Onpe}le.rma OTClola OTHOLIEHHEe MAacC ABYX 11)33, HaxoauM:

m  Xp—Xp
l—m  xp—x (VL 15)
PasiocTi Xg—xo H Xo—X1 PaBHB OTpe3KaM, Ha KOTopble mpsamas ab, coemHHsIOWIAs
ToYkH (a3, AeauTcss (GUrypaTHBHOH ToukoH cHcreMbl k. Takum o6pasom, MacchH
cocyumecTByoOuHux ¢pas3 o06paTiHo NPONOPUHOHAJBHE OTPeES3-
KaM, Ha KOTOopbie GUrypaTHBHAfA TOYKA CHCTEMbL LEJHT MNP -
MYIO,cCOeAHHAIOWYIO DHrypaTHBHLIE TOUKH (as.

DTo mpaBH/IO MO cBOel ()opMe COBMajLaeT ¢ nNPasuUiOM pbluaea B MEXaHHKE H MOJ,
TeM K€ Ha3BaHHeM INHPOKO MPHMEHseTCsl JJ/1a ONpele/eHHs Macc COCYLIECTBYIOLUIHX
(a3 ¢ TOMOINBIO PA3NHUNLIX AHATPaMM, OTPAKalOLIHX PABHOBECHS B TeTEPOTEHHBIX
clucTeMax.
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Ilpu n30TepMHUYECKOM CXKATHH HEHACHILIEHHOTO Mapa cocTaBa Xy
¢urypatuBHasi TOYKAa CHCTeMB! JBHMIXKETCSl BBEPX II0 BEPTHKAJH, KOH-
neHcauusl napa HaumpHaercss B Touke a (puc. VI, 8) npu naBiaeduu ps.
[lepBble Kamjiu KHJIKOCTH HMeEIOT COCTaB Xp; obpasoBaBmascs XKHI-
KOCTb COAEPIKUT MEHble KOMIOHeHTa A, ueM KOHAEHCHpYIOWHiics nap.

[Tpu u3oTEepMHYECKOM YMeHbLIEHHH AaBJIEHHS KHIKOCTb COCTaBa X3
(burypaTuBHAaA TOYKA €) HAyHeT HCNapsATbcs B TOYKe d, AaBas nap
cocTaBa x; (TOouka e); o0pa3oBaBIUHiiCS Map COLEpPKHUT GoJbllie KOM-
noHeHTa A, yeM ucnapsioomascs xuiakocte. CjenoBaTtesbHO, B nape
Bcerga npeo6yajfaer no CPaBHEHHIO C PABHOBECHOH C HUM KHJKOCTbIO
KOMIIOHeHT A, npu6aBjieHHe KOTOPOro K CHCTeMe, KaK 3TO BHIHO M3
IuarpaMMbl, YBeJHYHBAeT MOJHOe AaBJeHHe napa.

Ha ocHoBanHHM CKa3aHHOTO JIerKO MOXKHO CleJ1aTh cjelyiolllee 3a-
KJl0ueHUe: HaCbIU(€HHBIH mMap MO CPaBHEHHI C paBHO-
BECHB M PacTBODOM OTHOCHTEeJNbHO 6oraue TeM KO M-
NOHEeHTOM, 1o06GaBjJjeHHE KOTOPOIro K CHCTeMe I OBBHI-
mwaeT noJHOe JgaBJeHHue mnapa. IDTo— nepsvii 3aKOH
Konosaaosa (1881), sBasiomuiics cpaBelJIHBHIM A/ BCEX YCTOWUH-
BBLIX PacTBOPOB. .

Paccmorpum Gojiee NOAPOGHO SIBJEHHS] HCIAapeHHs H KOHAEHCALHH
pacTBOpOB C INOMOINbI0O H300apHOH AMarpaMMbl TeMmIepaTypa KHIle-
HHS — COCTaB pacTBopa.

IDuarpaMMmbt fiyg— X MOXKHO MOCTPOHUTb 1O 3KCIIEPHMEHTAJbHBLIM
NaHHBLIM, WJIH HMes PAJ H30TepMHYeCKHX AHarpamMm p —x. Ha kax-
IOW pnarpaMMme p — X, NIOCTPOEHHOH IIpH OIpeleeHHOH TeMmepaTtype,
HaXOAAT COCTAaBhbl COCYIUECTBYIOIUMX pacTBopa W napa NpH 3afaHHOM
(omuHakoBOM [J151 BCeX auarpaMm) pnabjeHuu. [lo nosydyeHHbBIM U3
BCeX H30TepM p — X [JAHHBIM [Js ONpeJeNeHHOro NaBJEHHS CTPOST
OIHY M306apHYI0 AHArpaMMy fyum — X.

IOunarpamma tun— X TNOKa3aHa cxemarudecku Ha puc. VI, 9. Tak
KaK KOMMOHeHT A c 6oJiee BHICOKHMH fAaBJeHHsIMU napa pa (puc. VI, 8)

uMeeT pH JaHHOM AaBJIeHHH GoJee HH3KYIO TeMnepaTypy Kunenns (£4)
TO AHarpaMma tyup— X HMeeT 3epKaJbHO-NOAOGHBIH BHI MO OTHOLIE-
HHIO K JuarpaMMe p — X (HMEeTCsl TOJbKO KaueCcTBeHHoe nogobue).

BepxHee moJie Ha aMarpaMMe fyum — X OTBEYaeT napy, a HiKHee —
XKHUIKOCTU. BepxHsis KpuBasi — BeTBb Napa, a HUXKHASA KPHBAsi — BETBb
XKHUAKOCTH. "

IMonbaysicy puc. VI, 9, npocnenum 3a xonom (pakuHOHHON mepe-
FOHKH pacTBopa ABYX Xupakocreil. Mcxonnyio cmech cocraBa Xy Harpe-
paeM IpH MOCTOSIHHOM BHELIHEM JaBJeHHH N0 KHNeHus (Touka a,),
nepBele NMOPIUM Mapa, KOTOPHIM OTBeYaeT Touka b;, HMEIOT COCTaB Xa.
Ipu ucnapeHHH H3MEHHTCA COCTaB KHIAKOCTH (TOYKA a3) M napa
(Touka bp). Kongencauus 31oro napa Jaer nepByio XKHAKYI Gpakuuio
(mepBylo ¢pakumuio «Konpencara») cocraBa X, [lpu nanpHeiimem

HCNapeHHH COCTaBbl XKHAKOCTH H Napa CHOBA H3MEHATCHA, NMOJYUHTCA
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BTOpas XKuixas pakuus cocraBa x; H T. A. [locnenosarenbHble nop-

UMM napa, obpasymooliuecs TaKUM MyTeM, H300paxaloTcs TOYKaMH,
JeXallMMH Ha BepxHell KpPHUBOH BIPAaBO OT TOYKH by BIJIOTh A0 KOHIA
KpuBoil B Touke ;. CocTaBbl XKHUIAKHX QpPaKUHi, OJYYEHHHIX NPH KOH-
AeHcalMH 3THX MOpUMil Napa, ONMpeNessioTCs TOYKAMH Xj, X7 U T. IL,

t5
p=const
b /
1lap b A
b’/i t a,
/i |l
1| -
[y !r I Z. |
. Y
a/1 | P J,vc/z |
AT T
Ao |
1
mmma AR |
7 Lol { Hubkocms |
b, L L] |
ZAREE |
| I [
AT |
Lo P L [
1 | |
(] Py | N |
! N [ N 1 1 8
1'513"-?/ Z; Iy 25 z7; Iy I
Cocmab, mon. Goss 8
Puc. VI,9. Huarpamma TteMnepaTypa KHIEHHSI —COCTaB OHHapHOM

CHCTEMBI.

JIeXAIHMA KaK BJIEBO, TaK H BIPABO OT TOUKH Xi, T. €. COJAEPXKaHHE
KoMmIoHeHTa B B HUX uH3MeHsercss OT X, 1O | (cpeXHHiM cocTaB STHX
¢pakuuil paBeH COCTaBy X; HCXOJHOTO pacTBOpa).

Harpesast oany H3 CKOHIEHCHPOBaHHBIX (pakuUHi, Hampumep Xj
MO KHNEHHS B TOYKe Ci, NOJNyYdeM IepBble NMOPLUHH Napa, KOTOPLIM
oTBeyaeT Toyka d; (CocTaB X3). 3aTeM, KaK OMHCAHO BhllE, NMOJyYaeM
nepByio $pakuuio KonieHcara (CocTaB x;) M HajbHefiine Qpakuuu
BILJIOTb IO YHCTOTO KOMIOHeHTa B.

[ToBTopsia Te XKe onepauud, HaAYHHAs C (Qpakuuu cocrasa X, a
3aTeM X, NMOJy4aeM CEPHM MOPUHMHA NMApOB, KOTOPbIM OTBEYAIOT TOYKH
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Fi, e ... By, hg, ..., H CEpHU COOTBETCTBYIOILUX (paKuuil KOHAEHCATA.
CoenuHssi 61HM3KUe IO COCTaBY (ppaKUiU MOCAeL0BATENbHBIX EPErOHOK
¥ TOBTOpsii (GpPaKHMOHHPOBAHHE, TOCTENEHHO yBeNMYHBAEM MacCChl
KpaiiHux (pakKuuil KOHJeHcaTa U yMeHbIIaeM MacChl CpefHuX (pak-
Ml M, B KOHIE KOHUOB, MPUXOAHUM K YHCTHIM KOMmoHeHTamM A u B.

B nedsaermManuoHHBIX M PeKTHOUKALHOHHBIX KOJOHKAX MOCJae10Ba-
TeJbHble MeperoHKH oOGbedVHeHbl B OAMH aBTOMATH3MPOBAHHbLIN IIpoO-
1ecc, TMPUBOASLIMA K paslesleHHI0 KOMIIOHEHTOB IKHIKOLO pacTBopa
(pexTugurayus).

§ 5. TemnepaTypa KHUNEHHs PAcCTBOPOB HeEJETYUHX BEILECTB.
d0yanuockonus

PaccmoTpeHHble 3aKOHOMEDHOCTH [J/s1  JaBJIEHHSI HaCBILEHHOTO
napa B NPUJIOXKEHHH K pa3baBjeHHbIM pacTBOpaM HeJNeTY4YHX Be-
11[eCTB AaI0T BO3MOXKHOCTb BBIYHC/IHTL TEMIIEPATypy KHUIEHHsI pacTBopa.

JKuaKoCTh HauMHAeT KHIeTb, KOrJa [AaBJeHHE €€ HaCbllEeHHOro
mapa CTaHOBUTCS DaBHBIM BHeIIHeMy MAaBJeHHI0. Tak Kak.map pac-
TBOpPA HeJETy4Yero BeLleCTBA COMEPXKHT JHIIb UYHCTBIA PacCTBOPHTEJb,

TO, B COOTBeTCTBHH ¢ 3akoHOM Pa-
8 yJisl, JaBJleHHe HachILIEHHOro mnapa
Takoro pactBopa OyaeT Bcerja
g MeHbllle JaBJieHHs HaCHILEHHOTO
o o / napa YHCTOrO pacTBOPHTENs MNpPHU
A | | Toi Xe Temneparype. Ha puc.
VI, 10 cxematuueckn H306paKeHbl
3aBUCHMOCTH [1aBJIeHHsI HaChlLleH-
HOrO Mnapa YHCTOrO pPacTBOPHTEJS
(AB) w pacTBOpPOB pasHOil KOH-
uentpauun (A’B” u A”B”) o1 rem-
neparypbl. Kak BHAHO u3 pucyH-
Ka, TeMImepaTypa KHIEeHHS pacTBoO-
Puc. VI, 10. Tlopmmenue temnepa- pa I/, orBeuamowasi toyke C’ ne-
TYPH! KUIEHHS pacTBOpa. peceuenust kpusoit A’B’ ¢ wusoba-
poil BHEIIHEero [aBJIeHUsi Pg, BCer-
Ja Bhblllle TeMIIepaTypbl KHMeHHs pacTBopuTens Ty MPH TOM Ke JaB-
snenun (touka C). Pasnocte AT =T—T,, oueBUaHO, TeM Goablue, ueMm
GoJbllie MOJIbHASA J10J11 X PACTBOPEHHOro BelllecTBa B pactBope. Ilycts
pacTBOp HACTOJbKO pa3baBJ/ieH, Y4TO OH MOAUMHsIETCS 3akoHy Payuns
(npemenbHo pasGaBieHHBb pacTBop). Halilem KonnuecTBeHHYIO 3aBH-
cumoctb AT OT KOHUEHTPaLMH pacTBOpa NpPH AaBJEeHHH HaCBILLEHHOIO
napa pactBopa, PaBHOM I[OCTOSHHOMY BHELIHEMY [aBJIeHHIO: pj=
=pix,=P,=const. Jlorapudmupys u 3areM HuddepeHLUPYST 3TO
ypaBHeune, noaydyaem (npu Po=1arn).
dlnP dlnp; dlnx, dlnPy 0
aT — dT T 4T~ dar

—_p
§\
b

S | I

3
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Orcioga B cOOTBeTCTBHH ¢ ypaBHeHneM Knanelipona—Kunaysuyca
(IV,57):
dinp] Ay dinx, dln(l1=x)

dT _ RI? aT aT

HurerpupyeM 3TO ypaBHeHHe, NPHHUMAA Agep=const B He6OJIb-
LIOM HHTepBaJe TeMIepaTyp, OT HOPMAaJbHOH TeMIepaTyphl KHIEHHS
T uucroro pacrBoputess (x=0) mo uckomoil Temnepatypbl KuneHus T
pactBopa ¢ KOHLeHTpamuel pactBopureas (1 — x):
_ Muen (T—To)

In(l=x)= RT.T

(VI, 16)
YuuThiBast, 4T0 X — Majag BeJIHUHHA, MOXKHO pasnoxuth In (1 — x)
B pAAL:
JC2
—ln(l—x)=x+—2-+ o

M OrpaHHUMTBbCS INePBLIM UJeHOM passoxeHHd. OIHOBpPEeMeHHO, Tak
kak pasHoctb (To—7T) mana, MoxHO cuurath I17T, B ypaBHeHUH
(VI, 16) papubiM 7. Torna ypasuenue (VI, 16) npuoGperaer caenyio-
ILMA BHA:
_ Muen (T—To)
=
RT?

Orciona uckomas BennunHa AT =T — Ty (MOBBILIEHHE TEMIIEPATYpbt

KHIEHHUS) ©
RT}

A‘MCI!

AT = x VL 17)
Tak Kak Agen=LM, (Ly— ynenpHasi TemnoTa HCMapeHHs pacTBO-
putensi, My —ero MoNeKynsipHbI# BeC), a MOJbHAs JOJs PacTBOPeH-
HOTO BellleCTBa B pa3GaBJIEHHBIX PacTBOPaX Xp<KX; H Np<Kfy, TO
ny _ ng _ noM,
ny+ng ny w,

x=

(wy— Macca pacrBoputens) u ypasHenue (VI, 17) npunumaer sum:
RTZ
Lyw,

AT = ng (VI, 18)
Ecau ©;=1000 &, To ng=w/My=m (moasanbHOCTb pacrBopa). Ioxn-
craBuB 3TH 3HaueHus B ypasHenue (VI,18) u monaras

R _ 1986 _
@, Tooo ~ 002

MOJYYHM:

0,00273 W,
[ m=Em=FE~ (V1, 19}
2
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Beaununna
0,00273
E=v—

I (VI,20)

I0CTOSIHHA JUISl ONpEeJIeJIeHHOTO PAaCTBOPUTE/S U HOCHT Ha3BaHHe 36y.1-
auockonuueckoti nocrosnnol. OHa He 3aBHCHT OT IMPUPOIBI PacTBOPEH-
Horo BeulecTBa. PopManbHO 3Ta BeJHYHHA paBHA MOBBILEHUIO TEM-
neparypbl KHIEHHs pacTBopa OAHOro MoJs BemectBa B 1000 e pac-
TBOpHTENsT (M=1) K Ha3bIBaeTCs TaKXe MOANEKYAAPHLIM NOBbIULEHUEM
Temneparypol Kunenus. B peficrBurenpHoctyd, ypaBHenue (VI, 19) ne-
pectaer GbiTh NpPaBUJIbHBIM [pH 3HAUEHHH m, NPUOMHIKAIOIIEMCS K
eluHHIle, U3-32 BBEJEHHBIX MaTeMaTHYECKHUX YNPOLIEHHH H OTKJOHEHHMil
ot 3akoHa Payas. B Ta6a. VI, 1 npuselensr 3HaueHust 36y/JIHOCKONH-
YeCKHX MOCTOSIHHBIX HEKOTOPBIX JKHAKOCTEH.

Ta6auma VI,
306yAnHOCKONHYECKHE NOCTOSIHHBIE HEKOTOPHIX MKHIKOCTEH !

~ °K HCaASH
PacTBOpUTE b nﬁ‘l“!l" ariu xaﬁ/e Enzbl(‘{' I 20)0 Enga(\;,llfbllg?

Boma. .......... 3732 539,7 0,513 0,529
MeranoBH#A cOHPT . . . . 337,9 267,5 0,83 0,84
DTUNOBHH CIUPT . . . 351,4 204,0 1,21 1,2
AuetoH. . . .« v . . .. 329,2 122,1 1,762 1,48
Drunoswit 3¢up. . . . . . 307,8 120,37 2,25 2,4
Benson., . . ... . . .. 353,3 94,5 2,62 2,61—2,64
Xaopodpopm . . . . . .. 334,4 59,0 3,802 3,760
YeTHIPeXXJOPHCTHIH  yrae-

10 351,7 46,4 5,64 5,5
Kamgpopa . . . .. ... 477,2 6,09

Ypaprenue (VI,19) naer Bo3MOXHOCTb BEIYHCJIHTb MOJIEKYJISIPHbIi
BEC pPAacTBOPEHHOro BewiecTBa My, ecliH H3BECTHO TOBHIIIEHHE TeMIle-
paTypel kuneHust AT pacTBopa onpejeseHHON BeCOBONH KOHUEHTPALHH.
MeTton omnpeneneHHss MoJieKyJsipHOro Beca no ypasHeruio (VI 19)
HasbIBaeTcsl OObIYHO 36yaauockonuerd * (Gosiee TOUHBIM SBJSIETCHA Tep-
MHH 396YyAAUOMETPUR).

§ 6. Bropoit 3akon KoHoBaJsoBa. A3e0TPONHbIE PaCTBOPbI

3HayuTe/NbHblE MOJOXKUTEJIbHBIE HJAH OTPHULATEbHbIE OTKJIOHEHHUS
pacTBOpPOB OT 3aKOHa HJA€aJbHbIX PacTBOPOB MPHBOASAT, KaK YKasbl-
Banoch Buie (crp. 180), Kk nosiBnennio makcumyma (puc. VI, 11) wuau

* T'peueckoe cJI0BO «30YJJHOCKONHA» O3HAuaeT «HaO/IONEHHe KHUNEHHs»,
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COOTBETCTBEHHO MHHHMYMa (puc. VI, 12) * Ha xpuBO# mnosHoro nas-
JeHusi mapa **,

JI. T1. Konosasnop ycraHosua (1881), uro skcTpeMyMBb Ha
KPHUBbIX NMOJHOTFO JAaBJAeHHUA Napa (Wld TeMneparyp Kuie-
HHUS) OTBeYawT TaKOMYy pas-

800 .
t=352 C HOBECHIO PacTBOpa H HaCH-
- e HHOTO NMapa, IPHU KOTOPOM
\ cocTaBb o6eux has3 ONHHa-
600=—+ KO B (870poi 3akon Konosasosa).
E ) +=3 400, .
g \ /»3'95' t=352%C
T 40 \\\ C 7 < 300 T:"-“"—-a-‘
£ L / 5 N =
- " S ~—~—— et —
Q )/ E \Q\ . /7
A s 200 ] “
// N \ I o b
200 / P N \ t >7
’ N Q S\
\j\ /00 ‘§/// N
// \\ ’ ,// \\
0z 0% a6 a5 w 82 0% 06 08 10
Cocmab, mon. Gens CSp Cocmad, ron. dons CHCI1,
Puc. VI, 11. JasneHue napa cu- Puc. VI, 12. laBrenue napa cucreMs
CTeMbl CEpPOYIJIePOL, — METHJAb. aleToOH — XTopodopM.

Jns  nokasaTejbcTBa BTOPOro 3akoHa KoHoBasnoBa HCHONb3yeM ypaBHEHHE
I'n66ca—dworema (V, 3l1a). CorsacHo 3TOMy ypaBHEHHIO

(1—x)dInp;=— xdInp,

uan J
(1__x)ﬂ=_xﬂz
P1 P2
OTKYZ2
S i
dpi=— 7% P dpy

Tak xak no 3akoHy Jasnbtona
pe=yp u pi=(1-y)p
[rae (1 —y) ¥ y — MO/IbHBIE NOJMH KOMIOHEHTOB B HACHILEHHOM mape], To

x(1—y)

T =ny P

dp, =

* B cucTeMe aueToH — XJ10podopM OTKJIOHEeHHs OT 3akoHa Payjs HeBeaukw,
HO He3HAUUTEJbHOE pa3jMuMe NABJeHHH Nnapa YHCTHIX KuakocTedl (345 mm u 290 mm)
06yC/IOBAMBAET NOSBJIEHHEe MHIHMYMa OGLIero AaBieHHs.

** MsoGapHble JQuarpaMMbl TeMmepaTypa KUINEHHsS — COCTaB HMelT OGpaTHHI
BIIA: MakCUMyMy oG6liero AaBJeHHs COOTBETCTBYET MUHHMYM TeMIepaTyphl KHMeHus
U HaoGOpOT.
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ITosHoe naBJjieHHe €CTb CyMMa NapuHaibHbIX AaBneHui. CiefoBaTesbHO:
dp=dp,+dp,

IMoncTaBuB B 5TO PaBEHCTBO 3HaueHHe dp; M3 NpPEeNbIAYLIEro BLIPAXKEHHS, NOJYYHM:

Ienum o6e 4acTH ypaBHeHHs Ha dx ¥ MPHBOAUM YJeHb B cKOOKe K OfLIeMy 3HaMme-
HaTeJo: ’
dp _(=x)y—x(=y) dpy _y—x _ dp;

dx (1—x)y dx (1=x)y dx (a)

TouKM 3KCTPeMyMa Ha KPHBHIX OTBeHalOT ycaoBHIO dp/dx=0, T. e. LOJXKHO ObITb:

_y=x _dp_,
(1=x)y dx

Tak Kak dpe/dx pns yCTORYHBBIX * CHCTEM BCEra MOJIOXKHTENbHO (C POCTOM KOHLUEHT-
pauuMM x BTODOTO KOMIOHEHTa BCerja pacTeT ero NapuHaJbHOE NABJEHHE ps), TO
Cpejbiayliiee PaBEHCTBO MOXKeT coGmofaThes Juuwb Npy ycaoBuun y=x. Cnenosa-
TenbHO, dp/dx=0 npH YCIOBHM, €CIM y=x, 4TO [OKa3biBaeT BTOPoH 3akoH Kouosa-
J0Ba.

YpaBHeHHe (a) Jerko HCMOJb30BaTh W /i [OKA3aTeNbCTBA IMEPBOTO 3aKOHA
KonoBanoa. [leficTBuTeNbHO, €CIH NHPH R0GaBIeHHH B PacTBOP BTOPOTO KOMIIO-
HeHTa. (yBeJiHuHBaeTCs 3HAYeHHe x) IMOJHOEe JaBJeHHe Tlapa YBEJUYHTCH, T. €.
dp/dx>0, To u3 ypaBHeHHs (a) creayeT (Tak Kak dps/dx>0), 4to y>x, T. €. B nape
KOHIIeHTPaLHsl KOMIIOHEHTA,- [IOBHIIAIOIIEr0 AaBJeHHe Napa, GoJblle, YeM B pacTBOpE.

ITo BTopoMy 3akoHy KoHoBasoBa Ha auarpammax JaBjeHHs Mapa
WIH TeMIepaTypbl KHIEHHS pacTBOPOB, HMEIOLUHX 3KCTPeMyMBbl, o6e
KpUBbHIe — KpHBasi napa M KpHBas XHAKOCTH — JOJ/IXKHBl KacaTbCs B
tTouke 3KcTpeMyMa. CoOTBeTCTBYOLIHE AHarpaMMbl TEMIepaTypa KHIe-
HHMSl — COCTaB HMMEIOT BHH, MoKasaHHbIY Ha puc. VI, 13 u VI, 14. It
JUHarpaMMbl MOXHO IIPeJCTaBUTb KaK Obl COCTABJIEHHBIMH M3 JBYX Ha-
cTelf, KaXnas M3 KOTOpPbIX aHaJ/JornyHa JHarpamMme, NOKa3aHHOHM Ha
puc. VL, 9.

C pactBopoM, COCTaB KOTOPOIO OTBeYaeT KCTPeMyMy Ha KPHBLIX
NaBJEHHA Napa WM TeMIepaTyp KHNEHHf, HAaXOAHTCS B pPaBHOBECHH
nap Ttakoro e coctaBa. OueBMAHO, YTO COCTaB TaKHX pac-
TBOPOB NPH MeperoHKe He MEHAETCA M OHH KHOAT
npu NOCTOSHHONH TemmepaType. Taxkue pacTBopbl Ha3bi-
BAIOTCS Q3e0TponHbimy (HepasiesbHO-KUNSIIHUMHU).

B rta6a. VI, 2 npuBefeHbl TeMmepaTypbl KHIIEHHSI HEKOTOPHIX a3eo-
TPOMHBIX PAaCTBOPOB.

OueBUIHO, YTO pa3feseHHe a3eOTPOIIHOrO pacTBopa (€ro HasbBaloOT
TaKXe (3e0TPONOM) Ha UYHUCTble KOMIOHEHTHl NyTeM (paKUHOHHPOBAH-
HOJ neperoHKH HEBO3MOXKHO.

* O ueyCTOMYMBBIX COCTOAHHAX CM, CTp. 347,
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Ta6ununma VI, 2
Aseorponubie (HepasNeJbHO-KMOSUIME) PACTBOPH

KOMIIOHEHTHI TOUKH KHIEHHA Coc‘ra!
aseoTpona
A B A B aseoTpona Bec. % B
MuHUMYyM TeMOepaTyp KHNEeHHA
H,0 C,H;OH 100 78,30 78,15 95,57
H,0 #-C,H,OH 100 97,19 87,72 71,69
(CH3),CO CS, 56,25 46,25 39,25 67
CHCl, C,Hs;OH 61,2 78,2 59,3 6,8
MakKcHMyM TeMOepaTyp KHIOeHHUHA
H,0 HCI 100 —85 110 20,3
H,0 HJ 100 —34 127 57
H,0 HNO, 100 86 120,5 68
H.0 HCIO, 100 110 203 71,6
B cjJydyae aseorpona ¢ MHHHMYMOM TeMIepaTypbl KHINEHUA

(puc. VI, 13) ¢pakunonupoBanHas nmeperoHka MJaM peKTHHKaLHs pac-
TBOpa JI00OTr0 COCTaBa NpPHBEAET K KOHUEHTPHPOBAHHIO B OCTaTKe

56

! |
t N p:/aﬂlm
52

©” 48

44

40

/

/]
/

a

g2 g4

g6 48 10

Locma8 mon. Bonsn CSy

1

Puc. VI, 13. IuarpaMma Tewmme-
paTypa KulleHus — cocTas OuHAp-
HOH CMecH C MHHHMYMOM TeM-
nepatypsl KHIeHHsT (aleToH —

cepoyrJaepoj).

I

64 7

174
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N

p=1amm

\

S
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w4 \
ou \
58| \\
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Cocmab, ron. Go (CHyCO
Puc. VI, 14, Ouarpamma Temime-

parypa

KHUIEHUsI — COCTaB OH-

HapHOH cMecH ¢ MakKCUMyMOM
TeMIepaTypbl KumeHust (xJopo-
¢$hopM — aueToH).

OJIHOTO M3 KOMIIOHEHTOB (B 3aBHCHMOCTH OT TOTO, NO KaKyl CTOPOHY
OT MHUHMMYyMa JIeXaJjl COCTaB HCXOAHOrO pacTBopa). B KonpmeHcate 6y-
JleT a3e0TPONHbIA pacTBop.

B cjayyae aseorpona € MakKCHMYMOM

TeMIepaTyphl

KHIIeHnsa

(puc. VI, 14) pexrudukauus pacTBopa npuBeneT K 06PaTHEIM CPaBHH-
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TeJIbHO C paCCMOTPEHHBIMH Bbillle pe3dyJ/bTaTaM: Hepa3ﬂe.TIbHO~KH1'IHHJ.P[ﬁ
pacTBop oCTaHeTCs B KoJiOe, a B NpHeMHHKe COGepeTcs YMCTHIH KOM-
TMOHEHT.

»

AszeoTponHble pacTBOPbl MOTYT GbiTb B OTHEJbHBIX CAYyYaAX pasfeeHbl Ha YHC-
Thle KOMMOHEHTHl XHMHYECKHMH MeTOAaMH. B0o3MOXKHO yiydIIMTb paspesnenue ¢ mo-
MOUIbIO TEPETOHKH NPH NMOHMXKEHHOM (HJIM MOBbILIEHHOM) AaBJEHHH.

Tak, npx noumkenun pasienns go 100 mx pr. cr. wag pactBopom CoHsOH—H.0
cojepxanue CnyMpTa B azeoTpone yBesquuuBaercst Ao 99,6% (MoJbHHX); TeMmepaTypa
KHUEHHA a3eoTpena NpH 3TOM CHIxXaercs no 34,2°C.

HpyruM cnocoGoM pasjie/ieHHS! a3e0TPONHOrO PacTBOpPa NyTeM NEPeroHkH ABJIAET-
csl npubaBjleHWe TPeThbero KOMMOHeHTa. Tak, TOT iKe a3eOTPONHBIA pacTBOp CNHpTa

¢ Bojmofi mpu no6GaBieHHH GeH3ona o6pasyer

10 JIBYCJIOAHYIO CHCTeMY, Kunsuiylo mpu 64,9°C
Q 2 u paejednd 1 arm. OcTaTok mnocie OTTFOHKH
N >/ 6eH30/1bHOTO PacTBOpa fBJAETCHA aGCOMIOTHBIM
S 08 CITHPTOM.

AN 7
3 / B cooTBeTCTBHH €O BTOpPLIM 3aKO-
x4 5% Hom KoHOBasOBa Ha QuarpaMme co-
§ cTaB JKHAKOro OHHApPHOTO pacTBO-
] g4 = pa—cocTtaB  HacCblLEHHOro  mnapa
T / (x—y) umeercs TOuKa, rae Yy==x.
S 92-A~ Atu rpadukd MorytT ObITb MNOCTpOE-
S / Hbl KaK NpH MOCTOSIHHOH TeMmepary-
A= £ pe (u30TepMbl), TaK M IPH NOCTOSIH-
0 0z g4 06 08 10 wom naBaeHuH (u306apbl).
Cocmal wudkocmu, ran. Jans 8 Ha puc. VI, 15 uso6paxenni H30-

Puc. VI, 15. Usobaps x — y: 6appl x—y AAf CHCTEMBl GeH301—

1—pactsop CgHg—CsHsOH; 2—=pactsop STHJIOBBIH CITHPT (MHHHMyM TeMnepa-
H20—HNOs. TYpbl KHIIEHHS, a3e0TpOMN -—B JHCTHJI-

JAsite) M BOJa — a30THas KHCJOTa
(MaKcHMyM TeMIepaTypbl KHIEHHs, a3eoTpon —B ocratke). CoctaB
a3eoTpona B 3THX CHCTEMax Onpeae/sercs TOYKOH mnepeceueHusi Kpu-
BOH X — y € AHAroHa/bl0 AHArPaMMbl.

§ 7. OrpaHnyeHHas B3aWMHas PacTBOPHUMOCTb XKHAKOCTEM.
Ileperonka ¢ BOASHBLIM napom

Ecau mosioxkHTeNbHble OTK/JIOHEHHs MNapuUHaJbHLIX [AaBJeHHH Napa
pacTtBopa OT 3aKkoHa Payss BeqMKH H NPEBOCXOAST HEKOTOPYIO KpH-
THYECKYIO BEJUYHHY, TO BO3HHMKaeT HOBOe siBJIeHHE — pacC/lauBaHue
pacTBopa Ha JBe HeCMelIMBalOLIHeCs XUAKMe (a3bl pasHOro cocrasa
(orpaHnyedHas B3aHMHas pPacCTBOPHUMOCTb XHUIAKO-
crei).

Ha puc. VI, 16 nso6paxena 3aBHCHMOCTb OTHOCHTEJNbHOrO mnap-
IHaJbHOTO JaBJIeHHsi p,/p, MepBoro KomnoHenrta (A) ot cocrasa pac-

tBopa (x). Kaxpas kpHBas fB/IAETCA H30TEPMOiH, KOTOPOH COOTBET:
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CTBYET ONpele/NeHHOe 3HayeHHe HEKOTOPOro napaMerpa [3, yBeaHuH-
BAIOUIErocsi C MOHHXKeHHeM TeMIepaTyphl.

[Tpu B=0 pacTBOp .sABAsieTECA HOealJbHBIM M 3aBHCHMOCTb p,[p; OT
MOJIbHO# JOJIM X SIBJISIeTCS JIMHEHHOH B COOTBETCTBHM C 3akoHoM Payans.
Ecau mausbii pactBop o6GaajaeT NMOMOXMKHTEJNbHBIMH OTKJIOHEHHSIMH OT
3akoHa Payas, To p>0; mo Mepe NMOHHXKEHHS TeMIlepaTyphl BeJIHUHHA B
pacrer, OTKJIOHEHHSI yBeJHYHBAIOTCA M H30TepMbl Ha puc. VI, 16 cra-
HOBsATCA Bce Gosiee BhIMyKJAbIMH. IIpH HEKOTOpOHl TemmepaTtype, KOTO-
poli oTBeuaeT oOnNpejeseHHOe—KPHTH-

yecKoe 3HaueHHe * mapamerpa f§, H30- 12 —
TepMa HMMeeT TODH30HTaJbHYIO Kaca- ’ 17 I\ -
TeJbHYI0, a NpH GoJiee HU3KHX TeM- . i \
nepatypax {(B>pwp) OHA NPOXOAHT w% _1Z 2\
yepes MHHHMYM H MakKCHMYM (IyHK- ANSS e \
THpHasi KpuBasi). B cooTBercTByIO- g8 ‘N;—\\—
lleM HHTepBaje KOHUEHTpauHil a=b ‘% N N i
FOMOTeHHBI pacTBOpP HEYCTOHYMB H & 46 @5

He Moxer o6pasoBatbes **. HaGato- \%o \\\
naercs pas3pblB pPacTBOPHMO- g4 N \
CTH MJM OTPDaHHUYEHHas B3anM- \\ |
Hasi paCTBOPUMOCTB [BYX MXHIKOCTeil. 02 :
JKunkocts A pactBopsieTcsi B XKHIAKO-

ctu B Bkonnuecrse 10% (MosbHBIX),

a »XHuakocTh B B xugkocTH A — B KO- 0~z g¢ g5 a8 0
anyectBe 4% (MoabHbix). CHCTeMBI Cocmad, mes. Jons B

IPOMEKYTOYHOrO  COCTaBa  COCTOAT  Pyc, VI,16. 3aBHCHMOCTb OTHOCH-
H3 JBYyX DPaBHOBECHBIX XHAKHUX CJIO- TeAbHOrO NapUUAJLHOrO NABJEHHS
€B, UMEKLUX YKa3aHHbIe KOHHEHf KOMIIOHEHTa OT cOCTaBa pacTBoOpa.
TpauHH. '

C pocrom TeMmneparypbl rpaHHLbl PaCTBOPHMOCTH, KaK NpPaBHJIO,
c6amxaiorcs (pacTBop NpuO/IMKAeTCs K HAEANbHOMY) M HHTepBas
paccianBaHHsl yMeHbIIaeTcs. Bo MHOTHX cayyasiX MOXHO IOCTHYb Ta-
KO#i TeMmepaTyphl, Bbillle KOTOPO# KHAKOCTH CMELIHBAIOTCSA BO BCEX
OTHQUIEHHsAX. DTa TeMIepaTypa Ha3biBAeTCH 6epxHel KpuTuueckoil
Temneparypol . pacTeoperus (cMmelleHus) xujakocteii. Ha6mawonalorcs
3 HEKOTOPHIX CJIyuasiX M HUMCHUe KpuTu4ecKue Temneparypo. pacTBo-
peHusl.

Ha puc. VI, 17 uso6paxkeHo paBHOBecHe OBYX KHIKHX (a3 B
cHcTeMe aHaJMH—rekcaH. KpuBas u och a6cuucc OrpaHuuMBaloOT

* Ilna pasHbix pacTsopoB Pup HMeeT pasjuyHOe 3HaueHHe. B perynspubix
pactBopax B=b [cM. ypaBHenne (VII, 516), cTp. 236] n byxp=0,87.

** HeycroilunBocTb CBsi3aHa C TeM, YTO NaplMajbHOEe [aBlleHide Mapa KOMIO-
HEHTa, @ C/IeL0BATeNbHO, H €ro XHMHUYeCKMH MOTeHUMaJ] B HEKOTOPOM HHTepBaJe
KOHLEHTDAUui majfatoT C yBeJHYeHHeM MOJILHOA [OJH STOTO KOMMOHEHTa B pac-
TBOpe. YcTounBoe paBHOBecHe (asbl B TaKOM ciydae HEBO3MOXKHO (cM. cTp. 90).
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reTeporeHHyio AByX(hasuylo 06/1acTh, KOTOPasi OKAHUMBAETCS B KPHTH-
yeckoit Touke pactBopenusi (60°C u xcgH,, = 0,45).

Ecau B3amMHasi pacTBOPHMOCTb JBYX XKHIKOCTeil OYeHb MaJja
(nmpakTHYeCcKH B3aHMHO HepacCTBOPHMbIE XKHAKOCTH), TO JaBJeHHE Nmapa
KaxKJI0ro KOMIIOHEHTa Haj CMecChbio OJMM3KO K AaBJEHHIO Napa YHCTOH
XKHMJKOCTH, a TOJHOe [laBJieHHe Napa PaBHO CyMMe NaB/eHHd napa
ABYX YHCTBIX XXHAKOCTeH (npn 3TOM

& 3Ke TeMmepaTtype):
50 —3 p=p:+ P (VI, 21)
' \ Temnepatypa KMNeHHs CMeCH ABYX
é*_w ; B3aHMHO HepacTBOPHUMLIX XKHAKOCTel
- l \ ‘ HHXXe TeMmMnepaTtyp KUMEeHHs OTHeJb-
30 HbIX coctaBHbIX yacteit. CocraB mna-
f pa He 3aBHCHUT OT BaJIOBOIO COCTa-
20 [ Ba XMJKOCTH, TaK KaK MOJIbHbIE J0-
Ji KOMINOHeHTOB B nape (1—y) u y
105 a2z 0+ 06 08 10 onpefessiloTC KakK OTHOLIEHHS TO-
Cocmal, mon. donn CgHyy CTOSHHBIX TIpH Pax—moﬁ TeMneparype

BEJIMUHH p| H Dy

Puc. VI, 17. OrpanuyenHas pac- o po'
TBOPHMOCTb B CHCTEME _‘_l.. =__2_

CsHsNH,—CgHy . -y P Yy P (V1,22)

Takum oGpasom, MaJjlojleTyyast XKHIKOCTb MOXeT OBITb NepeBeleHa
B map npu TeMnepaTtype Oojiee HH3KOH, YeM TeMIepaTypa ee KHIIEHHS,
nyTeM COBMECTHOTO KHMIEHHS C HeCMeIIHBAlOLIeHCH M XHMHYECKH He
B3auMojeiicTByOLlell ¢ Hell 6osee neTyyell XKuAKocTblo. C 3TOl 1eblo
HCIOJIB3YIOT Nepe2onKy ¢ BO0AHbLIM napo. s noBbllleHWs BBIXOJa
MOKHO HCIOJIb30BaTh NeperpeThlil BOASHOM map, NIpHMeHeHHe KOTOPOro
JlaeT BO3MOXHOCTb HarpeTb MeperoHsieMoe BellecTBO A0 6ojiee BHI-
COKOH TeMnepaTypbl M yBEJHUYHTb [aBJEHHE €ro HachlLIeHHOro napa, a
C/1e10BaTeNbHO, COrIacHo ypasHenuio (VI,22) u Moabmyio monio ero
B NeperoHsieMoH CMecCH.

PaccMOTpHM ~ MeperoHKy ¢  BOASIHBIM ~ NaDOM  MHPHCTMHOBON  KHCJOTHI
(C13HzCOOH). [laBienne HachHILIEHHOTO Mapa MHDHCTHHOBOH KucaoThl npu 200°C
paBHo 14,5 mm pr.cr. Tlponyckas Haj KHCIOTOH TMeperpeThii BOASIHON mnap npH
200°C u 740 mm pT.cT., NOJy4aeM CMecb MapoB NPH TeX Ke [ABJEHHH H TeMIle-
patype. Tlpu sToM MoJbHBle foau (l—y) BOASIHOrO mMapa M MOJbHble AOJH Y KHMCJOTHI
COCTaBJISAIOT:

gy = 70145 _ oo, 145

740 e Y =735 = 0,020

B KoHjeHcaTe NONYYaIT CAGAYIOUlHE BeCOBbIE KOJHUECTBA KOMIOHEHTOB (Ha MOJb
CMeCH 1apoB):

Boanl. . . . o . w;=(1—y)M,=0,980-18=16,64 &
KHclIOTBl o o o « @W2=yM;=0,020-228=14,56 ¢
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16,64
156 = 3,650 ke BOAH

IOnsi nmeperoHkH 1 Ke KHCJIOTHI HEOGXOAHMMO MeperHaTb

(1 meperpets nmap ao 200°C).

v § 8. AKTHBHOCTM KOMIOHEHTOB pacTBopa

CpaBHeHHe YpaBHEHHH I/ XMMHYECKOro IlOTeHlUHaJa KOMIOHeH-
ToB peanbnoro pacrsopa (VI,3): p,=p(T)+ RTInp,/p; (map—
naeanbnnifi ras) u (VI,3a): p, = p; (T)+ RTIn fi/f} (nap — peanoHbIR
ras) C ypaBHeHMeM JJIsi XMMHYECKOrO IOTEeHHHasNa KOMIOHEHTa B
uneanpioM pactsope (VI, 13): u, = p; (T)+ RT In x, nokasniBaer, 4TO
oTHOWeHHe p,/p; (uanm f,/f}) urpaer Takyl e poJb B yPaBHEHHsX
A/ peasibHOTO pPacTBOPa, YTO MOJbHas 0/ KOMIIOHEHTa X; — B ypaB-

€HHMAX JJIS HAeaJbHOrO pacTBopa. ITO OTHOIIEHHE Ha3bIBAeTCs
epMOOUHAMULECKOL QKTUBHOCTbIO KOMIIOHEHTa pacTBopa (HJH, CO-
KpallleHHO, aKTHBHOCTbIO KOMIIOHeHTa) M o6o3Hayaercst uepe3 a;. Ta-
KHM 006pa3oM, B TOM cjyuyae, KOrja nap — HjeaJsbHblil ras:

a=p,[p; (V1,23)

B TOM CJyuae, KOTa nap — peaJibHblli ras:
a,=f,/[f (V1, 23a)

Beoxs B ypaBHenus (VI,3) u (VI, 3a) BennunHy akTHBHOCTH, HM
MOXHO MpPHAABaTh CJAEAYIOLMH BHJI:

p;=p;(T)+RTIng (VI, 24)
OTo ypaBHeHHe SIBJIAETCH Bbipa)KeHHeM XHMHMYeCKOro NMOTeHNIHana Jio-
Goro HeupaeaJpHOro pacreopa. Mcnonbayst ypabueHnue (VI, 24), mMoxHO
s mo6oro peasbHOro pacTBOpa IOJNYYHTb KOHKpETHble TepMOJHHA-
MHYeCcKHe ypaBHeHHs, KOTopble OYAYT HMeTb TOT XKe BHJI, YTO H COOT-
BETCTBYIOLIYEe YPaBHEHUs IJA HAeasJbHOTO  pACTBOpA, NPHYEM MeCTO
MOJIbHOM [OJIH KOMIIOHEHTa ¥; GyleT 3aHUMaThb €ro aKTHBHOCTb @j;.
Ilpu HaJMyMH Pa3HbIX 3HAYEHHH XHMHYECKOro MNOTEHIHaja KOMIO-
HEHTa B Pas3JUYHBIX YacTAX H30TEPMHMUYECKOH CHCTEMbl KOMIIOHEHT Iie-
pexoaut (myreM AHGPY3HH M APYTHMH Cnoco6aMH) M3 4aCTH CHCTEMBI
¢ 66MBIIMM 3HAaueHHeM XMMHUYECKOTO MOTeHUuaja B uacTh, TAe 3Ta
BeJMYHHA MMeeT MeHbluee 3HaueHHe. OueBHIHO, YTO B HAeaJbHBIX pac-
TBOpax (rasoBbIX HJHM XHIKHX H B KaKOW-TO Mepe B TBepAbIX) B COOT-
BeTCTBHH ¢ ypaBHeHHeM (VI, 13) KOMNOHeEHT caMONpPOH3BOJIBHO mepe-
XOMUT OT YacTH pactBopa ¢ OGoJblledl KOHUEeHTpaluell 3TOrQ KOMIIO-
HeHTa B yYacTb C MeHblIed KOHUeHTpanueH. B peaspHbIX cHcTeMax, B
cootBercTBHH cypaBHeHueM (VI,24), KOMNOHEHT nepeXoauUT B Hampas-
JIEHHH MEHBIIUX BeJUUYHH a;. IIpy paBHOBeCHM 3TH BeJHUUHBI PaBHHI BO
BCEX YacTsAX pacTBQpa B OJQHOM pAacTBODHTENe, MeXAYy KOTOPbIMH
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BO3MOXHO CBOOOJHOe MepeMellleHHEe KOMIOHeHTa (OTCYTCTBHE HeENpo-
HHIlaeMBIX JJIs1 KOMIIOHEHTa Ieperopojok).

B cootBerctBuM ¢ ypaBHenusmMu (VI,3) u (VI, 3a), tepMmoannamu-
4YeCKOH XapaKTEePHCTHKOI KOMIIOHEHTa pacTBOpa MoxeT OBbITb €ro
napuuajJbHOe [aBJeHue p; WJAH JeTy4yeCTh [; B HAaCHILEHHOM mape
Haja pactBopoM. OZHAKO 3TH BeJHUYHHBI JJ15 MAIOJIETYYHX KOMIIOHEHTOB
NPaKTHYEeCKH HeOoNpeldeJUMbl, TOrJa KaK aKTHBHOCTb Q; MOXET GbIThb
onpeneneHa He Tojbko u3 ypaHenu#t (VI, 23) uau (VI, 23a), Ho H
IPYTUMH MeTOZaMH, He TPeOyIOUUMH H3MepeHHs HaBjeHus napa (Ha-
npUMep, TeMnepaTyphbl 3aTBepAeBaHHA, 3JeKTPOABHKYIHe cHabl). O6
ITHX METOJAax CKa3aHO B JaJjbHellieM.

MerTon aKTHBHOCTH B TepPMOAHHAMHKe siBasieTcs (OpPMaJsIbHBIM NpHU-
€MOM H 3aKJ/I0YyaeTcsl, KaK BUIHO M3 H3JIOKEHHOTO, BO BBEJEHUH HOBOH
(YHKUHM COCTOSIHHS, MPOMEXKYTOYHOH MEXAY XHMHYECKHM MOTeHIHa-
JoM ¥ KonueHTpauueil. OH HMYero He Aaer [AJisi MOHHMAaHHs NPHUYHH,
BbI3BIBAIOIIMX TO MJM HHOe OTKJOHEHHe NJaHHOTrO PacTBopa OT 3aKOHA
uneanbHbix pactBopoB. OnHaKO 3TOT MeTon 06GJiajaeT CyLieCTBEHHbIMH
TMOJIOKHTEJbHBIMUH CBOHCTBAMH — ympomaer ¢GOpMajbHYIO MaTeMaTH-
YecKylo pa3pabOTKy TePMOAHHAMHKH PacTBODPOB.

Kak BuaHo u3 ypasHenuit (VI,23) u (VI, 23a), akTUBHOCTb KOM-
foHeHTa B JaHHOM PacTBOpe ecTb OTHOCHTEJbHasl JJeTyuecTh
(MM OTHOCHTENbHOE faBJNEHHEe Napa), T. e. OTHOIIEHHE Je-
TYuecTH MPH JAHHBIX YCJOBHSAX K JIETy4eCTH B M3BECTHOM CTaHAapT-
HOM cocTostHuu. Jlnsi CTaHZapTHOTO COCTOSIHHS JIeTyueCThb paBHa [,
(naBnenne napa p;) H COOTBETCTBEHHO aKTHBHOCTb PaBHa EXHMHHI.
B ypasuenusix (VI,23) n (VI, 23a) crangaprHoe cocTosiHHEe — UYHCTHIA
KHUAKMH KOMMOHEHT mpu Tol e TeMmmepartype. OfHAaKO OueHb 4acTo
NMPUXOANTCS BBIGHPATh MHble CTAaHAAPTHbIE COCTOSHHSA, TaK Kak 6OJb-
1I0e YHCJO BeIeCTB B LIKPOKOM HHTEpBaJie TeMIepaTyp CyulecTByeT
B TBEPIOM COCTOSIHUM M, KpOMe TOro, Kak yxe OblJIO CKa3aHo, AaBJe-
HHS HACHILIEHHOrO Mapa KOMIOHEHTa YacTO HHYTOXKHO MaJbl NMpH N10-
CTYMHBLIX ONBITY YCJOBHAX. » :

Ha puc. VI, 18 npeacraBieHbl H30Te€PMbl G;—X; O] HEKOTOPbIX
pPacTBOpOB, MOJYYEHHBIX NyTeM pacyera M0 3HAYCHHSIM NapUHAaNbHbIX
JlaBJieHHH NMapa KOMIMOHEHTOB 3THX PacTBOPOB, KOTOpHIe GbljiH paHblue
npusedenbl Ha puc. VI, 2,4,5. Kak Buano u3 puc. VI, 18, B uneasipubix
pacTBOpax @;=x; B COOTBeTCTBUM ¢ 3akoHOM Payns—Tenpu (puc.
VI, 18,a), npu MOJOXKHTEJIbHBIX OTKJIOHEHHAX @; > x; [puc. VI, 18,6,
cucrema CgHs—(CHj3)2CO], a npu oOTpHUATENbHBIX OTKJOHEHHSIX
a; < x; [puc. VI, 18, 8, cucrema (CoH;),O—CHCIs].

Iupoko uCroJAb3yeMOH MepoH OTKJOHEHHS CBOMCTR pacTBOpa OT
CBOJCTB H/I€aJbHOIO pPacTBOpa TOH e KOHIEHTPAlHH ABJSETCS OTHO-
LIeHHe a;/x;, Ha3blBaeMoe KO3(@UYUEHTOM AKTUBHOCTU KOMIOHEHTA Y.

a
S S - (VI 25)




§ 8. AkTusHOCTU KOMNOHEHTO8 paAcTEOPa 197

Insi uaeanbHBIX PacTBOPOB y;=1; NPH HAJIMUYHH MNOJIOXKHTEJNbHBIX
oTkJIOHenu#H y,>1(p, >p;%,); B ciyuae OTPHIATENbHBIX OTKJOHEHHI!
v, <1l(p,<p3x,). B npenenbHo pasGaBieHHBIX PacTBOpax, rae MpH-

MeHUM 3aKoH Payns, k03(pGdHIMEHT aKTHBHOCTH PacTBOPHTENS TaKxkKe
paBeH elHHHIE:

af  pf

. I

Pr=rils M= =—x=1 (V1, 26)
¥ P

WHupekc® ykasbiBaer Ha npejesbHO pa3GaBJieHHBIl pacTBOD.
Kos¢dduieHT aKTUBHOCTH PaCTBOPEHHOrO BeLIECTBA Y2 B NMpefe/b-
HO pa36aB/IeHHOM pacTBOpe — MOCTOSIHHASl BeJIMYHHA (He 3aBHCHT OT

10

Q N A \ //

8 N \
05 N N
ao / . \ // \\

¢ ) A N
g Q2 04 06 08 10 0 G2 Q4 06 g8 10 0 G2 G4 46 88 10
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Puc. VI, 18. AKTHBHOCTH KOMIOHEHTOB GHHApHHIX PACTBOPOB:

a—C3HgBr—CoH4Bry (umeanbusfi pactsop); 6 — CgHg—(CHgi2 CO (mosoxureabHue
oTKJoHeHHR); 8 — (CaHs)9O—CHCIl3 (oTpHuaTesbHbe OTKJIOHEHHS).

KOHIleHTpauHH), HO OH He paBeH eJuHHIe, a 6oJsblile HJIM MeHblie
€NHHIbl, €CJIH B KaueCTBe€ CTAHAAPTHOro COCTOAHHA pPacCTBOPEHHOTO
KOMIIOHEHTAa H36paﬂa TaKXe yuctasgs XHIAKOCTb:

Vo =% =——5 =—=const =1 (VI, 26a)

[TockosnbKy MHOrHe BelllecTBa CYLIECTBYIOT NMPH OOBIYHBIX TeMmepa-
Typax JHIIb B TBEPAOM COCTOSIHHH, BbIUHCJIEHHE 3HAYCHHH Qg M y; 14
uux no ypasHenuio (VI,25) nesosmoxkno. Ilostomy nns pactBopeH-
HBIX BellecTB CJelyeT HCKAaTb APyrie MeTONbl HOPMHPOBAHUS aKTHB-
HOCTH (BLIGOp BenuuMHBl fj). [l 9TOro MCmoOJB3yIOT CBOHCTBA mpe-
[eJIbHO pa36aBJIeHHOTO PacTBOPa OTHOCHTE/JbHO BTOPOrO KOMIIOHEHTA,
a HMEHHO — [IPUMEeHHMOCTb 3aKoHa I'eHpn (koadpduunenr Ienpu —-
NOCTOSIHHAS] BeJIHUMHA), U MOCTYJHPYIOT: '

*
a a
limy, =y, =lim 2 =—=1 (V1,27)
2 >0 x2->0 x2 x2



198 T'a. V1. Pasnosecue: sudkuili pacTe8op — Haceuyennbul nap

Haiinem BenuumHy cTaHIapTHOH JleTydecTH f,, COOTBETCTBYIOLLYIO
ycaosuio (VI, 27). Ilo ypaBrenuto (VI, 23a):

2
Ay =—=
2

IIJ]H pacTtBopa, map KOTOPOro 4fABJsA€TCS HAeaJbHbIM Tra3oM, HO
CTaHAApTHOE COCTOfAHHE€ KOMIIOHEHTA — He YHCTBIH KUOKHH KOMIIO-
HEHT, a Kakoe-Jnu60 apyroe:

a (V1, 28)

I
S

CpaBuuBas ypaBHenusi (VI,28) u (VI,26a) u nonaras, Bcootser-
ctBuH ¢ ycaoBueM (VI, 27),4yro B npenenbHO pa3baBieHHbIX pacTBOpax
ay = xy, nonyuaeMm nas f, (MOCTOSSHHOM NpH 3aJaHHOH TeMmmepaType
BeJIHUHHE) BHIpaXKeHHe:

* *
p=t2l2 P, (V1, 29)

rae k — kospounuent enpu.
Takum oGpasoM, JerydecTb f, PacTBOPEHHOrO BELIECTBA B CTaHs

NapTHOM COCTOSIHHMH, cooTBeTcTBywoLleM ycaosuio (VI, 27), paBHa Ko-
scddunmenty I'enpu ans storo BeluecTBa B mpelesnbHO pa36aBieHHOM
pacTBope *. '

B pacrtBope ;1060# KOHUEHTPauUHH aKTHBHOCTb dy PaCTBOPEHHOro
KOMIOHEHTa, ero Ko3(pGHLUHEHT aKTHBHOCTH Yy, W MaplajbHOe AaB-
JIeHHe mMap a p, CBI3aHHl CJAENYIOIIHUM COOTHOIIeHHeM (map — Haealb-

HEIA ras):

a= *Pz * ' V2=&= I?:/xzt (V1, 30)
Pz/x2 ¥ Po /"‘2

U3 ypasnenns (VI, 30) crenyer, uto B HHTepBasie KOHUEHTPalui,
COOTBETCTBYIOIIEM Mpele/bHO pa3baBjeHHOMY pacTBOpY, ye=1I, Kak,
3T0 ¥ GblJIO NMOCTYJHPOBaHO B HcxonHoM Buipaxenun (VI,27). Onno-
BPEMEHHO B COOTBETCTBHH C 3aKOHOM Payns u ypaBHenuem (VI,26a)
K03 (HUHEHT aKTHBHOCTH DAacTBOPHTENS fy; TaKkKe paBeH eIUHHIE.
Takum o6GpasoM, B mpefesbHO pa30aBJeHHOM pacTBOpe Koahodwu-
IIMEHTHl AKTHBHOCTH PacTBODHTENS] M PaCTBOPEHHBIX BELIECTB DPaBHBI

b C‘ra}map'moe COCTOSIHHE pACTBOPEHHOTrO0 BeELIECTBA B J[aHHOM cJyuae — 3TO
HEOCYyUIeCTBHMOE COCTOSIHHE YHCTOrO BTOPOTO KOMIIOHEHTa, olpeaenseMoe KOHEYHoH,

SKCTPAINOJHPOBAHHON TOUKOR NPAMOH p:=kx2. Ilpn x) =1 3uauenne p, paBHANOCH
Obl IaBJEHMIO Napa Haj BTOPOH KXHIAKOCTbIO B STOM HEOCYLIECTBHMOM COCTOSIHHH,
a JeTy4eCTb 3TOH JKHAKOCTH Obina Obl paBHA CTAaHAAapPTHOH JIeTYYecTH f;, paBHOA B
CBOIO ouepeab KO3(DGHIHEHTY k.
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eJMHHULle, €CJH CTAaHZApPTHble COCTOSHHUS BLIGPAHB HJA pPacTBOPH-
TeJsi — no ypaBHeHuto (VI,26a), nas pacTBOPEHHBIX BeleCTB — MO
ypaBHenuto (VI, 27).

Taxk Kak UHTepBaJbl KOHLUEHTPAalUHH npeaebHO pa3GaBjeHHbIX pac-
TBQPOB MOryT GBITb BecbMa DPa3J/IMYHBl JJs1 PasHBIX CHCTeM, B 00LIeM
c/yuae MCMOJB3YIOTCS NpejesbHble COOTHOLIEHHS NpH X —»0, a npu
HECKOJIbKHX PacTBOPEHHBIX BelllecTBaX — IpH X; >0, T. e.

raie { o603HayaeT BTOPOH, TPeTHH M T. A. KOMIOHEHTHI, 3a HCKJ/IOYe-
HHeM NepBOro KOMIIOHEeHTa, AJI KOTOpOro x; — 1.

Bbie ObLIM H3JI0KeHBI OCHOBH (DOpPMaJIbHOrO yuyeHHss 06 aKTHB-
HOCTSiX, IpHYeM HCIIOJb30BaJjach TOJMBKO OJHA Mepa KOHIEHTpamui —
MOJIbHble HOJIH X;. BO3MOXHO comocTaB/ieHHe aKTHBHOCTEH KOMIIOHEH-
TOB C KOHLUEHTPAUHSIMH, BbIDAXEHHHIMH B IPYrHX eIWHHIAX. Pac-
CMOTPHMM M CPaBHHM TpH cayyas *.

1) MoabHble goau  (x):

a,=yxr—>x nm a)=x" (V1, 31)
x>0 )

2) MonbHe-06beMHBIE KOHIEHTpaLuu (c¢):

a,=fc—>c wm ay=c* (VI, 31a)
c=>0

3) MoumbHOC'_m (m):

a,=yYm-—>m unm a;=m* (VI, 316)
m=0

Kos¢d¢pHuukedT aKTHBHOCTH Yy, PacCMOTPEHHbIH BBIIE, HA3BIBAETCA
payuoraroroim Kodpduyuentom aktusHoctd. lupoko ucnosbsyercs,
0oco6eHHO B NPHMEHEHMH K 3JIeKTPOJHTaM, KO3 bHUHeHT Y/, Ha3biBae-
MBIl MpAKTU4ECKUM KOIPOUYUEHTOM aKTUBHOCTU (HJIH MOAAAbHBIM
Koaguyuenrom axtusrocrw). Koadduiuent [ ucnosbsyercs pexe,
OH MOXeT ObITb Ha3BaH MOAbHOIM KOIPPUUUEHTOM GKTUBHOCTU.

B KOHIEHTPHPOBAHHBIX PacTBOpax Bce TPH KO3GbQHIUEHTa aKTHB-
HOCTH Da3J/IHualoTCsl MO BeaMuMHe. B JocraTouHo pasbaBiieHHBIX pac-
TBOpAxX, Ffle BeJHYHMHbl X, ¢ H M A/ KOMIIOHEHTa NPONOPIHOHAJbHBI
Lpyr ApYry, K03 duIMeHTH aKTHBHOCTH Y, f H Yy paBHB MeXAy COGOil.

Jlns BbIACHEHHSA KOJMYECTBEHHOH CBASH MEMXAY STHMH TpeMs KO3ddHIHeHTaMu
o6paTHM BHHMaHMe HA TO, YTO H3MEHEHHe XHMHUECKOrO NOTeHIHaJa MOJS KOMIO-
[IeHTa TPH Me€pexole ero H3 HEKOTOPOTO COCTOSHHS, 0603HAYaeMOro HHIAEKCOM ¥,

* Ilpu sToM Oysem HMeTb B BHAY OHHApHBIl PacTBOp H paccMaTpUBaTh BEJH-
YHHBl JJI PACTBOPEHHOro BelllecTBa (BTOpOHl KOMMOHeHT). MHIEKCHl, ykasbiBaiollue
KOMIICHEHT, OTGPOCHM.



200 Ta. V1. Pasrosecue: wcudKkuii pacTeop — HACbLUeHHbIL nap

B Apyroe coctosiiHe (6e3 HHAeKca) He MOXKeT 3aBHCeTb OT BHI6OpA €QHHHLLI KOH-
LEHTPaLHH KOMIIOHEHTa B PacTBOPE H CHCTEMbl pacuera aKTHBHOCTeH:

a a, am
p—p*=RTIn— =RTIn— =RTIn—¢ (V1,32)
ax ac am
BriGupaeM mnepBoe COCTOSIHHe TaKHM, YTOGH! a;' = x*; a:{; = c*; a; = m*, T. €. CO-

CTOSIHME B pacTBOpe C OUeHb MaJOH KOHLEHTpauuefd, COOTBETCTBYIOLLEe YCIOBHAM
(VI, 31, npu xoTopeix x*, ¢* ¥ m* nponOPUUOHANBLHEL APYr APYTY.
U3 ypasuenus (VI, 32) crenpyer:

Ay ae am
x* c*  m*

Orcrozna, ucnoab3ys ypasHenue (VI,31), moayuyaem:

ay VX x*
CrienoBaTesIbHO
f x c*
L x.
Y ¢ x*

Hcnonb3ys onpeneneHuss KOHUEHTPAUHH X, ¢ U m M OTHOLIEHHS
MeXJy HHMH, AaHHble panblue [ypaBnenus (V,2) u (V,2a), crp. 152
nonyyaem (AJass OHMHapHBIX PacTBOPOB):

X _ M+ M—M)x
c 1000p
x _(U=x)M
m 1000
c* _ 1000p,
x* M,
m* _ 1000 * (V1,33)
> M,
T _ 0o M+ M;—M,) x]
Yy ¢ M,
—Y—’=1—x

31ech p U pp— IJIOTHOCTH PacTBOpa M pacTBOpHTeNst B 2/ma; My n
M, — MoslekyasipHbIE Beca KOMIIOHEHTOB; € — KOHIIEHTpAIUs, MOAb/A.

Ina nmpuMepa paccuuTaeM AaKTHBHOCTH M KOG GHIHEHTH aKTHBHOCTH GpoMa B
€ro pacTBopax B YeTHIPEXXJIODHCTOM yriepone. 34eChb MOXHO H36paTh CTaHLAPTHOE
cocTosiHMe s GpomMa kak mo ypaBHenuio (VI,26), cuuras Gpom pacTBopuTesneMm
(nepBuiit cnoco6), Tak H no ypasHenuio (VI, 25), cuntas 6poM pacTBOpPEHHBIM Belle-
CcTBOM (BTOpO# cnocob).
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Ha puc. VI, 19 n3oGpakensl napuuaib- 06

Hble QaBJieHusi mapa O6poMa Haa ero pacTBo- > JP
paMH B UYETBIPEXXJIODHCTOM YrJjiepofe NpH ¢
25°C. DTH pacTBODH OGHApYXWBAaKT mono- & J¢ 4
KHUTeJIbHOE OTK/IOHEHHe OT 3aKOHa Payas. “Q 47 »
JlaBnenne napa uuctoro 6poMa p,=0,280 atn g ad _—1"

o *; % ' -~ -4'9—7
npu 25°C, oTHOIWleHHe p™ /Xy B 06JACTH pas- =1
GaB/JeHHBIX pacTBOpoB (nmpu x2=0,004—0,025) 0z o% 05 05 0
paBuo 0,639 arsm (BennuuHa Ko3dduuxeHnra é'aomaﬂz ron. dona ]’_,,r.z ’

lewpu ans pactsopoB Bry B CCly). Cumras
nap uieaibHBIM rasoM, MonyYaeM CTaHAapT-  Pyc, VI, 19. dapsienne napa Bry
Hble JIETYUeCTH 6p0Ma o InepBoMy ,Cﬂ0C06y HajJ pacTBOpaMu CC14—B1'2.
f,=0280 u no BTOpoMYy cnocoBy fy =0,539.

BaaB moGyl0 TOUKY Ha KPHBOH mapiuajbHOro nasieHus 6poma (puc. VI, 19),
BLIYHC/AAEM aKTHBHOCTH @y H agu KO3 (HIIMEHTH aKTHBHOCTH Yy H y;, COOTBETCTBYIO-

Li{He ABYM crnoco6aM CTaHLapTH3aUHH 3THX BEJHYHH.
Hanpumep, npu x2=0,400 p,=0,146 arx nonyuaem:

a2=£§_=_9114_6=0,521; a;=£3_=&=w=0,270
py 0,280 f, k0539
a _ 052 . V= ag 0270 s
Ye= %, T 0400 2= 5, = 0400 ~ 067

OrHoleHH a;/a2 " vé/vQ PaBHH p;/k =0,518 u He 3aBucAT oT KoHueHTpauuu. Ta-
KM 06pa3oM, I/ Mepexofa OT aKTHBHOCTH Gpoma, pacTBopenHoro B CCly, BbI-
YHC/MeHHOl MO MepBOMY CNOCOGY, K aKTHBHOCTH, BLIYHCJIEHHOH 10 BTOPOMY crOCOGY,
HaJ0 MepBYI0 BeJHUYMHY YMHOXHTb Ha NOCTOSAHHBI MHOXMUTeNb (B PacCMOTPEHHOM
npumepe — Ha 0,518). DTOT MHOXHTENb 3aBHMCHT, KOHEUHO, OT TeMIepaTyphl.

PaccMOTpHM MeTO[I pacyeTa aKTHBHOCTH OJHOTO H3 KOMIIOHEHTOB GHHapHOro pac-
TBOpA MO H3BECTHHIM BEJHUMHAM AKTHBHOCTH JApYroro KoMnonenta. [as srtoro uc-
noJb3yeTcs ypaBHeHHe ['H66ca — JlioreMa [ NapUHanbHBIX MOJIbHBIX BeJHUHH, a
MMeHHO IJISi XMMHUYECKHX MOTeHLHaJOB.

Nuddepenunpys ypabHenue (VI,24) mo axtuBHOCTH mpu mnocTosHubix T u p,

noJiyyaem:
dp;=RTdIna,
[loncrasasieM 310 3HaueHwe dp; B ypaBHeHue (V,13):

1=% jing (V1, 34)

dlnay=—

HCMOJIb3Yy Al TOXKIHECTBO a; =YiXi, MOJyYaeM:

diny,+dInx=— -;x dlny, — ;x dln (1l =x)
J'leI‘KO MOKa3aTh HaJJHUHE TOXJAeCTBa:
dlnx=— 1;" din(l—x) (V1, 35)

Boiyutas ypasuenue (VI, 35) u3 ypasuenus (VI, 34), nonyuaem:

X dlny, (V1, 36)

dln’Y2=— p
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HcnonbayeM nepsbifi cnocoG A/1si HODMHDOBKH KaK Vi, Tak H Vs, eclH B OmbITax
MOXHO WCNIO/Ib30BATb 004 KOMIOHEHTa B BHAE WUHCTBIX KHAKOCTEH. Mmerpapyem

-

<]

-a‘

=93 =92 -4/

19)Pb

10
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8
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6 &
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0

Pue. VI, 20. I'paguyeckoe BuuHCTIE-
aKTHBHOCTH
BTOPOro KOMIIOHEHTa.

HHE

(phc. VI, 20) Besnuuubl

Ko3(pdHuIMeHTa

— Xpi

*Bi

ypasuenne (VI,36) orx =1(Invy,=0; ‘Iny;
2= 1

paBeH SKCTPanoJHPOBAHHOA ONBITHON BEJHYH-
He) [0 TeKYIUero 3HaueHHs X:

In v,
Iny,=— f
In v;

X dlny, (VI,37)

s BLIUMC/IEHHS Yz HYXKHO 3HATb BeJTHYHHBL
Y1 LS PacTBOPOB Da3NMYHOTO cocTasa (OT
MaJsiblX BeJHMYMH [0 MHTEpecyIoLlero Hac 3Ha-
YeHHsl x) W pemuTh ypaBHenue (VI, 37) my-
TeM rpacHueckoro HHTErpupoOBaHHS.

PaccMoTpuM X014 pacueTa Ha NpuMepe
pacnnaBoB BHCMYTa (BTOpDOil KOMIIOHEHT) B
CBHHIE . (IEPBbIH KOMIOHEHT),

Kosdp¢uiyenTsl aKTHBHOCTH CBHHUA B
aTHX pacnnaBax npu 700° C Gelau onpenesneHbt
METOROM 3JIeKTPOABHAKYIMX cuia. Cranpapt-
HOE COCTOsIHHe [Jifl CBHHUA 6blJIO BHIGpaHO MO
nepsoMy cnocoby, T. e. yi=1 A uucTOrO
JKHKOTO CBHHIA.

OnbiTHBIE 3HAYEHHS Ypb TPHBENEHH B
Tabia. VI, 3 (croaben 3).

Ins  ucnonesoBanusi ypasHenus (VI,37) neo6XOAMMO NOCTPOMTH rpaduK

Kak QyHKUHH 1gypp (¥B1 — MOJIbHAA [0S BHCMyTa

B CNnjiaBe). DKCTPANoO/AUMA KPUBOH K Xp; —>1npuBoauT K Benuunne lgypn=-—0,319.

Ta6auua VI, 3

AKTHBHOCTH H KO9(d)HIHEHTH AKTHBHOCTH KOMIOHEHTOB

pacniaBa cBHHel — BHCMYT npu 700°C

1—p
*By o ¥pb 18vpy lgvg, B
0,000 1,000 0,000 -0,319 0,480
6,100 9,000 0,993 —0,004 —0,284 0,520
0 200 4 000 0,978 —-0,010 —-0,239 0,577
0 300 2 ,333 0,938 —0,028 -0,187 0, 650
0,400 1 ,500 0,879 —0,056 —0,136 0,732
0,500 1,000 0,804 —0,095 —0,089 0,814
0,600 0,667 0,728 —-0,138 —0,053 0,886
0,700 0,429 0,657 —0,182 —0,029 0,936
8,800 0,250 0,580 -0,237 —-0,012 0 973
6,900 0,111 0,520 —0,284 —0,004 0,993
1,000 0,000 0,480 -0,319 0,000 1,000
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Takum o6pasoM, B cOOTBeTCTBHU ¢ ypaBHeHHeM (VI 37):

In ypp
—-x
Bi
- Inyg;=— f o dlIn Ypp
—0,319

1—x
Mpn  xp =0,5(-x—m-—— l) KpuBas  jaeT  gHaveHue Inypp=—0,095.
Bi

IToacraBus a‘ro-r BEPXHHA INpefea W HHTerpHpys rpaduueckn nmo puc. VI, 20, moay-
uum ang x=0,5 lg ys1=—0,089.

B rabn. VI, 3 NpHBefeHbl BeJHYMHB! YB1, BBIUHC/IEHHblEe HM3JIOXKEHHBIM CIIOCOGOM.
Pacnnae cBHHell — BHGMYT XapakTepH3yeTcsi OTPHLATENbHBIMH OTKJOHeHHAMU (y;<l1:
va<l1). KpuBble ypp ¥ yB1 MOYTH TOYHO CHMMETPHYHEL.

§ 9. Koathduunent pacnpenesienus BelecTBa B }J,Byx
HEeCMelllHBAIOIUHXCA PacTBOPHTENAX -

B cmecu IByX YHCTHIX mnnxomeﬁ, HepacTBOPUMBIX HJIM OTPaHH-
YEHHO PacTBOPHMBLIX OLHAa B JApyrofi, o6pasyloTcs ABa CJOs, KOTOpbie
AIBJSIIOTCS B NEDPBOM CJydyae YHCTHIMH KOMIIOHEHTaMH, a BO BTODOM
c/ayyae — pacTBOpaMH 06OHX KOMIOHEHTOB pasJM4HOrO cocraBa. Ecau
B Takylo cHcTeMy O0GaBHTb TpeThe BEILECTBO, PaCTBOPHMOE B OGeHx
JKHOKOCTSIX (TPeTHil KOMIIOHEHT), TO MOCJe JOCTHXKEHHS PaBHOBECHS
9TOT TPETHHl KOMIIOHEHT PacHpefeuTCss MeXAy OGOHMH cJO0sSMH, 06-
pasysi pacTBOPBI Pa3JIHYHOH KOHIIEHTPALHH.

YcioBHeM paBHOBECHS! BellleCTBa, pachpeleseHHOTO MEXIY ABYMs
dhasaMmy, sIBJSIETCS PAaBEHCTBO €ro XHMHUYECKHX MOTEHLHAJO0B B OOeHX
¢dasax p;=p;. [TosToMy a1 HaeanbHBIX PacTBOPOB TPETHErO Bellle-
cTBa B mMepBOH M BTOpOH (hasax Ha OocHOBaHMH ypaBHeHus (V,266)
MOXHO 3aMHCcaTh:

l‘a +RTlnx3 l‘s +RT1nx (VI1, 38)

rie Xx; M X; — MOJbHbIE NOJIM DAacmpelesleHHOTrO TPeThero BellecTBa B
nepBoii ¥ BTOpOH ¢(a3ax.
INMocne mnpeoGpa3oBaHUsl MOJydYyaeM:
o 4

’ o
x —
s M3 7M7) = const (V1, 39)

npu NOCTOSIHHOH TeMmnepartype, cjaegoBaTeJbHO
’

*3
—5 = Kpaen =/, (T) (V1, 40)
X3

Bennunna Kpaen Ha3BIBaeTCsl KOHCTAHTOU pacnpedesenus, oHa 3a-
BHCHT OT TeMIIepaTyphl.
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B ToM cayuae, korfa pacTBOPH TpPETbEro KOMIOHEHTa SIBJSIOTCA
HeHfieaTbHbIMH, MOJIbHBIE JOJH B 3TOM BLIDAXKE€HHH 3aMEHSIOTCH aK-
THBHOCTSIMH:

a
= Kpacn (VI, 403)
a3

B npenenvHo pa36aBjieHHBIX pactBopax ypaBHeHue (VI, 40) coxpa-
HfIeT CBOE 3HAYeHHe, TaK KaK JaB/eHHe Napa KOMIIOHEHTa Npomop-
HHOHA/JBHO €ro MOJILHOH joJie B pacTBoOpe, T. €. y;=const, U npu gaH-
HOH TeMmepaType B KaXKJOH H3 XHAKHX (a3

R3=ps+RTIny+RTInx;=p) +RT Inx,

Orciona aHanoruyHo ypasHenuio (VI, 39):
1 5 _ v u}" (T (VI, 39
ne—ee ———— = ,
x5 RT A %)

TakuM o6pa3oM, OTHOLIEHHe MOJIbHBIX HoJell uau, Gosee TOYHO,
OTHOLIEHHe AaKTHBHOCTeH BelllecTBa, PacTBOPEHHOrO0 B JIBYX CJOSX,
ABJSeTCS TOCTOSIHHBIM NIPH NOCTOSIHHOH TeMmeparype.

Ecan pactBopnl focTaTouHO pa3baBiieHbl H MOAYMHSIOTCS ypaBHe-
HHUSIM NpelesnbHO pa36GaBieHHBIX PacTBOPOB, TO KO3 dHuUHEHT pacnpe-
AeJieHus MOXKeT ObITb TAKXKe BbIpaXKeH Yepe3 MOJIbHO-OGbeMHble KOH-
LeHTpauun (HampHMep, MOAb[A):

’ ’
Ls g’ (V1, 406)
c;’ pacn ’
310 cooTHouleHHe HafgeHo BmnepBble Beptao u IOurdueiimem (1872)
IJ1f pacrnpefesieHHs] rajloreHOB MeXAY BOLOH H CepOyrAepOJOM.

ITpu BBefEeHHH NOCTAaTOYHOI'O KOJIMYECTBA PACTBOPEHHOro BelECTBa
B ABYXCJOMHYIO CHCTEMY IOJIy4aloTCsi ABa PABHOBECHBIX HACBIILIEHHBIX
pactopa. Hacelllenne 060HMX CJ10eB HacTymaeT OLHOBDPEMEHHO, TaK
Kak paBHble MeXAy co6olf XHMHYECKHe MOTEeHIHaJbl PaCTBOPEHHOIO Be-
niecTBa B OGOMX pacTBOPHTENSIX OLHOBPEMEHHO HENaloTCs pPaBHLIMH
XMMHUECKOMY IMOTEHLHaJy YHCTOrO PacTBOPSIEMOrO BelllecTBa.

Ecnu o6a c105 HacHILLAIOTCS NMPH HACTOJIbKO MAaJibIX KOHIEHTpalH-
fX PaCTBOPEHHOTrO BelUECTBA, YTO ellle MOXHO NPHHSATb AaKTHBHOCTH
pPaBHBIMH KOHLEHTpPauMsM (@=x) W BblpaxaTb KO3(pbHIHEHT pacnpe-
AeJIeHHs yepe3 MOJbHO-00beMHble KOHUEHTPAlMH, TO MOXKHO 3aNHCaTh

4 7
4 c
'_?/"—" ?/ - =K1,>acn (VI 41)
C3 03. Hac
OTKyJa MoJiyyaem:
[y c
R (V1,42)

7
€3, nac €3, nac
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Takum o6pa3om, B pa36GaBJieHHBIX PacTBOpax KOHIEHTPallMH pPacTBO-
pEeHHOro BelllecTBa B 060MX CJOAX [JOJIKHBI COCTaBJASATb OIHY H Ty XKe
JOJII0 KOHLIEHTPaLUA COOTBETCTBYIOIIHX HACHILIEHHBIX PacTBOPOB, €CJIH
HacblllleHHble PacTBOPHl TOXe JOCTATOYHO pa3baBJeHbl.

3akoH [eHpu p;=kx;, OnUCHIBaIOIIUH pacnpeie/jeHue B CHCTEMeE
razoo6pasHas ¢asa — xKuakas (asza, MOXKHO paccMaTpHUBaTb KakK ua-
CTHBI cJayuail 6GoJsiee ofllero 3aKoHa pacnpefesneHusi (3akoHa [en-
pu — JanbroHa), HalileHHOrO Ha OCHOBe paBeHCTBAa XWMHUECKHX IO-
TEHIHMAJIOB BEIllecTBa B ABYX Pa3J/IMUHBIX (asax.

3axony enpu—darbTOHA TaKkKe COOTBETCTBYeT o6iiast GOpMyJH-
poBka, nanHasi Hepucrom B 1890 romy u cnpaBepnuBas 1/s pa3bab-
JIEHHBIX pacTBOPOB: pacnpejejieHHe KaXJOro U3 pacTBo-
PEeHHBI X BelleCcTB MeX /Ay ABYyMda dasaMu onpenenaser-
cl MHOHBHAYaJbHBIM KO3(OGbHIHEeHTOM pacnpegedJe-
HHUS, BEJHUYHNHA KOTOPOTO HE 3aBHCHT OTNPHCYTCTBHSA
IpPyrux BellecTB.

IMyrem uaMepenust Ko3b(QHIHEHTOB pacnpefie/ieHHs MOXHO ONpelesiTb aKTHB-
HOCTH pPacTBOPEHHOro BeluecTBa. [lJsi 3TOro NPHrOTOBJASIOT DSl PacTBOPOB € pas-
JIMYHBIM COZlepXKAaHUeM HCCJIelyeMOro BellecTBa B CHCTeMe M3 ABYX HeCMeLIMBaIOLIHX-
Csl pacTBOpHUTesnell — OLHOrO, B KOTOPOM HYXHO HaHTH aKTHBHOCTb PaCTBOPEHHOTO
BEWLeCTBA, H BTOPOTO, B KOTOPOM STH AKTHBHOCTH H3BECTHB MPH PasHbIX KOHIEHTpa-
unsx. Ilocne ycTauoBneHMs DaBHOBECHS M3MepSIOT KOHIUEHTPAlUMH X3 M X3 PacTBo-
PeHHOro BeLlecTBa B KaxJo# M3 oGenx ¢as BceX NMPUIOTOBJIEHHBIX PacTBOPOB.

Haxoaar cooTBeTCTBYIOLIHE 3HAYEHMS] OTHOLIEHHI xg/xg' u cTposiT rpaduk 3a-
BHCHMOCTH S5TOrO OTHOIUEHHS OT KOHLEHTPAlUHH TPeTbero KOMIIOHEHTa BO BTOPOM
pacTBOpHTEsNe. DKCTPANOJHPYS MONYYEHHYIO JIHHHIO JO KOHUEHTPAlHH, pPaBHOH HyJIIO,
T. €. IO NepeceuyeHHsl C OCbI0O OPAMHAT, MOJYYAlOT npelenbHoe 3HaueHue Kpacm, T. €.
KOHCTAHTy pacnpejeseHus J/1si 6eCKOHeYHO pas3baBJjeHHBIX pacTBOpoB. B Takux pac-
TBOpax OTHOIIEHHe aKTHBHOCTE!l pPaBHO OTHOLIEHHIO KOHUEHTPaUH#i pacTBOPEHHOro
peiecta. [losToMy BennunHa KosddHuLUMEHTa pacnpeieseHUs, HaHJEHHOrO TaKUM My-
TeM, paBHA OTIOUIEHHIO AKTHBHOCTEH, KOTOPOe JROIKHO COXPAHATbCH MOCTOSHHEIM
npH JMo6bIX KOHUEHTPAUHsAX. 3Has 5TO OTHOLIEHWE W BEJHUHHBI aKTHBHOCTEH pacTso-
PEHHOro BellleCTBa BO BTOPOM PACTBOPHTE/E, MOMHO HalTH AKTHBHOCTb PacCTBOPEH-
HOIO BellecTBa B MEPBOM DPAaCTBOPHTEJe NPH BCEX HCC/IEJOBAHHBIX KOHLEHTPAUUSAX.

B kauecTBe npuMepa BBIYHCAHM KO3(Q(HLUHEHT aKTHBHOCTH XJODHOH PTYTH B ee
BOJHOM pacTBOpe, NOJb3YsCh CJEAYIOUMMH ONBLITHBIMM AaHHBIMM 1O pacOpeieNeHHIo
XJIOPHOH DPTYTH MeXAY BOJOM M OeHsomoM (Cp,o H CcgH, — KoHUeHTpaunu HgCly
B Bozie B GensoJse):

Criyor Moav/a. . . 0,001845 0,00369 0,00728 0,0648 0,1578 0,286
Coip Hoasa . . . 0000155 0,00031 0,0006180,00524 001222 0,0210

Kyaen = cHgo/CCsHs 11,90 11,90 11,90 12,35 12,90 13,61

W3 oTHX HaHHBIX BHOHO, YTO npu Maabix KoHuentpauuax HgCly B pacrBopax
Kpacn=const=11,9. CnenopartenbHO, 3TOfl BeJHuHHe OYNeT pPaBHO H OTHOIIEHHe
akrupHocreii HgCly B oGenx xuakux dasax (T. e. ay,0/acgn,) MPH MOGHX KOH-
uenTpauusix. Moxno cuurate pactBopel HgCly B GeHsose (HemoasipHas XHIKOCTb)
NPH YKa3aHHBIX KOHLEHTPAUHAX GJIH3KHMH K Tpeje/bHO Pa36aB/eHHHIM H HOJIOXKHTb
AceHg = CcgHg 1OTA@ AN akTuBrocTH HECly B BOXHOM pacTBOpe, KOHUEHTpaLusi B
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KOTOpOM, Hanpumep, passa 0,2866 moas/s, monyuaem:
ap,0 =119 a¢c iy, =119 ccey, = 11,9 0,021 = 0,25

a paa ko3p(HLUHEHTa aKTHBHOCTH

Auanoruyno MQ¥KHO HafiTH 3HaueHHs KO3P(HULHMEHTAa aKTHBHOCTH B BOAHBIX pac-
teopax HgCly ¥ npn Apyrux KOHUEHTPaUHAX.,

§ 10. dkcTpakuusi U3 PacTsopoB

W3 3akoHa pacnpejesneHHss BHITEKaeT, YTO BeILECTBO, PacTBOPeHHOe B OLHOM
pacTBOpHTeNe, MOXHO H3BJeYb M3 pacTBopa, N06aBiasii K HeMy BTOPOM pacTBOpH-
Tenb, He cMmemHBawoluiica ¢ nepsbM. Takoe M3BJeueHHe DACTBOPEHHOTO BelECTBA
M3 acTBOpa HA3BIBAETCA IKCTPaKyuel.

YeBHIHO, UTO BSKCTPAKLUHs OyxeT TeM 3(dekTHBHee, UeM 3HaUHTeNbHee K03(-
*:nme;n pacnpesie/ieHust OTJHYAETCA OT EAMHHIBI B MONb3y BTOPOTO DACTBOPHTESA.
K, HanpuMep, MHOrHe OpraHHuYecKHe 'BelllecTBa, KO3((QHUIHEHT paclpejesNedus Ko-
OPBIX MEXJAY OpraHHYeCKMMH PACTBOPHTEJNSAIMH M BOJOH MHOro GoJibllie eXMHHLbI,
JIETKO M [IPaKTHYECKH IOJHOCTbIO YAAMAIOTCA M3 BOAHBIX PacTBOPoB 3)HPOM M ApY-
FUMH OPraHHYeCKHMMH DacCTBOPHTENAMH.

KospduiiveHT pacnpeseseHHsi SKCTPATHPYeMOro BelIeCTBA MOXXHO H3MEHSATb, JO-
6aB/sisi B CHCTeMy HEKOTOpblie BellecTBa. Hanpumep, opraHpyeckue KHCJIOTHI H COJH
OpréaHKYecKHX KHCJIOT B BOIHBIX PAacTBOpax pacmajamTtcs Ha HoHbl. B adupe ke pac-
TBOPHMbI JIMIUb HEJMCCOLHHPOBaHHbie MOJeKyJbi. CrejnoBaTenbHO, AJf C/ABMra pac-
npeneneHus B CTOPOHY 3dpupa HeoO6XQAMMO MOHH3HTH CTeNeHb IMCCOLHALHMK OPraHH-
YeCKHX KHMCJIOT M coJjiel B Boje. D10 pocturaercsi nobaBjieHHeM K BOJIHOMY pacTBOPY
CHJIBHOM KHCJIOTHI WJH COOTBETCTBEHHO CHJBHOrO OCHOBaHHA. Jlo6GaBieHHe HeATpanb-
HbIX BEWIECTB, HATMPHMEP COJeH, TaKKe YacTO MOBbIIAET AKTHBHOCTb OPraHHYecKoro
¢oénMHEeHMs, pacTBOpPeHHOro B Bojae (3ddekT BHICANMBAHMSA), H CHOCOGCTBYET ero
H3BJIGUEHHIO 3)HUPOM.

Hafinem KosnuecTBeHHBle COOTHOLIEHHS AM8 SKCTPAKLUHH KAaKOro-jau6o BellecTBa
QPraHHYecKHM pacTBOpPHTe/eM (HampuMep, STHJIOBbHIM 3(bHPOM) H3 BOAHOrO PacTBOpA.

yCTb MMEETCSl @ JINTPOB BOJHOTO PacTsopa M b JuTPOB s(upa, W MyCTb PacTBOPHI
BellleCTBA, 3KCTPAarHpyeMoro B OGOMX pAaCTBOPHTENX, HACTOJbKO pa30aBiieHbl, YTO
KoabdHuIHeHT pacnpeneneHnsi Bbipaxaercs cootHoweHnem (VI,406).1 )

Cag

Csona

K pacn =

Ecnu HCXONHBIH BOLHBII PAacTBOp COZepiKaJ m TPaMMOB BeIleCTBA, TO MOC/e
sKcTpakuuu b JjigTpaMu adupa B BOIHOM PacTBOpe OCTAHETCH MX TPAMMOB BeLLECTBA
(x — monsi BewlecTBa, ocTaioLlerocsi B pacTBope), a B 3(HPHBIH cjaoH mepefiger
m(1 — x) e. U3 ypasuenus (VI, 406) nomyuaem:

m(l—x) m

ercioaa
a

*= AT bKpaen

TTocse kax ol MOBTOPHOH 3KCTPaKUMH BewecTBa b JguTpamu 3bypa U3 a JUTPOB
BOJHOTO pacTBopa B IoOcC/iefHeM OYyAeT OCTaBaThCs AOJSA X KOJHYeCTBa, HMEBIIErOCH
nepex sKcTpakukef.
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B pesysbTate n MOBTOPHBIX IKCTPAKILHH OAMHAKOBHIMH oOGbeMaMu abHpa B BojAe
ocTaHeTcs 10Jisl BeLleCTBa, paBHas x™.

Pacuer mnOKasbiBaeT, UYTO BELUECTBO H3BJEKAeTCsl TMOJIHEE, €CJAH HMeIoUHics
3anac 3KCTparupyiollell XHAKOCTH HCIOJMb30OBaTh He cpasy, a pasjenuTb Ha He-
CKOJIbKO YacTeil 1,151 MOBTOPHBIX SKCTPaKIUH.

Tak, nanpumep, eciv a=1 4, b=1 2 u Kpacn=2, TO NpH OJHOKPATHOH 3KCTpaK-
LMM Cpa3y BCeM 3amacoM 3KCTPArupylollell XUJAKOCTH OCTAaTOK B BOJe COCTABUT

mx=m m=0,33 m, a TNpH JeCATHKPATHOH 3SKCTPAKUHH MOPUUAMHU a¢pupa mo
0,1 24 ocrartok B Boje Gynet: '
> 1 10
A | —_— =
mx (l+0,l-2) 0,16 m

DKeTpakuUUs M3 BOJHBIX PACTBOPOB OPraHHYECKHMH PaCTBOPHTEJSIMH B TMOCJEA-
HHe TOMAbl LIHPOKO INPHMEHSeTCs JJIs1 KOHLEHTPUPOBAHHS pacCesHHbIX 3JEMEHTOB,
pasjeneHHsl HX H aHAJUTHYECKOTO ONpeleseHHs. ‘

B BOAHBIX pacTBOpax coJefl TPEXBAJNEHTHBIX Ta//IHfl, HHAUS W Tallus B MpH-
cyTcTBHH H36biTka HBr o6pasyiorca anupokomnaexcel HMeBry, Kortopble - xopomwo
SKCTPArHpPyIOTCs AMITUIOBBIM 3dupom. Ilpn manuunu 4—5 mosre HBr B 1 4 xosp-
(MILMEHTBl pacnpefiefleHHsl yKa3aHHbIX KommiekcoB Ga, In u Tl paBum coorser-
creedno 30, 800 u 8000. ITyrem Takod 3KCTPAKLUHMH TPH YKa3aHHHIX HOHA XOpOIIO
OTHENAIOTCA OT MOHOB JeCATKOB APYTHX MeTaJsJoB. .

BHyTpHKOMN/IEKCHble COeJHHEHHs HOHOB MHOTMX MeTaJJIoB, HampuMep [HTHO-
Kap6aMarbl, XODOLIO 3KCTPAardpyloTCs H3 BO/JHBIX PAaCTBOPOB HETHIPEXXJOPHCTHIM
yraepomoM, Ilpy atoM Gosbluoe 3nadenne uMeeT BennunHa pH pacrBopa. Tak, npu
pH 5,5—6 npakTHYeckH NOJHOCTBIO H3BJjekaoTcs Mn (III), Se (IV), Sn (IV), a npu
pH 9—9,5 ussnexaorca Te (IV), Sb (III) u zp. -

IOnas otmenenns Be ot Al u Fe npumensior coweTanue ABYX KOMIJIEKCOO6Paso-
patesell: TpunoHa-B u auerunaneroHa. Bce TpH HOHa malT ¢ auUeTHJIALETOHOM
KOMIJIEKCH, XODOIIO 3KCTparupyeMble OGHIYHBIMM OPTaHWYECKHMH DACTBOPHUTENSAMH.
Tpunon-B naer mpounele Kommiekchl Toabko ¢ Al u Fe; 3Tu KoMmieKcsl He 9KCTP-
arupyioTcs, 4eM u jJocruraercs orienenue Be ot Al n Fe.



FJTABA VII

PABHOBECHE )XUIOKHUX PACTBOPOB
C TA3AMH U TBEPIOBIMHU BELLECTBAMM.
HEKOTOPBIE KJIACCbl PACTBOPOB

§ 1. PacTBOpUMOCTb ra3oB B XKHAKOCTAX

a3 He MOxeT pacTBOPATbCA B XKHUAKOCTH GecmpepenbHo. IIpu ue-
KOTOpPOH KOHLEHTPauWH rasza (mpu AaHHHIX p W T) ycraHaBauBaercs
paBHOBeCHe pacTBOp — a3 (Hacelujexrolli pacTeop).

KosnMuecTBO rasa, pacTBOPEHHOrO B elMHHIle oObeMa pacTBopa,
KOTOPBIfi HaXOQHTCS B DaBHOBeCHH ¢ rasoo6GpasHoil ¢asoit (pacrso-
pumocte 2a3a), 3aBUCHT OT TeMIepPaTypbl M MapLHaJbHOTO HaBJEHHS
rasa. ‘

PacrBopuMocTh rasa yBe/JHuMBaercs ¢ pOCTOM jpaBJsenusi. Ecuan
ras3 MaJjo pacTBOPHUM B JaHHOH XKHIKOCTH W €ro [JaBJIeHHE HEeBeJHKO,
TO PacTBOPHMOCTb (BbIpaXKeHHAs B 2[4 WIH MOAb[A) Ta3a MPONOPLHO-
HaJbHA ero pgaBjenHio. Hanpumep, pacTBOpHMOCTb ¢ CepOBOAOpPOAA
B auusauHe npu 32°C ¥ pasHBIX NapUHaJbHBIX [NABJEHUAX P HMeeT
cJefyiolue 3HaueHus:

p,Mmpr.cr. . . . .. 102 390 874 1160 A
gGoela. o o oo 274 10,6 24,0 31,6 .
glp « . « . ... ... 00209 00272 00275 0,0272

OTHOLIeHHe pPaCTBOPHMOCTH ra3a K JaBJEHHIO OPH IOCTOSTHHOH
TeMmepaTtype SiBJsieTCs MOCTOSIHHOH BeJHYHHOM *:

q/p=0,0272=K’ (VII, 1)

Besnunna K’ MOXeT CMYKHTb MepOl PacTBOPUMOCTH ras3a B XKHI-
KOCTH.

Ypasuenue (VII, 1) aBnsercs BoipaxeHHeM 3akoHa [eHpu, Haii-
gendoro (1803) ombBITHBEIM myTeM.

Herpynuo Buzers, uto ypaBHenue (VII, 1) ects unas dopma yxke
paccmoTpeHHoro paHee (ctp. 177) ypaBnenus I'enpu (VI, 10) py==rkx.
Tak Kak B pa3GaBJeHHBIX PacTBOPaXx ¢ NPONOPUHOHAJBHO X:

_ws My 1000p _ M1000p
92 7 2 ng M] Ml

* Ilpu sHAUMTENbHBIX J@BJIEHHSIX HaO/IONaeTCs OTK/IOHEHHEe OT ypaBHEHHA
(VIL 1).
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.

(3mech w; — Macca BTOPOrO KOMIOHeHTa B ob6beMe V 4; p — MJ0T-
HOCTb YHCTOTO PAcTBOPHUTENS B 2/mA), TO

g _ M,1000p R M,10000 1
P2 N M, p: M, "k

oTKyaa Kosdduuuent 'eHpu pasen:

K=

X Ml —1?7

B ¢opme, Bripaxkaemoii ypasHenvem (VI, 10), sakon I'enpu cmpa-
BEJJIMB BO MHOTHX cJydasix N0 6oJiee BBICOKHX KOHIEHTpalLHil, uem
B ¢opme ypaBHenus (VII, 1). Ecnn nasa pactBopa rasa co6awonaercs
ypasuenne (VI, 10), To Takoil pacTBOp, B COOTBETCTBHM C paHee CKa-
3aHHbBIM (cTp. 179), siBasieTcsl mpenpesbHO pasbaBJieHHEIM PacTBOPOM.
Ilna Hero cnpaBefJUB 3aKOH Paysisi W Bce 3aKOHOMEPHOCTH MJIst 3THX
pacTBOpOB, paccMoTpeHHble B rjase VI

BbipasuM BecOBOoe KOJHMYECTBO W, PaCTBOPEHHOTrO ra3a, Haxonad-
uierocss B0 BceM o6beme V pacrBopa, uepe3 o6beM, 3aHMMaeMblii ra-
30M NpH Tex Xe TeMmmeparype u naejieHuH. [To ypasuenuio Kianeii-
poHa — MeHeneeBa

M.
y' =57 PUr
IMoxncrasus B ypaBHenue (VII, 1) 3nauenne b=%. NOJIYYUM:
9 _w My poc_ ., (VII, 1a)

Cokpallasi BeJHYHHY p M OGDBENHHSIST NMOCTOSIHHBIE BEJHUMHBI, MOJY-

yaem RT
vr ) .
v =K Wf; = (VIIL, 2)
OtHowenne a=0vy/V, Ha3biBaeMoe KO3PPuUYUEHTOM PAcCTBOPUMOCTU
2a3a, He 3aBUCHT OT DaBJeHHUS (A1 HAeaJbHbIX H NpelesbHO
pa36aBJeHHBIX PacTBOPOB HAeasbHBIX ra3oB). BesuunHa o mnokasbl-
BaeT, CKOJbKO O6beMOB ra3a pacTBOpsieTcst B OJHOM OObeMe pacTBopa
npu maHHOH TemmepaType (0O6beM rasa uaMepsieTcsl NpH TexX e 3Ha-
yeHnsix T ¥ p, IPH KOTOPHIX YCTAHOBUJIOCK PaBHOBECHe a3 — PacTBOP).
PactBopuMocTh rasza Moxer OBITb BbIpaxKe€Ha TaK¥e B oGbeMax
rasa, npusefeHubx K 0°C:

v, v, 273 273
B=—" =L . g (V1L, 3)

vV |4 T T
Benuunna B HasbiBaercsl K03dulyuenTom no2AoujeHus rasa H, Tak
e KaK o, He 3aBHCHTOT laBJ/JeHHUs ra3oB (B rpaHAUax NpH-
MeHHMOCTH 3akoHa [enpm).
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ITo 3HauenHio Ko3(duLMeHTAa PaCTBOPUMOCTH MOXHO HalTH KOHLEHTPaUHIo pac-
TBOPEHHOro Trasa, BHIPaXKEHHYIO JIOObIMM eiuHuHlaMH. Tak, HampuMep, MoOJbHa%
Jl0J1s1 X PacTBOPEHHOro rasa BblYHC/AeTCs MO dopmy.e:

x= M,a
+ RTo/p — (M —My) &
rne R=82,05 cm®-arm/(morb-2pad); p — naoTHOCTL pactBopa (2/cM3): My u My—
MOJIeKy/IsipHble Beca KOMIMOHeHTOB pactBopa. Ecau o165 n (M—M,) < 150, to
BTODbIM YJIEHOM B 3HaMeHaTeje MOXHO NpeHeGpeub (omuGka Menbwe 1%) u npu-
HATB!
Mp
_ RTp
Mns Boaunix pactBopoB (M;=18, p=~1) npu p=1 arm n T=298°K ’
x=0,0;734a

. x =~ o

,

§ 2. UpeaabHas pacTBOPHUMOCTh ra3os

UneansHass pacTBOPUMOCTb rasa, T. €. PAaCTBOPHMOCTb €ro B Hie-
aJbHOM pacTBOpe, MOXKeT GBITb BHIUHMCJIEHA o 3aKoHY Payas—Ienpn
(s P=1 arm), ecium cuuTaTh NPHONHKEHHO ra3 HIeajibHbIM MpH
1 arm v nONOKUTD f=py=1 arm:

: x=foflfy=po[fa=1[f3 (VII, 4)

rae f,— JleTyuecTb HaCHILIEHHOTO Mapa CKHXKEHHOro rasa * npu To#
e TeMmeparype, NpH KOTODOi#l onpejesisieTcsi pPacTBOPHMOCTb.

U3 ypaBuenust (VII, 4) BblTekaer, uTo ujeasjbHas PacTBOPHMOCTb
rasa He 3aBHCHT OT NPHPOABI pacTBopuTessi. Eé 3aBucuMocTb OT naB-
JIeHHsl BbIpaxaeTcsl rpauyeckH npAMoi JHHHEH.

B pacrBopax, GJH3KHX K HieasbHbIM, a TeM GoJiee B pacTBopax
C MOJIOKHTENbHBIMH OTKJOHEHHSIMH [aBJieHUe (JIeTyyecTb) PacTBOPEH-
HOro rasa pe3KO BO3pacTaeT C YyBeJHUEeHHEM €ero KOHLEHTpPalHH (f2

BEJIHKO) M yXe NPH MasblX 3HAUEHHAX IMOCJAefHENl NOCTHraeT BHeL-
Hero faBjeHusi (Hampumep, 1 arm).

[TosToMy pacTBOpPHMOCTb (BblpaxK€HHasi B MOJBHBIX HOJAX) Tra-
30B, 06pasyiolUX HIeasbHble PAacTBOPHl HJH PacTBOPHl C MOJOXH-
TeJIbHBIMH OTKJOHEHHSIMH, TNPH OOLIYHBIX HaBJEHHAX MaJga. 3Hauu-
TeNbHO GOJbIE PAaCTBOPUMOCTb ra3oB, 06pasymLHX PACTBOPHI C OT-
PHLATEJbHBIMH OTKJOHEHHSIMH. DTO MOJIOXKEHHe HJANIOCTPHPYeT pHC.
VII, 1, u3 KOTOpPOro BHIHO, UTO KpHBas p,=f(X) HJsi pactsopa ¢ no-
JIOXXKHTENbHLIMH OTKJIOHEHUSIMH OT 3akoHa Payns mnepecekaer wuso-
6apy P=1 arm mpu MeHbIIMX KOHUEHTPAUHMAX, UeM mpsaMas p,= f.x

IJ51 MAeaJbHOrO pacTBopa, W TeM GoJee, ueM KpuBas pp=f(x) aan

* Eciv ras HaxoQuTcst NPH TeMmepaType BbIle KPHTHYECKOH, TO MpPHMEHEHIe
ypaBuenuss Payns — Tenpu, cTporo rosopsi, HeBoamoxHo. Onwako, ucmonbsys ypas-

o
nenne Knanefipona — Knayauyca, npu A=const ycioBHo 3skcTpamoaupywT [, 10
TeMnepaTyp BhIlI€ KPHTHUECKOH.
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.

TaG6auna VII, 1
PacTBOPHMOCTh HEKOTOPHIX Ta30B B PA3HBIX pAcTBOpuTeasix npu 20°C u 1 amm

PacTBopHMOcCTb (MOJbHBIE noJu-104) rasos
PacrBopHuTefb -
He Ho No Cco 02 CH4 | CoHy4 {CO2(09{NH3 (0°)] Clg (0%)
Hpeamsnas (1/;) | — |8 |10 |12,8 13235 152 | 257 | 2380 | 2900
nlekcan . . . .| — [656 {126 — 19,3 | 42,4 (161 - - -
dtunoBu# 3¢up .| — | 5,562(12,52,16,9 [19,8 | 453 - - 790 —
Iluknorekcan . . .[1,22 | 3,80 7,22| — - | 283 - - - -
YeThIpeXXJ10 PHCTHIH
yraepox . . . .| — | 3,27| 6,42| 8,86|12,0 | 28,6 |147 100 — | 2980
Kenmoan . . ... .| — |4,13] 6,14] 9,12 — | 258 | — 102
Augeton . . . . . 1,08 | 2,31 5,92| 8,54| 9,25 22,3 | 75 211
Benson . . . . . 0,77 | 2,61 4,40| 6,24] 8,16 20,7 {107 91 - -
Xaopodopm . . .| — |2,20| 445 6,45 7,38 ~— - 121 - -
Hurpobenson. . .| — | 1,66 2,63] 3,94 — - — 113 - -
Merusosuit cnupr 0,60 | 1,57 2,35 3,25] 3,18/ 7,1 - 70 | 4390 | -—
Bona .. ... .|[0070(0,5]| 0,12 0,13| 0,23] 0,24{ 0,33 7 | 4810 | 38

+

pacTBopa C OTpHIaTe/]bHBIMH OTKJIOHeHHsIMH. CJaie0BaTeJbHO, W pac-
TBOPMMOCTH ra30B B COOTBETCTBYIOLUMX PAacTBOPaX Xmon < Xux<Xorp.

B rta6a. VII, 1 npuBeneHbl 3HaueHHsT pacTBOPUMOCTElH HEKOTODLIX
rasoB B pasHbix pactBopurensx npu 20°C'u 1 arm.

B mepBoii cTpouke naHa HujeasbHasi PacTBOPHMOCTb rasa, He 3a-
BHCSIILAs OT NMPHPOJBI PACTBOPHUTEJS; OHA BBIUMCJ/SETCS MO YPaBHEHHIO
(VI1,4). Tak, Banpumep, naBJje- 2%9)
HHUS HACHIIEHHOrO Napa XHIKHX 2172
Cly 1 CO; npu 0°C paBHH COOT- 7
BercTBeHHo 3,66 u 56,2 arm, a Jje- 7
tyvectn  (f;) paBunt 344 u i
38,9 arm. Orciona mnosyuyaem Jjasa S ’

Cloo v v v v v o .x=1/344=0290 yd
COp v v v v v .x=1/389=00257 |omy/_ 7',_/
4 ]

T. e. 3HaueHHWs, TMpPHBEIEHHbE B o
nepBo#t cTpoke Taba. VII, 1. Znon, 2 Zomp

Kak BumHO u3 TaGnuubl, pac-  —=Kowuewmpayus casa, mon S0
TBOPDHMOCTb TaK Ha3blBaeMbIX MO-
crosinabix rasoB (Hp, Ng, CO, O,)
Masna (coTble H JAecsiThle J0JH
MOJIbHBIX NpoLeHTOB). OTHOCHTENBHO BBICOKHE PaCTBOPHMOCTH 3TH-
JleHa, JBYOKHCH yrJepoja, X/Jopa CBs3aHbl C TeM, 4YTO KPHTHUECKHe
TEMIEPATyPEl ITHX [a30B BHICOKH M GJIMKe K KDHTHUECKHM TeMmepary-
paM pacTBOpHTeJleH, UeM 3TH e BeJHYHHBI /s [OCTOSIHHBIX ra3oB.

Puc. VII, 1. TlapuuajasHoe pabJeHue
rasa HajJ ero pacTBOPaMH.
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Hauuple Tta6n. VII, 1 nokaswiBaloT, uto pacTBopuMocTb Cl; B 4eTHIpeXXJOpH-
cToM yriepoje OJaH3Ka K HieambHOH. To XKe HMeeT MecTo I/ He NpPHBEIEHHbIX
B Tabaulle BequyuH pacTBopuMocTH Cly B TakMx pacTBOPHTENAX, KAaK renTaH, cepo-
yraepox, YeTHIPeXXJOPUCThI Kpemuul (x=0,27 — 0,30). Pactsopumocts Cl; B BOZe
Menbllle HaeanbHoli. PactBopuMocts CO, BO MHOrHX pacTBODHTEJASiX B gBa-TpH pasa
MeHblle HJeaJibHOH, B BOJe :Ke 3Ta PACTBOPUMOCTb HMXKE HIEaJLHOR B NeCsiTKH pas.

Takum o6pasom, Cl; B Boae u pactBopel CO: BO MHOTHX pacTBOpHTeNsiX 0O6Hapy-
XKHBaIOT GOJIblME MOJIOMKHUTEJbHbE OTKJIOHEHHSI OT 3aKOHA HJeajbHBIX PacTBOPOB.

BosbliHe TOJIOXKUTE/bHBIE OTKJIOHEHHsS XapaKTepHbl MAJsl BOAHBIX pPacTBOPOB
noCTOSAHHBIX HemoJsipHeix rasoB (Ha, Nz, O, CO), a Takxke a/as DacTBOPOB 3THX
ra3soB B OpPraHHYeCKHX pPacTBOPHTENAX. XOTSA PacTBOPHMOCTb TOCTOSIHHHIX TrasoB B
CpraHHYecKHX PacTBOPHTEJNSX BO MHOrO pas GoJiblile, YeM B BOJe, HO OHA He NOCTH-
raet HIeajJbHOrO 3HAYeHNA.

a3kl ¢ NMOMAPHBIMM MOJIEKY/laMU CPaBHHTEJNbHO Maji0 PaCTBODHMbI B HEMOJsP-
HbIX ¥ MAJIOTIONSIPHBIX JKUAKOCTAX (aMMHaK B TOJyoJe).

Bosbuive oOTpHIATeNbHble OTKJIOHEHUs M, OTCIONA, OYeHb GOJbIHe PaAcCTBOPH-
moctt SO, u NHg B BogHbIX pacTBopax 0GYC/NOBJIEHbl, ¢ OJHOH CTOPOHBI, XHMHue-
CKMM B3aHMOJEHCTBHEM C BOJOH, CHJIBHO yMEHBIUAIOL(UM KOJHYECTBO CBOGOAHBIX MO-
aekyn SO; u NHjz B pactBope, M, ¢ ADYroil CTOpOHEI, TMApaTaluel 3THX MOJIEKYJ,
3a CYeT Yero 3HaYHTEJbHO MOHHIKAETCH HX JIeTyYecTb.

PacrBopenye ra3oB B JKHAKOCTSX COMPOBOXKA3ETCS, KaK MPAaBHJIO, BHIAEJEHHEM
Tens1oTH. HckiloueHueM SBJSIOTCS PacTBOPH BOJOPONA H HHEPTHBIX TasoB B Opra-
HHYECKHX pacTBOPHTeNsIX, KOTOpble 06pa3yioTcsl ¢ NOIJIOLUleHHEM TEMJOTHI.

B pacTBOpax rasoB JIETKO [OCTHraeTCsi MepechillieHue, T. €. KOHLEHTpauus rasa
B pacTBope MOXKeT GHITb GoJibllle paBHOBECHOM KOHIEHTPALMH HACHILEHHOTO pacTBOpA.
HOas o6pasoBaHHsl [epeCcHINEHHOTO pPacTBOpPa HEOGXOAMMO OLHICTPO H3MEHHTb B H3-
BECTHOM HamnpaBJeHHH BHeUIHHe NapaMeTPbl HACBILIEHHOrO pacTBOpa, HampuMep IMo-
BEICHTb TEMIepaTypy HJM [OHM3UTb [NaBJIEHHE.

INepechilieHHe MeAJIEHHO yCTpaHsIeTCsl MyTeM 0GpasoBaHMsi [y3bIPbKOB BbIAE/SAIO-
LIerocsi rasa Ha TBePALIX MOBEPXHOCTSX (HarpeBaHHe XOJIOAHOH BOALI B MOMELLEHHH).
3T0T XKe npouecc HAeT GHICTPO NMDH PE3KOM YMEHbLIEHHH NaBJEHHS.

§ 3. 3aBucHMOCTb PaCTBOPHMOCTH ra3oB OT TeMAepPaTypbl

PacTBOPMMOCTb ra3oB NpH JaHHOM AaBJIEeHHH, KaK NPaBHJIO, YMEHb-
waercsi ¢ poctoM temnepatyphl (cM. taba. VII, 2). Dto jerko mpen-
BHJIeTb: BeJHMuHHA p, (HJH f,) PacTerT C MOBHILIEHUEM TeMIEePaTypHl,
N03TOMY KpHBble NaplUHaJbHOIO JaBJeHHSs ra3a U npsMas HAeasbHOro
napuuasnbHoro pasienus (puc. VII, 1) c noBbileHneM TeMmnepatypbi

TaG6auua VII, 2

PactBopumoctb (k03dHuMeHTs MoriomeHus §) HEKOTOPLIX ra3oB
B Boje npu 1 amm u pa3jauyHbLIX TeMMepaTypax

Ko3shpdHIHEHTH! NOTJOWEeHHS |
t, °C
Ha O2 CO2 HsS SOg
0 0,0215 0,0489 1,71 4,67 79,8
20 0,0182 0,028 0,878 2,58 39,4
40 1 0,0164 0,0118 0,530 1,66 - 18,8
60 0,0160 0,0102 0,359 1,19 10,6
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YBeJIMYMBAIOT CBOM HAKJ/OH, a 3HAaueHHs PacTBOPHMOCTH NpPH 3agaH-
HOM JaBJIeHMH najaloT *.

Ko/HuecTBEHHYI0 8aBHCHMOCTb PACTBOPHMOCTH Tasa OT TeMIEpaTyphl MOMKHO
Hafity, Hcxons M3 ypaBHenus (V, 14), KoTopoe A/ paBHOBECHS CHCTEMBI PacTBOp —
ra3 HMeeT BHI:

W, pact = Mo, r

paBeHCTBO 3TO COXPaHseTcs MPH MOBHIEHHH TeMMepaTyph (p=const).
InddepeHunpys sTo ypaBHeHHe, NMOJyuyaeM, C yYeTOM BHILIECKA3aHHOTO:

ap,, pacr) (61’«2. pact ) ( o, r )
LAt Gl dT + | 22— = —_——
( 3T ok P ot dx 5T p.xdT (VII, 5)

B nmauwHOM ciyyae XMMHYECKHH NOTeHIHa] pacTBopa, sBjsiowluics B obueM
cayuae ¢yskunelt Bcex Tpex mnepeMmennbix (p, T M X), XapaKTepusyIOLMX PacTBOp,
6yner saBuceTb TOMbKO OT T M pacTBODHMOCTH X, fBJsIOLlefic, B CBOIO ouepenb,
dynkumeit Temnepatypn (p=const).

PasnennB ypaBHenue (VII, 5). na dT n yuyuTbiBas, YTO Ha OCHOBAaHHH YypaBHEHH
(V,9) u (IV, 16)

2 —
(M) — 0,0 = — aS/ ) - 82‘ r (VH,G)
oT Jp, x Ongy 0T o x Ony Jor

OMs, pacr —
(—57-— x = T Sppeer (VIL, 7)

Oy UHM: 5 3
= W2, pact x — _
() (3) s e

. O, pact
s Toro uto6b HaHTH MPOM3BOAHYIO ox )y r’ 3amyuLeM:
P

W2 pacr = "';, pact +RTInay= p';. pacr t RTInx+RTIny, (VII, 9y

B umeanbHOM M NpelesbHO Pa3GaBieHHOM pPAcTBOPAaX Y He 3aBUCHT OT KOHUEHTpa-
uun. Juddepenunpyem ypasrenue (VII, 9) no x: :

Ola, pact ) ( dlna, )
(—ax ot =RT 3% )t (VI11, 10)

Moxncrasus ypaBuenue (VII, 10) B ypaBuenne (VII,8), pemaem nocné;mee OTHO-

X
CHUTEJIBHO ’ﬁ . Hac , 3 _
__x_ Ss, pact — Sz' r
ar),,, I v (V11,11
RT o
b T

[Tepexon BelllecTBa M3 rasa B PacTBOp COBepIlaeTCst B AAHHOM CJAYd4ae PaBHOBECHO,
nosToMy:

Ql

< 3T 2
Ss, pact — Sy, r= T

* OTo paccyxJeHMe He YYHTHIBaeT YMEHbUIEHHS MOJIOKHTENBHOTO OTKJOHEHHS
¢ TeMnepaTypofi.
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tae Q;— auddepeHuuanpHas (mapuuanbHas) TeNmIOTa pPacTBOPEHHA rasa B HACHl-
wenHoM pacTsope. Iloxcrasus 370 BbipaxeHue B ypaBHenue (VII, 11) n 3amenus
B 06eHx YacTfix x Ha In X, mOJyYuUM HCKOMYIO 3aBHCHMOCTb PAacTBOPHMOCTH rasa oOT
TEMIepaTyphl:

alnx) (52

il = VII, 12

( OT /p, nac RTz(aln a,) ( )
* dlnx /p,T

dln Qs

B ToM cayuae, Korja =1, T. e. 1JA HIeaNbHEIX PAacTBOPOB (BO BCEM HHTep-

dlnx
Ba/e KOHLEHTPaUui) H INpeJiebHO pa3GaBjJeHHBIX DPacTBOPOB (B HHTEpBaNe KOH-
UeHTpaluil, B KOTOPOM NPHUMeHHM 3aKOH ['eHpu):

( Olnx ) . Q
0T Jp,uac RT?
ViHTerpanbHoe BblpameHHe 3aBHCHMOCTH PacTBOPHMOCTH -OT TeMIlepaTyphl mas

MIeaJbHHIX M NpelenbHO pa3GaBeHHBIX PAcTBOPOB HMeeT NPOCTON BHA NPH YCIO-
BHH TMOCTOSIHCTBA Qo:

(VII, 12a)

In 2= QI"-T) gT,;,T ) (VIL, 13)

§ 4. BausiHue Tperbero KOMMOHEHTAa Ha PacTBOPUMOCTb ra3oB

[pucyTcTBHe B pacTBOpe TPEThEr0 KOMIOHEHTA BJMseT Ha PAaCTBODHMOCTb Ta-
30B. Tak, B cOJeBbIX pacTBOpax pAacTBODHMOCTb I'a30B, KaK MPaBHJIO, MeEeHb e,
yeM B YHCTOR Boje *. Hangumep, K03(hdHIHeHT pacTBOpHMOCTH (@) XxJopa mpu
20°C B uucroi Bome U B 26Y%-uHoM pactBope NaCl paBeH coorBercTBenHo 2,3 u 0,3.

3aBHCHMOCTb PACTBOPHMOCTH ra3a B BOJHOM DacCTBOpe COJMH OT KOHUEHTPALUH
conu ¢ Buipaxaetcs ¢opmyaoit M. M. CeuenoBa (1892)

lg’xio =—ke (VII, 14)

rie X U Xo— COOTBETCTBEHHO MOJIbHAsl JOJIfl Ta3a B COJIEBOM DacTBOpe ¢ KOHLEHTpa-
uMedl COMH € M MOJBbHAas [OJS B pacTBope B YHCTOH Boje (NpPH OAMHAKOBLIX gaBJfe-
HMM Tas3a M TeMmnepaType); k — KOHCTaH1a, XapakTepHas 1Jsf [@HHON COJIH.
BricasuBaloliee BJHsIHHE OTAEJbHBIX HOHOB pacTeT ¢ MX 3apsiiOM M yMeHbIIaeTcs
¢ yBennueHneM panuyca. OHO OOGBSCHHETCS B OCHOBHOM TeM, YTO HOHBI MPHTATCHBAIOT
MOJIEKYJ/Ibl BOABLI H He NPHUTATHBAIOT HEMOJSPHbIE M cJa60 MOJSAPH3yeMble MOJEKYJlbl
MaJIOpacTBOPHMBIX ra30B, B pe3y/bTaTe 4ero mposBasercss 3QdeKT «BbICAJIUBAHHA»
MOJIEKYJl Ta3a H3 pacTBOpa, yBeJHYMBAETCA JeTy4eCTb PacTBOPEHHOro rasa, T. e.
pacTeT MNOJIOXKHTEJNbHOe OTKJIOHEHHe OT 3akoHa Payas M majaet pacTBOPHMOCTD.

§ 5. CoBmecTHasi pPacTBOPHMOCTb HECKOJIbKHX Fa3o0B

[Tpn HeGonbuux naBjeHUsx (B o6jacTH 3akoHa ['eHpH) KOMMOHEHT
Ta3o0BOf CMeCH pacTBOpsieTcsl B JKHAKOCTH HE3aBHCHMO OT HPYTUX
KOMIIOHEHTOB (B COOTBETCTBHH CO CBOHM HapLHaJbHBIM JaBJIEHUEM
H K03 (HUNEHTOM PacTBOPHMOCTH).

* YMeHblLIeHHE pacTBOPHUMOCTH B MPHUCYTCTBHUH coJiefi HasbIBaeTCA B8blCAAUBAHUCM.
Ono HabmofaeTcs He TOJBKO AJA ra3oB, HO H BooGLie A HE3JIEKTPOJIHTAB.
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CocraB pacTBOPeHHOH ra3oBOH CMecH OTJHYaeTcs OT cocraBa ra-
30B0it cMecu Hajx pactBopoM. OTHOcHTesNbHOe copepaHue Gouee
pacTBOPHUMBIX ra30oB B pactBope 6yner 6oJsbllie, 4yeM B ra3oBOi CMeCH.

IMoxncunutaeM A/ NpHUMepa, KaK H3MEHHTCSl COOTHOILIEHHE MeXAYy a30TOM, KHC-
JIOPOJIOM M aproHOM NpH pacTBOpeHHH Bodayxa (78,06% Na, 21,00% Oo, 0,94% Ar)
B Bosie npu 0° C. KosdduuuenTl pacTBOPUMOCTH 3THX ra3os B Boge npu 0°C umeror
clnenyiollie 3HaueHHs:

" ay,=00235; ag,=0,0489; a, =0,0578

YMHOXKHB KO3((HLHEHTE PacTBOPUMOCTH Ha TaplHa/bHble JaBJEHHS, MOJYUUM
B cooTBeTcTBHH ¢ ypaBHenueM (VII, 2):

vp, n
=—Li._2
P =y = VRT
OTcloAa
ANoPNg * ®0oP0; * FArPAr = PNy 0, * AL = ¥Ng * X0, * *Ar

IMpu aTMochepHOM NABJEHHH BO3NyXa TNapliManbHble NaBJEHHS B HEM DAaBHBI:
pN2=0,7806; p02=0,21 H ppr=0,0094 arn. .
[Mpoussensi yMHOXEHHE 3THX BeJHYUH HAa KO3(Q(hHLUHEHTH pPacTBOPHMOCTH, O-
JIyYHM BeAMYHHBI, IPONOPLUHOHANbHbIE MOJBHEIM AO/SM KOMIOHEHTOB B PacTBOPEHHOM
BO3JyXe:
(ap)y, = 0,7806 - 0,0235 = 0,01834

(@p)o, =0,2100 - 0,0489 = 0,01027
(ap) 5, = 0,0094 - 0,0578 = 0,000543

PaccuntaB 0GbeMHble INPOLEHTH Ta30B, HafieM, YTO B DAcCTBODEHHOM BO3LyXe
comepxutcss 629%Na, 353% Oz u-18% Ar, 7. e. Bo3ayX oGoraThics KHCJIOPOAOM
i aproudm. '

Eciin u3Bneub PacTBOPEHHBIH B BOZE BO3AYX NyTeM KHOSYEHHS M BHOBb YacTHY-
HO PacTBOPHTb €ro, TO Mpou3ofineT HOBoe oGorallleHHe CMecH rasoB KHciopomoM. He-
TPYAHO NMOACYUMTATb, YTO Mocie 6 LHKJIOB ra3oBas cMecb GyleT coaepmkath GoJsee
909% xucnopoma (HO KoJiMuecTBO ee 6yneT, KOHEYHO, HE3HAUHTENbHO MO CPaBHEHHIC:
C HaYaJbHbIM).

§ 6. UneanbHasi pacTBOPHMOCTb TBEPABIX BELLECTB

TBepaoe BeuwiectBo He MoOXer -GecnpefesbHO pPacTBOPSITbCH B
MHAKOCTSAX: NO MOCTHXXKEHHH HEKOTOPOH KOHIEHTpPaUMH, BIOJHE Ompe-
JeJleHHOl NpH NaHHBIX TeMIepaType W JaBJEHHH, TBepJO€e BelIeCTBO
NepecTaeT pacTBOPSThCS. YCTaHaBJHBAaeTCss DaBHOBECHE MeXAy pac-
TBOPOM M TBepAbIM BellecTBOM. PacTBOp, HaXoAsIHiACA B paBHOBeCHH
C TBepIbIM BELIECTBOM, HAa3bIBAETCH HACHLU{EHHbIM DPACTBOPOM, A €ro
KOHUEHTPALUA — PACTBOPUMOCTbIO TBEPAOro BellecTBa.

XnuMHuecKHe MOTEHIHaJNbl PAacTBOPEHHOTO BeIIECTBA B HACHILIEH-
HOM DacTBOpPEe WUmac U B TBepHOH (a3e pur HMEKOT OLHO M TO XKe 3Ha+
ueHue: :

WHac = Bt (VII, 15)
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Henoar3yst ToT XKe MeTOH, KOTOPbIH NMPUMEHSJICS AJsS OnpegeseHud
PacTBOPHMOCTH ra3a, MOXKHO IOJYYHTb BLIpaXKeHHe MJsi PacTBOPH-
MOCTH TBepAbIX BellleCTB, BHelIHe HIeHTHYHOe ypaBHenuio (VII, 12):

dlnx _____Q_z—
( or )p, Hac  pra ( dln a,) (VII, 16)
Olnx )p T

Hnas upeanbHEIX PacTBOPOB, aHajoruyHo ypaBHenuio (VII, 12a),
TIONTY4HM *:

Olnx _ @
( or ),,, mac RT? (VII, 16a)

31ech x¥ — pacTBOPHMOCTb TBEPAOro BellecTBa; Qp — TEmJIoTa pacTBo-
PeHHs] MOJIS BellleCTBA B HACHIIIEHHOM pacTBope (cM. cTp. 68).
PacTBOopeHue TBepIOro BellecTBA B JKUAKOCTH MOXKHO NPEJCTABHTh
KaK [OBa TMOCJeNOBaTeNbHO NpPOTEKaIIUX mnpouecca: 1) mnaassaeHue
TBEPAOrO BELeCTBa M 2) cMellleHHe IBYX KuAkocteil. B cayuae uge-
aJbHBIX PAaCTBOPOB TEMJOTAa BTOPOrO Npollecca paBHAa HYJIO M BeJH-
yHHa Q. paBHa TeIIOTe IJIaBJEHHS] TBEPJAOrO BellecTBa: Qp=Ag pnp=
=AHj y; ¥ He 3aBHCHT OT BbIGopa pactBopuTens. CienoBaTesbHO:

JdIn x\ A2, ma

\"OT pmac  RT? (V11, 166)

Ypasuenre (VII, 166) Moxer 6bITb nosyueHo GoJee MpoCTo my-
TeM HcnoJb3oBanusi ypasHewus (VI 24): p,=p;+RTIna, u ypas-

Henns T'm66ca — leapmroabuna (IV, 19a): AG=AH + T[a—‘; (_AG)]

K
B camom nene, u3 ypasHenuit (VII, 15) u (VI, 24) nonyuum:
"2.Hac_"'1‘=u;+RTlna2,Hac-p"r=0

T. €
—RTInay 4. =py— K, =AG (VII, 17)

Ecau npu pacueTe a; B KayeCcTBe CTAaHAAaPTHOrO COCTOSIHHSI BTOPOro
KOMIIOHEHTa MPHHATA YHCTasAs XHIKOCTb, TO [,, COOTBETCTBYET 3TOMY
coctossHuo, a AG =p,—p, PpaBHO H3MeHeHHIO OyHKUMH G aas
nJaBJeHHs] OQHOTO MOJS YHCTOTO BTOPOro KOMIIOHEHTa MPH TeMiepa-
Type HHXKe TOUKH [J/aBJeHHs, coOoTBeTcTBeHHO AH paBHa Tenaore

NAaBAEHHS Ag nn. YUUTBIBAS CKa3aHHOe, TMOJyYaeM H3 YpaBHeHHH
(VIIL, 17) u (IV, 19a):

a1
—RTlnaz,Hac=12.nn+T[—Rlﬂaz,ﬂac—RT(—ﬁA) ]
0T  /p, nac

* DTo ypaBHeHHe B HeCKOJbKO HHOH dopme 6blio mpemnoxexo M. &. Illperepom
(1890) nuist pacTBOPHMOCTH MajIOPacTBOPHMBIX BelleCcTB (mpeje/bHO pa3baBieHHble
PacTBOpbl); OHO HasblBaeTcs 4o2apupmuxol [llpedepa.
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310 ypaBHeHHe nocse anreGpanueckHx npeoGpasoBaHUH maeT Bbipa-

XeHHe .
dlna, ) __ Mo, ma
& pomac . RT? (VIL, 162)

a Ins WOeasNbHbIX pacTBOpoB (@p=x) — ypaBHeHue (VII, 166).

= a
B npenmenbHo pas6aBieHHbIX pacTtBopax Qp ¥ Ay, ny, @ y2=72.,

O‘-IeBHIlHO, AJid 3THX pacTBOPOB

dlnx Ag, na (aln‘\’z) Q:
= - = VII, 16
(50, e 257~ (5572, = R (VIL 160
IMpounrerpuposas ypaBHenue (VII, 16B) B mpenesnax ot Temnepa-
Typbl nuassneHuss To BTOPOro KOMIOHeHTa (az=1) 10 HEKOTOpPOH TeM-
nepatypsl T<Ty W Tekyllero 3Ha- '

YeHHUS] aKTHBHOCTH Qj, IIOJYyYaeM: 0 L=25° —050
CeHCl ’
l __7"2'[1!! 'I—'—L—_A‘I'B
=== \T " T,)" T \ //ﬁeu;w&'
‘ VI, 18) - pacmép—om
( ) 4,70 \ CeHNO, | g52
T. €. B 3TOM CJyyae 3aBHCHMOCTb \ CeHe
Inay or 1/T Bbipaxkaercss NpsIMOH \ cs,
nunuedt. Jlas upeanbHoro pactBopa  ~ 420 N\ | CeHsCH; | a53
(az=x) ypasHenue (VII, 18) npu- \ |
HHUMaeT BH: 8 \ |
= -030
_ Ay Aoy _ A ’ \ |
Inx RT + RT, T+B \\ :
VIL,18 a
( ) 40 \ :
T. €. 3[eCb UMeeT MecTO JuHelHas Hapmanuw| | \| |
sasucuMoctb Inx ot 1/T (puc. \|
VI, 2). -g50 L
B ypasuenue (VII, 18) =e Bxo0-
OST BEJHUYMHBI, XapaKTepusylouiue 28 30 72 %
pacTBOpHTENb, M3 UYEro CJeNyer, 77 104

yT0o MjaeaJbHas pacTBOpH-
MOCTb BellecTBa He 3aBHu- PHe. VIL.2. 3aBucumocts pacrBOpH-
CHT OT IPUDPOAB PacTBOpH- MOCTH HapTaJMHA OT TeMIepaTyphl.
Teas. ODTO [OKa3aHO Ha pHC.
VII, 2, B npaBOM HHXHeEM YrJy KOTOPOro HaHeCeHbl TOUYKH, OTBeyalo-
LlHe pPacTBOPHUMOCTH HadTa/JHHAa B HEKOTOPbIX PaCTBOPHUTENSAX MNpPU
25°C (B yBeanueHHoM Macwitabe 3Ta YacTb pPUCYHKa IOKas3aHa B
NpaBOM YrJay cBepxXy). DTH TOUKH JOXKaTcs OYeHb OGJH3KO OfHA K APY-
rof, Tak Kak BeJIHYHHBI PAaCTBOPHMOCTH Ha(TaJMHa B yKa3aHHBIX pac-
TBODHTEJISIX pa3auualorcs Mexay coboit Ha 1—29%,,

Ha TtoM ke pHcyHKe HaHeceHa TOYKa .IJIaBJeHHS HadTajduHa
(lgx=0; t=80°C).
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Ecnn paccuutath Ag nn No ypaBHenuto (VII, 18a), ucxons us pacs
TBOPMMOCTH HadrainHa B HUTpOGeH30se, OJNM3KOH K HAeabHOR
(x2=0,295), To nosnyuaercs Ag, ,m—4650 KaA/MOAb, YTO HEMHOTHM OT-
JIMYaeTcsl OT SKCIepHMEHTaJbHOH BeJMYMHBI, paBHOH 4560 kaxa/moaxe.

Ias  omnpefeneHUs] PacTBOPHMOCTH MaJIOPaCTBOPHMBIX BelLECTB
HyxHO HHTerpupoBatb ypaBHenue (VII, 16a) u npu mHTerpupoBaHHH
He BBLIXOAMTb 3a 06JacTh npefenbHO pa3baBieHHBIX PacTBOPOB *:

x” Qz (T”—-T')

=% L0 (VIL, 19)

[MapuuanabHyl0 TENMJOTY DacTBOpeHHsi Qp B NpelesnbHO pasfabieH-
HEIX pacTBOpax MOXHO BBbIUMCAHTbL no ypaBHeHHIo (VII, 19) u3 Beau-
YHH PaCTBOPHMOCTH NPH ABYX Pas/HYHBIX TeMIepaTypax.

Ilpyn MaJjblX KOHUEHTPAaUUsSX BO3MOXHa 3aMeHa OTHOLIEHHS MOJib-
HBIX J0Jiefl OTHOLIeHHSIMH OO6beMHbIX KOHUEHTPAaUHH WM ADYTHX elu-
HHUL KOHLEHTpalHH:

In — == (VII, 19a)

§ 7. OTKIOHEHHs1 OT HAEaNbHOi PaCTBOPHUMOCTH

PactBOpHMOCTh B peasibHbIX PacTBOPax CHJLHO OTJHUYaercss of
yijeanpHoll. BelllecTBa CXOQHOH XHMHUeCKOH NPHPOALI HEPEAKO MMEIOT
COBepIIEeHHO pa3J/IHuHble PaCTBOPHMOCTH B TOM HJIH APYrOM pacTBOpH-
tene. Tak, pactBopumoctb LioCO; B Bome npu 70°C B 100 pas MeHb-
we, ueMm pacrBopumoctb KoCOj;, a LiNO; u KNO; pactBopumbl npwu-
GIH3HTENBHO OHHAKOBO.

CoBpeMeHHblE TeOpeTHYeCKHe B3FJISIAb Ha B3aHMOLEHCTBHE KOM-
1IOHEHTOB B pacCTBOpPe MOMOralOT KauyecTBEHHO OOBSICHHUTH OTHAEJbHbIC
<¢akKTBl pacTBOPHMOCTH, HO yBEPEHHO NpeACKa3biBaTb BENHUHHBI pac-
TBOPUMOCTH KakKoro-nu60 BellecTBa Ha OCHOBAHMM MAaHHBIX [Ja
JpPYTHX BellecTB NOKA HEBO3MOXHO. Ha OCHOBaHHMH 3KCmepHMEHTaJb-
HbIX JaHHBIX — KPUBbIX NaBJIEHHSsl Mapa UJAH HHbIX TEPMOAHHAMHYECKHX
CBOHCTB pacTBOpa KaKOro-auGo BelllecTBa — MOXKHO, KOHEYHO, BbI-
YUCAUTDL (Uepe3 XHMHYecKHe MOTeHLHaJ bl WIH aKTHBHOCTb) PaCTBOPH-
MOCTb KOMIIOHEHTa B KaXJOM OTAEJbHOM cJyyae.

Jlerko BHIeTb, YTO, KaK H Ui ras3oB, MNOJOXKHTEJNbHBIE OTKJOHE-
#usl OT 3akoHa Payns— I'eHpu BbI3bIBAlOT yMeHbIIEHHe pPacTBOpH-
MOCTH TBepJOro BeleCTBa, a OTPHIATe/bHble OTKJIOHEHHS — yBeJsHue-
uue ee. O6LIKMe Ke 3aKOHOMEDPHOCTH OrPaHHYHBAIOTCS KaueCTBEHHLIMH
0606LIeHHSIMH, OXBATHIBAIOIMMH JIHIIbL OTAEJbHble KJIacChl PacTBOPOB.

* Tak kak vz 3aBUCHT oT T u Qy He PaBHO Ay na BHe 06/acTH NpeAeNbHO
pasbaBieHHbIX PaCTBOPOB.
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V3BecTHO, HampuMep, YTO HEMNOJsPHbIE BelLleCTBA Jy4lle B3aHMHO paCTBOPHMBbL
(Tak e, KaK IMOJISpHblE), UeM HeroJisipHOe BEILeCTBO B MOJSPHOM pacTBOPHTele
uny o6patHo. Tak, COJH, MOYEBHHA, HH3LIHE CITHPTHL XOPOLIO PAcTBODHMHI B BOJIE
H mioxo B yraesogopojax. OueBHiHO, HANMYKe NHMOJEH y OJHOPONHBIX M PasHOPOA-
HbIX MOJISIPHBIX MOJIEKYJl BbI3bIBaeT B3aHMHOE HX NPHTHAXKEHHe W yBeNHYMBaeT pac-
TBOPHMOCTD, TOTJa KaK HENOJsPHbE MOJEKYJbl BbITAJKHBAIOTCS M3 MOJIAPHOTO pac-
TBODHTENSl BC/EJCTBHE AMIIOJBLHON aCCOLMALMH ero MOJEKYII.

JIviub [J1s1 HeNmoJIPHBIX BellecTB (IJaBHbHIM 06pPa3oM — OPraHHYECKHUX), PacTBO-
bl KOTOPbIX OGHAapYKHBAIOT HeGOJIbIIHE INOJOMKHTEJbHbIE OTK/IOHEHHS OT 3aKOHa
anm—reﬂpn, yHaeTcsi NOCTPOHTb TOJYKOJHYECTBEHHYIO CTaTUCTHYECKYIO TEOPHIO-
pPacTBOPHMOCTH, COMVIACHO KOTOpPOH OCHOBHEIM (haKTOpOM, ONpelessiOlHM pacTBODPH-
MOCTb TBepAOrO Teja B pAa3jHYHBIX MKHIKHX DacCTBOPHTENSX, SBJISETCH Pas3HOCTh
KBaZipaTHbIX KOpHel BHYTPEHHHX [aBJieHHH MXHJKHX KommnoueHToB. C pocToM 3TOM
Pa3HOCTH pacTBOPUMOCTb yMeHbluaeTcs (cM. cTp. 235).

- CioxHoe B3auMopeHcTBue (aKTOPOB, ONpeNe/SIOIMX PACTBOPUMOCTb, HPHBO-
JHT K TOMY, UTO B HEKOTOPHIX C/Ay4YafX PacTBODHMOCTb YMEHbIIaeTCsH C DOCTOM
TeMNepaTyphl, TOrJa Kak KOJMYECTBEeHHble TeOPUH IMpeJCKa3biBAIOT DPOCT PacTBOPH-
MOCTH C TéMmepaTypoH.

§ 8. BruizeneHnue TBepAOro ‘pacTBOpHTeNasi U3 pacTBopoB. Kpuockonus

Uanoxennble ¢akTbl ¥ 3aKOHOMEPHOCTH, OTHOCSILHECS K PacTBo-
PUMOCTH TBEpPAbIX TeJ B XKHAKOCTSX, OXBAaThIBAlOT M BblAeJIeHHE TBep-
IOro pacTBOpHTENS NPH OXJaxIeHHH. B camoMm nene, temmepatypa
3aTBepleBaHUs pacTBOpa C MaJOH KOHUEHTpalyell pPacCTBOPEHHOro
BelllecTBa (TOUHEe, TemilepaTypa HaudaJa 3aTBepAeBaHHA) O0ObIY-
HO eCThb He UTO MHOe, Kak
TeMmeparypa, IpPH KOTODOH
STOT pacTBOp CTAHOBHUTCA
HachllleHHB M OTHOCHTE/Ib-

HO TBEpJIOro pacTtBopurens.

ITpu Temneparype Hauana o
3aTBeplieBaHUsl  pacTBoOp H t
TBepAbli pacTBOpUTENb Ha-
XOASITCSl B PaBHOBECHH M Ja-
BJIEHHA HaCHILIEHHOTO Mmapa
pacTBopHTe/sl HaJ pacTBo-
POM U Haa TBepALIM pacTBO-
‘pUTENEM NOJKHBl GBITH DaB-
Hol *. Tak kak HaBJeHHE Na- Py, VIL3., TloHHKEHHe TeMmepaTyps
pa pacrBoputesa Hajng pac- 3aTBepAEBaHHs PacTBOpPOB.
TBOPOM BCerjla MeHbllle, YeM
IaBJleHHe Napa Haji XMAKHM DacTBODHTe]eM NPH TOH XKe TeMmmepa-,
Type, TO pacTBop 6GyleT 3aTBepAeBaTh Npu Oojee HU3KOH Temmeparype,
yeM pacTBopHuTenb. Dto BugHo u3 puc. VII, 3.

Ha stom pucynke kpuBasi AD nokaselBaeT 3aBUCHMOCTb JaBJIeHHS
HaChILIEHHOr0 mapa YHCTOrO XHAKOrO PacTBOPHTEJS OT TEMIepaTyphl,

* B obuwem ciyyae NOMKHB USMEDATbCS MApUMANbHBIE NaBJEHHS Mapa pacTso-
puTens, HO B GOJBLIOM YNCJe CIyYaeB DAcTBOPEHHOE BELIECTBO HEJETyYe H NpAMOe
usMepenye oflIero AaBJeHHs [LaeT AaBjeHHe NMapa JeTyyeéfo pacTBOPHUTESis.



220 T'a. VII. Pasnosecue mudxkux pacteopos ¢ easamu u T6epdbimu sewecrsamu

kpuBasi BC — naBneHue mapa YHCTOrO TBEPAOTO PacCTBOPHTENS, KpPH-
soie A’D', A”D” w A"’D’” — pnaBnenvie napa paCTBOPHTeNs Haj
pacTBOpaMH HeJIeTYYero BeleCTBa C MNOCTOSHHbIMU KOHLEHTPALHAMH
x/<x//<x/// i T I

Touku nmepeceuenus kpuswix AD, A’D’, A”D” w 1. n. ¢ kpusoit BC
onpejeNsilOT TeMNepaTypbl Hauasa 3aTBepAeBaHHS COOTBETCTBEHHO
yncroro X)upgkoro pactsopurens (T,) u pacrBopos (Ty, T, u 1. n.).
M3 pucyHka BHIHO, UTO MOHMIXKEHHe TeMIepaTypbl HayaJja 3aTsepie-
BaHua To—7T; craHoBuTcs GoJjiee 3HAUHTEJNbHBIM IO Mepe yBeJMYeHHUs
KOHLEHTPALHHU pacTBopa.

KonnuecTBeHHast 3aBHCHMOCTb MEXAY NOHHXKeHHeM TeMnepaTyphl
Hayaja 3aTBepPIEBAHUSA PAacTBOpa W KOHUEHTpalHell onpenensercss u3
ypaBHenuit (VII, 18) wnu (VII, 18a) nyrem nomcraHoBKH B ypaBHe-
Hue (VII, 18) akTHBHOCTH @, pacTBOPHTENS HJH €ro KOHUEHTPAlHH
x;=1—x [B ypaBuenne (VII, 18a)].

Ecan 3akou Payns HenpumeHuM, TO

- A’ly mn o, To— Tl
Inay = — 2. Je=t (VIL, 20)
Ec/aH HMeeTcs HIeasbHblii PacTBOP, TO
- A1, s To—T,
In(l—x)=— R _ToTn (VII, 20a)
”3 MOoCJIeAHEro ypaBHEHHSd HaXOdAUM!
To=T,=AT= — RToT1 RT"T' In (1 = x) (VII, 21)

Tak Kak BeJMYHHA X JIOCTaTOMHO MaJja, ToO MOXHO Pa3jOXHTb Jora-
pudM B paL H OI‘[)aHH'-lHTbCﬂ MepBLIM YJIEHOM DPasJiOoXKeHHs

ln(l—x)~x+—+

a rakke (mockonbky paswocts AT mana) cuutate Toly=T3%, Ttoraa
ypasuenue (VII, 21) npuoGperaer Bua:

RT}
AT = % x (VII, 22)
1y 0N
B pas6aBieHHBIX pacTBOpax
M2 N2 @M,
f‘ll+’12 - n w,M,

(rne My u My — monekyaspHble BeCa KOMNOHEHTOB; W, H W; — UX Be-
COBble KOJHUecTBa B pacTBope). [logcTaBMB 3TO BbIpaXKeHHe aas X
B ypasuenue (VII, 22) n nonaras w,=10002 (torna wo/Me=m—
MOJISIJIHOCTb PacTBOpa), MOJYUHM:

RTIM 1w, RTgMywy 000275  w,
?»,,n,,w,M, Ay, n,.lOOOMz Ly, ua M2

A
(Ll, m= —%'—yﬂeﬂbllaﬂ TENJIOTa MNJaBJeHHs PacTBOPUTENS).

AT =~ (VI1,23)
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B ypaBnenun (VII, 23) BeanunHa
0,00272

=const =K (VI1, 24)
Ll: na

3aBUCHT TOJIbKO OT CBOHCTB YHCTOro pacTtBopHTeEsl, TakKuM o6pa30M

K22
T—KM2 Km (VII, 25)

Koncranta K xapakTepHa AJs AaHHOrO DacTBOPHTENS! M MOXKeT
ObITb O/ Hero BblYHCJeHa no ypaBHenwuwo (VII, 24). ®usuueckuit
CMBIC/T 3TOH KOHCTAHTHl TaKOB: OHAa paBHA MOHHXKEHHIO TEeMIepaTyphl
3aTBepjeBaHHd, KoTopoe Habaoganoch Obl B pacTBOpe OAHOTO MOJSf
BewlectBa B 1000 2 pacTBopuTesns (npH YCJOBHHM COXPaHEHHs CBOHCTB
upelenbHO pa36GaBJeHHOro pacTBOpa OO 3TOH KOHUeHTpauuu) *.

Koncranta K HasblBaeTcsi MOAEKYAAPHbIM NOHUNCEHUEM TOUYKU 3Q-
reepdesanus pacrsopa. ¥Ypasuenue (VII, 25) maer BO3MOXHOCTHL On-
penesuTb MOJeEKyJspHBII Bec M, pacTBOpeHHOro BellecTBa MO
[OHHXKEHHIO TOYKM 3aTBepaeBaHuss AT pacTBopa 3TOro BellecTBa, CO-
Jepiailero wp rpamMmoB ero B 1000 ¢ pacTBopuTeds.

ITpaBuabHble pe3ysbTaThl MOJYYaKOTCs, €CTECTBEHHO, HPH OTCYT-
CTBHH [JMCCOLHALHMH HMJIH acCOLUMALUH MOJIEKYJ PacTBOPEHHOro Bellle-
cTBa B pasbaBieHHOM pactBope. Ecaum MoseKy/sipHBII Bec M3BecTeH
U3 JPYrHX JaHHBIX, TO MO MOHHXKEHHIO TOUKHU 3aTBEPJEBAHUS PacTBOpa
MOJXHO HOJIYYHTb CTeleHb MAMCCOLHALHUM HJIM acCOUMALMH MOJEKYJ
PacTBOPEHHOrO BelleCcTBa.

M3yuenne temnepaTyp 3aTBepieBaHHs PaCTBOPOB HA3BIBAIOT KPUO-
cKkonueli **, a MeTOA OmpeleJieHHs MOJIEKYJSIPHBIX BecOB MO YypaBHe-
uuio  (VII, 25) — kpuockonuueckum. Koucranra K mno3ToMy Haswl-
BaeTcs TakKxe Kpuockonuueckod xoucraurod. B rta6n. VII, 3 npuso-
OATCS KPHOCKOMHYECKHEe KOHCTAHTbl HEKOTOPHIX pacTBOpHTesell.

Onsi noswitienust TowHocTH u3Mmepenus AT ymo6HO mosb30BaTbCA
pacTBOPHTENSIMH C BLICOKMMH 3HaueHusamu K, Hanpumep Kambopoit
¥ KaM(peHOM, KOTOpbie B MOCJEAHHE HECSATHAETHSN HAXOAT IIHPOKOe
npumeHenne (Meron Pacra).

OnpenesieHue MOJIEKYNSIPHBIX BECOB KPHOCKONHMYECKHM METOHOM
ABasieTcs 6GoJiee TOUHBIM, YeM HX OnpefejeHHe 36YMIHOCKOMHYECKHM
METOLOM.

B cayuae wupeanbHHX pactBopoB ypaBHeHusa (VII, 166) wu
(VII, 20a) MOXHO HCMONb30BaTh [Js ONpe/eJeHHs TeMnepaTryp 3a-
TBEpIEBaHUs pacTBOpPOB JioGoro cocraBa. HHTerpupys ypaBHenue

* OGBIYHO NMPH CTOJb 3HAUYHTENBHOH KOHIEHTPALHH, Kak Mm=1, 3aKOHBI Npeje/b-

KO pa36aB/ieHHBIX PacTBOPOB He coGaiogaioTcsi. KpoMe TOro, HempuMeHHMO passioxe-

Hue B psif, HCMosb3oBaHHoe mpH BuiBoje ypaBnenus (VII, 22). HUsmepenus AT npo-
H3BOASITCA MPH MOJISIIBHOCTSIX, 3HAYHTENTbHO MEHBLIHX eTHHHIIHI.

** KpHOCKomHs — rpeyeckoe C€JI0BO, 06o3HAayalollee «HAG/IONEHHE OXJIAMAEHHS».
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Ta6auuna VII, 3

4 Kpuockonuueckne KoHCTaHThl K HEKOTOpPHIX pacTBOpHTeaei
. K
PacrBopute.b t"?:m Ly, :ab::ﬂgﬁ;g. onu{:ﬂan
' kaale VNI, 20y
Boma . . ... ... 0 79,7 1,856 1,84
Bensomr . . . . . .. 5,6 29,92 5,146 4,9
Hurpo6enson . . . . 5,7 22,6 6,83 6,9
YkcycHass KHCJIOTA . . 16,6 | 43,7 3,81 3,9
Qeroar . ... o.. . 42,7 29,06 6,81 7,4
Bensodenoar. . . . . 47,9 21,70 9,42 9,5
Hadramun . . . . . 80,1 34,66 7,14 7,1
Kamdpopa . . + « . . 178,4 10,74 37,7 40

(VII, 166), 6ymem moayyaThb TeMmmepaTypbl Hauaja 3aTBepAeBaHHS
pPacTBOPEHHOro BelllecTBa. ' .
Ucnoabsys ypasuenue (VII, 20a), MoxHO onpenennts Temnepary-
pbl Hayaja 3aTBepJeBaHMs pacTBopuTens *. B ToM cayuae, korga
KOMIIOHEHTHl He 06GpasyloT XHMHYe-
7] CKHX COelMHEeHHH, TeMmepatypbl Ha-
7| uana 3aTBepieBaHHs KaXJIOro KOM-
MoHeHTa OYAyT MOHHXKATbCS MO Mepe
yBeJIHUEHHsl ero KOHLEHTPalLHH B pac-

360 I

340) 4

320 Vd TBOpe.
& : / Wsobpaxas rpaduueckn cooTBer-
0 / CTBYIOLHE TeMmepaTyphl Kak (yHK-

Mo coctaBa, NOJyYHM Ha Auarpam-
Me [1Beé KpHUBbLIE, KaK 3TO IIOKa3aHO

260
B Ha puc. VII, 4, nas upgeanabHoro pac-
TBOpa HadrajauHa B GeH3oJe.
By—pz7 a¢ 06 06 W0 Kpusas AC — temnepatypnl Ha-

Konuenmpauus €wtg,randory yania 3aTBeplieBaHHs OGeH3os1a, a KpH-

Bass BC — remnepatypsl HauaJjia 3a-

Puc. VI, 4. Temmeparypm sa- TBepleBaHus Hadranuna. OGe kpu-

TBepAeBaHUT pacTBOpoB Hadra- BHe nepecekarorcs B Touke C, KOTO-

JuHa B GeH3oue. pas oTBeyaeT pacTBOPY, HaCBILIEHHO-

My o6oumu KoMmmoHeHTaMH. M3 aTtoro

pacTtBopa 06a KoMmmoHeHTa OyaAyT COBMECTHO BBIAEJISATbCS B TBEPAOM

COCTOSIHMH, 06pa3ysi TakK Ha3blBaeMylo IBTEKTUUECKYIO CMeCb WJIH 38-
rexTuky. Touka C Ha3blBaeTca 38TEKTUUECKOU TOUKOU.

* TIpn wunrerpuposanuu ypashenust (VII, 166) B wupoxux mpenenax T u x
cledyeT YyuecTh 3aBHCHMOCTb Anx OT TeMmepaTypel mo 3akoHy Kupxrodpda (cm.
cTp. 68).
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B

Hafigem B KauecTBe NpHMePa AHAJMTHUECKME BLIDAXKEHHs I/l KPHBHIX 3aTBep-
JeBaHHsA pacTBopa HadTasnnHa B 6eHsole.

Moubnylo ponito HadranueEa 0603HAYMM x, TOrAa MOJbHAg Aons Gensosna Gyner
(1—x). 3aBUCUMOCTb TEMJIOT NMABJEHHS OT TeMIepaTypbl BbIPAXKAETCA ypPaBHEHHAMH:

Mn cortg = 2211 + 05T (a)

A CioHs = 2844 4 4,8T (6)
IMoncrasus Boipaxenue (a) u (6) B ypasmenus (VII, 166) u (VII, 20a) u uure-
rpupys, MOJNYyYHM:
ans GeHsosa
Tnn=278,6 °K [npu (1 —x)=1]

H
lg(1—x) = 14671 = 22217 4 010031 7 ()
Aas HadTaavHa
Tyn=353,4°K (uprt x = 1)
H
Ig x = — 4,352 — Gi'T’-s—O- +2,41571gT (r)

Tak Kak B 3BTeKTHYeCKOH TOYKe BHINMOJHATCA 06a ypaBHEHHSs, TO, pewias CH-
cTeMy ypaBHeHHH (B) M (r) nyTeM nombopa BeqHuHH X H T, HaxXoQHM KOODAHHATHI
9BTEKTHUECKOH TOYKH:

o

Tour=2685"K (fy0, = — 47°C);  x,,,=0,14

Hns pacueToB TemmepaTtyp 3aTBeplAeBaHHs HeHJeaJbHbIX PacTBO-
poB Hesb3si nmpHMeHsiTh ypaBHenus (VII, 166) u (VII, 20a). Ilpume-
usis- ypaBHenue (VII, 16B) kK pacTBOpHTE/]I0O M HHTErpHPYs ero ¢ Hc-
nosb3oBaHdeM 3akoHa Kupxrodpda, MOXKHO H3 KPHOCKONHYECKHX
JaHHHX BBIYHC/JAMTL AKTHBHOCTb PacTBOPHTeJs B peasjlbHOM pacTBOpeE.
D10 ogHH U3 HanbOJiee TOYHBIX METOAOB BBIYHCJIEHHS aKTHBHOCTH.

4

§ 9. Buigenenne TBepAbIX PacTBOPOB

PaccMoTpeHHBble BbILlE 3aKOHOMEPHOCTH, OTHOCSIILHECS K pacTBo-
PHMOCTH TBEpJbIX BELUECTB B XKHAKOCTH M MOHHXKEHHIO TOYKH 3aTBep-
JleBaHHSI PacTBOPOB, HMEIOT MeCTO B TOM cJjyyae, KOTAa M3 pacrBopa
BbIE/SIOTCS YHCThle TBepAble KOMIOHEHThl. MexXJy TeM Hepeako NpH
OXJIaXK[EeHHH DPacTBOpPa BBIAEJSIOTCS TBepAble PacTBOPbI — OAHOPOJ-
Hble KPHCTaJ/JIHuecKHe ¢$a3bl IepeMeHHOro coCTaBa, COCTOSIILHE H3 ABYX
AJIN HECKOJIbKHX KOMIIOHeHTOB. B 3TOM ciyuae naB/jeHHe mapa KoM-
MOHeHTa HaJ TBepAbIM pactBopoM (KpuBasi bc Ha puc. VII, 5j
MeHbllle, 4YeM Haja uYdcToil TBepHoil ¢asoil (kpuBas BC), u paBHOBe-
cue XHIKOro M TBePJOro PacTBOpPa OCYLIECTBJISIeTCSl He NP TeMmepa-
type T4, KoTOpoit oTBeyaer Touka C’, a npu GoJjiee BHICOKOH Temmepa-
Type T,, onpenensiemoii Toukoii ¢’ mepeceuenus Kpusoit C’D’ (nmaBie-
HHe -mapa HaAd MXUOKUM pactBopoM) c kKprHBoii be. Ilpu stom
TeMmnepatypa T MoxeT GbiTb HuXe T,— TeMIepaTypnl 3aTBepAeBaHHS
grcroro pacrBopurenas (puc. VII, 5,a) niu Boime ee (puc. VII, 5,6).
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Haiinem 3aBHCHMOCTb TeMmepaTyphl 3aTBepAeBaHHs pacTBoOpa, H3 KOTOPOrO BHI-
NeJISIOTCSl TBEPAble PacTBOPBI, OT KOHLURHTpAUMH. EciH XKHAKHH H TBepABIH pacTBOPHI
HAEaJbHBl M KOHLEHTPAlHsA pacTBOPHTENS B KHUAKOM pacrBope paBHa (l--x)w, a B
TBepoM pactBope — (l—x)r, TO (TaKk Kak XHMHYeCKHe MOTEHLMAJBI PacTBOPUTENsI
B 00enx ¢asax paBHHI):

po+RTIn(1=x),=p, +RTIn(l—x),
UIH

(1 —-X o
AG=—RTIn = ))"‘—um .

3gece AG°, Kak u mpexne, M3meHenue G NPH MJIABJIEHHH YHCTOTO KOMIIOHEHTa.

Q c
Tc'c'*"
1
b.:l
by
o
TR
.._)7'
a

Puc. VII, 5. [TonuxeHne TeMIepaTypH 3aTBepAeBaHHA NpU
KPHCTAJIM3allH¥ TBEPIHX PacTBOPOB:
a—Ta < To; 6 —T2 > Ty

Ucnosw3ys ypaBHeHne Iu66ca—IeanMronblia H NOBTOPSS PacCyXXAEHHSA, MO-
noGHble MpHBeJeHHBIM Bbille (cTp. 220), NPUXOAMM K YPaBHENHIO, aHAJOTHYHOMY

(VII, 20a): a ) N AT
—X)x 1, I
In =% R ToTs (VII, 26)

Ecnn o6a pacTBopa, XHAKHHA M TBepabli, pa3baBieHbl, TO

In(l—x)x~—xx 8 In(l=x1) = —xr

nojaras rtakxe Iyl = To' noJyuaeMm:

AT RT} RT} (1 xT)
T My (e = x1) = Ao T (VIL,27)

U jpanblie aHajoruuHo ypasenuto (VII, 25):

'"; ) = Kt (1 = k) = K’'my (VII, 28)

Mmr
3nech Tn—=k-—x03¢¢uuuer¢1 pacnpedeserusn pPacTBOPEHHOTO BEIlECTBA MeXAY
9.3

TBEpPAbIM H XKHIKHM pacTBOpoM, a K’ — Kaxymwascs KPHOCKONMHMYECKas KOHCTAHTa.
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Ecau m,=0, T. e. BblJeNfieTCs YHCTHIH TBEPABIH DPaCTBODHTEIb, TO TOJyYaeTcs
ypasuenne (VII, 25). Tlpu k=1 (1. e. npu my=mx), oueBuano, AT=0 u nonmxenne
TOUKH 34TBEPAEBAHUSA OTCYTCTBYET.

Ecan k<l (my<my), To AT>0, T. e. pacTBOp HauMHaeT 3aTBepAeBaTb MNpH
6oJiee HH3KOM TemnepaType, YeM 4YHCTbilf pacTtBopurtenb (puc. VII, 5,a). Harowneu,
npu k>t (m.>mx) AT<O0; B 3TOM cjyyae pacTBOp HAuWHAeT 3aTBepAeBaTb NPH
6os1ee BLICOKON TeMmmepaType, YeM YHCTHIA pacTBopuTeab (puc. VII, 5, 6).

CucTeMbl, B KOTOpbIX £>1, HaGmoOnAOTCA 4YacTo; B STHX CJydYasx TeMmneparypa
niasjenHs G6ojiee HM3KOMNABKOrO BelleCTBa I[IOBBILIAETCSI MO Mepe nNpnbaBieHHs
rBepaoro BelliecTBa. TakoBbl, HampuMep, pacTBopun fB-HadTosa B HadTajHHe, 30J10Ta
B PTYTH H Ip. ~

CnenyeT uMeTb B BHAY, YTO YCTOBHS,, NPH KOTOPHIX COGIIOLAeTcsi ypaBHeHHe
(VII, 28), — npeanbHocTh 060OMX PAcTBOPOB M OYEHb MaJjble KOHLEHTPALUWH — PelKo
OCYILECTBASIOTCSA, NO3TOMY, KaK INpaBHJIO, HAG/IOalOTCA OTKJIOHEHHS, YacTo OYeHb
sHaudTeNnbhble, BeJaUUHH AT OT 3HaueHHWil, PACCUATAHHBIX MO STOMY YpaBHEHHIO.

§ 10*. 3aBHCHMOCTb PACTBOPHMOCTH TBePABIX BelIeCTB OT AABJEHHA

OGriuHoe NpeAcTaB/JeHHE O MaJiOM BJIHSIHHH JaBJIeHHS Ha PaBHO-
BECHS MeX1y KOHIEHCHPOBaHHbIMH (hazamMH, HanmpuMep Ha pacTBoO-
pPUMOCTb TBepAbIX TeJ B XHIKOCTSIX, CIPaBeJJIHBO JHIIb NPH He6OJb-
wux paBnaeHusx. OpHako B Hacrosiulee BpeMs AOCTYNHBLIA [Jsi HcC-
cJe0BaHHsT M [JS TeXHHKH AManasoH [JaBJeHHH pacllupHjics A0
JEeCATKOB THICSY aTMocdep M BAMSHHE [aBJeHHS Ha pacTBOPHMOCTb
0Ka3aJioCh 3HAUUTEJbHBIM. DTO BM/IHO, HANpUMep, H3 MNPHUBOIUMBIX
HuKe 3Hauenuit pactBopumoctd (x) NH4NO; B Bome mpu pasHbix
naBaenusix (P).-

P(x6ap)*. ......0000 1 -2 4 6 8 9 10 12
x (MonbHble nosm) . . . 0,676 0,616 0,563 0,473 0,403 0,345 0,319 0,297 0,254

"B cucreme NaCl—H,O npu 25°C u naBaenun okoso 17 x6ap
MOXHO Habal0gaTh MOSIBJIEHHE «IBTEKTHKH» JieJ — TBepaas CoJb
(17% NacCl).

- Ilns BbIsicHeHHS OGLIMX 3aKOHOMEDHOCTEH MpPUMEHHM Ty XKe cXe-
My BbiBOla, KOTOpas Oblla HCIIOJNb30BaHA NPH HCCAeJOBAHHH 3aBHCH-
MOCTH pacTBOpUMOCTH OT TeMmnepatypnl. JluddepeHuupyem no nas-
nennto ypasuenve (V, 14) p, . =p, . A5 HACHILLEHHOTO PacTBOpa

OJIHOro0 TBEPAOro BelleCTBa B 2KHIAKOM pacCTBOpUTENE!:

O, nac ) (0[,12 Hac) (ax) ( a"; T )
— 2% Hac 2, Hac — 2T I
( Op  Jx T+ 0x  /p,7\Op/r, nac op It (V11,29

Ha ocnoBanuu ypaBHenuit (IV, 16), (V, 9) u (V, 19):

Ou, Hac) . 2
ZB2, Hac =V
( ap T 2, HaC

OuBT) .
( op r=V2'T

B 1 kuno6ap (x6ap) =108 n/m?=10° dun/cm?~1000 arm.



226 I'a. VII. Pasrosecue xudkux pacTsopos ¢ 2azamu u TeepOsimu seujecTeamu

rae Vs, mac — NAPUHAJbHEI MOJbHBI 06BEM PaCTBOPEHHOrO BelllecTBa

B pacTBOpe; V2 r— MOJIbHBI 06bEM 3TOr0 BellecTBa B TBepAoi (ase.
IMogcraBuB 3TH 3HaueHuss B ypaBHenue (VII, 29), naxopum:

7 ous, Hac) ( Ox) o v
P2, Hac —_— = I1, 29a
Vz,nac'l'( 9% )"t \ 9 )1, uac Va,r ( )
Ho

_ . Olz, nac _ ( dlna,
Pe, nac-l‘«zym'l‘RTm Qs ( 0x )p'T_RT ox )p'T

TlopcraBue B ypaBHenue (VII, 29a) u npeobGpa3sysi, monyunm:
(_‘?_x_) ‘V2 nac V2,1'
op T.Hac dlna,
RT( dx )p-T

IloacraBuB 0x=x-d In x, npeo6pasyem:

(alnx) e Vrme=Van (V11,30)
ap T, Hac RT(all‘laz) )
dlnx Jp1

Pasuocth Vg— Vo paBHa mpupocty o6beMa AV, nmpH pacTBOpeHHH
MOJSi TBEPAOrO BelleCTBa B €ro HachlLLIEHHOM pacTBOpe.

B ofuem cayuae tepMOAHHAMHYeCKHH pacyeT 3aBHCHMOCTH pac-
TBODUMOCTH OT [aBJieHHs BO3MOXKE€H NPH 3HAHUH 3aBHCHMOCTH aKTHB-
HOCTH DaCTBOPEHHOTrO BellecTBa OT KOHIEHTPalUH pactBopa Ipd
JaHHOH TeMmepaType M pasHUHLIX [aBJEHHSX.

B wugeannuom acTBope [lna =Inx u (M) l] aBHe-
P p 2 olnx o1 yp

aue (VII, 30) ynpomaercs:
(Olnx‘)
Op /T, mac
Vpasueuue (VIl, 30a) Hocur Ha3BaHue ypasnenrus Illiranka — san

Jlaapa. Ono NPpUMEHUMO K HACaJbHbIM H l'lpelleJIbHOp836aBJIeHHblM
pacTtBopam.

__ A1,
-7 (V11, 30a)

§ 11. OcmoTHuecKoe naBJeHHe

Bce saBnenus B pacTBOpax, pacCMOTPeHHbIe PaHee B 3TOM pasfede,
OTHOCHJIMCb K PaBHOBECHBbIM COCTOSIHMSIM KaXKAOH TOMOTreHHOH (a3bi
nepeMeHHOro coctaBa (pacTBOpa) W K PaBHOBECHSIM pacTBopa ¢ Apy-
rumy ¢daszamu (map, TBepAoe BelllecTBO). PaBHOBecue LOCYLIeCTBJIAETCS
npu 00s13aTeJbHOM paBeHCTBe TeMIepaTyp M AaBJeHHH BO BCeX 4acTsx
Bcex (a3, COCTaBJSIIOILHX CHCTEMY, W TNpPH INOCTOSIHCTBE COCTaBa BO
Bcex yuacTkax ofHOH ¢asbl. Ilpn Hamuuuu ke pasHOCTell XHMHUECKHX
NIOTEHIHaJI0B KOMIIOHEHTOB MEX/JY YYacTKaMH OJHOH (a3bl U MeXAY
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pasHbIMH (pa3aMM 3TH KOMNOHeHTH AH(PGYHAMPYIOT B HanpaB/eHHH
najeHdsi CBOEro XHMHYECKOro noTeHUHana A0 TeX MOp, MOKa pasJiu-
yHe B BeJHUMHAX XUMHUYECKHX TMOTEHLHaJIOB B Pa3HBIX YaCTAX CHCTe-
Mbl He JIMKBUAHPYeTCsl, T. €. Noka He OyHeT NOCTHTHYT OAHHAaKOBbIi
COCTaB BO BCEX yuaCTKaxX BHYTPH KapoH ¢asbl U PaBHOBECHOe pac-
npejeseHde KOMIIOHEHTOB Mexay ¢aszamu. Heo6xomumbiM yciroBueM
ANS JOCTHXKEHHS TaKOTrO PaBHOBECHS SIBJISIETCS BO3MOXKHOCTb CBOGOA-
HOTO TIepexoja BceX KOMIOHEHTOB H3 OJHOrO u
yuacTKa KaxaoH ¢da3bl B ApPYyroil y4acTok H H3
OoAHOH ¢pa3pl B JApyrymwo.

WHass xapTtuHa HabJi0faeTcs B TeX cJyua-
AX, KOrja OT[eJbHble YaCTH CHCTeMBbl pasjele-
HbBl TIeperopoikaMy, KOTOpble HeNnpoHHLaeMbl

HIHHHY

IJsi OLHHX KOMIIOHEHTOB (HampHMep, pacTBO- I~E
PEHHOro BellleCTBa) M NPOHHLAeMbl AJs APYrHX 2 F 7%
KOMMOHEHTOB (Hampumep, AJs PacTBOPHTENS). \ A

[IpocTbiMKM M JaBHO HM3BECTHbIMH NPHMEpPaMH Ta-
KHX IeperopofioK, HasblBaeMbIX MNOAYNnpoHuyae-
MbLMU, SBJASIOTCS KOXa, NepraMeHT M Jpyrue
KUBOTHblE M pacTHTe/bHble TKaHH.

Ecnn cocya I (puc. VII, 6), 3akpbITBIl BHH- -
3y MOJYNPOHHIIAeMOH Neperopogkoil, B KOTOPOM
HaXOLHTCS BOAHBI PacTBOpP Kakoro-Hu6Gynb Be-
LIeCTBA, NOMECTHTb B COCYA 2 C BONOH, TO BOAA pyc. VII, 6. Mpocred-
OyZzeT NpOXOAHTb M3 COCyAa 2 B cocyn /. Tako#  wmit npubop aast name-
CaMONMPOH3BOJBbHBIH MNepexona BOJBI PeHHT OCMOTHYECKOrO

(unn nob6oro pacTBOpHTeNsl) uepes IaBJeHHs:
NOJYyNPOHHI AaeMYl0 Neperoponky B ";'y;ggf;ﬂlr"ﬁﬁcoc;z?yn;

pacTBODP Ha3blBAETCH OCMOCOM.

Cuna(HaelMHHMUY NAOIlAaH),3acTaBAsoU[asA pac-
TBOPHTENb MNEPEXOAHTb Yepe3 NOJYNPOHHULAEMY IO
nNeperopoiKy B pacTBOp (HaXOASIUMHACS NPH TOM Xe BHeI-
HeM [aBJIeHUH, UTO ¥ PACTBOPHTEJb), Ha3bIBAETCS OCMOTUHECKUM 0a8-
AeHUeM.

BcnencTBue ocmoca ypoBeHb pacTBopa B cocyae / noBblIaercs,
co3aapasi ONOJIHHTEe/IbHOE JaBJIeHHe, KOTOPOe MPENsiTCTBYET OCMOCY.
ITpu nexortopoit BhicoTe A cTON62 XKUAKOCTH B cocyde ! A0MOJHHTENb-
HOe JaBJieHHe JOCTHTaeT TaKOH BeJMUMHB, NPH KOTOPOil ocMoc mpe-
Kpallaercsi, T. €. YCTAHABJMBAETCS DPaBHOBECHE MeXJy pPacTBOPOM
JAaHHOH KOHLEeHTPalUMH M YHCTbIM PacTBOPHUTEJIEM, Pas3feseHHBIMH IO-
JYNpPOHHIaeMOH mneperopojkoi. YBeJHYHBasi H3BHe [aBJ/ieHHe B CO-
cyne I, MOXHO 3acCTaBHTb BOAY NepexXoAuTb U3 cocyna I BO BHeIIHHI
cocyn 2. Tlpn sTom KoHueHTpauust pactBopa B cocyae / 6yner Bo3pa-
CTaThb O TeX MOp, MOoKa He JOCTHIHET 3HAYeHHS, COOTBETCTBYIOILErO
YBEJIHYEHHOMY [1aBJIeHHIO; YCTAaHOBHTCS HOBOE paBHOBeCHE MeXAIY
PacTBOPOM M PacCTBOPHTEJIEM.
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Takum o6paszoM, paBHOBeCHIO MeXJIy pacTBOPOM 3a-
JaHHOH KOHUEHTpPAUWHH H UYUCTHBIM pPacCTBOpPHTEJEM,
pa3fieNneHHbB MM TNOJYNPOHHLAaEeMOH MNeperopopkodi,
COOTBETCTBYeT ONpPefieNeHHOe THAPOCTAaTHYECKOE
JaBJeHHe BCOCyde CpacTBOPOM. DTo AaBjeHHe PaBHO OCMO-
THYECKOMY [aBJIEHHI0O Y OTJHYaeTCss OT Hero TOJbKO 3HAKOM.

ITockosbKy peanbHO H3MepseMOil BEJHYHHON SABJSETCA HMEHHO
THAPOCTAaTHUECKOE JaBJieHHe, MOXKHO U CaMO OCMOTHYECKOe [ aB-
JeHHE ONpelesuTh, KAK JONMOJHHTEJbHOE NaBJAEHHE KO-
Topoe HEOGXOLMMO NPHJONKHUTbL K PacTBOPY, 4TOO bl
NpefOTBPAaTHTbL MOCTYyNJeHHEe B Hero (HJH yaaJeHHeE
M3 Hero) pacTBOpHTeas uyepe3 MNOJYNpPOHHULaAeMylo
neperopoaxy.

IMdedep, noab3ysice ocMOMETpOM C MNOJNYYEHHOM HM NOJYNPOHH-
naemoit neperopoakoii u3 CuqsFe(CN)s, uamepua (1877) ocmoTtiueckoe
JaB/eHHe BOAHBIX DPAacTBOPOB TPOCTHHKOBOro caxapa. OcHOBhIBasich
ta ganHbix I1dedepa, Baur-I'opd nokazan (1886), uto B pasGaBien-
HbIX PacTBOpax 3aBUCHMOCTb OCMOTHYECKOTO JaBJEHHS OT KOHLeHTpa-
UMM pacTBopa coBmagaer no ¢opme ¢ 3akoHoMm boitns—Mapuorra
A8 uieaJbHbIX ra3oB. B mosnneifiminx, 6osee TOYHBIX Hcc/eQ0Ba-
HUSIX 3TO MOJIOXKeHHe ObLJIO NMOATBEpPKAEHO, a TaKxe OblIH TOYHO H3-
MepeHbl OCMOTHYECKHe [aBJleHHS B KOHLUEHTPHPOBAHHBIX PacTBOpax,
CHJIBHO MpeBblLIAlOUIMe HaBJjeHHe MeasbHbIX Ta30B. '

" B ra6a. VII, 4 npusenenb nanubie bepkau u Xaptau (1906—1909)
A1 OCMOTHUECKOrO JaBJEHHS §T pacTBOPOB TPOCTHHKOBOIO caxapa M
ratoko3bl npu 0° C. Tam e mpuBeneHbl 3HaueHHs o6bnema V, 3akmio-
YaolEero OAHH MOJb PacTBOPEHHOro BRILEeCTBA, H BeJHYHHBI NMPOH3Be-

Ta6auuma VII, 4
OcMoTHYECKOe AaBJjieHHe PAcCTBOPOB Caxapo3bl H TJIOKO3bI

npu 0°C
PacTBOpeHHOE c v a4 .1::. =ny
BelLecTBO 2/r 2lmoars arm (2-arm)/mons

Caxapo3a 2,02 169,3 0,134 - 22,7
10,0 34,2 0,66 22,6

20,0 17,1 1,32 22,6

45,0 7,6 2,97 22,6

93,75 3,65 6,18 225

I noko3a 99,8 1,804 13,21 238
199,5 0,902 29,17 26,3

319,2 0,564 53,19 30,0

448,6 - 0,401 87,87 35,2

548,6 0,328 121,18 39,7




§ 12. Tepmodunamuxa ocmoTudeckozo Oasrenus _ 229

Ta6auua VII, 5
OCMOTHYECKOE faBJeHHe pacTBopa caxaposn (/2 =0,4) npu pasHbIX TeMmepaTypax

TeMnepaTypa Temneparypa
] T i n/T
arm armfepad arm arm/epad
t, °C T, °K I ¢t e°C T, °K
0 273,2 9,44 0,0346 25 298,2 10,30 0,0346
10 283,2 9,79 0,0346 60 333,2 10,87 0,0327

neHus mV, KoTopble A/ pacTBOPOB ¢ KoHueHtpauusmu ¢ < 0,3 moas/a
paBHH HOCTOSHHOM BenHuuHe 22,6 4 - aTm/mOrb.

DTa BeJUYHHA oueHb OJM3Ka K 3HaueHHI0 pV pmias HAeasbHBIX Ta-
308, paBHOMY 22,413 4-arm. Ilpn Gosee BHICOKMX KOHLEHTpauusix sV
pacrer. '

3aBHCHMOCTb OCMOTHYECKOTO [aBJjleHHsI pa3GaBieHHbIX PacTBOPOB
OT TeMmepaTypbl mokasaHa B Taba. VII, 5, us kortopo#i BuAHO, uTO
OCMOTHYECKOe [aBJieHHe NPONOopIHHOHAJbHO abCONIOTHOH TeMmmneparype.

Ecay Bbluncauth 3HaueHne BeanunHsl nnV/T pas o6vema pactsopa.
co/lepXXaulero OfHH MOJIb PaCTBOPEHHOT'O BELUECTBA, TO OKaXeTCs, YTO
nV/T=0,0827 (a-arm)/(mosb-2pad), T. e. 3Ta BeJHUHHA B mpepenax
TOYHOCTH H3MepeHHsi OCMOTHYECKOro JaBJIeHHs paBHa ra3oBOi Mo-
crosuHo# [R=0,08305 (4-arm)/(moab-epad)].

PaccMoTpeHHble 33KOHOMEDHOCTH OCMOTHUYECKOrO [aBJIeHHSI pas-
6aBJieHHBIX: PACTBOPOB OXBaThbiBaloTcsi ypaBHeHHeM BauTt-I'odda:

4 n=cRT (VIL, 31)
rae :

c=T2 o W2
V MV
Takum o6pa3oM, oCMOTHYeCKOe INaBJjieHHe pa3GaBjieHHBIX PacTBO-
POB YHC/IEHHO PaBHO TOMY MAaBJeHHIO, KOTOPOEe NpOM3BOAMIO Obl TO
e YHCJIO MOJIeKy] pPacTBOPEHHOro BelllecTBa, ecau Obl OHO B BHAE
MIeanbHOro rasa 3aHHMaJio NMpH JaHHOH TemmepaType 0o0beM, paBHbIil
ob6bemy pacTBopa.

Hafinennoe Bant-FoddoM 6an3koe CXOACTBO MeXAY YDaBHEHHSAMH IS OCMO-
THUYECKOro JaBJjieHus paadaaneHHbe pacTBOpPOB U AJ51 [OaBJE€HWA HAeaJbHbIX ra3oB
IOCJYIKHJIO OCHOBOH JJIfi WIMPOKO DacnpocTpaHeHHoro B kouue XIX u navane
XX Beka npencraBJeHus o6 OCMOTHYECKOM JaBJIEHHH KaK pe3yJuTaTe yaapoB

MOJIEKYJl PacTBODEHHOrO BELIECTBA O MOJNYNPOHHLUAEMYIO MePeropoaky. 2To mped-
CT4BJIEHHE KaK HelpaBu/bHOe GbIIO OCTABEHO.

§ 12. TepmoanHaMHKa OCMOTHYECKOrO MAaBJEHHS

PacTtBoputesb M pacTBop, pasiesieHHble NOJYNPOHHUILAEMON mepe-
FrOPONKOH M HaxoAsllHecs B PaBHOBECHH, NPeNCTaBASOT aBe ¢aswl,
OIVH H3 KOMIIOHEHTOB KOTOpPbIX, CBOGOAHO. NMPOXOASIUHA H3 OLHOH
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¢asel B Apyryio, Lo/aKeH HMeTb B o0eux (a3ax paBHble XHMHYECKHE
noTeHUUasbl. B 4ucTOM pacTBopuTe/se ero XHMHMYECKHH NOTeHUHanl W
NpH NOCTOSHHBIX TeMIEepaType H BHELIHeM AaBJeHHH P; NOCTOsIHEH.
B pacrBope xe ero 3HayeHHe py H3MEHSIETCSl C H3MEHEHHEM MOJbHOM
IONA x| U naBieHust P, (mocyenHee ckJaablBaeTCsl H3 MEPBOHAYANBHOTO
JaBJIeHUs] U JONOJIHUTENBbHOrO THAPOCTATHYECKOTO [aBJIeHHs] B pac-
TBOpE, PABHOIO OCMOTHYECKOMY NaBJIEHHIO). DTO H3MEHEHHE MOXKHO
Ha#TH, nndJcbepeHunpyﬁ pPaBeHCTBO my=y; N0 X; ¥ no P, yuuTbIBaf,
uto dp; =

ouy (Ou, ) PR
= (0x1 )p2 1t p, xl'rdpz—dul 0 (VI1,32)
HO
_aﬂ) __ %G (aV) .
( 0P, /, s 1‘_ on, - 0P, on, Jp,T Vi (VII, 33)

[cm. ypaBuenns (IV, 16) u (V, 19)].
CoraacHo ypasHenuto (VI, 24)

Oouy _ dlna
( Ox )P. T RT( Oxl )p’ T (VII,34)
Coueras ypasrenus (VII,33), (VII, 34) u (VII, 32), noayuum:
0 ln a, — _
RT(T)P, dX|+V|dP2—O

H
dPy= -ﬂ(——a“‘ “‘) dx,
Oxy /p. T

Vi
Cunrasi Vi~const, HHTerpHpyeM OT COCTOSHHSI YHCTOTO PacCTBOPH-
tensa: x;=1 (a;=1) u Py=P; [0 KOHUEHTpauUuu X; WU [JdaBJ/eHHS
P2=P1+J'I$:

(VII, 342)

pz_p,=n=__’?l7_rmal (V11, 35)
1

Tak kak B coorBeTcTBUH ¢ ypanueHuem (VI, 23)

a, ='Lol-
Py
TO
n=—RL, 01 (V11, 35a)
Vi p

Tle p, H p)— COOTBETCTBEHHO JaBJIEHHS HACHIIIEHHOTO Mapa Haj pac-
TBOPOM M Hall YACTHM PacCTBOPUTENEM.

Vpasuenusn (VII, 35) u (VII, 35a) sBasiorcss OGUIMMH TepMOJH-
HaMHYeCKUMHM ypaBHEHHSIMH AJI OCMOTHYECKOro AaBJ/IeHHS.
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OrmeTHM, 4TO 7t NpPONOPUMOHAJBHO Inp,/p], 3TOH ke BenMUHHE

[PONOPIUHOHANbHE BeNUYHHbl AT TNOBBIIIEHHS] TeMNepaTypbl KHIEHHs
M TIOHHXKEHHsI TeMIepaTypbl 3aTBepleBaHUs pacTBOpa [CM. ypaBHeHHUs
(VI,16) u (VII, 20a)], xotopble, TakuM 00pa3oM, OKa3bIBAIOTCS NpoO-
NOPLUMOHAJbHBIMH OCMOTHYECKOMY naBjeHuto. [loacraBuB B ypaBHeHHe
(VII, 35a) snauenne p;/p| no ypasHeHuwo Payis, nojyduum ansa uie-

aJbHLIX PacTBOPOB

Tyg = — %T In x, (VII, 36)

1

M 1711 HAeaJbHbIX GHHAapHBIX PacTBOPOB

Toyp = — —R_—T In(1-x) (VI1, 36a)
Vi
Hns  pa3GaBieHHBIX  pacTBopoB  (¥<1)  MOXKHO  CUHTaTh
ng
ny+ng
yecKoe AaBJjieHHe pa3GaB/eHHbIX pacTBOPOB OyxeT paBHO
RTx RT

Tpas = ——=— ==
P Vi Viny

n
—In (— X) =X ¥ ONHOBPEMEHHO X = zn—f, NO3TOMY OCMOTH-

fa (V11,37)

Ecan np,<ny, to Viny mpakTHYecKH paBHO o6bemy pacrsopa V, a

n o
—127= Co — MOJIbHO-06beMHOl KoHUeHTpauud. OKOHYATe/bHO MOJydYaeM

IJ1si pa36aBleHHbIX PacTBOPOB

w2
Tpass = CzRT“—‘W RT

T. e. ypapueiue Baut-T'odpda (VII, 31). Takum obpasom, 310 ypaB-
HeHHe CIpaBelJHBO TOJIbKO 111 pa36aBaeHHb X PacTBOPOB, MOA-
ypHaoWmXxcsl 3akoHy Payas. Tlpu noBbllleHHH KOHUEHTpaLMH, aaxe
eciM pacTBOp MNoAuuHsercss 3akouy Payas, T. e. upeasen, ypaBHeHHe
(VII, 31) nenpumennmo u 3amensiercs ypaBHenueM (VII, 36), B obiuem
e cJyuyae HeuIeaJbHbIX PaCcTBOPOB CIpaBelJHBbLI JHIb ypaBHEHUS
(VII, 35) unu (VII, 35a). B sTom MoxkHO yGeauTbCcsl, CpaBHHBAas 3KC-
fiepHMeHTaJIbHble B PacCUUTAHHBIE 3HAUEHHS OCMOTHYECKOTO JNaBJieHHS
KONIIEHTPHPOBAHHBIX PacTBOpoB caxaposnl (tabm. VII, 6).

Ecan nmpu m=0,1 Bce BbluHC/IeHHble 3HAaYeHHUA COIJIACYIOTCA C
ONbITHON BEJHYHMHOM, TO, HayHHass OT Mm=1, TOJbKO 3HAaUYeHUA m,
BblUMCJICHHBIE N0 OOlleMy TepMOAHHAMHYECKOMY ypaBHEHHIO, XOPOLIO
corsacytorcst ¢ onbitoM. YpasHeHue ke (VII, 36) ans mpeanbHbIX pac-
TBOPOB [Aa€T BeJHUYMHbl MHOrO MeHblLIe ONBITHBLIX; OCOGEHHO GOJIbLIHE
pacxoxJeHus HaOJIOAAIOTCA MeX/y ONbITHBIMH 3HAYeHHSIMH H 3Hade-
HUSIMH, PACCYHTAHHBIMH N0 ypaBHeHHI0 Bant-T'odda.

IlaBJjieHne peaJsbHbIX ra30B B OGBIYHBIX YCJAOBHSAX, KaK IPaBUJI0, MEHb-
[ue JaBJeHHUs HJeaJbHBIX ra3oB BCJEACTBHE BJHSHHS KOXE3HOHHBIX
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Ta6aunua VII, 6

OcMoTHUEeCKHE JaBJEHHS DPAacTBOPoB caxapoanl npu 30° C,
HaiijeHHble 9KCNEePUMEHTAJNbHO H BHIYMCJEHHE'e

OcMoTHUYeCKOe NaBJIEHHe, aTH
MoasnbHocTb
pacTBOpa paccyHTaHHOe MO YPABHEHHAM
m Ha6ofenHoe
(VII, 31) (VII, 35a) (VII, 36)
0,1 2,47 2,40 2,47 2,44
1,0 27,22 20,4 27,0 24,40
2,0 58,37 35,1 58,5 48,32
3,0 95,16 45,5 96,2 71,85
- 4,0 138,96 65,7 138,5 94,80
5,0 187,3 64,5 183,0 117,7

cnl (CHA TIPUTSIXKEHUsT MeXAYy MoJsekyaaMu, raza). OcMmoTHueckoe
JaB/leHHe peasibHblX PacTBOPOB 3HAUYMTENBHO GOJIbLIIE OCMOTHYECKOTO
JlaBJieHusl uaeajbHoro pacrsopa. OgHo 3T0 06CTOATENBCTBO YKa3biBaer
Ha TO, YTO aHAJOTHs MEXJY OCMOTHYECKHM M Ta30BbIM HaBJjieHHEM
cayyafiHa ¥ He HMeeT CYILeCTBEHHOTO 3HaYeHHsl.

Onpejenenne OCMOTHYECKOTO HaBJ/EHMs, AAHHOe BbIlle, H PacCyX-
I€HHus, npuBealine K BeiBoay ypaBHenus (VII, 35), mokaswbiBalor, yTO
OCMOTHYECKOe [aBJ/ieHHe SBJsAeTCsl TeM JA00aBOYHBIM [aBlieHHEM, KO-
TOpOE YBEJHYHBAeT XHMHUYECKHH NOTEHLHaJ PacTBOPHTENS B pacTBope
¥ 3THM KOMIIEHCHDYeT yMeHblHeHHe XHMHYeCKOro MOTeHLHana pacrBo-
puTess, BbI3BaHHOE PAaCTBOPEHHEM BTOPOro KOMMOHeHTa. Takas KOM-
NeHCalus CO3JaeT BO3MOXXHOCTb PAaBHOBECHS pPacTBOpa C YHCThIM
pacTeopHTeseM B OCOOGBIX YyCJAOBHAX (HaaHuHus Noay-
npoHUL AaeMO# MeperoponkH).

Hapo uMmeTh B BHAY, YTO HCNOJb30BaHHE OCMOTHYECKOTO IaBJIEHHS,
a TakXKe METOHOB KPHOCKONHHM, 36YJUIHOCKONHHM M JaBJeHUs mapa Ajs
onpeneNeHnusi MOJIEKYJSPHOrO Beca pAacTBOPEHHOrO BelUeCTBa BO3-
MOJXHO TOJbKO NPH OTCYTCTBHH ACCOUMALHMH HJIH AHCCOLHAUHH pac-
TBOPEHHOTO BellleCTBA B pacTBOpe.

OcMOC M OCMOTHYECKOe [aBJIeHHE HMEIOT OrpOMHOe 3HauyeHHue B

6UOJIOTHUECKUX SIBJIEHHSIX, YTO CBfI3aHO C HaJMYHEM B XKHUBHIX opra-
HH3Max TOJYNpPOHHIAeMBIX MepPeropojoK, HampHMep KJIETOUHbIX 060-
JIOUEK.
- TlocTosinHBIT OCcMOC BOJBI BHYTPb KJIETOK CO3[aeT TaM H3GbITOUHOE
THAPOCTATHYECKOEe HAaBJeHHe, OOYyC/OBAHBAlOllee NPOYHOCTb W yIpy-
rocTb Tkaneil. PaBHOBecHOe OCMOTHYECKOe [aBJ/ieHHe KJETOYHOrO COKa
cocraBnser 4—20 arm.

OcMmotunuecknifi Koahdpuuuent. Beanunna oCMOTHYECKOrO JaBJieHHs peajbLHOTo
PacTBOpa, KaK YKasblBaJoChb Bbille, Gosiblile BeJHYHHBI OCMOTHYECKOTO [aBJCHHS,
paccuutanHoro no ypasHenuio (VII, 36) B mpeamnoJioXeHHH, YTO pacTBop fBAsieTCA
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uneanbusiM. OTHOLIEHHE MEXAY STHMH BeJMYHHAMM DacTeT ¢ yBeJHYEHHEM KOH-
UEHTPaUMH pacTBopa, T. €. MO Mepe TOro, KAK peajbHbl pacTeBOp Bce GoJblie
oT/IHyaeTcs OT HieasbHoro. TakuM o6pa3oM, OTHOLleHMe .

on =g (VII, 38)

XapakTepusyeT OTK/IOHEHHEe MOBEJeHHS DeasNbHOTO PacTBOpa OT MNOBEJCHHS HAeab-
HOro. DTa BE/HUYMHA HA3LIBAETCS OCMOTUHECKUM KOIPHUUYUEHTOM.

OueBuaHO, ecin ocMOTHueckMH Kospduuuent BbecTH B ypasuenue (VII, 36),
TO pacCuHTaHHaf N0 TOJY4eHHOMY TaKMM o06GpasoM ypaBHEHHIO BejMYHHA Oyaer
OTE€YaTh OCMOTHYECKOMY AaBJIEHHIO PeanbHOr0 pacTBOpa:

K= — g%l In x, (VII, 39)
.

CpaBnuBas 310 ypaBHeHHe c¢ ypaBHeHueM (VII, 35), MoxHO ycTaHOBHTbL CBs3b
MEXJY OCMOTHUECKHM KO9(D(PHLUHEHTOM H KO3((HIHEHTOM aKTHBHOCTH:

n=—g—R_—Tlnx,=——£ 1na.=-£lnvm
Vl 1 Vl

OTKyAa
Iny;=(g-=1lnx, (VII, 40)

. OcMoTHyecknit KO3(GdHUHMEHT MOXHO cBA3aTh Takke ¢ KodpduLHeHTOM aK-
THBHOCTH Y2 pacTBopeHHoro BelllecTBa. Coueras ypasnenue (VI,36) xdlny,=
=—(1—x)dlny, ¢ ypasuenuem (VII, 40), nonyuum:

xdlny,==(1=x)(g-=1dIn(l—=x)=~(1=x)In(1—-x)dg

WK TPU ManbiX 3HAYEHHAX X, NPH KoTophix —In(l—x)=x u (1—x)=~1:
dlny,=dg+(g—1)dlnx (VII, 41)

Ocmotrueckuit xoddduurenT g pactBopa ¥ KO3QGHLUHEHTH AKTHBHOCTH KOMMO-
HEHTOB SBJSIOTCS Pa3/IMYHBIMH, HO OJRHO3HAYHO CBSI3AHHBIMH MeXAY coGoit Mepamu
OTKJIOHEHHSl PacTBOPa OT H/IEaJbHOCTH.

OcMmoTHUecKHi Ko3hGhULMeHT ynoGeH TeM, YTO, BBOAA €ro Kak MHOXHTEb
B YDAaBHRHHR JJIi HEKOTOPHIX CBOACTB HIeAaNbHOTO pACTBOPA, TeM CaMblM YUHThI-
B4IOT OTKJIOHEHHe peasbHOro pPacTBOpa OT 3aKOHOB HJeajbHO DPa36aBieHHOro pac-
tBopa. Tak, Hanpumep, ypasHenue (VII,21) ans nonmenus TemmepaTypnl 3atsep-
JleBaHHUsi MAEaNbHOrO pacTBOpa MOJXKeT ObITb NPHMEHEHO K peajibHOMY pacTBOpY B

¢opme:

AT=-—g-§zg—‘ln (1—x)=gATuy (VII, 42)
L oa
wiu
AT = — %ﬂ In [y, (1 —x)] (VII, 42a)
1, ma

KonauraTHBHble CBOHCTBA PacTBOPOB. YCJOBHf HX WCNOJb30BAaHMs JAas Onpe-
JlefleHHS MOJEKYJSPHOrO Beca pPacTBOPEHHLIX BellecTB. BenuunHa OCMOTHYECKOro-
faBjeHusi pas6aBaeHHEIX PacTBOpPoB, B cooTBercTBMM ¢ ypaBHeruem (VII, 31), mpo-
NOpUHOHA/IbHA YHCAY MOJIEKYJl BCeX BeLIeCTB, PAacTBOPEHHHIX B JaHHOM oObeme
pacTBOpa, M He 3aBHCHT OT MPHPOAB PACTBOPEHHBIX BelleCTB. ITO Ke OTHOCHTCH
M K BeJWYHHAM HEKOTOPHIX APYTHX CBOHCTB pa36aBJ/eHHBIX PAacTBOPOB, TaKMX, KakK
OTHOCHMTENbHOE MOHM)KEeHWe [aBJeHHs Napa pacTBOPUTENs, NOHH:KeHHe TeMIepaTypbl
saTBepAeBaHUs, NOBBILIEHHE TEMIEpaTypel KuneHus. Bce nepedncieHHble CBOHCTBA
pas6aB/eHHHX PAacTBOPOB HOCAT HA3BaHHe KOAAUSATUBHbLY CBOLCTE.
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BesllYHHB  KOJJIMFaTHBHBIX CBOHCTB MPSIMO IPOMOPUHOHAJNBHBI APYT APYTY.
Kaxnas u3 3THX BeJHYMH MOXKeT ObITh HCNOJb30BAHA IJIsi ONpEefeNeHHsl MOJEKY-
JNISAPHOTO Beca pacTBOPEHHOTO BelllecTBa (CpelHEro MOJIEKYJSIPHOrO Beca, €CJH pac-
TEOPEHO HEeCKOJIbKO BeLleCTB, HJM pacTBOPEHHOe BeLUECTBO YAcCTHYHO AacCONHHPO-
BaHO WJM JUCCOLHMHpPOBaHO). l3mepenne OCMOTHYECKOrO [2BJEHHSA KaK METOZ,
ompejeneHHs MOJEKY/JAPHOTO Beca HAlIO JMlb OrPaHHYEeHHOe NpHMEeHeHHe, TJaB-
HbM 00pa3oM JJs ONpejesieHHs MOJIEKY/AsPHOrO Beca BBLICOKOMOJIEKYJSAPHBLIX Be-
LIECTB; b 3TOM CJydyae OH OO6jiafaeT ONpele/]eHHbIMH MpeUMyIUecTBAMU nepen ApY-
TUMH MeTo1aMM (cM. CTp. 244).

CiefyeT OTMETHTb, YTO aCCOLMALHUA  MOJEKYJ PACTBOPHTENsT B IKHAKOCTH H
NpHCOEMHEHHE HX K MOJIEKYJaM DAacTBODEHHHIX BelleCTB (COJbBATalHs) He Mpensit-
CTBYEeT ONpeJeNeHHI0 MOJIeKYJSIPHOrO Beca pacTBOPEHHOrO BellecTBa B pasGabJseH-
HbIX pacTBopax. AccolMallus pacTBOPHUTe]A B Nape MellaeT ONpelesieHHIO MOJEKY-
NISIPHOTO Beca " BellleCTBAa, PAaCTBOPEHHOTO B XXHAKOCTH, TaK KaK BCe KOJUIHTaTHUBHbIE
cBoiicTBa pa30aBlieHHbIX PacTBOPOB CBsI3aHBl C 3aKoHOM Pay.as, KoTopelii He BBHI-
MOJIHSIeTCs, €CaM Tap pacTBOPHTeNst accouuuponad. IIpuMepoM Takol IMHAKOCTH
MOXKeT ABJATBCA YKCYCHasi KHCJOTa, Map KOTOPOH B 3HAYHTENbIOH CTENeHH AuMe-
PH30BaH (acCOLHMMPOBAH B ABOHHBIE MOJEKYJLI).

§ 13*. Hekotopble KJacchl peajbHbIX PacTBOpPoOB

KonnuecTBeHHble 3aKOHOMEPHOCTH, YYHTHIBAIOUHE OTK/IOHEHHS CBOMACTB pealb-
HBIX pacTBOPOB OT CBOMCTB HIEAJbHBIX PACTBOPOB, MOTYT ObITb NMOKA HaiAeHBl JIHLIb
OJisi OTHeJbHBIX Kjaccos pactBopoB. Hampumep, Takue 3aKOHOMEDHOCTH y1aJI0Ch
YCTAHOBUTb A/ PacTBOPOB HEMOJSPHBIX HEaCCOLHMPOBAHHBIX MHAKOCTeH, AJS KOTO-
PHIX XapakTepHbl HeGOJIblIHE OTKJIOHEHHS OT 3akoHa Payas, a Takxke AN pacTBOPOB,
Tensiota 06pa30BaHHs KOTOPHIX M3 KOMIOHEHTOB DaBHA HYJIO, H HEKOTOPLIX APYruX
PacTBOPOB.

PaccMOTpHM HEKOTOpble '3aKOHOMEPHOCTH JJS YKa3aHHBIX KJacCoB pacTBOPOB
B obuteit dopwme.

Peryasipusie pacropul. B coorserctBuu ¢ ypasuenusmu (VI, 24) u (VI, 25)
XHMHUECKIIH MOTEHLHAJ  KOMIOHEHTa B peasibHOM pacTBOpe paseli:

n, p,l+RTlnal p,i+RTlnyi+RTlnxi (VII, 43)

Ias upealbHOro pacTsopa TOM 2Ke KOHUEHTPAUWH 1O ypaBHeHHIO (VI, 13)
XHMRUeCKHil MOTeHUHaN HAeANbHOTO DAcCTBOPA paBeH W ., p,,+RT1n x; Boluu-
Tasl BTOpOe ypaBHEHHEe M3 [IepBOro, MOJyyaem:

By =By =RTIny, (VI1, 44)

Ilpunumas Bo BHumanue ypasuenns (IV, 13) (V, 9) u (V, 19), pasuocts xu-
MHYECKHX NOTEHLHAJOB MOMKIO BHIPA3UTh CIEAYIOUHM ypaBUeHHeM:

=By, = [H = Hy g = T[S, =S, ] (V11 45)

rae H n S COGTBETCTBEHHO MNapUHaJIbHbe 3HTAJbIHA U SHTPONUA. O'leBI/llIHO oT-
KJICHEHIISi CBOHCTB peaJsibHOI'O pacTBopa OT CBOHCTB HJI€aJIbHOTO pacmopa onpep,e-

JNAIOTCST ABYMS CJaraeMbIMH: TeIJIOBBIM (Hi—H;, xz) u surponuitubivt (S;—S;, nx. )T
PaccMOTpIIM HX NMOOYEPERHO.
Tak kak Tenjota o6pasoBaHusi W[EA/bHbIX PACTBOPOB U3 MKHAKHX KOMIIOIEHTOB

paBHA 1yJIo, TOHl m:_H "
Hi_ 1_{‘., - ﬁi-_[-[‘;=6i (VII, 46}

rae Qi—napuuanbﬂaa TenJioTa pacTBOPEHHs KOMIIOHEHTa B pE€ajJbHOM pacTBOpE.
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[Tonuwas remsora 06paaosal-um Q AJs OJHOro MoJis pe€aJjbHOro pacrtsopa H3
KHUAKHX KOMIIOHEHTOB:

Q= Exi.@ (VII, 47)

Boipaxenne, cTosilliee B CKOOKax NOCJAEIHEr0 UieHa NPaBod YacTH ypaBHEHHA
¢VII, 45), moxet ObITb NPeJACTaBIEHO TaK:

§1_§i,nn=(§i—S;)—(§i.nn_S;) (V11, 48)

Jna onpepeneHHOro KJjacca pacTBOPOB C HeGOJBIINMH OTKJIOHEHHSIMH OT 3a-
KOHA HKAEaAbHBIX PAaCTBOPOB MOXHO MPEANOJIOXKHTb, YTO JieBas YacTb YpaBHEHHR
(VII, 48) paBHa HyJI0 [J/il KaXN0r0 H3 KOMIOHEHNTOB pacTBOPA, T. €. YTO H3MEHeHHUe
N2pUHaJbHOR 3HTPOIMM KaMAOro KOMIMOHEHTa NpH ero nepexojae B pacTBOp AaH-
HOTO COCTABA HMEET TaKYI0 e BeJHYMHY, KaK W COOTBETCTBYIOLLAsl BeJHYHHA AJA
njleabHOr® pacTeopa:

S$,=8¥=S, = S; (VII, 48a)

Cymmaprioe HM3MeHEHHe 3HTpPoOmuM mnpH o6pa3oBaHHM OAHOrO MOJS pPacTsopa
U3 UYHUCTHX KOMMOHEHTOB AScm («3HTPOMHA CMelLIeHHf») NOAYYaeTCs CyMMHPOBa-
uiem Beauwnn (VII, 48a) ans onHoponHol GyHKIMH cocTaBa:

ASgy = Zx; (3-1- 8 =2x, (§t, " S;') (V1I, 49)
(B o61eM ciayudae) (B peryJsipHOM pacTBOpe)

PacTBOpH, A8 KOTOPHIX npaBuiabHBl ypaBHenus (VII, 48a) u (VII, 49), ua-
sLiBaloTcs peeyanpuoimu pacrsopamu (Iunbpe6pana, 1929).

Bearunny AScu Hetpyano Haiitu. Hanumewm ypaeuenne (VI, 13) mas xumu-
YecKOro ROTEHLHAaNa KOMIIOHEHTAa MAEaJbHOTO PacTBOpa B caepyioulell ¢opme:

By pa—WB;=RT Inx;
Hudpepenunpys, ¢ yuerom ypasrenust (VII, 6) u (VII, 48a), noayuaem:
S;—S;==Rlnx, (V11, 50)

Takum o6pa3oM, H3MeHEHIe SUTPONMM NpU 06Pa3oBaHMH MOJS HIEANbHOTO pac-
TBOpa, @ TAKMKKe DETyJSPHOro PacTBOpa Onpeje/seTcsi TOJNBRO €ro COCTaBOM H AJIA
H3BECTHOTO COCTABA JIETKO BLIUUCJSETCA.

s ypasuennit (VII, 44), (VII, 45) u (VII, 48a) noayuaem:

RTIny,=p;—p; o= H;—H;=Q, (VII1, 51)

Takum o06pasom, AJs onpeleneHus koadduuHeHTa AKTHBHOCTH KOMIOHEHTa B
PeryJnpHOM PacTBope HEOGXOAMMO 3HATh TOJIBKO MNapiHa/ibHylo TemnoTy pactsope-

uua Komnonenta Q.

Ypasuenus (VII,50) u (VII, 51) cayxar nna TepMOAHHAMHYECKOTO ONpexene-
HHSl TIOHATHA <«peryaspHblii pactBop». C 3THM onpejiejeHHEM MOXHO CONOCTABHTh
CAeAYIOIYI0 MOJIEKYNSIPHO-KHHETHUECKYI0 TPAKTOBKY 3TOro KJacca pacTaopoB. Ecsn
penvunia Q B ypabHeuun (VII, 47) HeBeauka, TO MOMHO MPEANOJIOKHTb, YTO
pasnuuve B JHEPIHSAX B3aUMOLEACTBHS OJHOPOAHBIX M PA3HOPOAHBIX MOJIEKY]
B DacTBOpe HeBEJIHKO M He CKa3blBaeTCsi Ha MPOCTPAHCTBEHHOM pacnpOCTPAHEHHH
MOJIEKy/l KOMIIOHEHTOB B PacTBOpe, KOTOPOe OCTaeTcst XxaoTHYeckHM. MHaue rosops,
HeGo/ibIlioe pPa3/HYHe B IHEPrUsX B3aHMOAENCTBHS OAHOPOAHBIX M PA3HOPOAHBIX
MOJIEKYJl He Bbi3bIBaeT yBeJHYEHHS YMCAAa OJHOPOAHBIX (MM PA3HOPOJHBIX)
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MOJIEKYJ/ISIPHBIX Map * Mo CPaBHEHHIO C CPEJHMM CTaTHCTHYecKuM. B sToM eyyae suep-
TeTHYECKOe NpPeuMYLecTBO 3THX map (6osblee HX B3aHMHOE MPHTSIKEHHE) HeJOoCTa-
TOYHO MJisl 3HAUMTENbHOTO HAPYIIEHHS XaOTHYECKOTO IBHIKCHHS MOJIeKYJ. DHTponus
CMeLleHNss TaKHX PACTBOPOB INPHOJHXKEHHO MPHPABHHBAETCHA SHTPONHH CMeEILEHHSR
HAeaNbHbIX paCTBOPOB, B KOTOPHIX He OO6pPa3yIOTCsi MNPEANOYTHTENbHO KaKkHe-in6o
napbl MogekyJs. Ilpocrefiiee MoOJeKyJasIpHO-CTATHCTHUECKOE PACCMOTpPeHHe TaKUX pac-
TBOPOB NPHBOAUT K YPAaBHEHMIO MJifl NEPBOrO KOMIOHEHTa GHHApPHOTO pacTBopa:

6] V; \ (AU; )l/z AU;. 11972 ) o
—=hy=—q||l—| —\— =A(8,—8,) g5 (VII,5la)
RT T NS v, (0= %) %

rie V) u V,— Monbiitie 06beMbl YHCTHX KHAKHX KoMmouenTos; AU u AUj— euy-
n2V;
mVi+ngVy :
°\1
noas eToporo kommoHenta; 8, =(AU;/V;)"2 Tpexnonaraercs, uto obvem xuaxo:

.
cTeil He M3MEHAETCH NPH CMELIeHHH (V,= V,).

AuanorvyHblii BUA MMeeT ypaBHeHHe AJIA BTOPOro KOMIIOHEHTa OHHapHOTO pac-
TBOpaA.
Bripaxenue B KBaApaTHbIX ckoOkax B ypasnenuu (VII, 5la) He 3aBucut ot
KOHILEHTPAUUH M XapaKTepH3yeT pAa3jHYHe B 3HEPruAX MOJIEKYJNsPHOrO B3aHMOARA-
AU
CTBHSI UMCTHIX KHIKOCTEH, PACCYHTAHHBIX HA €JHHHLY OGbeMa MKHAKOCTH ,' 7]
1

TPeHHHe SHePrHM HCMAPEHHS UYHUCTHIX KOMIIOHEHTOB; @ = — ob6beMHas

AU,
—_—
2
wocteit. Ecau onu paBHbl AJA APYX KOMIOHeHTOB, To Iny =0 u pactBop Haeasen.
B cBsasu ¢ HanuuueMm B ypasuenuu (VII, 5la) ksanpata pasnocTu aneprufi Henape-
HHSl 3TO YpaBHEHHe MOXeT GbiTb HCIO/Nb30BAHO TOJDKO MPH HAJHYHH M OJIO XK H-
TeAbHB X OTKJOHEeHUH OT 3akoHa Payas, Tak Kak KBajpaT CKOGKH B ypas-
penun (VII,5la) u apyrne MHOMMHTenM TNpPaBOH YACTH MOJOXKHTENbHH H Iny;>0.
O6GrelHHHB He 3aBHcsALlWe OT COCTaBa pacTBOpa BeJHYHHH B MOCTOSHHYIO b, rno-

JYYHM: o

. DTH BEAHYHHBI HMEIOT CMBIC «HHTErpPa/IbHbIX» BHYTPEHHHX MAaBJEHHA KHZ-

Iny,=b,95 In vy = byg} (V1I, 516)
H
Q=RTb ;=805  Qu=RTb,q( =By} (V1L, 518)

rie B; = RTb,.

* MoaexysapHoi napoii Ha3blBaeTCA coYeTaHHe IBYK COCEAHHMX (HAXOASLIHXCH
psinom) Monekyn A—A, B—B uin A—B KOMIOHEHTOB pacTBOpa, He CBfI3aHHBIX
MexAy co60H KakHMH-IHGO CHJIAMH, KDOMe OOBIYHLIX MeXMOJEKyAspHEX chi. HMwmero-
wHecss B NAHHBIE MOMEHT COYETAHHS MOJIEKY/ CMEHSIIOTCS XaOTHYECKH APYTHWMH.
Cesisb cpenHero uucna cocepsux nap AA, BB u AB ¢ uucaamu Mosekya i B
VCTaHAB/IHBAETCS, TEOPHeil BepOSATHOCTH; ecan coyeTaHus nap AA, BB u AB suep-
reTHYeCKH paBHOHeHHE, To uHcia nap AA, AB u BB npomopumonanbub (1 — x)2,
(1—x)x u x? cootBercTBeHHO. Ecnn 3Heprusi B3auMongeHCTBHSA € KaKHX-1H60 mnap,
Hanpumep AB, Gosbuie, yem sHeprus B3aumopefictBusi apyrux nap (AA u BB), to
cpenHee yHcao nap AB B s0Goit MOMEHT BpeMeHu GyzeT Gosblie, 4eM B NMEPBOM CJIy-

wae; u36HITOK ompenensiercn muoxutenem e?/R7 rre g=—2e a1t €sptepp (E—
OTpHIlATe/bHAA BeJHYHHA).
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Ecan 06BeMBl KOMIOHEHTOB 6.nuaxue>x,uy' co6oit (VI =~ V;), T0O Q=1l—x n
@, =~ x, TOTIa: _ _
Qi=Bx% Qy=B(l-x)? (VI1, 52)

B 3ToM cayyae Bi=B; u Tensotra o6pasoBaHusi Moasi pactBopa Qcm Gyder pasHa:
Qu=(1-%)Qi+xQ:=B(l—x)x (VII, 52a)

_ Boipaxaemas 3THM YypaBHeHHEM CHMMeTDHYHAs MapaGosHYecKasi 3aBHCHMOCTh
Ten0Thl 06pa3oBaHHA MOJS pacTBopa OT MosbHOH goau x (puc. VII, 7) xapakTepHa
JAJ17 PETryJsAPHEIX PacTBOPOB. ;

Hcnonb3ys ypaBuennss (VII, 5la) u
(VII, 516), MOXHO paccyHTaTh PacTBOPHMOCTD 60 y.alVa
TBEpJOro BellecTBa B PEryJasipHOM pacTBOpE. 14

OyeBHIHO, YTO aKTHBHOCTb BeLECTBAa B
€ro  peaJbHOM  HACHILEHHOM  pacTBoOpe
(a2, nac=X2, BacY2, nac) pPaBHAa aKTUBHOCTH 720 / \\

€ro B MbICJIHMOM HJAeaJibHOM HAaCHILIEHHOM
pacTBope (@2, nac=»Xg, uac, ux), T. €

Inx3, nae = 10 X3, nac, ux — In V2, nac (VII, 53)

BoiuncanB CHawasna MaeasbHYIO pacTBo-

a4, xkas/monrs
g

pumoctb [ypasuenust (VII, 18a)], naxonum 40 A

no ypasHeHHio (VII, 516) Beanunny Invys, gac ,

A5 KOHUEHTPAllHH HACHILEHHsA B HJeaJbHOM 3

pacTBope M, NMOICTABHB 3TY BeJHUHHY B ypas- p 3
Herne (VII,53), Bbiuncaum In xz, mac. Ho mc- 0 Q2 g4 g6 08 W
No/b30BaHHas BenuuHHa Iny; He COOTBETCTBY- CocmaB, mon. doss 8

er aTofl koHUeHTpauu#. Haxomum HoBylo Be-
AM4HEY 102, mac 10 ypasHennio (VILSIG) u  pye vII 7. 3apucumocts Tennoru
HcnpasaseM no ypassennwo (VII, 53) auave- o6pasopanns 1 Mois DeryaspH
In x, [loBTopsiem Heckombko pas p PEryapHEX
HHe » Bace 8 PacTBOPOB OT COCTaBa:
STH pacueThl, NOKAa JBA MOCHENOBATENBHBIX (o 1r” ' 1o 2 CoHya — CCle:
pacueTa He RamyT AOCTATOYHO GNHM3KHX 3Ha- 6+e — etz 6Hi12 4
YeHHil X2, nao. : : 3—C¢He—CCls
B ta6a. VII,7 npuBeseHbl 3HAYeHH Y2=X2, nn/¥2, BBIUMCJEHHBIE NO YypaBHe-
unio (VII, 53) Ha OCHOBaHHM ONBITHHIX AAHHBIX PAaCTBOPHMOCTH HOAa B Pa3NHYHHIX

o o\1/o

pacTBOpHTENAX, H BeJHYHHBI 62=(AUz/V2) I/l HOAA, BBIYHCJIEHHHE MO ypaBHe-
uuo  (VII, 5la). Ta6a. VII,7 pmeMoHCcTpHpyeT NPHMEHHMOCTb TEOPHH peryJsipHbIX
PacTBOPOB B YAaCTHOM cllydyae YKasaHHBIX PacTBOpPoB Hoia. B camom nene, kak BuiHO
W3 nociefHero crosnfua TaGaMUB!, BeJHIHHA O, NMpaKTHYECKH OJMHAKOBAa Ans pac-
TBOPOB MHOJA BO BCEX XKHIKOCTAX, YTO COOTBETCTBYeT TpeGoBaHusM Teopud. Kpome
TOro, 3HayeHns Oz YIOBJETBOPHTEJbHO CcOIJIacyrOTc €O 3HaueHHem 8=136, Ko-
TOpoe nojyyaercs APYyruM myTtem *,

Ha puc. VII, 8 usobpaxeHa 3aBHCHMOCTb OT TeMINepaTypel pPacTBOPHMOCTH
HOJda B Pa3HbIX pacTBOpHTeNsiX. M3 pHCyHKa BHAHO, YTO BENHYHHBl PacTBOPHMOCTH
HOAa B pa3HbIX PACTBODHTEJAX Pa3/NHyalOTCA B JAECATKH, a Mo AaHKeIM Taba. VII, 7—
B COTHHM pas; TaKkoe pa3jHuue YIOBJETBODHTEJbHO NpeACKa3biBaeTCsi TeopHeH pery-
AspHbiX pacTBopeB, IlosioxuTenbHble OTKJIOHEHHS OT 3akoHa Payns—Ienpu pacryr
no Mepe TNOHHXKEHHS pacTBOPHMOCTH, [HOCTHras MaKCHMyMa Yy pacTBopa HoAa

* 3naf JaBjeHHe IDapa JXHAKOTO HOJA3, MOXHO BBIYHC/IHTH (N0 YypaBHEHHIO
Kaanelipona—Knaysnyca) ero TemioTy HCmapeHHs M H3MeHeHMe BHYTPeHHell sHep-
rud NpH HCNApeHHH, a 3aTeM, MCNOJb3ys MOJbHBIH OO6BeM MXHIAKOrO MOAa, HAHTH
BeJMYHBY O3,
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Ta6auwa VII, 7

3HayeHHs PACTBOPHMOCTH H HEKOTOPHIX APYTMX BEJHYMH JJsi PacTBOPOB HOAA
B Pa3JHYHBLIX pacTBOpHTeasx mpu 25° C

PacTeOpuTebh Mgzm}fm% Yo =%y, ynl%y v 8, 6,
OMNbIT cm3/monb

#CHy o v v e et 00185 | 1400 297 5,7 14,2
#CeHyg v v v e e e 0,456 56,6 131,6 73 137
SiICly v v v v et 0,499 518 115,3 76 139
uzo-CgHp . . . o . .. 0,592 436 166,1 6,9 13,1
I,I-CGHCl, .. .... 1,531 16,9 84,7 9,1 16,5
TiCl, ... .... .. 2,15 12,0 110,5 9,0 14,1
CHCly . . ... .....] 228 11,3 80,7 93 143
CSy; . .. ... .. ..| 546 4,73 60,6 9,9 14,1
1,22CHBr, . . . .. .| 782 3,30 86,6 10,4 14,1
Hpeanbunit pactsop . .| 258 1,00 - — 13,6

B UETHPEXXJOPHCTOM KpeMHMHM. IIpH mOCTaTOYHO GOJBIIHX OTKJIOHEHMAK MKHUAKAS
¢asa pacnajaeTcs Ha fABa C/OfA (S3TO MMEET MECTO B PacTBOpPax HOAA B UeTHIpex-
XJIOPUCTOM YTJIEPOZE).

Touka naabrerus ly
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Puc. VII, 8. 3aBuCUMOCT: pacTBODUMOCTH HOLA B HEKOTOPHIX
pacTBOpHUTENAX OT TeMIepaTyphl. :

AtepmanbHble pacTBopbl. PaccMOTpMM Temepp KJaacc pacTBOPOB, TemioTa o06-
pasoBaHUsl KOTODBIX PaBHA HYJIO.
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OTcyTcTBHE TENJIOTHI CMelleHHs XapaKTepHO /sl HAEaJbHOTO pacTBOpPA, HO W
HeWjeasbHble PAcTBOPHl MOTYT B NpHHUMNe o061agaTh 3THM cBOHCTBOM. Takue wue-
ueajbHble PACTBOPHI HA3bIBAIOTCH ATEPMAAbHbIMU.

H3menenye XMMHUYECKOTrO MOTEHLHANA NPH CMEULIEHHH H KO3((QHUIMEHTH aKTHB-
HOCTH KOMIIOHEHTOB aTePMAa/bHLIX PacTBOPOB ONpPENENANOTCA TONBKO SHTPOMMITHBIM
uneHoM, 160 Q =x; (Ht“Ht)=0- Takum o6pasom, u3s ypasuennsa (VII, 45) cae-
LVeT:

o — o -~ :
w,—p;=RTIna;=—T(S,—= S})=—T [S;=S; ,,]+RTInx; (VII,54)
oTcloAa
u RTIn V== T[S;- Sl. ) (VII, 55)

AG=—T3x,(S; - S)) (V11, 56)
ATepMﬁJ‘ll)llble pacTBOpbLl MOXKHO PacCMAaTpHBATb KaK TaKHe HAeaJsibHbIE MO CBOMM

Kaiollero oTCloja 3HAYHTEJbHOIO PasJnyus
B MOJIEKyJspHBIX oGbeMax. Kaxk mnokasbi- g pydefy
4
248
KOMIIOIIEHTOB TOJBKO B TeX CaydasX, Kor-- o _,,, B?
Jla MOJibiible 0G'beMbl KOMMOHEHTOB OJ3KH 4
SHTPONMHAM  CMeueHust [cM. ypaBHeHHs
(VIIL, 55) u (VIL, 56)]

0% 8z 8 06 48 10

3HepreTHYECKHM CBOHCTBAM pPacTBODH, KOTODble He MOAYMHAIOTCS 3akoHY Payus
BC/€/ICTBIE 3HAUMTENbHOrO pasjHYHs B BeJHYHHAX MOJEKY] KOMIIOHEHTOB H BbiTe-
BaeT MOJICKYJ/SPHO-CTaTHCTHUECKHH aHasu3,
3akou Payas moxer co6monaTbes 0pH
JUOGLIX KOHUEHTPAUHAX H MPH YCIOBHHA pa- .
BElICTBA 11yJI0 TEMJOTHl CMelleHHS MHUIKHX w3
f -

Mexay coGoil. YBenuyenue pasnuuua me- 3% /
WJly MOJbHBIMH oGbeMaMi MPHBOAHT K OT-
pHllaTeNbHLIM OTKJIOHEHHSIM OT 3akona Pay-
Js, T. €. K MOJOMHTEJIbHbIM H30LITOYHBIM

ArtepmasibHBle pacTBOPHI, paccMaTpH-
BaeMble Kak Gosiee oGmWuH cayyad, ueM
HaeanbHble PAcTBOPBI, ABJSAIOTCA NpeneJb-
HLIM CJiyuaeM, K KOTopoMy G/IH3KH pacTso-

Pbl HEMOJIAPHLIX - KOMITOHEHTOB C CHJILHO pa3-

JIMUAIOUIIIMHCST MOJIEKYJISIPHBIMH OGBeMaMH.
Teoplsi aTepMasbHLIX pPacTBOPOB B

Cocmab, ron. ons CygHgy

Puc. VII,9. 3asucumocts K03(p¢pu-
uuenta aktuBHoctd C;H g oT cocrama
pacropa C;H;s—C;gHjy:
1—paccuutaHo 6e3 yyera TenJoThl o6pa3o-

BaHHA pacTBOpa; 2— PacCYUTAaHO C YHeTOM
TeNJoThH 06pa3oBaHUs pacTBopa.

psige c/yuyaeB XOpPOLIO NPeiCKa3blBaeT CBOi-
CTBa peajbHBIX pacTBOPOB. DTO MOXKHO
NpOUANIOCTPHPOBATb Ha NpHMepe pacueTa Ko3dduilMeHTa aKTHBHOCTH (yi) rentama
B ero cMecsix ¢ rekcagekanoM. Ha puc. VII, 9 mpencraBiena saBucumocTb Iny; oT
cocrana, pacTBopa. Kpuas I u 2 u306paxkaioT pe3y/bTaThl TEOPETHUECKHX PacueToB,
npUYeM BO BTOPOM cjydae B pacueTHylo ¢OpMy/ay BBejileH MOTMPABOYHBIA 4JEH, yuH-
TBIBAIOWHA HeGOMbLIYI0 TemnoTy obGpasoBaHus pacrteopa (50 kaa/moae). OnbiTHbie
3Hauenns lgy; nokasansl KpyxKamu. Kak BH/IHO H3 DHCYHK4, TEODETHUECKHi pacyer
XCpOIIO ONNCLIBAET OMBITHLIE JAHHbIE.

Ban3kn kK aTepmajibHbIM MHOTME DAacTBOPbl BBICOKOMOJIEKYJISIPHBIX BEIIECTB B
OCBIYHLIX pacTBOpHTENsX. B 3THX pacTBOpax MOJEKYJbl PACTBOPEHHOTO BelleCTBa
B coTuu u Thicsuu pas GoJblie MOJAEKYJ PACTBOPUTEJSI.

§ ‘14. TepmoauHamMHyecKHe CBOMCTBA PacTBOPOB
BBICOKOMOJIEKY SIDHBIX BELLECTB

XapaKTepHOH OCOGEHHOCTBIO PACTBOPOB BBICOKOMOJEKYJISIPHBIX Be-
IeCTB fBJseTCss OOJbIIOE pas3jnyke pasMepoB MOJIEKYJ pacTBOpeH-
HOrO BellecTBA M pacTBopuTens. BcjencTBue 3TOro psii CBOHCTB
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pacTBOPOB BLICOKOMOJIEKYJSIPHBIX BelleCTB HMEeT crnenuduueckHe oco-
GeHHOCTH *, XOTSl B OOLIEM 3TH PAaCTBOPHl CJHEAYIOT TE€M K€ PacCMOT-
PeHHBIM Bbillle TepMOAMHAMHYECKHM 3aKOHOMEpPHOCTAM, 4YTO H pac-
TBOPbl HU3KOMOJIEKY/ISIPHBIX BelLleCTB.

BesquunHbl TeNmJOT CMelleHHSs B PacTBOPax BBICOKOMOJIEKY/SPHBIX
BeILleCTB BO MHOTHX CJydYasiXx HeBeJIHKH. DTO U MOHATHO, TaK KaK 4acCTo
MOJIEKYJIbl PacTBOpUTEJSl ONU3KH MO pasMepaM H MOJEKYJ/SpHOH NpH-
pole K 3BEeHbAM Lemeil NMOJHMEPOB, NMOITOMY XapaKkTep M BeJUYHHA
B3aHMOJENCTBHS MeXKIYy OLHOPONHBIMU M Pa3HOPOIHBIMH MOJIEKY/1aMH
pacTBOopa OZHOrO M TOrO e Mopsigka. TemjoTa CMeLIeHHS AEHCTBH-
TeJIbHO NMPaKTHYeCKH paBHA HYJIO B HEKOTOPbIX pacTBOpax, HalpHMep
B pacrBopax moJuusobyrtHiaeHa (M;=320000 u 90000) B H30OKTaHe
M TyTTamepy B TOJYOJeE.

Bo MHOrux ciyyasix TemsoThl 06pa3oBaHHS PacTBOPOB BBICOKOMO-
JeKYJApHbIX BellecTB GoJiblle WM MeHbLle HyJs. Tak, Nmpu pacTBo-
pEeHHH HHUTpaTa LeJJIONO3bl B LHK/IOTeKCAaHOHE TeloTa BbLAe/seTcs
(Qp<0), a nmpu pacTBOpeHHH Kayyyka B OeH30Jie HJIH TOJyoJie Ten-
jota norJomaercs (Qp>0). XapakrepHo, 4TO TenJoTa pPacTBOPEHHS
BBICOKOMOJIEKYJISIPHBIX BELIECTB MaJlo 3aBUCHT OT KOHLEHTPAalUMH pac-
TBOpA; NMPH pacyeTe Ha 3BEHO LENH OHA NMpPAKTHYECKH. OJMHAKOBa AJA
MOJIMMEPOB Pa3HOrO MOJIEKYJSPHOro Beca. JTO 3HAUHT, UTO B3aHMO-
1efCTBHe KaXkJ0ro 3BeHa IOJHMepHO#l LeNu C pPacTBOpHUTeNEM IIpH
pPacTBOPEHHH MaJIO 3aBHCHT OT AJHHBI LeNH. TO OOCTOSATENbCTBO yKa-
3biBaeT Ha TU O KOCTb leneil mojumepa.

Takum 06pa3oM, pacTBOPbl BBICOKOMOJIEKYTADHBEIX BEILECTB GJH3KH
kK artepMmanbHbiM. OOpamasce k ypasHenuam (VII, 54), (VII,55) u
(VII, 56), BHAMM, uTO TepMOJHHaMHYECKHe CBOHCTBAa BHICOKOMOJEKY-
JISIPHBIX BELIECTB ONpeAeNsloTcd, B MNepBYI0 ouepelb, SHTPONHIHBIM
uneHoM. Tak Kak [J/11 3THX PAacTBOPOB XapaKTepHbl GOJbUINE I10JO0XKH-
TeJbHBle BeJHYMHBI 3HTpPONMH 00pa3oBaHMsi PacTBOpa, TO Ko3(pdHuM-
@HTBl AKTHBHOCTH KOMIIOHEHTOB 3THX pPacTBODOB MHOTO MeHbIle eAH-
HHLLBI.

[TpocrefiminM MeTOIOM H3yUeHHs TepMOAHMHAMHYECKHX CBOHCTB pac-
TBOPOB BBICOKOMOJIEKY/ISIPHBIX BELIECTB fIBJISETCS H3MEPeHHe NaBJeHHs
7apa pacTBODHTEJS.

* BejeicTBHE 3THX OCOGEHHOCTeH PacTBOPHI BLICOKOMOJIEKYJISIDHEIX BEIUECTB B
nage ciyyaeB BeLyT ce6si KaK KOMJIOHANBIE PAacTBOPH (Manas CKOpPocTb AHPY3HH,
1:bICOKAs BFA3KOCTDb, fiBJeHHe Habyxauus M Ap.). B cooTBeTcTBMM ¢ 3THM Takue pac-
7BOPBI CYMTA/HCh PaHbIIE KOMNIOHAHBIMH pacTBOpaMH. OLHAKO B NMPOTHBOMOJIOKHOCTH
KOMMOMAHBIM PacTBOPAM OHH TEPMOJAHNHAMHYECKH YCTOHYUBB H MNOITOMY
ZDAAIOTC HCTHUHHBIMH MOJEKYIapHbiMH pactBopamu. ChefyeT OTMeTHTb, UYTO
(tpH PACTBODPEHHH B HEKOTOPHIX DACTBOPHTENAX BHICOKOMOJEKYJISpHble BelliecTBa AAiOT
TaKXe KOJUIOMIHble pacTBOpH. Tak, HaTypasNbHBIH Kayuyk B GeH3ose 1aeT MCTHHHbIA
(MOJIeKYJSIDHBIA) pacTBOp, a B BoJe — KOJIOMAHBIA (nmarekc). PacrBopel nuTpaTta
LCJJTIONIO3Hl B alleTOHe M PACTBOPHl JKeNaTHHA B BOJe SBJASIOTCS MOJIEKYJi pHBIMH
paCTBOPAMH, a pacTBOPbl HHTpaTa LeJ/VII0J03bl B BOAe M DaCTBOPHI IKenaTHHA B
CMUPTe — KOJIJIOMAHBIMH PAacTBOPAaMH.

3aech Mbl PAcCMOTPHM TOJIKO MOJIEKYJSADHBIE PacTBOPhI 1OJHMEPOB.
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Ha pnc. VII, 10 unsoGpaxeHna 3aBUCHMOCTb aKTHBHOCTH Gensosa
(BLIUMCJIEHHOH - M3 AaBJEHUH Mapa) OT COCTaBa DacTBOPAa CHJIMKOHA
—CH,[(CHj3)2Si0],Si(CH3)s B Genadae. OTpuuareibHble OTKIOHEHHS
oT 3aKkoHa Payasi yBeqHYMBAIOTCA C POCTOM CTeNeHH MoJMMepH3aluu *
CHJIHKOHA B pacTBoOpe.

CTeneHH NOMHMEDH3AIMH B PACCMATPHBAEMOM CHyduae HEBEeJUKH
(P=13—180). ITpu 66abwKX CTeNeHsAX MOJIMMEPH3AUHH OTPHUATE b~
Hble OTK/JOHeHHs Obuin Ob Gosiblile,

KDHBble aKTHBHOCTH  pacCTBODPHUTE/S 0 T

Jiersid Gbl elle HUXKe W NMPHOIH3HIIHCH t=25C /?{

GObl BIUVIOTHYIO K MNpPaBOMY HHXHEMY 08 2 H

yr1y AHAarpaMMbl. ,’/ /
[Mockonbky Tensora o6pasoBaHust 06 y ~

PacTBOPOB BBICOKOMOJIEKYJISIDHBIX Be- S

{LIECTB MMeeT BTOPOCTENEeHHOe 3Haue- 0% A7

Hye JJs onpejesieHHs TePMOJHHAMH- // f )[

YeCKHUX CBOHCTB 3THX PacTBOPOB, CTa- az

THCTHYECKAS Teopus MX paspabarhl- A;'/B‘/)-—V:‘/J

BaeTcsi B OCHOBHOM JUISl KpaHHero 0 ——

clyyasi aTepMajibHBIX PacTBOPOB (B oz 0% 06 08 10

KoTopeix AHp=0) c BBenenuem rmo- Cocmad, mon. dons CeHg

TIpaBOK, YUYWTHIBAIOIIUX HeGoJblune
Tenobie SOPEKTL H HCTOABIYIOWNX  cracs arusorsn Cobly 5 Gonsom
TEOPHIO PEryJaspHbIX pacTBOPOB. HOM pacTBOPe CHJIMKOHOB Da31HOro
OCHOBHBIM  HCXOJHBIM IPHEMOM MOJIEKYIPHOTO Beca:
IJsi MOCTPOEHHWS] TEOPHH arepMalb- [—M=1140; 2—-M=3850; 3—M=15700.
HBIX pPacTBOPOB SIBJIsSIETCS IIpeJCTaBJle-
HHie O pacTBOpe KaK O HEKOTOPO#H KPHCTaJJIMUECKON pellIeTKe, y3J/bl KO-
TOpPOi 3aHATH MOJIEKYJAaMH PacTBOPHTEJIS U 3BEHbSIMH Lieneil MOJeKyJI
BBICOKOMOJIEKYJIADHBIX BelllecTB. PaccmaTpuBaeTrcs TepMOJMHaMHue-
cKasl BepOSITHOCTb TaKOH PelleTKH MPH 3afaHHLIX YHCJE MOJIEKYJ pac-
TBOpUTENAs (n4) M YWC/Ae 3BeHbeB MOJieKysa noaumepoB (Pny), T. e.
YHCJIO BO3MOJXKHBIX Pa3MelleHHH 3THX MOJIeKYJ U 3BeHbeB B y3Jax pe-
LIeTKM. YYHTHIBAeTCSsl, YTO KaAblH y3eJ pelIeTKH HMeeT 2z -cocefei
(2 — KOOpIWHALMOHHOE YUCJIO peLIeTKH), YTO 3BEHO INPOCTOl Lienu
MMeeT COCelsiIMH, KaK NMPaBHIo, 2 — 2 MOJIEKYJIbl PaCTBOPUTENS U 2 3Be-
Ha cocefla Mo lerw. B pasjnyHbIX BapuaHTaX TEOPHH YUHUTLIBAIOTCA
pasBeTBJeHHUs Lenel, THOKOCTb HX, NJIOTHOCTb pacnpefeseHust MOJeKyJa
pactBopuTenss BOJM3H MOJEKYJbl NOJAMMepa W BAaJd OT Hee U paAf
Apyrux o6CTOSITENbCTB, B TOM YHCJA€ W HaJHyHe Temn1oBoro addexra.
HekoTtopoe mnpejcraB/iedue O PELIETOYHOH MOJENH PacTsopa Mo-
ket math puc. VII, 11, rne usobpaxeHo onpefejieHHOE KOHKpeTHoe

* Crenenb nonumepusaunun P = M, /Mz’ rre M, — Cpe/HHit MOJIeKYAAPHEIA Bec
noJjuMepa, a M MOJIEKYIAPHBIA Bec MOHOMepa.
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pacnpejieieHie 10 y3aaM ABYMepHOHl MoJeNH PelleTKH MOJeKyJa pac-
TBOpHUTENs H THOKHX MoJsiekysn nonuMepa (P=12, z=4 B nByxMepHO#H
MOZeNn).

OnauMn u3 npocrefiIUX BapHAaHTOB CTAaTHCTHYECKOH TeOpHH aTep-
MaJibHbiX PacTBOPOB, padpaboranHblii HezaBucuMo Pmopu n Xarruu-
COM, NpPUBOIAMT K YPaBHEHMIO NJI AKTHBHOCTH PaCTBOPHTEJS:

Ap,y Vz) 2
Ing,=——=1n +{l ===}, +D
V" RT ® ( 7, ) RTER

rie @i H @p— OObeMHble JOJH KOMIOHEHTOB; V,/V{— oTHOLIeHHe

MOJbHBIX 00beMOB TOJHMMepa W pacrBopurens; D — BeauuuHa, oTpa-
JKamollas 3SHepruld  B3aHMO-

Olo|o O IelcTBUA KOMIIOHEHTOB.

B psane cayyaeB Teopus
naer VIOBJIETBOPHTEIbHOE
COBIIaJleHHE C OMbITOM.

Cnenyer yka3aTb, 4YTO T€O-
‘puH  pa3paboTaHbl B OCHOB-
HOM [J151 MOJIMMEPOB C MoJie-
KyJaMu — JIUHEHHbIMU  Llensi-
MH, KaKUMH U SBJAIOTCS MHO-
rie (HO He Bce) COedHHeHHS,
TOKa OHH pacTBOpPHMH (Kay-
yykK, Leaawojosa). Has apy-
rMX pacTBOPUMBIX BbICOKOMO-
JIeKYJPHBIX  BelllecTB, Ha-
npumep O6enkoB, Trie MoJe-
KyJbl, [0-BHAHMOMY, LIapo-
o6pa3Hbl U, MOXKeT ObiTb,
Pic. VII,11. Pemerounas Mojeab pacTBopa BKJIIOUAIOT B ce6s1 MOJIEKYJIbI

BBICOKONOMIMEDA. pPacTBOPHUTENS,  H3JIOMEHHbIE

, 3leCb B caMbIX 0o6LIMX yepTax

npeicTaBleHHs H pe3y/JbTaThl TEOPUH aTepMaJbHBIX PacTBOPOB He-
TIPUMEHHNMBIL.

Baxxnas npo6/ieMa pacCTBOPUMOCTH B OCHOBe pellaercs MJis IOJH-
MepoB TaK Ke, Kak U AJs1 oObIUHBIX pacTBopoB. Kak npaBuso, JauHei-
Hble aMop(Hble IONHMMEpBHl PacCTBOPHMBL JIyulle KPHUCTAJIHYECKHX.
BoJbliass BesHyMHA MOJIEKYJT BbICOKOMOJIEKYJSIPHBIX BeLIECTB M THO-
KOCTb X Lienell, a TaKxe MaJjas cCKopocTb AU(PGY3HH NPUBOAAT K TOMY,
YTO TPOlECC pacTBOpeHHsl mporekaeT cBoeobpasHo. IlepBoit cranueit
pacTtBopennsi amopHoro monumepa fBAAeTCs Habyxasue: MOJIEKYJIbE
pacTBOpHTe/A NPOHUKAIOT B 06beM MoJMMepa U pa3JBUraloT NoJuMep-
Hble neny. ONHOBpeMEHHO JiHIIb He6OJIblOe YHC/AO MOJMMEPHBIX MO-
JIEKYJ1 NepexOAHT B XKHUAKHH pacTBOpUTeNb, 06pasys pacTBOp MaJioil
KoHuenrpauuu. Ilpouecc HabyxaHus mnporekaer A0 IOJHOIO HCIOJb-
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30BaHUSl PACTBOPUTeNss ¢ o6pa3oBaHNeM TOMOTEHHOrO pacTBopa. JTO
HMeeT MeCTO, OfHAKO, JIMIIb MPH HaJHYHM HEOTPAaHUUYEHHON B3aUMHOM
PacTBOPMMOCTH XMJKOTO pacTBOpuresss U amopdHOro moaumepa.

Ecnu ke B3auMHast pacTBOPUMOCTb OTpaHHYeHa, TO IO JOCTHUIKe-
HUM paBHOBecusi o6pasyioTcs nBe (a3bl MOCTOSTHHOrO cocTaBa: HalyX-
LIMH NOJIMMED H pasBefleHHbIl pacTBOp MOJHUMepa B pacTBOPHTEJeE.

ITpu Gosee BLICOKHX TeMIepaTypax B3auMHasi pacTBOPHMOCTb pac-
TeT H MoXeT ObITb JOCTHIHYTO NOJIHOe B3aMMHOe pactBopeHue. Ecau
TAKOH pacTBOp OXJaAuTb A0 Goslee HH3KOH TeMIepaTypbl, TO OH pas3-
JessieTcsl Ha JBa cJjaosi (KoallepBalus), UMelOllHe TOT IKe COCTas,
KOTOpbLIA [OCTHraercss NpH AJUTENbHOH H30TEPMHUECKON BbIIEpIKKe
CcMecH NoJiMMepa H pacTBOpHUTeNA. IDTo sBAseTcs yGeAUTENbHBIM H0-
Kas3aTeJbCTBOM TepMOAHHAMHMYECKOH DaBHOBECHOCTH PAaCTBOPOB BHICO-
KOMOJIEKY/ISIpHBIX BeLeCTB.

C/10)XKHOCTb TEOPHH PaCTBOPHMOCTH BBICOKOMOJIEKYJISIPHBIX BELeCTB,
0 CHX NOp HeJOCTAaTOYHO pa3pabOoTaHHOH, 3aK/IOUYAeTCs MEXAy Upo-
YiM B TOM, UYTO JJs KaxXJo#H (PpakLUH NMOJTHMepa C MOJEKYJSPHHM
BecoM My; umeercss cBO# KO3QHUUHEHT pacrpelesieHHs] MeXAy ABYMA
HMUIKUMH CJIOSMH.

Kak pacuer TepMoAHHaMHYeCKHUX DBeJMYMH, OTHECEHHBIX K MOJIO
pacTBopa WJIH KOMIIOHEHTa, TaK M Pa3BHTHE CTATHCTHYECKOH TEOpHUH
TpeGYIOT 3HAaHHS COCTaBa pacTBOPA, BbIPAXKEHHOTO Yepe3 MOJIbHbHIE
(¥:) wau MoJbHO-06beMHble (@;) dOJH KOoMnoHeHTOB. [lasi pacuyera
3THX BeJHYMH HeOoOXOJHMMO 3HATb MOJIeKyJspHble Beca KOMIIOHEHTOB,
ocob6eHHo mnosauMepa. JDra 3ajauya He npocra. as onpeneneHus
MoJieKyJIsipHOTO Beca My HeOOGXOAMMO, KaK Mbl 3HaeM, H3MEpPHTh KOJ-
JUraTHBHOe CBOMCTBO MpefesbHO pasbaB/jeHHOro pacTBopa. Bcsen-
CTBHe TOTO, YTO B PacTBOpPax BbICOKOMOJIEKYJISIDHBIX BeLIECTB HMEIOT
MecTo 60JbIiHE OTpHLATe/NbHble OTKJIOHeHHA OT 3akoHa Paysas, cBoit-
CTB4 mnpelenbHO pa3baBJieHHBIX PACTBOPOB MpPOABJASIOTCH JHLIb TPH
MaJbiX KOHIEHTPaUHUsX pacTBOpeHHOro Beuiectsa. IIpu 3Tux ycjaoBuax
TaKHe KOJIJIMTaTHBHble CBOHCTBA, KaK MOHHXEHHE MaBJIeHUS Mapa WM
‘MOHHXXEeHHE TOYKH 3aTBepleBaHUf, HCINOAb3yeMble MJI OMpele/eHUnt
MOJIEKYJ/ISIPHOTO Beca, CTAHOBSTCSA HACTOJIbKO MaJbIMU *, UTO HX KpailHe
TpyAHO M3MepuTb. TONBKO OCMOTHUYecKoe JaBjieHHe TAKHX PacTBOPOB
HMeeT JOCTaTOYHO TOYHO H3MEpUMYIO BeJHUYMHY [HampuMep, OoCMOTHYe-
ckoe mapjeHue 5%-Horo pacrBopa Kayyyka B OeH3one (xp=4-10-8)
passo 10 mm pr.cr.]. B cBA3KM C 3TMM H3MepeHHe OCMOTHYeCKOro JaB-
JIEHHSI PACTBOPOB MOJHMEPOB NMOJYYHJIO INMPOKOE PACNPOCTPaHEHHE KaK
MeTOJ ONpeAeseHHsl MOJIeKYJSPHOTO Beca BbICOKOMOJIEKYJISIPHbIX Be-
mecTB B pactBope. TouHoe u3MepeHHe MaJsbIX OCMOTHYECKHX JaBJ/ieHUH

* Tak, MOJIbHas AOJNA Kaydyka B ONHONPOLEHTHOM pacTBOpe Kayuyka ¢ Mp=
=100000 B Gensone pasBHa 7,8-107%, u ecnu pacTBOp 3TOM KOHLUEHTPALHH SIBJIAETCHA
npenejbHo pasGaBieHHBIM, TO TNOHMXKEHHE TeMNepaTypbl 3&TBeDAEBAHHA pPaBHO
0,046°C.
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NPOBOAMTCS C IOMOLIbIO CHENHaNbHBIX, TIIATEJIbHO pa3paGoOTaHHBIX
MeTOAUK. ,

HOas pacuera BeauunHel M, no M3MepPeHHOMY OCMOTHYECKOMY JaB-
JIeHHIo 71 3aMeHsieM B ypaBHeHuH Banr-T'odpda MosbHO-06beMHYI0 KOH-
LEHTPalHUI0 ¢; 06bEMHO-BeCOBOH KOHLEHTpalLuel §=ws/v:

ca=n/v=wz/vM; = q2/M,;
toraa u3 ypasHenus (VII, 31) nonyuum:
& _RT
92 M

3nech 7m1/gs — TaK Ha3biBaeMoe npugedeHHOe OCMOTudeckoe Oasienue.

B pacTBope, monunHsiomeMcss ypaBHenuo Bant-Todda, snauenne
7/q; He 3aBHCHT OT KoHUeHTpauuH. ONBIT NMOKa3biBaeT, 4TO B pacTBo-
pax NoJMMepoB 3TO, KaK NpaBuJio, He ocyuiectBasercs. [Ipusenennoe

08
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Puc. VII, 12, 3aBuCHMOCTb OT KOHLEHTDAlUHH NPUBEAEHHOrO OCMOTHYECKOro
JlaBJIeHHs] PacTBOPOB HUTPATa LENTOJNO3bl B Pa3HbIX PaCTBOPHUTENAX:

1—9tnnbensoar (89%)—srtaHoa (11%); 2-—Meruacananuunar (80%)—MeraHoa (20%);
3 — auetodeHoH (97 %) — sTaHoa (3%); 4— UHKJIOreKcaHoH (94,2%)— sTaHoa (5,8%); 5 — ale-
TOH; 6 — YKCyCHARt' KHCJIOT; 7 — METaHOM; 8 ~ HUTPOGEH3oM.

OCMOTHYECKOE [|aBJIeHHE 3aBHCHT OT §2 BIJIOTb 10 OYeHb MAJbIX KOH-
LEHTpalyii 1 NIPH 5TOM pas/HYHLIM 06pasoM B PA3HBIX PACTBODPHUTE/ISAX.
Ha puc. VII, 12 nzobpaxkena saBHCHMOCTb 11/G> OT g, OISl PacTBoO-
pOB HHTpaTa LeJ0/I03b (OJAMH H TOT e Npenapar) B PasaHYHbIX
pactBoputenax. Ha ocu abcuucc oTnoxKeHa BeJaMYMHA Gy B 2[4,
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Bce KpuBble nepecekalnTcs NPH KOHLEHTPalHH, PaBHOH HYJ0, rae
lim=-=0,23 u
92 RT

lim —.
q:z

My = =76 000

Ina o6neryeHds SMIHPUYECKOH SKCTPAMO/ISLUHH KDPHUBBIX K ¢o=0 3aBHCHMOCTL
OCMOTHYECKOTO [AaBJEHHA OT KOHLEHTPAUWH BbIPAXKAIOT CTENEHHbLIM PAAOM:

RT 2, 3
n=m go+ Bgy+Cqy+ ...

Koncrantol * B u C 0TpaxaioT OTKJIOHEeHUe PacTBOpa OT 3aKOHA NpefefbHO pa36aB--
JeHHbIXx pacTBopoB (3akoHa Bant-Todda), cBsfisanHOe cO 3HAUMTENBHOH BEJIHYHHOM:
gs ¥ €O cheuu(HUYECKHM B3aHMOJNeHCTBHEM MeXK1Yy pPacTBOPUTEJIEM M PacTBOPEHHBIM:
BElLECTBOM. '

CocTaBuB CTeNeHHOH DAL A/ BeJHYMHBI 7, HaxoAuM M, u3 ko3pdHuHeHTa npH
g2 myTeM 06pa6GoTKU ONBITHBIX AAHHBIX METOAOM HAaHMEHBbIUHX KBAAPaTOB.

O6biuHo pacTBOp IOJHMepa COLEPXKHT MOJIEKYJbl DPacTBOPEHHOro
BelllecTBa pa3JHYHbIX Pa3MepoOB H HSMepHeMblﬂ ONHCAHHBIM NYTEM MO-
JIeKy.nﬂprll'r'l BeC ABAAETCA CPEAHHM IO YHCJAAM MOJIEKYJ:

ki IMgixai
My =—3"=
2 ZXﬂ

[Tyrem ¢pakunoHupoBaHus mnoauMepa B pacTBOpe C MOMOMLIbIO:
npoGHoro ocaxkieHus, AH(PQy3ud M JPYrHX MeETOLOB MOXKHO IOJy-
yuTh (PpaKuUUH, B KOTOPHIX MOJIEKY/SIDHBI BeC H3MeHseTcas B 6ogee
Yy3KHX rpaHuuax. l3MmepeHHe OCMOTHYECKOrO MaBJIEHHS OTHAEIbHBIX
¢pakuuil NPHBOAUT K MOJIEKYJSAPHbIM BecaM M,; (ToXXe HEKOTODHIM
cpefHHMM, HO JJfl Y3KHX IpeJesoB) BellecTBa B 3THX (pakuusX, YTC
N03BOJIAeT YCTAHOBHTb CTeNeHb MOJHMepH3auuH P; OTAe/NbHBIX Qpak-

UMK ToJumepa:
My

M,

3necs My — MoJeKyJasIpHBIH Bec MOHOMepa.

Caenyer uMeTh B BHAY, YTO [ajeKO He BCerha BeJHYMHA MOJIEKY-
JSIPHOTO Beca JaHHOTO MOJHMepa HaleXHO YCTAaHOBJEHAa HJH Aake
npocto H3mepeHa. [TostoMy cBoficTBa PacTBOpPOB BBICOKOMOJIEKYJIsip-
HbIX BELUECTB HEpPEelKO CONOCTAB/AIOTCA He C HCTHHHBIMH MOJIbHBIMH:
AOJIIMH, a8 C BECOBBIMH KOHLEHTPALHUAMH HJIH C YCIOBHBIMH MOJIbHHIMH
noasmu x'. TlocnenHue pacCYHTHIBAIOTCA TakK, YTO MOJHUMEpPH3alUT

urHopupyercs. B pacrBope ¢ MosbHO# fodselt pacTBOpUTENs X = ——o

P;=

4
yC/10BHasa MoOJibHafg J0J15 pacCYuTbIBAECTCSA M3 paBeHCTBA x1=’-1—-_m,
1+ Pny

* DTH KOHCTaHTH HAa3LIBAIOTCA BUPUAAbHLIML KOIDPuyuenTamy (BTOPHIM
TPeTbHM) MO AHAJOTHH C COOTBETCTBYIOIIMMH BeJHYMHAM# B ras3ax; OLHAaKO 3Ta aHa-
JIOTUsS He MOXKET CYHT2ThCsi 0GOCHOBAHHOM.
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rie P — creneHb NoJMMepH3alUH, T. €. CPeLHEE YHCJIO MOJIEKYJ] MOHO-
Mepd, e6pa3ylollux oAHY MoJekyay nogaumepa. [lpu Goabmux 3naue-
HUAX P BenuuHHA X] MHOTO MeHbllle BeqMuHHbl X;. OUeBUIHO, 4TO NpH
JpaccMoTpeHHH aKTHBHOCTH PacTBOpUTeNs a, = p,/p; KaK (yHKuuu He
HCTHHHOM MOJDbHOH NOJNH Xj, @ YC/JIOBHOH MOJbHOH MOJH X, Kaxy-
1eecss OTPHIATeNbHOE OTKJOHeHHe 6yleT HaMHOTrO MeHblIe HCTHHHOTO,
OHO MOXKeT JaXke U3MEeHHTb 3HaK H CTaTb MOJIOXKHTEJbHbIM, YTO He 6y-
JeT, €eTECTBEHHO, OTpPa’kaTh NOJAJHHHbIE CBOHCTBA pacTBOpa MOJHMepa.



YYEHUE O XMMUYECKOM PABHOBECMUMU
XUMHUYECKASA TEPMOAUHAMMUKA

FJIABA VIII
XHMHYECKHE PABHOBECHS B FA3AX H PACTBOPAX

§ 1. XuMunueckoe paBHOBecHe. YCJOBHUSi XMMHUECKOrO DPABHOBECHS

B uccnenosanusax H. H. Bekerosa (1865) Gbiio mokasaHe, uto Ha-
npaBJjieHHe XHMHUUECKOH peakLUH B pslle CJyyaeB 3aBHCHT OT HaBJEHHS
rasa M OT KOHLEHTpAIMH pacTBopa M NPH H3BECTHBIX 3HAUEHUSX ITHUX
BEJINUHH peaKUUsl MOXKET IpeKpaTUTbCA, He poias mo KoHua. OH mu-
can: «IIpu sekotropom paBiaenuu CO; NPOHM3BOAUT B PacTBOpPe YKCyC-
HOU KHCJIOTHI OCAJOK YIVIEKHCJION COJIM, a pacTBOPEHHE Mpamopa, KO-
TOPbIH 51 TIOCTOSIHHO YNOTPe6Jsil B CBOMX OMNBITAX, B CBOIO @Uepelb
npd HEKOTOPOM [aBJeHHH NpeKpaliaercs, HeCMOTPS Ha U3GBITOK Kic-
J0TH. ..MTak, ne ObLIO HMKAKOro COMHEHMS, YTO IpPH TyCTOTE YrJe-
KHCJIOTH, cooTBeTcTBylouwe#t 17 arMmochepaM JaBieHus, HelicTBHe ee
H YKCYCHOM KHCJIOTHl ypaBHOBeluuBaercsl. ..XHMHUYecKoe AeHCTBHE ra-
308 3aBHCHT OT HaBJIeHHS W, CMOTDS TI0 BeJUYHHe daBJIEHUS, MOXKET
Jlaxke coBepIIaThbCs B 0OOpPAaTHOM HallpaBJIeHHH» *.

Aunanornugoe fiBleHHe Haba04aeTCsd M NPH JIPYTHX XHMHUYECKHX
peakuusix. Taknum o6pasoM, XHUMHYeCKHe peaKUUH — oOpaTUMBI: Ha-
PALY C XHMHMYECKHM B3aHMOJEHCTBHEM MeXK1y HCXOIHBIMH BelLIeCTBAMH
(npamas peaxyus) TNPOTEKaeT XHMHYeCKOe B3aHMOIEHCTBHE MeXay
npoaykramu peakuun (obparnas peaxyus), B pe3ynbTaTe KOTOPOLG
cHOBa 00pa3yloTcsi HCXOJAHBie BelllecTBa. [lo Mepe mporekaHus mnpo-
1ecca CKOPOCTb IPSAMOR peaKUHH (KOJHYECTBO MOJEKYJ MPOLYKTOB
peaxuuu, 06pasylolMXcst B CEKYHIY) yMeHbLIaeTcsi, a CKOPOCTh oGpar-
HO# peakuun (KOJHYECTBO MOJIEKYJ STHX NPOLYKTOB, MpOpearupo-
BaBIIKX B CEKYHAY) yBemnuuBaercs. Koraa o6e CKOPOCTH cpaBHSIOTCH,
HACTYNaeT COCTOSIHHE XUMU4ECKO20 PABHOBECUSl— UYHCIO MOJEKYJ Be-
HIECTB, COCTABJISIIOMIMX XHMHUECKYIO CHCTEMY, NEpPecTaeT MeHATHCS H
OCTaeTCsi MOCTOANHBIM BO BpeMeHH NpH HEeH3MEeHHbIX BHELIHHX YCJo-
pusix. Takum o6pa3oM, XUMHYEeCKOe paBHOBECHE SIBJSETCS AMHAMUUHBLIM
M MOABHXHBLIM — C H3MEHEHHEeM BHEMIHHX YCJOBHH DaBHOBeCHe CIBH-
raetcs B ORNHY WM B APYryi0 CTOPOHY M BO3BpallaeTcs K HCXOAHOMY
COCTOSIFUIO, €C/IH BHEIIHHE YCJOBHS fIOCTHraloT IepBOHAYAJbHLIX 3HA-
yenui. DecKoHeuHo MaJioe H3MeHeHHe BHEUIHHUX YCJAOBHH BJeyeT 3a

* H.  H. Bexetos, HccnenoBauna Haj sBJAEHHAMH BLITECHEHHA OZHHX MeTand-
JoB npyrumu, 1865, cTp. 83—84.
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co60ii Takke OeCKOHEUHO Mafoe M3MEHEHHE COCTOSIHHS paBHOBECHA.
CrenoBaTebHO, XMMHUYECKHE pDeaKUHU MOTYT NPOTEKAaTb KaK TepMo-
JHHAMHYECKH PaBHOBECHbIE MPOLECCH, T. €. K HUM MOXHO MPUMEHSTb
-061llHe YCAOBHSI TEPMOJHHAMUYECKOTO paBHOBECHS.

HiameHenne u3obapHoro morteHuuana G CHCTeMBl, B KOTOPOH IpoO-
TeKaeT XMMHYeCKas peakuus, onpeiensercsa ypaBHeHuem (V,7):

dG=—SdT+ Vdp+p,dn,+pgdns+ ...

‘OlHaKO B 3TOM CJyuae H3MEHEHHs MacC KOMIIOHeHToB dn, dn, ...
He SIBASIIOTCS HEe3aBHCHMBIMH, a CBSI3aHbl CTEXHOMETPHYECKUMH COOT-
‘HozieHMaMH. Ec/in Maccbl KOMINOHEHTOB XMMHYECKOH peaKLUH

VA + VAt . =VA] + VAL F ... (VIIL, 1)

BbIpaXKeHbl B MOJAX, TO HX H3MEHEHHS NPONOPLHOHAJbHBI CTEXHOMET-
‘pHUECKHM Ko3(h(HUHEHTaM YpPaBHEHHS XUMHUECKOH peakKIHH, B3SITbIM
-C COOTBETCTBYIOLIHM 3HAaKOM (MHHYC — ISl HCYe3aloUlUX BelecTB H
HIIOC — AJ15 06pasylomuxcs) :

dn, dn, dny dn,
= = ...=—,=—,—=...=dx (VIH,Q)
-V, =V v Vo
3mech dny, dn, u T. A.— uU3MeHeHHus Macc Ay, As, ... HCXOZHBIX

BeulecTB, a dnj, dny— usMenenus macc Aj, Aj, ... TPOLYKTOB peak-
uuu, BoipaxeHHoi ypaBHeHueMm (VIII, 1). OtHoenne wusmeHeHus
maccel dn; K CTEXHOMeTpPHYeCKOMY Ko3(pdHUHEHTY v; OLMHAKOBO M.
BCeX YYAaCTHHKOB peaKUMH M MoxeT ObITb 3afiicaHo B ¢opme nupde-
peHIlHasa HeKOTOPO#H BeJMUHHBI X. DTa BeJMYHHA, TaK HasbiBaeMas
XUMU4ECKAs nepemenHas *, MokKa3blBaeT MacCy KaxKIOro KOMIOHEHTa,
BCTYMHBIUYIO K JaHHOMY MOMEHTY B PeaKIHIO H H3MepeHHYI B 3KBH-
BaJICHTHBIX €IMHHIAX, OTBeYalOlIHX ypaBHeHHIO peakuuu. Hanpumep,
‘B peaxuuH

.eIMHHLIAMH Macc aas KommoHeHtoB Gyayr (4HCI), (O.), (2H.0),
(2Cly), T. €. yuerBepennaa rpamm-monekyna HCI, ynsoernas rpamm-
mosekyna H,O u 1. n1. MameHeHHs Macc, H3MepeHHble B 3KBUBAJEHT-
HBIX eJlMHHIaX, OAUHAKOBH B JAaHHOH XHMHYECKOH peakUHH IJs1 Bcex
KOMIMOHEHTOB K JI060MY NaHHOMY MOMEHTY H PaBHHI ¥.

XuMuuecKasi TepeMeHHas XapaKTepusyeT TOJbKO OAHY onpeje-
_JIEHHYI0 XMMHUYeCKylo peakuHio. Ecin B cuCTeMe MPOTeKalT HECKO/bKO
peakuuil, TO A8 KaXJol M3 HUX HMEeTCsl CBOSl XMMHUECKas nepemMeH-

Has (Y, X2 - +)-

* OHa Ha3blBaeTCcs TaKKe 4uUCAOM npobe2os peakyuu WIW CTeneHoto npodsu=
DeHus peakyuu.
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ToncraBuB Bhipaxenus 1 dn; u3 ypassenus (VIII, 2) s ypas-
nenune (V,7), noayuum

dG;—-Vdp—SdT-—vlp.]dx—'vgpzdx—
oo VIR Ay + Vi dy =V dp— SdT + 2 (vu;)dy  (VIIL,3)

W306apublit noreHnuan cucreMol G 3lech sABAseTCS (PYHKUHEHr
Tpex nepemeHHbix: p, T u x. HacTHas npousBojHas 3ToM QYHKUMH MO
XHMHYECKO} MepeMeHHOH x paBHa a/nre6paHyeckoil cymMMe NpOH3Bene-
HHE Vipit

OG)
— =2v VIII, 4y
( % /o1 i ( )

pu nocrosinHeix mnaBneHuM W Temmepatype ypasnenue (VIII, 3y
npHHMMaeT BHA:
(0G),, 7 =2 (v;m;) dx (V1I1, 5)

JIlns peaKuuH, MpOTeKalolleii CaMONPOH3BONBHO MPH MOCTOSHHbBIX
nasjaeHun u temmnepatype, dG <0 (cm crp. 113) u, cremoBaredanHo,
3 (vip;) <0, Tak Kak dy no onpeneJeHHIO MOJOXKHTENBHO.

Korpa peakuuss HaXoAHTCs B COCTOSIHMM DPaBHOBeCHS, QYHKLHS
G=f(y) nMeeT MHHHUMaJbHO® 3HaYeHHE H

0G
(a—x)p.r=2(vip,i)=0 (VI11, 6)

AT0 paBeHCTBO Bhipa)kaeT B obulell (opMe YCJIOBHEe XHMHIECKOTO

paBHOBeCHS.

HameHenne u306apHOrO MNOTEHIHANa B XHMHYECKOH peaKIili MpA OOCTOAHHLIX:
NaBJAEGHHH W TeMmmepaTtype (OG) = E(V,M,)dk MOXHO NpPEeACTaBHTb KaK HPOH3-

BEleHHe pe3yJbTHpYIoLleh 0606u1eHHoﬁ CHJIbS peaKuuuzv‘u, Ha mpHpOCT 06Gobuien-

HOMl KOOpR&MHATHl — «npobera» NaHHOH peakuuu — dy. ﬂpn paBHOBECHH peaynb-m-
pviowas o606lUeHHds CHIa paBHA HYJIO, T. €. 00OOLIEeHHbie CHIB UPSAMOA M 0GpaTHOIY
peakuuy paBHBI MeXIy COOOH.

Hcxons u3 ypaBHeHHs (V,5), MOXHO H3/0XXEHHBIM Bbille AyTeM
HaliTu BbIpaXKeHHs A QYHKUHH F, aHajoruuHble ypaBHEHHAM
(VIL1, 4), (VIIL,5) u (VIII, 6):

aF A
(O_X)v. r E(viry) (VILL, 4a)
(OF), p =Z(v;p;)dx (VILL, 5a)

oF .
(Fx—)v. p = Z(Viy) =0 (VILI, 6a)
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§ 2. 3akoH peMHcTBHs Macc

CBsi3b MeXKly PaBHOBECHBIMH KOHUEHTPAUMAMU HJH NapuudaNbHBIMH
aBJEHHSIMH BEleCTB, YYaCTBYIOIHNX B XHMHUYECKOH peaKiuH, BbIpa-
JKaeTcs 3aKOHOM HeHCTBHS Macc, KosuuecTBeHHass (GopMynupoBKa H
KHHeTHYEeCKH# BBIBOJ KoToporo Obliu naHbl (1867) Iyabpbeprom u
Baare.

3akoH HAeHCTBHSI Macc MOXKHO BbiBecTH u3 ypaBHeHus (VIII,6),
€CId XHMHYeCKHe TNOTEHLHAasbl BbIPA3HTb KaK (YHKLUHH KOHUEHTpa-
Ui, NapuuajbHBIX OABJEHUH U T. Il. KOMIOHEHTOB, YYacTBYIOILHUX B
peakuun. CooTBeTcTBylolHe (YHKUUH ONPENeJAIOTCS YpaBHEHHAMHU
(V, 26), (V,26a) u (V,260), ecin KOMIOHEHTbl SIBJSIOTCS HAeaJbHbIMHU
rasamy, uau ypaBHeHueMm (V,27), ecad KOMIOHEHTbI — peaJibHble
raspl. Jlng pacTBOpOB XHMHUeCKuii moTenuuana B ypaBHeuuu (VIII,6)
3amensierca ypaBHeHHaMu (VI,13) nis HIeasbHbIX pacTBOPOB WM
(VI, 24) nns peanbHbIX PacTBOPOB.

B KauecTBe OCHOBHbIX MCXOJHBIX ypaBHeHHHl NPH DPaCCMOTPEHHH
Ta3eBpIX peakuuit ucnosib3yiorcs Beipaxenue (V,26a):p, =g} (T) +
+ RTInp, (mas cmecd MieasbHBIX rasoB) M Bbipaxenue (V,27):
w,=g;(T)+ RT Inf, (nns cMecu peasbHBIX rasos).

[loxcraByB 3HAayeHHe XHMHUECKOTO IOTeHUHA/Ja M3 ypaBHEHHS
(V,26a) B ypasnenue (VIII, 6), moayuum npu paBHQBecHH:

2,87 (T) + RTZv; Inp; ,0py =0 (VIIL7)
OTKYyJla
— Zv,8; (T)
zvi In p;, pann=+=f(’r) (VILL, 8)

T. e. JieBasl YaCTb ypaBHEHHA eCThb (QYHKLHS TOJBKO TeMIepaTypbl.
OnyckaeM MHIEKC «paBH» H 3aMeHsieM CyMMy Jlorapuqmon p;i Jio-
rapudMoM npousselenus p;, a f(T) —norapudpmoM HekoTOpoit (yHK-

amn Ky (T):
? v, g,( ) .
In “ (p})) = =212 JIn K, (T) (V111, 8a)

HJINR

Vi
N Pl Py ...
H(pf‘)=7~=l<pm (VIIL, 9)
i pi'pg’ ...

Besuunna Kj, BbIpa)KeHHas uepe3 paBHOBECHble MaplUHa/bHble
JIaBJIEHUs B WUJleaJbHON rasoBOH CMeCH, eCTb (PYHKIHS TOJbKO TeMIe-
paTypbl W He 3aBHCHT OT CYMMapHOTO [aBJIeHHS H- MapuHaJ/JbHBbIX
JlaBJIeHHi KOMIIOHEHTOB B HCXOJAHOH CMeCH, T. €. OT OTHOCHTeJbHBIX
MCXOIHBIX KOJINYeCTB KOMIOHeHTOB. [Ipu nocrosiHHON TeMmepatype
Ky =const,
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Benuunna Kp Ha3bIBaeTCl KOHCTAHTOU XUMUYECKO20 PABHOBECUS
(uan, Kopoue, KoHcTanTol pasnogecus), a ypasnenue (VIII, 9) — 3a-
KoHom OelicTeus macc.

v Vv,
AT

PPyt ... ‘

OT TOro, ¢ KaKoil CTOPOHBbI IOCTHTHYTO paBHOBecHe [T. e. OT Tare, mpo-
tekasa nu peakuusi (VIII, 1) cneBa HanpaBo uau cnpaBa Hadeso)], Tak
KaK nepemeHa 3HakoB obGeux cymm B ypaBHenuu (VIII,7) na oGpar-
Hble He HapyllaeT 3TOr0 PaBeHCTBA H INPAaBHJIBHOCTH MOCAEAYIOUIHX
paccyxaenutl.

Hmes neno c peajibHBIMH Ta3aMH, HCHoJb3yeM ypaBHeHnue (V,27)
M COBEepLIEHHO TeM ke nyrteM npu T =const nosyyaem:

Beaununna npH MOCTOSIHHOH TeMIlepaType He 3aBHCHT

v, v
11/2
N

R (VIII, 10y

K;

Benuuuna Kf He 3aBHCHT OT HOaBJICHHS, BCJHUHHA Xe Kp Jis1 paB-
HOBECHO# cMecH peanbHbIX ra3oB 3aBHCHT OT [JaBJE€HHA H MO Mepe
yMeHblIeHHsa ero CTPEeMHTCs K BeJHYHHE Kf, INOCKOJIbKY peaJibHas
ra3onsasd CMechb npué.nmxaeTca K HA€aJIbHOMY COCTOSHHIO.

B NPpHMEHEHUH K KOHerTHOﬂ XUMUUYECKOH peaxkuuu, Hanpumep:

CHHTE3Y aMMHaKa
3H2 + Nz =2NH3

KoHCTanTel paBHOBecus Kp m K; mpuo6GpeTaoT crelyouui BUL:

2 2
PNH; | Ki= FNH,

Kp= (VIII, 11y

3 ’ )
PHyPN, f Hzf N2

Baxno NOMHHUTDH, YTO BHUI BbIpaKeHHf HJis1 KOHCTAHTHl pPaBHOBECH:A
U ee YHCJ0OBO€ 3HAYEHHe 3aBHCAT OT TOro, B KaKOM HamNpaBJACHUH U
J1s1 KAKHX KOJIHYECTB HAIMCAaHO CTEXHOMETpHUYeCKOe ypaBHEHHE peak-
HHUH. TaK, yMeHbIIWB BABOE KOS(:]D(I)HuHeHT YpaBHeHHA CHHTE€3a aM-
MHUHAKa
8/;H; + 1/;Ny = NH,4

MnoJiyudM HHOE€ BbIpaxXXE€HHE€ W HHYIO BE€JMUYHHY KOHCTAHTbl PaBHOBECHS.

PNH =
Ky=—g—==VK, (VIIL, 12)
H2 PN?

Kak Gymer nokasaHO HHXKe, 5TO BbIpakeHHe, HeCMOTpPs Ha APoO-
Hble creneny, Gosee yaoOHO AJA YHC/IOBBLIX pacyeToB, YeM IMepBOHA-
yasbHOe.



252 Ta. VIII. Xumuueckue pasHosecus 8 2aszax u pacreopax

Ecau ypaBHeHHe peaKlMH HamucaTb B 06paTHOM HalpaBJeHHHU:
2NH3=3H2+Ng

TO KOHCTaHTa paBHOBeCHSA NPHUMET BUM:

3
” 1
K, = ZHeNe (VII1,13)
PNH, KP

OueBHAHO, BO3MOXKHO GOJbIIIOE YHCIO PA3JHUHbIX HAMHCaHHR ypaB-
HeHHs1 OXHOH M TOM XKe XMMHUYECKOH peaKUHH H PAas3jHYHBIX YHCJOBBLIX
3HauYeHHI KOHCTAHTH OJHOTO M -TOTO XK€ pPaBHOBECHf, 4YTO He MOXKeT
BLI3BATH NYTaHHLUbI, €CJH 3alHCh YHCJIOBOrO 3HAYEHHsS KOHCTAHTBbI PaB-
HOBecHsl BCerja COMNpPOBOXJAaercs 3a-
MHUCBI0O COOTBETCTBYIOILErO YpaBHEHUS
peakUHH HJIH MOJHOH 3aMHUCBhI0 BhbIpa-

5 [ b
lu N, | |NH JKEeHHs] KOHCTaHTH Mo o6pasiy Jypas-
2 nenus (VIII, 11).

l l T 3akoH MAeHCTBHA MacC MOXeT ObiTb BbiBe-
: JleH COBepLIeHHO APYTHM, OJHAKO TOXe Tep-
MOJIMHAMHYECKHM MYTeM, a HMEHHO TaK Has3bl-

BaeMbIM MeTOO0OM. YUKAO08.
) MeTon UMKJOB HMMeET MpeuMyiuecTBO Ha-

rasigHoctd. OgHako MM He Bcerga yaoGHo
no/b30BaThCA, TaK Kak B 6oJiee CI0KHBIX Cy-
YyasgxX TPYAHO Pa3GHTbL MpPOLECC Ha fIpOCTblie M
JIETKO KOJIMYECTBEHHO YUYHTHIBaeMble YaCTHbIE
npouecchl,

INpuHUMN H3/1aTaeMOr0 HUXKE BLIBOAA MAH
Bant-T'oppom (1886) m HOCHT uassanue Me-
tona Awuka Baunr-Fogpga. Hsnomum stoT
MeTOX [AJISl YaCTHOTO CJyuasi peakilMH CHHTe3a
aMMuaka.

B ouens Gosbumiom smuke A (puc. VIII, 1),
Puc. VIIL, 1. Slumk Banr-Topda, TOMCIIEHHOM B TEDMOCTAT C MOCTOAHHON TeM-

nepatypofi T, HaxOAHTCS DaBHOBECHAH CMeChb

. BOZOpOAA, a30Ta M aMMHaKa ¢  1ap-
AUMANbHLIMH  [aBJEHHAMH Py, Py, B PNH,e  SILIMK  MMeET TPH OTBEpCTHR, 3a-
KpBITble OTOABHTAIOUIMMHCA 3aC/IOHKAMH M, KpPOMe TOrO, Meperopogkamu (OTMeyeHbl
TIYHKTHPOM), KaXXAas N3 KOTOPBIX NMPOHHIIAeMa JJf OJHOTO W3 Ta30B H HeNpoHHIaeMa
ans npyrux. B oTaenbHbix, ouenn Goabuinx pesepByapax by, By, bBi. Takke Tep-
MOCTaTHPOBaHHLIX, HMMEIOTCA 3amachl UYHCTHIX BOJOPONAa, a30Ta M aMMHaKa npH
TIPOH3BOJIbHO BEIGPAHHBIX HaBieHHsX Py, Py, B Pyy, K oTsepctusm 8 stux pe-
3epByapax, a TaKxe K OTBEPCTHAM B fuuke A, CHaGXEHHBIM 3aCJAOHKAMH, MOTYT
NPHCOENMHATLCSA LHJMHAPE C MOPIIHAMH M 3aCJOHKaMH.

[Mpouecc o6pasoBaHus amMMHaka H3 BOZOPOAA M a30Ta MPOBOAHM CJEAYIOIUHM
o6pasom. Llnaupapul ¢ MOPHIHAMH NPHCOENHHSEM K pesepByapaM C BOZOPOAOM H
a30TOM, OTOJBHraeM 3aClOHKH H, MeJJIEHHO IBHUrasi MOPILIHH, OTGHPAaeM B LHUAMHADHI
tpu moast (Vy, 06bemoB) Bonopoaa ¥ oauH moab (Vy, o6bemoB) asora coorset-
<TBeHHO (mepBhii npomecc). KosmuectBa rasos-B pesepByapax Taxk BeNMKH, HTO
yMeHblIEHHe HX Ha HECKOJbKO MoJiel He HM3MeHSeT NaBjeHHii B DesepByapax.

Luaneapel ¢ rasamu 3akpbiBaeM 3aC/OHKaMH, OTAeJsieM OT pe3epByapos, 3a-
TeM, IBHras TOpLIHH, H30TEDMHYECKM M PAaBHOBECHO pAacCIlKpseM (MM CXHMaeM)
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B UMJMHApAaX Tasbl [0 [@BJEHWH Py, H Py, PaBHHIX MNapUUANBHBIM JaBJICHHAM
rasos B suike A ¢ paBHOBecHON cMecbio (BTOpofi mpouecc). Hanee mpucoegunsem
06a UMMMHAPA K OTBEPCTHAM flKMKa A, 3a2KDHITHIM MeperopoaKaMH, NPOHHULaeMBIMH
COOTBETCTBEHHO AJIA1 BOAOPOJA M as30Ta, a NyCTOH WMJMHAD C BUBHHYTHIM MOpLIHEM
NpHCOEAMHAEM K TpPeTbeMy OTBEpPCTHIO fIUHKA, 3aKPHITOMY MeperopoxkoH, MNPOHH-
1aeMOfl TOJBKO AN aMMHaka. 3aTeM OTOJBHraeM 3ACJOHKH W, OJHOBPEMEHHO ABH-
ras o6a MOpIUHS, BBOAUM TPH MOJA BONOPOAA H OAHH MOJb a30Ta B AWMUK TUPH NO-
CTOAHHHX AaBJeHusx, a nsa moas (Vyy, oGbemoB) ammuaka orGupaem B TpeTufi
UWJIMHAP MPH J@BJEHHH Py, [lpn 3ToM B filllMKe PaBHOBECHO NMPOTEKAET Deakuus
0o6pa3oBaHUf ABYX MOJell aMMHaka (TpeTuil mpouecc).

Hanee aMMHaK B OTJe/JbHOM OT SILIHKAa UHAMHApPE CXUMaeM (uau pacuiupsieM)
OT [aBNeHHS Ppyp, A0 AaBieHHS  Pyp, (qupeprxﬁ npouecc). IMpucoepuusem uu-
JUHAD K pe3epByapy ¢ aMMHaKOM H NOpIUHEM, BHITA/JKHBaeM ras u3 IHJHHAPA B pe-
3epByap NpH TMOCTOSIHHOM JAaBjeHHH (MATHII mpouecc).

IMoacuutaeM cymMMmaphylo pa6oTy Bcex mpoueccoB. [Ipu 3ToM BaxHO wuMmeTb B
BH/ly, UTO TaK KaK HeNMOCPeACTBeHHbIi cHHTe3 aMMuaka B siiiike Baut-Todda npo-
HCXOJHMT MpPH MOCTOSHHBLIX OOGbeMe M TeMmepaType B PABHOBECHOH CMeCH, TO HUKaKOM
paboTh NpPH 3TOM He "coBepuraeTcs. 3HAKH BCeX OCTaJbHBIX PaGoT Gymem 6paTthb
B COOTBETCTBHH ¢ OOLIMM yc/oBHeM (NpHYEM CHCTeMa BKJIOUaeT iUk A, pesepsyapnt

M IHJIHHADH).
Mepsufii npoiecc—or6HpaHHe BOAOPOAA H a30Ta M3 pe3epByapoB NpH
NOCTOSHHOM [ aBJIeHHHU:

Al = PHz AV+ PNZ AV = PH2VH2 + PNQVNz = 4RT
BTopofl npouecc— H30TepMHYECKOe pacilipeHHe BOXOPOJA U a3oTa:
P P
A, =3RT In—22 4 RT In 2
PH, PN,

TpeTuhn mpoluecc— BBefeHHe BOJOPOAA M. a30Ta B AWKK A H oTGHpauHe
aMMHaKka H3 fLUHKa: ;

Ay= = pi1,Vit, = PNV, + PV NH; = — 3RT — RT + 2RT = — 2RT

UeTBepTHH NpoILecC— H30TEDMUYUECKOE CKATHE aMMHaKa B LH/IHHIpe:

p
Ay=2RT In 52

NH3

MaTw# npouecc—BBeJEHHE aMMHaKa B pe3epByap:

Ag=— PNH3VNH3= — 2RT

CyMMuDY1, MOJYUHM:

P.. p
A=3A4;=3RT In —HZ 4 RT In —N2 4 9RT [n £NHs
sz ! PN, PNH3

fleperpynnyupoBbiBas uieHbl NOA 3HAKAMH JorapudmMa, noayyaem:

p2 P2
il — RT In — "0 (VIIL, 14)
szpNg PHQPNQ

A=RTIn

TNposeneM Temepp Bech Npouecc B OGPATHOM HAMPABJEHHH, OCTABHB JaBAeHHA
rasoB B pe3epByapax NpeXHHMH H H3MEHHB JaBJIeHHS B DABHOBECHOM RILHKe

NPOM3BONBHO, HO TaK, UTOGH H NMPH HOBHIX 3HAWEHWAX AaBaeHud piy,, Py, M PNHs
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B ALIMKE COXPAHWJIOCh paBHOBECHe peakuu¥ cHHTe3sa ammuaka. Torma paGora A’
o6GpartHoro mpouecca OyAeT, OYEBHAHO, BLIPAXATbCA TeM JKe YypaBHeHHeM (VIII, 14)

c OﬁpaTHblMH 3HaKaMH H HOBBIMH 3HaY€HHAMH pt:

pl2 P2
A=~ RTln —32— 4 RT In —N2 (VII1, 14a)
PH,PN, P}lzPNz

CxnanviBas eeanuunn A u A’, nonyuaeM paGoTy H30TEPMHMYECKOTrO LHK/A, B Pe3y.b-
TaTe KOTOPOro CHCTeMa (pe3epByaphbl, WMJHHADH M SIUIHK) BEepHyJAach B HCXOJHOE
COCTORIHNE:

Pk P
A+ A'=RT | 1n —2He_jp s (VI1I, 15)
p‘}-[2pN2 pH2pN2/

OnucaHHBIfl IHKJ SIBNSETCA DABHOBECHLIM H, COTJIacHO BTOPOMY 3aKOHY TepMO-
JAMHAMMKH, ero pa6oTa JKOJ/IKHA ObiTh paBHa [cM. ypasuenus (III, 5a) u (I,32)]:
-1,

A+a=Q-17
X .

Tak kak B 3ToM uukae T'=const, 10 T1—Ty;=0 u A+A’=0, caeL0BaTeNbHO:

P} P
NHs _ “THs K, (VIIL, 16)

3 IEN
PH,PN, PH,PN,

ITockonbKY AaBMeHHs] B SIUMKE Mbl M3MEHHJM MPOU3BOJIBHO (COXpaHsss pPaBHO-
pecHe), MOXHO COCTaBUTb 60/blioe YHCNO BbIpa)ceHui, nojGOIbIX HANHCAHHBIM,
¢ pasnuyHbIMKH HaGopaMi BE/HYMH pi, M BCE OHH DaBibl MeXAy co6of, T. e. paBHH
KOHCTaHTe, KOTOpasi H SIBJISETCS KOHCTAHTOH paBHOBECHS.

§ 3. U3o0apHblit moTeHUMAN XMMHYECKO# peaKuuu

M306apHblii MOTEHLHAN CHCTeMbl, B KOTOPOH XHMHYecKas peakuusn
npoTekaeT HepaBHOBeCHO, m3MmeHnsiercs (Jv;p;<0). Haiinem sto usme-
nenne. O603HauMB NapuuajbHble HNABJEHHS KOMIIOHEHTOB B HepaBHO-
BecHOl cMecH uepe3 P; u conocrasass ypasHenus (VIII, 4) u (V, 26a),
NOJYyUuM:

G
(—07)” , =3v,g; (T)+ RTZv; In P, (VII1,17)

[lepBblil usneH NpaBoOH YacTH ypaBHeHHs OJMHAKOB IJf BCeX CO-
CTOSIHMH NAHHOH peaKUMH — PABHOBECHBIX H HEPaBHOBECHBIX, NO3TOMY
B ypapHenue (VIII, 17) MOXHO noacTaBHTh €ro 3HayeHHe H3 ypaB-
nenus (VIII, 8a):

9G\ L _ RTInK. +RTZv,InP (VIII, 18)
! ax T ; p i 4

Ecan cMech KOMIIOHEHTOB DeaKIHMM C MapUHAJbHBIMH NaBJEHHSIMH

P, uMeer HacToJbKO GOJIBILYIO Maccy, YTO H3MeHeHHe MacC KOMIOHEH-
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TOB Ha BEJHUYHHBI v; NPDAKTHYECKH HE H3MEHAET NaplHaJ/ibHbIX daBJe-

Huii, To B ypaBHenun (VIII, 18) MOXHO 3aMeHHTb BeJHUHHY (%%) ,
P

P . ( AG
PaBHOll efl BeTUIHHOM |- ) . [Tonoxus Ay=1, noayuynm:
P

oG
(AG)p'T=(a_X)p.T= —RTInK,+RTZv;InP;’ (VIII, 19)

B stoM ypaBHeHnu AG — u3MeHeHHe H300apHOro NMOTeHUHUAsA CH-
cTeMbl NPH XHMHYECKOM NpeBpalleHHH TaKOro YHCJIa MoJjeid pearu-
pYIOLLUX BellecTB, KOTOPOe COOTBETCTBYeT CTeXHOMETPHUYECKOMY ypas-
HeHHI0 peaKuuu * (3To HpeBpallleHHe MpeANOJiaraeTcss NMPOTEKAIOUIUM
B CTOJIb GOJIbIION Macce CMeCH, YTO HepaBHOBECHBbIE NAaBJIEHUS OCTAOT-
cs1 nocrosinabiMu). Bennunna AG HasbpiBaeTcs u306apHbiM NOTeHyuUQ-
aom peaxyuu. YpapHenue (VIII, 19) Hocur HasBaHHe u3oTepmbr xu-
Mu4decKol peakyuu.

U3 ypaBrenus (VIII, 4a) aerko moJyuyuTb MAEHTHYHOE BbIparKeHue
aas (AF) v, r, npuueM

(AG)p,T = (AF)V' T

TaK Kak Kaxpaas u3 obeux BequyMH paBHa X (vip;). [lostomy ypasue-
Hue (VIII, 19) onpenessier Takxke H3MeHeHHe H30XOPHOrO MOTEHLUaJa
CHCTeMbl NpH NPOTeKaHHH XMMHYECKON peaKUHH B COOTBETCTBYIOLIHX
ycioBuax. Bennunny AF HasbiBaloT c80600H0U 3Hepauell xumuueckol
peaKyuy i ee U30XOPHLIM NOTEHYUANOM.

Ecnn napunajbHble JaBJeHUsi BCeX YYAaCTHHKOB DEAKUUH B HCXOA-
HOW HepaBHOBECHOH cMecH paBHbl eauHuue (P;=1) **, 1o u3 ypas-
nenns (VIII, 19) caenyer, uto

AG°=— RTInK), (VIII, 20)

BennunHa AG° Ha3biBaeTCsi CTAHOAPTHOIM U30BAPHbIM NOTEHLUANOM
peakyuu WM CTAHOAPTHOU c80000HOL 3Hepauel peakyuy.

oG
Cwmbica Beauunn AG = (—576— r 1 AG® MOXHO YACHHTH C NIOMOUIBIO CJenyiomlef
D

cxemsl, Ha puc. VIII, 2 wusoGpaxena B ofuwell ¢popme 3aBUCHMOCTbL BeauuuHbl AG
OT 4YuCna NMPOGeroB peakUHH NpPH H30TEPMHYECKOM MEpexXofe OT HMCXOAHBIX BelecTB
(G1) npu Pi=1 g unctbiM nponykTaM peakunu (G) npu P;=1. Beauuuna G, moxer
OLITh MHOrO MeHblle Besnuurbl (i, KOTAa NoJydaeMble BelllecTBa 60/iee yCTOHYHBHI,
ueM CMeCh MCXOJAHLIX (HampuMep: BOASIHOH map MO CpaBHeHHIO €O cMecbio 2Hy+0,).

* PaBHO3HAUHO H3JOKEHHOMY MOKHO TpakToBaTb AG KaK H3MeHeHHe H306ap-
HOTO TOTEHLHUaJa MPH H3MEeHEHHH KOJMYECTBA PearHpyIOLHX BEeLIECTB Ha GecKOHeuHo
Maﬂ(})llo Belnnqpmy (dx), nepecuntanHoe Ha OAMH «mpoGer peakuuu» () H3MeHAeTcs
or 0 mo I).

** 3nayenne P;=1 moryT ObITb NPUHIHMHAJLHO NMOJNYYeHB Kak B pesepByapax
YHCTHIX ras3oB (NPH BHIBOLe 3akoHa felictBus, macc no Baut-Todbdy), Tak u B Xumu-
YeCcKH HEPABHOBECHOH CMeCH HJealbHbiX ra30B, B KOTOPOH NapLUHa/jbHOE JAaBJICHHE
KaX{JIOTO M3 MCXOAHbIX H KOHEUHBIX BEIIECTB PaBHO elHMHHLE.
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Moxe1 HaGaoaThes H o6paTHbIl caydaii: G2>> G, (okuch asora u cMech Np+0;),

a Takxe cayuail, koraa Ga=G; (noaucteiii Bogopon u cMecs Hp+1;). B nayanbHoM

COCTORHKH TapluajbHble NaBJEHHs NPOAYKTOB peaKUHH DaBHbH HYJI0 H COOTBET-

creyoue InP;=— oo, BeaeacTsue Yero no ypassenuio (VIII, 19) ¥ = — oo,
2y

B KOHEYHOM COCTOSIHMM MapLuajbHble [1aBJEHHA HCXOAHBIX BELUECTB DaBHH HYJI0 W

ia—G-—) T=+ co. B pasnoBecHofi cmecu, npu ycaoBun 0<y<1 (8G/dY)p, r=0 u
D

v ay, KacaTtenbHad K KpuBoil G—7Y ropH3oHTajbHa, Bean-
upHe (Ga—@G,) (pasHocTh 3HaueHHit G B HayaJbHOR

) E M KOHeyHOH Toukax KpuBoi G—jx) u Kp (cBsi3aH-
' Has CO 3HaueHHeM Y, ONpPelesIOUIUM COCTOsHUE
I pPaBHOBECHs1) B3aHMHO M OAHO3HAUHO OMNPEAESAOT

npyr apyra. Uem GoJblie BesnuuHa G OT/IHUaeTCH
ot G;, TeM 6auxKe K OLHOH M3 TpaHHU JHAarpaMmbi
nosioxxeHue paBHOBecHsa. UeM Gosblue cOMHKAIOTCS
Beanunlbl Gy n Gy, TeM GJMXe MOJIOXKeHHe paBHOBe-
cus K cepeamuHe auarpaMMbl. KOHKpeTHH BHA KpH-
BOH 3aBHCHT OT CTEXHOMETPHUECKOFO THNA peaKuun
(Ha6op KO3hPHLUHEHTOB B ypaBHEHHH peaKUHH) H OT
pastoctH Gp—G, (uHAMBHAYya/bHbie CBOHCTBA y4acT-
HHKOB peaklHH).

B kaxmnoil Touke KpuBOit G—9 HaKJOH KacaTesb-

36=-RT\nKp

0 X ! HOHl omnpejejsieT CYMMY XMMHYeCKHX MOTERLHAJOB,
T. €. 3HayeHue —) B CMeCH JaHHOFO COCTAaBa.
Puc. VIIL, 2, 3aBucumocThb . 9% /p.T
BeauunHbl G OT XMMHueckoii OTa BeJquuMHa H3MeHsieTcst BJoJAb KpuBoit G —
nepeMeHHOH Y. OoT — 0O yepes Hyab Ao +o0. CTaHpapTHbi H30-
GapHbll MOTeHHMaJ peakUWH paBeH  Pa3HOCTH
02—01. .

Peanbhblil XUMHUYECKHH TpoLecc BCeraa TNpoTeKaeT TaK, 4TO H306apHuLl Mo-
Tenudal M3MEHSETCS N0 KPHBOH B HanpaBieHHH K ee Munumymy. [lpu stom B 3aBu-
CHMOCTH OT MHCXOJHOTO COCTaBa CMeCH 3TO M3MeHeHHe HJeT MO NpaBofi Wik JeBoi
(N0 OTHOUIEHHIO K 3KCTPEMYMY) YacTH KPHBOHL.

§ 4. PaBHOBecHe peakiui, NPOTEKalOWHX B ra3osod ¢ase
6e3 M3MeHeHHs YHcaa MoJjekysa. CuHre3 M auccouuanus Hl

Peakuud, B pe3yJbTaTe KOTOPBIX YHCJO MOJIEKYJ]l He MeHSeTcs,
npuHajiexkaT K IpocTefilieMy CTEXMOMETPHUYECKOMY THIy peaKuui.
K 3ToMy THNY OTHOCATCSl MHOTHE PEaKUWH, B YaCTHOCTH TEXHHYECKH
pakHble peakunu nosyuenus soasHoro rasa (CO+Hy;O0=CO,+H,),
cunte3a okucu asora (N2+0.,+==2NO) u np. OnHo#i U3 nepBHIX peak-
1Hil, TpOTeKalomHuX 6€3 H3MeHeHHs YHCJa MOJIEKYJ, PaBHOBeCHe KOTO-
poit G0 nsydeno (Bonenwreitn, 1897), sBisiercs peakuus cuHTe3a
wopucroro sogopona (!/eH:+!/21,=HI).

PaBHoBecHe AHCCOUHAUMH MOAHCTOTO BOAOPOJA H 06pasoBaHMA ero H3 MPOCTHIX
BellecTs  M3yyasJoch CTAaTHYECKHM MeToxoM. PasnuuHble KoJnuecTBa HOAa B3Be-
WHBAJN B IMJIMHDHYECKHX aMIy’aax, KOTOpble 3aTeM 3amoJ/IHAJIH BONOPOIOM, ApYrie
amnyAbl 3aMOJHAAH YHCTHIM HOLHMCTHIM BOAOpOAOM. Bce aMmmy.nl 3anausank u 3atem
BLIAEPKHBAJH B TePMOCTAaTe NPH NOCTOAHHOH TeMnepaType 8 HuTepsase 300—500°C.
BoisyThie M3 TepMocTaTa aMmyJbl GbICTPO OXJaX<AaJd Ha BO3LYyXe H HX COAEpPXKHMoe
aHa/IN31POBaJM.
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Ha puc. VIII, 3 uso6paxensl pe3y.ibraThl ONbiToB DBojeHmTeiina
npu 448° C. U3 pucyHKa BHIHO, YTO CKOPOCTb OGOUX HpPOLECCOB YMEHb-
maercs Co BpeMeHeM, M [0/ paclaBlIerocs HOLHCTOTO BOLOPOAA
CTPEMHTCA K IOCTOSIHHOMY MNpefeny, KoTopblii paBed 21,4% ot ucxon-
Horo koJsuuectBa HI. PaBHoBecue Ta-

KUM 006pa3oM He 3aBUCHUT OT Hanpas- /0

JieHusl npoiecca. &,
Buipasum KoHcTaHTy paBHosecusi 29[ "aa(ng
peakinn o6pasoBaHns HONHCTOrO BO- . !

Lopoja uepe3 napuUasbHbIE [aBJEHHS
no ypaeHenuro (VIII,9), a rakxe

o a7
uepe3 KOHUEHTPALHH H YHCIA MOJIeH. §
n N
YuuteiBasi, uTo p,=T’RT=ciRT, 06
=
nonyuum anst peakunn Ho+I,=2HI: o
2 2 2 §7
Cc n
)= Par  _ _HI_ _ ™1 (VIIL, 21) °§0,4 v
PHoP1, CHzclz nHinz 'é
<
uny ans peakuun oHo+ 1/l =HI: 03
c nyg
K} = ;2’2*”,/2 - e L2y %
PH2P1y CHY 1, M1,
T ar
MHuoxuTelb %— (mau RT) cokpa- ' ' . ‘
0 L
[laeTcs, TaK KaK YHCJAO MOJIEKYJ R 20 40 60 &0 100
o6beM cMecH B pe3ysabTaTe peakuMu Bpera, rur

He uaMensiorcs. [103TOMY UYMCIOBOE  pyc VIII, 3, Usmenenne BO BDeMeHH
3HaueHHe KOHCTAHTbl paBHOBECHs. B  xosuvecrsa HI mpu ero o6pasosa-
3TOM cJjyuyae OyLeT OJHHAKOBHIM IpH HUH H JHCCOLHALHY,
BbipaX{€HHH KOHCTaHTBI JIOGHIM CIIO-
cobomM (uepe3 p; WJIH uepe3 ¢; U Aaxe uepe3 n;). B cBsAsH ¢ 3THM
oTGpocUM [JIsl NAHHOrO cayyasi MHAeKC p B cuMBose K.

O6o031auum uncaa moaeir Hp u I, B3dTble BHauaJje, yepes a u b,
a uucjao MoJgeil o6pasosasuierocss HI — uepes x. Torma yucsia modsed
pearupyloulux BelleCTB B DPaBHOBECHOH cMecH OYAyT paBHbI:

. x. x
nH =X, Ag,=a—5; n,2=b—3

[ToncraBuB 3TH 3HayeHus B ypapuenue (VIII, 22), moayuum:

Ke——— % (VIIL, 22a)

==

yo K2 @+ 8) 2 VK" (a+0)—4(K” = 4) Kb
K*—4

OTKYla

(VIII, 226)
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3nast BeanuuHbl K' M @ U b, MOXHO BBIYHC/IHTb X U CPaBHUTb €
ONBbITHLIMY BEJHYHHAMH.

B ta6a. VIII, 1 npusenenn snauenust K; (cronben 6), paccuuran-
uvle no ypasHeHuto (VIII, 22a) na ocHOBaHUM ONBITHBIX NaHHbIX
(cronbubl 1—5), a takxke paBHOBecHoe KosauyectBo HI (crombeu 7),
sbluncaedHoe no ypapHernuio (VIII, 226) npu epennHeM 3HauyeHHH KOH-
crauThl paBHoBecus (K’'=6,76). HecmoTpss Ha cpaBHHTE/NBHO 3Ha4H-
TeJibHble KoJieGanusi Beauununl K’, paBHOBecHbie KoauuyectBa HI, Bu-
uncjeHHbsle no ypasHenuto (VIII, 226), coBmamaloT ¢ ONbITHBIMH B
npenesax owHOOK ONbITA.

Ta6auua VIII, 1

PaBHoBecHe oGpasoBanus MOIMCTOro Bofopona npu 444,5° C

Hcexonnbie konuuectsa, | PaBHoBECHble KoauuecTBa, cm3 :
emd (upn 0° C u 1 arm) (mpu 0°C u | arm , PaBnosecHoe konnye-
K creo HI, v‘l;:lucggguoe
He Io Ha I HI mo yp. ( ! )
8,10 2,94 5,27 0,13 5,66 6,839 5,62
7,94 5,30 5,18 0,54 9,52 7,266 9,40
8,07 9,27 1,40 2,60 13,34 | 6,992 13,24
8,12 14,44 0,72 7,03 14,82 6,588 14,86
8,02 27,53 0,32 19,83 15,40 6,113 15,51
7,89 33, 13 0,33 25,54 15,12 (5,209) 1537
Cpennee 6,76

PaccMOTpHM  Tenmepb peakuuio TepMmudec KOH AHccOuHa-
uuu HI, obpatnyto pa306pauﬂou

1 1
Konctanta paBHOBecHs 3TOH peaxkluu oO6paTHa MO BeJHYUHE KOH-
cranre peakuuu obpasosanus HI:

12 l/‘z g 19
K’ = 1 sz fe _ MHy,

K’ Py nyy

Hna pnandon peakuuH, Kak " IJd BCAKOH peakuuu AHCCOUHALHH,
KOHCTAHTa pPaBHOBECHS MOXET ObITb Bblpa}xeua yepe3d cTreneHb AHCCO-
uuauuy o, fABAAKULYIOCA, KaK H3BECTHO, noJeit (OT HCXOILHOI‘O yucaa
o MOJIEKYJI) HpOIlIdC(.OIlHHpOBaBI.UHX MOJIEKYJI1.

O'—lG‘BPIJIHO B paCCManHBaeMOH peaknuu 4uciaa MoJiel pearupyio-
{1IIHX BeleCTB [P paBHOBECHH paBHbI:

ang ang
nyp = (1—a) ny; Ay =g

. ;=g

TMoncraBuB 3TH 3HaueHWsl B BhIpa)KeHue JJIs1 KOHCTAHTHl paBHOBECHS,
nOAY4HM:

K”=; HJIH K’=M

T—ay - = (VII1,23)
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Pewas 370 ypaBHeHHe B OTHOLUEHHH @, MOJydaeM:
2 - 2
1/K"+2 K +2
Ecau B ucxomuoit cmecu, kpome HI, maxomurcs oaun us npoayk-
TOB peaklMH, TO CTelleHb MAMCCOLMALHMH NPHHHMAaeT HHOEe 3HAuyeHue
(a’). Ilyctb K ny mMoneit HI npubasneno a moaeit H,, toraa:

a'ng a'n
g =(01—=a)ng ny,=a+—=; np= 2°

(VIII, 23a)

a

IMToncraBus stu BbipaxX€HHs1 B YpaBHEHHE KOHCTAHTblI AHCCOUHALHH,

AO/yYuM: -
yau a'ng \e [ a'ng 1/2 ., 2a
5 ) 73 ¢ F\t
K" = =7 Y fpre (VIII, 24)
Pemaewm ypaBnenue (VIII, 24) otHocutenbHo a:
. 2
4k Ly /oakt (224 )4 2
no no no
o = - (VIII, 24a)

4K”2 —1

Crenenp auccounnauuu uyucroro HI paccunranHas nmo ypasHeHHiO
(VIII, 23a) npu 444,5°C (K'=6,76 u K”=0,148), paBna a=0,228.
Ecau k 10 c¢#® HI npubasneno 3 cm® H, TO cremeHsn auccoumnainu
npu TOH Ke Temmepartype Oyaer paBHa (pacueT 0O YpaBHEHHIO
(VIII, 24a) a’=0,101. Takum o6pasoM cTeneHb AHCCOLHALHHU
yMeHbmaeTcsds NpH npubaBiJeHHH K HAHCCOLHHUPYIO-
weMy BelleCTBY OJHOrO M3 MNPOAYKTOB NHCCOILHa-
LU H. ‘

Ot o6utero naBieHus creneHb aucconuauun HI He 3aBucut, u npn
CXaTHH PaBHOBECHOH CMeCH ee COCTaB He H3MeHsSeTCs.

Crenesb JHCCOLMAUMM oo U KOHCTaHTa Auccounauun K” sBasiorcs
KOJIMUECTBEHHBIMH XapaKTePHCTHKAaMH IPOYHOCTH COENHHEHHs H Y
pPa3HbiX BEIIeCTB OHM, €CTEeCTBEHHO, pas3/MyHbl (MPH OLMHAKOBbLIX
ycnoBusax). Tak, nas tpex ransouposogoposos HI, HBr u HCI npwu
800° K crenenn puccouuanuu paBHbBl cootBercTBeHHO 0,25; 3,210
H 6,5-107%, a KoHcTaHThl Auccouuaunuu cocrasasior 0,165; 3,2-10* n
3251075, '

CnenoBartenbHo, Haubosee YCTOHUMBBLIM coeiuMHeHHeM mnpu 800° K
sipasierca HCl, a naumenee ycroituuseim — HI.

§ 5. PaBHoBecHe peaKuuit, nmpoTexalomux B ra3osoii case
C HM3MEHEHHEM YHCJIA MOJEKYJ

PaccMoTpuM Temepb pPaBHOBECHE peakIlHil, MPOTEKAIOUIHX C H3Me-
HeHHeM Yucaa MoJsiekys. HaubGosee mpoCTbIMH HM3.TaKHX peakuuil sis-
JAITCA PeakuuH AUCCOUHALMHM OLHOM MOJIEKY/bl HAa [BE OJMHAKOBbIE
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WM pasHble MoJieKynabl (atoma). K TakuM peakuusMm OTHOCATCS, Ha-
npumep, AMCCOUMAllMsA MOJEKYJIsADHbIX Hona, Gpoma, XJopa, asora,
KHCJIOpOJa W T. I. Ha aToMbl, a Takxke peakuud N.0,=2NO,, PCl;=
=PCl34+Cl, n ap.

Paccmotpum peakuuio auccouuanun NpO,, ynobHy0 mjas wusyue-
HHS MpH TeMNepaTypax, OIM3KHMX K KOMHATHOM.

Brlpa3um KOHCTAaHTY paBHOBECHS TOH peakIHH

2
PNo,
Kp=—222
PNy04

yepe3 o — cTeneHb aucconnanuu N,O,.

W3 ny moseit N2O, ocraercss B pe3yJibTaTe YaCTHYHOIN JHCCOLMAIIHH
(1 — &) no moseit NoO, u nonyuaerca 2an, moneit NO,. O6uee uncao
MoJieii B paBHOBeCHOH cMecH cocTaBuUT Zn= (l1+a)ne. Ilpun stom nap-
1HaJbHble faBjeHus OYAyT paBHBI:

2a

NOo

PNo, =P¥No, =P —5 = _P1+a
_ N20, l—a

PNg0, = Prng0,= P =5 =P g

[MoxcraBuB 3TH BHIpaXKeHUs B ypaBHeHUe I Kp, monyuyuM:

402P2(1+a) 40?P
I+a?2(l—a)P 1—a?

Kp= (VIII, 25)

[Tockonbky K, He 3aBUCHT OT AaBJieHHst (/51 HAeasJbHbBIX rasos),
To, Kak BugHo u3 ypaBHenus (VIII, 25), ¢ pocrom maBjeHus cremenb
auccounauun NyO, yMeHbliaercsi (B COOTBETCTBHH C 3aKOHOM CMelle-
HHSl paBHOBecHsl). DTUM peaKLWH, NPOTeKawlle C H3MEeHEeHHeM YHcJia
MOJIeKYJ, OTJHYAIOTCS OT peakluil, PacCMOTPEHHBIX B MPEeNbIAYIICM
naparpade (aucconuauus HI u mp.).

CrTenenb JMCCOLUMALMH BeLIECTB, NPH pacrajge KOTOPbIX YHCIO MO-
JIEKYJl U3MEHSIETCs, MOXKeT ObITb HaliIeHa NPH PasJHYHBIX TeMmepary-
pax H [1aBJeHHsAX NyTeM H3MepeHHsl MJIOTHOCTH PAaBHOBECHON CMeCH.

Hanumewm ypaBHeHHe HAeasbHBIX Ta3oB /I PaBHOBECHOH CMecH,
o6pasoBaBleiics U3 ny, Mosed NpO, WM IPYroro coeiuMHEHHs, JHC-
COLMUPYIOLLErO Ha JBE MOJEKYJB:

Py = (14a)nRT

, W
Tak Kak M= Te W — KOJHUECTBO HCXOJAHOro BellecTBa, a My—
€ro MOJIEKYJIIpHbIH BecC, TO

w RT _ RT
P=(l+a)7-m—(l+a)p M, (a)

31cch W/v=p — NJIOTHOCTb PABHOBECHOH CMECH.
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ITpu Tex »Ke BHELIHHX YCJOBHSIX B OTCYTCTBHME JHCCOUMALHUH MJOT-
HOCTb pg onpefensyach Obl ypaBHEHHEM:

P=Pom (6)

ConocraBuB BhipakeHusi (a) u (6) M pelluB MNOJydYeHHOe ypas-
HeHHE OTHOCHUTEJLHO ¢, MOJNYyUHM:
Po—p

0

o=

Huxe npuseieHbl 3HauyeHusi creneHn puccounauunun NyO, npu
49,7°C wu pasnuYHBIX [NaBJEHHSX, HalilcHHble YKa3aHHbBIM IyTeM Ha
ombiTe U BhIYHCJAEHHbe N0 ypaBHeHuio (VIII, 25).

Piarm. ....... 0033 01234 02403 0,3440 0,6545
O, OMBITH. . « + « « » 0912 0779 0680 0,620 0,485
@, BBIUMCI. . . . . . . 0921 0,784 0,670 0,605 0,480

OGa 3HaueHHst TpU Bcex [AaBJeHHAX NpakKTHyecku coBmapator. Cre-
NeHb AMCCOLHALMH, KaK H JOJXKHO ObITh, YMEHbLIAETCS C YBejuye-
HHeM [aBJIeHHs.

Insi peakuuit, NpoTeKalolMX ¢ H3MEHEHHeM YHC/Ia MOJIeKyJ, He-
06Xx0UMO pas3/iuuyaTh KOHCTAHTHl PaBHOBECHS, BHIpa’KeHHblE Pa3HBIMU
cnoco6amu (4epe3 p; WM €; U T. I.), TAK KaK UX YMCJIOBble 3HAYEHHSA
HeoanHaKoBbl. OGBIYHO KOHCTAHTHl PaBHOBECHsS BbIPAKalOT uepe3 map-

uuaabHbie nasaenus [ypaBHenue (VIII, 9) Kpﬂ(p:i)], aubo uyepes
’ i

06"bCMHbIe KOHU.eHTan,I/Il’II
K, = H (e} (VIIL, 26)

aubo yepe3 MoJibHble JOJIH:
K, =TT (1) (VIIL, 26a)
13

Cpsi3b MEXJAYy HHUMH JEeTKO YCTaHOBUTE, HCNOJb3ys ypaBHeHue Kaa-
neiipona — MeneseeBa 115 HAeaJ/JbHON ra3oBOH CMeCH:
HJIH

p;=¢;RT (VIII, 27)
HJIN
p;=xP (VIII, 27a)

IMoacraBus ypasuenue (VIII, 27) B ypaBuenne (VIIL,.9), nainem:

/

Ko =TI RT) =T () @D 77 S [T () RY™
i i i
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TAe Xv paBHO aare6pauiyeckodl CyMMe CTeXHOMeTPHYECKHX Ko3podu-
IHEHTOB ra3006pa3HbX YYacCTHHKOB peaklHH, NpOTeKalo-
weii no ypasnenuo (VIII, 1):

2‘V='VI+‘V;-_|— cee TV T Vo e (VIII,28)

Ucnonbsys ypasnenue (VIII, 26) nonyuyaeMm cooTHOLIeHHe MeXIY KOH-
cTaHTaMH paBHoOBecusi Kp H Kc.

=K. (RT)™ (VIII, 29)
AnanoruysbiM 06pa3’oM MOXKHO HaWTH, YTO
‘ Kp=K P (V111, 30)

IMockonbky Kp He 3aBHCHT OT [aBjeHHd (AJS HIeaNbHbIX rasoB),
noctosibky H K. ot Hero He 3aBucur. KoHcranta ke K,=KpP-Iv 3a-
BHCHT OT [aBJ/ieHUA U He 3aBHCHT OT OTHOCHTE/IbHBIX KOJIHYECTB KOMIO-
HEHTOB MCXOJHOH CMecCH.

Eciu Zv=0 (auccounaumuss HI u 1p.) Bce TpH KOHCTaHTHI, Kak
y2Ke YKasblBaJoCb Bbillle, pABHBI MeXAy coOoi:

Kp=K.=K,
Ilpu Zv=1 (muccouunaumus -N.O, u np.)
Kp=KRRT=K,P

B sTom cayudae, a TeMm. Gosee npH '2v=2; 3 ..., YUCNIOBblE 3HAUYEHHUR

TpPeX KOHCTAaHT CHJbHO pasJjHualoTcd. Hanpumep, npu nasneHun
0,1234 atm u Temnepatype 49,7° C BblUHC/IEHHblE KOHCTAHTHI QUCCOIHa-
uuu N.O, uMeloT 3HaueHHsi: Kp—O 784; K.=0,0297 n K,=6,378. Uc-
NoJIb30BaHHe OLHOM M3 3THX 'KOHCTAHT BMeCTO APYyroil Ges3 yueTa ypas-
vennit  (VIIL, 29) mam (VIII, 30) NPHUBOAHT K OWIHGOYHBIM pPe3yJib-
TaTaM.

PaccMOTpHM KpaTKo elie OAMH THI PeaklMil, M KOTOpbX Jv=1.
K aromy tuny mnpunamnexar peakuuu: 2C0;=2C0O+0,; 2S0;=
=2S0,;+4+0,; 2H,0=2H,+0, u np.

Bripasum uepe3 CTeneHb yIHCCOLMALUH o KOHCTAHTHl paBHOBECHA
peaklyil 3TOro THNA, HAallpUMEP KOHCTAHTY PaBHOBECHS NHCCOLMAlMH
BOJSIHOTO Iapa:

2H,0 =2H, + 0,
2(l—a) 2¢ «a
»

Yucna Moaenr n; peampyromnx" BEIeCTB MOAMHCAHBI NMOA ypaBHe-
HHeM [MCCOUHAaLMK (4HCI0, MoJsell BOABI 0 AHCCOLHAUMH Ho=2),
CocTaBUM BHIpaXeHHs AJs pi:

, 2(l—=a) . 20 . X __a
szO= 2+ta P; P}{2—2+ap, p02_2+ap
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[MoacrtaBuB 3TH BbIpaXKeHHsl B ypaBHeHHe Misi Kp, MosaydyuMm:

2 3

Pi1,P a’P
Kp=-—2202 - 2 (VIIL, 31)

Phyo (1—0)(2+0a)
OTHOCHTEJNBHO @ 3TO YypaBHeHHe sBJAsercd KyOuuecknuM. OHO TNpHHH-
MaeT NPOCTOH BHJ, KOTAa CTeNeHb JHCCOUMALHM OYeHb MaJja (A/s BO-
AsiHoro mapa 3to uMeer Mecto npu T < 1500° C). B arom cayuae 3Ha-
yeHHe o MOXeT OHIThb ONMYyLIEeHO B CKOOKaX B 3HaMeHaTesle YpaBHEHHS
(VIII, 31), B pesyabTaTe yero noayuum:

asP

Kp=27 (VIII, 31a)

M3 sToro ypaBHeHHs CJelyeT, UTO B/HsSHHE AABJEHHS Ha CTeNeHb
OMCCOLMALMH HEe3HAUHTebHO: NpPH YBeJWYEHHH HaBJEeHHS B [AeCATb

pas creneHb AUCCOLHALHM YMEHbLWAETCS B 13/10 =2,1 pasa.

K paccMoTpeHHOMY THNY NPHHAAJEXKHUT BaXKHeillllas NpPOMbILUJEH-
Has peaKUus KOHTAaKTHOrO MOJy4YeHHsi cepHOro aHruapuna. Kouer anty
paBHoBecHs 31oi peakuuu (ccan SOp v Op HaXoAATCA B HCXOLHOH
CMeCH B 3KBHBAJIEHTHBIX KOJHMYECTBAX) MOXHO BbIpa3UTb OTHOILUCHHEM,
o6patHeiM oTtHoweHuto (VIII, 31). Tak kak B paBHOBecHO#l cMecH
KOJIMYeCTBa BCEX KOMIIOHEHTOB MPH NpPAKTUYECKH HCIOJIb3YEMBIX TeM-
nepaTypax COM3MepHMbl, TO COCTaBJ/IeHHe YNPOILEHHOTO BbIpaXKeHUs,
noxo6Horo Bhipaxenuto (VIII, 31a), neponycrumo.

B o6wem cayuae ucxonuble Konnuectsa SO2 U Op HEIKBUBAIEHTHBI,
v Bbipaxath Kp yepe3 crenenb auccouvaunu SO; Heab3s.

KoncTaHTy paBHOBecHs B JaHHOM CJy4Yae MOXKHO BBIPAa3uTb C MO-
MOLilblIO Apyroil, Hanbosiee BaxKHOW IJI TEXHUKH BEJNUUYHHBI — CTenexu
npespaujeruns SO, Creneub npeppaliedus SO, paBHa JoJe HCXOX-
tioro kosntuectsa SO, BcTynupulet B peakunto. OueBHAHO, 4eM GoJblie
3Ta Be/MYHHA, TeM MO/Hee NDOTeKaeT peakuus, T. e. TeM Gosblue
o6pasyercs SOs.

Ecau ncxoaHoe uncao MoJgei SOz paBHO fg, 4nca0 Mogelt O2=noa,
a cTeneHb npespauledus f, To AAS YHUCEJT MOJEHl KOMIOHEHTOB B paB-
HOBECHOH CMeCH IOJydaeM BbipaXKeHHs, NOANHCAHHbIE NOJ YpaBHe-
HHEM peakKlHu:

980,+ 0, = 280,

no(1—0) no (a—-—g-) nop

O6uiee ynca0 MoJsell B paBHOBeCHOH cMecH OyaeT paBHO

En=no(1+a—%)
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Onpene/nus MOJbHblE AOJH M NMOACTABUB BeJUYHHbl p; B Bblpaxe-
Hue Kp, moayuum *:

. p
2 B{l+a—-
Kp= 20 = — ( 52) (VI11,32)
p502p02 (1 —5)2 (a—;) pP

B Tabn. VIII, 2 npencraBienst 3HauenHsi K, BbIUHCIEHHBIE 110
ypaBuenuio (VIII, 32) wu3 naHHBIX pasHbIX OMNBLITOB, H 3HA4YeHHA f,
HalleHHble M3 TeX »Ke JaHHbIX, a TaKxkKe, BbIUMCJEHHbE N0 CpegHeMy
3HAuUeHHIO KOHCTaHTbl paBHOBecHs. OmNbITHbIE H BHIUHCAEHHbIE 3HAaye-
HUS cTenmeHH npeBpauienus SO, NpakTHuecKH coBnanaior. OTyYeTJIMBO
BHIHO yMeHbIleHueé cTeneHd mnpeBpaulenus SO, T. e. Boixoga SO, no
Mepe YMEHBLIEHHs] OTHOCHTENIbHOIO KOJIHUecTBa KucJaopopa. Moxno
MOKa3aTb TEOPeTHYeCcKH, YTO MAKCHMaJIbHBIH BbIXOA  BCeraa Mo-
JydyaeTcsi M3 CTEXHOMETPHYEeCKOH cMecH (B [JaHHOM cJydae H3 CMecH
250, + 0O,). :
Ta6auwma VIII,2
PaBuoBecue 250;--0,=2503 npu ¢=727°C u P=1 amm

INapuunanbHbie faBJaeHHs
a=Pq /Pso, B paBHOBECHOH CMeCH, amm 8
B nc):o,tuioi’x aufn% 2 onS'rH. 3:“'“:;‘&“’:‘0
CMeCH Pso, Po, Pso, . P .
0,943 0,273 0,402 | 0,325 ‘ 3,53 0,543 0,541
0,814 * 0,309 0,358 | 0,338 3,34 0,522 0,526
0,441 0,456 0,180 | 0,364 3,54 0,444 0,442
0,416 ** 0,470 0,167 | 0,365 3,61 0,437 0.432
0,408 0,481 0,164 | 0,355 3,32 1 0,425
0,299 0,564 0,102 | 0334 3,44 0,372
0,297 0,566 0,101 0,333 3,42 0,372 0,371
Cpennee K, =346
* P=1,005 amm,
** P=1,002 amn,

K vHOMYy CTEXHOMETPHYECKOMY THIY, HEXKeJNU PeakiHs MNOoJydueHHR
SOj;, OTHOCHTCSl OflHA M3 Ba)KHEHIIMX peaKUuil HEOPraHHUECKOTO CHH-
Te3a — MoJIyuyeHHe aMMHakKa U3 a3oTa H BOJOpO.aA.

* 'YpaBHeHHs BbICIIMX M APOOHBIX CTemeHeH MOryT ObiTb pelleHBl CJeLyIOL[HM
cnoco6oM, MpakTHYECKH YAOOHbIM TPH OONBIIOM YHCJIEe OLHOTHIHBbIX PacyeTos.
Jns nannoro 3HaueHust @ (B3fITOrO M3 MPAKTHKM) HAXOMAT <«KAXYUIHECH KOH-

’
CTaHTbI» Kp. noactasnna B ypaBHenne (VIII, 32) pasuble 3nauveuus B (B npepenax,

’
BCTpeuarlnxcs Ha npakTuke). CTPoAT KPHBYIO Kp—ﬂ. AHaJorHYHBIe KDHBBIE CTPOAT
JUIA ApYrux 3HauyeHWd a.

TNosib3ysicb MOCTPOEHHbLIMH KPHBBIMH, HAXOAAT BEJNHYHHY B 1O UCTHHHOMY 3HA-
vennto Kp nNpu 3a1aHHOM 3HAYeHHH a (ecJaM 3ajaHHOe 3HaueHHe a He COOTBET-
CTBYET HU OJHOM H3 KPHBBIX C MOCTOSHHBIMH @, TO HHTEPNOJHPYIOT MEXIAY Kpil-
BbIMU),
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3a npoTekaHHeM peakUUH B JaHHOM CJydae YAOGHO CJaeAdTh, U3-
Mepsil MOJIbHYIO HOJIO ¥ aMMHaka B paBHOBecHOM cMmecu. Ecam npu
CHHTe3e aMMHaKa GepeTcs CTeXHOMeTpHYecKasi CMeCb BOAOPOHA W
asora, TO MoJibHble EOM Hg u Ny uMeloT 3HaueHHusl, HaNHCAHHBIE MOJ
ypaBHEeHHEM peaKIHH:

3 1
'2—Hz +? Nz =NH3

%(l—x) %(I—x) x

KOHCTaHTa paBHOBeCHﬂ, BbIpaxKeHHasa '-lepeﬁ MOJIbHBIE OOJIH, 6yﬂeT
HMEeTb BHA:
pNH3 X 16

x
Kpm——-= - ; — (VIII, 33)
s (5] A= ()P VE AT

B Tta6a. VIII, 3 npuBegeH HalileHHbBII ONBITHBIM MNYTEM BHLIXOXA
(MonbHas HOJis B P3BHOBECHOH CMeCH) aMMHaKa M3 CTeXHOMeTpuue-
ckoit cMecu Hp u N, npu 450°C u pasHbIX naBjaeHUsX (AJs cpaBHeHHs
C MOJbHOH HoJell B Tabaulle NAlOTCA TaKXe 3HaueHHs] CTeNeHH OHC-
coudauuu * o amMMmuaka). B mocnennem crosnbue TaGMHIBI MOKa3aHbI
3HaueHHs KOHCTAHTHl paBHOBECHSl, BLIYHCJEHHble MO YPaBHEHHIO
(VIII, 33) u3 onbITHBIX JaHHBIX.

Ta6auma VIII, 3

PaBnomecue cuHTe3a ammuaka npu 450° C

p P
atH x a Xp atm x a Kp
1 0,0021 0,995 0,00649 100 0,1636 0,719 0,00720
10 0,0204 0,960 0,00655 300 0,355 0,476 0,00876
30 0,0580 0,860 0,00671 600 0,536 0,302 0,01280
50 0,0917 0,832 0,00686 1000 0,694 0,180 0,0228

N3 ta6a. VIII, 3 BuAHO, uTO, KaK W CJ€0BAJIO OXHUIAThb HAa OCHO-
Bauun ypaBHenus (VIII, 33), 3Hauenne x yBesuuuBaeycs C POCTOM
nasiaenus. Caenyer oOpaTHTb BHHMAaHKHe Ha To, YTO B 3TOM cJjydae
sesnuuHa K, Takxe pacrer ¢ poctoM P, T. e. Kp He fABJSETCH KOH-
CTaHTO! BCJENCTBHE YBEJHUHBAIOILEroCs C POCTOM AaB/IEHHS OTKJOHe-
HUsl TA30BOM CMeCH OT HAeasbHoro coctosinus. [[locTosiHHON BeMHUHHOM
B STHX YCJOBHAX sBiasercs K;, paBHasg K, npu MasabiX AaBJaeHHAX
(K;=0,00649).]

* BeauuuHn x u o anas peakuHu NAaHHOrO THMAa CBA3aHbl BbIpa*KeHHAMH:

l—x. l—a
. y=

= T+x' *TT+a
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PachOTpeﬂne HECKOJIbKHX KOHKPETHBbIX NpPHUMEpPOB Tra3oBbLIX paB-
HOBeCHH NOKa3biBaeT, YTO BH] Bpra)KeHHl':] IJIsT KOHCTaHThl paBHOBeE-
Cusg HM3MeHseTCsA B 3aBUCHMOCTH OT CTEXHOMETPHUYECKOro THIIA peak-
UMH W BeJMYHMHBI, BHIOPAHHOH I/ XapaKTePUCTHKM Tpolecca (cTeneHb
IMCCOUMANHH, CTelleHb MpeBpalleHHs, MOJbHAsA OJS U T, 1.).

Bribop nocsienHux BesuuMH mnpousBosieH. [lostomy, ucxoms u3
ob1iero ypaBHEHUA MOJid KOHCTAHTbl paBHOBeCHf, HAMNMHCAHHOIoO B CO-
OTBETCTBHH CO CTEXHOMETPHYECKHM. ypaBHEHHEM peakKuuu, CcJaeayer
B KaxXIOM KOHKDETHOM CJyuae Ha#UTH BbIpaXxeHue KOHCTAaHTbl paBHO-
BecHusa 4epes J100ble KejaTe/bHble BEJHUYHHBI,

Koncranta K, HauGosiee yno6Ha I/s BBIBOZOB H pacyeToB. Tak,
npH HCNOJb3OBAaHHH KOHCTAHTHI Kp, JIETKO KU aBTOMATHY€CKH YUYHUTHI-
BaeTcs BJAMsSIHHe HHAH(D(epeHTHOro ra3a — KOMIOHEHTa ra3oBOH peax-
uun. Ecnn o6uieé naBieHne He BXOAHT B BhlpajKenue mjsi Kp (cayuait,
MOCTOAHCTBA UYHcjaa MoJelt), To MHANGD(DEpEeHTHBIH ra3 He BJHSET Ha
paBHOBecCHE; eCJIH XKe YHUCJIO0 MoJiell MeHseTCsi B npouecce peakunuy, To
npubasienne nHAM(PepeHTHOro rasa MOXKET HM3MEHHTb BBIXOA fIpo-
JLYKTOB DeaKIHH. )

Jas yyera BausiHMA MHAM((EPEeHTHOTo rasa Ha paBHOBeCHe cjejyeT MOCTyNaTh
OJHHMM H3 YKa3aHHHWX HHIKE CIOCOGOB.

1) BBomuTb B Bbipax{eHHe KOHCTaHTHI paBHOBechst Kp cymMMapHOe gaBJIEHHE TOJIb-
KO YYaCTHUKOB peakiuud P=Xp;, a Mo/bHble NOJNH M BLIYHCISEMble H3 HHX BeJH4H-
Hbl @, B ¥ T. I. pPaccCUMTHIBATbL TOXe MO OTHOIIEHHIO K CyMMe MoJieil yuaCcTHUKOB. Tor-
Za BBejeHue nHAuddepeHTHOro rasa (NpH CyMMapHOM [AaBJieHHH, 3a[JaHHOM YCJOBHS-
My mpollecca) YMEHbUIWT 3HaueHHe Xp; W PaBHOBECHE COOTBETCTBEHHO CMECTHTCH.

2) MOXHO HCMOJB30BaTh B BbipaxceHHH A1 Kp NOJIHOE naBJeHHe, BKJIOYAIOLLEE
napneHue HHAMbdepeHTHOro rasa. B a3tom cayyae MosbHble ROJH JOJKHB OTHO-
CUTbCA KO BteHl COBOKYNMHOCTH KOMIIOHEHTOB CMeCH, BKJIOuasi HHAH(GepeHTHble NpH-
Mecn. Tak Kak Bce MOJIbHBlE JOJIH YMEHBLIAIOTCA MpH YyuyeTe mpUMecedl, TO BBIXOA
H3MEHNTCH.

Ecau paercs monHmli cocraB MCXOQHOro rasa, To Mpoule BTOpoH cmocoG. Pe-
3yJbTaT, €CTeCTBEHHO, He MOXeT 3aBuceTb OT BbliGopa cmoco6a pacuera.’ Bo Bcex
c/lyyasiX HCToOJb3yeMble BeJHuHHbI Kp OCTalOTCA TEMH JKe, HE3aBHCHMO OT HaJsIHuHA
HiauddepeHTHOrO rasa.

§ 6. XuMuyecKde paBHOBECHSi B ra3ax MPH BHICOKHX AaBJEHUSX

Ilpn BBICOKMX [OaBleHHSIX ra30oBble CMECH He fBJSIOTCA HAealb-
HbIMH. B 3TOM ciyuae-3akoH QeHCTBHSI Macc BblpaxaeTcsi ypaBHEHHEM
(VI1I, 10). Hns BbluncieHdsi BeauuuHsl K; Heo6XonLMMO 3HaTh map-
uMajbHble JIeTyyecTH [; KOMMOHeHTOB cMecH. OO6uwmil nyTh BHIYHCIIe-
HHSl STHX BeJIHYHH BeCbMa CJIOXKeH: HeOGXOAWMO BBISCHUTb 3aBHCH-

= oV :
MOCTb NapuHaJbHOro obbeMa KOMIIOHEHTa Vi =(Fn—) r OT COCTaBa
i/p,

M faBjeHus W noactaBuTh V; B ypaBHeHue (IV,46) non 3Hak uHTe-
rpana Bmecto V. '

3HayUTeNbHO TMPOLLE BBIYUCAATD f;, NMOJAB3YSICh MPUGIHKEHHBIM
ApaBHJIOM, aHAJOTHYHBIM 3aKoHy [anbroHa:

fi=Txy (VIII, 34)
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3nech [, — JeTydecTb YHCTOrO rasoBOrO KOMMOHEHTa MPH TOH XKe TeM-

gepaTtype M NOJHOM JaBJEeHHH CMeCH. DTy BeJHUYMHY MOXKHO BBIYHC-
auTb no ypaBrenuto (IV,51): f;=1v, p; (cm. cTp. 128). 3Havenus Ko-

3¢ duuHeHTa aKTUBHOCTH Y;r HAX0AAT no oGOOLIeHHOH Auarpamme
(puc. 1V, 4, ctp. 126), KaK 3TO ONMHCaHO BHILIE. _

Takum o6pasom, ypasHenue (VIII, 34) naer BO3MOXHOCTb CpaBHH-
TeJIbHO IMPOCTO pAaCCYHTHIBATL XHMHUECKHe DaBHOBECHSI B Tra3oBbiX
CMecsiX NMPH BBICOKHX NaBJEHHSX.

Papencreo (VIII, 34) paBHOCH/BHO YTBEPXKJEHHMIO, YTO MNAPUHAIbHBIA MOJbHBIA
o0beM KOMIIOHEHTa paBeH MOJILHOMY 00beMy YHMCTOro rasa nmpu TeX Xe TeMuepaType
¢ nasaenun. Takum o6Gpa3oM, ypaBuenue (VIII, 34) cooTBercTByeT mpeamnosoxeHuIo,
YTQ MOJIEKYJIBI BCEX KOMIIOHEHTOB Ta30BOH CMECH B3aMMOMAEHCTBYIOT C MOJIEKyJaMH
JAAHHOIO KOMIOHEHTa TaK K€, KAK H MOJEKYJbl 3TOr0 KOMIOEE€HTa MeEeXAy co6o#
fIpH TOM X>Xe CYMMAapHOM JaBJIEHHH. Takoe npeanoJioXXKeHue sABJAAETCHA, KOHEYHOo,
TONIbKO NPHOMMKEHHEM. i

PaccMOTpUM MeToj] pacueTa paBHOBECHS NPH BLICOKHX JaBJEHHSX
Ha npuMmepe cuHTe3a aMMuaka npu 450°C u 300 arm.

ITpu 450°C u 1 arm KoHcTaHTa paBHOBecHsi K, nns peakuuu

3 1
'E H2+?N1=NH3

waiigenHas u3 onnita, paBHa 0,00649. DTo 3Hauenue coxpaHsieTcss H
fipH BbLICOKHX JaBJEHHAX KOHCTaHTH Kj;.

B coorBercrsuu ¢ ypaBHenuem (VIII, 10), Boipaxenue Ky ans pe-
aKUMH CHHTe32a aMMHaKa HMeeT BHI:

_Inug _ Pnmg | *wmg (VII1, 35)

ETRY Blzollz 31y Y

feafnz  Tuofng  *HZ*N:
MMoactasus B 3TO ypaBHeHHe 3HaueHue [;=y, p; [cM. ypaBHenue
(IV,51)] n yunThiBas, uTO p°, AN KaXKIOro KOMNOHEHTAa DaBHO MOJ-
HOMY AaBJIEHHIO CMecH, noayuum *

Kp.l '=Kf

Kf _ vNH:; 1 xNHa .
= T3 1l T o 3l 1]
YHYN; P oxEtANG

WJIM, BBIPaXKasi BCE MOJIbHbIE JOJM X; Yepe3 MOJbHYI N0JI0 X aMMHae
«a B paBHOBecHOH cMecH [cM. ypaBHenue (VIII, 33)], nonyunm:

YNH, 1 16x

vty P VI (-xp
C nomomsio 06o6uienHoit auarpammel ** (puc. IV, 4, crp. 129),

nosb3ysick ykazaHubiMM B Taba. VIII, 4 3HaueHnssMH KPUTHYECKHX

Ki=

(VIII, 35a)

, * HHpexkc ¢ mpu y; B HajbHeHilleM OMyLleH.
** [Ipn TOUHBIX pacyeTax HCHOJb3YIOT HECKOJbKO TaKHX AHArpaMM JAJs PasHbiX
HHTEPBAJIOB NPUBEJCHHLIX TeMNepaTyphl H JjaBJeHus.
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BeqMYHH Txp, U Pyp. ¥ TPHUBENEHHBIX BEJNHUYHH T; U §; KOMIOHEHTOB
peakuun *, BbluHcJAsieM 3HaueHus y; Taba. VIII, 4.

Ta6auma VIII, 4

Kputnyeckue W NmpHBeNEeHHbIe NaBleHHS H Temnepartypm H,,
N, u NH; npu 450° C u 300 amm

KowMmnoHeHT Tkp. T Pyp. ] Vi
Hy, ....... 33,2 17,5 12,8 14,4 1,09
N, oo .00 126,0 5,73 33,6 8,93 1,14
NH;. .. .... 406 1,78 111,6 2,69 0,91

INMoncraBuB 3HaueHus y; B ypaBHeHue (VIII, 35a) u BruHC/AUB 3ua-
yeHue x, noayuum x=0,352. Onbir maer x=0,355. IIpu pacuere mno
dopmyane (VIII, 33) nas nneanbnoit cmecn x=0,309.

B ra6a. VIII, 5 npuBesensl pe3ynbTaThl aHAJOTMYHBIX PacueTOB y;
NpH JPYrUX JaBJeHUsX, ONBITHble BeJHUYHHB Kp M BeJUYHHBI

'8
Ki=K, l:[ (Vil)‘
- Ta6anuma VIII, 5
PaBHoBecue cunHTesa ammuaka npu 450° C M BHICOKHX JaBJEHHUAX

P K_-103

arm VH, N2 VNHs onl::rm. Kf. 10°
10 1,003 1,005 0,997 6,59 6,53
30 1,01 1,014 0,991 6,76 6,55
- 50 1,015 1,024 0,985 6,90 6,57
100 1,03 1,047 0,970 7,25 6,57
300 1,09 1,14 0,910 8,84 6,62
. 600 1,18 1,33 0,83 12,94 7,27
1000 1,36 1,61 0,89 23,28 10,39

Bennuuna K, MaJjo H3MeHseTcs NpU AaBjieHHsIX Huxe 50 arm,
a 3ateM ObicTpo pacrer. Beaunuuna Ky mocrosiuna go 300 arm u, Be-
POSITHO, IO HECKOJBKO Gojiee BBICOKHMX [aBJIEHHi, a 3aTeM pacTeT, HO
B 3HAYUTENbHO MeHbluell crenend, yem Kp. OueBHAHO, UTO pPaBEHCTBO
(VIII, 34), a BepoATHO, U NPHHUHMI COOTBETCTBEHHBIX COCTOSHHIH MpH-
MeHHMBl B JAaHHOM cJyuae JHIIb NpH AaBjaeHusXx HHKe 500 arm.

p

* Nas Bomopoda T= oy ol
Kp

=

—r .
TKp+8 ’
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§ 7. T'omorenHble XMMHYECKHe DaBHOBeCHSi B KHAKOH case

CoCTOSIHMIO paBHOBeCHsl peakuuH, NMPOTEKaIOIIMX B XKUAKOH (dase,
OoTBeuaer YycJoBHe, Bhipaxkaemoe ypasHenueMm (VIII, 6). Hcxona wus
5TOrO ypaBHEHHSI, MOKHO NOJYYHTb BbIpa)KeHHsS [J/151 KOHCTaHT PaBHO-
BeCHsl peakiyi, MPOTEKAIOUUX B PacTBOpax.

Jnsi peasbHBIX PacTBOPOB KOHCTAHTY PaBHOBECHS LiesecooGpa3Ho
BHIPA3uTh uepes aktusHoctH, Coueras ypaBHenusi (VIII, 6) u (VI, 24) u
MOBTOPSASE PAaCCyKJIEHHUsl, aHAJOTHUHble NPHBEACHHBIM Bhillle (cTp. 250)
npu suiBofe ypasHenus (VIII, 9), nonyuaem Boipakenue:

4 4
Y1 Ve
ay ay cee

Kq= (VIII, 36)

P )
al'a22 cee

Ina wnpeanbHbIX PacTBOPOB, TAe @;=X; KOHCTAHTY PaBHOBECH$
MOXKHO BBIDa3HTb yepe3 MoJbHble A0aH. M3 ypaBuenuit (VIIL,6) u
(V, 13) noayuum:

’ 4
V-V
x| lx' ’
l 2 e
Kx":

Vv, (VIII, 37)
xl x2 LIRS

Ecnn yepe3 MosibHbIe JOJIM BEIPaXKaTh KOHCTAHTY PaBHOBECHS B pe-
aJbHBIX pacTBopax, To K 6yner 3aBucetb oT MosbHOH moau. ITo mepe
npuBanKeHHsT 3THX PacTBOPOB M HIeajbHOMY coctosHHo lim K,=K,.

B npeneabHo pa36aBiieHHBIX pacTBOpPax AKTHBHOCTH MPOMOPIHO-
HaJbHbl MOJBbHBIM JoassM u K,=const. KoHcranty paBHOBecuss 3Tux
pacTBOPOB MOXHO BbIpaKaTb uepe3 MOJbHO-0GbEMHYIO KOHUEHTPALHIO.
Tak KaK KOHLEHTPalUHH NpPSIMO MPOMOPLHOHAJIBHEL MOJIBHBIM HOJAM B
npefeJbHO pa36aBJIeHHBIX PacTBOPax, TO OHH NMPOMOPIHOHAJIbHBL U aK-
THBHOCTAM, cjaegoBatenbHo, K.=const. HucnoBble 3navenus K, u K,
pasauunbl. B coorBerctBuu ¢ ypaBHeHueM (V,2) OHH CBSI3aHLI COOT-
HOUIEHHEeM:

10000 \ =¥
Ke=Ke (572

rje p — MJIOTHOCTb PACTBOPHUTENA, 2/MA (NPH 3TOM KOHLUCHTPAIMS BBI-
paxaercsi B MoAb/a); M — ero MosiekyasipHbIi Bec.

[TpumepoM peakuuu B pacTBope, NPUOIHKEHHO C/eAyIOLlell 3aKOHY
HelcTBUSl MacC AJs HIeaJbHBIX DPAacTBOPOB BO BCeM HHTEpBaje KOH-
uenrpaunit (K,=const), sBasieTcs peaxuusi stepudHKaLHn

pasnoBecHe Kotopoil usyueno (1863) M. Beptaio n ITean Cen JKusem.

B 3To0ii pearuun obuiee uMca0 Mosell He M3MEHSETCs, MO3TOMY
KOHCTAaHTy paBHOBecHsi Ky MOXKHO BLIPA3HTL 4Yepe3 uHcIa MoJeil
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KoMroHeHTOB. Ec/iH B HCXOMHOH CMeCH Ha OJMH MOJb YKCYCHOH KHC-
JOTbl B3TO X Mosefl cnupra u noayueHo Y moJefi adupa, To Boipaxe-
HUe AJ15 KOHCTAHTh paBHOBecusi 6yneT HMeTb BHA:

Y2

Ke=ttTrha=—7m

(VIII, 38)

B ta6n. VIII, 6 npuBenensl onbiTHble nauuble Beprao u Ilean Cen
JKuns u BbluMC/IeHHble MO HUM 3HaueHus K, (npu TemmepaType okoJo
100°C).

Ta6auua VIII, 6
Papuosecne srepudpuxaunn: CH;COOH + C,H;OH = CH;COOC,H; + H,0
(uucao moneit CH3COOH pasio eannuue)

X OlIKTH, Yol'lbl‘l‘l-l. Kx YBH‘IHCJI. XOHHTH. Yonu‘m. KK YBI:I‘IHCJI.
0,18 0,171 3,9 0,171 1,00 0,667 4,0 0,667
0,33 0,293 33 0,301 2,00 0,858 4,6 0,850
0,50 10,414 3,4 0,423 8,00 0,966 3,9 0,970

KoneGanns BeqnuuHbl K, He 3aKOHOMEPHBI M MOryT GObITb 06bsiC-
HeHbl omun6kaMu oneita. Ecan npusats Ky=4 W Bouucauts: Y no
ypaBrenunio (VIII, 38), To mosyuyeHHble BeNHUHHBI OKa3blBalOTCA G/an3-
KAMH K ONBITHBIM. PacTBOp ueTbipex y4YaCTHHKOB peaKLUUH OKasbl-
Baercsl G/JIM3KHM K HJeaJbHOMY NpH JIOGBIX KOHLEHTPAaLHsX, YTO fAB-
JsieTcsl, CKopee, HCKJIOUeHHeM.

3akoHy OeACTBHS Macc AJi HAeaJbHBIX PacCTBOPOB CJeLyeT TaKKe
peakuus ,

C5Hm + CHsCOOH = CH3COOC5H“

KOoTOpas NpOTEKaeT C H3MeHeHHeM YHcjaa MoJell (BcJaeICTBHE 3TOrO
pa36aBieHHe, peaKLHOHHOH cMecH HHAH(D(DEpPEeHTHBIM PacTBOPUTENIEM
cMmellaeT B JAaHHOM cJjydyae paBHOBecHe).

MHorne peakuuH, npoTekawollHe B ras3oBoif ¢ase, MOTYT NpoHC-
XOAUTb H B XHAKHUX pacTBopuTensix. OLHAKO 3HaueHUS KOHCTAHThI
paBHOBecHs OJHOH M TOH Ke peaklHH, BbhIpa)KeHHble yepe3 OAHH U Te
XKe BeJHUYHHbI, OKa3BIBAIOTCS B 3THX CJAYyYasix pasUUHBIMH,

Hanpumep, KoHCTaHTa paBHOBeCHs pacCMOTPEHHOH Bbile (cTp. 260)
anccounaund N,O4, npoTekaloweil B rasoBoil ¢dase, npu 8 C umeer
snavenre Ke=1,11:10"% (Kp=2,55.10"%). Dra xe peakuus MONKeT
npotekatb B xJopodopme. Kak caeayer u3 onbiTHbix faHHbIX (Ken-
nana, 1891), npuBenennnix B Taba. VIII, 7, 3akon pefictBust macc co-
Galogaercss U B 3TOM cJjydae (pacTBop mnpefenbHO pa3baBiieH), HO
3HaueHHe KOHCTaHThi paBHoBecHss K, B 100 pa3 MmeHblue, yeM ee 3Ha-
yeHHe B ra3oBOd (hase mpH TOH Ke Temmepatype.
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Ta6auua VI, 7
Pasnosecue nuccoumaunu N,0; B xaopodopme npu 8,2°C

€N204 . “'NOQ'wa Koo 108 “N204 ¢NO," 10 K108
MOAL[A MOnb[A moasv/a MONB/A

0,129 1,17 1,07 0,405 2,13 1,13
0,227 1,61 1,14 0,778 2,84 ’ 1,04
10,324 1,85 i 1,05

Takoe pasnuuue B 3HaueHHsX K, mokasbiBaeT GOJbIIOE BJHSIHHE
PaCTBOPHTEJISI Ha MOJIOXKEHHe PaBHOBECHS. DTO BAHSIHHE MOXeT ObiTo
OuYeHb CHJBHO Bbipa)<eHo. Tak, A/ H30MepH3alUHH NPOM3BOAHOrO TPH-
asona :

HaN—C—Ii\I——CsHs c,,HsNH—c———II\JH
I ]
CH,C00—C N < CH,CO0O—C -N
\n7 \n7
A B

3HauyeHHs KOHCTaHTH K. B pasJMyHbIX pacTBOpPHTENsIX (pasGaBieHHble
pacTBopbl) pasauuaiorcss B AecaTkH (Ko 70) pas (cm. ta6a. VIII, 8).

Ta6auna VIII, 8
H3aoMepH3anus NPOM3BOXHOIO TPHA30JA B PAsAMIHLIX PACTBOPHTENAX

[4 [4

' Pactsopurean K, -2 B, nac. K=K Ma_c._

. cA €A, Hac. ¢ CB, nac.
Obup . . .o 0,046 0,020 2,3
MerunoBHH cOHpPT . . . 0,43 0,14 3,1
Toayoln . . . . o o 4 0,55 0,23 2,4
Bensomr . . . . .. .. 0,98 0,31 3,2
Hutpo6enson e 1,25 0,45 2,8
Xaopodopm . . . . . . 3,12 0,91 34

Ecn pacTBOPHMOCTb pearHpylolMX BEWECTB B HCHONb3YEMbIX PACTBOPHTETSX
OueHb MaJjla, TO TaKKe pacTBOPbl MOXHO CYHTATb NpelesbHO Pa3daBACHHLIMH BONOTH
0 HacblllleHHsi. B 3TOM cJyyae aKTHBHOCTH DacTBODEHHOro BelUecTBa IMPOMOPLHO-
HaJIbHEl MOJIBHBIM JOJIAAIM H B HACHIUEHHbIX PacTBOPax HMeEKT OJMHAKOBYIO BEJIWYHH}
B [a3HbIX PacTBOPHTEJAX (TaK KAaK HACHILIEHHblE PACTBOPbl HAXOASTCR B PABHOBECHH
¢ TBepabiM BelecTBoM). [TosTomy: .

- X ai e
Xi, Hac aj, Hac Ci, Hac
HIH
Cq
a;=0aj, nac —— — (a)

Ci. Hac
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’

IMoacraBuB 3TO 3HaueHHe B BbIpaxKeHne aJs Ka, HaxXOAUM:

v
ko= TT @) = Tl ot [T =2 ©
i i

[ i1, nac

3unauenve K, npu MNpPaBUIBHOM BLIGOPE CTAHAApPTHOrO COCTOSTHUA KOMMOHEHTa
B PasJUUHbIX PacTBOPHTENfX HE 3aBHCHT OT MPUPOJbl PACTBOPHTENS; TaKxe He 3a-
BHCAIT OT Hee H BEJHMUMHBI @i, uac. I109TOMY B ypaBHeHHH (6) He 3aBHCHUT OT IPHPOIHI

o
pacTBOpHTENS] H MHOXKHTEJb H—r- TakuM o6GpasoM, ecid BHIPA3HThb KOHLEH-
i Ci nac

TPaUMM YYaCTHUKOB PEAaKIMH B JOJAX OT KOHUEHTpauUHil HX B HaCHIUICHHOM pacTBOpe
B [aHHOM DaCTBOpHTeNe, TO KOHCTAHTAa DaBHOBECHS, BbIpaXieHHas uyepe3 9TH HOH,
LOJIXKHa OBbITh MOCTOSIHHOM (IpH COOJMIONEHHH YKa3aHHBIX Bbllie ycaoBuit). [eii-
cTBUTENbHO Besuunun K’ B Ta6a. VIII, 8, paBHbie

, Cp Ca CB " CA, nac CA, nac
K = H = =Kc
CB,unac €A, nac CA°CB, nac CB, nac
MaJjo 3aBHCAT OT Npupoabl pacteoputenss. OTkaoHeHHs Beanuun K’ OT mocTosHHOrO
3HayeHHUs, BEPOSITHO, CBSI3aHBI C OTKJOHEHHAMH CBOMCTB H3YUEHHbIX PAacTBOPOB OT
CBOHCTB mpejenbHO DPa3GaBjeHHbIX PacTBOPOB. PaccMOTpeHHass 3aKOHOMEDHOCTb W3-
BecTHa Kak npasuio Baur-loppa—Qumpora.

PacTBopeHue B HOJABJIAIOLIEM YHCJE CAYyYaeB COMPOBOXKAAETCA H3MEHEHHEM
H306apHOro MOTEHLHasa, OTJAHYaIOUlHMCs OT TOro, KOTOpOe HMeeT MecTo npu obpa-
30BaHMM HIeaJbHOrO DPACTBOPA; YacTO 3TO pa3jHuHe BEJIHKO, OCOGEHHO NPH HaJH-
YHU CHWIbHO BbIpaXKEHHOH cosibBaTauuH. Tak Kak B3aHMOAEHCTBHS YYaCTHHKOB peak-
UMM C JaHHBIM pACTBOPHTE/JEM DAa3MHYHbl, TO H3MEeHEHMs H306apHOro MoTeHuHana
HX TNPHU PACTBOPEHHH TaKxKe PasjIMUHBI H anre6pan:{ecxaa cyMMa H306apHBIK NOTeH-
LMaJOB YYacTHHKOB peaklHuH B PacTBope, T. €. AGpac‘rB’ W3MeHsieTC MO CPaBHEHHIO
¢ peakuueil B rasoBoil ¢ase. 3aMeHa OQHOTO PacTBOpPHTENS APYTMM TAKXKe MOBJEYLT
H3MEHeHHe STOH BeJHYHIIbI.

B. IlucapxeBckuit moxaszan (1912), uto ana UOHHEIX peakuufi obGMeHa B
CMeIlaHHbIX pPacTBOPUTENsIX (CMeCH BOAbI CO CHOHPTaMH, [JVIHLEDPHHOM, TJIHKOJIEM)
Be/IMYHHBI M300apHLIX NMOTEHLHAJNOB PEakUWH MEHSIOTCS ¢ H3MEHEHHeM pPacTBOPHTE.A
BIJIOTL O MepeMeHb! 3Haka. Hu BHyTpeHHee TpeHHe, HH 3JIEKTPOJUTHUECKAA HHCCO-
IIMalUUsl, HU PacCTBODHMOCTb He OOBACHSIOT MOJHOCTHIO BJMAHHA PaCTBOPHUTENS Ha
nosoxeHue paBHoBecus. OCHOBHYIO POJIb 1J11 HOHHBIX PABHOBECHH B Pa3JiMYHbIX pac-
TBODUTE/ISX HIPaeT B3auMoAeHCTBHE C PAaCTBOPHUTEJNEM PACTBOPEHHLIX BELIECTB, AHCCO-
LHUPYIOIINX HA HOHBI (COJIbBATAlldsl HOHCB).

Beiime GbliiH paccMOTpeHbl paBHOBECHS HECKOJNBKHX XHMHUYECKHX
peakuuii, NpOTeKAOLKNX B HIeaJbHbIX WM NpefesbHO pasbaBieHHbIX
pacTBOpax; M3 ONBbITHBIX JaHHLIX MOXHO ObLJIO BbIYHC/IHUTb KOHCTAHTDLI
PaBHOBECHS W, 3HAsl BEeJHUWHbBI KOHCTAHT, MPOBECTH OOpaTHbLIl pacuer
BbIX0Ja MPOAYKTOB peakLHH.

[ns BbluMcleHHs KOHCTAHT PAaBHOBECHST peakUUil B peasbHBIX
pacTBOpax HYXKHo noJsb3oBaTtbcsl ypaBHeHueM (VIII, 36). Bouixon ke
MPOAYKTOB peakUHH JaxKe B TOM Cjyuyae, KOTAa BeqHYMHA KOHCTAHTHI
paBHoBecust K, M3BeCTHa, MOXeT ObITb PACCUHTaH TOJBKO NpPH YCJO-
BHH, 4TO M3BeCTHbl KO3((HUHEHTH aKTHBHOCTH BCEX KOMIIOHEHTOB
peakuuu. [daa ux onpeneseHdss HEOOXOAMMBl CJOXKHbIE M KPOMOTJIH-
Bble HCCJEIOBaHUs, BKJOUYAOUHE N0 HeOOXOAUMMOCTH aHAJNHUTHUECKOE
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onpefesieHHe COCTaBa PaBHOBECHBIX PAacTBOPOB, T. €. Npejesaa MpoTe-
KaHUs peakuuu. Takum o6pasoM, mnpeicKka3aHHe pPaBHOBECHBIX BbI-
XOJOB B peaJsibHbIX pacTBOpax B oO6lleM cayuyae NPaKTHUYECKH HEBO3-
MoxHO. OHO OCYIIECTBHMO JIHIIb AJsl OTAEJbHBIX KJIACCOB PacTBOPOB,
rie M3BeCTHble 3aKOHOMEDHOCTH MO3BOASIOT yuyecTb 3aBHCHMOCTb KO-
5(PHLHEHTOB aKTHBHOCTH OT KOHLEHTPaLHH (pery.nﬂpﬂble pacTBopHl,
pa36GaBJieHHble 3JIEKTPOJIUTHI).

§ 8. Hayyenue xuMHUEeCKHX PaBHOBECHii B pacTBopax
METOJOM MCCJeJOBaHUSI pacnpeleneHHsi PacTBOPEHHOro BellecTBa
MeXJy IABYMSl HECMELIMBAIOIIMMHCS PaCTBOPHTENSIMH

PaBHOBecne HEKOTOPBHIX XMMHUECKMX peaKUH# (Auccoumauus Ha
HOHBl B 3JIEKTPOJIHTAX, acCOLMALHUs MOJEKYJ, KOMIIeKcooGpa3oBaHHe
M Ap.) B pacTBOpPax MOXHO HM3YuHTb, MCCJeIys pacrnpejeseHue pac-
TBOPEHHOrO BellleCTBA MeXAY [BYMSl HECMelIHBAIOLUIMMUCS PacTBOPHU-
TeJsIMH.

Ecau Mexay AOByMS pacTBODUTENSIMH pacnpenensieTcss AHUCCOLMH-
pylolliee Ha MOHBlI BelleCTBO, TO, C OJHOH CTODPOHBI, B Ka:KAOH U3 a3
yCTaHABJHBAaeTCsl PaBHOBECHE MEXAY MOJIeKyJaMH M HOHAMH, TMOIYH-
Hslolleecsl 3aKOHY HeHCTBHUA Macc, a C APYyro#l — ycTaHaBJHUBAeTCsl
paBHOBecHe MeX1y HeIUCCOUHHPOBAHHHIMU MOJIEKYJIaMH B pasHbIX
(hazax, MopuMHAIOIleeCS 3aKOHY pacmpelesneHHss [CM. ypaBHEHUs
(VI1,40), (VL40a) u (VI, 406), crp. 203—204]. OTHouleHHe MeXAy
aHAJUTHUECKHMH KOHLEHTPAaUHAMH C€; H C; paccMaTpHBaeMoro Be-
nectsa B o6enx (aszax MOJOOGHBIX CHCTEM He OCTAeTCsl MOCTOSHHBIM,
TaK KaK aHa/JHTHYeckHe JaHHble OXBaTLIBAIOT KaK HeIHCCOUMHPO-
BaHHYI0, TaK H JHMCCOLHMPOBAHHYIO YaCTH PaCTBOPEHHOrO BELLECTBa,
0151 e OUCCOLUMMPOBAHHOH YacTH CBSI3aHA P.A3JIHUHBIM 06pa30M ¢
o61IMM KOJHUECTBOM BellleCcTBa B KaxXAo# u3 ¢as.

HonyctuM, uyTO Kakoe-nmu6O BellecTBO pacnpefiesieH0 Mexay Bo-
JOH M ApYTUM DacCTBOPHTENEM, HalpHMepD UeThIPeXXJIOPHCTHIM yrJe-
ponoM. B Boae BeutectBo auccouunpyer Ha asa uoHa, B CCly e guc-
couunpyer. Pacnpenenennio HeMCCOUMHPOBAHHOH 4YacTH Mexay (a-
3aMH TaKOH CHCTEMbl COOTBETCTBYET ypaBHeHHe paclpeelieHus
M=K{)acn

4

~

lim (VIII, 39)
rje ¢y U Cy— aHaJUTHUECKHE KOHUEHTPaUHH PacCTBOPEHHOTO BelllecTna
COOTBETCTBEHHO B BOAHOH M HEBOJHOMH cpene; o — CTeneHb AUCCOLIHA-
UHH NepBoOro BelleCTBa B BOAE H Kpacn — KOHCTaHTa pacnpeaeseHus.

PaBHOBecHe AHCCOLHAIHN 9JIEKTPO/INTAa B BOLE€ ONMHCHIBAETCS ypaB-

HEHHEM:
2 a2
¢

¢ (l—a)
rie K.— KOHCTaHTa AWCCOLHMALUH.

=K, (VIII, 40)
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B pas6aBiaeHHBIX pacTBOpax 3JEKTPOJHUTOB 3HaueHHe o OAH3KO
K eluHHUe. YuuThiBasg 3T0 M oObeauHsas ypasHeuus (VIIL,39)
(VI1I, 40), nonyuaem:
02
hmc_2=Kpacan=K

(VIII, 41)

B ra6a. VIII, 9 npusenensr sHauenns K, BbIYACIEHHBlE MO STOMY
YPaBHEHHIO [JIs pacnpeneneﬂnﬂ NMHUKPHHOBOH KHCJOTHl MEXAY BOJOR
¥ GeH30J10M.

Ta6auua VIII, 9
PacnpeneneHHe NUKPUHOBON KMCJIOTH Mexnay Bomoht (¢,) um Gewsoaom (c¢p)

c c2 Kacf/cz o c2 K-cf/cg
0,0334 0,1772 0,0063 0,00701 0,0101 0,0049
0,0199 0,0700 0,0057 0,00206 0,000932 0,0047
0,0101 0,0199 0,0051

Besnunna K X0Ts M He CHJIbHO, HO BCe K€ MEHSIeTCsl C M3MeHe-
HHEeM KOHIEHTpPalMil, Tak KaK NPHBENEHHble JaHHbBIe OTHOCATCA K He
oueHb pa3baBieHHBIM pacTBopaM. Ilpu Gosblinx pasBaBieHHSIX OTHO-
wenne (VIII, 41) cranoButcs nocrosHHbIM. Ecau BBecTH B ypaBHeHHe
(VIII, 41) cootBercTByloliMe KO3 (HLHEHTH aKTHBHOCTH, 3HayeHHe
KOHCTaHTBl CTAaHOBHTCSl NOCTOSSHHBIM M B 6oJiee KOHIEHTPUPOBAHHBIX
pacTBopax. .

TaknM e cnoco6oM MOMHO H3yUHTb 32aBHCHMOCTb MEXKAY aHaJ/H-
THUECKUMH KOHueHTpauHﬂMH BeIlleCTBa B IBYX CMeXHHIX (aszax, ecau
BELIECTBO B OJHOH M3 HHUX acCOUMHpYeT, W HAHTH. KOJHUYECTBEHHbIil
3aKoH accounauuu. Tak, HanpuMep, GeH30iiHasi KUCIOTA B BOJe HMeeT
HQPMa/bHBIH MOJIEKY/NAPHBIH BeC M NMOYTH He NHCCOUMHUPYET Ha HOHBI,
a B 6eH30Ji1e HAXOAHUTCH NPpaKTH4YeCKH NOJHOCTbIO B BHAE I[BOﬂHbIX MO-
JIeKYJ1.

Ecnn creneHb He3JEKTPOJHUTHUECKOH NHCCOUMALMH IOBOMHBIX MO«
Jsiekyn 0603HauuTbL yepe3 P, a aHaJUTHYECKYI0 KOHLEHTpauuw GeH-
30/HON KHCJOTH B GeH30sie — uepes3 ¢z, TO KOHUEHTPALUs OPAHHAPHBIX
MosieKya B GeH30J1e NpH paBHOBecHH OyHeT ca=(CyP, a KOHUEHTpalHA
JIBOMHBIX MOJIEKYJl € g0 = ——-02(12 B

[pu paBuoBecuu peakunn 2CeH;COOH= (C¢H;COOH), Bhipaxe-
HHe [JIf KOHCTAHThl accounauuu Ka uMmeer BUA:

KA=£‘52_= 1-8
czA 2c,p?
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Ecau KucooTa accouMMpoBaH& INOYTH MOJNHOCTbIO, TO 3HaueHue f
oueHb Mano u (l—pB) MoxHO npuHsTe paBHBIM eaunuue. Toraa

Ky 1

cy 20332
. ¢
rae KA=11m%.

P -
‘A

[Tockonbky B BOAE KOHILEHTPAUHS HOPMANbHBIX MOJIEKYJ KHCIOTHE

flpaKTHYeCKN paBHA aHA/IHTHYECKOH KOHLUEHTPAUHUH C), IS KOHCTAHTH
a0 ’ .
pacnpeieenus K., noaydaem:

KI

C1 _ C1

pacn = 1T 772——
, 2Ky
“Iu ,
¢ K
L __Pan _ g const (VIII, 42)

Ve VKa

- HauueiMy H. A. luaosa u JI. K. Jlenuubs 3TO0 COOTHOWIEHHe MOJ-
TBepKJaeTcss JOBOJbHO TOuHO (cM. Taba. VIII, 10).

Ta6auuma VIII, 10

Pacnpenenenne GensofiHoit KucaoTel Mexny Boxmoit (€,) u Gensoaom (¢,)

o c2 K-q/Vc_z cl ‘ c2 K=c/Veg
0,00588 0,0441 0,0280 0,01850 - 0,397 0,0293
0,00884 0,0940 0,0288 0,0280 0,795 0,0314
0,01278 0,1872 0,0295

3Hasa k03GQHUUHEHT pacnpefeseHdss MexKAY ABYMSA KHIKOCTAMH ONHOTO M3
@elleCTB, YYaCTBYIOIMX B PeakLMH, MOXHO H3yuyaTb CJOXHEIEe XHMHUeCKHe paBHOBe-
cufl B PacTBOpe. TOT METOA MPHMEHUM B TeX C/IyyasX, KOTJa TOJbKO ONHH H3 yuyacT-
HUKOB peakuHH, HAayileft B mepBoit (ase, MOXKeT pacTBOPATLCS BO BTOPOH (pase.
CucreMa JOBOIZMTCA O PaBHOBECHS, W MO KOHLEHTPALMH BellecTBAa BO BTOPOi (ase
PACCUNTHIBAETCS €0 paBHOBECHAaf KOHUEHTpauMs B nepBof ¢ase.

PaccMoTpuM B KayecTBe IIpHMepa peaKIHIO THIPOJH3a XJOPA, PACTBOPEHHOro
8 Boze, H3ydenHylo (1894—1899) A. A. SlkoBkuubIM:

Cl, + H,0 = HCl + HCIO = H* + CI” + HCIO

Kounenrpanusa wseruaposnudoBansoro Cl; B Boge onpeaensnacb € [OMOILbIO
Ko3bduLHeHTa pacrnpene/eHHsl MeXLY BOJOA M YeTbIPeXXJOPHCTHIM YIJEpOAOM, B KO-
TopoM HCl u HCIO nepactBopumbl. [IpenBapuTenbHbIMH H3MepeHHsIMH Obli Haiaen
Ko3apduuneHt pacnpenenesus Cly Mexxay BoAo#, B KOTOPOH THAPOJIH3 Ghla NOAaBJeH
apubabaennem HCI, # 4eThIpeXXJIOPHUCTbIM YIJIEPOLOM.
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